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OPEAUCIAOBUE OBLIEr0 PEJAKTOPA PYCCKOro NEPEBOJA

Mul aBasieMcst CBHAETE/ISIMH BO3HHKHOBEHHSl HOBBIX oTpacieil -
3UKH U Bce Gosee IMyOOKOro NPOHUKHOBEHHS ee Bo Bce 06J1acTH COBpe-
MEHHOH HAaYKH U TeXHUKH. Bo3HHKaeT BOHPOC: KakK NPH 3TOM [IPaBH.1b-
HO IOCTaBHTL M[penojiaBaHue obueid (U3MKH, ABJAOWEHCS OCHOBOI
MHPOBO33pE€HHs1 H CIeUHa/JbHbIX 3HAHUH OYAYLIEro Y4YEHOTO H HHIKe-
Hepa? Urto nelCTBHTeNBbHO BaXKHO NOHATh U 3HaTh H YeM MOXKHO Ipe-
HeGpeun?

Bonpocet 06 yJayullleHMH NpPenojaBaHHsl ofliero Kypca (hH3HKH
4acTo OOCYKIAIOTCS, ONHAKO NpPHHHUMAaeMble pelleHHsl OObYHO He HIYT
Janblilie ouepepHoro uaMeHenus nporpamm. OJHOA H3 NMOHBITOK €O371a-
HY$S COBPEMEHHOro kypca obiiedl guanku Obwin  «PefiHMaHOBCKHE JeK-
IIMH 1o (GH3MKe», MOJyduBILHE Y HAC 3aCJyXKeHHOe NpusHanue. py-
ras NMombITKAa PajHKalbHOIO pelieHud 5Tof npobseMbl Gblia MpelnpH-
usta B ynusepcurete bepran (CHIA, Kanudopuus), rae B 1961 r. 6br1
CO31aH CliellMadbHbIl KOMHTET, COCTOSIBIIMA U3 YUEHBIX, NOCTABHBILUMX
cBoefl 1e/blo CO3/anne yueOHHKa HOBOro Tuna. [lepBhie ABa ToMa 3TOrc
vueGiHHKa (MeXaHHKa, 5JAeKTPHUECTBO M MarHeTtuaMm) Boliwiv B 1965 r.,
B NOCJeAHHE T'OABI 3aKOHUEHO H3JaHHE TPeX OCTaJbHbIX TOMOB (BOJHBI,
KBAHTOBas M cTarucruueckas ¢usuka). Kpome Ttoro, tpu Heboabiue
KHHTH CO/EepIKAT ONHCaHHe TPHUAUATH lecTH paboT DeprieeBckofl du-
3M4YecKol JabopaTtopuy, HACHHO CBA3aHHOH C HOBBIM OOUIMM KYpPCOM.

Cosnatenn bBepxieeBckoro Kypca CTpeMHJHCh H3J0XKUTh B yuefi-
HHKE KJaCCHYECKYI0 (PHU3HKY, OpPraHHYECKH CBA3aB €€ C OCHOBHBIMU
WJIESAMH CNeUuaibHOl TeOPHH OTHOCHTEAbHOCTH, KBAHTOBOH (PH3HMKH Il
CTAaTHCTHKHM,— HMEHHO B 3TOM-TO H 3aKJIOUEHbLI OCHOBHbIE JOCTOHHCTBA
yueOHHKA.

Kypc npeanasHaued He TOMbKO AJisi (DM3HKOB, HO H s GVIVIIHX
MHIKEHEpPOB, XUMHKOB H Ono/oroB. OGbeM ero 3HaduTes bHO NPEBOCXO-
JUT TpPeTEH3HH faxKe (PU3HWKOB M OCTaBJAET MOSTOMY KaK IpenoiaBa-
TeM10, TaK H CTYAEHTY OOJbllYio cBoGONY B BeIfope MarepHanta.

Crnenyer OTMETHTb NPEKPACHYIO opraHusauuio kypca. [IpeBocxoi-
HBEIE PUCYHKH, GOJIbILOE KOJIHUECTBO 32534 PA3JHYHON TPYAHOCTH (ua-
CTO U3 CMEXHBIX ¢ (H3HKOH obsiacTell), ONHCAHHE KJACCHYECKHX OIlbl-
TOB H BBUIEPXKKH 43 ODPHIHHA/JbHBIX paGoT YBEIHUYHBAIOT IIEHHOCTb i
NpHBJIEKATEIbHOCTD KypCa.



Unnunarusa nepeBofa Ha pycckuBl fAsblk DepkieeBckoro kypca
husuku B 3HAuMTeNbHOM cTenend npuHazaexur npop. C. I1. Kanuue.
Hacrosituit Tom orperaktupoBad npod. A. O. BailicenGeprom.

Me1 yBepensl, yTo BepkieeBckuil kKype GUIHKH OKaxeTcst HHTEpec-
HbIM M [10JIE3HBIM IHHPOKOMY KPYTY Ydauixcs U upenopasaresied.

A. H. lllaavuuxkos

NPEAUCJOBUHE PEAAKTOPA NEPEBOIA V TOMA

ApToOp mocaejgHero, MAToOro, Toma bepxieerckoro kypca ¢GU3HKHA —
Dpesepuk Pefid, npotdeccop yruBepcurera B bepksad, H3BecTHBIK
paforamu B 08/1aCTH IKCICPHMEHTaJbHOH (PU3UKH TBEPAOrO Teda H
Hu3xiX Temnepatyp. Ilsateii Tom Bepkieesckoro. Kypca cooTBeTcTBYeT
Kypcy TepMOIHHAMHKH H KHHETHYeCKO#l TEOPHH BellecTBa, OOLIYHO
W3jiaraemMoMy cpasy rnocjae MexaHukH. [lepenoc ctosib GyHIaMeHTaTbHBIX
M TOHKHX BOTPOCOB B KOHEIl Kypca o0led (Du3HKH HMEET MHOTO NPEHMY-
mecTB. JIeHCTBHTEIbHO, K 5TOMY BPeMeHH CTYAEHT ycneBdeT O3HAKo-
MHTbCS! C OCHOBHBIMH MA€SMM CTPOSHHSI aToMa M KBAHTOBOH MeXaHHKH
U upuobperaer, TakMM 00pa3oM, XOPOWYID OCHOBY JJIsl TIOHUMAaHHA
cTatucTHueckoil uanku. OTKa3aBIIUCh OT TPAJHUHOHHOTO H3JIOMKEHH,
aBTOp NOAPOOHO U ¢ OOJIBILOH SICHOCTbIO pacCMaTpHBAET OCHOBHBIE HIeH
CTaTHCTHYECKOH (PU3HKH H Ha 06ase rocjeqHell H3laraeT OCHOBHbBIE Tep-
MOJHHAMHYECKHE 3aKOHBl. 3JTa MPOTrpaMMa BHIIOJHEHA BeCcbMa Mocie-
JloBareJbHO W Ha BBLICOKOM IledaroruyeckoM ypoBue. OcoleHHO caexyeT
OTMETUTb TLIaTe/NbHOE U OAPOGHOE paccMoTpeHHe (hayKTyauuil, noHs-
THA TeMIIEpaTypbl, PHCYHKH paclpelesieHUsl 4acTHL, NOJYUYeHHBIE C
TIONMOLUIbIO 3J1€KTPOHHON BBIMUCJNTEILHOH MAIIMHBL, H CHCTEMAaTHYeCKoe
ACHOIb30BAHHE CHCTeMbl CHHMHOB ISl WLTIOCTPALHH CTaTHCTHYECKOro
N0BEIeHHs YacTHIL.

Mbi Haneemcsi, YyTO KHHra GyReT Nosesda CTYAEHTaM pasiHYHBIX
clieHaJ bHOCTel U 3aMHTEepecyeT IperojaBareseit.

A. 0. Baiiceubepe



U3 NPEAUCIIOBUSI K BEPKJEEBCKOMY KYPCY ¢U3UKH

JlanHblil yuyeOHHK npeAcTaBasieT COGOH ABYXTOAHUHBLIN Kypc ofieit
($M3NKH, NpelHA3HAYCHHBI AJ1A CTYLEHTOB, CHEUHAJU3UPYIOMUXCA B
00/1aCTH HCCJ1e40BaTeNbCcKOl PaboThl, a TaKkKe U AJas OyAyUIMX HHXKe-
HEpoB. Mel »KeJalH NpPeNCTaBUTh KJAACCHUECKYIO (DU3HKY, HACKOJILKO
3TO BO3MOXKHO, B TOM BHJ€, B KAKOM OHAa HCHOJb3yercs (H3HMKAMH-NpPO-
teccoHanamMK, paboTalOIMMH Ha «HePefHEM Kpae» HccieloBaHui. Mbr
NBTAMHCH CO3[aTh KYPC, KOTOPbil akleHTHPoBasi Obl OCHOBHHIE I0JIO-
»kenusi ¢usuxu. Harell ocofoit 3amauell ObIIO eCTECTBEHHOE BBeleHHE
B KVPC KJaccHucckoil pu3uxkd uiell cnenuasbHOH TEOPUH OTHOCHTEJb-
HOCTH, KBaHTOBOH (DII3NIKII H CTATHCTHYECKOH (H3HKH.

Kypc npennasnavaercsi 115 Ja10060ro CTyJAeHTa, U3Y4asluero GH3HKY
B cpeiHcil mixode. Maremarika, BKAOUAIOMAs MareMaTHUYeCKHH aHa-
JIH3, JOJIZKHA TPOXOJHTHCA OIHOBPEMEHHO C JaHHBIM KYPCOM.

B nacroamee Bpemsi B CIIIA co3aeTcsl HECKOJBKO HOBBIX KYPCOB
¢nsuxn. Meicab Hanucatb HOBbIH Kypc (U3HKH OBJIAAEeBAET MHOTHMH
yueHbIMH-(PH3HKaMH, C OAHOH CTOPOHbI, GJarofaps yclexam pasBuTHA
€CTECTBEHHBIX ¥ DPUKAANHBIX HAYK, ¢ APYrofl CTOPOHbL, MOL BAHSAHUEM
TOr0 BO3POCLUCIO HHTCPECa K HAayKe, KOTOPHIl Tenepb CYIECTBYeT B
cpeiHeH W BLICILEH 1MKoJe.

OcHoBHBle HIEH JAHHOTO Kypca Obutu copmysauposanel @. Mop-
puconoMm u3 Kopueanbckoro yrusepcutera u Y. Kurrtesem Bo BpeMs
ofcyRAeHHs, UNeBUIEro MecTo B koHlle 1961 r. Mel no/b30Baiuch MOM-
aepxkkoit Ik, Maifica u ero koaner us HaunonanbHoro douna Hayku
H Y. Muwenn, TorAallHero nipeicenaTensi KOMHCCHH 1O NPeoAaBaHRio
(U3NKH B KoJaJsenxax.

st Beennsi paGoThl HA NepBBIX cTaausAX Obl1 cosiaH HeobHUIAb-
HBIfI KOMHTCT, B KOTOpbIH BHauase Bxoawiu: JI. AabBapen, ¥. ®per-
tep, Y. Kurrenn, Y. Haiit, ®. Moppucon, 3. ITapcesa, M. Pynepman
u JLx. 3axapuac. Komurer Brepsue cobpadis B mae 1962 r. B Bepxan;
B 5TO BpeMsl MM U Oblla HamedeHa TNpeiBapHTeNbHasl NPHHUHIHAILHO
HOBast CXeMa NMOCTPOeHHA Kypca GH3HKU. BBHIY 3aHATOCTH HEKOTOPHIX
4JIEHOB KOMHTETA €ro €ocTaB Obll H3MeHeH B sinBape 1964 r., u HbHe
KOMHTET COCTOMT M3 aBTOPOB HacTosmero ydeGuuka. Bxaaa npyrux
YYACTHHKOB OTMeYeH B NPEAHCJAOBHAX K OTAEAbHBIM TOMA&M.



TIpenBapute/bHblfi 0MaH H €r0 KOHUENIHH OKa3adH GOJAblLUoE BJHA-
HHe Ha OKOHYATedbHYIO pa3paboTKy MaTepHana Kypca. [linan packpht-
BaJ B JIETAIAX TeMbl H HX COOTHOUIEHHS, KOTOPHE, KaK Mbl II0JIaraem,
JIOMMKHBL H MOTYT OBITh IDENojiHeCeHbl CTYNEHTAM HauajbHbIX KYPCOB,
CHIEUHATH3HPYIOUWIHMCST 10 HCCAeN0BaTeNbCKOMY JHO0 HHMKEHEPHOMY
npodumo. B Hamm HamepeHHsi HUKAK He BXOAMJO CO31aBaTb Kypc,
npeiHasHayeHHbl! JHIUb 1151 OJAPEHHBIX CTYAEGHTOB HJIH CTYIEHTOB,
NIPOLIENNX TPe1BAPHTEIbHYIO NOArOTOBKY. MBI HaMepeBa/iuch mpel-
CTABUTb NPUHLHIL DU3HKU C eXHHOH M HEOOBbIMHOH TOYKH 3peHHs, H
NIOTOMY OTZAeJbHble YAaCTU Kypca MOryT N0KasaThesl HOBBIMH HE TOALKO
CTYJeHTaM, HO M MpeNol1aBaTessiM.

Kypc cocToMT 13 NATH TOMOB:

I. Mexasnka (Kurresan, Haiir, Pynepman).

I1. Daexrpuuectso u marnerusm (Ilapcens).

I{I. Boauw (Kpaydopn).

IV Keanroasi ¢usuka (Buxman).

Crarucruveckast dusuka (Pefid).

ABTOpr KXKIOTO TOMA OBLIH CBOOSONHBI BBLIOHPATH CTHAb H METOI
H3JIOKEHHA, KOTOpble Ka3aduch HauGojdee MOAXOMSIIEMH 151 UX TIped-
meta. [lepBonauasnbuas paspaboTka faHHOro kypca mpusena A. Ilop-
THCA K MBICJIM O CO3JaHHI HOBOTO MpPAKTHKYMa IO KJACCHYECKOMH
HU3nKe, HbiHe H3BeCTHOIO Kak bepkieeBckas usnveckas Jgabopa-
TOpHS.

MoeT mokasatbCsl, Yr0 B HAIlEM KYpcCe, H3JaTaiomeM OCHOBBI (u-
3UKH, 9KCOEPHUMEHTY YAeNeHO HeloCTaToyHoe BHHMaHue. [lesno, onHako,
B TOM, YTO BamHEHINHEe IKCIHEPHMEHTH! BBIOJHAIOTCH B JabopaTopHl,
KOTOpds CO3fdaHa CIEUHAAbHO [Js TOTO, YTOOBl JAOMOJIHHTB KYpPC
JeKIHH.

0. Kommunc, PD. Kpaygpopd-maaduwi, §. Hatim,
v @, Moppucon, A. Hopmuc, 3. Hapcear, . Peiig,
M. Pyoepman, 3. Buxman, Y. Kummeavp (npencesaresn)

Bepkau, Kagindopuus



U3 MPEAUCIAOBHS K V TOMY

TMocneanut, nateui, Tom DBeprieeBckoro kypca ¢H3MKH nocBsi-
WIEH HU3Y4eHH!O OGOJbIIMX (T.e. MaKpOCKOUHYECKHX) CHCTEM, COCTO-
AKX M3 OTPOMHOTO YMCJAA aTOMOB MJH MOJEKYJ, U SBJsETCs BBejlle-
HHEM K CTAaTHCTHYECKOH MeXaHHKe, KHHETHYECKOH TeOpHH H TepMo-
JIMHAMHKeE.

[Tpn paccmoTpennu marepHana aBTOP He NPHAEPKHBAJCS HCTOPH-
4eCKOro IOAXOA4 M oOTolles OT TPaaHUHOHHLIX METONOB H3JOKEeHHS.
Ero uenbio 6bWI0 paccMOTDETb HpeaMeT ¢ COBPEMEHHOI TOUKH 2peHus
U 10Ka3aTb, ¢ BO3MOXHO OOJblIell $ICHOCTBbIO H MOCTEN0BATENbHOCTHIO,
YTO IVIaBHbIC HJeH aTOMHOH TeopHu o00pa3vioT 6as3y, KOTopoll iocra-
TOYHO /il ONMCAHHA U NPEACKa3aHHs OCHOBHBIX CBOHCTB MakPOCKOIH-
YECKHX CHCTEM.

Coznapast 3Ty KHHTY, aBTOp HMeJ B BIAY CTYAEHTa, KOTOPh Tpo-
esl KypPChl 3J1€NMeHTapHOR (DU3HKH U CTPOGHHA aToMa H BHEpBble NpPH-
CTYIACT K CTAaTHCTHUecKOH usuke. Bee H3goxkenHe OCHOBAHO Ha elMH-
CTBEHHOM IpPHHUUIIE, 4 UMEHHO Ha CTPEeMJEHHH H30JUPOBAHHON CHCTEMBI
JOCTHYDL COCTOIHHSI HAWUMeHbUIEH yHopsjoueHHOCTH. XOT# BHHMaHHe
COCPENOTOMEeHO Ha INPOCTeHINMX CHCTeMaX, HX PACCMOTpeHHe npoH3BO-
JHTCST € TIOMOILIBIO BeCbMa OOUWIMX METOAOB, HMEIOWMX LIHPOKOe NpIIMe-
HeHHe. ABTOp Crapajcsi MOJAYYHTh BarkKHEHIUHE COOTHOLIEHHst HanGo-
Jiee OLICTPBIM M APSIMBIM IIYTEM, CTPeMsACh NPOOYAUTb 3THM (DH3HUECK Y10
HHTYHLIO YdTaTe]. \

ABTOp moapoBHO o6CYMKIaeT (PU3HUeCKUe HieH, He BAABA’ACH B Ma-
TeMaTHUYeCKYI0 CTOPOHY NpPoOJeMbl, MHPOKCG HCHOAb3YeT IIPOCTble MpH-
Mepbl 151 HAJTIOCTpalMi O0WKX 1 abCTpaKTHBIX KOHUENUHUHA, H NOCTOAH-
HO TIPOU3BOJHT YHCJEHHbIE OUEHKH Hanbosee BaKHBIX BEJAHUHMH, C TeM,
yTOObl CBA34Th TEOPHIO C peajbHbIM MMUPOM HaGJIOIEHHA H OUBITA.

Coznep:xande 3TOro TOMa TUWIATENbHO OTOOPAHO, TaK KAaK LETbIO aB-
Topa OblIo paccMoTpeTh HauGoaee ¢hyHAAMeHTa/lbHble HIEH, KOTOpbIe
HeoOXOAUMBI He TOJAbKO OyayweMy (HUSHKY, HO H XHMHKY, OHOJOTY
WJIH HHXKeHePY. YKazaHHua s npenojasarteneil 4 CTYAEHTOB ABJAIOTCA
nyrepoauteseM 1o KHure. HeoObmubili cnoco6 pacnofiomeHus Marte-
prana oOBSICHAETCA TeM, UYTO MaKPOCKOIHYECKOE M aTOMHOE pac-
CMOTPeHHUs sABJeHHH TNpoBOAATCA NapasienbHo. Pasymeercsi, Takofl
NOAXOA HM B Koel Mepe He JuILaeT CTYACHTa [OPEHMYIIECTB
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TPaAHIHOHHOTO crocoba H3/0XeHus. B dacTHOCTH, caepyeT OTMETHTb
cienyouiee:

1. Mpourst raaBy 7 (M naxe NponycTHs IJiaBy 6), CTyleHT OyiAeT
TaK K€ XOPOLIQ 3HAKOM C OCHOBHBIMH HAESIMH H NPHJIOKEHHAMH KJjac-
CHuYecKoH TepMOIMHAMHKH, KaK ec/H Gbl OH cjaefoBaj TPaAuLHOHHBIM
meToiaM H3ydeHus. Ero npeumyuecTBoM OyJeT, 0aHAKO, dydlilee NOHU-
MaHHe (PU3UIeCKOTO CMbICJ@ SHTPONHH H 3HAKOMCTBO ¢ METOJaMH CTa-
TUCTHYECKOH (DUIUKH.

2. ABTop crapajcs 1oKasaTb, YTO B PAJE CAydaeB CTATHCTHUYECKan
TeOPHs IIPUBOXHT K pe3YJbTaTaM, KOTOpHle COBEpleHHO HEe 3aBHCAT
OT MUKDPOCKONHYECKOH MOIeJU CTPOEHHS PAacCMATPHBAEMOH CHCTEMb.
ITHM ToAYepKHBaeTcsl oOWMi XapakTep 3aKOHOB KJacCHYeCKOH TepMo-
IUHAMHKH U HX HE3aBHCHMOCTb OT KOHKPETHBIX MOJemneil.

UroObl H3YUHTh 3TY KHHTY, CTYJEHTY, KPOME 3JIEMEHTAapHBIX TO3Ha-
HHH B 00/JaCTH KJIA4CCHYECKOH MeXaHMKH H 3JeKTpOMarHerusma, Heol-
XOMMO 3HAKOMCTBO C OCHOBHBIMH ATOMHBIMH NpEJCTABJAEHHAMH H IO-
HHUMaHHe CIeAYIOuHX Hied KBAHTOBOH MEXaHHKHM: CMBICTA KBAHTOBBIX
COCTOSIHMHA H ypOBHEH SHepruH, NMPHHUMUNA HeonpeleNdeHHocTH [eiiseH-
Gepra, Bo/H Ae bpoilis, ciMHA M 33/laul O yacTHlle B sllKe.

MaremaTnueckyue TpeSOBaHUA He BBHIXOAAT 32 Npelesibl YMEHUst BHI-
YUC/AHTb MPOU3BOAHBIE U MPOCTBIE HHTErpanbl U 3HaHHA psAnoB Telsopa.
JIto6o#t CTYNEHT, 3HAKOMBIH C OCHOBHBIM COJEp:KAHHEM NpebLIYIIHX
ToMOB DepKJeeBCcKoro Kypca, GyAeT XOpolio HOATOTOBJAEH K H3YUYeHHIO
3TOrO TOMA.

Kak Obuio CKa3aHO B Hayaje NpPEIUCIOBHS, LEJNbI aBTopa ObLIO
c/ies1aTh OCTYMHBIMH HAUMHAOWEMY CTYJAEHTY BechbMa CJOKHBIE H TOH-
KHe TOHATHA CTATHCTHYECKOH (U3UKH. DTY ueldb Jerko chopmyaupo-
BaTb, HO BBIMOJHHUTD €€ TpyAHo. KHHra norpefoBaia oT aBTopa BechbMa
3HAYUTENbHBIX VCHJAMH U OH NOAYYUT VYJIOBIETBOPEHHE, €C/JAH [10CTaB-
JIeHHasl 3aJaya OKAXKEeTCs BbHIOAHEHHOH.

©. Petich



YKA3AHUS AJI1 NPENOJABATEJIEN U CTYJEHTOB

Opranuuszannsda KHHTCH KHHra COCTONT U3 TpeX OCHOB-
HBIX uacrei.

Uacte A. llpenpapuresnbHbie 2amedaHus (raasul 1 u 2).

[naBa 1. Dta riaBa nocBsmE€HA NPeABAPHTENLHOMY M KadyecTBeEH-
HOMY PacCMOTPEHHIO TVIABHBIX ITPHUHLHNOB, HA KOTOPLIX OCHOBAHO H3-
Jdoxkenyue. Ee 1ejgb — NO3HAKOMHTB CTY/IEHTA C OCHOBHBIMH CBOHCTBa-
MM MaKpOCKOMHYECKHX CHCTEM H NPHYYHUTh €ro K COOTBeTCTBy}Ome\’Iy
crnocoGy MbIIIJIEHHS.

[1aBa 2. B »Tolt T/iaBe pOBOJLHO MHOIO MaTeMaTHKH, YTO CBf-
3aHO C HeOGXOIHMOCTBIO O3HAKOMMTb UYHTATENsl C OCHOBHBIMH MAEAMH
TeOpPHKU BepoATHOCTH. llpeanonaraercsi, 49To CTyReHT BCTpedaeTcss ¢
STHMH HIesAMH BhepBole. Uepes BCIO IVIaBY NPOXOAHT HJes aHcambiis.
Ilpumyepbl HMEOT 1eJblo PACCMOTPETb HECKOJABKO (PH3HYECKHM BarKHBIX
CHTYalHi.

Msyuenue »THX raB He TpeOyeT MHOTO BpeMeHH. Bo3MoxKHO, 4TO
HEKOTOPBIE CTYNEHTLl B KaKOH-TO Mepe 3HAKOMBI C HJAESAMH [EPBBIX
JBYX TyaB. ABTOp COBeTYeT, OQHAKO, HE TNepelphITHBATh 4epe3 3TH
IVIaBbl, 4 PacCMATPHBATL HX KaK HeOGXOAHMoe BBeLeHMe.

Yactb B. OcHoBut Teopun (ryaBhbl 3, 4 u 5). 310 HeHTpanbHAs 4acThb
kauru. C IVIaBbt 3 HaYHHAETCS HOCAENOBATENbHOE H3.I0KEHHE OCHOBHO-
ro cojep:KaHusl.

[1aBa 3. 37ecb pacCMOTpeH BONPOC O CTATHCTHUECKOM ONHCaHHH
CHCTEMBI, COCTOANIEH H3 GOJBILOrO YHC/IA YaCTHLl, M M3J0XKeHBl OCHOB-
HBIE NOCTYJATH CTAaTUCTHYecKofi Teopuu. K KOHIY TJiaBbl CTYAEHT A0J-
MeH TIOHATb, YTO KOJHYECTBEHHBIH MOAXOZ K CBOHCTBAM MAKPOCKOMH-
YeCKHX CHCTEM OCHOBAH Ha TMOJACYeTe YHCAa JOCTYIHBIX COCTOHHHH.

I'naBa 4. dro uentpaibHas rjaBa KHArd. Oua HaYHHAETCH C HCCJe-
JIOBaHUsl NPOCTOH CHTYAllMH, KOTJAa B3aUMORedCTBHe JBYX CHCTEM OCY-
mectsasierca Gaarofaps OOMeHY TeIJOM. DTO HCC/elOBAHHE BeChMa
6LICTPO IPUBOIUT, OAHAKO, K NOHATHAM 3HTPOMNHH, abCOMIOTHOH TeMmme-
patypsl H K KAHOHHUECKOMY pacnpejeleHHI0 (GOJbIMaHO3CKOMY MHO-
XKHTeMo). K KOHILY IVIaBbl CTYIEHT OKa3bIBA€TCsl B COCTOSIHHE nepefTH
K [pakThueckuMm npobaemam. Tak, HanmpuMmep, OH MOXET, HCXOAA H3
OCHOBHBIX MPHHIMIOB, BBIUHCAUTb MapaMarHuTHbIE CBOICTBA BewecTsa
HJIW JaBJleHHe HAeaqbHOTO rasa.

It



[n1aBa 5. B 3Tolt raBe uien TeOpHY NOJYYAIOT NMPAKTHYECKOE TPH-
MeHeHne, 37ech 00CYXK13€TCsl CBfA3b aTOMHBLIX MNPEACTABJEHHH C Mak-
POCKONMUUYECKHMH H3MEPEHHAMU H BONPOC 06 KCNEP UMEHTaLHOM OHpefe-
JIEHHH TaKHX BEJIHUHH, KaK a0co/10THAs TeMmuepaTypa ¥ 3HTPOMUS.

B yCJ10BHAX CHJABHOTO HENOCTaTka YYeGHOTO BPEMEHH IIpenoflaBa-
Telb MOXeT, 0e3 Yrpbl3eHHH COBECTH, OIPaHHYHTLCH MSThIO PacCcMOT-
peHHbIMH TaBamHd. [Ipn sTom crynent OyleT XOpoullo 3HakKoM ¢ abco-
JIIOTHOH Temneparypoil, anTponHefi ¥ GOJbIMAHOBCKHM MHOMKUTETEM,
T.€. C OCHOBHbIMH HJAEAMH CTAaTHCTHYECKOH MEXaHHKH W TepMOJHHAMH-
k#. (EMHCTBeHHBIM TepMOJAMHAMHYECKHM Pe3yJbTaToM, HpOMYIEHHBIM
npH 9ToM, Oynaer yTRep:KIieHHE, YTO NPH KBA3UCTATHYECKOM ajHa-
OaTHUYECKOM Mpolecce 3SHTPONHUA OCTAETCS HEH3MEeHHOM.) ABTopy Ka-
Ke1es, urto yacti A ¥ B KHHMIH oTBeuaioT onpelefeHHOMY MHHHMYMY
npecaelyeMbix Hy lenef.

Yacts B. [lpumenesus teopun (raasbl 6, 7 u 8). JT1a yactb KHUTH
COCTOMT H3 TpeX HE3aBHCHMBIX IVIaB, KaKlas H3 KOTOPBIX MO:KeT ObITh
H3ydeHa oTAeqbHO. Kpome TOro, npu HEROCTATKE BPEMEHH B Kaykaod
rJ1aBe MOXKHO OFPAaHHUHTBCHA PaCCMOTPEHHEM HEeCKOJIbKHX MNepPBbiX Ia-
parpados. Taxofl crnocof H3/710XKeHHs MO3BOJIHT MHpenojiaBarelid OTo-
OpaTh Matrepuan B COOTBETCTBHY CO CBOMMH CKJIOHHOCTSAMH H € TNOTPed-
HOCTSIMH cTy/AeHToB. CelbMas IJaBa HMeET 0COf0Oe 3HayeHHe, TaK Kak
B Hell 3aBeplIeHO H3.I0)KEHHE OCHOBHBIX I[IPHHLMIOB TePMOAHHAMHKH.
B Hell paccmorpenbl Tak)Ke HEKOTOPHIE NDHUMEHCHH:A TeODHH, OCOBEHHO
BaXKHble A5l CTYJICHTOB-XHMHKOB H GHOJIOTOB.

['naBa 6. 3nech pacCMOTpeHbHl HEKOTOpbie HACTHBHIE CAy4au MpHMe-
HEKUA KAHOHMYECKOTO pacnpeleseHUusi, KOTOPble NONYCKAIT KJacCH-
yeckHit moAxox. OCHOBHBIM COZeprKaHHEM IVaBbl ABJAACTCA pacuperne-
Jenne MakcBesia M TeopeMa O DABHOMEPHOM pacnpeiedenuH. B ka-
YECTBE TUPHMEPOB pPACCMOTPEHBl MOAGKVJISpHBIE OVUKH, pasjeneHue
H30TOMOB U yaeldbHas TelJIOeMKOCTb TBEepIbX Tell.

[1aBa 7. Oua HauWHaercs C A0Ka3areAbCTBa HEU3MEHHOCTH 3HTPO-
nuu B aguabaTudeckoM U KBa3HCTaTHUECKOM npolleccax. DtumM 3aBepiua-
eTCa 00CYZKAEeHHe TePMOAMHAMHUECKHX 34KOHOB B MX Haubodee ofulell
thopre. 3arem pacCMOTPEHbl HEKOTOpble MPUMEHEHHMs! TeOpHH, HMe-
1oliIle GoJblIoe 3HayeHHe: ofllMe VC/I0BHSA PABHOBECHUS, BK.IOUAs CBO-
¢TBa THOOCOBCKON CBOGOAHOH 3HEPIHH, DaBHOBecHe Mex1y d¢asani,
Ter1CBhbie MAIUMHBI H OHOJOrHYECKHE OPTaHH3Mbl.

[aBa 8. 3ra nocieqHssi IJlaBa KHUTH HAJIOCTPHUPYeT CBOfiCTBa
CHCTEr, HE HAXONALUMXCA B COCTOSHHM paBHoBecHs. B Hefl paccmor-
peHbl fIBJEHUS MEepPeHoca B Pa3PeXEeHHOM rase, 4 HMMEHHO BA3KOCTD,
TEMJIONPOBOAHOCTb, CaMOIUMPY3HA M 3JeKTPONnpoBOAHOCTh. Paccmot-
peHHe IPOU3BOAUTCS C 11OMOMIbIO IIPOCTOH MOJAEAH, OCHOBAHHON Ha 110-
HATHH O CpeJHeM CBOOOIHOM npodere.

Ha 5TOM Mbl 33KOHYMM HAUIM 3aMe4aHusi 00 OPraHH3AUMH KHHTH.

V3 H310KeHHOro ¢JIeAyeT, UTO XOTS KHHIA OTJIMYAeTCH HeoOBIYHbIM
pacnofioKeHHeM MaTepHaJsa, ee JiorHueckas CTPYKTypa TwaTelbHo 06-
aymana. Ilpuasitas noruka H3/10KeHHs MOXKeT Nokasarbcsi Gosee moc-
J1eJI0BATEJbHOA H eCTeCTBEHHOH HEeHCKYUIEHHOMY CTYJAEHTY, 4eM IIpero-
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JlaBare/io, CBA3aHHOMY CBOHMHM COOCTBEHHBIMH TpHBBIYKAMH H TPaiH-
UMSMH TpenojaBaHHs. ABTOp COBETyeT MpPEeNojaBaTe/i0 MPHBHIKHYTh
K HOBOMY MOAXOAYy, TaK KaK CMEChb TPaJHIIHMOHHOLO CIOCO0a H3JI0oXKe-
HHA C MpelsaraeMsiM KypcoM HAPYUIHT JIOTHYECKYIO CTPYKTYpY Kypea
Y 3aTPYAHHT €r0 NOHHMAaHHE.

Jpyrue 0co6eHHOCTH KHHTH.

[Tpunoxenus UYerbipe pasgena NPHIOKEHHH coxepxar
BCIIOMOraTe/IbHBE MarepHal. B uacTHoctH, nmoapo6HO paccMOTpeHbI
HMeomye 60gblyl0 00/4CTh NPHMEHEHHS W HIHPOKO HCHOJb3yeMbIe
B JgabopaTopHofi wacTH Kypca pacnpenenenns I'aycca u Ilyaccona.

MaTtemaruueckne 3aMeuaHnwus 3aech cobpana
YacTh MaTeMaTHYecKOro annapara, HCHOJb30BAHHOTO B TEKCT€ KHHTH
HAH B 3azadax. MareMaTHYeCKHE CHMBOJIbI H HEKOTOpbIE KOHCTAHTHI
NplBeJeHbl B KOHUE KHHIH.

CBoagku onpenenedu . OHH JaHbl B KOHLE KaxjoH raa-
Bbl H HMEIOT LeJb OOJErduTb CCHIIKM H NOBTODEHHE MarepHaJa.

3 anayu. IlipusenenHsle B KHHre 160 sanay ABIAIOTCH BecbMa
BAXKHOH ee 4acThbio. ABTOp He HAjeercs, 4TO CTYJAEHT PELIHT BCe 3a-
Jlau, HO OH COBETYET NOCJe U3YYeHHsl KaxKJIOi IJIaBbl PEIUTb 3HAYH-
TeJbHYIO HX 4acTh, B OPOTHBHOM c/yyae KHHTA He NPHHECET GO0JIbINCH
noJe3bl. 3pe3foykodl ofo3naueHsl HauboJgee TpyaHble 3ajgauu. [ o-
NOJHHUTENbHBE 32, ayuH OPeIHA3HAUeHH [JaBHbIM OOpa-
30M JJIs1 OBJAJIEHHs1 MaTepHasJoM MPHJIOKEHHUH.

OTBeTH Ha 3a7ayuH. B KoHne KHUTH JaHBI OTBETH Ha 60/b-
LUIMHCTBO 3ajiay, UTO JOJKHO OGJIETYUTL CTYJICHTY CAMOCTOATEIbHYIO
pabory nax kuuroii. PasymeeTcs, CTYyIEHT JAOJXKEH PEUINTL 3ajady H
JIMIIb TOCJ€ 3TOro TOCMOTPETh OTBET, HO BO3MOXKHOCTb HEMEJJIEHHO
OOHAPYKUTh CBOK OLINOKY HMEET OnpeiesieHHYI0 NEJaroruYecKylo HeH-
EOCTb.,

JonoauurteabHb{t MmaTepuauda IlpuMepnl H pasjuu-
Hble 3aMEUaHHs HanedaTaHbl MeJIKUM WPHATOM, € UeAbl0 BLIAENHTb UX
Y3 OCHOBHOro H3jioxkeHus. Ilpu mepBoM YTEHHH HX HE CJeRyeT Hpo-
MycKaTb, TaK Kak pa3bop 3THX NPHMEPOB CYIIECTBEHHO OO/Eryaer no-
HUMaHHe,

Hymepauusa dopmya DopMmyas HyMEpYHOTCS CaMOCTOS-
TeJbHO B Ipejenax Kaxnaol raasel. OpHo uHcno, Hanmpumep (8), o3Ha-
Yyaer BOCbMylo (OpMyJy JaHHOH raasel. JIBoHHOH cMMBOJ 0003HauaeT
tdopmyay u3 gapyrofl raasel. Hanpuwmep, (3.8) oGosnauaer BoCbMYIO
¢opmyay Tperbell raaebl, ([1.8) — BocbMylo (opMydy H3 NpPHJOXKe-
Huil, (M.8) — BocbMy0 (BOpMYJy U3 MaTeMaTHYECKHUX 3aMedaHui.

CoBerno cryneHTy. OOyueHHe sABAsETCA AKTHBHBIM [IpO-
geccoM. ITpocToe uTeHHe M Na)ke 3alOMHHAHHE [PAKTHUECKH HHYero
He paer. [lpencraBerte cefe, 4TO BBl CaMH NBITAETECh PACKPHITb 3aKOHbBI,
V3JI0KEHHBIE B KHHT€, H CUHTa{iTe €e BallUM IIOMOIUHHKOM H PYKOBOJH-
TeseM. lleqb Hayku — HaliTH €rIOCO6 MBILJIEHHS!, KOTOPBIE TO3BOJIMA
Obl O6BACHUTD U NMpEACKa3aTh CBOHCTBA OKPYIKaloOLIero Hac Mupa. Exna-
CTBEHHBIA METOJ HaXOXJIEHHsl HOBBIX CIIOCOOOB MBIUJIEHHS 3aKJicdya-
ercsi B Mbilienud. CrapaiTech pasBuTb CBOIO HHTYHLHIO, HTOOBI HaiiTi
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HOBBIE COOTHOLIEHHSI H TIPOCTOTY TaM, [Zie Bbl X paHbIle HE BHIEIH.
He nmiTafitech 3allOMHHATh GOpPMYJibl, H3ydalTe H 3anoMHHalTe Cno-
cobul MbiIeHusi. DopMydabl, KOTOpHIE HeOGXOAUMO INOMHHTb, IMOMe-
LIEHBl B KOHIe KaKAOH TIJIaBhl TOX PYOPHKOH «OCHOBHBIE (BOPMYJIbI»,
Ecsin uX HEI0CTaTOYHO, YTOOLI B TeUEHHE HECKOUbKHX JECATKOB CEKYHI,
BOCCTAHOBHTb B MaMSTH OCTaJbHble BaXKHBIE (POPMYABI JaHHOH TJaBhi,
TO Bbl IJIOXO U3YUHJIH €€ COJeprKaHHe.

3aMeTHM B 3aKJI04eHHe, YTO 1ejb o0yueHHs — OBJafeTh OCHOBHEL-
MU (DYH/IaMEeHTAIbHBIMU [PEICTABJAEHHAMH, a He 3arpy3HTb MOaMATh
cuechblo (haktoB U (hopMys. B kHHre noApoGHO H TIMATENBHO PaccMOT-
peHBl UCKJIOUUTENBHO NPOCTHIE NPHMEDH, HANpPUMEp, CHCTEMA CIIMHOB
HAH HA€atbHBIA ra3. DTo CAeJaHO npefHaMepeHHO. B crarncTHueckoit
(hH3MKe ¥ TepMOIHMHAMUKE OKa3blBAETCsl, YTO HEKOTOphle MNOJ0XKeHMS,
KQKYULHECS BeCbMa IIPOCTBIMH M HAHMBHBIMH, BEAYT K 3aMeYaTelbHbLIM
CJeACTBHAM, obiafaomyn Goablioll oOIHOCTEIO. B TO ke Bpemsi MHO-
rue 3ala4d MOTYT IPHBOIMTb K MapaloKkcaM H BbI3bIBaTb OGoJbilide
TPYIHOCTH B NONBITKAX BbIUUC/IEeHHH. PaccMoTpenne npocThiX TIPUMEpOs
44CcTO paspeliaeT TakHe TAPaJOKChl H OTKDHIBAET MYTh K HOBBIM CIO-
cofaM pacuera WIH K pasyMubiM npuOmmxkenusm. [locaennuii coser
aBTOpa CBOJHTCH K TOMY, YTO Bbl JOJKHBI XOpOLIO NOHATb OCHOBHbLIE
Hied H peliHTh Oosbllioe YHCAC 3ajad. YacTe 3THX 3alad NOMeleHa
B KHHTE, JIpYyrHe caMi BO3HHKHYT Y Bac B npoliecce u3yuenns. Toabko
TAKHM CIIOCOGOM Bbl HAYUHTECh DPAa3MBILUJATB H CMOXKETE MOJATaTbes
Ha Pe3yJbTaTbl Pa3MbILLIEHHH,



TTABA 1

- XAPAKTEPHBIE OCOBEHHOCTH MAKPOCKONHYECKHUX
CUCTEM

Dass ich erkenne, was die Welf

Im Innersten zusammenhait,

Schau’ alle Wirkenskraft und Samen,
Und tu’ nicht mehr in Worten kramen.

Goethe, Faust?®)

Mup, no3HaBaeMbIll HAMH C IOMOWBIO OLLYLIEHHE, COCTOUT U3 MaKPO-
CKOIHYECKHX OOGBEKTOB, T.e. M3 OOBEKTOB, KOTOPHIE BEIHKH HO CpPaB-
HEHHIO C aTOMHBIMH pas3MepaMH H 06pa30BaHbl OTPOMHBIM YHCJIOM MoJe-
KyJd. DTOT MHP 4pe3BbIUAHHO Pa3sHOOOpaseH H CJOXEH, OH BKJIOYAer
B ce0s Tasbl, XKHIKOCTH, TBEpJAble Tela M OHOJOTHUECKHE OpPTaHU3MbI
caMbIX DasHbIX CTENeHeH Pa3BHUTHA U cocTaBa. Mayuenuem 3THX OOBeEK-
.TOB 3aHUMalOTCSl (PHU3MKA, XHMUA, GHOJOTHS U MHOTHE APYrHe HaYKH.
B sTo#i KHMIe HaM NPeJCTOHT TPVAHAS M HHTEpecHas 3ajaya YCTAHOB-
JieHHs (QYHIAMEHTAJIbHbIX 3aKOHOB, XapaKTepPH3YIOUWHUX JIoGble Makpo-
ckonuueckue cucreMbl, OcHoBHOH Haluell 1e/bio 6yAeT BLiSICHHTb, Ka-
KHM 00pa3oM, HCXOAS H3 HECKOJBKHX OCHOBHBIX TIOJIOXKEHHH aTOMHOMN
TEOPHH, MOMKHO NPUATH K MOHUMAHHIO HalJI01aeMOro Ha ONbITE TOoBe-
JleHHs1 MaKPOCKOMUUYEeCKHX CHUCTeM, Y3HaTh, Kak CBA3aHBI MEXKAY COGOH
BeJMUYHHBI, ONUCLIBAIOILNE HEMOCPEACTBEHHO H3MepseMble CBOHCTBa Ta-
KHX CHCTeM, U KaK HOJYYUThb 5TH BeJHUYHHBLI, 3HAsi aTOMHbIE XapakTe-
PUCTHKM BelLlecTBa.

Hayyuniil nporpecc HepBOil NOJOBHHBL HAIIEr0 CTOJETHS BechbMa
paciuupua NOHHMaHUE CTPOEHUS BELIeCTBA Ha MHKDOCKOIHYECKOM Y POB-
He, T.e. L pasMepoB nopsiika pasmepoB atoma (107% cm). Orpomuoe

*) U3 monosiora @ayera (lete, «Dayem, yacts 1, akr 1, cuena I, crpoku 382-—385). °
B nepesoge b. JI. ITacrepuaka:

...A nouan 6wl, yeauHsCh,
BeeseHHoft BHYTPEHHIOD CBA3b,
[octur Bée cyuee B ocHOBe

M ue paasancs B cyecnosbe.
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YHCJO TBEPAO YCTAHOBJEHHBIX 3IKCIEPHMEHTaJbHbIX AKTOB SIBHJOCH
HaJeKHOH OCHOBOH TEOPHH, KOTOpas Jaja KOJHUYECTBEHHOE ONHCaHHe
noBejenus: aroma. ML 3HaeM, YTO BELIECTBO HOCTPOEHO H3 MOJIEK Y,
MOJEKYJIbl COCTOSIT M3 aTOMOB, KOTOpHE B CBOIO oOuepelib COCTOAT H3
Alep M 3JeKTPOHOB. HaM H3BeCTHHI TakKe KBAHTOBBIE 3aKOHBI MHKDO-
¢u2HKH, yOpaBJsIOUMHE MOBEeAeHHeM aTOMHBIX wacTHi. COBOKYITHOCTh
5THX CBEACHHUH O MHUKPOMHpEe SBJSETCS XOpOlUeH OCHOBOH MJIs mpo-
HHKHOBEHHSI B CBOHCTBA MaKpPOCKOIHYECKUX OOBEKTOB.

[ToacEMM Hamy ueab ¥ Halld Hajexabl Gogee noapobuo. Jliwobas
MaKPOCKONHYeCKasd CHCTeMa COCTOMT H3 OueHb GOJBbIIOTO YUCIA aTo-
MOB. 3aKOHbI KBAHTOBOH MEXaHHKH, OIUCBHIBAIOILKE NHHAMHUECKOE [0-
BeJeHHEe aTOMHbBIX YacTHL, HaJeXKHO YCTAHOBJEHb!, 4 B IIOHUMAHHU NPH-
pOAbL 3JEKTPOMATHUTHBIX CHJI, OTBETCTBEHHLIX 34 B3aHMOJEHCTBHE
MEXKAY aTOMHBbIMH YacTHLAMH, MBI JOCTHI/IH BECbMa BBICOKOTO YPOBHS.
310 eIUHCTBEHHbE CHJBI, KOTOPhIE HeOGXOJIUMO NPHHHUMATH BO BHHMA-
HHe, TAaK KaK TPaBHTAILMOHHBIMH CHJIANH, AeHCTBYIOIIHMH MEXKILY
aTOMHBIMH YacTHIaMH, OObIIHO MOKHO NpeHeGpedb. Han naxe Her He-
00X OARMOCTH 3HATh TPUPOAY SAEPHBIX CHJ, IOCKO/IbKY B OOBIYHBIX MaKPO-
CKOMHYECKUX (PU3HYECKHX CHCTEMaxX M BO BCeX XHMHYECKHX H GHOJIOrH-
uyeCKHX CHCTEMaX aToMHble siipa He paspywaiorca *). Takum ofpa-
' 30M, MBI TIPUXOIHM K BLIBOZY, YTO HAlEro NOHMMAHMSA (HHU3HYECKUX
33aKOHOB MHKPOMUpa JNOKHO ObiTh, B IpHHIMIE, AOCTATOYHO, 4TOOHI,
3Haf MHKDOCKONMYECKHH cOCTaB JIOGOH MaKpOCKOIHYECKOH CHCTEMH,
NOJVYUTh CBOHCTBA nochaenHed.

Bruio Obi, oxnako, GoNbWIOH OMHOKOH OTPAHHYHTHCA 3ITHM ONTH-
MHCTHYECKHM YTBEpZKIAEHHeM. TUnHuHbie MaKPOCKOIHMYECKHE OOBEKTHI,
C KOTOPBIMH MbI CTAJKHUBAEMCSl B IOBCELHEBHO! KH3HH, CONEPKAT MO-
psaka 10%° B3auMOAENCTBYIOWMX aTOMOB, H HAlla HaydHas lIporpam-
Ma 3aKJI04aeIcs B NOHHUMAHHH U IIPEACKA3aHUM CBOHCTB TaKuX 00bLEK-
TOB H4 OCHOBAHMH MHHHMMAaABHOIO 4HCJa (pYHAAMEHTAJIbHBIX uaefl. Mbl
MOXeM ObITb yBepeHbl, YTO 3aKOHbl KBAHTOBOH MEXAHUKH H 3JAEKTpO- -
MarHeTH3Ma JdioT [OJHOe ONUCAaHHE aTOMOB JIOOGOH CHCTEMBI, GYIb TO
JKMAKOCTb, TBEPJOe TesIo MJH KUBOU opranusM. OJHAKO Ajf BhIIO/IHE-
HUA Halued NMpOorpaMMbl 3HAHHS 3THX 33KOHOB COBEPLIEHHO He J0CTa-
TOYHO, NOK& MBI HE pacrogaraem METoJlaMH, KOTOpPbie HaXOJHIHCh Obl B
COOTBETCTBHH ¢ HeoGhl4aiiHOM CIOMKHOCTBIO TakuX cucteM. Bosnukarouwne
3lieCh TPYJHOCTH He MOI'YT ObITb pa3spellieHbl ¢ MOMOULBIO NPHMEHEHHS
ECe GOJBIUNX M JYUIIHX BBIMHCJAHTENbHBIX Maliuy. 3afaya o 102° B3ai-
MOJEHCTBYIOUINX YacTHLAX N1PEBOCXONHT BO3MOXKHOCTH HauboJee ¢aH-
TacTHUECKUX IIPOEKTOB MaumHHbl OYAyUlero, M Jaxke ecad MallinHa
mMorJia 6bl faTh HaM OTBET O NOBEAeHHH Jo0OH 4acTHLbI, OH ObT 6bi
CTOJIb CJI0XKeH, 4TO ero HHKOTJAA HeJib3si Oblio Obl MPOYECTb H HCIIOJb-
30BaTh. ,

Jlerko, OJIHAKO, NOHATb, YTO CAOXHOCTb CHCTEMBI O3HA4aeT ropas-
20 6oJbliee, 4eM HEeBO3MOXKHOCTb HHTEePecoBaTbCsl MOBEAEHHEM KaXoH

*) [I'paBuTaunOHHBle K *sJepHBlE  B3auMOIeficTBHST MOTYT, ONHAKO, HUIPaTh
peluaiollylo potb B HEKOTOPbIX ‘acTpodu3udecKux npobaeMax.

. L

I
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MONeKy/bl. Bo MHOrMX ciydadX CJOMKHOCTD HDHBOJMT K MOSIBJIe-
HUIO HOBBIX KauecTB, KOTOpPble MOIYT OKAa3arbC BecbMa HEOKH-
J@HHBIMH.

PaccmoTpum, nanpuMep, ra3, COCTORHINE U3 OAMHAKOBBIX aTOMOB (Ha-
IIpUMep, aTOMOB reJiis), B3aHMOAEHCTBYIOMUX APYT C APYTOM C TIOMOIbO
NPOCTRIX M M3BECTHBIX Ham cuJl. COBEpLIEHHO He SCHO, KaK M3 3TOl
MHKDOCKONHYECKOH HH(pOPMAIUK caeiyeT, YTO Takofl ra3 MOXKeT ObiTh
BHE34MHO CKOHICHCHPOBAH B XKH!IKOCTb. B ACACTBHTENbHOCTH Ke HMEH-
HO Takasd BHe3allHas KOHAeHcalus u npoucxoiut. Eule Gojee nopasil-
TEJbHbIM TNPHMEPOM SIBJASETCA [OBEI€HHE OHOJOTHUYECKHX OOBEKTOB
MoxxHo /i, onupasch Ha 3HAHHE ATOMHOW CTPYKTYDBI, OXKHAATb, HTO
HECKOJIbKO IIPOCTHIX 4TOMOB, 00pa3yIoUX MOJEKYJ/bl ONpele]eHHCro
THHNA, AaAyT HadaJo OHOIOTHYECKHM CHCTenaM, CIOCOOHBIM K POCTY if
€aMOBOCIIPOU3BEAEHHIO?

15 noHHMaHMA MaKpOCKONHYECKHX CHCTeM, COCTOSUHX H3 OrpoM-
HOTO YHCJA YAaCTHILL, HEOOXOAHMO Ipexjie Bcerc cgopMy/IupoBaTh Ho-
Bbl€ IIOHSITUSI, OTBeyaiollHe TAKOMY HOBOMY KauecTBY, Kak Heobbruaii-
Han CJOXKHOCTb CHCTEMbI. JTH MOHATRS, OCHOBAHHble HA QYHIaMEeHTalb-
HBIX 33KOHAaX MUKPO(DH3HKH, NO3BOAAT YKa3arb napameTpni, nanboiee
yAOOHBIE AJisl ONMCAHUS MAaKPOCKOMMYECKHX CHCTeM, YCTaHOBMTb 3a-
KOHOMEPHOCTH, AEHCTBYIOUlE B MAKPOCKONHMUECKUX CHCTEMAX, H JaiyvT
HaM OTHOCHTENbHO [POCTBIE METOABL JJit KOJHUECTBEHHOUO ofiperete-
HUSl M NpecKa3aHUsi CBOHCTB TakHX CHCTeM. YCTaHOBJAEHHE 3THX No-
HATHH, HECOMHEHHO, fIBJASETCA OTPOMHBIM HHTEWIEKTYaJbHbiM [OCTH-
JKEHHeM, Ja)ke ec/JH 3aKoHbl MHKDPODU3HKH H3BecTHBI 3apakee. He
YAUBUTEABHO [103TOMY, UYTO M3YyU€HHE CJOKHBIX CHCTEM, COCTosiuiiX
W3 MHOTHX 4TOMOB, HAaXOAMTCS Ha MepeiHeM @poute (H3HYECKOI]
HayKH.

C apyro#i CTOpOHBI, 3ameyaTes]bHO, YTO OYeHb HPOCThie KOHUEMUMi
MPHBOIAT K CTOJNb GOBLIOMY YCIEeXY B MOHHMaHHH CBORCTE MaKPOCKOITii-
YeCKHX cHCTeM. Mbl YBWIHM, YTO OCHOBHAs NIPHYUHA TAKOIO ycliexa
B TOM, YTO HaJHYHE §O/IbLILOTO YHC/Ia 4aCTHIL JaeT BOSMOKHOCTL aher-
THBHO HCNOJb30BaTb CTATHCTHYECKHE METOXLHL

Wrak, Mbl 3HaeM Uejb HaWmero UCCaAeJoBaHUs, HO Kak IPHCTYMHTHL
K €€ OCYIeCTBJ/eHHIO? Beab Cl0KHOCTL MaKPOCKOMIUECKHX CHCTEM Ka-
)Kercs yerpattaroieii. [Tostomy ocyliectTBiente Halled IPOrpaMAMbi Mbl
HAayHEM ¢ TOro, YTo, cJIe1Vsi OOBIYHC HPUHSTHIM B HayKe MeTomaM, pac-
CMOTPHM H H3Y4YHM HEKOTOpBle ocofeHHO npoctble npuiepbl. Ha sToil
cTajuy Hallle BooOpakKeHHe He OyJeT OrpaHHYeHO HEOHXOAHMOCTbIO
[IPOBOAUTb CTPOTHE PAaCCyrKIAEHHA.

Llenbio nepBo TJIABbl HBASCTCS YCTAHOBJEHHE CYIIECTBEHHBIX OCO-
GeHHOCTell MAKPOCKOIMHYECKHX CHCTEM, KauecTBEHHOE PaccMOTpeHHe oc-
HOBHBIX 3a/au H TOJydYeHHe NPEACTaB/ICHHA O NOPAIKE BeIUUMH BaiK-
HERIINX MHKXPOCKONHUECKHX TNapaMerpoB. Takoe NpeiBapHTeNbHOE
paccMOTpenie NOMOXKET HaM  OCBOHTb  HEKOTODhIe npubanKennbie
METO/lbl, C MOMOUILIO KOTOPBIX B MOCJEAYIOWHX T/1aBaX Mel HCCAEAYeM
npo6aemy Maxpocxonuqecxnx cucTeM GoJiee CHCTeMaTHYecKH H Gojee

HOAPOGHO. en - . :
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1.1. OaykTyauu 8 COCTONHHH PABHOBECHS

[TpocThiM NMpHMEPOM CHCTeMbl, COCTOALICH H3 MHOMKECTRA YacTHU,
ABNAETCA ONHOPOXHBI ra3, Hanpumep, aprod (Ar) uan asor (N,). Ecau
ras paspexeH (T.e. ecJIH YHCJAO MOJEKYJ] B elHHHUe O06beMa Mafod),
TO CpefHee pacCTOAHHe MEXKAY MOMEKVJaMH BeIHKO W HX B3aHMoJeHCT-
BHE JPVE ¢ ApPVIOM He3HauutedbHo. ['a3 HasbiBaeTCs ilealdbHbiM, ecau
OH pa3pekeH HACTOJNbKO, YTO B3aHMOREHCTBHEM MEXAY MOJEKYJIaMK
MOKHO npeHebpeub *), Mueanbublii ras sasisiercsi, TakHM 00pa3om,
upe3BbYaiiHO mpocToil cucremoit. Jliobas ero Moseky/a G6OJABLIVIO 4acTh
BpEMeHH [ABHKETCS KaK CBODOIHAA YaCTHIIA, HA KOTOPYIO He OKa3bIBalOT
BJHSTHUSL JPYTHE MOJEKYJbl HJIH CTeHKHM cocyaa. Tolbko uspeika Mo-
JIeKyJ/a HacTOJbKO OAH3KO NMOAXOAMT K APYIoH MOJdeKyJ/e HJIH K CTeH-
KaM cocyla, 4TO MeXIV HHMH MOXeT BO3HHKHYTb B3aumojieicTsHe.
Kpome Toro, ecii ras cHAbHO Da3pexkeH, CPefHee PACCTOSIHHE MEKAY
MOJIEKYJaMH 3HAuuTebHO Jo.blue, dyem J1eOpoilieBCKas JJIHHA BOJHBE
MOJIEKYJBl. B 3TOM cJavuae wkBaHTOBOMeXaHH4ecKHe 3PPeKThl npened-
PEXHUMO Madbl, U MOJEKY/bl MOKHO CUHTATb OGOCOGJCHHBIMH YaCTH-
LaMH, ABIKYIUHMHCS MO KNACCHYECKHM TPAEKTOPHUsiM *¥).

Paccmorpus naeanbulit ras, cocrosiuinit u3 N MOJEKyJa H 3aHHMAO-
K onpenedeHuslil obvem. 18 Toro 4tobel O6CYAHTb mpocTefiude
BO3MOMKHBIE CHTYALH!l, MPeanoIoKHM, 4TO BCA cHCTeMa ObLIA H30JH-
poBaHa (T. e. 9TO OHA He B3aMMOAeiCTBYeT ¢ J000H APYroH CHCTEMOil)
W jonroe BpeMs OcCTaBajach Heso3MymieHHOH. [lpeictasum cebe, yTo
MBI MO2KeM HAG/01aTh MOJEKYJbl I'asa, He RO31efCTBYA Ha HX JABHXKe-
HHe, HalpuMep, ¢ [OMOULLIO COOTBeTCTBYIOIeH KHHOKamepsl. Ilocneno-
BaTeJbHble Kalphl ¢HJabMa OYAYT [OKa3LIBAThL IOJIOXKEHHE MOJEKYJ
B ONpejeseHHbie MOMEHTBl BDEMeHH, OT/IMYZIOUIHECs Ha MaJbli npome-
JKYTOK BpeMeHH T,. Mbl MOXeMm paccMaTpHBATh OTAeJbHble Kalpbl HIH
BOCIO/IL30BATLCS MPOEKTOPOM. B mnocseiHeM cjydae Mbl yBHIHM Ha
9KpaHe (u/bnM, MOKA3LIBAIOWHA NOCTOSHHOE ABWUMKEHHE MOJEKYJ rasa.
Mbpl o0HApYXKIIM, UTO MOJEKYJA ABHAETCH MO NPAMON JIMHHH, NOKa He
CTOJIKHeTCA ¢ APyrofl MoJeKVJI0il nid co cTenkamu cocyaa. Ilocae cTonk-
HOBEHHS OHa ABWKETCS MO APYrofi npsiMOH 10 c/eAVIOUIero CTOJKHOBe-
HYS H Tak najee. Kaxaasd Mo/exy/aa ABHXKETCA B COOTBETCTBHH C 33aKO-
HaMH MeXaHHKH, HO N MoOJeKy/l, ABHKYILIHXCH B COCy/e H CTaJIKHBalo-
(UXCA APYr € ADYroM, [IPENCTaBASIOT CO60H HACTOABKO CJAOKHYIO
CHCTEMY, UTO KAapPTHHA Ha 3KpaHe KaKeTcd XaoTHYHOHd (naxe ecan N
oueHb MaJuo).

PaccmoTpuy BHEMartesbHO pPAaclo/c:KeHHe MOJIeKYJd H HX pachpene-
JieHHe B npocTpaHcTBe. Pasnenum MBICJIEHHO SUUK C TA30M HA /Be pas-
uple dactu (puc. 1.1). OGo3Hauum uHC/AO MOAEKYJ B JeBOH uacTu

s

*) BaaumopeficTBHe MOYTR OTCYTCTBYeT, €C/IH MOJHAsl MOTeHIHANLHAS SHEPrHs
B3aUMOJEHICTBHS MeXKAY MOJIeKY/1aMH MpeHeOPeXHMO Majia 10 CPaBHEHHIO C HX MOJHOH
_KUHETHYeCKO 3Heprueif, HO JOCTAaTOYHO BeJHKa s TOrO, YTOOBI MOJIEKYJDLI MOIJIH
B3aHMOJeilcTBOBAaTh U TAKUM 06Pa30M OOMEHHBATLCS SHepruedt APYr C APYroM.

*#%) 3aKOHHOCTb TaKOro mpubiuzkennss OyleT noapoOHO paccmoTpeHa s m. 6.3.
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SLUIMKA 11, @ 9ACJA0 MOJeKyJ B npaeoil yactu n'. Koneyno, cymma
n+n"=N, (H

T. €. paBHa NOJHOMY uHcay Moaekya. Ecnin N Belnko, To 00BIMHO OKa-
spiBaeTcd, 4yto A=n’, T.e., rpybo roBops, B KaxJ10i uacTH cocyna
HAaXOAUTCA NMOJOBHHA OGWEro Yucaa MOJeKYJ/I. 3aMeTHM, YTO 3TO YTBEPK-
JIeHHe CIIpaBejJHBO JHIIL B HEKOTOPOM NpHO-
JikeHud. JIBHrasich B siMKE H CTaJKHBasiCh
APVT ¢ APYTOM HJIH CO CTE€HKAaMM, HEKOTOpHIE
MOJIEKYJ/Ibl NPOHHKAIOT B JIEBVIO MNOJNOBHHY, B
To Bpems Kak Apyrue nokuiaior ee. [Toatomy
YHCJIO MOJIEKVJ, 3aKJIOUEHHBIX B JIEBOH 110J0-
BiiHe SlHKA, MOCTOSIHHO (GJIYKTYHpYeT O
spemeem  (puc. 1.3 —1.6). OO6uuno sTu a+n"=N
GAYKTyalHH  HE3HAUHTEIbHBI, TaK UYTO M puo 1) dumk, » xoropow
maJjo oraudaercsi or Y/, N. OnHako HHYTO He 1axoluTcs wieadbibil ras »3
MOMKET MpPensaTCTBOBATL BCEM MOJEKYJaM COo- ‘Eﬂs’%l‘;‘éﬂ“};o??p”;‘;‘;:ﬁﬂ?f’ oo
6paleCﬂ B J1€BOi NOJIOBHHE; MPH 3TOM n=N  {socTvie. Hacao wonexy o ne”
u n'=0, KOHE'—IHO, 3TO MOXKET CAYUIUTHCH. wyn Bnpaeoll nososute n’.
Ho xakoBa BepoATHOCTb TAKOro COOBITHA?

Uro6sl OTBETHTb HA 3TOT BONPOC, MOCMOTPHM, KaK MOTYT MOJEKYJIbE
pacupeneaTbest MEXIY ABYMSl NOJOBMHaMK sliMka. Bysem HasbiBath
Ka)/l0e BO3NMOKHOE pacnpefederie aodaexya kowguaypayuei. Oanoi

® O

@ )

T
|
!
i
i
i
I
|

i
{
N ®
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@ @
!
Puc. 1.2. Ha 370l cXeMe 10KXa3aHbl 4eThiPe Pa3fnuHblX €nocoda, KOTOPHMA ABe MOJCKYJB MOTVT
OLiTh pacfipefienetibl MeKAY ABYMS JIONIOBYHAME SAILAKA.

0

e e e =

MOJIEKYJI€ COOTBETCTBYIOT JBe BO3MOXKHBIE KOH(pHIYpalMH, T. €. OHa
MOKET HAXOINTbCH B JI€BOil JIMGO B NpaBOi 4acTH slMKa. Tak Kax
o6e 5TH 4acTH HMEIOT OLHHAKOBLIH OOBeM H [1OJHOCTbIO 9KBHBAJIEHTHBI,
MOJIEKYJ1a ¢ OXMHAKOBOH BEPOSITHOCTBIO MOMKET HAaXOMUTLCH B JH0O0H
nonosuxe amuka *). Ecium paccmatpuBaTh AEe MOJIEKYJbl, TO Kawiaad
M3 HHUX MOXKeT OKas3arbcst B JIO0OH n3 aByX dacrteidl simka. [lostomy

*) Mbl npeAnosaracM, YT0 BepPOSITHOCTb OGHAPYIKeHHS OXHOH MOJEKYJbl B KaKOfi-
Au60 MNOJMOBHHE SIIHKA He 3aBHCHT OT YHCJA APYTUX MOJEKYJ/, HaxOAfIMXCS TaM.
10 CHpaBeAINBO, eCMK 00beM, 3aHAMaeMbiii CAMUME MOJIEKYJIaMH, 3HAUNTeNbHO MeHb-
e ofbema sMMKA. ’
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Ta6auua 1.1  [oJHOE UYHCAO BO3MOMKHBIX KOH-
durypaunfi (r. e. yucno, pas-
) 2 3 s lalarl coon HOE BCEM BO3MOKHbIM BapHaH-
Tam pacipeieleHus MoJeKyJ
MexAY obDeMMH  MOoJIOBHUHAMH

a AT Aol SILUKA) paBHO 2 X 2==2%=4, TaK

KaKk A8 KaxjaoHd BO3MOXKHOH
J J g o lali KOHOQUTYPauUMH OfHOH MOJEKY-
J J o J i3t Abl CVUIECTBYIOT [B€ BO3MOXK-
J 1 J J 1311 4 Hble KoHbUrypauun Apyroii. las
1 g Jg A |31 TPeX MOJIEKYJ IO/JHOE UMC/IOo

BO3MOXKHbIX KOH(UIVpaLHil pas-
HO 2X2X2=23=8,  Tak Kak

J1 J1 i h 1212 :
J i1 A 10 l2le JUIS1 KaXKIOH M3 BO3MOKHBIX KOH-
J n a  Ja1212 durypaudit nepBbX JABYX MO-
i 7o ul2l2 ©
7 I A JIEKYJ1 CYIIECTBYIOT B BO3MOK-
a : Hble KOHQUTYpauuu TpeTbeil.
I I g J 1212
[lostomy B ofem caayuae N Mo-
AEKYA [OJAHOE YHCJIO BO3MOMK-
J 11 1 a)113 HbIX  KOH(QpHrypauuH  paBHO
1 J mni1)3 2%2X. . .X2=2N B raba.l.l
a0 g nfi]s] 4
- NOKa3aHbl BO3MOXKHbBIE KOHGHU-
[l I n J 113
rypauin aasa caydasa N=4,
3anertum, uro aas N aoge-
n n 11704 1 KYJ CYUIECTBYET TOJbKO. O1HA
KOH(MHTypauusi,  OTBEYaloLlas
3aech yKazansl 16 pasauuHbiX CLO- HAXOKACHHIO BCEX MOJEKYJ B

co60B (Kombur} pauuii), l\aKl/lMH yeTeIpe Jeroll rosIoBHHe AmmKa. Ona
MOJeKyabl (0Go3Hauenusle 1, 2, 3, 4) npuxoautest Ha 2V BO3MOMKHBIX
MOTYT ObITh pacnpefiesleHbI MEXKAY ABYMA . - R
NOJMOBUHAMH sUMKa. DykBea J7 nokasn- KoHQurypauni. ITostomy Mok
BAET, YTO MOJEKYJA HaXONUTCH B JEBOI HO OKMAATh, YTO Cpean Gob-
NOJAOBHHE AwWUKa, a Oykea [/— 470 MO- oro  4ucaa  kKajpoe  Haldero
JAeKyJ12 B ﬂpaBOffl nodosune. Yucao mo- Q)”J])_-,Ma B CpejHeM TOJbKO Ha
JNeKyJd B KaXKJOH u3 nofoBHH 0603HaYeHO onHOM Kaape 3 2V KaqpoB Bce
coorBeTcTBEHNC uepes n u n'. Cumpon -
C (n) of03HaYaeT YHCJIO BO3MOKHBIX KOH- MOJIEKYJIBL OKA:KYTCH B JICBOU
urypaunii MOJeKyJ, KOrja 7 U3 HHX nosaoBure simivka. Ecau o6osna-
HAXQUATCA B JIEBOH TNOJOBHHE COCyna. YUTb depes PN AOJIIO KaZApOB, Ha
KOTOpbiX BCe N MoJekysa Ha-
XOAATCA B neBoil NOJIOBYHE,
T. €. €CJdn uepes PN Bb]pdeTb OTHOCHT&JIbRYIO HacCTOTy, HJAH gepoam-
HOCMb, HAXOMICHHA BCeX N MOJIEKYJT B JeBOH 9acTtH, TO

TouHo Tak e cayuaft, Korga B JIEBOIl YaCTH HET HH OLHOM MOJTeK YJIh ,
ABJISIETCA BeCbMA HEOOBIYHBIM, TAK KaK OH COOTBETCTBYET TOJIBbKO ONHOH
U3 2Y BO3MOXHBIX KOHQUCYypauui, H BepOATHOCTb T4KOro coﬁbmm
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TaKkxke onpejenserca (GopMmynoi
P=—. 3)

Paccmorpum Goaee ofuwmit cayuait, xorna n u3 N MoAekva rasa
HaxoxATcs B JeBOd wactu sunuka. O6o3HaunM uepez C(n) 4uca0 BO3-
MOXKHBIX KOHQHTYpaLHH, oTBedawoumx takomy cayuawo. [C(n) pasuo
YHC/Y BO3MOXKHBIX CIIOCOGOB pacnpefesieHHs MOJeKVJI, IPH KOTOPbIX 7
MOJIEKYJl HAXOASITCH B JeBGH wactn siuwka.] Tak Kak moaHoe 4ucao
BO3MOXKHBIX KOHGHUrypauuit papuo 2V, To MOXKHO 0XKH1aTb, UTO Cpelu
Goabllioro uncaa kaapoB B cpeanem y C(n) kaipos H3 2V kaipos n
MOJIEKVJT GYNeT HAXOAHThCS B JieBofi nosioBHHe cocyaa. Eciu uepes
P, 0603Ha4YHTL JOMI0 KAAPOB, HA KOTOPLIX /1 MOJEKVJ HaxOAHTCS B Je-
BOH MOJIOBHHE (T. €. OTHOCHTEJBHVIO HacTOTY, WIH BePOATHOCTh, HAXOK-
JEHUST 71 MOJEKYJ B JIeBOH MOJIOBHHE), TO

.
P, =55 4

[1pnwmep. Paccvorpum cneunatnsplii ciyuafi, Koria ra3 COCTOUT H3 deThipex
moaeky/1. Yneao C (n) Bo3MOKHBIX KOHHTYpanUil KaKI0T0 poja ykasaHo B radi. 1.1.
[penonoxum, 9TO KHHOrPAMMA TOTO ra3a COCTOHT U3 GOALILOTO YHCTa KAaApoR. Toraa
MBI O2KH1a€eM, 4TO Joas P, 3TUX Kaipes, COOTBETCTBYIOUIAA N MOJEKYIAM B JIEBOH YACTH
cocya (H COOTBETCTBENHO n'==N — n B 1PaBoOf 4acTH), onpelesaeTcs COOTHOIeHISIMHY

P4:P0:1L6, ]l
4
Py=P, T i} (4a)
6 3
Poes =% ]

Pucynru, noagueHHbvie € ROMOWLID BLIMUCAUMEAbHOL Mauwiunst., Ta crp. 22 1 23
NOKA3aHbl PHCYHKH, MOJAYYeHHbIe ¢ NOMOULBIO WIEKTPOHHOH HH(POBO BHUHCAHTEbHOH
Matunbl. Mceaelyemas cuTyauus npeicrasasier cofoil ABaAkeHMe HECKOJIBKHX Yactull
B cocyae. HacTuubl npeicTan/ieHsl MaTeHbKHMH QHCKAMH, ABHAKYILUMHACS B ABYX H3Me-
perusix. CuJsl, AeficTByromue Mexkay JTIOObIMH ABYMS YACTHIAME HJIH MEXKAY yacTuLiefl
H CTeHXOH COCYJa, MOXOXKH HA CHJIbI, JeHCTBYIOIHE MeXKLY TOKETHME o0beKTaMu (T. e.
OHHM OTCYTCTBYIOT, KOr/a YacTHUB! He CONPHKACAIOTCS, H CTAHOBATCA OueHb GOJ1bLUHMH
npu conpnxocnoaeﬂnu) TaguM 06pa3oM, CTOMKHOBEHHST MeAY YaCTHUAMH SIBJSIIOTCS
yapyruMi. BrranciaureabHoll MaliHe 3a71a10TCS HAUAJb Bl TOJOKeHHS <MOACKYJI» H HX
CcKOpocTH. Mamuea Ro/KHA YUC/IEHHO PelUHTH YpaBHEHHS ABHXEHRHA «MOJeKYdI» A1s
nocaenywouero (MK OpelieCTBVIONEro) BpeMeHH H N0Ka3arh Ha ocliLIorpade pacno-
JOKeH!e «MOJeKYJ» B MOMEHTH BPeMeH:u [= jT,, Tle To— Manslil GUKCUPOBAHHLIH HH-
Tepsas Bpemenn u j=0,1, 2, 3, ... Kunokamepa bororpadupyer 3Kpas ccunaiorpadga.
[lonyuenuble Kaipbl MOKa3aHbl Ha pHcyHKax. Bpemenuédii unrepsai T, Okl BeIOpaH
Takuy, 4ToGhi ABA NOCAEACBATEIBLHBIX Ka1pa, NOKa3aHHMBIX HA PHCYHKAX, Obin pas-
AeJeHBl HECKOJNBKHMH MOMEKYJISPHBIMU CTOAKHOBeHHAMH. TakuM 00pasoM, BBIYHCIH-
TeAbHasi MAWIMHA Gbl1Aa HCHOJbL30BAHA AIST HCCIel0oBaHHA NpobjeMb! AMHAMUYECKOro
B3aUMOefiCTBHA MeXKAY MHOTMMH YaCTHUAMH.

Mul Buje/H, YTO CHTYalMH, Koraa a=N (umm n=1{0), coOTBeTCTBYET
JMLIb OfHa BO3MOXKHafA koHpurypauus. B Gosee ofwem cayuae,
ecnn N Beanko, 1o C(n) €2V, naxe ecqn n ymMepeHHO OJH3KO K
N (uan k 0). [lpyruMs cioBami, cuTyauus, KOFAa pacmpefenenve
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MOJIEKYJl HACTOIBLKO HEOAHOPOAHO, yTo n 3> Y/,N (nau n<£1/,N), coor-
BETCTBYET BCErO JHIUb HEeCKOJIbKMM KoHpurypauwusiv. Takoro poaa cu-

TyallHst, OCYDIECTB/SeMas OTHOCHTEJAbHO MaJjibiM YHCJIOM CHocoboB,
ABJAsieTcs BecbMa cHelu(pHYHON U ee HA3HBAT YNOPACOHEHHOU, WK
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Fuc. 1.3. Tonoxenun HyeThipex 4acTul, HaxoAauluxcd B AllUKe, NOoAYyUEHHbie C TOMOULLK BLIYIIC-
AUTENbHONH MAUIHHDBL. IlstHaguaTh rOCAeloBATeNbABIX KaiAPOB {0603HAUEHHBIX HHACKCAMW
i=0, 1,2, ..., 14 npeacrasasior coboit dotorpabuu. cresannbie nocie JIUTENEHOrD BpeMd Hil
pa6oTbx MAUIAHDB! C 3a7alNbIMH HavaJdbHbLIMH YCJHOBHAMHY, ]J.H(bpbl, pélC]'IO.HO)KeHHbIe BHU3Y n1onp,
KaxACH PONOBHHOIM SIUIHKA, YKAa3bIBRIOT HA UYKCJAO YacTHL, HaXOAsUIUXCS B 3TOH NnojosuHe. Ma-
JIeHbKas 4epTouKad OKOJ10 Ka)KllOﬁ HYacTHUbl YKa3biBaeT Hanpasﬂelme ee CKOPOCTH.

Hecayuaiinoll. B coorBetcTBUK ¢ GopMyAol (4) OHa BO3HMKAET NOBOJLHO
peako. C apyrofi CTOPOHBI, CHTyalHs, NpH KOTOPOH paclpeneneHie
MOJIeKYJ1 HOYTH OXHOPOAHO, TaK YTO AAZn’, COOTBETCTBYET MHOI'HM BO3-
MOKHBIM KOHGHUrypauusiM. JleHcTBHTENbHO, Kak MoKasaHo B Taba. 1.1,
C(n) pocruraer makcumyma npu n=n’'=1/,N. Cuaryauus, ocyumecr/se-
Masi MHOTHMH pas/JM4HBIMH Croco0aMy, HasblBaeTCA cAy4aliHol, WIH
Gecnopsadouroli. B cooTBeTCTBHY ¢ (4) OHa BO3HHKAET JOCTATOYHO 4ACTO.
Takum o6pazom, OGecropsiioyHble (MM paBHOMEPHBIE) paclpeneseHud
MOJEKYJ B Taze o6pasylorTcs dame, veM yrnopsipouennbie. Puanueckoe
OGbACHEHHUE 3TOTO SIBJEHUA COCTOUT B CJELYIOLIEM: BCe MOJIEKYJIbl HOJIK-
Hbl JABHIaTLes [0 CTPOFO ClelHANbHBIM TPAeKTOPHAM, YTOOBI COOPATHCA
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B OHOH MOJIOBHHE COCYAa, H TOYHO TaK Ke, €C/IH BCe OHH OKas3ajluCh
B OJHOH IOJIOBMHE COCY/d, TO HX [BHKEHHE HOKHO HOCHTH BEChMa
creunduueckuil xapakrep, uroGbl OHH MOTJIH OCTaThCA B 3TOH MOJOBHHE.
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Puc. 1.4, Honoxenns 40 4acTHL B SIKIHKE, NONYHEHble C NOMOUbIO BRUYNCAHTENLHON MalIHHB,

BoceMb MOCAEAOBATENLHLIX KaAPOB (0603HaUeHHBIX MHHAeKcaMu f==0, 1, 2

.« 7) nmpedcTas-

Jia0T co6oit doTorpadu, clenansbie nocie AMHTENBHOTO BpeMeHH paloThl MAlWIHHBL C 3aaBHbIMK
HavalbHbIMH yenoBaami. LIndpst, pacrnonoskedHsle BHH3Y, N0 KaXK/A0H NoJ0BHHON AIHKA, YKa3kl-
BAIOT HAa YHCNO YacTHI B 3Toil moJioBHHe. CKOPOCTH YacTHL He MOKa3aHbl.

Uro6sl NpUAATh CAETAHHBIM BBIILE PACCYKIEHHAM KOJIHYECTBEHHBIK
XapakTep, C/efyeT BOCTIONb30BaThbcA paBeHCTBOM (4). OHo nossosser
BBIUHCJ/IUTD BEPOATHOCTL BO3HHKHOBEHUS CHTYAUHH, KOFAA JIIOGOE YHCIO
7 MOJMeKYJ HaXOAHTCA B JieBOH yacTH cocyAa. OTA0KHUM BbIYHC/IEHHE
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9nCja MOJEKYJRPHBIX Kongurypaund C(n) aas oflero caydas 1o
caeqywomeit raassl. OfHAKO YKe ceHyac AOBOJIBHO JIETKO HCCJIENOBATh
NpeAeadbHbli caydali ¥ CIIPOCHTb, KakOBa BEPOATHOCTb TOCO, YTO BCe
MOJIEKYJ/IBl OKaKYTCs B J1eBOH NOJIOBHHE cocyna. Y paBHeHue (2) moka-
3bIBa€T, YTO N0A0CHAsi CHTYallds BO3HUKAeT B CPeNHEM Ha OJHOM H3
2¥ KaApoB Haulero (pHIbLMA.

PaccyoTpHM HEeCKOJIbKO CHeNMadbHBIX NPUMEpOB, KOTOphIe MO3BO-
JAT CeJ1aTh KOJUYECTBEHHBIE OUEHKH. Ec/H ra3 cocTOMT TOMbBKO U3

nl4
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Pite. 1.5, Yuesao n gacrun B nesoil no- Puc. 1.6. Omuocumeanune uwncao n/N
JOBIIHE ANIMKAa B 3aBHCAMOCTH OT HO- yacTtinu B Jeroil TIOJIOBHHE SIULIIKa B
Mepa KaApa j wan TeKYUero BpeMenn 3ABUCHMOCTH OT HOMEPA Kagpaj nan
f=j7y. Uucao gacTui Ha kagpe npeld- TEKYIMCTO Bpemenn (=jTy. 3T rpadu-
CTaRJeHQ CapH3oHTaANLHOI ueptof, «H CofepKaT TY Ke m;(bopMaLmK) uTo
npocTrpaiotlelicsts orT f ao{ -+ 1. I'padu- u puc.l 3

KU WAAICTPUPYIOT puc. 1.3 g N=1

# puc. 1.4 ans N =40,80 copepxar nu-

fopmauHnio o CoJbllieM uHCJe KaApoB
geM NOKA32HO HA 3THX DHCYIKAX.

qeTbipeX AMOJACKYJ, Bce ORH OGVAVT HAXOMUTLCA B JICBOH [ONOBHHE CO-
CvVAa B CpeiHeM TONbKO Ha ONHOM Kaape u3 16. ®aykryauust takoro
pona Gyiaer HMeThb ymepeHHVIO uwactoTy. C aApyroil CTOPOHBI, eciau ras
cocToHT u3 80 MoJIEKYA, TO BCe OHH OYAYT HaxOJAWTbCS B JICBOIT NOJACBUHE
coCyAa B CpelHeM TOJbhKO Ha OJHOM Kajpe u3 2%~ 10%* kaapop nawero
uibMa. 3710 0O3HauaeT, YTO eCAM Mhl Jaxke felaeM MMJJIHOH KaapoB
KaKIYI0 TeKYHNY, TO, Y4TOOB! MOJAYUYHTh PeallbHYIO BO3MOXKHOCTb HAWTH
Kalp, Ha KOTOpOM BCe MOJeKyJbl OyayT B JeBoil IOJOBHHE cocyna,
HaM [OH2ZO0HTCS 415 CheMKH (UJIbMa BpeMs cymeCTBeHHo GosibLiee,
uem Bo3pact Beenennoil *).

*) B roay ~3,15-107 cex, a sospacT Bcesennoll ouenuBaercs B ‘IQ“’ JIeT.
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Tenepp mnpennosnoxRuUM, 4YTO Y Hac ecTb cocyn ofbemoM B 1 cm?,
cojepsKalmiMi BO3AYX [NPH aTMOC(PEPHOM IHaBJEHHH M KOMHATHOMH
Temneparype. Takofi cocyx comepkur okono 2,5-10' mosekya [cm.
ypaBuenue (27) 3toii riiaBul. OAYKTYANNSA, IPH KOTOPOR BCe MOJEKYJIbl
OK2:KYTCH B ‘OJAHOH NOJIOBHHE COCYA3, B CPEIHEM BO3HHUKAET B OQHOM
Kajpe H3

22.5.101° ~ 10757107

(3to uncno KaaApoB Tak (HAaHTACTHUECKH BEJHKO, YTO HX He [OJYYHTh
Jayke B TOM CJIy4ae, €C/H Obl Mbl CHHUMAJH (bH/ABM B TeYEHHE BPEMEOHH,
KOTOpOE 3HAYHTENHHO NPeRocXoauT Bogpact Beenennoit.) Takue paykrya-
LIHH, KOrJa He BCe, a4 TOAbKO OO0/bIIaa YacTb MOJEKYJ HaXOIUTCA B
OTHOH U3 MOJIOBUH COCYAA, GYAYT BO3HHKATD yallle, HO HX 4YacTota Gvier
BCe ke upe3BbuaiiHo Maiof. Tenepb Mbl Moxen cAenaTh CAe1VIOWHH
obuMH BIBOA. Ecau noatoe uucao wacmuty seauko, mo aysmyayuu, co-
OMBEMCMBYIOUUE CYUECINBEHHO HeOOHOpoOHOMY pacnpedeseruio, Ro4mu
HuKo20a He B03HUKAN!.

Wrak, noageaeMm HTOrH OOCYKAEHHIO Npobjembl U30JHPOBAHHOIO
H/IeaTbHOTO Ta3d, KOTOpHIH OCTaBaJIC HERO3MVUIEHHBIM B TeUEHHE JJ1H-
TeJLHOrO BpemenH. UHCAO MOJTEKYT 1 B ONHOH MOJOBHHE COCyia GIayK-
TYHUPYET BO BPEMEHH OTHOCHTENBHO TIOCTOSIHHOIO YPoBHA /,N, KOTOPLI#
ABAAeTCs Haubosee BepOSTHbIM. HacTora BO3HMKHOBEHHSI KAKOTO-TO
OnpeleneHHOro 3HaueHus n ObICTPO yMeHBbIIAETCs [0 Mepe pocTa abco-
JIIOTHOTO 3HAYeHHs PAa3HOCTH ,,?

nu 'Y,N, 1. e. no mepe po-
1
2V N e A

CTa Be THUHHEB!
1
|An|z]n——7Nl. (5) - >

Has Goablunx N nocta- )
TOWHO 4aCTO OCYWECTBJRIOT- i L e, e cocon
CSH TOJBKO TaKHe 3HAYEHHS B 3aBHCHMocTH oT Bpemen# f. Ilognoe dHcAo MOseKys

pasuo N

n, ais Kotopbix |[Ani<€ N,
[Tos10:kuTe/IbHBIE H OTPHLATENbHBIE 3HAUEHHS A7l BO3HHKAIOT OLMHAKOBO
yacTo. XapakTep 3aBUCHMOCTH /1 OT BpeMeHH [OKa3aH Ha puc. l.7.
[loBeaneHnne rasa MOXET ObiThb OMNUCAHO BO BCeX JeTalfX, €CJAH H3-
BECTHO €ro MUKPOCKONUHECKOe COCOAHUE (MUKPOCOCMOARUE) B JII0O0H MO-
MEHT BpeMeHH, T. €. €CJIH Mbl pacHojaraeM MakCHMYMOM BO3MOXKHOR
HHPOPMALMK O MOJEKYJax (HaupuMep, O PacHOJOXKEHHH H CKOPOCTH
Kax/0f MosexyJbl). C 3Toff MHKPOCKONHMYECKO! TOUKH 3DEHHS HAll BO-
obpaxkaembiil (GUABM O raze KakeTcst OUeHb CJOKHBIM, TAK KAK Ha KaxK-
JoM Kaape ¢ubMa PacnolOKeHHe MOJIeKyJ pas/JuyHOe H [ABHXKEHUE
KaXKAOH MOJIEKYJbl CA0KHLIM 00pa3soM MeHsSeT MHKPOCKOIHYECKoe COo-
CTOAHHe rasza. OQHAKO OpH KPYIHOMACIITAGHOM, HJIH MaKpOCKOnuUe-
CKOM, PpacCMOTPEHHH 3TOH npolJieMbl Mbl ONHChIBaeM a3 B MeHbBLUHX
JeTalsAX U Hac He HHTePecyeT NMOBejeHHe Kask0H OTAe/IbHOM MOJIEKY bl

HehcTBUTeNsHO, MAKDOCKONUMECKOE COCMOANHUE (WA MAKPOCOCHOR-
HUe) Ta3a MoxeT ObITh AOCTaTOYHO TOYHO ONPEAeJIEHO YKazaHHeM 4ucaa
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MOJIEKYJ1, HAXOAAWMXCS B KaKOH-TO 4aCTH COCYJA B JAHHBLIA MOMEHT ¥).
C Takoli MakpOCKONHYECKOR TOYKH 3PEHHS H30JHPOBAHHBIA ras, KOTO-
pblil B TeyenHe J0ArOro BpeMeHH HaXOAW/ICA B HEBO3MYIIEHHOM COCTOSI-
HHH, ABJAETCA OUeHb NPOCThIM OObEKTOM, TaK KaK €0 MakPOCKONHYe-
CKO€ COCTOfIHME HEe MeHsercsa co spemeHeM. B caMoM nene, A00ycTuM,
YTO, HayHHaf! C MOMEHTa BpeMeHH ¢;, Mbl HalJsiofaeM 3a noBeleHHeM
rasa B TedeHHe JOCTaTOYHO ANMTEIBHOTO MHTEpPBaja BPEMEHH T H CHi-
Maem KHHOrpammy rnoBeleHHs raza. Ilpennonoxus jajee, uTo, HauHHas
C MOMERT2 BpEMEHHM [,, Mhl onufTh Hab/wonaeM 3a [OBeleHHeM rasa
B TeueHHe TAaKOro )K€ HHTepBana BPEMEHH T W TakxKe HCIoJb3yeM JIf
ITHX neneil kHHoKamepy. C MakpOCKONHYECKOH TOUKH 3DEHHs ABa 5THX
u1bma He A0/KHBI OTJIHUATBCA APYT OT Apyra. B obonx cayuasax unciao
n YacTHil B J1€BOH NoJioBHHE cocyaa OyaeT PAyKTyHPOBarb OTHOCHTENb-
HO OJIHOIC W TOTO ke ypoBHa '/,N u naGawnaevplie paAvKTyaunn oyayr
OJHOTO M TOTO Ke XapakTepa. Ecay He o6pamaTb BHUMaHHIS Ha HEKOTO-
PHIE HCKJ/IOUMTENbHbIe OCOOEHHOCTH (OHM GyAYT pacCMOTPeHbl B Clle-
AviolleM naparpage), TO HaG/01aeMoe MAaKPOCKONHYECKOe COCTOSHHe
rasa He 3aBHCHT OT MOMEHTa Hauaja HaOsioneHuli. 3TO O3Hadaer, 4To
MaKPOCKONHUECKOE COCTOSIHUE Ta3a He MeHSeTcst co BpemexeMm. B uact-
HOCTH, ¥ TOT YPOBEHb, OTHOCHT&IBHO KOTOPOrO (IYKTYHpYeT # (HJaH,
GoJiee TOYHO, €ro cpedHee 3HAUEHKE), TaKkKe He MEHSIeTCsl CO BpPeMeHeM.
['oBopAT, 4TO cHCTEMa, COCTOSULASA U3 MHOTHX 4acTiil (Takasd, Kak Hail
ras), HaxoOumcs 8 pasHosecuu, eCay ee MaKpPOCKOIMYecKoe COCTOsiHUEe
#He HMeeT TCHAEHUMH K M3MEHEHHIO CO BpeMeHen.

3ameuaunne Jlanam TouHoe onpelleelie TIOHATHIO O CPENHEN BO BpeMenn.
O6o3xauns ueped 7 ({) YHCJIO MOJEKYJ B JIeBOl NONOBHHE AILMKA B KaKofi-TO MOMEHT
epevenn £ Cpefnee BO BpeMeHM sHauenite n (f), B3siToe BO BpeMeHHOM HHTepBaJe T,
o6o3Hauaercs ueped [n (/)] u onpepensiercs Kak

(4T

- 1
[mi)]: == \.na’) dt’. (6)

T o

t

CooTeeTcTBeHHO, eCall CheMKE, HauaTas BO BPeMsl !, NPOAOMKAJNACH B TCUEHHMe BCEro
MHTePBAJIa BPEMEHH T N cOAepiKana g=T/Ty K41APOB, CHATLHIX B NOCJAENOBATEAbHbIE MO-
MEHTBI BpeMeht & == &, 1y =+ To, L=t + 2Ty, . . ., tg== t+ (g — 1)Ty, TO BBIpa-
skenne (B) npuver BUL

[ ﬂ(t)]f=§ In(ty+n)+...+nt))

Ecan He yKasbiBaTh, K4KOH WHTEpPBAJ BpemMeHH T PaccMATphBaeTcs, TO nox 7 (f) noxu-
MaioT Cpetee 3HaYyeHHe B TedeHUe KAKOro-TO pa3yMHoro hurepBafia BpemeHu 1. Jas

cayuas PABHOBECHOIO COCTOSHHS ra3a n MOUTH Bee BpeMs pasHO 1/,N.

1.2. Heo6patumocTh M npubiviKeHHe K PaBHOBECHIO

PaccMOTpUM M30JMPOBaHHBLIM a3, COCTOSIUMA M3 OOJbILOro 4Yucia
N moJekyJ, PaykTyalsn, BO3HHKAIOKE B rase, KOTOPbI HaXo@HTCA
B COCTOSIHHM PABHOBeCHs, TAKOBBI, YTO 7 MaJ0 OTJIMYAETCH OT Hauboaee

*) Uto6bl GbiTh TOYHBIMH, Mbl JOJMMHBI IPeACTABHTL, YTO COCYA pasjelen ra
MHOMKECTBO PaBHbIX siueeK, WUMEIOMIHX AOCTATOYHLIA 06beM 15t BMeWleHHs GOJbLIOFO
yneaa modekya. Torja MakpocKonHyeckoe cOCTOsiHUe rasa GyzeT OIpeleseHO TOuHbIM
3ajaHieM 4uCIa MOMEeKYJl, HaXoAAIHUXCa B KauA0H ayeiike.
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sepoamroeo 3Hayenns '/,N. Hac Gyner uHTepecoBaTh, IPH KakHX Yyc/0-
BHAX MOXKHO OMHAATh CHTYallMH, KOTAa 7 3HAYHTEJLHO OTJIHYaercs
or 1/,N. Takde cuTyaniii MOTyT BO3HHKATh B ABVX Pa3JH4YHBLIX CAydasx,
KOTOpbI€ Mbl H PacCMOTDHM.

Pedro sosuurarouiue Goavtuue paykmyayuu 8 pPagHoBecHOM COCMOA-
Hut, XOTSl B rase, HaxoAsuweMcsl B COCTOSHUM DaBHOBecHA, 1 OOLIYHO
o6ausko K 1/,N, Bce e, XOTH U PeHKO, 3HA4YEHHS A MOTYT OTJHUYATKLCS
or Y/,N. Ha6umionas 3a razom 10CTaToOYHO JOJTO, MBI MOxeM 0OHADYKHTh,
YTO B HEKOTOPbIA MOMGHT BpeMEHH 3HaueHHE /1 CYLIEeCTBEHHO OTKJ/OHH-
Joch oT Y,N.

[1pearmo 0KEM, YTO B KAKOI-TO MOMEHT BPEMEHH [y Mbl OOGHADYKHIH
Takoe GoJbilice oTkJAoHeHue jAn| or 1/,N, T. e. uTo /1, HAMHOrO 0OJbue,
gen Y/,N. Uro MokHO cKa- ) -
3aTb O HanboJAee BEPOATHOM 11 Y
NIOBEIEHHH 71; ¢ TEYeHHeM n,
BpemeHu? Ilpu ouenb 6o.ib- .
oM 3HayeHuu  pasHocte 7N
jny —1/,N| Bennunna n, co-
OTBETCTBYET BECbMa HEepaB-
HOMEPHOMY  paclpeAC/1eHHIo Prec. 1.8, Jlnarpamma, nokassiBaioulasi peiko BO3HHU-
MOJEKYJI, KOTOpo€ B DPaB-  xawuwe Goabuine (baykTyausn uncaa MOACKYA 7
HOBECHOM COCTOSIHHH BO3HH- P OA0fl M0JosiHe cocyla OTHOCHTEABHO PaBHOBCCHO-

. ro 3pavenusa !/,N.

KaeT KpafiHe penko. Hau-

60.1€e BEPOATHON NPHYHHON NOABMEHHA TaKoro n, sagercad Gayk-
TYalus, MAaKCHMalbHOE 3HayesHe KoTopoll 61H3ko K n, (Ha puc. 1.8
3TOT MAKCHMYM ofo3HaueH OykBod X). OnHako Takoe 6Go/blloe 3Ha-
YeHHE My MOXMCCM BO3HHKHYTb B Pe3yJbTaTe ewle 6Gabilell duiyKTyanuu
€ MaKCHMyMOM, 3HAUHTEbHO npeBbilaomumM X (Ha puc. 1.8 Makcumym
Takoll Quykryauuu ob6osHaueH 6yxBofi Y). OaHaKo BO3HHKHOBEHHE Ta-
KOl 60JblIOH QUIYKTYaLUNH 3HAYUTEIBHO MEHee BEpPOATHO, UeM BO3HMK-
HOBEHHE y2Ke NOCTaTOuHO penkofl daykryauun X. Takum ob6pasom, nan-
6osee BepoOATHO, 4TO BpeMA #,, NPH KOTOPOM f=i1,, COOTBETCTBYET
nuky X, OpH KOTOPOM n MakcuManapho. [lopeilenue n B 3aBHCHMOCTH
OT BpeMeHH nokazaso Ha puc. 1.8. C Teuennem Bpemenu # CTpemuTCA
K YMEHBLICHHIO (3TOT NPOLECC CONPOBOKNAETCH HeGOIbILNMH (BIYKTYa-
LHAMH) [0 TeX 1cp, noka He OYaeT LOCTUTHYTO OGBIYHOE COCTOSIHHE
PABROBECHRA, TIPU KOTOPOM BeAMUHHA 7 GyneT (QAYKTYHPOBATH OTHOCH-
TeJ1bHO CPENHEro MoCTOsiHHOro ypoBHsa !/,N. Bpewmsi, neoGxomumoe pis
TOro, 4T06H 6oablas QJAYKTyanus (118 KOTOpPOH n=n,) nepeiwia B co-
CTOSIHHE DaBHOBecHA (419 KOTOPOro n=r'/,N), HasblBaeICsi speseHem
peaakcayuy AnA NaHHOd QAyKTyalUH. 3aMeTHM, 4TO CpeiaH GoJb-
1IOTO YHC/Ia KHHOTPAMM KHHOTPAaMMY, OMHCBLIBAIOULIYIO TAKOe [OBENeHHe
rasa, MOXHO BCTPETHTb KpaiHe peako. Ho ecin wmbt 3ameTnsn 3ty
KHHOrPaMMy, TO €e Jerko OTJIHYHTL OT JAPYTHX, TaK Kak H3obpakaemoe
Ha Hell COCTOAHHE ra3a CTPEMHTCS K H3MEeHEHHIO CO BpeMmeHem *),

2

*) DT0 He NPOTHBOPEYAT YTBepXKACHHIO, UTO ra3 JOAFO HAXONMTCS B COCTOSHHH
PABHOBECHS, TaK Kak Takue QUyKTyalHM, KaK fi;, MOTYT GbiTb 3aMeuyeHb! JIHLIb [pH
-QueHb AJIHTEbHOM HAOMIOJeHHH 3a ra3oM.
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Tenepb MOKHO clenaTb HekoTOpoie BhiBOAM. EcC/IH M3BecTHO, 4TO
7 UMEeT 3HAueHHe n,, KOTOPOE CYIIECTBEHHO OTJHYaeTCs OT CpelHero
paBHOSecHOTro ypoBHA '/ N, TO H3MeHeHHs n, MOYTH *) Bcerna npo-
HCXONAT B CTOPOHY TNPHOMMMKEHHS K paBHOBECHOMY 3HaueHuio '/,N.
C bosee dH3MuECKOH TOYKH 3pEHHS MOXKHO CKasaTtb, YTO 3HaueHHe /1,
COOTBETCTBYET BECbMa HEPZBHOMEPHOMY PaciiPeNeNeHHIO MOJNEKYJ U YTOo
MOJEKYVAbl JOMKHbLI ABUTAThCS NO OUEHb CTICNHAJbLHBIM TPAeKTOPHSM,
YTOHBI TaKOEe pacnpeleneHne coxpaHuaoch. [loctosHHOE ABIKEHHE MO-
JIEKYJ [IOYTH BCErad HPUBOAUT K TAKOMY LE€pEeMelHBaHHIO MOJIEKY. 1, [IPH
KOTOPOM BX DaclpeleeHue BHYTPH COCYA3 CTAHOBUTICS MaKCHMAIbHO
paBHonepubiM, (Cm. pue. 1.15—1.20 B koHue sroro paszaena.)

3amedanna 3aveTHM, YyTO YTBePX(AeHHS, CllelaHHble Bhille, B PABHOIT cTe-
ReHd CpaBeiuebl Adst 60abwnX QuyKryauuii ofoux 3nakos. Eciy gaykryanus nogo-
JKUTEIbHA, TG 7y NOUTH BCerjJa GYAET COOTBETCTBOBATH MaKCHMYMY BO3MOXHOH (JIyK-
Tyaunu ny — 1/,N (3170 nokasano Ha puc. 1.8, riae nuk Qaykryanuu oGo3Haued 6y KBoH
X). Ecau xe (avRTYauus oOTpHUATeIbHE, TO OHA HOUTH BCerAa GYIET COOTBETCTBO-
BaTb MHHHMYMY BO3MOAHOH daykTyanuu. OIHaKo s3axjlouedHe, ClleflanHOe BEIile,
agadercs ofwuM 158 ofoux cjiyuaes.

3aMeTHM TaKiKe, 4TO YTBEPKACHHA 3TOrO naparpada ocraoTes B cHile, HE3ABHCHMO
OT HanpaBJeHus U3MeHEHHs: BPeMEHH (T. €. He3aBUCHMO OT TOTO, KAK Mbi CMOTPHM
¢nabM, snepea win Hasaxy). Ecan mMakcumym np, o6esnavennbiit yepes X, npuxonntes
Ha MOMEHT BpPeMeHH [y, TO #7; NODKHO YMEHbIWATLCH KakK AAA > f; Tak U jqas f < 1.

Cayuail cheyraibHo NPUSOMOBACHHOZ0 HAYAALHOZO — PacnpeOeeHus.
Xota ynopsjouesHas CHTyanus, [pH KOTOPOH 7 3HAYUTEIbHO OT.1M-
yaercsi o7 Y/,N, MOXET BOZHHKHYTb KdK Pe3VJabTar CIHOHTZHHOH (WIVK-
TValllM rasa B COCTOSIHHM PABHOBECHSI, BCe Ke Takas Goabluas quiyx-
Tyanus NosBIASeTCH HacTONbKO PEAKO, YTO NPaKTHYeCKH OHA HHKOrAa
HE MOJKeT BbITh 0OHAPYXKeHa [BCIOMHITe YHC/IeHHbIe OlleHKH, OCHOBaHHbIE
Ha vpaBHenusnx (2) wau (3)l. BoabLIMHCTBO MAKPOCKONHYECKHX CHCTEM,
C KOTOPBIMII Mbi HMEEM €0, He MOT'YT OCTaBathCs H30JIHPOBAHHBLIMH
1 HEBO2MYUIEHHBIMH B TeUeHHe JOJIOro BpeMeHH H o3TOMY He Haxolar-
¢ B COCTOSHHM PaBHOBECHA. YNOPSACUEHHAS CHTYALNS B NAHHOM CJIY-
yae BOZHMKAET He KaK Pe3yJabTaTl CINOHTaHHBIX QIVKTyauuil, npoucxo-
AALIMX B COCTOSTHHM PAaBHOBECHS!, a KAK Pe3ysbTaT BO3AEHCTBUS Ha CH-
CTEMY, KOTOpPOE IIPOUCXOAMAO B HELANEKOM [1POLLIOM. 5€3yCJIOBHO
CO314Thb YNOPALIOYEHHYIO CHTYalHiO NpH MOMOMM BHEWIHHX BO3ZefiCT-
BIil Ha CUCTEeMY LOBOJLHO MPOCTO.

ITprwmepe. Ecin cuenars ogny CTeHKy sIHKa NOABHXKHOH, TO OHA HpeBpa-
Tutes 8 nopuiedb. C MOMOM(bIO TAKOI'O MOPIUHS MOMHO CKaTh Fa3 B JIeRYIO MOJOBHHY
sKKa (Kak nckasano Ha puc. 1.9). Ecau 3ateM BHe3anHo BepHYTh NMoOpileHb B Kpailtee
nojgoXeHHe, TO BCE MOJEKYJIB B NepBblii MOMEHT BpeMeH# OCTaHYTCs B J1eBOit NOJIOBHHE
syka. Takua cnoco6oM MOXHO NOJNYYHTh KpaiiHe HeOLHOPOIHOE pacrpelejeHHe MO-
JleKyJl B SUIHKe.

Teneps paccMOTpHM COCYA, pasfelieHHbil NeperOpoKOfl Ha [Be paBHble YacTH
(puc. 1.10). B senoii nonoBiHe cocyaa HAXORATCS BCE MOJeKYJibl ra3a, B TO BpeMst Kak

*) Mgl nenosb3oBanu CJOBO «NOYTH?, TAK KaK 3HaueHHe 71; MOXKET He TOJABKO CO-
OTBETCTBOBATL NUKY X, Ho u (Kpafive peJxo) JexaTb HZ BOCXOIsileH CTopoHe NHKa
Y. B nocaegnem caydae n; 6yjeT sHayaje BOBpaCTaTb, T. €. YHAIaThCH OT paBHOBEC-
Horo ypoens l/,N.
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npasas nonoBuHa nycta. Eciu npu 3THX YCJI0BAAX A HaXOMITCA B COCTOSHHY PABHO-
BECHS!, TO MOMKHO CUNTATh, UTO pacnpefe/ieHre MONEKYJ B JeBOi M0J0BHHE COCYAd OJHO-
pomyo. IpencTaBuM, 4To Neperopoika 6HcTpo yGupaercs. B nepsblil MOMEHT BpeMens
pacnpelneiente MOeKy.l B JieBoii I0NOBHHe cocyla He HapywuTest. OqHaKo 970 pacnpe-
AeJIeHHe SIB/IAeTCs YPe3BLIuaiino HEOAHOPOIHBIM JUIS HOBHIX YCJOBHIY, P KOTOPHIX MO-
JeKYJbl MOTYT CBOOOJHO ABHIATbCA BHYTPH BCero COCyla.

£)

Y &)
Puc. 1.9. Tlopulenb #3 noJo- Puc. 1.10. Korpa neperopoa-
JKenwsi (@) cmeulaeTcst B 10J10- Ka (a) HeoxMaaHHo YOupaertcs,
wenne (6), CxuMasn ras paesoil BCe MoJIeKYJbl B nepBblii Mo~
nonosune cocyaa. Ecan Bie- MEHT OCTaioTcs B J€ROll no-
3anHO BepPHYTh NODWIEHDb B Tlep- nosune cocyaa (6).

BOHAUaJibHOE N0JI0XKeHUe, Kak

noKasaHo Ha pHCYHKe (8), TO

BCe MOJeKYJab C¢pa3y nocae

pacwiHpeHHst OCTanyTCs B Jie-

BOH [MOJIOBHHe, B TO BpeM#A Kax

npaeas noJsosMHa Oyner ny-
CTO#.

[TpeanosoxuM, 4TO Y HAC HMEETCA H30/MPOBAHHAS CHCTEMa ¢ ouenl
HEOJHOPO/IHbIM pacnpeleeHHeM MOoMeKyJl, a HMEHHO OOJBIIHHCTBO MO~
JIEKYJ rasa HaxoJUTCA B JIEBOH [I0/IOBHHE COCYMAa, TaK 4YTO 71 Cyillect-
BEeHHO oTauuaercss ot '/,N. Hac ne unrepecyer crnocod, Kakum ch-
CTeMa 0Kas3ajach B TAKOM COCTOSIHHH. ITO MoxeT ObITh KaK CIOHTaHHus
yKTyauusi, BO3HHKIIAs H3 COCTOSTHMA pPABHOBECHS, TaK M KakKoe-
nubyiL Bpemnee BosaedcTsHe. HesaBHCAMO OT OPOILIOrO CHCTEMBI,
ee noBejeHHe GyneT aHAJOrHYHO IOBENEHHIO CHCTEMBl IPH paccachiBa-
HuM 60abmioi QuiykTyaiud. Tak Kak Bce BO3MOKHBIE CIIOCOOH ABHKe-
HHA MOJIEKYJ B CHCTEME NMPUBOAAT K OoJlee CyualiHOMY pacrpeieeHnio
‘MOJIEKYJI, TO 3TO pacnpeaeieHde OyneT CTPEMHTbCA K MaKCHMAJbHO
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cayuafinomy. [locie Toro Kak MakCHMaNbHO CJlyualHoe pacrpenene-
HUe JOCTHPHYTO, COCTOSIHHE CHCTeMb He OyleT HMEeTh TeHIEHLHH K H3-
MEHEHHIO, 4TO COOTBETCTBYET MpENEeJbHOMY COCTOSTHHIO DPABHOBECHS.
Hanpumep, Ha puc. 1.11 mokasaHo, 4yT6 NpoH30ii1eT, €c/IH HeOXKHIAHHO
yOpath meperopoaxy, pasiae/sionyio Cocy Ha e pasHbie yacTh. Hucuo
MOJIEKYJ i B jieBOH IMOJOBHHe coCyaa GyleT MeHAThCA OT HayafdbHOrg

a) - 5/ 5)

Puc. .11, a) fwuk u3 puc. 1.10 cpasy e mocJe Toro, Kak 6bina yopana neperopoaka, 6) uepes

HeBoMbUIOof NPOMSKYTOK BPEMEHH H 6) NocJje TOr0, Kak NMPOoUIo A0CTATOYIO MHOTO BpeMentnn K-

HOrpuMMa, paccMaiphsaeMas B o0paThHom HanpasfeHHI, O6yAeT NowasbiBaTe 00paTHsll MOPRAOR
: 8), 0), a).

3HauyeHHs 7 = N (COOTRETCTBYIOLIETO KpailHe HepaBHOMEDHOMY pacIipe-
JIENICHUIO MOJIEKYN B COCYAE} A0 NPEAeNbHOIO COCTOAHUSA PABHOBECHS,
HpU KOTOpoM -1 =& Y/,N (COOTBETCTBYIOIEI0 COBEPILIEHHO PaBHOMEPHOMY
pacnpenenentio modekyva). (Cwm. puc. 1.12 n 1.18))

Taxkum obpazom, Mbl HPHILAK K BaKHOMY BBHIBOLY:

Ecau u3ompoRannan cucteMa HaxoanTes B Kpaiide
HEOAHOPOAHOM COCTOSIHHH, TO ona OyJeT CTpeMHThLCS
C TeUEHHEeM BPeMEHH K [MpeleabHO CJAYuaidHOMY Co-' )
CTOSIHUIO (MBI He oOpailaeM BHHMAHUS Ha HeOoJbline
$IyKTyauunH), KOTOPOe OTBeYaeT PaBHOBECHIO.

3averum, YTO 3TO YTBEDKAEHHE HHUETrO He TOBOPHT O BPCMCHIU PeAK-
cayuu, T. €. 0 BpenMeHH, HeoOXONNMOM CHCTeMe JU1st BO3BPAUIEHHUs B CO-
CTOSIHNE PABHOBeCHRA. B 3aBHCHMOCTH OT CBOHCTB paccMaTpHUBaeMod CH-
CTeMBl 3TO BpPeMsl MOKET JI&KaTh B Mpefeiax OT MHKPOCEKYH 0 BEKOB.

[Tpumep. Bepuemes k puc. 1.10 H cHOBa paccMOTpHM SIIAK, pa3meseubiil
fleperopoaxoil Ha ABe paBHble yacTd. Jlesast yacTh suuka cogepkHT N Mosexya rasa,
npasas nycrasi. BHe3anuo, Ho JIHIb 4acTHYBO YGepeM Meperopoaxy (puc. 1.13). B stom
OTJKYHE ITOr0 MbICIEHHOTO OMBITA OT OMbITa, NoKasaHHoro Ha puc. 1.10, rae neperopos-
Ka y6paHa nonHocTelo. B 060uX onbiTax HepaBHOBeCHAsl CHTYallHsl, BOSHHKILAs HeMef-
JIEHHO TOC/Ie YIAJeHUs! [1ePeropoAKH (KOTAa YAC]O MOoJeKyJ B JIeBOil 4acTH pasHo N),

30



HAUHHAET MEHATHCS BO BPEMEHH, NOKA YHCIAO MOJIEKYJ B O6eHX yacTaX fillNKa He Bbl-
paBuserca (nx'/,N). Onwit, WwimocTpupyubifi puc. 1.13, orauuazercs or onwrta
puc. 1.10 npmb Tem, 4To OH TpeGyeT OOJIbILETO BPeMEHH AS yCTAHOBJEHHS OKOHYa-
TENLHOTO PpaBHOBeCHS.

Heobpamumocme. Y TBepxk aenye (7) o3uaua-
€T, Y4TO eCH B CHCTeMe NPOHCXORAT H3MeHe-
HUA, TO OHHM NPOHCXOLAT B BecbMa onpeje-
JICHHOM HanpaBJeHnH, T. €. OT MeHee CJay-
ualinoro k GoJlee cjyyalHOMY pachpeleneHHIo.
Mb: Moken Ha6a101aTh 33 [IPOLLECCOM  H3Me-
HEHHUSI paclpeleseHHs MOJEKYA B cocyie
¢ TOMOILIO  KHHorpamumbul, [lpeinoaomun

i [/ PN
2 ——

7:7‘
Fuc. 1.12. luarpamma nokashbiBaeT n3MeHeHHe vO Bpere- Pue 1.13 Teperopo.ika
HeM gHeJia MoJeskya a1 B Neroil 0J0BHLE ANKA Ha pue, BeOKH2aHHO foaHaTa, HO tHe
1.11 nocsie NoAHATHA MNeperopoisdd. BpeMs pejaxcanan SO KiMLA.

oGo3nayeHo uepes Tr

Tenepb, YTO Mbl CMOTPHM (PHABM B ofpaTHOM HampawJeHun (T. €. MIpo-
KpyyiiBaeM (PU/IbM B HanpaBJIeHHH, NPOTHBOMOJOAHOM TOMY, B KOTOPOM
CHHMaJHCh NPOLECCH, NPOoHCXOoAslle B clcrese). B 3ToM cayuae Mbi
VBHAHUM Ha 9KpaHe npouecc, obpaileHHLd BO BPeMeHH (T. e. npolecc,
KOTOpbI HMes (bl MECTO IIPH H3MEHEHHH X042 BpeMeHH Ha oOpaTHbIil).
Kapruna Ha »3kpabe OVICT BBLIIVISNETh BeCcbMa CBoeoGpasHo., Mbi
VBUAWM TpOLECC, NPH KOTOPOM pacnpeneseHie MOMeKyJT B CHCTeMe
H3MeHsIeTCH OT CayyaHHOTO K YNOPSLAOUEHHOMY, YTO B JeHCTBUTE/b-
HOCTH MOXKHO Halaionarth Kpailhe peaxo. IlosTomy Tenepb, Habao-
Jlas 3a 3KPAHOM, Mbl NOYTH C MOJHOH YBEPEHHOCTBIO MOXENM CKa3aTh,
YTO (hHJIbM NMPOKPYYHBAETCH yepPe3 NPOEKTOpP B 00paTHOM HalpaBJeHHH.

[1pnmep. Ipeanonoxuy, 4To MBI CMOTPHM (UJbN, Ha KOTOPOM 3aCHSIT N1poILecc,
HayaBlHACA B COCyJe Cpasy Xe Nocje NOZHATHA neperopolku (cn. puc. 1.10). Ecan
APOKPYUHBATL (PU/AbM B [IPANMOM HANPABAEHHH, TO Mbl YBMIUM, Kak ra3 6yaeT pacnpo-
CTPaHATLCS [0 BCEeNY o0beMy coCyla o TeX fop, Moka He OYIeT IOCTHTHYTO OTHOCH-
TeNbli0 PaBHOMEpHOe pacipelededde ModekyJ (cv. puc. 1.11). Taxoe nomesenne
rasa saosHe oOn4Ho. C JAPYTOH CTOPOHBI, NMpOKpyuyuBas (pHJIbi B OGPATHOM HANpas-
JIeHNU, Mbl YBHJUUM, KaK a3, PaBHOMEPHO pacnpelleleHHbl N0 BceMy 00beMy, HEOKHU-
JAHHO HayHnHaeT KOHLEHTPHPOBAThLCS B JIeBoll MOJIOBHHE coCyjaa 10 TeX NOp, NOKa B
npaBoli MOJOBUHE He OCTZHETCS HH OMAHOI MOJeKYJbl. B leficTBHTeNbHOCTH TaKoi
npoiecc HHKOrza He raGmojaercd. DTO, OHAKO, He O3HAYAET, YTO OH HEBO3MOXKeH:
TaKoll mpollece NPocTo upe3BbiyaiHO HeBepositeH. To, UTO MBI BHAMM Ha -9KpaHe, Hpo-
KpyunBas ¢uJILM B OGpATHOM HAMNpPaBJeHUH, MOLIO Obl MPOU30IiTH B JEHCTBHTE/b-
HOCTH JIHIIL B TOM cjyyae, eCAH Obl MOJIEKYJH! JBHTAJIHCh IO COBEpPLIEHHO OCOGHIM
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TpaekTOpusAM *), uTO 4pe3Bbivafiio MaloBeposTHO. B camom gese, 3TO Tak e HeRepo-
ATHO, KaK BOBHWKHOBeHHe (WIVKTYalUMH, Npn KoTopoii n== N (B Civuae, KOria ras
Pu4BHOMEpPHO paciipenesieH no obbeMy cocypa). o

Puc. 1.14, Ha 5TOM 1OMOPHCTHYECKOM PHUCYHKe HeoBpaTumbill nmpolece noka3ad B 06paTHOM fo-
psigke. Takaa nocJie10BaTeIbHOCTE COBBITHIL 8 APUHI{ILNS BO3MOXKHA, HO Ype3BbluaiiHO HeBEPOATHO,
q4T06bl 3TO KOTAA-JHO0 CJAY4YHJIOCH.

Hrak, mbl TOBOPHM, YTO IpOLeCC Heobpamum, eclH OGPATHEIA BO
BpeMeHH npotecc (T. e. Mpolecc, KOTOPbI MOHO Ha6/I0AaTh NPH Npo-
CMOTPE KHHOrpaMMbl B OGDaTHOM Hampas/eHHH) B JeHCTBHTeNbHOCTH
JIOYTH HHKOIJ2 He BO3HHKaeT. Bce MAaKpOCKONHUYeCKHe CHCTEMBl, He Ha-
XoAAllfecs: B COCTOSHHH PABHOBECHA, CTPeMATCA NMPHOMHU3UTLCA K 3TO-

*) JleficCTBHTE]LHO, PACCMOTPHM MOJIEKYJALl B HEKOTOPHIH MOMEHT BpeMeHH f,
nocse Toro kak OHH paBHOMEPHO pacipelesHJIHCh o 06beMy cocyaa. Teneps gonycrum,
4TO B HEeKOTOpHIA MOC/eAYIOMMA MOMEHT BPeMEHH f; Kaxk[asi MOJeKY/a 3aHsIa TOHHO
TO e IOJIOXKEHHEe, YTO H B MOMEeHT #;, H HMEET CKOPOCTb, PABHYIO IO BeJIHYMHe, HO Ha-
TNpaB/eHHYIO IIPOTHBONOIOKHEO, CKOPoCTH B MoMedT f;. Torpa xaxAas monexysa co-
Bepluut oOpaTHelff NYTb M Ta3 caM No ceGe CHOBA coGepeTcsi B JIeBOH MOJNOBHHE COCYAA.

-
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My COCTOSHHIO, T. €. NPHOIH3HTBCA K HauGoMee c1ydaliHeIM CHTYAUHAM.
Qrciofa MBI MOXKEM 3aKNIOUHTb, YTO BCE TaKHe CHCTEMBI BeayT cebA Kak

 peoOpaTHMEIe -BO BpeMeHH. B moBce/lHEBHOH KH3HH Mbl OKPYXKEHHI CH-

 cTeMaMH, KOTOpble He HaXxoAfTcsl B COCTOSIHMM paBHoBecus. [lostomy
TIOHATHO, 4TO BPeMA HMEET BIIOJIHE olipeje/leHHOe HANpaBJ/leRue, NO3BO-
Jsiomiee OTJIHYNTD npollejlllee oT 6yAyiero. Hanpumep, Mul 3HaeM, 4TO
JIOAH POXAAIOTCSH, pacTyT ¥ ymupaoT. OJHAKO Mbl HHKOT[A HE CMOXKeM
Ha6/10AaTh npouecc, o0paTHbiél BO BpeMeHH (KOTOphli B MPHHIIUIIE BO3-
MOXKEH, HO (DAHTACTUYECKH HEBEPOSTEH), KOT/AA 4Ye/OBeK MMOIHHMAeTCs
13 MOTHJIbl, CTZHOBHTCS MOCTElICHHO BCE MOJIOXKE H MOJIOXKE M 3aTeM HC-
ye3aeT BO YpeBe MaTepH.

3aMeTHM, YTO 32KOHBI, OMpPelessIOUIHe [BHXKeHHe YaCTHIL CHCTEMDI,
He 3aa0T HUKaKOro PeuMYLecTBEeHHOT 0 HarlpaB/edus Bpemedd. [pea-
IIOJIOXKHM, 4TO Mbl CHHMaeM KHHOIpamMy H30JMPOBAaHHOIO rasa, Haxo-
Afmerocs B paBHoBecHM (cM., HanpHumep, puc. 1.4), uau paccMarpu-
BaeM BPEMEHHYI0 3aBHCHMOCTh YHCJIA MOJEKYJ A B ORHOH W3 MOJIOBHH
cocyAa {Kak nokasaHo Ha puc. 1.D).

PaccmarpuBast 3Ty KMHOTPaMMY Ha 3KPaHe, Mbl HE CMOXKEM YKa3aTb,
B KAKOM HANPaBACHUY TJIeHKA Nponyckaercs uepes npoektop. Hanpas-
JeHHe BpeMeHH CTAHOBHTCs ONpEAeJEeHHBIM TOJIbKO B TOM cJyuae, eCJaH
H2BeCTHO, YTO B KaXO{-TO MOMCHT BpEMEHH [, B H30/UPOBAHHON Makpo-
CKOMHYECKOH cHcTeMe ObLIO OueHb ClielHa/]IbHOE, HecJayuyaiiHoe paclipe-
lLenenne. OaHako, ecau cuctema Obla HEBO3MYIIEHHO# B TteueHue
oueHb JOJTOro BpeMeHH M fonaja B TakKylo CHelHadbHYH CHTYAIHIO
B pe3yJbTare KpafiHe peAxoil IYKTYyaluuu U3 COCTOSHUS PABHOBECHA, TO
Mbl ONSITb He MOXeM CKasaTb HHYEro ONpele/]eHHOr0 O HanpaBjeHHH
BpeMenu. Kak yxke ykasniBasoch B CBA3H ¢ nukoM X Ha puc. 1.8, B aTom
cayuae cucreMa GyneT CTpeMHTbCA K HauboJee caydyailiHOMYy pacnpefe-
JIEHHIO HE3aBUCHMO OT Hanpas/ieHnsa BpeMeHu (T. e. Kak B clydae, Koraa
IJeHKa NPOKPYYHBaeTcA B NPSMOM HalpaBJieHHH, TaK U B ciyyae obpar-
HOTO HamnpasJ/enus NpokpyuuBanusn. OrcueT BpeMeHH BeAeICH OT [,).
Jpyrum cnocoboM, NPU NOMOLH KOTOPOro CHCTEM2 MOXKeT OKa3aThes
B OveHb CHELUajdbHOH HecayuvaliHOf CHTyallud B MOMEHT f,, sBAsercs
B3aUMOJEHCTBHE CHCTEMBI C KaKoH-TO APYrod cHCTeMOf B INpeAllecTBYIO-
fiufi MOMEHT BpeMmeHH. B 3TOM ciyyae MBI MOKeM TOUHO ONpejenuTh
HanpaeJieHHe BDEMEHH, TaK Kak H3BEeCTHO, UTO [IPeXAe 4YeM CcHcTema
©Oblna ocTaB/JeHa B II0KOe, OHa HaXOAWJIach BO B3aUMOAEHCTBHH C Apyrod
CHCTEMON BO BpeMsl, npedulecmsosasuiee MOMEHTY 1.

W naxonen, ciaenyeT 3aMeTHTb, YTO CTelleHb HeODPATHMOCTH CIIOH-
TaHHO BO3HHKAIOIIHX [POLECCOB . MOXKET HMETh Das/HUYHYIO BeIHYHHY.
Hanpumep, ¢ yBeauuenvieM 4Hcaa YacTHL CTeNeHb HEOGPATHMOCTH BO3-
pactaer, Tak KakK IpPH 3TOM BepPOATHOCTb BO3HHKHOBEHHS HecsyuyalHOH
CHTYaUHH YPe3BblYaliHO CHJIbHO YMEHbLIAETCA TI0 CPABHEHHIO C BEpOAT-
#HOCTbIO BO3HHKHOBEHHs! CJYyd4alHHOMH.

[1p nmep. Paccmorpum cocys, coflepxaluuii 04Hy MOJIEKYJY, KOTOpast ABHMKETCH
# YNpYro CTaJKHBAaeTCs! C €ro cTeHKaMH. Ec/M CHATb KUHOTpamMMy TAKOH CHCTeMsbl
4 3aTeM PAcCMOTpPETh ee ‘Ha IKPaHe, TO Mbl HHKOIJA He CMOXeEM CKa34Tb, B KAKOM Ha-
{paBJleHHH IIJIeHKA HPONYCKaeTcs 4Yepe3 INPOEKTOp.

.2 . Peip : ’ 33




“#i1acdows 99 aunoraedu
-Bn Ldedicenol MMuLdeh porwexn & exnordon seviodoy ‘wodvew You
OHIAILIOTOAO0LDI CHEDILURE eMHINE SHHLONOU HOWMWEN € YIHLIRh OUdIT|h
L 2 'Y 0= dodYed ol00UTILILRUOT IR0 BHRLENOU nHowada
0d MNILIHD BHMOIrosg “(-<f drwes)y uLdodowd oriuneyees onarodciodu
219d0LOYNK LOIINH H EMHMIE dHHUOLOL SOL # SOLBTOXRI IMTIKLIEhL BYJON
‘YenAud IHAURHTIIND BOLOKIEK wodTRY ULDOHYIILELOTINIOU HOLE WOU
SERBH MUK € VHideh XIdQLdh BHUIIWOLOU JOIRYMERSOL ‘I9HHNIEN 1OH
~qUILHUIHRIG O HHOJLNOKE OI4IMOWOL 3 DGHHORALON ‘@dTeY "9} ] "oid

2 g 2 / 3 [

“Hitiokn sutisoniual doutoweoa yogod L3rwdviowadu (o1 1 u ¢1'1 -oud et
adrey 9 dy pp L0 = T pI— ‘C|—={dodyesy aidoHaraledoy
“dUJ0L oL ‘Omuoroioduloda BH IMIINEN 9111Adid WOLE BH THILIRh Xadd
uLy0odowd olh ‘0gdy arudeidradu adsusr uwd:y ‘uLdodowd 99 duHIvgedu
SCH O LOTHMECHOU WTHILORE JOUKEN A udBOLddn seslodoy ‘e(— *** ‘g-—
‘T f uodVey OILIOHYISIBEOTIrI0N LlILdeLdadl HIOWIdE 08 MWALd
-HD BuNONrouE A19HLEdgo B MUDSHOWEH (BMHIIE JHHEOUOL [J0gdy d BD
“XHWIBTONEH) YHLORh X3d@ldn xo0d nidodoxd wodoroy eH ‘(9f | ‘oud W)
0=/ wdres OJOHYIXOH €M IHIRAIOU UNHAdUG ‘9’| 'OHd eH xmkwaeaud
-lewdoed ‘yi1990d BHdOLIAYAdU KEHMOWEOY EHEERHOL 9d3YE "G['| "OHd

©
©




3
N

Mycrs Tenepb cocyR conepxutT N Modekyd wieadshoro rasa. [Ipeanonowum,
4TO MBI paccMaTpHBaeM KHHOTPAMMY Ta3a Ha 3Kpade M o6pamaem ocoboe BHHMaHHe
#Ha Kajgpsl, rje Bce MOEKYJH, NepBOHAYANBHO pacnpeiesieHnble paBHOMEPHO 1O BCeMy
©006BeMy COCYAa, 0Ka3aMHCh B JeBCH 1oJoBHHE cocyla. Karue MoXKHO ClieiaTh BHIRODI?
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Pnc. 1.17. 3pech noxazana BO3MOXKHAR NPeAbICTOPHS COOGHLITHHM, paccMaTpHBaeMbX Ha puc. 1.18.
PHCYHKH TIoJydeilbl U3 HCXOAHOTO Kafpa f=0 (Ha puc. 1.18), Ha KOTOpOM CKOPOCTH BCex copora
wacTHl (HaXOLSUHXCsl B JieBOI NOJIOBHHE AHIHKA) H3MeHeHbl Ha 06paTHble. DBOJKOLHS CHCTEMB! BO
BpEMeHH TIOKA32Ha TOCACNOBATEALHOCTBIO Kaapos j==—1, —2, . ., —8.CKOpocTH lie yKa3zansl.
Ecau Teneps npefcTaBuTh cebe, 4T0 CKOPOCTH BCEX YACTHIL HA 3TOM PHCYHKe H3MEHEHMl a npoTH-
BOMOJIOKHBIE, TO HOCJeAOBATEIbHOCTh KaapoB j=—8, —7, .., , I,..., 7 (1. e. Kanpta
Ha pHc. 1.17 u 1.18) npeAcTasaneT coBoil BO3MON(HOE ABHXKeHHE YACTHL. 70 ABHXEHMe, HAYAB-
IHCh C paclipeflefleHusl MOJEK Y1, IOKA31HAOrO Ha Kafpe j=—8, 3aTeM NPUXOIUT K PIYKTyanus,
sakJIouatollciicss B TOM, 4TO BCe MOJeKYJIbl 0Ka3sIBAIOTCS B JIEBOK noJioBuHe cocyia (Kagp j=0).

Ecau N = 4, to Takue Kaipsl B pe3yJibTaTe CNOHTaHHBX QWIYKTyaiuil 6YAYT NOSABIATBCA
©OTHOCHTe/IbHO 4acto. (B CpelHeM Ha OfHOM Kajpe H3 WIeCTHAANATH BCE MOJIEKY-
Jibl GYyAyT HaxXoguThCsl B JleBo#t mososrHe cocyaa.) ITostomy Mmbl He MoxeM ¢ moaHo#
YBEPEHHOCTHIO CKa3aTh, B KaKYI0 CTOPOHY NpoKpyunBaercs ¢uiabm (puc. 1.15), Ho ecan
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N = 40, pacnpenenenne Mosiekys, TPH KOTOPOM Bce OHH GYIYT HAXOAHTLCH B JeBoit
TIO/IOBHHe coCY/a B pe3ynbTaTe CIOHTaHHOH (uiyRTyauuu, GyleT BO3HHKATL OYeHb pell~
®0. (B cpeHeM TOIbKO Ha 0qHOM Kajpe 13 28V = 24 &y 101? Mul Bynev naGaionath Takoe

@@8} 2 ° o © o 22 @
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Puc. 1.18. Kazapsl, nosydeniibie ¢ HOMOULbIO 3JEKTPOHNON BBIUHCAHTENbHON MalIHHEBL, 4715 40 uac-
THI, MOMEUEHHBIX B AUK. Hauyasom noc/enoBaTeIbHOCTIE KafipoB SIBJISETCA CrenHasbHbIl Cay-
Gajj, KOrga BCe YACTHUb! HaXOAsITCA B JIEROIl MOJIOBHHE SUIMKA B TIOJOKEHINX, MOKAZAHHBIX Hax
Kaape j=0, ¥ HMEIOT HEKOTOphIe, POU3BOJLHO 3UAAHILIE, CKOPOCTH, IBOMIOUHSA CHCTEMB! BO Bpe-

MEeHM [0Ka3aua NocJefjoBaTesbHoCTbI0 Rajdpos j=0. 1, 2, . .., 7. UHcao wacTun B Kax ol noso—
BHHe AULHKA 3aMHCAHO HEMOoCPEeACTBeHHO Nof KaApoM. CKOPOCTH He yKasaHhbl.

pacnpefleniente.) ITostoMy, KOrja Mbl BUIMM Ha 3KpaHe TaKylo CHTYalHiO, TO ¢ J0CIa-
TOYHO GO/IBIIOH BePOSTHOCTBIO MOXKeM CKa3dTb, YTO QHJbM MPOKPYYMBAaeTCst B 06paT-
HOM HampaBJleHHH, a4 JaHHOe DaclpelejeHue MOJIeKyJ eCTb Pe3yJabTaT NpeALicCTBYIO~
mero Bo3fielictBuA. Hanpumep, Takasi CHTyalHMst MOIVI2 BO3HHKHYTb NpPH HCIOfb~
BOBaHHH NMeperopoikH, MPH NOMOMH KOTOPOH B IePBOHAYAILHEI MOMEHT BCe MOJIKYJ/IbR
6b11u coGpaHH B JIeBoii uacTH cocyza (puc. 1.17). B o6plunbix yeaoBusx, korga N ~ 1029,
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Prc. 1.19. Uneao i uacTHi, B JieBoil 10/10BHIIe SUIMKa B 3aBHCHMOCTH OT HOMCPA Kajpa j AJH OT
BpeMelH £==jTy, UHC/I0 UACTHL n N2 j-M Kajpe YKa3aHO ropH30HTaILHON YepToii, uaywei ot j go
j+ 1. Fpaduky HATIOCTPUPYIOT pliC. 1,15 1 1.16 ang N=4 u puc. 1.17 u 1.18 pasg N =40 uactuy,
HO €OJep:KaT HHPOPMANUHIO 0 Bosbiliem YHUCJe KaApoB, YeM NOKa3aHo Ha 3THX PHCyHKax. Ilpapas
NOJOBHIIA Ka)KJOF0 PHCYHKA MOKa3biBaeT NpHO/AMKeHHe CHCTeMbl K paBHOBecHI0. Bech pncysok
BANOCTPHpYeT BO3HNKHOBenue peisoil GryKTyauw#, BO3MOKHONI B COCTOSIMMM  pabuoBecus.
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Puc. 1.20. Omaocumeavrioe unco n/N 1acTHU B JIeBOil NOJIOBHHe UIMKA B 32BUCHMOCTH OT HOMeDa
Kappa j WAH BpeMeuB (==jT,. ITH rpaduKM cojepxaT Ty e WHpopMauulo, 9410 U puc. 1.19
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CIIOHTAHHDbIe (;)JIyKTyaU.HH, NpHBOASLIHC K KOHUEHTpAuMH MOJEKYJ B ofHol #3
DOJNOBKI COCYAd, HHKOTJla He BO3HHRAIOT. YBHAaB TaKyi0 CHTYallH10 Ha YKpaHe, Mbl
NOYTH C NOJNHOK VBePEHHOCTBIO MOMKEM CKa3aTb, 4YTO (I)HJILM npoKpyUBaeTCs B 06-
paTtHOM HanpasJleHHH.

1.3. JlononHuTtennHble MpUMePb

Ilpoctoit npumep uaeanbHoro rasa, cocrosiuero Hz N Monexyia,
CTONKHYJ Hac cO BCeMH MNpobjeMaMil, BOZHHKAIOWMHMH IIPH HCCJERO-
BAHUH CHCTEM, COCTOSIIINX U3 MHOTHX wacTHil. B jaanbHefllueM Mbl 3aii-
MeMCSl CHCTeMATHUeCKHM pa3BHTHEM H  YCOBepILeHCTBOBaHHEM pac-
cMOTpeHHBIX Hiefl. [Tokakem BHauyaJje Ha HECKOJbKHUX MpPOCTHIX IpHMe-
pax MaKpOCKOIIHYECKHX CHCTEM, UYTO pPacCMOTPelHBble HaMH OCHOBHbI®
HIEH NMEIOT YHUBepcaJbHLIA Xapakrep.

Hoearvran cucmema uz N cnunos. PaccMOTpUM CHCTEMY, COCTOSIIIYIO
H3 N 4acTHU, Kaxk]asi H3 KOTODBIX KMeeT CIHH, PaBHBLIH !/,, B MarHuT-
Hblii MOMEHT W,. TakuMmM 4acTHUAMH SIBJAIOTCS 3JEKTPOHBI M aTOMBI,
HMEIOIMe ONMH HelapHblil 2JeKTPOH, HJIH AApa, HaIpHMep, NPOTOHBL.
Hamuune y vacTHUBl MeXaHUUECKOTC MOMEHT4, T. e. CIHHA, SBJASEeT-
¢l KBaHTOBbiM  adextom. Tax, Hanpumep, YTBEPKIEHHE, dTO
CNHH YacTHUB paBeH 1/,, O3HA4aeT, YTO H3MepeHHe COCTaBJsomed
MOMENTa KOJIYeCTBA [BHKEHUSi (OTHOCHTEALHO KaKOTO-TO BhIAEIEH-
HOI'O HANPABJAEHUS B NPOCTPAHCTBE) MOKET JIdTh TONLKO AB2 BO3MOMHEIX

3Havenns: 1/ b o —4/,h (rae b —

noctosaHan [laanka, JAeneHHasi Ha
‘ 2n). TlosTomy cnue Jub0 napanie-
, i JeH, aubo aHTHOapaJ//ieseH BhiGpaH-

HOMY Hampasien#io. last mpocrorht
Puc. 1.21. TIlpocras cucrema, cocrosulas Mb GyAGM TOBOpHUTD, UTO COUH OpHEH-
113 HECKOJbKHX HacTHL ¢o cnkHoM, paBubiv  THPOBAH Ju60 «BBQpX)),JIPIéO ((BHI/IS»*).
/2 Kaxawii cnits nanpabien 1o noepx, Cuctema u3 N 4acTHIL CO CTIHHOM,

paBHBIM  '/,, OueHb [IOXOXKa Ha
N HaMarHHUYCHHBIX CTepXKHEH, HMelOUMX MATHUTHBIA MOMEHT W,, Ha-
IipaBJAeHHbIA aUGO BBEPX, U0 BHE3. 15 NPOCTOTH MBI MOXKEM CUUTATD,
YTO 4YacTHIbl 3aKPeIVIEHbl B KAKOM-TO IIOJOXKEHHH NOAROOHO aromam
B pelleTKe TBepAOro Teqa **). bynem cuurath cCHCTEMY CHOHHOB udeqas-
HOLl, ec/H B3aMMOLEHCTBHE MEXKAY HUMH IIOYTH OTCYTCTBYeT. (1O BO3-
MOYKHO, €CJIH CpelHee pacCTOsHHE MeXAY YacTHIAMH, UMEIOIIHMHU CIUH,
HACTOJABKO BEJAHKO, YTO IOJeM, CO3JaBaeMBIM MATHUTHBIM MOMEHTOM
J060M YaCTHUUBL B MECTE PACIONIOMKEHHS APYTHX UacTHl, MOXKHO npe-
He0peyb.)

*) MaruuTHHH MOMEHT YacTHUbI MoOXKeT GbITb aHTHTIapaseled MeXaHHYeCKOMY
MOMeHTY (Tak 06bi4HO OblBaeT, KOT/Ja YacTHLA WMeeT OTpHUATENbHBIA 3apsn). B stom
clydae, KOTJA MATHMTHBIH MOMEHT HamnpaBJieH «BBepX», MEXaHHUECKHH MOMEHT Ha-
TpaBieH «BHH3», W HaoGopoT.

*%) EcJi yaCTULL MOTYT CBOGOHO NepeMeliaThCsl B IPOCTPAHCTBE, TO HX MEPeHoe-
Hoe JBHKeHHe MOXKHO PacCMaTpUBaTb OTJE/]bHO OT OPHEHTALMH HX CNUHHOB.
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Mneanbuas cucteMa H3 N COHHOB NMOJHOCTBIO OMHCHIBAETCH KBAHTO-
BOii MEXaHHKOH, HO, ¢ APVIOH CTOPOHBI, OHA aHAJOrHYHA HIealbHOMY
rasy, cocrosimeMy 13 N MmosekyJs. B rase kamxzaas Mosaekyja B pe3ydib-
TaTe CTOJNKHOBEHHH C IPYrHMH MOJIEKYJAaMH MOMET OKa3arbCsid Kak
B JIeBOH MOJIOBHHE COCYAA, Tak U B npaBofl. B ciyyae cucteMbl H3 ChH-
HOB HE3HAYUTEIbHOE B3aHMOAEHCTBHE KaXJOr0 MAarHUTHOTO MOMEHTa
€ APYTHMH MarHHUTHBIMH MOMEHTaMH MPHBOAHT K H3MEHEHHIO ero OpHeH-
Taund. [lo3ToMy MarHUTHBIE MOMEHTBI MOUYT OBITb HalpapJeHbl Kak
BBepX, TaKk W BHH3. B H30JHPOBAHHOM rase B COCTOSIHMH PaBHOBECHS
MO.1eKYJ1a MOXKeT C paBHOIl BEpPOATHOCTLIO HAXOAMTHbCH Kak B J1eBOil
1I0JI0BHHE COCY/a, TaK U B npaBoil. TOYHO Tak ke, B Cyyae CHCTEMBL €O
CIIHHAMH, HAXOAsLeHACH B DABHOBECHH [PH OTCYTCTBHH BHELIHErO Mar-
HUTHOIO [0JIs, MATHUTHDBII MOMEHT C PaBHOI BepOSTHOCTBLIO MOXKET ObITh
Hanpas/eH Kak BBepX, Tak H Buuz. OBo3HaunM uepes n 4HC/I0 CHHHOB,
HaNpaBJeHHBIX BBEPX, a yepes 7' — UHCJIO CHHHOB, HAINpPABIEHHBIX
BHH3. B paBHOBecHu HanboJsiee ciiyuaiinas ciryanus, koraa n~n'=~/,N,
Oy.1eT BO3HHKATb O4Y€Hb 4acTO, B TO BpeMf Kak (GIYKTVauuH, IpH KOTO-
PBIX 7 3HAYMTEIbHO oOTandaercs or Y,N, Oynyr peaku (M eciu N
BE/IHKO, TO Hec/yualiHble CHTYalluM, NPU KOTOPHIX 71 3HAUMTEIbHO OT-
Jauyaercst oT '/,N, mourH Bcerna OVAYT ABJIATBCS Pe3YJIBTAaTOM BO3-
JeHCTBHA HA H3OJHPOBAHHVIO CHCTEMY CIMHO €O CTOPOHBL ApVIoOi
CHCTEMBE). .

Pacnpedeaerue suepeuit 8 udeaasHost eqse. PaccMoOTpUM OMATH H30-
JHPOBAHHBLIA MAeaJbHbill ras, cocrosmuii U3 N Mosekya. Mel npuiliin
K O0lIeMY BBEIBOLY, Y4TO COCTOSIHME DaBHOBeCUsl, XapaKTepu3ylolleecs
HE3aBHCHMOCTbIO Dacnpele]eHHst MOJEKYJN OT BpeMeHH, JOCTHraercs
CHCTeMOIl mocse A0CTAaTOUHO GOJIBLHIOrO MPOMeKYTKa BpeMeHH, HeodXo-
JHMOrO /18 YCTAHOBJEHHSI Haubosee cay4ailHOTO pacnpenesieHus. B Ha-
HIHX OPeAbLYIIMX pacCyxIeHHsIX Mbl ofpauiaiu BHUMaHHE TVIABHbBIM
0o6pa3oM Ha ToJoKeHHe MolekyJ. DBino nokasaHo, 4To COCTOSHHE PaB-
HOBECHS! T'a3a COOTBETCTBYeT Haubosee CayyaliHOMY pacrpeiesieHHIo Mo-
JIeKYJl B [IPOCTPAHCTBE, T. €. CYIIIECTBEHHO OJHOPOAHOMY pacnpelene-
HHUIO MOJeKyJ 110 00beMy cocyla. Ho uro moxEO ckasarb 0 cKopocTsax
Mogdekya? Ham caeryer BOCHOIbL30BATHCS (PVHIAMEHTATLHEIM 34KOHOM
MEXaHMKH, YTBEP:KAAIOWNM, YTO €CJM T'a3 npeiacras/iser cofofi Haomu-
POBAHHYIO CHCTEMY, TO €T0 MoJHas 3Heprus L JoJxHA OCTaBaTbCd MO-
crosingot. [losnaa sHeprus rasa £ paBHa CyMMe 9HEPTH# OTASTbHBIX
MOJIEKYJ, TaK KakK IOTEHLHAJbHAs 3HEPTUsl B3aMMOJEHCTBHS MEXIY
MOJICKYJIAMH  [IpeHebpexxumMo Madsia. [losToMy OCHOBHBIM HHTEpecyIlo-
MM HAC BONPOCOM fIBJsieTCsl pacrnpejesNeHyue IOJHOH 3HepPrHU rasa
N0 OTAE/ILHBIM MOJeKyJaM. (DHeprust € OLHOATOMHOH MOJIEeKYJIbl TPOCTO
paBHA KUHETHUECKOH 3Heprum e=1'/,muv?, rie m — Macca, a v — CKO-
pocTb MOJeKyanl.) Momxer C/Ay4HTbCS, YTO Y OJHHMX MOJEKYJ JHeprusd
Oyler oueHb Beluka, a Y Jpyrux ouenb mana. Ho takas curyauus sas-
JISIeTCsl UCKJIIOUHTeNbHON H He COXpaHAercst KOJIro, TaK KaK MOJIEKYJbl
CTa/KUBAIOTCS!, OOMEHHBAsIChb TIPH 3TOM 3Hepruefl. B KoHie KOHLOB
OyaeT AOCTHIHYTO COCTOSIHME PaBHOBECHS, He 3aBHCSIIEe OT BPeMeHH,
KOrjla pacnpeleseHue NOAHON 3Hepruu rasa OyaeT HauGojee cay-
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yaliHpM. Kaxnas Mosieky/ia OGyner HMeTb B CpellHeM OLHY H Ty Xke
SHEPIHIC W O[HY H Ty K€ CKOpocThb *).

B 3aknioyenne 3aMeTHM, 4TO MOCKOJIbKY BCE HalpaBJieHHs! ABHKEHHS
B NPOCTPAHCTBE PaBHOBEPOATHBI, TO HauOOJ/ee CiyualHbIM paclipejene-
HHeM cKopocTell GyAeT Takoe, Kora Jioboe HampaBJjeHHe ABHXKEHHS
MOJIEKYJl PaBHOBEPOSITHO.

Koaebanus mashmruxa 6 ease. PaccMOTpHM MafsTHUK, HAXOAAWMIICS
B cocylle, Halo/JIHeHHoM HieadbHbIM rasoM (puc. 1.22). B orcyrctsue

a) I} )

Pue. 1.22, Konebauns MagTHHKa B rase: @) cpasy xe noche Hauana KoneGanui, 6) yepea HEKOTOpoe
BpeMsi H g) mocsie odeHb GOJLIIOrO nNpomekyTka BpeMeHH. Kunorpamma, npokpyueHHas Hasad
VAET NOKA2biBaTh 0OPATHYIO MOCJeJ0BaTe/IbHOCTb KaJpos, 1. e. 8), 0), a).

raza koJjebaHusi MasTHHKA NPOLOKAINCD OBl GECKOHEUHO Joaro 6es
nu3MeHeHn# ammantyist. (Mpl mpeHeGperaeM TpeHHeM B TOYKE noiaseca
MasTHHKA.) Ilpn Hamuuuu rasa nosoxenue pesko Mengercs. MoJeky-
JBL rasa MOCTOSIHHO CTadKuBalTCsi ¢ rupefl masarHuka. [lpm kaxnom
TAKOM Vyjape IPOUCXCAUT OOMEeH 3Hepriell Mex1y THpeH MasTHHKa
u Mojexkynamu. K ueMy npuBeayT sTu yAapbl? Mbl OTBeTHM Ha 3TOT BO-
Npoc, MCHO/Ib3ysl OOLUIME TPHHIMIIBI U He paccMaTpuBas AETalbHO IPo-
necc coypapenus **). Tak kak cucrema H30.1HpOBaHa, TO CyMMa 3Hep-
ruM MasTHUKAa £, (KuHeTHueckasi IJIIOC MOTEHIMA/bHAS) H HOJHOH
5HEPTHH BCeX MOJeKYyJ rasa E, 10/kHA OCTaBaThesi NOCTOAHHON. Eciu
3HepPrust MasTHUKA Iepeaercsl MoJekyJaM rasa, To OHa pacnpeie HTcs
MEKJIY MHOTHMH MOJIEKYJIAMH CaMbIM Da3JHYHbLIM CIIOCOOOM H VXKe He
Oy/leT IOJHOCTBIO 3aK/JlOYeHa B rupe MadTHHKa. Pesy.bratom Takoro
B3aHMOAEHCTBHA OYAET MaKCUMaNbHO C/AydyafiHoe COCTOSHHE CHCTEeMB.
Tax kak H30MMpOBaHHAsI cuCTEMa CTPEMUTICH K 3TOMY COCTOSIHHIO, TO
MasiTHUK [IOCTENIEHHO OTJAeT BCIO CBOIO SHEPrHI0 MOJeKYJ/IaM rasa,

*) 910 He 3Haywt, yTo B MOGOI MOMEHT BpeMeHH 3HepPTHsl MOJIEKYJbl OyleT ojHa
# Ta Xe. B pesynpTaTe CTOJKHOBEHMsI C JAPYFHMMH MOJEKYJaMH SHePrus OTIedbHON
MOJIEKY Il MOKET JOCTATOUHO CH/IBHO (WIYKTYHpPOBATh ¢ TeucHnem Bpemend. Ho xoraa
Mbf HaGJIojaeM 3a NOBeJeHHEM MOJEKYJb! B TeueHHe 3HAUMTETLHOrO MHTepBaja Bpe-
MEHH 7, ee CpefIHsisi SHEPrHS B Teyeuue 3Toro HuTepBana Gyzer TaKo#H e, KaK H  Jio-
6ol ApYroH MOJIEKYJIbL. '

**) IlpH fieranbHoM PaccMOTPEHHM NpoG/eMbl OK33LIBAETCS, YTO MAATHHK vauie
CTANIKHBALTCS C MOJIEKY/1aMH, PACNIONOMKEHHEIMU Ha TOH CTOPOHE, KyAA ABHKETCS FHPH,
ueM C MOJIeKY/JaMu Ha NPOTHBOMOJOKHOH CTOopoHe. B peaysbTaTe 4uc/io cTOAKHOBe-
HUM. NDH KOTOPEIX MasATHHK OTA2eT SHEPTHIO MoJsekyaaM, OyaeT Gobiie dHCIa
CTOJIKHOBEHHI, . TIPH KOTOPBLIX OH ee IIpHOOpeTaer.
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M aMIVIMTYAa ero KoJeGaHuH MOCTeNeHHO YMeHbllaercsi. D10 onsTh
nMpUMep THIIHYHOTO HeoGpatumoro npotecca. [locse Toro kak Ovaer
JOCTHTHYTO COCTOSIHME DaBHOBECHSI, MasTHUK ITOBHCHET BEPTHKAJIbHO.
Ipu 3ToM, onHAKO, BO3MOXKHbI O4YeHb Hefo/blune KoJebaHHs OTHOCH-
TEeJbHO [OJOXKEHHS PaBHOBECHS.

Paccmorpum onuH Hutepectbtil npumep. Ecnu npm wasanbHoil He-
C/yuyailHOH CHTYalWy SHepris MasTHHKA LOCTATOUHO BEAMKA, €€ MOXKHO
HCIOAb30BaTh JJIsi BBUIOJHEHHS moJes-
HOii paGorbl. Hanpumep, rups MasTHH-
Ka MOXKeT 3abHTb [BO3Lb B AEPEBO
{puc. 1.23). INocae 1ocTHKEHNST PaBHOBE-
CHSI 3HEPTHS MAsTHUKA paclpenesuTcs
MEXKIY MOJIEKYJIAMH Ta3a, H Mbl HE CMO-
JKeM BOCIIOJb30BAThCH €10 115 BhIIOIHE-
HUS MoJe3Hol paboThl, Hanpumep, A
3abuBaHuA rBo3fda. YToObl COBepLIHTb
Takvio paGoTy, Mbl AOJKHB 00JalaTb B
METOOM, KOTOPbIA MO3BOJWA Obl CKOH- . ) o0 Verpoiteto, nossonIOEe
HeHTpHpOBaTb SHQPFHIO, pacnpeaeﬂeﬂ- HCDONb30BATL SHEPTUI0 MAATHUKA INS
HYIO CIYUaiiHbiM OOpasoM MEKLy Mo- Lunomenns nonesiolt paGotsi. [upi
JeKyJaMH ra3a, ZBHKYLUIUMHCS BO MHO-

FHX HalpasJeHHsX. DTO 3HAUUT, YTO HYXKHO HadTH cnoco® 3acra-
BUTh MOJEKYJbl CMECTHTBCS Ha 3HAUWTENbHOE pAaccTOsiHMe B OTHOM
HallpaBJeHKH. :

1.4. CBoiicTBa paBHOBECHOT® COCTOSHHUSA

ITpocmoma  pasrosecroeo cocmosnua. W3 paccyxnenuit, npusenen-
HBEIX B MpeabllyiMX naparpadax, cleayeT, 9T0 PaBHOBECHAS CHTYallus
B MaKpOCKOHmHYecKo# cucreme ocoGeHHO npocra. Ilpuaunbl sroit npo-
CTOTbI 3aKJIOUAIOTCS B CJelyIoieM:

1. MakpococTosiHHe CUCTeMbl, HaXOAAUIEHCS B PaBHOBECHH, He 3a-
BHCHT OT BpeMeHH (3a HCKJIIOUeHHEM BCerla CyLIECTBYIOWMX (WVKTYa-
LHA) W 1IOYTH BCErAa MOXKET GbiTh OIIMCAHO HECKOJbKHMH MaKPOCKOIMH-
4eCKHMMM TapaMeTpaMH, T. €. NapameTpaMi, KOTOpBle XapaKTepH3YIoT
CBOHCTBA CHCTeMB! B O0.1bIIOM MacuiTabe. (ITpuMepoM Takoro makpocko-
NHYeCKOTC napaMerpa MOXKeT CJTYKUTh YHCJO A MOJEKYJ, HaXxOasilnxcst
B JIeBOH moJoBHHe cocyla ¢ rasoM.) Koraa cucrema saxonurcd B co-
CTOSIHHH paBHOBECHS!, CPEAHHE 3HAYeHHS] MAaKPOCKOIMYECKUX MapaMer-
POB  OCTAIOTCH [IOCTOSIHHBIMH BO BPEMEHH, OINHAKO CaMH I[1apaMerpb
MOTYT (WIVKTYHPOBaTh (OOLIYHO OUEHb HEe3HAUHTEAbHO} OTHOCHTENBLHO
CBOMX cpenHuXx 3HauyeHHH. 1lo3TOMY paBHOBECHOE COCTOSIHHE CHCTeMbl
npouie Gosee o6UIETY CAY4ass HEPABHOBECHOTO COCTOSIHHS, KOTAa HEKO-
TOpble MaKPOCKOITMYECKHE MapaMeTphl H3MEHSIOTCS CO BpeMeHeM.

2. MakpococTossHHe CHCTeMB! B DABHOBECHH SIBJISETCS, €CJIH HCKJIO0-
uuTh GAYKTyanud, HauboJsee €ay4aiiHBIM MaKpOCOCTOSIHMEM CHCTEMBI,
HaXOJSILEACsT B OMNpele/ieHHbX YCIOBHAX, Takum oGpasom, cuctema,
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HaXoAAWAsACs B PaBHOBECHH, XapaKTepH3yeTcs OAHO3HayHO. B vact-
HOCTH, CKa3aHHOE HMEeT CJAELYIOUIHH CMBICA:

a) PaBHOBecHO® KAKpOCOCTOsIHHE CHCTeMBl HE 3aBHCHT OT ee
npeabicTopiti. PaccMOTpHM, HanpuMep, H30AHPOBAHHLIA Ta3, COCTOSILH
nu3 N MoJsieKyJsl ¥ 3aKMIOYEHHBbIH B HEKOTOPOM siiiike. [lepBoHauajbHO
MOJIEKYJIB! MOIJIH ObITh 3allepThl NPH HOMOLLH HeperopoAKH B OJIHOH No-
JIOBHHE SILIHKA ILTH B OAHON €ro YeTBepTH {Ipeinosaraercs, YTo noJaHas
SHEprusi MOJIeKYJ OfHA M Ta >Xe B JoboM M3 3THX caydaeB). OnHaxo,
mocse TOro Kak Oblla yOpaHa mneperopoika H JOCTUIHYTO COCTOsiHIe
paBHOBECHsl, MAKPOCOCTOSTHHE Ta3a CTaHOBUTCA OJAHHM H TeM Ke /s
moBoro H3 AByX C/yuaeB H COOTBETCTBYET PaBHOMEPHOMY pacipelelie-
HUIO BCEX MOJIeKYJ o ofbeMy cocy/a.

6) PaBroBecHOe MaKpOCOCTOSIHME CHCTEMB! MOXKeT ObiTh NOJHOCTbIO
OIIHCAHO MPH IIOMOULN HECKOJbKHX MaKPOCKONHYECKHX I1apaMeTpoB.
B xauecrBe mpmmepa CHOBa paccMOTPUM H30AHPOBaHHBIA Tras, cOCTOSH-
mui u3 N OXMHAKOBBIX MOJEKYJI 1l 3aKJIOueHHBbIH B siuK. [Ipennoan-
JKUM, 4TO o0beM silMKa paseH V U MoJHas 3HEPrusi MoJeKy.a paBHa E.
Ecan ra3 HaxoJjHTCsi B COCTOSIHHH PAaBHOBECHA, TO MOJEKYJIbI JOJIXKHbI
ObiTh DABHOMEPHO pacnpefeeHbl no BceMy ofObemy V U B CperHeM
JOJIZKHBI IOPOBHY JAEJHTb Mexxay coboii nonuyio suepruio E. Tlostomy
3HAHHA MaKPOCKOIMHYECKHX NapaMeTpoB V' H E JOCTATOYHO /st YTBEpP K-
JIeHUll, UTO CpelHee YHCJIO MOJEKYJa /7, HaXOAAIHXCH B KaKOH-TO

yactn obbvema V,, pasHo A,=N(V V), n 4ro cpennsis sHeprHus €, nphu-
XOAsIAsics HA OJQHY MOJeKyJay, paBHa e=[F/N. Ecau xe ras He Haxo-
JWMTCSL B DABHOBECHH, TO CHTyauus OyleT 3HaUMTENBHO CjOxHee, Pac-
npeleseHle MOJIEKYJ1 B 3TOM CJyuyae MoxeT ObiTb O4¢Hb HEPABHOMEPHbBIM
U 3HaHMUsi TIONHOro 4Hcaa MoJeKyd N B cocvie yiKe HeIOCTaTOUHO
JJsl onpefieNieHHs] CPeAHero 4ucja MoJekya 72, B Ji000H uactu 06b-
ema V.

Boamogcrocme  HabaioOenus Gpaycmyayuii. PaccMOTpHM MaKpOCKO-
TIHYeCKHA Napamerp, KOTOPLIH ONUCHLIBAaeT CHCTeMy, COCTOSILLYIO H3
MHOTHX ¥YacTuil. EcaM 4Hc/io yacTHil oueHb BEJMKO, TO OTHOCHTE/bHAas
BeJIMUHHa (AYKTYalUHH 3TOTO napaMeTpa OueHb MaJjia, W [IOYTH BCeria
€10 MOXHO TnpeHeOpeyb IIO CPABHEHHIO €O CPEAHHM 3HaueHHeM mnapa-
merpa. [lostomy, umest neno ¢ GOJBLUIMMH MaKDOCKOIHYECKUMU CHCTe-
Maml, Mbl OOBIMHO He OCO3HAeM (paKTa CYLIeCTBOBAHMS (yKTyailHi.
C 2pyrofi cToponbl, Bceraa cyliecTByiollie QUyKTyaluly MOryT ObiTh ¢
JEerKocThio. oOHapyXeHbt M HMeThb OGOJbllioe NPAKTHUECKOE 3HAYeHNe,
ecJ MaKpOCKOMHYeCKas CHCTeMa JOCTaTOYHO MaJja WJM eCJIH Mbl pac-
1I0JIaraeM JOCTaTOYHO 4yBCTBHTE/bHLIMH MeTOAaMM HaOmofenus. He-
CKOJbKO paccMaTpHBdeMBIX JaJblle NPHMEPOB TOSICHAT CKasaHHOe.

PAyKTyauHH NJOTHOCTH B I a3e PaccMOTPHM: HlleasbHbI ras,
HaXO/JAUIHIICS B PABHOBeCHH H COCTOSIHHA H3 6OJBUIOro uHcaa N MOTeKYJ, 3aKJIOYeH-
HbIX B o6beme V. CKOHLEHTPHPYeM Hallle BHUMAHHe HA UMC/Ie MOJEKYJ ng B HEKOTOPOM
BhijieieHHOM OObeme V o BHYTpH cocyha. 310 YHCIO ng QAYKTYHPYET BO BPEMEHH OTHO-
-CHTeJIbHO Cpe/iHero 3HaueHH#
: ' ’ -V
ng= ‘-Vé N,
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¥ BeJIHulHA QAYKTYAUHH B JI0060H MOMEHT BpeMeHH ONpele/sieTcss BEJIHYHHON pasnocTH
Ang=ng— 275

Ecau Mbl paccMaTpusaeM B KayecTBe BHIAEJEHHOrO ofbeMa JIEBYIO NOJOBHHY cocyia,
T0Vs= 12V u ng= %% N. Eciu N BesIHKO, TO Cpefiiiee YHCIO0 MONEKYJT Mg TAKIKE BEJHKO.
B cooTBeTCTBUH €O CKasaHHbIM B I. 1.1, yacTo Bo3HHKaloumMe QWIYKTYauHH GyxyT He-
BesIHKH, Tak uT0 |Ang| < ng.

Tenepb NpeAnosoKAM, UTO Mbl XOTHM HCCJIEIOBATb PACCEsiHHE CRETA BElLCCTROM.
Ham HYKHO 3HaTh, YTO CAYYHTCH B 3JeveHre ofheMa Vi, Junelible pasMepbl KOTOPOIO
OJIHOTO NOP#AAKa € JJIMROH BOMHBI cBeTa. J[MIHHA BOJIHBI BHAHMOIO CBeTd (OKOJIO
5:10=5 car) 3HauuTeIbHO GOJBINE aTOMHBIX Pa3MepoB, H TAKOH 3/eMeHT 06beMa eille siB-
JISIeTCsl MAKPOCKOIMYECKHM, XOTst cam 1o cefe ouenb Majl. Ecau 9ucilo MoJIeKya B Kask-
JOM TAKOM 3JeMeHT2pHOM o0beMe OIMHAKOBO (UTO CNpaBeXIHBO B C/yYae THEpIOIro
TeJa, HampuMep, CTeKJa), TO BEUeCTBO NMPOCTPAHCTBEHHO OJHOPOAHO M GyJeT npocTo
oTpaxkaTb NY4OK cBeta Oe3 paccesinns. Ho B ciynae HAeadabnoro rasa cpeitee uucio
MOJIEKYJ f1g B TAKOM HeGo/bIIoM ofbeme Vg oueHb mand u aykryaunsmu Ang uncaa
MOJIEKYA ng BAYTPH 00beMa Vg yike nean3si HpenefperaThb 110 €paBHEHHIO C BeJIHHHHON

ng. llosToMy MOMKHO OKHAATb, YTO ra3 GVieT B 3HAYUTEJbHON CTeleHM DACCEHBATHL
najaoliui Ha Hero cBeT. B camom ze-
Jie, TO, YTO HeOO He BBIFASAHT YepHBIM,
ofbsicHsieTca TeM, 4to cseT of Coanua
pacceHBaeTCA MOJeKyJaMd Tasa B at-
mochepe. Taxun  ofpasom, roay6oi
uBeT Heba — ABHOE 10KA3dTEeNBCTBO
BA/KHOTO 3HAUYeHHsT (PAYKTYALHM. Jepwano [

PAYyKTYaUUH KPYTHJ b ¥
HOFO MasiThHKa. PacemoTpum
TOHKYIO HHTh, 33KPeIEHHYIO MEKAY  Fzmmyrysffy -
ABYMS IepRATETIMA (WM 33KPetien-  gyme’ 0
HYIO TOIBKO BBEPXY H CBOGOIHO BH-

CSANLYI0), K KOTOPOH NpHKpenJiero sep-

kajo. Eciau noBepnyTb 3epxano Ha He-

KOTOPbIil yro.}l,\m/ITb 6y 16T COBEpIIATh P,"c' 1.24. pr'rn.pbm:'\’il MASITHRK, CoCTORUIHNA
KPYTbIe KoteGanns, Ben ora cr. 11 ToINOl WITH b sepana. l1ysox rera, o1pa
cTeMa  ABJASAETCSt  KPYTHJIbHBIM  Ma- BOpOTA.

ATHUKOM. TaK Kak KpyTHJbHble KO-

Je0atns HUTH MOTYT ObiTbh OYeHb Ma-

JBl, & C [OMOWLbIO NYYKA CBeTa, OTPAKEHHOro OT 3€PKadd, MOXHO JErKo onpe-
JeJuTh ero HefOJbllMe YTJOBLIC NepeMCUieHHsi, TO TaKas CHCTeMa OOHYHO HCTioJib-
3yCeICst /A YYBRCTBHMTeNbilbiX H3MepeHnil HeGoIbLINX MOMeHTOB Kpyuennsi. Hanpumep,
KPYTHJIblib{l MafTHHK ObL1 HCnojb3osau Kapenmuumem anst onpefeieHHst rpaBUTALH-
otnoll noctostinofl W KyJoOHOM /st onpejesieHHst AeKTPUUECKHX CHJ, AeHCTBYIOLHX
MeXKIY 3aDsKEHHBIMU TeJaMH.

Koraa 4yBCTBUTeNbLHBIH KPYTH/IbHLIA MAATHAK HAXOJHTCS B PABHOBECHH, €T0 3ep-
KAl0 He OCTAeTCs HeMOABHXKHBIM. MOXKHO 3aMeTHTb, YTO OHO cOBepuuaeT HeSoJplie
yrJioBble Ko1eBaHUs OTHOCHTE/IBHO CPejHer0 PaBHOBECHOIO MOAOKEeHUs (TO ke camoc
Mbl Habaogany B 1. 1.3, KOraa o6biYHbI MASTHUK MCIBITBIBAJ HeGOMbIIMe (NMYKTyauuu
OTHOCHTEJIBLHO CBOEro DABHOBECHOrO BepTHKANBHOrO IMOJOXKEHHR). ITH PAYKTyauun
06biyHO ObIBAIOT EbI3BAHBl B3AHMOLEHCTBHEM MOJEKYJ BO3AyXa C 3epKaJjioM.

DyKTYyaUHH YMEHBLUIAIOTCSA, HO He HCYe3aloT JAxe B TOM CIydae, KOTJa MOJIEKY.
He GYJeT, T. e. eC/H CHCTeMa HAXOAWTCS B BaKyyme. B 3ToM c/lyyae nosiHasi SHeprus
KPYTH/ILHOIO MasTHHKA OYIeT COCTOATb U3 ABYX 44acTeil: u3 snepruu £, onpeaenseMoi
YI0BOH CKOPOCTBIO ABHKYLLErOCH 3epKaJa, ¥ sHeprud E;, onpejeisieMoil BHYTPeHHUM
JIBH)XEHHEM aTOMOB 3epKasia H HHTH. (ATOMBI MOFYT COBepliaTh HeGOJIbUIKE KOJe6aHus
OTHOCHTEJILHO CBOEI'0 NOJIOXEHHs B TBepAoM Tesle.) Tak Kak nonnas axeprus E,--E;
OCTAeTCH NOCTOSAHHOH, (QIYKTYAUMH CBA3AHLI C pacnpefefeHueM 5TOH SHEPTHH MeXIy
E, u E;. JloGas ¢uykTyauus, npu Kotopoli £, yBequuuBaeTcsi 3a CYeT BHyTpeHHeR
3HECPrHHM aTOMOB, NPHBOJHT K BO3PACTAHAI0 YIVIOBOH CKOPOCTH 3ePKa/da, H Ha0GOpOT.

Aeprrament
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BpoynoBckoe ABuUXKeHHe yacTu i Eciu MmaieHbkue TBeplibie
4acTULL! pa3mepoM nopsigka 10~4 ca NOMECTHTL B KAMIO MKHJKOCTH H HAGMIOAATH HX
JIBHIKEeHHE TIOJ MMKPOCKOIOM, TO OKAa3blBAeTCH, YTO YACTHIBI He HAXOLSTCS B NOKOE,
a 1IOCTOSIHHO JIBMIKYTCS B PA3HBIX HanpabjeHUsIX. D70 siBJeHHe NOJYUHJO Ha3Banue
GpOYHOBCKOIO JIBUKEHHsl B 4eCTb aHIVIMICKOro GoTaHlka DpoyHa, KoTopbiii BlepBbie
Ha0/I0/aJ €r0 B NPOLIIOM BeKe, HO He MOHSLT €ro IpuurHbl. Tossko B 1905 r. Diiv-
wrefin o6bsACHHA GPOYHOBCKOEe IBHXKEHHE CIyuailHeIMR (UIYKTyauMsnd, BO3HIKAIO-
ILUMH B COCTOSIHUMM paBHOBecHs. JIBHiKeHHe TBEpALIX YacTHIL NOABEPIKEHO BO3elicTriio
GIVKTYaLuil cuibl, NosBJSIOMElCst B Pe3yJabTate MHOTHX CAYYAHHBIX CTOJKHOBCHHIY
YACTHIL C MOTCKYJIaMH kHIKOCTH. TaK KaK yacTHIB! HMEIOT HeGOBILOT pasvep, TO YHCI0

T
)
1
LN o Bzod
;r\ . + R Botzol o
< t Yeunumens eyennoepa
——'7 ' ° ©
S
o :
\\"‘N“w % Puc. 1.26. ConpoTurieHne R MNoIKJIOUEHO KO
] ey BXOAHBIM 3a)KMMaM UYBCTBHTEJLIIONO yCHANTENs,
/1 e BBIXOJL KOTOpOro IojaH Ha ocuuajiorpad.
P s
NS
»
U
-3
510"t

Puc. 1.25. Habawonaemoe 10 MHKpPO-
CTKOTIOM GpOYHOBCKOE ABMIKeHHe va-

CTHI, B3BelleHHHIX B KallJie  BOABL. Puc. 1.27. Qororpagus  wymos
Jnaverp wactHy 10—* cxu. Ha sroit BBIXOAHOFTO HANpSXEHUA, CHeJsaH-
AdarpaMme nokasaHo HOJIOKeHHe Ya- Hasg ¢ HOMOULIO CXeMbl, TIOKAa3aHs
CTHL{ B I10Jie 3PDeHHs] MHKPOCKONa ye- “hoit na puc, 1.26,

pe3 Ka;able TPHALATH CEKYHA.

MOJIEKYJI, B3AHMOJeHCTBYIOWMX ¢ HHMH B eJHHULY BpeMeHH, Takxke Masld, M COOTBeT-
crBeHHO (uiykTyauuM Beduku. CiefiyeT Takzke 3aMeTHTh, WTO MACCA YaCTHUBI Maja
M CTOJKHOBEHHE C MOJIEKYJIOH MOMKET 3aMeTHO H3MeHUTh ABHMKEHUE 4acTHupl. Pesyip-
THpYIOLee CIyyaiiHoe ABHMKeHHe YacTHUBI NO3TOMY Jerko HalJIonaTh.

OnyRTYyanuuu HAaNpaXeHMs HA conpoTuBAeHuH Ecm
3JIeKTPHYECKOE CONPOTHBIEHIlE NPHCOEHHHTb KO BXOAY UYBCTBHTEILHOTO 3JEKTPOH-
HOTO YCWJIKTeJsI, TO HA €ro BbiXOJZe MOXKHO HaGMIORATh CIyuailHple QAYKTYALMH HAmpsi-
JKeHHs. Ecin miymams caMoro yCHJIUTendst MOXKHO npencOpedb, TO 3TH (IVKTyaunuu
EBI3BAHB CAYYAHHEIN GPOYHOBCKHM IBHAKEHHEM 3JIeKTPOHOB B conpoTuBieHuH. [Ipea-
TIOJIOXKHM, HANPHMep, YTO Takoe JABHKeHHe 3JIeKTPOHOB NPHBOAHT K (QVIYKTYyauuu, mpH
KOTOPOil UMCIO 3/TeKTPOHOB B OJHOH UACTH CONPOTHBJEHHS CTAHOBHTCS GoJblle, YeM
B Jpyroii. BosHuKapomass TAKUM 006pasoM PasHoCTb 3aPsJ0B BHIBBIBAET 3/1€KTPHUECKOE
710J1¢ B CONPOTHBJIEEUN M Pa3HOCTb NOTeHLMANOB MEX]Y ero Kohunamu. Bapuawunu stoit
Pa3HOCTH fOTeHLHKAaNoB H 06pa3yloT PAYKTYAUNH HaNpsiKeHHs, KOTOPHE YCHINBAIOTCK
BJIeKTPOHHbIM HPUGOPOM.

daykTyauun MoryT uMeth GOJbIIOE NpakTHYecKoe 3Hadenme. Hx
HeoOXOUMO HMeTb B BHAY NPH H3MeDeHHH CalblX CHTHAJOB HJH 3~
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eKTOB, KOTOpble MaJo OTIHYUMBI OT (UIYKTYauHi caMOTO H3MepUTe/ib=
Horo npubopa. (Takue (aykryauun, cozgaBaemble NpubopoM, Hasbl-
BAIOT LIyMaMH, NOCKOJbKY OHH 3aTpyAHSIOT H3Mepenus.) Hampumep,
KPVTIIbHBIA MAasITHHK TPYJIHO HCITOb30BATD JU/IS1 H3MEPEHHS MOMEHTOB,
BHAUNTEILHO MEHBIIMX, YeM MOMEHTH], CO3/laBaenbie BHYTpEeHHUMHU QuTyK-
TVAUIIANMI CAMOH H3MeplTeqabHO cHerenbl, TOuHO Tak e, B cjydae
CONPOTHBJIEHIS, MNPUCOETHHEHHOTO K YCHUJHTENO, TPYAHO H3MEpHTh
HalpazKeHHe Ha CONPOTHBAEHHH, €CJIH OHO MeHblile, Yen BeJHYHHa BHYT-
peHHux QuIYKTyallHd HanpsiKeHlsi, KOTOpble Bcerja CylecTBYIOT Ha
CanoN CONpPOTHBJICHUH *),

1.5. Tenjota u temnepaTypa

HeusosinpoBannble MaKpocKOnHYecKHe CHCTEMB! MOTYT B3aHMMOIef-
CTBOBaTH I OOMeHHBaThCa 3Hepruefi. ORHIN M3 NPOCTLIX OYEBHJHBIX
APUMEPOB TAKOro B3aHMONEHCTBUY HBASCTCSH COBEPHIEHWE MaKDOCKO-
angeckofl padoThl 01HOM cuetemoll Hax Apyrofl. Hanpusep, Ha pue.1.28

ks .

Puc. 1.28. Korpa nopmeHb cMe- Pnc. 1.29. Cxarslit ras A’ co-
1EeTCA Ha HeKoTopoe MAaKpo- Beputaet paboTy Hall rasom A
CKofTHdecKoe pﬂCCTOHIIHe, npy- npHxH M‘deOCKOﬂH‘IeCKOM nepe-
skuna A’ coBepinaer  pabory MenleHHH HOPIHHS,

uan razom A.

mioKkasaHa npyxuua A’, Koropas [aBUT Ha TNOpUIEHb, OrpaHH4H-
Baloniuii o6beM rasa A. Ha pue. 1.29 ras A’, naxoasmuiics nox 6.1~
WHM JaBJjeHHeM, BO3lefiCTBYeT Ha nopiileHb. EcuM nopuieHr nponsi-
HETCS Ha HEKOTOpOe PAcCTOsfHME, TO cHcTema A’ COBEpIIHT HEKOTOPyiO
paGory Hajn cucrenoit A **), ,
Bo3MOIKHO, OAHAKO, H TaKOe B3anMOAellCTBHE JBVX MAKpPOCKOTHYe-
CKHX CHCTeM, KOTOpOe NPOHCXOANT $e3 COBepHICHHS MaKpOCKONHye-
CKOff  paGoTbl. DTOT THHO B3aUMOIEHCTBHIl, KOTOPHI MBI OyJeM Hashl-
BaTh MenAcebiM, BO3HIKaeT B pe3ysbTaTe OOMEHa BHEPIHSMH MeXAy
CHCTEMaMM B MOJIEKYJISIPHOM Maciutafe. DHEpPrus, nepeiaHHas TAKHM
06pazon, HasbiBaercst menaocsoli. 11peanonoxun, yT0 NOpueHb Ha pHC.
1.29 3akpenyieH HeNMOABH:KHO. B 3TOM Caydae ojtHa CHCTEMA HE MOXKET
€oBepIllaTh MaKPOCKOMHYeCKYI0 paboTy Hal APYIOH CHCTEMOH, HesaBH-
CHMO OT TOIO, Kakas cuna JieficTByer Ha nopienb. C Apyrofl CTOpoHbL,
aToMbl CHCTEeMBI A NOCTOSIHHO B3aHMOAEHCTBYIOT B MOMEHT COY/apeHHi

*) Hampumep, HanpsikeHue B OJHH MHKDOBOJIbLT H MEHbUIE yKe TPYJHO H3Me-
puth. OJHAKO ycpejHeHHeM 6OJbIIOTO YUCJa H3MEPEHHH MOMKHO BEHIEHTD nO/e3HbIR
CHTHAJ, UCHOJIb30BaB TO OOCTOSTE/bETBO, UTO OH He (MIYKTYHPYeT BO BpeMEHH.

*#) TepMHUH paboma UCToNb3yeTcs 3/leck B CBOEM OGLIYHOM MEXaHHYECKOM CMBIC/TE,
T. €. paGora paBHA HpOM3BEJEHHIO CUJIHI HA NyTh, Ha KoTOpoM JeficTByer sTa cuJa.
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Al

ApYT C JIPYTOM U TakuMm oGpasoM cOMeHuBaloTcs suepruell *). To ke
camoe MOXKHO CKasaTb M o cucreMe A’. He xpome Toro, cucrema A
B3aUMOJIEHCTBYET C aTOMaMH MOpIuHS, KOTOPHIA  ABJsteTcsT  OBLIeir
rpannuei st 00eHX CHCTeM, a aTOMbl IOPILHSI B3aHMOIEHCTBYIOT MEXIY
cooit 1 ¢ atomamn cucremnt A’. Tlostomy sheprus Moxer nepesaBarh-

’ 4
cstor Ak A’ (wmior A" k A) kak pesyJibTar

O AR RAANTY
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MHOTHX TNOCHA€0BAaTeNbHMX B3aUMOAEHCTB U
MeXJY aToMaMH 39THX CHCTEM.

Pacemotpum aioGbie 1Be cucrembl A u A’

HaxXOASIHECST B TelJIOBOM B3aHMOICHCTBHI

* JPYT € ApYroM. 10 MOryT GbiThb yKe pac-

Puc. 1.30. Jlpe cuciemb, A u CMOTpEHHBIE HAMH [Ba rasa, A n A', WIH B
A’, BaxoadHiBecst B TeIUIOBOM .
KOWTAKTC APYU € ADYFOM. KayecTBe cHCTeMI! A MOKHO B3s1Tb, HanpuMmep,

KYCOK MeW, [OrpyxeHHHi B cuctemy A,
I1pe;ICTaB/IAIOLYIO COO0H COCYl, HATOMHEeHHbIH BOAO. OBo3nayum yepes £
SHEPTHIO CHCTEMB A (T. e. MOJIHYIO SHEpriio, KUHETHYECKYIO [I/HOC NOo-
TeHIHAbHYIO0, BCEX aTOMOB B cricTeme A), a depes £/ — 3Hepruio cucre-
Mbi A’. Tak Kak cocraBhas cHcteMa A* == A - A’, cocrosmas n3 A u
A’, npeamonaraercst H30JHPOBAHHON, TO NOJHAs HEPTHSA

E |- E" == const. (8

Boaunkaer Bompoc, Kak sta nonmHas sHeprius **) pacnpelensietcs
vexay cueremadd A A’ TIpennosio:kum, 410 31U CHCTEMbI HaXOUSITCSH
B DaBHOBECHH JIPYT C JAPYTOM (T. e. CJIOXKHasi cHCTeMa A* Toxe Haxo-
JIUTCSI B PaBHOBECHH). 3a WCKJIOYEHHEM HeBOJBLIHX QaAyKTYanui, sto
PaBHOBECHOE COCTOSIHHE CHCTEMDI JIOMXKHO COOTBETCTBOBATL HAaHGO.Iee
cayqafiHoMy paclpeie/ieHHUIO SHEPTHH B CHCTeMe, PaccMotpum cnavana
MpoCToif NpHMep, Korida cuctembl A u A’ npencrasasior cobofli wnealn-
Hblii ra3, COCTOSIUNI H3 OAHHAKOBBIX MOJEKY, HaOPUMep, MOJEKV.}
asora (N,). HauGosee cayuaiinas curyanusi B cuereme A* Gyner co-
OTBETCTBOBATbL PABHOMEPHOMY DacnpeieleHiiio nojHol suepruu E + £’
Mexkay mosekyaami citcreM A m A’ Kaxnas monekyaa B A up A’
OyiieT HMeTb [IPH 3TOM OIHO M TO Ke CpejllHee 3HAuCHHe 3HEpPruy. IArto

3HAUMT, 4T0 CpelHee SHAYCHHE SHEPFUH & MOJIeKYJ rasa A Gyjer Takinm
Xe, KaK H CpelHee 3HayeHHe sHepruM & mosexyda rasza A’, T. e. B pas-
HOBECHH

&= EA' (9}

Ecan ras A cojepxur N Mosekyn, a rasz A’ collepxut N’ MOJekyJ, To
T E o E

t,:-A—/ H E — /-\—/—, . (10)4

*) Ecan MozieKyJla ra3a cOCTOUT GOJiee Y€M H3 OJIHOrO ATOMA, TO MOJIEKYJIBl MOTYT
COMEHMBATLCSA SHEPTHEH [IPH COYNAaPeHHAX; KpOMe TOTO, SHepIHs OTAeAbHON MOJIEKY Ik
MOXET GbITL MO-PA3HOMY pacripejielieHa MeXy ee aTOMaMH B pe3yJsrare B3aUMOJEHCT -
BHH MeX]y HHMH.

**) B cayuae CHCTeMBI, ToKa3aHHol Ha puc. 1.29, bl a5 NPOCTOTHL 1TOJIAraeM, 4To
CTEHKY TOPUIHS M COCYJA CTOMb TOHKHE, YTO MX 3Hepriell o CpaBHeHHIo ¢ 3Heprueil
rasa MoxHO npeHeOpeds. : :
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Llosrony paBeHcTBO (9) mpHHHMAeT Takofi BILI:
E _FE
NN
[TpeanosioxuM, uto rassl A n A’ nepBoHavYalibHO OTAENEHBI APYT
©OT Jpyra u HaxoasTcsi B pasHoBecHd. OO03HAYUM HX SHEPTHH B 3TOM
</lyyae COOTBETCTBEHHO ueped £; n Ej. JlonycTuM, YTO Terepbh CHCTEMbI
fipHBeIeHbl B CONPHKOCHOBEHHE, TaK UYTO OHH MOTYT OOMEHHBATHCA

Puc. 1.31. Jlsa raza. A u A’, cocTosine 112 OAHHAKOBBIX MOMERYJ, NePBOHAYATBHO He HAXORSITCHA
B KOUTaKTe APYP ¢ ApYroM (a). 3aTeM onH NPIBOASITCA B TEMJIOBO{l KOHTAKT (J) H 06MEeHHBAIOTCH TeN-
JI0M AC TeX 0P, NoKa ne 6yJeT JOCTHRHYTO pasloBeciie. ueprus ra3a obosuaveHa yepes E, a cpen-

HAS1 SHepriusl oAHO{I MONEKYyJsl 4epe3 &.

DHEprHell myTeM TelJIOBOrC B3aHMolelcTBHS. MOryT BO3HHKHYTH JABa
€/1y4ast, KOTOPbIe Mbl H PacCMOTPHM:

1. B mepBwiil MOMeHT HayajabHble SHaueHUs 3Hepruil £; u E; Takue,
YTO cpelHee HauaJbHOE 3HAaueHHe sHepruu e;=L /N moseryn B A ne
paBHO CpelHeMy HauajbHOMY 3HAaYeHHIO 3HepTHH &; = E;/N’ mojexya
B A’, T. e. NepBOHAUYAJbHO

g, = & (1D
B 3TOM Csyuae IepBoHauajsbHOe pacrpeneeHHe 3HeprHd B COCTABHOM
chucreme A* He GyAeT cayuailHbiM U Takasi CUTyallusi He OCTAHETCS He-
n3mennoil. Cucremsl A u A’ OyayT o6MeHHUBATLCS dHepruell A0 Tex mop,
noka He Gyler IOCTHIHYTa DaBHOBECHAS CHTYaLHs, COOTBETCTBYIOLlast
HanGoJee CJAy4YaiHOMY paclpele/eHHI0 3HEPruH, IIpH KOTOPOM cpel-
Hsis HEPTHS MOJeKyJbl OXHA H Ta e st O0eHXx cucteM. Dnepruu E,
y E; cuctem A 1 A' B KOHEUHOH PaBHOBECHOH CHTYaLMH JOJIKHBL GbITh
TaKUMH, 4TOOH!

- = E
g, =¢; WA -N—f—- ﬁ{, . (12)
B pesysbTaTe npoOIECCOB B3aUMOISHCTBHS, KOTOPLIE [PHBOJSIT CO-
CTAaBHYIO CHCTEMY K PaBHOBECHIO, CHCTEMa C MEHLIIHM 3HaueHHeM Ha-
Ya/ibHOH Cpellnedl 3HEpruil Ha ONHY MOJIEKyJy YBeJUUHBAET 3Ty 3Hep-
THIO, @ CHCTeMa C GO/LIIMM 3HAYeHHeM 3TOH CPeAHCl SHEPTHH Tepsier
ee, KOHequ [O/IHAS 9HEPTHsA H30JHPOBAHHOH CHCTEMB AolHa ocTa-
BaTbCs MOCTOSHHOM:
E}’I"Esz;“I‘E,"

T. €
AE 4+ AE' =0 (13)

uJjan

; | Q+Q =0, (14)
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rie Mol o0o3Hayaem: .
QEAEE@—fn} (15)

Q' =AE'=E;—E],. _
3nech BesuuHa Q — menao, no2aouienHoe cucmemoll A B pe3ysbTate
TIPQILECCOB TEIJIOBOTO B3aHMOJEHCTBHsI; OHO PaBHO YBEJHUYEHHIO IHep-
I'MH CHCTEMH B pe3yJibTaTe 3TOro B3auMoleficTBusl. Takoe e olpezee-
HHe Tellsa, HOTJIOMEHHOrO CHCTeMOH, NOpPHMEHHMO H K cHcTeMe A’.
3ameTum, uto Teno Q = AE, morJoileHHoe CHCTEMOH, MOXeT ObITh Kak
TIOJIOKHTEIbHBIM, TaK H OTpHULATeNbHbIM. B caMom neile, NIPH TenJOBOM
B3aUMOJIEHiCTBHU MEXAY JABYMS CHCTEMaMH OlIHA CHCTEMa TepsieT 3Hep-
THIO, a'Apyras npuobperaer ee, TakiUM obpa3oM, B ypaBHeHuu (14) aunbo
Q nosoxxurenpro, a Q' oTpHuaTtenbHo, Janbo HaoGopoT. Ilo onpenene-
HUIO, CHCTEMA, Yy KOTOPOH SHEPTHsi YBEeJHUUBAETCs] NP TOrJIOUEHHH
NOJOKUTENbHOTO KOJIHIECTBA TenJa, HasbiBaercs Goaee x0400H0lk. C npy-
TOH CTOPOHBI, CHCTeMa, KOTopas TepsieT 3Hepruto, MorJjomas oTpuua-
TeJbHOE KOJIHYECTBO Teljia (T. €. OTAAeT MOJOKHTEIbHOE KOJNUUYECTBO
TenJaa), HaswBaercsi Ooaee eopaueti, unu O6oaee menaoti, CUCTEMOH.

2. PaccMOTpHM YacTHBIR Cayyali, KOTJa HayajbHble 3HAUeHUsT IHep-
rui E; u E; TAKOBBL, UYTO Cpe/Hue SHEpPrith, NPUXOASUIHECS HA OIHY
MO.HekVJIy B cHcTeMe A M B CHCTeNe A’, paBubi:

b (16)

B sTOM cayuae, korja cucteMel A U A’ 1piBefeHH B TeNJOBOH KOHTAKT,
OHH - aBTOMaTHUYECKH obecreunBaloT nanbotee CayuyaliHyl0 CHUTYaLHIO
n B cocraBHol cucteme A*. Takum oGpasom, o0e cHCTeMbl HaXOAATCSH
B pPaBHOBECHH M MeXAY HHMH He NPOMCXOIHT oOMeHa TenJjioM WJH 3Hep-
riefi (Ha MaKpOCKONHUYECKOM YPOBHE).

Temnepamypa. PaccMoTpum Teneps obuiuit caydail TenaoBoro B3anMo-
JefiCTBHA MexAy IByMst cHcreMaMu, A u A’. T4 cHCTeMbl MOryT GbiTh
PasnUUHLIMU Fa3aMy, COCTOSILIMMU H3 MOJEKVJA pa3HOH Macchl ¢ pas-
JIMYHBIM YHCJOM aTOMOB, HJIM Ke OjfHAa WAH ofe CHCTeMbl MOTYT GhbiTb
*KUAKOCTAMH UNH TBePABIMH TesaMH. XOTSl 3aKOH COXPAHEHHs 3HepPruu
(8) u ocraercs B cHJle, 31eCh HaM yKe TpyiHee OXapaKTepU30BaTh paB-
HOBECHVIO CHTYAIlHIO, COOTBETCTBYIOHLYIO HauGojee cirydqaiiHoMy pac-
NpeAesieHHIO HEPIHH MeXKAY BCEMH aTOMaMH COCTABHOH cHCTeMbl A*=
=A-+ A’. MoXHO, OIHAKO, YTBEPKIAATH YTO HAILIH IpeblIYLIHe PACCY 2K-
JEeHHus, Kacamouyecst cJyyasl ABYX OJUHAKOBBIX Ta30B, JOJLKHBL GbiTb
npuMeHeHbl H 3lech. To, 4ero Mbl MOXeM OXKuAath (NO3xe 310 Oyjer
JOKa32HO), 3aKJIoHaeTcsl B CJELYIOHIeM: KayKaasi CHCTeMa XapakTepH-
syercsi mapamerpoM T (YCJOBHO Ha3blBaeMbIM «a0COMIOTHOH TeMmepa-
TYypoOi»), KOTODbIfi ONnpejensieT CPEIHIO 3HEPrHio, MPHUXOASILYIOCS Ha
OMMH aTOM B cucTeMe. B paBHOBecHO!l cHTyauud, COOTBETCTBYIOULeH
Han0oJee C/lyyalHOMY pacrnpelieJleHHI0 SHepruH, Mo aHAJIOTHH ¢ (9)
MOMKHO OXHJATh, 4TO :

; T=T".. i



HeBoamoxHo narth fosiee TQUHOE OMpeAesneHne NOHATHSE a6COTIOTHON
TeMNnepaTyphl, 110K Mbl He YTOYHH/H TOHsATHE CAy4YalHOCTH (B mpHMe-
HEHHH K pacnpefeleHHIO 2HEPTHU™ MKy HEOAHNHAKOBLIMH aToviaMH).
Onuako Jerko -BBeCTH NOHSATHe TeMIepatypbl (HO He «abCcoOJIOTHON
TeMHepatypbiy), HCNOAb3YH: oObMbE Tepmomerp. [loA TepmoMeTpom
MbL MOHHMaeM He(OJbIHYI0 MAaKPOCKOMWYEeCKYIO cucreMy M, ycTpoeH-
HYIO TakuM - o6pa3oM, Y10 NPH OT-
Jlaue HJIH NOTVIOMEHHH “TerJia y Hee
MOKET H3MEHSITbCS TOJNbKO OJIHH MaK-~
pocKkonuuecKHii nmapamerp. 31eT na--
PAMETD . HA3bIBAETCSA  MERMUHCCKUM
napamempom TepMOMeTpa H 0GO3Ha-
yaetcs 6.. [lpumepamu TepMOMETPOB
MOT'YT CJAVHHTh  XOPOIIO H3BECT-
. HbI® PTYTHbIE HJIH CIIHPTOBBle TEPMO-
MEeTPBl. Y 3THX TEPMOMETPOB JIHHA
L cronba: KUAKOCTH B CTeKJSTHHOM
Kanua/Isipe 3aBHCHT OT 3HEPTHH ca-
MO#l KUJKOCTH, KOTOpas H3MEHSETCH

v

A
L::_

Puc. 1.32. JiBa pasanuHblX TepMOMeTpa
RAXOASITCA B TEMJIOBOM KOHTAKTe ¢ CHCTe-

NpY noraemeHny tenaa. Mrak, tep-
MHYECKHM NapaMeTpoM TaKHX TepMO-
MeTpoB . siBAsiercst Agauna L. Ecaum

TepMoMeTp M HaXOIUTCs B TENJIOBOM -

KOHTaKTe ¢ Kakoil-To::.cucremoii A
H CaM TEPMOMETD Y2Ke AOCTHT COCTOS-
HHSL PaBHOBECHS, TO €ro TepMuue-

Moii, cocTofeil U3 CoCyAa, HaNoMicHHOrO
KUAKOCTHIO. OOUH TepMOMETD PTYTHHI H
ero TepMHUECKHM napaMerpoM aBasercs
AnMna  CTOAGHKA DPTYTH B CTEKJSIHHOM
Ranmansape tepmomerpa. Jpyroi Tepwmo-
MeTp MNpeACTaBifeT coboll 3JjeKTpHUecKoe
conpoTHBAeHHe R, cienaHiioe H3 miaTHHO-
BOIl IPOBOJIOKH HAY U3 yrast. Ero tepmu-
YeCKHM NMapaMeTpoM SIBASETCs 3NeKTpHue-
CKoe conpoTHaaente R (onpelensemoe To-
KOM [, *TeRyU{HM HYepe3 ConpoTHBJeRue;

cKull napamerp 0 Mmeer; onpeneseH- u nanpsAenueM V na new).

HOoe 3HaueHne 0, KkoTopoe Hasbl-
Baercs memnepamypot cucmiemst \A,
smempa M *).

Mcnonb3oBaniie TepmomeTpa n03BoJsieT celaTh Caeayoluye BuBObL.
Honycrhm, 410 TepnomeTp M Haxoam/cs B Tel/IOBOM KOHTAKTe cHaya.ia
¢ cuctemoit A, a satem ¢ chicremofi B. B kaxIoMm cayuae, nocae npuxoia
TepMOMeTpa K PaBHOBECHOMY COCTOSIHHIO, OH OYJAeT NOKasbiBaTb 3Haue-
Hust Temrieparyp 0, n 04 BosMmoxubel ABa cayuasd: JjHO0 0, 04,
J160 6 4 = 0. V3 onbiTa H3BECTHO (O3:Ke Mbl IOKAXKEM 3TO TeopeTHue-
cKku), uto ecan 0 5 5= 0, TocucteMol A 1 B npH TEMJIOBOM KOHTaKTe
6yAyT OOMeHHBAThCS TelaoM, H ecad 0 ,=0, TO Ten/oBoro pOMeHa
He OyJer. :

Takum o6pasowm, Temreparypa 6 cucrembl A, U3MepeHHas OOBIYHLIM
TEePMOMETPOM, ~ABJSIETCSt I1apaMeTpoM, XapaKTePU3YIOUUM CHCTeMy.
3HaHHe TemmepaTypbl MO3BOJSET CAeNaThb CJeAYHllee YTBepKICHHe:

UBMEPEHHOL € NOMOWbIO mepMo-

3

*) Cuuraercsi, 4TO cucTeMa A-sHaunTesNbHO GoMbille, YeM TepMomeTp M, Tak uTo
M3MEHEHHEM TeMIepaTyphl 5Tof CHCTeMBI B Pe3yJ/bTaTe KOHTaKTa C TePMOMETPOM MOXKHO
npeHeGpeub. 3aMeTHM TaKike, Uf0 COMVIACHO HallleMy onpeleleHHIQ TemiepaTypa, Ha-
MepeHHas PTYTHBIM TEPMOMETPOM, fiBAAETCS JAMHOA H HOSTOMY H3MEpsieTcs B CaHTH-
MeTpax. _ .

[
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€CJTH IBe CHCTeMbl HaXOASTCS B TellJIOBOM KOHTakTe APYT C APYroM, TO
B CJlyuae HEPABEeHCTBA HX TeMIepaTyp OHH GYAYT OGMEHMBATLCH TEILJIOM
JpPYT ¢ APYroM; €CNi Ke HX TeMIeparypbl PaBHbl, TO TENJOBOI'O O6GMEeHa
He OyJer.

1.6. YucneHHnle OLECHKH

Mbl nokaszaqu, uro noBeleHHE MAKPOCKOMHYECKHX CHCTEM CTaHo-
BUTCS OHATHBIM, €CAH NPHHATb, 4TO OHH COCTOAT H3 MOJEKYJ H aTOMOB.
Hamue paccmotpenne wmesno, 0oAHAKO, YHCTO KauecTBEHHLIH XapakTep
H €ro cjefyeT AONOJHUTh BHISSICHEHHEM MNOPAIKAE BeJHUHH, ¢ KOTOPhIMH
MBI HMeeM Jeno. Jlas OpHeHTAllM ‘Mbli OPOH3BeleM OLEHKH CKOPOCTH

Dawyym '-(/L T

Jaz

Prmyme * ot
Puc. 1.33. Cpelliee fapfeHte ©a3a p H3MepaeTCst Puc. 1.34. dT1oT pHCYnok ma-
P31 NOMOMIN MAHOMETPA. COCTONILCRO 13 U- -o6paz- JHOCTPHPYET CTOJKIIOBEHHe MO-
#0ff TpyOKH. HanosaseHHOH pTyTbio. B rtpybre JekyJ rasa ¢ naouiagkoii A da
YCTaHABAHBACTCS TaKay wuicoTah cTondnKa pryTH, OAROIt U3 cTeHoK cocyaa. {Och
yto6bl AaBfelide, OKA3bIBAEMOE STHM CTOJOIKOM. z nepreHuKyAdpHa K [J0CKOo-
ypaBHoueLumxa.nocs laBneHHeM rasa. CTH 4epTerxKa.)

JIBH2KCHHUST MOJIEKYJ/1 H HacTOTBl HX CTOJKHOBeHHl Apyr ¢ apyrom. O6pa-
THMCSH ONATbH K [IPOCTOMY NPUMEPY HIea/bHOro rasa.

Masaerue udearvrozo easa. Ecan ra3 HaxoluTes B KaKOM-TO cocy e,
TO yAaphl MOJIEKYJl ra3a O CTEHKH COCYAA (YHCI0 TAKHX YIaPOB OTPOMHO)
[IPHBOAAT K MOSIBJIEHHIO CHJIbL, AefCTBYIOWEH Ha KAXKABIH JeMeHT 11J10-
maau creHoK. Cuia, NpuXoAsilasicss Ha eIMHULY MJIOIIAAH, HA3bIBAeTCS
Oasaenuen P rasza. CpellHee AaB/eHue P rasa Jerko H3MepHTh ¢ MOMOILbIO
madometpa. Ero Takike MOXKHO BBIYHC/AUTB, €CJAH H3BECTHO HHCJAO MOJe-
Kyda, U 00OpaTHO, [0 W3MEPEHHOMY [AB/EHHIO MOKHO CYIHThb O KOJHYe-
ctBe MmoJekya. Mrak, paccMoTpuM, Kak pHOJH3HTEIBHO BBIYHCIHTH
JlaBJieHiie HIealpHOTO rasa.

[Myctb naeanbHblil ra3 cocTout U3 N MOJIEKYJ, Kaxas M3 KOTOPbIX
umeeT maccy m. TpennosoxuM, 9T0 ra3 HaXOAHTCS B PABHOBECHH M YTO
OH 3aKJIOYeH B COCYJ, HMEIOUHH (POpMY OpsSIMOYrOAbHOTO HapaJiiesie-
nunefa n oovem V. YUncso mosexkya B enunnue obbema OyAeT paBho
n= N/V *). BoKOBbI& CTOPOHBI COCYa MOIYT ObITh IAPAJJIETbHE ,nexap-
TOBLIM OCAIM KOOPAMHAT X, Y, 2, KaK MOKa3aHO HA pHC. 1.34.

- *) Uepes n panblie 0603HaYaJ0CL YACAO MOJIEKYJ B OAHOM H3 MOJIOBHH COCYXA,
HO 3TO He JOJDKHO HAC CcMywaTh. B fanbleiimeM 4nc/io MOJEKYA B eAuHHIE oGneMa
MBI nﬂoma ans KpaTKOC’l‘H OyAeM HasLBaTh xouu.eurpauueu MOJIEK Y1,
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PaccmoTpuM OfHY HS CTEHOK cocyla, HalpHMep, NIPaBYIO CTEHKY,
NepreHHKYJSAPHYI0O K OCH Xx. BBLISICHHM CHadaja, CKOJBKO MOJIEKYJ¥
yjapsieT B TOBePXHOCTb CTeHKH MN/owmaibio A B TeueHHe KOPOTKOro
NIPOMEXYTKa BpeMeHH f. MoJeKyJ/ibl MMEIOT pasHbie CKOPOCTH, HO TaK
KAK HaM JOCTATOMHO HPUOAHMBHTENBLHOTO Pe3y/bTara, Mbl MOXeM CUH-
TaTh, YTO BCE MOJIEKYJH ABIKYTCS C OAMHAKOBOH CKOPOCTBIO, paB-

HOI cpennefl cxopoctH ¢. [loCKOMBKY MOMEKYJ bl JBHXKYTCS B PA3HBIX
HaNpaBJeHUsiX, TO B CpelHeM MOXHO CYHTAaTh, YTO OJHA TpeTb MoJe-
KyJ, Haxo[fILUXCST B eluHHUe 0O6beMa, IBHAKETCs BIOJb OCH X, OfH&
TPeTh — BIOJb OCH yHelle OJHA TPeTb — BJOJb ocu 2. M3 moseky.,
JBHXKYHIHXCS BJAOJb OCH X, MOJIOBHHA (HJM /1) MOJIEKYJ ABUXKETCSA B
HanpasJeHHU —-X K IJjomanke A, B TO BpeMs Kak Apyrasi NOJ0BHHA ABH-
JKETCs B MPOTHBONOJOXKHOM HampasJeHnd, —x. Jhobass Mojervaa,
HMeIoLIast CKOPOCTb U, HArPaBJeHHYIO 0 OCH -fx, 33 BpeMsT { CMECTHTCS
BAOJb 3TOH OCH Ha paccrosinve, paBHce vf. Ecnu takas mosexyna pac-
NOJIOXKeHa HA PACCTOSHUH vf OT nnowaiaky A, To uepes Bpems ¢ OHa
yIapUT B Hee, HO eCJIH OHA HaXOAWTCS HA OO/blIeM PacCTOSHUH OT 3TOH
MJIOMAAKY, TO 38 BpeMs ! 0Ha He ycneeT IOHTH A0 CTEHKH *). !

CpeaHee 4YHCAO MOJEKY., KOTOpble YyjJapsioT B OJowaaky A 3a
Bpemsi f, GyJeT OLpelesiTbCsl YHCJAOM MOJIEKYJl, HMEIOUIHX CKOPOCTb,
HampaB/JeHHYIO BIOJb OCH --X, M COJEPXKALMXCS BHVTPH UHAHHAPS
¢ MJomaAbio ocHoBanus A W Buicotofi vl. CaenoBaresbHO, 3TO YHCJO
PaBHO NPOU3BENEHHIO '/ 1 (CPeAHero Yucia MOJeKYA B elMHHIe 06bema,
UMEIIIMX CKOPOCTb, HanpaBJeHiy1o BAOJAb OCH -tx) HA 06beM LUAHHI-
pa Aot:

(5n) (400

Ecin Mbl pasfesum 570 Bhipaikenne Ha A M Ha Bpems f, TO IOAYYHM
npUbGAHKEHHOE 3HAUEHHE BEJINYHHB J,, OKa3sbBatoLlell, Kakoe KO.AH-
YeCTBO MOJIEKYJI YAapseT B eAMHIYHYIO [IJIOMAAKY 38 e/IUHHILY BpeMeliu.
{3dTa BeaHuHHA HA3bIBAETCH NAVMHMOCHIBIO HOMOKQ MoJekyn.) Taxum
o0pasom,

(18)

Briunc/nM Temepb CPENHIO0 CHAY, AeHCTBYIOUIYIO HA ERHHUYHYIO
IJOUAAKY B PesyJibTare yi1apoB MOJeKY.I. Koraa MosieKy.1a, ABHXKY1uas-
Csi IO HAIIPaBJIEHHIO X, YAApfAET B CTEHKY, €€ KHHETHUeCKas 3HepPTHst

1/,mu® oCTaeTcst HeH3MEHHOH. (JTO JO/MKHO OBbITh CNPABEAJIHBO XOTf Obl
B CpeiHeM, TaK KakK ra3 HaXxOJHTCS B COCTOSIHHH paBHOBecHs.) Beau-
4UHQ UMITYAbCa MOJIEKYJIBl JOJKHA TaKXKe B CpeJHeM OCTaBaThCsl Heud-

*) ITockoAbKy BpeMeHHON .MHTepBal f MOmeT OHITh BbIOpaH AOCTATOYHG MAaJIbIM
(HanpuMep, €ro MOXKHO CJeJaThb 3HAUWTENbHO MEHLIIHM, ueMm cpeinee BpemMsa MEXAY
CTOJIKHOBEHHAMH CAMHX MOJIEKY.), TO CTOJIKHOBEHHE AAHHOH MOJeKYJbl ¢ EPYFHMH
MOJIEKY/1aMH B TeueHHe STOF0 MHTEPBaJa MaJiOBEPOATHO M MM MOXHO NpeHebpeub.
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MEeHHOH: MoJeRyJaa, NpHOJHSHBHIASCH K CTEHKE C HMOYJbCOM +mo

B HalIpaBJIeRHH OCH +x, OTCKOYHT OT CTE€HKH, uUMef HMIOYJbC —Imnu,
‘HaHpaBﬂeHHbe/,I BIOJb OocH —x. B pesyabTarte CTONKHOBEHHSI CO CTeH-

KOH AOMEHT MOJIEKYJb! BAOJB OCH —-X¥ H3MEHSieTCst Ha — my — /o =
= —2mv. CoryiacHo 3aKOHY COXpaHeHHs UMIY/Ibca, B pe3yabTaTe Coyia-

PEHHSI CTEHKA I[OJydaer HMIYJbC, paBHblli —+-2mo 1t HaﬂpaBJIeHHbm
B10.1b ocH +x. Ho mo Btopomy 3axoHy Hblorona cpenssisi cusia, Aedict-
BYIOI1a HA CTEHKY CO CTOPOHB! MOJIEKYJ rasa, paBHa CpeiHelt CKOpo-
CTH H3MEHEHHMS MMIY./ibCa, HCHLITBIBAEGMOIO CTEHKOH B pe3yJbrarte
CTOJIKHOBEHHsT € MoJekyJami. [losToMy cpemHIoO cu.1y, AeficTBYOILYIO
Ha e/MHUYHYIO IJIOWAAKY CTeHKH (T. €. CPejlHee AdBJ/eHHe p Ha CTeHKY),
MOXKHO HONYYUTH OPOCTHIM YMHOMKEHHEM:

' o ‘ — g
CpellHuM UMIOYJIbC va, CpelHee HHCAO YyaapoB ’
nepejaHubiil’ cTeHKe npu « | MOJEKYJT B eluHHUIlYIO

- OJJHCM CTOJKHOBEHHHU C jaomanky 3a CiHy °

MOJIEK YJI10f] _ CEKYILLY

p:

L
Takum obpaszow,
— — —7 1 =
~ — —_— )
p~ (2mv) J, va\ﬁ ),
unu

i

3 nmo?. (19)

P

Kak moxHO GBLIO OXHAATh, AdBJeHHE p BO3PacTaeT NPH YBeJHUYCHHH
KOHIIEHTPaLlly MOAEKYJ, TAK KAK NPU 3TOM YBeJHUYMBAeTCs Huc/0 -yia-
poB O CTEHKY, H 'HpI/I yBeJHIECHUH CKOPOCTH MOJIEKYJ, TaK Kak CuicT-
pble MOJEKYJBl yYaule B3aUMOAEHCTBYIOT CO CTEHKOH M NpPH  KaxIom
yiaape nepefawor ef GONbLIHH UMITYJIbC,

Tak Kaxk cpefHssi KMHeTHYeCKAasl SHePTUS MOJEKYJbl IIPHGIH3HTe b-

HO papHa *)

—_— ] —
£ 5 mv?, (20)

T0 coorpoilenne (19) mMoxker OblTb HepenucaHo B BHAE

) P 2 nt,“" 21)

3ameTuM, YTO KaK Boipaxkenue (19), Tak u Bupaxenue (21) saBucaT
TOJIbKO OT KQHUEHTpPALHH MOJeKyJd H He 3aBHCAT OT MX NPHPOAHL.
Tloatomy aTu\'ﬁupa)KeHm cnpaBezmanI AAS. JIOGLIX  MOJeKYJ, Ha-
npumep, Monekya He, Ne, O,, N, unu CH,. Takum oGpasom, cpenuee
JlaBJIeHHe MJeasNbHOTO Tasa, 32KJIOYECHHOTO B cocyie C (pHKCHPOBAH-

3

*) Mul ripEHeOperaeM 37eChb PasjHudeM MeEKAY U2, CDEJHHM KBajgparta, M v’7
KBajJpaToM CpeéaHero.
: :
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HLIM OOBEMOM, OJHO3HAUHO OIpelessieT cpelHee 3HAYEHHE KHHETHYe-
CKOH 3HEepruu MOJeKyJ 3TOro rasa.

Hucaennote oyenrxu. Tlpexne uem nepefiTH K YHCJEHHBIM OLEHKAM,
MOJIE3HO HAMOMHHTL HEKOTOpble BaxHble olpeieieHHsa. Maccy m aroma
WJIH MOJIEKYJIBl YJ0OHO BbipaxaTb B HEKOTOPBIX CTaHAAPTHLIX eAHHH-
LLaX Macch! /M,. B COOTBETCTBHH C CYILIeCTBYIOLIMM MEXAYHAPOZHBIM CO-
riamendes (MpHHATHIM B 1960 r. U HA3BAHHBIM eOUHOLL LUKAAVL QMOMABIX
6¢C06), 9Ta €MHUIIA MAcchl PaBHA OJHOH JBeHaIuaroll 4acTH Macchl aTo-
Ma ONpEAEeJEHHOro H30TONa YrJepola, a HMeHHo, usoroma C! *):

Meaa
12 -
TaxuM oGpason, macca atoMa C'2 cofep:KHT poBHO 12 eluHuIl Maccwl,
a Macca artoMa BOJOpoJa npubausumenbHo paBHa OJHOH eHHHILE MACCHI.
OrtHoltleHHe Macchl /M aroma (HJH MOJEKYJIbl) K eIUHHLE Macchl My
Ha3bIBAETCS QMOMHbIM 66COM ATOMA (HJH MOAEKYAAPHBIM 66COM MOJIEKY-

Jbl) ¥ oGo3Hauaercss GYKBOH W
m

p=. (23)

my

my ==

(22)

3 s10r0 OmpenesneHus clelyer, uro atoMHblil Bec C!'? pasen 12.

Y 1I0GHBIM MAKPOCKOITHYECKHM YHCIOM AaTOMOB HJIH MOJIEKYJ fIBJIsIeT-
ca yHeao N, atoMoB  Maccoit m,, KOTODble BMECT€ HAEIOT Maccy
1 rpamm (e). Ilostony N, paBHO

N, ==L, (24)

310 BbIpaKeHHe MOxKeT OBITb nepertucaHo B BHe
m u

L 25)

¢ mmy, m

3aech Mbl Hcnodb3oBany Beipaxkeuue (23). Ys (25) cnenyer, uro uicno
N, paBHO TaKxKe UHCAY MOJIEKYJ C MOJIEKYJ/ISipHBIM BECOM (L, 0O61as
alacca  KOTOPBIX cocTaBsseT | rpamd. Hucno N, HasblBaercs uucaom
Asoeadpo.

OxnH Mo4b BellecTBA OmpelensieTcss KakK KOJHYeCTBO BellecTsa,
cocrosiniero U3 N, MOJNEKyJ HJH aroMoB 3Toro BeilectBa. CrezoBatein-
HO, MOJIb MOJIEKYJ C MOJIeKY/IsIDHbIM BECOM |L UMEeT Maccy, PaBHYIO p 2.

DKCrepHMeHTaNbHO MOKA3aHO, YTO YHCJA0 ABOTajpo PaBHO

N,=(6,02252 + 0,00009)- 10%* moJteky1/MOIb. (26)
(CM. TabGauuy ¢u3M4eCKHX KOHCTAHT B KOHUE KHHTH.)

BocnonbayeMcst Tenepb BelpaxkenusMu (19) u (21) mas napjeHuss rasza, ytoGh
OLEHHTb MOJIEKYJsIpHbEle BesluunHbl 4715 a3ora.(Ny), rasa, aB/IsOUErocs OCHOBHON KOM-
TOHEHTOH BO3XyXa. DKCIepPUMeHTAJbHO YCTAHOBJAEHO, YTO NPH KOMHATHOI TeMmnepa-

*} Hanomuum, uto AaHHblf H30TON Azpa X oGosHayaerca cHMBodoM X7, Dto o6o-
3HAUeHHe NOKASBIBAET, YTO SAPO ATOMA COCTOHT H3 A HYK/IOHOB (mpoToHos-i-HefiTpo-
HOB). ATOMBI, ¥MEIOUIHE sJpa C Pa3IHYHLIM UYHCIOM HEHTDOHOB, HO C OJIHHM H TeM XKe
YHC/IOM TPOTOHOB, XHMHYECKH NOJ0GHR], TAK KaK HX 3JeKTPOHHas 060IOUKa HMeeT OfHHa-
KOBOE YHC/IO a.nex'rpon'os.
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Type # atmochepHoM naByeHn (106 dun/cm®) Macca asora, HaxoAsulerocs B cocyae obbe~
mov B oaun JuTp (10% ca3), pasha 1,15 e. Tak Kak menekyJsapHellt Bec atoma asora N
paBen 14, TO MOJIeKyJApHEIH Bec MoJekyJael asora N, pasen 2-14=28. Jro 3Hauynr,
4TO B 28 2 43074 CONEPIKUTCH MHCIO MOJEKYJ, paBHOe YHeay ABorazpo. TlonHoe yuciao
MOJIeKyJq B cocylle, TAKHM OGpa3oM, PaBHO

N =(6,02-10%3) %;—5:2,47- 102% mouteky.,
TaK 410 '
. 22
n:_i\L:2_,_47___10_ A 2,5- 1019 moaexy.s/cud. (27)

|4 108
Henonbays soipaxenne (21), MOKHO NONYYUTD BhlpamkeHie JUist cpelliiell KUHETHUECKO
SHEPrHH MOJIeKyJ1 a3oTra:
- s 6
5.3 0P 3 < 106\

W myL=g | & 6,0-10~14 5p. (28)

2,5.10 )
Tak xak Ng MoJieKy.1 a3ora (N ,— uncio. ABOrajpo) HMeOT Maccy, paBHyio 28 g, To
Macca OJHOHM MOJIEKYJBl a30oTa panHa
28
TE,02-105
Hcnonbays Boipakenue (20), MBI noaydaen, u4ro
- 26 2.(6,0-10-149)

2 ~ 9 A.10°
V= 4.65-10-28 ~2,6-10

m

=4,65-10-2 ¢, (29}

uay
AR5, 100 cm/cex. (30}

Cpednas 0auna ceoboonozo npobeza, OueHuM cpeiHee paccTosiHue f,
KOTOpOe TpoJeTaeT MOJeKyJa Ta3a, npexJe ueM OHa CTOJKHETCS ¢ Apy-
roil MonekyJo#. BennunHa [ Ha3blBaeTcs cpednell 0Aunesl c60600H020 1Lpo-
6ceq MoJIeKy bl (MHOTAA ISl KPATKOCTH Mbl OyjaeM mucatb: CBOGOIHbII
npober). Ynpoillas 3alady, Mbl MOXKEM CYHTATh, YTO KaXKias MOJsiexyJa
umeeT GopMy Cepbl U YTO MEKAY JIOObINMK ABYMS MOJIEKYJIaMH LeHCTBYIOT
Te e CHJIbI, YTO H MeXAy ABYMS TBeP/AbIMU ceparH PaAHyCcoM 4. DTo 3Ha-
YHT, YTO MOJIEKYJbl HE B3aUMOAEHCTBYIOT APYT C APYIOM, [OKa pPaccros-
Hue R mexay uX uedrTpamu Goablie 2a, W B3aHMOACHCTBYIOT (T. €. cra/t-
KHBAOTCS1), Kak 10.1bKo R < 2a. Puc. 1.35 wamocTpupyeT B3anumojefi-
CTBHe ABYX T4KHX MOJeKyJ. 3lech MoOJekyaa A’ CuHTaeTcs HenonBix-
HOH, a moJekyJaa A npulJiiKaeTcs K Hell ¢ HEKOTOPOH ©THOCUTedbHOMR
CKOpocThio V TakuM 00pa3oM, YTO LCHTPH! MOJEKY./F HAXOAATCS Ha pac-
crosHui b Apyr ot apyra. OUeBHAHO, YTO MOJEKYJbl HE CTGJAKHYTCH,
ecan b>>2a, n CIONKHOBeHHe NpoH3oiijet, ec1n b << 2a. CTONKBGBEHHE
JBYX MOJIEKYJl MOXKHO IOSICHHTH cjenyiominM oGpasoM. [lpeactannm,
4TO ¢ MOJIeKYJ10f A XecTKO CBA3aH AHCK PajuycoM 2a, UeHTP KOToporo
HAXOAUTCS B [leHTpe MOJEKyNbl A, U BeKTop cKOpocTd V HepIeHAHKY-
JSIpeH K IIOCKOCTH 3Toro jaucka. CTO/KHOBeHHe MEXAY MOJEKV.1aMH
NpoH30/ileT TOJBKO B TOM Clyuae, ey IeHTp MoJekydnl A’ Jexur
BHYTPH 00beMa, 06pa3yeMoro JUCKOM, JBHIKYUIHMCH BMeCTe C MOJeKy-
Joit A.

[Tnhowaze ¢ takoro BooOGpakaeMOro AMCKA, ABHXKYLIErocs BMeCTe
€ MOJEeKYJOH, paBHa :
o=n (2a)* = 4na? ' (31)
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H Ha3bIBAETCH HOAMHBLY COHEHUEM PACCESHUA AJS ABYX CTaJlKHBRIOILHXCS
moJekys. OGbeM, oGpasyeMblil JUCKOM TNpPH INepelBHKEHHH MOJIEKY /bt
Ha paccrosinde [, pasen ol. IIpeanonoKuM, uto B 3T0M o0beMe B Cpei-
HEM HaXOAHTCS TOJBKO OJHA MOJIeKYJa, T. €.

{(oh)n=~1,

rjle # — YHCJO MOJIEKYJ B ennunne obbema. Torna paccrosiue /, npo-
XOIHMOE MOJIEKYJOH /0 CTOJKHOBEHHsI ¢ APYTOH MOJeKyJoH, H GyleT
cpeitnedl ganuoil crofoaHoro npobera. Taxkum o6paszon, Mbl NOJAY YUY

[~L (32)

Kak u cuaenosano oxujarb, cpelHHil npober MoJekyasl  yBeJIH4H-
Baercst ¢ ymenbllegHeM £ (TaK KaK IpPH 3TOM YMEHBILAeTCs YHCJA0

4

________ - ) Ao
B — —_—
5} 221[ B T a
Pirc. 1.35. PHCYHOK HARIOCTPHPYCT CTOMK- Puc. 1.36. CTonkiloBeHHe MoJleKynsl A € MoJie-
HoBeHHMe [ABYX Tamedmx cbhep paany- KyJdoil A’, UeHTp KOTOPOfi HAXOAUTCH BHYTPH
coM a. odnema, oﬁpasonamwro BooOparkKaeMbim  Alic-

KOM. ABHIKYUIHMCS BMeCTe ¢ MoJeKyJsioil A.

MOJIEKYJ, C KOTOPLIMH JaHHAs MOJeKyJa MOXKeT B3auMojelicTBO-
BaTh) U C YMeHbIIeHHEM pajuyca MOJeKYJbl (TaK Kak IIpH 3TOM pac-
CTOSIHHE, Ha KOTOpPOE MOJIEKYJIbl MOTYT TIPHOJM3UTBCS APYT K IPYTY, He
HCIBITHIBASE COYJIaPEeHHsl, YMeHbLIAeTCst).

Ytolbl chetalh YHC/eHHBlE OLEHKH, BepHeMCSl K paHee PACCMOTPEHHOMY 430Ty
N,, HaXoAslleMyCsi pH KOMHATHOIl TemnepaTtype H aTvocdepHoM AaBaexud. Painye
MOJIeKyJ bl HMmeeT nopsiaox 10-8 oy, T e.

a~ 108 cu.
M3 spipaxkenus (31) MOXKHO NOJY4YHTH BeJIHUHHY NMONEPEYHOro CeYenus:
0 =4na® ~ 12.10~16 ¢y,
cnoas3ysa (27) u (32), noayuus ouenky

| 1
no 7 (2,5-1019) (12-10-15)

[

iy
I ~3.10—5 ca. (33)

3aMeTnM, YTO CpefHsisi AIHHA CBOGORHOIO NMpoGera MOJEeKYJHB SHAUHTENbHO GoJbiue
ee paiuyca, T.e. IS a. DT0 ABASETCs] JOCTATOYHO XOPOIIHM TNpHOIH:KeHHeM K
HIea/ILHOMY Ta3y, TaK KaK MOJeKYJbl B3aHMOJAEHCTBYIOT APYr C APYTOM AOCTATOUHO
peako. C Apyrofi CTOpoHH, CPeJHHH TIpoGer MOJIEKYJB OueHb MAaJ NO CPaBHEHHIO C
AnHellHLIMH pa3Mepamu JIMTPOBOrO COCyZa, B KOTOPOM HAXORHTCA ras.
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1.7. OcHoBHble NPOGREeMbl MAKpPOCKOMHUECKOH (u3uKku

Hecmorpst Ha TO, 4TO paccyKAEHHsS B 3Tofl raaBe yMMesaH GoJbiiel¥
uaCThi0 KaueCTBeHHbIH XapaKTep, HaM YyJAa/loCh MOHATb Psifi BaXKHBIX
CBOMCTB MAaKpPOCKOIIMYeCKUX cHcTeM. Tellepb Mbl 06,124a€M JIOCTATOUHBIN
OnbITOM, YTOOHR PacCMOTPETh HEKOTOpble NpobaeMbl, UMeonHe Goablloe
sHaueHue.

Ocroerole npuryune.. Hamell nepBofl 3ajavefi siBASETCS HCHO.1H30-
Banue KaueCTBEHHLIX MpelCTaBJeHHH O MaKpOCKONMHMYEeCKUX CHCTeMax
JUIsi CO3/IAHMS! SICHBIX TeOPETHUeCKMX [1PHHIHUIIOB, MO3BOJISIONUX Je1aTh
KOJIHUeCTBEHHbIe NIpeAcKasaHus. Hanpumep, mbl 3HaeM, YTO HEKOTOpbIe
COCTOSIHUSL MAKPOCKOIHUECKHX CHUCTeM saBJSOTCH BoJiee BePOSITHBIMIE
(uan Gosee cayyaiiHbiME), ueM Apyrre. Ho Kakum o6pasod MOKHO TOUHO
onpejesinTh BEPOSTHOCTh JAHHOTO MAaKDOCOCTOSIHHSI M KAaK H3MepiiTh
cTeneHb €ro CAy4aHocTH? 2TO BOMPOC IEPBOCTENEHHOH BaXKHOCTH.
Mbl BRIICHUIM TaKKe, UTO He SABHCAILCe OT BDEMEHH COCTOSIHHE PaBHO-
BeCHfl COO1BeTCTBYeT Haubojee Cay4aliHOH cuTyaluH B H30JHPOBAHHOR
cHcTeMe. )

TakuM o0pasom, CHOBA BO3HHKaeT npoGJeMa TOYHOTO ollpese-
JeHnst cayuaiiBocTu. TpyINHOCTH BO3HHKAIOT H B TOM CJydae, KOTAa
Mbl paccMaTpuBaeM JIBe TIPOM3BOJbHbLIE CHCTEMBI, HAXOAAUMECS B Tell-
JIOBOM KOHTaKTe ApYr C ApyroM. Mol npexmosiaraen, 4TO B COCTOSIHIIH
papHOBeCHs, COOTBETCTBYIOLWIEM MaKCHMaJbHOH CcaydyalHOCTH (Heyo-
PSIOYEHROCTH), HEKOTOphIA mapanerp T (XapakTepu3YIOWHH CpelHIon
SHEpruIo atoMa B CHCTeMe) JAO/KeH ObiTh OJHHM U TeM XKe Aas O0eHX
crcreM. Ho Tak Kak Mbl He 3HAJH, Kak ONpeleJHTb NOHATHE CyYaiiHo-
CTH B O0lleM Clyyae, TO Mbl He MOTJIH JaTh Kakoe-JHGO SICHOe Ofnpese/ie-
uue napametrpy 7 (KOTOpHIH YCJIOBHO Obl] HA3BAH «aBGCOJIOTHON Temmne-
parypoii»). TakuM o0pasoM, BO3ZHHKAeT CJAeLyIOUMil OCHOBHOH Bompoc:
KaK HCIOJIb30BATL BEPOSITHOCTHbIC MOHATHSI AASL [TOCJAEA0BATENbHOIO
OIMCAHUS MaKPOCKOMHUYECKHX CHCTeM, MPH KOTOPOM CTAHET SICHBIM
CMBICH cAydafiHOCTH W aGCOMOTHOI TeMieparyphl?

B npuMepe ¢ MAsATHHKOM B M. 1.3 MBI BHJieJH, YTO BOBCE He OYEBIIHO,
Kak 3Heprus, pacnpelejieHHas cayualinbiM 00pasoM MeKI1y MHOTHMH
MOJIEKY1aMH, MOXET MepPeXOAHTb B MeHee CayuafiHOe pacnpelesenie,
Nnpu KOTOPOM OYLET NMPOH3BOIAMTLCA paboTa, BHIIOJHAEMAs MAKPOCKO-
NHYeCKOH CHAOH Ha HEKOTOPOM MaKPOCKOMHYECKOM DAacCTOSHHM. IDTOT
fipuMep BCKpbIBaeT BOMPOCH GOJBLIOH BaXKHOCTH. BO-NEpBbIX, B KakoH
CTelleHH MOXKHO HCHO/AB3OBATh HEPrHIO, PacTPefesieHHYIO CJ1y4YalHbIn
0o6Gpa3oM MeXAy MHOTHMH MOJIEKy/JaMH BellecTBa (Hallpumep, yras
Waud OeH3uHa), U KOHIEHTPUPOBATh ee TakuM o00pasoM, 4TOGbl OHa
npuBojMna B ABMKeHMe nopmenb? Muauve, KakoB KOI(pOULHCHT
HONE3HOTO JieHCTBHA MapoBOTo taH OeH3WHOBOTO ABMraTe/sd, OCYlie-
CTBHBIIMX TNPOMBILLJIEHHYI0 PeBOJOHUIO? Bo-BTOPHIX, B KaKOi cre-
NeHH MOXHO HCTOJb3OBATh YHEPTHI0, pAClpelleNeHHYIO claydalHbiM 06-
pas’cM MEXJIy MOJEKYJaMH HEKOTOPbIX XHMHYECKHX COEJMHEHHH, #H
TIEpeBOJINTL €€ B MeHee cJayuafiHble (pOpMbl, MpHrofHble st CO3AaHH s
MYCKYJ/IbHBIX YCHJMII MM AJIsl CHHTE3a BBICOKONOJMMEPHBIX ~MOJEKYJI,

~
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HaNpuMep, TakHX Kak Oesok? JpyruMmu cjioBamu, B KaKkol CTelleHH
XUMHYECKYIO SHEPTHIO MOMKHO HCHOJIb30BaTh JJisi ofecliedeHHst OHOJIO-
rHYecKUX ITpoIeccoB? SICHOe NpeACTaB/IECHHE O MOHSTHH CJYYaiHOCTH
1I03BOJIMT HAaM OTBETHTb Ha Bce 3TH BONPOCHL.

Cesoticmea cucmem 8 cocrmosnull pasHosecus. T aK Kak CBOACTBA Makpo-
CKOIIHYECKHX CHCTEM B COCTOSIHHH paBHOBecHsI OCOOGHHOC NPOCTbI, TO-
OHH JIOJKHBI JIErKO MTOANABATBCS KOJHUeCTBeHHOMY onucanuio. Cyiect-
BYET MHOTO PAaBHOBECHBIX COCTOSIHHE, KOTOpbe IpPeACTaBAsIOT GOJbIIOHK
HHTepec. PaccMOTPHM HEKOTOpble H3 HUX.

OaHOpoAHOE BELIECTBO SIBASIETCS OJHUM H3 NpoCTefillNX IIPHMEPOB
CHCTeMBl, YbH DABHOBECHDIe CBOACTBA MOMHO HAJeATbCst ONHCATb KOJIH-
yecTBenHo. llpennonoxum, Hampumep, YTO HEKOTOpbIl Ta3 HJH KHI-
KOCTb NPU 3aJJaHHOH TeMIeparype HAXOJHTCA B COCTOSIHHH PAaBHOBECHSI.
Kax 3aBucCHT BesJHUYHHA [aBJeHHsi OT TeMliepaTypsl H oObeMa 3Tofl cpe-
JAbl? VA npeanosicKUM, 4TO HEKOTODOE BelleCTBO COACPKHT aTOMBI
2Kesle3a, HMeIOlle OnpeleseHHblii MATHUTHBIA Momeut. llycth 310 Be-
HIeCTBO, TemrepaTrypa KOTOpPOro 3ajaHa, NOMELIEHO B, MarHuTHOE 10.e.
UeMy paBHa HAMATHHYEHHOCTb, T. €. KAKOH MArHHTHBIA MOMEHT [pH-
XOJUTCA Ha eIHHULY o0bema JaHHOrO BelliecTBa? Kak sTa HamarHudeH-
HOCTb 3aBHCHT OT TeMIEPATY bl H MarHHTHOIO NOJIsA? B KauecTse APyroro
IpHUMepa JOMNYCTHM, YTO HEKOTOpOe BElIeCTBO (3TO MOXKET ObITb KHJ-
KOCTb, TBEpO€ Te/IO HJH Ta3) HorJjomaer HeGoJblloe KOMHUeCTBO Tella.
Ha kaxkyio BeMuMHY BO3pacTeT TeMOepaTypa BeliecrBa?

Mbl unTepecyemcd, OJHAKO, He TOJbKO MaKpOCKOMMYECKIMM mapa-
METPAMH CHCTEM, HAXOASIMXCR B PABHOBECUM, HAC HHTEPECYET TaKXKe
NIoBeJleHHe aToOMOB, M3 KOTOpbIX 3Ta CHCTeMa COocTOMT. PaccMmoTpHM, Ha-
1IpUMep, COCYI C Ta3oM, HaXOAAIMHCH [IPH ONpeneicHHOH TemmepaTty-
pe. OueBHAHO, 49TO CKOPOCTh MOJEKYJ rasa He Oyier onnHaxoBoii. Hac
MOXKeT HHTepecoBaTh, KaKasi 4acTb MOJEKYJ HMeeT CKOPOCTb, JIeXKAalLyio
B 3ajaHHOM uHTepBade. Ecau B cocyle cnenath HeGosibliioe OTBEPCTHE,
TO HEKOTOpble MOJEKYJIbl TOKHHYT COCYA H INPOHUKHYT B OKDVKaOUH
‘€I'0 BAKyVM, I1€ HX CKOPOCTb MOXeT OblThb HENOCPEJICTBEHHO H3MepeHa.
Takum o6pasom, NPEACKA3aHHSA TEOPHH MOXHO OYIET CPaBHITh C Kce-
nepHMeHTOM. PaccMOTDHM niycTolf  COCyA, CTE€HKH KOTOPOrO HarpeThi
JIO BBICOKOH TeMmiieparypbl. Tak Kak aToMbl CTEHOK COCYAa HCAYCKAIOT
3JIEKTPOMATHHTHOE H3JIyYeHHe, TO COCY] HaMOJIHeH H3jydenueMm (¢oro-
HaMH), HAXOAALIUMCS B DABHOBECUM CO CTEHKaMH cocyla. KakoBa Be-
JIHYHHA SHEPTrHH 3TOTO 3JeKTPOMArHUTHOTO H3AYueHMs, 3dK/IOUeHHasd
B 3aJaHHOM HHTepBasie 3Heprufi? Leau B cocyme caenars HeGoJbHIOE
OTBEPCTHe, Yepe3 KOTOPoe HaJyuyeHle MOXKeT IPOHUKATb B OKpYKaiollee
NIPOCTPAHCTBO, H C NOMOIILIO CIEKTPOMETPa U3MEPHTL €0 IHEPTHIO B RaH-
HOM HHTepBaJie 9acToT, TO MpeICKa3aHHs TeOPHH MOXKHO Gyier npo-
BepHTb Ha omblTe. JTa NpobaeMa HMeeT GOJbLIOE 3HAYEHHE [Jsi HOHU-
MaHHsl TIpolecca UCHYCKaHUsSI H3/1YyYeHUs] HAarpeTbM TejoM, Hanpumep,
COJIHIEM HJH HHUTbIO OCBETUTE/bHOH JaMIIbl.

Hpyroii npo6/ieMoil, npencrapJsiomeil 60bWOR HHTepec, ABAAETCA
BO3MOKHOCTb XHMHYECKHX peaKuHil MeXAy MOJeKy/JaMH pasHoro poja.
PaccmorpuM cocya obbemoM V, HamoJHEHHBIA ABYOKHCHIO YIVIEPOIA
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CO,. B cootBercTBUH ¢ XHMHUeCKo#l peakiyeli

9C0, == 2C0 -0, (34)

mosekyasl CO, MOKHO IpeBpaTuTh B MOseK yJibl okHcH yraepoga CO u B
Moaeky.Jibl kicropoia O,, uan Haobopor. Ecan nosoiuars temneparypy
cocyja, conepaxkatlero Mosekyan CO,, TO HeKOTOpbie H3 HHX 6YAVT AHc-
coipnpoBate B mosekyanl CO u O,. B peayabTare cocyn Oyrer colep-
xatb Mosiekyaibl CO,, CO u O, Ha-
XOIsilHecsl B PaBHOBECHH IPYr C
apyron. Bossnkaer Bonpoc, Kakim
06pa3sON MOXKHO NOJACYHTATh OTHO-
cHTe bHOe 4Heno mogekya  CO,,
CO u 0O, naxopsmuxcs B cocyle

Aummmarmepies

o Mg/@’ggf’fpﬁb’“ npH 3aJ1aHHOM TeMIeparype?
73 aceM
Monewynsl, laxe paccMOTpeHHe IIPOCTOTO
Lol ETUUE 113 £acydn BEIEeCTBa, COCTOSIIIEr0 H3  hOoJe-

Puc. 1.37. Cocyn, HanoAHeHHBIN rasoMm, IMeeT
oueHb MaJNielbKoe OTBEPCTHE, 4eped KOTopoe
MOJIEKYJ/IBl MOTYT BBINOAHTB B OKPYMaIOLHil
BakyyM. C NOMOIbIO OAHON LTI HCCKOJABKHX
NOAJHUMHDPYIONINX Lilencll MOKIIO RblILeNNTb MO~
Jiekyanpuslili nydok. Pacnpelencyile MoleKya
N0 CKOPOCIH B NY4Ke oOflpeleisieTCst pacnpe-
JedenHeM B cocyle. MeToidl MOJCKYyJSpHOro
YUKA BO3BOJSIET HAYUATH [HORCdeHHe WAOJAUPDI-

KYJ OJHOTO THIIA, MPUBOAMT K Psi-
1y HHTepecHeHIIHX mpoGaen. Ta-
KO€ BeUIeCTBO CYLleCTBYeT B pas-
JUYHbIX Gopmax Han dasax, T. e.
MOKeT ObIThb  FasoM, XKHIKOCTBIO
aubo  TeepAbM TesoM. [Ipoctbia

FUHHBIX ATOMOB HJI1 MOJIeKYJ]. Ero ouennb ua-
CTO HCNOJAB3IYIOT B COBPeMeHHBIX (H3HUeCKIX
DKCNePHMEeHTaxX.

MPHNMEPOM  CJAYKHT BOAd, HMEIO-

mas  Bce Ttpu  (a3pl  BOAsIHOMN

nap, kKHAkas Boia H Jel. B Jjio-

6ol (ase BewlecTBO COCTOHT M3 GAHWX H TeX Ke MOJAEKyJ (B ciayuae

BojJbl 310 Mmosekvasl H,0), HO pacnogoxennbx mo-pasHomMy. B rase

MOJIEKYJbl HaXOAATCS CPaBHHTENBHO HaJ/eKO APYT OT ApYra M JBHKEHle

HX HOCHT cavuafi#blil B IOUTH He3aBHCHMbIE xapaktep. B tBepnoit dase
pacroJioxkenye MoJeKkysa BecbMa ymopsiiodento. OHH  pacnosiozKeHpl

B y3aaX npaBHAbHON KpPHCTajdauueckofi peiieTKM M MOTYT COBepuiaTh.
JIHIIb HefoabllNe KoJeOaHUs OTHOCHTEIbHO 3THX noJokeHud. B xxiiKkoi

(paze pacnoJioxeHHe MOJEKYJ HMeeT NPOMeXKYTOUHbI Xapakrep, Tak

KaK OHH cBA3aHbl He T4K XKECTKO, KakK B TBepJOM Tele, HO I He obiaajaior
cBoOONIOH MOJIEKYJ rasa. B KUAKOCTH MoJeKyJibl JOCTATOHHO 6/1U3KH,

ytoObl OKasLBaTh CHJbHOE BJHAHHE JPYF Ha JApYra, HO B TO Xe BpeMA
OHH JOCTATOYHO YJAa/eHbl, YTOObI NepeMenarbcsi APYr OTHOCHTEJIbLHO-
Apyra Ha Oosbluue pacctosnus. Kayuenue paccesHHst PeHTreHOBCKHX

Jyuedl NOATBePkIaeT CKa3aHHOE HaMH O XapakTepe pPacHo/OXKeHHS MO-

JIEKYJl B 3THX pasjHyHBIX dasax.

XOopowo H3BeCTHO, UTO BEUIECTBO NEPEXOAHT M3 0AHOMI a3kl B Apy-
Iy1o TIpH BNOJIHE Onpe’eNeHHOH TenmepaType (IpHHHMAas MJM OTHaBast
TenJsio B peayabTaTe Takoro nepexoia). Hanpumep, Bona npu 0° C nepe-
XOJANT U3 TBeploi dasb! (iel) B XKUAKYIO (BOLYy), KOTOP&A B CBOIO O4epelb.
(npu IaBJjeHUH B OfHY atMochepy) nmepexozut B ra3 npu 100° C. [lpu
HEKOTOPbIX YCJIOBHSIX BO3MOXKHO OJHOBPEMEHHOe CYHIECTBOBAHHE [BYX
(a3, naxolslHXcs B PaBHOBECHH JPYT C APYroM (HalpuMep, /el H BO-
aa npu 0° C). Teopus, onucbiBaoulas noBefleHHE CHCTEM B PaBHOBECHH,
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TIO3BOJISIET CAeNaTh NMpelcKa3aHue o JaBJeHUH H TeMiiepatype, NpH KOTO-
PHIX BO3MOXKHO paBHOBecHe NBYX ¢as. HMcrnonn3ysa 3ty Teopuio, Mal MO-
eM IIpeicKasaTh, MPH Kakofi TeMmnepatype JaHHOe TBepjoe BEILLeCTBO
npeBpaumaercs B XHIKOCTh U IPU KaKo# TeMnepaTrype XKHAKOCTb HCMA-,
psieTcss 1 CTAHOBHTCSL I'a3oM.

Bce 310 ouenp TpymHbIe M HHTepecHble 3agadd. Mx penlerve onsitb
‘CBSI3AHO C TOHATHAMM O CTeNeHH CAY4afHOCTH H YIIOPsA0YeHHOCTH.
Ilpn Bo3pacranun aGcosioTHoli TeMmepa-
TYpHl BelliecTBa (UJH CpelHel SHepTHH aTo-
MOB) OHO HEpEeXONUT U3 OTHOCHTEBLHO YIIO-
PSAOYEHHOTO (MM MeHee C/Iy4aliHOIO) TBep-
JOFO COCTOSIHHSI B XKHWIKOE COCTOsiHHE, 00-
Jalamee MpoOMeXYTOYHOH CTeNeHblo I1o-
psaaka. Ilpu eme 6o/bieM yBeJHUeHUH TeM-
neparypel KHAKOCTb I1€pPeXOIMT B raszood- | =T =—="—]1 Boig
pasHoe cocTosiHUe, KOTOPOMY COOTBETCTBYeT | —— — —
HauboJbIuul  Gecriopsiaok. Y IMBHTE/IBHO,

OJIHAKO, UYTO TaKHe H3MeHEeHHS B cTelleHu  Fnc. 1.38. 3accs noxasano cos-

MecTHOe CyIleCTROBaHHe ABYX (a3,
TOPSiAKA NPOUCKOAAT CKAUKOM, IIPH BrOJIHE BOABI M [apa, HaxXoAsU[HXCH B

- o paBHOBECHH [IPH HeKoTopoil on-
ONpenesieHHOM  TeMmmeparype. Hpqumou penaesienHoit TeMnepaTtype. asJe-
5TOTO SIBASETCS CBOENO POJA KpuTHueckas e MaPasapivif thlbro of rew:
HecTaGHJIbHOCTh MOJIEKY1 B BetllectBe. [1pen-
NOJIOKHUM, HANpHMep, YTO TeMIeparypa TBepAOro Teja J0CTaTouyHO Be-
JIHKA, TaK 4TO MOJEKYJIbl UMEIOT OTHOCHTENBHO GO/IBINYIO0 SHEPTHIO H MO-
TYT COBEpIlaTh OKOJO CBOHX Y3/10B B KPHCTaMJIHYeCKOH pellieTKe KOoJle-
6aHHs, aMOJHTYJa KOTGPHIX CPAaBHUMa C PACCTOSITHHSIMHU MEXNY y3JaMH.
TlpennosoxumM aadjee, 4TO B pe3yJ bTaTe (UIYKTYaHHH HECKOJbKO CO-
CelHUX MOJIEKYJ OJIHOBPEMEHHO NOKMAAIOT DELYJ/IsPHYIO KpHUCTaaande-
CKYIO pewleTKy. 310 cOaeruaeT 6JH3JeKalluM MOJIEKY/iaM BO3MOXKHOCTh
TOKHHYTh CBOW y3Jbl B pelleTke, # T. A. B pesyabTare Mel HaGJonaeM
npoilecc, KOTOPbIH OYeHb INOXOXK Ha 00BaJj NOMHKA M3 JOMHHO, T. €.
BBICOKHH NOPAJOK B PACIOJOMKEHHH MOJEKYJ B TBEPIOM Tesle HeoxKHIaH-
HO HAaYHHaeT YMeHbIIATLCS H TBEPJOE TeIO NPeBpallaeTcsl B JKUIKOCTb.
Takaa HecTaGUABHOCTb, Pe3yAbTATOM KOTOPOH SBASIETCS mJaBjeHHe
TBEPAOTO Tesa, BOBJeKaeT B IPOLIECC BCe MOJIEKYJIBl BenecTsa. Mbl Ha3bl-
BaeM TaKHe SBJACHHS KOAACKMuUsHboimu npoyeccam. K HUM PHHAIJIEKHUT,
HanpuMep, TasTHHe WJIH Napoobpa3oBaHue. I/ aHajau3a TaKHX siBJie-
HUH HeoOXOAHMO OJHOBPEMEHHOE DacCMOTpeHle B3auMoAeACTBUS Bcex
soJiekyd., Penrenyie nono0GHbIX nmpobaeM Ha MHKDPOCKOITHYECKOM YPOBHE
ABJSETCS OYeHb TPYNHON TeopeTHUeCKOH 3ajauei.

Cucmenmot,” He HaxoOswueca 6 pagrosecuu. PaccMOTpeHHE CHCTeM,
He HaxXOASIIHXCA B PaBHOBECUH, 3HAUHMTENbHO CJOKHEe PACCMOTPeHHS
PaBHOBECHBIX CHCTEM. 37ech MBI HMeeM JeJo C IPOLecCaMH, H3MEHSIo-
UIMMHCS] BO BPeMeHH, U Hac Npexje BCeT0 HHTepecyeT, HACKOAbKO GhICTPO
UK MelJIeHHO Takye u3MeHerHs npoucxonaar. Msyuenne stux Bonmpocen
TpefyeT NETa/NbHOTO DACCMOTPEHUS] B3aHUMOMEACTBHSI MOJIEKYJ JIPYr €
ApYroM. 32 HCKJAIYEHHEM JOBQJIBHO IPOCTOTO Cydas paspekeHHOro
ra3a TakoH aHaJHM3 MOBEAcHHA MOJIEKYJ OUeHb CJOMKeH.

| Bodenoi nagp
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PaccMOTpHM  HECKOJIBKO HHTepecHbIX npuMepos. IlepspiM H3 HIIX
Gyner xummueckasi peakuus (34). IlpeanmosoxuM, B cocyle nmpu omnpe-
JeseHnoli Temnepartype Haxoantest raz CO,. Uepes Kakoe Bpemsi Gyner
JOCTHrHYTa paBHoBecHasi KoHueHTpauua CO u O,? [as orsera HA 3TOT
BOOPOC HAM HYXKHO OIIpele/HTh CKOPOCTh, C KOTOPOH XHMHUECKas peak-
uust (34) nporekaer B 060OHX HallpaB/ieHHAX.

B kauecTBe Apyroro npuMepa paccMOTpHM IBa GOMBLIINX Tesa, HMero-
HHX pasnuyble Temneparypol, 7y 0 T, W COEMHHEHHBIX Mek1y coboit

crepxkHeM. Takas cHcTema He Haxo-

Tl e JMTCST B paBHOBeCHH, H uepes coei-

7 7 7 //// HAIOIHUA CTep:KeHb Telsio Oyler ne-
1% /7; PEXONHTL OT OJHOTO Tesa K APVIOMY.
i Lmepwens Z Hac wunrtepecyer, HacKo.1bKO a(pdeK-

THBHO TepefiaeTcsi SHEPrud 1Mo crep-
Puc. 1.39. IIsa tena ¢ pasamunofi temne-  KHIO, T. €. KaK GblCTPO JlaHHO€ KO-
B Tenna ot omoro. ena & noyrowy. JIMYECTBO Tem/d MOMKeT HEPEHTH OT

O/IHOTO Tesna K JAPYyromy. 3TO 34BH-

CHT OT BHYTPEHHHMX CBOHCTB CTep-
JKHSI, a HMEHHO, OT €r0 «TeNnJoNpoBOjHOCTH». Hanpumep, crepKenb,
CleJIaHHbI M3 Me:H, TPOBOAHT TEIVIO JYUILie, 4eM CcTepyKeHb 113 HepKaBero-
wiell cran, T. e. Melb 06/1a7aeT GoJiee BBHICOKOH TeNNONPOBOLIHOCTLIO,
yeM CTadb. 3ajaueli TEODHH SABJSETCS TOYHOE OMpeieeHtie MOHATHS
TEeNJIONPOBOAHOCTH I ee BbIUIICIeHIe.

Hexomopete svtsoder. [1punepsl, paccyoTpeHnbie B npeiabliylieM Ia-
parpade, NOKAa3blBAlOT, 4TO CVILECTBYET P MAKPOCKONUYECKHX flBJae-
HHH, KOJHYECTBEHHOE PacCMOTPEHHEe KOTOPhIX MOXKET GhiTh BbIIO.THEHO
W4 OCHOBE (DYyHIAMEHTAJbHBIX MHKPOCKOMHYeckMX nNOHnTHH. OxHaxo
ramed Lesbio He OyileT JeTafbHOe paccMoTpeHHe 3TiX npoGaen. [leficr-
BHTEJNBHO, HEKOTOpble 113 PacCMOTPEHHbIX HaMU BOMNPOCOB (Hampuep,
pacuer (a3oBbIX NEPex0I0B, TaKHX, KAk TasliHe HJH N1apoobpas3oBaHiie)
He pellieHbl elle 10 KOHLA H SBJASIOTCS 00.1acThbi0 HHTEHCIBHOTO HaYYHO-
ro HecdegoBanua. C Ipyrofi CTOPOHBI, Mbl y2Ke JOCTaTOYHO [OATOTOB.IE-
Hbl, 4TOOBl HCHOJIB30BATb KayeCTBEHHBIE 3aMeuaHHsi 3TOH IJaBbl .14
fo/ice  TIYGOKOrO KOJIMYECTBEHHOIO H3YUYeHHs MAaKPOCKOMHYECKHX CH-
cren. JT0 M3yyeHHe Gy1eT AAHTLCS J0CTATOYHO JOJr0, HO B KOHIle KOH-
UOB Mbl [IOJYy4YHM OTBeT Ha GOJbIIYIO YaCTb NOAHATHIX 31ech NpobieM.

’

Croaxa onpeaeaenuit

H3d.auposanran cucmema. CACTeMa, KOTOPAas He B3aHMOAEHCTBYET € J10G0H Apyroi
cHCTeMOi.

Hoeaavnoid eas. Ta3, B3aumoneficTBHe MeXIY MoJeKyJ1aMH KOTOPOTO MOYTH Npe-
Hebpe:xunMo Masi6 (T. e. 0HO JOCTaTOUHO BeJHKO, YTOGHI MOJIEKYJb! MOTVIH OOMEHUBATHCS
sneprueil, HO NpeHeGPEAKHUNMO Maja0 B APYTHX OTHOILEHUSIX).

Hoeaaonan cucmema cnunog. Cucrema, COCTOSmAs U3 CNHHOB, B3auMOLelcTBHe
MeNJ1y KOTOPBIMH MOYTH NnpeHeGperxHMO Maad (T. e. OHO JOCTATOUHO BEJHKO AAs TOTO,
$TO6bI CITHHBI MOTIH OOMEHHBATLCS SHeprHell, HO NpeHe6peKHMO Mand B APYTHX OTHO-
WieHUAX). i

Mukpockonuseckasn éeausurna. Beanunna nopsigka aToMHbIX pasMepoB WM MeHbILe.

Maxpockonuueckan eeauuunda. Benuuuna, anauutenpHo GOJbLIIAS aTOMHBIX pa3
MepoB, -
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Muxrpockonudeckoe cocmoanue (Unu muxpococmoanue), CocTosHie CHCTeMbl, I
KOTOPOT0 YKa3aHO JieTalbHOe COCTOsIHNIE BCeX aTOMOB CHCTeMbI, JOMYCKAeMOe 3aKOHAMM

© MEeXaHHKH.

Maxkpocronuseckoe cocmoanue (nau maxpococmosrue). CoCTosiHHe CHCTeMBbl, OMU-
CaHHOe C TOMOILLIO BelMYMH, KOTOpble MOTYT OBITb oOmnpejeléHbl MaKpoCKo-
NUYECKHMH H3MEPeHHSMH.

Makpockonuueckuii napasemp. Tlapanerp, KOTOpBI MOxeT GHTh ofipeaenetk
U3MepeHHsMH B GOablINX MacwTabaX M KOTOPBIH ONHChiBaeT MaKpOCKOMHuecKoe co-
CTUSIHHE CHCTEAMBI.

Pasrosecue. Maxkpockomiueckoe cocTosiHbe, KOTOPOe He veHsETCs CO BpeMeHeM,
3a HCKJloueHHeM cayuwaliHbiX (aAyKTyauuii.

Bpeusi peaarcayuu. TlpuniepHoe Bpens, KoTopoe TpeGyeTcsi CHCTeMe, uToObl U3
HepaRHOBECHOTO COCTOSHUSA mepeliTh B CocTOSIHHE paBHOBecHH.

Heobpamuawbtit npoyecc. Tlponece, KOTOpPBIE NPH M3MEHEHHH HaflpaBJeHHst BpeMeHn
{npeacraBbTe cebe, 4TO KHHOPHIAbM NPOKPYUYHBAETCH B OGPATHOM HanpaB/eHHH) MOUTH
HUKOTZA He OpPOHCXOMIIT.

Tenrosoe 63aunodedcmsue. BaawnoleficTie, MPH KOTOPOM He COBEPILAETCS pa-
GoTa B MaKpOCKONHueCKOM MaciuTale.

Tenao. DHeprus, nepejgaBaeMast Ha MHKDOCKOMHUECKOM YPOBHe Il He CBS3aHHask
€ BBHINOJHEHHEeM MaKpOCKONMHUeCKOH paGoThl.

Tepmomermp. HeGobmas MakpOCKONHuecKasi CHCTeMa, YCTpOeHHasi TaKuM o6-
pason, 4TO NpH MOJAYyUeHMH WM OTAaue TelJla Y Hee H3MCHsETCH TOJbKO OJWH U3 ee
MAKPOCKONHYECKHX napamMeTpos.

Tepuomempuseckui napasemp. Hanensonuiics npu TOIVIOUIEeHHH W/ OTXaue
TenJia MaKpOCKONUYCCKME TapaMeTP TepMOMeTpa.

Tesnepamypa cucmemvt, UIMEPEHHAA OQHHLIA MEPMOMEMPOos. 3HAYEHHe TeMIle-
PaTypHOro nmapameTpa TepMOMeTpa, HaXOAfIlerocs B TENJiOBOM KOHTAaKTe C CHCTEMOW
B COCTOSIHHH DPaBHOBECHSI.

Cpedusn dauna ce0600H020 "‘npobeza (cpednud npobee). CpejgHee pacCTosiHife,.
KOTOpOe MOJIeKYJia rasa npoxoiHuT Ge3 coyiapeHus ¢ Apyrofi Moseky.oil.

3agaun

1.1. ®aysmyayuu 8 cucmene cnunos. PaccMOTpUM HICANBHYIO CHCTEMY M3 MSATH
CNYHOB TPH OTCYTCTBHH BHELHEro MarHHTHOro noJf. IlpeanmosokuM, 4To cHuMaeTCsk
KHHOIPaAMa 3TOH CHCTeMbl B COCTOSIHHH paBloBecnsi. B Kakoi#l yacT# Kaipos Mbl YBH-
IHM 71 CIIHHOB, HanpasJeHHbIX «BBepX»? PaceMmoTpHTe cayuau, kornan=0, 1,2, 3, 4 u 5.

1.2, Jupdysus scudxocmu. [Ipennonoxun, 4To Kanas Kpackd (Mvelomast Ty e
MJIOTHOCTB, UTO H BOj@) ymnaja B cTakaH ¢ soaoil. CHCTeMa HaXomuTest NPH NOCTOSIHHOM
TeMmepaType B He NojBep:keHa HUKAKUM MeXaHunueckuM Bosdefictsuam. [lpeanoaoxun,
4TO MBI CHUMaeM KHHO(HJABM MPOIUECCOB, KOTOPhle BO3HHKAHN B CTaKaHE 10C/Ie NATEHHSE
kani. Y7o MBI YBUaHM Ha 3KpaHe NpH mpocMoTpe kHHOMHILMA? Uro Gyaer npoucxo-
JINTb HA 3KpaHe, ecnyu (hUAbM MPOKPYUHBATH B OOPAaTHOM HanpasjieHHn? Sleasercs am
STOT NMpoLece 00pPATUMBIM K/AH HeoGpaTHMbIM?- ONHLIKTE ero, pacCMaTpHBAsA NOBeleHHE
MOJIEKYJl KpacKH.

1.8. Muxpockonutecsoe ob6vsicHerue mperus. [HepessiHHOMY GpycKy cooGmiaior
aMnysbe cuiel. OH HauMHaeT ABUTATbCH MO [OY H NOCTeneHHo ocranaBaubaetcs. O6-
paTHM HJIH HeoOpaTuM 3ToT nmpouecc? OMuLINTe, YTO MBI YBHIHM Ha 3KpaHe, eCllH KHUHO-
$HJIbM 3TOrO ABMAKEHHST NPOKPYTHTL B 0OGPaTHOM HanpasJjenud. Paccyorpute Teuenue
HTOro Mpolecca Ha MOJeKyJspHO-aTOMHOM YpPOBHe.

1.4. Mpubaruncenue K meniosormy passosecuro. Pacemorpum gsa rasa, A u A',
HAXOJlALIHECH B PAITHYHBIX COCYAX. HepBOHaqa.ano CpejHsis SHeprHsi MoJeKyJ rasa
A oTiuHa OT CpejtHeli snepruM mMoekya rasa A'. Cocynpt NPHBOATCS B CONPHKOCHOBE-
HHe, TaK YTO OHH MOTYT OGMEHHBATBLCS SHeprueii, nepel],dBaeMOH B opMe Temaa razom A
CTEeHKaM Cocyna H yxe notoum rady A'. Byzner au takoll npouece o6paTHMBIM MM HeoG-
paruMbiM? JafiTe MosieKy/1sipHOE OnUCaHHE TOrO, YTO MBI YBHAHM HA 5KpaHe, €cily KH-
HOIpaMMy MpOIIeCCa MPOKPYUYHBATh B O6paTHOM HANpaBJeHUH.

1.5, Hamenenue Oagrenus easa ¢ 06%emon. I1pin noMomu Meperopofiky cocya pas-
Jesied Ha jpe uacTd., OfHAa U3 HUX UMeeT 06bheM V; i HanonueHa pa3spexeHHbIM rasoM,
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Jpyras 4acTb mycTta. YnasuM HMeperopoiKy W NONOMK[eM, NMOKa He GVAeT JOCTUTHYTO
PABHOBECHOE COCTOAIHE, IPH KOTOPOM MOJIEKY/Ib PABHOMEPHO paclipelesTCs N0 BCeMY
«abvemy V; cacyra.

a) H3menutcs Jim noanasi sHeprust rasza? CpasHHTe CPelHIOI SHEPTHIO MOJEKYJ:
# HX CPEIHIOI0 CKOPOCTh [0 M NI0CJIe yAaJleHUs IePeropofiki.

6) Kaxoso oTHculeHne AaBjelnil rasa B 11auajibHON H KOHEUHOH CHTyaumsx?

1.6. Yucao HOLeRY 2, ydaparwuuxca 0 nesepxrocme. PaceMoTpuM 230T (N,), Haxons-
mufica NP KoMHATHOH TemIlepaType M atMocdepHOM haBieHHH. Fcnoas3ysa udcaoBbie
‘QLUEHKH, IaHHble B 5TOH IJaBe, OLleRUTe CpefHee UHCAO MOJMEKYJ a30Ta, YAapsiOmHXCst
0 naomaxky B | cm? B TeueHHe ORHON CeKYHABL

1.7. Cropocmbe ymeusu. B HeKOTOpPOM ONLITE HCNOAB3YETC CTeK/IsIHHAs KoJaba
«€MKOCTBIO B | 4, ROTOpast conepuT a301 (Ny) npi KomHaThol TemnepaType n atMocdep-
HOM zaBJcHHH. Kosba nomelileHa B cOCyll, B KOTOPOM AOJKeH ObiTb BaKYYyM. JKCNepH-
MEHTATOp He 3HaeT, YTO B K0a6¢ HMeeTcs: HeGOMbILas AbIpa PasMepoM MopaiKa 10~5cm.
“OueHnte Bpems, HeoOXOAUMOe List TOro, 4tobbl 1% 230Ta Bbillies B OKpYKalOULH
BAKYVYAM.

1.8. Cpeduee spema mescdy CmoaKHOBeRUAMU MOACKYA. A30T HaXORHTCH NpH KOM-
‘HaTHOH Tenmepatype u atMmocdepHoM AaBJeHHH, Vcnoas3ys yucaeHHble gaHHBbE, NPH-
‘BefieHiible B 3TOf T/laBe, BLIUKHCJAHTE CpellHee BpeMsl, KOTOPoe NPOXOIUT MEKAY CTOMKHO-
‘BEHUSIMH MOJIEKYJ1.

1.9. Pasnosecue mexdy amomanu ¢ pagauyroli maccod. PaccMoTpuM CTONKHOBeHHe
MeXKAy IBYMS aTOMaMH, HMEIOLLEMH Maccy iy U iy Oﬁosnaqmvl CKOPOCTH aTOMOB JO

-COY/IAPelHs V; H Vg, 3 CKOPOCTH aTOMOB MOCE COYAApeHHst V), H Vg COOTBeTCTBeHHO, Hac
HHTepecYeT,  KaKasi 9HeprHsi NepelaeTcsi OT OJIHOTO aTomMa K JIpYroMy B pe3yJbTaTe
*CTOJIKHOBEHHSI.

a) HanucaB ycioBusl COXpaHeHHMSI MMIYJbCAa M 3HepruH, MOKAXKHUTE, YTO:

Vit vi=vs4ve i)

‘[nonesno Bocmosv3oBatbes Gopmysolt v'2— vi= (v'— v)(v' -+ v)l.
6) Hcnoabays 3akod COXpaHeHus HMNyJibCa M Bbipaxetine (I), nckawouiTe U3 HUX

\‘Vg, TaK 4TOOLI BBEIpaXKeHHue s Vl COJlepKaJso TOJbKO HallaJ'beIe CKOpOC’I‘H Vi H V.

B) TokaxuTe, YTO M3meHeHHe 3Heprun Ag, = '% m, (v’ — v}) nepsoro aroma
B pe3yabTaTe CTOJKHOREHHS PaBHO
4mym 1
Agy=—12_ | (g, —&,) L= (my—my) V; -V 11
1 (ml_i_m )2 ( 1 2) 9 1 2) 1 2 y ( )

rne &;==Y%mvi H ey==Yam,v; — HAUANLHBlE 3HAUCHHS DHEPIUIl ATOMOB.
r) PaccMoTpuM ABa TaKHX aToMa Cpejy aTOMOB BeliecTBa, HaXOAsllerocs B PaBHO-
.BecHH. B COCTOAHMM DaBHOBECHS IHepTHs JIo0oro aToma B CpefHeM MOCTORUHA, T. €.,

8 yacTHocTH, Ag,=0. HauabHble CROPOCTH BCeX aTOMOB JIOJKHBI HMETh GECTIOPAI0U HEle
HanpaBjieHus, TaK YTO KOCHHYC YyrJa MeXny V; H vy OyIeT NONOMKHTENbHbIM TaK e

YacTo, KaK H OTPHIIATENbHBIM, T. €. vy -V,=0. B3sB cpesree oT o6enx uacTeil ypaBHe-
uust (I1), nokaxure, 4T0 B PABHOBECHH

£y == gy, (11T
DT10T BaHbIA pe3y/aLTAT NOKA3bIBaeT, YTO CPelHME SHEPTHH aTOMOB B DaBHOBECHH
paBHBI, Jlame eClH MAacchl aTOMOB DasJHuHEL

1.10. Cpasnenue ckopocmeti smosexys 8 cmecu 2a3o6. PaccMOTPHM ras, cocTosmuil u3
OIHOATOMHBIX MOJEKYJ C Pa3JH4HBIME MaCCaMH, /My ¥ My, HAXOAAMMACH B HEKOTOPOM
cocyie B COCTOSHMH PaBHOBECHS.

a) Henoassys pesyJLTarh! npexbilyuiedi aafaun, HafifuTe OTHOIeHMe cpejHCH
«CKOPOCTH MOJIEKY/l C Maccoii m; K cpelHeli CKOPOCTH MOJIEKYJ € MacCOfi iy,

6) IpennonoxuM, uTo TakuMH McaeKyaamu spasiotres He (reaumit) m Ar (apron)
«C aTOMHBIMH BecaMH cooTBercTBeHHO 4 M 40. KakoBo OTHOIIeHHE CPeAHHX CKOPOCTel
ATOMOB TeJIUsT H apronar

1.11. Jasaenue cmecu 2a308. PaccMOTpUM nieaNbHBIR ras, cocTosuiuil u3 aToMon
JABYX THNOB. [TycTh ia eHuIy 00beMa NPUXOJHTCS Ny aTOMOB € Macco#l 1, H 1y ATOMOB
< Maccofl fy. T1peAnonoxuM, 4To ras HaXOAMTCH B PABHOBECHH, T. €. CPefHss SHepTUs
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KaxJAOI'0 aTOMa OJIHa H Ta e, He3aBHCHMO OT Tuma atoMma. [Toayunte BhipakeHye JJisk
IaBJeHus Takoi rasoBoil cmecu. OGbAcHHTe BalllM Pe3yJbTaThl C MOMOMILIO CpelHeiF
SHEPTHH &.

1.12. [Tepememusanue dsyx 2a3os. CoCyZ pa3peeH Meperopojkoil Ha JBe paBHbie-
vacTi. B oguoit H3 HUX HaxoanTtca oauH Moab reaus (He), B apyroil oxnu Moab aproua
(Ar). SHeprus B dopMe Telia MOXKeET NepelaBaThCs Yepe3 Neperopojky OT OAHOTO rasa
K ipyrovy. Yepes HeKOTOpOe BpeMs 3TH 'a3bl JOCTHIHYT COCTOsIHUSE pasHoBecusi. O6o-
3HAYHM Cpeiliee [aBJeHHe TejHs yepe3 p,, a aproHa uepes p,.

a) CpaBHHTe Jias/leHNa p; H Py 3THX Ta3oB.

6) Yro cayuutcst, ecan yGparh neperopoaky? Omuimre, Xak GVIET BHITJAAIETH.
npouece, ecaH Cro KHHOTpaMMy NPOKPYuHBaTh B OOPaTIIOM HanpaBjeHHH. SIBasieTcs
JIH OH OGPaTHMBIM HJH 1eo0paTHMbI?

B) Kakum Gyler cpelHee /lanjieHHe rasa B KOHEUHOM PaBHOBECHOM COCTOSIHHHP

1.13. Cayuaii noaynpospaunon nepecopodxu («ocmocy). CrekasfnHas Koaba conep-
®AT aprod (Ar) npu KoaHATHON Temneparype H atmocdepHoM jasiaenun. OHa nome-
mwaercst B OoabUIVIO KayMepy, colepxainyio rennii (He) npit tex ke yeaosusx. Koaba
c/elaHa U3 CTekJa, KOTopoe NpomycKaeT maJdenbKue aToMbl He, HO He mpomyckaer
Gosibllie artonbl Ar.

2) Onnunrte npoucxoasuii npouecc,

6) Uto npencrasiser cofoit HanGosee cayuaiiHoe pacrnpeledenne MoOJekyJ,.
KOTOPOe YCTZHOBHTCS B KOJIEYUHOM DPABHOBECHOM COCTOSIHHUH?

B) KakuM cTaHeT cpejnee paBJieHHe ra3a BHYTPH KOJObI Ioc/e JOCTHX HUsS PaBHO-
BECHOTO COCTORHHS?

1.14. Tenaosvte roseOanusa amoxos ¢ mseepdom mere. Azor (N,), 3akmoueHHbN B
COCYH, HAXOAUTCS B PasHOBECHN NPH KOMHATHOH TenmepaType. B cooTelcTBuH ¢ pe-
3yJIbTATaMH, NOJAYUYEHUBIMH B 327aue 1.9, eCTeCTBEHHO NPeANOJIOKHTE, YTO CPeIHAS KH-
HeTHYECKAs SHeplus MOJEKYJIbl Ta3a NPHAMCPHO paBHa cpelinell KMHeTHYecKoll sHeprum-
aroma CTeHKH cocyia. Kax bl aToM CTenKH Cocyla pacnosioKed OKoJ0 y3ia KPHCTaJ-
JHueckoll pelieTKH. ATOMBI MOTYT COBepIIaTh CBOGOLHBe KosefaHns OKOMO V3.10B, U B
HEKOTOpOM NPUGIHEHUH ITH KOJcGaHHs MOAHO CHHTATh FAPNMOHHYECKHMH. B cpenHew
MOTeHIHAaJbHas SHeprHs aToMoB OyJerT paBHa UX KHHeTHueckoil sheprun. [Ipeinoso-
JKHM, YTO CTEHKH COCYJd CHEIaHBl U3 MeAl, NJOTHOCTE KOTopoil 8,9 o/cu® u aTomublil
gec 63,5.

a) OueHHTe CpeRHIOI0 CKOPOCTh KOJeGaHHii aTOMOB MeAH OTHOCHTETbHO PABHO--
BECHOTO IOJIOMEHHS.

6) Ouennre paccrosiive Mexpy atomanu meid. (MoxHO cuutaTh, YTO OHU pacno-
JioKeHb] B BepludHax KyOuueckoil pemetky.)

8) Ecin cuaa F npuiomeHa K mMegHOMY CTePKHIO € ILTOW2ALIO ITONEPEuHOro-
cevenuss A u gannoil L, T0 yBeauucrue LiitHbt cTepaHs AL onpetensercs ¢opayoit
F v AL
AT L
Tae nocrosnnHan Y HasuiBaercs sodyaem IOuea. Ee 3navenue s Mead paBHo Y=
=1,28-1012 gun/cm?. Hicnoaw3ys sTy Gopuyay, OlleHHTe CHAY, JefiCTBYIOUIYIO Ha aToM
Mejd, KOrjla OH CMelileH H3 CBOero yslia B pelleTKe Ha HEKOTOpoe HeGOJBILOe Paccros-

HUe X.

r) UeMy paBHa noTeHuMa/blas 3HEPrHs aToMa, CMEUIeHHOr0 HA paccTosHHe X
OT CBOEro paBHOBECHOro mnoJokeHHA? McnoabayiiTe nosyueHHbIT pe3yabTaT AJsk
GUEeHKH CpellHefl BeJHUHHM [4] aMITHTYAB! KOJeGaHHA aToMa MeIH OTHOCHTENLIO pas-
HOBecHOro nojioxerusi. CpaBHHTe BeJUUHHY |X| C pacCTOsSTHHEM MEXAY aToMamMu Meld
B pemeTKe.



TIABA 2
OCHOBHbBIE NMOHSATHUS TEOPUU BEPOSITHOCTEW

B nepBoii riaBe Mpl yOelHAHCh, YTO COOGPaXKeHHs, CBA3AHHbIE C Re-
POSATHOCTBIO, HMEIOT BarkHefillee 3HaueHHe /IS MOHHMaHHA CBOHCTB
MaKPOCKOIMYECKHX CHCTEM, COCTOSIUAMX M3 oveHb GOJbIIOrO Hiicja Ya-
«<rHu. [TosaToMy HeoOXOAHMMO pAaccMOTPETh OCHOBHLE NOHSITHSE TEODHH
BEPOATHOCTEH H BLIICHUTDb, KaK UX HCIOJb30BATb A5l pelleHUs] HeKOoTOo-
PbIX NIPOCTHLIX, HO BaxKHbIX 3ajad. Miew, ¢ KOTOPHIMH Mbl BCTpeTHMCH,
HMMeIOT 3HaueHMe, BBIXO/sLIee 3a paMKH 3TuX 3azad. Hanpumep, onu
HEOTAENHMbl OT HpofJieM, BO3HHKAIOUIHX [IpH aHajH3e a3apTHBIX TP,
B CTPaxoBOM JieJie (TeOpHsl BePOSITHOCTEH N03BoJsieT NOJYUYHTL BepoAT-
HOCTb CMEPTH HilH 60JIe3BH CTPaXYIOMUXCH) UK NPH BHIGOPOUHBIX ONpo-
.€aX, IPOBOAHMBIX € LeEJbIO OUEHKH OOLleCTBeHHOro MHeHus. Mien Teo-
pHH BeposiTHOCTe#H MMEIOT OTPOMHOe 3HadeHHe H AJisi reHeTukd. Ocofen-
‘HO BEJHKO HX 3HaueHHe B PU3HKe, B TAaKUX, Hanpumep, npobJemax, Kak
panuoaKTHBHbBIH pacraj, NajleHHe KOCMHYECKOTO H3JyuYeHHsl Ha MoBepXx-
HOCTb 3emJH HiH caydyafiHoe MCIyCKaHHe 3JeKTPOHOB HarpeToil HUThIO
‘3/IeKTPOHHOH JlaMnbl. HakoHell, BePOSITHOCTHble HJeH UPe3BbIYAHHO
BaXKHbl TIPH KBAHTOBOMEXAHHUECKOM OINTHCAHUU aTOMOB H MOJEKYJ.
ODTH HAeH SBJSIOTCS OCHQBOH Halllero paccMOTPeHHs] MaKpocKonuye-
CKHX CHCTEM. :

2.1. Cratucrtuyeckue aHcambau .

Paccmorpum cructeMy A, ¢ KOTOpPOR Mbl IPOU3BOAMM KaKHe-TG ONbITH
#ad Habmogenus *). YacTo pesy bTaT A4HHOTO OAMHOUHOrO OMNbITA
.He MOXKeT ObITh NIPEACKa3aH C MOJIHOH onpefeNeHHOCTBIO JHGO 10 NPHH-
AMIMAAbHBIM COOOPaXKeHHsAM, CBSI33HHBIM C BHYTpEHHeH CYNIHOCTHIO
fiBJieHHs **), qu6o noToMy, 9TO AOCTYIHas HaM HH(POPMAIHUs HeIoCTa-
“TOYHAa /S TaKoro npeickasanusi. OnHaKo, ecid pe3yJbTaT AAHHOTO

*) AKr HaGIONEHHSt MOXHO, TPAKTOBATL KAK ONLIT, Pe3yfbTal KOTOPOro CoBma-
JiaeT ¢ pesydbTatoM Habmogenud. [Tostomy Her HeOﬁXOl[PIMOCTH HpOBOAHTb pasinyne
‘MEXAY ONHTOM H HabmojeHneM.

*#*) Takad cHTyanus HMeeT MeCTO, HAipUMep, B KBaHTOBOR MeXaHHKe, Te pesyJib
TaT H3MepeHHil, COBEpIaeMbIX B MHKPOCKOMMYECKOH CHCTeMe, He MOMKeT ObITh IpeficKa-
;8aH ¢ NOJHOR 011H03Ha‘{HOCTI>10
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OJHHOYHQEO :0NbITa H He MOXKeT GHiTh YKa3aH, BCe Xe HHOTA MOYKHO, C1cr.
JlaTh BECbMa BAXKHbIE BHIBOAM O Pe3y.IbTaTax GOJBLIOIO YHC/IA HISHTH -
HBIX OMBITOB. B TakoM cilyuae MBI TOBOPHM O CrHAmMUCIi4ecKoM onucaHAI
CHCTeMBL H Hcroab3yeM Anst TaKOro' OHHCAHHS MeTOLb! Meopul 62podi-
Hocmedl. DTO ONYICAHHE MOXKHQ BBINOJHHTD, GAQIYIOULHM 06pPa3oM.

BMecTo TOro 9To0H €KOHIERTPHPOBATh HAlle BHUMAHHE HA JaHHOH

cucteme A, KoTopast Hac HHTepeCYeT, paccMoTpuM HaGop -exereM, (ax-
- cambab B TEPMHHO/IOTHH, IIPHHATON B CTATHCTHKE), COCTOSILLHE U3 GOJb-
HIOrO YHCaa o' «0AHHAKOBbIX» cHcTeM. B npuunnuine o MoxHO npesicra-
BUTb ceGe CKOJIb yropHo GoubliuM (f'—-00). CrcreMbl npeMoaraiores
«OJMHAKOBBIMH» B TOM CMbiC/le, YTQ KaXIasd H3 HHX yHOBJeTBOpsieT
TeM Ke YCJIOBHSM, KOTOPbIM YIOBIeTBOpsier cucteMa A, Jro 3Haumr,
YTO Mbl CHHTAEM KaXK1YIO H3 CHCTeM IIPHIOTOBJIEHHOM 110 TOMY JKe peuer-
Ty H TIO/IBEPTHYTOM TOMY JKe ONBITY, 4TO H CHCTEMA A. Mbl MOXeM Tenepb
CNIPOCHTH, B KAKOH HaCTH C/1ydaeB GyJeT HMeTh MeCTO JaHHbii KOHKpeT-
HLY  pésyJbTar Onerta? UroObl GHITL TOUHHIMH, HAM CJAELyeT HMETh
BO3MOXKHOCTb KAaKHM-TO O0pa3oM [POHYMepOBaTh WJiH 0003HAUMTL pas-
JMYHble H HEK/OYalollHe IPYr Jpyra pesy.bTarsl ombiTa. (Ilosmoe
YUC/IO TAKHX BO3MOXHBIX Pe3yJ/bTaToB MOKeT GbiTh WKOHETHHIM WJH
GeckoneyHpIM.) OGO3HAUMM Telleph HEKOTOPBIN ONPENle/ieHHE PesyabTaT
OITbITA HHAEKCOM 7 M MNPElNOJOXKHM, HTO u3 of° CHCTeM, 06pasyiomix
Haul aHcambGib, of7, CHCTeM Jaju Tako# pesvJabTar. Toraa oTHollenue
g p B
s Pr="  (pn N — o0) (D
HA3LIBACTCS: GePOAMAHOCIbI0 noAsaenus pesayasmama r. Eciu o ouens
Be/JHKO, TO MOZKHO OXHIaTh, YTO TIOBTOPEHHE TOTO XKe ONbITa C JaHHBIM
gHCaMObJIeM npuBeNeT K TOMY e otHoenHo P,. Tlosromy OTHOIIeH e
(1) naer ofHO3HAuHbI! pe3y./iLTAT B Ipelee, Koraa N Mo2Ker ObITh czle-
A2HO TIPOU3BOJIbHO 6oJ1bIIHM.

D10 paccykieHHe MOKa3wlBaeT, 4YTO st nsmepeﬂna BCpOHTHOCTﬂ
J06Oro BO3MOIKHOTO pe3y.IbTaTa OIbITa C JaHHOH CHCTEMOH HeoGXOXHMO
NOBTOPHTH 3TOT OfbIT Ha GOJBILIOM YHC/e OJAHHAKOBHIX cHcTem *). He-
CMOTPS Ha TO, 4TO PE€3YJ/ILTAT AAHHOTO YaCTHOTO OMNLITA HEJb3s IpeicKa-
3aTh, CMQIMUCMUYECKAA TEOPHSt TO3BOJSET HPEICKa3aTb 6eposAmHOCHb
NOSIB/JIEHHS] KaXJOTO H3 BO3MOXKHBIX pe3y/ibTaToB olkiTa. [lpenckaszaH-
Hhble BEPOATHOCTH MOXKHO CPaBHHTh C BEPOSTHOCTSIMH, H3MEPEHHBIMH Ha
omnuiTe ¢ aHcam(J/ieM OJMHAKOBBIX CHCTEM.

PaccMoTpHM HeCKQIBKO KOHKPeTHBIX IIpHMEpOB.

BpocaHue MOHeTH HAW HrpPaabHOH KoOeTH, [lycre Hawt onber
3akJouaeTca B 6POCaHHH MOHeTHl. OH HMeeT JBa BO3MOMKHSIX HCXORA: «Oped» HAN ¢pelii-
Ka». B npuxuune, pe3y/ibTar 3T0I'0 ONBITA MOXKeT ObiTh HOJHOCTLIO PeACKA3aH, ecill HaM
H3BeCTHO Bee 00 YCJIOBHSIX GPocaHust MOHETHl H 06 ee B3aUMOAEHCTBHH C NOBEPXHOCTbIO
crona. [Isis Takoro npejickasaHust HeoOXOXMMO NPOH3BECTH CJIOXKHbIE BLIMHCJIEHHS, -

*) EC/in COCTOSIHHE CHCTEMBI He 3aBHCHT OT Bpemenu, TO C pasm;m YCIIeXOM MOHHO
OIUH U TOT ¥e oUuIT-NOBTOPUTE o’ Pas Hax ORHOR Aauuof cHcTeMoil, Tlpu swom, pasy-
MeeTcd, HYXKHO OHiTh YBeDEHHHIM, YTO B HauaNe Ka}KEOTO OIWTA CHCTEMA' HaXORUTCSE
8 OJHOM H TOM e HauaibHOM COCTORHHH. :

3 ¢, Penp i J;i



OCHOBANHbLIE HA SIKOHAX KAACCHuUeCKOR Mexanmnit. Ha camom ke fene mul He pacroia-
FEEM NOMMLIME JAHHBIMH 00 YCJOBHAX GpOCaiNs MOHETH H He MOXEM noyremy npei-
CKa83aTh pesyanTaT RanBoro Gpocanus. (laxe ecan Gul Mbl HMEIH NIONRYIO HHPOPMANAK
© HAYANLHHIX YCAOBHSAX H MOIVIH NIPON3IBECTH BCE BLIMHCIERRSA, HAC He YIORPNETBOPHN 6
CTOML CROXKBHT CIOCO6 MONYYSeHAR pesyanTaTa.) CTamicTnveckas ¢opMyJaBpoNKa STOTO
OfLITa OYelb npocta. JocraTouno paccMoTperh aHcamMGib, CO-
cTosmuHA H3 ovenb 6OMBUIOrO uMCIa ORMHaKOBHIX Mouer. By-
7 JieM 6pocaTh 3TH MOHETH OfHHAKOBHIM NPHEMOM ¥ NOACHHTHI-
BATH YHCJIO CTy4aeB BHINAAeHNS «opJaas HiH «petikd» *}. [fors
2 (0)
3 @
* -
L

TAKHX C/1yuaeB AdeT COOTBETCTBEHHO U3MepeHHYIO BEPOSITHOCTH
p NOSBJEHHA «OpJia» WIH BEPOSITHOCTh ¢ NOABNEHUS «pELIKU».
.
””’2
AT @

Ha NaTh «OpJla», APYras NONIOBHHA «PEUIKY», TO3TOMY p==¢==Y2.
CpaBHenHe ¢ ONLITOM MOXeET NOATBEPAHTb HAH ONPOBEPrHYTDH
takylo Teoprio. Hampumep, ecan copen» nossisercs uaile
epellKH», MB 6YReM CUHTATk, UTO TEOPHSA HeBepHA B TOH uyacTH,
KOTOpas Mpeano/iaraeT cosnajeHye LEHTPa MAcC C reoMeTpH-
YEeCKHM LEHTPOM.

PaccmorpuM Tenephb HecKoJLKO GoJee CJIOXKHBIT onbiT 6po-
canns N moHeT. Bpocaune Kaxxnofi MOHETH! HMeeT 1Ba BO3MOXK-
HBIX HCXOAQ, No3ToMy Opocahve N MOHET NPHBOAUT K MosiBJe-
o 2X2X ... X2=2N pesyubratop **), CraTucTHuecKasn
¢opMyaNpOBKA 3TOTO ONbITA 3aKJIOY3eTCA B TOM, YTO BMECTO
onvoro HaGopa u3 N MOHET Ml paccMaTpHBaeM aHCamGitb,

CraTHCTHUeCKas TeOpUNt JOJIKHA YyMeTb NpeacKashiBaTh
oTH BeposTHOCTH. Hanpumep, ecsin ueHTp Macc MoHeTH coBna-

@
Prc. 2.1, Yrobn che-

JaeT ¢ ee TeoMeTPHIECKHM -BeHTPOM, TO H3 COOGpaMMeHHH CcHM-
METPHH CJIeflyeT, UYTO B 3aKOHAX MEXAHMKH HE COJEePKHTCH HM-
Yerg, YT0 NO3BOJUNO Gbl Pa3/MUUHThL «OpJas U «peuikys. B 1a-
KOM CJ1ydae NMoJOBHHA 3KCNIePHMEUTATbHBIX Pe3yJIbTaTOB JHO/MN-
NaTh NPeACKa3aHua o
BePOATHMX  pe3y/bTa-
Tax OGpocaudn AaHHOR
MOHEThl, PACCMOTPHM

eHcamban, cocrofiuuii
43 S0/bIOro YHCAA OAH-
naxopuix Monet. Ha pn-
CyHKe MNOKa3aHt CoCTO-
AHve aHcambas noche
6pocannn BCEX MOWeT.
Cuvpon O  o3navaer
opens, cHMBON P -
«penikan.

cocToflMi H3 o° TakHX HaGopoB no N MOHET B KaXJAOM, H Hal
KaxAabiM HaGopoMm npousBoiuMM oxuMHaxosmifi onwmiT. Bonpoc,
KOTOPHIil MOXeT NPeACTaBiATL MHTEpeC NPH TaKOM ORWHAKO-
BoM Opocanun HaGOpPOB MOHET, 3aKJl0uaeTcs, Hanpumep, B
BEPOITHOCTH MOABJCHHS OLHOTO K3 2NV BO3MOXKHBIX pesy.ib-
TaToB onbita. ITpuMepoM MeHee AeTa/lbHOrO ROTIPOCA ABJIAETER
HaXOXJeHHe BEPOATHOCTH TOFO, UTO 1 MOHET M3 Hamlero HaGe-
pa BHINAAYT «OPJOM», a ocTasibhbie (N — n) Mouer Bhimaly?
«peuIKoii»,

3anaua o Gpocanun HaGopa 43 N ONMHAKORBIX MIPAIbHBIX
KocTell HMeeT, KOHEUHO, aHaIOTHUHLIT Xxapakrtep. EnnHCTBEH-
HOe pa3/iHyKe CBA3aHO C TeM, 410 GpocaHne J0GOA KOCTH Aaer
1HECTb BOSMOXKHHX HCXOJIOB, B 3aBHCHMOCTH OT TOTO, KaKasg u3

wecTd rpanefl cCMOTPUT BBEpX.

Hcxon HeKoTOpOro onbiTa HAHM pe3yabTar HabMoXeHHs vacTo ynobpo
0603Ha4YaTb NPOCTHIM CJOBOM CAywail. 3aMeTHM, 4TO BEPOATHOCTb pea-
JAU3ALNY JAHHOTO CAy4as CyLLeCTBeHHbIM 0Opa3oM 3aBHCHT OT AOCTYN-
HOM HaM UH(OPMALHHE OTHOCHTEILHO paccMaTpuBaeMoit cictemul. leficr-
-BUTEJIBHO, 9Ta HHPOPMALLUS ONPEeAeseT Hall CTATHCTHYECKHH aHCaMOAb,
COCTORUIHN H3 CHCTeM, CBOHCTBA KOTOPHIX COBIARAIOT CO CBOHCTBAMH pac-
cMatpyBaeMoli cicrembl. [losicnum 310 Ha caenyiowem npumepe.

*) Mbi MOXeM HOCTYNMHTL HHave, Gpocadt (N°.pas oMy H TY 3Ke MOHETY R noacuu-
TBas c.ng-lan «Opaa» ® cpelnkuy, ' .
© *%) B nacrioM ciyyae N=4 po3moRHL 24=16 BOSMOXHKWX pesyJpTaTos. Ouw
nepeuicaentt B Taba. 1.1 (c1p. 20), ra¢ Byxey /1 maxno npunATE 33 eopaay; & Byxsy /7
83 epelliky». ’ A o -
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IT p u M e p. Hac uuTepecyer ciiexytomnii Bonpoc: Kakopa BepOSTHOCTb TOTO, YTO
xurens Coexnnennbix IliTato okamercss B GOAbHHLE B Bo3pacTe Mexay 23 u 24 ro-
JamH. B 3ToM ciyyae Mbl ROJDKHBI PAcCMOTpPeTh aHcambiib, cocTosumil U3 60JbWIOre
aucna xurenelt Coegutennuix LlItatos, u onpeaenuTs, kakas ux gons mexay 23 u 24 ro-
JI3MHU 2KH3HH OKaxeTcsl B GoJbHHILE. I]pennonomum. 4TO cylecTByeT HONOJIHHTeNbHOe
yciioBHe, 3aKIOYAIONIeecs: B TOM, YTO 3T0 xeHWHHE. OTBer Ha HALl BONPOC HIMEHHTCS,
TaK KaK Tenépb ‘Mbl JROIKHB GyXeM paccMOTPeTh aHCaMGib MKEHUMH < MKUTeJbHHI
Coepunennblx [lITaToB 1 onpefiennTsb, Kakas HX 4acTb OKA3asach B GOJBHHIE B Bospam'e
or 23 5o 24 Jer. ' (OueBuanO, 4TO GNArofaps NETOPONKISHHIO
JKEHUIMHBI 9TOro Bo3pacta GYAyT HaXOZHTLCS B GObHHLE Ya-
e, yeM MYXKUHHBL) ] 7

Cucmembor ¢ 6oavwum Koauwecmsom uwacmuy. Pac-
CMOTPHM MaKPOCKOTUYECKYIO CHCTeMY A, cocrosnyio
43 MHOTHX 4acTull. Takoft cucTeMoH MOXKeT O6hpiTh,
HanpuMep, uieanbHbili ras, cojepxauwuit N mo- o
JIeKYJ1, HJIH cucTeMa M3 N CIHHOB, HJIM XKHIKOCTD,
HJIH KycoK Meau. HU B ofHOM u3 3THX C/IydaeB Mbl
He MOXEM IpelcKasaTb MOBeleHHe KaXIOoi 9acTH-
116, o0pasyiouieil CHCTEMY, K TOMY XK€ Takoe Ipej-
CKasaHHe He TNpPeICTaBJAeT HHTepeca ¥) H NO3TOMY
cjefyer OOpAaTUTLCST K CTaTHCTHYECKOMY pPaccMot-
penuto cHcrembl A. Bmecto Toro yTo6h! HCCIENOBATh
OJHY TaKyl0 CHCTeMY, pacCMOTpuUM aHcambib, CO-

cTosIHIt ¥3 GOJBIIOTO YHCIa o CHCTeM, aHaJioruy-
#oix cucreme A. UToGH BRICKA3aTh HEKOTOPbIE CTa-
THCTHY¢CKHE YTBEDXKAEHHS O Haiedl cHCTeMe B
MOMEHT BpeMeHH £, MBI NPOM3BENEM B 3TOT MO-

Puc. 22

Crarucraue-
CcKOe OMHCaHMe CHCTeMB
A, npeacTanJsioueit

coboil ras, 3aKknyen-
ubifi B sk, Ha pu-
CYHKe cXeMaTHUeCKH no-

MEeHT BpeMeHH HaO/MoleHHs Hal o' CcHCTeMamu.
310 pact HaM BeposTHocte P,(f) HabJoneHud
ONpeleT€HHOTO PE3YJILTATA OfBITA B MOMEHT Bpe-
smenn f. [lpeanosnaraemas mpomeaypa cTaHeT 3Ha-
yuTeqpHO OoJiee FCHOH, eCH Mbl BooGpasuMm, 4to HMeeM (U/IBMB,
Ha KOTOpBIX- CHfiTa Kaxjas cucTeMma Hauwero aHcambas. IloBemenue
Jmo0ok, cKaxKeM, k-H, cHcrembl aHcaMmGJisl B 3aBUCHMOCTH GT BPEMEHH MBI
MOXKEM Temepb U3y4aTb, paccMarpuBast k- QU/bM (IS 3TOTC HYXKHO
CMOTpeTb COOTBETCTBYIOILYIO TOpH30HTa/Ab Ha puc. 2.3). C mpyreit cto-
POHBI, [Vl ‘MOJlyYCHHS) KaKHX-TO BEPOSITHOCTHBIX YTBEpIKIEHHH O CH-
CcTeMe B HEKOTOpHi MOMEHT BpeMeHH ! HeOGXOIHMMO PaccMOTpeTh Te
Kajipbl Ha BceX (HibMax, KOTOPble OTHOCATCS K ONpelleJleHHOMY MOMEH-
Ty BpeMeHH ! (Iid 3TOTO HYXKHO H3YUYHTb Kalpbl, pacnoJoKeHHblEe Ha
pHc. 2.3 BAO/Ib BepTHKaAM, H COCUHTATb NOJIO KaZpPOB, HA KOTOPHIX 00-
HApVXKEH HHTEepecYIoWH Hac pe3yJbTaT ONbITa).

Mbi’ roBopiM, 4TO CBOACTBA CTaTHCTHUECKOTO aHCAMGJS HE 3aBUCAT
OT BPEMEHH, €C/IM YHCIO CHCTEM, OTBEYAIOUMX AAHHOMY CIY4Al0, OAHO
M TO e B JIOGOH MOMEHT BPeMeHH (WJIH, YTO TO Xe camoe, eciu

Ka3aH CcTaTHCTHYECKHUH
aHcamGib HS(‘J\PCHCTeM,
NOROGUBIX  paccMaTpH-
BaeMoil cucrteme A.

*} B TOYHOM KBAHTOROMEXAHHUECKOM OIHCAHHH CHCTeMb HECTATHCTHYECKHE npef-
«CKa3aHHA HCBOECMO)KHH anHanHaJIbHG. l'Ipu KJACCHYe€CKOM OMHCAHHH TOYHHE npex-
CKA3aHAA O CHCTeMe TPeGYIOT 3HaHNA NIONOKEHAA H-CKOPOCTH KAMKROR YaCTHUL B He-
xmopua Mouem Bpemend. Takas HupoPMAUHA HAM HEXOCTYMHA.
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BEPOATHOCTL TNOSIBJIEHHA MOGOro NAHHOTO cjydas B ancambie He 3a-
BHCHT OT BpeMeHH). TeM caMbiM CTaTHCTHYeCKOE ONHCaHHe 03BOJisieT
JlaTb OYeHb SICHOE OfpeleleHue MOHATHSA PABHOBECHSN: WI0AUPOBAHHAR
MOKPOCKONUNECKAR CUCMEMA HAXOOUMCH 8 pasrosectiu, ecAu - caolicmea
crmamucmueckoe0 aHCaMOAR U3 MAKUX CUCIEM HE 308UCAM OM 8PEMEHU.
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Puc. 2.4. [lpoposxenne puc. 2.3. Tenepsb, Korja NPoOULIO ROCTaTOYHOE BpeMs, aHCaMBJib sSIBAsieTC
HE3ARUCHMBIM OT BpeMeu®. 3Tg 03nadaeT; YTO CHCTEMa ROCTHLAA COLTOSMUSA PABHOBECHH,

I1 p v m € p. PaccmoTpuyM njeanbbly ras, cocroamnf u3 N monexy.1. B gexoro-
pHifi’ HaUATbHBIA MOMEHT BPeMEHH /, Cpas3y mocJe T0ro, Kak yG6paHa neperopoixa, BoO8
MeJIeKY/Thl 5TOTO I'a3a HaXxolATcd-B Jepofl mosopune cocyAa. Kakum o6pasom moxne
NPON3BECTH CTATHCTHYECKOE ONMMCAHMe NOBEACHHN Ta3a B MOCTEXYIONIHEe MOMEHTH- Bpes
Menn? Mul J0JDKHB paccMOTpeTh aucambib, eocros A K3 GOALIIOre WHCAA aHAKOTHY.
MBEIX COCYJOB C Ta30M, B KaXIOM H3 KOTOPHIX B HaYa/ibHbIi MOMEHT BPeMEHH BCE MOJIe-:



KYJB: HAXOAATCA B Jesoll noJoBHHe cocyna. Taxoif aHcambab CXeMaTHueCKH MOKa3aH
Ha puc. 2.3. 3ateM MBI JOJKHBI UCCIAE]I0BATH Hall aHcaMGab B ONpe/leleHHblH MOMEHT
BpeMeHH [, ¢ TeM YTOObl MOJTYYMTEH OTBeT Ha HHTepecyloude Hac Bompochl. Hampumep,
€CJIH COCPe/loTOYNTh BHHMaHHe Ha onpefleleHHOH MOJeKyJe, TO Hac MOXeT HHTepeco-
BaTb, KAKOBa BepOATHOCTb p (f) TOro, UTO 3Ta MOJEKY/a HaXOJUTCSt B JeBOH UacTH Co-
CYyZa, UM BeposITHOCTb ¢ (Z) TOTO, 4TO OHA HAXOJHUTCS B ero MpaBofl YacTH, WJIH, HANpH-
Mep, KaKoBa BeposiTHOCTb P (n, ), uTo B JaHHbI MOMEHT 1 U3 06uiero uucaa N MogekyJa
OKAa3aJUCh B JeBOH uacTH cocyia. Mbl 3HaeM, YTO B HauyaJbHbill MOMEHT BpeMeHH [y
BeposiTHOCTh P ({)) = 1 u g (¢y) = 0. Tounotak e P (N, {))=1uP(n, t;))=0n1an#N.
C TeyenneM BpeMeHH 5TH BepOsSTHOCTH MeHSIOTCS JIO TeX NOp, MOKa MOIEKYJIbl OK2XKyTCs
paBHOMEpHO pacrpejesieHHbIMH 1O 06beMy cocy/jla, Tak uto p = g = % . Tlocae atoro Be-
POSITHOCTH He MeHSIOTCA BO BpEMeHH, T. €. aHcaMO/ib CTAHOBHTCS HE3aBHCHMBIM OT Bpe-’
MeHH H cHcTema jgocturaer papHoBecHsi (puc. 2.4) *). CocTosiHie, DpH KOTOPOM NoBejle-
HHe CHCTeMbl He 3aBHCHT OT BpeMeHH, OKa3blBaeTcst 0coGeHHO npocThiM. JleficTBHTENBHO,
B 3TOM C/1yuae 3afiaya o rase, cocrosiulem H3 N MoJeKyJ, aHaJOTHYHA paccMOTpeHHOMH
BhILlle 3afaue 0 Habope 3 N MoHeT. B 4acTHOCTH, BEePOSTHOCTL p HAXOKIAEHHS MOJEKY
B JIEBOII 4aCTH COCY/a COBIaaeT C BePOSITHOCTHIO TOr0, YTo GpolileHHas MOHeTa BbinajlaeT
«pellKoii»; aHATOrHUHO, BePOSITHOCTh § HaXOXAeHH: MOJeKyJbl B MpaBoi 4acTH cocyla
COBMajiaeT ¢ BepOSITHOCTBIO BbinajeHns «opaa». Toulo Tak xe, KaK B npHMepe ¢ MOHe-
TAMH, 3TH BEpOSITHOCTH He 3aBHCHAT OT BpeMeHH u p = q= V5.

3aveuanne B raase 1 [em. ypasreune (1.4)] Mbl Boluncasan pasinuHbie
BepPOSITHOCTH, paccMaTpHBast 0JHY-eHHCTBEeHHYIO chcTeMy. Takofl Merog reaurcs AJs
CHeuHaIbHOro CAYyYast CHCTeMBbl, Haxo/siuleiics B paBHoBecHn. Tak Kak aHCaMGab TAKHX
CHCTeM He 3aBHCUT OT BpeMeHH, TO GOJIbILOe YHC/IO0 NMocaeloBaTebHbIX HAGII0NeHHH Hag,
OIHOI CHCTeMOIl 9KBHBAJEHTHO 60ALILIOMY YHCJY OJHOBPEMeHHBIX HabJIofeHui Haj cHe-
TeMaMM aHcambas. JpyraMu coBaMH, NPeHTONOKHM, YTO MBI B3sIM (DHJbM, HAa KOTO-
POM 32CHSITO NOBeNEHUEe CHCTeMBI 332 BpeMs T, M pa3pe3alu ero Ha ,\* paBHbIX yacTefi,
KaXJas U3 KOTOPHIX AINTCHA T;="T/ " (T; JOCTATOYHO BEMUKO, UTOOL! MOBeJeHHEe CHCTeMb
£a OHOM KYCKe (PH/IbMA MOXKHO GbLIO CUHTATh He3aBHCHMbBIM OT ee MOBeJeHUS Ha CMeX-
HBIX KycKax). B aTom cayuae Ha6op H3 " paspe3aHHBIX QUIABMOB Js NaHHON CHCTEMbE
GylleT HeOTAMUMM OT HaGopa o)’ QHJIBLMOB, CHATHIX /ISt CHCTeM aHcamGls B TeueHHe HH-
TepBaja BpeMeHH T.

2.2. OcHOBHBIE COOTHOMIEHHS] MeX]y BepPosiTHOCTSIMH

BepositHOCTH yI0BJAETBOPSIIOT HEKOTOPBIM MPOCTHIM COOTHOIUEHHSIM.
Xorst OHH TIOYTH OUEBMIHBI, HX 3HaueHHe BecbMa Beduko. [Ipoite Beero
HX TOJYYHTh, HCXOIAS M3 OCHOBHOTO ompelejeHusi BepositHocti (l).
Janpie Mel Bcerna OyldeM CYUHTaTh, YTO YHCJIO o cuHcTeM B aHcambuae
MOXHO ceaTbh OeCKOHeYHO GO/bLINM.

[penno/ioxum, 4TO OMBIT, BBHINOJAHEHHDbIH Hall cucTeMoit A, NpUBOAHT
K HEKOTOPOMY YHCJY o B3aHMHO HCK/IOYAIOUMX APYr APyTa HCX00B
(ciyuaen). OG03HAYUM KaXKAbl BO3MOXHBIA HCXOJ ONBITA HJH caydai
HHIEKCOM r; 3TOT HHAEKC MOXeT MPHHUMAaTb 3Hauenusa 1, 2,3, ..., .
B ancam6ie M3 OINHH2KOBBIX CHCTEM oy CHCTeM OTBedaior caydawo I,
N s CHCTEM —CayHan 2, ..., N, cHcTeM —cayyaro o. Tak KaK 3TH cayuan
HCKJ/HOYAIOT JApPYT ApPyra H HMH HCYeDIHIBAIOTCS BCe BO3MOXKHOCTH, TO

CyMMa
W1+JV’:+JV'3+---+JV',=JV‘.

*) 3amerum, uTO B JHOGOH JAHHOH CHCTEME C TeUEHHEM BPEMEHH BO3HHKAIOT CJY-
yaiinbie QAYKTYalUHH, TOTAA KaK BepPOATHOCTb P 3.8 ancambas B nl06oil aHHKIE MOMEHT
BpEMEHH BCErjia UMeeT eUHCTBEHHOE H Onpeje/ieHHOe 3HAUEHHe, eCHIH YHCJIO CHCTeM off®
B aHcaM6Jie MOXKeT GbiTh CAENAHO CKOJIb YTOAHO GOIbIINM. DTO 3aMeyaHHe HMeeT LeNbi0
noKasaTh, HaCKOALKO PaccMOTPeHHe aHCaMGIf ynpoliaeT CHTYAaHHIO NO CPaBHeHHIO
C PACcCMOTPeHHeM OTAEAbHON CHCTeMhl. : o
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Tocne Nenenust Ha /N 3TO0 paBeHCTBO NMPHHHMaeT BHA
P,+P,+...+P,=1 2

sgecb P,=J\,/N" 03uauaer, B cooTBercTBHH € onpellesennem (1), Be-
POSTHOCTb TNORBJIEHHS cayuas #. PaBencTBo (2) nokasniBaer, 410 CymMMa
BCEeX BO3MOXKHBIX BEpOATHOCTEH paBHa elWHHUE. 3TO PaBEHCTBO Ha3bl-
BaeTcsl ycaosuem Hopmuposku sepostHocTeH. Ecau  Bocmosb3oBaTbest
oGo3naueHneM CcyMMbl Y, npuseienHbiM B (M.1), oHO Moxer GhiTb
3anHCaHo Kopoue:

@

-
’2_1 P.=1. (3)
KaxoBa sBeposiTHoCcTb OGHapysKeHus ciayuas r Jjaubo ciaydas s?
B nawem ancambiie umeeTcsi o\, CHCTEM, OTBeHAIOLIHUX ciayyao r, U N,
CHCTeM, oOTBewalollux caywaio s. Takum obpasoM, auGo caykaio r,
anbo caydaio s coorerctByer (N,J-of’s) cHcrem ancam6asi. CoorBer-
CTBEHHO BepOSITHOCTh P (r wiu S) NOsBJEHHsl caydas 7 WIH S paBHaA

P (r nm s)=°-ﬁr:’j'\7}‘lj\—(}—‘- .
Takum o6pasom,
P(r unu s)=P,+ P,. 4

ITp uwmep. Paccmorpum Gpocanue urpanpHoii kocTdH. Baarogaps cummerpum,
BePOATHOCTDb BhiNajeHua w060l rpain Ky6a osnHaxoBa u paBHa 1/6. Tak, BeposiTHOCTH
BbinajeHuss elMHKLL! paBHa 1/6, U 9TOMYy Ke paBHa, HampuMep, BEPOSTHOCTh Bbinaje-
Hus ABofikH. M3 pasencTBa (4) cregyeT, 4TO BePOSTHOCTL BbiMafleHHs JuB0 eMHUILbI,
au6o asoiixy 6y et pasua 1/6 -+ 1/6 = 1/3. 1o, pasymeeTcs, 04eBUIHbI pe3yabraT, TaK
Kak cayyan 1 u 2 COOTBeTCTBleT OlIHOIl TpeTH O6UIero YUC/a BCeX BO3MOXKHBIX HCXOL0B
1,2,3 45u6.

CoorHowenune (4) MOXHO HeMeleHHO 0606WuTh AJA  6oJbliero
Yyucaa HCKABYAIOWMX ApYr ApPYra HcXoAoB. Tak, BepOSITHOCTh HOSIB-
JieHHs JI060ro OJHOrG M3 HEeCKOJbKHX HCXOHOB IPOCTO paBHA CyMMme
COOTBETCTBYIOULHX BepOHTHOCTeﬁ B wuacTHOCTH, H3 YC/IOBHS HOPMH-
POBKH BEPOATHOCTEH C/IeLyeT OYEBHIHBI Pe3yJibTaT, YTO CYMMa BEpOsIT-
HocTefl, HanHcaHHas cjeBa B paBeHCTBe (2), npencrasasiomas coboii
BEPOSITHOCTb HACTyNJeHust aubo Mcxona 1, aubo ucxonma 2, ..., aubo
ncxoga o, paBHa |, T.e. sapaferca AocroBepHocThio. [elicTBuTesb-
HO, BCE BO3MOKHbIE HCXOIbl ONBITa HCUEpNaHb CAyUasiMH, TPOHYMe-
poBaHHbIMH OT | 10 .

Cosmecmnubie seposmuocmu. TlpeanonoxuM, 4to B HccaeqyeMoil cu-
CcTeMe BO3MOJXKHBI [Ba Pas/HuHbIX THAA COOLITHH, HANpHMeEp, o BO3-
MOJKHbIX cOOLITHIH THna 7 (Tae HHIAEKC r =1, 2, ..., &) H [ BO3MOXKHbLIX
cobuiThil THDa s (s= 1, 2, ..., P). OGo3Hauum uepes P, BEPOATHOCTb
COBMECTHOTO IOfIBJIEHHA COObITHA 7 M COOLITHA S. ITO O3Hauaer, 4ro
B ancambie, COCTOfLieM #3 COAbLLIOTO UHCAA oY OLHHAKOBHIX CHCTEM,
oV'rs TAKHX CHCTEM XapaKTepPH3YIOTCS COBMECTHBIM MOSIBJEHHEM COObITHS
r u cobuitist s. Torna Prs=oN'rs/of'. O603HauuM, Kak abuigHo, yepes £,
BEPOSITHOCTDb NOSIBJAEHHS COBLITUA 7 (HE3aBHCHMO OT NOfABJIEHHA COOBITHS
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Tuna s). Jias sToro B HameM ancambie MBI He JOJXKHB 00pailiaTh BHHU-
MaHHA Ha COGBITHS THIIA § H IIOACUUTLIBATD YHCAO o, CHCTEM, B KOTOPBIX
oOHapyKeHO cobbiTHe 7, NPpH 3ToM P,=JN', /. AnasoruuHo, depes P,
0603HaYHM BEPOSTHOCTh MOSIBAEHUA COGBITHS S (HE3aBUCHMO OT [IOSIB-
JleHHs1 coObITUS THMA 1).

OGparyM BHUMaHHe HAa CHELHAJbHbIH, HO OYeHb BaxHBII ciayyaf,
KOTJIa BepPOSITHOCTh MOSIBJIEHHS COOBITHSI THOA r HHYeM He CBs3aHa
¢ NOSABJCHHEM HJH OTCYTCTBHEM coObITHS THIIA S. Takne coOBITHS Ha-
3bIBAIOTCA  CMAMUCTUMECKI HE3ABUCUMbIMIL, VI HEKOPPEAUPOBAHHBLMLL.
PaccuoTpiM Tenepb Te CHCTeMbl aHCaMOila, B KOTOPLIX 00HAPYIKEHO Jall-
goe cobbiTHe r, Uncsno Takux cobbiTuil paBHO of,. HesaBucumo or xa-
paktepa co6hiTHSI 7, HEKOTopast Aoas P 3THX cHcTeM 0OHapy:XKHBaeT
TakxKe coGeitie s. Takum odpasoM, 4HCIO of,, CHCTEM, ISl KOTOPHIX
OOHAPYKEeHEl COBMECTHO COOLITHS 7 H S, PaBHO ‘

el

Nps = C'N‘rps'
COOTBETCTBEHHO, BepOSITHOCTb COBMECTHOTO MOSIBAEHHSI COGBITHSL 7 U
coOLITHR § paBHa

PrsE‘%.(j;fi—szo’:&f‘V:PrPs.

Mbt nonyunsn, uto

eCcJt _CO6bITI/Iﬂ r H § CTAaTHCTHYECKH HE3aBUCHMDLI, TO (5)
P,,=P.P,.

3aMeTuM, 4T0 BhBoA (D) He BepeH, ecaH COOBbITHSl I H S He SIBJSIOTCA
CTATHCTHUECKH He3aBUCHMBIMH. PaBeHcTBo (5) J1€rko oGOGUINTL: COB-
MECTHasi BEpOSITHOCTh HACTyNJeHus Oosee YeM ABYX CTATHCTMYECKH
He3aBHCHMBbIX COObITHH PaBHA NPOH3BENEHHIO OTAEIbHBIX BEPOSTHOCTEH.

I1pumep. [peanosoxum, UTO paccMarpuBaeMasi cucTeMa A COCTOMT M3 IBYX
prpanbHbix koctel A; 0 A,. CoObiTeM, UK CAyyaeM, THNA 7 MOXeT ObiTh BhimajeHue
mobolt U3 WIECTH CTOPOH KocTH A;, aHAJIOTHYHO, COBBITHE THIIA § 3aKII0YAETCS B BbIlA-
JeHHH HeKOoTopolt CTOpoHK KocTH A,. KoHKpeTHoe co6biTHe B Halliel cucTeme A 3aKJ10-
yaercs B BHINAJEHHH KaKOW-TO 321aHHOM CTOPOHBI KOcTH A U 3aJlaHHOl CTOPOHBI Apyrofl
KocTH A,. OnbiT, 3aknouaomuiica B 6pocanuu obenx Kocreit, 6y et uMers 36 BO3MOXK-
HBIX COBBITHH. HYTOOBL BHICKA3aTh KaKHe-TO BepOsTHOCTHbIE YTBEPKIEHUS, Heo6X0AHMO
PACCNOTPETH aHCaMGiIb, COCTOMAMMI 13 G01bWOro YnceAa N OAMHAKOBHIX NAP HrPAAbHbBIX
xoctell. JlonycTuM, yTo Kakiash KOCTb COBepilleHHO CHMMETDHMYHA, TAK YTO BhinajeHHe
Mo60# CTOPoHb! paBHOBeposiTHO. OUeBHIHO, YTO BepOATHOCTL BhlMafleHAs] RAHHON CTO-
pOHBI r paBHa l/g. Ecau KocTH He B3aHMOJEHCTBYIOT MeXLYy cOGO# (HampuMep, OHHM Re
HaMarHHYeHH, TaK YTO HeT CHJl, CTPEMSLIUXCS OPUEHTHPOBATb OJIHY KOCTb OTHOCHTEJbHO
Apyro#) u ux 6pOCaloT B TOUHOCTH OAMHAKOBBIM CIOCOGOM, Pe3yabTaThl 6pocanlis MOXKHO
CUHMTAThL CTATHCTHYECKH HE3aBHCHUMbIMH. Torza coBMecTHast BeposiTHOCTB P,g Toro, uto
Kocth A; BhImager cropoofi r, a Koctb A, cropoHoii s, papua
1 1
6 - 36°

Bror pesyJbpTar Brnosine oueBHAeH, TaK KaK paccMarpuBaeMuifi ciyuaft ssisercs
onHuM H3 6-6=36 BO3MOXKHBIX: :
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£.3. BunomuanbHoe pacnpenesienue

Mbl  JocTaTtoyHO MOAPOGHO IHO3HAKOMMJHCH CO CTATHCTHYECKHMH
METOJ(AMH,  YTOOBl MepedTH K KONMYECTBEHHOMY DACCMOTPEHHIO HEKO-
TOPHIX (PU3HYECKH BaXKHBIX 3ajay. PaccMoTpum, Hanpumep, HaealbHYIO
crcreMy K3 N €MHOB, KaKJblil H3 KOTOPHIX paBeH Y, C KaxabM cru-
HOM CBSI3aH - MATHHTHBIH - MOMEHT ,. ITOT
npuMep ocobeHHO HHTEpeCeH, Tak Kak 31eCh BT
Mbl HMeeM JeN0 C HauboJsee NPOCTOH CH- .

CTEMOH, OIHMCHIBACMOH 3aKOHAMH KBaHTO-
BOH MEXaHHKH. Ee 4acTo HCIOJIB3YIOT B

KauecTBe MojJesdu GoJiee CJOMKHBLIX CHCTEM. . .
Jlnst oBuHOCTH AOTYCTHM, U4TO CUCTeMA CIiH-

HOB HAXOJMTCSL BO BHEIUHEM MarHHUTHOM

noste B. KasIblif MArHUTHBIE MOMEHT MO-  pasnot i/ o o Conrom,
XKeT OHTb HanpasieH Jgubo 10 nomo & ;4@;‘%;*;?12,’;“ Srpeda moKaan:
(¢BBEpX», NapasmIe]bHO TOJIIO B), JHOO  mewracnuma, Buewnee MATHHTHO®
NPOTHB TOJs (BHH3y, AHTMIApaJIeNbHo  "O7° ofowaeno crpeniolt B.
noJio). Ilpennosoxim, 4To crcreMa CIMHOB HAXOAHTCS B PaBHOBECHH.
Crarucruyecknit ancam6ib, cocrosiiimii u3 c\° rtakux cucreM, Gyjer
He3aBHCHM OT BpeMeHH. PacCMOTpHM KaKoH-TO CIIMH U 0603HaUuM yepes
P BEpOSTHOCTh TOTO, YTO MATHUTHBI MOMEHT HalpaBJ/eH BBepX, a uepes
q — BepOSITHOCTb TOrO, YTO OH HanpapjeH BHM3. Tak Kak 3THMH IBYMs
OpHEHTAIlHSIMH HCYEPNaHE! BCE BO3MOKHOCTH, TO YCJIOBHE HOPMHDPOBKH

(3) naer
P+g=1 (6)

win g = 1—p. Ecan noaa wer, 1. e..B =10, To HeT M BBUIEJEHHOrO Ha-
npapJeHns B NPOCTPAHCTBe, TaK 4TO p = g ="1/,. Ho B npucyrcTBHH
MATHUTHOrO NOJA MAarHHTHLIA MOMEHT uaile OPHEHTHPOBAH IO INOJI0,
yeM MPOTHB 11041, MO3TOMY p > g *). Mbl liMeeM [es10 ¢ WHeaJbHOH cH-
cTeMOfi CMHHOB. DTO 3HAUMT, YTO B3aUMOACHCTBUEM MEXKAYy CHUHAMH
MOZKHO TOJIHOCTBIO NPeHeOpeub ¥ OPHEHTALlHH CHHHOB CTATHCTHYECKH
COBepIIEHHO He3aBlcHMbl. BeposTHOCTH Toro, 4TO JI0OOOH M3 JaHHBIX
MAFHHTHBIX MOMEHTOB HafpaB/ieH BBePX, He 3aBHCHT OT OpHEHTaIlUH
JIOGBIX  APYIHX MArHHTHBIX MOMEHTOB CHCTEMBI.

[lpennosokum, 4YTO 7 MAarHHTHBIX MOMEHTOB Hallled CHCTeMBb! Ha-
IpamjeHbl BBepX, a n’ BHH3, Tak Kak NOJIHOe YHCJIO CHUMHOB B CHCTeMe
pasHo N, TO

ntn'=N )

RN
n'=N—n.

~ PaccmorpuM Teneph .ancamGib, cocTOsmA ¥3 GOJBILONO uYHCAA
Takux cHcreMm. Uuca0 7 MArHMTHBIX  MOMEHTOB, HanpasJ/eHHBIX

*) 3/ecb MBl CYHTaeM p H ¢ BeJWYHHAMH, OmpefelsieMbiMH Ha onbite. B ruase
4 Mbl y3HacM, K3aK BHIYHCIMTL P M ¢ ANs JIOG0TO 3HauyeHHs noas B, ecdn cucreMa
CNUHOB HAaXO0IUTCs le/[ onpenenenﬂoﬁ TeMﬂepaType.
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TaGauua 2.1 BBePX, HE OLUHAKOBO AIA
Ka¥Joi#t cHcTeMbl aHcamMOaf H

MOXKET MpPHHHMaThb  3HAYEHUA
1 2 3 4 nin] Crln)
M 0, 1, 2, ..., N. Hac wunurepe-
cyer caeyloulMii BONpPOC: Ka-
U U Uu uvil4io 1 KOBa BepOITHOCTL P (n) Toro,
uto 1 U3 N MarHHTHBIX MOMEH-
TOB HanpasJieHbl BBEPX?
U U U D31 3
U U D ul3li a 3ajaya Jierko peiuaercs
U D v uifsli 4 | c nomowbi0 CAEYIWHX coobpa- -
D U U Uuisiglt Keuuii. BepoaTHocTh TOrO, 4TO
Mmobo#i W3 MarHHTHHIX MOMEHTOB
HampaBJjeH BBepX WM BHUS3
v 4 D bl22 aBF a COOTBeTCpBeHH wa q.
u D U D|2]2 paBH TBEHHO q-
U D D Ulele 6 Tak Kak MaryHTHBEE MOMEHTHI
D U U D22 CTaTHUCTHYECKH HE3aBUCHMBI, TO
g 4 3 Z g g ¢ nomoipio hopmyJsl (5) serko
NOJYYHTh BEPOSITHOCTE TaKOro
COCTOsIHUS, KOr[a n MOMEHTOB
U D D D13 HafpaeJ/ieHbl BBEpX, a OCTaflb-
g g Z D |1 .'33 4 Hple N—n MOMEHTOB HampasJe-
b1l Hbl BHH3:
D D D Uil1r]3
BEPOSITHOCTh oépasoBaHHﬂ]
D D D Dlola | o/iHOM Koaqmryupaunn cii- |
HOB, B KOTOPOHl #1 MOMeH- }3
- TOB HafpaB/eHO BBepX, a
Ta6auua (T), B kotopoil ykasanb ocTanbHble N —n Hanpaa-l
BCEé BO3MOXHble OpHeHTauuud N MarxHuT- e J
HbIX MOMEHTOB Aad 4aCTHOro  Cay- JIEHbl BHH3
{ wag N=4. Bykeot U o6oanauen mo- | == pp...p §q...q = p"q”. 8)
MEHT, HanpaBJeHHb BBepX. DByksoil —_—— — -
D—soment, Hanpasaesnsiii BHu3. Yneno n "
MOMEHTOB, HanpaBJIeHHbBIX BBepX H BHH3,
0603naueHo yepes n u n’ coorserctpes- | MO KOHbUrypauusi, TpPH KOTO-
Ho. Uneso Cpy(n) BOSMOXHBIX KOHQH- | DOH A MArHHTHBIX MOMEHTOB Ha-
rypauuii, B KOTOPHIX 7 MOMEHTOB H3
N HanpapseHnl BBepX, YKa3aHo B mo- NpasJeHbl BBEX, MOKET ObiTh
cregnem croabue. (3ameTbre, yro 3ta | OCYILECTBJEHAZ DA3NHYHBIMH CIIO-
Ta6aunz ananoriuHa Taba. 1.1.) cobamu. 3T0 nokasaHo B TabJl.

2.1. OGo3nauum nosromy:

Cy (n)==4uciio pasTHUHBIX KOH(QUrypauHui, NpH KOTOPbHIX
A MarHHTHBIX MOMEHTOB M3 ofmero, uncaa N Hampas-
JeHbl BBepPX (a ocrtadbuble N-—n==n’' Hanpas/eHbl
BHH3) *).

®)

Uckomas BepoatnocTb P(n) Toro, 4to n U3 N MOMEHTOB HanpasieHB
BBEPX, P2BHA BEPOATHOCTH OCYILECTBJEHHs JIHGO nepBoi, 1HGO BTOpOil,

*) Koapxpruuent Ca(n) HHOTAA HA3LIBAIOT UHMC/IOM KOMOHHauui #3 N 06beKToB
o n.
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..., AHGO, HakKoHel, nocienHeil u3 Cy(f1) BO3MOXKHBIX KOHQUTYpaLHil,
B coorserctBHH ¢ ofueit Teopemoit (4), HCKOMasi BepoSITHOCTbH P(n)
paBHa cyMmMe BeposiTHoCTel (8), B3sSTOl NO BCEeM TAKHM BO3MOXHBIM
KoHpHrypauusaM, KOTJA A MarHUTHBHIX MOMEHTOB HaiipaBJieHbl BBEpX.
Dra cymMma paBHa NPOH3BENEHHIO BeposTHOCTH (8) Ha KoabduuMeHT
Cy(n). Takum obpasou,

P(n)=Cy(n)p"q¥-", (10)
rie

n=N-—n.

Ham ocranoch mnoacuutaTh BO3MOXHOE YHC/IO KOHMHMIypauuit B
ofmeM ciydae NMPOH3BOMbHEIX 3Hauenuil N u n. Ilpenmonoxum, uto
MBI uMeeM Tabnuny T, asanornudyio Ttabna. 2.1, rae o6ozHayeHbl BCe
KOH(HIrypautH, KOTOpble MOXKHO 00pa3oBarh M3 N MarHHTHBIX MOMEH-
TOB, NpHYeM cHMBOJOM U 0fO3HaueH MOMEHT, HallpaBJeHHBI BBepX,
a cumBosioM D — Buu3. B stoM cayuae kospinuent Cy(n) ompene-
JAETCs. YHC/IOM PSJOB, B KOTOPHIX CHMBOJA U mOBTOpsieTcss n pas.
UTo6bl NOACYUNTATH HMCAO TAKHX DSOB, PAacCMOTPHM 7 Pa3/IHYHbBIX
HanpasJeHHbIX BBepX MOMEHTOB H o6o3HauM ux U, U, ..., U,.
KaxkuM unucioM KOHQUIyDPauuil Mbl MOXKEM OCYIeCTBHTb 3Ty CHTYanuio?
B tabn. 2.2 orBer Ha 3TOT BoHpOC JaH JJs 4acTHOro ciayuas N=4
H n=2,

Tabanuma 2.2

1 2 3 4 H 2 3 4

Uy U, D D a | U, D U, b

Us D U, D b | D U, U, D d

U, D U, | ¢ D D U, .| f

U, Uy D D a | U, D D Uy | e
U, Us D d | D Us D U, | e

D Uy D Uy, | e D D U, Uy f

Ta6auua (T'), B KOTOPOl YKa3aHH BCe BO3MOXHbIE KOHGUTypauuy ua N =4
HICHTHUHBIX MOMEHTOB, JIBA W3 KOTOPBIX HANpaBJeHhl BBEPX. DTH MOMEHTHI
oGo3HaueHbl depes U; u Us,, xoTsa Qu3suyeckd OHM Hepasauuumbl. [lostomy
KOH(QHTYPAlUMH, OTJHYAIOHeCsT TOIbKO MeCTAMH HHJeKCOB | M 2, 3KBHBAaJEHTHBI.
OHn 0603HaueHbl OXMHAKOBBIMH GyKBaMH B noc/enHeM ctroabue. Takum o6pasoM,
taGauua conepXut B ni=2 paza Goablue KOHQHrypauuii, 4eM B TOM CJayyae,
ecan Obl oHa colepXkana JAULIb (QU3HUECKH Pa3JHUHMbIe KOHQHIypauuH. ]

Cumson U, B cTpoxe Tabiuibl MOXKET NOSABUTHCS HAa N pasiHYHBIX
MecTax.

[Tpu KaxkaoM BO3MOKHOM MoJ0XkKeHHH cuMBosia U, cumBoa U, MOKHO
NIOCTaBHTb Ha ofHO M3 N—! ocraBimuxcs Mecr.

Hdas Kaxkaoro Bo3moxHoro nosoxenus U, u U, cumsoa U, MOXKHO
TOCTaBHTb Ha Jwob6oe W3 N—2 ocraBuiuxcs MecCT.



Has xaxnoro BoamoxkHoro nosoxewns U,, U,, ..., U,_, nocien-
HHiT HanpaBJiesHbHi BBEPX MOMEHT MOXKHO NOMECTHTh Ha OAHO W3 N—n--1
OCTaBUIHXCA CBOGOIHBIX MECT.

Takum ofpasoM, BO3MOkHOE uucho Jx(n) pAaoB B TabaHue PABHO
NpOu3BeJIeHHI0 YHCJa BO3MOXKHBIX TonoxkeHHH cumBosos U,, U,, ...

e U, T.e.
Jv(n)=NN—1HN—-2)...(N—n-+1). (11y
1o MOXKHO 3amucaTh Kopode ¢ noMmoiiblo ¢akropHanos. Hanpu-
Mep *),

N(V—1)(N—2) ... (N—a+1)(N—n)...2:1 _N!
Twln) = N—n)... 271 =mw—ni- (12

Tenepb MBI IOMKHBEI BBECTH B 3TOT pacueT MonpaBky. Bce MoMeHTHI,
HanpaBJ/ieHHBIE BBEPX, YKBUBAJIEHTHb], H NOITOMY Te Psiibl Tabaunnt 77,
KOTOPHIE OTIHYAIOTCSl TOJBKO NEPecTaHOBKOH HHIEKCOB, OTBE4alT (H-
3HUECKU HEPA3JUUKMBIM CUTYAIHSM (CM., Hanpumep, taba. 2.2). Hucnao
BO3MOXKHBIX ITePECTaHOBOK H3 /i HHIEKCOB paBHO n! u mostoMy Tabauua
T’ cozepxut B n! Gojblilee YHCAO PSAOB, 4eM HX JOJIKHO OHITh, €CJU
IIpHHHMaTh BO BHHMAaHHe TOJbKO pPslbl, OTBeuarliue QU3NYECKH He-
9KBHBa/EHTHBIM cocTosHustM. [lostomy **) uckomoe uucio Cy{(n) pas-
JIMUHBIX KOHQUTYpAauMil AJIsl 7 HaNpaB/AeHHbIX BBEPX MOMEHTOB MBI
noiyuuMm, paspeaus Jy{n) na n!, T.e.

7
Cyiny="00_ M (13)

n! nl(N—n) *

Boiuucasiemass BeposTHocTh (10) Temepb MMeeT BuA

Nt

P(fl):mp"q[v—-". . (14)
Bosee CHMMETPHYHLIA BHA 3TOTO BbipAXKeHUS:
N! ,
P(n):mp"q". (15)
rae n’=N-—n. B uactHOM cayuae,
! N
Kordia p=q=1/2, P(n):E!A/n—,-I <—;—> . (16)

Iis paunoro suauenus N sepoarHocTh P(rt) 3aBucHT OT 1. DyHKuUA
P(n) HasbiBaercsi GUHOMUAABHOIM  PACHPeOeeHUeM.
3ameuanue [lpy pasnomedun OHHOMA CTeneHH n, paBHoro (p-+q)¥, no’

CTelleHsM A Mbl 3aMeuaeM, YTO KOSDMUIHEHT]TAKOrO Pasnokenns npH pgY —7 papen uuc-
JIy WIEHOB, COAEPKAUX P B KauecTse MHOMXKHTeNs 71 pa3 U ¢ B KauecTBe MHOXKHUTENA

*) Ilo onpejenenuio Nl==N(N—1). . .2-1; Kpome Toro, O!=l.
] #*) Ilepsblii HHAEKC MOXKeT IPUHEMATh 72 BO3MOXHBIX 3HaueHul, BTOpOii HHAEKC —
Jo60e U3 OCTaJbHbIX n—I 3Hauenuit, ..., ¥ 419 N-TO HHIEKCA OCTAETCS OJHO 3Ha-
yenne. [losToMy HuJekch MOTyT ObITh pacmofioxenn n{n—1). . .2-1=n! pasanusbMA
LI0CO6aMH... . . B}
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N — n pas. Mul umeem, TakdM 0GpazoM, THCTO uareuarnqecxylo MEOPErY PAZRONCEHUR
6urona:

Cpasuusas (17) ¢ (14), Mul BHIMM, YTO KaXKAHH 4ien crpasa paBeH BEPOSITHOCTH
P (n). 310 obpAcHSeT TepMHH «OHHOMHAJNbLHOE pachperencHHer. B Hamem cayuae,
KOF/la CyMMa HHTepecyIOIMX HAC BepOMTHOCTeldl paBHd equHHL: pri-g=1, ypaBHeHue
(17) sxBuUBaNeHTHO CJeAYIOUWIEMY:

N
1 =n§0 P (n).

Tem caMbiM MBI NOKa3aJH, 4TO CyMMa BepOsTHocTell ISt BCeX BO3MOMKHBIX 3HAYeHHH n
feficTBUTesbHO paBHa 1, Kak 3T0 TpeGyeT ycoBHe HOPpMHpPOBKH (3).

O6cyocoenue. YUroGbl NOHATb, KaK BeJIMYHHA BepositHoCcTH P(n)
3aBHCHT OT 7, PacCMOTPHM TMpeXJe BCEro CBOHCTBA KO3(DDHUIHEHTOB
Cx(n), onpenesnennnlx BolpaxesueM (13). 3ameTm, 4TO OHU CHMMeT-
pPUUHBL OTHOCHTEMHLHO 3aMeHel # U N —n =n’. Takum olpasom,

Cn(n") =Cy(n). (18)
Kpome Toro,
Ch(0)=Cr(N)=1. (19)
Mbnl 3ameuaeM Takke, 4ro
Cn(n+t1) nl (N—n)! __N—n (20)

Cym BT (N—n—D)  ntl*

Hauunast ¢ n=0, Mpl 3aMeuaeM, YTO OTHOLUEHHE COCERHHX KO3thu-
tnentoB Cy(n) cHaYana BeJHKO U HMeeT MopsaloK N, 3aTeM OHO MOHO-
TOHHO YyMeHbIUAaeTcs C YBe/dUUeHWeM 7, OCTaBasich (OJblle eNHHUIH
(uau paBHBIM eif), noka n<C'/,N, a 3areM CTAHOBHTCS MeHbLIle eIHHHLIb
npu n >=1/,N. Orcioga, ecau eue npuHATL BO BHUMaHue dopmyay (19),
caeayer, uro Cy(n) NpoxXoauT Yepe3d Makcumym BOsu3u a=!/,N u uro
suayenne Cy(n) B 3TOM MAaKCHMyME OYEHb BEJIHKO MO CPABHEHUIO C
enuyuned, ecau, pasymeercs, N BesHKO.

Tenepr Mbl MOXKeM MOHATh NOBefgHue BepositHocTH P(n). U3 (16)
chenyer, 9To

ecid p=q=1/2, 0 P(n')==P(n). 2hH

DTOT pe3yJsbpTarT CaAelyeT TaKkKe H H3 CcO00paKeHHH CHMMETpHH, Tak
Kak npu p=g=1/2 (1. e. B OTCYTCTBHE MAarHUTHOrO noas B) He Moxer
ObITb MPEHMYLIECTBEHHOH MPOCTPAHCTBEHHOH OpHEHTaUMH MarHHTHBIX
MomeHTOB. B '3TOM cayuae BepositHOCTb P(n) uMeeT MakcuMyM ¥)
B6ausu n=!/,N. C apyroii CTOpOHbI, €CIH p=>q, TO MAKCUMyM BCe
paBHO CYIIECTBYeT, HO OH Telepb cMelleHd K 3HadeHuaM n>!/,N. Pu-
CyHKM 2.6 m 2.7 HAMOCTPUPYIOT HOBeleHHe BePOATHOCTH P(n) ans
HECKOJIbKHX ITPOCTHIX C/lyuyaeB.

*) MakcumyMm npnxonm'cn Ha l/nN apu qersoM N, a npu wenersion N KMeioTCs
B2 HAHGOMBLIMX H PABHBLIX 3HAYECHHA MO 06e CTOPOHH OT 1/,N. . o J

n)



Hounbiii MaranTHbIA MOMEHT CHCTEMbI CITHHOB B HanpaBJeHHHN: nons *)
(T. e. B HampaB/EHHH «BBEPX») ABJIAETCH BEJUYHHOH, KOTOPYIO MOXKHO

- Prm)
Fim
6
15
4
15

16

i

0 1 2 3 4 n

S WY SR R
~4 2 0 2 4 m

Puc. 2.6. BunoMnansHoe pacnpejene-
Ave A1 N=4 MarHuTHbLIX MOMEHTOB
npn p=qg=1*/,. Ha rpaduke noxasa-
Ha BeposiTHOCTL P(n) Toro, uTo n Mar-
HHTHBIX MOMEHTOB HaTIpaBJIecHO BBepX,

L

WA, YTO SKBHBaJEHTHO, BepPOSITHOCTB
P’(m) TOro, 4TO TMOJHBI MarHHTHBIH
MOMEHT, HanpaBNeHHbl BBepX, pased
m (ecsIM U3MePSTh €ro B eJHMHUIlaX Kg).

H3MepuTh Ha onbite. O603HAUHM €ro
yepes M. Tax kax M mpocro pasho an-
re0pauyeckoil CyMMe MarHUTHBIX MOMEH-
TOB, HaNPaBJIEHHbIX <BBEPX» H «BHH3», Mb}_
nonyyaem M =np,—n'p,=(n—n’)p,,
uiau .
. M= mpg, (22)
rae
m=n-—n' (23)

U depe3 |, OOO3HAYEHa BeJIMYHHA Mar-
HHTHOTO MOMEHTa, CBS3aHHOTO CO CIH-
Hom 1/, M3 (22) caenyer, uro Besaudi-
Ha m=M/u, npeicraBasier coboH TOJ-
Hbil MarHUTHBIH MOMEHT, M3MEpeHHbI
B eIHMHUUAX W,. Bulpamenune (23) Mox-
HO 3anucaTb B BHIE

m=n—n'=n—(N—n)y=2n—N~N. (24)

Orciofa cnetyeT, B 4acTHOCTH, 4YTO BO3MOJKHBEIE 3HAUeHHS M OYAYT

Pk [
Pim)

020

018
016

0t

412

410

008

006

004
402
0

. 01234567849 101112/3147516'17”/81921?

RN RN SO SN NS SO NS AU S S SN RO S NN U |

| SO N N
~20-18-16-14-12-10-8 -6 -4-2 0 2 4 6 8 10 12 14 18 18 2
2

Puc. 2.7. BunoMnannHoe pacnpegeienye Aas N==20 MarHHTHEIX MOMEHTOB NipH p==g=1/,, Ha

rpaduke noKasana BepoATHOCTb P(n) TOro, YTO 7 MarHHTHHX MOMEHTOB HanpagjieHbl BBepX,

MM, UTO 9KBHBANEHTHO, BePOSTHOCTh P’(171) TOro, 4TO nOAHBIA MarHHTHBII MOMeHT, HanpabJ/eH
HHIfi BBePX, DaBeH m (eCAN H3IMEPHTB er'0 B eTHHHHAX Hg).

YeTHBIMH NpH YetHoM N U HeuerTHbiMH, ecan N Heuerno. Coraacuo (24)

- *) B paabnefilem s KpaTKOCTH uuoerpa OyazeM HashBaTh M NOJHLIM MATHET-

HBIM MOMCHTOM.
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oflpefeneHHOMY 3HAUEHHIO n OTBeYaeT eIMHCTBEHHOE 3HaueHHe m,

1 HaoGopor, .
|

n=-x (N +m). (25)

BepowtHocTs P’(m) TOro, 4TO M (PUHUMAET Ofpele/eHHOE 3HA-
geyiie, AO/KHA [O3TOMY COBMAAaTb C BEPOATHOCTBIO P(n) Toro, uro n
upuHHMaeT 3HaveHwe, caenywotiee H3 (25). Hrak,

' Pum:P(N+m) (26)

2

70 BbLIPAXKEHHE JaeT BEPOATHOCTbL MOABJECHUA JIOO0r0 BO3MONKHOIO
SHaueHUs MOJHOTNO MATHHTHOTO MOMEHTa CHCTeMbl CNHHOB. B vacTHOM
cayuae p = q ="/, u3 ¢opmya (16) n (26) creayer

Nt 1\
[N+ mN\L[N—m\! <—2—> *
2 )\ 2 >

P’ (m) =

HaunGonee BeposTHas cuTyauusi coorsercTByer m=0, xoria M=0.

O6obugerue GuromuaasHozo pacnpedescnus. Hawe pacemorpenne
KacaJsioch YacTHOH 3ajaul O cucTeMe, cocrosiiedl M3 cnuHoB. Eft MoxHoO,
ofHaKo, npuaath Gosee obluee 3HadeHue. [lefcTBHTeNbHO, HamH Gbiia
peileHa chesyiouast 3anada. Mmeem N craTHCTHYECKM He3asHCHMbIX
cayuaeB. [lpennonokum, 4TO BePOATHOCTb BO3HHKHOBEHHUSI KamAOTo
TAKOTO CJy4as PaBHa p; TOTAA BePOATHOCTh TOTO, YTO STOT CAYydYal
He BosHHKHeT, Oyier g=1!—p. Kakosa BepositHoCTs P(n) BO3HHK-
HoBeHMA N Taxux caydaeB (ocrajphble N —n clyyaes He BO3HH-
xawor)? DBunomuanbHoe pacnpelesiende (14) faer HemeJIeHHBLHT OTBeT
Ha 37T0T Bofpoc. [leficTBHTE/bHO, B HAllleM YaCTHOM HPHMEPE CHCTEMb,
cocrosiiteli U3 N He3aBUCHMbIX CMHHOB, BO3HHKHOBEHHE C/yYas OTBe-
YaeT CnuHy, HaMpaB/ieHHOMY BBepPX, TOrAa Kak OTCYTCTBHE CJyuas
OTBeYaer CNHHY, HanpaBieHHOMY HE BBepX, a BHH3,

Mbl paccMOTpPHUM e€lile HecKOJIbKOo APHMEPOB, KOTAa GHHOMHAIbHOE
pacnpenesiende AaeT HeNOCPEACTBEHHOe pelleHHe 3afaud.

Uaneanbwub it raz us N modaekya. PaccMoTpum npealbunii ras us N
MOJIEKYJI, HaXOAAWKRXCS B cocylie obnemoMm V. Jlns uieannHoro raza s3aumMosieficTenem
MOJIEKYN MOXHO I1peHe0peub W HX ABHIKeHHe MOXKHO CUMTATh CTATHCTHYECKH He33BHCH-
MM, TIpeanonioxuM, YTo SUHK MbICJEHHO pasiesieH Ha JBe YacTd ¢ o6vemamu V u V',

TaK 4To
VAV =V, @7

Paccmorpum ancamGiib H3 60JILIIOTO YMCAA TaKUX COCYNOB € rasom. ITyers p — Bepo-
ATHOCTb TOrO, YTO HEKOTOPasi MoJieKy/1a HaxofuTcsl B oGbeme V, a ¢ — BEPOSITHOCTD ee
HaxomAeH#s B o6beme V'. Ecad ras HaxonuTca B PaBHOBECHH, TO MONEKYAB paBiHo-
MepHO pacripefeieHbl N0 0GbeMy H

v v’
p=yre 8 9=y ‘ (28)
{Ipu svom p+q=1, Kak TpeGyer ycnosue HOpMposBkH. Kakoma sepostnocts P (n)

Toro, 4to B aticamtse #3 N Mo/eKy. B ofbeme V OKaKyTCs f MOIEKYA (NP STOM OCTaMb-
upie =N — n moaekyin OyAyT HaxoAHToCH B obbeme V')? Orser 3akmouen B
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Puc. 2.8. BepoATHOCTh P’(11) TOTO, 9TO MOAHBIN MATHHTHE MOMEHT cucTempl H3 N ¢nHHoOB 1/, pa-
BeH m (eCaM ero M3MepsiTh B eAMHHUAX o). M3-3a nanwuvsi MarHuTAOTO nNoJs p=0.7 n g=0,3.
I'papukn palor apavenue P’(m) pns geThIpeX pasaMuHBIX CaydyaeB, COOTBCTCTBYIOUIHX
N=10, 20, 3(? ¥ 50.



GuHoMHanbwHoM. pacnpenenchHuni (14). B uwactnoctn, ecim ¥==V’, tak utowp == g=¥%,
TO pellleHHe 3TOH 3aJiauH NoJyuyeHo B 1. 1.1, rie HYKHO. 6bli16 HAUTH BepOATHOCHK TOTO,
4yTo n u3 N MOJeKy/] HaXo@STCs B JIeBOH MOJIOBHHE COCYJa.

bpocanune MoHeT MaAM HIpPaAbHB X KocTeil. PaccMorpum
Gpocanie N MOHeT, noBejeHNe KOTOPbIX -GYyAeM CUHTaThb CTATHCTHYECKH HEe3aBHCHMBIM.
TlycTe p ecTb BepOsATHOCTL TOrO, 4TO MI06asi JAHHAsE MOHETA BHIAAET «OPJIOM», a8 ¢
€CTh BEPOSITHOCTL BHINAXaHILs «DEUIKH), H3 coofpaxxennil CUMMETPHH MBI MOXKEM CYH-
Tate p = g=1%;. Kakopa BePOATHOCTH Toro, 4TO N H3 N 6pomeHbex MoHeT BbmanyT
«OpJIOM»?

bpocanue }\/ HrpalbHEIX KoCTell Hpe,H.CTaBJIHeT coboit ananornqﬂylo 3agavy. Mx
noBejleHHe OMATh MOXKHO CUMTATh CTATHCTHUECKA He3a MCHMBIM. [lpelnonoxud, p
€CTh BeDOSITHOCTh TOTO, 4TO JI06ast KOCTh BhlnafeT CTOPOHOIL «6» BBepx, Torga = 1 —p
€CTh BEPOSITHOCTb TOTO, UTO 3TO He Npou30iileT. ¥ HrpalbHOIl KOCTH IIECTh CTOPOH U
M3 coofpaxkeHuil CHMMETPHH CelyeT, 416 p = /4, a g = 1 — p=5/,. Kakoea Bepost-
nocts P (n) Toro, yro n u3 N xocTeil BumagyT croponoil «6»? DuHomuajbHoe pacnpe-
neqeHue (14) orsevaer ¥ Ha 3TOT Bonpoc.

2.4. Cpeanue 3nauermns

Hpeﬂnonomum, 4YTO nEpemMeHHas U, XapaKTepHUsyiollas HeKOTOPYIO,
CHCTEMYy, NPUHUMAET & BO3MOKHLIX INHCKPETHBIX 3H8‘I€HHﬁ.‘_ :

Uy Uyy v ovy Uy

KOTOPBIM COOTBETCTBYIOT BEPOSTHOCTH
P, P, ..., P,

D10 3HAUMT, 4TO B ancambJje U3 o\ aHANOrMuHBIX CHCTeM (Te Jf—>oco)
nepeMeHHass 4 MMeeT 3HaueBMe 7 s CJELYIONIer0 4YWC/a CHCTEM:
N, =NP,.

" Vxasanne BEPOATHOCTH HabarofeHus P, 11s BCeX o BO3MOXKHLIX
3HaueHMil ABAseTcs HauGosee MNOJHBIM CTATHCTHUYECKIIM OIHCAHHEM
cHcTeMbl. Y06HO, OJHAKO, HMeTb HEKOTOPble IlapaMeTpbi, KOTOpbIE
XapakTepHu3YIOT pacnpelenieHde BO3MOMKHBIX SHaUeHHH u# B ancambie
MeHee JieTanbHeIM o6pasoM. TakuMu mapaMeTpaMu SBJASIOTCS, HanpH-
mep, cpednue 3nauenus. Mx cmbics Becbma mpocT. Hampumep, pesyib-
TaT 3K3aMeHa TPYMOLl CTYIEHTOB MOMKHO ONHCATh HauGOJee NOJHBIM.
o6pasom (eciH HAM He UHTEpeCcHs! haMUJLN CTYAEHTOB), yKa3as, CKOJb-
KO CTYLEHTOB IIOJYUH/IH KAXKIYI0 H3 BO3MOMKHBIX OlEHOK. Menee nof-
pOGHO pe3yJbTaT 5K3aMeHa MOXKHO NPEICTABHTh YKA3aHHEM CPELHEro
Gaana. Jlas 5TOro KakAbifi BO3MOMKHBIH 6ajsl cJaelyeT YMHOMXKHTb Ha
UHCJIO 3acAYMKMBIIMX €ro CTYAEHTOB, Pe3y.bTaThl CJOXKHTb H CYMMY
pa3sieNdTb HAa YHCJO 3K3aMEHOBABLUHMXCH. AHANOTHYHO, YTOOBI MOJY-
uyTh CpeliHee 3HAUEHHe BEJHUHHB U B aHCAMOJE, Mbl IOMKHbl YMHOXKHTD
Ka)KJ0oe 3HaueHHe i, HA YUCJIO CHCTEM of,, B KOTOPLIX 3TO 3HAYEHUE
OCYLUeCTBUJIOCh, CJIOXKHTb 5TH NPOU3BELEHHS MJS BCEX BO3MOMKHBIX
SHAuYEHMH 7 M Pe3yJbTaT Pa3feuTh Ha MOJIHOE YHCIO o CHCTEM B aH-
caMmbuie. CpeOree 3HaueHue BEJIMUHHBI (WIR ycpeOHeHHOe N0 aHCAMOAI0),
KoTopoe Mul 0G03HauWM #, PaBHO, TakKuM oOpasom:

lad

o bl e ST (29)

con o e
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Ho oY, /N'==P, ecTb BPOSTHOCTD MOABICHHA 3HAYEHHR ., H Oflpele-
Jentne (29) npuHumaer BHA ¥)

i = gfu (30)

AnanorudHo, ecau f(u) ectb moban QYHKUMA u, TO CpedHee SHaueHue
(1au  ycpednennoe no awcambaio) f(u) onpenensiercsi BoipaXdeHHeM

)= 2 P f(u,). 31

M3 sTOr0 onpeneneHHsi CpelHero 3HAUeHHs CJAEAYIOT HEKOTOphle
fipocThbie ero csofictBa. Hanpumep, ecan f(u) u g(u) — mobuie 1Be GyHK-
uuu o, TO

Fra= 3 P, fw)+ew)] = 3 Piw)+ 3 Pz )

Hjada

Fre=T+z | 32)

2710T pesy bTaT NOoKa3blBaeT B CaMoM oOlleM BHAE, HTO CpejHee 3Ha-
YeHHe CYMMbl UJEHOB PABHO CYMMe CPEAHHMX 3HaueHHH KaxKIOro 4ieHa.
[lostomy caefyiomne oaHa 3a [Apyroil onepauuu 06p83OBaHHH CYMMHBI
H MOJTYYeHHs CPelHero 3HaueHHs AAlOT OMAMHAKOBLIA pe3yabrar, Hesa-
BHCHMO OT TOPsiiKa, B KOTOPOM Mbl MX Bhinosiusiem *¥),

Ecan ¢ — sexkoropas KoHCTaHra, TO

of = gl Pr lC, (ur)] :Crg“l Prf (ur)'
HJIU

cf =cf. (33)

“TakuM o6pasoM, onepatiMH YMHOXEHHUS HA HOCTORHHYIO H yCpeJHEHHA
“TAaKkKe MOTYT OBIThb BLINOJHEHbl B JIO0OH NOC/ieJ0BaTeNbHOCTH M 3TO
He BJMsieT Ha pesyabraT. Ecau f=1, 10 dopmyaa (33) nder oueBUAHBI
pe3yJbTaT: CpeiHee 3HayeHHe NMOCTOSIHHOH paBHO €AMOfi NOCTOSTHHOM.

*) CpesiHee 3HaueHHe 4 SaBHCHT OT BpEMEHH, eC/H OT HETO 3aBUCHT NOBEleHHe
‘ancambiis, T. €. HEKOTOpHe BEPOSTHOCTH. 3aMeTHM, OIHAKO, 4TO cpednee 3HaueHue

HWIH yepeOnennoe no ancambAI0 3HaueHue u eCTb CpefHee N0 BCEM CHCTeMaM aHCaMGas
B AanHHIH MOMeHT. Ono OT/IHYaeTCs OT CpejHero No BpeMeHH VIl OJHOR CHCTEMb, KO-
“yopoe ObIO onpefeieso ¢opmysoit (1.6), 3a Hck/ouenHeM CHEUHANLHOro CIyyam
aHcamOuisd, He 3aBHCAWEro OT BPeMeHH, KOria ycpenﬂeane npoasaonmca [0 OueHb
GOJILIIOMY HHTEPBAJY BpeMeHH.

©**) Ha s3bige mareMaTaXH Mbi FOBODHM, HTO 9TH: onepaunu ¢Kouuympywn
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F1 p 1 M e p. PaccMOTPHM CHCTEMY H3 UeTHIPeX CIHHOB M NYCTh p== ¢= % . Uncno
MarHUTHEIX MOMEHTOB, KOTOphle MOIyT GHITh HANpPaBJIEHH «BBePX», MOXKeT GHTh PaBHO
n=0, 1, 2, 3, 4. BepoATHOCTH NOABNEHHs STHX YHCE] CJeAYIOT HENOCPeACTBEHHO M3
¢0p1vxy.m>1 (16) H3 puc. 2.6 BHAHO, YTO 3TH BEPOSTHOCTH PABHH COOTBETCTBEHHO

P (n)=1/16, 4/16, 6/16, 4/16, 1/16,

Cpenﬂee YHCJIO MAaTrHUTHBIX MOMEHTOB, HamnpasJ/ieHHHIX BBepX, PaBHO

E=§ P n=(50)+ (1) +(752) + (762 + (55 4) =2

3ameTHM, UTO 3TO Cpejiiee npocTo paBHo Np = 4.%.
Tak Kak p = g, To NpenMyleCTBEHHOE HaNpaB/eHHe B IPOCTPAHCTBE OTCYTCTBYET,

D10 3HAYHT, YTO CpefHee YHCAO0 MOMEHTOB, HaPaBJEHHBIX BBepX, HO/IKHO OLiTh PaBHO
CpejHeMy UHCJHY MOMEHTOB, HamlpaBieHHHX BHH3, T. €.
n=n=2
DToT pe3yabTar CJaefyeT Takke H H3 dopmynasl (32), Kotopas paer
n=N—n=N—n=4—2=2.

Tak KakK Her NpeMMyLIeCTBeHHOr0 HanpaBjieHUsl B NPOCTPpaHCTEe, TO CpejHee 3HAUeHHe
MarHHTHOTO MOMEHTa JOJIXKHO GhITh paBHO HY.JIIO:

Mm=n—n=n—n =2—2=0.

3HaueHue M MOXKHO BBIYHCJHTE H HeNOCPeACTBEHHO, eCJIH HCNOJh30BaTh BEePOATHOCTH
P’(m) Toro, uro m NpHHHMaeT BO3MOXHble 3HaueHuss m = —4, —2, 0, 2, 4. Torna, no
ONpeleieHNI0 CpeHero:

— , 1 4 6 4 1
m=§p (m) m=5 (= 9+ 5 (= D5 05 - 245 4=0.

Mbl npuBeseM ee OfHO, 4acTO OYEHb BAXKHOE, CBOMCTBO CpelHEro
sHauenus. [IpeinosoKuM, YTO MBI HMeeM JIeN0 C ABYMS MEPEMEHHLIMH,,
4 M U, KOTOpble MPHHHMAIOT 3HAUEHHS

Uy Uy ooy U,

H
Uy Ugs wess U,

cootBeTcTBeHHO. O603HayHM 4epe3 P, BepOATHOCTb TOTO, YTO IepeMeH-
Hasg 4 NPUHHMAET 3HAueHUe u,; AHANOTHUHLIH CMBICA OTHOCHTEILHO.
nepemeHRoil v umeeT BepoATHOCTL P.. Ilycte BepositnocTh JOGBIX
3HAYeHHIT 4 He 3aBHCHT OT 3HAYeHHii, KOTOphie MPHHHMAET NEepeMeHHas v
(310 03HayaeT, YTO TEPeMEHHBble ¥ W U CTAaTHCTHUYECKM HE3aBHCHMBI).
B sTOM cayuyae coBMecTHast BEPOATHOCTb TOTO, 4TO # NPHHUMAeT 3Ha-
YeHHE 4,, a U NPUHHMaeT 3HaYeHHe U, paBHa

P,,=P,P,. | (34)

l'lpezmonomnm Tenepb, 4TO f(#) eCTb HEKOTOpash PyHKUMUA NepeMeH-
Ho#l u, a g(v) — ¢dyHkuus v. Torna us (31) c.nezxyer uTo cpelHee 3Ha-
ueRHe Npou3BeAeHHs fg paBHO

f(u)g (v)= 2‘ z:‘ Prsf () g (vs), ] (35)
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rile CyMMHpOBaHHe [POH3BOAHTCA MO BCEM BO3MOXKHBHIM 3HAMEHHUAM
nepeMeHHBiX 7 M S. Eciu nepemenHble CTATHCTHUECKH HE32aBHCHMBI,
Tak yro Gopmyna (34) cnpaseaauBa, 1o u3 (35) crenyer

fe=ZXP,Pf(u,)g@)=ZX(Pf ) [Pg)] =
=[ZPfw)][ZPe @]

Ho nepBbm MHOXXHTEIb CnpaBa €CTb NPOCTO Cpeanee 3HadeHue f(u),
a BTOpOH paBen cpelnemy 3HaueHHio f(g). [lostomy Mmbl noaydaem:

fe=Tg.
(36)
ecnmd f U g CTAaTUCTHYECKH He3aBHCHMBI,

T. e. CpelHee 3HAaYeHHE NPOM3BEIEHHS PABHO MPOH3BEACHHIO CPEXHHX
SHadYeHH#.

Hucnepcus. llpennooxuM, 4TO Mbl HMeeM NEpeMEHHYIO 4, H Be-
POSITHOCTb TOrO, 4TO OHA NPHHUMAET 3Ha4YeHus u,, pasHa P,. Cyuwect-
BYeT HECKOJIbKO MNapaMeTpoB, C MOMOILLIO KOTOPBIX OOBIMHO XapakTe-
pusyoT o0lLIHe CBOHCTBa pacnpeseieHHs BepoATHOCTH. OIHHM H3 HHUX
ABASETCA CpefHee 3HAYeHHe [epeMeHHOH, T. e. BeMHUYHHA u, Onpefe-
JeHue Kotopo#i Jano dopmy.soli (30). ItoT mapamerp ykasbiBaer Ha
HEKOTOpOe [EeHTpajsbHOe 3HaueHHe, OKOJO KOTOPOrO paclpefeseHbl
3HaueHHsd NepeMeHHOH «. YacTo ObIBAET HYAHO M3MEPSITb OTKJIOHEHHst
IepeMeHHO! OT 3TOro CpefHero 3HaYeHHs, T. €. BEJHUHHY

Au=u—u. ' (37)

3amernM, 4TO CpejiHee 3HaueHWe ITOH BeJHYHHBI paBHO Hy. 0. [lefict-
BuMTesbHO, U3 (32) uMeem

Ai=u—u=u—u=0. (38)

Yo6HO HMeTh Tapamerp, KOTOPHI xapaxkTepH3oRal Gbl BeJHUUHY
pasbpoca BO3MOMHBIX 3HAYeHHA u OKOJIO cpelHero sHayenus u. Cpes-
Hee 3HayeHue caMofl BeMHUYHHBI Au He MoxKeT GHITb TaKUM Hapamer-
poM, Tak Kak Au B cpeiHeM OIHH3KOBO YacTO NpPUHHMAET Kak
NOJIOXKUTENbHbIE, TAK H OTPHUATENbHbIE 3HAUSHHS, M CPeJHEe 3HayeHHe
Au paBHo uyJio cornacho (38). OaHako KBapar 3TOfl BeJHYMHBI He
MOeT ObiThb OTpH[[aTEJIbelM Ero cpezmee 3Hadeline paBHO

(Au)z—r;1 P, (Au,)? = 2, P.li—ap . (39)

¥ HaswiBaeTcsi Jucnepcued reuuMHbl 4. Jlucuepcus He moxer ObITH OT-
puuare bHO, Tak Kak BCe csaraeMble B (39) nosoxurenbhsl *). Hrak,

(Au)E>=0. .. (40)

*) 3averam, uto (Au)? ne coBnagaer c Besnunnodi (Au)?. 310 3HAWHT, 4TO BO3BECTH
B KBAZIPaT H 3aTeM yCPeJHUTb—COBCEM HE TO Xe Cauoe, uTO ycpenumb, a 3ateM BO3-
BECTH B KBajpar.
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Jlucnepcust paBHa HYJO TOIBKO B TOM CJIyRae, €C/AH 62 BOSMOXHHI@
3HaueHHs u, paBHbl 4. OHa Tem OoJblilie, 4eM O6oJibllle BEPOATHOCTh
NONYYHUTh 3HAYEHHA #, 3aMeTHO OTJHRAIOIHecs OT cpeiHero. Takum
ofpasoM, AucnepcHsi sB1sAeTess yAOOHOH Mepo#t pasbpoca 3naueHuit
nepeMeHHoit u.

Ilucnepcust MMeeT pasMepHOCTb KBajpara BeJquuuHbl 4. JlnHefdHo#
MepoH pa3bpoca BO3MOXKHBLIX 3HAYEHHH u ABAACTCS KBaApaTHblll KOPeHb
M3 JHCIIEPCHH, T. €. BE/IHYHHA

Au= [(Au)2]', (41)

Pa3MEPHOCTh KOTODOH COBMAalaer C Pa3MepPHOCTBIO 4. DTa BeAHUHHA
HasbiBaeTcs cmandapmuoim omraonenuesm Au. W3 onpenesenus guc-
nepcHu (39) ciaefyer, 4TO AaXe HecKOAbKO 3HAUYEHWH u, JafeKHX OT i,
JaioT Gosbitoil BKAag B Au, eciu OHH HaOMOJAIOTCA € 3aMeTHOfl Bepo-
ATHOCTBIO. Béaban yacth 3HAYeRHl & HAXOZHTCA B Ipelenax 3HaueHud
nopsiaka Au, Nexaiux BOJIM3H CPEIHEro 3HAUEHHA U.

ITpuwMep. BepHemcst K npuMepy C YeTblpbMsl CIMHAMH, Korga p==g=Y2. 3ieck
n==2 ¥ [HCnepcusl N paBHa, MO ONpefe/eHHIO,

@n)2= 2P (n) (n—22=
n
1 4 6 4 1

=15 (= (D (0 t5 - (D5 2P =1L

CTanjapTHO® OTK/JIOHeHHe OT 1l PABHO
An=VT=1

AHaIOrHIHO MOXHO BBIMHC/MTH THCTEPCHIO MArHMTHOrO MoMenTa. Tak kak m=0, to
MBI HMeeM, MO Oflpele/IeHHIO,

@m)pE= X P’ (m) (m—0)%=

1 4 - 6 4 1
=15 (V1 (=D g O+ @ =4

TaK 4TO . _
Am=V 1=2.
IIposepum cpasesinBocTb 3Toro pesyasrara. Tak kak m=0, a n=n'=2, 10 A1 Mo~
OblX 3HAYEHHH m WM n MB HMeeMm

Am=m=n—n"=n—@4—n)=2n—4=2(n-—-2),
uau

Am =2 (n—n)==2An.

Takum o6pazom,
; (Am)% =4 (An)?,
4TO COBMAajaeT C NMPSIMbIM pPacueToM.

3HaRHe BepOATHOCTH P, pa3IHYHbIX 3HAYEHH «, naeT BOIHYIO CTa-
THCTHYECKYIO HHOPMAIHIO O pacnpesiesleHH 3HAYeHUN 4 B aHcambie.
C npyroit cTOpoHb!, 3HaHHE HECKOJbKHX CPEIHHX BEJHUMH, TaKHX Kak,
Hanpumep, u u (Au)?, naer TOAbKO 4YacTh MHOPMALHMM O pacnpere-
JIEHHHM BEpOSITHOCTH, KOTODOH HEROCTaTOYHO JJisi MOJYyYeHHs BCero

36



pacnpenenenns. OHAKO 3TH CpPeJIHHE YaCTO MOXHO BBIUHCAHMTBL MpO-
CTHIMY MeTo[aMH, 6e3 NpUMEHEHHS BePOATHOCTeH. ITO OCOOEHHO BaXKHO
B TeX cjyyadX, KOTKAa TOYHOE BHIUHCJIEHHE BepOATHOCTEl sBAsercs
TpyAHO# 3ajaueii. B caenytolieM pasjie/ie Mbl NOSICHUM 3TO HA npUMepax.

2.5. Cpeanne 3HayeHHst JJst CHCTeMbl CITHHOB

' PaccMoTpHM HeanbHYi0 cHcTeMy H3 N ChMHOB, paBHHIX 1/,. dtn
CIIMHBl CTATHCTHYECKH HE3aBHCHMEI, YTO NO3BOJseT HaM BechbMa MpOCTO
BLIUAC/IHTD HEKOTOpHIE CpelHHEe 3Ha4YeHHs B BecbMa OOIMX CJIyuyasix.
Jas sroro Her HeoOXOJMMOCTH 3HATb BEePOSITHOCTH, HOAOGHLIE TeM,
KOoTOpHE cheayior u3 dopmyun (14) ans P(n).

HauneM c nayuenns Takoil ¢H3HYeCKH HHTEPECHOH BeJIMYHHBI, KakK
MOJIHBI MATHUTHBIA MOMeHT M B HampaB/leHHH MarHHUTHOrO MOJs.
O603Ha4YUM dYepe3 W; COCTABJSIONIYIO MOJHOrO MarHHTHOI'O MOMEHTa,
BO3HUKIIYIO OT {-I0 CHMHa. JTa BEJHYHHA MOXKeT ObiTh paBHa JHGO
Mo, JHO0 — W, TTONHBII MArHUTHEI MOMEHT paBeH CyMMe MarHHUTHBIX
MOMEHTOB OT BCEX CIHHOB!

M=p+p,4 ..o Fpy
uay, B Gonee Kparkoil 3anucH, '

N
M= 21 P (42)

Mbl XOTHM BBIMHCJAUTH CPeliHee 3HaueHHe M JHCIEpPCHIO MOJHOTO Mar-
HHTHOTO MOMEHTa.

Yro6el NONy4HTh CpejiHee 3HadeHHe M, HaM JOCTaTOMHO YCPeLHHTh
o6e uyacrtu paBeHctBa (42). O6liee npaBuso (32) NO3BOJSIET MEHSTH
HOPAJOK YCpeAHeHHS H CyMMHDOBAHMS, MOTOMY Mbl MOXKEM HaNuCarh

M ﬁ} <y 43
=& Hi—% L (43)

Ho BeposATHOCTb TOrO, HTO MATHUTHBIR MOMEHT OPHEHTHPOBaH BBepX
MW BHH3, OIHA M Ta e JUIA BCeX MArHUTHEIX MOMeHTOB. [Toaromy
Cpelsee 3HaueHMe MATHHTHOTO MOMEHTA OJAWHAKOBO JUIfi BCEX CITMHOB
(T. &y =W, =... =py) U MBI 0003HAYHM 3TO cpejHee Yepes pu. Cymma
(43) cocrout, TakuM 06pasoM, W3 N ONMHAKOBBIX C/araeMblX M MOXeT
ObiTb HanMcaHa B BHIE -

M= Ny. (44)

3TOT pe3yJbTaT nouTH oueBuneH. OH O3Hayaer, 4TO CpefHee 3HAUEHUe
MarHHUTHOTO MOMEHTa cHCTeMbl M3 N cniHOB B N pa3 GoJibile cpelHero
8HAYeHHs MarHHTHOTO MOMEHTa OJHOrO CIHHa,

Buuncarim Teneph aucnepcuio M, T. e. Benmunny (AM)?, rae

AM = M—M. - (45)



Buiuntan us (42) cpenmee (43), Hmeem

M= 3 ) (46)
HJHT
l&
‘AM = 2‘ Ap‘[r
rae - _
Ap;=p;—np. “4n
Urobul Halith (AM)?2, yMHOXHM cymmy (46) camy wa ceba. [lonydaem
(AMY = (A, 4 By o4 Bug) (A -+ Ay £ ..+ Aug) =
= [(Ap)* + (AP + .o 4 (Apa)*] + (Ap, Ap, 4 Ap Aug +
-+ AP‘IA”N_}" AM2AH1 -+ AuzAua 4 AI‘LI\'AMN—I)'
- AM): = S {An;)? S $ A A 48
(AM) ——% wy) ‘I"t%;bl%( we) (A ). (48)
f {

TlepBril 4sieH cnpaBa BO3HHKAeT [PH BO3BENEHHH KaXKIOTO C/1araeMoro
cymmbi (46) B kBanpat. Bropoll wien cnpaBa ob6pa3yercs OT nepeMHO-
JKEHUS1 pasHbix 41eHOB cyMmmbl (46). O6pasyem cpegnee 3nauenue (48).
Ilpu 3TOM MBI CHOBa HCHO/Ib3yeM CBOHCTBO (32), mosBoJstiollee MEHATb
MOPSAJIOK YCPeIHeHHsT U CyMMHpOBaHPIH Hnmeem

(AM)? = 2, (Aw,) + 2, 21 (Ap) (Bp)). (49
l—'#l

Bo Bropom uniene, rae j =i, Bce NPOH3BEJEHHST OTHOCATCA K PA3/IHUHBIM
CIHAaM, KOTOpble, KaK Mbl 3HaeM, CTaTHCTHYeCKH He3aBHcHMbl. [lo-
3TOMY, Ha OCHOBaHHHM cBOHCTBa (36), cpenHee 3HAueHHE KaXKAOTO TaKoro
{IPOM3BE/ICHHA DPAaBHO MPOM3BEIEHHI0 CPeIHMX 3HAdeHHil. KHwmeem

aast iw=j (A (Buy)=(Ap) (Ap) =0, (50)

TaK Kak
Apj=p;—p=0.

Takum o6pazom, Kaxablil nepekpecTHHIA uged B (49) nocne ycpenHeHUR

Hcye3aeT (OH OAMHAKOBO 44acCTO GBIBAET IMOJIOKHTE/NbHLIM U OTPHUATENb-

HbIM) ¥ (49) CBOAUTCA K CYMMe KBaJpaTHUHBIX UY/IEHOB (HH OJHH M3 HHMX
He MOXeT OblTb OTPHLATENLHbIM):

N
BM) = 3 [Bu. (51)

Janbme Hamy paccyxaenns GyAyT aHa OTHYHbI TeM, KOTOpHIE C/1elI0BaIH
3a qopMy.oft (43). BepossTHOCTb TOTrO, UYTO JAHHbBI MATHHUTHBIA MOMEHT
HMeeT Onpeje/ieHHYI0 OPHEHTAlHUIO, OJ[HA H Ta XKe IR BCeX MOMEHTOB,

nostoMy aucnepcus (Ap;)? A1 BcexX COHHOB TaKKe OJMHAKOBa (T. €.
(Ap)2=(Apg)’=...=(Mux)?) ¥ Mbl obasHauum ee (Ap)i. Cymma (51¥
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cocTouT H3 N paBHLIX YJEHOB M CBOHEHTCA K "¢

| (AMF~ NP 52

W3 310ro BIpameHust cJEAYET, YTO NUCIEPCHS MOJHOTO MarHHUTHOI'O
MOMeHTa npocto B N pa3 GoJsibiMe [UCIEPCHH MarHHTHOTO MOMEHT3
otieapHoro cnuna. Ma (52) nHaxonum

(AN

AM=V'N Ay, (53)

rie BesnunHa AM=[(AM)?1/> u Ap=[(Ap)?]": npencraBasor cobo,
B COrJIacHH C~06LLLHM onpenenexneM (41), CTaHJapTHBIE OTKJIOHEHUS
[OJIHOrO MATHHUTHOTO MOMEHTA H MAaTCHHTHOTO MOMEHTa OT[e/]bHOIG
ClIHHA COOTBETCTBEHHO. :

®opmyabl (44) u (53) MOKa3LIBAIOT, KaKAM 06pa3oM BeauuuHbl M
¥ AM 3aBHCAT OT MOJIHOrO YMCIa CIHMHOB B cucreme. Ecan p5=0, To

‘cpejiHee 3HaYeHHe NOJHOrO MATHHTHOTO MOMEHTAa CHCTEMbI pacTeT Mpo-
nopuuosanbio N. CransapTHoe oTkjaoHenue AM (ono wuaMepser pas-

6poc sHaueHu#i M OKoso cpejHero snaueHHs M) Takxke pacTeT mpH
yBesMHueHHd N, HO 3TOT POCT IIPOMOPHHOHAJNER TOJNLKO KOPHIO H3 N.

Taknm obpasom, omrowenue AM/M ymerbuiaemca HPONOPUHOHAIBHO
N='/s, JlefictButenbuo, uz dopmya (44) u (53) caenyer, uto

— 0 éM 1 Ap 4
ecim p==0, 10 o VN<E‘)' (54)
STy 3aBHCUMOCTL MOXKHO MPOCJAEIHTh Ha pHe. 2.8.

-3ameTuM BechbMa OOILHE XapaxTep pe3y.abTatoB (44) u (53). Oun
3aBHCAT TOJBLKO OT 3aKNHA CJ0oXkKeHHs (43) u OT Toro ¢axra, 4TO CIHHBI
CTATHCTHYECKH He3aBUCHMBL. Bce Halle paccMoTpedile MO3TOMY Oc-
TaeTcst B PABHO CTeNeHN CIIpaBelJIMBLIM, KOTLA KOMIIOHEHTA KaMjoro
MAarHuTHOIO MOMEHTZ HMeeT HE JiBa, a MHOTO BO3MOXHLIX 3HAUEHMH.
(Tak GblBaeT, ecaH CIHH KaXIoH YacTHub! GoJblle '/,, Tak 4To ee mar-
HUTHBIH MOMEHT HMeeT Gosibile JIBYX BO3MOMHBIX OpHeHTauui }B mpo-
CTpaHcTBe.)

Cucmema wacmuy co cnuvom */,. Tlonydennble Bbillle pe3yJbTarsl
JIETKO TIPHMEHHTL K YaCTHOMY CJYydYal0 uacTHIl co cruHoMm '/,. Kak u
paHbllie, NPENrioNoXKHM, YTO BEPOSITHOCTh TOrO, YTO MArHHTHEIN] MOMEHT
HanpaB/jeH «BBepX», PaBHA p, a 8epOATHOCTb OOPATHOTO HANpPABAEHUH
paBHa g. B nepBoM c/yuae p;=i,, a BO BTOPOM cayyae u,~—h,. Cpen-
Ree 3HaueHHe NpPOEKIMH MOMEHTa Ha HanpaB/eHHe <BBEPX» DaBHO,
TakuM obpasom:

B=ppo g (—R)=(P—qIne=(2p— 1) . {55)
B’ KauecTBe NpOBEpKH 3TOr0 PABEHCTBA 3aMETHM, HTO B CHMMETDHUHOM.
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crydae, Korga p=gq, w=0, 4TO U cJe0BanO OKHAAT. Jucnepéus mar-
HUTHOTO MOMEHTA CMMHA paBHA

H (Au)*~(M—u)z—p(uo—u)“rq(—uo W . (96)

o
Bo—p =H,— (20— 1) po =231y (1 —p) =209

#u

o1 =ty + (27 — 1) g = 2P
HoaTomy (56) npuHEMaeT BHA

(Au) = p (2p49)* +q (21,p)* = 405 pq (P +q)

(Ap)* = 4pqus, 67
Tak Kak p -+ g= 1. Teneps u3 dopmyn (44) u (52) caenyer

HJIn

M=N (p—q) 1 (58)

(AM)? = 4N pqu. (9

CraHlapTHOe OTK/OHEHHe Benunnbl M paBHO

AM =2V Npqp,. (60)

Ecau mbl HanuuieM M= mp,, rJie 4HCI0 m= M/n, BbpaxaeT MOMHbIH
MAariHTHHI MOMEHT B €IMHHUAX Mg, TO Pe3y abTatsl (68) — (60) mpumyr
BH[,

- m=N(p—q)=N2p—1), . - (61)
(Am)*=4Npq, (62)
Am=2) Npq. ' “ (63)

3t QopMyJibl COllepKaT 3HAUHTENLHYIO HHOPMANHIO 0 pacrnpelesneHy
BO3MOKHBIX 3HauyeHUH M Hau m B aHcamGuie U3 cucTem cnuHOB. M3 Hux
CJIefyer, HampUMep, YTO ¢ 3aMeTHOH BePOSATHOCTBIO MOTYT HalJIOAaThCSA

JHIIb 3HAYeHHA m, JAexallile BOAHIH m H He OTIHYaouHeca OT 3T0r0
¢pejlHero MHOro GoJnlle, YeM Ha Am. Puc. 2.8 sB/sercs u/wmocTpauuei
STOro BhiBOJA.

I1pumep. Ipemnonoxum, Mol uMeeM Kakoe-To MarHuTHoe none B u Beposr-
HOCTH TOTO, YTO MATCHATHBII MOMEHT OTAEJILHOrO CIMHZ HANpaB/ieH MO MoK, pasha

p= 0,51, a npoTéB nons ¢=1-—p=0,49. Cpeanee 3HAYeHHE MArHHTHOTO MOMEHTA
cHcreMsl M3 N cnuHoB Gyjer paBHO

M =0,02Npq
Craanapmoe ork.noneﬂne sTofl BenMumHbl caegyer u3 (60):
AM =2 VNPq Bo A VN p,.



Taxum obpazom,
éM VW o 50

S O —————

M 002Ny, YN

Crasana npeanosioxuM, 410 NOJHOE YHC/IO COHHOB BechMa Mand. Jlonyctum, ure
N=100. Toraa

AM 50
e Y =5
M V10

¥, 3nauylT, AM> M. Paccesnne Bo3MOXHBIX 3HaueHuii M okasniBaeTcsl pBechbMa 3ameT-
neiM. [leficTRiTenbHO, B 3TOM CJlyyae BeChbMa BEPOATHO MOsIBJeHHe 3Hausenuil M, Koro-
puie oueHb CHILHO OTJM4alorcsi oT M

’ ’ e/ H Ja¥e HMeIOT TNPOTHBOMOJNOXKHLIH
N= p
____/l]ﬂ PiM) 3Hak (puc. 2.9).
M=214, PaccmotpuM Tenepn cayuail Ma-
AM= /0/% KPOCKOITHYECKOH CHCTEMBI  CITHHOB,
-~ ¥oria N nopsiika uncna Asorajpo,
nanpumep, N = 1024, Hmeem
0
L AM 50
——— M ::N—‘,.——.——=5-10_“,
24M M VY 102
N=10% ,D”(M) Tak yt0o AM <M. B stom cayuae
= ., paccesiiifie BO3MOXKHEIX 3Havenuit M
M=2-107,
_4nt2
AM=10"yp,
0 M M.
2AM
]
Puc. 2.9. Bepostnocts P’/ (M) Toro. 470 nos~ Puc. 2.10. Cocyn o6bemoM V, co-
Hulft MAFHHTHLIT MOMEBT CACTEMb CITHROB HMceT JepKHT N MONeKYA HAeanbHOro
sHauehe M. aan N=100 n N=10%%, ra3a B aaHnbili MOMeHT BpeMeHH
MarnuTtHoe fonie  rakomo. uwro p=0,51 #n B neboabuioli yactTH o6vema V na-
¢=0,49. Tpaduxs sBaAOTCSH OrHGAOUIBMYE XOAHTCS 7 MOJeKYJ, TOTAa Kak
ocTajibnoe 4HCAO MoJseKya n'=

KPHBbIMH BO3MOXHMIX 3uadennii P’ (M). I'pa-

(PHKHM HMMelOT pasHbie MaciTalni. =N—n HAXOAMTCH B o6beMe

Vi=Vv,—V.
xpafie MaJG MO CPaBHEHMIO CO CPEHHM 3nauerneM M MONHOrO MarHHTHOIO MOMEHTZ, >

EcJi# Mbl 6yZeM 1POM3BOAHTE CJeAYIOlIHe APYT 33 APYIOM H3MePEeHHS MarHHTHOLO Mo-
MeHTa CHCTeMbl, TO TOUTH BCerAa Ppe3YAbTaTOM H3MepeHus GyleT 3HaueHHe, OueHb

Gavskoe K M. [lelicTBHTesbHO, echu YYBCTBYTEALHOCTL Haulero MeToia H3MepeRHE

HeJJOCTaTOuHa, YToOR 3aMeTHTh OTHOCHTEJIbHbIE OTK/IOHEHH S OT CPEHEro, MeHbIIHe YeM,
ckaxeM, 1:1019, mp pcerna 6yseM noyyarh nOCTOSHHOE 3HaUeHHe Mar HATHOrO MOMeHTa,

Gauskoe K M, i He CMOMeM 3aMeTHTL CTATHCTHYECKHX (MYKTyaumi BOKPYT CpeliHero
3naueHns. 3T0T npuMep sBAseTCH KOHKPETHOH HaJocTpaunell o6liero BHEOJA O ToM,
YTO B M3KPOCKONMueCKOR cHeTeme, cocTosiiell u3 oueb GOAbUIOTO YACHA YaCTHIL, OTHO-

CHTE/IbHAS BelHuuHa GIYyKTyausit Mana.

Pacnpedesenue mosrexyr udeadvnoeo eaza, PaccMOTPHM  HMeanbHblit
ras3 us N MmosekyJ, NOMEIEHHBIX B COCYN 0GBEMOM Vo. Mpl untepe-
CyeMcs YHCAOM H¥acTilll B HEKOTOpoll BhllesieHHOR 4aCTH 3TOrO CoO-
cyna obvemom V (puc. 2.10). Ecan ras naxomurcs B paBHOBecHH, TO

)



BEPOATHOCTD P HAXOXKIECHHA MOJIEKYJIBI B 3TOM o0neme paBna
v - :
P=vy. o : (64)

)
Mrl yxke oTmedasn 310 B dopmyte (28).

BbluHc/ieHHe CPEAHEro 3Ha4YeHHUA 71 U €ro AMCIEPCHH He MPEACTaBHT
TpyliHocTeil. B konuie n. 2.3 6bl10 yKa3aHO, 4To 3ajada o6 HAeaILHOM
ra3e aHaJjoruysa 3ajgade o cdcreme cnuHoB. (OGe.3azaud NpHBOIAT K
OMHOMHAJBHOMY pacnpefeneniio.) [losToMy Mbl MOXKeM Cpa3y HCHOJb-
30BaTh pesyJbrarbl (61) u (62) n/g nosydenua xenaemoid HHGOpPMALHK
o BeauyuHe n. Ilycts n’ oBo3nayaer YHC/AO MOJEKYJ B OCTaBllefics
yactu cocyAa Vi, —V. O6oswaunm m==n—n’. Kak ciaenyer u3 ¢op-
MyJbl (25), e

1
=5 (N+m). (65)
Ucnoneays pesyabrar (61) nis m, Mbl moJyuyaem
A - 1 — 1
n=5(N4m)=5N(14p—q),
HJIH

n=Np, (66)

TaK Kak g= 1—p.
Hanee, u3 (65) MB! mosydaem

A =n— =y (N m)— (N 4-m) =5 (m—m),
uinn

.

An :%Am.

Tloatomy (An)? = 1/,(Am)* u c nomowpio (62) Mbi nosmyuaem *)

(An)*=Npq. (67)

CraHjapTHOe OTK/JOHEHHe N DaBHO, TaKHM 00pa3oM,

An=V Npq, (68)
4 OTHOIIeHue
An V' Npg_ (g\'7 I
n N _(p) Vw© (69)

DT BHpaXeHHA ONAThb MOKA3bIBAIOT, YTO CTaHIAPTHOE OTKJOHEHHE

pacTer NpONOpPuHOHaAbHO N’*. COOTBETCTBEHHO, OTHOCHTENbHAR ‘Be-
JIHYMHA CTaHJAPTHOTO OTKJOHeHHA An/fl ymenouwiaemcs MpONOPUHO-

#aabio (N)~"/s M CTaHOBHTCA OYEHb MANOR NPH MAKPOCKOMHYECKHX

%) ®opmyani (66) B (67) MOrYT OuITb, NOLYUEHH U HeTOCPENCTBEHHO Ha OCHOBAHHMA
MeTOJloB, PAcCCMOTPEHHEIX B 9TOM pasfese, Gea ofpamenus K BeauuuHe m (CM. sanaqy
2.14).
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sHauenusix N. STH BHBOABI NPEKPACHO HIJIOCTPHPYIOTCH pa3obpaHHbIM
B rnaBe | npuMepoM, T/ie paccMarpHBaJOCh YHCAO 1 MOJEKYJ, 3aKJ/o-
YeHHLIX B ONHOH MoJIoBHHe cocyina. B atom cayvae us (64) caenyer,
Y10 p== g=1/,, 1 (66) CBOAUTCA K COOTHOMICHHIO

—

n=-N,
a (69) —K COOTHOWEHUIO
‘ An
n VN

3tn dopmy/sl NPHAAOT KOJHUECTBEHHBI XapaKTep paccyXAeHUAM
o daykryauusix B 0. 1.1. To obecrositesberBo, 4TO abCOJIOTHAST BETH-
uyHa ¢uiykryauuu (H3mepsieMass An) Bospactaer ¢ poctoM N, aee or-
HOCHTe/IbHasi BeinuHHa (M3mepsiemas An/7) ymenbilaercst ¢ poctoMm N,
xopowo uanwcrpupyercs puc. 1.5 u 1.6 gna N=4 u N=40. Ecin
COCY/l COJEPIKHT OKOJIO MOJISl rasa, TO KOJMYeCTBO MOJIEKYJ HMeer
nopsAnok uncna Asoragpo, 1. e. N~10%*. B s1oM ciydae oTHOCHTE/b-
Hast BeJJUYHHA aykTyauuu An/fi ~ 10712 cTaHOBHTCS HACTOJBKO MaJjiol,

Y70 €10 [O4YTH BCerild MOZKHO npeHeﬁpeqb.

2.6. HenpepbiBHbie pacnpejefieHHs! BePOSITHOCTEH

PaccMOTpUM HZeanibHYIO CHCTEMY, COCTOSILYI0 M3 GOJIBLIOTO YHCAa
C€nuHOB, paBHbiX '/,. Takas cucreMa obsagaeT 6OJBLIMM KOJHYECTBOM
BO3MOXXHBIX 3HaYeHHH [OJHOrO MarHHTHOTO MoMeHTa. eificTBUTENbHO,
corviacto (22) u (24)

M = mp, = (2n—N) p,, (70)
Tak 4To M mMoxer NpuHHUMATh Ji0Goe u3 (N 1) BO3MOXKHBIX 3HaYeHHH:
M =f‘N”0v - (N'—2) Wo» —(N‘-4)Mov sy (N—2) o, N”o- (71)

BepositHoets P"(M) Toro, 4t0 MOJHBIA MarHuTHbIL MOMEHT MPHMET
JaHHOe 3HaueHWe A, paBHA BepOSITHOCTH MOSIBIEHHS COOTBETCTBYIO-
HIMX 3HadeHW#A m WM n, T. €. BeposiTHocTH P’(m), BbipaxaeMoil ¢pop-
myJoi (26), wau P(n), Buipaxkaemofi dopmynoit (14). Takum o6pasom,

P" (M) =P’ (m)=P (n), T2

rne m= M/u, 1 n=1/,(N-+m). 3a uckmoyennem ciyuaes, Koria M
HaxoAHTCs BOJIM3H CBOMX 3KCTpeMasbHBIX 3HauenHii -=Np, [3necw
peposiTHOCTE P“(M) npenebpexkumo Mmanal, BepostHOCTb P"(M) Me-
HsleTCsl He3HAUNTeIbHO MPH nepexofie OT AaHHOro 3Hauenns M x co-
ce/lHeMy. TO 3HAYHUT, YTO !P"(M +4-2u¢) — P"(M)|<€P"(M). Orubatoulas
BO3MOXKHBIX 3Hauenuii P”(M) ob6pasyer npu 3TOM TIajJKyi0 KPHBYIO,
KaK 3TO NOKasaHo Ha puc. 2.11. Mb MOXeM DO3TOMY paccMaTpUBaTh
P”(M) KaK NJaBHO MeHslomylocs QyHKuHIO Henpepbmnoﬁ nepemen-
HOll M, HecMOTpsl Ha TO, 4TO B JEACTBHTEJLHOCTH STOM NepeMeHHOR
JOCTYITHB JRIIb AUCKpPeTHble 3Hauenmst (71). . ,
[pennoaokum, 410 po NpeHeGPEIKUMO MINO MO CPABHEHHIO C HAH-
MEHBIUHM MarHHTHEIM MOMEHTOM, HMEIOWHMM 3HZYEHHE B HAWMX MaKpo=
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CKONTHYeCKHX H3MepeHHAX. B sTOM cayuae M3-3a HeOCTATOUHOM uyB-
CTBHTEbHOCTH HAHIMX H3MepeHHH Mbl HE CMOXKeM 3aMeTdTh, uto M
NPHUHHMAET JUCKPETHhIE 3HaueHH#, paslesieHHble MHTEPBaAOM 2u,.
TlostoMy M RefiCTBHTeNbHO MCHKHO CUHTaTh HENpPEPLIBHOH TePEMeHHOI,
¥ B TaKUX YyCJAOBHAX npHOOGpeTaeT CMHICA BejHuMHa dM, noHumaeMmasn
KaK «MaKpOCKONHYecKass G6eCKOHEYHO MaJtasi», T. €. KaK BeJIWuHHa OueHb
Maasi  MQKPOCKONUYECKU, HO

Gobliasi B MuKpockonuue ckom  P{M)
cmbicae (APYTUMH cioBamH, dM

npejnosaraercss Inperebpexu-

MO Manofi N0 CpaBHEHMIO ¢ '
HAHMEHbUHM MAarHHTHBIM MO-

r

MEHTOM, HUMEIOIUM 3HAYEHHUE

NpPH MaKkpPOCKOMHUYeCKOM pac- -
CMOTPEHUH 3ajayd, HO 3Ha4yH- M
TeAbHO GOJblIeH, 4eM ng) *). f‘ﬂ dM

KaxkoBa BeposiTHOCTB TOTO, YTO

MOHbIl MATHNTHEI MOMEHT ci- Pt 1\, Bepormuocrs, PAM) roro. w0 nor
CTeMhbl JIeXKHT B 06.}13(:’]‘}{ 3Ha- sHaueHue M, Aas cayvas, Koraa uuciao N cnuiaoms
qu"ﬁ oT M 10 M_l_dMD O‘IE- BEHKO W Maer’r‘LﬁEu:OxggT CNHHA jiy OTHOCHK-
BHJHO, 4TO BeJIMUHHA 3TOH Be-

POSITHOCTH 3aBHCHT OT BeJuYHHB dM M CTanOBHUTCA HCYe3aiolle Ma-
Jo#, ecau dM caenarb npeneGpexkumo Masof. Tlostomy MoXkHO OXH-
JiaTh, YTO HCKOMas BEpOSATHOCTL OyIeT NpocTo MPOMOPUHOHAJbHA BeslH-
qune dM, TaK 4TO OHa MOXeT ObITb 3anucaHa B CJelylolleM BHJe:

. BepositHoCTD Tofo, YTO NOJIHBI MarHUTHBIA ] N
[-Momem Haxomutcs Mexny M um M -+dM = (M)dM, (73)

rie BeaHunHa P(M) He 3aBHUCHT oT BeauunHu dM *¥), Beanyuna 2 (M)
Ha3bIBAETCS NAOMHOCHILIO BEPOSMHOCINU, OHA CTAHOBHTCH BEPOSITHO-
€ThI0 TOJIBLKO MOC/e YMHOXKeHHsi Ha GecKOHedHo Manyio dM.

Jlerko BmipasuTbh BeposiTHOCTH (73) wepes BeposTHOCTh P (M) Toro,
YTO NOJHBIA MArHUTHbLET MOMEHT APHHHUMAeT AaHHOe NHCKPETHOE 3Haue-
nne M. U3 (71) caenyer, 4ro cocepnne 3navennss M orcrosTt Apyr
or apra Ha 2u,, a Tak Kak dM3>>2u,, TO nuTepBan Mexay M u M-+-dM

*) YMeCTHO OTMETHTD, UTO MHOTHe Ju(dhepeHIHah B QH3HKE ABJASIOTCS MAKpO-
CNOMHUUECKUMH GeCKOHeYyHO MaJibIMH. Hanpnmep, MPH H3YYeHHH 3/JeKTPUYECTBA Mbk
HMeIN IeJI0 ¢ 3apafom Teta @ u ¢ npupauiendeM 3apsifa dQ. Takoe onucauuec no-
MoLLBIO Ax(depeHiiiana TOHTCS JIMIL B TOM CaAydae, Koria dQ sBifieTcst BelHYHHOM,
8HAYUTEJAbHO GONbllefi NHCKPETHOTO 3HaUeHHsi 3apsija /1eKTPoHa € H B TO ke Bpemst
npeHeOPeXXMMO MaNoH TIO CPaBHeHMIO ¢ CAMHM 3apaloM Q.

. **) Tax kak BepoATHOCTb €CTh I'Majkas ¢pyHKitns dM, To B6IM3N 10BOro 3HaueHn st
M ee noxHO paslloKHT B Pl Teu.nopa 1o crenensm dM, ecan dM Mand. Taxum 06-
pasom. Mbl HMeEM:

BeposaThocTe = a4 + a dM -+ a, (dM) +, . .
fIe. Koaqxpnuueﬂ'ru dg, Gy,. . .33BHCAT OT M. 3ameTuM, 4TO @4=0, Tak Kak’Bepo-
ATHOCTb ROJIKHA CTPEMHTLCS K Hyao, ecan dM cTpemutca K nymo. Hanee, anedw,
copepRaimye pricine crenend dM, NpeneGpexHMO MaJTl NO CPABHEHHIO €O BTOPLIM
unenoM, KaTopuifl nponopunosaien dM. Caenosatensfio. Mu noayuaem gopmyay (73).
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coflepxut dM[2p., BO3MOXKHEIX. 3HaYeHuit- M. B mnpesesax manoro Mu-
TepRaia dM BeposiTHOCTH P(M) MeHsIeTCA GYeHb MaJIo H TI03TOMY MOXKHO
CuUMTaTh, YTO BCEM MUCKPETHRIM 3uadeHusM M B mpesenax or M o
M-+dM orBeuaeT npuONH3HTENbHO, .OfHA H Ta XKe BEpOATHOCTb P"(M).

Tenepb BepoATHOCTb TOrO, YTO NOJHBIA MAIHHUTHBIA MOMEHT JICXKHT.
mexay M u M--dM, moxHo noayuurb, cymmupys P”(M) no Bcem
JHCKPETHLIM 3HaueHHAM M, JMexaluM B 3TOM UHTepBaje, JTO 3KBU-
BaJIEHTHO YMHOXKEHHIO [IOYTH MOCTOSTHHOM Besuuunbl P"(M) Ha dM [2uq.:
Briuuciiennas Ttakum o6pasoM BepOSiITHOCTb [PONOpLHOHAJIbHA dM.
# paBHa BepositHoctH (73):

P (M)dM = P" (M) % (74)

B npakTHYecKHX cayuasx Bhuicaenue P”(M) moxeT 0Ka3aThCs BeChbMa
TPYJOEMKHM, eclmd M/u, BEIHKO, H3-33 HEOOXOAHMMOCTH MOACYHMTHIBATh
<akropHasrs GOJBLIHX 4Hce], BXOAsliHe B GHHOMHAJIbHOe pacmpeje-
jenne (14). Stu 3aTPyJHEHMS MOXKHO, OJHAaKo, OOOHTH, ecam WHc-
N0./1b30BaTh paccMoTpeHHoe B npuJjoxkenun [1.1 rayccoBckoe npHG/n-
KeHHe.

CyllleCTByeT MHOTO 3ajia4, r/je HHTepecyiwolllasi Hac nepeMeHHas,
Ha3oBeM ee 4, JeHACTBUTE/IbHO HempepbiBHA. Hanpumep, u moxer 060-.
3HAYaTh Yrosl MeX]y HEeKOTODbIM BeKTODOM Ha INIOCKOCTH H (UKCUPO-
BaHHBIM HANpPAaBJeHHeM H MOXeT MPUHHMATh Jio0ble 3HaueHHsT Mexay O
u 2n. B ofuiem cayyae ¢ MOXXeT TpHHHMATh Jio6oe 3HaueHue H3 -06J1acTu:,
a, << u << a,. Iraobaactb MOxeT ObiTb 6eCKOHEUHO OOJBIIOH, T. €. @y = 00 -
WIH @,— 0o, WJH 06e rpaHuibl 06J1aCTH OJHOBPEMEHHO yXOIAT B oo.
‘OTHOCHTEJIHO TaKOi mepeMeHHOH crpaBefJIHBbl Te XKe yTBep)KneHm
TEOpHH BepOSiITHOCTeH, YTO M OTHOcHTeNbHO nepemeHHOH M. Tak,
HalpHMep, HaC MOXKeT WHTepecoBaTb BEPOATHOCTb TOTO, UTO TEpeMeH-;
Hasl W HaXOJMTCA B MHTepBaje 3HayeHHIl Mexay u M u - du. Ecau du.
JOCTaTOYHO MaJsd, 3T4 BePOATHOCTb TAK)Ke MPONOPIMOHANbHA BeJH-.
yyHe du, TaK 4YTO ee MOXKHO 3anucarb B Buie P(u)du, rie 7(u) Hasbi-
BAETCA NNOMHOCMbIO BEPOAMHOCMU U HE 3aBHCHT OT BEJIHYHHBl HHTEp--
Bana du,

Paccmm'penne BEPOATHOCTHBIX npobieM B caydae HerepblBHOK.
nepeMeRHON u Jlerko €BecTH K GoJiee NMPocTOMy €AyYalo, KOrja nepe-
MeHHas MPHHUMAeT JAHCKpeTHble 3HAYeHUs U sIBjIfeTcs, TaKUM o6pa3oM,
cueTHoH. [na 3TOro- Bcio 06J1aCTb H3MEHEHUs MepeMeHHOH u cielyer
pa3buTL Ha NPOU3BOJILHO MaJjible W PaBHbie HHTepBaJbl BeJMYHHOH Ou.
Kax it Takoli HHTepBa/Ja 0003HAYAETCSi COOTBETCTBYIOUHM HHJIEKCOM 7.
3HavueHue # B 3TOM HHTepBaje 00O3HauuM uepe3 u,, a BEPOATHOCTb
TOro, YTo 4 JEXHT B 3TQM HHTepBane, yYepes P, wmn P(u,). Takas
onepaiua JaeT HaM BO3MOKHOCTb HMeThb JEJO0 CO CYETHHIM YHC/IOM
3HaYeHUH TepeMEHHOH u; KaKaoe TaKoe 3HaueHWe OTBeuaeT ONHOMY
u3 unrepBasios r=1, 2, 3, ... OueBHAHO, YTO COOTHOLIEHHS MEXIY
BEPOATHOCTAMH, HOJydYeHHbe B ciaydae JHMCKpeTHOHl miepeMeHHO#, .
CTAIOTCA B CHIe H JAS NepeMeHHbIX, NPHHHMAIOUWIHX Henpephis-
Hble 3HAYEeHHS. Hanpumep, dopmyast (32) u (33), ouucuBaOUiMe
94
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CBOfiCTBA CpeAHero, NPHMEHHMH TaK:Ke W IJIA HenpephiBHOA nepe-
MEHHO# 1. :

3ameTHM, YTO CyMMHI, KOTOphle BXOASIT B YCJOBHE HOPMHPOBKH
WIH B BhipaXeHHe AJA CPeIHHX 3HaUeHHN, cJelyer npH nepexole K
HenpepLiBHOH nepeMeHHON 3aMEHHTb Ha HHTErpadbi. Tak,ﬁ ycJaoBiie
HOPMHPOBKH 3aKJ/IOU3eTcs B TOM, YTO CyMMa BeposiTHOCTel, B3nTas
110 BCEM BO3MOXKHbIM 3HaUeHHSIM TepeMeHHOM 1, paBHa elHHULEe:

A YPu,)=1. (75)
FM -
. B cayuae HenpepbBHO# nepemeH-
: HOH Mbl HCXOQUM H3 BEPOATHOCT 1}
i .
| a :
} Bt Q,
L 1231 l @
aM ou u
Puc. 2.12. Pacnpefesedne BeposiTHOCTH, Puc. 2.13 O6aacte H3iMeHEHHs HenpepbIBHON
nokasaHHoe Ha puc. 2.11, Bupaxeno ue- nepeMeHHol u pa3fieieHa H3 CyYeTHoe lm%no
() - ManbixX HHTEpBﬂJ]OB OANHAKOBOTO pasMepa Ou.
Pes nIOTHOCTL  peponTHocTH J° (M). Te Ka:kamit Takoit uHTepBasn o6o3Haven Eﬂnex-
neps P (M)dM (naowakb 0oA KpHBoil, 3a €OM, DPHHUMaIOWBM 3nagsenns 1,2,3,.. ..
HAI0UeHHAR MeKAY Koopannatamm M u Ba rpadnke noka3zaHa TakKe BeJHUHHE MaKe
M +dM) ecTb BepoATHOCTE Toro, 4TO NOJI~ pOCKONUYeCKH Manore HHTepsana du.

HBl MATHUTHBIA MOMEHT JeXHT B HHTEp+
pane spavennst or M no M-+dM

TOro, 4T0 NEepeMeHHas JeXHT B HHTepBaJe 3nadeHuil uw, u-+du. Ira
EE€POATHOCTb, KaK Mbl Bulead, paBHa F(u)du *). Uto6bl BhINOIHHTL
cnepaiunio, ykasmisaemyto dopmyson (75), HaZO NMPOM3BECTH CYyMMHPO-
BaHBe (HHTerpHpoBaHHe) Mo BceM HHTepBastam du. ;Takim obGpasom,
VCJ0BHE HOPMHPOBKH (75), BbIpa:K€HHOE UYtpe3 IIOTHOCTb BEPOATHOCTH,
OyleT HMETb BHI

4

(Pwdu=1.. (76)

AHanorHuHO, B C/y4ae IHMCKPETHOR MepeMeHHOH cpelHee 3HaueHie
HEKOTOpOH (YHKUHH 3TOH nepeMeHHOR pPaBHO

fy=XPw)fw,). (77)

Tlépexonst K HenpepubiBHOH NEPEeMEHHON, Mbl ROJIAKHbLI CHaYaaa npowHs-
BECTH CYMMMpOBaHHE NO BCeM 3HAYEHHAM MEPEMEHHON 7 BHYTPH HH-
Teppana 4, u-+du. 310 faer BRAAL B Cymmy, paBHblii P(u)du f(u).
Tenepb 0cTaercs 3aBEPUINTL CyMMHPOBaHHe, B3AB HHTErpa] MO BCeM-

.

*).3zech npexnonaraercs, 410 dit BEAMKO NO CPABHEUHIO C NPOHIBOMALHO MAALIM
epiajioM 8u (du>0u), Ho socratouso mand ans Toro, yTobu P(u,) Mane meHsnoCH
nutepnasiom Su (du > 0u) Mo 06hi P(u;) Mano me
® Hnlepgate du.” - ’ : . o R
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BO3MOXKHbBIM. 3HaueHHAM 4. TaknMm. o0pasoM,. KBHBAJEHTOM (opMyJibl
(77) aBaserca caexyiouasn *): : . ,

L B : i

t v ay R

F@y=\ 2 @f wdu. .  (78)
a, - . . ¥

. . o
O6o6menne Ha cAyvyall HeCKOJbKHX MNepeMeHHSX,
O60o0wenne CleTaHHbBIX BBIIE 3aMeyaHnii Ha ¢Tydail IBYX u Gosee lepeMeHHbX He Bpi?
stiBaer 3aTpyAHenui. JonveTuy, HanpuMep, YTO Mbl HMEEM JeJ10 € IBYMS He3aBHCHMBbIM

| .‘

a

oy —AL : ¥

123--8...

| e ;
ou -

Puc. 2.14, Obaact u3Menctliin HONPCPHIBHBIX L2POMERHUBIX # H U DasfieNleHbl HA MaJjlble HHTeDBansl
peanuntoft Su ¥ 8v cooTReTeTBeHHO. DT HUTepBaast obo3HadYensl WHACKCAMHE r U . TeM caMbim
MJI0CKOCTD 4, U OKAa3piBaeTCA pasfelieiHoll Ha Manbie siuelikK, 06o3nauaeMble 1apoil HHASKCOB FH $°.

tepeMeHHENI ¢ M v. Torfa COBMeCTHAsI BEPOSTHOCTb TOro, 4YTO NEPeMeHHAs U JEKHT
MexLy # MU - du, a nepemeHHas v MEXKLY U H v-- du; nponopuHoOHaJbHA KaK du, Tak
H du, 1 MoxeT ObiTh 3anucasa B suge P(u, v) du dv, The $(u, v) NMpeACcTaBAsiET cOBOI
MJIOTHOCTh BEPOSATHOCTH, He 3aBUCAIYIO OT BeJIHYHHb HHTepBanoB du u du. [1pn kena-
HHH CHTYalMI0 MOKHO OSITH CBECTY K CJAYualo TMCKDPETHBIX repemeHunlX. Ilasi sToro
06/1aCTh H3MeHeHHs lePeMetiHofi du HYXKHO Pa3jeJHTb Ha oueHb GOMbIIOE YHCHO MANLIX
{PUKCHPOBAHHBIX HHTEPBAJIOB OJHHAKOBON BeNHUYHHbI Su u nporyMepoBaTb 5TH MHTep-
BaJibl MHJekcoM 7. To xe caefyer cienaTs M ¢ APYroil mepeMeHHOMH v, 0603Ha4HB COOT-
BETCTBYIOUIHE MHTepBaNbl HHACKCOM . 3aTeM AJf CTATHCTHHECKOTO OMHCAHMS CHTYalHK
MOKHO BMeCTO INTOTHOCTH BEpOSITHOCTH U, U) BOCNOJIbL30BAaThCA BEPOSITHOCTBIO P
TOro, 4TO TepeMelHble HONAJAloT B HEKOTOPYIO f4efiKy, 0G03HAYEHHYIO MApoit HHAeK-
COB 7 H S.

*) 3amerum, uro AIft HEKOTOPLIX SHAYEHWH (& MAOMNOCMb BEPOSTHOCTH ,?(dj
momer GuiTh GeckoHeuHOl. DTO He BhI3LIBaeT HHKAKHX TpyAHocTed, €ClM TOABKO uH-
Cy -

Terpan S P (u)du (KoOTOpLIfi aeT BEPOATHOCTb TOTO, YTO BEJHYHHA U JIEKUT B
. Cs .. o . o ) . ..
fIPOH3BOJILHONA OGJACTH 3HAUCHHA MEKAY €1 U C3) OCTaeTCst KOHEUHbIM. T,
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Ceonka onpegenenuii

Cmamuctmuseckuid ancamnbay. Cobparne GOJBLUIONO YHCIA HeB3aUMOXEHCTBYIOLINX
Mex 1y coboll curTeM, Kamaast U3 KOTOPHIX VAOB/ETBOPSET TeM XKe YCJAOBUSIM, 4TO H pac-
CMOTPHBAEMAst HAMH CHCTEMA.

Arcanbay, ne sasucauuii om speseru. AncanGib, B KOTODOM YHCIO CHCTEM € faH-
HLIMH CBOTICTBAMH OHO U TO e B JHOGOe BpeMs. o

Cayqad. Hcxon onplTa WIH pe3ysapTaT HaOGMOAeHHI.

Beposmuocme. BeposiTHocTh P, ocymecTBJeHHS JaHHOIO c¢/iyuas B paccMa-
TPUBAEMOIl CHCTeMe ONpefeJsieTcs C MOMOmBI0 CTATHCTHYECKOTO aHcamMbas u3 N°
Takux cucreM. Eciu ciyuail r ocymectsudics B o\°, clcreMax ancam6.s, To

Pr=N"p/N (mpu N — o).

Cmamucemuyecras He3asuc'tsocme. JBa cayyass CTATHCTHYECKH HE3ABHCHMBI, €Can
OCYIECTBIEHHE OIHOTO U3 HUX He 3aBHCHT OT OCYLIECTBJIEHHs] MU HEOCYIIeCTBJedHS
JIDVTOro. B

Cpeduee 3nauerue (uau cpedree no ancan6a0). Cpeitee 3HadeHne £ 0603HAYAIOT U.
310 cpelHee BelyMc/sercsl no dopayie

— 5
u zZPru,,
r

rje CYMMHPOBaHHe ITPOU3BOIUTCA 110 BCeM BO3MOXKHBIM 3HAUeHHSIM mepeMeHHoli 7, a P,
0603Ha4aeT BEPOSITHOCTb OCYIIECTBIEHHS JAHHOTO 3HAUEHHS U,
Hucnepcus (uau eapuayus). IIHCTepcHs TepeMeHHON u olpefeNsiercs Tax:

BuyP =P, (u,—u).

Cmandapmmuoe omwaonenne. CTaniapTHoe OTKIOHeHHe NepeMeBHOH IIpeicTaBiser
oGO KBAIpaTHLI KOpeHb H3 ANCTIEpCHH:

= [T .

ILaomuocms seposmuocmu. Onpelenenye NJAOTHOCTH BEPOSITHOCTH (1) 3aK/o-
GacTCsl B TOM, YTO MOCTe YMHOMKEeHHUS 3Tofl BeJHUHMHDLI HAa BeJIMYHHY MHTepBasaa du Mbi
no1vuaem P(w)du — peposITHOCT TOTO, YTO HeNpephiBHAsS HepeMeHHAast 4 HaXOJUTCH
B MHTEpRAJe 3HaueHuil mexiy 4 H u-+du.

Ocuornbie GopMyJIbt
ilveem N CTATHCTHUECKHM HE3ABUCHVLIX OULITOB, BEPOATHOCTL NMOABICHHUS JAHHOTO
nexoda onwita pasHa p (¢=(1—p) — BepOATHOCTb HeNOARJEHHS HCXOAA).
BeposiTHoCTh NOsIBAEHAST 1 MCX0M0B npi N ucnbTanusx (6HHOMHAAbHOE pacnpe-
JedeHne):
' N}
P(n)=——i— pigN—n,
(W) ==y "7
Cpennee YHC/IO OCYmECTBHBIUHXCS HCXOJOB ONbITa

n=~Np.
CraunapTHoe OTKJIOHEHHE e
An= VNpq.
3agaun

2.1. IIpocman sadaua 06 ueparsrod rocmu. KakoBa BEpOATHOCTH BHIAZAHHS
ILECTEPKH HJM MeHbIUEro YMcjaa TpH TpexX GpocaHUsix?

2.2. Paccvorpum ciyuaiiibie uucia mexay 0 1 1. Kakosa BeposiTHOCTh TOrO, 4TO
PORBHO II5ITh K3 JECSTH MeCT TOCJe 3anaToil 3aHATH YHCIAMH, MEHLIINMH 57 .

2.3. Bpocanue uzpaseHot kocmu. TIpenosoxuM, 4To BCe CTOPOHE! KOCTH BbINAJAIOT
€ OJMBAKOROH ‘BepPOSTHOCTbIO. PaccMOTpuM Wrpy, KOTOpas 3ak/wouaercs B Gpocanun
IaTH Takux Kocrefl. HafijuTe BepOATHOCTD . BbINAJaHHs IlIeCTepKH:

a) B O1HOH KOCTH,
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6) no Kpalineii Mepe B OfHOH KOCTH,

B) B JIBYX KOCTAX.

2.4. Beposmuocms eviicums. IHOTAQ MOXHO CABIIATL O CTPaHHONH  Hrpe (aBrop
HE peKoMeHAyeT eel), Korjaa B MecTU3apsaHblil 6apaban peBosabBepa BK.JaIbiBAOT
o Goepoii natpoH. 3atem GapaGaH KpyTAT M CTpeasioT B cefs. Kakoa BeposiT-
HOCTb OCTaTbCST MMBBIM fOC.1e

a) ORHOrO HCIBITAHHA?

6) ABYX HCMBITAHIH?

B) N ucouitanuii?

r) Karora BeposiTHOCTL OHITb 3acTpesleHHbBIM NpH N HenbHTannax?

2.5. lpoGarema cayuainox Oaymoanui. Yelorex HauliHaeT cBoe IBMIKeHle OF
douapst mocpenn Yinubl, Aelas Wark pasHoil AauHel [ BepoartHocTh TOro, 4To ox
€je1aeT 1ar BApaBo, PpaBHa p, a BEPOSTHOCTE TOTO, WTO 3TOT HIar GyAeT CAetal BJeso,
paBHa g=1—p. YemoBek HacTONLKO NbSH, UTO, KeJAs JAalHbI LIaT, OH COBEpPUIEHHO HE
NOMHHT 0 HalpaBJeHHH npegblayulero. Taxkua o6pa3oM, ero MATH cTaTUCTHUeCKH Hesa-
pucumbl. [lpexnonoxun, uTo oH cienaj N 11aros.

a) Kakosa BeposiTHOCTB P (r1) TOro, uTO 11 TUX ILATOR CleJaHbl BIPABO, @ OCTaNb-
gble N — n maroB BJeBO?

6) Kaxosa epositiocts P‘(m) Toro, 4TO cMellleHHe UejOBeKd OT doHaps pasHe ml,
rpe m — uenoe YHCJIo?

2.6. Bepoamrocme 60368pau4eHiia 8 UCXO0HYIO mowcy Honycrum, uro B npeabiaymett
3ajaue p=¢, TaK 4TO BEPOSITHOCTH CAMEIIEHHs BJEBO U BIPABO NMPH KakAOM luare
paBubl. KakoBa BeposirHOCTB T0r0, HTO UC/JIOBeK CHOBAa oKakercsa Yy (ouaps nocne
N waros:

a) ecan N ueTHo?

6) ecnin N HeueTHO?

2.7. Oonomepras azz¢¢y?uﬂ amosa. [lpeicrasum cefe TOHKYIO MeZHYID INPO-
BOJIOKY, HaTAHYTYIO BAObL ock-X. Heckobko aToMoB Mejy, pacniofokenHbIX BOAUSH
x=0, cheNaHbl pPaAHOAKTHBHbBIMH (npenno,‘lm«um, Hanpumep, 4To HX 6ombapanposany
GbiCTpbIMH yacTHLAMK). [IpH yBeJHUYEHHA TeMIepaTyPhl HHTH NOIBHKHOCTb ATOMOS RO3-
pactaet. I1pn 370M KakIbiil aTOM MOXET NePeCcKOYHTh Ha COCelHee MeCTO B KPUCTa/LIH-
veckoil pemerke, 1160 HanpaBo (B nampaBieHwn —-x) AubO HajeRO (B HATPABACHWR
——x). CocefHHe MecTa, 3aHMMAeMble ATOMOM B pellleTKe, pa3fedeHbl paccTosiHuen [.
Ilpenmonoxum, 4TO BpeMst HAXOMAKAEHHMs ATOMA B NAHHOM MecTe pelleTKH paBHO T.
Bpemst T ecTe ObICTpO BO3pactaiomast GyHKUHs aOCOMOTHOI TenmepaTyphl perteTKH.
Ilpouecc nepeneineHdst aToMa BJOJIb HHTH B pe3yJbTaTe [OCI€I0BATE/NbHBIX CKAYKOB
MeKAy COCeJHMMH MeCTaMH pellieTKH HasblBaeTcst dughdysuetl.

IpeanomoxuM, 4To B MOMCHT BpemerH =0 TemmnepaTypa HHTH GBICTPO BO3pacTael
[0 HEeKOTOPOro GOJILIIOrO 3Ha4YCHHUS H B JasbHelillieM OCTaeTcss HeH3MEHHOH.

a) Ofosuaunm yepes (x)dx BeposiTHOCTh TOr0, YTO pPAAHOAKTHBHBIL atoM Oyjier
o6HapyseH M0 HCTeueHHH BPeMeHH { B HHTepBaJe oT X 10 ¥-Fdx. (Mel npeanoaaraen,
uTO {3>T A8 BCeX 3HaueHMH ¢, npeicTaBasiomuX (QH3NUeCKH HHTepec, Tak KakK npm
BBICOKOH TeMiepaType HHTH T JOCTaTOUHO Masd.) Klsobpasute Ha rpaduke npuMepHbL
Xon 9(x) B 3aBHCHMOCTH OT X JTsi CJIeIYIOLIMX TpeX CaIyuaes: 1) BcKope nocte (=0;
2) 1o MpOWeCTBHH OTHOCHTENBHO GOJBLIOTO BpeMeHH Z; 3) MO NpoulecTBHH O4eHb GOJb-
OTO BpeMenu f.

6) Ha xakoe cpejuee paccrosiHHe X OT Haga/a KOOPJANHAT CMeIaeTcsl pajHOaKTHB-
HBII aToM 3a Bpems [P

B) Tlonyunre dopmyJy A/st CTAHABPTHOTO OTKJIOHEHHSI Ax CMeIleHH s pajHOaKTHB-
HOTO aTOMa 3a Bpewms 7.

2.8. Bomucaenue ducnepcuu. Venosbsyst ofuiie cBoiicTBa CpefHero, nokawxure,
YTO JMCIEPCHs MOXeT GbIThb BEIMUCIEeHA Mo GopMmyJie:

1y

Ilocnennee Bhipaxkenue cnpapa Jaet Npoctoli cnocob BeYKCAeHHs aucnepcenu, [lokaxu-
Te TakXe, yt0 U3 (I) caenyer obulee HepaBeHCTBO

P=1. (Iy
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2.9. Cpednue suauenus 0.1 0OUHO4HO20 chuHa. PaccMOTpUM ClMH, paBHbld Y.
Ero MarHuTHBI MOMEHT |l C BEPOATHOCTBIO p MOMKeT GHITh HAMpaBJeH MO Moo H ¢ Be-
POSITHOCTBIO §= | —p— NPOTHB 10J1s. B nepsom cayuae npoeKnHa MOMEHTA HA Hanpas-
JieHHe 00s PaBHA |1, BO BTODOM OHA paBHA —|ig.

a) Hafiaure, yemv paBHo i W u2

6) Boruncante (Ap)?, ucnoan2ys 11s aroro popmvay (I) us sanaun 2.8. Iokaxwure,
YTO MOTY4EHHBIT pe3yabTaT corjlacyercsi ¢ npHBeldeHHOH B Tekcre dopMydaoir (57).

2.10. Hepaserncmso uz=(u)* [1pennonoxnm, 4To nepeMeHHas u NPUHAMAET 3HAue-
HHS up C BepOSTHOCTHIO P,

- = -
a) Henosbays onpefeneHnsi 4 M 4® H NOMHsSL YCJIOBHE HOPMHPOBKH Z,P,:l,
r

II0Kaxire, 4YTO

d-@=r X :

u (Ll) "7 o £ PI'PS (ur_us) » . (I)

£7le Kax:10e CYyMMHPOBAaHHE NMPON3BOIMTCH MO BCEN BO3MOKHBIM 3HAUEHHsiM IepeMeH-
HOW .

6) Ha tom ocroBaunu, 4t0 B cymme (I) HeT OTpHuIATENbHBIX WIEHOB, [OKAXKHUTE, UTO

u? =(u), (1n

[IpHYeM 3HAK PABEHCTBA OTBeyaeT TOMY CJV4alo, KOTAa TOJAbLKO OJHO 3HAUeHHe U OCYy-
WECTBsIeTCst C BeposiTHOCTBIO, oninunoil or 0. Peayavprar (II) nosropsier peayabrar
3agaun 2.8, o

2.11. Hepasesncmeso (u)?<<u+1u?—=1, Pesyanrar (I) npeisiiyuielt 3agauu gony-
CKaeT nevelleHHoe offofueHune. PaccMOTpHM Bbipamenne

ZZP,PSu',” ud (uy —ug)?, 0
r 3

ri1e m — Joboe nesoe YHCI0. an YeTHOM M 3TO BbIpAXKEeHHE HE MOMKET ObITD OTpHLa-
TEJIbEDIM, an HEUECTHOM M 3TO BbipaxKeHHe NOJOXKUTEeNbHO, €CIH U, U Ug OTPHUATEJbHbE

LT NOTOAHATEIbHB! O1HOBpeMeHHO,
a) Boinonuus nokasanusie B () :leficTBHA yMHOMXKeHHUS!, IOKAaXUTE, UTO

(un)z\<\un+l un—l, (II)

rae n==m-1. [lpn HeueTHOM A 3TO HEpABEHCTBO crpaselanBo scerha. IIpu n werHom
OHO BBLINOJTHAETCS, eC/AN BO3MOXKHBIE 3HAUEHHA (L BCE MOJOXHTEbHBIE HIH BCE OTPULA-
TeAblbie. 3HaK paseucTsa B (I1) o3HauaeT, 4TO HMeeTCH TOJMbKO €IMHCTBEHHOE 3HAUERHe
1, OCYHIECTBAAIOWEECS C BEPOATHOCTbIO, OTJHUHOI OT HyJs.

6) IMokaxure, uto yactHemt cayuaem (II) spasieTcs HepaBelcTBO

/L> R I
7)== (I

u

CNpaBeUIHBOE B TOM c/yuae, ecli BCe BO3MOMKHbIE 3HAUSHUST ¥ NOJOKHTEAbHB (MM BCE
OTpHLUATENbHbI). 3HAK PABEHCTBA OTBEYAET ClELHANbHOMY CJYualo, KOria TOAbKO OJHO
3HAueHye U OCYIIECTBJNETCS C BEPOATHOCTBIO, OTJHYHOH OT HYJs.

2.12. Memod onmumaireHblX 8a0xenuli. PaccMoTpuM NpHMep, KOTOpHIE NMOKamkerT,
470 pasiaMyHble Ciloco6bl yCcpeiHeHHs1 OZHOH M TOH Ke BeNHUHHBI MOTYT NPHBOIUTH
K CYIECTBEHHO Pa3/IMYHBIM peayabratan. [Ipeinonoxum, 4To KT0-T0 XOUeT NPOH3EEeCTH
BJIOXKEHHE KaluTaja, NOKYnasi B Hauaje KaxkJI0To Mecsilla HeKOTOpoe YHCIO aKUMil Ka-
Koi-To KoMnatnn. CTOHMOCTb OJHOH aKIMH ,33BHCHT OT MecAna NOKYRKH 7 H MeHsieTcs
OT Mecsina K Mecsjiy HempeACKasyeMblM oGpasoM. PaccMoTpuM B2 asbTepHaTHUBHBIX
MeTo/la BJIOMEeHHH: .

Metol A 3aKII04aeTCs B eXKeMecsiuHOH NOKYNKe OJHOTO M TOro e Yucja s akiuu,
MeTofl 5 o3HauaeT eKEMECAUHYIO MOKYMKY aKuuil Ha OQHY M Ty Ke CyMMy JAeHer .
Tlocne N Mecsiles Haml fIOKynaTedb oKaweTcs ofJajateneM S akuuil, 3a KoTopsle OH
3amyiataa M jener. HaWJydllliM MeTOROM BJIOXKEHHH, OUYEBHAHO, SIBAAETCH TOT, NpPH
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KOTOPOM 3a HaHMeHbllee KOJIHUECTBO jeder npHoGpeTaeTcss HauGoJblIee KOIHUECTBO
aKuuil, T. e. MeToll, oGecreynBaioLluil 60Jblilee 3HaueHHe OTHOWenuss S/M,

a) [oayuute Boipakenue A1s oTHoulenust S/M B metoze A.

6) INonyunte Bhipawenne &1 S/M B meToze 5.

B) Iokaxute, uto B sB/seTCsT JyuiNM METO0M BJIOKEHHH, He3aBUCHMO OT TOTO,
KAKUM 06pa3soM CTOMMOCTb aKLUHH (AYKTYHpYET OT Mecsiua K Mecsuy.
[V xa3anne Bocnoipayiitech HepasenctBoM (I11) npeswiaymesi 3agaum.]

2.13. Cucmena adep co cnunoa 1. Pacesorpust siipo co cnisom 1 (370 3Haunt, uto
MOMENT KOJH4YeCTBa ABiikeHHsl f1pa paseH 72). CocTaB.IsiouiMe AMATHHTHOFO MOMEHTa
9TOTO #Apa BIOJL JAAHHOTO HAllPABJIEHHSI MOTYT HMeTh TPH BO3MOMKHBIX 3HAueHHS, a
HMEHHO U, O n —,. [TpeAnogoKuM, uTo sIPO He siBAseTcs chepHuUeCKH-CHMMET-
puuHbM, a Hveer, nanpuvep, dopay aaannca. Torza B xpuCTaAIHuecKo# perueTke
TBEePIOro Tena 6y AT CYLIeCTBOBATD HAMPABJeH)e TIPEHMYILECTBeHHON OpueHTAlHK 3TOTC
aapa. [1ycTh BePOSITHOCTE TOTIO, UTO LW==[iy, GyI€T p, H BEPOATHOCTb TOTO, UTO = —ll5,
TakxKe p, TOrAa BeposTHoCTh =0 pasHa |—2p.

a) Boiyncanre u ou o pZ

6) Beiuncaute (Ap)2

) [peanoioxiy, 4To TBEpJAOE TeN0 ColepxHT A TakuX fjep H HX B3anmoleiicT-
BHEM IPYT C APYToM MoxkHO npenebpeun. O6ostauny yepes M 0o/HYI0 COCTABISOUIYIO
MaTHHTHOrO MOMEHTa BJoJb 3aJaHHOrO Hamnpaedeuns. Bripasure M u craugapThoe
otkaoneHne AM uepea N, p 1L .

2.14. [1panoe evuucaenue n u (An)2. PaccMoTpiy wleansiyio cucremy uz N o
HAKOBBIX CIIHHOB, PABHBIX ¥2. UHCJIO 4 MAIHHTHBIX MOMEHTOB, HATIPABAEHHBIX «BBEPX»,
MOXKHO 3a0HCaTh TAK: A==y -FUs—... -y, Tl u;=1, eCTH MAarunTHeIl  MeMeHT
HanpaBJeH BBepX, W u;=0, eCjH OH Hanpas/ieH BHH3. [cmoapays ato sblpazetiie
U CUMTasi, 4TO CIHHBI CTATHCTHYECKH HE3aBHCHMBI,

a) nokaxute, yro n==.\Vu, -

6) noxaxkute, uto (An)’=N (Au)*.

B) lpeanonoxun, MAFHETHbI] MOMEHT HMeeT BepPOSTHOCTb p ObiTh HAMPAaBIEHIMM
BRCPX H BEPOSITHOCTh ¢ =l — p GbiTh Hamnpas/eHinny BHA3. Uemy paBHbl u # (Auw)??

r) Cocuuraiite n 1 (An)? B NOKAXKHTE, UTO BALIW Pe3YJ/IbTAThl COBMAJAIOT C QOpMY-
naMu (66) 1 (67), noJIyueHHbIMH B TEKCTE MeHee MPSMbIM MeTOA0M.

2.15. Paysmyayuy NA0MHOCMYU 6 2a3c. PaccMOTPUN HAeAbHBLT ra3 n3 N moaexy.,
HAXOAALMICA B PaBHOBeCHOM COCTOSIHHU B cocyle ofbemoM V. Obosunauny uepes n
unead0 MoJdexyd B Kakofi-To uactd V. o6bema. BeposTHOCTH p TOTO, UTO JAHHAN AO-
JieKyJa HaxXOJnTCs B 3TOH yacTH obbeMa, pasna p=V/V,.

a) Uemy paBHo cpefnee UHCJAO 72 MOJEKYJT B uacTd ofbena V? Buipasute Batn oTBeT
gepes N, Vy 1

6) Haiigure crangaprHoe OTKJOHeHHe An uncia Modekyan 8 oOweme V. Haiimire
An/n, Beipasus pesyawtar uepes N, Vo n V.

B) KakoB orser na sonpoc (6), ecn V<LVy?

r) Kakoso 3Hauenne CTaHZAPTHOIO OTKJIOHeHHS An npm V-»V,?

1) Corsacyercst i orBeT Ha BOIpocC (6) C 3THM pe3yJbTaToM?

2.16. [pobosot appexm. PaccmoTpHM eyyalifioe HCIYCKAHNE 3JeKTPOHOB C 3aps-
JOM € HAKAJAUBaeMOH HMTBIO BAKYYMHOK TpyOku. C Xopownuw NmpHOIMAKEHHeM MOMHO
CUHTAaTh, YTO MCIyCKaHHe JAHHOTO 5JEKTPOHA HUKAK He BAHfET Ha BepOSITHOCTH HCMY-
CKaHHsl APYIHX 27eKTpoHoB. PaccMoTphM Jo00R ouenb Majblii HHTepBaT BpeciH AL,
Cylectsyer onpegesestas BePOSTHOCTL P TOTO, UTO 3JeKTPOH OYIeT HCMYLLEH H: HUTH
B 3TOT HHTepBasn Bpemelin (TOrZa ¢=1—p €CTb BEPOATHOCTb TOrO, ¥TO IJIEKTPOH He
6yaer ucnyuien). Tak Kak Af oueHlb Mand, TO BEPOSTHOCTb HCMYCKAHHUS 3MeKTPOHA B Te-
yeHne BpeMeHd Af Takxe BecbMa MaJja (1. e. p<<l), a BEPOSTHOCTBIO HCITYCKAHKSA JBYX
3JIEKTPOHOB B TeueHre BpemeHH Af MOkHO npedeSpeus. PacemMoTpuM HHTepsat Bpe-
MeHH ¢, KOTOpbIfE Bo MHOro pa3 6onbine Af. On cozepxut N={/Af vajabiX HHTepBA10B
At, B TeueHHe KOTOpHIX MOXKeT ObITb HCMyILeH adeKrpon. Tloansii 3apsa, nenymesnnbii
HHTBIO 334 BpeMsT f, MOXHO 3anHCaTh B BHe Q=g14+q:+g5+... "H]N’ rue q;
o3Hauaer 3aps, ucnyulenuuiit 3a Bpema Af. TakuM obpasoM, ¢;=e npn uCIycKaHHK
aneKTpoHa M §;=0, ecayu 9/1eXTPpoH He ObUl HCOyeH.
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a) Uemy pasen cpefnnil 3apai Q, ucnyuleHustl HUTbIO 33 Bpems ¢?

6) Uemy pasna aucnepcusi (A Q)? sapsiia @, ucnylleHHOro HHTBIO 32 Bpeas 7
Y00kl ynpoCTHTb OTBET, BOCHOAL3YIiTech Tem, uto p<l.

B) Cpeanee 3Hauenue Toka / 3a Bpemsi ¢ paBHo Q/¢. [Toayuurte BeJHYHHY OTHO-
menus nucnepcuu (A7)2 K cpexnenty Toky Q/f. TloxaxkuTe, uTo 3TO OTHOLIEHIEe PaBHoO
(AN I =e/t.

r) Tok ucnbiThiBaeT QUIYKTYyallill, KOTOPHIE TeM CHJbHee BpIpaeHbl, UeM AieHblle
METEPBaJ BpPeMeHH f, T.e. UeM MeHbIIe TOJHOC UYHCIO 3JEKTPOHOB, YUACTBYIONIIX
B npouecce smuccHn. Takue ¢ayKTyailull HasblBalOTCs 0pobossim ppexmor. Brei-
YUCTIHTE CTAHJAPTHOe OTK/IOHeNHe Toka A/, ecanm cpelHee 3HaueHHe ToKa pPaBHO

1 mxa, a BpeMst H3MepeHust paBHO | cek.

2.17. Boiucaenue cpeduneo rsadpamuyro20 3rayerus. Bartapes ¢ 3JeKTpoIBH-
Kymel cumofi V sankHyTa Ha conportuBieHie R. MolHocTs, paccelBaeMasi Ha 3TOM
COMpOTHBJICERH, paBHa P=V?%/R. Cava Garapesi cOCTOHT U3 N HHINBHIYAJLHBIX
3JIEMEHTOB, COeTMHEHHDIX N0CIeR0BATeILHO, TaK 4TO V pPABHO CyMAME JEKTPOIBIKY X
CHJ BCEX 3THX 3JjeMeHTOB. Tak Kak Gartapest padoTa’a J0/ro, TO He BCE 3.TeMeHTH
HaXOSTCST B XOpoLueM COCTOstHIH. T1yCTh p — BeposiTHOCTE TOTO, 4TO 9. I. C. OTACIb-
HOIf siueflKH MMeeT CBOe HOpMAaibHOe 3HaueHHe U, a ¢==|—p eCTb BepOSITHOCTL TOTO,
4TO 3. A. C. siYellKH 1O KaKMM-TO NpWYIIHAM, HaNpHMep, H3-3a BHYTpEHHEro 3aKopd-
4iBaHUst, paBHa Hy/0. OrjelbHble fUelflKH CTATHCTHMYECKH He3aBHCHMBL BriuncanTte
ApY 3THX YCIOBHAX ¢pedrio:o MomHoCTs P, paccesidiyio B COMpOTIBTEHHH, 1 BHPasHTe
pe3yastat uepes N, v, p u R.

2.18. Ouenra owubor uszsepenud. Mol uavepsier paccTostHue B 50 A, YK1aIslBas
110c7e10BaTe bHO JdepeBsanHbIl MeTp 50 pas. DTa OnepaiHs COnpsuKeHa € OIIHGKAMH.
[TosToMy Helb3s rapaHTHPORATb, UTO PACCTOSIHIE MEXKIY ABYMsI COCEIHHMH MeTKaMH
Ha 3eMi1e GyZeT B TOYHOCTH DaBHO meTpy. Ham H3BeCTHO, OIRAKO, UTO paccrofiiie
MEXKAY [ABYMS [OC/eJ0BATeNLHBIMIT \ieTKAMH C PABHOIT BEPOSITHOCTBIO JIEKHT MKy
89,8 u 100,2 cat 1 He BBIXOTUT 3a 3Tu npeletnl. [ToBropas 3Ty onepauuio 50 pas, Mb
TPOJIOKIIN JHCTAHIMIO, <peliss seqMUlHa KoTopoil paBHa 50 x. Haiiante noanvio
OWMOKY, BBIUHCAHB CTaHAAPTHOE OTKAOHeHHE B BeWUMHE H3MeDeHHON JIHCTaHIMIL.

2.19. Juepgpysua aoaexyant 8 2aze. Mosiekyaa ra3a MoxeT CEOGOAHO f1€PEMEIIATLCS
B npocTpaHcTBe. O603HAYHAN depe3 s ee ChMelrcHHe MeXAy ABYMS HOC/IeJoBaTelbHbIMH
CTOJKHOBeHUsIMH. [1yCThb 3TH clviemieHHs, B nepBOM NpUOMHXKeHIH, GYAYT CTATHCTH-
yecKH He3aBHCHMLIMIL [laslee, Tak KaK HeT NMPeHMYIeCTBEHHOrO HaNpapjeHHs B Mpo-
CTPANCTBE, TO MOJEKY.I4 C DABHON BepOSITHOCTHIO CMEIAETCs B JAHHOM HANpABIEHHH
H B NPOTHBOTONOMKHON. TakiM 06pason, CpegHee CMeieHHe s paBHO (aTo 3HAUHT,
4TO paBHA HYJIIO B CpelleN U KaxJas KOMIOHEHTA 3TOr0 CMeleHHs, T. e. sx——s),——s,#O)

[Monnoe cuemenue R Mosekyasl nocie N 1OCJIeI0BATEIBHBIX CTOJKIOBEHHIT
MOXHO 3anucatb B BHJe R =s,4s,4s3-4 ... sy, Ile s; o603HayaeT cCilemeine
MoJieKyJbl. Hcnosab3ys verodsl, paccMOTpeHHHEe B m. 2.5, oTBeThTe Ha CJIeLyIollHe
BOMPOCKE:

a) KaxoBo cpegHee cilelleHHe MOJEKYJH R nocte N mocieloBaTedbHuIX cCile-
IEeHHUIT?

0) KaxkoBo craHapTHOe OTKJIOHeHHe ARse{(R—R)f}1/2 3TOTO CMellleH s itoc1e N
CTOJKHOBeHHH? B uvacTHocTH, ueMy paBHO AR, eC/H 6eAuxita KaxZOrO CMeileHHs
oAMHaKoBa H paBHa [? ~

2.20. Pacnpedesenue caewjeruil cayualnoix ocyuiaamopog. CuellleHHe TPOCTOTO
KJ4aCCHUeCKOI0 TapMOHHYECKOrO OCUUJJIATOPA B 3aBUCHMOCTH OT BPEMEHH HMeeT BHI
x=A cos (0f +¢), Tae ® — yrJaoBas 4actora KoseGaHHH, A — WX aMmauTyIa, a
¢ — MPOU3BOAbHASA TIOCTOSIHHASA, KOTOpasi MOMKeT MpHHHMAT: JMofoe 3HaueHue B
unTepsale 0=<p <2n. Pacemorpum ancambib, COCTOSILME H3 TAKAX OCUMMISTOPOB C
3againoil yactToroll @ ¥ amnuntynoil A. Ilyers ¢asa 3Tux oCuUUJIATOPOB ABIAETCS
caydafinolf BeInunHOH, MpHYeM BePOSTHOCTb TOro, uTo (a3a HAXOJUTCA B HHTePBATE
oT ¢ 10 Pp--dPp, pasua npocto dg/2n. Haitante Beposithocts P(x)dx Toro, uto CMeluenne
NAHHOTO OCUMJJISITOPA B MOMEHT BPeMEHH ! HAXOIMTCs B MHTepBajle 3HAUEHMH MeX-
Ay x u x+dx.
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TJHTABA 3

CTATUCTHUYECKOE ONMUCAHHUE CHUCTEM, COCTOAUMX
H3 YACTHLL

B npeapiymefl rJaaBe Mbl PacCMOTPEJNH OCHOBHLIE BepPOSITHOCTHBIE
unen. Tenepb MBI MOATOTOBJEHB! K IEpPeXxojly OT KaueCTBEHHOTO pac-
CMOTpEeHHsI TIpOOJ/IeMBl, BBHIIIOJHEHHOrO B IIepBOfi IaBe, K II0C/1e10Ba-
TeJbHOH KOJUYeCTBeHHON TEeOpHM CHCTeM, COCTOAMX H3 OueHb GOJb-
woro yucia yacrui. Hawell 3anadeli siBasieTcst onucanue MakpOCKONH-
YeCKUX CHCTeM, OCHOBAHHOE HA MpPHMEHEHHM 3aKOHOB CTATHCTHKH H
MEeXaHHKH, COS}IBHHHH TagHUM 00pa30M TeOpHsl HOCHUT Ha3BaHHe Crmarmu-
cmuseckotl mexaruku. Ee TPUHIHNG! OTIHYAIOTCSA GOJIbILOH OBUIHOCTHIO |
H [IPOCTOTOH, H AOCTOMHCTBO TEOPMH COCTOMT B TOM, YTO, HCXOAA U3
MPOCTBHIX W OOIIMX HAeH, OHAa MPeiCcKa3blBaeT pe3yJibTarhbl, OXBATHIBAIO-
Hl¥e OTPOMHYIO U PA3HOCTODOHHIO 00/1aCTh SIBJIEHMH.

Il1en, Ha KOTOpBHIX OCHOBAHO PaccMOTPEHHE MaKPOCKOMHYECKHX
CHCTEM, COBEPILEHHO aHANOTHYHb! UAESIM, HCNOJIb30BAHHLIM NIPH aHalH3e
MPOCTBIX OMBITOB € MOHETaMH. BCHOMHHM HX.

1. Hepeuucaerue cocmosinuil cucmembt. Mbt JOMKHB HMETb BO3MOXK-
HOCTh YKa3aTb BCE BO3MOXKHble pe3y./bTaThl ONbITa, MPOU3BOAMMOrO
Hax cucremoii. Hampumep, cocrosiHue AaHHOrO HaGopa MOHET NOC/Ie
KaxkJoro 6pocanus GyAeT ONMHCAHO, €CJIM Mbl YKaxkeM, KaKo#l CTOpOHO
BhIAJa Kaxkjas MoHeTa.

11. Cmamucmuueckuti ancamdbrp. Mbl HHKOrIa He cMoXeM 00/1a1aTh
JOCTaTOYHOH HHpOpMAIlHell O BCeX YCJIOBHAX OpPOCaHHS MOHET, YTOGL!
Ha OCHOBAaHHM OOIUX 3aKOHOB MEXaHUKHM MNPEACKAa3aTh HCXOL Jio6oro
onbita. [lo3TOMYy MBI HCNOJIB3YEM CTA4THCTHYECKOe onucaHue., Bmecto
namHOoro Habopa MOHET Mbl paccMarpuBaeM aHcamb/b, COCTOSIUHE H3
oyeHb GOJIBLIOIO UYMC/Ia HJCHTHYHBIX HaOOPOB MOHET, HALl KOTOPBIMH
[IPOH3BOAATCA OAMHAKOBBIE OUBITHL. IIpH ToM Hac HHTEpecyer BeposiT-
HOCTb TOSIBJCHHS JAHHOIO 3KCIIEDHMEHTAIBbHOrO pe3ynbTata. 23Ty
BEPOSITHOCTb MONHO H3MEpPHTb, OINpelequB, B KaKOM YHC/AEe CHCTeM
Haluero aHcamf,isi OOHapy»KeH JaHHbI SKCIepHMEHTANbHBIH Pe3yJbTar.
3ajaueil Teopuu SIBJAsIETCS TPeACKa3aHHe TAKOH BepOSITHOCTH.

1. Cmamucmudeckue nocmyaamst. TeopeTHUeCKoe pacCMOTPeHHe
3aJayd OCHOBAHO HA psje MNOCTyJaToB, B ciyuyae oObIUHBIX MOHET,
06/1a1a10lLHX ONHOPOAHOH IIOTHOCTbIO, 3AKOHBI MEXAaHHKH He JHaioT
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HHKAKHX NPeHMYIIECTB OJIHOH CTOPOHe MOHEeTbHI nepen Apyroii. Ilostomy
Mbl HOCTYAUpPYEM, UTO anpuopu (T. €. Ha OCHOBAHHUH HAIUMX NperBapu-
TebHBIX COOOpaxKeHHH, ellle He MPOBEPEHHLIX OMLITOM) BEPOSTHOCTH
BLINajaHug TOH WJHM JPYrofl CTOPOHBI MOHETHl OJIHHAKOBLL. TakKoH
NOCTy/1at BIOJIHE DAa3yMeH H, BO BCSKOM CJydyae, He NPOTHBOPEYHT
3aKOHaM MeXaHHKH, HO €ro clipaBeiuBOCTb OyleT NPOBepeHa, ecJH
MBl €r0 NCTOJAb3yeM I TAKHX-TO TEeOpPEeTHUYeCKHX NpeicKasanui
CpPaBHUM 3TH NPEICKa3aHHs C OMbITOM. Mbl CMOXeM NpHHATb Haul
IOCTYJ1AT JIHILb B TOM c/y4ae, eC/IH OCHOBAHHLIE HA HeM IpPeACKa3aHHd
NOATBEPAKAAIOTCS  OIILITOM.

IV. Buuucaenus eeposmtnocmu. TIpHHSB OCHOBHOH MOCTY.1aT, Mbl
MOKeM BLIYHCAHTL BEPOSITHOCTL MOABJAEHHS J1000r0 3KCHepHMEHTA b~
HOTO pe3yJibTaTa, Kacawomerocs OpocaHus Hawmero Habopa MOHeT.
Mpl MOXKEeM TaK:ke BBbIYHCJAHTL JI00ble HHTePecyIOlHe Hac cpejHle 3Ha-
ueHnst. TakuMm o6pasoM, Mbl B COCTOSIHHH CTBETHTb Ha JIIOGbie BONPOCH,
KOTOphle HMEKT CMBIC] B CTATHCTHYECKOH TeOPHH HAILEro OIIbITa.

Hamr nojxol K H3y4eHHIO CHCTEM, COCTOSIIIUX M3 OuYeHb 0O0.1bILOTO
yHcaa YacTHH, BechbMa OJH30K K 3anade o Habope MOHeT. B cleryiomux
pasnesax Mbl cleflaeM 3Ty aHaJgoTHIO 6oJiee SCHOM.

3.1. IlepeunciieHHe COCTOSAHHH CHCTEMBI

Mayuenne aToMHBIX 4YacTHll NPUBOAWT Hac K BBIBOAY, 4TO Jjiobas
CHCTeMa TAKHX YacTHI, OIMHCHLIBAeTCH 3aKOHAMH KBAHTOBOH MeXaHMKH.
Hx copaBefjHBOCTb NOATBEp:KIEHA BCeH COBOKYIHOCTBIO H3BECTHBIX
SKCIIepUMEHTOB, M 35TH 3aKOHBl O0pa3yloT OCHOBY HAllero PaccMoT-
peHust npodJeMbl.

M3 KBaHTOBOMEXZHUYECKOTO OMHCAHUS CHCTEMBl CJelnyeT, YTO B
peay/sbTaTe TOUHBIX H3MEpPEHHII ee MOXKHO OOCHAapYKHTb B ONHOM H3
psila BO3MOXHbBIX AUCKDETHBIX Kganmoevlx cocmosaruti. Tlosnoe auxpo-
CKOMUYeCKoe OIHUCAHHE CHCTeMbl 3aKJIOYaeTcd I[03TOMY B YKasaHHU
TeX KBAHTOBBIX COCTOSIHHH, B KOTOPHIX cHCTeMa HaxOgHTCd.

Kax10e KBaHTOBOE COCTOSIHHE W30JHUPOBAHHOH cHCTeMbl 00.1a1aeT
onpejeseHHLIM 3HAYEHHEM 3HEPrHll, KOTOpOoe HA3bIBATCS YPOGHEM
IHepeuu *).

Bo3MoKHO, 4YTO ORHOM U TOH e Heprueil o0safaeT HECKOJNBKO
pas3juYHBIX KBAHTOBLIX COCTOSHHH cucrembl. (Taxkwme KBaHTOBHIE CO-
CTOAHUS HAa3bIBAIOTCH 6blposicOeHnbimu.) Kaxpag cHeTeMa HMEET Hau-
MEHbllee BO3MOKHOE 3HAYEHUE 3HEPTHH. IJTOMY 3HA4YEHHIO 3HeprHH
00BLIYHO OTBeudeT OJHO KBAHTOBOE COCTOSIHHE, OHO HA3LIBAETCA OCHOBHbIM
COCMOosHUeM CUCTEMBL *¥).

*) TunuuHbIM IPHMEPOM CHCTEMbl C ONpejeJeHHBIMH YDOBHSIMH SHEprHH siBJsET-
cs Bojopoaubift atom. [lepexol aToma W3 COCTOSIHMSI C JAHHOH 3HePrueil B COCTOsIHKE
¢ Mexbllell 5Hepruefi BbI3bIBaeT NOsBAeHHe Pe3KHX JHHHH B crieKTpe HCMyCKaHHs
atoma. OrnHcanHe, OCHOBAHHOE H4 NOHATHA 06 3HePreTHY4eCKHX YPOBHsX, B PaBHOR
cTeneH# MPHMEHHMO K Ji06Of MOJeKyJe, aTOMy WM CHCTeMe, cocTosllefl H3 MHOTMX
aTOMOB.

**) B HeKOTOpHIX CAyyasX HaUMeHbIieMY M3 BO3MOXHGLIX 3HAUeHHH 3Hepruu
CHCTeMBbl OTBEYAET OTHOCHTEJIBHO HeGOJIbIIOe YHCAO KBAHTOBBIX COCTOsiHHMA. B 3TOM
clyyae OCHOBHOE COCTOSIHME CHCTEMbI HA3LIBAETCS GbLPONCOEHHbIM.
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Kpome ocHOBHOro, cucrema ofsanaer GosbluM (4acTo GECKOHEYHO
60.IbIIKEM) HYHCJAOM BO3MOMKHBIX COCTOSHMI ¢ Oospiuell sHepruefl, Ko-
TOpPbIe Ha3bIBAKOTCS 8030YNCOCHHOLMU COCMOARUAML CHCTEMBL.

Tpenpinyiiye 3aveuaHnss HMeaH BecbMa ofmuid Xxapaktep. OHH
IPHMEHHMBI K JII00Ol CHCTeMe, He3aBHCHMO OT CTEIEHH ee CJOXMHOCTH.
Yrobet ¢ienate X oJiee SICHBIMH, MBl PACCMOTPHM HECKOJIBKO MPOCTHIX
CHCTeM, HMEIMNX 60/blloe TPaKTHYECKOe 3HAYeHHE.

i.OauHOoOuUHB I cmu i, PaccyorpuM OfHY-eIHIICTBEHHYIO 4acTHIY, I0J0-
¥-eHfe KOTOPOH Bvien cuuTaTh (iikcupoBaHsbM. IIycTo ee cnud paBeH Y/,, a BedH-
YHHAa MATHHTHOTO MOMEHTA paBHa Wg.
Mul rosopuan yike B n. 1.3, 4T0 3T0T
MACHUTHBI MOMEHT MOXKer ObITh Ha-
npas/eH JH60 BBepX, JUOO BHH3 (1. e.
napajielbHo WM aHTHHapaJielb-
HO HEKOTOPOMY 34JdHHOMY HalpaB-
siennto). Cucrema, KOTOpOH SBJSieTCS

E}I\ T T T T e —
?

Ta6auma 3.1

Puc. 3.1. BecbMa ynpolienhan AMarpamma
MepELIX YPOBHE{l SHEPTHH AJs [ipoH3BOJbLHOI i
cHcTeMbl. Kaxzas yepTa ofosHauyaeT BO3MOXK- ;
HCe KBallTOBOC COCTOSIMHE CHCTeMbl, 4 110J0O- r a M E
JeHWe YepThl M0 BepTHKANAM yKasbiBaeT Ha
SHEPIHUIO CHCTEMHI B 3TOM COCTOSIHHH. 3ame-
THM, UTO Ha 3TOit CXeMe MHOTO COCTOsHHIY IMe-
0T QLAY H TV 2Ke 3Hepruio

+1 Lo | —MwoB
—1| —po | +uB

RO —

E=up B KsaiToBbie COCTOAHUS
—Fe YaACTHUH CO CIHHOM 1/2 W
MAarHHTHBIM  MOMEHTOM  [ig,
E=—y B Haxoaseiicsi B MaTHUTHOM
+ Mt node B. Kaxnoe cocrosinue
cUCTEMBI M07KHO 0003HAYHTh
HUHAEKCOM 7 UJIH KBAHTOBBIM

B ¥ o=
Follg_+1

Puc. 3.2. Ha juarpamye noxasadbl ABa ypOB- gpcaoMm . CocrtaBasollas
sl 2HeprHu, NpHHAMIe)Kaule cougys»?’,, . .
HMMeIoLleMY MATHHTHBI MOMEHT i, ¥ HaX0ps- MarHHTHOTO MOMEHTA (BlIOJIb
leMyes: B MarnutHoMm Toje B. Cocrosinne. HanpapJCHHUST «BBEpX», 3a-
nomedenyioe 6=-1 (WiK [pocTe -+) oTBeyaeT nagaemoro rnoJgem B) obo-
MarHUTHOMY MOMEHTY. HanpasJjellHoMy BBepX,

T.e. {10 MarHuTHOMY Iosi0 B. Cocrosnue 3HaueHa uepes M, noawas
==—1 (HAHn —) COOTBRTCTBYET HAaNpasieHHIC JHeprus CHCTEMDI — 4e-

MAarguTHOrC MOMeHnTa BHU3. pcg E

Hail CNHH, HMeeT TOJAbKO JBa KBAHTOBBIX COCTOSIHHS — OOGO3HAYMM HX  KBaH-
TOBBIM YHCJIOM 0. Mbi MOMKEM HPHIHCATh STOMY KBAHTOBOMY YHCJY 3HaueHite 0=-1,
€C/IM MAUHHTHBIH MOMEHT UdCTHIbl HAnpap/JeH BBepX, U 3HaueHne 0==—I i npo-
THBONOJIOKHOIO HANpdBJAEHUS MArHUTHOrO MOMEHTA.

Ecnu yaCTHIA HAXOAUTCA B MArHHETHOM noJie B, To HanpabJ/ielue, NpeACTaBIg0OmEe
¢usnyeCKHit HHTepec, 3ajiaercs noJem. Ecju MarduTHBIE MOMEHT HanpasjieH napad-
JIeIbHO TIONI0, TO 9HEPTHsl E CHCTEMbl OKA3LIBAETCS MeHblile, YeM ZHEPrHsi CHCTEMBI
B Clyyde AHTHNAPANIENbHOTO HanpaBJIeHHs MardHTHOTO MOMeHTa. AHajlorHuHas
CHTYauHsi BOSHHKAET IPH NOMellleHWH HOJOCOBOTO MArHATa BO BHENIHee MarHHTHOe
noje. B stom cyuae, ecam MArsHTHBIH MOMeHT HanpaBieH BBepX (T. €. MapaslienbHo
nomo B), ero maruuTHas sHeprusi pasia —peB. Hao6opoT, KOrAa MarHHTHbIE MOMEHT
HanpaseJen BHH3 (T. €. aHTHNApa/ViebHO MO0 B), MarHWTHas Heprus pasHa p,B.
JBy» KBAHTOBBIM COCTOSIHHSIM CHCTEMB OTBEYAIOT ABE DasjHYHbIE SHEPrHH.

. neanbnas cucrema u3 N cinuHOB. PaccMoTpum cHcremy
u3 N 4acTvl, NOJOXKEHWS KOTOPHIX (HKCHpoBaHul. [lycTs CHOMH Kamiodl YacTHisl
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Pasen 1/2, a mMarHuTHBIi MOMEHT Wy. CHCTeM2 HAXOZHTCS BO BHEINHEM MATHHTHOM
noje B. B3aumofeHCTBUeM Mexy uacTHUAMHM MOMKHO NpeHeGpeub *).

Mar#uTHbil MOMEHT KaxJoll UacTHUbl MOKET GbThb HanpaBJieH JHGO 10 MO0,
160 npoTHs rofs. OpreHTalMI0 YaCTHILI MOKHO 3aJaTh KBAHTOBLIM WHCJIOM O; TaK,
9T0 0;==-}-1, ec/M MaTHHTHEIA MOMEHT HanpapieH BBepX, H 6;=-1 B nporusomno-
JIOXKHOM ciyuae. UToBel onucaTh HEKOTOPOE COCTOsiHMe BCell CHCTEMBI, HeoBX0IHMO
yKasaTe OpHeHTAUHNIO KaXkjaoro #3 N MoMeHTOB. /s 3TOTO HY2KHO 344aTh 3HAUGHHS
10CJ1€10BaTeIbHOCTH KBAHTOBLIX UHCENT Oy, Oy, ..., Op. JTO MO3BOJIUT HAM HPOHYMe-
poBaTh H 0GO3HAUHTL KAKHM-HHOYJb HHIEKCOM 7 BCE BO3MOMHEIE COCTOSTHHS IOJIHOI
CHCTeMBI, YTO H CAEMNaHO B Ta6/l. 3.2 A1 wacTHoro cayyass N=4. Ioadeiii vMarsuTHblil
MOMEHT CHCTEMBI DaBEH CYMME@ MAaTrHHTHBIX MOMEHTOB OTHedbHbIX CIHHOB. Tak KakK
MBI ripeHeGperaent B3aUMOLEHCTBIEM MEXKAY CIHHAMH, TO NOJHAS oHeprus E clicTebi
paBHa [IPOCTO CyMMe Hepriffi OTJAe.TbHBbIX CIIHHOB.

Tadnuuga 3.2

r oy 0z 03 0y s L
1 + + - + T —4peB
2 + —t— + — 21y —2u,8
3 + - — |+ 240 —2u,B
4 -+ - - + 2u, —2u,B
L i i :
2 — - - 2wy —2u.B
I
6 B + - — 0 0
7 4 — -+ — 0 0
8 = = = = 0 0
J — -+ -+ — 0 0
10 — -+ — —+ 0 0
1 - = | + |+ 0 0
12 - — — — —2u, 21,8
13 - - - | - —2ug 2u,8
14 — — -+ — — 2 2u,B
15 — — — | -+ —2p, 2u,B
16 — — — - —4u, 4,8
i(Ba4HTOBBIE COCTOSIHHST HOeaJbHON CHCTEMbI H3
4eTelpex CMHHOB 1/2, [OMElIeHHHMX B MAarHHATHOE
nojge B. Kaxaomy criuHy coorBercTByeT MarHUTHIH
MOMEHT W,. Kaxjoe KBaHTOBOE cocrosiHHe Bcel cucre-
Mbl 0003HaUaeTCst HHAEKCOM 7, HJIH, SKBHBAJEHTHO, HO-
CJIEOBATENLHOCTRIO YeTEIPEX YHced (0, Oy, O3, 0,). s
KPaTKOCTH MH 0003HayaeM 3HAKOM + 4HCHO 0= +1.
IlonHpli MArHHTHEIE MOMEHT (Tounee, ero COCTaBJISIO-
masi no nomo B) o6o3Hauaercs uwepes M, nonnas
3HEpTHs cHCTeMbi—vepe3 E

*) D10 03HayaeF, uTO MOKHO fIpeHe6pednr MArHWTHBIM TNOJEM, KOTOpoe BCe OC-
TajlbHble YaCTHUBI CO3JAIOT B TOYKe, TJe PAcloJoXkeHa AaHHAS wacTHua.
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IHILYactruuwas ofHOoOMepHOM 54 Ke. PaccMorpum yacthuy ¢ mac-
coil m, cBOGOAHO nepeMemlalomlylocsi B 0JHOM HampasJ/enuu. IlycTh, nampumep, sta
YacTHIA HAXOAMTCS B sULMKe AIMHONR L, Tak uTo ee KoOpIMHATA JIKMT B npelesax
O<Cv<CL. BHyTpM simuKa Ha uacTHny He ACHCTBYIOT HHKaKHMe CHJIBL.

KBanToBOMeXaHHUECKOE OMHCAHHE NPHIIMChIBAET YacTHlEe HEKOTOpble BOJHOBbIE
cBofictBa. Tak, ecin uacTUna HaxoITCA B fIHKE H MOXeT CBOGOJIHO NMepeMemaTsest
MeXK1y CTeHKaMH simHKa, TO STOH YaCTHLE COOTBeTCTRYeT BOJHOBAs (QYHKUHS P,
veomas GopMy crosiued BOJHBI. AMIVIHTYAA 9TOU BOJIHB! 00pamaercs B HVJb Ha
rpaudnax sunfkKa (tax kak 1§ ncuesaeT 3a npeledamn suuka)*). Taxum ofpasowm,
BOJTHOBASt (YHKUHst JOPKHA HMETb BHJI

P (x)=Asin Kx (hH
(tie A u K — KOHCTaHTBI) H VIOBAETBOPSITh IPAHHUHBIM YC/OBISIM
§(0)=0 u §(L)=0. @

OucsugHo, uto BeipaxkeHHne (1) yzosgerBopsier ycaosuio §(0)=0. Urto6er oHO V108-
JeTsopsio Takke u yctoBuio P(L)=0, koHcranty K cieiqyeT BbIGpaTh TAKOH, uTOOBI

KL=nn,
HIH
K= % n, (3)

re /1 MOXeT NPHHEMATB JI00ble Leble 3HauCHuS **):
n=1, 2, 3,4, ... (4)

TMocrosinnas K B (1) urpaer posp 604H06020 4ucaa, XapaKTepU3yiolnero 4acTHIy.
2TOMY  BOJIHOBOMY WHCJY COOTBCTCTBYET JUIMHA BOAHBI A (TaK HasbiBaemasi 0eGpoiLies-

KA OAUHA BOAHLL): .
21

K= 5 ()
Taxum ofpasoM, (3) 9KBHBAJEHTHO paBeHCTBY
L=n 2
=n=,

KOTOpoe BhIpaxaer 3HaKOMOe YCJI0BHe 0Opa30BaHHs CTOsueH BOJHBL JUIMHA slMKa
JIOKHA ObITb PaBHA NGIOMY UHCIAY TOJYBOMH.

nmysise vactumel p CBSI3aH C JVIMHOW BOJIHBL 3HAMEHHTBHIM COOTHOILCHHEM fe-

Bpoitas:

h

p=hK = 5 (6)

rie ﬁ:h/QH, a h — nocrosHdas Ilnauka. DHeprus vacTdusl B JalHOM cJyuae pasHa

ee KHHeTHUeCKOH 9Hepruy, Tak KakK NoTeHLHAJbHas 3HeprHs, CBsI3aHHas C jefiCTBieM

BHVTPEHHHX CHJ, OTCYTCTBYeT. BbipaKeHHast uepe3 HAMIYJbLC HIH CKOPOCTH UYaCTHILGL,

*) dusuuecknil CMbICA BOJHOBOH (YHKUHH 3aKMOuaeTcs B ToM, wio [P(x)]2dx
JaeT BepOATHOCTb TOTO, 4TO YACTHLA HAaXOIMTCH B mpejeiaX KOOpPAMHAT ¥ ¥ X-dx.

**) 3Hauenve n—0 He TojMTCA, TaK KakK eMy oTseuaeT Y=0, T. e. oTcyTcTBHE
BOIHOBO# QYHKIMY (a 3HA4UT, OTCYTCTBHE 4acTHU B simuke). OTpHHmaTeNbHBIC Heable
3HAUEHHS 71 He BeAyT K MOABJEHHIO HOBBIX BOJIHOBHIX (DYHKWHL, TAK KaK H3MEHEHHe
3HaKa 1, a 3HAuuT, M 3Haka K, BbI3blBaeT JIMLIb U3MeHeHue 3Haka § B (1), Toraa Kak
pepositHocTh |[2dx me wuamensercs. TakuM 06pasoM, NOJOMHTEIbHble LeJble 3HA-
4YeHMsl 71 MCUEPIBIBAIOT BCe BO3MOXKHBIe BOJIHOBhIC (yHKuMH BHAa (1). DPusnueckn 3TO
03HAu4eT, UTO B JAHHON 3a7ade HMeeT 3HAYEHHE TOMbKO seausund TK HMITYJbCA Ya-
CTHLBI, TAK KdK B pe3yJbTare NOCTefOBATENbHBIX OTpayKeHHH YacTHIBl OT CTEHOK
SIHKa WMIYJAbC MMeeT PaBHYI0 BePOATHOCTb ObITh MOJOMHTENBHbIM WJIH OTpHUA-
TeJIbHbIM.
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ee sHeprus E pasHa

1 1 p? hi2Ke
E=—ml=—agc=—m—, 7
2 2m 2m )
BosmoxHEIM 3HauernaM (3) mocrosiuHoi K OTBEUMOT ciefyiolipe 3HaYeHHsT PHepPTIH}
2 2 12h2 n2
E= -ﬁ— Zn :ili ’3_ . (8)
2m \ L 2m L2

Mbr npamay OB K aHAJOTHYHBIM De3YJIbTaTaM, PacCMOTDeB 9Ty 3ajauy 6o.lee
CTPOTo, HCXO0Asl M3 QYHAAMEHTalbHOrO ypaBHeHus LlIpéanHrepa ais BoJdHOBOH yhK-
ik P. 115 cBoGOAHOI YACTHILL B HaLleM OJHOMEpPHOM SILHMKE 9TO y paBHeHHe HMeeT Bilf

B2 g%y Ey
om ox2 ¢
Boauosast ¢dyuxkuns (1) yzosierBopsieT 3TOMYy ypaBHEHHIO H OGECTEYHBAET CBS3b
MeXJ1y 3Heprueil u BeddunHoil K, onuceiBaemyio dopyydaofl (7). deilcTsurennHo,
ycaosre (2), 3akjiodaiomeecs B TOM, UTO BOJIHOBast (PYHKUHs JoJIXKHA HCYe3aTh Ha
rpaHuuax siiEKa, onATh NPHBOAMT K (3), H TAKHM 00pA30M, K BHIPaKeHHIO (8) 115t
SHEPrHH.

HMraxg, Mbl BHIHM, 4TO BCe BO3MOMKHBIE KBAHTOBBIE COCTOSHMSI YacCTHLEI B sIiuKe
MOTYT ObiTb 3ajaHbl YKasaHHeM BO3MOXKHbIX 3HavyeHH# (4) KBaurtoporo umucaa n. CooT-
BETCTBYIOLIHE 3TUN 3HAYEHUSIM /1 SHEDIHH COCTOSIHMII {T. €. COOTBETCTBYIOUIHE YDPOBHH
IHeprHuH yacTHIb) AaHBl Qopamydoil (8).

M3 (8) ciexyer, 4To paccrosiiye MeuAy COCeIHHMH YDPOBHSIMH SHePTHH YacTHIbl
OYeHDL MaJ0, eCJH LIHHA LKA L meer nmaxpockonuyeckuil pasmep. Haunienbliee
H3 BO3MOXKHBIX 3HAYEHMH 3HepPTHH uaCTHLHI,
T. €. ©e OCHOBHOE 39HepreTHuUecKoe COCTOsIHMe, Y
otBeyaeT 3HaueHHlo n=1. 3aMeTHM, UYTO 3TO
3HAuCHHE HEPIHH OTJIHYHO OT Hyas *).

IV. HacrHua B TpexMepHOM

aul ¥ K e. O6obuieHne paccMOTPEHHOH  Bbile 12

3ajauy Ha cayyalf CBOOOJHOH 4AacTHUBI B IIPO- yz/ |

CTpaHCTBE TpeX W3MepeHHH He npejicTaB/sieT A /L _______ T

sarpyiHenuil, IlpeiAnonoxuM, 4To yacTHUa Ha- L‘{/ /

XOIUTCSA B sIIHKe, HMetomeM (opMy NPAMOYTodb- d

HOTO Tapasjeennneia cO CTOPOHaMH Ly, Ly L

u L, Taxknv ofpasoM, KOOpAHHATH, XapakTe- z

PHBYIOUHE MOJOKEHHE UACTHUBI, JewaT B npes =

nesax Puc. 3.3. Sutiuxk s dopme npSIMOYTOJb-
HOr'o mnapadijesienlinefia Co CTOpPOHAMEU

0<x=<<L,; OgygLy; O<<z<<L,. anumois Ly, LyulLe.

YacTuna HMeeT Maccy / M, HAXOASACH B SIUIHKe, He MCNBITHIBAeT JeHCTBUS CHJI.
B stom cayuae BOMHOBas (YHKUHMS YAaCTHUb! NPEACTaBIdeT COGOH TpeXMepHYlo
CTOSIUYIO BOJIHY:

Pp=A4 (sin K vx) (sin Ky) (sin K,2), ©

pie NoCcTOsTHHbIE K, Ky, K, MO0 CUHTATh TpeMsi KomMnoHenTavu BekTopa K, Kotophii
HasblBaeTCs 6041060iM “6eKmopom uactuupl. CorjacHo Je-Bpoiiio cBgsb Mexny M-
NYJAbCOM YaCTHLb! H BOJHOBEIM BEKTOPOM HMeeT BHJ

p=hK. (10)

*) Takoli BEIBOA HAXOJAMTCS B COMVIACHHM C MPHHLRIOM HeonpeneteHHocTH Fefisen-
6epra (Ax Ap>7), cOracKo KOTOpOMY HYaCTHIA, MNOJOKEHHE XKOTOOH OrPaHHYeHo
quHedHeiM pasmepom L (1. e. Ax~L), HMeeT HeKoTopoe MHHHMAa/bHOE BO3SMOXHOE
3HaueHHe HMNysibca MOPsUIKa p~H/L. TlosTomy MHHWMAJbHOE BO3MOWHOE 3HaueHHe
SHeprHH YaCTHIB! B FALIUKE — 3TO KMHETHUECKas SHEPrHs Nopsiaka p?/2m=h?/2mL>.

107



Takun ofpazoM, BeqHuHHa p M BedHuHHa K (MM pIHHa BOJAHAE) MO-TIpEXHEMY
cesizanel opmynoil (6). DHeprus uacTHIBI Telepb pasHa

p- ﬁzK" fi"
“om T om

5 (K34 Kj+K3). (an

Jlerko mnposepuTb, 4TO QopMyJaa (9) JeHCTBHTENLHO SBJSICTCS pelleHHeM He
3aslicsflero OT BpemeHu ypaBuenust Ilpéaunrepa Ans cpoGoaHON uyacTHUBI B Tpex-

MepHOM cuydae:
R o2 o NN g
,g—r 1 — =1
T om \dx oy ' 022
310 YpaBHEHIe AaeT CBSI3b ZHEPTHH C BOJIHOBBIM BEKTOPOM, BbIpaxaemyio gopmy.oit (11).
M3 rore akra, uro GpyHKuHS ¥ AOKHA HCUe34Th HA FPAHMIAX SIUIHKA, BbiTe-
KaloT CcIelyiouwse IpaHnuHble VCI0BHsA: P=0 Ha ILIO0CKOCTSX
x=0, y=0, z=0, l (12)
x=Ly, y=L, z=L, |
Beipakente (9) st BOMHOBOH QyHKUHH AeficTBHTeIbHO ofpamaercst B 0 npu x=0,
y=0, z=0. UTo6k ono ncuesaso w npu x=L,, y=L,, z=L,, nocrosuusie Ky, K,, K,

J’,
JAOJKHBL  YJ0BJACTBOPATEL CJACIAVIOIIUM  YCJIOBHSIM:
M HEd
II(x——f Ny Ky:'L‘y- ﬂy, [<z:L_anx (13)

rie Kamioe H3 GHCEN My, My, 1, MOKET MPHHUMATH JIOG0E H3 LEbIX MOMONKHTEAbHLIX
3HAYEHHI:
Ny, Ny, ny=1,2,3,4, ... (14)

Taxum ofpasom, Kaxjioe AaHHOC KBAHTOBOE COCTOSIHHE YACTHIlbI MOMKeT ObITb 3ajaHo
yKazasuenm HAa00pa KBAHTOBBIX HHCEJ (fiy, Ny, N;). ITHM KBAHTOBBIM YHCJaM OTBeuaer
onpejefieHHast 3Heprus, paBHasi, corjacHo (I11) un (13),

g
| EANTANE

V. Uneanvubif raz u3 N yactull B smuke. Ilycth cucrema,
cocTtosiwast M3 N uacTHIl, NOMellleHa B SIIHK, DACCMOTPEHHBIH B MpeAbLaylleM MpH-
Mepe. JLOTYCTHM, uTo B3aMMoJeliCTBHEM MeXKIy YaCTHLUAMH MOMXKHO fpeHebpeub, Tak
4TO yacTHLpl 00pa3yioT niaeanbhbifl ras. B Takom cayuae nonuast sHeprusi ra3a npocro
pABHA CyMMe SHeprui OTHe/AbHbIX YacTHi, T. e.

E=¢g;+e,+}...}epn, (16)

Tje &; O3Hauaer SHepruio i-i uyacthupl. M3 paccMOTpeHHOro Bbiie NpHMepa Cielyer,
U4TO COCTOSHHE KaX»[OH uacTHUb! onpejesisieTcsi 3aJaHHeM TpeX KBAHTOBBIX YHCea
(n,x, Njy, N;z); TIDR 3TOM 3HEPIUS YACTHUBI ONPEAEASIETCs BhIpAKEHHEM, AHAJOTHYHbIM
(15). Kaxnaoe BO3MOXKHOE KBAHTOBOE COCTOSTHHE 6Ce20 Ta3a 8 Yesom OYIET OMpeesieHo,
ecau Mbl ykaxeMm 3N KBaHTOBBIX UHCE]

{n1x1 Nyys Miz; Raxy Moy, Moy, --- 5 ANx, NNys ”Nz}-

CooTBeTcTBYIOULAsE 3TOMY COCTOSIHHIO [a3a SHeprusa ciepyer u3 cymmbl (16), riae xam-
Joe caaraemoe uMeer Bua (13).

paCCMOTpeﬂHb[e BblLIE [IpUMEPHl THUOMYHL! A KBAHTOBOMEXaHUUe-
CKOTO ONHUCAHHuA, H Mbl NPHBEAH HX A5 HJNOCTPAnUH o0IHX 3ane-
anI/lf/'I, CAeJIAaHHBIX B HayaJje rJasbl. Mbl MOxeM CAEN VIO UM 06p830M
NOJABECTH HTOr' CKa3aHHOMY. Kaxmoe BO3MO2KHO2 KBAHTOBOE COCTOAHUE
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CHCTeMBl Olpeaessiercss 3afaHueM [ KBaHToBbIX uHced. Hucao f Haswl-
BaeTcs UYHCJAOM cmeneHell c80600bi CHCTEMbl W GHO PABHO YHCAY He3a-
BICHMBIX KOQDAHMHAT (BKJIOYAs CITHHOBbIE KOODAHHATHI), HEOGXOMHMbIX
J,19 onHcaHusa cHerembl *). Jlio6oe H3 BO3MOMHBLIX KBAHTOBLIX COCTOSI-
HIH CHCTEMbI MOXeT OBITh YKAa3aHO 3aJanieM COOTBETCTBVIOIHX KBaH-
TOBbIX YHcea. JI/s MPOCTOTHI KaX10€ TAKOe COCTOsHHe MOMKHO 0003Ha-
YIITh OIHUM HHIEKCOM 7 H, TAKMM 00DPa3oM, BCE BO3MOXKHbBIE KBAHTOBbIE
COCTOSIHHSI MOTYT GbITh NEPedHC/IeHbl B olpefieeHHOM mnopsike r =1,
2, 3, 4, ... Ham Bonpoc o Han6o/ee NMOJHOM KBAHTOBOMEXAHHYECK M
OMHCAHHH CHCTEMBl HMeeT CJAeAYIOIHIl OTBeT:

Mukpockonnyeckoe COCTOSIHHE CHCTEMBl omperne-
JisieTcsl YKa3aHueM KBaHTOBOTO COCTOSIHHS !, B KOTO-
poM HaxoJIUTCs CHCTEMA.

[

[TonHOE ¥ TOYHOE ONHCAHWE TOBejeHHsl H30JHPOBAHHOI CHCTEMbI
JIOMZKHO YUHTHIBATL 606 B3aMMOAEHCTBHST MKy YaCTHHAMH H N1aBaTh
B KauecTBe pe3y/bTara TOYHOE KBAHTOBOE COCTOSIHHMe CHCTeMbl. Ecju
CcHCTeMA HAXOJUTCS B KAaKOM-TO M3 TaKUX COCTOSTHHH, OHAa OCTAHETCs
B HeM HaBcerja. B neficTBHUTEJbHOCTH HE CYIIECTBYET TAKHX MOJHOCTHIO
H30.JMPOBAHHBIX CHCTEM, KOTOpble He B3aMMOAEICTBOBA/N Obl CO CBOHM
oKpVikeHHeM. [lajee, HeT HH BO3MOXKHOCTH, HH CMBIC/A PacCMaTPHBATh
3anauy € Takoll TOYHOCTBIO, YTOOBI NPHHUMATH BO BHUMAHHE BCE BO3-
MOJKHblE B3aHMOJEHCTBHA MeXAy 4YacTHIaMH, He3aBHCHMO OT HX OTHO-
CHTE1bHOTO 3HaueHHs. [103ToMY KBaHTOBBIE COCTOSIHHS, NMPAKTHUECKH
npiiMeHsieMble JJIS ONHCAHHA CHCTeMbl, ABJSIIOTCA NpUOAUNCCHHbLMU
KBAHTOBLIMH COCTOSTHHSIMH, OIPEAeJCHHBIMH € YYETOM BCEeX BaXKHbIX
MHHAMUYECKHX CBOHCTB YACTHI, HO B [PEHEOpEXKEeHUH HeKOTOPBIMH
MEHee BaKHBIMM OCTATOUHbIMH B3anmonefictBuamu, CHcTeMma, mepBoHa-
4a,1pHO HAXOAMBILAACS B OAHOM M3 CBOMX NPHOJMAKEHHBIX KBAHTOBBIX
COCTOSTHHMH, He OCTaHeTcs B HeM HaBcerja. JeficTBUTENbHO, C TeueHHeM
BpeMeHH TOJ BJIMsHHEM MaJjbiX OCTAaTOYHBIX B3aHMOGHCTBHI cHcTema
nepeiiieT B JApyrde KBaHTOBble COCTOSIHMA (3@ MCKJIOYEHHEM TeX, B
KOTOpHIE OHa He MOXKEeT IepeHTH 0e3 HapYIIeHHS H3BeCTHHIX Orpasy-
YgeHHMil, HajaraeMblX 3aKOHAMH MEXaHUKH).

ATOM BONOpOAA ABJSEICA XOPOIIO H3BECTHLIM IIPHUMEPOM, HAJIOCT-
PUPYIOUMM 3TH paccyieHHs. KBaHTOBbIE COCTOSIHHA, HCIOJIb3yeMble
/151 OMHCAHMs! 8TOMa BOJOPOAA, MOJYYeHb! NPH PaccMOTPEHUH OJHOr)
JHIE KYJOHOBCKOrO TPHTSMKEHHS MEXAY SIPOM H  IEKTPOHOM.
OcrarouHble B3aUMOJEHCTBHA aTOMa C OKP y2KalOILHM €T0 3/IeKTPOMartur-
HBEIM I10JIEM BBI3BIBAIOT MEPEXObl MEXKAY ITHMH COCTOAHUAMU. Pesyiib-
TATOM STHX [epeXoloB ABJsErca HCIYCKaHHe MJIH MOTJIOILeHHe

*) Hanpumep, B caywae N uacTdy, He O6JajdiOWIMX CIHHOM, YHC/IO CTeneHel
cBoGognl paso f=3N.
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3/1eKTPOMAarHUTHOTO U3JyYeHHsi, B Pe3y/bTaTe Uero BOZHHKAIOT Pe3KHe
CrieKTpaJjbHble JHHUU.

TlpumepoM, uMelOmHM i Hac GoJibluee 3HaueHMUe, fIBJAETCH H30-
JHPOBaHHAfA HWAea/bHad CHCTeMa CIIHHOB HJIH H30JHPOBAHHBIA HIea.b-
Hplii ras. Eciu B TakoH cHCTeMe YacTHIBlI COBCEM He B3aHMOAEHCTBYIOT
LPYT C APYIOM, TO KBAHTOBble COCTOSIHMS, ONpeleseHHble B MPHMEpax
3TOrO pPasjiend, SIBJSIOTCS TOUHBIMH KBaHTOBBIMH COCTOSTHHAMU H HH-
KaKHX TepexonoB He npoucxoiuT. OIHAKO Takas CHTYallHsl HE COOT-
BercTBYer AeficTBuTe bHOCTH. CiefyeT HMETh B BUAY, UYTO La)Ke B HIe-
aJIbHOM CHCTeMe CIIHHOB HJIH B HAeaJslbHOM ra3e B3aNMOJEHCTBHE MEXKITy
YyaCTHILAMA fowmiu OTCYTCTBYET, HO HE OTCYTCTBYET NOJHOCTBIO. B cu-
cTeMe CIIHHOB 3TH HeGOJbIUHe B3aHMOAEHCTBHSA CYINECTBYIOT 6./aronaps
TOMY, 4YTO KaXKIAbIi MaTHMTHBIH MOMEHT CO34deT KaKoe-TO MaTHHTHOE
noJe, AeACTBYIOllee HA COCEAHHE MATHUTHBIE MOMEHTHI. AHAJOIHYHO
H B rase CYIECTBYIOT HEOOJbIIHE B3aHMOMCHCTBUS MEKAY UYaCTHLaMH,
IPOABJASAIONLHECST B TeX CJAyyasx, KOTAa [Be YacTHUbl NPHXONAT B J0-
CTaTouHOo OJIH3KOe CONPHKOCHOBEHHE (MBI Ha3biBaeM 3TO CTOJIKHOBE-
nueM). Ecan NpuHATH BO BHHMaHHe 3TH B3aHMOJEHCTBHS, TO KBAHTOBbIE
COCTOsIHHA, onpefeseHHble B npumepax [l u V, okaxyres npubiiken-
HBLIMH KBAaHTOBBIMH COCTOSIHMSMH. B3aHMOJeHCTBHS BBI3OBYT IEpPeXoibl
MeX/ly STUMH COCTOSTHHAMH (4acToTa 3TUX NepexofoB OyleT TeM MeHblie,
uenM cjalee BeJHUMHA B3auMojeficTBuit). PacemorpuM, HampuMep, cH-
CTEMY, COCTOSILLYIO M3 YeThIPEX CIHHOB. Ee KBauTOBEIE UHC/a NPUBELEiibt
B Tabj. 3.2. JonycTuM, YTO 3Ta CHCTeMa BHauaJjie Haxofiiach B CO-
CTOSIHAK (-F—--—+). CymlecTByeT KoHeuHasi, He HCUe3dwolEe MaJas,
BEPOATHOCTH TOTO, UTO B [e3y/bTaTe B3aHMOAEHCTBHS MEXKAY CHUHAMH
yepe3 HEKOTOPOe BpeMsl CHCTEMa OKameTCsi B KAKOM-TO APYTOM CO-
CTOSIHMH, HaNpuMep, (---+—-1), B KOTopOe OHa MOXer mepeliTu Gez2
HapYIIEHHsT 3aKOHOB COXPAHEHHS 3HeprHu.

Mpr paccMaTpuBaJd COCTOSIHHA CHCTeMbl, HCXOAS M3 KBAHTOBOMEXa-
nuYeckHX Hiaed. JleficTBUTe/bHO, aTOMbl U MOJEKYJbI, COCTABJSIONIHE
JMo6YI0 CHCTEMY, OMHCHIBAIOTCS 3aKOHAMU KBAaHTOBOH MeXaHWKH. B ne-
KOTOPBIX YCJIOBHAX J0OCTATOUHO XOPOLIHM NPHOJHAMKEHHEM MOXeT OKa-
3aTbCs OIMCAHHe CHCTeMBI B paMKaX KJjaccHdeckoil Mexanuku. [Ipume-
HUMOCTb TAKOTO NPHOJIMIKEHHS pacCMaTpHBaeTcsd B rJaBe 6.

3.2. CrathcTHUYecKHt aHCamOJb

Ecii 651 MBI TOYHO 3HAJAH MUKDPOCKOITHUECKOE COCTOHUE, B KOTOPOM
CHCTEMA YaCTHIL HAXOANTCSI B N@HHbIE MOMENT BPeMeHH, TO B NPHHIHIe
MOXHO ObljI0 GBI, IIPUMEHHB 3aKOHBI MeXaHWKH, BbIYMC/IHTh BCE BO3-
MOXKHBle CBOHCTBA Haluelf cucTeMBl B JI060H MOCJAERYIOIHHA MOMEHT
BpeMeHH. B NeficTBHTE/IBHOCTH Mbl He pacrojaraeM TOYHBLIM 3HAHHEM
MHKPOCKOIHYECKOIO COCTOAHHS MAKPOCKOMUUECKOH CHCTeMbl M Hac
LiaXke He HHTEPeCYeT CTOoJb AeTajlbHOe ONHcaHue ee ¢BoHCTB. [losromy
MBI epefiieM K pacCMOTPEHHIO CBOHCTB CHCTEM C TOUKH 3PEHHH MOHATHS
O BepOSITHOCTH. BMecT0O eIMHCTBEHHOH HHTepeCylolleidl HaC MaKpPOCKO-
NIHYECKOH CHCTEMBI MBI COCPEIOTOYHM BHHMAaHHE Ha aHcambJie, COCTOAIIEM
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¥3 OoueHp OOJBIIOrO YHC/AA CHCTEM, YIOBJAETBODAIOUIUX TeM Xe YyCJo-
_BUSIM, KOTOPbIM, KaK Mbl 3HaeM, YIO0BJeTBOpseT Hawa cucrema. C mo-
MOIILBI0 TAKOTo aHcamO4s Mbl CMOXeM BbICKA3aTh PasjiHUHble BEposAT-
HOCTHBEIE YTBEPXKIEHHA OTHOCHTENbHO Halleidf CHCTeMEI.

[TosHoe MakpocKonHu4ecKoe OMHCAHHE CHCTeMbl U3 MHOTHX YacTHIL
onpejessieT TaK HA3bIBAEMOE MAKPOCKONUMECKOZ COCMOAHUEe WIH MAKpPO-
cocmogHue cHcTeMul. Takoe ofnucaHHe 3aK/JI04aeTcsi B yKa3aHHH BeJjH-
4HH, KOTOPHE MOXKHO ONPEleNUTb € TNOMOILLIO MaKPOCKONMHYECKHX
navepeHunit. IlostoMy Makpockonuueckoe OIHCaHHE COIEPXKHT JIHLIb
BeCbMa OTPaHHUYEHHYIO HHPOPMALMIO OTHOCHTE/IBLHO YacTHI, 00pasyio-
HmEX cHcTeMy. PaccMOTpUM IpHMePhl MAaKPOCKOIHYECKOTO OMUCAHHUS.

L. Hudoprayua o snewinux napamempax cucmemsi. CylecTByior
HEKOTOPble MaKpOCKONHYECKH H3MepHMble NapaMeTPel CHETEMBl, KO-
TOpLIe BJAUSIOT Ha JBUXKeHHEe BXOISIHNX B ee COCTAB YacTHL. DTH napa-
MeTpbl HA3LIBAIOTCS GHEWHUMU napamempami cHcTembl. Hampuwmep,
cHCTeMa MOKeT ObITb IOMelleHa BO BHelliHee MarHutHoe nojte B uiu
asexTpideckoe noje §. Taxk Kak cyllnecTBoBaHHEe 3THX NOJell BJHSET
Ha JBHxKEHHe YacTHIl CHCTeMbl, TO B H § sBAfAIOTCA BHEIHHMH napa-
MeTpanMH. B kauecTsBe APYyroro npumMepa paccMOTPHM ras, 3aKJoueHHbIH
B AUIK pasmepamu L., L,, L,. DTH BeAUUHHBl TAKKe sBJ/SIOTCS BHeIl-
HUMH NapameTpamMH rasa.

Taxk Kaxk BHeUIHHe fapamMeTph! BJUAIOT Ha JABHXKEHHE YacTHH CH-
CTeMBI, OHH JOJIKHBI BJAMATL HA YPOBHH HEPIHH 3THX dacTHil. lostomy
OBBLIYHO 3HEPTHST Ka)<IOT0 KBAHTOBOTO COCTOSTHHS CHCTEMbl 3aBHCHT OT
ee BHCIUHUX rnapameTpoB. Hanpumep, B ciaydae CHCTeMBI CIIHHOB H3
Tabsa. 3.1 cjenyer, 4TO 3HEPrHH KBAHTOBLIX COCTOSIHHI 3aBHCAT OT
BeJMUHHB MArHuTHOro mnosaa B. Awajorndso, B caydyae 4acTuil, Ha-
XOINHXCA B SIIUKe, H3 BbipakeHus (1H) HenocpencTseHilo cjenyer,
gTo N1000e KBAHTOBOE COCTOSTHHE OfIpelessieTcss KBAHTOBBIMH UYHCJaMH
{11 1y, M} ¥ BHEPTHS STOTO COCTOSHUS 3ABUCHT OT pasmepos L., L, L,
SILIMKA.

Taxkum oGpa3oM, AJs1 ONpelejeHds] BO3MOMCHBIX 3HAYEHHH 3HEpPruu
KBAHTOBBIX COCTOSTHHII CHCTEMBI HYXKHO 3HATh €e BHEIHHe 1apaMeTphl.

1I. Hugopmayus o HQUaNbHOM COCMOARUU cCLUCmeMbl. BBULY HaJndus
3aKOHOB COXPAHEHHA MeXaHUKH HadajbHble YCJOBHst, CYIIECTBYVIOLIHE
B CHCTeMe, HAKJaAblBaOT onpejleleHHble OrpaHuueHtst Ha roc/ienyiomiee
JBHKEHHe YacTHL cucTeMbl. [Ipennosioxum, Hanpumep, 4TO Mbi HMeeM
Jles10 € M30JHPOBAHHOM CHCTEMOH, KOTOpasi He B3auMOIeHCTBYeT HH
C KakHMH JAPYTHMH cucTeMaMH. Torza 3akOHbl MexaHHKH TpeOyior,
qTOOB! MOJIHAS HEPIHA TAKOH CcHCTeMbl (T. €. MOJHAS KHHEeTHYecKast
il NOTeHIIMa/IbHAsA SHEPTHS BCeX 4acTHI CHCTeMbl) OCTaBasach MOCTOSH-
Ho#t. JIpyruM BO3MOXKHBIM CJy4aeM sBJISIeTCsT CHCTEMA, IPUTOTOBJIEHHANA
TaKHM 00Da30M, 4TO ee 0AHAs SHeprus onpefeseHa JHilb ¢ HeKOTOPOoi
KOHEUHOH TOYHOCTHIY. DTO 3HAUUT, UTO NOJIHAA SHEPIUS CHCTEMBI JEKHT
B HEKOTOPOM HeDOJIbILIGM HHTepBase 3HAYeHHi, 3aKIIOUeHHOM Mexay E
u E--6E. B 3TOoM cy4yae 3aKOH COXpaHeHHs] SHepruu tpeyer, 4TOGHI
MoJIHAsl IHEPrusl CHUCTEMBI 6ceeda OCTaBadach B TOM HHTEpBaje 3Ha-
4eHHH,

pad
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CnenctBueM yKasaHHOTo orpaHudeHsst OyieT TO, YTO CHCTeMYy
BCETa MOKHO ODHAPYKUTb TOJLKO B KBAHTOBBIX COCTOSTHUAX, SHEPTHsH
KOTOPBIX JEXKHT B HHTepBane oT E o E--6E *). .

Msi GyneM HasblBaTb OOCMYyAHbIMU COCIMOAHUSAMYU CHCTEMBl Te KBaH-
TOBBie COCTOSIHMSH, B KOTOPHIX OHa MOXKeT npeluiBath 6e3 HapylleHus
3alaHHBIX vejIoBuE ee cymectBoBaHust. CraTucTHdeckuil aHcaMOib,
CO3JAaHHBIH B COOTBETCTBHH C 3TUMH YCJOBHSAMH, COCTOUT, TaKHM 00-
pa3oM, H3 CHCTEM, HaxXOMSIIUXCHA B JOCTYIHBIX cocTosiHUsix. Kak Oblio
CKa3aHO Bbillle, OIpEIeTeHHe MAKPOCKONHYECKOTO COCTOSIHHS CHCTEMH,
cocrosimieli u3 6OABDIOTO YHC/Ia YacTHL, colep:xuT B cefe Becpva
orpaHuYeHHYI0 uHboOpMALHIO O cHcreme. Ecau crcreMa HaxomlTCs B
KaKOM-TO 32JaHHOM MAKPOCOCHIOAHUL, TO OOBIMHO HHUCJIO JOCTVIIHBIX
MaKpOCOCTOSIHHIT OUEHb BEJIHMKO (TaK KaK BeJHKO YUCIO0 4acTHIl B CH-
creme). Hanpumep, B cjydae CHCTeMEBI, O KOTOPOH HaM W3BECTHO, YTO
ve DHePrHd JexuT B npenenax ot £ no E--8E, cucreme Sy1yT AOCTY 1 iHE
BCEe KBAHTOBBIE COCTOSIHUA, SHEPIUSM KOTOPhIX JEKHT B 3THX mpelesax.

[IpyHIMnuanpHO Upolle HauaThb C PacCMOTPEHMS  H30AUPOBAHHOL
CHCTeMHl, KOTopast He OOMEHHBAeTCsl 3HeprTHell HH € Kako# Jpyrofi
CHCTEMOH **). :

[Tpennoaoxum, 4T0 MaKPOCKOMHYECKOE COCTOSIHHE TaKOH HM30.1#po-
BAHHOM CHCTeMBl 33JaHO TeM, YTO HaM H3BECTHBl 3HAYEHHS BHEIli.lX
mapaMeTpoB M Y3KOr0 HHTepBaJa 3HEPTHH CHCTeMbl. JTa HHPOPMAIs
onpenesisieT IHEPrUU Pa3/IMYHBIX KBAHTOBBIX COCTOSIHUEH CHCTEMLL

/15t HAMIOCTPAlMH CHEAaHHbIX 3aMEUaHUH Mbl pPacCMOTPHM HEKO-
TOpBle NPOCTHIE CHCTEMBI, COCTOAINHE H3 HeSGC.IBIIOrO Yucaa YacTHIL.

Mpumep . Paccvorpum crcTemy 3 ueThipeX uacTui, 0071aj3l0LUX T0J0-
BUHHBIMH CIHHAMH (MATHHTHBIT MOMEHT YacTHIIl paBeH liy). HacTHusl moMellieHsl B
MaruuTHoe nojdie B. B ta6a. 3.2 nepeyncienbl BO2MOKHbIE KBAHTOBbIE COCTOSIHMS 3TO
crcremel, Teriepb JomyCTHM, UTO CHCTEMA U3OAHPOBAHA U HAM M3BECTHO, 4TO ee MOJHA
9Heprust paBHa — 2u,B. B 3roM cayuae CHCTeMa MOMKeT HaXGIMTBCA B JIOGOM H3
CAEIVIOIWHX YeThIpeX NOCTYIHBIX COCTOSTHHIA:

(+++=) (FF—F) (F—F ) =+ ++).

IIpumep II. Paccworpum cuctemy A#, KOTOpas COCTOHT M3 ABYX TOACHCTEM,
A u A'. OTH noicHCTeMB! MOTYT B HeGOJBIION CTelleHH B3aHMoAeHCTBOBATb H O0Mei -
Batbesl sHeprueil. CrereMa A COCTOHT H3 TpeX CHHHOB 1/2, KOTOpLiM COOTBETCTBYIOT
MarHHTHeie MOMEHTH Wy. Chetema A’ ofpasoBaHa ABYM# YAacTHLAMH CO CriMHavit 1/2
U MarHWTHBIMH MoOMeHTaMM 2Uy. Bes cncrema A* nHaxomuTes B MarHWTHOM note B.
OdGo3naunm uepe3 M NoJHBIH MarHHTHBII MOMEHT CHCTeMbl A B HanpaBJeHHH noasd B,
a uepes M’—rty e Beanunny ais cucrensl A’ . BaanmozelicTBue Mexxly CiuHaMH 6yaen

*) B HekoTOpHIX CJyyasiX Mbl MOXKEM BCTPETHTbCS C JpYFHMH OrpaHHUEHHIMHY,
HanpUMep, C COXPaHeHHEeM MOJHOTO KOJHUeCTBA JBHMKEHHS CHUCTEMBIL. 86&‘“—10 TaxKoe
orpaHHueHHe He NpeACTaB/IsieT HHTepeca Mo cjefylowuMm npuunHam. B GosbiunHeTBe
J1a60PATOPHBIX OMBITOB Mbl MOMKEM CYHTAaTb, YTO CHCTEMa HAXOHUTCS B HEKOTOPOAM CO-
CyJle, XEeCTKO CBSI3aHHBIM C NOJIOM J1abopaTOPHH, a CJIeloBaTelnko, ¢ GoIbIION Maccol
3eman. Jlio6oe CTOJIKEOBEHHE YACTUIL CHCTEMBI C COCYIOM MPHUBOIHT K NPEHeSPEXKHMO
NaJOMy H3MEHEHHIO CKOPOCTH 3eMmJH, TaK Kak MOCHAeqHsist MOKeT MOIVIOTHTb JI06oe
KOJIHYECTBO JBHKEHHs] CHCTeMbl, IPHOGPETA NPU 3TOM NpPEeHeGPEKHMO MATYIO FHEPIUHIO
(nonoKeHHe aHAJIOFHYHO YAApPY Msua O 3emJuo).

*#) Kaxayio HEH20AMPOBAHHYIO CHCTEMY MOMKHO CuUMTaThb 4acToio Gogblued, H30-
AVPOBAHHON CHCTEMBL.
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CUHTaTh NpeneSpexKuMo Magbin. TIpi 910M NOJaHASE ueprus scefl chuctensr A* pasHa
E*=—(M-+M")B.

Cuctena A* COCTOHT M3 NATH CHMHOB H 06JajaeT nosroMy 22=32 BO3MOKHbIMH
KBAHTOBBIMH COCTOSTHHAMH, Kakoe H3 KOTOPBIX MOXKeT ObiThb 0003HAuelo MAThIo
KBAHTOBBIMH 4uciaamu. TpH Takux yHcaa, 0;, O, H O3, YKA3BIBAIOT OPHEHTALMIO Tpex
MATHHTHBIX MOMEHTOB CHCTeMb A H [Ba KBAHTOBBIX UHC/4,Cy W Gg,— OPHEHTALIIO
MAarHHTHbIX MOMeHTOB cucremsl A’. TIpeqnosioKuM, UYTO TOJdHASL SUEPrHst H30IPO-
BaHHOIT cHcTeMsl A* paBHa —3u,B. B atoa cayuae cucrema A* MoikeT HaXGIUTBCS
Juulb B JO00NM N3 NATH JOCTYNNLIX COCTOSIHHI, NepedcieHHsix B Tadi. 3.3. Tolbko
5TH COCTOSSHHST COBMECTHAMBI C YKA3AHHBIN 3HAUEHHEM INO0JIHOI 3Heprui CHCTeMD

Ta6awunma 3.3

r Oy a, Ty gi gé v v’
1|+ + -+ + — 3 Lo g
20+ -+ -+ - + 31 0
304+ — — -+ -+ —ity 4 uy
4| — + — —+ -+ — My 4,
50— — + + -+ — i 41t

B rabauue nepeuncaenst i1 000311a4CHbI HHIEKCUA
r Bce cocTosiHus, JgoctynHee A%, Koraa ee mouaHas
SHEPrHs B MarHuTHOM noJe B paBHa —3 uB. Cuec-
TeMa A% cocToHT M3 nojJcucTeMbl A ¢ TPeMsl CAMHAMH
1/2, Kamapll M3 KOTOPBIX HMEET MACHUTHBIR MOMEHT
Wo, 7 mogcucreMsl A’ ¢ JByMA cnuHamMn 1/2, npuuen
MAUHHTHBIA MOMEHT KaxJIoro CIHHA paBeH 2 W,

Tenepp Mbl MOXeM TOYHO cOPMY/IMPOBATh, s Hero BBOAUTCH
CTATHCTHYECKOE ONHCAHHE MaKPOCKOMUUYeCKUX cHeTeM. Meui 3Haem, 4To
£ CTATUCTHYECKOM aHCamOJe TaKHX CHCTeM Kaklas cHCTeMa HaXOAMTCS
B OJHOM H3 AOCTYNHBIX KBAHTOBBIX COCTOSHHA. Mbl xOoTeqau Obl HMETDH
BO3MOKHOCTb IIPeACKA3aTh BEPOSITHOCTb OOHAPYKHThL CHCTEMY B JCcGoM
u3 3THX JAOCTYMHBIX COCTOAHMA. B UYacTHOCTH, pasjHYHblE MAKPOCKO-
NUYeCKHe INapameTpbl CHCTeMBbl (HANPHMEp, €e MNOJHBIH  MAarHHTHLIH
MOMEHT HJIH JaBJIeHHe, NOJ KOTOPBIM OHA HAXOMUTCH) HMEIOT 3HaueHus,
KOTOpbIE 3aBUCAT OT TOTO, B KAKOM KBaHTOBOM COCTOSTHHH HaXGIHTCS
cucrena. 3Has BepOSTHOCTh HAXOXMACHHS CHCTeMbl B JHO0OM M3 G-
CTYIHBIX KBAHTOBLIX COCTOAHHI, Mbl MOIVIH Obl OTBETHTh Ha CJjefyollie
BOMIPOCH], MPEACTaBAsiomue OOJbIIOH (usndeckuil uHTepec: Kakosa
BepOSITHOCTL TOIO, YTO JAHHLI NApaMeTP CHCTeMbl HMeeT 3aTaHHoe
spauenne? KaxoBo cpepnee 3Hauenue 3Toro napamerpa? Kakoso
cTaHjaptHOe OTKJIOHEHHe OT 3TOr0 CPEeRHero?

3.3. CTaTHCTHYECKHE MOCTYJaTHI

UtoOpl HMeTb BO3MOMHOCTb CJieJlaTh HEKOTOphie TeopeTHUeCKHE
IpeNCKa3aHus OTHOCHTEJNbHO pa3/iMYHBIX BepoOsSTHOCTEHl U CPEeAHHX
3HaueHuid, HaM CJelyeT BBECTH HEKOTOPLIE CTATHCTHUECKHE MOCTYJaTHL.
PaecmoTpuM npocToil cayvaill u30auposarHol CcucTeMbl (€ 3ajaHHBIMH
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BHEIIHUMH MapaMeTpaMu), SHePrHs KOTOPOH JIEXKHT B 32JaHHOM He-
Gosbiliom HuTepBane 3Bauvenuit or E jpo E--OE. Kax yxkasbBajocs,
TaKasi CHCTeMa MOMET HaXONHUTbCs B OJHOM H3 6OJbIIOTO YHcJa J0-
CTYNHBIX CcocTosiHuil. Paccmorpum CTaTHCTHYecKH#i aHcamOJb TaKuX
cHcTeM H nonpofyeM BBHISACHHTb, YTO MOXHO CKa3aThb OTHOCHTEJNBHO
BePOAMHOCHIY HAXOXKAEHMS] CHCTeMbl B JOOOM H3 TakHX [IOCTYIHBIX
COCTOSTHUE?

Jas peluenus 3T0ft npobJemMbl Mbl HCIOMb3YeM MPOCTble (pH3NUecKHe
coobpaxenusi, noaobHble TeM, KOTOpble ObIH paccmorpeHsl B m. 1.1
H 1.2. Mel HMenu Tam [0 € HeasJbHBIM Fa30M H paccyIatH O ToM,
Kak MOJIEKYJIb, HaXOMSILyIecs! B slifike, pacipeieseHbl 110 BO3MOXKHEIM
MOJIOKEHHSAM B NpOCTpancTBe. AHaJOrHyHo, Haiin Oosee aGeTpakTHbIE
PaccyKAeHHs KacaioTcs Terepb BONPOCa O paclipelieleHdHd CHCTeM
ancanbJisi O HX BO3MOXKHBIM COCTOSIHHAM. DTH PACCYXKAEHHS IPUBELYT
K QopMyJupoBKe OOLUX NOCTYJATOB, ABAMIOMNXC OCHOBON CTaTH-
CTHYECKO! Teopli.

Haunen ¢ npocroil cUTyalluy, Korja W3BecTHO, YTo paccMaTpu-
Baeyasi CUCTeMa B HEKOTOpPbIi MOMEHT BpeMeH! HMeeT PaBHYIO BEpOsiT-
HOCTb HAaXOJUTbCSI B JIOGOM H3 NOCTYNHBIX ell cocrosHuit. Jlpyruu
CJI0OBaMH, CHCTeMbl CTATHCTHYECKOTO aHcamOJ/si B HEKOTOPBII MOMEHT
BpeMeHH DaBHOMEPHO paclipefiesieHbl Mo JOCTYNHBIM cocTossHUsAM. Yro
OyleT TPOMCXOIHTb C HHMH II0 HCTEYEHHH HEKOTOPOTO BpeMeHH?
Cucrema, pasymeercs, He OyIeT BCeria HaxOAUTbCcA B JaHHOM CO-
CTOSTHHH.

B xonue n. 3.1 Mbi BrIsICHHAH, 4TO OHA OyAeT COBepUiaTh Mepexoibl
MEXAY Pa3nHuEBIMUH  JOCTYIHBIMM COCTOSHHAMH. TaxiM 0o6pasom,
MBI HMEEM He0 C HHaMHYeCKuM npoieccoM. Ho B 3akoHax MeXaHHKH
HET HHYEro, 4to JaBajo Obl NIPEHMYIIECTBO JIIOGOMY H3 JOCTYITHBIX
cocTosinuii nepen Apyrumu. Takum obpasom, pacemaTtpusasi ancambib
CHCTEM BO BpEMEHH, Mbl HE MOXKeM OXHAaThb, YTOOBI HHCJO CHCTEM
B J@HHOY MOArpyINe AOCTYNHBIX COCTOSHHH YMEHbIUWJIOCh, a B APYro#
MOATpymnIe yBeAHunsgoch Obl *). JlefiCTBUTENbHO, 3aKOHBE MeXaHHKH
[03BOJIAIOT N1aTh HCYepIBIBaIolllee NOKA3aTeJECTBO TOro, 4YTO eC/iH
CHCTEMbl H30/IHPOBAHHOTO aHcamOas CHauasda GblIM PaBHOMEDHO pac-
npeflesensl 0 BCeM NOCTYNHBIM COCTOSHHAM, TO OHHM Bceraa Oynyrt
paBHOMEPHO pachpesiesieHbl NO 3THM COCTOSIHHAM **). PaBHOMepHOe
pacripefesiedye OCTaeTcsi, TAKHM O0paz0M, HEH3MEHHBLIM BO BpeMeHH.

*) tor AoBoA aABAseTCA ofobuieHneM ckasanHoro B 0. 1.1 06 uzeasbHOM rase.
Ecnn mosekydbl ra3a CHayana DaBHOMEpHO pachpejeleHbl MO ofbeMy sfOlHKA, TO
HeJb3sl OXHUJAATb, UTO C TeUeHHeM BPEMEHH OHM CaMONPOU3BOJNBHO OKAXKYTCs B YacCTH
3TOro sHKa. Mubivu ciioBamMu, B 3dKORAaX MeXaHHKH HET HMYEro, YTO JAajo Gbl Npeumy-
LIECTBO OAHOH HacTh SILIMKa meped npyroii.

**) DTOT pesyabTaT sBJAeTCA CJEICTBHEM TaK HaspiBaeMOR «Teopembl JIHyBHJI-
as». Ee paccmoTpenne TpeGyeT 3HaHHS aAHA/JIUTHYECKOH MeXaHHKM M ocraercs [O-
5TOMY 3a npefefaMmu Hamell KHRTH. (UATaTelb MOXKET OOpATHTLCS, HANPHMep, K KHH-
re Jlaumay u  Jlupumy «CratHcTudeckas ¢usuka», «Haykas, 2-e uaz., 1964,
crp. 22, nau Tongereiin «Kisaccuueckass mexauukas, Ioctexusmar, 1957, crp. 289.
— Ipum. ped.).
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ITp uwmep. UrobH paccmorpers oueHb MPocTofl caydaii, sepHeMcs K npHyepy |
#3 1. 3.2. Tam Mbl UMeJM €0 C H30JHPOBAHHON CHCTEMON yeThlPeX CIMHOB, MOJHas
SHEPTHST KOTOPhiX paBHa —2WpB. IlpeamosioxuM, HaMm H3BeCTHO, YTO B HEKOTOPLIH
MOMEHT BpeMeHH CHCTeMY MOMKHO C paBHOH BepOSiITHOCTBbIO HallTM B KaKAOM H3 we-
ThipeX JOCTYMHBIX COCTOSTHHUIL:

(F 4+ =) (k=) (=), (= ).

B coOTBeTCTBHII ¢ NpHBEAEHHBIMH BhIUE A0BOJAMH, 3aKOHH MEXAHIKH He JdIOT
NpeuMYLIecTBa HH OJHOMY H3 STHX COCTOSAHMH Mo cpasHeHHo ¢ Apyrumu. Ilostoay
HGT OCHOBaHHI OXHJartb, 4TO B Godee NO3jJHee BpeMs OKaeTcsd Gofee BepOSITHBIM
HaliTH CHCTeMY NDEHMYIIECTBEHHO B KAKOM-TO OJHOM U3 YyKa3aHHEIX COCTOsiHHII, Ha-
npusep, B cocTosiHun (+-+-+—). HauaabHas caTyauns e GyAer, TakuM 00pason,
MEHSTBCSA C TeueHHeM BpeMeHH M CHCTeMY C pPaBHOIl BepOsSiTHOCTBIO MOzKHO 6y.jler o0Ha-
PYXHTb B mo6OM M3 YeTbipex AOCTYMHBIX COCTOsiHUH.

PaccmorpenHele coofpaxkeHHsi MO3BOJSIOT BHICKa3aTb  Cjelylolliee
yTBepXKieHHe o0 aHcaMmbse H3OJHPOBAHHBIX CHCTEM: €CJAH CHCTCMbE
TAKOTO aHCaMOJs PaBHOMEPHO DaclpejeseHsl Mo AOCTYIHBIM COCTOS-
HHSAM, TO aHcamOab OKasblBaeTCsl He 3aBHCIILMM OT BpeMeHH. B no-
HATHSIX TEOPHH BEPOATHOCTEH 3TO YTBeprK/eHHe HMeeT CJAeAYIOIHH BHI.
Ecau u3ojupoBaHHasi CHCTeMa MOMKET ObiTh C PaBHON BEPOSTHOCTHIO
HafineHa B JIOOOM U3 €BOHX JOCTYIHBIX COCTOSHHil, TO BePOATHOCTh
HAaXOXAEHHS] CHCTEMB B KayAOM H3 3THX COCTOSHHIE He 3aBHCHT OT
BpEMEHH.

Taxkum o6pa3om, M30JMPOBAHHAS CHCTEMA, 10 ONPEAENeHH0, Haxo-
IUTCA 6 pasHosecuu, €CJH BepOSATHOCTbL ee HaXOXiaeHus B JioboM 13
JIOCTYITHBIX COCTOSIHUI He 3aBHCHT OT BpeMeHH. B 3ToM cillyuae cpelHee
3HayeHHe JOOOr0 M3MepPHMOTo MaKpOCKOMHYECKOrO NapaMerpa CHCTEMbl
TaK¥Ke OKa3blBaeTcs He 3aBUCAIHAM or BpeMenn *). Vmes Taxoe onpe-
JesleHHe PaBHOBECHS, MBI MOXEM TPeJCTaBUTh BHICKA3AHHBIE BhIE
BbIBOALI B BHle CJEAYIOLLETO YTBEPIKIAeHUs:

|

Ecin usosmpoBanHast cucteMa ¢ paBHOHl BepoOsiT-
HOCTBIO HAXORUTCHA B JHOOOM H3 JOCTYIHBIX COCTOSA- (17)
HU, OHA HAXOAUTCS B COCTOSIHUH DABHOBECHS.

HomyctuM -eltepb, YTO paccMarprBaemas H3oJHPOBAHHas CHCTEMa
B HEKOTOPBIfi HAya/bHBEIH MOMEHT 3aHHMaJa JHIb KaKylo-TO YacTb
(nodepynny) noctynmHbIX eff coctosrui. CrarucTHYeCKHE aHcaMOb
TAKHX CHCTEM cojiepKaJi Obl B 3TOT e MOMEHT BpeMmeHH OOJbIIoe YHCI0
CHCTEM B 3TOil IOArpyhne NOCTYIHBIX COCTOAHU M HE HMea OBl CHCTeM
B OCTa/bHBLIX JAOCTYHHBIX COCTOSHMAX, HE BXOASIMX B MOATPYNIY.
Uro Gyger NPOHCXOANTb C TedeHHEM BpeMeHH? Mbl OTMewand yike,
YTO B 3aKOHAX MeXaHHKU HeT HHYera, Yyto MOIJIO 6bl 3aCTaBUTh CHCTEMY
OTAaThb MNpelroyTeHHe ONHUM COCTOsTHHMAM mepei apyrumu. [lo ompe-
JEJIEHHIO, JOCTYIHbIe COCTOAHHS 00J1aflaioT TeM CBOACTBOM, YTO 3aKOHLI

*) HeficreaTesnbHo, yToOB SKCIIEPHMEHTAJbHO YCTAHOBHThb, YTO CHCTEMa HaXo-
JUTCST B PABHOBECHH, MBI JOJDKHBI YOEIUTHCS B TOM, 4TO Bce HalJlojaembie MaKpOCKO-
nHYecKHe MapameTpbl CHCTEMBl HE 3aBHCAT OT BpeMeHH.
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MeXaHHKH He OrpadiuiBaioT BO3MOXHCCTH CHCTeMbl HaXOOHUTLCA B
Jodont U3 tHX cocrosiHuit. [lostomy KpafiHe HeRepOATHO, 4YTOOLI C
TedeHlleM BPeMEHY Haula CHCTeMa NpOAoJKajda OCTaBaThesi B NEPBOHA-
yaJbHOH HOATPYMIe CcOCTOSTHHI 1 H3berasta Obl APYrHX COCTOSTHHH,
KOTOpBle JJs1 Hee B paBHOH cTeneHH jAoctynue! *). JleHACTBUTEILHO,
6saroaapst MaabIM B3alMOAEHCTBHAM MEXKAV YaCTHHAMH, O0Pa3VIOLHMH
CHCTENY, NOCJEAHAS C TedeHHeM BpeMeHH OVAeT COBeparth Hepexojbl
MeXK1y BCeMil JOCTYIMHBIMH COCTOAHHSIMH. B pesyabrate Kaxiaas cH-
cTena aHcambasa OvieT NPOXOAUTb yepe3 BCe JOCTYIIHBIE COCTOSHHUSA.
Koneunnil sdekT 3THX HenpepniBHO NPOHCXOAALIMX MEepPexoloB aHa-
JIOTIMEH TOMY, YTO BO3HHKAeT NPH MHOTOKPATHO NOBTOPHAIOLIENCH
TacoBaHUM KoJoAs Kapr. Ecam Taxoe tacopanue npOH3BOMUTL JOCTa-
TOYHO J0JATO, KapThl [epeMellaloTcss HAcTOJbKO, 49TO KaxjAas KapTra
Ov/eT HMeTb pPaBHYIO BEPOATHOCTb 3aHSTh J000e Mo/j10KeHHe B KOJOJE,
He3aBHCHMO OT TOro, Kak Obl1a NPHTrOTOB/EHa KoJ0Aa MNepel HauaaoM
TacoBaHMsl. AHAJOTHYHO, B Cavdae aHCcaMG.si CHCTEM CJAeLVeT 0XKHAATh,
YTO CHCTeMbl aHcaMOJIf OKaXKyTCH PaBHOMEpHO (T. €. c/ayuafiHe) pac-
NpefesIeHHbIME N0 BCceM IOCTVIHBIN cocrosiniisiv *#). Tlociie Toro kak
TaKO@ COCTOSIHHE AOCTHTHYTO, DPachpeneseHyie, B COOTBETCTBHH € IO-
JloxendeM (17), ocraercs paBHOMepHBIM. KoHeuHasi cuTvauuss OTBe-
yaeT, TakKuM o0pa3oM, He 3apHCSULEMY OT BPEMEHH COCTOSIHHIO PaBHO-
BecHs.

MBI MOXKeM MNOABECTH HTOr HPHBENEHHHIM BbIIE PaCCyKACHHSIM:

Ecin H30/MPOBAHHYIO CHCTeMY Hejb3s ofnapy-
JKHUTb C PaBHOH BEPOATHOCTHIO B JIOOOM W3 €e Jo-
CTYIHBIX COCTOSIHHH, TO OHA He Haxo0umcs 8 PasHo-
secuy. Jlpu 3rOoM OHa OYAET H3MEHSTHCS ¢ TeUeHHEM 18
BpeMEHH TakHM 00pa3oM, 4To0bl JOCTHYB paBHOBeC- (18)
HOTO COCTOSIHES, TNPH KOTOPOM OHa MOXKeT OwITb C
paBHOH BepOSITHOCTbIO HalneHa B Jio0OM M3 JOCTYII-
HBIX € COCTOgHMM.

3amMeTnM, 4TO 3TH YTBeDKAEHUSI aHaAJOTHYHBl yTBepxkAennio (1.7)
raasel 1. Ouu sBadiorcsi GoJiee TOYHOH U o6mefl GOPMYJINPOBKOH
cBOJiCTBA M30JIMPOBAHHOH CHCTEMbI CTPEMHTHCS M JAOCTHIraTb HauboJee
c/ayyaifHOro pacupeniesneHus.

*) DTo paccykjiende, OCHOBAHHOE HA MOHSTHAX O KBAHTOBBIX COCTOSIHHSIX H O
Tiepexofax MeXay HHMA, ONsTh NpeAcTapiser COGON o0obuieHHe apryMeHTOB, pac-
CMOTPEHHBbIX B M. 1.2 B CBA3Y C upeanbHbIM radom. CuTyalsi, NpH KOTOPOii BCce MoJte-
KyJsl COBpaHu! B JEROH NOJOBMHE SIUAKA, OYeHb HEseposiTHA M B JajbHeHuleM Mose-
KyJbl OBICTPO 3aMOJHSIIOT BeCh 00bEM SIMKA.

**) B HEKOTOPHIX UPEANOJIONKEHHSAX, NPUCYIUUX CTATHCTHUECKOMY ONMMCAHHIO, STO
OXHUJAHHE BHITEKAET M3 34KOHOB MEXaHUKH H SIB/ISETCA CJAeJCTBHEM TAaK Ha3bIBAEMOIl
«f-reopembi». [IpocToe paccmorpenue 3ToH Teopembl U JaibHefldlHe CCHUIKH MOKHO
?\fﬁmgg kuvre P. Ky6o «CraTcTuueckass Mexanuka», nepeB. ¢ aura., «Mup»,

., 1967.
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Il p umep. Crenannble BHINE 3arMeYyaHHsi MOMHO MOSICHHTH C MOMOIULBIO CTAPOTO
npHMepa H30JAMPOBAHHON CHCTeMbl M3 4YerhipeX crnHHOB. IIpenonosxuM, 4TO HaM
H3BECTHO ee HauwaJbHoe coctosine (~-+-—). INonuas aHeprua cucrembl paBHa npu
9T10M —21yB 1 ocraeTcs HensMeHHOH. lveiores, oO1HaKo, eiie TpH COCTOSIHHS:

(F+—F)h (F—++) (—+++)

c rtofl ke sneprueff, B paBHOH Mepe focTymible Aas cucremsl. I geficTBHTe1bHO, B
pe3yibraTe HeGOIBMINX B3aHMOILefiCTBHIl MeKY MATHUTHBIMH MOMEHTAMH BOZHHKHYT
TIPOLECCH, KOTA2 OAMH MOMEHT H3MeHHT CBOIO OpHEHTAINO H3 TIOJOXKeHIsl <BBEpX»
B HOJOKEHHE «BHH3», a JAPYroil U3 «Buu3» — «BBepx». (IIpn 3TOM noJHas Heprus
ocTaHeTcs, KOHEUHO, HelsMeHHoil.) B pesyabraTe KaKioro Takoro npomecca cucrema
[epPexoIT U3 OHOMO HAUAMBHOrO COCTOSIINS B Apyroe cocrosiue. [locae noBropenust
MHOTHX Nepexo]0s TAKOTO THIA Mbf CMOXKeM B KOHIIE KOHIOB € PABHOI BEPOSTIOCTLIO
OOHADYHKUTh CHCTEMY B JI00OM H3 YeTbipeX JOCTYNHBIX COCTOSIHHIL:

(44 =) (=) (F—4 ) (—+++).

Mur nipunien ytBepaxaents (17) u (18) 3a ocHoBHble MocTy.1aTH Halel
craricTHueckoil TeopuH. OHH MOryT OnlThb MOJIyHEeHH W3 3aKOHOB Me-
xagukn. [locryaar (17) crporo cieayer U3 3aKOHOB MeXaHMKH, a MO-
cryaar (18) TpeGyer, KpoMme MOJOXEHHH MeXaHHKH, HEKOTOPHIX JO-
NOJEHTebHBIX npeanoJoxenui. [Moeryaar (18) uneer ocofeHHO Bax-
HOe 3HayeHHe, TAK KaK H3 HEro, B YacTHOCTH, CleTyer:

E Ecau nsonuposanHas cucreMa HaXOJHTCA B PABHO-
| BECHH, TO €¢ MOXHO OOHapyXHTb C PaBHOH Beposar- (19)
i HOCTBIO B /OOOM H3 AOCTYNHBIX COCTOSHHH.

Jto yreepxieHue obparno yteepxaeHiio (17). Cmpasensusocts (19)
cieayer HenocpeAcTBeHHO u3 (18). [eifictBuTesbHO, ecau BeBOA (19)
Heseped, To u3 (18) caenyer, uro upeinoceuixa yreepmxaedus (19)
OyleT HapylueHa.

CoBepleHHo SICHO, 4TO HaubOJee MPOCTOH CTATHCTHYECKOH CHTYaIH-
el sBJdeTcA CUTYallMsl, He 3aBUCAAA OT BPEMEHH, KOTOpas COOTBET-
CTBYET COCTOSIHHIO PABHOBCCHA H30JMPOBAHHOH CHCTEMEL. ¥ TBEPXKIeHHe
(19) naer past 3TOrO cJaydass OJHO3HAUHOE YKAa3aHHE O BEPOSITHOCTH
OOHApVYIKEHHUS] CHCTeMbl B KaxXIOM J000M H3 JOCTYNHBIX COCTOA-
wufi. [losromy yrBepxaende (19) siBasercas OCHOBHBLIM IIOCTYJATOM,
Ha 6a3e KOTOPOTO Mbl MOXEM IIOCTPOHTE MOJHYK TEOPHIO PABHOBECHSHIX
MAKpPOCKOIHYECKHX CHCTeM. DTOT OCHOBHOM MOCTYJAT CTATHCTHYECKO#H
MEXaHHKH PABHOBECHBIX CHCTEM HHOTAA HA3bIBAIOT NOCIMYAQIMOM PABHOL
anpUopHOL 8epPoAMHOCHI. 3aMeTHM, YTO CMBICT 3TOTO HOCTyJata mpe-
JeJbHO mpocT. JelCTBHTe/NbHO, OH INOJIHOCTBI) aHaJOrHUeH HOCTYJaty
(paBHasT BepOSITHOCTb BBHINAAHHS «OpJar HWJIH «PELIKH»), HCII0Jb30-
BAHHOMY HaMmi 1P OOCYXJEHHM 3KCIepUMeHTa ¢ GpocaHueM MOHET.
CripaBeniuBocts nocrydara (19) moxer ObiTh MOATBEpIKAEHA CpaBHe-
HHEM CJAYIOIIMX U3 HEro IpeicKas3aHu#l ¢ pe3yJjbraraMH OINbITA.
JleficTBUTEbHO, BBLIUNC/ACHHSA, C/eJlaHHBIE HAa OCHOBE 3TOr0 MOCTYJAra,
Beeraa JAlT pe3yJAbTaThl, HAXOAALIHECS B OUeHb XOpolleM COIVIaCHH
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¢ onbitoM. [lostomy cymiecTByeT GoJbiias cTeneHdb YBEPEHHOCTH B TOM,
4TO OH CIIPABElJHUB.

[Ipu nepexone K CTAaTHCTHYECKHM CHTYaUHsM, MEHAOWUMER BO
BpeMeHH, T. €. K CHCTEMAM, He HoX0OAUMCE B COCTOSINMN PaBHOBRCHS,
BOSHHKAIOT 3HAUMTENLHO GoJjiee C/IOKHBIE TeopeTHuecKHe MpoGJeMbl.
B sroM caydae Ml pacroJaraeM TONBKO yTBepxaenueMm (18). Iror
HOCTY/aT J2eT yKa3aHHe O HAnpagAeHuu, B KOTopoM OyleT pasBHBATHCA

) B

Prc. 3.4. Bnesanuoe pac- Puc. 3.5. QueHnb MelUleHHOe

wmupenue raza. a) Hauvans-
Hoe nosoxkewHe. 0) Iloso-
JKeHie HeMeANeuHOo uochae
yAanenusa nopuus. 6) Ko-
HEYHOE MosoKeHue.

(KBa3HCTaTHYeCKOe) pacuin-
penue rasa. 2) Havanwbnoe
nofomedue. 6) [pomexy-
TouyHOe HoJoxKeHHe. 8) Ko-
HeuHoe floJ0KeH e,

cucreMa (3T0 HanpaBJeHHe TAKOBO, 4TO CHCTEMA CTPEMHTCH JOCTHUD
PABHOBECHOTO COCTOSIHHSI, XapPaKTEPU3YIOLETocst PABHOMEPHbIM CTa-
THCTHUECKHUM paclipelie/leHHeM [0 BCeM NOCTYIHBIM  COCTOSHHSIM).
B nocrysiare HeT, OZHAKO, HMKAKHMX YKa3aHWd O BPeMeHH, B TedeH:e
KOTOPOIO CHMCTeMa JOCTHTHET 3TOro MpeieJbHOrO0 PaBHOBECHOTO CO-
CTOSIHHA (TaK HAa3bIBAeMoe @pems peaaxcayui). ITO BpPeMs MOMKeT
ObiTh MeHbIle MHKPOCEKYHIH! WM OoJbllie CTOJIETHS, B 3aBHCHMOCTIE
OT XapakTepa B3aUMOJEiICTBHs MEXKAy WYacTHIAMH CHCTeMbI ¥ OT 4a-
CTOTHl, € KOTOPOH COBEPINAIOTCS! MePexXoisl MeXAY PasAHYHBIMH [A0-
CTYMHBIMH COCTOSIHHsIMH cHCTeMbl. Ho cTatucTiueckoe omucasue He-
PaBHOBECHOH CHTYyaUMHM MOKET OKa3aThCs BECHMA 3aTPYAHHTENbHBIM, -
TaK Kak OHO TpefyeT 3HAHMS TOro, KakK BePOSITHOCTb HaXOKIeHHd
cHeTeMbl B KaXIOM JIOCTYIHOM COCTOSiHHM 3aBHCUT OT Bpemenn. C apy-
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TOH CTOPOHBI, 32/a4H O PaBHOBECHBIX COCTOAHHAX TPEOYIOT BCEro JHilh
npiMedeHHsl npoctoro nocrygaara (19) o pasHo#t anpHopHO#t BeposAT-
HOCTH.

JamMeuaHUst O IPHMEHUMOCTH Coo6paxeHull o paBHO-
Bec i #. Heo6Xoxuso ykasaTb, 4TO HIeAMH3HPOBAHHOE IOHATHE O PAaBHOBECHH HA
NMpakTiKe HMCET OTHOCHTelbHBblI XapakTep. UTo6bl CyAHTb O HACTYIUIEHHH paBHOBe-
CHf, BamHO CPAB{HTh BpeMs pelakcaudi T, (XapaKTepHCTHYeCKOe BpeMs, KOTOpoOe
HeOOXOIMO  CHCTeMe, NepPBOHAUANLHO HAXOUBIIECS B HEPABHOBECHOM COCTOAHMH,
4yTo6bl TOCTHUL PABHOBECHS) H BpeMs T,, [peICTaRIsoUee HHTCPeC B AalIHOH Mpak-
THUCCKOIT CHTYyauHi.

TTonycTHM, uTO KOrja Mbl BHE3amHO OTOJBHMHeM nopileHs (puc. 3.4), rasy mo-
Tpedvercs oKo10 10~7 cex, uToGbl DaBHOMEPHO pacNpeiedHTbCs 10 BceMy 0OGbeMmy
cocy1a. Dto 3HauHT, 4T0 T,~10-% cex. Tenepb HPeiNOJOXKHM, YTO Mbl NepeliBRraeMm
NOPILCHD UPe3BHUAIIHO MeJ1eHHO, KaK NOKa3aHo Ha puc. 3.5, CKameM, c Tako#l CKo-
POCTBIO, YTO MMO/HOE epenelieHHe NOPLIHSA IIPOHCXOUT 3a T,~ 100 cex. Crporo roeops,
BCE 3TO BpeMsl Fa3 He GVJeT B PABHOBECHHM, TaK KakK ero o6beM MeHsercs. Ho nockonsky
T,3-T,, TO B Kax(Iblil AaHHBIA MOMEHT MOJIEKYJbl HMEOT AOCTATOYHO BPeMeHH, 4TOOb
PABHOMCDHO PACHPEACTNTBCS 110 BCeMY AOCTYTMHOMY HM B J3HHBHI MOMEHT 0GbeMmy.
[ostovy, HeCMOlps Ha HenpepblBHOE MepeMellleHle TOPLIHs, NpakTHueCKH ras B
TeycHlie BCEro BpeMeHH IepeMelleHHst HAXOQUTCA B COCTOSIHHH PaBHOBECHA.

B kauecTBe 06pATHOrO mnpHMepa, KOrjga T,<KT,, PAaCCMOTPHM KYCOK MeLIeHHO
piKaBciolero kedeza. JonmycTuM, uTO TNOJHOe HNpeBpalleHHE e€r0 B OKHChL Keje3a
rponsoiizer 3a T,~ 100 Jer. CTporo roBops, 3TOT KyCOK Kejle3a He HaXOJUTCS B PaB-
HOBCCHOM COCTOAHHH. Ho ecayu BpeMsA T,, NIpelCTaBJsAOmee LIS HAC nPakTHUECKHIl
HHTEpEC, PaBHO, CKaXeM, ABYM AH#AM, TO Mbl MOXeM CUMTATh, YTO OKHCJIEHHE IIPHOCTA-
HOBI.IOCh M KYCOK »KeJe3a HaXOIUTCA B PABHOBECHOM COCTOAHUH.

Takny 06pa3oM, 3aBHCHMOCTb MOBeAeHHA CHCTEMbl OT BpeMeHH MMeeT 3HauyeHHe
TONBKO B Ciyyae T,~7T, (T. e. KOIJa BpeMs, NPeACTARIAONEe IPAKTHUECKUH HHTepec
C TOUKH 3peHHsi SKCIICPUMEHTATOPA, CPABHUMO CO BpeMeHeM peldaKCallii CHCTeMbI),
H 3aJaua OKa3bLIBAeTCs Oosee CJAOKHON, TaK KaK ee Heldb3sl CBeCTH K PaccMOTPeHHIO
PABHOBECHOTO H.1M TOYTH PABHOBECHOTO COCTOSIHHA.

3.4. BbiuucseHue BepPOsiTHOCTEN

OcHoBHoft noctyaar (19) o paBHOU anpHOpHOR BepOSITHOCTH Aaer
BO3MOXSHOCTb CTATHCTHYECKH BBIYHC/IHTb BCE He 3aBHCALLNE OT BPEMeHH
CBOJCTBa JIOOOH CHCTEMBI, HAXOAFINEHCS B PABHOBECHH. DTH BHIYHUC-
JIEHNisl B TPHHIHIE BecbMa NpoCThl. PaccMOTpHM Haxoasiiyiocs B pas-
HOBECHH HM30JIMPOBAHHYIO CHCTeMy M 0003HayuM depe3 £ 4YHC/IO ee Jo-
CTYNHBIX cOCTOSTHHA. M3 Hamero necrynara cjeRryer, 4TO BEPOSITHOCTD
HAXOMKIEHHs] CHCTeMbl B JII00OM H3 JIOCTYMHBIX COCTOSTHHI OfHA U Ta ¥XKe
# paBHa 1/Q (oyeBHIHO, YTO BEPOSITHOCTb HAXOMK/EHHsI CHCTEMEl B
MoGONM M3 HENOCTYMHBLIX el cocTOostHu# paBHa HyJuo). [lpennonorkmum
Jajiee, YTO HAC HHTEpeCyeT HeKHHl napaMeTp CHCTEMBl, KOTOPHIH Mbl
o6o3HauuM depe3 y. Hanpumep, y MoxeT ObITb MAarHHTHHIM MOMEHTOM
cHCTeMbl HJIM JAaBjendeM. Korma cucreMa Haxomutcss B JAaHHOM
COCTOSIHMM, mapaMeTp Yy MNPHHHMAeT OfnpejgeneHHoe 3Hauenwe. O6o-
3HAUHM YEDPE3 Yy, Yoy ..o Y, BO3MONKHBIE 3HaueHus y *). Cpean Q

*yB c.n‘yqae HENpepbIBHbIX 1aPaMeTPOB ML JOJIKHBI MOCTYMHTh TaK e, KaK B
n. 2.6, u pasjeants 06AacTh BO3MOXKHBIX SHAYEHHH i HA OYEHb MaJsble HHTEPBAJbl MO-
CTOAHHON Besuuuusl 8y. [IpOHYMepOBaB 5TH HHTEDPBAJBLI, Mbl MOKEM O603HAUHTL 4Ye-
pe3 y; 3HaueHHe napamerpa, nonasiiero B i-it HATepBaJ. [locae sroro 3agaua cBonutcst
K 33jaue C JHMCKPETHbIM YHCJIOM 3HaueHHH y. .
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JIOCTYMHBIX COCTOSIHUE ClicTeMbl OyeT {; cocTofHu#, Korna napametp y
npuHEMaer 3Hadenue y,. [losromy eepoaTHocTh P; TOro, 4TO napa-
MeTp y [PUMET 3HaueHHe y;, NPOCTO PABHA BEPOSTHOCTH OOHAPYKHTH
CHCTEMY B €; COCTOSIHHSIX, KOTOPBIM OTBEYaeT 3HAueHHe NapaMerpa y;.
SDra BepOATHOCTh MOXKET ObITh IIOJyyeHa cymMmupoBanuem 1/Q (sepo-
STHOCTL HaHTH CHCTEMY B OJHOM H3 JOCTYIHBIX COCTOSIHHIY) TO BCeM
COCTOSTHHSIM, /151 KOTOPBIX ¥ NPHHHUMAET 3HadeHHe y,. TakHM o6pasonl,
BEpOATHOCTE P; mpocto B Q; pa3 60ablie BepOSITHOCTII HAXOMIEHHS
CHCTEMB! B OJHOM M3 AOCTYNHBIX COCTOSIHII *):

|

v

Pr==l (20)

"
1193

Cpe,:mee 3HAUYeHHEe HapaMeTpa Y PaBHO TEnepp, IO OIpPeNeJCHHIO,

y*ZP aVQw 21)

i=1 i=1

rle CYMMHPOBaHHE HPOH3BOJHTCS TIO BCeM BO3MOXKHBIM 3HAYEHMAM 4.
[ucnepcusi BeMHUHMHBL Yy MOXKET ObITb COCUHTAHA OGBIYHBIM COPA30AL
B npuxuune nofoCHble CTATHCTHUECKHE pPacueTh He §0Jiee CJAOKHbB, Yent
pacueTs, BHMIOJMHEHHBIC HaMKH TPH OOCYKICHUHM 3a%ayd O OPOCAHUM
Haopa MOHET.

[Tpumep 1. PaccioTpuy onath cuCTeMy H3 deThipex CINIHOB, COCTOSIHIS
KOTOpo# mnepeyucaens B Tada. 3.2, [lpennosoxHu, uTo nosiRas HeprdA CHCTEMBI
uaBecTHa H paBHa —2uoB. Ec/H cricTena HAXOAMTCSH B DaBHOBeCHH, TO elf B paBHOI
Mepe IOCTYNHBl BCe 4YeThipe HOCTYMHBIX COCTOAHHSL:

(F++ =) (=) (F—=+ ) (—+ + ).

Paccyorpuat cuoGoe 3 3tux cocTosiduil, Hanpuvep, neppoe. Kaxopa BeposTHOCT:
TOIO, YTO B 3TOM COCTOAHHH MATHHTHble MOMEHTH! CIIMHOB HanpapJjeH:l BBepx? Pac-
CMOTPHM 000 M3 9THX YeThipeX CNHMHOB, HanpuMep, NepBeli. Kakosa BeposaTHOCTH
TOTO, 4TO MATHHTHEII MOMENT 3TOro CHHA CMOTPHT BRepX? Tak KaK OH CMOTPHUT BBepX
B TpeX CIyuasx M3 deTepeX DABHOBEPOSITHBIX NOCTYMHHIX COCTOSIHHI, TO 3Ta BEPGAT-
HOCTb paBHa

P 3
+ =
4

Ueay paBen CpefHyii MAarHUTHBIE MOMEHT 9TOTO CIMHA B HalpaBjieHMM TNpHJIO-
®eHHoro noas B? B Tpex cayuasiX MarHHTHBIT MOMEHT paBeH [ly, 8 B UETBEPTOM CJyuae
COH pased —,. [lo2ToMy cpeiHee 3HaudeHHe MOMEHTa DaBHO

3o (—Ho)
M=o e
4 7 Mo

381\16’1‘}11\], KCTaTH, 4TO A5 OTAeTbHOrO ClWHA Hallell CHCTeMbI BePOATHOCTH OLITD
HanparJeHdbiM BBePX H BHH3 HE paBHBl APYD JAPYrY. 310 3HAUYHT, YTO BEPOATHOCTH

*} Mpocras dopma peaynvrara (20) 0GLACHSETCH HAWIMM OCHOBHBIM HOCTYJATOM,
KOTODPbIH 3aK/ouaeTcss B TOM, 4TO CHCTEMa C PaBHOH BepOATHOCTBE) MOXKET HAXOIHTh-
csl B JIOOOM M3 ROCTYNHBIX cocToAHMil. B ancam6ie uz N cucrem uncao N;cucreM co
3HaYeHHeM Y="y; NPONOpUHOHANLHO YACAY COCTOAHMH, NOCTYNHRIX CHCTeMe NPH y=y;.
Iosromy Pi=N,/N=Q,/Q
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HaiiTh ero B JOGOM H3 JBYX BO3MOXKHBIX COCTOSIHHIl He OIMHAKOBBLI. JTOT De3yJbTaT
He MPOTHBOPEYHT, OHAKO, HalleMy OCHOBHOMY CTaTHCTHYecKoMy mnocty.aaty. [emro
B TOM, YTO 3TOT OTJAe/bHHIl CNHH He u3oanpoBaH. OH AB/IAeTCS YacTbIO GOJBLIOH
cucTenbl, B KOTOPOH OH MOXKeT B3alMOIeiicTBOBATE € APYIHMH CIIHHAMH H OOMEHHBATLCH
C HHMHM 3Heprieil.

[Tpumep II. Paccyorpma cucremy cnHHOB, nmpuBeleHHYIO B TaGia. 3.3. Ha-
BECTHO, 4TO TOJIHAsE SHepTud 5TOH cHCTeMbl paBHa —3UpB W uTO CHCTeMa HaxoIUTCH
B PaBHOBeCHH. DTO 3HAUHT, UTO ee PABHOBEDOATHO HaliTH B J1I060M H3 NMATH ZOCTYMHBIX
cocrosnufi. CocpeiorounM Haile BEMMaHWe na ToicucTeme A, cocrosmeil H3 Tpex
cnHNoB, H 0603HAyHN yepe3 M HX NOJHBIT MATHHTHbIY MOMEHT B HanipaBJledHH NOJs
B. Mo suauy, uro M MOKeT NPHHHMATHL JBA BO3MOKHBIX 3HAYEHHS: Uy IVIH —[g.
BeposTHOCTL 9THX ABYX 3HA4YeHHII MOXHO Cpa3y HauHcaTh, BOCMOJIb30BABUIAChL Tab-
ainneff. Hveey

P (Buy) =

’

P (=)=

o] e SRS

Cpextee atavende M cielyeT U3 BBIDAXKCHUA

2 (3pg)+3 (—pa)

— 3
M= ==l

5

PaccMorpennbsle  npunmepsl ObLIH OYeHb MPOCTB, TaK KaK Kacajlich
CHUCTEN, COCTOSAIMX BCEro M3 HeCKOJAbKHX yactuu. Mx neas, ojHaxo,—
JaTh TpeicTaBieHne o6 oflieM MeTole, KOTODHIH HCIOJB3Yyercd NpH
BBEIYUC/EHHH BepPOATHOCTeH U CpeAHHMX 3HadeHUil M/ J/OOLIX CHCTeM,
HE3aBHCHMO OT CTeneHHM HX CJ0XKHOCTH. ENUHCTBEHHOe pasfinyue CBS-
32HO C TeM, YTO B Caydde MaKPOCKOINHYECKOA CHCTeMBbl, COCTOsielt u3
OIDOMHOIO YMC/ia UYacCTHI, [epeyHC/eHHe BO3MOMHBIX COCTOSHHUA,
XapaKkTepH3yeMBIX OfIpelesieHHbIM 3HaueHWeM HEeKOTOpOro napaMmeTpa,’
SIBJIAETCS CVILECTBEHHO 00Jiee TPYAHBIM JAenoM. B 3TOM cayyae pealb-
Hble BLIYHCJICHIA MOTYT ObIThb BECHMa CJOMKHBIMH.

3.5. Hucao cOCTOSiHMI, MOCTYNMHBLIX MAKPOCKOIIUYECKOHW cucTeme

B nepBrix deThipex pasiesax 3ToH IVaBbl OblIM PACCMOTPEHBI OCHOB-
Hple A€M, Heo0XOZUMBle IJs IIOCTPOeHHS KOJIMYSCTBEHHOH TeOpHH
MAKPOCKONHNYECKUX CHCTEM, HaXOASIUXCS B pABHOBeCHH, M AJs Ka-
YeCTBEHHOrO OTMCAHHS NPHOJUIKEHHS K ]PABHOBECHOMY COCTOSIHHIO.
B ocrapmefics yactu TJaBbl MbEl TO3HAKOMHMCST CO 3HAUEHUeM 3THX
wleil ¥ BOCIOJb3YeMCsi HMH, 9rofbl YTOUHHTD HEKOTOPEIE PACCyKACHIA
rjaBst 1, MMeBUIME KayeCTBEHHHIH Xapakrtep. ITo npejsapHTeabHoe
PACcCMOTPEHHE MOATOTOBUT HAC K CHCTEMAaTHYeCKOMY IpHMEeHEHHIO oc-
HOBHLIX HMJefl B OCTaBIICHCS 4acT¥ KHMTH,

Meul Bugeny, 4To AJ1s1 BBIYHC/IEHHS CBOMCTB HaXojsLielcsd B PaBHO-
BECHH CHCTeMbl HEOGXOAHWMO IMOACYHTATH YHCAO AOCTYNHBIX COCTOSHHA
3TOfl CHCTeMbl B pasjHUHBIX YCJI0BHAX. Takof MNOACYET COCTOSIHMM Ka-
JKeTcst O4eHb TPYAHLIM, HO YacTo 3Ty TPYAHOCTHE MOXKHO obofitu. B ¢u-
3MKe HHOrJA IoJie3Hee JOrajaThCs, YeM AeaTh TPYAHBIE BLIYHC/CHHS.
B uactHOCTH, celfyac HaM HYXKHO DIOHATb HEKOTOpHle ofuiHe CBOACTBA
Yyucla JOCTYNHBIX COCTOSHME JIOGOH CHCTEMBl, COCTOSiIiel M3 OueHb
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6oJiplIor0 uKcaa 4dacTdil. g Hac HOCTATOYHO KAaueCcTBEHHOTO NMOHU-
MaHH$t 9THX CBOHCTB M HEKOTOPHIX JOBOJBHO IpyOniX oueHok. [lostony
Mbl MOXEM OTPaHUUYHTBCS NPHOIMMKEHHBIM DAcCMOTPeHHeM 3aJauH.

PaccMoTpuM MaKPOCKOMHYECKYI0 CHCTEMY C 32/laHHBIMH BHEIIHMMID
napaMeTpaMmi, KOTOpble ONpeNeasiloT ee VpOBHH 3uepri. O60O3HaUHM
NOJIHYIO 3HEPTHIO clicTeMbl yepe3 £. UTof6bl NoACYHTATh HMHCIO JOCTYII-
HBIX COCTOSIHIIf, BBISICHHM, KaK 3TO 4HCJO 3aBHCHT OT 5Hepruu. Pas-
JeJUM IIKa1y HePrid Ha Majble H paBHble MHTepBatsl 8F. Bemuuuna
* 8F oueHb Mana B MaKPOCKONUMECKOM CMBICJIE (3TO 3HAUMT, UTO OHa OYeHb
Maja MO CPaBHEHHIO ¢ TOJAHOW >Hepruefl CHCTEMBI M 1O CPaBHEHMIO
¢ OXMHAAEMOH TOUHOCTHIO MAIOOBIX MAaKPOCKOIMUECKUX H3MepeHU#l 3sHep-
run). Ho B muxpockonuueckori wkade seauunna §FE orpomua (cHa
MHOTO 60JIblIIE 3HEPTHH OTAEAbHOH YacTHIIBI CHCTEMbLI M TaKXKe MHOTro
6o/blIe DPACCTOSHHS MEXKAY COCEIHHMH 3HEPreTHUEeCKHMH YPOBHSIMH
cucremsl). [losromy J060ii uuTepBan 8% comepxut OYeHb GOAbLIICE
4HCJI0 KBAHTOBLIX COCTOsSIHHI. BBenem ofo3naueHue:

Q(E)==4ucsi0 COCTOSiHUH, HEPrdsi KOTOPHIX JEIKHT
B uutepBane ot E mo E--6E. (22)

UKo COCTOSIHMI 3aBHCHT OT BETHUMHBI HHTEPBAJa, Ha KOTOPBIH
Mbl paséuan Hamy mikaay swepriHd. Tak kak 86E — BeiAHUHHA MaKpo-
ckonuyecku majasi, To €(E£) npocto nponopinoHaisho SE, H nostomy

MOYKHO HamnucaTs *)
Q(EY=9p (E)S8E, (23

rae Beauurna p(E) He 3aBuCUT OT BeauuuHbl uuteppaaa SE. [Beauuuna
o(E) HasbiBaercst naomuocmero cocmoduuli, Tak Kak OHa paBHa 4YUCAY
COCTOSIHMA, NPUXOASIUIHXCA HA €IUHUUYHBIH WHTEpPBAd 3SHEPTUH TIpH
zanHonm 3uadenud suepruu E.l Taxk xak Ha nurepBan SE npuxomurcs
oueHb GOJIbLIOE UHCAO cocTosHuH, BesnnyuHa Q(F) MeHsieTcsl Ha He-
6GONBIIVIO CBOK YacThb TIPH Mepexole OT NAaHHOrO WHTepBaJa 3Heprun
K cocenHun. Taxum oBpa3oM, Mbl MOXKEM CUHTATh BeJH4HHY $Q(E)
MelJIEHHO MeHsioliedcs dyHkuuelt snepruu. Hac Gyaer uHTepecoBarts,
Kak BequunHa Q(E) 3aBucur or sHepruut £ MakpOCKONHYECKOH CHCTEMBL.
3anmernn, uto BeauunHy Q(E) MOXKHO NOJYYHTh, €CJIH HaM H3BECTHA
BeJHYHHA
D (E)==noJHoe YNCJO COCTORHUH, 06Janaomux
sHepruelt, menotueldl E. (24)

Jle#iCTBHTENBHO, YHCJAO COCTOSIHHI, SHEPTHs KOTOPEBIX JICXKHT Mexay E
u E+-OE, 6yner paBHO

Q(E)=® (E 4 8E)— @ (E) = T2 E. (25)

*) 3nech Mbl MMeeM CHTYallHiO, aHaJOTHYHYIO paccMmorpenHoi B n. 2.6, rie o6-
CYXJIAJCA BONPOC O HeNPepHIBHOM paclpeleNeHWH BepoATHOCTH. YHCIO cocTosHHI
Q(E) crpeMuTcs K HYJIO, Koraa K HyJo crpemures 8F, v pennunuy Q(E) moxHO pas-
anoxute B pad Teiiopa no crenenam 8E. Koraa SE noctatouo mMand, 3ToT psii CBO-
aures K (23), TaK Kak WIEHaMH C BBICOKHMH cTeneHsamu OF MOXHO npeHeGpeus.
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ITpexkae yem paccMmoTperh ofuiMe CBOfCTBA BeaHuuHb! Q(E) sk

MaKpOCKONHYECKOH  CHCTEMB!,

M0JIe3HO Ha HEeCKOJbKHX [pHMepax

nokKa3arb, K4K MOACUUTATL YHCAO COCTOSHHH Kpaﬁﬂe [IPOCTBIX CHCTEM,
COCTOSILIUX BCero JHIUb M3 OTHOH YacTHIBL

NNpuosmep LOAHHOYEAA YaCTHRA B OJHOMEDHON SSULHKE.
PaccyoTpuy yacTwuy ¢ Mmaccofl m1, KOTOpas MOMeT CBOGOJHO NBHraThCs B OLHOM H3-
MepeHHH B AwMKe KIHHOH L. BoaMoxkHbie ypornu sHepruu Takoh cucrems! [cu. (8)]

pasHbl

2 3

B2 e

2m L2’ (26
rae n=1, 2, 3, 4, ... Ecm L-—makpo-
CKOTHYeCKasi BeJHYuHa, TO Ko3phu-
IMeHT npu n? OueHb MaJj, a KBaHTO-
BOE YHGIO # OueHb BeMHKO *) 1A
sHepruil, OOBIYHO TNpeACTaBJAIOWHX
wurepec. M3 (26) caeiyer, uto Bequ-
4HHA 7 114 RaHHOH smeprun E pasua

net (2mE)", (27)

;"I

oF

‘(——)[

%Y
FE  E+JE

(MO
TTTT

7

Puc. 3.6. MeTki Ha npsiMoil 0603HaYal0T BO3MOXK-
Hble 3davenusd n==1{, 2, 3, 4, . . . KBaHTOBOTO YHC-
Jia f, onpelelIsiOIiero CocTosiHHe OAWHOUYHOH 4Ya.
CTHUB B ORHOMEPHOM sUlHKe. 3HAYCHHS 11, COOT-
nercTRylomue aveprun E u E4O0E ofoaHavens
ABYMS! BEPTHKAABHBIMY JIMHHAMH, H 06J1aCTb MeX-
Ay STUMH JMHHAMH 3aKnodaeT B cefe Bce 3Have-
HUA A, A KOTOPbIX 2HePTust JIe:KUT B RHTepRaJe

ot E po E4-6E QOOGnacte cnesa ot E zakaioyaeT B
cele BCe 3HAYEHUS A, A/ KOTOPBIX 3UEPLHS Yac-

COCCHHMe KBaHTOBbIE COCTOSIHHS CO-
THIBI MeHblle E

OTBETCTBYIOT 3HAYEHHAM 1, OTIHYAIO-
wuvest ta exuuuuy. [lostomy nosHoe

4nca0 KBaHTOBHX coctoanuil @ (E), sHeprust Kotopnix MeHulle E, a KBaHTOBble
upC/Ia COOTBETCTBEHHO MeHblie 7, npocTo paBHo (n/l)y=n:

OE)=n= L ©@mE)"» (28)
ak

n ¢ nomoipto (25) mocste gHdipepeHIUPOBAHMA Mbl NOAYYaeM™ *) YHCIO [OCTYIHBIX
COCTOSIHMII B uHTEpsasne 3Heprud OF:

L
Q(E)=——+ Vg =28 E. 29
(E) 2nﬁ(2m) E~"/28E 29

Mpumepll.LOxuHounasgs yacTHua B TPEXMEDPDHOM S HKe.
Pacexorpun yactuny ¢ maccoll 7, KoTopas MoMKeT CBOGOIHO NepeMelaThCsl B TPeX-
MepHOM Awmke. 19 NPOCTOTHE JOMYCTHM, 4TO SIUHK TpeAcTaBdser coGoil Ky6 ¢ MJIHHOH
pebpa L. Bo3amoxkuble 3HaYeHHsi S3HePIHH TaKoll CHCTeMb! ciefytor us dopmyast (15),
ecan nonoxuts Ly=Ly,=L,=L:

ht o2
2m L3
TIC My, Ny, N,==1, 2,3,... Boo6pa3um «IpoCTPpaHCTBO YHCE/, 3aJaHHOE TPeMs B3aHMHO
TIePUeHAHKYIAPHBINE OCAMHU 71y, fly,, .. B TaKoM nmpocTpaHcTBe BO3MONKHLIE 3HAYEHKH

E= (nx + ny + n3). (30)

*) Hanpumep, eciiu L=1cx u m=>5-10—232 [(macca MonekyJint asota, cm. (1.29)],
10 3T0T Koxdpepuruent pasen 10—323pz. B To Ke Bpems cpelHee 3HaueHue 3HeprHH
TaKoH MOJIEKYJibl NpH KOMHATHOH Temmeparype umeeT mnopsaaok 10— spe. Takum
00pa3cM, DPH TaKHX 3HEprHAX n HmeeT nopsgok 109

#*) Tak Kak n ouehb BeJNKO, M3MeHeNHe n Ha eQHHMLY BBI3LIBAET NpeHeGPEeRUNO
MaJloe OTHOCHTeJbHOe usMeHenwe n M E. Tlostromy, HecMoTps Ha T0, uTo n u E npu-
HMMAIOT TOJIDKO ZMCKPETHBIE 3HAYeHHs, Mbl MOMKeM CUHTaTh 5TH [epeMeHHble Henpe-
poisabivu. Tlpu nudibepeHuHpoBanuy HYXKHO MMeTh B BUIY, 4TO JAi0Goe H3MeHeHHe rn
ROJIKHO 6bITh MHOro Gosblie efHHLb (dnS>1), HO, ¢ ApYroill CTOpOHbl, 3TO H3MeHeHke
JOKHO OBITH OCTaTOYHO MAJIO, YTOOLI BLIOJHAIOCH YCHOBHe dn<n.
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TPeX KBAHTOBBIX YHCeJ H306PaKaloTCsi TOUKAMIH, JeXKauHMH B UEHTPe KYOHKOB exu-
HAYHBIX Pa3MepoB, KaK 5TO 1OKasaHo Ha puc. 3.7. Kak W B mpeapiiymen npuaepe,
3TH KBAHTOBblE 4NC/Aa OYeHb BEJIMKil, €ClH AUMK HMeeT MaKPOCKONHYECKHE Pa3Mepbl.
K3 (30) caenyer:

L \2
n2 4 n2 4 n? = ——) 2mFE = R?,

3RaueHus fy, My, A YIOBACTEOPSIOUME 5TOMY PABENCTBY TP JAHHOM 3HAUe-
Huu E, Jjemxar Ha chepe patuy-
coM R, mokasaHHoll Ha puc. 3.7:

H # 8 9 0 3 00 0 e 0 N g u Ot e P e e L 1
® ¢ % 2 ¢ 006 00 e 0 e P s e e s R:——(QmE)/2
LI B IS B B L A B 2 nﬁ
¢ o © & o & O 9 68 00 O
g s o 0 e s et e a0 Hucao O(E) coctostHuil ¢ sHep-
.o [e|oftNs ¢ e* cacoss ruell, Menpuiefi E, paBHO uncay
.. (o] g0 eceeece eIMHHUHBIX  KYOHKOB, Jemauiux
o » . ] s s0cee o BHYTpH 3T0H cdepel M 006.1371a10-
:; : : : : : : : : : : : HIMX MOJOKHTeJbHBIMH 3HAYRHU -
.. o L 3 MH BEJIMYHH My, Ny, Nz, T. €. CHO
L]
.o . e G e e paBHO 0O0bemMy OJHOTO  OKTaHTa
. . e . e chepni pazuycon R. Taxmu o6-
. o e o & .. . s pa30M,
® e . @ - ® & &
. (] Iy ) (D(E) —’_—“i(—:{ﬂR3\=
* a2 - - * o = 8 AN 3 j
LN ] L ] . e @
. . . . . o @ :-J—T— _L_. 3(27715)3/2- 5‘31}
3 . LI 6 ﬂﬁ/
] E | M, Kak creayer n3 (25), wncao co-
E+SF croaunit ¢ sHeprueii or £ no £—
+8F pastio
Pnc.)3.7. Toq;(awm cxemamqem(:l E/IB A:yxnmmspe- ) v .

s e H = ¥ 1
o mmonsix ancen.  ompeacdmoms @ (E) =——(2m)"?E'/20E, (32)
COCTOSITHUE O}lHHquou YaCTHILBl B TPEeXMEepPHOM SIHIHKe. a ﬁ"

(Ochb ng 1arnpasneHa MepneHAAKYJISIPHO K 1JOCKOCTH rhie V — o6beu SUHKA,

pucyuKka.) 3uadeHHs fp, Ny U Az, COOTRETCTBYIOILNE
SHEPTHH YacTH(bl B HOTepBase OT E po E-+-BE, “nemat

MeXRAY ABYMA CepPRueCRAMHI TOBEPXHOCTIMH. TOUKIL \
BHYTPH cepbl COOTBCTCTBYIGT BCCM  23BAYENNUAM A, Tenepb Mbl IIDOH3BETEM
LN KOTOPLIX 9HeprHA Menkile E. rpyoyio OlleHKYy, UeJib KOTO-

pOU—TI0JAYUHTE 3aBUCHMOCTh
gucaa  Q(E)  ZOCTYMHBIX  COCTOSIHHMIl  MaKPOCKONMYECKOH  CHCTe-
Mbl, CcOCTOsilell H3 GOJBILIOrO 4lic]a YacTHI, OT [OJHOH 3Heprun
cucrembl E. JhobGasi takas cHCTeMa MOKeT OBITh ONHCZHa C NOMOINBIC
HaGopa [ kBaHTOBBIX 4ncen. Uncao [ HOCUT HasBauue «ucaq cmenerelt
C60000bL CHCTEMBI; N0 MOPSAKY BeJHUHHBI OHO OJM3KO K 4HCay ABo-
ragpo. C KaxIbM J2HHBIN KBAHTOBBLIM UYNC/JOM CBSI3aH OnpeieleHHb
BKJIad € B NOJHYIO 3Hepruio cicrembl E. OBosuaunm uepes ¢(e) mo.asve
YHCJI0 BO3MOMKHBIX 3HAUEHUH 3TOrO KBAHTOBOTO YHCJA JJsT 3HEPrii,
MmeHbluyX 1aHuoll sHepruy &. Yucqao ¢ paBHO eMHHIE (MM NoOpsika
eAMHHIBY), KOrJd & NPUHHMAeT HaWMeHbllee M3 BO3MOMKHBLIX 3HAYeHHH
€y, W OLICTPO PACTET C POCTOM £ (XOTS MOXET JIOCTHTHYTh IOCTOSTHHOTO
3HAYEHHS B onpene/eHHoM cjaydae) *). OOBIYHO BEAHUMHA ¢ pacTer

*) Hcx/iouennem aBAseTCs CHCTeMa, HMEOMAA KOHeYHOe YHCAO BO3MOMKHBIX
CoCTOSIHUIT W BePXHHUIT npelest ATt BO3MOXKHOrO 3HadeHHsi sneprun. (Taxoe mnoaowe-

124



NPONOPUHOHANBHO OTKJIOHEHHIO SHEPTHH € OT &g, U Mbl MOXKEM HalICATH
P (e)oc(e—e)", (33)

rle o — HEKOTOpoe YHCJIO Mopsiika eNHHHIB *).

Pacesmorpum Tteneps cictemy, umerollyio f cremeneft csoGoiwl. Ee
NoMHas 3Heprusi (CyvMa KHHeTHUeCKO# U IMoTeHuHaAbHOH 3SHepriil
BCEX YACTHL, OOpa3yIOMIHUX CHCTeMY) SIBJASIETCS] CYMMOH 3Hepruii, coot-
BETCTBYIOMHX Kax/of crerneHu cBofoAwl. IlosTomy nosanas sueprus E
(TOuHee, ee U3OLITOK Hal MHHUMAABHEIM 3HaUeHHeM E ) Gyner no nopsaiky
BeJUYUHB! B f pas GoJblle cpenHell SHEPTHil &, IPUXOIsEHCs Ha OIHY
cTeneHb CBOGOIBI (3@ DBbIYETOM MUHHMAJBHOH 9HepTHH &,). TaruM

obpasom,
E—E ~f(e—e¢,). (34)

Ecan nonnas aHeprus cHCTeMbl paBHa WM MeHbIle £, TO MBL HMeewm
NpHGAU3HTEBHO ((€) KBAHTOBBIX COCTOSIHUH, CBA3AHHBIX C MEPBhIM
KBAHTOBBIN YHC/IOM, (&) BO3MOXKHEIX COCTOSIHUM, CBSI3aHHLIX CO BTOPLIM
KBAHTOBLIM YHCJOM,..., ¥, HAKCHEN, ¢(€) BO3MOXKMbLIX COCTOAHHI, CBA-
3aHHBIX C TOCAENHMM, [-M KBAHTOBHM uucaoM. [lodaHoe yueao BO3MOK-
HBIX KOMGHHAIHI 3THX KBAHTOBRIX UHCE], T. €, IOJHOe YHCAO COCTOSIHHUIL,
OTBeYaloUInX IHEPTHH, PABHOM U MeHbileH £, MBI IOTYYIM, eCan TOMIG-
UM YHCJIO BO3MOXKHBIX COCTOSIHHA 1151 MepBOro KBaHTOBOTO UMC/A Ha
YHCJIO BOSMOXKHBEIX COCTOSHII J1sT BTOPOro KBAHTOBOTO YHCAA, HA UHCIO
BO3MOXKHBIX COCTOSIHMIL AJist TPEThEro KBaHTOBOIO YHCa,..., H, HAKOHEl,
Ha YHCIO BO3MOMKHBIX COCTOSHHH A5 [-ro KB&HTOBOTO WHCAA. TakmM

06pason,
D (E)~ (e (e)), (39)

rae ¢ cBsidaHo ¢ £ Bolparsenuent (34). Hnco Q(E) cocrosnnnil ¢ snepruefi
B npefeaax ot E 1o E+48E mul Hafizen coraacHo (25) tuddepennuposa-
HHEM:

Q(E) = 37 SE~fo! = GO — /= L E, (36)

EEU
Tak Kak u3 (34) caeayer, uro dg/dE=["'dp/de).

Haiuero npu/u:KeHUoro paccMoTpeHNst 3d4aud COBEPLUEHHO OCTAa-
TOYHO /151 HEKOTOPBIX 3anedare.1bHbIX BbIBOJOB, OCHOBAHHBLIX Ha TOM,
4T0 f — oyenb Go.abioe uucao. JleACTBHTENBHO, €C/I Mbl MMEeM 610
€ MAKPOCKOIMHYECKMMH CHCTENAM, To f-—opsiixa uncaa Asoraipo, T. «.
f~10°4. Hucna rakoro mnopsiaxa (paHTaCTUHECKH BEIHKH H HX CBOIHCTBA
TPYAHO NOHSATH, €CJAH HCXOAHTh H3 OOBIMHOrO JOCTYNHOTO HAaM OIIbITA.

HHe BO3HMEKaeT, ecnu Mbl OyjieM HIrHOpHPOBATL KHHETHYECKYIO 3HEpPril qaciyi,
CHCTeMbl M PaccMATpHBaTh TOJAbKO CIHHBI). B 3ToM Cayude uMciIO BO3MOMKHBIX CO-
CTOSTHMH € BO3pacTaHueM (€& — €;) BHauaje YBeJH4YMBACTCS, & 3aTeM JAOCTHraer Mo-
CTOSIHHOI'O 3HA4eHHS.

*) Hapnpunmep, npu ABMIKeHHH 4YacTHILI B OJHOMEPHOM ALMKe, KaK 3TO Cjaefyer
U3 (28), Qoce’/e. (B 3ToM ciyuae MUHHMAJIBHOE 3HAUEHHE €, BO3MOXKHON SHEpPrHM npe-
HeOpeKUMO Masd 1O CPABHEHHIO C € M ero MOXKHO CHHTATh PABHLIM HYJIO.)
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[lpu Bo3pacrtanuu sHepruu cucreMsl E Bo3pacTaeT U 3Heprus e,
[PUXOAALAsACA HA OfHY CTeleHb cBoGons lem. dopmyay (34)]. B coor-
BETCTBHH C 3THM OTHOCHTEJIbHO Me/J/IEHHO PACTET ¥ YHC/I0 COCTOSIHUE (&),
NPUXOASMIXCS HA OJHY cTeneHb cBoGoipl. Ho Tak Kak I0Kasarean
creneny B hopmyaax (35) u (36) uMeloT NopsanokK f, T. e. SIBASAIOTCH 4pes-
BhiUaH{HO GOMBIIMMH YHCAAMH, YHC/IO BO3MOMXHLIX cocTosiHuil ® (E) nan
Q(E) cuctembt ¢ f creneHsiMH cBoGOIB! Bo3pacTtaet C (paHTACTHYECKOH
CKOpOCTbIO. Mbl npuxoxHm, TakuM o6pa3oM, K CJeAYIOmEMY BBIBOAY:

YUucno cocrosunt Q(E), nocTynHelx /o000l
ODbIYHOH ~ MAKPOCKOIHYECKOH  CHCTeMe,  SIBJISIeTCH
KpaliHe OblcTpo BospacTamomledl ¢yHKLIMed ee 3Hep-
ran E.

37

JeiicTBuTeabHO, 06bheRUHS A (36) ¢ (33) U (34), Mbl noAyYaeM cieRyioiee
NpHO/IHKEHHOE BbIpaXKeHHe Iis 3aBucHMmocTd (2 ot E:

Q(E) O((S—-—SO)OJ—I oC (_&—}_@i)t‘/f—l )

Taxum o6pa3om, Mbl MO2KeM NPHHSATL, YTO JUIST OOBIYHBIX cHcTeM ¥)

Q(E)x (E~E,). (38)

3nech Mbl peHeGperan eHHULeH N0 ¢paBHEHHIO ¢ [ B HonoxuIn a=1.
Dopmyaa (38) maer npub/avKeHHyO 3aBucHMOCTh €2 oT £. Ha xapaxtep
3TOft 3aBUCHMOCTH He BJIHsI€T, paBeH JU Mokasarenb crenenu B (38) f,
0JI0BHHE [ WK ApyromMy uHcay nopsiika f.

Mbr MOXEM BLICKa23aThb HEKOTOphle YTBEP:KICHHA OTHOCHTE/BHO
peauuunbl In Q. U3 (36) caenyer, dro

M QE)=(—1)Ing-+In (g;ﬁaf:). (39)

3aMeTHM, YTO €CJH Mbl HMeeM Jeso ¢ TaKHM OO/IbILHM YHCJIOM, Kak f,
TO ero Jorapudgm Oyler nopsjika JeCATKOB, T. €. OH MPEHeOPEKUMO Mall
10 cpaBHeHUIo ¢ caMuM uHcsoM f. Hanpumep, ecn f=10%,10 In f=55,
7. e. In [ <<<{<< }. Paccmorpum Tenepsb 4ieHsl B npaBo gactu (39). Iep-
Bblil uien uMeet nopsifok f**). Benyuuna (dg/de) OF (raie § E— unrepsan

*) Mbi ynorpeSusn BoiparkeHue «IJIsi OObIYHBIX CHCTeM», 4TOObI MCKJIOYUTL OCO-
Obie cayyad (cM., HaNpHMep, NpuMeyaHHe K cTp. 124), Korna Hac He MHTepecyeT KuHe-
THHeCKast SHEPrisl YacTHIL CHCTEMB! H KOrJa MAarHHTHAA IHePrHs CIHHA AOCTATOYHO
Besnka. (Takoe npuGiHKeHHOE paccMOTpeHHe OKa3bIBaeTCs AOCTATOYHBIM, eCJH No-
CTynare/bHOe IBHXKeHIe YacTHy, ¢afo BiHseT HA OpHeHTAlWio MX CIHHOB. B 3ToM
c/yyae OpHeHTalHs! CHMHOB M IOCTYnaTelbHOE ABHXKEeHHe YacTHLL MOTYT paccMarpd-
BaTLCSl OTHEJNDBHO.)

**) 310 BCer[a BepHO, €CIH TOIBKO SHeprusi £ cucrembl He OueHb O/KH3Ka K 3Hep-
FUH OCHOBHOro cocrositnss E,, xoria ¢-~1 ans Bcex crenened cBoGomwi. [leficTsu-
TejibHO, K3 OOUIHX 3aMeuaHHi, CIeJaHHBIX B Hauase n. 3.1, HaM H3BeCTHO, YTO KOriaa
CHCTeMAa NPHOIHKAETCS K OCHOBHOMY COCTOSIHHIO SHEPTHH, YHCJIO AOCTYITHBIX KBAHTO-
BBIX COCTOSIHHil MMeeT MOPSIIOK eMHHLBL Tak 4ro Q~1.
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SHeprud, GOJbINOH N0 CPaBHEHHIO C PACCTOSTHHEM MEXAY YPOBHSIMHU
SHEPIHU CHCTEMbl) TpeicTaBiasieT COGOH YMC/IO0 BO3MOMHBIX 3HauyeHuH,
KOTOPOE MOKET IPHHHUMATh OTAEJIbHOE KBAHTOBOE UHCJIO B MHTepBaje §F,
i 3aBucut ot 8E. Ho npu moGom 3HaveHnu OF camble HeG1aronpusiTHbIE
OLIEHKH [0Ka3npiBaIOT, YyTo BesnunHa (dg/de) OE He MoXeT NpPEBBHLATD,
ckaxem, 10°° u "e moxeT OwiTh Menplue 1. Jlorapudm 310l BeHUHHEI
JIeXKHT, caeloBartenbHo, rie-1o mexay O n 230 u npeneOpexHMO MaJ
N0 CPABHEHHIO C NEPBHIM WIEHOM, KOTOPEIE HMeeT mopsiiok 10%4. Taxum
obpa3oM, B npaBoil 4dactH (39) BTOPBIM YJEHOM MOXKHO NpeHeOpeub.
MEI NpUXOAHM K BBIBOLY, YTO AJ5 MaKpPOCKOMHYECKOH CHCTeMBbl YHCJO
COCTOstHUE B uuTepBaJe sneprufi oT F no E--O0F ofnamaer cienyomy-
MH CBOHCTBaMH:

InQ(E) e 3aBucur or OF; T 40)
Ans E# Eo 150 (E) ~ 7. (41)

3TO 3HAYHT, 9TO €C/IM 3HeprHst £ JOCTATOYHO JaleKa OT SHePTHH OCHOB-
HOTO COCTOSIHMSI CHCTeMbl, In Q He 3aBHCHT OT BeJHYHHB! BHIGPAHHOTO
HHTepBana 3HEpPrHH W N[O NOPSAKY BeJHUHHBl paBeH UHCJAY CTerneHel
CBOOOABLI CHCTEMBL.

3.6. OrpaHuueHnusi, papHOBeCHe W HeoOpaTHMOCTHL

[loxsenem wTOr HamuM BHBOJAM, KOTOphle GYAYT HEOXHOKPATHO
UCITOJIb30BaHB NPH pacCMOTPEHHH MaKPOCKOMHYeCcKHx cucreM. Kexoa-
HOH TOYKOH HAlUX PacCyKAeHHH B/IAETCS W30MHPOBAHHAS CUCTeMa *).

Mel 3HaeM, YTO Takasl CHCTEMa YAOBJETBODSAET ONPele/eHHBIM YC.10-
BHSIM, KOTOPBIE MOXHO 331aTb, YKa3aB 3HAYEHHS HEKOTOPBIX MaKpo-
CKOIIMYECKHX NapamMeTpoB CHCTEMBI. DTH YCJAOBHUS OTPAHUYHUBAIOT YIICAO
BO3MOXKHbBIX COCTOSIHHH, B KOTOPBIX MOXKET HaxXOAHTBCS CHCTEMA, CBOAS
HX K HEKOTOPOMY HHCJY OOCMYNHbLX COCOAHUL, COTNACYIOMUXCSH C oTpa-
HHYEHUSIMH, HaJIOXKeHHBIMH Ha cHCTeMy. YHejao IoCTynHHIX COCTOs M
2 OkasblBaeTcs 3aBHCHAIMIHM OT HaJI0XKEHHBIX HA CHCTEMY OTpaHHYeHHH,
TaK 4t0 Q= (y) ecThb (QYHKUHST HEKOTOPLIX MAKPOCKOMHYECKHX Mapa-
METPOB CHCTeMBI.

[T p o me p. Pacemorpunm mokasannylo Ha pic. 3.8, a cucreny. D10 #AeasLHBIH
ra3, vaxopdmuiica B sesofi wactk cocypa V;. Ilpaeas uacrs cocyna nycra. B stom
cJlyuae neperopojka, pasueasouwas obe 4acTH cocyia, ZefiCTBYeT KaK OrpaHHueHMe,
YMEHbIHAIOUee YHCJI0 AOCTYITHbIX COCTOSTHuU# A0 3HAuYeHUd, NPH KOTOPOM BCe MOJIEKY JIbI

HaXOJATCA B JIeBoil UacTu cocyna. [To3TOMY uuCJI0 JOCTYIHBIX COCTOAHUIE Taza 3aBHCHT
oT ofbema JjieBoil yacTH cocyna, T. e. Q=Q(V;).

CraTucTHyecKoe ONHCAHHE CHCTEMbl 33KJIOYAETCs] B BEPOATHOCTHBIX
yTBEPKIAECHUsIX 00 GHcambae CHCTeM, Kaxkiash U3 KOTOPBIX TOIBEpIKEHA
OJMHAKOBBIM orpaHnuenusiM. Ecin cicteMa naxoZuTcs B paBHOBecHH,
TO ¢ PaBHOH BePOATHOCTBIO €€ MOXKHO HaHTH B J10OOM H3 {2 JOCTYNHBIX

*) JIio6yl0 HeH3ONHPOBAHHYIO CHCTEMY MOMHO CUHTATh 4acTbi0 H3OJHPOBAHHOM
CHCTEeMBI.



cocTosiHnf, ¥ HaoBopoT. Ecim cucremy Henn3si OGHAPYKHTE ¢ PABHOH
BEPOSITHOCTLIO B JTIOGOM 3 {2 IOCTYIHBIX COCTOSIHUI, TO €e CTaTHCTHIECKoe
oncadue OyAET 3aBHCETh OT BpeMedu *). B atonm cayuae B cucreme 6yayT
NPONCXOJANTH M3MEHeHHS!, HallPaBIeHHBIE K TOMY, 4TOOB JOCTHYb PABHO-

BECHOTO COCTOSIHUSI, IIPH KOTOpPOM OHa C
paBHOH BEPOSITHOCTBIO OYAET HaXOAHTHCS
B KaXKIOM H3 £ JOCTYIIHBIX COCTOSIHHE.
Bce 3Ti yTBepak/JeHHs COCTaB/AOT COXED-
JKaHME HalllMX OCHOBHHIX nocryaatoB (18)
u (19).

PaccMOTpHUN  H301MPOBAHHYIO CHCTEMY,
HAXOIUBIUYIOCH BHayaje B DGBHOBECHH B
VCJIOBIAX, KOrJa OHA umeaa £; IoCTYIHbIX
coctostHHA. Ona ¢ paBHOH BePOSTHOCTHIO
MOXeT ObITh HafijeHa B JIOOOM H3 HHX.
JonycTuM, 4YTO MBI CHSIH HEKOTODble U3
NepBoHaua’bHO CYUIECTBOBABLIMX OTPaHH-
yeHnil (Hanpumep, yOpa/JH NePeroporky
B Cayuyae, H300pakeHHOM Ha puc. -.8).
Tak xak Tenmepr cucTeMa IIOABEpkKeHA
MEHBLIIHM OTpaHUuYeHHsIM, Y4eM paHEBIIe, TO
YHCJI0 JOCTYIHBEIX el COCTOSHHH He MOXKEeT
YMEHBIIUTbCS. B OOBIUHLIX YCJIOBHAX OHO
JOJIKHO CU/ABHO Bo3pactH. Ofo3Haune de-
pes L, HOBOE YHCAO JOCTYIHBIX COCTOfA-
Hu#, MB HMeeM B

-
| Q,=>Q. (42)
Prc. 3.8, Mueaubiiblil  ras B gmin-

ne.  a) I-Iauembuo? noJiozkeHe: ¢ Hemedaenno nocsie CHATHST HauyaJbHbIX
T o e obe his OTpaHMYeHHH  BepOATHOCTb HAXOMKIeHHS
ouevo 1 58 W 1;355)‘*3)”‘)31353231} CHCTeMB! B JIIOOOM U3 COCTOSIHHH OCTaHercst
tocse  TOro, Kak 3acaoliKa 6Obia Hpe}KHEfi. Tax kak cnauasa oHa ¢ paBHOfI
>\’l“ff“§écg a&fgﬁ“{?ﬁi{&ff{jﬁ“’ na BEPOSITHOCTBIO HAXOM/IACh B mobom 13 €,

COCTOSIBH{, TO H HEMENLI€HHO TI0C/1e CHATHSI
orpadndennii oda OyJAeT ¢ paBHOH BEPOSITHOCTLIO HAXOAHTLCS B Kax-
zoM u3 HHUX. Ilpn 3TOM BO3MOMKHBI JBa CJaydas:

1. Ocoboitl cayuadi, kKoeda Q;=£2;. B sTOM cilydae yajieHne orpatude-
HUII He MEHSIET DABHOBECHOTO COCTOSIHHSI CHCTEMBI.

2. Obvanvii cayyail, koe0a ,>>L ;. Hemensenno mocie cHaTus orpa-
HUYEHUH BEPOSITHOCTL HAXOXKACHUS CHCTEMBI B HOBBIX £2,—2; COCTOAHUAX
paBHa HyJmo. [1o3TOMy BO3HUKAET HEPaBHOBECHOE COCTOSIHHE M CHCTeMa
HaUHHAET H3MEHSThCS BO BPEMeHH. DTO U3MeHeHHe GyneT IPOL0JIIKaThCs
JO HACTyIJIeHHS! PABHOBECHS, KOT/AQ BePOSITHOCTb NPEOLIBAHUS CHCTEMBbI

B JIOGOM H3 JOCTYIHBIX COCTOSTHHH CTaHer OfHOH W TOH Xe.

f)

Il p ume p. Tpennonoxum, uto neperopogxa Ha puc. 3.8 y6pana. 310 He Me-
HsleT SHePTHH Ta3a, HO YBeIHUHBAeT YHMCJO JOCTYMHBIX cOCTOsHHI. TOJIBKO B 0cofoM

*)y Hpyrusu ciozavi, B aHcaMGie CHCTeM BepPOSTHOCTH HaHTH CuCTeMy B JaHHOM
COCTOAHHHM MEHSIETCsl CO BpeMeHeM Mo KpaifHell Mepe AJIst HEKOTOPHIX COCTOAHHM.
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cilyuae, KOria Neperopoika CoBliajaer ¢ MPaBOd CTeHKoil amuka (T.e. Vp=V)), ce
yaaseHde OCTABUT HEHM3MEHHBbIM UHCIO JOCTYIHBIX COCTOSIHHI M COCTOSIHHE rasa oc-
Tauercs pasuoBecHEM. B ofmem cayuae, Korja V>V, yranenue neperoposku yse-
JIMYHT JTOCTYMHBIH KaxKuoH MoJleKyse o6beM B OTHOUIEHHH V¢/Vi. U3 dopuyast (32)
CJIe[YeT, H4TO YHCJIO JOCTYMHBIX MOJEKYJe COCTOSHHH NPONOpUMOHATBLHO OGbevy
COCY1a, TIOITOMY 4HMCJIO JOCTYNHBIX OIHOH MOJIeKyJe COCTOSIHMH Takke BO3PAacTeT
B OTHoweHHH V¢/V;, a uncao COCTOAHHI, KOCTYMHBIX BCEM MOJIEKYJAaM, HaXOAALIHMCH
B sILIMKe, YBEIHYUTCH Ha MHOXHTENb

() (%) (1) ()

o e e

N muvuTeae

Takuy 00pa30M, KOHEYHOe HHCI0 JOCTYIIHBIX COCTOSIHMH OKa3blBAETCH CBA3aHHBIM
C HAY4AJbHBIN YHCJIOM CACAVIOLLHN BBIPAAKEHHEM:

VoY
QIZ<W> Q;. (43)

Jaxe xorza HOBbiil 00ben He3HaUNTebHO GOIblIe MPekKHero, Bce paBHO Qf>>>9,',
ec;in N — GoJlbliloe UHCA0, GAH3KOe MO MOPSAKY BeIHUMHbLI K uucay Asorappo. He-
MeOACHHO Tocde YHadeHHA MeperopoJKH MOJEKYJb elle HaXondTcsi B JIeBOil yacTd
cocyia. Ho Temepb 370 cocTosimve yxe He OyldeT paBHOBecubiM. Haunerca npouecc
JOCTIDK@HHSI HOBOTO DABHOBECHS, NPU KOTOPOM MOJIEKYJayM CTAaHYT B paBHOH Mepe
JIOCTYTIHBIMH BCE Qf KOHEUHbIX COCTOSNHHA. DTO 3HAUMT, UTO Kaxkjas MONeKyJta OyleT
HMETh PAaBHYIO BepOATHOCTb HAXOAMTLCA B JM0O0H YacTH HOBOro ofbema.

[pennoaoxum, 9To HOBOE COCTOSIHHE PaBHOBeCHs JOCTHTHYTO. Ecan
©,>Q,; TO KOHeYHOE pacnpefiesieHHe CHCTeM B ancaMGie CYIecTBeHHO
OT/IMYaeTCsi OT HAUYaNbHOTO pachipefefeHusi. 3aMeTHM, B YaCTHOCTH, YTO
HayaJabHOE COCTOSIHHE B aHcaMO/1€e CHCTeM Heslb3sl BOCCTAHOBHTE MPOCTHIM
BO3BPATOM K NPEKAMM OTPAHHYEHUSM, OCTAB/AS CHCTEMY H30JHPOBAH-
HOH, T. €. He 3aCTaB/fafl ee B3auMOAeHACTBOBATL ¢ J1000fl Apyrofl cucre-
MOfl, ¢ KOTOpO#l OHa Moria Obl OOMEHHBATBCS SHEpTrHedl.

eficTBUTEILHO, ©CJI¥ MBI HMeeM Ae10 C £0uHCmeeHHOU CHCTEMOH
aucamGJ/isl, TO HAYa/bHYIO CHTYAIlHIO MOXKHO BOCCTAHOBHTH, €C/H MNOJNO-
JKAATh JOCTATOUHO JOJTO, NMOKa TOSBHTCA COOTBETCTBYIOWAS (uIYKTYa-
uust. Ecsiu 31a QaykTyanus Kak pas TakoBa, YTO CHCTEMa 0Kas3anach
B [4HHBII MOMEHT BpeMeHH B &); NIepBOHAYA/bHO NOCTYNHBIX JJIs Hee
COCTOSTHHSIX, TO MBI MOKEM HUMEHHO B 3TOT MOMEHT BPeMeHH BOCCTAHOBUTH
nepBOHAYA/bHBIE OIPAHHYEHHS H YIepKaTb CHCTEMY B HAYAJLHOM CO-
cTosiHHH. HO BepOSITHOCTL BO3HHKHOBEHHS TaKOH (WiyKTyauuu OOBIIHO
npejenbHo Maja. JdeAcTBHTEIbHO, PacCMOTPHM aHCAMO.Ib CHCTEM, HAXO-
JALIHXCS B PaBHOBeCHM Hocje ylaJeHHst HaYalbHBIX OTpaHHUEHHiH.
BepoATHOCTL TOSIBJACHHSA B 3TOM aHCamGJe CHCTeMBI, KOTopasi Oyner
HAXOAMTbCA B HayaJbHOM COCTOSIHHH, DPaBHa

Q,
P,=%, (44)
7
TaK KaK I0/IHOe YHC/IO JIOCTYTHBIX COCTOsHHUi pasno Q. BeposTHOCTb
[pH HOBTOPSIOMHMXCA HAOMONEHUSIX HAJ OIHOH CHCTeMOR I[OSIBACHHUS
COCTOSIHHst; COOTBETCTBYIOLIETO Kes1aeMOH (MIYKTYaItuH, Takxke onpeie-
Jisiercsd BoipaenueM (44). Ho B ofuunbix caydasix, kora Q,.>>>Q,
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(3TO 3HAYHT, UTO KOHEUYHBI ancamOJb CHCTEM CYLIECTBEHHO OT/IHYAETCH
OT Ha4a/abHOro), U3 (44) caenyeT, YTO BEPOSTHOCTh BO3HHKHOBEHHS CIIOH-
TaHHOH IYKTYyailnH, BO3BPaLLalomel CHCTEMY K Hada bHBIM YCJAOBHSIM,
OKa3bIBaeTcsl KpailHe MaJloH.

MET TOBOPHM, YTO MPOLECC SBJSETCS HeoOpamuMbim, eCiau B ancambae
U30AUPOBAHMbLX CHUCTEM, COBeplHalomMX Takoil Inpoiiecc, HadanpHOE
COCTOSIHHE He MOxKeT ObITb BOCCTAHOBJICHO NIPOCThIM BO3BPATOM OTPaHM-
ueHuii. B cOOTBeTCTBHM € 3THUM OnpeielieHHeM Ipoiecc, B pe3yJ/brare
KOTOPOrO CHCTeMa JOCTHIaeT HOBOTO DaBHOBECHOTO COCTOSIHHUSI mocae
CHATHS OHOrO H3 OFPaHMYEHHH (3TO MEHSET YIC/IO JIOCTYHHBIX COCTOS-
HHi o1 Q; 10 Q;), nHeoGparum, ecau Q> M3 sroro onperenenus
cJejyerT, 9To npoiecc HeoOpaTHi, eI 110cJe TOro, KaK OH COBEPIIHJCS,
H30JIMPOBAHHAsT CHCTEMA HMeeT BePOSITHOCTh OblTh HAHeHHOH B Haya/b-
HOM MHKPOCOCTOSIHUM MeHbllle eXHHHIb. [lefcTBUTeNBHO, B OGLIUHBIX
cayuasx (Koria Q. >>>>>£;) 3Ta BepOATHOCTb Ype3BblgaiiHo Mana. Hame
omnpejeseHHe HeoOPaTHMOCTH MpejcTaBaseT co0Of MpOCTOe YTOUHEHHE
dopmMyinpoBKH, npuseleHHofl B n. 1.2. Crapas dopmysupoBka 6biia
clefaHa ¢ TOUKHU 3peHHsl PAyKTyauu# B OLWHOUYHOH H30JHPOBAHHOH
cHcTeMe MpH OOJBLIOM BpeMeHH HabJlojeHHil.

Mzl Mokem Teflepp YTOYHHTh 3aMedaHHe O CAydalHOCTH, ClejJanHoe
B TviaBe 1. B kadecTBe cCTaTHCTHUECKOH Mepbl CTeneHH CJy4YalfHOCTH
B CHCTEME Mbl MOKEM B351Th YHC/10 AOCTYIIHBEIX COCTOSIHHH, AeHCTBHTENBHO
3aHSTBIX B aHcambse Takux cucTem. Ilpouecc JocTH:KeHHSI HOBOTO
PaBHOBECHOTO COCTOSIHUSI NOCJe VAAJNEHUSt OTPAHHUEHAN B M30JHPOBaH-
HOI CHCTeMe NIPHBOJUT K YBEJHMUEHHIO CIYYaAHOCTH, ecn Q,=>>C;; Takoh
npoliecc HeOOPaTHM.

ITpuwmep. Ecrmu ras, paccvoTpentsili B npefbinytem Ipunepe, JOCTHD KOHeu-
HOTO PaBHOBECHOTO COCTOAHHS, MIPH KOTOPOM BCE MOJIEKYJ/Ibl PABHOMEPHO pacnpejeseHbt
10 00BEMY AMHKA, TO NPOCTOE BOCCTAHOBJ/EHHE NEepPerOpOAKH He NpUBeleT K BO3HUK-
HOBEHHI0 HAYaJbHOrO COCTOAHHSI B aHcambie TakHX sIMUKOB. Moiiexysbl, pacnpo-
CTPAHHBIIMeCs HA MPABYI0 4acTb AMMKA, TaM K ocTanyTted. [logromy npouece, passu-
BaBIIUCA nocsie yjajdeHusi Neperopoiky, HeoOpaTHM.

UTo6bl OUEHHTH BEAMYHHY (DIYKTYallMu, KOTopas Morja Obl BOCCTAHOBHTL Ha-
yaJIbHBIE YCJOBHSI B OfHOM H3 SMHKOB aHCAMGAs, BBIUHCAUM BePOSITHOCTH TOrO, 4TO-
BCE MOJIEKYJIbI, HAXOJAWHeCs B AllMKe, CHOBa coOepyTCA B €ro JeBOil 4acTH mnocie
JNOCTHIKEHUsI KOHEUHOI'O COCTOAHHA paBHoBecud. Kak cienyer H3 (43) u (44), ata Be-

POSITHOCTb paBHa o VAN
. . !

i [V 53

P; M»—Qf (——Vf ) . (45

Ouagantacruueckimana, ecnn V>V, n ecan N emnko *). Takuu oGpasom, yaanenne
11ePETOPOAKH SIBJSETCS NTPHMEePOM THRHUIOIO HeGGPATHAMOrO Mpoleccd, 1PHROAALErD
K YBeQHUeRHIO CJIyyallHOrO pacmpelleleHHst MOJEKYJ B Tase.

Pasputyio 3nech OOIIYI0 TOUKY 3PEHHST MOXHO C yCreXom fOSICHHTL
Ha JBYX NpHMEpPaX MAKPOCKONHMYECKHX CHCTeM, MEXKIY KOTOPBIMH Cy-
LIeCTByeT B3aHMOJEHCTBHE.

*) 3ameTHM, YTO B YaCTHOM CJyuae, KOIZa BHauaje SIUAK Gbl1 pa3fiesieH repero-
POJIKOH HA JiBe paBHe oRoBHHb, V=2V, Tak uto P;=2-N. 310T pe3yarTar Gl
ye nojayued B 1ape | ¢ DOMOMIBIO TIPOCTEIX COOOparKeHHH.
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MMpumep L Paccmorpum usomiposannyio cucremy A*, KGTOpas COCTOMT n3
AByx noxcucTeM; A u A’, ¢ QuKcHpOBaHHBLIMI BHewinunmil napaMeTpami. (Hampuwmep,
A u A’ MOryT GBITh KYCKOM JKeJ163a U KYCKOM JbJa CooTBeTCTBeHHO.) [Tpenmnonoxum,
910 A 4 A’ HacTOJILKO HaJleKil JIPYr OT ApYyra, uTo oOMeH JHeprucH Mem1y HEMH He-
poaMoscer, TTycTh cyulecTBYeT orpaliMuchite, 3aK.Tiodaoumeecs B TOM, 4TO sHeprus E
cuctemnt A u sneprust £’ cuctemsl A’ B OTAABHOCTH OCTAIOTCA HEH3MEHHBIMH. [Mosromy
ROCTYTIHBINK COCTOAHHSIMH TOJHOH cuctempl A* OGynyT Takne COCTOAHHA, KOTOpbie
VIOBAETBOPAIOT OrpAHHYEHHAM, 3aKJIOUAIOMMMCA B ToM, uTo cuctesnl A u A’ umeor

ornpeleeHHble 3HaUeHUA SHEPTHH, paBHble £; H E; cootetctBenHo. Eciu YHCT0 TAKHX
COCTOSIHME, ROCTYNHBIX IJisl chcrembl A*, paBHo Q% u ecan cucrena A* paxoaures
8 paBHOBecHU, TO oHa GyJNeT C papHOH BepPOATHOCTHIO HAXOLHTLCA B JOGOM H3 9THX
COCTOSTHHUIL.

Teneps monyctun, uto cucremnl A # A’ MpuBelelbl B COUPHKOCHOBEHHE M MEXKIY
HHMH RO2MOKeH OOGMeH sHepruefl. [1pm 3ToM yCTaHoOBJ/IGHHbE Bblllie OrpaHHUEHHsA OT-
nafaior: suepruy uactel A # A’ nomHoit cucrenm A¥ He J0/TKHBL (’)bITE MOCTOAHHBINI,
nocTesingoll  Tencph ABJAAETCA JIIUL IOJHAsl YHeprus (E-E") peell cucTeMsl A'*‘“.
B pesyabrate yMeHbIUEHHA OrpaHHueHdil OOGBIYHOE UNCAO JOCTYNHBIX  COCTOSTHHU

Y
///A// A*
i

Puc. 3.9. Ape cucremer, A 1 A’ Puc. 3.10. Jmsa rasa, A u A’,
¢ (UKCHPOBAIIHLIMA  BHEUIHUMI pasfesennble NOABHKHON Nepero-
napamMeTpaMHi, KOTOpble MOrYT 06- poakoii. OGbejnderHas cucrema
McHUBATbCSl dHeprue#t, OObeni- A* COCTOHT #3 ABYX clicTeM, A u
HeHuast cucTeMa A*,  cocrtosduias A’, ¥ s1BAsieTCs (I30JHPOBAHNOM.
uscucteMm A u A’ sAsasiercd H30-

JIMPOBAHHO .

*
cricressl A* cunpHO BO3pacTaer # craHosuTca pasusim Qf. [lpu sToMm (ecan  Tosbko

He 0Ka3plBAeTcA, 4TO Q?fo} leME/LICHHO TIOC/Ie OCYIIECTB/AEHUST KOHTAKTa Mexiy
A u A cucrema A* He HaxouuTcs B papHoBecud. Dueprus cucreM A n A’ meusiercs
{3Heprusi B ¢oOpMe TemIa MepexoIuT OT OIHOH CHCTeMBI K APYIOil) J0 TeX Nop, moxa
cucreMa A™ He JOCTHTHET CBOerd PaBHOBECHOTO COCTOsiHHUs, KOTJAa C pPaBHOH BepoAT-
HOCTBIO OHa GyJeT OOHapy:KeHHOH B Ji0GOM M3 JOCTYIHBIX cocTosiHuil. Temeph mpen-
110s103¢:1M, uTo cHeTeMbl A u A’ onsThb pasfedeHsl w He MOTYT GOJbUle OGMEHHRATHLCH
9Heprueii. HecMoTps 1a To, uTO NepeoHayaIbHHE OTPaHHYEHHS Telepb BOCCTAHOBJEHDI,
HauaJbHOe COCTOsIHHE cucTeMsl A He BOCCTAHOBJIEHO (€c/H TOJBKO HE OKa3blBaercs,

* *, <
uto Qp=Q;), B uacTHoCTH, CpeANee 3HaueHHe 3Hepriy s aHcambied A n A’ orau-

«aeTcsl OT HayaJbHBIX 3HaueHHii E; u E;. PaccmoTpennsiii npouecc o6Mena TernJom
MEXKJAY CHCTeMaMH sIBJAAETCA, TAKHM 00pa3oM, HeoOpaTHMbIM.

ITpuwmep II. Paccvorpnm nsonnposainyio cucremy A*, cocTosmyio H3 JABY X
rasos, A n A’, pasieseKHBIX 3aKpervieHHOI Neperopoxxoil. Jra neperopojka Jeicr-
BYeT Kak orpaHuueHie, w60 Gaaroaps efi gocTymnmble coctoauns rasos 4 u A’ nox-
YIHeHb! TOMY YC/IOBHIO, 4TO 00beM [a30B paBeH V4 u V 4+ cootserctsenHo. [lyets uncno

& W
JOCTYDHbIX cocTostHAll cretemst A* papro Qy; ecau cucremMa A* HaXopuTCsA B paBHO-

BECHH, TO OHa C PaBHON BEPOSATHOCTHIO MOMET HAXOXHTbCSA B JII0OOM U3 cocTOAHMH Q7.

[Ipeanonoxum Tenepn, 4TO Meperopoika OCBOGOKZEHA H MOXeT INepeMemllaTbCs.
Torga nHaHBUAYya/bHble 0OkeMbt 1a30B A u A’ He GyayT orpaHHueHsl 3HaUeHHAMH V 4
4 VA4r, a yncsIo JOCTYNHBIX COCTOSIHHA cHeTembl A* upe3BblyaiiHG CHJIBHO BO3PACTET

H CTaHeT DABHHIM Qf BMECTO HAYa/IbHOTO 3HaueHHA §7. Cpasy nocsie 0CBOGOXKAEHHU ST
neperopojku cucreMa A® uHe 6yneT B paBHOBecHH H MePeropojKa HaudeT IepeMe-
martecst. O6pemor cucteM A 0 A’ 6yRyT MeHAThCH [0 TeX Nop, MOKacucreMa A* e
JOCTHIHET KOHEYHOIO PABHOBECHOTO COCTOAHHA, IjJe OHA C PABHOH BEPOATHOCTLIO
MOXKeT GHITh HafifleHa B JIOGOM M3 HOBHIX XOCTYMHBIX cocToAuail. MoXHO oxHaaTh (310
OyleT noxasano B raage 6), 9TO B COCTOAHHH paBHOBeCHsl KOHeuHble 00BeMsl ra3os A
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A A’ crauyT Takumu, YTO HX Cpe[iHue JABJEHHs COBIAAYT ¥ CBOGOAHO nepeMellao-
HlasACs NMEeperopofika B KOHEUHOM MOJNOXKEHHH OKaXeTcs B PaBHOBECHM.

PaccMoTpeHHBIH mpolLiecC COBepIIEHHO HeoOpaTHM, ecu Q;>Qf OctaBuM CH-
ctemy A H30JMpPOBaHHOMN, HO ONATH 3aKpeNuM IIeperopolxy. ITHM Mbl He BOCCTAHOBHM
Haua/bHOrO COCTOSTHHSI, B KOTOpOM OGheMBl 060HX ra3oB Gblnu paBHbl V4 u V ar coot-
BETCTBEHHO.

3.7. B3aumoneicTBHE MeKAY CHCTEMaMH

B aByx npenpiAylnuX npHMepax OblTH paccMOTPEHBl B3aHMoZAeiicT-
BYIOIllHE APYT ¢ APYTOM MaKpOCKOnnueckne cuicremsl. M3yuennte Takix
B3aUMOJEiCTBHH KpaliHe BaxHO *) H Mbl 3aKOHYHM 3TY [VIaBY paccMmoTpe-
HUeM pa3fuyHeX cnoccO0B B3anMoZeHCTBHS.

PaccMoTpHM JBe MakpOCKonuueckue cucremsl, A 0 A’, KOTOpBIE MO-
I'VT B3aHMORefCTBOBATH H, CJIe0BATENBHO, OOMEHHBATHCA 3HEpTHeH
apyr ¢ apyrom. Cucrema A*, cocrosimasi ux ayx cucreM, A4 u A’,
H30/IMPOBAHAa H €€ HePIHs JOJKHA OCTaBaThes NocTosHHOM. Jlas cra-
THCTUYECKOTO ONUCAHHS B3auMoneicTaus Mexny A 0 A’ MBI pacCMOTPHM
aHcamO.1b U3 OueHb BOJBLIOrO Ylicjla CHCTeM, aHAJOTHUHBIX A* U TakxkKe
cocToAmMX U3 nap e3auMopefictByownx cucrem A n A’. Bsaumoneficr-
Bie Mexkny A u A’ He OpHBeAeT K OOMEHY TOYHO OJHMHAKOBOH 3HEpPTHH
Mexay Kaxnoi napoil A n A’ cucrem ancambasi. Vimeer, 0lHaKO, CMBIC
COPOCUTh, KAKOBa BEPOSITHOCTH Mepeladyd B Opollecce B3aHMOJAEHCTBHs
OlIpe/IeJIeHHOr0 KOJHYecTBa 3HepTHH. bosee ApoCThIM ABJIAETCS BOIPOC
O CpeJHeM 3HaYeHHH SHCPTHH, NepeiaHnoll B npouecce B3aMMoJeHCTBHA.

O6osnaunm yepes E, u E; cpersioio snepruio cuctem A 1 A’ no B3anmo-

leficTBHsA, a uepes E,u Ej— HX CPEIHIOI0 SHEPTHIO NOCJE B3AaUMOLEHCT-
Busi. Tak Kak MoJHasA 3HePrust H30JHPOBanHON cucteMbl A ¥, cocrosuiei
w3 A u A’, ocraercsi NOCTOAHHOMN, MBI LMeeM

E,+Ej=E,+E,. (46)
Takum 06p830M, H3 3aKOHa COXpaHEHHA 3Hepruu caenyer
AE + AE' =0, 47y
rje _ . B
AE=E,—E n AE'=E;—E; (48)

03Ha4alT H3MEHEHHE CpeliHel SHeprHy Kax{ao# u3 AByX chctem, A n A,

Terneps Mbl B COCTOSTHHH YTOUHUTD PACCYKAEHUSA, CAENAHHbe B 1. 1.5,
IPON3BeLs CHCTeMaTHYECKOE paCCMOTPeHHe PA3IHUHBIX ClIOCOGOB B3aHMO-
JEHCTBUS JIBYX MAaKPOCKOMHUeCKUX cHcTeM, A u A’. Mbr HagHeM ¢ uay-
YeHHS] NOBEAEHHS BHEUIHHMX [1apaMeTpoB CHCTEM B IMPOLECCE B3aMMO-
nercTeusa *¥),

*) 2TuM 3aHMMaeTCs MePMOOUHAMUKA, HEJb0 KOTOPOH sIBJSETCS MaKpOCKONU-
UeCKHH aHAJH3 TeNJIOBEIX H MeXaHHYECKHX B3aUMOAEHCTBHIl H PaccMOTPeHHe BO3MOXK-
HEBEIX CJIEJCTBHIl 3THX. B3aUMOJeHCTBHI.

**) Kak CcKasaHo B m. 3.2, BHeIIHHM MapaMeTpOM CHCTeMBl Ha3LiBaeTcss MaKpo-
CKONHYeCKHH napamerp (HanpHMep MarHuTHoe mojie B wiu ofvem V), Baustowui Ha
IBYXKEHHE YacTHI, B'CHCTEME, 4 3HAUHT, H HAa ee YDOBHH sHepruu. Jueprus E, Kam-~
JIOTO KBAHTOBOTO COCTOSIHUA 7 CHCTeMbI 3aBHCHT OT BCEX ee BHEUHHX 11apaMeTpoB.
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Tenacgoe 63aumodeticmeue. B3aumoledcTBlie MEXIY CHCTEMaME
HMeeT OCOOEHHO IIPOCTOH XapakTep, €CJAH (PHKCHPOBATb BCE BHEIIHHe
napametpsl. [1pH 3TOM ypOBHH SHEpPTHH OCTAIOTCs HeH3MeHHBIMH. Takoe
B3aUMOJeficTBHE MBI OyleM Ha3blBaTb MEHAORKIM  63QAUMOCCLICMBUCM.
Wamocrpanieil Tel0BOro B3aHMOoAeHCTBHS! ABAdeTcs npiMep I B Konue
n. 3.6. B pesyabrare Ten/soBoro B3aHmo-
NefACTBHST MPOUCXOAUT YBeJHYEHHe (CO
3HAKOM TIJIOC WJIH MHHYC) CpelHeld 3Hep- { A A A*
THH CHCTEMBl. ITO yBeJHYEHHE Mbl HA3bl-
BaeM MenAoM, NO2AOUEHHbIM CHCTEMON,
1 00biuHO o0o3HauaeM uepes . Coort-
BETCTBEHHO YMEHbILEHHE cpelHell 3Hep- ,
CHH CHCTEMB! (CO 3HAKOM TWIIOC HAM MH- 2 A A A
HYC) HA3BIBACTCS MenAoM, OMOGHHoIM CH-
creMo#i, u obosHauaercst —Q. Mnl MoO-
KeM, TakHM o0pa3oM, HalHCcaTh

Q=AE u Q'=AF’, (49) I A A A

rae Q nu Q' — Tenao, MOTJIOUIEHHOE CHC-
Temamun A n A’ coorsetcreento *). Co-
XpaHeHue s"epruy (47) tpebyer, UTOOH!

Q+Q =0, wm Q=—Q. (50)

[locsienHee BBIpa:KeHHe O3HAYaeT, 4YTO
Temo, MOTVIOIIEHHOE cHCTeMOR A, paBHO
Tenay, oTAanHOMY cHcremoit A’. B coor-
BETCTBHHU C OIpeJleIEHHEM, IDUBEACHHDIM  pyc. 3.11. Ancamons crctem A*. Kasc-
B cBA3U ¢ paBencTBoM (1.15), Mbl Hase- A2 eueTema, A* COCTOUT 03 ABYX Ci-
. , , pble MOTCYT B3aHMO-
BaeM 6oJee xom&ﬂ()u CUCTEMY, [IOTJI0- ReiicTBOBATb APYLC C JAPYroM.
LWAIOMYIO TIO/IOXKUTENbHOE KOJIHYeCTBO
TeIsia, a2 CHUCTEMY, TMOIJIOMAIOWYIO OTPHIATENbHOE KOJUUECTBO Telia
(T. €. OTHAIOULYIO TIOJOXKHUTEJbHOE KOJHUYECTBO Temnja), HashbiBaeM 6o.ee
eopauetl.

XapakTepHOH OCOGEHHOCTBIO TeIIOBOIO B3aUMOACHCTBUS, KOT/A
BCe BHEIIHHE Napamerpbl PHKCHPOBaHbI, ABJAETCS HEHSMEHHOCTb YPOB-
Hell sHepruM cucrtembl. Cpelnsiss 3HePTHs OAHOH CHCTEMBl BO3pacTaeT
3a cuet ApYyrofl, HO 3TO BO3PACTaHUe He SIBJSIETCS CJEACTBHEM M3MEH eHH st
BO3MOKHBIX ypoBHeii sHeprHH. OHO NMPOMCXOMHUT MOTOMY, Y4TO B Pe3y.ib-
TaTe B3aHMOAEHCTBUS YBE/IUYUBAETCS BEPOSITHOCTD HAXQXKIEHUS CHCTEMbl
B COCTOSIHHAX ¢ OoJsibluedl sHepruei.

Tenaosan usoaayua (uaun aduabamuueckas usorayus). Temrosoe
B3aHMOJEfiCTBHE MEXIY [BYMS CHCT€MaMH MOXKHO [pelOTBPATHTh,
TIATENBHO H30JHPOBAB HX APYT OT Apyra. Mbl roBOpHM, UTO ABE CHCTEMBI
mepmusecku, HIH aduabamu4ecku, U30AUPOBAaHb. IPYT OT APYra, ecH

*

N oA A A

*) 3ameTum, UTO YTOUHeHHe pacCyxkieHHi n. 1.5, cBA3aHHOE CO CTAaTHCTHUECKHM
paccMoTpeHHeM TPOGJEMBl, ¥ 3aK/IIOUaeTCsl B TOM, YTO ML OMpejesiseM Teluio depes
H3MeHeHHe ¢peOHeli SHEePrHH CHUCTEMBL.

A\
\
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npi GUKCHPOBAHHBIX BHEIIHHX [apaMeTpax OOMeH 3Heprueil Mmexiy
HUMH HeBoaMoxkeH *). CyIecTByIOT pa3anyHble ¢iiocoChl JOCTHYD TEII0-
BOH M30JIAIUH; CHCTEMBI MOXKHO VA2JIHTh APYT OT APYra HAH PasfielnTh
TOJCTOH 0B0JI0YKOf COOTBETCTBYIOMErO BeliecTBa (Hanpumep, acOecT WK
260HHT). O60/I0UKa HABHIBAETCS MenAous0aupyioweld, HIn aduabamuyec-
Koil, ecan JBe pasieleHHble Takoli 000,1049KOfl CHCTeMBl HaXOATCH
B TEMJIOBOH H3OJISILHH APYT OT APYTa, 1. €. eC/IH TaKHe CHCTeMbl, ObIBiLiHe
CHAYa/1a B COCTOSIHMM PABHOBECHS, OCTAIOTCS B TOM COCTOSIHHH, MOKa
BHEIIHVe napaMeTprl gprkcuposanel **). I1pouecc, KOTOpPBIA IPOHCXOAUT
B CHCTeMe, TepPMHUYECKH H30JHPOBAHHON OT IPYIHX CHCTEM, Ha3bIBAETCS
aduabumuyecKum.

E==p,B wasssie f — (g Ep-—p, B waise— P=gf
E=-081,8 E=-02u,8
9 8)

Puc. 3.12, Banande TenJOBONO B3AHMOACHCTRBHS Ha BeCbMa fIPOCTYIO CHCTeMY A, COCTOAILYO
113 e[MHCTBEHHOFO CIHHE 1/, ¢ MAarHHTHBIM MOMCHTOM W,, NOMEUICHIIONO B MarHuTHoe ose B, Ha
uuarpamme 110Ka2adbl ABa BO3MOIKHBIX YpORHS SHePrHH CHCTeMbL A ATuMm ABYM KBARTORBIM CO-
CTOSIHHSIM COOTBETCTRYIOT 3Heprud E4 u E_ . BeposiTnocTb 06HApYXKUTb A B COOTReTCTBYIOILH X
COCTOSIHHAX OGO3Haueda depes Py 0 P_, U BeJHYMna 3THX BeposITHOCTEH NpPONOPUHOHAIBHA
3aTPUXOBAHHOI UACTH TOPH3OHTAALUEIX JHHHI. YPOBUH 3HePTHH OCTAIOTCH HeHa3MCHIBIMIL,
¢CJIY BHEllHee MarHuTHoe foJie (CAHHCTBeHUbL! BHEUIHHI] napamerp CHCTeMbI) (HUKCHPOBALO.
Hauasbioe papHOBECHOE COCTOsiHHE (1) COOTBETCTBYeT CHHHY, NOMELIEHHOMY B lieKoe Teepioe
Teo. Taepﬂoe TeJI0 3aTeM noMellaeTCst 3 KHALOCTbL, U Mbl JKJAeM HACTY1JIeHUsT KOHCUHOrO paBRo-
beCHOT'O cocTosnrus (6). B 3TOM npouecce CiiMH ClCTeMbl A MOFOMAeT TENRO OT CHCTeMBE A7, co-
cTOsIeli M3 TBEPLOTO TeNa U KHAKOCTH. IlpH yka3auublX Ha AnarpaMMe H3MEHEHHsiX BepOATHOCT
Temo @, norgomeHHoe cucremoit A, panuo @ =0,6 WeB.

Aduabamuueckoe e3aumodeticmeue. JIBe TepMuyecKi H30MUPOBAHHLIZ
cuctembl, A M A', BCE XKe MOTY1 B3aUMOIEACTBOBATb H OOMEHHBATLCS
sHepruefl, ec/iu U3MEHSACTCS XOTA Obl OIMH 03 HX BHELIHHX 1aPaMeTpoB.
MBI HA3BIBAEM TaKoe B3apMojelcTBHe aduabamuueckum 3aumodedicm-
suen. {[IpuMepom azHaGaTHYeCKOro B3aHMOeHCTBiH OyJIeT Npumep i3
n. 3.6, ecau NOABHXKHYIO NEPErOPOLKY CAGNATD H3 TEIJIOU30AUD YIOErs
matepuana.] Bospacranue (mosioxuTeNbHOE MAH OTPHLATEIBHOE) Cpeil-
Hefi 3HepruM afHabaTHUeCKU H3CJAUPOBAHHOH CHCTEME! Ha3bBaeTCs
narpockonuueckoll pabomoti, coseputertol Had cucmemoli***); Mt 6y1eM

*) CiroBo aduabamuueckui O3HAYaeT «TeNJIO He MOXET NPOXOJHTbY ¥ NPOHCXO-
aut or rpedeckoro adiabatikos (a= ne-r-dia==uepes--bainein==npoxonurs). Mrt Bcer-
na GylieM yIoTpeGasiTh er0 HMEHHO B TAKOM CMBIC/IE, XOTSt HHOTAA B (DU3HKE €ro UCIONb-
3YIOT 1A 06G03HayeHust APYTOrG NOHATHA.

**) Ecan o6os104Ka He sIBJsieTCsl TelJIOU30AupYlowel, Mbl TOBOPHUM, 4YTO OHA
menaonposooHa.

#*#) Makpockonuueckas paforTa, onpee/eHHAs uepe3 H3MEHeHHe cpedHeld 3Hep-
[HH, SIBJIAETCA CTATHCTHYECKOH BeAMYMHON, paBHOH cpejHeMy 3HaueHul0 paGoTHI,
npox3BefleHHOH Hajl Kamxnoi cucTemofl ancambGiasi. Bo Becex ciryuasx,sKorja 3to He Mo-
»KeT BbI3BaTh OMIMOKHM, Mbl OylleM 0603HauaTb OnpeleeHHYI0 TaKHM 00pa3oM Makpo-
CKONHYecKylo paoTy TepMHHOM paboma.
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o0o3HayaTh 3Ty BeanuuHy uepe3 W. CooTBeTCTBEHHO YMeHblLeHHe (Mo-
JIOXKHTe/IBHOE HJH OTpHUATeJbHOe) CpelHeil 31epIHi CHCTEMBI HOCHT Ha-
3BaHMe MaKpockonuueckoti pabomot, cosepuieHMol cucmemoti, W 060-
sHayaetrcsst — W. Mbl MOKeM Hanicath

W=AE u W’'=AE (51)
A pa6OTb1, [IpoOU3BeaeHHOR Hal cucteMany A o A’ coorBeTcTBEHHO.

E=1t,8, %—— P=(1

E=p)8 =01
E+=—lu0£ Y Aesli 2772777 5 Ff_:g}g
E=—- B (7777777477777 7738 F=07.9
F=-08,8 + Faobr -
5
Erpby “—— P03

E=-04p,8
§)

Puc. 3.13. Brusande agnabaTHiecKOro B3aHMOAeNCTRH Ha OYellh MPOCTYI0 CHCTeMy A, coctoamyio
na cnuHa !/, ¢ MaCHATHBIM MOMEHTOM g, NOMEUIEHHYIO B MaruutHoe 1ode 8. Hauansnoe nosome-
Hue ¥ ofosnaucHisa Te XKe, 4TO # Ha puc, 3.12, Ho cnud apuabatuuecky usonuporad. Ilpesnodo-
JKUM, UTO MarunTHoe foje B H3MEHAETCs € NMOMOUbIO 3JeKTpoMariuta. Beduunua c oBeplrienroi
paboTsl 3aBMCHT OT XapaKrepa npoucXofslero npouecca. Ha pHcyHKe (6) NOKa3ano K OHeYHOe pas-
HOBEeCHOe coCcTosHHe, ofpasylolieecs! NPY OYeHb Me/JIeHHOM H3MeHCHIM nods oT B go B,. Pa6aray,
coBeplUenHas HaX CHCTeMoit A, B 5TOM ciyuae pasia W=--0,8 W,(B,;—B). Ha paucyuxe (s) noxasa-
HO KOHEUHOe PABHOBECHOE COCTOsIHWE, O6pa3ylomeecsi B TOM cjydyae, ec/d H3MeHeHHe ToJsi OT
B 1o B, npouCXOLHT HEKOTOPHIM NPOU3BOMLULIM 06paszoM. Pabora, CoBeplieHH ast B 3TOM YACTHOM
. cayuae. pasHa W=—0,4 WeB,;+0.8 u,B

Ecan cocraBhas cucrema A-+A’ nsoaupoBana, To COXpaHeHHe SHEPTHH
(47) TpeGyer, d9TOODLI :
W+ W =0, (52)
HJIH
= V '.

Tocsientee u3 3THX ABYX PaBeHCTB O3HauaeT, uTO pafoTa, NPOU3BeAeil-
Has Haj OJHOH cucremoil, paBHa pafoTe, NP OM3BEACHHOH JAPYroi ci-
CTeMOT!.

Annabarndeckoe B3aMMOJEHCTBHE CBS3aHO C H3MEHEHHEM BHEMIHHX
napaMeTpoB cHcTeMbl. [lOSTOMY .B npouecce TAKOrO B3aHMOLEHCTBHS
NPOUCXOAUT H3MEeHEHHe M0 KpafiHelf Mepe HEKOTOpPBIX yPOBHEH 3Hepruy
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B3auMozeicTBYOmX cucreM. CpenHsisi 3HEpPrus B3aHMOAEHCTBYIOLIMX
CHCTEM IIPH 3TOM M3MEHSIETCS, BO-NIEPBLIX, [IOTOMY, YTO MEHSIETCH SHEPTHA
BCeX KBAHTOBLIX COCTOSIHMIT H, BO-BTOPBIX, H3-32 HSMEHEHHS BEPOATHOCTH
HAXOXKIEHH CHCTEMBL B JIOGOM H3 3THX COCTOAHHE *).
Bsaunodeticmsue ¢ obuen cayqae. B obiuieM ciyuae B3aUMOAEHCTBYIO-
IIHEe CHCTeMBI HE SBASIOTCS aAHabaTHYeCKH H3OJMPOBAHHBIMH M HX
BHELIHHE [1apaMeTPsl HE OCTAIOTCH MOCTOSIHHBIMH., B 3TOM cayuae, ode-
BH/HO, [OJIHOE H3MeHeHHe cpelHell SHepPriH B3anMojelcTByIOUEl cl-
CTEMBI, HanpHMep CHCTenbl A, MOMHO 3amlCaTh B BUJIE CYMMBL

AE=W 1Q. (53)

3neck W o3nauaer usneneniie CPGZIHQIUK ueprin, CBsA3aHHOE C H3MEHEe-
HHEM BHEIUIHHX NapaMeTpoB CHCTEMBI, a Q —~ H3MEeHeHHue cpermeﬁ 3HEp-
THH, HE 3aBUCAIIee OT H3MEHCHHS BHEUIHHX [apaMeTpoB. Pasnoxenue

(63) Benuunst AE Ha pafoty W, npousseienuylo Hal CHCTEMOH, H Ha
TEemo ), MOIVIOUIEHHOE €10, HMELT CMBICJ, €CIH 3TH COCTABJSIONIHE MOXK-
HO pas3leluTh dKCHepHMeHTasbHO. Jlomycruy, uro chncrema A B3aumo-
JefictByer ¢ aByMs cucresami. OnHa H3 nux, A}, otaenesa or A tepmo-
U30AUpYIOUICH 060/M0YKO, 8 y APYrofl cHeTenpl, A,, BHELIHHE NTapaMeTphl
¢dukcHposansl. B 3T0M cayuae passoxenue (53) HMEET NPOCTOH CMBICJ:
ero mepBuifl ujgeH paBed pafore, NpOH3BeleHHOH mepBoii cucremoit A
(uu  yMEHbLIEHHIO ee CpejHeH B3Hepruu), Koropas aauadaTHudecKi
H3G.(1POBAHA, a BTOPOH u/eH paBeH TerJy, OTAAHHOMY clicTeMo# A,
(nM yMeHBIUEHHIO ee CPefHeH SHePTHH), BHEIIHHE napamMerpbl KOTopoi
(UKCHPOBAHEL. ‘

[To wucTOpHuecKHM InpHuYHHANM BoipaxKenue (B3) HOCHT HA3BaHHe
nepeozo 3axoHa mepmoduranuru. OHO YCTAHABIUBAET PASIUUHE MEXKLY
padoroit M Tem/oM, Kak (JODMAMH SHepPTHH, NepefalolHMUCS cCicTeMe
pasaHYHBIME criocofamil. Tak Kak pafora U TenJo siBjisirorcs opMmanmil
SHEPTHH, 3TH BEJHYHHLI H3MEPSIOTCS B €MHHLAX SHEPTHH, Hanpumep
B 3prax WJu JKOyJasiX **),

becrorneuno maroe usmenenue cocmosanus 6 obujem cayqae. Tlpouecc
B3aHUMOJEHCTBUSl OCOOEHHO MpPOCT, €C/H OH NMpPHBOAHT K OeCKOHEUHO
MaJsIbIM “H3MeHEHHSIM. JTO O3HayaeT, 4TO Haya/bHOE MaKpOCKOMHUYEeCKoe
COCTOSIHHE CHCTEMBI GECKOHEYHO MaJIO OTJHYAETCs OT ee KOHEYHOro Co-
crosiuust, TIpy 3TOM 3HEprusi M BHELIHHE napaMeTphbl CHCTEMBI B ee KOHeu-
HOM MaKpOCOCTOSIHHH OUeHb MaJ10 OTJIHYAIOTCS OT 3HAUEHHH 3THX BeJIHUHH
B HayaJLHOM MaKpOCOCTOsiHHM. BeckoHneuno Masioe yBesuyeHHe cpenHei

*)} O6paTnM BHHMAHNE HAa CreunaabHBil cayudail. [lycrb cucTema maxonuTest B
TOYHOM KBAaHTOBOM COCTOSIHHH, SHEPTHS KOTOPOIO 34BMCHT OT BHEILIHHX NAPaMeTpoB.
Toria oHa NPOCTO OCTAHETCA B 3TOM COCTOSIHHH M ee FHeprHs MSMEHHTCH B COOTBETCT-
BHH € H3MeHeHHeM BHEIIHErO NapaMeTpa, ecsid nocefnuil 6ynetT MeHATLCS QOCMAmO4HO
MEOACHHO.

*#) B crapoi dusnueckoil JHTepaType 1 [axe B COBPeMeHHOH XHMHUeCKOil TeIJIoTy
H3MepHAIOT B Kaiopuax. ta eaunuua oouia BBefieHa B XVIII Beke, Koraa ewe He oco-
3HaJH, 4TO TemIoTa ecth opma sHeprud. CoBpemeHHOe onpedeterue KajJopud CAeLYIO-
wee: 1 kanopusn=4,184 mpxoynas (touno!).
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3HEPTHH CHCTeMBl MBI 0003HauHM depe3 dE. Hdast o6o3navenus Geckoney-
HO MaJsiol paboThl, COBEPHIEHHOH HaA CHCTeMOH, OygeM MM0/1b30BaThCS
cumBosiom d W Bmecto WA Cienyer cpasy OTMETHTb, urto BeniugnnHa dW
He SIBJISIETCS PasHOCTbIO (AudxbepeHLinanom) ABYX pabor. HeficTBHTENBHO,
pabora eCTb BEIHUNHHA, 3aBUCSIIAS OT CAMOTO MPOLECCa B3aUMOJeUCTBHS,
MEI He MOKeM TOBOPHTb O paloTe 0 U [0CJ/e NPOLecca HiH O PasHOCTH
3THX BeJUYHH. AHaJOTHYHOE 3aMeuanye OTHOCHTCSt W K enuunne 4 @Q,
KOTOpast sIBJsIeTCsi GECKOHEYHO MaJbIM KOJHUECTBOM Telsia, NOIVIOHIeH-
HbIM 8 npoyecce, HO He OYIeT pa3HOCThIO (AuddeperInaloM) KOJIHUECTB
TermJoThl. MMes B BHAY 5TH 3aMeuaHHsi, Mbl MOXKeM 3aIlicaTh DepBBil
3aKOH TEPMOJMHAMHUKH [/ GeCKOHEUHO MaJOTO H3MEHEHHS COCTOSHHS
B CJENVIOIEM BHAE:

dE =dW 4 dQ. (54y

3aveuanue [loyydTessHo paccyoTpeTb GeCKOHedHO Majoe u3MeHeHue
COCTOAHUS CO CTATHCTHUECKOH TOUKH 3peHuA. JlONycTHM, YTO mpoilecC MPOHCXOANT
KBA3HCTATHYECKH, T. €. HACTOJIBKO MeJUIEHHO, UTO CHCTEMa BCe BpeMst Ouelb 6/1M3Ka K
coctonHuio pasHoBecusi. OGo3HaulM udepe3 P, BeposiTHOCTb HaxomAeHHst cHCTears! A
# COCTOSIHMH 7, 3Heprust Kotoporo L, CpelHsifl 3Lepris CHCTeMbl, [0 onpeilene-
HHIO, paBHa

E= Z’ P,E,, (55)

rje CyMMHpOBaHHe [POH3BOIHTCS 1O BCCM 7 BO3MOAKHBIM COCTOSHHSIM CHCTeMBl. B Gec-
KOHEUHO MaJIoM npouecce 3ueprus £, MeHAeTCs Ha Masiyto BeJHUHHY, BO-TIEepPBBIX, H3-3a
H3MeHeHHA BHEUIHHX BapaMeTPOB H, BO-BTOPBIX, 113-33 H3MeHEHHH BepOSITHOCTH P .
[MosToMy MoiHoe n3MeHeHie SHCPTHH B TAKOM NpoLecce MOXET GbThb 3alHCAHO B BHJe
Inudipeperinana ~ ,

dE:}r_‘(P,dE,—F E, dP,). (55):

[loraowennie Tenna ozHauaeT BO3pacTaHlle CPelHeH HEPTUKH TpH (PHKCHPOBAHULIX
BHOLIHHK Napamerpax U DaBHO NO3TOMY RTOPOMY WieHY B npasoli uacti (56). Mu
MOKEM 3anucaTtb
.
p— > =4
dQ = X E, dP,. (67)

ra

Beckoneuno manas paborTa, mpousBepeHHasi Hajl CHCTeMO#, paBHA
r e W\
AW =dE—dQ =X, P, dE,, (58)

4TO TpencTasisier coboil U3neHenHe cpeitell 3Hepruy, BO3HIKalomee OT CABUTA YPOB-
vefi. CABUr ypoBHEH IHEPIHH MPOUCXOAHT OT GCCKOHEYHO MAJTOr0 U3MEHEHMS BHEUIHHX
napamerpos. [Ipu 3TOM BepoATHoOCTh P, coxpaHsieT cBoe nepBoHayalbHOe 3Hauelllie,.
OTBeyalomee PABHOBECHOMY COCTOSIHHIO.

Ceoaka onpegeaenuii (HekoTopbie u3 3THX onpeleleruil ABASIOTCS.
YTOUHEHHBIM BapHAHTOM oOnpellefieddil H3 NPeIbUIYAUHX [J1aB.)

Muxpococmosnue (uau npocmo cocmosrue). OnpejeieHHOe KBAUTOBOE COCTOSIHHe
cucTemel. OHO COOTReTCTBYeT HauGO/iee MOAPOGHOMY ONHCAHHIO CUCTEMbl, AONYCKa-
€MOMY KBaHTOBOI MeXdHHKOIl.

Maxpococmosnue (uiu maxpockonudeckoe cocmosrue). Tloinoe onucanne CHCTEMb!
uepe3 MaKpOCKOMMHECKH H3MepReMble [1apameTphl.

Hocmynuoe cocmosnrue. JhioGoe MHKPOCOCTOSIHHE, B KOTOPOM CHCTEMa MOXeET
HAXOAHTbC 6Ge3 NPOTHBOPeUUA C JAHHBIMH O ee MAKPOCKOMHYECKOM COCTOSTHHH.
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Yucao cmeneneid c8060dpt. Urcso pasmuyHeIX KBAHTOBBIX 4YHCe, HEOOXOIHMBIX
JUISL MOJIHOTO ONMCAHHS MHKPOCOCTOSIHMA cucTeMbl. OHO paBHO YHCJY He3aBHCHMBIX
KOOpAMHAT (BKJIOUAsi CIIHHOBBIE) BCEX WYACTHI CHCTEMBI.

Brewnuti ngpamemp. MaxpockonHuecKuil napamerp, KOTODHIH BJHsieT Ha JBH-
JKeHHe 4acTHIL B CHCTeMe, a TeM CaMbiM H Ha SHEPTHIO BO3MOXHBIX KBAHTOBEIX COCTOS-
HHH CUCTEMBI.

Hsoauposannan cucmema. Cacrema, He B3auMOJEiICTBYIOULAsl, a CJIeOBaTesbHO,
H He 0OMeHHBAIOWAACH SHeprHell ¢ JHOGHIMH APYTHMH CHCTeMamH.

Hoanan snepzus cucmemvt. CyMmMa KUBETHYECKOY H NOTeHIMAAbHOI HePIHH BeeX
YacTHL, CHCTEMBI.

Brymperinna suepeus cucmempt. IlofHas SHeprHs CHCTeMEI, ¥3MepeHHas B CH-
creMe KOODAHHAT, B KOTOpOH LEHTP MacC CHCTeMbl HeloABUIKEH.

Pagrosecue. H30mupoBaHHAA CHCTeMA HaXOJUTCH B PABHOBECHH, eC/AH BepOAT-
HOCTb HAaXOXKJEHHS CACTEME! B JII060OM H3 JOCTYIHBIX COCTOSHHI He 3aBHCHT OT BpeMeHH.
(ITpa stoM cpepnHe 3HAYEHHS BCeX MAKDOCKONHYECKUX [1aDaMETPOB CHCTEMBI HE
3ABHCAT OT BpeMeHH.)

Ocparuyerue. MaKpocKONHYECKOE YCJAOBHe, KOTODOMY TNOJAYHHEHA CHCTeMa.

Hecbpamumwii npoyece. Tlponecc, npd KOTOpOM HayadbHAS CHTYAIHs, CYLIECT-
BOBABIIAs B arcambie WU30AUPOBAHHLIX CHCTEM, HOABEPMKEHHBIX 3TOMY HpOleccy, He
MOXKET OblTh BOCCTAHOBJIEHA IPOCTHIM HAJIOMKeHHeM OrpaHuyeHHl.

O6pamunetli npoyecc. Tlpolecc, mpH KoTopom HayalbHasi CUTYAUMs B axcambae
UB0AUPOBAHHALY CUCTEM, NMOJBEDAEHHBIX 3TOMY IPOLEcCY, MOKeT GbiTb BOCCTAHOBJEHA
NIPOCTHIM HAJIONEHHEM OTpaHHueHHH.

Tenaocsoe ecaunodeticmaue. BaaunonelicTBue, NPH KOTOPOM BHELIHHE NapaMeTphi
{a crenoBaTebHO, H YPOBHH SHEPrHH) B3aHMOEACTBYIOUIMX CHCTEM OCTAIOTCSH HEH3-
MEeHHBIMH.

Aduadamuseckaa uzoasyus (uiuw meniosan uzoaayus). CucreMa HasulBaeTcst agua-
6aTHYeCK: H3CIMPOBAHHON, ec/W OHA He HAXOAMTCSl B TENJoBOM B3auMOZelicTBHM ¢
JIPYTHMH CHCTEMAMH.

Aduabamuseckoe e3aumodzicmeue. Bianmogeficteie, npn KOTOpoM B3auMojelicT-
BYIOULHE CHCTEMB! aAHa0aTHYeCKH H30JHpoBaHul. B aToM cilyuae npollecc B3anmoneficr-
BUsl BHI3bIBAET H3MEHEHUWe HEKOTOPBIX BHEIIHHX [aPAMETPOB CHCTEMbi.

Tenao, noasowerroe cucmemol. YBenuseHHe CpelHeld HepTHH CHCTeMbl, BHellHue
napaMerpsl KOTOpOH (UKCHPOBAHHL.

Paboma, npoussedernas Had cucmenmod. YBeawueHne cpelHell sHepruu annata-
THYECKH H30JHPOBAHHOH CHCTEMBI

X0400Hnti. CpaBHHTebHBUI TePMUH, XapakTepHaylowuid oObekT (CrcreMy),
KOTOPBIA NOMVIOWAeT MOJOKITENLHOe TEIWIO TIPH TEMOBOM B3aHMOEHCTBHH C JPYTHM
o6bexToM (CHCTeMOI).

Tenavid (uaw eopauuid). CpaBHUTENbHBIH TepMHH, Xap4KTepH3YIOWIMI OObeKFP
(cucreny), KOTOPHIH OTHAET MOJONKHTENIbHOE TENVIO NIPH TellJIOBOM B3auMONeliCTBHA
¢ ApYrHM o6beKToM (CHCTeMO).

OcHoBHble (opMynnt
Cesisb Mexny sueprueff, padoTofl W TemJiom

AE=W +Q. M
3anaun

3.1. [pocmoid npumep menaoso20 pasrosecus. PaccMOTPHM CHCTeMy CIIHHOB,
npuBeieHHyi0 B'Talr1. 3.3. JlonycTHM, YTo BHauaje, Korga cucreMsl A u A’ 6ulTH pas-
JieJIeHbl, H3MEPeHHs Jaau AJIst TIOMTHOTO MarHHTHOI'O MomeHTa cucteM A B A’ 3Hauenus,
paBHbie —3ly H -|4l, COOTBETCTBEHHO. 3aTeM MEXKAY CHCTEMaMH OCYWeCTBJSETCH
TENJOBOH KOHTAKT M OHH OOMEHHBAIOTCA 3HEPTHAMH, NOKAa He HACTYMHT KOHeyHOe
PaBHOBECHOe COCTOSTHHE. BBIUHC/HTe JJIT 3TOr0 COCTOSTHHS:

a) Bepoarsocts P(M) Toro, uro nosHeifl MarHWTHBIR MOMEHT CHCTeMbl A npumer
Jiofoe U3 BOSMOMKHBIX 3HAYeHHH

6) CpezHee 3HayeHHe M MOJNHOTO MATHHTHOTO MOMeHTa CHCTeMB A.

B) IIpeanonoxuM, YTo Tenepb CHCTEMa CHOBA pasjefeHa, TaK 4YTo o6MeH 2HeprHel

crajg sesoaMoxkeH. Kaxosol -3Hauerus P(M) u M cuctemu A nocse pasfesieHus?

138,



. EQurcmeenteli cnur 8 menaosos KOHManme ¢ HeGoabIOol Clcmesol cnuHtos.
ﬂycrb CHCTema A CcOCTOHT M3 OJHOrO CHHHA, PABHOrO 1/2, ¢ MATHUTHBIM MOMEHTOM M,
a cHerema A’ coftep:KUT TPH TaKMX CNHHA. O6e CHCTeMbl HAXOASTCSA B MarHATHOM HOJe
B. Cucremer A u A’ Haxo#sTCs B TENIOBOM KOHTAKTE H MOTYT OGMEHHBATLCHA SHEPIHEN.
Tpepnosioxum, 4To, KOTAa MAarHUTHbI MOMEHT chgTembi A Hanpabien Beepx (T. e. A
HAXOJUTCH B COCTOAHHH -I-), Yy cHcrembi A’ B4 MAarHUTHBIX MOMEHTa HalpaBJjeHb!
BBepX, a TPeTUH MOMEHT HanpaslleH BHH3. BoiyscanTe moaHoe yHCJAO AOCTYHHEIX CO-
crosuil ciomuol cucremul (A4 A'), Korna MoMment cHeremsl A HampabieH BBepX H
KOrga oH HampagjeH Buus. Hailizute oruowenue P_/P., rae P .— BeposTHOCTH
TOTO, YTO CIUH cHcTeMbl A Hampasiden BBepX, a P_ — suus. Cucremy (A+A") cyu-
TaliTe H30JHPOBAHHOM.

3.3, Eduncmeennvid enux 6 menaosos KOHmaskme ¢ G0A6wiol cucmemol cnuxos.
O6o6wun NpeIsAyIyo 3ajauy, paccMoTpes cayvdail, Korja BTOpAS CHCTEM3, A,
CONEPXKHT NPOHIBOJLHO GONbINOC YHCAO N crunos 1/2, KawABA M3 KOTOPEIX HMeer
MArHHTHBIA MOMEHT go. OGe cuereMbl, A H A, nonemens: B MarunTuoe nojge B ¥ Haxo-
JIITCSL B«TeINIOBOM KOHTaxTe, ofecreynsaioiieM croGoiubii ofMen sHeprueii. Ecan
MOMEHT CHCTEeMEL A Hanpas/eH BBepX, TO 1 MOMCHTOB cucTembt A’ Hampasieus! BBepX,
a ocraipHble n'=AN-—n wuanpasielbl BHH3.

a) Haiiaure. yucso gocTynHeix cocrostiuifi caoxuoit ciucremst (A4-A”), xoraa
cnnd A Hampasfded BBepX. 3T0 YHCJAO PABHO UMCIY ¢nocoGoB, KOTOpeIM N CIHHOB
cucteMbl A MoryT GLITh PAcCHONOKEHL TaK, UYToOB N H3 HHX CMOTDPEIO BBepX M
17 — BHHB.

8) [lyets MoneHT cuetembl A Hanpasden srus. Tlosnast sHepris CJI0KHON cCHCTeMbL
(/H-A’) J0JIKHA, Pa3yMeercst, oCTaTbCs Hel3MCeHHOM. CKOJMIbKCQ MOMeHTOB cHereMbl A’
Teneph HANDABIEHH BBEPX M CKOILKO BHH3? Hailunte uncaio gocrynHbix cocrosimil
s caokuoll cucrevsl (A-4-A') 8 arom cayuae.

3) Bouneaure orsoutenue P_/P ., ri¢ P_— BepOSITHOCTb TOTO, HTO MOMEHT A
HanpaBJieH BHH3, a P, COOTBETCTBEHIIO, BBCPX. )npocrme 10JAYUeHHBIT Pe3yJibTaT,
POCHOML3OBABMIMCL TeM, uT0 A3t u n'31. Eeaw n>n’, To GyHeT /i oTHOWeHMS

P_/P, 0oabiie HAH MeHbiie [?

3.4. OGobujerue npedvidymed 3adayu. Ilyers B npelbiyuiefl 3agave MarHnTHBIR
MOMeHT cucTembl A pasen 2. Bruuucaite oThoweuwe P_/P .. BeposTHOCTe# TOrO,
YTO 3TOT MOMEHT HANpaBJeH BHHM3 HAH BBEpX.

3.5. ITpousgoabuas cucmema 8 mefirog0s KOHMaxme ¢ 601611080 CLUCEMOL CUUNOB.
Paccyxaenust npenbuiymedl sanaiu JAerko paclpocTpaHuTh Ha Oodsee obmufi cayuaii.
PaccyotphM o6y cHereMy A, KOTOpast MOKeT OblTb OJMHOUHBIM aTOMOM MM MaK-
pockonuyeckoil cucTemoi. IlycTh sta cherevma A HaxonuTes B TeNJOBOM KONTaKTe C
cucremoit A, ¢ xoropoii oHa mokeT oBMeHHBaTbes 3Heprieit. Jomyetam, 4ro cucteMa
A’ waxoautes B maradtHoM node B u cocrout uz N cnuuos /2, KaxIslil H3 KOTOPLIX
06najaeT MaCHATHBIM MOMEHTOM W,. Yucio N nycrs Syder odehb GOJbLINM NO Cpas-
HEHHIO C YHGIOM CTefeHell cBOGOAB OTHOCHTCALHO TOPAa3f0 MeHblued cucTeMbl A.
ﬂpennonomnm 4TO KOTAA cucTeMa A HaXOZHTCS B HaWHH3ILIEM COCTOAHHH 3teprun Fy,
y cHcreMsl A’ 7 MOMeHTOB HATIDAB/IENbI BBEPX, 4 OCTajbHbIE 7 '=N—n MOMeHTOB —
BHu3. 3amerun, 9t0 n3>1 B #'>]1, TaK Kak BCE YHCIA OYEHb BEJMKH.

a) Jdaa cayuast, KornachcremMa A HAXOIHTCS B COCTOSIHHH C HaHMeHbIIel 3Hep-
rueli Fy, naiigdte NOJHOE YHCJIO COCTOSHMN, JOCTYNHbIX COCTaBHOH cucreme (A--A' ).

6) [pexnosomuM Tenepb, yTo cuctema A HAXOIMTCH B HEKOTOPOM JAPYFOM CO-
CTOSTHHM r, TAe OHA HMeeT 3Hepruio £,, 60apiyio, dem £, UTo6bl nomHast 3Heprus
coctaBHoll crcremsl (A--A") He wamensnach, 8 A’ cucteme (n--An) MOMEHTOB JOJXKHLI
OblTb HanpaBieHsl BBepX, a (n—~An) — Buus. Boipasute An uepes pasHoCTb SHEPTHIT
(E,—E,). Moxere cunrarth, uto (£,—L3)>>10B.

B) Hafigute nosiHOe YHC/AO JOCTYIIHBIX COCTOSTHHI COCTABHON CHCTeMBI (A+A ),
ecnn cHcteMa A HaxXoAauTCs B COCTOSIHMH r € sHepruefl E,.

r) OGo3HayHM gepes Py B P, BEeposTHOCTb TOrO, UTO cHCTeMa A HaXORHTCA B CO-
cTosHUAX ¢ ueprHeli Ey u E, coorserctenno. Hafinute otHowenne P,/Pg, uchodb-
30BaB npubmixkende An<n ! An<n'.

1) Bocnosb3o8aBIIHCh ITONYUCHHBIM PE3YJILTATOM, NOKAXKHTE, 4TO Bepox’mocrb P,
HaxoxkJeHns cHcrembl A B.cocrosum ¢ SHeereH E, umeer BHJ .

P,:Ce‘
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rie C — Ko3Q}HUHEHT NPONOPUHOHATLHOCTH. Buipasite P uepes pgB u  oTHOWe-
uue n/n’.

¢) Kakos ssax P, ecam n>n'? Jonyctum, uto cocefliHe YpOBHH SHeprun E,
cHcreMbl A OTCTOST APYT OT Jpyra Ha HOCTOSIHHYIO BeJHYHHY & (HanpHMep, cHcTema A
MOXKeT GbiTb TapMOHHUECKHM OCLIIIATOPON). B aton ciyvae £,~=a-}+br, rie r=0, 1, 2,
3, ..., 4 BeIHUHHA @ — HeKoTopas nocrosiiHasd. CpaBHHTe BEPOATHOCTb HAXOXKIEHUS
CHCTeMBl A B JMOGOM H3 COCTOSHHH 7 C BePOSITHOCTHIO €e HAXOXKAEHHS B COCTOSTHHH
HaumeHbieli sneprun r=0.

3.6. [Hasaerue, cozdasaenoe ulearvHvim 2a30m (K8AHMOBOMexariuueckKull paciem).
Paccyotpus ofyHOYHYIO 4acTHIY € Maccoll m, HOMelUleHHYI0 B SIHK CO CTOPOHaMH
Ly Ly, L,. Tpenofoxuy, 4TO 9Ta UACTHLA HAXOUTCA B KBAHTOBOM COCTOSHHH 7,
OTIpefie/IAeMOM TpeMA KBAHTOBHIMH UHCIAAMH Ty, fly, Ny JHEPTUs 3TOTO COCTOSHHA
E, naercs dopmyaofi (15).

YacTuila, HAXOASWASCS B JAHHOM COCTOSHWH 7, NefiCTBYeT HA MPaBYiO CTEHKY
suka (T. e, Ha CTeHKY ¢ X=L) ¢ cuioil F, B HanpaBieHHy X. Dr1a cTeHKa AedcTBYeT
Ha yacTHOy ¢ cwiodl —F, (1. e.'B HanpaBiewud —x). Eciu npasas cremka supka
MeJVIEHHO cMeluaercsl BIpaBo Ha paccrosinue dLy, To paGora, cosepluaeMas Haj Ya-
sTHRed B cocTesiHHM 1, pasHa —F L . Dra pabora noskna OHITL paBHA BO3pacTaHHIO
cHepriH df, uacTullel B paccMaTpusaeMom cocTosiiuH. Takum oGpasow,

dE,=—F . dL,, {1

% cuia F,, NCTHITEIBaEMAs YACTHIEH B COCTOSTHMH 7, CBA34HA C ee sHeprueil £, B 3TOM
COCTOSIHUH CJICAYIOLWHM BbIDAXKEHUEM:
’ oF
Fp=——L. 11
r= oL, (h

Mpl HanucasaM 37leCh YACTHYIO NPOM3BOAHYI0, TAK KaK B HAIIEN pPACCYXIACHHH M-
HEI Ly H L, OCTaBa/IHCh lieH3MEHHDbIMH,

a)” BocnoabsosaBiuuch (11) n Beipakenvem (15) gnst sHepruu, seruucaute cuay F,
C KOTOPOii 4aCTHLA, HAXOAFWASCA B COCTOAHHH C KBAHTOBBIMH MHCAAMH Ny, My, Mg,
LeficTByeT Ha MNpaBYl0 CTEHKY.

6) TIpeamosouM, YTO YACTHLA He M30JIMpUBaHA, a SIBJASETCS ONHOH M3 MHOTHX
YacTHIl, O6Pa3yIOWKX a3, 3aKMoueHHbi B swhKe. OHA B COCTOSHHH caaGo B3aHMO-
1eHCTBOBATL C APYTHMH YAaCTHIAMH H ITOITOMY MOMKET OKa3aTbCH B JIOGOM H3 KBaHTO-
BbIX COCTOSIHRE, OTIPENAseMBbIX DASAHYREIMA SHAUCHRSIMU Ny, N, N, Buipasure cpen-

HIOIO CHJTY F, ¢ koropoii yacThua fcfiCTBYeT Ha CTEHKy, uepes nZ. JonycTtute ans yn-

POIeHHs 3aJaUH, HTO AUME npencTaBaser coboil Ky6, Tak uto L=L,=L,=L. U3
2_3__ 9 .

CHMMETPHH 3alauu CclexyeT, UTo Ay==ng=n,. Bocnonbsyfitechb pesy/nTartons, uTobH

cBasath F co cpenHedi sHeprueil E 4acTuiibl.

B) Ecuit ras cocront u3 N OJHHAKOBEIX HaCTHII, CPeAHSIA CH/A OT BCEX 3THX HACTHIL
paBHa NF. TloxaxuTe, 4ro CpefHee jAaBjeHWe rasa (T. e. CPelHssi CHJa, C KOTOPOH
ras pgefictByer Ha eIMHHLY NOBEPXHOCIM CTEHKH) PaBHO

2

T E, (111

. P =

<l=

rie [ — cpeluasi SHeprus OAHON 4YacTHIE rasa.

t) 3amerste, yro pesyabrar (I11) cosnagaer c (1.21), nonyuennsM B npuGnuxe-
HHH KJACCHYeCKOH MeXaHUKH.

3.7. Tunuunoe wucro ocmynubix cocmoanuid 0aa morexyant 2asza. Popmyaa (111)
npefbipyuieli 3afauu uin dopmyaa (1.21) MO3BOMAIOT HAM OLEHUTL CPEAHIOID IHEPTUIO
Ta3oBOH MOJIEKYJIbl, Hanpumep, MoJekyJnl asota (N,) NpH KOMHATHOH TemIeparype.
3uas JOTHOCTb H NaBJIEHAE 5TOTO [43a, Mbl HaflAeM, YTO CPE/HAS SHEPTUsT MOJEKYJIbl
E fom. (1.28)] Gnmska x 6-10-14 ape, _

a) Cocunrafite, BOCHO/IBL3OBABIUHCH (31), 4yncno cocrosuuit O(E) ¢ swepruei,
meHbllell £, NOCTYNHBIX MoJeKyJse, 3akJ/IOueHHOR B simHK ofbemoM 1 2 (103 ca3).
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6) BuiGepem HeGosbluoil uurepsan sueprun 8L==10-24 3pz, xoTopwmit Bo MHOro
pas MeHpiue camofl sHeprun E. Brruncanre uncno cocrosuuit Q(E), MoCTynHBX MoJe-

Ky.e, B HuTepBate sueprail ot £ no E--8E.
B) IToxaxure, 4yTo MOJYYEHHOE YMCJIO COCTOSIHHI OYeHb BeJHKO.
3.8. Yucao cocmoanuil udearvroeo 203a. PaccMOTPUM HieasbHBI Tas, COCTOSILH
#3 N yacTull, HaXOJAMHAXCA B suuKe co cToponamu Ly, Ly,L,. Iycts N 6yzer nopsaaxa
uaucaa Asoraapo. OnpejennTe BKJAaJA B 3HEPTHIO OT KakJIOrO KBAHTOBOLO YUCJAA OT-
IedbHO H, BOCMOJb30BABIUHCH TPUGIHKEHWSIMH, aHAJOCMUHBIMH TeM, KOTOphHe pac-
CMOTPeHH B 1. 3.5, NOKaxuTe, YTo uuc/Io coctonunii Q(E) B HuTepBase suepruit oT £
a0 E+4-8E pasuo
: Q(E)=CVNLE/2 N §F,

tie C — kosdpuuuent nponopuHoHaibiocty H V=L,L,L, — ofbeM suka.
*3.9. Yucao cocmosnuii ¢ cucmeme cnunos. CHcTema, cocToswas u3 N crHHoB 1/,
€ MArHMTHBIM MOMEHTOM KaXIOTO CMHHA Uy, NOMeilleHa BO BHELIHee MarHHTHOe nojde B.
CucTeMa uMeeT MaKpocKouuueckHe pasmepsl W N mopsjika uncaa Asoragpo. DHeprus
CHCTeMbl PaBHa
E=—(n—n') p,B,

fie n H A’ — YHCAa MATHATHLIX MOMEHTOB, HaIlDAB/JCHHBLIX NO MO0 U HPOTHB O/
COOTBETCTBEHHO. .

a) Boiuucsure 114 310#t CucTeMbl CMUHOB Yyucio cocTosHEN Q(E), KOTopble Jexkar
8 HeGosbliom nutepsane shepruil or £ mo E+6E. Umeercst B Buny, uro OF oueHn
8e/IHKO 110 CPABHEHHIO C SHeprHel OTAeTbHEIX CHHHOB, T. e. 0E>u.8.

6) HaiiguTe Tounoe Buipaxende 41 In Q@ B 3aBucumocT oT E. Tak xax u nu n'
OUCHL BEeAHKH, MCNOnb3yfite npubmokenue linniavn In a—n, nonyuennce B (M. 4),
das sbiuucaenus n! u a'l. TlokaxuTe, 4TO C OUeHb XOPOUIMM MPHO/MMKEHHEM

InQ(E)=AN In (2N)-~:|2—(N~—E’) in (N—~E’)~~L—(N+E’) In(V+E%),

cae

WoB

B) Hapucyiite B o6liux deprax xof InQ e sasucumoct# ot £. 3amerste, 9ro Q(E)
He pacreT MOHOTOHHO ¢ yBeauyenuem E. [1pHuMBA B TOM, 4TO CHCTEMa CIIHHOB HMeeT
He TOAILKO CAMOE HH3Koe COCTosiHHe 3Hepruy £==—NugB, HO u camoe Bbicokoe E==
=Np,B. C apyrofi cTOpoHbl, BO BCex OOGBIYHBIX CHCTeMaX, IJle Mbl He HTHOpPHPYeM
KMHETHUECKYIO 3HEPTHI0 YacTHIL (KaK 9TO NPOHCXORUT B CJIyyae CHHHOB), BeDXHero
apefiesia 15 KMHETHYECKOI SHeprHH CHCTEMBl HE CYHIECTBYeT.



TTABA 4
TENJIOBOE B3AI/IMOD,El7iCTBHE

B npexwlayuwief raaee Mbl paccMoTpenH TOCTYJaThl M OCHOBHLIE
Teoperuyeckyue HieH, HeoOXOIHMHIE [/ KOJHYECTBEHHOIO OMHCAHHS
MaKpDOCKONHUYeCKUX cHcreM. Temepb 5TH Mien W 1oCTyJaThl GyayT
HCTIONIB30BAHbl /151 PElieHHs HeKOTOPhIX 3ajad, HMMeoUHX GoJblioe
(pusnyeckoe 3HaueHue. Mol yOeNHMCSt B TOM, YTO HAUl METON HCCJeAoBa-
" HUs1 o0JanaeT OOJBILOH CHJOH. ]

Mgul HayHeM ¢ NOAPOGHOTO PACCMOTPeHUS TENJIOBOrO B3aUMOACHCTBH S
MEXIY cHCeTeMaMi. AHaJjH3 TelsioBOro B3aHMONEHCTBHSI OTHOCHTEILHO
IPOCT, TAK KaK BHEUIHHEe NapameTphbi, & 3HAYUT, W YPOBHH SHEPIHH
CHCTEMbI TIPY TAKOM B3aHMOJEHCTBHH He MeHsIoTCst. Kpome Toro, TemnJo-
Boe B3aUMOJeHCTBHE SIBJSIETCSI OLHHUM M3 Haubo/ee 4acThlX MPOIECCoB
B OKpyKatouweM Hac Mupe. Hac 6ynyT unTepecoBath cjieayioiiie BOIpo-
Cbl: KaKHe YC/I0BUSL JOJKHbL OBIThb BBLINOJHEHBI, Y4TOOLI IlB€ CHCTEMb,
HAXOASILIHECS B TEIJIOBOM B3aUMOJIEHCTBHH APYL C APYFOM, OKa3a/iuch
B COCTOSiHHH paBHOBecHs? Kakue BepOSTHOCTHLIE YTBEDMKICHHS O NPO-
1iecce B3aHMOAEHCTBUst MOTYT ObrTh clelausl? Ha »TH BOnpocH Jerko
fI0IYYATE OTBETH, JJis KOTOPBIX XapakTepHa 60,/1biiast OGULHOCTb T -
pokasi obsactb npuMmedenus. JleficTBUTENbHO, B 5TOH TaBe Mbl JOCTHT-
neM OGosee NOJHOrO NOHUMAHHSI TOHATHUS TEMIEPATYPL u MOJYUHM
TOUHOE OTpelesieHHe «aBCOMOTHOR Temmeparypbl». Hanee, mMbl nossa-
KOMMMCS C 3aMedaTebHO HPOCThIM IIPAKTHUECKUM METOJOM BBLIYHC/ICHUST
CBOHCTB J/1106OH MAKpOCKOIMHMYECKOH CHCTEMbl B COCTOSTHHH PaBHOBECHS,
Ha OCHOBaHUH MHGOpPMALUU O CBOACTBAX aTOMOB H MOJIEKY.1, H3 KOTOPhIX
OHAQ COCTOMT. B KoHIle TIJIaBbl Mbl BOCMOJb3yeMCsl 3THM METONOM
IS NOJYYeHHsT MAKPOCKOIHMYECKHX CBOHCTB HEKOTOPBIX  CIlelHa/lb-
HBIX CHCTEM. '

4.1. PacnpejeneHHe 3HEPrUM MeXIY MAKPOCKONMYECKHMH CHCTEMamu

PaccMorpum e makpockonuueckue cuctemsl, A # A’. OGo3Haunm
HX sHepruu yepes E u E’ coorBerctBeHHo. YTOOb NOACUMTATH HHCIO
COCTOSIHMH, pasfiesiuM, Kak 3To Obl10 clesaHo B 1. 3.5, WKany sHeprHH
Ha OYeHb Masble H paBHble HHTepBaibl OFE. (Beamunna unTepBasa
8E Bce e JOCTaTOYHO BEMHKA, YTOOB B HEM YMECTHJOCH BOJbILOe YHC/IO
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cocrosinnit.) OfozHaunM depe3 Q (E) u Q7 (E”) uncao IocTymHbIX CoCTOS -
#uil cucrem A w A’, Korja ux sHepruu Jexar B npeneiax or E 1o E-48E
u ot E' o E'-8F cootBeTcTBeHHO. 3ajaua nojcyera COCTOSAHUH ympo-
maercs (M 3TO OYeHb Xopouee NPHOIHHKEHHE), eC/IH CYUTaTh, YTO IHEp-
THSt NPHHMMAeT JHCKDPETHbIE 3HAYEHHS, Pa3leeHHbe MadLIMU HHTEPBa-
aamu 6E. DyneM nosToMy npeanosiarath, YTQ BCE COCTOSRHS CHCTeMbl /
B unrepBage (E, E-0E) umeior anepriio E U UHCIO TaKux COCTOSIHULI
paBro & (E). TouHO Tak e UHCJIO COCTOAHHA CHCTeMbl A’ B UHTepBane
suepruii (E’, E’-4-0E) pasHo Q'(E’). Taxoe yTBepkIeHHUE (HH3HUECKH
03navaer, 9ro sHeprust £ gexut B npeitesax or E no E-4+OE. To xe
otHocuTCs H K cucreme A,

Buewnne mnapamverpor cicrem A u A’ (DHKCHPOBAHBI, HO CHCTEMLI
moryT obMeHnBatbes sneprieh. (Ilo onpegenennto, smeprusi, nepexoms-
iasi npH TakoM OOMeHe OT OXHOH CHCTeMbl K JApYro#, uMeeT ¢dopmy
Temia.) XoTd HEpris KaKIOH CHCTeMbl B OTAENbHOCTH HE OCTaercsl
TIOCTOSIHHOM, cocrasHas cucreMa A*=A--A’ u3onuposaHa, TaK 4YTO
noaHas sHeprusi cucteMsl A* He Menserca. Hmeem *)

E - E"= E* = const. (1

Ecau u3BecTHO, 4TO 9HeprHA cucreMmbl A pasua E, TO SHepTHIO CHCTEMb
A’ MOXKHO HOJYUHTb H3 paBeHCTBa

E'—F%F. )

Tenepb Npeanosoxkim, gro cucreMsl A 1 A’ HaxoxsTes IPYT ¢ Apyrom
8 paBHoBecHH. [1pu sTOM B paBHOBecHH GY/IeT H cocTaBHas cucTema A*,
DHeprus CHCTeMbl A MOXET NPHHHMMATb DPA3JIHUHbIE 3HAUeHUsl, U HaM
He0OXO01HMO Pa3pellinTh CJAeLYIOIKH BONPOC: KaKoBa BeposiTHOCTL P(E)
TOro, 4TO SHEPTHs cucTembl A paBHA JIAHHOMY 3HAYeHWIO 3Hepruu E
{rounee, uTo oua Jexut mexny E u E-+8E)? [[Ipu stom 3Heprus cu-
ctembl A’ Takke HMeeT ofpeleseHHOe 3HaYeHHe, KaK 3TO BHIHO U3
dopmyast (2).]1 Urobh OTBETHTH Ha 5TOT BOMPOC, PACCMOTPHM COCTABHYIO
cucremy A*. U3 UOCTyJIaTa {3.19) caenyer, 4TO H30MPOBAHHAS CHCTEMA
A* ¢ paBHo# BEPOSITHOCTEIO npeSbiBaeT B JIOGOM U3 CBOHX JOCTYIHBIX

cocrosiuuil. Ilycre Qfot — YHCAO JOCTYRHBLIX COCTOSIHHI COCTABHOR
cuctemsl A*, Hac uwrepecyer, xakas wactb 3THX coctoguuit Q *(E)
COOTBETCTBYET 3HaueHuro sueprun £ i noncucremsr A? U3 dopmyast
(3.20) crenyer, 4TO MHTEPECYIOilasi HAC BEPOSATHOCTh paBHA

0*(£)

P(E) = =CQ* (E), 3)

“tot

*) B nawiem paccMOTpeHHH £ 0003HAYAeT 3HEPTUIO CHCTeMbl A, He 3aBHCSILYHO
ot cucremst A’, a E'— suepruwo A’, He 3asucsaumyo or A. Hanucas nonuyo SHEPTHIO
E* B Buje npoctoff cymmul E-+-£° (1), Mbl npeHeGperaeM >Hepruefl B3anMonefcTBHS
E; obenx cucrem, KOTOpasl 3aBHCHT KaK OT COCTOSHHS CHCTeMu A, TaK H OT COCTOS-
finst cHCTeMbr A Orq o3savaet, 4To Mht mpeHefperaeM paGoTolt, KoTopas Obila 3aTpa-
YyeHa Ha TO, YTOOB! CHCTeMBI OKasaluch BMmecTe. HTobbl dopmyda (1) Gruia crpaBensu-
Ba, Heo6x0;mM0 yrobnl E;&LE n E;&LE'.
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rie C=(Q,¢)~" ecTh He 3aBHCAIIAs OT 9Heprun E nocrosnnas. Beauunny
Q*(E) 7erkc BLIPa3UTh UYepe3 YHCaAO0 COCTOAHHH, JOCTYNHBIX CHCTEMam
A u A’. Ecan cucrema A uMeeT 3Heprio £, OHa MOMKET HaXOIHTLCS

Q(E)
25
A —]
20 1713
2 10
5 I U W
2
; |

012345%7357’0#/2%3
;N £

B Jlo6om u3 ceoux L (E) zo-
crymubiX  cocrosthuii. To  xe
MOKHO CKaszaTh o cHcteme A’
HO IIY’KHO HMeTh B BHIY 3aKOH
COXpaHeHHs 3HepruH (2), u3 Ko-
TOPOTQ CAENYET, UTO €C/IH CHCTe-
Ma A umeer smepruio E, TO
cHeprisi cucrembl A’ paBua
E*— E. Tlostomy uneio jo-
CTYTIHBIX COCTOSHHE CHCTEMH
A’ paBro QEN=Q(E*—E).
Kamnoe cocrosinne cucrembr A
MOKHO KOMOHHHDPOBATb C JI0-
6biM H3 COCTOSIHHME cHCTeMbl A',
obpa3yss OIZHO H3 BO3MOXKHBIX
JOCTYNHHIX COCTORHNHH CJOXKHOE
cucrenn A*. Tlostomy rnoas-
HOe UHCIO JIOCTYNHBIX COCTOSI-
HHH cucteMbl A*, npH KOTO-
pLIX sHeprusi cucteMnl A pab-
Ha E, BrlpaxaeTcs mnponsBe-
LeHueM

Q¥ (EY=Q(EYQ' (E*—E). (4)
CoOTBETCTBEHHO BEPOATHOCTD (3)

TOro, 4to cHcTemMa A uneeT
snepruo E, pasHa

o
QE ———
40 , 40
A =
30 =
U
=
20
1
10 8
R s
g l
012345678 8071215
o
OF

Puc. 4.1. Ha rpadpnkax nokasano {411 4acTHOro

cayuas ABYX Ovenb Maablx cucteM A u A’) uncaa

cocTosiunit Q (E) u Q(E’), moCTYNHbIX CHCTeMam

A w A’, B 3aBHCHMOCTH OT 3HepruH ciuctem E n E’

COOTBETCTEEHHO. JHePTHH H3MepeBbl B DNPOH3-
BOJIbHbIX eQHHHIAX.

1
quzcgwurm*—Ey

(5}

I1 p n M e p. B paccuaTtpusaenmonm

HUXeEe TpWMepe YHCAO H“aCTHU CAHLi-

KoM MaJo, 4TOOB! CHCTEMbI MOMKHO Gbl-
JIO CUHTATb MaKpOCKOHHl{eCKHMH. Tem
He MeHee, OH MO3BOJIAET MPOHATIOCT-
PHPOBATL OCHOBHbIE HJICH HACTOAINEI O
naparpaga. PaccMOTPHM ZiBe CHCTeMbI,
A u A’, xoTOpHIe HMEIOT NOKa3aHHY
Ha pHc. 4.1 3aBUcCHMOCTb uHCIA J0-

CTYTHBIX COCTOSIHHI OT SHeprHH. 31€Ch 3HepTrus U3MePeHa B HEKOTOPHIX MPOH3BONLHbLIX
€JMHRLAX K IIKAJA SHepruM pasjielleHa Ha eAnHWTHbie HuTepBasdsl. [lpexnonowxum,
UTO MOJIHAas SHEPrHsl COCTABHOH CHcTembl paBHa 13 eguunuam. ONHON #3 BOZMOMKHBIX
CHTYalH{l, OTBEYAIOWHX YKa3aHHOH IOJHOH 3HEPruH, gBJAAETCS, HANpuUMep, TaKas,
Korja sueprast £=3, a sneprust £'==10. B sTom ciryuae cucreMa A HAXOAWTCH B OLHOM
w3 ABYX, a cucrema A’ — B oHoM H3 40 BO3MOXKHBIX COCTOfIHHI, H NOJHOE YHCIO pas-
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JAHYHBIX JOCTYNHBIX LIS cHCTeMbl A* COCTOSIHIN, KOTAA ee 3Heprust pasHa 13, 6y et
2-40=80.

B rta6i. 4.1 mpuBeleHH! BCe BOSMOKHbIE CHTYAIlHH, OTBEYAIONIHE IOMHOR SHEPTHI
CNoXHON crcTeMs A*, pabHoit 13. Ml BHIEM, UTO BEpOSTHee BCETO OCHADYKHTH
cucTeny A% B TakoM COCTOAHHH, Korja E=5 u, CoOTBeTCTBEHHO, E'=8. Takaa cu-
Tyauus BozHHKaeT B ABa pasa uyame, ueM Ta, IS Kotopoi E=3 H E =10.

TaGauua 4.1 Buisicium Tenepb, Kak P (E) 3a-
" BucuT or snepruu E. QGe cucTembl, A
ELVE o [ QUED | QME)
2p=1,
P;'.t).
1
3 10 2 40 80
4 9 5 26 130
a3 8 19 16 160
6 7 17 8 136
7 6 25 3 75
Uyecna BO3SMOMHBIX  CO- ;
CTOSHHI,  COOTBCTCTBYIONIMX F E
AaHHoMy sliayeHmio F*==13 —>| e AE
noJHoft smepruu CHCTeM A H
A’ (puc. 4.1). Puc. 4.2. XapakTep 3aBHCHMOCTH BepOATHO-
cru P(E) ot sueprun E

n A’, uMeloT oueHb GoablIoe YHCIO cTereHel cBOGOAbI, M U3 QOPMYJBY
(3.37) caenyer, uto Q(E) u Q' (E’) sBasioTcs upe3Bbluaiino GbICTPO
BO3pacTAIOWHMH QYHKUHAMK 3nepruu. Paccmarpusasi Bhipaxenne (5)
KaK QyHKLHIO 3HePTHH E, Mbl MOXKeM cKasarb, 4T0 ¢ poctom E nepshiit
sHOXHTeNb Q (E) ouenb GuicTpo pacmem, a Bropoit Q' (E¥— E) upesBbl-
galiHo GbICTPO ymenowaemca. B pesyasTate nponsseneHne 3THX MHOXH-
Tesielt, T. e. BepOSITHOCTh P(E), NPOXOLUT 4epe3 OueHb OCTPHIA MaKCH-
MyM *) 1Ipi HekoTopom 3Hauennn E suepruuw E. OSuinit xapaxrep nose- -
aeuus BepoatHocrd P(E) nokasan ua puc. 4.2. Mpl BUlUM, UTO LHIHPHHE
AE 06J1ac:m 3aMeTHBIX 3Hauenuit ¢ynkuuu P (E) ropasio mesblle
sueprun E, T.e. AE<ZE.

Bmecto ¢vuxuun P (£) 3HauntesbHo yaobuee HMETh Jeo ¢ €€
aorapudmom In P(E), kotopelit MeHsiercsi © 3Hepryeil ropasio MeJieH-
Hee. Kpome Toro, kak cieayeT uz (5), B lu P(E) Beanunnnl Q (E) u
Q'(E’) BXOAAT KaK cjaraeMble, a He Kak NpOH3BEICHHS, T. €.

inP(E)=InC+InQ(E)+InQ(E", (6)
rie E'=E*— E. 3nauenne E=F, oreuaomee makcnmymy In P(E),
MBI Haligem H3 ycaoBus *¥)

olnpP 1 P
JE — P OE

0’/ (7)

*) 3ametnM, ut0 Tobedenne P(E) ananornuHo npeibiylmieMy npHMepy, 32
HCKJIOYEHHEM TOro, 4TO Y MaKPOCKOIHYeCKHX cucreM, riae Q(E) u Q'(E') — 6bicTpo
MeHiomuecs Gyuknud, makcumym P(E) okaspiBaetcst KpaiHe Y3KuM.

*) Ml 4cnosib3yeM 4aCTHbIe MPOM3BOAHble, 4TOGbI OGpaTHTh BHHMAHHE HA TO,
YTO BCe BHELIHHE NMapaMeTPhl CHCTEMBl CUHTAIOTCH (PHKCHPOBAHHBIMA.
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KOTODOE OIHOBPEMEHHO fIBJIAETCS YCJOBHEM MaKCHMyMa caMoil Bepost-
#goctu P(E). C nomompio (6) # (2) ycnosue (7) npuHHMaeT BUI

AMQ(E) , dInQ (E) _

1

L B(EY=B"(E"), l )

e dyuguun 4 COOTBETCTBeHHO 3’ onpelesieHn Tak:
|

&
r
Ins3

J1n Q [ 00
o | O
7 |

e ™~ i j
Papenctso (8) apasiercs (yuzna-
17 5 e e =" nn MEHTAJIBHBIM YCJIOBUEM, KOTOPOE
/ T onpenensieT To 3HaueHue E sHep-
~. run cuctemsl A (M cooTBerct-

BeHHO 3HaueHne FE*— E=F’
~ 3geprun cucremsl A’), Kotopoe
A & OCYLUECTBJAETCST ¢ HauboJblIe#

Prc. 4.3. BapuckMocts In Q(E) n InQ (E')=  BepOATHOCTBIO P(E).
= n Q@ (E*—E) oT sueprun E. W3 (3.38) cne-
ayet, uto In Q(E)~f In (E—Ey)+const. Obe kpu-
Rple OOpailieHbl BLIOYKJOCTBIO BBEPX H HX CyMMa Ocrpora MaKCHMYyMa
(MoKa3zaHHas MTPUX-OYHKTAPHOIl JAHHUell) WMeeT P(E), Utobu OHeHHTb, Kak GMCTpO

GEIHIILTBEHHbI'ILI MAKCHMYM NPpH HEKOTOPOM 3HAYeHHH yMeHbHIaeTCﬂ q)yHKHHH In P(E) o
E. Hlupoxuit mMakeHMyM A1 MeAJeHHO MeHSIo-

werocs norapudma PEY B dopuysie (G) cooTset- Mepe OTKJIOHeHus 3Hepruu £ ot £,

CTBYeT KpaiiHe Pe3KOMY MAaKCHMYMY CaMoil BeJd- HY)XHO WCCNENoBaTh [IOBeleHHe Be-
unHb PLE). p

posraocty  P(E) B6AuM3d Maxcumy-

Ma. B npunoxennn (I1.3) noxasamo,

uto dyrruust P(E) cranosuTcst npeneSpesxuyo majaoffi N0 CpaBHeHHIO CO CBOMM 3HA-

YCHUEM B MAKCHMYyMe, eC/ OTKJOHeHHEe E or E 3amerHo npespillideT BeJUUYUHY AE,
llpHGJIHSHTeJIbHO PABHYIO

BAE) =

AE ~ L (10)

Vi’

rae [ — uncao crenedell ¢BoGOAbI MeHbIIeH M3 JBYX B34UMOJEHCTBYIOILHX CHCTEM,
a E uammore MPEBOCXOANT HAWHHUBIIYIO H3 BOSMOKHBIX HePFHA (OCHOBHCE COCTOSIHHE)
cucrembl A. Ecau, HanpuMep, MEHbINAS H3 CUCTeM COIEPIKHT 1 MO/ aTOMOB, TO [ — no-
pAoKa Yyucaa ABoranpo
f~ 102
H -
AE ~ 10-12E, (11)

Takum o6pasom, seposThocth P(E) 06nivHO MMeeT BG/IM3M 3HaueHua E upesBmvaliHo
peskuii MakcuMyM. Beanuuna P(E) cTaHOBUTCS apeHeGpexuMo Masioi, eCiH OTHOCHTEAb-

Hoe oTkJodenue E or E umeer nopsifox 1012, 3o o3Hauaer, uro sxeprus £ HHKoTAa

NpaKTHYECKR HE OTAMYaercs OT E; » uactaoctn, _Cpejliiee 3HaYeHHe 3HEPTHRN E nns
cHeTeMbt A TakXkKe JOKHO ObITh PaBHO E, 1. c. E=E. B'soM IpUMepe MbL ONATb. UMeeM
LesI0 CO CJIyuaeM, KOIAa CHCTeMa COCTOMT M3 odeHb GOJIbIUOro YHC/a YacTHl, H NO3TOMY
OTHOCHTE/IbHAS BEJHYHHA (UIYKTYallHH 5HeDTHH OKOJIO ee CPeJHero 3HayeHWs HCKJIQ-
YHTEBHO Maja.
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Hexomopote onpedeaernus. Mbl BUIHM, YTO OPH H3YYEHHH TEMJIOBOrO
PaBHOBECHS] HCK/IIOUHTEIbHO BAXKHEI TaKHe XapaKTepHCTHKH cucreM A
1 A’, kak In Q u §. O6bMHO A8 STHX BEJHYHH HCMOJB3YIOT CHELHAb-
Hble 0003HaYeHHs M HAHMEHOBAHHS.

3ameruM, 4TO napamerp fi, Kak 3To BUAHO H3 (9), umeeT pasMepHOCTH
oGparsoit aHeprui. Yacto yj106HO Brpaxarts f~1 uepes HeKOTOpP Y10 HOJO-
JKHTENbHYIO. IOCTOAHHYIO R, KOTOpAs HUMeeT Pa3MepHOCTb SHEpPTHH H MO-
XKeT GLIThb BbIparkeHa B 3praX. (Jr1a MOCTOSIHHAS HA3bIBACTCS HOCIOARKOU
boavymarna n ee BeJIMUMHA MOXKeT OBITh BLIGP@HA OnpeNe/ieHHBIM 00pasont
pa3 u Haecerza.) [lapamerp f~! MOXHO Telepb 3anucatb B BHIE

——

L o
i . (12)

m

rlie BeqiuuMHa T H3MepsieT 3HEPryio B elUHHIAX k.

Jror HOBbIH napamerp T Ha3bBaeTCsd abcoaomHol memnepamypoit
paccMaTpuBaeMoH CHCTEMLL Y ero BeJHYHHA OfLIYHO BhIpaXKaeTcsl B 2pa-
Oycax *). @usvveckas NPUUYHHA JLIs1 TEPMHHA «TeMmeparypa» CTaHeT
Bosiee sicHOli M3 m. 4.3.

C nomoibio (9) MBI MoxKeM cBst3ath T # In Q:

I a8

rie S — HOBas Be/AHYHHA, ONpENesieHHasl CJASLYIOHHM 06pasoM:

S—kmQ. { (14)

Drta pejuuMHa S Ha3bpIBaeTCsl IHMPonUeli PAcCMaTPHBAEMOH CHCTEMDL.
Ona HMeeT pPasMEpHOCTb 3HEPTHH, TAK KaK COLEPXKHT MHOXHTeIbL k.
V3 onpenenenus surponuu (14) cjenyer, 4To OHAa siBAsieTCs] JOrapHgMH-
4yecKoll Mepo# 4ucaa JOCTYIHBIX COCTOSIHMI cHcrenbi. B COOTBETCTBUN
CO CHIeJIAHHBIMH B KOHUE 1. 3.6 3aneyaHHsiMH SHTPOTMHsT sIBJIsIeTcs KOJH-
YeCTBEHHOH MEPOH CTeMeHH MOJeKYJISPHOTO Gecrnopsiika B cucTeMe *¥).

Mvess B BUAY CJlelaHHble Bhlilie ONpeledeHHs, Mbl MOXKEM CKas3aTb,
uTo ycaoBHe MakcumyMa P (E) Gaaroiapsi paBeHcTBY (3) 3KBUBANEHTHO
YTBEPXKIEHUIO, YTO 3HTponHsi S*==Fk In Q* cocTaBHON CHCTeMbl HMEET
MaKCHMYM 10 OTHOWIEHHIO K 3HepruH E moacuctenms! 4. M3 (6) crenyer,
YTO YCJOBHE MAKCHMYM3 BEpOSTHOCTH 3KBHBAJEHTHO YTBEPKIEHHIO,

47O
S* =88 = maximum. (195)

\

*) Hanpumep, aGcomoTHas TeMnepaTypa B D PpaiycoB oTBedaeT HeprHu 5 k.

*#) 3aMeTdM, UTO JHTpONHUSA, 3a]aHHAs paBeHCTBOM (14), uMeeT oOmpeje/eHHOe
3HAYEHHe, KOTOPOe, KAK 3TO ciaeiveT u3 paseHctsa (3.40), He 3aBHCHT OT BeJHYMHLI
HHTEDBAJIOB SHEPTHH 8E. Kpose Toro, mockonbky 8E ecTh dukcHposannbil # He 3a-
BHCAWMI OoT £ WHTEpBaJ 3HepTuM, TO mpoussoinas (9), onpelensiroulass perHuudy B
win T, takxe He 3aBucHT or OF.
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D10 ycJOBHe BBINOAHEHO, €CJH BBIMOJHEHO- ycioBue (8), T. e. ecid
T=T". (16)

Hame paccyxienne n0KasbiBaeT, 4T0 B COCTOSIHHM DaBHOBeCHs
oHeprus E cucteMbl A NPHHUMAET Takoe 3HaueHHe, YTOOBI SHTPONHUS
«€OCTaBHOH H30AMPOBAHHOK cucTenbl A* craja MakcuMmadbHOH. B stoM
cnydae cucreMa A* Gyner pacnpeieseHa N0 HaHOOJbILIEMY YHCAY BO3-
MOKHBIX COCTOSTHHE, T. €. OHa OyAeT HaXOAUThCS B HanboJiee Xa0THUECKOM
MaKPOCOCTOSIHHH.

4.2, IlpubimxeHue K TeNiIoBOMY PABHOBECHIO

Mpr Busenu, uto BeposiTHOCTE P(E) HMeeT HCKAOUMTENBHO OCTPbIf

maxkcuMym npu aneprun E=E. Tlostomy, eciw A u A’ Haxonsarcs B ren-
JIOBOM KOHTaKTe, B COCTOSIHHM paBHOBecusi cuctemMa A mouTH Bcerja
HMeeT BHepTHIO, BecbMa OJu3Kyl0 K E, B TO BpeMsl Kak 3Heprus
cucreMsl A’ npegenbHo 6aH3Ka kK E'=E* — E. B nckaouuTesbHo Xopo-
11eM IpUOAHKEHHHU CPeJlHHe SHEPIHH 9TUX CHCTEM TakiKe paBHEI yKas3aH-
HBEIM BeJMYHHAM, T. €.

E<E uw E=E'. (17)

Teneps PaccMOTPUM CHTyalMio, KOTAa cHadana cucreMsl A w A’
M30JJUPOBAHDBL IPYT OT Apyra U HaXOAATCH B PAaBHOBECHH, a HX CPejiHHE
sHeprnu pasipt E; 4 E} COOTBETCTBEHHO. 3aTeM MeXKAY ITHMH CHCTeMaMn
co3/laeTcs TEN/IOBOH KOHTAKT U OHH NPHOOPETAT BO3MOKHOCTH OOMEHMU-
BaThCsi 9Hepruefi. B nauase HeficTBUS KOHTaKTa CHTyamHs sBJsteTCS
KpalHe MaJo BePOSITHOMH, ec/IH TOJNBKO SHEepruu 00eHX CHCTEM CJydaiHO
He oKasagauch oueHb 6MuakuMH Kk E u E’. B corsacuu ¢ nocryJsarom
43.18), cucrembl HauuyT OOMeHHBATBHCSI Heprued, H oOMeH OyaeT Hpo-
HCXOAWTb [0 TeX MOp, NOKA OHH He JOCTHTHYT PABHOBECHOI'O COCTOSHHS,
PACCMOTDEHHOTO B NpelbllyluuX naparpadax. B paBHOBecHH KoHe4Hble
SHaueHWs1 3uepruft OyAyT paBHb! corsacHo (17)

E,—E w Ej=FE, (18)
TaK YTo BepossTHOCTh P (E) nocturHer Makcumyma, [Ipu 3ToM napamerpht
P obeux cucTeM cpaBHSIOTCS:

rne p=PE,) n Bi=B(E}.

U3 dopmyasl (6) u onpenenenus (14) cirenyer, 4to 3aKA04EHHE O TOM,
4TO CHCTEMBl OOMEHHBAIOTCS 3HEpPrHel N0 Tex Nop, MOKa BepOsiTHOCTb
P (E) He craner MakCcHUMaJIbHOM, 9KBUBAJEHTHO YTBEPKACHHIO, UTO OOMEH
3HEPTHH NPOHCXOAHMT A0 TeX NOp, NOKa MOoJHas SUTPOIUS CHCTEMb! HE
CcTaHeT MakcHManabHOH. IloaTOMy KOHeuHasi IHTPOMHS HE MOXKET OHTh
MeHbllle Haua/bHOH, T. €.

S(Ep+S(E' ) =S(EN--S(E,
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AS +-AS' >0, (20)

AS=S(E)—S(E)

AS =S (Ej)—S'(E))

O3HAYAIOT PA3HOCTh 3HTpPOMME ‘cHcTeM A W A’ COOTBETCTBEHHO.
B npotiecce o6MeHa HEPrHeH noaHas sHepPTusi, pasyMmeercs, cOXpa-
sisetes. B cooTBercrBru ¢ (3.49) 1 (3.50) MBI MOXKEM HAHCATL, YTO

Q--Q =0, 2h

e Qu Q' o3HavaloT Temao, norviollenHoe cucremanu A u A’ coorper-
crBeHHo. CootHourennst (20) u (21) ycranaB/uBAaIOT YCJOBHS, KOTOPBIM
JOJKEH VIOBJICTBOPATH JI000H NpPONECC TeMJIOBOTO B3aUMOICHCTBUSA.

Hamre paccmorpeHue nokasblBaeT, 4To [pH 3TOM B3aHMOAEHCTBHM
MOTYT HMeTb MEeCTO JABa CJayuas:

I. Hauanbhble sHeprum o6eHx cHcreM TakoBwl, yto fi;=f;, rie
f,=B (E,) u pi=P (E;). lse Takue cuCTeMbl y:Ke HAXOHATCS B Haubo.ee
BEpPOSITHOM COCTOSIHHH, T. €. UX NOJHASI SHTPOH IS MakcumasbHa, [Tostomy
CHCTEMbI U JaJjblie OCTaHYTCH B DABHOBECHH U oOMeHa 3Heprieli Mex1y
HUMH He NPOHCXOIMUT.

2. B 6onee ofwem cjayyae HayadbHBIE SHEPTHH CHCTEM TAKOBBI, 4TO
B4P;. O6e cHcteMbl HAXOATCS B MaJjo BEPOSITHOH CHTyauuH, KOraa
HX TOJHAs 3HTPOMHS He JOCTHTJa MakcnMyma. Cutyauus Oynger wme-
HATLCS 110 Mepe TOTO KaK 3HepTHsA (B opMe Temsia) nepeXonuT oT o1HoH
cHereMsl K Apyrofl. KoneuHoe coctosiHie pagHoBecusi Gyl1eT JOCTHIHYTO
fipH MaKCHMaJ/IbHOM 3HaueHHH sHTponHd W f,=p;.

4.3. TemnepaTypa

B npensiaylieM nyHKTe Mbl OTMeTW M, wTo napamerp f luan,
9KBUBaJeHTHO, napamerp T=(kB)~'| obsajaer cieqywiinMi AByms
CBOfiCTBaMH:

1. Ecan nBe pasjeneHHble CHCTEMbl, HAXOASIIHECST B PABHOBECHH,
HMEIOT 00HO & mo Jxe 3BaveHHe napamerpa b, TO NOC/E YCTAHOBJAEHHS
TEeNnJIOBOTO KOHTAKTa PaBHOBECHe COXPAHUTCSA W IepeHoca Teia ot
OIHOH cHCTeMBl K Apyrofi He Oyner.

2. Ecau napamerphl § 00enx cHCTeM pasiuunbl, TO NOCIe YCTaHOBJe-
HUS TelJOBOIQ KOHTAKTa DaBHOBECHE HE COXPAHUTCS H HAUHeTCs hepe-
HOC- TenJa.

Iy 1Ba YTBepKAEHHs JaLyT HaM BO3MOXKHOCTb clefaTh O4eHb BaK-
Hble BbIBOALI. B 3acTHOCTH, ¢ UX MOMOWBIO Mbl MPHAEM K TOYHOM KOJIH-
qecTBeHHOH (OpMYJHPOBKE TeX KayeCTBeHHbIX paccyxkJeHHil, KoTopsle
Oblu crenadst B 1. 1.5, '
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[lpencrapum ceGe, HanpHMep, TPH paspeseHHble ¥ HaXOIAILHECsH
B pasHoBecuu cucTeMsl A, B u C. [lpennosoxum, 4to Korla cHCTEMa
C npuBOIUTCS B TEIVIOBOH KOHTAKT ¢ A uad .c B, HIKAKOro nepeHoca
TerLia He NpoucXoiuT. Torza Mul 3HaeMm, uTo Pe==p 4 H P=Ps (rRe P,
Pp 4 Pc o3aualor napamerput P cucreM A, B u C coorserciBenno). Hs
9THX JBYX DaBeHCTB caelyeT, uTo f4=fz, T. e. UTO MepeHoca Temvla He
OvieT ¥ NpHy HaJMYHH TEILIOBOro KoHTakTa y cucrem A n B. Taxum
00pa3oM, Mbl IPHXOAHM K OOWIEeMY BBIBOAY:

Ecnu nBe cucremsl HaxoasTcsi B TeNJIOBOM pas-
HOBECHH C TpeThefl CHCTeMOH, TO OHH JO/DKHBI OblTh (22)
B TellJJOBOM PAaBHOBECHH M APYT ¢ APYIOM.

Y1Bepxneuue (22) HasblBAGTCH HYAC8bIM 3AKOHOM MEPMOCUHAMURUL. DTOT
3aKOH JleJ1aeT BO3MOXKHLIM IDHMeHeH e IPOOHEIX Tesl (Ha3bIBAEMBIX /MepMO-
mempamu) AAsl PelieHus Bonpoca, 6yayT JiH oOMeHHBATLCH TENAOM JIo-
6ble JBE CHCTEMbl, NpUBEIEHHbIE B TeNJIOBOH KOHTAKT APYT C APYIOM.
TakuM TepMOMeTpOM MOzeT ObITh J1r06asi MAKDOCKOMHYecKas CHCTeMa,
obaanaloniasl CAenYIOUMMH ABYMST OCOOCHHOCTSIMH:

1. Cpenn MHOMHX MaKpOCKONHYECKHX NAapaMeTpoB, XapaKTepHsYio-
uiMx cHcremy M, BuiGepeM OguH (HasoBeMm ero ), KOTOpmIE 3aMeTHO
MEHfeTCsi B 3aBHCHMOCTH OT KOJIH-
4eCTBa TelJa, NOJAYYEHHOTr0 UJH OT-
nanHoro M B mpoliecce TelJIOBOIO
B3auMozZelicTBusi. Bce ocranbHble
napaserprt 6yjem nepxarb HPHKCH-
poBarHbIMH. Mensitomuiics napa-
MeTp € Ha3bIBAeTCsi  mepyoMempu-
HECKUM  Napamempor Cuctembl M.

2. Cucrema M JomkHa ObiTob
Puc. 4.4. Tasobble TepMOMCTPBI: ) (OCTOSH~ SHAUNTEILHO MEHbIIE (T‘ e. oba-
HOTO ofbeMa ([ — Bakyyw, 2 — uamepsiemas  ATh MHOTO MEHbBUINM YHCAOM CTe-
pa3HOCTb YpOBHeli, § — YpOBeHb PTYTH BCer- o
X3 MPUBORHTCS K 970l BhCOTe) 1t 6) moctoun-  [EHEH CBOGOJIbI) CHCTEMBI, KOTOPYIO-
i omepaaaces  mocTesmion g > Mbl COGHPAEMCs HCC/Iel0BaTh. IJT0

ugMepsieMslit yposels PTyTH). VCJOBHE HeoOXOAUMO I CBeleHHs!

K MHHHMYMY ofMeHa 3Hepruil Bo

ppeMst u3Mepenuii. Takoft oOMeH sIBisieTCs BOSMYyLeHUEM, H3MEHSIOUMM
COCTOSTHUE H3YuaeMOl CHCTEMbL.

MMTpumepn TepmonmerTpo B CywecTByeT MHOFO CHCTeM, KOTOpBIE MOTUIH
€ibl CYXKHTh TepMOMeTpamu. MbI PacCMOTPMM TOJIbKO HECKOJbKO TaKHX HauGosee
4acTo NMPHMEHSEeMbIX CHCTEeM.

1. JKuakocrb, Hanpumep, PTYTb HJH CNHPT, 3aK/IOYEHHAA B CTeKJlﬂHHYIO TpY6KY
!l€60JIbI.HOl‘O AuameTpa. 210 XOPOLIO 3HAKOMBI THIF TepMOMeTpa, OH OLUI OIHCAaH B

. 1.5. B atom ciiyyae TepMOMETPHUECKHM NapaMeTpoM O sABJIAETCH BLICOTA KHIKOCTH
B préxe

I1. T'as, saxmoueHuslii B cocys, o6beM KOTOPOro nocrosHed. Takas cucTema sis-
JISeTCS 20306bIM MEPMOMEMPOM NOCMOAHHO20 00BeMq; TeDMOMETPHUECKHM [apaMeT-
pom O 3necy apaseTcs AaBneHHe Tas3a (cM. DHC. 4.4, a).
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[1I. Tas, 3axqioueHHBl B cocyj, B KOTOPOM NOLIepKHBaeTCs MOCTOSIHHO® JaB-
JieHde. DTO TaK Has3blBaeMBIil 2a306bii mepMosemp NOCImoanHoeo dasaerus. ETo TepMo-
MeTpuuecKHM mapaMmerpoMm @ spisieTcst o6beM, 3aHATHLI rasom (cm. puc. 4.4, 6).

IV. DuektpHuecknii npoBoAHHK (HampuMep, IWIATHHOBAS NpPOBOJOKA, HaX0id-
41asCsA OPH MOCTOSTHHOM AABJEHHH), IO KOTOPOMY TedeT cJaGhlii TOK. 31ech Mbl HMeeMm
JIeI0 ¢ mepMOMempOs CONPOMuBAeHiLs, TepMoMeTprueckuM napamerpoM 0 koToporo
ABJASETCS  3JeKTpHYeCKoe CONPOTHBJEHHEe IIPOBOJAHHKA.

V. HexoTopoe KOJMMYECTBO NapaMarHHTHOI'O BeMIECTBA NP NOCTOSTHHOM JlaBJe-
HHH. 3zech mapaMeTpoM O sBisieTcss MarHWTHas BOCIPHHMYMBOCTL ofpasua (T. e.
OTHOWIEHWE €I0 CPENHEro MarHWTHOTO MOMeHTa B ejuHMIe ofbeMa K HpPHIOKEeHHOMY
MariMTHoMy moqo). J/1s omnpefenenust 3TOH BeNMHHHE! MOMKHO, HANpHAMep, H3MEPHTh
CaMOMHIYKUHIO OOMOTKH, HaMOTaHHOfI Ha ofpasel.

[IpuMeHeHHe TepMOMeTpa NPOMCXOAUT cJaeayiomuM obpasom. On
NOCJCAOBATENILHO [PHBOIMTCS B TEMJIOBOH KOHTAKT ¢ H3MepsieMbiMHU
cucTeMaMH, Hanpumep, ¢ cuctemamu A M B, M ocTaercsl B KoHTaxTe A0
VCTAHOBJEHHsI TENJIOBOTO DABHOBECHS.

1. TpennosoxumM, 9T0 A ofeux cHcTeM TepMOMeTPHYeCKHH mapa-
MeTp TepmoMeTpa O (Hampumep, IJAHHA CTOAOHKA KHAKOCTH B DTYT-
HOM TEpMOMeTpe) HMeeT OJIHMHAKOBOe 3HaueHHe. ITO 3HAUHT, YTO TEPMO-
merp M, naxoxsmuiics B paBHoBecuu ¢ A, 6yIeT B paBHOBeCHH H ¢ B.
V3 uyaesoro saxoma caeiyer, uro A u B ocTaHyTcsd B PaBHOBECHH,
eC/H HMX NMPUBECTH B Tel/IOBOH KOHTAKT JADYL C JAPYTOM.

2. IonycTtuM, 4TO 3Ha4YeHHe TepMOMETpUYecKoro napamerpa 0 pas-
JIMUHO 77151 0Genx cucreM. Torja Mbf MOXKEM CKa3aTh, 4To cucrembl A U B,
NIpHBeJeHHble B TEMIOBOH KOHTAaKT, He OYLYT B COCTOSIHHH DaBHOBECHS.
ro6bl 10Ka3aTh 910, JONYCTHM, YTO OHH Gydym B paBHoBecuu. Ho rorzna
COTVIaCHO HYJIeBOMY 3aKOHY TepMoMeTp M, nocTuruinii paBHoBecusi ¢ A,
JOJKeH OKaszaThesi B paBHOBecud M ¢ B. Ho npu stom repmuueckuit
napameTp 0 He J0J/KEeH H3MEHUTHCS IToC/Ie TOTO Kak M npu/ieT B KOHTAKT
<€ B, 4TO NPOTHBODEUUT HAUAJILHBIM YCJOBHAM *).

Pacemorpun  Hexomopotd TepMoMeTp M ¢ KQKUM-mMO TEPMUYECKHM
napamerpoM 0. 3HaueHue napamerpa 9, KoTopoe NOKasbBaeT TepMO-
MeTp, HaxXOIsIIHACH B TENVIOBOM DaBHOBeCHH ¢ cucTemoii A, nasbiBaercs
memnepamypoti cucmemvl A, UBMEPEHHOU ¢ NOMOWBIO OAHHO20 MepMO-
sempudeckoeo napamempa 0 dannozo mepmomempa M. 13 takoro onpe-
JlefieHus CJelyer, 4TO TeMnepaTypoll MOMeT OblTb JJHHa, JaBJeHHe,
CONPOTHBRJEHHE H JpYyTHe BeJHYMHBIL. 34MeTHM, YTO [ae €CAH /B3
Pas3/MYHBIX TEPMOMETpa MMEIOT TepPMHYeCKHe IlapaMeTpbl OIHOTO THIIA,
OHH He JaJlyT OHOTO H TOTO Ke 3HaUeHHs TeMIepaTyphl JaHHOTO Tesa *¥*).

*) .Bce onucaHnble M3MepeHHA MOTVIA 6bl BHINOMHATLCSI H C APYTHM TEPMOMETPOM
M’, uveromM TepmoMerpuyeckuil napamerp 0'. [lpu 3ToM CymecTBoBATIO 6bl OAHO-
3HAYHOE COOTBETCTBHE MEXKIY JIIOGbIM 3HaueHHeM O H COOTBETCTBYIOMIMM €My 3HaueHHeM
0. B HCKIIOYMTEBHEIX CIYYanX TepmoMeTp M Mor Obl 0OKA3aThess MHOTO3HAUHDIM, TAK
4TO JlAHHOMY 3HaueHHi0 8 cooTreTcTBOBAJO Gbl Gosee yeM OAHO-€UHCTBEHHOE 3HAUEHHUE
9" ppyroro Tepmomerpa M'. Takue, oTIMUaKOUIHeCst HEONHO3HAYHOCTHIO NOKA3AHRIL,
TepMOMETPHI IPHMEHSIOTCS PeKO, H MBI He GyJleM UX paccMaTpHBath (cM. 3azauy 4.1).

**) Hanpumep, o6a TepMOMETPa MOTYT NPEACTABJATL COOOfl CTEK/ISAHHEIE TPYOKH
C KMJAXOCTBIO, TaK YTO B OCOHX CJIYHasX TePMOMETDHYECKHM [apaMeTpoM SABJSETCH
JVIHHA cToNIOMKa XKuAKOoCTH. Ho B ofioft TpyOKe TaKOH KHIAKOCTbIO MOKET ObiTh, HAU pH-
Mep, pTyTb, B APYroH — CITHDT.
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Jlanee, ecnu temmeparypa Tena C, usMepeHHass OJHHM TEePMOMETPOM,
OKasasach PaBHOH CpellHeMy 3HAyeHHIO Temnepatyp AByX Ted, A u B,
TO 3TO YTBepXKJeHue He 00SI3aTENbHO OCTaHETCS CHpaBelJJdBhIM DU
UCTIONB30BAHHH KaKOro-HMOYAb JAPYroro tepMoMerpa. Tem He Mexee,
13 Hamero o6CyXkIeHusl CAelyeT, 4TO ONpeeNeHHOe HaMU HOHATHE O TeM-
neparype JONycKaeT CJeAylolllee yTBepiKIeHHe:

JIBe CHCTEMbI, MEXKJY KOTOpPhIMH OCYUIECTBJ/IECH
TENJOBO# KOHTAaKT, OCTalOTcHd B paBHOBeCH TOrJa

H TOJbKO TOTLA, KOI'Zd HUX TeMIepaTypsl, H3MepeH- {23}
Hble ¢ TOMOWIBI0O OXHOTO W TOFO XKe TepMOMeTpa,

OJHHAKOBBL. {
l

BBeneHHoe 37eChb NOHATHE O TeMnepaType LIHPOKO IPHMEHSeTcs
M OKasblBaeTcst BecbMa nose3HbiM. OHO MMeeT, 01RaK0, ONKH HEIOCTATOK,
3aKJI0YAIONIKACSA B TOM, UTO TEMNOEPaTypa, NpUnUcLHBaeMas tesy, 3aBucur
OT CBOHCTB MPOGHOTO Tesa, KOTOpOe HCMOJMbL3VeTCsl B KadecTBe TepMo-
metpa. C apyroii cropoubl, Gbiio Gb' BechbMa yI0GHO HCIIO/IB30BATh CBO-
CTBa Tapamerpa [ Ias OnpeliesleHHss TeMmepatypbl. JefdCTBHTEIbHO,
[IPEIIOFOKAM, YTO MBI pacnoJjiaraen TepMOMeTpoM M, 1 KOTOpOTO H3-
BECTHA CBf3b MeXJy MapamerpoM f3 H TepMOMEeTpHUeCKHM NapameTpoM 0.
Ecan as10T TepMomerp HAXOLNTCS B TENJIOBOM KOHTaKTe ¢ HEKOTOPOH
cHcTeMolt A, TO Mbi 3HaeM, YTO B COCTOSIHHM pasHoBecHst P=[ . Taxkum
06pasoM, Hawl TepMoMeTp Gyrer usmepsTh [kak 1o caenyer us (9)1 dyu-
JAMEHTaJbHOe CBOHCTBO cHcTeMbl A, a UMeHHO, BeqHUYMHY 5, Xapakre-
PH3YIOIIYI0 YacTHYIO NPOH3BOLHVIO JorapH(ma 4Y{c/1a COCTOSHHH 110
sneprun. [Ipeanonoxum Jajee, 4TO Ml HMeeMm Apyrodl Tepmomerp, M,
JIIST KOTOPOLO TAK¥Ke YCTAHOBJEHO COOTBETCTBHE MexKAy napamerpom [/
11 ero TepMmomeTpHuyeckuM mnapamerpom 8. [lpnBezem 35TOT Tepmomerp
8 Tenjoeoli KouTakT ¢ A. Mbi 3BaeM, 4To B paBHoBecuu f' =f ,, a 3HauuT,
7 =p, 1 Mbl TPUXOAHM K C/AENYIOIeMY BbIBOLY:

Ecau B xauecTBe TepMOMeTpHYeCKOro mapamerpa
ucnogb3yercss napametp f, TO 4060l TepMOMETp,
U3MepsIouHi TeMnepaty py JaHHOH CHCTeMBbl, OKaxeT (24)
00HYy u my e TeMmneparypy. OITa TemnepaTypa
ABJsIeTCsl Mepoil Gy HAaMEHTabHOrO CBOACTBA CHCTEMbI:
gycja AOCTYHHBIX COCTOSHHH.

[apamerp P siBaseTcss nosTOMy OCOGEHHO BaKHLIM TeMIeparypHbIM
napameTpoM. B sToM npHuMna nasbanus abcowommas memnepamypa,
HCHoJib3yeMoro ist Beanuuunt T==(kP)~!, onpesensieMoil uwepes f.
Mb1 OTI0HM JIO T1aBHI O pacCMOTpeHHe CleAyIomuX Bonpocos: 1) npak-
THYECKHE cnoco0bl HaX0XKIACHHSA 4HCaeHHbIX 3Hauenuii B 1 T mo coorser-
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CTBYIOUIHMM H3MEPEHHsIM H 2) MeXIYHapoAHble corJauleHdsi 0 Buibope
YHCJIEHHOrO 3HAYEHHSI BEIHUHHHL R,

Ceoticmea  abeomomuoti memnepamypet. Coraacuo (9) aGcosotHast
TeMoepaTypa OnpeiesseTcs CAefYIONHM PaBeHCTBOM:

1 dlnQ
Mur 3naen fem. (3.37)], uro aas Beex o6uiunbix cuctem Q (E) sBasiercs
Kpafine GbIcTpo Bospacraioutell pyuxuueis sueprin E. Tlosromy us (2%)
ceayer, 4To 178 OOBIUHBIX CHCTeM
>0, wm T >0. (26)
Jpyrumy c.1oBami,

AGcomortnasi TemnepaTypa JoGoi 97
OOBIMHOH CHCTeMbl DOJIOXKUTEIbHA *). 27

Mol MOXKeM Terepb OUEHHTb NOPSIA0K BeJMUdHHbl aGCOMOTHOH Temne-
parypel cuctenmbl. Popmyna (3.38) naer Ham nPUBIHKEHHYIO 3aBHCH-
Mocth & (E) OT 3Hepruu:

(E) p o

Q(E)cc (E—E,). (28)

3iaech f-— uncno creneHell ¢BOGORB pac-
CMATPHBAEMOH CHCTeMb], L — 3Heprus
cHucTeMbl, £ — 5HepTAs ee OCHOBHOIO CO-
croguus. Jlorapupmupys, umeen

InQ ~ fln(E—E,)+const, £, E
OTKyZla Puc. 4.5. Xapakrep sasucuMocti In Q
olnQ oT suepruu £. Haraon xpusoit paer
— n ~ f (29) aGcoatoTuslil  TemnepaTypHblil  napa-
0E T E—E," metp -

UroObl N01Y4HThL Bedndniy 7', B 3TOM OpMyae HYIKHO NOJN0KHTh E=F—

cpetHeHd 3SHEPTHH CHCTeMbl. Mbl 1OJgy4aeMm, YTo Aas1 OOBIYHLIX CUCTeM
I E—E
Hpyrumu caoBami,

|
Ecou obniuHas cucreMa nMeer aGCOIIOTHYIO TeM- i
ueparypy T, To Benuuuna kT HMeeT NOPSAOK Cpel- l

Hedl 3Heprud (OTCYHTAHHOH OT 5HEPrHH OCHOBHOIO L (31
COCTOSTHHSI), [PUXOASILEiCS HAa ONHY CTeNeHp CBO- |
6GolBl CHCTEMBIL. i
4
]

%} Kak yxke 610 3amedeno B cBA3H ¢ opuyach (3.38), Bupaxenue «nobas o0biy-
Hasi CUCTeMa» HMeeT B BHAY HCK/IOUHTbL CHelMaJbHble Cyyan, KOrJa Mbi HFHOPHpYyeM
KHHCTHYECKYH) JHEPrHIO YacTHI[ U .KOrjJa MAarHUTHAsl SHeprus, ofycjosaeHHas HX
CNHHAMH, AGCTATOYHO BEAMKA.
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YcnoBue paBHOBecHst (8) MexkIy ABYMSI CHCTEMAMH, HaXORAMMICH
B TeIJIOBOM KOHTaKTe, TpeOver, 4ToOBl HX a0COJIOTHBIE TEMIIEPatyphl
ObliH paBubl. M3 (31) caenyer, uro 310 yesaoBHe, TpyGo rOBODS, 9KBHE2-
JEHTHO YTBeP:KIEHHIO, YTO NOJHASA SHEPT U B3aUMOLEHCTEYIOUHAX CHCTEM
pacnpefleqsieTcsi MexKAY HHMH TakHM 00pasoM, 4TOGH! B OGEHX CHCTEMax
CPENHAS SHePrusl, IPUXOIIascsa Ha ONHY cTeneHb cBoGOAb, Obla O1Ha
u Ta xe. locnennee yTBepikieHHe COBNAjaeT B TeM, KOTOPOE Mbl YK
HCIIOJ/IB30BAAH B HAIIHX KayeCTBEHHLIX paccyXaeHusiXx B 1. 1.5,
Kaxk meHsttorest napamerpnl B, Hau 7', ¢ H3MEHEHHEM SHEePTHH CHCTEMbi?
Besuuuna § usmepsier Haxkaon xpusoil In € (E) orHocuresbno ocu E.
B noanscu K puc. 4.3 mbl viKe o6paiiasn BHUMAHHE HA TO, YTO 3Ta KPU-
Basl o0pauieHa BLIMYKJAOCTLIO BBEPX, TAK KaK TOJNBKO NP 9TOM Oyaer
BBLINOTHEHO (DU3UYECKOE VC/IOBHE, 3aK/0YAIOUIeecsi B TOM, HTO JBE CIiC-
TeMbl, NPHUBEAEHHLIE B TEIJIOBOH KOHTAKT, WMEIOT OQHO-AMHCTBEHHO:
COCTOSIHHE MaxkcHMalbHOH BeposaTHocTH. OTciofa cietyer, YTO BeJIHIIHA
Op/OF MOHOTOHHO VMEHBLIAETCS!, H CAEIOBATE]ABHO, sl 2006l CHCTENM
x <o (32
B cayuae oOLIUHBIX CHCTEM TOT Pe3YJILTAT CAEAYET TAKXKEe HEemOCPejcT-
BeHHO H3 dopmyanl (28), auddepenunpoBanue xotopoit (29) maer
o / 9
52? ~ "‘-m < O. (3-.}\
Mgt nokasaan, wto B yMenbiaercs ¢ poctom E. Ho, no onpeenenwio,
T=(kp~1) u, cegoBatespHo, abcoOTHAsS TeMiepaTypa pacTeT, ecll [3
ymenbuiaercs. Taxkunm ofpazon, u3 (32) craenver, dro

| b
A6comornas Temnepatrypa GO CHCTEMBI eCTh
BO3pacrawuad QyHKUHA €e Hepruu

B matemaruueckoii dopme

ar 8(1>=»'_]«.—‘?£’-

JE = 0E \ kB YT .
Mmes B Buay (32), wmpl noayuaem
aT
<5 >0 (35)

[NocsieiHee HEPaBEHCTBO MO3BOJSIT HaM YCTaHOBHTL OOLlEe COOTHO-
mienye Mexay a6ConloTHOI TemMmepaTypoll M HanpasJjedueM [OTOKa
tensia. PaccmorpuM iBe pasiedbHble cuctembl, A n A’, KoTopele BHauane
HAXOIWJHCh B paBHOBeCHH NpH Temnepartypax T; u T;. 3arem mexny
cHcTeMaMH GbUl CO3JaH Tem/OBOH KOHTaKT, NOC/E Hero OJHa H3 CHCTeM
crana norJomarb, a Apyras — OTAaBaThb Temao. IJTOT npouecc npo-
JOJKANCS 10 JIOCTUKEHNs PABHOBECHS, KOTOPOMY OTBeudeT TeMieparypa
T,. Ipennoscxum, uto cucreMa A NorJouana Tenio H, cJaeloBaTe/lbHo,
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yBeJIMUMBAJIa CBOIO SHEPruio, TorAa, Kak cieiyer us (34), 7,>T;. Co-
‘OTBETCTREHHO CiHcTeMa A’ oTnaBaja TemIo H Tepsijia SHEPrHIO, i 13 (34)
caenyer, 4ro T, T;. IlosroMy nayaibHas U KOHEUHas TEeMIEPATYpul
CBSI3aHBl HEpPaBEHCTBAMH

: T, <T,< T:.

3710 3HauuT, YTO HauadbHasg abcosmoTHas Temrepatrypa T, cucteMet A,
KOTOpas NorJomasna Temdao, MeHbUle HauyajbHOH abcooTHOH Temmnepa-
Typbl T} cucremu A, orpapaBinedl Tenso. Mbl IPHXOIUM K CJYIOWIEMY
BbHIBOJV

Ecoau mofsie iBe OObIYHLIE CUCTEMbl HaXOXATCSH
B TEIJIOBOM KOHTaKTe, TO cHcTema ¢ O6Jbliell adco-

| TOTHON TeMrepaTypodl  OTA&eT TCMJO, - 4 CHCTENa (35)
- ¢ MeHbiueii alco/IOTHOH Temmnepatypo# *) ero mnor.1o-
! Laer.

Mut onpenesiiM CA0BOM 20pAuasi CUCTEMY, OTLAOLLYIO TeNJio, U CJI0BOM
X0A00HAST ~— CHUCTEMY, morjowawimyo Ttenao. [lostomy (36) 3xBHBa-
JIEHTHO YTBEPIKICHUIO, UTO 20pAYASA CUCMEMA tAteem Doaee 8bicOKY0 adco-
JOMAYIO MEMAePAmypy, 4eMm XOMOOHAS.

4.4. Tleperoc HeGoJIbIUIOTO KOJMYECTBA TenJa

B npensiaviieM nvHKTe MLl 3aKOHYHJAM OOUlee pacCMOTPEHHS
TEAJI0BOrO B3aHMOAEHCTBHH MeXIY MAKPOCKONHYECKHMH CHCTEMAMI:.
Tenepb Mbl nepeiiieM K OGCYXIEHHIQ HECKOJbLKHX IPOCTBHIX CAydaes,
HMEIOIIMX Ba’zkKHOE 3HaueHue.

HonycruM, 4To cucteMa A, Haxoasu@scs B TEIJOBOM KOHTAKTe
C IPYro# CHCTEMOH, MOIVIOiLaeT HeDObIIOe KOJAHUeCTBO Teria, yAOBJeT-
BOPSIIOLIEE HEPAaBEHCTBY

IQI<KE—E,. 37y
DTo 03HAUAET, YTO PE3YJABTHDYVIOUIEE H3MeHeHHe cpenHeil sueprin AE =
= cucrembl A HeBEJIHKO MO CPaBHEHHIO C IIPEBBILIEHHEM CPeRHEl

sHepriiy E Haj 3HepTrHell OCHOBHOTO COCTOAHHS cHCTeMbl. 1pn aToM ahco-
JMOTHAs TeMIlepaTypa cHCTeasl T HM3MEHHTCs BecbMa He3HAUHTEhuo,

JlelicTBuTeIbHO, nodaras E=FE, Mpl noaywaem 13 (29) u (33) crenymomne
ONEHKU:

A= Qe — L gt _q
. 0

Teneps u3 (37) caenyer

- Q|8 (33)

*} B ocofoM ciaydae CHCTeMBl CHHHOB 3TO YTBEDKAeHHe HYXKIAeTcs B NOSCHEHUH,
TaK Kak T-»+ oo, ecan —0. (Cm. 3anauy 4.30.) .



Tak xax T:I(kﬁ)“, win In T=—Inf —Ink, 10 AT/T=—AB/B,
TakHM of0pasom, (38) 2KBHBAJIEHTHO HEPABEHCTBY

AT |<LT. (39

Mel 1o/mKHB CKa3aTh, 4TO Tem1o (), DOIVIOUIEHHOe CHCTEMON, Maa0, ecan
BBLINIOJIHSIETCS HepaBeHCTBO (38), T.e. eciM (PU MOTVIOWEHHU Temia
aGcosoTHAsH TEMITEpPaTypa CHCTEMbI CYLIeCTBEHHO He uameHsieTcs. Ilpen-
HOJIOXKHM, YTO CHCTeMa A ToTJIoHlaeT MaJjoe KoJqugecTso Temsa. Torza c
NOMaBASIOell BepPOSITHOCTHIO HAYAJNBHbBIE H KOHEUHbIE SHePTUH CHCTEeMbI

PAaBHBI COOTBETCTBEHHO CpeaHuM 3HadenusM, £ 1 E-- Q. [Ipu norsoweHnn
9TOro TeNJa M3MEeHHTCS TaKKe YMCA0 JOCTYNHBIX coctosaHnit Q (E) cu-
creMul ‘A. C noMoLbio pasnoxkeHusi B psan Tefliopa Mbl HAXORUM

nMQE+Q—InQ(E)=
_{2InQ , P /6*InQ 2 . .
‘_<()E>Q'—l_—2_\ ,)EZ)Q +-"'“ﬁQ7_2()EQ
Mt npeanoJgaraeM, 4To KOJHYECTBO NOIVIOLIEHHOrO Telljia Q MaJo..
HOSTOMy abcooTHag TeMneparypa CUCTEMbI A ocraertcs ITOYTH HEH3MEH-

HOl H B COOTBETCTBHH ¢ (38) MOXKHO nHpeHeOpedb U/I€HOM, CONEpPIKALIHM
Of/0E. Takum ofpa3oM, H3MeHeHHe BeqHuMub In Q (E) 6yler paBHO

A(nQ =202 g g0, (40)

i1 MBI NPHXOJHM K CJIEIVIOUICNY BbIBOAY: €CJAH CHCTeMa, HaXOISIascs
npu abco/IIOTHOH  TeMnepar) pe T=(kB)"', mnoraouiaer KOJHYECTBO
tenaa Q, ee suTponusa S=4Fin € MmeHsieTcd Ha Maaywo BeauuuHy AS,

paBuyio
¢« |

Ab:'?:, !

ecan @ maJad.

(41)

Cnenyer noJUEpPKHYTh, YTO AAXKE eC/IM KOJHUYECTBO Tensia Q BeTHKO
110 a0CO/NOTHOH BeAWYHMHE, OHO MOXKeT OCTABATLCH OTHOCHTENbHO MaJibiM
i cMbicsle HepaBeHcTBa (37) wan (39), Taxk uro BoipaxeHiie (41) 6yxer
ere crpaseAanBo. Ecan koindecTBo morsoinenHoro Tensa AefiCcTBUTE b~
HO GEeCKOHEYHO MaJjasi BeJHdHHa, Mbl MOXeM 0603HaunTh ee d , U TOria
OeCKOHeYHO Majioe H3MEHEHHEe SHTPONUM Oyler pPaBHO

(42)

3ameruM, 4TOo BesimuuHa dQ aBaseTcss NpocTo GeCKOHEUHO MaJoi,
TOrJa KaKk Besnuiua dS npeactasnsieT coboil nudipepeHinan, T. e. 6ecKo-
HEYHO MANYIO pasHOCHb 3HTPOIHI CHCTeMbl A B e KOHeYHOM H HadaJb-
HOM COCTOSIHHUSX.
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Ecan ocymectBuTs TensoBoii KOHTAKT Mexpy cHeremod A u moGoip
cucTeMoit B, KOTOpas CYUIECTBEHHO MeHbue A, TO KOJIHYECTBO TelJa,
DOTJIONIEHHOE cucTeMolt A, Beerna OyJieT oueHb Masad B cMbIc/e, Onpele-
JaseMom HepaseuctBamu (37) mau (39). HefictBurensno, Iaxe camoe:
GoJibiiioe KOJIMYECTBO Telaa Q, Kotopoe cucrema A cMmoxer B3siTh y B,
6yIeT nopsAKa NOJHON SHEPrii cHcTeMHbl B (32 BBIYETOM HEpPrUH OCHOB-
Horo coctofHus). Ho naxke sTa sHeprusi MHOTO MeHbIlle pa3HocTH £ — E
LIS caMoil cucTeMbl A. MBI TOBOPUM, 9TO cHCTeMA A EHCTBYET Kak menio-
60li pesepsyap (WU menaoeas 6AHs) N0 OTHOWIEHHIO K APYIHM CHCTEMAM,
€CJIM OHA JOCTATOYHO BeJIHKA AJisS TOTO, YTOObl TeNnAoBoe B3auMoaeAcTeHEe:
C JPYrYME CHCTeMaMH TIpakTHYeCKH He H3MEeHHAO ee TeMnepaTyphl.
1 B »TOM cayuae pasencteo (41), CBsI3bIBAlOHIeE H3MeleHHe 3HTPO-
nud AS TenJioBOro pesepsyapa € MOIVIOUIEHHBIM Tensaom @, ocTaercs:
CIIpABeJIUBBIM.

4.5. Cucrema B KOHTaKTe C TemJOBBIM pe3epByapom

BoJsIbIIMHCTBO BCTPEUAIOUINXCA HA INPAKTHKE CHCTEM HE H30JHpPO-
BaHbl. OHH MOryT OOMEHMBATLCH TeIJIOM CO CBOHM OKpy:eHHeM. Ecam
Takasg CHCTEMa Maja MO CPABHEHHMI0 € OKpYyXKawlleH ee cperoll, oHa
MOJKET pacCMaTpHBaThCSl KaK CHCTeMa, Haxolsllascsi B TEMJOBOM KOH-
TaKTe C TEIJIOBBIM DE3epPBYapOM, KaKHM SIBJASETCS BCEe OKPYXKeHHe 5TOf
cuctempl. (Hanpumep, moboil npeaMeT B KOMHATe, CKayeM, CTOJA, HaX0-
IUTCSL B TEIVIOBOM KOHTAKTE C Pe3epBYapoM Tenua, COCTOSIHM H3 KOM-
HATBl C ee MOJIOM, MOTOIKOM, Me6e/blo, BO3AYXOM M T. 1.} B stom pas-
Jene Mbl OYIeM WMeThb [eJi0 ¢ OTHOCHTeJBLHO Masofl chcremoli A B
KOHTaKTe C Tenja0BbIM pe3epByapom A, Hac Gyner HHTepecoBars cienyio-
U BOMPOC: KAKOBA BEPOSTHOCTh P, TOTO, YTO B COCTOSIHHA PABHOBECHS
Mbl OGHapy:KHM cHcTeMY A B COCTOSIHMH 7, o0Jjafawoiuem sHepruei E,?

DTOT BONPOC HMEET BecbMa OOIIHH XapaKTep H OTBET Ha HEro YPe3Bbl-
yallHo Ba)KeH. 3aMeTHM, 4TO B HAIlleM pacCy»KICHHH cHcTemol A moxer
ObTh J06asi cHcrema, YHCJO CcreneHell cBoGoIbl KOTOpO#  ropasio-
MeHbILe, ueM y Ttemiosoro pesepByapa A’. CucreMoli A MoXKeT ObITH-
a106asi OTHOCUTENBHO MaNast MaKpoCKOnuHeckas cucTeMa {(Hanpumep, ecau
KYCOK MeJH NOTPYXKEH B 03€p0, NOoCJAeAHee SBJACTCS TEMJOBLIM Pe3epBy-
apom). C apyroit cropoHsl, cucteMoii A MoxKeT ObiITb H JI06As! MUKPOCKO~
nuueckast CHCTeMa, eC/I TOJbKO OHA MOXKeT OblTh HIACHTH(HILHpOBaua *)..
(Hanpumep, ecau aToM TOMelleH B ONPEAENeHHOM MeCTe peLIETKH.
TBEPJOTO Tena, T0 nHoc/eiHee OYIET sIBASTLCH TEIIOBHIM Pe3epByapoM. )

Uto6bl MOACYHTATH YHCJAO COCTOSHHH TEMIOBOIO pedepByapa A’, Mbf
ONATh pas3lenuM IUKajdy 3HepTHUH Ha HeGousbliMe (QUKCHPOBAHHBIE:
uatepBannl OF n oGo3nauum uepes Q' (E’) 4HCIO0 JOCTYNHBIX COCTOSIHME
cucreMel A’, Korzaee sueprus paBHa £’ (T. e. ieXUT B uHTepbase oT E”
po E'--8E). (Mwul npexnosaraed, uro uHTepBan O8E ropasio MeHblie:

*) IlocnefHee 3aMeygHue CYUIECTBEHHO, TAK KaK IPH KBAHTOBOMeXaHHYECKOM
ONYUCaHHM He Bcerfa BO3MOMKHO OTOKIECTBHTb JAHHYIO YAaCTHIY CpejiH ApYrux He OT-
JIHUBMBIX OT Hee 4acTHIL. )
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PACCTOSIHUSA MeXKAY YPOBHSIMH 3HepruH A’, HO JOCTAaTOUHO BEJIHK, UTOGH
Coep2KaTh MHOTO BO3MOXKHLIX COCTOSIHUI pesepByapa A’.) UToGH nosy-
YHTh OTBeT Ha MHTePecYIOLIHi Hac BONPOC O BeJNIMUMHE BEPOSTHOCTH P,
HaX0XJeHHsl CHCTEMB! B COCTOSIHHH 7, JOCTATOYHO IPHMEHHUTD Paccykie-
nus 1. 4.1. 3aKOH coxpaHeHHs Hepruu Tpebyer, ytoGbl IHEPTHUS CHCTe-
Mbl A H pesepByapa A’ ocraBasachk NOCTOsiHHON BeqnduHONH. OGo3Hauast
3Ty MOJHYI0 3HeprHi0 uepe3 E¥, inleem

E'=F*—F,. (43)

Ho eciiu cretema A HaXomuTCs B OXHOM ONpeflesieHHOM COCTOSHUH 7,
TO YHCJIO JIOCTVIHLIX COCTOAHNIT Beelt cucreMbl A* mpocTo paBHO YHCAY
cocrosnnfi &' (E*— E,), noctynHux A’. V3 Hailero oCHOBHOTO CTaTH-
CTHYECKOTO MOCTYJaTa CJIeAyeT, ONHAKO, YTO H3OJIHPOBAHHYIO CHCTEMY
A* MOXHO C PaBHOH BEPOSITHOCTLIO OGHAPYKHTH B J0GOM U3 ee JOCTyN-
HBIX COCTOSTHHH. [103TOMY BEpOSITHOCTb OCYILECTB/IEHHA CHTYAIHH, KOTAA
cucteMa A HaxXOAHTCS B COCTOSIHHH 7, [IPOCTO NMPOMNOPIIHOHAJABHA YHCIY
JOCTYIHBIX COCTOSHHE cHcTeMbl A ¥, Koria A HaXOHTCS B COCTOSIHIUM 7:

P,x Q' (E*—E,). (44)

J1o ciXx mop HAUTH paccyKIeHust MMeJsH BecbMa oBIHH Xapaxrep. Tenepb
Mbl HCITOJIB3YEM TO OOCTOSTENbCTBO, YTO cHeTema A ropasio MeHblIe pe-
sepyapa A’. 3ro 3naunt, YTO HHTEpeCylOas Hac snepTHd £, ya0B/eTBo-
psieT  CAeNYIomeMy HepaBeHCTBY:

E, <<<<CE* (45}
Mpl mosyunm xopouwiee npubauzkenue aaa (44), pasnarags MeLJeHHu

MeHgoEiCsa norapudm Q7 (E’) oxono 3navenus £/ =L£%, AHajoruuso
(40), Mpl noayuaeMm AAs TEIJIOBOI'O pesepByapa

InQ (E*—E,) = In Q' (E% — [‘l;”fp_} E,—InQ' (E)—BE,, (46
e olng’ |
p= 2% | (47)

PABHO 3HAYEHHIO MPOH3BOAHON NPH (PUKCHPOBaHHOH sHepruu E'=FE*,
Dra penuuuda P=(kT)~! ABJdeTCs NCCTOSTHHBIM TeMrepaTypHLIM Mapa-
MeTPOM menaovsozo pesepsyapa A’. Tenepp u3 (46) mbt nogaydaem

Q (E*—L,)=Q' (E*)e~BEr, (48)

Beanuuna Q' (E*) as/aseTcs HOCTOSIHHOH, HE 3aBHCsLIeH OT 7, IO3TOMY
BEpOSTHOCTD (44) paBHa

P, =Ce-bEr, (49

rde C — KOHCTaHTa, He 3aBUCINASL OT 7.

3afimeMcd Tenepb U3yuenneM (GpU3MUECKOTO CMBIC/a pe3yabTatos (44)
W (49). Ecin cucrema A HaXxoguTcsl B OIpeNe/€HHOM COCTOSIHHH 7,
To pesepByap A’ MoxkeT GBHITb B JIIOOOM H3 GOJBIIOTO YHCJA COCTOSHHH
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Q'(E*— E,), ROCTYyIHBIX €My B 3THX ycjaoBHAX. Ho Msl 3HaeMm, uto
9UCI0 JOCTYMHBIX TeJIOBOMY pesepByapy coctosiuil Q' (E’) o6niunio
ABJIgeTCsl ObICTPO Bospacraollefl pyHKuuel ero sHepruu £’ 1. e. f B (47)
OOGBIYHO MOJIOXKHTENbHO). JIOMyCTHM, YTO Mbl XOTHM CPABHHTDL BEDOSTHO-
CTH HaXox[IeHHs cucteMsl A B ao-
6bix JBYX COCTOSIHHSIX, SHEPTHH KO-
TOpuIX pasnuunbl. Ecam cucrema A
HaXOJUTCsl B COCTOSIHHM ¢ GOJbHION
sHepruell, TO M3 3aKOHA COXpaHEHHSH 70
SHepPTHH CJelyeT, UTO Ha JOMO pe- F
3epByapa MpPHXOIMTCH COOTBETCTBEH- N
HO MeHbllasi PHEePTHs; HO3TOMY YHC-

JIO JOCTYTIHBIX COCTOSIHHII pe3epByapa 0 f'_
3aMeTHBIM o6pasoM yMeHbliaetcs. B
COOTBETCTBHH C 3THM YMEHbIUEHHeM
BEPOSAATHOCTb OCYIUECTBJEHHS TaKOH ]
CHTyallUH TaKxKe yMeHblaercs. K-

CTIOHeHUMa/JbHas 3aBHCHMOCTb P, OT
E, B dopmyJe (49) Beipaxkaer pesysb- §
TaT THX PacCyxkJeHull B MaTeMaTHue-
cKkoli gopme. ' i

ITp u me p. [TosicRUM npUBefeHHbIe BEI- 76’5
{le pacCy:KAeHust NMPOCTEIM HpHMepoM. Pac- ‘¥ [~ 777777 ]
cMoTpum  chcTeMy A, HeKOTophie ypOBHH "PPV
SHepruH KOTOPOH MOKasaHbl Ha BepxHefl ua- I
cTH puc. 4.6, M 3HAUMTEJIHLHO OONBINYIO CH- lﬂ' I
cremy A’. Hkana sneprun cucremsl A’ pas 0
feJieHa Ha paphble uurepBanst O0E=1, a
9HCJIO JOCTYTHBIX COCTOSIHHI B KaXKAOM HH-
tepsaje €'(E’) nokasano B HmKleld wacTu
puc. 4.6. [Tpeanonoxun, uto cuctemMa A Ha-
XOfHTCS B TEINIOBOM DPAaBHOBECHH C pesep-

e |
C 2034 200 -
Pue, 4.6. CxeMa J[oCTYyNHBIX COCTORHHIY

HekoTOpoft cHeTeMbl A B CmeuHaabHOTO-
(ouenb MaNeRBKOrs) TEeNnJaoBOTO pesepBya-

syapom A’ ¥ uyro moinas 3Heprus E* co-
crapuoit cucrembl A* paBua E*=2050 enn-
aunam.  Jonyerum , wto A maxojutcsi B
OHOM U3 COCTOSIHHE r, SHeprus KOTOPHIX
E;= 10 enunuumam. Sueprus pesepsyapa

pa A’. Ha BepXHeH 4aCTH PHCYHKa moKa-
3aHbl YPOBHH 3HEepPrHU A HEeCKOABbKKX
cocTOSTHMiIL cHcTeMbl A, Ha HHxuel —
YuCSi0  AOCTYRHBEIX cocTosuuil & (E’) cu-
cTeMbl A’ B 32BHCHMOCTH OT €€  BHep-
rui E’. Jueprusi l3vepeHa B MPOH3BOMDL-

B 3TOM Clyuae OymerT pasHa 2040 eguuu- HbIX eluHHLAX.

1aM H COOTBETCTBEHHO 3TOMY 3HAYeHHIO SHCD-
THH pe3epByap MOXeT HaXOIMThcs B JuoGom M3 2-108 pocrynumix cocrosiunit. B au-
camGne H3 6OMBLIONO YHCIa H30JKWPOBaHHEIX chcteM A* (coctosiiem u3 ciuctem A n A')
qHCJI0 COCTOSTHUMA, KOTa cicTeMa A HAXOIUTCS B COCTOSIHHN 7, GyIeT NPONOPLHOHANBHO
2-10%, TIpexnonoxuyM renepb, uto cucreMa A HaXOZMTCS B COCTOSIHHH S, BHEPrHsI KO-
Toporo £==16 enxunuuam. Torga sueprus pesepByapa Oyner pasua E =2034 emmu-
HHLUAM H COOTBETCTBEHHO CHCTEMa MOXKeT HAXOAHThCs B JuoGoM u3 | -10% Bo3MOXKHBIX
coctosinuii. B aHcam6ie cHereM uneao caydaes, Korga A GyjeT OGHAPYKEHO B COCTOSI-
HUH 8, 6yzeT npomopuxoHatbHo 10% M GyleT cOCTaBJSITH TOJBKO NOJOBHHY OT YHC/IZ
ciiyqaeB, xorja A HaxOmWTCs B COCTOSHHH 7, MMEIOINEM MEHbHIYIO 3HEPIHIO.

Briparkenne 119 BepOSITHOCTH (49) siBjisiercd BeCbMa OOLIHM pe3yJib-
TAaTOM, HMEIOLHM OTPOMHOE 3HaUeHHe B CTaTHCTHUECKOH (H3HKe. JKCHO-

o -BE
HEHUHAJbHBIH MHO2KHTEJL € BE, HAa3bIBAETCH MHOMCUMEAEM BO/lbL(MaHa;
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COOTBETCTBYIOLIEE pacipesnesenue sepostHocTell (49) HaswlBaeTcs Kao-
Huneckum pacnpedeserues. AncaMbib CHCTEM, HaXOAAMIACA B KOHTaKTe
¢ TEINJIOBBIM pe3epByapoM H3BecTHOH Temnepatypsl T [3ThH cucTemul
pacrnpeesiesl 10 CBOUM BO3MOXKHBIM COCTOSIHHSIM B COOTBETCTBHH ¢ (49)],
Ha3bIBAETCH KAHOHUMECKIM aHcambaen.

[Mocrosinnas C B (49) MOkeT ObIThb JIETKO ONpeesieHa H3 YCJIOBHs
HOPMHPOBKH, KOTOPOE 3aKJIOUaeTCs B TOM, YTO BEPOSITHOCTh OGHAD Y KHTb
cucreMy B Jo00M M3 BO3MOXKHBIX COCTOSIHHE paBHa |:

ZP,ZL (50)

31ech CyMMa pacnpocTpaHsIeTCss Ha BCe BO3MOXHBIE coctostnust A,
He3aBHCHMO OT sHepruu. Kea B Buay (49), Mbl nosyuaem 3 3Toro ycio-
BHA

CYeBEr=1,

Temeps Mul MoxeM 3amucaTh (49) B Gojee sIBHOM BHAE:
= (51)
rzz ~BL, .

, €

.
3nag pacnpeienenue BeposiTHOCTeH (49), JIerko BBIUMCAHTB CpPeHue
3HaueHUs Pa3/MYHBIX [apaMeTPoB, XapakTepH3YIOHX CHcTeMy A,
1aXoAsUIYIOCT B KOHTaKTe C TEMJIOBBbIM pE3epByapoM npu  abeoJnoT-
1ol temmeparype T=(kP)~'. [eficTBuTenbHo, 00O3HAUHM uepes y
HEKOTOPYIO (DM3HUECKYIO BeJMYHHY, 3HAUEHHE KOTOPOH B COCTOSIHHM 7
pasdo y,. Torna cpeinee 3nauyeHHe BeJHYHHBI y PABHO

_ Y BE,
=Y Py, =2 (52)

Z o—pir
.

TAe CYMMHpPOBaHH€ I[1POU3BOANTCSA [0 BCEM COCTOSTHMSAM 7 CHCTEMbI A.

3aMevaHuwsa gJas cayudadg, koraa cucremMa A MaKpoOCKo-
nuyeckasn Dopyyna (49), nmeloman QyHIaMeHTATLHOE 3HAUEHHe, A3eT BEpOsIT-
uocth P, Haxoxiaenns cucrembl A B HEKOTOPOM OHOM COCTOSHHH r ¢ SHepruell £ .
Yrobbl Halitn BeposTHocTh P(E) oOHapyxuTb cucTemy A B HeGObIIOM HHTepBaJje
suepruit ot £ ro E--8E, HeoGXOIHMMO IPOCYMMHPOBATL BepOSTHOCTH JJs BCEX CO-
CTOSHMIL 7, 3HEPIUH KOTOPbIX JeXaT B uHTepBane E<<E,<E-4-O8F, r.e.

PE) =3P,

rie IITPHX NpH 3HAKE CYMMBI YKa3biBaeT Ha TO, YTO CYMMHPOBAHHE NPOM3BOIHTCH
70 COCTOSIHHAM C GIM3KMMH IHEPIHAMH, 3aKMIOUEHHBIMH B YKAa3aHHOM HHTEpBAaJje.
13 popmy.nl (49) carenyer, YTO B ITOM Cyyae BEPOATHOCTS P ., ponopunoHaibhas e —#£,
-6yfeT NMOYTH ONMHAKOBOH Ins Bcex 3THX cocrosunil. [Tosromy HHTepecylomyio Hac
BepOsiTHOCTE P(E) MOXHO MOAYYHTH MPOCTHIM YMHOMXKEHHEM BEPOSITHOCTH HAXOMXKIEHUA
A B OIHOM H3 YKAa3aHHEIX COCTOSIHMA Ha uuciao Q(E) TakHX COCTOfHHH B HHTepBase
sueprun £, E-OE. Hmeem, TakuM o6pasoM,

P (E)=CQ(E)e-8E. ' (53)
Ecmm A — MakpocKonuyecKas cucTeMa (XoTs M MHOTO MeHbluast, uem A’), 10 Q(E) —
GLICTPO Bo3pacTaiomlasi GpyHKUUs sHeprHu. MHOxuTeNb €—B¥ GhicTpo yMeHbluaetcs ¢
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poctoM sHeprud. ITostomy BeposTHOCTE (53) MMeeT MaKCHMYM, KOTOPHIH TeM ocTpee,
uem Gosiblie cucteMa A, T. e. Guictpee Q(E) pacreT ¢ yBesuueHHeM Hepruu. Mbt onaTh
TPUXOAMM K TeM )Ke BHIBOJAM, KOTOpble ObLIM NOJAyuyeHH B M. 4.1 Aas Makpockon-
YeCKOH CHCTEMBI.

Ecnu naxoadmasics B KOHTaKTe € TEMJIOBLIM DE3epBYapoM CHCTeMa SIBAAETCH
MaKpOCKOIMUECKOH, TO OTHOCHTeNbHas BeMHYHHA QayKryaunii ee sueprun E Ha-
CTOJIBKO MaJla, YTO HEPrHs CHCTEeMBI IIPAaKTHYECKH BCEI'Ja DABHA CpelHeMy 3HAUEHHIO

sueprud L. C Apyrofi CTOPOHbBI, €CJM YCTPAHMTL TEIIOBOH KOHTAKT CHCTeMH! ¢ pe-
3epBYapoM H ¢jeJaTh ee TepMHuecKH
M30JIMPOBAHHON, ee 3HepTHs Boobiie Q{E)g’ﬁf
He OyneT ¢aykKTyuposath. Pasiauune /
o6enx  CHTyauuil HacTONbKO Mauag,

4TO He HMeeT NPaKTHUeCKOro 3Haye-

HHs, B YaCTHOCTH, CpelHHE 3HAyeHHs

BceX (hH3MUECKHX MapavMeTpoB cHCTe-

MBI (TAKHX, HamnpHMep, KaK CpenHee

JaBjIeHHe HWJIH CpeJHHH NAaTHHTHBLI

MOMEHT) B OOOHX CJAyuasfx COBMAfa- T TR I I eIt A1 NITIT RIS ITITInIni |

1o1. TTo3ToMy 9TH cpejiHHe MOTYT GuITh - E’ E
BBLIMHCAEHB [IBVMS Pal3iIHYHBIMH CIIO- Iy .
cofaMu. oF

1. MoxHo paccuaTprrath H30JH- )
Puc. 4.7. CxeMa, NOKa3hbBalomas 3aBHCHMOCTH
pOBaHHy}O MaKpOCKOMNMUYeCKVIo CHCTe- —BE
R N o - dyuruna Q (E) e™P= ot sHeprum E pgasi Makpo-
MY, PHepPrust KOTOPOfi GHKCHPOBAHA M cioniycckofi CHOTeMH, HAXOAAMECH & KouTakTe €
HAXOAUTCA B Y3KOM HHTepBaje OT E TENNIOBBIM PE3EPBYapOM.
o E+OE.
2. MoxxHo BecTH pacuer jAas CHCTEeMBbl, HaXO:LﬂLIJ,eﬁCH B TENJOBOM KOHTaKTe C Tell-

JIOBBIM Pe3CPBYAPOM TaKoll Temmeparyphl, YTO cpelHasa IHeprus E cucremb paeHa E.
3ameTHn, 4To BTOPOH CMOCOO VApOoImaeT BbIUMC/IEHHS, TaK KaK MPHMEHeHHe KaHOHH-
GECKOTO pacnpeeieniist CBOIHT BEIUKC/eHHe CpeHHX 3Hauel Ml K CYMMHPOBAHHIO B {52)
L.O BCEM COCTOAHHAM 0e3 OrpaHMycHNfl, TOrdad KaK MNOAcYeT uucaa coctoanui Q(E),
JeKaHX B 2000HHOM HHTEpBajie 3UeprHil, ABJAsSeTcA CYUIECTBEHHO GoJjee TPYAHOL
sajayded.

4.6. NapamarseTusm

Kanornueckoe pacrpezesnenne MOXKHO HCIOJB30BAaTh IS DEIUEHHS
psala 3anad, NPeACTaBASIOIMX GoJbliofi ¢H3HUeCKHH HHTepec. B xa-
YecTBe MEPBOTO NpPHMEHEeHHs Mbl HCCJAenyeM MarHUTHEIE CBOMCTBAa Be-
11ieCTBA, IOMEIEHHOTO B MarHuTHoe moJjie B 1 collepzKaiiero B equHuIle
obbema N, MArHUTHBIX aTOMOB. MBI pacCMOTPHM OCOGEHHO MPOCTOH CJ1Y-
ya@, Korja cnHH Kaxaoro aroMa pased 1/2. IlycTb MarHMTHbIE MOMEHT
aroMa paBeH Wa. IIpH KBaHTOBOMEXAHHYECKOM OMNHCAHHH MAaTHHTHLIH
MOMEHT KaXKIOr0 aroMa MOKeT GhiTh HanpasseH Jub0 «BBepX» (T. €. ma-
pajiJeJbHO BHELIHEMY HOJI0), JIHOO «BHH3» (aHTHHAPAJENBHO TIOJI0).
BelniecTBo Ha3bIBaeTCs napamMasHUmMHbiM, €CJH er0 MarHUTHRIE CBOHCTBA
06yCJIOBJEHb! OpHeHTalUHed HWHIAMBHAYaJbHBIX MAarHMTHBIX MOMEHTOB.
JlomycTHM, YTO BEIECTBO HAXOAWTCH nPH aGcosoTHOH Temneparype T
Hac unrepecyer cpedxee 3naueHte p COCTABJISIIOIEH MarHHTHOrO MOMEH- .
Ta JIO0OT0 M3 aTOMOB BJOJIb HanpaBjeHHs MarHMTHOro noas B.

[IpennonoxumM, 4T0 B3aUMOLEHCTBHE KaXJOTO MATHHTHOTO MOMEHTA
€O BCEMH OCTAJbHEIMH aTOMaMH BellecTBa HeBeJIHKO. B dactHOCTH,
AONYCTHM, YTO paccTOsHHE MaxK/Ay aroMaMH HAacTOJbKO BEeJIHKO, 4YTO
MOKHO npenefpeub MArHHTHBIM INOJIEM, KOTOpOe AAHHBIH artoM cOosiaer
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B MECTax PacHOJOXKeHHs COCeAHHX aroMoB. [Ipn 3THX NpenncnioxenHsaAx
Mbl MOKeM COCPEJOTOUYHMTH BHIIMAHHE Ha OTAEJbHOM aTOMe, paccmatTpH-
Basl €r0 KaK Ma/nylr CHCTeMY, a OCTaJbHbIE aTOMbI BellleCTBa — KakK TeIio-
BOI pe3epByap, HaxoaAuHuicsa npu abeo-

£ | JoTHOf Temmepatrype T *).
A (O603HauuM JIBA BO3MOMKHBIX COCTOS-
HHS KaxI0rG atoma 4epes (--) (narnur-
Ho Frepeug Conre, | Wb MOMEHT HampaBjeH BBepx) il {—)
LocmeRil (MarHUTHLI MOMEHT HamnpasJjeH BHH3})
onute H paccMOTPHM HX OIHO 3a JApYTHM.
B cocrosnun (<) MardHTHLI MOMENT
() aToMa napaJjijie/ieH I0JI0, TaK YTO U==ll,.
MarunTHas  sweprus aroma npH 3TGhM
3 paBHa &, =—4,8. KaHoHHueckoe pac-
8 2 npefeseHne (49) paer caelyioiuee 3Ha-
] yeHHe BeposiTHOCTH P, HaXoxKzeHM:t
lugt Jnpeun wuFee, | 4TOMAa B STOM COCTOSHWH,
;
O P, =Ce~Bev — CePiB,  (54)
rie C— nocrosiiHan, a p=(T)=!. 210

=) COCTOAHNE C HauMeHbIUEH 3Hepruei H
TO3TOMY B HEM aTOM HAXOIWTCH C hau-
Puc. 4.8, Atom co cnudom '/, B Ten- = "
NOBOM  KOIUTaKTE € Temaopbi pesep- ~ OOJIbIIEH  BEPOSATHOCTHIO. .
nyapoMm A’. Korga MarnuTamii MoMent B cocTosiuiu (__) MATHUTHBIA MO-

aToMa HalpaBieH BBepX, ero Ueprus .
pa 2W,B Mcilbille IUEPTHH NPH NPOTH- MEHT aTroMa aHTulapaaeeH noJio u

ROTOJIOKHOM HaANpaBJeHin MaPHHTHO- . o . . .
ro moMmenta. CooTBeTCTBEHHO, 3Heprust TOITOMY U =-~l,, SHEprusi atoma pas
TeNOBOrO PC3CPRyapa B HepBOM CJy- Ha g_:AJ,_MOB_ BepOHTHOCTb P _ nafi-

yae Ha 2B Oosbille ero 3nepruu no . B
BTOpOM cay4ac. Bosbileit 9HeprHH pe- TH aTOM B TAaKOM COCTOAHHHK paBHA
3epByapa oTBeyaeT OoJbilee “HCIO

COCTOAHUII, NOTOMY CHTyauusi, COOT- _ ~-Be. — -8B 40N
BETCTBYIOm{Ast MATHUTHOMY MOMeNTY. P— =Ce = Ce " (O"))
nanpasaeHHOMY BBePX, OCYILeCTRIsIeT-

g;a;f;"g‘ﬁ;mgggg;ggf;;*;;v ;‘;,“fpg‘;j 310 cocrpmmeuoénauaeT 60oJ1ee BBICOKOI

,JIEHHEM MAarsHTHOrO MoMenTd. aﬂepmen H HAUTH aTtoM B TAKOM COCTCGH-
HHUH MeHee BepOSITHO.

Hocrosnnyio C erko HaiTy U3 yCAOBHA HOPMUPOBKH, 3aK/104al0Me-

rocs B TOM, 4TO C BepPOATHOCTbio, paeHoil I, atoM Haxoaurcs auto

B coctosinuy (—), Jaubo B cocrosuui (). Hueen

P4 P_=CrBief=1,

*) Taxoe paccmoTpenHe npepnoiaraeT BO3MOXHOCTL OJHO3HAYHO HMAEHTH(HIM-
poBaTh OTHEJLHHI aroM. Jas 3Toro HeoGXOAMMO, YTOGHL aTOMBI 3aHHMANH OIpec-
JIeHHBle MECTa B pellleTKe TBEPHOro Tela HJAH OGpa3oBHIBaJH Ohl paspeXXeHHH ras,
rfie PacCTofHHe MEXAY aTOMaMH BeJHKO. B J0CTaTOYHO IJIOTHOM rase atoMbl cOiu-
39TCA HAacTOMBKG, YTO KBAHTOBOMEXAHHYECKUE OMNHCAHHE JIMUIIHT HAC BO3MOXKHOCT i
HIeHTUQHIMPOBATh OTHeNbHbIE atoM. B 3TOM cilyuae Hy»KHO paccMOTpeTh GoJee CGK-
HYIO KapTHHY SIBACHHA, 3aKJIOYAIOUIErocst B TOM, YTO BeCh ra3 B HEJOM SBJSIETCSl He-
GoBILGH MaKPOCKONMHYeCKoH CHcTeMOfl, HaXORselicss B KOHTAKTE C TEIJIOBLIM pesep-
BYapoM.
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OTKYAa :
1

C=omr i (56)

AtoM ¢ GOabiueft BEPOSITHOCTbIO HAXOLHTCHA B cocTogHud (), Iae ero

MATHITHBIE MOMEHT Napajsiened noio B, nostoMy cpednuii mMarHHTHLIR

MOMEHT aroMa u JAOJeH OblTh HampasaeH no nomo. K3 dopmya (54)

# (Bd) caeayer, yTo napamer-

POM, XapaKTepH3YIONLHM OpHEH- +

TAaUMI0 MATHUTHOTO MoMeHta, /=

ABJSETCS BeJHYHHA 10
1B A

w=pp,B =t7,  (57)

PaBHasl OTHOUIEHNIO MarnHTHOfH ]
sueprun uB Kk napamerpy kT, N
XapaKTePH3YIOmIEMY  HEpPTHIO N
Tenaosoro asmxkenua. Ouepui-
HO, 4TO ecau T ouedb BEAHKO I Bkt 'SR SR R
(r. e. w<kl), 10 BepoATHO- a 1 2 w8 9
CTH TOrO, UTO MACHUTHBLIA MO- T

MEHT aToMa HarpasjeH nomoaio - i
Hjau nporuB  noJig, Majao oOT- FO. 9TO MarHETHEL MOM::E()S;I:&C;;MJ;;:{ n_a;);gr
MHYAIOTCA ZPYT OT Apyra. B e e ol ceametty  ar
3TOM  CAyYae MarHUTHBIH MO- neparype 7

MEHT OPIIEHTHPOBAH HOYTH C/Y-

yaiino ¥ pa0. B npoTuBonosoxkHoM caydae, ecau T oueHb Manol (T. e.
w3>>1), opHeHTauHA 1O NOMK 3HAYWTEIbHO GOJlee BepoATHA, ueM
opHeHTals MpoTHB nois. B 2ToM cayuae pas,.

BceM 3THM KauyeCTBEHHBIM PACCYKACHUAM JErKO NpH/1aTh MaTemaTH-

4eckVIO hOPMY, €CTH BBIYHCIHTL CPealee 3Hauenhe w. Mol HaxomHM
ewall —— g~ B

V4

¥

4

N
|

w="P,- P (—n)=n, ———— 5
uw + (E’L())T - ( v (.) bl E.J‘V'Ob’-{—e_pilub‘ . (08)
10T pe3yahTaT MOXKHO 3anucare B BiLle
I !"’UB
p=uth (5] , (59)
L |
€C.J111 BOCMOJb30BATLC Ofipe/iesieHHeM ruflepOouueCKoro Taureuca
3 pw_é—ﬁ,‘
thu?)E —ﬂ‘;“%( - (60)

Taxum 06pasom, cpeAHUi MarHMTHBIA MOMEHT eHITHIL O0beMa BelliecTBa
{372’ BeAMYHHA Ha3bIBAETCS HUMASHUYCHHOCTIbI0) HANIPAB/IEH IO MarHuT-

oMy mnojw. Beanuynna M, naMarHHYeHHOCTH paBHa
M,= N, (61)
rae N,— 4HCA0 MAarHHTHHIX ATOMOB B elHHUIE O0beMa.
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Jlerko mokasath, 4TO CBOMCTBA |I, MNOJYUYEHHLIe Bhile AAS ABYX
KpafHuX caydaeB (Majele H Goapwie T), C HOMOLIbIO KAYeCTBeHHbIX
paccyxknenuil  cienyroT H3  oOwel ¢opmyan (58). Ecimn w1, to
e=14w-t... 1 e"?=1 — w-t... Tlostomy

(A Fw . )—(—wt

g wkl thw= 5 =) o,

B npyrom ciydae, xorna w>>1, e >>e7% n
g w>1 thw=1.

TaxuMm o6pasom, u3 (59) MBI NOJyYaeM 3HAYEHHE MATHHTHHIX MCMEHTOB
B JBYX KpaHHHX cjyyasx:

y — B 2B Y
aas poBLRT w=p, (4] =52 (62)
a1 p,B>ET p=up,. (63)
Ecan poB <€ kT, Beanunua p odeHb mMana. Mz (62) cIefyeT, 47O it
MeHblile CBOETO MaKCHMAJIbHOTO 3HaueHus p, B (W,B/kT) pas. 3amerun,

9TO B 3TOM NPEle/ILHOM CJydae i ITPONOPIHOHANLHO BEJNYIHE MATHHT-
HOTO noJst B 1 06parTs0 11pONOPIHOHANBHO alCoMOTHOA TeMmepatype 1.
HMs dopaya (61) 1 (62) Mpl royyaeM HaMarHHYEHHOCTb

ans pBLET  My=Ny =208y, (64)

rje y — He 3aBHCAINMA OT B KO3DDHUMEHT npOnopIHOHANLHOCTH,
HasbIBaeMblll Ma2HumHOL eocnpuusMuueocmsio eewecmea *). Mpl HAeenl,

M‘ TAKHAM OﬁpaSOM, 3HAYEHHE Mar-
7k HUTHOH BOCHPHHMYHBOCTH, Bbl-
No/"jﬂ” Da’KeHHOE uepe3 MaKPOCKOMil-
’ / UeCKlle BeJHYHHBI
28 —— —

/ § Vol
g R
04—~ | |
0z /I‘/ M”DC,B daxT ofparHoli  mponopii -

j HaJbHOCTH MAaTrHUTHOI BOCIIp:!-
00 1 2 ,p 3  WMYHBOCTH Il aBCOMIOTHON Teu-
_/iﬁ_._’ nepaTtypsl Ha3biBACTCS 3AKOH i
KT Kropu.
Puc. 4.10. 3apuCHMOCTE Hamaruuvennsi Mo oOT Ecmu poB>> kT, cpennuit

marnuThoro nods B n temnepatrypml T B cayuae o s
cnabo B3aHMOJe/CTBYIOUlero aToMa €O CIHHOM MarHUTHBIE MOMEHT OJH30K K

/5 M MATHNTHBIM MOMEHTOM Uy CBOEMY MAaKCHMaJbHOMY BO3-
MOKHOMY 3HAUEHHI0 wy. COOTBETCTBEHHO HAMATHHYEHHOCTh paBHA
1t poB>kRT My = N j,. (66)

*) OGbIYHO MarHUTHAsi BOCHPHHMUMBOCTb ONpEJessdeTcs ¢ NMOMOmbIO MATHHTHOMO
noasi H caepyiomum oGpasoM: Y=M,/H. Mul npegnonarais, 470 KOHHEHTPALHS Mar~
HHTHBIX aTOMOB MaJia, NIOSTOMY C OueHb XOpOMIHM npHOJHxKenuem H=B.
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310 MaKCHMaJIbHOe 3HaueHHe HaMarHHYeHHOCTH He 3aBHCHT HH OT BeJiH-
YHHBI MarHHTHOTO moas B, Hun or temnepatypel T. Ha puc. 4.10 no-
Ka3aHa 3aBHCHMOCTb HaMarHMueHHocTH OoT B u T B ofwem cayyae.

4.7. Cpennsis 3Heprus HieabLHOTO rasa

Paccmotpum ras, cocrositiii U3 N OAMHAKOBBIX MOJEKYJ C Maccoif
m ¥ 3aKJIIOUEHHBIH B SILIHK €O cTOpoHamu L, L, 1 L,. lonycTum, uto ras
paspekeH, T. €. 4TO UHCJO MOJeKY N B oGbeme VL ~L,L, nocratouno
Maa0 IJs1 TOTO, YTOGH CpejHee PACCTOsTHHE MEXAY MOJEeKYJaMH MOXKHO
ObLIO CUMTaTh 6OJIbLUH\I. B 3TOM c/yyae BO3MOXHBI CJEIYIOIHE YOpo-
LLeHUS:

1. Cpeanee 3HaueHMe MOTEHILHAJbHOA 3HEPrHH B3aHMOAEHCTBHSA
MEXKJY MOJIEKYJaMH BO MHOTO pPa3 MeHblie CPeAHero 3HaueHHs] KHHeTH-
yeckoil 3Hepruu Mosekys. (Taxoil raz mul Has3biBaeM wuOeAIbHbIAL.)

2. Kaknyio oTIe/bHYIO MOJEKYAYy MOMKHO CYHTATh O0BEKTOM, KOTO-
pbifi MOHeT GbITh OTOKAECTBJIEH, HECMOTPSI HA HOJHYIO HepPasJHYMMOCTb
MOJIEKYJI. (DTO 3HAYIT, UTO Ta3 HeuipocOeH *).)

Meul 6yzieM CUHTATH a3 HACTOABKO Pa3perKeHHbIM, 4TO 06a 3TH yipo-
[IEHHA CHpaBeianBbl *¥).

[Ipeanosoxusl, 4TO ra3 HaXOAHTCA B PABHOBeCHH MPH abCOMIOTHOH
tenmeparype T. Ecau yeaoBHe (2) BBINOJIHEHO, MLl MOXKEM COCPEAOTOYHTD
CBOE BHHMAaHHe Ha KaKOH-TO O1HOf MOJeKvje H PACCMATPHUBATL ee Kak
MAJIVIO CHCTEMY, HAXOLSULVIOCSl B TEIJIOBOM KOHTAKTe C Pe3epByapoi
{(ripu remneparype T), KaKunl SBASIOTCS BCE OCTAJNbHBIE MOJEKYJb] Ta3a.
BeposiTHOCTE HAUTH HATY MOJIeKYJ1Y B KAKOM-HHOYIb KBAHTOBOM COCTOSI-
HHM 7, SHEPTHS KOTOPOIO &,, ONpeldesaseTcs KAHOHHUECKHM pacrpeieie-
HueMm (49) wau (5l):

p e~ Ber i

r:W, rie ﬁ;—z—;ﬁ“ (67)

Ycnosue (1) pazpemaer Ham npedHe6peub 3sHepruell B3aHMOLEHCTBHS
MOJIEKYJ1bl CO BCEMH OCTA/BbHBIMH MOJIEKYJIaMH NIPH BLIUHCJICHHH SHEPIHH.

Paccmorpum B KadecTBe npHMepa 0coGeHHO HPOCTOH caydail oduo-
amomnoeo easa [nanpumep, remiit (He) nau aprou (Ar)l. Dxeprus atoma

#} Ilocnegnee yTBepxjaeHHe OCHOBAHO HA TOM, YTO AeOpoilieBcKas pJlHHA BO.I-
Hbl MOJIEKYJIbl 3HAUHTEJ]LHO MeHbille CPeAHETO PACCTOAHHA MeXAY MoJekyaamu. Ecin
TaKoe YCJIOBHE He BBIOMHSIETCH, 10 3aKOHbI KBAHTOBOH MEXaHHKH He NO3BOJSIOT pac-
CMaTPHBATH OTAEJbHYIO MOJEKYJY, W B STOM C/yuae HeOOXOJAHMO KBAHTOBOMEXAaHHuUe-
CKOE PACCMOTPEHHE CHCTeMBbl, COCTOsIeH B3 HepasiununMbix vacTHil. (Takoi ras naswi-
BAETCS 6bIPONCOCHHbIAM, OH MOAUMHAETCS JHOO TaK HasbiBaeMOH CTaTHcTHKe Dosze —
Jinmrelina, au6o crathcrnke Pepmu — JJupaka.)

**) Ycnoere (2) BHINOJHAETCS NPAKTHUECKH [J1s1 BCEX OOBIUHBIX TasoB. ¥ CJOBHe
€ro NPHMEHHMOCTH OyIeT PaccMOTpeHO B Kouule m. 6.3. Ecamw Mbl 6yfeM yBeJHYHBATDL
TJIOTHOCTD I'a3a (T. . JeJlaTh er0 MeHee PaspekeHHbM), TO yoioBHe (1) HauueT Hapy-
waThes TOPa3fo paHbile, d9eM ycaoBde (2). OfHako, ecIH B3aHMOACHCTBHE MEX1y
MOJIEKYJIaMH OUeHb Manl, ra3 MOXeT yIOBJeTBOPsiTh ycI0BHIO (1), T. e. GHITHL Hjeanb-
HBIM, HO ycaoBHe (2) OymeT HapylleHO.
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B 3TOM CJy4ae IIpoCTO paBHa €ro KHHEeTHYeCKOH 3HEpPrHH. Kaknoe Bo3-
MOXKHO€ KBAHTOBOE COCTOAHHE aToMa onpeaensiercsi TpemMssi KBaHTOBBIMHU

uncaamu (7, n,, f;) M €ro sHeprus pasua [cm. pasencrso (3.15)]
_mhr o} nl, >
Sr_'Tz;n—<"]:? -+ + 5 (68)

BeposiTHOCTD HaXOXICHHS artoma B moéom U3 TaKHX COCTOsiHUM
onpeneasiercst opmyaoi (67).

Paccmotpiin Terrepb 0osee CAOXKHBIA Cayuall MHO20QMOMHO20 Ta3a
lnanpumep, kucaopoxa (O,) mmn meran (CH,)], mosekysna KOTOpOro
COCTONT U3 IBYX HJH 00’ee aroMOB. JHEpPTHA TAKOrO rasa paBHa

g=¢g'® g0, (69)
B sr10il Qopmyse & o3Hayaer 3HEPTHIO MOCTYIATENBLHOTO ABHIKEHHS!
HeHTpa MacC MOJEKYJbl, a &Y — BHYTPUMOJEKYJAApHAsA SHeprHs,

CBA3aHHAA C BpAlIEHHeM H KoJjeb0aHueM aTOMOB OTHOCHTEJNBHO LeHT-
pa macc. llenTp Macc MOJ€KYy/bl ABHMKETCS NOAOOHO IPOCTOH OAH-
HOYHOH 4acTHie, Macca KOTOPOH paBHa nacce MoJeKkyabl. [loaromy
nocTynarespHOe JBHXKEHHE MOJICKYJAbl OfSITh ONPEeaL/]seTca Tpems
KBAaHTOBBIMH UHCJAMH (Mg, 7, 71;), 8 KHHETHYECKas SHEPTHs ee no-
CTYNaTeJqbHOrO ABHZKEHHS paBHa BhipaxeHuto (68). CocTostHua BHYT-
PHMOJIEKYJISIPHOTO  ABUIKEHHSA ONPEAEASIOTCs OJHUM WU HEeCKOJbKHMH
KBaHTOBBIMH YHCJIaMH (0003HAUIIM BCe 3TH YHC/IA Yepe3 #1;), OMHUChIBato-
LUMH BPAILATebHOE H KoslefaTesbHoe BHYTPHMOJIEK yJ/IsipHOe JIBHKEHHE,;
sneprua &' 3aBHCHT OT HTHX uliceq 71,. JlaHHOe KBAHTOBOe COCTOSIHIIE
r MOJIEKYJIB ONPENEJISIeTCst Tenepb HabOpOM KBAHTOBbLIX 4Hced (n, 1,
fi,, 1;) M Mbl MOXKEM HAal{caTh c/eAViolulee BbipaxeHHe 1A 3HEPriu

MOJIEKYJIbI )
X ny’ nz) _{‘ gt (n/)- (70)

3aMeTHM, UTO NOCTYHAaTesJbHOE ABHIKEHHE MOJEeKyJ OrpaHHYeHO CTeH-
KaMH flIMKa; ITOSTOMY &% 3aBHCHT OT TeOMEeTPHUYECKHX pasmepos L,
Ly, L,, KaK 5T0 BHIHO H3 (68). C npyrol CTOpoHEl, HANHYKE CTEHOK He
MOKeT BJHATH Ha BHYTPHMOJIEKYJIsipHOE JIBUKEHHE ATOMOB, MO3ToMYy &'/
He GyleT 3aBHCeTb OT pasMepoB slIMKa, T. e.

e'? we saBucur ot L,, L, L,. (7h

g.=¢£®(n

Botuucaernue cpedueli anepeuu. Ecnu MojiekyJa HMeeT BePOSITHOCTh
P, OGLiTb B COCTOSIHMM C 3HeprHed &,, TO CpelHssl 3HEPTHS MOJEKYJIbl

paBua
~Be,
S en- g
& = P,.S,. = N hl (72)
- D eBer
r
ML! BOCIIOJIB30BAMUCh ISl BEPOATHOCTH P, KaHOHHYeCKHM pacnpejede-
nuem (67), a cymmHpoBanue B (72) DpOH3BOJHJIH MO BCEM BO3MOXKHBIM-

COCTOSHUSIM MoseKyJs. DPopmyay (72) MOXKHO CHJIBHO YNPOCTHTb, €CJIH
BOCNOJAB30BaTLCH TeM, YTO CYMMa B YHCJHTE/e MOXKET OBTh BhIpaxkeHa
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yepes CvMMy, CTOALLYVIO B 3HaMmeHarTe.e. JleficTBHTENBHO,

- 9 0 -
Zc ﬁsrer:—Z?)—ﬁ‘(e ﬁﬁr):._gﬁ_Ze Ber,
r - -

Mbl BOCHO/IB30BA/NHCh 3[€Chb TeM, YTO NPOH3BOAHAS OT CYMMbl paBHa
CyMMe NPOHM3BOJHBIX OT KaXJIOIO CJAaraeMoro cymmnl. Menosawayst st
3HaMeHaress1 (82) OOBIYHOe COKpalleHue

Z== Y p-ber, (73)
MBI H2XOIHM, YTO Bbipaxenue (72) 1451 cpeaHed SHepriHi NpHHHMAET BiLl
G —0zop 1 oz
- Z o VAN
HJIH
. omz i
EE | (7H
i

Mbl BHIHM, UTO AJSl ONPENENEHHS CPE/Heil SHePIHH & JOCTATOYHO BHEI-
uneauTh cymmy Z no dopuyde (73). (Cymma Z, pacopocrpaHeHHast Ha
BC€ COCTOSIHHST MOJICKYJIBI, Ha3bIBAeTCs crmamucmudeckoll cymmoi.)

Y poBHK 2HEPTHH OXHOATOMHOIO rasa onpexetstorcs gopmyJoil (68),
8 COOTBETCTBHH C KOTOpPOH cymmMa Z umeer BHJ *)

. ~ przhe /n? . np . nd\
/o o [ btz at b a2 5
3% exp[ o\ L§) : (75)

np N, Ny

Y

rle TPOHHEOe CYMMHPOBAaHHE NPOH3BOAKTCS 110 BCEM BO3MOXHBIM 3Haye-
HHAM Ny, 1, 0 n,. [Kaxnoe unc/io n; npoberaer Bce nefble 3HaYeHUs OT
0 10 oo B coorBercTBHH ¢ (3.14).] DkcnoHeHunanbhast PyHKIUHS MOKeET
6BITh BHIPAXKEHA B BHJE NPOM3BENEHHs TpeX 3IKCIOHEHT:

S

=

. . przh? n? v fazh? n, Bn2ﬁ2 ne
-«eXpl— 2m E N ‘Iiexp T 2m E ’

TA€ BeJTUYUHBl fl, f, H 1, NOSIBJSAIOTCA TOJIbKO B NEPBOM, BTOPOM
U TperbeM MHOXHTeNsX cooTBeTcTBeHHO. [lostomy cymma (75) paszbu-
BAETCsl Ha TPOM3BEAEHHE TPEX CYMM,

Z = Z.XZ]/ZZ’ (76)

*) Bumecto Toro utoGhl MHCATb CAOXHBIE BHIPAXKEHHS1 B TOKazaTele CTEMEHH ¢,
MBI HCHIOJIB3yeM 3JeCb CTaHAApTHOe 0603HayeHHe exp u=e” JJs1 3KCIIOHeHMaabHON

PYHKIMH.
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Tae

* a2fi2 5”
Z,= Y exp ——ﬁ;ml z— , (T7a)
ng=1 L *J
* - 2f;2 2]
Z,= Zexp ——6;”1 ri—J/ , (776)
ny=1 L L]
Z,= Yow | TEREL (7o
n.=1 L z

Hawm ocTanoch BLIYHCANTH OIHY M3 3THX CYMM, Hampumep, Z,.. 310
Jerko clearth, ec/ll MMeTb B BHAY, YT0o ALIUK HMeeT MaKpPOCKOIHYECKHe
pasMephl H MOSTOMY Ko3(dduitmenT npu ny B (77a) oyenb Mas, ecau f He
KpaiiHe BeAnko (T. e. ecan temneparypa T ne xpaftne mana). B stom
c/iyyae COCCIHHE YJEHBI B CyMMe (77a) OueHb Majio OTJIMYATCS ApYT
OT ApyTa H C XOPOMUIMA OPHOJHIKEeHHEM Mbl MOYKeM 3aMEHHTb CYMMHDOBA-
nye unrerpuposanyent. Cuutas wied cyMmMMel ¢yHKuHeH #, (paccMmarpH-
Bad 3TO YHC/IO KAK HENPEPHIBHYIO NMEPCMEHHYIO, ONpefe/eHHYIO H J14
HeLeJbIX 3HAYeHWH), MBI MOJAYYAeM CAeAYIollee 3HAUYeHHe CYMMbL
e} 7L ) @®
— (lexp [t ] gy (2mye (L (o e
Zxﬁi/_’2 exp[ o L}]dnx ( v <~”‘fl’>'0 exp (—u?)du, (78)
rie

{79)
UJH ) .

o f2m\v2 Ly

n,= \F > Knﬁ) u.

Huskuuit mpesen B nocaefHeM HuTerpade (78) B34t paBubiM 0. DTo MOKHO
Jeaalb Ge3 saMerHoll omnOKH, Tak Kak Koadduivent rnpu n, B (79)
kpaittie Maa. Iocaennuit onpenenennnvifi Haterpan e (78) npeacrasaser
co6oll yucao, Tak uro (78) HMeeT BHI1

Zx:bi"—

Bz’ (80)

rge b — HeKOTOpas KOHCTAHTa, 3aBHCSINAS OT MAacChl MOJIEKYJHI *).
CootsercTBytomHe Belpakenns 1is Z, 0 Z, ananornunsl (80), u u3 (76)

Mbl [OJIydaeMm
Ly Ly L,
Z:<AK“><bﬁh><bﬁﬁ>

Z=0

i

jp—“.,//j , tne V=L/LJL,. (81)

*) YKameM, 4To mocseanuit uuterpan B (78) pasen V /2 [em. (M. 21)], nostomy
b=(m/2m)"/eh 1. .
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COOTBETCTBEHHO Mbl noJsyqyaemM

3 -
InZ=mV—5Inp+3Inb. (82)
Hamu Boiuncienus 3agepiuelsl. lefictBurennsHo, (74) AaeT HaM BO3MOXK-
HOCTb [OJIYYUThH 3HAYeHHe cCpel-
Hell HEPrHH MOJEKYJIbI: | f
- F) S
= — = —~ P
€ o InZ +8
31\ 3 ( 1 ) U
““(“2‘ F/72\8/) " RIS
M Mbl MDHXOJHMM K BBIBOLY, MMe- |
1oileMy 6oJibloe 3HaYeHHe: 5
Y]
IJS OJlHOATOMHOH MOJICKyJIbII P U I ' 6 7% ' O R Y .I.
_ s i 07’23455759,9/0/17’27314
e=- kT . | Ty
I Puc. 4.11. CxeMma, HARKOCTPUpPYOULAST 3aMeHy

CYMMHPDOBAUHA [0 UBeTbIM 3Ha4eRHAM Ry (CyM-

Ma paBHa nJotlaa¥ UpAMOYTOJbHHKOB) HH-

(83) TerpHpoBanfeM MO HelpePLIBHBIM 31auel sy

fdepeMelHOl 1y (MiTeTpan paBeH NJIOHIAAu
nof KPUBOIt).

Mbl npUXOAHM Taiike K BHIBOLY,
9TO CpefHsI KHHETHYECKAs 3HEPTUsl MOJEKYJsl He 3aBHCHT OT pas-
MEpOB AlllMKa; OHa NPONOplHOHANbHA abcoatoTHON Temneparype T rasa.

Ecau MosieKyJ/ibl rasa MHOTOATOMHBI, TO H3 (69) cienyeT, 4to cpel-
HSIst HEPrHSi MOJEKY/Ibl paBHa

e=e® L g0 — D AT 450 (T), (84)

TaK Kak CpeiHsis KHHeTHYeCKasi SHeprus MOCTYHAaTeJbHOTO [BHKeH!Is
LeHTPa THIKECTH MOJMEKyJbl onaTh paBHa 3/2 kT. Kaxk caeayer us (71),
Cpenusist sHEpPTHs1 &9 BHYTPHMOJEKYJAPHOTO JBHKEHHS He 3aBHCHT OT
pasMepoB SIIHKA M IOSTOMY MOXKeT 3aBHCeTb TOJBbKO OT abCOJIOTHOII
Temnepatypsl 7.

Mbl HMeeM J1eq10 ¢ HAeaNbHBIM ra3oM, B3aHMOelCTBHEM MeXLY MoJe-
KyJaMH KOTOpOro MOxHO npenebpeun. [losnas cpeansist sHEPrus Takoro
rasa GyJer IpOCTO MPOMOPHHOHAJNbHA UHCITY MOJIEKYJI:

E = Ne. (85)
Taxum o6pasom, Aaxke B o0HIeM C/Iydae HAeaJbHOTO rasa, COCTOSIIETO H3

MHOTOAaTOMHBIX MOJIEKYJ, €r0 CpeHsis SHeprus He 3aBHCHUT OT pa3MepoB
sIMKA M ONpeleqsiercss HCKJIOUUTETbHO aGCOJIOTHOHR Temmeparypoil:

AJIsE HaeaJbpbHOro rasa
HE3ABHCHMO OT pasMepoB cocyia.
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D10T peayabTaT (PU3HYECKH NOHsITeH. KuHeTuueckasa sneprusi nocryna-
TeJbHOTO JABHIKEHHSI H BHEPTHS. BHYTPHMOJIEKYJSPHOrO JBHKEHHS He
3aBHCHT OT PACCTOSIHUSA MEXKIY MoJiekyaami. [TosTomy HaMeHenHe pasme-
poB cocyAa (NpH NOCTOstHHOH a6cofoTHoH TeMnepaType 1) He MeHseT
9TH 3HEpPTHH, C1eloBaTeNbHO, OCTAeTCS HEH3MEeHHOM M sHeprust E.
g seujeanpHOTrO rasza 3TOT BhIBOJ NepecraeT OwITh CIIPaBelTHBEHIM.
JlefictBuTENILHO, NpH JAOCTATOYHO OGOJBLION HJOTHOCTH Tasa cpelHee
pacCTOSTHHE MeXKAV MOJEeKYJaMH MOXET OKa3aThCsl HACTOJNBKO MaJblM,
YTO CPeNHSIsl MOTEHIMATbHAR SHEPIUA B3aHMCAEHCTBHS MEKIY MOJEKY-
JdaMi nmpuoOperaer 3aMeTHOe 3HaueHye. M3deHenue pasmepoB cocyna
(mpn duxcHpoeaHnoll Tenmeparype T) NpHUBELET K M3MEHEHHIO CpelHero
DACCTOSIHUA MEXAY MOJEKYJaMit; COOTBETCTBEHHO H3MEHUTCsI CPeaHsis
NOMEH YUAALHASA IHEPTUA MEKMOJEKYASPHOFO B3aUMOEHCTBHSA, KOTOpad

BXOIHT B CpPEIHIOIO 3HEPTruto E raza.

4.8. Cpenree paBjierHe MJeajbHOrQ rasa

Cpenuee naenenue (T. e. cpelusia CHJA, OPHXOASINAACT HA eAUHHIY
MOBEpXHOCTH), OKa3blBaeMoe [a30M Ha CTeHKH COCyAa, B KOTOPOM OH
HAXOIUTCH, SIBASETCs FKCNepUMEHTAbHO JIeTKO H3MEPHMOH BeJIHUHHOM.
7 I'losTony oOco6eHHO HHTEpeCHO Bbl-

YHCJIHTh CPElHee JaBJjeHHe /s CIy-
yasi yaeajJpbHoro raza. O6osnaguM ye-
pes I cuiy B HanpapJeHHH X, CO3-

/laBaeMyro ONHOH MoJieKyJsoll Ha mpa-

BOH CTEHKE cocyjla, B KOTOPOM Ha-

XOAUTCSA HAeasbHBIH ras. OGo3nauum
z depes F, BeNHUMHY 3TON CHJbL AJ1d

MOJIEKYJIbI, HAXOISINEHCH B HEKOTO-
Prc. 4.12, Haeanpnslil raz 5 aimuike. Mo- pOMu KBAHTOBOM COCTOSIHHH 7 C SHep-
JeKyna, ‘HAXOMSINATCA B COCTOHIME 7, mex:x €,. CHJla F,. CBsizaHa < 3Hep-
JclicToyer in (PIRYIO erediy JWMIKT ¢ rhefi e,. Heftcteurensro, pomycrim,

ua F,. 4TO [1paBast CTeHKd COCyAa OueHb Mejl-

JIEHHO CMECTU/laCh BIPABO HA BeJU-

unny dL,. B srom npouecce MOeKysa cosepliaeT Haj rasoM paGoTy
F,dL,, xortopas paBHa yMEHbLUIeHHIO HEPTHH MOJEKyJbl, Mmeem

F,dL,=—de,
HJIHu
F,=— gzx ) (87)

Mpi MHIIEM YacTHYIO WPOM3BOAHYIO, YTOOBl OOpaTHTH BHHMaHue Ha
T0, 4YTO B HalIMX pacCyXJeHHAX pasMepni L, M L, ocratorca mocro-
STHHBIMH.

Uro6bl HaHTH cpedHror0 CUMy, ¢ KOTOPOH MoJIeKyja JeficTByeT Ha
CTEHKY, HEOGXONUMO ycpeaHuTb cuay F, 1o BceM BO3MOXHBIM KBaHTO-
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BBIM COCTOAHHAM MOJIEKYJIbI,

e-ber [ 98r }
- h \ T oL,
F=YPF, = . 88)

p Ze—ﬁer

r

B 3100l dopaysie Mbl BOCHOAL30BATHCE KaNOHHYECKHM pacrpeleseniiem
ans sepoarnocti P,. ®opmyay (88) MOKHO ynpocTHTh, TaK Kak CyMMV
B UHCJIHTEJ]e H B 9TOM C/y4ae MOXKHO BbIPA3HTb UePe3 CYMMy, CTOSIUIYIO
B 3HaMeHarese. Ileﬁcmmenbﬂo

—S‘e T "‘*2( '“> oL @ F’E')”B‘aL Le—')b'\'

CIIOJB3YSt BBEIeHHYIO Bblwie PyHKuHo (73), snl noaydus Ads (8%)

_l_ dZ
F*“ B oL, _i_]_ A
- Z B Z aL, "’ -
HJ
+ 1 oInZ f
':‘:F OL,\ . \ (89)

Uro0K OpHUMEHHTb 3Ty O6my0 GOpMyJay, HaM cjelyeT BOCIOJb30-
BaThCsi BbipakeHueM (82) ans In Z B ciyuae oanoatoMuoro rasa. Bene-
munas, uto V=L L L,, Mbi nonyynm mocae nH(dpepenitnpoBaHus

Ja ldan_ldan 1

HJIH

F:T_:. (90)

B cayuae MHOroaToMHOH MOJeKyJ/bl Mbl HMeeM ¢ moMomsio (70) u
(87) caenytoiliee BhIpaxenHe AJsl CHJBL

0 ¢ u _oe
Fr:_dL [ e)__I 8(l)] ()L

Mui Bocriosib3oBaich Tem daktoM [em. (71)1, uto BRyTpHMOIeKyAsipHas
sHeprus & He 3aBHCHT OT pasMepa L, siuuka. [lostomy mist Bbiumcie-
HUA CHJbl F, JOCTAaTOYHO MMeTb BbIpakKeHHe AJIS HEPTHH, CBA3aHHOMH
C MOCTYNaTe/bHbIM ABHKEHHEeM IleHTpa Macc MoJekyqul. Takum obpa-
30M, NPOJle/laHHbIe BhLIlLE BBIYHC/ICHHS, OCHOBAHNbE Ha 3HAHHH SHEPrHu
OOCTYNATeNbHOIO /IBHKEHHS, OCTAlOTCs ClIPABEIHBLIMH ]I/ MHOIO-

aTOMHOIT MOJIeKyJIbl, H (opmy.ia (90) cuabl F aBasercs COBEpLIEHHO 00-
MM PE3yJbTaToM,
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Mgul paccmarpuBaem HAeasbHBIH T'as, T. €. IPeArojaraeM, 4TO MoJe-
KVJIBl JBIXKYTCA B COCYJle, He OKa3blBas BJHMsiHHS Apyr Ha Apyra. [To-
BTOMY MOAHOE 3HAYEHHe CHJIbI, HOPMAJbHON K NPaBOH CTeHKe (T. e. jef-
CTBylOIIEll B HAMpPAaBJEHHH X), Mbl NOJIYUHM, YMHOXKasi CPEARIOI0 CHJY,
paspuBaeMyio oxHoW MoJexysofi Ha uncao N Mmoseky.s rasa. Pasze-
JIHB NOJYYEHHBI pe3yJbTar Ha IVIOWanb CTeHKH L,L,, Mbl MOJNY4HM
cpeliHee JaBjeHHe, OKasblBaeMOe Ta30M Ha CTEHKY. ¥ Takum o6paszom,
¢ nomolbio GopMy.Iel (90) nonyqaem

il
Otctoja caenyer:
pV = NET 1)
431 o
! p=nkT, l (92)
rae V=L, L L, — o%n;em Coé\/ﬂa a n=N/V — ulicjlo MOJIEKYJl B elH-

HHlIE 061:ema ‘3aMeTuM, 4To B cpopmwxe (92) Her HHKaKHX yKasanuil Ha
CTEHKy, C KOTODOfl Mbl HMeJH [e/710 B IDHBENEHHBIX Bbllle pacuerax *).
Touno Takol ke pesyabtaT Obln Obl NOJYYeH LS CPEAHETO LABJEHHs!
‘Tasa Ha 00y CTEeHKY **), .

ObcyomOenue. Hmerownun  BaxkHoe 3Hauenne dopayaam (91) u (92)
MOXKHO TNPHIATL JApyrofl Bui. CBeleHHsl O MOJAHOM 4HCae moJdekysa N
Mbl OGBIYHO MOJydaeM H3 MaKPOCKOMHUYECKHX H3MePeHHH uuc/ia v MoJeil
raza B cocyfe. Taxk Kak, 110 OIpeneeHHIo, YUCAO MOJIEeKYJ B OJHOM MoJse
paBuo uncay Asoraapo N,, 1O N—VN [ostomy dopmyay (91) moxkuo
3amicarb B BHAE

pV =vRT, (93)
€CJIH BBECTH HOBYIO IICCTOSTHHYIO R:
R=N,, (94)

KOTOpasi HOCHT HazBaHHe 2as060i NOCMOAHHOL.

*) Hanomuum, uro s/esmenTapHuid (M [0 THOCTBIO MaKPOCKONHYeCKHif) aHaan3
CHJ, JeHCTBYIOIMMX B XKHAKOCTH, HAXOAAMEHACH B PasHOBECHH, TIOKA3bIBAET, YTO NaB-
JleHHe Ha J1oG0i 31eMeHT NOBePXHOCTH JKHIKOCTH OHHAKOB (ecTH mpeHeGpeub CUJIOH
TANECTH) U He 3aBHCUT.OT ODHEHTALUMY STOTO 3/1€MEHTa.

**) 3ameuanue x n. 4.7 1 4.8. .

Haip Bbiuucienns cpenseil SHEPruM H faBleHusi GbMIM CHeJaHbl A/ Tasa, Ha-
XOJsiMerocs B cocyfe, HMeomeM (GopMy npAMOYrobHOTO Tapaienenunera. Tloxy-
YeHHbIE PE3YJILTATHL UMEIOT, OJHAKO, COBepLieHHO oGmuii Xapakrep H He 3aBHEST OT
(OpMEI cocyZid. 3TO MOXHO OGBACHUTE cjelyiomuM o6pasom. IIpH o6eMHBIX Temnepa-
Typax HMIYJ/bCH. MOJEKYJA HACTONLKO BENHKH, UTO [JIHHA BOAH Ae Dpodas npene6-
PeXHMMO Mald [0 CPaBHEHHIO C Pa3sMepaMu JMOGOrO MAaKPOCKONMYECKOTO cocyia, H
NPaKTHYECKH J100ast 06;1aCTh BEYTPH COCYJA HAXOAWTCH OT CTEHOK COCYJRa Ha paccrosi-
HHH MHOTHX BOAH ge Bpoitas. FlosToMy CBOHCTBA BOMHOBHIX GYHKUME MOJEKYJ, Ha-
XORAIGHXCS B COCYZiE, OueHb MAJI0 YYBCTBUTE/IbHBI K IPAHHYHBIM YCJOBHSAM HA CTEHKAX
WJIH K TOYHOH (opMe CTeHOK. ,
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Boipasenue, cBasbiBaioliee faBieHHe, o6beM H aGCOIOTHYIO TeMile-
paTypy BEMIECTBA, HAXOMSUIETOCs B PABHOBECHH, HA3HBAETCS YPagHe-
Huem cocmogHus Toro BemectBa. Ilostomy ypaBuenust (91) — (93) as-
JISOTCA Pa3JIUYHBLIMH (POPMaMH YPaBHEHHs! COCTOSHMSA HAeaJbHOTO ra-
3a. 3T0 ypaBHEHHE COCTOSIHHS, MOJYYeHHOEe HAMH TEOPeTHYeCKH, AasT
BO3MOXKHOCTb JIe/1aTh HEKOTOPble BakK-

Hbl€ BBIBObL: P

I. Ecau HEKOTOpoe KOJIMYeCTBO
rasa, JOCTaTOYHO  Paspe’KeHHOro,
4TOOLl CUHTATLCS HIeaNbHBIM, HaXo-
JHTCS NIPH NOCTOAHHON TeMmeparype,

TO, Kak caeayer H3 (91) ’ \

) ' a7
pV = const, ‘ : \VJT
A

T. e. AaBJjeHHe rasa o0paTHO 1ponop- \ o
T \‘E

IIHOHAJILHO ero 00beMy. DTOT Pe3yJib-
TaT 6quJI NOJIyYeH 3KCIEepHMEHTab- —— ]
Ho Doiiem B 1662 r. (3amoaro 10

BO3HHUKHOBEHIS AaTOMHOM TeoplH) H v
HOCHT Ha3BaHHE 3aKoHQ bBolad— - pyc. 413, 3aswciumocts cpefiHero fasie-
/Vlapuorﬁr‘la HHA [Tlmeanbﬂoro raza ot of6beMa npu

FCTII/I JIAHHOe KOJIH'-IGCTBO He- abcomoTubix Ttemneparypax 7, 2T u 3T.

vaanoro rasa 3aHUMaET MOCTOSIHHbIH
0o6beM, To cpelliee AaBJeHHe ra3a IPONOPLLHOHAIBHO aGCOMOTHON Temre-
parype. DTOT pe3yabTaT, Kak OyeT IJOKa3aHO B CJeAywilell IaBe, MO-
JKHO HCIO0/1b30BaTh B KA4eCTBE METONA H3MepeHHsi aOCOJMIOTHOH Temiie-
PaTyPHL.

3. ¥Ypaeuenue cocrosiuus (91) 3aBUCHT TOJBKO OT 4HCJAA MOJEKYJ,
HO He OT WX npupoAbl. [TosTOMY ypapHeHHe COCTOSIHWS OyAeT OIHUM: It
TeMm e 15 noboeo Taza (nanpumep, He, Hy, Ny, O,, CH, 1 1. 2.), ecan
TOABKO I'a3 JOCTATOUHO PasperkeH, YTGSBL €ro MOMKHO OBUIO CUHTATh HAe-
a/ibHbIM. DTOT BBIBOJA XOpOUIO NOATBEPXKIAEH HA ONBITE.

Ceonka onpexeneHni

Ab6coromnan memnepamypa. A6comoTHast temneparypa T MaKPOChOHHUECKOH
CHCTeMB! [uau napamerp ﬁ*"(kT)—ll onpepessieTcsi Tak:

=p= dln Q _ '
. TOE . L
3pech Q(F) — YHCIO JOCTYHHBIX COCTOSHHE CHCTEMEL B MajoM HHTepBaJIe 3Heprui
ot E 10 E4-8E, k — noCTOSHHE{ MHOXHTE/L, HA3HIBAEMHH nOcmosHHOd Boavymana.
Iumponus. :)HTporma S cucrembl cneﬂyromum 006pa3oM BbIpaxKaercs qepes uncio
JOCTYTIHHEIX COCTOSIHHI:
S_«k]nQ e

SHTporma ABAALTCS JOrapuPMAIECKOR Mepon CTeNeHH ; Heynopﬂnm;euﬂocm CHCTEMBL
Tepmomemp. OTHOCHTELHO. HeOOMBIUAS MAaKPOCKOMHYECKAs CHCTeMa, YCTPOEHHAs
TaKHM 00pasoM, YTO IpHOOpeTeHHe WK MOTEpsi Tellia BHIBHIBAET H3MEHeHHE OJ.IHOI‘O |3

€e MAKpOCKOUHYECKHX NapaMeTpoB. . +
Tepmomempuseckutl napamemp. Viamessomuiics Maxpoqunﬂqecxuu napaMeTp
TepMoMeTpa. L e . PN .
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Teanepamypa cucmempt 10 OMHOWEHWIO K OGHHOMY mepsiomempy. 3HaueHHe TeM-
nepaTtypHOro napamerpa TepMOMeTpa, KOria nocaelHHH NAaXOAHTCSI B TEIJIOBOM paB-
HOBECHH C CHCTeMOMH.

Tenaosoli pesepsyap. MaKpPOCKONHUeCKas CHCTEMa, KOTOPas HACTOJBLKO BeTHKZ
NG CPaBHEHMIO C APYTHMH paccMaTPHBAEMBIMH CHCTEMaMH, 4To ee TeMAaepaTypa He
MeHsleTCsT 3aMeTHbIM 00pasonM NPH B3aHMOAENICTBHU C STHMH CHCTEMaMH.

Muowcumeas Boavysana. Mnoxutens e—BE, rae B=(kT)-1, a E ofosuaqaer
®Hepriio.

Kanornuueckoe pacnpedeaeHue. Pacnpelenene BepOATHOCTH, COINTACHO KOTOPOMY
BepOsTHOCTb P, HAlTH CHCTEMY B COCTOSHHH C 3HeprHel £, BbIpamaercss COOTHOLIEHHeM

P, e=bEr,

rae P==(kT)~! saBaserca aGCOJIOTHBIM TeMIIEpaTYPHBIM NapamerpoM TElJoBOrO pe-
8epBYApa, C KOTOPHIM CHCTEMA HAXOIHTCH B PABHOBECHH.

Hoeanonon: eas. a3, B KOTOPOM 3HCPrHs B3aHMOENCTBHA MEXKAY MOJEKYJIanu
NOUTH npeHeOPEXKUMO Malad NO CPaBHEHMIO C HX KHHeTIuecKofl sHeprueil.

Heevipoodennoil 2a3. Tas, JoCTATOUHO ‘paspeweHmil s TOro, wToOH cpeitice
paccrosiHie Mex 1y MONeKyJaMmH ObL10 BeJHKO NO CpasBlieHmio co cpepceli  nebpoiiaen-
CKOil JstiHoll BOJHBI MOJEKYJI.

Ypasrenue cocmosnus. ¥V paBHeHue, CBA3bIBalcIlee OOLEM, CpelHee OABJEHHC b
aCCOJIOTHYIO TEeMDCPaTypy JAaHHO MAKPOCKOMHUYECKOH CHCTeMBl.

OcHostble OpMyab!
Onpegenenne z6coM0THON  TeMIepaTyphl:

I dln Q
W 9E " (I
OnpeneteHne  IHTPOIHH:
S==kinQ. (1)

Bospacranne 3HTPOMHHE CHCTeMbI, KOTOPAsi, HAXO1ICH NP abcomotioi Teamnepatype T,
fnorsiowlaer  HeGoJblioe  KoaHdecTBo rTeiia  dQ:

[/} Q

ds="4% a1y

Kanonuueckoe pacripefcieHne st CHCrCM, HAXOAAIHXCH B TENJOROM PABHOBECHH
€ TEmJIOBBIM Pe3cpByapon npi aGcomoinoii 1exnepatype 7T

P,oc e BEr, vy
ypaBHeﬂne COCTOSIHHS 11.1€a1bHOIr0 HCeBLIPOIKICHHOIO rasa:
=nkT, V)

3apaun

4.1. Bodanoii mepxosemp. [lnoTHoets cnnpra, 10106110 TI0THOCTH GOJIBIUHHCTB2
BEILLECTB, YMEHbHIAETCS C YBeJHucHHeM aGcosiotHoil temneparypul. Boxa sener ces
HHaue: KOTAA abCoOTHAA TeMuepaTypa CTAHOBUTCH GOJIbile TEMIEPATyPbl MJIaBJaeHHS
(T. e. TeMmIeparypsl nepexoia Jbja B BOLY), INIOTHOCTb BOAbI BHAuage BOzpacTaer,
NPOXOMUT uepe3 MAaKCHMYM H 3aTeM yMeHbHIaercs.

[Npennonous, 4To CTEKIAHHAS TPYSOUKa OGHUHOTO TePMOMETPA BMECTO OKpalileH-
HOTO CMHPTAa HanosiHeHa oKpaulenHoii BOXOM, W Kak oObiMHO, Temieparypa, noKassi-
BaeMmasi TAKHM TePMOMeTPOM, onpefesieTcs: AAnuoii cTonbuka xuakocety. Ilycers takoit
TEPMOMETP, HAaXOJAUIMICH B KOHTAKTe C OAHON H3 ABYX cicreM, A win B, nokassiBaer
temnepatypy 0,4 wiu 0g cooTBercTBeHHO.

a) HdonyctiM, uto Temmepatypa 6,4 cuctemst A Gosbiie (Pwiiie) Temnepatyps Op
cucremst B. Criefyer i 43 atoro, uTo Temso o6a3aTelbRO GYJET Teub OT cHCTeMbl A
K cHcTeMe B, ecan o6e cHCcTeMbl OKaXKyTCSt B TEIIOBOM KOWTaKTe?

6) Ilpennonoxum, uio Temneparypa 84 u Op ofeux cucTeM OKa3asiMCh PaBHBIMH.
CheyeT B H3 3TOrO, YTO INOCJE OCYHIECTBJIEHHSI TEIIOBOTO KOHTAKTa MCXKAY 3THMH
CHCTeMaMH He GyJeT NpoXolnTb ITOTOKA TemJa?
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4.2, 3uauenue RT npu xomuamuoli memnepamype. OnblT NOKa3HBAeT, YTO OXMH
MOJIb JI060r0 rasa npH KOMHATHON TeMiepaTtype H arMochepHoM Aasienud (108 dun/cm?)
saHuMaer ofbenm 24 4. Bocnosbsyfitecs 3THM pesysbTatoM st ONpefieieHHs BEIWUH-
uel kT npu KoMHaTHO# Temnepatype. Bripasute otBeT B 3prax M 32JIeKTPOH-BOJBTaX
(1 36=1,60-10—-12 3pe).

4.3. Hszmenenue uucaa cocmosuuil ¢ suepeuei. Paccmotpum 2100y MaKpOCKONH-
UECKYI0 CHCTeMy NP KOMMAaTHOH Temmoeparype.

a) Bocriosn3oBasinkch onpefenedneM abCOMIOTHOR TemmepaTypel, HaHAWTe mpo-
[ICHTHOE YBEJIHYEHHe UHCJIA COCTOAMHM, HOCTYNHBIX TaKOH CHCTeMe, NPH BO3pacTaHUH
ee oHepruH Ha 10-3 sa.

6) [lpeanosoxkuM, yTO Hama CHCTeMa MOIVIOTHAA €IHHHYHBLIN (POTOH BHIHMOrC
csera (Mmeloulero IauHY BOAHEE 5-10-5 cu). Bo cKOJIBKO pa3 H3MeHHJIOCh YHCIO XO-
CTYOHBIX CHCTEME COCTOSTHHIT?

4.4. Toaapusayus amomHelx cnunos. PaccMOTPHM BewecTBO, COCTOsimee M3 aTo-
MOB CO CHTHHOM 1/2 H MArHHTHBIM MOMCHTOM [y, 3TOT MOMEHT BLISBAH CYIIeCTBOBaHUEM
B 00OJI0UKEe aTOMa HeCHapeHHOro 3JeKTPOHA H IOTOMY €0 BeJHYHHA MMEeT MOPsANOK
uarderona Bopa, T. e. ByRv10-2° spe/ec. B onbiTax 1o paccestHHIO YACTHIL HA aTOMAaX
4acTo ObiBaeT HeOGXOIMMO HMeTb MHIIeHb, B KOTODOIi aTOMB! NOJAPU30BAHEI B JAaHHOM
HAApaBieHHH. DTOr0 MOXKHO JOCTHYb C [TOMOLLBI0 CHJIBHOrG MAarHMTHOro noiss B u
OXJAXAEHHsT BellleCTBa A0 NOCTATOUHO HH3KOI TCAMTEPaTyphl.

B oGhunbiX J1a60paTopHLIX YCJAOBEAX TPYAHO NOJNYYHTL MarHHTHOE Tosle Gosblie
50 000 ec. Haiimure aGcomornyto temneparypy 7, npH KOTOpOH 4HCIO aTOMHbLIX
MATHHTHBIX MOMEHTOB, HaNPaBJieHHHIX NapajyeNbHO TOM, OyjlerT no KpafiHed Mepe
4 TpH pasa Coiblle YHCAZ MOMEHTOB, HMCIOWMX IPOTHBOMOJOXKHOE Hampas-
ferne. Buipasure otBer uepes orHowenne T/Ty, rpe T, — KOMHarthHas Temmnepa-
TVpa.

P 4.5, BoanmoscHbtl memo0 noAYUEHUA NOAAPUIOCAHHOL NpOMmonHod Muweny. B onni-
TaxX fAepHOH QH3NKU H QH3UKY SJIEMEHTaPHBIX YACTHL UaCTO BO3HHKAET HeOOXOXHMOCTD
pacceMBaTh YACTHLL HA TIPOTOHAX, CTMHHBI KOTODHIX HMeWT NpPeMMYIeCTBeHHOe Ha-
npaBiende (MOJIAPH30BAHHAA NPOTOHHAA MuIleHb). CrHH nporoHa pased 1/2, a mar-
LUTHBIE MoMeHT 1,4-10-23 gpe/ec. [peanonokuM, 4TO Mbl XOTHM METOJ, ONHCAHHBLIT
8 npeAulnyliell 3azaue, KCMONbL30BATh J/IA TNONYUEHHS TONAPH30BAHHON AMIUEHH, B3fB
715 3Tol Ledn KYCOK napaduHa (OH COEep:HT MHOTO IPOTOHOB). B Hamewm pacnops-
edun narsutHoe nodie B8 50 000 ¢ ¥ BO3MOXKHOCTE OXJIAJHUTL MHIUEHb [0 OyeHb HH3-
ko#i abcomoTHoil Temnieparypel 7. Kakoit noskHa GbITh 9Ta TeMneparypa, utobbl nocte
VCTAHOB/IEHHS pABHOBECHA UYMC/IO TPOTOHHBIX MOMEHTOB, HaNpaBJeHHHX NO 0.0,
10 MeHblell Mepe B TPH pasa [PEBOCXOAMIO YHCAO MOMEHTOB, HAaNPaR/ICHHHWIX Npo-
THBONOIOXKHO? Belpasute Baw oteer uepe3 orHowenne T/Ty, rre T, — Komuatnas
1empeparypa. '

4.6. "Peaonancroe noeaowerue, eviseanroe mazrembiamon sdpa. Hexotopoe xo.au-
“ECTBO BOIbI MOMELIEHO BO BHeMIHee MarHHTHOe noje B. CiiHH KaMkIOro [POTOHA MOMeT
ObiTH Hanpaeded JHGO «BBEPX», JINGO «BHU3» H HOSTOMY OH MOXKET HAXOIHTHCH B IBY X
BO3MOXHBIX COCTOSIHHMAX € 3HeprusiMH  FpoB. [Ipeanonoxum, 4To Mbl BO3GY AN
PaaMoHacToOTHOe MArHMTHOE MOJe, YacToTa v KOTOPOTO TakKoBa, 4TO BHIIOIHAETCS
ycioBKe pedoHanca Av=2§,8, rae 21,8 — pa3HOCTb 3HepPTHH [BYX BO3MOMKHLIX
COCTOSTHHI! POTOHOB, @ i1 — nocrosinHas [lianka. BeicokouacToTHOE TOJe Bhi3bIBaeT
nepexoibl MeXAY 3THMH ABYMS COCTOAHHSIMH, TPHYeM AJs [POTOHOB BepPOSiTHOCTH
11epex010B H3 COCTOSTHHS «BBEDX» B COCTOSIHHE «BHH3» H OOpPAaTHO DaBHHL Beanunna
HEPIHU, TOTJOWEHHOR [1POTOHAMH M3 BBICOKOYACTOTHOIO TMOJA, TPOHOPUHOHANbHA
[O3TOMY PA3HOCTH MEXIY UHCAOM TIPOTOHOB B OGOMX COCTOSHHSIX.

[MpeanmonoxuyM, 410 a6COMIOTHASN TemmepaTypa paBHa T M TPOTOHEl HAXOIATCH
8 COCTOSIHHH, OueHb GIM3KOM K TelioBoMmy paBHoBecHio. Kak Oyjer 3aBucers ot 7T
norJowanmnas cnocobHocTb BoAb? Bocnoaesylitech npHOMHKEHHEM, OCHOBAHHOM HA
TOM, 4TO [y HAcTOAbKO Mand, uro pyB K AT.

4.7. OmHocumenvHoe 4UCAC AmOMOg 8 onbime ¢ amomHuimt nyukamu. Toutme
“3MEepeHHsT MAarHUTHOrO MOMEHTA 3AeKTPOHA UDEe3BBIYAHHO BaXKHBI VI COBPEMEHHOMH
KBaHTOBOH TEOPHH 3JIEKTPOMATHHTHOIO NOJAS. BhepBble TOuHBe H3MEPEHHS TaKOro
pona Boumonuuan Kym n @onet [K usch and F oley, Phisical Review 74, 250
(1948)]. T M3mepenus 3aKJMIOYATHCh B CPABHEHHH MNOJHOTO MACHHTHOTO MOMEHTA
atomos raanusi (Ga) B ABYX PasNHYHBLIX COCTOSIHHSIX, MMEIOUIMX CIEKTPOCKOITHYeCKHe
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o6o3HageHns 2P,/2 U ZP% ccoTtBercTReHH0. COCTOSHHIO ZP,/2 OTBCUAET HAHMEeHBIA S

BO3MOXKHasi dHeprusi atoma. (CylecTBYIOT 0ég TaKHX COCTOsiHMSI € OXHOH H TOil e
3Hepruefl, UM OTBEUYAIOT JBe BO3MOXHEIE OpPHEHTALHH B HPOCTPAHCTBE MOJHOTO MO-
MeHTa KOJIMUECTBA JABHKEHHs aTOMa.) DHePrHsi COCTOSHHS *P,, MPEBHIIACT SHEPruio

COCTOSTHH I ZP% Ha 0,102 s6: 912 BeJMYHHA TOYHO H3BECTHA H3 CIIEKTPOCKOMHYECKHX

usmepenuii. (CymecTBYIOT #embipe COCTOSHUS ¢ TaKoli sHeprHeil, COOTBETCTBYIOUNX
YeTHIPEM BO3MOXKHEIM OpHEHTAlMsIM B IPOCTPAHCTBE NOJHOrO MOMEHTA KOJHYECTBA
JBHMKEHHS aToMa.)

Mel XOTHM CPaBHHTL 4HCO aTOMOB B 2P3y, 1 2P1;, coctosinusX. Takne aroMbl MOxKHO
MOJYYHTb, HArpeBasi rajjinii B <«MeuyKe» Jj0 BHICOKOH Temnepatypsl 7. HeGonbuioe
OTBEpCTHE B CTEHKE I03BOJIsleT aToMaM ITPOHMKATh B OKPYXKAIOMMH TEUKy BaKyyM.
Takne aTOMbl 06pa3yIOT amoMHbIL nY4OK, ¢ KOTOPHIM H BEHIOJHSIOTCA ONBITEL O H3Me-
PEHHIO MArHHTHOTO MOMEHTa.

a) Ipennosoxud, uro aeomoTtHas Temnepatypa T neukn pasna 37Ty, rae T,—
KOMHATHAsT TeMnepatypa. KakoBO OTHOIIEHHe YHC/1a aTOMOB B IyuKe, HAaXOMSIIHXCS
B coctosuuax 2Pi, u 2Psy?

6) HanGoanluas Temneparypa, KOTOpOH MOXKHO JOCTHYL B meuke, Gamska x 67,.
KaKoBO HMCKOMOE OTHOIIEHHE B 3TOM Cjayyae? YJHOGHO JIl OHO JJIsi OTUCHIBAEMBIX
OITBITOB?

4.8, Cpednaa suepeua cucmessl ¢ 08Yms OUCKPEMHbIALL COCMOAHUAMIL IHEPeUlU.
CHereva cocTOMT H3 N wacTHi, cnabo B3anmojeficTByiomux mexay cobof. Kamxnas
M3 YaCTHI{ MOXKeT HaXOAHTHCS B OZHOM H3 JABYX COCTOSIHHI, SHEPTHH KOTOPHIX PABHEL
£, M &, COOTBETCTBEHHO, IpHUEM &;<CE&,.

a) He genas TouHbIX BbIUMC/IeHHMH, HapHcyfTe Tpaduk MPHMEPHOTO XOJa SHEeprum
E cucreMbl B 3aBHCHMOCTH OT ee abcomotHolt temneparypunl T. Uemy paBuo E B npe-
Jesax OueHb Manoil M oueHnb Goabluoll aGcomornofi Temnepatypwt 7°? BGauzu kaxofi

TeMrepatypel £ MeHsieTCsl OT HH3KOTeMIIepaTyPHOTO JO BHICOKOTEMTIepATypHOro npe-
NeJTbHOTO 3HAYEHHMS?

6) [Tonyunrte Tounoe BhIparkeHHe A5 cpelneil sHeprum cucremel. [Tokaxure, uro
STO Bblpa)KeHHe NOATBEpXKAaeT KAYECTBEHHYIO TEMIEPATypHYIO 3aBHCHMOCTB, HOIY-
YeHHYIO B a).

4.9. Ynpyeue ceoiicmsa pe3utpl. Pe3sdHOBLIH CTepikenb, Haxoaauuics upu abeo-
JIOTHOR TemnepaType 7', OHHM KOHIIOM JKECTKO 3aKpemlieH, K JAPYroMY eFO KOHiLy
nojeien rpy3 w. [1peanonoxuM, UTO CTepKeHb HMeeT CexyIolyio MHKPOCKOMHYe-
CKYIO CTPYKTYPY: OH COCTOMT H3 TIOJIHMEPHBIX IeTOoyeK, 06pa3oBaHHBIX M3 N sfueek,
KOHUB KOTOPBIX COefMHeHbl MexAy cofofi. JnuHa Kawxjofl auefikn a; sdefika moxer
GLITh OPHEHTHPOBAHA NAPAJJIOILHO WIH aHTHHApad/ebHO BepPTHKAJbHOMY Hanpas-
aenmio. [osiyaure BHpakeHue AAs cpenHell NAWHBI CTEMKHS [ B 3aBUCHMOCTH OT w.
(Cnenyer npeHefpeub KHHeMATHUYECKOH 3Hepruell M BeCOM fiueeK, a TaKxke JIOCHIMG
B3aHMOEHCTBHAMH MEXIY HHMH.)

4.10. [Toaspusayus meep0020 meaa, 6bI36AHHASL amomanu npumecu. PaceMoTpum
NPOCTYyI0 [BYMEDHYIO MOJeNb CHTYauMH, mnpeficTaBiswomedl Goabmod  uanyecKuit
nutepec. TBepjioe Tedo HaxomMTcs nPH abcomorHOH Ttemmepatype T H CONEPKHT B
enunune oGbema Ny OTPHIATETHHO 3apSMKEHHBIX HOHOB NpUMeCH. JTH HOHBI 3aMellaloT
HEKOTOpEIE H3 OOLIMHBEIX aTOMOB. TBepIOe Te0 B LET0M 3JeKTPHUECKH HelTpanbHo,
TAK KaK KaXKAOMY OTPHLATE/ILHOMY HOHY € 3apSIOM —€ OTBeuaeT PaCItOJIONKeHHbIit
PSAOM NOJOXKHTENBLHEI HOH ¢ 3apsagoM —e. IloMo:KHTenbHble HOHBI HMEIOT MaJble
pasmeprl M MOTYT CBOGOZHO MePejBHTaThcs O KpUCTadiMuecKod pemerke. [pn
OTCYTCTBHH BHEIIHEFO 3JeKTPHYECKOrO T0JIS HX MOXHO C pPAaBHOH BePOSITHOCTBIO 06-
HapYXHTb B JIIOGOM H3 ueThIpeX MOJOXKeHHH, HaXOAAIMXCS HA PABHBIX PACCTOSIHHAX
OT HEMOABHXKHOIO OTPHLATENbHOTO HOHA mpuMecH (pHc. 4.14, MOCTOSHHAST pelIeTKH
paBHa q).

IMycTb B HanMpaB/eHHH X NPHAOKEHO cnaboe diaeKTpuueckoe node &. Brrucaure
3/7€KTPHUECKYIO NMOJNSPH3ALHIO, T. €. 3HAueHHe CPENHEro 3/eKTPHYECKOrO AHIONBHOIO
MOMeHTa B eXMHHIe oO0beMa, HAIPABAEHHOTO BIOJAb OCH X.

4.11. Csolicmeo Murumyma «c8ob00HOL atepzuu» 04 cucmemsl, HAX00auelics 6
KOHMAKMe ¢ Menaoebin pesepsyaporm. Ecaum ocyulecTBHTb TensiOBOR KOHTaKT MEXAY
aByMms cucteMamu, 4 u A’, To HX nojHas SHTpomMs Bo3pacteT. B corsacuu ¢ coot-
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HouweHueM (20) ™Mbl uMeem
AS-+AS’ =0. 0]
Cocrosinie paBHOBecHs! GYAeT AOCTHTHYTO ITOCJAE€ TOTO Kak cHcreMa A IONJIOTHT Takoe

KoanuectBo Temsa Q=AE, uyro nogHas surponusi S+S’ cocraBHOf CHCTeMBI cTameT
MaKCHMaJIbHOM,

Honycrun, gro cucrena A Maja no cpaBHeHmio ¢ cHeTemoll A’, ® nmocaensiono
MOXHO DaccMaTpUBATh KakK TemaoBodl pesepByap, Haxoismuiics npn a6cosioTHOI
Temneparype T'. B srton ciyuae usmerenne sutponnu AS” cuerensr A’ J1erKO BHIpasuTh

yepes AE u T”. IMokawure, yro u3 (I) caenyer,

uTo BesinuuHa  F=E—T'S  yanenvucemecs [ ® .
M JOCTHTaeT MUHUMYME B COCTOSHHU PaBHOBe-
cng. (Pyuxuus F Ha3HIBAETCA ee1b.M20.1bUes- et ) @®
ckotl ¢80GO0HOI  3Hepeued cHCTeMBl A 1IpH no- jf
crosiHHO# Temmeparype 7.

4.12. K{sasucgna}/nememog cxcamue 2asa. Pac- z @ - @ Z [
CMOTPHM TEPMHUECKHM H30/1MPOBaHHBIH Haeanb- i
BB Ta3, COCTOSINMI M3 4YacTHL, MOMeHIeHHBbIX -—"'—"‘"O Q
B cocyn oObemom V. Brauasme ras Haxomnics
npH a6ecoatornoit Tenneparype T. C nomominio @ o {
IBHAKYIIErocsl MopuiHg OyAeM OYeHb MeJTeHHO ]
yMmenpwiath ofben rasa. OrBeTbTe, He npHGeras |
K BBIYHCJEHHAM, HA ClenyIollHe BOMPOCH: fe— g —f

a) YUTo TpOHCXOAMT C YPOBHSMH 3HeprHH
Ka)KILOﬁ ‘IaCTHU;bI? Puc. 4.13. nA"mel NPHMECH B KpHC-

6) Byaer .u BO3pACTaTh WIH YMEHLIUIATH- TaANHYECKOIl pelleTKe TBepAOro Tena,
Csi CpefHssl IHEPTHS TacTHIBI?

B) IlojoxuTenbHa wim oTpHuaTenbHa pafora, copepllaeMasi Haj Ta3oM MNpH
YMeHbIIEHHN ero ofbema?

r) Byner nu BospacraTe NJIM yMeHBUIATHCS CPelHsif SHEPrus YACTHUE, OTCUM-
TaHHas OT 2HeprHH OCHOBHOIO COCTOSIHHSA?

1) Byzer au Bospacrarte H/H yMeHblIaThes aGconOTHAsL TeMnepatypa rasa?

4.13. KsasucmamuudeckOe HAMAZHUMUBAHUE MASHUMHO20 getjecmeq. PaceMoTpum
TeOpeTHUeCKH H30.IHPOBAHHYIO cuctemy 3 N cnuuoB 1/2. [lycTs MarHHTHBHE MOMeHT
KaXXJIOTO CIIMHA PaBed W, ¥ CilCTeMa nowMelleHa B maruutioe nose B. onycruwm, uTo
MarHHTHOE noJe MelJeHHO YBeJUUHBaeTcs A0 HEKOTOPOro HOBOro 3sHauenus. He
npuberasi X BBIUHCJIEHHSIM, OTBETbTE Ha CJAEAYIOMHE BOTPOCHL:

a) UTo npoHCXOIMT ¢ YPOBHAMH 3HEPrHH KaXKJOry CRHHA?

6) Bygmer sim Bo3pacTarh WJH YMEHbIIATBCH CPefHssl SHEPTHs KaXJOTo CHHHA?

B) DyzeT Ju nojoxHTesbHOl MM OTpHUATedbHON paborta, coBepiiaemas Hal
CHCTEeMOIl 11PHM BO3PACTAHHU MATHHTHOTO HoJA?

r) Byger sm Bospaciais uan yMeHbIIATbCS SHeprMA CIHHA, OTCYHTAHHAA OT
SHEpPrdy OCHOBHOTO COCTOSARH?

n) Byner ;M BospacTath WIH YMeHbLIAThCSI A6COJIIOTHAS TeMIepaTypa CHCTeMbl?

4.14. Y pasnenue cocmonnus 0aa cuecu ubeanrsroix easos. Tlyers B cocyjie o6bemonm V
HaxomuTca N MOJeKysa oaHoro U N, MOJeKys ApYroro tHna. (3to Moryr ObiTh, Ha-
npunMep, Mmogekyast O, u H,.) Homycrun, 4To ras AocTaTOYHO paspeieH, YToOhL CuM-

TathcA HieadbHbin. KakoBo cpefmee jamieHHe p rasa, ecH OH HaxojuTes npu ab-
co/roTHOR Temaeparype 772

4.15. Jasaerue u naomuocme sHepeut uleaisrozo easq. BocronbsoBaBmuchk Gop-
myaamMr nn. 4.7 v 4.8 i cpelHero jAaBjeHHSl p M cpelHeil 3HepruH rasza E, noxa-
WHUTE, UTO

RSt

—hig‘z ()]

Tle ¥ — CPelHssl KUHeMUYECKAA HEPrUs, NPHXOAAMAsACA HA eNUHHRY o0beMa rasa.
Cpannute Tounyio dopmyny (I) ¢ npuGanxennsv Berpaxennem (1.21), nosyvennniv
B riaBe | Ha OCHOBAHHH KJIACCHUECKOTO PacCMOTPEHHSI HHIHBHAYAJbHBIX CTOJKHO-
BeHMi Ta30BBIX MOJeKYJ €O, CTEHKAaMH COCyja.

4.16. Haseaenue u naomuocms Inepeun 041 4106020 UOCANbHOS0 HEPEAAMUBUCIRCKO20
2a3a. BeiBeJleM CHOBA pPe3yanTaT npeAbliyluell 3aayn, WMesl B BHAY MOLYEPKHYTH €ro-
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OOMHOCTL U MOHATH NPOHCXOXAeHite Koa(duienta 2/3. PacemoTpuyM njealnHblll Ta3
H3 N OIHOATOMHBIX MOJIEKYJ, HAXOAAIMXCA B smHKe ¢ pebpamu Aauuoii Ly, Ly, L.
Fean gactuubsl ABAAIOTCS HepelATHBHCTCKHMH, HX 3HEpIHs £ CBs3aHa ¢ mm).nbcow

K crepytomnm o6pasom:
P (ﬁK)- ﬁ

2m

(KA—H(J—I—Kz) ey

Bosmoxupte suavennst Ky, K, K, naus dopmyaofi (3.13).

a) Bocnoabaviitech 3THM Bbxpa)xef’ne\r, 4to0bl BHIUHCAUTL cHAy F,, ¢ KOTOpOi
YACTHUA, HAXOAAMAACA B JAHHOM COCTOSHMU 7 C KBAHTOBBIMH YHCJIAMH fiy, Ny, R,
neficTBYeT HA NpPaBYlO CTEHKY.

6) [Monyunte C noOMOMmbBIO NPOCTOro YCpPelHEeHHS! BelMHURHY cpeldell cuabl F,

BLIPAZKeHHYIO Yepe3d CPEJHIO 3HEPriio € YacTHIbL. BOCHOJIbSY}U(TBCb TeM, 4TO /14 rasa,

. 3 3
HAXOAAMIETOCK B PaBHOBeCHH, H3 coobpameniit cumverpiu caenyer Ki—Kj=K3.
B) Tenepb noxakure, Yro cpejlHee jaBJeHHe, CO31aBACMOE ra3oM, PaBHO
- 2 -
D:-B—LL, (II)
rie U — CpeiHas 3HCPrHs eIMIMLLI ofbheva rasa.

4.17. Lasrenue u nAOMHOCTG SHepaull 3ACKMPOMA2HUMHO20 u3ayqerus. Pac-
CMOTPHM 3JIeKTPOMAarHUTHOE H3JyueHue (T. e. (GOTOHHBIH ra3) B simuke ¢ peGpamu
mnuHoit Ly, Ly, L. Tak xax $oTOH pacnpocrpaHsiercs co CKOPOCTBIO CBeTa ¢, OH
SBASETCS PeAsMUGUCNICKOll YacTHLell, M ero sHeprus cJegyioiuM ofpasoM CBs3aHa

¢ mvmyabcod AK:

:CﬁK:Cﬁ (K;’}*}*K;‘}'KS)I/Z, (I)

rle BosmoxKHble 3HaYeHHs1 K, K y u K, onsatb jauwr gopmynoit (3. 13)

a) C noMoMmbi0 3TOTO BhIpAKeHH A BhuHCaAnTe cHay I, ¢ Kotopoit GoToH, Haxous-
muics B JAHHOM COCTOSIHHH 7 C KBAHTOBBIMH UHCAANH Hy, /1, 1 1., JefiCTBYeT Ha NPABYIO
CTeHKY. ’

6) [loyunte C IOMOWILIO NPOCTOrO YCPeIHEHHs BeIHUHHY cpejHed cuasl F,
BLIPaXKeHHVIO Yepe3 CpelHIOl0 Hepruio € otoHa. Bocnoawsyiitecs teM, uro ecsn
n3JyYeHue HAXOIHTCH B PABHOBECHH CO CTEHKAAM COCYHa, TO M3 COOGpasKeHHH CHM-

; 3
aerpuu caenyeT, uto K= Kj=K3.
B) Tenepb KOKaXKHTe, HTO Cpeliice ABJCHHE p H3MyUeHus HA CTEHKH PaBHO
1 -
p=7gth (1T

rie ¢ — cpejHee 3HaueHHe 3JeKTPOMArHHTHON Hepruy H3/IyueHHs B efNHHUE 06bema.

r) [Touemy xosppunment nponopunonansuocry B (11) paeen 1/3, toria Kaxk B cay-
yge HepeqsiTHBICTCKCrO rasa, pacCMOTPEHHOTO B npejbldyilel 3ajade, oH pasen 2/3?

4.18. Cpednsa sHepaus, 6vIPANCHHAA Hepe3 cmamucmu4eckyo cymmy. Paccmotpum
cucrtemy JH060fl CAOXKHOCTH, HAXOAAIMYIOCS B TENJIOBOM paBFOBECHI/I C TENJIOBBIM
pesepsyapom, a6CcomoTHas Temneparypa Kotoporo T=(k3)~1. B sroM cayyae BeposT-
HOCTb HAXOMKJAEHHSI CHCTEMbl B OJHOM H3 BO3MOMHEIX cocroamuii 7 ¢ 3Heprueid E,
3a71aeTcsl KaHOHMUeCKHM pacnpefenenneM (49). [loayuute BhipaxKeHue 174 cpem—xeu
suepruu cucrembl. [lokaxuTe, uTo cooGpaKeHus, NCNOAb30BaHHble B 1. 4.7, npHMe-
HUMBL B O0llleM Caydae, H NOJYy4HTe ofmylo dopmyay

—= olnZz
== ®
rae
Z =3¢ PEr, an
r

B aroil dopmyse cymmHpoBaHHe NPOH3BOAHTCS 1O BCEM BO3MOMKHBIM COCTOSTHHSM
CHCTeMBl H TIONyYeHHas CyMMa HOCHT Ha3BaHHe CMGMUCIMUMECKOU CYMMbL CHCTEMB.
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4.19. Cpedree dasnerue, suipasiernoe wepe3 cramucmuseckyro cyumy. Pacesorpin
CcHOBa CHCTeMy 3afaun 4.18. Dra cucreMa (OHa MOXKeT GbITb Fa3oM, XHIKOCTbIO NJn
TBepIEM Te/lOM) HaXOAHTCS B TENJIOBOM DaBHOBECHH C TeIJIOBBIM DPe3epByapoM nph
a6econioTHoil  Temnepatype T.

JAs mpocTOTHI AORYCTHM, YTO CHCTeMa 3aKJIOUeHa B MILHK C pebpami AJIHHOI
Ly, Ly, L,. [lokaxure, 4To coofpaKkeHHA, HCNOAb30BaHHble B m. 4.8, HMeioT ofliuee
sHauy€HHe, H NONYYHTe C/elyloliHe, BecbMa OGLIHe Pe3y/bTaThl:

a) [Toxaxure, yTo cpelnasn cuiaa F, ¢ KOTOpoil ciucTeMa JeliCTByer Ha CBOIO IPaBylo
rpaHb, BCeTJa cJlelylOmuM o6pa3oM BblpaKaeTcs depe3 CTATHCTHURCKYIO CYMMY cil-

CTeMbE!

= 10InZ
F:F oL, "

I

3accs Z onpedensercs dopuyaoil (11) npeasiaymefi 3azaun.

6) Ecau cucrema u3otponna, To GyHKuH Z He MOXKeT 3aBHCETb OT OTJAEILHLIX
pasmepoB Ly, Ly M L,, a 3aBucut or obvema V=L L,L, cuctemsr. [lokaxute, uro »
sTom ciaydae u3 (I) BoiTekaer cieaymiice BolpakeHle [ CpellHero JaBjieHHs:

1 dInZ
=57 - (1

4.20. Cmamucmuseckan cyynna 024 2a3a Kax yeroeo. Paccymorpuy HieasbHbill ras,
coctosiultii B3 N OXHOATOMHUBIX MOJEKY.JI.

a) HanuumuTe BblpaxenHe AR CTaTHCTHUeCKO! cyMMbl Z scero rasa. Mcnoabsy s
CBOMCTBA 3KCMOHEHUHAALNON (YHKUHH, [OKakKHTe, YTO Z MOXKHO lUanucaTb B BHie

z=2zj, ()

rile Z, — CTaTHCTHYECKA# CYyMMa OTAEIbHON MoJeKyqbl, Bblyuclennas B . 4.7,

6) Bocnoassosasuwnch (1) u ofmeii dopmysoil, npHseleuuoil B sanave 4.18,
BRIYHCJIHTE CPELHIO 3Hepruio rasa. [Tokaxure, uro 3asucumocts (I) Henocpercrsento
BBITEKAeT H3 TOro, U4TO CPefHsisl Heprus rasa Jo/kHa ObiTb B N pa3 Gosbile cpeltd it
IHEPrUH  MOJEKYJIbL

B) Bocnoasayiirecs (1) u o6uteii dopmyaoil, npusenendoil 8 sanaue 4.19, 4106 2
BBIUHC/INTL cpelHec Aasjenne rasa. [lokaxkure, 4r0 3aBuHcHMOCTb (1) oOwsicHsercs
TeM, UTO p JAO/MAKHO ObITb B N pa3 Goabllie cpefHero AabjleHHs, BO3HHKAIOWEro OT OAHu
MOJIEKYJIbL.

4.21. Cpeduas auepeus masHumuoz0 momerma. PaccMOTPHM elHHCTBeHHEI cHuH,
pasublii 1/2, naxojauuiics B KOHTaKTe C TEMJIOBBIM Pe3epRyapom NPH aGCOMIOTHOM
temnepatype T. Cnun o6najaeT MarHUTHBIM MOMEHTOM Mgy H HAXOIHTCH BO BHeILliC
MarHHTHOM nofte B.

a) Boluncaurte CTATHCTUYECKYK) CyMamy Z 445 3TOrO CIHHA.

6) Bocnonbsyiitech noayyedHsM 3HaueHdem Z u cbuelt dopyvaoil (1) zazauw
4.18, uTOObLI BLIMHCJHTL 3aBHCHAOCTL CpelHed sueprun E ciiHHa or Temnepatypol T
H noas B.

8) [Tokaxute, 4T0 NOAYUellHOE 3HaueHHe £ yAOBReTBOPsSieT BuipameHHI0 E=-—pf3,
Ile { — cpeliHee 3HAYeHHe COCTABIAIONMEl MATHHTHOTO MOMEHTa, 10JYyYeHHOe Rbille
[eM. dopuyay (59)].

4.22. Cpcdnas amepaus eapsoHudeckoeo ocyuaiamopa. Macca u kodbduunci
YNPYTOCTH TapMOHHYECKOTO OCUMJINATOPA 14KOBbl, 4TO K.JacCH4eCKas YrJoBas ua-
CTOTa KoJeGanHH paBHa . [Ipn KBAHTOBOMEXA!HUECKOM ONHCAHHN 1aKOH OCUHAAS IO
XapaKTepH3yeTCs MOC/J€J0BATENbHOCTLIO AHCKDETHLIX COCTOSHME, 06.1aJA10MKHX SHep-

ruei
Enz(n—l—%) ii(l). (h

Ksaurosoe uncao n, o6o3navuaouiee 3TH COCTOSIHIS, MOMKeT NPpHHNUMATE Ble LEThie

3HayeHusd
n=0,1, 2, 3, ... (1)
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TIpuMepom rapMORHUECKOrO OCUHIIATOPA MOMKET CAYXKHTb aToM B KPHCTAJIHYeCKod#
peuieTke TeEPIOro Teaa, KoJedaIOUHACT O0KO0JI0 CBOSrO MOJNOXKEHH PABHOBECHS.

[Tpeanoscsxkiz, 4TO TaKoil rapMOHHYECKHI OCHH/JIATOD HAXOAMUTCS B TCIJIOSOM
paBHOBECHH C Tem/0BbIM pesepByapoy npu abconoTHol Temriepatype T. BolnosHure
cirenyomue AeficTsus, HeoOXolnMble NI HaxoxIeHHs CpeiHelt suepruu £ Taxoro
oCHHANATOPA.

a) Bpruuciurte CTaTICTHUECKYH) CyMMY Z Taxoro OCLH/IAATOPA, BOCHO/IbL30EAB-
ey onpeielednem (II) 3anaun 4.18.

6) Hcnoabsys gopmyay (I) 3azaun 4.18, nafinute Belpamenue fas cpeaeil suep-
[HH OCUHLIATOPA.

8) [Mokamute Ha rpadiKe XxapakTep 3aBHCHMOCTH CpexHeii sHeprHn L or aGco-
JIIoTHOH Temneparyvpul 7.

r} [Ipeanonoxum, yro abcomoTtHas Temneparypa T’ HAaCTOJLKO MaJja, 4To kT{ﬁm.
Uro MOXKHO cKa3aTe, He npuderas K BbIYMCAEHHSAM U HCTOAL3YSA TOMbKO 3HAYCHHA

yposHeit 3xepruu (I), o Beruunne cpepuelil sHepruu £ B8 3tov cavdae. OnucwiBaer
Ji ofias ¢opayaa, noayuennas BamMu B ), 3TOT npededbHblil cayyaii?

1) Ilpeanonoxum, 4ro Temneparypa HacTOJMbKC BeqHKA, 4TO kT>Hho. Kakoso
B 3TOM cayyae mpeilelbHoe 3HaueHHe cpelHefl sHepruu, caenyioulee us 6). Kax 3to
sHauenne saBucutr o1 77 oT ®?

*4.23. CpeOnaa 3rHepeus epawjerua 0syxamomHol moaekyasi. B Kiaccuueckolt
MEeXaHHKe KHHeTHYeCKass SHeprds JBYXaTOMHOH MOJIeKYJbl, Bpauaiiieiicss BOKpYP
©OCH, TNepHeHIHKYJIAPHOH K JIMHHH, CoeluHsiomell oba atoma, pasHa

J2 J2
AT

rie J — MOMEHT Ko/AnuectBa JABHXKeHHS, U A — MOMEHT HHepuHd MmojekyJaul. [Ipu
KBAHTOBOMEXaHHYECKOM ONMCAHHH MBI HMeCM CJelylouine AHCKpeTHble 3HAYEHHS
SIIepruu: .

g PG+ 0
7724 )

31ech KBAHTOBoE YHCJAO | ONpejedsieT BeTHYHHY MOMEHTA KOJHuecTsa ABUMKeHHs J.
3To UMC/I0 MOMKET NPUHHMATL CIEeNYIHe 3HAyeHHsI:

j=0,1,23, ... an

Kampgomy sHaveHuto j cootBercTBVeT (2j+ 1) BO3MOMHBIX KBAHTOBBIX COCTOSIHHIL,
0TseqaloUux pasnyHOR BO3MOKHOH ODHEHTALHH B NPOCTPAHCTBE BEKTOPA MOMEHTA
KoJuvecTsa JBHxkeHua J.

[MpelnooxKuM, 4TO HAWa [BYXaTOMHAs MOJEKyJa HaXOjHTCS B rase, Haxons-
wemcst B Ten10BOM PaBHOBeCHH npH Temnepatype 7. Brinoanurte ciaenyroomue Bbluuc-
Jerdsi, HeoOXoJuMble MJIA MNOJyueHHst CpefHefl 3HEPrHH BpalleHHs ABYXaTOMUOH
MOJIEKYJIBL

a) Bocnoab3sosabincs onpetenetnem (I1) 3azaun 4.18, nafinure cratucruueckyio
cymmy Z. (OSpaTuTe BHHMAHHe HA TO, YTO 3TAa CyMMa COAEPXKHUT UJeHbl, COOTBETCT-
BVIOIHE KaKIOMY HHIHBHIYaNbHOMY COCTOSHHIO mO’deKy.nl.) Honyetum, yro T Ha-
CTOJBKO BEJIHKO, YTO kT}fz‘z/QA (3T0 yCJI0BHE BBHINOAHSETCS A1s1 OOAbIIHHCTBA ABY X~
aTOMHBIX MOJeKYJ NpH KoMHaTHOH Temneparype). [lokakute, uTo B 3TOM Ciyuae
CyMMY Z MOXHO 3aMEHHTL HHTEerpaJjIoM, HCloNb3ya u=j(j--1) B KauecTBe HenpepuBHOM
NiepeMeHHOil.

6) Hcnonsayiite obuwyio gopmyay (I) sanaun 4.18 aas BblukcaenHs cpepHeil
‘3HEPrHH BPAIEHHS ABYXaTOMHOH MOJIEKY/Jbl B YKa3aHHOM HHTepBafe .TeMIeparyp.

4.24. Yucao amomos meepdoe0 meaa-8 nPoMeNCYmouHom noroxceHul (npubauscennoe
paccmompenue). PaccMOTpuM TBepoe TeJl0 B BHe KpHCTaaa, cocTosiero 3 N aroMos
W Haxoisiierocss npH a6cooTHol TemnepaType T. OfblaHoe NoJoxeHHe, 3aHHMaeMoe
aromMamMH B pelleTke KPHCTaasa, NOKA3aHO uepHbIMH KpyKkamH Ha puc. 4.15, a.
AToM MOXKeT, OJHAKO, HAaXOIHThCA B OJHOM H3 NPOMEKYTOUHEIX NOJOXKeHHH, NoKa-
3aHHBIX HA DHCYHKE CBETJLIMH TOYKaMH. DHeprHsi aTtoMa B TaKOM IOJIOXKEHHH Ha
BeJIHUHHY € 0OJIbiHe IHeDPrHH aTOMd B HOPMaJbHOM monoxeHuH. [lostomy, ecau abeo-
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JiIoTHAA Temmepatypa T KpHCTal/la JOCTATOMHO Maja, BCE aTOMbl 3aHHMAKOT HOpMaJib-
Hole noJjoxends. C NoBblileHHeM TeMnepaTypsl CHTyauus menserca. [lonycrum, uto
Mbl HMeeM aTOMbl, KOTOpble MOTYT 3aHHMATh HOpPMaJbHble H MPOMeXYTOUHble MOJOXKe-
musi. Hac uunTepecyer ciexyiomiit BOnpoc: KaKoBO CpelHee HHCAO ATOMOB, 3aHHMAIO-
WAX NpH jaHHOW Temneparype T npomexytouble notoxenus? [IpuGanxeHHbiid
OTBET HA 3TOT BONPOC MOXHO MOYUHTb CJAeRYIOMHM 06pPazoM.

a) Cunauana paccMOTpHM HeKOTOpHI#l ordestbhblil atoM. [lpeanoqoxum, 4to OH
MOKET HAXOAHTLCS B OJHOM H3 [BYX COCTOSIHMH, HOPMAJbHOM HJIH [POMEXVTOUHOM.
Takun ofpasom, CHCTeMa MOMET HAXOAUTBCA B OJHOM M3 IBYX coctosunf, A wan B.

© o <} [ o o

o ° o [ o ‘ o o
o o o ° o o o 0

“ 4
_Puc. 1.15. a) Bee atoMur rseploro Tesla (Yeptible KpysKKiH) HAXOAATCH H CsOHX HOPMANBHBIX (10J10-
JKelsaX, a BO3MOMKHbIE NPOMeXKYTOUHble f10JI0KeHHA (Gesbie TouKi) He sansttol. 6) [lpu Gonee phi-

COKHX TeMneparypax 4YacTh MPOMeKYTOULbIX MONOAKeHHl MOMeT ObITh 3aHsiTa, KAK MOKa3aHo Ha
pHCYHKe.

A) AtoM B HOPMANBHOM MOJOXEHHH; B NPOMEXKYTOUHOM MOJOMEHHH aTOMA HET.

b) B HopMaabHOM NOJOXKEHHH atoMa HeT, aTOM B IIPOMEKVTOUHOM MOJOKEeHHH.

Yemy passo otHowenue Py /P, BeposTHoctei Py ® P, oGuapymuts 3TH a8a
TIOJIOXKEeHUSA?

6) Tenepsb paceMoTpHM BCe TBEpIOR Teso. Mpeanoaoxuy, yro B NPOMEIKYTOY HOM
TIOJIOKEHUH HAXOIHTCS 1 ATOMOB. 310 03HAUA€T, YTO HMEETCS HeLOCTAaTOK A aTOMOB B
HOpMdﬂbHOM NoJIOKeHHH. J1iodoe u3 ﬂ NYCTBIX HOPMA.THbHBIX MOJOMKEHRH MO>KeT KOM-
GUHHPOBATBL C JIOGLIM H3 7I MTPOMEIKYTOUHDLIX, TMO3TOMy CHTyauus B Moker ocyimect-
BHTbCH N2 DA3NWUHBINK CNOCOGAMH, H, CJeI0BATepHO, BEPOSTHOCTb PB TOrO, 4TO
ONMH M3 aTOMOB TBepJOTO Tela OKAXKETCS B NOJONKeNHH B, npomopuuonanbha n?,
eCTH TYCTble HOPMAjdbHble H.3aHATbIE NPOMEKYTOUHbIE TOAOKEHHS PaclpencsieHst

cayuaito. HMrak, Pp oC n2. TlokaskuTe C [OMOLbIO AHATOCHYHBIX pacCyskileHHH, 4TO
Pa o (N—m2. i ’

B) Bocnonbsosasuinck pesyabratraMd a) H 6), npeanosaras, uto n<N, noka-
KHTE, YTO :

M -(1/2) Be
v ¢ : M
4.25. ’{uwzo amomos meepdozo me/za 8 NPOMCHYMOUHOMN  COCMORHIL (rmouroe pac-
caomperue). Bephemes CHTyaunh, paccmotpennofi B sagaue 4.24, u nonbiTaemcst
HafiTH BepoSATHOCTL P(n) TOTO, YTO 7 NMpPOMEXKYTOUHBIX MOJAOXKeHUd 3aHsaTO. Dromy,
pasyMeertcsi, OTB€YaeT 1’ CBOGOIHLIX HOPMATbHBEIX IOJOMKEHHH. :
a) KaxoBa BeposiTHOCTL OCYIECTBJIEHHS TAKOfl CHTYallMH, KOTAA £ NPOMERYTOY--
HbIX 4TOMOB pacnpejielieHsl JaHHbIM ONpele/ieHHbIM 00pPa30M, 4 71 MYCTHIX HOPMAaJbHbLIX
COCTOSIHMI TaKxKe pacrpefieeHh KaKHM-TO ORpedejeHHbIM 06pa3oM?
6) CKO/TbKHMH CNIOCO6aMH MOXKHO PACHpeAeTHTL 71 aToMOB Mexkay N BO3MOMKHBIMK
IPOMEKYTOUHBIMA  U0JOKeHHAMH? CKOMbKHMH  CNIOCOGAMH  MOXKHO  Pa3MeCTHTL 12,

aToMoB cper N HOpMANbHEIX ITOOKeHHI? ‘
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8) Bocnonb3oBasncs peayastatamu a) i 6), NOKaxHTe, 4TO

N 2 — 30
P(n)OC [mJ e~ plE, “)

r) BepostHocte P{n) uMmeer pes3kHIl MaKCHMYM JUIsi HEKOTOPOLO 3HAUEHHSI A=1.
Urtobbl Hafith 3Hauenne n, paccMoTphM In P(n) u nocrapaescs petlliTb ypaBHeHHe
(01In P/on)=0. Tak Kkak MBI uMeeM 110 ¢ (DaKTopHataMH GOJBUMINX YHCEd, MOXHO
RocnoJbaoBathes npubauxenuem Crupaunra [em. (M.10)]. Toxaxute, wto gasf n<€N
CnpapeiiiBo  OTHoLUele

(e (I

1

*4,26. Tenaosaa Quccoyuauus amoma. ATOMBl HJeaJILHOTO ra3a Haxojatea 8
snke ¢ pebpayu wiunolt Ly, Ly, L,. Bea cucreMa saxoauTcsl B paBHOBecHH TmpH
nekoTopoil Temneparype T, maccd atoma paBHa M. ATom MomeT IHCCOUMHPOBATH Ha
uoH A+ H 31eKTpOH e~:

AT A+ e,

UToOBl PaspymliTh CBA3L 3/1€KTPOHA C ATOMOM, HEOGXOAHMO 3aTPATHTb SHepeuio

uoHusayuu U,
PaccvatpnBas OTAe/IbHBIA aTOM, Mbl CKaxKeM, YTO OH MOMKeT HAXOHTBCS B IBYX

B03MOXHBIX cocToanuax H wu I
H) Atom He juccoumunposad. Ero sueprua E pasua
E=¢,
rie £ — KHHeTHUeCKas 3Mieprus leHTpa macc. Kak o6bluto, 3Heprus moctynatedb-
HOTO JIBHXKEHHS ATOMa OnpeledseTcst HaGopow KBAHTOBHIX uncen (ny, n,, n,).

/1) AtoM RHCCOUMHPOBAR HA 3JeKTPOH C MACCOH /M U NMOJOAKUTEIbIBIH HOH, Macca
kotoporo Gnuska K M (rak kak m<€M). BsanmvogeiicTBreM HOHa M JeKTpoua wocie
JHCCOUHARHK MOXHO npeHeOpeub. B aToM cayyae nosinast sueprust JHCCOUHU POBAKION
CHCTeMBl, cocTosiulell H3 IBYX OTAe/ALHLIX UACTHI, PaBHa

E=g++e~+u, {Iy
file €+ H &= — KNHETNUECKHe JHEPIUN HOHAa W 3M€KTPOHA COOTBETCTHeHHO, a 1 —
sueprua  wonusaliin. CoCTOsHHE MOCTYNATENbHOTO ABHXKEHIS  UCCOUMNPOBANUOi
CUCTEMB XAPAKTEPU3Ye1Cs HaOOPOM KRAHTOBBIX uicea wona (ny, 2,7, ns) v 31exTpona
(ny, ny, nz). .

a) BoCNLAL30BABHINCH KAHOHWHMECKHM paciipeiedenuen, nafiaure, ¢ TOWHOCTLIO
A0 xox(pHUHeHTa NponopuHonadsuocty C, BePOSTHOCT, Py TOro, UTO aToM HAXO-

ANTCH B OMNOM H3 BO3MOXHLIX HeIHCCOHMHNPOBAHHBIX cocTosuuit ().

6) Bocnoab3oBapliiich KaHOHHUECKHM pachpejleleHudeM, Hallinte, ¢ TouHoCThio
zo toro ke Kosdduunenta nponopunonaisiocty C, BeposTHOCTs Py TOro, 4o atan
HAXOAHTCSt B OAHOM H3 BO3MOXKHBIX AMCCOUMHPOBAHHLIX cocrosuuii (J1).

8) Halizure oTtuowenHe PD,/PH' Kak ouo 3asucut or remneparypst T u

obbema V?
r) Tenepn paccmorpum Bech ras. On conepxur N aromos.

JlonmycThM, YTO M3 HHX B CpelHeM n aTOMOB JHccouKMpoBaHo. Torga B stmike
HAXOAHTCS 1 MOHOB, N 34eKTpoHOB U (N-—n) neamcconuupoBauinix atomos. ucco-
HMRPOBAHHOE COCTOAHHE MOMeET 6biTb PeadiH3oBaHO 71 - 1= 12 BO3MOXKHLIMH CHOCOGaMH,
a uegpccounnpoBanuoe (N—n) cnocoGamu. C nOMOMbIO KayeCTBEHHBIX OLEHOK, M[0-
JOGHBIX TeM, KOTophle OblIH HcclefoBaHu B 3afaue 4.29, MOXKHO MOKasaTh, yTo

p -3 =3
At

— R s
Py N—n N
ecan n<€N. [Tonyunrte Tounoe BuIpaxkenne 1ast (n/N) 8 3aBHCHMOCTH OT a6COMIOTHOIM
vemnepatypnt T w maornoeth (N/V) rasa.
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1) O6eiuro kT<€u. MoxHo JH oXHAaTb, YTO B 3THX YCJIOBHAX GOJbIIAS 4aCTh
atonoB GyJeT JQHCCOLMHPOBaHa?

e) Ilpeanonoxunm, uro RT>u, HO ofbeM AmMEKA MOXKHO cleqaTh NPOH3BOILHO
€oabiunM, coxpanss Temnepatypy T noctosHHoi. Moxer au B 370M cayyae GOsbuias
4acTb aTOMOB ObiTb JHCCOUMMpOBaHHON? JlakiTe npoctoe ¢usHueckoe OObSACHeHUe
TIOJTY4E€HHOMY pe3yJbTaTy.

%) BHyTpennss uacts CoJHUIA COCTOHT H3 OueHb FOpAYero H IJIOTHOTO rasa,
TOrja Kax BHEWHsA (¢<KOPOHA») MeHee IIOTHA H HaXOJMTCS IIPH MeHblllell TeMitepaType.
Hzyuenve cnexrpanbupix auHH CoTHUA nOKa3bIBaeT, YTO aTOM MoxKeT GbiTh HOHH30BAH
8 KODOHe M HaXOJIHMTCA B HEMOHH3OBAHHOM COCTOSIHHH B Gojee rayGoKux ofjactsix
CosHua, rie aGcoMoOTHAs TeMeparypa ropasio Bolime. Kax MoxHO 0OBSICHUTL 3TOT
(hakt?

4.27. Iloayuenue naasmvr Hazpesaruesm. HarpeBas ras 10 JOCTATOUHO BbICOKOM
TeMueparypel, MOKHO MOAYUMTL 14G3MYy, COCTOAYIO M3 3HAUHTE/LHOTO YHCJAA JHC-
COLMHPOBAHHLIX aTOMOB. UTOObI M3YYHTb NPAKTHYECKYIO BO3MOXKHOCTH TaKOrO Npo-
necca, NpHMEHUM pe3yabTathl 3a7aul 4.26 K napaMm nes3us. AToM UE3Hs HMeeT He-
SOMIBLIYIO HEPTHIO HOHH3aHKH, paBhyio u==3,89 s8¢ u atoMubtii Bec 132,9.

a) Beipasute crenens guccounanuu n/N B 3agaue 4.26 yepes T 1 cpelHee napJenue
p Tasa.

6) TlpeanonoxnM, 4To Naphl 1e3ns HarpeThl A0 a6COMIOTHOH TeMnepartyphl, B
ueTHpe pasa TpeBbillalomlefl KOMHATHYIO, B HAXOFATCA npH Hasiedun 103 dun/cm?®
{r.e. 10—3 or aTmocdepnoro). BmiuHcauTte npoueHT mapa, HOHH30BAaHHOTO B 3THX
yCJIOBHSAX.

4.28. 3asucumocme siepeuil O MEMnepamypol 048 tleasvHo20 2a3a. 3aBHCHMOCTD
“Hc/a COCTOSIHUI HJeaJbHOIO Ta3a W3 OJHOATOMHBIX MOJMeKYJd oT MojaHoH sHeprun E
raza Gbl1a paccMoTpena B 3azave 3.8. Bocnonmb3yiTech 9THM pe3y/bTaToM H ofpeje-
JenveM B=¢ InQ/0E, utobs BulpasnTs sHepriw E depe3 aGCOMOTHYIO TeMnepaTypy

T=(kP)—1. CpaBHHTe noMyueHHOe BhIpakeHHe C BhipaxkeHueM wisi E(T), nojayuenHom
B . 4.17. .

4.29. 3asucumocme sHepeuu om memnepamypol 04 cucmemor cnunos. B 3ajaue 3.9
Abl10 HalifieHo uucsio coctosHull ©(E) mas cucremst 3 N cnunos 1/2, oGragamomux
MAIHHTHBIM MOMEHTOM Ly H HaXOJAIHXCA B MarHUTHOM noJje 8.

a) Bocrnosnb3oBaBIIHCh 3THM De3yJbTaToM H onpeleiedneM P=01nQ/AE, suipa-
3ute sHepruio £ cHcreMbl uepe3 aGcoMoTHYK Temnepatypy T=(kf)—t.

6) TMoaHplil MArHHTHBEIH MOMEHT CHUCTeMBI CBA3aH C T0.1HOH 3Heprueli £ npocTbM
coothowenueM. Hcenoabsyfite peaysntar a), utoGbl Belpasuts M uepes T u B.Cpas-
HHTE 3TO BBIpaxKeHHe ¢ Beipaxenuem (61) n (59) aas M.

*4.30. Ompuyameavnan abCOAOMHAA MeNNepamypa u nomox menaa & cucmeme
chunog. Ciucrema, HaXOAAIAsIC B MAarHUTHOM roJe B, coctont w3 N cnuuoB 1/2, gax-
AL U3 KOTOPbIX HMeeT MarHHTHHIA MOMEHT [ty. B 3anaue 3.9 Gbl10 HafiaeHO yHeao co-
crosnuil € (E) takofl cucrembl Kak (yHKuuH ee noqaHoifl sHeprum E.

a) Boipasurte rpaduuecku xapakrep sasucumoctH In Q or £. 3amerbre, 4to HaH-
MeHbliasi 9Heprus cHcremsl pasha Ey=-—Nu,B, a nauboabinast - NueB ¥ uto KpH-
Basg CHMMETPHUHA OTHOCHTeJbHO 3Havenus £=0.

6) Hcnoabayfite rpaduk a) a1a nojayuenus rpaduka sasucumocth B or E. 3amets-
re, yto P=0, ecin E=0.

B) Hcnoapsyfite rpadux 6) Aasa noiaydeHus rpaduka 3aBUCHMOCTH a6conioTHOR
temnepatypst 7 ot E. Hro npoucxoaut ¢ T s6ausu £=0? Kakos snak T mia E <0
i ogna E>0?

r) B6ausn E=0 T ucnolTeiBaeT pa3pois HenpeprBHocTH. [lostoMy Gosee ynoGuo
uMetb feno ¢ seanunnoil P. [Noxkaxute, uto /0L Bcerza nojoxutennvto. Benomuute,
YTO ec/IH Jige CHCTeMBl HAaXOAATCA B TENJOBOM KOHTaKTe, TeruIo BCErjd MOTVIOLIAETCS
cucTeMoill, uMmetoliell GoJiblllee 3HAUEHHe BeJHUHHBI . 3aMeTHM, UTO 3TO yTBepKIeHHE
CHpaBej/IiBO JAf JIOGBIX CHCTeM, He3aBHCHMO OT TOrO, NOJOXKHTedbHa HJH OTpUHa-
TeabHa HX a6COMOTHAas TeMmIepatypd.
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r1aAaBA S

MAKPOCKOITHYECKAS TEOPHUA
H MAKPOCKOIMMYECKHE HU3MEPEHHUY

Mul focTuran 60/bLUIMX YCIEX0B B OOBSICHEHHH CBOHCTB  MaKpOCKOIIH-
YeCKHX CHCTEM Ha OCHOBe aToMHbiX npeiacrassennil. I1pu sTonm okasanoch
HeoGXOMHUMBIM BBECTH HECKOJIBKO NapaMeTpoB (TAKHX, Kak Temiora, ab-
COJIOTHAs TeMIeparypa, SHTPOMHs), BecbMa YJOOHBIX JJis OMNHCAHHS
MQKPOCKOIMYECKHX CBOHCTB CHCTeM, "COCTOSILIHX M3 MHOTHX 4acTHil,
Bee 3TH nmapameTpbl BO3HHKJHM H3 MUKPOCKONUHECKHX MpeACTaBJeHUl,
HO MX JKCIepUMeHTa/lbHOe onpeaeseHue TpebyeT H3MepeHiiil, npousso-
JHMBIX B Makpockonndeckux Macwrabax. [lostomy so6oe cpaBHeHue
pPasBUTOH HaMU B NPEABUIYIIHX I/1aBaX TEOPHH C ONBITOM MOXKET ObiTh
CLeNaHo JIMIUbL ¢ TIOMOIIBK TAKHX MaKPOCKOMHYCCKHX H3MepeHUH. Ito
BEDHO KaK JJlsl TeX CJyyYaeB, KOTAa MNpelCKasaHHs TEOpHH Kacalorcs
CBA3M MeXKAY UYUCTO MAKPOCKONHUYECKHMH BeAWuMHaMH, TakK W AAst CAY-
yaeB, KOTJa TEOPHS JaeT CBS3b MEKIY MaKPOCKOMHYECKHAMH H aTOMHbBIMIL
xapaKkTepucTHKaMH BeiiecTBa. Jliofasg ¢u3udecKkast Teopusi yKasbiBaer
Ha HEKOTOpPhIE CVILECTBeHHO BaXKHBIE BEJHYHHB!, KOTOpBIE N0JKHbI OblTh
M3MepeHLl, U NaeT CIocolbl, KOTOPLIMH TH H3MEDEHHst MOTYT ObITh Bbi-
nosiHedsl. B atofl raiaBe Ml oOpaTHM BHUMAHHe HMEHHO Ha TaKHe ac-
NEeKTH H3YuyaeMoil HaMH TeopHH. JPYTHMH CJIOBAMH, Mbl JOJKHBL OVIeM
NepekUHYTh MOCT MeXKIy aGCTPAaKTHBIMH H OGLIMMM ATOMHO-CTATHCTH-
UeCKHMH WAESMH M BeCbMa KOHKPETHBIMH MaKPOCKOMHYeCKHMH Hab.110-
JCHHSIMH,

5.1. Onpenenenne aGCcoMOTHOH TemnepaTyphl

AGconoTHas TeMilepaTypa BXOAMT HOUTH BO BCE NPEACKa3aHUs Teo-
puM M fBJsieTCsT, TakHM 0GpasoM, BechbMa BaXkKHBIM napamerpom. Ilo-
9TOMY HY2KHO NOHSATb, KAKHMH METOJaMH MOJKHO BbITIOJHHTL PeajibHble
u3MepeHHst abCoOMOTHOH TemnepaTyphl cHCTeMBl. B npunine meTons!
u3MepeHHst aGCcONIOTHOR TeMMEPaTypbl MOTYT ObITh OCHOBaHbEl Ha 4H060M,
c/Ie/yIOeM H3 TEOPHH, COOTHOIUEHHH, B KOTOPOE BXOIUT BeawuuHa ff uiau
T. Hanpumep, dopmyaa (4.65) naer npeackasbiBaeMylo TeopHell 3aBH-
CHMOCTb MAarHHTHOH BOCTIPHHMYHBOCTH ) NapamMariWTHOTO BEHIECTBa OT
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ero acomoTHOM Temnepatryphl 7, H cjel0Bare/ibHO, H3MepeHHe MarHHT-
HOH BOCHPHHMUYHBOCTH HEKOTOPOro ITapaMarHUTHOTO BEWIECTBA MOTVIO Obl
ObITb, B MPHUHIMIE, METOAOM H3MepeHHs AabCOJIIOTHOM TeMmepaTyphl.
Jlpyrum mpeacka3aHueM TeopuH, B KOTOPOE BXOLHT aGCoOMIOTHAs TeMile-
parypa, siBJsieTcd ypaBHenue coctosiaust (4. 91) waeaanHoro rasa. Ilo-
3TOMY Tas, 1OCTATOYHO Pa3perKeHHbIH, 9ToObl CUH-
TAaThCH MIEAJbHBIM, TAKXKE MOXKHO HCIIOAb30BaTh
VST U3MepeHust abCOOTHOH TeMnepaTyphl.

ITOT Noc/IeHUA METO[ AeHCTBHTENBHO OUEHb
yao0eH ¥ HCMOJAb3yeTCss BO MHOTHX caydasx. Mul
paccMOTpHM, KaK €ro MOXKHO MPaKTHYECKH OCY-
uecTBuTh, IlomMecTHM HeGOSbILOE KOJHYECTBO Fa-
32 B KO0y ¥ npHMeM Mephl, Heo6XOJHMble [
TOro, utobel 0GBeM COCYAa OCTaBaJICsi IOCTOSIH-
HBIM, HE3aBHCHMO OT J@BJEHHsl HamOJHSAIOET0
cocyn raza*). Takas cucrema o6pasyer rasoBblit
TEPAMOMETP MOCTOSTHHOTO —ofGbema, CXema KOTo-
poro npuseleHa Ha puc. 4.4. Ero tepmomerpi-
YECKHM NapamMeTpoM SIBJSIETCsS CpeHee AaBJIeHHe
p raza. [IpeanoJ/ioKuM, 4TO HaM H3BecTeH (HK-
CHPOBAHHBI OGbeM KOJOBI TEPMOMETPA H YHCJIO

3aKJ/IOUEHHBIX B Hell MoOJel rasa (9T0 3HauMT,
4TO MBI 3HAEM M YHCJO0 MoJeKkyJa rasa). B stom
clyyae C MOMOLLbIO YpaBHeHus1 coctosinug (4.91)

u3nepenue p paer Beanuudy kT wan P past Ha-

Puc. 5.1. Cxema npuoopa,
B KOTOpOM Tpolinad Touxa

BOJbl  HICMIOJB3YyeTCs  RJIsK
KanubpoBKH  TepMoMe1pa.
Buayane BMECTO TepMOMET-
pa B npuGop BBOALTCH OX-

JaxKjawulasd cMechb [Hanpu-
Mep. aueToH € «CYXHM
AbJOM», T. €. TBepAoil yr-
aAexeaoroil (COs)], ¢ Tem
4ToOb! YaCTh BOAbL B COCY e
npeppatitb B Jed. [locae
yAaneHHs — oXJaxkjgalouleit
CMeCH BBOJAAT TepMOMeTp
" XAVT, noka HaCTyITHT
COCTOsiHHe TelJIOBOIro pas-
HoBecHsi. /— oTnaiika, 2 —

lero rasa (a 3HauWT, H A4s JuOBOH CHCTeMBl, ¢
KOTOPOH Tra3oBbli T€DPMOMETP HaXOIMTCsl B Tell-
JIOBOM PaBHOBECHH).

[IpununnnansHo Bonpoc 06 U3MEPeHUH BelH-
yuHbl [, ABJstoweldcsa abCoMCTHBIM TeMepaTyp-
HbIM NapamMeTpoM, HCHEPNBIBACTCH CHeAAHHDBIMI
3anMedanusiniy, anpme B 3TOM naparpade Mbl

pojgsinoii nap, 3 — BOA@,
PacCMOTPUM HEKOTOPbie YacTO HCIOJb3yeMble Be- 4= Jei. § - Saasoy Tepo-
MeTpa.

JIMYHHBI, BBEJEHHEIE B (JU3HKY C MTOMOIIbIO COTJia-
wennft. Ecan bl numem temnepaTypHbE napamerp ff B Buze pi=kT
M XOTHM H3 3TOrO DaBEHCTBA MOJYYHTH 3HAYEHHE CaMOH aBCOMIOTHOR
Temnepatyput 7', TO Mbl JIOJIXKHBL 86:5pass OTIPENeJEeHRHOe 3HAUCHHE T10C-
TOSTHHOH %. ITOT BHIGOD OCYIIECTBJIEH MEXTYHaPOXHBIM COIIALIEHHEM Y
OCHOBAH HAa TOM, YTO 3KCIIEDHMEHTaNbLHO Jierde CpaBHHTh JBe abCoioT-
HEIE TEMIIepaTyphl, 4€M HEeNOCPeNCTBeHHO H3MePUTh Beauuuny P uan kT,
UToGk! BBHIOJIHUTE TaKOEe CpaBHEHHE TeMIepaTyp, HYXKHO BhIOpaTh He-
KOTOPYIO CTAHAAPTHYIO CHCTEMY, HAXOISINIYIOCS B OIPEAEICHHOM CTaH-

*) KosiHyecTBO rasa B Koale TepMOMeTPa JOKHO ObiTh HACTONBLKO MAJbiM, HTOGH!
ras Obl1 JOCTATOYHO pPa3pexeH H MOTr CYHTATbCs HJeATbHbM. Brinoskenwe 3Toro
YC/0BHA MOXKHO NPOBEPHTH IKCIEPHMEHTANbHO, eCIH H3MEPHTh aGCOMIOTHYIO TeMNepa-
TYpPY € NOMOWBIO KOaOBI, COlepxauiell elie MeHbiliee KOJIHYECTBO rasa. Pe3ynasrats,
fofyueHHEle 06OHMH TepMOMETPaMH, IOJKHbBI COBMNAIAaTh.
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JIapTHOM MaKpPOCOCTOSTHIIN, H TPHITHCATH €if HEKOTOPOoe 3HaueHHe abCcoToT -
Hoii temneparypsl T. Ilo MexnynapoaHoMy corviaiienmio 3a Takyo cran-
JapTHYIO CHCTeMY TIPHHHMAIOT YHCTYIO BOAY, & CTAHAAPTHLIM MaKpocCoc-
TOSTHHEM ABJfETCST MaKpPOCOCTOSIHHE, B KOTOPOM TBEpAasi, JKUAKas 1f
rasoobpasHas ¢OpMbl BOJBI (T. e. JeA, Boda M BOASHOH map) Mo-
TYT HaXONUTBCA B PaBHOBECHH IDPYT ¢ JApPYroM. (310 MaKpOCOCTOSHIle
HasbiBaeTesa mpotinol mourold Boabl.) Tako# BeIGOp CTaHIAPTa TEMIEPE-
Typbl yA06EH TeM, 4TO CyLLeCTBYeT JHIb O1-
HO-€JHHCTBEHHOE 3HaueHHe JaBJEHHsS H Ten-
neparypel, IPH KOTOPBIX TPH (DOPMbI BOJL
MOTYT COCYLIECTBOBaTh, HAXOAACh B PAaBHOBC-
cui. OnbiT N0Ka3biBAeT, YTO TeMNeparypa Ta-
KO CHCTeMBbl HE 3aBHCHT OT OTHOCHTE/NbHBIX
i KOJIHUECTB HAXOASUINXCSA B PaBHOBECHH - T34,
JKHAKOCTH 11 abja. [lostoMy TpoiiHaa Touka
ABJISIETCA JIETKO BOCIIPOU3BOJAHMBIM CTaHIap-
TOM TenmnepaTypbl. Ilo mHTepHaNHOHAABHOMY
corJalieHuo, npuustoMy B 1954 r., abcoaior-
Has TeMmneparypa BOJbl B TPOHHOH Todke
CUHTaeTCs PAaBHOH mMoyHo

e

t 273,16. {1)

|

Takoii cTpaHHLI BRIGOp YHCJAa CBA3aH C e-
JlaHHeM TNOAYYUThL BO3MOXKHO Jydlllee COraa-
CHe MeK1y COBDEMEHHOH UIKaJoH adcoioT-
HOfl TeMIepaTyphl M MEeHee TOUHBbII 3Hade-
HITAAMHU CTaHJAPTHHIX TeMNIepaTyp, YCTaHOBICH-
HBIX CTapLIM H 0osee CJI0XKHBIM COTJAacHEeM.
Tenepp ulcaeHHOe 3HaueHHE abCOJIOTHON
P 32 poTorpabiia Tt TeMmepaTypPhl JI0GOH CHCTEMBI MOXKHO 1oJY-
;‘ggaggﬁBrolgggngglalzlimg;nog;g: YHTb Cpal?,HeHuHeM ¢ TeMnepaTypou Tt BOIbLt
po CTampapTOB. B ee TpoiHofi Touke. Huc/jeHHOe 3HaueHue
TeMIepaTyphl, [OJYydeHHOE B  pe3yJbTare
Bhidopa cranjapTHoil TemmepaTyphl (1), HasbBaeTcs TeMIeparypoii
B epadycax KeavsuHa, naw npocto epadycamu Keavsura, u o6bdHO
o6osnauaercs civsosom ‘K. (B nasbHefien, ynorpebasst TepMHH «rpa-
AYChI», Mbi BCerna OyAem UnMeTb B Bidy epadycet Keavsura.) Buibop cran-
apTHOW TeMIepaTyphbl He TOJbKO MO3BOJsET HAM yCTAHOBUTDL memnepa-
mypHyo wkary Keavsura, HO v 1aeT BO3MOXKHOCTb (PHKCHPOBATH 3HAUYeHHe
xoahduuvenra k. JleficTBHTENbHO, €CAH Y HAC ecTb Kakoe-HUOYIb yCT-
poilcTBO (HanpHMep, rasoBblii TEPMOMETP) IJIsl ONPENEICHHUS BeIHYHHb!
p uwau kT, To, onpeneawB 3TH BeJUYHHL B TPOHHOM TOYKe BOIbI, rie
T==T,, Mbl HeMeJlIeHHO MOJNYYHM 3HaueHHe k. Bennunna $~!==£T o3Ha-
4aeT SHEPTHIO, KOTOPYIO MOXKHO H3MEPATb B IPrax, NOITOMY BENHUHHA
k nonkHa OhiTh BBIpamKeHa B elUnMUAX apefepadyc.
[Mokaxkem Temepb, KaKk NPHMEHHTb 3TH COIJVIaUIEHHst K H3MePEeHHIO
abCcoJIOTHON TeMIlepaTyphl C MOMOILBIO HALALHOTO Fa30BOr0 TepMOMeTpa
AN

T

;

S
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nocTosihHoro obbema. M3 ypaBuenusi cocrosinusa (4.91) caeayer, uro

HM3MEpPEeHHOe TAKHM TepMOMETpPOM JaBJieHHe ra3a p NpsSMO NPOMNOPIHO-
HaJgbHO ero abcosioTHOH Temueparype. Taknm o6pasoM, Ta3oBbIi Tep-
MOMETD TIO3BOJISIET 3aMEHHTh H3MePeHHe omHoleRus aGCoIOTHLIX Temre-
pPaTyp H3MepeHHeM OTHOUIEHHUs AaBaeHHuit. [leficTBiTe/IbHO, TYCTh TEPMO-
METD HAXOAUTCS B TENJOBOM KOHTaKTe ¢ Hekotopo# cHeremoii A. OGo3-
HaYHM CpeJiHee AaBJeHHe rasa B TepPMOMeTpe, NocJe YCTaHOBAEHHS paBHO-
Becust, uepes p,. Ecau ke TepmoMeTp OyjeT NpHBEIeH B KOHTaKT C
Apyroii cucTeMOH B, TO B paBHeBecHll cpelilee AaBjetiie B Hem Oyier

pr ). Vs ypaBuenns cocrosiust (4.91) creayer, yTo OTHOLICHHE a6cod1t0-
THBIX TeMmnepatyp T4 1 Tp PaBHO OTHOWEHHIO AaBJAeHHA Py W pp:

Ta =p_4_ . (2)
Ty pa

Jlonycrunm, B yacTHocTH, 4TO clcTeMa B siasiercsl BOJOH B ee TPOHHON
TouKe (raK 4to Tp=T;) M 4TO TepMOMETp B 3TOM CJjy4ae NOKa3bBaeT

AaBJeHue p,. Mcnosbsys corsaenue (1), Mbl moayyaen, dto aﬁcomor-
Hasl TemrepaTtypa cHcTensl A paBHa

T ,=273,16 24 rpagycos Keabsuma. (3)
P

Taxum o6pa3omM, U3Mepsis IaBJeHHe Ta30BOr0 TePMOMETPA MOCTOSTHHOTO
ofbemMa, MOXKHO OIpe/e/NTh abCOMIOTHYIO TeMIIepaTypy Jo0oi CHCTeMb.
I1oT MeTon H3MepeHHs abCoJIIOTHON TemmepaTyphl BecbMa YIoGeH, ec-
JI TOJIBKO TeMIepaTyphbl He HACTOJbKO Madbl WJIH BeNHKH, YTO HCIO/b-
30Balike Ta30BOTO TEPMOMETPa HEBO3MOXKHO.

VCTaHOBIB ¢ NOMOLUBLIO cordaalienus (1) mkanay abcosoTHO# Temue-
paTyphl, Mbl MOXKEM BOCHOJb30BaThbCsl YPABHEHHEM COCTOSTHHST HAeaJb-
HOTO Ta3a AJs Opele/IeHHs HHCJIeHHOTO 3HaueHHsl NOCTOSAHHON k (1H,
4TO 3KBHBAJEHTHO, nocrosinboil R==Nk, rae N, — uncio Asoraipo).
Jlas 3TOro HOCTAaTOYHO H3MEPHTh 06};61\1 Vv (B c#®) M JlaBjeHue p
(B Our/cm?) nast v Mosiell HIeaslbHOTO rasa, HaXOASLIerocs MpH TeM-
neparype tpoliHofi Touku 7,=273,16° K. Dtu JaHHBE NO3BOASIOT, C
nonouipio ypasuenks (4.93), Beucaurh R. TiiatenbHble H3mepeHHs
TaKoOro poja JaloT clelylomee 3HayeHHe I'a30BOH MOCTOSIHHOH **):

R =(8,31434 4- 0,00035) o+ moav=t-2pad=* (4)

*) Mbl npeanosnaraeM, 4TO Ta3oBblil TepMOMeTP HACTOJALKO Mad NO CPaBHEHHIO
¢ cucteMaM A w B, uTO H3MeHeHHeM TeMmIepaTyphi 3THX CHCTeM IOCAe NpHBefeHHs:
#X B TENIOBOH KOHTAKT C TEPMOMETPOM MOMKHO NpeHeGpeub.

**) BolpaxeHHast B Ka/JOPHAX BelHuHHa R paBHa

R ={(1,98717 & 0,00008) xaxa-more=*.-2pad='.
Bce npuBeieHHbIE omnGKH OTBEYaloT OJHOMY CTaHAapTHOMY OTKJIOHEHH!O.
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(1 dwe==107 spe). 3nas uncao Asoranpo *)
N,=(6,02252 + 0,00009)- 10** mosexya-moap~?, (5)

MBI MOXKEM Ha OCHOBaHHM onpelejeHuss R=N_k nojiyuynth 3HaueHue
NOCTOSIHHON k:

k= (1,38054 == 0,00006)- 10~ spe-zpad-1. (6)

Kak wMm  yKasdwbBa/aM, BeJAHYHHA R HasblBaeTcst  NOCIMOAHHOU
Boasysana **).

B KesbBHHOBCKOH TemnepaTypHOH llIKa/je 3HepTHs B | 38 orBedaer
takoil sneprun kT, woraa T=11600 °K. Komuarmas Ttemneparypa
6mizka K 295 °K, w eft coorBeTCTBYeT, TakHM 00pasoM, 3sHeprus
#T=(1/40) 35. TakoB NOpSIOK CcpeAHel KHHETHYeCKOH 3HeprHH rasoBoil
MOJEKYJAbl OpH KOMHATHOH Tenmmeparype.

[lHorna npHMEHSIIOT APYTy10o TeMIepaTypHYIO LIKaJy, Ha3blBaeMYIo
wikaaoid Leavcus. Temnepatypa O¢ , uasepeHnas B wikase Llenbeus, cae-
JylomHM o6pazon cBsizaHa ¢ abcosoTHOR Tenmeparypoll KeabBuHa:

0c == (T'—273,15) rpaxgycos Leancus (7)

(oGosHauenue: “C). B 270 wIKase TennepaTyphl 3aMep3anus ¥ KUMEHHH
BO.1bl, HAXOAsHICHCS NPH aTMOChEep HOM JaBJeH, PaBHbl COOTBETCTBEHHO

0 °C un 100 “C*#*),

5.2. Buicokue M HU3KHe aGCOMIOTHbIE TeMilepaTyphbl

B tabanue 5.1 npupeegensl alCOJIOTHBIE TeMHepaTypbl HEKOTOPHIX
XapaKTepHbIX TeMnepatypHulx Todek. llenb 3Tof TabGaminl — jiarsh Ka-
ueCTBEHHOE MpeicTaBaeHne 06 a0COMIOTHOH TenneparypHOi wKadle.
IMoa moukoti n.aaererusi JTaHHOIO BENIECTBa, YKa3aHHOH B TabJsuue, pa-
3VMEeTCs TeMIlepatypa, Npd KOTOpOH :Kuikasd M TBepias dopaa Belle-
CTBA HAX014TCs B paBHOBecHN (npH dasaeHnu B 1 atnocdepy). Tlpu
GoJIblIeH TeMlepaType BElleCTBO CYLIECTBYET B BHIE XKUAKOCTH. Takum
o6pa3oM, B TOYKe [JIABJEHHUs BOAa COBepIUAeT MepeXoX OT JbAa K KHI-
KOH BoOIe, a B TOUKE KHIIEHHS BONA H3 KHIKOCTH CTAHOBHUTCS BOJSIHBIM
flapoM, T. e. MepPeXOoQMT B razootpasHyio (Qopay.

*) 210 3navenne N, OTHOCHTCS K COBpeMeHHON lUKaje aTOMHLIX BECOB, B KO-
Topoii atomy C1? NpUnKCLIBAETCS 4TOMHDIH Bec, TOYHO paBHblit 12. JIyuumree skcnepu-
MEHTAJLHOE OfNpelesenne 4ucaa ABOraipo OCHOBAHO HA IMEKTPHYECKHX H3MepeHHsx
BeJHUHHBI 3apAAa. HeoOXOIHMOrO AJs 3.JeKTPOJHTHYECKOTO PAa3jioKeHHs H3EECTHOTO
yucaa MOJell  CI0MKHOTO BeluecTsa (HanpHMep, BOAbI), M HA ATOMHBIX H3MepeHHsIX
3apsaAa 3JeKTpoHa.

#*) Cum. TaGanny QU3HUECKUX KOHCTAHT B KOHIE KHHUTH.

***) B Coennnennbix ltatax winpoko enoanayior wkany Papenreiita. Temrepa-
Typa Op B 370l WKaje caelywownM o6Gpa3OM CB3aHA C TeMmnepaTypol B LUIKale

leancus:
Op = (324 1,8 0() rpanycos Papenreiita,
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PaccmoTpiM Kakyio-HHGY/Ab OGLIYHYI0 MAKPOCKOMHUYECKVIO CHCTEMY.
Ee aGcomornas Ttemneparypa nosoxkurenpna*) u kT uMeer 3HaueHwe,
6JM3K0€ K cpeaHed 3HepPTHH (OTCUMTAHHOM OT HEPIMH OCHOBHOTO CO-
crosiuus £y), npuxonsiuefics Ha oiHy creneHb CBOGOAL CHCTeMbl. B co-
raacui ¢ (4.30) Mbi MOXKEM HanHcaTthb

Hannenblueii sHepryeii 1060ii cncrenmb! siBsercs sHeprus E, OCHOBHOTO
cocrosnna. Otciona cielyer, uTo MHHIMaJbHOE BO3MOXKHOe 3HAueHHE

TaGaunwuma 5.1
Hexotopnie TeMueparypubie Touk#

Teuneparypa nosepxnoctn Codnua 5500 °K
Touka xunenus oabppava (W) - 5800 °K
Touka nJasgenns soabdpara 3650 °K
Touka kunenns sonora (Au) 3090 °K
Touka naaejcuns 30a0ta 1340 °K
Touxa kuneuns ceunua (Pb) 2020 °K
Touxka naas/Jexust cBHHHA 600 °K
Touka xunenus soas (H,O) 373 °K
Touka naasjeHds BOLbI 273°K
Texneparypa tesa uejoBeka 310 °K
Kouparnas rtemneparypa (npub.ausn-

TCABHO) 295 °K
Touka kunenns asora (N,) 77°K
Touka naapjenus asorta 63 °K
Touka kunenus sogopoja (H,) 20,3 °K
Touka nuas/jeHHs BOLOPOjA 13,8°K
Touka xunenus reaus (He) 4 2°K

a6Co/IOTHOI TEMNEpaTyPHl CHCTEMB! PABHO HYJIO. 3TO 3HauYeHUe NOCTH-
raeTcd B TOM CJjydae, KOTAA SHEPTHSA CHCTEMBl CTAHOBHTCH DaBHON sHep-
I'MH ero OCHOBHOTO COCTOSTHHsi. Ec/iM 3Heprusd cucreMbl HauuHaeT npe-
suinate E,, abcomoTHas TemmepaTtypa Bo3pactaer. Bepxnero npenena
a6CoJIIOTHOH TEMIEPATY Bl HE CYILECTBYET. ITO COOTBETCTBYET OTCYTCTRHIO
BEpPXHEro rnpefiea y BO3MOXKHBIX 3HaueHHII KHHETHYECKO! 3HEPIHH dac-
THLL B JIIOOOH U3 OOLMHBIX cucTeM. Hampumep, B 3Be3fax HJH B Tepmo-
sllepHBEIX B3pbIBaX Ha 3eMJe IOCTHraercs Temmeparypa nopsinka 107 “K.

Cnenannble 3aMedaHHs ABJSIOTCS CJEICTBHEM NAHHOTO HaMK Onpe-
JeneHust aGCOMIOTHOM TeMnepaTypr:

—p= ©)

1 XapaKTepa 3aBHCHMOCTH ln €2 ot sneprun E, nokasaHHOI Ha pHcC. 4.5.

6]nQ

*) Oco6Lifl Cayuyail CHCTEMH COHHOB, Haxojsuleficsi NMpH OTpHUATenbHOH a6co-
JIOTHOH Temmeparype, paccMoTpeH B 3ajaue 4.29.
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Pacemorpum Goslee BHHMATe/NbHO INpeIEbHBIA Cayudail, korga E—F,,
T. €. KOTZla 3HepPTHsl CHCTEMbI JOCTHTaeT 3HaueHWst SHEPTHH OCHOBHOTO
COCTOSIHHSL, DTO — HaHMeHblllee M3 BO3MOXKHBIX 3HAYEHHIH 3HEpPTrHH, H B
3TOM caydae uucao Q (E) JOCTYIHBIX COCTOSHHH CHCTeMBI B JIOGOM Ma-
JoM HnTepeane sHepruil or E no E4-OF crpemurcs Kk 3nauenuo
KOTOpoe OueHb Mand. JleficTBUTebHO, Mbl BHIelH B 1. 3.1, uTo clicTema
HMEeT JINWb OJIHO KBAHTOBOe COCTOAHME (WM NO KpaiiHell Mepe maJjoe
YlCAO COCTOSTHUIA), COOTBETCTBYIONIeE HAUMEHbIIEH BO3MOXKHOH SHEPIHH.
Haxe ecan 9HCAO AOCTYSHBIX COCTOSIHWIT cucTembl B MHTepBaie OF
BOAu3N E, nneer nopsanok f, In Q, 6yxer seero sumb nopsinka In f. Jra
BeJIMUUHA NpeHeOpexuMo Maja Mo CPaBHEHHIO CO 3HadeHHeM [ pH 601b-
mUX 3HepruaAx, rie corjacuo (3.41) In Q(E)~/. [lostomy sHrponiis
S=4k InQ naueil cuctembl BOAU3N 3HEPTHH OCHOBHOTO COCTOSIHHS HCHe3a10-
le MaJla 1o CPaBHEeHHIO CO 3HAUEHHEM SHTPOMUH NMPH GOJIbLUIMX 3HEPTHSX.
Mbt IpUXOAHM K CAeNYHLIeMY BBIBOLY: KOTA2 3HEPTHS] CHCTEMB! CTPEMHT-
¢l K HAHHM3IIEMY H3 CBOMX BO3MOXKHBIX 3HAUEHHH, SHTPONHS CTaHO-
BHTCH NpeHeOPeKHMO MaJsloi:

S—0 nmpu E—E, (10)

[Mo Mepe TOro Kax 3HEpPTHsi CHCTEMBl HAYWHACT NPEBBINATH SHEPTHIO
CCHOBHOTO COCTOSIHHSI, UYlICJIO COCTOSAHMH BO3pacTaeT oueHb OblCTpo;
13 (4.29) caexyer:

__0InQ )
b="r~7—r

Korna sneprust £ ymeHbluaeTcss 10 3HaveHHsi Ly,  CTAHOBHTCS Upe3Bol-
yaiiHo GoabwinM U T o ~1=0. [lpurogtoe nas MoBKIX CHCTEM Apefedib-
poe cootHomenne (10) MOXKHO 1OITOMY 3anucaTb B TaKoM BiLjie:

}anﬁm Sﬁai (11)

310 yTBepKAeHHe HOCHT Ha3BaHHe MPErnbee0 3aK0HA MepMOOUHAMUKILL.
Pa6oras npu teMueparypax T=0 (B6sH3u abcoawomHoeo Hyas TeMuepa-
TVPHI), HeoGXONUMO, ONHAKO, GbITb YBEDEHHBIM B TOM, YTO CHCTEMa, C
KOTOPOH MBI MMeeM Jies10, AEACTBUTENbHO HaXOIMTCS B DPaBHOBECHH. D10
TeMm GoJiee BayKHO, 4TO IPH €TOJMb HU3KHX TEMOepaTypax CKOpPOCTh JO-
CTHXKeHHUS] COCTOSIHUSI paBHoBecusl MOxeT ObITb OueHb Majoil. [lasee,
yto0bl BEpPHO HHTEpIpeTHPOBath yrBep:kaenue (11), weobGxomumo moc-
TATOUHO XOPOLIO NOHHMAaTh CBOICTBA paccMaTpHBaeMOll CHCTEMBI, T. €.
HeoGXOIHMO 3HaTh, CKOJb Mana I0JKHa OBTb peasibHast TeMneparypa
cHcTeMbl, yToGH NpenenbHoe coorHomenue (11) Bemoansaoce. Cienyio-
niuil npUMEp MOYYHTeeH B 3TOM OTHOMIEHUH.

S3ameuanne 06 HTPONKHH sAJepHB X CNHHOB. Maruurusie
MOMEHTBI siflep OdeHb Madbl. [To3TOMYy (B OTCYTCTBHE GO/IBIIOTO BHEIHEro MarHHTHOrO
no.isi) JHLIb MPH OueHb HH3KOM Temnepatype nopsiaka 10—¢ °K s3anmoneiictene Mex1y
sIPAMK MOTJIO OBl NPHBECTH K YNOPAJ0UeHHOIl OPHeHTankH ClIHKOB *). laxke mpu crolb
uuskoil Temnepatype Ty, kak 10~3 °K, sjepuble cniAHBl OpHEHTHPOBAHLI CTOJb XKe Y-

*) Cm. sazany 5.2.
190



ualiio, KaK H nph Jw060il BLCOKO! Temneparype. B cootsetcrsun c (11) sntporns S,
CBSI3aHHAS CO BCEMH CTeneHAMH CBOGOIB, KpoMe SRepHBIX CHUHOB, JellcTauTe O 6V aeT
npeHeGpexxiMo Masia nip Temneparype 7. OJHako mosHast sHTPONIls, CBS34aHHas CO
BCEMH CTeneHsMH CBOGOAb!, BKIIOUAA siepHble .

cngHbl, GyfeT eme umeTs OoJblIoe 3HAYeHHe [

Se=Fk In Q, 06ycioBaenHoe GonbiLiin YIcaon Q¢ = Jmravna

i N

Puc. 5.3. Cocya Hbioapa (gb0ap), nokasannbiii na
pucynke [nassan no umenlt cspa dweiimea [JAbwoa-
pa (1842—1923), xortopniit B 1898 r. noayuua
BriepBbie KUAKHH BOAOPOA], OGHIMHO HCNOABIYIOT
npH pa6oTe B 06NacTH HH3KUX TemmepaTyp. OH f10-
X0 HAa CTeKJSIHHBIL COCYA OOBIUHOIO TepMmoca
H3rOoTOBNACTCA H3 CTEKaa IJH H3 MeTaasa (Ha-
npHMep, M3 HepiKapewlielt cranu). JKuaxocTh.
Hanuran B cocyl Jlbloapa, TepMHUIECKH H30NHPOBI-
Ba OT BHeWHell CpeAbl, 2Ta M300%1HsL ROCTUr2er-
¢si TeM, YTO MeXKAY CTeHKaMH CoCyAa Co3jaH Ba-
KyyM. Ecan cocyq dpioapa u3roToB/led #s CTeKaa,
TO CTEeKJASIIHbIE [MOBEPXKUOCTH KeNATeJbIIo M0Ce-

Piuc. 3.4, Tunugune ycTpoficTRO H3
ABYX ccevios Jbloapa gasl paboTst
BAu3H 1°K. Jbloap,nanonnennbiii
AWHAKHM reJides, {IOMCIHEH B APpy-
roil Abloap, HalOALCHHBIT KEA-
KuM asotoM. Takope ycTpoiiciko
YMeubHlaeT NPOHHKHOBEHHE TeNsa
B AHAKHI reanil. / — oxpyxaiw-
wast cpeda npn 295° K, 2 — Kua-
Ruft asor npu 77 °K, 3 — xuAxuii
reauit npir 4,2 °K, | ama, 4 — ox-
JAazxmjgenabii  ob6pasen [PH  HH3-
KOfl TemilepaType.

pebpuTb, uTobGhl YMEHBILIUTE [OTepde Tefna Ha

H3nyuenue, / — Bakyym, 2 — nocepefpennble

BHYTpeHnHe MOBEPXHOCTH. 3 — OXJAAKAeHHasH

WMHIAKOCTE, TEPMHYECKH H30JAHPOBAHHAR OT OKPY-
Katoulell cpenn.

COCTOSIHHH, COOTBETCTBYIOMHX BOSMOMKHBING ODHEHTAUMSAM SAEPHBIX CAHNOB. MBl no-
JyyaeM, TaKHM o0GpasoM, smecTo (11) ciedytolnee yTBepHaetue:

mpr T —>0, S— S, (12)

3nech T—0, osnauaer crpemaeHHe K leMIepaType, KOTOPAs Ouelib Maja, HO elue Jo-
CTaTOMHO BeJHKA JJIs TOro, 4ToObl COXpaHsiach ciayuafiHast opweHTalls CIWHOB (na-
npuMep, Takas Kak Ty=10-3 °K). ¥Yreepxenne (12) umeer Gosbiloe 3HaueHue, Tax
Kak BeTHuHHA S, ABJIAETCHA OlIPeJe/IeHHOH KOHCTAHTOH, KOTOPAs 3aBHCHT HCK/IOUUTE b-
HO OT THNA aTOMHBEIX sjep, CojepXKalHXcs B cHCTeMe, HO COBEPLIEHHO HE 3aBHCHT OT
Jeranefl, Kacapmuxcs yposuell aHeprun cuctemsl. Kopoue rosopsi, Sg €CThb KOHCTaHT4,
COBEPIIEHHO He 3aBHCALAS OT YCTPOIiCTBA CHCTeMBI, HANPHMED, OT NPOCTPAHCTBEHHOrO
pacnipesiefieHus B aToMe, OT [PHPObI XHMHUYeCKOH CBSI3U MeXJy aTOMaMH H OT B3aHMO-
defcTBHS MEXIY HMMH. PaccMOTpHM, HampHMep, cHcTeMy A, cocToduyo 3 OAHOTO
Mong MeTajandeckoro cBuuua (Pb) M onsoro moas cepst (S), H ApYrywo cucreMy A’,
COCTOSIIYIO U3 OJHOrO MoJs ceprucroro caunua (PbS). O6e chcTeMbl HyelT BecbMa pas-
JiuuHble CBOHCTBA, HO OHH COCTOAT H3 OJIHOTO H TOTO JKe UKC/IA OINHAKOBLIX Ajiep. B npe-
npene T-+0., nosTomy sHTponus ofeux cHcreM Gyjer OAHOH H TOR Xe.

HHrepec K M3yueHMIO CHCTEM, HaXOASIMXCS TPH HH3KHX abcoJioT-
HBIX TeMIepaTypax, 4acTo CBsi3aH ¢ TEM, YTO HX SHTPOMHS UPe3BLIMAMHO
MaJsia, DTO 03HayaeT, 4TO CHCTeMe JOCTYIHO JHWb OTHOCHTENbHO MaJjoe
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YUC/I0 COCTOSIHUI M [103TOMY OHA B 3HAUHTEBHO OOJBLICH CTENEHH yHOo-
psifoyena (06/afaeT 3HAUMTENBHO MEHbIUHM OecropsiikoM), 4eM B Cly-
yae BHICOKHX Temmeparyp. DoJiee BricoKasi cTeneHb NOpsilka NPUBOAHT
K TOfIB/JICHHIQ 3aMeuaTeqbHEIX CBOHUCTB Y HEKOTOPHIX BEUIeCTB, HAXOAS-
IHXCs [PH OYeHb HM3KHX TeMmneparypax. IlpueeneM HeCKOJBKO oco-
GeHHO SAPKHX TPHMEPOB: 3JIEKTPOHHBIE CIHMHbI HEKOTOPBIX BEILECTB INIpU
HH3KHX TeMIlepaTypax OKasblBaloTCs
NOYTH IOJHOCTBIO OpHEHTHPOBAHHLL-
MH B OAHOM HallpaBJIEHUH, TaK 4710
5TH BellecTBa MpPHOOPETAT CBOI-
CTBa IMOCTOAHHBIX MarHutoB. DBo
MHOI'MX MeTaJJsax, Hanpumep, B CBIIH-
1IIe H OJIOBE, 3JEKTPOHLI IMPOBOLH-
MOCTH JABHXKYTCSl 6€3 BCAKOIo TPEHU S,
eCJM TeMIlepaTypa MeTania MeHb-
1€ HEKOTOPOIC OMNpPEeNeeHHOIO 3Ha-
yerust (7,2 °K  js1a  cBuHua)., Me-
TalJl, B KOTOPOM TEeKYWHH MO HeMy
TOK He BCTpeuaeT HIKAKOIo 3JCK-
TPUYECKOTO CONPOTHBJEHUS], HAa3bl-
BAETCS C8ePXNPOBOOHLKOM. AHanorHY-
HO, XKHIKUH rejiufl (IIpH aTMocdepruom
J@BJIEHHH OH OCTaeTCsl YKUIKOCTLIO
Puc. 5.5. Potorpapus KomMepu2CKOro npH T—>O) [IpH TeMIeparype, Meib-

OMHIKUTENS AAS TOJAYYeHHs KUAKOTO fe-
Qi H3  HAXOAAlWerocs fpR KoMy aTHoIi e 2,18 CK’ TeueT, He HCHBIThIBAS
Temileparype radoofpastoro renus. C ne-
o6x0AMMBIM fOTIOfIHATeMbHMM ofopyso-  HHKAKOro TPEHHUA, M OKa3biBaercCs B
BawHeM, COCTORULHM H3 KoMapeccopa H
raarofbAepa, STOT owHKuTeasn naet ne-  COCTOSHHH 6blCTP0 [IPpOHUKATb Hepe3

CKOIBKO JTUTPOB XMAKOrO reqds B uac.  yjyejy asMepoMm  MeHbite 1076 care

n ’
epBOHauaJbHoe oXJaamieHHe rasa pgo- .

CTHrAeTCS TeM, UTO TeDMHYECKH H30JHPO- 9TO CBOHCTBO 2KHIAKOTO TIeJIud Haa3bl-
BaHHbiff ras CoBepligeT MeXaRHYeCKyIlo . - . "

paory Han mopliiam (5 sepsiell dacr  BACTCA ceepxmeryuecmpio. Takum 06-

pUCYHKa BHAHBI IITOKH 3TILX mopulueil). pasonl, INpH HH3KHX TeMl’IepaTyan
TIpn 5ToM MpPOMCXOANT yMelbwenne Cpef- ’ ”
Heil SHepruy I, COOTBeTCTl?PHH& a6comoT- BO3HHKAET ueaas 00/1acCTbh HHTepecCy-
HOl TeMmmepaTypbi rasza. [lenuit Brepsole . . o
OIRHIK K Bpl‘)()g r. patekuii puank Kawep- — OWHMX HAC ABJACHHH. Jlio6as cucrema
Aunr-Outec (/ — Gaanonb ¢ rasoobpas- B6JIH3H T:;O HaXOJHTCS OYeHb 6‘}-1“3_

#biM TediieM, 2 — TpyOOnNpoBoR AAA /Kui-
KOro Fequs, 8 — HWITOKU NOPWHe(t). KO K CBO€MY OCHOBHOMY COCTOAHHIO.
[losromy I/t TIOHHMaHHST CBOHCTS
TaKOH CHCTeMbl HeoOXOaHMMO KBAHTOBOMEXaHHUYECKOE pPacCMOTpeHHe.
JleficTBUTEABRO, TPH CTOJIb HH3KUX TeMmnepatypax creneHb Gecnopaika
HACTOJbLKO Ma/jia, YTO KBAHTOBbIE 3eKThl MOrvT HAOAAATLCH B MQk-
pockonuqeckon Maciutabe. Lleabio 3THX 3amedannfi OblI0 TMOSICHHTE,
noueMy (IuU3UKQ HUBKUX meiunepamyp sIBASETCs B HacTosiilee Bpems
06/1aCTHI0 AKTUBHBIX HCCAETOBAHHHA.

EcrecrtBeHHO Bo3HIKaeT caeivioumiil Bonpoc. Ckosb 6J1H3KO MOKeT
MAKPOCKOMHYECKasl CHCTeMa HAXOAHThCA OKO,I0 CBOEr0 OCHOBHOIO CO-
CTOSIHHSA, HHBIMH C/JIOBaMi, A0 CKOJAb HH3KHUX TeMmepaTyp OHa MOXKeT
ObiTb oxaaxkiaeHa? CoBpeMeHHasi TEXHHKA I103BONSET JOCTHYL Temiepa-
Typpt B 1 °K nomeiuerHeM cucteMsl B TEIVIOBYIO BaHHY, COAEPIKAMLYIO
KuAkUH reqpfi. Touxky KHOeHHst Takof XHAKOCTH MOXKHO TNOHH3UTDH 10
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°K, yMeHbluasi, ¢ MOMOIIBIO MOJXOASIIETO Hacoca*), JAaBJeHNe napa
Ha}l KHAKOCThIO. [IpuMeHuB TOT e MeTox K »KHAKOMy resuio He® (sta
KUIKOCTb 06pasoBaHa penKHM n3otonoM reausi He?, toraa xak npupoxn-
HBIH rejiHil COCTOHT IVIaBHbLIM 0GPA30M H3 H30TOTA He“) MoXKHO 6e3 60J1b-
WX 3aTPYIHEHHH IOCTHYL TeMmnepaTypwl, Gauskodl k 0,3° K. das no-
CTHXKEHHSsl CYLIECTBEHHO 6oJiee HH3KHX TeMOeparyp HeaGXO[HMbl GO.ib-
wue ycuaug. Tax, Hampumep, Ttemmeparypsl B 0,01 °K wan naxe
0,001 °K MOKHO J0OCTHYL C MOMOLIBIO ASHICTBHS MACHWTHOrO 11045 Ha
TEPMHYECKH H30JHPOBAHHYIO CHCTEMY CIOHHOB. DTHM METOJOM -OKasa-
JIOCb BO3MOZKHbBIM JOCTHYb CTOJb HH3KOH TeMmepatypsl, Kak 10~¢ °K.

5.3. Pa6oTa, BHYTPeHHsisl SHePrusi W TemjioTa

B n. 3.7 6b10 CBeneHo npeicTaB/eHHe O TelsoTe W paGote, Mul no-
JYUYHJIH TaM CJCAYIOUiee OCHOBHOe ypaBHenue (3.53):

AE=W+Q, (13)

CBsI3BIBAMOLLCE YBeAHUEHHe cpejpHell aHepruu E 060l cuCTeMB! ¢ MakK-
DOCKOIIHYECKOH paBoTOH, MPOM3BOAHMOHA Haj CHCTEMON, M- C KOJHYeCT-
BOM MOTJIOIENHOTO CHCTEMOH Temsia. DTO COOTHOIHEHHE SIBJSIETCS OCHO-
BOH 17151 MAKPOCKONNUCCKHX U3MEPEHH BceX BXOAAIIMUX B HEI'O BEAWUH .
~leHCTBHTENBHO, Mbl MOXKEM IIOJIOHTH K TOH 3ajaue caenyroluM obpa-
soM. Makpockonuueckass pabora 5BJSIeTCS BEJIHYMHOH, U3BECTHOH H3
MeXaHHKH. Ee JIerko H3MepHTh, TaK KaK OHa onpernessiercss npoHsBsele-
HHEM HEKOTOPOH MaKPOCKONHMYEeCKOH CHJIbl HA COOTBETCTBYIOIEE MaKpo-
CRoNMYecKoe cMetiieHue. M30a1poBaB cHCTeMY TepMHUYECKH, MBI MOXKEM
cuutarth, 9ro B (13) @Q=0; Takum oO6pa3oM, u3MepeHHe cpenHel 2HeprLu

L cucTeMbl CBOJUTCH K U3MePeHnio paboTsl. Eciin chcréma He siBasercs |
TEPMHUECKH H30JHDPOBAHHON, MBI MOXKEM OIPENe/IHTb MOT/IOUEHHOE €lo
TEMJIO C MOMOLILBIO q)opMynb[ (13), ecin ucnosb30BaTh 0JAYUEHHYIO paHee
anpop\xaumo 0 ee cpefiHeli SHepruu nmepmb COBEPLIEHHY!O HAJ CHC-
TeMOH pabory.

Mul noKasain, KaK B NpPHHIHIE MOMHO H3MEPHTb BeJIHYHHBI, BXO-
asamue B gopnryay (13). Teneps paceMmorpyM nogo6Hbe Hameperns Gosee
nOAPOGHO U MPUBEIEM HECKOJbKO IIPHMEPOB.

Patoma. B coorsercreun ¢ onpelenenueM (3.51) makpockoundec- ¢
xas paboTa, coBeplilaeMas Haj CHCTeMOH, PaBHa BO3PacTaHHIO CPeiHeH
SHEPTHH CHCTEMB!, €CJIU TOC/IeHsAA Te PMHYECKH H30AHpoBaHa (UK adu-
QbamMuYecKy U301 PoBARA) 1 MEHIETCA KaKOH-TO H3 BHEILIHHX 1apaMeTpOoB.
B stoM cnyuae BO3pacTaHHe cpepHell 3HEPTHH MOXKHO BBIUHCJMTL HA
CCHOBaHMH NPOCTHIX 3aKOHOB MeXaHHKH: OHO onpene/sercs NpoH3Bexe-
HHUEM CHJBl Ha CMelieHHe, el Phi3BaHHOe. CTPOro roBopsi, BHUYHCIEHHE
H3MEHeHHSI cpepHell 3HepTHH TpefyeT BEIUMC/ICHHA CPEIHEro 3HaueHHs
3TOTO - IPOH3BeeHHsT LIS CHCTeM, 06pasylomux CTaTHCTHYeCKHH aH-
cambiib. OHAKO, €C/IH MBI HIMEEM [Ie/I0 C MAKPOCKOIIHYECKHMH CHCTEMAMH,

*} Mnea atoro Meroja fACHA, aJblIHHHCTAM, TOTOBHBUIMM THILY B ropax. Ha BvbIr
cote Gnarojapsi MeHbllemy, amoc@epl—xomy JaBAeHul0 BOid KHIHT NPH MeHblued TeM-
mepartype, 4eM Ha ypOBHe MOps.
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CHJIZ H CMellleHIle ABJIAINTCA MAKPOCKONNHYEeCKUMH BeJIHYHHAMH, KOTOpLIe
NOYTH BCETAA paBHBI CBOUM CpPEAHHM 3HaUCHHAM, TaK UTO HCIILIThIBACMbIE
UMH UyKTyauul npeneGpexkxumo maJbl. [TostoMy Ha npakThke gocra-
TOYHO BBLINOJHHUTDL H3MEpEHHE C OIHOH CHCTEMOﬁ, YTOORI onpene/uTh H3-
MeHeHHe cpelHeH 3HepTHH H COOTBETCTByomYyo padory.

Mul nmpuBeneM HeKOTOpble MPHMEPBI, KOTODbIE ITOKaKyT OGBLIYHLIE
NPHEMbI, IIpHMEHAEMbIC 1/ H3MEpeHHs paﬁO’I‘bI.

fipumep . Mexaunueckana pa6ora. Ha puc. 56 nokasana ciic-
TeMa A, cocrosuas M3 coCyJa, HANOJHEHHOrO BOJIOH, TEpMOMETpa u Koseca C .Tonac-
TAMI. 3Ta CHCTeMa MOXKeT B3auMOLEHCTBOBATDL € BeChMa npoctoli cucremoii A’, cocros-
nieil u3 rpysa u 3emsin. JefictBue 3eni CKaspiBaeTcs B MOSIBJCHNH IPaBHTALIIOHHON
cuJiBl w, JeiictBytomleft Ha rpy3 OGe CHCTEMBI MOTVT B3aMMOJIeiCTBOBATL, TAK KaK na-
JAlOWHA Ipy3 BpamaeT KOJeco, KOTOpOe HPOH3BOAHT MNepeMelllHBaHHe BOIbl. JTo

Lucmene A Cucmema A4
Puc. 5.6. Cucrema A coCcTOHMT H3 CoCy- Puc. 5.7, Cucrema A CoCcTORNT H3 CoCy-
Aa € BOJOI, TepMOMeTpa M KoJeca € Ea ¢ BOHOIl, TepMOMeTpa H SJIeRTpHYeC-
sonactamu. Ilagalommuii rpys copep- Koro conpoTusiiedns. PaGota napg s1oit
waeT paboTy Haj 3To#t CHCTeMOIT. cucremoii coeepiaercs Gatapeeil

B33aHMOJeHCTBHEe AB/ISETCS agHadaTHUECKHM, TaK KaK eJdHCTBEHHas CBSI3b MeKIY
CHCTeMANMH OCYILECTBJSIETCA C MOMOIbIO BepesKH, Yepe3 KOTOPYIO NpuTeKaeT npenebpe-
JKAMO MaJOe KOJIHYeCTBO Temsa. BieliHUM NapaneTpos, XapaKkTepH3YIOMHM CHCTCMY
A’ siBAsieTcs pacCTosiHHe § OT rpy3a 110 Gioka. Ecan rpy3 cuemaercs Ha paccTosiilie
As, He MeHsis CBoefl CKOPOCTH, TO CpENHSIT SHEPTHA CHCTeMbI A’ yyeupluaercs Ha Beili-
ynHy w As, paBHYIO YMeHbIIeHHIO NOTeHUHAAbHONR SHepruH rpy3a *) (cuja TsiKecTH co-
Bepuiaet pa60Ty Haj rpysom). Tak xak cocrapHast cHcTeMa, 00pa3oBaHHAs CHCTEMANH
A n A', ABIseTCS N3OJAHPOBAHHOMN, CpelHsT IHeprHst cucTeMsl A 10KHA BO3PAcTHl Ha
BeJHTHHY W As. 310 3HAUHT, 4TO HaJAIOIHIT IPY3 © ClHCTeMbE A’ npoussen nay awata-
THYECKH H30JHpoBaHHOf cHCTeMoll A paGoty w As. Takuy 06pa3on, uazepense paGoThi,
NPOH3BEAEHHOH Haj CHCTeMOH, B 3TOM CJIyuae CBOIHMTCA K H3MCPeHHI0 caeweHus As,

[Tpumep Il.Oaexrpuueckasa pa6ora. PaGory, coBepuacuylo
€ MOMOLUIBIO 3JEKTPHYECTBA, MOMKHO JEerko H TOUHO U3MepHTb **). YcrpoiictBo, nmoxa-
3aHHOE Ha pPHC. 5.7, aHaJOTHYHO YCTPOICTBY, pACCMOTPEHHOMY Bhille Ha pHC. 9.6.
OHo COCTOHT H3 COCYJA C BOJIOIT, TePMOMETPA H IEeKTPHYECKOTO CONPOTHBAEHHS, COeTH-

*) I'pys o6blyBO CiyCcKaeTCd € MOCTOSIHHON CKOPOCTbIO, TAK KaK OH OYeHb OLICTPO
JOCTATaeT KoHeuHo# ckopoctH. Ecam ckopocth rpysa MeHsercs, TO H3MeHeHHe
cpenneii 3Heprsn A paBHO H3MEHEHHIO CYMMBI HOTEHLHAMbHOH SHeprHH H KHHeTHYe-
CKOH 3Hepruv rpysa.

**) Ora pabora sBASETCH MeXaHHYecKoil paGoToil, HO ee COBepPIAIOT /IEKTPHUE-
CKHe CRJH.
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HeHHOro ¢ 6atapeefi ¢ 3. 4. c. V. Coejuunrednpisie NPOBOAA HACTOADKO TOMKH, Y4TO CHC-
TeMy A MOMHO CUUTATb TePMHYECKH H30AUPOBaAHHON OT GaTapen. Bmemnum mapamer-
poM 1713 GaTapen B JaHHOM ChAyuae ABAsieTcs MepeHocHMBll elo 3apan ¢. Eciu Gatapes
fleperiocHT 3apaA Ag, NpoTeKaloMHi Yepe3 CONMpoTHBIeHHe, TO paBoTa, coBepiuaemas
B 3TOM npouecce Gatapeeil uag cucremolt A, pasua V Ag. 3apaa Ag Jerko H3MepHTS,
onpeicns 8peyMst A/ NpoTeXaHHs H3BECTHOro TOKa 4epes Garapeio: Ag=i At. Conpo-
THBIeHHE UIPaeT COBEPUIeHHO TY Xe Pob, UTO H KO.IeCO C JIONACTSMH B mPelblAVILEM
upuMepe: 3TO YCTPOiiCTBO, Haj KOTOPLIM YA0GHO CoBepuiaTh PaGoTy.

OcobeHHoil IPOCTOTON OTJAHYACTCA PaCcCMOTPEHHE Kea3ucmamuuec-
KUX TPOLUECcOB. Mul rOHMMaeM MOA THM Ha3BaHUEM INPOLECcch, mpote-
Kaiolllle JAOCTATOUHO MELJIEHHO JUIS  TOTO, '
yrolbl paccMaTpHBacMasi cHCTeMa Bce Bpenisl
HAXOMIach CKOJb VTOAHO OJIH3KO K COCTOSI-
HHIO paBHOBeclia. Paccmorpum Haeomni pax-
Hoe 3HaueHue caydafl noroxka (ABHKywefics
cpeich MoKeT ObITh KIAKOCTb HJH Fas3) Il Hail-
JeM BblpakeHne Aas paloThl, COBeplIaenMoR
HaZ 3THM MOTOKOM B KAa3HCTATHYECKOM IIpO- ; 6‘-—-'—4
uecce. Tak Kak NOTOK IMOCTOSTHHO HaXOJUTCS

Puc. 5.8. BeliecTpo B LHAMKA-
B COCTOSIHUH PaBHOBECHS, B HEM OTCYTCTBYIOT  pe (ras man mHAKOCTH), 0rpa-
1{€0IHOPOAHOCTH IIVIOTHOCTH H APVIHE ABJIEHU s, ~ MPUeHHoe TOABIKubM. fopu:
. o 1eM C TOBepPXHOCTBIO . Pac-
XapasTepHble AJ1s1 ObICTPBIX TEUEHNI BEUIECTBA,  crosmme nopums  oF  AeBol
Il [OTOK MOKeT GbiTh OMHCAH C IOMOLLBIO Cpef-  CTeHkH oboduadeilo vepes s.
Hero JaBjeHud p. Jli1f npocToTbl A0MYCTHM,
4TO Halle BElleCTBO HAXOAHTCH B HHIMHADE, OTpaHIdeHHOM C OJHOH CTOo-
POHBI TIO/IBHXKHBIN 1TOPIUHEM (C II0ILAIbI0 TIOBEPXHOCTH ), KaK 10Ka-
3aHo Ha pHc. D.8. BuewHuMm napamMeTpom TakOH CHCTeMbl SIBJSIETCst pac-
CTOSTHIIE S OT JIEBOIl CTEHKH J0 MOPUIHS MJH, Y4TO SKBUBAJIEHTHO, 06bem
V==_[s, sanmaembll BemecTBoM. JlaB/jeHnne paBHO cuje, npHXoAALLeiCs
Ha e1uHuuy miowani. [ToatoMy cpeansst BeJuuMHA CHJbL, AEHCTBYIOLIEH
Ha flopIueHb CO CTOPOHHI BeulecTBa ciesa Hanpaso, OyaeT p.{, CoOT-
BETCTBEHHO €aM NOPLICHb NEeHCTBYET Ha BeILEeCTBO C TOi Ke CHJAOH, HO
B TIPOTHBOIIOJOXKHOM HampasJjeduu. [JomycTHM, 4YTO NopuleHb OYEHb Mej-
JIEHHO CMELILaeTcsl BIIPABO Ha BeIHYHHY dS (MPH 3TOM 00beM, 3aHHMaeMbli
Bel1eCTBOM, MeHsieTcsi Ha {ds). Pafora, copepmiaeMast Haj BellleCTBOM,
Oyler paBHa

AW = (—pd)ds = —p (A ds),
nan

dWs—MV! (14)

3HaK MHHYC NOABJSIETCH NIOTOMY, 4YTO CMellleHde ds W cuna p.f, neficr-

BYIOIA5l Ha BEIECTBO, HMEIOT IPOTHBONOJOKHLIE HANpaBjieHus *).
Ecnan u3menenue obbema BeliecTBa MIPOUCXOIMT KBasHCTAaTHYECKH

OT Ha4yaJbHOTO 3Ha4eHus V; 1o KOHeuHOoTo 3uaueHus Vi, 10 na moGo#

CTajHy 3ITOrC Npolecca JAaBAeHHE p SABAAETCS HEKOTOPoH (YHKIHel

*) Jlerko nokasartb, yTo Boipaxkenue (14) cnpasefnuBO AN BewecTsa, 3aKHOYEH-
HOr0O B COCYA o0neMOM V npoussosibHoil GopMbL.
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of6bema H Temneparypol. UToGsl BRIUHCIHTE MOJHYIO paboTy, coBepiuae-
MYIO HaJ BellecTBOM B TeueHHe 3TOrO Npoiecca, HYXKHO CJIOXKHTB Gec-
KOHEYHO Majble pa6oTsl (14). Takim 06paso\1 noJyyaeM

v 7 v,

S pdV =1 pav.
Yy

i

Woe=— (15)

PaGora, comepirennast Hag BeINECTROM, NOJOXKHTeNbHa, ecan V<V,

u orpuuareseHa, ecan V,>>V,;. s (15) crenyer, uro s1a paGorta name-
_ psieTcsi  33UTPHXOBAHHON  MJIOIAAbIO
A noj KPHBOH Ha puc. 5.9.

Brympernnan suepeus. Bepremcs te-
Nepb K ONpeIeIeHUI0 8HYMPEHHELL IHep-
euu E MaxpoCKONUuecKoii cHCTeMsl! (T. €.
NONHO# 3HEepPTHH BCEX COCTaBJAIOUHX ee
YacTHIL B CHCTEMe OTcyeTa, TIe UEeHTp
Macc cucrenmel nokoutces *). M3 mexann-
KM HaM H3BECTHO, UTO SHEPTHSI CHCTEMbI
v (B wacTHOCTH, ee MOTEHUHAaJbHas 3Hep-
r'usi) MOXKeT GbITh OlpelejieHa € TOUHO-

Puc. 5.9. 3aBucumMocTh CpefiHero Aas-

Jienust p oT oOhema V Ajas HeKoTopoil

CHETEMDI. BBNTPHXOBZHHHH nJsouiaib

nox KpHBOI{ COOTBeTCTBYET paGoT«.

conepma(‘\mu Haj CHCTeMoll npH KBasi-

CTATHYECKOM  YMeHblleliHH ofbeMa
oT 1§ Ao Vf‘

CTBIO [0 IIPOH3BOJILHOH [IOCTOAHHOH. D10
K€ 3aMeuaHie ClIpaBeliuBo, Pa3yMeercs,
¥ 1S CPelHerc 3HaueHHs1 BHYTpeHHef)

SHEpPTUH E MaKpOCKOMHYECKOH CHCTEMb .

[losTomy 3navenve shnepruu E cucTemb,
HaXOASWIEACT B JaHHOM MaKPOCOCTOSIHHH, HUMEET CMBICJ TOJBKO M0 OT-
HOLIEHHIO K 3HAYEHHIO IHEPrHH HEKOTOPOTO CTaHIapTHOTO MaKPOCOCTo-
AHHA CHCTeMbl. PH3HUECKOe 3HAUeHIe HMeeT TOJBKO PAasHOCHb CPEIHUX
3HEPTHH, I HMEHHO 5Ta PasHOCTb M H3MEPHETCs Mo MPOH3BENEHHOH pa-
foTe B TOM c/Iyuae, KOTAA CHCTeMa aJHaGaTHYeCKH H30JUpOBaHa. IT0
NOSICHEHO B CjenylolleM IpHMepe,

[MMpumep Hl.DnextTpuuecKkKHe H3MepeHHs BHYTpPeHHe
9 HeprHH. Pacemorpum cucremy A Ha puc. 5.7. Ee mMakpococTosiHIe MOKHO Xapax-
TepPH30BaTb C INOMOLIBI0 EIHHCTBEHHOI'O MAKPOCKONHUECKOTO fapaMeTpa, a HMeHHo,
TeMIepaTypbl, ecld APYrHe MaxpoCKONMYecKHe napaMeTpbl (Hanpumep, AaBJeHHe)
0CTaI0TCA HeusMeHHBIMH. HeT HeoGXonMMOCTH, 4TOOBI 3Ta TeMreparypa 6blia H3mepe-
Ha no abconoTHol mKase. Mpl MOXKeM, HanmpHMep, NPHHATb 3a Mepy TeMIepaTypb
LaHny L croabuka KHAKOCTH B JIOGOM TepMOMeTpe, HaXOAAIEMCS B TENJOBOM KOHTAKTC
¢ Hamell cucremofi A. O6o3HauuM depe3 L cpeHiol0 BHYTPeHHIOK 3HEPruio CHCTEMEI,
HaxoAsumencs B paBHOBECHH B MaKpOCOCTORHHM, KOTOPOMY COOTBETCTBYET TeMIleparyp-

Hblii oTcuer L, a uepes £, — CpejHIO0 3HEPrHI0 B HEKOTOPOM CTAHZAPTHOM MaKpoco-
CTOSIHHH &, KOTOPOMY COOTBETCTBYeT Temneparypa L,. (He Tepas ofnisocTH paccyxje-

HHil, MBI MOXeM MOJNOKATb BeNTHuHHY £, pasHoit Hymo.) Hac HuTepecyer clenyiomnit
BONpPOC: KaKOBO 3HaYeHHe .CpefHell BHYTpeHHefl 3HepruM £ — E,;, OTCUHTaHHOH oOT

. *) B stoM cayuae, ecan CHCTeMa Kak lesloe IOKOHTCH (B sa6OpaTOpHH), €e BHYT-
PeHHsisI SHEPrUsi PaBHA NOJHON Heprud. ECiH crcTeMa HAXOJHTCA B IBHKEHHH, e€
1IOMHAS 3HEPIHs OTIHYAETCH OT BHYTPeHHell SHepTMH Ha BeNHYHHY KHHETHYeCKOH
9HePruH, CBA3aHHOI C JBHXKeHHeM HEHTPa. Macc.
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3HEPTHH CTAHAPTHOTO MAKPOCOCTOSIHHSA &, €C/H CHCTeMA Haxozxmca B \1axpococmmum
XapaKTepH3YIOILeMCs Temnepatypoit L? -

Yro6ul OTBETHTb Ha 3TOT BOIPOC, cAeNaeM chetemy A Tepmuqecxn nsonupoeaﬂuon.
KaK Ha puc.5.7. [lycTs B Hauase npouecca oHa HAXOHTCR B COCTOSIHHK a. CoBepLINM Hax
cHCTeMO#H HekoTopyio pabory W=V Ag, nponyckas uepes conpoThB/eHHe OnpeleneH-
HOE 'KOJHYecTBO 3JeKTpuuectsa Ag. Jlajgum cHCTeMe MpHHATH B COCTOSIHHE PaBHOBeCHS
H H3MepuM ee TeMnepaTypHuili napamerp L. M3 ypasrenns (13) caexyer, uro npu Q=0

cpenHee 3HaUeHHe £ 3HepPTMH CHCTeMbl B ee HOBOM
MAKpOCOCTOSIHRU GyfeT paBHO

E—E;:W:VA(]‘

Taxum oOpason, MBl Hauwih 3Hauenuwe E, coorser-
cTByloulee JaHHOH Temnepartype L. Ea
Tenepb Mbl MOXKeM MHOIO pa3 NOBTOPHTHL TAKOIO
POAa ONBITEL, KaXKAbl pa3 NPOH3BOAS Hal CHCTEMOR
Pa3IHYHOE KOIHYeCTBO paBOoTH. AHANOIHYHBIM METO-
LOM Mbl MOYKEM MOJYYHTh MH(DOPMAUHIO H O Makpo-

COCTOSIHHUAX, CpeJIHas aHeprus ) KOTOpPBIX MeHble

cpenei sneprun £,. A4 3TOr0 HYXKHO HPHBECTH Pic 5 10.- Ha rpadure cxemaru-
-~ YeCKH nora3atd 3aBHCUMOCTD Cpel-
C”CT,eMX zcocromme, xapamepmy;lou;eeca TéeMHC lero. sHaMCHHA BHYTpeHMEl  SHep-
patypoit L, W 3aTev H3MEDHTb KOAWMeCTBO PAGOTH,  yu'F  cpotemst A na puc. 5.7
HeoGXO0JuMOfl 117 NepeBORA CHCTEMBI B COCTOSIHYE C OT TeMNePATYpHOTO OTCdeTa L.

TeMnepatypoii L ,. Pe3yabTatom 6oabuIoro uucaa Ta-

KHX onpltoB Oyzer nabop 3HayeHuil £, OTBEYAOMHMX PA3IHYHLIM 3HAYEHHSIM TeMIepa-
Typuoro napaverpa L. [Tonyuennas mudopmauns Moxer OblTh NpeicTaBieHa B BHIe
rpadhka, 1IpuMep KoToporo nokasad na puc. 5.10. Teneps Hawa 3ajaua paspelueHa.
JeficTBUTEILHO, €CH CHCTeMa HAXOJMTCS B COCTOSIHUM PABHOBECHS, TO C MOMOUIBIO
NpUBEIeHHOTO TpahKa Mbl MOXKEM, 3Has ee Teuneparypy L, HeMmelleHHO MOJAVUHTH
CPeAHIOI IHEPTHIO CHCTeMb (OTCl[HTaHHyIO OT 3HepTHH cnmapmoro MaKpOCKOIIHUe-
CKOT'O COCTOSIHISA a).

Tenao. Y13 dopmyant (13) caenyer, uto usMepeHue Tensa (Tak Hassl-
BaeMasl Kaiopumempus) MoxKeT ObITH CBEIEHO K H3MepeHHI DalOTHL
BesquuuHa NOrJaoLIeHHOro CHCTEMOH TenJjia MOXKeT OblThb H3MepeHa ABYMsA
crocobaMy; HeflocpeaCTBEeHHO 0 NPOU3Be/IeHHOH pa6oTe JHb0 10 H3BECT-
HOMY H3MEHEHHI0 BHYTDEHHeHl 3HEPruM HeKOTOpOH APYIOH CHCTEMBbI,
oT KoTopoll GbL10 mosiyueHo temio Q. O6a meroga HANIOCTPUPYIOTCS
CJEYIOMMMI TPUMEpaMH.

Mpumep IV.[IpsiMoe namMepenHe Tenaa no NPOH3BE
fenHHO@ paobore Ha puc. 5.11 nokasana cucrema B, HaxoAAmMAasACa B TENJIOBOM
KOHTaKTe ¢ cicreMoil A prc. 5.7. B KauectBe cicTeMpl B MOXKHO B3Tb HEKOTOPYIO MaK-
POCKONHYECKYIO CHCTeMY, Hanpumep, KYCOK MeAN HJIH COCYJ, HATMOAHEHHb Booil. Mul
npeirnoaraeM, 4T0 BHeIHHEe NapaMeTphl cHCTeMul B (PHKCHPOBAHD!, TaK UTO 3Td CHCTEMA
pabotsl He npoussogutr. Ona Moxer B3auMofeficTBoBaThL C cHcremoli A, AHIIL NONO-
mas HeKoTopoe Ko/nuecTBO Tenaa Qp. JlonycTum, 4To MBI HaUHHAEM MPOLECC C HEKO-
TOPOro MaKPOCOCTOSIHUS @, KOrja Io/Has CHcTeMa A~t-B HaxozuTca B PaBHOBeCHH, a
TepMoMeTp NoKasuiBaeT Temneparypy L,. ITocse Toro kak Gatapes CobepHIM/a HEKOTO-

pylo onpelejennyio paGory W, ses cucrema nepelvia B HOBOe COCTOSHHE DPaBHOBECHS!
b, ¥ noxasanue TepMomerpa pasuo L. Kakoe KomuuectBo Tena Qp NorvomeHo CHcTe-
Moff B B aToM mpouecce?

. CocraBHas cuctema A--B TEPMHYECKH H30/IHPOBAHA. Us (13) caeayer, uto npu
3ToM paGora W, coBeplieHHas HaR CHCTCMOH HJET Ha yBeJHUeHHe ee cpelHell IHEPTHH,
T. €

W.=AE4-+AEp, (16)
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rae AE 4 n AEp— ysenuuenite cpeaneit suepritn cuctem A n B cootsercraenno. Han
cucteMoli B paGoTa He NpoU3BORHJIACL, NOITOMY, NPHMeHAst paBeuctBo (13). K cHcTeme
B, mMbl umeem

AEg=Qp (17

T. €. ©AHHCTBEHHOH NpPUYHHOM BO3pacTaHHs cpeiHell 3HepruM chcreMs! B sBisercs
HOTIOWeRye Temia o7 cucteMbl A. OGwernuss (16) u (17), umeenm

Q=W —AE,. (18)

Pagory W, cosepsennyio 6arapeeii, MOKHO HellocpeICTBCHHO M3MepHTh. Ha npakrnke
cucreMa A, cogeprkamas conpoTHsAeHHe H TepMOMETP, oOBYHO Mada [0 CPaBHEeHHIO ¢
uHTepecyoweli Hac cucremoli B. B Takoy cayuade H3MeHeHHeM CpeHeil 3HepIHH CHCTeMbl

A voxuo bpeniefpeus (tak kak AE 1<<W, min

AE 4<Qp); torna u3 (18) uenocpeActsetiy

r__/q,_.lll

—, W — =

A= ] |~ - c ~-

- —_— - - ]
Puc. 5.11. Ilpsasoe usMepeune (B cAn- Puc. 5.12. KosuuecTso Teiid,
HuRax paboTel) KOAHYECTBA Tellla QB , nornoulentoe KyckoMm Meau C,
roraoilentoro cucrtemoil B. Benomora- H3MEPAETCH MO KOJHYeCTBY
TeAbliasl CHCTeMa A, coCToALan K3 Tep- Telad, OTAQHHOMY N3BECTHOH
MoMeTpa H COpOTHBJCHIst,  MOKeT cucremoit B, cocTosiniell u3 co-
GbiTh ChesaHa odedHb HeGoabWION 00 CYAa ¢ BoJofi ¥ TepMoMeTpa.

CcpaBHeHHnIO ¢ cucteMoii B, TeMmitepary-
DPa KOTOpoil H3MepsieTcs.

creayer Qp=W. B G6ojsee ofmeMm ciaydae Heo6XOINMO HCHOIL30BATbL OMHUCAHHDIE
BLiLIE U3MEePeHHs], BBIMOJIHeH Hble ¢ cHeTeMol A, Ha OCHOBAHHIN KOTOPHIX ObLE NOCTPOEH
rpaduk puc. 5.10. DroT rpadux 1aeT BOIMOMKIOCTb HATH H3MeHeliHe Cpejliell 3HEprun
AE 4, cooTBeTcCTBYIOLiee H3MetieHUIO TeNepatypul ot Ly 10 Lp. 3atem us (18) mm
noJiydaeM KOJMYECTBO Telid, IOIMOULEHHOrO cHeTeMofl B. 3amerum, uyTo, MHOro-
KPAaTHO NOBTOPsiA ONUCAHHbIE BJleCh H3MEPERHs, Mbl CMOMKEM YCTAHOBHTbH 3ABHCHMOCTH
cpeanell BHyTperHell 3ueprun E g ciuctenibl B 0T ee MAKPOCKONMUECKHX NAPAMETPOB.
Mpumep V. HMsmepenune KoaHuuyecTBAa telJa ByTeM
cpaBHeius Koanuecrso remia Qc, noronennoe HeKoTopoii cuerenolt C, MOKHO
H3MepUTh, CPABHHB TeII0 Q¢ € TemaoM, OTHAHHLIM ApVrofl cucTemoit B, Lis koTopoit
Han H3BeCTHA 3aBHCHMOCTb BHYTPeHHNell sHeprun ot Temncpatypsl. Hanpuaep, cucrema
C moxer 6bTb KYCKOM MejH, a cucTema B (pacchMOTpeHHAast B IpefbllyumieM npHMepe)
MOKeT COCTOATh 13 COCYAd ¢ BOJOH H TeproneTpa. [Ipeinosioxun, 4To Mbl co33aeM KoH-
TAKT MeXAY OGEHMH CHCTeMAMHU, HATIPHMED, NOMellaeN KYCoK MexH B Body. [Tycrs ciox-
Has cucreMa B+4C OyfeT TepMUUeCKH U3OJIHPOBAHHON, 3 BCE BHEIMHHE NApPaMCTPHI
Heu3MeHHbl. 3aKOH COXpaHeHHs SHEPTHH, NPUMeHeHHbH K 3TOMY CAYYai0 TenJa0BOro
B3auMogelicTeua mexay B n C, xaer
Qe+ 0Qs=0, 19)
rae Qe— Tero, noryiomennoe cuctemofil C, a Qg— Tensdo, noronientoe cucteMoi B.

Ho Ham M3BecTHH NOKa32HHS TePMOMeTPa B HAaYaJbHOM COCTOSHHMH cucTeMbl B (1o ocy-
ILeCcTBAEHAS KOHTaKTa ¢ cucTemolt C) H B ee KOHeYHOM COCTOSHHYU (1IOCJIe OCYLLecTBJIe-

HHsl KOHTAKTa), a C/1eJloBaTe/IbHO, MBI 3HaeM H H3MeHeHHe cpexHell sHeprun AE g B pac-.

CMaTpHBAeMOM Npolecce, M PaBHOe eMy KOJIHYeCTBO TOMVIOmeHHOro Temla Qp=AFEg.
ITostomy (19) HemocpenAcTBeHHO JaeT Tello Qe, noraoumeHHoe cucremoi C.
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B 3akaiodenne HeoGXOAHMO OTMETHTh, UTO BCE PACCYXIEHHS 3TOrO
naparpaga OCHOBaHb! Ha 3aKOHE COXPAHEHHS1 SHepPrdi M Ha BhIPA>KEHHH
(13), onpenensiiomeM NOHATHS «TeMJIO» H «pabota». CMBICA Pas3IHYHBIX
5KCTI@PHMEHTOB, HCIIONb3YeMbIX /s ONpeleseHus Tenjaa H paboTel, Mmo-
SICHEH HaMH C NOMOIIbIO HECKOJIBKHX MPHMEPOB, HO MOMKET ObITh TAK:Ke
TIOHSIT Ha OCHOBAaHHH cJjelyioutell mpoctofl awmasorun, upHHaLIexRaiuedh
X. b. Koagenry *).

[Tpennosoia, 4TO Mbl O6JajzaeM HEKHM BOJSHEIM Pe3€PBYapoM, NPHUEM OJHH
NOTOK BTeKaeT B pe3epByap, a Apyroli H3 Hero BbiTekaeT. Pe3cpByap MOXKeT Takke
NONOJIHATLCA BOJOH 6aroflaps A0MIAM H TEPATh BOJY B I1POLeCCe HCMAPeHH s, KOTOPHIH
MBI NOZKEM CUHTATh «OTpHUATETLHBIM A0 AeM». EciH Takol pe3epByap ¢ BOJON AB/steTCs
adaJjorteil Hauell CHCTeMBl, TO HAMOJHAOWIANL €70 BoJa OTBeyaeT BuYTPeHHeH 3Hepruu;
BOJa, TiepeHOCHMAsl TIOTOKaMH, COOTBETCTRYeT pafoTe, a Bojza, MOCTYnawmLas B BUle
LOKAA,— TeNTy.

[lpexne Bcero ciegyeT 3aMeTHTb, YTO HHKaKHe HaOTIOIEHIHS 33 CAMHM BOJOEAOM
He MOFVT JiaTh OTBCT HAa BOMPOC O TOM, KAKasl 4acTb BOAbI NPHHeceHa TIOTOKOM W KaKas
YacTh Bbinaja B Brje HO&Isl. TepMHH «HOM/IbY 0371aUaeT JHILb CNocof, KaKHM Boja no-
CTYNHJA B BOJOEM.

JlonmycrHM Tenepb, Y4TO Mbl XOTHA M3MEDHTH KOJHYECTBO BOJEI B Bofoeme. ¥ Hac
€CTb BOLOMEPB! i, NOMECTHB HX B NOTOK, Mbl MOZXKeM 3aMePUTh KOJHYECTBO BOAbI, MOCTY-
naloueit B pesepsyap # BhITexaloueil W3 Hero. ¥ Hac, OJHAKO, HeT W3MepuTens jis
JIO2K 51, HO MbI MOMKEN DAcTIHYTb HaJ BOAOEMOM BOJOHENPOHUNAEMYIO O6OJIOURY (adua-
bamuyecrkas cmenka). Teneps, NepPerpbIBas KaiAblll H3 ABYX NOTOKOB, Mbl MOXeM yCTa-
HOBHTb ITPOU3BOJIBHBIN YPOBels BOAbI B BOJOEME I, 3Has [OKA3aHHS BOIOMEPOB, I10CTA-
BUTH B COOTBETCTBHE KaXKAOMy YPOBHIO COOTBETCTBYIOLLee KOJHUECTBO BOABI B BOJoeMe
(E). Taxum ofpa3on, NPOH3IBOAL NMpollecC ¢ CHCTEMOH, OKpyxeHHOR agHabaTuueckoil
CTEHKOI, MBI MOXKeM ONpeJieJTHTh [TOJHOe KOJIYeCTBO HaXOAAIIeHCsT B BOJOEME BOJIBI 1151
M06oro COCTOAHHS 3TOTO BOJAOEMA.

Y nanus BojOHENPOBHLLAeNYIO oﬁonoqu naj Bojoemor. Tenepb BojoeM 6yneT Ha-
HOJIHATBCS KAK 34 CUeT NOTOKOB, TAaK W 3a cueT joxAell. Hac HHTepecyeT, KaKoe KOJH-
4eCTBO BOJbI NOCTYIIHJIO B BOJOCM B BHAE IOk B TeUeHHe JaHHbIX cyToK? OTBET Ha 3TOT
BOMPOC JIErKO MOJYUHTL: N0 PA3HOCTH YPOBHell BOABI B BOJOEeME Mbl Y3HAeM HU3MeHEHHe
KOJIMUeCcTBA BOJABI 32 HHTepecyloliMe HAC CYTKH, 4 NMOKA3aHHA BOJAOMEPOB [JalOT HaM
KOJUYECTBO BOJABI, NMPHHECEHHOI B pe3epByap oOOMMH mHoToKamu. PasHocTs ofenx
BeJIHUIH J2eT KOJHMYeCTBO BOJEI, NOCTYNHBLMeli B BOJOCM B BHJE NOKATL.

5.4. TenjoeMkocTb

 PaccmoTpHM MaKpOCKOMHYECKYIO CHCTEMY, 9be MaKpOCOCTOSHHE Of-
penesisiercs abcoslOTHON TemAepaTypoit T M psiloM APYTHX MaKpOCKOITH-
ueCKHX [apameTpoB, KOTOpble Mbl 0003HauMM vepe3 y. Hanpuwmep,
MOXKET 03HAyaTh O0bEM HMJIH CcpejlHee jaBJjeHHe cucteMsl. Jlomycram, 4To
Hayap C COCTOsIHHS, XapakTepuayioulerocsi Temuepatypoil T, Mbl coo6-
u1aen cHcTeMe GeCKOHEYHO Masnoe KOJHYECTBO Telaa d @, mpuueMm ocTalb-
Hble NapaMeTPbl Y OCTAOTCs (PHKCHPOBAaHHBIMH. B pesyabrate Takoro
. Tipouiecca TeMAepaTypa CUCTeMbl M3MEHHTCSl Ha GECKOHEYHO Manayio Be-
amunny dT', KoTopast 3aBUCHT OT NPHPOJBE CHCTEMBI, a TAaKKe OT HapaMeT-
[OB y, ONpEReJSIOHX HayaJbHOE MaKpOCOCTOsIHHE cHeTeMbl. OTHO-
IIeHHe 1Q\
i
¢=(ir), (20)
*) H. B. Callen, Thermodynamics, pp. 19—20 (John Wiley and Soms,
Inc., New York, 1966).
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Puc.5.13. Hanbo.oce Baknast BHYT.
pesHsSs YyacTh npirbopa, HEoab3ye-
MOLO  jJisl M3MepeHHH Yieabhofl
TernJgoeMKOoCTH HpH O4eHb [{IM3KHX
TeMilepaTypay, 6ausknx « 0,1 °K
(3 npHILHile 3T0T npuOOp aanori-
LeH YCTpolicTBY, noKasaHnomy Ha
puc. 5.11). Cucrewoii B, Tenmnoem-
KOCTb KO10POif I3MepseTes, siBas-
eTcsl KYCOK MeAH. ITa cHctema B
HAXOANTCA B TepMHYECKOM KONTAaK-
Te ¢ JOMOJHITeIbHOH cHCTeMoH A,
cocTosIell H3 3MeKTPHYeCKOro Ha-
rpeateds {(OH cjesan M3 HeCKOJib-
KHX BHTKOB MairaHHHOBOIl npomo-
HOKH) H 3JeKTPHUYeCKOro TepMo-
MeTpa Ha CONpoTHBJAeHHH. COCTaB-
qast cuncteMa A-4B  TepMHUeCKH
n3oJiiporana. Wsonamnug 06ecne‘m-
BaeTCst TeM, UTO CHCTeMa MojBelle-
Ha Ha TOHKHX HHTAX 4 HAXOAHTCA
B COCYAC, B KOTOpPOM CO3j3aH Ba-
Kyym {(cM. puc. 5.14). Brauanae
MepHbifi ofpasew oxaaxpaercss AC
sKejaemoll HHM3KO#l TemiepaTypli.
C 3T0ii WeJIbIO Me[HbI NPOBOA, Bbi-
xoaaunii U3 obpasua, 3aXpaTbiBa-
€TCs! 3a:KMMaMH TeIJIOBOrO BHIKJIO-
uaTesisl, 4To ofecneunBaeT neobxo-
NUMBIIT TEMJIOBOM! KOHTAKT ¢ OXAa-
AuTesNeM, HAXOAAULMMCS B BepXHel
yactu nipubopa. I — 3a:KUM Ten-
JIOBOTO BBIKJIOYaTeNd, 2 — MenHas
MpoBOJOKA, 3 — TepMOMeTp COIpo-
THBJEHHUS], 4 — MOJJEPKHBaIoHIHe
HUTH, § - Mejdbll obpasewn, 6 —
3/leKTPHYeCKH Harpesaresnb.
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HOCHT Ha3BaHHEe MenoeMKOCMI CHCTEMB! ¥). .
Mbl mHIeM HHAEKC ¥, yToObl VKa3aTh napa-
MeTp, OCTAUIMICA GHKCHPOBAHHBIM B NIPO-
liecce coobienHst Tenyia cHcreme. Temno-
eMKOCTb C,, AIBIHETCH Jlerko H3MepHMOH Xa-
PaKTEPHCTHKOH CHCTeMbl. 3aMeTHM, 4TO OHa
3aBHCHT HE TOJBKO OT IPHPOJIL! CHCTEMEI,
HO H OT 3HAYeHHIT NapaneTpoB Y, Onpeieas-
IOIHX MaKpOCCCTOSIHHE CHCTeMbI; B OOiieM
cayuae C,~C, (T, y).

ChejlyeT oxmHjarb, YT KOJHYECTBO TEl-
Ja d Q, KOTOpOe HYIKHO BBECTH B CHCTEMY,
yTOObl BHI3BATh JAaHHOe H3MEHEHHe TeMIe-
parypel dT, Gyer ponopiHOHANLHO 1104~
HOMY UHCJY 4acTHll B cHcteMme. [lostomy
yI0OHO BBECTH noHsATHe 06 yoeabHol men-
AQEMKOCTIL, KOTODPAsl 3aBHCUT TOJBKO OT
NPUPOJLI PacCMaTpPHBAENOTO BellecTBa, HO
He OT erg KojuuectBa. HrTobbl NOTYUHTH
TAaKyl0 BE@JIHYHHY, CJAEAYET TEIJIOEMKOCTD
Cy, TOAYUeHHYIO Al v MOJell BellecTBa
(MM m TPaMM), Pasie/iTh Ha YUCI0 MoJeh
(nau ancnao rpamM). Takum o6pasomM, Mbl
nosydaeM Yyo0easHyio menaoeMKocing 00H020
MOASL BELIECTBA

1 /dQ
¢=~Cp= ~ (dT) @1)
WIH  YOeAbHYr0 — MEnI0eMKOCHL — 00HO20
epamma BeILeCTBa )
o ] ,/fQ\
G=wC=wia), @2

M3 (21) caenyer, uto eiuHHLell MoJigpHOH
terioeMKocTH B cHereme CI'C  aBasercs
ape-epad™t  mose™t.

B mpocrefiuiem cayuae Bce 8HeWHUE
napameTpbl CHCTeMbl (TaKMe, Kax, HampH-
Mep, ee o0bem) OCTaloTCA (PHKCHPOBAHHBI-
MU B npouecce nepejaud Teay rtemaa. [Ipu
9TOM Hal TeJOM HE IIPOU3BOJST HHKa-
Ko pabothl u dQ=dE, T. e. NoryoiieHHoe
TENJIO LEeJHKOM TPATHTCA Ha YBeJHYeHHEe
BHYTpeHHel sneprun cueteMol. O6o3HaYast

*) 3amerum, uTo npamas 4acTh (20) He aABJsA-

erca npou3BOAHOH, Tak Kak 4Q, B ofmem cayuae,

He onpenender,, GeCKOHEYHO MaJ'IOH paBHOC’I‘H ABYX
BeJIHYHH.



BCE gHEUIH e TTapaMeTPLL uepes X, Mbl MO2KeM HalHcaTh

e=(@).-5), oo

Toceanee BuipakeHe sB.Is1eTCst NPOH3BOAHON, Tak KaK dE eCTh HCTHH-
HBlil uibdepennnat. Mbi MHLIEN CHMBOJ 4acmHotl POH3BOIHOH, YTOGHL

Puc. 5.14. doTorpadms seeil annapaTypbi A1 M3MePEHI YAeALHO TeMJI0eMKOCTH BGanau 0, 1°K.

BuyTpenssisi uactb npuéopa (Ha pne. 5.13 ona nokasana # yseJaHYeHIIOM BHJE) 3/eCh HoJReile-

Ha Ha TPeHEKHHKe, CACAAHNOM H3 TPYS Heprkaselomell CTanH, Yepe3 KOTOpble NPOHCXOAHT OT-

KaUKa CHCTeMbl # NPOXOAAT 3JeKTPHYecKHe Aposoda. OTKAYMBACMBIL COCYA IPH H3MEeDEHHIX

OKpY2KaeT BHYTPEHHIOW YacTb npubopa: Ha plCYHKe OH IoKasal OTAeabHO. Jina  usMepennii

seck npubop norpyxaetcs B cocyA Jlpioapa, nokasannbil caesa, ! — yeTpoilcTBo ¢ COCYAOM
Lploapa, 2 -- 06oJouKa, J - BHYTPeHHAN YaCTb annapAatyphl.

NOAUYEPKHYTb, YTO BCE BHEIIHHE NapameTphl OCTAIOTCST HEH3MEHHDLIMU.
N3 (4.35) caenyer, YTo TelIORMKOCTb BCerda roJJ0XUuTeabHa, T. €.

.

C.> 0.

(24)

UTo6bl HMETb MOHSITHE O MOPSAKE BEHYHHBL, YKAZKEM, UTO TeM/IOEMKOCTh
BOJLI *) NPM KOMHATHOH TeMiiepatype paBHa 4,18 0xc-epad—t-271. )

B n. 4.7 MBI pacCMaTpHBAaJIH CJIy4ad ra3a, HaCTONLKO pa3perkeHHoro,
YTO €0 MOXKHO CUHTATh HA€AJbHbIM U HeBBIpOXKIeHHbIM. Ecsm K TOMY

%) MeTopHueCKH TeIIOeMKOCTb IPaMMa BOAB! TOCAYIKIIA OnpefeleHHeM eln-
HUIB Kaa-2pad~1-2=1, TloaToMy cCoBpeMeHHOe onpelesieHie Kalopufl-3aK/I04aeTCH B
ToM, HTO' 3F0 eluuuua Temda, pasHag | kar=4,18 dxc. : .
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e ITOT ra3 odnoamomuwli, 10 U3 (4.83) u (4.85) caenyer, 4To cpenusis
SHEPTHs MOJsI TAKOTQ rasa pasHa

E=3 NT =3 RT, (25)
rae N, — uuciao Asoragpo m R=N,k — rasosas nocrosinnas. Vs

(23) caenyer, 4TO MOJASIpHasl TEIIOEMKOCTh NPH MOCTOSTHHOM OOGbene
JOJKHa ObITh PaBHa

IS O4HOAaTOMHOrO HJA€aJbHOIO rasa

eo=(22), = 2R, (26)

34MeTHM, UTO HOYUCHHBIA Pe3yabTar He 3aBHCHT OT TeMIepaTyphi, 00b-
eMa u npuposnl ra3a. Base ana R uncaeHHoe 3HaveHHe (4), Mbl noayda-
em 13 (26), uro

¢y = 12,47 Oxmc-epad=t-271, (27)

3101 PEe3yaAbTaT HaXOIHUTCs B [IPEKPACHOM COIVIACHH € 3KCIIEPHMEHTAAbHO
H3MEPEHHBIM 3HAUCHHEM y[leJIbHOI"’I TEeILIOeMKOCTH OJHOATOMHBIX ra3os,
HalpuMep, reJqisd Wi aprosad.

5.5. 3uTponusn

W3 coorHowenns (4.42)
ds -2 (28)
) . T
CHENVET, YTO SHTPONHIO 8 CHCTeMbl MOXHO OfIPENeNHTh ¢ TOMOUIBIO H3-
MepeHHHl Temsia H aGCOJIOTHOH Tenmeparypul. [leficTBHTEIbHO, ecJsiH
H3BECTHA TeMJIOEMKOCTb CHCTeMbr KakK (PYHKLIIS TEMEEPaTyphl, TO BbUH-
cjieHie SHePruM sBJAETCs NPocToH 3ajauveil. Utolul noATBepauTs 370,
LDEANON0KIM, YTO BCE BHEIIHHE MapaMeTpPhbl CHCTEMb! (JHKCHPOBAHBI.
JornycTHM, YTo CHCTE€Ma HaXOXHTCS B PABHOBECHH Npu aGCOJIOTHOM
Temieparype T, U TPHBEAS CHCTEMY B TENJOBOH KOHTAKT C TEMJIOBbIM
pesepByapoM, HaXoasHMCA NPH Temieparype, GECKOHEUHO MaJjo Iipe-
soinaronieit 7 (mpH 3TOM NPOUCXOAHUT JiHIIb GECKOHEYHO MaJoe Hapyile-
M€ PABHOBECHS!, a TeMIlepaTypa CHCTeMHl octaercsi paBHOH T), Mbl mepe-
Jaju efi GecKoHeuHo Masoe Koaxuectso temia d Q. B atom cayyae pe-
3YJIBTHPYIOLIEE HM3MEHEHHE 3HTPONHH CHCTeMbl corsacHo (28) paBHo
dQ _C.(I)dT
deT‘—_—_‘T . (29)
B 3rofi diopmyJe Mbl HCIOAL3OBAJH OnpefeteHHe TemjoeMkoctd C,,
caeayiomee M3 (23).

Terepb AONYCTHM, YTO Mbl XOTHM CPaBHHTb 3HTPONHIO CHCTEMBI /st
JBYX pPa3/IM4YHBIX MakKpOCOCTOSIHHI @ H b ¢ OJUHAKOBBIMH 3HAYCHHSAMU
pHewHux napamerpoB. Ilycts afcommoTHble TemnepaTypsl A 0GOUX
MaxpocKonuuyeckHx cocroguuéi 6yayr T, u T, coorBercrBeHHO. B mep-
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EOM MaKpPOCOCTOSIHHH CHCTEMa HMeeT OTIpeie/eHHOe 3HAYEHNE SHTPOIHH
8,=8(T,) u Bo Bropom cocrosiuun S,==S(T,). Pasnocte 3HTpONMI
S, — S, MOXKHO BBMHCJIHTB, €CHH NPEANOI0XKHTb, YTO CHCTEMA Iiepe-
COMUITCST H3 Ha4abHOTO COCTOSHHSA C Temreparypoit T, B KOHEYHoe
cocrosiiue ¢ Temneparypoil T, noc/exoBaTebHBIMH OECKOHEUHO MabIMH
narasu. IJTO MOXKHO OCYILECTBHTH, HpHBEIs CHCTeMY B KOHTAKT C psi-
JIOM TEMJOBLIX pe3epByapoB, TemMIlepaTypa KOTOpBIX NOCAeNOBATeNbHO
BogpactaeT Ha OeckoHeyHO manyle BeangHny. Ha Bcex crymensx npo-
necca cucreMa 6vier GECKOHeHHO O/M3Ka K COCTOSIHHIO PaBHOBECHA U
€e COCTOSIHHE BCErAa MOXHO OYIerT XapakTepil30BaTh OHPEIEJEHHbIM
snauenueM Temreparypsl 7. TakuM o006pa3oM, HCNOJIB3YsT Pe3YJbTarT
(29), mpl noJgyuaem

Cao eor
sb—sa:§7—?=g Sl ar. 390)
T(] T" )

Ecau B nurepBade temneparyp or T, no T, TennoemkocTs €, He 3aBH-
cHT OT Temnepatypol, 13 (30) caexyver:

Sy—S,=Co(InT,—InT,) =C,ln Lt (31)

Qopuyaa (30) no3sosieT BEMHCIRTD PA3HOCTh 3HTpPonHi. HUtobsl nosy-
YUTL abCOJIOTHYIO BEJYNHY IHTPOIHII, HaM HYXKHO PAacCMOTpeTh [pe-
RejbHbli caydait T,—0. Mbt snaenm lem. gopmyay (11)), 4ro B atoM cay-
yae suTpormus S,=0 [win 3navenuio S,=S,, onpenessieMoMy OpHeHTa~
IHel cuHOB cordacHo (12)1.

®opmyaa (30) nossoaser NOJYYUTb HHTEPECHOE NpelejbHOe CBOH-
CTBO TENJOEMKOCTH. 3aMeTHM, YTO DA3HOCTb SHTPONME B JIeBOH 4acTH
(30) Bcerna sBAsieTest OMpelesqeHHbIM KOHEUHBIM YHC/IOM, TAK KaK Y-
¢J10 JOCTYMHBIX COCTOSIHIK Beerja koneuno. [losToMy HHTErpan B mpa-
BOH 4acTH He MOXKeT ObiTb 6eCKOHEUHO OOJbLIHA, HEeCMOTpSl Ha To, 4TO-
3ilaMeHares b MOABIHTErPAJTBHOrO BhipaKeHnusl paBed Hyao, Hrobwl obec-
NeYuTh TaKoe TIOBEJEeHHE HHTErpana, TeMiiepaTypHas 3aBHCHMOCTb
V/€JbHOIH TEIJOEMKOCTH JO/I’KHA O0OJajath CJACLYIOIIHM CBOHCTBOM:

opu T —0 C (T)—0.. (32)

310 — obmiee CBOMCTBO TENJIOEMKOCTH J0oro Beiectsa *).
Buipaxenne (30) umeer 6oJblloe 3HAYEHHE, TAK KaK OHO ONHCHIBAET

BHYTPEHHIOIO CBSI3b, CYMIECTBYIOULYIO MEXKIYy IBYMH PpAa3/iMYHLIMH TH-

naMp MHGOpPMaluuKH o paccMarpusaeMoid cucteme. C ONHOH CTOPOHBI, B

*) Buipaxkenue (26) A5 TeNJIOEMKOCTH MIEAJILHOTO Ia3a 3TOMY He NPOTHBOPEUHT,.
TaK KAaK OMO TONYYEHO JJIA. HEBHIDOXKJEHHOro ras3a. IIpH J0CTATOYHO MA3KHX Temmnepas
Typax 3TO NMPEANONOKeHHe NepecTaeT CuTh cnpaselauBeiM. st paspexkeHHOro rasa
COOTBETCTBYIOUHE TEMHEPATYphl YPe3BbIYaiHHO Mabl.
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- (30) Bxonur Tennoemroctb C, (T), KOTOpas nosyyaercs U3 YHCTO MAKpo-
CKOIMYECKHX H3MepeHHi Temna u Temneparypel. C apyro#t cTopoHBbI,
Bolpaxkenue (30) coiepxur sHrponuio S=k In Q, koropas caexyer us3
paccMOTPeHHs! KBAHTOBBIX MUKPOCOCTOSIHHEA cHucTeMbl. TakuMm 06pasoM,
SHTPOMNHS MOKeT ObiTh BBIUMCJIEHA H3 MAKPOCKOIHYECKUX H3MEpPEHHEH
Ju60 HA OCHOBAHHH CHEKTPOCKOTIMUECKHX NAHHBIX, NAOUIHX BO3MOXK-
HOCTh ONpEJEJiTh FHEPTETHYECKUE YPOBHH CHCTEMBI.

ITpnmep. B kauecTBe npocToii HVHOCTpAUUH PACCMOTPHM CHCTeMY u3 N mar-
HHTHBIX aTOMOB, KaXKJBI H3 KOTOPHIX HMeeT cnuH 5. [Tpeanosoxum, uTo mpH gocTa-
TOYHO HH3KOI TeMIepaType 3Ta CHCTeMa CTAHOBHTCH (peppomazHumroil. DTo o3Hauaer
Takoe B3aHMoJieficTBHe MeX/Y CHHHaMH, 6Jaro4apsi KOTOPOMY OHHM YCTaHAaBJIHBAIOTCH
HapajilenbHO APYr APVIY, OpHEeHTHPYAChL B OfHOM HanpasieHuH. Takoe BewecTBo 06-
JafaeT cBOfiCTBaMH nocTogHHOro MarHuta. [Tpu T—0 cucreme JOCTYNHO, TaKHM 06-
pa3soM, eJHHCTBEHHOe COCTOSIHHE, OTBeyalouniee OAHHAKOBOH HAnPaBJIEHHOCTH BCeX CMH-
HoB; nostoMy Q—1 1 ln Q—0. OHaKo Npu J0CTATOUHO BHICOKOH TeMRepaType Mbl GyIen
HAG6/I0aTh NOJHOCTHIO CYyYaliHYI0 OPHEHTAuHIo cnuHoB, Tak Kaxk y KaKloro cnuua,
paBHOro ¥, BOSMOXCHBI 1B€ OPHEHTAUHH, TO BCA CHCTeMa GyleT umMeTh Q=2 nocTynHeix
cocrosinuil, noaromy S=kN In 2. Otciona cieayer, 4To cO CIHHAMH Hallel CHCTEMbI
cBsizaHa rernmoeMkocTs C (7)), KoTopasi, cornacHo (30), onpelensiercsi, YpaBHeHHeM

o)
c(Tdr
-‘—T*—::kN In 2.

0

Ato ypanHeHue GyIeT CNPABLNIHBO Beer/ld, HE3aBHCHMO OT YaCTHLIX 0COGeBHOCTed B3an-
MOZeliCTRUS, obecneuHBAOUEro GeppoMarHuTHOe MOBeeHUe paccMaTPHBaeMOH cHcTe-
MBI, M OT XapakTtepa TemnepaTtypHoll saBucumoctn C (T).

5.6. MHTEHCHBHbIE W 9KCTEHCHBHBIE napamMeTpbl

[lpexkne 4em 3aKOHUYHTb 3Ty F/aBy, NOJE3HO KPATKO PACCMOTpPeThb
3aBHCHMOCTb Da3JHUYHBIX MAKPOCKOIIHYECKHX 11apaMeTpOB OT PasMepos
cHCTEMbl. ODTH ApaMeTPbl MOXKHO PaslenHThb
Ha JBe IPynmbl: 1) mapameTpsl, HE 3aBHCALIHE
OT Pa3MepoB CHCTeMbl (OHH HAa3bIBAIOTCH UH-
meHcusHbLMU), ¥ 2) napaMerpbl, HpPONopIo-
HaJIbHbIE Pa3MePaM CHCTeMbI (9KCHIeHCUSHbIe 11a-
pamerpsl). UToOb! OnIpefeIUTh 3TH mapamerpsl
GoJiee TOYHO, BOOOPA3HM, UYTO MBI PA3AEIHJIN
HaxoJsIIYIOCS B PABHOBECHH OJHOPOAHYIO Ma-

Puc. 5.0 Paspesenne omo- KPOCKOIHUECKYIO CHCTEMY Ha JBe 4acTd (Ha-
PO A poconuaeckoll ¢ IpHMep, € IIOMOIIBIO neperopozrum). [Ipenno-
JIOXKHM, 4TO MAaKPOCKONMYECKHil Tlapamerp y,
XapakTepH3YIOIMiA BCIO CHCTEMY, . NPHHUMaeT Jiid [OACHCTeM [ H
2 3Hauenms y, u y,. Tornma
1) mapameTp Ha3bIBAETCH UHMEHCUBHOIM, €CITU

Lo

1
|
1
!
|
|
!
!
!
!
i

Y=Yy =Yy
2) napametp HasblBAETCH IKCIMEHCUBHBIM, eCH
y=y,+y..

204



Hanpumep, cpentee napiesde B cuCTeMe ABASETCS HHTEHCHBHBIM
rmapameTpoM, Tak KaK obe 4acTH pasjie/eHHOH CHCTeMbl HMEIOT TO XKe HaB-
JIeHHe, 4TO M [0 pasje/eHusi. AHAJOIHYHO, HMHTEHCHBHBIM IIapaMeTpoM
SIBAAETCS W TEMIIePaTypa CHCTEMBi.

C apyrof#i ctoposbl, ofbeM V cHCTeMB!, Tak e Kak. M ee Macca M,
ABJSAIOTCS IKCTEHCHBHBIMH napamerpaMH. OXHaKo MJIOTHOCTh BellleCTBA
B cucteme p=M/V npencrasisier coboll HHTEHCHBHBI napamerp. Oue-
BHHO, YTO OTHOIUEHHE ABYX IKCTEHCHBHBIX MapaMeTpOB sIBJISETCS HH-
TEHCHBHBIM T1aPaMeTPOM.

Bryrpennsas sueprust E cucTeMb! sIBJISIETCS] SKCTCHCHBHBIM 118 aMeT-
pom. JleficTBHTeNbHO, YTOOB pa3jiequTh CHCTEMY Ha JiBe YaCTH, HE HYIKHO
coBepuiate paboty, ecaH npeHeOpeub paboTol, 3aTpaynBaeMoli Ha oOpa-
30BaHHe JBYX HOBBIX NOBEPXHOCTEH {1151 60.1blUOH CHCTEeMB! 3TOH pabo-
TOH MOXKHO IpeHebpeub, eCAH YHCJO YacTHll BO/IM3H MOBEDXHOCTH pas-
Jlesia oueHb MaJl0 10 CPABHEHHIO C TIOJNHBIM YHCJAOM YacTHIL B cHeTeme).
[lostomy pasiiesl cHCTEMBI Ha, ABE€ TMOACHCTEMbl HE MEHsIET ee HOJIHOH

sueprun, T. e, E= E\+E,.

Tenoemkocts C, npencrapasioniast co0of OTHOLICHHE BO3pacTaHHUs
SHEPTHH K BO3PACTAHHIO TEMIIEPATYPHI, TakxkKe OYAET IKCTEHCHBHbIM na-
pamerpoM, C XPYroH CTOPOHBI, MOJIADHAst TENJIOEMKOCTb, PaBHas .0
ornpenenennio C/v (Tae v — uHCI0 MOJell B CHCTeME), sIBJISeTCs UHTEH-
CHBHBIN TTapaMerpoM.

JuTponus mpejcTapsieT cofoil Ipyrofl NpHMep 3KCTEHCHBHOH BesH-

quHbl. IT0 Caenyer 13 ee onpexeterns: AS={ dQ/T, Tak kax norJomen-
o

Hoe temiio dQ=CdT — BenHuUHHa KCTEHCIIBHAs. TOT Ke BHIBOJ CJie-
AyeT H M3 CTATHCTHYECKOro -ONpeiegeHHst SHTponHu S==£InQ, rak
Kak uHucjo  JOCTYNHBIX COCTOSIHUH ITOJHOH CHCTEMBbl PABHO [1pO-
nsesenmo Q L, yHCIa JOCTYIHBIX COCTOSIHHE JABYX ee Jacred.

Hmess ne10 ¢ 3KCTEHCHBHBIM fapamMeTpoM, 4acTo ObiBaeT yAoGHO
BBECTII NOHSITHE O B&JIHUYKHE MapameTpa, MPHXOASAIIEroCcst Ha OIHH MO.1b.
3ror napametp GyjeT HHTEHCHBHBIM, HE3aBHCHMO OT BEJHUIHBI CHCTEMbI,
B stoMm, Hanpumep, y100CTBO MOHSTHS 00 YA@/NbHOH TENJIOEMKOCTH.

Ceouxa onpepeseHuit

Tpounas moyka. MaKpocoCcTosilyle BellieCTRa, NPH KOTOPOM €ro raszoofipasuad,
JKHAKas HAH TBepAast (OpMa HaxoJHTCS B PaBHOBECHH.

Keavsura memnepamypa. AGeonoTHas Tevnepatypa 7', BeIpakenHas B TaKoi ika-
Je, THe TeMnepaTypa TPOfHOil TOYKM BOjbl uUMeeT 3uauenne 273,16 rpanyca.

Abconromustti Hyab. AGCONIOTHAS TeMIepaTypa, paBHas HYJIO.

Lleavcun memnepamypa. TemnepaTypa no mxare Leiscus, caeiyiomuii oGpasom -
cBsi3anHas ¢ aGCO/MOTHOH TemIleparypo# mo mikane KensBrua:

8 =T —273,15.

Ksaszucmamuueckuil npoyecc, [lponece, nporekaouuit HacTONbLKO MeAJeHHO, 4To
CHCTEMY B KaXKJbll MOMCHT BpeMeHM MOKHO CYHTATh HAaXOAALEACs B PABHOBECHOM CO-
CTOAHHU. ’ .

Tenaoemxocms. [lycTb chcTeMa nonviomiaeT GeCKOHEUHO Majioe KOJNHYECTBO Tellla
dQ ¥ ee TeMuepaTypa Bo3pactaer npu 3roM Ha dT'. Ecsin HeKoTopble MAKPOCKONIHYECKHE'
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napaMeTpbl CHCTEMBL OCTAIOTCST OCTOSHHBIMH, TO TenioeMKocTeio Cy (ITpH NOCTOSIHHLIX
. TapaMeTpax y) Ha3mbBaeTcs OTHOWENNE

Cy = (gg)y'

Moaspuas menaceasocms. Y 1eAbHIS TEIIOEMKOCTD OAHOTO MOJS JaHHOTO Be-
MmecTBa.

Humencugnoiii napasemp. MakpocKonuyeckuii napaMerp HaXolsieiics B pasHo-
BCCHM CHCTEMBI, 3HaueHHe KOTOPOre Juisl JIO60H uacTil cHCTeMBl OAHHAKOBO.

Ixcmetcugrsiti napavemp. MakpocKONIYeCKHT] napaveTp HaXxopsweics B paBHO-
BECHH CUCTeMBI, 3HAueHHle KOTOPOFO sl BCell CHCTeMBl PABHO CyMMe ero 3Haueulli 214
OTAJbLHEIX uacTed CHCTeMbl.

CcHoBHBIE (BOpMYaBI

[Mpefeniblioe 3HaueHHe DHTPOTHIU:
npy T —90, S—38, (h

rpe So— IOCTOsIHHAs, He 3aBHCAWLASA OT CTPOCHIst CHCTeasl. [lpeiedbHoe CBOACTRO

TETOEMKOCTR:
opu T —0 C—0. (Ih

3amaun

5.1. Teunepamypot, neobxo0ussie das noaspusayuu cnuxos. PaccMoTpAM uucic-
Hble JlaHHble, XapaKTepHbie A5 NOASIPH3ALHOHHBIX ONLITOB, OIMHCAHNKX B 3a1ayax 4.4
u 4.5. JonycTHn, 4TO MBI XOTHM [OIPH30BAaTh 06pasell, COCTOSMMNIT U3 YACTHI( CO CITH-
nom 1/2, ¢ nomompio noast 50 090 2c Taxnm o6pasom, MTOOH YHCIIO CIIHOB, HANPABICH-
HBIX «BBEpPX», MO KpaliHell Mepe B TPl pa3a HPeBOCXOAWIO UHCIO CIHHOB MPOTHBONO-
JIOKHOIO HanpaBJeHHUs.

a) o kaxkofi a6comOTHON TenTlepaTypul ClcayeT OXJIAAHTb 00pasel, ecaH CIHHL
3/IeKTPOHHEIE H HM COOTBETCTBYET MaFHHTHBII MOMEHT po=s 10-2¢ spe/ec?

6) Jo kaxoil TemmepaTypul ZOMKeH ObiTh OXJaXKieH ofpasell, eciu YacTHIL sB-
JISIIOTCS: MPOTOHAMH, MATHHTHBII MOMENT KOTOPHIX [LyRyl,4+ 10-*3 apefec?

B) Hrto BH MOXeTe €Ka3aTh 06 OCYILECTBHMOCTH ITHX ABYX OHBITOB?

5.2. Temnepamypa, neodxodumas 044 YcimpaHeHus IHMpPonull, cea3aHKol co cnti-
Hamu sdep. PaccMoTpuM Kakoe-HuOYy1b TBEpAOE TEIO, s1Apa KOTOPOTO HMEOT CHHH,—
HAMPHMeEP, cepedpo. MarHuTHbI MOMEHT KAXKIOro %pa uveer Nopsifok 5- 10~ 3pe,ec,
a pacCTOsIHBE MeKI1y COECHHHNH siApaxii 6,143K0 K 2- 10-8 cu. Bueninee MarHuTHOE no1e
OTCYTETRYeT. CocellHMe SAPa B3aUMOAEHCTBYIOT APYT € APYroM C MOMOULbIO BHYTpEH-
‘HEero MarHHTHOrO Aoas B;, c03/aBaenoro MarHHTHBIM MOMCHTOA OJHOTO SApa B MecTe
PaCTOI0XKEH ST COCEJIHETO0.

a) OueHnrte BelMUHHY B;, BOCIOIB30BABLINCh IeMeHTAPHBIMH COOGDaKeHUs MU
O MarH{uTHOM TIOJe AOJOCOBOTO MAarHHTa.

G) Yeny posxHa ObrTb paBHa Temmneparypa T TBepJoro Te.1d, YTOOBI MATHHTHBIA
MOMEHT siiDa, HCHBITHIBAIOWETO AeficTBUe MATHUTROLO NOJA COCeAHHX sifep, HMesa Cy-
LEETBEHHO PA3AHYHBIE BEPOSTHOCTH ObiTh HANPABJEHHBIM «BRCPX» IJIM «BHH3Y.

B) OueHHre BesHunKy abCOMIOTHOM TeMnepaTyphl, HHXKe KOTOPOil MOXKHO 0XKUASTD
SaMCTHOTO OTKJIOHCHHS fNEPHLIX €IHMOB OT €AydalHOIl opueHTalMH.

5.3. Paboma, 3ampa«usaemns Ha cramue 2a3q npi NOCMOSHHOL memnepamype.
PaceMorpum v MoAell UACASbHOrO rasa, 3aK/IOUEHHOTO B HMJAKKIApPe ¢ nopuirenm. Hali-
Aute paboTy, KOTOPYIO HYXKMO COBEPIMETH, YTOOL MPOM3BECTH MENTeHHOE CKATHe rasa
OT HEeKOTOpOro HavainbHOTO ofbeMa Vi o KokeuHOro o6bema V,, ecau remneparypa T
rasa OCTaeTCsl NOCTOSHHOH (3TOTO MOXKHO JOCTHUb, OCYWECTRMB TeNJOBOH KOHTAKT
¢ pesepByapoM, HaxefsmuMcsa npH Temmeparype T).

5.4. PaGoma npu aduabamuueckon npoyecse. Cpeanisisi sueprus £ rasa onpejenena,
ecsH 3ajiak ero o6beM V' M cpeiree nasiaetse p. Ecau o6bem rasa MeHseTCS KBa3HCTATH-

4eCKH, TO COOTBETCTBEHHO M3MEHSETCH CpefHee JaBjpenue p (u sueprus E) rasa. Tlpet-
MOJIOKAM, YTO Ta3, GYAyyH TepMHYECKH H30JIHPOBAHHbLIM, MeJIEHHO HepeBOJHTCS 43
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cocrosinisg a 8 cocTosthite & (pue. 5.16). B srom ciyuae 3asicumocts p oT V unsieer BMA
'lb X V_5/3-
Uemy pasua pafora, coBepiiaeMag Hal I'a3oM B TaKOM Inporecce?

5.5. Pa6ora npHn pasjHuHbix Iipolleccax, COEAUHAIONIMX [BA MAaKPOCOCTOSHMA.
B 3azaue 5.4 ras MOMHO KBa3HCTATHYECKH IIePEBECTH M3 COCTOSIHMS @ B COCTOSIHUe b
pasTHUHBIME DY TAMHE. PaccMOTpHTe HeKOTOPblE B3 BO3MOXKHBIX IPOLECCOB U BLIYHCIHTE
JUTS KaI0T0O M3 HHX noauyio pabotry W, cosepllaeMVio HaJ CHCTEMOH, H NOJHOE KOJIHU~
YeCTEO Temda (, NOTVIOIAeMOro CHCTEeMOI, .
ecsld OH4 coBepllaeT KBA3HCTATHUeCKUil Ie- P
pexol 13 a B b (ca. pic. 5.16).

[Tpoucce a —c—b. Tas, uaxomsumniics
DK TOCTOSIHHOM 4BJIeHHH, CKHMAETCs OT
HauyaILBOTO OObenma [0 KOHEYHOro. 3areM,
opu poctosiioM  ofbese, rady coolULAIOT
TENJ10, B pe3yanraTe uero JaBieHHe BO3pa-
craer 10 32-10% dun -cu—2,

Ipouecc u—d—b. O6e crynenn npens-
IYLIeTO Tpoiecca TpoxoisTest B o6paTHOM y c a
TIOPSLIKE.

ITpouecc a—b. YgpeauueHne odbema n 1 0% 8 Vv
IOIIOLEHHE Temla NPOMCXOIST Takim  o6- M :
fpason, UTO AaBJCHHE JIHTHEITHO MeHsieTest ¢ Pue. 5.16. Pasnuuuble npoueces, noxa-
06])6:\10,\1. 3&llHbIC B NePpeMellHBIX! CpelHec AaBJieHHe

5.6. PabGomu, cosepuwenas 6 yukaude- p u obven V.

ckoat npoyecce. KpasucraTHueckuil npouece,
COBepLIAcMbIl HAX KHIKOCTbIO, MOmeT ObIThL ONHCAH KpHBOH, naouieli 3aBHCHMOCTb
cpegHero AaBIeHus XUAKOCTI OT 3aHIIMAEMOro eto 06berra. B paceamorpenton Hamu npo-
1ecce Hayadbhoe H KoHeylioe MakpococTosiunst coBnataiot (puc. 5.17). {Taxoit npouecc
Ha3BIBAIOT Yurauneckus.) OnucsBaeTcs 3TOT MPOLECC 3aMKHYTON KPHBOil, KaK BULHO
u3 puc. 5.17. Ilokaxire, urto paGora, coBepilcHHAst HAY CHCTEMOIl B 3TOM Hpouecce,
u3iepseTcst MolANbio, OTPaHMUeHHOI 3aMKHYTOH KPHUBOH.

5.7. Tenao, noeaowaesoe cucmesol npu nocmosHHos Jasaenuu. PaccMoTphm cHe-
TeMy, HalpuMep, ras WiH KIJIKOCThL, eANICTBCHIHDLIM BHEIIHMN MapamMeTpoM KOTOpoi

7

b d

5/

DoV

10%3un-om™2
“ &

Puc 5.17. Luxanveckuit npouecc Puc. 5.18. Cucrtema, coctosiyan
U3 UHJAHHJApA, 3aKpbITOro G[o-
ABIKHBIM TIOPLIHIEM. °

ssiercd o6bem V. Ecn o61.em nognep:HBaeTcst HenasieHubiM, To paborta Haj CHCTeMOl
uie npoussogntes. Ecan npu 3toM cieTenme coobuiaercs Temsio Q, To

Q=AE, (I

rie AL oGosHaudeT pospacTauue cpelHefi sHepru cucremsl. Jlomycruwm, OllHaKo,
YyTO CHCTeMa YIepKHBAeICA NPH NOCTOAHHOM JABJIEHUH pg € NOMOUILIO YCTPOHCTBA,
nokasanmoro Ha puc. 5.18 4 cocrosimero w3 uuAMHipa M nopuwns. B atoM cayuae
HaBjieHue p, onpeleliseTcs BeCOM NMOPIIHsA, a 0Obem rasa V' ycranaBnnsaeTcst B COOT-
BETCTBHH C JlaBJjeHHeM u Temuepatypoi. Eciu cucTeme coobinaercsa Temio Q, Buipaxce-



sue (1) nepecraer 6uiTh cnpasesannbiM. ITokaxiite, 4TO ero cneiyeT 3aMEHHTL TAKHM:
Q=AH, (1)

rre AH osuauaer usMeHeHne Beanunibl H==E~p,V cueremut. (Beauuuna H naswisaerca

Jumanvnued CucreMsl.)

5.8. Mexanuueckuii npoyecc, cosepiugemviis ¢ uOeaabroir 2a30M. BepTHKAALHBIN
MUIRHAD, COLEPKANMI v MOJell OAHOATOMHOrO I'a3a, 3aKPHT NopLIHeM, MAcca KOTOPOT:
M, a mnomans A. Bes cHeTeMa TepaHuecKH H30JHMpPOBaHA. ¥ CKOPeHHME CHJIbI TSLKECTH
HafpaBJeHo BHH3 M pasHo g. BHauase nopieHb HenoJBWKeH, TaK UTO T'a3, HAXOASILHII-
cs1 pH abcoyoTHol Temnepatype Ty, unmeer o6beM V. 3ateM nopiueds ocBoGoxkKlaercs
Il HOCJ1e HeCKOJIbKMX KoJleOanuil NPRXOAHT B COCTOsIHEE NOKOSI, OTBEYAloiee HeKOTOpOMY
MerblieMy obsemy V rasa npu temneparype 7. [TpeneOpemeMm BCeMH CHIAMH TPeHUA,
NPENSITCTRYIOWEMY CBOBOJHOMY CKOJIbKEHMIO MOPIIHA B (HJHHADe, a TaKxKe Temio-
€MKQCTBIO MOPHUIHS W IHJAHHAPA.

;a) Yeny paBHO cpe/lHee. apJleHHe ra3a B KOHEUHOM COCTOSTHUH?

6) Pacemorpes pa6ory, COBEPIIEHHYIO liaj Ia3oM, H BOCTIONb3OBABIINCH M3BECT-
HEIMH CBOHCTBAMU HACAJBHOTO OXHOATOMHOTO ra3a, BuIpa3uTe KOHeUHY10 Tennepatypy 77
u oObem V-rasa uepe3 TV, rasoBylo nocrosiunyio R u senuuusl v, M, A, g.

5.9. Kazopumempuuecsuii onsum. Cocyj yacTHYHO HanosHeH BOJOH, B KOTODYIO
NOTPY2KeHHl 3TeKTPpHIecKoe CONPOTHBIIEHHE H TePMOMETp, NpeACTaBAAIOLIHN co00k cTek-
ASTHHYIO TPYOKY, 3anoiaHenHylo PryThio. Bed cucrena tepmuuecky H3oAMpoRana. Bua-
uaze, KOrja cucreMa HaXOJHJIACh B TePMHYECKOM PABHOBECHM NMPH KOMHATHOH TeMile-
parype, AiuHa L pTyTHOTO cro6HKa B TepmoMeTpe Gbuiia parna 5,00 ca. Ecan k conpo-
TUBJEHHIO NOAKMOUNTSL [2-BosbTOBYIO GaTapelo, ueped Hero TeueT TOK 5 4.

B neproii cragni onbiTa 6aTapes BK/IWOYeHAa Ha 3 MHHYTHL. Ilocae ycTavopaeHus
paBHOBecHs oTcuer TepmomeTpa pased L==9,00 cu. 3artem Garapes cHOBAa BKAOUAETCH
#a 3 muayTul. KoHeuHbIl OTCUCT TepMOMETpA MOCIE YCTAHOBICHUH DABHOBECHH DABeH
1=13,00 cn.

Bo BTOPOIT cTaIHy ONbITa B cocy JoGasuan 100 e soas. Hauaapusii oTcyer Tepmo-
MeTpa no-npexHeMy paseH 5,00 car. 3atem Gatapes Br/awouaercsi Ha 3 MunyTol. OTcuer
TepMOoMeTpa Tacsie YCTAaHOBJAeHHs paBHoBecus L=7,25 cu. Bartapes cioBa Bx.Iovyaercs
Ha 3 MHHYTH; nHocjie LOCTHXKeHHS! HOBOTO DARHOBECHS OTCUET TEpMOMeTPa paBen
L=10,04 cu.

a) TlocrpoiiTe rpadguk 3aBHCHMOCTI BHYTpeHHeil aHeprin 100 2 BOAB OT nokasanus
Tepmometrpa L.

6) KakoBo B HCCJAENOBAHHOM HNTepBajte TeMepaTyp u3MeHeHHe BHYTpeHHel
sHeprus 1 2 BOABI NPH HM3MEHEHUM OTCueTa Tepymomerpa wa 1 cu?

5.10. Cpasrumeabrptli KAAOPUMOMPU4ECKUL OnbLn. B cocyn namuto 150 e BoIb! i
noMelieH, TePMOMETP, ONUCaHHbli B 3ajaqe 5.9. Best cucreMa TepMiuecKH H30AHPOBAHA.
Havannustil oTcueT TepMomeTpa, OTBEUAOMIHI PABHOBECHOMY COCTOAHMIO CHCTeMbl, pa-
et L==6,00 cu pr.cr. K cucreme go6asunu 200 ¢ Bosbl, TeMneparypa KOTOPOi coOTBET-
cTByer orcueTy Tepmomerpa 13 cu. [Nocae mocrhenns pasuosecus L=29,66 cx.

Bo BTOpOIt CTaAuu OILITA B COCY., coiepxamil 150 2 BOIB U TePMOMETpP, MOMella-
10T KYCOK MeJiH, Macca Kotoporo 500 2. HauaspHbii OTcueT TepMoMeTpa MO-IPexHeMy
paBeH L=6,00 cu. K ar1oit cucreme foGapiasnor 200 2 soawl, Temmepatypa KoTopoi
COOTRETCTBYET OTcyery Tepmomerpa L==13,00 cu. [locae nocTHKeHHSI paBHOBecH:
L=8,92 cu.

a) Bocnosb30BaBIINCS NAHHBIME 3afaun 5.9, BeIUCIHTE KOJHUECTBO TelJja, Mo-
I TOLIEHHOT) CHCTEMOIE, COCTORIel M3 COCyZa, BONBI M TEPMOMETpA B IepBOH CTaxHH
ONBITA. )

_6) KaxoBo H3MeHeHHE BHYTPeHHell 3Hepriuu. | 2 Me UpH H3MEHEHHH TeMIepaTypht
na BEIHYHHY, COOTBETCTBYIOULYIO 1 cM KA/l TepMOMeTpa.

5.11. Anomaaun yOesbroil menavemrocmy. PacCMOTPHM CHCTEMY, cocTosmylo H3 N
caa6o p3ammonelicTsyiomnx vactui. [Tpeanosoxkim, uto kaxaas 1aCTHIA MOXKeT Haxo-
RUTECS B OHOM W3 JBYX COCTOSHMi, IHEPIUS KOTOPEIX € H €z, NPHUYEM &5 < €.

-+ a) He fienas roapoGHHIX BBIYUCJIEHHH, IIOCTPOHTe rpadrk 3aBHCHMOCTH Cpenwel

SHeprun E cucremn or aGeomotoit Temuepatyper T Hcnonesyiite 70T rpaguk (o 6bL1

-onydeH B 3ajave 4.8) gst nocrpoenns sapucumocTH Terwtoemxoct C ot T (npeanosa_

_raﬁ, YTO Bee BHellHKE APAMETPL He MEHSIOTCH). Hoxamme YTO T2 3aBHCHMOCTD 11PO°
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XOJHMT Yepe3 MaKCHMYM, M OLeHHTe BeJHUHHY TeMIIepatryphl, COOTBETCTBYIOWEH MaKCH-
MYMY TeIlJIOeMKOCTH. -

© 6) Boluncannre cpennioio ssepruio E (T) u tensioemkocts C (T) cueremsl. [loka-
JKUTE, UTO NOJAYUYeHHBlE BaMH BbIpaxeHud 061aaI0T PACCMOTPeHHBIMH B a) CBOHCTBAMH.
' Takue ciyyan, Korja B HEKOTOPOM TeMMepaTypHOM HHTepBasle HMelOT 3HayeHHe
fIBa JUCKpeTHBbIX YPOBHS 3HEPrHH, BCTPEUaloTCsl Ha NpakTHke. COOTRETCTBYIOLICE II0BE-
JleHUe TensI0eMKOCTH HOCHT Hassauue aHomasuu [Hommku.

5.12, YOeavnas menioemrocmo cucmemovt cnunoe. CucTema aTOMOB, KaXKiblii H3
KOTOpLIX HMeeT CIHHH Y2 U MAarHUTHBUI MOMEHT Mg, NMOMelleHa BO BHeliHee MarHATHOe
noje B B HaxoguTcst B TeryioBoM paBHoBecud npu temneparype 7. O6pamas BHHMaHHe
TOJILKO Ha NOBeleHHe CIHHOB, NpojesaiiTe clexyiouLee.

a) Halinure, He TnpoH3BOIsi BHIYUCACHHH, Hpefe/bHble SHaueHHs CpejHei
SHEPruu E(T) cucremsl nput T—0 u T—o00.

6) Haiinute, Takxke 6e3 BbluMc/Ienuil, npejeibHble 3Hauenns Temtoemkoctd C (T}
B IIOCTOSTHHOM MAarHHTHOM MOJie IpH T—0 1 T —oo.

B) BbluKcaANTe 3aBHCHMOCTb Ccpepuell sneprus L cueremsl o7 TeMnepaTypel T.
[locTpofite rpaduk 3710l 3aBUCHMOCTI.

r) Broiuncaure Temsoemkoctu C (T) cuCTeMbl ¥ NOCTPoliTe TPadHK 3aBHCUMOCTH
C or T.

5.13. Ten.aosou appexm, cessannniil ¢ Hecgepuseckumu a0pany. SIapa aToMOB B KpH-
CTaLIHYyeCcKOil pellleTKe HEKOTOPOro TBePIOro Tes1a UMeloT cnuH 1. Kak yuuT KBaHTOBas
MexaHlKa, Kaxioe siIpo MOMeT HaXOAHTLCA B OJHOM H3 TpeX KBAHTOBLIX COCTOSIHMIL,
XapakTepH3yeMbIX KBAHTOBbIM YHCAOM /1, tae m=-+1, 0 uan —1. DT0 KBaHTOBOE YHC/IO
n3MepsieT MPOEKIMIO ANePHOrO CIHHA HA KPHCTA/IHUECKYIO Och TBepjoro Teaa. Tak
Kax B ofLIeM CJ1yuae pacnpelesnetie 3IeKTPHYECKOro 3apajia B sApe He sipnsercs cde-
PHUECKH CHUMMETPHYHBIN, a HMeeT BUJ NIJHIICOHIA, SHEePrUs 41pa 3aBHCUT OT OpHeHTa-
IHH CMHHA 110 OTHOLIEHHIO K HEOZHOPOJHOMY 3JEKTPHUECKOMY IIOJIO B AlECTe Pacnoso-
aeHns sapa. Takuy o6pasoM, SAPO HMeeT OJHY H TV Ke SHeprHio L==¢g B COCTOAHAH
m==1 n m=—1 1 Apyrylo suepruio B cocroanutu m=0, KOTOPYIO MOXHO NPHHATbL 3
uwysesywo (E£=0).

. a) [Tonyuure pblpaxenue Ais fAepPHOro BKIaj4a B CPEIHIO BHYTPEHHIOIO 3HEPTHIO
MOJIs TBepAOro Tena. Kak 9Tor BKsaz 3aBHCHT OT aGCOJIOTHOM TeMmepaTypbi?

6) Hapucyiite npuMeplylo KPHBYIO 3aBHCHUMOCTH OT TeMnepaTypbi silepHOH yacTd
MOJAD HOM YAEeJbHOH TerloeMKOCTH TBepioro Tena. [lponssefuTe TOuHOe BBIYHC/IEHUE
9TOIl 3aBHCHMOCTH M HaiifiuTe Npelle/ibHOe 3HaueHHe Ans Gonbiux 7.

O6evxaaemplii HavH 3ddekTt Becbra neBeuK. OH MOXKeT, 0IHAKO, 0KA3aThCH BaxK-
HBIM TIPH H3MEPEHUX TellJIoeMKOCTH HEKOTOPBIX BellleCTs NPH oYeHh HH3KHX TeMnepaTty-
pax (nampHMep, 1Js MeTAIM4ecKOTO URAUS, TaK Kak siipa In!!d 3aMeTHO OTKJIOHSIOTCA
oT chepHUeCKOH CHMMETPHH).

5.14. Tenaosoe s3aumodedicriaue mencOy Osyms cucmemamu. Pacemorpum cucremy A
(HanpuMep, KYCOK Melu) # CHCTeMy B (Hampumep, cocyn ¢ BOJOIl), KOTopble BHayaJje
HAaXOoAWIHCh B papHOBecHH npH TeMmnepatypaX T 4 u Tg cooTBercTBeHHO. B HHTepecylo-
Hlefl Hac 06AacTH TeMnepaTyp OObeM CHCTeMBl OCTAeTCSl HEH3MeHHBIM U COOTBETCTBYIO-
mue ternioeMKocTH C 4 1 C g He 3aBHCAT OT TeMIepaTypel. 3aTeM MEKTY CHCTEeMAMH yCTa-
HAB/JIHBAETCSA TEIIOBOH KOHTAKT M OMH JOCTHTAIOT KCHEYHOTO PaBHOBECHOTO COCTOSIHHS
npu HeKortopoil a6comorioil Temneparype T.

a) BocnoanayiiTech ycaoBueM COXpaHeHHs] 3HePFMH ISl olpejeselts KOHEYROoMH
Temneparypsl 7. Bripasute Bams oreer uepe3s T3, Tp, Cqu Cp.

6) Bocnosbsyiiteck pasencTsom (31), uTo6nt BHIUMCHTS R3MeHeHus 3HTponuu AS 4
cucrembt A u ASp cuctemst B. Vcnojis3yiiTe nosyuyesHuii pe3ysbTar Als BbIYHCICHUS
noJiHoro uaMeHeHusi suTponuu AS=AS 1--ASp cocraBHOl cucTeMBl NPH mepexoje H3
HauaJbHOIO COCTOSIHHSA (CUCTEMBbl B OTIe/ILHOCTH HaXOLATCS B PABHOBECHM) B KOHeyHoe
(00e cucTeMHl HAXOZATCsl B PABHOBECHH JPYr C APYTOM).

8) Jlokaxure, uro AS He MOXeT ObiTh OTPUUATENbHBIM U yT0 AS=0, ToabKO ecin
Ta=Tp |¥Y xa3anue Bbl mMokeTe BoCNONL30BaThCS HepaBeHeTBOM In w<Zx—I,
KOKazaHHuM B (M.15) wiu, uTO 3KBUBAJIEHTHO, HePaBEHCTBOM In (x—Y)<—x+1.]

', 5.15. Hamernenus snmponuyu npu pasausnbix cnocobax nepedauy menaa. ¥ neibHas
TeIIJIOeMKOCTb BOAW paBHa 4,18 Oxc-2—1.2pad—1t. .
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a) Kunorpamym soapl npu 0° C npupedeH B KOHTAaKT € GOJIDBILHM TeIVIOBBIM pesep-
ByapoM ¢ Temneparypoil 100° C. Kak HaMeHHTCS IHTPONHS BOAbl 11OC/Ie AGCTHMKEHHS
TemnepaTypsl pesepByapa? Kak U3MeHHTCS SHTpOMIsE TellPOBOIO pesepByapa? DHTpo-
nHsl NOMHON CHCTeabl, cOCTOsWell U3 BOAbI W pesepByapa’

6) Uenmy paBno H3MeHeHHe 3HTPONHH COCTABHOM CHCTeMBI, €C/IH BOAA HarpeBaercs
ot 0 zo 100° C cnexyiouiM o6pasom: ¢HAYaIa BOIA RPUBOAUTCH B KOHTAKT C peaep-
ByapoM npi TeMilepaType 50° C, a 3aTeM — C pe3epryapoM, HaXOJALULMAMCH IPH TeM-
neparype 100° C?

B) ITokaxnre, 4T0 Bo1a MOseT OHTE Barpera or 0 o 100° C Ges H3MeHeHHs 3HTPO-
MU} IOJMOH CUCTEMbL

5.16. Hascnenue snmponuu npu naagaenuu. Jlel n Boga HaxolaTcst B paBHOBECHH
npn renneparype 0°C (273° K). Utobsl pacriaruts 1 Mods abia npH 3toll Temme-
parype, ueoBxoiuMo Kodiuectso renaa B G000 duc.

a) Beruncianre pasnocre 3utponHil 1 Moas Boast i 1 Moas Jbja nipu tTeMmeparty-
pe 0°C.

6) Haiizure orHouenne 4Hc/Ia COCTOSHUEA, NOCTYNHLIX BOXE, K YUC/Y COCTOSIHHUIL,
JIOCTYFAHBIX JALAY, NPH 3Toil TemIepartype.

5.17. IIpaxmusecias pabema no xaiopuvempuu. Paceyorpum Kaopumemp (npu-
6op /15 n3MepeHns Temda), MJIABHOH YacThio KOTOPOro sIBISETCSt MeJHBIH cocyl BecoM
750 2. 10T cocyn conep:kuT 200 2 BOLbI, I BeCh KAJOPHMETP HaXOXHTCS B PABHOBECHH
npu 20° C. Tosectun B KajgopuMerp 30 e apaa npu 0° C 1 3ax/JIOUHM Bech KaJlopH-
MeTp B TeMIOH3OJIMPYIOWYIO 0GOJI0UKY. VYjieldbHas TeLIOEMKOCTb BOJXb  paBHa
4,18 doc-2~1-2pad~1, a ylelbHAsl TeILIOCMKOCTh Jinia 0,418 dwc-2~1-2pad—1. Ckpu-
Tas TenjoTa ILIaBjleHHs JbAA (T. e, KOJIHYECTBO Tella, HeoOXOAHMOE A/ Mpempalie-
HIisl rpaMma apja B Boly npn 0° C) pasna 333 dwc-2-L.

a) Kaxoil craner TenmepaTtypa BOIbl HOCTIe TONO KaK Jel PacTaeT H YCTaAHOBUTCH
paBHOBecue? '

6) Belunc/ivTe MOTHOE H3MeHeHME 3HTPONHM B 3TOM NPOilECCE.

B) Kakylo paboTy HAJ0 COBEpLUIITL HAZ CHCTEMOH nocje muiapjenus Japia (HanpH-
Mep, € TIOMOM[BIO MepeMellialollerocst CTepis), yTo6L CHOBA JOBCCTI TeMITepaTypy BOAL!
no 20°C?

5.18. Cso600n0e pacwuperue eaza. Ha puc. 5.19 cxemaTHyecki noxasana sxcnepu-
MCHTAILHAS VCTaloBKa, nntveneHnas Jkoyiem ais H3yuenus 3aBHCHAIOCTH BHYTpeH-

Heli apeprun £ rasa or 3anunMaeMoro MM o6b-

TEpManemy ema. YacTbio YCTAHOBKH siBAsleTcst CHUCTeMa
A, cocrositliast U3 3aKpHITOTO Cocyna, pasje-
JIEHHOTO Ha 1na 00bena, B OHOM M3 KOTOPBIX
Haxoautes ras. OnelT 3akiiovaetcss B TOM,
YTO KpaH, COeIMHAIOWHHA o6a obbena, OT-
KPBIBAeTCs, H ra3 3alMaeT BeCb OOBEM CO-
Cyda, MOCTeNeHHO NPUXOAs B COCTOSIHMe
pasaopecus, onycrunm, uyTO TeMmuepartypa
BOJBI B pe3yabTate Npolecca e H3MeHHTach.

aj) UeMy paBHa copepiuetinas Hajg CH-
crevoit A paGora? (Crenku cocyna sKectkue
H  0of6bem cocyida, CAeloBaTelIblO, He Me-
HHACTCH.) .

6) Uemy paBHO KOJHYECTBO Tema, MO-
TJIOWEHHOrO  cuctemoil A?

5) Uemy paBHO H3MeHellMe BHYTpeHHeil
SHepruil cilcreMsl A?

1) HMnes B Buay, uTO TeMIlepaTypa rasa He W3MelJach, KaKOH BbIBOL BH MOXKeTe
CHelaTh H3 3TOr0 OMBITA O 3aBUCHMOCTH BHYTpeHHcH 3HepTHH Fa3a OT ofneMa NpH
(duKcupOBaNHoh Témnepatype? "

5.19. Ilonamue sumponuu 8 npumexeduy K IMenA0eMKOCIU C6epxnpoaodayess
semanad. TenoemKocTb OObYEBIX MeTaIWION NPY OUeHb HU3KOH a6CONIOTHON TeMmmepa- |
Type Bbipaskaercs gopmyaol C,=vyT, e y — noctosnuas, XapakTepusyiomas MeTaja.
Ecnu Hroke xpuTHueckoii Temneparypnt T, meraid ABAS€TCS CBEPXIPOBOLHUKOM, TO
B uurepsase Temneparyp O<<T<<T, CBepXNpPOBOASAIIETO COCTOSHHSI TENJIOEMKOCTD
onuchipaercs npubMmenuoi gopuynoi Cs=aT3, rae oL — HEKOTOPad UOCTOSTHHASA.
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Tlepexoa metanna H3 OGLIYHOIO B CBEPXMPOBOJSAiNEE COCTOSTHHE NPH KPHTHUECKOH TeM-
neparype T, He CONPOROKIAETCS NOLTOLIEHHEM HJIH oTlauell Temjia. OTclona crienyer,
uTO NPH 3T0H Temnepatype S,==S;, rle S, 1Sy — 3NTponny MeTassa B OOBIYHOM H
CBEpXIIPOBOASILIEM COCTOSHHSX COOTBETCTBEHHO.

a) Uro Moxuo ckaszare 06 surponuax S, H Sg B npeneae T—0?

6) Becnoab3yiitech oTBETOM Ha BONPOC a) H CBA3LIO MEXKAY TENJOEMKOCTLIO H SHT-
ponHell, ¥To0H HaHTH cooTHomenne ey Co 1 C,, npu KpuTHYeckoii Tennepatype T .

5.20. Ten.aoemxocns ancanbin eAPMONUNECKUX OCYUAAAMOPOs. PaccMoTpHM aH-
cambap 13 N €1a60 BIaHMOLeHCTBYIOMMY HPOCTBIX TapPMOHHUECKHX OCHHASTOPOB npH
a6coamoTHOiT Temnepatype T. (AHcambab TaKHX OCHM/JISITOPOB ABAKETCH NMpHOTHMKEH-
HOIl MOjlesblo aToMOB TBepnoTO Teda.) [lycTb ® — Kiaccuueckass Kpyrosas uacrora’
KaXJAOFO OCHMJINATOPA,

a) Bocnonb3opapuiuch 3HaueHHeM cpelHeil 3HepTHH, BBIYICJAEHHBIM B 3ajaue
4.22, naiizure TemyioeMkoeTs C (npi GUKCHPOBAHHBIX BHEIWHHX NapaMeTpax) aHcaMGist
TAaKHX OCHUJLTATOPOB.

6) Hapucyfite rpadux 3aBHCHMOCTH TeroeMKocT# C or a6coqioTiiol Temmepa-
Typet T.

B) Ueny paBHA TENTOENKOCTb NPH BBICOKMX TeMMepaTypax, YAOBJAEeTBOPSIOLINX
uepaseucrsy AT>Hho?

5.21. Ydeasnasn menaoesxocmy 08yxamoiroeo 2asa. PaccMoTpHM HACATbHBIR JABY X~
aToMHBLT Fa3 (sanpuyep, Ny) npir aScomotHoil Temnepatype T, 613KolT K KOMHATHO.
Jra TeMIepaTypa ROCTATOYHO HH3KA, YTOOKL MOJEKY/IA OYTH BCerAa HAXOAMJIACh B HU3«
HeM KOJgefaTeqbHONM COCTOSIHII, U0 JIOCTATOYHO BLICOKA N5 BO3OYxKAeHus GOMbLIOTO
YHCAA BPALIATEILHBIX COCTOANMIT,

a) Bocrosab3oBaBIMyCh pe3ysbTaToOM 3a%au 4.23, HanuuiuTe BbIpaZkKeHue 115 Cpel-
neil 2HEPrUM ABYXATOMHOIT MOeKYJIb! 1a3a. DTa Heprusl COCTOUT H3 KHHETIUeCKoll sHep-
rIH JIBUMKERHS [EeHTpa MacC H SHeprHU BPAleHIIs] MOJCKYJBl BOKPYT LCHTPA Macc.

6) Bocrneqdb3oBaBHINCH OTBETON HA 3ajaiHe a), HafluTe MOJSIPHYIO TEJIOeMKOCTb
Cy NPH OCTOSTHHOM OGbeMe 178 HAeaqbHOro IByXaToMioro rasda. emy pasno unc
JICHHO@ 3HAYeHMe cy?

5.22. @aykmyauus sxepaiy 8 cucmese, HAXOOSUielics 8 KOHNAKMe ¢ MEenAosviL
pesepsyaposi. PaccyoTpuM NPOU3EOIBHYIO CUCTEMY, HAXOLAULYIOCS B KOHTAKre ¢ Terio-
BBIN pe3epByapoM Npu abcoioTHON Temneparype T=(kB)—1. B 3azaue 4.18 6ui10 Ho-

KasaHo, UCXOIs 13 KAHOMHUECKOTro pachpefeleHusi, 4TO E=—(0 \n Z/3B), rae
Ze= ) emHEs )
Tr

ABJIAETCH CYMMON NO BCeM COCTOSHHAM CHCTEMbI.

a) Buipaswre £2 wepe3 Z, touee, gepe3 In Z.

6) Mucnepcus sueprun (AEP=(E—E)? papna E2— E2 (cm. sanauy 2.8). Henodib-
3ys 3TO PABEHCTBO U OTBeT HA NYHKT a), MOKAKHTE, 4TO
2inzZ  oE (I

o2 op -

8) TlokaxHTe, UTO CTAHJaPTHOE OTKJIOHeHHe AL SHeprHH MOKHO ReChbMa OGLLHM
06pa3on BLIPA3HTL uYepe3 TemioenkocTe C cucrembl (npu (GHKCHPOBAHHBIX BHEIIHHX
napamerpax):

{AE): =

AE=T (kC)"/*. (1)

r) TTycrs paccMaTpuBaemast CHCTeMa SIBJISIeTCS HICAJTbHLIM OLHOATOMHBIM Ta3ou,
coctosimuM u3 N atomos. Bocnombayiitecs (II1), uto6m smipasuth AE/E uepes N.
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TTABA 6

KAHOHHYECKOE PACNPEAEJIEHHE B KJIACCHYECKOM
INPUBJI)KEHHUH

Kanonnyeckoe pacnpenesenne (4.49) umeer dynaamMeHTasbHoe 3Ha-
yeHHe M OIPOMHYIO 00/1aCTb TIpaKTHUYECKOTo npHmeHeHusi. Kax 6bio
110Ka3aHO B IJiaBe 4, ero MOXKHO HCTOJAb30BaTh AJsl HETOCPENCTBEHHOTO
BBLIYHC/ICHHS] PABHOBECHBIX CBOHCTB 6O/ILLIOTO YHC/HA PA3JIHYHBIX CHCTEM.
B kauecrse npumepa, ¢ IOMOILBIO 3TOTO PaclpelesieHNst, Mbl BBIYHCAHIH
MarHuTHble CBOIICTB2 CHCTEMbI, COCTOsIIEl H3 CNIHHOB, a TaKkKe JaBJe-
1lHe H TeIJIOEMKOCTb HAeaJbHOTO rasa. 3ajiauH K rviaBe 4 Takxke cojep-
JKaT HEeCKOJIbKO HHTEPECHBIX NPHMEHEHHH KAHOHUUYECKOIo pacrpesese-
nusi. O6cyxjieHHe WHPOKOH 06JAcTH MpHMEHEeHHH KaHOHHYECKOro
pacrpeiesieHisi MOIVIo Obl 3alOJHHTL HE OAHY KHHTY. B 3T0# riase Mot
OTpaHHYHMCS TEM, YTO NIOKaXKeM, KakK HelloCPeCTBEHHO H3 KaHOHHYECKOro
pacripesiesieHtist, B TPHOJHKEHHH KAaCCHYeCKOH MexXaHHKH, MOXKHO I0-
JYYHTh TIPOCTHe, HO HMEIOUHE OrpOMHOE 3HAueHHe Pe3yJbTaThi.

6.1. Knaccuueckoe npuOanxenune

Mb1 3HaEM, YTO B OMNpEe]eHHbIX YCJOBHSAX KBAHTOBOMEXaHHYECKOE
OITHCAHHE CHCTEMBI YacTHLL MOXKHO 3aMeHHTh MPHONUKEHHBIM OITHCAHHEM
B TEDMHHAX KJaCCHYECKOH MeXaHHKH. B 3TOM pasgmese Mbl nocrapaemcs
OJIYYHTb OTBET HA J[Ba CJAEIVIOUIHX BOHpoca: 1) npM KakHX yCJOBHAX
CTAaTHCTHYECKast Teopusl, MOKOMINAsCH Ha KJIACCHYeCKHX IpejcTaBJe-
HUSIX, MOXeT ObiTh XOPOIUUM NpuGKenueM? 2) Ecjiu Takoe npubanxe-
HHE JONYCTHMO, TO KaK MOXKHO CHOPMYJHPOBaTh CTATHCTHYECKYIO TEO-
pHIO B KJacCHYECKOM NPHOJHKEHHH?

[Tpueodnocme kaaccuueckoeo npubauncerus. Knaccuyeckoe nphé.n-
JKEHHE COBEPLIEHHO Henpu200HO TIPH IOCTATOUHO HH3KHX TeMIepartypax.
JleficTBUTENBHO, JNONYCTHM, YTO XapakTEPHCTHUECKAas TeNsoBas IHep-
rust kT Menbiue, 4eM cpeinee 3HaueHne AE MeKLy YPOBHSAMH HepruH
cHCTeMbl (HJIH CPaBHHMA € HHM). B 3TOM c/1yuae KBaHTOBAHHE BO3MOMKHBIX
3gayeHuil SHEPTHH CHCTEMBLl BeChbMa CYIIECTBEHHO OTNPEJE/IAEeT ee fose-
senue. Hanpumep, u3 kanoruueckoro pacnpenetenns (4.49) caenyer,
YTO BEpPOSATHOCTh HAXOXKIEHHS CHCTEMB! B IBYX COCTOSIHMHX C 3Hepruef
E n E4AE (rze AE — xBant 31Heprun) B ciydae AE=>RT Becbma pas-
awuHa. C apyrofi cTopoHst, ecau £TS>AE, T0 BepOATHOCTH OUEHBL Majio
MEHSIIOTCSL IIPH HEpexoje OT JaHHoro K OamkaliuieMy cocrosnHio. B
9TOM cJyuyae AHCKPETHOCTh COCTOSIHMH InepectaeT OblTh CYIIECTBEHHOM
H KJiaCCHUeCKoe Mpub/ilkeHHe CTaHOBHTCA onpaBradabiM. M3 stmx

212



3aNMeYaHHl BHITEKAeT cienviomlee yTBEp2KICHHE:

K.accHueckoe onncanie He rOIHUTCH, €eCJIH

T < AE. (0

D70 onucaHHe CNpaBENJIHBO, OJHAKO, B TeX CAyuyasX, KOrla KBaHTO-
BoMeXaHHuecKHe adxpeKThl HMEIOT HpeHedpeXK Mo MaJloe 3Hauenue. [pun-
HIT HeonpejleseHHOCTH ['efisenGepra ykasblBaeT HaM KBaHTOBOMEXaHHYe-
CKUfl mpexen NpHMEHHMOCTH KJacCHYecKHX KoHuenmuuil. M3 npmuuuuna
HEOIIPE/IeJICHHOCTH CJIeAYeT, YTO OJHOBPEMEHHOE OlpefeseHHe KOOpaH-
HaThl ¢ W COOTBETCTBYIOILEro efl HMIyJbpca p He MOXeT ObiTb CKOJb
YTOjHO TOUHBIM M YTO MPH H3MEPeHMsX 3THX BeJHYHH CYILECTBYIOT Mil-
HMMaJbHble TIOrPEINHOCTH Ag U Ap, cBsIsaHHbLIe MeXy cofoil COOTHOLIE-
HHEM

AgAp=Hh, _ (2)

rae h=h/2n npejcTasisier coboit nocrosinnywo [lnaHka, jeneHHyo Ha
2. PaccMOTpHM Terepb, NMPH KakHX YCAOBHSIX OyJeT JONYyCTHMO KJac-
CHYECKOe OTHCAaHHe CHCTeMBl, HaxoAsuefics IpH olpeleneHHol Temnepa-
Type. Urobbl Takoe OIHCaHHE HMEJO CMBICJ, OHO JAO/KHO TO3BOJHTH
JIOKAJMH30BATh JIOOYIO TPHHA/JIEKAILYI0 CHCTEME YacTHILY ¢ HEKOTOpPOf
TOYHOCTHIO, KOTOPYK Mbl 0003HAuHUM uepe3 s,. O603HAYUM uepe3 p,
HMITYJILC 3TOI yacTHlibl. ECaH Sy H p, HACTONBKO BEJIUKH, UTO

80P > ﬁ,
TO OrpaHHyY€HHs, HaKJdAbIBAE€MbIe IMPUHUHOOM HEOIIpeJeeHHOCTH, CTa-

HOBSAITCSl HECYILECTBEHHBIMH H KJacCHUecKoe npHbJMkenHe ByieT crpa-
BEIJTHBBIM. MbI TIPHXOHUM TI0O9TOMY K CJEIYIONIEMY BHIBOLY:

Kanaccuueckoe onucanue CHpaBeiJuBO, €CJIH

SoDo 3> 1, (3a)
T. €. ecan
' Sn S) K(r 1 (36)
Mbr BBeH 31€ch JIHHY K
h I A
?‘z) - ,7(" == 9 ;; (4)

Npe/ICTaB/IAIoNLYI0 o060l 1e6pollieBCKYI0 JAJIHHY BOJIHDI, J1€1eHHVIO Ha
2n. HepaBenctBo (36) paBHOCHJIBHO YTBEP K/IEHHIO, UTO KBAHTOBOMEXA-
HyyecKHUMH (h(GeKTaMH MOXKHO NpeHedpedb, ecaH MHHHMAAbHbE KJjac-
CHYeCKHE pPacCTOSIHHUS BEJTHKH O CPaBHEHHIO C 1eOPOHJIEBCKOH AJMHHOM
BOJIHBI ISl YaCTHHbL. B 9TOM C/IydYae BOJHOBBIE CBOHACTBA YACTHLE Tepe-
CTalT ObITh CYIIECTBEHHBIMH.

Kaaccuueckoe onucanue. JIOMyCTHM, UTO KJIaCCHYECKOE OIHCAHHE
CHCTEMbl YaCTHIL BO3MQXKHO. B 5TOM ci1yuae BO3HHMKaeT TOT ke OCHOBHOM
BONPOC, KOTOPBHIH SIBJSETCS HMCXORHBIM ITYHKTOM KBaHTOBOTEOPETHYEC-
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KOTe 10AX01a, Bhno/JHeHHero B Havajge raasbl 3. OH 3akjouaercs B
CHeRVIOIIEM: KAaK YKa3aTh MHKPOCOCTOSIHHE CHCTEMbI, ONHCHIBAeMoit ¢
MOMOUIBIO K.JaCCHYECKOH Mexa-
PA HHKH?

Haunem ¢ o4eHb 1pocTOro
cJyyasi CHCTeMbl, ©6pa30BaHHOH
€1HHCTBEHHON uwacThuel, nBH-
JKYILEHCS B OXHOM H3MEDEHIH.
¢ Iosoxkenne Takoll yacTiiiul 3a-
faeTcst €AWHCTBEHHOH KOopaH-
Hartoil, KOTOPYIO Mbl 0003HAYHM
uepes ¢. [loanoe omucanue Ha-
HeH CHCTEMHI € TOYKHM 3peHins
KJ1aCCHUECKOH MEXaHHKH 3aK/Ti0-
! yaetcsl B YKa3aHHH KOODHHa-
Thi ¢ M HMIIyJAbCa p ™) YacTHibL.
(B knaccrueckoil MeXaHHKe BO3-
MOMHO TOYHOE H3MePEHHE KOop-
Puc. 6.1. Knaccrnueckoe ¢azoBoe npocTpancTso Annarsl W uMIyJbca B JoGoit
IAst GacTHILL], NOsoXKelHe KoTo_poﬁ 3a/aeTCs OHONR MOMEHT BpeMeHU. 3akoHBl Me-

KoopaitaToH: XaHHKH JaioT TaKKe BO3MOXK-
HOCTb ONHO3HAYHO [PEACKa3aTh 3HaueHHs ¢ U p B aoboil mocselryio-
KA MOMEHT BpemeHM. B 3ToM I 3akJ/royaercd TOJIHOE ONHCaHHE noBe-
NeHHUs] CHCTEMBI, KOTOpoe Jaaer
KJraccHuecKas mMexaHuka.) Pac- T/t
cMaTpuBaeMasi CHTyauus lomy-
CKaeT TeOMeTPHYECKOE HCTOIKO- 5/]
Banue., Hasa sroro caepyer Boc-
116J1b30BaTHCH JeKapTOBBIMH L
KoopaMHatamu p u g (puc. 6.1). T‘ i
3ananve BeJIYHH 7 U ¢ 9KBHBA-
JIEHTHO 3al1aHHIO TOYKH B IBY- aaala
MEpPHOM [IPOCTpaHcTee (IpocT-
PaHCTBO KOOPJAHHAT ¢ W p Ha-
3LIBaeTCA  PasosuiM  NPOCMPaH-
CITBOM).

[lepemennbie ¢ U p TPHHH-
MAlOT HelpepbiBHble 3Ha4YeHHs,
¥ HaM CJelyeT HailTH Cnocob ]
cjlejlaTh BO3MOMKHbBIE COCTOSIHHA ] e
cHcTempl cueTHmIMH. [Liist 3Toro o7
Mbl MOKEM HCNIOb30BaTb Me-  pyc. 6.2. JipyMeprioe (pasopOe NPOCTPAHCTEO Mpe-
TOA, NPHUMEHEHHBI B M. 2.6:  Mwynleropucynrs pasiefens B3 aueiiii pasnoro
pasobbeM 06/1aCTb  H3MEHEHHs

Y

!
1]
i

|
T
L
T
1
I b
T
4
T
!
T

)

EERRNEREE

*) Eciii MBI KCMOABL3YeM OOHIYHYIO JAEKapTOBY KOODIMHATY H €CIH MarHHTHOE
noje OTCYTCTBYeT WMOYWILC p CIeAYIOHMM O6GPa3oM CBA3aH CO CKOPOCTHIO H Maccol
gacTuiel: £=mv. B ofueM ciyuae Goslee YROOHO MCWOAb30BATL /ISl ONHCAHHS YacTH-
1IH ee HMIOYJLC, & He CKOPOCTh.
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fIEPEMEHHBIX ¢ I p HA NPOU3BOJBHO MaJble JHCKPETHbIE HHTEPBAJIbI.
Hanpumep, ocb g Mbl pa3oGpeMm Ha uaTepBajinl 0g, a ochb p — Ha HH-
tepBajsl 8p. Taxum o6pasoMm, Bce (pa3oBoe TIPOCTPAHCTBO OKAMKETCS
pasONThIM Ha 3JeMeHTapHble siuefikH, «ofbem» (T. €. IJIOWAlb) KOTO-
pblX paBeH
6(] 6p = h()v

rine hy, — Hefoabluast NMOCTOsiHHas BejlynHa (OHA HMEET PasMEepHOCTb
MOMEHTA KOJHYeCTBa IBHxkeHHs). Terepb /st MOJHOTO OIHCAHHSA C€OC-
TOAHHST YaCTHIIbl JOCTATOYHO YKa3dTbh, YTO €€ KOOPIHHATa JIeKUT B He-
KOTOpOil sueiike Mexay ¢ 1t g-+8¢g, a ee iMnynbc — B HHTepBaJIe OT
p Ao p-68p, T. e. napa uucea (¢, p) JeXHT B HEKOTOPOM ONpeieTeH-
HOM HHTepBaJse. I'eomerpuueckil 3To 03HayaeT, YTO TOYKA, COOTBETCTBY-
WILast KOOPAHHATaM (g, p), JEXKUT B onpeleneHHoR syefike dasosoro
NpoOCTPaHCTBA.

3aveuyaHue o BedHuu He hy. Onncanue cocrosnus cricreMsl 6y eT Tem GoJlee
TOMHDIN, YeM MCHbIie pasnmepbl fueeK, Ha KOTopble pa3GuTo (ha30B0e NPOCTPAHCTBO, T. €.
4eM MeHblue Beauynta fy. [lpu kaaccuyeckoM onucaHn 312 BeTUYHHA MOXKeT OuiTh Ipo-
H3B0Jb10 Mavioll. KBaHTOBOMEXaHHUECKOe OnHMcaHHe YCTaHAB/IHBAET, OJHAKO, onpeje-
JIGHHBIH Hpelle JIst TOUHOCTI OXHOBDEMEHHOTO H3MepeHHsl KOOPAHHATBL H HMIYJbCa
YaCTHlbi: MpelesibHble TOUHOCTH H3MEepeHHst 3THX BeJuuuH. Ag 0 Ap, CBA3aHBI NPUHIM-
noM HeompedeientocTH [efisenbepra: Ag Ap>fi. Tlostomy pasjeneHie $asoBoro
NPOCTPAHCTBA Ha AUCHKH, 06BeM KOTOPHIX Menblue i, huaHuecKl GeccabicaenHo. Jlefer-
BHTE/ILHO, BLIGOD /1y <% oznavan 6Ll, YTO COCTOSIHUE CHCTEMBI MOXKeT OuITh 3a1aH0 Gojtee
TOYHO, YeM 3TO BO3MOKHO B KBAHTOBOH TEOpHH.

IlpuBejenHbie Bhile PacCyaeHHs Jjerko oGoOUIHTh Ha POH3BOJIBHO
C/I0KHYI0 cucTeny. Takasi cucreMa moker GbITh OIHCAaHA C ITOMOLIBIO
Habopa KOODAHHAT §i,...,J; H COOTBETCTBYIOMIMX HMITYJAbCOB pr,...,p,
T. €. ¢ nomoupio 2f unces. (Kak o6blgHO, YHC/NO HE3ABHCHMBIX KOOPIH-
HaT [, HeOOXOAMMBIX JNsl OIMCAHHSI CHCTEMbi, HA3bIBACTCS HUCAOM €€
crmenenell ¢godo0nl.) UTobb! ¢cjle1aTh BO3MOKHBIE COCTOSTHHSI CHCTEMb CYET-
HBIMH, HECMOTPS Ha HENPEpLIBHLIH Xapakrtep NepemMeHHBIX ¢; H p;, Mbl
OMSITh  Pa3le/JHM BO3MOXKHYIO O0/1aCTh 3HAUEHHH KaxI0H KOOPAMHATDLI
g; Ha uHTEepBanbl 0g; H KaXKIOro HMIyJnca p; — Ha HHTEpBadbl Op;.
Jast Kaxjoro ¢ BeJIHUMHA HHTEPBANOB MOXKET GLITh ClleslaHa TaKoiH, 4YTO

8q,6p; = h,, ()

rjie hg - Q)HKCH})OBQHHBH, IPOU3BOJILHO MaJiasi BeJHYHHA, He 3aBHCS-
wast or f. Tenepb, uyto0bl 3a/aTh COCTOSHHE cUcTeMbl, AOCTATOUHO YKa-
3atb, 4YTO IepemeHHble : - :

(qlv q‘.'» MRS ] qu pl, 2y ey f)

JexaT B ONpele]eHHbIX HHTepBajiaXx. B o6bYHOH reoMeTpHUecKoH uH-
TepnpeTalnd 3THM MEPEMeHHBLIM OISITh COOTBETCTBYET «TOYKa» B 2f-
MEepHOM ¢hasosom nPocmparcmee, Kaxjas oCb KOTOPOTO OTBEHAET Orpe-
LeseHHO KoopaHHaTe ¢; WM. uMIyJdbcy p;*). Pasjessist xoopaHHarts Ha

*) 210 2f-MepHOe (ha30BOE NPOCTPAHCTBO COBEPILEHHO AHANOPHYHO PACCMOTPEHHO-
MY B 1. 6.2 ByMepHOMY. IIDOCTPAHCTBY, XOTS, HPHBLIKHYB K IPOCTPANCTBY TpeX H3Me-
peHuil, HaM TPYAHO 3TO RPeACTaBHTh.
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MHTEPBaJIbl, Mbl TeM CaMbIM JelHM Bce (asoBoe NPOCTPaHCTBO Ha Pas-
Hble H Majble AefiKH, 00beM KOTopuiX pasen (8¢, 8q....8q, 8py Op....
...0p;)=hy . Tenepb cocrosinue cHCTeMBI OyJeT 3aaH0, €CAH MBI YKAXKEM,
B KaKOM H3 BO3MOKHBIM HaGopoB HHTepPBAJIOB (T. €. B KakoH suelike ¢a-
80BOIO MPOCTPAHCTBA) JI€XKAT KOOPAHHATHL Gy, (3,..., §, H UMIIYJbCHI Py,
Peyeenpyp cHeTeMbl. Jlta yno6cTBa KaKabli Takoii Habop HHTEpBaJOB
(M KaxKAyIo stuefixy (pasoBoro npocTpaHCTBa) MOXKHO OG0O3HAUHThL He-
KOTOPBLIM HHAEKCOM 7, TaK YTO BCE JOCTYNHBIE CHCTEMbI AUYEHKH MOTYT
ObIThb HPOHYMEpOBaHbI H TMOXCYHTAHBEI C TOMOILIBIO 3TOTO HHIEKCA r=:
=1, 2, 3,... Mbl Moxem cieryrouiiM 00pasoM HOABECTH HTOT HALIMM
PacCyKAEHHSM.

B KjaccHyeckofi MexaHHKe COCTOSIHHE CHCTEMBbI
MOXKHO 33jaTh, YKasaB HoMep r siuefikH B (a3oBo 6
[IPOCTPAHCTBe, B KOTOPOH HAXOASTCsl KOOPjJUHATBHL H )
HMITYJIBChL CHCTEMBI. '

|

Takum o6pasom, yKasaHue COCTOSIHHS CHCTEMBbl B K.14CCHYECKOH Me-
XauHKe MPOUCXOJHT TaK K€, KaK B KBAHTOBOII MEXaHHKe: siyefika §azo-
BOTO NPOCTPAHCTBA IIPH KJACCHYECKOM OIMCAHHH aHaJOTHYHa KBAHTO-
BOMY COCTOSIHHIO TIPH KBaHTOBOMEeXaHHYeCcKoM onucadud. OJHaxo cJje-
nyer o0paTuTh BHHMaHHe Ha BakHOe pasjHune. B kjaccnyeckon cay-
yae HMeeT MECTO 3J1eMEHT TIPOli3BoJa, a HMEHHO, pa3Mmep siueek 8 azo-
BOM IIPOCTPAHCTBE (T. €. BE&JHYHHA NOCTOSIHHON Ay) MOXKeT ObiTh BHIOpaH
N0 KeJaHIIo; NPH KBAaHTOBOM € DAcCMOTPEHHH KB4HTOBOE COCTOsIHHE
Onpeleasiercsl O;I03HAYHO (3TO CBA3AHO C TeM, YTO KBAHTOBAst TEOPHS
HMeeT J1eJ10 ¢ NOCTOSIHHON A, HMepollell onpeie/eHHoe 3HadyeHue).,

Kaaccuneckass cmamucmuyeckas mexaruxa. Tlocne BBeleHus sdeex
B ($4a30BOM IPOCTPAHCTBE CTATHCTHUCCKOE OMHCAHHE CHCTEMBb! B TEPMH-
HAaX KJACCHYeCKOH MeXAHHKH CTAHOBHTCSI aHANOTHUHBIM KBAHTOBOMEXa-
HIYECKOMY onHcaHHio. Pasauune 3ax/iouaercss B HHTEpNpeTAalHH: B
KBaHTOBOH TEOPHH MHKPOCOCTOSIHHE O03HAyaeT HeKOTOPOe KBaHTOBOE
COCTOSIHHE CHCTEMbl, TOTJa Kak MpH KJA2CCHYECKOM PACCMOTPEHHH noj,
MHKPOCOCTOSIHHEM TIOHHMAKT ONpeleeHHYIO siyefiky B ¢asoBOM Npocrt-
pancTee. OCHOBHble MOCTYJAThl KJACCHUYECKOH TEOpHH st CTATHCTH-
4eCKOro aHcaMOas CHCTEM COBNAJAIOT C COOTBETCTBYIOHMMH I110CTYJIa-
Tamu (3.17) n (3.18) xBanTOBOH TeopuM. B yacTHOCTH, yTBepiK/ieHue
(3.19) B KaaccHUeCKOM cJayuyae MpHHHMACT CACRYIOUIHA BHL!

Haxo0suancs 6 pagrosecuts UB0AUPOBAHHAS CUCIMEMA C PABHOL
8EPOAMHOCINBIO MOICEN Gblib VOHAPYNCERA 6 A0GOM U3 ceoux Qocmyn-
Holx Cocroaruil, m. e. 8 a000d u3 docmynubix sueex hazoeo2o npo-
cmpancmed.,

I1puwmep. B kauecTBe npocToro npumepa KAacCHYECKOTO PACCMOTPEHHsI CTa-.
THCTHYECKOH 3aJ1aun 06paTHMCS K YaCTHLe, Haxozsuiefica B siinke AJHRoi L, ABHKeHHe
KOTOpOH OrpaHnyeHo olHHM H3MepeHHeM. Eciu 0603nauyTh XoopAnHaTy YacTHIH Yepe3
X, TO ee ABHXKeHHe orpaunyeHo ycjoBHeM O<x<CL.IlycTb -Ha yacruiny He JeHCTBYiOT

v
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HUKAKHe CHJIbl M BCHA ee IHepIrus HCYEPNbIBACTCA KHHeTH1ecKof SHEPFﬂeﬁZ

1 1 p?
E=—m=—"-
2 2m'
TIe U — CKOpOCTh, #l— Macca ¥ p==muv —— UMIy.I5C uacTaupl. Ilpeanonoxuy, yto
HACTHIA H30JHPOBaHA; TOTAA OHA 06/1aJaeT NOCTOsTHHONA 3Hepruefl, sexaulell B y3KoM
nurepsaie Mexay Eu E--dE, a ee MMIYJIbC JONKEH JIEKATb B MAJIOM HHTEpBAJE HM-

NYJIbCOR dp BOIN3H 3HAUEHH] p=-|- V 2mE. Rocrvnuas s 4aCTHILI 4acTs thazosoro
fPOCTPANCTBA  lIOKA3aHa  3aINTPHXO-
BadHO# obaacTnio Ha pHe. 6.3. Ecan 4
(hasoBoe MPOCTPAHCTBO pa3jeluTh Ha
Magbte Auefikn 6x dp=hy, To 3awrpu- LLLLT
xoBaHHas oGAacTs Gyler cogepxkars [ HVomE %
Gosblloe YHCAO TAKHX sYeeK, npeg- H
CTaBJIAIOMWHX COGOH OCTYITHBIE COCTO-
ANUA HAWLIET CHCTEMbI.

Jonycring, 4To 4aCTHUA HAXOTHT-
¢s1 B paBHOBecHH. ToOrAa ua oCHOBAHUH
CTATHCTHYECKOrO  MOCTY/1ATa  MOMKHO i
VTBEPXKIATh, UYTO KOOpAHHATA X H J I nu
HMITY56C YACTHLBL f NPUHHMAIOT Ta-
Kie 3HaueHus, YTO YacTHuA C paBHOH T
BOPOSITHOCTBIO MOXKeT GbiTh ofHapy-
KeHa B JI060[ M3 sueeK  3aAWITPHXO-
BaHUOH 061acTH. IDTO 0O3HAYaeT, 4TO

C paBiioif BEOATHOCTHIO WACTHUA §Y- (T -V/2E. Z
JeT IMeTh UMNYALC, JeXKalHi B HH- T
Tepeaste  dp  BOJNSH  3HAYEHHs NERE

4V 2mE u B Takom xe HHTepBaje

: 1 Pyc. 6.3. KuaccHuecxoe ¢Paszopoe npocTpaicTso
dp BOIH3H } QmE'o Sro TaKke YACTHIRL, ABHKYIleficA B OMlIIOM H3MepPeHHH B
03navaer, YT0 ¢ PaBHOH BEPOSITHOCTLIO suiKke aanHoit L. CocTosiHHe waCTHIBI Xapakre-

KOOPAMHATA YACTHLBI X [IPUliHNMAeT  PH3YeTcs KoopAwuatoft x ‘M uHMIy/ibCoM p; ee

. : SHepran JemHT Mesgy £ wu E+8E. Cocrostusis,
/MoGoe sHaucHie B npejenax or 0 o JOCTYflHble. 4acTHUe, COOTBETCTBYIOT sideilkaMm, Ha-

L. Hanpm\iep, BEPOATHOCTH TOI'O, 4YTO XOAAUIMMCA B 33MTPHXOBAUHBIX OOAECTSX.
YACTHLA HAXOIMTCA B JeBOll  Tpern
AiMKa, paBHa 1/3, TaK Kak UHCNO AOCTYMHBIX COCTOSIHUN, A/ KOTOPBHIX O<x<1/3
€OCTaBASIET OJAHY TPeTh IOJHOTO YMCJa JOCTYMHBIX COCTOSHIH. TZ

BCe ofuive

V3 3ameuannil, ciefaHHbBIX ‘Bhille, CTAHOBUTCS SICHO, U
cooGpaxeHHst, OCHOBaHHBIE HA CTATHCTHYECKHUX [IOCTYJIATAX ¥ HA [10JICHETE
Ync/ia COCTOSIHHMI, B PABHOH CTeNeHH IPHMEHHMbI H. MPH KJIACCHYECKOM
onkcanuu. B uacthocTH, ocTaercst CrIpaBeTHBbIM H ‘BHIBOJL KAHOHHYEC-
KOTO pacipejeeHis, BpnoaHer el B 1. 4.5. Ecan omucbiBaemas kaac-
- cUYecKast cHcTeMa A HAXONHUTCH B PABHOBECHH C TEMJIOBLIM pe3epByapoM
npu abcomoTHolt Temmeparype T'=(k3)~!, TO BEPOSITHOCTb OGHAPYKHTH
3TY CHCTEMY B J@HHOM COCTOSIHMW r ¢ 3Hepruedl E, coriacno (4.49)

Prme—ﬁEr C )
31ech COCTOsIHME 7 03HAYACT ONPeieeHHYIO sueiiKy GasoBOro NpocTpaH-
CTBA, /15 KOTOPOH KOOPJAHHATHL M MMIYJbCH CHCTEMLI HMEIOT 3aaHHoe
3HaueHHe (G1,...,4p Pi,--.,p;). COOTBETCTBEHHO 3HEPTHst CHCTEMbl A,
KOr/la KOODAMHATBI H HMIYJbChl YacTHIL NPUHHMAIOT YKasaHHble 3Ha-
YeHMs!, PABHA _ : Coa

Er=E(qs Qo+ 45 Pu Pas <oos Pg)s ().
T4K KaK 5HePrHs CHCTeMbl A 3aBHCHT OT KOODAHHAT H HMMYJIbCOB. "
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O6uiuno kanonnyeckoe pacnpeseseniie (7) yno6HO BHpaxaTh uepes
MLAOMHOCTe BEPOSITHOCTH. DTO MOXHO CH€.1aTh TeM Ke CIecoBOoM, 4TO I
B 0. 2.6. TlocrapaeMcst HalTH 3HayeHue cjenviouleii BepOSITHOCTIL

PG oy G Py e, pdg, .. .dq.dp,. dpy=

== BEPOSITHOCTb TOTFO, 4YTO y CHCTeMbl A, HaXozsimiefic B KoH-
TaKTe C TEMIOBLIM De3ePBYapON, NepBasi KOOPAMHATA JIEAKHT
B HHTEpBaJe OT ¢, 1O §(--dq, ..., -1 Koopauuarta Jexur (9)
B HHTEDBAa.le OT ¢, 10 ¢, dq,; TepBLIl HMOY.IEC JEKNT B
uHTepBasle of p, A0 p,tdpy, ... u f-H uMnyae Jaexur
B HHTEpBAJNE OT p, Jio p,--dp,.

B 510 (opriy.ie unrepBabl dq; W dp; Masbi B TOM CMBICJE, HTO SHEPTLIIS
E cucrenpl A He3sHauNTeIbHO MeHSETCS, €CH ¢; U p: H3NERSIOTCS B Npe-
Aenax STHX HHTEPBAIOB. JTH HHTEPBAJL, OAHAKO, BEJIHKH N0 CpaBHe-
HHIO C HHTEPBa/aMi, pasaesuoliMu  (asoBOe NPOCTPAHCTBO, T. €.
dq;>>8q; n dp;>08p,. Tostomy saement obwvema (dq,...dg 7 dpy...dp))
(a20BOro NpOCTPAHCTBA CONEPIKUT MHOTO 3JEMEHTAPHLIX sYeek oGbema
(8g+...89 Op1...0p )=h} (puc. 6.4). B xakuoli U3 5THX sueex sHepris

g
p =

|

Pnc. 6.4, ITpnvep npymepnoro dazoporo npocrpatcrea, pasaeei-
HOrO HAa MaJble si4eiiKH paBHOro «ob6LeMa» O8g0p=h,. amTprxo-

Bannan 0bnacTh COOTBETCTRYET 3JeMeATy 06beMa Beanunnoit dgdp.
COEPKALLEMY MHOIO si¥eeK.

cHcTeMbl A, a caienoBate/IbHO, H BEPOSTHOCTD (7) NIMEIOT NIPUOAH3HTENbHO
oInHaKoBoe 3HayenHe. [Tostomy, 4TOGEI HAATH ICKOMYIO BepoaTHOCTE (9),
C/eyeT YMHOKHTL BepOATHOCTD (7) naxomleHns cucreMel A B JaHHOM
suefike (pasoBOrO MPOCTPAHCTBA HA MOJHOE. YWHGNO-(d4,...dp ) /h) Takux
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ayeex, T. €.

dg,...dp
g)(qp DR P/)dq,...dpfoc e'ﬁEr__Lh.f__{’
i
HI
P (‘h, e ey P/) dql . .dpf:Ce“f}Erdq]. A _dpf, (10)

Tie C — KO3pQHLHNEHT MpPONOPLUHOHAALHOCTH (BKAWOYawouil B cebs
nocTostHityto hj). 3HaueHHe 3Toro Ko3(pHIEHTa onpenessieTcst M3 yc-
JIOBHiSl HODMHPOBKH, KOTOPOe 3aK/I0YaeTcst B TOM, YTO CyMMa Beex Be-
positHocteft (10) no Bcem NOCTYNHBIM 3HAYEHHANM KOODAHHAT U HMIIYJb-
coB cucremsi A paBHa eliHHueE:

SfP(qI, e PP dg,. . .dp,=1.

3/ech uHTErpHPOBAHIE IIPOU3BOANTCS N0 Beelt 06.1aCTH (Ja30BOro npoct-
pancrea, nocrynuoro cucreme A. Orciona HEmoCpencTBEHHO CJEAyer:

C‘-‘l:Se—hE(Qp-... P dg, ... dp,. (11)

B caenyioiem maparpade Mol IpUMEHHM pa3BHTbIe 31eCh oflnHe coo6-

paxeHus K HMeWIeMy Go/blioe 3HaYeH e IPOCTOMY C/yYai0 OIHHOTHOLH
MOJIEKYJb! B TPEXMEePHOM NPOCTPAHCTBE.

$.2. MaxcBea0BCKOe pacnpefeneHye cKopocrei

PaccMoTpHM HAeanbHbll ra3, noMelleHHBI B cocyn oobemoM V u na-
XOIASMIMACS B PaBHOBECHH NpH abcomothod Temneparype T. IT1or rus
MOJKET COCTOATH H3 MOJAEKY/ PasJnyHbiX THNOB. JIONycTHM, 410 ycio-
BHSI, B KOTOPbIX HaXOIHUTCS a3, TAKOBLI, YTO KJACCHYECKOe PaccMoTpe-
Hlle BO3MOXKHO. B KOHile Hauero paccMOTpPeHHS Mbl BHISICHHM, B 4em
OHH 3aKJI0YAI0TCA, a NoKa OYIeM paccyzk/1aTh B TEPMHHAX KJAACCHUYECKOH
MeXaHNKH H COCPENOTOUHM BHHMAHHE Ha OXHOM U3 ra3oBbiX MoJeky.. Ta-
KYI0 MOJIEKYJ1y MOXKHO CUHTarb MaJsofl CHCTEMOH, HaXonsiueiica B TepPMH-
YeCcKOM KOHTAKTe C TellIOBLIM pe3ePBYapoM, KOTOPbIH 06pa3oBal OCTallh-
HBIMII MOJIeKYyJaMH rasa u Haxoautcs npH rtemneparype 7. K rtakomy
CIVY4I0 MOXKHO cpasy ke NPHMeHHTb KaHOHHUecKoe pacrpejeseHue,
Honycrum aast Havada, YTO Mbl HMEEM [eJ0 C OJHOATOMHOH MOJAEKYJOH.
Ecau npeHeGpeus Beedil BHCUHHMH CIUIAMU (HNPHMeED, CHAOH TAKECTH),
TO BCSA 3HEPrHUs STOH MOJEKYJIbl SIBJAeTCS] KHHeTHUEeCKOl 3HepTHel:

l

g =5 MV’ = (12)

o) —
3=

31ech V — CKOPOCTh, #11 — Macca U p=myVv —HUMIYJIbC MOJeKYAbl. Mol
CYUMTaEM, YTO ra3 JOCTAaTOUHO pa3peeH, 4TOObl ero MOXHO ObLIO CYH-
TaTh HICAbHBIM; TOTAA TOTeHUMAJhHON SHEPTHell B3amMojeHCTBUSA C
APYTHMH MOJEKY/aMH MOXHO HpeHeOpedb. B 9TUX ycnoBusax 3Heprusi
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MOJIeKyJIbl He 3ABHCHT OT N0JI02KEHHST MOJIEKYJIbl B COCYJie, OITHCHIBAEMOTO
BEKTOPOM .

Knaccuueckoe OMHCAHMe MOJEKYJIbl 03HAYAeT OMHCAHHE C OMOILbIO
Tpex KOOPIMHAT, X, Y U 2, ONPEAEAIOUIHX MOJOXKEHHE MOJEKY/bl B
NPOCTPAHCTBE, H TPEX COOTBETCTBYIOUIUX COCTABJMIONIMX HMITYJAbCa P,
py» p.. Hac Oyner nurepecosarb BEPOAITHOCTb TOTO, 4TO IOJONKeHHE
MOJIeKYJIBl 3aKJIOUEHO B HHTEpBaje OT r Jo ¥ - dr(aTo O3Hayaer, 4TO
KOOpIHHATa X JI&KHUT B HHTEPBaiE OT X 10 X - dx, KOOp1HHara i — B HH-
TepBaJe OT & JO y - dy H KOOPMHHATA Z — B HHTEPBAJIE OT Z 0 Z -+ d2)
Il 4TO OJHOBPeMEHHO ee UMIIyJbC JIEKHT B UHTEPBaje OT p Ho p - dp
(T. €. 4TO COCTABJAOAS HMIYJbCa p, J&KHT B HHTEpBajde OT p. 10
P+ dp,, cocTasasiowas p, — B HHTEpBAJe OT p, 1O p, -+ dp, H COCTAB-
Jawoliag p,— B HHTepBaJe or p, o p,--dp,). Bra oénacrb U3MEREeHHHA
KOOPJAMHAT H HMITYJIbCOB COOTBETCTBYeT «oObeMy» (hasoBOTO NPOCTPaH-
cTBa, paBHoMy (dx dy dz dp, dp, dp,)=d’rd’p. 31ech Mbl HCUOAB3VEM
OObIUHBIE CORPAIIIEHIs:

d’r==dxdydz (13)
H
d’p=dp,dp,dp.

LIs1 3J1eMeHTa 00beMa PeabHOrO NPOCTPAHCTBA U JUIS S/1eMeHTa o0beva
NPOCTPAHCTBA HMITYJAbCOB COOTBeTCTBEHHO. llcnonn3ya KaHOHHYECKOE
pacnpenesenne (10), Mbl HEMEVICHHO NOJYUIIM HHTEPECYIOULYIO HAC Bepo-
SITHOCTB TOTO, YTO NOJIOXKEHHE MOJEKY/1bl HaXOAUTCS B Npefle]ax Mermiy
r U r--dr, a ee UMIYJLC HaxOAHTCS B HpeleaX MeXIy p U p--dp:

P(r, p)ditdip x e-B @ gp o, (14y
't dp

rne P=(kT)~*. Ml Bocrosb30BasuCh 31€Ch Bhpa:keHueM (12) aasa snep-

TUH MOJIEKYJBI, HMe B BHIY, uTO p*=p?, [TosyyeHHbil pe3yabTaT MOX-

HO BHIpa3HTh H Yepe3 CKOpPOCTb MOJEKYJb v==p/m. B 3TOM ciiydae mbt

NOJAYYHM BEePOSTHOCTb TOTO, YTO MOJIOZKEHHE MOJEKYJBl 32aK/JI0YEHO B

npefenax or F O r-+dr, a ee CKOPOCTb — B IIpeleax OT V IO V--dv.
Hueenm

_,.'_ ﬂanﬂ (15)
G e, V)drd*vole ® d*r d?v,

rae d*v=dv, dvy dv, n v*=v2,

Bblpa}KeHHe (15) npencrapaser coﬁou BechbMa OOLIMH pe3yJbTar, B
KOTOPOM 3aK/itoueHa TIOApoOHasi HHPOPMALLHS O NOJONKEHHH U CKOPOCTit
JoBoi MoJiekyJnl Taza. M3 dopmyast (15) caenyer 60abi10e KONHIECTBO
GoJiee YacCTHHIX pe3yabTaToB. Hanprmep, ¢ nomousio (15) mMoxHO y2-
HaTh, KAaKOe KOJHYECTBO MOJIEKYJi HMEIOT CKOPOCTH, Jexkaliyl B JaH-
HOM HHTEpBaje, WJH, €ClN a3 COCTOMT U3 MONEKYJ DasjuYHOTO THNA
(HanpHMep, M3 MOJIEKYJ aprona M TefHs), KaKOoe KOJHUUECTBO MOJEKY.I
JAHHOTO THNA HMEIOT CKOPOCTH, JIeXKallyio B JAHHOM HHTepBate. Pac-
CMaTpHBasi TOJbKO MOJEKYJbl ONpelefeHHOIO. THIA,  Mbl. MOXKEM
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BBIYHCIAHUTH

[ (V) d®v'=cpensee uHCO MOJEKYJ (IAHHOTO TIiNa)
8 eduHuye 06BeMa, CKOPOCThL KOTOPHIX 3a- (16)
KJI0UeHa Mexny v U v--dv.

Tak kak N mouekyJs HallleTo HaeaJbHOTO rasa ABHXKYTCHA HE3ABHCHMO,
6¢3 3aMeTHOTO B3aUMOJIEHCTBHA, TO I'a3 NpeNcTaBaseT cofol cTaTHCTHYe-
ckHi ancaMGib, 4acTk KOTOPOro, onpele/senMasi BeposTHOCcThIO (13),
uMeeT MOJIoXKeHHe, 3aK/I0YeHHOe B HHTepBae OT I 10 r--dr, u cKopocTH,
JIeXKallHe B yHTEpBase OT v 10 v-dv. Cpexvee yuci1o f(v)d*v mel noay-
YlM, YMHOXHB BeposaTHOCTE (15) Ha nosiHoe unca0 N MOJIeKYa JaHHOTO
THIIA H Pa3jesHB ee Ha jaeMedT obbesa dx dy dz. Myeem

)y = A0

HIH

| S

F(v)dv=Ce ?”"“261 % (17)

rie C — Ko3(}pHILHEHT NPONOPIHOHANBHOCTH H P==(kT)~1. 10T pe3y/ib-
TAT W3BECTEH KAaK MQKCBEAN08CKoe pachpedeaeHue ckopocmerd. Brepshie
ero nosiyyna Makcsent B 1859 r. (Ha ocHOBaHMH COOGpameHHii MeHee
ofero xapaxrepa).
3ameTtum, uto BeposiTHocTb P’ [popmyana (15)1 uan cpennee uncao f
(popmyaa (17)] HE 3aBHCHT OT IOJIOXKEHHS I MOJIEKYJIbl. DTOT pe3yapTar
NONTBEPIKAAETCS ¥ COOOPAKEHHAMH CHMMETDHH, TaK KaK B OTCYTCTBME
BHEIIHUX TI0eH MOJEKY.J1a He MOXKET HMeTh MPEHMYI1eCTBEHHOTO 1010~
JeHusl B IPOCTPaHCTBE. 3aMeTHM TaKkKe, 4T0 2’ (Wau f) 3aBUCUT TOAbKO
OT BETHUMHLI CKOPOCTH V, HO He OT €e HalpaBJieHus, T. €.

F(v)=T{(v), (18)

e v==|v|. D10 TaKKe CJAEACTBHe CHMMETPUH, TaK KAK B yYCJAOBUAX, KOLia
COCYN KAK 1eJ10e NOKOUTCS (MPH 3TOM HENOJBHXKEH M ILIEHTP Macc BCEro
rasa), lipeuMyllecTBEHHOE HalpaBJjeHHe CKOPOCTH OTCYTCTBYeT.

Onpenenenne noctoanuoll C. IlocrosaHan C MoxmeT GbITh NOAYYEl:

13 yoaoBud, uro cymma (17) mo BceM BO3MOXKHBIM 3HAaUeHMAM CKODOCTH JO/KHA NATh

noHOe cpelHee YHCIO 11 MOJLeKYJ (AaHHOrO THIA) B efuuuue obbeva. Takum oGpason,
-1 pBmo?

CSe 2 d3v=n, (19)

HIAH

~ o
)
Pazjarast 3kcnoHeHTY Ha MHOXKHTENH, HMeeM

1 2 1 52 1 L2
~—fPmoy ——=Pmo’ —— fmo;
CSSSe * e 2 Yo 2 dv, dvy, dv, =7,

d 1 2 2 2 '
L (e o o)

\ e *® Y do, dv, dv, ==n.

J



HJIH

+® __;1_ Bmvi 4w _% Bmvz 4w 1 Bmv;
Cge deSe " dv Se : y==n.
- - -m

Kaxnwiit u3 tpex Hanucauusix uurerpanios umeer [em. (M. 23)] onuuakosoe 3Hayenue

e _ e /T N[ 2mn\Ye
e dex=: I -——\ﬁ”l .
7 bm
Takum o6pasom, .
Cen (ﬁﬁ)’ 20)
2n
%
N 1
A
f(vyd®>v=n <%LZ> ez 0y 2

MpuMeHUMOCTDb MOJNYUEHNB X Pe3VAbLTATOB AJAST MHO-
TOAaTOMHB X MOJeKYJa [Iperooxuy, yTo paccuarpHBaeblif a3 COAePAUT
MOJIEKYJIbl, KOTOpble He fBJISIOTCS OJHOATOMHLIMH. B yCJOBHSX, H3MOWEHHLIX Bhllle,
ABHXKeHMe HEHTPa MacC TAKHMX MOJEKY/ MOXHO pacCMaTpHBaTh B KJACCHYECKOM IpH-
O/KeHNH, HECMOTPA HA TO, YTO BHYTPHMOJIEKYJpHOe ABHKEHME, 3aK/IOYaIOLIeecs BO
BpalLeHUH H KOJleOAHHH OKO.10 LEeHTpPa Mace, o6bluHO TPeOyeT KBAHTOBOMEXAHHUECKOro
pacenorpenss. CocTOsTHHe MOJIEKYJbI MOXKeT OBITh TellePb OIUCAHO MOJIOKeHHeM I i
HMITYJIBCOM P ee HEHTPAa MacC H YKa3aHHeM KBAHTOBOTO COCTOSIHHS S, XapaKTepH3YIo-
HEro BHYTPHUMONEKYJISipHOe IBHKeHHe. DHepPrius MOJEKYJIbl Telepb paBHA .

p? )
& = -77_1. + Sgnv (22)

rie NepBbIii UaeH crpaBa o6O3HavaeT KHHETHYECKYIO SHEPTHIO JABHMKeHHMs HeHTpa mace,
a BTOpOit UJeH — BHYTPHMOJIEKYSIPHYIO 3HEPTHIO BPalleHHst H KojleBaHHA B COCTOS-
uuy s. KaHoHnueckoe pacnipesiesieHne MO3BoJseT HaM HeMeAJeHHO HANHCATh BBIpaxe-
HHe [Via BeposiTHOCTH P4 (r, p)d3r d3p Toro, uTo MoJ1eKyJ/1a HAXOAUTCS B COCTOSIHHH, KOria
ee LeHTp MacC JeKHT B HHTePBase oT ' A0 r-dr, HMIYJbC ee LUEHTPa MAcC JEKHT B HH-
TepBaje OT P 10 p-+dp, a BHYTPHMONEKYJIPHOE JBHKEHHE XapaKTepH3yercs COCTOs-
unuenm 5. Mimeem .

£y

Y QLN Y. L
Psr, pdirdipoce NP7 >d3rd3poCe 2 gae dspe” P05 (93

Yro6ul HalTH BepOSTHOCTh TOFO, YTO LEHTP MACC M HMIYJbC HEHTpa MacC MOJIeKYJIbl
J€KAT B HHTepBanax OTf AOT + dr 1 OT P A0 P+ dp COOTBETCTBEHHO, HE3ABUCUMO OT TOTO,
B K4KOM COCTOSIHAM BHYTPHUMOJNEKYJISIPHOTO ABHIKEHHST HAXOMUTCS MOJIEKYJIa, Mbl 10JK-
11bl POCYMMHPOBaTh BeipaykeHHe (23) no BCeM BO3MOKHBIM BHYTPHMOJIEKYJISIPHBIM CO-
crosHusM s. Ho Buipaxenne (23) sBasieTcsi npou3BeeHHeM JBYX MHOXXHTedel, ¥ CyM-
MHPOBaHHe BTOPOrO MHOMHTENS 1O BCEM BO3MOMHBIM COCTOSTHHAM O3HauaeT YMHOMKeHHe
NepBOTO MHOXMWTeAs HA HeKOTOPBiH NMOCTOsHHBIN Kosbduntent. TeM caMbiM pe3ysbTar
{23) cBoauTCA K BhIpaxeHuio (14), KoTopoe Teleph OTHOCHTCSA K HEHTPY Mace MOJeKYJpt.
Taxum obpasom, (15) 1 MaKkcBeJsI0BCKOe pacnpefenenne (17) sBasOTCA BeCbMa OGUIMM
PE3YJLTATOM, KOTOpPHIH OCTAeTCst CrpaBelVIMBBHIM TaKie M IJIs ONHCAHUA NBHKeHHs
LeHTPa MAacCc MHOTOAaTOMHON MOJIeKY.bl rasa,
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6.3. CBoficTBA MAaKCBEJJIOBCKOTO pacnpeleeHusi

MakcBessIOBcKoe pacnpenesieHe NO3BOJMHT HAM HEMeLIeHHO TOJY-
YUThL HEKOTOpble CBSISaHHBIE C HIIM pacnpeiesienns, HalipiMep, pacipese-
JIeHUE CKOpOCTeH Ta30BbiX MOIEKY.1. MBI YBHIHM M033Ke, YTO HEKOTOpLIE U3
9THX Pe3YJILTATOB MOTYT OLITh HENnocpeJACTBEHHO IPOBEPeHHl HA OIhITE.
PaccMOTpHM HEKOTOpEBI® CAENCTBHA MaKCBEJIOBCKOTO pachpeiefenHts H
BBISICHHM, MPH KAKHX YCJAOBHAX 3TO paclipefeerte Gyaer CnpaBenJiiBo.

Pacnpedenerue Komnotenme: ckopocmu. Jonycrun, 4t0 Hac uHrepe-
CyeT COCTaBJAIOAsA CKOPOCTH MOJIeKyJbl BAOJb OJHOH M3 ocell, nanpu-
Mep, ocH x. B sToM cayuae mbt Oynem HMETb 11e/10 €O Caefy el Be g~
HOH, OTHOCsIEHACS K MOJAEKY/JaM JAaHHOIO THIa:

g(v,) dv, = cpeHee yuCIO MOMEKYJ B eHHHLE 00BEMa, X-KOMIOHEHTa
CKOPOCTH KOTOPBLIX JIGKHT MeXAy v, H v,-+du, (He3aBu-
CHIMO OT TOT'O, KAKHE 3HAYEHHS NMEIOT IPYrie KOMIOHEHTH).

Utobbl 1OJAYYHTB 3TY BeJIHYUHY, Mbl 7,
JOJKHLL ONIPENeINTL YHCAO BCeX MoJe-
KYJ, KOMIIOHEHTH CKOPOCTH U, KOTOPHIX ,
Jexar B YyKasaHHon nureppate. [lo- \

3TOMY
\

glu)do, = fv) dv, 4 \
(U‘S) (:,52) \ .
g Uz

Tle CYMMHPOBaHHe (MHTErpHpOBaHME). kT
NPOHU3BOJUTCSA 10 BCEM BO3MOXKHBIM 3HA- - m

Pic. 6.5. Maxkcrenanorckoe pacripeje-
YEHHSIM KOMIIOHEHT U, H U, CKODPOCTH Jeriie, HAOUIEe CpEaHee THCAO g0, 0,

moJtekya. Henoapays (17), Mbl 00ay-  vorexys m efwiiue ofvesa, x-KoMmo-
HEHTA CKOPOCTH KOTOPBIX JIeKHT MCKAY

yaem: vy ¥ Ug-tdug.
1 > 2. 9
—e— B W24 0% o7)
gy)do, =C S S e ¥ du doy do, =
(Uy) @z)
) 1 L te e t s .o
- W”_U,c » " - Bm( ul;+vz)
=Ce * du, S S e ? dv, dv,,
— —®
Wik )
t 02
~— o
gw,)dv,=C'e * *du,, (24)

TaK KaK HHTerpUpoBaHye no Uy 1 U, IPUBOJMT K TNIOSIBJIEHHIO HOBOTO KO3~
(dyHenHTa, KOTOPHIE MOXeT "ObiThb BKJMIUYEH B KO3((HUHEHT nporop-
nxonaabHocTH C’ *). Beanuanua C’ mokeT ObITh ONpese/eHa U3 yCaoBHSI,

*) 3amernM, uro (24) sBJSeTCA .NPOCTHIM TAYCCOBCKHM pacnpeieienueM (cM.
npuaoxente [1.1).
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4TO TIOJMHOE CpejHee YHCAO MOJeKyJad B elHHule ofbeMa paBHO A:

o

s _L gt
Vewodo,=C § > a,=n.

Orcroga cgeayer: .
CJ—n@m>h. (25)

U3 gopmyast (24) BUAHO, UTO KOMIIOHEHTa CKOPOCTH U, pacnpejeneHa
CHMMETPHYHO OTHOCHTE/JBHO 3HaueHus v,=0. Orciofa ciaelyeTr Tak-
K€, 4TO cpenHee 3Hadyenue JOOOH KOMITOHEHTHI CKOPOCTH MOJIEKY.JIbL
pasho O:

0, = 0. (26)

Ou3ngecKH 3TO SICHO M3 COOOPaKEHUH CHUMMETPHH, TaK KakK U,-KOMIIO-
HeHTa CKOPOCTH MOJIEKYJbl C DABHOH BEPOSITHOCTBIO MOXeT OhiTh MOJO-
JKHUTENbHOH MM OTpHUATe/bHOH. MareMaTHYeCcKH ITOT PE3YJbTaT CJe-
Jyer W3 onpejesieHHa cpeaHero *):

— 1 A
o, = | @), do.

. 3xech QyHKIHA, CTOANAR NOJ HHTErpajoM, HedeTHa {OHA MEHSET 3HaK
NpH IepemMeHe 3HaKa v,), TOITOMY BKJajbl B HHTETPa OT HOJOKHTE/b-
HBIX H OTPHIATENbHBEIX 3HAUeHUi v, racar gpyr japyra.

3ameTuM, yTo PyHKOuUA g(v,) HMeeT MakcHMYM npH v,=0 K ObicTpo
yMeHblIaeTcss ¢ Bo3pactannem |o,|. OHa cTaHOBHTCH npeHeépemmo
Manoi npu [Pmod>1, 1. e, '

econ |v, |3 (T /m)">, - g (v,) — 0. 27)

Pacnpenenenne g(v,) 1no Mepe yMmeHblneHHs abCO/AIOTHOH TeMmepaTyphi
T umeer BO6aAH3M v,=0 Bce OoJee OCTPhIl MAKCHMYM, YTO OOBSICHSIETCS
yMeHbLIEHHeN cpeJHell KHHeTHYecKOH sHepTuH MOJMeKYJabl npH T-—-0.

Bce cxasaHHOe 0 KOMIIOHEHTe U, B PaBHOI CTeNeHH CIpaBeJIHBO H
1S KOMIIOHEHT U,, H U, TAK KaK, H3 COOBpaxkeHuii CHMMETPHH SKBHBAJIeNT -
HOCTh BCeX KOMIIOHEHT COBEDIIeHHO OdeBHHA.

Pacnpedeaernue cropocmeil mosexya. PaccMOTpHM MOAeKYJIB JaHHOTO
THIIA W BBISICHHM, YeMY paBHa CJefyiomasi BeJHYHHA: .

F (v) dv== cpennee 4HC/JIO MOJICKYJ B eluHuILEe 00BEMA,
06JajalomUX CKOPOCTbIO U==|V|, Jexxaniefl
B nmepaane oT v JIo v+ dvu.

Mul IIOJ]Y‘«IHM 3TO YHCJIO, CKJallbiBa#d BCe MOJCKYJIHI, abcoMoTHAS BeH-
YHUHA CKOPOCTH KOTCPbIX, HE3aBHCHMO OT ¢e HanpagieHus, JeXUT B YKa+

*) Mbl MCIONL3YeM ONpelesieHHe CPefiHero, JAHHOE (bdpmy.noﬁ (2.78).
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3aHHOM wuHTepBase. Takum oOpaszoM,
F@do={"f(v) d, (28)

rjie WTPUX 1MoL 3HAKOM HHTErpaJa YKasblBa€T Ha TO, UTO HHTerpHpoBa-
Hlle TPOU3BONHTCHA II0 BCEM CKOPOCTAM, YAOBAETBOPSIOIIUM YC/AOBHIO

v<|v| <v-tdo.

DTOMY YCJAOBHIO YIORJETBOPSIOT BEKTOPbI CKOPOCTH, OTDaHHYyeHHbie B
TIpoOCTpaHCTBE cKOpocTel cepHUeCKHM CJI0eM, BHYTPEHHHH panHyc Ko-
TOPOTO paBeH v, a BHewHHH v -+ dv. Tak Kak dv -— BejHYHHa 6ECKOHEUHO
aManasg, a f(v) 3aBUCHT TOMBKO OT dBCOJIOTHOrO 3HAYEHHA V, TO BO
Becefl obaacty uHTerpupoBauust B ¢opmyse (28) byuxuus f(v) nmeer
NOCTOSIHHOE ~ 3HadeHlie f(v) W MoxKeT OblThb BBIHECEHA 3a 3HAK
unterpana.  OcraBumiics  uHTErpad
paBeH ofbeMy B NPOCTPAHCTBE CKOPO-
cTell cepHUeCKOro €051 PAIUYCOM U H
TOIMHON dv. 2T0T 00beM paBeH MpPOH3-
Be/leHUIO MOBEPXHOCTH cjost 4mo? Ha
ero tomunny dv. Tlosromy (28) npunu-
‘MaeT BHJI

F (v) dv = 4nf (v) 0 dv. (29)

Henoassys (17), mbl noaydaem

Puc. 6.6. IlpoctpaHcTBo CKopocTeft
AJNR ABYX H3MmepeHHil (ock Uz nepneH-
(30) OUKYJAsiDHA K TJOCKOCTH  YepTexa).
Chepryeckuit cnoit CofepHT Bce Mo-
NeKyJsi, CKOpOCTh KOTOPHIX V TAaKOBa,

yto v<<|vi<Tv-|-du.

‘ 2
Foydo=4nCe = "™ 2 do,

rae C onpenensercs qopmyJoit (20). Popmyaa (30) HazbiBaercst MakcBed-
JIOBCKHM pacrpene]eHueM CKOpocTefi. 3aMeTHM, 4TO MaKCUMYM 3TOTO pac-
fpefeneHHs] BO3HHKAeET 110 TOH ke NpHUHHE, YTO U MAKCHMYMBI, PACCMOT-
peHiible HaMH IPH 00CYKAeHHH OOUIHX PHHIIMAOB CTATHCTHUECKOH Mexa-
HuKH. C yBeju4YeHHeM U IKCHOHEHIIHAAbHbBIH MHOXUTENb YMEHbULACMCA,
HO o0bemM $a30BOro NPOCTPAHCTBA, NOCTYHHBIH MOJEKYJe, 803pacmaenm
NPONOPLUHOHANBHO V?; B Pe3yJbTare paclpe/iesieHie HMeeT MIaBHbIH MaK-
CHMYM.

OueBujaHo, uto cymmuposanue F(v)dv no Bcem BO3MOMKHBIM 3Haye-
HHUSIM CKOPOCTH U= [V| JIOJKHO JaTh IIOJIHOE CpellHee YHC/IO MOJEKya B
enuHune obbema, T. €.

°§F(v) do=n. 31)
; \

Hikuult npejen 3Toro MHTErpaja paseH HYJIO, TaK Kak, NO ompeae/ne-
HHIO, CKOPOCTb U==|V| MOJIEKYJH He MOXeT GHTb OTPHLUATENbHOM.

8 o. reag : T 295



Ha pucynke 6. 7 noxacana 3aBucumocTs yHKnuH F(v) OT cKopocTH
v. Ckopoctb v=v, npn Koropoil F(v) umeer makcumywm, HasbiBaeTcs

{
-n—F(U) "
‘08 r/\]\
4 |
AN
06 T
/ | }: \\
N
b SN
Pl
A N\
Y117 H <
SREER | ~—
b 04 0810112 46 20 z
.3”7 \Vig;ks. v
U

Puc. 6.7. MakcsensiosCkoe paclipefiesienne, MOKashipawiliee CpeiHee SHCIO MmoJdekyn F(uvydo B
eanuule o6beMa, HMEOUIHX CKOPOCTh OT v A0 v+4dv. 3a eaMHuny CKOPOCTH B3sTa HauGosece Be-
- 1 —_—
posiTHAsl CROPOCTh v==(2kT/m) /e Ha rpadunke nokasana cpefusisi CKopocTh U B CpeAHsIs KBajpa-

—1
THUHAS CKOPOCTB T o =(¢*) '*

Flv) 300°K

DK

~

Fuc. 6.8. MaxcsesioBckoe pacnpejieflenne CKopocTeli MoJieKysd npH pasiHYHbIX TeMNepaTypax.

rauboace eeposmuoll ckopocmoro. Ee BeqnuuHy MOMXKHO HalTH H3 ycio-
sust dF /dv=0, yto ¢ nomompio (30) aaer

. g
(—ﬁmve—_{ P ) e’ 20) =0,
oTKyzna L -
~ / 2 2kT
V=V (32)

PaccmoTpuM B KauecTBe npuMepa asoT N, IPH KOMHATHOH Temmepa-
Type T~300° K. Tak Kak MoneKyaspHuii Bec asota N, pasen 28, a
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uicao Agoranpo pasHo 6. 10% moaexya/mone, To Macca OTHOR MOACKY I,
azora maan 28 /(6-10%%) = 4,6+ 1072 2,,u u3 opmy.ibl (32) Mbl HoNydaem
Hanbo/ee BEPOSITHYIO CKOPOCTb MoaeKyabl N,:

v 4,2-10° cmjcex = 420 m/cex. (33)

3ameTnM, YTO 3Ta BeJHUMHA HMeeT INODSJIOK CKOPOCTH 3BYKa B rase.-

[Tpumenumocmo & 2a3y Kaaccuueckoeo npubauxcerus. Tlocrapaemcs,
TeTepb BBLIICHHTb, NPH KAaKHX YCAOBHAX K/ACCHYECKOE PaccMOTpeHHe
H1ca/bHOrO Ta3a, a 3HAUHT, H MAaKCBe/AJIOBCKOE pacnpeleseHHe CKopoc-
Teil MOTYT cuHTaThes cnpaseluBbiMH. Haw kpurepuil cnpasemiiBocTH
3axa104aeTcsl B YCJIOBHH (3), BhITeKalolleM M3 NPHHLMIA HeONpejesieH-
noern [efisen6epra. Ecau yesosue (3) BbIIOJIHEHO, KJACCHYECKOE ONH-
cainue NOJOKHO OblTb CHpaBelHBbIM.

Tak Kak Hac MHTepecyeT IVIABHBIM 05pa3oM THIIHYHLIA MOPSAIOK Be-
JHUYMHBL, Mbl OFPAHHUHMCA TNPUO/IMMKEHHbIMH OLECHKAMH BXOISUHX B
(3) Besuund. [Topsinox BeJHUHHBl UMOYJabCa p MOJIEKYJI, HMEIOMHX Mac-
Cy m 1 naxoismuxcd npu temneparype T, Mbl HafifeM, 3Has HauGoaee
BEPOSATHYIO CKOPOCTb 3THX Monequ M3 (32) noayuaem

Py X MO = l/ 9mkT.

Takony 3HadeHH10 HMOyJbca OTBeHAeT cijiedyiOllee 3HaueHHe ATHHBY
BoaHbl Je Bpofns:
Py V omkT )
KnaccHyeckoe paccMOTpeHHe MpelioJaraer, 4To MOJIEKYJabl ABJs-
I0TCSl PA3JHYHLIMH YaCTHLAMH, KOTOPble IBUIKYTCA [0 ONpeledeHHbIM.
TpaekTopusam. Takas Touka 3penust OyIJer clpaBeiiUBa IIPH OTCYTCTBHH
KBAHTOBOMEXAHHYECKHX  OFpaHHYeHHHl, NpenaTcTBYIOLIHUX JIOKa/aH3a-
{IIM YacTHUbI B Mpelejax pPACCTOAHMH, He [PEBLIIAIIUX THIHYHbIE
paccTosiHus S, MeXIy COCeIHMMH MoJekyaami. B coorserctBum ¢ (3)
3TO 03H&uZeT, YT0

1

5, > X,. ' : (35).

(KBasropoMexaHHYeCKOE PACCMOTPEHHE TMNOKa3s[3aeT, 4YTO KBAHTOBLI2:
3(pdeKTbl AefiCT3UTENbHO CTAHOBATCS 3aMETHBIMHM, eC/aH Yc/10BHe (35)°
Hapywaercsi. 3TO CBSI3aHO C CYLUIECTBEHHOH HepasHduMOCTbIO MONEK Y,
KOTopasi IPY 3TOM HMMeeT OCHOBHOe 3HauyeHue.) Urobbl OlileHHTb THITHY-
HOE pAcCTOsiHHe Sp MexAy OmikafIIHMU MOJeKyJdaMH, JONYCTHM, 4ro
Kax[as MOJIeKy/1a HAXOJMTCA B eHTpe HefOMBUINro Kyba cO CTOpOHOH
Sp H 3TH KyObl 3alOMHAOT Bechb 00beM: rasa, B KOTOPOM Haxoiurcs N
MOJIEKY.JL. Toxﬂa ‘
sf,‘N_ =V . N
W o . .
AW .
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rie n=N/V — uncao moaexya B eannnne obbema. Tenepnb yenonue (35)
CIpPaBe/lIMBOCTH KJaCCHYECKOTO PACCMOTPEHHs IPHRMMaeT BHUJ

o f P
. ~Hh Vzmkr<1. (37)

Orciofa C/efyeT, YyTo KJjacCHYecKoe NpUOJIHKEHHE CIpaBelJInBO, eC/n
ra3 JOCTaTOYHO PaspexeH, TaK 4To n Majo, ecaH TeMnepatypa T Io-
CTaTOYHO BeJHMKa M ec/y Macca M MOJEKYJ He CJHIIKOM MaJja.

YUucaenHb e o1 eHKH. Yrobbl NOJyUINTL YACAeHHBIe 3HAYEHHS THIIHYHBIX
BEeJIHUYH, PACCMOTPHM-ra3eabpa3nblil. relnil. 1P KOMHATHON TeMnepaType H aTMocdep-
HoM JassteHun (760 mm pT. cr.). MHTepecylomue Hac napamertpel caeiyloumiue:

cpejiHee JaBlleHHe

p=760 mu pr. c1. A 108 dun/cu?;
TemIepatypa
T =300° K, noasromy kT A 4,1-10—14 3p2; °

Macca MOJeKYJIbl

4
m= o8 ~ 6,6-10~2% ape.

V13 ypaBHeHHsI COCTOSIHMS WJ€aJbHOrO rasa cjlelyer, YTo
P _ 19 3
n:ﬁ~2,5-10 MOAEKYA[CMS,

G©opmyast (34) 1 (36) aaOT caepylomine OUEHKU:
3o = 0,14A

Sy = 33 A,

rae 1 A=10-8¢yu. Takum o6pasom, ycaosue (35) BBHINOMHAETCST H K/aCCHYECKOe NPH-
GJrKenHe ABASeTCst JoCTATOUHO XOpOomUM. BOoAbmHICTBO ra3oB nMeeT Gonblunii Mode-
KYJISIPHLIA BeC |, c/lefloBaTe/bHO, AJg UX MOJeKYJ AJNHA BOJIHBL e Bpoiias eule Menbiie
H ycrtosue (35) BRIMOJIHSIETCS ewle Jyumie.

PaccMOTpuM Tenepsb 2/JeKTPOHBI NPOBOLMMOCTH B THNHYHOM MeTaJsie, HampHMeEp,
B MelH. B nepBoM NPHOTHKCHIH MOXKHO NpeHe0peub B3aUMOLEHCTBHEM MeXAY SJeKTPO-
HAMH H PacCMATPHBATH MX KaK HlealdbHulil ra3. B sroM ciyuae uucneduoe 3Hayenne
OCHOBHBIX NapaMeTPOB OKa3biBaeTCs COBepuleHHO ApYruM. Macca ssextpoHa Oam3Ka
K 10—27 2, 1. e. B 7300 pa3 MeHble Macchl atoMa He. D10 03HauaeT, uto AIHMHA BOJIHBE
ne Bpoinsa yBennunBaeTcs Ha JABa NOpAjKa:

%o & 0,14- Y 7300 ~ 12 A.

Haﬂee, TaK KaK B MeTa/lle Ha KaXKAbld aToM NPUXOAUTCA OJIHH 3JIeKTPOH NPOBOANMOCTH
U THNHUYHOE MEXAYaTOMHOE DaccTosiHue 6J1M3K0 K 2 A, MBI HMeeM

Sp = 2A.

B stoM caydae paccTosiude MeXAY YacTHIAMH HAaMHOFO MeHbllle COOTBETCTBYIOUIETO
PACCTOSAHNSA B Ciyyae reusA. DT0 3HAYHT, UTO 3JeKTPOHH B MeTajie 06pa3yloT ouetb
nJIOTHBI rad. Hamm oneHKn MOKasuBaloT, YTO A8 TAKOTO rasa ycjaosHe (35) He BLINOA-
HsieTcs, ¥ CJENOBATEILHO, NOBefieHHe 3JIeKTPOHOB B META/E He MOXKET GuiTh NOHATO
B paMKaX KJacCHYeCKoH CTAaTHCTHYeCKoH MeXaHMkH. JlefiCTBHTeNbHO, B 3TOM Ciyuae
HeOGXOMMO KBAHTOBOMeXaHHYECKOe ONHMCaHHe, YIHTHIBalOMiee NpHHuuD- [layau.
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6.4. Idbdy3ans u MoteKyanpHBIE NY4YKM

Paccmorpum ras, sax/ioueHHBIi B COCYAl H HAaXOASAIIMACH B PABHOBE-
cun. Ilycrb B ofHOH M3 €TEHOK cocyla HMeercst HeGOMBbIIOe OTBEPCTHE
anamerpoM D (may y3kas wesb wmpHuoit D). Ecan oreeperie pocra-
TOYHO MaJd, ero CylecTBOBaHHE NpeHeGPeKUMO MaJo HApVLIHT PaBHO-
Becye rasa B cocyle. [lostomy MOJleKy.ibl, BHIXOJsILIHE Yepes OTBepCTHE
U3 cocylia B OKPY:KaIOWHKH ero BaKyyM, 00/1a1al0T CBOACTBAMH, Xapak-
TEPHBIMH /S Ta3a B COCTOSAHWU paBHoBecHst. C NOMOWILIO psija miesed
MOXKHO OCYIIECTBHTh KOMLIHMAUMIO MOJIeKYJl, BBIXOAAILIHX H3 COCy.a,
¥ NOJYYUTh TAKHM 00OpasoM y3KNH MydoK Moneky.d. Tak Kak uHC/IO BhI-
XOASUIMX H3 COCYZa MOJEKY/ HeBeJUKO, B3aWMOAEHCTBHEM MOJEKYA B
TAaKOM IyYKe MOXKHO IIOJHOCTbO IpeHebpedb. MoJekyasipHblii mydyok
MOXKHO C YCIeXOM HCHI0/1b30BaTh AJIs1 ABYX LeJeH.

1. C noMou1bio MydYka MOMHO H3yuyaTh CBOIICTBA MOJIEKYJ ra3a, Ha-
XOISIerccsl B PaBHOBeCHH BHYTPH cocyza. Hanpumep, ¢ HOMOLIBIO MO-
JIeKYJ/ISIDHOFO [y4Ka MOHO NPOBEPHTb, COOTBETCTBYET JH paclpeee-
HH€ MOJIEKYJ B COCYZE 10 CKOPOCTSIM MPEACKA3aHUAM, BBHITEKAIOLUIUM H3
MaKCBEJJOBCKOIO pacrpesiesenust.

2. MonekyssipHbii YYOK JAT BO3MOXKHOCTbL H3Yy4aTh H30JMPOBAH-
Hble aTOMbl M MOJIEKYJIbl, YTO [O3BOJISIET ONpEeNeNUTh HX (YHAAMEHTA b~
Hble aTOMHble H slepHble CBOHCTBA. [1/10M0TBOPHOCTD 3TOMO METOA BHAHA
XOTsl 6bl H3 TOTO, YTO 110IOOHKE HCCJAENOBARUA YBEHYANHCh HECKONbKHUMU
HoGeneBckumu npemusivin. OTMeTHM, HanpuMep, GyHAaMeHTabHbIE Ollbl-
Tl Ultepua u [epaaxa, npuseaiine K OTKPBITHIO CIMHA H CBA3AHHOIO C
HMM MarHWTHOTO MOMEHTA 3]€KTPOHa, onbiThl Pabu U ero corpyaHuKoB,
JlaBLINE BO3MOXKHOCTb BBLIIOJHHTH TOYHDLIC H3MePeHHsSI MarHMTHBIX MO-
MEHTOB sijep, a Takike onuitei Kyma u JlsmBa, KoroppiM Mbl 00s-
33Hbl COBPEMEHHDbIN MOHHMNAHHEM KBAHTOBON TEOPHM 3J1EKTPOMATHUT-
HBIX B3auMoneHCcTBUH *),

Kakosa no/xna GbiTb BeauunHa oTBepeTHs D, 4To6hl MOXKHO OBLIO
npenefpeub HapylEHHEM COCTOSIHHA paBHOBecHs rasa B cocyne? OrBep-
CTHE JOJIXKHO ObiThb CTOJb MaJjbiM, 4TOOBl OTHOCHTE/BHO He(GObLIoEe
YHCJIO MOJEKYJ, HAXOsHXes BOJAH3H OT Hero (M CHOCOGHBIX MOITOMY
HOKHHYTH COCYJ), He BJUSJO 3aMeTHHIM 00pa3soM Ha OrpOMHOE 4HCH0
MOJIEKY.1 B OCTa/bHOM 4acTi cocyla. IT10 TpeboBanne Gy/eT BBINOIHEHO,
€c/H 3a BpeMsi npe0blBaHHs MOJEKY/ib! BOJH3H OTBEPCTHA OHA NPAKTH-
YeCKH He OYJET UCIBITHBATh CTOAKHOBEHHH C OCTaJbHBIMH MOJIEKYJAaMH.

Ecau cpenusisa cKopocth MOJEKYJBE U, TO BPeMsl, KOTOPOe MOJIEKYJIa [TPO-

BOIMT BGAU3M orBeperus, Oyaer nopaaka Dju. C gpyroit croposuni, Bpémst
MeKIy CTOJKHOBEHHeM TaHHOH MOeKyJbl ¢ J11000f Apyroft uMeer nopsi-

JOK [/u, The | 0603HaYaeT CPENHIO IIHHY CBOGOHOTO Hpofera B rase**).

*) Xopowmni#l 1 HaNHCAHHBIY Ha JIOCTYITHOM YpPOBHE O030D OIHITOB C MOJEKYJISIp-
HBIMH nyuxamu npusapiexur O. ®@pumy (Sci. American vol. 212, p. 58, May 1965).

**) B'n. 1.6 Mul onpese/uiIn CpearIOn LIHHY CBOGOAHOrO npofera Kak cpeiHee
paccTosiiue, NpPOXOAUMOE MOJIEKYJ/IOH rasa MeXAY JBYMS CTOJKHOBEHMSIMH. .
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BrickasaHHOe naMH Tpe0OBaHHE IKBHBAJEHTHO [MO3TOMY YC/IOBHIO! -

W o
D£LlL. (38)

EchH 310 yci0BHE BHIIOJHEHO, MOAEKYJAB BHYTPH COCya OCTAlOTCS B
PaBHOBECHOM COCTOSHHH (XOTsl HX II0/IHOE 4HCAO MELIEHHO YMeHbila-
ercsl). Takoe HcTeueHne MONEKYJd U3 OTBEPCTHA Ha3blBaeTCsl aghghysued.

3ameyasnue CHTyanus CylWiecTBeHHO MeHsercsl, eciu D3>, tak uto, Haxo-
Asicb BOMM3H OTBepCTHsS, MOJEKYJbl YCHEBAOT YacTO CTANKMBATLCH ADPYr € JAPYrom.
EclH HEeKOTOpasi 4aCTb MOJIEKYJ BBHIXOAUT
u3 wesad (puc. 6.9), To 3TO BIHsET Ha
MOJIeKYJIbl, OCTaBUIMEeCs CJeBa OT IeJH.
Oun He OyAYT HUCHLITHIBATL CTOJKEOBEHUM
¢ MOJIEKYJIAMII, HAXOASILIHMHCS CripaBa H
BHIXONAMUMH H3 COCYJA Yepe3 b, HO
GyAYT YACTO CTANKUBATLCS C MOJIEKYy1aMH,
HAXOASIMUMUCS ¢/1eBa OT HUX. Pesyapra-
Puc. 6.9. Gopunposanie MOIEKYAAPHOTO YY-  TOM TAaKMX CTOJKHOBeHHH OyzeT nossile-
Ka u3 nlonel<yiie$;r>;oués(l)1é1;;(e 13 hebosbluoi HHE CHJIb, neﬁCTB‘y'IOllleﬁ HAa MONEKYJIb
’ BOJMM3M WENH CJIeBa Hanpas2. ITa cuia
€031aCT JONOJHUTEIbHYI) COCTABJAIOUIYI) CKOPOCTH B HAanpaBjeHHH wiesH. Peaynb-
TUPYIOLLee ABHKeHNe MOTEKY.T NOX feficTBHEM TaKoH cuabl OyeT aHAJIOTHYHO BbiTeKa-
HHIO BOJBL Yepe3 OTBEPCTHe B cocyle. B sTom civuae Mbl uMeem eJio He ¢ xbdysuelt, a
C 2uOPOOUHAMUHECKUM NOMOKOM.

Ecnn menb HactonbKO Mana, 4yto yc1oBHe (38) BBIIOJHSETCH, TO
CYILECTBOBaHHe [IeNH He Hapyilaer paBHOBecHs rasa. [lostomy cpennee
4UCII0 of ¢ MOJIEKYJT, BHIXOASIIMX M3 HIEJIH 32 €AMHHILY BpeMeHH, PaBHO
cpellHeMy TOJHOMY YHCJY MOJIEKYJI, KOTOpbie y1apsanuch Obl 3a eIHHHLY
BPEMEHH O TOBEPXHOCTh LeAH, ecsaH Obl ee He Obl10. Taxkum ofGpasom,
oo paBHO npHGIIAKeHHOMY Bbipaxkenuto (1.18), nosyyeHHoMy HamH B
n. 1.6:

Joz%n;), (39)

Tle N — cpenHee YHCI0 MOJEKYJ b eHHHUe o6beMa U U — HUX CpenHas
ckopocte *). Ecnn Hac HHTEpecyloT TOILKO T€ MOMEKYJbl, CKOPOCTh
KOTOPHIX JIEXHT B HHTEpBaJje OT U J0 v--du, TO CpelHee HHCJIO TaKHX
MOJIEKYJ1, BHIXOJSAIIMX W3 ILEeJH 3a €[HHHIY BpeMeHH, NPHOJHU3HTENBHO
paBHO :

of (V) dv =~ —é— [F (v) dv] v, (40)

rne F(v)dv o3nauaeT cpeftee YHC/I0 MOJIEKYJ, CKOPOCTb KOTOPBIX JIeXKHT
Mexy v U v-+dv. Bocnosib30BaBIIHCh MAKCBEJIOBCKUM pacnpele/eHHeM
cKopocTe#l, Mbl IOJY4HM

1 ,
07 (v)dv oz 036_.-? Brmo . ‘ 41)

. 1 —
*) Ecau cpesars TouHble, @ He NPUGAHIKEHHbe BHIYHC/IEHHSH, TO (ﬂo=‘;‘ nv’

(cm. mpwioxenne IL. 4).
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Muoxurens v B (40) Bo3HHKaeT noroMy, 4To OGLICTpast MoJeKyJia CKopee
BBIANET U3 IIEIH, 4eM MeJIeHHas.

Mamepsia OTHOCHTeNbHOE YHCIO MOJEKYJ, HMEOIHX PasiuyHble CKO-
POCTH, B MOJEKV/ISIDHOM NYUYKe, BBIXOASIIIEM H3 IIEAH, MOXHO [pOBe-
puTh Gopmyay (41), a Tem cambiM pacnpeneiende Makcpeasa, Ha KOTo-
poM oHa ocHoBaHa. [IpenHasnauenHas j/is 3TOH LeaH IKCIIEPHMEHTAJb-
Hasl yCTaHOBKa 10KasaHa Ha pHc. 6.10. Ileuka B s1eBofl yacTy plicyHKa

. ATCCVIEHHBIE ITOMEL
Ay geawedawmes
Fecy

Lbicrmpsie amo-

leyna Hommumu gy Boruammuiin
y/m&@ e sapaban

| ! |
N vacoram */{ HACOCAM

Puc. 6.10. Cxema npubopa ¢ MOJNEKYJSIpHbBIM NYSKOM AJ5 B3YyUYeHHA pacnpedenerHst CKOPOCTeil
atoMoB cepeGpa (Ag). YRapupiluch 0 BHYTPEHHIO [10BEPXHOCTb (WNIMHAPA, aTOMbl OCTANTCHA
Ha uell.

npeiHa3Hadena Aas o6pasoBaHus HcnapeHHeM rasoobpasHoro cepeGpa.
Iokupawummre obaacth NedKH 4epe3 y3Kylo Llelb aTtoMsl cepedpa obpa-
3YI0T aToMHbI nyuok. Ha nyTtu nyuka nometien GbICTPO Bpallaomuiics
BOKPYT CBOEH OCH MOJBIH HUJIMHAP CO Uleabio. AToMbl cepefipa, nornas-
une gepes ilejb BO BHYTPb LMAMHAPA, JOCTHUTAIOT €r0 NPOTHBOMOJOK-
HOH CTEHKH depe3 pasHoe BpeMst; yeM GoJibiie CKOPOCTh aTIMa, TeM BhICT-
pee oH JoJetaer.lo cTedHKH. Taxk Kak UM/JAMHApP BpAIlaeTcsl, aTOMbL Ce-
pefpa ¢ PasHBIMH CKOPOCTAMH OYIYT NONAajaTh H OCAXKAATHCS B PA3HBIX
MecTaX BHYTDeHHeH MOBePXHOCTH LHIHHApa. li3Mepenue TomuuHbL
C/1051 OCaXKACHHOIO cepeGpa B 3aBHCHMOCTH OT PACCTOSIHHSA, OTJIOMKEH-
HOTO 110 OKPYMHOCTH WHJIMH/PA, SIBAAETCS METOAOM H3YUeHUs pacnpe-
AeNeHHs CKOpocTell aTOMOB.

Bosiee ToyHOe H3MepeHMe paclpefeseHHsi CKOPOCTedl MOxeT GbITh
BBHITIOJIHEHO B YCTPOHACTBE, KOTOpOE OTOHpPAET MOJIEKYJIBI, MMEIOIIHE OIi-
penesieHnyto ckopoctb (puc. 6.11). (10T MeTos aHanOrHYeH MeTony 3y6-
YaToro KoJseca, Koropbli PH30 NpHMEHHN NI M3MepeHHs CKOPOCTH
cBera.) Mo/ieKyJspHBIA 1y4OK BLIXOXHT U3 LLeAH M PerucTpHpyercs Ha
LPYTOM KoHLe Ipubopa. Mexy HCTOUHHKOM H J1eTeKTOPOM IIyYKa IoMe-
1LleH CeneKTOop CKOPOCTeH, B IpoCTefileM caydae IIPeACTaBaAsIomUi coboh
napy AHCKOB Ha oOlleft OCH, KOTOPYIO MOKHO BpallaTb C H3BECTHOH
yraoBo#t ckopocteto. Ob6a aucKa HAGHTHUHBI, ¥ Ha NepHbepHH KaXKIOTO
H3 HHX clelaH Bbipe3. Bpamawouinecss JMCKH JNeACTBYIOT Kax JIBe 3al-
BHXKKH, IIONePEMEHHO OTKphIBaolyecs 1 3axkpoiBaomiecs. [Ipu ToyHoit
I0CTHPOBKE AMCKOB, H €CJM OHH HE BPAUlAlOTCs, MOJEKYJBl JOCTHTAIOT
JeTeKTopa, Npolins yepes Boipesbl B 060HX AMcKaX. [Ipu Bpauieninu ocu
€ JHMCKaMH MOJIEKYJIbl, NIPOLIeILHE Yepe3 BHIPe3 B NEPBOM JHCKeE, A0C-
TUTHYT JETEKTOPa TOJBKO B TOM Cllydae, eC/Id BpeMst ABHKEHHA MOJIEKYJ

231



MeX<Ly AHCKaMH GYJeT PaBHO BpeMeHH 060poTa aucKa (WU KPaTHO STOMY
BpemeHn) *). B nmporuBHoM ciydae MoJieKyJbl OyAyT NOIVIOWIEHbBI BTO-
PbIM JHCKOM H He MonaayT B jAerektop. IIpu pasaH4HBIX yr/IOBBIX CKO-
POCTAIX BpallleHHs JHCKOB B JIeTeKTop GYAYT nonajnarb MOJEKYJIbl ¢ pas-
JUUYHbIMH CKOPOCTSIMH. Ml3MepeHHsi OTHOCHTE/IBHOIO YHCA MOJEKYJ,

J— /p\\,ZEi”Eﬂmlzy .

—

—— e o s o

fo—
\

o K nacocam

Puc. 6. 11. CxeMa npuBopa C MOJEKYNAPADBIM YYKOM H CeNleKTOPOM CKopocCTell A5 H3 YUeHH pac-

npefie/lenns CKopocTeil MosexyJl. 3a Bpemsi, HeoGXoauMoe NYYKyY, 4ToGb MPOHTH PACCTOsHHE MeH-

1y NepBBIM H BTODbIM IQHCKOM, OCh fOBepHeTCs Ha ofipejesieHHbll yroa H ny4oK npoitaer depes

JHCK TOJIbKO B TOM CJIyuYae, €CJiM AHCK COBepPIIHT noJHbiil 06opor (MM UeJsoe YHCJAO0 NoiibiX 060-
poroB).

PETHCTPUPYEMBIX AETEKTOPOM 3a CEKYHIY, AAOT BO3MOMKHOCTb Heroc-
PellCTBEHHO NOJYYUTb paclipefiesenne ckopoctefl mMoJexyJ. IlonoGuee
M3MepeHHsi HOJATBePJHJIH CIIPaBelIHBOCTb MaKCBEMJIOBCKOTO pacipele-

JIEHHs1.
SIsnenne abdy3nn, KpOME HCIOAb30BAHHS /s CO3NAHHS MOJEKY-
JSIPHBIX 1YYKOB, HMEeT Da3/HyHble NPaKTHuYeCKHe NpUMeHeHHA. 3Has

abcomoTHYI0 TeMmneparypy T M cpejHee naBJjeHHe p ra3a, Mbl MOXeM
BHIUUCAUTL 1 H 0. J{eHCTBHTENBHO, ypaBHEHHe COCTOSIHHSI HA€aJbHOrO

rasa jaer n=p/kT, a cpelHsia CKOPOCTh U MOJIEKYJAbl IPHGIH3UTED-
HO paBHa ee HauboJiee BepOATHOH cKopoctd (32), TakHM o0pasom,

v (kT/m)' /=, HoncTaBnsis 3TH 3nadenus 7 1 v B (39), HOAydHM

——
o 5o (42)

Met BHREM, YTO CKOPOCTD 3(py3HH 3aBHCHT OT MacChl MOJIEKYJI: JerKue
MOJIEKYJIbl HMelOT SOJbIYIO cKOPOCTh H HX 3(dy3us OyleT npoucxoauthb

*) DKCIepHMeHTA/LHO JIEKO Das/HyHTb BpPeMeHA, COOTBETCTBYWOLLHE Pas/iHiHON
KPAaTHOCTH.
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cKopee, 4eM 3hhy3us TSKENbIX MONEKYI. 10 CBOACTBO 3y3HH MOMKHO
HCTIO/Ib30BATh /It TIOJIYYEHHS IPAKTHUECKOTO cflocoBa pasjenedus Hao-
Tonos. [lpencraBum cebe cocyn, 3aKpbIThIi MeMOpaHOH ¢ GOJbIIHM Uiic-
JIOM Y3KHX Iesiei], yepe3 KOTOphle MOMKET NPOUCXOAHTb 3(dy3Hs MOJie-
KyJ. IlycTs Ham cocyn HanojHeH cMechio JBYX HM30TOHOB U IIOMEIICH B

Puc. 6.12. ®otorpadus CoBpeMeHHOro NpuGOpa € MOJEKYIAPHEIM MYYKOM, [IPe[IHa3HAaueHHOro
A5t A3ydeHusi CBOHACTE BOJOPOJHBIX MOJIEKYJ H aToOMOB.

Macmpeid

| J J | Meewum e | [Moenum 5}

s Kemmmemap el

—

"By nunui =

,j:[/guwllﬂf‘/b ‘/ﬁIMA’pﬂW ]L__j I " El r i

[ratiar nepepa
1 i S | I | i | o ;,F - !

K wacocy A nacocy KX necocy & waeocy & nococy

Lomoisr

Puc. 6.13. Cxema ocHoBHMX dacTell npuGopa, noKasaHHOro Ha Npefsyilieil dotorpadun. Kon-

TeliHep S ABJANETCA HCTOUHHKOM MOJIeKYJ, ) — HeKoTopoe yCTpoHCTBO, PECHCTPHPYIOiiee MOJeK Y-

Jibt Ha CTopoHe npudopa, NPOTHBONONDKHON HCTOUNAKY. MaruuTe A v B CO31al0T HEORHOPOAHOe

MarduTHOe 10Jie, W B ITOM I0Jle Majible MaCHUTHBle MOMEHTHI MOJIEKYJ HCHBITBIBAIOT CHJY, BRI3bI-

BajOULYI0 HCKPHUB/leHHE HX TpaekTopuii. B onsiTe H3y4yaeTcsl BAHAHHE PAjHOYACTOTHOTO U3JIYYEHHA
B 00/acTH Marsuta £ Ha IBH)KeHHe IYYKa MOJeKyJl.

BakyyM. C TeyeHueM Bpemenu Gaaropaps sddysHH OTHOCHTEJbHASA KOH-
UeHTpalUs TAXKEJIOro H3oTOla B cocyle OyleT pacTH, a ra3, orkayuBae-
Mblfi U3 ORpy2KaIolero cocyl BakyyMa, Oyler oforauies JierkHM H30TO-
noM. Tako#t MeTon pasnenieliiss H30TOIIOB UMeEeT NPAKTHYECKOE 3HAYEHHE
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TIpH TIOJYY4eHHH ypaHa, oforaiienHoro udoronom U3, 3drtor H3oron
JIETKO JeNUTCs TEMJIOBBIMH HEHTPOHAMH M MMeeT HO3TOMY 6OoJIbilioe 3Ha-
yeHHe 1JsA paboTHl AAEPHBIX PeaKTOpOB (M JJ1s1 N3rOTOBJIEHHS SIAE€PHOTO
opyxus). EcrecTBeHHBII ypaH cONEpXKMT IVIaBHEIM 0OpasoM H30TOI
U2, [Inst paspeneHust H30TONMOB YPaHa WCNOAB3YIOT HMeCTHPTOPHUCTHIA
ypad (UF,) — xumnueckoe coelHHeHMe, MpeicTaB/asionee cofolt npH
KOMHATHOH Temneparype ras. Ilpu addysnn storo raza MOXHO OTAENHTD
HeCcKOJ/IbKO ‘OoJiee sierkue MoJieKyansl U235 or 3nauurtesnHO Oosee pac-
NpOCTPaHEHHLIX M HeMHOro OoJiee TsXKeablx Mosaekya U8, Tax kak
pas3HyHe B MaccaX 3THX MOJEKY/ OYeHb HEBETHKO, TO, YTOOBI MONYUHTh
3aMeTHYI0 KOHIeHTpauuio H3otona U*?, npouecc agupy3Hn HYKHO MHO-
FOKpPaTHO MOBTOPATH.

6.5. Teopema 0 pasHOMEDHOM pacripefieleHUu

B ceoeit kaaccnueckoill ¢opme (10) kaHoHudeckoe pacrpefenerue
3aBHCHT OT KOOPAHHAT H HMIIY/IbCOB, KOTOPBIE IBISIOTCS HENPEPEIBHAIMU
nepemMeHHbIMH. Ilosromy Boblunc/enne J0ObIX cpelHHX BeJIHYHH CBO-
JHTCA K BBIYHC/IEHHIO HHTETPaJOB, a He CYMM. Ilpu HEKOTOPBIX YycCJ0-
BHSIX BBIYMC/AEHHE cpelHedl SHePTUH CHCTeMbl MOXeT ObIThb BbIIIOJHEHO
OCOGEHHO NPOCTO.

PaceMoTpum J1100y10 CHCTEMY, ONKHCHIBAEMYIO KJIACCHYECKH C [IOMOIIbIO
[ KoopauHar q,,...,q; U COOTBETCTBYIOULHX HMIYJbCOB P1,...,p . DHEPTHS
cucteMbl E 3aBHCHT OT 3THX TepeMeHHbIX, T. €. E=FE(q.,....q;py,---,P))-
DTa 3aBUCHMOCTb 4acTO HMeEeT CJCAYIOMHHA BHA: , ;

E:81'(pi)+E’(q11 ---,VP/)- (43)

31ech €; 3aBHCHT TOJIBKO OT JaHHOIO HMITyabea p;, a £/ MOXeT 3aBHCeTb
OT BCeX KOOPIMHAT H MMIYJAbCOB, Kpome uMnyJbca p;. [3aBucumocts
Tuna (43) MOXKeT BO3HHKHYTb, HalpHMEp, B TOM cJydae, eClH KHHETH-
yecKasl SHEPTHsT YACTHIB! 3aBUCHT TOJBKO OT COCTaB/AOMIX €€ UMNY/1b-
ca, a TIOTeHUMANbHASI FHEPTHsA 3aBHCHT TOJBKO OT KoopanHat.] lomyc-
THM, YTO paccMarpHBaeMasi cHCTeMa HaXOAHUTCs B TepMHUIeCKOM DaBHO-
BeCHH € TeIJIOBbIM pe3epByapoM [ipH abco/oTHOR Temnepatype T.
KakoBo cpensee 3HaueHHe BKJIaJa B SHePruio oT ujeHa g; B GOpMy-
ae (43)? :
BeposTHOCTb TOTO, YTO KOOPAMHATH H HMITY/ABCH CHCTEMb! HAXOAATCS

BOMM3H 3HAYCHUH (G1,---, Gs3 Piy--ey Py), ONpPENENACTCSl KAHOHHYECKHM
pacnpenencuneM (10). Ilocrosmnass C 3Toro pacnpeneiieHuss Jaercs
dopmynoit (11). o onpenenennto, mMpr HalifieM cpefHee 3HayeHHe, eCAH
BHIYUC/IMM COOTBETCTBYIONLYIO CYMMY (HJIM HHTETpaJ) 10 BCeM BO3MONKHbIM
COCTOSIHUSIM CHCTEMBI, T. €.

&; = — a

¢ Se-BE(q......llf)dql__.dpf ! (44)

TAe WHTErpaj Gepercs MO BCEM BO3MOKHBIM 3HAYEHHAIM BCEX KOODAMHAT.
q1,.--, gy M HMIYABCOB py,...,p;. C nomompio (43) Buipaxkenue (44)
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TIPUHHMAeT Tako# BHJ: -

. ’ - ' ’
Se“ﬁ(s'*E Ye;dgy ... dp; Se Bet o, dp; ( e BEdg, ... dp,

81' == ¥

5 e P ®itEVqy  dp, S e"BE‘dpiS’”e"’“‘:'dql ...dp;
3)1er MhI UCTIOJIB30BAJIH MYJIbTHNJIHKATHBHBIC CBOHCTBAa 3KCNOHEHIIHATh-
HOH (pyHKU.HH. IHTpﬂX Haj nocJeniHUM HHTerpa/jaom YyKasbpBaer Ha TO,
MTO HHTErpHpOBaHUE TIPOM3BOAHUTCA 110 BCEM KOOpPAHHATAM ¢ H HMITyJb-
caM p, 3a UCKAKOHEeHUemM UMITyJAbCa p;. I_HTPHXOBaHHbIe HHTErpaJibl B qHC-
JUTeJle U 3HaMeHaresae OJHHAKOBbI, NO3TOMY, COKpamiass Ha HUX, noJy-
yaeM CJAERYIOUMi TPOCTOl pe3y abTar:

_ e Paeap,
g, = e,
S e~ Bei dp;

KOTOPBIN O3HAuaer, YTo eC/AH &; 3aBUCHT OT P;, TO NPH BHINHCAEHHH CPEll-
Hero BCe Jpyrue nepemeHHble HE HrpaloT PoJiH.

Buiutc/ienne (45) MoXHO YRpOCTHTDL, BbIpA3HB HHTEIpaj B 3HAMEHa-
TeJle yepe3 yucaHTeNb. Torza

{ePeiay,

&= ~—%.In <:§‘

w

(43)

HH
e~Pe dp,.\ . (46)
/

YKa3aHHble npejiesibl HHTErPHPOBAHUS O3HAYAIOT, YTO HMIY.ABC p; MO-
JKeT TIPHHHMATh BCe BO3MOJKHbIE 3HAUEHHS MEXIYy —oo U oo,
PaccMOTPHM Telepp clieiHalibHbiil Clyyail, KOTAA &; SIBJAAETCS KBai-
paTH4HOHA QYHKUHeH p,, KaK 3TO H JOJXKHO ObITb, C/IH €; COOTBETCTBYeET
KUHETHYECKOH SHEepTHH.
IlonyctuM, 4TO €; HMEET BHJ

gl.::bp[?, (47)

rae b — Hekoropast nocrosiHHas. Torga wurerpan B (46) npuxumaer
BHI ‘

S. e-ﬂEi dpl:: S e—ﬂbp? dpi:ﬂ—l/2 S e—byzd!/,

TA€ Mbl BBeqH nepemeHHylo y=f":p;. Temepb Mb MOXeM HaNHCATh:

o

ln< S e'“ﬁsidp,):, — % Inp+ ln( S e~by* dy) .

-0 -
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Ho unrerpan, crosimuil cripasa, BooGlie He 3aBdcHT Of f§, u nudpepen-
nupys (46), Ml nosyyaem

ti=—g(—7nb)=3

HIH

KT. (48)

OTMETHM, YTO XOTSl B HadYa/e BbIUHCJIeHIH Mbl UMETH JIeM0 ¢ MHOTO-
KpaTHbIM HHTETPaJOM, OKOHUATeJbHBLIl pe3y.bTatr NoJyuYeH Boodue
6e3 BCAKOro HHTerpHpPOBAHHS.

Ecau B dyukunsnx (43) u (47) umMnynabc p; 3aMeHHTb Ha KOOPJAMHATY
g;, BCE NpenbILYIHie PACCYKAEHHS He U3MEHSTCs, H Mbl OMATb NMOAYYHM
pesy.abrar (48). Taknm oOpa3om, Mbl IPHUIAH K BHIBOLY, H3BECTHOMY IOX
Ha3BaHHEM MeEOpembl O PABHOMEPHOM pacnpeleiseHut DHEPrHH.

Ecsin onuceiBaeMasi KAaCCHYECKOH CTATHCTHYECKOR
MEXaHHUKOH CHCTEMa HAXONHUTCS B DABHOBECHH TIpH
abcomoTtHOll Temneparype T, TO KaXjCMy HE3aBH-
CHMOMY KBaJIpaTHUHOMY UJEeHY B BblpaxKeHUH JJA
SHEPrUHM COOTBETCTBYET CpejHee 3HadeHHe, paBHOE
Y, RT.

(48a)

6.6, IIpuJoxeHuss TeopeMbl O PABHOMEDPHOM pacnpefesieHHH

Y OeavHast menioemxocmiv 00HOAmMoMHO20 uOearpHo20 2a3a. Tloanas
SHeprus MOJIEKyJlbl TAKOTO Irasa I1pocTo paBHa KHHeTHYECKOT SHEepruu:

2,,, (P3~+py+pi). (49)

3 TeopeMbl O paBHOMEPHOM paclpeleseHlH clefyeT, YTO CpejHee 3Ha-
geHue KAXKJIOro U3 TpeX YJI€HOB (49) pasHo !/, £T. Orciona cienyer, 9ro

= kT (50)
Tax kak Mo.1b rasa copep:kut N, MOJEKYJ, TO CPeIHAS HEPrHs ra:—;a—
paBHa

E= Na<?kT)=7RT, 1)

e R= N,k — rasoBas nocrosgnnasi. Ha ocuoBanun (5. 23) MBI IOJTY-
daeM CJIEYIOIee 3HAYCHHE VIETbHOH TenJoeMKOCTH C, MNpH MOCTOSH-
HOM ofbeme:

S ,4cV=(g§)v=%R- (52)



DT0 3HaYeHHe COBMAJAeT C Pe3y/bTaToOM, NOJYUEeHHBIM B (5.26) ¢ noMolbio
KBaHTOBOMEXaHHYECKHX COOOGpaXKeHHH IIA rasa, AOCTaTOYHO pa3pelkeH-
HOTO, YTOOB €r0 MOMKHO GbLJIO CYHTATL HACAIBHBIM H HEBBLIPOXKAEHHBIM*).

Kunemuueckan anepeus mosexyavt mobozo zaza. PaccMorpuM JsioGod
ra3, He 0653aTeJbHO HIealbHBA. DHepTHs JI000# MONEKYARl ¢ MacCoH
#m MoXeT OblTb 3allHCAaHa B BUJE

e=g¢’, rge &® :—(px+pj+p)

Tlepsuiit a/1eH paBeH KMHETHUECKOH SHEPIHY ABHMKCHHS [IEHTPA Macc MO-
JIEKYJbl; OH 3aBHCHT OT COCTAaB/SIOIMMX HMNYJbca ifeHTpa Macc. UJjen
&’ MOKeT 3aBUCeTh OT NOJIOXKEHHA LEHTPa MacC MOJEKYJbl (ec/H MoJe-
Ky/Ja HaxoIUTCH BO BHeluHeM CHJIOBOM IMoJie HJAH €CJIH OHA 3aMeTHBIM
-06pa3oM B3aUMOIEHACTBYeT ¢ APYTHMMH MOJEKYJaMH), a TaKkKe OT KOop-
AUHAT H HUMIYJbCOB, OIHUCHLIBAIOUKX BpalleHHe U KoJeGarHe aToMOB
MOJ/1€KYJIbl OTHOCHTE/BHO ee [EeHTCa Mace (ecan MOJeKyJa He sBJsercs
OJIHOATOMHOM); HO OH He 325UCHT OT UMMYJbca UeHTpa macc p. U3 reo-
peMbl O PAaBHOMEDHOM paclpefeseHHH SHEePTHH HeMeJJIeHHO CJelyer,
UTO )
1 1

5 P = 5 muy == /zT (53)
EiH i’
= kT
=1 (54

Tak kak v,=0, H3 COoGpaeHHil CHMMETPUM, KaK 370 GBIIO NOKA3aHo

B (26), pesyabrar (54) paer rakxe aucnepciio (Av,)? KOMIIOHEHTB! CKO-
poctu v,.. Tak xe Kak B cyyae OIHOATOMHOTO ras3a, TPU KBanpaTHUHAIX
1jeHa B BbIDAXKeHHH A1a £ MPHBOASAT K CJ/ELYIONleMy 3HaUeHHKD Ccpell-
Hell KMHCTHYeCKOH 3IHEPrHH ABUKEHHS IEHTPA MacC MOJIEKYJIbl: .

e =3 o (55)

B poyrosckoe Osusicerue. PaccMOTPUM MaKPOCKOMHYECKYID HACTHILY
«c Maccofl m, (pa3MepoM INOpsIKAa MHKDOHA), B3BEIEHHYIO B KHIAKOCTH
npu abcomoTHo! TemniepaType T. DHeprus 3TOH YaCTHUB! ONSITh MOMKET
©ObITb 3aMKcaHa B BHIE

(Px+Pu+P§) +¢e’.

3nech nepsbiil uleH OTBeuaeT KMHETHUYECKON SHePIUH H 34BHCHT OT CKO-
POCTH ABHIKEHHUSt V HJIH HMIYJAbCA P UEHTPA MAcC YACTHIBI, TOTAA KaK
uj1eH & COOTBETCTBYET SHepTHH, CBISAHHOH C JBHXKEHHEM aTOMOB, COCTAaB-
JISTIOLLMX YaCTHILY, OTHOCHTE/ILHO ee HeHTpa Macc. Teopema o paBHOMep-
HOM pachnpene/eHHH onsiTh NPUBOAMT K pesyastary (53) u (54):

—_ kT ‘
Ux = e (56)
*) B cootetcTan ¢ (37) ann AOCTaTOUHO Pa3pPEXKEHHOro ra3a KBAHTOBHIE spdexTal

AeACTBUTENbHO He HMelOT 3HayeHUs, H B 3TOM- ciayuae cueu.ye'r 0XHNAATh COI‘JIaCPIﬂ MexX-
Jy KBAHTOBBIM H KJACCHYECKHM PAaCCMOTPeHHeM 3aJauH.

2m
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‘K B:3TOM cayuae ‘icpestned  3Havenne ‘v, =0 13 coolpaKEHHA CHMMETpHIL,
1 (56) ‘HEMOCPEACTBEHHO PaBHO JHCMIEPCHH COCTAB/SAIONIEH CKOPOCTH .
U3 dopmyasel (36) cpa3y caenyer; 4TO 4yacTHIA HE OCTIEeTCH B NOKoe, a
‘obvianaeT PpaykTyHpylouel ckopocrblo. TakuMm o6pasom, cyuiecTBoBatine
‘BPOYHOBCKOro JBH:K€HHs, pacCMaTpHBaBLierocs B I.1.4, aBagercs npo-
CTBIM CJeACTBHeM Hawell TeopuH. M3 ¢opmy.sl (56) cienyer takxe, 410
€CJIH Macca YacTHIIbl JOCTATOYHO BesIHKa, QMYKTYalHH CTAHOBATCS CTC.1b
MaJIBIMH, YTO nepectalor OblThb NPAKTHUYECKH HAG/I0NAEMbIMH.

.. Tapmonuneckudl ocyurasmop. PaccMOTpHM wacTHiy c. Maccoil m,
.COBEPUIAIOLIYIO OXHOMEPHOE TapMOHHYeCKoe Ko/1ebaTe/bHoe IBHIKEHIe.
Ee sneprus pasna

1
=5 P . (67)

37ech nepBLIA YIeH paBeH KHHETHYECKOH JHEPTHH YacTHIbl, HMIYJ/LC
KOTOpO#l paBeH p, a BTOPOHl UJieH PaBeH MOTeHIHAJbHOH 3HEepruH yac-
THUIIBl, HA KOTOPYIO AEHCTBYET BOCCTAHABJIHBAIOIAA CH/IA — aX, NPONCP-
ivoHanbHast cmemennio x. [locrostunas o HaspBaeTcst K03uyuenmont
ynpyeocmu (WM nocmoannol npyocunod). Tlpennonoxum, 4To OCI{H.I-
ITOP HAXOIMTCS B PaBHOBECHH 'C TEIIOBbIM De3ePBYapoM MpH TeMre-
parype T, HOCTATOYHO BBLICOKOH AASl TOTO, YTOGHI MOXKHO ObLIO HCIO/b-
30BaTh KJaccHyeckoe omucanue. Torja, npUMeHsas TeOpeMy O paBHOMep-
HOM pacnpenesieHnH (48) k Buipaxkennio (17), corepKauleMy Kpajapartiiu-
Hble YJleHbl, Mbl Cpady NOJY4aeM CPELHIO SHEPIHI0 OCUHJISITOPA:

§= 5 kT 45 kT =AT. ‘ (58)

6.7. YpenbHas TeMIOeMKOCTh TBEPIAbLIX TeJl

B kauecrtBe noc/ieHero NpUJOKEHHST TeOPeMbl O PaBHOMEPHOM pac-
npelese U MBI PACCMOTPHM YAEbHYIO TENJOEMKOCTb TBEPAbIX TeX NpH
_Temreparypax, AOCTaTOYHO BBICOKHX /ISl TOTO, YTOGLI K/aCCHYeCKoe
onHcaHne ObUIO CNpaBelHBLIM. PaccMOTpuM Mi060e TBepJoe Tea0, coc-
Tosilee M3 N aTOMOB, HamnpuMep, Melb, 30J0TO, aMiOMHHUN, aamas.
Baaronaps BHYTPEHHHM CHJIaM, JeHCTBYIOIHM MEXKAY COCEXHHMH ato-
MaMH, B COCTOSIHHH CTa0HJIBbHOTO MeXaHHYECKOrO paBHOBEeCHS TBEPAOTO
TeJla €T0 ATOMBI 3aHUMAIOT ONpele/eHHOe NOJOKeHHe B KPHCTaJIHYec-
koit peiuerTke. Kaxiblfi aTOM MOKET, OIHAKO, HCHBITHIBATH H200/1biHoe
CMellleHHe H3 [TOJI0:KeHHs! paBHOBecHs. BOCCTaHaBJmBa}Omaﬂ cuaa, neii-
CTBYIOHIAA CO CTOPOHHl COCEAHHX aTOMOB Ha TaKOM CMeUeHHBIl aToM,
CTPEMHTCA BepHYTb €ro B NOJOXKeHHe DABHOBECHS M Hcye3aeT, Koria
aTOM 3afiMeT 370 -NoNiokeHHe. CMelleHHe aToMa H3 PaBHOBECHOTO MOJO0-
JKEHHs Bcerla oyenb MajO, H NOITOMY. B HEPBOM NPHOJIHKEHHH BOCCTA-
'Has/aMBaloOUlas CHAa nponopuuouanb'ﬂa cmeinenH0. Takoe npuOJaHIKe-
HHe. JJIfl MHOTHX UeJiefl OKa3biBAeTCs JOCTATOYHBIM, H H3 HEro CjelyeT,
"4TO ATOM COBepLUAeT npéchle Tpexmepﬂbre rapmormqecxne KoJseGanns
OKOJIO TOJIOXKEHHsI PaBHOBECHS, .
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CooTBeTCTBYIOWMM BEIGOPOM HANpPaBJIeHHs1 KOOPIHHATHLIX Ocefl X, Y, 2
MOXKHO JOOHTbCSI TOTO, YTO ABHXKEeHHe aTOMOB BJOJb JIOGOH H3 ocell Oy-
JleT rapMOHHMYeCKHM KoJleGatelbHbIM ABH:eHHeM. [IpH 3TOM, HanpHMep,
SHEPTHs, CBA3aHHAast C IBIKEHHEM BILOJIb ocH x, umeer Bugi (57), T. e.

6. = grs P g 0% (59)

3neck p, 0603HAYAET X-KOMIIOHEHTY HMIYJAbCA aTOMa, 8 X — COCTaBJSIO-
ILYIO €ro CMelleHHUsi U3 TOJIOXKEHHS pPaBHOBECHSI: M — Macca aToMa H
o. — KoadxpunHeHT ynpyroctd. M3 310l GopMyJiBl cleayeT, YTO yriaon:dg
yacToTa KoJsleGaHMil aTOMa B HamnpasJeHUH OCH X paBHA

»= ]/%— (60)

Iast xBVKeHHsT aTOMa B HanpasJ/ieHHH ocell ¢ U 2 ClpaBelJHBE aHa 0T Y-
Hple ¢opmyJnl. Takum oOpasoM, TOJHast 5HEPrHs aToMa HMeeT BHA

e=¢,--&,-¢,. : (61)

Ecan Tes0 HaxolHTCS B PABHOBECHU MpH alCOJIOTHOH TemnepaType
T u ecau 3Ta TeMuepaTypa JOCTATOYHO BBLICOKA, 4TOOLI HCMO/1b30BATb
KJ/1aCCHYECKOe PACCMOTPEHHE, TO K Ka)KIAOMYy u/eHy cymmbl (59) MOXKHO
NPUMEHHTh TEOPEMY O PABHOMEPHOM paclpefiesleHHH 3HEPruu, H Mbl
noJydaem

£y = 5 kT -4 kT =KT. (62)

Ananorugso, aj,zsjsz. N3 (61) caeayer, 4TO cpeiHsis SHEPIrHs BCEro
aroma paBH2

e =3kT,

a cpelHsist 3Heprus OIHOro MoJig TBEpPAOro TeJja, COCTOSULETO H3 Na
aToMOB, paBHa
E =3N, kT =3RT, (63)

rie R= N,k — rasoBas nocrosynas. B coorsercTBuu ¢ (5.23) yaensHas
MOJIApHASA TENJIOEMKOCTb [PH MOCTOSIHHOM oObeMe HJs TBEpPIOro Tena

paBHa
OF
Cy== (—-—OT )v' (64)

CV:3R'

HJA

[Toxcrasasas clona uuc/aeHnce 3HaueHue R, Mbl moaydaem *)
¢y = 25 Oxc-Moab™"-2pad~1. (65)

OrmetuMm oOUME Xapakiep pe3yJabraTta (64). OH He 34BHCHT HM OT
sMacchl  aToMa, HH OT Kosdupuumenra ynpyroctu o, Pesyanrar (64)

*)} B kanopusx cy==5 kar-moao—'-2pad-1,



OCTAETCH CuPaBelIUBBIM H B TOM Cllydae, ec/iH TeJdO COAeP:KHT aTOMH ¢
pasIHYHRIMMA MacCaM#l ¥ C pa3fHYHBIM 3HaueHdHeM KoahdHuMenta o.
Ecsin TBepnoe T€10 He M30TPOMHO, TO BOCCTAHAB/IMBAIONIAS CHJia 2TOMa
3aBHCUT OT HampaB/JeHHst ¥ KO3dxpHIMeHTbl YNPYrocTH AJsl HampasJe-
HUil X, Y ¥ 2 OTJIHYAIOTCA ApYT oT Apyra. OIHAKo cpeliHee 3HAYEHHE IPH-
Xonsuleics Ha aTOM SHEPTHH ocTaeTcss paBHbIM 3kT u 3Havenue (65)
He uaMeHsierca. Crporuil MareMaTHUeCKHI aHajiM3 OJHOBpPEeMeHHBIX KO-
JeGaHHE BceX aTOMOB TBEPJAOro Teja NMOKa3biBaeT, YTO OMHCAHHE 3THX
Kose6aHuil B TepMHHAX HHIMBHAYA/bHBIX CMElleHHH, HCILITHIBAEMBIX
OTZeJbHLIMH aTOMaMH, HE sIBJsSIETCSl BepHbIM. B neficTBUTeJBHOCTH mpo-
CThie TapMOHHUeCKHe KOJefaHHs COBepIaloT Tpynisl aroMos *). Ho
TaK Kak Bblpaxkenne (64) He 3aBHCUT HM OT MAacchi, HM OT TNOCTOSTHHOH
VIOPYIOCTH, OHO OCTAeTCst BePHbIM., EAMHCTBEHHOE OrpaHiue e HaK/ia,ibl-
BACTCs HA TemmepaTypy, KoTropas JAOKHA ObITh JOCTATOYHO BLICOKOH,
yToOBl KJaccuyeckoe OMHCaHHe OBUIO BO3MOXKHO. MTak, MBI MOXKeM Ha
ocHoBaHHH (64) yTBepiKIaTb, YTO

Ilpn nocTaToOuHO BBICOKHX TeMIepaTypax MoJsipHast
TEIJIOEMKOCTE €y BCEX TBEPABIX T€J1 HE 3aBUCHT OT (66)
TeMrepaTypusi H paBHa 3R.

Mel yBUIMM, YTO ¥ GONBINMHCTBA TBEPIALIX Ted (aJMas siBJAsSeTCs Noaos-
pHUTEILHBIM HCKJIOUEHHEeM) KJACCHUECKOE PACCMOTPEeHNE CKA3hIBAETCSE
BO3MOXKHbBIM, €CJIH TeMIepaTypa AOCTATOYHO BhbiCOKA.

CnpaBenIHBOCTE yTBepKAeHUs (66), H3BECTHOrO Noi Ha3BaHHEM 3a-
koHa [lionodra u Iltu, Obwia ycraHoBseHa smnHpuuyeckd. B rtadu. 6.1

Ta6anua 6.1

BewecTBo Cp ‘ty EBemectBo ‘p ‘v
Aumoyunui 24,4 23,4 Menn 24,5 23,8
Bucmyr 25,6 25,3 | Harpuni 28,2 25,6

OunoBo (MeTaJn-
Boabdppam 24,4 24 .4 4eCcKoe) 26,4 25,4
TepManuit 23,4 23,3 Tnaruna 25,9 25,4
3oaoro 25,4 24,5 Ceunel 26,8 27,8
Kapmuit 26,0 24,6 CepeGpo 25,5 24,4 -
Kpenmuuit 19,8 19,8 Yraepor (aamas) 6,1 6,1

3HaueHHs MOAAPHBIX TEIJIOEMKOCTER ¢, NMPH NOCTOSAHHOM AasaeHHH M Cy
TIPH HOCTOSIHHOM o0beMe ANl HEKOTOPHIX IPOCTHIX BELLECTB NP TeMileparype
T=2298° K. 3HaueHus Cy HOJYYECHH € NOMONIbIO HEGOJDLINX TONPaBOK
K _HeNOCPeJCTBEHHO  HM3MEPeHHBIM  3HAuCHUEM C,. Bce penuuunn Xanu
B dxc-epad —t-moap —1, ’

*) Oro TaK HasHIBaeMble HOPMAAbHble MOOs! KONEGAHUI TBEPHOro Tesia.
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HEpPEYHCIEHE] H3MEPEHHDbIE Ha ONbITe 3HAUEHHS! MOJISIPHOM TETJIOEMKOCTH:
¢, (IpH NOCTOSHHOM OagaeHuu) Al HEKOTOPBIX TBEIEIX TeT NPH KOM-
HATHOIX Temmeparype. Beinunna ¢, MOJIpHOH TenJsoeMKocTH (npIi
TOCTOSIHHOM 06BeMe) MOKET GbITh MOJYyYeHa M3 3THX MAHHBIX C TIOMOILBIO:
HeGOIbIINX MonmpaBoK *). Mul BHIMM, YTO yKa3aHHHe B TaljHie 3Ha-
YeHHs ¢y B O6LIEM HaXOXATCS B XOPOLIeM COTJIacHH co 3HadeHueM (61},
NpeJcKa3blBaeMBIM KJaccHueckoll TeopHed. B ciyuae kpemuust M 0co-
GeHHO asMaza Mbl HMeeM, OlHAKO, CHJIbLHOE NPOTHBOpeuHe C TeopHeil.
TIpHunHON TaKoro pacxomAeHHs SBJASIOTCS KBAHTOBble 3(hGheKTHl, KO-
TOpBIE /17151 3THX BEIECTB HTPAIOT POJb Jaxke NPH CTO/b BBICOKHX TEMIC-
parypax, kak 300° K.

[ pumerumocme Kaaccueckoeo npubausicerus. Tlocrapaemcs Bbisc-
HHTb, NPH KaKUX YCJIOBHAX NPOHU3BE/IEHHOE BBILIE KJIACCHUECKOe PACCMOT-
peHHe BOMPaCa O TENJI0eMKOCTH TBepABIX Tes1 OyAeT cpaBemHBbeM. Kpi-
TePHH COpPaBEIJIHBOCTH ONATEL CexyioT H3 yeaoBus (3). [lyers Konebaio-
[WHECS aTOM HMeeT SHEPIHIO &,, COOTBETCTBYIOULYIO ero JBHKEHHIO B Ha-
npaBJ/eHHH ocu X. M3 TeopeMEl O paBHOMEDHOM pachpesie/IeHHH caelyer,
YTO cpelHee 3HaUeHHE KBajApaTa COCTaBJAAIOLIEH p, HMIYJAbca aToMa
paBHO

I = 1

Zn—pk——z—kT.

HOSTOMy THOHYHOE 3HAUYCHHE P, HMOYJIbCa aroMa HMeeT MOopsAoK

Do~ ]/Ez ]/ka. {67)

Yrobbl KJaccHUecKoe oNHcaHHe ObLIO BO3MOMKHO, KBAHTOBHE 3PdEKTHL
He JIOJIKHBl TIPeMsiITCTBOBAThL JOKaJH3auHd aTOMa Ha PacCTOSTHUAX 1Oo-
pALKa Sy, PaBHBIX cpelHed BeJHYHHe aMIIUTYJIbI KOIeOaHHH aroMa.
Teopema o paBnomepHOM pacmpefieieHdM, npumeHenuast K (59), naer

1 — 1
7@)6 —‘ikT,

H THOHYHOE 3HAYCHHE BEJJIHUYHHBI S¢ CMEHIEHHA aTOMa OKa3hbIBAeTCst paB-

HbIM
Sy R ]/xz ~ /iz . (68)

Taknm o6pasom, ycaosHe (3) TOro, 4TO NPHHIHI HEONpeNeJeHHOCTH
[efisen0epra He BJHsiEeT CYLUIECTBEHHBIM 0OPa30OM Ha KJACCHYECKOe pac-
CMOTpeHHe, HMeeT BHJ

Sopo =~ kT ]/%:—} i,

-*) Jlerko uaMepHTb YIeIbHYIO TEIUIOTY TBEPAOTO Tesia HPH JOCTOSHHOM aTMO-
chepuoM JaBJieHHH, KOTAA €ro 00beM MOMET CBOOONHO MeHSAThCS. 3HAUHTENLHO TPYA-
Hee ofecreunTbh TAKHE YCJIOBHS OmbITAa, KOorfa o0keM TBEPROro Tesia OCTaBajcs Obl He-
H3MEHHEIM HPH H3MeHeHHH TeMneparypsl. OfHaKo B Clydae TBepHOro Teja M3MeHEHHE
06heMa NpH H3MeHEeHHH TeMIepaTyphl HEBEIHKO M PASHOCTE TEILIOBMKOCTE ¢p U Cy
mana. Ee MOXHO BBIUHCANTD, 3HAS HEKOTOpHIE- Maxpocxonnqecxue KOHCTaHTH,, xapax-
TepH3ylOllHe JaHHOe TBepAoe Telo. woA o
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HU

kT > ho, (69)

rie @ — THOHYHAS YIVIOBAs 4acToTa KoJieGaHHil aToMa B TBEPIOM TeJe.
Yeaosue (69) npHUMEHHMOCTH KJ/I4CCHYECKOTO NPHGAHKeHUS MOJKeT GHITh
3aMHCAHO B SKBHBAJEHTHOM BHJE

T>6, (70)
e @wz’T TeMnepaTyprm rlapaMeTp, xapaKTeprm A5 JaHHOIo

peecTsa.

Upcaennne onenKHu YHacToTy ® Kosebanuil aToMOB TBEPROTO Tesla MOXK-
H0 OLICHHTb Ha OCHOBAHHH €ro YNPYrux csoHcTs. [Ipenonoxum, Hanpumep, 4TO TBep-
Jloe TesIo UCHHITEIBAeT AaBjieHue Ap, nox JeficTBUEM KOTOPOro 00beM Telld yYMeHbUaemea
Ha Heboapluiyio BeamyHny AV, Bennunna
1AV

§a3pIBACTCH CHUMALMOCTIGIO TBEPIOTO Tedld (3HaK MHHYC CTOHT RJIA TOTO, YTOOH! BEJIHYH-
Ha x Onula NoNoXUTeNbHOH). Belnunna % Jlerko H3MepHMa H OHA IO3BOJIAET NMOJYYHTH
HEKOTOphIC CBeAeHHS O CHIaX MEXRY aToMamu
TBepAOro Tesd.
© 000 6 Tonbitaemcss Teneps, 3Has CKAMaeMOCTh,
. TOMYYHTB TPYGYIO OUEHKY CHJILl F, meficrBylomel
T HA aTOM, CMelleHHbIR H3 NOAOKEHUS PABHOBECH A
B TBepAoM 1ede. J{JIsT mpocTOTHl MOJNOXKHM, 4TO
® 4TOMBI TBePAOrO Teda [ACHOJNOXKEHE B LEHTpe
e
e

kKy6a ¢ pauHoll pe6pa a. MaGriTounoe XaBJaeHue
Ap coorBerctByer cune F=a?Ap, peficrayiouei
HA [OBePXHOCThL @2, MPHXOMIIYIOCH Ha OHH
atom (puc. 6.14). Ilanee, OTHOCHTe/ILHOE H3MeHe-
Hue oObeMa BCcero Tena nop JelicTBHeM M36GLITOY-
HOVO NaBseHunst Ap JO/KHO GbITh PABHO OTHOCH-
TeAbHOMY H3MeHeHHIO ofbeMa, NpUXonsierocs
H4 OIHMH aTom,

o

|
|
a

Puc. 6.14. [TopepXHOCTh TBepIOro Te- AV A (,13) 3(12 Aa Aa
A, ATOMBE KOTOpOro o6pasyior fpo- _ F— =3 =
CTY0 KYOHYECKYIO DPelleTKY. V 23 Q a

.

Hcnoabays onpefenenne cxxumaemocts (71), Mel nosyyaem

1 AV a2 3Aa
a2 —n2f —— 27
F__aApa( KV) x a '’ )
il
= — oAa,

£1le TIOCTOSTHHAS ¢, CBA3bIBAIOWAs cuiay F H cMeleHne Ag aToMa U3 HOJIONKeHHA pasio-
8ecHs, pasHa
3a

a=;. (72)

f1pn namem MpoOCTOM APeRTOIOXKEeHHH 00 aTOMaX TBepPAOTO Tesia, PACHOJONKEHHWX B
teHTpax Kybndeckoll pellleTkH, Mbl Tlo/lydyaeM C/efylOmYyI0 olUeHKy 44CTOTH Koaefanufi
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aTOMOB TBEPAOIO TeJa:

R VACHNS V4 (73)

UTo6ul MOJIYYHTL UHC/IEHHYIO OUEHKY COOTBETCTBYIOMAX BeNHUHH, PacCMOTPHM
cay4ail MeaH. DTOT METa] UMeeT cliel(YIolie KOHCTAHTHI:
aTOMHLIH Bec
pn = 63,5
TJIOTHOCTD
. _ p=2895 c-cu-3;
CXHMAEMOCTh
*=17,3-10—13 cy2.0un-1,
Uz 9THX KOHCTAHT MBI NOJyudem MACCy aroma

63,5

W: 1,05' ]0—22 2.

=B _
m= =

Tax kak p=m/a3, MeXKATOMHO® PACCTOSIHHE @ PaBHO

a= (i"p-)”a = 2,34.10-% cx.

Teneps #3 (73) MBI noAyuaeM yIJIOBYK) 4acToTy KosaeGaHHil

3(2.34-10-9) 12 1013 310
o [(7,310-13)(],05.10-22)] = 3,02-10'* padjcex,

KOTOpOii COOTBeTCTBYeT YacTora KoJeGanui

-_—% R 4,8-1012 cex~1, (74)

Ira yacToTa JEKHT B HHPPaAKPacHOll GOMACTH 3JEKTPOMATHHTHOIO CMeKTPa.
XapakrepucTHdeckas TeMNeparypa ©, onpeleasiemas dopmyaoii (70), papna

_ ho_(1,054-10-27)(3,02- 1013)
—® [,38-10- 1

TaknM o6pasom, I MeR¥ KIACCHYECKUH pesysbTaT cpy=3R Oyler cnpaBeliHB npwn
T>230° K, T. €. MH MOMEM OXHJaTb, UTO OH HaYHET BHLUIOIHATLCA NPHOTHBHTENLHO
npH KomHaTHOH waM Gojee BbicoxoR TeMIeparype.

PaccmoTpum Tenepb ajaMa3. ATOMHBIH Bec yrjepoxa paseH 12, ciefoBareibHo,
Macca aToMma aJMasa B IsTh pasMeHblleMacCeH atoma Mexu. Kpome toro, anmas ropaspo
TBEpPKE MEJH, 0 ero CXKHMAEMOCThL NPUOIHSHTENLHO B TPH Pasa MeHblle, YeM Y Mend
(x=2,26-10—Lcn? -Qun—"). [Tostomy uadrora @ KoneGaHHs aTOMOB Yriepoja B ajiMaze
fem. (73)] 3naunrennno Gonblue yactornl KoleGauuil aToMOB Mesu B Metadne. Boaee
TOYHO, A% a7Ma3a (IIoTHOCTE p==3,52 2-cu—3) oleHKa TeMnepaTypHOrO Napamerpa
naet O x830° K. Taknum ofpasom, 415 ajJMasa NpH KOMHATHOH Temneparype KiacCHue-
ckoe npuGAHIKEHWe He MOXeT OuTh CnpaBelJHBLIM ¥ HAC He AOKHO YAUB/IATH HH3KOe
3HdueHUe ¢y S aiMasa, nphuBeleHHoe B Taba. 6.1,

) ~ 230° K. (75)

. OueBnpiHO, uTO NPH HH3KHX TeMmnepatypax, Kcria (69) He Bo-
DOJIHAeTCS, KJIAacCHYeCKHH pe3y bTar ¢y=3R nepecraer GbiTb BEPHBLIM.
H3 pecpMa ofuiero pesy bTata (5.32) cjefyeT, 4To €cCJH TeMIleparypa
yMEHbILaeTcsl H HepaBencTso (69) nepecraeT BBHINOJHATHCH, YAETbHAs
TEMNN0EMKOCTb ¢y N0JIKHE GHICTPO yMEHbIIATbCA, JOCTHras HYJAsS NpH
T—0. TouHble KBaHTOBOMEXaHHYECKIle BbIYHC/AEHHSl MOATBEPKAAIOT
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9TOT INpefiesibHbll pe3yabrar. EcaH mpeanonoxuTb, YTO KaMKABIH ATOM
TBEPJOro Tesla KoJieG/1eTCsl ¢ 4acToTOH o, TO BHIIOJIHHTh KBAaHTOBOMEXa-
HHUYECKHH pacyeT yAeJbHON TENNOEMKOCTH ¢y BecbMa npocTo. Mel nony-
YaeMm NpPH 9TOM 3HauyeHHe ¢y, NPUrofHOe Aast JwObX Temneparyp. ([lox-
POGHOCTH 3THX BbIYHC/IEHHI cM. B 3ajnaue 6.21.)

{Boaka onpejeneHuil

Daszosoe npocmpaxcmeo. MuOromepHoe IPOCTPAHCTRO, OCH KOTOPOT'G COOTBETCTRYIOT
KOOPJAHHATAM H HMIYJKCAM CHCTeMbl. TOYKA B 3TOM MPOCTPAHCTBE onpelessieT BCe Ko-
OPJAMHATEL H HMOVJLCH YaCTHI[ CHCTEMEL.

Marxcsennosckoe pacnpedenerue cropocmeii. BripaxeHnue

B mo?

f(v)yddv o e__Q— d3v,

Jaomee cpelHee YHCIO MOJEKYJ, CKOPOCTb KOTOPBIX JIEXKHUT MexKIAy V W v--dv, aas
raza npu abconorHoll Temmepatype T.

Ipepysun. BelTeKaHne MOAEKY/ U3 cOCyJd 4epe3 HeGOMbLYIO Iedb, pa3Mepbt
KOTOPOI! 3HAUNTENLHO MeHbIle cpefHefl MIubLI npobera MoJexyJl.

QOcHoBuble ¢Gopmybi

Ecnu cucrena, OnHCLIBAEMAs KJAacCHUECKH, HAXOJUTCH B P4BHOBeCHH DU abcoaioT-
Hoit TeMmneparype T, 10 Kax10MY HE3aBHCHMOMY KBAJADATHUHOMY yJjeHY €; B Bbxpamemm
AJs1 3HePruH oTBevaeT CpejHee 3HaueHHe SHeprun

',:7”. W

3agaun

6.1. Da3os0e nPOCMPAHCIBO KAACCUYLCKO20 2APMOHUYPCKO20 OCUUAAAMOPA. DHEPTHSE
OHOMEPHOrO  [apMOHHYECKOTO ocuwmmopa paBHa . .

E ;F)E pt +

rIe x — CMeuleHHe, p — uMiyabc. [lepsoift uien CyMMbl COOTBETCTBYET KHHETHYECKOR
BTOPOi — MOTEHUHANLHON 3HePruH oCuHAnATOpa. Macca oCUHAAMPYIOUWEl YacTHLbl
0ofo3HaueHa uepesd m, KOIPHHUUHEHT YyOPYTOCTH 414 BOCCTAHABAMBAOWEH CHBL, JefcT-
BylOllell HA yacTHLY, paBeH &. PaccMoTpnm ancamtib TaKuX OCLUAIATOPOS, 06 2HEPIIA
KOTOPBIX U3BECTHO, UTO OHa JeKUT Mexay E n E+4O8E. Yxaxure (paccmarpunas sagauy
KJaccHiuecKd) Ha gBYMepHOIl AMarpamme xp 4acTb (pasoBoro NpOCTPaHCTBA, MOCTYIHYIO
OCURIIATOPY.

6.2. Hoeansuotii 203 6 nose cuset maxcecmu. YineanpHeiil ra3, HaXoASWHACA B PARHO-
Becun pA a6COMOTHOR TemuepaType T, ACTBITHIBAET NeilCTBHE CHJIBI TAMCCTH. Y CKOpe-
HHE CHJIbl TAXECTH PABHO g U HANPABEHO BHY3 (B nanpasnenny —z). Macca mosexyJibi
paBHa m.

a) Hainure BeposrHocts P (r, p)d3r d®p toro, uro Kooplmuarm M UMITYJIbC MOJIe-
KYJIbl JleKaT B npefleldaXx oT r 1o r+dr u or p 10 p+dp coorsercrserts. (Bocmosb-
ayliTech KAHOHHYeCKUM pacHpele/ieHHeM B €ro KJaccHYeCKOH TRaKTOBKe.)

6) Haiigure (¢ TOUHOCTRIO 0 HOCTOARHOTO MHOXKATE/ ) BEPOATHOCT TOTO, YTO CKO-
POCTb MOJIEKYJIhI JIEXKHT MEXAY V # V-dv He3aBHCHMO OT NOJIOXKeHN st MOJIERYJIbl B ITPO-
crpancree. CpaBuuTe NONYdYeHHBIN Pe3YJIBTAaT C COOTBETCTBYIOIIEH BepOﬂTHOCTbIO npn
OTCYTCTBHH TPaBHTAIMOHHOIO MOJA.

B) HafizuTe (c TOUHOCTBIO O MOCTOAHHOTO MHOMHUTEA) BepOﬂTHOCTb J "(2)dz
TOTO, YTO MOJIeKYJa HAXQAUTCH B HHTepBaJle BLICOT OT 2 A0 Z + d2 HE34BHCHMO OT e
CKOPOCTH U MOJOWEHHS B rOPH3OHTAJBHOH MJIOCKOCTH. R
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6.3. Maxrpockonuueckoe paccMomperue udeaAbHO20 2233 8 nose CUMbL MAKCECHH,
PaccyoTpaM HaeanbHbll ra3 NpefblAyiiei 3a1a4H C TOMHOCTBIO MAKPOCKONHYECKOH TOY-
KH 3penus. Hafilem Bripaxenue g uncaa n (2) MOJEKYa B eHnue o6keMa Ha Bbl-
cote 2. L7151 3TOro HeoGXOAMMO HANMUCATh YC/I0BHE MeXaHHUECKOrO paBHOBECHS CJIOS ras3a
B HHTepBaJe BHICOT OT z %o 2-+-dz M BOoCnONL30BaThCA YparRHeHHem coctosinus (4.92).
CpaBHHTE HONy4eHHBIR Pe3YIbTAT C BHIpAXKenHeM Ui P" (2)dz, BuBeleHHRIM B Npebt-
Aylieil 3ajaye ¢ NOMOIIHIO CTATHCTHYECKOH MEXaHUKH.

6.4. [Ipocrmpancmeetroe pacnpedeeHue AKmMpPOH08 8 LUAUHOPUUECKOM SACKIMPU-
4eckon nose. BRoab ocy HMAMHIPA ¢ paauycoM R u Anunoit L HaraHyTa npoBOJIOKa,
paauyc xotopoil ry. IloTeAnmuan NpoBOMOKH 110 OTHOLICHWIO K WHJAHHAPY cocrasiser
V ex. CI'C3v. Bea cucrema Haxofutcs NpH alcomotHoit Temnepatype T, xoropas ao-
CTaTOYHO BeiHKA. B pesyabTare /€eKTpOHBI, HCIyCKaeMble HATPeTbIM MeTAJIIOM, 06pa-
3YIOT pa3peKEHHbIH a3, HANOJNHAIOWHHA HUIRHIP M HAXOAAWHHCA ¢ HHM B paBHOBe-
cud. TlaorHocTh 3MeKTpOHHOrO Ta3a HACTOABKO Majia, YTO B3aHMOJeHCTBHeM 3JeKTpo-
HOB JPYr C APYIOM MOXKHO HpeHeGpeyb.

a) BocnosnsoBaBuncs Teopemoli [aycca, momyunTe Bhipaxkende sl 3JeKTpOCTa-
TIYECKOro NoJisl B TOUKe, HaXOAselics Ha PACCTOSTHHH 7 OT OCH LHJIHHADA (ro<<r < R).
Jauny muansapa L MoKHO CUATAaTh JOCTATOYHO GOJBIION, UTOOEI HE YyYHTHIBATH Kpae-
Bbie 3(heKThl.

6) B TennoBoM paBHOBecuH 3/1eKTpoHHI 06PA3YIOT ra3 NepeMeHHOH NJIOTHOCTH, 3a-
{IONHSAIOWME NPOCTPAHCTBO MeX/Y HHTEIO H HHUAHHApOM. BocrnonesoBaBinuch pesysin-
TATOM a), HaHIMTe 3aBUCHMOCThL UMCJIA SJIEKTPOHOB B efMHUUEe 0GbeMa OT paguajabHOro
PAaCCTOAHHUS.

B) Y kaxure NpHOIU3HTENbHEI KPATEpHI TOre, HACKOJILKO Mastof AoJxKHA GhITh
TeMneparypa T (a 3HauHT, M ILIOTHOCTE 3JI€KTPOHHOTO Ta3a), uTobbl HpeHeGpe-
JKEHHE 5(1eKTPOCTATHUECKHM B3aHMOJCHCTBHEM MEXAY 3JeKTPOHaMH GOBIO  OIpaB-
JlaHo.

6.5. Onpedeaenue maccor GOALLIUX MONCKYA C NOMOWBIO yrompayenmpudyeu. Pace
CMOTPHM MaKpPOMOJIEKYJTY (T. €. ouehb GOJAbLIYIO MOJNEKYJTY, MOJNEKYJNSIPHHH BeC KOTO-
poil paBeH HECKOJIBLKHM MUJIJIHOHAM), HAXOAAMYIOCS B HECKHMACMOH KHUAKOCTH C MJIOT-
HOCTbIO O 1pu abcomoroil Tempeparype T. O6LeM v, 3aHHMaeMblil OHOH TaKol MoJle-
KyJIOll, MOAKHO CYHTaTh H3BECTHHIM, HalpHMep, H3 H3MepeHMH o6nLeMa, 3aHHMaeMoro
pacTBOPOM TAKHX MakpomoJsiexyJs. Takoll pas6aBJeHHBbIA pacTBOP NOMEULAIOT B YALTpa-
neHTpudyry, Bpaulamomyiocs ¢ 601boH YINOBOH CKOPOCThIO ®. B cucreme kKoopauuar,
Bpamamluelics sMecTe ¢ UeHTpudyroil, M06ast HAXORAWAACS B [IOKOE YACTHIA € MAC-
COil M HCUBITHBAET NeHCTBHE HEHTPOOGexKHON CHIIEL M®?r, Tle 7 — paccTosHME YACTHI(E
OT OCH BpallleHHs.

a) Uenmy paBHa pe3ynnTHPYyIOmas CHJA, AeHCTBYIOMAN B 3TOf cucTeme KOOpAMHAT
Ha YacTHUY C Maccoil m, eCIH NMPHHATL BO BHHMaHHe HORBEMHYIO Culy, 06yCIopJeH-
HYIO OKPYKalomeR XHAKOCTHIO?

6) donycTum, 4TO CHCTEMA IOCTHIVIA PABHOBECHS M, TAKMM 0GpasoM, Cpefiee UHCIO
n(r)dr makpoMosekys (B exHHKIe 00beMa), PACTIONOKEHHBIX B HHTEPBaJe PacCTOAHAN
OT 7 10 r-+dr or OCH BpaileHus, He 3aBHCHT OT BpeMeHH. Hcnonb3oBaB xaHouHyecKoa
pacnpejenenne, naimure (C TOUHOCTBIO A0 TNOCTOSTHHOTO MHOMHTEIS) 3aBHCHMOCTb
n(r)ydr ot r.

B) Uro6bl H3MEDHTL 3aBUCHUMOCTbL £ (r), MOXKHO BOCIIOJIbL30BATLCA HOTJIOLIEHHEM
cBeTa B pacTBope. IToxaxuTe, KaK HCIOJIb30BAaTh TaKHe H3MepeHuss /s ONpeielie Us
MacChl /7 MaKPOMOJIEKYJIbl.

*6.6. J1pocmparncmeenHoe pa3deneHile MAZHIMHbIX AMOMO8 8 HeOOHOPOTHOM MACHLIM-~
Hom nose. BolHBIY pacTBOp NPH KOMHATHOH TeMIlepaType COAepKHT B M4JI0i KOHIeHT-
PaLMH aTOMHI, KaXIkil H3 KOTOPHIX 06/ajaeT CITHHOM 2 H MaTHHTHHIM MOMEHTOM L.
PacTBop momMellleH BO BHelIHEe HEORHOPOAHOE MATHHTHOE NOJIe, Z-KOMIOHENTa KOTOpOro
fpsgercs AHHeHHO Bo3pacTaoumel gpynkuued z. 3nauenne B, B HuxHell 4acTH pacTBopa
(rae z=2z,) Gonnvile, ueM B, B BepxHeil uacTn (rme z==2,).

a) IlycTs ny(2)dz oGosnauaer cpejHee YHCIO0 aTOMOB, MATHHTHBIA MOMEHT KOTOPBIX
HanpasJ/leH BBepX 0 OCH Z H PACNOJOMEHHBIX MeXAY Z H 2-dz. Uemy pasHo OrHoOLIe~
sie n..(2:)/n1(2,)? Byner An ono Gosbille, MeHbile WM PABHO egunuue? .

6) Iycrb n (2)dz — noinoe YKCJQ MArHATHHIX aToMOB (0GOUX HanpaBJeHHH opH-
eHTALUH CIHHA), PACNONONEHHHIX Mexay 2z M z-}dz. Uemy papHo oOTHOWeHHe
n (25)/n (z,)? Byner nx oOHO GOMNbIle, MEHBIIE WIH PABHO elHHULLE? T C
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~ B) Bocnoabayiitech ycnoeuenm poB<<kT 118 ynpomenHs OTBETOB Ha npefbityuine
BOTIPOCHL. . .

r) OuennTe. QNC/EHHO BeAWuAHY OTHOWICHHA n (Zp)/n (2,) npH KOMHAaTHOH Tem-
nepatype, eciH PyRy10~2° spe/ec (r. e. nopsiika 60pOBCKOIO MarheTona), B;=0 u B,=
=5.104 ec. _

6.7. Hauboaee sepoamnas snepzus morexysnt 2asa. Yemy pasna nawbosiee BeposiT-
HAA KMHETHYECKAS SHEPTHA & MOJeKYJIH, ONHCHBaEMONl MaKCBEJJIOBCKHM pacmpefene”

rueM cKopocteil? Pabna iu oHa % mu?, rie v — naubosee BePosITHAS CKOPOCTH MO-
JIeKYJIhI?

6.8. Temnepamypnan aasucusocms sppysuu (ucmeneHus). MoJtekyJBl 3ak.109eH-
HOIO B COCYA rasa 4epes HeGoJbloe OTBEPCTHE B CTEHKe BBUIETAIOT B BAKYYM, OKPYIKal0-
muit cocyn. Ipennosmoxnm, uro afconor-
Has TeMmlleparypa rasa B COCyJe yABAUBa-
ercs, TOTJAA KakK JaBJenHe ocTaercd Mo-
CTOS{HHBIM.

a) Bo ckofibko paz H3MEHUTCH YHLIO
MOJIEKYJI, BBLIETAIOIMX B CEKYHAY U3 OT-
BepcTHS B CTeHKe cocyna?

Puc. 6.15. SpdysHommsl nydok najaeT ma 6).,B0 CKOJIBKO pas HSMeHWTCA CH-
SKpaH. Jia, BeHCTBYIOWlast Ha 3KpaH, pacnoso-
JKeHHBIH mepeldl OTBepCTHeM?

6.9. CpeOHan KUHeMUYSCKAR JHEP2UR UCMEKAIOWUX MOAeKYA. MonekyJsl onHoaTOM-
HOrO rasa BbLTETAloT U3 LleJH B CTeHKe COCYHAd, HAXOASIerocs npH aGCoMIOTHOH TeMIle-
paType T. Ykamure puanueckue npHYHHb (He npHGeras K BRYUCACHHSM), IO KOTOPbIM

cpeiHss KHHETHYECKAsi IBEpPrHs €, BHIIETEBLIHX MOJEeKYaA OyleT GoJblue (HJIH MeHblIe,

WM DpaBHA?) CpedHell KHHETHYeCKOH SHEPrHH €; MOMEKYJ, HaXOISUAXCS BHYTPH
cocyna.

6.10. [Toruncenue dasrenus easa 8 cocyde ¢ HeGoabiuoti meubro. TOHKOCTEHHBI CoCy L,
o6bvemoM V, TemNepaTypa KOTOPOro MOALEP:KHBaeTcst MOCTOAHHOH, HAMOJIHeH a3oM,
MeIJIeHHO BHITEKAIOUIMM H3 COCYHa yepe3 HeGosblioe orBepeTHe nuomansio A. Hapywx-
HOE JaBJleHHAe HAaCTOIBLKO Maf0, 4TO 0OpaTHEIM TOKOM Fa3a B COCYN MOXKHO NpeHeGpeun.
Ouenute, 3a Kakoe BpeMst 1aBJeHHe B COCYMe YMEHbIUHTCS IO MOJOBHHbI HePSOHaYa/lb-
noro. Bripasure otBer yepes A, V H cpenmioo ckopoctb MOMEKYJ v.

6.11. Kpuocennan (m. e. Huskomemnepamypuas) omxadxa. [a3 MoxHo yAanuTH
H3 COCYRa, OXJaX/Jas ONHY M3 €ro CTeROK. DTOT MeTOX 4acTo HCMOMB3YETCS B Pasnu-
HBIX (PM3MYECKUX DKCIIEDPHMEHTAX, KOTAa HeoOxoauM Xopowrii BakyyM. HUTo6bl nostcHuTs
NpPHHUWHI TAKOTO MeTONa, pacCMoTpum chepHueckuit cocyl pamuwycom 10 cam, Koropblit
HaxoJuTCsl MPH KoMHATHO! Temneparype (300° K), 3a ucxmouennem niomanku B 1 cu?,
TemnepaTypa KoTopoil paBHa Temneparype xuaxoro asora (77° K). B cocyie Haxoaurcst
BOJAAHOH 51ap, HayajbHOE JaBJeHHe KoToporo pasno 0,1 aum pT. cr. OuennTe Bpems, He-
06X0uMoe V1% yMeHblueHHS RaBiaenus Ro 10=8 s pr.cr., npeanosaras, 4ro Kaxias
MOJIeKYJIa, YiapHBLIasicd o6 OXJIAXKIEHHYIO NOBEPXHOCTb, KOHNEGHCHPYETCH Ha Hefi.

6.12. Pasercriue usomonoe spysued. Cocyn nMeeT MOPUCTHIE CTEHKH, CONepXa-
mue 6OJIbIIOE YHCAO TOHKHX weded. ['a3, nMpoHRKaomui Yepes 31y wiedn Giarojaps
sdxpy3uu, OTKAUHBAETCS H COOMpaeTcsl B CllelHaNbHYIO Kamepy. Cocys Hamojines pas-
PEXKEHHBIM Ta30M, COCTOSIUIHM H3 MOJEKYJ C MacCaMH fiy K My (B 3TH MOJIEKYJIbLBXOAIT
2Ba pa3IuyHLIX H30TONA oJHOro aToma). O603HaUMM Hepes ¢ H €y KOHUEHTPALHIY MOe-
KYJ 1eDBOFO W BTOPOr0 THIIOB COOTBETCTBEHHO (KOHUEHTpAlHeH CHCTEMBI B AAHHOM
cJjyyae Mbl HasplBaeM OTHOIIEHHe YHCJIA MOJIEKY. THHA i K MOJHOMY YHCAY MOJIEKYJ).
DTH KOHUEHTPALMH MOTYT NOMIEPKHBATLCH HEH3MEHHLIMH, M 4Yero IOCTaTouHO,
HanpHMEp, OCYILeCTBHTh IPHTOK B COCYJ CBEXEro ra3a B KOJHYeCTBe, HeOGXOANMOM
BJ1si KOMIEHCAIMA YTeuKH ¥3-32 adysud.

a) O6ozHauum yepes cl' “ c; KOHIEHTPALHH MOJEKYJT 060HX THIIOB B CNELHANbHOA
gavepe. Uemy paBHO OTHOUIEHHe co/cy?

6) Henone3ys ra3 UF g, MoxHO clenaTb nonwTKy orneuts U235 or U238, [Tepsuiit
H3 9THUX M30TONOB UCNIOAL3YeTCs B peakUHH AjepHOro lReaenHs. ['as 8 cocyge cocrout
13 Mostexydt U23SFL® 4 U298F® (KonueHTpALMS STHX MONEKYJl COOTBETCTBYET €CTeCTBeH-
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Ot PacIIpOCTpaHEHHOCTH OGOKX M30TONOB YpaHa H PaBHA COOTBETCTBEHHO Cp33=99,3%
PR

H C235=0,7% ). BriuncauTe oTHoLeH#e Cog5/C238 A MOJICKYJI, COGPAHHBIX B Kamepe no-
cie adubysun. Bripasute 3To oTHollleHHe Yepe3 HayaljbHOe OTHONIeHHe KOHIEHTPAUUi.

6.13. H3amenenue xonyenmpayuu 8 pesyavmame 3¢ppysuu. Ogna H3 CTEHOK cocyna
3aMeHeHa MeMOGpaHO# C GOJIBIIMM KOTWYECTBOM MaJieiX weneft. Ecin cocyl HamoJHeH

Fa30M, HAXOXAWHMCA TIPH NaBJIexnH P, To Gaarofaps sibysnu ras us cocyna 6yaeT mpo-
HHKAaTh B OKPYKalomWHi cocyX Bakyym. OnpIT NOKaselBaeT, YTO eC/H HAMOMHHTL COCYA
re/HeM NPH KOMHATHOH TeMrepaTtype H LaBJeHHH p, TO B TeYyeHHe uaca Jab/eHHe B Co-
cyne ynager go % p.

IMpeanonoxuM, 4TO MPH KOMHATHON TeMmepaType H IIOJHOM RABJCHHH p COCYH Ha-
nojten cMecoio resus (He) u neona (Ne). Atomuas KoHHeHTpals oboux rasoB paBHa
50% (nonoBuna atoMos asJstercs aroMamy He, notoBuna — aromamu Ne). Uemy 6yzer
PaBHO OTHOIICHHE M, /N 1y, ATOMHBIX KOHUEHTpALMH 0 HCTeueHHH yaca? BripasuTte oTBer
uepes aTOMHLIC BECA TeHS Wy, H HEOHd M \.

6.14. Botuucaenue pasiudox cpednux 0is moaexyset 2asa. T'a3, cocrosiuit 13 Mo-
JIEKYJI ¢ Maccoil m, HaxoJlHTCA B paBHoBecHu 1pH abGeonoTHolt Temnepatype T. O6o3ua-
YUM uepes vV CKOPOCTb MOJEKYJIbl, Yepes Uy, Uy H Uy~ COCTABAAIOUHE CKOPOCTH MO KOOp-
JHHATHBIM ocaM. Haifigute caenyioue cpelnue:

a) Uy, 6) ok, B) Py, 1) olvy, ) (op T Boy)t,

rxe b — nocrosunas. (¥ x a3 a u u e. CoobpakeHusl CHMMETPUH H TEOPEMA O PaBHO-
MePHOM pacrpeleeHun Aaf0T BO3MOXHOCTD MOMYYHTh 9TH CpeJiHHe, He TpHOeras K CI0K-
HBIM BLIYHCJICHHASM.)

6.15. [lonaeposcroe pacuiupenue cnekmparoHsix aurud. Ta3 B3 aTOMOB, HMEIOMMX
Maccy 771, HaXORHTCH BHYTPH Cocyna MpH abeooTHOH TeMneparype T. ATOMEI HCITYCKAIOT
CBeT, KOTOPBIH BHIXOQMT U3 COCYja (B HanpaBJeHHH X) uepe3 OKHO B ero cTenke. CeT,
HCTycKaeMblfl aTOMOM, HMeeT OnpeleJeHHYI0 4acToTy vy. Ondako 6raronaps sddexry
Jonnepa uactora csera, HCNYIEHHOrO aTOMOM (CKOPOCTh KOTOPOTQ HMEET BOJbL OCH X
COCTaBJAIOULYIO Uy), HE PaBHA yacrtore vy, [Ipubamkehnoe 3HaUeHHE YACTOTH PABHO

V=", (I—]—?) ,

e ¢ — CKOpOCTh cBeTa. B pesynbrate creKTpoMerp, aHa/quH3WPYIOWMA CBeT, obHapy-
JKHT BMECTO OJHOH YacTOTH ¥, HEKOTOPOe CNeKTpaJbHoe pachpefesneHue / (v)d v, Koto-
poe JaeT 4acTb CBETOBOH 3HEPrHH, 3aKJIOUEHHOH B WHTEPBA/J€ YacToT OT v Jo v Jdv.
a) Bruucanre CpemHIOK 4acTOTy vV cBerd, Hab/1I0LaeMOrO CIEKTPOMETPOM.
6) Briuncaute gucneperio (Av)? yacToThl CBeTa, HAGMIOAEMOTO CIIEKTPOMETPOM.

B) [Mokaxure, Kakum o6pasom H3MepeHHA WHPHHE Av==[(Av)?]"/:cnexrpanbroft
JUHHA, HabMIORaeMOll CHEKTPOMETPOM B M3JIYUEHHH 3Be3Mbl, RAIOT BO3MOXKHOCTH ONpe-
IelUTb ee TeMIepartypy.

6.16. Y Oeabras menaoceskocme NOOBUNCHO20 MOHOMOAeKYAAPHOZ0 ca08. Ecmu no-
BEPXHOCTH TBEPJOFO TE/1a HAXOIUTCA B JOCTATOUHO XOPOLLIEM BAKYYMe, TO Ha Hell MoXKeT
00pa3cBaThed OAHHOUHBIA CIOH MOJIEKYJ, TOMLHHA KOTOporo GyleT paBHA IHAMETPY
MoJIeKy el (B aToM coryuae roBopar, 4TO MOBEPXHOCTH aACOPGHPOBana MOIEKYJIn.) Mo-
JIEKYJIHl YAEPKHUBAIOTCA HA MOBEPXHOCTH CHIAMH HPHUTMKEHHH, ACHCTBYIOMIHMH CO
CTOPOHHI ATOMOB TBEPJOTO Te/ld, HO MOrYT MepeMelllaThCs no Hefl, coxpausisi cBoGogy
B ABYX H3MepeHHAX. TaxuM o6pasom, OHH 00pa3yioT B XopolieM NpHOJIHIKEHHH KAACCH-
4ecKHil aByMepHslil Ta3. [IpeMnionoxuM, 4To MOIEKY/Ia OHOATOMHA U a6COJIOTHAA Tem-
nepatypa pasua T. Uemy paBHa MOIAPHAS TEIVIOEMKOCTb MOJIEKYJI, aACOPOHPOBAHNLIX
110BEPXHOCTLIO?

6.17. 3asucumocmd 34eKMPUYECKO20 CONPOMUBACHUA MEMAAAQ OM MEMNEPAMYPbL.
DJIeKTpHYECKOE COTIPOTHBJIEHHE P MeTal/1a MpPONOPHHOHAJILHO BEPOATHOCTH TOrO, 4TO
3JIEKTPOH pacceHBaeTCs KOJEOMIOMHMHCS aTOMaMH pelieTkd. ra BepOATHOCTh B CBOIO
Ouepeib NPOHOPHHOHANbLHA CPéjHedi KBaApaTHYHOA AMNAUTYAE KoJeGaHHil aTOMOB.
Kax 3aBHCHT 9/IeKTpHYECKOe CONPOTHBIEHNE Y MeTallila OT ero abCo/OTHOH TeMiepary pul
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BOJAH3H KOMHaTHONl TeMmeparyphl HJIH Bblle, KOTA3 Ko0J1e6aHHA aTOMOB MeTa.1na
MOTyT OBITH PACCMOTPEHBI € MOMOIIBIO KJI4CCHUECKOH CTaTHCTHUeCKOH MeXaHHKH?

6.18. Teopemuueckas npederbras mounoci e3eewiueanus. OueHb UYBCTBATEI bHbIE
APVIKHHHBIE BECHl COCTOSIT U3 KBAPLEBOH NPYMKHHEI, 3aKpelIeHHON B HEMOIBHMHON
onope. [TocTosiRas NPYXKHHBL PaBHa ¢ (IPH PACTSIKEHHH NPYXKHHBI Ha BEJIHUHHY X
BO3HHKAeT Bo3Bpanlalomas cuiaa —ox). Beckl maxoxsarest npu remneparype 7 B necre,
rle YCKOpeHHe CHJIBl TAKECTH PaBHO g.

a) Kaxoso cpelnee pacTsKeHHe X NpPYXKHHBI, K KOTOpoil nojBewieH HeGO.ILLIoIT
rpy3 wMaccoii M?

6) Yeny paBua sesmunua (Ax)?=(x—x)> temnoBoli QIyKTyalmyu Tpysa OKo.I0
HONOMKEHNsT  paBHOBECHs?

8) M3uepenne maccht TepsieT CMBICH, €CAM GIYKTYALMH HACTOJBKO BEJAMKI, UTO-
(sz)l/22x. KakoBo munuMasibROe 3HadeHde nMacchl M, H3MepHMOH ¢ moMOmbIO TAKLX
BecoR?

6.19. Tenaocesxocmo aH2QPAOHUYECKO20 OCUUL2AMOpd. PaccyMoTpuM ofHOMepHEIT
OCIMAIETOP (He mpoCTOli rapMOHHUYeCKHIT), OMNCHIBAaeMBI KOOPAMHATOM X H MMIY.Ib-
coM p, 3HepTHH KOTOpPCTO pasHa

2
:é"—m+b.v4. I

[MepBrill YeH 3TOro BEIpaXKeHHS COOTBETCTBYET KHHeTHdeckolf, BTOPOll — noTeHnHa b-
Eoll sHepruu. Bennuuda m — macca ocumLisTOopa, b — HeKotopas noctosuHas. Oc-
IULIISTOP HAXOAMTCA B PABHOBECHH € TeIJIOBLIM pe3epByapoM upn Teumnepatvpe T,
KOoTopast JOCTATOYHO BeNUKa AT TOro, YToObl MbI MOIJIM INPHMEHSTb 3aKOHBI KJIacCli-
YyecKoli MexaHmkH,

a) Yemy paBHa cpelinfad KHHeTHUeCKAs SHEPTHSA OCUMWLIATOpa?

6) YUemy paBHa CpelHfisi MOTEHIHANLHAA 3HEPrusi?

B) Hemy paBHa cpeinss noaHas 3Heprus?

r) Pacciorpun adcan6iap €1a60 B3auMOLEICTBYIOMKX 4acTHI, KaxKlas U3 KDTO-
PBIX COBeplaer OAloMepHble KOJeGaHHsi, NpHUeM 3Heprus KodeGaHuil onperernsercs
BoipaxkenneM (I). Uemy paBHa Ten/oeMKOCTh MOJIst TAKMX YaCTHIL IPH ITOCTOAHHOM 0Gh-
eme? (Y xa3anue YroOel OIBeTUTh HA 3TH BOMPOCH,, HET HEOGXOIHMOCTH BbIYUC-
JATb COOTBETCTBYIOLIHE HHTErpadbl.)

6.20. Tenaocemsocms meepdozo meaa, obGaadanueo 60abwi0ll  anuzomponued.
PaccayoTpumM TBeploe Teo, KPHCTAJIHUECKAd pellleTKa KOTOPOro o6Jajaer $o.1bLIOH
auuzorponueil. Kaxaulil aTtoM B TaKoH pelneTKe coBepulaeT NPOCThe IapMOHHUECKHe
xoaebanusi B TpeX Hanpab.aeHHAX. Boccranasausalowas cuia B HAMPaBAeHNH, apad-
JIeIbHOM HEKOTOPOMY CJIOI0 B KPHCTaJIe, odeHb BeinKa. [109TOMY CBOGOAHEIE YaCTOTH
KoJe6aHUil B HAMPaBNeHUSAX X H I, NPHHALIKAMDMIX ITOMY CJI0I0, OJIMHAKOBB H DABHEL
Be.TMYHHE O |, KOTOPAas HACTONLKO BelHKa, 4To Aw >300 &, rae 300 & — rteniosas
SHeprus npu KomHartHoil Temneparype. C APyroit CTOpoHs!, B HanparaeHnH, nepreH-
KYJSIPHOM K €010, 1eficTByeT Hefoanllas BOCCTaHaB/AMBalomas cHaa. Hacrora kogeda-
HIE © | 8 Hanpameﬂm Z, MepneHAHKYJIIPHOM K [IJIOCKOCTH CJIOSl, HACTOMILKO Mia.la,
uTo ﬁu)_]_<300 k. Bruucaute Ha OCHOBaHHH TaKoH MOJeNH, ueMy paBHA MOJIApHAdA Te-
II0eMKOCTs (NpHl MOCTostHHOM oGbeme) Teda hipn 300 °K.

6.21. Keanmosas meopus menioemMxocmu msepoozo meaa. Yto6Hl 06/JerunTb KBaH-
TOBOMEXAHNUECKOe PACCMOTPeHMEe aTOMHBLIX KOJedaHuil Teepnoro Tesa, bl [PIMeM
YIPOIEHHYIO MOeJb, B KOTOPOH KaxK/IbIH atoM TBEPJOro Tesa Koseb.1eTcst He3aBUCHMO
OT OCTa/JbHBIX C 4acTOTOl @, ONMHAKOBOH A/A Bcex Tpex HanpasaeHuil. TBepioe teno
COCTOHT U3 N aToA0B; OHO SKBHBaNEHTHO, TAKHM 06pa3dny, aHcamGmio #3 3N HezaBucl-
MBIX OJHOMEPHBIX OCUH/IATOPOB, KOJEGJIOIMXCs ¢ 4acToTol . Bo3noxHble KBaHTO-
BbI€ COCTOSIHHS Kax<JOTO OCLHUJISATOPA HMEIOT SHepruio

]
:<r1—]——2—- fio, I
.rlle KBaHTUBOE YHCJAO 7 MOXKET NPHHMMAaTh 3Hauenud 0, 1, 2, ...

a) JlonycTHM, uTO TBepioe Teao HAXOTHTCH B DABHOBECHH NPH a6COMIOTHON Teu-
nepatype T. Bocnonwaosasuinck dopmydoii (1) u xaHoHHueckuM pacnpejeseHueM (C.
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safauy 4.22), HafiuTe CPERHICIO FHEPIHIO & OCHHIIATOPA H MOTHYIO CPETHION SHEPrHio
KoJle0aHHs aTOMOB TBEDAOTrO Tesa E=NTce.

6) Hcnoabsyiite nosyuensni pesyapraT a) (cM. 3agauy 5.20) ATa BblYHCIeHHA
MOJSIPHOI TEMIOEMKOCTH Cy TBEPAOro Teaa.

8) TlokaxiiTe, 4TO ¢y MOKHO Bbpa3uTh Qopmyioil

we®
(;V=3R( - 1)2, (II)
e
fi> s}
W= =T (I

0=/t asasetcs TeMIeparypHeIM NapaMerpoM, KoTophifi 6wt onpereded Gopmy-
Jofl  (70).

r) Tlokaxure, uto npH T>>0 dopmyaa (11) gaer xnaccnuecknii pesytbratr cy=3R.

1) Tlokaxnute, uto u3 dopamyant (1I) ciaenyer, aro ¢y crpenutea k vymo npn T—0.

e) Hajigure npubanxetHoe 3HaueHHe cy, caeivionee us dopmyast (11) npu 78,

&) MsoGpasure Ha rpapuKe XapakTep 3aBHCHMOCTI Cy OT a0COMOTHOH Temnepa-
Typu T

3) Bocnosib3osaBirch Kputephem (1), ompejetite TeMmepaTypy, HUxe KOTOPOH
KJacCHuecKoe paccMoOTpeHHe He MokeT ObiTb npHMeHuMO. CpaBHHTe TMOJYYeHHBIH
pesy.prar ¢ ychaoBHeM (69) NPHMEHHMOCTH KaacCHYecKoil TeOPHHM TelJOeMKOCTH.

[HMcrone3ys caenanusie B 970it 3agaue npubanxenus, Ditmurefin 8 1907 r. Bnep-
sble noayunda Beipaxcenue (II) Anst TensoemMkocTH TBepaOro Tea, OCHOBAHHOE HA HOBBIX
KBAHTOBHIX HAEAX, M OOBACHW SKCNepHMEHTAIbHEE JaHHbe O TeMJIOeMKOCTH TBEpAbIX
Ted, NMPOTHBOPEYAWHE KJACCHIECKOH TeopuH.]



TrTABA 7
OBUEE TEPMOAMHAMHYECKOE B3AMMOJENCTBHUE

Ilo cux mop Mbl 3aHUMAJICh TVIABHBIM O0PA30OM TEMJOBHIM B3aHMO-
nefictsueM. Urto6bl JocTHYb OGospleli OCUIHOCTH, CJIENYET HECKOJIbKO
pacILUPHUTh PaccCMOTPEHHE, BRJIOUHB B HEro NPOH3BOJbHbIE B3aUMOJEH -
CTBHA MeXKAY MaKPOCKONHYECKHMM cHcTeMaMH. B coorsercTsuu ¢ Takoi
nporpaMmoit B [BYX CJeIYIOWHX naparpadax Mbl IMOCTAPaeMcsl BbLIATH
3a paMKd rJaBbl 4, pacCMOTpPeB TMOBelleHHE B3aUMOAEHCTBYIOUHX
CHCTeM NpH H3MEHEHMM MX BHEMHUX NapameTpoB. B Takom B3aumopeii-
CTBHH, KpoMe oOMeHa TemJIOM, NPOHCXOIHT M COBepiueHHe DaGOTHL.
[Tonumanne obmero caydast JoGLIX B3aUMONEHCTBHI 3aNOMHHT HELO-
CTalolee 3B€HO B PA3BHTHH HAIMX HIAEH M MbI IOJYYHM BCE OCHOBHbBIE
pe3yJIbTaThl CTATHCTUYECKOH TePMOAMHAMHKH. Moulb 5TOH TeopuH mpo-
AIBJASETCST BO MHOTHX €€ MPHMEHEHHSX K Pa3HooOpasubiM npobiemam
(U3HKH, XHMHH, GHOJOTMH H TEeXHHKH. MBI CMOXeM pacCMOTpeTb
TOJBKO HECKOJNbKO HauboJ/ee BaKHLIX NPHMEPOB.

7.1. 3aBHCHMOCTb YHMCJIA COCTOSIHMH OT BHEIHUX MapamMerpos

PacemoTpuM Kakyo-HHOYb M2KPOCKOMHYECKYIO CHCTEMY, KOTopas
XapaKTepH3yeTcsd OJHHM HJIHM HECKOJIbKHMH BHEHIHHMH TapameTpami,
HalpHMep, CBOHM OOGbeMOM V WJIM BEIMYHHOHA BHEIIHEr0 MarHHTHOro
nosist B, B KoTopoM oHa HaxoauTca. [Ias MPOCTOTH pacCcMOTpUM cayuaii,
KOTJa MeHseTcd TOJABKO OIHH H3 BHEIIHHX NapaMeTpoB CHCTEMbI,—
o603HayuM ero yepes x. O6obuieHue Ha c1yyail H3MEHeHHsT HeCKOJbKHX
napaMeTpoB He COCTaBHT TPyAa. Umc/1o {2 KBaHTOBBHIX COCTOSTHUII TaKOi
CHCTeMbl B 32JaHHOM HHTepBane sHepruit or £ go E-4-8E 3aBucHT He
TOMBLKO OT 3HepruH E, HO H OT TeX 3HayeHuil, KOTOpble IPHHHMaeT BHell-
Huil mapamerp x. Mbl MOXeM Hamucarth, yto Q=Q(E, x), 1 Hac 6yaer
HHTEPECOBATh 3aBHCHMOCTb Q OT X.

dueprusa E, KaX/Oro KBAHTOBOTO COCTOSIHHSI 7 3aBHCHT OT 3HAa4YeHH#
BHelIHero napamerpa x, T. €. E,=FE, (x). Eciu Bennuuna RHeLIHEro
napaMerpa X M3MeHseTcst Ha O€CKOHEYHO Maaylo BEIHYHHY dx, SHep-
rus E, cocToAHHA 7 MeHsieTcst COOTBETCTBEHHO:

’ oF,
dE ,=Cr dx= X dx, (1)



TIE o
’ - YCr
| Xy=5'- (2)
3ananHoe H3MeHeHHe dX BHeUIHEro napamerpa OGLIYHO MeHSIeT SHEPrHIO
pas3/HYHbIX COCTOSHMI Ha pasHywo BelHuuHy. Beiwuuna OE,/Ox 3aBu-
CHT TIO3TOMY OT JAHHOTO cOCTOSIHUS 7, B X, Aas pa3HbIX COCTOSTHHEA
HMeeT pa3HOe 3HayeHHe.
YTo6bl 06AETrYHTh HAIIN PACCYKACHHA, PA306beM KAy BO3MOMKHBIX
sHaueHuil X, Ha MaJjble H (HKCHPOBaKHbie HHTepBabl 8.X. PaCCMOTpHM
NOJHOE 4uc10 coctogHui Q(E, x),
12® SHEPTHA KOTOPBIX JEKUT Mekay E 1
— E-+OE, rorpma puHewduii napamerp
—] _T—F‘ uMeer 3uavenne x. Cpead sTUX co-
] CTORHMI Mbl CHayasa pacCcMOTpHM
o TakHe (00603HAUMM HX HHAEKCOM i),
IJis1 KOTOpLIX X, JIeKHT B HHTEpBaje
or XY g0 X946X. O6o3naunm
YuCJAO0  TaKHMX  COCTOSHUH  yepes
QUW(E, x). Bece atu cocrosiuus 06-

————

-

5% e . ;;;;T///"'}"///ﬂ///..,./// Xz
X

Puc. 7.1. 3aBucumoctn qucna’Q(‘) cocTo- Pac. 7.2. Cxema yposueil sneprum, u3 KoOTOpOIfl

uud, AN KoTopeix X,=0E,/dx naxoputcs BHAHO, YTO NpOMCXOAMT, KOrAd u3MeHeHHe dx

() () BHEIIHEr0 NapaMeTpa Bbi3biBaeT HM3MeHeHHe SHep-

8 nutepnate mexgy X\ g XU 48X, or rud Ep KakKAOro COCTOAHUSA ¢ HAa BeMHYHHY
unjexca I, 0603HaYAOULIETO HOMED HuTep- @)

X\)dx. (Havanbnoe 3uadenne sHeprun oGo3Haue-

14 - p
sana. Cymmuposaine 20) o scew sos HO CIJIOWHOH ueproli, H3MeHeHHOe 3HAYeHHe —
MOXXHbBIM WHTeDBanaMm AaeT HOJHOe YHUCID lquHxOBOﬁ )

cocToauuil £ (£, X), HMEIOIUX 3HEPrHio oT
E no E-O6E npu 3Hauenud BhHeliHero
napameTpa, paBHOM X.
JAJ810T OJIHUM OOUIMM CBOHCTBOM: SHEPIHS Ka)kAOro H3 HUX H3MeHseTcs
Ha OIHY H Ty e BequuuHy XY dx npH H3MeHeHHH BHENIHEro
napamerpa Ha dx. Ecau XY nomoxurensno, TO KaxKaoe H3 5THX CO-
CTOAHMH, JeXaluX B HHTepBajge 3HeprHil XYW dx umwe E, uaMedur
CBOIO 3HEPrHI0 OT 3HAYEHHs, MeHblero £, 10 3uadyeHHst, HOJBLIETO
E (puc. 7.2). Uncno TakMX COCTOSIHMH HA eJHMHHYHBIH HHTEpBaj SHEp-
ruu paBHo (Q¥/SE), mostomy Ha uHTepBad suepruum X'Odx npuiercs
(QU/SE)X' dx TakHX COCTOSIHHH. Mbl MOXKeM, TakKuM 00pa3oM, CKa-
3aTb, 4TO
"0 (E)=uucio cocrosituit (cpeau QY (E, x) cocrosnufl,
00603HadeHHbIX HHAEKCOM [), SHEPrusi KOTOPHIX Me-
HAETCH OT 3HauyeHus, Menbuwieeo E, 10 3Hauenus,
Ooavuieeo E,; npu GeCKOHEUHO MAJOM H3MEHEHHH
BHEIUIHETO napameTpa OT X 1o x--dx, 3)
paBHo

Qo )(E,

I (E) = D X dy. @

251



Ecan X orpuuareabro, ¢opmyaa (4) ocraercs BepHoii, Ho I' or-
PHUATENBHO: B 3TOM CJyYae NOJIOMMTENbHOEe YHCIO COCTOsIHMEI, PaBHOE
— ') MeHfeT CBOIO SHEPIHIO OT 3HAUEHHA, Goasbuieeo E, IO 3HAYeHUS,
Menbwezo E¥),

Paccmorpum Tenepb Bce Q(E, x) cocTosiuHii, B3HEpPr#s  KOTOPbLIX
aexut Mexay E u E4-8E npu 3nauenuu BHemHero napamerpa x. Utofbt
HaliTH BeJHYHRY

I'(E)==noanoe uucno cocrosuuit (cpeau ecex Q(E, x)
COCTOSIHHH), 3HeprHsl KOTOPHIX MEHSIeTCs OT 3Ha-
yeHus, menbllero E, 1o suauenus, 6oabmero E, (B)
npHu 6eCKOHEUHO MaJOM M3MEHEHHH BHEUIHEro mapa-
MeTpa OT X 1O X ---dx,

Mbl JOJIKHBI IPOCYMMHUPOBaTh (4) 1O BCEM BO3MOMKHBIM HHJEKCAM i coc-
TOAHHI (T. €. [O COCTOSHUAM €O BCEMH BO3MOMKHBIMM 3HAUEHUSIMH
0E, /0x). Toria Mb moJy4um
. : no dx
M —_ (hH — (0 - [£3]
NE)=3T (E)h[ZiQ (£, x) X ]6E’

i

HJam
r(E):Q—(bE—é—x’ Xdx, l (6)
rue : )
X — Q_(E‘_;) Q9 (E, x) X, (7)

Besmunna X sBasgercs cpelHHM 3HaueHHeM X, MO BCEM COCTOSIHHAM 7,
JeKaluluM B HHTepBaJe sHepruét ot E 1o E-8F, npuyem Kakiloe Takoe
COCTOSTHHE CYHTAETCsl PABHOBEPOSITHBIM, KaK 3TO JOJXKHO ObiTh B pABHO-
Becun. Cpeninee 3nagenne X, onpeienenHoe ¢opmyJoill (7), 3aBHCHT,
pasywmeercs, oT E n x. BocnobsosaBlunch onpeesenuen (2), Mbl 3ame-
HaeM, YTO BeJuuiiHa

- 9k,
Xdx =5 dx =4dw (8)

npeacTasasieT cobod cpellHee BO3PACTAHHE SHEPrHU CHUCTEMbI, €C/IH
cHcTeMa ¢ PaBHOH BEPOSATHOCTBIO HAXOAHTCA B JIOGOM M3 NOCTYNHBIX
COCTOSIHIIH TepBOHAYAJNBHOTO WHTepBasa suepruil. Jpyrumu caosami,
5TO NPOCTO Makpockomuyeckas paGora 4 W, mpousBoauMas Halj CHCTe-
MO B COCTOSTHUH paBHOBECHS, T. €. KOIJla u3MeHeHUe BHEUIHHX Tapa-
METPOB COBEpILAETCR KBA3HCTAaTHUECKH.

3nas Beauuuny I'(E), Ham OyleT HE TPYAHO MOJIYYHTH BhipaykeHie
4751 u3MeHeHHss Q(E, x) npu GeCKOHEYHO MaJioM. M3MeHEeHHH BHEILUHEero
napameTpa X 1 (HKCHPOBAHHOM 3HAaueHHH 3Repruy E. Pacemorpum noa-
Hoe uync/10 $2(E, x) cocTosHHH B MHTEpBaJe s3Hepruit or £ no E--OE.

*) 3aMeTHM, uTo (4) NaeT YMCJIO YDOBHEH 3HEPTHH, MePeceKaomMX 3Hepru £
cuudy. CoobpaieHus, KOTophle NMPHBENH K (opMyse (4), aHAJOTMYHEI TeM, KOTOpbie
Mbl MCIOAL30BAMAY B M. 1.6 IS HAaXOKJAEHHS HUCAA MOJIEKYJ, NPOXOJAUIUX uepes
8aJaHHYIO TIOBEPXHOCTH B rase.
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Ecau BHepinuit napaMerp MeHsieTCsl OT X 0 X-+-dx, TO YHCJIO COCTOS HHUi
B 3TOM. HHTepBaje 5HepruH Mensiercs Ha Beauuuny [0Q(E, x)/0x)dx,
KOTOpasi paBHa: (YHCJIO COCTOSIHHH, BXOASLIMX B MHTEPBAJ, [OTOMY 4TO
¥X SHeprusi H3MeHseIcss OT 3HAueHHs, MeHbllero E, 1o 3Hauyenus,
6onbuiero £) MHHYC (4WHCJIO COCTOS- _

HMA, BLIXOAAIMMX M3 HHTepBana, *l’ (E+OE)

NOTOMY YTO HX 3SHEPTHs H3MeHsercs E+5§ T

orT 3HauveHus, MeHnbwmero E--0E 1o

3HayeHus, Ooabwero E--OE). 310 I (E)
MOXKHO 3anucath Tak: T
0Q(E, x Puc. 7.3. Ilpu usMeHeHHWH BHellHero na~ .
-—(,———-)- dx =T (E)-——F(E -+ (SE) = pamMeTpa 4HCNO COCTOSHMIT B o6aacTyu sHep-
ox ruii of E no E+O0E wmeHseTcsl, TaK Kak
or SHePreTHUeCKHe YPOBHYE DPasiHUMbIX COCTO-
= —3E SE. (9) AHMN FonajaioT B 3Ty 00JacTb W TMOKuAa-
10T ee.

TMoacrasum I’ u3 (6) B (9). Torna Beawunus 6E H dx cokpaTsitcs M
MBI TIOJYYHM

oQ 0 (T
nian
a0 0 - X
w =X
Jlens oGe wacTH paBeHCTBa Ha &, Mbl NOJyHaeMm
InQ dmnQ~w axX
o = 9 X or (11)

it MaKPOCKONHYECKO! CHCTEMBI NEPBBI u/leH CIpaBa HMeEeT Nops-
10x fX/(E—E,), tae [ — uHcl0 cTeneHell CBOGOALI CHCTEMEl, OCHOBHOE
cocTostHue KOTOpoii umeer sHepruio E,. Ilopszox BeauuuHB BTOpOro
unena npubansuTegabHo paBeH X/(E—E,). Tak kax [ umeer mopaiox
uucaa Aporaiupo, T. €. f~10%, To BropniM usneHom B (11) MoxHO npene-
6peub, u (11) cBOIMTCS K cleaylowemy:

anQ InQ—
& = % (12)
uan
ainQ =
(T>E=_ﬁx. (13)

3pech MBI BOCIIOJB30BAMHCh Onpeneenne (4.9) abCoMOTHOrO TeMnepa-
TypHoro napamerpa . bykBa E y 3Haka yacTHOil npoH3BoAHOl o0pa-
HMiaeT Hallle BHHMaHWe Ha TO, 4YTO, Gepsl MPOH3BOLHYIO, MBI CUMTaeM
sHepruio E BeTHUMHON NOCTOSTHHON. B cOOTBeTCTBHH C onpeneaenueM (2)

% — 9E;
X= L. (14)

B uactHOM ciydae, KOra BHEWIHHA MapaMeTp x O3HayaeT PacCTOSTHHE,
peanunHa X HMMeeT Pa3MEpPHOCTb CHJIbI. B ofuieM ciyuae pasmepHOCTb
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Be1udHBEl X Moxer ObiTh Ji0Gofi. Besnuuna X wHaswiBaercss cpednum
SHauenuem 0000LEHHOL CUNbL, CONPANCEHKOLE ¢ GHELURUM NADAMEMPOM X.

B kauecrBe mpumMepa pacCMOTPHM CJyuai, KOra BHEIIHHM Mapa-
METpOM CcHCTeMbl sBaserca ee oOobeM: x=V. [Ipu stom pabora dW,
€oBepIaeMas Haj CHCTeMOH, Koria ee oGbem V KBasHCTaTHYECKH YBeIH:
uuBaerca Ha dV, pasHa dW=—pdV, rie p — cpeiHee NaBJieHHe, OKa-
3plBaeMOe Ha CHCTeMY. dra pabora JeficTBHTE/NbHO HMeeT BHI (8), T. e.

AW = XdV = — pdV,
OTKYIa
7(— — _‘;7- . )

B s1OM C/lydae cpelHee 3HaueHHe OGOGLUCHHON CHIbI X paBHO CpEIlHeMy
JaBieHHio —p, AefcTByILeMy Ha cuctemy. V3 (13) Mbl nosnyuaem

(%2), =87 =& SNt
UuJIn
(5) =2 (153)

tne S=Fk InQ — SHTPONHsT CHCTEMBl. 3aMeTHM, YTO 3Ta PopMy.ia NO3BO-
JIeT HaM BBIMHC/INTH CpejHee JaBJeHHe, HCBITHBAEMOE CHCTEMO,
€CJ/IH M3BECTHA 3aBHCHMOCTb €€ 3HTPOMHM OT 00beMa.

Mui noayynau ¢opmyay (13), paccmarpuBas uYHCAO YPOBHEH cCic-
TeMLl, BXOAAUIHX B NAHHBI HHTEpPBAJ SHEPTHH H BHIXONSIIUX H3 HEro
Npu M3MEHEHHH BHeIHero mnapaMerpa. 21u cooOpaxKeHHsl HMEIOT OueHb
BaxkHoe (H3ndeckoe 3Hauende. IlocTapaemcs Jyuwle NOHSITb CYTb NpH-
BeNleHHBIX BbIlIE PACCY2KICHMI. 3aMeTHM, uTo Bbipaxenue (12) 5KBHBa-
JIEHTHO CJ/efyIolemy:

amgd +0(19r;9 AWV —0. (16)

3nech MH BOCIONL30Ba Heh Gopmyofi (8), urobbl Hanucath Xdx=d W
JJs1 KBa3HCTATHYeCKOH paboThl, NpOH3BOXHMOH Han cHcreMofi. Bbipa-
wenne (16) cooTsercTBYeT OECKOHEUHO ManoMy H3MEHEHWIO BeJIMUYMHHI
In Q, mpoHcXoAsineMy NpH OJHOBPEMEHHOM H3MeHeHHN 3Heprud F u
BHEILIHEro napamerpa x cucteMbl. Takum ofpasom, (16) skBuBanenTHo
cAeyIOUIeMY YTBEPKIEHHIO:

InQE-+dW, x+do)—InQ(E, x)="17

aW + 202 g —o,.
UM
InQ(E+dW, x+dx)=1InQ(E, x). & (U7

Buipaxennoe cnoBamu, (17) o3nauaer caenyiwomee. Ilpeanosoxum, yro
TIPOH30LINIO HeGOMBIIOE H3MEHEHHE BHEIHero napaMerpa agnabaTHueckn
H30JMPOBAHHON cHcreMbl. - Toraa ypoBHH SHEPIHH Pa3JIHUHBIX KBAHTO-
BLIX COCTOAHHHA TaK:Ke H3MEHSTCS H COOTBETCTBEHHO NOJHAs dHeprus
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CHCTEMEB! H3MeHHTCS Ha Bennuuny d W, paBHYIO COBepLIEHHOI HaJl CHCTe-
Moii pabore. Ecau napamerp x H3MeHsIeTCS KBa3HCTATHYECKH, TO CHCTEMa

6Gyner pachpefiesieHa MO TeM e COCTOSIHHSIM, B KOTOpPBIX OHa HaXxoldu-
Jlach BHAadaJe, HO 3HepPruu CaMHX COCTOSIHMH H3MmeHsitcsi. Takum o6pa-

30M, B KOHLE NpOIlecca MBI HafiieM, YTo CHCTeMa pacrpenesieHa 0 TOMY

e YHUC/Y COCTOSTHHH (HO-IPH 5TOM BHEHIHWH Napamerp paseH x--dx,

a sueprust pasHa E--dW), uro u B Haya/e npouecca (KOraa BHEMIHHH

napametp ObL1 x, & 3Heprus E). D10 yTBepKAeHHe U AB/ISETCS CMbICAOM

dopmyant (17); ono o3Hayaer, yto suTponHs S=£k In Q axuabaTnyecKit

H30MHPOBaHHOH CHCTeMH OCTaeTcsi HeH3MeHHOH NMpH OeCKOHEYHO Majiom
KBa3HCTaTHYECKOM. H3MeHeHHH BHeMHUX napaMerpoB. Ecau taxkoe uszme-

HeHHe NapaMeTpoB NPOAO/IKAETCS JOCTATOYHO JOJT0, OHO B KOHIE KOH-
IIOB IIpHBeNET K HX KOHEYHOMY H3MeHeHHI0. JTa NOC/AeIOBaTeNbHOCTDL

6ECKOHEYHO MagablX H3MeHeHMH OYAeT HMeTb MO-IPEXKHEMY HyJleBoe

U3MeHeHHe SHTPONHH. Mbl NpuxOAHM, TakKHM 00pa3oM, K BaKHOMY Bhi-

BOJlY, YTO eCAH B ainabaTHYeCKH U30JUPOBAHHOH CHCTEME MPOHCXOAHT
NIPOU3BOJABHOE, HO KBA3HCTATHYECKOe U3MeHeHHe NapamerpoB, TO 3IHT-

pomnus cuCTeMbl He MeHSeTCH.

Ilpy xBasucrathueckoM annaGaTHuecKOM Mnpoilecce

AS = 0. (18

HecMoTpss Ha TO, YTO coBepliaeMass KBa3HCTAaTHUECKH paboTa MeHseT
9HEpPruio aaualdaTHueCKH H30JUPOBAHHON CHCTEMBl, SHTPOINHSA CHCTEMbl
ocTaercsl HeH3MeHHOM.

Crenyer noxu4epKHYTb, YTO yTBep:KIeHHe (18) cnpaBelanBO TOJBKO
IJTST K6ASUCMQMUMECKO20 U3MEHEeHUsi BHEIIHWX NapameTpoB. B mporus-
HOM CJ1yuae, KaK 3TO cjelyeT M3 paccyxieHud n. 3.6, SHTPOOHA ajua-
GaTHyecKH M30JHPOBAHHOH cHcTeMbl Gyaer eospacmams. [Pacemotpure,
HanpuMmep, Hpouecc, onucaHupiii B npumepe 1I 8 xounue m. 3.6.)

7.2. O6une coOTHOMIEHUS MJS COCTOSIHMS DPAaBHOBECHS

Mbpl mOArOTOBJIEHB! Teneph K paccMOTpeHHIo HauboJjee oOIIero cay-
yasi, KOrJa JBe MaKPOCKOMHUYEeCKHe CHCTEMbI, A n A’, B3aumoelicTBYioT
APYT C IpPYroM Kak € noMotlbio obMeHa Tert-
JIOM, T&K ¥ coBepiuas paboTy OfHa Hal ApY-
roit. (Ha puc. 7.4 nokasan npumep Takoro
B3auMOJeliCTBHS: 1Ba rasa, A u A’, pas-
JeJleH Dbl MONBIKHOA NeperopoKoi, CrlocoG-
HOH NpPOBOAHTHL TEMJO.) AHaau3 3ToH CH-
TyaluH IpHBOIUT K IPOCTOMY OBOOLILEHHIO

. Puc. 7.4. [lpa raza, A u A’, pas-
cogepxkanus n.4.1. Ecau 331aHa 3HEPTHS  nenchume nopiumeM, nposogamum

E.cucrembl A, TO TeM caMbiM onpeliesieHa H Tendo.

sHeprusi £’ cucrembr A’, Tak Kak moJHas
sneprua E* cnoxmnoit cucremMbi A*, cocrosiieil u3 cuctem A u A,
nocrosiuna. Yueno Q* JocTynHbIX cOCTOsHHMIT cHcTeMbl A* (1in cooT-
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BeTCTBEHHO ee suTponus S ¥=F£InQ *) 3aBucHT or suepruu E cHcTembr
A H OT HECKOIbKHX BHELUHHX NapaMeTPoB Xy, Xe,..., X,: Q¥=8Q *(E; x,,
K1yeeesXy). D10 uncso £ * 06bYHO HMeeT KpaliHe pe3KHil MAaKCHMYM AJsd
3Hauenua sHeprud E=F u pna 3nadedufl x,=x, KauJAOro BHENIHETo
napamerpa (rae a=1, 2,...,n). B pasHoBecuu cioxuas cucrema A*
€ TOAaBJsIoIIEN BépOﬂTHOCTbIO HAXOIWTCSA B COCTOSIHHH, KOTAA SHEpPrus
cucrembl A paBua E, a BHelIHle mapaMeTpsl paBHH X,. COOTBETCTBEHHO
CpefiHee 3HaYeHHE E pasHo E H cpelnee 3HaueHHe BHEUIHMX Napamer-
POB X,=X,. :

Yeaosus pasHogecus. s onpeneneHHOCTH PAcCMOTPHM JiBe MpOH3-
BO./IbHbIE cucTeMbl, A 1 A’ (Hanpuwmep, CHCTeMbl, TOKa3aHHbIe HA pHc. 7.4),
KaXK1ast H3 KOTOPBIX XapaKTepH3yeTcst e1HHCTBEHHHLIM BHEHIHHUM Mapa-
METPOM, a8 HMEHHO, CBOHM OObeMOM. VI3 3akOHa coXpaHeHWst 3HEPTHU

clenyer
E - E' = E* = const. (19

CwellleHre NeperopolKy Bbi3biBaeT HM3meHeHue oGbema V cucremut A u
COOTBETCTBEHHO oObeMa V' cuctemsl A', HO oGbem V* Beelt cucrembl A*

He MEHAEeTCH:
V4V’ =V*=const. (20)

OGosnaunm yepe3 Q(E, V) uncio coctosiHuil, JOCTYOHHIX cHcTeMe A,
KOIJla ee 3Heprus JexXHT B Hutepsaje or E no E-4-0F, a o6beM — B nH-
tepBase or V 1o V46V, u uepes Q(E’, V') cooTBeTCTBEHHOE YHC/IO
cocrosuuil cucremst A'. Torga gmeno Q* cocrtosnuil, HOCTYMHBIX CO-
craBHOIl cHcteme A*, Kak 5T ciedyeT u3 (4.4), paBHO mPOH3BELEHHIO
QuQ:

*=Q(E, VQ(E', V), (21)
rae E' u V' cessaset ¢ £ v V yeaoBusamu (19) u (20). Taxum o6pasom,
§2* 34BHCHUT JHIlIb OT ABYX HE3aBHCHMBbIX mnapamerpoB, £ u V. Jlora-
pubMmupys (21), mbt noaydiim

inQ*=1InQ}in Q' (22)

HJIn
—S5+8, .

rie SHTpOMHst Kak[Of cHCTeMbl, N0 ompele/leHHIo, paBHa S=kInQ,
13 Haiero OCHOBHOTO CTaTHCTHYeCKOTo mocTvaara (3.19) cieayer Bbi-
BOJ: B COCTOSIHHH PaBHOBECCHSI Hanbosiee BepPOATHAS CHTYAIHS OTBedaeT
TaxMM 3HaueHHstM mapameTpoB E u V, Apu KoTopeix % uiau, 4o 3KBH-
paseHTHO, S* MaxkcumanbHo. Ilo/lokeHne MakcuMyMa onpejensiercs

YCJI0BHEM
din Q*=dinQ+dinQ =0 (23)

JJIsi NMPOU3BOJBHOrO Masnoro usmenenusa dE u 4V sHepruu u obGbema.
Mui MOkeM HanMcath cJeaylollee MaTeMaTHYecKOe paBeHCTBO:

dlng_aandE+aandv.
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Ecau Bocno.nbsosafscsx onpenenedueM f§ 1 popmyJont (15), 310 BepaKe-
HHE NPHMeT BHI N
dinQ=pdEBpdV, (24)

rIe p — cpejHee NaB/eHHe, OKa3biBaeMoe CHcTemoilt A. AHAJOrHuHO,
s cHereMbl A7 MBI nosyyaem

din Q' — B’ dE' +B7dV",
HJ/IH _
dinQ — — B’ dE—3pdV, (25)

eCJaH BOCNOJbL30BaThest ye/aoBuaMu (19) u (20), H3 KoTOpHIX cienyer
410 dE' =—dE u dV' =—dV. Ycnosue (23) MakcHMalbHOH BepOSITHOCTH
COCTOSIHMSI PaBHOBECHd Tenepb NPHHHMAET BHJ

(B—B")dE+(Bp—p'p") dV =0. (26)

D70 COOTHOLICHHE NOJKHO BBLITONHATLCH IS NPOUSBOALHBIX BECKOHEUHO
manoix snaveruli dE u dV. Orciona caepyer, uTo KO3MHIHEHTH NPH
ofoux anddepeHuUHanax NOJKHB ObITb OZHOBPEMEHHO PaBHBI HY.JIO.
Mer mostyyaeM, uto B paBHOBeCHH

p—p" =0
H —_— e
Bp—B'p’ =0,
HJAH
p=p, :
p=r. &N

B cocrosinuu paBHOBECHS JOCTHI'AIOTCS TAKHE 3HAYEHHS SHEPTrHU M 06b-
eMa CHCTeM, KOTOpble O0ecrmeudBaiOT BblOJNHeHHE ycaoBHA (27). rtu
YCJIOBHSI 03HAYalOT, YTO PaBEHCTBO TeMIepaTyp HeoOXOXHMO s Tef-
JIOBOTO PAaBHOBECHS, PABEHCTBO JaBJeHHH — I/ MEXaHHYeCKOTO paBHO-
Becust obeux cucreM. Ilo/1ydeHHble YCIOBHSE PAaBHOBECHST KaXKYTCH CTOJb
OUEBHJHBIMH, YTO MBI MOT/IM 6Bl HX HamHCaTh CPasdy. SHAYEHHE YCJIOBHil
(27) 3aknouaercs, OXHAaKO, B TOM, YTO OHHM aBTOMaTHUECKU CJAELYIOT H3
3HAYHTENBHO GoJ1ee OOLIErO NPHHIHIA MAKCHMYMa TIOJIHOH SHTPONHH S*.

Beckoneuno manoe Keasucmamuueckoe uamenenue cocmofnus. Pac-
CMOTPHM COBEPIIEHHO OOLIMIl Ciy4yail KBa3HCTaTHYECKOro mpoliecca, 3a-
KJI0YAIoNIerocs B TOM, 4TO cHereMa A B pesy/bTate B3aHMOJAEHCTBHSA C
Kako#i-To fpyrofi cucremoif A’ mepexomuT H3 OZHOIO PABHOBECHOTO CO-
CTOSiHHSA (XapaKkTepH3yioulerocsi cpexHedl smeprueit E ¥ 3HaveHusma
BHEUIHHX MapameTpoB X,, rie a=l, 2,..., n) B Ipyroe GecKoHeyHO
6nmaKoe coctosinue (cpennsist sHeprus E--dE u BHewHHe napameTpst
x,+dx,). Tlpu 3TOM GeCKOHEUHO MAaJOM H3MEHEHHH COCTOSIHHS CHCTe-
Ma A Hornoulaer TenAo "M coBepuwiaer paGory. Kakoso HaMmeHeHHe
SHTPONHKM CHCTEMbl B 3TOM Ilpouecce? :
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Tak :kak Q=0 (E; xy,...,x,), Mbl MOXeM HalHCATD caenyiouiee obiee
BbIpajKeHHe J/151 [OJIHOTO H3MeHenus InQ:

omQ = dinQ —
dinQ@="71 dE—[—}_:l 5 dx (28)

o

Bripakenne (13) 6bl10 nonyueHo s H3MEHEHHS] OJIHOIO H3 BHELIHHX
napaMeTpoB, KOFJlda BCe OCTA/IbHbIE APAMETPLI CUHTAJHCh OCTOSIHHBIMH.
Ilpumensia ero A5 KaKAOH U3 YACTHBIX MPOH3BOAHBLIX B (28), MH TO-
JAYYHM '

e pX,=—pL (29)

dx, Ox, ’
H BripaxkeHne (28) npumer Bia

n
dinQ=pdE—B 2} X, dx,. (30)
o=
CyMMHpYS$I IO BCeM BHEIIHHM NapaMeTpaM, Mpl LHOJyYHM CpejiHee BO3pa-
CTaHHE 3HEPrHH CHCTEeMbl, BLI3BAHHOE H3MeHeHHEM BHEIIHHX Napamer-
poB, T. e. paboty d W, coBepiuaemyio Haj cHCTeMOH Npy GECKOHEUYHO Ma-
JIOM H3MEHEHHH COCTOSHUS:
n
v i OF
3 X, dx, Z = dr, =dW.
a=1

a=1

Takum obpasom, (30) npuHUMaeT BHA
din Q=B (dE —dW)=p dQ. (31)

HeiicreutensHo, (dE—d W) paBHO GeCKOHEYHO MAaJIOMy KOJHYECTBY
rerwia dQ, TOrVIOWIEHHOMY CHCTEMOW B pacCMaTpHEAEMOM  Iipollecce.
Hmest B By, uto = (RT)~1 n S=k InQ, Mbl nosyuaem us dpopmysl (31)
crefylolmee yTRepKaeHHe:

[Ipu moGoM GecKOHEUHO MajoM KBasHCTATHYECKOM
H3MEHEHHH COCTOSIHHSA
(32)

_4Q
dS ="

Mbt nMenu yxe 3710 cooTHowenne lem.(4.42)] i cnenuaabHoro cay-
uasi, KOrja BCce BHEIHHe MapaMeTphbl CHCTeMBI (DHKCHPOBaHb!. 3]1eCh Mbl
OGOGUININ 3TOT Pe3yJabTaT U NCeKas3aJ/y, YTO OH COXPaHsieTcs H g Cay-
yas s1000r0 KBa3HCTALHOHAPHOTO npolecca, Aaxie eCaH IPOU3BOAHTCS
pabora. 3aMeTHM, 4YTO eCJH NOIJIOUIeHHs Temaa Het, T. e. dQ=0 (Bos-
pactanie cpefineii SHEPrHH CHCTeMbl TPOHCXOMHT HCKJIOYHTEILHO H3-3a
TOrO, 4YTO HaJ CHCTeMOH coBepiuaercst paboTa), TO H3MeHeHHe SHTPOnuu
dS=0, B COOTBeTCTBHH C BBICKa3aHHBIM Bbiile yTBepKaenueM (18).:

Mt1 GynieM HasbiBaTh (32) OCHOBHbIM MEPMOOUHAMUMECKUM COOMHOLIE-
nuen. OBo nipencraBasier co00f OveHb BaXXHOE M IVIOJOTBOPHOE yTBEpK-
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JeHHe, KOTOPOMY MOXKHO 'MpPHAATb MHOTO 3KBUBAJEHTHBIX OPM, Ha-
napumep, _ ‘

TdS=dQ=dE—dW. (33)
Eciu ejuHCTBeHHBIM, HMEIOUINM 3HAYEHHe, BHEIHHM MapaMeTpoM CH-
cTeMbl gBJAsieTcs o6beM V, TO mpousBoauMast Hal cucTeMoll paGora

paBHa — pdV, rie p — cpeanee 3HaueHWe AaBaeHHs. B 3TOoM cayuae
(33) mpuHHMaeT BHA

TdS=dFE 4 pdv. (39

Qopmyna (32) naer BO3MOXKHOCTb O0OOLIMTBL paccy:xKiaeHne m. 5.5,
TaK Kak OHa T03BOJSICT BHUMC/IMTH Pa3HOCTb SHTPOMOUE .2006ix ABYX
MaKpPOCOCTOSIHHH CHCTEMBl N0 L3MEPeHHsIM [OFJIOUEHHOrO CHCTeMOf
tersia *), PaccMoTpuM JBa JIOOBIX MaKpOCOCTOSIHUSI @ H b cHcTembl.
DHTPOTIHA CHCTEMBl B 3THX MAaKPOCOCTOSHHSIX HMEET OIpele/eHHbe
3HAYeHHst, KOTOpule Mbl oB6o3HaunM S, U S, cooTBeTcTBeHHO. Pa3HocTb
SHTPONHI MOXKHO BLIYHCJINTbL JMIOOBIM YAOOHLIM HaM €nocoboM, HO OHA
Bceraa GyeT UMeTb OJIHO H TO ke 3Hauenue S,—S,. B uactHoCcTH, MBI MO-
JKeM HepelTH M3 COCTOSIHHS @ B COCTOsIHHE b ¢ MOMOIIBIO 400020 K8u3u-
CMAamu4ecKoeo Iporecca, KOrja CHCTeMa BCE BpeMst 0CTaercst 6eCKOHeUHO
0/113K0H K COCTOTHHIO PaBHOBECHS H BHIpaKeHHe (32) crnpaBelqHBO Ha
J06ofi cragun npouecca. [lostomy Mbl MOXKEM Hanucartb, YTO HHTEpe-
cylolllee Hac H3MeHeHHe SHTPONHH PaBHO CymMe HJH HHTerpasy:

b

S,—S,= (7(2 (1pHu KBa3UCTATHUECKOM HpoOLLecce). (35)

a

3aveuyaHue B ckoOKax HalOMHHaeT HaM, YTO HHTerpaJ AOJKeH OblTh
BBIMHCJIEH JVISI KEQ3UCMAMUYeCKoe0 TMpolecca, OCYUIeCTBJSIOUero nepe-
xox U3 a B b. Ha kaxpao# cragun npouecca abcomoTHas Temneparypa T
SIBJISIETCH XOPOILO H3MepPsieMON BEJMUYHHOI; TO JKe OTHOCHTCS H K KOJIH-
yecTBY mnorJouieHHoro renaa dQ. Taxkum o6paso'v1 dopmyda (35) paer
BO3MOXKHOCTb OINPEleNUTh Pa3HOCTb SHTPONUH IO NPOCTHIM H3MEpPeHUSM
Tensla H TeMIeparypsl.

JleBas yacth (35) 3aBHCHT TOJLKO OT HAYaJbHOTO H KOHEYHOTO
MakpococTosiHud. IlosTomy 3Hayenue uHTErpaja B MepBoi uyactu (35)
He 3aBUCHT OT KOHKPETHOTO XapakTepa KBaslCTaTHUECKOIC lpouecca,
BhIGpaHHOTO 151 nepexoza M3 a B b. Takiim ofpasomM,

b
dQ uMeeT 00uHaKosoe 3HaueHHe 1.5 Moboro (36)

T KBa3HCTaTHUYECKOTO npouecca a—b.
a

SEIMETHM, YTO 3HAYCHHE JAPYIHX HHTErpaJoB 3aBHCUT OT IIPHUPOIKL!
fipouecca. Hanpnmep, [IOJIHOE  KOJIMYeCTBO Telljd, IIOIVIOLIEHHOrQ

*) B n. 5.5 6bl10 MOKa3aHo, KaK 3TO MOXKHO CllesaTb B 4acTHOM c/y4yae, KOria
paccMaTpuBaemble MAKPOCOCTOANHS XaPAKTePH3YIOTCA OXHHMH M TeMH e 3Hauenus-
MH BHELIHHX" napamerpoe CHCTeMbL. .
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CHCTEMOIl B KBa3HCTATHUECKOM IIpolecce MNepexona H3 MaxpococTOsHHs
a B MakpococTosiine b, paBHO

b
Q={d0,

M 5Ta BeJHYMHA 3aBHUCHT CYIIECTBEHHBIM 00pasoM OT XapakTepa Ipouec-
ca, BHIGpaHHOTO JJIs nepexoja a—>b. B cuenywomem naparpadge Mol no-
Kax<eM 5TO Ha HEKOTOpPbIX NpHMepax.

7.3. TpumeneHns K ujeajbHOMy rasy

Urobel Jydine MOHATH DPe3yJbTaThl, MOJYYEHHbiE B MNPENbIIYIEM
naparpade, Mbl NPHMEHHM HX K IPOCTOMY CJYyyal0 MI€a/jbHOro rasa.
Taxoft ra3, He3aBHCHMO OT TOTO, SIBJISTCS JH OH OJHOATOMHBIM HJH
MHOTOaTOMHBIM, XapaKTepH3yeTcs  CJAEAYIOUHMH JBYMSI CBOHCTBaMH:

1. ¥YpaBuenue cOCTOSIHHH, CBA3BIBAIOLIEE CpPe/lHee JABJIEHHE, TeM-
neparypy H o6beM, 3aHMMaeMblil v MOJISIMM rasa, uMeetr Bul (4.93), T. e.

pV =vRT. (37)

2. Tlpn ¢uKcupoBaHHO#l Temmneparype cpelnee 3Hauyenue E BHYT-
penteit sHepruv raza [cm. (4.86)) ne sasucur or ero o6vema:

E =E (T) nesaBucumo or V. (38)

CpefiHee 3HaueHHe BHYTpeHHeit sHeprHK E HenocpeICTBEHHO CBS3aHO
€ MOJISIPHOH TeIJIOeMKOCTBIO Cy, (NpH MOCTOSIHHOM ofbeMe). JleficTeu-
TeibHO, H3 (5.23) caenyer

1 [ oE

cV=—V—<—(ﬁ:>V. (39)

3nech unfekc V yxkasbiBaer Ha To, YTO NpH JAuddepeHuHPOBaHHH 00beM
V cunraercs nocrosiuHeM. K3 (38) caenyer, uto MOAsipHAST TEIIOEMKOCTD
TaK»Ke He 3aBHCHT OT oGbeMa V rasa, HO MOKET 3aBHCETb OT €ro TemIle-
parypst T. Ecanur o6weM V He meHsiercs1, To (39) nosBo/sieT HaM Hanucarh

cJenyiollee BoIpa:KenHe /s U3MeHeHHs! CpefiHell sHeprud E mnpu usme-
HeHUH a0COJIIOTHON TeMNepaTyphl Ha BeyIHUHHY dT%

dE — ve,dT. (40)

W3 Broporo cBoiicTBa uieanpHoro rasa (38) cienyer, yTo npupaiieHHe
BHYTPEHHEI! 3HEPrHH HJEaJIbHOTO ra3a MOMKeT BOSHHKHYTb TOJbKO OT '
H3MeHeHHs TeMIepaTypsl H He 3aBHCHT OT TOIO, YTO NPOUCXOLHT C 00be-
moMm. [Tostomy dopmyna (40) umeer obiuee 3Hauenue: OHa CIIpaBeNHBa
He3aBHCHMO OT TOI'0, KaKUMH H3MeHeHHsIMH oGbeMa dl/ conpoBoxgaercs
usMerenue Temneparypsl dT. B cnennanbHoM ciyyae, Korja ¢y He 3aBH-
cur or T, u3 (40) caenyer:

ecan ¢y ne saBucut ot T, 10 E =vc,T + const. 41)
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Caenannble Bbllle 3aMeuaHHsi NO3BOJIAIOT HAMHCATh OOLIEE BhIpaXKe-
HHe 1is Tensia dQ, MOTJIONIEHHOTO HIEAJLHBIM Ta3oM NpH GecKoHeu-
HO MaJIoM KBa3UCTATHYECKOM M3MEHEHHH COCTOSIHHSA, eC/IH TeMIeparypa
rasa usmensiercs Ha d7, a o6wem — na dV. [lpumensin Bhipaxedue
(5.14) ansa paGorwi, NpOM3BeneHHON HAA ra3oM, Mbl HMeeM

dQ=dE—aW =dE +pdV. (42)
C nomompsio (40) u (37) orciona caenyer

Q= ve,dT + "R gy, (43)

VaveHenne sHTpOnHM rasa B paccMaTpHBaeMOM [Mpoilecce PaBHO, cO-
raacHo (32),
dS=T=ve, T+ R (44)
Sumponus ubeasvroeo zasa. Yemy pasua surponus S(T, V) rasa,
HaXOJAserocsl B MaKPOCOCTOAHHH ¢ Temmeparypoit T u obvemom V,
€C/AM MBI 3HAeM, YTO B JPYroM MaKPOCOCTOSTHHH ¢ TeMmepatypoil T,
1 o6vemoM V, sHTponus uMeer snauenue S(7T, V,o)? Ias otBeta Ha sToT
BOMPOC JOCTATOYHO COBEPILHTb KBa3HCTaTHUeCKHH Nepexoj H3 Hayasb-
Horo makpococtossHus (T, V) B Koneunoe maxpococrosuue (T, V),
OCYILECTBHB 3TOT NEePeX0Jl KaK NocaeJoBaTeNbHOCTb NOYTH PABHOBECHBIX
MaKpOCOCTOSTHHI, B KOTOPHIX ras mmeer Temmepatypy T’ u oGben V.
Hanpumep, Mbl MOKeM HauaTh € TOTO, YTO HayaJbHBIH 06BeM Vo ocTaercs
HeU3MeHHbIM, 4 TeMnepaTypa MeHsleTcss KBasucraTuuyeckH ot T, mo T.
ITOro MOXKHO JOCTHUb, OCYWIECTBJsAS TENJIOBOH KOHTAKT rasa ¢ nocje-
LOBaTeIbHOCTbIO TEMJIOBHIX pe3epByapoB, TemnepaTypa KOTOPbIX OTJII-
yaercsl Ha GECKOHEUHO MaJgylo BejauunHy. M3 (44) creayer, 4ro Takoii
NPoLeCC MeHseT HTPONHIO Ta3a Ha BEJHUHHY
T
Cy (T’) r
S(T, V,)—S(T,, V))=v g vl dar. (45)
To
Hasiee, nopnep:kuBasi TeMreparypy 7 rasa mocTOSHHON H OYeHb Mej-
JIEHHO MeHds ero o6beM (nepeiBHrasi, Hanpumep, NOPILEHb), MBI Mepeit-
JleM M3 HavaJabHOro sHadenusi Vo B koneunoe V. V3 (44) Mbl Nosyuaew,
YTO B TaKOM MPOLECCe M3MeHeHHe SHTPOMHH rasa PaBHO

v \_
S(T, V)—SiT, Vo)=vRS‘f/l,:vR (InV—InV,). (46)
Vo \

CxnapbBast (45) u (46), nosyuaeM NOJIHOE H3MEHEHHE SHTPOINHK:
1

T -
S(T, V)—S (T, V,) :V[S”—V}ﬂ dT’" 4R 1nvlo]. (47)

Ty
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Mp MmoxeMm paccmarpuBath makpococTosiube (To, Vo) Kak Hekotopoe
CTaHJAPTHOE MaKPOCOCTOSIHME Hallero rasa. Torza Boipakenue (47)
JdaeT HaM 3aBHCHMOCTb 3HTPONMH S J1000ro APYIoro MakpoCOCTOSHHS
rasa or temneparypel T n o0bema V, KOTOpPYIO MOXHO 3amucaTb B cJle-
AyloleM BHie:

S(T, V)=v[ f%T—’dTJFRlanrconst], (48)

rje KOHCTaHTta siBAsieTcss QyHKuHed (PHKCHPOBAaHHBIX mapamerpoB T, u
V,y cTaHIapTHOIO MAaKpOCOCTOSIHHMS, a HeoNpefeJeHHbIl HHTErpaJ sB-
asercsi dyukuueit temnepatrypsl 7. Bripaxkenne (48) siBasiercst HHTe-
rpaJibHOl (opMoit pasercTsa (44). Ms dopmya (47) u (48) nenocpencr-
BEHHO ¢J/leflyeT, YTO YHCJAO JOCTYIHBIX I'a3y COCTOSTHHIH pacrer ¢ yBeJsd-
yeHueM alCO/MIOTHON TeMMepaTypsl (WM 3SHEPrHH) U € yBeJHUYeHUeM
o0bema, KOTOPbIH MOT'YT 3aHHMAaTb MOJEKYJB rasa.

OcoBGeHHO TPOCTBIM sABASIeTCS CAY4aH, KOTAa MOJsApHAs TEeNJoeM-
KOCTb Cp, MOCTOSHHA (T. €. HE 3aBHCHT OT TEMNEPATypH) B TNPEACTaB-
asiolell Hurepec ofnactu remneparyp. [Hanpumep, nasi onnoatoMHOro
rasa Mul nokasaju B (5.26), uro c¢,=?/,R.] B stoM cayuae ¢, MOxKHO
BLIHECTH 33 3HAK HHTErpaJa, H, Tak Kak d7’/T'=d (InT’), Boipaxeuus
(47) 1 (48) NpHHUMAIOT BHA:

ec/d ¢y He 3aBucuT ot T, 10

S(T, V)—S (T, VO):V[CV ln%+RIn VKO] (49)

HJIH
S(T, V)=~[cy InT + R InV + const]. (50)

3ameuanue OrveruMm, uto Bolpawedust (47) u (48) nsist W3MeHeHHS 3HT-

[ONHH 3aBUCHT MOAbKO OT TeMnepatypwl H ofveMa (T, V) HavanpHOro makpococrosi-

HHsL @ ¥ OT Temneparypnl W obbema (T, V) ko-
v , HeyHoro Makpococrosus b. C Apyroil cropous,
b ] NOJHOe KOJHMYeCTBO NOIVIOMEHHOro Temda Q 3a-
Vi— BUCHT OT KOHKDETHOTO Npolecca, ¢ NOMOLILIO
KOTOPOro COBeplIaics Mepexod or a K b. Pac-
CMOTPHM, HalpHMep, CJedYIOUIHe ABa Ipolecca,
Vg "4 a’ KaxablH M3 KOTOpLIX IepeBOJHT CHCTEMY U3

: MaKpPOCOCTOSIHMSI @ B MaKpOCOCTOsIHHE b.

1. Coxpanss nocrosuubpiM ob6vem V,, ne-
pefifeM KBAa3HCTaTHYeCKH H3 HaYajibHOIO MaKpO-
cocrosnns a |rouka (T, V) Ha puc. 7.5] B

T 2 s I npowexyrtounoe makpococtosuue a’(T, V). 3a-
Pre. 7.3, Il , saspera.  TEM DPH IOCTOSIHHOH Temnepatype T ocymect-
THYCCKIX n%gieg::_n HepomoMmqne o BHM KBaSHCTATHYeCKOR yBealueHHe ofbeMa H
CTeMy U3 HauasbROTo MakpococTos- — TepefiieM H3 3TOTO MakpOCOCTOSIHHS B KOHEUHOe
nis a (TeMuepatrypa T, 06beM Vo) B MakpococTostnne b [rouka (T, V)]. Henoansys
Koneunoe ;‘;Kg";"cggze“;ev’; (TeMnepa-  (43) y pomyckast, 4TO MOJSIPHAS TEMJNOCMKOCTDb
pa L : Cy OCTaeTcsl TMOCTOSHHOH, Mbl HafijeM MNojiHoe
KO/HUECTBO Temia, NOLJoWeHHoe B Ipoliecce a—-a’—b:

A . §
[ e st s e e

Qu=vey (T—Tp+VvRT In 14



Tlle NEpBLA 4ieHn OTBeyaeT Telsy, HOMIOUWEHHOMY Ha myTH ¢—a', a BTOpoll 4ienH —
TellJly, MOIVIOIeHHOMY IpH nepexose a’ —b. .

2. Ilpu noctosaunoll Temnepatype T, mepeiiieM KBasucTaTHHeCKH H3 HAYaibHOTO
makpococtosauust (Tg, Vo) B npoMmexyroutoe Makpococtosigue b'(Ty, V). 3ateM, co-
Xpauss ofbeM MOCTOSHHbIM, COBEDIIMM KBA3HCTaTHUECKHMH MepeXOf W3 COCTOSHHSA b’
B KOHeuHoe Makpococtoshye b(T, V). C nomombio (43) Mel Tenepb HafijeM, YTO noJHoe
KOJIHYeCTBO Tem/a, INOIVIOMEHHOro B mpouecce a—b' —b, paBHO

0y = vRT,In VL—’—\’CV (T—T,y). (52)
. ,

3nech nepBolil wien cnpaBa OTBeudeT Temay, NOIVIOMEHHOMY TpH Nepexone us a B b,
a BTOPOH u/eH — TelJy, NOIJIOWEHHOMY NpH nepeXofe U3 b’ B b. 3ameTuM, UTO KOJH-
uecTBa Temsa (51) u (62), morjolenHsle B npoteccax | u 2, we COBMAAAIOT, TAK KaK
koadpuunent npr In(V/Vy) B nepBoM mpouecce npornopuuonaded 7, a BO BTOPOM
npotecce Ty. C apyrofi cTopoHel, uaMeHetue 3HTponuu (49) B OGOHX IPOLECCAX OAU-
HAaKOBO, B COOTBEeTCTBUH ¢ oOwUM BeiBoaoM (36).

Aduabamuuecrkoe cocamue uau pacuuperue. PacemorpuM auabari-
UeCKH M30JIHPOBAHHLIA HAeasbHblil ra3. OH He MoXeT MOIMIOATh TeIlo.
Ilpeinosoxum, 4To 06beM TOro rasa MeHsieTcst KBasucratuuecku. [pn
5TOM JOJ2KHA MEHSITbCS H TeMrepaTypa rasa. [leficTBHTeNbHO, PaBEHCTBO
{(43) AO/KHO BHINOJNHSITBCSI Ha BCEX CTaNMsIX KBA3HCTATHYECKOIO NIpo-
mecca, Agasa koroporo dQ =0, Tak KaK Nor/olleHus Tenja He NPOHCXOo-
aur. Hrak,

ey dT +2Tav —0.

Henst o6e yacty pasenctsa Ha RT, Mbl moJiyyaeMm
cy dT  dV
Tty =0 (53)

JlonycTuM, 4TO TEMJIOEMKOCTb ¢, He 3aBHCHT OT Temreparypsl, o Kpaii-
Hefl Mepe B OrpaHHYEHHOM TeMIIepaTypHOM HHTepBaJje, COOTBETCTBYIO-
LieM Haiuemy mpoueccy. B stoM cayuae ypaBHeHue (53) MOXKHO cpazy
[IPOUHTErPUPOBATb U MBI [OJyYaeM

cy N —

7{)‘— InT --1InV = const *). (54;
Takum obGpasom,

InTYVR inV=const, In[TV'®V]= const,

HJIH

T'RY — const. (5!

Ut
—~—

Sra ¢opmy.a MNOKa3bBaeT, KAKHM 00PasoM TeMreparypa TepMHYeCKH
¥30/JHPOBAHHOIO HJeaJbHOrO rasa 3aBHCHT OT o0beMa.

EcaM Hac MHTEpecyeT 3aBHCHMOCTH JaBJjeHHs ra3a or o0beMa, To
JIOCTAaTOYHO BOCMHOJ/Ib30BAThCA YPABHEHHEM COCTOSIHUsA (37), U3 KOTOPOro

. *) 3amernm, uTo (54) cnexyer HenocpeicTBerHo H3 (50), écaiu MH HCMOJb3yeM 06-
muii pesyabraT (18), coriacHO KOTOPOMY 3HTDOIHS HSOJHPOBAHHOH CHCTEMEI HE Me-
HsieTcst B JIOGOM KBa3HCTaTHYeCKOM IIpolecce.
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caenyer, uto T pV. Toncrasass pV Bmecto T B (55), nosydum
(pV) V'RV = const.

Bossons ofe yacTH paBeHCTBa B CTeneHb R/cy, NOny4uM

pV' = const, (56)
e
R R
y=1 —I—CT:C—‘VC_"; . (67

Buipaxenne (56) HHTEDeCHO CPaBHHTb C YypaBHEHHeM TaKOro KBasi-
CTAaTHYECKOTO Npollecca, KOTJAa a3 He SIBJASeTCs TePMHUYECKH H30JH-
POBAHHBIM, @ yJIepKHBAeTCS NPHU MOCTOs HHOM TeMnepatype 7' ¢ MOMOILbIO
KOHTaKTa ¢ pe3epByapoM, HaXOAsMUMCH npH TOH e Temmeparype.
B atoM cayuae (37) paer

pV = const. (58)

Cpasnenne (56) 1 (b8) nokasbiBaeT, YTO €C/H ra3 TepMUUECKH H30JHPO-
BaH, €ro JaBjeHHe MajaerT ¢ yBeluueHHeM oObema Oosiee GLICTPO, HeM
B TOM CJydYae, KOIJa TemIleparypa ra3a NOMLIEp:KHBAeTCH MOCTOSHHON.

HutepecHbiv npuJjoxenueM ¢opmyJsl (b6) siBasgeTcs 3anaua o pac-
npocTpaHeHHn 3ByKa B rase. Ilycrb uacrora 3BYKOBBHIX KoJeGaHHUi
paBHA ©; TOTJa HMHTEPBaJ BPeMEeHH MEXAy IOC/JelOBaTeJbHLIMH CXKa-
THAMH ¥ PaspeKeHHsIMH JAHHOTO MaJsoro ofbeMma rasa Gyjer nopsjaka
t~1/o. Uacrora » oOBYHOTO 3BYKa JOCTATOYHO BeJUKa M BeJHUMHA T
COOTBETCTBEHHO Masia. 3a BpeMsi NOpsifika T He yclieBaeT NPOHCXOAHMTH
of6MeH TemIoM MeXKAYy HalUHM MaJbiM OGBEeMOM rasa H OKpyxKaiwlefi
rasoBoii cpenoft. IloaToMy KaxKablli Majblii 3J€MeHT rasa HCIHITHLIBAET
CKaTHe W pacilHpenHe, KOTOpbie SIBASIOTCA aiuabaTHYECKHMH, H €ro
VIIpYrHE CBOHCTBa OMHUCHIBAIOTCS ypaBHenHeM (56). B pesysbrare
OKa3blBaeTCs, YTO CKOPOCTh PacNpOCTPaHeHHs! 3ByKA B Ta3e 3aBHCHT OT
KOHCTaHTHl Y, T. €. OT YJeJbHOH TenJoeMKOCTH rasa. Takum oGpasom,
H3MepeHHe CKOPOCTH 3BYKa SBJsIETCS TNpPSIMBIM METOJOM OIfpeneneHHst
Besuunbl y [popmysaa (57)1.

»

7.4. OcHoBHbIE NOJOXKEHUA CTATHCTHYECKOR TEPMOAMHAMMKY

MbI HavanmH €O CTaTHCTHYECKHX NOCTYJIATOB 1. 3.3, a 3aTeM MoApoGHO
HCC/1EJ0BA/IH TEMJIOBOE H MeXaHHYecKoe B3aHMOJeHCTBUHE MeX1y Makpo-
CKONHYECKHMH CHCTeMaMH. B 4aCTHOCTH, MBI PacCMOTDENH OCHOBHBIE
TIOJIOXKEHNA TEOPHH, KOTOPAs HOCHT Ha3BaHHE CMAMUCIUHMECKOL mepmo-
Ounamuru. Tenepb Mbl IpepBeM Halle H3J0XKeHHE, C TeM, YTOOH Bep-
HYTbCA K 5THM OCHOBHBIM IOJIOXKEHHSM.
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[NepBbie yeTbipe NOJIOKEHHNS HA3bIBAIOTCS SAKOKAMI MEPMOCURAMUKLL.
Mtbl nepeuncnuM HX B OGLMHOM NOPSAKe, @ AJIL TOTO, YTOObl COXPaHUTH
TPaJIMUHOHHEIC HA3BaHUs, HAUHEM HX HYMEpauHIo ¢ HyJaa *).

ITosoncenue 0. OHO 3aK/I0UAeTCST B CJIEAYIOEM IPOCTOM pe3yJib-
Tare, pacCMOTPEHHOM B 1. 4.3.

Hyuneeoll 3axon mepmodunamuxy. Ecam pgse cucremn! Haxo-
JSTCs. B TEIVIOBOM PABHOBECHH C TPETbel CHCTeMOH, OHH OYAyT
B TEIJIOBOM PaBHOBECHH H JIPYT C JPYTOM.

310 yTBepik/ieHlle BeCbMa BaXKHO, TaK Kak Gjaroiaps eMy BO3MOXKHO
IPUMEHEHHE TePMOMeTPa H Ha HeM OCHOBAHA KOHUEMNIHS TeMmeparyp-
HOTO Irapamerpa, XapaKTePH3YIOLUIEro MaKPOCKOMHYECKHE CHCTEMBI.

IToaoxenue i. B n. 3.7 Mbl paccMOTpes pas/iHYHbE THIBI B3aHMO-
JeHCTBHI MeXAYy MaKPOCKOMHUECKHMH CHCTEMaMH, 4TO TIPHBEJO HAac
K CJELYIOEeMY MOJOKEeHHI0 00 SHepruu CHCTeMbL.

Iepeoui saKkon mepmodunamuxu. PaBHOBecHOE MaKpocoCTOS-
HHe CHCTeMbl XapaKTepH3yeTcst BeJHUYHHOH E (OHA Ha3biBaeTcst
eHympennell 3snepeued), obaajaiollell CJAeIYIOUHEM CBOHCTBOM:
J1s1 H30J11 POBAHHOH CHCTEMbl

E =const. (59)

Ecau cucrema e3aumodedicmsyem ¢ APYTHMH CHCTeMaMH U rne-
pPeXOauT H3 OJHOIO MaKPOCOCTOSIHHA B APYroe, OKOHuaTesblioe

n3MeHeHne E MoxeT ObiTb 3amucaHo B opme
AE=W+Q, (60)

rae W — Makpockonuueckast paota, NpoH3BellcHHAd Haj CHC-
TeMOil B pe3y/bTaTe H3MEHEHHs ee BHEIUHHX mapaMeTpoB. Be-
JuunHa Q, o pejesisiemast (60) Ha3blBAETCST MenAoM, HO2A0-
LUEHHBLM CUCMEeMOU.
[Tosoxenue (60) BhipazkaeT 3aKOH coxpaHeHnﬂ SHEpPTiH, KOTOPRIH pac-
CMaTpHBaeT TEIVIO KakK (opMy SHEPTHH, HE CBSI3aHHYI0 HH C KaKUMH
n3MeHeHHSIMH BHeWHHX napamerpoB. [losnoxenue (60) Taxxe BBOAHT
IIOHATHE O HOBOM NapaMeTpe — BHYTpPeHHeH YHepPriu CHCTeMbl,— KOTO-
phlil XxapaxTepusyer ee MakpococTosinne. Kpome toro, oHo paer cuocob
onpejeseHHs BHyTPeHHell SHePTHH U IOTJIOUIEHHOTO TenJia uepes3 u3me-
perne MakpoCKOIDHuecxKoi pabotsl (cM. m. 5.3).

Hoaonerue 2. Mpl BHAeNH, YTO YHCJIO COCTOAHHHE, AOCTYIHBIX CHCTEME
(MJ1M, YTO SKBHBAJIEHTHO, ee SHTPONUs), SIBASETCS BeJHUYHHOH, HMelo-
weit GpyHNaMeHTaJbHOE 3HAYeHHe NPH ONHCAHHH MaKPOCOCTOSHHS CH-
crembl. B nm. 7.2 6b10 nokasaHo, 4TO H3MeHeHHe SHTPOIHH CHCTEMBb
CBSI34HO C MOTVIOWIEHHBIM elo TemyioM no dopmyde (32). Mbl moxasanu
TaKkKe B 1. 3.6, YTO H30/IPOBAHHASI CHCTEMAa CTPEMHTCH JOCTHYb HaH-
6oJiee BEpOATHOM CUTYalHH, B KOTOPOH YHC/IO HOCTYMHBIX COCTOSIHMM
(7, 9KBHBaJIEHTHO, SHTpONHs]) 60.iblIe HAUaJbHOTO. (B cmenuaabHOM

*) IlepBrifi H3 3THX 3aKOHOB OOLINHO HA3HIBAETCS HYJA€65LM SAKOHOM. Ero sHauenue
6bLI0 OLEHEHO JMUIL NOCJE TOro, Kak NepBbifi B BTOPOH 3aKOHL no.nyqn.nu CBOE YHC~
Jennoe - o6o3nayenue. :
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clyyae, KOrfa CHCTeMa CHaudana Haxoiu/ach B HauboJiee BEPOSITHOH
CHTYalluH, OHA OCTAeTCst B PABHOBECHH H €e SHTPONHS OCTAETCH HeU3:
MeHHOH). Mbl NpulN, TaKUM 00Pa3oM, K CJAEAYIOUEMY MOJOXKEHUI0-
, Bmopod saxon mepmnodunamnuru. PaBHOBECHOE MaK POCOCTOAHHE
CHCTeMBl MOXKHO XapaKTepus3oBaTh BejquuHHOR S (HasbiBaeMoil
aumponued), Koropasi ofGnangaer C/eRyIOMHIMH CBOACTBAMHU!
1. Tlpn mo6oM OecKOHEUHO MaJoM KBa3HCTaTHUYECKOM H3MEHe-
HHMH COCTOSIHMS, KOIJIa cHcTeMa norJoniaer renso dQ, ee 3HTpo-
IHSl MEHRETCH Ha BeJNHUHHY

a0
dS~—7r, (61)_

rae T — napaMerp, XapakTepHIYIOIIHA MakpOCOCTOAHHE CHCTe-
Mbl, KOTODBIA HaseiBaeTca ee abcoaromuold memnepamypoil.

2. B niobom npouecce, KOTAa TepPMHUECKH H30JHpOBaHHAs CH-
cTeMa TepexXoJHT 13 OAHOTO MaKpOCOCTOSHHS B jpyroe, ee
SHTPONHS HMeeT TeHJeHUIHIO BO3pacrath, T. €.

dS>0. (62)

3nauente gopmyanl (61) 3aKka0yaeTcsi B TOM, Y4TO OHA jaeT BO3MOXKHOCTb
OTIpeiesINTL PA3HOCTG SHTPOIHI NO H3MepeHHSM HOIJIOLIeHHOTO TemJa
W CAYXKHT JJIsl XaDaKTepHUCTHKH a6COJIIOTHO TeMmeparypbl CHCTeMBI,
Cumpicst GopMyabt (62) B TOM, YTO OHa yKasbiBaeT HampaBJjeHue, B KOTo-
POM JOJIXKHO IPOHCXOJHTH Pa3BUTHE HEPABHOBECHHIX CHTYALMH.
[oaoocenue 3. B n1. 5.2 MBI YCTAHOBHJIH, UTO SHTPOINHS CHCTEMEI CTpe-
MHTCSI K OMpeJeJCHHOMY MpeJie/IbHOMY 3HAYeHHio, Koraa abcoJioTHast
TeMaepaTrypa NpHOJHKaeTcst K HyJIIO. JT0 NOJOXKEeHe, 34KJIIOYEHHOE
B opmy.e (5.12), umeeT caenyiomui BHA.
T pemuti 3akon mepmodunamuri, JHTPONUsE S CHCTEMBbI oéna-
JaeT CJIeyIOBIHMH MpenesbHbIMH CBOHCTBAMU:

apu T —0, S—8, - (63)

rae Sy — NOCTOSIHHASI, He 3aBHCALas OT CTPYKTYpPhl CHCTEMBI. 3HaueHHe
5TOTO 3aKOHa 'B TOM, YTO OH YCTAHABJIHUBAET CYIIECTBOBAHHE B CHCTEME,
CcoCTOsilell M3’ OMpeeleHHOr0 YHC/A4 YacTHL JaHHOFO THNa, BOJH3H
T==0 HEKOTOPOTO CTAaHAAPTHOTO MaKpPOCOCTOSIHHS, 0OJI2JAI0LIEro onpe-
ZeJeHHbIM 3HauenueM surponuu. [lo oTHOweHHIO K 5TOil SHTpOIMK
MOTYT OBITH H3MePeHbl SHTPOMKH BeeX JAPYruX MakpococTostiid. Ta-
KUM 00pasoM, BMRCTO pasHoctiy SHTPOIHH, onpene.nﬂeMon opmy.Ji0it
(61), MBI MOXKeM NOJIYYHTb aGCOJIIOTHBlE H3MEpPEHHs lIEI/ICTBHTeJIbHOI‘O
BHAYEHHST DHTPOMHUH CHCTEMBL.

" Ioaoxcenve 4. Yucno cocroguuit &, AocTynHbIX cHCTeMme (WK ee
sarponuio S=*kInQ), MoxkHO cuurars dynkuuefi psga MakpockolHue-
CKHX TIapamerpoB (Y1, Ys,---,Y,). ECIH ChcTema ‘M30MHpOBaHA W Haxo-
JUTCA B PABHOBECHH, TO HAIUH OCHOBHbIE CTATHCTHYECKME MOCTYJAThi
TIO3BOJISIIOT HAM BLIYACJHUTb BEePOSITHOCTb C IIOMOUIBIO COOTHOLIEHHS!
{3.20).. Bepom‘Hoch P HaxoxNeHusi CHCTEMbI B CHTYauUHH, XapakTepH-
3yiomeRcs JaHHLIMY 3HAUEHUSIMH €€ TapaMeTpoB, npocm IPOTIOPUHO:



HaJIbHA YHCJY COCTOSIHHH, JOCTYHHBIX CHCTeMe NpPH 3THX 3HAYEHHAX Na-
pamerpoB. Taxk kak S=kInQ, uau Q=e5*, 310 NpUBOIHT K C/elLYIO-
HIeMY TIOJIOKEHHIO,

Cmamucmuyeckoe coommuoutenue. JIs n3011poOBaHHOR H Ha-

XopsAmeficss B paBHOBECHH CHCTEMe BepPOSITHOCTh ee HAaXOXKIeBHs

B Orpeje/eHHOM MaxkPOCOCTOSIHHHM, XapakTepu3yloUleMcsi SHTPO-
nueir S, UMeeT BHI

P eSik, (64)

3HaueHHe 3TOro YTBEPKAEHHS B TOM, YTO OHO JaeT BOIMOKHOCTb BBIYHC~
JIHTh BEPOSITHOCTb OCYLIECTBJICHHUST Pa3JHUHBIX cuTyauHuid. B gacTHocTH,
¢ noMombio (64) MOXKHO BBIYHCJAHTb CTAaTHCTHYECKHE (UIYKTyallH, BO3-
HHKaIOIHe B J060M PaBHOBECHOM COCTOSHHH.

[Toroocenue 5. CraTHcTHUYeCKOe onpeleseHHe 3HTPOIHH HMeeT (VH-
JamenTa/ibHOe 3HaueHue. OHO MoxKeT OblTb BBIDAXKEHO CJCAYIOUHM
o6pasom.

6a30 ¢ MuKpockonudeckoli ¢usuxod. SHTponHs S cucTeMbr

CBSI3aHA C YUCJAOM € IOCTYMHBIX COCTOSIHMHA CHCTEMBI COOTHO-
IIeHHeM /

S=FkinQ. (65)

3HaueHHe 3TOro TOJIOMeHHS B TOM, YTO OHO IIO3BOJISIET BBEIYUCAHTD
SHTPOIMIO M3 JAHHBIX O MHKDOCKOIMHYECKHX KBAHTOBBIX COCTOSIHMSAX
CHCTEMBI. ,

Obcymxcoenue. 3aMeTHM, 4TO noJoxkenus 0—4, T. e. deThpe 3aKOHA
TEPMOJMHAMHKH H CTATHCTHYECKOe COOTHOWIEHHE, SIBISIOTCA BecbMa 06-
IHME YTBEP)KAGHUSIMH, HMEIOWHMH MaKpockonuueckuti xapakrep. Owu
He COflep:KaT HHKaKHX CChVIOK Ha aTOMBI, H3 KOTOPBIX COCTOHT paccMar-
piBaeMast cHcreMa. Taxum o6pa3oM, 3TH INOJOXKEHHA NOJHOCTLIO He-
3aBHCHMBI OT MHKPOCKONHUYECKHX MOJeJel, KOTOpLle MOTYT GbITh Npefi-
JIOXKEHB! /1t aTOMOB M MOJIEKYJ CHCTeMbl H 06/1aiaioT GoJbloit obul-
HOCTbIO. KX MOXKHO WCHO/JIB30BATL JAaxK€ TMPH TMOJHOM OTCYTCTBHIY
3HaHMIT 00 AaTOMHBIX CBOHCTBAX paccMaTpHBaemoil cuctemel. Hcrtopu-
ueCcKH 3aKOHBl TePMOAMHAMHKH OBbIIH BBe/leHbl KaK YHCTO MaKPOCKOIMH-
YecKHe 0CTYJIaThl, 3aJ0Ar0 O NOABJEHHST aTOMHOI TEOPHH BellecTBa,
ITonHocThIO MakpocKoMuyeckoe paccMOTPeHHe 3THX 3aKOHOB NPHUBOAMT
K GOJIbILIOMY 4HCHY cJeActBHH. MayueHnme 3THX cC/IeICTBHE — Jeso
cnentasbHOH U OYeHb ILIOJOTBOPHOH OTPac/iH (HM3UKH, KOTOpast Hasbl-
BaeTcst mepmodunamuroti. He mensisi oOLIHOCTH ee MAKPOCKOMHYECKOI'O
COJIePIKAHNS, TEPMOJMHAMHKY MOXKHO pacliHpHTb, BKJIOUHB B Hee
CTATHCTHYECKOE CooTHOWeHNE (64); Takum 06pasom, Ml NPUXOJUM K TaK
HAa3bIBAEMOM Crnamucmuneckol mepmoouramMuKe. .

Pasymeeﬂ:ﬁ, CTeneHb HAWEro NOHHMAHHA H BO3MOXKHOCTH npeu-
CKA33aHHi upe3BbIYAIIHO BO3PACTYT, €cAu Mbl CMOXKEM COEIHHHTH CTaTH-
CTHHECKHA MOAXOA CO 3HaHHEM MUKDOCKOMUHECKUX CBOHCTB aTOMOB H
‘MOJIEKYJ CHCTembi. Tako#l MOAXOA H COCTABASIET CYTh CrAMUCTUMECKOLE
MEXQHUKU, KOTOpas BKJjouaer B ceba u cooTrowenne (B5). CratucTuye-
CKasi MeXaHHKa’' laéT HaM BO3MOXHOCTDL BBIYMCJ/IHTb SHTDOIHIO CHCTEMBI
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H C/leaTh MHOXKEeCTBO KOHKDETHBIX BEePOSITHOCTHHLIX  YTBEPIKACHHUIA,
OCHOBaHHbIX Ha tiopmyse (64) MM Ha ee ClENCTBUAX (HAlpHMEp, Ha
KaHOHHYECKOM pacnpefe/eHHn). Mbl OKa3biBaeMCsl B COCTOSIHUH BHIYHC -
JIHTb CBOACTBA MAKPOCKOMMYECKOH CHCTeMbl HAa OCHOBAHHH €€ MHKpO-
CBOHCTB.

OcnoBHoe conepxKaHHe 3TOH KHUIH GbLIO NOCBAMIEHO CTaTUCTHYECKOM
MEXaHHKe, KOTopas ABJseTcs, TAKHM 06pa3oM, BecbMa BceoObemJionLei
AucunniauHoi. OHa coiep2KUT B cefe, KAaK YacTHBIN c/Iyuail, TeDMOJHHA-
MHYECKHEe 3aKOHbI, KOTOpbie He 3aBHCAT OT aTOMHBIX CBONCTB paccmar-
PHBaeMOH CHCTEMBI.

7.5. YcnoBusi paBHoBeCHS

OcHOBHBIE CTAaTHCTHUECKHE IIOCTYJAaThl, PacCMOTPeHHble B m. 3.3,
MMeJH B BHAY JHOO PaBHOBECHOE COCTOSTHHE H30J/IHPOBAHHON CHCTEMMI
JIMGO NPUG/IHIKEHHE CHCTEMbBI K TAKOMY COCTOSIHHIO. DTH MOCTYJATH,
COCTaBJISIIOIINE OCHOBY HAaWHX paccyxKaeHHH, Gbutd chopMyHpoBanbi
B TOHATHAX YUC/JA JOCTYNHBIX COCTOSTHHil WJH, YTO 3KBHBAJIEHTHO,
B TIOHATHH SHTPONUH. Mbl BepHeMcsi Tenepb K OCHOBHEIM HJAEAM, C TeM
uTo0bl BbIDAsUTb UX B ApPYyrod ¢opme, Gosee yao6HON AT MHOTHX
NPaKTHUECKHX FIPUIOKEHHH.

Hzonruposannas cucmema. Haunem ¢ paccMOTpeHHsi CMBIC/Id yKa3aH-
HWIX HOCTYJIaTOB IS H30/1MPOBanHol cHcTeMmbl. [lonnas sHeprus rtakoi
s CHcTeMbl ocTaeTcst nocrosinHoi. [Tpen-
NMOJIOXKHM, UYTO CHCTEMA MOXKeT OblTb
OnKHcaHa MAKPOCKOMHYECKH C IIOMOLIBIO
napamerpa y HJH HECKOJbKHX INapamer-
pos. (Hampuwmep, y ™MoxeT o3HauaTh
sHeprui0 moacHcreMnt A Ha puc. 3.9
HJH NOJIOXEHHe MepPeropojkH Ha puc.
4 3.10.) Unciio cocrosinuii, JOCTYIHBIX CH-
Puc. 7.6. Fpaduxk, noxkassisaiouinii 3a- CTeme, 3aBHCHT OT Y. Pasnennm BO3-
BHCHMOCTb SHTPONHHM S oT nekoToporo  MOJKHbIE 3HAYEHHSA y HA HeGoJbiIne pas-

VAKPOCKOMUUECKOTO TAPANETPA ¥ Hble uuTepBaibl Oy M 0603HAUHM uepes
Q(y) uHcI0 COCTOSIHMH, JOCTYNHBIX CHCTEME B TOM CJydae, Korjia
napaMeTp y JEXHT B HHTepBaJje 3HaueHHii or y no y-+-8y. Coorsercr-
BEHHO 3HTPONUS CHCTeMbl pPaBHa, Mo ompelenenuid, S=kInQ. Hauw
(yHlamMeHTaJbHBIA 1ocTynaT (3.19) yTBepxkaaer, 4TO KOrja cHcTema
HAXOIWTCA B PABHOBECHH, €€ C PaBHOH BEPOSTHOCTbIO MOXKHO HaHTH
B JIIOOOM M3 JOCTYIHBIX COCTOAHME. Ecau napamerp y MoxkeT MeHSIThCS,
TO BEPOSITHOCTb P(y) OGHApYXUTh CHCTEMY B CHTYyallMH, KOFla ee mapa-
METP Yy JIEKHT MexXAYy y U y+ Oy, onpenensiercss COOTHOLIEHHeM:

Ly | R )

B PaBHOBECHOM COCTOSHHH ! (66)
Py x Q(y) =eSwik, J




IlycTb B HEKOTOPOM CTaHAAPTHOM MAaKPOCOCTOAHHH IApaMerp y umeer
3HAYeHHe y,, TOrAa H3 (66) cieayer

PO _ swirgsware

P(!?’U) “e Y /e . ) ’
UM

P (y) = P,e25%, (67)

e

AS=S (y)-’S (yu)

# Py=P(y,). OrHowmienHe BepoATHOCTell ompeaensieTcsa HEernocpeACTBEeHHO
PASHOCIbI0 SHTPONHUH.

M3 (66) cieayer, 4TO B COCTOAHHH PaBHOBECHS NapameTp y ¢ HaH-
Bosibiliefi BEPOSTHOCTBIO NPHHHMAeT 3HaYeHHe, MPH KOTOPOM 3HTPOIHS
oxasblBaercss HauGosbiuefi. Jlaxe mnaaBHbli MAakKCHMYM BeJIHUHHbBI
S=kInQ cooTBeTCTBYeT OUYEHL peE3KOMY MAaKCHMYMY BeJHYHHBI €2,
a TeM caMbiM M BeposiTHOCTH P. Orcioza cjienyeT, 4to o0bIUHO BeJqH4YHHA
Y ¢ TIOJaBJISAIOel BEPOSITHOCTbIO NMPHHUMAEeT 3Ha4YeHHsi, OueHb GJIH3KHe

K TOMYy 3HAUeHHIO Y, [PH KOTOPOM 3SHTPONHsS S HOCTHraer MaKCHMyMa.
Urax,

PaBHOBecHOe COCTOSIHME H30JHPOBAHHOH CHCTEMbI
XapakTepH3yeTcsi TaKHMM 3HAueHMsIMH CBOHX Ilapa- (68)
MEeTpOB, MPH KOTOPHIX

S = maximum.

B cocrosinuu paBHOBecHs BeposiTHOCTb P(y) HabumiofeHus B aHcamGiie

CHCTEM 3HA4YeHHs Y, 3aMETHO OTJIHYHOTO OT Y, oueHb Mania. C apyroii
CTOPOHBI, MBIl MOXKEM 3apaHee, C IIOMOIIbIO BHEMIHEro BO3NeHCTBUST HJIH
Kak-HHOY/[b HHAYe, TaK NPHFOTOBHTL CHUCTEMY, YTO B MOMEHT BpeMeHH
{, oHa c OoJibileH BEPOATHOCTBIO OKaXEeTCsi B MaKPOCOCTOSTHHH, IJs
KOTOPOro napamerp y NPHHUMAET 3HA4YeHHE, CH/ILHO OTJIMYAlouleecs OT

y. Ecin nocsie aToro MoMeHTa BpeMeHH £, Mbl CHOBa H30JIHPYeM CHCTEMY,
4 1apaMerp y CMOMKEeT MEHSTbCH, TO CHCTeMa YiKe He Oydern B COCTOSIHHH
paBHOBecHsi. B COOTBeTCTBHH ¢ moctysnaToM (3.18) cocTOosiHHE CHCTEMBI
OyJIeT Teniepb MEHATLCS BO BPEMEHH, MOKa He GyjeT JOCTHTHYTO paclpe-
IeieHne BeposTHOCTeH (66), oTBeyarolee cocTosiHHIo paBHoBecHs. J{py-
FHMH CJI0BAMH, CHCTEMa PA3BHBAETCS B TAKOM HAlpaBJIeHHH, YTO 3Haue-
HUS Yy, OTBeyaromue OOJbiiell sHTpOmHM, CTaHOBATCA Gosiee BEPOAT-
HbIMM. DTO 3HAYMT, YTO SHTPONHS YBEJIHUMBAETCS H Pe3yJbTHpYIOLIEe
{3MEHEeHHEe JHTPONHH YIOBJIETBOpSIeT HEepaBeHCTBY

AS>0. (69)
Hsmenenne snTponHu GyLeT NPOAOJIHKATHCS, TOKA He GyAYT AOCTHTHYTHE
YCJIOBHsl PABHOBECHS, NPH KOTOPLIX Napamerp y € NOAABJAIOWEH Be-

POATHOCTBIO GyAeT MMETh 3HAYeHWE, OTBEYAIOWee MAKCHMYMYy 3HTPO-
nuu S, :
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3ameuanne o MeTacTabuaAbLHOM PaBHoOBecHH Bosmoxio,
4TO 3HTPONUA S, KaK 3T0 MOKA3aHO Ha puc. 7.7, Gyper ofnanatb Gojiee deM OJHHM

MakcumyMoM. Eciu MaKCHMYM SHTpOMHH npu Yp Gosibllle MAKCHMYyMa npu g, TO COOT-
BetcTBylomye BeposiTocT!d P(y):8 (66); Gaarojaps 3KCnoHenLHaNpHOR 3aBHCAMOCTH

oT S, OK@XYTCS HAMHOTO GOJBIIe TPH Yy, YeM TPH Yy, B NOXTHHHOM COCTOSHUH PaB-
HOBeCHS CHCTeMa MO3TOMY IOYTH Bcerfia Oyder

S . ofnanarb 3HayeHHeM IapaMeTpa, pPaBHbIM Y.

[Ipeanoioxun tenepb, 4TO CHCTeMA Cll€LiH-
aJ1bHO NPHTOTOBJEHA Tak#M 00pason, 4ToOb ee
napaMeTp B HEKOTOPbUi Ha4asbHblE MOMEHT
BpeMeHH HAiesT 3HaueHHe, He CAHWIKOM JajneKoe

or y,. Toraa panpHedlIast 3BOJIOUMS CHCTeMb
NpUBEIET K OCYILECTBJIEHUIO BeCbMa BepogTHOH
CHTyauHM, INpH KOTOopoll napamerp y 6yleT
G g ouenp 6IH30K K Ya Hecmotpsl Ha TO, uTO CHTY-
ai#s, NpH KOTopofl napameTp y oyeHb OJIH3OK

vue. 7.7, Tpabux, uanwocrpupyomni K Yp, T0Opasno Bosee BepOsiTHa, 3Ta nocaeirdas
s JiH4He ABYX MAKCHMYMOB SHTDONHH  CHTYaUHS] MOXKeT ObiTh ZOCTUTHYTA JIULIL B TOM

oT ar X ~ ©

PCUAIOIHX ABYM PASTMUNbIM SHZ-  onvuae, ecsiM cHcTewa mepeiifieT uepes o6aacTh

YeHUAM MaKpOCKOITHYeCKOro napamet- -
pa Y. 3HAYEHHH, The

fm e )

U — e

=

Yo < Y < Yp.
37a o6s4acTh oTBeuaeT, OAHAKO, BeChbMa Ma/lOBePOSITHON cuTyaluH, U BePOSATHOCTH
TOro, yTo 6e3 MOMOUIM U3BHe CHCTeMa NpPOHJeT yepe3 Hee, HACTOJNBLKO MaJja, 4To Mo-
Tpebyercsl querb GoJibLIOe BpeMs, NOKA CUCTEMA NPUGAH3UTCS K OKOHYATeAbHOH pas-

HOBECHOH CHTyalH, KOTJa y OJHM3KO K yp. 3a Bpems, NPeACTABISIONICE MPAKTHIECKHH

HHTEpeC, COCTOAHHE CO 3HAYCHHSIMH, GJIU3KHMH K. Yp, MOXKET OKa3aTbcd 3(1)(1)6KTHBHO
HeJOCTYITHBIM Haiefi cucreme. B To ke BpeMs CHCTeMa CMOXKeT JO0CTHYL PaBHOBECHOTro

cocTosiRusL BOMU3H 3HAYeHHS y, GMH3KOTO K y,. Takas cUTyauMs Ha3biBaeTcsl wema-
cmabunoHoim pasHosecuesm. ECIH OKAXKeTCsl BO3MOXKHBIM HaHTH KakKof-HHOYIb Crnoco6

NOMOYbL Nepexoly CHCTeMb H3 COCTOSHUI, rae napamerp y GIH30K K Y,, B COCTOSHHUS,
rae oH GAU30K X Yp, TO CHCTeMa ObICTPO BHIHAET W3 COCTOsiHHS MeTacTaGHJbHOTO paB-

HOBECHSI, YTOOL JOCTHIL COCTOSIHHS HCTHHHOIO PaBHOBECH:, B KOTOPOM ¥ GJIH30K K Yp.

TlpuMepw Takoro poga BechbMa -3(dextHel. Hanpumep, Bofa B COCTOSIHHHM He-
THHHOTO paBHoBecust BOu3n 0° C cymectyer B dopme bga. Eciiu, 0RHAKO, MeleHHO
OXJAXKIUTh OUeHb UHCTYIO BORY, Mbl MOXKeM HMeTb KHIKOCTL B COCTOSIMUH MeTacTa-
OU/ILHOTO DaBHOBeCHS BILIOTb [0 TemmepaTypsl —20°C, uiau eme Menbuieir. Ecin
Mbl Tenepb BBeleM B TAKYI0 BOLY 3ePHA WJH NbIb, TO TEM CAMBIM Mbl IIOMOXeM Hayaly
pocTa JIefHbLIX KPHCTAJLJIOB H JKHJIKOCTb BHE3AIHO 3aMepP3HeT, NOCTUTHYB Teal CaMblM
CBOErQ HCTHHHOTO PABHOBECHOTO COCTOSTHAMSL.

Cucmema 6 Konmarme ¢ pesgpsyapos. JIonycriM, 4ro nutepecyionas
nac cucrema (0003HauMM ee A) He H30JHPOBAHA U MOXKET B3aHMOAEHACT-
BOBaThb ¢ IPYTofl WM MHOPHMH CHCTeMaMH (KoTopble Mbl 0603HaunM A’).
Coctagnas cucrema A*, cocrosimas us A u A’, aBAseTCs H30JAHPOBAH-
HOH cHCTeMoil. Yenosus PaBHOBECHST CHCTEME A MOryT GBITh HOJMYYEHbE
13 PacCMOTPEHHsI CBOWCTB H30JMPOBAHHOM cucTembl A*, yike u3Bect-
HBIX HaM. ’ ‘

. BoubuinHerBo J1a6OpaTOpPHBIX ONLITOB  BHIMOJHSETCA B YCJIOBHSIX
FIOCTOSIHHBIX TeMiepatypbl H Jasjenus. OGbHO paccMaTpusaemas
cucreMa A HaXOZWTCS B TePMHUECKOM KOHTAKTe C TeILIOBBIM pe3epBya-
poM (MM.MOXeT GHITb, OKpYKawllas atMocdepa WM - BOAsHas OaHs),
TeMIepaTypa KOTOPOFO IMOCTOfHHA, a. ofbeM CHcTeMbt A. He SIBJAETCS;
¢urcupoBanHbiM. CHcTeMa OGBIMHO HAXOLHTCH IIPH MOCTOSIHHOM [JaBJjie+
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HHUH (MM MoxKeT OBITh JlaBJeHHe oxpyxaiolleil atMocdepsr). [Tonbiraemes
YCTAHOBHTb YCJOBHS PABHOBECHSI CHCTEMbl A, Haxoisdelcsl B KOHTAKTe
¢ pesepByapom A’, KOTOpHIH ocTaeTcsi NIPH NOCTOSTHHOM J@BJEHHH p’ |
NIOCTOSIHHOH TeMHepaType T’. Cucrema A MOKeT 0GMEHHBATHCH TEMIOM
¢ cucremMoit A’, HO pasmepbi MOCJEAHEN CTOJIb BEJHKH, YTO 5TOT OOMeH
He BJIHSIET ha ee temneparypy 7”. CucTeMa A MOMKET MeHsATb CBOft OGBEM
3a cueT cHcTeMbl A’ M NpOM3BOAHTbL PaGoTy Hajx 3TOH cuCTeMOH; HO,
aHaJOTMYHO, M3-33 GOJbIHX Pa3MepoB cHcTeMbl A aTi OTHOCHTELHO
HebOoJIbIIHEe H3MeHeHHst ofbeMa *) He BbI3OBYT M3MEHEHHsS AaBJenus p’.
HonycruM, uto cucreMa A ONUCHIBAETCS HEKOTODBIM MaKpPOCKOIH-
YeCKHM MapamMeTpoM 4 (WJIH HECKOJBbKHMH napa\m'm\m) [lpu sToM
quc1o  coctosHuf  Q%(y), MOCTYMHBIX
coctaBHOl cucreme A*,  Gyler paBHO
NpPOM2BEJEeHHI0 YHcaa cocrosiHul Q(y),

JOCTYNHBIX cHCTeMe A TpU JAaBHOM 3Ha-
YeHHH Tapamerpa Y, Ha YHC/IO0 COCTOSHUHA A A
Q'(y), nocrynHbix pesepyapy A’ B 5THX
yenoBuax. Takum obpasoM, ! 7
QF = QQ’, - (70) ' ' i
3 onpepenenuss surpomun S=kIn Q . 718 C
He. 7.8. Cuerema A, HaXomsiulascsa B
cJenyer, ‘-XTO KOHTaKTe C TelnL.nosbm pesepsyapom A”
npyd IOCTOSIHHBIX Temneparype T’ u
S+S, (703) P [aBReHHH p'p P .

e S* — SHTpOIII/IH coctaBHON cHcTeMbl A--A’, a S u 8" — surponnu
cucrem A u A’ cooTBeTcTBeHHO. BriGepeM HEKOTOpOE HCXOIHOE MAaKpo-
COCTOSIHME, JI1ST KOTOPOrO TNapamerp Y IpHHHMAeT 3HAUYEHHe Y.
ﬂpnvleHHB K cocTaBHoil cucreMe A*, Koropas sBasiercst H30JIMPOBaH-
HO#, dopmyJty (67), MBI osIydHM BeposiTHOCTb P(y) Toro, uto napamerp
Y TpHHUMaeT 3HAaYeHHe, Jexallee B HHTepBaJje OT y no y+dy:

P (y)= PedS"k, : (7 K)
3necb AS*=8*(y)—S*(ys), a n3 (70a) caegyer, uro
S*=AS+AS’, . o {72

[lonbitaemcs ynpoctutb (72), BLIPa3suB H3MeHeHHe SHTPONHH pe3epBya-
pa uepe3 BeJHYHHBI, OTHOCSIIHECS K HHTepecyloulefi Hac cucreme A.

Pesepsyap A’ oueHb Be/NHK, NO3TOMY, JHaxke NOIVIOTHB HEKOTOPOE
KOJIMUEeCTBO Telia @' oT cucTeMbl A, OH OCTaeTcsl B PZBHOBECHOM CO-
CTQSIHMH C HeH3MEHHBUIHMHCH 3HAYeHHsIMH Temmepatypbl 7’ H faBje-
Husa p’. li3aMeHeHHe 3HTPONHH pe3epByapa B TaKoM KBa3PICTaTPI‘{eCKOM

*) Cucrema A’ MokeT ObITb HEKHM pe3epByapoM, C KOTODbIM cHcreMa A B3auMo-
JeficTBYeT OGMeHOM Temia M COBeplIeHHeM paGoTH C NOMOmbo nasienus,. Ho 4’
MOXHO NPeICT4BHTH ceGe M KaK KOMGHHALHIO IBYX pe3epBYapoB; OIMH H3 HHX HMeeT
‘TeMrepaTypy T' u ero p3auMoneficTBhe ¢ A OrpaHHIMBAETCH [lepejlauedl Tema, Apy-
TOH pesepByap HaXORUTCS NPH AABJCHHH p'u Bsaumsnencmyer c A coaepmeﬂnem Me-
Xanuueckoi , paGotel. : - T Cabow
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npouecce corsacHo (32) paBHO )
AS' = (73)

Ho Ttensio @', norJotieHHoe pesepByapoM A npu H3MeHeHHH NapaMeTpa
OT Yy, 1O Yy, PaBHO _
Q' =AE'—W'. (74)

3necs AE’ — usMeHenHe cpegneil sueprux cicrems 4’, W’ — paGora,
coBepiiaemast Han A’, xoraa oGbeM cucteMbl A MeHsieTCst Ha BeJTHUHHY
AV=V(y) — V(ys). OOGnem pesepByapa MpH TOM MeHseTCs Ha Be/H-
unHy — AV, a paGora, coBepiuaemas cucremoil A nNpoTHB CHJ JaBJ/eHHA
pesepsyapa, coryiacHo (5.14) pasna W' =p’AV. anee u3 saxona coxpa-
HEHWs] 3HEePrHU JUIs cocTaBHoft cucreMul A* caenyer, uto AE'=—AE,
rie AE=E(y) — E(yo) npencrapasier cofoii u3MeHeHHe cpenHell snep-
run cucremsl A. Taxum oGpasom, (74) npHHHMaeT BuJ

Q'=—AE—p’AV.

Hcroabayss (72) u (73), MB mosyuaem

AS = AS—AELPAV _ TIASEAEGpAV (75)

Yrolhl yNPOCTHTL CTOSILIEE CIipaBa Bblpa(eHHEe, BBEAEM HOBYIO (YyHK-
Mo

G=E—T'S+pV, (76)

KOTOpasi Cofiep:KuT Beduunubl E, S n V, orHocammecs K cucreme A,
H naBaesde p’ u temneparypy 7' pesepByapa. Tak Kak nocsnennue jpe
BeJIMYHHBl TIOCTOSIHHBI, Mbl HMeeM

AG = AE—T'AS+ p'AV.

Tenepn Bripaxkenne (75) MpHHHMAeT NPOCTOH BHJ:

. AG
AS*=—27, an

rae AG=G(y)—G(y,). Pynkuus G, onpenensiemasi (76), uMeer pasmep-
HOCTb JHEPTHH H HOCUT HasBanHe 2ubOCcoBcKoli c60000OHOI aHepeuu cH-
crembl A s panHOfl Temmepatypsl 7' M NOCTOSTHHOTO AaBJIEHHS p.
W3 gopmyJsl (77) caenyer, uro ecyiu surponns S* noJHoi cierems! A *
BO3PACTaeT, To rHO6COBCKasi CBOGOAHAs SHEPTHS NOACHCTeMbl A ymerp-
waemes. Yostomy makcumym BepositHocT (71) WM maKcumym SHTPONHH
S* Jast COCTaBHOH H30JMPOBAHHOI CHCTEMBI A™ COOTBETCTBYET MuNU-
Mymy THOOCOBCKO CBOGONHOM SHEPTHH AJISA NOACHCTeMbI A. Mbl npHILTH, .
> I
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TaKHM -00PagoM, K:=CHELYIOUEMY YTBEPXKIeHH!O:

PaBHOBecHast cuTyauuss B CHCTeMe, HaXofsuieHcs

B KOHTAaKTe ¢ pe3epByapoM, -TeMnepaTypa H JaBJe-

HHE KOTOPOrO MOCTOAHHBI, XapaKTepH3yeTcs TaKHMH (78)
3HAYEHHSIMH [TapaMeTpoB, IIPH KOTOPHIX

G = minimum.

dro yTBepIKIeHHe €OOTBETCTBYET yTBepxkiaenuio (68) s usosupo-
BaHHOH cuCreMsl, JlonyctuM, 4To ycaoBue (78) He BBINOJNHEHO, TaK 4T
cuctema A He HaxomuTcsl B paBHOBecHH. B sToM cayuae cutyauus Gyuer
Pa3BHBATHCH B TAKOM HANPasJeHHM; YTOGH SHTponHs S* cocTaBHO# cH-
crembl A* Boapacrana. Pocrt surponui Gyner MPOHCXOAHTL 0 YCTAHOB-
JIeHUsI OKOHYATeJIbHON PaBHOBECHOH CHTYAalHH, NPl KOTOPOH MapaMeTphk
cucrembl A npHOGperalor, ¢ NOAABJSIONIEH BEPOSITHOCTLIO, 3HAYEHHS,
COOTBETCTBYIOIME MakcuMymy S*. 370 yrBepkiaenHe yaoOHee Bbipa-
3UTh C TIOMOHIBIO THGGCOBCKOH CBOGOAHON HEpruM cucrembl A: curya-
115 OyAeTr. Pa3sBHBaTbCH B TAKOM HanpaBJjieHHH, 4TOOH CBOGOJHAA HEp-
rusg G cucreMyt A ymenswasacs, T. e.

AG <0. (79)

310 ymenbiueHne OyAeT NPOJOJKATbCS 10 YCTAaHOB/IEHHS OKOHYAaTesb-
HOrO paBHOBecHsl, IIPH KOTOPOM IapaMeTpbl CHCTeMBl A ¢ HOJABJ/ISIOEN
BepOATHOCTBIO IPHOGDETalOT 3HaueHHEe, COOTBETCTBYIoUee MUHUMYMY (.
TNoncraBass (77) B (71), Mbt HOMyYaeM cieayioLiee NPOCTOe YTBEPIK-

JieHne:
P =P e-aG/kT", (80)

Tak xak AG=G(y) — G(y,), rae G(y,) — KoHCTaHTa, onpelensieMas Bbi-
6opoM CTaHAapTHOTO cocTosinust, pesyJabrar (80) moxKeT ObITh BhIpaKeH
B CcJjelyiolleM BHIE:

B paBHOBECHOM COCTOSIHUH (8 1)
P(y)x e~ G/kT

30T pesy/bTaT aHaJOTHYeH pe3yabraty (66) Aasi H30JHPOBaHHON CH-
crembl. M3 (81) caenyer, uto BepositHocTh P(y) HMeeT MakCHMyM, KOTla
G(y) MUMHMMAJBHO. .

BosbmnacTBO cucreM, npencmanmomnx mnepec 171 PHSHKY Wi
XHMHH, H3YYaeTcsi B YCJOBHAX NOCTOSIHEBIX H 3aJiaHHBIX TEMIIEPATyPhl 1
JlaBJIeHHs . HoaTomy dopmyant (78) u (81) sBisoTCA BeChbMa YA0GHOM
(opMOf YCIIOBHI paBHOBeCHS H MCXOJHBIM NYHKTOM PaCcCMOTPEHHS pas-
JUYHBIX PU3HYECKHX H XHMHYECKHX cHcreM. COOTBETCTBYIOWHA nTpUMep
6yier PaccCMOTPeH B CJELYIOWEM NYHKTE,
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7.6. PasHoBecue mexay dasamu

Jlioboe BelecTBO MoMEeT CYUIeCTBOBATh B PA3JIHUHBIX H OMpeJesieH-
HBIX COCTOSTHHSIX, Ha3bIBA€MBIX (hasamu, KOTOpble COOTBETCTBYIOT pas-
JIHUHBIM CHJIaM CLUEeIVICHHS MEXKIY MoJleKVvJaMH OJHOro Tula. Hawm
XOpOUIO H3BECTHO, YTO BEUIECTBO MOXKET ObThb B BHJE TBEPAOro TeJa,
Kuaxocty uau rasda *). (I'asoobpasnoe cocrosiHue HHOrJA Ha3bIBAIOT
napom.) Hanpumep, Boga cyliectByer
B opMe JIbJa, KUJIKOCTH HJH BOISHOIO
/ napa. Pasnanudem ¢azaMm oTBeyaioT pas-

JUYBLIe 06/1acTH TeMIepaTypet U 1aBJe-
7 Hug. Kpome toro, oxna ¢asa Moxer me-
¥4 PexXOANTb B JIPYTyiO NpH OlpejeseHHbIX

}7535//75yﬂ,/]

: 3HAYEHHS X TEMIepaTypbl H JaBJeHH:.
] Hanpumep, nipu niasrenuu TBepioe T€10
/7.0,71114’#5\ CTaHOBHTCS JKHIKOCTBIO, XKHIKOCTh, UC-
napAaace, obpasyer nap, a TBEpIOE TeJO
dazz 2 MOXKeT nepeXojuTb B rasoofpasHoe co-
N CTOSIHHE, M S5TOT IePeXoj| Ha3bIBAeTCst
cybaumayuelf. B stom naparpade Mm
> Liemen c/ieJiaeM MONBITKY JOCTHYL HOHUMAHHS
Pasa 1 TaKHX (Pa3oBBIX MEPEXONOB € MOMOIIbIO
Hawei obwell TeopHH.
P TS, e cocrouio sy 092 Byllew  paceMaTpupars  Cicreny,
pom, uTo obecrmeuHBaeT MOCTOSHHYIO COCTOﬂU_Ly}O U3 }1Byx HpOCTpaHCTBEH-
Teunepatypy T H Aanacnue p- HO pasje/ieHHHIX (a3 HEKOTOpOro Be-
IIECTBa, COCTOSLIETO H3 MOJIEKYJ OfHO-
ro tuna. Takne ¢aspl MOTyT, Hanpumep, GHITb TBEPALIM TeJOM HJH
FUAKOCTbIO HJIH KHAKOCTBIO U ra3oM. B of6ueM ciyuae Mt 6ynem 060-
3nayath ux nudpamu / u 2. Mbl 6yneM usydaTh 3TH pa3bl IPH HEKo-
TOpOii omnpenesenHoli Temneparype T M jaB/JeHHHM p, KOTOpble JOCTH-
raloTcs KOHTAKTOM C HEKOTODHIM TeMJVIOBHIM pe3epByapoM, HMEHOLHM
oTH napamerpbl. O6o3HauuM vepes N, u N, UHMCJIO MOJIEKYJ Halllero
BelllecTBa, HaxomsAuiuxcst B ¢asax I u 2 coorBeTcTBEHHO. TaK KdK Be-
IIeCTBO HE MOXKeT HCUe3HYTb, TO IOJHOE YHCJIO MOJeKyad N Jo/LKHO
OCTABaThCsl MOCTOSIHHBIM, HE32aBHCHMO OT TOrO, KakuM 06pasoM Mo-
Jekynbl pacnpefeneHsl Mexay ofemmu ¢asamu. Takum o6pasowm,-

N,+N,=N =const. (82)

Hac unrepecyer caenywomuit Bonpoc: GyfeT JH Hallle BEIECTBO MpPH
JIAHHBIX JIaBJEHHH M TeMIepaType B YCJOBHSX DABHOBECHS CYIIECTBO:
BaTh B BHe a3l I, Hau B BHIE (asel 2, M B dpopMe oGeux §as onHoO-
BpPEMEHHO?

Tax Kak jaBfieHHe W TeMraepaTypa Hamiefl CUCTeMBI 3alaHbi H OCTa-
fOTCS HEH3MEHHBIMH, BCE 3TH BOTIPOCHI CBOASITCSH K HCCJAEAOBAHHIO THG6-

*) Moryr naxe cyllecTBOBaTh pasauunbie GopMul TBep}.xoro COCTOSHKS, OTBEHAI0:
mHe PasaHYHON KPHCTAATHYECKOH- CTPYKType. :
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COBCKO!l cBoGOAHOHA 3Heprun G cucTeMbl. Dra cBoGojHast 3HEPTrHA sB-
agerca ¢yunkiveds N, u N, H3 obuelt dopmyanposku (78) ycaoBHik
paBHOBecHs cjeflyer, 4ro mapamerpbl N, B N, Jo/xHbI GbITb TAKHMH,
4TOOH (pYyHKIHS (G, onpenesasieMast opMyJoi (76), HMena MHHUMAJIbHOE
3HaueHue, T. e.%)

G =E—TS+ pV = minimum. (83)

IMonnas cpemusisi sHeprusi £ B 3T0# QopMyJsie DaBHA CyMMe CPEIHHX

sHepruii o6enx (as; TO K€ MOKHO CKasaTb H 06 surponuu **). IloJ-

HbIl 00GbeM CcHCTeMBl paBeH CyMmie OOBLeMOB, 3aHHMaeMbix ofenMH ¢a-
samy. Orcioja caenyer, yTo

G=G,+G, (84)

rie G, u G, — cBoGonHble 3HepTHH (asbl [ 1 ¢dasbl 2 COOTBETCTBEHHO.
Ilpu 3agaHHBIX TeMOepaType H JaBJAeHHH TaKHE BeJHUHHbI, KaK CPEIHAR
SHEPrusi, IHTPONHS U 00beM Kax/ofl (assl MpONOPLHOHABHBI KOJH-
yecTBY BellecTBa B (dase. (ITH BEIHYHUHBl SABJAAIOTCH 3SKCTEHCHBHBIMH
BeJHUYHHAMH; cM. m. 5.6.) Tlostomy Mbi Moxxkem Hamucate G,=N,g, n
G.=N,g,, rne g, u g, 3apucat ot T u p, HO He oT uncen N, u N,.
Beanuuna

g; (T p) = crobonHas SHeprus, MPUXOAAIAACA Ha 0Ny
MoJieKyJy (-t dasbl npH maHHo# Temmepa-  (85)
Type H IaBJeHHH,

XapakrepHsyeT BHyTpeHHHe cBoficTBa (-fi ¢asbl. Temnepb Mbl MOKeM
sanucatb ¢opmyay (84) B TakoM Buie:

G:ngl +N,g,. (86)

Ecau obe ¢asel BaxonsTcs B paBHoBecHH, N, # N, HOMKHBI HMETH
TakMe 3HaueHusi, 4TtoObl dyukuus G OGba coriacHo (83) MHHHMAJb-
Ho#i. Ecau q)yHKmm ¢ uMeeT MHUEHMMYM, OHa He [0JKHA H3MEHATHCS

pn GecKOHEYHO MaJbIX M3MeHeHHsX N, u Ny

, dG =g, dN, —{—gZ dN, =0,
HJH
» (gl—g2)dN1=O’

TaK KaK M3 .yCJOBUA coxpaHenus martepuu (82) caenyer, uro dN, =
=—dN,. Takum o6pasoM, ™Mbl [OJYYHM HEOBXOAHMOE YCIUBHE

) *) Hitpuxu y nepemeHme ‘T u p, crossmae B gopmy.e (76), 3fiecs ONyHIeHE!, TAK
KaK Mbl 0603HAYW/IH TEMIEPaTYpy W AaB/eHHe pesepByapa uyepe3 T W p COOTBETCTBeH-
Ho. TemmepaTypa u jaB/enHe ofedX cHcTeM Takxe Npefnoaarawrcs pashoimu T o p,
TaK KaK Mbl NpeHeGperaeM HeGOALIIHMH (IYKTyauusiMd TemMoepatypbl U LasaeHHst
B CHCTEMAX. - -

+**) DTO OoGBACHAETCS pdéeHCTBom (70), KoTopoe YTBepK[aeT, UTO YHCJIO COCTOS-
Huil, - AOGTYTHHBIX: COCTaBHOH cncreme', PaBHO NPOHSBEACHHIO YUCEJ JOCTYMHLIX CO-
CTOSIHMI AN «Kaxaof dasbl. : ; . - .
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paBHOBechs IByX ¢a3:

1Js1  PaBHOBECHOTO CYIIECTBOBAHMS
$ha3 HeobxonuMO, UTOOBI 87)

§1=4s-

Ecan 310 yci0BHe BBINOJHEHO, MEePeXo] MOAEKY/ibl BellecTBa U3 ONHOH
<a3bl B ApYrylo He MEHsieT 3HaueHHs BeJHuHHbI (86), KOTOpas, TAKHM 00-
pasoM, HMeeT 3KCTpeMyM *).

Hccnenyem Tenepb nNoHsATHe cBOGOAHOH aHepriH (86) 6oJee noapobHO.
BenomuHasi, uro cBoGonHas sHeprus g;(7, p), npuxoadmascsa Ha OfHy
MOJIEKYJY B JaHHOH case i, sABJsieTCs onpefejeHHOH dyHKuueid, xa-
paxrepusyloleli cBofictBa (paskl MPH JAHHOH TeMrepaType M JaBJeHHH,
MBI MOJKEM CHleJIaThb CJeAYIOUlHe YTBEePXKICHHUS.,

Ecin T n p TakoBsl, 4t0 g;<(g,, TO MHHHMAJbHOE 3HadYeHhe G
8 {86) Gyner IOCTHTHYTO B TOM CJjyuae, ecay Bce N MOJeKyJ BeliiecTsa
nepedinyT B ¢asy /, rak uro G=Ng,. 310 3HayuT, YTO B COCTOAHHUH
CTaGHJILHOTO PaBHOBECHSI MOXKET CyllecTBOBaThH ToJbKO asa I.

Ecan T w p TakoBwl, 4TO g,>>g., TO MHBHMaJbHOe 3Hauenne G
coorBerctByer G=Ng,; B COCTOSIHHH CTa0HJbLHOTO PABHOBECHSI MOXKET
HaxonuTbca JHIIL ¢asa 2.

Ecan xe T W p TakoBH, 4TO gy=g,, TO ycaoBHe (87) BLIMOJHEHO
#u Jo6oe wucio N, Mosekysn (asbl Oyer HaXoIHTbCA B paB-
HOBECHU C OCTaBiuMcsa uucaoM N,=N — N, Mosekya Bropo# dassbl.
Taxgum o6pasom, npH H3MeHeHHU N, BeJHuHHA ( OCTAeTCSI HEH3MEHHOM.
['eomerpudeckoe MecTo ToueK Ha JAHa-
rpamme (T, p), 1/ist KOTOPHIX BHIIOJHAET-
cs yeqoBue (87), HadwiBaercs Kpugod ¢a-
308020 pasnogecus. B mo6oil Touke BIOJIb
3TOll KPHUBOHl BO3MOXHO pPaBHOBECHOe
cyllectBoBaHHe obenx (pa3. Kpusas da-
30BOTO  paBHOBECHS, BJOJb KOTOPOH
g1=g,, pasbusaer niockoctb (T, p) Ha
ABe 06/1acTH: B NepBOH H3 HHX g<{g;
Puc. 7.10, Kpusan sapucumocra nan 1 CTAOH/IBHON sBJIS€TCS TONIbKO (asa /,
Jienus p OT Temmeparypw I, pasie- BO BTOPOH obsacTu g,>>g, H 3jech cTa-

Asioilas o61acTh, FAe KaXAad M3 ABYX :
&as B OTAeSBHOCTH MOXeT HaXORHThLH 6HJIbHA JIHIIB Masa 2.

7

8 pasHoBecHH. Bhonb KpHBOiY BO3MOXK-
Hopcoamei'moe panuoaegﬂoe co?:roﬂz):e KPPIBle (t)aaOBOI‘O paBHOBeCHH,, MOX-
obeux das. HO BhIpasuTh B qudxpeperiiuansHoi dop-

Me. Paccmorpum (puc. 7.10) Hekoropyw
TOYKY @, KOTODAd JIEKHT Ha KPuBOH (ha30BOr0 paBHOBECHS H COOTBET-
ctByer temneparype T u faBjeHHio p. YciaoBus paBHoBecusi (87) o3Ha-

4aioT, 4TO
& (T' P) =4 (T’ p) (88)
*} ¥Ycioaue (87) apasercs JiMIb HEOGXOAUMBM YCIOBHEM CYMIGCTBOBAMUS MMHM-
Myma. HMayueHne ROMONHHTENbHBIX YC/IOBUH, rapaHTHPYIOMHX,4TO Bejuuitia G Umeer

MHHHMYM, 3 He MAaKCHMyM, He npeiCTaBjisieT AJIf HAC CYUWeCTBEHHOIO HHTepeca.
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PaccMoTpuM cocenHIO0 TOUKY b HAa KpPHBOI, OTBevaloUlyil0 Temnepa-
Type T-dT u naBaenno p-+-dp. U3 ycioBus pasnosecust (87) crenyer,

" & (T +dT, p-+dp)=g,(T +dT, p+dp). (89
Bowyuras (88) u3 (89), mbl noayuaem

dg, =dg,. 90
3nech dg; — H3MeHeHHe NPHXOASIIeHCs Ha OJAHY MOJeKYJay i-ii ¢asni

€BOGOIHOM 2HEPrHH NPH H3MEHCHHH TeMNepaTypbl H [aBJeHHsl OT 3Ha-
yenuil (T, p), oTBeualownX TouKe 4, Ao 3uauenndt (T--d7T, p--dp), or-
BEYAOIUX TOuKe b.
Hcnonbays (83), Mbl MOKEM HamHCaTb CeAylollee ONpeleneHHe Be-
JIMUHHBI CBOOONHOA SHEPTHH HA OJHY MOJeKyay i-i ¢asbl:
Lo f’L_Ei“TS{+ Vi

14
i
gi=¢—Ts;+ pv,

rae e;=E/N; — cpenusia sueprus, s;=S,/N; — sHTpONUA M U==
=V,/N; — obpeM, npuxogsigHecs: Ha OfHY MoJeKyay i-ii da3nl. Takum
o6pasoM,

dg;=de;—T ds;—s,dT + p dv; +v; dp.
OcHoBHOE TepMOJHHAMUYECKOE COOTHOINEHHe (34) JaeT HaM BO3MOX-

HOCTb CB$13aTh 3MeHEHHE 3HTPOIIHH ds; ¢ KOJIHUEeCTBOM TellIa, NOIIOeH-
Horo (a3off NpH 3TOM H3MEHEHHH:

T dsi = dg’ + p dvi,
{ Mbl HafileM, IOJCTaBJISAA 3TO BhIpakeHHe B IIpe/lbllyllieé PaBeHCTBO:
dg,=—s;dT +v; dp. 91)
[lpuMeHUB 3TOT pe3y/IbTaT K Kaxuoil dase, Mbl NoJyyaeMm
—s,dT +-v,dp =—s,dT -v,dp,
($y—8,)dT = (v,—v,) dp,

HJau

dp As

T = A (92)
e As=s, — s 1 Av=v, — v,.

CoorHouienne (92) naswiBaercss ypasnenuem Kaaysuyca — Kranei-
pora. PaccMOTpHM HEKOTODYIO TOUKY ‘Ha KPHBOH (a3oBOro paBHOBECHS .
Sro#l TOUKE COOTBETCTBYeT Temmeparypa T M jaBieHne p. Y paBHeHHe
(92) cBAAzbIBAGT HAKJIOH KPHBOH B 3TOi TOUKe ¢ H3MeHeHHeM AS sHTponuu
u Av of6bema (13 OJHY MOQJICKYJY), NPOHCXOJAINMX NpPH H3MeHeHuH da-

30BOr0 paBHOBecHs BGJIM3H JaHHLIX 3Havennit T W p. 3ameTum, uro
€CAH Mbl -UMeeT JAe10 He C ORHOA MOJEKY/oil, a ¢ NPOH3BOJIbHBIM
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KOJIHYECTBOM BelllecTBa, COCTOAWMM M3 N MoJeKkyJ, TO COOTBETCTBY-
IOUIHe M3MEHeHHsS SHTPONMHH M obbeMa paBHHl AS=N As uAV=N Av,
Ilostomy (92) MoxHO 3anmucath B BUIE

(93)

Tak kax npu $a3oBoM mepexofie U3MEHSAETCH FHTPOIUS, TO ROAAKHO
IPOUCXCANTb H NOTVIOLIeHHe Temna. Ckpoirnod menaomotl nepexoda L.
Ha3bIBA€TCA KOJHYECTBO TeIJia, NMOIVIOLLEHHOrO JaHHBIM KOJHYECTBOM Be-
mectBa ¢a3bl | npu ero nepexoie B a3y 2, xoraa obe Ga3nt COCYHIECT-
BYIOT B DABHOBECHOM COCTOSIHHH. TakK KakK mepexof NPOUCXOAHT NpH
nocrosgHHOR TeMmnepatype 7T, COOTBETCTBYIHOuiee H3MEHEHHE 3HTPOIHH
CBSI3aHO ¢ BeauuuBON L,, Boipaxkenvem (32), # MBI mojydaem

AS=$,—S, =22, (94)
rie L,, — 3HaueHHe CKPHITOH TENJOTH NpH JaHHOH Temmepatype. Mol
IPUXOINM, TaKHM 00pa3oM, K ApyTol ¢opme ypaBHenns Kaaysuyca —-
Kaanefipona:

i =T (93)
Ecan V osnauaer o6bem onuoro mods, 10 L, PaBHO CKpbITOll Tenjore
I8 OHOTO MOJIs, ecad V — o6beM OILHOI‘O rpamma, 70 L1, — CKpbITas
TenJ0Ta  JJisT OJHOTO Trpamma.

PaccMorpum HekoTopble BadKHbIE MPUMEHEHHs] 3THX pe3yJbTaToB.

Dasveoie nepexoder 0451 npocmbix eewjecms. Mpl yiKe YIOMHHAMH, 4TO
[POCThle BellleCTBA MOT'YT CyUleCTBOBATb B BHAE Tpex ¢as: TBeploH, KIil-

KOH W raszoo6pasHoii. (TBepaplx das mo-

WeT OblTb HECKOJbKO, COOTBETCTBEHHO

pasnHyHOll CTPYKTYpe Kpucraaaa.) Kpu-

Mudracims Bhle (pa30BOr0 PABHOBECHsT MY BCeMH
Thepive \ Tpemd (asaMi Ha [LIOCKOCTH ‘(TeMmIepa-
Typa — JaBJleHHe) UMeIOT Xapaxrep, no-

KasaHHblll Ha pHe. 7.11, W peasar nua-
rpamMMy Ha Tpu cmexkHble 06JacTH: 06-
JI2CTh TBEPJAOTO, XKHAKOTO M rasocobpas-
HOro cotTosiHusl, mepecexkaschb B OOwwen
TOYKe, Ha3bBaeMoOW mpodHol moukol.,

T IlpousBoabHLIE KOAHYECTBA BCeX Tpex
Puc. 7. 11. ®azosas avarpamMa pellle- (]’)83 MOFYT COCYIeCTBOBaTh,  HaXOAsCh
S SIoiore sose, Uepes Lo%ests. B ABHOBECHN APYT C ADYTOM, JIIllb MDY
Touxa. €JHHCTBEHHbIX 3HAYEHHUAX TeMIIepaTypbl

1 JaBJAEHU S TPORHON TOUKH. (ITO CBOHACT-

BO TPOIHOH TOUKH JeJiaeT TPOAHYIO TOUKY BOJAB yROOHBIM M JIRTKO BOCIIPO-
W3BOJHMDBIM 3TAJOHOM TeMmiepaTtypsbt.) KpHBas paBHOBeCHS KHAKOCTE —
ra3 OKaH4YUBaeTCa B TOUKe ¢, HA3blBaeMol Kpumuueckoll- mouxoi. B sTok
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TouKe pasHocTb 00beMOB AV naHHOrO KoJaMYecTBa KHMAKOCTH M rasa
CTaHOBHTCS PaBHOH HyJI0. 32 TOUKOH ¢ HeT (a3oBbIX NePEXOMOB, 3/1€Ch
CYILIECTBYET JIMIIb OfiHA KHAKas» ¢a3a (4aB/eHHe 31eCh CTO/b BEJIHKO,
4YTO IJIOTHBIA Ta3 W KHAKOCTb HePa3/JIHYHMbI). :

[lepexon BewtecTBa M3 TBEPAOTO COCTOSIHHS (S) B kHaKOe (/) mMOYTH
BCETa CONPOBOXK/ACTCsl YBEeAHUEHHEM €ro SHTPONUM *) (MM CTeneHH
Gecriopanka). IlostoMmy ckphiTas Tensora L, nojoXKHTebHa H Nepexof
NPOHCXOAHT C IOTJIOMeHHEM TerIoThl. Bo MHOrHX cayuasx nocie
n/1aB/1eHHs oObeM BellecTBa YBeJaHuHBaercss, Tak 49ro AV>0. B stom
caydae u3 ypasrenust Kmaysnyca — Kaanefipona (93) caenyer, uro
HAKJOH KpHBOH PaBHOBECHs TBePAOE TEJIO — JKHAKOCThb IOJ0XKHTENEH.
Jpyrue BemectBa, nofo6HO Boje, IOC/e ILIABJEHHSI CXKHMAKOTCA, H
AV<C0. ¥ Taxux BelllecTB HAKJOH KPHBOH OTpHllaTeNeH (NOJOGHBIHA cay-
yafl nmckasadH Ha puc. 7.11).

11 pub auscenroe goiiiicaerue Ongrenus napa. Y pasHenHen Kaaysuyca—
KnanefipoHa MOXKHO BOCIHOJB30BATHCS [1J51 BEIBOAA NPHOAU3HTENBHOTO
BHIPaXKeHHsl, NAIOWErO JaB/i€HHEe [apa, BaxOAserocss B PaBHOBECHH
€ JKHJIKOCTBIO (HJIN TBEPABIM TeJOM) NPH TeMnepatype 7. 370 AaBjecHue
HasblBaercsl JasieHuem nape Haj XKUAKOCTbIO (WJIH TBEPABIM TEJNOM) HPH
JaHHOU TeMmeparype. Y paBHenHe (95), HanHcanHOe JIs1 OAHOTO MOJis
BElLIeCTBA, HMeeT BHI

do_ L (96)
dr  TAV
rae L==L,, — cKpblTasi TeIJOTa HClapeHUs OFHOTO MoJsi, a V — wmo-
JAsipHBI 06BeM. [lycTs uHAEKC 1 OTHOCHTCSI K JKHJAKOCTH, HHIEKC 2—
& napy. Toraa
: AV:VZ——V1 ~V,,

TdK K4K IJIOTHOCTb Napa ropasfo MeHblIe IJOTHOCTH MKHAKOCTH (MH
TBepgoro BelectBa), H V,>>V,. JlonycTuM TakixKe, 4YTO Nap MOXKHO
CUHTaTh MAEaAbHBIM Ta30M, TaK YTO YPaBHEHBHE COCTOSIHHSI OLHOTO MO.isi
mapa uMeeT BHA . - :

. pV,=RT.
Torna
AV=V,=—
B arux HpH6JII/I}K6HI/I$lX (96) npuauMaer BHI
1d I
P d; RTE o7

OBHIUHO MOKHO TIPHOIHZAKERHO CYHTATH, w10 L He 3aBHCHT OT TeMriepa-
Typel. Torpa (97) serko mpousTterpHpoBaTb. Mol nosnygaem

Inp z—-L—f—'}const ,

*) I/chmoqeﬂueM ABjifeTcs Taepubm He® npu oueHb HH3KOl TemmepaType. Kpan-
TOBOMexaHHUeCKHe (D(eKTH B 3TOM Ciaydae NPHBOAAT K TOMY, YTO sijepHbIE CIMHbLI
8 KUIKOCTH opuemupylmcsp amunapanne.nbﬂo,wrorna KaK B TBeplloM Tene ux opuen-
TauKs " cayuakHa, S R -
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HJIH

P = pe~ AT, (98)

TAe po — HEKOTOpast NOCTOsIHHAs. Mbl BHAHM, TAKHM O0pPa30M, YTO TeM-
neparypHasl 3aBHCHMOCTb JAaBJIEHHMs TMapa OlpelensieTcs BeJHYHHO
CKPBLITOH TEIJIOTEI. JTa CKPHITAsl TelloTa NPHOJH3HUTeNbHO PaBHA SHep-
THH, HEOOXOJHMOH /151 pasfiesieHHsT MOJIsI XKHIAKOCTH (HJIH TBepAOro Te1a)
HA OTIEIbHHIE MOJEKYJEl, yiajeHHble Apyr or Apyra. [lostomy Bemu-
uyHa L 10/XHA ObITb 3HAYHTEJSBbHO GOJIbilie TENIOBOH SHEPTUH JKHIKO-
CTH (WM TBEpROro TeJsa), HMetomeli nopszok RT Ha moab. Tak kax
L>RT, o naBnenne mnapa, onpepensiemoe ¢opmyJoit (98), sBastercs
odeHb ObICTPO pacTymlell ¢yHkIMel Temnmeparypbl 7.

3aMeTuM, YTO JaB/1€HHE Napa MOXKHO Gbl10 Obl BBIYMC/AHTb, HCXOAs
H3 HalIMX OCHOBHBIX YCJIOBHH paBHOBecHs . JLeficTBUTENbHO, 3HASI MHKPO-
CKOMHYeCKOe YCTPOHACTBO Kaxknoll ¢asbl, Mbl MOKEM BBIMUCANTD JJIS Hee
YHCAO AOCTYIHBIX COCTOSIHHE, YTO JaeT BO3MOXKHOCTL OIpelesiTh
SHTPOINHIO H CPEJHIOI HEPTHIO, A C/IeN0BATeNbHO, BHYMCINTL CBOOO-
HYIO 3HePTHIO, MPUXOAALLYIOCS HA OAHY MOJeEKYJy, B 3aBHCHMOCTH OT
TemnepaTyphl M gasjeHHsi. HamucaB OcHOBHOe yc/0BHe DaBHOBECHSI

& (T, p)=g,(T, p),

Mbl TIOJYYHM YypaBHeHHe, KOTOpO€ MO2KHO PeIlHTb OTHOCHTesNbHO T.
Takum oOpasoMm, MOKHO HalTH BLIDAXKEHHe, CBS3HIBAIOLIEe AaBJjeHHe
napa c Temneparypo#, KoTopoe He OyleT COlep:KaTh HEM3BECTHBIX [10-
CTOSIHHBIX (T2KHX, KaK po). MHKpoOcKonuyecKHe BbIYHCJAEHHS TaKoro
THIIA MOTYT OLITB ClleJlaHbl B NPOCTHIX CJyYasix.

7.7. Nepexon Gecnopsaxa B nopsjioK

Jlio6ag H30jMpOBAaHHAA CHCTEMA CTPEMHATCH JOCTHYL CHTYalHM,
oTBevaollell HanGoJsbileMy GecrniopsiKy, T. €. CHTYallHH € MaKCHMajib-
HbIM 3HaueHHeM SHTPONHH. DTOT KJOYEBOH MPUHIMN BKJIIOYEH B HallH
OCHOBHBIE CTATHCTHYECKHE TOCTYJaThl H NMPOXOAHT Yepe3 BCe paccyxkie-
HUSL B 3TOH KHHTe. MOXHO NpHBecTH 00JbiHOE YHCJIO HJIIOCTPHPYIO-
HMX ero npHMepoB. Mbl OrpaHHYHMCS HBYMA.

I. PaccMorpuM CHCTeMy, COCTOSINYH M3 HATOJHEHHOrOo BONOH co-
cyna, Kojeca ¢ JIONACTSIMH M Ipysa, COEJHHEHHOro ¢ OCbi0 KoJeca
BepeBxo# (cM. puc. 5.6). JlonycTum, 9TO sTa M30AHPOBAHHAsSH CHCTEMA
npenocTaBseHa camoii cebe. I'py3 MoxeT nepemelnaTbesi BBEpX WM BHH3,
Bpamas Kojeco H obmeHHBasicb sHeprueli ¢ Bogo#i. Ecau rpys omy-
CKaeTcs, TO NOTEHNHaJNbHasd SHeprus rpy3a B IpaBHTalMOHHOM HoJe,
CBSI3aHHAsI C €ro eNHHCTBEHHOH CTeleHbi0 CBOGOAH (T. €. € BLICOTOM
rpysa Hal N0JIOM), IEPeXOAMT B IKBHBAJECHTHOE KOJHYECTBO BHYTPEHHEH
SHEpPrdH, KOTOpas OKasblBaercs pacnpejefeHHO# MeXAy OrpOMHBLIM
YHCJIOM MOJeKyJ Bogbt. Ecau rpya 6yzer cam no cebe MOAHHMATBCS, TO
SHeprus, ciyvafino pacupeneieHHass MeXAy MOJeKy/l1aMi BOAH, Oyner
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1IepexofUuTh B MOTEHIHAJLHYIO SHEPTHIO, CBA3AHHYIO C YIOPAIOUYEHIIHIM
noibeMoM rpy3a. Tak Kak SHTPONHA CTPEMHTCH BO3DACTH, PeajbHbIM
npoleccoM, KOTOPBIE NPOHCXOAMT € TOJABJAIOMIEH BEPOSITHOCTBIO,
Oyzer onyckaHHe rpysa. Takum oﬁpaaoM CHCTeMa TIePeXOJHT B MeHee
yIOpsiloueHHoe, WM Bosee caydailHOe, COCTOSTHHE.

2. PaccMOTpHM 2KHMBO€ CYIIECTBO HJ/H JI0OOR Apyrofi GHOJOTHYeCKHH
opraruaM. OH TaxKe COCTOHT H3 NPOCTHIX aTOMOB (Hanpumep, U3 ato-
MOB YI.Jepoja, BOLOPOJA, KHCJIOpOJd, a30Ta), HO 3TH aToMel He obpa-
3yoT cayyaitHol cMecH. OHM coBpaHel B CHCTEMBl C HCKJIOYHTENbHO
BLICOKOH CTENeHbI0 Opranu3anui. JIeAcTBHTENbHO, IPEXKAE BCEro aTOMEb
OOBeIHEHBl B CHelMasbHble OpraHndYecKHe MOJeKyqasl (Mbl 3HaeM, Ha-
npuMep, okoao 20 pas3auYHBLIX THIIOB aMHHOKHCJOT). 3areM 3TH Opra-
HUYeCKHe MOJIEKYJbl HCNOAL3YIOTCSl B KayecTBe CTPOMTEIbHBIX OJIOKOB,
COeIMHAEMBIX B CTPOrOfl NOC/IEN0BATENbHOCTH J1s1 06pa3oBaHusi pas-
JUYHBIX THNOB GOJIBHIHX MOJIEKYJ, Ha3blBAEMBIX MAKPOMOACKYAAMU H
ofJajalonMx BechMa crenHaapHbIMU cBoficrBaMu. (Hanmpumep, amuuo-
KHCJIOTH SIBJISIIOTCSI CTPOMTENBHBIMH GJOKAMU 17s o6pasoBaHusi pas-
JuyHbX OenkoB.) Ilpennonoxum Tenepb, 4YTO Haille CYIIECTBO IIOMe-
UieHO B SIIMK M MOJHOCTBIO H30JHPOBaHO. B 3ToM ciyuae BblCOKast
CTelleHb OPraHH3alMH He CMOXET COXpaHHTbcs. B cooTBETCTBHH € NPUH-
LIMIIOM BO3PACTaHHsI SHTPONHH HAllle CYIIECTBO He BLIKHBET U €ro yIo-
psiTOYeHHAs OPranu3anHsl CJIOXKHBIX MAKPOMOJICKYJ] B KOHIE KOHIIOB
pacrnajaercsl Ha HeYNOpPsIJOYEHHYIO CMEChb NMPOCTHIX OPTraHMYECKHX Mo-
JeKyJl.

Tlpunnun BospacTaHMsl SHTPONHH CO3JA€T BIeYaTJeHHe, YTO MHp
NpUOIUKACTCH K CHTYalluH, Xapakrepuayiollelics Bce BO3paCTaloUIMM
Gecniopsisikom. He nenast HHKakuX yrBepaKAeHHH OTHOCHTebHO Bce-
JICHHOH (KOTOPYIO, MOMKeT ObiTh, HE3aKOHHO CYHTAThb H30JHPOBAHHOH
CHCTEMOH), MBI MOJKEM C YBEDEHHOCTBIO CYHTATh, UTO AJS KaXKJAOro CIOH-
TAHHO BO3HHKAIOWEr0 B H3QJHPOBAaHHOH CHCTeMe IIporecca NpeHMyLlie-
CTBEHHBIM HampasJeHueM Oyfer nepexofl ot 0ojee yNopsiloueHHON K
MeHee yNOpsIAoYeHHOH CHTyailuH. MBI MOXKeM II03TOMY NOCTaBHTb C.e-
JAVIOIHA BOIPOC, TNPEACTABISIOMIKE BOJLILION UHTEpeC: 8 KaKxoi aepe
B03MOJMCHO 00pamume HANPagACHUE MAKUX npoyeccos, 4mobsi nepesecmi
cucmemy u3 6oace cayuatinoil 6 meree cayuaiinyo cumyayuo? HUtobul
NOKa3aTb, HACKOIBKO BE/JIHKO 3HaUeHHe 3TOi IpOoGJeMsl, MBI BHIPA3HM ee
B OoJlee KOHKperHO# (popMe, oTBedarolledl IBYM pacCMOTPEHHBIM Bhlille
npHUMepam.

I. B Kakoff Mepe BO3MOXKHO INpeBpallileHHe BHYTpeHHefl SHepruu,
caydYaiiHBIM 00pa3oM pacnpefleleHHOH CpelHM OIPOMHOTO KOJHYecTBa
MOJIEKYJl BeliecTBa (Halpumep, BoAbt, 6€H3HHA, YIVIs), B SHEPTHIO, CRH-
3aHHYIO C CHCTEMATHYECKHM H3MeHEHHeM BHeIIHHX IapaMerpoB (IpuMe-
pPOM TaKUX H3MeHEHMH sBjsieTcsl JABHXKEHHe NODLIHS HJH BpalleHHe
OCH), T. €. B paboTy NOIHATHS Ts2KeCTel H/IH JBHXKeHHs! Ipy3oB? MHbIMHE
CJIOBAMH, KakoBa Mepa 3pbexkTHBHOH paboThl pasnHUHBIX ABUraresefl U
MaIiMH, CO3JaHHe KOTOPHIX O03HAYAJO IPOMBIIVIEHHYIO PEBOJIOIHIO?

2. B Kaxoif mepe BO3MOXKHO INpeBpallleHMe caydaitHO cMecH [po-
CTBIX MOJIEKYJl1 B CJIOKHBIE H BBICOKOOPTAHH30BAHHBIE MAaKPOMOJIEKY.JIHI,
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H3 KOTOPBIX COCTOMT }KMBOTHOE HJM pacreHHe? MHbMu c/0BaMH, B Ka-
KOM Mepe BO3MOXKHO CYLIECTBOBAHHE JKHBHIX OPraHU3MOB?

IlocTaBennble BONPOCH Ja/eko He NPOCTH; Mbl BHAMM, YTO OHH He-
HOCPE/ICTBEHHO CBSA3aHbl CO CTOMIb IPAHAHO3HBIMH NPOBIeMaMH, KaK BO3-
MOXHOCTb MKH3HH HJH BO3MOZKHOCTb NMPOMBILIEHHOR PEBOJIIOLHH.

Ccopmyanpyem Haimm Bormpocsl B Gostee ofweil dopme. B kaxoit
Mepe BO3MOXKEH NepeBOj ciicTeMbl A H3 Gosee ciayuaiiHOl B MeHee cay-
YaHHYIO CHTyalUHI0? DTOMY BONPOCY MOMKHO NPHIATH KOJMYECTBEeHHBI
CMBICJI, NOCTABHB €ro CJeAYIOLHM 06pa3oM: B Kakoi Mepe BO3MOMKeH
nepexoz crcteMbl A U3 MAKPOCOCTOSIHHA @ ¢ SuTpOnHedl S, B MaKpococ-
TostHMe b ¢ surponuedl S,, ecan AS=S, — S,<<0?

Mul He cMOXKeM OTBETHTb Ha 3TOT BOINPOC ¢ TaKOH ke OOMHOCTLIO.
Ecnu cucrema A nzonuposana, T0 ee SHTPONHS ¢ [0ABJSIOMIE! BeposT-
HOCTBIO Oyzer Bo3pacraTh (MaH, B KpalHeM cjydae, OCTaBaTbCeA M[O-
cTosiHHOH), TaK 4Tto ASZ>0. B stoM cayuae otBer Ha Ha BOIIPOC 3&K/10-
4aercsl B TOM, UTO XeJaeMoe YMEeHbIUCHHe GeCropsi/iouHOCTH He MOMKET
ObiTe ocymiectsaeHo. JlomyeTHM, ofHako, 4To cucrema A He H30JUpO-
BaHa, HO MOYKET B3aUMOJIGHCTBOBAThL C HEKOTOPOH Apyroil cuctemoil A’.
Torga, ananormuno, sHTpOnHst S* H30IHPOBAHHON COCTABHON CHCTEMBI
A*, cocrosimeit u3 cucrem A u A’, 6yner Bospactats u AS*>=0. Ho

S*=818,
rie S’ o6osHavaeT SHTPOMNHUIO cHcTeMbl A'. YTBepxkaeHHe O BO3pacTaHuu

SHTPOTHH, IIpHMEHEHHOE K H30JHpOBaHHOH cHcTeMe A*, nosso.aser
HanHCaTh:

AS*— AS-+AS’ > 0. (99)

U3z sToro ycsioBusi coBceM He caedyem € BeoOGXoauMocThblo, yto ASZ>=0.
JeficTBUTeNIBHO, BIIOJIHE BO3MOMHO, yTO 3uTponus S cucreMsl A Gyvier
YMeHBIIAThCS, TOTA KAK HTPOIHS cHCTeMsl 4’ Bo3pacTaer HAacTOJbKO,
4TO6bl 110 MEHbLICH Mepe CKOMIEHCHPOBAaTh 3TO yMeHbIIeHHe H ofecre-
YHTDb BHINOJIHERHE YCI0BHs (99) ans noaroi cuereMel. T1pH sTOM cTenenb
Oecriopsaka B uBTepecylonlefl Hac cucremMe A yMeHBUIHTCS 3a CyeT
pyro#i cucteMst A’, ¢ Kotopoit cucrema A B3aumogeiicTByer. Mt npu-
XOAUM, TaKHM 00pa3oM, K CJAeyIOLeMy BbIBO1Y, KOTOPBII MOMKHO Ha-
3B4Th «IPHHIHIOM KOMIIEHCANHH SHTPOMHHY.

DHTPONUSl CHCTEMBI MOXKET OGbITb YMeHbIEeHa TOJbKO

B TOM cJyuae, €CJd cHCTeMa B3aUMOXEHCTBYeT C ApY- (100)
Tol MM C APYTHMH CHCTEMaMH TakHM o0pa3cM, 4TO

B NOponecce B3aUMOACHCTBHS NPOUCXOAUT KOMIEHCH-
pymoollee yBeJHYCHUE SHTPOIUH.

YrBepkpenne (100), BocrpousBosiiee B c10BecHOH ¢opMe COfepKa-
Hue HepaBeHctBa (99), siBisiercss ofmwMM OTBeTOM Ha Haml Bompoc. Ho-
TYCTHM, YTO HaM HY2KHO BLISICHHTb, KAK MOYKHO YMEHBUIUTb 3HTPOMUIO
HEKOTOPOH CHCTEMBl Ha ONpeNieJieHHYIO BeJUYHHY. Ta Lelb MOXKET Ohllb
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JOCTHTHYTa Da3MYHBIMH CIIOCOGAMH C TIOMOLUBIO PA3JIMYHEIX JOMNOJHH-
TeJbHBIX cucTeM M npoueccoB. [Tpu stom yrsepxaenue (100) moxxer
OKa3aThb HAaM CYIIECTBEHHYIO IIOMOllb.

1. OHo mo3BOMISeT HeMeIJEHHO OTBePrHYTh HEKOTophle ciocobbl Ha
TOM OCHOBAaHHH, YTO OHM He OCYUIECTBHMBI (€C/M OHHM TAKOBH, 4TO
AS*<0).

2. OHO naer BO3MOXHOCTh BHIOpPATh W3 MHOTHX aJbTepPHATHBHBLIX
npoeccoB npouecc HauGosee 3hdeKTHBHBIA.

V1rep:xkaenre (100) He conepxur, OAHAKO, HHPOPMAUHH O NIpOLEC-
€ax U MeToJax, ¢ NMOMOLIBIO KOTOPBIX MOXKHO ROCTHYb YMEHDBIICHHUS SHT-
PONVH CHCTEMBI. DTO 1e/10 TaJaHTOB, KOTOpblE BPeMsl OT BPeMeHH u3obpe-
TAIOT NMapoBble MAlllHbI, GeH3HHOBbIE ABMrarea, Asurarenu usens #
IpyTHe cHCTeMbl, npeofpasyioliHe BHYTPEHHIOIO SHepPrHi0 B paGoTy.
Anasornuso, OHOJIOTHYECKAsT 3BOJIOLHUSA, NASINASICS MHJIJHOHH JIET,
NPUBOAUT K 0TOOPY TAKUX OHOXHUMHUECKHX PeaKLHH, KOTOpble IpHUBOAST
K CHHTE3Y MaKpOMOJIEKYJI, AJI2IOUIMX JKH3Hb BO3MOXKHOM.

PaccMorpuM NpHMepH  Hcnoab30oBaHus ofmero npudunna (100)
J15T HECKOJIBKUX KOHKPETHBIX CHTYaiuufl.

Heuzameau. [IBuraresneM Ha3blBaeTcsl YCTPOHCTBO N/ APeBpallleHHs
HEKOTOpOH 4acTH BHYTPCHHEH 3Hepruu cHcTeMs! B' pabory. B mpouecce
npespaumenus (puc. 7.12) cam mexanusm M jpurarens (0OH COCTOHT
H3 psifia nopLiHe, IHAHHAPOB H T. A.) JOJeH OCTABaThCs HEH3MEHHBIM.
TTostomy MexanusM paboTaer CAGLYIOLUMH OAMH 3a APYIHM UMKJaMH,
TAK YTO K KOHIY KaXJ0ro HMKJa MeXaHH3M NPUBOIHUTCS B TO XK€ MAKpo-
COCTOSIHHE, B KOTOPOM OH mnpeGbiBai B KOHUE NPEABAYIIEro IHKJA.
IBurare/s MOXeT TaKUM 006pa3oM pa6oraTb HEMpephIBHO, MPOXOLs MHO-
CJ1e0BaTe/NbHOCTb MOBTOPSIONINXCS IHKJOB., DHTPONHS CaMOTO Mexa-
HI3Ma 33 NUKJ He M3MeHsieTcsI, TaK KaK OH BO3Bpalliaercsl B CBOe Ha-
yaJbHOe Makpococtosiane. CoBepliaemast AsurarteneM pabora w uaine
BCero Ijer Ha H3MEeHeHHe BHCIIHEI0 NnapaMerpa Kakoi-AHOO CuCTe-
Mbl B (Hanpumep, NMOAHsITHE Ipy3a HJAH cMelneHHe nopiuas)., Emun-
CTBEHHBIM H3MEHEHHEM SHTDOIMH, BO3HHKWIEM [OC/Ie 3aBepLUeHHS
uMK/Ia paBoTel ABMraTess, SBJASeTCs U3MeHeHHe SHTPONHH cCHCTeMbl A,

abs BHYTPeHHssl 3Heprusi £ dacTHYHO mpeBpaTuiack B MaKpOCKOIL-
yeckvio paboty.

Ilpocrefiminm cnyuaem Opl1 6bl Tako#, korma cHerema A sBasercs
€lMHCTBEHHLIM TEIJIOBbIM pe3epByapoM ¢ Temneparypoit T. Uneansuo
Obl1a 6bl MawuHa, 3abuparoiias B TEUEHHE IIUKJA H3 TENJI0BOro pesep-
Byapa A HeKOTOpoe KOJIMYECTBO Temia ¢ (IPH 5TOM BHYTPEHHSsI SHEPrus
pesepByapa yMeHbIIAeTCs Ha §) W HCHOIb3YIOLAs] 3TO TEIIO g AJs COBEp-
HIEHUSt Haj cHcreMoll B nekoropo#l pabotsl w *). UTto6hl BHINOMHSAJICS
3aKOH COXPaHEHHS IHePrilH, HeoOXOZUMO, 4TOOH w=¢. MBI UMesH 6bl
«COBEpLIEHHYIO MALLIHMBY», CXeMa KOTOpO# mokasaHa Ha puc. 7.12. Jlerko
BHJI€Tb, YTO, HECMOTDSI Ha BCIO ee MPUBJEKATEeNbHOCTh, OCYIIECTBHTD TA-
KYIO MallHHY HeBo3MoXKHBO. JlefictBuTesnHO, pe3epByap A mnorJomaer

*) Mub ucnonbayem Manbie GyKBH § B W JUid 0603Ha'-leHHH NOJIOKHUTEAbHBIX 3Ha~
YeHHH Tefl1a U paboThl. .
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3a UMK KOJIMYECTBO Tenna (—¢g), YTO COOTBETCTBYET YMEHbILEHHIO
SHTPONHH pe3epByapa Ha BeJUUHHY

4

AS=—. (101)

310 eMHCTBEHHOE NPOHCIIEIee 32 IIHKJ H3MEHEHHe SHTPONHH B COCTaB-

HOl W30.IUpOBaHHON cucTeMe A,, MOKazaHHoRk Ha puc. 7.12. U3 nawmux

OOMHX paccy:KIeHHH CaelyeT, YTO TAKYIO COBEpLICHHYI0 MAIlHHY He-

BO3MOXKHO TNOCTpouTh. JlelicTBUTENBHO,

4 e[IMHCTBEHHEIM HTOTOM ee AeliCTBHsI OblIo

6bl yMeHbIUEHHe crelleHH Oecnopsiika

A TeIJIOBOTO pe3epByapa 3a CUeT OTHATHA
Yy Hero sHepruu.

T Ecnu mel xotiim gobutbest ycnexa B

npeBpallleHHH HEKOTOPOH YaCTH BHYTPEeH-

gl HeH sHepruu pesepsyapa A B paboty,

MBI JOJIKHBI B COOTBETCTBHH C IPHHILIH-

@ { mom (100) mnponsBectH KOMINEHCAIHIO

———d

— | B ymeHblierns surpomuy (101). Las sroro
cJleflyeT BBeCTH JONOJHHTENbHYIO ClCTe-
_______________ 1 wmy A’, ¢ xoropoii cucrema A, puc. 7.12
w=g Morsia Obl B3aUMONeHCTBOBaTh. BO3bMen
B KauecTBe A’ HeKOTOpbIfl TeIIOBOH pe-

Panc. 7.12. Mgeanvnan mamuna A,, co-

cTosNlas 3 zgmxymerocﬂ mexannsma 3€PBYap nOpU TeMmepartrype T. HYCTb
M, cucremn! B, Hal KoTopoil npoH3Bo- % -
Znren paboTa, M eAMHCTAEHHOTO Tl B3aHM9ﬂeHCTBHe 3TOro pesepByapa C Ci
JIOBOTO peaeﬁpnyapa A, or xotoporo  CTEMOH Ao 3aKJryaercss B TOM, UTO pe-

OTOHPAETCH Teno. 3epByap NOIVIOWAeT B TEYEHHE [HKJ/a
HEeKOTOpoe KosMuecTBO Tenaa ¢'. [lpu 31oM surponus cucremsl S’ Boa-

pacTaeTr Ha BEJAHUYHHY

as'=-L. (102)

JIns pocTHxkeHns AKeqaeMol KOMIEHCAllUH SHTPONHH HeOOXOIMMO, YTOOLI
M3MeHEHHEe SHTPONHH CJIOKHONA H301HpOBAaHHON cueTembl S*, coctostiefi
U3 cicreM A, 1 A’, YHOBIETBOPA/IO YCJOBHIO

AS* = AS -+ AS' > 0. (103)

YTo6Ll BHIIOJAHUTD 3TO YCJAOBHE HauboJee JerkuM crnocofoM, Mbl AOMIKHbE
YMEHbIIUTh SHTPOIHIO CHCTeMBl A Ha BO3MOXKHO MEHbIUYIO BEHUHHY,
a SHTPONHIO cHcTeMbl A’ yBeJHYHTh BO3MOXHO Gosbule. I1pu 3ananHoM
KOJIMYECTBE TelJia ¢ yMeHblueHue SHTPOnHH S cucrembi A Gyjaer Tem
MeHblIe, Yem Bhile Temneparypa T. Takum obpasom, Temnepatypa A
JIOJIKHA ObITh BO3MOXKHO OoJj1ee BbicOKOH. TouHO Tak ke, 4TOOHI NpH
3a7laHHOM KOJIHYECTBE TemJa ¢’ HKOCTHYb BO3MOXHO GOJIbIUErO yBeJHue-
HHA SHTpONHH S’, MB NOJKHbI Temmepatypy 7' pesepByapa A’ caenartb
BO3MOXHO ©oJjee HH3KOH.
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Mbl NpHILIH, TAKHM 00pasoM, K BO3MOMKHOMY oGlieMy YCTPOHCTBY
ABHraTteJisi, OKa3saHHOMY Ha puc. 7.13. Ilpexne 4eM u3yd4uTb €0 CBOIi-
cTBa, 3aMeTHM, yto ycaosue (103), ecau npunsith Bo BHuMaHue (101) B

(102), npuobperaer BUI 4

b4, O S -

AS* = T+T,>0. (104) r- ;

Janee, u3 3akoHa COXpaHEHHS SHEPTHH : A ;

cieayer, uto paboTa, NpoH3BOAUMasi ABH- : T |

raTejJeM 3a IUKJ, DaBHa 1 ;

w=qg—q'. (105) { gl {

Yro6ul nosyyuTb OT ABHrate]st Makcu- | i

MaJIbHOE KOJIMYeCTBO PaboThl, HaM cie- } %

JIyeT mepefarb NOMOJHHTEIbHOMY pesep- | S B 1

Byapy A’ BO3MOXKHO MeHbllee KoJHYe- {_ j
— ]

CTBO Temsa ', corJacylouieecs elle,

OHAKO, H ¢ Halllell 1eabl0 KOMIIeHCalluH g
Bospactanust surponun AS’. Ioacrasass
(105) B (104), naxomum A
g , ¢g—w Yl
—7 7 =0

HJH w=a-a"

w < ( 1 1 ) 71

T <4 T’ T Pue. 7.13. Peasbnast MalllAHa COCTOHT

H3 cucteMbl A, (cM. puc. 7.12), coean-
HeHHOll € ROTOJIHHTEIBHHIM TellJOBbIM
w pesepsyapoM A’, alcosoTHast TeMnepa-
7< ] — = (106) Typa KOTOPOTO MeHbllle TeMMepaTypbk

T T : TefJIOBOTO pe3epByapa

B mepeasbHOM c/yuae CcOBepLIEHHOTO JABHraressl Bce TEIJIO, B3RTOE
u3 pesepyapa A, KomKHO GbuIo Gbl mpeBparuThes B padory, Tak 4ToO
w=¢. B peanbHOM JBHraTeje, KOTOPHI Mbl cefiyac ofcyxuaeMm, w<lq,
TaK KaK HEKOTOPOE TeIl10 ¢ JO/MKHO ObiTh repefaHo JOMOJHHTENTbHOMY
pesepsyapy A’. OrHoiueHue

—®_9=g
n=- 7 (107)y

Ha3bIBAETCS KOoaghghuyuenmom noae3noeo Oeticmeus (K. M. 1.) ABUraTess.
Jls1st coBepilleHHOrO JBHraTe/Is K. H. A. Obl1 Gbl paBeH efMHUIe, 4 A%
peasnbHBIX ABHratesefl oH Menbie enuHunbl. ®opmyaa (106) gaer 3na-
YeHHe MAaKCHMAJbHO BO3MOXHOTO K. . Ji. TEIJIOBOH MalllMHbl, paboTato-
el MexKIY ABYMs TEIIOBBIMH pe3epByapaMHd ¢ 3aJaHHbIMH abcolioT-
HBIMH  TeMIlepaTypaMu:
r

<2 (108)
Kaxk # cienyer 0:KUKATh IPH yUeTe ¢eaHHBIX BhIILle 3aMeYyaHuil, K. 1. 1.
TEIJIOBOTO JBHraressi TeM Bbllle, YeM G6QJblIe Pa3HOCTb TeMIIEpaTyp
06GoHX pesepByapoB.
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Hame Boicoko HHAYCTpHaAbHOe OOIMIECTBO HCHOJL3YeT OrpOMHOE
KOJHMYeCTBO JABHraTejieil pasanysoro tuma. Ho' cpeamt Hux Her coeep-
{lIeHHOTO [JBHraTesst, TaK Kak B JIIO60M IBHTraTe/le MPOHCXOAHT Nepelaya
Ter/1a B HEKOTOPHI pe3epByap ¢ HU3KOH Temnepatypoil. O6bUHO TaAKHM
pesepByapoM siBasercst atmocdepa. Boipakenne (108) naer reoperuuecku
BO3MOXKHBIH BepXHHH npezen K. . J. ABuraredas. XOTs Ha NpaKTHKe
STOT MAKCHMAJbHBI K. M. J. HeJOCTHKHM, dopmynaa (108) ompernensier
HanpaB/aeHNe MHOTHX HHKeHepHmX crpemsennii. Hampumep, wucnodb-
30BaHHE CBePXNEPerperoro napa B NAPOBHIX JBHrATEIX BMECTO OGbiy-
#HOTO 1napa ¢ remneparypoii okoao 100° C ocHOBaHO Ha TOM, UTO GOMBINAS
pa3HOCTb TeMIlepaTyp MeperpeToro napa M amocephl H0JKHA ofecne-
YHTh JABHratenio B corjacHi ¢ Boipa:kennem (108) Gonbmmii K. . A.

3aMeTHM, YTO TeOpeTHYeCKH BO3MOXKHOE MAaKCHMaJbHOE 3HAYEHHE
K. I. 1. ABHraressi, pabOTawllero Mexjy AByMsl pe3epBYapamH ¢ QHK-
CHPOBAHHOH TeMIepaTypoi, [oJydaercss TOTJAA2, KOTAd B BhIpaMeHHH
(108) cront 3HaK paBeHcTBa. 2TO BO3MOMKHO B TOM CJy4ae, ecJH TOT
JKe 3HAK paBeHcTBa CTOMT ¥ B gopmy.e (103), T. e. ecan npouecc npowuc-
XOAUT KBA3UCTAaTHYECKH W He BEJeT MO3TOMY K U3MEHEHHIO SHTPOIMH.
®Dopmyaa (108) nokassiBaer, TakiM 06pa3oM, UTO HUKAKOH ABUrates,
paboTaloiiil MEXAy ABYMs pe3epByapamH ¢ 3ajaHHON TeMnepatypoit 7'
u T’, He MoXer UMeThb K. II. . OOJIbLIero, yeM K. H. . ABUTATeNs,
COBEpUIAIOWEro MeKAy 3THMH pe3epByapaMi KBa3HCTATHYECKHH MPO-
uecc. boaee toro, ua (108) caeayer, 4ro mobule ABHratesd, padoTatouine
MeMJY 3THMH JBYMS pe3epByapaMH KBasHCTATHUYECKH, HMEIOT OJMHAKO-
Bbie K. 1. A., T. €. NS KBa3UCTATHYECKOTO ABUTraTessl

T--T'

nN=—. (109)

Dunoxumuuecknd cHHTe3. [lpusegem mnpocrodi npumep, Aatouuil
fIpelcTaBjieHre o GHOJOMMYECKMX Mpoleccax, MFPalOUWHX Poib B CHHTe3e MaKpoMoJe:
kva. Monekyaa caxapa — 24/0K03a — HuMeeT IIeCTb aTOMOB YIVIepOZa, PAaCIOAOKeH-
HBIX 0 KOJbIY. JTa MOJeKyJa HTpaeT GOABUIYIO POJb B mpoieccax oGMeHa BellecTs.
Jlpyrasg Mo/eKyaa caxapa — ()pyxino3a — uMeeT JAPYTyl0 KOJIbLEBYIO CTPYKTYpy
W TaKxXe COCTOHT H3 LIECTH aTOMOB yIJIepoja. ITH [BE MONEKYJbl MOIYT ObiTh 0Gbesn-
HeHnl B GoJiee CAOXKHEYIO MOJIEKYJY caxapa — caxaposy, KOTopast COCTOHT M3 COEJH HeH-
HBIX BMECTE YIVIEDOAHLIX KoJel IVIoKo3bl H QpyKTo3nl. COOTBETCTBYIOW A XUMHUECKAA
peakiusi MoxkeT OblTh 3amucafa ClelyrOuwnuM obpasom:

riI0K03a +- hpyKkTo3a 7= caxaposa - H,O. (110)

B 6osbiunHCTBe C/IydaeB XHMHYECKHe DEAKIHH MOMKHO CYHTATH IIPOUCXOASLIHMU I1PH
fIOCTOSIHHBIX TEMNEPATYPE ¥ AABJAEHWH. B 5THX YCHOBHAX M3MEHEHHe 3HTPONHH BCed
U30MHPOBAHHON CHMCTEMB! (BKJIoyas W pesepByap, C NOMOWIbIO KOTOPOTO NOIIEPIKH-
BAIOTCH MOCTOSIHHBIE 3HAUEHUs TeMIePaTyphl H [aBjeHUs) yHOOHee BCEro BhIPA3UTH
yepe3 cBobonHYyIO 3Hepruio G paccmaTpubaeMoll cHcTembl. Mamepenusi, BHIIOJIHEHHbIE
Haj cUcTeMOH, KOTOpag cOCTOHT H3 MOJIEKYJ, BXOAAIUX B ypaBHeHue peakiud (110),
NOKa3aiH, 4YTO €CAM 5Ta Peakilusl NPOUCXOAUT B HANpaB/IeHHH CJleBa HANPABO, OHA
COMPOBOXJAETC M3MeHeHHeM cpoGonnoii sHeprud, papsebiM AG=-0,24 s6. Ho us
paccyxkAeHH#t 0. 7.5 HaM H3BECTHO, YTO B CHCTeMe, HAXOAAUEHCS NPH NOCTOSHHEIX
JaBJeHMH M TeMnepatype, cBoOOAHAst 3Heprus AOMKHA yMenbmatbest. [Toatomy pe-
akuug (110) 6ymer nporekars caMma no cebe B .{IPOTUBONOJOMKHOM HANpaBJeHHH, T. €.
CcnpaBa HaieBo. 3TOT NpoLecc NPUBOAUT K o6pasoBaHMio Gosjee ,NPOCTHIX MOJEKYJ
TJII0KO3bl # OPYKTO3H 3a CueT paspyuleHHs 60Jee C/I0KHBIX MOJIeKYJ caxapoasl. Takum
obpazom, peakunst (110) cama no cebe He MoXKeT OuTb HCAOJIB30BAHA /st CHHTe3a '
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caxapossl. JleficTBUTENbHO, B PacTBOpe, cofiepkameM Mojiekyasl u3 peakunu (110),
B COCTOSIHHH pABHOBeCHst OyzeT ropasjo Gojbllie MPOCTHIX MOJEKYJ IVIIOKO3b H (pY K-
TO3bl, 4eM MOJIEKYJ CaxXaposbl.

W3 nawero npunuuna Komnencauud sHTponuu (100) caenpyet, uto Jisl ocyuleCTs~
JIEHHS e/1aeMOr0 CHHTe3a caxapo3bl Mbl JOKHBI COelHHHTL peakumo (110) ¢ xakoii-
Hubyab jpyrofl peakuuell, CONPOBOXKMAIOMEHCH TaKHM [pupPalleHHeM CBOGOLHOR
9HEpPIHUM, KOTOpoe HMento Obl OTPUIATENbHBIH 3HAK H ObLio Gbl HOCTATOYHO BEAMKO,
yTOGLI MOJIHOE H3MeHeHHe CBOGOJHOH HeprHH B 06enX peakilMsiX BMECTe YIOBAETBO-

pSUIO yCJIOBI/H‘O
AG+AG’ <0. aty

JlAsl JOCTHMKEHMSI TOrO OTPHIATENbHOTO 3HAUeHUS AG GHOMOTHYECKHE OpraHH3MbE
Han6ojiee HHTEHCHBHO HCIIOMbL3YIOT MoJekyJbl AT (ageHosun tpudocdar), Koropble
JIerKO TepsIoT ONHY H3 CBOMX ¢1a60 CB3aHHbIX (OCATHBIX TPYNN, NpeBpamasich
B MoJeky/anl AILD (azeHosun Andoctart). COOTBETCTBYIOMAN PEAKIMsS HMEET BHI

AT® +-H,0 — AJI® -+ pocdpar. (112

Vameterne CBOGOIHON SHeprHH (NIpH HOCTOSIHHBIX TeMmepaType H JaBjeHHH) B 3TOM
peakunu cocrasiseT AG=-—0,30 96. IToro NOCTATOMHO IJIsi KOMIEHCAUMH IOJOHKH-
TeJlbHOrO U3MeHeHHs CBoGonHofi sHeprun AG B peakuuu (110). [eiictBurenno,

AG+AG' = 0,24 96—0,30 36 =— 0,08 6. (113)

Mbt xotenu On cpssarh 3T Ae peakuuu (110) m (111) u ocyllecTBHTE HX OIHOBpe-
MeHHOe IIPOTeKaHHe C Le/lbl0 JOCTHYh FeJIaeMOr0 CHHTe3a Caxapo3bl. JTO MOMKHO OCY-
LECTBHTb € MOMOUIBLID NPOMEXKYTOUHOIO COCTOSIHUSI, KAKHM SIBJISIETCS MOJNEKVAA 2410
ko3a 1-ghocham, COCTOsMIAS. U3 MOJEKYJ TJIIOKO3Bl € NpHCOoeluHeHHOH docdaTHoi
rpynnoii. B npucyTcTBHH moAXopsiMX KaTaJgH3aTopoB ((epMeHTOB), OBECIEUUBAIOMMUX
HOCTAaTOYHYIO CKOPOCTh DEAaKLHM, MEXAHH3M JKEJIaeMOro CHHTe3a B GHOJOTHYECKHX
OpraHu3Max 3akJoyaeTcd B MOCAEROBATEJHHOCTH CJAeAYOmHUX ABYX Deakuuil:

AT® - rmokoza — AILD - (raoxosa 1-ocdar),
(rmokosa 1-octar) -+ bpyrToza—s caxaposa - gocdar.

Hrorom sTHX ABYX PeaKuMil ABJsETCS CAenymollee MpeBpaiieHne:
AT® --rmokosa4-Gpykroza —» caxaposa -+ AP -+ gocdar.

Srta peakuus skeuBajentHa peaxuuaMm (110) u (112), nporexaioluM OJHOBPEMEHHO.
JleficTBUTe/IbHO, HAYa/ibHBIE M KOHEUHBle COCTOSHHS 3TOH DeaKiuH¥ COBHNAjaloT ¢ Ha-
4ajbHBIMM ¥ KOHEUHBIMH cocTosiHusIMH B peakuusax (110) u (112). Cunres 6o/1ee caox-
HEIX MOJIEKYJ] OKa3aJcs1 CKOMIIGHCHPDOBAHHEIM ITpeBpallleHHeM Mogekya AT® B Gosee
npocryio Moneryay AID.

DTOT NPHHLHM, NNOSICHEHHbIA HAMM Ha BEChMa NPOCTOM NpHMepe, JIEKHUT B OCHOBe
cunresa GenkoB k3 amuHOKucAoT (uam JTHK Mosekyn, HecyliMX reHeTHYeCKyio
UH(OPMALMIO, U3 HYKJIEHHOBHIX KHCJOT).

Cpojixa onpeneneHuit

O6obuernasn cura. O6obleHRas cihia X ., CONpsiKeHHas ¢ BHEIHNM napameTpoM X
CHCTeMbl, Haxo[slleficss B KBAHTOBOM COCTOSIHMH 7 ¢ 3Heprueil E,, onpeleaserca Kak
X p==0E ,/0x.

Csobo0nan smepeus no I'ub6ey. ECau chcrema HAaXOZuTCsi B KOHTAKTe € pe3ep-
BYapoM NpH NOCTOSHHHEX Temneparype 7’ u gaBienus p’, To ru66CoBCKas cBOGOLHASL:
9HEPTHSI CUCTeMbl PaBHA

G=E—T'S+4p'V,

rpe E — cpepHsis sHeprus, S — sHTponHsd ¥ V — OGbeM cuCTeMbl.

aza. PopMa arperaTHOro COCTOAHUS MOJMEKYJA HNAHHOrO BelecTBA.

Cxkpoimas menaoma. TenJota, KoTopas IOIJIOMIA€TCS NPH nepexofie JaHHOTO
KOTMYeCTBA BelIeCTBA, Haxofsierocs B dopme onmoil daser, B mpyryo dasy npw
YCJIOBHH, YTO o0e (asel HAXOAATCS B PAaBHOBECHH APYT € APYIroM.
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Hasrenue napa. Jlapaenne rascobpasnofi ¢as3sl, HaXopsedCst B DaBHOBECHH
< XKuUAKOA (M TBepAoi) MPH NaHHOH TeMmmepatype.

Kpusas pasnosecusn a3, Kpusas 3aBHCHMOCTH JaBNeHHs p OT TemnepaTypsi T,
onpejeJifiomas COOTBETCTBeHHble 3HaveHHs p W T, mpu KoTopuix jase ¢assl MOTyT
HaXOJHTLCH B PaBHOBECHH HPYT C JPYFOM.

Kaoysuyca — Kaianedpona ypasuenue. Ypasueune dp/dT=AS/AV, caasuiBaio-
dllee HAKJAOH KpHBo# paBHoBecust ¢a3 dp/dT, ¢ uaMeHenueM aHTponuu AS u H3MeHe-
HueM o6nema AV ofenx (a3 npH naHHLIX TeMNepaType H RaBAeHHH.

Mawwuna. YcTpolicTBo A5 NpeBpamieHHs BHYTPeHHeH HePrHH CHCTeMbl B PadoTy

OcHosHble Hopmyan .
B mo6oM KBa3HCTaTHUECKOM Mpouecce
ds =i;,9 . 't
I M30JXpOBAaHHOM CHCTeMbl B DaBHOBECHH:
S = maximum, (1n
PoteS®, (111

Ilas cucTembl, Haxofsweiicss B PABHOBeCHM € DE3EPBYapoM [PH IIOCTOSHHALIX
’
reMniepatype 7' H laBjieHuu p':

G = minimum, (v)
PX g~ GIRT", (V)
Ycnoswe paBHoBecHS ABYyx das:
g1=4- (Vh
YcnoBe paBHOBeCHs BJOJb KpHBOH pasHosecus ¢as:
dp 85 L iy

3anaumn

7.1. Hosviil 601800 ypasrenus cocmoarus udearprozo 2a3q. M3 oTBera Ha 3ajauy 3 8
cnefyeT, uto uuciao QL) coctosHuil, focTynHBIX N aToMaM HIeanbHOTO OLHOATOMHOIO
rasa, 3aK/IOueHHbBIM B 06beM V u o6aajaiomum sHeprueil 8 HHTepBane ot E no E-+OF,
JAaeTcsl COOTHOLIeHHEM:

QUVNECIIN,

Bocnonap3ayfitech 3TUM pe3yabTatoM B obuweit hopmyaoit (15), uTo6H BHIMHCIUTD Cpeftee

AaBJeHHe p 3TOrO rasa.
7.2. Aduabarmuuecxoe cicamue easa. PaccMOTPHM TepMHYECKH H3OMHPOBAHFHELT
HIeaAbHBIl OJHOATOMHLIA a3, HaXojduUlMiicA BHAawade UPH TeMneparype 400° K
# NaBleHHH B ofuy atmocdepy. a3 meanesno cxumaior 10 Y5 HauaabHOro o6beMa.

a) UeMy paBHO KOHEYHOe JaBlieHHE Tra3a? -

6) KakoBa KoHeuHas TeMmneparypa rasa?

7.3. Paboma, cosepuwneman HAO UOPQAbHWIM 2030M NPU KBQAUCMAMUNECKOM @OuQ-
Gamuueckon npoyecce. TepPMUUeCKHM M30JIMPOBAHHEIL ra3. 06/1ajaeT MOJSIPHOH Temso-
€MKOCTBIO ¢y (TPH HOCTOSHHOM 0OBeme), ve sapucsmedt oT Temnepatypsl. B pesyinn-
TaTe KBa3HCTATHUECKOrO CXKATHA TId3 NEPEXOAUT H3 HAYaJbHOIO MaKDPOCOCTOSHHS,
tlie ero o6bem paseH V; K JlaBieHue p; B KOHeUHOe MaKPOCOCTOSIHHE C OGHEMOM Ve

# JasJesdeM pj.
a) BolunciHTe paGoTy, COBepHIAEMYIO Haj Fa3oM B 3TOM NPOLECCE, H BHpasute
OTBeT Yepe3 Haua/ibHble H KOHEUHble JABJEHHS H OGBEMBL
6) Boipasute nosyyeHHwil oTBeT uepes. HauansHylo T; H koueunyio T, aGeomor-
Hble TeMrepaTyps! rasa. ITokaxkute, 4To 3TOT pe3y/bTaT HenoCpelCTBEHHO CjeAyeT u3
paccMUTPeHHs . BHYTPEHHe 3HepTHH rasa B HAaYa/lbHOM H KOHEYHOM COCTOSIHHAX.
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7.4. Pasnoctms yOeabtnix menacesrocmed ¢ ,—cy 045 udeaisroeo 2asa. PaccMoTpiM
djeabHLI a3, HaXOAAmMUiCs B BEPTHKAILHOM COCYAe, 3aKpEITOM nopimeM. [Topuiens
MOMKeT CBOGOAHO NEPEMelIaThes H NOAAEPKUBAET IPY3; TAKHM 06pa3oM, ra3 HaXORHTCH
TIPH NOCTOSHHOM JaBleHMH (paBHOM BeCy TIODPIIHS C Tpy3oM, ANEHHOMY Ha MIOIAlb
TIOpILIHSI).

a) Boraucsaute ¢ noMompio (43) Tenno dQ, norsouleHHOe ras’oM OPH YBeAHIEHHH
TeMllepaTypHl Ha BelnunHy d7. BocnosbayiiTech noJydeHHbHIM pesyJbTaToM, YTO-
6bl MOKa3aTh, UTO MOJADHAS TENIOEMKOCTh MPH NOCTOSIHHOM JABJICHHH Cp CBA3AHA
C MOJIPHON TENMAOEMKOCTHIO ¢ NPH NOCTOAHHOM ofbeme dopMyon cpzcv—l—R.

6) Uemy paBHO ¢, IS OJHOA4TOMHOTO Ta- - o
3a, nanpumep He? F

B) [TokaxuTe, UTO OTHOWIEHHE Cp/Cyy PABHO
BejMyEHE Y, ONpefenseMoli paseHcTBom (57). 8

b
lUemy pasHa 3Ta BeJMUMHA A ORHOATOMHOING
ieasibHOrO rasa?
7.5. Ksasucniamuueckuii npoyecc, cogeptuae- ) a \
—

Mol ¢ udeasvrbin eason. BHYTpeHHAs SHeprus
MOJISL MIea/ibHOTO JIBYXAaTOMHOTO rasa papm4

E=3%/,RT. Moab Takoro rasa pacliupsercs
KBa3uCTaTHUeCKH, [IEPEXONs CHAUaNa U3 COCTOS-
HHS @ B COCTOAHWe b, a 3aTeM W3 b B ¢, Kak
3T0 TMOKa3aHo Ha puc. 7.14.

a) Uemy paBHa MOJSIpHAs TeNJIOEMKOCTh P,
3TOFO Ta3a NPW MOCTOSHHOM ofneMme? /A 3 3 4 4

6) Uemy papHa pafoTa, copepiiaeMas ra- 10°cm?
30M Ha YHACTKAX @ —b 02 Puc. 7.14. HexoTupeiit npoiece, #306-

B) Yeny PaBHO TeIJo, NOINOWEHHOE TA30M  pascHHbIE Ra AHArpamMMe: Cpefnee AaB-
B 3THX Impoieccax? nende p. obmem V.

r) YUemy paBHO H3MeHeHHe SHTPOTHH B ITHX
npoieccax?

7.8. Hamenenue snmponuu 6 neobpamumom npoyecce. PacemorpuMm ras sagau 5.8.
BRIYMC/AHTE €[0 KOHEUHYIO SHTPONHMIO H BHIPA3HTe ee Yepe3 HAYaJAbHYIO SHTPOIHIO,
CVINECTROBABIIYIO 10 OCBOGOKieHHs NOPuwHs. [ToKaxuTe, 4TO u3MEeHEHHE SHTPONHH
AS==5—8, noJOKHUTEJLHO.

7.7. Ycaosus pasHosecus 0AR CUCHICMbL C NOCMOAHHLIM O0TEMOM, HAXOOAWElcs
8 KOHmaKme ¢ menaoesim pesepsyapor. PaccMorpum cucTeMy A, BHEWHHM napaMer-
poM KoTopoll sBasieTcs ee ofben V, coxpausiouuics- HeusMeHHbIM. CucTema Haxo-
JIUTCs. B KOHTAKTe C TellJloBHIM pe3epByapoM A’, Temmeparypa KOTOPOro MOCTOSHHA
u pagHa T'.

a) BocnoJIb30BaBUIACh COOGpaKEHHIMY, aHAJOTHYHLIMH BBHICKA3aHNHM B I. 7.5,
MOKayKuTe, 4TO €CJH CHCTeMa A HaXOLHUTCA B PaBHOBECHH, TO QYHKius

F=E-—-T'S

1083un-om~2

> N

uMceT MHHMUMYM. 3jgeck E — cpeanss sneprus 1 S — sHTponus cucremsl A. Pynk-
uusi F HasuiBaeTcsl ce0000HOL aHepeuell cucmemst no edbmzoasiyy.

6) IToxaxure, yto cBOGoxHAasl 2HeprusA no [u66ey (76) mas cucremsl, Haxonsmedcs
[pH TIOCTOAHHOM J@BjieHHH p’ B KOHTAKTe C Tel/iOBLIM Pe3epBYapoM € NOCTOSHHOH

Temneparypoit T', pasHa
G=F--p'V.

7.8. Tpodinas mouxa s ammuoxa. JapieHue napos TBepAOro aMmuaka p (B
MUAJIMMETpaX DPTYTHOTO cTosiGa) Bepaxaercsd QopmyJiol -

In p =23,03—3754/T; muxkoro In p=19,49—3063/T.

Bocnonpayfitech” STUMH faHHBIMH, 4TOGHl OTBETHTh Ha CJAeAYIONIHE BONPOCHL.

4) Uemy paBHa TeMNepaTypa aMMHaKa B TDoHHOH Touke?

6) UeMmy paBHa CKpHITast TensoTa CyGIAMalHd B HCIapeHHs aMMHaKa B TpolfiHof
TouKe? ’ . .

) UeMy paBHa CKphiTast TelJIoTa M/1aBJEHWA aMMHaKa B TPOAHOH Touke?
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7.9. Kpusaa naasrenusn eeaun e6ausi abcoatomrnozo nyas. IIpn aTmochepHoM
RapJeHHR resuit OCTAaeTCs KUAKOCTHIO BIVIOTH A0 aGCOMIOTHOrO HYJS TeMNeparyphl,
HO TIPH JOCTATOYHO BHICOKOM KaBleHHH OH 3artBepieBael. Kak OGbIYHO, IJIOTHOCTH
TBEPJIOTO Tesiisl Go/iblie MIOTHOCTH KUAKOro. PaccMoTpuTe KPHBYIO-pPaBHOBECHS KU
Koil # TBepnofl ¢as. KakoB HaK/IOH 3TOH KpHBOH (NONOMKHT2AbHBIN, OTpHIATEALHBIH,
uyseBoil) B npegene 7—0? (Y k a 3 a H H e. Bocnonn3syiiTech noBejeHHEM 3HTPONUE
npu T-0.) . .

7.10. Humeéncusrocms amomrozo nydxka, co3dannozo ucnaperuenm. Tlpu ucnapeHin
xnaroro Hatpust (Na), Haxojsiulerocsi npH BbICOKoli Temmepatype T, ofpasvercs
NyuoK atoMos HaTpud. )Kuakuil HaTpuil HAXOAUTCS B COCYIE C Y3KOH [IeNbIO, ¥ aTOMEI,
BuIXOAsiMe M3 meiH, Grarogaps adysus o6pasyloT NYyHOK ¢ HHTEHCHBHOCTBIO /.
(VIHTeHCHBHOCTL [ papHa 4MCIY aTOMOB ITYYKAd, NPOXOASIIUX Yepe3 e IMHNLY NOBepX-
HOCTH 32 eIuHANY Bpemenn.) CKphiTas TenJjoTa HcnapeHHs Moast »xkujaxoro Na paena L.
UTo6bl OUEHUTD YYBCTBHTEALHOCT HHTEHCHBHOCTH TYUKa K (AYKTYALH¥ TeMIepaTyps
COCY/@, BBIUMCJHTE OTHOCHTENbHOE H3MeHeHne uHTeHcHBHOCTH [ —Nd//dT) n Bhipasure
9Ty BejduHHy uwepes L u T.

7.11. Hoayuenue wuskux memnepamyp omxauxoid scudxkocmuy. JKuixuil reawmit
kunut npyu rtemneparype Tg (4,2 °K), Korna nasiense ero mapos paBHO pg=1 amio-
ctepa, wax 760 mn pr. cr. [lpu sTHX YCAOBUAX CKpBITas TeliOTa HCIApeHHS OJHOrO
MOJIl AKUAKOTO resusi parHa L==85 Ox/moavp M NOYTH He 3aBHCHT OT TEMMEPATYPHL.
JKupxocTs noMelueHa B AbI04D, KOTOPBIE H30JUPYeT €e OT OKpYKaililell cpelbl, HAXO0-
Isilieficst TPH KOMHATHOiI TeMmmeparype. F{3-3a HecoBeplieHCTBA H3OJAIMM  KAKAYIO
CEKYHIY B Ibl0ap NPOHHKAeT HeKOTOpOE KOAMYECTBO Temsa Q, 4To MPHBOIMT X HClia-
penuo yactu reaust. (Mpl cunTaeM, 4TO TIPHTOK Terya @ HOCTOsIHEH M He 3aBHCHT OT
KOJ1e0aHHH TeMIlepaTyphl JKHIKOCTH OKoJio 3HadeHus T'g). Jlis MOCTH:KeHHS! MeHbINHX
TEMIIEPATYp MOXKHO YMeHbIIaThb JdBfieHue mNapoB He Hajg XHUAKOCTbIO, OTKAYUBASE
1apel ¢ OMOWLIO HAcoCa, Haxoxdulerocs npu KoMatHol Temnepatype 7. (Hocturas
Hacoca, napsl He HarpepaioTest 1o KOMHaTHOH Tenmmepatyphl.) MakcumadbHas CKOpOCTb
OTKauKkH paBHA /3 00bEMOB I'a3a B CeKYHAY H He 3aBHCHT OT JaBJeHHs rasa. (9ro —
0COGeHHOCTh OOBIYHOrO MeXAHHYECKOro HAacoca ¢ BPAlAIOMUMMCS POTOPOM: 3@ KaMIbli
ofCcpoT OH ynajgseT oNpefeJeHHYI0O 4acTh Ta3oBoro o0bema.)

a) BoluucauTe MHUHAMAJLHOE NABJIEHHE Ta3a p,,, KOTOPOe MOXKHO MOLIePKUBATHL
€ TIOMOIHbIO TAKOI'O HACOCA HAN MOBEPXHOCTBIO JKUAKOCTH, €CJIM TIPHTOK Tersia pared Q.

6) Briunc/inre TemnepaTypy MUAKOCTH T, €C/IM IIPH NaBAEHUH P, OHA HAXORUTCS
B DAaBHOBECHH CO CBOMM [apoM.

B) OreHute, CKOJIb HU3KOIl TemnepaTypel T, ¥ NABJICHUS p, MOXHO NOCTHYL H2
NpaKkTHKe, eCIH B pacnoJaraere GOJIbLIMM HACOCOM CO CKOPOCTBIO OTKauku 70 4/cen,
a NPUTOK TelJIA TAKOB, YTO INPOM3BOAUT ucnapenue 50 cu? xuUkoro reaus B uyac
(naotHoctb renust pasna 0,145 e/cex?).

7.12. Yearosue pasrosecus mexOy GO3AMU, BLPANECHHOE HEPE3 XUMUMECKUE NOMOH-
yuaavt. PaccMoTpuM cucTeMy H3 nBYX (a3, 1 1 2, Haxopgumytocs 6aronapsi KOHTakTy
C COOTBETCTBYIOUIHM TEMJIOBBIM Pe3ePBYAPOM NPH MOCTOSIHHOH TeMmepaType T W 1as-
neHur p. [lonHass ruG6eosckas cBoGopHas Heprust G TaKOH CHCTeMbl TPH 33JIaHHBIX
TeMnepaType H NaBJeHHM 3aBUCUT OT yucna N, MofeKyJs IHepBoil ¢asbl W uucaa N,
MOJeKYsn BTopoil ase; Takum obpazoMm, G=G(N,, N,).

a) IMoKkaxunTe ¢ NOMOULBIO HeC/IO}KHO{I MaTeMaTUKH, uTo UmeHenHe AG cBobopHoR
SHepruM, NPOUCXOAdllee K3-3a HeGOJLIIMX u3MeHenuit AN, u AN, umcna MoJeKydt
B 00eux (asax, paBHO

AG = p AN+ p,AN,, (I
e ’ aG

.

Beanunna (v; HA3BIBAETCS XUMUHECKUM ROMeHYUAAoM TNepBod (aswl.

6) Korpa ¢asut Haxopdrcs B paBHOBecuH, G JNOKHO MMeTb MHHHMAJbHOe 3Ha-
gerne. [Ipu sTom AG fo/KHO GbITH PaBHO HYJIO, €CTH MOJEKYJIa IEePEeXOIHT H3 ORHON
¢asel B qpyryo. IMokaxkure, uto u3 ¢opmyast (I) BHTeKaeT caepyouee ycaoBHe pas-
HOBECHS: : . . -

T M= (1
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B) Bocnoas3osasmmcs popuynoft (86), nokamxure, yto p;=g;, T. €. PaBHO NPH-
Xolsuleicst Ha ONHY MoJeKyJy ruGOcoBcKoil ,cBOGOAHON sHepruu (asbl {. PesyJbsTar
(I1I) coBnamaer c (87).

7.13. Ycaosue xumuueckozo pasrosecus. PaccMOTPHM KaKyio-HHOGYAb XUMHYECK Vio
peakuuio, Hanpumep, .
2C0O, 7= 2CO - 0,.. .

Has ynpomenus 3anucn obosiauanm mMosexyay CO, vepes 4;, CO — vepe3s Ay 1 O; —
uepes Ay B 3THX 0003HauEHHSIX HMeeM

24,2 24,4 Ay (M

:
[Ipennonoxum, uto cucrema, cocroswas uz mosekya A,, A, v A,, HaXomguTCH NpH
TOCTOSHHBIX Temmepatype H JasicHuH. [lycts N; — uwcio Modexy.a Tunma i; toraa

Tub6coBcKasi cBOGOLHAA SHEPTUst CHCTeMbl OyJeT 3aBHCethb OT Tpex uHCeT:
G=G (N1, Ny Ny).

B paBHoBecun G foMKHO MMeth MEUHEMYM, a AG JO/KHO o6pawaThest B HYJb,
€CJIH B COOTBETCTBHH C peakiuefi (I) Ise MojeKyasl A NpeBpauiaoTcs B ABe MOAEKYJIbI
A, 1 ogny moseryny A, C nomompbio Tex xe paccymjennil, yto u B 3ajave 7.12,
NOKAaXHTe, YTO YCJIOBHE DABHOBECHS HMEeT BHJ

20 =21+ ps, (1)
rae
=99
M= 35w,

HA3LIBACTCH XUMUHECKUM NOMEHYUAAOM, TPHXOANMMCA HA ONHY MOJeKYJay THOA i.
7.14.  Xoaoduavrux. XONOIWIBHHKOM HaswlBaeTcsl YCIPOHCTBO, orOuparmniee
Temsio y cucTeMul A d Nepeparomee ero Apyroil cHcremMe A’ mipu Goiee BHICOKOH abco-
JUOTHOH Temnepatype. IlpeimonoxuM, uto A SABAsSETCS TEelIOBBIM Pe3epBYapOM ¢
Temmepatypoit T, a A’ — pYyroii pescpsyap npu TeM- :
neparype 1. A
a) ITokaxure, uro ecin T'>T, To nepexof Temsra
g ot A x A’ conpoBoXAaeTCsA yMeHbUIEHHEM IOJIHOI 7’
IHTPONUH COCTABHOH CHCTeMb M YTO TaKoit Iepexof He
MOKeT ObiTh, CJIEOBATENLHO, PeAIN30BaH Ge3 KaKoi-To
ff

JOTIOI HUTeAbHOMl  CHCTEMEL. .
6) Ecan mbl 0TGHpaeM oT cucTeMsl A TeTo ¢ H
TeM CaMblM YMeHbUIAGM e SHTPONHIO, HaM MpHujeTcs
CKOMIIEHCHDOBATh 9TO YMeHblIeHHe JHTPOIHNHM, Nepeias B
cucrene A° Temo ¢’, 6oiblee, Yem g. ITO MOXKHO OCy- W
IECTBUTb, 3aCTABHB HEKOTOPYIO CHCTEMY COBEpILHHTh
pabory w Haj MeXaHu3MOM XOJOAWJIbHHKA, paboraro-
MM B uKJe. JTOT NpoHecC NOKasaH Ha puc. 7.15, ZT
#13 KOTOPOT'O CTAHOBUTCS IOHSITHBIM, TIOUEMY KYXOHHBIHA
XOJIOAMABHHK HYXKJAeTcsl BO BHEIHeM HCTOYHHKE 3Hep-
tuu. Bocnonpsyiitech NOHATYEM SHTPONHUM, 4TOOH KO- A
¥a3arb, 4TO T
2T
<.
q T

7.15. Tenaosoii Hacoc. XOJOZUABHBIE MHUKJbI MC-
fOAB3YIOTCS VTt HaKomsieHus Temia. Ilpomece 3axaio-
YaeTcst B CO3JaHMM YCTPONCTBA, 'KOTOPOe MOrJomaeT
TEIVIO H3 OKPYsKaiollell NMOUBH WIM BO3NyXa BHe 1I0MA, A 3aTeM IepeideT Temlo mpi
Gosiee BEICOKOW TeMmIepaTrype BHYTDeHHHM uacTsiM 3janusi. (Takoe ycTpoifcTBO Ha3m-
BACTCH MENAOBLIM HACOCOM.)

a) Ilycrs napyxuas TemnepaTypa pasua T,, a BHyTpeHnss T; YeMmy pasnho
MaKCHMaJbHOe HYHCJIO KHJIOBATT-4aCOB Telid, NiePellaHHOe BHYTDb 3AaHHs, NPHXoO-

g=g+w

Puc. 7.15. Cxema pabotsl Xo-
JIOAHNBHHKA.
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ASIIHecs HA jKaXbld KHJIOBATT-yac SJEKTPHUeCKOH SHeprHu, 3aTpauHBaeMoH Ha pa-
Gory ycrpovctsa? (¥ Kk a 3a Hue. VcnoabsyiiTe noHsitue sHTponus.)

6) Iloayuurte uucC/HeHHbIH OTBeT MJisI CJyuas, KOTAa Hapy:KHag TeMliepaTypa
pasia 0 °C, a BHyTpennss 25 °C.

B) CpaBHHTe CTOMMOCTb 3HepruH, HeoOXOJAHMOH A DPaGOTBl paccMaTpuBaemMoro
TENJIOBOTO Hacoca, CO CTOMMOCTBIO SHEPIHHM, 3aTpauMBaeMolfl Ha CO3gaHHe TOro xe
KONMYECTBA TElJ1a BHYTPH 3LaHHS C MOMOLLBIO 3JeKTPUUECKOro oforpepaTesiss Ha CO-
TIPOTUBJIEHHH.

7.16. Maxcumaseran paboma, noiydaemas om Jsyx odunaxossix cucmes. Pac-
CMOTPHM B3 MACHTHYHBIX Tela, A; u A,. VX Tenioemkocts C He 3aBHCHT OT TeMie-
paTypsl. BHauase Tesa HaxonsTcs npu TemnepaType Ty u T, COOTBETCTBEHHO, IIpHYENt
T,>T,. Mn xoTuM BKJIOUHTh HEKOTOPYIO MalIHHY, KOTODAas AeHcTBoBaja Obl MeXAy
Tedamu A; u 4, OpeBpamas HacTh WX BHyTpeHHeil 3ueprun 8 pa6ory. B npeneabnom
cayyae JOATOro AEHCTBHA MAINKHHBI TeMIepaTyphl 0GOMX TesM BBIPABHHBAIOTCH H CTa-
uyt T,

a)” Uemy paBHO nNogHoe KoaudecTBO W paGoThl, NpoM3BeleHHON MaluMHOI? Bbl-
pasute otseT uepes C, Ty, Ty u T,

6) Bocnoab3oBaBMINCh NOHATHEM 3HTPONHH, [OJYYHTE HEPABEHCTBO, CBSI3GL-
Baomee 7, c HauanbHeIMR TemnepaTypamu Ty u Ty

B) UeMy paBHO MakCHMATLHOE KOJIHUECTBO PAGOThi, KOTOPYIO MOMKET COBEDLIHTH
Mall¥Ha [IpH NaHHBIX HayadbHBIX Temmeparypax T; u Ty?

7.17. Mawuna Kapro ¢ ueuasvrbin 2a3os. Mul XOTAM paccMOTDeTh OJMH M3 CHO-
co60B OCYLIECTBJIEHUS MjeaNbHON MAalIHHBI, KOTOpPas MOKET 33 WHKJ CBoell paboTst
OTHSITb Y HEKOTOpPOro pesepByapa, Haxojsuierocs npu Temneparype T, Temuo g,
nepenatb Apyromy pesepsyapy A’ npu mewbmeii remneparype 7' Temio ¢’ H cosep-
nuTh nosesnyio pabory w=g—q . [lpoctefilell U3 TAKMX MamMB ABJASETCS MalIHHA
(nepsbie paccmorpennas Cagn Kapno B 1824 r.), paoTapouast KBA3MCTATHUECKH.
Ee UMK COCTOMT M3 HeTHIpeX 3TanoB, KOTOpbie NepeBOIST MAlUHHY H3 HayajbHOTO
- COCTOSTHHSL @ B cocTosiHMe b, ¢, d 1 o6paTHO B 4.
Y MaumHa cocTonT u3 v Mosefl uneaibHOTO rasa,
3aK/AI0YEHHOr0 B LMJIMHAD, 3aKPBITBHI mopru-
Hen. OGnenm rasa oGosHauuM uepes V, cpegHee

IaBneHue 4epes p. Paccmorpun nocsefoBarenn-
HO YeTeipe 3tana pabOThl MAUIMHBL.

Jran | (a—b). MawuHa TepMUYECKH U3CJIH-
poBaHa H Haxoautcs npH temneparype 7’. Ee
o0beM MelJeHHO YMEeHbUIAeTCsi OT HaYaJbHOIG
3Havenus V, 1o Koweunoro 3maueHust V, npn
KOTOPOM TeMrepaTypa mamudel paBHa 7.

Jran 2 (b—c). MamuHa HaxomuTCs B Ten-
JIOBOM KOHTaKTe C pesepByapoM A NPH Temie-
Puc. 7.16. Cxema wixaa Kapuo s parype T. Ee o6reMm mMeaneHrO uaMeHsercs ot Vy
FepeMEHHBIX: Cpemiee namfeHie B Jo V. OcraBasich IPH NOCTOSIHHOH TeMmepaType

obmem V. T, mawmnHa 3a6upaet or pesepsyapa A HekoTopoe
KOJIHYECTBO TeILTa ¢.
ran 3 (c—d). Mamuna cHoBa TepMH4ecku H3oauposaHa. Ee ofbeM mnpopoa-
HaeT MEMeHHO BO3PACTATH OT V. no Vg4 Ilpu ob6veme V,; TeMmnepaTypa MailuHb
asHa /.
P Sran 4 (d—a). Mamnsa OpuUBOAMTCS B TenOBO{l KOHTAKT C pesepByapom A’
npy temneparype 7’. Ee ofben MelVIeHHO yMeHbmiaeIcs oT Vg 0 HauaibHOro 3ma-
uenHs V,; npu 2TOM MaIIHHA OCTaeTcs NpH Temneparype T’ ¥ nepedder pesepyapy A
Tensio q’.

OTBeTbTe HA CJIEAYIOLIIME BONPOCH. :

a) Uemy papno Teno g, noryiomienHoe Ha s1ane 2? Boipasute g uepes Vy, V,.u T.

6) Uemy pasHO Temsio q’, oTAakHOe Ha 3Tane 4? Bupasute ¢' uepesVy, V, u T'.

B) Brmuucaure otHowenua Vy,/V, Ha stane 1 u V4/V , Ha s1ane 3 u Haiiaurte, Kak
9TH OTHOUIEHMS CBsI3aHbl JpYr C Jpyrom?

r) Bocrionp3yfiTech oTBeTOM Ha NMpefHAYyWHH BONPOC, YTOGH! BhiPA3UTh OTHOWCHHE
¢/q' uepes T u T'.
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) Boiuncnure Ko3(pHIHEHT NOJe3HOTO JellCTBHs 1) MAIIMHBI U NOKAXKHTE, UTO
OH HaxopmuTcsl B corlacd ¢ ofmuM pesyavratom (109), mpurogHeiM st J06oit
KBa3HCTATHYECKOH MAalIMHBIL.

7.18. Koappuyuenm noae3noeo Oeficmsusn Oensunosozo dsuzamesn. Pabouast cmech
GEeH3MHOBOTO ABUTAaTe/isl COCTOMT U3 BO3AyXa, K KOTOPOMY 106aBjeHo HeGosbluoe KoJH-
yecTBO Gensuna. CMeCh HAaXOAWTCSA B UMJIHHApE, 3aKPHITOM HopuideM. PaGounil mHKI
TAKOr0 JBHraTessl CXeMaTH4ecKil MOKa3aH Ha puc. 7.17, rae V o6osnauaer oGneM,

a4 p — cpejiHee JaBleHue paboued CMeCH. Y4acToxk a—b COOTBeTCTByeT apHabaTHye-
CKOMY CIKATHIO CMECH, b—C — BO3DACTaHMIO [aBJeHIIs H3-34 B3peiBa paGouell cmecH,

7
z
e

)/ d
|
' ", >
| P
| {
j ] :
7 vy, v

Puc. 7.17. ¥Ynpouwenuasn cxeMa padoThl Get31HOROIO ABRCATEJNST B IePCMEHHBIX!
cpelree fasielne p, obwem V.

TIPONCXOASILEro NIPH HOCTOSTHHOM 06bene (B3pEHB MPOUCXOIHT OUeHb GbICTPO U TIOpILeHD
He ycCleBaeT CMECTHThCs), c->d — azunabaTHyeCKOMY pACUINPEHHIO ra3a, B TedeHHe
KOTOPOIO IIPOM3BOJMTICS paoTa CMewmleHHS NOPHMIHA, U d-»a — KOHEUHOMY OXJai-
JleHHIO Fa3a NPH NOCTOsIHHOM oObede Ha 3aK/IOUATEeIbHOM 3Tane IHK/Ia.

Uto6bl 0OAErYUTh BHIYUCIEHHS, NPEIINOJIOKHN, YTO PACCMOTPEHHBIH LUK/ OCY-
ILCCTBJASETCS KBA3HCTATHYECKH C ONpeJe/eHHBIM KOJMYeCTBOM HjeaJbHOrO rasa,
MOJISTPHAsT TeNLTOEMKOCTh €y KOTOPOTo nocTostHHa. Onpefenute KoshgUIHEHT moje3-
HOrO AEHCTBHA [BHrateis 1) (CTHOLIeHHe NPOU3BeLeHHON ABHraTeleM padotel K no-
IJIOUEHHONY UM Teray ¢y). Buipasute oteeT uepes V,, V; u Bemuuny y=l--R/cy.



TJ1IABA 8

SJIEMEHTAPHASl KHHETHYECKAS TEOPUSA
MPOLECCOB NMEPEHOCA

J1o cUX nop MBI MOYTH BCETAA PacCMaTPUBAJIH CUCTEMBI, HAXOASAIHECS
B COCTOSSHHH DaBHOBecHs. Ilocrynar paBHOH anpHopHOH BepOSITHOCTH
OBl OCHOBOH OGLIEr0 KOJHYECTBEHHOTO aHaJAH3a TakHX cHCTeM. B yacr-
HOCTH, Y Hac He ObI0 HeOOXOJHMOCTH JAETAJNbHO PacCMaTPHBATh caMm
MeXaHH3M B3auMOAeHCTBHH, yCTAHABIHBAIOIMX paBHOBeCHEe; JOCTa-
TOYHO GLIIO 3HATh, YTO TaKoe B3aumojeficTBue cymecrsyer. Ho, ne-
CMOTpSI Ha Ba)KHYIO POJIb PABHOBECHBIX COCTOSIHWH, OHH BCE Ke sIBJSI-
10TCS1 OCOOBIM C/Ty4aeM H BO MHOTHX 3a71a49ax, lpefcTas IsoHX Or POMHBIH
(usnyecKuil HHTEpec, MbI HMeeM JeJ0 C CHCTeMaMH, He HaXOMsIIH-
mHcst B8 paBHoBecHH. [lo3TOMy MBI NOCBSATHM MOC/EAHION IMIABY KpaT-
KOMY PAacCMOTPEHHIO NPOCTEHIINX HepaBHOBECHBIX IPOILLECCOB.

Tipu H3yyeHHH CHCTEM, He HAXOAANMXCS B PABHOBECHH, MBI OOLIIHO
OKa3biBaeMcsl Tepef HeOOXOIMMOCTBIO HCCJIEAOBATh  CHEHHPUUCCKHA
Xapakrep B3aMMONEeHCTBUH, NMPHBOASLUIUX B KOHuE KOHLOB CHCTEMY B
paBHOBecHOe cocTosnue. [TosToMy paccMoTpeHHe HepaBHOBECHBIX NpO-
LIeCCOB OKAa3BIBAETCS JIIOM BEChbMA CJI0XKHBIM. CUTyalusi, OAHAKO, CH/b-
HO YIpoLlaeTcs B cJydae pa3pekeHHbIX I'da30s, C KOTOPLIMH Mbl H 6yeM
HMeTh 1eq10. Mel paccMOTPHM MPo6aeMY ¢ OMOIIbIO MPOCTeHIINX TpHOJIH-
JKeHHHIX MeTojioB. HecMmoTpsi Ha NMpHOJIMMKEHHBIH XapakTep HALIHX BhI-
UHCJIeHWH, Mbl BCE JK€ CMOXEM, HCXOAs M3 BecbMa NMPOCTbIX cooBpake-
HUI, NOJAYYHTb SICHOe NpeicTaBleHue O (GU3HUECKOH CYTH jAena. ITH
coo0paxkeHHsl HaxojAT IpPUMEHEHHe B LUMPOKOH 0O6JacTH sBJICHHH.
Bo-nepBhiX, HX MOXHO NMPHUMEHHUTL C PABHBHIM YCHEXOM K PACCMOTPEHHIO
HePaBHOBECHLIX POLECCOB B TBEPAbIX Telax. Bo-BTOpBIX, ¢ HX MOMOLLBIO
4acTo yZaercssl MOJYYHTH XOPOLIMe YHCJCHHBIE OHEHKH M IPABUJBHO
npeacKasaTh 3aBHCUMOCTH OT BCeX CYIIECTBEHHBIX NMapaMeTpoB (TakKHX,
KaK TeMIepaTypa H AaBJjeHHe) B cJydasix, KOTOPbe HACTOJNbKO CJIOMKHE,
YTO TOYHbIE BHYHCJIEHHS CTAHOBSITCSI BECbMA 3aTPyAHHTEIbHBIMM.

Mountekysiel rasa B3aUMOAEHCTBYIOT, CTa/IKUBAsiCh MeXay coboil. Ecan
BHaYaJsie ra3 He Obll B PaBHOBECHH, 5TH CTOJIKHOBEHHSI B KOHIIE KOHIOB
NPHUBOJSIT ra3 B COCTOSIHHE PaBHOBECHS, TIJle OCVIIECTBJISIETCS MaKCBeJ-
JIOBCKOe pacnpellesieHue ckopocred. PaccMoTpetse rasa CHJIbHO YHpO-
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1aeTcs, eC/iH OH HACTOJBKO PA3PENEH, YTO BbilIOJHSIOTCS CJACAYIOMIe
VCJIOBHSL,

1. Béabiylo yacTe BpeMeHH Kaxjiasd MOJEKYJa HaXOIHTCA RANEKO
OT APYTHX MOJIEKYJ U HE B3aUMOAEHCTBYET ¢ HUMH. ['0BOps KOpoue, Mbl
npernoaaraeM, 4T0 BpeMs mexdy COyAapeHUsINH ropasjo Gosblie Bpe-
MEHH, 3aTpauuBaeMOTO Ha cOylapeHHe.

2. BeposITHOCTb TOTO, YTO TPH MOJIEKYJIb OOHOBPEMEHHO OKAXKYTCA
TaK GJH3KO APYT OT Apyra, 4ro OYAYT B3aHMOAEHCTBOBATHL, npeHeGpe-
XKUMO MaJa [0 CPABHEHHIO C BEPOSITHOCTBLIO TaKOTo COJIHMKEHHS ABYX
mMoJeKyJ/l. Kuade, TpOWHbIC CTONKHOBEHHS NPOHCXOIAT TOPA3N0 pexe
ABoiHBIX., [lo3TOMY aHanu3 CTOJIKHOBEHHI CBOAHTCS K OTHOCHTEIBHO
NpoCcTOl MeXaHM4ecKOH 3ajaue B32HMOJIEHCTBHSI TOJBKO OJgyX UACTHL.

3. Cpennee paccrosiHie MeXAy MOJeKYyJAaMH BEJHKO 10 CPaBHEHHIO
€O cpeaHell AIHHON BOIHEL e Bpofiasa mosexkyasl. B atou ciydae noee-
J€HHe MOJIEKYJBbI MEXIY CTOJKHOBEHUSIMH MOMKeT ObITh OIHCAHO KJjac-
CHYeCKOH TpaeKTOPHeH, HecMOTDPS Ha TO, 4YTO CaM IPOLECC CTONKHOBE-
HUSL MEXJy JABYMSI MOJEKyjaMH TpefyeT KBaHTOBOMEXdHHUECKOrO pac-
CMOTPEH!HSI,

8.1. Cpennss aauHa csoGopHoro npodera

HauneM ¢ paccMoTpeRHSt CTOJKHOBEHHIT MEXKAY MOJEKYJIaMH paspe-
:KeHporo rasa. Hamwu 3amedanns 6yayT He 6oJiee 4eM NOBTOPEHHEM il
HEKOTOPLIM YTOUHEHHEeM 3aMedaHuli, cieqanHbuX B m. 1.6. CromkHoBeHue
MOJICKYJ/Ibl C APYTHMH MOJIEKY/JaMH Ia3a MOXKHO CYUHTaTb CAYyYafHBIM
npotieccom. IIpH 2TOM MBI CYHTaeM, YTO BePOATHOCTD TOTO, 9TO B TEYEeHHE
HEKOTOPOro MaJior0 HHTEPBaja BPeMEHH df MOJEKYJa HCMBITAeT CTOJK-
HOBEHHE ¢ KaKOH-IHO0 APYrofl MOJeKYJ/0H, He 3aBHCHT OT HCTOpHH Tipe-
ABIAYLIETO CTOJIKHOBEHHA. PaccMOTPHM NaHHYIO MOJEKYAY B HEKOMOpbiil
MOMEHT BpeMeHIl. ¥ Hee CVIIECTBYeT HekoTopas BeposTHocTb P(f) toro,
4TO IO CJEAYIOLIETO CTOJIKHOBEHHSI TNpoiifer BpeMs f. Cpedree BpeMs T
JABHIKEHHs1 MOJIEKYJbl JO CJeNYIOUIero CTOJKHOBEHUS HasblBaeTcs cped-
HUM epemeHem c60600H020 npobeza moaexyabl. (Tak Kak [poiwioe He
OTJNYAeTCA OT BYAYIIErO, T MOMKeT ObITh TaKKe CPeHHM BPEMEHeA 10
NPeAbYINero CTONKHOBeHHs.) AHaJOrnyHo, cpednee paccrosiune [
MEXKAY TOUKAMH [AHHOTO H MOCJELYIOMIEr0 CTOJKHOBEHHH MOJICKYJILE
(na¥ MexAy JaHHBIM H IPeABLYIHM CTOJIKHOBEHHEM) Ha3blBaeTcsi
cpeoreti Oaunoli c60600H0e0 npobeea monexyabl. Tak Kaxk BCe paccyik-
JIeHUS 3TOH TJIaBbl HOCAT NMPHUO/IHXKEHHBI Xapakrep, Mbl npenefperaen
JAeTassIMH, CBSI32HHBIMM C paclpene/]eHHeM MOJeKYJ [0 CKOPOCTSIM.
[TosToMy MbI ByfeM CUHTaTh, YTO MOJEKYJbl ABHXKYTCH B CIYYalHbIX
HanpaBJeHHUsIX C OJHHAKOBOH CKOPOCTbIO, PaBHOH HX Cpefllied ckopocTH
v. B s7om npubauenuyu cpeHss AAHHA U CPeHee BPEMs CBOGORHOIO
npobera cBa3aHbl GOPMYJION

[ =ur, ' (hH

Uto6bl OHEHHTb CPeNHIO I/HHY CBOGOAHOTO 11poGera, Mbl JOJIMKHbE
NpocieJUTh MPOLECC CTONKHOBEHHS MoJeKy s GoJiee nogpoGHo. Pacemor-
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PHM onpesefeHHYIo MoeKyay A, cOaHKaolyocs ¢ ApYrofi MoJeKyJ/1oi
A’ ¢ omrocumensrol cKopocTbio V. JIONycTHM, YTO DACCTOSTHHE MEXAY
HeRTpaMH o6erX MOJIEKYJ IIPH HX MAKCHMAaJbHOM COJHIKEHHW (C¢CiH
Obl OHM He OTKJOHHJIMCB) Obuio Ob paBHO b (puc. 8.1). Ilpeanoscxkum
Jlasee, YTO CHJIBI, NeHCTBYIOUIME MEXKAY MOJEKYJaMH, MOA0OHbI CHJaM,
BO3HHKAIONMM IIPH CTOJKHOBEHHII JBYX TBEPABIX IIAPOB € PajHycamu a
1 a’. Torga mMosekyel He GYAYT 10ABEpraTecst AeHCTBHIO CHJI, €CJH pac-
CTOsIHHe b MexAy HX LeHTpamu U>>(a--a’), i 6ynyT HCUBITHIBATh JelcT-
BHe GOABLIIONH CHJBI, ecan b<l(a--
—a’). B nocaenment caydae cko-
poCTh MOJIEKYJT NPH CTOJKHOBEHIIH
3aMETHO H3MEHHTCS H Mbl FOBO-
PHM, YTO MOJEKYJbi PacCedBalor-
Cst, HJIH UCNbIMbIBAION CIOAKHOBE-
rus. Met MoxKeMm copMy/IHpoOBarTh
YC/IOBUST, HEOOXOAUMBIE 1151 CTOMK-

Pre. 8.1. Cxema. HOOCTpHPYIOIas ¢ TOJKHO-

BesHe MeXAy ABYMS TBepAbIMH LIapaMH, pa-

A1ycHl KOTOPHIX paBHEl @ W a’. YUepHoli BepTH-

KajbHOil uepToft ofo3naueH BoOGpaxaeMBbtii

JMeK; ero paguye papel {a4-a’) 1 on pacnono-
*KeH Ha cepe ¢ paguycoM a.

HOBeHusl, TNpeACTaBHB cebe, 4YTO
Mosekysa A necer Ha cefe IHCK
paguycoMm (a-Fa’). Lentp nucka-
COBMAJAET C IIEHTPOM MOJEKYJIBI,

H IJIOCKOCTb JAHCKA MepHeHHKY-
JiipHa K BEKTOPY OTHOCHTeJbHOH ckopoctd V. CTONKHOBEHHE MEXIY
ABYMsI MOJIEKYJIAMH ITPOH30IIeT TOMBKO B TOM CAy4ae, ecli HEHTP MoJe-
Kyanl A’ oxaxercst BHyTPH 00beMa, 3aHATOr0 BOOGpaKaeMbIN JHCKOM C
NOBEPXHOCTBIO O. Bemidnna 270l nopepxHoctH

2
o=7n(a-}a’) (2)
UJIH, eCJH MOJIEKYJbl OAHEAKOBLI, TaK 4TO a=a’,
o = nd?, (3)

rie d=2a — AHaMeTp MOJCKYJbl. BenuuynHa ¢ Ha3bIBAeTCS NOAHbIM
HONEPetHbIM CederucM, XapaKTepH3YIOMHM CTOJIKHOBEHHE MeXAY ABYMs
MOJIEKYJIAMH.

Cuanl, ZefiCTBYIOIIME MeXAY peajibHRIMM MOJEKYJaN#, TOpasio
CJIOYKHEE CHJ1 MEKAY CTAJKHBAIOIIUMHUCS TBEPALIME chepamMu. AHanorus
C TBepApIMH cepaMy yayHa B TOM CMBIC/e, 9TO [IPH OUEHb TECHOM cOJ/IH-
JKeHHH JBVX MOJEKYJ BO3HUKAIOT 00JblIHe CHJIB OTTaiakuBaHud. Ho,
B OTJIMYHEe OT TBEPAbIX cdep, NPH HEKOTOPOM YBENHYEHHU DPAacCTOSHHS
MEXKAY MOJCKYJaMH BO3HHKaeT csaafoe npursxkenne. CrojKHOBeHHe
MEXKAY ABYMS MOJIEKyJaMH MOXKHO CTPOTO ONMCATh C NOMOIIbIO 3ddek-
THBHOI [OBEPXHOCTH O, XxapakrepHaywllel 3bhdeKkTHBHOEe CedeHHe
CTOJKHOBeHHSI. KBAaHTOBAsi MeXaHHKa JjaeT BO3MOXKHOCTh BBIYUCIHTD ITY
BeJIWYHHY, €CJH HU3BECTHBI CHJbl, AEHCTBYIOLiHE MEXAY MOJIEKYJaMH.
Ho npu stom npocteie coorromlerHst tuna (2) uau (3) vKe TepsoT CBOH
CMBICK, M B ofILeM cJjydae NONepeuHOoe cedeHHe O 3aBHCHT TaKike OT
OTHOCHT@JBHOH CKOPOCTH Mosekya V. Opuako Rast NpUGIUKEHHBIX
OLEHOK Mbl BIIOJIHE MOXKEM HCMOJL3034Th COOTHOIIEHHsT (2) H (3) (ne-
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CMOTDsl Ha TO, YTO IIOHATHE O pajHyce MOJIEeKYJbl He fBJseTCHd BIOMe
Olpefie/IeHHbIM).

BrluneanM Temepb NPHOJNIHKEHHO cpeiHee BpeMsi T CBOOOIHOIO
npobera MoseKyJel B pa3pexeHHoM raze. [Iycrts B egunune obbvema Ha-
LIETO0 ra3a COAEPXKHTCS A OAHHAKOBBIX MoJeKyJ. Ilpeanosoxum, 4to
NOJHOE IOMepeyHoe ceyeHHe paccessHUsi ¢ H3BectHo. Paccmotpum B
JaHHbII MOMEHT BpeMeHH HEKOTOpylo MoJdekyay A. 2rta MoJdeky.aa

JBYIKETCS € KAKOH-TO cpelsell OTHOCHTeJbHOH CKOPOCTbIO V' IO OTHO-
UIGHHIO K ApYro#i mMosexkyse A’, ¢ KOTOpPOH OHa MOXKeT B3aHMOJefCTBO-
Bath. BooGpaxaemblil AHCK € MOBEPXHOCTHIO O, HECOMEIH MOJeKYJ0k 4,
ABMKETCA K MoJiekyJsie A’ U 3a Bpems { Bepe3aeT B IPOCTPAHCTBE 0GLEM
o(Vf). Bpemst ¢ Oynmer paBHO T, eC/H
Bplpe3anHbiil o6beM OyaeT cofepKaTb B 7
CPEIHEM OJHY MOJeKV.JIY, T. €. eCJiH 61;@).._}
(oVon=1, ¥ _
OTKYA2 ) -V ———

Puc. 8.2. Cxema, wuasloCTpHpyROULAd
CTOJIKH OBeHHe MoJeKyasl A ¢ Apyroii
(4) MoJieKyJoit, LenTp KoTopoil nonapder
B 00beM, O00pa3oBaHnblil ABHKEHHEM
110BePXHOCTH G BooGpaKaeMoro AHCKa,

He COMoro MoJiexydqoit A

ITOT pe3yabTar BOoJdHe BArsjeH: cpefHee BPensl T TeM MeHblle (Hay,
3KBUBAJIEHTHO, UlC/I0 CTOJIKHOBEHHH 3a ceKyHAy T~} Tem GoJiblle), Yen
OoJIbLLIe 9HC/IO0 MOJCKYa B ennHHIe o6bema 2 (T. e. YeM ¢ 6OJbLIMM YHC-
JIOM MOJIEKYJl MOXKET CTOJKHYTBCS paccMaTpHBaeMasl MOJeKyJsa), dem
GoJibllie TIONePevHoe cederlie MOJIEKYJIBl (T. €. 4eM ¢ GOJIbLIero paccrosi-
HHS MOJIEKYJIbl PAcCeHBaroT APYT Apyra) H dem GoJblle OTHOCHIeIbHAS
CPeAHAs CKOPOCTh MOJIeKYJl (T. ¢. 4eM 4Yallle NPOUCXOAST CTOIKHOBEHHS
MOJIEKYJT).

B cootserctBin ¢ (1) cpeiHsis qauHa cBoGoaHoro npo6era ! pasHa

l=tr == (5)

Taxk kax ABIXKVTCSA obe cTaJaKUBaIOLLHeCs MOJieKYJIbl, HX CpeldHsAst OTHO-
CHTLJIbHaH CKODOCTDb V HECKOJIbKO OTJIHYaercsa OT CpeIIHQI/I CKOpPOCTH

U OTIe/BHOM MOJIEKY.bl, H OTHOmeHHe U/l He DaBHO eRMHHIE. qTO()bl
BBIYHCJHTL 3TO OTHOLICHHE, -PacCMOTPHM [JBe MoJekyaol, A u A’, ¢
OTHOCHTE/IbHBIMH CcKOpocTMH v H Vv'. Ckopocth MoJekyanl A OTHOCH-
TeJNbHO MoJIeKy sl A’ paBHa

Ve=v—v/,
OTKyJAa cjieiyer, uTo
V2=vyi v —2v.v', . ' (6)-
[pu ycpensenun obenx 4acrell 3TOro paBeHCTBA CJAEAyer HMETb B BHAY,
yro v-v’==0, TaK KaK KOCHHYC yT/1a MeXIy V H V' MOKeT MPHHHMATh.
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TIOJIOXKHTeJIbHbIE 1 OTPHIATebHble 3HaUeHHsI ¢ PABHOH BePOSITHOCTHIO.
Iloaromy wu3 (6) caenyer

VoL
IlpeneGperast paannuunem Mek1y CPeHHM KBaIpaTOM CKOPOCTH M KBaj-

paToM cpeiHeH CKOPOCTH (T. €. MeX1y KOPHeM U3 CPeJHero KBajpara H
CPeIHHM 3HayeHHeM), Mbl NOJY4YHM NPHOJHMKEHHOEe paBEHCTBO

Vi v -0, (7)
Ecnu Bce MoJeRy/IB OAHHAKOBLL, TO v=0' 1 (7) cBoaMTC K
_ J——
Va)2r¢, (8)

nocJje dero (opmyna (5) npluHuMaer Bua *)

!
| C
!
|

)

I~ VrQ—IlG )
I
YpaBeene COCTOSHHSI HJEAJbHOIO Tasa NO3BOJACT HAM BLIPA3HTL 72
yepes cpeiHee AaBJeHHe ;3 H abcoqioTnHyio Temneparypy T rasa. Tak
Kak p=nkT, paBenctso (9) npHHHMAeT BHI
RT

Takum 06pasoM, npu 3a1aHHOI TemIepaType CPeHsa IHHA CBOGOLHOrO
npotera 00paTHO NpPOMOPLHOHANbHA JABJEHHIO Tasa.

V3 popmyabt (10) 1erko OLEHUTb CPEJHICIO JIHHY CBOOOAHOTO NPO-
Gera B rase, HaxoAsieMCsl MPH KOMHATHOH Temneparype (7'~300° K) u
atMocheprom nasieHun (p=10° durjcu®). B3aB TumnuHoe 3HAaUeHME pa-
JHyca MOJIEKYabl a~107% cat, Mbl noayuuM o~12-1071% cu? u

[ ~2.107% cn. (11)

Cpennssi CKOPOCTb U MOJEKYJbl NPU STHX YCJAOBHAX HMeeT MNOpSA0K
4-10% cmjeex lem. (6.33) mam (1.30)], u m1s cpennero speMenn cBoGoa-
HOro frpodera Mol IOJyuyaeM

{
T—=—~ 5' 10_10 CeK.
o :
Taxkum 06pa3oM, MoJIeKyJ1a CTaJKuBaercs okoio 11~ 10? pas B CexyHay
C APYTHMH MOJIEKYJIaMH; 3Ta 4acToTa COOTBETCTBYeT MHKPOBOJHOBOH
ofnactu sJjekTpoMarsuTHoro cnekrpa. Ms (11) mbl mosyuaem

[>>d, - (12)

rre d~10-% cu — nuamerp Monekyqnl. M3 nepasencrsa (12) ciexyer,

*y Dra dopmyna Touniee ouehiku (1.30) noavuennodt 8 4. 1, 4 SBIsiETCH TOYHEIM
PesyAbTATOM JUIA Tasa u3 MOJIEKY] B BHJE TBePABIX C(pep, oﬁnanafomnx MaKCBe/LA0B-
CKHM pacnpefe/ileHHeM CXopocTeil.
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YTO rashl IPH OOLMMHBIX YCAOBHIX AeHCTBHTEILHO SIBJSIOTCS HOCTATOYHO
paspeskeHHEIMH, TaK YTO, NPeX/e UeM CTOJKHYTHCS C APYTof MOJEKy-
JIOH, JaHHAst MOJIeKyJa JOJ/XKHA TIPOJeTeTh OTHOCHTENIbHO 60Jblnoe
paccTosinue.

8.2. Bs3kocTh M nepeHoC MMNyJbca

Pacemorpum Maxpockonuueckuii 00BeKT, HaXOAAUWHHCA B XKHAKOCTH
nau rase. [lycrs cpesa, B KOTOpyIO noMelieH O0BbEKT, HAXOAUTCS B [IOKOE
M Ha Hee He JeHCTBYIOT HHKaKue BHeIHHe CHIbl. Ecii oGbekT HaxoauTes
B paBHOBECHOM COCTOIHMH, OH TakiKe NOKOHTC. C ApYrofl cTopoHHI,
ecau 06beKT Oyaer ABHraTkCs B cpele, OHa He OyleT B paBHOBECHH.
MoJiekyssipHble  B3aUMOJEHCTBHSI, OTBETCTBEHHBIC 3a YCTAHOBJACHHE
paBHOBeCHsT, HPOSIBAT ce6sf B MAKPOCKONHUYECKHX CHAAX TpeHus, jei-
CTBYIOIUHX Ha JBHKYLWIMHACH OOBEKT H BLI3LIBAIOIIHX €r0 TOPMCIKEHHe.
B xopowem npuOJIHMKEHHH 3TH CHJBL
MPOMOPIHOHANBHBL CKOPOCTH 00BheKTa; . | x
OHH [IOJIHOCTHIO HCYE€3a0T, KOria JABH- L Pz
JKeHHe o0bekTa Ipekpaiuaercs. Besau-

YHHA CHJ TPEHHS 3aBHCHT OT CBOHCTBA
cpenwf, HasblBaeMoro gaskocmoero. Ha
O1¥H M TOT Xe OO®EeKT B NATOKe WM
Méne AelicTBYiOT OOJIBUINE CHJLI, YeM B »
BOJE. COOTBeTCTEieHHO, naTroka ofJajzaer E:ccﬁf'iia g;glf;:;:; f:)f{gﬂ;i;i AHA-
ropasjio GoJibLuei BSI3KOCTBIO, uemM BOIA. CKOCTH 2KHAKOCTB JefiCTBYeT € CHROIL
Mbl 3aiiveMcsl Tenepb Gojdee TOUHbIM '@ ' KHAKOCTE HAA MIOCKOCTsIO.
HCC/Iel0BAHMEN TIOHATHSI BSI3KOCTH H NONLITAEMCSt OGBsICHHUTL MHKpO-
CKONHUYECKOe MNPOUCXOXKIeHHe BA3KOCTH B CJydae PaspeXeHHOro rasa.

Onpedenrenue roapuyuenma 6askocmu. Pacemorpum Jio0yio cpeay
(?KHMJKOCTb AN ra3) ¥ BooOpasuM B Hell HEKOTOP VIO IJIOCKOCTh, HOPMAJb
K KOTOpOfi HanpasJeHa BAOAbL oci z. Cpena HHKe 3TOH IJIOCKOCTH (T. e.
Ha CTOPOHE C MEHBLIUHMH 3HAYEHMSMM Z) HCMLITLIBAET HEKOTOPYIO Cpejl-
HIOIO CHJ1y Ha ERUHHIY TOBEPXHOCTH (AW CpeiHee Hanpaserue) P,
CO CTOPOHBI XKHAKOCTH, HaXOIAWEHCH MO APYIYIO CTOPOHY IJOCKOCTH.
COOTBETCTBEHHO M3 TpeThero 3akoHa Hpiorona caenyer, uto Ha cpeny
BbIIIE TLIOCKOCTH JeHCTBYeT cpeiHss cuaa —P, co cTopoHBl cpendl,
PAacIoNoKeHHO!N HHXKe NA0CKocTH. CpelHsist HaNPsXKEeHHOCTb, HOPMaJlb-
Hasl K MJOCKOCTH, T. €. z-KOMroHeHTa P,, IOKa3slBaeT cpesHee gaBjeHue
B cpene, Tounee, P,,=p. Ecau cpesa HaxoauTcst B paBHOBECHH, T. €.
TIOKOUTCST WJIH JBHXKETCS C NOCHOARHOL CKOPOCTBIO, TO U3 COOBparKeHHit
CUMMETPHH cJjelyeT, 9TO CpejHee 3HaueHHe CHJ, AeHCTBYIOIMX napaa-
AeAbHO TIOCKOCTH, paBHo HYJo. Takum obpasom, P,,=0. 3amerim, 41O
BesiiuMHa P, cHabxeHa JAByMsl MHIekcamu. [lepBHIH M3 HHX OTBeuaer
OpHEHTALHUH IJIOCKOCTH, a BTOPOH O3HAuyaeT KOMIIOHeHTY CHJHI, JleKa-
HIYyI0 B 3TOfl IJIOCKOCTH *). '

*) Bennunna P“T (rae @ ¥ 7y o3HayaeT X, y WM 2) HA3LIBAEICH MEHIOPOM
Oasrerua. . -
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PaccMoTpum Tenepb NpOCTyI0 HepaBHOBECHYIO CHTYAIIUIO, KOTOpast 3a-
KJII0UAeTCsl B TOM, UTO CPEIHAS CKOPOCTb u Hallel cpexsl (T. e. MAaKpo-
CKONIHYecKast CKOPOCTb IOTOKA) HEOAHWHAKOBA B pA3HBLIX ee TOYKAX.
JlnA KOHKDETHOCTH pacCMOTpPHM cJyuaii, KOTJa cOCTaBJsIomas CKO-
pPOCTH #, B HampaBAeHUH X He 3aBHCHT OT BpeMeHH, HO BeJHYHHA U,
3aBICHT OT 2, T. €. u,=1, (z). Takoe nonoxeHne MoXKeT BO3HHKHYTD,

z €CJIM CPea 3akJjaoueHa Mexny ABY-

L - M TJ14CTHHAMH, HaXOASIIHMHCS Ha
z=L T Mgly —s 454 paccTossHuM L, NpuueM miacTHHA,
T P = s Koropoit z=0, mnokourcs, a
L T2 NJacTHHa ¢ z=L JBMXKeTCS B HaNpap-
[ e e g JNEHUH X C IOCTOSIHHOH CKOPOCThIO
Yz=g > uy. C xopowmnn npubIukeHHeM MOX-

U0 w0 HO CuMTaTh, YTO CJOH KHJIKOCTH,

‘ HeTIOCPEJCTBEHHO NIpUJeramoiiie K

B e neneny  TINACTHHAM, HMEIOT CKOPOCTh M-

RenoNa, 5 pepn dicrcn ce €6 et ‘TOra CIOH CPeAb! MeNY Mita-

30M, B JKMAKOCTH CYUIeCTBYeT TpagHelT CTHHaAMH 6y11yT HMETb pasHble CKO-

cKopoeTHt Jugldz. pOCTH u,, MeHsiionuiecss oT 0 70 u,.

B stoM ciyuae cpesa OyzAer AEHCTBOBATbL Ha ILIACTHHY C TaHTeHUH-

aJpHOH CHJOH, cTpeMsiueiics 3aMelHTh ee JBXKEHHE H BOCCTAHOBHTh

pPaBHOBECHYIO CHTYALHIO.

Ouesuano, uro, soofile, JI0O0OH C/I0H KHAKOCTH, PACIONOMXKEHHBLIH B

IJIOCKOCTH z==const, 6yJeT HCOBITBHIBATL CO CTOPOHBI Jexaiedl Bhime
JKHAKOCTH TaHreHUWanbHOE Hanpsixeuue P,., T. e.

P,.==cpegHas cuja B HanpaBJeHHH X, NPUXOASIIASICA
Ha eAMHHLY TNOBEPXHOCTH, C KOTOPOH muukocTsb nog (13}
IJIOCKOCTBIO ACHCTBYT Ha HHAKOCTb HaJ, MJIOCKOCTDIO.

Msl yaKe BUAEIH, YTO B COCTOAHHMH PaBHOBECHS, KOPAA U, .(z) He 3aBHCHT
ot z, cuna P,,=0. B namem HepaBHOBecHOM cJayuae, Korja Ou,/0z540,
c/elyeT OXHIATh, 4TO P, OyJaeT HeKOTOpOH (PyHKIHEH OT NPOU3BOAHOM
t, 110 2. D12 PYyHKUHA J0/KHA 00DAIATHCSA B HYJIb, KOTAA U, He 3aBHCHT
or z. Ecau npoussognas du,/0z 1OCTaTOYHO Masa, TO [EPBbIA uJeH
B pasioxeHHH P, B psix Tefliopa MOXET 0Ka3aThCsl 10CTATOYHO XOPO-
IIUM NPHO/AHKeHReM. ToTAa Mbl IMeen JHHeHNYIO 3aBUCHMOCTD CJAEAYIO-
HIEro BHAA:

zZx

0
P=—n%F=. (14)

Bxoasmast B 5Ty QOpMyJ/y [OCTOSIHHAfA 1) Ha3LIBACTCSl KoaghhuyueH mom
ea3kocmu Hamefl cpenl. Ecan ¢ yBennuenuem z BenuuHa Ou,/0z BO3-
pacTaer, TO Cpea, HaxoAsmasicst oA cioeM z, 6YneT 3aMeMsITb cpefy,
HaXOLsIILyIOCH Haj 3THM CJ0eM, T. e. AeficTBOBaTbh Ha Hee C CHJIOH, Ha-
npasneHHoi no — x. Takum ob6pasom, eciu du,/0z>0, to. P,,<<0.
Urobbl crenath KOPQHIHEHT BA3KOCTH 1) MOJOKHTeJIbHLIM, B GOpMyay
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(14) BBesmen 3uak munyc. Ms (14) caenyer, uro koagduuueHT 1 umeer
8 cHcreme CI'C pasmepHocTb e-cm™'-cex™! *). [IponopuuoHANBHOCTE
(14) mexny cmaofi P,, M rpaideHTOM CKOPOCTH Ou,/0z XOpOwWo nox-
TBEPKACHA SKCIEPUMEHTA/IbHO 144 OOJNBIIOro yuc/1a KHUAKOCTEH H ra-
30B IPH YCJOBHH, YTO IPAJMEHT CKOPOCTH HE C/HIIKOM BeJIHK.

3ameuanue PaccMOTpHM CHJIB B pasMYHBIX CeyeHHsX 2z, AeHCTBYlOlWHe
B NAanNpas/ieRHH X B POCTHIX reOMETPHYECKHX yciaoBuAX puc. 8.4. Cpeja, pacnonoxked-
Hasg HHXe IUIOCKOCTH 2, JeHCTBYeT ¢ cHI0H P,, Ha eIHHHIY NOBePXHOCTH Cpeib!
sriue z. Cpeja, pacnooXeHHass MeXAy C10eM Z H JIoGhM APYrHM cjioeM 2', ABHIKETCS
6e3 yckopeHHsi. [TosToMy KUAKOCTb, PACMONONKEHHAsS Bhlile 2', NOMKHA JeHCTBOBATh
C cuitoft —P,, Ha eHHHILY NOBEPXHOCTH Cpejlbl, PAClONOXKeHHONH HUXKe MIOCKOCTH 2.
Ilo tpernemy 3akony HploTOHA XUAKOCTb, DAaCHOJOKEHHAs HuMke 2, JelcTByer ¢
cua0fl P,, Ha eJHRHIY NMOBEpXHOCTH cpennl Bbille z'. Takum o6paszom, B mwoboM ceue-
HHA, B TOM UHCJe H Ha BepxHeil miactuue, AeficTByloT papble cHisl. Tak Kak P,,
SIB/ASIETCH He 3aBHCsIeH OT 2 MocTosHOM, u3 (14) cienyer, uto du,./0z=—const, a umenHo

Ouy __ ty
gz L
1
u
sz:—n—f‘-

Boitiucrenue koapuyuenma  8a3K0ocmut  OAR  PASPEHCCHHO20  2a3q.
B npocrom cayuae pasperkeHHOro rasa Kod(HIHEHT BSI3KOCTH JIErKO
BBIUMCJUTD HA OCHOBE MOJIEKYJSIPHOTO paccMoTpeHus. Jlomycrum, uro
CpEHsis KOMIOHEHTa CKOPOCTH Tas3a paBHa i, (IIPENTNoJIOXKIM, YTO 3Ta
CKOPOCThb MaJsia MO CPaBHEHHIO CO CPelHel TemIoBOiH CKOPOCTBIO MOJe-
KyJ) H 4TO 4, 3aBHCHUT OT 2. PacCMOTPHM HeKOTOPYIO IVIOCKOCTb Z==
==const. Kaxopa MosekyqsipHas NpHpoAa CHIb P,., JefAcTBylomell B
njockocTy z? UToBhl 1aTh XOTs Obl Ka4eCTBEHHBIH OTBET HA HTOT BOIPOC,
3aMETHM, YTO MOJIEKYJIbl HaJl IJIOCKOCTBIO 2 Ha pUC. 8.4 UMEIOT HECKOIBKO
GOJBIIYIO CKOPOCTh, YeM MOJIEKYJIbl, pachosioxeHHsie mojg Heii. Koraa
JBUXKYINHECS BBEDX ¥ BHH3 MOJIEKYJB! IIE€PeceKaioT OJOCKOCTh 2, OHH
NepeHocsIT ¢ COGOH M X-KOMIIOHEHTY HMiyJibca. Ilpu sTom ras, pacnodo-
JKEHHbBI HHXKE TJIOCKOCTH Z, IIOJYYaeT IPHPAIEHHE X-KOMIOHEHTHl HM-
ny/bca, TaK KaK IPOHHKAMOUIMEe CBEPXY MOJEKYJb NPHHOCAT ¢ coGoH
N30LITOK X-KOMIOHEHTH HMIY.bca. TOUHO TaK e ras, pacioJioXKeHHbIH
HaJl z, TePSIET CBOIl MMMYJbC H3-32 TOFO, YTO MPOHHKAKOLHE CHH3Y
MOJIEKYJIBI IPHHOCAT YMEHbLIEHHYIO X-COCTaBJSIOUYI0 umiysabca. [lo
BTOPOMY 32KOHY HbloTOHA cHJ/ia, AeHicTBYIOMast Ha CHCTeMY, PaBHA CKO-
POCTH H3MEHEeHHs UMnyJbca cucTeMsl. [ToaTomy cuna, ¢ Koropoii ras non
JIOCKOCTBIO JeHCTBYeT HAa a3 Hal IJIOCKOCTBIO, PaBHA HSMEHEHHIO 34
€IMHUILY BpeMeHH UMIY/IbCA I'a32 HajJl IUIOCKOCTBIO, BBI3BAHHOMY Ia3oM
mox miaockocteio, Takum obpasom, cHaa P,, u3 (13) pasua

P,,=cpeaneMy BO3paCTaHHIO 32 €IUHHIY BpeMeHd H Ha
.@IUHHIY TIOBEPXHOCTH TLJIOMAAH X-KOMITOHEHTBl UM-
nyJbca rasa Haj IJIOCKOCTHIO, BLI3BAHHOMY IepeHo- (15)
COM HMIYJbCa MOJEKYJaMH, I[1epPeCeKaloluuMH 5Ty
MJIOCKOCTh.

*j 14 KoMOHHAUMS eJUUUI] HOCHT 'Ha3BaHMe nyas3a-B yecTh (u3uka [lyaszeiind.
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MMosscHsilomee 3aMeuaHHe Urofp nNOACHHTD MeXaHH3M BA3KOCTH
nepeHOCOM HUMIYJ/bCa, NpHBeleM cieAylomylo anatoruio. ITycth iBa xee3Honopox-
HBIX BaroHa ABHKYTCA PANOM N[O NapaaieldbHbM OYTAM, NpHUYeM CKOPOCThH OJHOTO
Barosa Gouabie ckopoctu jpyroro. IlpeactaBuM cefe, -4TO TPY3uHKH M3 KaXJIOTO
BArOHA 3aHUMAIOTCH TeM, YTO NMepeGpachlBAlOT AMMKM C TECKOM Ha COCEJHUH Barod.
B0 nepebpachiBalue BhI3bIBaeT NepeHOC HMOYJbca, NPH KOTopoM GoJiee MelI€HHBI
Baron OyJeT HCHHITHIBaTL YCKOPeHHe, a Oo/ee ObICTphl — 3aMelJieHHe.

Y106k OLeHHTh BEeJMYHHY KO(PPUIIHEHTA BA3KOCTH, AONYCTHM, 4TO
BCE MOJIEKYJ/B Ta3a JIBHXKYTCS C OJUHAKOBOH CKOPOCTBIO, DaBHOMH 11x

cpem{eﬁ CKOPOCTH I—)— OZIHa TpeTh H3 BCeX HAXOAAUIHNXCS B eAHHUILE 06be-
Ma 7 MOJICKV. HMET COCTaB/Jadt0-

TZ _ 1IlUe CKOPOCTH, HAaNpaBJeHHBIE BIOAb
Uy(2+1) OCH z; V INOJOBHHEI 3THX MOJIEKY.T

. IZ”—”- T 7777 CKOpPOCTH HampaesjieHbl BIOAb -2,

g Y6 ____ ay japyroil NONOBHHLI BIOJb —2.
1 ig,nv Paccmorpiy milockocth, 0003Hauel-
——————— TN "7~ Hyio OykBo#l z. 3a eIHHHIly Bpewme-
Uy (2~1) HH eHHHLY IOBEPXHOCTH 3TOi IJIC-

Puc. 8.5. Moarkymt. mepecesammné  CKOCTH nepeceder (1/6) nv  Monexy.y
NJA0CKOCTh, OCYIUCCTBASIIOT FHCPEHOC HM- -—

nyabca. cHH3y u (1/6) nv MoJeKkyJs cBepxv.
M3 onpenenenus cpegnero csofpiaHoro npotera [ ciaeayer, 4to MOJC-
KYJbl, OPHICIUIME CHH3Y, HCHBITAJMH NOC/]ETHeE CTOJIKHOBEHHE Ha pac-
CTOSTHHH [ MO MJIOCKOCTLIO, @ MOJICKYJBl, NpHINeie CBepXy,— Ha Ta-
KOM JKe pacCTOAHIH [ HaX IIOCKOCThIO. Tak Kak CpexHsiss CKOPOCTh U=
:=u,(z) 3aBICHT OT KOODJAHHATHI Z, TO MOJEKV.ILI B MJIOCKOCTH (Z2 — /)
6y11yT HMeTh CPEJHIOI0 X-KOMIOHEHTY CKOPOCTH U (2 — [). KamAaﬂ Ta-
Kad MOJeKyJa ¢ Maccoil /M [1ePeHOCHT 4epe3 TLIOCKOCTb CPeAHIOI0 X-
KOMIIOHEHTY HMNyJbca mu,(z — I). Mbl npuxoany x cielyiouleMy BiLi-
BOLY *):

HOCHMAsi B €IUHULY BpEMEHH uepes
efHHHLY TIOBEPXHOCTIl MJOCKOCTIL 2
B HanpaB/IeHHH CHH3Y BBEpX, J

rCpenusisi KOMIIOHEHTa HMIyJbca, fiepe-T)
[
=

- no|mu, (z—0].  (15)

TouHo Tak :Ke, paccMaTpHBas MOJIEKYJbl, NEPeceKaroniie MNAOCKOCT!H
CBEpXY, Ile KOODAMHATA HX [IOCJELHEr0 CTOJKHOBeHHs Oblia (/42z),
MBI MOXKeM  HamnHcarb:

rCpennsisi x-KOMNOHeHTa HMIy/bca, fe-7

peHocHMas®i B EIUHHLY BPEMEHH de- 1 .

pe3 elMHHILY MOBEPXHOCTH B Hanpas- | 6 '° [mu, D). (17)
L JleHHH CBEPXY BHH3, A

Bergurast (17) u3 (16), Mbl nosyyaeM OKOHuaTelbHOE CpeqHee 3HAYeHHE
X-KOMIOHEHTbl HMNYJIbCa, II€PEHECEHHOH MOJIeKYJaMd uepe3 equHUIY
NOBEPXHOCTH IJIOCKOCTH 2 3a €JIHHHIY BpEMeHH, T. €. HalpsiKeHHe

*) UroGel n3bexaTe NyTAHHUBL, 3alOMHHM, YTO CHMBOAM U, (z—I) He osnauaer
fIpoN3Be/ieHne; 3TO CpelHee 3HayeHHe CKOPOCTH U, B IJIOCKoCTH (2—/).
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P, onpereasemoe B (15) uau (13). HUraxk,
P,. :—é— no mu,, (z——l)———é— no mu, (z 1),

HIH

] —
P, == nom lu, (z—D)—u, (z+1)]. (18)
Tax Kar cpeanss AauHa cBobonuoro ripobera ! BechMa MaJja (1o cpaBHe-
HHIO C PACCTOSAHHUSIMK, HA KOTOPLIX I'PaiHeHT CKOPOCTH du,/0z MeHseTcH
3aMeTHbIM 00pa3oM), Mbt MOKEM € XOpOWIHM NPUO/IMKEHHEeM 3anHcarb
TaK:

U (e 1) =1, (2) + S,
u
ux(z—[):ux(z)——%’il
Taxum ofpazon,
R S X A W
, Pm~6nm\ 255 l)._ n5, (19)
rie . .
!
T T -é— nomi. i (20)
l

113 gopmyanl (19) caenyer, uro P,, AeHCTBHTENLHO NPOMOPUHOHANLHO
TDAaMEHTY CKOpOCTH du,/dz, uto cornacyercs ¢ (14). Kpome Toro, dop-
aysga (20) BpiparkaeT KoshHULHEHT BASKOCTH 1] Yepe3 MOJEKYASpPHbIE
71apaMeTPbl, XapakTepH3YIoIHe CBOWCTBA Ta3oBbIX MOJEKRyJd.
Hamuy Bouucaenus umenn BechMma YHpolleHHBIH Xapakrep. Msl He
§ILITA/IHCh BHIYHCIATD CPEIHKE 3HAUCHHS Pa3JHuHbIX Beauuud. [Tostomy
MHokHTEqIo '/, B dopmyae (20) He cienyeT npuaasath 0OJBILOIO 3Haye-
Hitst. Kosthduiueat nponopunonansHOCTH, NOMYyYeHHBIH npu Gosee Tuia-
Te/IbHBIX pacyerax, MOXKET UMETb HECKOJIbKO APYroe 3HaYeHHe. 3aMeThM,
0.HaKO, YTO MOJIyYeHHAs] HaMH 3aBHCHMOCTb KOS((HIHeHTa BSI3KOCTH OT

MOJKYJISIPHBIX NapaMeTpos n, m, v 1 1 JOKHA OBITH BEpHOM.
Obeysicderue. Us dopmy.sl (90) CJIeAyeT psjl HHTEPECHBIX Npe/IcKasa-
nuit. Haiixa n us seipaxenus (9), oL

[—— 1 , 21

V2o’
# nojcrasus ero B (20), Mpl moaAyuHM caenyioilee BeipaKeHHe s 1:
L = ,
="My - (22
= (22)

KOTOPOE YiKe He CONep:KHT A. [IpHOAHKeRHOe 3HAYEHHE U MOXKHO TOJIY-
YUTh U3 TEOPEMBL O DPABHOMEPHOM pPaCHpeae/eHHH: )

1~ 1 — kT
3mv§=3kT,i HJH vj:;—n—.
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Ho

i 3&T
vi=ui+- 0(/+02~30x’:7,

TaK Kak v§—~z?-vz U3 cooGpaxeHnuil cummerpud. B npuG/KeHHBIX
BBIYHC/IEHHAX STOH IJIaBBI Mbl MOXEM He Je/1aTh PasjHYHs MeXIy cpel-
Hell CKOPOCTBIO U W KOPHEM H3 CDEJIHero KBajpara CKOPOCTH (@) .
[losroMy ¢ nOCTaTOYHOH CTeneHbIO TOYHOCTH MOXKHO IIOJI0XKHTb

— 3&T

ox )/ 2L (23)
HesaBHCHMO OT TOUYHOI'O 3HAUYEeHHUd KO3q)fb”HHeHTa HpOHOplLHOHaJIbHOCTI/E
B (23), CPeHsIfA CKOPOCTb MOEKYJIbl 3aBHCHT TOJBKO OT TeMneparyphst T,

HO HE OT /1 — YHc/ia MoJeKyJ1 B eHHIe ofbema. Takum o6pasom, koad-
dunuent Baskoctd (22) oxaselBaeTcs He 3aBHCSULIM OT a. [Ipu AaHHO#

TemnepaType T OH He 3aBHCHT TakyKe W OT JaBjeHust raza p=nkT.

Mbl MOJyYn/IH 3aMedaTesbHBLId pe3yJ/bTar, [NOKas3bBAOWIHHA, YTO B
cHTyanuu, u3obpaxeHHOH Ha pHc. 8.4, TOpMO3dI@s CHJIa, C KOTOPOik
ras jefictByeT Ha ABHXKYIIYIOCS BEPXHIOIO NJAAacTHHY, Oyler omHOft u
TOl Ke, He3aBHCUMO OT TOTO, PABHO JIM JABJEHHe ra3a MeXay M1acT-
dHamu 1 wum win, Hanpumep, 1000 mu pT. cr. Ha nepsolii B3rast 310t Bhi-
BOJL KaXXeTCs CTPaHHBIM, TaK KaK HHTYHIHS IOACKA3bIBaeT HAM, UTO TaH-
reHIMaJbHasl CUIa TOPMOXKEHHS B rase JOJIKHA ObITh NPONOPLHOHAJBHA
YHCJAY. Fa30BHIX MOJEKYJA, MepeHoCsMX WMNYAbC C OHON MJIaCTHHB
Ha apyrvio. CienyeT, OJHaKo, UMeTb B BMIY, YTO IPH 3TOM CPeRHss
JUTHHA CBOGORHOTO Mpofera yMEHbLIAeTCS H MOJEKYJIbl MMepeHOcsAT HM-
NYJALC ¢ PACCTOSIHHSA, COCTABJAOIIErO TOJBKO YacTh MePBOHAUAJBHOTO.
[losToMy KOHE4YHOe 3HAueHHEe MEePEHECeHHOTO MMIYJAbCA OCTAETCS HEeHus-
MeHHbIM.. He3aBucHMOCTb BA3KOCTH 1) Ta3a OT MIOTHOCTH (IIPH IOCTOSIH-
HO¥M Temmeparype) Obina npeickasana MakcsesioM B 1860 r. 1 3KcClie-
PHMEHTAJIBHO TIOATBEPM/ACHA HM JKe.

OueBHJIHO, UTO 3TOT Pe3yJbTAT He MOXKET 0CTaBaThbCsl CHPAaBEIIMBLIM
ISl TPOU3BOJBHO GOJLINOTO HUHTEPBAia H3MEHEHHS TMJIOTHOCTH rasa.
HefictBuTensHO, npu BoiBOAe hopmyJibl (20) MBI ciesanu ABa AONYLISHHSI :

1) mpl mpeanosiaraju, 9TO ra3 JOCTaTOYHO paspexeH MJIS TOrO,
4TOOB! MOXKHO GbI/IO IOJHOCTLIO IIPeHeOpeUub OJHOBPEMEHHBIM CTOJKHOBE-
HUeM Tpex uau 0oJbilero uncaa MoJeKyJd. Mel OTpaHHUHINCH PACCMOT-
peHueM IBYX MOJeKyJ]. DTO OrpaHHuYeHHe AONYCTHMO, €C/IM INIOTHOCTh
MOJIEKYJl JIOCTaTOUHO MaJsa, T. e.

[>d, (24)

roe Bequuusa d ~ 6'/2 XapakrepusyeT IUaMeTP MOAEKYJIbi.

2) C gpyroit cTOPOHbI, MBI IIpexnofarajn, Yro ra3 A0CTaToOYHO M0~
“TeH, TaK HTO MOJEKyJib! FOPa3jfo yauie CTaJKHBAIOTCS APYTr C APYrom,
4eM cO CTeHKaMH cocylda. IJT0 NPedNoJoXKeHHe O3HAyaer, 4To 7 Ha-
CTOJIbKO BEJHKO, UTO

<L, (25)
304



rie L— HauMeHbIuuil jiMHelHbil pa3mep cocyna. (Hanpumep, Ha puc. 8.4
L — paccrosiHue Mexay nJaacTuHami.) B rmpefenbHoM cjyuyae MOJIHOTO
Bakyyma n—-0 TaHIeHuma/bHag cHJa, AeHCTBYIOLlAs HA ABMKYULYIOCH
facTHHy. (puc. 8.4), JoJXKHa MCYe3HYTh, TAK Kak B 9TOM C/Iyyae HeT
raza, Kotopsifi nepeHocHs Opl uMiysaec. Eciu n HacTosbKO Masd, 4to
ycjoBHe (25) He BBLIIQIHSICTCST, BSI3KOCTb JOQ/IXKHA YMEHbUIUTbCS U CTpe-
MHUTBCS K HYJIO IO Mepe AaJjbHeflnero yMeHbiueHHs n. JleficTBUTENbHO,
ecsy cpeaHsas AauHa cBoSopHoro npobera (21), cBsizaHHas CcO CTOJKHO-
BEHHEM C APYTHMH MOJIeKyJ/laMu, CTAHOBUTCA BoJibilie pa3mepa cocyaa L,
MOJeKysia OVAeT NpenMyLleCTBeHHO CTANIKHBATLCH CO CTeHKaMH COCYIa,
a He C IPYTUMH MoJeKkyJaaMmu. DpPeKTHBHOe 3HaueHHe CPefHedl JJIHHbLI
CBOGOAHOrO npofera MOJNIEKYJbl B 3THX YCJIOBHAX CTAHOBHTCSI MPUOJIH3H-
TeJIbHO paBHBIM [ (BeluuuHa ! 6ojiblle He 3aBHCHT OT YHC/IA MOJEKY.J]
rasa B cocylle} ¥ Kos(ppuiuenT BA3KOCcTH 1) B (22) oKasbiBaercs nponop-
IIHOHAJIbHBIM  TJIOTHOCTH  A.

3amerum, OAHaKo, 4TO obOJacTe. NJjQrHOCcTef, rae yc1oBus (24) u
(25) ynoB/1eTBOPSAIOTCS OJHOBPEMEHHO, BechbMa BesHKa. JleficTBUTeAbHO,
B OOBIUHBIX MaKPOCKOMHYeCKHX onbitax L3»d. Takum obpasom, koaddH-
IIMEHT BSI3KOCTH rasa 1) He 3aBHCHT OT [aBJIEHHs B BECbMa 3HAYHTENbHOM
MHTepBaJe JaBJeHHH.

OGcyaum Teneps 3aBHCHMOCTb Ko3(xpuuueHTta BSI3KOCTH v OT TeM-
nepatypsl. Ecan MoJsexkysisl HOX0XKH Ha TBepAble MIaphbl, TO NONepeyHoe
ceyeHHe O, OIpene/isieMoe PAaBeHCTBOM (2), GyAeT YHC/IOM, He 3aBHCAILHM
or T. B srom ciyuae u3 (22) cienyer, Uto v 3aBUCHT OT TeMIIepaTyphl

TaK xe, Kak u v, T. €.
nec T3, (26)

B ofmiem c.nyqae OKa3bIBaeTCsd, YTO G 3aBHCHUT OT cpenHeH OTHOCI/ITEJII)HOH

ckopoetu V mosexya. Tax xak VoT":, T0 6 oKasbBaeTcsl 3aBHCALIHM
or teMneparypsl. B pesyabTare 3aBHCUMOCTb 1) OT TeMHepaTypsl OKa3bl-
Baetcs 6oJiee CHIBHOH, ueM B (26): | NpUOIH3HTEALHO PONOPIHOHANLHO
77, KayectBeHHOe OOBSICHEHUE TAKOH 3aBUCHMOCTH 3aKJI0YAeTCs B TOM,
4TQ, Kpome BOJBILMX H KOPOTKOAEHCTB YIOUHX CHJl OTTATKHBAHHS, MEXY
MOJIEKYJIaMU JeHCTBYIOT NPOSABASIOIHECS HAa OTHOCHTEJIbHO OOJbIIHX
paccTOStHUAX Caabble CHJBL TIPUTSHKEHHs, DTH  CHJbl  YBEJHYHBAOT
BEPOATHOCTb PAaCCesTHHA MOJEKYJBl, HO C yBeJHUYEeHHEM TeMIepaTyphi
5(phEKTHBHOCTD JeHCTBUSA STHX CHJ yMeHbIUAeTcsi, TdK KaK CpPeLHss
CKOPOCTb MOJIEKY.J1 BO3PACTAET H T€ e CHJIbI BBI3bIBAIOT MEHBILIEE OTKJIO-
Henue. [lostoMy nomepeyHoe ceyeHHe PacCesiHHS HECKOIBKO YMEHbUA-
emca C yBeJMUeHHeM TeMAepaTyphl M, COOTBETCTBEHHO, BSI3KOCTb 1,
KOTOpast B MOJe/IH TBEP/BIX UIAPOB X T /:/o, B NeHCTBHTE/JbHOCTH BO3-
pacraer c TeMmneparypoli Oeicmpee, yeM T'/:.

O6paTuM BHUMaHHE Ha TO, YTO C YBeJHUYEHHEM TeMneparyphl Bsi3-
KOCTb 'a3a pacment, B OTJHYHE OT BA3SKOCTH XKUAKOCTH, YMERbLIIouelics
¢ yBejHYeHHeM Temieparypbl. [IpHuHHO# Takoro pas/jHuHsl IBASETCH
GJIM30CTh MQJIEKYJ KHAKOCTH: Nepefiaiya MMITyJibCa Yepe3 JaHHYIO IJO-
CKOCTB B KHJKOCTH NPOHCXOMHT He TOJBKO H3-338 NEpPEeXojia MOJIeKy.,
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HO W Onarofapsi HenoOCPeACTBEHHOMY B3aHMOLEHCTBHIO MOJIEKYJI, Haxo-
Jsmuxess no ofe CTOPOHB! MJIOCKOCTH.

B 3akaioueHMe OneHHM MOPSNOK BEJAHYHHB 1) IJIS oﬁbmﬂoro ra-
3a NpH KOMHaTHOi Temmneparype. Has aszora (N,) m=28/(6-10%%)=
=4,7-10"% 2, H cpeHHHA HMMOYJbC MOJEKYJH a30Ta MPH KOMHATHOM
Temneparype T=300° K pasen mv ~ }/ 3mkT =2,4.107** 2.ch-cex™.
Jluamerp Mosiekysbpl azora Gau3oxk K d~2-10-% cm, oTkyda o~adi=
~1,2-1071% cx?. Uz (22) noayuaen CjenyioHlyio OLeHKY gast n: @

|
Y

Ins1 cpaBHeHHsT YKaXeM, 4ToO HS‘\IEpEHHOQ 3HayeHHe Koaq)(pnunema BSI3-
xoctH Wy asota N, npu KomHaTHo#i Temneparype 300° K pasuo
1,78-10-42-0/%_1-06’16“1 . ‘

Mloacrasaas. (23) B (22), Ml noayuuM npuOIHIKEHHOE BhIpaXkKeHHe
Jast KoahdHLHeHTa BS3KOCTH - ‘

mv .
= ~5.10"% 2.cm~.cex1,

n A 1V mkT ) (27)

TV o

8.3. TennaonpoBoaHOCTE M NEPEHOC IHEPTUH

Onpedenenue Kosppuyuenma menaonpogodrocmit. PaccMoTpuM Be-
IleCTBO, B KOTOPOM pacmnpenesieHHe TeMiepaTypbl He SIBJSETCH OAHOPOI-
Hu. JlomycTuM, Hanpumep, uTO TeMmmepaTypa 3aBHCHT OT KOOPAHHATHI

z, Tak uto T=T(z). Hawe BewectBo He

y //// / HaXOAUTCH, TAKUM 00pa3oM, B paBHOBeC-
HOM COCTOSIHUH, H CTpeMJIeHHe K JOCTH-

KEHHIO DABHOBECHS! IPOSIBUTCS B CYIile-

-—*—-__f ________ CTBOBaHMM TIOTOKA TelJa, HalpaBJeH-
HOTO OT YYacTKOB BeliecTBa, 00./13]al0-
ULHX BbICOKOH TeMnepaTypoﬁ K ydact-
F / // ,KaM ¢ HU3KOH TemnepaTypoii. Paccmor-

77 pHM IJIOCKOCTb z=const, rae T=T(z).
75T 4.4 Hac Oyner uHTepecoBaTh cJenyiomas
2 ma s BeJIHYHMHA:
p;ﬂ’: 3 5. BEU.LOCTBO, Haxonasauleeca B

TCNIOBOM KOHTAKTe € ABYMsl Tejiami, R
aGlosoTHAs  TeMneparypa KOTODHIX . QZEE}\OJIH‘XECTBO TenJa, nepeme-

pasda Ty u Ty, Eciu T,>T,, Tero | ; e
TedeT B }I!anpa;.neﬂﬂn — zz, o'rl Tesa C CEHHOE 33 €AMHULY BpEMEHH (28)
Soabueil TeMIIepaTYPOil 4 TesTy € MeHb- HEpE3 -LHHHLY HOBerHOCTH

iuefi TeMneparypoli, Takum oBpasom,
BeJIHYHRE ’ Q, oTpHllaTesbHA. -

B HaIPABJEHUH -}-.2.

’ I
Beaununna &, HasbiBAETCA MAOMHOCITILIO HOMUKA MENAQ B- HanpaBJleHHn
ocu z. Ecau temneparypa oxnopoana, Q,==0. B BpOTHBHOM Caiyyae pac-
CYXKJeHNH , aHAJOTHYHbIE TEM, KOTOPBHIE Mbl IIPOBETH NPH PACCMOTPEHHH
BSI3KOCTH, HPHBOZAT K TOMY, YTO BeIHYHHA @, MOMKHA ‘GhTH (B XOpO-

1eM HpUG/IHKEHRH) TPONIOPLHOHA/bHA FPALHEHTY Temmeparypsl 0T/dz,
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€CAH ITOT TPAjHEHT He CJUUIKOM BeJHK. Mbl HMeeM, TakuM 06pa3oM,

Q=—nil. | (29)

BennunHa % Ha3bIBAETCS KOIDOUUUEHITCHM MERAONPOGOOHOCHLL PACCMAT-
pHBaeMoro BellecTBa. Tak Kak TeIJIO TeyeT OT objacTell C BLHICOKOH TeM-
nepatypoit Kk ofjactu ¢ Gojee HU3KOH TeMnepaTtypoi, To Q,<<0, eciu
0T /0z=>0. IIns Toro urofbl BeIHYHHA % OblAa NOJOXKHTENBHOH, B (29)
CTOHWT 3HaK MHHyc. Broipaxkenue (29) cnpaBeiinBo NpakTHYeCKH BO BCeX.
rasax, XUIKOCTSIX U OXHOPOAHHIX TBEPILIX Tesax.

Bowuucaenue Ko3ph@uyuenma menaonposodHocmy paspesenrozo 2asa.
B npocrom cnydae paspexkeHHOro ra3a KoagdUuiHeHT TelJ0onPOBOLHOCTH
MOXeT ObITb BBLIYHC/IEH C IOMOLIBIO TOTO XK€ YIIPOLIEHHOTO MOJIeKYJIAp-
HOTO DPAaCCMOTPEHHsi, HCIIONL30BAHHOTO HAMH IIPH M3YYEHHH BA3KOCTH
rasa. PaccmorpuM B rase miockocts z==const, rie 7=7T(z). Mexanusm
fiepeHoca TelJa 3aKJIouaeTcst B TOM, YTO MOJEKYJbl rasa NepeceKkalor

TUIOCKOCTL cBepxy H cunsdy. Ecan 8T/02>0, 1o cpenuss sueprus &(7T')

MOJIEKYJT, IPUXOAAUIUX CHH3Y, MeHbiue yem £(7) y MOJIeKV /i, epecekaio -
IUX MJOCKOCTb cBepxy. B pesyap- -

z
TaTe BO3HHKHET MEePeHOC JHEPTHH U3 T P
obaacTy Hajg nnocEOCTbm BpoéﬂaCTb e Z(f*_l)_ ___E(f_"lew
nmox Hefl. Kax M npu pacuere BsA3- Z %l,ﬁ
KOCTH, MBI MOXKeM HamHCaTh, 4TO 38 Zf———e——e P
eIMHHIlY BpEMEHH uYepe3 eNHHHUILY l -g—ﬂy
NIOBEPXHOCTH CBEPXY BHH3 MpOiijer —*TTYZ—HZ)—* ———E(—Z_—E_.

okos10 1/6 nv mosexya *). 3xaecb n — ‘ ‘

qUCJI0 MOJIeKYJ B eNHHHNle OOBbeMA  Puc. 8.7. Mosekyas, MepéceKawomne nuio-
- CKOCTb, fIEPEHOCAT 3HEPTHIO.

BOJIM3H IJIOCKOCTH 2, @ U — CPeAHss

CKOpPOCTb MOJIEKYJ. MoJjekyJ/ibl, mnepecekaloinye IJOCKOCTL Z CHH3Y,

MCTILITAIH DOC/Ae[Hee CTOJIKHOBEeHHe B CpelHeM Ha paccrosiiud [ or

naockocti. Ho rtemmeparypa T 3aBMCHT OT z, a CPelHsAfAl SHEPTHS &
OT TemnepaTyphl, MOSTOMY CpEIHSIS 3SHEPrHsi MOJEKYJ € 3aBHCHT OT
KOOpAMHATH 2z, T. €. £=¢(z). MoaeKkyJbl, nepecexaiollie MIOCKOCTb 2
CHH3Y, MepPeHOCAT CPeNHION 3HePruIo &(z — (), TaK KAK Mbl CUMTaeM,
4TO NOCJICIHEE CTOJIKHOBEHHE HMe0 KoopanHary ¢ — [. Taxum o6pasom,

"CpelHsist SHEPTHsi, NepeHeceHHass B ELHMHULLY | -
BpeMEeHH Uepe3 eIMHHLY MOBEPXHOCTH B | == nve (z—1). (30}
HanpasJ/eHHH CHH3Y BBepX,

" *) Teil10npoBOAHOCTL Ta3a H3yyaelcss HaMH B CTAlHOHApHBIX YCJOBHAX, KOrJa
KOHBeKTHBHO® JBHKeHHe OTCYTCTByeT. ITo3TOMy MOTOK MOJIEKYJ, NepeceKaiomHx mno-
BEDXHOCTh C OJIHOro HampaB/JeHHS, pPaBeH INOTOKY MOJEKYJA € NPOTHBONOJOKHOIG
HanpasJieHHs, H B HallleM 3JeMeHTApPHOM PacCMOTPeHHH Mbl MOXEM CYUHTATb, YTO IIPO-
M3BefileHHe nu nocTosHHO. TakuM ofpazom, Mul npenelperaeMm HeCOJILIIMM Das3jiuyhes
B 3HaYEHHAX N M U Haj H INOJ IJOCKOCTbI0, BLI3BBAHHBIM CYIIECTBOBAHHEM TpaAHEHTa
TEMNepaTyphi. :
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AHaJIOTHYHO, paccMaTpHBasi MOJIEKyJIbl, IPUXOAsIIHe CBepXy, e moc-
JICJIHEMY CTOJIKHOBEHHIO OTBeYaeT KoopawHara (2-i-/), Mbl UMeeM:

CpeldHss JHEPrusi, mepeHeceHHas B eAHHHIY | -
BpeMeHH 4Yepe3 eIUHMIY TOBEPXHOCTH B]=E~ nve (z--1). (31)
HanpaBJ/ieHHH CBepXy BHHS, i

Boruunras (31) us (30), MBI Do/ayYaeM pe3yJ/bTHPYIOWIHE NOTOK SHEp-
THH @, uepes NOBePXHOCTb Z==CONSt B HampasJeHHH CHH3Y BBEpX:

Q =onvle e—h—s(tb]=
=~é—n§ [{E(z)—lgzg}—-{g (z)_[_[g_—f}] ,

1 - ();1 1 = de T
@:anpdhgfm_?mgﬁg, (32)

I

TaK KakK € 3daBHCHT OT z 4epe3 TeMIepaTtypy T. Bgenem ofo3HayeHue:

9 33)

C=57-

I

BesuuiHa ¢ o3HauyaeT TEMIOBMKOCTH (NIPH HOCTOSAHHOM 0OBbeMe), OTHe-
CeHHYIO K 00Hoi moaexyae. Tenepp (32) npuHHMaeT CAeLyIOIHH BHI:

JT
Q=—x%, (34)

rie

!
% === nel. (35)

Wz (34) cnenyer, uto (Q, NPOMOPUHOHAJIBHO TPAIHEHTY TEMIIEPATYPHE
lem. (29)), a (35) BmipamaeT KOpPHIHEHT TenaONpPOBOXHOCTH % TIasa
uepe3 OCHOBHBIE MOJEKYJISIPHLIE BeIHYHHBL.

Obcyocderue. Koapbunuenr 1/, B'dopmyse (35) nosayueH B pe3yabTare
NpUOAHKEHHBIX BbIUHC/JAEHHA U He 3ac/AyKHBaeT Gojbilloro jJ0BepHa.
®opmyaa (3b) naer, onHaxo, NPaBUILHYIO 32BHCHMOCTh % OT BCeX mapa-
MeTpOB, HMEIOIUX CylecTBeHHOe 3HaueHne. Tak kak [« a~L, TO MIOT-
HOCTb OISITH Hcye3aeT, Bocmosbsosasumch (21), mbl [ojydaeM Bwipa-

XeHue g oK.
1
M o= e

T (36)

ale,

Takum ofpa3soM, MpH 3aaHHOH TeMIlepaType TellJIoNpOBOAHOCTL He 3a6i-
cum OT JaBJeHus raza, JTOT PE3YJLTAT HMeeT TO e O0bsICHEHHE, YTO
M aHaJoTHyHoe CBOfCTBO BSI3KocTH. OH CpaBej/IHB B 00/1aCTH AaBJie-
HHH, Tle cpepHssa AMMHA csoﬁozmoro npoGera MoJIeKYJIbl yIOBJIETBOP AT
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yeaosuio d<€/<ZL (3necy d — nuamerp MoJekyJbl H L — HaHMeHbLIMH
pasMep cocyna).
Jlna 01HOATOMHOrO rasa H3 TeOpeMbl O PABHOMEDHOM paclpeieneHHn

~ 3 "
CJeNyeT ¢ =—2-kT, fIOSTOMY TENJOEMKOCTb, OTHECeHHass K OJHOH MoJe-

3
Ky/ne, paBHa C=-k.

[pumenum Bepaxenne (36) K Mo/aeKyJaMm, KOTOpble BeIVT celst Mo-
JOOHO TBepabM IapaMm. Tak kak vec Tz, a ¢ or TemnepaTyphl HE 34-
BHCHT, Mbl NoJyyaeM, 4TO KO3(BGHUIHEHT TeILIONPOBOJHOCTH % MPONop-
LHOHaJIeH KOPHIO U3 abCOMIOTHOH TeMmmepaTyphl

woc T2, (37)

B AeficTBHTEIbHOCTH G HECKOJIBKO MeHsieTcsl C TeMnepatypoil. Mbr o6cyiK-
Ja/¥ 3TOT BONPOC B NpeanlayllieM naparpade np# pacCMOTPEHHH BA3-
KOCTH. B pesysavrarte x MeHsiercsl ¢ Temneparypoft 6onee OLICTPO, ueM
. 3T0 caenyer H3 (37).

C nomonipio (36) Jerko OLEHHTb MOPSIIOK BeJHYHHB Ko3(phHIHeHTa
TeIJIONPOBOAHOCTH X [J1 rasa IPH KOMHATHOH TemiepaType. 3aMeTHM,
YTO H3MEePEHHOE Ha OmbiTe 3HAaUeHHe KO3(pHIHEHTa TelIONPOBOJHOCTH
aprona npu 273° K paBHo »=1,65-10"* sm-cu~t-2pad='.

Hcnonssys suipaxenue (23) Asa v, Mbl osyduM U3 (35) caenyiouee
IIpubHKEeHHOE BblpaXKeHHe 1 KOd(QHUHEHTa TeIJONPOBOIHOCTH:

1 ¢ kT :
AT —= |/ kT (38)
y 6 o m :
CpasuuBast Bolpaxkenusl (20) u (35) aist Ko3(h)HUHEHTOB BSIZKOCTH 1)
H TeIVIONPOBOJHOCTH %X, Mbl BHIHM, YTO WX OTHOLIEHHe PaBHO
n c
LIS (39)
n m
Tlocsie yMHOMEHHA 4NCANTeNs M 3HaMeHaTeas (39) Ha 4yncao ABoraapo
N, ™Mbl TonyuaeMm

a
A - Cy
1 B’
rae c,=N,c — MoJsIpHas TeILIOEMKOCTDb Iasa IPH MOCTOSTHHOM o0beMe,
a u=N,m — moJeKy/sapHbI# Bec rasa. Takum 06pasoM, MEXIy ABYMs
KO3(pHIMEHTaMH TI€PEeHOCa X U 1 CYILECTBYeT BeCbMa MPOCTOE COOTHO-
ILieHHe, KOTOpoe JIeTKO MpOoBepuThb Ha onbiTe. Takas mnpoBepka NoKa-
3aJj1a, 4TO OTHOLUeHHE (x/v){c/m)~* JexuT B nperenax 1,3—2.5, Ho He
paBHO elMHHIle, KaK 3T0 cieayer U3 (39). MMes B Buay, 4to Halm oueBKH
KO3(HUHEHTOB 1] H ¥ ObLIH [I0yYeHbl C TIOMOLIbIO BECbMa MPUO/IHKeH-
HBIX METOJOB, MBl MOXEM OBbITb BIIOJIHE YAOBJETBOPEHDLI TAKOH CTENEHbIO
COIVIACHST MEX1Y TeopHeli M 3KcrepumeHTOM. [leficTBHTesNbHO, YacTh
OOHAPYKEHHOrO PaCXOXKJIEeHHsi OObSICHSIETCS TEM, YTO B CBOMX pacCyx-
ACHUSIX MBI He NPHHAMAJH BO BHHMaHHe PaclpeleseHHs MOJIeKyJa MO
CKOPOCTAM, @ OHepHUPOBAJH CO CPeaHIIMU BelHYHHAMHU. B neficrBHTE/b-
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HOCTH GBICTpBIE MOJIEKYJIBI IEPECEKAIOT MIOCKOCTh Yalle, 4YeM MeaJleHHbIe.
B ciyyae TensionpoBOAHOCTH 9TH OLICTPHIE MOJIEKYJIBI [IEPEHOCAT BoJibilie
KHHETHYeCKOH SHePrHH, HO B C1yyae BA3KOCTH C HHMH He CBsI3aH IepeHoc
60J/1bIIEr0 KOJIHYeCTBA X-KOMIIOHEHTH! HUMITyJbca. [103TOMy OTHOLIeHHe
%/t NEHCTBUTENBHO JOJMXKHO OBbITb HECKONBKO GONbIUE, YeM CchAelyer
H3 (39).

8.4. Camoaudbyanss U nepeHoC MOJieKyl

Onpedeaerue koagppuyyuenma casmodugdysuu. PacecMoTpuMm Beiecrso,.
COCTOsIIee H3 OAMHAKOBBLIX MOJIEKYJ, HO NPEANOJ0XKHM, YTO YaCTb 3THX
MOJIeKYJ KakuM-To obpasoM nomeuena. Hanprmep, siapa MeueHBIX Mose-
KyJ MOTYT ObITh PaHOaKTHUBHBIMU. [1yCTh #1,— 4HCIIO TAKHX MOJIEKYJ B-
efHHHLe obbema. B cocTOSTHHH paBHOBeCHs! MeueHble MOJEKYJBl PABHO-
MEepHO paclipe/ie/IeHbl [10 BCeMy JOCTYITHOMY 00beMy H, TakuM o0pasom,
11, HE 3aBUCHT OT KOOpAWHAT. JlonycTuM, 0lHaKo, 4TO paclpeae/eHHue He
SIBASIETCSt OJHOPONHBIAL H #1; 3aBHCHUT OT KoopauHat. Ilycrs ny 3aBucur
TOJMBKO OT KOOPJAWHATH 2z, TaK 4ro r,=m,{z). (Ilpu srom npeanosara-
eTCsl, YTO N04HOe YHCJAO f MOJEKYyJ B elHHHIe o0bema ocTaercd I0-
CTOSIHHBIM, TaK YTO Pe3yJbTHpYIOUIee IiepeMelieHre MOJeKY s BellecTBa
orcyTcTByeT.) Takoe cocTOsIHHe He sIBJISIeTCS PABHOBECHBIM. MeueHble:
MOJIEKVJbl OYAYT IepeMelliaTbCsl B COCYAe TaKHM 00pasoMm, 4TOObl J0-
CTHYb PABHOBECHOTO COCTOSTHHSA, KOTJa OHH OyAyT pPaBHOMEPHO paclpe-
JieJIeHbt 110 BeeMy 06beMy. PaceMOTpHM MI0CKOCTD 2 =const 1 0603HaunM
NAOMHOCHG NOMOKQ MeueHbIX MoJekya ueped J,. Ilog Beauuunolt J,
MBI [IOHUMaeM cJejyioliee:

J,==cpejHee YHUCIO MeUEHbIX MOJEKY.J,
niepecekariux eAMHHLY NJIOWALH (40)
3a eJHHHILY BpeMeHH B HanpabJeuun - z.

Ecau 1, He 3aBHCHT. OT KOOpAHHATHI (OAHOPOJHOE pacnpeieseHHe),
10 J,=0. Ecau n, HeOZHOPOAHO, MBI MOXeM OXHIATb, YTO BEJAHYHHA
J, ¢ XopowuM npHOJIZKEHHeM OyAeT NPONOPLUMOHAJIBHA TpPajHeHTy
KOHUEHTPAllHU MeYeHBIX MOJEKYJl.

Mbi moxkeM, Takum 00pasoM, HanHcaTh

(41)

Kosduunent nponopunoHanbHocTH [) HaspiBaeTcst  Kodghduyuermost
camoOupgysuu semectsa. Ecau 0n,/0z>0, TO NOTOK wacTHU Teyer B
HamopaBJaeHHu —z, T. e. J,<C0. ITosromy, uTobH clenath KoapdHIHEHT
nuddysun D pesmuuHoN noJsioKuTeNpHOH, B (opmyJse (41) nocrasien
3HAK MHHYC. 3T1a (opMyJa JAOCTaTOYHO XOpPOLIO OIHCHhIBAET CaMO-
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JupdysHio MOJeKya B Tasax, KHIKOCTAX ¥ H3OTPOMHBIX TBepJblX
Tesax *).

Ypasueuune AH}¢y3un [llokaxken c momombio Qopmyasl (41), uro
BeIHUHHA 71, VIOBJETBOPSeT NpocToMy AH(xpepeHUHATLHOMY YpaBHEHHIO.

PaccMoTpuy o1HOMepHyio 3axauy. IlycTe ny(2, #) ecTb cpeiHee UHCIO MeueHbIX
MOJIEKYJI B eliiHuIe 06beMa, HAXOAAMUXCH B MOMEHT BpemeHH £ B6JH3d 2. PacemoTpum
<J0fi BemecTsa TOMUMHOH dz W Beauuunoil moBepxsocTH A. Tak Kak NONHOE YHCAO
MeYeHBIX MOJIEKYJ OCTAeTCsl MOCTOSIHHBLIM, Mbl MOXKeM YTBepxkJaTb, YTO YEeJHUeHHe
58 eIMHHUIY BPEMEHH YHCIA MeYEHbIX MOJeKYJ B CA0e JOKHO ObITb pasHO UHCAY Me-
YEeHBIX MOJEKYJ, BXOASIIHX B CJIOH 32 efHHHLY BPeMEeHH uepe3 NOBEpPXHOCTh A MHHYC
YHCI0 MeYeHLIX MOJIEKY/, NOKHIAIOMHX CJIOK 33 eIMHHUY BpeMeHH uepe3 NoBepX-
Hocte A. 3anuuleMm 3T0O yTBepxKielile B

BHe (QOPMY.Ibl TZ .
0 z+dz
.57(”“4 dz)y=AJ,(2)—AJ, (z-+d2). dg _i_____)___..,

Takunm o6pazow, dz An, i2)ds

any aJ, e A R T T T T
—idz=d,— |, (2 2 dz oGage AL
Ttds = | 1 )+ . 4o
o Puc. 8.8. C
om0 gy DS e i

of 0z
Ita hopMy.a aB/seTCst BEIPAXKEHHEM TOro (haKkTa, YTo NMOJIHOe YUC/AO0 MEUeHbIX MOJIEKYJ
He MetsieTcs. Bocrnoab3oBasiunch Gopmydoit (41), mMbl noayvuum

on o
—t=D-3. (43)
at 622
DT0 M eCcTL ypaBHeHHe B UACTHBIX MPOM3BOAHBIX (TAaK HA3LIBACMOE ypasHenue Ough-
Giysut), KOTOPOMY VHOBJETBOPSieT BeaHuMHa ny(2, 1).

Buuticaerue  kosphuyuienma camoduppysui ¢ paspercenHon ease.

B npocrom caywae paspeeHHOro rasa kos(duuuent camoindbdysun
MOMKHO TIOJVUUTE € MOMOIIBIO TeX ke cooOpazkeHHiH, onHpaloyxces Ha
NOHATHE O cpejpHed . iHHe cBobo-

TZ n,(5+]) HOTO npobera, KoTophie ObIM HaMU
_______ _ /7 uCnosib30BaHbl  TIPH  pacCMOTPEHHH

I Igiv— n,(z+1) BSI3KOCTII U TENJIoNpoBofHocTH. Pac-

P M | B AR CMOTPHM B Ta3e HEKOTOPYIO Ilioc-
l ig—ﬁ (2=l xocth z=const. Tak xax n,=n, (2),
——————— T—[——~—-= TO CpejHee YHC/IO MOJeKYJ, mepece-
(1) KaIOWHX eIHHHIY IJIOWAIH B Hafi-

] -
Puc. 8.9. Tlepenoc meuensix moJekysn se-  DaBJE€HHH CHH3Y, PABHO —Tnl'()(Z*—l),
pe3 ILI0CKOCTh. 6

a B I[pOTHUBOMNOJIOXKHOM HamnpasJe-

1 - A \
HHH En]v(z—{-l). [MosTomy pesyabTHDYIOLIMI NOTOK MOJEKYJ depes

*)} Mur rosopum 0 camonudxpysuH, ecay «MedeHbley MOJEKYJbl HHUeM KPOME OTMer-
KM He OTVIMYAIOTCS OT OCTalbHHIX MQIEKYJ cpeini. bosee obmuv u Gojee CI0XKHbIM
‘cayyaem AudbysHu siBasiercst AuddysHs PasjiHUHBIX MOJMEKyJ, Hanpumep anddysus
TeJIHEBBIX MOJEKYJ B aproHe.
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€JIHHHYHYIO nJ01alb MOBEPXHOCTH B HAIIPAaBJCHHH +2 pasen

J,= n (z—l)—«izm (z-++1)=

~%5 [nl (z~l)—rll(2+l)J 275‘5 [““Q%ﬂz_! } ’

1"
J,——D%m ‘ (44)

rie

(45)

M3 (44) caenyet, uTo NoTOK J, NMpONOPIHOHAIEH IPafueHTy KOHIIEHTpa-
{lHH, YTO corJacyercs ¢ oOwe#i dopmysoit (41). Belparkenue (45) naer
npubIKeHHoe 3HaueHHe Koa(ipuuneHTa camomudxby3u, BbIp2)KeHHOTO
Y4epe3 OCHOBHblE MOJEKyJspHble BeawunHol. Mcmoasdys (10) u (23):

l: =
V2ne V 20 p
4
P /357
vy, kL
"/ m "’

MBI TIOAYYHM 33BHCHMOCTL Kosdipuuuenta camonuddysuu D ot temme-
paTyphl H JaBJ/eHHs
I 1 i :
D~—sc-— y/ )" . (46)
V6 po ¥ m
Takum o6pasom, koahdUUHEHT caMOIH(PPY3HH OKa3bIBACTCH 3aBHCH-
M oT jasJenusi. [Ipu s3apanuofi Temnepatype T

Do tacl, (47)
n p R

Tlpu 3amaHnoM JaB/JeHHH
Do T2, (48)

€CAH MOJeKY/bl MOXHO CUHTaTb TBEPAbIMH IUapaMu, ceueHHe KOTOPBIX
HE 3aBHCHT OT TemIlepaTyphi.

M3 (45) sierko noay4HTb NOPSIIOK BeJHYHEL D IpH KOMHATHOI TeM-
pepatype u armochepHom AaBienun: D=t/ pi~1/,(5-10%) (3-107%) ~
~0,5 cm*-cex—1.

HaMepeHHoe Ha onbite 3uauenue D pas asora N, npu T=273" K
u atmocdepHoM naBieHHH paBHO 0,185 cu?-cex—t.

CpaBHuBas (45) ¢ BblpaxkeHHeM ANS KO3(DOHUHEHTa BI3KOCTH, MH
noJjlyyaem '
(49)



TAe p — MaccoBas MJAOTHOCTh raza. OnbIT Jaer A oTHolleHust (Dp/n)
3HaueHus, Jexaiiue B obaactd 1,3—1,5 Bmecto 1, caepyromeii n3 (49).
HMes B BHay npuOG/IH:KEHHBIH XapakTep HAWIHX BLIYHCJEHHH, TaKoe CO-
rJlacHe MEXy ONLITOM H TeopHell cyexyeT CUHTATh BIOJHE Y/IOBJIETBOPH-
TeJbLHBIM.

Hupysus kax sadaua o cayueinom 6ayxdanuu. Tlpeanosoxum, 4To
B HAyajbHLIH MOMEHT BpeMeHMH { BOAU3H "a0CKNCTH 2=:=0 HaXOAHTCA
N, MeueHBIX MOJIEKYJ. DTH MO- niz,d)
JIeKy/ 16 OyAyT C TeyeHHeM Bpe- !
MeHU JAH(PYHAUPOBATE H pac-
NPOCTPaHATLCS HAa BCe YBeJH-
YUBAIOLYIOCA YacTh NPOCTPaH-
CTBa, KakK 3TO [0Ka3aHO Ha
puc. 8.10. Yucno n, (2, ) Mo-
JieKyJs B eJiHHHIe o0beMa B JI0- A
6ol TOUKe z U B JIOGOH MOMEHT o
BpEMEHH ! MOXeT ObITb MOJYy-
YeHO B pe3yJbTaTe pelleHHs
YpaBHeHUd lIH(b(byBHH (43),U,py- Puc. 8.10. Yncao nyz §) Mevensix MOJIeKY/l B
TOif MOAXOA K 5Tofi dajave da-  CMIME oGnens wax dyinuws woepmunar’ 2 b
Kﬂ}oqaeTCﬂ B TOM’ yTO MK pac- J;_[e;;y.nbl pacrniosoxKeHhr BOIM3H  TJOCKOCTH 2=0.

€pXHOCTh MOJ BCeMM KDHUBHEIMH oOjlHA H Ta XXe

<MarpupaeM rnpotecc lIHCbprBI/IH H pPaBHA NOJHOMY YHCAYy Ny MedyeHbIX MOJEKYJ.
Kak cayuaiiHoe GJyxjaHde Me-
yeHpIX MosieRyJ1. [1pu atoM, npuneHuB paccyieHHusi, H3JIOXKEHHBbI® B 11a-
Be 2, MBI HeMEJJIEHHO II0JTydHM OCHOBHBIE CBOHCTBA mpoitecca H(GHy3uH.
Hpeanonoxmm, 4TO CMEUIeNHsT MeYEeHOH MOJEKYJIbl HOC/e KaX/0ro CTOJ -
KHOBEHHS CTATHCTHYECKH HE3aBHCUMEI, ¥ 0003HAUUM yepe3 s; Z-KOMIIO-
HEHTY {-TO cMelleHHs] MoJeKyJbl. Ecan mMojdekyna HauMHaeT ABHXeHHE
¢ z=0, TO Z-KOMIIOHEHTA ee MOJIOKEHHs Mocae [-T0 CMelleHHs paBHa

AY .
= S (50)

i=1

Tak kak cMeimenus MONEKyJIBl CYYaliHbl, TO CPefHee 3HAUEHHE CMELle-
HHs paBHO Hymo: z=0. Anajornydo (2.49), Mol nonyuaem u3 (50) se-

JIUYHHY AHCHEPCHH:
=35+ 225555 (51)
' i
CMeilieHHs] CTATHCTHYECKH HE3aBHCHMBI, IO3TOMY E,E/——*S:s_j:() u (51)

NpHHHUMAET BHA -
=Ns. (62)

Ec/in ¢KOpoCcTb MOJIEKYJIH V, TO Z-KOMIIOHEHTA ee CMEIlleHHs 32 BpeMst
" paBHa v,¢'. CpeHHil KBapaT CMeleHHUs 3a cpelHee BpeMsi CMellieHHs
1T paBen

_ = 1 —
2~ z}grzzg 2, (53)
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Mur cunranu, uro p?=0l+oi-+uvi= 3u}, Tak KaKk Vi=vUi=0! W3 CO-
obpaxenuit cumMerpuu. JlaJlee, MOJMHOE UYHCJIO CMeIlleHHH, cOBepHIae-
MBbIX MOJIEKYJIOH 3a Bpems ¢, NpuOJH3UTENLHO paBHO ?/t. Tenepb us
(53) Mbl mOTyyaeM NpuGAMKeHHOe 3HAUSHHE CPeJHero Kaipara chelie-
HHS| MEYEHOH MOJIEKYJIbl

z? z% I/‘i '_"r‘z\%——: (»l— Ut) t. (54)

Illupuna xpuesix Ha puc. 8.10 xapakTepuayercss KBanpaTHsIM KOpHeM
13 2%, T. e. CTAHJAPTHHLIM OTKJOHEeHHeM

Az = (22)"* cctvz,

STa BeJlYMHA JAeT NpeACTaBjeHHe O TOM, KAK JaneKo «Pacrno3aioTcay
MOJIEKYJIbI, B Ha4a/JbHbll MOMEHT BPeMeHH HAXOAUBILHECH Y IA0CKOCTI
2=0. Ona mnponopuuonaasna N': uan ¢/>. IlosyueHHRI pesyabrar
OTpazKaeT CTATHCTHUeCKU xapaxTep mporecca auddysHH. MoXxHO 116-
Ka3aTh, 410 opmyaa (54) HaXOAUTCS B COTVIACHH C BHIBOAAMH, CJAELVIO-
IIMMH U3 vpaBrenus aubdyauu (43), u ¢ BeauyuHOH Ko3hdHIHeHTa Alip-

dysun (45).

8.5. 3JeKTponpoBORHOCTh M NEPEHOC 3apsaia

PaccMoTpuM cHcTeMy (KHMIKOCTh, TBepJOe Telo HJH ras), cojpepika-
LLYI0 33aPSXKEHHbIE YACTHIbI, KOTOPHE MOTYT CBOGOAHO TEPeMeINaTsCs .
Ecau npu/iokuth B HanpaBAeHHH 2 ¢1aG0e OLHOPOAHOE 3JIEKTPHUECKOe
nose &, TO BOSHHKHET HEpABHOBECHAS CHTYauus W B pe3yJabraTte B Ha-
npaBjeHuH z OyleT Teub TOK. PaccMOTPHM HEKOTOPYIO IJIOCKOCTH
z=const ¥ onpenesuM HJOTHOCTb TOKA f,:

j,==CpEeAHsA BeJHUYUHA 3/EKTPHUYECKOro 3apsia,

[lepeceKaroero eIMHHIlY NOBEPXHOCTH 3TOH (55)
IIJIOCKOCTH 3a €IMHHIY BPEMEHH B HAIpaB-
JeHnu -+ z.

T120THOCTS TOKA B COCTOSIHUH PABHOBECHH , Koria &=0, paBHa HVJI0,
TAK KAK Ha 3apspKeHHble YacTHILI He JefiCTBYIOT BHelUHHe cHJbl. [Ipi
JOCTATOUHO MaJOM 3JEKTPUYECKOM [0JIe MOMHO OXHAATh Chelyioled
CBSI3H MeX1y IJIOTHOCTBIO TOKA W BEJIHYHHOH 3/eKTPHYECKOro HO.Is:

iz :Oeé (56)

KoapHlIHenT nponopuUHOHANBEHOCTH O, HA3bIBACTCS JACKIMPUHECKOL 1LpO~
godumocmoio cucrembl, a gopmyna (56) Belpaxkaer coOoi saxon Oma*).

Paccmorpum Tenephb pa3pexeHHbIH ra3, COCTOAIMI U3 YaCTHIL ¢ Mac-
COil m W 3apsoM ¢, KOTOpble B3auUMOJeHCTBYIOT C HEKOTOpO# ApYroh

") He cumewnBafiTe oGo3Hauexne 3MeKTPHYECKOH MPOBOAHMOCTH € OGO3HAuEHAEM
fIONepeyHOr0 CeueHHsi pacCesHHs O.
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cHcreMoft wacTHi. Pe3ysbratoM Takoro B3aMMOfeHcTBHA MOXeT OLITh
paccesuHe 3ap sKeHHbIX yacTHil. [IpocTbiM npuMepoM ABYX TAKHX CHCTEM
SBAAETCA OTHOCUTENBLHO HeBOJLUIOE YHCJIO HOHOB (MAH JIEKTPOHOB),
HAXOASIUXCST B rase, rje TH HOHBI DAcceHBaloTCst TJaBHBIM 06PasoM
B CTOJIKHOBEHHSIX C HeATpaJbHBIMH MOJIeKyJaMu rasza. B kauectse ipy-
roro npHMepa MOXKHO paccMOTpeTh 3JeKTPOHLI B MeTaJjie, Te OHH pac-
CEUBAIOTCS KOJEOAIOIHUMUCS aTOMaMH peIleTKH Merassia HJH aToMaMHu
‘npHMeceil *). DueKTpuueckoe noJse &, NPHIOKEHHOE B HalpaB/eHHH
-z, BBI3BIBAET MOSIB/IEHHE Z-COCTABJISIONEH Y CpejHel CKOPOCTH 3apsi-
JKeHHbIX yacTHil. CpejHee YHC/I0 TAKMX YaCTHIl, NepeceKaloliix eIHHULY
MOBEPXHOCTH (B HAIPABJEHHH, MEPUEHAUKYJSIPHOM K OCH 2) 3a elM-
HHILY BpEeMeHH, PaBHO nvu,, [Je 1 — CPe/iHee YUC/I0 3aPSKEeHHBIX YaCTHIL
B eaunuile o0bema, Tak Kak KaXkjasi 4acTHla [1epeHOCHT 3apsid ¢, Mbi
noJsiyuyaem

jz=nqu,. (67)

OcTaercst TONBKO BHIUUCJANTE U,. HauHeM H3MepeHHe BPeMeHH ¢ MOMEHTA
HOCJIENHEro CTOJIKHOBEHHsI, A1 Kotoporo f=0. YpaBuenHe ABHXKeHHs
YACTHIL! MEXKIY 3THM H CJELYIOUIHM CTOJIKHOBEHHEM HMeeT BHJ, :

dv,
m—r= qé&,
'OTKleH cjaenyer, 4yTO )
0, =% ¢ 10, (0). (58)

Uro6bl BLIMHCIHTL CpelHee 3HadeHHe vU,, cHayana ycpeanum (b8) mno
BCEM BO3MOXKHBIM CKOPOCTSIM v, (0) yacTHULI HeMeaJ IeHHO Ioc/e CTOJIKHO-
BEHH{, 2 3aTeM IPOM3BeJleM yCpeqHeHHe II0 BCeM BpeMeHaM f mpoJera
YACTHIIBL IO CACAYIOLIEro CTOJKHOBeHUs. MBI JoirycKaeM, 4TO pe3yJbTa-
TOM KakKJAOTO CTOMKHOBEHHS sIBJASIETCS! BO3BpAIUgHUe 4YacTHILI B paBHO-
BECHOE COCTOSIHHEe; TaKuM 006pasoM, 1ocje CTOJKHOBEHHS BCE Hanpasse-
HHS CKODOCTH U PaBHOBepOATHHL U v, {0)==0, He3aBHUCHUMO OT HCTOPHH IO~
BeJleHHs YacTHLbL A0 STOTO CTOJKHOBeHHA**). CpesiHee 3HAUECHME BPeMeHH
MeXNY ABYMS NOC/IELOBATe/NbHBIMH CTOJKHOBEHHSAMH PaBHO, 11O Ofpeje-
JIEHHIO, CpeJIHEMY BpeMeHH CBOOOJHOro mpobera T, U YCpPeLHEHHOe 3HA-
yenue (58) pasHO

v, =96, 59)

*) Cayuail 3/71eKTPOHOB B MeTa/jie XAapaKTepeH HEKOTOPHIMH OCOGEHHOCTSIMH, Tak
K4K 3JIeKTPOHE! He 06JaJ3l0T MAaKCReJJIOBCKHM pacipelleneHieM CKOpocTell (310 GHLIO
oKasano B Koslle n. 6.3). Onu NOIUHHSIOTCS TaK HasbiBaeMoOMY pacnpedeseruto Pep-
s — Jupaka, KoTopoe CJaelyeT U3 CTPOroro KBaHTOBOMEXAHHYECKOrO pacCMOTPeHUS
3/IeKTPOHHOTO rasa,

**) MOXHO OXHJATh, YTO 3TO NPHONHIKEHHE OKAXKETCH OueHb XOPOLIHM, €CJH 3a-
Ps’KeHHasl yacTHIA HCIBITHIBAeT CTOJKHOBeHHe C YACTHNAMH, 3HauuTefbHO OOMbled
Maccel. B mpoTHBHOM CaAYydae Moc/ie KaXIOTO CTOJKHOBEHHS Y 3apsiKeHHOH YacTHIUBL
- OCTaeTcs HEKOTOPAs «aMATL» O KOMIIOHEHTe CKOPOCTH, KOTOpOI OHa ofnajalna A0 sTOro
CTOJIKHOBeHHs. MBl nmpeHeGperaeM BCeMH IIONPAaBKaMH, CBA3AaHHBIME C TAaKEMH 3ddex-
“TaMH  <TAMSATHY.
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Bripaxenne (57) Aasl NJIOTHOCTH TOKA MpHHIMAET BIA

j;=0,8, (60)
rjne
o =" ] 61)

e m f

Mpu nosyunan, 9To j, AefiCTBUTENBHO NPONOPHHOHAIBHO &, KaK C/leiyeT
u3 (56). Popmyna (61) naer 3HaweHue 3;1eKTpIUecKOll NPOBOAMMOCTH,
BbIpaXKeHHOe 4epe3 MOJIeKy. spHble MapaMeTphl, XapakTepU3YIoulle ra3s.
dopmyna (61) umeet obiee 3HaueHye, coxpaHsioleecs Jaxe AJAs JeKT-
POHOB B MeTanJje.

Ecan npoBonHMOCTh co3flaeTcsl HeGOJBIIHM YHCAOM HaXOASIHXCH
B rase HOHOB, TO CTOJIKHOBEHHsI, OTpaHHUYHBAIOLIHE CBOOOAHOE JIBHIKEeHHe
HOHOB, NMPOUCXOIAT IJaBHbIM 00pazoM C HeATpaibHbIMH MOJIEKYJI2Mi
rasa *), O6o3HauHM 4epe3 0 HOJIHOE NONepeyHoe Ceder e paccesHust HoHa
MOJIKYJION H IIPEATIONOXKHM, YTO B eIuHHIE ofbeMa HaXOJHTCH Ay MO-
JeKya ¢ mMaccofl m3>m. B stom cayuae TensioBasi cKOPOCTb HOHOB Oy-
JieT HaMHOro oJibllle TemJIOBOH CKOPOCTH MOJIEKYJ H CpejHee 3HauyeHue
OTHOCHTEJLHOH CKOpPOCTH HOHa — MOJeKyJAbl OyneT IpUOJIHSHTEALHO
paBHa cpenHeli ckopocTH wosa v. [ostoMmy cpemuee BpeMa CBOGOIHOTO
npofera HoHa corsaacHo (4) 6yaer paBHO

1

T=—,
n,0u

Ecim BocnenbsoBatbes BhlpamenneM (23) ana o, to u3 (61) cienyer:

2 2
6. nq ! ng ©2)

*mymos  V 3n6 ¥V mhT

Cpoaxa onpeaeneHuit

Cpedree spess c60600H020 npobeea. CpellHee BpeMsi. ABHMKeHHS MOJeKYJbl MeXITy
ABYMSI CTOJIKHOBEHHSIMH.

Cpeonan Oauna c60600H020 npobeea. CpelHee paccTOSIHHE MEKIY ABYMS CTOJKHO-
BEHHSIMH MOJICKYJIb.

IToaroe nonepeunoe cedenue paccearnus. DPdeKTHBHASI BeJHYHHA TLIOIAJH, Ollpe-
JeJISIONIAsl BEPOSITHOCTL TOTO, UTO MOJEKY./a, CTAJIKHBAalowasicst ¢ Apyroii MoseKy.1oi,
OyJeT paccesHa.

Hanpsocenue. Cuna, npuxofsumasics Ha eIHHHNY [VIOULAAH.

Basxocmp. KosHieHT BS3KOCTH Onpefelsiercsl paBeHCTBOM

ou
Pox=—m T;»

*) Jlaxe ec/H CTOMKHOBEHHS MEXKAY ABYMS OJWHAKOBHIMH HOHAMH TMPOHCXOMTH
6bl 4acTO, OHHM He NOBAMAMHM Obl Ha 3/eKTPHYECKYH0 [poBoAMMOCTb. [IpuunHa 3akaio-
YaeTCsl B TOM, YTO B Kaxk/JOM TAaKOM CTOJIKHOBEHHH COXpaHsIeTCs TOMHBIH HMITY/hC
CTaJKHBAOWHAXCA HOHOB. Ec/m MOHBI HWIGHTHYHBEL, TO MX Macchl PaBHbl H BeKTOpHas
CyMMa CKOpOCTell OGOHX HOHOB He M3MeHsieTCsi oT cToaKHoBeHHS. Tak kax ofa noua
HECYT O[MHAKOBHE 3apAipl, CTOJKHOBEHHe He MeHsieT OOlero TOKa, MePeHOCHMOro
O0ONMH HOHAMH.
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KOTOpOe CBsI3biBaeT HampsiKeHHe P,, B JBHXYIMeHCS cpeie ¢ TPaLHEHTOM CKOpPO-
CTH TIOTOKA Uy,
Tenaonpogodroctis, KosphuuHeHT Tel1IONPOBOIHOCTH X ONpeReJlsieTcsl PABEHCTBOM.
aT

Qz:_%a?7

KOTOpOe CBfI3bIBAET MJOTHOCTh MOTOKA Temsia Q, ¢ TPajueHTOM TemmepaTypnt 7.
Canodupgysus. KosdduuncHr camoznpdysnn D onpencisercss  paBeHCTBOM:
J ony
z OZ ’
KOTOpOe CBH3bIBAET ILIOTHOCTh MOTOKA J, MEeYeHHX HacTHL € TPaAINCHTOM HX KOH-
HeHTPALHH 1.
Iaekmponposodrocnts.  KoauiHeHT 3JCKTPONPOBOIHOCTH O, ONpeleiseTC
PaBEHCTBOM
jz=0.&"

KOTOpPOe CBSI3bIBACT IJIOTHOCTh TOKA j, € BCAHUMHON 3JcKTphucckoro nods & (T. e.
C IPajHeHTON 3JICKTPHUYCCKOrO NOTCHIaAa).

OcHoBuple dopmyasl
Cpeansst mauna npoGera

I~y —1—— .
V 2no
3anaun

8.1. Bpocanue sonemot. Paccmorpunt 6pocanue MoHeTh, 118 KOTOPOH Bepoart-
HOCTL BBINACTL JI000H M3 CTOpoH pasta - .

a) Yemy paBHO cpeauee uuci1o OpocaHuii MOueTH A0 Oamxalilicro BhHNAIEHHS
«peLIKH»?

6) Uemy paBio 3TO cpejnce uuicao 6pocanuil nocie nocaciero MOSBIeHHST
«peLKH»?

B) [lpeanosioxuy, 4uTo B npelbliviieM GpocaHHH BhINana «peiikay. Kak sta HH-
dopranuss u3MeHseT OTBeT Ha Bonpoc a)?

8.2. Ananoceus mexncdy paccyscdenusmu o spesicHit npoteea u npedotdyueti 3adaqetl.
PaccMoTpumM ras, 4js KOTOporo cpefiiee BpeMsi cBOGOAHOTro npobera MoJICKVJIBL PAaBHO T.
Dynem paccMaTpHBaTL ONpefeNeHHYI0 MO- u
JIeKYJy B HEKOTOpHIT MOMEHT BpeMeHH. :

a) Uemy paBHO cpeaHee BpeMsd JBH-
KeHus 3TOH MOJeKyJnl A0 Oimrkaiillero
CTOJKHOBCHHS?

6) esy paBHO cpeiHee Bpems JBH-
JKEelHsT 3TOH MOJeKy.Ibl NOCJAe NOC/eHEro

“"tc"i

3

CTOJTKHOBEHH?

B) [lomycTuM, 4TO MOJEKY/a TOILKO .
4TO KCIBITAJA [oC/AefHee CTOJAKHOBEHHE. Puc 8.11. Tpadux 34KHCHMOCTH CKOPOCTH OT"
Kak 3Ta uHQOPMAIHA H3MEHHT OTEET na Do iond A1 NPOCTON MOe Aniaenun nowa
sonpoc a)?

8.3. Cpelriee 6pens npobeea u spems mexncdy cmoakwnoserussy. Von ¢ sapsgom q
¥ Maccofl m HaXOJMTCs B T'a3e M HCIBITLBAET JeHCTBHE SMeKTPHHECKOrO NoJsi, Hanpas-
JIEHHOro 10 OcH 2. PaccMOTDHM IJisi ynpoOIIeHHS CIeLYIOUIYIO MOJe/b; Mocjge CTOIK-
HOBEHHs] HOH HAuHHaeT ABHXKEHHME BJOAb OCH 2 € HaAuaJbHOH HYJeBOii CKOPOCTBHIO
H JABHIKETCA C YCKODEHHEM @==g¢§/m B Teuenne onpejeieHtoro spemenn £,. Cieaviomee:
CTOJIKHOBEHHE IIPHBOJHT K OCTAHOBKE HOHA H IIPOLECC YCKOpEHHA HauHHaeTCs cHauaia.
Ha pue. 8.11 mokasana 3aBHCHMOCTH CKOpPOCTH HOHA OT BPeMeHM Ajd Haiell Monenu.
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a) Paccyorpim aHCcaMG/Ib TaKHX HOHOB B NPOM3BOJILHBIH MOMeHT Bpemenu. Uemy
paBHO cpedHee BpeMs T 0 C/IEAYIOUEro CTOJNKHOBeHHS MOHA? BhIpasuTe oTBeT uepes
BpeMst . MexkAY [10C]eA0BATEAbHBIMA CTOJKHOBEHH M.

6) Uemy paBHO cpeiHee BpeMs, HpOTeKLIee OT HpPeAbLlylero CTOJKHOBeHHH?
Bripasute oteer uepes f,. ‘

B) Ueny paBHa MaKCHMAIbLHAS CKOPOCTh, MpHOOpeTaeMas HoHoM? Hemy pasHa ero
CpefHsIsl CKOPOCTh U BLIpasuTe OTBET Uepes £, M yepe3 cpelHee Bpeysi T [sompoc a)].
Cpasuure Bawr orser ¢ (59).

r) Uemy pasHO paccTosiHHe S, KOTOpOe HOH NPOXOIHT 3a Bpevs 2 Onpeneante
CPeIHIo CKOPOCTh HOHA U KaK S/t,. Hemy paBHa B 3TOM cayyae BeJHunHa v? Boipa-
3uTe OTBET uepe3d f, M uepe3 T. CpaBuHTe pe3y.Jbrar C
OTBETOM B).

8.4. [adenue xaneas, onsim Musaukena. Qubit Mua-
JHUKeHa, B KOTOPOM Brepsble GBI H3MepeH 3apsifi 3JeKT-
pOHA, 3aKJlouaercss B CpPaBHEHHH SJIEKTPUUeCKOH CHJIb,
neficTBylowell Ha Malyi0 3apsKeHHYIO Kalune Macnaa, ¢
CHJIOH TSKeCTH. DTOT ONBIT TpeGyeT ompejesedusl MAacchl
Kamjid, 4TO MOXHO cleJartb, HabJiofas napeHue Kamuid
(c MOCTOSIHHOH CKOPOCTBIO) B YCJOBHSIX, KOTZA CHJIA TsKe-
CTH CKOMMEHCHPOBaHA CHJION TpeHHsl, AeHCTByIOHMleH Ha
Kamo 6arofapsi BS3KOCTH OKpyxalomlero Bosnyxa. (Bos-
AVX HaXOgUTCs MNpH atMocthepHOM NaBJEHHH, TaK 4TO
CpeAHHH mpoGer MoJeKys BO3AYXa BO MHOIO pa3 MeHbiue
nunamerpa Kanau.) KoHeusas (1mocTosiHHas) CKOPOCTb Na-
JIeHHA MacJsfHOH Kamiu o6paTHO NpONopLMOHA/IbHA BSI3~
KOCTH Bozxyxa. [1yeTe Temneparypa BO3LYXa BO3pACTaer.
BypeT Ju HpH 3TOM KOHeuHast CKOpOCTb KaIlIH BO3pa-
CTaTh, YMeHbIIAThCHl MJHM OCTaBaThCsl  nocTostHHO? Uto
iIpOM30HAeT NpPH BO3paCTaHHH aTMOC(EPHOro JAaBJjleHHs?

8.5. Buckoaumemp (usmepumend 8A3KOCMU) ¢ 6paia-
owumncs yuiundpor. Heo6xoxumo u3Meputh KoadduuueHt
BA3KOCTH 1] BO3AyXa NPH KOMHaTHOH rtemmeparype. Jas
5TOr0 NMpeAosaraloT HCHo/Jb30BaTh BUCKO3UMETp, COCTOsi-
mHid U3 HeNOJBMXKHOIO BHYTpPeHHEro UMJIHHIpa (pajuyc
R, pnuna L), mojaep:xuBaeMoro 3akpyuyHBamiieicss HUTBIO,
W BHEIHero uuauHapa (ero paguyc R--0), menseuto Bpa-
LAIOMIEroCd ¢ YIJIOBOH CKOPOCTbIO W. ¥Y3Kasi 06/acTh Mex-
2y uuauuapamu tomwuuod O(8<€R) sanosHena Bo3gy-
\ i XOM, H Mbl H3MepsieM MOMEHT KpyueHHs: G, NeHCTBYIOmHH
l‘_ﬁ_)}al(“ Ha BHYTpeHHHMH uuIHHAp (pHc. 8.12).

' . a) Boipasure MomeHT KpyuenHs, OeHCTBymHMH Ha
Puc. 8.12. Bucxosuserp ¢ BHYTPCIIHHI LMJHHAP, yepe3 1] H MapaMeTpbl YCTAHOBKH.
BPANLAOLIKMCR HUHEADOM. 6) llycTh Anst CO3JaHns NPOTHBOAGHCTBYIOMIETO MO-

Bun csepxy u cGoxy. MeHTA WCIOJMb3YeTCsl KBapuesas HHTb. UTol

pueBas HuTb. UTOGH OnpeleluTh

JHaMeTp mopxoisamel HHTH, BOCIOIb3YeMCS H3BeCTHbIM

sHAuYeHHeM KO3(ipHIMeHTa BS3KOCTY H BBIYMC/IHM MOMEHT KpyUeHUs!, BOIHMKAWOMUHK

B npubope. 3anasumcs ClenywowumMi napaverpamu npuCopa: R=2 cx, 6=0,1 cm,
L=15 ca U 0=27n pad/cex. '

8.6. Ouenxa rospguyuenma easxkocmu 2azo00pasnoeo apeoxa. OUeHHTE BeJHUHHY
ko3(pulienTa BsIskocTH 1) aproua (Ar) npu 25°C u atmocdeprom RasaeHun. I[pumure
1151 OTIpeleJieHHst Pa3MepoB aToMa aproHa, 4To HpH HH3KOH TeMneparype OHH SIBJISIOTCS
TuEepABIMH LIaDaMH, KacaloWMMUCS APYT Apyra B TBepioM asoTte. Mayuyenue audpakiun
PEeHTIeHOBCKHX JyueH MoKasaJso, 4To TBepPAbH a30T ofnajaer TPaHeueHTPHPOBAHHOH
KPHCTA/NIHYeCKOl pellleTkol. 310 3HAUUT, 9TO aToMbl Ar 3auuMalOT BepIIHHBl H LEHTp
NpPHCTABJEHHBIX BIVIOTHYIO ApYyr K Apyry KyGoB. [l1or#ocTs TBepjoro aprosa pabHa
1,65 2/cm3, ero atomupil eec 39,9. CpaBuHTE Balwly OUEHKY C 3KCHEPHMEHTANLHBIM
3HageHHeM 1=2,27-10-% z.cm—lecex—L.

8.7. Bauanue paccearnus, spgexmusroe ceqenle KOMOPO2O 3A8UCUM O CKOPOCHIU.
[TpeanosoxkuM, ¥TO MOJEKYJBI rasa B3aWMOAeHCTBYIOT ¢ pajHaibHo# cuioit F, xo-

Hume podbece
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TOpast cAelylomwHuM 06pasoM 3aBHCHT OT PACCTOSIHHS MeXAY MojeKyjamu: F=CR-S,
rie s — iejoe [OJIOKHTeAbHOe 4HCa0, a C — MOCTOSIHHASA.

a) Hailiaute, BOCHONB30BABIUHCh COOGPaKEHUSIMH DPasMEPHOCTH, 3aBHCHMOCTb.
HONHOTO 3(p(eKTHBHOrO CeyeHHst O PacCesiHHS MOJIEKY.1 OT MX OTHOCHTeJNbHOH CKo-
poctu V. BesiinuHHa O MOXKeT 33aBHCeTb OT V, Macchl MOJEKYJH f1 ¥ KOHCTaHTH C (B.
KJaCCHYeCKOM HPUG/HKEHHH). :

6) Kak Gyner saBuceTh OT TeMmnepaTypbl T Ko3hdHULHEHT BA3KOCTH 1)?

8.8. Beausuna saxyyma, Heobxodumoeo 0as OOCMUNCEHUS MEPMULECKOLL U30AALLUL.
Paccmorpunm cocyx bioapa UMIHHAPHYECKOH (OpAIbI, HMeIOW T 06LIYHOe YCTPOIiCTHO,
nokasaHuoe Ha puc. 5.3. HapyxHolil AxameTp BHYTDeHHero UHJAWHIpa paseH 10 cu,
BHYTpeHHHH juaMerp BHewHero uusuugpa 10,6 cu. Cocyld HanojueH cMechbio Jbla
U BOAbL, TeMIepaTypa OKpyxammwell cpeibl pasBHa KOMHATHOI, T.e. okoio 25°C.

a) [lpennonoxKuy, yTo B NPOCTPAHCTBE MEXKAY HHJIHHIPAMH HAXOIHTCH resluil
(He) npu atmocdepuom mastenun. OueHHTe HOTOK Tenqia (B 6/ HA CAt BHICOTHI COCYHA),
BLI3BAHHBIN TelJIONPOBOJHOCTBIO Ta3a (paamyc atomMa He MOXKHO cuirath GIH3KHM K
10—-8 cm).

6) OueHuTe, 10 KaKOro 3HayeHHsi (B MM PT. CT.) HYKHO YMEHbILIUTb JaBjieHHe
rasa Mexly CTeHKaMH COCY/a, yToObl MOTOK Telia, BbI3BaHHLIN TenJONpPOBOLHOCTHIO,
ynasa B 10 pas mo cpaBHeHHIO C &)?

8.9. CpasHenue rosgppuyuenmoe neperoca. O603HauuM KOQHUUIIEHTH BI3KOCTH
renust (He) 1 aproua (Ar) npu 7=273° K u oxsoft arsocdepe gepes 1), i 1},, @ aToMHble
BeCa 3TUX OJHOATOMHEIX ra3oB — 4epes Wy H Wy COOTBETCTBEHHO.

a) Uemy pABHO OTHOLIEHHE O,/G; HOJHBIX 3(QPeKTHBHEIX CeueHHil paccesHus
aToMOB aproHa Ha aprode (Ar — Ar) u renus Ha reaun (He — He)?

6) Uemy pasHO OTHOIIEHHE %o/, TeryonposoiHocTeli aproHa (Ar) # requs (He)
npu T=273° K?

B) Uemy pasuo oTHoulenue Do/D; xosdduunentos 1uddysHs 5THX rasos npu
=273 K?

r) AToMHble Beca rejust H aproHa paBHBI COOTBETCTBEHHO Wy==4 u u,=~40, HManc-
penHbie 3HaueHHst KO3PPHUHeHTOB BASKOocTH npu T=275° K pasusl cooTBeTcTBeHHO
N, =1,87-10~4 u 1,=2,105-10-4 2.ca—1-cexs ~*. Bocnoas3yiitecs 310l Hugopmauueli
Jst npubHxKeHHO! oneHKH 30(eKTHBHBIX CedyeHHl O H Og.

1) [TpennonoxuM, YTo aTOMbI PacCeMBaloTCH, Kak TBepiple mapsl. OleHHTE B 3TOM
OPeRIOJIOKEeHHH THaMeTphl dy ¥ d, aTOMOB TeJIHSl M aproHa.

8.10. Cuewsanue uzomonos npu Oughdysuw. JINs ONBITOB CO CMECHIO H30TOMOR
azéta N, unMeercs cepryeckuis cocyx AuameTponM 1 u, B KOTOpOM Haxomutcs raz Ni*
HpM KOMHATHOH TemmepaType H atvocdepHoMm aaBjiennn. C FMOMOINBIO KpaHa, paclio-
JI0ZKEHHOTO Y CTEHKH, B COCY] BBOHMTCS Hefonblioe KoauuecTBo rasa Na°. Ouenure,
B OTCYTCTBHE KOHBEKIHH, CKOJIbKO BPeMeHH 1POALET 10 PABHOMEPHOTO IePeMelllBaHH T
oboux rasos?

8.11. Bausnue mescnianemnozo 2asa Ha Kocmuueckud xopabas. Kocmuyeckuii
Kopabib B dopme Ky6a ¢ aauHOf peGpa L nBukeTcs B NPOCTPAHCTBE CO CKOPOCTHIO U,
napaJutesbHOil OfHOMY M3 pebep. OKpyXKawouuil ra3 cOCTOMT H3 MOJIEKYJ C Maccoli m,
TeMnepatypa raza 7T, a UHCJIO f MOJEKYJ B eIHHHIY ofbeMa HacTOJbKO Mald, uro
CpelHsisi JJIHHA TMpo6era MOJeKyJ B0 MHoro pas Gosbite L. Ouenute, npeanosaras,
YTO CTOJIKHOBEHHSI MOJeKY] ¢ KopaGiem SIBASIOTCS YNPYTHMH, CPelHIOK CHIY TOp-
MOXKEHHSI, HCIBITBIBAEMYI0 KOCMHUECKHM KOpabieM H3-332 CTOJIKHOBEHUH € MeiKIia-
HeTHbIM razom. Cumraiite, UTO ¥ Majl6 MO CPABHEHHIO CO CPefHed CKOPOCTHIO Fa30BLiX
MOJIEKYJ1 W HTHOPUpPYWTe pacnpefiefieHHe MOJeKyJa mo ckopoctsm. [Iyers M — macca
KOpaG/Ist M BHEUIHHE CHJIbI OTCYTCTBYIOT. OlieHHTe BpeMs, B Te4eHHe KOTOPOro CKOPOCTh
K0pab/ist . yMEHLIIHTCH HANOJOBHHY.

8.12. Beposmrocne mo20, 4mo MOAeKYAQ npocyujecmsyem epems [ 6e3 CMOAKHO-
6eHusn. PacCMOTPHM CNpeleIeHHYI0 MOJIeKYJy rasa B HeKOTOPHIH MOMEHT BpeMeHH.
ITycre

w df — BEPOATHOCTb TOIO, UTO MOJIEKYJIA HCHLITHIBAET
CTOJNKHOBEHHE B TeUeHHe HHTEDBAJA BPeMeHH df.
Paccmorpum Temeps BepoSTHOCTH CYWECTBOBAHHS §e3 CTOJKHOBEHiIf:
P ({) = BeposATHOCTL TOTO,, UTO MOJIEKYJN8 NPOCYIIECTBYET
Bpems { 0e3 CTOJIKHOBEHHS.
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Ouesuauo, uto P(0)==1 (B TeueHue HCUE3alOWEe MAJIOr0 HHTEPBATa BPEMEHH MOJEKYJia
He HCMBITRIBAeT cTOAKHOBeHHH), P(f)—0 npu oo (paHo HJIM NO3AHO MoJeKyJaa Bce
JKe HCObIThIBaeT CTONKHOBeHHe). BepositHocrs P(f) RomkHa OuiTe Kak-To CBs3aHa ¢
BePOATHOCTBIO CTOJKHOBehus w df. [eficTBuTenbHo, BeposTHocTh P({--df) cymect-
‘BOBaHUs Ge3 CTONKHOBEHHS B TeueHHe BpeMeHH ({--df) momkHa OwiTb paBHa BEPOST-
Hocti P(f), MOMHOXKEHHO! Ha BepOSITHOCTH TOrO, UTO 33 BpeMsi o £ Jo {--df He npo-
u30filier CroMKHOBeHus. TakuMm obpasom,

P (t+df)y="P (1) (1 —wdt).

TTonyuure orciona AuddepeHuHantHoe ypaBHeHue niast P(f). Pewmure ero H, Bocnoin-
30BaBILACL TeM, uTo P(0)=1, noxamure, uTo P(t):e—'w’.

8.13. Bowucnenue cpeduezo spemenu npobeea. Bepostrocts % (#) Toro, uTO Mo-
JleKyJa, He HCHbITAaBLUAs CTOJKHOBEHHS 3a BpeMsl f, HCNBITAeT e€re B HHTepsade OT f
Jo {dt, pasna P(Hwdt.

a) TlokaxuTe, YTO 3Ta BEPOSITHOCTb YIOBJETBOPSET YCJIOBHK) HOPMHPOBKH

SymmzL
0

‘210 yCIoBHe 03HAYaeT, YTO BEPOSITHOCTL TOTO, YTO MOJEKY/a, He HCIIBITABLIAs CTOMR-
HOBeHHsI, B OGyayleM ero HCIBITaeT, pasHa 1.

6) Bocnonb3oBaBUINCE BEpPOSITHOCTBIO 92 (£) df, HOKaXKHTe, YTO CpegHee Bpewms
{==T, B TeYeHHe KOTODOI'O MOJIEKYJa CYyMecTByeT He HCHLITHIBAS CTOJKHOBEHHSs
pasro T=l/w.

B) Boipasure cpeaunii KBajpaT BpeMeHH {2 uepe3 T.

8.14. Juipdepenyuaroroe ypasrenue menaonposodrocmu. PaccMoTpUM HEKOTOPYIO
cpeny, Temmepatypa T KOTOPOH 3aBHCHT OT BPeMEHH ¢ H OT NPOCTPAHCTBEHHOH KOOP-
auHatel 2. IloTHOCTL cpefibt P, YAedbHAs TEMJOEMKOCTb € M TENJIONPOBOZHOCTH X.
C nomombl0 MakpPOCKONMHYECKOr0 pacCMOTpeHHS, HCIOAb30BAHHOTO IIPH  BbLIBOLE
ypasHenust guddysud (43), momyunte obiiee ypaBHeHHe TENIONPOBOAHOCTH B YaCTHBIX
NPOH3BOJIHBIX, KOTOPOMY IOJ/DKHA YJROBJETBOPSTe TeMnepartypa T.

8.15. [IpuGop 0an usmepenus menaonpogoOHocmu 2a3d. Broaes ocuw IMHHOro
HUJHHAPHYECKOrO COCYAa paaMyca b HaTsaHyTa HUTb, pPajgHyC KOTODOH 4 H 3JeKTpH-
qeckOe CONPOTHBjIeHHe Ha eldHHuy AA#Hbl R. CoCyj HaXOAMTCSL NPH MHOCTOSIHHOH
temneparype T, H HamoJHeH rasoM, TeIIONPOBOAHOCTb KOTOporo . Brmucaurte
PA3HOCTH TEMIEPATYDP HPOBOJOKH H CTEHKH COCY/a, eC/¥ IO MPOBOJOKE TedeT HeGoMb-
woit tox /. [TokaxuTe, 4To U3MepeHue BeHUHHB AT gBJISIETCS METOLOM OnpefeeHH s
TenJIonpoBOAHOCTH % rasa. IIpu pemennu 3agaud clejpyeT CUMTAaTh, UTO COCTOSIHHE
pPaBHOBeCHSI BOCTHTHYTO, TaK uTO TemmepaTypa 7 B MoGo# Touke He 3aBHCHT OT Bpe-
mMeHdH. (Y K a3 aHHe PaccMOTpHTe YC/I0BHe, KOTOpOE AOMKHO OBITE BHITOJHEHO
st moBOro UANHAPHYECKOTO CJIOST rasa, 3aK/AI0UeHHOro MeXXAy pajuycamu 7 u r--dr.)

*8,16. Teuenue 6asroil anculxocmu 6 mpybe. JKUIKOCTb, KO3(OHLHEHT BA3KOCTH
KOTOpOU 1], TedeT B Tpybe AjuHOH L # paguycoM a. TeueHHe >KHAKOCTH NMPOHCXOZHT
NOA J1efCTBHEM pa3HOCTH JaBJeHHI; HA OXHOM KOHUe TpYGbl JaBJeHHe p;, Ha APYrom
2. 3anuuiuTe YCHOBHS, KOTOPHlE NOMKHE OHITh BHLINONHEHH Jiisl TOTO, YTOGH TPy6Ka
JKHIKOCTH PajiiycoM 7 JBHrajJach 6e3 YCKOpeHMsl MOJ JeficTBHeM pasHOCTH AaBJeHHH
M TOpMO3SIel CuJjibl, BLI3BAHHOM BA3KOCTBIO cpepbl. [lomyunTte BhIpaxkeHHe Jyis Maccl,
npotekawomedl 3a CeKYHLY uepe3 TPyGy B ClefyIOmMX ABYX Cayuasix:

a) JKMAKOCTb HecKHMaeMa H ee HJIOTHOCTH Q.

6) B TpyGe Teuer mpeaibHBIH ras, Temmeparypa Koroporo T M MoJeKyJSIpHELR
Bec p. (PopMyna, KOTOpYIO BbI TOJyuHTe, HasbiBaercss dopmy/oft ITyasefinsn.) Cuu-
‘TaliTe, 4TO CONPHKACAIOMASACH CO CTeHKOW TpyObl cpesa HaxomuTcst B Nokoe. O6GpaTure
BHHMaHde Ha TO, UTO Uepesd Jiofoe ceueHHe TPYOHl 3a eAMHHUY BpeMEHH NPOXOIUT
OIHH K TOT Xe IOTOK KHUJKOCTH HJIH Tasa. .
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NPHJAOKEHUSA

I.1. Pacnpeaenenne Faycca

PHCCMOTPMM buHoMHaNbHOe pacopefejiedne, Bbipaxkaemoe Q)OpMyJIOﬁ
(2.14):

P (f’l) — ____L naN —n 1

—ni(N—n)lpq ] ()

rie g=1—p. Ecau N BejHko, To onpefeneHie BepositHoctd P(n) oka--
3BLIBEETCH 3aTPYAHHUTENbHBIM, TAK KaK HeOOXOAHUMO BbIUHC/SITH (HAKTO-
puasbl Goaplux yncea. [Ipu 10M, 0AHAKO, OKasbIBAETC BO3MOMHbBIM
UCNOAb30BaTh NPUGAHKEHHS, KATOpble NpuBoasT gopmyay (1) Kk eecbMa
[poCTOMY BHULY.

Mpb! oTMeuasin elme B 1.2.3, 4TO BEPOSATHOCTL P(n) HMeeT MakCHMYyM,
OCTpPOTa KOTOPOTO GBHICTPO pacteT ¢ yBejuueHuem N. DTo O3HAYaeT, 4To
BEpPOATHOCTb P (1) cTaHOBHTCA [PeHeOPeXKHMO MaJof, ecyu 7 3aMeTHO
OTJIHYAercsl OT SHaYCHHS =1, COOTBETCTBYIOLIEro MakcumMynmy . Iloatomy
3HaueHus n, I KOTOPBIX BeposiTHOCTb P(n) He siBasiercs npeseGpe-
JKHMO Masiofi, He OTJMYAIOTCst C/HIIKOM CHABbHO OT 3HadeHus 7. B >toi
OTHOCHUTE/NBHO MaJofl 067acTH 3HadeHull n, OGbIYHO H MpeACTaB/sAoWed
UHTepeC, JIerko HalTH npubatkeHHOe BhipaxeHue aqas P(n).

Takum oGpa3om, HaM BaKHO HUcCIeI0BaTh cBofictBa P(n) BOAU3H

SHAYEHHS /1, OTBEUAIOLEr0 MaKCHMyMy. 3aMeTHM, 4TO eCiHd TOJNbKO p
wid g He ouenb GAH3KH K 0, 5TO 3HayeHHe N He MOXET JexaTb GIU3KO
K O uau K N, Takum o6pasom, ecsin N BelIHKO, TO H 1 siBJIsIeTCA GOJbILHM

4HC/AOM, H MHTEDecymoule Hac yHcaa n, GIH3KHe K 11, TaKikKe BeJHKH. -
Ho eciu n Bearko, To npu u3MeHeHHH n Ha eiununy P (n) menserca
HE3HAYHTENbLHO, T. €.

[P(n+1)—P@n)|<LP(n),

u P siBasierca mefsienHo menswlneiics ¢ynkunuest n. Ilostomy c xopo-
INM NpHONHMeHueM P MOXHO CYHTATb I/IaBHOH (yHKIHEH HenpephIBHOI
fiepeMeHHOH 71, XOTA (U3HYecKOe 3HAYEHHE HMEIOT TONbKO Uedble /1.
Bropoe obcrostencTBO, obJeryaioillee Hally 3ajadyy, 3aKJgaiodaercss B
TOM, YTO JIOTapuM P ABAACTCS 3HAYUTENBHO MelJEHHEE MeHSIoWeHCst -
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dyuxuuedt n, yem P. BmecTo TOro ytofnl HMeTh JeJ0 HENOCPeACTBEHHO
¢ P, nawm Jerye uccneoBaTh NoBejeHuHe In P u nalTH aas sTod Besu-
YMHBl Xopoillee NpHOJHAKEHHe, NPHIOAHOE B LOCTATOUHO GOJbIION
06.1acTH U3MEHEeHHsT TMepeMeHHOH 11,

Jlorapumupysi (1), Mbl HMeeM

mP=InN'—Innl—In(N—n)! +nlnp--(N—n)Ing. (2)

3uavenue n=rn, NpH KOTOPOM P JOCTHraer MakCHMyMa, ONPEAe/siercs
H3 yCJoBUA

dP .
dn
HJH, 4TO 3KBHBaJI€HTHO, H3 yCJIOBHﬂ MaKCl/IMyMa 11’1 P,
din P I dP .
dn P dn =0. (3y

O6paTuM BHHMaHHE HA TO, 4TO Bce (HaKTOPHAIBI B BhIpaxeHHH (2)
ABJSIOTCS YHCJaMH, 3HAYHMTEIbHO OOsbmuMH eAuHHuB. [losTOMy MH
MOXKENM A5 KaXAOro (PAKTOpHAMa BOCMOJIbL30BATBCS  [IPHOIHMKERROMN
¢opmydoit (M. 7), u3 Kortopoii cienyer, 4ro Iasl J0GOT0 YUcAa m, 3Ha-
YUTEABHO GOJIbIUErO efHHHLBI, M3>1,

dlinm!
o < Inm. (4y

Takum o6pazom, AH(GDepeHIHPYS (2), MBI ¢ XOPOLIHM OPHGAHKEHHEM

HMeeM
dinP

dn

Yrobbl HaliTH MakciMyM P, Bbipaxenile (5) cieiyeT NpHPaBHATL HYJIO:
N—n
In| 2]~
n q

=—Inn4+In(N—n)--lnp—ing. (9)

HAH
N—mpr__
n g
Hoatomy
(N—n)p=nq,
K
Np=n(p-+q).

Tax xak p-+g=1, 70 3Hauenne n=n, oTBevalomice MAKCHMYMy P, oKka-
3bIBAETCS] PaBHBIM

A= Np. (6)

Yro6Hl uccaenoBath noselenue In P BOAH3H MakcuMyMma, HaMm Cle-
ZyeT pas3loXHMTb €ro B OKpectHoctd 1 B psij Tefiopa. Mbl  MOoxeM
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H1anicarb
InP(n)=

~ dinP ldzlp‘,'ldﬂp
=InP (7 )+[ n ] Y51 {%]y‘fg[j%*]y”*l‘---. (7)
Tae

y=n—Ii, (8)

a KBagpaTHble CKOGKH O3HAUAIOT, YTO IPOH3BOIHEIE GepYTCS B TOUKE A=11.
Tak xax pasoxeHHe NPOH3BOJUTCA B OKPECTHOCTH TOYKH, COOTBETCT-
Byiowell MakcuMymy P, nepsasi npoussognas lem. (3)] obpautaercss 8
Hysb. Crenyomue NPOH3BOAKLIE MOTYT ObITh MOJYHYEHb! N0C/AEA0BATE b=
HBIM Judxpepennnposanuem (5). B wacrrocTH,

d®lnP ! 1 N

dn? n N-—<=n  a(N—nm"

3Hauenne 31Ol NPOU3BOAHON npu n=n, T.e. npu n=Np # N—n=
=N(l — p}=~Ng, paBuno

dn Py I

Sdrt | Npg *

Tenepb Boipaxkenste (7) npHHAMAET BHI

InP{n)=inP (f)— 2/\/20 4.,
HIH

P (n) = Pe-9"/2N0a_ — Pp-tn=iy/2Npa (9)

tae Mul wanucanu P=P(n).

3aMeTuM, 4TO H3-332 HKCINOHEHIIMAJbHOTO MHOXHUTENST BepPOATHOCTb
P(n) B (9) cranoBHTCA NpeHeOPEKUMO MA/MOH MO CPaBHEHUIO CO 3Haye-
HHSIMH B MaKCHMyMe P, ec/il y HaCTOABKO BEJHKO, 410 43/ (Npg)>>1, nan
/., BeposiTnocTh P(n) uMeer 3aMeTHO® 3HaueHHe TOIbKO B 06-
Jacth |yl < (Npg)'/=. 3necs BesquyuHa y JOCTATOYHO MaJIa /sl TOrO, YTOOb
B pa3.10xeHuH (7) MOXKHO ObUIO perieOpedb BCEMH YJ€HaMH BBHICILMX TIO-
PSIIKOB, KPOME OCTaBJEHHOrO HAMH 4IEHA, MPONOPUHOHANLHOIO I *).
Mbr nmpuxoguM, TakuM o6pa3oM, K BBIBOAY, 4TO Bblpaxeuue (9) naefict-
BHTEJALHO siBASETCs Xopowum npubamxedHem K BeposTHOCTH P(n)
B 00JacTy, TAe 3Ta BEePOSITHOCTb MMEET 3aMETHYIO BeIHUYHHY,

Besnyuna P 8 (9) MOXKeT GbiTh BLIPAXKEHA YEPE3 p H g C DOMOLIbIO
YCJI0BHA HOPMHPOBKH
DP(n)=1, (10)
1]

r7e CyMMHMpPOBAaHHE BBINOJHSETCS 1O BCEM BO3MOMKHBIM SHaueHHAM 1.
Tak Kak P{n) mano medsiercsi npH H3MeHEHHH LEJIOr0 3HayeHHd Ha emu-
HHUILY, Mbl MOXKeM 3aMeHuTb cymmy (10) unterpanom. O6aactb 3naueHuil
71 TIPOTSIKEHHOCTBIO dn CONEPXUT dn BO3MOXKHLIX 3Hauenuit P(n).

*) 1o Bepuo, noka (Npg)/e> 1. Cm. zlorrOJmmerSHylo sajauy 3.
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Takum o6pazom, ycnosne (10) npuHHNAET BHA

+x

SP(n dn = S Pe~™M-W2No 4, p \ e

-
¥

—-y2/2Npg dy= 1 (1 1}

— @
Jlaa obaeryenusi UHTErpHPOBAHHUSA MBI IPOU3BOAHM €r0 OT —00 JI0 ~H00.
Takoe npuGauXKente siBasieTcd OYeHb XOPOWIHM, Tak Kak P(n) npeHe-

GpexxHMO MaJid TPy JIOCTaTOYHO GOMBLIINX 3HaYeHHAX |1 — n|. Bocnoab-

3oBaBLIKCh Gopmyaoil (M.23), mbl nosyuaem 13 (11)
PV QILNpq =1,

HJ/AN
p—

L (12)

V?J‘t/\/pq
Hcnonbays stor pesyabraT M 3HaveHue n=Np u3

(6), MBI mojyvyaem

cJejyloulee BbipaxkeHHe /sl BepOsSITHOCTH P(n):

P(n)= i

V 2aNpyq

e—(/l—Nﬂ)z/QNpq .

(13)

3ameTHM, YTO Bbiuncsenus no gopmyse (13) ropasjo mpole BhlUHCIE-

4n An
Fin)
/ A
a1 EV/EEN
n
4
n n
Puc. I1.1. Taycconckoe pacCiipellesienie MIOT-

HOCTH BEPOUTHOCTH P{1n) Kak Gyukuus n.
BepositHoers W{x) Toro, uron npUHHMaeT 3Ha-
uclituv, JexkaulHe MexAy n—xun +x, onpe-
AEJIAETCA HAOGLULAABIO MOA NPUBOIi, Orpakhuen-
HOll 3THM HHTepBasOM. BblUHCJEHHS 110Ka3bl-
BAlOT, 4YO ecAH An o3madacT CTaHRAPTHOE
oTKJaOHCHN e OT 1, To W(An)=0,683, W(2An)=
=0,954 u W(s\n)::O 997.

BLITIOJIHACTCHA TeM Ke MeTOAOM,

nuit o dopmvie (1), Tax kak (13)
He COlepIKHT (PaKkTOpHAJIOB.

Bepositnocts,  onpexpeasievas
dopmyaamn (9) u (13), usmecra
KaK  eayccogekoe  pacnpedeseHue.

OHO 6bL10 NOJSYYEHO HAMH B pe-
3yJibTaTe pasJioXKeHHS B Psi Jora-
pudna. [losToMy HeT HuYero yiau-
BHTE/IBHOTO, YTO I'ayCCOBCKOE pac-
npejaejeHde B CTATHCTHYECKHX
PaccylKAeHHSAX MNOSBJSETCS OUeHb.
yacrto, Korxa paccmarpHeaesbie
YHCAA BeNHKH.

Bripaxenuen (13) ana P(n) yaobuo
BOCIIONIb30BATHCA MPH  BBIYUCJEHHI Da3-
JHYHBIX CpeRHUX 3HaueHull n. Beruucre-
HHEe CYMM MOKeT ObIThb CBeJeHO K BblyH-
C1€HHIO 3KBIiBAJeHTHEIX HHTErpasoB. 310

KOTOprﬁ O6blT  UCMOJB30BAH NIpH BHIYHCJ/JIEHHH HOD-

mupyiouero MuoxuTeast B (11). Mb unmees, Takum o6pason,

+w

EEEP (n) dn = 2aNpq)~V? g e~ (= NPYY2NPG gy —

-0
+ @

= @aNpg) ™2 { ev RN Gy g ay—

E

+ o

—ii (2nNpg)~ V2 S e~Y2NPI gy 1 (I Npg)= L/ S e—yz/zmﬂydy_

- a0
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Tepsuilt uuTerpan cosmagaer ¢ uuterpasiom B (11). Ou pasen (2nNpg)'/:. Bropoii
HHTerpas o6palaeTcsa B HyJb; 5TO SCHO H3 COOGpa)KeHHH cHMMeTpHH, TaK KaK NOAbIH-
TerpajbHoe BolpaKeHHe HeUeTHO (OHO MMEET NPOTHBONOJOKHBIE 3HAKH I -y H —y),
H BKIafbl B HHTEIPal IPH SHAYEHHSAX -y U —y YHHUTONKAIT APYr Apyra. Taxuas
o6pa3oM, Mbl IIOJdyuaeMm

n=ri=Np, (14)

T. €. CpejiHec 3HaUeHHE /1 PABHO 3HAUYEHHIO ﬁsz, IIPH KOTOPOM BEPOATHOCTH P uneer

MAKCIIMYM.
Touno Tak ke Mbl NMOAYYaeM BHIpaxKeHue L5 AHCIePCHH

(A= (n—r)t= D, Pln)n—Np)'=

+w
= (2aNpg)~ 12 S e~ (n=NPY2NDPG (N py2dn—
-
®
=(2nNpqg)~ 17 g VAN Y2 gy
-

Hcnonpsys (M.26), MBI nosyuaeMm, YTO 3TOT HHTErpaj paseH
(An)2= Npg. (15)
Takum 06pazoM, CTaHZAPTHOe OTKJOHEHHEe OT /i paBuo *)

én: V Npq. (16)

Hes3aBHCHMO OT TOro, Kak Mbl TOJYUM/IH fayCCOBCKOE pacrpeliesieHHe, Mbl MOXKeM
OMNpeleHTh er0 NMOMHOCTHIO ¢ NOMOWLIO ABYX mapaxerpos n u An oM. (14) u (16)]:

1 1 (n—n\*
P(n):mlfﬁén exp [——2~< A7 )] a7

BseeleM nepeMeHHYIO

n—n —
Z==———, TaK 4r0 n=n-~(An)z,

C NOMOIbIO KOTOpPOH eupasenuio (17) MOXKHO NpuAaTb 6oJee KOMHIAKTHBIN Bum:

. I~y
PyAn=———e .
- l/2n

3areTuM, YTO TrayCCOBCKOE DACHpejeleHHe CHMMETPHYHO OTHOCHTENBHO IMepeMEeHs
HOIT 2z, T.e. 3HaueHust P(n) Aas z ¥ —z COBNAJAOT.

I1.2. Pacnpepenenue Ilyaccona

PaccmoTpum cHoBa GHHOMMaJbHOe pacmpedenerue (2.14):
M
Pn) = rm— P (A —p)¥=" (18)

B npezbinyniem NyHKTe Mbl OKa3asu, 4To ecaM N3>1, TO BupaxeHue
(18) MOXKHO npUGJIHIKEHHO TIPEACTABHTH IayCCOBCKHM paclpenefeHyem,
H Takoe OpPHOJIMKeHHe CHpaBefinBO B OGJACTH 3HAYEHUH NeEPeMeHHOH

*) 3amerum, uto (14) u (15) Touno coBmagaoT ¢ pesyapTaramu (2.66) u (2.67),
noNyueHHBIMH B TeKcTe npu Goslee OOLLEM ' YCJAOBHM INPOHSBOJBHON BeJqHUHHSI N.
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1, 0Js1 KOTOPOiH BeposiTHOCTL P(r) nMeer 3aMeTHOE 3HaueHHe (T. e. B 06-
JI4CTH, He CJHIIKOM YIaJeHHOH OT 3HAaYeHHS 11, OTBEYAIOIEero MakCHMYyMY
P(n). Mer paccmorpum Tenepr npubamkenne K (18), cnpapeniusoe B
JApyrofl o6jacTH. J10 NpHGIHIKEHHE HMeeT 3HAUYeHHE B Caydae, ec/u
BEPOSITHOCTh p JIOCTATOUHG MaJa:

p<kl, (19)
a yHega n, Npeiacrasidioliie HHTEpeC, TaKike Madbl:
nZiN. (20)

B 0pOTHBONONOMKHOCTL CHTYAIHH, PACCMOTPEHHOH mNpu OOCYKIEHUH
rayCcCOBCKOTO NPHOMHKEHHSI, YHCAO N MOMKeT GhiTh HPOHU3BOJBHO Masd.
PaccMorpuM Temepb npubJMKeHHe, COOTBETCTBYIOUlEE YCJIOBHSM
(19) u (20). 3ameTum mpexpe BCero, 4T
N1
Wi =NN—1)N—-2)...(N—n-+1).
Tak Kak n<€N, KaxKIBl MHOXHTENb CIIpaBa MaJo oTJudaercsi or N,

H MBI HMEEM
Nt
ZN_:’m ~ N2, (21)

QObpaTuMcsi K MHOKHTeJIO
y=(1-p-"
uld K ero Jorapupmy
Iny=(N—n)In(1—p).
Taxk kak n<€N, Mbl MoxeM cuurats N—n=N. anee, ycacsue p<£li

paspeluaer HaM OTPAaHHYHTBCS MEPBEIM WIEHOM Da3foKeHUs Jorapupma
B paa Tefinopa, T. e. Mbl nmosaraem In (l-—p)=~—p. Takum oGpasowm,

Iny~—Np,
HIH
y=1—p-" e (22)
Toncrapasis npubauzkenusa (21) u (22) B Buipaxenne (18), Mbl noNyuaem

P(n)=17 pre=t7,

HAH
o
P(n)=: e, £23)
Tae
A= Np. (24)
C nomomsio BeJM4uRE A yoioBue (19) MOXKHO 3amucarh Tak:
AZN. ’ (25)
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dopmyna (23) HaabiBaercs pacnpedesedues [lyaccona. 3aMeTM, 4to
u3-3a koappuiurenta n! B 3HaMeHaTele BeJaHYHHa P(n) oueHb GHLICTPO
yGhiBaer, KOrja # CTAHOBUTCH JOCTATOYHO GoJblunM. JleACTBHTeNbHO,
ecan h<C1, T0 A" ecTb yObiBaromast QyHKUHS 72 ¥ NO3TOMY MHOXKHTEIb
P(n) mosoTOoHHO yGbiBaer ¢ pocrom n. [Ipu A>1 A” yBejquyuBaercs c
poOCTOM 71, TOSTOMY MHOXHTENb
A*/n), a suaumr, H byHKuns P(n) p(”)T
HPOXOAAT Yepe3 MaKCHMyM BOJH3H
nAA W yMeHbLIATCHd C Ja/bHeH- 08
mHM poctom 22 *). B aiobom cayyvae, ’
Korja n3-A, BepostHocTh P(n) _
CTAHOBHTCst TipeneGperkiMo Maoi. 04 A=
B obaactH 3HaueHH} A<M, rae ]
BeJHYHHON P{ri) nejan3d npeHe-
6peun, ycaosie (25) oznavaer, 4ro b2
n<MZN. [pu stom ycaosue (20),
HCIOMb30BaBIIEeCe NPH  BhIBOAE
pacnpenenennsi [lyaccona, Benos- 0123 45678
HSIETCSl ABTOMATHYECKH, 1
s (2.66) crenyer, 4ro napa-
MeTp A, OnpejiesieHHbifl PaBeHCTBOM P{ﬂ)+ 1
(24}, paBeH cperHeMy 3HAUEHHIO 7. 04

l\)&\

A=n. (26) 02 A=2

OrMeTHM, 4YTO AAf JAHHOrG 3Hayue-

HUS A uaH 1 ycaosne (25) wau g
(19), Tpebyiomee, uTOGH p<Kl, 012345678
BLINOJIHSIETCA BCe aydlle H Jydiie 7 e
no mepe T0ro, Kak N—-oo. B stom guc. 2. Pacnpesencue Tlyaccona P(n) kak
_ YHRUMST 72, Ba cnyqag_ COOTBETCTBYIOT Cpef-
npesese NyaccOHOBCKOE pacrpene e anatensAs e /y B 2.

JieHHe Bcerjga IpHMeHHMO.

MpoBepka TOro,4To A=n. Bupamenne (26) s cpennero 3HAueHUS 1
HeNOCPEACTBEHHO CACAYET N3 PaclpeeIenus Tlyaccoua (23). Hcenoabays onpeeieHue
CPEeJHEro 3HaueHHs, Mbl HMeeM

N N an
EEZ P (n)n:e—’-z .
n=0 n=0 )

Tak kak P(n) npeneSpexuno Mand mpu GOMBIIHX 7, MBL HE Cjleaey 3aMeTHOl OLHOKH,
CCAV PacHpPOCTPAHHMM CYMMMHpoBaHHE J0 OeCKOHEUHOCTH. 3amerus, uTo WieH ¢ n=9
ucyesaeT H NONOKHB k=n—I1, Mbl nailleM

Ak+1

(s} A‘n w0 @O A'k
e p—h e —=g~> e e—A)eh
A=et 3 e DAY ey
n=1 k=0 k=9 :

TaK Kak nocjejnss cyMMa npeacTasaser coboil Pa3foxkenHe 3SKCNOHEHUHAJIBbHOMH
¢yukuun. Takum obpason,

n=A. @7

*) TTpn Goapmux N 1 A>>1 pacupefienenue [Tyaccona ceogutes x pacnpesesieHuo
Taycca aas 3HadeHuit n, He CJHIIKOM JaJeKHX OT A.
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11.3. Bemtuuna daykryauuit sHepruu

PaccmoTpum e Makpockonudeckne cucrembl, A u A’, Haxonsimuecst
B TEPMHYECKOM PaBHOBECHH ApYr ¢ jApyrom. HMcrmoabsyem sameuaHwus,
cilesaduble B 1. 4.1, H uceneavem Gosee nogpobHo BepositHOCTh P(E)
TOro, YTO 3SHeprist cucTembl A Jexur B npemenax or E po E-+OE.
B uacrraocTH, Mbl J0MKHB 6YAeM paccMoTpeTh noBegeHue P(E) BGAH3H
sHauenus sHeprun E=E, rae P(E) UMeeT MakCHMyM.
C 3T0#t 1eabl0 Hec/elyeM MeNJIeHHO MeHsuowmiics Jorapupm P(E),
onpefenenHslii gopmy.oit (4.6):
InP(Ey=InC+1nQ(E)--In Q" (E'). (28)

Pasnoxum 310 BhIpaxkenue B psii Telliopa B OKpPeCTHOCTH E. O6o3ua-
yas PasHOCTb IHEPruil depes

e=FE—F, (29)
MBI TIONYYHM cienytoliee pasnoxedne 1n Q (E) B psax Tefinopa:
InQ(E)=In Q(E) + [a—j%‘iJ 8—1——;—[96—1‘:—0] e, (30)

3nech KBajap4dTHble CKOOGKH YKa3sblBalOT Ha TO, YTO NMPOH3BOAHBIE B3ATHI

B Touke E==FE. YUnensl, cofepxamue Tperbio U GOAbIIME CTENEHH &, B
pasJioxKeHHH ONyileHbi. BBoas 0603HaueHHS

p=|5%| 31)
H
=[]~ 2]
MBI MO¥KeM mepenucaTh Bhuipaxenue (30) B npoctom BHe:
In Q (E)=In Q (£) +Be— ye*. (33)

3uak MHHYC B onpejeseHHH (32) BBeleH AJg TOro, YTO6bl Napamerp y
6bl1 MOJOXKHTETbHBIM [B cootBeTcTBUM ¢ hopmy.toit (4.32)1.

Ananoruunoe pasnoxenne B psia Teiliopa MOXHO Hamucath /s
In Q(E’), e E' == E*—E. Mbl nmeem

E'—E =—(E~E):-—a,
U pas3JoeHHe MO CTEMeHsIM & Jaer

InQ (E) =n Q" (E) +B' (—e) —5 v (—e)* (34)

2
,__lomQ’
=[5

s {9°ImQ] ap’ ,
¥ 27'[ oE" J=- [07—] -

«

H
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onpejie/iedbl aHanoruuHo (31) n (32) uepes npoussoauble B Touke E'=
=FE’, CraagwmBas (33) 1 (34), Mbl nosyuaem

In {Q (E) @ (E")} =10 {Q (E) @ (E)} + (B —B") e—y (p-+7) €% (35)

Ilpu snavenun E=E, tie P(E)=CQ(E)Q'(E") uMeerT MakcAMyM, H3
(4.8) caegyer, uro P=f’, nostomy useH, JHHEHHHl [0 &, HCYE3aeT,
KaK 3TO H JOJXHO 6bitb. Teneppb (28) npuHuMaer BHI

In P (E)=In P (E)— v,

"HJIH

P (E) =P (E) et~/ v (E-Ey?, (36)

rae )
Yo=v+v. (37)
U3 (36) cienyer, 4To 151 TOrO, YTOOLI BeposTHOCTh P{E) NMena Mak-

CHMYM (2 He MHHUMYM) nOpu E=L, BeJHUHHA Vo JOIKHA ObITb MOJOKH-
Tenbuol. [elictBUTeNbHO, U3 (36) cpasy cienyer, 4To BeposATHOCTb P(L)
npeHeGpeKUMO Mana M0 CPAaBHEHHIO CO CBOUM 3HAUYEHHeM B MAaKCHMyMe,

eciit Y, po(E—E)®>1, 1. e. ecau |[E—ES>y,~"/+. [IpyruMu COBamMH, BeCh-
Ma MaJio BepOSiTHO, uTOGL! 3Heprist £ Oka3aJacb 3a npejelaMH HHTep-

Bata E4AE, rie **)
AE =y, 1%, (38)

Tlopsinok Bennunnanl AL J1eTKO OLEHHTh, €C/AU BOCHO/B30BaThCs
onpegesedreM (32) aas ¢ u npubAMKeHHbIM BblpakenteM (3.38) mas
Q(E). Mbl MoxeM, TakHM o0Gpa3oM, HamucaThb AJa Ji000H OOLIYHOH
CHCTEMEI, SHEPTrUsi OCHOBHOTO COCTOSIHHsi KOTOpo#l paBHa Ey:

InQ ~ f(E—E,)-+const.

W3 onpenenenudi (31) n (32) mpi nosyuaem ajs E=E=E
__J9InQ - /
b= { oL ] E—E,

Yz__[?_@_],vz__[_,vﬁ, (3§)

OE ) (E—Eyn* 1

*) 3aMerHM, yTO HAIIH APryMeHTH aHAJOTHYHBI TeM, KOTopsle Oblix HcnoaL308a-
ubl B npuaoxeruu [1.1, n aro (36) sBAsercs OGBIMHBIM rayCCOBCKUM paclipefieieHHen,

~ **) Bupaxeune (36) 3aBHCHT TONEKO OT aBCOMIOTHONO 3HAYEHHS IE-—E] H CHMMeT-
PUUHO OTHOCHTE/ILHO 3HATEHUS E. Iostomy cpeanee 3HaueHHe SHEPruH PaBHO E, T e

E=E. Tor %e pesyasTat citefiyer u3 dopmyas (I1.17) as mo6oro rayccoBecKoro pac-
npefenenus. Ananornudo, u3 (II.17) caenyer, uro AE B (38) paBHo craﬁ,uapwomy
OTK/IOHEHHIO 3Heprum E.
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U3 nocnepnero BeIpaxeHHs1 cleAyeT, YTO Y — Be/HYMHA MOJOXKHTE/b-
Hasi. U3 Hero Takxe caejgyeT, 4TO nNpH JAHHOM 3HayeHHH [, oblleM L/s
BCEX HAXOIAIMXCSA B PaBHOBECHU JAPYr C APYTOM CHCTeM, HaHMeHbliast
cHcTeMa (T. €. CHCTeMa ¢ HaUMEHbIIHM YMCJIOM CTeneHell CBOGOMLI) 1MeetT
Hanbo/blyio BesnguHy Y. [leaTomy BennumnHa y, B (37) onpenefsiercsi
[VIZaBHBIM OGPa30M Haumersuiell 13 ABYX cucteM. [lomycTum, HanpHMmep,
yTo cHcTena A 3HaunTenbHo MeHblte A’, Tak uto Y3>7' H yo~7y. Toraa
3 (38) u (39) caenyer
AE ~ETD, (40)
Vi

B cnyyae mMakpockomuuecKHx cicreM [ — BecbMa GOJblIOE YHC/IO, M
n3 (40) cieryer, 4TO OTHOCHTEe/NbHAs BeJHYIHA QUIYKTyallHH 3HepPrHy

AEJ(E—E,) upe3Bbuaiiio Mana. DTOT pe3yJbTaT BecbMa MNOAPOGHO
o6cyrxaadcs B 1. 4.1, rae (4.10) caenyer u3 (40).

I1.4. CronKkHOBeHHSI MOJEKYN M JaBJeHHe rasa

PaccMoTpusm  paspekeHHbI ra3, HaxoIsIIHHCA B paBHOBeCHH, H
BHIUHCAUM YHCJAO MOJIEKY., YAAPSIONIMXCS O MaJVIO NOBepXHOCTh dA
cTeHKH cocyna. Hanpaeum och 2 NepneHAUKY/ISAPHO K 3TOH NOBEPXHOCTH,
Hapy»y H3 COcyla, KaKk 3TO MOKa3aHO
. wa puc. I1.3. Cocperotounn  Hate

/13 BHHMaHHe Ha MOJEKYy./1aX, Pacro/oxkeH-
P S
Z

HbIX BGJIH3Y CTEHKH U HMEIOIUX CKOpO-
CTH B HHTepBaJe oT v 10 v--dv. 3a Gec-
—~dA KOHEYHO MaJjioe BpeMsi df 5TH MOJIeKyJbl
cmeratorest Ha v df. TlosToMy B Teuenue
TaKOTO HHTEPBa/na BpeMeHH BCe paccMat-
pHUBaeMble MOJIEKYJbl, HaXOAsIHeCs B
GeCKOHeUO MaJIoN IHJIHHIpPe ¢ OCHOBa-
HHeM dA ¥ LjuHOH v df, yaapsT O cTeH-
KY; MOJIeKYJibl, Jiexallge 3a npepeaamu
UMAHHAPA, 0 CTEHKH He foiAyT *). Ecan
0 — yron MeXay v H OCbio Z, TO 00BbeM
Puc. [L.3. CroaxkHoBellie woOJeKyd, U.I/IJ'H/IHﬂpa paBCH

CKOPOCTh KOTOPBIX JIEXKHT MeXAYy V M
v+dv, ¢ 3JeMeHTOM NOBepXHOCTH dA

crenkl. (3aMeTbTe, 4YTo BLICOTA UH- dAvdt cos 0 =dAv, di,
aunApa crpeMu;Cﬂ oK aymo. ecan z
t-0.)

rie v,=v c0S 0 — 2-KOMIOHEHTa CKO-
poctd v. Cpennee $HC/IO MOJEKYJ B UHAUHADE, CKOPOCTH KOTOPHIX Jie-
JKaT MeXAy V ¥ v-I-dv, paBHO

[f (v) d*v] [dAv, dt], (41)

*) dauny uumuugpa vdf MOXKHO CUMTAThb APOH3BOMLHO MAJION — 3TO NO3BOJSET
paccMaTpuBaTh JIHIIb MOJIEKYJIB, HAXOASimHecs B HENOCPeACTREHHOH GIIH30CTH OT
crenkH. Eciid Benuuuny v df creslaTh MHOTO MeHblIe CpefHell ATHHBI CBOGOAHOI'O Mpo-
Oera, TO MOXKHO HE TPHHEMATh BO BHHUMaHHE CTONKHOBEHHS MEKAY MOJEKYJIaMH;
UEHCTBUTENBHO, JI06ast MOJIEKYNa, HAXONAINAfACA B IMIHHAPE H JBHXKYWIASNCH K CTEH-
Ke, He GyJeT OTK/IOHEHA H3-3a CTOJIKHOBEHHA ¢ JPYrofl MOJeXyJoll ¥ YAApPUT O CTEHKY.
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rie f(v)d®v — cpelnee YHCJIO MOJEKYJ B eIHHHUE OGBEMa CO CKOPOC-
TSIMM B MHTepBaJie OT V 10 V--dv. Buipaxenue (41) naer uncsio MmosexyJ,
yAapsIomux B NOBEPXHOCTh dA 3a Bpems df, nosToMy BesHYHHA

of (v) d®v ==cpejiHee YHCIO MOJIEKYJ €O CKODOCTSMH OT
v 10 V--dv, yaapsiomux B edunuunyio no- (42)
BePXHOCTb CTEHKH 3a eduruyy BpeMeHH,

nonyuaerca aenenueM (41) ma d4 wu df. Takum oGpasom,

‘ o (V)d*v=f(v)v,d%. ‘ ' 43)

Benuyuna f(v) sagaercs MakcBe/JIOBCKHM pactpeleseruem (6.21).

Urobbl MoAYUYHTL 704HO¢ CpPeHee YUCIO MOMEKY.a J,, yAapsiolux
O eIMHHYHYIO TIOBEPXHOCTh CTEHKH 32 eJHHHUIY BPEMeHH, MBI JOJXKHB
NIPOHHTEr pHpOBaTh BHpaxeHHe (42) No BceM BOSMOXHBEIM CKOPOCTSIM MO-
JIeKyJl, yAApsoUX O CTeHKY. TakuMm o6pa3oM, HaMm cielyeT HHTerpH-
pOBaTb NO BCEM MOJIOKHMTEIbHBIM 3HA4YEeHHAM U,, TaK KaK TOJBKO NPH
v, >0 MOJEKYJBbl ABIKYTCA 1O HANPAGACHUI0 K CTEHKE H YA2PAIT O
ree. Hrak, *)

Jo= § Fvyu, av. (44)

;>0

Dopmyaa (43) no3possieT BLIYUCAUTD CPEAHIOI CHJAY, C KOTOPOH MO-
JIeKyJbl rada jeHCTBYIOT HA eJMHHIly NOBEPXHOCTH (T. e. AaBJeHHE).
Jag aToro caeayer nOBTOPUTH pacCyjeHHs, NMpuBeleHHble B n. 1.6.
Mouiexysa co CKOpPOCTbIO V HMeeT 2-COCTABJSIIONLYIO KOJHYecTBa [BH-
XeHHd, paBHywo mu,. [losToMy cpenHsis z-KOMIOHEHTa HMNYyJbca, He-
penasaeMas 3a eIMHHIY BpPeMEHH eJMHHIe NOBEPXHOCTH CTeHKH BCeMH
MOJIEKYJIaMH, ABHAKYIIHMHCA K CTeHKe, PaBHA IPOH3BEIEHHIO CpejHero
yHeaa Mosekya J(v) d*v Ha mu,, IPOCYMMHPOBAHHOMY MO BCEM MOJIEKY -
JaM, IBHXKYIHMCS K creHke. TakuMm oOpa3om, CPEAHHI HMIYJIbC paBeH

{ gwyavmo)=m § fvyvav. (45)

vy >0 v:>0

Ecan ra3 HaxoAWTcss B PaBHOBECHH, B HeM HeT BbIIEJEHHOIO Haipas-
JIEHHSI U Ccpejliee 3HaueHHe Z-KOMIIOHEHTHl HMNYJbCa MOJIEKYJI, OTpaxeH-
HBIX OT CT€HKH, PABHO H NPOTHBOMNOJIOXKHO CPERHEMY 3HAUEHHIO UMNYJb-
€a MOJIEKYJ, YIapsomux o cTenky. loaromy roaxoe cpennee snaueHde
2-KOMIIOHEHThl UMIYJbCa, NepelaBaeMoil euHHUIe NMOBEPXHOCTH CTEHKH
3a eMHHHY BPEMEHH, PaBHO YABOeHHofi BesmuumHe (45). B coorBercTBHU
€O BTOpbIM 3akoHOM HbIOTOHA CpesiHsis cusa, JefcTBYiouas Ha eAMHHLY
Iowaau (laB/ieHHe), paBua

p=2m § f(v)oidv. (46)

vy, > 0

- ) {
*) [locsTe mHTerpHpOBaHHS MO BeeM yryiam (44) MpHHAMAeT BHX 07":7}' nu, vie

1 — cpefHee UHCJIO MOJeKYJ B ejuHuune 00beMd, a ¥ — HX CPEfHAS CKOPOCTh.
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Ho f(v) 3aBucur TO/IbKO OT |V|, NO3TOMY MOABHTErpaJ/bHble BhIpaXKeHHst
A1 U, H—U, COBINAj4IOT, H 3HAaueHHe HHTerpaia (46) paBHO NO/NOBHHE
TAKOrO K€ MHIerpaja, pacnpoCTPaHEHHOrO Ha 6ce Ge3 HCKIIOUeHHS
3uaueHusl v,. Takum oGpasoM, uMeeN

— '4d . T .
p==m\ [ (v)v; d*v=mnu, 4N
rie
o 1 9
V= Sf (v) uv; d*v,
no onpejeneHyio, npeicrasiser coGofl cpelree s3nauenue vi, M3 cum-

METpHH CJlefyeT, 4To
Vi =0i=13

H, TaKHUM 00pa3oM,
*= vl Ul Ui =305

Buipaikenne (47) npHuuMaer BHA

-l = 9 —
p=—3—nmv-=-3~na“<), . (48)

—_ | S o .
rae el*) = - muv* paBHO cpelHeil KHHETHYECKO SHEPTiTH MONeK Y 1bl. Pop-

MyJsa (48) orsmuaercs ot pesyabtata (1.19), nonyuennoro mnpi Haulem
paHHeM H YIpPOILIEHHOM PacCMOTPEHIiH, TeM, YTO OHa COAEPIKHT U? BMe-
cto v*. M3 TeopeMbl O paBHOMEDHOM pachpele/eHUH SHEPIHU CJefyer,

41O Emz—;kT, ‘nostomy (48) naer
p =nkT, : (49)

YTO AABAAETCS 3HAKOMbLIM HaM YpaBHEHHEM COCTOSIHHSA WIeaJbHOIO rasa.



MATEMATHYECKHE 3AMEYAHUS

M.1. O6o3nauenns CyMMHpPOBaHHSA

O6o3nauun yepes x NepeMeHHYIo, KOTOpas NpUHHMAET JHCKPEeTHhe
3HAYEHUS Xy, Xs)..e, Xy TOTAA AJS1 CYMMBI

m

XXk X, e= Dy ' (1)

i=1

MBl PHMeHsieM CoKpalieHHe, MOKa3aHHOe B MpaBOf YacTH paBeHCTBA
(1). Boibop uHAeKca [ ABASCTCA [POU3BOJIBHBIM; Mbl MOXKEM C PaBHbIM
YCHEXoM B3ATb APYTOll HHIEKC, HanpuMep, &, H HaNuCaThb

" m
i=1 k=1

ITHMH OCO3HAYEHHSIMH JIETKO BOCMOb30BATbCA H Adsl ABOHHOTO
cymmnpoBanns. IlpernonoxuM, 4ro y — nepemeHHasi, NPHHHMAOLLAs
JUCKPETHDbIE 3HAYEHHS Uy, Yo, ..., Y,- CyMMa NpOM3BeNeHH]T Xy, IO BCeM
BO3MOKHBEIM 3HAUYEHHAM X W y paBHa

m n
Q @
2 }.41 Xilfp=

i=1i=
=X, (yl ’:‘yz'{" L +yn)+x2 (yd*.l/z—f‘ e +.l/n)+ e
e 'i_xm(yl-:_y‘z%' e 'E‘yn)=(x1 +xz+ A +xrn)(y\ +y2+ e +yn)'

HJAN

gJ ; x,-y,:<ﬁ -x,.>< 2 y].>. - @

M.2. Cymma reomMeTpHUECKOTro Psiaa

PaccmoTpuM cymmy
S,=a+af4-af*+...+af" (6]

{lpaas uacTb paBeHCTBa NPEACTaBAHeT COGOH ecomemputeckiil psad,
333



Ka/[blil WleH KOTOpPOTO NOJyyaercsi yMHOXMEHHEM [pelbiAylliero 4ieHa
na f. MHOXuTENL [ MOXKET ObITh BEUIECTBEHHBIM HJIM KOMIIEKCHBIM YHC-
J0M. UTOGb BBIYHCIHTD cyMMY (3), YMHOXKHM Ofe 4acTH paBeHCTBa Ha f.

Hnmeem _
[Sy=af+af*+ ... +af*+af*+1. 4y

Bounrasa (4) u3 (3), rlo.nyqaeM.
(1—-7 S, =a—af**,
wan

. ]',fu-fl
Sn——a—r_-}‘—. (5)’

Een |fi<<1 u reomerpuuecknit psin (3) 6eckoHeueH, T.e. n—>00, TO Psi
cxonmnrest. JleficTBuTeIbHO, B 2TOM cayyae [""1—-0u 115 i—>00 Bbipaxke-
Hie (3) NpHHHMAeT BHJA

o= O 6)
Se=p". (6

M.3. Tlpoussonnas ot In n! ang Goabwux n

Paccmorpun In 1! ana Goabinoro u wenoro n. Tak kak In n! Mensiercs
Ha HeBGONbUIYIO YACTb CBOETO 3HAYEHNHA, €CAl # MeHsAeTcd Ha HeboJsblioe
11e/10e YHC/IO, TO In 11! MOXHO paccMaTpHBath KaK HeNPEPhIBHYIO (YHK-
auio ni. Torga Mbl HmMeem
dinn! In(n-+ 10— 1inn! (n+l)
& ] =In P In(n-1).

Tax xak n>1, 10 n{1lxn. Mol nonyuvaem, yro s n31

dinn!

g~ nn. (7y

sdameuanue B Gosee obmem Biie NPOH3BOAHYIO OT In n! MOXHO BBIDASHTH
uepes moboe Majgoe, HO LenOe fipupamienue
dinnl ln (n+m'—Inn
dn m

O1ciona chenyer

dinn! _*l_] (n+m)

dn m
Tax kag m<<n, Mbl noay4aes

dlnnt . 1
e e In {n”]=lIn",

ln [(n+m)(ndm—1)...(n+ 1.

4t0 cosnapaetr ¢ (7).
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M.4. 3nauenne In n! aan Goabwnx 2

Boluncaenve n! as GOJBIIHX 72 CTAHOBHTCS CJIHWIKOM TPYAOeM-
kM. [losTomMy yno6HO Anst 3TOro c/yyas MMeTb MPOCToe NPUGAHKeHHe.

Ilo onpeaenenuio, Inm

nl=1.2.3...(n—1)-n. Jt ’.

.’1,.4-‘
Orcrona ,ﬂ"‘
mal=Inl+4+n24...+inn= 2r y
= ¥ Inm. (8) s
m=1

Ecnu n Beanxo, To moytH Bee use- gULLLLLLL L L LL L
HHL B cyMye (8) [3a nekaioyerineM He- 02 4 68 10 1214 #8m

CKOJIBKUX MEPBBLIX WIEHOB, BKJAAL KO-
TOpHIX B (8) MaJi] COOTBETCTBYIOT CTONIb ~ Puc. M.1. Ioresenue In m » sasuchmo-
GOMBUIMAM 3HAYCHHSAM M1, 4YTo In m cem ot m.

MeHsieTCsl OYeHb MaJo PH H3MEHEHHH

m ua equauny. Cymma (8) (oHa paBH2 CyMMe MJoLlddeH 3aiTPHXOBaH-
HHIX OPAMOYTOJBHHKOB Ha puc. M. 1) ¢ HeGonbio# OMHGKOI MOKeT ObITh,
TakuM o06pa3oM, BbIpaxkeHa uepe3 WHTerpas (HalOWUH ILIOWMAags Mox
HenpepbiBHON KpuBod Ha puc. M.1). B TaxoM npubmixeHHH HMeeM

Inn! len xdx=={xlnx—x]i. M
1

Mbr moayvaem ans n3>l
Inn! ®ninn—n, (10)

TaK Kak BKJAIOM OT HWKHEro npefena s (9) MOXKHO mpeHeGpedb.
Jlyumee npubauxenne, crpaseannsoe aad #! ¢ owubroi, MeHb-
wefi 1Y naxe npu n=10, naer gopmysa Cmupaunea

lnn!:nlnn——n—f—%ln&nn). (1

Ecan n ouenp Besko, 10 #3>In n u dopmyna Crup/udra nepexo-
aut B (10).
Ornerum, uro u3 (10) caeayer

=lInn +n<-’—)—-1=lnn,

dinn!
dn

n

' 4TO COBNAzaer c .



M.5. Hepasenctso In x<<x—1

CpaBuuM Inx ¢ x [/9 NOJOXKHTeJbHBIX 3HaueHHit x. PaccMorpum
(GYHKUHIO, paBHYIO pasHOCTH THX BeJHYHH:

fx)=x—Inx. (12)
flpu x— 0 Inx—s —oco, nostomy f(x)—>oo.}

, - 13

[pu x— oo In x<€x, nostomy f(x)— oo. (15,
Urobsl #3yuuTh MNOBejeHue f(x) Mexxay 3THMH Tipefefamu, 3aMeTuM,
i Yy X==

) TO npd x=1

T=1——0=0. (14

Taknm ofipasom, f(x) aBasercss He-
npepoBHON QYHKUMEH X, yIOBJETBO-
| psatoweii  yeaosusm  (13) u  umeo-
{ e elHHCTBEHHBIH SKCTPEMyM MDH
|

Vi x=1.
1 z Orciofla  clegyer, uTO MNOBege-
Puc. M.2. ®ynknus f(x)=x—In x. HHe f(x) omuchiBaeTcs KpHBOH, I10-

KazaHHOH Ha puc. M.2, umetomei
MunEMyM npu x=1. Tagum obpasom, f(x) >f (1) (paBHO npu x==1),
HJIH, C moMolbio (12),
x—InxZ>= 1.
[TosTomy
Inx<{x—1 (pasro nmpu x=1), (15)

+ @

'‘M.6. Bbiukcaenre uurerpana Se*x’ dx

-_

Heonpedesennoi unterpan S e~* dx He MoxKerT GbITb BBIDAXKEH Yepes

aneMenTapibie Gynxund. O603Haunm uepes / HCKOMOe 3HayeHue onpe-
. OeaeHHOe0 UHTerpana
+

= S e~ * dx. (16)

-

DT0T MHTErpal MOXHO BbIUMC/HTh, BOCHOJB30BABIUHCH CBOHCTBAMHU
SKCMIOHeHUHAAbHOH QYHKUMH. Mur MoxeM Bbipa3utb (16) depes HoByIO
nepeMeHHYI0 MHTErPHPOBAHHA:

+ o

I= S e~¥dy. _ i)
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Ilepemnoxan (16) u (17), nonyuyaem

+ o +m +® +®
I?= Se'xz dx Se'yz dy = S S e~*e~v" dxdy
- - - —® —-®
+® +%o
I — S S =G+t dy dy. (18)

Sror ABORHON MHTerpaa ciaenyer 6paTh no Beelt MIOCKOCTH X, Y.
Tenepp BLINOJIHEM 3TO HHTETPHPOBAHNE B NOJSPHEIX KOOPAMHATAX

r v ¢. Mbl umeeM x2--y>==r%, a s/jeMeHT MJIOWAAH B 3THX KOOPAMHATAX

paBeH (r dr dg). Urobm 3anojsHHTL BCIO

IJIOCKOCTh, MNepeMeHHbie @ H 7 JOJMKHbI 4
MEHSITbCS B npegetax 0<<o<2n u 0<<r<<oo
cootBercTBenno. Takmm ob6pasom, (18) npu- T
HHMA4eT BHI @ 4
I z "z

® 2m @

"= S S e~"rdrde=2n S e="rdr, (19)
il b Puc. M3, flonspHble KOOpAWHaTH
T , UCrioNb3yemblie AJisl BbIUH-

cennst uHTerpana (18)

TaK KaK HHTerpHpoBaHue 70 @. Aaer 2w,
Mroxurenb r B NOLLIHTErPANLHOM - BIPAXKEHHU  J1ejaeT HHTerpUpO-
BaHHe TpPHUBHaJbHbIM. Hmeem-

*®

p=2nf—gde)=—ale")F =—a (0—)=n,
0

nJin

I=Vw.

Takum ob6pasom,

+w

S e-**dx =V n. (20)

-

Tak kaxg e"‘z He ME@HSAET CBOEro 3HaueHus Npu 3aMeHe x Ha —x, Mbl HMeEM

@®

+ @ ;
{emv dv=2{e-xdx,
-0 V]

OTKyJa CJAelyerT:
+ 0

e dx=fVm. | Coen

0
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M.7. Bbluucaenne HHTErpasos THNA Se‘c"‘” x"'dze
[

OGo3nauiyM BbIYHCAAEMbIIF HHTErpas TaK:

o

l,= S e~ x" dx, (22)

0
Q003HAUUNM TaKzse x=o '/ y, toraa aasa n=0 uHrterpaa (22) panen

R j =0 dy= ‘” . ©3)
0
Mbl BOCTOJIB30OBAJHCE 31ech GopMyJoil (21). Awnasoruuso,
C o I I R I
=0 [evydy—at | —ev | =S o, (24)
]

Bce ocTanbHble HHTErpasbl, A5 KOTOPBIX 1e/10e 1222, MOT'YT GhITh Bhipa-
JKeHHl 4epe3 [, uan 1, noc/aeA0BaTeNbHbIM HHTEIPHPOBAHHEM 10 UaCTSIM.
JleficTBUTEINIBHO,
x® l &
(e"“"g x"dx= ——5 d(e=%*") xP 1=
o 2
Y )
s
Conx® yn=2 .
0
Tak kax nNpoHHTErpHpOBaHHOE BhIDakenne obpamaercsa B 0 gas oboux
npesesoB, Mbl 1OJdyuaeMm

n—l

1
= e [ )T 4

L= (") Lums (25)

Han pumep,

/x .
=g =V g, (26)

M.8. MaremaTtnueckue CHMBOJALL

= parHO Gosblte AN npUOIHKEHHO
== TOXKASCTBEHHO PABHO (PAaBHO NO paBHO
onpefeseHHIo) MeHblie

ANAAN

Ry UpHONHIKEHHO paBHO, GJIM3KO K Ha MHOTO MeHbUle

-~ HMeeT nopsaAOK < < Ha MHOIO AMHOIO MeHbille

o« IPONOPUHOHATBLHO MeHblle HJH paBHO

o= He paBHO MeHblle  HAM  0pHOAHKEeHHO
> Goaniie paBHO

> Ha MHOro Goabe : expu &

>>> Ha MHOTO, MHOTo GOAbLIE Inu HaTYpadbHblil norapudm u (npy
==

GoJbilie WIH PaBHO . . OCHOBaHHUY ¢)

e
&



JONOJMHHUTEJIbHBIE 3AJAYH

L. Hpocmoe npuserenue pacnpedeserus aycca. Monery Gpocator 400 pas. Hai-
aute BeposTHoCTb 215  BhinanaHmi  «opaar.

2. ayccoscxas naomuocme éepogmrocmu. PaccMOTpHM HjleasibHyIO cHcTteMmy #3 N
cnnnoB 1/2. TTycTh KaKZOMY CTIHHY COOTBETCTBYET MATHHTHEI MOMEHT [y, KOTOpPbilf
MoikeT ObITb HanpaBJeH BBEDX HJH BHH3, C BEPOATHOCTBLIO p H g COOTBETCTBeHHO. Boc-
noan3yiTech BuipaxenueMm (2.74) u rayccorckum npubamkenvem (I1.13), npuroxssim
Aas Goablux N, uroGhl HAMHCATHL BRIpaXeHHe Ag BeposaTHocth (SP(M)dM Toro, uror
MarHUTHBIL MOMEHT CHCTeMbl HMEeT 3HauyenHe mexiy M n M--dM.

3. Tounocme eayccoscroeo noubauxcenus. Vicchenyiite cTeneHb NpuUrofHOCTH rayc-
coBckoro nprbmuxenus (I1.13), ouenne supaxenne (I1.7) ¢ Tounoctsio fo uienos y%
BKJIIOMHTEBbHO.

a) IToxkaxure, uyro (11.9) moxer GbiTh 3anucano B BHAE

. - . p—q
—Pe-/m S oo B I
P (n)=Pe exp [ 6 (Vo) 2 J (
rae
.. y n—Np 11y

YNp;  ViNpg

6) Iepruii axcnoHeUMANLHBIA MHOKHTEJNb JleideT BePOSTHOCTL P npeHeGpesxuMo
madoi, ecan [z|>>1. Taxun obpasom, P nneeT 3ameTHoe 3HaYeHue Jymb npa |2f<l.
B »70it 06aacty 3HAYeHHI 2 nOKa3aTels BTOPoil 3KcnOHeHTb! B (1) 3nauntesbHO Meliblie

eannnupy ecan VN pg S 1. TIpn 310M YCAOBUH BTODYIO SKCIOHEHTY MOMXKHO Pasio-
KUTb B CTeNedHoit pan

Pn)= etz [ j—— P4 z3—|—...]. (ITy

V 2nNpg 6 (Npg)'/*

) [Tokaxnre, yro owMbKa, BOIHHKAIOWAS OT HCNOABL30BAHWS NPOCTOFO FayccoB-

-1 o

cKoro npuéamKenus, HveeT nops1ok (Npg) /2, Ona cranosures fIpeHeOpeXRHMO Madoi,
ccan N Hacro.uKo BedHko, uto Npg>>1. Tlokaxute Takxe, 4TO B CHMMETPHUHOM Cay-
yae, Korlda p=g, nounparounbii uen B (11I) ncuesaer u nopsanok owHGKH cTaHOBUTCSHE

paesbiM (Npg)—1L. )
4. Ceoiicmsa pacnpedeaerua Ilyaccona. Paccmorpurte pacnpelesienne [lyaccona

(11.23).
a) Hoxa}\xme, 4To 9TO pacnpejejiene MNpaBuJbLHO HOPMHpPOBAHO, T. €., 4TO
5
P m=1.
n

6) BhLlunC/IHTe AMCNEPCHIO £ M NMOKaXHTe, YTO OHA paBHa A.
5. Hosenernue onewamox. Ilpeanonoxum, uTo Tunorpadckie OmWMOGKH, COBeplua~
emble HaGOpUIHKOM, HMelOT CJydafilipth XxapakTep H 4YTo KHMra u3 600 crpanuu co-
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Aepkur 600 Taxux oneyatok. BocnosnsoBasmiuch pacnpeienennem I[fyaccona, sui-
YHCJAWTE BEPOATHOCTL TOFO, YTO

a) CTPaHHLA He COAEPXKUT OMNeyaTKH,

6) CTpaHHu@ COAEPXKHT He MeHblle TpeX ONeyaToK.

6. Paduoaxmusnoui pacnad. PaccymoTpuM aaba-4aCTHUB, HCNMYCKaeMeble patHo-
aKTUBHLIM MCTOYHHKOM B TeueHHe HEKOTOporo iHrepsasa BpeMeHd f. [IpeicraBum
cefe 3TOT MHTePBAJ Da3lleleHHLIM Ha COJIbHIOE YHCIO0 MATLIX HHTEPBAJOB AJHHON Af.
Tak kax anbda-uacTHHBl HCNYCKAIOTCA ciayualiHbiv 00pasoM, BepPOATHOCTL pacnaia
B TeueHHe JI0GOTO M3 HATepBaJoB Af CORepIIEHHO He 3aBHCHT OT TOTO, NPOHCXOANJIH
JIM pacnaibl B JAPYFHX HHTepBasnaX BpeneHH. Kpode Toro, HHTepBaabl MOIYT GbiThb
B3ATbl HACTOJIBKO MaJbIMH, YTO BePOATHOCTHIO §Ojee Yem OJHOIO Pacnala B TeueHue
HHTePBaAa MOXHO npeHeGpeub. ITO 03HAUAET, YTO €CIN P — BEPOATHOCTH pacnajna
B Teuenne uHrepsata A/ (p<kl), 10 (l—p) — BEPOATHOCTL TOTO, YTO 34 3TO BpeMA
ne npousofiger pacnaia. Kaxiwll nam untepsal Af noxer, rakunm obpa3oy, pac-
CMATPHBATLCY KAaK HE3aBHCHMOe HCIbITaHIe, BCEro Mbl Hiees N=7/Af{ rakux ucne-
TaHBH 3a Bpems [.

a) Tlokaxnure, uTo BeposTHOCTH P(n) Toro, 4To 3a BpeMst { IPOM30HIET n pacna-
l0B, onpelessietcss pacnpeneiexuen [lyaccoHa.

6) [llpeanonoxuy, 4YTO AKTUBHOCTL PAITHOBKTHRHOTO HCTOUHMKA Takosa, YTO
cpelHee UHCJIO pPAcnaloB B MHUHYTY paeio 24. KaxoBa seposTHOCTh HalliofeHHs n
pacnaior 3a 10 cex? Tlosyyure npubaimkeHHble 3Hauellnss BeposiTHOCTeH Ras BCex
neasix n ot 0 jo 8.

7. Cmoaxnoserue soaexya easan. Pasjenyny BpeMsi Ha Madbie HHTepBaasl Az, ITyers
p — OueHb Majas BepOATHOCTL TOTO, UTO MOJEKYJa [a3a HCNLITHIBAET CTOJKHOBEHHE
B TedeHHe OJHOTO H3 MHTepBajoB Af.

a) BocnoabsopaBuiHch pacnpeietendes IlyaccoHa, NoKaKHTe, YTO BepOATHOCTD
Py T0T0, 4TO MOJMEKY/A He HCNBITaeT CTOJNKHOBEHME B TeyeHHN N noc.eloBatebHHIX
HHTEPBAJIOB, DaBHa Py=e~A\P,

6) 3anucar p=w A (31ecb @ — BEPOATHOCTL CTOIKHOBEHHS B €IHIHILY BpeMeHH)
9 BEIpagHB N uepes npoTekulee BpeMs {, NOKAKHTE, YTO BepPOSITHOCTL P(7) He MCNBITATh
CTOJIKHOBEHHSI B TeueHHE BpeMeHH ¢ paBHa P(ty=e~"*'. Cpasuute 10T pesy.JIbLTar ¢
pe3yJabTaToM, MOJyYeHHLIM B 3alave 8.12 u3 1pyrux cooGpaxeHHil.

8. Daykmyauuu moawunst moxkoeo ca0q. [lorelueHHbI] HA HAKaTHBAEMYIO HHTh
MeTaJIl UCTIapsieTCst B BaKyyMe. ATOMLI MeTal1a MONajlaloT Ha KBApLEBVIO IL1aCTHHKY,
PacnoJIOKEHHYI0 Ha HEKOTOPOM pACCTOSIHUM OT HHTH H o6pa3VviOT Ha Heil TOHKuE Me-
Tajgaugeckuit cnoff. [laactinka HaxoauTcs npH HH3KON TeMmepaType, M KaAbiil
aToM, NONaBUWHE Ha MJIACTHHKY, HE HCTILITHIBAeT MHIpaluun. ATOnb! ¢ pasHOil BeposT-
HOCTbLIO TNOTJOWAaINTCs J100bIN Y4acTKOM NOBEePXHOCTH MVI4CTHHKH.

PaccMOTpUM 3JeMEHT IIOINAAH MJACTHHKI pasvepom 5% (b uneeT nopsiox jAua-
serpa artoMa). [loKamHTe, 4T0 YHCIO ATOMOB METassa, KOTOPOE MOKET NOMVIOTHTh
TAaKOH 3JeMeHT, NpHOAHKEeHHO ONHCHBAaeTcs pacnpeledediiem [lyaccona. Monycrim,
YTO MCTAPEHHOrO MeTallla 10CTaTo40, 4To6b 06Pa3eBaTh HA MOBEPXHOCTH ILTACTHHKH
AJIeHKY €O cpelnell TOMUMHON B dleCTh aTOMHbIX cjoeB. Kakasi 4acth nosepxHOCTH
[JIACTHHKH OKaXeTcsi BooOlite He NOKPLITOH meTamtowm? Kakas wactb 1noBepXHOCTH
6yJeT HOKPBITa Tpess i LIECTLIO CAOSAMH COOTBETCTBEHHO?

9. Cmenenv mournocmu pacnpedeaenus [lyaccona. Uro6ul BHISICHHTL CTeNeHb TOY-
HoctH  pacnpefedenust [lyaccona, BocnonbayeMcsi CIeIyIOUWIHM TIOPAIKOM  pPasJo-
xeHusi, ciaenantoro B (11.2).

a) Bocnosbayfitech sBHbIM Bolpaweuuem aaa NY(N—n)! u pasnoxenuem ero
qiorapupma, yrobbl MOKasaTh, uTo

N n{n—1)
W—ny ¥ Ve [‘_rm—] :

6) Paznoxus In (I—p) zLo 4JIeHOB, NPONOPLHOHANBHEIX P2, NoTyuHTe YAYulleHHoe

opubmkenne ans (I—p)V
#) IlokaxnuTre Tenepn, 4To GHHOMHAJIbHOE pacnpefeneHne Moxel ObiTb Npej-

CTaBJIeHO BblpazKeHHCM
n— (n—M)? ]

P(n) Le“"exp l_ N
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r) Bocnosb3oBaBHIMCh ITHM Pe3yALTaTOM, NOKakHTe, urto pacnpefeneune [Tyac-
COHAa cnpaselquBo Nnoxa A<CN': u n<N':, a coepluaenas olIHOKa MeHblle HJH
mopsiaka (A2-4-n2)/N.
. 10, Dayxmyayui snepauw cucmemvt, Hax00AUWecA 8 menaiosos Koumasme. Pac-
CMOTPHM JBe MAKPOCKOMHYecKHe cHcTeMbl, A u A’, HaXolsiuecs B TellJIOBOM PaBHO-
sBecun npu abeomorHoii texmepatype 7. Ilycte C v C’ cooTBeTCTBeHHO TelIOEMKOCTH
ITUX  CHCTEM (NPH TOCTOAHHBIX BHELIHHX MapaMerpax).

a) Iokaxknre, Bocnodpsosasych pedyabratamu ([1.32) u (I1.37), uro crangapi-
HOe OTKJOHeHHe Hepritk E cucTemsl A paBHO

cc’ 12
AE=iT ey |

6) Yemy pasno AE, ecmn C'>C?

B) [peanoacskum, yto cHcTeMbl A u A’ 9BIAIOTCS  ONHOATOMHBLIMH  HZeaibHbIMA
razavu, cogepxkammnu N u N’ MOteKys cooTBeTCTBeHHO. BhunCIHTe OTHOCUTEbHYIG
seanunyy QaykTyaunid swepruw AL/E, rae £ — cpelusns sueprus cHcTemsl A,

’

r) Paccmorpiite OTBET B) B npeteabHbix cayuaax N >N u N' <€ N. Cornacyercs

JIH Baul pe3yaAbTaT C TeM, Uero cjeiyer oxuAaTh wis AL B npegene N'~—0?



HEKOTOPbIE ®U3HYECKUE KOHCTAHThI

Beanynua 3navenne Olﬁgﬁ’
Pu3niecKkHe KOHCTaHThI
SsieMenTapuslll 3ap AR e=4,80298-10-19 eg, CI'CIy3= +7
=1,60210.10-1¢ g +2
CkopocTb CBeta B BaKyyMe ¢==2,997925-101% cu.cex—1 +1
ITocrosinnas Ilnauka fizh/?n 41=6,62559-10—%7 spe.cex +16
fo=1,054494-10~ 2 5pe.cex 425
Macca noxos anekrtpona m,=9,10908. 10— ¢ +13
Macca nokost npotona m,=1,67232.10-% ¢ +3
Marneton Bapa eh/2m,.c 1y ==9,2732:10-2 ape.ac=1 +2
SaepHbiil MarueToH eﬁ/2mpc Py =5,05050-10~2¢ spz.ec—1 +13
Yucao Asoragpo Ng=6,02252-10% xoap-1 +9
flocrosnnan Boabumana k==1,38054.10-1¢ 3pz.cpad—1 +6
I"asoBast moCTOAHHAN R =8,31434.107 spe-epad—* X 435
s moae~L==1,98717 kaax 48
X epad—t-moap—1
Tepexoaunle MHOXHTENR
TpofiHas Touka BOJLI ==273,16°K
Temneparypa no Leascmo X°C==:(273,15-4+ X)°K
| atmoctepa == 760 mm pr. cT. ==1,01325-10% dun-cn—3
1 nxoyan == 107 spe
1 Tepmoxumuueckasi xaJjopHs ==4,184 ox
1 3a€xTpOH-BOJILT (38) =1,60210-10-12 spe +2
| 38 na wactuuy © =123,061 xkraa-moa~1 +1
==11604,9 °K +5

L

3uavuenns xoHctaHT B3aTH 13 063opa E.R. Cohen and J. W. M. Du Mond,
Rev. Mod. Phys. 37, 589—D59] (okTs6ps 1965). IlpuBesennpie OMMOKH OTBEYalOT
CHHOMY CTAHIaDTHOMY OTKJIOHEHHWIO H OTHOCSTCH K IOCJCQHHM 3HajaluM Ludpam

COOTBETCTBYIOILBX KOHCTAHT.

Mosb onpeflesieH B COOTBETCTBHH C YCJIOBHEM, COTJIacHO Kotopomy usoron Ci2

MueeT aroMumll Bec 12,

OfosHauenye «rpag» OTHoCHTCa K «rpaaycam KeanpBuna» (06o3HayaeMbiv

TaKxe °K).




OTBETbI HA 3AJIAYHU

Taasa 1

1. 1/32, 5/32, 10/32, 10/32, 5/32, 1/32. 1.2, O6parnmo. L1.5. a) ueprus
He mensierces; 6) py/p;==V;/V, 1.6. 2,1.10% morexyr ccex~t-em—t 1.7, Ilpu-

6JM3HTENBHO 45 CYTOK. 1.8, 6.10-10 cex. 1.10. a) Uy /Uy = (myfm )V .

L1, p=2/,(n,+ny) e. 1.12. B) Japnenue=p, = 1.13. 8) 2 ama.
1.14. a) 3,4-10¢ cu/cex; 6) 2,3-10-8 cu; B) (2,9- 104)x duu/c/u r) 2.10-% car.

lnapa 2
2.1. 5/54 &~ 0,092. 2.2, 63/256 /&~ 0,25. 2.3. a) (5/6)® ~z 0,4; 6) | —(5/6)® & 0,6;
B8) —13—(5,/6)4N 0,16. 2.4. B) (5/6)V; r) (5/6)~V~1(1/6). 2.5. a) N![n! n'l|-1prgr’.

I ~2/ [\ N U
2.6. a) N! [(7N>1] \_> :6) 0. 2.7.6) 0; B) (/)Y 2.9. a) n=(2p—1)n,,

2
=yl 2.12. a) 1/G 6) (170). 2.13.8) M =0, (AM)E=2Npud. 2.15.a) N(V/Vy);
6) N_(I/Z)[(VO/V)—III/‘A‘ 2.16. a) (/A pe; 6) ({/Af) pe? 1) 4.10-12g,
2.17. (N*%¥R) p*[14- (1—p)/Npl. 2.18. 0,82 cx. 2.19. a) 0; 6) N1,

2.20. (A%2—x?) " V2 (dx/n) nan —A<<x<<A; 0 ans oCTaAbHHX X.

Inasa 3

3.1, a)P(—apn)z—_—l—, P(u0)=§—. P(M)y=0 nas Aapyrax 3HaucHHiL;

6) ( )p(,, B) To xe, uto B (a) u (G). 3.2. %- 3.3. a) N [nl(N—nm) 1)=1;

B) n'/n. 3.4 (n'/n)% 3.5, a) Nl n! (N—m)l}=1; 6) (E,—E)/2u0B; 1) (n YA s
1 B=In(n/n')/2u,8. 3.6. a) (hyom) (n¥/LE) (2/L,); 6) F=?(E/L).
3.7. a) 1,9-10%; 6) 4,5-101%,  3.9. a) N1[nl (N—n)}~1 (0E/2u,B).

Iaasa 4

4.1. a) ner; 6) Her. 4.2, 0,025 33. 4.3. a) 4%; 6) 5.104%. 4.4, 1,1.10~2,
4.5. 1,5-10—%. 4.6. Mowrocte XT =1 4.7, a) N, /N, &~ 0,5, 6) Ny /N, p ALl

48. a) [lia T—0, E~ Ney; ana T — oo, ’E_-»—Q—N(e,+62); MeHsieTCs npHu
T ~ (Ba—2,). 6) N [e-e,e7F €~ ] [14.¢~B 28]~ 4.9, Nath (Wa/kT).
4.10. —2-Nea th (ea&/2kT). 4.12. a) Paccrosinue Mexay ypoBHAME BO3pacTaers
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6) yMeHbIIACTCS; B) TIOJIOXKHTEABHO; T) BO3pacTaeT; 1) Bo3pacraer. 4.13. a) Paccrosinue
MeX1y YPOBHSMH BoapacTaeT; 6) yMeHbIUaeTcs; B) OTPHUATENbHO; I) BO3pacTaer,;

R) BospacraeT. 4.14. (Ny-+ Ny) kT V. 4.21. a) ePloB 1 o=BloB, 6y 1 B th (Bu,B).
4.22. a) o~ Bhor2 [l—e'ﬁf‘"’]‘l; 6) ho [—;—}—(eﬁﬁ"’—l)'l] ; T) %ILMD, x) kT.
4.23. a) 24/p%% 6) kT. 4.25. a) e~ Bre; 6) N!n! (N—an)!l]-1 B gaxaoum cayuae.
4.26. a) C(M/2aB)** (V/13); 6)C [(M/2nB)*/2 (v /h3)] [(m/2nB)*/* (v /Fi3)] & BH ;
B) (mkT 22k2)¥2 Ve~ kT ;1) (/fkT/?ﬂsz)S/4 (VN2 g™ WkT 1y wenmecounuposati;
) Iuccounuposan. 4.27. a) (n/N)%= (m/2m)*2h=3 (kT)>/2 p-1.=%AT . ) 0,49.

3
4.28, a) 7NkT. 4.29. a) —Np B th (uoB/ET); 6) Nug th (uyB/ET).

lnasa 5

5.1. 2) 3°K; 6)4-10-3°K. 5.2, a) 0,62 2c; 6) 2-10-8°K. 5.3. vRT In (Vy/V e
5.4, 3,6-1019 gpe.

55 . a—-c b W=7.10? ape, =—2,9.101" spe;
a—-d--b W=21.1011 gpe, Q=1,8.1011 spe;
a-b: W=1,4.101 3pe, Q=1,1-1011 gpe,

5.8. a) Mg/A; ©) T:%TU»{—(QMgVO/BvRA), V:—g—VO—;—(BvRATO/SMg).

5.9. 6) 14,8 Ouc/em. 5.10. 2) 9,92.10% duwe; 6) 1,35.103 g,
5.11. 6) E=N [e;4e,e™ €8/ T] [ | p=(&=2/kT ]2,
C=(N/sz)(82—-—81)2r"_(82"8’}/kr[l~}— e-(ﬁz—ﬁm)/kT]-Z_

5.12. a) —Np,B, 0; 5) 0; 0; B)—Nu, B thin,B/ET); r) Ne(uoB/ET)2[ch (noB/ET)]-2.
5.13. a) 2Ne (&4 T L 2)~1; 6) (2Ne2RT) & T (4T L 9y-2  (9Ne2/9kT?) nnw
6oabuiux T . 5.14. a) (CoT 1-+-CgTa)/(Cya+Cp); B) AS=C,4In(T/Ta)+
+ Cpln(T/Tp). 5.15. a) 1,27 10% dmfepud, —1,12-103 duc/epad, 1,5-10% daxc/epad;
6) 1,1.102 Oxc/epad. 5.18. a) 21,8 dwsepad; 6) 108:8°10% 5.17. a) 12,6 °C;
6) 12,8 duc/epad; s) 9,4-10% Joc, 5.18. a) 0; 6) 0; B) 0; r) HelaBHCHMO.

5.19. a) S,=3S;; 6) c,,:% Co. 5.20. a) Nk (ho/kT)? kT (ho/kT _y)2 5y Np.
=4
521 a) SkT; 6) S R=208 dw-cpad=Low=l 5.2, a) (2 In Z/opY +-
3 -~ 1/2
+@1n 2B 1) (-2- N) .
aana 6 *
8.2, a) e~ B [PYam+mezl gse gsp. gy WD BMO py. g e—Bmez 45

63. noxe™PE 64, a) VIIn(R/r)I™'r™Y 6) nox(r/RY"BYV/IN (RIrg)
B) ¥T > e2n'?. 6.5. a) w?r (m—pov); G) e~ V/2 B0 (M=00) gr .6 4y Bllo (Be=By) ;

6) ch (Bu,By)/ch (BpgB1); B) 1+ (1o/kT)? (B3— BY); 1) 1,00015. 6.7. —;-kT, HET.
6.8. a) 272 6) yensmenno. 6.9. Bospwe. 6.10. 4V (In 2);4v. 6.11. Ilputau-

sutesbHO 4 cex. 6.12. a) (co/cy) (my/my)VR. 6.13. Q(I_V“He/uNe). 6.14. 2) 0;
6) #T/m; 8) 0; 1) 0; ) (RT/m) (1 +4b%). 6.15. a) vp; 6) ve (kT/mc?).  6.16. R,
6.17. p x T. 6.18. a) Mg/a; 6) kT/a; B) (@kT)Y%/g. 6.19. a) —;-kT; 6) —;—kT;

B)-;ikT; r) %R. 6.20. R. 8.21. a) E=3Nko -é--k(e*‘“’/”—l)'l];

6) 3R (hao/kT)2 e /T (FORT _1)=2, o) 3R (0/T)2e~®T; x) hoyk.
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Tnasa 7

7.2. B) 6,21 amu; 6) 832° K. 7.3. a) (cy/R) (DN —pVi); 6) vey (T )—T)).
7.4. 6) %R:?O,S Jrc-2pad=1.moao—1; B) 5 - 7.5, a) —2—R; 6) 1300 duc;
8) 1500 Oac; 1) 23,6 dxe/epad. T1.6. %R In{(T/TY)VV)¥?], the T n V—

cM. oTBer K 3ajgaue 5.8. 7.8. a) 195°K; 6) 3,12.10% doc/moap 1ns BO3TOHKH,

2,55-10% Qw/moap  mna  ucnapenusi; 8) 5,7-108  Oxc/ao.e. 7.9. Hyas.

\ T-1

7.10. [(L/RT)»—%]T*. 7113 (RTD QP 6) |2 — 1 (BT T
1 \Lpg ¥

B) 1,4°K. 7.45. a) T /T;—Ty): 6) 11,9,  7.16. a) C(T,+T,—2Ty);

0) T ;= (T\Ty)"% 8) C(TY2—TY2)2 7.17. a) VRT In (Vo/Vi); 6) VRT ln(V ,/V )3
B) V,Vp=Vy/Ve 1) ¢1g=T"T. T.18. | —(V V¥ L

Fnaea 8
8.1. a) 2; 6) 2; B) me peficreyer. 8.2. a) v; 6) 1; B) He neficTByer.
1 1 5 1 . '
8.3. a) ?z‘c; 6) —gic; B) af,, —gatczat; r) 5 ate, 7at0:ar. 8.4. Yuenn-
1aeTcd, HEH3MEeHHO. 8.5. a) 2nnR3Lw/d; 6) npudnmautenvio 25 Gum-cm.

8.6. 1,4.10~4 z.cu~lece—l. 87 a) oo V" ¥E~1: ) qo TE+ 3~ 0

8.8. a) 1,4 am/jcm; 6) 4-10~% mm pr. cr. 8.9. a) (n,/nQ)(ug/m)l/“ 6) (No/M) (115710:);
B) (1) ‘h) (Le/p2); 1) dy & 1,9-10-8 cu, dy A 3,1.10~8 ca. 8.10. Hpubansuressio

10 yacos. 8.11. [Ipu6ausurensuo —g’—(ln 2) (M/m) (nuL?)~1, 8.13. B) 212,

T = a*T 5
= or e . 8.5, AT = (/2R /2nbw) In (b/a). 8.16. a) (71/8) (pat/ML) (py— p2);

6) (/16) (na*/mRTL) (pi—p3).

8.14.

Jonoauurtenbtsie 3agaiu

1. 0,013, 2. (2ug)~1 (2nNpg)~ 2 exp {—[M—N (p—q) wo|*/8Npguz}.

5. a) 0,37; 6) 0,08. 8. 0,0025, 0,090, 0,162. 10. 6) T (kO)'2;
o |3 Wm0 (G877 e wawn voevan,

ecan N> N'.
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