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NMPEJTHCIOBAE NEPEBOTYNKA

,TeopHs TEIIOTH “ IB/geTCs NOCJeiHHM TOMOM ,BBenennst B Teo-
petnyeckyio ¢usuky“ Ilnanka. B nepsolt uwacTu 3TOH HOBON KHHrH
[Tranka w3jgaraeTcsl MCKJAIOYUTENbHO KJAacCHYECKass TepMOAHHAMUKA,
BHE BCAKON CBSA3M C ATOMHCTHYECKMMH npeacTtabienuamu. Cienyer oT-
METHTb, YTO B 3TOH YaCTH BO MHOIOM HMeeT MeCTO NMOYTH TeKCTyalbHOe
coBHajeHue C COOTBETCTBYIOUMMY IMMaBamMu , TepMoauHamMuxu® Ilnan-
ka. BTopas yacTh MOCBSIIUEHA H3JOXEHHIO OCHOB TEODHH TENJONpo-
BOJHOCTH. TemIonpOBOAHOCTb B3ATa dBTOPOM B KauecTBe TAaKOro
npoluecca, KOTOpH# ABaseTCS NpPoCTel MM NPUMEpPOM HeO6DaTUMHX
npoueccoB. baaromaps Tako# TOuke 3peHust nNepexoia OT TepMOIH-
HAMYKH K TEODHH TeINIONPOBOJNHOCTH OKa3biBaeTCs B H3JOXEHHH
[TaaHka uype3BLIYAHHO ACHHIM Y €CTeCTBEHHBIM.

H3noxeHue 06eHX 3THX 4yacTe#l KHHIHM ¥MeEeT YHCTO ¢(EHOMEHO-
Joruyeckuit xapaktep, KOTOph# [l1aHk 1o CpaBHEHHIO C H3/IOXeHHeM
» TEPMOJAHMHAMHKKH" Jaxe elle ycuauJsa O6sarojaps TOMY, UYTO OH Ha-
CTONYKMBO M3rOHSleT M3 TEKCTa 3THX 4YacTell kakue Obl TO HH GBLIO
cJaeNbl ATOMHCTHUYECKHX TpeACTaBJAeHHiH,

TpeTbs 4acTb KHHMIH NMOCBAIIEHA UEJIHKOM SIBJEHHSIM TelJOBOro
H3nyyeHus. J3HAUHTEJbHAsl 4yacThb MaTepwaJja 3TOH 4YacTH 3aHMCTBO-
BaHa aTOpPOM H3 ero xe kHurd ,Vorlesungen iiber die Theorie der
Wirmestrahlung®. DTa wacTb npexactaBaseT co06ol0 1O CYLIECTBY
TePMOJAMHAMHKY H3JyYeHHd.

UeTBepTasl 4aCThb KHHTY H3JaraeT OCHOBLl ATOMHCTHKY H TEODHMH
KBAaHTOB. DTa 4YaCTh KHHIHM HAaNHCaHAa aBTOPOM [OYTH ULEJHKOM
3aHOBO. B nepBoil riaBe 3TO yaCTH JaeTcsi CpaBHEHHE MaxpOCKO-
IMYEeCKOTO M MHKDOCKOINHYECKOro Crnooco60B paccMOTpeHus pusnye-
CKHX sIBJeHHH u, Ha OCHOBe NpeJACTaBJeHus O (JIOKTyauusx, 4pes-
BHYAa#HO SICHBI{ H HHTEPECHbIH aHAIM3 TePMOJAHHAMHKH CO CTATHCTH-
yeckoil Touku 3peHus. HaJabHelInve IJIaBbl NMOCBAUIEHHE H3J0XKEHHIO
KJacu4eCKOH H KBAHTOBOM CTATHCTHKH H TEOPHM KBAHTOB.

CrpaHuubl, NOCBS LIeHHBIe CTATHCTHYECKOMY PAaCCMOTPEHHIO TepMO-
JMHAMHKH, YPE3BLIYalHO MHTEPECHHL.

[Tocse yteHust 9TOH 4aCTH KHHMIHM BHeyaT/JEHHe, MOJYy4YEeHHOE OT
yTeHHus] TEepPBHIX TPex yacTell, OKa3HIBalOlleecsd HECKOJbLKO pa3apob-
JIEHHBIM, COEAMHANETCS B elMHOe Lesoe; Y YdTaTe sl BO3SHHMKAET IPH
3TOM SICHOE MpeACTaBJEHHE O COJEp¥KAHMM TOTO, 4YTO 15a3BaHO ,Teo-
pHel TenJOTH“, H O TOM, KAKOE MecTO B Hell 3aHWMaeT TepMOJH-
HamM¥Ka. OTHM JO HEKOTOPOH CTEeNeHW HCKYNAIOTC HeNOCTATKH,
o6f3aHHble TOMY HIEHHOMY pacy/JeHeHHIO MaTepuaja KHHUTH, yOex-
JeHHHM CTOPOHHMKOM KoOTOporo [lraHk, NOBHAWMOMY, SBJSIETCS M
KOTOPOro OW TaKk HAacCTOHYMBO B KHMIe NPHAEpPXKUBaETCH.

[Tepeson ,Teopud TennoTH“ NPeACTaBHJ HEKOTOpPOE 3aTPYAHE-
Hue, CBf3aHHOE, TIJaBHHIM O006pa3oM, C BONPOCAMH TEPMHHOJOTHH,



6 NPEINC/NOBHE

YxaxeM B 4aCTHOCTH, YTO TaKOe 3aTpyJHEeHHe BO3HHKJO NPH INepe-
BOje TepMuHOB ,Kérperwiarme“ u ,Strahlungswirme“. C rouku 3pe-
Husl COBpeMeHHOH TepMOAMHAMHKH 0063 3TH TePMHMHA H COOTBETCT-
BylOllMe UM [OHSITHS NpeacTaBasioTcs, Bonpeku Ilaamky, BooOue
MaJn0 YAOB/AeTBOPHUTEJIbHHIMH. Tem He meHee, 4TOObl He HapyllaThb
repmuHosioruio Il1anka, Mb nepeBesay HX KaK ,TENI0Ta Teq” U ,AyYH-
crad rtemaorta“. Mbl paccunTeiBaeM, OJAHAKO, He Ha yTBEPXJEHHE HX
B PYCCKOH Hay4yHON TePMHMHOJIOIMH, a la TO, YTO 3TO AACT MOBOAL
K- O6GCYXKIeHHIO NOJOGHHIX BONIPOCOB NMPEACTABUTEAAMH KPHTHUECKOTO
HanpaBJeHHUs] HAllel COBETCKOA TePMOJAHMHAMHKK M YCKODHT (pOpMH-
pOBaHHE YTOYHCHHLIX TEPMOJMHAMHYECKHMX [OHATHH U BHPabOTKY
pauXOHAIbLHOM TepMOJHHAMHYECKOH TEPMHUOJOTHY,

Buiie yxe 6510 OTMeYeHO, YTO nepsan 4acTth , TeOpHH renaoTh”
BO MHOIOM TeKCTVaJbHO cCOBHajaer ¢ ,TennoauHamukol“ [Ilaanka.
Mexay TeM Ha PYCCKOM fi3HIKE yxe CYLECTBYET NPEKPACHbIl nepe-
BOX ,TepMoaunaMuku®, npuHaj1exauai axaa. A. H. ®pymkuny.
CoBnajenune, BO3HHKINEE ECTECTBEHHO M B DYCCKOM TEKCTe, mepe-
BOJAYKK HACTOSINEN KHHUTH YCH/HJ elle ¥ TeM, YTO NO3BOAHJ Cebe
BHIIPABUTb HEKOTOPLIE MECTa CBOEro nepeBosia o nepesony ,1epMo-
auHamuku®. IlepeBoauvk Bopaxkaer IJIy60Kyio 61aroJapHOCTb aKal.
A. H. ®pymkuny 3a 6aaronpusiTHui DPHEM, KOTODBIM 3TO BCTPETHIO
c ero cropousl. [lepeBOmuMK CYHTA4€T TaKXe CBOWUM JOJATOM HO-
6JarOapUTh CBOErQ MpexHero KoJJAery — pelaktopa HK3aaTeqab-
crBa C. A. KameHneuxoro, ¢ 60/abuidM BHMMAHMEM YHTABIIErO KOp-
peKTypy mepeBOJAa H CHeJAaBINETO psj, UEHHHIX 3aMevanuil.

[1. Yenenckuil.

Mocksa,
25/VII 1935 r.



OPETHCAOBHE ABTOPA K HEMEIIKOMY H3TAHUIO

Hacroguwas kuwra npexacraBideT c0o60H 08Tyl H 100C/TAeZHION
yacTbh BHIIYCKAeMOro MHOIO ,BBeneHus B rteopernueckyio QH3UKY“.
B orauwume oT TOro, KdK 9TO NPUHATO JesaTbh OGLIYHO, S NOMECTHJ
B KOHLe BCefl BellH Yy4YeHHe O TelJaoTe, a He yuyeHHe OO 3JMEKTPH-
‘yeCTBe; NOCTYyIas Tak, fCJefOBan HACTOHYHBHIM TPe6GOBAaHHAM CTPO-
roft 06’eKTUBHON cucTeMaTHkH. [IpuHATOE pacnoJoKeHHe MaTepHaJa
JefCTBHTENBHO OLPABABIBAETCS TEM, YTO U3JOXKeHHe TEODHH TelIOTH
MOXHO NOCTDOMTL HA H3JMOXEHHH MEXAHHKH H 3JeKTPOAMHAMHUKH,
TOrga Kaxk oO6paTHOTO cHenaTth Heab3ss. TecHOH CBSI3H MeXnIy OT-
JAENbHLIMHM 44aCTIMM Kypca, KOTOPas BhISIBJAEHA 3iech BO3MOXHO 60-
Jee OTYeTIMBO, COOTBETCTBYET TaKxke ¥ 60/bLIOe YHCJIO CCHIIOK
Ha mnaparpads ¥ ypaBHeHHs NpelnAywWuX vacrell; uudbpa / npu
3TOM OTHOCHTCH K OOlleli MexaHuke, 2— K MexaHuke AedOpmupye-
MHX Tesd, 3—K TeOpHH 3JeKTpuYecTBa U 4 —K ONTHKE.

Heckonbko paHee s y¥Xe BHINYCTHJA B CBeT JBe KHHIH M3 00-
JIACTH TEODHH TeIJIOTH: N0 o6uleli tepMoAuHamuke (Walter de Gruy-
ter & Co., Bepaun u Jle#inuur, 9-e u3n., 1930) u no TenJoBOMy H3-
ayuyenuio (Joh. Ambr. Barth, Jlefinuur, 5-e w3n.,, 1923). 9§ cumraio
HYXHBIM YKa3aTb 3JeCb, 4TO COJAepxaHMe OOGeHX 3THX Bellled HH B
KOeM cJyyae He BOULIO [EJHKOM B HACTOAULYIO KHHIY; HanmpPOTHB,
ofe upenblaymiye KHHTH ¥ HACTOsUlas B W3BECTHOM CMBICIe JOIOJA-
HAIOT Apyr Apyra. Paccyxienus ofulero xapakrepa OBTOPAIOTCH,
KOHEYHO, B COOTBeTCTBYIOUIHX MecTax B Tol xe ¢dopMe H 31eCh, HO
4YTO KacaeTc! OTJAeNbHBIX IMOACHeHHH H OPHJAOXKEHWH, TO TaM OHH,
KaK NpaswioO, Pa3BUTH 3HAYMTEJIbHO IIHPe ¥ cofepxar 6oJblie ma-
Tep¥asa, yeM 3TO MOXHO OblJO AaTh B HACTOsLIEH KHHTe BBHUAY ee
orpanpyeHHoro ofwema. HyHO, oxHakKo, CKa3aTb, YTO B TO Xe
BpeMsl CBA3b Da3JWYHBX TEOPHH APYr C APYroM, B 4aCTHOCTH CBA3b
TEPMOAHHAMHMKY C aTOMHCTHKON M TeOpHel KBaHTOB, BHIPaXKeHa 31eCh
60Jee MONHO W OTYETJHBO.

B koHie kuuru nomeweH aldaBUTHBI yka3aTeJb BCeX JAHHHEIX
B He# onpenetenuil ¥ HaupbOJlee BAXHUX NOJOXEHHH.

Asmop

Bepaun-Tponesansy,
Mapr 1930 r,
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BBEJIEHHE B TEOPHI) TEILTOTHI

§ 1. [TonaTHe TenaoTH, Kak ¥ BCsikoe BooGIe Hu3nyecKoe MOHs-
THE, HMEeT CBOMM HCTOYHHKOM OlpejefNeHHHe oulymenus. OJIHAKO
cBOe 3HayeHHe JIJs (PuU3HKH OHO NPHOOGpeTaeT TOJbKO Ha OCHOBE
IIOJHOrO OTJAeJNeHHsl NPOLeCCOB, NPOMCXOASIIMX B HAIIMX OpraHax
4yBCTB, OT NPOLECCOB BHEINHHX, BO3OyXAaoluX OUlylleHHe TenJa.
B cuay 3TOro Aas TemaoTH, C TOYKH 3peHHS (HU3HKH, TEIOBhle
OUIYLIeHHS HMEIOT TaK e MaJ0 3HAayeHus, KaK OIylieHHe CBeTa
aas Gu3uyeckOro HOHATHSA LBeTa,

BHemnue mnpopeccs, BO3OyXJamouiue y Hac ollyllleHHe Teillaa,
MOTyT GHITH CAMOro pa3/MYHOrO XapakTepa. DTO MOTYT OHITb HJIH
npoueccs, NPOMCXOJAsNHE HeNOCPeACTBEHHO B TeJaaxX, C KOTOPHIMH
Mbl COINPHKACAEMCsl, HWJH Xe OHM MOTyT CBOJHTbCA K 3JeKTpOMar-
HHTHBIM BOJIHAM, BCTPeyalOU[MM HAIIH OpPraHel 4yBCTB. B 3aBucumo-
CTH OT 3TOr0O TOBOPAT ¥JIH O TeNJOTE TeJ MIH O NJYHYHCTOH
TenJoTe. DTH JBa BAJA TeMJOTH COBEPIIEHHO OTJIHYHH ¥, BOOOuIe
roBODS, He3dBHCHMH JADYr OT Apyra. Hanpumep HHTeHCHBHOe Tel-
JIOBOE M3/Jy4YeHHe MOXKeT PacHpOCTPaHATLCS B OYeHb XOJOAHOM BO3-
Ayxe, COBepIIEHHO ero He Harpepas. OGCa 3Ty BHAA TENJOTH MH
paccMOTPUM TIOCTeOBAaTENbHO JIPYT 3a ADYroM.

3a MCXOIHHH MYyHKT Halero W3J0XEHMS MH BO3bMeM, Kak Cle-
Jal¥ 3TO ¥ NPH M3y4YeHHWH 3JIEKTPHYECTBA, NMPHHUHI (38KOH) COXpa-
HEeHUs 3HePrud. IDTOT NPHHUMI SBJASETCS eJHHCTBEHHOH HaJeXHOH
OCHOBO}, Ha KOTOPYIO MOXHO ONEpPeThbCsl, BCTynasi B HOBYIO 006/1aCTh.
B Teopuw TenJOTH 3TOT MPUHUMI OOGHYHO HaA3HBAlOT MNEPBHIM Ha-
yaJoM. TIpHHIUI COxpaHeHWs 3HEPruH¥ yCTaHaBJIuBaeT CBA3b MEXIy
TEPMUKOH ¥ MEXaHWKON ¥ 3THM CaMBIM ollpeleiaseT COIEDXKaHHe
TaK Ha3bHBaeMOH TepMOAWHAMHUKH.

§ 2. Onmoro npuHuuNa COXPaHEHHS SHEPrHH JJIs MOCTpoeHHs 3a-
KOHYEHHON TeOpPHH Tem/NOTH, KOHEeYHO, ellle HeAOCTATOYHO. DTO
MOXHO CJeJaTb, JHIb [IPUBJEKass Ha MOMOMWb APYrOf NPHHLHIM,
HMEHHO BTOpPOe HauyasJO TeOpHH Tema0Th. COxepXaHHE 3TOro BTO-
poro npHHUHIE ONpenensieTcss OQHOM cBOe0Opa3sHOH 0COGEeHHOCTbLIO,
OT/MHYAlOUIEH TenJOBhle NpONecCH OT NMPOUECCOB MeXaHHYeCKHX H
3/JIEKTPOMATHHTHBIX H CO3palOMEeH A/l TEODHH TeNJIOTH COBEPIIEHHO
0co60e MOJOXEHHe CPelH BCeX OCTaNbHHIX (H3HYECKHX TeOpHH.
B 3TOM e, MexX/y NpOYHM, 3aK/JI0YaeTCs M NPHYHHA TOrO, YTO H3-
JOXeHHe TEMJOTH B HACTOALIEM KypCe OTHeCeHO Ha caMblll KOHew.

IIpencraBum ce6e Kakyo-HHOGYIb (He CIHWIKOM MaJylo) ¢u3Hue-
CKyI0 CHCTEMY, HanpuMep KakOe-HHOYIAb TeJO, HOMEUIEHHOe B FaKoe-
16O 3MEKTPOMArHHTHOE MOJe, MOJNHOCTHIO H3OJHPOBAHHOe OT BHeNl-
HEro mpoCTPaHCTBa; aLepPrus 3TOH CHCTEMHl GyneT, OYeBHJHO, OCTa-



10 BBEAEHHE B TEOPHIO TEM/IOTH

BaTbCA NOCTOAHHONA. B aTOl cHCTeMme OynyT fIPOHCXOJHTh H3BECTHLIE
npoueccs, TeyeHHe KOTOPHX ONPeAeNHTCs] COBEPIIEHHO O HO3HAYHO,
€CJH MCXOLHTb M3 ONpeJeNeHHOr0 HavaJbHOro coctrosHus. [lpu
3TOM OKasmiBaeTcs caenylomee. Ecan npennmosoxuTh, 4TO CHpaBen-
JUBH BOOGLIE TOJbLKO 3aKOHbl MeXaHAKH M 3JeKTPOJAHHAMHKH, TO
Ipoueccs 3TH HUKOrja He JOJ/IKHB 3aKOHYHTBLCS: B IPOJNOJKeHHE
BCEro BpeMeHH OHH COXPAaHSIOT CBOH XapakTep. MOXHO naxe no-
Ka3aTh, YTO COCTOSIHHE, KOTOPOe OJHaX/H YyXe HMEeJO MecTo, C Te-
yeHHEM BpEMeHH, eCJH H He a6COJIOTHO TOYHO, TO C JIOOHM xe-
J3aeMbIM MPHOG/IHKEHHeM MOBTOPHTCS CHOBA H IPHTOM J1000€ YHCJIO
pa3. Ho xak TOJAbKO B 3THX mpoueccax HayHeT NPHHHMAThb ydacTue
Ten10Ta (B BHJAE JH TEIVIOTHl TeJ HJAH JYYHUCTOH TEMJOTH), OHH
HayHYT OPHOJIHKATLCH, XOTA Obl H aCHMNTOTHYECKH, K OIpeje/eH-
HOMy Kouuy. Besd cucTema OyneT cTPeMHTLCS IPH 3TOM K COCTOSIHHIO,
B KOTOpPOM MPeKpauaoTcs BCAKHE MeXaHMYeCKHe W TelaOBLle H3-
MeHeHHsl (B MaKPOCKOMH4YECKOM cMbICJe 3TOro caosa, § 115). 3rto
COCTOsIHHE HA3HBAlOT COCTOSHHEM TENJAOBOr0 paBHOBe-
cHus.

B cuay yka3aHHON OCOGEHHOCTH BCe NPOUECCH, B KOTOPHX HI-
paet poJb TeNJaOTa, OKa3LIBAlOTCS B H3BECTHOM CMBICAE OJHOCTO-
pOHHe HanpaBJEHHHMH. DTO Pe3KO OTIH4YAaeT HX OT NPOUECCOB wme-
XaHHYECKHX H 3JEKTPOMarHHTHHIX, MOTYLIHX [POTEKAThb OJHHAKOBO
XOpowo H B NPAMOM H B OGPATHOM HalpaB/lIeHHH, TAK KaK 3HaK
BpPeMeHH He urpaeT B HHX Hukaxol poau. ConmepixaHue BTOPOro Ha-
yaja H 3aKJI04aeTCss B TOM, 4TO OHO JaeT KOJHYECTBEHHHIH KpHTE-
puit nas OfpejneseHHs HalpaBJeHHs NPOTeKaUHX B NPHPOJE H3-
meneunht (§ 47).

B nmepBHIX ABYX uacTaX 3TOH KHHrH Mb GyjneM paccmMaTpHBaTh
TOJILKO TEIJOTy TeJ, a HayHHas C TpPeTbeHd 4YaACTH H JYYHCTYIO
TeIlIoTY.



YACTD TEPBAY

TEPMOJTHHAMHAKA
T'JIABA 1

TEMIEPATYPA. MOJIBHBIA BEC

§ 3. lMepen Teopme# TemgOTH BCTaeT Mpex/je BCero 3ajauva
Ha¥TH KOMHYeCTBEHHYIO XAPAKTePHCTHKY TeNJOBOIO COCTOSHHS Tesa:
OlllymIeHHsl, BO3HHKAIOLHE Yy HAC, KOrjia Mbl NpHKacaeMcs K Teay, fO-
3BOJIAIOT COCTABHTb JHIIb OYeHb HeCOBepLIEHHOE [IPEeACTaBJIeHHe
0 €ro Ten/JOBOM COCTOSHHH.

Jna pemeHnus ykasagHOH 3ajayd MB MOXeM BOCIOJb30BaThCH
Ha6Ja0jeHHeM, YTO BCSAKOe TeJO MNPH HarpPeBaHHH, €CAH COXPaHATH
JNaBJeHHe, OJ KOTOPbIM OHO HaxojauTca (Hanpumep atMmocdepuoe
IaBJeHHe) [MOCTOSHHBIM, H3MEHseT cBOH o06beM. Mbl MOXeM [10-
3TOMy OIpENeJHTDb TellJJOBOE COCTOSHHE TeJd BeJHYHHOIO ero 06bema
B 3ToM cocTosHuHu. a8 3Toll ueqH MOXHO BOCIIOJb30OBATbCA H
BCSIKMM JADYTrHM CBOWCTBOM, 3aBHCSIIMM OT Tei/JOBOrO COCTOSIHHSA
Tesa, HalpHMep ero TepMO3JeKTPHYeCKO# (3/JeKTPOABHXYyLIeH) CH-
JOH HJH ero 3JeKTPHYECKHM CONPOTHBJEHHEM.

Uro6bl cpaBHHBATh KOJHUYECTBEHHO TelJOBble COCTOAHHS ABYX
Pas/MHYHHX TeJ, HaM HYXHO BTOpPOe ONHTHOe MOJOXeHHe; 3TO MO-
JIOXeHHe ABJASeTCS YAaCTHHM CayvyaeM obuiero NpHHUHIA. O KOTOPOM
MEl TOBOpHH B § 2, 1 QopMysupyeTcs ClelylollHM 00pasoM: ecaH
IBa HJIH HEeCKOJbKO ([OKOSIIIHXCS) TeJ HaXOAATCA B TEIJOBOM B3a-
HMOefiCTBHH APYT C APYroM, TO MexJAay HHMH, B OTJIHYHE OT CJIy-
4yasg MeXaHHYeCKOro HJH 3JeKTPOMArHHTHOTO B3aHMOJEHCTBHA, B
KOHUe KOHIOB BCerja yCTaHaBJHBAeTCs COCTOSHHE TellJIOBOro paB-
HOBECHSl, B KOTOpOM BCSIKHe H3MeHeHHs npekpamaiotcs. [loabsysach
BHpaXeHHeM, 3aHMCTBOBAHHLIM M3 MeXaHHKH, B 3TOM CJAydae roBoO-
paT, 4TO TeJa HaXOARTCS B TENJIOBOM pPaBHOBECHH MeXAy COOGOH.
OTtciona ToTuac e BHITEKaeT OfHA BaXHas TeOpeMa, KOTopas ¢op-
MYJHPyeTCs Tak: eCad TeJO0 A HaXOauTcs NMOPO3Hb B TEIJIOBOM paB-
HOBecHH ¢ 1Byms Apyrumu teJdaMu B u C,To M aTH Teaa B u C Haxo-
AATCA B TellJ/IOBOM paBHOBECHH MeX Iy c06010. JleHCTBHTENbHO, coe:
AnauM Tema A, B, C apyr c Apyrom B BHJIe KOJbua, T. €. Tak,
4TOGH Kaxja0e Tes10 CONPHKACAJAOCh ¢ AByMs Apyrumu. [lo npen-
TIONIOKEHHIO, TelJIOBOe PABHOBeCHE HMEeTCsl B MeCTaX CONpPHKOCHO-
BeHus AB u AC; Ho oHO GyneT HeOOGXOJHMO CYWIECTBOBAaTh H B
Mecte BC, uHaue uHmKakoe OO6liee TellIOBOe paBHOBecHe He ObLIO
6rt BO3MOXHO, 4TO IPOTHBOPeunno 6ul GHOpPMyJIHPOBAHHOMY Bhile
OOIIeMy IpsHUIHTY.
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STa Teopema HHM B KOeM C/lydYae He fiBaseTCs caMa COGO# pasy-
Mewoueiica. To OCOGEHHO JerkO BHIETh, eC/IH NHTAThCA IPHMEHHTh
ee K c/ayyalo 3JeKTPHUECKOro PaBHOBeCHs; JJs NOCTejHero OHa He
HMeeT MecTa. Tak, eCqH [NPHBECTH B CONPHKOCHOBEHHE MeIHYI0 H
UMHKOBYIO NJAaCTHHKH, HaXONslUHECS B 3/JEKTPHYECKOM PaBHOBECHH
C pa36aBJeHHOH CepPHOH KHCJIOTOH, TO HHKaKOro paBHOBECHS B MeCTe
CONMPUKOCHOBEHHs MJACTHHOK He YCTAaHaBJIHBAeTCs; 31eCh, HAPOTHB,
BO3HMKAET TeueHHe SJEKTPHYECTBA OT MEAHM K LHHKY,

§ 4. Ha TONBKO 4TO H3JOXEHHOH TeOpeMe, CIPaBeAJHBOH OTHO-
CHTEeJbHO TellJOTbl, OCHOBLIBAETCS BO3MOMXHOCTb CpPaBHMUBATH TellJO-
BHe COCTOSHHS KaKux-HuOynb aByx Tea B u C, He IPHBOAS HX B
HeflocpeCTBEHHOe CONPHKOCHOBeHHe. Jas aTOro kaxnoe u3 Terx B
u C B OTAEJbHOCTH NPHBOASAT B CONPHKOCHOBeHHe C [POH3BOJBLHO
BBIGDAHHLIM TeJOM A (HAIPHMEpP C HEKOTODHIM KOJHYECTBOM DPTYTH,
3aKJMI0YeHHHIM B pe3epByap C y3KOH TpyG6koh); 3To Teqo A cayxur
H3MepHTeJbHHM HHCTPYMEHTOM. TennoBoe cOCTOsHHE NEepPBOTO Tena
onpene sioT IPH 3TOM COOTBETCTBYIOIUHM OGbeMoM Teaa A uaw,
4TO emle Jyulle, PA3HOCTbIO MeXJy 3THM 06BpeMOM H NPOHU3BOJBHO
yCTaHOBJIEHHbIM ,HODMAJIbHLIM 060beMOM“. B kauecTBe nocaennero Ge-
pyT TOT O06GbeM, KOTOPHI NPHHHMAeT TeaO A, HAXOJSACh B TENJIOBOM
paBHOBeCHH C TaloWHUM JbAOM. Ecan euHHNa 3TON pa3HOCTH 06BEMOB
BHIGpaHa TaK, 4YTO MOCJAeAHsS cTaHOBUTCA paBuo# 100, korna A Haxo-
JUTCS B TENJOBOM PAaBHOBECHH C apaMH KunsleHd npH atmocdep-
HOM JaBJEHHH BOJH, TO 3Ty pa3HOCTh O0'beMOB HAa3HBAIOT TEMIle P a-
Typoi# 6 (B rpanycax llenb3us) no TepMoMeTpy C TepMOMeTpHYe-
ckuM BemecTsoM A. JlBa Tesa OJHHAKOBOH TemmepaTyphl BCeria,
CMe0BaTeAbHO, HAXOUATCA B TENJOBOM DaBHOBeCHH, H 06paTHO.

§ 5. TemnepaTypHHe NOKa3aHHA JBYX PasJHYHBIX TEPMOMETPH-
yeCKHX BelleCTB, 3a HcKJ/MoueHHem Todek 0° w 100° wuxorpa, BO-
o6uie rosops, He COBHajfaloT. YTOGH 3aBepIINTbL OMpeleAeHHe TeM-
nepaTypbl, He OCTaeTCsd MO3TOMY HHYero Jpyroro, Kak Cie/aTb H3
BCEX BelUecTB OnpejesteHHHH BHOGOD H NOMBL30BATLCA BHIOPAHHBIM
BELIeCTBOM [IJ/s OnpejesneHHsl yCJIOBHOH TemmepaTypu 6. DTOT BhI-
GOp ecTeCTBEHHO OCTAHOBHTb HA rasde, TaK KaK OKasblBaeTCs, 4TO
pa3nuuyHble ra3bl JalT B KayeCTBe TEPMOMETPHYEeCKHX BeleCTB B
npesnenax 3HAYHTENLHOH OOJacTH TeEMIEpPaTyp, OCOOeHHO MOpH Ma-
JHX NJOTHOCTSX, OuYeHb GJU3KOE COBMAajeHHe TeMIepaTypHHX iio-
Ka3aHui; jnaxe OOJee TOro. ab6CcoMIOTHAS BeJHYWHA paclIHpeHHS
Yy BCeX ras3oB TaKxe OKa3biBaeTC MPHOJIH3HTENBHO OJHHAKOBOM,
TaK KaK paBuble 0GbeMbl ra3oB [IpPH OJHHAKOBOM HarpeBaHHH (NpPH
MOCTOAHHOM JaBJEHHH) PaCIWIHPSIOTCS B OJHHAKOBOH Mepe. Beun-
YHHa 3TOrO pacCluupeHHsi, npu HarpeBaHun ot 0° xo 1°, cocraBaseT
1/573,2 M€PBOHAYAJALHOrO 06beMa. Mbl OynieM 1MO3TOMY B JajbHedinem
OTHOCHTbL TeMilepaTypy 0 K rasoBomy TepPMOMETPY, a HMEHHO K BO-
JOPOAHOMY TepMOMeTPy. HecMOTps Ha ykasaHHble NPeHMyUIeCTBa
BBeJeHHasi 31eCb TeMmiepaTtypa 0, ¢ NpHHUMNHMAJILHOH TOYKH 3peHHs
HMeeT HCKJIOYHATENLHO YCJAOBHOE, BPEMEHHOe, 3HAaYeHHe.

[To3sHee Mbl MOJAYYHM BO3MOXHOCTH OMNpejeJHTb, Ha OCHOBaHHH
BTOPOr0o HayaJa TEPMOLHMHAMHKH, TaK Ha3mBaeMylo a0COJIOTHYIO
TeMrepaTypy (§ 45), KOTOpOl npHCylue yxe peaibHOe 06 b€ K THB-
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HOe 3HayeHue, MOCKOJbKY OHAa COBEPINEHHO HE 3aBHCHT OT MEXaHH-
YeCKHX HJH 3JMeKTPHYeCKHX CBOHCTB OTIE/NbHHX Tel.

§ 6. B manpHelimem MH OyneM 3aHHMaTbCsl rJaaBHBIM 00pasom
ONHOPOIHBIMH H3OTPONHBIMH TE€JaMH NPOH3BOAbLHOH GOpME, 06Ja-
JNAIOUHIMH OJHHAKOBHIMH [OBCIOAY I[JIOTHOCTBIO H TeMIilepaTypoOil.
Mu 6yneM mnpennoJarath, YTO 3TH TeJa HaXOAATCS MOJ IOCTOSH-
HBIM JaBJeHHEM, JeHCTBYIOUIHM BCIOAY HOPDMaJbHO K HX NOBepX-
HOCTH. TOYHO TakOe e jpaBJeHHE OHH IOJMCHB, OYEBHAHO, NPOM3-
BOJAHTb HapyXy [cp. 2, (211)]. SIBaeHus MOBEPXHOCTHOrO HATHAXKEHHS
MBbl 3/leCb [PHHMMAaTb BO BHHMaHue He OGynem. CocTOssHHE TaKOro
Teja Onpejessetcs ero XHMHYecKOH MNPHpPOAOH, ero maccod M,
o6beMoM IV u Temnmepatypo#t 0. Bce npyrue cBoficTBa Tesa B HaH-
HOM ero COCTOSIHHH 3aBHCAT ONpeje/eHHHM O6pa3oM OT Ha3BaHHBIX.
K atum cBoficTBaM, B mepBYIO Ouepenb, CAeAyeT OTHECTH AdBJACHHE
p u sHepruio £. IMepByio BeJHyHHY MH Gynem paccMaTpHBaTh B 3TOH
e IjaBe, BTOPyio —B caeaylolued.

CoBepiieHHO OYEBHAHO, 4YTO JaBJEHHEe TesJa 3aBACHT HCKIIOYH-
TEJIbHO OT ero BHYTPeHHHX CBOMCTB, HO He OT (OPMHI U MaccH TeJa.
[MoaToMy p, kpoMe TemnepaTypu 6, 3aBHCHT TOJIBKO OT OTHOIL e-
Hua maccel M k o6bemy V, T. e. OT IJIOTHOCTH HJAH OT OOpAaTHOH
el BeJHYHHBl, paBHOH# 00beMy €JHHHUB MacChi:

u=q (1)

STy BeNHuHHy Mbl GyjneM HasHBaTb, KaK OOLIYHO, yJeJbHbIM 00be-
MOM Teja. Mbl BuauM, TakuM 06pda30M, 4TO AJg KAXJOro BELIECTBa
cyumlecTByeT ONpefeJeHHOE XapaKTepPHOE COOTHOIIEHHE :

p=f(,9), @

Ha3biBaeMOe ypaBHEHHEM COCTOfHHS BemectBa. Pynxuus f

B CJy4yae ra3OB Bcerja MNOJOXHTEJbHA, B Ciay4yae e MXHIKHX H

TBEPALIX T€J MOXKET IPHUHHMAThb, IPH H3BECTHHIX YCJOBHAX, H OTPH-
uaTeqbHbIE 3HAYEHHS.

§ 7. HauGosmee npoctyio ¢$opMy ypaBHeHHe COCTOSIHHE HMEeT

NS ra30B IIpH He CJAHIIKOM GOJbLIMX MJAOTHOCTAX. FIMeHHO, co-
rnacHo 2, (285): o

pP=z (3)

rie © 3aBHCHT TOJMBLKO OT NPHPOABI rasa H OT TeMnepaTyphs 6 (3aKoH
Boinga-MapuoTtta). Ho, corsnacuo onpepnenenuio § 4, remnepatypa 6
IPONOpUHOHATbHA Pa3HOCTH MexJay O06beMOM ¥ H ,HOPMAaJbHLIM
06beMOM® Ty, T. €.

6= (v— )P, (4)
rae P 3aBUCHT TOJAbKO OT AaBaeHus p. [lpu atToMm coraacHo ypas-
HeHuio (3):

_80

p’ ®

gne 0, —3HaueHye, HPUHUMaeMOe TeMiepaTypHOH ¢yHKuHe#t © npu
=0.

K4
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Bocnosabsyemcs eme HabmoneHHEM, TaKKe yXe MPHBEJeHHHIM
BuILIE, B § 5, cornacHO KOTOPOMY BeJHYHHA pacIlMpeHHs MNPH Harpe-
BaHuu ot 0 10 1° cocTaBaseT na% BCeX rasoB NPHOGJIU3HTENbHO OLHY
H Ty Xe 4acTh: 1

* =733

ux o6pema npu 0° (3akon Tlefi-Jlioccaka). Ecam, takum o6Gpasowm,
moloxuTs 6=1, T0 ¥V —Vy=av, u ypaBHeHHe (4) nepexonur

caenyioulee :
B ny 1=a7v,-P. (7

Hcknouas p, P, v, 1 v u3 ypasHeuunit (3), (4), (5) u (7), ™Mbl noay-
YHM CJeAyiolllee BhiDAXEeHHe AJs TeMnepaTypHoH ¢yHKIHH @ :

8 =8, (1-}-49), ®

rie MOCTCsIHHAsg ©, 3aBHCHT yXe HCKAIOYHTENbHO OT NPHPOALI rasa
OGosnaunM O, yepes C; TOraa ypasHeHHe COCTOsIHHSA rasa (3) npw-
MeT C/lefdyoulyio Qopmy:

p="C 0 +a0) =1 (14-00). ©)

UYncnennoe 3HaueHne C MOxeT ObITb HafneHO, eC/]H I8 KaKOH-HH-
6yab napel 3HaueHu#t 8 m p, Hanpumep aas 0°C u atMocdepHOro
naBJeHnsi, OyneT H3BeCcTeH YIeJbHul 006beM rasa v; 3HayeHnsa C
" aasl pa3MMYHBIX ras’oB, NPY OJHMHAKOBHIX TeMIepaType H AaBJeHHH,
OYEeBHJHO, IPONOPUHOHANBHEl YJeNbHHM O6GbeMaM ¥ WaIH 06paTHO

1
NPONOPUHOHANLHE MIOTHOCTAM . TaksM O6pasOM MOXHO CcKa-

3aTb, 4TO NJOTHOCTH BCeX ra3oOB, B3fTHIX NPH OJIHHAKOBHX TeM-
nepatype Hu JaBJeHHH, HAXOJATCS B MOCTOSIHHBIX OTHOIIEHHSX
MexJy CO6OH.

B cOoOTBeTCTBHH C 3THM ra3el 4acTO XapakTepPH3YIOT HOCTOSHHBIM
OTHOMICHHEM HX MJOTHOCTH K IJOTHOCTH HEKOTOPOrO HOPMAaJbLHOro
rasa, s3fTOro Ipy TOM Xe CaMOM JaBJeHHH H TOH e caMOH Temie-
parype (yaeabHass NJOTHOCTb O OTHOLIEHHIO K BO3AYXY HJU BOJO-
pony). Ecam Bce BeJMuHHH, OTHeCeHHBe K BOJXOPOAY, MH OyneM
OTMeyaTh HHJAekcOM H, TO yaedbHas nJaOTAOCTb rasa O OTHOME-
HHIO K BOJOPOAY BHPaA3HTCA TaK:

1 .1 _CH

v =T (10)
YkaxeM 37eChb 1151 HEKOTOPHX ra3oB 3HAYeHHS HX YIEJIbHHIX IJIOT-
HOCTeH 1O OTHOWIeHHIO K BOAOPONy: kucaopon 16, asor 14, Bosnyx
14,4, Bonsauoit map 9, ammuak 8,5, nepekuck poaoposaa 17.

§ 8. YpasHeHue COCTOSIHHS Bel[ECTBA MO3BOJSET MOIHOCTbIO Pa3-
pPelHTs BCe BONPOCH, Kacailiuecs MOBeJeHHs 3TOro BElECTBa
npH MoOHX H3MeHeHHsiX TeMIepaTypsl, 06beMa H jnapiedus. Baxuo
3aMeTHTh, 4TO, pewas Ty HJAY HHYW 3ajady, Hano oOpalllaTh BHH-
MaHHe Ha TO, KaKHe M3 Ha3BAHHBIX NepPeMeHHLIX H30paHbl B KayeCTBe
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HE3aBHCHMbIX H KaKHe — B KayeCTBe 3aBHCHMHX. EciH coxpaHsercs
HOCTOSHHBIM N aBJeHHE p, TO W3MeHeHusd, NPOUCXOASUIHE C Bele-
CTBOM, HAa3blBal0T H306GapPHBIMH HJAM H3O0NbEeCTHYECKHMH.
KosdpuuneHTOM pacmIHPeHHa NPH 3TOM HA3LBaeTCs OTHO-
eHHe yBeJHueuuss 0OGbeMa Npu HarpeBauud ua 1° xk o6beMy NpH
0°, T. e. BeJUYHHA:

Vi — Vs

——
Ho naa rasa, no ypasheHuio cocrosuus (9):
CMa
Va+1 —Vi= )

. cM

Vo="~.
p

Takum o6paszoM Ko3pHMuuMeHT paclidpeHsdus JJs BCeX rasoB paBeH
pednynte a. Ecan XKe OCTaeTCsa HOCTOSHHBIM O6beM, TO ropopar 06
H30XOPHBX HIH H3OCTEPDHYECKHX H3IMEHEHHAX, Ha3bBas
(TepMuyecKHM) KOS GHUHEHTOM JaBJeHHS OTHOLIEHHe yBesH-
yeHHs JaBJeHHs IPH HarpeBauuu Ha 1° Kk paBaenuio npu 0°, 1. e. Be-
JHYYHY!
Pop1— P
Po

Tak xax aJg rasa, 1m0 ypaBHeHHIO COcTOsHHA (9):

Ca

Py — 7= -

C .
M po=--, TO TEPMHYECKH} KOI(HMUWEHT NaBJeHus AJs BCex rasoB

O6yneT paBeH TOYHO TaK xe «, Ecuu, HaKOHel, OcTaeTCsl NMOCTOSHHOH
TeMiepaTypa Tra3da, TO H3MEHEHHS Ha3HBAOTCA HW30TEpMHYe-
CKMMH. B 3TOM cayuyae Ha3hiBalOT KO3(QHUHEHTOM YOIPYIrOCTH
OTHOmEeHHe OeCKOHeYHO MaJOro YyBeJHyeHHs JaBJIeHHs K BoI3BaH-
HOMY 3THM yBeJHYEHHeM CXATUIO eJHHHLH 06beMa, T.e. BeJHUHHY:

. avy dp
dp:— (7)== (&)
Ig rasa, no ypasHenuio cOCTOsiHHSA (9):
J c
(55),=— 5 (1 +-).

C
OTciona caenyer, uto K03punuesT yIOpyrocTa rasa paBeH7(l+a6),

T. €. paBeH nasJieuuio p. O6paruas sequynHa kO3GuIHEeHTa yIPYro-
CTH HOCUT Ha3BaHWe KO3(PHUHEeHTA CKHMAEeMOCTH.

OTH TPH KoapuudedTta, xapakTepPu3ylollye NOBeJeHHE BellecTa
IPH 4306aPHEIX, H30XOPHBIX H H30TEPMHUECKUX H3MEHEHHAX, He
HE3dBHCHMBI MexJy CO6OH: jJs BCAKOrO BeniecTBa MeXAy HHMH
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CyllleCTBYeT COBepIUEHHO OmpejeleHHOe cooTHomenune. JHelcTBH-
TeabHO, nudepeHUMPys ypaBHEHHE COCTOSHHS, MBI [10JyyaeM B 06-

weMm cayuae: dp— (%1_;)0_,19 1 (g%)s-dfv.

Ecau nonoxuts dp=0, TO HOJyYHTCH COOTHOLIEHHE MEXAy NH-
depenunasamu 20 u dv nna u300apHmX u3MeHeHud. Ero MOxHO
3anucaTh B TaKOM BHAeE:

a_p
o/6

2T0 COOTHOIIEHHE [103BOJAET BHIUHCAHTDL JJs Ka)KJI0ro COCTOSIHHS
BelecTBa ONHY H3 TpeX BEJHYHH — KO3(HUIHEHT paCIupeHHs, Tep-
MHUeCKHH KO3(QHUHMEHT HRABJIeHHs, KO3(dHIHEHT CXHMAeMOCTH — MO
IBYM JpYTHM.

§ 9. Cmecn rasoB. Ecau pasnuuHHe NpPOM3BOJbHLIE KOJHYE-
CTBa OJHOTO M TOrO Xe rasa, HMelluHe OJHHAKOBHE TeMilepaTypy
H JIaBJeHue H Dpa3jiesleHHble [epPBOHAYAJbHO MeperOpoOAKaMH, MpH-
BECTH B COIIPHKOCHOBEeHHe, BHe3allHO yJaaJss 3TH [IeperopoikH, TO
MOHATHO, YTO O6wlMfi 06bem Bcell CHCTeMbl cjejaeTcs H OyneT
OCTaBaThCs PAaBHBIM CyMMe OTAeNbHBIX 06beMOB. ONHT MOKa3HBaerT,
u4TO O6uiui 00BbeM CMecH OCTaeTCH PaBHHIM CyMMe NepBOHAYaNbHHIX
OTHeJbHHIX 06BEMOB H B TOM CJydae, KOrja [pHBejJeHHuEe B CO-
IPHKOCHOBEHHe ra3nl pa3nu4Hbl M0 cBoell npupone. Heo6xonumo
TOJbLKO, YTOOH TeMIepaTypa H jaaBjeHHe OBLIH MOCTOSIHHH H OJH-
HaKOBB BO BCeX TOYKAX 3THX OTAEAbHHX 06beMoB. HMTak oTMeueuHOe
PaBEeHCTBO HMMeeT MeCTO H 3Jech, XOTH [IpPH 3TOM H HPOHCXOAHT
MeJJIeHHH# nporecc cMemeHnd, nuddysny, razos, KOTOPHHA 3aKaHUH-
BaeTcs TOJAbKO TOrJa, KOrja COCTaB CMeCH JeJaeTcs [OBCIOAy OIH-
HAKOBHIM, T. €. KOrja CMeChb CTaHOBHTCA (u3HYECKH OJHOPOIHOM.

OTHOCHTEJLHO CTpPOeHH OGpa3OBaBIIEHCS CMECH MOXHO C/eJaTh
3apaHee JBa pas/JHYHHIX Npennoaoxenns. MOXHO NPUHATH, YTO PH
CMELIeHHH KaXJABhl# OTneJbHH ra3 meJntTcs Ha O6eCUyHCIeHHOe MHO-
XKEeCTBO MaJuXx 4acTell, IpuuemM KaXXnag Takas 4acTb COXpaHSIeT
HeH3MeHHBIMH CBO# 06beM M jgapJeHHe H 9YTO 3TH MaJkie YaCTH pa3-
JHYHBIX ra3oB npu aupdysnn nepeMellnBaloTCs, He MPOHHKAA OjHa
B JPYryio; TOraa H no OKOH4yaHMH Au(Gy3nn KaXauit OTHe bHBIH
ras uMea Gbl B CMecH CBOH npexHu#l o6beM (fapuHaJbHHH 0GbEM)
H Bce rase 06gananu 6 ODHHM H TeM Xe o6uHM paBjeHHeM. Ho
MOXHO Tak¥e HPHHATbL — H 3TO [IPelcTaBJeHHe, KaK OKaXeTCd BIlO-
caencteuy (§ 12), exMHCTBEHHO MPaBHJAbLHOE, — YTO OTJE/bHHE Iasbl
H3MEHSIOTCA W [IPOHHKAIT APYr B APYyra 4 B MeJbuaHIIHX YacTAX
CBOero o6bema, TaK 4TO 110 OKOHYAHHH AHPGY3uH KaXAHH OTHeNb-
HBIH ras, MOCKOJbKY euie BO3MOKHO BOOGlle rOBODHTb O TaKOBOM,
3aHuMaeT 06beM BCell cMeCH, 3alOJHAA ero ¢ OJAHHAKOBOH MOBCIOAY
nnoTHoCThIo. TIpu 3TOM NaBJjeHHe KaX0ro rasa B pe3yJbTaTe BO3-
HYKWero pasbaBieHuss fajaetT 10 HeKOTOPOH MeHbIleH BeAUdHHD,
A0 TaK HA3bpIBaeMOro MapuUYaJbHOroO NABJEHHS.
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Ecan 0603Ha4aTh BeJHYHHB, OTHOCAIIMECH K OTAEALHLIM IasaM,
COOTBETCTBYIOUIHMH OyKBaMM C YHCJAOBBIMH MHjaeKcamu, a 06vem V,
TeMnepaTypy 0 u AaBJeHHe p CMeCH OCTABHTL 6e3 HHJEKCOB, TO
napusajbHble O6beMB ra3oB B CMeCH (mepBoe MpeicTaBJeHue),
COIMIACHO ypaBHeHnHIo (9), HANWIMYTCH TaK:

M CoM
Vl:“%(l+a6), V2=%(1+16), ) (12)
npuyeM
VidVok..=V, | (13)
a MapuHafbible 1aBAeHHs (BTOpPOe NpeicTaBJeHHe):
M, GM,
pr=SM (1 at), p=SM (1 4ap), ... (14)
CkJanbiBast 3TH yPaBHEHHS, HAXOM¥M :
V; V.
ptpet . =ptport . =p, (15)

T. e. 3ak0H JlaabTOHa, riaacgluyil, 4TO B CMeCcH ra3oB ofllee naB-
JeHHE DARHO CyMMe [apudajbHbIX AABJEHHH BCeX OTIEJbHLIX rasob.
KpoMe aToro Mol BHJHM, 4YTO

pl:pgz.--_CIMI:CQMQ:...=V1:V2:..., (16)

T. €. 4YTO napuuajbHHe JaBJeHHs (BTOpOe IIpeACTABJEHHE) OT-
JeMbHLIX ra30B OTHOCATCA MeXay CcO00H, Kak HX [HapuuaJbHbe
o6beMbl (mepBoe MpeACTaBJeHHe) HJIH, YTO TO Xe, Kak O6BheMmbl,
saHHMaBliHecs HMH 10 aubdysumn.

CocrtaB ras3opo#f cMecH ONpenensioT HWJIH OTHOIIEHHSIMH MacC
My, M, ... a1u XKe NMOCTOSHHBIMH, COrJacHo ypasHenuio (16), oT-
HOIIeHHIMH NapuHaJbHBIX AABJAEHHH, a TaxXe H NapUHaAJbHBIX O0be-
MOB. B 3aBHCHMOCTH OT 3TOro roBOpsiT O BeCOBLIX H 06 OGBEMHBIX
npouenTtax. ATMocdepHbli BO3LYX CONCPIKHT, HalpuMep, OKOJO
23,1%, xucaopona u 76,9%, a30ta N0 Becy (BeCOBble NPOLEHTH), 1O
o6peMy ke (06beMHble nmpouenTh) 20,9°/  kuciopoaa u 79,19, azora.

YpaBHeHwe COCTOSIHHSI CMeCH ras3os, corsaacHo (12) u (13), manu-
eTcst cAeaylolmuM 06pasoM:

CMy+ CoMy. . .
HJIH
CMi+CMy+. .. M

Ono, TakuM 06pa3om, MOJHOCTBIO COOTBETCTBYET yPaBHEHWIO COCTOS-
Hu (9) mpocTOro rasa, XapakTepHCTHYeCKasl NOCTOsIHHAs KOTOPOro
paBHa :
e CMi+CMy+ ..
MM+ .. (18)

Otclopa cnejyeT, MexAy MpPOYHM, YTO HCCJAeNOBaHHE YypaBHeHHs
COCTOAIHWA HUKOr4a He [MO3BOJUT PelHdTh, ABIAsgeTcs JH JaHHbIA ra3s

2 BeeaeHue b TeopeTuteckylo duamky, 1. V 919



18 TEPMOJAHHAM HKA

XHMHYECKH I[IPOCTHIM HJHM 3Xe OH NpeJCTaBasseT co60H cMechb He-
CKOJIbKHX pa3JHYHBIX XHMHYECKH NPOCTHIX ra2osB.

§ 10. YpaBHenue cocTosHHs (9) cnpaBeAJHBO 15 BCeX rasoB H
MapoB HpH AOCTaTOYHO MaJdHX MJAOTHOCTAX. EcCau xe nopsuok Bean-
YdHB NJOTHOCTH MepPeXOJHMT uepe3 HEeKOTOPYIO IpaHHIY, TO BCeraa
O6HapyXHBAIOTCS H3BECTHHE OTKJAOHEHHH; YpaBHeHHe COCTOSIHHS
B 3TOM CJydae JO/KHO 6bThb 0600uieHO0. PasinunbiMm HCCTegoBa-
TeJsaMH OHJ NpelJioxeH UeJHA paj pa3/HUYHBIX YPaBHeHHHA COCTOf-
HHs, B 6O/bINeH HAH MeHbLleH CTeneHH yJOBJETBOPAIOLUIMX CBOEMY

- HasHayeHHio. [lepBoe u mpocrefiee U3 HHX NpHHAJJIENKHT BaH-Tep-
BaaJsibcy ; 0c06eHHO 6OJBIIOA HHETEPEC IPUAAET EMY TO, YTO 3TO ypaB-
: HeHHEe NPHMEHHMO H K XHIKOMY
COCTOfIHHIO BelleCTBa. ¥YpaBHEHHE
BaH-Zep-BaasbCa muumieTcs Tak:
C (1 + o) a
P="yg"p Tui’ (19)

raie @ 1 b —wHoBble MOCTOSHHHE,
3aBHCALIHE OT IPHPOJIH BellecTBa,
Jas Goabmiux 3HaueHH# ¥ ypas-
Hedgwe (19), kak 3TO0 A IOJXKHO
6biTh, MepeXxoAHT B ypaBHerHe (9).
3aBHCHMOCTb JaBJeHHR p OT
o6pemMa v u TemiepaTtypsl 6 Jerko
NpejCTaBHTb B HarJsiAHOM BHUIe,
eCJI BHIYEPTHTD , H30TEpMHUYeCKHe ™
Pac. 1. kpuBsie. C 3TOI NeJIbIo KaxJIble JBa
COOTBETCTBYIOLIHE  JIpYyr JApyry
SHAYyeHHU ¥ K p JJA NPOU3BOJBLHOA INOCTOAHHON TeMmepaTypH 0
NPHHHMAIOTCA 32 a6CUMCCY M OpAHHATY TOYKH IJIOCKOCTH, Ha KOTO-
po#i pacrnoJoxena CHCTeMa k0OpauuaT. COBOKYIHOCTb BCEX H30TEpM
JaeT MOJHYIO KaDTHHY YPDaBHEHHS COCTOSHHSA.

W3 npoctoro ypaBeenus cocrosmns rasa (9) caexayer, uTo Bce
H30TepMbl IPeJCTABJAAIOT COOOH paBHOCTOPOHHHE THIIEPGOJLl C OCIMH
KOOpAHHAT B Ka4yeCTBE aCHMIITOT, Tak Kak JAJad9 HHX pv == const.
Corsiacno xe ypaBHeHHIO BaH-mep-Baaabca, GOpMa H3OTepM COBEp-
meHHO Apyras (puc. 1). Kaxxomy onpenenennOMy 3HAYEHHIO p 31eCh
COOTBETCTBYIOT, Kak MOXHO BHJetb u3 ypaBHenus (19), BooGue
ropops, Jaxe TpH 3HadeHuss v. [lostomy mpsiMas, IapajiesbHas
OCH abCuHCC, MepeceKaeT H30TepMy B O6ILIEM CJyYae B TPeX TOUKAX.
JiBe H3 3TUX TOHEK MOryT GblTh, BNpOueM, MHHMBIMH, KaK 3TO Hel-
CTBHTEJbHO M HMeeT MeCTO s Goabmux 3HaueHHR 8. Taxum o6pa-
30M NIpH BHICOKHX TemnepaTypaX (manpumep 6’ Ha puc. 1) npu xaH-
HOM JaBJIEHHH CYLIECTBYET TOJbKO OINHH JAeHCTBHTEJbHHH 06BbeM ;
HallpOTH3, NIPH HH3KUX TeMiepaTypax (HanpuMep 8 Ha puc. 1) xax-
AOMY Ollpelle/JeHHOMY 3HAYEHHIO JaBJeHHA COOTBETCTBYeT TpH Aeli-
CTBHTEJNbHBIX 3HaueHud O6bema. M3 aTux Tpex 3HaueHHi, npencrta.-
JeHHBIX Ha pdc. 1, HanmpuMep, TOuKaMu o, B, Y, TCJAbKO MeHbIuee (x)
1 6osbuiee (y) OTBewalOT YCTONYHBBIM COCTCAHHSM BelleCTBE; MOTY=
wuM GHTb BOCIPOU3BEEHHLIMH B NPHpoOJe. DTO ACHO H3 TOro, 4TO
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Ins cpesero 3nauenus (8) nasieHue BJOJb H3OTEPME C BO3D1CTAHUEM
o6beMa BO3pacTaeT; CHKHMAeMOCTb 3IeCh, Clel0oBaTeJbHO, OTPHLA-
teabsa. [101006HOE COCTOMINE HMERT TOAbKO TEOPETHYECKVE 3HAUCHHE!

- Touka a COOTBETCTBYET XHAKOMY, TOYKAa y-— rasoo6pasHomy
COCTOSIHHIO BellleCTBa MPH TemnepaType 6 H npu IaBJeHHH p, Npen-
craBaseMoM obwed nas a, B, y opaunatoi. CiaexyeT ykasaTh, 4TO H
H3 3THX JBYX COCTOsIBH# yCTOW4YHBO, BOOGLIEe roBOps, TOJNBKO OJHO
(ua pucyHke —- cocTosiHHe a). JlefiCTBHTEeJbHO, €C/AH CXKHUMaTh raso-
o6pa3noe BeleCTBO, 3ak/MIOYEHHOe, HanpPHUMEp, B UMJMHApE, C 1IO-
ABAXHBIM MOpPIIHEM, MOAJNEPXKHBAs NpH 3TOM TeMIepaTtypy NOCTOsH-
HOHl, TO noCJexoOBaTeJbHHE COCTOSIHHS BeLecTBa BHayalde OyAyT
H306paxaThCsl TOUKAMH H30TepMH O, nexamumu cnpaBa. C ymeHb-
weHueM o6bema TOYKa, H300paxaloulas COCTOSHHE BellUeCcTBa, ne-
peMewaeTcs 1O U30TEpMe Bce GoJee H GoJee BJIeBO, [IOKa He JO-
CTHTHeT, HaKoHell, HeKOTOpoH onpexeneHHOl Touku C. [lpu manb-
HefiiweM H30TEPMHYECKOM CXKATHH BelleCTBAa TOYKA, K4K OKa3blBaeTCH,
He MepexoiuT yepe3d meCTO C, TakK KaK BELECTBO HayHHAeT HACTHYHO
KOHIEeHCHPOBAaTbCS, T. €. pa3lesdeTcd Ha XHJIKYIO H rasoo6pasHyio
YacTH, o6aanaoliHe, pasyMeeTCs, OZHHAKOBLIM JlaBJeHHEM H' OJMHa-
KoBo# TemnepaTypo#i. CocTOofHHe ra30oo6pa3sHofi uaCTH INPH 3TOM
nocaenyiomeM H30TEPMHYECKOM ClKaTHH Bce Bpems H306paxaeTcs
Toukoli C, COCTOSHHE Xe XHIKOH 4aCTH— TOUKOR A TOH Ke H30-
TepMbl. EfnHCTBEeHHOE H3MeHeHHe, KOTOpOE IIpDH 3TOM IPOHCXOJHT,
COCTOHT B TOM, YTO [OCTENE!HO OCakjaaeTcs Bce 6ogpuiee H 60Jb-
Hree KOJHYeCTBO mapa. Touxa C Ha3biBaeTCss TOYKOH HACH LEHHS
raszoo6pasHoro BeluecTBa mpu Temmepatype 6. Korma Becwp map, Ha-
KOHel, CKOHJEHCHpPOBa/JCs, BCe BelleCTBO HAXOAHTCA B XKHIKOM
COCTOAAHMH ; OHO, ClejJ0BaTeJbHO, CHOBa OJHOpOXHO. JlaibHefilee
H30TepMHUYECKOe CXKATHe CHOBA JaeT yBeJHUYeHHe MJIOTHOCTH H BO3pa-
CTaHHe JaBJEHHA BJOJb H30TePMH 8, npHueM BeleCTBO NPOXOXHT
TaKXke H depes TOUKY o. Ha aTo#t CTOPOHE, Kak JlerkO BHJIETb M3
PUCYHKA, H30TepMa MHOro Kpyue, yeM Ha JApyro#, IPYruMH CJIOBaMH,
CXKHUMAeMOCTb BeweCTBa 3/eCh 3HAYMTEJAbHO MeHbIle.

Hpu cxaTtun napa usotepmy yzaeTcss HHOTZa NMpOC/AeIUTb HAa He-
KOTOpOM paCCTOSIHHH 3a TO4kO#f C B CTOPOHY Y M HOJY4YHTb TakK
HasbipaeMblf mepecuileHHud nap. Ipy aTOM Mb noJayuaewm, OIHAKO,
Auuib 6oJee HJIM MeHee HeyCTOWYMBHE COCTOAHUS paBHOBeCHS. DTO
clemyeT U3 TOro, 4TO HPH MajellIHX HapyLWIeHHAX paBHOBeCHS IpO-
HCXOAHUT BHE3aNHasg KOHIEHCallusd, T. e. CKaukooOpasHHIH nepexo,
B YCTOHYHBOE COCTOSIHHMe. BJarozapst H3ydeHHIO NMepeChbILEHHHX Ma-
POB TeopeTuyeckne 06s1aCTH4 H30TEpM NMPHOOPETAIOT OTYACTH H IIpakK-
THYECKOE 3HAYEHHe.

§ 11. Corsacuo cxasaHHOMY, Ha BCAKON u30TEpMe, AONYyCKaolleR
A1A H3BECTHHX 3HaYeHHH p TPH JeHCTBHTE/bHLIX 3HaueHHs o0bema,
HMeIOTCA JBe onpeaeseHHble TOYKH A u C, yka3nBalliHe COCTOS-
HHe HaCHEeHHd. OnpeleHTh NOJOXEHHEe HX HENOCPEACTBEHHO H3
gepTexa H30Tepmul Heab3d. OJHAKO TeopeMH TePMOJHHAMHKH JHAIOT
NPOCTOH reOMETPHYECKHH CIMOCO6 HAXOMXJIEHHS 3THX TOUEK, KOTOPH i
Oyznet u3noxen B rmase IV (§ 61). Uem Buie Temnepatypa, TeM
Gonee cyxupaeTcs 064aCThb NMPAMHX (NapaJeAbHHX OCH abCLKCC),
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HepecCeKalOIIUX H30TepMbl B TpeX JHeHACTBUTENbHHX TOYKAX, H TeM
6.Mee npuGAHKAIOTCA 3TH TPH TOYKH JAPYr Kk npyry. llepexon
K 430TepMaM runepOOJHYECKOro THIla, MePeCeKalollHMCs CO BCAKOH
npsamo#t, napadaenbHO# ocH abcuuce, JMINb B OJHOH TOYKe OCYy-
IIECTBASETCH OJHOW OnpeleAeHHON H3OTEpMOH, I KOTOpo#l Bee
TDPH TOUK# [lepeCeyeHd s C/IMBAIOTCA B OHY. DTa TOUKA SIBJAAETCS, TAKHM
o6pa3om, TOUKON neperd6a H30TepMbl: KacaTesabHasi K #30TepMe B Heil
napajienpHa OCH abcunce, DToeCTh KPHTHUYE CKa s TOuka K Belle-
cTBa (CM. pUC. 1), OHa OnpeeJseT KPHTHUECKYIO TeMmnepartypy 0, KpH-
THYECKHH yHeJuHblll 00beM ¥, K KPHTHYECKOe JaBJeHHe p,; B 3TOA
TOYKE HAaCHILEHHBIH Hap TOXIECTBEHEH CO CBOHM KOHIEHCATOM.
Boime kputHuyeckoi Temnepatypn (8 >6,) W BHIle KPHTHYECKOro
Jpapaeuus (p >p,) HHKAKas KOHJEeHCAUHS, Kak Jerko BHAETb H3
pucyHska, BooOiue HeBO3MOXHA. M3 puCynka HenocpejaCTBeHHO fICHO
TaKXKe, 4TO MeXJy ra3oo6pasHblM H XKHIKHM COCTOSIHHEM He Cylle-
CTBYEeT HHKAKOH OlpeleJeHHOH rpaHHuH, Tak Kak H3 OOJaCTH Ce3y-
CJIOBHO ra3o00pa3HHX COCTOSIHHA, HanpuMep u3 TOYKH C, MOXHO
JIeTKO flepefiTH, 10 KpHUBOH, O6XOAfAlEeR KPHTHYECKYIO TOUKY CBepXxy,
B ©64acTe G6e3yCNIOBHO KHIKHX COCTOsHHH, HalmpHMED B TOUKY
A, He mepecTymas Hurle uepe3 COCTOSHHe HacblllexHus. Takum
06pa3soM MexXJy MapoM H ra3OM HeJb3sl NpOBeCTH HHKAKOrO MpHH-
[HIHAJAbHOTO pasrpaHHyYeHHs.

KpHTiHyeckoe COCTOSHHE JIerkO OnpeieJHTb K3 YpaBHEHHs CO-
cTosHus (2). JIeRCTBHTENbHO, IS Hero, COrJacHO CKa3aHHOMY, HMeIOT
MeCTQ CJelyoliHe JBa ypaBHEHHS :

(%)o =0 = (%)s =0. (20)

IlepBoe H3 3TRX ypaBHeHHH roBOpPHT, YTO KacaTeJbHAf K H30TEpMe
B Touke napasjesbHa OCH abCcuucc, a BTOpOe —4TO H3OTEpMa
HmeeT B K TOuky neperu6a.
Ecan 4CXomuTh B YaCTHOCTH H3 ypaBHeuHs BaH-Aep-Baaabca, TO
NOAYYHM :
1/ 8a a
%=3b, b= (e —1) Pv=g5r- 1)

§ 12. Ecin cMemuBaTh rassl HAM Naps, NJOTHOCTb KOTODHIX Ha-
CTONMbKO BeJIHKAa, 4YTO NpPOCTOe YypaBHeHue COCTOsiHUA (9) Aaf HHX
yXe uHe HMeeT MmeCTa, TO K YpaBHEHMIO COCTOSSHHS CMeCH, Clpa-
BeJVIHBOMY C OYeHb GOJbIUMM NPHOIMXKEHHeM, MOXHO NPHTTH, HpH-
MeHss 3akon [JlaabTona. CorsacHO 3TOMY 3aKOHYy, IaBJeHHe CMeCH
p4BHO CyMMe MapUHANbHEIX JaBJeHHH, KOTOpHeE MPOH3BOJHIAH Ol
BXOJsllHe B COCTAaB CMECH rasnl (HAH Maphl), eCJH OB KaXjabh u3
HHX B OTIEJbHOCTH 3aHMMaJ 00beM, paBHHU 00beMy BCeli cMecH.
lpennoxeHue 3TO MO3BOJIAET OTBETHTb HA BONPOC, MOCTABJEHHHIH
B § 9: caexpyer au nmpunHCaTh OTAe/JbHHIM rasaM B CMecH oblee
AaBAeHHe H pa3nduHble OObeMbl MJAH, HA060pOT, O6wiHil 06beM H
pasanuHble naBneHHs? PaccmaTpuBas nap, TemiepaTypa KOTOpOro
JI@XKHT HHXe KDHTHYECKOH, JIerso mokasaTb, 4TO [OCJeAHEee Npex-
CTaBJIeHHE sIBJISIETCA e JMHCTBEHHO JONYCTHMBIM. Bo3bmewm, HanpHumep,
emMech BO3IYyxa M BOAsAHOro mapa npu 0° W npu arMocdepHOM xaB-
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JEHHH | HEJb3SA NMPENNON0XKHTh, YTO BOAAHON Nap HaAXOAMUTCA NOA AaB-
neHdeM OJXHOH aTMOC(epH, TaK KaK OH NOJX 3THM JaBjeHueMm npu 0°
BoBce He cymecTByeT. OcTaercs, CIe0BaTeNbHO, TOAbKO MPHRIKCATDH
BO34YyXY H BOASHOMY napy oO6wHuA o6beM W pas/JHYHbLIE NAaBACHHS.

§ 13. o cux mop MH paccMaTpHBaJM MCKJAIOYHTEABHO B3aHMHYIO
3aBHCHMOCTb TEPEMEHHHX p, U M 0§, BXOAAmHUX B ypaBHEHHE COCTOA-
uusg. OO6paTuM Tenepb BHMMAaHME Ha CMBICA NOCTOsHHOH C ypaBHe-
Hus (9). OTa NMOCTOAHHAS 3aBMCHT OT XHMMHYECKOH NPUPOABI Ta3a.

[Npoueccel XMMHYECKHE OTAHYAIOTCA OT (QU3HYECKHMX INPOLECCOB
npexjae BCEro TEM, YTO OHHM INPOTEKAIOT NPepHBHO, CKAYKO06pasHo;
BTODHIM Xe CBOMCTBEHEH, BOOOLle roBops, HeNpepHBHHI XapakTep.
D710 CBA3aHO C TeM, 4TO XHMHYecKas MPUPORa rasa ecTb HEYTO
NOCTOSAHHOE, MEeXJy NOCTOSHHHIMH K€ BeJHYHHAMH HE. MOMET Cy-
HleCTBOBaTh HENDEPHIBHHIX MePeXoxOB, HO JAHIIb OJHH CKAUYKH.
Pasnnunbie xMMHYECKHE BeulecTBa o6pasyloT NO3TOMY He CIIOIHCH
pAX, 4JeHB KOTOPOro HENPepHBHO NEPEXOXAT IPYT B Apyra, a pan
JHCKPETHHH; uWIEHH 3TOTO pANa pe3KO OTHEJEeHH APYr ©T Apyra.
dra 0co6eHHOCTL OOHapyxXHBaeTcss B TOM (dakTe, UTO pearupymouse
BEIECTBA, KaK NOKa3LBA€T ONBIT, COENHHSAIOTCH WM Dazneasiorcs
B COBEPUIEHHO ONpPEeAEJEHHBX INOCTOSHHBIX BECOBHX OTHOINEHHSX.
Mocaennee 06CTOATENLCTBO NMO3BOJASET MPHIUCATH BCAKOMY XHMH-
yeCKH OXHOPOJXHOMY BEILIECTBY, 6YAb TO 3J€MEHT W/JH XHMHUeckoe
Ccoe/lMHeHHe, OfnpeneseHHOe 3HaueHHe Beca (NpaBHABHEE CKAa3aTh —
3HaYe4YHe MACCHl), TaKk Ha3wBaeMH#i 3KBHBaJEHTHRHH Bec. 3TO MOXHO
clenats caexywomum ob6pasom. Has oanoro kKakoro-Hubynb sJe-
MEHT4, HApUMep IJsf BOIOPOJ4, SKBHUBaJeHTHH BeC I[10/araercs
NPOH3BOJLHO paBHHM enxHHHUE. COOTBETCTBYIOUIMA 3KBHBAJERTHHIN
BeC BCAKOTO APYroro 3/eMeHTa, HalpHMep KHCJIOpPOJAa, ONpeNearTCs
TOrZa KAK TO BECOBO€ KOJHYECTBO KHCAOPOAA, KOTOpOe COeHM-
HseTca XHMHueckH ¢ 1 2 Bogopona, obpasys sony. 1o 6yner, oue-
BHU/AHO, 8 2. BecoBoe koanuecTBO 06pa30BaBIierocsd CoeInHenus, 9 2,
ecTb 3KBHBaJeHTHHH Bec BOAM. [IpoAomkasa mocTynaTb Tak xe H
Jnajsee, Mbl NOJYYHMM 3KBMBAJEHTHHIE Beca BCeX B8JEMeHTOB, He
WCKJI0Yas M TaKue, KOTOpHE C BOIOPOAOM HENOCPEACTBEHHO He
coenuusorcd. JlefcTBUTENBHO, BCEIAa MOXHO HaWTH 3/E€MEHTH, KO-
TOphle 06pa3yloT COeIMHEHHE KaK C WHTepeCyIOINMM Hac 3/JIeMEHTOM,.
TaK U C BOXOPOAOM; OHHM H NO3BOJSAIOT HAM OCYINECTBHUTbL NEpexon
OT AAHHOTO 3J/ieMEHTa K BOJOPONY.

3aKoH MOCTOSIHHLIX BECOBHIX OTHOIUEHHH Jerko cJleJaTthb Haradn-
HBIM, eCIH YCJIOBMTbCS pacCMaTpHMBaTh 3KBHBaJeHTHHH Bec a Be-
1IecTBa KaK HEKOTOPYIO ONpeleJeHHYI0 AHCKDETHYIO BeJHYHHY HJIH,
APYTHMH CIOBAMH, KaK HeuTO MHAMBHIyaJbHOe. Bcakoe XMMHYecKH
OIHOpOXHOE Teno Maccw M Oyper comepxaTh TOrjAa, COTIJIACHO
3TOMY MpPEeJCTaB/JeHHIO, ONpeleNeHHOE YHCJAO # SKBHUBAJEHTHHX Be-

COB HJIM 3KBHBAJIEHTOB:

=M. (22)

a
Taxum o6pasoM crnpaBeisuBa TeopeMa, 4TO INPH BCAKOM XHMH-
YeCKOM NpeBpAlIeHMH pa3auyHble BEIleCTBa pearupylwT ¢ OAHMHa-
KOBBHIMH YHCIaMH SKBHBAJEHTOB.
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[pusenennoe TOALKO UTO OINpeleJeHHe 3KBUBAJEHTHOTO Beca
CTpajaeT OXHHM HEJOCTAaTKOM, KOTODHH HENPUATHO OulyInasics
B TEYeHHE HM3BECTHOTO BPEMEHHM B TEOPETHYeCKOH XHMMHH. DTOT He-
JOCTATOK 3aKJAIOUaeTcss B TOM, 4YTO IBa 3JEMEHTa 4acTo o6pasyioT
He OIHO, a HEeCKOJbKO COEIHHEHHH; BeJHYHHA 3KBHBAJEHTHOIO Beca
B pe3yabTaTe 3TOrO OKasuBaeTCs MHOrosHauHod. Tak, Hampumep,
1 2z Bogopona coexuMHAeTCd HE TOJbLKO C 8 2 Kucaopona, ¢ obpa-
30BaHHMEM BOAL, HO M c 16 2 mocxreanero, o6pasysl nepexuch BOJAO-
poma; NpH ONpeleJeHMH Xe 3KBHBAJICHTHOTO BECd HET HHKAaKHX
OCHOBAaHMH HJ8 TOrO, 4TOGH MNpexnouyectTb OAHO COEXHHEHHE ApY-
romy. OnulT, ONHAKO, MOKA3LIBAET, YTO BO BCEX MONOOGHLIX CAydasx
pasJHYHHE BO3MOXHHE 3HAYEHHS SKBHBAJEHTHOTO BeCa HaXOIATCH
MeX 1y CO60i B OTHOWIEHHAX NPOCTHIX LEJBIX yHcea (B npuMepe
ons kucaopoxa 8:16=1:2). Takum ob6pasom Teopemy, TrJacalyio,
YTO pearupyroT ApPYr ¢ APYTOM ,OJMH4KOBHIE“ UKMCJa 3KBHBAJEHTOB,
MOXHO 0606uIUTh CJAeIYIOUIMM O6DAa3sOM: 3KBHBAJAEHTH pearupymor
IpYyr € APYTOM B OTHOIUEHHAX NMPOCTHIX LEAHX YHCeN.

§ 14. B cayyae rasoB HeOnpeneqeHHOCTh B ONpeJeJeHHH 3KBH-
BAaJIEHTHOIO BECa YCTPAHAETCS TEeM, 4YTO M3 PAa3JHUYHBIX BO3MOXHBIX
3HayeHHUH Noc1egHero 6epyr OZHO ONpeneNeHHOE 3HAYEHHE, KOTO-
po€ Ha3LBalOT MOJbHBIM BecOM p rasa. Takofi npuem onpasibi-
BaeTcd APYTHM 3aKOHOM, Take NOJYYEHHLIM H3 OonuTa. ITOT IO-
cneAHu#l 3aKOH TOBODHUT, 4YTO ras3nl pearupyioT ApPyr ¢ APYroM He
TOJMBKO B NMPOCTHIX KOJHYECTBAX 3KBHMBAJEHTOB, HO, OyAyuH B3STH
NpH ORMHAKOBLIX TeMIepaType H NaBJEHHH, M B NPOCTHX OGBEM-

"Hex oTHomeHuax (Fe#i-Jlioccak). OTcioma TOTHac Xe cJaeRyer, uTO
KOJIMYeCTBa 3KBHBAJEHTOB DPAasJMYHHIX Ta30B, COJEPKAUIUXCHA B PaB-
HEX o6beMax {onpenensembix ypaBrenueM (22)}, naxoxarcs mexny
06010 B OTHOLIEHHAX NPOCTHX LeJbX 9HCeJ. 3HAYEHUA 3THX MpO-
CTHX OTHOIIEHHH COmepxkaT, KOHEYHO, TY Xe CaMyio HeolpejpeneH-
HOCTb, 4YTO U 3HaUYeHHUS SKBHUBAJNEHTHLIX BeCOB. :

YTounum mocaexHuMii 3aKOH, IpPHHAB, YTO KOJHYECTBA 3KBHBA-
JEHTOB 1, COJEpXaluxcAd B pPAaBHHX O6GbeMax Pa3JHYHHIX TasoB,
paBHH. Mexny co6ofi. DTHM CaMbHM MH CleJaeM Olpene]eHHHH BhH-
6op cpenu pasaMYHHX BO3MOXHBIX JJISl 3KBHBAJIEHTHOTO Beca 4 3Ha-
yeHu#d. B pesy.abTaTe 3TOrO Mbl NMOAYYHM I8 KaXJAOro rasa co-
BepIIeHHO oOIlpeneJeHHEn#t MoJbHHH Bec p. Jliob6oe KkKoaHuUeCTBO
rasa M Taxxe 6yHeT cojepkaTb, COTMACHO ypaBHeHHIO (22), ompe-
JeJIeHHOe 4HCAo MOJef:

n=". (23)

rl

Hrak, Bce rasu B omxMHakoBHX o6beMax copepxart
OxMHaKOBOe yucano moaeh (ABoraipo). '

Onpenenenne MOJALHOTO Beca p, Kak ONPENECHHON BeSHUMHH,
3aBHcAUIel TOJALKO OT NPHPOAB CAMOTO Taza, HO HE OT €ro XHMH-
9eCKOro B3aWMOeHCTBHA C XPYTMMH BeleCTBaMH, BASETCS ONHHM
M3 HanGo./ee BaXHHIX M NJAOJOTBOPHHX NOCTHXEHHH TeopeTuueckoh
XHMUH. IDTO onpeje/neHHe NO3BOJIAET U3MEPUTH p PU3HUECKUM ny-
TeM. B camom pene, Tax Kak uyncna Mosedt xakMX-HuGynp IBYX ra-
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80B, B3fTHX B OJMHAKOBEIX 06bEMax, DAaBHH, TO COT/IACHO ypaBHe-

Bao (23):
M _ M,

! g

T. €. MOJbHHE BECa 4y Uy, OTHOCATCH, KAK MacCCh PAaBHHX 0GBHEMOB
rasoB M;: M, uan xax niaoTHocTtu rasos. Ho, coraacuo § 7, otHowe-
BHe TUIOTHOCTEeH STHX JABYX rasoB MoxeT OHTH NPENCTABJACHO MO-

1.1
CTOAHHHIM OTHOLUEHUEM Z:IZ:; TaKHUM OGpﬂSOM, MBI [IOJYyuaeM:
1 2

1 1
M= i (24)

b

CrenoBaTesnbHO, MOJLHEEA BeC MOXHO BLIYHCAATHL H3 ypaBHEHHs CO-
CTOSHHUA,

Ecan npursite MOJbHBIR BeC BOAOPOAA DABHBIM {y, TO MOJb-

Hufi BeC M000ro rasa no ypaBHEeHHIO (24) BLIpasuTCs TakK:

- Cy

p=-G pH. (25)

Cy
Croswmui 3nech MHOXHTeNb —~—, Coraacho .ypasHenuio (10), ects
yaAeJLHas IVIOTHOCTb lasa IO OTHOWIGHHIO K BOJOPOAY. YUuciaes-
Hble 3HAYeHHs] 3TOH NJIOTHOCTH JAJSl HECKOAbKHX ra3oB OHJAM yKa-
3aHBl BLIIIE.

§ 156. VYpasmennme (25) onpemeasier COBEPIIEHHO OAHO3HAYHO
MOJLHE Bec BCAKOrO rasa. DTo NO3BOJAfAET JaTh OXHO3HAYHHEA JKe
OTBET M Ha paJbHeRINHHA BONpoC O TOM, Kak o6pa3syercd H3 MOJb-
HEIX BECOB XHMHUYECKHX 3JJEMEHTOB XHMHUECKOrO COeIMHEHHSl MOJb-
'Huil Bec mocnegHero. [1ycTb p-— MOJIBHBIA BEC XUMHYECKOTO COENH-
HeHHMA, 0O0pa3soBaHHOTO ABYMS XHMMHYECKHMMH 3JEMEHTaMH C MOJb-
HBIMH BecaMmM p; M o, CnpammBaercs, CKOJAbKO MoOJell KaxIoro
‘3JeMeHTa BXOAHUT B OJHMH MOJb COEJIMHEHHS; U3BECTHHMH BeJHYH-
HaMH 3JeCb cjaexyeT CuyHMTaTh MOJbHBIE Beca [, {q, W, — Bce
‘OHM YyKa3hBaloTcsd ypaBHeHueM (25), MCKOMBIMHM JXe-—d4HCJa MO-
e ny U on,.

Has HaxoxjgeHus o6GOMX HEH3BECTHHX y HaC eCTb, BO-HEpBHIX,
ypaBHeHHe:
T e (26)

BO-BTOpbiX, HaM HM3BECTHO OTHOIIE€HHE BECOBHIX KOJHYECTB oboux
8JIEMEHTOB B CO€IHMHEHHH:

gy _ My 27
mpy o My ( )
Orciona caepyer, uto
>
ny=——p ’ (28)
P E‘l‘l )
>
o=~ " (29)
l’*e(ﬁl—}- 1)
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Hanpuwmep, s MoJs BOASHOTO Napa, COCToAwmero us Bopopona (1)
u kucaoposa (2): p, = pu; JAajkce, COMIACHO ypaBHEHWW (25), ecan
BOCNO/Ib30BAThCsl NPHBENEHHHIMH B KOBLUE § 7 UMCIOBHMHM 3Hauye-
HYAMH yIelbHHX IIOTHOCTEH KMCIODOAA M BOJASHOTO Napa 1o OTHO-
WEeHHIO K BOJAOPOAY: pg= 16pn, p=9n; HakOHel, OTHOILEHHE Be-

COBBIX KOJIHYECTB %— 8. Takum o6pa3oM, cOrIacHO YpaBHEHHAM
1

(28) u (29), n,=1, n2=—;—, T. €..MOJb BOAMGHOTO Mapa coceour

M3 OIXHOTO MOJS BOAOPOZA H NOJOBHHBI MOJA KHCJIODOXA.

Jlas MOas amMMHaka, cOCTOswero us Bomopoaa (1) u asora (2),
4, = gy, Jajee, COrjacHo ypaBHeruo (25) u § 7, p»= ldpn,
p=8,5p4, 2 OTHOUIEHHE BECOBHIX KOJHYECTB:

M, _ 14
M, 3"
CaexoBaTe bHO, COIMacHO ypaBHeHusM (28) u (29):
3 1
nl = 7 » n2 == '2—_,)

T. €. MOJb aMMHaka COCTOMT H3 NoJyTOpa MOJel BOAOpOXA H no-
JOBHHH MOJS a30Ta.

§ 16. Haumenbluee BecOBOE€ KOJIM4YeCTBO XHMHMYECKOrO 3/JE€MEHTA,
BCTpeualonieecs B MOJASX COEIMHEHHH 3TOro 3/eMeHTa, Ha3HBaerTcd
aTOMOM HJH 60Jiee TOYHO, JJAA OTJAHYudA OT AeHCTBUTE/NBLHOrO aToMa,
rpaMM-aTomMoM. Tak, NOJIOBHHAa MOJS BOJODPOLA Ha3biBaeTcds aTOMOM
BOJXOpOZXa H, moJsoBHHA MOJA KHCJAOPOJAA — rPaMM-aTOMOM KHCJO-
poxa O, nmoaoBHHAa MOJd a3QTa—rpaMm-aTomoM asota N. Moub
KaXJAOTr0 M3 3THX 3/J1eMEHTOB COCTOHT, TAKMM 06pa3oM, U3 IBYX rpaMM-
aToMoB: H,, O,, N,. HanpoTuB y pTyTh n 61aropofHeIX rasoB rpaMM-
aTOM paBEH LieJOMy MOJIO, IOTOMY 4TO HH B OJIHOM H3 COeIHHeHHH
3THX 3JIEMEHTOB He BCTpewaeTcsl APo6HHX 4actelt moas. Moab Boas-
HOro napa ects HyO, Moap ammmaka HyN.

UTo6H NOJNYYHTH ONpeleJeHHHEe YHCAOBHE 3HAYEHHS NI MOJb-
HBIX M aTOMHBIX BeCOB, HeO6XOAMMO emie NPUIHUCATH ONpexe/NeHHH i
aTOMHHH BeC OJHOMY NPOHM3BOJLHO Bui6paHHOMY 3aeMmeHTy. [Ipexne
Bcerpa npuHumaan H=12 u orciona O =16 2. [losgHee, omHaxo,
6bLLIO YCTAHOBJAEHO, YTO OTHOUIEHWE MOJbHHX BECOB KHCJAOPOJAA H
BOJAOpONA paBHO He TOuHO 16, a npu6ausuteasno 15,87. B cBasu
C 3THM, @ TakXe B CBA3H C TeM, 4TO IJd GOJbLIWHMHCTBA 3/JEMEHTOB
MX COEJMHEHHS] C KHCJIODPOAOM NPOAHAJIU3HPOBAHH 3HAYUTENBHO TOY-
HEe, yeM COeJXMHEHHs1 C BOIAOPOAOM, 33 OCHOBY CTaJH OOGBIYHO MpH-
HHMaTb aTOMHBIA Bec kHcaopoxa O =16. Mo/abHHE Bec Kuc/aIopona

6yaeT TOrja paBen:
0;=32. (30)
MoabHb# Bec BOxOpoOJaA:
H, = tn =5 37 =2,016. (31)

ArtomuLtil Bec BOAOpCHE:
H =1,008. (32)
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Boo6e MOJbHHEI BeC rasoo6pasHOro XMMHYECKOro COelHHeHHs,
corjacHo ypaBHeHHsM (25) u (31), pasen:

CH
p=2,016 - %

HaHn Xe
C

O ’
C
rxe Co — NMOCTOAHHAdA, BXO A11asl B ypaBHEHHE COCTOAHUA KHCAIOPOJa-

O6patHo, 3Has MOJAbHHIH Bec TaHHOTO ras3a, MOMKHO ONpele]HThb
ero noctosinHywo C:

P,=32 .

2,016-C,; 32-C .
C= p, H — P' O‘ (33)

Tax, nna xucropona npu 0°C u armocdepHOM naBAEHHH IVIOTHOCTD

% — 0,0014291 z.cxu—S.

CnepoBaTenblo, COrIaCHO ypaBHeHHIO (9),
npu 6 =0 u p=1013250 2-cu~! -cex—2 [2, (284)]:

Co = py — 1013250

U = Safa0a] — . 8 2. —9
o001azer = 109108 cu?-cex=2,

U ypaBaenue coctoauus (9) mo (33) Hamumercd Tax:
2,27-1010 2,27-101°0.M
= e &6 _ = — 6 .
p=2T0 (14 ut) 2 (14-at) (34)
M .
Ho " BCTb 4HCAO MCIelt raza n; Cle/IOBaTebHO:

V=2’2—7;)1—m£~n-(1+a6), (35)

T. €. ofbeM rasa NpH onpejeseHHoi TeMmnepatype 0 u onpepejeH-
HOM JaBJEHHH P 3aBUCHUT HCKJIOUHTENBLHO OT YHCJAA COAEpKaiguxed
B HEM MOJel, HO He OT NPHUPOJH rasa, KakKk TOro u tpebyer Teo-
pemMa ABorazpo.

Ypasuenue (35) cnpaBeiJMBO TaK¥Ke U IJd CMECH rasoB, T. €.
AJd caydas, KOrja n MOJeH rasa XMMHYeCKH HEOJIHOPOAHH. ITO
MOXHO BHIETb HEMOCPeACTBEHHO M3 ypaBHeHus (17). Ias storo
HYXHO 3aMEHUTb B HeM noctosHuue Cy, C,, ..., no ypasuenuwo (33),
COOTBETCTBYIOUIMMH MOJbLHBIMH BECAMH 4, {4 ..., IPHHHB TaKxe

M M
BO BHHMAaHHE, YTO OTHOLIEHHSH o L -P”
1 3

OTAeNbHLIX rasop cMmecd. QOAHOBPEMEHHO OKa3HBaeTCd, YTO OTHOIIe-
HuA (16) mapuuanbHHIX NaBAGHHH MJAM NapysaibHHX 00beMOB CYTh
HE UTO MHOE, KdK OTHOWIEHHUA YUCEea MOJeH OTHEAbHBIX T'd30B:

PiiPet e =HR{THa 0. - (36)

» +-+ paBHH YHCJAAM MoOJeH

Ecan YpaBHelne COCTOAHHA CMeCH ra30oB H HE OTJAuYaceTcd HH-
4eM oT yparuenud CoCTOAHHA XHMHYECKH OAnNOpOANOro rasa, TO
37eCb Bce KE MOMXKHO roBOpATb HE 06 onpegencHiioM MOJABHOM BeCe
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CMecH, a JHUIlb O ,CpefHeM“ ee MOJbHOM Bece, MOHHMas MOX HUM
TOT MOJbLHHIH Bec, KOTOpHII HMea Obl XHMHYECKH OJHODOIHKHA ras,
comepxaliuit B TOA XKe Macce TO XKe YHCAO MOJEH, YTO H CMECH.
Takum 06pasom: Mot Mot w m
1 2 DA 1 2
P - P~1+ l‘*z_{_“. 37)
STO0 ypaBHEHHE H IO3BOJAAET BHUYHCAHTL CPEIHHHA MOJbHHH Bec
cmecH. Hanpumep cpeXHH# MOJBHHIE BeC BO3JAYXa OKasblBaeTCHd
paBHHIM 28,8 B COOTBETCTBHH C YKa3aHHHM B KOHUE § 7 3HAYEHHEM
IVIOTHOCTH BO3n#yXa.

§ 17. Bo Bcex mpeanAyImHUX pacCyXJEHHAX Mb NPHHUMAJIH, 4TO
rassl CJAeAylOT ypaBHeHHIO cocTosnHMs (9). Bo Bcex artux cayuasx
YyHCaO MoJeH B ypaBHeHHMH (35) 6b.10 HEKOTOpPOH NMOCTOAHHOH BeJaH-
uuHOl, He 3aBUCAUIEH OT Temneparypol M naBjaeHHd. ECAH ras HiaM
nap o6HapyXHBAIOT OTKJOHEHHH OT 3TOr0 ypaBHEHHH, TO Mbl JO/KHbBI
MIH NPHHATH KakQg-To 6oJsee obumiee YpaBHEHHE COCTOSHHMSA HJH,
cuyutas ypaBHeHHe (35) nomnpexxHeMy cHpaBemJHBBIM, JONYCTHTb, YTO
YHCJIO MOJEH 1 8aBHCHT OT TeMIepaTyphl U XaBAEHHHA, APYTHMH CJ0-
BaMH, HCKaTbh NPHUYMHY OTKJOHEHHMH1 OT ypaBHeHusa (9) B obcrosd-
TENbCTBAX (PU3MUECKOro HJAHM XMMHyeckoro nopsaxa. CoraacHo nep-
BOMY INpEANOJOXKEHHIO, YHCJ0 MOJeH rasa oCTaeTcs HEeH3MEHHBIM,
HO JAeACTBYIOT OHHM ADYT Ha Apyra KakuM-To 6Goaee ca0xHbBIM o0pa-
30M; COrJIaCHO Xe BTOPOMY Tra3 OKashiBaercd CMeCbIo NepeMeHHOro
NPOLEHTHOTO COCTaBa, OTHeJbHble COCTaBHbLIE 4acTH KOTOpOH nox-
YUHAIOTCA ypaBHeHHuio cocTosnus (9). IlpouentHoe conepxanue, 1as
JAIOGHX TEeMIepaTyph M ZABJACHHSA, B 3TOM C.Jyuae MOMHO BHIUHCAHTH
no ypaBHeHHIO (26) M3 COOTBETCTBYIOIIEIO UHCJAY MOJEH 1 CpegHero

M
MOJLHOTI'O Be€ca }L:;, NpH YyCAOBHH, UTO HU3BECTHLI MOJbHLE

Beca gy H |, COCTABHBLIX YacCTeHl.

JTO nocienHee NpenCTaBJeHHe OKasanoch HauboJee naoLO0TBAP-
HEIM BO BCeX TeX CayyasX, B KOTOPHIX H3MeHeHHUS MJIOTHOCTH OueHb
3HAYUTEJNbHH, — B CJAy4YadX TaK Ha3bBaeMBIX AHOMaJbHBIX NMJIOTHO-
cTelt napoB, OCOOEHHO Xe€ TOrjxa, KOTIa& MJAOTHOCTL BHE INPEJIeJoB
onpeneseHnoli obracTH Teumnepatyp MJAHM nasieuuil CHOBa jeJaercd
NoCTOARHON. 31ech MOXKHO CYMTATh, YTO XHMHYECKOe NpeBpauleHHe
NOJNHOCTHIO 3aKOHUYHJIOCH, H YHMCJAC MoJel Goablle He HU3MEHAeTCH.
Tak, nanpumep, 6poMHCTOBOAOPORHLIN amHuaen, Kak HMxe 160° Tax
1 Buime 360°, moxummsercs ypaBHeRHIO (9), OXHAKO B NMOCAEIHEM
Cryyae C NOJOBHHHOM NJOTHOCTHIO, C/IENOBATENbHO, C YIBOEHHLIM
YHCIOM MOJEH, COOTBETCTBEHHO pPeaKLHH:

C5HHBF = C5H10 + HBr.

B Tex xe cayuasx, KOrjga OTKJIOHEHHS OT ypaBHEHHs COCTOf-
HUga (9), HaNpOTHB, HESHAYMTEAbHL, HX NPUNUCHIBAIOT OGLIYHO NpPH-
YHHaM (U3MYECKOrO NOPAJKA M DacCMaTPUBAIOT KAk NpenBeCTHH-
KOB KOHJEHCAUUH. 3aMEeTHM, YTO C TOUKH 3peHHsl YHCTOH TepPMOJIH-
HAMHKHM TNDHHUMNHATbHOE pasjeneHde (GH3MUECKMX M XHMBYECKHX
BIUAHUA W, B CBA3H C 3THM, 3aKOHYEHHOE oONpejfeJeHHe MOJIbLHOTO
BeCa J/d Clydyasl NepeMeHHBX I[JIOTHOCTefl mnpejacTaBAfeTcs He-
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BO3MOXHBIM. OTCI0Zla CIefyeT, 4yTO NPHYMHOH OTKJIOHEHHH rasos oT
ypaBHEeHUst COCTOsIHHA (9) HANO cuuTaTh KAK (QU3MYECKHE, TaK H XH-
muueckne naMeHneHus. C NOJIHON yBEDEHHOCTHIO MOXHO YTBEDXKJIATh
TOJILKO TO, YTO C YMEHbIUEHHEM IVIOTHOCTH (H3HYECKHEe BJHAHHSA
MO0 CpaBHEHHIO C XHMHUECKHMH OTXOXAT BCe GoJee u Goxee Ha
3agHMil nJaH. DTO BHJHO M3 TOrO, 4TO IS BCeX Ta3s0B H Napos
C HeHSMEHHbHIMM XHMMHYECKMMH CBOHCTBAMHM NPH JOCTAaTOYHO MaJbiX
IJOTHOCTAX CNpaBeiaHBO ypasHenue coctosinus (9) [§ 10].

I'JIABA 11
HEPBOE HAYAJO TEPMOJHHAMHUIR

§ 18. [lepBoe Haual0 TEePMOIHHAMHKH €CThb HE 4YTO WHOE, Kak
YHHBEDCAAbHLIM TNPHUHUMN COXPAaHEHHs SHEPTMH B TpDHMEHEHHH K
TenaoBuM npoueccam. [Tox sueprueit £ dusnueckofl cucreMbl MOXHO
NOHMMAaTh HEKOTOPHH OJHO3HAUHO OnpejenseMblii 3aiaC MPOU3BO-
IMTEJLHOCTH, 3aBHCALIHMA OT COCTOSIHMS, B KOTOPOM CHCTEMa Haxo-
IUTCA B JAHHBIH MOMEHT. IJTOT 3alac NPOU3BOAMTENLHOCTH MOXKeT
BCTpeuaTbCd B PasIMuUHHX (OPMAX M MOXET nperepneBartb pas/iuy-
Hele npespauieHus. [Toka cucreMa M30JMpPOBAHA OT BHELIHEro MHpa,
o6miag BeJMYMHA 3TOIC 3amMaca NPOM3BOJHTENBHOCTH C TeuYeHHeM
BpeMeHH He u3Mensiercs: E=const. uwan E'—E=0, ecan 3sHaue-
sue E OTHOCHTCHS K HayaqbHOMY, a 3HAaueHHe E'—x KOHEYHOMY CO-
CTOSIHUIO CHCTEMHI.

Ho kak ToabkO CHCTeMa NofBePrHETCH HEKOTOPOMY BO31eHCTBHIO
H3BHE WJM CaMa OKaXeT HEKOTOpoe BO3JeHCTBHE Ha OKpyXalolee,
.ee sHeprua £ H3MEHHUTCH B COOTBETCTBHH C 3THM BHEIUHHM BO3Jefi-
creueM. Ecan BHemHee BO3JeHCTBHE MeXaHHYECKOrO XapakTepa, TO
H3MeHeHHe SHepruM paBHO pabore W, KOTOpyio coBepmalOT Haj
MaTepUAJIbHLIME TOYKAMHM CHCTEMH BHEIIHHE CHJB; eCHdH Ke BO3-
JgHCTBHE SAEKTPOMAarHUTHOTO XapaKTepa,— HalpaBJEHHOMY BHYTDb
NOTOKY SHepPruHM P yepes NOBEPXHOCTb cHcTeMHl. EcaH, HakoHew,
'3TO BO3JEHCTBHE TepPMHYECKOe,— H3MEHEeHHe SHEePrMH paBHO N O-
CTYNHMBIIEMY B CHACTEMY H3BHE KOJHHECTBY TenaoThu Q.

Takum o6Gpasom B o6uieM cayyae, KOrja NPHUXOAMTCH paccMma-
TPUBaTh BCe TPHM BUJAa BHELIHHX BO3JAEHCTBHH, MIPUHLHUN COXpPaHEHHH
SHEPrHH BHIPA3UTCH B BHJE CAENYIOIEro COOTHOLIEHHS:

E —E=W-}P}Q. (38)

CymMa, CcTOsInas HANPAaBO, HAa3LIBAeTCI MEXAHHYE CKHM 3 K-
BHBAaJ€HTOM BHEWIHHNX BO3nefCTBHH, KOTOPHE NpOH3BE-
JEHH Ha CHCTEMY NpH ee MNepexojae M3 HayaJdbHOTO COCTOAHHA
B KOHEeYHoe.

ITonyuyennoe ypaBHeHnHe HeJb3si pacCMaTpUBaTh HCKJAIOUHTENBHO
Kak onpepénenue, Tak KaKk OHO OCHOBAHO Ha YTBEPXJEHHH, KOTO-
poe BOBCe He ABAASTCH OYEBHUAHLIM, HO JOJOKHO OLITb NPOBEPEHO
Ha onwTe. COracHO 3TOMY YTBEPXKIEHHIO, 3HaYeHHE SHEPrHH 3aBH-
CHT TOJbKO OT MIHOBEHHOrO COCTOAHMsA cucreMul. [lycTp kakas-
HuOynb Qusuueckas cucteMa GyneT NepeXoauTb PasAHYHHIM 06pa-
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30M HJH, ¥aK TOBOPAT, PasIMYHBIMM MyTAMH H3 ONPEAeaeiHOro
HAYaJbHOrO COCTOfAHHA B ONpeNeJeHHOE KOHEUHOE COCTosHMEe; Me-
XaHMYECKHH SKBHUBAJEHT BHEIIHMX BO3AeHCTBHA 6yjner npH 3ToM
BCAKUli pa3 MMETb OJHO H TO Xe 3HayeHKEe. ITO NMOJOXKEHHE, KaK
MB CKa3alH yXe, HenoCPEeICTBEHHO HE OYeBHJHO: ero Heob6XOnHMO
NpPOBEpHTH MyTEM CaMbIX PasAWYHHIX u3MepeHuit. Ecan 66 OHO Oka-
3a/10Ch HEBEPHHM XOTd OBl B OJHOM TOJBKO CJAyuae, ecaH O, npy-
TMMH CJI0BAMH, MOXHO OBUIO YKa3aTh TaKHe JBa Aepexoja Kakoii-HH-
6ynb ¢H3uyecKOH CHCTeMB M3 HEKOTOPOrO HAYaJbLHOTO COCTOSHHA
B HEKOTOpOE€ KOHEYHOE COCTOfHMe, yTOOH IpUBEJEHHAd Bhillie CYMMa
uMesaa IJs$ 3THX JABYX INEPEXOJOB pAasJHYHOE 3HAYEHHE, TO 3THUM
6na 661 OTKPHIT NyThb K nocrpoenuro perpetuum mobile. s
5TOro 6m0 6B JAOCTATOYHO NEePeBOJHTL CHCTEMY HO OXHOMY MOYTH
M3 HAya/bHOTO COCTOfHHMSl B KOHEUHOE, a 3aTeM, M0 ApyroOMy Ny1H,
CHOBa B HauaJbHOe coctosuMe. Becp npouecc 6yneT Tak HasnBae-
MHM LKDYroBHM npoueccoM“. Ero MOXHO 6uJ0 6Bl TOBTOPATH
Kak YTOZHO 4acto, H MH nNpuobpean 6Bl B HEM NepuOAMYECKH HeH-
CTBYIOUIYI0 MallHHY, NPOM3BOAHMTENbHOCTb KOTOPOH Oblia Onl paBHA
Pa3HOCTH MeXaHHYeCKHMX IKBHUBAJEHTOB OSOHX OTIENbHBEIX INepexo-
noB. [To npuHUMNY 3HeprHMHM STa Pa3HOCTb paBHAa HYJIO; 3TO CJe-
IyeT HefnocpeicTBeHHO U3 ypaBHenus (38), ecan o6paTuTs BHMMa-
HMe Ha TO, yTO IAJAf KPyrosoro mpouecca E£'= F, a caenoBareasHo,
aareOpavyeckasd CyMMa MEX4aHHYECKHX 3KBHBa/JeHTOB BHEIIHHX BO3-

JNEeHCTBUA paBHA HYJIO:
WP+ Q=0. (39)

BosmoxHOCTh ocyuiecTBaenus perpetuum mobile sTuM cambim
HCKJIOUEHa.

Tak xax MH HHYEM HE CTeCHeHH B BHIGOpe paccMaTpuBaeMoi
(Gusnueckoll CHCTEMBI, TO TNPHUMEHATb NPHHLHKI COXDAHEHHH 3HEp-
run (38) K onpexeseHHOMY (H3HYECKOMY TMpOLECCY MOXHO CAMBEIM
pa3aHuHEM 06pa3oM. MoxXHO, HanpuMmep, HCKJAIOUHTL BCE. BHEIIHHE
BO3JEHCTBHA, BKJIIOYMB TEJO HJIH TeJa, OT KOTODHIX OHH [POHCTe-
KaloT, B paccMaTpuBaeMyio Qusnyeckyio cucremy. COOTBETCTBYIOLIHE
BHEIHME BO3[€ACTBUA TOrna BhnaxyT. BsameH atoro B BHpaxenue
3Heprud cucTembl £ BOHgeT uoBulft unen. TakuM o6pasom, pacmupss
COOTBETCTBYIOUIHM = 06Da3oM CHCTEMY, BCeraa MOXHO JOCTHTHYTh
TOro. 4TO BHEIIHHEe BO3xeHCTBHs 6yNyT YCTPAHEHH M CHCTEMY MOXKIIO
OyneT paccMaTpHBaTh KaK 3aMKHYTYIO. ODHeprus cucTembl OyneT
npH STOM, OUYEBHJIHO, NOCTOAHHON BeauuMHolt. B Ttakoll cucreme,
COBEPIIEHHO M30AMPOBaHHON OT BHEIIHEro Mupa, Hesb3s,
KOHEYHO, NPOU3BOAUTHL HHKAKMX H3MePEeHHH, TakKk Kak BCAKOE H3Me-
penue TpebyeT COOOUHIEHHS C MOCJEXHHM.

§ 19. [MoraomenHoe TEJAOM KOJHYECTBO TEMAOTH Q MOXKET SHITh
MAM MEXaHHYeCKOro HJAH  SJeKTPOMATHHUTHOrO  NPOHCXOXKIEeHH.
B 3aBuCHMMOCTH OT 3TOro roBOpAT O TE NJONPOBOLHOCTH H O
TenaAoBoOM H3anyueHHH Crenyer 3aMeTuTb, YTO BOAHUHHA Q
Bcerjga OTHOCHTCA K TeunJaoTe, nepeuieAIUCH B TeJNO, HO HH B KOeM
cayuae He K Tennore, ,coAepxaweiica* s dem. O6lasg repMOnHHa-
MHKA He [0330JgeT €Ll FOBOPHTL CKOJIBKO-HHGYIb GlPCIeICHHO
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06 oToit mocnenHeli Beanunne. PaccmoTpenne 3TOro Bompoca Tpe-
‘6yeT BBeJeHHS OCOOBIX THIOTE3 OTHOCHTENBHO AaTOMHCTHYECKOTro
COCTOfiHMA TeJ. HenocpeACTBEHHOMY M3MEDeHHMIO, He3aBHCHMOMY OT
BCAKUX TMOOTE3, HOCTYNEH JAHIIb TENJOBOH mepexoj, HG He TemJIo-
BOe COCTORHHME TeJa B SHepPreTHYecKOM CMLICJE STOro €JI0Ba. ITO
cornacyeTcs M CTeM, 4TO ypasHeHHe (38) 103BOASET H3MEPHTHL TOJABKO
passocTH 3uepruii. B BelpaXennum 3Heprum Ttesta Bcerja ocCTaercd,
c1e0BaTeAbHO, HEONpEeNeNeHHON aaIuTHBHAd NOCTOsSHHAd.

B nepsoii M BTopoH uyacTax KHMTM Mbl 6yneM npHHMMATh BO
BHMUMaHHe TOJbKO TEIJIONPOBSAHOCTD M TOJABKO B TpeTbeH uacTu
ob6paTHMCd M K TenJIoBOMY HM3ayueHuio. Kpome sTOro mul, kak Ipa-
BUIO, GyneM OTpaRHyYMBaThCd pPACCMOTPEHHMEM IMOKOSUIMXCH TeJ.
ITpn atux ycaoBuax sHeprua £ Tesa csejeTcsd K Tak Has3hBaeMOH
»BHYTpentefi“ saneprun U.

BuyTpednioio sanepruio teaa U, Tak e Kak M jAaBJaeHue p, cie-
JAyeT paccMaTpuBaTh KaKk (QYHKUHMIO XMMHUYECKOH NPHPOAHI TeJa, ero
TemnepaTtypsl 6 u o6beMa V=M.v, onpepeseHHYI0O C TOYHOCTBHIO
A0 anauTHBHONK MOCTOAHHOMA. Ecan Mmul OTBJeyeMCs eme OT 9AEKTpPO-
MarHUTHBIX BO3JeHCTBHHA, TO ypaBHeHHe (38), BhIpaxamooumee IpHH-
UM SHEPruM, npuobpeteT caenyromyio GopM™y:

U—U=W-+Q. (40)

§ 20. Tak xak Q obosHauaeT MexaHHyeCKkHi#l 3KBEBaJeHT CO00G-
-MeHHOTY CHCTEME TemJa, TO STHM YKa3bBaeTcs, YTO OHO BHIPAXEHO
B MeXaHWueCKHx enuHuHUax (sprax— I, § 47). [Ipy TepMHUeCKHX H3-
MEepeHHX M3 NPAKTHUECKHX COO6paxeHHH noJb3YIOTCH, OJIHAKO,
-0c060# enunuUed — kalopueil. Kasopus ecTb TO KOJHYECTBO TenJa,
KOTOpOe»r HYKHO COOOMmHTL 1 2 BOAHW Aa4s TOro, ytobm ero temne-
patypa noausaack ¢ 14,5 no 15,5°. 3rtoll exdHHUEN MOXHO MOJb-
30BaThCA NPH BCEX KaJOPUMETDHYECKHX H3MepeHHsX.

OTHOoweHHe NOTJOWEHHOTO TEJOM KoJaHyecTBa Ttenaa Q K BH-
3BAHHOMY STHM KOJHYECTBOM MNOBHIIEHHIO TemnepaTypsl 8’ — 6=246
Ha3LIBAGTCA CpPEeNHel TEeNnJAOeMKOCTBHIO TeJa MexIy TeMmmne-

parypamu 6 u 6" 0
E=Cm.

TennoemMkocTbh, OTHeCeHHas K 1 2 BemecTBa, Ha3LBAeTCd €ro
YAeAbHOH TENAOEeMKOCTHIO:

c =%m__Q _ 9,
m=M = M.50 — A6

W3 ckasannoro caenyer, uTo CpenHss yHAeaAblas TENJIOEMKOCTb
BOxbl Mmexnay 14,5 u 15,5° paBsa onuno#l xasopun. Ecam nepefitn
K 6eCKOHeYHO MaJHM HHTEPBalaM TEMNepaTtyphl, TO NOJAYYalTCH
Tax Ha3bhBaemhe ,HMCTHHHA! TENJIOEMKOCTh* Telra M ,HCTHHHAd
yaen1bHad TeNJIOEMKOITh“ BellecTBa Nnpu temnepartype 9:

9_cul=c (41)
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STH BenMuMBH, BOOGLIE TOBOps, OYEHb MeJJIEHHO H3MEHSIOTCS
¢ Temnepatypoil.

YxasaHHOe onpepeJeHHe TeIVIOEMKOCTH H YAEJIbHOH TeloeM-
KOCTH, CTPOTO roBOpd, HYXKAA€TCHd €me B HEKOTODOM JOMNOJHEHHH.
B camom nene, Tak kax BHyTpeHHee COCTOsiHHE Tesa, KpOMe TeMIe-
paTyphHl, 3aBUCHT eue OT BTOPOTo NepeMeHHOro, Hanpumep OT Aa-
BJEHHUA, TO U3IMEHEHHe COCTOAHMHA, CBA3aHHOE C NOBHIIEHHEM TeM-
nepatypel, He OnpejpeseHo AO TeX NOpP, NOKa He yKasaHO, KaK BeJer
cebsi mpuH STOM BTOpas Ne€peMeHHas. Y TBepAbIX M XKHIKHX Tel
TEIIOEMKOCTh, NpaBja, MOYTH HE 3aBUCHUT OT TOrO, IPOHUCXOAMT JIH
HarpeBaHuWe IpH TNOCTOSIHHOM HMJHM IIpH NepEeMEHHOM BHELIHEM
JaBJeHHH, TaKk 4YTO 31eChb Onpeje/]eHHe TEeNnJ0eMKOCTH, Kak Mpa-
BHJO, HE JONMOJNHAIOT HHKaKAM OCOGHIM yCIOBHEM OTHOCHTEJIBHO
JIaBJeHHs.

HanpotuB Tens0eMxoCTh rasoB CymeCTBEHHO 3aBHCHT OT TOTO,
NpH KakdX yCHIOBHfIX NpOTekaeT HarpeBanwue. [lostoMy ee omnpejne-
JEeHHEe HYXHO BCerxa IOMNOJHATH YKa3aHHeM STHX BHEIIHHX YCJIOBHI;
nocrenHue MOXHO, NMOHATHO, PETyJaupOBaTh KakK yTOIHO.

B Tex cayuyasx, korza roBOpsT INPOCTO O TENJOEMKOCTH rasa,
NoApa3syMeBalOT €ro TeMJIOEMKOCTh IPH MOCTOSHHOM aTMOC(epHOM
L aBJ€HHH, KOTOpasa Jerye BCEro AOCTyNHa H3MEpEeHHIO. '

§ 21. Uto6nl uMeTb BO3MOXHOCTH, NpHMEHss YDaBHEHHE SHep-
ruu (40), nonb3oBaThCa pesy/ibTaTaMH KaJOpHMETPHUECKHX H3Mepe-
HeHHUHl, HeO6XOAMMO 3HaTh MEPEeBOAHBLIA MHOXHTENb OT TepMHUECKOMH
€IMHHUBLl KOJHMYECTBa TelNOTH — KaJOPDHH — K MEeXaHH4yeckofl enu-
HUUE —39pry. DTOT NepeBOAHH MHOXKHTENb, TAK Ha3LIBAEMEIA M€ X a-
HHYeCKHH SKBHMBaAJEHT TEnJaa, €CTb NOCTOAHHad, 3aBHCAMas
TOJbKO OT IPUMEHAEMOH cHcTeMbl euHuL. Beero npome ero onpene-
JUTDb, IEPEBOJAA KAKYIO-HUOYAb CHCTEMY M3 HEKOTOpOTr0 HayalbHOTO
B HEKOTOpOE KOHeuHOe COCTOfHHEe W NPHUMEHAS OJMH pas HCKJIOuH-
TeIbHO MEXaHHuYeCKHe, a IPYrod pas— HUCKJIOYHTENbHO TEDMHYECKHE
Bosaeficteua. Pasnocts E'— E B 06uux cayuasx uUMeeT ORHO H
TO XK€ 3HaueHnHe; NOSTOMY COOTBETCTBYIOU[HE MeXaHHYeCKHe SKBH-
BaJeHTbl BHEINHMX BO3JAEACTBHA GyAyT PaBHBl ApyT HpYyry, M Mexa-
Huueckas pa6ora W, coBepmeHHas B nepsom cayuae, 6yneT SKBH-
BaJE€HTHAa KOJAHMYeCTBy TenJaa Q, COOGIIEHHOMY CHCTEMe BO BTODOM
cayuae.

[Tono6uuie usMepenus Gulnu BrepBhle npoussedens JI. I1. Jxa-
yaem. Jxayap nByMsi pasiHuHBIMH CNOCO6aMH NEePEBOJIHA XKHUIKOCTD
(omy, Macao) H3 HEKOTOPOrO ONpeNejeHHOTO COCTOSAHHA C 60-
Jee HHU3KOH TeMmmepaTypoil B APYroe coCTOsHMe c 6oJee BHCO-
kot Ttemnepatypo#t. I[Ipn mneppom cnocobe 5TO OCYUIECTBJAAJIOCH
COO0IeHneM KHIKOCTH HM3BECTHOrO KOJH4ECTBa Temnja, npH Apy-
rom e — MCKJIOYMTeJbHO 3aTpaToff, uyepe3 NOCPenCTBO TPeHHS,
H3BeCTHOH MexaHHyeckOM pa6oTH. TpeHHe B MHUAKOCTH BHISHIBaJlOCh
Melaako#f, npuBoAuBLIeHiCs B JBHXEHHE nagalouwMMu rpysamu. Ilpu
STOM, KOHe4YHO, COBepIeHHO 6e3pasjivyHOo, Kak MhH INpelACTaBafeM
ce6e MexaHM3M npouecca BO3HHKHOBeHUs Tellna npu TpeHdau. Cy-
IIeCTBEHHO TOJBKO, yTOOH KOHEYBOE COCTOSHHEe KHUIAKOCTH OHJI0
COBEpPIIEHHO OAMHAKOBO C Te€M, B KOTOPOe KHMIKOCTb NEPEeBOINTCA
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coobuieHneM eit tenna. K3 usMepeHu# oxaseiBaeTCsl, 4TO OJHa Ka-

7
nopusi sxBuBatenTHa 4,19.-10° spram. Takum o6pasoM, MexaHHYeCKHH
SKBHBaMEHT Ten.aa:

J=14,19-10" spr-xanr—". (42)

10 uHCcaeHHOE 3HayeHHe OBIO NPOBEPEHO MHOIOYHCIEHHBIMH
usMepeHusMH. ToO 06CTOATENBCTBO, 4YTO OHO IIPH BCeX ONHITAaX
€ pas/JMYHLIMHK BelleCTBaMH, TeMNepaTypaMH, pasJIHYHEIMH NPUCIOCO6-
JEHUSMH Ias TPEHHs M DAsAHYHBIMM TPy3aMM BCeria OKasHBaeTCHd
OIHHUM M TeM Xe, INpeiacTaBaseT co60H yGeauTenbHOE SKCIEPUMEH-
TalbHOE MOATBepKJIeHHe NPHHLUHIA COXpaHeHHs SHepruu (40).

§ 22. [IpuMeHuM Tenepb neppoe HayalO0 TEepPMOJMHAMHKH K OX-
HODOJHOMY Teay Macch M, cOCTOSIHMe KOTOpPOro Onpeneasercss ero
TemnepaTtypo#t 6 u o6remom V. 3ameruM, uTO CIOBO ,OXHOPOXHBIA®
H 31eCb W B JatbHelimeM Mb OyneM ynoTpeGasTb Bcerjaa B CMbICaE
»du3nuecku oxHopoaHoro“. Ml HasoBem, Takum 06pasoM, OXHO-
poxaHO# cuCTeMO# Takylo, y KOTOpOH BCe, faxe Mejabuaiiimue B Makpo-
CKONHMYECKOM cMHcae (cM. Huxke § 115), wacTuun HHyeM He OTAH-
4aloTCd APYT OT Apyra. By et nu Tes10 Npu 9STOM ¥ XMMHYECKH OLHOPO I~
HEIM, T. €. COCTOMT JIH OHO HCKJIOUHTENbHO M3 OJHHAKOBHIX MOJed,
He MMeeT HMKAKOro 3Hauenusl. Tak, HanpuMep, yaCTHYHO IMCCOLMH-
POBaHHBIl Map BHOJHE MOXeT OHTb OJHOpOXHHIM. Mu mpexnona-
raeM JHlb, YTO COCTOSHHE pacCMaTpPHBAaEeMOro OJHODOXHOrO Teaa
OJHO3HAYHO omnpejensieTcs TeMnepaTypo# u o6beMOM, He3aBHCHMO
OT TOrO, HCNHITHIBAET JAH TEJO B TEUEHHE pacCMaTpPHBAEMBIX H3Me-
HEHHIl ero COCTOSIHMA Kakue-1M60 XHMHYeckue INpeBpauleHHs HJIH
Her. [lpu 9THX yCroBusX JAaBJeHHe p M BHyTpeHEIOIO SHepruio U
crelyeT pacCMaTpHBaTh Kak OnpezneneHHvle ¢ynxuun 6 u V.

Urobnl yctaHOBHTHL BHA (yHKuuME U, HYXHO BOCNOJB30BaThCH
ypaBHeHnem sHepruu (40); YTO ke Kacaercs HNaBJAEHMS p, TO OHO
MOXeT OLITb H3MEPEeHO HeNmocpe]CTBEHHO.

§ 23. PaccMotpum npexje Bcero rasooGpasHbie Tena. [lycTs
ras ¢ pHytpeHHell sHeprueil U, HaxonMBIHIC BHayale B TEPMOJH-
HAMHYECKOM paBHOBECHH, BHITEKAeT H3 OIHOro COCyxa B Apyrof,
M3 KOTOpOTO npenBapuTebHO BhkadaH Bo3ayx. [lpu stom npouecce
BHYTpH rasa CHayaJa NPOHUCXOJIUT pAX CJOXHBIX MeXaHHMYeCKHX H
TepMHYeCKHX H3MeHeHHH. BuTekaromasa uacThb rasa npuxonuTt B Obl-
CTPOe IBHXKEHHe, 3aTeM, YZapsach O CTEHKH BTOPOro COCyZIa M CXH-
MasAch MOJ meACTBMEM BpHIBAIONIMXCA 3a Hell HOBHIX Macc, Harpe-
Baerca. B 10O ke BpeMs yacTh rasa, ocrapumascs B NepBOM COCYIE,
B pesy.abTaTe pacuiMpeHus oxJaxjaaercs v t. x. Ecawm caenats no-
nyuieHue, 4TO CTeHKH OOOHX COCYyZOB abCOJIOTHO TBepIH H abco-
JIOTHO HE npoBOAAT Tennaa, TO B ypaBHeHun (40) kax W, Tak u Q
GynyT PaBHH BYJI0, U C/1e10BATENLHO, SHEPTHs I'a3a OCTAeTCH MOCTOSAH-
HO#. BO BTOPOM COCTOSIHMH OHa CKJajbBaeTCHd W3 MHOTHX uacTed,
a4 MMEHHO M3 KMHeTHuYeCcKO# M BHyTpDEHHeH sHeprufi Bcex OTIEJbHBIX
uacTul (yuacTkoB) rasa. Eciu nomgoxznaThb, moka B rase BHOBb HacTy-
HHT MOJHBIA NOKOH H BOCCTaHOBHUTCA TEPMOJMHAMHUECKOE PaBHOBe-
€He, TO SHEPrus rasa B STOM KOHEYHOM COCTOSHHH onaThb Oyrer
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COCTOATh TOJBKO H3 BHYTpeHHel SHepruu; u3 ypasseHus (40) crenyer
NOSTOMY, YTO
U=U.

Ho nepemennne 6 n V, or xoTopux 3saBucut U, nepexoasT npu
3TOM OT CBOHX INepBOHAauaJbHHIX 3HAYeBUH K 3HaueHuam O u V',
npuieMm V' > V. Takuu oGpasom, u3mepss Temnepatypy H ob6beM
nepej HayaJlOM Mnpolecca M nocle €ro OKOHYaHHS, MOXHO YCTaHO-
BHTb, KAK U3MCHACTCH NPH H3MeHeHMH OObeMma rasa ero Temnepa-
Typa 0, ecan BuyTpeHHsas SHeprus U ocCTaercss NOCTOSHHOM.

Tako#t onwT O6v1 npousBenen [kaynem. J[xayap Hamedn, uTo
oas ra3oB 0’ moutu paBHO 6 OH momecTua o6a cocynma, M3 KOTODHX
OIMH BHauaJje GuJ HanoJHEeH BO3AYXOM MNOJX G6O.bUIHM [aBJACHHEM,
a npyro#i oTkauaH, B O6LIYIO BOAAHYIO BaHHY TOH Xe TeMneparypsl.
[lo oxoHuaHHMH ONMHUCAHHOTO BHIIle Npolecca HCTeueHHs BO3AYXa U
yCTaHOBJNeHHUs1 paBHOBecus J[ikay/.b Hamea, 4TO H3MeHeHHe TeMIle-
paTypsl BOASHON BaHHHI 6bLI0 HewdMepumo Majo. OTCi0Ja caelyer,
4TO U NDH NOAHOCTHIO HENPOHHUIAEMBIX IJg TelJa CTEHKAX COCYIO0OB
KOHeuHas TeMmneparypa rasa JAOJxXHAa DABHATLCA HauyaAbHOH; B npo-
THBHOM CJay4yae H3MeHEHHe TeMIepaTypH B STOM ONbuTe Coo0O6mu-
nock 661 BOXsAHOM BaHHe. MTak, ecinm BHYTpeHHss SHeprus rasa npu
H3MeHeHMH o06beMa ocCTaercsi TNOCTOSHHOH, TO TMOYTH NOCTOSHHOH
octaercsl M Temnepartypa rasa. [pyrumu caoBamH, BHyTpeHHdAd
SHeprusl ra3a 3aBUCHT NMOYTH HCKJAIOUHTENBHO OT €ro TeMIepaTyphl
U He 3aBHUCHT OT ero o6bema.

§ 24. Jlaa toro uto6H 9TO BaxHOe 3aKJioueHHe MOKa3anoCh
BnoJHe y6enuTelbHBIM, HeOOXOAUME, OJHAKO, elle GoJee TOYHBIE
u3mepeHus. [leficTButenbHO, B ONHTe J[lKayas Tenn0eMKOCTb rasa
TaKk MaJla 0 CPaBHEHHIO C TENMJIOEMKOCTbIO CTEHOK COCyfla H BOXSA-
HOH BaHHHL, YTO AJMd CKOJbKO-HHOYIb 3aMeTHOTO M MeHEHHd TeMme-
paTypsl BOJAH NOTpe6GoBaloCch 6bl OyeHb 3HAayHTeJIbHOEe H3MEHeHHe
TemnepaTtypH rasa. BoJsee HamexHble pesyabTaThl JaeT cyuleCTBeH-
HOe BuJOM3MEHeHHe 3Toro cnocoba, npemnoxkenHoe B. ToMmcoHOM
(nopn KeanBHH) ¥ HCnOAL30BaHHOE HM COBMecTHO ¢ [[KaynreMm nas
TOYHLIX WAMEpPEHHH; 9STOT BHAOHM3MEHEHHHIi CNoco6 OCHOBLIBAETCA
Ha TOM, 4YTO ra3 nyTeM HCKyCCTBEHHO 3aMeNJeHHOT0 HCTEYEHHs He-
NOCpeCTBEHHO NEpEeBOAUTCA BO BTOpOEe COCTOSIHHE paBHOBecHs, a
TeMlneparypa u3Mepsetrca npaMoO B caMom rase. [lpw sTOM npomuc-
XOAHT He OecrnopajfoyHoe HCTEYEHHE HEKOTOPOH OrpaHHYEHHON
MacCH rasa B BaKyyM, a I'a3 HEOrDAHHYEHHHIM CTalHOHAPHBHIM MOTO-
KOM MeNJEeHHO NepeBojHuTCs M3 NpOocTpaHcTBa C 6OJBUWIMM JaBJje-
HHEeM B MNDOCTPAaWCTBO C MEHbUIHM JaBjeHHeM; STO HOCTHraercs
NPOJaBAMBaHHEM rasa Yepe3 uHIHHIPHYECKYIO TPYOKY W3 CaMIUUTa,
B KOTODYIO B OJHOM MecTe BCTaBJeHd Npobka M3 BATH HJIH 04eCOK
lwenka (Ha pHC. 2 3aILITPUXOBAHa).

OnucaHHb#l ONHT NO3BOJAET CHENATH ONpeJeseHHOE 3aKAI0YeH e
OTHOCHTENLHO BHyTpeHHel sHepruu rasa. [lpuMenuMm C sTO# penbio,
nocae TOr0 Kak TedyeHHE CHENAaJN0Ch CTAaiMOHADHHIM, ypaBHEeHHe
adeprud (40) kK cucreme AB, cocrosie#t u3 MacCe rasa, pacrnoJo-
JKeHHOH ¢ mepeaHel (neBOH) CTOPOHH NPOGKM M CUMTAeMOH OT He-
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KOTOpOro MpPOH3BOJbHOIO ceueHHs A, M caMOii mpoGku BMecTe
¢ HaxoadAmMMca B Hell rasoM. Ilycrs 06beM Macch rasa, pacrnoJo-
aeHHO#U caeBa, 6yner V. KoneunbiM cocTosHueM cucteMH A’ B Mu
6yAeM CYHTaThb TO, KOTOPOE HacTyllaeT B MOMEHT, KOTJa 4YacTHUB
rasa, OHBILME BHauasne B8 A, IOCTHIalOT NepejpHero Kpas npobku A’
B 9TOT MOMEHT YaCTHUH ra3a, GuBIIME BHayaje B ceueHHH B, oKa3b-
paoTcs B ceyeHur B’. Macchl rasa AA’ u BB’ paBHH, 06beMH Xe HX
Vu V, KOHeuHo, PasnHuHbl. BuuncauMm nmpexje Bcero MexaHHueckHH
gksuBanentT W-[-(Q BHEIIHHX BO3XEHCTBMH Ha pacCMaTPUBAEMYIO CH-
cremy. CooblueHHOe cucTeMe Tenso Q paBHO HYJIO; B CaMOM JeJe, Je-
peBo TPYOKHM NpPaKTHYECKHM HE MPOBOXMT TeMNsa; MPHTOKA MJH OTHAYH
TellJa He INPOUCXONUT Takxe M yepe3 ceuends A u B', Tax Kax
TeMnepaTypsl 0 u 6 B rase mocrosurm. OcTaercs, Takum 06pasoM,
OJHa Mexanuueckasd paboTa, coBepuraeMas BHELIHHMH CHJIaMH Hal
MEILJNEHHO Iepememamomedca cuctemoir. Cuma, meAcTByIollas Ha
cHcremy caeBa (crnepenn),

’
paBHA AABAEHUIO p, YMHO- 4 47 g
JKECHHOMY HA NJAOMANb Ce~  ——>n N v ——
yeHus TpyGkH, a NepeMe- 4

meHune cucremsl AA’ paBHO
obbeMy V, meneHHOMYy Ha
IIOWaAb CeyeHus TPyOKH.
Orciona caenyer, uto pa6oTa, T. e. IPOH3BENEHHE CHILl HA epeMerne-
BHe, paBua pV. Ha npaso#i cTopoHe BHemHsis pa6oTa paBHa — p’V/,
TAaK KaK 3JeCb NepeMellleHHe HMeeT HalpaBJeHHe, NMPOTHBOIOJIOK-
HOE TOMY, KOTODOe UMeeT BHEIHAd CHJIa, nefiCTByoOIas cnpasa Ha-
nepo. [lonuas BHewnss pa6oTa paBHa, cienoBatensho, W= pV—p'V’.
Uro kacaercs, HakOHeu, PasHOCTH 3HEPrHil paccMaTpHBaeMOH cu-
CTeMBl B HAYaJbHOM H B KOBEYHOM COCTOSHMH, TO NOCIexHAd
CBOZMTCH, OUYEBMAHO, K PA3HOCTH BHYTPeHHHX 3Hepruii U un U
IBYX OIXMBAKOBHIX Macc rasa AB m A'B’, Tax xak npobxa u coxep-
Xamulica B Hell ras HaxoxdaTca BCe RpeMss B OXHOM H TOM Xe CO-
crosnun. [losToMy kak 6Bl HH OBbIM CHAOXHBI fIBJEHHs, MPOUCXO-
Afllpe B npobke, MOXHO COBEpIIEHHO HE HHTepecoBaThbCd HX SHEp-
rerdyeckum 6anaHcoM, Taxk Kak Mpouecc crauuoHaped. Ha ocho-
BAHHY BCEro CKa3aHHOro, NDHMEHAs K pacCMaTpHBaeMOMYy CTauHo-
HapHOMY mpoueccy ypaBHeHHe sHepruu (40), Mbl moJayuyaem:

Puc. 2.

U—U=pV—pV. 43)

Bce usnoxennoe n npexacrasasieT co60d 06IIyI0 TEOPHIO OMHITA
Ixayna-Tomcona.

YHro Kacaercs pesynbTaTOB H3MepeBH#l, TO NPH CTAUMOHADHOM
COCTOAHHM /s BO3AyXa OHM OOHAapy:XHMBalOT OYEHb Maayio, a JJs
BOJOpONa-~—elle MeHbIUYIO, €1Ba H3MEPHUMYIO, Pa3HOCTb TeMIllepaTyp
no o6e ctopoHn npo6ku. CoraacHo ypaBHeHHo (9), oTcooxa cae-
AYET, UTO npaBas yacTh ypaBHeHHMs (43), a BMecTe C Hell W jepad
6aH3KH K Bymo. DTo 03HAuaeT, YTO M BHYTDEHHAA IHEpruUd H TeM-
n€paTypa rasa, HecMOTPd Ha OueHb CHJAbHOE H3MEHeHHe O06DbeMa,
OCTAIOTCA NOYTH MOCTOAHHHMHU. TaxuM 06pasoM BHBOX (IOJYyYeH=

3 Brenenre m Teopernueckyio ¢usury, 3. V. 919
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Bel B KOHue § 23), 4TO BHYTpPEHHAS 3HEPrHd rasa, BSATOTO MNpH
ONmpeleneHHON TeMnepaType, NOYTH He 3aBUCHT OT O06beMa rasa,
Mo TBEPXKAACTCS:

(‘;_%)0 —0. (44)

§ 26. Ona teopuu 0cOGEHHO BaXXHBI Te MPOUECCH, KOTOpHE MPO-
TeKaloT, Kak NPHHATO rOBOPHTb, OECKOHEYHO MENJNEeHHO U COCTOAT
M03TOMY HCKJIOYHTEJbHO M3 COCTOSHHUH paBHOBecHus. [lornmaeMBIil
LOCAOBEO TakOH Cnoco6 BbipaKeHHd, KOHEYHO, He HMeeT CMBICHa,
TaK Kak BCAKMH INpouecc HeO6XOAMMO IpeanoJjaraeT HajdHYHe Ka-
KHX-TO H3MEHeHH#, T. e. HapyIIeHHWH DaBHOBecHs. OITH HapyIleHHsd
PaBHOBeCHs MOXHO, OJHAKO, NPHHATH, €CJAH He B OTHOUIEHHH Bpe-
MEHH, TO B OTHOLIEHHMH KOHEUHOTO pe3yabTaTa KaXIOT0 U3MEHEHHd,
KaK yroJHO MaJbiMH; MOXHO NPHHATb, YTO H3MEHEeHus BEeJHYHH,
KOTODHIMH XapakTepH3yeTcsd COCTOSHME pacCMaTpHBaeMOH CHCTEMH,
KaK YroAHO MaJbi 10 CPABHEHHIO CO 3HAYEHHAMH CaMHX STHX BeJH-
y#H. MoXxHO, Hampumep, KaK YroJHO MENJEHHO CxaTb A0 J060i
CTeNeHH ras, MpUYeM BHeIIHee NaBJeHHe B KaXIbifi OTHeabHBII MO-
MeHT OyjaeT xkpailHe HE3HAUYHTEAbHO NPEBOCXOIHMTbL jgaBJeHHe rasa.
Ecan mosToMy npu BHIYHCIEHHH BHelwlHe# paGoTH BMeCTO BHell-
Hero JaBJeHHs B BHIPaxeHHe paboThH NOACTAaBHTL NaBAeHHe rasa,
TO COBeplIeHHas NpH 9TOM omu6ka G6yneT oueHb mana. [lpu mepe-
Xoje x npejeay sTa omHOKa HMCYesHET COBEpINEHHO, H pe3yabTaT
GyneT BNOJHe CTPOro crnpaBemanB. J[leficTsuTenbro, omnbka kako-
ro-au6o ompeneneHHOro pesyabTaTa BCerla ecTb HeKOTOpas olpe-
IeneHHast BennuuHa. Ecad ouna oxasmiBaeTcs Menpile mn1060H Kak
YrolHO MaJOH BEJHYHHH, TO OHAa HEOOGXOAMMO pPaBHA HYJIO.

CkasanHOe OTHOCHTCS K CXATHUIO KaK IpH NOCTOAHHOM, T3K H
npH nNepeMEeHHOM JaBJjeHMH. B nocregrem ciayusae Heo6XOLHMO
B KaXJH# NaHHBIH MOMeHT coo6uarth A3BJAEHHIO TpebyeMylO BejH-
yHHy. OTO MOXHO CJeJaTb C NOMOINBIO OCOOBIX peryJaHpyolHX
npucrnocobaenuil, neiCrpue KOTOPHIX He CBA3aHO C 3aTpaToil PaGoTHL.

C temnoTo#l, coo6maeMoii ra3y WM OTBOAMMOM OT HEro, JHeno
OGCTOMT COBEpUIGHHO TaK Ke, Kak M C BHemHedl paGorofi. Ecuu
peys HJAeT O KOJHYEeCTBe TelJa, KOTOpOE TeJo NoaydaeT OT OKpY-
Kamomwel Cpexsl HJAM OTHaeT eH, nNpHueM BpeMs 3J€Ch He HIpaer
HUKAKO#l pOJH, TO JHOCTAaTOYHO NPHHATH, UTO TeMIeparypa INpuMe-
HEMOTro pe3epByapa TeNJOTH Ha IPOM3BOJBHO MaJyi0 BEJHUHHY
6oiapuie HAM MeHblie (B 3aBHCHMOCTH OT TOrO, coobuiaercd Teay
TelJOTa HJAM OTHHMaeTcd OT HEro) TeMIepaTtypbl Tena. JDTa HeE3Ha-
YHTeNbHasd Pa3sHOCTb TeMllepaTyp omnpeneaseT TOJIbKO HalpaBJieHHE
npouecca; BeJHYUHA €€ COBCEM He JOJKHA IpHHHUMATLCH B pacuyeT
B CPaBHEHHMH C H3MEHEHHeM, BH3BaHHHIM caMuM npoueccom. [losTo-
MY MB H MOXeM TIOBODHTb Kak O lNepexoje TemJIoTH OT OJHOro
TeJa K APyroMy C TOH xXe TeMmMlepaTypOH, Tak M O CXaTHH rasa
A3BJEHHEM, pPaBHHIM JaBJCHHIO CaMOro rasa. 3THM TOJbKO Npex-
BOCXHMIIAETCA Pe3yaLTaT, BHITEKAOWMH W3 lepexojpa K mnpeipenty oOT
mManoRt xoneynolt pasHOCTHM TeMmnepaTyp K pasHOCTH, PaBHOH HYJIO.
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Onucannnii cnoco6 MOXHO NPHMEHATb K pacCMOTPEBHIO He
TOJAbKO H30TepMHYeCKMX [pOUEcCOB, HO H APOUECCOB C MepeMeH-
HOi TeMmepaTrypoi. [Jas mocaenHux, Apaeaa, HexOCTAaTOYHO OJHOIO
pesepByapa TenJja C NOCTOSHHON TemmepaTypoid. 31ech HyXHO pac-
nosaraTb JA0CTaTOYHO O6OJBUIMM YHUCJIOM pe3epBYyapoB pasAHuHOH
TeMnepaTyps. B kaxnauit OTAeJbHHII MOMEHT BKJKOuaeTcd TOT pe-
3epByap TemJja, TeMmmeparypa KOTOPOro BCero G6Gauxke K Temiepa-
Type pacCMaTpHBAaeMOro Teja B JNaHHHBIH MOMEBT.

Boicokoe TeopeTHueCKoe 3HaueBHe STOro cnoco6a pacCMOTpPeHRs
3aKaoyaeTcd B TOM, 4TO BCAKHiA ,6€CKOHEYHO MeNIeHHH#A“ Mpo-
Hecc MOXHO NpeACTaBHTb NpoTekaloudM U B 06paTHOM Hampasie-
HuH. JleficTBUTENbHO, €CAH BeCh NpoOLECC, He cYuTas YHNOMsABYTHIX
HUYTOXHHX OTKAOHEHHN, COCTOMT HCKAIOUHTENIBHO H3 COCTOSIBHHR
paBHOBECHs, TO OYEBHAHO, 4TO Bceria OyleT AOCTATOYHO MOJIXO-
IAMKM 06pa3oM BHIGPAHHOIO, TAKXKe COBEPLIEHBO HHUYTOXHOIO, U3-
MeBeHHs 4TOOH 3aCTaBHTb €ro NpoTexkarh 8
APOTHBONOJOXKHOM HallpaBJaeBUN. Beapuuua p
STOr0 U3MEHEHHUs MyTeM Nepexoja K npeneny
MoxeT OHITh CBEIEHAa K HY.JIO.

§ 26. [lpuMenuM Temepb NepBoe Hayaao B
K TaxKoMy COCTOINEMYy HCKJAIOYUTENbHO H3
COCTOAHMA paBHOBecHs M NOSTOMYy 06paTu- /
MOMy npoueccy. Taxkoft mpouecc aerko npej- 1
CTaBUTb rpadHyecKH, H3o6paxas B BHUAE KPH-
BOH B KOODAHHATHOH NJOCKOCTH COBOKYI- v
HOCTh NOCJeNOBaTeJbHO NPOXOAHUMHX TeJOM
COCTOAHMA DPABHOBECHs. 3HaYeHHs He3aBHCH- Puc. 3.

MBLIX MepeMeHHbX 6y Ay T onpenensaTb KOOpAH-

HaTH TOueK KpHBOii. B kauecTse He3aBHCHMBIX epeMeHHbX MH CHOBa
(puc. 3) sosbMeM o6beM V (och abcuuce) ¥ papaeHue p (0Cb Op-
nuuar). Kaxpo#t Touke miockocrd 6GymeT TOrma COOTBETCTBOBATbH
onpeneseHHoe COCTOABHE pacCMaTpHUBAeMOro OJHOPOJHOIO TeJa,
a8 KaXjaO# HempepHBHOH KpPHBOH — ONpEneneBHas HelpepuBHad
o6paTuMas NOCAELOBATENbHOCTD H3MEBEHHH COCTOSIHHH STOrO TeJja.
Hanpumep, o6patumuiit npouecc, nepepoismuft TeA0 M3 COCTOAHMSA
I B coctosiHMe 2, NpeAcTaBUTCA Ipaduueckd KpHBO# o, HAymel OT
TOukH / K Touxe 2. [lo ypaBmenuto (40) sHepruu Tena BO3PacTaOT
0PpH STOM HZ BeJIHYHHY:

U,—U,=W-+Q, (45)

rie W-—pa6ora, copepmessas BHELIHMM JIaBienueM, a Q-— ren-
1073, coobIieHsas Teay H3BHE.

§ 27. 3pauenne W MOXHO BHIUMCIMTH HemoCpeICTBEHHO. Beuu-
uuHa W, Bo-nepBux, ecTh aare6paHueckas CyMMa SJeMEHTapHHIX
PaboT, KOTOpHE CcOBepwalOTCA BHEWIHMM JaBJAeEMeM BO BPEeMA NO-
CIE€N0BATeNbHHX GECKOHEYHO MAJHX H3MEHEHHH COCTOSHUSA Tea,
COOTBETCTBYIOIUMX OTHENbHEIM SneMeHTaM kpuboi «. Ho Breumnee
AaBJEHHE, BCJAEACTBHEe NpPeNNOJOXKEHHOH O6DaTHMOCTH Mpouecca,
BO BCAKMA MOMEHT BpeMeHH DAaBHO jmaBJeHdIo p Teaa. [losToMmy,
cornacuo 2 (278), pa6ora, COBepmMeHHass NpPH OGeCKOHEYBO MaJIOM

»
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M3MEeHeHHH, paBHa NpocTOo—p-dV, HesaBuCHUMO OT HOpMH MOBEpX-

HOCTM Tena, a BHewHss paboTa, COBeplUeHHass B TeYEHHe BCEro
npomuecca:

2
W=— [ pdV, (46)
1

rie HMHTErPHPOBAHHE NpPOM3BONUTCH BIAOAb KPHBOH ¢ OT ToukH /
a0 Touku 2. Ecnm p, xak 9TO HMeeT MecTO y ra3oB, NOJOXHTENbHO,
a V,>V; (xax na puc. 3), To W oTpuuateabso. ITO 3HAYMT, 4YTO
BHelHsA pa6oTa He 3aTpauMBaeTcd, a Npuobperaercd, HampuMmep
NOJAHMMAETCs HEKOTODHH Ipys, OKasHBAIOIIMA Ha ras JNaBJeHHE.

UTo6H BHINOAHHTL HMHTErpHPOBaHHe, HANO0 3HAThb 3aBHCHMOCTh
AaBneHust p oT o6beMa V, T. e. 3HaTh ypaBHeHue KpuBOH a. Ecan
Ke NaHB TOJbKO TOuYkM / M 2, HO He yKa3aHa COENMHAKOWAs HX
KpHBasi, TO HHTerpan (46) He MMeeT HHMKAKOTO ONpENEJeHHOro 3Ha-
venus. Tak, Hanpumep, ecau mnepexox u3 / B 2 MPOUCXOIMT MO
Ipyroil kpusoit B, 3sHauesMe MHTerpana Gyjper coBceM nHoe. OTcCi0la
caenyer, 4To AHdepenunan p dV e ABasieTcd NOJHBIM HHpepeHuna-
aoM. C TOUKH 3peHMs MaTeMaTHKH STO 3HAUMT, uTO p, kpome V,
3aBUCHT eme OT IPyrok nepemeHHo#, oT temmeparypu 9, koropas
onpejneneHHHM 06pa3oM H3MeHsieTCd BAOJb IIyTH HHTErDHPOBAHHUA &.
Jlo Tex mop, NMOKa a He A3HO, OTHOCHTENbHO3aBHCHMOCTH O OT mepe-
MeHHOH HHTEerpHpoBanus V ckasaTh BHYero Heab3s, H HHTerpHPO~
BaHue HeBHIIOJHHMO.

Bremnioro pa6ory W MOxHO oueHb HarasgHO INpelCTaBHTH
¢ nmomombio puc. 3. CormacHo ypaBHeHuio (46), Ona paBHa, Oue-
BHJAHO, B3ATOH C O6paTHRIM 3HAKOM NJOMAAH MNJIOCKOH QUrypHI,
OrpaHHYeHHON KDHUBOH a, OCbi0 abcuMcC W OpAMHATaMM TOuek / H
2. M3 sTOoro Takxe scHO, uTo 3HauenHe W cyuiecTBEHHO 3aBHCHT
OT x0JAa KpuBOH «. W uenukoM ompexnensercd HayaabHOW H KOHEU-
HOM TOYKAMH KPHUBOM TOJBKO A GECKOHEYHO MaJbX M3MEHeHHH
COCTOSIHHA, T. €. /A TeX CaysaeB, Koria Touku I u 2 nexar 6ec-
KOHEYHO OJM3KO JApYr K APYry M KpHBasd o COKpalaercd A0 OX-
HOTO SJIEMEHTa.

§ 28. U3 Beipaxenus (46) nas pa6orel W u ypaBHeHHS SHeprHH
(45) MN HaxomHM IJA TEeNJAOTH Q caedymoliee BBIPAXEHHE:

2
Q=U~U, + / pdv. (47)

Otcioga crenyer, uto 3Hauenune @ TaKxe 33BMCHT He TOJBKO OT
nosoxeHus Touex / u 2, Ho, mogo6s0 W, M OT Xapaxkrepa CcOelH-
HAOWIEH HX KpHUBOH o HJIH ¢. Jlns BHuYHcaenHs Q, Kpome STOrO,
Haxo 3HaTh ewe SHepruio U rtena B coctossuax I u 2. Tennoty Q
He3apucuMO OT SHepruu U MOXHO BBIUMCAMTB TOJBKO B TOM CAy-
yae, KOI'Ja TeJO0, B KOBLe KOHUOB, BO3BpalllaéTcs B CBOG Haualb-
Hoe cocrosuMe I, T. e. KOrJa OHO COBepiuaeT KpyroBo# mpouecc.
Hanpumep, Tel0 MOXHO ClepBa NepEBecTH MO NMyTH & B cocTosi-
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nue 2, a 3aTeM no NyTh B o6paruo B cocrossue /. Torna, xaK yxe
6uia0 mokasano B § 18:

1 .
Q=—Ws= [pdV, (48)
/

npuyeM MHTErpan caelyer G6paTb BAOJAb 3aMKHYTOH KpuBOH /a2 [.
Pa6ora W paBha, O4YeBHIHO, NJAOWANH (QHTYpH, OrpaHHYEHHOH
sToh KpuBofi. OHa NMOJNOXKXTENbHA, eclH NPOouecc NPOTEKAeT B Ha-
npas/JeHHH, YyKa3saHHOM Ha puc. 3 crpenkoii. Takofi Kpyroso#t
npouecc, CoBepmaeMHii KaK YroJHO 4acTO B COOTBETCTBYIOIyEM Ha-
NpaBAEHHH, ABJIAETCS [PHUMEPOM IepHOJAMYEecKH JeAcTByowed Ma-
IIKHH, HENPEPHBHO NpPeBpamamllefl TellJI0 B MexanHuecky paborTy.

§ 29. 3aifiMemcs Tenepb 6/MXe TEM YaCTHHIM CiayyaeM, KOrjia
KpHMBas ¢, XapaKTepusyollas M3MeHeHHe COCTOfHHs, CKHMaercs B
OfUH SJeMeHT M Touku I u 2 pacnoaaranortcd 6eckOHeuyHO GJH3KO
Apyr Kk apyry. ¥YpaBueuue (47) B STOM Ciyuae HepexOndT B Cie-

IOREE Q=dld+-pav. (49)

Ecan oTHECTH 9TO YpaBHenne K €InHHye€ MacCChl TeJja, TO OHO NpH-
MeT BHI.

qg=du-}pdov, (50

ecan yactuole oT AeaeHus Q, Uwm V na maccy M 0603HauuThL co-
OTBEeTCTBYIOHMIUMH CTPOUHHMH OyKBaMi.

Cefiyac BaxXkHO YCTAHOBHTb, KakdMH IepeMeHHBIMM MH 6yjaeM
NoJb30BaThC B KayecTBe He3aBUCHMBIX. B kauecTBe nocnepnmx
06LIyHO Bui6upaoT Temnepatypy 9 u in6o o6bem v, 1u60 naBJe-
Hue p. B Bu6ope HE3aBHCHMHIX NlepeMeHHBIX MHl OyjneM CJaeloBaTh
Kax el pas oco6eHHOCTAM 3alaYd M, uTO6H H36exaTb OUIHMGOK,
6yneM oOTMeuaTb OCOOLIMM HHJEKCAaMH, MO KaKkOMy IepeMeHHOMY
NPOH3BOJANTCH AH(QepeHuHpOBaHHe.

§ 30. MNpumenum Ttenepp ypaBuerHHe (50) K OXHOPOXHOMY Temy.

YeabHas TeNJOeMKOCTb BEIECTBA, COTJACHO YypaBHEeHHsM (41)
u (50), paBHa: p ;

g ___au v

Kax yxe 6mno ormeueno 3 § 20, sTa BeanuuHa uMmeeT ONpelcieH-
HO€ 3HayeHHe TOJbKO TOrja, KOrja ykasaH caMbil xapakTep mupo-
necca HarpeBaHus. B caMom Jene, mpOM3BOJHHE B ypaBHeHHH (51)
NpROGPETAIOT CMHCA TOJBKO TOTJA, KOrJa He3aBHCHMbE NepeMeH-
Hble, Hanpumep 0 M ¥, CBA3aHH JpYr C NPyroM HEKOTODHM YpaBHe-
HHeM. Baxwuefimue ciyyau — 9TO Te, KOrla NpU HarpeBaHMH COXpa-
HfeTCAd MOCTOSHHBIM HJHM 06beM U, UAH JNaBAeHHE p.

Ina narpeBauus npu noctosHHoM ob6beme dv=—0. [TlosToMy mas
YIenpHOH TeNnOeMKOCTH INpH NOCTOSHHOM o6beMe H3 ypaBHEHHs
(51) monyyaeTcs caexyiouiee BHpaXeHHUe:

= (2), o
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B cayyae marpeBamus npu nocroswnoM paBnenun dp=0, u 1aa
YIAeNBHOH TENJA0eMKOCTH NPDH NOCTOSHHOM NABJAEHHH H3 YDaBHEHHs

(1) caenyer:
o= (3,403, o

(), = (5),+ (%), (),
TO, NPHHMMas BO BHUMaHHMe ypaBHeHHe (52):
t=c+[(%),+7](%),- 54)

§ 31. IlpuMenum nocnennee ypasuenue Kk rasy. [as rasa co-
r1acHO ypaBHeHHIO (44):

UM, TaK Kak:

Ou
(az)e =0,
a no ypaeHenuwo (34):
. 0
@:2'_27*;1}0—‘(14-@).

Takum o6pasom u3 ypasueHus (54), eca¥ BOCHOJb3OBATHCH
ypaBHeHHeM (6), BHITEKAET, YTO:
_227-10° 107 s
BC) — 1€, = “gras = 8,31.10" =R, (55)
T. €. PA3HOCTb MOJBHHIX TeIIoeMKOoCTell NpH MOCTOSHHOM JaBJje-
HHY ¥ NOCTOABHOM O6beMe HMeeT JAJs BCEX rasoB NOYTH OJHO H TO
xe 3Hauenne R. Henocpepcreennas skcnepumenTanpHas NpoBepka
aTOR (GopMyJb CONMPsXKeHAa CO 3HAYHTENbHHIMH TPYAHOCTAMH, TaK KakK
y rasa yno6HO H3MepATb TOJAbKO YAeJbHYIO TENJIOEMKOCTb MNpH
NOCTOSIHHOM N1aBJIEHHH Cp, HO HE YIE/bHyIO TENIOeMKOCTh NpH NOo-
CTOAHHOM O6beMe ¢,. ITO OGCTOATEABCTBO OOYCHOBJAEHO TEM, UTO
- TEMVIOEMKOCTh rasa, 3aKJII0YeHHOTO B 3aMKHYTHIH COCYX NOCTOAHHOTO
06’be€Ma, CIHIIKOM Maja N0 CPaBHEHMIO C TENJOEMKOCTbIO OKpYXalo-
IMyUX TeJ H Npexae BCero CaMHX CTEHOK COCyJa, YTOOGH C OOGLIYHHIMH
CpeJCTBaMH NOJY4HTh H3MepuMuil Tepmuueckuit 3ddexr. Tem ne
Menee camMo0 no ce6e ypaBHende (55) BeleT K OJHOMY NPaKTHYECKH
BaXHOMYy 3axaoouenHio. KiMenno BcaexcrBue TOro, 4ToO C,, a TaKXke
U 4, COrJacHO ypaBHeHHIO (52), 3aBHCAT TOJIBKO OT TeMIIepaTypH, HO
He OT 06beMa, TO no ypasHenuio (§5) 1O We caepyeT H mas C,.
1o sakaioueHye OHJIO NOATBEPKIEHO BIEPBhie H3IMEpEeHHAMH
Penbo. CrenyeT 3aMeTHTD, UTO OHO BOBCE HE IBJSETCH Hamepej CaMo-
oueBMIHuIM. Bosee crapas Teopus Kapuo, paccMaTpuBaBuias TemaoTy
.KaK HeKOTODPYIO HEpa3pyIWHMYIO MaTepHIo, H3 (aKTa, yTo ras pH Cxa-
THH HarpepaeTcs, feJ/ajna, HanPOTHUB, CIe IYIOIH if BRBOJ: TEIIJIOEMKOCTD
rasa C yMeHblIeHHeM 06'beMa 3HAYHTEJbHO YMEHbLIAeTCs, TaK 4TO
TeNJ0Ta M3 rasa NpH STOM KaK Gbl BhDKMMaercd, nmono6Ho BOJAE H3
cxkaroii cMoueHHOH ry6kd. Pesyapratn Peubo nokasanu HeoCHOBa-



NEPBOE HAYAJO TEPMOIHHAMHKH 39

renpHOCTh 9TOro mnpenacrapienus. [loMHMO 3Toro Penbo named,
yTO ¢, NMOYTH IOCTOAHHO B Npejenax AOBOJbHO WHPOKOr'O HHTEp-
pana temnepatyp. COriaace0 ypaBHEHHIO (55) B TOM xe caMoM
TeMnepaTypHOM HHTepBajie GyieT NOYTH NMOCTOHHHO H C,. U3 ypas-
penns (52) /14 SHEPruM rasa TOrJa NOJAYYHTCH BHDaXEHHe:

u=c,-0-const. (56)

ANIMTHBHAs NOCTOSHHAA HHTErpHUPOBAHMSA OCTAETCH NPH STOM MPHH-
nunuanbHo HeompexeauMmoh (§ 19).

Ecau BHpPaXaTb MOJbHble TEIVIOEMKOCTH He B MeXaHH4eCKHX
eIMHHUAX, a B KaJopHaxX, TO BeJHYHHY R B ypaBHeHuu (55) HykHO
6yaeT pa3nenHThb elle Ha MeXaHHueCKHH SKBUBaJeHT TemsaJ u3 (42).
PasHOCTb MOIBHBEIX TEIJIOEMKOCTEH NPH NOCTOAHHOM JAaBJEHUH U NPHU
NOCTOABHOM O6hbeMe NOJYYHUT TOTAa 3HaueBHe:

R 831.107
5 = Zio107 = 1,983. (57)

H3mepenus pai0T IS MOJBHONH TEMIOEMKOCTH NMPH MOCTOABHOM
ZaBJAEHHH IJAs BceX OIHOATOMHBIX I'a30B 3HaueHHe, OueHb GJAM3KOE
K 5, Ias JIBYXaTOMHBIX —3HadeHue, 6au3k0oe kK 7, a AJdA MHOrO-
aToMHbIX eule 6oapmee. OTciOfa 148 MOJBBOH TEMIOEMKOCTH NpPH
NoCTOSHHOM oO6beMe MHl MoJydyaeM N0 ypaBHenuio (57) coorser-
CTBEHHO 38HaueHHs 3, 5 u O6oJblie; OTHOUIEHMd TelJoeMmMKocTel
6ynyT paBHBHL s 4

1:2‘;":?, FHTA>L (58)
C BO3pacTaHMeM 4MCIa COJepXKAalIMXCA B MOJe aTOMOB Y yOuBaer,
HeorpaHudeHHO npubamxkasach k 1. O60cHOBaBMe BceX 9THX 3aKOHO-
MepHOCTell naeT TOJALKO aTOMHCTHKa (§ 144).

§ 32. Kax 06BbACHMTL COrsaCHO DasBHUTOH 3Jech TEOPUHM Harpe-
BaBMe rasa npu cxkatuu? UTO6H OTBETHTb Ha STOT BONPOC, NMpHUMe-
BUM ypaBHesne (50) mepBOoro HauaJza K Npoueccy CxaTHs rasa,
npoTeKawleMy B TaKHX yCJIOBHAX, 4TO TEIJIOTa Be MOXeET NPOBH-
KaTb 4epes CTEHKM COcyJa, B KOTOPOM 3akJaiodeH ras. Takoi mnpo-
necc HasniBalOT axuHabaTtudeckum. Jlada anuabatuyeckoro npo-
mecca ¢ =0, u crexoBaTeqbHO, COIVIACHO ypaBHeHHo (50):

du-t-pdv=0
H cornacHo (56) u (34):
2,27-10"°

0,020 (1 af)dw =0

Pasnenum sTo nudeperunanbuoe ypabrenue Ha (1 4-a8); ero moxso
TOrAAa HHTErpupoBaTthb NOuYJIEHHO, Mu MOJY4YHUM:

0
%10 (14-a8) + 2_37-*}0— In v = const.
Hiu, corsacHo ypasHerusaM (6) u (25):
ec, In(1-4-eb)-}-R Inv = const. (59)
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3HaueHHe MOCTOSHHOH HHTErpHUPOBaHHMA MOXHO ONpeneauTb M3
Haya/JbHOTO COCTOAHHUA.

Ecan BoCHoJb30BaThCA COOTHOIIeHHeM (55) M BBECTH OTHOIle-
Hue TtemaoeMkoctelr 7 (53), TO mpexblaymee ypaBHeHHE MOXHO
NepenHucaTh Tak:

In (14-~a6) 4 (y—1)-In v = const. (60)

Mb noayuuau 3akOH [MOBHIIEHHA TeMIepaTyphl ¢ yMeHbIUIEHHEM
o6beMa. OH NPUHMMAET OKOHYATENbHLIH BuJ, €C/AH yKa3aHO 4yHCJEeH-
HOe 3BadeHue 7.

Hafirem tenepp annabaTi{yeckoe COOTHOUIeHue MeX 1y O06LeMOM
U paBaeHueM. [ag 9TOro HyXHO HMCKJAIOYHTH C MOMOLUBIO YpaBHEHHs
cocrosiiud (34) u3 ypasHeHus (60) Bennumny 6. YpaBHeHHe cocrTos-
HUA JJId 3TOr0 Bcero yJao6Hee nepenyucaTe B Takoft ¢opme:

Inp+Inov—In (14 «6) = const.
CxaanplBasg nocaejgHue jBa ypaBHEHHsd, NOJAYYUM:
Inp-+ In v=const, urn pv’ = const,, (61)

— ypaBHEHHe, BhIpaXawllee 3aKOH alHabaTHYECKOTO CXaTud rasa,
CpaBHeHHe STOT0 3aKOHa C 3aKOHOM M30TepDMuYeCKOTO CKaTHs
pv = const. NOKasuBaeT, 4YTO NMpH agnabaTHyeCKOM CKaTHH JaBjaeHue
¢ y6uiBannemM OO0beMa BO3pacTaer, €CTECTBEHHO, CKOpee, yeM IMpH
CXaTu# M30TEPMHYECKOM.

§ 33. YpaBnenne (61) nokasniBaer, 4TO axuaGaTHYeCKUMH INIpO-
neccaMM MOXHO BOCNOJAb30BaTbCsA 1A ONpejenesus uucia vy. Cpas-
HeHHe pe3yJbTaTOB M3MepeHHH co 3HadeHusaMH (58), BHUMCIEHBEIMU
M3 MeXaHH4eCKOro SKBHBAJEHTa TEIVIOTHl JeflaeT STH NPOLECCH
BaXHLIM CpeJCTBOM NPOBEPKH TEOpPHH.

Has onpenenesus y MOXHO, HanpuMep, BOCIOJAb30BaTbCH H3Me-
peHusiMH CKOpOCTH 3ByKka B rase. Coruacuo 2 (293), ckopocTh 3ByKa:

1
a=)2,
1
rre D o603HauaeT MIOTHOCTb rasa, paBHyio — . Orcioga  cae-
ayeT, 4To
T__Da2
P

[MomctaBuM cioga Aas Bosayxa nmpu 0° u aTMOC(epHOM naBAEHHH
=33200 ca.-cex ",

p=1013000 z..cn.™ s cex2,
corsiacHo 2 (284):

D=0,001293 2-ca 2.
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Takum o6pasoM 1aa 7y noaydaerca 3Hauende 1,40 B cotaacum co
sgauenreM /g B (58) mas IByXaTOMHOrO rasa.

MOXHO, KOHEYHO, NMOHTH O6pAaTHHIM NyTEM H BOCNOJAb30BATHLCHA
BHUHCJACHHEIM M3 CKODOCTH 3BYKAa 3HAYEHHMEM y A/ BHIUHCJEHHUSA
(8 xajaopuax) ¢, a 3areM, NpHUMeHss ypaBHeHue (55), BHIYHCIHTB
MeXaHHYeCKHH 3kBUBadeHT Tensa. MMenno atum meroxom PoGeprt
Mai#iep B 1842 r. BnepBbie HallleJ YUC/AEHHOE 3HAUEHHE MEXaHMue-
CKOro 3KBHBaJeHTa Tenaa. KoHeuHO, pacueT 3TOT NMpaBHJEH JIHIIb
MOCTOJBKY, MOCKOJbKY MOXHO NPHHATb, COIMACHO ypaBHeHHIO (44),
YTO 3HEPrusi BO31YyXa 33aBUCHT TOJbKO OT TeMnepaTypbl, HHaye
roROps, 4TO DAa3HHuUA MEXAYy C, H C, BH3BAHA TONBKO HANMYHEM
pHelHe#d paGoTH, — npeano/OXeHHe, KOTOpOe MOXHO CYHTATh He-
NMOCPEACTBEHHO JOKa3aHHHIM TO/bKO MOCJAE ONMHCAHHBIX B § 24 onbl-
toB Jlxayas u Tomcona. Ecau 6bl 3TO npelmos0KeHHE OKa3aa0Ch
HEBEDHHIM, TO IJf pelleHHd 3aJaud HYXKHO 6HJI0 Gbl BOCMOJAB30-
BaTbCA OOIKMM CoOTHOWeHHeM (54).

§ 34. Ot o6paTuMbIX HM3MEHEHHIl COCTOSHHS OZHODOIHOTO Tesa
Mbl nepefiieM Tenmepp K NpoLECCaM, KOTOPHE CBA3aHbl C H3MeHe-
HUSIMH arperaTHOro COCTOSIHAA MJH C XHMMYECKHMH npeBpalleHUsIMH.
Mu cHOBa Gylem npd 3TOM BCAKMH pa3 npuUMeHATb ypaBHeHHe (47).
Beanuuna Q 6ymer 3zech 0603HAyaTh ,TENJaOTY NPEBpPALEHHMA* HAH
»TEIIOBOK addext” mnpouecca, NOJNOKHMTEABHHH, ecidd TenJoTa
coobutaercss u3pHe. Koneunyno TtemnepaTypy 06, Mbl 6ylem Bcerza
NPHHUMATh OJMHAKOBOM ¢ HavwaiabHOH Temneparypofi 6. ITpu uame-
HEHHAX arperaTHoro COCTOsHHA (), B3dTOE C COOTBETCTBYIOIIHUM
3HaKOM, OGyAeT BLICTYNaTh KaK TenJ0Ta MCNapeHus, TensaoTa KOH-
IEeHCallMM, TenJ0Ta NJaBJeHHs, TeIIOTa 3aMep3daHus, npH XUMHue-
CKHMX Mpoueccax —KakK Tena0Ta peakluH, TenjoTra COeJHHEeHHs,
TenJOTa PACTBODEHHMA, Tenja0Ta JUCCOUMAUMM U T. . 3Havenue Q,
KaK Mbl 3HaeM, 3aBHCHT BOOOIIE HE TOJbKO OT HAYa/JbHOTrO H KOHeu-
HOTO COCTOSIHMH paccMaTpUBaeMON CHCTEMBl, HO H OT myTH nepe-
X04a, B 4YaCTHOCTH OT BHewHefi paboTel. Jlas mpoueccos, KOTOphie
NpPOMCXOAAT nNPH NOCTOAHHOM oOO0beMe (MpuUMep: CKHUTaHHE B KaJjo-
pumerpuueckot 6ombe), Q= U;— U,, T. e. npocTO paBHO PasHOCTH
BsHepruii.

Hanpotus nis u306apHHIX npoUeccOB, KakuMM  saBasercs
GO/IbIIMHCTBO XMMMYECKHX MNDOUECCOB,— TAK KAK OHHM NPOTEKAT
apy oOnyHOM aTMOC(epHOM NaBJCHHH, — HMeeM:

Q=U,—U,+p (V,— V) (62)
WAH, AJ5 eJHHMLB MAacChl:
g =t —t;~-p (V;—7y). (63)

Hanucas atu ypaBuenus B ¢opme:
Q=U+pV):— (U~+pV),

MH BHIHMM, 4YTO M B CJyyae M300apHBIX npOUECCOB TEmJa0Ta mnpe-
BPAINEHHS 3ABHCHT TOJBKO OT HaYaJbHOrO H KOHEYHOrO COCTOSHHH
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CACTEMH. B oTauude OT H30XOPHBIX NPOLECCOB OHA BHpaXaeTcs,
OJHAKO, HE 4Yepe3 pAa3HOCTh JHEPTHi, a yepe3 PA3HOCTh 3HAYEHMH

Pynxuuu:
I=U-+pV, 61)

koTopy® no I'm66Ccy Ha3HBAOT TenJAO0BOH (GyHKuUHeA npH
NOCTOSAHHOM JdaBJeHHH, a no Moaabe — 3HTraabnued.

Jna eguHUK Macchl:
i=u-}pu. (65)

Bo wMmHOrux cayuasx, oco6eHEO npu OypHO NMPOTEKAKOMIMX XHMH-
YeCKMX peaKuusaX, a TaKXKe NpH H3MEHEHHUAX arpPeraTHOro cocros-
HHMsS, €eCJH TOJBKO B HHX He Y4aCTBYIOT rashl, BejuyMHa BHellHell
paGoTH HACTOJABKO HE3HAUMTE/NIbHA MO0 CPABHEHHIO C TENJOBHIM
spdbexroM Q, uTo sHTraAbNUIO 6e3 3aMeTHOH OMHGKM MOXKHO 3aMe-
HUTb 3Heprued. Ecam ke cucreMa B HAYaJbHOM HJH B KOHEYHOM
COCTOAHMH COJIEPXHT ra3000pasHble 4acTH, TO HPH BLIYUC/JICHHH
BHeulHe#l paboThl, KAK NPaBHJO, YIUTHIBAIOT TOJIbKO HX, pene6Gperas
U3MeHeHHeM o6beMa KHMIKHX H TBepAHnX Ted. Ecau n; u n,—uucaa
ra3oo6pasHLiXx MoJefl B HayaJlbHOM M B KOHEHUHOM COCTOSIHMAX, TO
Ins M306apHOTO mpouecca, COrIacHo ypaeHemuam (62) u (35),
B MeXaHHyeCKHX eIMHHIAX MMeeM:

Q=U,— U, +2,27-10°(n,— m,)-(1 - af). (66)

CaenoBaTeqbHO, BeJAUMYHMHA BHellHed paboTH 33aBHCHT TOJBKO OT
M3MEHEHMs YHCJAA MOJefl rasoB M OT TeMNepaTypH, HO He 3aBHUCHT
OT HaBJEHHS.

To, uTo B M306apHHIX NpOLECCAX IHTTAABIHUA HUrpaeT TaKyO xe
pO/b, KAaKyl0 B H30XODHBIX HMrpaeT 3HEPrHs, MOXHO BHIEThb M Ha
npumepe yreabHHX Tennoemkocrelt. JleficTBuTenbHO, yparHeHue (52)
a5 ¢, COOTBETCTBYET yPaBHEHHIO:

e=(3), (67)

KoTopoe, BcaencTBHe (65), ToxaectseHHo ¢ ypaBHeHHem (53).

§ 36. Tax kak Temq0Ta npeBpamIeHHs OTHOCHUTCS K OnpeleseH-
Ho#i Ttemneparype 6, To 3HauenHe ( Boo6umie 3aBHCHT ot 0. dra
3aBHCHMOCTb BHIPAXAETCHA OJHHM NPOCTHIM COOTHOIIEHHEM, KOTOpOE
MOXHO noayyuTb nudepenuupys Q no 8.

Jasa usoxopubix npespamenuit Q = U, — U,; noatomy:

()~ ()~ () oo e

Hanporup nas u3obapubix npeBpawmenuit Q=1Jy—1,, ¥ coraacHo
ypaBHeHHIO (67):

(), ~(4), - (4], =

ecan uepe3 C, ¥ C 0603HAYMTBL TEMNIOEMKOCTH CHCTEMH NpPH HO
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CTOSHHOM O6GbeMe H IOCTOAHHOM JaBJeHHu, a uudbpamu I u 2
COCTOSIHHE CHCTEMBl MNEpex mnpeBpPAUIEHHEM H MOC/E Npespamesus.
Uro6el yuecTb, Hanmpumep, BJHAHHE TEMUEpATYpPH Ha TenJaOTy
Cropanusd BOLOPOJAA B XHIAKYIO BOLY, BHINTEM H3 TelJOEMKOCTH
rpeMyuell rasoBod cMmecH, COCTOAmled H3 OLHOrO MOJs BOXODOJA H
MOJIOBMHBl MOJA KHCJA0pOZa (cocrosude ), Ten10eMKOCTb OZHOrO
MOJIfL KHUAKOH BOJAH (cocTtosnue 2). Tak Kak MOJbHBIE Temja0eM-
KOCTH BOZOpOAAa H KHcAopoxa no § 31 paeHel 7, yAeAbHAA Temio-
@MKOCTb XKHAKOH BOIBI paBHa 1 W ee MOJAbHHIA Bec 18, TO:

1
(C)y =7+ -7=105,
(C),=18-1=18.
Orcioma cornacHo ypapHeHHI0 (69):

0
() =18—105=75.
a6 /,

Q 3xecy oTpuuaTebHO, MNOTOMY HTO TEMIOTA PEaKUMH OTIaeTcs
HAPYyXY; C/JefOBaTeJbHO TENAOTa CrOPAaHUS MOAS BOXOPOAA C MO-
BHIIEHAEM TeMIeparypw yGuBaer Ha 7,5 KaJopuu HA rpaayc.

IVIABA 11
BTOPOE HAYAJO TEPMOTHHAMMER

§ 36. Bropoe Hauan0 TepMOAMHAMMKH MO CBOEMY COJAEpXKAHHIO
pe3ko OTaHyaeTCs OT NMEepPBOro, TaK KaK OHO OTHOCHTCH K BOMPOCY
O HanpapJeHMH MNPOTEKAOUUX B MPHPOIE TEMAOBHIX MNPOLECCOB,
KOTOPLI# COBEpIIEHHO He 3aTPAaruBaeTCs NMEepBHIM HAYAAOM.

Okxa3nBaercs, 4TO He BCSKOe H3MeHeHHe, COBMECTHMOe C INpHH-
IHIIOM COXPAHEHUSA 3HEeprHH, yIOBJETBOpPSET W TOMY ropasio Iajb-
e HAymeMy YCJAOBHIO, KOTOPOE HAKJAaALIBAET HA BCE NEHCTBUTENBHO
NPOHCXOJsfIIHE B MPUPOJe NpOUecCH BTOPOe Hayano. Ecau, HanpuMmep,
MEXIY NBYMA TeJaMH pa3JUuyHOR TeMmepaTypnl NPOUCXOXUT TENJaO0-
o0MeH nyTeM TENJIONPOBOAHOCTH, TO NEPBOe Hayano TpebyeT TOMBKO,
9TO6H KOJAMYECTBO TelNaa, OTJAHHOE OJHHUM TeJOM, paBHSAJAOCH
KOJHYeCTBY Ten/a, NnoJyueHHOMy Apyrum. [lepBoe Hawazno He aaer,
OJHAaXO0, HUKAKUX YKa3aHUH OTHOCHTENbHO TOro, B KAKOM HanpaBJeHUH
IIPOMCXOBHUT IIPH 9TOM nepexon Tenaa. Boo6uie camoe nonsatue temne-
PaTypH yyXI0 NPHHUUNY COXpAaHEHHs 9SHEPruu: 3TO SACHO YXKEe U3
TOTO, YTO 3TOT MNPHUHUMN HE NPHBOIHT K TOYHOMY ONpeIeseHHIO
TEMIEePaTypH.

PaccMoTpenne Bonpoca o HanpaB/AeHHH BO3HMKAIOIIETO B NpH-
pone mnpouecca W TOro OTBera, KOTOPHH paeT HA Hero BTOpOE
Haya/no, 06HapyXHBaeT MNPUHUMNHAJABHOE pa3/HyHe MEXAY MeXaHH-
YeCKHMH M 3JIeKTPOMarHMTHBIMH TIPOLECCAaMH, C OZHOH CTOPOHH, H
TENVIOBHIMH M XMMHYeCKHMH NpoueccaMd, —C APYyrod. 31o obCcTos-
TeNbCTBO yXe Ouii0 OTMeueHO B § 2. YKa3aHHOe Da3dauyue 3aKJIO-
93eTCs B TOM, 4YTO MNepBhie NpouecCh BCeraa MOTYT MNOpPOTeKaTh



44 TEPMOIWHAMHKA

B IBYX OpPAMO MNDOTHBONOJOXHBIX HAMPABJECHUAX: TAXKEJNOE TeJj0
OIWHAKOBO XOPOLIO MOXeT MNOZHHWMATbCA BBEPX H najgaTh BHHU3;
- cepHyecKas 3JeKTPOMATHUTHAS BOJHA OJAMHAKOBO XOpOIIO MOXET
pacnpoOCTPaHATLCH M BHYTPb M HapyXy, HaNpOTHB, HUKAKOH Temao-
BOH NpoLece, COorJiacHO BTOPOMY Hauaay, He MOXeT OhTb Henocpep-
CTBEHHO ofpallieH.

3amauya noayueHud TO4UHOH M obwel GOpMysUPOBKH BTOPOTO
Hayana notpe6oBana OT (HU3HKOB AECATKOB JeT paboTh. JT1a padora
NpoLo/KaANACh 10 TeX NOpP, NOKa He CTAJ0 SICHBIM, UTO COnepXKaHHe
BTODOTO HA4a/la HE HMCUEPNBIBAETCA TeM, 4TO-—Kak 3TO Jesas HHO-
ria eme Kanaysuyc v nosguee ¢ Hopo#t aneprueil OcTBanbl —KaX bl
npouecc NpUpoOAkLl pasjaraercs Ha PAL NpeBpameHu#t aHepruy, nocae
YEro CTABHUTCH BONPOC O HANPABAEHHMH KAXIOrO TAKOTO OTIENBHOTO
npeppamiedus. B KaxIOM OTIebHOM cJyuae, MpaBha, MOXKHO BHIA-
BUTb B3aHMHO MNpeBpamammuecs (GOpMbl 3HEPruu: 3To CAegyeT U3
nepBOro HayaJza,

Onsako B K4KOM MOpAjKe pacnoJOXKUTb 3TH MNPEBpalleHHS,
0OCTaeTCsd N0 M3BeCTHOH CTeNeHH NPOU3BOJBHBIM, H 3TOT NPOU3BOJI
He MOXeT OHTb OJHO3HAYHO YCTPAHEH HHKAKMMH OTpaHWYECHHSMH
obulero xapaxTtepa.

CymHOCTh BTODOrO Hawana nelTalOTCS HHOTAA eme H Telepb
BHIETH B TEHICHUHH NPOUECCOB NPHPOIH K ,06eCUeHEeHHIO 9HEPIHUH,
Cors1acHO 3TOMY BO33DEHMIO, MEXaHHYeCKds 3HEprusi MOxeT OHITb
npespamesa B TellVIOTY NOJHOCTBIO, TENJAOTA XK€ B MEXaHHUYECKYIO
3HEPruio, HANPOTHB, TOJBKO YACTHYHO; NpeBpamieHHe HEKOTOPOTO
KOJHYECTBA TEMJAOTH B M°XaHH4YeCKYI0 3HEpPruio BCerga CcOMpOBO-
KAAETCHA APYyFUM NpeBpamieHHeM, HanpuMep: HnepexosoM HEeKOTOpOoro
ApYroro KoOJHYecTBa TEmJAOTEl OT 60Jee BHICOKOH TeMneparypH
k GoJiee HU3KOH; 3TO BTOpPOe MpeBpalleHMe CJAYKHT KOMNencauuef
nepBoro.

Taxoe npeAcTaBdeHue, NPUTOJHOE B HEKOTOPBIX YaCTHHIX CAy4asx,
BHCKO/ILKO, OMHAKO, HE MepefaeT CYWHOCTH Aead. DTO MOXKHO IOKa-
3aTh Ha CAenylmeM npoctoM npuMepe. [lycTth Mp MMeeM HEKOTO-
puift ras. Jajgum emy pacmiupsaThcs U OPOU3BOAUTH paboTy, H Gymem
B TO Xe BpeMsl IOAIEDPXKHBATL €rQ TEeMIePaTypy NOCTOAHHOH, 3aUM-
CTBYsl IJf 3TOTO TEMIO H3 pe3eppyapa, Haxojsawmerocs mnpu Oouee
BLICOKOH Temmeparype.

B sTOM caywae MOXHO cKasaTk, yTO TeNJO, OTAaBaeMoe pe-
3eDBYapOM, NONHOCTbH 0 HpeBpalmaetrcs B pPaboTy, TAK KaK TeM-
nepatypa rasa, a BMecTe ¢ Hed W ero sHeprusg OCTAITCH NOCTOSH-
HBIMH M HHUKAKHX APYTHX NPeBPAIMEHHH SHEPrHH npH 3TOM He Npo-
HCXOJHT.

[IpOoTHB 3TOr0 yTBEPWKAEHUS HEAb3sl MPHUBECTH HHUKAKHX (akTH-
YeCKHX JAaHHHX, BO BTOPOM XE€ Havaje TepMOIHHAMHKH Mbl CTAJKH-
BaeMCsl C COBEPLIEHHO OCOOHIMH (aKTaMH, YCTAHOBJAEHHLIMH NyTeM
u3MepeHud. IMeHHO moaToMy BTOpOe HayaJo HeJdb3s BbiBECTH a priori.
O nokasaTenbcTBe BTOPOTO HAa4ala MOXHO FOBODHTb JHWIbL B TOM
CMEIC/IE, YTO HMeeTCs B BHIY BLHIBeCTH BCE €ro CoJIepxaHue U3

OJHOFO MPOCTOr0 ONHTHOrO 3aKOHA, 06Jan3OLEro HECOMHBEHHOH
JIOCTOBEPHOCTBIO,
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§ 37. B cormacuu co cka3aHHBIM MB gaxudM ofmiee mOoKa3aTesb-
CTBO BTOPOTO HAa4aja, OCHOBHIBASICH HA CJAeNYIOLIeM ONMBITHOM 3aKOHE:
,HEBO3MOXHO MOCTPOUTH MNeDHOAMYECKH meHCTBYIONYI MAallHHY,
BCA AEATeNBHOCTH KOTODOR CBOJAMAACH Obl K TOMHSTHIO HEKOTOPOTO
rpy3a M COOTBETCTBYMOIEMY OXJaxIEHHIO TelJOBOro pesepmyapa‘.

Takas MamuHAa MOraa OB OBITH MCNOJAL30BAHA OJHOBPEMEHHO H
KaK MOTOP M KaK XOJOIMJAbHAS MaiuuHa, 6e3 xakoff 6b1 TO HH GHIO
3aTpaTel 3HEPrHH U MATepHAJNOB: OoHA Oblia O, TakUM 0OO6pa3QM,
caMoff BHrogHOH MamKHON B MHpe. [Ipasta, ona He 6maa 66 paBHO-
ueHHa perpetuum mobile, Tak xak npouspoxuna Gel paGoTy BOBCe
He M3 HHMYEro, a M3 TenJoTH, 3aHMCTByeMoH el H3 pesepsyapa.
Takas mamuHa He sBAAIacE O MO3TOMy, Kak perpetuum mobile,
nporydBopeuremM nepsoMy Havaay. OgHako oHa o6aamanaa Oul HaH-
60J1ee BaXHBEIM JI/15 Yye/OBEHeCTBA JOCTOMHCTBOM perpetuum mobile —
CNOCOGHOCTBIO NMPOHU3BOIUTL paGoTy AApOM, TaK KaK Tel10, KOTOpoe
COJEPXHUTCH B MNOYBE, B BO3QyXe, B OKeaHe, NOZOOHO KHCIOPOLY
BO3AyXa, NPEeNOCTaBASAETCS B HEHCYEPNaeMoM KOAHYeCTBe B HEMNO-
CPENCTBEHHOe PacnopsikKeHHe Kamaoro. 3To OGCTOATENbCTBO U N0OOY-
XJaeT HAC HAYATH C HA3BAHHOIO MOJIOXKeHHs. BuBOAs M3 HEro BTOpoOE
HAYaJl0 TEPMOAMHAMHKH, Mb obecfeynBaeM cebe BO3MOXHOCTb MPAK-
THYECKH O4YeHb BHITOJIHO UCNOJAb30BaTh BCSKOE, KeM-IH00 OTKPHITOE,
OTKJIOHEHHe sABJeHMHA npupoln OT TpebGoBaHWl BTOpOro HauaJa.
JeklictBurensvHo, ecan 6yneT OTKPHITO Kakoe-Iu60 sBJAEHHE, HAXOIs-
mieecd B NMPOTUBODeyHH XxOTH OBl C OQHHM H3 CJAeJCTBHI BTOPOTO
HAYaaa, TO NPOTHBOpeuHe 3TO MOMKHO MPOUCTEKaTh M3 KaKOH-TO
HEeMPAaBUABHOCTH OCHOBHOTO HPEXMOJOKEHHUS; MO3TOMY MOXHO OHIIO
OHl, Clenst 33 HUTBIO PAacCyXJAEHMH M MAA wWAr 3a WAarom OGPAaTHO,
HCNOJNL30BATh 3TO fIBJAEHHE HAJS NOCTPOCHUS HA3BAHHON MAaumlMHHL
B panvmeitmeM, caemys npemnsoxenuio OcrTBasbna, Mbl GyleMm Ias
KPaTKOCTH Ha3bBATh 3Ty MAUIHHY ,perpetunm mobile BToporo poxa“,
[IOTOMY 4YTO OHA HAXOMUTCA B TAKOM JKe OTHOIIEHHH KO BTOPOMY
Haua/dy, B KakOM perpetuum mobile nepsoro poma —k 0epBOMY
Hagany.

§ 38. Ilpu cpaBHeHuH 3THX OBYX D&3JMYHHIX BHIOB perpetuum
mobile cpasy xe Gpocaercst B raasa caegymoinee ¢GyHIAMeHTAILHOE
MX PasnuyHe: 3aKOH O HeBO3MOXHocTH perpetuum mobile nepsoro
pPoaa MOxHO O6paTHTh, T. €. MOXHO CKa3aTh, YTO pPaboTa He MOKeT
HH MPOU3BOAMTHLCH M3 HAUEro, HH aGCOJIOTHO YHHUYTOXKATbCHA; HAMNPO-
TUB, 3aKOH O HeBO3MOXHOCTH perpetuum mobile BTOporo ponxa ue
Ionyckaer HUKakuX oGpauleHHid, T. e. BNOJHE BO3MOXHO MOCTPOHTH
TAKYI0 MallHHY, BCA LeATeJbLHOCTh KOTOPOH cBOxMAac: OB K omy-
CKaHHIO Tpy3a M COOTBETCTBYIOLIEMY HAarpeBaHHIO TEmIOBOro pesep-
Byapa. Taxko# MamnHO# ABJAseTCA annapat, npumeHapmuics JxayneM
B eI'0 U3MepeHHsIX MeXaHUYeCKOrO 3KBHBaJeHTa Telid. TOT anmapar
NPUBOXUACS B ABHXEHHE NajaOMUM TPy3OM, H XHAKOCTb HAarpepa-
Jack C MNOMOWbIO TPeHHs Bpawapmefics Mmemasnxoi. Ecam rpys
B annapate AOCTHTaeT 3eMJH C HCYE3awILe Majlol CKOPOCTbIO, TO
B NpHpPOJe K 3TOMY MOMEHTY He MPOM30OUIIO HHKAKHX ADYTHX H3Me-
HeHuii, KpoMe TOro, YTO Harpesacb XHJAKOCTb, CJAYyxamas 3[ech
TeNJIOBHM pe3epByapoM.
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OueBHgHO, YTO BCAKMHA MPOLECC, CONPOBOXKIAMHUACA TpeHHEM,
npexcrapaseT cobofi o6pamennoe perpefuum mobile BToporo pona.
[TosTomy Hame OCHOBHOe MOJOXKEHME MOXHO GOPMyaupoBarh emie
M TaK: HUKaKuM 0Gpa3oM Helb3sl MOJHOCTbIO OODAaTHTh nmpouecc, npH
KOTOPOM 3a CUeT TpPeHHs Bo3HMKaeT renaora. [lox caosoM ,noamo-
CTbIO* 3[€Ch MOApPa3yMeBaeTcsd, YTO BCIOAY B TOYHOCTH BOCCTAHO-
BJAEHO COCTOSHHE, HMeBIee MECTO B Hayajle Mpolecca TpeHHd.
B camoM gese, ecad 6bl nocae TOro, Kak onurt Jxayas 6ua Benoa-
HeH, KakuM-1M60 Cnoco60M yJIajoCh MOJHATb onycruswuiics rpys
Ha TIePBOHAYAJABHYIO BLICOTY H COOTBETCTBYIOLIUM 06Pa3oM OXJaIUTh
XKHIKOCTb M NPHTOM CAEAaThb BCE 3TO TaK, UToOH HHUrAe He OCTaBa-
JOCh HHUKAKMX H3MEHeHHM, TO 3TOT CNOCO6, OYEBHIHO, H ObA 6Hl
perpetutm mobile Broporo poza. OH mnpeicrasaan 6w coGo#i He
YTO HHOE, KaK MOAHATHE Irpy3a H OX/JaXKIEHHE TENJIOBOrO pe3epByapa.

[Tpouecc, KOTOpHH HAKAKHM CNOCOOOM HE/b3A MOJHOCTBLIO 0Gpa-
THTb, Mbl 6yIeM Ha3hHBaTh KOPOTKO ,He00PaTHMLHIM, BCe Xe OCTalb-
Hele NpoueccH — ,o06paTuMuMu®. Jlas o6paTHMOCTH Mpouecca, TAKKM
o6pa3oM, HEIZOCTATOYHO, YTOOH Y4aCTBYKOLIMe B HeM TeJa MOIJH
GHTL BO3BpAmIEHH B CBO€ HAYaJbHOE COCTOSHHE, — [DHHIKIHAIbHO
3TO BCEria BO3MOXHO, — HeOOXOMDHMO, YTOGH MOBCIOLY B NpHpOIe
KaKUM-A160 Cnoco60M yIanoCh BOCCTAHOBHTBL COCTOSHHE, HMEBIIee
MeCTO B Hadaje npouecca. Kakue GyAyT NpH 3TOM NPHMEHEHH TeX-
HHUYECKHE CPeACTBA U anpapars — MeXannyeckue, TepMHUECKHE, XUMHU-
HeCKHe HAHM SJeKTpHUecKHe, — cOoBepiieHHO Oespasauuso. CymecT-
BEHHO TOJBKO TO, YTOGH BCe KaK-1H60 HCNO/Ab30BaHHHE MaTepHaJH
M annapaThl OKa3ajHuCh, B KOHIE KOHIOB, B TOYHO TaKOM Xe COCTO-
SIHMH, B KAKOM OHH GLIIM BHauaje, Npexae 4eM OblH NMYIEHH B X0,

§ 39. Beakuft npoucxonsimufi B NpHpolie npouecc AB/SETCH HIH
O6paTHMBIM MM HeoGpaTuMuIM. [IpuMepoM oO6paTHMBIX MPOLECCOB
SIBASIOTCS BCE YHACTO MeXaHHUeCKHe M 3JeKTPOMarHUTHHE NDOUECCH;
eClH 3TH MNpPOUEeCCH NPOTeKalT B 06paTHOM HAaNpaB/eHHH, TO Ha-
43a/bHOE COCTOSIHHE CHOBA NOJHOCTBIO BOCCTaHap/auBaercs. [Ipumep
Heo6paTHMOro mpolecca maeT, KaK MH BHIeNH, NPouecc BO3HHKHO-
BEHHS TeN1a MPH TPEHHH; ApPYyrue npumeps 6ya1yT NpuUBeIeHH HHXKe.

3HauyeHde BTODOTO Hauaja 34K/IOYAeTCs B TOM, 4TO OHO XaeT
HeoOXO0IMMHEHA K KOCTATOUHHIY KpUTepull Aas onpepedendss 06paTu-
MOCTH HJH HeOOpaTHMOCTH BCSIKOTO MNPOHCXOJIAMIEr0 B NPHpPOIe
npouecca. Tax kak pelreHde 9TOro BOMPOCAa 3aBHCHT TOJBKO OT
TOrO, MOXHO JM [OJHOCTBIO OOpDAaTHTL NAHHBHIA npolecc, TO AJAK
HEro CyuleCTBEHHB HCK/IOYUTENbHO NPUpPOLA HAYAJIBHOTO H KOHed-
HOTO COCTOAHHMH, M CopepileHHO O6e3pa3qHyHO, KaK B OCTa/JbHOM
npotekaer npouecc. JeficTBHTEAbHO, 31eCh HYXXHO TOJbKO BHSICHUT,
MOXHO JIH, HCXOAfl M3 KOHEYHOrO0 COCTOSIHHSA, HOCTHTHYTb CHOBA
HAYaJbHOTO COCTOSIHHS, HE BROJAS NPH 3TOM HHUKAKHX HOBHIX H3Me-
HeHu#. Bropoe navano naer, TaxuM o6pasom, s JA0GOro NPOUCXO-
AALIEro B NpHpoxe npouecca, COOTHOUIEHHE MeXIy BeJHUHHAMH,
OTHOCAUIMMHACH K HAYAJLHOMY COCTOSIHHIO, W BeJIHMYHHAMH, OTHO-
CALUMHUCH K KOHEUYHOMY COCTOsIHHIO. QuUeBHIHO, UTO B CJydYae He-
06paTUMHIX MNPOLECCOB KOHEYHOe COCTOSIHHE MO0 KaKOMy-TO MNpH-
3HAKY OTJIMYAETCs OT HAYaJAbHOro, TOrga Kak NpH o6paTHMHX Mpo-



BTOPOE HAYAJO TEPMOIHHAMHKH 47

neccax o6a 9TH COCTOSAHHsI B H3BECTHOM CMLIC/I€ DABHOUEHHHL. B kpart-
Kol ¢opme MH 3TO BHPA3UM Tak: NPH HEOOGPATUMHX IpoUeccax
KOHEUHOe COCTOSIHHe [0 CPaBHEHHWIO C HAyadbHHM OG6Gaagaer 60ab-
wel ,TepMOIHHAMUUECKOH (B OT/IHYHE OT MaTeMaTHueCKOH) BepOAT-
HOCTBIO* HJH 60AbIINM ,TEPMOIUHAMHUYECKHM (B OT/JAHYHE OT Mexa-
HH4YEeCKOro) BeCOM®; C 3THMHM CJIOBaMH MBl He CBS3HIBAEM HHKAKOTO
JApYroro cMhiC/1a, KpoMe ykKasaHHOro. Mel MoxeMm moatomy ¢opmy-
JAUPOBaTh COJE€pXKAHME BTOPOTO HAawaaa Tak, 4YTO OHO JaeT HaM
Mepy I/s BeJHYHHb TEPMOIHHAMHYECKOH BEPOSTHOCTH HJH TEPMO-
JHUHAMHYeCKOro Beca (H3HYeCKOHR CHCTEMH B JaHHOM COCTOSIHHMH.
DTy Mepy Tenepn M CJAeIyeT OTHICKATb.

§ 40. MsGepem mas peineHus Hawe#l 3amauu caeayowWu#t nyThb.
[IpencrasumM ce6e NPOH3BOJBHYIO CHCTeMy Tea. Bo3abMeM Kakue-
HUOYIb IBa DPa3iHYHHE TOYHO ONpeJe/eHHble COCTOSIHHSA 3To# CH-
cTeMH W 0603HayuM ux uyepes Z u Z'.

Mul XOTHM BHSACHUTH, BO3MOXEH /M, H NPH KAKOM HMEHHO YCJ0-
BHH, npouecc, nepepoamull xaxkuM-a1u60 oGpa3oM CHCTEMY TEJ M3
coctosfinust Z B cocrosune Z' ua¥ OGPATHO TaK, YTOGH BHE CHCTEMBI
NocJe 3TOro npouecca He 0CTaBaJA0Ch HHKaKux uaMeHenufi. [Tocaenuee
yCJAOBHE MOXHO Jaxe YCTDaHHTb, €ClH BKJIOYATH B paccMarpuBae-
MYIO CHCTeMY BCE Tesa BceqeHHOH. [JocTapaeHHH#t BONPOC CBOIHUTCH,
CAeJ0BaTeNbHO, K TPeOOBAHHIO YKa3aTh, KAKOMY H3 JBYX COCTOSIHUH
Z v Z' orBevaer 66sbluast TepPMOJMHAMHYECKAs BEPOSITHOCTb.

Hannuo, oyeBnaHo, TPH pasiHUHEIE BO3MOXHOCTH: 1) BO3MOXEH
nepexos u3 cocrosiius Z B cocTosiuve Z' ¥, 06paTHO, W3 COCTOSIHHSA
Z' B cocTosiHe Z; npouecc BCskuH pas GyneT o6paTHMHM M IpH-
TOM BO BCeX CBOMX 4acCTAX; BEPOATHOCTb B 3TOM CJayyae OyJeT OAH-
HaKOBa B 0GOHX COCTOSHHsX; 2) BO3MOXEH umb nepexos U3 Z B Z',
o6paTHH} ke nepexoa U3 Z' B Z HEBO3MOXEH; COOTBETCTBYOLIHH
npouecc, o4yeBHAHO, HEOOpaTHM, M BepPOATHOCTb aast Z' OoJabiue
BEPOATHOCTH Aasi Z. MoxeT uMeTh MecTo M 3) obparHbil cayuai,
KOTJa BHINOJHMM HeoGpaTuMbfi npouecc ot Z’ k¥ Z U COCTOsiHHE Z
o6aanaer Gdabmedi BEPOATHOCTbIO, YeM CocTosune Z'.

Ecan o6a cocrosmus Z u Z' onpejeneHn € CaMOro Hauanaa
COBEPILEHHO MPOHU3BOJIBbHO, TO HYXKHO elle yAOBJAETBOPHTb YC/OBHIO,
YTOGH nepexoji M3 OAHOrO COCTOSIHHSI B Apyroe He On/ CBSI3aH HH
C noTtepe# marTepHH, HM C NOTeped 3Hepruu; B NPOTHBHOM CJayuae
HHTepecylomulk Hac npouecc GuJa OH Hanepes HeBO3MOXHHM. Cu-
CTéeMa Tea B O6OMX HMX 3aJaHHBIX COCTOSHHAX MROJXHA 006Ja3aTh
NO3TOMY OAHHMH M TEMH Xe XMMHYeCKHMH COCTABHRIMH 4YacTAMH H
OZHON u TOlt ke smepruefi. B ocraasbHoM Z u Z' MOryr OHTb
BHIGPaHH COBEPIIEHHO IPOH3BOJIBLHO.

§ 41. BosbmeM npocrefimuii cayua#t, xorga cocrosuus Z u Z’
OTJAHMYAIOTCA APYr OT APYra UCKAOYUTENbHO COCTOSHHEM KAKOro-1#60
oxHoro ozuHopoproro tena (cM. § 22). I[Iycts aTo Teno B COCTOSHHH
Z uMmeet o6bem V TeMnepartypy 6, U3MepenHyI0 KakMM-1H60 TepMO-
MeTpOM (hHanpumep PTYTHHIM W/H ra3soBuM), 4 B COCTOSHUH Z' —
o6beM V) u remneparypy 8. OGbem n Temmepatypa onpeiesiOT H
SHEepruio Tena B o6oux cocrosimusax: U u U cooTBETCTBEHHO. 3HA-
Yernd U u U’ moryr GbiTh, BOOGImE rOBopsi, pasauuynu. [loaromy



48 TEPMOIHHAMUKA

MBI, 3360TsiCb O TOM, uTOGH nepexoi or Z K Z' yHOBAETBOPSJ
NPHHUKMNY 3HepPrHH, NpeacTaBUM cebe B COCTaBe paccMarpHBaeMofi
CHCTEMH! elle HeKOTOphH HeuameHnubll rpys G, UeHTp THXKECTH KOTO-
poro B COCTOSHHH Z HAXOJUTCH Ha BHICOTE /2, 4 B COCTOfHuH Z' —
Ha BHICOTE /', DTH BHCOTH JOAXKHE GHITb TAKOBH, YTOGHI

G-(h— )= U'—U. (70)

Torpa nepexoh cuUCTeMbl H3 OJHOro COCTOSiHAS B JApYyroe, Takoft,
4UTO BHEe €€ HE€ O0CTaeTCd HHUKAKHX HSMEHEHHﬁ, 6y11€T BO3MOXHRM
C TOYKH 3PEHHUA NPUHUHUINA 3HEPTrUH.

Mbl monbiTaeMcs Tenepb, HCXOAA U3 COCTOsHUA Z, NOCTHIHYTH
COCTOsHHA Z', U3MeHssl PACCMATPHBAEMOE TeJO CHayala 06paTHMBIM
ajguabaryueCKUM MNyTeM COBEPIIEHHO TAK XK€, KaK MH NOCTynajH
B § 32 ¢ rasom. B atom cayyae Q=0, 1 no ypasHeHuw (49):

dU-4-pdV=0. (1)

IIpu srom
dUz:(%%)v a9 +(g—g—>e av

H TakuM 06pasoM:
(%) a0+ {(G), 2} av=o.

Buipaxenue, cTosiuiee B Jepofi 4acTH 3TOrO YpaBHeHHs, KaK MEl Yxe
BHAeAH B § 27, He smBAAETCA NOJHEIM JHpepenuuasoMm. [as Hero
MOXHO, OJHAKO, HAUTH TAaK HA3bIBAGMBIH HHTETPUPYIOMWHHA MHO-

1
KUTeb 3-; 9TO — PyHKUHs OGOUX He3aBHCHMbIX NepeMenubix 0 u V,

obaajamomas TeM CBOACTBOM, UTO, €C/AH YMHOXHTL HA Hee HEMOJIHLIHA
audepeHunan, OHa CaenaeT ero NOAHNM AudepeHuHanoM, TaK 4TO Mb
BCerja MOXeM HamucaTh:
dU 4 pdV
N

rage S—HekoTopass KoHeuHas (QYHKUHA HE3aBHCHMHIX NepeMEeHHBIX
6 u V. M Moxewm paccmarpuBath S, noaoGHo sHepruu U, Kak He-
KOTOPO€e onpeje/eHHOe CBOHCTBO COCTOsIHMA Tena. Mbl HasoBem 3Ty
¢byukuuio, caepys Kaaysuycy, sHTponue#i Teia B COCTOSHHH, KO-
TOpOe onpejeasietcss 3HauenusmMu 6 u V.

Onpepenesue sHTPONMH, BHIpaXeHHOe ypaBHeHHeM (72), eme
He SIBJAAETCS, KOHEYHO, OJHO3HAUHHM, TAK KaK CyulecTByeT He OXHA,
a 6eCKOHEYHO MHOrO BeaMuuH N, KOTOpHe Ae/aloT BhpdxeHue (71),
nonHeM ZudepeHurasoM. B 3Tom Jerko y6eauThCs, HAMKUCAB BMECTO
N Bupaxenue N-f (S), nonyMast nos f COBepIIEHHO MNPOH3BOJBHYIC
dyHnkuHo oaworo nepemensoro. KamaoMmy BuAy ¢dysxunu f Gyner
COOTBETCTBOBATh CBOH OCOGHi moaubiél audepenunan (72) u, cae-
JOBaTeJIbHO, CBOE 0cOoG0e onpefne/eHHe 3HTPOMUH.

Mu sakaiouaem 0TCI0A3, 4TO BeanuuHa N COAEPKHUT NMPOHU3BOJbL-
HBIA MHOXMHTe/b, 3aBUCAIWMA TOAbKO OT S. UTOOH 3aBepUIHTEL Onpe-
JAejieHde 3HTPOMHH, HeOO6XOZHUMO 3TOT MHOXHTeJAb ONpeNeadeHHunM
06pa3oM ycrauoBuTb. [lOKa MH, OJHAKO, OCTABHM 3TOT BOIPOC OT-

—ds, (72)
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KPHTHM H OyaeM NPOH3BOAHTb pacuyeThl C MPOU3BOJBHO B3SITHIM
BHpaxeHueM N; BhGepeM JHUIIb €ro MNOJOXKHTEAbHbIM:

N> 0. (73)

Bce panbneftmue teopemunl OyAyT ChnpaBejaHBhl COBEpIIEHHO He3a-
BUCHMO OT TOrO, UTO B ONPEeJENeHHH dHTPONHUH elie OCTAeTCH He-
KOTOpPHH Npor3BOJ.

Onpenesus BedMyHHY S ypaBHeHueM (72), MBI MOXEM NPOHHTE-
rpupoBaTth pudepeHuranbHoe ypaBreHHe (71). MH nmoayuum:

S = const. (74)

dto ypaBHeHHe NpejnCTaBJaseT COG0H onpeaeseHHOE COOTHOIIEHHE
mMexay 9 u Vuau U u V, umeomee MecTo Aas aanaGaTHYECKOTO
npouecca, npoTekarwmero o6paTHMeIM nyreM. Ero HaseiBaloT 06pa-
THMO-aJHa6aTHYeCKUM COOTHOLUEHHEM.

§ 42. Ilon0XKM, YTO MBI XOTHM Temnepb, UCXOAsS U3 COCTOSHAA Z,
JOCTHTHYTb C MOMOM[bIO HaUIero npouecca COCTOsHHA Z’ W 4TO 3TO
tTpebyer uaMeHeHuss o6bema or 3HaueHus V no 3Hauerus V'; mycTh
rlx}m aToM aHeprus U nepexoAuT N0 ypaBHeHHIO (74) B 3HEPruio

*. OpnoBpeMeHHO 3jeck GyaeT 3aTpauyeHa HAW NpHoGpeTeHa HEXO-
TOpas MexaHHuecKas pa6ora. OHa MOXeT COOTBETCTBOBATh, HANpUMeEP,
nepexoay rpysa G ¢ BHCOTH %~ Ha BHCOTy A%, nmpuyeM, COII4aCHO
NPUHLUKUIY 3HEPTHH:

G (b —n)=U—-U"
Mau, corJaacHo (70):
G-(W*—r)y=U—U". (75)

3xech BO3MOMXHH TPH Cayuyasi.

1. U*=U'. B atom cayyae Te/J0 yHOBJETBOPseT YCJAOBHAM CO=
croauua Z', a Tak Kak rpy3 G Haxoaurcs Ha BucoTe A¥ =X,
onpeneaseMoll ypaBrenseM (75), To cocTosiHHe Z’ NOJMHOCTBIO JOCTH-
rayto. MckoMbifl Iepexol MOXHO, TaKkiM 06pa3oM, BHINOJHHUTb C
noMoms Hekoroporo ob6parumoro npouecca. Cocrosuua Z u Z'
06sa 20T, CAef0BATENbHO, OJAHHAKOBOH BEPOATHOCTHIO,

2. U* < U, 3peceh aneprus tena U* Meubine, uyeM B COCTOSIHHH
Z'. B 3TOM Clyuae MOXHO JOCTHFHYTb COCTOSIHHA Z', Harpepasi Te/a0
NPy nocTosHHOM o6beme V’ ¢ MOMOmPIO TPEHHS, MO3BOJAA Tpy3y
G, "axoasmemycsa coraacio (75), Ha BhicoTe /A* >}/, ynacTb no
BuicoT /’. CocrosiHne Z' TOraa MOJHOCTBIO OCYINECTBAEHO, 0JHAKO,
Kak 310 BUAHO H3 § 39, ¢ noMOuIbO0 HeOoOGpPaTHMOro Npouecca; OHO
o6aajaer noatomy Goablllell BEpOSTHOCTBIO, ueM COCTosHHE Z.

3. U*>U'. Toraa k* <K, u nepexoa B cocTosnue Z' HEBO3MO-
XKeH, TaKk Kak OH ocyulecTBada 6wl perpetuum mobile BToporo pona
(§ 38). Orcioaa caeayer, uTo coctosiue Z B 3TOM Cayuae o6iajgaet
6oablelt BepOATHOCTBLIO, YeM cocTosinne Z'.

BusichHM Tenmeps, kak BejeT CeGs BO BCEX 3THX TPeX Caydasx
SHTpOonusa. Vi3 ypapnedus (72), saBasiomwerocs onpeneieHUeM 3HTPO-
DBH, U ¥3 ypasHenus (73) cieayer, 4TO 3HTPONHA NPH NOCTOTHHOM
o6beme (dV=0) u3MeHseTCs, B OJHOM HANDABIAEHHH C SHEPrHeR,

4 Boexemue 5 Teopermiecxyio Qe3HKY, 1. V. 019
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Korpa nocruruyret o6vem V' u sueprus U¥, aHTpOmNus, COMJACHO
ypaBueHnuio (74), cOXpaHsieT ¢BOe NepBOHaya/JbHOe 3Hauenue S. [lo-
3TOMYy pasHocTs S ¥ S, T. e. DA3HOCTL IHTPOMHUIl B COCTOSTHHUSIX
(V', U*) n (V', U') uMeer TOT xe 3HaK, YTO pasnoctb U* u U’
TaKHM 06pa3oM, B mepBOM cayyae S=JS', Bo Bropom S<S§/, a
B TpetbeM S>S§'.

Orciopa caegyer 06paTHO, YTO B 3aBHCHMOCTH OT TOFO, KaKOBa
sHTponus S’ Tena B COCTOAHWEH Z' MO CpaBlieHHI0 C sHTponueH ero
S B cocrosinuu Z, T. e. paBHA Jd OHa e, GOJblle HJAH MEHblIe
ee, COCTOsHHIO Z' OyaerT COOTBETCTBOBATb BEPOATHOCTb, pPaBHas,
Gosblas MM MEHbIasi BEDPOSATHOCTH COCTOSIHUA Z.

§ 43. [locaesHuit BBHIBOA NPHBOAUT HEMNOCPEACTBEHHO K OJHOK
BaxHOH rteopeme. Ecau npousBoabuas Gusnyeckas cHCTEMAa Nepexo-
JHUT C MOMOMBIO HEKOTOPOro H3H4YeCKOro Wil XUMIUYecKoro mpouec-
Ca ¥3 OJHOrO COCTOSiIHHA Z B APYroe COCTOsiHHE Z', OTAHYaouieecs
OT Z TeM, 4YTO TOJbKO OJHO TeJ0 CHCTEMbl HCMNLITHBACT NPH 3TOM
H3MEHEHHEe pPaCCMOTPEHHOrO BhIE XaD3KTepa, U TeM, YTO HEKOTODhiH
rpy3 nepememaer COOTBETCTBYIOIHM 06pa3oM CBOH HEHTP TAXKECTH,
TO 3HTPOMHs ITOrO Tesaa B OOOHX COCTOsHUAX OyJeT OAHA H Ta Ke.
B camom pene, ecanm 6Bl oHa cpenanace Goabile, To nepexon OT Z
kK Z', no npeaslaymemy naparpady, 6bii Gl HEOOPATHMHIM, HTO
npoTHBOpeurno Obl CALNAHHOMY NPEANOJIOKEHHIO; ecii 6bl OHa che-
Janach MeHmlle, nepexon Ou1 66l HEH36EeXEeH, YTO TAKXKe NPUBOAUT
K nporuBopeurro. Ecau 6bl mepexon u3z Z B Z' 6blJ, HAOpPOTHUB,
neo6paTHMbIM, TO 3HTPONHUS TeAa B COCTOAHHH Z HeoOX0AHMO Guina
66l GoNbLIE ero ®HTPONUH B COCTOsHHH Z.

[Tpocto#i npuMep oTOro maer uaMm onucanuoe B § 23 u 24 anua-
GarHyeckoe DAacuIMpPeHHe rasa, He CONPOBOXKIAI0INEECs COBepLIEHHEM
BHewHell padorhl. Tak kak 3necs dU==0 n dV >0, 10 no ypaBxe-
Huio (72) dS >0, T. e. 3TOT npouecc, kKaK U TPeHue, HEOOPATHM.

§ 44. [Ipeanoroxum Tenepb, 4YTO Hanepejx 3afAaHHble COCTORHHUSA
Z v Z' OoTNHYanTCs APYT OT Apyra B OTHOUIEHHH I BYX Tes, KOTO-
prie Mbl 0603Hauyum I M 2. JlycTh aTu Tesa B COCTOSAHHHM Z Xapak-
Tepusyiorcs 3wavenuamu 0, Vi, 6,, V,, a B cocrosHun Z'— 3Have-
muamu 0%, V', 6, V,'. Drumu paunbiMu onpejensioTcs TaKXke BHY-
TpeHHHE 3HepPrdd ¥ SHTPONHUHU Tea B 060uX COCTOsHHsaX. B 3Hauenusx
3HTPONHKE COXPAHHTCH, BIOPOYEM, NPOU3BOJ, CBA3aHHLIA.C CAMHM
onpeneneHueM 3To¥ BEJIUYHUHBIL.

IOas toro yto6bl BOOGIE MOria HTTH pedb O Nepexoje M3 Z
B Z’, MBl DpeACTaBUM cebe, 4TO B CHCTEMY TeJ BKJIIOYEH elue HeH3-
MeHHbI rpy3 G, HEHTD THXKECTH KOTOPOrO B COCTOAHHH Z HAaxo-
AMTCA HA BHICOTE /, @ B COCTOSIHHM Z'—Ha BHICOTE /i, mpuYeM

G (h— k)= (U, + Uyy— (U; + Us). (76)

Bararogaps aToMy MOXHO BCAKHH pa3 nOAyYHTb B HYXHOM KOJAHYE-
cTBe Tpebyemyio Mjs mepexona U3 Z B Z' Mexanuyeckyio pabory.

Mbl cHOBa monbTaeMcst OCYWECTBHTh NEpPEeXoJ CHCTEMbl M3 CO-
CTOsHHS Z ¢ mOMOWbI0 06PaTHMOTO npouecca B cocrosiue Z'. Ecau
Mb 6yJeM NojBeprarth TeJaa Mo OTAEJNbHOCTH anHabaTHuyecKoMy H3Me-
HEHHIO, TO N0 ypaBHeHHIO (74) WX NepBOHAauaAbLHBIE SHTPOIHH OCTa-
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HYTCA HEHW3MEHHBIMH, W TakMM NyTeM Mbl He AOCTHTHEM HHYero.
B Hames pacnopsXKeHWH ecTh, ofHaKO, CPeACTBO H3MEHATbL o6pa-
THMBIM NYTeM 3HTPONUH. MMeHHO, MBI DpHBejeM CHayala Kaxiaoe
U3 Tea B OTJAEJbHOCTH K HEKOTOpO#i obuiel, B OCTalbHOM COBep-
IIEHHO [POU3BOAbLHONM, TemmOepaType, a 3aTeM NPHUBEJEM HX B CO-
NPUKOCHOBEHHE TaK, 4TOOB MEXAY HHMH GbLT BO3MOXEH Temlo-
o6mer. [locaiesHee He J0aXHO, OJHAKO, BECTH K BHLIPABHUBAHHIO
papaeruit. TepMoaHHAMHYecKOe PaBHOBECHE 3THM CaMbIM HAapyLIEHO
He Oyper, o6a ke Tesa B UEJIOM NpeACTaBaT COGOH OAHY CHCTEMY,
cnocobuyio K H3BeCTHHIM OGpaTHMuiM HaMeHeHHsM. CoCTosHUE 3TOH
CHUCTEeMBl ONpeAenserTcs 3HAYEHMSIMM TpeX He3aBHCHMBIX JPYT OT
apyra nepeMerssix 0, Vi u V.

[ToxseprueM Ttemepr 3Ty CJAOXKHYIO CHCTeMy oO6paTHMOMY ajaMa-
6aTHUECKOMY M3MEHEHHIO. DTO MOXHO CJAe/1aTh, H3MEHAS KaKHM-JI160
06pasoM, MyTEM CXKATHA UAH PACIIMDEHUs, HE3aBUCUMO APYT OT Apyra
n GeckoHeyHo MepaneHHo, o6svembl V; u V,. [lo mepBomy Hauany
TePMOJMHAMHKM H3MeHeHHe oOwmeli BHyTpeHHed 3SHEpPruH CHCTEMHI
B 3TOM CJAyuae paBHO o6me# BHemHe#d pabore, T. €.

aU,~+dUs+p,dVi+p,dV, =0
WIH no ypaBHeHH1o (72):

NydS, - N,dS; =0. a7)

[TepBoe cnaraemoe 3ToH aare6panyecko#l CYMME], COrMIaCHO ypaBHe-
uuio (49), ecTb Tenaora, cooOlIEHHAR H3BHE NMepBOMY Teay, BTOpOe
caaraeMoe — TenJaoTa, CooGuieHHas H3BHe BTODOMY Teny. Bropoe
KOJUYECTBO PaBHO N0 aGCONIOTHOH BeJHYHHE, HO HPOTHBOMOIOKHO
no 3HaKy nepsBomy. ¥ paBuenue (77) Hajsaraer na TPH MePeMeHHHX
0, V, u V, ycioBue, corsacHO KOTOPOMY MOXHO NPOH3BOJBHO BHI-
OupaTp 3HaueHHs TOAbKO ABYX M3 HHX, Hanpumep 6 u V), mexay
TeM Kak 3HayeHue Ttperhero V, omnpesesnserca TOrAa 3HAYEHHAMH
AByx nepBuix. Orcloga caeigyeT, 4YTo B To BpeMs, Kak nepsoe (/)
TeJNO C MOMOWbIO TaKOro 06DAaTHMOro Npouecca MOXKHO NPUBECTH
B J1060€ COCTOSHHE, COCTOSHHE BTOpOro (2) rtena O6yjer 3aBHCETh
UEAHKOM OT COCTOSiHHA [epBOTo.

§ 45. Mu MoxeM yrBepxkAaTh Aaxe Gosnee. HMmenno, BCcakuil pas,
Korja sHTpoNHs tesa I, npu Npou3BoabHOH TeMnepartype 9, npuru-
M@eT CBOE MepBOHAYaJbHOE 3HAueHHe S, BSHTponus Tena 2 TaKke
OKa3niBaeTCs npexHeil. B caMoMm gese, pas suTponus tesa I CHOBa
Apuo6pena 3Hayenwe S;, — Teja MOXHO OTAENUTb APYr OT ApPYra, H
“TeN0 I B OTAENbHOCTH MOpPHUBECTH 3aTeM o6paTHMO-axHabaTHYecKH
B ero HauasibHoe cocrosiuue (0,, V). [Tonyyennoe Takum nyrem co-
CTOssHME CHCTEMH TeJ OT/IHYAETCH OT COCTOsAHHS Z TOJABKO B OTHO-
OleHdy Tena 2, a TaK Kak BeCh mpouecc o6pateM, To no § 43 sutyo-
MHsi 3TOrO Tesa Ta € camaf, YTO W BHayaie, T. €. OHA PaBHA S,
Boo6we kaxpomy onpegenenHoMy 3EaueHHIO SHTpOnHH Teaa I COoT-
BETCTBYeT COBEDIUEHHO ONpEeAE/EHHOE 3HAUEHHE SHTPONMH Tend 2;
€Cau Gul 3TOro He GHLio, ofuias teopeMma § 43 Guiia Gbl HapylIeHa.
Hpyrumu croamu, ecim B ypaBHemue (77). BMECTO HE3aBHCHMBIX
nepevennnx 9, V,, V, BBecTH He3aBUCHMHe nepeMeHnnsie 0, S;, S,

*
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TO nepemenHoe § Brnajer H3 3TOTO YPaBHeHHUS COBePIIEHHO; NO-
caexHee CBeleTcd MpH 3TOM K COOTHOIWIEHKHIO CJAEeAYIOLIEro BHAA:

F (Sl, 52)2 0

Hau B gudepeHUHanbHOR dopme:
oF oF
35, dSl-I—a—S; ds,=0. (78)

Has tToro uro6u ypasuenue (77) cosepuieHHo 0o6wuM 06pa3oM mepe-
wa0 B ypaBHeHHe (78), He0O6XOAHUMO H AOCTATOUHO, uTOOH Aupepes-
UHAaJbHBIE BBHIPAXKEHHSI 3THX YpaBHEHHH OTJAMYaIUCh APYr OT Jpyra
TONBKO MHOXHTENEeM:

NS, + N dS; =N (aﬂg ds, - gg ds,)

A
oF oF
Nl——Nﬁs—l H Nz—NE’
CAepOBaTeNbHO:
or
Ny _ 95
N, OF ’
" 8S,

T. e. oTHOwenHe N, K N, 3aBHCHT TOAbKO OT S; U Sz, HO ue or 0.
Ho tax xaxk N, u N, camu onpejensiioTcsi COOTBETCTBEHHO 4epe3 0
S u 6u S, TOOHH HEOOXOZMMO AOMXKHH HUMETh CJAeAyOLiyIO

Gopmy:
Nx=f1 (Sx)'T: N2=f2 (Sz)'Ts (79

rae f, u f, — QyHKUHH OJHOTO aPTyMEHTa, OAMHAKOBAS Xe AJ% 06ouX
Ten Gynkuus I 3aBUCHT TOAbKO OT TemmepaTypsl 6. B Bennuune T
CONEPXUTCH NMPOU3BOABHBIH NOCTOSHHEE MHOXHTEAb. Mbi BHGEpeM
3Ty BEeMHUYHHY MOJOXHTENbHOH, YCTAHOBUB ee eflHHHLY u3 coraame-
HHS, 9YTO Pa3HOCTb 3HaueHuit, koTopke I npuuumaer npx =100

H0=0: :

Mb HasoBeM MOMHOCTBIO ONMpEJENeHHYIO TakuUM MyTeM Beauuuny 7
ab6coawrtHOl TemMnmepaTypo#l oGoux Ten.

CornacHo ypaBuenuo (72), a6conloTHas TeMmeparypa
TeéJa €eCTh TAaKag NOJOXHTEAbHAR TeMnepartypuas
byHsKuus, HopMuUpyeMmas ypaBueunueM (80), xoropas
o6pamaeT HenoAub#i paudbepennuana dU-|pdV nyrtem
JeneHnsa Ha Hee B NONHBHA fHPepeHuuas (OTHOCHTENBHO
u3MepeHds aGCcosMIOTHOM TeMIepaTyphl cM. HHXe § 49).

HononruM Teneps ¥ onpejesieHue sHTpOnHH. IIast sToro o6pa-
THM BHMMaHHE Ha TO, 4TO (OYHKUMH f, u f, B (79), 6aaroaaps BHGODY
3HakoB past Ny, N, u 7T n0on0XHUTeAbHbl; B OCTaAbHOM OHH, COT/aCHO
§ 41, moryT GHITh BRIGpaHbl COBEPLWIEHHO NPOU3BOABHO. MH MOM0XKHUM
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nosromy f,=1, fy=1 u noayunu, Takum 06pasoM, U3 ypaBHeHH

(79):
. Nl = N2 - T) (81)
a u3 ypaBHeuus (72):
dU+pdV
———=dS (82)
HJAH, OTHOCH K €JMNHLEe MacChl:
A pdv_ g, (83)

— YypaBHEHHE, ABIAIOLIEECH ONpEeeaeHHeM SHTPOHHH OLHOPOIHOrO
Tena, COCTOAHHE KOTOPOro ONpenensieTcss TEMNEepaTypoll H 06beMOM,
B BhIpa)XeHWH IHTPONMH OCTAETCs,, KAK BHJHUM, NPOMU3BOJAbHAS aALLH-
TUBHASA MNOCTOSHHASA.

§ 46. ToabKo-uTO MONYIEHHHEe Pe3yJbTATH MO3BOAAIOT HAM MOJ-
HOCTbIO OTBETHUTb HA BOMNPOC OTHOCHTE/JIBHO YCIOBUHA nepexona oboux
paccMaTpUBaeMblX TeJ U3 COCTOSHHA Z B COCTOSIHHe Z', MOCTaBJEH-~
Huli B § 44. JleficTBHTEABHO, NPH oNHCAaHHOM 06paTHMOM mpouecce,
C TEpMHYECKHM CBA3aHHHIMH TeJaMHM, no ypaBHeHHsaM (77) u (81): '

dS,}-dS,==0
S, -+ S, =const,, (83a)

T. €. CyMMa 3HTPONMH Tea ocTaeTcs noctostHHo#d. Ecau, caemosa-
TeJbHO, NPHUBECTH Tea0 / B COCTOSHHE € XKejaeMOd 3HTponHedr S/,
TO SHTPONHUA TEaa Z NpHUMET 3HAYEHHE:

2 =5+38,—S (84)

Ecan otgeauth Tesa APYr OT JApyra M MPHBECTH MEpPBOE H3 HHUX
o6patumo-annabatuueckn K o6beMmy V,” u remnepartype 6,”, TO 3TO
Tea0 GyIeT HAXOAMTBLCHA KAK PAa3 B KEJaeMOM COCTOSIHMH; €0 MOXHO
NO3TOMY HCKJAIOYMTH M3 HajabHeiimero paccMoTpenus. Temepb cmpa-
IIHBaeTCd TOJAbKO, Oymer JaH 3HTponHd S,* paBHa, Menbllle WM
6oabire, uem S,', uay, uto no (84) To ke camoe, GygeT AH:

Sl "|‘S~2§S1,'+ Sa'.

B nepsom cayuae cocrosuue -Z', cornacHo § 42, nocruraercs ¢ no-
MOUIbI0 O6PaTHMOrO MpPOECcca, BO BTOPOM c/aydae— C MOMOULbIO He-
06paTUMOro mpouecca, B TpeTheM C1yqae COCTOSHHE Z' He JOCTHIKHMO.

Orcioma caexyer, 4TO CyMMa 3HTPONHH 06OHX Tea B KAKOM-IHG0
COCTOSIHMM SIBASIETCS MepON BEPOATHOCTH 3TOrO0 COCTOfRHHSA.

§ 47. B sakmiouenHe OCTaeTcs TOJbKO 0OGo6GwHTBH NOCAEHEe
npenjgoxeHHe NJAs NPOU3BoJAbHOro uHcaa tea. [IpencraBum “cebe
CHCTEMY # TaKHX TeJ B JABYX COBEpPIZEHHO NPOU3BOJIbHAEIX COCTOAHUAX
Z n Z'. BuscuuM, uté SB/ISETCA yCAOBHEM BO3MOMHOCTH NEpexona
U3 Z B Z’, xoTOopH#l OB He CONMPOBOXKIAACA HHKAKHMH H3MEHEHHAMH
B JAPYTHUX TExaax.

Yr1o6H STOT Mepexol YAOBAETBOPSAJ MPHHUHMIY SHEPrAH, MH
BKJIO9UM B CHCTEMY HEKOTODHH HEHSMEHHMH IDy3, UEHTP TAMKECTH

U TakuM obpasowm:
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KOTOPOTO B COCTOSIHMH Z HAXOJHTCS HAa BHCOTE /, a2 B COCTOAHHN Z'—
Ha sucote A'. [Ipu atom

G-(h—H)=(Us+ Ust - U = (U Uyt oo U,

ByzeM ucxoiuTh H3 cocrosinus Z. IlpuBenem rtena / ¥ 2 onucan-
HuM B § 44 06pasoM B CONPHKOCHOBeHHE H NepeBeneM Teao I ¢ no-
MoLbi0 06PaTHMOTO MpOUECCa B COCTOsHME C aHTponHek Sy'. Pasge-
aum 3atem o6a Tena ¥ NOCTYNHM COBepINEHHO TaK XKe € TeJdaMH
2 n 3, cooGIUB B pe3yabTaTe 3TOro Teay 2 surtponuioo S,'.

B KoHme KoHuoB, W Teao n—1 npuobpererT 3HTPONHIO S'n—y.
Uro ke KacaeTCs Tela A, TO OHO OyxeTr o6aagaTth 3HTponuedt S *.
Tak kak B TeueHue KaXIOro M3 3THX 0OPATHMBHIX NMpoueccoB obmas
CyMMa 3HTpoOnHM#i Bcex Te€J, COrJIacHo ypaBHeHuio (83a), ocraercs
NOCTOAHHOH, TO MBI HMeeM:

St =(SiSot o SIS/ S 4 FSa). (85)
Hrak, kaxjgoe U3 Tea B OTAEJAbHOCTH, HAYUHAas C Tead / W KoHuasg
Tea0M n—1, MOXHO MPUBECTH oGpaTHUMBIM amxuaGaTHYECKHUM OyTeM
B xkenaemMoe KOHEYHOe COCTOsIHUHe. PeleHHe BONPOCA, LOCTHXKHMO JK
NOJHOCTBIO COCTOfIHHE Z', 3aBUCHT NO3TOMY UCKJIIOUYHUTEABHO OT TOTO,
Gyzet au aHTponus S,* Tena n paBHa, MeHblle WM Goablue, 4eM S,
WM, 00 ypaBHEHHIO (85), €CiH 0603HAUATL uepe3 NS CyMMY SHTpPO-
nuit Bcex n ted, 6yper au XS paBHO, MeHblIe MK Goablue, deM 2.5,
B nepBoM cayuyae cOCTOSIHHS Z' MOXHO HOCTHTHYTH C MOMOINbIO
06paTUMOro npouecca, BO BTOPOM — C MOMOLLbIO HEOGPATHMOTO Mpo-
gecca, B TpPeTbeM JKe CJydae nepexoJ] HEBO3MOXKEH.

Orciona caenyer o6paTHO, 4TO BCAKHH® NpoHCXOonAmHl
B npHpone (pHU3MyeCKHHd MAHM XUmMHuYeckHB npouecc
NpoTexKaeT B TAKOM HaNmpaBJAEeHHH, YTO CyMMa 3HTPO-
NMHHA BCeXx H3MEHAEMEX NPOLECCOM TeA MJAH OCTaeTcCH
NOCTORAHHOM MM yBeanuuBaeTcs. Kopode roBops: aH TP O-
nusg ssBaAgeTCd Mepod TepMOIZHMHAMHUYECKOHN BepodaT-
HocTH (§ 39).

[1pn o6patHMoM nmpouecce CyMMa 3HTPONHUHA OCTaeTCs HEU3MEHHOM.
B nefiCTBUTENBHOCTH OGpaTHMHE NPOLECCH 06Pa3yioT AHIDb HACAb-
Helfl IpefeabHBHA Caydall; TeM He MEHEE OHHM YpEe3BHYAHHO BAaXKHH
IS TEOPEeTHYECKUX H3LICKAHHN.

BceM H3M0XEHHHM H HCYEpNBHIBAETCA COJEPXKAHHE BTOPOTO
HauyaJsa.

§ 48. [lepexoms K npUMEHEHHWAM BTOPOTO HAya/jd, M U3yYHM
npexjpe BCero CHAEACTBHSA, BHTEKAaOmUe H3 TOTO OGCTOATEJbCTBA,
uUTO BupaxeHHe (83) ma8 3HTPONHH eNHMHHUBL MacCH OJHODOIHOTO
Tesa npeicraBaser co6oi NoaHWi audepeHuuan. Ecan guibpath B
KayecTBe HE3aBUCHUMBIX NMepeMeHHblXx 7 ¥ U, TO:

ou ou
du= <57>vdr+ <-55>Td7!
B nmo ypaszeruo (83):

ds = ;—( 33\)“dT+71ﬂ~ {(g%)r—f—p} dv.

ru
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C Ipyro#t CTOPOHHL
ds = (%)Ddr +(&) 2
CaenosatenbHo, Taxk Kak dT n dv He3aBHCUMEI APYr OT Apyra:
(57, =757, (36)
Go)=7 - (Go),+ ). (87)

[lponudepenuupyem nepsoe ypaBHEHHe NO U, BTOPOE YPABHEHHE
no 7. IlpupaBuHuBas APYT Apyry 06a NONydeHHBle BHIPAKEHHS, NO-

aAydaem:
(2,=7(Z) —» (38)

a no ypasHeuuam (52), (86) u (87):
(57),=% (89)
)=, (90)

rie ¢, o603Havaer TEnepb YAEABHYIO TEMIOEMKOCTh, OTHECEHHYIO K
abcoaoTHON TeMnepatype. Jdudepenuupys ypaBHenue (89) mo v H
ypasHerue (90) mo 7, mosnyyaeM COOTHOLIEHHe:
Oc,\ __ /0%
().~ 758, o
KOTOpOe CBSI3HBAET 3aBHCHMOCTb YIEABHOH TEMIOEeMKOCTH OT O6b-
€Ma € 3aBHCHMOCTBIO OT TEMOEPATYphl TepMHU4eCKoro koaduuHenra
napaeuus (§ 8). Jlast razop o6e 3TH BeJHYHUHH OYEHb MAJHL
§ 49. BuBemeHuble COOTHOWIEHHS NO3BOJASIOT NpexJe BCEro
YCTaHOBHTb 3aBHCHUMOCTb MEXAY . a6COJIOTHOH TeMnepaTypod H ka-
KO#-1n60 ycaoBuoit temneparypoii. Jlo cUX mop Mu ZOKHH OHIH
YIOBAETBOPATBC MO § 4 HeKOTOPOA YCHOBHOH TeMmnepaTypoil 6,
OTHECEHHOX K MPOH3BOJbHO BHOPAaHHOMY TEPMOMETPHYECKOMY Be-
mwectey. Mb Bh6paJH B KauecTBe MNOCASIHEro B § 5 ras HCKJo-
YUTEJIbHO 0O COOOpaXMeHHsM [eaecoo6pasHOCTH. HO moCTUrHYTOE
TaKMUM M[yTeMm COrJ4acOBaHHME HMeaO JHIb [pPaKTHYECKHH, HO He
NPUHUMINAJbHEIA XapaKTep, TaKk Kak BCe rasel, CTPOro roBops, Be-
AYyT Ceb6s OTAMYHO JPYT OT Apyra, 0CO6eHHO NpH 6GOJbUIMX GJAOT-
HOCTAX H OPH HU3KUX TeMnepaTtypax. [1oaTomy B kauecTBe TepMmo-
METPHYEeCKOrO BeluecTBa BCelrga NDUXOLHUTCHA BHOHpAThL KaKoii-TO
OAMH onpemeteHHun# ra3. UpespwuallHO BaxHO, OxHAKO, 06/13a1aTh
TaK¥M CNOCO60M u3MEpEeHHsl, KOTOPHH NO3BOJsfET COBEPIUEHHO 06-
UM 06pa3oM CBOIMTH YCJAOBHYIO Temmepartypy Teaa § k ero a6co-
MOTHOR Temneparype 7. IlpuHuMnHanabHO 444 ompexeneHuss T MOX-
‘HO BOCNOJAB30BATHCA JIO OB M COOTHOWEHHKEM, BLITEKAIOLIHM H3
BTOpDOro Hayasa (cp. Ttakxke Huxe § 61). Bosbmem, Haupumep,
ypasHeHue (88) u pBenmeM B HEro BmecTo I M ¢ B KAauyeCTBe He3as
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BHCHMHX NepeMeHHHX 0 M ¥, TaK Kak 3TO MMEHHO T€ BEeJHYHHH,
KOTOpHE JAeXaT B OCHOBe BCAKOTO TepMHYeCKOro uamenenus. Tax
Kak 7T 3aBUCHT TOAbKO OT 0, TO MH mosaydaeM:

Gol=T(%) - G—»

o)

BeanunHu (3—2)0, p (;fé) 3/leCb HYXHO pacCMaTPHUBAThb KaK JOCTYIN-
v

uee uaMmepenuro ¢yHkuun 0 u v. [loayyennoe nudepeHuHasbHOE

ypaBHEHHE MOXHO HMHTErpHpOBaTh CAEIYIOIHM 06pa3oM:

6 5 T
)
=) db
<Tiu—>3’——- = dl—T =InT—InT7, (92)
('a?;)e +p e
Orcrona caenyeT Takxe, uTo 00
(3),29
InTio — In Ty = T (93)

O6a nocreguue ypaBHEHHS BMECTE€ C HOPMHPOBOUHHIM ypaBHEHHEM
(80) nmoanocteio onpepensior 7 B pyukuuu ot 6 M cBomAT, Caeno-
BATEJbHO, YCJIOBHYIO TeMIepartypy K aGCoaioTHOM.

M3 ypapuennst (93) u (80) moaywaiorcs, B YaCTHOCTH, 3HAYEHHA
Tmo H To.

B uHTerpase, CrosieM B NpaBoi yacTu ypaBuenus (93), o6bem
v, OYEeBHAHO, COBCEM He NOJKEeH BCTpeyaThCs, 3THM MOXHO BOC-
Nnoab30BaThCA AJd NPOBEPKH BTOPOro Hauaaa. UTo xacaercs uaMe-
pEHHS OTHEJbHHX BEIHYHH, CTOAMMHUX MOJ 3HAKOM MHTErpana, To
3HaYeHME UYHUCAMTEAS IIoJAYyHaeTCs HENOCpeACTBEHHO H3 ypaBHeHHs
COCTOSHHUS Te/aa, 3HAYEHHE XKE 3JHAMEHATeas— U3 TOTO KOAHYecTBa
TenJa, KOTOpoe TeJO [oayyaeT NPH OGpaTHMOM paCIIMPEHHH H3BHE
HJIH, COOTBETCTBEHHO, OTAAeT NpH O6PAaTHMOM H30TEDMHYECKOM CXKa-
THH Hapyxy. JlefiCTBUTesbHO, COFJaCHO ypaBHeHHI0 (50), noayues-
HOMY 43 MepBOrO HayajJa, NpH oOpaTHMOM HM30TEPMHUYECKOM pacCuiy-
pPEeHHH OTHOLIEHHE MOJYHUEeHHOTO H3BHE KOJHYECTBa TeMaa g K H3Mme-
HeHHi0 O06beMma dv PABHO:

(t%})ﬁ = (%)e +p-

§ 50. [MpeanonoXUM Temepb B YACTHOCTH, 4TO TeMmepartypa 0
A3MepeHa rasoBHM TePMOMETDPOM, M BO3bMeM CHAuaJa B KauecTBe
TEpMOMETPHUYECKOrO BeiecTBa, kak H B § 5, Bomopoa. Berpeuaro-
CiHfici B ypaBHEHHH COCTOsIHHSA rasa (9) x0os(MUHEHT pacIIMPEHHUsd a
O6yzeT Toria MNOCTOSHHOH BEeJHYUHOH TOABKO ILJA BOLOPOIA; AAR
BCeX OCTAJbHHIX ra30B OH OyJeT ApyrdM U GyJeT 3aBUCETb OT TEMIE-
parypu. [lpuMenuM mnocnegsHee ypaBHeHHE K KaKOMy-HHOyAb rasy.
Bupa:xenua jna AaBACHHs p M pHePTHH W GyNyT NPH STOM QYeHp
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npocta. HecMoTps Ha 3TO, BCe NpOCTHE COOTHOLIEHHS, BHIBEAEH-
HHE HaMH paHee AJf rasos, 061ajaloT TEM HEIOCTATKOM, UTO B HUX
BCermza BCTPEHaeTcs CJAO0BO ,NMouTH“. B IefcTBHTENbHOCTH Xe HH
OIHO M3 HUX BMOJHE CTPOrO HE HMeeT MeCTa.

Yro6u HM36aBHThCH .OT 3TOFO HENOCTATKA MPHHIHMIHAIBHO, MH
BBeleM C MOMOMIbIO CMELHAJIbHOrO ONpeleneHHs THIO rasos, B TOY-
HOCTH yZIOBJETBOPSIOMIMX HA3BAHHLIM NMPOCTHIM COOTHOIIEHHAM. Mu
HAa30BEM 3TH ra3u HJeaJbHHMH razamMu. 3a ypaBHEHHE COCTOA-
HHs HIeaJbHOTO Tra3a MH NpUMeM, CaeloBaTe]bHO, ypaBHeHnue (9),
32 3HEPryI0 MAEAJbHOIO rasa— Bupaxende (56). Mu cpsikeMm Jasnee
abcomoTHy0 TeMnepatypy 7 C OTHECEHHOH K MA€aIbHOMY rasy Kak
K TEpMOMETPHYECKOMY BelLlecTBY C yCaoBHOH Temnepatypoit 6. [Tox-
CTAHOBKA BHIpaXeHHW! p M 4 B ypaBHeHHe (92) mocCie HHTErpHpo-
BaHUA JaerT:

InT—InT,=In(1-}ab)

T=T,-}aT,». (94)
Touno tak xe mo ypapuenuio (93):
T100 = Ty} 100aT,,

OTKyzna no ypasHenuio (80) caenyer:
aly=1,

T. e. K03(pHUMeHT pacUIMPpeHUS HAELATLHOTO Trasa eCcTh BeJHUUYHHA,
ofparHast a0COJIOTHOH TeMmepaType TOYKH 3aMep3aHHs BOIH, H
HMEeT, CACLOBATEAbBHO, A4 BCeX WIeaJbHHNX Tra3doB OJHO H
TO ke 3HavyeHue. Tak KaK YUCAEHHOE 3HAYEHHE & HM3BECTHO C
HOCTAaTOUHOH TOYHOCTHLIO, TO MO ypaBHeHHIO (6) nas a6COMOTHOH
TeMnepaTypsl TOUYKH 3aMep3aHHA BOJAH MH [I0JYYHM 3HAUYECHHE:

T,=1—=29732,
a

u TakuM oOpa3oM:

a AJs NPOHM3BOJbHOM Temnepatypu no (94) cooTHOWeHHE:
T=273,2-}6. (95)

AGcomoTHast TeMnepatypa eCTh, TaKHM 06pasoM, He YTO HHOE, KaK
yCJIOBHAf Te€MNepaTypd, OTHeCEHHAd K HIeaJbHOMy rasy, Kak K Tep-
MOMETPHYECKOMY BEHIECTBY, TOJbhKO CO CMEiEHHOH Hy/JeBOH TOUKOMH.
Tax kak T 00 ONpemeseHHI0 NOJOXKHTEALHO, TO § > —273. [Ipe-
HdeabHasg Touka 7 — 0 Ha3wBaeTcs a6CONIOTHHM HyaeM TeMmme-
patypel. AGCOMIOTHHH HYJAb NPAKTHUYECKH HEAOCTHXHUM, TaK Kak
Ans HEro 3HayeHHWe HMHTerpasa B ypaBHenun (92) menaerca Gecko-
HEYHO GOJbIIHM.

B nanpHeftiuem MH GyneM OpPOH3BOJHTH PacieTH B GOJbUIMH-
cTBe cayuaeB c¢ albcoaioTHO# Temnepatypoli. Toraa ypasHeHne co-
CTOSIHUA KAaKOro-aH60 HMAEAaJbLHOro rasa, 8 TaKXe H CMeCH Hjeanb-
HHX rasop, coraacHo (85), NpexcTasHTCs B CACAYIOUIEM BHJIE:

nl 96
=", o)
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rae n o6osHadaer obmee YHUCAO MoJel, a YHCAOBOH MHOXHTEAhL R
HMeeT 3HayeHHe (55), KOTOPO€ ONHMHAKOBO nOJs1 BCeX HACAJbHHX
ra3oB. R Ha3uBaeTCd M03TOMYy aG6COAITHOH TFas3oBO# mo-
CTOAHHOM.

SHeprusi HIeanbHOrO ra3a BHPA3UTCH, COTJACHO ypaBHeHHIO (56),

TaK:
u=c,T-}const. (97)

Hecmorpss Ha TO, 4TO pasiHuHbe HAealbHBIE Ta3bl yHOBIETBOPAIOT
OIHOMY H TOMY K€ YpasHEHHIO COCTOfIHHs (96), ouu uMeloT pas-
JAUYHBIE YAEeAbHHE H MOJbHHE TEMIOEMKOCTH, MEXAy KOTODHMH
BCErna, KOHEeYHO, JMOJMIKHO CYuleCTBOBaTh COOTHOWeHHe (55).

§ 51. Ypaeuenue (88) Bmecte ¢ ypaBHenueM (54) nepBoro Hauaza,
B KOTOpOM, coraacHo (95), MOXHO Bcerma MoJaoxute d0=d7, naer
caeayoliee COOTHOUWEHHE:

ey —e,=1( ar) (3-’.})}) (98)

DTHM COOTHOLIEHUEM, CIPABEIJAHUBHIM B CaMOM obmem caydde, MOX-
HO BOCNOJABL30BAThCA MAJAA BHYUCJACHHUS €, NO BEJIUYHHE Cp. Ho rak

0
KaK BeJHYHUHY (0—’}> AJsl TBEPAHX H XHIKHX TEJ HeJEerKo H3ame-

PHTh HEMOCPeACTBEHHO, TO PEKOMEHAYeTCH NPHMEHHTh COOTHOLIEHHE
(11), u3 xotoporo caexyer:

== 1) () o

0
Tak kKaxk BeaH4HHA <£>r HeoOXO0AUMO OTpHuUATEJAbHA, TO BCerja
€, > C,; TOALKO B MNpeNeabHOM Cayuae, Koraa KO3QHUUHEHT paclun-
pEHHﬂ (kax y Boxu npu 4°C) pasen myawo, ¢,=c,. Brnpouem, ana
TBEPANMX H XHIKHX Tea PAa3HOCTh €,—C, Boo6me CPaBHHTEIbLHO

Manaa, T. €. OTHOLICHHE p =Y OUEHb HE3HAYHTEJABHO OTJAHYACTCA OT

e JMHHUIL; TAKHUM oépasom y TBEpPAHX H XHUIKHX Tea 3aBUCHMOCTh
3HEPrdd OT TeMMepaTypPH HrpaeT 3HA4UHTeAb.O0 O6J5MYI0 POJb, HeM
3aBHCHMOCTh OT obbema.

CoBepumieHHO HHa4Ye OGCTOMT JAeJ0, KaK MH BHIEJH HA NpHMepe
ypaBHeHus (56), y rasos.

§ 52. [IpumenuM Tenepn BTOpPOe HA4aao k (pusHueckofy cucreme,
npeacraBasiomell co60i nepuogHyeckd HelCTByOLYI0 MAIIUHY,
CAYXKAILYIO AJAf NOJAYYeHHs MeXanuueckoi paboru u3 renaortn. Cyul-
HOCTh TAKOH MAlIMHB 34KJI4Y4eTCH B TOM, UTO OHA COBeplideT He-
KOTOPHH KPYroBo#l mpouecc, Mocjae 3aBepienHs KOTOPOrO B MpH-
pole He OKasmBaeTCH HMUKAKMX H3MeHeHKH, KpOoMe TOro, 4to CoBep-
uleHa HeKOTopash MexaHuueckas paGora, HAOpuMep MNOMHAT HEKOTO-
pHit rpys, a TeaoM, CAYXKAUHM TEMJAOBHIM De3epByapoMm, OTLAHO
HJM NOTJOIUIEHO HEKOTODOE KOJAMYecTBO Tensaa. Tako# mpouecc Mo-
#eT ObiTh OCYHIeCTBJAEH, HAMPHMEP, € Ta30M, KOTOPHH MogBEpraeTcs
pPsLy MOCAEeIOBATEABHEIX aAMaGaTHYECKHX W H30TePMHYECKHX CXKaTHH
¥ pacwupenuit. [Ipn annadaTayecKkoM H3MEHERHH ra3 B TENJIOBOM OTHO-
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IIeHUH M30JHPOBAH, MPH M30TEPMHYECKOM XKe OHcoobmaercs nyrem
TENJONPOBOAHOCTH C pe3epByapoMm Temaa COOTBETCTByoule#d Temne-
parypu. [lpouecc MoOxeT 6HTh CBA3aH TaKMe C M3MEHEHHSMH arpe-
FaTHOro COCTOSIHMSL M C XMMHUYeCKWMH npespameHusami. CymeCTBeHHO
TOMbKO TO, YTOOH OH Obla KPYroBuM H 4TOOH MO HCTEYEHHH NepH-
0Za He O0CTaBaloCh HUKAKHX JPDYrUX H3MeHeHHil, KpoMe NnepeyH-
caeHHnIX. Kawmoe M3 Hayan TepMOIMHAMHKH [O3BOJSET BHBECTH
COOTHOILEHHE MEXIY PA3IHYHHMH H3MEHEHHSIMH, BRI3HBAEMHMH MPO-
ueccom. CornacHo mnepBomy Hawaay, IJas KPYroBOoro mnpouecca no

ypasHenuwo (39).
A4+ X Q=0. (100)

3pech A 0603HAaudeT BCIO COBEpUIEHHYIO BHELIHIOW paboty, Q —Ko-
JAHYECTBO TENAa, COOOUIEHHOE pacCMaTPHUBAEMON CHCTEMe B TEueHHe
npouecca TeMIOBHM pPe3epByapoM; CyMMHDOBaHHE ¥, pPAacnpocTpa-
HSIETCA Ha BCE TEMJOBbie pPe3epByaphl.

[lo Bropomy Hauyany cymma sHTPONHM{ BCeX TEMIOBHX pe3epBya-
pOB B pesyabTaTe KPYroBoro mnpouecca ybenHuHBaercd. [Ipumem
pamgM MOPOCTOTH TEMIO0EMKOCTh Pe3epByapOB HACTOABKO GOJbIIHMHY,
yTO OTAa4a temaa () He 6YIET 3aMETHO H3MEHATh HX TEMOEpaTypH.
Torpa usmeHeHMe BSHTPOMHH pe3epByapa, BhI3BaHHOe oOTAauYed Q,

cornacHo ypasHenusm (82) u (49), Gyxer paBHO— 3, TaK Kak Bcaen-

CTBHE NOCTOAHCTBA TEMMNEpPATYPH 3TO BHpaxeHne OyneT CnpaBej-
JMBO H 1Jf KOHeYHHX (. Mrak, cyMmHpys no BCEM TEMJIOBHM
pesepByapaM, Mbl [0Jy4YaeM, COTIAaCHO BTODOMY Haualy:

Q
2 g<o. (101)

9To BHpaMeHHe sBaseTcs NepBoH TOYHOH (GOPMYIHPOBKOH BTOPOTO
Hauajna; Mbl 00si3ann eft Kiaysuycy.

Bosbmem, B wacTHocTH, ABa TenJIOBHX pe3epByapa C TeMmnepa-
TypaMd Ty B 7, > T, W npelAnosoXHUM CHauaza, 4TO KPYroso# npo-
uecc obparum (kpyrosoit mpouecc Kapuo). M3 o6oux nmocaemnux
yPaBHeHHH CaelyeT Torpa, 4Tto:

WA Qi+ =0, (10)
%+%= . (103)

Ecaa xpyroso#t npouecc cosepmaetcss B TAKOM HANpaBJeHHH, YTO
npu 3TOM npuobGpertaercs BHewHasa paboTa (NOJHATHE Ipysa),
T0 W-—3arpayennas BHewHss PaboTa— OTPHIUATENLHA; MH MOJO-
KHUM, TakKum ob6pasom, W' =— W. HNaxee us ypasuenus (103) moxno
BHJETh, 4T0 Q, M Q, HMET NPOTHBOMOJOXHHE 3HAKH M 4TO abco-
JIOTHOE 3pauyeHHe (), Goaplue abcoarorHoro 3Havennsa Q. Tak kax

B paccmaTpuBaeMOM CJaydae OTpPHIATEIbHO, TO M3 YDaBHEHHS
(102) caegyer, uto Q,— nOJAOKHTENLHO, & Q — OTpHLATENbHO. Mul
NOA0OKHM nostomy Q' ==— Qi > 0; Torza Mu CMoXeM NpPeACTaBUTh
Pe3ylbrar kpyroBoro mnpouecca B Caelywoulelt HarasZHOA ¢opme:
foxee yennumii pesepByap 2 oTaan koauyectso Temaa Qp. Ms sroro
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KoJIH4eCTBa OJXHA yacTh Q' mepeuia B 6oaee xonoxHbIH pesepyap J,
Apyras ke yacth Q,— Q,/=W' npeBpaTuiach B Mexaundeckyio pabory.
OTH TPH NOJOXKHUTENbHhE BEJHYHHH CBA3aHB APYr C Apyrom co-

OTHOIIEHUAMH:
Q:Q) :W=T,:T, :(T,—T),

KOTOPHE COBEDPIIEHHO HEe 3aBHUCAT OT MPHUPOIb NMPUMEHSEMOro Ijas
COBepIUIeHHs] MPouecca BemecTBa. ITO MOXKHO BHIPA3UTh H TaK, UTO
nmepexon KoauyectBa Tenaa @, u3 Goaee Temaoro pesepByapa ¢
tTemnepatypoit 7, B 6osee xonogHu pe3sepsyap ¢ Temnepatypoh T;
MO3BOAAET MOAYYUTh 3a cuer Gosee TeNJOro pesepByapacC MOMOIbLIO
06paTHMOr0 Kpyroeoro npouecca pabory:

W= -T—’}'IL Q. (104)

Ecan kpyroeo#t npouecc Heo6paTHm, TO ypaBHeHHe SHeprud (102)
MonpexHemy OCTaeTcss B CUJe, ypaBHeHHe ke sHTponuH (108) 3ame-
HAETCS HEPABEHCTBOM:

Q,Q
OTKyna B CBH3M C¢ ypaBHeHuem (102) caenyert:

W=—W=0+Q&<Q—1Q

HJIH
4 T2 - T1 !
W< 2Q,

CpaBuuBasg sto ¢ ypasHendem (10%4), noayuaem caenymouwHit pesyin-
taT: paboTa, KOTOPYI0 MOXHO MOJYYHTh NMPH NMepexone KOJAHYeCTBa
remnota Q,” or Temnepatrypu 7, K Temneparype 7,, B ClIydae He-
o6paTUMOro Mmpouecca BCeria MEHblle, yeM B cayuae obpaTumoro.
Ypapuenne (104) Bupaxaer, Takum 06pa3oM, MakCHMaabHYyio paboTy,
KOTOPYI0 MOXHO BooOuie moJyudTh 3a cuer fojee Tenaoro pesep-
Byapa Npu KPYroBOM INpoLecce ¢ Kako# yromino (pHsHueckofi cucre-
MO# DpH mepexone KoJauyecTBa TemaoTw Q' or 7, k 7.

KpafiuuM caysaem nomoGHOro npouecca sBJAIfETCA TOT, KOrjaa
TEmJ0Ta HEMOCPEIACTBEHHO, MyTeM TEMIONPOBOLHOCTH, NEePeXOmHT U3
6osee TeNJIOro pesepsyapa B Gosee xoaoxHuii. [TomMumo oboux pe-
3epByapOB B3TOM Cyuae HHTJe BOOGLIE He NPOUCXOIUT HUKAKHX H3me-
Henul, 1 W=0; caemomareanno, no ypapuenuwo (100):. Q,}-Q,=0
u no ypaeneHuio (101): .

1
Q-(7-7) <O

Ecan, takum obpasom, 7; U T, OTAMYHH IPYr OT Apyra M ecau Q,
He PapHO HYJI0, TO 3HaK (J; — KOJHYeCTBa TenJaa, OTAABAEMOrO pe-
3eppyapoM I1,— cosmagaer co 3HakoM T;—7T,, T. e. Temao mepexo-
EHT B HanpasJeHHH OT GoJsee BHICOKON TemMnepatypu K GoJee HH3-
KOH, M IpoLecC TeMIONPOBOLHOCTH TaK e, KaK NPOLECCH TPEeHHH
M paclidpeHusi 6e3 coBepIUCHHs BHEWHeH paGoTH, OKA3LIRAETCA Hes
06paTHMbIM.
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PaccmoTpuM elle B 3aKJi0ueHHE U30TePMHUUECKHH KPyroBOH mpo-
Hecc, 6e3pasauyHo o6paTuMbIl MM HeoODaTUMLIf, COBepllIaeMhi
Kakol yroauo ¢usuyecko#i cuctemoil. B 3TOM ciayuae Mb uMeeM
IZeJ0 ¢ OJHHM TEIJIOBBIM pe3epByapoM NOCTOAHHON Temnepatypsl T
u ypaeserus (100) u (101) nepexoaaT NOaToMy B CJIeLywOLIHE:

W+Q=0
QR<o0.

Orcwopa caenyer, uto W30, T. e. uTo B 3TOM mpoiecce paboTa
3aTpayuBaeTCs, a AKBHBAJIEHTHOE KOJHMYECTBO TEMJOTH NOCTYNaer
B pesepByap. HepaBeHCTBO 3TO fIBJSETCS aHAJMTHYECKHM Bhipaxe-
HHEM HEeBO3MOXHOCTH perpetuum mobile BToporo ponxa.

Ecau npouecc of6paTtum, TO 3HAK HEpPABEHCTBA HCUE3aeT, M Kak
temaoTa Q, Tak H padora W, mesatrorcs paBHBIMH Hyawo. C aTiMm
npepJoXeHHeM CBS3aHbl YPE3BLIYAHHO IIJIONOTBOPHLIE NPHMEHEHHS
BTOPOFO HayaJja K 06paTHMBIM H30TEDMHYECKHM KPYTOBLIM NPoOLEccaM.

§ 63. [lepefizem Tenepb OT KPYrOBHIX MNPOLECCOB K OOIEMY
BONPOCY O HAnpaBJeHHH BCAKOFO MPOHCXOASIIEIO B MPHPOLE H3Me-
HeHHS NPOU3BOJbHO 3a4aHHON QH3HYECKOR HIM XHMHYECKOH CHCTEMH.

[TpencraBuM cefe Kakyw-HHOYAb CHCTEMY TeJ C ofuieli Temnepa-
Typo# 7 u nox obwuM JaBJeHHEM p; CNPAIIHBAETCH, NPH KAKHX
YCJIOBHAX B 3THX TeJaX HACTynaoT Kakde-1ub6o QuaHuecKue HIH
XxuMuueckue uaMedenus. OTauude 3TOrO cjayyas OT BCEX PACCMOTPEH-
HBIX paHee COCTOHT B TOM, YTO Mu He OyZeM Tenepb 00si3aTeJbHO
CYATATh CHCTEMY 3aMKHYTOH. 31eChb MO3TOMY YK€ HeJb3sl yTBep-
HKJIaTbh, YTO IHTPONUA CHCTEMBI Bcerjpa OyaeT yBEeJHUUBATHLCH.

CorsacHo nepBoMy Haualy, JJs 0€CKOHEYHO MaJOro HM3MeHEeHHs
COCTOsIHMSl CHPAaBeLJIHBO CAefyIOIee COOTHOLIEHHE:

dU= Q—pdV, (104a)

roe U ectb o6mwas 3sHepras cHCTeMB, V —ee ofmult obbew,
a Q —KOJIHYeCTBO TEMJIOTH, NOCTyNarmouee BO BPeMsi 3TOr0 H3Me-
HEHHS B CHCTEMY H3BHE.

CorsracHo BTOpOMY Hauasy, AJs H3MEHEHHsT CYMMH SHTpONH#
BCeX y4YacTBYIOLIMX B MpPOIECCe TE&J HMEET MECTo Cjelyiouee Hepa-

BEHCTBO:
dS 4-dS, >0,

rae S o6o3navaeT SHTPONHIO CHCTEMBl, S, — SHTPONHUIO OKPYXKAIOIHUX

cucteMy Tea (atmochepHHt BO3LYX, CTEHKH COCYyJa, KalODHMETDH-

4eCKas XUAKOCTh), TEMNepaTtypa KOTODHIX Takxe paBHa 7.
Corusacao ypasaenusam (82) u (49):

__ 0
dS,=—-3

H, TakuM 06pasoM, NOACTaBJss Bblpaxende Q u3 ypasuenus (104a):
dS___dU+7§1_(_1_K>O. (105)
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B atoM cooTnouweHHH BCTPeyaloTCs TOJNBKO TaKHE BEeJHYHHH, KOTO-
pHle OTHOCATCA COOGCTBEHHO K paccMaTpuBaeMolt cucteme; BCe e,
Kacawmoueecs BJIHAHHA OKpyxamowei cpexsl, (opMalbHO OTCIOAA
HCKJIIOYeHo.

D10 CcOOTHOILEHHE npexcTaBiser coboit Haubosee obuiee BhIpa-
MEHHe TeX YKasaHH#, KOTOophle MOXeT clesaTb BTOpPOE HA4yaao
OTHOCHTEJbHO BO3HHKHOBEHHS B CHCTeMe (DU3MYECKHX HJIH XHMHYe-
YeCKUX H3MEHEHHH.

B nepasenctse (105) ne caenyer ycMaTpuBaTh HHKAKOIO NPOTHBO-
peuust ¢ ypaBHenueM (82). le1o B TOM, uyTO ypaBHeHxe (82) oTHO-
CHTCA K HM3MEHEHHMI0 (HM3HYECKOrO COCTOSHHA OJXHOPOXHOFrO TeJa,
ypaBHenue xe (105) — k J060My (GH3UYECKOMY H XUMHUYECKOMY H3Me-
HEHHIO COCTOSIHUA NPOM3BOABHON cucTeMbl. Tak Kax Buipaxenue (105),
BOOGI1E rOBODS, HE ABJAAETCH IOJHBIM AH(pEpeHunaIoM, To B obimem
BHAE €ro MNpOHHTErPHPOBATL Heab3d; APYTHMH CJ0BAMH, BTOpOE
HAyaJo He MO3BOJSET AeJaTh HHKAKHX OOIHMX 3aKJI0YEHHH O KOHey-
HOM (H3HKO-XHMHYECKOM H3MEHEHHH COCTOSHUS CHCTEMBI, eCIH He
H3BeCTHH OJHXE Te BHEWIHHE YCJAOBHSl, KOTODHIM CHCTEMAa MOAYH-
HeHa, KaK 370, BnpoueMm, MOXHO ObLIO MpeXBHACTh H 3apaHee H Kak
3TO HMeeT MeCTO M A8 NepBOro Havaja. YToGbl NPHTTH K 3aKOHY,
NPUMEHHMOMY K KOHEYHBLIM H3MEHEHHUSM COCTOSIHHA, HYXHO BLIGpaTh
TaKHe BHEUIHHE YCJIOBHUS, KOTODbIE NO3BOUJIH OB NPOUHTETPUPOBATD
ypaBHenue (105). Tak kak BHemHHe YCJIOBHR MOXHO BHGHDATh NpO-
H3BOJBHO, TO CpPeAM HHX HaWjgeTCs, eCTeCTBEHHO, MHOIO TaKHX,
KOTOpHE YJXOBJETBOPAT BHICTABJEHHOMY Tpe6oBaHHIO. MBI paccMOT-
pUM cJeAyllHKe TpH CJayyas, HMellnHe o0CoOeHHO O60Jbuioe 3Ha-
yeHHe: NepBHIH Clyyal, KOrza cHCTeMa NOJHOCTbIO H30MHPOBAaHA OT
okpyxaromieft cpensl, npuueM o6bem | ee ocTaeTcsi NMOCTOSIHHBIM;
BTOpOH cJaydal, KOrla nocTosHuel Temnepatypa T u o6bem 1V (u30-
TePMUUYECKH-H30XOPHHH Npolecc), H, HAKOHel, TpeTui Cc.ayual, Koraa
MOCTOAHHH TeMnepatypa 1 u naBjeHue p (M30TepMHYECKU-U306apHEIH
npouecc). Mpl U3yunM nocCJefOBAaTENbHO BCE TPH NMPOLECCa, KaXAbIH
H3 KOTOpHIX NPEACTABJAAET OCOOHIN uHTEpec.

§ 64. 3aMKHYTag CHCTeMa C NOCTOSAHHHM 00BbEMOM.
B stoM cayuyae Q=0; nosroMy kKpome V ==const. corjacuo mep-
BOMYy Hawany 3Zecb M U=const, u cooruowmenue (105) naer:

dS> 0,

T. €. IHTPONUA CHCTEeMH YBEIHUHBAaeTCH; 3TO €CTh HE YTO HHOE, KAK
¢dopMysHpOBKa BTOPOro Hawajna, yxe HalJeHHas HaMu B § 47. Mu
JOMOJIHUM €€ 34eCb OAHUM HOBBHIM 3aKJIOUYEHHEM, KOTOPOE CBOJUTCH
K TOMY, 4TO 3TO COOTHOUIEHHe HAeT HaM HenocpejcTBEHHO AOCTa-
TO4YHOE YCJa0BHE yCTOHYHMBOrO pPaBHOBECHS CHCTeMH. B camoMm zeJe,
€CJIH CHCTEMA HAXOMMTCH B TAKOM COCTOAHHH, B KOTODOM €e 3HTpO-
NAd HMeeT MaKCHMAaJAbpHOe 3HAayeHHe, TO HHKAKOEe H3MedHeHHe 60Jblle
yxe HeBO3MOMXKHO. AGCOMIOTHEA MaxCHMyM 3HTPONHMH €CTh, TAKUM
06pa3oM, NOCTATOYHOE YCJIOBHUE PaBHOBECHS.

DTO yCI10BHE HE SBJAFETCH, OMHAKO, HEOGXOAMUMBIM: CUCTEMA MO-
JKeT 0CTaBaThbCsl B PaBHOBECHM M TOrja, KOrja BTOpPoe HayaJo AO-
NyCcKaeT H3MeHeHHe.
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Tak KaKk MaKCHMYM 3HTPOIMH BNOJHE ONpenensercs 3HaYeHHSIMH
U u V, T0 MOXHO CKa3aTb, YTO SHTPONHSA S CUCTEMbl B COCTOSHUH
a6CoMIOTHOTO DPAaBHOBECHsS €CThb HEKOoTOpas onpeleJeHHas QyHKIus
U u V. 3asacuMoctb S ot U n VycranasiuBaercs ypasuenuem (82),
M3 KOTOpPOIO BBEITEKAeT, 4TO;

(59),
()3 )

Mb BUZMM OTCIOZA, YTO, B YaCTHOCTH, BCE€ TEPMOJUHAMHYECKOE
noBeIeHHE OZHOPOAHOTO TeJa onpejnejaseTcs ero autponueft S,
npeacrasienHolt B Buge byukuun U u V. JleficTBHTENBHO, HCKJIIO-
yasg 43 O0OMX NOCAegHHX ypaBHeHHH U, MM noJyuaeM p, Kak QyHK-
uuio T u V, a ypaBHenue (106), B3sitoe B oThe/bHOCTH, JaeT U, kak
¢yukuno T u V.

B uersepro#t wactu atolt kHurd (§ 125) Mm mosHakoMuUMcH C Me-
TOLOM, MO3BOJSIONIMM BHIpaXaTh 3HTpPONHUI0 S uyepes nepemenusie U
i V; a10T MeTon paspemiaer, TaKHM 00pa3oM, OCHOBHYIO npobJjeMy
TEPMOLMHAMUKH.

BelydcauM Ttenepb sHTpOonuto S HueasbHoro rasa. Us ypasuenuit
(82), (96) u (97) caenyer, 4TO

T, Rndv

C,d
dS==p+"y~>

, (106)

o ==

(108)

rge C, o6o3Hayaer TEMIOEMKOCTb rasa NpH NOCTOAHHOM OObeMe.
Takum ob6pasowm:

S=C,In T+ Rnln V- const. (109)
u no yparseHuto (97):
S=C,InU-}-Rnln V- const. (110)

[TocToauHas HHTErpUPOBAHHS 3aBUCHT OT XUMHUYecKolt npupoAH rasa;
34eCb OHA OCTAaeTCs HeonpeneJeHHOH BCJAENCTBHE TOro, 4TO AHbe-
penuuan dS B ypaBHenud (82) OoTHOCHTCS TOJBKO K H3MEHEHHAM
U u V, HO He K H3MEHEeHHSIM XUMHYECKON NPUPOXH rasa.

§ 56, 3axgaun Temnepartypa H o6beM. Tak kak T u V
NOCTOsIHHB, TO cooTHoweHue (105) moxuHO HanucaTh B Takolt popme:

av¥ >0, (111)

rae

U

U=S——r. (112)
Mur BUzuM, 4TO W 31eCh HM3MEHEHHE COCTOSHHUS NPOMCXOLMT B Ha-
Npas/Iendd BO3pacTaHusi HEKOTOPOH onpeseneHHON Beany#ubl. OaHaKo
3IeCb 3TOH BEJHUHHON §ABJIAETCA HE IHTPOMNHdA, a XapaKTEPHCTHUYE-
Ckasi pias nepemeHdnx T # V ¢ynxkuua W. OrnocurenpHo arolt
QyHKIHHM MOXHO cHeJdaTh COBEPLIEHHO TAKHE Xe 3aKJII0UeHHs, KaKae
OuaM chenaHsl B npegHpylunx naparpadgax OTHOCHTEAbHO (QYHK-
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uad S. B aTOM nocjaenHeM croco6e paCCMOTPEHHA OCOBEHHO BAXKHO
TO, 4TO HU3MepeHHe TeMmepaTypel 1 NpaKTHYECKH MOXHO OCYIle-
CTBHThL 3HAYMTEJbHO (oJee HEMNOCPEACTBEHHO, YeM H3MepeHue aHep-
ray U; TemnepaTypy NHO3TOMY Jyulle BKJIOYATH B YUCJIO He3aBH~
CHMHIX lepeMeHHbIX. B paccMaTpuBaeMoM Clydae HOCTATOYHBIM YCJIO-
BHEM YyCTOHUHMBOrO paBHOBecHs, COIJIAcHO ypaBHenuto (111), asasercs
MaxkcumyMm ¢yuxuud ¥, oTcioma xe caenyet, uro sesdudHa ¥ B co-
CTOSIHUM YCTOHYWBOrO paBHOBECHsi €CThb BHOJHE ONpeleJeHHas
byuxkuns T u V. Xapakrep 3aBucumoctu ¥ or Tu V MOXKHO BHAETDH
H3 BHpaXe€HHs €e noJHoro AudepeHuHala, KOTOPOE, COIMACHO
ypaBHenuto (112), nanuierca Tak:

auv , U
av=ds— Y+ Lar

HJIH 10 ypaBHeHHIO (82):

U av
dV=—5dT+E25-. (113)
CaenoBaTesbHO: - v
(o7), =7 (114)
or
(—67‘)7; R (115)

Ecan, Takum 06pasoM, H3BECTHO BHIPaXEHHE XapaKTEPHCTHYECKOH
¢yuxkuun ¥ uepes T u V, T0 aHepruss M JZaBAeHHe ONpEIEJAAIOTCH
H3 Hero coseplieHHO OAHO3HAayHO. (OTHOCHTENALHO TEOPETHUYECKOro
onpeaenenus ¥ oM. Hmxke § 120.) Judepenuupys ypapHEHuE
(114) no V, ypasuenue (115)—no T U npupaBHuBas Jpyr ZApPYry
npaBble YaCTH NOJAYUYEHHHIX BHIpaXXeHH#l, MEl NpUIEM K yXe H3BecCT-
HOMY HaM cooTHoweHHIO (88). i HAaIbHOrO rasa u3 ypaBHEHHH
(113), (97) u (96) vHTErpUpOBaHMEM HJH XKe HEMOCPesCTBEHHO H3
ypaBHeruh (112) u (109) noayuaem:

¥ =C,InT+4Raln V0% 4 const. (116)

Bupaxenune ¥ cozepxur, TakuM 06pa3oM, ABe HeonpelejeHHLE
HOCTOSIHHBIE.

§ 66. 3anaun TeMnepatypa M XaBaeHnue. ITOT cayual
Ba)K€H NOTOMY, YTO H3MepsATh JaBJjeHue emle Jeruye, yeM ob6beM.
Ias artoro cayuas cootdgoumenue (105) npuHuMaeT Takyio Gopmy:

dd >0, (117)
rge

U+4-pVv 1
O=S——F—=S5—, (118)
eca# IS COKpAaIleHus BBECTH NO ypasHeHuw (64) aurraasnumo.
XapaxTtepucruueckot dyuxunel 3szeco ssaserca @; maxcumym @
06yC/IOBJHBAeT COCTOSIHHE YCTOHYMBOrO DAaBHOBECHS.
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Hast 3apucumoctd @ oT 7 H p B COCTOSHHM DAaBHOBECHS MBI
nosnyuaem u3 ypasHenus (118):

A0 —as—2Ytpdir Ve 1 yr

H NO ypaBHEHHIO (82):

I V
OTKY x4
0 I
(a‘?’)ﬁ?ﬁ» (120)
oD vV

Hudepenuupyss ypasnende (120) no p, ypasuenue (121)—mno T
¥ MPUPABHHUBAs IPYF JAPYTY NOJYy4YeHHble BHIPAXEHHS, NMOJyuyae:

(&) =v—r (%)p (122)

Has upeanbHoro rasa w3 ypassenuit (118), (109), (96), (97) u (55)
BHITeKaeT clenywoumee Bhpaxenue @:

®=C,ln T—Rnlnp-+ 2 - const, (123)

3aech Takke OCTAKTCA HeOnpeneNeHHHIMH IABE MOCTOSHHLIE.

§ 66a. IlpumepoM TOro, KakHe NpeUMyllUecTBa HJaeT BBEIEHHE
HE3aBHCUMBIX TepeMeHHHX T H p, MOXeT CAYXHTb TEODHR OmucaH-
Horo B § 24 onwmra [Ixayas-Tomcona—azmuabaTuyecKkoro paciuupe-
HUs Fasa 6e3 coBeplueHHs BHemHel paboTtel. DTa TEOpHs conep-
JKHTCA B ypaBHeHHH (43), KoTOpoe MBI MOXKeM Ilepenucatb, BBOLSA
SHTIAJbNHI0 eAUHUUB MaccH i, B Tako#t dopme: i’ —i=0.

[Ipumem, uTo pasHocTh JaBaenuit p' —p 1o obe CTOPOHH NPOBKH
oueHb MaJja; 0603HauMM ee yepe Ap; TOrza H PasHOCTb TeMmeparyp
no o6e cTopoHH Npo6kd 7' — T 6yReT OuYeHb Mata, H MH CMOMeM

Hanucarb: i _
(ai’ri)p AT - (%)TA;J —0.

BocnoapsopaBuruce ypasHerusiMu (67) u (122), Mu nosyuuwm, caeno-
BaTeJbHO:

r(39),
AT= 2"17P
p

Jl1s nzeaspHOro rasa uucjauTes b Apobu, Crosumel cnpasa, paBeH
HYJII0, H PasHOCTh TeMnepatyp A7, kak 3TOrO H CJAeJOBAJO OXHAATh,
ofpaiaeTcs B Hyab. D10 NoKaseiBaeT, 4T0 ahpexr Ixayas-TomcoHna
JaeT OyeHb MNPAMOE ¥ TOHKOE CDPeICTBO AJA OOHAPYXEHHS OTKJO-
HeHu# rasa or uJeajJbHOrO noBeieHHs. B camoMm neJe, I1d Bo3nyxa
BesHyuHa AT npu xKOMHATHOH TeMmneparype H armocdepHom xabie-

5 Bpesneane B Teopermuecxkyo ¢duavky. 7. V. 919

-Ap. (124)
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HUH HMeeT 3aMeTHOE OTpDHLATEIbHOE 3HaueHHe; 3To 06cToATEAbCTBO
U JIerJ0 B OCHOBY €nocofa CXHXEHHA BO3LyXa, paspaBOTaHHOIO
Jluuge;, ang BOAOpOAA BedHudHa AT, HanpOTHB, 3aMerHO NOJIOMKH-
TeJbHA.

Ecid mosoXuTe B OCHOBY BHIUMCJIEHHH ypaBHenHe COCTOSHHS
Bau-gep-Baasbca (19), To u3 ypasnenua (124) gaa maamx a B b MH
NOJYyYdM B NEPBOM NPHUOJHXKEHHH:

RT Z,

STO COOTHOIIEHHE MPHONH3UTEIbHO COFJACYeTCs ¢ pesyabTaTaMu
uaMepenu#. Jins GOMbMIKMHCTBA Fa30B, B TOM YHCIE H AN BO3LYXA,
BhHIpaxeHHEe B CKOOKAaxX HMeeT MOJOXHTEJIbHOE 3Hayenue. STO CO-
OTBETCTBYET OXJaxAEHHIO, TAK KaK Ap Bceraa orpuuarenbHo. Boxo-
DOX B 3TOM OTHOLIEHHHM NpEACTaBAAET COGO# HCKIOueHHe, NOTOMY
yTO JJs HEro NoCTCfAHHAsg a4 0COo0eHHO Masna. OnHaxKo U B 3TOM
cJaydae COOTBETCTBYIOU{HM NPeABAPHTENMbHEIM OXJax(LeHHeM MOMHO
IOCTHYb TOFO, 4TO yMeHblllaeMoe (B CKOOKax), comepxamee a, npe-
BHLICHT BLIUHTaEMoOe, colepxamee b.

§ 67. PasBuThIM Bhillie OOIMM 3aKOHOMEDHOCTAM MOMXHO [aTh
u Ipyrde GOpMYJHpPOBKH. Mbl paccMoTpum 3Zech OLHY H3 HHX,
or/Huaomytocs ocobesHoR HarasgHocthio. drta  POPMYyAHPOBKA
OCHOBHBAETCH HA BBeNEHHH (PYHKUHH:

F=U—-TS=—T.V, (126)
koropas, nmoxo6uo ¢ynkuuu ¥ § 55, Moxer CAYKHTb XapaxrepH-
cTHyecsOft PynKuue# A HEe3aBHCHMBIX nepeMeHuunx 7 U V. B caMom
zese, ecan Beectn BMecto ¥ dyukmuio F, 10 coornowenus (114)
u (115) nepeiizyr B caenpywomue:

U=F—T(%), (127)
p=—(57). (128)

Touno Tax xe u3 cpaBueHds ypaBHeHHH (127) u (126) Mu noayuum:
oF

S=—(57),; (128a)

Bennuuny F ZenaeT ocOGEHHO HAIJMAAHOM TO, YTO OHA, KaK 9TO

MOXHO BHJETb U3 ypaBHeHHus (126), npeacrasiseT co60H HEKOTOPYIO

suepruio. Ecau B3sTh Kakoi-HMOYAb H30TEepMHUYECKH K mpouecc,
To o6mee coorHoweHde (105) MOXHO nepenucaTh AJAA HEro cie-

LYIOIMUM 06pasoM:

AF L —pdV (129)
WM, HHTErPUPYs OT HEKOTODOFO HAYaJbHOro OO HEeKOoToporo (0TMme-
YEHHOFO INTPUXOM) KOHEHYHOI'O COCTOSHHS:

FF—FLW, (130)

rae W 0603HavaeT NOJHYI0 MEXaHHYECKYl paboTy, cOBepIlieHHYIO
B TEYEHHE NPONECCa BHEUIHHMH CHAAMH.
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Ecau fgaHHH@ H30oTepMHYecKHH mpouecc O0OGpaTHM, TO HMeeT

MECTO ypaBHeﬂue:
F'—F=W. (131)

CpapHeHHe 3TOro YypaBHeHus ¢ ypaBHeHHeM (40), moayyeHHbIM H3
nepBOro HayaJja, NoKasbiBaeT, YTO QynKUUA F HAXOAHTCHA B TaKOM
’e OTHOWEHHH K BHewHelt pabGore W, B KakoM o6mas 3HEPrus
cuctemsl U HaxoguTCa K cymme BHeuHe#t paGoTH U COOGIEHHON
H3BHE TEmJioTH, T. €. K BeadyuHe W -} Q. CkasaHHOE MOXHO BhHIpa-
3UTh ellle U TaK: LI o6paTUMOr0 NPOUEcca NPHHUKN COXPAHEHHA
sHepruu (40) pacnmajaercs Ha 1Ba OTHEeNbHBIX INPENJIOKEHHA: HA
ypaBaenue (131) u Ha pomoaxsOmee ero yPaBHEHHE:

G—G=0Q, (132)
G=U—F=TS. (132a)

Takum oOpa3om TeopemMa O HE3aBUCHMOCTH MEXaHHYECKOro 3KBHBa-
JEHTAa BHEUIHHX BO3AEHCTBUI NPH nepexone CHCTeMbl H3 HAYaJbHOIO
COCTOSiIHMS B KOHEYHOE CNpaBeliJdBa B 3TOM CJydae HE TOJIbKO s
cymmel W-+Q B uesoMm, Ho H Aas Kaxzaoro ciaaraemoro W u Q
B OTHAEJbHOCTH.

Besuuyuny F HaswBaioT, no eabMroanny, ,cBo6oaHo#“, a BeJu-
yuny G — ,cBA3aHHOR“ asmepruefi. Eciu usorepmHueckult npouecc
HeO06paTH M, TO HMEET MeCTO HepaBeHCTBO:

F—F< W, (133)

T. . cBOOOZHAA 3HEprHs BO3pacTaeT MeHblie, yeM 3TO COOTBETCTBO-
BaJo OBl 3aTpPayeHHOH BHemwHeHd paGoTe, © B STOM CMbIC/JE BHEILHAA
pa6ora TepsieTcs. Ecsin e B TeueHdHe mpouecca BHelHss pa6oTa
BOoOOlle HE COBepllaeTCs, HallpuMep Mpouecc NpPOTeKaeT NPH Io-
cTrogHHOM o6beme (§ 55), To W=0 u

F—F<O0, (134)

T. €. CBOGOJHAasA SHeprusi yOnBaeT. BequuydHy 3TON YOBLIH MOXHO
paccMaTpuUBATh Kak Mepy paboTHl TeX cuJ (XHMHYEecKoe CPOACTBO),
noj AeHCTBHEM KOTOPHIX NpOLECC IPOTeKaeT; KaK MeXaHHYecKas
paGota oHa 1npu sToM TepseTca. Yro6u HaHTH ee 3HAYCHHE,
HeOGXOJHMO TO XK€ CamMOe H3MEHeHHE OCYUEeCTBHUTb KaKHM-/iu60
obparuMuM nytem. Torza ucKoMoe 3Hayenue F'— F, coruacuo
ypasuenuio (131), nafigerca geficTBHTE/NbHO, KaKk BHewHss pa6ora W
9TOro npouecca. [TosicHUM CKa3aHHOE OJHHM YaCTHHIM APHMEDOM.
[Ipu6aBum K BOZHOMY pacTBOPY KaKOK-HHOYyZb Heaetyuell CoJH
HEKOTOpPOe KOJIHMeCTBO uyHCcTOA BOAH. TemsnoTa pasBelends 6yneT
OTPHUATEJLHON HJH INOJOXKHTE/JIBHOR B 3aBHCHMOCTH OT 3HaKa pas-
Hoctd U'— U, rge U o6o3uauaer cyMMy 3HEprHi HCXOIHOro pac-
TBOpa 4 npu6aBiaseMoi BOAK (HayaJbHOE COCTOsIHUE), a U/ — aHepruio
pactBopa nocJae pasBeneHus. BHemnell paboTol, CBA3AHHOM C H3Me-
HegHeM 06beMa npu pa3BeleHHH, MH MOXeM npeHebpeub. B OTARuHE
OT TeMJIOTH pasBeleHus pasHocTb F'— F, corsacHo ypasHeHHo (134),
6yxer Bcerga oTpHuaTe]bha. UTOGH ONpEXENHTH €€, MB NPOBELEM
-

rne
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H30TepMHYEeCKU# npouecc pasBeJeHHs Mo Kakomy-HHOyab obpaTu-
MQMY myTHd, .HanpuMmep no cjiepywomemy. Mcnapum cuayana Gecko-
HEYHO MeJJIEHHO MNpuOaBIdeMyI0 BOJY, 3aTeM OecKOHEYHO ¥Ke Mel-
JEHHO paclHpPUM NONy4YeHHBI Nap, MOKa ero INVIOTHOCTh He CTaHeT
pPaBHOA MJOTHOCTH HAaCHINEBHOTO BOASHOrO Mapa, HaXOAAULEroCH
B CONPHKOCHOBEHHH ¢ pactBopoM. [IpuBellemM 3atem nap B cONpu-
KOCHOBEHHE C PacTBOPOM; PaBHOBECHe MNpH STOM He HAPYLIHTCH.
CKoHIeHCHpyeM, HaKOHell, C NMOMOMbID OGECKOHeYHO MEeIJIeHHOro
CKaTHsl BeCh HaxoAAuMAcA HAax pacTBOpOoM mnap. Becs mnpouecc,
OuYeBHJHO, 06paTUM; NO3ITOMY BCSl COBepIleHHAd BHeIHsd pa6oTa, cO-
raacHo ypaBHeuHuio (131), paBua F'— F < 0; 3T0 3HauuT, 4yTo paboTa
npu 3TOM npouecce npuobperaercd (NOJHAT HEKOTOPHIH rpys). IJra
pa6oTa Tepsiercsl, eCad NPHOABJIATL B PACTBOP NPAMO KHIKYIO BOLY.

[TpumeHsis ycTaHOB/A@HHbIE BHIIIe MNPENJOXKEHHA, CaelyeT I0-
MHHTb, YTO OHH CIpaBeIJHUBH TOMbBKO I/ H30TEPMHYECKHX IIPO-
necco. Uto6um dopmynuposare 6onee obuiue npeANoXeHHs,
OZHOTrQ MOHATHA CBOOOXHOH 9HEprHH HeZOCTATOYHO.

[lpu xumuveckux mpoueccax nepBuit wieH B BrpaxeHUH CBOGOX-
HO#t aHepruu (126) U, xak npaBHJIO, 3HAUHTEIBHO NpEBHILIaeT BTOPOH
qged 7S. [loatomy wuacTo, 0CO6E€HHO NpH HHU3KHX TEMNepaTrypax,
B KayecTBe MepH PAGOTH XHMHUECKHX CHJA BMecCTO yOmLIH CBOGOZ-
HOMl 3HEPrHH MOXHO paccMaTpuBaTh yOuIb U, T. €. Temiosol adpdexT
peakuud. B cBSI3H C 3THM MOXKHO BBHICKa3aTb NPEANOJOXKEHHE, YTO
XHMHYeCKHEe NPeBPAleHHs] NPOTEKAOT BCErJa B HANPABJICHHH YOhl
BaHHA U, T. e. yTO OHH Bcerja CONpPOBOXAAIOTCS BLIASIEHHEM TenJsa
(npunuun Beprtao). BropeiM uwirenoM 7S B BoipaxeHuH CBOGOLHOH
9HEePrud Heab3s, OZHAKO, NpeHe6perarb, He fe/as 3aMeTHON OINHGKH,
NpU BHICOKHX TeMmrepaTypax, koria 7T BeJHKO, a TaKXe a8 rasos
H pasBeIeHHEIX PacTBOPOB, Korza Beguko S. B momoOuuXx cayyasx
XUMHYECKHE NpPEeBpAalleHHsl NPOTEKAaT YacTo B HanpaB/JeEHH BO3pa-
CTaHUA MOJHOH 3HEPrHH, T. €. C NOIJIOINEHHEM TelJa H3BHE.

T[JIABA IV

PABHOBECHE BEIIECTBA B PASJIHYHBIX ATPEIATHBIX
COCTOAHUAX

§ 58. Mu HcenegyeM B gajdbHeHIIeM TepMOAHHAMHYeCKOe PaBHO-
BECHEe HEKOTOpOro JAHHOrO BelleCTRBa, OTAEIbHHIE YacTH KOTOPOro
MOFYT HAXOZUTbCS B DasJHYHBIX arperaTHHIX COCTOSIHHAX: TBEPIOM,
HKHAKOM WJIH ra3pofpasHoM. Mul 6yJeM CYHTATh, YTO KaXpas Takas
yacTb (GM3HUECKH OJHOPOAHA H YTO COCTOSHME KaXJON yaCTH BNOJHE
onpelenseTca ee MacCOH, TemmepaTypoit M o6bemoM. [lag srtoro
BOBCe He Tpebyercs, YTOOk, BCce BEIECTBO HJAH XOTH OBl ONHa H3
ero 4acrel GulIH XHMHYECKH OXHODORHH (§ 22). JlaTh nmpaBH/IbHHIM
OTBET Ha BONPOC O XUMHYECKOH OZHOPOJHOCTH BemecTsa ynaeTcd
BOOGINe Janeko He cpasy. Tak, HAampHMep, €me COBCeM HEACHO, HJeH-
THYHH JIH MOJIH KHIKOH BOAL C MOJSMH JbIa; aHOMaJbHHE CBOHCTBa
HUOKON BOALI BOGJH3H TOUYKH 3aMEP3aHHA JeNaioT Adxe BePOATHHEIM
npeanosoXKeHue, YTO YKe B HHIKOR BOe He BCe MOJIHK ee OJHHAKOBEL,
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Ham xox meicieft 6yzeT 3sgech caeiylomuM. [TycTb BewecTso,
o6mas Macca M KOTOPOro AaHa, 3aK/NI0YEHO B TBepAYI0 OGOJOUKY
C NOCTOSHHHM 00BbeMOM V H nojiepxuBaeTcs C NOMOINbI0 coobimato-
IEerocsl ¢ HUM IDOAXOASAILIEr0o TEMJOBOr0 pesepByapa npH HEKOTOPOH
onpeZeaeHHO# remneparype 7. Mnbl nocrapaemcs onpenesdTb TO
COCTOSIHHE HJH JXKe—eCJH HX HECKOJbKO—Te COCTOSIHHS paBHOBECHH,
KOTOpble MOXET MNPHHMUMATh BEIECTBO, a TAKxe BHACHUTb, NpH
KaKHX YCJAOBHSIX paBHOBecHe OyJAer yCTOHYHBHIM HJHM HEYCTOHYHBEIM.
MpoBecrtd 3TO HCEAeLOBaHHE N0 KOHUA NO3BOJSET mnpeiiOKeHHe,
ycranosaenHoe B § 55. CorsacHO 3TOMY INpeIJIOXEHHIO, U3 BCEX
COCTOSIHUA PAaBHOBECHS, KOTODHIE MOFYT OBITh MOJYYEHE NPH JaHHBIX
yCJAOBHSIX OAHO M3 JApyroro, Hau0ogee YCTOHYHBHIM HBJSETCH TO,
KOTODOMY COOTBETCTBYeT alCONIOTHBIA MAaKCHMYM XapaKTepHCTHUYec-
kKot ¢dyrakuun V. Boob6ue xe Benduudna ¥ moxer HMerb, KaK Mb
YBHIHM Jajee, HECKOJAbKO OTHOCHTEJbHbIX MAaKCHMYMOB; KaXIOMY
MaKCHMyMy, KOTODH He sBJAsercs abCOJIOTHBIM, OyJer COOTBer-
CTBOBaTh TOrjga OoJiee "UJH MEHee HeyCTORYHBOEe COCTOSIHHE PaBHO-
Becus. ECId BemecTBO HaXOZHTCA B OAHOM H3 TaKHX COCTOSIHUR
{(HanpuMep B BHIe NPECHIEHHOTO napa) 1o, NPU H3BECTHHIX YCJO-
BHSIX, JOCTAYOYHO MaJjeHIiero TOXYKA, YTOOK OHO MEpPEelIo B Apyroe
COCTOSIHHE DaBHOBeCHs, KOTOPOMY OYIET COOTBETCTBOBATh YK€ 60Jb-
wee 3navyenue V.

Mm goskHH, TakdM 006pa3oM, OTHICKATb COCTOSHHSA, B KOTOPHX
yakuia ¥ uMeeT MaKCHMYM, T. €. T€ COCTOfHHS, &I KOTODHX
¥ =0. CaMbiM OOIIHM NPEANOJIOXKEHHEM OTHOCHTEIbHO COCTOAHHSA

BemiecTsa GyJeT TO, COrJiaCHO KOTODOMY BELIECTBO COCTOMT H3 TpeX
OTIEAbHBIX 4YacTel, HAXOUAINHXCA B PA3JHYHHX arperaTHbHX COCTO-
aausax. O003HaYUM MacCHl 9THX uyacrel depes M,, M, u M;, ocraBisd
BONPOC O CBfI3H OTAEJbHBHIX HHIAEKCOB C arpéraTrHbIMd COCTOSIHUSIMH
IOKa OTKPHTHM. Mu OyzeM umMeTb AJd XaHHOK MacCH BellecTsa:

M+ My+ My = M. (135)

Beanunabl M — NOJOXKHUTENbHB, HO HEKOTOPblE H3 HHX MOryT OHITB
PaBHH TaKxe H HYJIO. :

OG6o3sHauum fajee yepes vy, Uy B Uy YAEIbHEE OOBEMH OTHAe/]b-
HuX yacrefl. Torga sajzaHHoe 3Hauenwe 06beMa BemecTBa OyIer

paBHO:
M1'01+M2'03+M3'Ua= Vo (136)
s xapakTepucTHYecKOl GYHKLUHH CHCTEMH MHB IOJAYHYUM:

W=M1¢1+M2"H2+Ms%:

TRe BeJHYMHB ¢ OTHOCATCH K €JHHHLE MacChl.
HMs nocnenHero ypasHeHHs A/ KaKOro-iH60 6eCKOHEYHO MaJoro
H3MeHeHHs COCTOSIHHA CHCTeMHl NOJyuyaeM CIeXYioulee COOTHOILEHHE:

3@':2 st‘l’x‘}‘zq‘l SM,

€CAH NPHUMEHHTDb 31eChb, KAK M B JajibHeliieM, 3Hak L pag 0603Ha-
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YeHHsl CyMMHMDOBaHHs no HHAekcaM 1, 2 u 3. [IpuHHMan BO BHUMaHHE,
4YTO cOrJacHO ypaBHenHxio (113), Boobme:

3 =5 dT+ £ do, (137)
MBI IOAYYa€eM, BCJIEXCTBUE TOrO, 410 87 ==0:

W =1 3 Myp, 30, + 343, . (138)

He Bce, oxHako, BapHauHp, BCTPevalomluecs B 3TOM YPaBHEHHH,
HEe3aBUCHMBI APYr oT ppyra. JIeACTBUTENBHO, H3 YCTAHOBJEHHHIX
paHee BHIDaXEHHH JJs MacCH H o0beMa BHITEKAeT, 4TO

28M1=0 " ZMIS(UI_}‘Z(UILSMI:O'

MH ZOJXHB IO3TOMY HCKJIOYHTBL C NMOMOIIbIO 3THX ABYX YDaBHEHHH
u3s Bupakends ¥ kaxue-uuGyan ase papuanuy, OcTaBlinecs Bapy-
agun OyAyT TOTJa He3aBHCHMBI ADYr oT apyra. Eciiu MM, Hanpumep,
HalileM H3 JBYX NOCAEJHHUX YpaBHeHHH Bmpaxenus 3M, u dvu,
H NMOJACTaBMM uX B ypapHeHde (138), To moayuum caenywomee BhHpa-
®eHHe Aas 8W:

M M
W = —2- (p, —p2) 30, — - (P, —ps) v+

+(¢1_¢2 - pz(vg;vl) ) SMI-(Q;Z—%—- Pn(vs;va) )8M3.

Tak xax Tenépp BCTPedalOIIHECT B 9TOM ypPaBHEHHU YeTHPE BapHa-
LMH yKe II0JHOCTbIO HE3aBHCHMBL IPYT OT APYra, To ANA obOpalneHHs
8 BYJb 0¥ Heo6X0AuMO, 4TOOH 06pdInajncs B HYJb KaMAHA H3 YETH-
pex x03(pHUHEHTOB IPH STHX BapHauusax. TakuM 06pasoM, Mkl HMeeM:

Pi= Py == g,
b= o= D00, (139)

Yy — g = 4] (02; v) |

DTH 4eTHpe ypaBHEeHHs H BhIpaxaioT csoHcTBA, HEOOGXOLMMO NpH-
CylHe NPH 3aJaHHHX YCJIOBHAIX BCAKOMY COCTOSIHHIO DaBHOBECHS
BellecTBa.

B atux ypaBHenusx, 8 oTiuuHe OT ypasrenult (135) u (136),
COZepXalHUX TaK¥e M Macchl, BCTPEYAITCA BEJAHYHHBH, HMEINHe
OTHOIIEHHE TOJbKO K BHYTPEHHHM CBOHCTBaM BellecTBa. Mul moxem
NO3TOMY Ha3BATb 3TH YDaBHEHUS ,BHYTPEHHHMH* YCJIOBHAMH PaBHO-
BecHa. Mu 3afiMeMcs mpexjae BCEro WMEHHO STHMH ycaoBusmu. [Ipu
3TOM OKaXeTCd, YTO yKasaHHbI@ YPaBHEHUS HMeEIOT, BOOOIIe roBops,
pasndysble penleHHs, TaK 4YTO CYWECTBYIOT pPAasIHyYHHE COCTOAHMsA
paBHOBecHs BemecTBa. [TosaHee (§ 65) MBI pACCMOTPHM BONIPOC H O TOM,
KaKue W3 pelleHHd Ka0T B KaXAOM OTHeNbHOM caydae HauGosee
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yCrol4yuBoe COCTOfHHE DAaBHOBECHS, T. €. HaHGoabuiee 3HaueHue W,
§ 09. [TepBoe pemenne. MH MOXEM YIOBJETBOPHUTH BCEM
yeTsipeM ypaBHenusM (139), monaras: '

V=V =Vg=17.

Bce Tpu arperaTHhie COCTOSiIHHS B 3TOM cJyuae OyZyT COBEpIIEHHO
TOXAECTBEHHH, H BCE BEIIECTBO OKAXETCs OZHOPOAHHM. Tak Kak
remnepatypa T 3ajaHa sapaHee, TO COCTOSIHHE BEIECTBA NOAHOCTBHIO
onpezeisieTcs BHelWHuM ycaoBdeM (136), koTopoe 3gecs npuobperaet
cnenywomyio dopmy:

MMy M)y v=Mo=1V.

Hs sToro ycsnosua onpenesnsieTcs 3HayeHHe v.
PaccmoTperHOe pelneHne BCerja HMEET ONpPeJeNeHHBI CMBICT,
OXHAKO OHO COOTBETCTBYET COCTOSIHMIO PABHOBECHS TO/NBKO TOrAa,

Y
KOrJa 7’;— OTpHuUATeNbHO. Ecau 3To TpeGoBanue BHNOJIHEHO, TO paB-
HoBecue 6yJeT yCTOAYMBHIM MJH HEyCTOHYHMBEIM, CMOTPA IO TOMY,
Hmeer uau HeT ¢yekiuus W npd 3aZaHHBIX YCJAOBHAX ApYyrofl Mak-
CHMyM ¢ 66apmuM 3HaveHueM (cp. § 65).

§ 60. Btopoe pemesue. Ecan Mbl noaoxum:

(40 :i: "03=7J3,

TO arperaTHbE COCTOSIHHS, OTMEYEHHHE HHAEKCaMH 2 H 3, coBnagyr
4 ypaBHeHus (139) cepyTcs k caepyroum:

pi=p1, =200 (140

B aTom caydae BemecTBO COCTOUT M3 ABYX CONPHKACAIOUIHXCA YacTeH,
HAXOASAUMXCH B DA3MHYHEIX arPEraTHHX COCTOSHHUAX, HAaTIpUMED B BH1e
napa u xugkoctd. O6a ypaBHenus (140) comepxar [Be HeH3BeCT-
HBIX: Uy H .

Tax xak p u ¢ HYXHO paccMaTpuBaTb KaK H3BeCTHHE QyHKIUH
T n v,— ypaBrenusMu (140) MOKHO BOCIONL30BATbCA A/ TOrO, 4TOGH
BHpa3uTh BCE BCTpeUYarOUIHeCH 34eCh BEJIHYHHB: U; H U,, AaBICHHE
p,=Pp=2, & Takxe 3Ha4YeHHs {; U $,, Hepe3 3ajaHHYIO TeMIepaTypy
7. Takum o6pa3oM BHyTPeHHEe COCTOsiHHE ZBYX CONPHKACAOMmMHUXCH
H HaXOZSIMXCA B PaBHOBECHH PA3HODOJAHBIX yacTell OZHOFO H TOFO
JKe BewecTBa NOJHOCTbIO OnpeaeaseTcs TemMneparypoit. Maccol yacreit
Hafigyrcs u3 BHemHux ycaosubt (135) u (136), xoToprle pas 3TOroO
cayuasl Hamuuny1cs Tak:

Mok O M) =, )
Moy (My -+ Mg)v, = V.

O6a stu ypaBueHHs CayxaT AJas BHUHCAeHus macc M u (M, -+ M),
KOTODHMH BIIOJHE ONpeAenseTCss COCTOSHHE CHCTeMbl, TaK Kak ouye-
BHAHO, YTO B caydyae macc Mp;u M; NpuxXoAUTCA HMETh LEIO0 TOJIbKO
¢ ux cyMmMmoft. HalizeHunlt pesysabTar HMeeT (HU3HUECKHA CMHICI,
KOHEUHO, TOMbKO Toraa, Koria B My u (M;-}-M;) oKasnBalQTCH
NOMOKHTECIBHNMH,

(141)
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§ 61. PaccMoTpHM Teuepb HECKOAbKO Gnuxe ypasHeHus (140).
CMBICA NepBOro U3 HHUX COBEPIUEHHO SCEH, YTO XK€ Kacaercs BTO-
pOro, TO ero oueHb NPOCTO HHTEPNDPETHPOBATDH, €CAH BOCHONBIO-
BaThCsi OGIIMM ypaBHEHHEM COCTOSHHS OJHODOZHOTO Tena (2).

Hmenno, U3 ypapHEHHS (137), rak xax d7T==0, nocae uuHrerpu-
poBaHug caeipyer:

1
1
4’1“4/2:7/17(1’0-
2
[loacranoBka STOro BrpaxeHHs B ypaBHenue (140) maet:

1
[pdv=p,(v,—2,). (142)

ST1o ypaBHeHHe HMteT MpPOCTON reoMeTpUYEeCKUH CMBICHA, KOTOPH R
HETPYAHO YCMOTPETb, NOAL3yAch ynomsaRyTuM B § 10 rpaduueckum
H300paXKeHHeM yPAaBHEHHS COCTORHHUA C MOMOUILIO CHCTEMH H30TEPM.
JleficTBUTEALHO, HHTErpaa B ypaBueHud (142) paBeH NJAOINAAH, 3RKII0-
yaiomelca MexAy u3oTepMoH, OCbI0 a6CHUCC U NPOXOARIIKMMH yepes
TOUKH ?; ¥ V2 H30TEpMB ODJAHHATAMH, B TO BPEMS KaK IDOU3BEJEHHE
Pp1(¥1— 72) PaBHO IVIOIALH NPAMOYrOJbHHKA, OOGPA30BAHHOIO H3
TEX XK€ OPAHHAT, H OoTpe3ka ocd abcuucc v; — v,. YpaBHenue (142)
BHDAKAET MO3TOMYy CJAeAyHllee: JaBjJeHHe, NPH KOTOPOM MOIyT
HaXOXAHMTbCA B PaBHOBECMH, CONpHKacasch APYr C LPyrom, ABa arpe-
TaTHHX COCTOfIHHS BEILIECTBA, H306paxaercs NpsAMOH, mapaaieabHoMl
oCH abCuUCC, KOTOpas OTFPAHMYMBAET NO 06€ CTOPOHH H30TEPMH
paBHHE miaomanu (Ha puc. 1 npamaa ABC). Takum o6pasoM u3 ypaB-
HEpHust COCTOSTHHA, YCTAHOBJAEHHOI'O A1 YCTORUMBHX M HEYCTORUMBHX
OJHOPOJHKIX COCTOSIHHH BEINecTBa, MOXHO BHBECTH HENOCPEACTBEHHO
3aKOH 3aBUCHMOCTH HAaBJAEHHS H NJIOTHOCTH HACLIIIEHHOrO mapa OT
TeMIIePaTypHI.

PaccmoTpHEM Teneph 3aBHCHMOCTh BHYTPEHHErO0 pAaBHOBECHS OT
remneparypsl 7, sBasgioumielica 3gech eJIMHCTBEHHOH He3aBHCHMOMH
nepemenHol. Ypasuesusa (140) paror nocae AudepeHNUPOBaHHS!

dp] = dpe,
dy, —dd, = (v — ;’_2) dp, + Py (d'U1T* dv) P (0}"—' v 4T
HJH, PHEHMas BO BHMMaHue ypasrende (137):
oty py (0 — V) =r =Ty —vy)-F5,  (143)

rIe BeIUYHMHA 7, COrJIACHO ypaBHeHHIO (63), 0603HaYaeT OTHECEHHYIO
K elUHHLE MacCHl H30TEPMHYECKH-H306apHYIO TENIOTY NpeBpalleHUs
BellecTBa IpH NMEPEXON€ €r0 U3 arperaTHOro cocCrofHMs 2 B arpe-
ratHoe cocrosrue I (TenaoTa HcnapeHus, TEMJOTA IJI4aBJAeHHs:, Tel-
J0Ta BO3IOHKH).

Ypasuenue (143), BuiBegenHoe ywe KaanefipoHoM u3 teopuu
Kapro (§ 31) u BnepBnie TOuHO 0GocHOBaHHOe KJaysuycoM, nmO3BQ-
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JfeT BHYHCAUTD /18 11000/ TeMnepaTyphl TeNJ0Ty HCIlapeHHS, HCXOXS
H3 3aBHCHMOCTH JaBJeHHS HACHILEHHOrO Napa oT TeMnepaTtypH. Tak,
HanpuMep, Ajs HACHIUIEHHOrO BOAAHOro mapa npu 100°C: T =273 -
~+ 100 =2373,v,=1674 cmu®-2~, v, =1 cm3-2~*, p,="T760 mx pTyTHOTO

d
cmn6a,7¥—=27,12 MM pTyTHOro crtonGa ma rpapyc. [lepesons
B a6CO/IIOTHbIE eNHHMIEL, NOJyyaeM coraacHo 2 (284):

dp, 97,12

g7 =55+ 1013250.
Takum oGpasoM TemJIoTa HcoapeHus, COrJIaCHO ypaBHeHHIO (143),
nocne TOro, KaK Mbl pa3feldM ee Ha MeXaHHYeCKH# SKBHBaJeHT
TellNa, OKa3LIBAETCA PAaBHOM:

r=">539 Kraux,

B NPEBOCXOJHOM COIMIACHH C pe3yJbTaTaMH HENOCPeACTBEHHBIX H3Me-
peHHii.

Bce BeauuuHbl, BCTpeuamouidecs B ypasHenud (143), noazaworca
CPaBHUTE/IbHO OYEHb TOYHOMY H3MepeHHIO. YpaBHeHHeM (143) MOXHO
M03TOMY BOCHNOJb30BATBCA AJAA CBEIAEHHA KaKo#-HHOGYAbL YCJIOBHOH
reMnepaTyps 0 k abconioTHolt Temmepatype T (§49). Broxus BmecTo
T B ypaBHeHHe (143) B KayecTBE He3aBHCHMOH nepemerHO# 0, noxy-
qaeM:

dp db
r=T—v) 35 77

H NOCJAE HHTErpHDOBAHMA:
InT= 220 T g, (144)

OoTKyZa T MOXeT GbiTh BHUHCAEHO B BHAe QyHKuuH §, nogo6HO TOMY
Kak 2To ObLJIO CAesaHo BHIUE.

W3 ypaBuenns (143) MOXHO NMOAYYHTB HPOCTYIO NPHOIHKEHHYIO
dopmyny, ecan npeHebpeub B HeM YZeNbHHM 06BEMOM Uz IO CpPaB~
HEHHIO C yIeAbHHM 06'beMOM napa v¥; H ec/ad NPUHATH, KpOMe TOro,
4yTO AJAA Napa cHpaBenuBO YDaBHEHHE COCTOSHHUA HIEAAbHOIO rasa.
B oaHux cayyasx aTa QopMyJ/a gaeT Xopoulde pesyabTarhl, B APYrHUX,
HaNpOTHB, nocpeAcTBeHHne. Mrak, cornacuo ypasueruo (96), o6beM
OJHOTO MOJA napa C MOJBHHM BECOM [

dopmyna (143) nepexoZuT MOITOMY B CJeAyIOUIYIO:

—R T dn
re= T (145)
Hanpuwmep, aaa Boan npu 100°C, no ypaseenuto (57) R = 1,983 xau,
p=H,0 =18, T=2373, p, =760 s, —‘;—pri =27,12 mm Ha rpagyc, KaK
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# Brme. Otcioaa no ypapHeruio (145) aas TemaoTH HCHapeHus
IOJIy4aeTCsd HECKOJbKO NpeyBeJHYeHHOE 3HaueHHe r =547, [Ipuunna
3TOr0 OTKJOHEHHS 3aKMIOYaercs B TOM, YTO OGbeM HaCh IEHHOrO
BOJASHOrO napa B AeACTBHTENBHOCTH MeHbMIe 06beMa, BHIYHCIEHHOTO
H3 ypaBHeHHd cocrosinus (96).

Ypasuenne Knanefipona-Knayanyca (143) moxer GHTb npume-
HeHO He TOJABKO K NpOLEcCYy HCIapeHds, HO TaKXe H K NpPOLeccaM
NAaBNEHHA K BO3rOHKH. B mepsBom cayuae, ecru #HIXEkC ! OTHECTH
K XHIKOMY, & HHAEKC 2 — K TBEpAOMY COCTOAHHIO, r Gyjer obosHa-
YyaTh TENJOTY NJaBJA€Hds, a p;~—AaBJACHHE MJIABJEHHA, IDH KOTOPOM
HaXoJsATCH B paBHOBECHH APYr ¢ APYrom TBEPRO€ M XKUAKOE Beile-
CTBO.

Orcioza crenyer, uTO AaBJeHUE nJaBJeHHUs MNOLOOHO AaBJIEHUIO
HACHIIEHHOr0 Mapa 3aBHCHT OT TEMNepaTtyphl HJAH OGpAaTHO: NpH
M3MeHEHUH [ABJEHHA H3MEHfAeTcs TemaepaTypa IJaBAeHUs:

dr _ T(v,—m)
= (146)

Jas abxpa npu 0°C, T. e, npu aTMochepHOM JHaBJAEHHH, MOy~
uyaercsl, Hanpumep: r===80 kaus, T =273, v,=1,000, v,=1,091, u us
ypaBrenus (146), nepexons Ha aTMmocepsrl:

dr

Y i 0,0075. (147)
TaxuM 06pa3oM yBedUYEHHE NABJEHHUS Ha ONHY arMocdepy noHuxaeT
TeMneparypy NJABAEHHWA JbJa, B COIVIACHH C pe3yJbTaTaMH H3Me-
penn#t, ua 0,0075° C. HanpoTus, y BeniecTB, KOTOpHe B OTJIHYHE OT
JbJla NPH NNaABACHUH pacmupmo'rca, TeMtlepaTypa MnJjaaBJjeHud npu
MOBLIIIEHHHU LABJAECHUA MNOBLILIAECTCH. Moxno CKasaTb, 4TO yBeaHu-
yeHHe JMaBJAeHHA 6AaronpuUsiTCTBYeT TOMY arPErarHoMy COCTOSHUIO,
KOTopoe O6J1afaeT MeEblnM 06beMOoM.

§ 62. Hamn dopmy/ it nO3BOASIOT TaKkKe HAHTH 3aBHCHMOCTD Tell-

JOTH NpeBpalledus 7 oT Temuepatypu. Hamwwem pas storo ypas-
HeHue (143), BBeas B HEro no ypaBHEHHIO (65) sHTralbIHIO:

r=i1—i2-

IMponudeperuupyem aTo ypaBHenHe no 7, paccMarpuBad i Kak Qys-
kuuio T H p; MBl DONy4YHM:

dr __ (9L _ (9% (_f’_f_n_,_"ég}ﬂ
NpHHUMaR ke BO BHuMaHue ypabueHus (67) u (122):
ar __ 7 dp, vy dv§> dp,
Vi Cpy—Cp, 1= (U1 — ) W_T{ (Tf>p~(77 p}jﬁ*v
H, HAKOHEN, BOCIOJb30BaBUIMCL ypaBHeHHeM (143):

ot )5,
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Bo3bMeM CHOBa B KauyecTBe NpHMepa HACHINEHHBLIA BOASHON nap npu
100°C. 3pmecy 7'=2373, sareM B Kanopusax: Cp==0,47, ¢, =101,

r=>539, v, =1674, rag=1,(%’;_—) =4,81,(—3—”T—’—) —0,001.
P P
Orcoza no ypasnenurno (148):
dr
-ﬁ*=—0,64,

T. €. TEIJIOTa HCNapeHus BOAH C NOBHIUEHHEM TeMIEepaTypH YOHBaeT
Ha 0,64 xas na rpazyc.

Ecan cuoBa nepene6peup v, MO CPAaBHEHHIO C ¥y H ONATH pac-
CMATPHBATh Nap KaK MAEAIbHLN ras, To cooTrHoweHue (148) npumer
3HaYUTEIbHO 6oJee NPOCTYI0, XOTd U MeHee TOYHYIO dopMmy:

dr ‘
chl’l—-cpn' (149)

Mu noayunau OH OTCIOfA /s B3ATOrO NpHMepa:
dr

71*]7:_0,54.

§ 63. Coorromennem (143) MOXKHO BOCHIOJBL30BATHLCA €lIE H LA
coBepumeHHO Ipyrux ueaef. Mul Bumeau B § 30, uro, Kpome yneabELIX
TeVI0eMKOCTell NpH NMOCTOSHHOM 06beMe H NOCTOSHHOM JaBJIEHHH,
MOXKHO ONpPEJENHTh CKOJAbKO YIFOJZHO NPYIHX Tenaoemxkocreft. 3T10
3aBUCHT OT TOTO, KaK PEryJHpYIOTCH YCJA0BHS, B KOTOPHIX IIDOHCXO-
JAHT HarpeBaHue BelnecTBa. B KaxJoM OTAENbHOM ciaydyae NpH 3TOM
pMeeT MecTo ypaBHeHHe (51), BeiTexawllee H3 NepBOro Havanaa.

B cayyae HacHIUIEHHBIX NMAapOB MPeLCTaBAAETCS OCOGEHHO HHTE-
pecHbHM NPOM3BOAUTL HAarpeBaHue Tak, YTOOH nap BCeria oCTaBaJjCH
B COCTOSIHUH HachueHus. O603HaYUM COOTBETCTBYIOLLYIO 3TOMY Npo-
LecCy yaelbHyI0 TemJOEeMKOCTh napa uepes Ay,— Kaaysuyc HasBan
ee yuneJbHOH TEMI0eMKOCThIO ,HACHIIEHHOrO mapa“. Mnl HOAYuHM
TOTZa B NPHHATHX HaMU OGO3HAYEHHSX, COrMacHo ypapHeHnHo (51):

a) d
17'1=71§;—+P1 ”,7073‘. (150)

OTHOCHTENbHEO 3HAuE€HHs /A, Hanepejy CKa3aTb HUYEro HeAb3sl; HEU3-
BECTHO Jaxke, KaKkOB moJ/KeH OHTb 3HAaK B8TOH Beauudnnl. JleficTBH-
TeAbHO, €CJAH Nap Npd HarpeBauud Ha 1° HLOMXEH KaK pa3 oCTaThCA
HaCHILEHHBIM, TO €r0 BO BCAKOM C/yyae OJHOBPEMEHHO HYXHO MoK~
BEPrHYThb CXATHIO, TaK K3K MJIOTHOCTb HACHIIEHHOrO napa C MOBbI-
meHdeM Temneparypsl Bo3spacraer. Ho npm cxatuu Bhpeasercd
TeN/O; MO3TOMY BO3HHKAET BONPOC, HE OYNET 8TO TENJA0 HACTONbLKO
BHAYMTE/bHO, YTO I/ H30eWaHUA Neperpesa napa €ro HyxkHo 6yaer
OTBOAMTH HAPYXKY. 3ZEChb MBICAHMbl Hanepesn aBa cayuas: 1) Tenaora
CXAaTHA HACTONbKO 3HAYMTEJbHA, YTO MEPBOHAYAJAbHO HACHHUIEHHLIH
nap npu axHabaTHUECKOM CXKATHH neperpesaercs. Uro6H COXpaHUTh
B 3TOM CJayyae COCTOSHHE HACHINEHHA HYXKHO, OYEBHJHO, QTBOAHTb
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TEeWIO0 HapyxXy, HHaue roBsops, BEIHYHHA /; OTPpHUATEIbHA; 2) Ten-
JOTa CXATHA CAMIIKOM Mana, 4yToObl CXKATHHA nap npd OTCYTCTBHH
NPHTOKA TenJa H3BHE MOCr CHAEJAThCq NEPECHIeHHHM; £y TOI'IA NOAO-
KUTeAbHO. MeXAY 3THMH CJAydasiMd JAeXHT NpPeAenbHBIH ciayyaft
h, =0, KOorza TEnJAOTH CXKATHA KaxK pa3 JOCTATOYHO AJS TOI'O, YTOOH
yZepxaTh nap B COCTOAHMHM HACHIIEHHA, T. €., KPUBAas HACHIIEHHOrO
napa coBmajaeT 3J€Cb ¢ KPHBOH ajgHabaTHueckOro cxatud. Eme
n3obperareqp naposoft MamuHbt JxKeMmC ¥aTr npuHHMan, 4YTO 3TOT
NpefeabHHA Cayuyafi UMEEeT MecTo AAs BOASHOTO napa.

B orTauuue OT yZeabHON TENNOEMKOCTH HACHIUIEHEOTO napa /i,
COBCEM HETPYZHO yKkasaTh, Kak0BO OyIeT 3HayeHHE yAENbHON Ten-
JIOEMKOCTH ,HACHUIEHHOH XKHAKOCTH* (T. €. XKHIKOCTH, HaxoRAUeHCH
B PaBHOB2CHH C HACHILEHHHM IapOM):

=St p, 20, (151)

DTa BEJHYHHA COOTBETCTBYET TAKOMY HATPEBAHHIO XHIKOCTH, KOTAA
NnocleJHAs BCE BPeMs HAXOZHTCA MOJN HABJIEHHEM ee HaChIIEHHOIO
napa. Ho raxk xak pgaBiaeHHe, €C/l¥ TOAbKO OHO HE H3MEpseTcs MHO-
ruMH atmMocepaMH, He OKa3blBaeT Ha COCTOSHUE XHUIKOCTH HUKAKOro
3aMeTHOrO BJAHAHHSA, TO 3HaYeHHE /A, NPAKTHUECKH COBNAjJdeT CO
3HaYeHHEM YHENbHOH TenJ0eMKOCTH XHAKOCTH MNPH NOCTOSHHOM
ZaBJCHHH, T. €.

hy=c¢p, . (152)

Briynrag tenepp u3 ypasuerus (150) ypasnenue (151), noaysaem:

— d (v, —
by —hy — d(aldTu,) +ps (ﬂ,dTv,) )

a TaK kak jgudepeHuuposauue ypaueHus (143) no T paer:

dr d (1) — uy) d (v — 0g) dp,
ar = 1dT —+p ldT : “i‘('vl“'"’z)ﬁ,

TO
d d]
hl—ﬁzzﬁ*_‘('vr—wz)j‘%’l‘
HJH, cornacHo ypaBHenusaM (152) u (143):
dr r
b= oyt 57— 7+

Ilns HacumenHoro BoasHoro mapa npd 100°C Mu uMmeeM, Kak
H BHIIIIE:
€p, =101, 9= —0,64, r =539, T=373;
C/AeH0BaTeNbHO:
}L1=-‘—-'1,07.

BoasHo#t nap npu 100°C gBasercs, TakuM 06pasoM, NpUMEpOM Nep-
BOA M3 yKasaHHMX Bhille BO3MOXHOCTEH. JIpyruMM C/OBaMmH, HACble
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meHHu# BoAsHOR mnap npu 100°, noxsepruyThit azuabaTruueckomy
CXKATHIO, Neperpesaercs, ¥ o6pATHO: HACHIIEHHH BOASHON nap npu
100°, noxpepruyThil aguafaTHUYECKOMY pacCIIMPEHHIO, AE1aeTCH nepe-
CHINEHHBIM. J[pyrue napw OGHApYXHBAOT H OGPATHOE NOBELEHHE.

§ 64. Tperbe pemenue. Eciu MH Nnos0XHM, HAKOHEL, BO
BHYTPEHHUX YCJIOBHAX paBHoBecHsa (139):

v, F v F v,

TO 3TO HEe JacT HHUKaKHX ynpoumeHdin. B arom cayuae Bemecrso
CYLIECTBYeT OZHOBPEMEHHO B TPEX, COmpHKacalmuxcs APYr ¢ ApY-
roM, arperatHulx cocrodHufix. Yernpe ypaBHesud (139) cozepkar
YETHPE HEHU3BECTHHIX: 7,¥y, Uy, U, KOTOPHE MOTYT IO3TOMY HMEThb
TOJAbKO BIOJIHE ONpEeXEJeHHHE 3HayeHud. TakuMm o6pasoM TpH arpe-
TaTHHIE COCTOSHHS MOTyT HAaXOJZMTbCA B DaBHOBECHH JADYr C IPyrom
TOJNBKO IIpU COBEPUIEHHO OnpexeneHHOH TeMnepatype ¥ COBepUIeHHO
onpefeNeHHHX IJIOTHOCTAX, a CJeJOBaTeNbHO, H NPH COBEPLICHHO
onpeleNeHHOM NaBJeHHH. Mul HasoBeM 2Ty TeMmnepaTypy ,GyHIAa-
MeHTanbHOM Temneparypo#i“ Bemectsa. CoraacHo ypasreausu (139),
¢yHIaMeHTalbHAR TeMnepaTtypa onpeneaseTcs TeM YCAOBHEM, UTO
npY 3TOR TeMAOepaType ZaBAeHHE HACHIIEHHOTO Napa XHAKOCTH PaBHO
JaBJEHHIO, NPH KOTOPOM IDOHCXOAHT NIaBJAEHHE, a TAKKE JABJACHHIO
BO3rOHKH, IIPH KOTODOM TBEpLO€ BEIECTBO HAXOXHTCS B PABHOBECHH
C rasoo6pasHEIM.

Coranacuo cpesasHomy B § 58 mnpexnosnoxenuio, Temneparypa
3ajaHa HaM 3apaHee, 3JeCb MOXHO MO3TOMY pasauyaTh JBa caydas.
B nepBoM cayuae 3ajzaHHasg TeMmnepaTypa OT/IHYHA OT QyHzaMeH-
TaJAbHOH, yTO BOOOINE Bcerja H UMeeT MecTO; NpH TaKOf TeMnepa-
Type TpHU arperaTHble COCTOSHHS BOOOIE HE MOIyT HaXOAMTbCSA
B DaBHOBECHH ADYr ¢ ApyroM. Bo BTOpOM cayuyae 3ajaHHas Temie-
paTypa coBnajaeT ¢ pyHIaMeHTaAbHON; paBHOBECHE TOT ia BO3MOXKHO,
H MacCH Da3HYHLIX yacTeA BEIUECTB MOTYT OLITb BRIYHC/JAEHH 3[€Ch,
u3 ypasuenuit (135) u (136). OpHako Oaarofapd TOMY, 4TO ypas-
HeHHH Y HAC TOJABKO [Ba, a HAM HYXHO HAHTH 3HAYEHHHA TPEX HEH3-
BeCTHHIX — My, M,, M;, —3HaueHus nNOCAEAHHX OKA3LIBAIOTCA HEO«
npeneneHEbMH. CymecTByeT, cjaeZOBaTeNbHO, OECKOHEYHO MHOTO
COCTOSIHHHA paBHOBECHS paccMaTpuBaemoro tuna. M3 Hux caenyer
NpUHMMATbL BO BHHMAaHHE, KOHEYHO, TOJAbKO T€, IS KOTODLIX 3HadYe-
B4 M noJ0XHTEAbHb.

Onpenenum pag npumepa GyHAaMeHTaNbHbIE 3HAYEHHSA A BOLH.
Tak xak npu 0°C gaBieHHe HACHLIEHHOrO napa XKHIKOH BOAL PaBHO
4,58 mm, DaBieHHe Ke, TIPU KOTODOM NPOXORMT NJABJEHHE JbKA
paBHO 760 mx, TO sfcHe, uto 0° He saABadeTcd (QyHIAMEHTAILHOR
teMmnepatypo#t Bogs. Uro6u onpeneauTs ee, npOc/ae JUM 3aBUCHMOCTD
HACHIIEHHOT0 napa OT TeMnepatypsl. 3amerTHM, 4YTO NPH BCAKOM
KOMOHMHALMH JBYX arperaTHHIX COCTOAHHH H JaBJEHHE H IMJOTHOCTH
06€HX CONPHKACAIOUMXCST yYacTell 3aBUCAT, COIJACHO YPABHEHHAM
(140), ucxarounTenbHO OT TeMmnepaTyphl. [IpH 3TOM HYXHO, OXHaKoO,
pasauyaTh HaxXOZUTCA JH, HaNpHMEpP, HACHIEHHLA Map B CONMPHKO-
CHOBEHHH C XHIKHM HJH TBEDIALIM BEILECTBOM, TaK Kaxk ¢yHKuHUH,
BLIPAXAIOIIHME 3aBHCHMOCThL HaBJE€HHA HACHIIIEHHOrO Mapa OT TeM-
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nepaTypel, B 060HX aTHX Caydagx OYyAYyT COBEDUIEHHO pPAasIHYHH.
CocTosinie HACHUIEHAOro napa 6YZeT NO3TOMY ONpefeJeHO BIOJHE
TOABKO TOrJAa, KOTZa, KPOME TeMneparypsl, OYZXZeT yKa3aHo elle,
C KaKHdM arperaTHelM COCTOSIHHEM Nap conpukacaercd. To ke camoe
OTHOCHTCR H K JABYM JDYFdM arperaTHbIM COCTOSHHAM. Takum
o6pasoM, ecad Ml Oynem noJb30BaThcs BOpexb uudpamu 1, 2, 3
N0 MOPAAKy HaAf OGO3HAaueHHUs ra3006pa3HOrO, KHUAKOrO H TBEPLOrO
COCTOSIHHH, TO NI OGO3HAUEHHSA 4YaCTH BEWECTBAa HaxoAdmehcs
B COCTOSIHUHM HaCHIUIEHHd, HYXHO NPUMEHSATb ABa HHAEKCA, M3 KOTO-
PHX NepBHA YKa3HBaeT arperaTHOE COCTOAHHE caMoil paccMaTpHBa-
eMOH yaCTH, a BTOPOJi ~—TO arperaTHoe COCTOSHHE, C KOTODHM pac-
CmaTpHBaeMad yaCTh BemecTBa conpukacaeTcd. Jaf o6o03HadeHHst
yAe/IbHOPO OObEMa HACHIIEHHOrO NMapa Mbl NMOAYYaeM aBa BHpaxe-
HHUSA Uz ¥ U3, U3 KOTOPHIX NMEPBOE OTHOCHUTCH
K napy, HaXOAAUEMYCS B CONPUKOCHOBEHHH C
XKHAKHM, a BTOpOe-— K [apy B CONPHKOCHOBE~
HH¥ C TBEPALIM BEIIECTBOM. AHAJOTHYHLIM
nyTeM MOJyvYaroTCs OOCO3HAUEHHA Uyy H Uz,
Vg, H U3z AJA YILEJbHBX 06BEMOB XHIAKOFO
H TBEPAOro BEmECTBA B COCTOSIHMH HACHIIE-
Hud. Kaxnad 43 n1pUBEACHHBIX WIECTH BEAHYHH
ABJSIETCA onpeneseHHol (Qysxuuweli onpHOR
remnepatypsl. COOTBETCTBYIOLME STUM BeqaH~
Puc. 4. ygHaM JaBJEHHS OYRYT TAKOBH: Pyg== Py
(maBaeHUe NpPY HCHNAPEHHH), Pog = Py, (HaBJIE~
HHE NPDH [1aBJCHHH), Py, = pyg (AaBAeHHE npu Bo3rouke). [Ipu dpynna-
MEHTAJbHOH TeMINepaType 3HaYeHHA JBYX M3 3THX JaBjeHult, a cuae-
JOBaTeNbHO, H BCEX TPeX, ASJAITCH DABHRIMH MexnAy coboir. Ecam
NpeACTaBUTh S3aBUCHMOCTb 3THX Tpex XaBJeHHH OT TeMnepaTyphl
B BHJe TpPexX KPHUBHIX, OTKJaAbIBass II0 OCH abCUHCC TEMOEPATYpPH H
110 OCH ODAHHAT AaBAEHHE, TO BCE 3TH KPHBHIE NEPECEKyTCs B OLHOR
enHHCTBeHHON Touke F, Tak Ha3biBaeMoil ¢yHAAMEHTAJILHON TOYKe
BemlecTea (pHc. 4).

Oas soaw mpu 0°C, KaK MH YyXe OTMETHJAH BHIUE, P g < Pos.
Tak kak ¢ nOBHILIEHHEM TEMIEpaTyphl p;, BO3PACTaeT, a Pz yOLIBaLT,
TO NPH HEKOTOpOA TeMnepatype Boime 0° 06a paB/eHHS CTaHOBATCA
ONHHAKOBHIMH, JTa TeMnepaTypa OueHb He3HaYHTeNbHO NPEBHINAET
0°% Tak Kak Py COMNacHO ypaBHeHHIO (147), OYeHb CWIbLHO H3ME-
HfAeTcst ¢ teMneparypoft. J[OCTaTOYHO MOBHCHTb TEMOEpPaTypy MNpH-
6ausutenbro HAa 0,0075°C, yto6w zaBneHue, NPH KOTOPOM HPOHCXO-
nut npu 0° naasienue abia, T. €. 760 #x NMOHU3UIOCH A0 AABJAeHHS
napa BOAW P, OTcioma caeayer, uto Temnepatypa 0,0075° C oueHs
6auska x dyHaaMeHTanb-HOR TeMmnepaType BOAMW, NPH KOTOPOR naaB-
JeHHs MJaBJCHHS, HCHapeHUs H BO3FOHKH coBnapaiT. Orcioaa no-
AY4aTCs TaKxe caeayomue QyHAaMeHTaNbHble 3HAUEHUs YAeAbHBIX
06eMOB BOASHOTO Iapa, XKHAKOA BOAB H JAbJa:

v, == 206 000, , = 1,00, v, =1,09.

Urobunl 0XapaKTHPH3OBATH MOBEAEHHE BewlecTsa B6au3Hu ero dyH-
JaMeHTaAbHOTO COCTOSHMA, MOJE3HO YCTAHOBHTb XOJ TPeX KPHUByx
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Dia, Pagy Pai, BOIu3M dyHAaMeHTaNbHON TOUKH F (puc. 4). IT0 MOXHO
CIenaTh, ONpeJe/HB HANpPaBJICHHS, ¢ KaKMMA KPUBHIE NMPOXOAAT Ye-
pes Touky F. ¥Yrabl, KOTOpHE 3TH HalpaBAeHHs O06pasyioT C OCbIO
abcuuce, onpeneasioTcs 3HaYEHHAMHU NPOU3BOIHBIX

dpyy,  dpy  dpy
dT > dT * dT°

Cornacno ypasuenuio (143):

dpy __ Y .
ar T (vy—1vy) ?

COOTBETCTBYIOINE YPABHEHHA HMEIT MECTO W AJaf ABYX JPYrux
naBiaeHdft. V3 3THX ypaBHEHHH ¥ MOXHO ONPENENUTh HampasJeHHe
HHTEpecylome nac KpPUBOH, €CJAH TOALKO HAM H3BECTHA COOTBET-
CTBYIOIAf TEMJI0Ta NpeRpallerHs.

CpaBnumM, An IpHMepa, JaBAEHHE p;, BOAAHOrO napa C faBJje-
HHEM pjg napa apjaa BOAH3H (QyHIaMeHTalbHON TeMmneparypu. Mu
HMeeM B Kaaopusix: ry;==600, r;;=80-}600=680; Toraa us mno-
C/IeJHEr0 YypaBHEHHA, YMHOXHB €r'0 Ha MEXaHHYECKHA SKBHUBANEHT
Tenaa M BOCHO/Jb30BABHIHCh NDHBEACHHHIMH BLIIIe 3HAYCHHAMH
YAeJAbHBIX O6BEMOB, MOJAYYHM B MHAJIUMETDAX PTYTHOTO cToJa6a:

dpsy .
P — 0,335

H TOYHO TaK-xKe:
apis __
7T = (),380.

Taxkum o6pasom, KpHBas JaBJEHHS BOSFOHKH pi3 NPOXOLUT
B yHNaMeHTaNbHOM TOYKe Kpyue, ueM KpHBas JaBAeHHA Hcnape-
HHA py,, WHAaU€ roBOp#, NPH TemMneparypax Bee QyHAaAMEHTaAbHOM
(wanpaBo oT F) p;3 > pr2, a HHxe dyyHAaMeHTaNbHON (HanEBO oT F)
P13 < P1g- Ecan, caenoBatenbHo, uaMepaTh AaBA€kHE HACHIEHHOTO
BOJSHOTO mapa BHe dyHAaMEHTAaNAbHOH TeMnepaTypel HAJ BoAof
H HHXe ee—HaJ JbJOM, TO KpHBasg ynpyrocTd napa OyAeT HMeTb
B (yHnaMeHTanbHOR TOYKE H3/0M, BeAWYHMHA KOTODOrO onpepge-
JFETCSE CK8YKOM MpPOU3BOAHOMN:

dpys  dpy
3 AT ==0,045.

Hanpuwmep, npu—1°C (dT7=—1) Mu nonyvaeM npubaHKeHHO:
P13 —prg = —0,045,

T. . npy 1°C naBnenue napa Jabaa ua 0,054 MM MeHbiue pgaBJe-
HHsl napa BOJAK, 4TO BIIOJHE COOTBETCTBYET 3KCHEPHMEHTAJbHEIM
pesyabrataM. O CymeCTBOBAHHH PE3KOr0 H3/710Ma TAaKOH BEIHYHHBI
MOXXHO 3aKJIOYHTD TOJAbKO TEOPETHYECKH.

§ 65. Mu paccMaTpHBanH 140 CHX NOP TOABKO OTAEAbHHEIE CBOH-
CTBAa DA3/MYHBIX BO3MOXHBIX PEIIEHHA yDAaBHEHHH, BHIPAKAIOIHX
ycroBus paBHoBecHd BemecTsa. [lepefinem teneps K BONPOCY 0 TOM,
KaKoe H3 STHX DEIIeHHH B KaWJAOM NAHHOM CJAy4vae uMeeT NnpenMy-
LieCTBO, T. €. KaKo€ DellleHHe COOTBETCTBYET Haubo/ee YyCTORUYHBOMY
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COCTOSIHUIO paBHOBecHA. BcrmomHHag TO, 4TO TOBODHUJIOCH B § 58,
dopMyiupyeM Hawy npobaeMy emle pas CaAeAYOIHM 00pasoM:
XaHa o6mas mMacca M, obwwuit o6wveM V u Temneparypa T Beme-
ctBa. Tpebyercs HaliTH HauboJee ycTORUHBOE COCTOSHME BelecTBa,
T. €. COCTOSHHE, KOTOPOE COOTBETCTBYET §OCONIOTHOMY MaKCHMyMy
xapakrepdcraieckolt ¢ynxuuu ¥. [loapoe pemende aTo# 3anauu
notpe6oBaso OBl CAHIIKOM MHOIO MECTa, MBl NPHBEAEM NO3TOMY
34€Ch TOJbKO HEKOTODble BaX(HeHlIHe pe3yAbTaTHl.

M=l yxe HAULIH, YTO YCAOBHsl DaBHOBECHS NOMYCKalOT, BooOme
roBops, TpH pas/iHYHBLIX BHAA peUIeAHi, B 3aBHCHMOCTH OT TOIO,
HAXOMHUTCA JIH BEINECTBO B OAHOM, B ABYX HJH B TPeX arperaTHux
cocroaauax. Caenyer oOpaTHTb BHHMaHHE Ha TO, YTO BTOPOE H
TPeThe peueHds UMeoT Quanyeckuil CMBICH TOALKO TOFAa, KOrZia
Hafnennsie u3 ypaBHeHMA (141) uau (135) u (136) 3nauenda Macc
OKa3LIBAIOTCA TOJOXHTEABHHIMH. ITO HECKOJAbKO OFpaHHYHBaeT
o6sacTb, B KOTOPO# CnpaBeA]HBH 3TH pelenus. Danxakimee uccie-
IOBaHHE NOKAasbBaeT Jajfee, uTO TPEThE pelleHHe Bcerga HMeeT
NpeUMyniecTBO mepej AByMS MNEpBHIMA B mpegenax ero o06.JacTH
NPUMEHHMOCTH, @ BTOpOe— NPEeUMyInecTso nepex nepsbiM. KopoTko
9TO MOXHO GOpPMyJaHpPOBATH TaK: BEWECTBO HMEET TEHAEHUHIO pac-
nagathbcs Ha CBOM arperaTHele cocTosHHA. OZHAKO ONPEAEeaHTb
OZHO3HAYHO COCTOSHHE PABHOBECHS C MOMOLIBIO 3TOFO MNpenJaoKe-
HHS BO3MOXHO HE BO Bcex cayyasx. JleHcTBHTENbHO, MBI yXe BU-
aead B § 64, uTO KOrjga BemecTBO pacnajnaeTcd Ha TPH arperaTHHIX
COCTOsiHMSA, B 3HayeHusx wMmacc M,, M, u M; ocraercs HeKoropas
HeonpeneneHHOcTb. COOTBETCTBYIOLHE COCTOSHHUS paBHOBECHA GyayT
BCE OJIHHAKOBO yCTOHYHBHI, T. €. paBHOBecHe OyaeT 6e3pasauyiLM. JTO
co3zaeT, Kasanoch OH, TPYAHOCTb, CBA3AHHYIO C TEM, YTO B NPUPOLE
BO BCEX CJyyasx AOMKHO CYWECTBOBATb OAHO OMNpPEAENEHHOE COCTO-
saue pasHoBecud. OHa, 0OJHAKO, YCTpPaHAETCA TeM coobpaxeHHe,
4TO0 B AeACTBUTENBHOCTH 3aZaHHAsd 3apaHee TeMneparypa, BCAeX-
CTBHE HEH30eXHHX MaibX ee KO/eOaHHA, HE MOXKET CKOJbKO-
HUOYAb NOJATO0 COBNajaTh ¢ QyHLAMEHTAIbHOA TEeMNEPaTypoOf.

Ecau Bmecto Ttemneparypwl T 3anana sseprus U Bemwecrtsa, To
ycrofyuBoe paBHOBecHe, coraacHo § 54, OyneT xapakTepH30BaThCA
MaKCHMyMOM 3HTponHd S. [{nd aTOro Cay4as COpaBeAHBH COOT-
BEeTCTByOmMKE NPeAnoxeHdd. B oTiHuHe OT MNpeHAylero 3aech
HHUK3KOH HeonpeaeJeHHOCTH YXe HET, M BCEerja cymecTByeT coBep-
HIeHHO ONpene/NeHHOE H OJIHO3HAYHO onpejelseMoe yCTOHYHBOE
COCTOsIHHE paBHOBECHd.

I'JIABA V

HECKOJBEO HE3ABHCHMBIX COCTABHEIX YACTEN
(KOMIIOHEHT)

§ 66. Mu safimeMmca B gajabHeAnIeM HCCAeAOBaHHEM OOILIErO cay-
yasgd TepMOAHHAMHYECKOFO pAaBHOBECHS CHCTEMBl, COCTOSIINEA H3 ge-
CKOJbKHX PA3/HYHBIX, IPOCTPAHCTBEHHO FPaHHYAIHX APYT C APYrow,
yactet © 06pasoBaHHON B OT/IAHYHE OT CHCTEMH, DAaCCMOTDERuofH
B NpeABAYIHX /1aBax, U3 MPOH3BOJILHOIO YHCJa XHMHUYECKH PazHo-
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poxHbix BemecTB. Kakiayio ¥3 NPOCTPAHCTBEHHO TpAaHUYAIIMX XPYT
C APYroM ¥ OTHEJEHHHX XPYT OT Zpyra ONpeje/JeHHHMH NOBEpPXHO-
CTAMM CONPUKOCHOBEHHUsS yacte# CHCTEMH MH OyxeMm IpeanoJaraTts
¢usuuecku opHopoxHoit (§ 22) u Gymem HasmBath, no ['u6éey, ¢ a-
3o #i cucremn. Hanpumep, kaxpoe arperaTHoe COCTOsSHME YACTHUHO
KOHJEHCUPOBAHHOIO BEUleCTBa 06pasyet ocobyio ¢asy.

O6mee uucio ¢as B cMCTeMe Hanepei IpejACTaBIALTCS MPOU3-
BoJIbHBIM. O4eBUAHO, OXHAKO, YTO B CUCTEMe, Haxomseiics B paBHO-
BECUM, MOXeT CYHeCTBOBATb CKOJNBbKO YTOJHO XHIKUX # TBEpPIHIX
¢das, HO TOMILKO OjHA razpo6pasHas; 3T0 OObACHAETCA TeM, UTO ABa
CBOGOJHO COMPHUKACAIOWHAXCA MEXAY CO60I0 rasa HMUKOrza He MOTYT
OHTL B TEPMOJHHAMHYECKOM paBHoBecuu. Ecuu rasoobpasnas ¢asa
B CHCTeMe OTCYTCTBYeT, TO Mbl HA3HBAEM MNOCAEAHIO KOHJ e H-
cdpoBaHHOM.

Kpome uncna ¢as, aas CucTeMm XapakTepHO TaKXe YHUCIO ee
»HE33aBUCUMHX COCTAaBHBIX 4YacTeh“ WJHM, KaK UX 4acTO Ha3LIBAIOT,
KomMnmoHeHT. KoMmoHeHTaMyu CHUCTEMH ONpejeseTcs XUMHYECKUH
cocraB ¢as.

Jasi onpenesnenus ydcjaa He3aBUCHMHIX COCTABHHX dacTe#t (KOM-
MOHEHT) CHUCTEMH MOXHO IOCTYNaTh CAeXyoUuM o6pa3oM: Heob6xo-
BMMO CHAYaJa Ha¥TH YUCAO BCEX MMEIOIIUXCS B CHCTEMe XMMHYECKH
IPOCTHX BemEeCTB (9JMEMEHTOB) H UCKIIOUUTHL 3aTeM M3 HEro 4uc/io
Tex BemecTB (3aBUCHMBIX COCTAaBHHIX 4acTedl), KOJMYECTBO KOTOPHIX
B Kaxxof ¢ase Bmo/NHEe ompexesseTcs COAepKAHUEM OCTaAbHHIX;
YHCJA0 BEINECTB, OCTAOIMXCA MOCAe 3TOro, ¥ 6yjAer YUCAOM He3aBU-
CHUMHIX COCTABHHX YacTe#l W/AH, MHAYe, YUCJOM KOMIIOHEHT CUCTEMEL.
Kakue u3 cocraBHHX uwacTell cuCTeMH pacCMaTpUBATb B KauecCTBe
HE3aBUCUMBIX M KaKHe — B KaueCTBe 3aBMCHMLIX, COBepuieHHO OGes-
pas/MuYHO; 3XeCb MMEeT 3HAYEHMe TOJBKO 4MCAO, HO He npupona
He3aBHCUMHX BemecTB.

Bonpoc o uncie He3aBUCHMBIX COCTaBHHIX uacTell CHCTeMBl He
UMeeT TAKXe HHKAKOro OTHOLIEHMS K BOMPOCY O XapakTepe XUMH-
YeCKOro CTPOeHMsl OTIEe/NbHHX BemecTB B pa3ayunbix (pasax, B yacTt-
HOCTM K BONPOCY O pas3JuyHHX Bujxax MoJeir. Tak, Hanpumep, He-
KOTOpPOe KOJAMYECTBO BOAB B JIOGOM arperaTHOM COCTOfIHMH Gyner
BCerga TOMbKO ONHOR KOMMNOHEHTOH, Kakue Onl HH IPOHCXOAHIM NPH
3TOM AacCOUHAUUH 4 AUCCONMANMMH MOJeH BOJH,— HA rpeMyuuit Jad
ras @iy Ha MOHBI, TAK KaK Macca KUCJIOpOjxa B Kax ok ¢ase ompe-
AensieTcs Macco#t BOIOPoa, ¥ 06patHo. Bupouem nocrexnee 06CTOs-
TeJLCTBO, TOBOPS TOUHEe, HYXHO YCTAHOBUTb OCOOBIM MCCJAEJ0Ba-
aveM. Ecau MB nmpuMeM, HanmpuMmep, BO BHHMaHWe, YTO BOJAsAHOH map
npu BCAKOA TeMmmepaType HacTHYHO AMCCOLMMPYeT C O6pa30BaHUEM
rpemMyuero rasa M uto KHCJAOPOA MHOCJAEAHEr0 CHAbHEe NOrI0MACTCH
Xkdako#t Boxo#l, ueM BOROPOX, TO B pasnuuublx (Hasax CHCTEMHI
(Boza —BOAsIHOM mMap) BecOBule OTHOWEHHS 060oux sneMenToB Hu O
OKaXyTCs Pa3IMYHHIMH, HECMOTpPSA Ha TO, UTO AJs 00pa3OBaHUs CH-
cTeMbl OBAM B3ATH TOMBKO weane Moau H,O; B cucreme, TakKdM
o6pa3oM, OyjeT He OXHA, & XBE KOMIOHEHTHI.

Eciu mbl 0603HaudM YUCIO KOMIMOHEHT CHCTEMBl 4epes ¢, TO M3
CaMOro onpefe/eHust 3TOT0 4YHC/Ha CAeXyeT, uTO COCTOsHHMEe KaKoH-

6 Beengertus B Teo pern~ecryio ¢mamry, v, V. 919,
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Hu6yap Gasbl, HaXOAAIEHCT B TeDMOXMHAMMYECKOM paBHOBeCHW’
BIOJIHE OmpejeasieTcs Temnepatypo#t 7, ZaBJaeHueM p W MaccaMd
comepxamuxcs B Helt « koMNoHeHT. [Ipu aTOM MH npuMeM A5 e JUHO-
o6pasusi, 4TO KaxJ0e H3 & He3&BHCUMBIX BEIEeCTB COXEPKUTCA B He-
KOTOPOM KOJIMYEeCTBE BO BCeX (a3ax CUCTEMH ; B OTHENbHHX CAydasx
3TH KOJMMYECTBAa MOr'YT OHTbL CKOAb YrOAHO ManuMu. B oTauuue oT
npeisAymest IyaBel, Mbl BO3bMEM Temepn B KauecTBe He3aBUCHMOM
niepeMeHHON, HapAxy C TeMmmepaTypo#, BMeCTO yxeabHOro o6bema
Aasjiende. DTO 3HAUMTENbHO yxo6Hee, MOTOMY YTO XaBJeHHe B CO-
CTOSHAY TEPMOJNMHAMUYECKOrO PABHOBECHUS CHUCTEMH OJMHAKOBO VIS
BCeX e€ CBOGONHO COMPHUKACAIOIUXCA MeXAy cobowo ¢as.

§ 67. IMpexcrasum ce6e, uTo HaMm 3amaHel o6mue MacChl KOMIO-
Heur cucremst: M;, M, ..., M, tremnepatypa T u naBjeHue p, #
CMpOCHM, KAKOBH OYAYT yCJIOBUS TEPMOXMHAMMYECKOrO PaBHOBECHS
cucremsl. CornacHo § 56, mociexuee xapakTepudyeTcs MaKCHUMyMOM
onpexenennot ypasuenueM (118) ¢yuxuun P:

3P = 0. (154)

DTO COOTHOWNEHHE CNPABENAMBO IJs1 BCSIKOrO BO3MOXKHOTQ U3+
MEHEHHs COCTOSHMA CHCTEMBl NPM HOCTOAHHEIX T M p.

O603nauuM uucao ¢as cucreMmn uepes B. Pyuxuuu S, U n V, a
crenoBatenbpHo, © @, 6yayr rtorma upexncraBaaTe cobo#t cymmm §
YIeHOB, KaXIB#i M3 KOTOPBIX OTHOCHUTCHA K OJHOH €XUHCTBeHHOH
dbase, 1. e. ¥ ¢uaMuecKn oxHOPOZHOMY Teay. Mu MoxeM, TakuM
o6pasoM, Hamucatb gas P:

B o= 40" -... 4 ", (155)

eCJaH OT/AMYATH pa3iuuHble (ase, Kak 370 MH OyjeM HAeaarTb BCErja
¥ Aanabule, UITPHXaMHM, MOMelieHHHMH cBepxy. [Ipd sTOM, Hampumep,
Aas nepBoft Gash M UMeeM:

cp'=5'_£f’_i}£}ii, (156)

Beanuunn S, U, V' u @', onpeneasiorcs BeauuysaMu T a4 p #
maccamu M, M,, ..., M. cojpepxamuxcs B 3Tofi (ase KOMNOHEHT

(ae3aBucUMHX cocTaBHBIX yacte# daswm). OTHOCHTENBHO XapakTepa
3aBHCHUMOCTM 3THUX BeNMYMH OT OTAEJbHHX MAacc C CaMOro Hava/la
MOXHO CKa3aTh TOABKO CJAeXyIOLIee: ecAM BCe MACCH YBEJHUYATH B
onpejeJeHHOM OTHOWIEHHH, HaNpPUMep YABOHKTb, TO B TOM X€ OTHO-
IIEHUH M3MEHMTCH KaX1as u3 NpHBeleHNsX sBHulie Beapuun. J[left-
CTBUTENBHO, MNPH TaKOM M3MEHEeHMM XuMuuecxue cBo#cTBa (asml
OCTAIOTCs TEMH Ke CaMbIMH, M3MEeHseTcd TOJbKO ee o6umas Macca,
¥ B TOM Xe OTHOwWeHHH u3mensiiorca S', U/, V' u &. Ipyrumu ¢a0~-
Bamu, ® ectp opHOpozHas Qynxuus nepBoft cremenu oT Macc M,

M, ..., M ona, KOHeuHO, He JOJ/XKHA GHTb 063aTEIbHO JUHEH-
HO# dyHKUHMel.
YT06b BHPA3UTh 3TO AHAMUTHHECKH, YBEJAUYMM BCE MAcCH nep-

Bolt (a3 B oTHOWeEHMH 1-}-& rae & eCTh O4YeHb MaJeHbKOEe YHC/JO.
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Bce uamenendss 6ynyT TOrxa Takxe OUEHb MaJel, ¥ AJad COOTBET-
CTByOINEro u3MeHeHus P’ Mpl mosydum:

AP =22 aM,AM + aM, AM - .
a¢’ r r
S M.+ aM, M. ..

Ho corsacuo HameMy npexnosioxeHHIo:
AD =@/,

==

'

CirexoBaTeqbHO:
oD/ oD
@ = g MY g M -G ML (15D)

drto ypaBHende Dfiepa npencraBasgeT COO60H MareMaTHyeCKOEe Bhl-
paxeHde OmpeleNeHHs ONHOPOAHOH (YHKHMM mepBo# ctenend. du-
rypupymoolue B HeM NPOW3BOJAHHE, KOTOPHE NI KPAaTKOCTH M OY-
neM o6o3uauats OYKBOA ¢ C COOTBETCTBYIOIUMMH 3HAUKAMH:

0’ ol 0’
=0 G e g =e (158)

3aBUCAT, €CAM HA CYUTATh IepeMeHHHX T M p, TOJABKO OT XUMMU-
yeckoro cocrasa ¢Gase, HO HE OT ee OOwWeHd MacCH, TaK KaK NpH
paBHOMepHOM yBéJIH‘lEHﬂH BCeX MAacCC YUC/JUTEeJb H 3HAMEeHAaTeJb KaX-.
J0¥ U3 NPOU3BOAHBIX H3MEHSIOTCS B OJHOM M TOM X€ OTHOIIEHWM.

CoBepilteHHO Te Xe DAaCCyXJXeHUs NPUMEHHMH U KO BCeM Apy-

ruM ¢asam.
Moas3ysacy ypaBrHenueMm (155), MH MoOXeM HamucCaTb YCJAOBHE

paBuoBecus (154) B TakoM BHje:
30" 4307 +...-}-30° =0 (159)
MY, TaKk Kak T ¥ p He BapbHUPYIOTCH, MOJb3YACH 0603HAUYEHHAMH
(158):
M, o SMy F-. . .+ @l SM
o SM - 9 3My - . A9/ OM, (160)
+ . . - . . . +
+ oM e fAMI . S ME=0.
Ecaa 6pt Bapuanu¥ MmacC OHIM COBEDIICHHO MNPOU3BOJBHAE, TO
9TO ypaBHEHHME YAOBJETBOPAJNOCh OH TOJABKO IpPM YCJIOBUM PaBeH-

¢TBa HyJMi0 KO0SQMUHEHTOB INpPHM BCEX Bapuauuax. Maccsl, OIHaKO,
CBA3aHH CJACLYIOIIUMH COOTHOILEHUSMH:

M My . . +M = M,
M,-|—M"+ Amp MZ, 161)

M/ —|—M +.. .—]—MB
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Taxum o06pazoM npd BCAKOM BO3MOXHOM H3MEHEHHM COCTOSHUS

CACTEMBIL
3M1' +3M1”+- .. +8M16 =0,
My - IM . . M =

. .

(162)

ML - SM -, . sME=0.
OTciona BBITEKAIOT CJeAyOUIUe yCA0BUs, HeOOXOAMMEE H A0CTATOY-
Hee fas o6paleHus: B HyJb Beipaxenus (160):

P =y = . .=?1B:
I/
?2,::(?2,:' . ,:?2’

(163)

of —od = . . .=k

Takum o006pasoM Ala Kax ol KOMNOHeHTH MH moayuaem B—1 ypa-
BHEHuH, a 143 Bcex KoMnoHeHT o (B — 1) ypaBHenu#i, KOTOPBIE XOMKHK
yIOBJIETBOPSTbCA B COCTOSHMM paBHOBecusa. Kaxpoe wu3 aTux ypa-
BHEHMH OTHOCMTCA K Nepexoly OJHOH Kako#-1M60 KOMIOHEHTH u3
onHo# (asbl B APYryio M AaeT yCJI0BUe DPABHOBECUS] OTHOCHUTENbHO
UMEHHO 3TOro nepexona. Kax u ciaeloBano OXMIATb, 3TH YCJAOBUA
3aBUCAT TOJBKO OT TEMNepaTypH, AABJAeHHS U XUMMUeCKOTro cocrasa
¢da3, HO He OT uUX O6mMX Macc.

Tax xak ypaBHeHus, CTOdMe B OXHOH M TOH Ke CTPOKE H OTHO-
caupecs K OfHOH W TOH Xe KOMIOHEHTE, MOXHO COBEPIIEHHO NpO-
U3BOJIBHO MEepPecTaBadTh, TO OTCIONA BHITEKAET TaKas TeOpeMa: ecC/aH
ojfHa 3 (a3 no OTHOWIEHMIO K HEKOTOpO# onpejneseHHOH KOMMO-
HEHTe HAaXOXHMTCH B PABHOBECHM C JABYMs APYrUMu ¢asaMu, TO U 3TH
nse ¢gassl OTHOCUTEJABHO TOH e KOMIOHEHTH HAXOAATCA B PaBHO-
BeCHH MeXny coboit (oHH ,cocymecTsyioT“). Ecau Mbl BCIOMHHM
eme (§ 66), uTo BCAKag CUCTeMa B COCTOSIHUH DaBHOBECHS MOXET
uMeTb He OoJblue ORHOH raszoo6pasuoft ¢assl, TO NPHAEM K BH-
BOAY, UTO jABe cocylecTByoomue ¢dasel, HanpuMep. HBe XKUIKOCTH,
o6pasyomue xBa OTAeJAbHBIX ca0f (BoZa u 3dup), MOTYT jAaBaTh
TOMBKO OJWH W TOT ke nap. [lefictButenbHO, ofHa u3 ¢as, Mo npesg-
MOJIOKEHUIO, COCcyweCcTByeT ¢ Apyro# ¢asofi ¥ co CBOMM COGCTBEH-
HBIM 1apoM, HO Torja ¥ Bropad (asa cocymecTBYeT C TeM e na-
pPOM. DTUM TO0/J0XKeHuMeM MOXHO BOCHO/Ab30BaThCs I AOKA3aTelb-
CTBa2 BO3MOXHOCTH COCYIUEeCTBOBaHHS TBepIHX M XuAkuX (a3 npu
NOMOILK CPaBHEHHs AaBJeHUHA UX NapOB.

§ 68. Teneps aerxko BuZeTb, Kak BooOme MOMXKHO OnpenenuTsb
COCTOfTHME DABHOBECHsl CUCTEMH DU ONpeNeNEeHHOA TemMnepaTtype u
JA3BJEHHH, HCXOAA W3 3apaHee 3aJaHHLIX BHEWIHUX ycaoBuft (161) »
u3 ycaouit pasHoBecus (163). Uucao BHemwEMX YCAOBMH DaBHO &,
YHCAO ycaoBu#i paBHOBecus a(B-—1), BCero, clAenoBaTeNbHO, MBI
nMeeM of ypaBuenuit. Ho coctosnue § (a3 cuCTeMH, NpH 3aXaHHBIX
3HaueHuaAx 7 H p, 3aBHCHT OT af macc M/, ..., M coliepiamuxcs B
HUX KoMnoHeHT. TakuM 06Da3oM WYHC/IO YpaBHEHHH Kak pa3 PaBHO
YHCAY HEH3BECTHHIX.
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Jleao 6ynet o6CTOATL HECKOJABKO HHAYe, €CJAH BCe MePEeMEHHbIe,
OT KOTOPHIX 3aBHCHT COCTOSIHHE CHCTEMbl, Pa3fe/HTh HA TakHe, KO-
TOpHIE HMEIOT OTHOUIEHHE HCKAIOUHTENbHO K BHYTDEHHHM CBOHCTBaM
¢as (BHyTPeHHHe mnNepeMeHHble, HMEHHO TeMNepartypa, AaBAeHue
H OTHOUIEHHS MAacC KOMIIOHEHT), H Ha TakHe, KOTODHIMH Omnpeje-
asorcs obuiue maccw ¢as (BHe LI HH e mepeMeHHne). Yucao nep-
Bux paBuo (a— 1)$-4-2, Tax xak xaxnas u3 B ¢as, kpome Temme-
paTyphl H AaBjeHHd, XapaKTepHayeTcs emle a—1 OTHOMmEHHsMH Macc
CoNepXKaIHXCsd B Hell « KOMMOOHEeHT. YHC/A0 BHEHIHHX MNepeMEeHHKX
ectb { (o6umue maccH Bcex (as).

a(B—1) ypasHenu#t (163) copmepxxaT TOABKO BHYTDEHHHE mepe-
meunsie. Ecan, caepoBatenbHO, yJOBAETBODHTH STHM YDaBHEHHSM,
TO M3 OOIIEro YHCJIa BHYTPEHHHX MEepPEeMeHHBX OCTaHyTCH Heompe-

JNe/eHHbIMU:
[(t—1)B~-2)—[a(B—1]=0a—p-+2

HepeMeHHHX. JTO YHCJAQ He MOXeT OHTb OTDHHATEALHHIM, TAK KakK
TOIZa BHYTPEHHHX NEePeMEeHHBX Obl1O 6bl HEJOCTATOYHO AJAS YIO-
BJAETBOpEHHS BceX YCaoBHH paBuoBecus (163); caexoBaTeabHo,

NOAXKHO OLITh:
pLa+2, (164)

T. €. YHCJIO (a3 MOXeT NpeBblmaTh YHCAO KOMMOHEHT camoe 60.b-
mee Ha 2, HJIH CHCTEeMa H3 o KOMIOHEHT MOXeT 00pa30oBaTe B
COCTOSIHHH paBHOBecHs camoe Goabmee a-~}-2 ¢da3 (npaBuao das
I'n66ca).

B npenenbHoM cayyae: B=a--2 BHYTPEHHHX MNepeMEHHHX KakK
pas JXOCTaTOYHO, 4TCOLl YXOBJAETBODHTH BHYTDEHHHE YC/JAOBHs PaBHO-
BecHs (163); 3HaueHHs BceX BHYTPEHHHX MeDEeMEHHBIX B 3TOM CJAY-
yae BHOJHE ONpejfejeHHH H COBEPUIEHHO HE 3aBHCAT OT BHEIIHHX
ycaoBuii. Msl uMeeM 3xeCb Tak HasdbiBaeMylo (x—}-2)-KpaTHyio
TOuKy. MaMeHeHHe BHEHMIHHX yCAOBHH, HaNpHMep: H3MeHeHHe 00beMa
CHCTEMH, HarpeBanHe, npubaB/ieHHe HOBHX KOJHYECTB KOMIMOHEHT,
H3MeHseT TOAbKO o6mHe Macchl (a3, coBepIIEHHO He BJAHAS HA HX
XHMHYECKHe CBORCTBA, TeMmepaTypy H paBjaeHue. DTO NPOJOMKAETCS
IO Tex Mop, moka XOTs Obl OfHAa H3 (a3 He HCUE3HET M3 COCTaBa
CHCTEMHI.

lpumepoM zxas cayuwas, korga a=1 u, caenosareapHo, =3,
CAYKHT PACCMOTPEHHAss HaMH B Npenwiiymed raaBe QyHiaMeHTaAb-
Has TOYKA OJHOTO ONpeXe]eHHOTO BewecTBa. B aTok Touke cyme-
CTBYIOT OZHOBDEMEHHO BCe TpH arperaTHbie COCTOSHHS BEILECTBA.
JOna =2 mu noayuuam =4, T. e. 4yeTBepHyw Touky. [Ipumepom
TAKOHX CHCTeMH CAYXHT BOJHHH DAaCTBOpD MOBAPEHHOH CONH B CO-
NPYKOCHOBEHHH C TBEPAOfl CO/BIO, AbAOM H BOJSAHHM MNapoM. 3eCh,
KpOMe TeMNepaTyphl M JaBJeHds, BHOJHE OlpEeNeJeHHOH AB/IgeTcs
H KOHUEHTpauusi pacTBopa.

Ecna nanee f=a-}-1, T0 BHyTpeHHHe CBOliCTBa Bcex (a3, B TOM
YyHCJae 4 TeMmeparypa H HaB/JeHHe 3aBHCAT OT OJHOH NepeMEeHHOH.
[TocaegHiol0 MOXHO NpPH 3TOM BHIGPATh COBEPIUEHHO MPOH3BOJBLHO;
B KauecTBe e€ MOXKHO B3ATb, HAaNpUMep, TEMNepATypy Hd Jasje-
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uue, JTOT Cayualk OOBIYHO HA3BIBAIOT CAyYaeM ,MOJHOLO reTepores-
Horo paBuomecds“. lns a==1 MH noayyaem B==2, T. e. ofHa KOM-
MOHeHTa CyluecTsyeT B xBYyX (asax, manpuMmep B BHIE XHUAKOCTH H
napa. Kak jasjaeHde, TaK ¥ MJOTHOCTb XHUAKOCTH H [Mapa 3aBHCAT
31eCh HCKAYHUTENBLHO OT TeMIepaType, Kak 3TO yXe OH/IO Moxa-
3aH0 B mpeaslaymied raase. Cioxa xe OTHOCHUTCS d HCmapeHHe, CBf-
3aHHOE C XMMHYECKHM Pa3/10XKeHdeM, — eC/IH CHCTEeMa COCTOHT TOJbKO
¥3 OJHOM KOMIOHEHTH, — HANMPHMED HCAapeHde TBEPXOro HAIIATHPs
(NHCI). o Tex nop moka B H30HITKE HET HH XJOPHUCTOrO BOXO-
poxa (HCI), nu ammuaxa (NHg), kaxao# Temneparype COOTBETCTBYeT
BIOJIHE ONpEJeNeHHOe AaB/leHHe AUCCOUHALUH p.

HOns a=2 noayuaerca B==3, xorja, HanpuMep, pacTBOp Coad
HAXOAHTCH B CONPHUKOCHOBEHHH OJHOBPEMEHHO CO CBOHM MapoM H
C TBEpAOH COMbI0 HAH KOrja JBE HEeCMeIIHBAIOUHeCs MexAy C060i0
KHJKOCTH COCYWIECTBYIOT BMecTe C ux oOuiuM napom. JlaBaenue
mapa, MJIOTHOCT M KOHUEHTpauus B kaxjoR ¢ase ABiAfAILTCA TOrHa
byHKUMAMHE ORHOH TOJNBKO TEMNEpaTypHl.

Ecsu nanee f=a, To BHyTpeHHHe CBOicTBA BCex (a3 3aBaCAT
OT ABYX mnepeMeHHHIX, HAPHMeD OT TeMnepaTypu H pasiaenus. [pu-
MepoM Toro, koraa a==1 u B=1, MOXeT CIyXHTb BCSKOe Beuie-
CTBO B OXHOPOXHOM COCTOAHHH. Jlis a=2, @ =2 npuMep naeT pac-
TBOD COMY WJH COHPTE, COMpHKacamoumuica co cBouM mapoM. [la-
BJEHHE H TeMmmneparypa ONpeReasoT KOHHEHTPAUMIO KaK B pPacT-
BOpe, TaK ¥ B nape. 33 He3aBHUCHMHE MMEepDEMEHHHE B TAKHX CAy4asx
YacTo NpDHHHMAIOT He TeMuHepaTypy 4 XaB/eHHe, a KOHUEHTDANHMIO
pacTBOpa BMeCTe C TeMNepaTypol uau BMecTe C haB/leHdeM. B nep-
BOM CJy4ae TOBODST, YTO PACTBOP NPOH3BO/ILHON KOHUEHTpALUHA NpU
MPOH3BO/ILHON TemMmepaType MoxeT 06pasoBaTh Nap TOILKO COBEp-
[IEHHO ONpeneJeHHOr0 COCTaBa d ONpejeleHHO YynpYrocTH, BO BTO-
pOM 2Ke cayuyae —4YTO pacTBOp MPOH3BOJBHOH KOHUEHTpAUWH NpH
NPOH3BONBLHOM HABJEHHH HMEET COBepPIIEHHO ONpeNe/NeHHYI0 TOUKY
KHACHHA, NMPHU KOTOPOH NeperoHseTcss Nap COBepieHHO onpene/eH-
HOTO COCTaBa.

§ 69. Urobul onpexeauTs COCTOsHHe DABHOBECHA KAKOH-1460
CHCTeME HeO6XONHMO, KaK MH BHAeNd BHIIe, 3HATb NJAA KAXKIOM
a3 cucTemu xapaktepucTuyeckyo ¢pynknuio @, T. e. 3HaTh 3aBHCH-
MocTe © or Ttemmepatryps 7, NaB/leHHS p H XUMHUHECKHUX CBOHCTB
¢a3sl. UTo KacaeTcs 3aBHCHMOCTH OT TeMNepPaTypH H HaBJEHHs, TO
ona naercs B o6ueit dopme ypaBuenuamu (120) u (121). Berpaxe-
Hue ¢yuxuud P pam razoob6pasHofi ¢asnm Mu YKe yCTAHOBHIAH BHILIE
(ypasuenue (123)]. B cayyae KOHAeHCHPOBAaHHOMH, T. e. TBEDAO# UMH
XAnKOA ¢asw, naBaende drpaeT He3HAUHTENBHYIO DOJb; MBI Orpa-
HHYHMCH MO3TOMY HCC/AeAOBAHHEM 3aBHCHMOCTH $ OT TemNlepaTyphl.
Coornomenne (120) maeT HaM AJaf 3TOrO C/aydad CIenywolnee Bh-

pPaxeHune:
& f 1dr

I3

rjpe dHTerpupoBanue CleiyeT [POH3BOJAUTHL MDH MOCTOAHHOM XaBie-
uud. Ho autranenus / cBsizdana ¢ TemJI0eMKOCTBHIO IIpH NOCTOABHOM
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nasnerguu C, coorHowenueM (67). Ecau M npeobpasyem mostomy
nmocnepHee ypaBHeHHe C ITOMOMIbIO WHTErpHpPOBAHHUA N0 YACTAM:

1 o1 dT
b=—7rt|o T

¥ 3aMeHHM B HeM ] MO yDaBHEHHIO (67) uepes C,, TO mosyunm:

ar 1
®=[C,-F—[CAT. (165)
DT0 ypaBHeHHe CBOJHMT OnNpene/]eHHe XapakTepdcTHUYECKOH QYHKUHU
® HenoOCPeACTBEHHO K TepMHUYECKHM H3aMepeHusiM. Tak xak ypasue-
nue (165) conepxuT nBa HEONMpeAeJE€HHHIX HHTErpasna, B HEM OCTa-
I0TCA HEONpeNeNeHHL MY, KAK ¥ B Clydae raza B ypaBHeHuu (123),
IBe ajJHTHBHHE MOCTOAHHHE; OJHA H3 HHX HMeeT B 3HaMeHaTe]e
Temieparypy 7.

§ 70. BeiicHuM Tenepn, KAk 3aBHCHT XapaKTepucTdueckas QyHK-
nusg P ¢pase OT ee xUMHYECKHX CBOHCTB. Pemum sToT BOmpoC cHa-
Yana nas dxeanbHOfi ra3zoo6pa3uoft ¢pasw, T. e. 419 dusu-
YEeCKH OJHOPOJAHOH CMecd HeCKONbKMX HIeaNbHHX rasoB. YTo6H
CAenaTb 3TO, HAM HYXKHO 3HAThL, COrnacHo ypaBHenHio (118), o6beM
V, suepruio U u sutponuio S cmecd rasoB. [Ipd 3TOM BMECTO Mmacc
OTHEJAbHHEX Ta30B, COJEPKAIMMUXCI B CMeCH, ynoOHee BBECTH YHC/IA
MoJae#t ny, Mg, ny, ... Torna aam o6veMa V MH moayudM, COIVIacHO

ypaBuenuwo (96), npocro:
= ﬁpf 3. (166)

DHeprus cmech ra3oB U noayvaercs 43 3Heprufi OTAeIbHLEIX [a30B MpH
noMomd nepBOro Havala TepMoiunamukd. Je#icTBuTeasHo, coraa-
CHO NMepBOMY HayaJ/y, eCld Ha CHCTeMy He MPOH3BOXHMTCH HHKAKHX
BHEUIHAX BO3JeifCTBHM, —3HEpPrda ee oCTAeTCH HEM3MEHHOH, Kakue
On BHYTDeHHHE WH3MEHeHdsl IPH 3TOM HH npoHcxoxuad. Ho ecnu
NPeXOCTABHTL MPOU3BOJILHOMY YHCIY [a30B, UMEIOIHUX OJHHAKOBRIE
TeMilepaTypy 4 jAaBiaeHde, AdbOYHIMpPOBaTL APYr B ApYra npd no-
CTOAHHHX T H p, TO ONHWT YY4T, YTO MpPH ITOM He MPOHCXOZHT HH
u3MeHeHdsd oOmero o6neMa CMeCH, HH MOIVIOIEeHds TenJjaa H3BHE.
Takum 06pasoM, sHeprus CHCTEMH COXpaHAeT CBOe HayalbHOe 3Ha-
yeHde HEH3MEHHHM BIJOTH A0 OKOHUATEeNLHOI'O 3aBepUIEHHS Npo-
necca audopysua. OTciona caenyer, YTO SIHEPrus CMeCH ra3oB paBHA
CyMMe SHeprdil OTJe/NbHHX d30B NMepex CMemdBAHHEM, HAH, COraa-

CHO ypasHerulo (97):
U=3 n,(c, T+ by). (167)

3nech, KakK ¢ xannlue, ¢, 0603HauaeT, BONpeKd NpUHASTOMY paHbLie,
He yZeJbHYIO, a MOJBLEYI TeNJ0eMKOCTb rasa / Mpd MOCTOSHHOM
o6neme. [TocTOsHHaA b; 3aBUCHT TOJbLKO OT NPHUPOAH ITOro rasa.

Tenepr HyxHO onpenenuTs eme SHTPONUIO rasoBok cmecH S.
Ha#ttd 8aBHCHMOCTb 3HTPONUU OT UHCEJ MONEH Ny, My M3, . . . MOXKHO,
JHUIb OPUMEHHB BTOPOE HAaYaJd0 K KaKOMY-AH060 HOCTYMNHOMY IJAf
H3MepeHuft 06paTHMOMY TNpOUECCY, KOTOPHH Obl H3MEHAT COOTHO-
uieHne MEXHY udcaamd MoaeRt, [lpoueccoM pudysu#, KOTOPHHA M
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npUMeHHM s onpejeneHds sHeprad U, 3Jecb BOCNOJb30BaTLCH
yKe He/lb3d, TaK KaK OH HeoOpaTuM (3TO MOXHO OHJO NMOXO3pEeBaTh
TOrjAa Ke; HeCKOJNbKO HHXe MBl JOKaXeM 3TO BIOJAHE CTPOro), OH
npuBoxuT GJaroxapsi 3TOMy K HepaBeHCTBY. Jl1a Hamux Ueaes 6oxee
yIno6eH OAuH 06paTUMBIH IPOLECC, KOTOPHI i BRINOJHIETCS Hajy CMeChio
rasoB C MNOMOHILIO TaK HaseBaeMoft ,NMOAYNPOHHIAEMOH“ mnepero-
POXKH, T. €. TAKOK CTEHKH COCYyJa, KOTOpas, Oyxayud npoHduaema
I/ OXHOTO rasa, a6CONIOTHO HenpoHHHaeMa Aas apyroro. Ocyie-
CTBHUTbH BNOJHE NONOOHYIO MOJAYNPOHHIAEMYIO HepPeropoixky B nefi-
CTBHUTE/JIBHOCTH HEAb3si; BOBMOXHOCTh 3TOTO, KaK MOKA3HBAET TEOpHUs
(cm. muxe § 73), dCKIIOUEHA Jaxe NMPHHIHMHAABHO, TaK KAK BCAKHA
ra3 B HeKOTODOH CTeNeHH BCE Ke MNPOHMKaeT B BELIECTBO CTEHKH,
a caexoBatenvHo, H xuddyrIMpyeT uepe3 Hee. 31eCb, OXHAKO, AO-

. r CTAaTOYHO NPHHATb, He PUCKYA HADYWHTL 3aKOHB!
TEPMOAHHAMHUKH, YTO CKOpOCTh xuddy3rnu oxrOrO
rasa yepes nNeperopojKy Kax yroaHo Majia no cpas-
N HEHHIO CO CKOpocTohio pupdysud apyroro. IT1o
] T IOonyimeHde OMNpaBpLIBACTCA TeM, YTO B NPUPOXE

=]

MOXHO BCTPETHTh MHOr'O C1yyaeB, KOT/ia BellecTBa
06/1a5ai0T, NpaKTHYECKH C OYeHb GOAbIIHM MNpH-

> f’ 6/HKeHHeM, CBOHCTBOM NONyNpoHHIIaeMOCTH. Tak,

4 HanpuMep, pacKaleHHas NMJIaThHOBas ¢oasra, Oy-
Aydd MpOHMUAaema A1 BOXOPOAA, TOUTH COBCEM

Puc. 5. HenpoHdnaeMa Jaa Kkucaopoxa. OmubKa, KOTOpyIo

MBl fesnaeM, NMpHHHAMASl, YTO CKOpPOCTb AUDPy3uu
ONHOTO ra3a paBHA HyJIO, JIEXHT NO3TOMY 3a NMpejeNaMH TOYHOCTH
“3MepeRus. AHATOrdYHyIO OWHKOKY HAenaloT, NpexnoJaras, uTo COJb
M3 pacTBopa abCOMIOTHO HE HCMADSETCs WA He BBIMED33eT, TaK Kax
H 3TO NpEexnosoxeHue, CTPOro roBops HexonvcraMo (§ 73).
Bocnosnbsyemcs Temepbs moaynponHunaemoi neperoponkol, utoou
C MOMOImBIO CaMOr0 MPOCTOT0 GeCKOHEYHO MEXJAeHHOrO H3O0TepMH-
YeCKOro 06paTHMOro mpouecca OTHeNHTb COCTaBHbIE YACTH rasoBOR
cMecd xpyr ot apyra. Paccmotpum crepyomg# cayvai. B ndaun-
IPUYECKOM cocyle (puc. ) MMeroTCs YeThipe MOpUIHA; ABa NMOPLIHA
A n A' 3akpensens, aBa Apyrde B u B’ MOryT nepeiBUraThcs,
OHAKO TaK, 4TO paccrognue BB’ Bcerja ocTaeTcs paBHBIM paccTos-
o AA' (na puc. 5 3TO MOKa3aHO C NMOMOWBIO JBYX CKOGOK).
[Ipuamem, uto puo nuauHEzpa A’, KpHIUKa B # ero 60KOBhe CTeHKH
HeNpOHHLAeMH HH AAd KAaKOro BemecTBa, mopuwud xe A u B', Ha-
NpOTHB, NONAYNDOHULAEMH; NPH 3TOM A MNPOHHLAEMO TOALKO A
rasa I, a B'— pna rasa 2. Vs npocrpancrBa HaX B BO3AyX BHKAuaH.
[lycte BHauase nopumwens B NpHMHKAeT BNJAOTHYIO K MOPUIHIO
A, a B’, caeposatennno,— BIIOTHYIO ¥ A’. Mexny A u B' Haxo-
RUTCA cMeCh ra3oB / u 2. Bynem teneps moxHuaMaTh nopmens B, a
BMECTe C HHM # nopumens B', Geckoneuso MelleHHO BBepx. ['a3 7
OyneT nNpd 3TOM BHITEKATb B MPOCTPAHCTBO, OOpasyiolieecs MexAy
B u A, ra3 2— B npocrpanctso Mexny B’ u A’. Korma B' noct-
reeT A, o6a rasa okaxyTCs MOAHOCTBIO OTAENEHHHEIMH APYT OT Apyra.
Buiugcium BHewHO© paboTy, COBEpUIEHHYIO B TEUEHHE ITOrO
npouecca. Tak Kak ¥3 BepxHero MNpPOCTPAaHCTBa BO3XYX YyHa/teH, Ha
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NOABHXHER NOPINCHL B feACTBYET TOALKO [aBlende rasa /, UMEHHO
BBepX, Ha JPYro#i xe NMOXBHXHHH noplueHb B’ — TOIBKO NapUHaIb-
Hoe fasjeHve rasa / B CMeCHd BHH3, TaK KaK NJOTHOCTb 4 JaBiae-
Hde rasa 2 no o6e ctoponn B’ oaunakoBH. Ho 06a aTd, Hanpa-
BJEHHBEIE [DOTHBOMOJOXHO JPYr ApYTry, XaBJECHHS DAaBHH, MOTOMY
4TO NPUCYTCTBHE MNOPIIHA A He OKa3bBaeT HMKAKOrO BJMSAHHA HA
raz /. Takum o6pasom mnepexBH:keHHe OGOHX INPOYHO CKpenaeH-
HHX XPYT C gpyroM mnopmHe#i B 4 B’ mnpoucxondr 6e3 BCIKO# 3a-
TparH BHewneff paboTtn. Ecam nostomy Ttemmepartypa, a Bmecre ¢
He#l W 3sHeprud CHCTeMH, Oyner MOCTOAHHOH, TO C okpyxamomeil
cpenoif He GyneT coBepluaTeCsl HHKakoro temroobMena. [Ipouecc,
coBepmaeMuii 6eCKOHEUHO MeJJeHRO, O6paTUM; MO3TOMY IHTPONHSA
B HAyaJbHOM COCTOSIHHH PaBHa 3HTDONHH B KOHEUYHOM COCTOSIHHH,
IPDYrdMd CJIOBaM#, SHTPONHS CMeCH ra3oB PaBHA CyMMeE 3HTPOMHH
000OHX ra3oB, B3fATHX B OTHEJBbHOCTH IIPH TOH xke cCaMOH TeMmmepa-
Type 4 B TOM Xe caMoM o0beMe, Kakoff 3aHUMaeT CMeCb. DTO MOJIO-
KeHde Jerko o606mUTh nJs caydast 1106010 4dciaa ra3oB: S8TPONUs
CMeCH HJeaJbHHX [430B PaBHA CyMMe 3HTDONUH OTHEJbHHX Ta30B,
KOrza KaXIHii M3 HHX 3aHHMAeT MpM ToH ke TeMmepaType o0bem
BCe#l cmecd. DTa Teopema Onlia BhepBHe yCTaHOBjena [HO6COM.
OHTpPONHA OTHEAbHOrO rasa C udC/I0M MoJeH n, npu Temmnepa-
tType 7 4 paBjaeHHd p, cornacHo ypaBHeHusim (109) u (96), paBua:

n, (c,,,ln T4Rln 7’;-+a,),

rie NMOCTOSHHAA @; 3dBHCHT TOJBLKO OT MPHPOAH rasa, HO (YTO 3mech
OueHb BaXXHO) He OT 4HCAa MoJaeft n,, TAK KaK S3HTPONHY [IPH Ofpe-
JeqeHHnx 7 4 p nponopudoHaJbHa uHcay Mone#. Bmecto aroro
BHIDaXeH#s, COlVIACHO ypaBHeHHIO (DD), MOKHO HaNHCaTb TAKKE CJje-
Aymoomee:

n(c, InT—RInp--a)), (167a)
rie ¢,, PaBHO KaK H ¢,, OTHOCHTCS He K rpammy, a x Momo. [lo
teopeMme 'n66ca, MH moJuaydyaem OTCIOJAa IJs HTPONUH CMECH Ia30B
crenyiollee BHIDAXKEHHE:

S=2n(c, InT—RInp;+ay), (168)

ecad p, o6osHauaeT napudasbHOe paeJjeHuse rasa / B cmecd (§ 9).
CymMa BceX nmapLHaJbHEHX AaBAeHHE no ypaBuenuo (15) paBua
o6lueMy NABJEHAIO CMeCH p, OTHOCATCHA XKe MapuHalbHble JaBAeHHSH
IpYT K ApYyry, Kak udcia monel ny, fy, M, ... Ecad 0603Ha44TH
MO3TOMY KOHIEHTpalldd OTAENbHHX Tra30B B CMecd yepe3

ny n,

. = T2 — T
Cl_an' Cz_th’ Ca-—Enl,..., (169)

TO MH Oyhem HMeThb:
Pi=Cp, Py=C,p, Pg=10CgDs . . .

H, corsmacHo ypaBHen#io (168), suTponua cmecu 6yner paBna:
S=2n,[c, nT—RIn(c,p)+ai]. (170)
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IMonyudB BripaxeHde IHTPONHU CMECH, MB OTBETHM Ha 3aTPOHYTHH
BEIIIE BOMNPOC O TOM, ABAsfeTCs A4 npouecc Aupdysnu Heo6paTuMuIM.

Bosbmem camulifl NpoCTOH cayuail, Korga JBa rasa, ¢ 4YHCAaMH
Mone#t n, u n, AEPPyHA“pYyOT APYr B APYra npd NOCTOAHHOR
TeMnepatype M MNOCTOAHHOM jgaBneHud. OOmuii obbveM H obmas
9Heprus ras3oB OCTAIOTCA NpH 3TOM TaKXKe MOCTOSHHBLIMH.

[Tepen nauanoM mpouecca SHTPONHs CHCTEMH DABHA, OYEBHIHO,
CyMMe 3HTpONH# OTHeNbHHIX r'a3oB, T. €. N0 ypaBHen#io (167a):.

n(c, InT—RlInp--ay) -{—Hg(len T—Rlnp-a,).

[To oxonuanuu Auddy3nd 3HTPONUS CMECH, COTJIACHO YDPaBHEHHIO
(170), paBua:

ny (¢, In T—Rln(e,p) +a1) + n2 (¢, In T—Rla(¢,p) 4 ay).
TakuM o6pasoM, H3MeHeHHe BSHTPONUH CHCTEMBl PABHO:
—nmRIne, —n,RInc,. (17D

Ypasuenue (169) nospoaseT 3aK/nIOUUTHL, YTO 3ITO — NONOKHTENbHAS
Beauuuna. TakuM o6pasoM, auddysus, NogOGHO TPEHHIO U Tem1o-
NPOBOJHOCTH, ABI4€TCI HEOOGPAaTHMBIM MPOLECCOM.

Mbul BHAHM OZHOBDEMEHHO, UYTO yBe/AdUeHHe SHTPONHH, BHI3BAH-
HOe Juddysueis, 3aBUCHT UCKIIOUHTENBHO OT uHces MoJel n; 4 n,
AdbPynpuapyomux razos, H0O COBEPIIEHHO He 3aBHCUT OT NPHUPOLH
ra3oB, HanpHMep OT WX MOJbHHX BeCoB. Takum 06pasom B Bompoce
06 yBenuyeHdHd SHTPONMH HE UMeeT HHKAKOIO 3HAUEHHS, HACKOAbKO
rasel XUMHYECKH ,CXOAHH“. DTO ZA€T NMOBOX K CIAEAYIOLEMY HHTE-
pecHoMy paccyxjenuio. Ecnu B3saTb 06a raza COBEpPIIEHHO TOXie-
CTBEHHBLIMH, TO YBeJHUeHHE SHTDONHH, OUEeBUIAHO, PABHO HYMO, Tak
KaK npd 3TOM BooOiie He MPOUCXOZHT HUKAKOrO H3MEHEeHds CO-
crosuug. OTCIOAA ClexyeT TaKkKe, UTO XUMHYECKCE Dasjdyde ABYX
rasoB 4 BooGule BCAKHX ABYX BEIIeCTB, He MOXeT OHTb Mpej-
CTaBJEHO C NOMOLIbI0O HEKOTOPOH HENpepHBHO H3MEHSIOIEHCS Be-
JHYUHB; 34€Ch MOXHO, HANPOTHUB, TOBOPHTb TOJNBKO O NPEPHBHHX
COOTHOIIEHUAX HJIH O pABEeHCTBE MJH O HepaBeHCTBe, MNOXOGHO
TOMY, KaK S5TO Aenal0T NpH CpABHeHHM JABYX LeAHX uucex (cp.
Bue § 13).

C nomMompi0 HafJEHHHX BHpaXeHd# auTponuH [ypasuenue (170)],
snepruu [ypaBHenue (160)] u o6bema [ypaBnende (166)], mu noay-
yaeM u3 ypaBHenus (118) and xapakTepuctuueckoft' ¢yHkuud ¢
CMeCH 4JeaJbHHX ra3oB Cleaylollee BhpaxKeHUe:

b=3n, [CP. InT—RlIn(c,p)+a,—c, — ;-.‘-—R ]
U4, ecad 06 03HAYHTD A1 COKpaufeHHdsn MOCTOAHHYIO:
a—c¢, —R=a,—c¢, (172)
yepes a,’, a BeNTHUHHY

b :
¢ In T— 3 —Rlnp-+ay, (173)
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3aBUCAILYIO TOALKO OT T 4 p ¥ OT NPHPOAH rasa, HO HE 3aBUCH-
Y0 OT udcia MoneH, uepes ¢, TO

o= m(p;—R1Inc). (174)

§ 71. Cpenaem Tenepr B Hale# TeOpdH NPHHUUNHAIbHHHA Imar
Brepes; 3TOT war 6yAeT uMeTb 6oJblIoe MNPAKTHYECKOE 3HAUEHHE.
Jonyctdm umeHnso, uTo Brpaxeunus S, U, Vu &, nosyuennnie Hamu
A7 CMeCH HAeaNbHHIX raszoB, 6YAyT CNpaBeijHBH H B TOM Ciayuae,
KOrja 4#cnaa Mone# ny, ny, My, . .. NPEACTABIAIOT cO60ft Be Hanepen
3afidHHBEIe MOCTOsIHHHE, a, HANPOTUB, H3MEHAIOUIUeCH BeJUUHHEL
B atom cayuae, Caei0BaTeNbHO, YHCI0O KOMIOHEHT CHCTeMH (§ 66)a
MeHblle ugcna o6pasyloIdX ee rasos (YdCAa pa3NdUYHHIX BHAOB
mone#r). Ecim cmenath 3TO ponymende, TO 43 ypasHeHus (174)
MOXHO OYyjAeT BHIUMCIAHTL XapaKTepdcTHuecKyio (yrKunio ¢ ans
BCeX NPOU3BOJbLHO BHOLAHUBIX 3HAYEHHN wuces MoJjel, B TOM udcne
d 11 HEYCTORYHBHIX COCTOSIHHMH; yCTOHYHBOE COCTOAHHE DPABHO-
BecHsd OT/IH4AETCA OT NOCAefHHAX MakcaMymoM ®. Mo noayuaem,
TakgM 006pa3oM, MeTOx, NO3BOJAOUIUA OMXHO3HAYHO OINpeneNHTh
(pu3uKo-xuMUUECKOE PaBHOBecHe CHCTeMbh. Ecid, Hanpuuep, B cMecH
ra3oB BO3MOXeEH XHMHYECKHH Npomecc, Npd KOTOPOM YHCIa MoJed
Ry, My Mg . .. ONHOBPEMEHHO U3MEHSIOTCSH HA oM, S, Mgy ..., TO
paBHOBeCHe A 3TOro Ipouecca, cornacHo § 56, 6yaer umeTs
MeCTO NpH ycnoBdd, 410 i 37 ==0 u 8p =0, Takxe u 8@ =0 uny,
cornacHo ypaBHendio (174):

3 (91— Rine,) 81y + 3 1,3 (9, — Ring ) =0. (175)

Tax Kak BeJdYHHH ¢, ®,, . .. 3ABUCAT TOJAbKO oT T H p, TO HX Ba-
pHaudd paBHH HyM0. Jlanee Mu uMeem:

ndlne, 4-ndlnc, 4. . .=’c-‘-isc,+§;’ac2+. ‘s
uTO no ypaexendio (169) paBuo
Sn, (o tdcgt. . )= D ny3(c;Fcy. . )=0.
YcaoBue paBHOBecHS NpHOGpETAET NO3TOMY CleAYIOIUA BHI:
(e —RInc)dn, =0.

Tak xak B 3TO ypaBHende BXOAAT TONbKO OTHOLIEHHS BapHaldi
My, ..., TO MB TOJOXKHM:

dnyidmyt .. o=V iVt o L) (176)
np# 8TOM HOX Yy, V3, . « . MB GyAeM IOHAMATh YHC/IA MONER BEIECTB,
06pa3yIoIUXCsl ¥1¥ PA3PyIIAIUAXCH NPH PACCMATPUBAEMOM XHMH-

YeCKOM IIpeBpauieHHH; 3TO NPOCTHIe MeNble YHCHa, IOJNOXKHATEeNbHhe
HNHA OTpHLATEe/NbHbIE. Ycnosue PaBHOBeCHA HAMHIIETCS Tenepb Tak:

2 (g —Rlnc)v=0 (177)

Hiu
v,lnc,+v31nc2+....,—_1x_%_i_‘.gz:.’r_:;;=1n1< (178)
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[TpaBas uwacTe ypaBuenus, T. e. In K, cornacHo ypaBueuuio (173),
3aBHCHUT TOMALKO OT T # p;, C/lexoBaTefbHO, ypaBuenue (178) mnpu
3aganubix T 4 p JAaeT ONpefe/feHHOe, XapakTepHOE Ajs- COCTOSHUA
paBHOBeCHs, COOTHOWIEHHE MEeWAY KOHIEHTDAUHAMH pasIHYHHX
BUROB MoJefl. DTOMY COOTHOIIEHHIO MOXHO IpUAATH TaKyio Gopmy:

cl\u czvz cs\’a . e .'=K, (179)

#3 KOTOpO# BHJHO, UTO NPH KOHEYHOH TemllepaType K KOHEUHOM
AaBJeHdd HY OJHA U3 KOHUEHTpALHH# HE MOXeT GhITb PaBHA HYJIO,
IpYT¥MH CIOBaM#, UTO B ra30BOH CMeCH BCErpa MMeIOTCs HAJHIO
BCe BoOGIIe B)3MOXHHIE BUAH MOJeH, XOTA OH ¥ B OYeHb He3Ha-
ydTeNbHHX KoaddecTBax. Tak, nanpuMmep, B BOJASHOM I[lape paxe
¥ [IpM HHU3KHX TeMIepaTypax BCerga HMMeeTCHd HeKOTOopoe KOJH-
yecTBO rpeMyuero rasa (cp. Huxe § 66).

DTO O6CTOATENHLCTBO B GOABIIMHCTBE ABJEHHUH HE WIpaer, Ko-
HeYyHO, HUKAaKOH pond.

3aBHCHMOCTb KOHCTAHTH paBHOBecdss K OT TeMmepatypl
¥ xaBJeHus, cornacHo ypaBHenusam (178) u (173), Bupaxaetrca Tak:

B
AT TIC
K—;V1+Vn+-——
U
mK=InA— 2 ClaT—(;+v,4.. )lup, (180)
npUueM s COKPALLEHAS 3L4eChb IOJOKEHO:

via, +va+...=RIn4,
viby, +vabs 4. . .=RB, (181)
Vi Cp, +¥26, +. . . =RC.

OTcona BHAHO, YTO MeXIy BelHuuMHON K ¥ CBA3aHHEIMH C pac-
CMaTpHBaeMBIM XHMMHUYeCKAM IpeBpaieHueM TemoBuIM 3ddekToM
¥ U3MEHeHHeM O0'beMa HMEeeTCs TECHasd CBA3b.

Je#ictutensuo, no ypaBHeuuio (180), n/19 HeKOTOpOro HuameHe-
Hua T u p:

B  C dp
dinK=(7+F)dT— 4w+ . )F. (182)

Ho konuyeCTBO Temra, KOTOpoe COOOmIAeTCAd CHCTEMe MH3BHe IIpH
KaKOM-1160 4300apHOM W3MEeHeHHM COCTOSIHMA, COIVIACHO MEpPBOMY
Hauany [ypaBHenue (62)], BeIpaxaeTcs Tak:

Q=U —U-+p(V'—V).

CnenoBate/bHO, NPH M30TEPMHYECKU-H306aDHOM MpEBPAILEHUM Xa-
PaKTEePH3yIOImeMcs 4YHCAAMM v, COrJacHO YypaBHenusaM (167), (166)

u (55):
TZve, +3vby=R(CT+B)=r. (183)
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Jns uaMeHenusi 06’beMa, NPOUCXOAANIETO NMPH 3TOM Xe IpeBpaie-
HYH, MBl IIOJYYHM IO ypaBHeHMIO (166):

B vt - ) =w. (184)

CpaBHuBass pBa mnocaenHue ypaBHeHus ¢ ypaBHemueM (182), mo-
ny4aem:

a1 1
‘;}K’:ﬁ'Trz (185)
a
a1 1
a’]‘,K= —2 - (186)

Takum o6pasom, usmepsii TENJAOTY MNPEBpALIEHUS H COOTBET-
CTBYOllee U3MeHeHHe 06'beMa, MOXHO HA¥TH 3aBHCHMOCTb COCTOA-
HHUS DABHOBECHS OT TeMmMIeparypel d JjaBjeHus. Ecium peakuus He
conpopoxznaetca tennoBuiM 3ddektom (r=0), To paBHOBecue He
3aBUCUT OT TEMNepaTypsl, eCAM Xe MpY MPEeBpPalieHHH He H3-
menserca o6wveMm cuctembl (U==0), TO paBHOBECHe He 3aBUCHT OT
nasnenus. I[Tocnegnee nerko BuaeTbp HENOCPeACTBEHHO W3 ypaBHe-
Hus (180), moToMy 4TO M3MeHeHHMe 06beMa NMPONOPUMOHATLHO U3Me-
HeHMIO o6uiero uuciaa mosnefl.

§ 72. dynkmmo ¢, xapakTepUCTHUECKYIO A TepMOXHHAMUUE-
CKOTO PaBHOBECHS, MOXHO ONpeieNdTb U NI BCAKOH ApYro# dasm,
U NIPDUTOM TEM Xe IyTeM, YTO U ANl WIealpHOH rasoo6pasHoi
bassl. as aToro HyxHuo, oueBUAHO, HalTH BHpaxenus V, Uu S
yepe3d T u p u uepe3 uncaa MOJe# My, My, .. . Kak ¥ MOXHO OHIO
OXMJATb, 34eChb NONYYATCH JOBOJLHO CAOXHLIE BHIDAXKEHHS, OHU
NPUUUMAIOT CPABHUATENIBHO NPOCTYIO POPMY TOMBKO B TOM Cayuae,
korxa pamuas ¢asa npexpcraBasger COO0# pasBeneHHHIH PacTBOP,
T. €. Korjia B ¢ase udcao MoJeHi OZHOTO ONpejfeJeHHOro Bujaa 3Ha-
YMTEJAbHO NPEBHINAEeT YUCIa MOJeH BCex APYrux BHAOB. PaccMoTpum
noxpoGHee 3TOT cayuair. HasoBem nepBoe BemecTBo, O6Jazamomee
YKa3aHHBIM OTJAMYMTE/]bHEIM CBOACTBOM ,pacTBOpHTeNeM“ H 0603Ha-
YUM ero Yeca0 Monefi uepe3 7, BCe OCTalbHbe BemecTBa Mu Oy-
LEM HA3HBAaTb ,PACTBODEHHHIMH BelECTBAMHU® C 4YHCAAMU MOJeH
ny, Mg, Mg, . ..; COTJIACHO NPEeANONOKEHHUIO, Iy OUSHb BeJHKO IO Cpa-
BHeHHIO C cymMolt n,-}-n,~-n3-}-... Bompoc o TOM, KakoBoO
arperaTHoe COCTOsHd€ paCTBOpa, He WrpaeT B HAIIAX paccyxpe-
HUMAIX HUKAKOA DOMM: pACTBOD MOXET GHITH TBEDAHIM, XUAKHM WIH
raszoo6pasHbiM.

Boablaoe ynpomende, OTIMYaONIee pa3BeXeHHH PacTBOP, OCHO-
BHIBAETCA HAa CAEAYOUlell MareMaTHuYeCKOH Teopeme: ecnd (QyHKnus
HEeCKOJNIbKHX NepeMeHHHX KOHeYHAa UM HelpepelBHA BMeCTe CO CBOMMH
HPOU3BOAHBIMY, TO NP MAaJH X 3HAYEHUAX NEPEeMEHHHX OHA Gyxer
He[IPeMEeHHO JHHeAHOH (yHKuHeH 3TUX NnepeMeHHHX. DTOH TeOpeMoi
3apaHee olnpejeiseTcd XapakTep 3aBucuMmocTH Beauuun U u V ot
Ny, My, Mgy . .. dPH3uuecKy 3TO 03HAYALT, UTO CBOHCTBA PAa3BEAEHHOrO
pacTBopa 3aBUCAT, KpOMe B3auMOAEHCTBMS MoOJefi pacTBOPUTENS
APYT C APYroM, eme JHIb OT B3auMOXEeHCTBUSA MOJEH pPAacTBOpHU-
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TeAA M MONe# PACTBODEHHHX BEINECTB, HO COBCEM He 3aBHCAT OT
B3aUMOJefCTBUA PAaCTBOPEHHHIX BEIECTB, TaK KakK COOTBETCTBYOLIMe
BeJM4MHN ABIAIOTCA MANHMH 60/€e BHICOKOIO mOpsiika HO CpaBHe-
HUMIO C NEPBHIMU H BTODHIMH. B 3TOM MOXHO yOeauTbCsa ClexYOIUM
nytem. BosbmeM crnepsa suepruio U pacTBopa u HalixeM OTHOILIEHHE
UK ny, 1. e. K uucny Mmonelt pactBoputeds. Tak kax U ecTs

U
ogHopoxnas QyHKHMN MNepBOR CTENEHH OT WHCeN MoneH, TO —-
0

OCTAHEeTCA HEU3MEeHHKIM, €C/IH Mhl U3MEHHM B ONHHAKOBOM OTHOIIE-~

U
HUM BCE 4MCIA MOJNEH fy, Ny, Mg, - . - ; —— €CTB MOITOMY (YHKUMA
(]
R n
OTHOIUCHHH 7‘0—, —nl, .+ ., 8 TaK KaK BCe 3TM OTHOLIEHUdH MAJH], TO
(]
OHAa eCThb X JHHEHHAA QyHKIH:

U ny ny
;;*“l‘o—f‘ux 7 —{—ufn:—{—. cey

npUuyeM BEJMYUHM U, 1y, Uy ... 33ABHCAT HE OT YHCEN MoJeR,
a TOABKO JHIIP OT TeMmneparypun 7, jpaBjieHHf p U CBOACTB Be-
IECTB, HAXOAAIMXCA B PACTBODE, & UMEHHO: U, 3aBHCHT TOJbKO OT
CBOACTB pacTBOpHTENs, U;— OT CBOACTB pAaCTBOPHTENs M TNEPBOTo
pPacTBOPEHHOrO BeleCTBA U T. A. BenuuuHa 7, COOTBETCTBYET, TAKUM
06pa3oM, B3aMMOAEHCTBUIO MoJefl pacTBOputensd mexnay CoboH, Be-
AHYYHA 4, — B3aUMOJAEACTBUIO MEXJAY PACTBODHUTEJNEM U [EPBHM
pPaCTBOPEMHHIM BEmEeCTBOM M T. I.

CoBepmIeHHO aHAJOTHYHBIE PACCyXJEHHA CHpaBeRIHBH M /A
o6vema V pacTBopa. MH MOMKEM HAmMCaTL HO3TOMY:

U==nyuo~}-mu; +-ngu,4-. . . ,}
V=n.ve-}-mv,F+ngv2+4....

Mu 6yneM cunTaTh,—KaK Jelaad 3TO ¥ A48 rasoobpasunoft
¢dazn, —uT0 3TH (OpMYNH CHpaBeHBH He TOMALKO B TOM CJy-
yae, KOTga uucaa Mojefi 7 npexnCtas/isioT COO60# 3agaHHKIe NOCTOAH-
Whle BEJIUYMHH, T. €. HE TOJMLKO B COCTOSIHHH TEPMOXUHAMHUYECKOrO
pasuoBecus (cp. § 71). DTO MOXHO NMPOBEPHUTEL COOTBETCTBYIOWHMU
u3mepennsiMu. Paz6amum pacTBop, Npu6aBUB K HEMY M3OTEPMUYECKU-
U3006apHBIM NyTeM XOTd OH ORMH MOJMb 4YMUCTOTO PAacTBOPHUTENS.
INocnennne ypaBHeHHs MO3BOJSIOT TOrJa BHUUCAUTL (B Npenmoso-
KEHHY, UTO 4YHCJA 72 OCTAITCH MOCTOSHHHMH) BO3UHKalomWMik npu
pasBeneHuy Tennosofi aGdekT u uaMeHeHHe o0bema.

Monre uucToro pacTsopurens, B3ATHH npu TO# xKe Temneparype
M TOM IKe JaBJeHHW, YTO H pacTsop, o06Jagaetr o06beMOM T,
u sneprueft u, Ilocne passegenuss o6beM pAcTBOpa CTAHOBUTCA

PaBHHIM!
V'= (1) Um0 - mvy+. . o,

U'=(n°+1)uo+n1u1+ n3u2+ v

VameHeHue 06neMa NPY pasBefeHHH Mbl NIOJNYYHM, BEIUHTAS H3 KO-
HeYHOro o6beMa CyMMy nNepBoHauaisHOro oGneMa V - pacrsopa

(187)

SHeprus mxe:
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¥ o6bemMa MOJsI YHUCTOro pacrBoputeas, T.e: V' —(V-41o). U3
Npexn AyUM¥X BHPAXEHUH CiaepyeT, 4TO OHO paBHO HyJw, Kouuue-
CTBO TelJIOTH, MNOIJOMmeHHO# u3BHe, PABHO, COIVIACHO NepBOMY
Havyany [ypaBHenue (62)]:
Q=U—(U+u)+p[V —(V+2)];

OHO TaKxe PaBHO HyJi0. Bo BCeX 3TUX pacCyxpeHusaX MH Mpen-
noJaraeM, 4TO 4MC/Ia MoOJell paCTBOPEHHBIX BEUIECTB My, Ny, . . . IIPH
pasBefeHHH OCTAIOTCH HEM3MEHHHIMH, T. €. UTO NpM 3TOM He Ipo-
MCXOIUT HUKAKUX XMMHUeCKUX NMpeBpameHufl. DTo M03BOJsAET BHICKA-
3aTh CJeAyOLIYIO TeOpeMy: pasBeleHHH pacTBOop ob6iaagaer Tem
CBOACTBOM, 4YTO XaJdbHeflliee ero pasBeleHMe, NpoTekalomee 6e3
XMMHYECKOr0 H3MEHeHMs paCTBOPEHHHX BelEeCTB, yXe He BHI3H-
BaeT 6Go/siee HH 3aMETHOrO M3MeHeHHA O00beMa, HHM 3aMETHOTO
TennoBoro 3ddexTa; BCAKOe Ke U3MeHeHHe oO0beMa HAU BCAKMA
trenosoft addexT, koTOopHe 06HapyXKUBaeT pasBeleHHHR pacTBOP
npd nanbHefmeM pasBeleHHH, AO/KHB OBITH NPHNUCAHBI XMMHUUE-
CKHM MpeBpalleHHsIM paCTBOPEHHHX BellecTB.

[lepeitnem Tenepb K BHUYMC/JIEHMIO 3SHTPONMHM S PpasBexeHHOTO
pacTBopa B GYHKIMM He3dBHCUMHIX-IePEMEHHNX T, p, Mg, My, Mgy o « o
Cornacio ypasuenuio (82), nmpM NOCTOSHHHX 4YHCAAX MoJelt o,
Ny Ngy oo ot

ds=dU+pdV
T 2
a coryacHo ypaBHeuuo (187):
dS:nod”o+TPdUo+nld”1+rpdvz+n2d”z+rpd02+

Tax xaxk BeJHYMHbl # B U 3aBHCAT Tenepb TOJAbKOo OT 7 M p, HO
He OT 7, TO M Kaxauf U3 KO3hUUHSHTOB NDM My, Ny, My . . . B OT-
JeJbHOCTH JO/NXKEH OHTh NOMHHM audepeHUHAIOM, T. € XO/MKHH
CymecTBOBAaTb HEKOTOPHIE BEJAUYMHH §, 3aBUCAUINE TOJBKO OT Tnp
¥ YIOBJETBODSIOUHE COOTHOLIEHUAM:

d
ds,= dug - p %

T
dSl= duy -}-Tp a'vl. (188)
Torna
S=nySo-}- 181 -+ 1,8+ - .-G, (189)

npuueM MOCTOSIHHAA HHTerpuposanua C He 3aBUCHMT OT 7 u p, HO
MOXeT 3aBuceTb OT uucea Mosae#t n. Ecau nostomy 3unauenue C
U3BeCTHO JJs KaKOro-Hu6yxb 4YacTHOI'O 3HAYeHUS TeMIMepaTypH
¥ 4YaCTHOTO 3HAYEHWA IABJEHWsS, TO OHO JO/KHO OHITH M BMecCTe
¢ TeM o6uiuM Bolpaxcenuem C i JMIOGHX TeMuepaTyp u XaBiaeHMM.

Buyucaum Teneps C, kak QyHknuio #, AJad TOTO YACTHOrO CJay-
yas, KOlZa TeMleparypa Be/duka, a AaBjeHHe MaJo.

B kakom GH arperaTHOM COCTOAHMM pacTBOpP BHAUaAEe HHU Ha-
X0AMACH, DY COOTBETCTBYIOILEM MOBHILEHUM TeMnepaTypel #4 MO-
HHXXEHUM NaBJeHUs OH MOJHOCTbIO nepeftzeT B Traszoobpasnoe cO-
cToaHMe. B meficTBUTENBHOCTH HpH 9TOM OyAyT, KOHEUHO, MNPOHC-
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XOAWTb U3MEeHEeHUS AarpelfaTHOTO COCTOSHUA W W3MEHEHUT XUMuye-
CKOro xapakrtepa, T. e. (asa OyxeT pacwemyaaTbecs, 4YuCaAa MoJeft
GynyT U3MeHATHCA M T. 1., TAK KaK B MNPUPOAE OCYILECTBUMH TONLKO
Te COCTOSIHHA, KOTOPBle CKOJbKO-HUOYIb OJH3KM K COCTOSHUAM
yCTOHYMBOro paBHOBeCHS. Msul NpeJnONOXUM, OZHAKO, YTO BCE
yycsaa MoJefl B TeueHHe Npouecca OCTAITCA HEeU3MeHHHIMM M YTO
BCS cucTeMa Bce Bpemsl 0o0pasyeT TOAbKO oxuy ¢asy, Tak kak
TOJNLKO NMPHU TaKHX YCA0BUAX C coxpanseT CBOe 3xauenue. [Ipen-
NOJNIOXKeHHEe 3TO BIOJHE 3aKOHHO, TAK KAK YKUCAa MOJed n ABASIOTCH,
BMecTe ¢ 7T ¥ p, HE3aBHUCUMBIMHM [MepPEeMEeHHKIMH, ONpene/soIuMH
COCTOSIHME XAHHOH CHCTEMH [Cp. 3amMeyaHHe IO MOBOXY YypaBHe-
nus (187)].

Onucaupu#t 0potecc MOXHO BbIMIOJMHUTH, KOHEUYHO, TOJBKO
MBICJIEHHO, TAK KAK OH NPOXOZUT uepes HeYCTOHUMBHIE COCTOSHH,
TEM He MeHee ero NPHMEHEHHIO HUYTO 3JeCh He NPensaTCTByeT, NO-
TOMY 4YTO NpPUBEIEHHHE Bbllle Bulpaxenus Aas V, U u S cmpa-
BeI/JMBLl He TOJNbKO JAd COCTOAHUHl yCTOWUMBOIO PaBHOBECHUSA, HO
M 1J5 BCeX COCTOSHMH, XapaKTepUSYIOWHXCA COBEPIUEHHO MPOU3-
BOJIbHHIMH 3HAUEHUSAMM HE3aBHCUMBIX NepeMeHHBIX T, p, ngy, My, Ho, . .
Cocrosuue yCTOflUMBOI0 PABHOBECHS IOJAYy4YaeTCA H3 3THX O6muX
COCTOSAHMI TONBKO KaK YaCTHHH caywalh npu oco60M ycaoBuu, Xo-
Topoe 6yileT YCTaHOBJIEHO HHXKe.

Tak kax Bcaxas rasoobpasuas ¢asa, npu JOCTATOUHOM MOBHIILIE-
HMH TeMNepaType W MOHHKEHWW JaBJeHUs, NpHoOpeTaeT crToJb
Majyio MJOTHOCTb, YTO €€ MOXHO paccMarpuBaThb KAaK CMeCb
uneanpHelx rasos (kouem § 17), To Bulpaxenue sHTponuu (189)
AO/KHO NMepeliTé npu 3ToM B Beipaxkenue (170) (3ameTum, uToO MOJIH
nepeoro poxa Mol o6osHaunau uupexcom 0). Ho npu noctosuuux n
3TO BO3MOXHO JIMIUb NPH TOM YCJAOBMH, YTO MOCTOSIHHAA MHTErDH-
posanusi C B ypaBueHud (189) ToxneCTBeHHA C aZnHUTUBHLIM 4Je-
HOM, He 3aBuCsmiuMm OT 7 M p, B ypaBHeuuu (170), T. e.

=-—R(nylncy-tnlnc,-...), (190)
npyuyeM KOHLUEHTDauMu:
_ ) — n;
Co_n0+n1+n2+~~-’ & no+ng+nygt. .00 0 (191)

Takum 06pa3oM SHTPONMA pA3BEJEHHOTO pactBopa npu Jdwobok
Temnepartype u Jo60M XaBJAeHHM 1O ypaBHenHio (189) pasua:

S=n,(s,—R1Inc,) +n(s;—Rlnc))~4-. .. (192)

O6o3uauum s COKpalleHUs BeJHYHHH, 3aBHCALIME TOJIBKO OT T
H p, HO He OT 4YUCeJ MOJel, uepes

Uy 4 pY
So— ”“‘7—2_‘:'?0’
B ApU_
R N (193)
Uy - pu,

So=— —F =92
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TOrZa OKOHYaTeNbHO HJA XapaktepucTuuecko#t ¢pyukuuu @ pac-
TBOpa K3 ypaBHenuit (118), (192) u (187) mbl mnoOJyuyuM TakOe BbI-

paxeHue:

O =n,(9o— Rlnce)+n,(p —Rlnc) 4. .. (194)
DTUM BHIpAXKEeHHEM X ONpele/sioTCA TepMOgUHAMHUYeckHe CBOHCTBA
pacTBopa.

§ 73. Tlepefinem Teneppr K onpexeneHuo ycJIOBUH paBHOBeCHS
CuCcTeMbl, COCTOAIIEeR U3 NPOU3BONBHOTO uucaa ¢as. Hro kacaercd
0603HaueHUl, TO pasJMYHHE KOMIOHEHTH OJHOH u ToH Xe (¢assl
Mbl 6yJZeM OT/IMYATbH YMCJIOBBIMM MHAEKCAMM, NOCTABJIEHHBIMH CHHU3Y,
pasauunble xe aspl — wTpuxamu BBepxy. [lepByio ¢asy, paxu
IPOCTOTH, Mbl OCTaBUM COBCeM 6e3 mTpuxa. Bcio cucreMy MOXHO
OyzeT NpeACTABUTL NIPH 3TOM CHMBOJIMYECKM TaK:

Mottg, Myfer, Mafa,. « 7o', nz’m’,l TR P TR AT 71(2;525”)

Uucna moneft szech 0603HAUEHH Yepes M, MOJbHBIE BeCa— yepes p;
pasauunsie (assl OTAENeHbl APYr OT APYyra BepTUKAJbHEIMH uep-
Tamd, B o6mux dopMmynax cymMMupoBaHue MO pAa3HYHEIM KOMIO-
HeHTaM OZHOft M TOo# xe (aspl MH OyZeM YyKasuBaTb Hemocpen-
CTBEHHO BHIIUCHIBAHMEM BCEX OTZENbHBIX C/JaraeMmblX, CyMMHpOBaHHe
XK€ [0 pa3nMuHeiM (GasaM, HANPOTHB, 3HAKOM .

Urob6sl NpUMEHMTb MNoJyueHnHble Boiie (OPMYJb, MH Oynem
npexnoJaratb, 4YTo kaxpas ¢dasa npexcrasiaser COGOH MJIM CMeCh
HIeaJbHHIX Ta30B MJAM pasBeleHHHft pacTBop. [lociennee MOXHO
OTHECTH, B YACTHOCTH, ¥ K TOMYy Cayudaio, Korma ¢asa coxepxur
TOJBKO OXHO BeleCTBO, HAIIPUMEP, KOrja OHA IPeACTaBJsAeT COGOH
XUMMYECKH OXHOPDOIHHIH 0Camox, BHINaBHIMil U3 pactBopa. JedcTBU-
TeNbHO, YUCTOE BEIeCTBO MOMHO PacCMAaTpUBAaTh KAK pasBejeHHBIH
pPacTBOp, B KOTOPOM KOHIEHTPAaUMU BCEX pAaCTBOPEHHBIX BEMHIECTB
PaBHH HYJIO.

[Tonoxum, uto B cacreme (195) BO3MOXHO u306apHO-U30TEPMU-
YeCKOoe M3MeHeHHe, INpU KOTOpOM 4YMCaA MoJelk ny,, Ny, My - . .,
ny, n, n',... OIHOBPEMEHHO M3MEHSIOTCH HA My, oMy, OMg « . . ,
8y, ¥n,', 3ny’, . . .. Coraacuo § 56, paBHOBeCHe OTHOCHUTEJIBHO 3TOTO
U3MEeHeHHsA, npy IocToAHHBX T W p, 6yaerT CymecTBOBaTbL IIpH
ycaosuu, uto 0@ =0 wan, no ypasneuuo (194):

3 (90 — Rl cg) 31t -1 (91 — R1mc,) dm, - . .
"'+2n08(‘?o“"klnco)+n18((?1—R1HC1) +...=0.
CyMMHpOBaHneZpacnpompaneﬂo 3rech Ha Bce (assl cucTEMBHL
BTopo#t psag B 3TOM ypaBHEHMM TOXZIECTBEHHO OOpamaeTcs B HYJb
o TeM Xe INpuuyuHaMm, 4To ¥ B § 71 zxas oxuoft rasoo6pasHoOHt
¢dasu. Ecaiv Mu CHOBa onpexenuM paccMatpHBaeMoe OpeBpaileHue
OTHOINEHUAMYU ﬂpOCTHX neJanlX 4uceJsa:
dny:dn, :¥ny: L. L 0y 18y 00y L. L=
S R T TR R T TR A (196)

7 Bsememme B TeopeTHYecKyo PHSHRY, X. V. 919



08 TEPMOJHHAMHKA

TO yc/aoBue paBHOBeCHUs NPUMET CJIElIY[O[H,Hﬂ BYUI:

2 (@—~RIncy) v+ (91 —Rlnc) v, . .

Swlncytoglnc ... = Svggt-vei ... =Ink. (197)

Koucranra paBnoBecus K 3aBUCHT, NOXO6GHO BENMYHHAM ¢, TOJBKO
OT TeMepartypsl, AaB/JeHUs U CBOHCTB OTHeJbHBIX BEIIECTB, HO He
oT uucea moae#t. 3asucumocth K or T M p mnoJayuaerca M3 ee
onpexeneHus:

HIH

dinK=—4 Zvedgo-+ndo -+ . . (198)

Coraacuo xe ypaBHenuoo (193):

dpy = ds, — diy - p d;o -+ vdp + 1y +P00 dT,

a NpMHKMas BO BHHMaHMe ypaBHeHnue (188):

dgg=— 2 4 tat % 4T,
Touno Tak xe:
do; = __vdp + Uy + 1’01 dT.

CrnenxoBaTesnbHo, eCaM NOACTaBUTL B ypaBHenue (198) Buipaxe-
nusa dp:

S Gt ) Pt

dln
"’5;,5‘=—“§'f > YoUo + V1 - .
Ho cymmu Y, pacmpocTpanenHbie Ha Bce (ashl, COT/IACHO ypaB-
Henuio (187), 03HauawOT 3xech He YTO WMHOE, KaK TennoBoft a¢pdext
r [cm. ypasseuue (62)] u uameHeHne o6bema CUCTEMHBl U, IPOMCXO-
Ifilde 1pyd pacCMaTPHBaeMOM H306aPHO-U30TEPMHUECKOM U3MEHEeHUH,
XapaxKTepu3yioleMca YucaamMyu v. Mu uMeem nosTomy:

dnK

a“T ='_~RrT=l’ (199)
dimK v
= (200)

T. e. Te Xe camue cooTnollenus (185) u (186), kakme MH HAlLIH
BHIle A CMeCH HjealbHHIX [a30B.

Hckmoyas K u3 060X NOCAeIHUX YDABHEHHUH, MH MOJyuaeM
obiwee COOTHOLIEHHE MeXAy TemIoshM 3QGbeKToM 7 U H3MeHEeHHeM

o6beMa v: R R
r v .
= —T—o—T, (201)

€ro MOXHO BHBECTH ¥ HENOCPeXCTBeHHO U3 ypaBHeHus (122).
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C noMowpbio ypaBuenus (197) xaa BCsAko#t TepMOxMHAMUYECKON
cuCTeMbl IOJy4YaeTCsd CTOJAbKO YCJAOBUH PABHOBECHHA, CKOJbKO B Heil
BO3MOXHO PAa3MUYHEIX BMIOB H3MEHEHMH; KOHCTAHTA PaBHOBECHUA IJIs
KaXJoro cJaydas HMeeT, KOHEUHO, 0C060e 3HaueHue. IDTO BIOJHE
COOTBETCTBYeT TpeGoBaHusaM npaBuaa (pas ['m66ca, Tak kaK YHUCIO
pasaMuHbIX BUZOB MoJieft ZaHHOf (a3wl ClexyeT CTPOro OTIMYATH OT
YYCJa €€ HEe3aBHCHUMBIX COCTABHHIX uacTe# (kommoHeHT) (§ 66). XoTa
06a 3TH YHCJAA K ONpeessaloT MacCy ¥ XHMHUYeckue cBoficTBa (assl,
HO TepBOE JeNaeT 3TO COBepHleHHO O6mHUM 06pasoM, BTOpOe Xe —
TONBKO NMPH YCJAOBHH, UTO (a3a HAXOZUTCA B TePMOIUHAMMUYECKOM
paeHoBecuu. [1oaTomy B mpasuse a3 ['n66ca, kak mbl BUuxead B § 68,
¢urypupyer TOoABKO 3TO BTOpOe uucJao. Ilpubasnenve noBoro pona
Mo/eft yBeqUUMBAaEeT YuCIQ NMEepeMeHHHX, HO 3aTO HaCTOJbKO Xe NPHU
3TOM YBe/JMYMBAETCA W UYMCJIO BO3MOXHLIX XMMUYECKMX IpeBpaiue-
HUH, 2 BMeCTe C HUMH ¥ YHCJO YCJIOBHH paBHOBECHS.

Ypapuenue (197) mokasnBaeT xasnee, yTO IPM pPABHOBECHH BCe
BOOGUIe BO3MOXHBIE B CHCTEME BUAB MOJIEH XOMKHK BXOXUTb B CO-
cTaB Kaxjoft oraesnbHo#t ¢assl B KOHEYHHX KOHUEHTDALMAX, HHaye
COOTBEeTCTBYIOWMU Jorapudm Moayuua 66 6eCKOHeYHO® OTPULATE/b-
Hoe 3nauenue. Hampumep, B TBepzom OcCajike, BhIIIaBLIEM U3 BOJ-
HOTO pacTBOpa, BCerga ZOJDKHBI BCTPEYATHCA MOJEKYJH BOJH, 4 U3
paCTBOPA COMM HEKOTOPOe KOMUYeCTBO COJM BCerga JOJNEHO HUCIa-
puthca. Takoe cTpannoe Ha nepBulfl BJNJAX 3aKJIOYeHUE [IOXTBED-
KJAeTCA, ONHAKO, C CAMHX DA3JUYHHX CTOPOH. DTO MOXHO BUIETH,
Hanpumep, U3 TOrO, YTO HY Id3, HHU KUAKOCTb, HM TBepLOe TeJIO He
MOTYT GbITb HOJHOCTBIO OCBOGOXIEHH OT IMOCASIHUX CIeL0B PAaCTBO-
PeHHHX B HHX NOCTOpOHHHX BemecTB. OTCloza xe caeayeT, UTO He
MOXeT CYHmecTBOBAThE abCOMIOTHO NOJAYNDOHHUAEMBIX IepPeroporoK
(cp. § 70). Bce 310, KOHEUHO, He XOJIKHO MEIIATh HAM IPUIIHCHIBATDH
KOHIEHTPAUMK DACTBOPEHHOTO BEI(ECTBA MPOHM3BOJNLHO Maji0e 3Ha-
yeHue.

Bo Bcex mpexnayumux paccyxAeHUSX NPeRIOJarajgock, YTO KOH-
cTaHTa paBHoBecus K, 3aBUcAmAs TOABKO OT TEMIIepaTyphl ¥ AaBJje-
HUS, MMeeT HeKOTOpOe KOHeUHoe 3HaueHve. B ToM cuayuae, korza
temnepatypa 7T npubauxaercd K a6COMOTHOMY HYJIO, a TelIOBOA
apdext paccMaTpuBaeMOro MNpeBpauleHUA 7 COXpAHAeT IPU STOM
KOHEYHYyI0 BeauuuHy, InK, cormacHo ypaBuenuio (199), crpemurca
K =co, B 3aBUCUMOCTH OT 3HakKa 4HCea v, YKasblBawuero Hampa-
BJaeHHe Deakuuu. M3 ypaBuenus (197) caexyer Torxa, uto IpH abco~
JIOTHOM HyJIe TeMnepaTypsl peakuus npoTekaeT cnonHa. Konuentpa-
UMM PacnajaroHMXCs BeUIeCTB CTAHOBATCHA IPU 3TOM PaBHBIMM HYJIO.

[Mocnexnuit pesynbTaT coBnamaeT ¢ OOIWMM 3aK/OUEHUEM, IOJY-
YeHHHM B § 57, YTO NpPH HUBKHX TeMIepaTtypax CHNpaBefJUB IpHH-
mun Beprao, COrMacHO KOTOPOMY XMMMYECKOe NpespaiieHue npore-
KaeT BCerjga B HamnpaBjieHUM HAuOOAbIUETO BblAejeHHsn Temnnaa, cnexo-
BATENbHO X0 MOJHOrO MCYe3HOBEHMA BCeX pPOXOB Moneft, GoJee
6oraTelX sueprue.

§ 74. PaccMoTpuM emle HEKOTOpHE OCOGEHHO MHTEpEeCHhHe MpU-
MeneHust ypasuenus (197), BHpaxawoouiero ycioBue papHosecus. Mul
BOSbMEM CHAuasa CJayyalt OxHOR. KOMMOHEHTH B JBYX arperaTHhIX

*
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COCTOSIHUAX, yike pasobpaHHH B NpeAnxyme#t raase. 3T0 1acT BO3-
MOXHOCTb OTYETIMBO NPOCAEXUTh OCOOEHHOCTH NIPUMEHSAEMOTO 31eCh
MeToza.

PaccmaTtpupaemas CcuCTeMa COCTOMT, TAKHM 06pasoM, u3 EBYX
¢as, nanpumep: xuakoit dhase U rasoo6pasuoit maum TBepaoh. Co-
raacHo (195), oHa mOxeT OHTb NpenCTABJAeHA CHMBOJIMYECKH TAK:

Mot | 7o' 1.

Kaxpaa ¢dasa Moxer comepxaTtb TOAbKO OZMH BUI MoJell; B 06eux
xe (aszax MOJH BOBCE He JONKHH OHTb OJUHAKOBLIMA.

Ecnv oxuH MOMb XHAKOrO BeleCTBa UCHAPAETCS WAH, COOTBET-
CTBEHHO, OTBEpAeBaeT, TO B HaleM O6O3HAYEHHU:

. [ )
Vo= —1,% =’

n !
Co= e =L e’ =J5=1;

CleOBATENBHO, yCaoBHe paBHOBecusl (197) sanmumertcs Tak:

0=In K= —¢o-} %%’. (202)

Tak kak K 3aBUCUT TOJAbKO OT I ¥ p, TO 3TO ypaBHeHUE BHpaaeT
onpeXeseHHOe COOTHOIeHHe, CymecTByome Mexay p u 1, a uMeHHO —
3aKOH 3aBUCHMOCTHM [AABJAEHHS HCIapeHus 4, COOTBETCTBEHHO — Ha-
BJEHHS IVIaBMEHUs] OT TeMIepaTypu, ¥ HA060pOoT. UTOOH BHIICHHTH
XapakTep 3TOro 3aKOHa, O6pDAaTHMCH K 3aBHCHMOCTH BeqdudHH K OT
p B /. O6Gpasys mnouauu#t audepeHuMans OoT NOCAeNHEr0 ypaBHEHHd,
MHl TOJy4H M:

dmK omnkK

Huy, coraacHo ypaBueuusm (199) u (200):
r v
Ho uamenenue o6’beMa CHCTEMH IIDH PACCMaTPUBAEMOM NPEBPAEHHY,
B HAlMX OOO3HAYEHHAX, DPABHO!
V= Vo Vg~V Uy’ =‘E:’r V' — s,

cjenoBaTe/bHO: P
Po ¢ 14
r=T (L% —%) &

HJIY, OTHOCA K eAUHULEe MAaccChI:
I ( ziﬂ_f@_) 4
po po'  wo / dT

— COOTHOIIEHHe, coBllaganmee ¢ hopmyaoi Kapuo-Kiranefipona (143).
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§ 6. IlBe KkOMNOHEHTH B OAHOMN ¢ase. [lo npaBuay das,
KpoMe JaBJeHHs H TeMIeparypul, B 3TOM CJAydYae MOXKHO NPOHU3-
BOJIbHO BHI6paTh enle OXHY nepeMeHHyl. B KayecrBe ee MOXHO,
HampHMEp, B3ATb KOJHYECTBO DACTBOPEHHOTIO BEINECTBA, COZEpHKa-
IEerocs B OJHOM JUTPe pacTBOpa. Toraa B COCTOSHHH DPaBHOBECHS
KOHUEHTPAIHA KAXKAOrO OTACABHOIO poAa MoJell 6YyAeT BIOJHE
OonpeneNeHHON, COBepUIEHHO HE3ABHCHMO OT TOTO, BO3HMKJH JHU 3TH
MOJH B pe3yJbrare JAHCCOUMALHH HJH acCOUMauuH, OOpa30BaAHHUA
rugpaTta i nyreMm ruapoausa. PaccMortpum nmpocroft cayyaR saek-
TPOJUTHUECKOH AHCCOLUHALUMHM KAKOro-iu60 GUHADHOTO 3JEKTPOAUTA,
HanpuMep: caydalil pacTBopa YKCYCHOR KHCJOTH B BOZe. UTOGH MH
MOTJH NPHMEHHTb K 9TOMY CJAYyYal PAa3BHTYIO HaMH TEODHIO, d/EK-
TPOMHT AO/MKeH OnlThb C1abuM; 6Jarojaps sTOMY B BRPaXKEHHH SHEp-
rud u o6’beMa pacTBOPa MOKHO NpeHe6peub u/leHaMu, 3aBUCAILHMH OT
B3aUMOJEACTBHN MEXKAY HOHAMH, OOy CNOB/JICHHLX HX 3apANaMH. ¥ pas-
ueund (187) cnpaBen1uBLHI, AeACTBHTENBHO, TONBKO NPH 3TOM YCIOBHH.

PaccmarpuBaemas cucrema H306pasurcs CHMBOJHYECKH TaK:

oo, Iy g,y Tlg 25703 135

n; 0603HaYder YHUCAO0 HEAMCCOUHHPOBAHHBIX, 7y = Mg — UHCJIO AHCCO-
uunpoBaHHHX MoJaell. O6mee uyuci0 MoJaell paBHO:

=g~} 1y -1y~ 1y
(moutu paBHO 7).
Kouuenrpanuu:
ny ny n
a=2, a=2, o=t
PaccmarpuBaeMoe NpeBpaleHHe 3aKJII04aercs B JUCCOLMMALNH OXHOTO
pPacTBOPEHHOT0 MOJfA; TAKHM 06pasoM:

V0=0, V) == — 1, Vg == Vg == 1
Orcioaa B COCTOAHHH PaBHOBECHS, corjacHo ypasuenmio (197):

—Inef-2lncy=I1n K
HIH \

%: s (203)
3TO ecTh 3aKOH Pa3BefeHUs GHHADHBIX 3JEKTPOJAUTOB, BHICKA3aHHBIA
prnepBuie OCTBAJILAOM. ..

§ 76. IBe xoMnoHeHTH B ABYyXx dasax. B sroMm cayyae
COCTOSIHHE PaBHOBECHA oupejenasercs MO npasuay ¢as AByMmsa nepe-
MEHHLIMH, HalpUMep: TEMNEparypofi ¥ naBjAeHHEeM WM KOHIEHTpa-
uuell onHON asw M remmeparypoil waM pasiaeHueM. UroOul Jayuwe
TO3HAKOMHTBCSA CO BCEMH OTHOCSIIMMHCHA K 3TOH O6mupHON 0o6aacTH
SBJEHHAMM, LleJecoo6pa3Ho paccMOTperTh CHayaJa TOT YACTHHH cay-
yaj, KOraa Bropas ¢asa COZEPKUT B 3aMETHOM KOJHYECTBE TOJABKO
oxHy KoMuoHenTy. OIHAaKO ¥ 34€Ch MOXHO Pa3aHyYaTh JABa cayyas B3a-
BHCHMOCTH OT TOr'O, SBJAAETCS JH KOMINOHEHTA, o6pasylouias BTOpYio

fhasy, B nepBoli (dase PACTBOPEHHWM BEIIECTBOM W/AH PacTBOPUTE:
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neM. PaccMOTpUM 3TH NOcAeAHHMe JBA YaCTHHIE caydas MO NOPSANKY,
B3dB CHawaJja TOT, KOrja KOMNOHeHTa, oOb6pasymoomas BTOopyio ¢asy,
sABJdercd B nepBo# ¢ase pacTBOPeHHHM BeuecTBOM. [IpuMepom rakon
CHCTEMH MOXET CAYXKHThH MOTJIOmEeHHe KAaKoro-au6o rasa, Hanpumep
YIJIEKHCJAOTH, XKHAKOCTbIO, O6aanalomell BeCbMa MaJoO# yNpYrocThio
napa (Boja npu Hu3KOH rtemneparype). Tako# cHcreme, cOrJacHo
(195), cooTBeTCTBYET CJEAYIOIIHNA CHMBOJ:

12
Holhgs Nythy | oty

Mu ponyckaeM Inpu 3TOM, 4YTO MOJb PACTBODEHHOIO BEINECTBA
MOKeT OHITh LEJABIM KPAaTHHM CBOGOJHOTO ra3006pa3sHOrO MOJS ft,'.
Konuenrpanun orienpHHX BemecTB B 06eux (asax cucreMu OyxyT
PaBHBL

__T P ny r_ 1

npt+n’ U mytn ’

PaccvaTpuBaeMOe NpeBpaleHne COCTOUT B HCMAPEHUH OZHOTO MO
PAacCMOTPEHHOTO BEINEeCTBA M3 PAacTBOPA; TAaKUM 06pa3oM:

V=0 n=—1, %r=%'

CO=

[Toaromy ycaoBue paBHoBecus (197):
volncyg—tvlne +v'Ine) =In K
npuMer AJAA Haulero caydas Takoid BHA:
—In¢c,=1nK, (204)

T. €. KOHIEHTPAUHUA ¢; Tra3a B pacTBOPE BMNOJHE ONPEAEAACTCS TEM-
neparypoll M naBleHHEM, TAK KaK STUMH BeJHUHHAMHU BIOJHE Onpe-
neasercs 3HayeHde K. 3aBHCHMOCTh KOHUGHTPAUUH OT NABJAEHHA H
TEMNEPATYPH MOXHO MOJYYHTh, MNOJCTABAAA NOC/JAEeLHEE YpaBHEHHE
B ypaBreHud (199) u (200). Orciona caenyer, uro

a1 1
or';‘q =R 7% ’ (205)
hoe L3 oo

TAE 7 €CTh KOJHYeCTBO TeNJa, INOJYueHHOe H3BHE HPH H306apHO-
H30TEPMHYECKOM HCNIAPEHHH OXHOTO MOJS H3 XHJAKOCTH, a U —
npoucxoafllee NPpH 9TOM yBeiuuenue o6bema. Ho rak xak v npu-

6HxeHHO npelcTaBaser 00beM v’o=;*,i‘—, 3aHMMaeMH il OITHHM MO-
0

JeM B Trasoo6pasHOM COCTOSHHH, TO, COTJacHO ypaBHeHuio (96),
MOXHO NpPHHATH, 4TO
1 RT

o p°
YpasHenpe (206) maer rorama:
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Hurerpupys ero, moayyaem:
P

6 =C.p* , (207)

T. €. KOHUEHTPAUMs PAaCTBOPEHHOrO rasa MNpOMOPUHOHAAbHA JdaBJe-
HHIO B CTENEHH, DABHOH CTENEHH acCOLMALMU MOJielt Taza B XKUIKOCTH.
Ecan 6bl 0xa3anoce, YTO KOJHMYECTBO PAaCTBOPEHHOIO rasa nmpomnop-
IHOHANBHO NaBACHHIO, KAK 3TO HMMEEr Mecr0 NpH MNOTJAOIEHHH
yriaeKHcaoTel BOAOH (3akom DBynsena Pocko), 10 310 3Hauwao 6ul,
4TO MOJIH YIJIEKHCAOTH, PACTBOPEHBON B BOJE, HACHTHYHE C MOJAAMHU
rasoo6pasHoON YIJAEKHCAOTHL

Kos¢puuuenr nponopunonanpuoctu C, cayxamuit Mepoi pactBo-
pUMOCTH ra3a B XKHAKOCTH, 3aBHCHT OT TEMNeparyphl; 3Ty 3aBUCH-
MOCTb MOXHO NMOJYYHTh H3 ypaBHeHus (205), xOMOUHHpYS ero ¢
ypasreruem (207):

e 1 r, (208)

'9TO YpaBHEHHE NOKa3hBaeT, YTO KOrla HCliapeHHe rasa M3 pacrtBopa
CONMPOBOXKAAETCA NPHTOKOM TenJa U3BHE (NMpUMEp — YIVIEKHCJHbIH ra3
B BOAE), T. €. ¥ > 0,—pacTBOPHMOCTb rasa C NOBBILIEHHEM TeMIe-
patypul yMeHbuiaercd. 3Had 3aBUCHMOCTE C Or TeMnepaTypsl, MOXKHO,
06paTHO, BHIYHCAHTh TeMAOBOK sddeKr, conpoBoxmaOMmUA NOIIO-
IeHHe rasa.

§ 7. Komnonenra, o6pasyromana Bropylo a3y, aB-
aAsiercsa B nepBoil pase pactBOopureaeM. IDror cayyail ocy-
IeCTBAAETCA TOTAA, KOTJa H3 pacrBOpa, arperaTHoe COCTOSHHE
KOTOPOro MOXer 6LITH COBEPUICHHO NIpOH3BOJIbHLIM, Bhljeaqgercd,
6narofaps 3aMep3aHdIo, HCMAPEHUIO, TasHUIO AW BO3TOHKE, YHCTHIA
pacrBOpuTEJb B APYroM arperaTHoM cocrosHuu. Obmee BepaxcHHe
Ias nogo6uHo#l cucreMsl, coraacuo (195), 6yaer umeTh CaeaYIOMHUA BU A

12
o oy Ty g, Pz ita, Agits, - .. | Mo 1y

IpUYEM BONPOC O XapaKrepe M YHCJe pOXOB MoJefi, 06pasyeMHXx
PacTBOPEHHLIM BELIECTBOM B PaCTBOpPE, OcTaerCs OTKPHITHIM. OTKPH-
TEIM OCTAeTcs ¥ BONMPOC O TOM, OJAMHAKOBH HJH HET MOJbHEIE Beca
pacrsopureas B oberx ¢asax. CymMma Bcex uuces monel B pacTBope
paBHa: :

=ny-Fm -} ng-}-. . . (nouTH paBHO 7).

KoHuenrpauun orJAesbHEIX POLOB MOJEi:

) U g ’
Cp == ~— Cy == —— Co=="—" 3 00e C, ==
0 n? 1 n’ 2 n? ’ 0

BO3MOXKHOE NpeBpalieHue COCTOHT 31eCh B NMEPEXOLE OLHOTO MOJA
pacrBopyTesst H3 nepBod Qasu BO BTODPYIO; TaKUM obpasoM:
P

!
voq“"l, v1=0, V2=O, “ v ey VO ='{I'07'
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B cocrosiHuu paBHOBecus, cOrsacHo ypaBuenuio (197), 1o/1xHO ya0B-
JI€TBOPATHCA YCIOBHE:

n
-~ In 2%

n
n =1H7;=1I1 K.

Ho
L

Ny ?

1+ nl_{-n;o_}-...

cIea0BaTeNbHO, TAK KaK aApo6b B NMPaBOH 4aCTH OYeHb MaJja:
mtmt 0K (209)

o
CorsacHO 06imeMy onpefefieHuio, BhIPaXXeHHOMY ypaBueHHeM (197),
MH uMeeM 3IeCh:

1 1ot
In Kz"jg"("o‘?o‘l‘%‘?l*’(“’z?z‘}‘ wer =o' 90'),
OTKyJa, NpHHHMAasA BO BHHUMAaHHe 3HAUEHHA v, NOJyYaeM:

n+nyn .o 1
i+ ﬂ‘l;los"l‘ =“R“('E(%%,~%)=m1<' (210)
dro ypaBHeHHE MOKa3uBaer, 4to In K TakKe OueHb MaJ.

Ecan cpaBHHTh 3TO YC/AOBHE DABHOBECHS C COOTBETCTBYIOUMM
ycaoBueM [ypaBuenue (202)] msaa yncroro pactBopuress, TO CTaHO-
BHTCA ACHBIM, 4TO HaJM4YHe B pacrBOope MoJe# ny, 7y, Mg, . . . BHI-
3bIBAa€T OTKJAOHEHHE OT TOH 3aBHCHMOCTH MEXAY TeMNeparypoi u
JZaBJeHHeM, KOTOPAss MMEET MecTO AJs 4HCTOro pacrBopHuTend. DTO
OTKJOHEHHE 3aBHCHT, OJHAKO, JHUIb OT OOWIEro 4Hcaa MoJelt pac-
TBOPEHHHIX BENIECTB, HO HE OT UX NPHPOXHE. Ur0o6H (HOPMYyIHPOBATH
3TO COOTBETCTBYIOIHM O06pa3OM, MOXKHO BOCHOJB30BaThCd B Kaue-
cTBe He3aBUCHMOH mnepeMmeHHolt uam p, uiu 7. B nepBom cayuae
MBI CKaQX€M TaK: NpH AAHHOM ONpPeAENeHHOM NaBJEHHH P TEMIEpa-
Typa Kuneuus (3amep3anmd) pactopa I OT/AHYaETCAd OT COOTBET-
CTBYIOIIEA TemIeparypel JAJs YHUCTOIO pacTBOpUTEs; BO BTODPOM
cayyae—npH JaHHOM onpenesnennofi reMneparype I jgaBienue napa
pacrBopa (AaBleHHE 3aMep3aHys) p OTIAHYACTCH OT JABJEHHA Napa
(maBJeHHs 3aMEP3aHUA) YHCTOro pacTBOpurend. BblupcidM 3TH OT-
KJOHEHHs B O60MX CJAyuasx.

Ecan 7, ectp rtemMneparypa KHNEHNHA H/IH 3aMEP3aHHA YHCTOrO
pacTBOpHTeNs NOJA AaBJEHHEM p, TO NO ypaBHeruio (202):

(InK), =0.
Brlunrast 3To ypaBHeHHe H3 ypaBuenHd (210), noayuaem:

(in ), (In K);, = Mtmt -

ny

a rak Kak T orauuaercs or 7, OueHb He3HAYHTENbHO, TO, BOCNOJb-
30BABUIMCH pa3/ioXeHHeM B pax Tefinopa M OFPaHHYMBUIHCE QAHHM
YJEHOM, Mbhl MOXEM HaNHcaTh C NOMOWLIO ypaBHeHHs (199):

olnk , r [T T B

L)
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OTKYJa CJAefyer, 4T
T—Ty,= Mt R

ny r.

. (11)

Ho a10 ecTs 3aKOH NOBLIIEHHSA TEMNEPATYPH KHUMEHHS (HAM MOHU-
XKeHHA TEeMNeparypul 3amep3anus) Bant-lodda. B cayuae samepaanus
7, — KOJIMYeCTBO TEIIOTH, MOMJOWEHHOE H3BHE NP 3aMep3aHUH Of-
HOTO MOJA KHAKOCTH,— OTPUUATENBHO. Tak KaKk B NOJYueHHON
GopMyse BENHUHHH 7l, H 7 BCTPEYAIOTCA TOJBKO NMEPEMHOMKEHHbIMH,
TO OHA HE NMO3BOJAET ONpPENeNUTb HH UUCAA MOJEH 1, HH MOJABLHOTO
Beca pacrBopurens po Ecau 7 Bulpaxeno B kanopuax, 10 R, no
ypaBHeHHIO (57), HAJO NpPHHATH paBHbIM 1,983,

B cayuae ucnapenns OxHOTO JAurpa BOABI NOA aTMOChEPHLIM Aa-
BJICHHEM Ny PaBHO Npubausureabuo 1000 - 539 xas, T—= 373. Takum
06pa3oM 15 NMOBHIUEHAS TEMNEPATYPH KUNEHUS Pa3BEAEHHOrO BOA-
HOrO pacTBOpa MH IOJyyYaem:

T—Ty=051° (n-+ny—-ng -1 . . ). (212)

Hanee Zas caysas 3amep3anus JUTpPA BOAB NOJ atMOchepHHM na-
BJICHHEM NPUGIHKEHHO g7 ==-—1000 - 80 xas, T=273, orkyna no-
HUIKEHHE TeMNEepaTypH 3aMepP3aHUsi Pa3BeAEHHOI'O BOAHOIO PacTBOpa
BHIDA3uTCA TaK:

Ty,—T=185-(ny+ny4ny+...). (213)

[Tycrb Teneps p, ecrb naB/ieHHe napa YUCTOrO pacTBOpUTEJS
npu remneparype 7, roraa no ypasnenuio (202):

(InK), =0.
Briuuras ato ypaBHeHHe U3 ypaBHerHd (210), nmoayuaem:

(InK),—(nk), = tmt:

n,

Tak kak p orauyaercsa OT p, OUEHb HE3HAUUTEJABHO, TO, BOCHOJb30-
BaBwiuch ypaBHemueM (200), MBI MOKeM Hamucarb:

0l
2K p—poy=—gro—py=nFBE

Ecanm Mb npumeM o-—yBeauueHue O6beMa CHCTEMH INPH H30-
6apHO-N30TePMUYECKOM HCNAPEHHH OJHOTO MOJSA XHUAKOCTH—PABHHM
06beMy O6pasynuierocs npd aTOM MOJd rasa, T. e.

v=r1o RT
boo P
TO TOJNYYHM H3 NPEALIAYIIErQ YPaBHEHHUSA CACAYIOUIEE COOTHOUIEHHE:

Po—=p _ b mAn+---
F to no
3710 ecTp 3aKOH OTHOCHTEJTbHOIO NMOHHXKEHMA JaBJEHHsA Napa pac-

TBOpA, Takxke MNoayyeHHn# Baut-F'oddom. Taxk kak n, u py BCTpe-
yaloTCAd $AeCh TOMBKO NEPEMHOXECHHBIMH, TO 3Ta Gopmyna HE NO3BO-

. (214)
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JSeT HAYero y3HaTh OTHOCHTEJbHO MOJBHOTO Beca KHIKOrO pac-
TBOPHTEJA.

HMuorza aT0 COOTHOLIEHHE MOXHO BCTDETHTh B TakOH opMynau-
pOBKe: OTHOCHTEJbHOE MNOHHXEHHE NABJEHHS Napa pactBOpa PaBHO
OTHOIWEHHK OG6IEro 4YHCaAa pacCTBOPEHHHX MOJed 7n,~4rn,--. . .
K uHcay MoJaell pacTBOpUTENd M, HJH, YTO 1Jd PA3BEJEHHBIX PacrBO-
pOB TO Xe CamOe, K UHCAY BCeX MOJeH n pactBOpa. JIerko, oxHako,
BUJIETb, 4TO TaKasg (OPMYJHPOBKA BepHA TOJHKO B TOM Cayuae, KOraa
po' = o, T. €. KOTJAa MOJH DACTBOPHTEJHA B PaCTBOpPE W B Nape OJH-
HaKOBH. B 06meM cayuae aro He uMeer MelTa; NMPHMEPOM MOXET
cayXutb BOJIA.

Kaxpnoe u3 COOTHOWEHHH, TOABKO UTO MOJYYEHHBIX HaMH AJA
remneparypH KHNEHHs, TEMNEPAaTYPul 3aMepP3aHHsl M JaBJAeHUs napa
pasBeLeHHOTO pacTBOpa, Ader, TAKMM O6pPa30OM, MeTOH ONpeNe]eHHd
o6uiero uucaa MoJef, COAePKAMMXCA B paCcTBOPE NMOCTOPOHHHX Be-
miects. Ecan 6Bl unciaa, HafgeHHHIE NyTeM MOAOOHBIX H3MEpPeHHu#,
He COBMNAJH C TEMH, KOTODHIE BBIYHCJACHH M3 INpPOUCHTHOrO COAEp-
JKaHHA pacTBOpa B MNPEANOJOXKEHHH HOPMAJbHOIO MOJBHOTO Beca
pacTBOpPEHHBIX BEWIeCTB, TO, COIMACHO pPAa3BUTOH 31eCb TEOpHH,
B pacTBOPe JNOJIKHO HMEThb MECTO XHMHYECKOE H3MeHeHHe MoJef
nyTeM AHCCOLMALMH, accoudauuu ¥ . n. KakoB xapakrep saTux Ha3-
MeHeHuH, NPOHCXOAUT JU NPH 3TOM B PaCTBODE 9JEKTPOJHTHUECKAS
WM 9JEeKTPHYECKH HeHTpanabHas puccOUualusg, U3 9TOM Teopuu 3a-
KJIOYHTb, KOHEYHO, Heib3sl. TeM He MeHee YKa3aHHIH OGMIKN pe3ynb-
TaT CAefAyeT pacCMaTPHBATh KaK A0KAa3aTe/bCTBO YCHEIMHOCTH TEPMO-
AUHAMHYECKHX METOAOB, TaK KAK OHH MNPHBRJH ONHCAHHBIM 31eCh
nyTeM K 3aKJIOUEHHIO O TOM, 4YTO B BOXHRIX pacTBopax coJael d
KHCIOT NMPOMCXOAHT AHCCOLHANMS, COBEDIICHHO HE3AaBUCHMO OT TeO-
pHUH 9JEKTDOJIHTHUECKOA aucconmuanuu Appenuyca.

§ 78 Kaxpgas u3 pas coxepxurT o6e KOMNOHEHTH
B 3aMEeTHHX KOJMUYyeCTBAax. Ecan Npu UCNapeHHH MU 3amep-
3aHMH pAacTBOpAa OJHOBPEMEHHO HCNapsAeTCHd MM 3aMepP3aeT U PacTBO-
peHHOe BeIIeCTBO, TO 3aKOHOMEDHOCTH, YCTAHOBAEHHHE B HPEABIAY-
mux naparpadax, HCNBITHBAIOT HEKOTOPOE H3MEHEHHE, KOTOPOEe MH
cefivac 1 uccaepyeM. O603HAYUTH CUCTEMY CXEMATHYRCKH MBI MOXKEM
B 3TOM CJyyYae TakK:

'
ooy Mgy, Talg, + o -y l nol}’:o’, nl’pl, ng'pz’, e ey

npuuem uppekc 0, kaKk M npexge, OTHOCHTCA K YHCTOMY DaCTBODH-
TeaIo, & OCTAJbHHE HHIEKCH ~— K Da3HUHEIM pOJaM MoJel pacTBO-
peHHbix BemecTB. Ecan MPOBECTH BHIYKC/ICHHE B OCTAJBHOM COBEp-
WIEHHO TaK e, Kak H Bbllle, TO BMeCTO ypaBHeHHd (210) nosyuurca
caemyiolee:

n,-J,-n.‘,-J,-ﬂ..____;_:1'nl'-J,-ng'-J;-...= .
Adhd e S M dh =l K (215)

I TOBHILIEHUSA XKe TeMNepaTypul KuleHus, BMecTo ypaBHenus (211),
ypaBHeHue:

(Mt ... m . ) R (216)
T—To=(= nove M B ) re
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r—a3gecb TenaoBo# adpdext npu u306apHO-H30TEPMHUYECKOM HCha-
. r
peHuan OxHOro MoJjd pacrsopmenﬂ, CAeA0BATENBLHO T&—TOT xKe

a(pdeKxT, OTHeCEHHHH K elMHHLUE MaCCHI.

Mtel BHOBE 3aMeuaeM, YTO B NoayyeHnyio GopMyay BXOZHUT TOJABKO
Macca pacTBOpDHTENs B xaXJoH u3 obeux ¢as, a He ero MOJBHHI
BEC WM YHCAO MOJefl; HanpoTHB, AJAd DACTBOPEHHOrO BEIIECTBA,
B OTHOWWEHHU BJHAHHS Ha TEMNEPATYpY KHIIeHUSA, XapaKTEePHO YUCJIO
ero moJjei. B ocraabHoM sta dopmyaa npeacrasaseT coboil 0606-
meHue 3akoxHa BauT-Todda, B KOTOpOoM BMECTO uHC/aIa MOJe#H, pac-
TBOPEHHBIX B XKHUAKOCTH, T. €. BeAHYHHH (7, }-ny-+. . .), urypu-
pyeT pasHOCTh uyHcen MOJell, pacTBOPeHHHX B eguHuue o6bema
JKHUAKOCTH H B exuHuue o6beMa napa. [losTomy B 3aBHCHMOCTH OT
TOTO, rje—B XKHUAKOCTH HAH B nape-—Ha eJUHHLY MAacCchl Npuxo-
JuTcA 60JbIIE PACTBOPEHHHIX MOJei, y pacTBOpa NnOAy4yaeTcs NOBhI-
feHHe HJAM MOHHIKEeHHE TeMIlepaTypsl kunenud. B npepenbHOM cay-
yae, korga o6e BeauuyuHEl PaBHB, T. €. KOrfa pAacTBOp KMIHUT NPH
»TOCTOSIHHOR“ TeMmepaTtype, U3MEHEHHe TeMIlepaTyphl KANEHUA PAaBHO
nymo. COOTBeTCTBYyOmME MOJOKEHHS CHNPABEJIHBH TaKxe, KOHEYHO,
A U3MeHeHud JABJACHUA Wapa u AJg U3MeHeHusa TeMMepaTypH 3a-
Mep3anus. PacTBopam, KuNAWKM NPH NOCTOAHHOHN TeMnepatype, co-
OTBETCTBYIOT ,9BTEKTHUYECKHE CI/IaBH ¥, COCTAaB KOTOPHX HE MEHAeTcs
npu naasiaennd. OHu o6sanaioT, TakUM 06pasom, He3aBuUCAwEeH OT
KOHIEHTPALUMH TOYKOH NJaaBJAEHHA.



YACTDb BTOPASA
TEILJIOIIPOBOXHOCTE

IJIABA 1
OCHOBHOE YPABHEHHE

§ 79. Mu mMmorau 3ameTHTh, YTO BO BCEX HUCC/AeJ0OBAaHUAX, KOTO-
pele OHIAH NPEANPUHATH B NEePBOH yacTH STOR KHHUTH, BPeMmsd He
Urpajto HHKAKOA DOJau. 3TO GO CBA3aHO C TeM, YTO B 3THX HC-
c/le0BAHHSX HAC BCErja MHTEpPECOBaAO0 TOJAbKO HampapB/JeHHe Omnpe-
JEeJAeHHOTO, NPOTEKAIMEro B NpHpOje H3MEHeHUs, HO He ero CKO-
pocTb. Tenepr Mbl, HanpoOTHB, OOPATHMCA K H3YUYEHHIO TOTO, Kak
HeO6paTHMBIE NMPOUECCH NMPOTEKAIT BO BPEMEHH; B Cayuyae obpaTu-
MEIX IpOLECCOB 3TOT BONpPOC HE MOT Jaxe U BO3HHKATh, TAK Kakx
OHM HMEIOT HJCAJbHEIA XapaKTep M MNPOTEKAIT 6ECKOHEYHO Mej-
aenno (§ 25).

K uyncny Heo6paTHMHIX NPOLECCOB NpHHAAMEKAT TPEHHE, TEIIO0-
npoBogHocTh ¥ auddysua. Jaa Bcex sTUX mpoUeccOB cHpaBelIUBH,
B H3BECTHOM CMBIC/E, AHAMTOTMYHLIE 3aKOHOMEPHOCTH. MH BO3bMeM
M3 3THX INpPOUECCOB HaH6OJjee MPOCTOH, HMEHHO TENMJONPOBOAHOCTD.
Msul go/xHE 6ysneM, CAeZOBATE/NbHO, PACCMOTPETH, KaK H3MeHAeTCHA
C TeueHHeM BpPEMEHH TeMuepaTypa B Pa3/JHYHBIX TOYKax NoOKosmie-
rocsi OZHOPOJZHOrO, HEPAaBHOMEDHO HarpeToro TBepaoro tena. Tax
KaK TNpOLECCH JABHIKEHHS Ml 3/e€Ch He PACCMAaTPUBAEM, TO Mbl MOXKEM
npere6peyb W BHI3LIBAEMEIMU TEMIEPATYPOR H3IMEHEHUAMH NJIOTHOCTH,
a caexoBaTeqbpHO, H 06beMa Teia.

[Tpouecc TenaONPOBOAHOCTH 3aK/AIOYAETCd B NEepeHoCe SHepPruH,
NpPOUCXOAAmEeM O6Aarofaps B3auMOJEACTBHIO CMEXHBIX 3/]EMEHTOB
T4, HAXO0 AAUIMXCA IPH pa3auuHON TeMneparype. Beauuuno#, nocryn-
HOM H3MEePEeHHUIO TP H3YUYEHUM NTpoliecca TENJAONPOBOAHOCTH, ABAAETCA
tTeMmneparypa 7; ee caeayeT pacCMaTpuBaTh KaK QYHKIHIO KOOpAH-
HAT X, ¥, 2 4 BpeMend f. Uro6ul BHIBECTH OCHOBHOHN 3aKOH, KOTO-
pulft 103BOJAA 6B B KaxJAOM OTAEJBbHOM cayuae HallTu 3Ty GyHK-
M0, HEOOXO0JAMMO BOCHOJAb30BATHCA OGOMMH HAYaJaMH TepMOJHHA-
muku. [lpubernem npexpe BCero K NepBOMY Hayasay.

CorsacsEO mepBOMY Haualy, H3MeHeHHe 3Heprud E xaxoH-HHOY 1b
Npou3BOJbHO B3ATOH yacTH Tesa, NMPOHCXOAfAllee 3a Bpems df, onpe-
HeNAeTCs HCKJIIOUUTEIbHO BO3NEHCTBHSMH, KOTOpHE MPOH3BOAATCH
38a arto Bpems Ha Teqo u3BHe (§ 18). Ho 3snece atu Bo3xehcTBus
MMEIOT HCK/IIOUHTEJbHO TEePMHYeCKHA Xapakrep, Tak Kak MexXaHHue-
CKHE ¥ 3/ACKTPOMArHUTHHIE BO3JEHCTBHA HaMu OBIIH 3aPRHEE HCKIIIO-
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YEHH; NTOSTOMY pPe3yJbTAaT HX CBOJHTCA K TOMY KOJHUYECTBY Temaa Q,
KoTopoe OHJIO COO6mEHO AaHHOH yaCTH TeJa 3a BpeMs df nmyTem
TENIONPOBOAHOCTH H3BHE. ‘

[Mpurox Tensa Ko BCAKOH YACTH Tesa MOXKET HPOUCXOZHTH TOAbLKO

yepe3 ee nosepxHocTh. OH CKJajfBIBAETCHA, TAKHM 06pa3oM, H3 KOJH-
YyecTB Tellla, NOCTYNAKIMUX BHYTPh XAHHON YacTH Tesa yepes BCe
OTjesbHBIE 3/eMEHTH do ee NOBEPXHOCTH. MBI MO2KEM TO3TOMY mpen-
CTaBUTH KaxJOe TaKoe KOJHYECTBO TeIJa BhpaxendeM q,dec df, moHu-
Masg NOA v HOPMaab K do, HanpaBJ/JeHHYI0O BHYTPb pacCcMaTpHBaeMOH
YacTH TeJaa, a Noj (., — HEKOTOpYIO KOHeuHYIo BeJauuyuny. Ecau npu-
MEHHTDH NPHHIHMY 3HEPTHU K YaCTH TeJa, B3ATOH B opMe 6€CKOREeUHO
MaJoro TeTPasApa, TO MOXKHO [OKa3aTh COBEPIUCHHO TaK XKe, KaK
3TO 6BIO caenaHo B 3, § 4 xaa NMOTOKA 3J€KTPOMAaryuuTHON sHepruH,
4TO { €CTh HEKOTODHIH BEKTOp, ,MJIOTHOCTh TENJAOBOrO HOTOKA* HJIH
»BEKTOp TenmionpoBogHOCTH“. B npuMenerun K npousBoapnOH
yacTH TeJa NPHHIMI 3HEPTHH [JIACHT Ciepyioniee:
O dt=adt [ cD L dv=adt [q.ds, (217)
rae dtv 0603HayaeT aJeMeHT 06beMa, D — HAOTHOCTD, CJA€10BATEABHO
D d~— snemMeHT Macchl, a ¢ — yAEAbHYIO TEINIOEMKOCTb NPH MOCTOSH-
HOM oGbeMe (§ 20), kOoTOpYI0O MH OyJAeM CUHTaTh NOCTOAHHOMN.

Ecau mpeoGpaszoBaTh uHTerpas, pacnpoCTpaHeHHHH MO moBepx-
HOCTH, cornacuo 2 (78), B uHTerpaJ, pacnpoCTpaHEHHHI N0 06'bEMY:

f(qx cos vx -} q, cos vy -} q, cos v2) do = — fdiv q-dr,
To ypapuenue (217) MOXKHO GyZeT HAmHCATh TaK:

f(aD%—’;—}—div q)d'c=0.

Ecan B3aTe Temeppr §ecKOHEUHO Majdylo 4YacTh Teja, TaK 4YTO ee
ob6peM cBepeTcsd K OAHOMY 3jeMeHTy dt, TO MHl NOJyuuM B Kauye-
CTBE BhIPaXKeHHA NEPBOr0 HAYaJa CAeAylomee COOTHOIUEHHE:

or
D% J-divq=0. (218)

3TO COOTHOWEHHE CNpPaBeAJIHBO AJs BCAKOrO MECTa Teia H A4
KaXJIOr0 MOMEHTA BPEMEHH.

§ 80. Uro6n npuMenuTh K KakOA-HHOYAb 4aCTH Tena BTOpOE
Hayajno, BO3pMeM HepaBeHcTBO § 53, cnpaBesnuBOe mis BCAKOrO
BooG6uie Heo6paTHUMOro mpouecca:

dS+dS,>0. (219)

31ecy dS ecTp u3MEHEHHE OSHTPONMH 9STOA YacTH Texa, paBHOE
cyMMe H3MeHeHHA SHTPONMMH BCex ee 3JaeMeHTOB Macce Ddt. Tak
KaK H3MeHeHus oObeMa HaM¥ BO BHUMAaHHe He NPHHHUMAIOTCSH, TO
U3MEHEHHE SHTPONUM sJaeMenta Ddrx, coriacHo ypasoenuio (82),
6yZeT paBHO M3MEHEHHIO €ro SHEPruH, AEJCHHOMY Ha ero Temnepa-
Typy, TakuM o6pasom:

dS= [1-cD%L . dx-at. (220)




110 TENJ/IONP OBOAHOCTD

B cBolo ouepear d4dS, ecTb U3MEHEHHE SHTPONHUH OKPYKAOIUX
yacre#i teaa. Ho mameHeHHe SHTpONHH KaKoro-aub6o resaa, KaK 3ToO
Mb Bupenu B § 52 Ha npuMepe pesepByapoB TENJOTH, PAaBHO OT-
HOLIEHHIO TENJOTH, COOOIIeHHOH TeJay H3BHE, K TeMIeparype TeJja.
Takum o6pa3oM H3MeHeHHE SHTPONHM OAHOH KaKOH-HUOYABL YaCTH
Teqa, NpHHALJAEKANEH K YUCAY OKPYXKAIOIHUX PACCMATPHBAEMYIO H
JAexamed Ha BHEIIHEH CTOpOHE 3/eMeHTa NOBEPXHOCTH do moc/aej-
HeH, paBHO: ’

— 2 q.do dt,

noTomy 4to q,dsdf u ecTe KOJIMYECTBO TeIlIa, MOrJouaeMoe STOH
qacTbio 3a BpeMsi df. ]I U3MEHEHHS SHTPONUH BCEX OKPYHKAOIHUX
yactefl 9TO JaeT:

ds,=—dt [Las

Moxacrasasas o6a HaligenHele BHIpaxeHHs B ypaBHeHHe (219), nmoay-
yaeM:
eDor q,
5 ae=[Fd>0

uaH, upeobpasys, KakK u Bullle, HHTerpaJd no NOBEPXHOCTH B HHTe-
rpad no O6’beMy H NpUMEHAd 3aTeM De3yabTaT K 6eCKOHEYHO Majo#H
4acTH TeJaa:

¢D oT . q
Lo +div(3)>o. (221)

dT10 COoOTHOUIEHHE, ABJAIOMEECS BHPAXEHHEM BTOpPOro Hauaaa,
cupaBes/HBO A BCAKOTO MecTa TeJa M /s KaXjoro MOMEHTa
BpEMEeHH.

Ecau Mul pasBepHeM BhlpaxkeHde JHBePreHIHH B ypaBHeHuu (221).

odr 5% 5
d“’(‘rl)—@r‘{:”ay—‘*‘ =
=1 divq— 73(a-grad T),

TO, NOACTAaB/AAsA Pe3y/ibTaT CHOBa B ypaBHeHHe (221) u moOJb3yaAch
ypaBHeHueMm (218) mepBoro Hauaja, AOJAYYHM, KaK BHpaxenue Tpe6o-
Bagu# BTOPOro Hauaja, CAefylomee HepaBEHCTBO:

q-grad T < 0. (222)

Huxakux panpuefiiux 3ax/aoueHu#l BHIBECTH H3 BTOporo HauaJa
He/b3d. AHAJOrUYHOE COOTHOLIEHHE MOXHO YCTAaHOBUTH H NS BCH-
KOro ApPyroro Heo6paTuMoro mpomecca, HanpuMep Aasi auddysuq.
§ 81. YUro6u noayuuts Teneps AH(epeHUHMaIbHOE YPaBHEeHHE
TENAONPOBOAHOCTH, HEOOXOAHMO, OCHOBBIBAfACH. Ha KakOM-au60
npaBaonofo6HoM (U3HYECKOM MNpeAnoJOXKEeHHH, YCTAaHOBHTb KOJH-
yeCTBEHHOE COOTHOWEHHe Mekay BekTopamu q # grad 7, xoropoe
gonoJauua0 6 HepaBeHCTBO (222) TouHelM ypaBHeHueM. Jlaa #30-
TPONMHLIX BelleCTB, PAacCMOTPEHHEM KOTODHIX MH B JajbHEHmEM
TOJNBKO H OTPaHHYHUMCH, TAKOE MPeAnoJoXeHHe HaiTH OYeHb JETKO,
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HelcrBuresnpHO, TaK Kak B HM30TPONHOM BeleCTBE HeT HHKAaKHX
npeuMyuecTBeHHHX HampaBjaeHdll, TO He OCTAaeTCs HUYEFO APYroro,
KaKk npuHATE 06a BexkTopa q u grad 7 mpONOpPHHOHAJIBHHMH APYT
ZpYry, T. €. NOJOXKHTb:

q=—xgrad T. (223)

HepagenctBo (222) TOXZeCTBEHHO YAOBJETBOPAETCI 3TUM COOTHOLUE-
HUEM, €CIH NPUHATH NOCTOAHHYIO X, TAK HA3bIBaeMHH K09 (¢ u-
HUEHT TENJAONPOBOAHOCTH BEUECTBA, NOJOXKHUTEABHOH.

lMoacraBass Buipaxkedne ¢ B ypaBHenue (218), BTekawuee
H3 MepBOr0 Hayaja, MH NOJYy4YaeM OCHOBHOE YpaBHEHHEe TENJIONpO-
BOJHOCTH:

0T _ 2. AT
or = @47,
TZe NMOJOMXHTEJbHAass NMOCTOAHHAA a? MOJOXKeHa paBHOM:
%
2 __
a?=_5. (224)

[1o uucTo MaremMaTHYeCKHM OCHOBAHHSAM pacyeTHl 4acTo yaoGHee
npou3BOAUTH C a6COMIOTHOH TeMnepaTypoil, T. e. Tak, yTOOH B HHUX
burypupoBan abcoaoTHufi Hyab. HO nocaennuft dpusnuecku Hexo-
CTHKUM, NO3TOMY B Nnpo6JaeMax TeNJaONpOBOIHOCTH PEKOMEHAYeTCH
noJp30BaThc HE abCOqIOTHONH Temnepartypoit 7, a Temmeparypoi 0,
onpejeseHHOl ypaBHenueMm (95) u OTHeCeHHOH K TeMNleparype Tas-
aug Appa. Jdudepenunaspnoe ypaBHeHHe TemJIONPOBOAHOCTH NMpPUHH-
MaeT B 3TOM cjiydae Takyio dopmy:

P = a2, (225)

B stolt ¢opme ypaBHenne TenJIONpOBOAHOCTH HANOMHUHAET AO HEKO-
TOpOA creneHu BOJHOBOe ypaBHenue 2 (222). Mexay numu cyme-
CTByeT, OJAHAKO, TO IMy60KOe pasjuyue, yTO B BOJHOBOE ypaBHeHHE
BXOAMT BTOpas, 4 B YpaBHeHHE TeNJONPOBOAHOCTH — fepBas Npous-
BOAHAs TO BpeMeHH f. IDTO CTOUT B CBs3H C T€M, 4TO NPOUECC
TENJONPOBOAHOCTH HeOGpaTHUM H nepemeHa 3HaKa BpEeMeHH, Caeo-
BaTeJabHO, MCKJ/IOUEHa; B KoJebaTe/bHHIX Npoleccax 3TO, HaNpPOTHB,
BO3MOxHO. C 9THM Ke CBsI3aHO W TO O6CTOATEABCTBO, 4YTO HOCTOSIH-
Had @, 00603HavapoIlas B BOJAHOBOM YpaBHeHHH CKOPOCTH, 31€Ch,
B CAyYae TeNJIONpOBOXHOCTH, UMEET Pa3MepHOCTb AJAMHEL, AeJeHHOH
Ha KOpeHb KBajpaTHLI# H3 BPEMeHH.

[JIABA 11

BHYTPEHHAA TENIOIIPOBOTHOCTH

§ 82. Te npo6/aeMul TEOPHH TENMJIONPOBOAHOCTH, B KOTOPHIX AAA
BCEX MOMEHTOB BPEMeHH 3ajaHa TemnepaTypa Ha BCell NOBEpPXHOCTH
paccMaTpuBaeMOro Teja, Mel 6yneM Ha3uBaThb npo6JeMaMu BHYT-
peHHel TenaONpoBOAHOCTH. DTO Ha3BaHue ONpaBJALIBAETCA TeM,
4yTO B MOJOGHBIX NMPOGJeMax pedyb HAET 06 HHTErpHPOBAHUHU YpABHe-
Hua (225) pas npelnyucaHHBX NOTPAHUYHBIX 3HauyeHuH 0,
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[Mpex e uem nepefiTu HenoCPeACTBEHHO K MHTETPUPOBAHUIO, MH
DO/MXHBl 6yAeM ybeguThCq B TOM, 4YTO €C/IH, KPOME TeMIEpaTypH
Ha NOBEPXHOCTH TE€Ja, HaM HM3BECTHA TaKxXe HavaJbHadg TeMueparypa
BO BCeX ero TOYKax, TO CYINECTBYeT TOJbKO OAHO €AHHCTBEHHOE
peuienne npo6aeMHL.

Ecau 6ul cymecTsoBaso, Hampumep, fBa pemenud, 8 u 8, To ux
pasnocts 6'—0=10, npexpcraBagna 6w cOO60OH ¢yuKuMIO MecTa H
BpeMeHH, TaKxe yﬂOBJIeTBOmeIIIy}O AudepenunanpHOMy ypaBHe-
auto (225). Dra pasHocTs obpamasaach Gul, KPOME TOro, B HYJAb BO
BCeX TOYKaxX Tesa B MOMeHT f==0, a Ha NOBEpPXHOCTH TeJa BO BCe
MOMEHTHE BPEMEeHH. )

PaccmoTpum B CBA3M C 9THM MNOJOXKHUTENAbHBIA WHTErpasd, pac-
npocTpaHeHHud no Bcemy 06beMy Teaa [cp. 2 (81)):

= Ll () )+ (2)) =
=— [dot, D0 — [dx 0,88,

HWuterpas no noBepxHOCTH, cTosfmuiA B npaBoll wacTH ypaBHeHnd,
obpamaercs B HyAb BCAeACTBHE TOTO, YTO 8, Ha MOBEPXHOCTH Tesa
BCIOJY paBHO HYJIO, U U3 ypaBHeHus (225) cnenyeT, 47O

00
Jo=— feo R = 226tf90dr (226)

Tak xax J nonoxuTeibHO, TO u3 ypaBHeHHs (226) BuITeKaer, 4ToO
NOJIOKUTENbHBIH HHTETpas fﬁo“’dr C BO3pacTaHueM ! MOMXKeT TOJABKO

y6uBaTh. Ho on obpamaerca B uy b Aas £==0; OH g0/KeH N03TOMY
BCce BpEeMsl OCTaBaThCs PaBHHIM HYJIO, a OTCIOAA CAepyeT, uTo O,
PaBHO HYJI0 14 BCEX TOYEK Tesa W i BCeX MOMEHTOB BPeMEHH
1 uyTo peweHus 6' u 0, clenOBaTEIBHO, TOXKAECTBEHHEL.

Mul MoXeM NpHCOENHHHTH K 3TOMY NOKAa3aTe/AbCTBY euie OJAHO
6osee obmee 3akaouenve. Ecau 0, xak u upexne, sanaHo Ha no-
BEPXHOCTH I/ BCEX MOMEHTOB BpeMeHHd, To 6'—0 =0, nomxuo
O6biTh Ha Helt Bce BpeMs paBHO Hyuaio. Hanportus, HayasbHOe cocros-
HHE, a CAeN0BaTeNbHO, B QYHKUHUA Oy, UpH £ =0, MOTYT GBITb KAKUMHU
yrogHo. M3 ypaBHeHus (226) MOXHO NOITOMY 3aKJIOUHUTh, YTO HHTE-

rpan f 8,2d%, xoTopuft BHauane, naf {=0, MOXET UMETb HEKOTO-

poe KOHeYHOe 3HAYeHHE, C TEYEHHeM BpEMEHH HENpephiBHO yMeHb-
IIaeTCs W 4YTO, CJA€N0BAaTEeJbHO, BeauuuHa 0, a BMecTe ¢ Hell u pas-
HOCTh O6Goux pewennfi 6 u 0° craHOBATCA BCE MEHbIIE H MEHbIIE,
NoKa, HaKoHelu, He obpamawpTcad B HyJab. PU3AYECKH 3ITO MOXHO
HCTOJKOERATh caenyolluM obpasom. Ecau temneparypa sapaHa aas
BCE} TOBEPXHOCTH Tesad Kak (yHKnHMa BpeMeHH, To TemiepaTrypa
B IMy6uHe TeJa, KOTOopas BHayaJe MOIJa HMETh CBOe 3HAYEHHE,
TIOCTENEeHHO Npu6AMKAGTCS K COBEpUIEHHO ONpeAeseHHON QyuwKuuu
BPEeMEHH, HEe 3aBHCSINeH OT mePBOHAYAJBLROrO paclipee/ieHUs TeM-
nepatypul. M 3pmecs, Takum o06pa3oM, ckaselBaeTCa HeO6paTHMEIH
Xapaxkrtep npouecca TenjionpoBOJXHOCTH.
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O6paruMca Temepb K PAacCMOTPEHHI0 HEKOTOPHX OCOGEHHO
NPOCTHIX W (PU3HYECKH WHTEPECHBIX YACTHBHIX peueHuH npob/eMel
BHYTPEHHEH TENJONPOBOAHOCTH.

§ 83. PaccmoTrpuM cnepBa cranHOHAapHEIE COCTOSAHUS, MpPH KOTO-
pHIX TeMNepaTypa B KaXAOH TOuyKe Tesa He 3aBHUCHT OT BPEMEHH.
CorsracHo ypaBHeHuio (225), CTanHOHAPHLEIM COCTOSIHHSIM COOTBET-
CTBYeT YyCJAOBHE:

A§ =0. (227)

Ecan pacnpepencHne TeMNepaTypel Ha NOBEPXHOCTH Te/la OCTACTCH
BCe BpeMs HEH3MEHHHIM, TO BHYTPH Te/n3, COBEPIUEHHO HE3aBHCHMO
OT TOro, KaKOBO TaM OHIJIO HAYAJbHOE pacnpeleneHue, ¢ TEYEHHEM
BPEMEHH YCTAHOBHUTCS, KaK MBI BHJEJIH BhIlIe, HEKOTOPOE COBEPIIEHHO
onpeneseHHoe coctosuue. JeficTBureabHo, coraacHo 3, § 19, 6 onpe-
nenseTcs ONHO3HAYHO ypaBHeHHeM (227) M NMOTPaHHYHBIM YCAOBHEM.

Paccmorpum ToT wacTHHA cayyail, korga 0 3aBUCHT TOABKO OT
ONHON KOOpJAMHATH, HAampuMep oOT X. YpaBHenue (227) csemercs
31eCh K caelymlolmemy.

o0
FEE

Mul mnoayyaeM oTcioja 3aKoH CTallHOHAPHOH JuHEeHHOH Tensonpo-
BOJHOCTH:

0.

00 t _ t
-a?—»COIlS . #uan q,=const.,

NpH KOTOPOM M BEJMYMHA M HANpaB/ieHHe IpajueHTa TEMIEepaTyphl,
a BMecTe C HHM W BeJHYHHA M HaNpaB/jeHHE TEMJIOBOTO MOTOKA
OCTAalOTCA BCe BpeMsd NOCTOAHHBIMH. Besuumua rpagumesrta onpene-
JfieTcs Temnepatypo# 6 B IBYX pa3iUyHHIX TOUYKAaX X, B TMOJHOM
COOTBETCTBHH CO CBOMCTBAMH SJEKTPHYECKOTrO NOTEHUHAJIA B OJHO-
pPOIHOM 3JeKTpuyeckoM noae (3, § 16).

§ 84. [Ipumem Teneps, uTo 0, Kpome X, 3aBHCUT ellle OT Bpe-
MeHH 7. B aToMm cayuae ypaBHeHue (225) Hamuumercs Tak:

)

5 = (228)

Mu nosayuyuM npocTOe YacTHOE peLIeHHE, eCAH MOJOKHM:

0 =g tPr, (229)
YpaBuerue (228) ynoB/IeTBOPUTCA TOrAA COOTHOIUEHHEM:

o= a?B2.

Oco6enno Goablol uHTEpec NpeiCTaBAAIOT T€ NMPOLECCH, B KO-
TOPHIX H3MEHEHHEe TeMIlepaTypsl CO BpEMEHEM HMeeT NepHOJAHue-
CKui Xapaxrep. Mu npuMeM B CBA3H C 3THM, 4YTO ITOCTOSHHAST &
€CTh YHUCTO MHHMOL YUCAO: a=— 0l
H NMOJAYYHM TOrjaa:

p=ﬁ=+ﬁ.l+i

a — a V2

8 Bsememue B Teoperudeckyto dusury, 1. V. 919
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Mul 10MKHE B 5TOM BHIPAaXEHHH B3ATb HHXKHHHE 38AK, uToGwH 6
npu x==-Foco He CTaHOBU/JIOCH GeckoHeuHO Gosbmum. [loxcraBass
3HayeHHs « ¥ B B ypaBueHue (229) u or6pacuiBasi MHHMYIO YacTh,
MH TNOAyYaeM B KadectBe pemeHus audepeHUHasbHOTO YpaBHe-
ung (228) caenymomee BLHIPAaXEHHE:

0= e‘—V;Ez_ - cos (mt-——vgg)

HAH HeCcKoabKo Gosaee ob6we, ecan 0, u 0,— kakue-uubyab aBe
TOCTOSHHBIE:

VEx

7 Ja

b=  *%.cos (mt-——vg%)-]—ﬂo. (230)

[Tycts Teno npocrupaercd ot X=0 10 x=-}-co, Brpaxenue
(230) 6yner mpeACTaBJAATH TOrAA NpPOIECC, KOTOPHIA pa3uirpHBaeTCH
C TeyeHHeM BPEMEHH, He3aBHCHMO OT HaYaJAbHOTO COCTOSIHHA, BHYTPH
Tena, eC/AH TeMNepaTypy Ha NOrpaHduHol mosepxHocTH X =0 H3Me-
HATb TMEPHOAHYECKH NO 3aKOHY:

8 =10, cosot--0,. (231)
Amnautyzna Bo3HuKalomero Kosebanus paBea 0, cpenHdas Temnepa-
2%

Typa 8, nmepuon xosnebaHud t=-—.

Takofi npouecc pacnpoCTpPaHEHHS TENJAOTH, COIJACHO YypaBHe-
0 (230), MOXHO mpencTaBuTh cebe HArAAAHO CJAEAYIOUIUM O6p4-
oM. Ot naockocty x=0 BHYTpb TeJa UPOHHKAIOT TENIOBbLIE
BOJIHEI, BH3bIBaeMHle KosebaHHEM TeMMepaTypH Ha rpaxune. Ammnau-
TyAa STHX BOJH C BO3paCTaHHEM pACCTOSIHHA X OT T'PAHHIH Teja
6osee uau MeHee GHICTpO yOniBaeT. J/iMHAa BOJIHE PaBHa:

x=2ea)/ 2= 2a)/ 7, (232)

CKOpOCTE pacHpoCTPAHEHUA:

p=oa]/2=2a) =, (233)

MMOCTOAHHAA 3aTyXaHHA:

1 @ 1 3
V=iV (234)

UeM 6GuiCTpee NPOHCXOAAT, TAKUM obpasoM, KosebaHus, TeM Ko-
poue CTAaHOBSITCS BOJIHEL M TEM OHH CKOpee paclpoCTpaHAIOTCd H
TeM MeHee TIY6OKO NPOHHKAIOT B TEJO.

[MpocToii npumep Takux nepuonnyeckux kosebGauuii naior, ¢ U3-
BECTHHIM NpubJIHKEHHEeM, KoaebaHUd TeMnepaTypsl Ha NMOBEPXHOCTH
deMnu. B atux Kose6aHHaXx MBl MOXKeM pa3idyaTh JBa nepHoza:
CYTOUHHI H TOIMYHBIA. DTUM JBYM IepHOAAM COOTBETCBYIOT ABa
pPa3iHYHEIX BHIA TENAOBHX BOJH, INPOHHKAIOMHUX BraySp 3eMji.
[lepBrle BosiHB KOpOue BTOpPHIX; OHH pacnpocTpaHsioTcs OBICTpee,
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HO MpOHHUKAIOT B 3eMJI0 Menee TIay60Ko. DTH BHIBOLH TeOpUH
YIOBAETBOPUTEAbHO TOATBEpKnaloTCa H3Mepenusmu. CkopocTs pac-
NpPOCTpaHEHUs BOJH C MEPHONOM B CYTKH COCTaBJsIET OKOJO 1 #
B CYTKH, CKOpPOCTb BOJIH C TOJLHYHLIM MNepuHonom — okoqo 0,046 x
B CyTKH.

Tak Kak nocTtossHHasg @ B 000X CAyyadgX OAHA H Ta Xe, TO
OTHOLIEHHE CKOpOCTEH OYyneT paBHO INPOCTO KOPHIO KBaipaTHOMY
u3 uucaa xHell B roay, T. e. )/ 365, 4TO U BHINOAHSETCA NOBOJIBHO
TouHo. Ha 6e3yc/iOBHYI0 TOYHOCTH PACCUUTHIBATH, KOHEYHO, HEab3d,
TaK Kak Kosebauus Temmeparypel HMEIOT B JeHCTBHTE/IbHOCTH
HEe OJIMH Nepuoj U 3eMJd K TOMY ke BOBCE He SBAAETCA OJHO-
DOILHBEIM TEJOM,

[Tpo6iema moxer GHITH paapelnieHa, OJHAKO, AHAJTOTHYHEIM NIy TEM
M B TOM CJay4ae, KOrna KojebaHHS TEMIEpaTyphl HE IBASIOTCH CHHY-
COMJaTbHBIMH, A HOCSIT COBEpLIEHHO WPOM3BOJIbHHIN XapakTep. DTo
JIOCTUraeTcd TEM, 4TO 3aJaHHYI0 (YHKuWIO BpeMeHH pasiaraioT
B pan Pypbe u 3aTeM HajaralT APYT Ha Apyra COOTBETCTBYIOIHE
pewenns (230). '

§ 85. Hpyroft MeToA OTHICKAHHA YACTHOro pemeHus audepeH-
MaabHOro ypasHeHus (228) ocHOBHIBaeTCS Ha 3aMeHe He3aBHCHMOH
nepemeHHOl. BBexeM, BMECTO [ H X, HE3aBHCHMHIE MEpEMEHHLIE, £ U
u=-1%, B31B KOpDEHb KBaApaTHHII CO 3HaKoM mJloc. Takas 3a-
MeHa NMepeMEHHEIX MNpeicTaBadeTCsd TeM OoJiee ecTeCTBEHHOH, 4TO 4
HMeeT Pa3MEepPHOCTh KOHCTAHTHI TENMJONPOBOIHOCTH @. Buimosnsas 3a-
MeHy, nosayuvaem:

(%)= (%), (5), (50).=

_(ﬂ) _1 x (ﬂ) _(2‘1) _ii(ﬂ\
"\ oty 2V E\ouls ot la 2 t\oals

)= (5 G =)
Ox /¢ ou ¢ oxle ViENouls
(28) =228 ;
6x9),_7 ouz |,
HaKoHel, NMOoACTaBasii B ypaBHeHue (228):
06 1w 06 a? 028

ot 21 ou” f o

Jlanee:

HIH

qr 00y w06, 00
037 2 0u” " ot"
370 nudepeHnuasbHOE YPaBHEHHE YAOBAETBOPAETCS, EC/IH MONOKUTD
06
2t =0
¥ KpOME TOro:
5 020 u 06
a? —— =0,

our V2 ou
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4YTO MOXHO HEpENHCaTh Tak:

db
d('@’)# udu
F T
du
HJau
df . u?
in d—u:—-*"m —-]-—' const-,
i - .
Z=Ce ", 0=C [e ¥ du.

Paccmorpum cnepBa yacTHeft cayuyaft, Korna npu #=:0 0=0 u
npy #=-o0o O==1, Huxuda rpanupma uHTEerpana G6yupeT ToOrxa
paBHa HyJal0, a TnocrosaHHas C—obpaTHON BesWunHe MHTErpajia
Jlannaca (4, § 47):

o E
f e da? du == ; -QaV;Ezz aV—T—!
0

Taxkum o6pasom:
ui

u

1 — 4a*

6= . du.
aVﬂ 6“6 “

Beenem eie anad ynpomeHusa BMECTO ux% B KayecTBe nepe-

MEHHOH HHTErpPUPOBAHHUS BEAHYUHY:

. u

T 2a°
Mu noaywaeM, TakuM o6pasom, ciexyiouull YacTHHE HHTerpat
ypaBHEHHs TENJONPOBOAHOCTH (228):

X

9 2aVt
__ g2 4
b=—=. [ ¥k (235)
V=
0
BuscHuM, kaxoB dusuyeckuit cMeica aToro urerpania. [Ipennonoxum
C 9TOit He/sblo, 4TO Te10 MNPOCTHPAETCH OT X ==-—00 N0 X=-}- 00,

Bynem paccmaTpusarh Bech npolecc, HayuHad ¢ f==0 W KoHYaH
t = oo, Buauase, npu £=0, Bo Bcex TOUKaX, J€XKamHUX Ha OTPULA-
TeJABHON CTOpPOHE OCH X-0B, 0==-—1, Bo Bcex ke Toukax, Jexamux
Ha €€ TOJIOXKHTeNbHOA CTOpOHe, O==1, MeX1y TeM KaK B TOUKe
x=0 0 ectb H ocraerTca paBHuM HyJiI0: § =0. C Bospacrauuem ¢
TeMnepaTypa Ha NOJOXKHTEAbHOA CTOPOHE NOCTENEeHHO YyG6HIBaeT M0
HyAsl, © [IPUTOM TeM MeJ]JIeHHEE, UeM JajblIe OTCTOHT JaHHOE MECTO
OT HayaibHo# Touxu. Ha oTprumartesbHON CTOpOHE TeMmneparypa co-
BEpPLIEHHO CHMMETPHYHLIM 06pa3oM BO3pAacTaeT A0 HyJas. B kxonme
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npouecca, npu f==o00, TeMnepaTypa Ajsf BCeX KOHEYHEIX 3HAyeHUH x
CTAHOBUTCA paBHOH HYyJIO.

MoxHo npencraButs cebe, YTO 9TOT NPOHECC OCYILECTBJAEH CJje-
pyiomuM o6pasom. JBa oueHb O60JAbIIMX Teja H3 OJHHAKOBOTrO
MaTepHasa, OZHU M3 KOTODHIX HMeeT TeMmneparypy-}1°, npyroe—
TeMneparypy — 1°, npuBOAATCA B CONPHUKOCHOBEHHE CBOHUMH MJOC-
KHMH TOTpaHMYHLIMH NOBepxHocTAMH (x=0), nocse uero uabno-
JlaeTcd mnpolecC BhIpaBHMBaHMA Temneparypel. Tak Kak ¥ Ha-
4ajbHOE COCTOSIHHE M MOTPAaHHYHBIE YCJAOBHA COOTBETCTBYIOT
ypaBHeHulo (235) um Tak KaK CyufecTByeT TOJIBKO OJHO peUIeHHE
3ajzaud, TO MpoOLEcc NO/KEH NpOoTeKarb KaK pa3 COrJaCHO ypaBHe-
HHIO (23D).

OTcioga MOXHO, MEXIY INpOYHM, BHIETb, 1O KaKOMY 3aKOHY
JOMKHO NpPOTEKaTh OXJaxaeHue Harpetoro Tenaa. C TeyenueM Bpe-
MEHH OXJaxJeHHe Bce riaybxe W riy6xke MpOHHUKAET BHYTpPhb TeJja.
Tem He MeHee TOBOPHUTH 31eChb O KAKOH-TO CKOPOCTH PacnpocTpaHe-
HHA BOJIHEI TellJa HJAH X0J013, HE HMEET HUKAKOTO CMHIC/a, HOTOMY
470, KaKk 6b HH GLIO Majo BpeMd /, M3MEHEHHE TeMNepaTypH Ha
J1060M pacCTOSHHU OT NOrPAHHYHOH MOBEPXHOCTH HUMEET KOHEYHOe
3HayeHue. XapaKTepHee Jjd 3TOro fpouecca TO, YTO TeMmepatypa
B KaXJAOH TOuKe rtexa, T. € JIJsA KaXAOTO X, 3aBHCHT TOJABKO OT
BE/JHUYHNHEI -,7%, M 4TO IS KaXJAOH TOYKM TeJd CYWECTBYeT Ompe-
JeqeHHHIH NOpALOK BEJAMYHHEI BPEMEHH, KOTJAa H3MEHEHHe TeMimepa-
TYpH CTAaHOBHTCA 3aMETHHIM; yeM O/HXKe NaHHAs TOYKA K MOBEpX-
HOCTH, TeM 3TO MPOUCXOAHT pPaHbme.

Oco6eHHO HHTEpEeCHO NOBeleHHe Temieparyphl B6iH3M NOrpaHuy-
Ho#i moBepxHocTH X ==0. 'paiueHT TeMnepaTyphl, COr7IaCHO ypaBHe-
HHIO (235), uMeeT 37eCh CAELYIOIEE BHIPAXKEHHE:

»_ 12
F PR e " it (236)
u gng x=0:
04 1
= = . 2
( ox )x:.-o a)/ =t (237)

Orclona, no ypaBHeHHi0 (223), MB MOXEM MOJAYYHTb W BEJHUHHY
NOTOKAa Temaa u3 oJAHoro teia B fpyroe. [lpu £=0 noTok umeer
6ecKOHeuHO 60/bUIOE 3HAYEHHE, 3aTeM OH y6uIBaeT, — cnepBa OGLICTPO,
NOTOM BCe MeJIJEHHEee, IIOKa, HAaKOHeH, He HCYE3HET COBEpUICHHO.
HutepecHo, 4to Ha Bonpoc o BeqnuuHe O gag x==0u f==0 He/ab3s
JZaTb HHKAKOro onpeaejeHHoro orsera. OTBeT Ha aTOT BONpOC
3aBHCHT OT TOrO, KaK COBEpUIAGTCS NEpexof K mpepeny Ais obeux
He3aBHCHMHIX NEpPeM@HHLIX, B 3aBHCHMOCTH OT TOrQ, NOPHLOK KaKOH

BeMUHHE, x Hau V7, Oyner Bume, Mu noayuuM 8=s1 Hiu 0

ecin ke x U )7 Gynyr oxuHakoBoro NOpakd, TQ § MOXET HMETH
KaKoe Yroano sHauenue Mexay 1 # 0,
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UYactaoe pewenue (235) ypaBHEHHs Tell/iONPOBOAHOCTH HEMNO-
cpeacTBeHHO o606maeTcs B CAeAyiolee peueHue:

2af/f
24 . -
9—”‘,/; f e ¥dt+ B, (238)

]

rie A ¥ B 0603HayaOT ABE MPOHU3BOJbHLIE NOCTOSAHHLE. DTO pele-
HHE MOXHO NPUMEHUTb K TOMY £1yuaio, Koria onHo u3 tex (x> 0)
HAXOAUTCA BHayase nNpu Ttemneparype 0, a npyroe (x < 0)— npu
temnepatype 6,. Toraa nid mnepsBoro Tesa npu f=0, corzacHo
ypaBuenuo (238), 6, =A-}-B, ana Broporo 0,=—A--B. 3uave-
HHUS MOCTOAHHHIX A ¥ B mo/ayuyaloTCs OTCIOfa PaBHLIMH:

8, — 0,

0,6
a=b20 pldh (239)

Ecau paccmarpuBaeMoe Tes0 MNpOCTHpaeTcss B OECKOHEYHOCTh
He B 00e CTOPOHH, HO C ONHOH CTOPOHH OFPAHHYEHO INJIOCKOCTHIO
x=0 (apyras rpaHuna Tesa HAXOAMUTCH, CAEIOBATEABHO, NpH
X=-}-00), TO ypaBHeHHe (238) npencTaBHT XOX TeMNepaTypu Iid
TOro C/ay4Yis, KOrjpa BHauyajie BCIOJY TOCNQACTBOBaia OJMHAKOBas
Temnepatypa A--B, a Bnoc/ieACTBHH NMOBEpPXHOCTh Tesia X =0 nox-
JepKHBaeTCs BCE BpeMs Npu TeMmeparype B.

§ 86. FaTepecHoe npuMeHenue nocienHel QGopMmyan npuHan-
aexut B. ToMmcony (iopn KeabBHH) B cBsI3u C BONPOCOM O BO3pacre
semau. [lpumem, uTo 3eMas OpHOpPOAHA H mNpocTHpaercs Gecnpe-
JefbHO, OyLyud JHUIIL OrpAHHYEHA C OXHON CTOPOHH MJIOCKOCTHIO
x =0. [Tonoxusm £=0 114 TOro MOMEHTA, KOrla OTBEpPJEBAHHE KU~
KON BHauya/ie 3eMJH, pacNpOCTPaHAACh H3 TJAYOHHH, NOCTHIVIO ee
NOBEPXHOCTH, KOrAAa BCIOAY, C/I€L0BAaTeIbHO, FOCNOACTBOBAJA TEM-
nepartypa, paBHas TeMIepaType 3aCThIBAHHA PACI/IaBJAEHHBIX FOPHHIX
nopon, xora 6wl 4000°. [IpuHsAB, 4YTO HAa MOBEDXHOCTH 3EMJH TEM-
neparypac camoro Havasza Owlia MOCTOSHHA ¥ paBHa, HanpuMep, 0° C,
MBI TOIYYUM H3 ypaBHeHud (238) 3aKOH BEKOBOT O OXJIaXACHUSA 3eMJIH.
CorsziacHo nocaexneMmy 3akawuenuio § 85, aas srtoro cayuas chae-
LyeT MoMoKUTb: B==0, A =4000. YpaBuenue (238) mact Ham torna
Temneparypy 6 B kamAofl TOUxe 3eM/IH U B KaXJ bl MOMEHT BpeMeHH.

TeMnepatypuelil TpajHeHT HA IOBEDXHOCTH 3eMJH (4, COOTBET-
CTBeHHO, TeNJOBO# MOTOK), B o6o6menne ypaBHeHus (237), Mul
onpenenuM 3jech caenyiomuM obpasom:

(68) _
dx/lx=0 a

A
= (240)

amepenusMH YCTAHOBJEHO MOBLINIEHHE TeMNepaTypH Nnpnbau-
sutesbHO Ha 1° Ha kaxaee 25 # B ray6uHy. Takum abpasom ®
HaCToAmEe BpeMd.

,,,_.f.l.._._—-. 1 2pad M=t
Vi B P
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Buime, B § 84, Mb HamaH, 4TO CKOPOCTH PACHPOCTPAHEHHS
TenaoBOH BOJHH (238) c nepuOIOM B OJHH CYTKH,—T. €. IPH
t=1,—pasHa 1 #, otkyna: 2¢ V' z=1.

[Toncrasids 3TO 3HaueHHe B mocsejHEE YPaBHEHHE, NOJydYaeM:

24 1

Vi~
U eCau NpuHATE A A 3Hauenue 4000, TO f=—=4-10' CyTOK HaH
npu6iu3ute 1bH0 100 MHATHOHOB seT. DTO BO3PACT 3€MJH, BLHIYHCAAE-
MBIl M3 3aCTbHIBAHUA €€ nosepxuoctu. OH, OAHAKO, CAHIIKOM Ma.
[Tpuuuna 3TOr0 KpPOETCH, OYEBHAHO, B H2COBEPIIEHCTBE CAEAAHHHIX
HaMH{ HCXOJHBIX MPENNOJOKEeHHH. BO3MOKHOCTL YIYULUIUTh ONHO H3
HUX BCTPETHTCS HaM HeCKoibkO mosgmee (cp. § 89).

§ 87. Jipyroe 0606menue uacrHoro pemerns (235), umero-
uiee emie GosbUIee 3HAYEHHE, MOXKHO MOJAYYHTh CAEHYIOIHM 0O0pa-
3oM. byaem ucxOauThL CHavaia M3 TOro npocToro pemenusa 6 ypas-
HEHHsl TEIJONPOBOAHOCTH, KOTOpOe noJaydyaercd AudepeHunpoBa-
HHMeM BrIpaxenus (235) mo x:

X3

1 -
0 == s g 4a’ | (241)
aV =l
dusnyeckun 3To YpaBHeHHE MOXHO HCTOAKOBATH KakK TeMIe-
paTypy‘Tena, NPOCTHPAMEroCad OT X = — 00 A0 X == + oo, IIpHUYEM

nocaenHAs BHauaje, npu £==0, 6uia BCIOAY paBHA HYJIO; HCKJIO-
YeHHe COCTaB/J4/7d TOJABKO ILIOCKOCTH X==0, Ha KOTOpPO# B 3TOT
MOMEHT TFOCNOACTBOBa/fa GECKOHeyHO Gosbuas Temmeparypa. C Te-
YeHHEeM BpEeMeHH TemJIOTa pacnpocTpansercs B O06€ CTOpDOHE OT
STOH MJOCKOCTH TAKHM O6DPa30M, yTo npu f=—oo TeMmneparypa CTa-
HOBHTCH BCIOLY PaBHOH HYJIO.

D70 YaCTHOE pelIeHHe MOXHO 0606umiuTh CIAeAYoWHM 06pasom.
ByneM nomemarb 3Ty OCO6YI0 MHJIOCKOCTH He B TOM MecCTe, rae
x=0, a B 11060M apyrom mecrte x—§& Mul nOayyuM TorAa GecKo-
HEYHO MHOrO NOAOGHLIX pelIeHHi, KOTOpHEe HaAyT OECKOHEYHO
60MbIMIOE YHCJIO TECHO PACHOIOKEHHHX JIpYyr C APYroM OCOObIX
TOYEK &, HaXONAMUXCA HA pacCTOsnuu @& OIHA OT APYrof. YMHO-
UM KaXKIO€ M3 3THUX PelleHHH HAa HEKOTOPYIO OEeCKOHEYHO Manayio
NOCTOSHHYIO, XapaKTePHYIO Aas TOYKH &, KOTOpPYIO OGO3HAYHM KaK
f(%) d&, asartem Bce aTH pewenus CAOKHM. Mpl nOnyuuM B pe3yab-
TaTe CAepyIOmee pelJeHHe ypaBHEHHs TemIONPOBOAHOCTH (228):

-0
ety
b=—L | e “.fea. (242)
ay =t

Bauxafiimee paccMoTpeHHe NOKaselBacT, YTO STO pelleHHE
npejcTaBAseT cO60fi pemeHue ypaBuenus (228). IleHCTBHUTE/NBHO,
COOTBETCTBYOMHM BHOOPOM f(f) €ro MOXHO NPUCHOCOOHTH K /IO
GoMy HauanbHOMY cO¢TOsHMIO. [lycT, Hampumep, Aaf =0 KakuM-
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au60 obpasom 3anana TeMmnepartypa 08y(x) nna BCeX 3HAueHHH X
MeXIY-— o0 U -} 0o. BeIUHCAHM, C NpyrOf CTODOHEI, TeMIepaTypy
8 nas t=0 u3 ypaBuenus (242). BospMem cHauvana f OyeHb ManxnM,
Tak 4TOOB HOAHHTErpasbHOe BHIPpaxende B (242) ob6pamanocs
B HY/b A5 BCeX 3HaueHHH £, 3a HCKAIOUECHHEM TEX, KOTODHE JKAT
OYeHb 6JHM3KO K 3HaueHHI0 X. Eciau B3ATh B KayeCTBE nepeMEHHOU
MHTErPUPOBAHUS BMECTO £ Beanuuny £ — x=-¢, TO HHTerpaji B ypas-
HeHuH (242) CBeleTCA K CACAYIOWIEMY:

42

L f o) de,

rae e, —Ipeje/lbHOE 3HAYEHHE &-—Maa0 N0 CpPaBHEHHIO C X, HO
BEIMKO NO CpaBHEHHIO C @)/ ¢ BBOAA jpajee B KauecTBe NMEepeMeH-

HOfl MHTErpHPOBaHHUSA 71=§—;/:t H OnMycKas € B apryMenTe QyHKUHH
a

. uMeeM: .
2aVt- f(x)- f e dn=2a V =t f(x).

[MoncraBasga 3TO B KaueCTBe 3HaYeHHS MHTErpasa B YypaBHeHHE
(242), nonyuaem nas £==0:

Bo=21(x),

yem ¢yHxuus f(x) csozurcs K 6.

TaxuM o6pasomM MBI NOJydYaeM jasf TeMmepaTypel Tesa B Ka-
KOM-11060 MeCTe X H B HEKOTOpPHIH MOMEHT BPeMmeHH £, eCaAH AJs
t=0 3agaHa KakuM-1u60 myTem Temnepartypa 0(x) Bcex mecT OT

X=—00 J0 X= -} 00, CAeAYIOImEe BLIPAKEHHE:
-+ oo
_E—x7
b —— | e g ().de (243)
2 YV rt

—

[TouaTHO, 4TO 3TO Ofmiee peimeHHe COAEPHKHUT B KayecTse 4aCTHOTOQ
cayyas PacCMOTPEHHCE paHee yacTHoe peluenue (235). Ie#cTBu-
TeNbHO, ecad MOJAOKHTL 0, ()= —1 aaa £ <0 u 0,(!)= -1 ana
£ >0, To ypaBHeHue (243) nepeﬁner KaK B 3TOM MO)KHO ybenurhea
HENOCPeNCTBEHHLIM BHIYMC/IEHUEM, B ypaBHeHue (235).

§ 88. PaccmoTpum eme cayuait, koraga o6a ‘OZHOPOAHBIE T&JA,
NpOCTUpAOHeCs HEOTDAHHYEHHO B 06€ CTOPOHHI OT MJIOCKOCTH HX
CONPUKOCHOBeHH X==0 K uMeomHe HaAya/jbHbE TeMmeparypn 0, u
8,, cocrodar us PA3MYHEIX MATEPUANOB, TAK YTO MX KOHCTAaHTH
TEIJIONPOBOAHOCTH @ ¥ @' pasauuHbl. PeweHne aTOf 3amauu Taxxe
MOXCHO MOJAYYUTh H3 BhIpaxceHHs (238); AAA NMOJOKHTENbHEIX 3HAYes
BEB X COOTBETCTBYIOWHE MOCTOAHHEE OYAYT a, 4, 8, Aas OTpuLa:
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TeJdbHbX X: a’, A, B'. lloctrosnuble @ U a’ 3aXaoTca Hanepel, Ajs
onpexe/neHns Xe ueThipex BeauunH A, B, A’ u B' cayxar ueTepe
ypaBHemm, a UMEHHO: XBa ypaBHEHPlﬂ Aad HAYaJbHLIX TemnepaTyp:

6,=A-+B, 6= —A' -5,

yCJAOBHE HENpPEepPHLIBHOCTH TeMINepaTyphl B MJIOCKOCTH COMPHUKOCHOBE-
Hus Tea x =0, uMeomiee BuA: B=B’, u, HaKOHell, yC/JIOBHE Hempe-
PHIBHOCTH HODMaJbHO# COCTaBJSAOLIEH IVIOTHOCTH TEIJIOBOrO MO-
TOKa (,, BHITeKamumee H3 npuHIMNa 3Heprun (cp. 3, § 6):
qv+9q’v =0, uam, coraacHo ypasHeHuI0 (240):

A A

a a'

3apaua, TakuM o0pasoM, paspelieHa A0 KoHHa. PaccmMoTpenHas 3a-
Xauya MPHHAAJIENKHT ewe K uHcay npobiem BHyTDeHHelt Temnsonpo-
BOJHOCTH, TaK Kak, BCAEJACTBHE MPEANOJOXEHHON HenpephBHOCTH
TeMIepaTyps, B Hell He BCTDEYaeTCs HHKAKUX JADYTHX MOCTOSH-
HHIX, KDOMe KO3(DHIHMeHTd TemnJONpOBOXHOCTH % M IMOCTOSHHOH @
KaxAOro Tena B OTHAEJbHOCTH.

TJIABA HI
BHEHNIHAA TEILIONPOBOIHOCTDH

§ 89. B nelicTBHTe/IbHOCTH TeMNepaTypa Ha TpaHHIE ABYX Tel,
He HaXOASIIMXCS B TEIJIOBOM DaBHOBECHH XPYr C ADYroM, HHKOTXa
He OHIBaeT OAMHAKOBOH, HO HCIHTHIBAe€T, HAaOPOTHB, OOJAbIUHH HJIH
MeHbWHHA CKauoK. YcC/OBHe HENpPepHBHOCTH TEMMepaTypn KOJDKHO
OLHITb NMO3TOMY 3aMEHEHO ADYrHM IMOTDaHHYHBIM YCJOBHEM; 3To Ha-
XOZHMT CBO€ BBIDAXXEHHE B ONpPEAEJeHHOM COOTHOIIGHHH MEXAY
CKaYKOM TeMNepPaTyph H HOPMaJbHOH COCTABAAIONIEH MJIOTHOCTH
TENJOBOrO NMotoka. Bcero nmpome npuHATH, 4TO 06e 3TH BeJHYHHH
NPONOPUHOHANBHE APYT APYTY, T. €. MOJOXHTh:

qy==h (8'—8), (244)

rae v o603Hauaer HOpMaJab, HANpPaB/JEHHYIO BHYTDPb Tesaa C TeMie-
patypo#t 6. [TosoxHTe/bHast NOCTOSHHAS /i HOCHT Ha3BaHHE K O 3-
¢uuHeHTa BHemHeH TenJONPOBOXHOCTH;, OHAa 3aBUCHT
oT npupoan 060oHXx Tes. beckoneuno GoJiblioe 3HAueHHe /i O3HauaeT
HEeNpepHBHOCTh TEMIEpaTypH, T. €. CAy4Yad, PacCMOTpPeHHHH B npe-
AbIAYWeH IMaBe, GECKOHEYHO MaJjoe 3HaueHHe /i, HaNpOTHB,— Tep-
MHYECKYIO H30JALHI0, T. €. afHabaTHUeCcKOe YCJIOBHE.

[Tepexonss K H3yueHHIO YacTHHIX pelleHHMHt npobJjembl BHEUIHEH
TeMJIONPOBOJHOCTH, MH BO3BpaTHMCH CHayaza K pacCMOTPEHHOH
B npeamiayuweit raase (§ 86) npobaemMe BeKOBOrO OXJaXJAeHHS
seman. [locnepHolo MH CcHOBa OyAeM MPEACTaBJAATbH POCTHPAIO-
me#ica or x=0 g0 Xx= -4 oo, ¢ HavaqbHOM TeMnepaTypoin
A=4000° C. B xavecTBe NOrpaHHYHOTrO YC/JOBHS MH GpPajH BhIIE
ypaBHenne 6 =0 aas x=0 u JId NPOH3BOJBLHOTO ! W HAUIAH PE-
IWeHHe B BHJAE ypaBHeHHA (238) ¢ nmocTosunoi B =10,
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Tenepp MH XOMyCTHM, 4YTO Ha FPaHHUE MeXAY 3eMm/edl H BHelu-
HHM NPOCTPAHCTBOM, T. €. Ha IMOBEPXHOCTH 3€MJH, HMEEeTCs CKauoK
TeMnepatypu 0T 6 X0 Hy/s, H NpDHMEM, COIVIaCHO ypaBHeHHIO (244),
MJOTHOCTH TEMJOBOTrO MOTOKA PaBHOMN

06
q,=—x5,= —hl

HJH, ecAH O603HAUHTD:

h
2=, (245)
TO
06

STO COOTHOLIEHHE HMeeT MecTO A1 X=0 W AJa BCeX 3HaueHdil £,
STUM caMBIM 33ajaua MOJHOCTBIO cpopmyaupoBana. [Ipu b= oo
NOTpaHHYHOe YyCJaOBHE OOpamaercs B NpexHee ycaoBue 6=0, u
ME NMOJYYHUM NpexHee pemeHue (238).

Uto6w HalTH peweHde 3aXaud AJs KOHEUHOrO 3HAYEHHUS b, MHl
nocrapaemMcsi CHauajga ONpPeAeJNHTb CAeAYIomylo QYHKUMIO ¢ OT
X ut Lo
Srta QyHKuHs ¢ YAOBIETBOPSAET NpeXJAe BCero IudepeHuyans HOMy
ypaBHenH0 (228), ecam sameHuTb B HeM 0 mna ¢. Jlanee npu

t=0 ¢9=A, rakkak 6=A u 7—-0 Hakonen, B cuny ypaBHEHuUS

(246) =0 gas x=0 npu Bcex 3Hauenusx f. OTcoia caexyer,
uTOo (YHKUHS ¢ €CTh He UYTO HHOe, Kak Ta TeMmIeparypa, KoTtopas
npeACTaBiassa pelmeHHe 3agaud B § 86 m KOoTOpas COOTBETCTByeET
G6eckorHeyno OoubiioMy 3HaueHHI0o b. Takum o6pasoM COrJacHo

ypaBHeHHIO (238):

x
94 22Vt

== e—<.d:. 248
L7 J (248)

0

Tenepb oOcTaeTcs TOJABKO ONpeRenuTh QPyHKuMIO 6 M3 nudepen-
UMasbLHOTO ypaBueHHst (247). 310 ecTh JHHEHHOE HEOAHOPOJAHOE
ypaBHeHHe NepBOro nopsiaka. s HHTErpHpPOBaHHA €r0 MBI IIOJM0XKHM:

6= (249)
Torpa us ypaBuenus (247) caenyert:
1 ¢ e =

—= % ®

0x

H 1oc¢Je UHTerpHpOBaHUL:

Y= _-bfe-”‘cpdx,
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Crej0BaTeIbHO, COTacHO ypaBHeHHIO (249):

X
b=—0€" (&= ¢ bx. (250)

B xauecTBe HMXHefi rpaHHUW HHTerpaia MH JOJKHE B3fTb 0O,
uHave § jpas x= co cmenanoch Ow GeckoHeuyHo GoabuiuM. Brpa-
xeHHe (250) Bmecte co 3HaueHMeM (248) mas ¢ M mpexcraBasieT
peumieHne 3afauu. CorJaacHo ypaBHenuio (248), aaa t=0 o= A4,
a, cornacHo (250), 6 = A, coOTBeTCTBeHHO HauaJbHOH TeMmnepaTrype;
Ha noBepxHocTH ke x=0 6 me paBHO ¢ camoro Havazna HyJIO,
a M3MeHSeTCH HeNmpephBHO BMecTe C £

Urofu Bhipaxenne 6 mocie NOXCTAHOBKM B HEro 3HAUEHHS ¢
He [OJYYHJOCh CJAHIIKOM CJAO0XHBIM, MH mnpeofpasyeM CHayaza,
C NOMOIIBIO HHTETPHUPOBAHMS MO uaCTAM, ypaBHeHHe (250):

E
— o pbx —bx‘_)_?;
b=¢p—e fe 5 3%
[+0]

0
B noxumTerpaibHOM BHPAXKEHHH TeNePb BCTPEuaeTCH TONBKO a—%;

TakuM o6pasom; Mbl GyAeM HMETb JAeA0 TOJbKO C OKa3aTeJbHOH

(pyHKuHel. ,

Taxk kax Hac npexjae BCero HATEpPecyeT TeMmIeparypa Ha m0-
BEPXHOCTH 3eMJIH, TO MBI MOJOXHM B NOC/JeJHEM ypaBHeHHH X =0,
MBIl ITOJMYYHM:

[=:]
— [o—b* 9%
6_0fe dmalx

HJH, NMOACTAB/ASA 3HaUeHHe ¢ M3 ypaBHeHus (248):

[ x?
bx

A — G~
B_a———ﬁ_. B['e dx. (251)

JTta (QyHKuHs BpeMeHH H3o00paxaeT XOJA TeMIEepaTypsl Ha NMOBepX-
HOCTH 3eMJH. Iing Maaelx 3HaueHHH £ B MokasaTeae NepeBelluBaeT
nepBulfl uieH, npu 3ToM 6 =A. Hanporus, ans 60abIIKX 3HAUEHHH

1
t nepeBemiuBaeT BTOPOH ujieH; HHTErpal paBeH TOTAa 4 H
____ A
ab V =t
BuisicHHM Tenepb onsTh, kak 1 B § 86, kakOB rpagMeHT TeMIepa-
TYpPH Ha IMOBEPXHOCTH 3eMJad. 3HAaYEHHE TPAXHEHTa Mhl MOJAYYHM
HernocpeicTBEHHO U3 MOrpaHHYHOro ycaoBust (246); ono pasHO bf.

Takum of6pasom i GoJabIIMX 3HAUEHHH [, COIJIACHO YpPAaBHEHHIO
(252):

9 (252)

ae) A
Ox/x=0 gV xt '
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4TO CcOBNajaeT ¢ BupaxenueMm (240). Mu BHAMM OTCIOA3, YTO H
NPEANOJOXKEHHE O KOHEUHOH BHeumHEH TenJONPOBOAHOCTH NpH
6oablINX £ COBCEM He BJAMAET Ha BeJAHUYHHY TeMIepaTypHOrO rpa-
JAHeHTa Ha 3eMHof noBepxHOCTH. (CieXOBaTeqbHO, HAIIH HAXEKIH
Ha TO, 4TO, IIPHBJIEKAst BHEINHIOI TEIJONPOBOAHOCTb, Mbl CMOXEM
00BACHUTL OTKJOHEHHE BO3DACTA 3eMJH, BRIYHCJAEHHOTO [0 TEOPHH
TomcOHa H3 TeMIepaTypHOrorpaiuenTa, oT AeHCTBUTENBHOTO, MHOTO
6d6abinero, He oflpaBAwBaOTCH. [IpaBusibHOE O6'BACHEHHE, XEHCTBH-
TeJbHO, [PHHHMAeT BO BHHMAHHE COBEPINEHHO HOBOE SBJEHHE,
AMEHHO. IIOCTOSHHOE BhHIAEJEHHE TeNJa B pesyJbTaTe PaxHOAKTHB-
HBIX NPOIECCOB; 3TO BHIKE/JECHHE TelJa CHJAbHO NMPOTHBOAEHCTBYET
OXJIAXACHHIO 3EMJIH.

§ 90. Jo cux mop, 3aHMMasiChb npobaeMaMH TEMJIONPOBOAHOCTH,
MBl MPHHHMAJH, YTO M3yuaeMOe TeJO BCeria NpoCTHpaercsd B Gecko-
HEYHOCTb. Tenmepp MBI DAacCMOTPHUM CJyuall IVIOCKO-mapaJjjenbHO#
NJacTHHH KOHEUYHOH TOJINMHH C [OrPaHUYHBIMH [1OBEPXHOCTSIMH
x=0un x=1/, Ilyctb AN 3To# niacTuHH, Aas f=0, 3axaua, Kak
Nnpou3BoabHAA QyHKLMA MecCTa, TemnepaTypa 6 W nycTh naactuHa
HaXOJAHTCA B COCTOSIHHM TenjooOMeHa uepe3 ofe NOrpaHHuHbE M0-
BEPXHOCTH, COIJIaCHO 33aKOHY BHEHIHE# TemnJolpOBOAHOCTH, C OKpY-
*awouel cpegoft (Bo3ayxoM), TeMmneparypa KOTOPOH paBHa HYJIO.
B 3ToM cayuae HYyXHO NPOHHTETPHpPOBATH AHU(PEpeHIHANbHOE ypaB-
HeHHe (228), npHHHMAast BO BHHMaHHe NOrPaHHYHBIE YCJHOBHS:

a6

= I (253)
ma x=0u

li}

= b8 (254)

g x =1 ,

Mu 6yjgem pemaTh 3Ty 3ajauy, Kak M BCeria B MNOAOGHBIX
cayuasfx, TakMM 006pasoM, uTO HafijeM cHayajxa IMPOCTOE uHAaCTHOE
pelieHde XudepeHUHaJbHOTO YPaBHEHHS, YAOBJETBOpsIOmEee norpa-
HHYHHIM YCJIOBHSM, a 3aTeM OOOCIHM ero, CO€AUHAd B OAHO XOCTa-
TouHo OOJbINOe YHCAO TAKHX UYACTHRIX pEIHIEHHH, YMHOXeHHHIX
KaxJA0€ Ha COOTBETCTBYWOULYI0 MOCTORHHYyIO. [Ipm 3ToMm caexyer
nocTynarh Tak, 4ToOnl pe3y/JbTaT COOTBETCTBOBAJ 3aJaHHOMY Ha-
4aJIbHOMY COCTOSIHHIO.

NpumeRuM cHayasna 3TOT MeTOX K TOMYy UYacTHOMY CAYYaIo,
KOrJa KOHCTAHTA BHeluHe# TemronpoBOXHOCTH & 6eCKOHEYHO BeaHKa.
O6a norpaHuyHble YCAOBHSI CBOAATCS 3AeChb K OXHOMY: 6 =0. B xa-
yecTBe MPOCTEHIIEero YacTHOrO HHTerpaJja ypasHeHus (225), xoro-
pHil ya0BJAETBOpSET OJIHOBPEMEHHO OOOHMM MOTrPAHHUHLIM yC/JIOBHAM,
npexcTaBisgeTcs CAeAyIOIee Bhipa)ceHHE:

9 = sin '-'-?35 . ev, (255)
ecau 7 o603HauaeT HEKOTODOE neJjoe uuciao, B camom xmene, Au-
¢pepeHunanbroe ypabienne (228) ynoBJETBOPHTCS, €CAH JIOJO0XKHTH:

a?*n2n?

YIS v (256)
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] HI;H stom oOpamaercs B Hyab, Kak gas x=0, Tak u mas
x=\

B HauaznbHOM cocTOsiHMH, npH £=0, OpU YaCTHOM peHICHHH
(255), pacnpezeneHue TeMnepaTypsl B INpOCTpaHCTBe OyJeT npex-
CTaBneHO cHHycoumpo#i. EciaH ke Mbl YMHOXHM ypaBHeHue ais 0
Ha NMOCTOAHHYIO A, ‘M NpOCYMMHDYeM pe3yvJbTaT [0 BCEeM 3Haue-
HusiM 7 oT 1 J0oo (oTpHuATe/bHHE 3HAYECHUS X He XAIOT XaibHef-
mero o606UIeHUNA), TO nMoayuuM oOLiee pelleHHE 3aX4YH B TAKOM
BHEE!

n==0oo

0 — 2 An "' sin 2, (257)
na=1
rae Aasi {n cAelyeT IOXCTABUTL BHpaxeHnue (256).

Kosdpuuuentn A, xeficTBuTenbHO, BCerja MOryT OHTb BHI-
6panbl Tak, 4To xas ¢t=0 Temneparypa 6 6yzerT /060N npeAnu-
caHHOR dyHxkume# mecra 8,(x), Tak kak aag £=0 MB DoJyuaeMm
U3 ypaBHeHust (257):

n ==0o

6, = 2 A, sin Tlif, (258)
ne=1

a 9To ecTh pax cuHycoB Pypoe [2, (182)] ¢ nepuosom x=2[, k03-

(HUUHEHTH KOTOPOro OnpefeseHbl OXHO3HAYHO, ecaH PyHkuusa 6 (x)

Kak-1u60 33XaHA B npejesax NOJOBHHH nepuoja [2, § 39].

§ 91. BosBpawasce X paccMOTpeHH:0 OGIEero cay4as ¢ KOHeY-
HO# KOHCTAaHTOH BHeMIHEH TeNJIONpOBOAHOCTH b, MKW BO3bMEM B Ka-
YeCTBe YaCTHOTO PeuleHud, B 0006menne Bupaxenus (255), caexnyio-
mee GoJjiee CI0XKHOE BHpaXeHHE:

6 = cos (ax - £)-e™. (259)
Jupepenunanbuoe ypaBueHue (228) 6yXeT YZOBJAETBOPEHO, €CJH
MEl [10JI0XKHM:
Y= —a%a (260)
NosoxuB:
b
tgh=——, (261)

MBl YIOBJETBOPHM NOrpaHMuUHOMY ycaoBHIO (253). Pasgeaum pis
ynpoueHuss Bolpaxenue (259) na cosB. Toraa ¢ npuBeAeHHBIMH
3HAUEHUAMH Y M B MBl IOJYYHM CJAEAyIOLlee YacTHOe pelleHHe:

6— (cos ax 4 % sin ax) e~ ", (262)

B stom BhIpAaXKEHHHY e€ue MOpou3BOJbHA TOJBKO NOCTOAHHAA &, -

2%
TAdK Ha3klBaeMOe BOJHOBOE YUCAO (a=~)-'—). BOCHOJIBSYEMC'K 3THUM,

yTOOK YAOBJETBOPHUTH TaKXKe M BTODPOMY NOTPaHHYHOMY YCJOBHIO
(254). CorsnacHo ypaBHeHUIO (262), ycnoBue (254) naer:
225 (263)

tgal=—a,—~:b—2—~.
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[Monyuennoe ypaBtiéHie, TpaHCUEHAEHTHOE OTHOCHTENLHO &, MOMHO
CBECTH K ABYM 60Jjee NMPOCTWM ypaBHeHHsM. JIeHCTBHTENBLHO, €CJH
BCIIOMHHTb, YTO, C OXHOH CTOPOHHI

2
tgal= al ’
—_to2 . —
1—tg 3
a ¢ Ipyrofl CTOpOHH:
b a
2ub 2y -2

[y

G-

TO OTCIOAA CAEAyeT, 4TO ypaBHeHHe (263) YAOBAETBOPAETCH KaK
BHIpaXEHHUEM

tg ~2£ =2, (264)
TdK H BHpaXeHHeM:
tg 3= —o. (265)

Pacnonoxenune kopue#i 060MX ypaBHeHHt MOXHO NpeACTABHTb OYEHb
HAarJasixHo, €C/JM BOCIOJAb30BATHCH TIpadHYECKHM H300paxKeHHEM.
ByaeMm ¢ 3aTo#i mesnplo paccMaTpuBATH o KaK apryMeHT M Hajiaem

TOUKH NepeceyeHust KpuBoH y=tig 12[— € OXHOH M3 KPHUBHIX y:=% H

o
y = — (puc. 6). llepBast KpuBas eCTh TaHTEHCOHAA; HYJAH U Gec-
KOHEeUHO GoabuiMe 3HaYeHHs 3TOH (YHKUHH NPaBHJABHO YEPEAYIOTCH
ApYyr 3a ApYroM Ha pacCTOSIHMH -’} BTopast kpuBast eCTh Jexaas

B IEepBOM M BTOPOM KBajpaHTaX paBHOCTOPOHHAA runepdo.a,
aCHMIITOTAMHM KOTOpPOH CAyXAaT OCH KOOpAMHAT. TpeThsl KpHBas —
npsiMas, Je€xamass BO BTOpPOM M YeTBepPTOM KBAXPAHTaxX H NPOXO-
Asmas yepes Hayano xkoopxunat. Ha puc. 6 npexcras/ieHa TOJNbKO
NnoJa0KUTeAbHAH (NMpaBas) CTOPOHA OCH abCHUCC, TAK KaK NepeMeHa
3HaKa HE JaeT HHYEro HOBOTO.

M3 puc. 6 MOXHO BHEEThb, UTO Kak runep6oJa, Tak u npaAMmas
NalT GecKOHeYHO MHOro kopHeft. Ecam MH nepeHymepyeM HX no-
CAeAOBATEAbHO N0 HX BeJHYHHE, TO HA runepboJje pacnooxarci
KOPDHH C HEYeTHHIMH MHAexkcamMH I, 3, 5..., Ha npAMON — KOpHH
C YeTHHIMH HHAekcamy 2, 4, 6,... Kopenp a,=0, Kak 3To caegyer
H3 ypaBHeHHs (262), ecan MOAOXKHUTHh B Hem o= 0, He CJaelyeT MpH~
HHMATb BO BHHMAaHHE,

Besuuunn «y, a,...,a,,..., ONpeneasieMue ypaBHenuewm (263), na-
3HIBAIOT COOSCTBEHHRMH 3HAYEHH I M ¥ BOJHOBOrO YHCAA o, d BRIpa-
Xenus (262), B koTopbie NOACTAB/IEHH 3TH COGCTBEHHbIE 3HAYCHHS a,~—
COGCTBEHHHMH (QYHKHHAMH pacCMAaTPUBAEMOH CHCTEMH.
TouHbie 3HayeHHs « VKa3aTh HENOCPEACTBEHHO HEJNb3s, OXHAKO,
KaKOBH OHH NpHOJH3HTENIbHO, MOXHO JerKo BHAETb H3 pHC. 6,
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w
Ouesuzno, 410 B KaXJIOM HHTEPBAJe LIMPHHOIO —, JeXameMm Ha
ocH abcIiuce, 3aKal0uaeTcss OfMH kopeub. Takum o6pasom:

n nw
(n—1) F <an>7.

C BO3pacCTaHHEM 1 ¢, BCe TeCHEE M TecHee NMPHJBHraeTCsd K 3Haue-
—1) 7
HHIO HIKHEHN TpaHuusl (—",—7—“-—"—, KOTOpast IJs HEUETHHX 7 (nepece-

4eHHe ¢ runep6oJaoi) COOTBEeTCTBYET HYJSM TaHIEHCOMJH, a A
YeTHHX 7 (nepeceuende ¢ TNpsMOf)-—ee OecKOHEUHHM 3Haue-
BusaM. TakuM 06pa3oM pacCTOsSHHE MEXAY ABYMS 10CAE€R0BATEAbHEIMH
COOCTBE@HHBIMM  3HAYEHHAMH @,

ACHMNTOTHYECKH NpUOAMKAETCH K 'y

a4
3HAUEHHIO 7' 1 |

§ 92. Ilocae TOro, KaKk MH MO-
3HaKOMMJAUCh C PAAOM HYaCTHBEIX I
pemleHuil paccMaTpuBaemOi 3ajna-
4y, peub OyZeT HTTH O TOM, UTOOH
COeAMHHUTh HX B OJHO ofuice pe- 3
HIeHHe, COOTBETCTBYIOUIEE MPOH3-

BOJBHOMY COCTOSIHHIO.

O603naunM JJA COKPAUEHHA g a
cO6GCTBeHHYI0 QYHKIHIO OT X, BH-
paxcaeMmyio ypaBHeHueMm (262), caxe- A
pylomuM obpasom:

X,=cosaux -{—{— sina, x.  (266)
n

YMHOXHMM 3Ty QyHKIHIO Ha no-
CTOsAHHYI0 A, H o0pasyem 3arem
CYMMHpPOBAHHEM peElLICHHE:

n==co E

6= 2 AnXne — @t (267) Puc. 6.

n=1

UTo6b BHISICHHTb, XEHCTBHTENAbHO JH 3TO pellleHHe SBASETCH
06w HnM, JOCTAaTOYHO AOKa3aTh, YTO OHO NPHTOXHO Aaf a1060T0 Ha-
YaqbHOTO COCTOsSHHS (3HaueHHe 6 xast £==0) uau, IpyrUMH CJIOBaMH,
YTO BCAKYI0 NPOH3BOJBLHO 3aHaHHYI0 B HHTepBaze OT x=0 X0
x=1 pynxuuio 0, (X) MOXKHO pa3NOKHTb B pPAN 1O COGCTBEHHHIM
dyHKUMAM:

b= X A,X, (268)

n==1

Mmu orpaHMYmMcs 31eCb J0Ka3aTeJlbCTBOM TOro, 4YTO Ko3du-~
- UMEHTH A, MOXHO BHUHCAHTb COBEpIIEHHO OJHO3HAYHO, eCaH
8, (x) 3amaHo B mHTepBane oT x=0 10 x==/, U noKaxem, Kak cie-
AyeT NMpPOHM3BOAUTL 3TH BHIUHCJECHHA.



128 TENNONPOBONHOCTE

3TOT cnoco6 COoBEpIIEHHO aHAJOTHUYEH TOMY, KOTOpH# Gbia npea-
noxed B 2, § 38 xast pasnoxenust dyuxuuu f(x) B pax Pypee, u
npeacrasaseT coboit 0606weHns 3TOro nocaexnero. B cayuae psna

. =
Pypbe COGCTBECHHbIE 3HAYEHHS o — UEAbe KPATHHE ——; 3TO MOXHO

BHAETb HeNnqQcpeiCTBEHHO, eCAH CpaBHUTL (GopMyay (268) ¢ ¢opmy-
n0# (258), BHIBeieHHOH B mNpeabiAyliem naparpade AJs cayuas
= OC.

Kax u Buiwe, B 2, (538), Mun yMHOxaeM 3ajgandyio ¢yHkuuio 8,
Ha cOOCTBEHHYIO (QYHKUMIO X, M HHTEIrpHpPYeM 3aTeM 3TOT pe3yabTaT
no x Bo Bcefi obaacru 3uauenuit x or 0 mo L. CoraacHo ypasHe-
HUIO (268), MH nONyuHUM TOTrZa:

m== oo )

l
[ b X,dx= Y A, [ X.X,dx. (269)
0 0

m=1

Kak u B cayuae psga Pypbe, HHTerpana B AeBOH UaCTH paBeH-
CTBa BHIUHC/AsIETCS HENOCPEACTBEHHO, MEXAY TeM KaK CyMMa, CTOs-
was crnpapa, CBOXUTCH K OJHOMY YJEHy, B KOTOPOM HHJEKCHI /7 H 1t
paBHu. B 31OM MOXHO y6eXHTbCSH, BRIUHC/AS CAEAyOmUM 06pa3oM
HHTErpan, crosmui cnopaBa. PyHKuHst X,, COIIACHO e€ onpexene-
HHU1O (266), ypoBierBopsier AHdepeHHHaNbHOMY yDPaBHEHHUIO:

Lo —_ (270)

dx3

Takum 06pasom, HHTErpHpys MO HACTHAM, NMOJAyYaeM:

l 7
1 &BX, 4
OfX,,,X,,dx——-——Eof XpLtn dx =

{
1 dx, V' | 1 rdX, dX,
——";Q‘[Xmm—dx] +a2 f?;? dx dx
n 0 nog
HIH p !
Xy dXy o dX, 1"
[ G ar=1, !X,,,X,,dx+[X,,, z), - (271)

Ecnn nepectaBUTh B 3TOM ypPaBHEHMH HHAEKCH /M H 7, TO JAeBad
CTOpPOHA He M3MEHHTCs; TO XKe CaMoe, CIeR0BAaTeNbHO, CIPaBEIIHBO
M OTHOCHTeAbHO mnpasolt. IlosTomy, BHUHTass OJHO ypaBHEHHE H3
LPYroro, Mbl MOJYy4uM:

dx 7170

(ai_. o, ) .le,,,X,, dx=|X, Xn__ X, "Xn]' :
1]

Ho, coraacso ypasHenusam (253), (262) u (266), ana x=0:

ax;

dX,
e = bX, M TOuHO Tak e ==X,

dx
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Orciona ciepyeT, uTO BhIpaXeHWe, CTosulee cnpasa, obpawaercs
B Hyab pas x=—10; TO Xe caMoe UMeeT MeCTO H xias x=».»
CaejgoBaTeqbHO, MbBl HMeEeM:

(4—)- [ xxdx=0 e
0

Ecian, Takum 06pasoM, m W n OTAMYHH APYT OT xpyra, To BooGuie
HMEeT MEeCTO COOTHOIICHHE:

1
[ %X dx=0, (273)
0

— TaK Ha3biBa€MOE€ yCJAOBHE ODTOTOHAaJAbHOCTH— Ha3BaHUe,
HallOMHHAIOUlee aHAJIOTHYHO NOcTpoeHHne dopMmyas I (332) uan
8 (115) nas oproronanbHocTH KoopauHar. Ot cymmu (269) ocraercs,
C/eXOBATENAbHO, TOJNbKO ONHH UJeH, B KOTODOM M=t

! l
a, [ x2ax=[,x,ax. @74)
0 0

Harerpan cieBa MOXHO BHIMHCAHTH MM HENOCPENCTBEHHO, NMOACTA-

BJASAS BHIpaxeHHe (266) M BHINOMHSIST HHTErPHPOBAHHE, HJH XK€ KOC-

BEHHO, CAeJylOWMM NMyTeM: U3 ypaBHeHHs (271) maa m=n caenyer:
. i 3

of(%")’dx:“i[)(i der[X,.%—)fg'];. (275)

C xpyro#t cropoubi, 3 ypaBHeHHs (266) H u3 BhpaXeHHs NPOHU3-
BOJHOK

dX, .
A =—o,sino,x+bcosa,x (276)

BHITEKAET, NOCAe TOrO, KAK MKl BO3BEIEM TO H IPyroe B KBaApaT H
CAOXKHUM:

o Kot (G2 ) = 0 @77)
HJIH, TPOUHTErpPUPOBAB:
4 1
@ [X2dn g[S ) ax=(a2 4 52) L (278)
0 0

Ecan Briuects u3 ypaBHesus (278) ypasHenue (275), TO OIHMH H3
MHTETPANOB BHIMAJET, H OCTAHETCH CAeJLylolee COOTHOLICHHE:

242 fX: dx=(ai_|..bz) l—-[Xn %‘]z
6

0
HIH, TaK KaK Aas x =0, cornacHo ypaBHenusim (266) u (276):

ax
Xn=l, d—xn‘:b,

9 Bpezemue B reoperuueciyo Pusury, 2. V' 019
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Mexay TeM Kak Aas X==[, COrnacHo ypasHeHuaMm (254), (262) u
(266):

dX,
= bX,
Takum o6pagom no ypasrenuio (277):
X =1

n

X, 28— px? =0,

. nodx
22 [ X2 dw= k8 ) 14 20.
0
DTo Xaer nocnae NOACTAHOBKH B ypaBHeﬂmle (274):
a4+ 2+ 5] =[ 0x,as @79)
n n 0

a TeM caMbiM M 3HaueHHe kosduuuenta A, B pasnoxenHd QyHKuUH
8y (x) mo cobcTBeHHBIM GyHKUMAM X,

Cornacuo ypassenyio (267), sazaua, TakuM 06pasoM, paspelneHa

§ 93. Jo cux nop BO BcexX 3ajauyax Mbl npexnoJaranid, 4to Ipo-
TAXEHHE Tela B HallpaBJACHHH, NEePHeHAHKYIAPHOM K OCH x-0B Oec-
Koneuno Beauko. Hccnexyem temepn, Hao60pOT, npouecc Tennaonpo-
BOAHOCTH B Teije, uMewueM (GOpMy CpPaBHHTENbHO IJAHHHIO UH-
JAUHAPHYECKOTO CTEPXKHS C OUEHb MaJbiM CeueHHeM; MOCAeXHEee MO-
KeT OWTh COBEPLUIEHHO NPOH3BOAbHON GopMH. [lycTh OXHH HU3KOHLOB
CTEPXKHS NOANEPXKHUBACTCH NPH Onpele’eHHON TeMmnepaType 6, a
BeCb CTEpKeHb HAXOZMTCA B cpexe (Bosgyxe) c remmepaTypoh 0°
(pacnonoxesue onuta Bumemana u $panua). IIpumem och uuausppa
3a och X~0B. Temmeparypa B cTepXkHe OyAer 3aBHCETb, B OCHOBHOM,
TOABKO OT KoopauHatel x. He ciepyer, ofHako, XyMath, uTo O Bo-
obule He 3aBHCHMT 3XeCb OT ¥ H 2, KAK B CAyYasX, pacCMOTPeHHHX
Buine. B xanHOM ciyuae 3TO MMEeT MeCTO TOJAbKO NOTOMY, 4TO KO-
OpAMHATH ¥y H Z IJ8 BCEX TOYEK CTEPXKHHA HMEIOT upe3BLIYANHO Ma-
Able 3HaueHus; Osaromaps 3tomy 8 B mpenenax onpexeaeHHOro
ceueHHs CTEpDXKHA (ANA ONpPene/NeHHOro 3HAUEHMsS X) H3MeHsercd
TONbKO OueHb He3HauuTenbHO. Daaromaps 3ToMy OGCTOSTENBCTBY
B ofwem nudepeHUHaNbHOM YpaBHEHHH TENJIONPOBOXBOCTH (225)
NPOU3BONHLIMH 1O Yy M 2 ClefyeT He NpeHe6peub, HO COOTBET-
CTBYIOIIHM 0O0pa3soM YyuecTb HX 3HaYCHHS.

9TO MOXHO CJIelaTb, yCTAHOBHB [OTPAHHUYHHIE YCIOBHSl Jas
nosepxHocTH crepxnd. CorsacHo ypasueHHI0 (244), OHH BHIpaxa-
I0TCA Tak:

=t ——=-—Ah0

v dv
HIHK
90—, (280)
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rae v 0603HayaeT BHYTPEHHIO HOPMalb K NMOBepPXHOCTH. EcaM Mbl
NpOUHTErpPHPYeM Tenepb ypaBHeHHe (225) npH NOCTOSHHOM X MO
COOTBETCTBYIOUIEMY CEUEHHIO ¢ CTEPXKHH, TO NOAYUHM:

ab 020 020
v Tae 0x2 qTa ff dy2 02 ) dy dz. (281)

IBoiiHO! nHTErpan 3peCh MOXKHO NPeo6pasoBaTh MyTeM MHTErPH-
pOBaHMs, aHAJOTHYHO TpoHHOMy MHTerpaiay B 2 (82), B uHTerpan
N0 KOHTYDPY, HMEHHO:

ff Z;i gig)dydz=——f~gf~dl, (282)

npuueM dA 0603HauaeT 3JMEMEHT KOHTYDa CEUeHHs, CUHTAeMHH no-
noxuTenbHbIM. Ecin MH npu6aBuM cloja ele CnpaBeigiHBOE JJs

Bcero Koutypa yciaosue (280), To aBO#HON MHTerpan NOMyYHT 3Ha-
yeHHe:

—bfe-dxz-—be.x,

rae A obo3Hauaer Temepb AAMHY KOHTypa. Jludepenumanbsoe ypas-
Henue (281) npuMmeT, TakuM o6pasozvx, creAyomyo ¢Gopmy:

8

q 5= q —=—— a*bo\
HJIH . )
ol 0?
5= a? Fr — f2.6, (283)
€C/aH NOMOKHTD:
2
=1 (284)

Cornacuo ypaBHeHusiM (224) H (245) Taxxe:
A\
fz =S m . (285)

[Mocrosiunas f 3aBUCHT, TakMM 06PasoOM, OT yAeAbHOH TElJIOEMKOCTH
H YAEJbHOTO B€Ca BEUIECTBA, jgajgee OT MAOWAAH M HJAHHBE KOHTypa
CEYECHHS H, HAKOHEI, OT KO3(HIMeHTa BHEIHEH TeIONPOBOXHOCTH 4.
Ona He 3aBMCHT, OHHAKO, OT KO3(HIHMEHTA BHyTPeHHell Temromnpo-
BOIXHOCTH *%. OTcxo,zza CAEAYET, YTO BAHAHUSA BHEIIHEH W BHYTpeHHeH
TEMJIONPOBOAHOCTH B AH(PepeHuManbHOM ypaBHeHuu (283), Bupa-
HAOWEM H3MEHEHHE TEMIEPaTyphl CO BpeMeHeM, NPOCTO agXUTHBHO
Ha/MaramoTCa ILpyr Ha Apyra.

Ecnu npouecc ctaynoHapeH, ToO H3 ypaBHeHus (283) MH mo-
ayuaeM:

2 ‘7 8 2
@' g —J0=0
H, HHTErpupys:
Vs Ix

6=Ae 4 Be °. (286)
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Ilnst onpexeneHuss NOCTOSHHBLIX HHTerpupoBanust A ¥ B cayxar no-
rpaHHYHKI € YCJIOBUA HA KOHUAX cTepxHst. OnUH KoHel cTepxHs (x =0)
nopAepkKHBaeTCss NpU nocTosHHOM Temnepatype 8. Iloaromy:

6o = A-}-B. (287)

Hdpyro# konen (x=1[) naxopurcs B Bosnyxe. Jlasa Hero cnpasex-
JAHBO IO3TOMY NMOrpaHuyHoe ycaoBHe (280):

ab
— 0 s,

clejoBaTeNbHO, COrJIacHO ypaBHeHuio (286), xas x =1
1

i 0
A(b+—;})e“ —{—B(b———‘ﬁ—)e “ 0. (288)
IMocrosnunie A w B onpenenesn ypaBHeHusmH (287) u (288).
Ecan pnuHa crepxHs [ Beluka NO CpPaBHEHHIO ¢ APoOblo —;—, TO

nocrossnas A, coraacHo ypasHedHio (288), oueHb Maja 1i0 CpaBHe-
HHIO ¢ noctosHHoN B. Ilosromy, B cBa3u ¢ ypaBHenHeM (287), MOXHO
NPOCTO NOJOXHUTb B =0,



YACTb TPETbHSA
TEIJIOBOE N3JIYYEHHE

[IABA 1

MHTEHCHBHOCTh H3JYYEHHA. MCHYCKAHUE
M MOTION[EHHE

§ 94. BupaBHuUBaHHe TeMNepaTypH B NMOKOALIMXCH TeaaX MOXET
NPOUCXOAHTb HE TOABKO MyTeM TEMJIONPOBOAHOCTH, HO TAKKe H My-
TeM JYYEHCIyCKaHusd, MpeiCTaBafomero co6olf coBepleHHO 0OCO-
6yo popmy pacnpoctpaneHus Tenna. Bo BTOpo#t uacTH 3TOH KHHrH
MHl BHJIE/IH, 4YTO MPOUECC TEMAONPOBOAHOCTH B TeXe MOXHO Npex-
CTaBUTb C IOMOILBIO BEKTOPAd, KOTOPHIl BNOJAHE ONpepeasieTCs Aas
KaXJO% TOUKH TeJa MECTHBIM TEeMIepaTypHHIM TPAAHEHTOM; 3TOT
BEeKTOP HCUYe3aeT BMeCTe C rpaaueHToM. Hamportus, TennoBoe uany-
yeHHe B OIpPeJeseHHOM YYacTKe Tejd COBEpIIEHHO HE 3aBHCHT OT
TEeMIEPATypH 3TOrO yuyacTka. Tak, Hampumep, H3AyuyeHHe COJHLA
MOXHO MPONYCTHTh Uepes JMH3y, CASJAHHYIO H3 KYCKAa AbJA, ¥ CKOH-
UeHTPHpPOBaTh ero B (okyce 3Toik aHH3W. COCTOAHHE H3AyUYeHHSA
B ONpeXe/CHHOM MecCTe Teja Henb3d, Xajlee, 0XapaKTepPHU30BaTh C 10-
MOWbIO KaKoH-1n60 OxHOH HampaB/eHHON BEJHUHMHBI, TAK KaK OHO
OXBaThBaeT, BooOwe roBops, GeckOHeuHo O0ablIOe YHCIAO Jayueit,
NepeKkpeInBaoUKXca B TaHHOM MECTe 110 BCeM HanpaB/JeHUAM; HH-
TEHCHBHOCTDb, YHCAO KOAeOaHHH M IoAApH3alUs 3THX JAyuelt cosep-
IEHHO He 3aBUCAT ApYyr oT apyra. Jlaxe ABa HANpaBICHHBLIX B3a-
HMHO MPOTHBONOJOXHO Jy4a C OXMHAKOBHIMHM UYHCJAaMM KoJaeOanui
H OIMHAKOBO NMOJSPH3OBAHHHE HENb3s COeXUHHTb B OXMH DEe3YyabTH-
pylowuit ayu, H60 U 3T JAyuH BenyT cebs COBEpILICHHO HE3aBHCHMO
Apyr oT ppyra.

Mul paccmMaTpHBaeM TensIOBHIE JAy4YH, AHAMOTHYHO CBETOBHIM JYy-
YyaM B TOME 4eTBEPTOM, KAaK 3JEKTPOMATHUTHHE BOJIHH; PajH Nnpo-
CTOTH MK OrpaHHYHBaeMCs, OJHAKO, TE€MH C/yYasMH, B KOTOPBIX
CrpaBeNaHBLI 3aKOHK FeOMETPHUECKON HH ayueBO# onTHkH (£, § 28).
SIBAeHuss npudpakuMH M pacCessHHs MBl M3 DPaCCMOTPEHHs, Cuae-
JAOBAaTEeNbHO, MCKAOYaeM. B CBA3M ¢ 3THM MH JOJ/KHBI OyneMm pas-
JAEAUTh BCe BCTpPEYalownecs 3xech NJIHHBI N0 NOPAAKY BEJIHYHHH HA
AB€ pe3KO OTAMUYHHE JADYr OT APyra KaTeropHH: HA INJAMHE BOJH H
Ha pa3Mephl Tea. [lepBhie BeIMUYMHH HCHE3AI0IE MaJH MO CpaBHe-
HHIO CO BTODHIMH M Jaxe [0 CPaBHEHMIO ¢ AudepeHuxanaMu BTO-
puiX. ToNbKO NpPH 3TOM YCIOBHH H MOXHO CUHTAaTh ClpaBeNJHBLIMH
3aKOHbI FreQMeT pHuecKo# onTukH, Kak npaBH./I0, 3TOMY YCIOBHIO OYCHD
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APOCTO yAOBJETBOPUTH, €CAH NMPHHHMATh BCErga pa3Mephn paccma-
TPHBAEMBIX TeJd AOCTAaTOYHO GOJbLINMH.

Ewe cywecTBeHHEe, ueM pasiuiude MeXIy GOJBLIMMH H MaJLIMA
INJANHAMH, A8 TEOPHH TENJAOBOro H3AYyUYEHHS, KaK, BIpOueM, H IAA
ONTHKH, Pazauune Mewnay OOJbIHMH M MaJBIMH [IPOMEXYTKAMH Bpe-
meun. [IpHunBa 3TOrO 3aka0uaeTcs B TOM, UTO yXe B CaMOM ornpe-
JEeMCHHH HHTEHCHBHOCTH JydYa KaK 3HEpruH, IOCTaBAAEMON JyuoM
B €XMHHIY BPEMEHH, COAEPHKHTCH NMPEANMOJOKEHHE O TOM, 4TO exu-
HHIA BPEMEHHM JO/KHA OHTh BeJuKa [0 CPaBHEHHIO C NPOXOMKH-
TEJAbHOCThIO OXHOTO KkOJe6aHHs, COOTBETCTBYIOIIEro LBeTy AAHHOIO
ayuya (cp. 4, § 4). B npoTHBHOM Cayuae HHTEHCHBHOCTb H3/JYyYEHHS
3aBucena 6ul BOOOWE OT TOTO, B Kakoi a3e HauaTo H3MEpEHHE IHEPrHH,
HAOCTaBAsieMON JyyoM. MHTEHCHBHOCTh JMyua MOCTOSHHOTO Nepuoia
H TNOCTOAHHON aMIJHTYAB HE 3aBucesa Ob OT HAauaAbHOH ()asw H3-
MEpEeHHUs TONbKO B TOM CaAydYae, KOrja B eAHHHLE BpeMEHH CAyuya#HO
yKJAaABIBAZIOCh OBl pexoe 4ucao koaebanuil. Yro6n H36€xaTh 3TOTO
Heya00cTBa, MH NOMKHB OyIeM [OPHHATH, YTO €IHHHUA BPEMEHH
HaIH, Jyduie CxasaTh, BpeMs, KOTopoe GepeTcss pAd HaXOXAEHHH
CpeJHEero 3HauEHHMs H3AyyaemMofl 3Hepruu, BCeria BEJHKO IO CpaBHe-
HHIO C NEepHOAOM KaXXOro HMEOWErocs B Jyye BHAA KoaeGaHHA.

§ 95. Boabuoe ynpomenune, KoTOpoe NOJyyaercs, €CIH OrpaHH-
YUTHCH TEOMETPHUECKON ONTHKON, COCTOHT B TOM, UTOQ 3HEPrHI0 H3AY=
YeHHS MOXHO NPEACTABASTh JOKAJAH30BAHHON B OTHCABHHX CaMO-
cTOATeNbHHX Ayuax. CormacHO 3TOMY NPEACTaBISHHIO BCAKOE TENO
3aMONHEHO OECUHCAEHHHM MHOXECTBOM Jyyell 3Heprud; Kaxmbli
TaKoO#l ayY ONHMCHIBAET B TeJe CO CKOPOCThIO, 3aBucsAuleil OT moka-
3aTeas NPEAOMJAEHHMS TeJa 10 OTHOLICHHUIO K HEMY, HEKOTODYIO onpe-
IEACHHYI0O TPAaeKTOPHIO H MPEAOMJSIeTCH, WAH OTpaxaercsd, HO 3aK0-
HaMm onTukM (npuauun Pepma, 4, § 37, 91) va rpauuue rena. Yepes
OZHY OMNpENeNeHHYI0O TOYKY TeJa MPOXOAUT OecuucJIeHHOE MHOXe-
CTBO Jyue#, uepes JBe XK€ OnpeneNeHHbe TOUKH — TOJAbKO OIHH
exuHCTBEHHEE aAyu. UTOOH HMETb BO3MOKHOCTH FOBOPUTH 00 HHTEH-
CHBHOCTH 3HEDIrHH H3JAyYeHHsi, MH JAOJMHH HCXOZUTb HE M3 ABYX
TOYEK, a U3 ABYX 3/]EMEHTOB [OBEPXHOCTH do ¥ dd’, KOTOpPHIE MH
OyneM NpUHEMaTh OECKOHEYHO MaJIBIMH MO CPaBHEHHIO C PaccTos-
HHeM MEXAY HHMH; B OCT4N1bHOM OHH MOTYT GHITh COBEpIICHHO MPO-
U3BOAbHE. OJHH #3 3THX 3AEMEHTOB MOXET OLITb, B YACTHOCTH, H
6ecKOHEUHO GOJbIIMM 110 CPABHEHHIO C APYruM. Bce 3T ayuH B Le-
J0M 00pa3yloT ueTBepHoe GEeCKOHeuHoe MHOroofpasme ayue#l WiaH
ABOMHOE GeCKOHeuHOe MHOroo6pasue 3JeMEHTAPHHMX KOHYCOB JydeH
C BepHHAMH B do u do’. D10 MHOrooGpasue Ha3HBAIOT NYUKOM
Ayue# c NOBEPXHOCTAMHU POKYycOB do u do'. TloBepxHOCTH
(OKyCOB, XapaKTepH3yIOUHe NYU0K, HIPAIOT B HEM COBEpLIEHHO 0CO-
6yi0 poaib. JIeACTBUTENBbHO, €CTH MK PacCeyeM MyUYOK B IPOHSBOJLHOM
MecTe Kako#t-HHOGyJb MAOCKOCTbIO, OTAHUHOH OT ds # ds', To HE 'O
KaKOM ONpeAeNeHHOM CEUeHHH MyYKa FOBOPUTh BCE paBHO ByAer
HEeMB3s, TaK KaK KaXJBA 3/7eMEHTAapHuil KOHYC ¢ BEpLIHHOH B ds
Il ds' macT cBoe ocofoe ceuenue.

Ecnn Teao, kak 3to Mu u OyneM NpuUHEMMATh B XafbHeltmes,
ONHOPOAHQ H H3QTPONHO, TO DacHPOCTPAHEHHE JydYeh B HEM NPO+
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MCXOIUT NpPSAMOJIMHEHHO M ¢ ONMHAKQBOH 10 BCeM HanpaBJeHHAM
CKOPOCTbIO. JHEprusi, KOTOpas H3/lyuaercs npu 3TOM BHYTPH pac-
CMATPHUBAEMOro nyuka Jyuel s/JeMEHTOM ds uepe3  3JeMeHT
ds’, IpONOPHMOHAJIbHA BeJHUYHHAM 3THX 3JIEMEHTOB H 06GDpaTHO npo-
NOpUHOHANbHA KBAaApAaTy paccTOsHUs MexAy Humu (3, § 90); kpome
TOr0, OHA MNPOMNOPUHOHANbHA TaKke KOCHHycaM (OCTphHIX) yIJOB,
ofpasyeMblX HanpaB/i€HHEM r C HANpaBJeHUAMH HopMane# v U v
K saeMeHTaM do ¥ do’. Tlocaexnee caenyer, Kak MOKasbBaeT mpo-
CTOe TreOMeTPHYECKOe pacCMOTpeHHe, M3 TOro, 49TO YHCJAO Jayuef,
NpUHAN/EeXAWMX K MyyKy, OnpepenseTcs He CaMHMM BeJHYHHAMH
ds ¥ dd’, a UX NPOEKUHAMH HA NJOCKOCTb, NEPHEHIHKYIAPHYIO K 7.

Mrak, pjsi sHeprud, xoTopast H3/AyyaeTcs 3a Bpemsi df uepes
SJeMEHT do B HanmpaB/JeHHH 3JeMeHTa d¢’, MHl mosyuaeM ciepylomiee
BLIDAXEHHE:

K dords o8 (ur)eos (1) gy (289)

r?

K 3pecp—,ynenbHas HHTEHCHBHOCTb H3AyueHHs“,—HEKOTOpast KoHeu-
Hasl OJIOXHTE/bHAA BENHUNHA, 3aBHCALIASH, BOOG e FOBOPS, OT MeCTa,
BpeMEHH M HanpasieHHs. Ecam K B 4acTHOM CJayuae MNOCTOSHHO,
T0 00a 3/JeMeHTa ds M do' H3AyvyalOT B HAnpaBAeHHH ADYr Apyra
O MHAKOBYIO SHEpPTHIO; 3TO C/AeAyeT U3 CUHMMETDHH Bhlpaxenus (289).
Ecnmu MH BBEAEM BEJAHUMHY:
de="21cs b (289a)
r2
TEJECHOTO Yrja, noj KOTODHM BHIEH M3 KaKOU-HHOyAb TOUKH 3Je-
MeHnTa ds BTOpOH 3/eMeHT do', TO BLIPAXEHHE H3/y4aeMOf 3HepTrUH
(289) Gyner BuriameTh eule npome:

K-da-cos. (v,r)-d2.d¢,

MJIH, eCJH MB 0003HaYHUM yroJ, o6pasyemulii HanpaBJeHHEM F C HOP-
Majablo v K 3aneMeHTy ds, uepe3 3, TO

K-ds-cos 8.d2-dt. (290)

Otcroga BHIHO, MEXAY MPOYHM, UTO O KOHEYHON HEPrHH, H3jyuae-
MOl B ONHOM Onpene/ eHHOM HanpaBieHHH, MOXHO IOBOPHTb TOJBKO
B TOM CMHIC/IE, UTO H3JyYEHHEe MPOHCXOMUT BHYTPH KOHYCA C KOHEU-
HEIM OTBepcTHeM. Heab3s rosopuTbh 06 M3nyueHHH KOHEWHOro KO-
JMYEeCTBA CBETAa HJAM TellJa, KOTOPOE pacnpocTpanssoch Ob no
OJHOMYy E€AMHCTBEHHOMY HANpPaBJEHHIO MJH, YTO TO Xe, B Mpupone
He MOeT CyWECTBOBAaTb aGCOJIOTHO NapajJe/bHBX JyueH CBEeTa H
aBCO/IIOTHO MJIOCKHX CBETOBHIX BOJIH. TaK HashnBaeMbil napaiesb-
HHI NyYoK ayuell MOXET XaTh KOHEUHYIO JYYHCTyI0 SHEPrHIO TOJNbKO
yIpU TOM YCJAOBHH, 4TO JyuM, HJIH BOJHOBbIE HOpMAJH MyUuKa pac-
XOHATCA B IMpelenax HEKOTOPOro KOHEWHOro, XOTd 6H H OueHb
y3koro, Konyca (cp. 4, § 36). Ha aromM o6CTOATEAbCTBE H MOKOHTCHA
ﬂpPlHIlPlﬂPlaJIbHOC pasnuque MeXny CBETOBHLIMH H SByKOBHMPl BOJIHAMH,
KOTOpOE, KAK MEl YBHAMM Aa/bIle, CAMEIM TeCHHIM O6Pa30M CBH3aHO
c TeM (aKTOM, 4TQ BTOpOE HAYAJ0 TEPMONMHAMHKH HMECT 3HA4CHHE
TONBKO I OIITHKH HO HE XAH aKyCTHKH,
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[TosHOe KOMUYECTBO 9HEPrHH, H3JAydaemMOH B OJHy CTOpPOHY ue-
pe3 a/jemMeHT ds, HafifeTcs HHTErpHpoBaHHeM Bripaxenus (290) mo

% or 0 no —g— U [0 a3uMyTaJbHOMY yriy ¢ or O no 2v (Tak kak
dQ =sin  dd do):

=

n 5

ds.dt-fd»,ofda Ksin 9 cos §,
0 0

rae K npexncraBasier co60H HEKOTOpYIO 33A2HHYIO (QyHKUHIO & H 9.

Ec/in u3nyuesne OXMHAKOBO BO BCEX HANpaBJAeHHsAX, T. €. Be-
auupHa K MOCTOSIHHA, TO MOACUMTAHHOE BHIIE TOYHOE Ha3JIyue-
HHe B OJHY CTOPOHY 4epe3 aneMeHT ds 6yleT paBHO:

nK dsdt. (291)

§ 96. BcaencTBue TOro, 4TO 3HEPrust H3NYUueHHs, €CAH OTBJIEYbCS
OT IMCOEepCHH, PACIPOCTPAHAETCH B cpeje ¢ KOHEUHO#! CKOPOCTHIO ¢,
B KaXXJOM KOHEYHOM YyuaCTKe NpPOCTPAHCTBA, 3aMOJHEHHOIO H3/ayuye-
HueM, OyJeT 3aKJIOYCHO HeKOTOpOe KOHEYHOE KOJHYEeCTBO SHEPTHH;
MBl TOBOPHM M03TOMy 06 OCGBbEMHOH NJOTHOCTH H3JAyueHHd K, Kak
o6 OTHOMICHHWH BCEH coOIepxaiueiics -B 9JeMEeHTe 0O0BbEMa 3HEpIHH
H3JYUeHHs] K BeJHupHe o6bema 9TOro 3JjeMeHTa. BuuucauM mad
Kakoi-HHOyAb TOUKHM 3Ty OGbeMHYIO NJOTHOCTb H3JyueHHMS I, NMpH-
HUMad, YTO /A 3TOW TOukM 3ajaWa Kak (Qysxuus & H ¢, Tak u
yIeabHas HHTEHCHBHOCTb u3ayueHus K. Onuiiem BOKPYr TOUKH,
B3ITOX B KauecTBe LEHTPA, I1apoBYI0 MOBEPXHOCTh. Bee Jyun, BeTpe-
yaoMKue TOUKY,— KaWAHH H3 HHX CO3JaeT HEKOTOPYIO JOJI0 HCKO-
MOM NJOTHOCTH H3JyMeHHs I,— ROJXHE OyAyT NPOHTH uepes 3Ty
MOBEPXHOCTD.

DHeprus, KOTOpast H3Jyuaercss 3a BpeMs 4f 3/1eMeHTOM mapoBol
MOBEPXHOCTH d¢ B HallpaB/JCHHH MapasJenbHO eMy PacnoJ/OXeHHOrO,
NPOXOAAINEro 4epes HeHTp cdepnl H  OGeCKOHEUHO GOJBIIOIO
10 CPABHEHHIO C HUM 3JeMeHTa ds’, coriacHo ypaBHeHnuio (289), 6y-

IeT paBHa:

ds ds’
K--£% gt

Ora 3HeprHs#, AOCTUras ueHTpa cdepbl, 3aNOJHAET MPOCTPAHCTBO
NpAMOYrONBHOrO MNapaiie/ienunefa C OCHOBaHHeM ds’ M BHICOTOH
g-dt, 1. e. obbeMoM do’-gdt. Jlens HafigeHHOE BHILIE 3HAYEHHE
S9HePrHHM HA nOCTelHee BhIPAXEHHEe, MEl NOJyuaeM J/s CO3NAHHON
paccMaTpUBaeMEIM MyuKOM Ayuefi B neHTpe cQeph MJIOTHOCTH H3JY-
YeHH CJelyiolliee BhIpaxeHue:

Kd,a :-_:K_ dQ,
qr q

ecid 0603HauuTh gepes d<L TejeCHHWH .yrod, nox KOTOPHIM BHIEH
U3 nenTpa cohepu anemenT do. HATerpupys no BceM HANpaBJEHUSM
B NMPOCTPAHCTBE, ML NOJYYUM I/ HCKQMOH 00heMHOH NJIOTHOCTH
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BCEro M3JYyuYeHHss B DacCMaTpPHBaeMOH Touke CJeAyomee BhIPa-
KeHue:

u=1 [kae=1 [[ Ksind avas. (291a)

Jas nanyueHusi, paBHOMEPHO 3aMOJHSIOWErO MpPefOCTaBISHHOE
€My NMpocTpaHCTBO, K CHOBAa MOCTOSTHHO, MO3TOMY AJs HEro:
4K

n=—0 ' (292)

§ 97. Yne/pbHas HHTEHCHBHOCTb M3JyUYEHHS 3HEPrHd MO Onpene-
J€HHOMY Hanpasiaenuio K pacnajaeTcs Ha HHTEHCHBHOCTH OTZAEJb-
HHIX, MpHHAAJEKAIHKX PA3NTHYHEIM YYaCTKaM CNEKTpa M pacrnpocTpa-
HAIOWHUXCST HE3aBHCHMO APyl OT Apyra, JAyueil, HHaue roBops, ayuei
pasavuyHoro ,uBera“. [IAs nocaeiHMX XapaKTE€pHa HHTEHCHBHOCTD
M3/IyUe€HHs] BHYTPH HEKOTODOrO OIpEne/NeHHOro HHTepBaja uHCe]
konebanuft, xots 66l OT v 10 v'. EcaM 3TOT uHTEpBajs v —v jocCTa-
TOYHO MaJl, — Ha30BEM €ro dv,— TO HHTEHCUBHOCTb HU3JyUeHiist BHYTPH
ero 6yaer npomopuHOHaJibHA dv; TAKOE H3JyueHHe Ha3hBaloT ,01HO-
pOAHEIM* HJH ,MOHOXpOMaruueckum®. CiepyeT, 0onHaKO, MOMHHTb,
YTO H B CJyuae TaK HA3nBaéMOro OAHOPOJAHOro (MOHOXpOMATHue-
CKOTr0) H3JyueHHss KOHEYHOH 3HEprHH BCErga COOTBETCTBYET
HEKOTOPHI! KOHeuHuH, XO0Td Ol M OUeHb MAaJjnlll, MHTepBan wHCEN
Kosne6Ganuil.

Jas ayua onpene/nieHHOro HanpaBJeEHs, C ONpeneseHHON HHTeH-
CHBHOCTBIO M ONpeje/ieHHEIM YHCIOM KOJe6aHMH v XapaKTepHO, Ha-
KOHell, eufe COCTOsiHHe noJaspusaudu. EcaM 0603uauuTh I/1aBHBIE
HHTEHCHBHOCTH Jyua, COOTBETCTByWOIuMe ABYM TIJIaBHHM B3aHMHO
NMepneHAuKyJsApHEIM MJIOCKOCTAM KoseGanuit (4, § 11) uepes K, dv
u K/ dv, To, cyMMupysi MO BCEMY CIEKTPY, Mbl MOJYUHM:

K= f (K, K.y dv, (293)
0

rae K, cieayeT pacCMaTpHBaTh KakK- HEKOTOPYKO KOHEWHYyIO (YHK-
UMIO MeCTa, BpeMeHH, HANpaB/eHUs M 4YMCAA KOMeGaHHM V.
Iina HenonspusoBanubix Jaydelt Kv= K., cle10BaTeabHO:

[o.0}
K=29 f K, dv. (294)
0

Ecau, KpoMe TOro, H3iydYeHHE OJHHAaKOBO BO BCEX Hampasie-
HHSIX, TO W3 ypaBHeHus (291) aas nOJHOro H3Jy4YeHHs B OAHY
CTOPOHY uepe3 3JeMeHT MOBEPXHOCTH do MoJyuaeTcs caeayromas
BEJHYHUHA:

o0
o do dt f K, dv. (295)
0
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Hapsay ¢ o6bemuo#i NJIOTHOCTBIO NMOJHOIO H3NYYEHHS # MOXHO
roBOpUTL H 06 06beMHOH IMJIOTHOCTH H3/JYueHHd OLHOIO omnpene-
JEHHOro 4uMcaa xojebanuid @, Mpuuem:

o0
= f u, dv. (296)
b

KoMGuuupys 3TO ypaBHeHHe ¢ ypaBHeHMsmu (292) u (294), mbl Do-
Jyuaem AJsi HeNnoJsp430BAHHOIO M OJHMHAKOBOrO BO BCEX Hampa-
BJCHHUAX H3JyUeHMs:

8
12, = ’;K“ : (297)

§ 98. lo cux mop Mbl 3aHHMANHCh TOJNBLKO PaCNpOCTpaHEHHEM
nyuncTofi 3Heprum B Tenax. Ilepefizem Temepp K BOmpocCy O BO3-
HUKHOBEHUH M YHHUTOXEHHH TEMJOBLIX JyueH. AKT BO3HHKHOBEHHS
TENJOBOrO Jy4a NpPHHATO BOOGLle HA3HBATHL ,Hcnyckanuem“. Co-
IJIACHO MPHHUHMNY 3HEPrHH, HCIYCKAHHE NMPOMCXOAHT BCEraa 3a cyer
KakoH#-TO Apyro#t suepruu (TENJOTH, cOmepxameiics B Tesae, XHUMHU-
yeckOlf sHepruH, sJjexkTpHueckoit sHepruH). -OTCl0ofa BHITEKaEeT, 4TO
TeNJIOBhIE JYYH MOryT HCIYCKarbCd 10JbKO MaTepPHaJbHBIMH Ya-
ctHuaMM (B TOM 4MC/AE€ H 3/eKTPHUECKHMMH), HO HHKaK He yuacr-
KaMH reoMeTPHUYECKOro IMPOCTPAHCTBA HJIM TeOMETPHYECKHMH IIO-
CKOCTSAMH.

Tem He MeHee yacTO rOBODPHT, YTO MOBEPXHOCTb TeJa H3/yyaer
HapyXy TenJso, HO, KaK CHO M3 CKa3aHHOTO, 3TO BHIPAXEHHE MOXET
HMETb TOJBKO TOT CMBHIC/A, UTO H3BECTHAH 4acTh Jyuel, HCXOAAIHMX
U3 rayGHHBI T€Ja, NPOHHKAET yepe3 ero MOBEPXHOCTb HAPYXKY, B TO
BpeMs KaK OCTaJbHEIE JYYH OTPaxaloTCAd OGPaTHO BHYTPb.

PaccMoTpHM npocCTPaHCTBO BHYTPH HEKOTOPOIrO HCHYCKAIOHIETO
(¢uanueckn OAHOPOZHOTO BEmECTBA; BhJeJUM B HEM Kako#-HUOYAb
ajeMeHT o6beMa drt(C>>A3). DHeprus, Hcnyckaemas 3a BpeMms df
BCEMH HAaXOASUIMMHUCSH B 3TOM 3J€MeHTe uactuuamu, Oyier mpomop-
nuoHaibHa dt. Ecam BemecTso H30TPOMHO, TO HCIyckaHue Oy-
JAeT OIMHAKOBO [0 BCeM HAnpaBJEHHAM; SHCPrHs, HCmycKaeMmas
BHYTPH HEKOTOPOro KOHyca, O6yAeT NpOMOpHHOHAJbHA €ro Tesec-
HOMY YTJy.

[Mpumem, uTO H3JAyuyeHHE HEMOAsPHU30BaHO. TOraa sHEPruio, KOTo-
pas HCnyckaeTcs 3JE€MEHTOM o6beMa dt 3a Bpems df B HanpaBJeHHH
3/€MEHTaPHOrO KOHyca d2 B HHTEpBase KoJeGaHMH Mexay v H
v-}-dv, MOXHO NPHHATbL paBHOM:

dt-dz-dQ-dv-2e.. (298)

KoHeunyio BeJHUHHY &, MBl HAa30BEM KO3(DHIHEHTOM Jyue€HCOYyCKa-
HHS BEmecTBa AJAs uYMCJAa KOJeBaHuil v; OH CQOTBETCTBYET NPAMO-
AUHEHHO NQJSPH3OBAHHOMY Jyuy. Qbee HCIyCKaHue 3JEeMEHTa
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o6bema dt MB MOJAyudM, HHTerpupys Bripawenuwe (298) no Bcem
HANpPaBJCHUAM H MO BCEeM UHC/IaM KOJeOaHMA:

(o0

dt-dz-8= f e, dv. (299)

0

TMomumo umcna XxouaeGanufl v, KO3(UIMEHT JyueHCNyCKaHHS e,
3aBHCHT TAKXKE OT COCTOAHHA COAEpPHKALIEroCs B 3/EMeHTe 0GbeMa
HCIyCKAIONUIET0 BEmecTBa, JTa 3aBHCHMOCTb AO0/IKHA 6HITh, BOOGIIE
roBopsi, OueHb CI0XHOH. B paabmeltmem nas ynpomeHus Mul 6yaem
NPHUHMMATDb, 4TO BEHIECTBO BHYTPDH dt HAXOJHTCH B COCTOSIHHH Tep-
MOZHH3MHMUECKOrO pasHOBecHd, M3 aTOro npeanosoxenus ¢ HEOO-
XOAMMOCTBIO BHITEKA€T, 4TO, [OMHMO MJOTHOCTH H XHMHUYECKOH
NpPUPOALl BEUIECTBA, KO3(PUIMEHT J1yUeHCIyCKaHus e, OyAeT 3aBHCEThb
TOJBKO OT Temnepatypet 7/ M OT uHCJa KoJjeGanu#t v. Msayuenue
B 3TOM CJyuae Ha3LIBaIOT ,TemnepatypHuM“ (, Temperaturstrahlung*),
B OTJHUYHE OT ,H31ydeHus payopecuenuun® (,Fluoreszenzstrahlung*).

§ 99. AKT yHHUTOXEHHS TENJAOBOrO JAydya HOCHT HasBaHue I O-
rAomeHns uad a6 cop6uuu. CoracHO NPUHIHIY S3HEPrUH, 1yUd-
cTast’ SHEPrus [peBpawlaercs npd 3TOM B ApYrylo ¢GOpMy SHEpPruu
(tensioTH, coxepxkamedics B Tesne, XuMHueckoi smeprum). Orciona
c/JAeayeT, YTO H NOrJAomiaTbCs TEIVIOBHE JYYH MOTYT TOJABKO MaTe-
pHaJbHHIMH YaCTHIAMH, HO HE 3JEMEHTaMHM MOBEPXHOCTH, XOTH, AJH
KPaTKOCTH, HHOTJa U TOBOPAT O NOIJOIIAIOUNX NOBEPXHOCTSHX.

[Mponecc mnoraoumieHus BbIpa)aercs B TOM, YTO TeNJIOBO# Jyd,
pacnpocTpaHslomUAcs B HEKOTOpOH cpexne, TepAeT HaA KaXJIOM
yuacTKe CBOEro NyTH HEKOTOpPYIO 10JI0 cBoel MHTeHCHBHOCTH. Ias
JLOCTaTOYHO MAaJBIX yYacTKOB 3Ty [0JI0 MOXHO CUHTaThb MpOMNOp-
IIMOHAJIBHOM AJMMHE yYacTKa S; MH [OJOXHM €€ [03TOMy DaBHOM:

a,-s (300)

H Ha30BEM BEJHUHHY &, KO3(DHUMEHTOM NOrAOUWISHHS BewecTsa AJAd
ayua ¢ 49ucaoM kosebanmi v. Tax xak B paapHefieM Mbl OrpaHu-
yHBaeMCsl PacCMOTpPEHHEM HCKAIOUHTE/]bHO OZHODOAHHX H H30TPOI-
HBIX BElECTB, TO &, MOXHO MNPHUHATH OZMHAKOBHIM A/ BCEX MECT
H HanpaBjeHH# M 3aBHCAIIMM TOJbKO OT 4YHC/JIAa KOJEHAHHHA v, TeM-
nepatypsl 7 M XUMHYECKOH NPUPOAH BeuecTBa.

Ecan a OTIMYHO OT Hy/]S TOJbBKO B HEKOTOPOH OrpaHHueHHOR
crleKxTpa/bHON 06JacTH, TO TOBOPHAT, UTO BewleCTBo o6Jjazaer U3bH-
paTe/nbHbIM (,CeNMeKTHBHRIM®) noraoweHdeM. [lo oTHOuIeHHIO Kk TeM
1BeTaM, AJAf KOTOpHX a,=0, BewecTBo ABJgE€TCA BNOJHE IMpo3pay-
HHIM HJIH ,JuatepMuueckum®. Cpo#icTBa cesekTUBHOA a6CcOpOUMH H
IMATepMHUYHOCTH MOTYT, KAK OKAa3blBA4eTCH, CHJIbHO H3MEHATHCH
C TeMneparypo#.

Jlerko BuaeTh, 4r0 KO3(HUHEHT &, sABJISETCH, BOOGIE TrOBOpH,
HEKOTOPOH cpeaHel BEAHYHHOM, a 3TO NpeanoaaraeTt, YTO MOTJO0-
UeHHEe Ha NPOTSKEHHH OJHON NJIMHBI BOJAHH AOJXKHO OHTbH Ou€Hb
‘MaJplM, TaKk K4k OTPE30K S, XOTH M KpaflHe Maanlfi, 3ax/ouaer
B cefe Bce emie O4YeHBL 5OMbLIOE YHMCAO IJHE BOAH (§ 94).

Ecnyu usnydenue ROCTHraeT rPanyunl CpejH, B KOTOpo# OHO pac.
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NpOCTpaHAeTCA, H BCTPEUAET 3AeCh NMOBEPXHOCTb APYrod cpeaw, TO
yacTh €ro BooOOmEe OTpaxaeTcs 06paTHO, Apyras e 4acTh IPOHH-
KaeT BO BTopylo cpeay. OrpaxeHue H IpesOMJEHHE MOTYT MpH
9TOM [POUCXOJLHTh HWJH ,NPaBH/ALHO®, COTJIACHO 3dKOHY OTpaMEHUs
M 3akoHy npesnomaenus Cueaaumyca, uan xe ,auddysso“. B no-
CAEAHEM CJAYyYae HM3/yuYEHHEe pacnpocTpaHseTcs OT NOBEpPXHOCTH paa-
aena B 06€ cpeanl ¢ PasNHYHO# MHTEHCHBHOCTBIO 110 pa3HbIM Hampa-
BJEHHAM. B pmepBoM cayuae noBepxHOCTb BTODOH Cpezbl HAa3wBAaIOT
»a0COIIOTHO POBHOM“ HMJH ,r1afKOf“, BO BTOPOM CJayuae — ,IIepo-
xoBaTo#*. Ecau raaaxas IOBEpXHOCTb NMOJHOCTBIO OTpaxaer Bce
Najamoliue Ha HEe JYUH, TO ee¢ Ha3bBalOT ,3epkaabHo#t®. [llepoxo-
BATYI0 NOBEPXHOCTb, OTPAXKAIOIWYIO NAJAOUIHE HA HEE JyYH MOJHO-
CTbIO, M NDHUTOM paBHOMEDHO MO BCeM HANUpAaBJEHHHAM, Ha3biBAIOT
,0e108%, O6paTHui#t cayualt, KOraa NOBEPXHOCTb CpPEAbl MOJHOCTHIO
npomnyckaeTr BCe MajalioliHe Ha Hee Jyud, y TVIAAKHX NOBEpXHOCTEH
He HMEEeT MeCTd, €CJAH TOJbKO 06e NPHMHKAwWHe ADYT K ApYyry
cpexbl BOOGIE ONTHYECKH OTJAHYHBHL. lllepoxoBaTyi0o NOBEPXHOCTH,
06/1a5a10Wy0 CBOHCTBOM NPONyCKATh NMOJHOCTBIO BCe N3afamoliMe Ha
Hee JYuH, Ha3plBalT ,YepHOH.

Hapsary ¢ uepHbIMHM MOBEpPXHOCTSIMM MBI TOBOPHM TakK¥Xe H O uep-
HHX Tesnax. IlpH aTOM uepHEIM TeJOM MBI Ha3HBaeM TAaKOE€, KOTOpOe
norsouwaeT, 6€3 Kakoro Gbl TO HH ObIO OTpaXEHHH, BCE najamouye
HAa HEro JyuH H BH OIMH H3 HHX YK€ HE BhINyCKaeT o6paTtHo. Hasa
TOro 4TOOHB TeJo ObJIO YEepHHIM, OHO MHOJXKHO, TakuM 0O6pasow,
yAOBJETBOPATb ABYM Pa3/IMUYHHIM, COBEDIICHHO HE3aBHCHUMBIM ADYT
ot apyra, tpe6oBanusam. OHO ROJKHO, BO-TEpPBBHIX, 06/33aTh yep-
HOM MOBEpPXHOCTHIO. A TAK KaK HA CBOMCTBA NMOBEPXHOCTH BJHHIOT,
Boo6uie roBops, Ofe rpaHuuamue Ha Hel Cpejll, TO 3TO NOKAa3H-
BdeT, UYTO CTENeHb YEPHOTHI TeJla 3aBHCHUT HE TOJBKO OT ero cob-
CTBEHHBIX CBOHCTB, HO M OT CBOUCTB rpaHuyame#t ¢ HUM CpenbL
Teso, xOTOpOE ABJSETCA UepHHIM [0 OTHOILIEHHMIO K BO3AYXYy, BOBCE
He JNOJIXHO ObITh TAKOBBIM € [0 OTHOILIEHHIO K CTEKJY, M Hao6o-
por. YepHoe Teao gO/XKHO, BO-BTOpHIX, 06Ja7aTh H3BECTHOH TOJI-
wuao#t, 3aBUcsimel OT CTEMEeHH ero nor/aomaTeabHOR CIOCOGHOCTH.
D10 Heo6X0AMMO AJS TOrO, YTOOBl JyuH, NMONABIIHE B TAKOE TEJO,
MOT/IM [OJHOCTBIO MM MNOIVIOTHTbCH M He MOIJM BHHTH H3 Hero
B KAaKOM-HMOYAb APYrOM MecTe ImoBepxHOCTH. Uem CcuiabHee Texo
noraouaeT, TeéM MEHbIIE MOMeT ObIThL B3fiTA €r0 TOJUIMHA.

OTH pasauuus M ONPEeNEJEHHs OTHOCATCA JAHIIb K JyyaM olpe-
LeJEHHOrO 1BeTa, T.€. K JyiaM C onpejeJeHHbBIM YHC/I0M KoaeOaHu.
Tak, nanpumep, NOBEPXHOCTb, ABJAAIOWANACH [Js H3BECTHOH KaTero-
pHM Jyued mepOXoBaTO#, aJs APYrod KaTeropHu HX MOXET pac-
cMarpyBaTbCd KakK riaagkas. C yBeqHMueHHEM [JHHBI BOJHBL Jyued
NOBEPXHOCTb, KaK HETPYAHO INOHATb, CTAHOBHUTCA AJA Jyueil Bce
MeHee M Menee miepoxoBaTofl. Tak kak r/iaakKHxX HEOTpaXawHX MJa0C-
KocTell, KaKk 3aMeueHO BHIIIE, HE CyUECTByeT, TO BCE€ MPHrOTOBJsE-
Mble HCKYCCTBEHHO YEpHBIE [OBEPXHOCTH (Caka, NJIaTHHOBAasf YEpHb)
Iasi Aydefi 10CTaTOYHO GOJBLIOA AJHHH BOJHE OOHADYXHBAIOT 3a-
MerHoe oTpaxenue. (OTHOCHTE/bHO NMPAKTHYECKOTO OCYHIECTBJIECHHS
a6CcOMIOTHO uyepHHIX MOBepxHOCTeH CM. HHxe § 104.)
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SAROH EHPXTO®A. YEPHOE H3JAYUYEHHE

§ 100. Mbl npuMmenuM Temepb pasBuThie B Npejbiaymefl raase
MOJOXEHHs] K YACTHOMY CJY4ai0o H3JydeHHs, HAXOAMAIIerocs B CO-
CTOSIHHH TEPMOJHHAMHYECKOTO DAaBHOBECHS?; MbI NMOJIOXHM B OCHO-
BaHMe JaJbHeHANIMX pacCyWAeHHH ciaepylolnee 3a:jioyeHue, BHITE-
Kamwllee 3 BTOPOro HayaJa: CHCTeMa MOKOSIHKXCS TeJl NPOU3BOJILHOM
npupojas TMEePeXofUT C TeyeHHeM BpeMeHk M3 JI60ro HavaJabHOTO
COCTOSIHHAA B COCTOfIHHE PABHOBECHS, B KOTOPDOM TeMIepaTypa Bcex
TeJl OJMHAKOBA. B 3TOM COCTOSIHMM SHTPONHUS CHCTEMbI HMeeT Mak-
CHMa/JbHOE 3HAyeHHe H3 TeX, Kakhue OHa MorJa Obl MpHHATbL TNPH
JaHHOH MOJHOM 3Hepruu mnociaejHed, onpejejseMONl HauyaJbHBHIMH
yCJIOBHSIMH.

B HekOTOPHIX cCiayyasix MOXET OKas3aTbCs, YTO 3HTPONHUSA CHO-
co0HAa NMPHHHMATbL HE OJHO, 4 HECKOJbKO MAaKCHMAJbHBIX 3HAuEHHH,
OJHO H3 KOTOPHIX Oyner Ttorma aGCOJIOTHBIM, d BCe OCTaJbHbie —
OTHOCHTEJIbHLIMH. B 3THX cayyasx cymecTByeT HeCKOJIbKO COC OSHHH
T€PMOAMHAMHYECKOTO paBHOBecHs, OJHAKO abGCOJIOTHO yCTOHYHBOE
K3 HHX TOJLKO TO, KOTOPOMY oOTBeuaer abCOM0THO Hauboabuiee
3HaueHue BSHTPONHH. Bee oOcCraabHble COCTOSHHS B HU3BECTHOH CTe-
MeHH HeYCTOHYHMBH, TAaK KaK AOCTATOYHO MOAXOAALIETO, NaXe MH-
HHMaJbHOTO, HapyUIeHHs pAaBHOBeCHs, YTOOB MOOYAUTH CHCTEMY
K JJMTEJNbHOMY HM3MEHEHHIO, KoTopoe OyneT NPOTEeKaTh B HampasJe-
HuH GoJiee ycroiyuBoro coctosiuus (cp. seime § 54 u § 58).

BriicHUM Te€nepb yCJO0BHs, KOTOPHIM JOJDKHB NOXUYUHATHCH
NpoueccH H3JIYyeHHUs, 2TOOH OHH OKAa3bIBAJUCH B COTJIACHH C YKa-
3aHHBIMH 3aKOHaMH, K HcCJejyeM B CBA3H C 3THM COCTOsSHHE Tep-
MOJAHMHAMHUYECKOT0 PaBHOBECHS OXHOI'O HJIH HECKOJbKHX 3amOJHEHHHIX
TEMJIOBBIM H3JyueHHeM TeJ. Bo3bMeMm cmepBa npocredmuil cayudai
cpexsl, NMPOCTHPAOIEACS HA 3HAYHTEJbHOE pPAacCTOfIHHE 10 BCEM
HafnpaBJeHHsAM M 3aKJIOYeHHOH B TBepAyl0, HENPOHHIAeMYylo AJd
TemjaoTH, obosouky. Ilocaexnee mu OyneM, BOpoueM, MPHHHMATR
JJI1 BCeX PaccMaTpHBAaeMbIX 3hech cucreM. Mol nmpuMewm, yto Cpexa
obaajaer AJAd KAXAOro uucaa KojaeGanuit v KOHeyHbIM Ko03du-
HHEHTOM JIYHEHCHYCKAaHHs &, M KOHEYHHIM KO3(HUHMEHTOM IMOIJOo-
UICHHS d,. \

ByneM cHagasa paccMaTpuBaTh TE€ MeCTa CPEJH], KOTOPHIE JeXaT
ZaJeKo OT ee MOBEPXHOCTH. B MsHHE IIOBEDXHOCTH B 3THX MeCTax
6yaer BO BCAKOM CJyuae Kcyesaiome Mano. A Tak Kak cpena OXHO-
pOAHA M U3OTPOMHA, MBI HO/DKHHE 33KJIOYHTb, YTO NPH TEPMOJHUHA-
MHYE€CKOM DaBHOBeCHHM CBONMCTBa TENJOBOro H3JydeHHs Besje U BO
BCEX HANPABJIEHHAX COBEPIUEHHO OJAMHAKOBBI, HIH 4TO BeJuyuHa K,
(§ 97) we 3aBUCHT OT a3umyTa MOJSPH3ALMH, OT HaNpaBJeHUs Jdyuel
u ot Mecra. TakuM oO6pasoM KaxAOMY pacxoAsAUIeMycCs MYyKYy
aydeft, HAyIIEMY OT 3JeMeHTa ds, BHYTPH 3JEeMEHTADHOrO KOHYyCa
dR, GyneT COOTBETCTBOBaTb BHYTPH TOrO Xe KOHyca d2 B TOY-
HOCTH TakoH e, HO NMPOTHBONOJIOXHO HANpaBJCHHBIH MydoK Jyuel,
CXOMSLIUXCS K 3JeMeHTy do.
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M3 Heu3MEHHOCTH COCTOsIHMS H3ayuyeHHus ceHuac xe Ciaexyer,
YTO B KaXJIOM 3JeMeHTe o0bema cpens 3a JwobGoe BpeMs MOIJOo-
L@eTC M M3AYyYaeTCsl COBEPIIEHHO OJMHAKOBOE KOJHYECTBO JyuH-
CTOH 3HEPTruM; 3TO CHPABENJAHBO JJd KaXJAOro 4uMCjaa KOJeGaHHH
8 OTAENbLHOCTH, TdK KAK Pas3JMyHble BUIH Jydell BexyT cebs coBep-
IIeHHO HE3aBMUCHMO APYT OT APYra, M Ha H31yuEHHE C OXHHM Ompe-
JeNeHHBIM 4YHCJIOM KOJeGaHHH Heab3sl BO3JEHCTBOBATH HHaue, Kak
TOJILKO MyTeM HCINYCKAaHHS UAH MOIVIOLIEHHS.

BuluuciaMM 3Hepruio, HCMYIIEHHYIO H MOIVIOIEHHYIO 38 KaKoe-HH-
6ynb BpeMs df BHYTPH HEKOTOPOro 3/jeMeHTa o6beMma B NMpejenax
OJHOTO ONpPEeNeJEeHHOro 3JEeMeHTAPHOro kKoHyca d2. las ynpoiuenns
BHYUHCAEHHH MBE BO3bMeM 3/eMeHT o6neMa B opme mpaMOyroJb-
HOTO MapaJaeJenunend C OCHOBAHHEM do, DACNOJOKEHHHM NepHes-
JHUKYJISDHO K HanpasJ/eHHI0 KOHyca d2, W C BHICOTOH S, CaefoBa-
TeNbHO dt==S§-do. DHeprus HCNYCKaHud NJAS HENOJsPHU30BAHHOTO
H3JlyueHHs, COrJacHO ypaBHesHio (299), 6yner Torxa pasHa:

t-s-ds-d2-dv2e,.

C ppyro#t CTOpPOHH, B 3TOT 3/7eMeHT ofbeMa 3a BpeMs df uepes
OCHOBaHMe (o TOCTYMHMT, COIVIACHO ypaBHenusaM (290) u (294), usay-
YeHHE B KOAHYECTBE:

t do-d2.2K, dv.

M3 storo xoJiuuecTBa Ha OTPe3Ke S MOIrJOIAETCs, COTJACHO ypaB-
Heruio (300), moaa a,S. YMHOXas mO3TOMY MocCJejHee BhipaXeHHE
Ha a,S ¥ MPHPAaBHUBAS MPOH3BEJEHHE TMPEIRAYIIEMY BhiPAXKEHHIO,
MBI [OJIy4aeM B KayeCTBe YCJOBHsl PABHOBECHs CJepylciiee COOT-
HOleHHue:

Kv=—L I (301)

T. €. BHYTPH CpenH, HaXOoxAmeHcad B TEDPMOL HHAMHU-
YeCKOM PaBHOBECHH, YAEJIbHAS] HHTEHCHBHOCTDL H3-
AYUYeHHS gJf KAXJAOro 4yucsaa Kkone6anuil paBHa oT-
HOWeHHI0O Ko3dHuuueHTa JayyYeUCHyCKaHHS CpelH
Kee KO3OHUHUHEHTY NOTJIOUEHHUS AJAA 3TOTO XKe yhcaa
konebanuf. Tak xak e H a, KpOMe CBOHCTB Cpeibl, 3aBHCAT
TOBKO OT 7 H v, TO NpH TEPMOAHHAMHYECKOM DPaBHOBECHH HHTEH-
CHBHOCTb H3JyYeHHs OJHOI'O ONPEeAEeJEHHOTO 1BETa B ONpejeIeHHOH
cpexe BroJHE omnpepesasercs rteMmneparypo#t. Hckiouenue cocra-
BJSIET TOJBKO TOT Cayuyal, korxa a,==0, T. €. KOrja cpena COBCEM
He morJjomaer Jyuell coorBercTBylouiero nsera. Tak kak K, He MO-
XKeT OnTb 6ecKOHEeYHO OOJBLIAM, TO OTCIOJA NMpexje BCEro cJje-
pyer, 94To B 3TOM cayyae u e, ==0, T. e. 4TO Cpejxa HE MOXET
HCnyckarh Jayuedl kakoro-iu6o uBeTa, €ci¥ OHA HX He IIOIVIOINAET.
B To xe BpeMs sCHO, 4TO, €CAH U e H & PaBHH HYJIO, ypaBHe-
ade (301) ypoBaerBopsierca BCsiKHMM 3HayeHueM K,. Takum o6pa-
30M B cpejne, AMaTepMHYeCKOf s JydeH oOmnpeneseHHOro IBETa,
TepMOAMHAMHYECKOE DAaBHOBECHE MDH 3aJaHHON TEMIepaType MOXKeT
CywlecTBOBATb NMPH JOG0N MHTEHCHBHOCTH 3THUX Jyuel.
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Mu Berpewaemcss 3xech ¢ nmpuMepom ofcyxjasuierocs Bhie
Cayyasi, KOrAa JAJs CHCTEMBI, 3aKJIIOYEeHHOR B TBEPIYIO TeNJOHeIPOHH-
naeMyio 0G6O/J0YKY MPH 3aAaHHON TMOJHON SHEPrdM BO3MOMHEBI HE-
CKOJIbKO pa3JMYHBIX COCTOSIHMH TEePMOJHHAMHYECKOTO DaBHOBECHS,
COOTBETCTBEHHO HECKOJbKHM PAa3JIMYHbIM OTHOCHTEJbHBHIM MaKCHMY-
MaM 3HTponHd. Daaromaps TtoMy, YTO HHTEHCHBHOCTb H3JYYEHHS
onpejpeseHHOr0 LBeTAd COBEPUICHHO He 3aBHCHT OT TEMHOEpaTypPH
JUHaTepMUUECKO JJIs 3TOrOo BeTa CPEJbl, 3aXaHHYIO MOJHYIO 3HEPTHIO
T€Jd MOXHO COBEpPIIeHHO MPOM3BOJBLHO DACHpEeneJsATb Ha H3JdyueHHe
3TOro 1BeTa M Ha TEMJOBOM 3amac TeJja; paBHOBECHE KaMAHIA pas
6yxetr BoaMoxHo. Cpend Bcex 3THX pacipeneseHuii XOJIKHO Cylie-
CTBOBATh OJHO BIIOJHE ONpPeje/eHHOe, COOTBETCTByoLlee abCoJIoT-
HOMY MaxCHMyMy 3HTPOMNHH. B oTiMune OT OCTaJbHHX, B H3BECT-
HOM CMBIC/I€ HEYCTONYHBBLIX, COCTOSIHUH 3TO pacupeneneHne ofaanaer
TeM CBOHCTBOM, 4TO BhI3BATb B HeM 3aMeTHOE U3MEHEHHUEe C MOMOILbIO
MaJIoro BO3MYIUeHHs: HeJab3s. M nehicrBurenbro, Huxe (§ 105) mnl

YBUJIHM, YTO cpea¥ GeCKOHEYHO GOJBLIOTO YHCJaA 3HAayeHuH, KO-
€
TOpble MOXET [PHHUMATb OTHOLIEGHHE %, Korxpa e, W o, obpa-

v
IalTCA OJHOBPEMEHHO B HYJb, CYIUECTBYET OJHO ocofoe 3Haue-
HUe, 3aBucAllee onpexeleHHEIM 00pa3oM OT CBOHCTB Cpejpbl, OT
yhdcaa KoJeGaHu# v M OT TeMIepaTyphl; ero HasHBAIOT HHTEHCHBHO-
CThIO PaBHOBECHOTO H3JYYE€HHS B Cpeje, fHaTePMHYECKOH AJd 4YHcaa
KoseGanuit v npy remneparype 7.

Bce, u4ro CKa3aHO OTHOCHTEJIBHO CpeJbi, JHATEPMHUECKOH s
OnpeneneHHOro 1BeTa, COPABERJIUBO H 15 abGCOJIOTHOrO BaKyyMma,
TaK Kak OH fBJseTCs CPejoi, pHaTepMHyecKON pas aydelt Jaio6oro
IBeta. B ciayyae BakyyMa He NMpPHXOLHTCS TOJBLKO TOBOpPHUTH O TeM-
70BOM 3amace Teja M O TeMmueparype cpeibi. [loxa wMu, oxHa-
KO, elfe OCTaBHM YaCTHHIH cjyualt AMaTePMHYHOCTH B CTOPOHE H
fyneM mpexnoJarath, 4TO cpeja HMeeT KOHEUHHH KO3(HuHeHT
NOIOLIEHHS.

§ 101. Bce BhiBeieHHEIE 10 CHX MOP MPEIJIOXEHHS CIIPaBeLJIHBEl
Opexe BCEro TOJABKO AJs TeX MeCT Cpeldhl, KOTOPHE 3HaYHTEJNbHO
yAaneHe OT ee MOBePXHOCTH, TAK KAaK TOJBKO AJS HHX MOXHO MpH-
HATb, 4YTO H3/JyYyeHHEe He 3aBUCHT OT MecTa M Hanpasjenus. C mo-
MOIIbIO MPOCTOTO PAaCCyMAECHHA MOXKHO NOKa3aThb, OAHAKO, YTO 3HA-
yenue K,, naBaemoe ypasuenuem (301), okasriBaercs BEPHHIM BIJIOTH
IO caMOff MOBEepPXHOCTH cpejri. JleficTBHTENbHO, MPU TEPMOJHHAME-
4YeCKOM pABHOBECHH KAXJABIH UYy4yox Jaydyeil JOJMKEH HMETb Ty Xe
HHTEHCHBHOCTb, YTO M IyuOK, HaNpaBJEHHBI# NPOTHBOMNOJOMHO, TAK
KaK B MPOTHBHOM CJyuyae H3JyyeHHe BbI3BaJO 65l OXHOCTOPOHHHH
uepenoc sHepru. Ecau B3aTh, TakuM 006pa3oM, KaxoH-HUGYAB
Oyyox nayueil, HAymwHA OT NOBEPXHOCTH B raybb Cpellbi, TO €ro
HMHTEHCHBHOCTb JOJIXHA OHITH Ta Xe, 4TO M y NyuKa, HANPaBJeH-
. HOT'O NPOTHBOMOJIOXHO M MAyuero u3 ray6uusl cpeasi. Ho orcroza
TOTYaC Xe CJIeAyeT, YTO COCTOfAHHE BCEro H3JYYeHHd
CpenM HAa MOBEPXHOCTH TO XK€ CAMOE YTO M BHYTPH.

HeCmoTpsa Ha TO, YTO M3JyuyeHHe, HAYILEE OT HEKOTOPOro 3Je-
MeHTa NOBEPXHOCTH B IMy0b Ccpeasl OXMHAKOBO C H3JyueHHEM, pac-
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ANpOCTpaHAIOWEMCA Ha O6OJbIIOM pACCTOSHHK OT NOBEPXHOCTH,
HCTODHSl ero BCe Xe OT/IHYaercs OT HCTOPHH mocienHero. Tak kak
NOBEPXHOCTS CpeiAs Hempo3pauHa AJs Telaa, TO NMepBOe H3JyueHHe
BO3HHKAET HCKJIOUHTEJIbHO 33 CYeT OTPAXKEHHS HA NOBEDXHOCTH H3-
JydeHusl, NPHXOASALIErO M3 rAyGMHH Cpeisl. B pasauunnx caydasx
3TO OTpPa)XeHHe MOXeT NPOMCXOAUTH [10-PA3HOMY, B 3aBHCHMOCTH
OT TOTO, K4KOBA NOBEPXHOCTb CpeAbl: IMagKas JH OHAa, B JaHHOM
cayuae 3epKajbHas, KM Ke lIepoxoBaras, T. €. 6eaad. B mepsom
cjaydae KaxMAOMYy MajawineMy Ha MOBEPXHOCTh MYUKY Jayuelf, coor-
BETCTBYeT COBEDIIEHHO OMpefeqeHHbH, PAacCHoJOXEeHHHA CHMMe-
TPUYHO €My, My4yOx TOH ke MHTEHCHBHOCTH. HampoTus, BO BTOPOM
clydae Kax bl majalolluii Ha MOBEPXHOCTh NYYOK pa3apobasercd
Ha OecCKOHeYHO GOJbIIOe HHCJIO OTPaxeHHHX NYYKOB Pa3IUYHON
HHTEHCHBHOCTH, C Da3JMYHHIM HAanpaBJeHueM W Nosspusaunueit. [Tpo-
HecC OTPaXeHHs, OJHAKO, MPOTeKaeT BCerja TaK, YTO MYYKH Jaydelt
C ONMHAKOBOH MHTEHCHBHOCTBIO K, NpHUXOAAlIde CO BCeX CTOPOH,
focje OTpaXeHHsd CHOBA oO0pasyloT B COBOKYNHOCTH paBHOMEp-
Hoe H3iydeHue TOM K€ MHTEHCHBHOCTH, HAylUee OT MNOBEPXHOCTH
B raybb cpensl.

Ilpeaniaymue 3ax/10YeHHS N03BOJRIOT HAM, OYEBMJHO, OCBOGO-
AUThCA OT cHxenansoro B § 100 npeamosoxenus, 94To paccMaTpH-
BaeMas Cpeja HMEET M0 BCeM HalPaBJEHHAM OYeHb 3HAUHTEJbHOE
nporskKenue. B caMom jene, COrAacHO TOJNbKO YTO MNOJAYYEHHOMY
pesyabTary, TepMOAMHAMHYECKOe DaBHOBeCHe OECKOHEYHO mpoT-
MEHHOH Cpefbl HHCKOJBKO He HApDYHIHTCH, €CJAH MHl PacnoJIOXKHM
B Hell CKOJBKO YrOAHO TBEPABIX TENJIOHENPOHHUAEMBIX TIJaJKHX
A IIepoxoBaTHX noBepxHocTel. [TosToMy BCAkyIo cucTeMy (Cpeny)
MOXHO pa3feqdTh Ha MPOH3BOJbHO 6OJAbIIOE HHCJIO COBEPIIEHHO
3aMKHYTHIX YaCTHYHBIX CHCTEM, KauJas M3 KOTOPHX MOXeT GHTb
B3ATa KaK YroxHO MAaJZoH, a OTCiojNa CIeAyeT, 4TO 3HA4YeHHE Yleab-
HOM MHTEHCHBHOCTH H3ayuenus K, B ypaBHenuu (301) cnpaBepauso
AAs cayyas TePMOAMHAMHUYECKOrOo paBHOBeCHS TeJa NPOK3BOJbHON
BeJHMYHHH H (opMBEL

§ 102. OGpatuMcs Tenepb X BONPOCY O PaBHOBECHM H3JIYYEHHS
B RHaTepMuUeCcKoil cpene, A4 koTopo#t ypasHenue (301) Trepser cmoto
CHJy, BCJAeACTBHE TOro, 4TO oy =10 ¥ &, = 0. Cirenyouee paccyxje-~
HHe N03BOJgeT NOKa3aTh, YTO COBEPIICHHO ONpeJeNeRHOe COCTOS HiE
H3JIy4eHHUs Npu TEePMOAHMHAMHYECKOM paBHOBECHH CylIeCTBYeT NpH
Kax Aol temneparype U B TaxoR cpege.

OxpyxuM cpelly CAMBIMH Pa3sJHYHHMH TBEDABIMH CTEHKAMH, Cle-
JIAHHHIMH M3 KaKOro yrojHO MaTtepHasa. TOMUIMHY CTEHOK MH BHOGe-
peM Tak, ytoOH TeNJOBHE Jyud He MOIJH NPOHHKAThb yepes Hux
HM U3HYTDH, HH CHapyXH. BynemM noamepxuBaTh CTEHKHM NPH HEKO-
TOPOH# coBepiieHHO OmNpeReJeHHON, OnMHAKOBOR BCiopy TeMnepa-
tType. Baarogaps HCnyCKkaHHIO H NOTJIOMEHHIO CTEHOK BHYTDH Cpeanl
yCTaHABJUBAETCS COBEPIIEHHO ONpejneiNeHHOe CTAUHOHAPHOE COCTOSA-
HHe H3JayuyeHHs. DTO COCTOSIHHE COOTBETCTBYET YCTOHUBBOMY TEpPMO-
JYHAMHYeCKOMY PaBHOBECHIO, KOTOpOe OnpefensieTcsl HCKAIOYKUTeNbHO
TeMnepatypoif H NOdTOMY He 3aBHCHT OT MaTepHaJja creHok. Pac-
Cy¥1eHHe, KOTOpOe MH NPHBOAMM 31€Ch, NO3BOJAKT HE TOJBKO
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HAUTH COCTOsIHME H3JydeHHs, rOCNOACTBYIOIIEE B 9TOH cpene, HO H
YCTAHOBHTb OO6LIYI0 CBfI3b, KOTOPAs AOJXHA CYLIECTBOBATbH MEXIY
HCOYCKAHHEM M MNOIVIOWEHHeM CTeHXH, YTOOH H3JAyyeHHe BHYTPH
CpeaH He 3aBHCEJO OT Marepuasa nociexHel. Pagu npoCTOTH MEI
6yaeM CuHTaThb HOBEPXHOCTH BCEX CTEHOK IJaiKUMH.

[Mpexnonoxum, YTO TEPMOAHHAMHYECKOE DaBHOBECHE YCTAHOBH-
A0Ch. DHeprus HENoJsAPU30BAHHOIO H3JyuyeHHs] B HHTEpBaje YHCeN
KoneGanuii v m v-}-dv, npuxoaAwmas 3a BpeMs df U3 TayGHHH
cpeXn depes sjeMeHTapHbH xoHyc d2 M BCrpeyamouiast sjeMeHT no-
BEePXHOCTH CTeHKHM do moA yraoM % K ero sopManH, COrJacHO ypas-
HenuaM (290) u (294), 6yner paBHa:

9K,-dv-ds-cos 9-dQ-dt =27, -do-dt, (302)

rae J, OTHOCHTCA K NPAMOJHHENHO MOJSAPH3OBAHHOMY H3JyHeHHIO.
Takasl e sHeprua u3Jjydaetrcs B o6paTHOM HampaBJAeHHH B CDeAy;
OHA cjaraetcd H3 SHEPTHH, HCNYIIEHHON sjeMeHTOM do, U BSHEPruH,
oTpaxenHo#i ot ds. Hcnyimennoe KoJiu4ecTBO sHeprHy 6yaeT paBHO:

9E,-dv-da-cos 8-d2.dt, (303)

rie E, ectp Tak HaswBaeMmasg JdydYeHcnycKaTeJbHas Cmo-
Co6HOCTH MaTepHasa CTEHKH. DTO HEKOTOpPasl KOHE4YHas BeJIHYHUHA,
3aBucsIlas, BooOme roBops, Takxe H OT HalpaBJeHHH, T. €. OT
yraa 9.

Yro kacaercs OTpaXeHHOH SHEPruH, TO ee JaeT NMyyok Jyued
C MHTEHCHBHOCTBIO J,, MajalolHi HAa 3/eMeHT do CHMMETPHUHO, OTHO-
CHTeJbHO HODMaJH K do, PaCCMaTpHBaeMOMY, B KOTODHA OH nepe-
XOJMT MOC/Te OTpaxXeHHs. DHEPrus OTPaXeHHOro Myuxa paBHa:

pv-2/,-ds. dt, (304)

eciau 4epes p, 0603HAYHTH KOS(DHUIHMEHT OTPAXKEHHS CTEHKH . AJs CO-
OTBETCTBYIOILEr0 HanpaBJeHUs.

MpupasuuBas cymmy sBruipaxenuft (303) u (304) Bupaxenuio (302),
MEl MOJYYaeM Caenyioniee COOTHOIICHHE:

E. .
Kv= l ~
Py
HJIH, €CJH TIOJNOXHTH:

1—“pv=Av,

rie A, ecTh TaK HaspBaeMas norJomatenrbHas CcHocob-
HOCTb CTeHKH, YKasHBalOas, KaKasg JOJS M3AyyeHHS NpPOHHKAET
B CTEHKY, TO
E,
Kv _ 'A—v‘ . (305)
Has pasauunmx crenok E, ¥ A, MOryT 6uITh pasAMuUHHMH, HO
HX oTHOIleHHe Bceraa pasHo K,. B sToM u 3axiiouaercs 3akoH
Kupxroda, rosopsmmil, 9TO O THOMEHHKE JyUeHCTyCKaTeab-
HO# CMOCOGHOCTH TE€NA H €ro NOTJIOmATeJAbHON CHO-
COGHOCTH HEe 3aBHCHT OT NPHPOAK Texa.

10 Bsemesme B rcopermueckylo dusmry, T. V, 9190
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Mu BUAMM OTCIOZ3, UTO NMpPH ONpefeseHHON TeMmmepaTtype H NpH
TEPMOJAHHAMHYECKOM DPABHOBECHH JJs BCAKOrO JHATEPMHUYECKOTO
TeNa TaKXe CYyUlecTByeT ONpejeseHHas yAeJbHas HHTEHCHBHOCTb
usiayyenns K,, KoTopas 1noJyyaercs, eCly JydeHClyCKaTeJbHYIO CHO-
COGHOCTb KaKOro-HuOyjab TIpaHMYamIero C TeJIOM BeIeCTBa pasje-
JUThb HA €ro MOTrJOLATeAbHYIO CHOCOOHOCTb. JTO 3HayeHHue K, MOXHO
Ha3BaTb ,UCTHHHEIM 3HaueHueM“ otHoweHud (301) aaa a, = 0. MoxHo
JloKasath, uTo cooTHomeHnde (305) cnpaBexsuBO H B TOM Cayyae,
xorxa cpepa o6jajaer KOHEYHHIM HCNYCKaHHEM H [OTJIOILEHHEM.
Xon noxasaTenbCcTBa TOT Ke, YTO H BHIIUE.

s abcomorHo gepHOH crenkH p,=0 u A,=1, cIexoBaTeJbHO
K,=E,, T. e. JayuehHcnycxkateabHas cnocob6gocCTh
a6COJWTHO YepHOTO TE€Ja HEe 3aBHCHUT OT €ro Mmpu-

70 pOJAH B paBHA yAeJbHOH HH-

'\ TEHCHBHOCTH PABHOBECHOTO

. H3JyuYeHUs B I'pPaHHuyamen c

HUM cpejpe. D10 H3JyueHHe Ha3bl-
BAIOT MO3TOMY YyacTO ,4YePHHIM H31Yy-
yendem®, Tak kak BooBuwe A, <1, To

Basdyx Cmekna
; ;:a 4 ‘ % JYYEHCNyCKaTeNbHasd  CNOCOGHOCTD
v 8 No. yepHOro Tesa GoJblie JyueHCHycKa-
5 9 TEJbHOH CHOCOOHOCTH BCSKOIO ApYy-

roro rteja.
S § 103. Bce cooTHOEHHus, Bhi-
dQ’ BejeHHbHle B NpeABIAYIIMX Maparpa-
dax, ortHocATCs K OJXHOH omupene-
7« _ JEHHOR cpeje, 3amOJHEHHOH H3JYy-
a9 yeHyeM. Mx MoxHO, omHaxo, 0606-
IMTh HA NPOHM3BOJIbLHHE CPENH, YTO
OPpHIACT MM YHHUBEpCAJbHHIH Xapak-
tep. Paccmorpum ¢ 31O nednw
IB€ CONMpHKAacalmuecs APYr € APYroM pPasjHuHbie CPenbl, 3aM0JHEeH=
HBIE M3JIyYeHHeM, HampuUMep BO3AYyX H CTEKJO, U HCCAERYeM CTauuo-
HapHOe COCTOsIHHE, COOTBETCTBYIOIEE TepPOMAHHAMUUECKOMY paBHO-
BecHio. Tax xax paBHOBeCHE HHCKOJILKO HE HAPYIIMTCS, €CJaH MBI
NpencTaBHM, YTO NOBEPXHOCTH pasjesna OGeHx cpej 3aMeHeHa Io-
BEDXHOCTBIO, HEMPOHMIAEMON 51 TEMJIOBOTO H3JAy4y€HHs, TO BCe
npepaoxenus § 101 OyayT HMeTb MecTO W IJs KaXJIOH H3 cpex
B OTAeJbHOCTH. [lycTb ynenbHas MHTEHCHBHOCTb NPAMOJIHMHEHHO
NOJIIPU30BAHHOTO M3JyueHHS C YyHCJIOM KOJeGaHuit v B mepBo# cpene
(Bo3myx, Ha puc. 7 HaueBo) Oymer K,, BO BTOpO# cpeje (cTekJo, HA
pdc. 7 manpaso) K.'; Bce BeJHuyHHbB, OTHOCALIHECST KO BTOPOM cpele,
Mol OyaeM orMeuarb WTpuxom Hasepxy. OGe Beanunnn K, u K/,
KpoMe TeMmepaTypsl B YHC/Ia kOJeOaHHH, 3aBUCAT TOJIBKO OT HDH-
pojsl cpej, NpuyeM 3TH 3HAYEHUS] HHTEHCHBHOCTH U3JY4EHHUs cOXpa-
HAIOTCA BIJIOTb AO MOBEPXHOCTH pPa3fesna ¥ He 3aBHCAT, CJef0Ba-

TEJbHO, OT CBOHCTB 3TOH NOBEPXHOCTH.

IIpuMeM, 4TO MOBEPXHOCTb pasfesna Cpej rJafKas, H pacCMOTPHM
" KaKkoe-HHOyIb MOHOXPOMAaTHYECKOE NPAMOJHHEHHO NOJsPH30BAHHOE
H3nyueHHe. DHeprus 3TOrO M3/NyyeHHs, HcnyckaeMmas B Bo3nyx (Ha-

Puc. 7.
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7eBo BBepxy) 3a BpeMs df, Bx{{lyTpn 3JeMeHTapHOro Konyca d Gec-
KOHe4YHO MaJabiM 3JEeMeHTOM paCHO.’IO}KeHHHM BGJIPBPI TOYKH O
NOBepPXHOCTH Dasjxena, mox yraom ¢ x Hopmaad ds, COrJacHo ypas-
nwenuwo (302), pasna:

K, -dv-ds-cos &-dQ-dt, (306)

dQ=sin % d% dy. (307)

Srta sHepIrHs 10CTaBASETCS ABYMSA NYy4YKkaMH Jyyeld, M3 KOTOPHIX
OXMH MIET B BO3jyxe (HAJeBO) M OTPaXaercsi B COOTBETCTBYIOEM
HanmpaBJEeHHH OT 3JeMeHTa do, "a JAPYrof — M3 crexJa (copasa) H
npesoMJseTc B TOM e HanpaBJeHHH. Ilepsuit myyox ayueh uzer,
COT/IaCHO 3aKOHAM OTpaXEeHHs, BHYTPH CHMMETPHYHO pacllofoikKeH-
HOTO 3JeMeHTapHOro KoHyca d2, BTOpPOfi — BHYTPH KOHYCa:

npuyeM

dY =sin ¥ d¥ dy, (308)
npuyeM Mo BHKOHy npejoMJaAeHHAA:

' in &

¥ =¢ 0 Grg=gr- (309)

dueprus nepBOro nyyka JAyyel, coraacHo ypassenuo (306), pasHa:
py- Ky+-dv-ds-cos 8.dRQ.dft, (310)

rze p, o6o3HayaeT ONATHL KOI(PHHHEHT OTPaXeHHs paccMaTpHBae-
MOro H3JyueHHs OT CTeKJa B BO3ayxe. HamporTus, aneprus Broporo
nyyka Jdydeldl paBHa: -

(1—p")- K -dv-dacosd .d? . dt, (311)

rae p’ o6o3Hauaer KO3(HIHEHT OTPAXKEHHs, a 1 —p’y, cIeNOBATENbHO
Ko3(puuMeHT NMPO3payHOCTH CTEKAA OTHOCHTEJbHO BO3JYyXd.

CkaaznpiBag 06a MOcAefHHE BbIDAXEHHs H MPHPABHHBAA HX CYMMy
Bblpameﬂmo (306), nonyuaem:

- K,-cost-dl-}(1—p)) - K/cos ¥ dQ =K, - cos? - dQ.

Ho no ypasnennio (309):
cos §-d% __ cos ¥-a¥’

q 7
npuBHMas XKe Bo BHMMaHHe ypaBHeHus (307) u (308);
dQ'-cos §' _ dQ.cos ¥
q’? - q2 ¢
Taxum o6pasoM ™Mb MOJyuaeM, uyTO:

0K, (1—p) K/ ﬂi—-Kv

HIIH
qg'Kv l'_Pv,
q”"Kv’ - 1 '_Pv .
B aroM ypaBHeHHM BeauuMHA, cTosllasf B JeBOA yacTH, HE 3aBH-
CHT OT yria MafleHHs: ¥ ¥ OT xapaKTepa MOAAPH3ALMH; TO XKE caMoe
#»
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CrpaBefJIHBO MO3TOMY H JJS BEJHYHHH, CcTOofuiel B NPaBol 4acTH.
Ecan, Takum o6pasoM, HaM H3BECTHO €€ 3gauenye IJs KaKkoro-HuGymnbp
OJHOrO Yria MafeHHs H AJs OJHOTO OlNpejAe/JeHHOro asyMYyTa MoJd-
pH3anuHd, TO 9TO Me CaMoe 3HaueHHE OHa OGyJeT MMeTh M NpPH BCA-
KOM APYyroM yrie majeHdss 4 npd Apyro#l noaspusanuu. Ho B ToM
4acTHOM CJaydae, KOrja Hanpasnende KosebGauuil nyya JexXHT B IIOC-
KOCTH MAjeHHs W JAyY MAjaeT HA NOBEPXHOCTH DA3fena MOL YI/OM,
paBHEIM yray noJspusausuy, p,=0 # p,'=0 (4, § 9a); crenosareanHo,
npaBag 4acTh pacCMaTpHBaeMoro ypaBHeHHs paBHa eausune. Co-
rJJaCHO CKa3aHHOMY Bhe, 3TO GYyAeT HMEThb MECTO BO BCEX CJydasx,
nostoMmy BCeraa

pr=p (312)

K. =q*K/ . (313)

[leppoe u3 3THX ABYX COOTHOWEHHHA NOKa3wWBaeT dYTO KO3(H-
UMEHT OTpaXXeHHs] MOBEPXHOCTH pasjena OaHHAaKOB MmO obe ee CTo-
POHHI; OHO OpejxcTaBdsseT CO60H uacTHHH caywalt obumero 3akoHa
B3aMMHOCTH, BHICKa3aHHOro Brepsue [eapMroJbneMm, — 3akosa, CO-
r71acHo KOTOPOMY NoTe€ps B MHTEHCHBHOCTH, HCIBITHBaeMas JyuoM
onpenejeHHOr0 UBETA H oNnpegeqeHHON noasgpu3anud 6Jaarojaps
OTPaXEHHIO, NPEJOMJCHHI0O M MOrJOIICHHIO NPH NMPOXOXAECHHH €ro
HYepe3 Kakde-an60 Cpeis, B TOYHOCTH paBHa nNoTepe B HHTEHCHB-
HOCTHM COBEPIIEHHO TAKOro e Jy4a Nno nyTH NpPAMO NPOTHBOIO-
J0oXHOro Hanpasjenusa. OTCOxa HEeMOCPEACTBEHHO BHTEKaeT, YTO
npejoMJeHHe H OoTpaxkenue Jayuefi Jmoboro usera, Jwo6oro Hampa-
BAGHHS M NOJAPH3aUMH HA  IOBEPXHOCTH Pa3jena ABYX CPej NO/MKHO
NPOUCXOAUTH COBEPIIEHHO OXMHAKOBO, HE3aBHCHMO OT TOrO, ¢ KaKol
CTOpOHH OHH HA NMOBEDPXHOCTH NAZAOT.

Bropoe cootHOomeHye (313) ycraHaBauBaeT CBA3b MEXJXY HBTEH-
CHBHOCTSIMH YEPHOro M3Jy4YeHH B ob6eHx cpenax. OHO roBOPHT, UTO
NpH TePMOAMHAMHYECKOM DaBHOBECHH yAeJNbHbI€ MHTEHCHBHOCTH M3-
JAydeHHs] ompejeseHHOro 4Yucaa Koje6anuit HaxoAsTcA B oGpaTHOM
OTHOUWIEHHH KBaJgpaTroB CKOPOCTEeH pacrnpocTpaHeNHs H3JIyyeHHSA
B 3THX Cpelax MJAM B NMPAMOM OTHOWIEHHH KBajApaToB NOKa3aTeqeR
npesoMJEeHH .

Ecan Mu nmoxpcraBuMm jgas K, ero 3nauenue us ypapuenus (301),
TO CMOXEM BHDA3HTb 3TO €llle 4 TaK: BeJAHUYHHA

PK=g¢* >~=F @ T (314)

B

He 38ABHCHT OT CBONHCTB CpexH K ABAsIeTCA YHHUBED-
cazbHO# dyuxnued remnepaTypn T mwuucsaa koxaeba-
nult v. Pasnickaude atolt ysuBepcaabHoH (yHkumM F cocraBaser
UEHTPANLHYIO MpobJaeMy BCe TEOpHH TenjaoBoro HsiyyeHus. Ecau
BOCIOJb30BaThcAd ypasueuuem (297), TO nNOJAydeHHOE NpeNJOXeHHe
MOxHO (QopMyaupoBaTh eme H TaK, YTO BEAHYHHA

2, g (315)

NPH TePMOAMHAMHYECKOM DPaBHOBECHH MpPexncTaBiasieT co6oft pyHkumio
remneparypsl T m 4ucaa xonebGauuil v, COBepIIEHHO HIEHTHUEYIO
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AT BCeX BEUIeCTB, HJAH (TaK Kak g=N\v), 4TO 3HEprud, COZepxa-
masica B Kybe co CTOpoHOH, paBHOH JAAHHE BOJHH A, T. € BEJH-
gHHa ’

i, - dv)3, (316)

ONpH 4epHOM H3JAYYeHHH JJAR BCeX TeJ OJHA M Ta XKe.

§ 104. BuBenennnie npeajoXeHns JAlOT BO3MOXHOCTbD M3MEPHTD
Jy4eHCHyCKaTeabUyI0 CNOCOGHOCTHL YEePHOro Tesa, HeCMOTPHA Ha TO,
uTO aGCOJMIOTHO YEPHHX Tell B mpHpoxe He cymectByer (§ 99).

[TocTpoum nuaTepMHYECKYIO NOJOCTb, OTPaHHYEHHYIO GoJjaee HIH
MeHee CHJAbHO- HCNYCKAIOWMWMH CTEHKaMH, H OyJeM NONJEPXKHBATb
nocaennye TMpH HeKOoTopofl mocrosanHoi Tremneparype 7. Koraa Ha-
CTymaer TEeDMOAMHAMHYECKOE paBHOBEcCHe, M3JyYeHHE B NOJOCTH
npuoGperaeT AAA KaXAOro 4UHcAa KoleGaHul HHTeHCHBHOCTH K,
onpenenseMyi0 CKOPOCTbIO pACNPOCTPAHEHHS ¢ M BHITEKAOULYIO H3
BhIpaxenHs yuusepcaabuoht ¢ymxuun (314). [Ipocsepaum B oxHOR
‘W3 CTEHOK NOJOCTH OTBepCTHE € IIOWAnbl0 do, HACTOJIbKO Maloe,
4TO6GLH OHO HE MOrJIO NOBJAHATL HA HHTCHCHBHOCTb H3AYUEHHA, HAY-
wero B HalpaBJeHHH K HeMY H3HYTDH nonocTH. Hepes 3To oTBEpCTHE
HApPYXY, TAe MOXeT HaXORMTbCA Ta Xe cpexa, YTO H BHYTDH, NpO-
HUKHET U3AyueHHe, o6aagalouee TakiMHd CBOACTBAMH, KaK eClH Onl ds
6L1I0 37€MEHTOM IOBEPXHOCTH 4epHOro Teaa ¢ temnepaTtypolt 7.

W3 cpex, xoropue Obid Onl JuHaTepMHuHB AAA Jydel Bcex
UBETOB, CYyWIECTBYeT TOJbKO OJfHA: 3TO abOCOMIOTHHIA BaKyyM; ocy-
LWECTBUTb €ro MOXHO, KOHEYHO, JHIb NPHOAH3UTEIbHO. Bnpouem,
MHOTHE rasnl, HanpuMep BO3AyX, NPH HECJAHIUKOM OOJbIUHX MJAOT-
HOCTAX 006/Majal0T ONTHYECKHMH CBOACTBAMH, OYEHb GAH3KHMH K On-
THYeCKHM CBOACTBaM abCOTIOTHOrO BakyymMa. MM GyneM NOSTOMY
B nadbHefIleM MPHHMMATb CKOPOCTb PACIPOCTPAaHEHUA W3JYyUEHHA ¢,
KaK NpaBuJO, paBHOA CKOPOCTH PaCOpOCTPAHEHHA CBETAa B BaKyyMe.

§ 105. Mu yxe Bugeau B § 100, uro B abGCOMOTHOM BaKyyMe,
OKPY:KeHHOM HAEaNbHO OTPAKAIOUWMMH CTEHKaMH, CTalXOHAPHHIM
MoXeT OHTb 106 0€e NPOU3BOAbHOE COCTOSHHE H3JAYUeHHS.

JonyctuM, oxHako, 9YTO OXHA H3 CTEHOK NOJOCTH, MJAH Jaxe
NPOU3BONBHO MAaJHni YyYacTOK OXHOH M3 HHX, MOXET HOrJoWaTh
HJIM UCNYCKaTh AY4Y¥ KaKoro-au60 upera HJM u4TO B MOJOCTb BHECEHO
HHYTOXKHOE KOJHYECTBO BeleCTBa, OOJaXAIOMEro 3STHM Xe CBOfi-
CTBOM; B NMOJIOCTH TOrja NOCTEeNeHHO YCTAaHOBHTCS ocoboe CTanuo-
HapHOE COCTOfHHE, MPH KOTOPOM H3JAYyueHHEe KaXIOro onpeae/eHHOro:
nsera 6yjneT MMeTb MHTEHCHBHOCTb K,, KOTOpas 3aBHCHT OT TeMile-
patypsl COOTBETCTBYIOLIErO MECTA CTEHKH HJIH BHECEHHOI'O B NMOJOCTH
Beuwecrsa 4 onpexeasercd yuuBepcasbHoi ¢yuxumei (314). Ecau
BHECEHHOE B NOJOCTh BEWECTBO HE XHATEDMHYHO HH AJfA OAHOro
uBeTa, HaANmpUMep, eCAH 3TO MaJeHbKHH KyCOYeK yras, TO B CTalHo-
" HAPHOM COCTOAHHH KAXIHIA LBeT OyZEeT HMETb HHTEHCHBHOCTH, OJH-
HAKOBYI0 € HMHTEHCHUBHOCTBbIO K, HeDHOro H3J1ydeHus MPH NAHHOM
reMneparype. Beayunna K,, paccmatpuBaeMas kak (QyHKIHMA 9HCIa
KOJMebaHH# v, JaeT CNEKTPaJbHOE pacnpexeiesde YepHOro H3aJjyde-
pHMf B BakyyMe HJHM TaK HasnBaeMHl HOpMaJbHMHA CHEeKTp.
9HepPrHHu. B HopMaibHOM cneKTpe, ABAAIOMEMCA CHOEKTPOM HCHy-
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CKaHMA 4epHOro Tesa, HHTEHCHMBHOCTH H3Ay4YeHHs AJAA BCAKOrO 1BETa
HanboAbmas, KAakyl TOJALKO MOXeT BOOOIle HMeTh NPH AaHHOK
TeMnepatype J60e Tes0. ¥CTaHOB/IeHHe HOPDMAa/JbHOrO CIEKTpalb-
HOrO pacnpeje/ieHHs] SHEPruH TMPHBOAUT HEMOCPEACTBEHHO K YHH-
Bepcansiol GyHKnUU (314).

Hrak, moboe u3yyeHHe, HaxXOpfAmeecs B OTKayaHHOK U obJa-
paouleft uieaJbH0 OTPAXAIOMKEMH CTEHKAaMH MOJOCTH, MOXHO mpe-
BPaTUTb, BHOCA B Hero HUYTOXHYIO NMBIMHKY yIJs, B 4epHOe H3Jy-
yeHue. i 3TOro mpouecca XapakTepHO TO, YTO 3amac Temaa 3TOH
NbLUIMHKK MOXeT ObITh K4K YrONHO MaJ TO CPaBHEHHIO C 3Hepruei
CaMOro U3jayyeHHs, HAXOASIIETOCA B HOJOCTH MPOU3BOALHO 60JAbIUHX
pa3MepoB, M yTO MOJNHAs 3HEPrus M3JyueHHs OCTaeTcsl NPH 3TOM
npeBpailleHHH, B CYIIHOCTH, MOCTOSHHOH, TaK KAK H3MeHeHHe TemJo-
BOrO 3amaca NbJHHKY MOXBO He NMpPUHAMAaThb BO BHHMaHHe jaxe H
OPY KOHeyHHX H3MEHEHHAX €ee TeMnepaTyPel. YroabHas NbIJAHMHKA
UrpaeT 31eCh POJb CNYCKHOIrO MPHCTOCOGJAEHHS, faBas myTeM MOIa0-
HWIeHHSI U MCIYCKaHWs TOJAYOK K TOMY, 4yTOGH B HMeBIIeMCs BHayaje
H3JyYyeHHH MHTEHCHBHOCTH pas3/JHYHO HaNpaBJeHHBX M Pa3IHyHO
IONSPU30BAHHEIX MYYKOB Jydell € PasIuyHBIMH YHCJAaMHM KoJeGaHHH
H3MEHHJIHCh APYT 3a cyeT APYra, COOTBETCTBEHHO Mepexojy CHCTEMb
H3 MeHee yCcTOMUYMBOTO COCTOSIHMSI B OoJee ycTOHuMBOe MM M3 CO-
CTOSIHHS ¢ MeHbUIeH dHTponHel B coCTosHHe c Ooabliledt suTponuei.
C TepMojauHaMHuecKOH TOYKH 3peHHS 3TOT MNPOLECC COBEpIIeHHO
aHaJornyeH TOMY, KOTODBIf BHI3bIBaeT MaJjefimiass HCKpa B rpeMyyeMm
rase, MaH HHYTOXHAA KaNeJabKa XHAKOCTH B MEpPeChINeHHOM mape,
WJH, HAaKOHeW, B TPYAHO pearupyiouefi cMecH — karaiausartop. B ca-
MOM jese, NPOAO/IKHTENbHOCTH MPeBpAalleHHs He UTpaeT 34eCh HUKA-
KO# poJiH, BaXXHO TOJRKO TO, yTOOHI BO3MYIUEHHE 110 CBOEMY Xapak-
TEepYy M MO cBOel BeauyHHe ObLIO MHHHMAJAbHBLIM U 4TOGH HM MOXMCHO
6510 npeHeGpeur M B CpaBHeHHH C BeJIHYUHON MpeBpPamiaeMoro
KOJNYeCTBa dHePrHH, H B CPABHeHUH C BeJHYHHOM MNPOUCXORALIETO
AIpH 3TOM BO3pacTaHus 3HTPONMH CHCTeMul. B cayuae TensaoBoro
H3JyyeHHs TMBbIJHHKA yris BaXHa TOJbKO KakK HHJIHKATop TeMie-
paTypsl, Taxk KaK BCAKAT BO3MOXHOCTL ONPEAeJNTb TeMueparypy
6e3 MbIIMHKK OTCYTCTBOBaJa Ghl.

T'JIABA 1III
JABJIEHME H3JYYEHHA 3AKOH CTE®PAHA-BOJBIMAHA

§ 106. Uro6e cnenath cAeAyOndd Wiar B Pa3bpCKAHHH yHHBEp-
canpHo¥ ¢yukmuu (315), npumeHuM o6a HagaJa TepMOXHHAMHKH
K YyepHOMY M3JydeHHIO B BaKyyme, 3aKkJIOYeHHOMY B NOJOCTh C Me-
peMeHHHIM 06beMoM. Takylo CHCTEMY MOXHO H3yyaTb € I[OMOWBIO
TeX Xe MeToIOB, yTo M Jio60e Teso, HampuUMep ras, Tak Kak crpa-
BeLAUBOCTh O60OKMX Hayad COBepIIEHHO He 3aBHCHT OT CBOHCTB pac.
cMaTpHBaeMoro o6bekra. Ho yroOb HMeTh BO3MOXHOCTb MPOBECTH
HALUIH BHYHCJIEeHWs, HeOGXOJUMO 3HAaTh CHJY, C KOTOPOH H3JYyyeHHe
NeiCTByeT Ha OrpPaHHYMBAIOULYIO €ro CTEHKY; aHaJOTHYHO, NIPHMeHsy
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HayaJaa TePMOAMHAMUKA K rasy, Mbl JNOJ/UKHH GblJIX 3HATh yPaBHEHHE
COCTOsIHMSA Ta3a.

BHISICHHM 1103TOMY, KaKO€ NaBJeHHe OKa3hnBaeT Ha 4epHOE Tesao
B BakyyMe MJOCKas 3JeKTPOMarHUTHas BOJHA, BCTpeyaomlasi MoBepx-
HOCTHL TeJa mopy yraom 8. JIas aTo# mead MOXHO BOCIOJb30BaThCs
dopmyramu 3 (230), paomKEMH MexaHHYeCKoe NaBJeHHe, CO3JaBae-
MO€e 3JeKTPHYeCKHM mnojeM. HecMmorps na 1O, uTO 3TH HOPMYJH
6bii BEIBEAEHH TaM AJa 3JeKTPOCTaTHYECKOro MOJs, OHH OCTAIOTCH
crpaBelJMBEIMH H B 6ojee obumieM cayuae. ITO OGBACHAETCH TEM,
YyTO jAaBJeHHe, O KOTOPOM HJAET pPeyb, 3aBHCHT TOJbKO OT MCHOBEH-
HOrO COCTOSIHMSA 1OJs, HO He OT ero H3MeHeHUH BO BpPEMeHH.

Ecan HanpaBuTh NMONOXHTeAbHYIO OCb §, kKak B 4, § 6, puc. 1,
Mo BHyTpEHHEel HOPMaiM K NMOBEPXHOCTH TeJa, TO HCKOMOE jAaBJje-
Hue B HalpaBJeHHH HOPMaJH, B KOTOPOM OHO TOJBKO M XeHCTBYeT,
COT/JIaCHO yKa3aHHHM (OpMyJaM, BHIPDA3UTCH TaK:

— L er—Ey =L E2+E2—E). (D)

Bripaxenus E:, E;, u E. npusenenu B 4, § 6; noan3ysacs uMwu, cae-
AyeT NMOMHHTb, 4TO TaK KK TeJO abCOJIOTHO YepHOe, TO CyllecTBYeT
TOABKO MNajaiomas BOJHA, — OTPaEHHAs Xe BOJHAa OTCYTCTBYeT.
TakuM 06pa3oM B npexHHX 0603HaueHHSAX:

E:=E, cos $—E, sin 8 =—f.sin 9,
E,=E, sin 8-E, cos 8= f.cos §,
E.=E.=g,

rge f 1 g 0603HAYAlOT BOJHOBRHIE (QVHKUHH KOMIOHEHT, KoJebiio-
muxcsl MapananeJbHO H MePNeHZHKYAAPDHO I[JIOCKOCTH MajgeHHs.
IToxcranoBka 3TuX BopaweHui B ypaBaenue (317) maer:

p=5-(72 cos? 9--gi—77 sin2 9). (318)

UepThi, MOMell€HHbIE CBepxy, [OKA3biBAIOT, YTO BMECTO COOTBET-
CTBYIOIHAX BEJHYHH JOMKHbl ObITh B3fTH HX CPEJHHE 3HAYEHHH, TaK
Kag jaBJeHHe H3AYyuyeHHs, MOJOOHO SHEPTUH H3/IYyeHHs, MOXKET OHITh
omnpejeseHo TOAbKO A5 TaKHX IPOMEKYTKOB BDeMeHH, KOTOPHIE Beu-
KH N0 CPaBHEHHIO C HPOAOJKHTEALHOCTBIO OfHOro koaeGaHud (§ 94).

K pgaBaenuio sjeKkTpUYecKOro noAd TNPHCOESJHHAETCA JaBicHUE
MarHuTHOrO M0JS, KOTOPOE BHIPAXKAETCA COBEPUIeHHO aHAJIOT HUHBIMHU
dopmyaamu 8 (239). Taxum obpasowm:

1
P=3z (an"l"ch—“HE’),
[ COOTBCTCTBY‘OUJ.HMH BbipaXXeHUAMH AJAd KOMIIOHEHTOB HalnpsaxeH-

HOCTH MNOJA:

H: =Hycos 8 —H;sin 8= g-sin 8,
H,=H.sin 8-}-H,cos ¥ =-—g-cos 3,
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Orciofa AnA faBAeHMS MarHUTHOrO NOJS:
1 — — —_—
=5 (82 cos? ¥4 f2 — g% sin? 9).
CksaznbiBas 8TO BHpaxesue ¢ BuipaxeHueM (318), noayuaem pas

MoJIHOro XaBJACHHSA, KOTOpO€ MNPOH3BOJMT paccMarpuBaemas BoJHa
Ha abCoaTHO qyepHoe TteJo, BhipaxeHue:

p=3zF+&) cosro. (319)
Jias uenonspusoBannoll Boanu f=—g® u
= J® cos?d. (320)

YcraHoBuM Tenepb CBf3b MEXAY JaBJAeHMEeM H napawomelt Ha
3JeMEHT ds NMOBEPXHOCTH TeJa JydYucroll sHeprueh. Mu clenaem
3TO CHayajla nJAs MoHOXpoMaruueckoro mnydxa ayueft. Cormracso
ypasHesuio (111) gerBeproro TroMa, sHEPrus, KOTOPAsd NEPEHOCHTCH
B BaKyyMe 3a Bpems df nJockoll HemoJspH3oBaHHO! BOJHOM uepes
NepneHIuKYAAPHOE K HanpaBJeHHIO Jyda nomepeuxHoe cedenue F,
pasHa:

¢ -
= P-F-dt,

a Tak xak B gaEHOM caydae F=ds - cos¥, To smeprus, napawomas
Ha saeMeHT do, paBHa:

7”;]’—2 cos 8 - ds - dt.

Mu npupaBEseM 9TO 3HaueHHe sHepruu suauenuio 2J, do dt ageprun
najgamouero MOHOXDOMATHYECKOTro Nydka Jaydell, xoTtopoe paercs
ypasHeHueM (302). M3 ypaBuenus (320) M foayuum roraa:

2, &
p="2 (321)

ST0 ecTh jaBJeHHE MOMOXPOMAaTHYECKOrO HENOJAAPH3OBAHHOTO H3JY-
Yenud HAa YepHOE TeJO, BCTpPeYaeMoe HaJydeHMeM HOX yraom (mage-
nus) 9.

Ecau teno uueasbHo orpaxawoiee, To, HApAAY C Aapawmei,
HMeeTCs eule H OTPaxxeHHas soaHa. HanpakeHHOCTb M sHepris aToi
BOJHBE CKJaJHBATCA € COOTBETCTBYIOIUMM 3HAYCHHAMH NEPBOi,
H JaBJE€HHE MOSTOMY yiBaWBAaeTCH:

4J, cos
- 322
p=—— (322)

§ 107. MMocaennee BrpaxeHue NO3BOJAET HAM BHUHCAUTH HABJIE-
HHE, KOTOpOEe NPOM3BOAHMT HA 3epKaAbHYI0 MNOBEPXHOCTb H3JAYyUEHHE,
NocTynammee HAa Hee PaBHOMEPHO MO BCeM HanmpaBJeHHAM. JTO ja-
BJE€HHE NOJydaeTcsl U3 ypaBHeHnus (322) HHTErpHpOBaHHEM HO BCEM
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HanpaBJeHMAM M MO BCeM uHcaAaM KoaebGauu#l, mocae MOACTAHOBKH
u3 ypasrenus (302) Bupaxenus aas J, OHo paBHO:

p=—§—//Kv-cos"ﬁdev.

Tak kak dQ==sin 3dddyp, To, Bocnoab3oBaBumHCH ypaBHeHHEM (294)
H npouuTerpuponas no ¢ or Ono 2= ¥ no % or 0 no —;—, noJayduM:

4nK
p= __3’;__ (323)

HuH, ecin BBeCTH BMecto K mo ypaBuenno (292) o6beMHy0 maot-
HOCTb H3Jy4YeHHS H:

p= —3— . (324)

Sto 3HaueHHe NaBJCHUA H3JYUEeHHR OTHOCHTCH mpexje BCero K 3ep-
KanbHOfl creHke. Jlerxo, oxHako, y6emuTbCA B TOM, YTO OHO MpH-
FOAHO W B TeX CAydYasaX, KOrja MsjaydeHHE, HAYIIee OT CTEeHKH, OJH-
HAaKOBO C H3/JyYyeHHEM, MNAajalOUIMM HA Hee, T. €. KOrjaa, CJaexosa-
TEJbHO, HET HHKaKOH pasHUIM, OTpaxaeT JAH CTEHKa JAYYH HJIH
gcnyckaer. B camom jpese, npexcraBum ce6e HEKOTOPY HOKOA-
HIYIOCH TOJOCTb, 3aNOJHEHHYI0 HYepHHM H3Ay4YeHHEM, C KaKUMH-
HUOYAb CTEeHKaMH, HMEOIHMH BCIOAY OAMHAKOBYIO TeMneparypy.
[Mycts monocts 6yaer B HenoM CBOGOXHO MOABHXHA., JIerko BHaeTh,
4TO OHA JOJKHA OYZeT HAXOZHUTHCA HE TOJABKO B TEpPMOJHHAMMYE-
CKOM, HO H B MEeXaHHYECKOM paBHOBECHH, MHAYe 3a CUeT Tenja npo-
H3omwa0 6B 6e3 BCAKOM KOMNeHCaudH, BONpeKH BTOPOMY Hadaxay,
obpasoBanue MexaHuWyeckolt suHepruu. OTCioJa BHTEKAET, YTO AaBJE-
HHe Ha BCe CTEHKH OJHMHAKOBO, HE3aBHCHMO OT TOFO, HaCKOJbLKO
XOpOWIO OHH OTPAXAIOT JYUH, €CIH TOAbKO H3JNyueHHe pacnpocTpa-
HAETCA PAaBHOMEPHO O BCEM HANpaBJACHHAM.

§ 108. [IpexcraBum cebe noKOCTb, U3 KOTOPOH BHIKAYAH BO3AYX
H KOTopas 3anoJHEeHa YepHHM H3jaydendem. [lycTs aTa noaocts,
o6beM KOTOpOH MH MOXEM H3MeHATh, HMeer QopMy UHAHHApA
¢ a6conOTHO MAOTHO NPHMBIKAIOIHMM K HEMY, CBOOOZHO NOXBHXHHM
nopuueM. Yro6n H3AyueHHe OCTAaBaJAOCh YEPHHIM H NpU TeX Hame-
HEeHHAX, KOTOPHM Mbl GyxeM ero noaBepraTh, HYyXXHO NPHHATbH, YTO
Kakag-HUOyab YacTb CTEHKH, HanpuMep XHO ULWAHMHApPA, CHOCOGHA
HCnyckarb Jyud. B ocrasbHOM HM3MEHeHMA MOrYT HNpPOTeKaTh Kak
yrogHO MeJJeHHO; Pa3/Huuf B PacnpexeNeHHH HaayUeHHs 0O pas-
HBIM HaNpaBJeHHAM, BH3BaHHHE BHXKEHHEM TOPUIHA, 109TOMY BCEria
yCNeT BHPaBHATHCA. DHEPrUf H3AyUYeHHA NPH STHX YCIOBHAX Ompe-
neaserca temneparypolt T ucnyckawouielt creaxku. Mul uMeeM, TakuM
ofpa3oM, CHCTeMY, COCTOSHHE KOTOpPOH 3aBHCHT OT ABYX NepeMeH-
HbiX, oT ob6beMa V u or Temnepartypm T; STy CHCTEMY MOXHO MOJ-
Beprarb JMI06MM o6paTHMHM u3MeHeHusaM. Cucrema obaapaer smep-
refi U=V .u, 3aBucamedl, KkaKk CKa3aHO BHllle, OT TEMNEPAaTypH,
H MOXeET CoBepumaTb 3a CYeT 3TOA sHepruu, Uepes HOCPENCTBO ga-
BACHUSA H3NYHeHHA P, MeXanHueckyio pabory. Orciona caepyer, 4o
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3nech KOMKHO OHITH BHNOMHEHO TPeGoBaHWE BTOPOro Hayaja, BhIpa-
xemnoe ypasHeHdneM (82), t. e.:

dau av
wrrey as. (325)

Ho sro tpefoBanue TFoBOpUT, YTO H3JAydYeHME NOJAOCTH obgapzaer
sHTponHed, 3aBucAUIER TOABKO OT ero MrHOBEHHOTO COCTONHHUA, T. €.
or V u T. Tax xax Bemuuunwt U, p, V u S npeacraBamor onpe-
JeqeHHBe CBOHCTBA COCTOAHHA H3JAYyYeHHA, TO U3 ypaBHeHHs (325)
BHTEKAeT, YTO TAKOf JKe XapaKTep JROJIKHA UMeTb W BeauuuHa 7.
Taxkum ofpasoM uYepHoe H3amydenne oOsanaeT onpeneseHHON TeM-
neparypol, a8 ¥MeHHO — TeMNeparypold HAXOZAMEHCA C HUM B CTa-
pMOHApHOM TemaoobMene CTeHKH.

Beeiem B pudepernuaspuoe Bhipaxende (325) nndepennmans
o6oux He3aBHCHMBX nepeMmenHnx d7 u dV. Mu nosoxum c srolt
HeNbI0, TaK KaK 1 38BHCHT TOABKO OT T:

AU=d (V-0)=V-24rtuav
M NOMyYHM, TaKuM oO0pasoM, NPHHAMAag BO BHUMAHHE YPABHEHHE

(324), uro

V du 4du

OTcona BHTEKaeT, UTo
(39) =¥ 2y (35) — 4o
6T ), T dT 9V/y 3T

Jubepennupys nepsoe ypasnesue no V, Bropoe ypaBuense mo T,
MEl TOJyYaeM:

du  4u
ar T T
a UHTErpHpys: _
=aT*. (326)

Orciona, cornacHo ypasHenuwo (292), aas yaenbuo#t HHTEHCHBHOCTH
YepHOro H3AyYeHHA MOJydYaeRcq CAEAYIOllee BhipameHHe: :

K=-Yn=22T4 (327)

71"!:_ 4w

a aaf NOJNHOTO HCMYCKAaHHUA 32 eXMHHMLY BDEMEHH C eAWHHULE NOBEpX-
HOCTH YepPHOTrOo TeNa, COraacHo ypasuenuio (291),— pHpakenHe:

nK == Tt=al*. (328)
Janee 1ng naBnenvs 4ePHOTO HU3AYyHEHHUS:
p=-3 T (329)

¥ A8 YOAHON IHEPTrHH WM3TyYECHHHA:
U=aTt-V, (330)
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1o ecTh 3axkon uepHOro uaaydyenus Credana-Boabumana. 3Hauenne
nocTofHHOM ¢ B ypaBHewuu (328), coraacHo mnociexHuM, HaubGosee
TOYHLIM H3MEpEeHHAM, clejylouee:

=L =575. 10~ 3pz - ca2« cex™ - 2pad™. (331)
Beauuuua suTponuu 4epHOro usnydyeHus S Hafizercas HHTerpHpoBa-
HueM audepeHndanbHOrO ypaBHeHus (325); ona paBHa

S=-3amTv, (332)

ecad npuEATL aad T=0 u U=0 rakxe ¥ S=0. Orcroza s
SHTPONHH ejHHHUN o0beMa HJAH OOBEMHONH MNJAOTHOCTH SHTPONHH
YepPHOro H3Ny4YeHus NOoNyyaeM 3HAYeHHe:

) 4 ars. (333)

vV=5=73

§ 109. Ecam npu yBenndenu# o6bema NOJOCTH TeMneparvpa
cTeHoK Oyxer COXpaHATbCA NOCTOAHHOH, TO HpOLECC paCUIHPEHHA
nporekaer u3orepmMuuecku. OxHoBpeMenHo ¢ 7 3xeChb OCTAIOTCH
NOCTOAHHHMH TakXe u, p 4 §. [lonnas sHeprus MaAyueHus NpH 3TOM,
oanako, Bospacraetr or U=V-.-u go U =V"-u, a surponus or
S=V-s no §'=V'-s. KoauvecrBo remna, cooGuleHHOE MpPH ISTOM
H3BHE, MH NMONYYHM, HHTErPHPYA Npu NocTosHHOM 7 ypaBHeuue (49):

Q= aT (V' —V)=45U—U).

M=u Bug¥M, 4TO BHYHCACHHOE KOJAHYECTBO TEMAA, COOGUIEHHOE H3JY-
YeHHI0 H3BHE, NPEBHIIAeT NpPOHCIIEALIee NPH STOM yBeJHYEHHE

1
pHeprud usaydvenus U'—U ma Beauunny 5 (U — U). dror uabu-

TOK TEeNJOTH MjeT Ha BHEmH0I0 pabory, ¢ KoTopol cBfA3aHO o6pa-
THMOE yBejHYeHHe o0'beMa H3NyueHH:.

Paccmorpum takxke obpaTummii agunabatruueckHdli nponecc.
Jns #Hero neo6xofuMo, 4TOOH BCe CTEHKH NOJOCTH OHJH HACANBHO
OTpakaloU¥MH, HanpuMep 3epKaJbHRIMH MM, 4YTO eule Jayvyie,
G6eatimu. [Ipu aToM mpouecce Tensnora, coobuiaemas usBHe, Q =0, &
SHEePrud W3AYYEeHHS H3MEeHAEeTCH TOAbKO HA BEAHYHHY BHeUIHeH pa-
6otel. UYTo6H OHTbL YBEpeHHBMH B TOM, YTO H3Ay4YeHHe OCTaeTcs
yepHHM M NPM KOHEYHOM axuabaTHYeCKOM H3MEeHEHHH, T. €. YTO
HOpMaJbHOE pacnpejpeleHHe SHEPrud BCErjaa COXpaHAETCA M MpH
HM3MeHHBIIEACA NJAOTHOCTH 3HEPrHH, MM OyzeM mnpexnonarars, YTo
BHYTPH NOJOCTH HAXOAUTCA MNHJAHHKA yrag. Mun MoxxeM NpHHATS,
YTO 8TO Teablle 06aaxaeT KOHEYHOH AOrAoumaTenbHOH CHOCOBHOCTBIO
1A BCAKUX nydell. OHO NOCAYXHT HaM JAJd TOro, YTOOH MOAYYHThb
paBHOBecCHOe cocrosnue u3ayuenus (§ 105) u Tem cambiM obecneunTb
o0paTHMOCTh Npomecca. 3anac Tensa NBAHHKH MOXHO, OYEeBHIHO,
OpHUATH HCYE3alollle MaJHM N0 CPaBHEHHIO ¢ 9Hepruelt usayyenus U.

TeMneparypa Hany4eHus B Kax ALK MOMEHT OyneT paBHA TEMIepa-
Type NHAHHKH,
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[Ipn paccvarpuBaeMoM o6paTHMOM agHabGaTHYECKOM H3MEHEHHH
SHTpPONHA S CHCTEeMB ocraercd nocrognHoM. Takum ob6pasoM npu
3TOM H3MEHEHUH, COoriaacHo ypasHeswwo (332):

T3.V = const.

WM ¥Ke, cOoraacHo ypasHenwuio (329):
4

p- Vvi= const.,

T. €. MPU afMa6aTHYECKOM CKATHH NMPOHCXO AMT COBEpPIIEHHO 3aKOHO-
MepHOe BO3paCTaHHE TeMNepaTyps H AABACHHA H3nyyeHHA. DHeprus
nanyueHus U wsMeHAeTCA OPH STOM MO 33aKOHY:

u

T
T. €. OHa BO3PAcTaeT NPONOPIHOHAJBHO TEMMeparype, XOTd 06beM
OJHOBPEMEHHO M yMEHbIIAETCH.

PaccmorpuM egie B 3aKai09€HHe OfHH npocrol HeoOpaTUMH
npouecc. [lycte moaocts ¢ o6beMoM V, okpy)KeHHas -CO BCeX CTO-
poH HIeaJbHO OTPANKAINMMH CTEHKAMHM, 3aMOJHEHA YEDHHIM H3Jay-
yendeM. [1010XHM, 9TO 9T NOAOCTH COOBLAETCH, XOTH 61 C MOMOLIBIO
KpaHa, ¢ Apyrol mojoctbio GOJblUIEro o6bema, H3 KOTOPOH Takxke
BHKayag BO3AYX H KOTOpad TaKXKE uMeeT HACaNbHO OTPAXAMILUE
crenkd. OTKpHBasg KpaH, M N03BOJAE€M H3NYYEHHIO NMPOHHKHYTH BO
BTOpy!© mnoaoctb. [lo MCTeUEHHH HEKOTOPOro BpeMeHH H3nydYeHUe
pacrnpoCTpPaHHTCA 10 BCeM HANMPABNCHHAM U PABHOMEDHO 3aNOJHUT
o6a coobmanumuecs Apyr ¢ APYroMm npocTpaHcTBa, ¢ O6GWHM obObe-
MoMm V'. Baaroaaps MpHCYTCTBHIO NMbIIMHKH YFAf H B HOBOM COCTO-
AHAH GyayT BEIMOMNHEHH BCE YCAOBHA, HEOOXOAUMBIE MR TOFO, YTOGLE
nanyyenne 6ma0 depHM. Tak xaK B TAHHOM CAyyae He NMPUXOXHUTCH
FrOBOPHTb MM O BHeWIHefi pabore, HH O MOCTYMJECHHH TeIIa H3BHE,
TO, COTMIACHO MepBOMYy Havaay, sHeprus U'=U, a orciopa no ypae-
Henuio (330):

3
= S =const,,

p—
I |4
TV =T*V, F= Vi
yeMm ¥ onpenensercs HOBoe COCTOAHHE paBHOBECHA. Tak xak V>V,
TO, TeMneparypa M3JAy4yeHHs NpPH 3TOM Mpouecce noHuxkaerced. Yro
Xe KacaeTCcd SHTPONHH CHCTEMH, TO, COrJIaCHO BTOpOMY Havaly, OHa
xo/axua BoapactH. KM pmeficTBuTeNbHO, coraacHo ypasHeHsio (332):

4 —
N L A

Iycts npouecc HeobpaTHMOro aq&mtiamqecxoro pacwdpenus
uaayyeHns or ob6bema V mo o6bema V' OPOMCXOAHT HMEHHO TaK,
KaK ONMCAaHO Bhilue, HO C TEM TOABKO OTAMYMEM, UYTO NHJHHKA yris
pd S5TOM OTCYTCTBYeT. B aTOM caydae ycTaHOBHBUIEeCS B HOBOM
o6beMe V' ¥ of“HAKOBOE BO BCEX HANPABACHHFX COCTOAHHE H3aY-



SHTPONMA H TEMIIEPATYPA MIYYKA JIyUEH. 3AKOH CMEmEHMA BHHA 157

deHds He GyfeT HMeThb XapaKTepa HepHOTO W3JAydeHws H, ClAexoBa-
TeNAbHO, He GyneT obaazaTb HHKAKOM onpejneseHHON TeMmepaTypoi.
OxHAaKO ¥ B 3TOM CJydYae H3JAyYeHHe, KAK W BCAKasg HaxoAAmascs
B onpeieqeHHOM COCTOSIHHM (uauueckad cucrema, OymeT xapakrepH-
30BaThCsl HEKOTOPHIM 3HAUEHHEM SHTPOMHMU. DTO 3HaUeHHE, COrJIaCHO
BTODOMY B3aKOHY TepMOAHMHAMHKY, Oyaper 6GoJaplle, yeM HauyaJbHOE
3naueHde S; B TO xe BpeMf OHO Oyzer MeHbIue, 4eM jasaeMoe
ypaBsenueM (334). BeluncaeHHeM 9TOrO 3HaUeHMs DHTPONHHM MH 3afi-
MeMcs B caepywouweli raase.

Ecau BHeCTH Tenepp B BaKyyM MHJHHKY yras, TO B pe3yibrare
BTOPOTr0O HeoO6paTHMOro Mpoiecca TaM ycTaHOBHTCS, HaKOHel, aGco-
JI0THO ycro#iuuBoe paBHOBecHe usnyueHud. [lpH 3TOM H3AydYende
¢ Toit Xe noJauolt smeprue#t U u teMm xe obuuM o6bvemoM V mpuo-
6peTatT HOpPMaJAbHOE pacOpeje]eHHe SHEPruH, a SHTPponus Bospacrer
M0 MaKCHMaJbHOIO 3HAYEHHs, YKA3nBaeMoro ypaBHemHeM (334).

[JIABA 1V

9HTPONMA H TEMIEPATYPA IIYYKA JYYEN. 3AKOH
CMEINIEHASA BHHA

§ 110. 3akon Credana-bonbuMaHa OTHOCHTCR K NOJNHOH 3HEpruu
PaBHOBECHOTO YEPHOTO H3AyYeHHUS H HE NO3BOJSIET NOITOMY CHNENATh
HMKAKOTO 3aKkJIOYeHHS O CNEeKTPaJNbHOM pacnpeiefeHHH SHEePruu
H3lTyyeHus, T. e. o dopme yHuBepcaabHOi (yukuun (314). Yrobm
NO3HAKOMHTHCA C GopMOR 5TOH QyHKIMA, MH JOMKHE GyaeM BOC-
NOJb30BaThbCS NOJOXEHHEM, COIJIACHO KOTOPOMY HOpMaJjbHOE pac-
npeneneHue dHEpPruM ABAAeTcd Hauboaee yCTONYMBHM H3 BCeX BO3-
MOXHHX  pacnpepneseHuil, T. e. TaKUM, HPH KOTOPOM SHTPONHSA
M3JyYeHHs, NpH 3ajaHHHX NOJAHOH SHEPruUH M ofbeMe, MaKCHMaJbHa.
DTO mnosoMEeHHE MOXKET CTarThb, OJHAKO, NJAOJOTBOPHHM TOJBKO
TOrjAa, Korgpa MH OyjneM 3HaTh SHTPONHUIO H3NYUYEHUA HPH JIOG0M
pacnpeneseHHH sHeprud. TakuM oGpasoM pemenue 370 npobaeMsl
CBOXHTCS, B NMEPBYI0 ouepejnb, K OTHICKAHHIO SHTPONHH NPOU3BOJb-
" HOrO 3aJaHHOrO H3JydeHus.

Ho Bcakoe wuanyyeHue COCTOHT M3 CHCTEMH OTHENbHHX NYYKOB
Jdyueif pasjqHYHOrO HaNpaB/ieHHA, [BETa H NOJAAPH3ANHH, BEAYIIUX
ce6s COBeplIeHHO HE3aBHCHMO APYr oT Apyra. OTCIORAa BHTEKaerT,
YTO SHTPONHA H3JYydYeHHS CKJIAZHIBAeTCA AaXAUTHBHO M3 3HTpONHUM
BCeX 3THX OTAE/JbHHMX NyukoB Jayded. Kaxamit nydok syuefi ¢ onpe-
HeJIeHHOR MHTeHCHBHOCTBIO H ONpejeJeHHHM YHCIOM Kosebanu#,
ofnagaeT omnpejpeseHHON SHTPONHEH, KOTOPYI0 OH M NEPEeHOCHT
¢ coGo#. Baarogapa 3ToMy OGCTOATENLCTBY, MH MOXEM FOBODHTD
B DaBHO# crenmeuy U 00 U3NYydYeHHH SHEPrHHU M O6 M3JAYUYeHUH IHTPO-
NHK. DHTPONHUS H3NAYyYeHHs pPacHpOCTPAHAECTCS, COIVIACHO 3aKOHAM
reoMeTpudeCcKofl ONTHKH, COBEPINEHHO AHAJNOTHYHO SHEPrHM H3JAyue-
HUfZ. YjeJbHON HHTeHCHBHOCTH K, SHEPrHH MOHOXPOMAaTHYECKOro
OpAMOJHHEeHHO NMONSPHU3OBAHHOrO NYYKa Jyyeli cooTBETCTBYeT yAeAb-
Hafg HHTEHCHBHOCTH L, 8HTpONMK 9Toro nyuka; L, saBarercs, ovye-
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BUAHO, onpeneaeHHol ¢yHkuue#t K B v. DHepruu 3TOro mnyuka,
najpaponiell 3a BpeMs df Ha 3jE€MeHT NOBEPXHOCTH dJ, HJIH H3JIydeH-
HO! WM 3a_ 310 Bpema (§ 102)

K.dv-ds-cos $-dQ-dt = J,-ds-dt (335)

COOTBETCTBYET, TaKUM O06pasoM, OAHOBPEMEHHO C Hed mnajamonias,
WJAH M3JIYyYeHHAd SHTPOMUS:

L.dv-ds-cos $.dQ.dt= H,-ds-dLt. (336)

Haxouen, ananoru4no 06beMuofi NAOTHOCTH SHeprHM HEMOJAPH-
30BaHHOTO, OAMHAKOBOIO BO BCeX HampaBjeHHAX, H3aaydenus (296)

u (297) o

=2 / K, dv, (337)
MOXHO FOBODHTb H 06 O6beMHON NJOTHOCTH SHTPONHHM STOrO H3-
JydeHHs: o

s=5 / L., (338)

npudeM COEKTpajbHOE pacnpejeneHde SHepruHd MoxeT GHTH coBep-
WEHHO HOPOH3IBOJDbHEIM.

[peanosoxuM Tepmepb, YTO HAM M3BECTHA 34BHCHMOCTb BeJH-
uuan L, ot K ¥ v; 3T0, OKasHBaeTcd, NO3BOJAET NOJYYHTH 3AKOH
HOpMaJNLHOrO pacnpejneneuus dHeprud. MH MoxeM jokasate 3TO
crefyomuM 0o6pasoM.

PaccmoTpuM CHOBa HENOJsPH3OBaHHOE, OXMHAKOBOE BO BCEX
HanpaBJIeHUAX, PABHOBeCHOe u3iayueHwe ¢ ofbvemom V, 3sHeprueit
U=V-.n u c IpOU3BOJBHHM CHEKTpaJbHHM pacnpenenenueM. Hop-
MaJbHHM pacnpejpeseHdem 6yjneT Takoe pacnpejesneHue, XJAA KO-
Toporo sHTponn? S=V.s, npr nocrosuEnsx V u U, noayuaer
MakcuMajbHOe 3Hadenue. Cornacuo ypaBHeHHI0 (338), aro ycsoBue

BH pa3uTCa Tak:
o0

[¢ o] [¢ o]
a/L,dv=faL,dv==/g§(” 3K d,

TaK kak v He Bappupyercs (dv=0). C apyroli cTopoHH, Tak Kak
3U =0, coraacuo (337), Takxe u

o o
8/Kdv=/8Kdv=0,

MEeXJY TeM Kak B oCTaabHOM 8K coBepuieHHO npou3soJbHO. Ho 06a
nocjeiHue ypaBHEHHA MOTYT OHTb CHpaBeAJHBH OJIHOBPEMEHHO

oL
TOJAbKO NpPH yCIOBHH, ‘ITO-EI—(l HE 3aBUCUT OT Y M NO3TOMY BHIXOZHT

3a 3H3aK uHTerpana.

Y paBHeHuHe .
%7%- = const. (339)
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IBJISETCS, CAeJ0BaTeJbHO, HeOOXOAUMHM H JOCTAaTOYHBIM YCAOBHEM
JJIs MaKCHMyMa 3HTPOUHH, T. €. APDYTHMH CJOBAMH, AJSI HOPMAJb-
HOTO pacnpejpeseHus 3Heprud. PU3HYECKHHA CMBICA NOCTOSHHON
ypaBHenus (339) o6HApYXHUBACTCA H3 DACCMOTPEHHS] 3aBUCHMOCTH
MaKCHMaJbHOIO 3HaueHHss sHTponHu S ot 3Hepruu U. [lpu no-
crogsHHoM V (3V =0) Mbl umem BooOiLe:

3T
88:7’

du
OTKyZa CJEAYeT, UTO H 83=T; CJAeAOBATEABHO, COIJIACHO YypaBHe-

HuaM (338) u (337) M npuUHMMAs TakXKe BO BHMMAHHE ypaBHe-
nHe (339):

oLy 1

K =T (340)
Tax xax L, mpepnonoxeno HamMu u3BectHoft Qyuxkuuelr or K u v,
TO TMOJyYeHHOe YpaBHEHHe jxaeT BaKOH pacnopeje/eHHs] SHEPrHH
YepHOro H3jaydeHdss npH Temneparype 7, a orcioga K yHHBepcaib-
ayo ¢yHnxnuio (314). dTuM caMHM peHTpaJabHad npofaema
TENJOBOroO H3JAYUYeHHS CBOAHUTCH K 3agade: npexcra-
BHTb DSHTPONHI HNpAMOJUHHeHHO AOASIPH3OBAaH-
HOTO MOHOXPOMAaTHYECKOro ny4Yxa Jyde#t kak GyHk-
LU0 9HEPruH U yucaa kodebanui ,

DTOT NyTh NEHCTBUTEIbHO M NpPUBEJ K PelIeHHIO Npo6/eMH,
H 9TOMY NMyTH MH OGyneM CJIeIOBaThb M 31€Ch.

YpaBHenue (340) 3acrapiaseT HAC MpUMMCaTh KaXAOMY OTHENb-
HOMY nydYKy Jyd4eHd, NOMHMO BSHTPOIHH, TaKXe M ONpele/eHHyIo
TeMnepatypy. dta TeMneparypa Kak pas u paercs ypasHeHueM (340).
TeMnepatypa‘ kakoro-1u60 nyuxa Jyde#t ectb TeMOepaTypa 4epHOTO
TeNa, HCOYCKAaWUero 3TOT MNy4oK; B CBA3H C 3THM HOpPMajabHOE
pacrpene/ieHde SHepruu OTJIHYaeTCss OT BCeX APYrUX pacnpepene-
HUH TeM, YTO NpH HeM Bce MNyuykH Jyded o006.1axal0T OJMHAKOBOMH
TeMeparypoi.

Hapsay c¢ Teopermueckofi ¢usuxofi u npaxrtuveckas ¢Husuka
HCIMEITHBAET BCe BO3PACTAWIYI0 NOTPeOHOCTL BBeCTH B obpaime-
HHEe, KDOME TEMOEPAaTypH Tesd, TaKXKe M TeMnepaTypy HaJyuyeHHs.
Tak, yxe n0BOJIbHO JaBHO NPH3HAHO NOJE3HHM, Hapsany c Jefi-
CTBUTEJbLHON TeMmeparypo#i Teja, TOBOPUTb TaKxe O €ro ,3¢-
bexTuBHON“ uAM ,uepHONH“ TeMmepaType, MmOHMMas Nox Helt Ty
TEMOepaTypy, KOTOPYX MNOJNKHO OHJIO GH UMeTb IAHHOE Telo,
4TO6Ll HCHyCKaeMOe MM H3JdydeHHe ORIO YepHbIM. ,UepHaa“ TeM-
neparypa TeJia ecTb He 4TO MHOE, KaK JeHCTBHTEJbHAs TeMilepa-
Typa HCIyckaeMbiX UM Jyueil. Beakoe tesno mostomy ofaajaer, Bo-
obuie roBops, GeCKOHeYHO GOJBLIMM YHCJOM YepEHX TeMIepatyp,
PasNHUHLIX A/ KaXAOrO HANpaB/eHHs, KaXJAOTO LBeTa M NOJApHU-
3anuu. YepHam TemMmepaTtypa Teaa BCErja Huxe ero geHCTBUTENbHOM
TEeMNepaTyph, TAK KaK HHTEHCHBHOCTb Ny4yka Jyde#, HCHyCKaeMoro
JaHHHIM TEJOM, BCErja MeHblle, 4eM y Nyuxa, HCAYCKaeMOoro w4ep-
HEIM TE/0M.
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§ 111. Yro6Hn HalTH 3aBHCHMOCTb SHTPONMHM nydka Jayde#i oT
9HEPrud NyuKa U OT HHCJA KoJeGaHU#, MB BOCHOJb3yeMCSl TeM XKe
caMHM MEeTOJOM, KOTOpHHU nocayxuj Ham panbiie B § 70 a1 BH-
YUCACHHS BHTPOMNKHU rasoBoi cmecH. Ciexys sTOMy METOALY, MH
HOJIKHH OyzeM COBEPIIMTb C paccMaTprBaeMoifi CHCTeMOH, T. e.
C MOHOXDOMATHYECKHM MNpPAMOJNHHENHO NOJSPH30BAHHBIM NYYKOM
Jaydell, oopatuMelii apuMabatuuecku#t npouecc. K3 BTroporo Hauana
HaM M3BECTHO, YTO IHTPOMHUS NyUYKa NMpPH 3TOM He U3MeHHTCH. Eciu
OB 3TOT OPOLECC YAAJOCH HANMPABUTH Tak, YTOOH HM3MEHeHHe dHep-
THH ¥ 9HCIa KoJeGaHMH COBEpIIAJOCh M3BECTHHM AJs Hac 06pasow,
TO MBI MOrAM OH OTCIOAa 3aKJIIOYHTb, KakuM 00pasoM JOJIKKa
3aBHCETb OT 3THX BeAMYHH SHTPONHs NyYka, YTOOH OCTaBaTbCs
NOCTOSIHHOM NPH YKA3aHHHX H3MEHEHHSX.

[NopxomsimuM nJsi aTo# neaw o6paTHMHM anuabaTHUIECKUM OpO-
11eCCOM mpeacTaB/sieTCsl OTPaMeHHe nyuka Jydell OT INBHKyIErocs
3epkana. Bo-nepBHX, 9TOT npouecc, KaKk K BCe BOOOINe MexaHude-
CKHe M 3JeKTPOJHMHAMHYEeCKHEe NpoueccH, o6paTHM, BO-BTOPHYX,
31eCh MOXHO yKa3aTb, KAK H3MEHSIOTCA B TeueHHE HOpolecca YUC/I0
xoJebanuil ¥ sHeprus nydka. CxkopocTs T 3epkasa MOXeT OHThb
OpHU 8TOM COBepIIEHHO NMPOHM3BOJbHOMN. JlOoCTaTowHO, BripoueM, mpH-
HATb ee OYeHb MaJoOf NO CPAaBHEHHIO CO CKOPOCTHIO CBETa €; 3TO
K TOMY e YHDOCTHT Hallld BBIYHCJIEHHS.

Hafinem cnepBa BH3nBaeMoe OTpaXeHHeM H3MeHEHHe YHCAA KO-
Jge6aHuft v. Ecin MH BocnoJb3yeMcss 0603HaueHRAMH U puc. 1, 4, §6,
TO 8PryMedT BOJIHOBOH ¢yHkiMH nNagamime#t MoHOXpoMaTHUeCKOR
BoHH OyneT cosnmazarth ¢ (asofl xoseGaHuR:

L /]
21w( t— i) ==21rv-( t__5°°s_9+ 7 sin & )
¢ c
Touso Tak ke A/ad OTpaxeHHOH BOJIHH:

2m'(t—-§)=2m',(t__—-éc058’+nsm8')’

4

eCJM MM 37ech, B OTJHYME OT mpeimayulero, 6yAeM NOHUMATL MOX
¥ ocrpH#B yroa orpaxeHus.

Ha sepxanbHOl mOBepXHOCTH, KOTOPYIO MH OpeACTaBiAeM cebe
KaK rpaHuny aGCOMIOTHOrO MPOBOXHHKA, HANPAXKEHHOCTH 3JIEKTpPH-
YeCKoro mnoJm BCWJAYy paBHa mymio [3 (692)). Orcrona crenyert, uTo
3/IeKTPHUECKHE HANPSIKEHHOCTH OOEHX BOJH Ha 3TOH NOBEPXHOCTH
BO BCSIKOM MecT€ M B J060fi MOMEHT BpeMeHH, T. €. AJhd BCex 3Ha-
YeHH# m M f, JOMKHH OBTh paBHH W NpPAMO MPOTUBONONOKHE
apyr apyry. Ho 310 BO3MOXHO TOMBKO TOrjAa, KOTA2 OAMHAKOBH
KO3(HIHEHTH NPH M K NpH f B aprymeHrax o6eHX BOJHOBHIX (yHK-
uui. Ecim MH npHMeM, 4TO CKOPOCTb ¥ NOJOXHUTEAbHA, H nOpex-
IIOJIOXKHUM, UTO 3ePKaJJO ABHKETCH HABCTpeuy NajaioueMy Hanyde-
HHUIO (KHaJyieBO), TO, B NPHHATHX HAMHU 0GO3Ha4YEHHUSAX, AN 3€PKAJBUHON
NOBEPXHOCTH MBI HOJY4HM:

§ = —uvt-} const.
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Bripakenus 060HX apryMeHTOB NPHHHMAIOT IIDH STOM CJE€1yio-
WHE BHA: '

v ( t_——vtcosj-}- nsiné)) + const. n v'(t— -vtcosS'C-I- ysin ¥ ) + const.
[TpupaBHuBag xosbHuUMEHTH NPH £ H v, MbBl MOJyyaeM TOrjia, TaK
Kak v << c:
v’=v( 1+21£c95—") (341)
H
v sind =vsind. (342)
CieoBaTe pHO:
sin ¥ =sin® (1 — 22050 (343)
H
cos ¥ = cos 0 27 sin? b, (344)

Halizem Temepb ¢ nomouibio 1epBoro Hayaja yHe/JbHYIO HHTEH-
CHBHOCTb OTPa)e€BHOro nyyka Jyye#i. Tak xak npH JBHIKEHHH 3ep-
KaJa NpoTHB JAaBJeHHS H3JYy4eHHs COBepINaeTCs HeKOoTopas pabora,
TO SHEPrug, H3JyueHHas 3epKaJoM 3a Bpemsa 4f B BakyyM, OyAer
Ha BeJUSHHY 3TOfi pa6GoThl 6OJibllle SHEPTrHW, ynaslefi Ha HEro 3a
sTo ke BpeMd. [locaenuss ke moxeT ObTb BHYUCJAEHA [JSI MOHO-
XPOMaTHYeCKOro MNpsAMOJHHEAHO NOASIPH30BAHHOrO MyuKa Jyue#,
HAYIIEro BHYTDH 9JEMEHTAapHOro KOHyca 42, OTHECEHHOro K 3Je-
MEHTY NOBEpXHOCTH do 3epkasja, u3 ypaBHenus (335). Oxunako 39T0
BhlpaxeHue OyJeT CNpaBeLJHBO TOJBKO JJIs IOKOsIIErocs 3epkafa,
TaK Kak 3epKa/no, ABHXKYINEECs HABCTpeyy MmajaiomeMy Ha HEro
H3JYYeHHI0, BOCHpHHEMaeT OoJbliee KOJHYECTBO 3SHeprHu. ITOT
H3GHTOK paBeH 9HEPrHH, cojepmxaulefics B o6beMe, OINHCHBAEMOM
3a BpeMsi df s/ieMEHTOM do, KOTODHH MOXHO CYHTaTb KakK YrojAHO
6oabinMM. YKasaHHBH 06beMm paseH ds.-v df, a o6beMHas IJIOTHOCTD
SHEepr{H B HeM JJis1 pacCMaTpPHBAEMOrO MOHOXPOMAaTHYECKOrO NnpsiMo-
JHHEHNHO MNOJAADH3OBAHHOTO MNyYKa JyyeH, COrJacHO YypDaBHEHHM
(291) u (296), Gyner:

= K-d2; (345)
CJ/eA0BaTENbHO, YNOMAHYTHI H3GBITOK 9HEpruH:
L KdQ,dv-de-v-dt,
a rnoJsHas SHeprud, najamomas Ha 3epkaso 3a Bpems df:
Jydadt+ LK de dv.ds-w-dt—.:K-dv-dg.do-dt(cos b4 ).(346)

CoBepllleHHO aHAJOrHYHEIM 00pPa3oM BHYHCAACTCSH BSHEPrHH, H3JIY-
yeHHasl 3epKajioM B BaKyyM 3a Bpems df. 31ecb, B CBOIO oOYepenb,
NpHHAMAeTCd BO BHUMaHHE TO OOCTOSITEIbCTBO, YTO 3€pKAaJIO0 JABH-
KeTCsl BCJAEH 32 OTPAXKEHHHIM H3JAYUEHHEM M [03TOMY HCHYCKaeT

11  Bpenerne » reopermueckyio ¢usuy, T V. 919
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SHEPrHi0 B KOJMYECTBE MEHbUIEM, YeM TOIAa, KOI'Za OHO MOKOMJIOCH
6u. B aToM cayyae skeprus pasHa:

K'-dv'-dQ'do-dt ( cos ' — 2. (347)

Yro xacaercs pa6oTH, COBEPUIGHHON 3epKaiOM 3a 9TO Xe BpeMs
dt npoTHB H3/Jy4YeHHS, TO OHA paBHA:

v-dt-do-p. (348)

JlaBsenne H3nyueHHs CKJAJHBAeTCA NDH STOM H3 AaBJeHHs Najao-
Hero H JXaBJAEHHS OTPAKEHHOro IPSAMOJHHEHHO NOJSIPH30OBAHHHX
nyukos ayudeir. Takum o6pasoM coriacHo ypasHenuwo (321):

p= Jvcos § + J'yr cos 8'. (349)

c c

Mun MmoxeM 3pech BOcnoab3oBatbea s J, u J'y Ge3 samernofi
omu6ku ¢opmynon (335), cnpasexnusoit paa nokosme#ica nosepx-
HOCTH, TaK KakK MONpaBKka Ha ABHXKEHHE 3ePKaja B BHPAXKEHHH pa-
6otu (348), Gaaromaps NPHCYTCTBHIO MHOXHTEJIS U, MEHbIIEro Io-
psiKa BeJHYHHH, YeM B OOOHX MpeAHAYMHX cayyasx. Mu Moriam
6H jaxe paccmMatpuBaTh o06a caaraembie B ypasHeHHH (349) xak
paBHHE, HO He GyJeM JAeNaTb STOro, YTOOH COXPAHHTb CHMMETDHIO
MeXJy NaxaioumHM H OTPaXEHHHM H3JydeHHEM.

[TpupaBusiem Teneps, COrJIacHO MePBOMY Hayalay, pasHOCTb BH-
paxenu#t (347) u (349) Bupaxenuio (348), 3aMeHHp OZHOBPEMEHHO
JaBjieHHe p ero BhpaxkeHnHeM (349). Mu monyuuM ypaBsHeHHe:

K'dvd@' (cos¥'— %) —K dvdQ(cos § 45 )=
== -—%—(J., cos & --J', cos &)
uau, noicrasaas 3nauenus J, M J'v B3 ypaBuenus (335):

Kldv'dQ' ( cos § — -—Z—- ———g— cos’&')

=1, (350)
kdde( cbs&-}--—i—-—l———}-cos’a)

3TO ypaBHeHHME H JaeT HHTEpecylollee HaC COOTHOIIGHHE MEXKIY
yAEeNbHHMH HHTeHCHBHOCTAMH K’ H K OTPAXKEHHOTO H Najaioliero
uaayueuus. Uro6n NpHMEHHTb €ro Aid JaabHeRmHX BHBOJOB,
BBEJEM CI0Ja NOJydYeHHHE BHIIE COOTHOUICHHS MEeXAY YHCJIaAMH
KONeGanuA M HANMpaBJEHHsMH OCOMX MyukoB Jaydelt. Hro kacaercs
npexne BCEro OoTHOmEHHS AH(epeHUHaIbHBIX BHDaXKEHHMA:

av'dQ! _ dv.sig &, ay
avde  dv-sind.dd ?
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TO ChAexyeT NpHHAT, BO BHHMAHHME, 4TO v K U HE3aBHCHMH JApYr
oT JApyra.

Hanucannoe oTHomenne MOXET ObITb IO3TOMY BLIDaXKEHO yepes
GyHKUHOHAIBHEIN AeTepMHHAHT npeobpa3osaHus:

o o

sind | 0V 0% | sing/ /ov o8
sin§ 9% oY | sind (737)0 ’ <7§)v’
ov 0%

!

a4 .
TaK KaK -, COINIACHO YPaBHEHHIO (343), paBHo Hy.TI0.

Ecan Bocnmoab3oBatbes cooTHoweHHaMu (341) u (343), To 3To
JacT HaM cJaexyloumufi pesyJabTat: '
dv'dQ! 2v v

Fvag =1——cosb=—-, (351)

¥

Ianee, cornacHo ypasHenusM (344) u (341):

cos & — —z— — —FZ— cos? & . a
=1——cost=— (352)

V2

cosﬁ-}-—%——l——%— cos? &

YpaBuenne (350) npHHHMAET NOSTOMY CJAeaylOWYyl0 GOpMY:

K

K ve=1

HJIH

K=K, (353)

Takum 0o6pa3oM HPH OTPAaXEHHH MOHOXPOMATHYECKOTO
nyyka JyyeH OT XBHXYmerocs 3epkaja yxeJAbHas
HHTEHCHBHOCTh BO3pacTa€T B OTHOWEHHH TpPeThel
CTeneHH Yyucaa kKouaeb6aHHM.

[Tepefinem Temepp K BBHIYHCICHHIO YXeJAbHOA HHTEHCHBHOCTH
H3/yYeHHs SHTPONHH B OTpPaK€HHOM Inyuyke Jayueit. CaesaTb 9TO
6yzeT 3HAYHTEJbHO IIpOlle, TAaK KaK, BCAEACTBHE 0OpaTHMOCTH H
axua6aTHYHOCTH NpoLecca, SHTPOIHS OTPAXKEHHOro MyYKa OXHHAKOBA
¢ sHTponHel majamoumero. B oCTanpHOM BHUYHCAEHHS COBEPIIGHHO
aHAJOrHYHLE TeM, KOTOpHE OblJH NpOXENaHbl BHUIE AAs JYYHCTOH
SHEpIrHH.

- CooTBeTcTBeHHO cooTHomeHHO (350), BHTeKamolleMy H3 MNep-
BOro Ha4aja, Mbl MOJYYHM MO3TOMY B KaueCTBe COOTHOLUEHHS, BEI-
TeKamlero U3 BTOPOro Hayana, ciepymoliee:

Ligv'dQ! ( cos & —-—Z—)

Ldvd ( c058+_¥_) =L (354)
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Ianee, cornaceo ypasueHHsM (344) u (341):

cos ¥ — - 20 .
g =1 pcosd=-5,
cos & + —
cJenoBaTeNbHO!
L'
DA el
HJIH
L L

T. € HpDH OTPaXeHHH MOHOXDOMATHUECKOro Mmyuyka
Aydefl OT ABHXY IErocsd s3epkaJja yxeaAbHasd HHTEH-
CHBHOCTb SHTPOIHH H3JY9YEeHHH BO3pacTaeT B OTHO-
INEeHHH KBajgpaTa YyHcJaa KkonebaHHi.

§ 112. ITonyyeHHble BHIIE pe3yJbTaTH JIO3BOJAIOT NMPOBECTH IO
KOHHA XoJ Mbicaelf, HameuenHH# B § 111. Mul 3Haewm, uto L asasercs
HEKOTOpPO# olnpejeneHHON (yHKUMEH HE3aBHCHMHIX NepeMeHHhX K
Hv. MH 3HaeM Takxe, yTO NIpH OTPa)X€HHH OT ABHXYmiErocs 3epkaia

K
OCTAaIOTCd HEH3MEHHEIMH Kak 5 TaK H R OTciofa BHITEKAET

nostToMy co Bcell HeoOXOLHMOCTBLIO 33KJIOYEHHE, 4YTO BEJHYHHA

K

L
~7 MOXET 3aBHCeTb HCKJIOYHTENbHO OT —; HH OT Kakoit Jpyro#t

nepeMeBHoll, HanpuMep oT v, OHO He 3aBHCHT. [leficTBHTENbHO, €CaH

- L
6N 5Ta 3aBHCHMOCTb CYINECTBOBANE, TO —; JAOMKHO GHJIO 6Hl H3-

MENsITbCA IIDH OTPaKeHHH, TaK KaK v 3JleCb BCe-TakKH H3Megserc.
Mu npuxoauM, TakuM 06pas’oM, K CJAEAYIOMEMY pe3yJbTaTy:

L=12. f(—K—) (356)

rae f osHauzaeT HEKOTODYIO (QYHKIHIO, 3aBHCAULYI0 OT OAHOrO €JHH-
CTBEHHOro aprymenra. YpasHenue (306) BHpaxaeT 3aKOH CMe-
meEHd Buua. Ero 3Hayenme 3akiiouaercs B TOM, 4TO OHO CBO-
JHT 3aBHCAIIYI0O OT ABYX nepemeHunX ¢yukuuio L x dynxuuu ogHolt
eIHHCTBEHHO} nepeMeHHOM,

3akoH cmemends Buna jponyckaeT meanit psx pasanusHx ¢op-
MYJHPOBOK H, COOTBETCTBEHHO STOMY, PsiJi PasNHYHHIX NDHMEHEHHH,
YacTb KOTOPHIX MOKeT GHTb HenoCpeACTBEHHO IpOBEpeHa Ha OIHTE.

s ypasnenus (340) cremyer mpexje Bcero:

== (%)

(rouka Hap f osmauaer audepennupoBaHHe NO aprymeHnty). Ecau
9TO ypaBHEHHE peIHTb OOPaTHO OTHOCHTENbHO BeaHuHHH K, TO

=8 g’(-%) , (357)
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rie g CHOBAa 03HAYaeT HEKOTOPY QYHKUHIO OZHOrO €JHHCTBEHHOrO
apryMesTa.

Bce sTH ypaBHeHHSI CIpaBeJIMBH [JIi HU3JMy4YeHHs B BaKyyMme.
MH MoOXeM, OJHAKO, CHeJaTh HX COBEDIIGHHO HE3aBHCAUIHMH OT
cBOficTB Ccpelnl, B KOTOpPO# HAXOXHUTCA HINYyHYeHHE, eCJH BBEAEeM
B HHX yHHBepcaibHYI ¢yHxuuio (314). PacnosoxuM c sToft neibio
B neBO#i yacTH ypasHeHHs (314) Be/HMUHHH, OTHOCAIIHECH K BAKYYMY.
Torxa, B cBa3u ¢ ypasHenuem (357), MH IOAYHHM /s yHHBepCaab-
HO#t QYHKLUHH CJAEAYIOIIEE BHPAKEHHE:

F(yT)=ch.g (-T—) : (358)

v
OTcrona caemyer, 4TO c?-g(T) TaKKe ABJAAETCA HeKoTOpold PyHK-
nueit ¢ or v 0 7, ¥ MB NOJy4aeM NOSTOMY AJs BCAKOH Cpepsl:

K =—2(5)- (359)

3To ypaBHEHHE BHpaXaeT TOT Xe 3aKOH CMemeHds Bumna, masas
3aBHCHMOCTb YAENbHO¥ HHTEHCHBHOCTH JYYHCTON SHEPrHH OT “HCJAA
Kose6GanHf, TEMNEPAaTyPH H CKOPDOCTH paCnpoOCTpPaHEHHS H3/y4eHHd
I/ NpOH3BOJIbHOH cpeil. EciH OCTaHOBHTbCA CHOBA Ha BaKyyMe,
TO A/ HEr0 HMEET MECTO COOTHOUIEHHE:

K= 29 (+)- (360)

§ 113. [Ipy uepHOM H3JyHYeHHH BCe Iyuk# Jy4de#d o6aagawor,
KaK. MH BHJEJH BHINIE, ORHHaKOBOH Temnepatrypo#t T, H HHTEHCHB-
HOCTb HX HE€ 3aBHCHT OT HANpasJeHus. IDTO MNO3BOJSET HaMHCATh
X751 06bEMHON IOTHOCTH SHEPTHH MOHOXPOMAaTHYECKOr'0 HENOJas PH30-
HaHHOrO H3JYYeHHsi B BaKyyMe, COrJacHoO ypaBHeHHIo (297), cre-
Ayiomee BHpPaXeHHE:

8nvd v
Uy =— 9 (7—), (361)
a aast 06beMHOH NJOTHOCTH BCEro HM3Jy4Y€HHS B LEJAOM BHIpadEHHE:
r 8 s v
u=fu,dv=7fv3:p(7_)dv. (362)
0 , 0

BpeseM Clofia B KauecTse [EDEMEHHOfl HHTETrDHPOBAHHS, B3aMEH Y,
3}—=x. Ypasuenue (362) npuMer Toraa caexyomui BUL:

o

u= 8’2{4 f x% (x) dx.

0

Tax xak unTErpan B 9TOM NOCJAeJHEM YP4BHEHHH HMeeT IOCTOfH-
HOE 3Ha4€HHE, TO OHO NPENCTaB/sieT COG00 HE YTO HHOE, KAaK 33KOH
Cre¢ana-Bonbumana (326).
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Bupaxenns (360) u (361) saxaioualor B cebe BCe TO, YTO MOKET
CKa3aTb OTHOCHTEJbHO pacnpelie/ieHHsl 2HEPrdH B HOPMaJbHOM
cniekTpe 3akOH cmeuieHus Bura. [locae 8TOrO naM ocCTaercs TOABKO
YCTaHOBHMTb paclpeje/eHHe SHepruM A1a xakol-au60 oguolk Temmnepa-
TYpH, YTGGH IOJY4HTh BO3MOXHOCTb BHPa3HTh GYHKHHIO ¢ yepe3
ee apryMeHT; ™Mbl Oyjnem TOrAa 3uHaTb pacnpejeqeHHe SHEepPrHH
B CllekTpe mnpu aio6o#t Temnepatype. Tak kak K,H u aasg v=0wu
A9 v=o00 06pamaioTc B HYJb [AJS v=o00 3TO CJIEAYET H3 TOrO,
YTO HHTErpa] B ypasHeHHH (362) HMeeT KOHeYHOEe 3Ha4CHHE],—~—3TH
BEJNHYAHBl KOJNXKHH HMETh [IPH HEKOTOPOM 3HAYEHHH v MAKCHMYM;
3akon BuHa 4 NO3BOJsIET CAeNaTh 3aKMIOYEeHHE O 33aBHCHMOCTH
NOJIOKEHHA H BEJIHYHHH S9TOr0 MaKCHMYMa OT TeMnepaTypHl.

§ 114, B sxcnepuMenTanbHOH (H3UKE MOHOXPOMATHUYECKRH ayd
NPUHATO XapaKTEepH30BaTb, KaK IPaBHJIO, HE YHCJAOM Ko/eGaHuil v,
HO HENOCPeACTBEHHO JOCTYMHOH H3MEPEHWIO JJIHHOHA BOJHH

A=-f». B COOTBETCTBHH C STHM YJAEJAbHYIO HHTEHCHBBOCTbL H3.Y-
yeHHs nojaraior pasHo#t He K a npyro#t seauunne Ey. I1pm satom,

KOHEYHO, HMEeT MecTo He paBeHcTBO £,=K,, a xpyroe cooTHO-
H1eHue:

E =K, -dv=K,—~d\ (363)

vOA2

Orciona, coraacHo ypasHesHio (360):
2
Bi= cp(—;-\ef). (364)

Ciaenyer o6paTHTb BHHM3aHHE Ha TO, HTO MaKcuMyM £, JI€XHT B ApY-
rOM MeCTe CIeKTPa M HMEeT JApyroe 3HAueHHE, 4eM MaKCHMYM K
Makcumym E, nosaydaercss H3 ypaBHEHHS:

dE,

=0
d\

HJIR COrMacHO ypasHeHHO (384):
c [ - ¢
‘?(YT“)”[“ 5\ T ‘?( T )=0'
ATO ypdBHenne YNOBJETBODAETCA COBEPIEHHO ONpejeleHHHM,

[4
YHHBEPCAJIBHHM 3HAYEHHEM ~=, TAK YTO B BaKyyMe JIf JIHHH

BOJIHH A, COOTBETCTBYIOllE#i MAaKCHMyMy HHTEHCHBHOCTH H3iyue-
yenns £, npu Temnepatype 7, HMEET MECTO CJEAylOllee COOTHO-
IeHHe:

hy T=b. (365)
CoraacHo H3MepeHHsM, YuCJAeHHOEe 3HAYeHHE b paBHO:

b=10,290 cax-2pad. (366)
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3nauenne MaxcuMyMma E, nmoayuaercds H3 ypasuenus (364), ecam
y X
MOJNOKHTD B HEM A ==},

Toraa ana Emax, €CAH NPHHATH BO BHUMAaHHe ypaBHeHHe (365),
caenyer:

T. €. MaKCHMaJbHAsl HHTEHCHBHOCTb B CNEKTPE YEPHOrO H3/YyYEHHS
NpOINOPIHOHANbHA NATOA CTENEHH a6COMIOTHON TeMmepaTypH.

Bce oTH BHBOAH H3 3aKoHa cMemenus Buna ¢ 6oavmo#t Toy-
HOCTBIO NOATBEPXJAEHb MHOTOKDAaTHHIMH H3MepeHHsMH. HanpoTwus,
JanbHeHIIero BaXHOro BONPOCa O BHUJIE 3aBUCHMOCTH YHHBEPCAAbHON
GyHKIHHM ¢ OT ee apryMenTa, 3aKOn BHHA coBepuieHHO He 3aTparu-
BaeT, J1a npo6reMa OKa3alaChb HE MOJ CHJAY KJAaCCHYECKOH TEODHH
H, MaJO TOro, CHrpajla JAjas INOcJAenHe#l pOKosyio poab. Pemenue
sToft mpo6/ieMH MOXHO HAWTH, JHIUb CHEJAB IPHHIHIHAIBHO HOBHH
ar Ha NYTH [O3HAHHA CYIIHOCTH SHTDOIHH.



YACTb YETBEPTAfA
ATOMHCTMEA. TEOPHI KBAHTOB

IVIABA I

MAKPOCEOIHYECKOE H MHKPOCKOIMYECKOE
PACCMOTPEHHE. ®JIOKTYAIINA

§ 115. o cux nop MH PYKOBOACTBOBaJHCh B HALIMX HCCJAELOBa-
HHSIX HCKJIOYHTEJbHO OOIIHMH NPHHUHMIIAMH, HMEHHO: OCHOBHBLIMH
NPDHHUKNEMH MEXaHHKH M SJEKTPOAMHAMHKH H JAByMs HayaJaMu
TEOpPHH TemaOTH. MH MOrjad NpUNACHBATH STHM NPHHUHKNAM H B OT-
HOWEHHH 006beM3a M B OTHOLIGHHH CONEpXAaHHA HEOrpPaHUYEHHYIO
CrpaselJuBOCTh, YTO SBJAAJOCH OJHOBPEMEHHO H CHABHOH H craboit
CTOpOHOH NOJy4EHHHX HAM# pe3yabTaToB. CuJbHOR CTOpDOHOH BCEX
BLHIBEIGHHBIX HaMH NpeAJOoxeHHA Obl10 TO, YTO OHH CNpaBelHBH
¢ a6COMIOTHOR TOYHOCTBIO BO BCeX Cay4asix, cJa6od —To, 4TO 9TH
NpeAJoKeHuss HMEIOT B OOJbIIHHCTBE CJAYy4aeB JOBOJbHO 06Ul
XapaKTep H OCTaBJAAT 6€3 OTBETa psifi WHTEPECHHX YaCTHHX BOI-
pocoB. Tak, HanmpuMep, MH CMOIJIH CBECTH BHILE TEPMOAHHaMHYE-
CKoe MOBefeHHe KaXAOro BEUIeCTBA K OXHOH eIMHCTBEHHON xapak-
TepUCTHYeCKOH mas nero ¢Qynxuuu (§ 54—56) onpeneneHnsx He3a-
BHCHMHX NMEPEMEHHHX; OAHAKO 3aKMIOYATb H3 HAIIHX pacCyXIeHdH,
Kax BHIJTAXHT 9Ta (yHKIHs, OHIO Heab3s. TO ke CaMOe MOXHO
CKa23aTb W OTHOCHTEJbHO 3aKOHOB TellMoBoro Haaydenus (§ 114).
Kenass NpOAOJKHTL HCCTeZOBaHHUE 32KOHOB TEMJIOBHIX SBJEHHI,
MH JOJXHH, TaKHM 06pa3oM, HAauUpaBUTb HAlle BHUMaHHE Ipexje
BCEr0 HA CYIIHOCTb XapaktepuCTuuecxof dyuxuuu, onpepesiouel
BCE TepMOAWHAMH4ECKHe CBOHCTBA paccMaTpuBaeMmOH CHCTEMH, T. e,
Ha CYUIHOCTh SHTPONHH; MH JOMXKHH OyJeM INOHSTb CMHCJI 3ToH
BeJMYHHH C M@XaHHYECKOH H, COOTBETCTBEHHO, C 3/IeKTpOAHHAMHYE-
CKOM TOUYEK 3PEHHs, YTO HAJEKO He MPOCTO. IDTO Jerko BHJETh U3
TOrO, UTO 33MeyaTe]bHOe CBOHCTBO SHTPONHHK — H3MEHSTLCS JHIIb
OJHOCTPONHE C TE4YeHHEM BPEMEHH — CTOHT B NPOTHBOPEHHH CO
BCeMH 33KOHAMH MEeXaHHKH H SMeXTPONMHAMUKH, B KOTODHIX 3HaK
BDEMEHH HE HrpaeT HHkako#l poan. Pemenue sToff 3amaud MOXET
0GIerYUTh AU IUb 0€00as, NPHBLHUIHAIbHO COBEPIIEHHO HNBAsI MBIC/Tb,—
MHC/Ib, KOTOPas C SICHHIM CO3HaHHeM [ieJqH OblIa BIepBhle BBEJAEHA
B HayKy JI. Boasumanom.

Yxasanus AJs HaNpaBJeHHS HAWHX JAaTbHeHIIMX HCCIeLOBaHHUR
MB MOXeM [IOYEepPHHYTh B TOM XOJ€ MHCJefi, KOTOpOMY MH CJe-
AoBanu NpHW BHBOJAE BTOpPOro Hadama. Mu npunucaad Tam (§39)
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B HHTEpecax HarJAsIHOCTH KaxJOMy 3aJaHHOMY COCTOSIHHIO (H3Hue-
CKOH CHCTEMEl H3BECTHYIO , TEDMOJHMHAMHYECKYIO BEPOSTHOCTB® HJH
H3BeCTHHH ,TepmonHHamHuecxHH Bec“. Kpome TOro, MW HauuIu
COBEpUIEHHO O0OwWHM 06pa3oM, YTO SHTPOIHS CHCTEMH SIBJASIETCH
MepOH 9TOr0 TEpMOJAHHAMHYECKOTO Beca. Bo3Hukaer, Takum 06pasowm,
CTeRYIOIUHA BOIpPOC: KaK OOBSICHHTb C TOYKH 3pEHUsT MEXAHHKH
HIH 3JEKTPOAUHAMHKH TO, 4TO pAa3THYHHM COCTOSHHSM CHCTEME
COOTBETCTBYIOT pa3/H4YHbIe TEPMONMHAMHYECKHE Beca?

JaTb oTBeT Ha 3TOT BONPOC MOXHO OYyAeT TOJNBKO NOCIE TOro,
KaK MH NpoHHKHEM 6oaee ray6oxo B Camyio NpHpoly Gu3HuecKol
CHCTEMH, AJsi 4ero HeoO6XoauMu 6oJiee TOHKHE IpHeMH HCCIE0Ba-
Husi. C 9TO# HEebi0 MB IPUMEHHM Jjajblie, KpoMe IPEXKHEro CIo-
coba paccMOTpEHHS, B OCHOBE KOTOPOTO JeXaT TepMHYECKHEe H3Me-
pEeHHSl H KOTOpHH MOXHO OHJIO 6H HA3BaTb rpyOHIM HJIH ,MaKpO-
CKONHYECKHM®, xpyro# O6osee TOHKHE, HIH ,MHKPOCKONHHYECKHH®,
.cnoco6. JToT BTOPOH Cnocob HampawHBaacs OW caMm Co6o#, ecaH
66 MH, B OTJH4YHE OT TOrO, YTO JeJand A0 CHX IOp, aHAJH3UPOBAJTH
u3ydyaemyro (QHU3H4ECKyl0 CHCTeMy 6oJee TOYHO, BO BCeX e€e MNoJ-
pobrocTsx.

Ilpy MaxpoCKONHYECKOM paCCMOTPEHHH COCTOSIHHE CHCTeMH
omnpexaeasieTCs TeMnepaTypo#f, IMOTHOCTBIO, YUCAAMH MOJIEH, 8 Takxe
HHTEHCHBHOCTBIO H3Jy4eHHs N9 BCeX HalpaBJeHHMH, HBETOB H M0JIsi pH-
3apufi. HanmpoTtus, NMpH MHKPOCKONHYECKOM PpACCMOTPEHHH BCE STH
BeJH4YHHH YTPauHBAIOT XaPaKTED CaMOCTOSTEJIbHHX MOHATHH H IpH-
06peTaoT CMHCA JHIIb HEKOTOPHX CpexnHux 3Hauexu#t. OnHOpon-
HOCTb TeJa paspeliaeTcsi 31eChb B XaO0THUeCKHH 6eCHOpsfoX OTrpoM-
HOTO 4HCJ2 HUYTOXHO MaJHX, GHCTPO ABHXYIIHXCS, SJEKTPHYECKH
3apsKEHHHIX 4aCTHL; BMECTO MOJeH,, BE€C KOTOPHX HOpPMHpYETCs
TNpOu3BOJbHEIM ycaoBHeM (§16), 31ech BHCTYNAIOT COBEPIIEHHO
OmpeJeJeHHEE MOJEKYAH, BMECTO TEINIOBHX Jyuell olpexneneHHoM
HHTEHCHBHOCTH — 3JIEKTPOMAarHHTHHE BOJHBI C HalpsiKeHHOCTbIO,
onpeneneHHHM 06pa3oM H3MeHdoweHCcs ¢ TeYeHWeM BPEMEHH.

3HayeHHe MHKDPOCKONHYECKOro cmocoba pacCMOTpEHHsl, B CBSI3H
€O CKa3aHHHM, 3aKJIO4aeTCst NPExKJAE BCEro B TOM, YTO OH IIOJHOCTBIO
HCKJII09aeT KAaK CaMOCTOSITeNbHOE IOHSTHE . TeNJAOTY H NOKasHBaer,
YTO OHO CBOAMTCS K MEXaHHUECKHM H SJEKTDOJHHAMHUECKHM HJH,
Kax MH KpaTKo BHPa3uMCH, K KHHAMHYECKHM IOHATHAM. Taxolt
pe3yabTaT NpeAcTasasieT co6o#t PynaamMeHTaNbHHE mwar B JOCTHXe-
HuY eJHHCTBa (Pu3HueCcKOof KapTHHH MHpa: ydeHHe o TelaoTe obpa-
3yer OTHBHIHE YaCTb AHHAMHKY; IO9TOMY H B OTHOWIEHHH €ro BCTYNaioT
B CHJY BCe 3axOHH MNOCJejHed.

§ 116. Kak HH pasuxalbHHM IPeNCTaBIASETCH, C NIPAHIYIHATbHON
TOYKH 3pPeHHs, BBEJEHHE B YYCHHH O TeIJOTe MHKPOCKOIHYECKH -
DMHAMHYECKOro CIoCo6a pacCMOTpEHHd, Ha nepBblfi B3MVIsiJ BCe Ke
KaxXeTCs, YyTO OH He HACT RHKAXHX OCOOLIX IPEHMYIIECTB N0 CPABREHHIO
CO CTapHM; B IepBHA MOMEHT MOXHO Jaxe COMHEBATbCA B CamoH
€ro AONYCTHMOCTH.

JleficTBHTeNIbHO, B JAWHAMHKE - IIDOTEKAaHWE BCAKOTO Mpolecca
BO BpeMEHH, .II0 H3BECTHHIM 33KOHAM, OAHO3HAYHO OIlpeJensercs
HAYalpbHLM COCTOfIHHEM pPA8cCMAaTPUBAEMOH CHCTEMH; 9TQ H €CTh
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Ayuuiee, 4TO MOXHO Boo6Gmie OXHAATh OT TEODHH. B mpuMeHnennwn
ke K TepMHYECKHM IIponeccaM 3ToT NpsMoOHi MeToM, NpH MHKPOCKOMH-
4€CKOM "PacCMOTPEHHH, COBEPHICHHO HENPHUroJAeH, TaK KakK B MHKPO-
- CKONMHYeCKOM CMHICJIE HA4aJbHOC COCTOIHHE TEpPMHYEeCKOH CHCTEMH
HHKOT'Zla HEeH3BeCTHO. EIHHCTBEHHO, 4TO 3/eCb MOXHO KOHTPO-
AHpOBaTh, T. €. H3MEpPATb, 5STO MAaKPOCKONHYECKHE BeJHYHHHI
nocaejHHe, OAHAKO, CJAHIIKOM MAaJOYHCJACHHH, 4YTOOH H3 HHX
MOXHO OBJIO BHBECTH COOTBETCTBYIOIMIHE MHKDOCKONHYECKHe
BeqMuMHH. MHB MojeM Juib CKasaTh, YTO C ONpejieJeHHHM 3Haue-
HHEM M3KPOCKONHYECKOH BeJHUHHH, HApHMEp C MIOTHOCTbIO HIN
HHTEHCHBHOCTBIO H3JYyYeHHs, COBMECTHMO OrpoMHoe KOJMUeCTBO
3HQYEHHH COOTBETCTBYIOIHX MHKDOCKONHYECKHX BEJHYHH: IOJOXMe-
HHA OTHEAbHLIX MOJEKYJ HJH, COOTBETCTBEHHO, HAIpAXEHHOCTeH,
nosefi sneKTpoOMarHMTHRIX BonH. Beipaxasdch 6oJiee KOPOTKO H B TO
#ke BpeMs 6osee o6ige, MBE MOXeM CKasaTb, 4YTO OJHO OHpeje/eH-
HO& ,MAKPOCOCTOSIHHE“ CHCTeMH JONYCKaeT OrPDOMHOE HHCJIC ee
»MHKDOCOCTORHH{®; a TaK KAK TeYeHHe IPoLecca BO BPEMEHH 32BH-
CHT OT HAa4aJbHOro COCTOSIHHS, TO €ro eme HeJjb3s OnpejaesHTb
MaKpOCOCTOSIHHEM: H3 OJHOTrO OIpENeNeHHOro MaKpOCOCTOSHHS
MOJXET, HalpOTHB, pa3BHBAThCA OY€Hb MHOrO Pa3JIHUHHX IPOLECCOB.
B cBf3u co cKasaHHHM MOXET BOSHHKHYTb IIOLO3DeHHe, UTO
mar BHepej, KOTOpHI, Ka3aaoCk, MH JienaeM, BBOAS JHHAMHYECKOe
paccMOTpeHHe, B JeACTBHTEALHOCTH He ABJAseTCHd TaKoBHM. JlefcTBH-
TeAbHO, Ja}e OTBJAEKAACH OT TOro, 4TO MH He MOMEM HH paccuH-
THBaTb TEODETHYECKH, HH KOHTDOJHDOBATH SKCHEePHMEHTAJAbHO
MHKPDOCKONHYECKHEe INPOLECCH, COrJIaCHO 9STOM TOYKe 3pEeHHs MH
C MOJHRIM [IpaBOM MOXEM OXHKIaTb, YTO JaydJbHOE COCTOSHHE,
BIOJHE TOYHO ONpejie/IeHHOe MaKPOCKOIIHUECKH, He TTOBJeYeT 32 coboit
HHKAaKOTO ONpefeeHHOro MAaKpPOCKONHYECKOro Mnpouecca, BHBOX,
crofmufi B peskoM NpOTHBOpEUHH CO BCEMH NAHHHMH ONHTA.
YTto6H Bce Xe, HECMOTpPS Ha 9Ty HEYBEDEHHOCTb, NPHTTH K HA-
JEXHEIM M TOYHRIM pe3yabTaTaM, MHB BOCIOJb3yEMCH CAELYIODIHM
cpeacTsoM. MH HCKAIOYHM HeolpeJeNeHHOCTb, BEI3BAHHYIO TEM, YTO
JaHHOMY MAaKpOCOCTOSIHHIO CHCTEMB COOTBETCTBYET 6OJbIIOE HHCAO
PA43IHYHHX MHKDPOCOCTOSIHHH, TaKuM IpuemoM: GyneM NOBTOPATH
OYeHb YacTO, HCXOAA M3 OJAHOrC H TOTO Xe MaKpOCOCTOSHHMA, He-
KOTODHH TmNpolecc M O6yZeM HCcIeAOBaTb, KAk OH MNporexaeTr
B KaXJOM OTAEJIbHOM cilyude. XapakTep STOro mpomecca B OTHEJb-
HHX caydasax Oyzer pas/mueH, B 3aBHCHMOCTH OT 4YHCJAA H Xapak-
Tépa BO3MOXHHX B JAHHHX YCJAOBHAX MHMKPOCOCTOfIHHH, HO €ClH
06pa30BaTh M3 IOJYYEHHRX B OTAEAbHHX CJAydYasiX pe3y/JbTaToB
CpenHee, TO MOXHO pPACCUHTHIBATL NPHTTH K COBEPIICHHO Onpeje-
JeHHHM 3akoHomepHocTaM. Hecmorps Ha TO, 4TO 3TH 3aKOHO-
MEPDHOCTH OYZYyT HMMETb JMIOL CTATHCTHYECKHH HAH BEepPOATHOCTHHI
XapakTep, HX MOXHO CHOPMYJHpPOBaTL C HeMeHbHIe# TOYHOCTHIO,
ueM JIOOHE TeopeMH AHHAMHKH, [IoCHHM 9TO IPOCTHM TPHMEpPOM
CTATHCTHUECKOrO I[pEeJJIOKEHHS, KOTOpPOe MOXET IpHTA3aTh HA
a6CoMIOTHYI0O TOYHOCTh. Bo3bMeM OOLIKHOBEHHYIO CHMMETPHYHO
CAeNaHHYI0O MIpajbHYX KOCTh, HMeomyio mecTtb rpadedt. Yucao
OYKQB, KOTOPOro MOKHO OXHAATH NPH OXHOM OPOCABHH, COBEPUICHHO
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HeompeneseHso. Ecaum xe noBTOpAThL 6poCaHHe AOCTATOUYHO HACTO
H HAXONHTb KamJblli pas cpejgHee BCeX CHAENaHHEX OpocaHHi, Aens
ofuiee 4HCJO BHIIAaBIIKX OYKOB HA uHCJAO Opocanult, To, B KOHUE
KOHIOB, MK MOX€EM-IOJYYHTD JJISI 9TOr O CpeAHero ¢ Jo60 TOYHOCTHIO
3Hauenue 3,5.

Mbl BHAMM, 4TO H 3J€Cb peyb HJET O CTPOroff 3aKOHOMEPHOCTH,
XOTd COBCEM HHOTO XapakTepa, ueMm B AuHamuke. Takyio 3akoHOMep-
HOCTB MOXHO IO3TOMY Ha3Barb CTaTUCTHYECKOH; ee MOXKHO, Cleno-
BAaTeJbHO, MPOTHBOMOCTABUTL JNHHAMHYECKOH 3aKOHOMEDHOCTH; CTa-
THCTHYeCKas 3aKOHOMEDHOCTb HMeeT JeJO IPHHIHIHAJIbHO TOJbKO
CO CPeAHMMH 3HAYEHHAMH, HO HE C OTIEJbHbBIMH CJAy4YasMH. Takuum
0o6pasoM IpH MHKDOCKONHYecKoM cnocobe paccMOTpeHHs, T. €.
-B MEX2HHKEe U 9JeKTPOJHHAMHKe, rOCIHOJCTBYeT AMHAMHYECKAA 3aKO-
HOMEPHOCTb; HANPOTHB, MaKpPOCKOMHYECKHH cNoco6 paccMOTpeHHs,
a ¢ HAM M BCe YyueHMe O TeIJIoTe, NPUBOAUT K CTATHCTHUECKHM
HJH BEPOsTHOCTHHM 3akoHaM. [lpakTHueckoe 3HaYeHHEe 9THX 3aKOHOB
JJsl 9KCNepUMEHTanbHON (PHSHKM, KOHEYHO, HE MeHblle; 3TO fCHO
M3 TOro, 4TO (PU3HK HHKOrAa He JesaeT ONHT OXHH Pa3, HO NOBTO-
pfieT €ro BCerxa HeCKOJAbKO M HepeAKO Jame OUeHb MHOro pas.

§ 117. Mukpockonuuecku#t crioco6 pacCMOTpPEHRHS XaeT HAM BO3-
MOXCHOCTb NOJYYHMTb OTBET Ha INOCTaBJEHHHHA BHIIE BOHPOC
O CMLIC/I® SHTPONHHM M O NOHSTHH TEPMOJAHHAMHUYECKON BEPOSATHOCTH.
TIpsMOro oTBeTa Ha STH BONPOCH MH, NPaBJAA, NOAYUHTh HE MOKEM
egie M ceftyac; 419 9TOro HeOGXOXMMO BBeCTH OcCOOYW THHOTE3y.
Mukpockonnyeckufi crmoco6 ykasnBaeT, 0JHAKO, paMKH, B KOTOPHX
MOJKEeT HMeTh MeCTO TaKas rHioTe3a. STO HalO NOHKMATh CIAEAYIOUWIHM
o6pasom. HanpamuBaercsd oyeHb IMPOCTasi MHICAb CBA3aTh TEPMOMH-
HaMHYECKYI0 BEPOATHEOCTb COCTOSIHHSA, CTPOTO ONMpEREJeHHOro B Tep-
MHYECKHK-MAaKpPOCKONMHYECKOM CMHCHEe, C YHCAOM COBMECTHMHX C HHM
MuKpococtosHu#l. B nHBaMHKe NOHsiTHE BepOSTHOCTH, KaK H3BECTHO,
He UrpaeT HHKAKOH poJm, T. €. TaM BCe MHKDOCKOIIMUECKHe COCTOf-
HHs paBHOBEpPOATHH. Ho Tak Kak BeposiTHOCTL HEKOTOPOTO pe3y.Jb-
TaTa RaeTcs BoOOLle YHCJIOM DaBHOBEPOSATHHX CJAydaeB, KOTOpHe
K HeMy NDHBOJST, TO IpEACTAaB/JAAETCH ECTECTBEHHBIM OlpPeNeJHTH
BEPOAITHOCTb MAKPOCOCTOSIHMSA YHCJIOM COOTBETCTBYIOIHX €My
MHKDOCOCTOAHHUA.

Caeayer 3amMeTHTb, YTO DemUTh MOAOGHHHN BOMpPOC B TaK HA3H-
BaeMON KJacCHYecKO# TEOpHH, eC/H TQJAbKO TaM BOOOIIE MOXKHO
TOBOPHTb O YHCJAE MHKDPOCOCTOsMHHH, COOTBETCTBYIOIIUX JAHHOMY
MaKpOCOCTOSIHHIO, MOXKHO JHIIb B OFDaHHYEHHOM H OTHOCHTEJAbHOM
CMHCTe. DTO 3aBHCHT OT TOro, 4YTO B KJIaCCHYECKOH TeOpHH COBO-
KYyMHOCTb MHKPOCOCTOSIHHA 06pasyeT KOHTHHYYM, HJH HelpepHBHO
TNpPOTAXKEHHOE MHOXKECTBO.

Bonpeku sTomy, Mb BHCKaxXeM 31ech FHuoTe3dy, B ee HaubGojee
onpenenesHoll W panexo maymeld ¢opme, o TOM, 4TO COBOKYyn-
HOCTb MUK pPOCOCTOSHUA O6pa3yeT ZHCKpDETHOE MHO-
kecrBo. Kaxnoe makpococTosuuHe ¢(H3HueCcKOH CcH-
CTeMH OXBAaTH BAET COBEPIIEHHO ONpeJeJeHHOE YH-
CNO ee MUHKPOCOCTORAHUNA; 5TOo YHCAD H npejcrasader
Co6oli TEDMOAMHAMHYECKYIO BEDOSITHOCTDb HJAH CTATH-
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cTuueckuit Bec G mMmakpococTosHUA B Takolt ¢dopme sTa
TUMOTE34 3HAYHTENbHO BHIXOJAHUT 3a npene/bl KJIaCCHYECKOH TEOpHH,
H yClex OKa3blBaeTCsi HA €€ CTOPOHeE.

CratdcTHueckuit Bec G spasiercsi Mepo# SHTPONHH S CHCTEMH
B COOTRETCTBYIOLIEM MAaKPOCOCTOAHHH, TAKHM 06pasom:

S=7(0), (368)

rie f o603HasaeT HEKOTOPYIO YHHBepCanbHY (QYHKUMIO OXHOrO
apryMesTa.

[IpoTHB 3TOr0 COOTHOIUEHHS MOXHO, KOHEYHO, CeHuac xe BblABH-
HyTb Takoe BO3pDaXeHHe, YTO SHTPOINHs S ecTb HenpepeBHAsS (yHK-
LMsi, TOTAA@ Kak CrTaTHcTHYeckuit Bec U, Oyiy4YH LEJHM YHCIOM,
MOMXET H3MEHATbCS TOJbKO MNpEepPHBHO. 3aTpyIHEHHe, HA KOTOpOe
YK4a3blBaeT 3TO BO3DAXKEHHE, MOXHO [PEOA0JeTb, TONbKO Npuusr G
ype3RbiYadHO 60JBUINM, HACTOJbKO 604bMIHM, 4TOOH H3MeHenue G Ha
eNMHHLY HHYTOXHO MaJO BJAHAJO Ha BeNKRHHHY f. DTO yCIOBHE HpHH-
UHMNHAI-HO, KOHEYHO, OFpaHHYHBaeT 06/aCTh NPHMEHEHH MaKpOCKO-
NHYECKH- TEPMOJHHAMHYECKOro crniocoba paccmoTpenus. leficTBuTe -
HO, €CAH 4..CJA0 MHKDOCKONHYEeCKHX IepeMeHHBIX HaCTOJbKO MaJo,
4YTO AAs CTarkcTHYeckoro Beca G noayudaeTcs He CJAHWKOM 60Jb-
IOe YHCA », TO TEPMOAHHAMHKE TepseT CBOKW cHay. Ho sTo mnoaxe
COBNMANWET C ! AWMU IPEKHHMH 3aKJMWOHYEHHMH O TOM, YTO HH
B cay4ae a6COMOTHO IMOCKOH, HH B caydae a0COMIOTHO MOHOXPO-
MaTHuyeckOoR Boanbl (§97) Heabzst FOBODHTb O KOHEHUHOH yieabHOR
HHTEHCHBHOCTH  H3/JyueHHda, & CJeAOBATEeJbHO, H O KOHEYHOH
TeMIepaT;pe H3ayuenus. TakKe Mano CMBIC/I3 FOBODHTE H O TeM-
nepaType HJIH SHTPOIHKM ONHOW HJH HECKOJbKHX MOJEKYyJ. YKasaTb,
ONHAKO, ONpEeJEeJtHHRYI0 HHIKHIOW TpanHily AJs BeauudHul G, a TeM
caMblM nipeleJ  NpPHIOKHMOCTH TepMOJHHAMHYECKOro crnocoba
paccMOTPEeHHs, TPYAHO; MOXHO TOAbKO CKa3aTb, YTO COOTHOLIEHHS,
BHITEKAIOIHE H3 ypaeHeHHs (368), OynyT 7Tem Touuee, uem 6Goabuie
6yxer G. Bo Bcex naibHERNIMX pacCyXJACHHUAX MH OyAEeM NPHHHMAThH
Beaunuuny G nocTtaTo4no 60JbWIOR, YTO NO3BOJIHT HAM TpPAaKTOBATh
ee Kak TaKyl, H3MeHeHHe KOTODPON HOCHT HelpepHBHHA XapakTep.

§ 118. Popmy yuusepca.ibHOH ¢QyHxuHH f B ypaBHeHHH (368)
MOXHO YCTaHOBRHTb COBE[IIEHHO HeloCPeACTREHHO, €CAH obpaTuTh
BHHMaHHe Ha TO, 4YTO SHTPONHS H CTATHCTHYECKHH BEC CHCTEMH
(12), o6pasoranhofl M3 JBYX HE3aBHCHMBIX XPYr OT JApyra CHCTEM
(1) 1 (2),ckaanuBaoTCa oNpejeeHHbiM 06Pa30M H3 COOTBETCTBYIOIIHX
BEJHYHH 3THX OTHEJbHHX CHcTeM. Tak, c ofHON CTOPOHH, COrJaCHO

§ 47:
S y=381+ S, (369)

C ApYFro¥ CTOpOHB, TaK KaK KaXKJA0e MHKPOCOCTOSIHHE OXHOM CHCTEMbl
MOHO KOMOHHHPORBATb C K& 1bIM MHKPOCOCTOSIHHEM APYrO# CHCTMHL:
G, = G,-G,. (370)

Hanumem Teneps cootHouwenue (368) masa cucremn (12) 1 gas kax-
Aok u3 oraeasBnx cHcTeM (1) u (2). [loxcTanum 3aTeM 3HavyeHHs
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Sio» S1 1 S, B ypasuenne (369). [TpHnas ewe BO BHUMAHHE yPaBRHEHHE
(370), Mbl moayuHM caepyiouee QyHKUMOHANBHOE YPaBHEHHE:

[(GiGe) =f(G) + 1 (Ca)- (371)

Jndepesunposanre storo ypasxeuus no G, naer:

G‘Zf(GlG‘Z) =f(01):
a aanbHelee nudepenuuposanve no Gy

F(G,Gy) -G, G, f(G,Gy) =0
HJIU

f(G)+ GG =o.

O6muft uuTerpan 3T0ro gudepeHyHanbHOTO YPaBHEHHS BTOPOro
nopsika UMeeT CJAeXYIOWIHR BHA:

f(G)=EkInG+-Fk.
Ho u3 ypasseHust (371) mbuiTexaeT, 4TO
k' =0.
[Toatomy, cornacHo ypasHenHio (368):
S=kEkInG. (372)

STO ypaBHe#He CBOIMT SHTPOIHIO CcOBepuIeHHO o6mum o6pasoM
K CTAaTHCTHUYECKOMY BeCy, HJIH TEPMOJMHAMHUYECKOH BEpOSITHOCTH.

JlorapudMuueckass 3aBHCHMOCTb MEXJY SHTPOIHEH H BeposTHO-
cThi0 6H0 oTkphiTa JI. Boabumanom. [TonyueHHoe 3snech ypasHe-
HHe (372) orauuaeTcsd, OJHAKO, B ABYX CYIECTBEHHHX OTHOIIEHHAX
OT TOro, KOTOpoe 6HJO npepsoxeno boJbumanom.

Y BoJabumana, BO-NEPBHX, OTCYTCTBYET YHHBEPCANbHHE MHOXH-
Teab R. DTO CcBfA3aHO C TeM, 4TO boabumad B CBOHX BHHHCJIEHHAX
BCerja onepupomas TOJAbKO C MOJSIMH, HO HE C MOJIEKYJaMH; y HEro
[109TOMY HHKOrJ2 M He BO3HHKAJO MHCJH BBeCTH N0p00HH#A MHO-
AHUTeAb. BO-BTOpHX, 4TO sBAsieTCs yike O6osee riy6OKHM pasaHuIHEM,
B KJaccHYecKoi#l cratHcTHke Doabumana meawuuna, HasBanHas 3J€Ch
yepe3 G, cOMepXHUT COBEPIICHHO HeollpejeseHHbi! KO3(QHUHEHT NpO-
NopuUHOHAABHOCTH; 6Gaarogaps sTOMy 3uauesue suTponuu S nprobpe-
TAET HeOoNpeleseHHyI0 ajJIMTUBHYIO NocrosHs 1. Bce yxasaunoe
ecTb pesyJapTaT TOro, 4ro bosbuMan paccMarpuBa’ NOACYET YdcCjIa
MHKDOCOCTOSIHHH, COOTBETCTRYIOUINX ONpPERENEHHOMY MAKpOoCcOCTof-
HHIO, TOJbKO KaK HCKYCCTBEHHHI# BHYHUCJHUTENbHLH NpHEM, KOTO-
pOMY IpHCyll H3BECTHHH NPOU3BO.

B 0pOTHBONGACXKHOCTD 9TOMY B HAalleM PAcCMOTPEHHH 3HTDOIHA,
corjacHo ypasuesuio (372), o6aanaeT BroJHe ONPEAETEHHLIM, IDH-
TOM IIOJIOXKHTEAbHHIM, 3HaYeHHeM, uMeIuM a6CoMIOTHHA XapaKkTep.
DTO yxe NpepJoKeHHe NPHHUNNUAALHOTO 3HAYEHHs, BHXOAxILEe 3
npejeasl kaaccudeckoi Teopun. M3 Hero BHITEKAET, KaK Mbl yRUIHM
JdaJjbuie, JJs JYYHCTOW SHEDPrHW — 3aKOH pacnpefie/IeHHs 3HEepruu
B HOpMaJbHOM CilleKTpe, a JIsi TCNJIOTH, COXepKauehcs B Teaax, -—
TemnJjosas Teopema HepHcTa, — ;B2 3ak.104€Hus, COBEPUIEHHO HyXK b
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Knaccuuecko#t teopuu. CpaBHeHHE 9THX pe3yJbT4TOB C H3MEPEHHIMH
nossoasieT NOJYHHTb H HHCJAEHHOE 3HaueHHE MOCTOsHHOU k. 3pech
MH OFPaHHYHMCS TOJBbKO HEKOTODHMH COOODaxXeHHsiMH O MOpsikKe
BeJqH4YMHH R. HmenHo, tak xak G upessnua#ino seauko (§ 117) u
TaK KaKk S B OOBLIYHO NpPHMEHsieMbIX CHCTEMAaX eJHHHI HMeeT cpej-
Hufl NOpsjJOK BEJHYHHH, TO BeJHYHHA R, H3MEDeHHas B KaJOpHSX H
rpagycax, Oyner MMeTb OYeHb MaJjoe 3HaYCHHE.

119. HecMoTpss Ha TO, uTO ¢yHIaMEHTANIbHOE COOTHOMIEHHE
(372) maer wam MeTOx, NMO3BOJISIOUWMA CBECTH BCE TEpMOJHHAMHUe-
CKOe IoBeJleHHe CHCTEMH K ee MHKDOCKOIIHYeCKOoll CTpYKType, HHTe-
pecyiomyio Hac npo6JeMy BCe e ellle HeJab3si CHHTATh pelIeHHOH.
3TO BHAMO H3 TOrO, YTO KaXIH# OTAENbHBEIE CAyualt TpebyeT BH-
uncsaenuss U, a 9TO 3ajaua, KoTopas A0 CHX NOp Moria GNTb pe-
meHa MOJHOCTHIO TOJALKO A/ HEKOTOPH X OCOGEHHO NPOCTHX CHCTEM.

[Tpexne yem MH nepe#jeM K NpPHMEHEHHSM IOJYyYEHHOrO0 HaMH
COOTHOILIEHHS, H3JIOKHM 3]eChb ellleé HEeCKOJIbKO 061HX CoOo6paxenui,
Kacajouuxcfl (U3HHECKOro CMHCJAA BCe#i TEODHH; 9TH COOOpaKeHHs
NpuBeAyT HaC K pAJY HHTEpECHHX 3akJIOYeHHH M B TO ke BpeMd
JajyT CpPeACTBO NOJABEpPrHYTb TeNnepb Xe IPHEMIEMOCTb TEODHH
HCIHTAHHIO HAa OMbITE.

HcxonunM NyHKTOM Hamlero Xojia MuCAe# O6HJO NOJOXeHHe
(§ 117), corsnacHo KOTOPOMY BCe MHKDOCOCTOSIHHS HMEKOT ONHHAKO-
BYI0O BeposiTHOCTb. PH3M4eCKHH CMHCJA 9TOr0 MNOJOXEHHS MOXHO
BHJIETb TOJBKO B TOM, YTO BEpOATHOCTb 3acTaTb JaHHYIO Qu3uye-
CKyI0 CHCTEMY, NOAYHHEHHYI0 OIpEeNEJeHHLIM HEH3MEHHHM MaKpo-
CKONHYeCKHM YCJAOBHSIM, B Kako#-1H60 MOMEHT BpeMEHH B onpeje-
JAEHHOM MHKDOCOCTOSIHHH OJHHAKOBO BeJHKA JJf BCeX BO3MOMKBHIX
NpH 3THX YCJAOBHAX MHKpococtosuufi. OTciofa BHTeK3aeT ¢ HeobXo-
JAHMOCTBIO, YTO CHCTEMa C TeYeHHEeM BPEMEHH NPOHIET yepes Bce
MHKDPOCOCTOSIEHA, OTBedYaIouiye MAaKpOCKOIIHYECKHUM YCJOBHAM, KOTO-
puM OHa nNoxguuHeHa. Ecau peup HAET, HalDHMEP, O TeJe, 3aKJIO-
YeHHOM B TelJIOHENpOHHUAEMYI0 OCOJOUYKY, TO 9TO TeJO C TEYeHHEeM
BpeMEeHH IPHMET I0CIe10BaTeIbHO BCE MHKPOCOCTOSIHHSA, KOTOPHE BO3-
MOXHH IIDH NOCTOSHHOM o6beme H NMOCTOSHHOM 3Hepruu. JTO nosao-
XKEeHHe Ha3HBaT OOHYHO SProgHueckofl runortesoi. Takas
rumnoTesa Ba NepBHH B3rafj NpencTaBAseTCsd COBEPIICHHO HEBepOAT-
HONl M uenpuemaeMo#i. B caMoM jese, B YHCJIO BO3MOXHHIX B pac-
CMaTpHBAaeMOM CJy4ae MHKPOCOCTOSIHHH, NOMHMO COOTBETCTBYIOLIMX
AAHHOMY Maxpocxonnqecxu-'repuonuuamuqecx(my COCTOSHHIO pasHO-
BeCHf, BXOAMT TaKxe MHKDOCOCTOSIHHA, COOTBETCTBYIOIIHE BCEM
OCTQJbHHIM MAaKPOCKONHYECKHM COCTOSIBHSIM, C TEeMH Xe CaMLIMH
sHepruelt u o6bemom. lpyruMu ciloBsam, Tesno, COrJacHO 9To# ru-
notese, ZOMKHO OOHapyxuBarb HOBEJEHHE, COBEPUICHHO OTKJIOHAIO-
meecsd OT TOro, KOTOpOE YKaswBalT TePMOAMHAMHYECKHE 3aKOHH.
TakuM 06pasoM 0 COCTOSIBHH PaBHOBECHS B CMHICJAE COCTOStHHS MOJ-
HOTO NOKOf He MoXeT OHTE poobumie u peud. Ecim, clenosarensHo,
TeA0 HaXOAHTCA ceHyac B COCTOAHHH, B KOTODOM €ro HNJAOTHOCTb H
TeMnepaTtypa BCIOAY OAHHAKOBH, TO C TEHYEHHEM BpEeMEHH sTo
COCTOAHHE HM3MEHHTCHd CaMO COGOM, T. e. C TeéyeHHEM BPEMEHH B Teje
CaMONpPOH3BOJILHO BO3BHKHYT PasHOCTH INIOTHOCTEH M TeMIepaTyp,
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H NPHTOM TaKHe, 4YTO, B KOHLE KOHLOB, BCAKOE OTKIOHEHHE OT Tep-
MOJMHAMH4YECKOrOo paBHOBecHsl OYyJEeT Haxe NOBTOPATHCA KAK YrOAHO
yacTo. Ha mepBuift B3rasji 3TO PE3KO NMPOTHBOpPEYHT TPeOoBAHUAM
BTOPOro HayaJa.

STO mpOTHBOpeuHe, OXHAKO, JETKO HNojgnaeTcs paspemenuio. [pu
3TOM KOJHYECTBEHHAsi NPOBepKa HE TOJbKO HE I[103BOJSAET CHHTATh
ero 6ecnpenMeTHmM, HO BeJeT, HaNpPOTHB, K AaJbHERIIMM IOJOXKH-
TeJbHbBIM BHBOJAM, KOTOpHE HENOCPEACTBEHHO IOATBEPXKAAIOTCA Ha
ONLITE M CAYXKAT [1I09TOMY O4eHb BAXKHOR IMOAAECPKKOR TEODHH.

Ecnu, Takum oOpasoM, TepPMOJHHAMHYECKOE paBHOBECHe HMeeT
He CTaTHYeCKHH, 8 CTaTHCTU4eckUHM xapakTep, H BOKpYT Hero npo-
HCXORAT pPAasJHYBOro poaa (IIOKTYauHHd, TO, BO3HHKAET BONpPOC O
TOM, KaxKoBa BeEJHMYHHA 9STHX IOCAEAHHX H KaK 4acT0 OHH BO3HH-
KaoT? UYToOH OTBETHTH HA STOT BONPOC, MH AOJ/KHbB, OUYEBHJIHO,
BOCNOJb30BATLCH IPENJICKEHHEM, COMMIACHO KOTOpOMY MaremaTHue-
CKYIO BEPOSATHOCTDb HACTYINIEHHA KaKoro-niubo onpeneeHnoro Makpo-
COCTOSBHA MOXHO IDeJCTABUTH B BHAE APOOH, YHCAHTENb KOTODO#H
paBeH CTAaTHCTHYECKOMY BeCcy STOrO MAaKPOCOCTOSHHS, a 3BaMEHa-
TeJIb — CyMMe CTATHCTHYECKHX BECOB BCE€X BooOlIe BO3MOKHHX NPH
3a1aBHHIX YCJAOBHAX MakpococTosBufi. Hauboapue#t BeposTBOCTHIO
JAOJNKHO o6nana'rb COCTOflHHE TepMOJAHHAMHYECKOro paBHOBECH, TaK
KaK €My COOTBETCTBYET MaKCHMYM SHTPOIHH.

ITycTh cTaTHCTHYECKH A BeC 3TOr0 MakpococTosaHus 6ynet G,. Torna
OTHOLIGHHE BEpPOATHOCTH KAakKOro-iH60 COCTOABHA K BePOATHOCTH
COCTOABHSA pasHOBecusi 6yner paBHo oTtsowenuio G x G, 9TO OT-
BOIIGHHE W J2eT KOJHYECTBEHHYIO MEDY HaCTOTH BacCTYIJCHHSA COOT-
BETCTBYIOLIEr0 OTKJIOHEHHS OT COCTOfIHHS paBHOoBecHd. Bocnouab3o-
BAaBIIHCh ypaBHerHeM (372), MBH MOJYYHM JJsi 9TOrO OTHOUIEHHS
cAenyiomee 3HauenHe:

5~S,
G _,F
Gm ’
rape S, o6o3nadaeT MaKCHMaJbHOE 3HAYeHHe SHTPONHHU. Ecam MH
NOJIOXKUM:
S—S,=AS, (373)
To AS 6yseT oTpuuaTeabHON BEJHYHHON; TAKHM 00pa3om:
AS
G__ %
5;_8 . 374

Kak ¥ poakHO OnITh, 5Ta BeJiHYHHA, €CTh IpaBH/AbHaA ApOOs. [ToJs-
3ysicb HANHCAHHHLIM COOTHOLIEHHEM, Mbl MOXEM BHIYHCJIHTb OTHOCH-
TeJbHYIO HAaCTOTY KamJOro OTKJOHEBHS OT NOJIOXKEHHS DABHOBECHS.
Mu BHmend BHIIE, YTO NMOCTONHHEAA 2 MMeeT OdYeHb MaJoe 3Haue-
nde. [TosroMy maa cpenmux 3mauenuft AS ornowenune (374) xpaiine
MaJo, T. €. 3aMeTHOe OTKJIOHeBHE OT IOJOXEHHs paBHOBECHs BCTpe-
yaeTCsl KpafiHe peixo; YTOOH OTKJICHEHHS NPOHCXOAHJAH uaule, AS
JOJKHEO OHTbL OJHOro mopaaka C 2. Mu MoxeM, TakuM 06pasoM,
CHeJNaTh BBIBOJ, 4YTO KoJebGaHHs (QMIOKTyauHH) BOKPYT MOJOXKEHHS
TepMOJHHAMHYECKOTO paBHOBECHS 006Jajnai0T 4Ype3BHYalno MaloH
aMILIHTY LOH.
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§ 120, Hpoaonxmm HAuaThle PaCCyXJEHHSI HECKOJNbKO HAJbIIe M
paccMOTpuM ¢ STOH uesbi0 Kakof-rHOYap NpOCTOH wACTHHA Cay-
yaji, HanpuMmep cJayuall HaeadbHOro rasa. [lycTe HaM pmaHBl 4HHCIO
MoJse#t n, sHeprus U u o6bem V rasa. B cocTofHHH paBHOBecHS
NJIOTBOCTb W TEMIEepaTypa B rase BCIOJY OJHBAKOBH. Briaenum
Kako#-HHOYyap Y4aCTOK rasa, comepxauiuil n, moJelf u o6aaxanomni
B COCTOSIHHHM paBHOBeCHsl oHeprued U, = ”;lU H o6’beMoM Vl=i‘%;
ocTanbHOe 4YHCJAO MoJeH rasa o0o3HayuM uepes #, HX SHEPTHIO
yepes U, u ob6beMm uepe3 V,. HafineM, kakoBa uacToTa NOABJCHHUS
MaaulX OTKJOHeHHH AU, w AV, Benuuun U; u V| or HX HOpMaib-
HHIX 3HAYEHHH.

Tax xaxk ofuas sueprus U m obuult o6veM rasa V ocraioTes

NOCTOAHHBIMH, TO JOJXKHH HMeThb MECTO CJaA€aylonHe COOTHO-
HIEHHS!

AU, —l— AU, =0,
AV, AV, =0, } (375)
Hamenenue suTponuu rasa:
§=38,+S.,

cooTBercTBYIOIEe (QIOKTyauHH, ¢ TOYHOCTHIO A0 HCye3aiolle Majublx
4J€HOB, OyneT PaBHO:

AS = AS, +AS, —

:@%)1 AU +(%‘S‘>1 AVi+ (ouz) AU -
i ) AUAV1+~(—3%) AV, -
+(5), AU+(57), 8Va + 3 (5), 000+

+(5057) AUAVat o (ovz) AV

B 5TOM BHpaXEHH?W BCE BEJHYHHB, 33AKJIOYEHHLIE B CKOGKH, OTHO-
cATCAd K COCTOMHHIO PaBHOBECHA.
Ecau mm BOCIIOJb3yEMCA Tenepb H3BECTHHIMH COOTHOWICHHAMH:

S _1 0S_p _Rn -
0= sv=r7=7v>» U=ne, T+ const

M IpUMeM Jajee BO BHHMauue ypasHenue (375), TO moayueHHoe
BHIIE YypaBaeHue pad AS 3HAUHTEnNbHO YNPOCTHTCH H NpHOOpETET
TaKOH BHX:

1 s Rl +m)2/1 R
AS_——‘ch,T‘J <n—,+ ng) AU, 1z (n1+ n2>AV

IMpumeMm 7, ouenp GOABWHM 10O CPaBHEHHIO C 7;; YIEHH, COAEp-
KallMe _-, TOTJ3 HCYe3HYT, H MEl NOTYYHM, BBOAS MOJbHMH obbem
Tty

V.
'v=—————— H onyckas Mujaexc I:

e AS = — AU RAVI (376)
= T 9,n Jvn 4
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[ToncTaBuB 9To BhIpaxeHHe AS B ypaBHeHnHe (374), MH NOJTYYHM
BEPOATHOCTH TOrO, YTO HAXOAAWMHCA B TEPMHUECKOM DPAaBHOBECHH
HAeaNbHHA ra3 c Temlepatypodt T U MOJbHEM O0OBEMOM @, Npel-
cTasasiomufi Co60A yacTb APYyroro, MHOro Goabiuero, KoJU4ecTsa
STOro rasa, oGuapyxuBaeT oTkaoHeHHS AU u AV oT HOPMAEJBHHX
3HauYeHHH 9HEPrHH H O6beMa; 9TO Xe MOXHO BHIPA3HTH H CaAefylo-
mHM o6pa3om: (QAOKTyauHd 9HeprudH H o6beMa N[oxo0HOrC rasa
TePMOJHHAMHYECKOTO PABHOBECHS HMEIOT NOPALCK BETHUHHEL!

AU=)2c,Tnk, A (377)
AV = l/ 2"’2”“ : (378)

Mu yBHAMM Janblle, YTO YHHBepcaJabHas NOCTOfAHHAA K, Oymy4H
BEIpAXEHA B 9prax, uMeeT nopsanok 107'%, caepoBaTesnpno B xao-

puax ee INOPAMOK 107% Popmyan (377) u (378) nOKa3LBAIOT, 4YTO
H Te H Apyrde ¢IIOKTyaudH B OOHYHHX YCJOBHUAX HMEIOT Kpahue
MaJble 3HaueHHus.,

CpenaeM eme ofuH mar jgaiavile, Ecau Mbl, nyTeM HHTErpupo-
BaHHA 1okasateabHol ¢ynkuuu (374) no AU u AV Bnaots a0 6ec-
KOHEYHO OOJbIUHX IOJOKHUTENbHHX H OTPHUATENbHHX 3HAYeHHH
3THX INePeMeHHbX, 00pasyeM CyMMy BEPOSITHOCTEH BCEX B3ATHIX
BMeCTe OTKJOHEeHHH OT paBHOBECHS, TO IOJY4YHM ONATH-TAKH Majoe,
B OObIYHHIX YCJAOBHSIX, 3HAUYeHHE, DTO 3HAYHT, YTO BEPOATHOCTh Ka-
KOT'0 YrOZHO OTKJOHEHHS OT pABHOBECHS B OOGHYHHX YCJOBHAX
HMEeT 3aMeTHOEe 3Ha4Y€HHe TOJAbKO AJd OYeHb MaJHX OTKJIOHEHHH
HMJIH 4YTO CTATHCTHYeCKHH BeC COCTOAHUA TEPMOJJHHaA-
MHYECKOrO0 PaBHOBECHSHA OY€Hb BeJHK IO CPABHEHHIO
CO CTAaTHCTHY@GCKHM BeCOM BCex BoobOme BMECTE B3d-
THX BO3MOMXKHBIX JPDYFrHX COCTOSHHH

Ha sToro BmiBOja fCHO, 4TO BCSKHe (DJIIOKTyayHHd BOKPYTr COCTOA-
HUSl TEPMOJHHAMHYECKOrO PaBHOBeCHS B OOLIYHEIX YCJAOBHSIX COBEp-
HIEHHO YCKO/Ab3210T OT uamepenus. [Ipasja, uHaue oOCTOHT Aeo
B HeKOTOPHX KpaHpux cayuasx. Tax, QuioKTyauH® JOMXKHH CTaHO-
BHTbCA 3aMeTHHIMH IIPH O4YeHb BLICOKHX TEMIEPATypax H npH 60Jb-
IHX MOJBHBIX O6beMax, T. €. NPH OYeHb CHJbHHX pPa3peKEHHUAX;
NpH BO3pacTaHWH uHcaa Mogelt n dmokTyaunu sHeprud U u
o6beMa V Takxe yBEJHYHBAIOTCHA, OJHAKO (IIOKTYauHH ITHX Ke
BEJHYHH, HO yxe OTHECEHHHX K OXHOMY MOJIO, T. €. QMIOKTYauHH u
H v, yOmBaloT. Pasiuunnie METOAH AeHCTBHUTENbHO NO3BOJAIOT I10-
JYYHTb YCHOBHA, B KOTOPHX C HECOMHEHHOCTbIO OOHADYXKHBAIOTCH
OTCTyIJIeBHA (PUSHYECKOH CHCTeMH OT COCTOAHHS PaBHEOBECHHA. 3TH
OTCTYILIEHHS] OKa3hBAaIOTCA BCAKHA Pa3s TaKMMH, KAKHMH HX 3apaHee
yxaspiBaeT Boiuncjende. OTCiofila BHITEKaeT BaxHHH Pe3y/JbTaT, YTO
CTATHCTHUECKaf TeOpHs TePMOAMHAMHYECKOro PABHOBECHS HE TOJbKO
COBMeCTHMA C ONHITOM, HO nocaejHuil ee jgaxe Tpebyer.

§ 121. B cBeTe pa3BuTOro 31eCh BO33PEHHs BTOPOE HAuaJaO TeO-
pHH TEMNJOTH, KOHEeYHO, KOPEHHHM 00pa3oM u3MeHseT CBOH Xapax-
Tep: OHO yTpauuBaeT aGCOMIOTHYIO CIpPaBelJHBOCTb W npuobperaeT
IpEenMyeCTBEHHO CTaTHCTHYeCKHH XapakTep. DHTPONHUA 3aMKHYTOH

12 Bmeneare B TeopsTHUecKy™ PmIEKY, 3. V. 919
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¢u3nHyecKOfl CHCTeMBl MOXET, CAeJOBATEeNbHO, H YOHIBaTb, H OHA
neficTBuTeNbHO OyfleT yOBIB4TH, €CAH TOJBKO XJATh JAOCTaTOYHO
noaro. Yro xe ocraercs B TakoMm Caydae OT BTOporo Hauaaa? Ero
¢dusuueckuht cMeICT OyneT Temeph TOT, YTO BCJAEX 33 KAKHM-HHOYZXb
3aJlaHHHIM COCTOSIHHEM CHCTeMhl COCTOsIHME emje 60Jee BepOsITHOE,
T. €. COCTOSiIHve ¢ OOJbIIMM CTATHCTHYECKHM BeCOM, HACTynaer
eCJH B He C He0OXOAMMOCTBIO, TO BCE Ke B GOABIIHHCTBE CJAYy4aes.
3ta QopMyJHpOBKA MOXKET AC H3BeCTHOH CTeNEeHH He YXOBJETBO-
pHTb; 4TOOH NPHAATL efi HECKOJBKO HHOM XapakTep, MOXHO, Kak
MH yxe BHAeaH B § 116, moGasuth caosa: ,B cpeasem®. C aTum
H3MeHeHUeM, KOTopoe, B OOHUHHX YCJAOBHAX, AJS NPAaKTHKH He
HMEET PeNIHTENbHO HHKAKOro 3HAYeHHS M KOTOPOe ONpaBjaHIBAETCS
(aKTaMH JHIIb B OCOOHX MCKJIOYHTENbHBIX CJaydasiX, NPEJJOKeHHe
O BO3pacCTaHHM SHTPONHH cHOBA OyjmeT aGCOJIOTHO CIpaBenIHBHIM.

I'JIABA 11

MHOZEECTBO OJUHAKOBBIX CHCTEM. CYMMA COCTOSHHW,
BBIPORITEHHBIE CHCTEMBI

§ 122, IlpoBecTH BHIHHCIEBHE SHTPONHH HA OCHOBAHUHM YDaBHEHHS
(372) ynmaeTca B TOM CJayuae, KOrja pnaHHas ¢u3udeckasg CHCTeMa
COCTOMT U3 COBOKYNHOCTH GOJBIIOrO 4UCA4 COBEPIIEHHO OAMHAKO-
BHIX, NOJHOCTHIO M30AMPOBAHHEIX APYF OT APYyra, cucTem. Mot Gyzem
Ha3eBaTh NOCJEJHHE ,9JeMEHTAPHHIMH cCHCTeMaMmu“. Ycmex sToro
BHIYHCJCHHA OOYCJHOBJEH TeM, YTO B STOM CJaydae CTATHCTHHECKHH
BeC G onpejeseHHOro MakpoCOCTOSHHS MOXHO HAafiTH NPOCTO NyTeM
HenocpeiacTBeHHOro mnoxcuera. CorsacHO HauieMy IpPealioNOXEHHIO
(§ 117), kaxpasa snemMeHTapHasi CHCTeMa,— MH OyjmeM npencTaBJfATh
ee X0Td 6 B (HOpMe HEKOTOPOro OCHHAJNATOPA, — MOxeT 006.1a7aTh
JUCKDETHHIM pPSAAOM COCTOSHHEH; SHeprum (NOJOXKHTENbHEE) STHX
COCTOSIHUA MH 00O3HAYHM COOTBETCTBEHHO HX BEJHUHHE CAEAYIOUIMM
ob6pasoM:

gl <. ..<<e, ;< ..

[lycTs KaxaoMy COCTOSIHHIO CHCTEMHEl COOTBETCTBYeT OlpejseneHHas
SHepPrus u, HA0O0POT, KAXKJOH SHEpPrHH COOTBETCTBYET ONpexe/eH-
HOe COoCTOsfHMe ajaeMeHTapHOH cucremH. [lycTs y HAC GyZer Bcero NV
TaKHX 9JEMEHTapHHX CHCTeM. Bo3bMeM kakoe-HHOYZAb onipelesieHHOE
MaKpOCOCTOsIHHE CHCTeMH c ouepruefl £; Mu OyjneM xapaxTepH3o-
BATb €ro, yKasHBas, KaKOe HHCJAO CHCTeM 06JajaeT onpeje enHoH
sHeprue (e, &,¢&, . - ., &, .. .) HIH, IPYrHMH CJIOBAMH, KaK [OJHAA
SHePrud CHCTeMH £ pacnpesesiesa Mexjy OTAEJbBHMH 3J€MEHTap-
HHMH CcHcTeMaMHd. O603HAYMM 4HCJAD SJIEMEHTAPHHX CHCTEM, Kaxjxas
H3 KOTODHIX HMeeT 9Hepruio e, uepe3 N, Torza umcaa N, N,

2 « s+, N, ... IPEACTABAT XapaKTEP paclnpejieieHns SHEPTUH HIH
3aK0B pacrnpeliejieHHss SHepruHW B CHCTeMe; 9TOT 3akoH OyJer
onpejeisTe MaKpOCKONHYeCKOe cOCTOsiHne Bcell cucremu. Jlag pac-
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CMaTpHBAeMON COBOKYIBOCTH cHCTeM GyAyT IDH STOM CIPaBeAIHBH
CAEYIOUIHE COOTHOIIGHHS:

Ny+ N, +-N; +...=N, (379)
Nyey-+ Ne, -+ Nygg +. . .=E. (380)

BeisicauM Tenepb, KAKOB CTATHCTHUECKHiE BeC (G HEKOTOPOro ollpene-
JEHHOTO, pAaccMaTPHBAEMOro KAaK 3aJaHHOe, MaKPOCKONHYeCKOro
COCTOSIBHS, T. €. KaKOe YHCJO MHKDOCOCTOSHH{ CHCTEMbl BO3MOXKHO
NpH 3agaHHOM yHcaaMH Ny, N, N,, . .. 3aKOHe paclpefe/eHus.

OnHO MaKpOCOCTOSsHHE OXBAaTeBaeT, BOoOmie roBopsi, 60JbILOe
YHCJO0 MHKPOCOCTOsiHEH. DTO OOBSCHSETCH TEM, 4TO 3aKOH paclnpe-
Je/IeH s, YKa3HBas, CKOJbKO SJ€MEHTAapHBIX CHCTEM 06.JaiaeT onpe-
JeJIeHHOH SHepruei e,, HUYEro He rOBOPHT O TOM, KAKHE STC HMEHHO
cucreMel. [lostoMy Besikuft OOMeH SHepPrHsiMH MeXAy JBYyMs 3Jje-
MEHTAPHBIMH CHCTEMaMH JaeT HOBOE BO3MOXHOE MHKDOCOCTOSHHE.
Yro6bl NPEencTaBHTh KaxKA0e OTHENbHOE MHKDOCOCTOSIHHE HAarJsAAHO,
MH poctynuMm Tak. [lepenymepyeM sjeMeHTapHhie CHCTeMH OT 1
pite) N, BHIIIHIIEM BCE STH YHCJA B PAJg H IIOA KAXAHEM H3 HHX IIOA-
NHIIEM 3HAYeHHe SHEPTrHH, KOTOPHM 06JafaeT COOTBETCTBYIOmas
9/leMEHTapHAs CHCTEMA (HOMep KOTOPoi HAMKCaH BHIIE) B JaHHOM
MHKpOCcocTosHuu. Hanpumep, nas apecatd (N=10) sieMeHTapHHX
CHCTEM MH MOXEM HMETb CJAeAYyIYIO KaPTHHY:

1 2 3 4 5 6 7 8 9 10

e, &g 8y €& & & & & g g

DTO MHKPOCOCTOSIHHE NPHHAAMEKHT K TOMY MaKPOCOCTOSIHHIO, KOTO-
pOe xapaxTepH3yeTCHl 3aKOHOM pacnpejeseHus:

N0=2, N1=1, N2=4, N3=1, N4=2.

Ho soT0 makpococTosinHe, NOMHMO BHIIHCAHHOrO BHIIIE, COJAEPXKHT
H ADYyrHe MHKDOCOCTOSIHHS, HMEHHO CTOJIbKO, CKOJbKO BO3MOKHO
nepecTaHOBOK (6e3 MOBTOPDEHHH) B HHXKHEM pSiIy MexJAy BeJHUYH-
HaMu & Kaxno#l nepecraHoBke, KaKk HLOMKHO OLITH SICHO M3 CKasaH-
HOro Bhille, COOTBETCTBYET OJHO ONpeneJeHHOEe MHKDOCOCTOSHHE.
Bcero, Taxum o6pasomM, OyneT:

10!

I 11 41 11 2 = 37800

MHKDOCOCTOSIHHA.

STOT pesyabTaT, MOJyYeHHBIHA AJAfA 4aCTHOrO IpHMepa, HETPYAHO,
OYeBHHO, 0006IMMTL H HA CJAy4all NPOH3BOJNBHOTO YHCJAA CHCTEM
H DPOM3BOJBHOrO 3akona pacunpenenesus Ny, Ny, Ng,,.., N, ...,
T. €. Ha cayya#hi NPOHU3BOJABHOIO MAaKpPOCOCTOAHHA. Mbl HOJAYyuYHM,
CleJoBaTeNbHO, B O6HIeEM cJAydae JHJs HCKOMOrO CTATHCTHYECKOro
Beca ONpeXe/ieHHOrO0 MaKPOCOCTOSIHHSI TakOe BhHIpaXEeHHe:

M
O=NaNaNg. N (381)

§ 123. INpexnonoxuM Tenepb—TO e caMO€ MH OyneM Hpenrno-

JaraTh BCerga W B JaJbHeHAnIeM,—94TO YHUCIO SJAEMEHTAPHBIX CHCTEM
*
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ype3BHYaRHO BEJHKO, AaXe HACTOJbKO BEJWKO, 4TO u uucaa N,
BXojsulge B 3HamMeHaTeqab Apobu (381), B mojasasiolieM GOJbILIHH-
CTBE OKa3nBaWTCA OdeHb OOJbIIHMH. 3TO INO3BOJAHT NpeHebpeub
6e3 3aMeTHOH OIIHOKA B 3HAMEHATEJC MHOXHUTENSMH C MEHb-
wuMe N,, H HMeTb Jen0 C 4JeHaMH, O0pPa30BAHHBIMH TOJBKO H3
6oapmiux N,.

B maremaTHueckoM e OTHOIIEGHHH STO JACT TO NPEHMYILECTBO,
YTO BEJHYHHB N, MOXHO OyneT pacCMaTpPHBATb KaK HENpPEepPHBHO
H3MEHAIOuIHeCs, TAK KAaK H3MeHeHHe O0OJbLIOr0 4HCAA HA eIHHHLY
B CPABHEHHH C ero BeJHYHHOH HCuyesalome maxao. Baaronaps stomy
MOXHO OyaeT Takxe H (GOpPMaJbHO UETOHHCJIEHHYIO QyHKUHIO, dax-
tTopuaa NI, 3aMeHUTb HeKOTOPOH HenpepuBHON pynkuuest N. Hadtnem
CHA4aza C 9TOH UeJbIO BBIpaXKeHHe AJs Jorapudma daxropuana N:

n=N
InN =2

n=1

N
Inn= Y Inn-An.
i

B cymme, cTosimelt HanpaBO, 4JeHH C MEHbIUHMH 3HAYEHHSMH 1
HTPajoT TOJNbKO TNOAYHHEHHYIO POJb, B uYJeHax xe ¢ OOJbIIHMH
3HAYEHHSIMH 7 MOXHO 3aMEHHTb An uepe3 dn. MH MOJy4YHM TOrpa:

N
1nN!==/1nn~a’n+...,

N
N =N+ ...

TouxH, cTostmMe nocje 3Haka -}~ CNpaea, YKa3sHBAT HA HEGOJb-
IO mnonpaBOYHEIA uYseH. Mul MOXeM COOTBETCTBEHHO C 9THM
HanUCaThb:

N = (Ne-)N FN), (382)

rpe mopsinOx BenHuHHH f(N) BO BCAKOM Cay4ae MeHblue, HeM nJs
cTosweft Blepean ee cTeneHH. M OrpaHHYHMCH BBIYHCJICHHEM
f(N) ana lim N= oo. Bo3sbMeM ¢ 9TOH ueabio 6eCKOHe4HOe MpPOH3-

BEIACHHUEC:
sinx=x~(l—-%)(1—}—%)(1—%)(1—]—%)... (383)
Ias x:%:
(s R
HJIH

10 ypasuenue (Baanmca) mb mamumeM B Tako# ¢opme:
2.2 4.4 6.6 2N:2N w

lim =2

N 13735757 " TN @ENF1I) (384)




MHOXECTBO OJHHAKOBBIX CHCTEM, CYMMA COCTOSIHHA. BHIPOXAEHHBIE CHCTEMBI 181

HJAU _
. 2.4.6. . 2N 1 -
lim , ; = R
New 130 - QN=1) yYoNi1i
HJAH .
lim 24600 2N -ON)2 1 __1/
Neo 1:2:3:4.- 2N VZN ’

HJH, HaKOHEL, Kopoue:

D CARY7 i S S
dm =

Taxkum ofpa3oM noc/ie NOJACTAHOBKH H3 ypaBHeHml (382):
?N N 2N 2 e 2N 1
Jm 2 () PO () rom =V

H nocJe YNpOIICHHS:

2Ny 1 —
Nhn:of(QN) V=V

3to dyHKUHOHANbHOE YpaBHEHHe YAOBAETBODPSETCS CJAeAYyIOLHM Bl

paxenueM f(N):
f(N)::a-Nﬂ, (385)
TaK KaK NOCJAejHee AaeT:

dzNZB . 1 o V“?
«(2N)? VN

H OTClOxa
. 1
C(=V2‘lr, B=7.

Taxum o6pa3oM corsiacHo ypaBHeHnm (385):

fN)=V'2=N
K COrjacHo ypaBHeHHIO (382):
N N
N!:(M) V2N (386)

drto ectb popmysa Crupaunra, B KOTOPOH MH npeHe6persim MHO-
KuTeaeM, obpam@aomumMcs B exuHuny npu N=co. [Ipeo6pasyem
¢ nomoubio 3TO# ¢Qopmyasl Boipaxenue (381) crardcTHYECKOTO
Beca  HEKOTOPOro MAakpOCOCTOSIHHS, 3a1aHHOTO YHcaAaMu N, Nj,
N,, ... Mol noayuum:

NN

(e)

HNONON

Mu npeHe6GperaH 31eChb MHOXHTENSIMH, HE HTPAIOLMIAMH 3HAYUTENb-
HOM POJIH BC/IEJCTBHE MaJoro NMOPSAKA UX BeJHYHHBL
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Ioncrasnas BoipaxeHHe nokasareas N u3 ypasueHus (379), no-

AYUYHUM: N N
NN A\ M
G::(N—O) -(N-]) -(ﬁ) (387)
3TO BbipaXeHHe ygo6HO HamucaTb B Takoi dopwme:
n==00
InG=—N- }_]Ow,,m W, ({388)
ecau yepes
wn=% /389)

0603HaYUTb T4K HA3bBA€MOE YHCJAO pacmpeleseHus, T. €. OTKOCH-
TeJbHOE HYHCJAO 3JeMEHTADHLIX CHCTeM, ob6nagamomux opu Aartiom
MaKpOCOCTOSIHMM CHCTeMH 3Hepruell e, Uucsia pacnpepenenus w,,
cornacHo ypaBHeHusM (379) u (380), ya0BIeTBOPSIOT YCAOBHSIM:

; wn: 1 \390)

[ee] E _
}_0] W, = p=¢, 1391)
rae ¢ 0003HaYaeT CPeqHIOI0 SHEPruio dJeMeHTapHOH CHCTeMH.

§ 124. PasauuHnie MaKkpOCOCTOSIHHS, BO3MOXHEIE IIPH HEKOTOPOM
onpejenceHHOM 3HayeHHH £ 3HepruMm CHCTeMH, GYAyT HMETb CaMhbie
pasiuuHble cTaTHCcTHyeCkue Beca U, cpeju HUX BCTPETHUTCS OXHO,
KOTOpOMY OyaeT oTBeyaTh HamGoJbmu#A craTHCTHYeckul Bec. Onpe-
JleieBue 3TOro MAakpOCOCTOsHUS mpepcTaBaseT CoGOH NPOCTYIo 3a-
Jayy BapHaUHMOHHOro ucuncienus. [lposapbupyem, npu noCTOSHHHX N
H E, BCe BO3MOXHHIE KOMOMHAUMH YHCeNX pacnpelleieHHs M Haiaem
pacnpegenenne, aas xotoporo 3G obpamaercs B Hyab. Mul noay-
yuM U3 ypaBHeHHs (388):

D Inwiw,4- dw, =0, (392)

npuuem, corJacHo ypasHenuam (390) # (391), 33ech HMEIOT MECTO
caeAyIOIUHE YCJAOBHSA:

Dd¥w,=0 un X edw,=0.
[Npumenss cnoco6 wuckawuenus Jlarpanxa (I, § 97), Mbl noayuyum:
Inw, 4 A4f-pe, =0
w,—=oe *n (393)

B KauecTBe pacnpefesieHHsi, KOTOPOMY OTBeyaeT HauboablIHH CTa-
THCTHYecKui Bec. O6e mOCTOAHHHIE ¢ M P HOJOXHUTENbHH, — liep-
Basg BCJeACTBHE TOro, YTO W@, NOJOXHTENbHO, BTOpas Xe BCIeX-
CTBHE TOrO, 410 W, NPH BO3PaCTAHHHM &, He MOXET CHesaTbcd

HJIH
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6eckoHeyHO 60.bMHM. 3HaUYeHHA & H P MOJAYYAIOTCS U3 YPaBHEHHH
(390) u (391). [Ipexne Bcero u3 ypaBHenus (390) BHITeKaeT, uToO

1 —

_,—:.Z e p'n,

a
Clej0BaTeAbHO, no ypaBHeHuio (393):

e P
= (394)

3HaueHHe § MOXHO TOrJa BBIYHC/AHTb W3 ypaBHeHus (391):

e e P _
___% —e=E (395)
2 e

N
OTHOCHTeNbHO 3 9TO ypaBHeHHe, NpaBJa, TPAHCUEHACHTHO.
[MTosaToMy uwacTOo yao6Hee paccmMaTpuBaTb B KauecTBe He3aBHCH-
MOro napamerpa He £, a §. :
3HayeHde MakCuMyMa (U MOXHO NOJYYHTb, NOACTaBAsIS B YypaB-
HeHune (388) Boipaxenne w, H3 ypaBueHus (393):

InG=—NYw,(Ina—BFe,)=—N(na—pe)=
=Nln 3 e ¥ J-BE. (396)

Mpexnae, yeM OGPATHTLCA K PACKPHITHIO (HU3MUECKOrO CMuICAA
Ha# JeHHOro pacnpenefenus sHepruu (393), mo3nakoMuMcs eme Ko-
POTKO C CaMHM XapakTepoM MakcuMyma In G, COOTBETCTBYIOMIEro
3TOMYy pacnpeiefiieHyio. BHUHCIMM C 3TOH Heablo u3MeHeHue 3Ha-
vyeHus (388) InG nas MajHX KOHeyHHIX BapHauuit A yucen pacmpe-
JeJeHHs W, T. €.

Aln G= —N X (w,}+Aw,) In (w, +Aw,) N X w,Inw,.
Tax kak Temeps:
2
In(w, 4w )= Inw, 2o 1 (“”’) :

W, 2\ w,

ecaH npeHeSpeub u/ieHAMH BBHICLIEro mopsiika MajaoCTH, TO AJS OT-
KJAOHEeHHsT CTATHCTHYECKOro BecCa OT ero MaxCUMaJbHOro 3HauyeHHf
MBl [OJyvaeM Cjledyioluee BblpaxeHHe:

N Aw,?
AlnG=—7 n

2 w,

(397)

KOTOpoOe, AeficTBUTENbHO, BCeria OTpHuateAsHo. Mul BuauM, Kpome
TOro, 4TO yXe NPH MaJbX Aw, OTK/JAOHeHHE MOXKET JOCTHUraTh OYEHb
60/MbIIMX 3HAYCHHH, @ MMEHHO BCAKHH pas, Korja nOPAROK BEJH-

1 L.
YHHB AW, NPeBOCXOIUT MOPALOK T/—T\? Otcioga caexyer a fortiori,

YTO AN KOHEYHH X 3HaueHHH Aw, n3meHeHue In G GyaeT OueHb BeNHKO,
HJIH 4YTO MAKCHMYM CTATHCTHYECKOrO PABHOBECHS — OueHb OTYET/IHBO
BhIDAXEHHBIH M KPYTO#, H C/AEI0BaTENbHO, COOTBETCTByIOllee emy
pacnpefeneHHe HEPrHH OCOGEHHO Pe3KO OT/IHYAeTcss OT OCTalbHHX.

§ 125. Uro6ul BOCHO0/b30BAaTHCA BHIYUC/AEHHEIM BHILIE CTATHCTHYE-
CkuM Becom G HeXOTOPOrQo 3aZaHHOrO MIKPOCOCTONHMS HAEH CcH-
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CTEMH /s onpeneseHuss SHTPOMHH 3TOTO COCTOSHHA, MH JOJIKHBE
6yaeM YAOBJETBOPHUTb €IE€ OZHOMY CYIUeCTBEHHOMY YCJOBHIO.
HimeHnHO, MH JO/MKHUH 6yaeM OCBOGOXHTLCH OT chenaHHoro B § 122
NPeANOJNOKEHUT, YTO 3A2MEHTAPHLIE CHCTEMBI, H3 KOTOPHIX COCTOHUT
Hadla CHCTEMA, NOJHOCTHIO H3OJHPOBAHH Ipyr OT Apyra. B camom
Jene, U3 paccyxJeHu#l, NPOBeJeHHHX B NMpeiHAyluel riaase, BHTe-
KaeT, 4TO CTAaTHCTHYECKOE€ HCTOJKOBAaHHE BTOPOro Hauajia HMeeT
CMHICA TOJbKO TOTJ4, KOrAa pasiuyHbleé MHKPOCOCTOSIHHS C Teye-
HHEeM BpeMeHH MOryT CMEHATb APYyr Apyra. EciH ke Bce aJeMeH-
TapHBIE CHCTEMH COBepLIEHHO H30JHPOBAaHH JAPYr OT Apyra, TO
Kaxjast 3 HKX GyIeT cOXPaHATb CBOIO SHEPrHi0 COBEPUIEHHO HeH3-
MEHHON, H NO3TOMY KakQe-HHOYAb ONHAMAB yCTaHOBHBlIEECS CO-
cTosiHHE OyAeT NpPOXO/KATh CylLIecTBOBAaTb BCe BpeMmsa. UrTo6H H3-
6exaTh TAKOro NoJoxeHus BeweH, Mul 6yAeM BHHYXIECHH RONYCTHTDb
XOT 6H MHHHMAJbHHA M COBEPHIEHHO HeYyNopsIOYHeHHHA o6MeH
sHepruell MeXny sJeMeHTAPHHIMH CHCTEMaMU HJH, KaK TOBOPAT B
TeXHHKe, JONYCTHTb HAJIMYHE MeXAy HHMH OueHb Cia6oH cBs3M; 3Ta
CBSI3b JOJIXKHA CAYXHUTb HCKJOYHTE/ALHO LIS TOrO, YTOOH TYT H TaM,
NyCcTb jaxe KAk YrogHO DeXKO, T4 HJH HHAf 3/eMeHTapHAas CHCTEeMA
MOI/1a H3MeHATb CBOe COCTOsiHHe. Baaromapst sTuM B3auMojgefcTBHAM
OTHE@MNbHbIX HJIEMEHTAPHHX CHCTEeM pasiHyHHe MUKDPOCOCTOSHUS BCeR
CHcTeMH OyJAYT CMEHfITb APYr IpYyra, ¥ Tak KaKk BCé OHH BCTpeua-
IOTCA OJHHAKOBO 4acTO, TO Halue Bcero GyxeT HACTYynaTb HMEHHO
TO MaKpPOCOCTOSIHHE, KOTOPOMY COOTBETCTBYeT HauboJblilee HHCIO
MHKPOCOCTOSIHHH, T. €. HAuboablIMH CTATHCTHUECKHH Bec. DTO CO-
CTOSSHHe H nNpejcTaBJjser cO60I0 COCTOSHHE TepPMOAHHAMHYECKOrQ
paBHOBeCHS, HJH COCTOfIHHe MaKCHMalbHO# SHTponuu. Baaronaps
TOMY, 4TO MAKCHMYM sIBASIETCH OUeHb KPYTHM (CM. KOoHeW § 124), d.nok-
Tyauuu BOKPYT Hero 6yayT kpafiHe He3HauMTeJbHH; NPH AOCTATOYHO
6oabmioM N HMA MOXHO COBepHIEHHO npeHeGpeub. Camoe 3HauHeHHE
MaKkCHMyMa SHTPONMH HaHzercs u3 ypaBHeHu#t (372) u (396):

S=NklIn X e *n | Q&E. (398)

Hafifennoe HaMM BHpaXXeHHe SHTPONHH I[IO3BOJAET ONpeAeNHTb
TakkKe H TeMnepaTypy CHCTEMH.

B uHTepecax HArAsZHOCTH MH MOXeM NpejCcTaBiATbh cebe CBA3b
MeXJy S/JeMEHTAPHHIMH CHCTeMaMu pea/ii30BaHHON XOTs OW Tak,
4TO BCe 3TH CHCTEMH NOTPYXEHH B OOl Y0 BakHY C TeMnepartypoi,
paBHO} TemnepaType Bcedl cuctemun. B KauecrBe Takod BaHHH MO-
AKEeT CJYXHTb, HANpHMEp, CHJAbHO paspexeHHm ras. [Tomemas Hamu
CHCTEMH B Takyl0o BaHHY, MBI JOJKHbL, KOHEYHO, NO03a60THTbCH
O TOM, H49TOGBl MNPEANOJOXEHHS, NPH KOTOPHX OHJIM NOJY4YeHH
pesynbTaTH NpeiHiymero naparpada, He O6ui¥ 3THM CKOJbKO-HH-
6yib 3aMeTHO HapyweHH. Heno B ToM, uro sHeprus E cucremH
31ecb, NeRCTBHTRABHO, yXKe He 6yXeT 0cCTaBaTbCsl CTPOro MOCTOSH-
HOM, TaKk KaK 4acTb ee MOXeT OTAaBaTbCs TenJoBol BaHHe. Bnpo-
yem, OTHOCHTEJbHEIE q:)mox'ryaunn SHEPI‘I/IH B rase ¢ ouesb 60Jb-
MMM YHCAOM MOJeHl, kaK MOKasHBalOT BHYHCJAEHHS, NpOxeNaHHHe
HamMu B § 120, kpaline matn. MoxHO nostomy cuurath, 4TO ypaB-
Herus (395) u (398), onpeleasiomue SHTPONHIO KaK QYHKUHIO SHEp-
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FHH B COCTOSSHHH TEePMOIMHAMHYECKOrO PaBHOBECHS, CNPaBeAHBH
¢ 601bIHOA CTeNneHbiI0 TOYHOCTH.

Yro kacaercs OCTaJbHOTO, TO BAXHO 3aMeTHTb, YTO HH BHGOD
BeIecTBa, HH 0OpOYHE CBOHCTBA nNpHMEHseM2# HaMH TenJioBO}
BaHHE He MOTYT OKa3hBATb BJWSAHHS HAa XapakTep TepMOZMHAMHYe-
CKOTO paBHOBeCHs Hame# cucrembl. B camom pefle, ecau ABe BaHHH
HMEeI0T OJIHHAKOBYIO TeMmepaTypy, To, corjiacHo § 3, Teio, Haxonxs-
weecs B TeNJOBOM PABHOBECHH C OXHOH H3 STHX BaHH, O6yaeT
B DaBHOBECHH TaKxe H C Apyroit. Mn MoxeM, TakuM ob6pasoM,
rOBOpUTb K 06 SHTPONHH H O TeMmMnepatype paccMaTrpuBaeMoit
CACTEME], BHe BCAKOH 3aBUCHMOCTH OT XAaKOW-1u00 BAHHH, YTO H
HaXOLUT CBOe BhlpaxeHHe B ypaBHeHuH (398).

Temneparypa 7 cHCTeMBl, a BMeCTe C Helf M TeMmepaTypa BCH-
KOf Haxojswe#dcs B TENVIOBOM DAaBHOBECHH C CHCTeMO# BaHHH, moO-
Jyuaercss M3 3HTPONHH S, COraacHo obmeMy TepMOJHHAMHYECKOMY
coordoutennio (106), ces3piBaiomeMy 3HTPONHIO S U 3sHEpPrHi0 £
(o603raueHny0 TaM uyepe3 UJ) 3aMKHYTOH cuCTeMHI:

1 as

T=2F" (398a)
Beuay TOro, 4To S MOXHO BHPasHThb SBHO TOJbKO 4Yepes napa-
MmeTp B, uepe3 sHepruio xe E aTOro caenarb Heslb3sl, MH nepelu-
leM npepHayuee COOTHOUIEHHE B Takoil dopme:

1_ds dE
T di "d3’
Yucaureab sToft Apobu onpepeasercs u3 ypasHeHnus (398), 3name-
HaTelb— u3 ypaBHeHHs (395). Buiuucnenus gamwor:

=k, (399)

Mexny napamerpom B u Temnepatypoit T obHapyxuBaeTcd, TakuUM
06pa3oM, camasi TecHas cBA3b. ¥ pasHeuns (395) u (398) Gaaropaps
3TOMY HepexoAfT B CJAEAYIOIHE:

W
- e
E=N3=N--z———~7n (400)

X

€

E n
S=F+Nkln ¥ e *, (401)

) CpaBHEHHe C OOGIUMMH TEPMOAUHAMHUYECKHMH COOTHOLIEHHUSAMH
(112) u (126) naér BupaxeHnue g1s XapakTepHCTHYECKOR (QYHKLUH CH-
CTeMHI:

=Ny (402)

¥=NkInYe
H A8 CBOOOXHOH 3HEPrHu:

F=—NeTln 3 ¢ *, (403)
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Mbl BHauM, 4TO Bce 3T (yHKuUuH, a BMecTe C TEM H BCe Tep-
MOJZHHAMHUYECKOe mnoBeJeHue paCCManHBaeMOﬁ CUCTEMH®I, OHDEILEJIH-
0TCA, B OCHOBHOM, BeJHYHHOK CYMMH:

2(*:1 (404)

KOTOPYIO HAa3BIBAIOT NO3TOMY ,CyMMOR COCTOSIHHA® 3anemMeHTapHON
CHCTEMH.

Hanumwewm 3pech eme obmue coornolenus (114) u (128a), koro-
pHe HaM NOHAaxOGATCS HECKONbKO no3jHee:

av
E=T%s (405)

dF dav
= —viT (406)

OTH COOTHOWEHHs] JIerKo NPOBEPHTb, NOJAb3YfACb NPHBEIEHHLIMH
BHIIlIE BHPaMEHUAMH.

§ 126. [TosuakomuMCs Tenepp HecKOJbKO Gamxe ¢ GH3HICCKUMHU
CBOHCTBAMH HalNE@HHOrO HAMH TepMHYECKH-CTaTHCTHYECKOTOo pac-
npenenenus. Uucsno pacnpeneneunsi, cOOTBETCTBYolee onpexeseH-
HOM 9HEPTHH €, 5JeMEHTAPHOH! CHCTEMH, COTJAacHO ypaBHenHsM (394)
1 (399), paBsno: .

n
, S
S (407)
*n
2T '
OHo npexncrasaser co60ff MaTeMaTHYECKYIO BEPOATHOCTb TOTO, 4TO
3Heprus KakoH-HuOyZAb, B3ATOH HayAady, 3JeMEHTapHOR CHCTEMH
okaxercs paBHOH e,. M3 Bbipawenns (407) BumHO, YTO HauGoJjee
4yacTO JOJKHA BCTPeuaTbCs HAUMEHbLIAs sHeprus s,. 3a He# cJae-
AYIOT, ¢ mocTeneHHo yOmuBalomefi yacTorofl, Bce 60/bilne 3HAYRHUS
SHepTHHU: &), €5, . . .«

UnucaaMm pacnpexe’eHus MOXHO, OXHAKO, MPKAATb H COBEPUIEHHO
HHOA cMHCA. Bce asemMeHTapHHE CHCTEMH, KaK MB NPHHAMH BhilIe,
BO BCeX OTHOHWIEHHSIX COBepuleHHO oOjuHakoBH. C TeuyeHueM Bpe-
MEHH BCE OHHM HCHHITHBAKT MO3TOMY OXHH U Te XK€ H3MEHeHHsS Co-
CTOSIHHS. DTUMHM H3MEHEHHIMH B UEe/JOM U OOYCJAOB/IHBAIOTCS pas-
JMYHBE MHKPOCOCTOsIHUA Bcel cucremMH. Ecau nostoMy MH Oynem
paccMaTpHBaTh H3MEHEHHs,, HCNHTHBaeMHE ¢ TeyeHHEeM BPEMEHH
OIZHOH onpepe/neHHON 3n1eMEHTapHON CHCTEMOH, TO YHCJAO W,, Onpe-
neasemoe ypaBHeHHeM (407), 6yzeT OXHOBPEMEHHO BePOATHOCTLIO
TOro, YTO 3Ta CHCTEMa B KAKOA-HUOYAb NPOH3BOALHO BHOPaHHLIA
MOMEHT BPEMeHH HMEeT 3HEepruio €,. DTH H3MEHEHHs — pe3yabTaT
BO3JEHCTBHA CO CTOPOHH TemJOBOA BaHHH, Tak Kak MOCAeRHss
fIBJAAETCH, OUEBHIHO, €HHCTBEHHHM TE/JA0M, BAHAIOIUMM HA RAHHYIO
8N1eMEHTAPHYIO CHCTEMY.

Mu Bugum, TakuM o6pa3om, UTo 9Heprus OoOTXeJbHOH, Co-
BEPWEHHO H3QNMPOBAHHONK CcuCTeMH, MOMEIIEHHOH

W, ==
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B TENJOBYK BaHHYy Cc TeMnepatypo#t 7, ucnuTHBaer
COBepmIeHHO onpeneJeHHHe @QAWOKTYaluH, BHpa-
KaeMune ypaBHeHuewm (407). DTk QIOKTYyauHH 3aBUCAT TONBKO
OT TeMnepaTypn BaHHH, HO He OT NPHUPOILH H NPOYHX CBOACTB ee.
Tak xak cpexnsis sHeprus e BoOGlle 3aMeTHO OT/AHYAETCS OT HaH-
6oJsee 4aCTO BCTPEYAOINEroCs 3HAYEHHS &, TO Pa3sHOCTb MEXAIY
KakUM~1u60 3HAYEHHEM BJHEPrud e, U CpejgHeR sHeprued e, Kak
npasujo, 6yneT OYeHb 3aMETHOH, NMOJOXHTENbHOA HJAK OTPHUATENb-
HOH Be/HYHHOR.

B3aTth B xayecTse KONMYECTBEHHOA MepH A5 3THX OTKJIOHEHHH
OT CpexHero 3HayeHud, HA3HBAEMHX TAKXKEe KHCNEepCued uam pac-

cesiHHeM, NPOCTO CpefHee 3HayeHue Pa3sHOCTH &,—e He/b3s, NOTOMY
4TO 3Ta NOC/JejHAS BeJHYHHA pPaBHA HYyJal0. B KauecTBe Mepm pac-
cesHHs BMNOJHe NPUrOJHO, OXHAKO, CpEAHEe 3HaueHnHe KBajpara
aToh pasnoctu: (e,—e)’, Tak HazWBaeMuit ,cpexHu# KBaxpar ¢.oK-
Tyanuu (kone6anus)“. Ecin oH Maja, TO BCe CKOJAbKO-HHOYAb 3a-
METHHEe OTKJOHEHHs OT CpexHero 3HaueHHsa OYAYT OYeHb PEeRKH
Yrobw cpenath BeaHYHHY CpejxHero KpajpaTa koseGaHHs He3aBH-
CHMOA OT BHOGDAHHON CHCTeMH eXHHHIl, MH 06pasyeM ,OTHOCHTENb-
HHE“ KBagpar QaoKTyanuu:

(e —¢)?
A=len—ef (408)
)

YrcanTenb 9TOro BHPAXEHHsS €CTb:
(e, —eff=c2—2e2-(5)* =T — (&)™

CaeoBaTeqabHO:

3
(o)
B To Bpems kak CpexHsis SHeprus € NoJAy4aeTcs, COTMACHO ypaBHe-

Huo (400), HemocpexncTBeHHO u3 MNOJHOK sHeprud E,— cpexHufd
KBajpaT dHepruu:

A— 1. (409)

o sze"‘k_;‘
=2 Gu,=""—— (410)

n
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MH nosay4uM H3 ypaBHeHus (400), nudepeHuupys €ro no Temmepa-
type. [Tocne gudepeHuUpOBaHUS H YNPOIUEHHS NOJAyyaewm;

dE N(= t
—d-T = k—ﬁ(sz— (5)2).
TaxuM 06pa3oM, MH noJaydaeM u3 ypasHenus (409):

kTr de d (1
A=W.d_f=—__k7‘2ﬁ(g—). (411)
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DTo ypaBHeHHe NO3BOJAsSET HENOCPEACTBEHHO YKa3aTb BeJHUHHY
OTHOCHTE/NBHOrO KBazpaTa (JIOKTyauuH, NOTOMY 4YTG 3aBHCHMOCTD

cpenHell sHEPruu & OT TeMneparypw 7 MOXKHO TaKke NOJAYYHTb H3
ypaBHeHus: (400). Bce atu Bhuuc/ieHus Tpe6yIOT, KOHEYHO, YTOOH
HaM GHIK M3BeCTHB! CaMu 3HaYeHHUs"IHEPrHH e, SNEMEHTAPHOA Cu-
CTeMH, OTHOCHTE/bHO KOTOPHX MHE €lie He CAeJalu HUKAKHX Npep-
NOJOXEeHHH.

B kauecTBe sapkoro npuvepa /oKTyauu# sHepruu y oTne bHOH
3/]eMeHTapHOfl CHCTEMH B TellJOBOR BaHHE MOXHO NpPHBECTH JBH-
JXeHHe B3BeHIEHHON B XHAKOCTH Meabuadumiefl NMHJAMHKHK, TAK HAa3H-
BdeMoe 6pPOYHOBCKOE MOJEKYJ/AAPpHOE JBHXKEHHE KOTO-
poe NmpouCXOAUT TEM OXHUBJAEHHEe, YeM MeHbale yacTuuka. [locnep-
Hee o6bsAcHRETCS TeM, 4To Q/IIOKTyanus CKOPOCTH ABHXKYIueics maTe-
PHaJIbHOM uYacTHUH, NPH ONPEAEJEHHOH BeJKUnHe (IAIOKTYalluu SHep-
rud, TeM 6o/bHie, yeM MEHbLIE Macca YaCTHUH.

§ 127. Jo cux nop MW Npexnoiaraid, 4YTO KaXIOMy BO3-
MOXHOMY 3HAQ4YeHHIO SHEPruu 5JeMEHTApHOH CHCTEMH e, COOTBET-
CTBYET COBEpHIEHHO Ompene/IeHHOE MHKDOCOCTOSIHHE BCEH CHCTEMH.
Ho Tak pgeno O6GCTOHT TOJALKO y OCOGEHHO NPOCTO NOCTPOEHHHX
. cucreM. Boo6ue xe cJexyer paccMarpuBaTb H TOT Ccayyai, —
B OCOGEHHOCTH, €CJAH 3JeMEeHTapHas cucTeMma ob6./axaerT G0/bIIHM YH-
CJoM cTeneHedl cBOGOAH, — KOTAa KaXNOH BO3MOXHO! SHEPrHU H e,
COOTBETCTBYIOT HECKOJAbKO, WJIH Ja}Xe MHOro, Pa3iH4YHHX MHKpPO-
COCTOAHHA CHCTEMH. B mMoio6HOM c/lyyae 3/M€MEHTAPHYI0 CHCTEMY
Ha3HBAOT ,BHpPOxAeHHOK*. CnpamuBaeTcs, KAaKUM 06pa3oM MOXHO
0606WHTL IpexHHE NPEenJoKeHHs, CrpaBejauBHe JJs COBOKYMN-
HOCTH COBEpUICHHO OJHMHAKOBHIX 3JEMEHTAPHHX CHCTEM, €CIH NOo-
c/AefHHe Tenepb B 60/ibiIed WM MeHbuied CTEeneHH BHPOXIEHH.
Mu nosyuyum OTBET Ha 3TOT BONPOC, €CAH BOCMOJb3YeMCs OXHHUM
NPOCTHM NpexelbHHM nepexojoM. VIMEHHO, Tak kak MH JO CHX
nop He feJa/H¥ HHKAKOTO MPexno/IONEHHS OTHOCHTENbHO BEMTHUHHH
aHepruft e, TO HAM HHMYTO HEe MeuwaeT NPUHATbH — NePBOHAYANBHO
HeBHPOXKAECHHHE — 3/JeMEHTApHHE CHCTEMH TAaKHMH, YTO BO3MOXHHIE
3HEPruu MX CKOMJATCS FPYNOaMH B HENOCpPeICTBEHHOH G6/M30CTH
OT HEKOTOPHX ONpeleJEHHHX 3HauyeHH#H. B BHpaxenuu CyMMH Bce
Y/JeHH, MpHEAANENKAIUHEe K OXHOH TaKOH rpynne, MH MOxeM 6e3
3ameTHO# omiu6KH COCXMHUTb B ONHUH U/EH:

®n

g. kT ,

npuyeMm &, 0603HaYaeT 3xeCb dHEPrHI0 B MECTe CKOIIEHHs 3Haue-
HU#t, a g,—4UC/I0 06pasywmux rpynny Mukpococrosuust. Cymma
COCTOSIHHIA NpHMET TOrxa CAexyolui BuUI:

*n
Z=2 ge *, (412)

a xapaxkrtepuctHueckas ¢yakuus W, cornacHo ypasHenuio (402),
npumeT BHI;

¥ =NkInZ=NJ, (413)
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Haaee sneprus cuctemn £, coriacHo ypasHenuio (405), Bmpa-
3HTCA CAERYIOIUM 06pa3oM:

E=N.2_:§£%L_"I N-e (414)

Ecau tenepb 3Hauenns SHepru, 3sakjaoyamoluyuecs B npegesaax
Kax ol oTAeabHONA rpynnH, 6YxyT COMMXATLCA BCE TECHEE H TecHee,
TO JaHHAsg CHCTeMa mepefiner, B KOHUE KOHUOB, B BHIPOXACHHYIO;
KaXJOMYy BO3MOXHOMY 3HAYEHHIO 3HEpPruu &, 6yHXeT COOTBETCTBO-
BaTh g, MUKPOCOCTOSIHHA. DTO YHCJO g, HA3HBAIOT CTAaTHCTHYECKUM
BECOM 3HAYEHHS SHEPrHH e, UM XKe CTeneHbio Bupoxaenud. Ecau
BBECTH B CYMMY COCTOSIHHA CTaTHCTHHECKHe Beca g,, TO BCE mpex-
HHE NpejJoXKeHnss 6yAyT CnpaBexiuBH H [Ad COBOKYNHOCTK BH-
POXAEHHHX 3JEMEHTAPHHX CHCTEM.

CrenanHoe o6061eHne BJAeUeT 34 CO60I0 OXHO OYeHb Ba)XXHOE
caepcreue. O6paruMcd CHOBAa K pPacCMOTPEHHIO OTHE/AbHOH aJeMeH-
TapHO# CHCTEeMH, NOMEIleHHOH B BaHHY C TeMneparypoit 7; paccMmoT-
puM (AIOKTYyauud SHEPrud STOH CHCTeMH. IDTH (JIOKTyaludH, Co-
rnacHo ypasuaeHgwo (407), 6yAyT BHPaXKaTbCs UHC/AOM pacnpepeseHud:

e
Zgrze—ﬁ

[Toka g, 6610 paBHO exXMHHIE, MH XOJKHH OblAH 3aKMIOYUTb, YTO
HauMeHbluee 3HaueHHe SHEPrHH e, BCTPeyaeTcs yaule Bcero. Tenepb
ke nesqo O6CTOMT Hliaue, TaK KakK, ec/AH a/jeMeHTapHad CUCTeMa BH-
pOXJEeHA, eCNH, Hanpumep, oHa ob6jaajgaeT G6OJbLIHM YHCAOM CTe-
nededi ¢BO60OAH, COCTOA XOTH 6K M3 GOJLLIOr0 4YHCAA OCUMAAATO-
pOB, TO CTATHCTHYECKHHA BeC g, 6YxeT CH/ILHO BO3pACTaTb BMECTE
C MOPAXKOBHM HHUC/JAOM M; 3TO CB43aHO ¢ TeM, yTo O6OJbLIAA 3HEp-
rHd e, MOXET pacnpenendtbCci Mexay CTeneHsMH CBOGOAH 6osee
pasHoo6pa3unMu Cnoco6aMu, 4em MeHbwad. [loaToMy YHCIHTENb
apobHoro smpaxenus (415) ¢ BospacTanueM 7 cHaua/la 6yner yBe-
JAHYHUBATLCH, HTOOH MNOTOM—MNpaBjga, Mo3jHee MNpH ROCTATOYHO
60JbIIMX &, — YMEHBIWKTHCA, BCISACTBHE HANHYHs IKCIOHEHIKATbHOH
(GyHKUMH, 1O HCye3awwe ManHx 3pauenpud, CnemosaTenbHo, MakK-
CHMYM w,, OTBeyalollHi SHepruu, BcTpeyapwefica Hanboaee HacTo,
GYHeT nexaTb yKe He NpH &, HO OyNeT CABHHYT MO HanpaB/EHHIO
K e, T. €. KOJEO6AHHA BHEPrHK B 9TOM CJydae OyxyT MeHbuIE, HE€M
B CNy4yae HEBHIPOXIEHHOH CHCTEMH,

Koanuectsennoft Mepo#t nucnepcuu sBafeTCs OTHOCHTEIbHHIHA
KBaapaT (QAoKTyauuu; 3HAYEHHE €ero AJA BHPOXIECHHON CHCTEMK
Raercd TeM xe ypasHenuem (411), B yeM snerxo yGenuTbCa Aude-
penuupys ypasuenue (414) no 7. UYem Beime 6yner CTeneHb BH-
poxaenud, T.€., yeM 60JbHIUM yucaoM cTeneHefl cso6oan 06.1axaeT
Kaxpas s/MeMedTapHas CHcTeMma, TeM GoJabmie Oyner, npu onapere-

JeHHO# Temneparype 7 TenJoBoH BaHHH, CpexHAs SHeprug ¢
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CUCTeMH. DTO NPOUCXOAMT MPOCTO MOTOMY, UTO dHepruf 60bHIOro
yutJa OCHUAATOPOB BO3PACTaeT BMECTe C X YHCAOM X0 6ecKOHey-
HocTu. CornacHo ypaBuenuio (411), orCiona cAegyer, YTO AN CHABLHO
BHIPOXJEHHON 3/M€MEeHTapHOH CucTeMH 3HaueHue A yCyesaoue MaJjo
HJAH 4YTO YHCAO DacnpexedeHus w, B ypaBHeHnuu (415), paccmarpu-
BaeMoe KaK (yHKUHS e,, HMEET oueHb Y3Ku# H KDYTOA MaKCHMYyM.

ITOT pe3dy/bTAT MOXHO BHPA3HTb €llle H TAK: OTHOCHTEb-
HHEe QANIOKTYalUH SHEPTrUU ¥ 3JEeMEHTapHOH CUCTEMH
CO6O0AbMIHUM YHCHAOM CTeNneHeld CBOOOAH, NOMENU eHHOH
BTENAOBYIO BAaHHY conpejpenenHosl remneparypo# 7,
OYeHb MaJau; Haubo/see BEpPOsATHAH SHEPrus TAaKOH CHCTEMH OUYeHb

6au3xa K cpexHe#f sHepruu e. ATO NO3BOJSAET CKA3aTh, UTO S/EeMEH-
TapHad CHCTema ¢ GOJbLIMM 4YHC/IOM CTeneHelt cBoGoxaw ob6aajpaer

NpH kaxJOA Temnepatype BIOJHE onpepeleHHoOH sHepruelt s, xo-
Topas Jaetcd ypasHenuem (414). CnpaBenanBo, KOHEYHO, H OGpar-
HO@ 3aKJaIOYeHHe, 4TO Takad CHCTeMa NpH BCAKOH sHepruu obaa-
JlaeT BNOJHE onmpefeaeHHOH TemmepaTypoll, Tak 4TO 34KeCb MOXHO
rOBOPHTb, B U3BECTHOM CMHCJe, H O TeMmiepaType OTHeJbHOA 3Je-
MEHTapHOHA CuCTeMH, He CCHJASCH HA TEMOBYK BAaHHY.

Tak kaKk MH He neJand HHKAKKX CNendajbHHX MNPexNnoJa0XeHHH
OTHOCHTE/AbHO CBOHCTB 3JeMEHTAapHOH CHCTEMH, TO HMYTO HE Me-
maeT HaM paccMAaTPHBaTL J1060e, HE CAHUIKOM Majloe, Teao € Co-
BepIIEHHO NPOH3BOJbHHMH MaKPOCKONHYECKHKMH « CBOMCTBAMH KAaK
SJIEMEHTapHYIO CHCTeMy C GO/bUIHM HHCJAOM CcTeneHel cBOGOAH.
910 no3BoJadeT HaM NPHUMEHHTb K TakoMy Teay ypaBHenud (412).
H (413). XKenaa ykasaTh, 4TO MH HMeeM xeJ0 C GOJbUIMM HHCIOM
CTeneHed cBOGOJH, MH ONYCTHM, JHHIHIOKW TeNepb MNONepedHyio
4epTy M 3aMeHuM e depes E, g uepes G u ¢ —uepe3 V. Ykasanumne
YpaBHeHHd NPHMYT TOorxa CJAeAyOIHR BHI:

Eﬂ
Z=XGe ¥, (416)
Ep
Y—kinZ=kln 3 Ge *. (417)

[Mocregnee ypaBnenue naet 3aBucHMocTb QyHkuud ¥ oT remnepa-
Typt T A TemM CaMEM onpexenaserT BCe TePMOAMHAMHYECKOE IO-
BefeHue -cuctemn. OHO COBEpIIEHHO SKBMBAIEHTHO COOTHDIUEHHIO
(372), koropoe onpepenseT SHTPONHIO S CHCTEMH, €CAH 3alaHa
sHepruda E. 3To BUAHO H3 TOro, 4To npu temneparype 7, B3dTON
B KauecTBe He3aBHCHMON nepeMeHHOH, xapaxkTepHcTHYeCKoH GyHK-
uuell apasercd (§ 55) ¥, npu sHeprur xe E (§ 54) — aurponua S..

Mu nonyuuau, ucxoad K3 coorHowenus (372), ypaBuenue (417).
MoxHo, oxHako. 06paTHO, BHBECTH O4YEHb, NPAMHM nyreM U3 (417).
coorHoumenune (372). O6paTuM BHUMaHHE HA TO, 4TO B CyMMe CO-
crosiuuft (416), 6naromaps yskoMy K KDYTOMY MaKCHMYMYy HHCen
pacnpegenenud, 6YAYT COBCEM He3aMETHH Te 4JeHH, A9 KOTOPHX
sHeprud E, CHIbHO YKJIOHAETCA OT HauGojJee BePOATHOrO HJH
cpennero 3Havenuf. Bo Bcex ocraabHHX ujaeHax BMecTo E, MH
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MOXEM [OSTOMY HanmucaTb cpepHee 3HaueHue sHepruu E. Cymma
COCTOdHMA NMpHUMET Torja CJenyiomHuid BuI: '

Sim

Z=Ge— ,

rae G o0603HaUaeT CyMMy CTaTHCTHYECKMX BECOBR Tex CoCTodHul
CHCTEMH, SHEPTHA KOTOPHX JHINb HE3HAYHTEAbHO YKJAOHAeTCH OT £}
poJab HX B CyMME COCTOSHHA NOSTOMY OuYeHb 3ameTHAa. BrpaxeHue
XapakTepucTayecko yHkuuu, coraacHo ypasHeHuio (417), nepeiiner
1enepb B Caepyioliee: :

¥ —kln G—Z,

CpaBHuBad 3TO COOTHOLIEHHE C OGIUMM TEePMOIXMHAMHYECKHM COOT-
HowenueM (112), B KoTtopom sHeprus o6Go3HaueHa uepe3d U, Mu

Moy HHM: S=FkInG. (418)

Mm npuuriu, TakMM o6pagoM, o6paTHO K ypaBHeHHio (372).

HecmoTtps Ha 3TOT pesy./bTaT, 34€Ch HMEeTCsl HaJHUO HeKoTopad
HECOIJaCOBAHHOCTDb, Tpebylomas pasbsacHeHud. DTa HeCorJacOBaH-
HOCTb 3aKJI04aeTCs B TOM, 4TO BesHunHa G B ypaBHeHuu (372)
OTHOCHTCS K COBEPIIEHHO onpexeneHHo#t sHepruum E, Torpa Kak
B (418) G oxBaTHBaeT TaKkXe H T COCTOSHHS, SHEPrHs KOTODHX,
KaK MH SCHO OTMETHJH BHUIe, HECKOJbKO YykJAOHfercd oT E. 3IT10
NpOTHBOPEUHE DPadBACHHTCA TOTHAC XKe, KAK TOJIbKO MH BCIOMHHM,
yTO Npu 06pas3oBaHuK BeanunHn G B ypaBHeHuu (372) sueprua E
CHCT@MH MBICIKHJACH ONpexeqeHHOH TOJbKO B MaKPOCKONMUYECKOM
CMBIC/IE 3TOrO CJO0BA; 3Hau€HHE, ONpexes]eHHOe TAKHM NMyTeM, BCerna
HONYyCKAaeT He3HAYHTENbHHE OTK/JAOHEHHS, AHAJOrHYHO PaCCMOTPEH-
HuM B § 120 maamm dumoxTyanusam sHepruu. Hackoibko 60/bIHMHK
MOXHO H-HYXHO 6paTb STH OTKJOHEHHS SHEPrHH OT MaKpPOCKONHK-
YeCKH 3aJaHHOTO 3HaueHHd FE, 4TOOH OXBATHTb BCEe COCTONHHA, eme
CkasnBaloluecd Ha BeJHYHHe CTaTHcTayeckoro Beca G, onpepe-
JAgeTcd TeM, 4TO nadbHeHmee yBeJHYEHHE HX yxKe He HOMXKHO 3a-
METHO BJMATb Ha 3Hauenue C.

31ech, OJHAKO, HYXKHO HMETb B BHAY CHeAyioluee BaxHoe O06-
CTodTeabCTBO. B BuipameHnuu (417) xapakrepuctuuecko#t dpyunkuuu ¥
CyMMHDOBdHHE PAacnpoCTPaHAETCA Ha BCe 3HaueHud SHepruu £, CH-
creMud —oOT O B geooo. Ho, Kak MH Bujaeqd BHIUIE, B CyMMe CO-
CTOAHHA B AeHCTBUTEJbHOCTH COXPAHAIOTCH TOJABLKO T€ 4WiEHH, A14
KOTOpHX 9HeprHd E, oueHb MaJO OTKJOHAETCA OT CpejHero 3Ha-
yenus E; KpyTH3Ha MaxkcumyMa B MecTe E,=FE pJs onHO# CTOPOHH
(E. < E) o6ycaoBauBaercs nepsuM daxkTopom, T. e. G, xas apyro# cTo-
poHu (E, > E) Bropum daxTopoM — nokasaTeqbHod dynkuue#d. Ho
B Bupaxenuu (372) sHTponuu S 3TOT BTOpoi GakTop OTCYTCTBYET.
[MTosTomy npu o6GpasoBaHuu S ¢ moMombio ypaBueHus (372) MOXHO
He NPHAEMMATb B pacyeT Te MHKDPOCOCTOSIHHSl, SHEPrHs KOTOPHX
npesHIIaeT MaxkPOCKONMHYECKH 3axaHHyo SHeprHio E, Toraa kak
YKJIOHEHHd B OGPAaTHYIO CTOPOHY, BHH3, MOryT OHTb Kak YrOaHO
GoabmuMy. JpyruMmH cioBamMH, cTatucTHueckufr Bec G, xo-
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TOPHH CAefyeT NOACTAaBUTb B ypaBHeHue (372), 4TO6H
onpejlenuTbh 3HayeHue SHTponuu S pU3uuecko# cu-
CTeMH C 3agaHHOH sHeprueld £, NOUYTH B TOUHOCTH
paBeH YUCJAY TeX MUKPOCOCTOAHKHA CHCTEeMH, SHEp-
rud KOTOPHX He mpeBHDIaeT 3HaueHus £,

Ha nepBnit B3ra9y MOXeT noka3aTbcd CTPAHHHM, YTO 3HadeHue
G 3aBuCHT, B OCHOBHOM, TOABKO OT Tex COCTOSIHHH, SBeprus KOTO-
pHX JeXHT B6AU3K HauGoJubuie# sHepruu £, xord nad o6pasoBa-
Hud £ m GepyTcs BCe MHKDOCOCTOSHHA C NPOH3BOJbHO MAaJHMHU
SHEPTHAMH, H 4YTO YHCJAO MHKDOCOCTOHHHH, SHEPrud KOTOPHX 3a-
MeTHO MeHbmie E, kak oka3suiBaeTcd, He uHrpaeT HHKakKoH poau
B CPaBHEHHH C YHMCJOM TeX, SHepruf KOTOpPHX O6auska k E. [eh-
CTBHTEJAbHO, CHAYANa MOXHO 6HJIO OBl AYyMaTb, 4TO MaJOMY YBeJH-
yenuo SHepruu AE <€.F MOXeT COOTBETCTBOBATb TAKXKE TOJbKO
Majoe ypeauuenne AG <€ G uucaa Bcex BO3MOXHHX Mexay O u E
Mukpococtoguufi. UTo S5TO He Tak, MOXHO NOKa3aTb HA OJHOM
npocrom npumepe. [lycts G=Ef; torxa -npu 3agaunom AE <K E,
x0oTsi 6H AE u 6GHJIO O4eHb Maslo0, yuc/ao f BCerla MOXHO BHIOpaTh
HACTO/bKO GOJAbUIHM, YTO:

AG = (E +AEY—F/ > G.

CoBeplueHHO Tak ke OGCTOMT Jel0 H B HameM ciaydae. Yucao
cTenenedl cBo60OAHW paccmarpuBaeMofl PuaHueckofl cUCTeMH Heob6Xo-
JHUMO KAaK pa3 NPepno/OXHTb HACTOJAbKO 6OJbIUHM, 4TOGH B 3Ha-
YeHHe BHYHC/AGHHOTO YKA3aHHWM BHILE NyTeM CTAaTHCTHYECKOro
Beta G BowAH TOJABKO TE& MHKPOCOCTOSHHA, SHEpPruss KOTOPHX
6/143ka K sHEpruu cucremH. Ecau ke sTO npeanosoxkeHHe HJH He
BbINOJIHEHO, MJH HEBHIIOJHHMO, TO onpejpeneHnof suepruu £ cu-
CTeMH He OyjgeT COOTBETCTBOBATb BooOINe HHKAKOHK onpexe/eH-
HON SHTponuu. Torga H O TeMmepaType CHCTEMH MOXHO Gyner
rOBOPHTb TO/AbKO B TOM CMBbIC/E, UTO CHCTEMAa MOrPyKeHa B TelJo-
BYIO BAHHY OnpeneneHHOH TeMmepaTypH, B KOTOpPOH ee 3Heprud
noxBepxena 6o/ee HIH MEHee CHAbHEM (QJAIKTYauudM,

Yucnensne npuMephl, NOATBEPXAAOMHUe ClPaBeIIHBOCTh BCEX
S3THX NPEANOJOXEHUH, MOXHO 6yIeT 3auMCTBOBaTb H3 ChHElHaab-
HHX NPHJAOXKEHUA CJAexylowel riasH.

§ 128. s BuuHCIEHHS CYMMH COCTOSHHHA Bupameune (416)
yacto yaoGHee 3aMEHHTb JAPYrHM, B KOTODOM MWUKPOCOCTOHSHHS,
obsiajamomue 0xHHAKOBON sHepruelt £, BHNUCAHH NO OTAENBHOCTH,
T. €. BHpaxeHueM:

Z=3Ge H —2 e~ (419)
. ,
Ey
V= kin X Ge *T; (420)
2z

HHAEKC Z NOJXKEH 3xech oﬁoaaaqa'rb, 4TO CYMMHPOBAHHE TNIPOU3BO-
JUTCA HE nO MNOPAAKOBHM YHCAAM 3HEPruH, HO 1O OTAECIbHHM



MHOXECTBO OJHHAKOBEIX CHCTEM, CYMMA COCTOSIHH#H, BHIPOX/IRHHBEIE CHCTEMH 193

MHKPOCOCTOGHHAM, TAK HYTO Kaxpaas SHePrus CHHTAaeTcd CTOAbKO
pas, CKOJbKO CYINeCTByeT cocTosHui#l, umeromux ee. Takum obpa-
30M cyMMa B ypaBHeHuHu (420) oxBaTHBaeT NpOCTO BCe MHKPOCO-
CTOSIHHA CHCTEMH, OT HauMeHbHIEH SHepruu U Jo0 6eCKOHeyHO 60/b-
HIOH; 4YTOOH BHNOJHHTD CYMMHPOBAaHHE, MOXHO NpPUHATb JIO60H
TIOPSAOK CJaraeMmHx.

YpaBuenue (420) gaBageTcs 3HAUUTENbHO OGoJee O6GLIMM, YeM
ypaBreHue (402), xoTd BHIJIAZUT OHO COBEPHIEHHO TaK XK€ ITO
o6'bfICHRE€TCI TeM, 4TO OHO CNpPaBexJHBO 4/ NMPOU3BOJbHOM
CHCTeMH C GOJbUIMM 4YHCJOM CTelieHeHd CBOGOAH, TOrn& KaK ypas-
HeHHe (402) —ToabKO a9 TaKoM CHCTEMH, KOTOpad COCTOMT
U3 N OjMHAaKOBHYX, He3aBHCHMHX XDYyr OT Apyra, COCTaBHHX
yacref.

Tak kak nmociaexHee nmpexcrap/seT COG0H TOABKO HAaCTHHH Cay-
ual, To NoHATHO, uTO ypaBHenue (402) MOXKHO BHBECTH H3 ypaBHeHHI
(420). B camMom gene, eciu CUCTeMa COCTOHT K3 Goabuioro uumcaa N .
OXHHAaKOBHX, HE3aBHCHUMHX IPYr OT JApyra, HeBHPOXIEHHHX 3Je-
MEHTaPHHX CHCTeM, 9Heprud Kammof u3 KOTOPHX MOMKET NPHHKMATb

3HAYEHHUD &, &, € ..., €,. .., TO KAKOR-HHGYAb BO3MOXHOE 3HAYCHHE
SHepruu CHCTeMH OyaeT:

En+8_l ,—i—i’nn-—l—- - =E,
rze OTAeNbHHE ClaraeMule OTHOCATCA K OTAENbHHM 3SJeMeHTapHHM
cuctemaM. TakuM o6pasom no ypasHeHuio (420):

_"*+‘ln'+5"n”+ ...

T=ktln¥ > --e kT .

n n ¥

Tak xak Kkaxno#t KoM6uHauu HHAEKCOB i, 7', n’y ... COOTBETCTBYET
CBOE 0co60e MHKDOCOCTOSIHKE, H Ha060pOT, TO CyMMHpDOBaHHEe Cle-
AyeT npousBOxuTh No BCceM uHpekcam oT 0 mooo. [lokasarenbuas
GbyHKuMS pacnajgdeTcs NPH STOM HA NPOH3BENEHUE NOKa3aTeNbHHEX
xe GYHKIHHA, Kaxnas H3 KOTOPHX GYyleT 3aBHCETb OT KaKOro-1460
ONHOrO HHIEKca.

CymuupoBanye MO OJHOMY MHAEKCY 7 NACT HAM B BHPAXKEHHH
¥ MHOXHUTENDb:

*n
S e T,
n

Ho sta cymma ans Bcex unzekcos 6yneT oxHa 4 Ta Xe; NPOXOJIXKAs
NOCTYNaTh TAK M Janee, MH NpPHAeM NOTOMY K BHIDAXEHHIO:

¢n
U=pln|[ Y e * y
n

KOTOpoe coBrnajaer ¢ ypasuenuem (402).

18 Rmarawwe » rannatuvsnwvm haomew v V.
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TJIABA I

EJAACCHYECKASA TEOPUA. TEOPEMA JUYBUJLIH.
KBAHTOBAA CTATHCTHEA

§ 129. PassuTne B AByX npexbAyMKX I1aBaxX NOJOKEHUS Npes-
craBasioT coGolt METOAMKY, C MOMOIUbI0 KOTOPO# yaaercss ompexe-
JMTb XapaKTepUCTHUECKYI0 (YHKUMIO, a TeM CaMHM M BCE TepMO-
AMHAMHYECKOE NnoBeneHne xaHHoll Pu3nueckofi cucTeMu. DTOH MeTo-
HUKON MOXET INOoAb30BalbCl KAaXgas CTAaTHCTHYECKas TEOpPHs
TEJIOTH; OHA ABJAseTcs, TakuM o6pa3oMm, GopMONA, KOTOpass MOXET
6HTb HANMOJNHEHA PA3NKHYHHM coxepxanneM. OQHAKO s OCYIUECT-
BJICHHs MocJ/ejxHero, Heo6XONUMO YCTAHOBHTb, Kakue 3Hayenus E,
MOXeT NMPUHHMATb SHEPrus CHCTEMH, 4 TaKXe KAKOBH CTaTHCTHye-
ckue Beca G, sTHX 3HaueHHH; STO KaK Pa3 U ABASIETCSH TEM MyHKTOM,
B KOTOPOM PacXOXATCH pa3fH4HHE CTATHCTHYECKHE TEOpUH: CTATH-
cTuka boabuMana-Tu6ca, cratHcT¥ka Dose-Dfniuteftna u craTucTHKA
Naynu-depmu.

YTo6Hn BOATH B 3TOT KOMNJEKC npobaeM, unenecoobpasHee
BCero HayaTb C KNAaCCHYECKOH CTATHCTHKH, HE NOTOMY
TOJbKO, YTO OHA SABAAETCA HauboJee CTapol, HO I'MaBHHM 06pa3OM
NOTOMY, YTO OHA BCEro HENOCPEACTBEHHE® IPYMBIKAGT K KJACCH-
yeCKOol MexauukKe u 3JeKTPORXUHAMMKE; KpaliHe HeoO6XOAHMMO TaKxe
y6enuThcs, ¢ oAHOH CTOPOHH, B €€ HeXOCTaTOYHOCTH, a C ppyroft
CTOPOHHl, YCTAHOBHTb I'DAHHIH €€ NPHMEHHMOCTH. o

Pacemorpum Kaxkyio-gHGyAb 1OMHOCTHIO H30JHPOBAHHYIO OT
OKPyXalomero MexaHuyeckylo cHcreMmy, Hmelowyio f crenenell cmo-
60xx; f MOXeT GHMTb KaKMM YFOAHO GOAbLIHM HJAW MAaJabiM LEJBM
yHcaoM. CornacHo KIacCuyecKkol TeOpHH, COCTOsSIHHe Tako#l CHCTEeMH
onpegeasercs 2f BeAHUuHAMH, HMEHHO: f O60GIEHHHMH KOOPAHHA-
TAMH {1, Ggy- .-, Gy H f COOTBETCTBYIOIIUMHK OGOGIIEHHEIMHE CKOPO-
CTAMH 1, gy - - - Gy (7 § 124). CoBOKYNHOCTb BCEX BO3MOXHHX CO-
CTOAHHH CHCTeMH ~o6pasyer, TakHM 00pa3oM, HENPEPLIBHO NPOTH-
xeHnHoe 2f-mepuoe MmHoroo6pasue (§ 117). [Tocrexuee Bcero ayuume
NpefcTaBuTb HArASALHO B BHJAE NPOCTPaHCTBA 2f H3MepeHui, TaK
H43HBaeMoro ¢ as3oBOro NpoCTpPaHCTBA, AEKAPTOBHMH KOOP-
JHHATaMH KOTOPOrO SABASIOTCS BeAUuHHH g U ¢. Kaxno#i Touke sroro
¢asoBoro npocTpanctsa 6YNeT COOTBeTCTBOBATb TOIKa HEKOTOPOE
onpejeseHHOe COCTOfHHE CHCTEMHL

CornacHo 3aK0HAaM KJaCCHYECKOH MeXaHuKH, COCTORHHEM CHCTE-
MH B Kakofi-1H60 OJMH MOMeHT BpEMEHH onpene/siercs BCe JBH-
JKEHHe CHCTEMH, T. €. BCSl NOCAeNOBaTeJbHOCTb COCTOSSHHA CHCTEMH
AJs1 Bcex MOMeHToB Bpemexu. B dasoroM npocTpancTse 9TO BHpa-
®aeTcs B TOM, uTo Kaxjaas ¢asoBast Touka npoberaer C onpene-
JI@HHOM CKOpOCThI0O 10 HEKOTOpOH COBepIIEHHO OnpeAeneHHoR
TPaeKTOPHH — TaK HasnBaeMo#t ,$a3oBoi TpaexTopHu“. Braromaps
TOMy, 4TO (a3oBnie TOuKH 3amoaHsOT (azoBoe RPOCTPAHCTBO He-
NPEpHBHHM 06pa3oM, BCe HX XBHIKEHHSI MOXHO YNOXOOUTbL TEYEHHIO
JKUAKOCTH. DTO TeueHHe KHMeeT CTalMOHAPHHHA XapaxTep, noToMy



KAACCHUECKA TEOPHA. TEOPEMA JIMYBWLIA 195

YTO CKOPOCTb H HANpaBJeHHe TeyeHHs B KaXJAOK Touke ($Ha3oBOro
NpOCTPaHCTBA He 3aBUCAT OT BpeMeHH. Bce Touku kakol-HubyAb
Npon3BOJAbLHO B3TON o6aacTtu dasoBoro npocTpancTsa 6ynyT C Teue-
HHeM BpeMeHHM JBHraTbCs COBEpIIEHHO ONpejeJeHHHM 06pasom.
dTo nosBossieT HaM CKa3aTb, 4TO Kaxxas obaactb ¢aszoBoro npo-
CTPAQHCTBAa C TeueHHEM BpEMEeHH onpejeJeHHHM o6pa3oM nepeme-
maercs ¥ pedopmupyertcs.

§ 130. Brsicuum Tenepb caenylomuii BOMPOC: KAK BEIHKO
YHMCJIO0 MHUKDOCOCTOSIHMHA CHCTEMH, COJepiKaluxcg B HEKOTOpo# 3a-
namHolt o6aactu ¢asosoro npocrpancrsa? Yucnao 8TO, COrAAacHO
Hamemy onpezenenuio (§ 117), npeacraBasier co6o#i cTaTucTHHecKHR
BEC HJH TePMOJHHAMHYECKYIO BepPOSiTHOCTb KaHHOH# obJaacTH.

[pexne Bcero sicHO, 4TO HAa 3TOT BONPOC, NPENNOKEHHHH
B TaKko# GoOpMyNHPOBKE, KNACCHUECKASt TEOPUS MOXET AATb TOJbKO
ORMH OTBeT: ,6eCKOHeYHO BEeNMKO“, MOTOMY 4TO, COr/IaCHO KJacCCH-
YEeCKHUM NpPEACTaBJCHHAM, MHKPOCOCTOSIHHSI K COOTBETCTBYIOWIHE HM
¢a3oBeie TOUKH 06pa3yloT HEKOTOpPOe. HenpepelBHOE MHOrooGpasue.
Mu gonmxHH cpenaThb OTCIOJAA BHBOJ, YTO KJaccHueckas TeOpHs
B COCTOSIHHH OTBETHTb Ha MNOCTaBJEHHHH BHIUNE BONPOC TOAbKO
B OTHOCHTENbHOM, HO HE B a6COTIOTHOM CMHC/AE, T. €. TOJAbKO NpH-
HAB GoJiee WM MeHee NPOU3BOJbHYIO €XUHHIY AJS CTATHCTHYECKOTro
Beca. Ho Tak xak B 3apanHo#t pa3oBoi 06/1acTH GyAET COREPXKATLCH
TeM Gospllee YHCAO COCTOSHHI, 4YeM GOJAbUIMM NMPOTSIKEHHEM OHA
ob/anaeT, TO ee CTAaTUCTHYECKHH Bec LenecOO6pa3HO NOJNOMHTDH
NPONOPIHOHANbHHM KaK pd3 ee HNPOTAXKEHHIO HIH ee ,00beMy“,

T. €. BeJHYHHE:
/ dr,

rae dt=dql-dq§- . .dqf-dq'l-dq'z- . -dq}. Taxkum 06pa3oM CTaTHCTH-
YecKuit ec aTolt 06nacTH GyneT paBeH:

G==Cfd-:. (421)

Koaduuuent nponopumonanbiocts C pomxen 3xech 0603HaYaTh
HEKOTOPYI0 60CKOHEYHO GOJbIIYIO AOCTOSHHYIO, KOTODAask HE MOXeT
OHTb Oflpefie/ieHa H OCTAeTCs NMOITOMY NPOU3BOJbLHOM.

[IpuBesieEHOE oOnpepeneHde CTATHCTHYECKOTO Beca CTPAjaeT,
OZHAKO, OAHHM CYyLIECTBEHHEIM HEJOCTATKOM. IJTOT HEeAOCTaTOK
3aK/I0YaeTCA B TOM, UTO CTATHCTHYeCKMH Bec onpeneneHHoi ob.a-
CTH ¢asoBoro npocTpaHcTBa, BHUKCAEHHHI COIVIACHO STOMY OMNpe-
AeneHnio, 6yAeT CHAbHO 3aBHCETb OT BHOOpA KOOPAHHAT ¢ H, —
4YTO He MEHEe OnacHo,— C TeuyeHHeM BpeMeHH O6yneT H3MEeHATb CBoe
3Havende Gnarofaps medopmanuH o6aacTH, O KOTOPOH# MH yNnoMH-
Hand B KOHUe npexwaymero naparpada. Mexnay Tem B COrJacHu
C obmefi TeopeMoli TEOPHH BEPOSTHOCTH MH HOJKHH NMOTPe6OBAaTh,
4TOGH BCAKOe COCTOSIHHE, BO3HHKalOliee ¢ HeOGXORMMOCTBIO H3
KaKoro-to ZApYyroro COCTOSIHHA, HMeJNO Ty e BEPOATHOCTb, UTO K
9TO nocnenHee.

Buixon u3 9TOro 3aTpyxpHeHHR JaeT TeopeMa, AOKasaHHAad
JlnyBunnem. BocnoabayeMcst celuac B KauecTBe Koopauuart ¢aso-

: »
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BOr0 NpOCTPaHCTBA, Hapsay C f OGOGIUEHHHMH KOODZHHATAMH
CACTEMH, COUDSKEHHHIMHK C ¢ UMnyabcamu p (I, § 128), 3amenusn

uMH CKOpOCTH ¢. Torma B KauyecTBe sjeMeHTa o6bema ¢as3oBoro
NpPOCTPAHCTBA MH GylieM HMETb BHPAXEHHE:

dt=dq,-dq, - - .dqf.dpl.dpz. . .dpf; (422)
TOrza, KaKk OKa3wBaercsl, BenuuuHa GBypaBHenHu (421) ansa
onpelneneHHod o6anacTH paszoBOoro NnpocTpaHCTBA He
6yneT 3aBHCETb HK OT BHGODPA KOODAHHAT ¢, HK OT
BpeMEeHH.
JokaxeMm upexijie BCero nocilexHee yTBepxkJeHne, pacCMoTpeB
ISl STOro B MOMEHT BpeMeHd ! kpaliHe Maaylo o6aactb $asoBoro
NpOCTPaHCTBA, uMelomylo (OpMy 2f-MepHOro npsIMOYroJbHOrO
napajanenenknesna, pe6pa KOTOPoro napannelbHH OCAM KOODAHHAT-
HO# cucteMnl. Beauuuna sto#t o6aacTH paBHa:

AT:AqI.AqQ « o AplnApz ]

[To npomecTsuK HEKOTOPOro BPeMeHH df, B TeueHHe KOTOPOro
KoopanHaTH Kaxxol dasoBolt TOuKM H3MeHATCH HA

dg,= qudt, dg,= qydt, - - «, dp,=p,dt, dp,=p, dt,

BCe (pa3oBhHIe TOYKH, NPUHAANENKALUHE K pAacCMaTpUBaeMOH 06./1acTH,
CHOBa 06pa3yloT MOYTH NPSAMOYTOJbHHHA nNapajanenenunesn BenH-
YHHOIO:

At = A(g, 4 q:d8)-A (g2} udt) « - - A (py +ﬁld_t) Ayt pdt) - - -,
C TOYHOCTBIO 4O WJIEHOB HMCHE3aIOomEe MaJAoro Nopsaka.

O6paTuM BHHMaHHe HAa TO, 4TO B HANHCAHHOM BHIIE BHpA-
XEHHH:

. a. . o' d
Ay =G0 Mgy, Mgy =50gy, - - - Ap=Fi tpy, - - -,

rge npH cooTBeTcTeylouieM aHdepeHHUpPOBAHHK BCe OCTaNbHHE
KOOpDAHHATH OCTAlOTCH KamaWH pa3 MOCTOAHHHMH., MH nNOayuHM,
TAKUM 06Da3oM, AJ1d H3MeHEHHs BeJWUdHH (a3oBoifl o6aacTH, ¢ TOU-
HOCTBIO JO HCUe3alole MAajHX BeNHYHH, BHpaxeHue:

At — At = At. (dql.{_a‘h.{_ .. _+de +ap9+ .. ) dt,
04, ops
a STO BHpaXeHHe, COIMACHO ypaBHeHHSM nBHxeHus [I, § 128,
ypaBaenue (413)], paBao Hynio.
Takum o6pa3os npoH3BOJNLHO B3fiTas 4acTb (pasoBOro npo-

CTpaHCTBa:
A'_t_—..//dql...dpl... (423)

HE U3MEHSeT cBoell BeNMUMHH, €C/AH NBHXEHHE BCeX ee TOYeK Mo
COOTBETCTBYIOIUMM ()a30BHIM TPAEKTOPHSM NPOHCXOJAHUT COINACHO
YpaBHEHHAM AHHAMKKH. MH MOXeM NosTOMY PacCMOTDEHHYIO BHIlLE
KapTHHY CTaUMOHADHOIO TedeHHs MHAKOCTH CNEIHaNTH3UPOBATH ele
lajblie, MPHHSB, 4TO TEKYas KKAKOCTb HeCXKHMaeMa.
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§ 131. Yxaxem 3necb Ha OJHO KHTEpDECHOe CJejCTBHE, COBEp-
IIEHHO HeNpHHYXJEHHO BHTEKAalolee H3 MNOCIeJHEero pesysbTaTa.
Ecan npocaeaurb [HOCTATOYHO JOATO 38 KAKOH-HHOYAb OXHOMH
¢dasoBoft TpaekTopue#, HayuHas C NIO60H ee TOUKH, TO OKAXKETCH,
YTO OHA, B KOHUE KOHUOB, BO3BPATHUTCSl, B TOYHOCTH HUJK C NIOGHM
XKe1aeMHM NPHONHKEHHEM, B 8TY CBOIO HMCXOIHYIO TOUYKY; HEOO6XO-
IMMO TONbKO, 4TOOH ¢)a30BO€ NPOCTPAHCTBO HH MO OJHOMVY H3
HanpaBJeHH# He NMPOCTHPaNOCh B 6@CKOHEUHOCTb (,BO3BpaTHAfA Teo-
pema [lyankape“)., JleficTBHTeNbHO, TAK KakK ABHKYmasica (dasobas)
XKHAKOCTb HeCXKuMaemMa, TO MNPOCTPAHCTBO, KOTOpOEe OMHIUET none-
peuHoe ceuenue TOHKOA HHTH TOK4, Kako#l OH TOHKOH MH ee HH
B3N, C TeyeHHeM BpeMeHH MOXET NPeB30HTH JNI06YI0 BeJHYHHY.
Ho ecnn o6bem Bcero $asoBoro npocTpancTBa KOHEYEH, STO MO-
XEeT NPOH3OHTH TONbKO TaK, 4YTO 3T4d HHTb TOKa COBEpUIEHHO:
TOYHO 3aMKHETcsT B cels,— ABHKEHHe OymeT Torja nepuonuue-
CKHM,—HJH Xe, No KpafiHelt Mepe, 6yneT BCTpeuaTbCs BCE CHOBA
H CHOBA B KAKOM-HHOYxb onpexeneHHoM Mecre ¢$a3oBoro npo-
CTpAaHCTBA.,

§ 132. Mu po/mxHH ee HOKa3aTb, 4TO BeJMYUHA HHTErpana
(423), pacnpocTpaHeHHOro Ha ONpPEAENEHHYI0 061acThb (DasoBOro
TPOCTPAHCTBA, HE 3aBUCHT OT BHOOpPA KOOPAHHAT ¢. DTO MOXHO
cxenatb C NOMOIUBIO CAeAyloEro paccyxpaenus. Bpemem BMeCTO
KOODAHMHAT ¢y, § ¢+, ¢, KaKkue-HUOYxb JAPYTHe KOOPXHHATH
P1s Pas* * *> P MPUYEM NYCTb OHU OYRYT KaKEMH-HHOY 1b QYyHKUHAMH
nepBHX. Cpammm BeanunHy (423), —2ana SICHOCTH Mbl O0GO3HAyHM
ee yepes At,—c BerMYMHOH:

deg= [ fdgie -y, (424)

rie ¢—HMNyabCH, CONpsuKEHHHE C KOOpAMHAaTamu ¢; NpejenH
uuTerpana (424) coorsercTByioT npegenam Hurerpana (423). O6aactb
At o @ CNeJOBATENbHO, H At,, MH BO3bMEM OHeHb MaJsoi.

[MpeanonoxuM, 4yTO NpPOWNIO CPaBHHUTENbHO 60AbIIOE BpeMs,
xorst 68 oT ¢ no ¢; Torga obnacte At, yHner noBoabHO Aanexo
OT CBOEro NnepBOHAYaJNbHOrO NoNOXKeHHs B KaKyIo-TO APYrylo 4acTb
$asosoro npocrpaHcTsa; 06:1aCTb AT, TAKKE OCTABHT CBOE NMpexHee
noxoxenue. [Ipy 9TOM cornacHo Teopeme JInysuans:

A'tq' = A'tq K AT'? = A'tq,.

Beepem Tenepn TpeTbH KOODAHMHATH: Xi, Xz, + + *, X;, TAKKe
ABJSIOHECH onpeleneHHHMH QYHKIKAMH KOOPAUHAT ¢. DTH KOOPAH-
HaTHl X MH BhOepeM, OfHAaKO, TaK, 4TOGH B HCXOAHOM uyacTH ¢aso-
BOro MNPOCTPAHCTBA OHH MOYTH COBNAXANH C KOOPAHHATAMHK (¢,
a B HOBOH —C KoopauHaTamu ¢. Takomy BHOODY KOODAMHAT HHYTO
npensTCTBOBATb, OUEBHAHO, HE MOXET, TaK KaK Ais (PyHKIHOHAJbHOH
3aBHCHMOCTH MEXJY KOODAHHATAMH He CYIeCTBYEeT HHKaKHX orpa-
HUUHMBAIOWHUX npexnucadufi. Tak KaK HMOyJAbCH NMOJMHOCTHIO Ompe-
AensioTcss 06061ueHHHMH KOODIHHATAMH, —3XECh peub HIET O COo-
BepHIeHHO ONMPexeNeHHOM IBHXEHHH,—TO CKa3aHHOE BHIUIE MOXHO
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OTHECTH ¥ K HUMNyabcaM f, COMPSXEHHWM C KOOPAWHATAMH X. MH
UMEeEeM MO3TOMY:
— Az 7
A'tq——-A'tx u Az =At/,

Ho no Teopeme JInyBuans:
At = A1/,

c1e0BaTeNbHO:
Aty = At -

4YTO MH ¥ XOTeJNH LOKa3aTb.

§ 133. Ham ynanoch, Takum o6pa3oM, onpaBxaTb, HaCKOJALKO
9TO BO3MOXHO C TOYKH 3DEHHS XJACCHYECKOH TEOpHH, OnmpexeneHue
CTaTHCTHYecKoro Beca (G o6.aactu ¢a3oBoro nNpoCcTPaHCTBa, BHpa-
xeHHoe ypaBHeHHeM (421); B OCHOBY STOro ONpefeneHdsd Jerno
Bupaxenue (422) nng dr. Mu MoxeM Tenepb NPHMEHHTb €ro He-
NOCPEACTBEHHO I/ BHUHCAEHHS, N0 ypaBHenuio (418), sHTponuu S
CHCTEMH C GOJbIMHM HUCAOM cTeneHeil cBo6oxu. IIpH 3TOM BHIYH-
CNeHHH B BHPAXEHHH SHTPONHUH NOABHUTCH GeCKOHEYHO O6oJbas
ANUTHBHAs YHUBepCaabHas nocrosHHas In C; ee Henb3s onpege-
NUTb, W -MO3STOMY OHA OCTaercs npousBosbHON. Taxkum o6Gpasom
B K/JacCHYECKOH TEOPHH SHTPOIIHA HE HMEeeT ONpejxe]IeHHOro 3Haye-
Husl. DTO He Mmemaer, OJHAKO, AeNaTh K TaM H3 BHPAXEHHS .9HTPO-
NUH HEKOTOPHE OonpejpeneHHHe 3aKAIOYeHHs, TAK KaK npu Auge-
PEHUHPOBAHUH SHTDONHH HEONMpeneneHHash aJJHTHBHAS NOCTOSHHAs
punagaer. [losiBneane sTofi HeonpeneseHHON MOCTOSIHHOMA camo 1O
cebe eme He Morno 6b KaTh MOBOJA K TOMY, UTOOH OCTaBHTb KJac-
cHueckylo Teopuio. U, nefictBurenbno, nocnrepHss npssena Boabu-
MaHa KO MHOTHM BaXHHIM pe3yJAbTaTaM, HaXOASAIMMCSH B NPeBOCXOJ-
HOM cornacud ¢ onuToM. [lo3dgHee MH NMo3HAaKOMHMCS, OXHAKO, H
C TAKHMH CJeNCTBHUAMH KJACCHYECKOR TEOpHH, KOTOpHE OKa3H-
BAIOTCA B PE3KOM NPOTHBODeuydH ¢ onHTOM (§ 139); sTo ¥ mocay-
¥HJO UOBOJAOM K BBEEHHIO TEOpHH KBAHTOB.

[lo Teopun kBaHTOB craTucTHYeckHH Bec U onpeneneHHOH
o6aactu (pasoBOro NPoCTPAaHCTBA, T. €. JAPYTHMH CJAOBAMH, KOJUYe-
CTBO 3aKJIOYAIOUMXCA B HeH MHKPOCOCTOsHHHA, eCTb onpenefeHHOE
koneynoe uucno (§117). Takoe yTBepxpmene, KaKk OKa3sHBaeTCs,
BeJeT K COBEPIIeHHO HOBOMY NOHHMAaHHKIO CaMOTO MOHSTHS MHKDO-
COCTOSIHHS, TAK KAK B KJNAaCCHYECKOH TEOpHH, KaK MH NOMHHM, KaX-
ZOMY MHKPOCOCTOSHHIO B ()a30BOM NpOCTPAaHCTBE COMOCTaBASETCSH
OXHA ONpeneNeHHas TOUKa.

Ho ecau, Kak STO nNpuHUMAeT TeopHUs KBaHTOB, 2f-mepHas
¢dasoBass 06JaCTb NPOHM3BOJbHON BEeJHYHHH JOJXKHA COXEPNKATb
KOHEYHOE YHCIO MHKPOCOCTOSHHH, TO MNOHATHO, YTO H OXHOMY
MHKPOCOCTOSIHHIO B (a30BOM npocTpancTBe 6yxeT COOTBETCTBOBATDb
HeKOTopas 2f-MepHas o61acTh. Benuunua sTo# 061aCTH, KOTOPYIO Mbl
MoXeM Ha3BaTb ,3JeMeHTapHo# 061acTbI0* $Aa30BOr0 NPOCTPAHCTBA,
HalineTcs, eCAH MH nosioxaM B ypasHeHnu (421) G=1; ona 6yner

paBHa, TaKuM o6pa3om:
[a=% (425)
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CpPaBHHTEJRHO MaJOH, HO TEM HEe MEHee KOHeYHOH YyHHBepCaabHOH
NOCTOSHHOM.

Orcioga cnepyer coBepmieHHO OOIHM O6pa30M, YTO CTATHCTH-
yecku#t Bec Hekotopoi ¢azoBofi o6nacTH paBeH HHCAY 3aKIIO-
YaoWMXCA B Hell sneMeHTapHHX ob6iaacTe.

Mbl BHIMM, 4TO STH NOJOXEHHS B KOPHE H3MEHSIOT KJjaccHye-
CKOe NOHATHE ,,COCTOSHHA“ MEeXaHHUYECKOH CHCTeMH, OHH, TaK CKa-
3aTh, ,pa3MbiBalOT* ero. B Teopuu KBaHTOB onpejneseHHOE COCTOSA-
HHE OXBaTHIBAeT, TakuM o6pa3oM, He oxHy asoByI0 TOYKY, HO BCe
TOUKH uesnok $asosoit Tpaekropuu; GHa3oBue xe TPAEKTOPHUH, KakK-
Ias U3 KOTOPHX CBUJAETENAbCTBYeT 00 onpejeneHHof aHepruH, obpa-
3yior B ¢$a30oBoM NPOCTPAHCTBE HEKOTOPOE NHUCKPETHOe CyYeTHoe
MHOXECTBO.

OrpenbHas aneMeHTapHas o6JaacTb 3xeCb sABAsgeTCs 2f-Mep-
Hoft; oHa of6pa3syer ,HHTb TOKA* ¢ KOHEYHHIM, XOTd H OYeHb
MaJHM CeueHHeM, a (pa3oBeie TPACKTOPHH, AONYCTUMHE C KBAHTOBOH
TOYKH 3peHusi, 06pa3yloT IpaHHIly HUTH. ‘

Kak HH HeoOWYHO 3By4aT 3TH 3aKJIOYEHHS, OHH BO MHOTHX
cayvyasx NMOATBEPAHJIHCh HA ONHTE M KAJMH NOBOX K ryGOKOHRY UM
HOBOBBEIEGHHSIM B TEOPHH; MNOAHOE OOBSICHEHHE NOCAEXHHM xana
TOJbKO BOJHOBas MeXaHHKa.

Ins Hammux upenelt pOCTaToyHO OyjpeT CrexyloOWHX NPOCTHX

coobpaxennil. YuusepcanbHas TNOCTORHHAS ~ ypaBHenus (425)

HMeeT pa3MepHOCTb dt, T. €., COrJiacHO ypasHeHuio (422), pasmep-
HOCTb f-TOH CTenenn npousBeneHus ¢ -p. [locnexunee ke, COraacHo
1, § 128, umeer pa3mMepHOCTb NPOH3BEJEHHS SHEPrHHM HA BpeMs, T. €.
pasMepHOCTb ne#icTBus. MB MO/MOXHM MO3TOMY:

1 7
=k (426)
C

M Ha30B&M YHHBEpCaJbHYI0 MNOCTOSHHYI0O /£ SJA€MEHTAapHHM
KBaHTOM nelcTBus BBejgenne £ nosBonsier npenCTaBuTh Beau-
YuHY 3JeMeHTapHOH obaacTu Ha3oBOro NPoCTPAHCTBA B BHIE:

[ar=1H’ (427)

npexnonaras, 4To BHpaxeHHe dr paeTcs ypasHenheM (422). Crartu-
CTHueCKHH Bec ni060# ob6aactd ¢asoBOro npocTPaHCTBa, COTAACHO
ypaBHenuio (421), npencraBuTCs Tenepb Tak:

G=47- [dv. (428)

CnenyeT o6paTuTh BHUMAHHE HA TO, HYTO STO BHpAXEHHE HMEET
CMHCJA TO/IbKO TOrxa, Korxa nanias ¢asosas 06.acTb OXBAaThIBAET
co6oit nejoe yucaO SJEMEHTapHHX obaacrteff. DTO yC/IOBHE HE BJe-
yer, BIpOYEM, 32 CO60A HHKAKHX CYNIECTBEHHHX OrpaHuyendft, no-
TOMY 4TO OfpejeNeHHe SHTPONMHH, BhHIpaxeHHoe ypaBHeHueM (418),
CnpaBeIHBO TOJBKO IJAS CHCTEM C O4eHb GOJbIIHM HHUCAOM CTE-
neseft cBOGOAH.
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§ 134. HecmoTpss Ha TO, uTO, BBEAs B TEPMOAHHAMHUYECKYIO
CTaTHCTHKY SJAEMEHTAPHHA KBaHT HeHCTBHS, MH 3aMETHO OTKJOHH-
JHChb OT KJIaCCHYECKOH TeOpHH, HHMYTO HE MOXEeT NOoMemarb HaM
B JMI060#i MOMEHT BO3BPAaTHTbCA K Hell o6paTno. Jns 9TOro HyKHO
TOJbKO BCAKHA pa3 NpHHUMATb & GECKOHEYHO MajJHM; MH CHOBAa INo-
JAy4uM TOrga M3 ypaBHeHus (426). co BceMu ee CBOHCTBaMu, NOCTO-
siHHylo C K/naccHueckofi Teopuu. IDTO OOGCTOATENALCTBO B JajbHed-
mweMm yacTo 6yner mas HAC nosne3HsM. OHo 6yjeT NO3BOJATb HaM,
BHMOJHHB INPOCTYI0 MATEeMaTHYECKyl0 ONepaunio, CONoCTaB/AATh
€ Kaxaoi KBaHToBOA (GopMynofi COOTBETCTBYIOWLYIO KJI4aCCHYECKYIO
H COBEpPUIEHHO HENOCPeACTBEHHO 'CPABHHMBATBL TO, 4YTO TOBOPAT NO
noBojy OIpeleneHHOA 3aKOHOMEDHOCTH Ta M ApYras TeopHs.

I'VIABA 1V

TAPMOHRYECKHE OCIIEJAJIATOPEI. PACHPEIEIEHUE
9HEPTHM B HOPMAJBHOM CHEKTPE

§ 135. [Mpumenss pasBuTyi0 BHLIE TEOPHIO K YACTHHM CJIy-
yasiM, BCErxa MPHXOXHTCH XEAaTb BHOOD MeXAY ABYMsS PasniHYHBIMH
MeTOAaMH, TAK KaK HaM NPeROCTaBAAETCH BHUYHCAATH HJAH SHTPOMHIO
S kak ¢ynknuio sueprun E, no dopmyae (418), unu xapaxTepu-
cruyeckylo dynkuuio ¥ kak pyskuuio Temneparypu 7, no ¢opmyae
(420). Tak kax o6a MeTOxa NMPUBOJAT K OJHOMY H TOMY X€ pe3ylb-
TaTy, TO NPM STOM BHOOpe pEWAIYI0 pOJb JOJIKHH HrpaTh
HCK/IIOYHTEJAbHO NpaKTH4eCKue coobpaxeHus. B nanpuefimieM MH
6yneM Moab30BATbC BTOPHM METOROM, H NMPHTOM NO JABYM OCHO-
BanusaM. [Ipexnourenne, oTxaBaeMoe BTOPOMY METOAY, OGbsICHAETCS,
BO-JIEPBHIX, T€M, YTO BHMOJHHTb CyMMHpOBaHue B ypaBuenuu (420)
Jerye, yeM BuUHCAHTb G B ypaBHeHunu (418), Tak kak CyMMHpOBaHHE
PACHpPOCTPAHAETCA HA BCe COCTOSIHHS CHCTEMHl, NPU BHYKCAEHHH Xe
G HajO NpUHHMATb BO BHMMAaHHe NOTPaHHYHOE YCJIOBHe, COOTBET-
CTByIOIIEE 3aKaHHOMY 3HaieHuio E; BO-BTOpHX,-—TeM, UTO TeMme-
patrypa T B KauecTBe He3aBHCHMOH MNepeMeHHON naa caencTBuit
TEOPHH, BAXHHX B 3SKCNEPHMEHTANbHOM OTHOINEHHH, OKa3hHIBAETCH
3HaUMTeNbHO Gonee ynobHOf, ueM sHeprus E.

Mu HauHeM pacyeTH C pacCMOTPeHHs CHCTEMH, COCTosel
u3 6oabmoro yucaa N Lpyr oT Apyra H30JMPOBAHHHEIX rapMOHHYE-
yeCKHX OCHHJIATOPOB, KaXAWA H3 KOTOPHX 061azaeT oJHOH CcTe-
neHbio CBOGOAH B cMuCae § 122. 3aKoH XBHKEHHS TapMOHHYECKOro
OCHHJIATOPA BHpaxaeTCs ChAeayloldM xudepeHUHaNbHEM ypapHe-
uueMm (I, § 12) gas KoopaHHATH ¢:

g +4ntvig =0 (429

(v—uncao Kone6aHu#i B CeKYHIY) H/IM HHTErpajoM STOro ypas-
HEHHS:

q = o.cos 2nvt -} Bsin 2nvi, (430)

ecan O603HAYMTb uepe3 & H  MOCTOSIHHHE HHTErpUPOBaHUS,
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DHeprus OCUMAAATOpPA PaBHA:

e=%}13+21t’mv2q2=21t?mv2 (a2 -}-B2), . (431)
ecan yepes m o603HaduTh €ro Maccey; HMIYJAbLC OCHHAASTODA
Os . :
p (Oq)q mq (432)

YcraHoBHM TeNnepb C NOMOMbIO ypaBHeHHs (427) AHCKPeTHHHA pan
BeJIMYMH €g, €, &, ..., HANX PAJ TAK HA3HIBAEMHIX COGCTBEHHHX 3HA-
yeHu#l sHepruu. Tak kak 3gech f=1, 0 $a30BHM NPOCTPAHCTBOM
ocuuaaaTopa 6yAer NJAOCKOCTb, a (Da30BBIMM TPAEKTOPDHAMH HJM
2 AHHHSAAMH TOKa“ KpHBHE:

i 2myig? —
e = 45—+ 2r’mv’g® = const,

C KOOpAMHATaMH ¢ K p. DTO NOJOGHHE H OJAMBEAKOBO DaClOJ0XKEeH-
HH@ 3JJKICH C NOJYOCAMH:

a=V2m: u b=1/;, (433)

_ pLo

KaXJ0My TaKOMY 3JUHMICY COOTBETCTBYeT HEKOTOpas onpejesieHHas
sHeprus. B kiaccuueckol TeopHHM Kaxnas Ttouka. $asoBoft NIOCKO-
cTH u306paxaer BO3MOXHOE MHKPOCOCTOSHHE OCUMIATOPA; HAaNpO-
THB, B TEOPUM KBAHTOB OJHOMY MHKPOCOCTOSHHIO COOTBETCTBYeET
nenas ,HHTb TOKa“ KOHEYHOrQ CEYEHHH, MMEHHO YacTb IIOCKOCTH,
3aK/IOYeHHAs MeM(1y ABYMS DasqHYHHLIMM INJAHICAMH, NJCHAAb KO-
TOPO#, coraacHo ypaBHenuio (427), paBna k. Pu3HueCcKkoe 3HAUEHHE
31eCb HMEIOT, KOHeYHO, TOAbKO 06Ge rpaHMUb HHTH TOKA, SJJIHICH
C 9HEprusiMu e, u e,_;. Tak Kak nJowajb 9AMMICA, COTJIACHO ypaB-
Henuo (433), paBHa:

-3
‘Rab:—,
v

TO AJs NPOCTPAHCTBA, 3aKAIOUEHHOI0 MEXAY ABYMS NOCAeN0BaTenb-
HEIMH 3JJHICAaMH, U3 ypaBHeHus (427) caenyer:

En_en—l_h

v
Toyno Tak xe:
Sn—1Tf—3 —p
v
¥ 1. A. BOJOTh L0

S—%__p
b
CxnajbiBas 9TH ypaBHEHHs, MH INOJydaeM:
e, = e,-|-nhv. (434)

9To COOTHONIEHHWE BHPaxaer 3aKOH KBAHTOBAHMS TrapMOHMYe-
CKOTO OCHHAJATOPa. J3HAaueHHe HauMeHblIeHR SHepruum e < Av MH
OCTaBHM IOKa HEONpeie/JeHHHIM.

Tak kax Kaxagoft sHepruy e, OCUUAIATOPA COOTBETCTBYET TOJBKO
OJlE0 MHKDOCOCTOSIHHE, TO OCUM/ATOP MNpeACTaBAser COO0H HeBH-
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POXKIGHHYIO SJAEMEHTAaPHYI0 CHCTeMy. B Cuay 3TOro AJs CHCTeMbI,
o6pa3oBaHHOA U3 O4YeHb 60/bMOro yucaa N TaKHX COBEPUIEHHO O1H-
HAKOBHIX OCHMJAJATOPOB, OGyAyT ClpaBelJMBH COOTBETCTBYIOIKE
COOTHOIIGHHS, BHBEJEHHHE BO BTOpDOH rsnaBe. B uyacTHoCTH BHIpa-
XMEeHWe CyMMH COCTOSHWA npu Temneparype 7, COrJacHO ypaBHe-
Husam (404) u (434), G6yner:

o

__ !l’l “ kT

Z=e e Be M=ty (435)
- 1—e RT

H BHpakeHHe xapakrepucruueckofi ¢ynkuumu cucremo ¥ mo ypas-
Heuuio (402):

hy
w_-—ﬁi’_Nkln( ’“T>. (436)

OtTcioza Aaa 9Heprum, cornacHo ypassenuio (405), nmoayuaercs BH-
paxeHue:

E=N s = Ney-{- ——— N’” (437)
kT
e —1
H, COracHO ypaBHeHu1o (406), Aas 8HTpONHH:
hv
1 Nhvy —&T
S=go—fy—— Nkn ( 1—e ”T>. (438)
kT —1

IMpu Ge3rpaBMYHOM BO3PacTAHHM TEMNEPATYpPH NOKasareabHas QyHK
hv
®T hv

s e~ nepexoiut B 1-f--—; BHIpAMEHHS SHEPIMH W SHTPONHH

npHOGPeTaloT NMPHU 3TOM CJASAYIOWKA BHI:

E=N&T, S=NkIn%r.

(439)

Te ke cambe BHDaMeHHds NOJyYarCsl, €CJH NPHHATb, NPH NPOH3-
BoJbHOH Temneparype 7, KBaHT AeHCTBUSA /2 6ECKOHEUHO MAJHM; NPH
S5TOM OJHOBPEMEHHO C A o6pamaercss B HYAb KM BeJIHYHHA &y < hv.
BcnomuHnasa 3ameuanns, cienasunie B § 134, MH npuxolmM K 3a-
KII0UEHHI0, 4TO BHIpaxeHud (439) npencraBasior B TO Xe BpeMs 3Ha-
YeHHS SHEeprMM H SHTPONMH paccMaTpUBaeMoll CHCTEMH, BHTEKalo-
mue M3 KJaaccHuyeckod rteopur. Msel BHAMM B YacCTHOCTH, 4TO MO
K/1aCCHYECKOH TEOPHHM CpelHAs OSHEPrHs INEeMEeHTapHOA CHCTEMH
e=kT7T; oHa, rtakuM o00Opa3oM, He 3aBHCHT OT cBoficTB (mepmojia
KoJe6aHiii) OCUMANATOPOB.

910 3akJI0YeHHE eCTh He YTO MHOe, KaK TeopeMa KJAacCHYecKof
TeOPHH O pABHOMEDHOM pacnpeje/ieHHH 3SHEPTHd MeXAYy BCEeMH
BHIAAMH OCUHIJSATOPOB,
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[Ip4 6Gesrpamnuno yGuBalOweR rteMmueparype sHEpPrus CHCTEMHI,
corJacso ypasHenuio (437), G6yzer, HanpOTUB, paBHa:

Ay
E=Ne=Ney--Nhve *, (440)

3HTPONHSA Ke, COrJacHo ypaBHesuio (438):
Nk — 4

Al

e e (441)
Mul BUAMM H3 9THX BHIDAXKEHHH, YyTO B TO BpeMs KaK SHTPONHT BMe-
cTe C TemMIeparypo#t CTPeMHTCH K HYJIO, y 9Hepruu oGHApy:xuBaeTcH
HEKOTOPHH KOHeYyHHA OCTATOK, TaK Ha3biBaeMas HyJeBas sHep-
rusi (Nullpunktsenergie); cymecrBoBanue HysneBo# sHepruu 06bs-
cHsiercs, KaK HETPYAHO MOHATL, TEM, YTO SHEPrus OCUUAAATOPA HE
MOXeT CJeJaThCs MEeHbIIe BEeJHUMHH &,

DHeprug OTAEJBHOTO OCHMAJATOPA, NOMEUEHHOTO B TENJOBYIO

BaHHy C Temneparypol 7, 6yger HcHeTHBaTH (JIOKTYyauuH; 3aKOH
stux (Qunokryauuit BHTekaeT U3 ypaBHeHult (407) m (434):

. _m
,=e . <1—e "). (442)

Ypapuenue (442) Bhpascaer MaTeMaTH4YeCKYi0 BEePOSTHOCTb TOrO, YTO
OCLHJIJSTOD HMEET B KaKOH-HHGYAb MOMEHT BDEMEHH SHEPrHuIo e, ==
=ey-}-nhv. OtnocHTenbHLIft KBagpaT GMIOKTyauud Aaercs ypaBHe-
HueM (411); o npuobperaer O0COGEHHO NpOCTOE BHPaMXEHHe, KOria
HyJeBas 9#eprus e,=40, Tak KaK TOraa, COIJIacHO ypaBHeHHIO (437):
hv
KA (L) = 1 AT
dr \s /)7 RI?

¥ COrJIacHo ypaBeenuio (411):

S=

A=e =142 (443)

B oTHOCHTeAbHHA KBagpar (JIOKTYalHH SHEPruH BXOAAT, TaKUM
o06pa3oM, ABa Y/leHa: NOCTOSHHHIA uJeH, paswnfl 1, U ulen npsamo
NpPONOPUHOHAJNbHHA KBaHTY AeficTBUS ~ ¥ uucAy KoAeGaHUH v H

06paTHo nponopuHOHaAbHHMR cpesHelt sHeprun e. B Kaaccuueckod
TEOPHH BTOPOH ujaeH o6pamaercs B Hy/Ab, I09TOMY B Hef OCTAWOTCH
(oK TYalMH TOJBKO NMEPBOro BHIA.

§ 136. OcranoBuMcs ewe Ha TOM CJAyuae, Korja yucac N ocLuI-
JASTOPOB He ABJAseTCd HeOoOXOAMMO OueHb 60abUINM, HO MOXKer GHTb
"KaKuM YrojiHo, BnJaorth 10 1. B stom caydae onpenesnesHOR Temme-
parype T He cooTBercTByeT Kakas-1u60 onpejeneHHas sHeprusi E
CHCTEMH, TaK Kak 8Heprus ucneithBaer ¢umokryauud. CoraacHo
§ 127, nucnepcuio 3Hepruu 37eCb MOXHO CHOBa BHPA3UTh C NOMO-
'HIbI0 OTHOCHTEJbHOro kBazpara Gaioktyauunm (411), ecan noxcra-

BHTb TyAa IJif e cpellHee 3HAayeHHE SHEPrdH Tenepb yxXe BHPOX-
JeHHOR CHCTEMH.
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OrBnekasicb CHOBa OT HyJA€BOH SHeprud, MH I0JyyaeM M3 ypas-
nenus (437):

= (444)
el 1
¥ u3 ypaBHenus (411): .
1 wr _ 1 hv .

HOas N =1 noayuaercs npexsee BumpaxeHue (443) s oxuoro
ocuuaaaropa. Ecau MH OyaeMm, npu HeKOTOPOH onpejeneHHOR Tem-
neparype 7, yBeauuuBatb NN, TO BEIHYHHA A OTHOCHTENBHOrO KBaj-
para daokryaunn G6Gyner, Kak # CJIel0BaJ0 OXHIATb, HEOTPAHHU-
yeHHO y6uBarb. (0e cocraBHBIe YacTH A, KnacCHyeckas ¥ KBaHTO-
Basi, OOHapyXuBaWOT, BIPOYEM, B 3TOM OTHOUIEHHH OJHO Xapakrep-
Hoe pasamume. Kaaccuuweckas wyacTb C Bo3pacranueM N yGuiBaer,

1
KaK -, T. €. HE3aBHCHMO OT TeMIepaTypH, KBAHTOBAsl e — KaK
. =
N «(e* —1). Takum o6pasom uyTOGH (IIOKTYyaNHH SHEPTHH HCHE-

aau, N HyxHO GpaTth Tem O6oJbile, ueM HHXe teMneparypa. JIpy-
rHMH CJOBaMHK: 1151 BCAKOH CHCTEeMH, KaK GH MHOrO OCUMJIJAATOPOB
B Hee HH BXOAHJO, CYIIECTBYET TaKast TeMIeparypHas 064aCTh, HHXKe
KOTOpPO# CHCTEMY Hesb3d OXJAaJUTh, €CIH MH XOTHM, UTOOH TeMIepa-
Type CHCTEMH NONPEXKHEMY COOTBETCTBOBA/AA COBEPIIEHHO ONIpeeeH-
Has ee sHEPrug. Mu 3aKJi0uaeM 0TCIOAAE, 4TO, KaK G HU 6HJaa Be-
AHKA CHCTEMAa, NOHATHS H 3aKOHH TEPMOJHHAMUKH
yTPauYHBAIOT B OTHOWMEHHH €e CBOI CNpaBedJdUBOCTDH
eme paHbIle, YyeM IOCTHTHYT aGCOJMIOTHHA HYyAb TeM-
neparypn. [TosTomy Bce TepMOguHaAMUYECKHE D2 CCYKIEHHS, B KO-
TOPHIX ONEPUPYIOT C OXJaXKICHHEM ONpeJeseHHOR cucTeMH Ao abco-
JIOTHOTO HYJs, NPeJCTAaBAAIOTCH BeCbMa WIATKUMHU (Cp. Huxe § 149).

§ 137. Mu B cocrosiuuu Tenephb c GoabIOR Hagexmaok Ha ycnex
CHOBA NPHHATHCA 33 NpobaeMy pacnpejeseHHs SHEPrHH B HOPMaJb-
HOM CIeKTpe, pacCMOTpeHHe KOTOPOH npHiuioch mpepsath B § 114.
Dta mpo6aeMa, KaK yxKe yKashBaJoCh TaM, NPHBOAMTCHA K BRIYHC/e-
HHUIO HTPONHKHK H NPOYMX TEPMOJHHAMHYECKHX CBOMCTB YePHOTO H3-
AydeBus. MH yCTAaHOBHJAM BHINE, YTO MHKDOCKOUHYecKHi crnocob
PacCMOTpPEHHS] CHCTEMH Ja3eT CPeACTBO ONpeleNHuTh €e SHTPOINHIO.
[TpoBeneM nosTomMy MHKPOCKONHWYECKOE MCCAEAOBAaHHE YHCTOTO yep-
HOTO H3JIYYeHHd, B34B NocJaelnee, 1% BO3MOXHO0 60AbnieR NPOCTOTH
¥ yaobcrea, B obbeme xy6a c peGpom [ YpaBueuusi 8JAeKTpoMar-
HHTHOrO NOJIs, OTHECEHHHE K Bakyymy (4, § 2), B aTOM cayuyae MOXHO
NPOHHTErPHpOBaTh A0 KOHUA. bBaarozaps 3ToMy MOXHO NMOJAYYHTH
ofmee peureHde 3ajaud, paccMarpuBaeMofl C MHUKDOCKONHYecKoh
TOYKH 3peHus. UroOb YCTaHOBHTb COOTBETCTBYIOLIME NOrpPAHHYHHE
yCJIOBHS, MH [NpHMeM, 4TO BCE eCTh rpaHedl moJoro Ky6a sBASIOTCS
(3, § 92) abcomoTHO NpPOBOASIMMHU W GJaronaps STOMy HAEalbHO
OTPaXKAIOIHBMH; TaHIeHIHAJbHHE K CTEHKAM KOMIIOHEHTH 3/JeKTPH-
YeCKOR HAAPSKEHHOCTH MOXHO MOJOXHTb NO3TOMY PaBHHMH HYJIO.
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Eciu MH DaCnoNOXHM HAaualO KOODAMHAT B OJHOM M3 Yr/OB
Ky6a, T0 uyacTHoe pemenne audepeHUHaNbHHX YpaBHEHHA INOJs,
YAOBJETBODAIOUIEE BCEM IOTPAaHMYHHM YCIOBHSM, NpPEACTABHTCS
CACAYIOUMMK BHIPAKEHHAM:

E _cosg%’—c sin 72 b'"y ! sin 2nvd),

E = sin aﬂx . cosb ™. s cos 21rvt+ e, sin 2xvt),

E,= sin 2 1 - sin —= y : c'"z . sin 2nvE),

H, =sin 5= cos b =+ cos T+ (hy sin 2mvt— k] cos 2mvt), (446)
, = cos ? - sin b[—“—y T k) cos 2mve),

H,=cos %’f cos 2 b“y K, cos2nve),

rae a, b, ¢ 0603HayaT Kakue-HUOYAb TPH NOJOKHTEJbHLIE Le/he
YHC/Ia; OTPHUATEAbHHE YHCJAA He NAKT HUYero Hosoro. [lorpanuy-
HHE yCJAOBHS NPH 3STHX BHPAXKEHHAX YAOBJAETBOPAIOTCH TEM, 4TO
TAHTeHUKAJAbHBE KOMIOHEHTH HANPSKEHHOCTH 3/JEKTPHUYECKOro noJs
ofpawaioTcsd AJAd IIECTH MNOTrPaHHYHHX nJockocref: x=0, x=/,
y=0,y=1 2=0, z=1[, B Hyab. ¥YpaBHenus mnoas (4 § 2) 6ynyr
yJAOB/JeTBODEHH TaKXe M B TOM CJyuae, KOrja TOCTOSHHHE 6yayT
CBS3aHH APYT C APYroM COOTHOLIGHHSMH, KOTODHE MOXHO 0Gbenn-
HATb B CJAENyIOWEM OJHOM IOJOXKEHHH: ecaAd OO0O03HAUUTh yepes o
HEKOTODYIO NOJOKHTEJAbHYIO NOCTOSHHYIO H Yepes ¢ — CKOPOCTb CBe-
Ta, TO MexJy AEBATbIO BeJUUHHAMH:

ac be cc

a2 N
LT C Y
@ o a

& & 4
@ @ a’

pacrnosnoxeHHNMH B (popme kxBazpaTHOH TaGauIEl, MMEIOT MECTO Te
Xe CaMue COOTHOIIeHHs, KaKHe BHIIOAHAITCS NI JEBATH Hanpas-
ASIOMEX KOCHHYCOB ABYX NpaBHX OPTOrOHaJbHHX CHCTEM KOOpAH-
HAT, T. € JAJAS KOCHHYCOB YIJIOB MeXJY B3STHIMH INONAapHO OCAMH
obeux cuctem (/, § 100). Orcionma caexyer, 4YTO CymMMa KBaApaToB
JIEHOB KaXAOro TODH3OHTAaJAbHOTO HJIH KaXJAOT0 BePTHKaJIbHOrO
psaia paBHa 1, 1. €., 4TO Hanpumep:

o (@b ) =1, (447)
ht+hth=ot=¢e-teitel.
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Hanee cymma npoussejeHut COOTBETCTBYIOUHX YJIEHOB KaXAbIX JBYX
napanjenbHHX PAL0OB paBHAa Hy/mo. Hampumep:

ae, +be, -} ce; =0, }
ak, - bhy +- chy —O. (448)

HaxoHern, umeior eme MeCTO COOTHOmeHHd Buja [/ (492):

HJAH
hy =2%(ce2——bes) HT. I (449)

Ecau neaste uucna a, b, ¢ 3anansl npousBoJAbHO 3apaHee, TO
STHM CaMhM, COIrJIaCHO ypaBHeRHIO (447), ompejpeneHO uHKCJAO KoOJe-
Ganuii v. M3 wectu Benuuud ey, e, €s, iy, By, hy NPOU3BONBHO MOXHO
BEOpaTh TOrAa TOJMBKO 1Be, BCE K€ OCTANbHHE ONPeensaTCd THMH
IByMs B BHJE JUHEHHHX OZHOPOAHHX QyHKuu#A. EcaIH MH BO3bMeM,
nHanpuMep, NPOU3BOJIBHO 3HAYEHHd €, H €, TO 3Ha4eHHe e; BHuH-
CAKWTCHA M3 ypaBHeHus (448), us cooTHomeHu# xe BuAa (449) MoxHO
GyneT BHYHCAMTH 3HAYeHud A, hy, h,.

Uro kacaeTcs NOCTORHHHX €, €, &, h, h, h, OTMeueHHHX
WITPUXAMH, TO OHH CBfI3aHH APYT C APYFOM TaKHMH Ke COOTHOLIE-
HUSIMH, KaK H 1npeibdymue, 6e3 MTPHUXOB, OT KOTOPHX OHH, CO
cBOeli CTOPOHH, COBEPIIEHHO He 3aBUCAT. Mbl MoOXeM NOsTOMY H
M3 HUX JBe B37Tb NPOM3BOJLHO. F3 Bcex mMOCTOSIHHHIX, BCTpPeualo-
IIUXCH B NOJYYeHHHX YPaBHEHUAX, HEONPeAeJeHHHMH NPH 33 JaHHHX
a, b u c ocraioTrcg, Takum 06pasoM, ueThipe MOCTOSHHHIX.

Hanumewm tenepp Ang Kaxaoft NpPoM3BOJbHON TPOHKM YMCea BH-
paxenus suia (446), a 3atem HafilleM CYMMBl COOTBETCTBYIOMHUX KOM-
NOHEHT noad. Mul moayuum Toria ofuiee pemieHdHe ypasHeHHR noJas,
NoTOMy 4TO OHO GyjeT B COCTOSHMM NPeACTaBHTb B OJHO3HAYHOM
bopme n06o#, Bo3MOXHHA B paccMaTpHBaeMOM noJ0M KyGe, npo-
necc gaayyenus. YroOu jJoKas3aTh 3TO PacCMOTPHUM HayaJbHOE CO-
CTOSIHME BJJEeKTPOMArHUTHOrO mo.ad. Ecau MH noJoXxuM B ypaBHe-
HuAxX (446) £=0, To mosyuMuM B KayeCTBe OGLIETO BHIPAMEHHA Ha-
YaJbHOTO COCTOSIHHS CJAeYyIOUiMe YpaBHEHHS:

E, = Zelcosaﬁx-sinb—?-sin?’;—z,
E, = Zezsin%—rf-cosb—?-sing%z,
E, = Eessiniq—;ﬁ-sinb—?-cos%,
H,=— Dk sin E;f cosE‘l—)f-- cos =2,
H=—3nh, cos—al;f-siny—?-cosc—“tz—,
H,= — Rk, cos™ cosb%y -sin=F,

npyyeM CYMMHpDOBaHHE€ CJefyeT PacnpOCTPAHHTh HA BCe 3HAYEHHA
yucea a, b, ¢ ot 1 10 oco. [Tosoxum, uro E u H 3agann kaxum.
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Au60 o6pasoM aaa f==0; 8TO, KOHEYHO, AOKHO GHTbH CHENAHO TAK,
yTOOGH OLLIH YIOBJETBOPEHH NOrPAHHYHBIE YCJIOBHS M YTOOH OHIJIO
div E=0 u divH=0. HanucauHHe Bhllle CyMMB NPeACTaBAT TOrAa
pasiaoxenuss B pan Pypbe ynxuuit E u H nns momenta £=0. Kos-
(GUUMEHTH S9THX pas3JoxeHu#l, Kak HM3BeCTHO, ONpeJeJasioTcs coBep-
IIEHHO OAHO3HAYHO (cp. 2, § 39) ¥ MoOryT OHITH BHUHCJAEHH C NO-.
MOLIBI0 NPOCTHX npuemoB. [Ipouecc, TakuMm 06pa3oM, OKAa3LIBAETCS
onpejeNeHHHM AJ BCeX 3HaueHu# [,

UTo6H HalifeHHOE pelueHHe MOXHO OHJIO NMPUMEHHTH K TEIIO-

BOMY H3JyueHuio, pe6pa xy6a, cornacuo § 94, caenyer B3iTb OYEHb
4

60JbIIMM N0 CPAaBHEHHIO C AJMMHON BOAHM A= U3 ypaBueHus

(447) BmTekaer Torpa, uro Bopaxende aZ-l-b?-}c? gomxHO
¥METb O4YeHb OOJbLIOE 3HAueHuEe, — 006CTOATENbCTBO, KOTOpOE IIo-
3BOJIHT HaM C JIETKOCTBIO BHYKCJIHTB, CKOJBKQ CYIIECTBYeT pa3JiHy-
HHIX KOMOuHauu#l uucen a, b, ¢, gamom@Ux Yuciaa KoseGawuil B npe-
Aenax y3KOTO CneKTpaJbHOrQ HHTepBaia v H v—Av. IDTH TPOHKH
4yucesa, OYEBHJAHO, NOJXKHH GyIyT XapaKTepH3oBaTbC#, COIJIACHO
ypaBHeHHI0 (447), caenyiouHM YCIOBHEM:

(B)' < a4 br o < (FE2R (450)

H306pasum kaxayio TpoiiKy yuCen a, b, ¢ B BHIE TOYKH, paccMa-
TPUBAs 3HAYEHHS NOJOKKUTENBbHHX LeJHX yucen a, b, ¢ KaK KOOpAK-
HaTbl B HeKOTOPOR AeKapToBO# CHCcTeMe. TOYKH, ONpPEAENEHHBIE YCIO-
BueM (450), 3anonHAT OfMH M3 OKTAaHTOB O6e3rpaHHYHOrO NPOCTPaH-
CTBa; ycnosue (450) rOBOpHT, YTO PAacCTOSHHE KaXJO# TaKOH TOUKH

20y
OT Hauyana KOOp,ElPIHaT 3aKJo4yaeTcsd MEeX1y 3HAYEHHAMHU - H

24 A
—@. Hurepecyomee Hac uyucjo GyAer paBHO NOSTOMY UYHCAY

TOUCK, JEeXAIUHX BHyTpH YyaCTH OKTAHTA, 3aKJIO4YeHHORA MEXAY C(be-
v 2 (v -+ AV
quQCKHMH noBerHOCTﬂMH, OINHUCAaHHBIMH paﬂﬂycaMH T H -L:él-—)

Ho rak kax kaxpof Touke COOTBeTCTByeT Ky6 ¢ o6bemom 1, TO
8TO uMCJI0 6yJeT NpoCcTo pasHO 06beMy 3TOro TOHKOro cgepuuyec-

.KOFO CJIOSI, T. €. paBHO:
2 I3v3.
1 R ’ .(2[\') R QIAV 433 . Av . (451)

c c3

DTO YMCNO MOXer GuiThb OueHb GONbIIMM, XOTS OH HHTepBan Av M
6Ll B3T BeCbMa MajbIM; AJs 9TOTO HYXKHO TOJbKO B3STb g0CTaToy-
HO Go.bmiuM pe6po Ky6a /. B jpanbHedineM MH TaK U NOCTYNUM.

§ 138. Ham ypanoch pasnOxuTh, C NOMOWbBIO MHKPOCKONKYE-
CKOTO croco6a paccmMoTpeHus, HauGosee OOIKH MOHOXPOMATHYECKHA
npolecc, KaKo# TOJbKO MOXET DasunrpHBaTbCi BHYTPH B3iTOH no-
JOCTH, HA OnpejeseHHoe, GOJbLIOE YHCJIO HE3aBHCHMBIX Ipyr OT
Apyra rapMOHHYECKMX KoneGamu#l OAHOA M TOR ke uyacToTh. Ecre-
CTBEHHO IIOCJI€ 3TOr0 CPaBHHTb TEPMOJAMHAMHYECKYIO BEpOSITHOCTH
TAKOTO H3JNY4YeHHUs C TepMOAMHAMUYECKOH BepOSTHOCTbIO CHCTEMH
OAHHAKOBHIX, HESaBUCHMHX ApYr OT Apyra rapMOHMYECKHX OCIJ-
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JAGTOPOB TO# Ke 4acTOTH, HCCJIEIOBAHHEM KOTOPOH MBl 3aHHMAJHCH
B npeanaymux naparpagax. [Ipupoga kone6Ganmit B sonpoce o Be-
POATHOCTH HE HrpaeT HUKaKOf pOJK; NO3TOMY coBepuieHHO Ge3pas-
JAMYHO, GYARYT JM OHH MEXaHHYECKHe HJIH 3JeKTPOMarHATHHE; Cylne-
CTBEHHO TOJbKO TO, YTO MHKPOCKONHYECKHE [POUECCH B 06eHx Cu-
CTeMax OJHO3HAYHO COOTBETCTBYIOT APYr APYry H uTO, Takum o6pa-
30M, KaXAOMY COCTOSTHHIO YEDHOI'O H3JIYYEHHS MOXKHO CONOCTaBHTb
OnpejeNeHE0e COCTOSHHE CHCTeMH OCHUJJIATOPOB,  Hao6opoT. Ecan
STO. NPEAIOJOXKEHHe BHIIONHEHO, TO YHCJAO MHKPOCOCTOSHHHA, COOT-
BETCTBYIOIHKX OJHOMY ONpPejeJeHHOMY MaKPOCOCTOSHUIO, COBEpIICHHO
He 3aBHCHT OT TOTO, HMEEM JIX MH J€J0 C CHCTeMO#i OCUMJJISSTOPOB
HAH C YepHHIM H3JY4YCHHEeM.

[Mpu sroM myxHO, oxHako, OOpaTUTb BHUMaHHE Ha CleAyloliee
o6cToaTeabcTBO. COrMacHO NpelhAYIHEMY, COCTOSHHE H3JyUCHHS
JAs OUPeReJeHHOr0 YHCJAa KOJAe6aHHA v ONpeje/sieTcs YeTH PbMS
He3aBUCHMEIMH JADYr OT Jpyra NOCTOSHHHMH, TOrZa KaK COCTOS-
Hue KoJebaHHd OCHMAIATOpA C OZHOR CTeneHbio CBOGOIH BKJIO-
yaeT B cebg, coraacHo ypasHenuio (430), ToAbKO JABe He3aBHCHMHIE
NOCTOSIHHBIE.

Mu 10JKHE OTCIOZA 33KJAIOYUTD, YTO H3JIYYEHHIO C YHCJAOM KoJje-
GaHuf v NpUCYUlH JBe CTenmeHH cBOOGOAH, a KaXAOMY COCTOSTHHIO
H3JYYeHHs 8TOH{ YaCTOTH COOTBETCTBYET HEKOTOpOe OnpeaeseHHOe
COCTOsIHHE JABYX HE3aBHCHMBIX APYT OT Apyra OCUMJJIATOPOB, H HAO-
6opor. CiexoBaTeqbHO, MOHOXDOMAaTHYECKHE IPOLECCH HINYUYECHHS
B pacCMaTpUBaeMOil NOJIOCTH SKBHBAJIEHTHH B CTATHCTHYECKOM OTHO-
IUEHKUH npoleccam KO/JAeGaHHUS CHCTEMBL:

Bv3Av
N =2 %808 (452)

rapMOHHYECKHX OCHMJJASATOPOB C OJHOA CTENEeHbIO CBOGOMAH; SHEPrUs
HX, A1f onpejeneHHo#t Temnepatypw 7, naercs ypasHeHHem (437).
O6paruM enle BHUMaHHE Ha TO, UTO HYyJeBas SHEPrHsd HU3JAY4eHHs IO
ypaBseHHio (330) paBHa HYJN:0; MHl IIOJYYHM TOrAa AJsl 9HEPTHU pac-
CMaTpPHBAaEMOr0 MOHOXPOMAaTHUYECKOTO0 YEePHOrQ H3JNydYeHHs CJepylo-
Diee BHIpaXeHHE:

moe
pBOE (3T T)7 (453)

o8

a Aa9 06BeMHOA NJOTHOCTH 8TOH SHepruH, Aensi BHpaxeHue (453)
Ha o6beM Ky6a [3:

3

hy
8nhv3Avy .(e BT __ 1)—-1= U,- Ay, (454)

ecli BOCHNOJNB30BaThCA O0GO3HAYEeHHEM, BBEJIEHHHM B YpDaBHEHUH
(296). B cBsisu c ypaBHenueM (297) a/Ad YAeNbHOHA MHTEHCHBHOCTH
NPAMOJIMHEAHO NOJSPH3OBAHHOIO H3JNy4YeHHS B KaKOM-IM60 Hanpa-
BAGHHH OTCIO[a CAeAyerT:

cU, I3 -,% ~1
Kv==——8—,;-—~—-(e --1) . (455)
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Sro ypaBueHHe M BBIPAXAaeT HCKOMEIY 3aKOH U3aAyuerusi. CpaBHUBaA
ero ¢ ypaBuenuem (360), MH ycTaHAaBJHMBaeM NOJIHOE COrJiaCHe 8TOro
3aKOHa C 3aKOHOM cMelneHHs BuHa.

Hna xapakrepucruueckoft pynkuuu ¥ MOHOXDOMATHYECKOTO H3-
Jayuenuss B o6nveme V u3 ypapuenuit (436) u (452) M noayuaem:

hv

w=_Mln(1—e *7). (456)

c3

Ecnu oTHeCTH yaenbHY:0 MHTEHCHBHOCTH H3JYYeHHS HE K YHCIY KO-
nebaHufl, a Kk QJMHE BOJHH A, TO H3 ypasHeHuh (363) u (455) Mu
NOJNYYHM ANl HEe BEIpaXKEeHHe: :

E=%% .(e":—,;—- 1)“:%@7%- 1)“. (457)

9To ypaBHenHe BhIpaxaer YACAbHYI HHTEHCHBHOCTb MOHOXDO-
MaTHYECKOr0 NPSAMOJMHEEAHO NOJSPU3OBAHHOrO Jy4a C [JIHHOH
BOJAHH ), HCIYCKaeMOTr0 B BaKyyMe UYEDHHIM TeJOM C' TeMIepa-
Typolt 7. o
§ 139. Ina 6oabwux 3HaueHu#t AT ( >>c;) ypaBuenHe (457)
NepexONMT B ypaBHEHHe:

B =2, (458)

a ypaBHeHue (455) —B ypaBHeHHE:

RV3T
K, = T (459)

BHIpaxaloliee TaKk HasniBaeMHNl 3aKOH U3nyueHHs Pened. Mu
NOJYYHM STOT Xe 3aKOH, €CJIM NpUMeEM, IPH NPOH3BOJNBLHOA TeMmnepa-
Type 7, KBaHT ReAcTBHA £ GeckOHe4yHO ManwiM. B cornacuu co cka-
3aHHBIM B § 134, MH 3akJ0uaeM OTCIOZ3, 4TO 3aKOH Pesesa u mpen-
craBaser co6oft ,KJacCHUeCKHE“ 3aKOH H3JNyuyeHus. B ToM, uTo 8TOT
33aKOH NPOTHBOPEUHT ONHTY M 4YTO, CJAELOBaTeNbHO, KJacCHuecKas
TEOPHs BOOOGIIE HEHalleXHa, JIETKO YO6eXuT:LCs, NPOHHTErPHPOBAB
BupaxeHue K,-dv no v or 0 1o oo; ypaBHeune (459) noxasmiBaer,
UTO PesyabTaT MHTErpupoBaHus 6yner uMerb GeckOHeuHO Gosblioe
3HauYeHHe.

HAas maasx snaueHuft AT (<X c.) MH IOJyuaeM, HalpPOTHB, H3
ypaBHenusa (457):

6

E)"'.: ;lli -4 T . (460)

DTO ypaBHeHHe BHpaXaeT TaKk Ha3WBAaeMHA 3aKOH pacnpepe-
MEeHUHA 9Hepruu Buua. _
3akon BuHa ouenr xopomo omnpaBALHBaeTCs B ONTHYECKOH
0621aCTH, HO COBEPLICHHO HENPHrOXeH I BHICOKHX TEMIepartyp.
[Tocnexnee o6bacHsercs TeM, uTO B RelcTBUTENbHOCTH £y NpH

14 Baenemme B Teopernueckyo $uanxy u. V.
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GesrpaHuyHO BO3pacTalolmiedl TeMneparype NpPEBOCXOAHT BCAKHE
IpaHuln, a BHpaxeHnue (460) sroro He Jaer. 3HaueHHe NMOCTOSHHOH

c
Cg = —— IO HauboJee TOUHHM H3MEPEHHUAM DABHO:

&
ca =51 = 1,430 cx-2pad. (461)
§ 140. Ins o6beMHOR NJOTHOCTH I YEPHOTO H3AY4YeHHS B Ba-

KyyMe npu remnepatype T MH mNoJyuaeM M3 ypaBHerus (454) cie-
ayooulee BLIpakeHHe:

[ ™ hv
> > [ B -1
u=&/uy-dv=-§§3./v3 el 1) -dv=
[1]

8xh o hy 2hy 3hy

8=« N T kT RT kT
= 03/ e T4e Mpe ... )y
(]

Hurerpupys nouseHso W BOCNOJb3OBABIIHCH TEM, YTO:

1 1 1 4
MB TIOJIYYHM: dSnn AT
”=T(T> Rk (463)

YpapHenue (463) Bepamaer, oueBUAHO, 3akoH Credana-Boabumana
(326) unm (328), c Tem, OXHAKO, OTJIHYHEM, YTO IIOCTOSHHAA STOrO
3aKOHA TNOJy4aeT 34eCh TOYHOE BhIPaXKEeHHe:

8okt 2n5kt
4= {gam WA 0=1rgq (464)

§ 141. Tloab3ysch 3HAYEHHSIMH © U Cy, NOJYYEHHHIMH NyTeM H3-
MepeHufi, ME JIETKO MOXEM BHYHCJIHTb NOCTOsHHME 2 u k. M3 ypa-
BHeHn#t (401) u (464) peRcTBUTENBHO CJAEAYET, YTO!

P 150c4 P 15s¢3 . (465)

Ande2 ? 27d¢

[loxcrasasis B 8TH BHIpaXEHHs 3HAYEHHHA & U Cp YKa3aHHHIE B (331)
¥ (461), Mu noayuaem:
h=16,55 107" apz-cex, }
k=1,373.10"" apz.2pad .

Ias Toft DJAMHE BOJHM 1,, KOTOpas B CIEKTPE YEPHOTO H3Iyye-
HHSl COOTBETCTBYET MAaKCHMYyMy MHTeHCHBHOCTH E), M3 ypaBHeHHs
(457) BHITekaer ycnosue:

(466)

dE,
.(T)M,,, ==0.
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Bunoasus pudpepennupoBanue M 0603HAUMB A KPETKOCTH
ch
T =k

MH NOAyuuM aJs § ypaBHeHUE:
—B g _
e +§"—*1 =0.

Kopenb 8T0ro TpaHCUEHAEHTHOrO YDaBHEHHUS PaBeH:
B=4,9651.

ch Cy
CnenoBarenbHo, A T—ﬁ =-g~ ©€CTb NOCTOfTHHAR BENMUHHA, KAK
'8TOr0 M Tpelyer 3akOH cmemeHHss ByHna (365). 3HaueHHe NMOCTOSAH~
HOR & moJayuaercs NIpH 9TOM PaBHHIM:

__ ¢y __ 1,430
b=-12 5 =161 =0,288
B COIMACHH CO 3HauYeHHeM (366), monyuyeHHEIM nyTeM H3MepeHuH.

§ 142. Hame BHuYHCJIEHHE DacnpejieNieEHs SHEprHH B HOPMaJjb-
[HOM CIIeKTDE OCHOBHBAJOCH WCKJAIOYHTENBHO HAa CTaTHCTHUECKOM
'OnpeReNeHHH SHTPOIHHM H COBEpPUIEHHO He 3aBHCEJA0 OT KakuX GH
‘TO HM GHJIO NPEANONOXKEHHRA O NPUPOLE NPOUECCOB, NpeBpallalomKX
;paBHOBECHOe H3JyuYeHHEe C NPOU3BOJBHHM pacnpejefeHHeM SHePrHH
B HOpMmaabHOe. Ho NOHATHO, YTO B NpHPOAe NOJOOHHE NPOIECCH,
'OCYIIeCTBASIONINe CBS3b MEXKJAY dHepruef pasiuyHHX CleKTPadbHHX
o6aacrelf, HEOGXOAMMO JOJNKHH NDUHEHMATH y4acTHe B yCTaHOBJeE-
HUM HOPMAaJbHOTG pachpejeneHus suepruu. Mul yxe HMead BO3MOX-
HOCTb NOAuepKHYTb 3TO B § 105 u § 125. Bo3HuKaeT BaXHHHA BO-
TIPOC, KaKOH e BHX CBS3M NEHCTBHUTENLHO OOCAYyXHBaeT B paccma-
TPHUBAEMOM CJayuae npupoly. UroGbl OTBETHTh Ha Hero Heo6Xxoxu-
MU, OYEBHIHO, NPOHUKHYTb IAy6ie B CaMyio CYWHOCTb aKTOB HC-
NyCKaHUA ¥ NOIVIOUIEHUS H3TyYeHHS.

Bcero 6amxe Kk KeHCTBHTEJNLHOCTH OKa3HBAETCS BO BCAKOM CAYy-
yae MOXeab aToMa, npexnoxesHas Huabcom Bopowm; aTolt Moaeabio
IBASETCA OCUHMAIATODP, KOTOPHHA MOxer o6.aajgarh, kak B § 122, He-
KOTOPHM 4HC/JAOM IMCKDETHHX 3HaUeHHH sHeprum e, <e, <e;...<
<e,<...Ecan Takofi aToM HaXORMUTCH B [0J€ H3AydeHHus, TO NPK
MOTJIOMEeHHH 9HEePrHH H3/JYUYCHHS OB CKAaUKOM NEePeXOXUT OT HEKOTO-
pol MeHbLICA SHEPrYH e, K HEKOTOPOH GOAbUICH SHEPIUH e,y NMPH HC-
IIYCKaHUHK aTOM conepmaer CKauYoK B 06paTHOM HanpasaeHuu. [Torao-
LEeHHOE K HCNYIEHHOe H3JyueHHe HMeeT BCerja MOHOXpoMaTHYeCKuHl
XapakTep; YHCJA0 KOJe6aHH} v 3TOr0 H3JySeHHS CBH3aHO CO CKAYKOM
SHepruu aToMa CJEAyIOIHM COOTHOIIEHHEM:

hy=e,—s, (467)
TaxkuM 00pasoM BEJHYHMHA SHEPrUM H3JAyueHHs, nperepnepaomei

TipeBpalleHue, BCeria paBHa Ay, TaK HAa3HBAEMOMY CBETOBOMY KBaHTY.
L
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Cranuonapsoe COCTOsiHME NPH TaKOM oGMeHe SHepruef mexny
aTOMOM M H3/JyueHHEeM XapaKTepH3yeTCsl TeM, UTO B TeueHHe OUEHb
GOAbIIOr0 MPOMEXYTKAa BPeMEHH CKauOK 3HEPrHu OT e, U e, POHUC-
XOAHT OJMHAKOBO HACTO C OOpaTHHM CKaykOM — OT e, K e,. 31IecChb
HYXHO, ORHaKO, OGpaTHTb BHHMaHHE Ha TO OG6CTOSATENbCTBO, YTO
aToM, coraacHo § 126, B reueHme 3TOr0 NPOMEXyTKa BpeMeHu Oy-
LeT 4aIne HaXOAMTbCA B COCTOSHMM C MeHblled sHeprueft e, ueM B
COCTORHMK C GoJbillefi sHepruedt e, [leficTBuTeNbHO, COOTBETCTBYIO-
H(#e ¥acTOTH, COrJaacHo ypasHeruio (407), 6ynyr:

—n —2
e kT e kT
W, = ——Tn Hw,= — (4678)

Ze Ze 7

CregoBareqbHo, B CpejHEeM aToM NpeSHBaeT B OJHOM COCTOSHHH
LOJbiIe, YeM B XpYroM.

A. DftnmrefiH BBes BecbMa NpaBRONOAOOHHE INpeaNOJ0XKeHUs
AJA 4aCTOTH CKayka SHEPruu aromMa OT e, K e, U O6GpaTHO, KOTO-
pHE C NOMOU[BIO NPOCTOr0 BHYMCACHHA NPUBORAT K LeAH. DARMTeHH
NPeANOJOXKHKA, YTO YaCTOTAa aKTa IOIJIOIEHHS, T. €. CKauKa OT e, K &,,
NPONOPUKOHAAbHA, BO-NEPBHX, W, a BO-BTOPHIX, HHTEHCHBHOCTH H3-
aAyuenus [c uucaoM koaeGaruit v, onpeleseHHHM ypaBHeHueM (467)],
Najaoulero Ha aToM; OH NpHHAJA, TakHM 06pasoM, YTO 3Ta 49acTOTa
paBHa aK,w,; aHAJIOTHYHO 4aCTOTa OOpPAaTHOro CKauka, T. €. 4aCToTa
aKTa MCNyCKaums, paBHa aK,w,. Kpome ncnyckannus, BH3BAHHOrO na-
NAOIMEM HAa aTOM H3aAyueHHeM (,HHAYUMPOBAHHOE® HCIYCKABHE),
CYLWIECTBYeT euie TaKk Ha3HBaeMoe ,CIIOHTaHHOe“ HCIyCkaHHe, KOTO-
poe COBepUIeHHO HEe 3aBHCHT OT BHEIIHEro NOJAf H3JydYeHHs; ero
YacTOTY MOXHO BHPasuTh npocro uepes fw,; kak B, rak u a—He-
KOTODHE, HE 3aBUCAUIME OT TeMNeparypH, KO3(dHUHEHTH Nponop-

LKOHAABbHOCTH. ¥ CA0BHE CTAallHOHADHOr0 COCTOfHHUA Hampuercs, cJiae-
noBareJbHO, Tak:

OtKv'w,, == ak v'wp + @Wp-
[Ipunumas xe Bo BHEuMaHHMe ypaBHenus (467) u (467a), Mu noayuum:

hy

K“‘=f—<eﬁ—l>_1

o

B COrJIacKH ¢ ypaBHeHueM (435).

[TonsaTue ,yacToTH® B NpefHAYIIEM pacCyXACHHH MOXHO yIo-
TpebasTh, KOHEUHO, He TOJAbKO BO BPEMEHHOM, HO M B NPOCTPaH-
CTBEHHOM CMBIC/Ie, OTHOCH ero, CJeJ0BaTelbHO, HE K OTAEAbHOMY
ATOMY, 8 K COCTOSHHIO, B KOTOPOM HAaXOXHUTCH OJHOBPeMEHHO 60.b-
IO YHCJAC OXKHAKOBHIX aTOMOB; 9TO TaKXe NO3BOAHIO OH YCTaHO-
BUTb YCJAOBHe DaBHOBECHS H COOGmMAO OH, MOxeT GHTb, STOMY
paccyXJeHHi0 eme GoJee HArAsIHHH xapakTep.
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T'NABA V

YPABHEHHE COCTOAHHAA MATEPHMAJBHEIX TEJA. XHMHYE-
CEA{d KOHCTAHTA. TEIINIOBAA TEOPEMA HEPHCTA

§ 143. Mu Buzenu Bo BTOpoft rJaame, uTo HauGoJaee oOwHA W
apaMo#t nyrk HaHTH YpaBHEHHe COCTOSIHMS KakKoro-aubo Tena 3a-
KJA04aeTCs B BHYHC/ACHHM N0 ypaBHenuio (419) cymmm cocrosauit,
a OTCIOAA N0 ypapHeunio (420) — xapakTepucTuueckolt pyHKuHHK Teaa.
Bocnoab3yeMcst 3TuM Cnoco60M, B NepPBylo ouepeRb, AJf I'a3a, Co-
crosmero u3 N OLMHAKOBHX HEH3MEHHHX OZHOATOMHHX MOJEKYJa K
sauuMaiomero o6vem V. ‘

BuiyucanM crnepBa cyMMy COCTOSIHMA, NPUHAB RJAS NPOCTOTH, 4TO
ra3 BEaxOXUTCH B HIEaJbHOM COCTOSHHH, T. €. UTO SHEPrus B OCHOB-
HOM CBOXMTCH K KHHETHueCKOH sHeprum MoJekysa. Tak kak Bce MO-
JeKyJau ORMHAKOBH, TO ras, KasaJochb Ohl, eCTECTBEHHO pacCMmatpH-
Barh, coraacio § 122, kak coBokynHoctb N OIHMHAKOBHX, U3GJAHPO-
BaHHHX ADYT OT APYra, 3/€MEHTapHHX CHCTEM — MOJEKYJ; 3TO IO-
8BOJIK/JO OH NPHMEBHTb K HeMy dopmyan (404) u (402) aas cyMMmu.
COCTOSIHMN BSJAeMeHTapHOH CHCTeMH K IJAs XapaKTepucTHyecKol
dysKuKE BCeH CHCTEMEl, eCAKH OH MH BOCIOAb30BaAUCh TEM OGCTOS-
TEeJAbCTBOM, YTO KaXIas MOJEKyJa rasa MOMeTrT HMeTb Jio6oe sHa-
yeHHe dHEPrHH M MOKeT 3aHHMAaTh J060e noJaoxeHue B obneme V.
Banxahimee paccmMOTpeHne NOKasWBaeT, OLHAKO, 4TO NMOCTynaTh Ta-
KuM 00pa3oM Heab3ss. OTO CBA3aHO C TeM, YTO Ha3BaHHHE cefiyac
¢GopMyJaH CHpaBeiJMBH TOJbKO B TOM CJAy4ae, KOraa 3JeMeHTapHHe
CUCTEMH H3O0JAHPOBAHH Apyr or apyra. Ilpu BuiBOze atux Gopmyda
OHLJ0 NPHUHATO, YTO KAXAOMY pacClnpejefeHHI0 COCTOSHHR Mexny
SJEMEHTAPDHHMH CHCTeMaMH COOTBETCTBYyeT 0C060e MHKPOCOCTOfHHE
BCell CHCTeMH; €CJAH, TakKuM 06pa3soM, JBe 3JeMEeHTapHHE CHCTEMBI
OGMEHHBAIOTCS CBOMMH COCTOSHHSIMH, TO BO3HHKaeT HOBOE MHKPO-
COCTOfiHME BCell cuCTeMmn. B cayuae oJMHAKOBHIX MOJEKyJ rasa 3To
NpenNoONOKEeHHe YxXe He HMeeT MeCra, TaKk Kak Ipu oGMeHe XBYX
OXMHAKOBHX Ta30BBIX MOJEKYJ CBOHMMH COCTOSTHHSIMH, T. €. IOJO-
WKeHUSAMH H CKOPOCTAMH, MUKDPOCOCTOSIHHE ra3a OCTaeTCsi COBEpIIeHHO
HEM3MEHHHM; OHO HHMYeM He OTJHYaeTcs OT NpeXHAyNIero MHKpPO-
COCTOSIEMS, W ero Hexb3si [03TOMY YUMTHBAaThb ellie pas NPH BHUH-
CJeHHH CTaTHCTHYeCKOro Beca. Hecmorps Ha 3TO nporuBOpedne B
NpeANOCH/KAX, YKa3aHHHA BHINE H KaXyIHUACH TaKuM €CTECTBEH-
HHIM CNOCO6 HaxOAMJA dYacToe npumernenue. Owmmbka, KOTOPYIO OH
nosjaex 3a coboff, OTOMCTHAA 3a ceGd NOsBJCHUEM 3aTpyXLHEBHH,
OTBETCTBEHHOCTb 332 KOTOPDHE BOSJOXH/IM BIOCJAEACTBHH, Ge3 BCs-
KMX K TOMy OCHOBaHHH, Ha BCIO TEODHIO B IIeJOM.

droit omubky MH B CBOEM H3JOXEHHH KeJath He Gyaem, 4TO K
IIO3BOJHT HaM H306exaTb CTOJKHOBEHHS C YKA3aHHHIMU 3aTPYyAHeHHS-
MH. B cOOTBercCTBHH C 3THM MH He OyJAeM pacCMaTpuBaThb ras Kak
COBOKYNHOCTb GOJBIIOrO 4HCJA2 ORXMHAKOBHX M30JAMPOBAHHHX 3Je€-
MEHTADHHX CHCTEeM,— MoJeKyJa (B cuucae § 122), Ho—KkakK OXRY
®/eMeHTapHyi0 cucremy (B cmucde § 127), obaapaomyio TakKum
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YHCJAOM CTeNnene#t CBo6OLH, UTO ONpeseNeHHO) TeMnepaType COOTBET-
CTBYeT COBEDIIEHHO ONpeJeJeHHAdA SHEPrus 3Toh cucTemH. B aTom
caydae aasi CyMMH coctosasuft £ m ans xapakrepucrugeckoi pynk~
uun ¥ 6yayr cnpasexausnl Buipawenus (419) u (420).

Jasi BHYHCICHHA CyMMB COCTOSHMA Z HeOGXOZMMO NPHHATH BO
BHUMaHHe BCe pa3JH4YHHE BO3MOXHHE MHKDOCOCTOSIHHS rasa M NOX-
CTaBUTb SHAaueHHs uUX sHepru#t B ypapHenue (419). Ho aas moacuera
BCE€X BO3MOXHKX MHKPOCOCTOSIHHN rasa, T.e. &1 KBaETOBaHHd rasa,
He06X0AMMO NPHUHATH ONpEleNeHHYI0 THIOTe3y O ero CTPOeHHH.
Takux runores O6HJA0 NPexJ0oXKEHO HECKOJAbKO; BCE OHM BERYT, €CTe-~
CTBEHHO, K pa3Au4YHHM pesyabraram. CymecTByeT, OAHaKO, JH0-
BOJAbHO OOmHpHas 00JacTh, B KOTOPOH pesy/ bTaTh, BHITEKAIOIIHe
H3 9THX [HIOTE3, COBNANAIOT; 3TAa 06JACTh B TO XKe BpeMs fABASETCH
eIHHCTBeHHOH, NOCTYyNHOH 1/ HEenoCPEeACTBEHHHX H3MEePeHHH, Tak
Kak Bce (H3MYECKH peaau3yeMhle CJAYYaH OTHOCATCH KAaK pas k
He#t. OHa XapakTepusyercsl TeM, uro B ()a30BOM NPOCTpPaHCTBE rasa
BCJIHYMHA d/JeMeHTapHOA 06.acTu (427) oKa3nBAaeTCs OYeHb MaJlof
B CPaBHEHHH C BeAMYHHOH BCeRl mopnexamedl paccmMoTpesnio 06xa-
cTi.- Kak BeIpasuThb 3TO yc/aAoBue B (usnuecku M3MEpPACMHX BeIKUY-
HaX, MW yBHAUM Huxe [paBeHcTBO (475)]. IlpeAnonoxus, yTo 9TO
yca0BHe BHIOJNHEHO, MH MOXEM NHCaThb Kax( o€ OTAEIbHOE C/aarae-
MOe B CyMMe COCTOSHMA Kak RudepeHudast; AAs 3TOro KaXjpoe caa-
raeMoe, corzacHo ypaBHeHuio (427), HyxHO 6yJeT YMHOXHTb Ha:

1= ’:f-dr. (468)
Cyuma cocrosuuft (415): .
_n
Zz =2e " (469)

NepexoauT NPHU 3TOM B HHTErpa’ COCTOSHHH, PaCNPOCTPAHEHHHHA NO

Bcemy ¢a3soBOMY NpPOCTPAHCTBY rasa.
Tak kak kaxpgas u3 N cBOGOJHO NepeMemaouHuxcs B npocTpas-

CTBE OXHOATOMHHX MOJEKYyJ HMeeT TpH CTeneHu CBOOORH, TG
f=3N,; nupepernuuanr ob6vema ¢a3oBOro npocrpaHcTsBa, COrJ1acBG
ypaBuernio (422), HauKIWETCH NOSTOMY B Takoi ¢opme:

dv=dq,-dp,-dq,-dp, . . . dgsndpsn, (470)
A€ g1, Gar - - -, v 0603HaUAIT 3N REKAPTOBHX KOOPAMHAT MOJEKY

a Py, Pgs - - -» Pan — COOTBETCTBYIOWIME KOMIOHEHTH HMIY/bCOB, TaK
§TQ PHEPrus rasa GyxeT paBHA:

E=g(@i+pi+- - -+ pin) +Eo (471)

ecau yepes E, MH 0603HAaUMM HYJEBYIO SHEPrHIO, T. €. BHyTPEHIOI
SHEPrui0 ras’oBhIX MOJEKYJ.

HuterpupoBanune caeiyer PacfpoCTPaHHTh HAa BCE pasiHUHHE
MHKPOCOCTOSIHHS rasa, CUMTas KaxKO€ M3 HHX OAuH pa3. [Ipons-
BOAS HHTErPHPOBAaHHE A8 KaXIO# QTACALHOA MOJEKYAH IO BCEM
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BO3MOXHHM JJf HEe B Npefenax 3a/laHHOTO OG'beMa 3HAYCHUAM
KOODAMHAT K NO BCEM KOMIIOHEHTAM HMNYJAbCa OT — oo X0 -}-o0,
MH NOJYYHM KaXA0€ MHKPOCOCTOSIHHE ra3a He OJMH Pa3, HO CTO/JBKO
pas, CKOJAbKO CYIIeCTBYeT nepecTaHoBOK H3 N MoJekya, 1. e. N!
pas. JlefcTBUTENBbHO, TAaK KAaK BCe MOJEKYJH ONHHAKOBH, TO
KaXcnas NepecTaHoBKa KOODAKMHAT H HMIYJAbCOB, RA0Omas B HHTE-
rpaje HOBHWH u/neH, He AacCT, OZHAKO, HAKAKOr'0 HOBOTO MHKpPOCO-
CTOSIHHS.

CoOTBeTCTBEHHO 3TOMY, MH HOJAY4YHM AJA8 CYMMH COCTOsiHHE 1O
ypasuenuo (469), npuHuMas BO BHHMaHue ypaBHeHus (468) u (470),

CleLyiomee BHPAKEHHE:
E

Z== hfIM fe . dq,dpy ... dqsn Apsn, (472)

npHueM HHTErPEPOBAaHME TeNepb pAachHpOCTPaHEHO, A KawAo# Mo-
JAEKYyJAH, Ha BCE TOUKH BHYTPH V H Ha BCe HMINYJAbCH OT — 00 M0
~} oc. IToacraBuB ciona Bupawenue (471) aas E, BHINOJHUB HHTe-
rpupoBasne no 3N KOOpAMHATAM ¢ K NDHMEHHMB 3ateM Qopmyry
Crupaunra (386), MH noJayunm:

+ o0 - P+ pt - ps? N E,

Z= %ﬂzlv'fffe T dpdpadps} e *T-

3

7
TpoftHOo#t uHTerpan B 9TOM BhHpaxeHuu paBeH (2zmkT)°, caexosa-
TeJAbHO:

3|1V _ 5
z={ L @mkT)? e ¥ (473)
H COraacHO ypaBHeHuio (420):
3
|4 2 E;
¥ =kNln {40 @rmkT)? | — =2, (474)

4eM U ONpeineJeHH BCE TepMOIMHAMUMECKHEe CBOHCTBa rasa.

Bupaxenne ¥ no3BoAseT YCTaHOBUTb (u3nyecKuit CMEICA BBe-
JEHHOTO HaMu ypaBHenuem (468) yc/aoBuSI, COr/acHO KOTOPOMY A
MOXHO pacCMaTpPUBaTh Kak GECKOHEWYHO MaJaylo BeauduHy. Mu BH-
JuM u3 ypaBuerus (474), 4TO JOJXKHO yAOBJIETBOPATbCH Caefylowies
HepaBeHCTBO: .

V(mk z -~ ‘
~—%Vh—3n——>)l. (475)
CornacHO 3TOMY YCJAOBHMIO, AJf NOPAAKA BEJAHUMHH MPOM3BELCHHS
aTOMHOr0 06BbeMa % Ha TpeTbl cremenb V' T umeercs HekOToOpas
onpejeneHHas HHXHAs TPaHKUA, 3aBUCAMWAA OT NPHPOLN rala, HHaUe
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¢dopmyaa (474) 6yaer Henpumerumot. Ecan xe aTo ycaosue Gyamer
HAapyIIEHO, TO MeCTO OOMYHEIX Ta30BHIX 3aKOHOB 3afiMyT GoJaee.
CJAOXKHHE COOTHOMEHHS; COOTBeTCTByIOWiaf rpynna sBACHHH HO-
CMT Ha3BaHHE ,ABJCHHUA BBIPDOXKIZCHHA®, NPUYEM CJAOBO ,BHPOMXK-
,U.el{HEIE;7HOHHMaeTCﬂ 3fech COBEpIIEHHO B HHOM CMELICJE, YeM BHIIE,
B § 127.

SiBnenHe BHIDOXAEHHS COBEPIIEBHO YYXAO K/AaCCHYECKON TEOPHH;
3TO BHIHO M3 TOrO, YTO AJf GECKCHEYHO MaJoro 3HAa4YeHHHA A yCJa0-
Bue (475) Bcerga BHINOJHAETCH. B 5TOM CMHECJAe BLIDOXKJEHHE rasa
COOTBETCTBYET OTKJOHEHHIO 3aKOHA M3NyueHHs (457) of KxaccHyec-
KOro 3akOHa usayuends Peaes (458). Mekxy nocaefHHMH €CTh,
OJIHAKO, TO CYIIECTBEHHOE pas3/JH4YHe, YTO KJAACCHYeCKas TEopHus Be-
JeT BMeHHO K 3aKOHy H3Jayuenus PeJjes, a He Kk BHpaxeHuio (474)
xapakTepHcTHYeckoRt Qyukuuu mpeanbHoro rasa. B kaaccuueckoht
Teopuu BequuHHa O6eCKOHeYHO MaJof NocTrosHHOR A ocraercs,
AefCTBUTEIbHO, COBEPIIEHRO HEONpEJEeNeHHOH, H TO/JbKO TEOPHA
KBaHTOB NPUBOXHUT K aGCONIOTHOMY 3HAY€HHIO SHTPONHMK H K BHDa-
#KEHHIO XapakTepucTuueckoft ¢yuxuuu. (O 3nayenun sroro o6cro-
aregbcTBa cM. HHxke § 150,)

144. BuBenem renepb u3 BHpaxeHus (474) U repMoauHamu-
yecKue CBOHCTBAa paccMaTpuBaeMmoro rasa. [Ipexnae Bcero Mu noay-
yaeM, COrnacHo ypasuenuio (115), pas gaBaeHus:

d¥ __ ENT
p="T-55="3 (476)

CpaBHHBast 3TO ypaBHEHHE C YDaBHEGHMEM COCTOSHHS HAeasJbHBIX
rasoB (96), MH OOHapyXXHBa€M KX NOJHOE COr/iacue, MPHYEM OKa3hHl-
Baetcd, 4To AN = Rn, nau

k n

=t (477)
T. €. YTO YHHUBepCa/JbHasd NOCTOAHHAf B eCTb He YTO HHOe, KaK ab-
COMIOTHAN. ra3oBas NOCTOAHHAS, TOJAbKO OTHEeCEHHas He K MOJIo, a
K oaHoit moJaekyne. [loxcrasasigs B CooTHOmeHue (477) uucaeHHHE
3HaueHHud (466) u (55), moayuyaem:

+=1,65-107% (478)

3TO €CTb OTHOIIeHue 4HCcJAa MoJeHd K yHCAYy MOJeKya UJH, uTo
TO ¥Xe, OTHOLIEHHE MACCH MOJEKyJn K Macce Moas (uncao Jlow-
MHATA).

CoorHowenne (478) NMo3BoAAET BHYHCAHTH BEJAHUHMHY 3J/1eMEHTap-
HOTO KOJMYECTBA 3JEKTPHYECTBZ, T. €. 3aPif dAEKTPOHA HJAH ONHO-
BaJ@HTHOr0 HOHa. MH noayyaeM AJas Hero B S/JEKTPOCTAaTHYECKHX
(rayccoBhIX) efMHHUAX:

2,895-10". 1,65.107%# =4,78-107",

B COr/acHy ¢ pesyabrataMu uamepenuit P. A. Muanuxena.



VPABHEHHE COCTOAHHS MATEPHAJNBHHEIX TEA 217

Hast suepruum rasa u3 ypasHeHus (405) mosyuaem Balpaxeuue:
__ med¥ _ 3 ) (479)
E=T?55 =5 kNT-Ey,

9TO JaeT AJs MOJEKyJsSpHOH TenIOeMKOCTH NPH NOCTOSHHOM 06beMe
3HaueHue: —-, a JAAs MOJbHOH TeNJOEMKOCTH (NPH NOCTOSHHOM Xe

o6beMe) 3HaYeHHKE: —323, 4TO B KaJaopusx, no (57), paBHO npuGaAnu3u-

TeJAbHO 3, B NOJHOM COrJIaCHK C YKa3aHHHIM TaM 3HayeHHeM I/
OIHOAaTOMHOIO rasa.
Haxowneil, suTpOonus rasa, coriacHo ypasHeHnio (406), paBHa:
.B

T 3

S=V+ T =kNIn| 27 - (@emiT)’ |, (480)

yTO coBnajgaeT ¢ BupaxenueM (109), Toabko BMecTO HeonpepeseH-
HOR anIUTUBHOA NOCTOSAHHOR KJIaCCHYECKOH TEOPHH 31eChb CTOHUT He-
KOTOpas BHoJHE OnpejesneHHas BeJHYHHA.

§ 146. B 10 BpeMs Kak y BCEro rasa B ueJoM QUIIOKTyaruu sHep-
THH, IPH ONpeje]eHHOH TeMlepaType, KpakHe HHUTOMXKHH, SHEPrius,
a CAef0BaTe/IbHO M CKOPOCTb OTAENbHOH MPOH3BOJBLHON MOJEKYJH
NOJBepXKeHN, HaNpOTHB, 3HAUYMTEAbHEM (QJaokTyauusM. 3aKOH IO-
cAefHUX moaydaercs u3 dopmyam (415) mas Qaoktyauuit srepriuu
CHCTeMHl, HmMeouel a6yl CTeneHb BHIPOXACHHS H HaxoisweRcs B
TemVIOBO# BaHHE onpejeaeHHOl TemnepaTypul. B Hamem cayuae e, Gy-
AeT 0603HaYaTh KAKYIO-HHGYAb BOSMOXHYIO 9HEPTHIO MOJEKYJH, T. €.:

=L =, (481)

ecin p obosHauaer mnoaHH# umnyasc V' pr--pi-+ p? MOAeKyJaH,
g9 — €€ BBYTPEHHIOK S9HEPIHIO, a YHCIO g, MUKDOCOCTOSHUA MOJEKYJIH,
COOTBETCTBYKLIEE HHTEPBAAY 3HAUEHU) SHEPTHU MEXIY ¢, U e, de,,
paBHO:

& =75 [ aqidqs dq, dp, dp, dps,

rae HHTErpupoOBaHHE IO TpeM KOMIIOHEHTaM HMNyJbca cjlenyeT pac-

NPOCTPAHHTL HAa GECKOHEYHO Y3Kyl0 06JaacTh Mexay p u p-1-dp;
TaKuM 00pasoM:

f dpidp, dpg = 4x%dp.
Tak kak B BuIpaxenue (415) He BXOAHT NOCTOSHHHA MHOXHTENb,
coaepxaluiics B g, MH NOJyYaem:

o Sy

_tn _n -1
w,=p'dp-e kr(fe ”p'dﬁ) )
0
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[punumMas BO BuMMaHue ypaBHeHue (481), uuTerpupys W omyckas
saTeM JMUIHHA Tenmepb MHIAEKC 7, MB NOJyyaem:

- R
= —:--——————1 —ee ™ pidp (482)

7
(mkT)
HJH, €CJH BBECTH BMECTO HMIyJABCa CKOPOCTb ¥, TO, TAK KaK p=—=mw:

mo?

3
W= V% (7:%) : ve .2, (483)

DTO BHIpaXeHHE YKa3HBAeT BEPOSTHOCTb TOrO, UTO MOJEKYJaa B Ka-
KOA-HHOYyAb MOMEHT BPEMEHH HMEeEeT CKOPOCTb, 3aKJIYaiIyICcsH
Mexay ¥ B v-}-dv. OTO e BbIPaXEHHE CAYXKHT, KOHEYHO, Mepoi
TOro, KaKk 4acTo BCTPeyaerTcs OJAHOBPEMEHHO CKODOCTb ¥ B OYEHb
601bLIOA COBOKYIHOCTH MOJEKyJd rasa npu Temnepartype 1 (3axom
pacnpeaefeHus ckopocred MakcBeasa). CTOHT OTMETHTD, YTO BEJIH-
YHHH M H R BCTpevaloTcs 3XecCh TOJAbKO B BHIE OTHOIUIEHHS; TAKHM
o6pasoM, 3akoH BepositHocrelt (483) ocraercs B cuse u B TOM CIy-
yae, KOrAa pacyeThl NPOM3BOAATCH HE C MOJEKYJaMH, a C MOJSAMH.

§ 146. Eciz N mOJeKya rasa HE OJHHAKOBH, a JXeJATCHS HA He-
CKOJbKO pa3nuuHblx BupoB 1, 2, 3...., TaKk urO:

N1+N2+N3+- . .=N, (484)

TO BHpPaXeHHe XapaKTepPUCTHYeCKOX GYHKLUHH COOTBETCTBYIOINYM
o6pasom oGobmaerca. OGobumenuyo ¢Hopmy aTolt QYBEKUHH MOXHO
NOJYYHTh, NPOU3BOAS BHIYMC/JEHHS 10 TOMY Xe CaMOMY MeTOAy, YTO
u Bhwme, B § 145. B aToM cayuae, HaxoXd CYMMYy COCTOSIHHE, ypas-
Henue (468) HyXHO 3aMEHHTH CAELYIOLIHM:

l=7ll7dtldr,d-cg. .o

rie 4HCI0 cTeneHel cBOGOAH CHCTEMH Teneph PaBHO:
f=3N1+3N2+3N8+0 “ ey

. a drvy, dty... 0603HaUAIOT dJeMeHdTapHHE 06/AacTH (Has3oBHX NPo-
CTPAaHCTB, COOTBETCTBYIOLIMX OTAe]bHHM ra3aM. [lokasatenbBas
¢yskUus, Colepxamas B nokasareae sHepruio E, pacnagaercs 31ech,
coraacHo (471), Ha npouspeseHue NOKasaTeAbHHX ¢GYHKUHMH, OTHO-
CAMMXCA K OTACAbHEM ra3aM; WHTErpHPOBAHHE IO 8JAeMEHTADHHIM
06acTAM NPOM3BOAKUTCH TaKHM Xe NyTeM, KaK M BHINE, BMECTO Xe
yhpcAaa nepecTtaHoBok N! B 3uaMeHarese CyMMH COCTOSIHMH BCTaeT
MeHblllee o BeauunHe npoussenenue N;! Ny! Ngl. .. [lloasiaenue
ero oOmACHAETCHA, KaK M Npexkie, TeM, 4TO NEePECTaHOBKH OAHHAKQ-
BHIX MOJIEKYJ HE H3MEHAIOT MHKPOCOCTOSAHMSA rasa.
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Mu noayuaeM, TakuM 06pa3oM, B pedyJbTaTe BHYHCJACHHSA A/
XapaKTepUCTHYECKON (YHKIMH CMecH ra30B, aHAAOTHYHO BHPaXe-
HHO (474):

8
eV '2" E,
\F—_—EkNlln ~n (2xm,kT) [—-Ti, (485)

1,2,...

TIe CYMMHDOBAaHHE OTHOCHTCS K OTIe/JbHHIM BHIaM MOJEKYJ; Xajee,
AJs 9HEPrHH, aHaJOrHYHO BHIpaxeHuio (479):

3
E==k N +Ny+. . )T+E, (486)
H I/ SHTPONHKH, aMAJOrHYHO BHIpaxeHuio (480):
e%V %I
S=;kNlln o (2rmikT) [ (487)
1,2,. ..

Cpasuenue sToro ypasHenHs ¢ ypaBuenuem (170) cHOBa OGHapy-
WHBaET NOJAHOE coryacue c dopmyaamu o6welt TepMOIMHAMHKH,
TONBKO 31eChb HET HH MaJefuiero cJjefa HeoNpeneneHHOCTH K B
afAATHBHWX NOCTOAHHHX @, dg, @3,... AJRNUTHBHAs NOCTOAHHAs
fBNAETCH, TakuM oOpasoMm, onpexeneHHOfl, XapakTepHON aas rasa
BeNHYUHON; ee HA3HBAWT XUMHUYECKON KOHCTAaHTOH rasa.

§ 147, Buuncaum Temeps, B KauecTse JajabHefmero npumepa,
XapaxKTepPUCTHYECKYI0 (YHKLMIO TBepAOro Teaa, cocrosiero us N
ATOMOB, KOTOPHIE BHauaje MH GyneM CuuTaTh OAMHaKOBuMH. [Ipex-
MOJIOXKHM, 4TO aTOMH], 10 KpaliHelk Mepe nojasasiomee ux GOAbIIKH~
CTBO, ABHXYTCA B Tene noj AeACTBHEM KBa3H-yNPyrHX CHJ. Buipa-
XKeHue AJs SHepruM Teaa GyAeT MMeThb NpH BTOM CAeiylomuil BUA:

E=U+K+E, (488)

rie U O3HayaeT NOTeHIUAJbHYIO SHEPrHio, SIBJAAIONLYIOC OZHOPOA-
HOR KBajJpaTHuHOA ¢yHKUMed KOMIOHEHT OTHOCHTEJbHHIX CMelle-
Hult N atomoB, K— KHHETHUECKYIO SHepruio atomoB H E,—mnyae-
BYIO SHEpPruio Tesa. :

Beegenuem 3N, nogxogsmuM 06pa3cM BHOpPAHHHX, OXHOPOAHHIX
JHHEAHHX GYHKLIBHA ¢y, §a - - -» v KOMIOHEHT CMEleHu#t Bceria
MOXHO AOCTHIHYTb TOrO, 4T0 06e ¢yHkuuu U M K, BHpaMeHHHe
wepes KOODAMHATH ¢ M MX NPOU3BOJHHIE g4, CACAAIOTCS YHCTO KBaj-
patuunniMu ¢yExuuamu.-[Tostomy suepruio £ BCerja MOKHO BHIpa-
BHMTb 4€pe3 KOOPIMHATH § K MMIYJAbCH p CAELYyOLHM 0GpasoM:

E=aqi-+bp1t+ o+ bopy+- - -+ Eo (489)

Takum oGpasom jABMKeHHS N aTOMOB MOXHO CBECTH K Cyneprnosu-
Juy xosebaunit 3N He3aBHCHMHIX JHHEHHHX OCUMAASATOPOB TOro XKe
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THIA, YTO MH paccmartpusasu B § 135. UacTHoe pemernue ypaBshe-
Huf JBHKCHHSA MBI NOJYYMM, HanpuUMep, NOJA0KHB BCe KOMIOHEHTH
g H p, 3a HCKJIOYEHHEM OJHON mapH, ¢; H P, PaBHLIMH Hymo. Bce
aTOMHl Tesla KOJEG/IOTCH B S5TOM CiydYae C OJHEHM H TeM XKe NEePHO-
LOM, ONpe/efeHHHM TMOCTOSHEHMH @, U b, ¥ B OZHOX M TOh Xe
¢ase, Tak KaK BCe KOMIIOHEHTH CMeUEHHH NPONOPUHOHAAbHE OLHON
K TOH xe KoopauHare ¢, Jlpyrumm cjaoBamu: HauGoJee obimmee
ApuxeHne N aTOMOB TeJa MOXKHO pPacCMaTpHBAaTh Kak pe3yabTaT
caoxeHuss 3N NPOCTHX NEpPHOAMYECKUX CTOSUMX KoJdeGanull cero
KOMIIJIEKCA aTOMOB B LeJ0M. MejjieHHHE KoseGaHus COOTBETCTBYIOT
yupyromMy HJad akyCTHHeCKOMY, GHICTpHE KoJeGaHusd — TePMUUIECKOMY
CIeKTpy.

Mu BcTpewaemcsi, TakHM 06pasoM, 3%eCb CO CHEKTPaJAbHHM
pasnoxeHueM, aHAJOTHYHHM CIEKTPaJbHOMY Da3JOXeHHI0 pa-
BHOBECHOTO H3jny4yeHHs. Mexay HuUMH eCTb, OJHAKO, H CyLIECTBEH-
HOE pasJuude; OHO BHIPAXAETCH, BO-NEpBHX, B HaJAHYMH HyJeBOk
sHeprun £;, KOTOpPOX Henb3s npeHeGpedsr B Cayuae MaTepHaJbHOrO
TeNa, H, BO-BTOPHX, B TOM, 9TO CNEKTP PaBHOBECHOTO H3JyYeHHA
NPOCTHPAETCH B GECKOHEYHOCTb, TOTAA KaK B CNEKTpPe aTOMHHX KO-
aeGaHaf Haauuo Bcero 3N nepuonosB koneGanuit.

Js CyMMH COCTOSIHAM Teja MH noJyuaeM u3 ypaBHeHus (419):

~E

kT

Z: Ee .
z

Ecan nopctaBuTh CooAa Bupaxenne E u3 ypasHeHHs (489), To Z
NpeACTABUTCA B BHAE NPOU3BEJeHHS CyMM cocTosgHult Bcex 3N
OCLUANATOPOB, YMHOXEHHOr0 Ha INOCTOSHHHH MHOXHTEAb, NOSB-
Asfomuica 6aaroxapa Hannuuio HyJdeBod sHeprum; Takum 0O6pasoM,
COrJaacHO ypaBHeHHIO (435):

E, Ay Fvs

Z=e¢ " (l—e Tyl(d—e T)y'... (490)

3zech creayer cAenaTh eme OZHO 3aMedanue. ToT ¢akrT, uTO BCa-
Koe TBepjoe TeJA0 06pa3yeT B rpaHMualleM € HHM IPOCTPaHCTBe
nap, NOKa3HBAaeT, 4TO B JAeHCTBATEJIbHOCTH HE BCE aTOMH AeACTBYIOT
IPyr Ha Apyra C KBasH-YNPYrHMU CHJIaMH H 4TO MEXAY HHMH eCcTb
HaBePHAKA H Takue, KOTOpHE HAXOjATCA B MOCTYNAaTeJbHOM XBH-
XKeHuu, DTUMH ,6poadanMu® UaH ,C1a60 CBA3aHHEIMH® aToMamu Gy-
LyT He BCerja OZHM u T€ Xe: MeXAy HHMH W ,CHAAYMMH® HIH
»IPOYHO CBsI3aEHHIMHU® aToMamu Oyxer Bce BpeMs NPOHCXOLHUTHb
HekoTopu#l oOmen. B pesysnbraTe 9TOro, MOXET OKa3aTbesd, 4TO
CHNyCTst 3HAYATEAbHOE BPEMS 4aCThb aTONOB, MM JaXKe BCE aTOMH
nepeMeHusn CBOu MecTa. BosHuKaeT Bonpoc, He BoapacTteT Jau 6aa-
rofaps 8TOMY B KakoM-TO Mepe 4YHCJIO BO3MOXHHX MHKDOCOCTOS-
HH# Tena?

Ecau, oaHako, NpUHATH BO BHHMaHHMe, YTO BCE aTOMH COBep-
INeHHO OJHMHAKOBH,, TO CTaHeT fICHBIM, HTO, KAK H B CJy4ae rass,
nepecTaHOBKa aTOMOB HE XAaCT HHKAKHX HOBHX COCTOSHHH Texa;
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TakHM o6pasoM, Bmpaxenue (490) cyMMH cOCTOAHME OCTaHeTCH TeM
e caMhlM H npu yueTe o6MeHa atroMos. M3 nero caexyer, coriaa-
cHO ypaBHeHHO (420), uto xapakTepucTHueckas QYHKIMS Teja BH-
paxaercd Tax:
E i=3N —ﬁ
\If=-——r°———k In(l—e *7). (491)

=1

Eeau 0603HaunTh 4YMCIO 4acTOT KoAeGaHuil v, JAexkalmux B MHTEp-
Bane Mexay v u v-}-dv, uepe3 f(v)dv, npuuem, cle10BaTeNbHO:

[ 70)dr=3N, (492)
TO '
o B
=—€,i—k/f(v)-1n<1—e ’”)dv. (493)
0

Teneps ocraercs TONbKO onpemenuTs ¢Gynxuuio f(v). [IpuGruxen”
HOe 3HaueHHe f(v¥) AN CKOJABKO-HHOYAb MAaJHX 3HAuYeHHH v, T. e.
AAd AJAHHHBIX BOJIH, MOXHO NOJYYHTb M3 CpDaBHEHHS YNIPyroro chek-
TPa C PaCCMOTPEHHHLIM BHIINE CIEKTPOM paBHOBECHOrO H3JAyueHHs,
ecan clenaTb HPEANONOXKEHHE, YTO BeumecTBO B Tese pacnpejeneHo
HenpepuBHO.

Mu mamaw B § 138 [ypaBuenue (452) /st 51eXTPOMArHuTHHIX
Konebanuii B 9BaKyHPOBAHHON moJocTH ¢ o6beMoM V =1[], uro
yHcao kKoaeGanufl, npHHAZAemAmHX K 06JaCTH uyacTQF MeXay v H
v-|-dv, pns xaxno0f cTeneHu CBOGOAH pPAaBHO:

7 Vvedy
_8#_. (494)
[Mpumem Bo BHMMAHKe, YTO 9JEKTPOMATHHTHOE H3nyyeHHe COCTOHUT
TONLKO H3 NMonepeyHux KojaebaHul, B caydae e MeXaHHYeCcKHX Ko-
JAe6Ganuil, HapsAy C NONEpPeuHLIMH, HMEIOTCH ele M NPOROJbHHE;
YHCAO NOCAENHHX AJAS KAXKJOro HanpaB/aeHHs PacnpoCTpaHEeHHs B ABa
pasa Menblue yucsaa nepBuix. JJaa paccMaTpHBRaeMOro 3jgech caydas
yncno (494) HyxkHO OyZeT MOSTOMY YBEAHUYHTb B [OJTOpA pasa, Tak
YTO AJs yKcAa KosneOaHH#l, MPHHALJEKAIMKUX K HHTEpBaay OT v JO
v-}-dv B nprxoasmuxcs HA OAHY CTenenb CBOGOAH, MH NOJYYHM Cie-
Ayiolee BhpaXceHue:

T = F o) d (45)

¢ 31ecb 0603HaYaeT HEKOTOPYIO CPEIHIOI CKOPOCTh PacnpoCTpaHe-
HHUs YIDPYTrHX BOJH B BellecTBe Texa.

Ias Gonbmnx 3HaueHu#t v BrpaxkeHue (495), KOHEUHO, HENPH-
rogeo, noromy uro Gysxuus f(v), B cuny ypaBHenus (492), c Bos-
pacTaHueM v KOJKHA GhicTpo crpemutscs K Hymio. [lo [1. IeGaio,
noJyuaeTcs, 0OfHAKO, OYEHb XOpoiuee NPHOIHIKEHHOE 3HAYEHHe, ECaH
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cuuTarh dopmyay (495) ctporo cnpaBeanuBofi, BMIAOTH A0 HEKOTO~
poro uuciaa xoxe6anudl v;, T. e. nmojaraThb
127 V8
ma v<v: fO)= PO (496)
HaImpOTHB, AAA Y >v,:  f(W)=0.

STo ponyiueHxHe NPexCcTaBAfETCA Hamepeh Lerecoo6pasHLIM yKe MO-
TOMY, 4TO NpH HH3KHX TeMmeparypax 6osee BHICOKHME YHCAA KOJe-
Ganufi BooOmle He OKa3LBAIOT HHUKAKOrO BJAHSHUS HA 3HAYEHHeE:
uHTerpana B ypaBHeHHH (491), AJs BHICOKMX e TeMmmeparyp cra-
HOBHTCH CHpaseitMBOfi KJacCHUYECKas TeopeMa O pPaBHOMepHOM
pacnpenesieHuH sHepruy, kaxk B (439), npu xoropoi dopma PyHKuuK
f(v) coBepmieHHO HeCymeCTBeHHA, TaK KaK TyT BCe CBOJHUTCH K YH-
cay cremeHell cBo6OALL. _

Jns onpeneseHus rpaHHYHON YACTOTH v; CAYXKHT yciaoBue (492),
U3 KQTOpOro, B CBA3H ¢ ypasHeHueM (496), monyuaercs:

/li’g‘id\,:;yv,
q
0

caenoBaTeJbHO:

Y 3N
Vl = q ——‘47:‘/ . (497)

IMoncraBuM sTO 3HaueHWe B KauecTBe BepPXHEro nmpejgestia HHTe-
rpana p ypasuenue (493); BBoiA HOBYIO INepeMeHHYI0O HHTerpHpo-
BaHuA:

o
*=RT
H flojaras eme AJf COKpalleHHs:
__hy __hg 3/ 3N
8 =7=%V wmv (498)

MBI MONYYHM chaeiylolnee BhpaxenHe xapakTepucTHueckol QyHximu:
6 .

T .
U= — Lo VR £ 2 in (1) dx, (499)

a OTCIOfA MOXHO NOJYuHTb, B GyHKkuuM Temnepatypu 7 # o6bema
V, no ypasuenuio (406), sutponuwo S, no ypaBHenuio (405)—snep-
ruio E u no ypaeuenuio (115)— nasnenue p. [lpu BuhuHCHeHHU p
caefyeT HMeTb B BHAy, YTO He TOJbKO O, HO H E, 3aBHCHT OT

o6neMa.

§ 148. [Ina Becokux rtemneparyp (7 >0) npunumath BO
BHUMaHHe MPHXOAHTCH TOJbKO Manue 3HaueHus nepemennodt. [lo-
9TOMY B MHTErpaje MOXHO MOJNOXKHTb:

In(l—e *)=Inx.
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Bunoasfs MHTErpHpOBAHHE, MB MOJYUYHM JJIS XapaKTepHCTHYECKORN

(hyHKIHHE BHIpaXKeHHE: .
1

3

v=—D5 taNen s, (500)
AASl SHEePruu:
E=1 —E, | 3NkT (501)
H AJS SHTPONHM:
4
3
§=V4Z =3Nelnt]. (502)

U3 ypaenenus (501) ana aToMHON TeNNOEMKOCTH TBEPAOro Teia
TpPH NOCTOSHHOM O6GbeéMe, B COrJIACHH € SMIHPHYECKHM 3aKOHOM
Hioaoura u [ltH, noayyaerca 3nayeuxe:

¢y = 3% =3k, (503)
T. €. BaBoe GoJbllie 3HAYEHHHS aTOMHOH TEmJOeMKOCTH OZHOATOM=
HOro rasa, yxasaruo#t B (479).

IOas auakux temneparyp (7 <& 0) Bepxuult npezen uurerpana
B ypaBHenuu (499) GyneT Oeckoneuno O60./bIIOH, MOSTOMY NMyTeM
MOBTOPHOrO MHTErDHDOBAHHS MO HaCTAM MH IOJyYHM:

1 7 3. Lol
’ i — & T e ’ x'ax e —e
6/x21n(1 € )dx_——30 =W
Orciofa xapakrepucTHdeckas (PyHKLHS
E, T4NRT3
1p__7£+_fﬁ7_ (504)

H sHepras

o 3nNRTY

Hs nocaenuero ypaBHerus BhiTexaer ¢opmyna leGas zxs aToMuoil
TellJI0eMKOCTH NPU NMOCTOAHROM O0beme:

1 0F 129n4p T8
=N T =58 (506)

Jns 9HTPOMHH NOJaydYaerTcs BHIpaXKeHue:

E __ 4mNRT3
S=V+t =gy (507)
310 COOTHOWEHHE COOTEBETCTBYeT Tennoso#l teopeme Hepacra, ko-
TOPyIO B ee Haubosee obmell ¢opme MOXKHO BHICKA3aTh TaK: 9 H-
TPONMHUSA BCAKOrO TeJd, HMEIIMEro KOHe4YHHH o6beM
H COCTOSIEro HCKAOYUTENbHO H3 OJAMHAKOBHX CO-
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COCTABHHX YacTe# NpPU HEOrPAHHUEHHOM YOGHBAHHU
TeMnepaTypH, CTPeMHTCH K RyaIO.

§ 149, Ecav paccMatpuBaeMOe TeJO XHMHUYECKHM HEOHO-
POXHO, HaNpuMep, ecad OHO cocTOMT H3 Ny, N, N, ... atroMoB
Pa3nNHUBEIX BHAOB, ofljee YHCAO KOTOPHIX PABHO:

N=N,+N;+N;+...,

TO BHIYHCACHHE XapaKTepUCTHUeCKOA (YHKIHM MONKHO BhHIIOJHHTD
TeM Xe CaMbHM InyTeM, KOTOpHfi npusea X neau B § 147. Cyme-
CTBeHHOE u3MeHeHnHe Tpe6yeTcsi BHECTH TOJIbKO B OAHOM MecTe. Kak
Mbl 3aMeTH/H BHIue, B CBA3H C ypaBHenweM (490), mOMHMO MHKPO-
COCTOfIHUA, KOTOpHlEe YyyaCTBOBaJHM B 0Opa3oBaHUM HafixeHHOH Tam
CYyMMHl COCTOSIHHH, C/AeAYyeT YYHTHIBATb H Te, KOTOPhie BO3HHKAIOT B
pe3ysbTaTe BCeX BO3MOXHLIX NEPECTAHOBOK aTOMOB TeJja Jpyr
C ApyroM; o6yc/aOBJeHHAss STHM MONPaBKa BhiNaja H3 CYMMH COCTOS-
HHfi TOJBLKO MOTOMY, YTO TaM BceaTOMH Onl/iH OAKWHAKOBH. Ho ecan
aTOMBl 4acThl0 HeOJAHWHAKOBH, TO BCAKasg NepecTaHOBKA ABYX Da3iHy-
HHIX aTOMOE JaeT HOBOE MHKPOCOCTOSHHE; CyMMa xXe COCTOSHHi
6aarojaps 3TOMY YBeJH4YHBAaeTCA HAa OQHH uieH. B pesyabrare Bceit
MONpPaBKH CyMMa COCTOSIHH{ [OJy4aeTcs CTOABKO Pa3, CKOJbKO MOXK-
HO 06pasoBaTh pa3iMUHKIX nepecTaHoeok M3 N artomoe. Cymmy
COCTOSHUHI 3xech HYXHO, C/eLOBaTENbHO, YMHOXHTbL HA

N
NINNG. ..

#au, no ¢opmyse Crupaunra (386), Ha

(_N__ N, N)N. __(_I_)Nn.( 1 )Ns
N1) (Ns T g > T
rae XOHUEHTPAUHHU Cy, £y, ... TE XKE CAMHE, YTO ¥ B ypaeHenny (191).
Mu noanyyaeM, TakuM o6pasoM, AJs HCKOMOHi CyMMEl COCTOSHHH
Tena BhipakkeHue:
N N — L LS L T
Z-—:(—L) ‘(—1—) ..e M (l—e kr) -(l—e ")

(41 €y

H, COrnacHO ypaeHemHio (420), Aas xapakTepucTHuUecKOR (QymRKUHH
BhIpaXKeHue:
=8N by,

11r=—£}’——k21n(1—-—e_TT—)—-kZNllncl, (508)

ix=1

KOTOpOe OTaHyaeTCs OT COOTBeTCTBYoUlero Bupaxenus (491) aas
XHMHYECKH OJHODOAHOrO Tesa TOABKO AOMOAHHTENbLHEIM agjHTHB-

HEIM YJIeHOM:
—k N Niln ey, (509)

DTOT uwieH He OKa3HBAeT HUKAKOrO BJAMAHMA HA DHEpruio E, mno-
TOMY Y4TO OH HE 3aBHCHT OT TeMnepaTypH, HO BCTPeuaeTcs B BH-
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paXkeHHH SHTPONHUH S, KOTOPOE B TOYHOCTH COBMNajaer C peay/abTa-
ToM (190) TepMOsMBEAMHUECKOr0 BHIYHC/IEHHS, TaKk kKak AN = Rn.

Hanpumep, NpH HH3KHX TeMmmepaTypax SHTPONHS TBEpPAOro pa-
CTEOpA, COriacHo ypasHenuio (507), paena:

§=" —k B\ NiIney, (510)
[pu nonmkenun TemMnepaTyphl OHA CTPEMHMTCS, TaKMM o6pa3oM, He
K HYJNO, a K HEKOTOPOMY KOHeyHOMY 3HauenHio (509).

Canespyer, BnpoueM, BCIOMHHTH ofInee npennoxeHue, MPHUBEAEH-
Hoe B koHuue § 136, cornacHo xOTOpPOMY NHPH ZOCTATOYHO CHALHOM
OX/IAXAGHHH Tena TepMOAMHAMHYECKHE MOHATHS TEPAIOT MO OTHO-
IDeHHIO K HEMYy BCAKHH CMBICJL.

§ 150. 3zanne a6COMOTHOrO 3HAUCHUA XaPAKTEPHCTHUECKOR PYHK-
LMY U SHTPONHH TeJa MO3BOJASET IOJAHOCTLIO YKa3aTh YCJAOBHS €ro
(H3HYECKOrO M XHMHYECKOr0 PAaBHOBECHS B CONMPHKOCHOBEHHH C ApY-
rUMH BemecTeaMH. B oTiimuue or 3TOro, 06mas TepMOAMHAMHKA
BCerja BBIHYXJEeHAa OCTaBAATL B (popMy/e paBHOBeCHs Heonpese-
JeHHOR AJIUTHEHYIO HMOCTOSHHYIO.

[MpumenuM noayyeHHsle pe3yJbTaTh, B KayecTBe MPUMEDA,
K PaBHOBECHIO OZHOATOMHOrO Nnapa B CONPHKOCHOBEHHH CO CEOMM
KOHJEHCaTOM. :

dopmysra paBHOBecHs, coriacHO ypaenenuio (139), raacur:

r__plo—27)
‘P-—‘l’ - T ’
¢ M v OTHeceHa 3JeCb He K eJMHHIlE MacCe, a K Macce OZHOro
atoMa; ¢’ M v —COOTBETCTEYIOmIHE BEJHYMHE [/ KOHACHCATA.

BosbMeMm TemnepaTypy HacTOJABKO HH3KOM, 4TOGH B nocreiaHeM
YPaBHeHHH MOXHO GhlI0 npeHe6peub BCeMH UIeHaMH, KOTOpPHE CTpe-
MATCS K HyAI0 NPH yOuLIBaHMH TeMmnepaTypel. Mml moxyuum Torza,
ecan 3aMeHuM ¢$ uepe3 (474), ¢' uepes (504) u npereGpexem v’ moO
CPaBHEHHIO C v:

(511)

3
kln{%—(%mk?‘)z}—(—%.—%). L.

1 .
[Tocrosuuas, YMHOXKEeHHAaaA Ha W 0O3HayaeT Pa3HOCTh Hy/1eBBHIX aHep~

ruft ra3aoo6pasHoro ¥ KOHZEHCHPOBAHHOTO aTOMA, T. €. TEeNmAOTYy HC-
napeHus 7, OZHOro aToMa npH a6conoTHOM Hyne. Ecau BeecTH eme
BMeCTO aTOMHOro o6bemMa @ mo ypasHeruio (476) maeiaenue p, TO
HANMHCAHHOE BhILie YDaBMEHHE NpHOGDeTeT Clefylomuft BHA:

8

ekT 7 r
kln{W(2nka) ]——7"=k

MJH, €CTH NPeACTaBHTh p, NaBieHHe HACHIIEHHOrO napa, KaxK (QyHk-
nuio TeMneparypu I:

1np_=-——F'°T+In{ 2—%—")

1/,15 Brenenue B TOOPOTHIOOKYI0 PHBHEY X. V.

woje

3
(£T)? } (512)
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B rpaMM-aToMax MH MMeeM IJ/s MacCH OXHOIO aTtoMa:

=R
M-_.kp-

W Aad TelIOTHl MCHapeHHs B KalOPHUAX, COraacHO ypaBHeHHIO (42):
R r

=g
CAeX0BATEAbHO, B JECATHYHBIX Jorapudmax, ecid JgaBieHHe H3Me-
peHO B arMocdepax (1. e. moacraeasas 1013250 p Bmecto p):

' 3

—_ . b 5 3 AN,

Tlpou3BOAs BHIYMCACHHS CO 3HAUYeHHHM @ U3 (dopmyan (42), R —us
dopmyan (55), £ u k—u3 (466), Mu moxyuum:

lgp=—0219-22 1 25.1g T4-1,5lg M—159.  (513)

Sta dopMyna B GOJLIIMHCTBE CJAyYaeB gaeT YHCAZ, COBNAAAIOLIHE
C peaynbTaTaMH M3MepeHHH YNPYroCTH HACHIIEHHOrO napa OLHO-
aTOMHHX rasoB, AaBas TeM CAMHM OJHO W3 MOPA3UTENbHBIX NMOA-
TBEPXJEHHA BHBEZEHHOTO H3 TEOPDMH KBAHTOB NPEANOJNOKEHAST
06 aGcoaorHo#t sETponuH. [IpuMenss ee, caegyer HMeTb B BHAY,
YTO YHCAeHHOe 3HaueHHe XHMHYeCKOR KOHCTaHTH, Crosue#ft Ha-
JNpaBo, SaBHCHT OT eIHHHI AdBJICHHA, TeMIEPaTyphl H aTOMHOro Beca.

Besikoe OTKJAOHEHHE M3MEpPEeHHOrO 3HAyeHHs OT TeOPeTHYecKoro,
COrsACHO B2rfgjaM PasBHTOA 3fech TEODHH, CAexyeT TOJKOBAThL TaK,
470 aTOMH TeJa MM He BCe OAMHAKOBH, MIH He HeH3MeHHH. B nep-
BOM CJyyae B BHpaXeHHe XapaxTepHcTHuecKoR ¢Gyuxkuum BoHJeT
aanuTUBHAA nocrosnHas (509), Bo BTopoM chayuae ypaeHeHue (471)
JJs SHEPrHH¥ rasa Heo6XOXHMO COOTEBeTCTBylomuM o6pazoM 0606-
IHTh, TaK KaK, KDOME KHHETHYECKO! HEepPrHH AaTOMHHX ABHIKeHHH, '
caeAyeT ydecTb elle M Jpyrue BHIAW SHEpruH.
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