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NPEAHUCHAOBHE K YETBEPTOMY H3NAHRIO

Hacrosiliee uerseproe m3ganue BLIXOAHT B CBET Wepes 3HAYH-
TeAbHbIfi NPOMENYTOK BPEMCHR 110c/le TPeThero (3-e H3Aamue Bbl~
uro 8 1951 r). B teuedne 3710ro BpeMen# B (HIMKE NPOUIOLLIH:
Goaniwne namenenus. OcofenHo 3TO OTHOCHTCA KO BTOPO! 1IOXOBHHE:
KHETH (SO, 31eMeHTADHEIE HACTHUL], ANCPHAR TEXITHKA). DKCnepu-
MEHTANbHbI W TEOPeTHYeCKHH MarepHall, HIIOKEHHBIA B 5TOA ya~
CTH KHHTH B NpeAbjyuleM M3JaHUH,B HACTOALICe BPEMR 06Pa3oBask
€AMOCTORTENbHYIO GOMKIIYIO HAYKY.

BBujly 3T0r0 upeACTaBAANOCh UENECOO0DPasHLIM PasReNnTs BTO~
POl TOM DpeAIYIIHX H3faHui Ha ase Kunrk, Comepxanue nepsol
KH{TH, BOIXOASUEH B AAHHOE BPEeMS, COCTABAAKT OCHOBBI KBAHTO-
BOH MeXaHHKH H CTPOEHHE IMEKTPOHHOH OGOJOUKH aTOMa, BTOpas
KBHTa J0KH2 OBITh 1OCBAILEHa SCPHON (HU3HKE H HMeMeHTapHbIM:
YACTHUAM.

Buixonsman cefidac nepmas KHura BLOJHE CAMOCTOATENbHA.
XoTa KBaHTOBAs MexaH#Ka ABAQNATL JeT HA3ak, KOTa BLIILIO
npeAbiyliee H3Aanne, GblNa yKe BHOJNHE 3aKOHYEHION, B 10cien-
Hee BPEMA C AMAAKTHUECKOR TOYKH 3PCHHA 4y BCTBOBAMACh HEOGXO-
AHMOCTD, UPH COXPAHCRHHN OBILEro XapakTepa KHUTH, MOABEPLrHYTH-
NpeXHuil TEKCT CYI(eCTBEHHOH nepepaforke. DTa tepepaborka BLI~
noJlieHa B HACTOAULEM HUBAAHHH CaMLIM PAIMKAILUEIM 06pasoM:
naparpachl, 3aiMCTBOBARNbIE H3 NPEIBIAYILETO W3LHHA, TILATENb-
HO [1EPEPCAAKTHPOBAHB!, @ B HEKOTOPDLIX CJYdanX HANACamkl BIOB,
noGaBrentl nOBbie naparpadsi ¥ Nnaxe Hosole rasel. [lepeuncauTb
3]leCb BCe HAMEHCHHs HEeT BOIMOKHOCTH; KOPOTKO rOBODR, B Pe3yii-
TaTe STHX H3MedenHil NOAYYHIACh Gea NpeyBeNHyCHUs HOBAS KHUra,
€OXpaHAMIUIA, OAHAKO, XAPAKTEPHLIE OCOGEHHIOCTH NPEeALIYILHX H3~
BAHHA MOel «ATOMIOH (HIMKH»,

NPEAVCAOBYE K YETBEPTOMY H3AAHHIO 7

W3 HoBHX Ii1aB 0co60TO BHHMAHHA 3acnymusaer raapa I, mo-
CBAULEHHAA HaHboMee ofwedl HOPMYaHpPOBKE OCIIOB KBAHTOBOH Me-
xaudid. B 37OR TiaBe ciefama MOMBITKA AOCTYNHOTO IJIA BilHMa-
TeALHOr0 YHTATENA (XOTH U He Ges HeKOTOPOro HalpsiKeHua) W3Ao-
JKEHnA OCHOB KBAHTOBOH MeXaHHKW CHMBOJIHUESCKWM METOAOM — KaK
anredps GyHAAMEHTANBHbIX BEUUHH TeOpHH (COCTORHHA, MUHEAHbIe
onepatophi), XoTopbie caMy B dopme abCTpakTHO aareSpbi, a He
MK NPEACTABUTENM B BHAE CHCTeM 4YHCen, QACYpHPYIOT B TeOpHA.
M3 3Toit GopMyHpPOBKH, csAsanHol ¢ uMeneM Hupaka, BecbMa
3JleranTubiM 06pa3oM BHTEKAeT Kak MATpUYHAR, TAK H BOXHOBAH
MexanuKa, NOJo6HO TOMy, KAk B TeOMeTpHH u3 obuiedl BekTOpHOR
4pOPMYIMPOBKH BHTEKAIOT KOHKpETiHe NpeACTaB/eHus, OTseuain-
Me pa3HUHLIM CHCTeMaM KoopAMuar, Takoro poAa LeRyKTHBHOE
M3JOKEHHE OCHOB KBAHTOBON MEXaHMKH BCe HACTOiuMBee SIPOHHKAET
® yteGHyi0 AHTEPATYPy H B JCKUUOHHOE NPENOAaBaHUe (IPHMEpOM
MOryT caywuTh @eflHMAHOBCKHE JTeKuuH N0 Qu3nKe, BHI 8 H 9).
MoxHO HaXe MPCABHAETh, YTO 4Epe3 HEKOTOPOE BPEMA 5Ta cXeMa
BLTECUHT NPHHATHA B HACTORLIES BPeMS METOX W3JIOKEHHS, T0A0G-
HO TOMy K4K B TeKylleM CTOMETHK B TEOPAH NOJA BEKTOPHLI aHA-
JM3 BHITECRH/ HCKIOMHTENbNO MPHHATHI!l panee KOOpAHHATHbA Me-
Tz, D10 06CTOATEALCTEO, @ TAKHKE KPACOTA i JOTHYECKas CTPOMROCTD
BCTPaKTRON CXeMbl HOGyAHAH DKIIOWHTH B HACTOAULYIO KHHTY 06-
WHPHYIO TPETHIO [1aBY, TOCBALIEHHYID 0rHOCHTEILHO NOMY.IAPHOMY,
QAIAKO HANMCAHHOMY Ha NOMMKHOM HAayuno-NeJ1arorHyeckoM ypomie
M3OKEIHIO CXeMbl KBAHTOBOH MeXaiHKH.

[To moet npocsGe B AanHOM Kunre raBa Il wanucana A. W Ha-
YMOBLIM, KOTOPOMY 5l BLIPAXai0 3a 3T0 HCKPEHHI0 5naroiapHoCTb,

[Momelense BEOANON riaByi | UMeeT Hedblo HAMOMUHTb uMTa-
TEMO SKCHEpHMEHTabuble OCHOBH KBAUTOBON MEXAHHKH M TeM ca-
MBIM CAEaTh STOT TOM He3aBHCHMBIM 0T nepsoro. JoGasnena raa-
Ba VL

Kax ckasaio, nepedcaHT: BC HaMenenusn 6u10 Gu 3aTpyAnH-
“Teabi10, ONHAKO Y2Ke H3 YNOMAHYTOTO BHAHO, YTO JAf STOrO ueTBep-
TOro M3IaMMA KHMra NOLBEPriach BECbMa CYLU(ECTBEHHOH Tepepa-
‘6otke *). Bo nceif 3Toil nepepagoTke GoNLLIYI0 NOMOULE TaK#ke OKA
3an mue A, 1. Haymon.

) Comnkn Ha mapaTpadil M CTPANMIE NEPBOr0 TOMa STOR KUMIH AAHW 0O
auectomy wananuio (1974).



g TIPF/TACTOBHE K URTBEPTOMY H3AAHMIO

M. A. Enbawepny BANMATEIbIO NPOUEN BECh NOATOTOBJCHHBIN
K 7MeyaTH MANIRHOMHCHEIA OPAFHHAM R cAeflaf PAX UCHAWX 3aMeda-
Huit, MIOrHE U3 KOTOPHIX MHOIO HPHHSITH BO BUHMaHHe. Bripakaio
eMy 3a 370 NCKpeHHIoO Gaaroiapuocts. T. H. Bonornmkory Gaaro-
A4PI0 34 TOMOIMLL TIPH OKOHYATCIGHOM BIECEHIH TIONPABOK ADH MOT-
TOTOBKC OPHTHIIANA K [edaTH. - -

IMpensiaymne H3gagus «ATOMHON (H3MKu» BaWwM MHOTOUHC-
ACHHEIX APY3€H B PasnMuHbIX Yronkax Mopa. Xouwercsi BepHTb B TO,
WO @ 3TO HOBOE, CylleCTBEHHO NepepaGoTaHHOe N3NaHHE Railmer
cefle MuOTO HOBLIX Apysefl. . B

Mogkss, ’
ausaps 1973 1, 3. Uinoavcrud

FATABA T

3KCNEPUMEHTAJbHBIE OCHOBbY KBAHTOBOR
MEXAHUKH

§ I. Beeaenne

B rekylleN CTOMETHH GH3NKA, 8 BMCCTE C Helo BCE palue moni-
Mague OKDYXAIOWEro MHDa mpercpnenn rayGoualilne n3veHenus.
koslly XIX croneTns cucreMa (H3UKW, B OCHOBC KOTOPO#
Jessann mexanunka Huiotoa # saektpoimnamnka Makcseata—
Tepuu, Ka3anach NOAHOCTHIO 3asepluennoci. OfHAKo yxe B mepphe
rolpt XX CTOJerus OJMH M3 Beduafiliiux y4eHLIX [POLLIOro, BCf
ZeSITENEHOCTE KOTOPOTO Heankom ornocktest K XIX croseruo, sopi
Keausiu, B CBONX JCKIUAX, YHTAHIEX B BalTHMOPCKOM YHUBCPCH-
TeTe, NOMBOAR HTOr, OTMETIA, 4T0 na Geaynpedno scHOM nefocpote
(U3UKI TOTO BPCMEHH HMCETCS BCe JKE 1Bd HEGOIBUIMX obsauka:
oTpUATeNBHLIR pe3ybTaT Onbita MalKesnCOHA, NO1MEHCTROBAS-
wero paspybuTL y3ea npoTiHBopCuMil B Mpobiene YBISKeMoro wa
HeyBaeKkaeMoro s(rpa,  3aKOHM H3IyueHHs a6COMIOTHO uepnoro
tena. [lepsoe 06mako 0Mpavano KapriHy GJeCTAIIUX yCIEXOs Siek-
tpoannamuki Maxcseana — lepua. Bropoe counerenncTBoBasio o6
OTpaHWUEHHOCTH CTATHCTHYCCKOM MEXAHIIKH, OCHOBAHNON HA Kjacci-
yeckoi MexatnKe Hutotoma, aptoputer KOTOpOil, OcoGeHHO mocne
yenexon actposomun & konne XIX cTonernf, Ka3anca heporpelisi-
Muin. M3 3THX AByx HeGOABWHX «08.1aKOB» BHPOCAA BCH COBPEMEH-
Was ¢u3uKa, KOTOpas, BONDEKH [EPBOHAYATBIbIN OlACEIIISM, e
onposepraa cTapyio, Ha3bBAGMYIO TEMepL KKIAcCIdecKOil», (H-
amky, HO 10K43a1a, UTO OHA BOBCC HE ofsaare.lbno ApHMEHHMA KO
Bcer ABAEHWAM, B TOM UHCIe H K TaKyM, KOTOpPLIE 1€ GhIIH IpUIATH
50 BUUMAHHe Wil GbUTH HenapecTL mpll ee ycranobienun. Pesio-
MHpYS, MOKHO CKa3aTh, UTO B KOHLE XIX cronetus GushKy RyManH,
4TO OHI MPOHWKJI I4/1CKO B rayGb NO3HAHWA OKDYKalowero MHDA,
H0 OKa3anOCh, YTO OHI PaGOTany JNHIb B TOHUZMIIEM MOREPXHOCT-
HOM 08 er0.

LI¥poKo H3BECTHO, YTO 3ATPYIHEHHS, BOHHKUIME B 3.EKTDOJIH-
nayuKe JNBHKYIUXCA CHCTEM, MPHBEIH K VCTANOB/CUMIO CHRUHAsb-
110it TEOPHM OTHOCHTEJbROCTH JiHUTEfiHA, KOTOpasl DacIuphIa
KIACCINCCKYI0 MCXAHHKY H BKTIOYH7A B HEE 3AKOHLL JIBHKEHHA CO
CKOPOCTSIMU, CpABHAMBINMH CO CKODOCTHIO CBCTa B myctote. Bropas
n3 yaowmsHyTHX MopioM KesbBHnOM npobrienm — npoliiema mazydc-
HuS a0COMOTHO HepPHOTO Tefia — NpHBea Ha pybexe croJieTnif
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K OTKPHLITHIO KB2HTOB: KB8HTa JEACTBHA M TocTosighoi [lnanxa
3 2900 T., @ 32TCM — KBaHTa 3HepTHE hv B paboTe Sﬁm'reﬁnz; 1905 r.
mu;;ﬁ:.pexc'rameum © KBaHTaxX NOMHHHDYIOT BO BCeli COBPEMERHO,
B nepsom ToMe 5TOA KuMPH GLIM NETANLHO PACCMOTEHB SKCTe-
PHMENTabHbie OCHOBLI KBAHTOBOM TEOPUH, & 3aTeM GHIN HIAOKER
Hauana KRAHTOBOH MEXAHHKH B TOil GOPMEe «BOMHOBOH Me‘(aHnKLI:!
Kok oBa Guna dopmynuposana Ulpenunrepom. Boio ycﬁaonnen S
©OCHOBIIOE yDaBHENHe KBaNTOBOH Mexanukdu — ypashenne Llpeun A
Tepa, H C NOMOIbI0 HErO PEUICHA MPOCTCRIIHE 3aKauk Mexamn x?u
MHKDOCKONHuECKHX cuctem. Hapaiy ¢ sTiM GwiH teradbho Ic
CMOTPEHEI HIMEHEHIS B NONKMAMHE OCHOBHBIX 33KOHOB OK mpaam-
LLEro HaC Mipa, KOTOpLC upHHECTa ¢ coboil xpanTopas Teggﬂﬂ -
COOTHOWICITHS  HEOIIPEleIeHHOCTH, HONOTNHTCALHOCTD, yrnvénex‘me
DOHAMANHY DPHBUKNA NDHYHINOCTH ¥ T. D. 0T nepéuﬁ Kpyr cae-
HCHKI H3 KBAHTOBOM TEOPHH JOMKEH NOMOML YCBOERMIO cnc[;zemam-
MECKOrO W3{OMENNA OCHOB KBAHTOBOW MCX2HHKH W €C DpHMenelni)
K HCCJCOBAHHIO CTPOCHHA A10MOB K MOJIEKY, KOTODOMY HDCBIR 2”
nacrosimuit Tom. OfBako, urobe CACNATE STOT TON 6030% nesa l:lu -
MM OT NEPBOTO, Mpl HANOMNKM BHAYAIC CKATIM O6DPA3OM rene.
PHMEHTAJLHEIE OCHOBB KBANTOBOH TEOPHH. pasom swene:

§ 2. ¥posHu sneprun

B ocrioBe KBauTOBOM TEODHN JCKAT ABE TPYNME SBAEHHi: Mep-
Basi COSI3aHA C CYeCTBOBANNEM ypOBHEH SIEPrHH aTOMOB U a10M~
BHX CHCTM, a BTOPast —C AYaMM3MOM BOJHOBHIX U KOPDYCKywisp~
TIHIX CBOHCTB, HPOUBJAIOUMMMCA KK p CBORCTBAX CBETA (B Wi OKO[;/I
CMLIC/IE CJI0BA), TAK M B CBOACTBAX 3AEMCHTADHLIX YACTHU ae}?uec'r-
";:(‘H— a.ZeKTpoHoB, npOTOIIOﬂé uedTpoiros 4 1. 1. O6e rpynnu seaenni

CHO CpA3aHb mexmjly cobofl. Hanomuum b
Toeto_consai OPOTKO OCHOBHBIE U3.
e (;y‘yiy_elccmowﬂu%nucxperﬂux YpOBIel SHEPTHH, XOTH W He BIOA

THUETAMBMM OGPa3OM. BRITEKARO H3 K i .
» . B & 3 KIacCHYCCkoll pagor
Maxca Tlnanka, nonomupmeli Havalzo reopun xpawtos. B [])1860-”:‘
onyﬁmmuna}-mou Maankom okoxo 1900 r., oE co0BumHIT noq;smr;ru'
pw{ecxﬁu HalIennylo wM GOpMYyny pacmpeNlenedus SHeprUY B CleK-
Tpe aBCOMOTHO UYepHOTO Tela, T. €. Teda, NONIOWANero
HAfaIoMyI0 Ha HEro suepriio csera: T e

Sahvd  dv
c X .
L

pydv=

p"MdC)E.}r):lyJ;: 3Ta OKa3anack COOJBETCTBYIOmEd pesyaLTataM 3xcie-
BCEM  CDCKTPE  OT CaMBIX  KO!

POTEHX 16 CaMbix
AJWEHEIX BOMH. B ncTopuueckom mokaafe, cpenankom Ilnamkom XE

520 VPOBHY BHCPIUN n

Tepmanckom Qusnteckom obiecTse (4 genabps 1900 r.} Tlasax faa
BLlBOI CBOCH (OPMyTsl, XOTA M Ha/EKO HE COBEpWEHHRI C TOYKH
3peunst JAOCAUECKON WENpOTHBOPEUHBOCTH, HO—H 37O rnashoe —
oeHOBARHE HA NOKa3aBliehcst B TO BPEMS OucKb CTpanHoll runo-
rese, B CHIy KOTOPOU HCIYCKAURC N MOMOEHAE CBETA DPOHCXOLMT
HE HE[IPEPHIBHO, HO OTACTbHEINY TOPUHMAMH, HAIBARILIMA Tlnasxom
KpanTa¥E (AaTHHCKOE quanium — KOJIH4ecTso). Tlpu oToM Obila
BEEICHA 110BaA NOCTOANNAR fi ¢ PAAMEPHOCTBIO NCACTBHA, T. &. S1Cp-
rus X BpeMs, KOTOpAs M YBEKOBEUWAZ nMdA Tlaauka. 3ta HOCTOAH~
jHasl, MO COBPEMEHHBIM NaHHLIM paBias
27

h == (6,625673 = 0,000180) 107" ape - cex,

‘HapA1Y ¢ HEMHOTHMY JIpYTHME yuHBEpCaIbubIMU KOHCTAHTAMH fB-
AAE(CS ONHOiM W3 OCHOBEBIX MOCTOAHHLIX, XapaKTepU3ylOMuX uan-
yeckue ABAEHHA.

Tlonsayacs cBoeit GOPMYION ¥ SKCNCHUMERTANLHEIMI XAHHLIMH,
TlaaHK BOMHCAM SHAUGHHA BAMHCHHIMX yHHBEDCAJbUBIX KOHCTAHT
-2 —16 -
16,55 1077 ope - cex, k=1346+-107" spe- epad™".
‘Tax kak roctofnuas Bojbumana k pasHa
R
b=

e R — TOWHO M3BECTHA® YHHBEPCAanbHAf rasopas MOCTOAHNAT, 2
Np— nocrosryas Anoraapo (Jucio wacTal B MOde), TO OFCIOfA

300107 spe.epad” - ~!
N‘,Aﬂ 831107 ape-epad ™t w01 6o, 102 yops=1

k 134.1071° opz-2pad"

— amcio, GaMIKOE K CoBpEMenNbM TabauuubiM Aanpnim. Hakosen,
1o auatenuio nocTonnKok ®apanes w suiuscaenHpiM Ilrankom Hic-
_now Ans No MO0 610 HakTh 3apaa saexipona. Ilnapk monyuud
— 4,60-10-1° C['C3 — unca0, Gosice Gu3KOE K COBPEMENHEIM TOT-
b siauckdAM (4801071 CTC3), nemein NodyueHHbie B TO
spevst (a0 paboin Mumuikena, Cp. T. 1, ctp. 12—19} nenocpend-
CcTRemnbiMA usmepcHuAMK e Tor $axT, 4TO HpH TOMOWH TeOpeTH-
4CCKH TOJYHCHION (GOPMYIb pACMpCIeNCHUs SWEpruH B CUeKTpe
epHOrO TENA i DpE3YATATOR SKCICpUMCHTAMDHBIX 1AHALIX IR
57070 pacpe/eieis MOKEO GHUO C BHICOKOR TOUNOCTRIO Ompee-
_JIHTb OCHOBHbIE ATOMIEIC KOHCTAHTSI, IPOK3BE/ CHIbieAIEe Breyar-
Jlenne # MOCAYKHI BAKHEIM IOKA3aTEARCTEOM B NOIb3Y NOKA3aB:
urefica ouennb CTpaHHOA rimoTess [Tnanka.
310 OTKpLItAE KAK Gbi CKOHUEHTDHPOBAJO UEAL psifl MPOTHES
peunil, Ha KOTODbIE HATONKHYNACH QU3UKA B STH [ONH. Tax, HanpH-
aep, 3a nodroia N0 Heropuueckoro fokaama [laawka, s wone
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1900 r. Psuteit onyGankosan kpaTkyio saMerky, s KOTOpOi mokazan
UTO €CAH IIPHMEHATH K H3JY4eHRIO OIHH H3 OCHOBHEIX 3aKOHOB K.Tac-
CHUECKOH CTATHCTHUECKOI MEXAaWHKH — 1SOpEMY 0 papHONeCpION
pACTpENe CHIH YHepTHII IO CTeNeHsM CBOGOIL, TO MOIyuaKmasca
dopMya panMKambRO OTHYAETCH OT Gopmyaer Buna, a smecre ¢
TEM, KOHCUHO, U ot dopmyssl [Tauka (cp. T T, r. V). Bonee Toro,
dopuy.na, mnolyuedHas Paneey, yKasnBaer ua KOHIICHTPALHIO
SHEpIiK B 061aCTA KOPOTKUX BOJIH, TOrAa Kak SKCHCPHMEHTAMhhaf
KpHBaA B 3104 0671aCTH HIET K HYMHO. ITY CHTYAIUNO OAHN M3 BiI-
UHINX TeOpCTHROB TOro apescrn [1. C. Jpendect nassan «yavrpa-
Guo.ieToBoR KatacTpodoit», a [ A. [opest oueus spro Gopyy.Ia-
POBAT 9TO 3aTpYMUEHHE CICIYIOWHM OBpAsOM: 3aKaHYHBAH CROIO
JIGKIKIO O Ten10BOM n3yuenik B Kostex e dpane, oH yKasal ua
netb, UMEBINYIOCS B aYIH!OpUH, I CKasal: «YpaBHeHus KaacCuue-
CKOH M3NKH 0Ka3aquCh HECHOCOBHbIMH obbACHIITL,, H04eMy T4
Yraclias ncdb ne WCHYCKAET MEMThIN wyuel RAapAly ¢ HCnvCKauHes
GOMLIIAX JUTHE BOHY. .

WNanyuedne aGeomoTuo YEPHOrO reaa uMeer CILIOWINOfN cnekrp.
Ewe siciee BEISBARIOTCS 3aTPYy AUCRHA KJAaCCHYECKOR UMKy B CBOf-
CTBAX HHCAUArLIX CekTpos. B 1880 1. weefinapckuii yuntens ruy-
HA3UY Banbmep TIOKA3d:1. 4TO JLTHHBEL BOTH HSBECTHHX‘ B TO Bpewvd
CTIERTPATBIILIX JHIHA ATOMHOTO BOAOPOAA [10PA3UTCIBHO TOUKO MO~
Ty'T GbiTh MpeAcTanIeHs GOpMY.Iaf

n .
A=B_"—  n=31,55,

TIe BfHeKOT()paﬂ SMUUpHIECKast mOCroAnHas. [1o3mHee Putdepr,
3UAMEHHTEIA WBCACKH CICKTPOCKONNCT, OGPATHA BUHNAHHC 1A TO,
HUTO QOpMYAA MPpUUMMAET 0COBCHHO CHMMeTDHHNLI BUR, BCAN HATH-
cath ¢e 1A 06paTION AMUHN BOHE [/}, Toraa noayuaeres *)

! i(i 1
A B4 _Tz)'
OGosuavan uepes v ofparhyo AanHy somus |/h BBIpAKABNY IO B

27l CBH3AHHYIO C 4aCTO10# ¥ €K™ COOTHOWeHIEM ¥ = Cv, oIy
yaem :

v R(%—%), n=34,5

HIn

TAE B COCTBETCTBHH C NDHHATHIMH B HaCTOSIIEE BREMA 0GO3HAIre-
léHﬂMHIHDCTOHHHaﬂ 4/B oBostasena nepsoit GykBoi GaMHaun Pun-
epra K.

) G A, crp, 331,

s VPORHY SHEPIHH JE]

JHanprchuiuit n1ar cieaan PuTii, KOTOpHI NOKA3aM, YTO lie TOgk
Ko cepns Dafbuepa, HO 1 Apyrhe H3BECTHHC CCPHH CNEKTpailb-
HBIX JHIE 2TOMBOTG BOROPOAA MOrYT OHITE NpeiCraviedl odmcit

dopmyoi

. R R 3

V= T 2
CAC 71— OCTOSHHOC 451 AAaHHOfl Cepuu HeToe UiC.10, HAalpHMEp
m=1,2 . . A1 pasHpiX CepHil u T. 1, & 7 — NOCAE/A0RATCALHOCTE
HeILIX HHCel, B3 KOTODHIX Hauvenbuice Ha | Gofrwe /m: Hanpumep,
npum=1n=234 .. .npum=2n=3 4 5ut A

Dr0T peIYALTAT MOKCT GHITh MpeICTaBIen eule H B APYroM BHIC
IMockonbky wicHH 1paBoil vaeTn opMyab (2.1) WWeIOT Ty &e pas-
MEDHOCTE, UTO U v, X MOAIO 11a38a1b 4ACTOIAMN (C TOYHOCTHIO 1O
NOCTOAHHOrO MHOMKHICIa €) aroMa. VTak, pe3yasraT, mOMydenlibi
Puruem, yox10 GopMyupoBaTh CALTYIOW M 06pasoM: CyUIecTBYeT
pAL 4acToT

R
Ty=q5. T (2.2)
1 100as 4aCTOTa B CUEKTPE ATOAHOrO BO10p0/a MOXKET GHITb Bhpa-
HKena hag pasHOCTb AByX 4aCTOT W3 paja (2.2):

=T — T @2.3)

Ora BaKHaA GOpMY.d4 BUPANACT 3AKOH, Ha3LiBACMbIA KOMGuHalu-
OCIIHBIM leHHulﬂloM, a wiICHBI MNOCICICBATC.ILHOCTH HA3bIBAKTCS
CUeKTpaabHbIM T TCpMa_\IH. STOT 33Kol Cﬂ])ﬁﬁe}lﬂllﬁ AJi BCeX aTOMOB
B BOOSLIE 5T ATOMIBIX CHCTEM, TOTBKO HaGOPEl CTEKTpanbibX Tep-
MOB OK43LIBAIOTCH GOJ€e CAOKUBIME H He OBPA3YIOT JMillh OfHY
NIPOCTY HOCTE10BA reTbIOCTD,

@opMynia (23) uperlcTanIseT OCHOBION JAKOH 11313 UCKIS ATOMA.
37101 3aKOH HAXOJHTCR B PE3KOM NpPOTHBOPEUHi] C OCHOBHEIMHU MO~
JKEHUSTM T KACCHUECKO#H MeXaHIKH 11 dTeKTpoiunaMuki. Cornac-
HO KilaCCHUECKO[l 3JEKTPOIMHAMMKC CNCKTp HCrapMOHIMECKOro oC-
URLIATOpd IOMKEH COBNAIATh MO 4ACTOTAM C €ro MeXaHWuecKiM
CTIEKTROM, a mocqeTnul, coraacuo Mexauuke Hpio10Ha, COCIOHT 3
OCHOBIIOI YaCTOThl H €€ IAPMOHHUECKHX 0GEpTOROB: v, 2y, 3v, *
C 9THM UeNpenoARHbiM 3aKOHOM K.14cCHYeChoR GuankH xoMOunalu-
OuNELE IpHHIHTE (2.3) PACXOANTCA CAMBIM pCWHTEIBHBIM 0Gpa3ol.
MoHO 6LTO 6B MONBITATHCA BHIATH 113 NOJ0KEHHs, AOTIyCKas, uTo
xaxabir tepM (22) npeacrasaser OAHY u3 COGCTRENIBIX YacTOT
KojeGannit aToMa, COOTBETCTBYKINYIO CBOEH CTemer cmrogoib. Ho
rorda Mul GPRIWAN Gb B DEIKOC NMPOTHBOPENHE ¢ JAIIEMH 06 atoM-
BLIX TCHIOEMKOCTSIX. [le#CTBUTEIbHO, NpH TCMAEpaTypax mopAika

*) Cw v L, crp 229,
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KOMHATHOM aTOMHAA [efIOBMKOCTD COOTHETCTBYET JABHIKEITHIO a10Ma
Kag 111070, B UHKAKMX CNCAOB BITYTPEHHUX CTerCHCH cBOGOIB He
OBHAPYKIIBACTCH,

Bnepsuwe Bop (1913 r.) HE TOIBKO ACHO 5IOHST, 9TO KOMGHHALI:
OHHLiT| TPHHUMT BBIPAKACT OCHOBHOI 3aKOH H3Ay4YEHHS aTOMa, KO H
©B3aJ €ro ¢ CyIeCTBOBAIEM ITHCKpeTHHX yposueit suepruu. Co-
TAACHO 1ICPBOMY 10C1yaaTY 5Opa aToM MOKET HAXOIHTLCA TOABKO
B T4KHX COCTOSHHAX, B KOTOPLIX €F0 3HEPrus NPHIAMAET AHCKpET-
nei# paa snaucumil. B chyuae BojOposa 3r0T PAL KAK pas H COOT-
BETCTBYET DAY CREKTpaabHerX Tepmon (2.2). B stux coctosmusx
4TOM He HCIIYCKAeT H He NORIOomaer 91eKiPOMarnuTubX soaH. Me-
MYCKAHHC 1 DOrMIOWCKHC, COTJACHO BTOPOMY nocrylary Gopa ——
YCIOBHIO HACTOT, IPOHCXOMNT TOIBKO ypH TIEPEXOJE H3 ORIOTC €O-
CTORHHA B JPYTOE, 1pHYEeM OCHYCKACTCA MU ({O[VIOILAGTCA OAMH
xBaHr sHepruu Ay, KomGurauuounmi npunmun (2.3) coorsercrsyel
JTOMY YCJIOBHIO UACTOT:

Ep—E,—=hv. (2.4)

OtMeinM 3/1eCb €Pasy, WTO KOraa peus GyILeT yaATH 06 ypoBHAX
SHEPLHH, T, €, B KBAKTOBON MeXaHHKe, Mbt GYIEM B 3TOM TOME BMECTO
NHECEAOR  YACTOTH v OBBMHO MOAR3OBATLCA  yIAOBOH 4acToToll

@ = 2nv,

a BMCCTO HOCTOSHHOM /I — NOCTOAHHOR A/2n = /A (06uIMHO TaKKe
Ha3piBaeMoll noctosmioft [Tnauka), pasHoi

= (1,054407 = 0,000028) - 10~ ape - cex.
B 511X 060o3nauenusx yCUOBUC yaCTOT MpHHIMAET BHIL
E,—E,=ho. 2.5

HepocpeacrBeHHO® 10KA3aTEALOTBO CVINCCTBOBAHMS THCKPETHEIX
YPOBHCIT 3HCPIIH GBIO A0 ONBITAMH C COVIAPEHUAMH MEKLY
saekTpoHamu # aromamu. [ypoko w3InecTib KiaccHueckue OmbiTLl
®panka n Tepua, doxazasume, wro BIIOTL X0 duepriun 4,9 sa co-
ylapenue Mex Iy TeKTPONaMH | aTOMaMH PTy [M 1IPOHCXOIHT BO-
He yNpyro, a Mpi 311eprui B 4,9 2@ 3,1€KTPOH B PE3yJIbTATE COYRApe-
HHSL 1€pAET CBOJO YHEPTHIO, 4 ATOM NMEPEXOAHT B NEpBoe BO3GYKALH-
Hoe cocrosnue *). TTpu 3TOM SHEPTHA ITOCO MEPBOro BO3VYKIACHHOrD
COCTORHHA XOPOUIO COBMAMACT C SHCPTHEN, BEIUHCACHHOM 110 YCIOBHIO
4ACTOT U3 CHEKTPOCKOMUUSCKHX TAHHHIX.

B nacioguiee spemsi 6aaronapa 3HadyHTCALIOMY YCOBEPUIEHCTBO
BAUHIO TEXHUKU BLICOKOTO BAKYYMA H DASBUTHIO 3EKTPOHUKH OT-
KpBI1ach BOIMOKHOCTL TOYHOrO ONpPENENeH s B3 ONBITOB ¢ COyIape-

*) T ILctp 301 v caen

§3 BOTOHBL 15

HHAME Be TOJbKO NMepBoTo, Ho K II0CASLYIOMIHX §pOBHEH 3HEpri
aToMOB M Moseky.. Ha prc. | IpHBEAERs Pe3yABTATH ONpeAenenis
sRepriii Neynpyrmx coyAapesui » remmd. Wies ommira cocrogia
b caenylomen. [lpe pasieqbHo OTKauHpaeMbie 0 BLCOKOrO BakyyMa
KaMCpHl COEJHHAIUCH MATbIM OT-
BepcTHEM: B NICPBOIl Kamepe no-
Melanach 3JIeKTPOHHAs NYIika,
BO BTOPOH — HIPOUCXOIUINK C€O-
yrapenun. [ToToK npuGansurens-
HO MOHO3HEPIeTHHCKAX  3ieK-
TPOMOB CO31aBaici B Kamepe
AYWKH B DPOXOANT Yepes Matoe
oTBepcTHE B Kawepy coylape-
HHI5, TAC HAXOJINIMCL OCTATKH
Tens [PH HU3KOM I4BJCIHU.
ITotepn  SHeprud  3JEKTPOHOB,
HCNMTABILKHX HEYNIPyrae Ccoyaa-
PEBHs CaTOMaMK reus v 0rkno-
HEHHBIA OT HAIPABALNHA Nafao-
mero Ityuka, H3MepsaHCh 10
MCTOLY 32/1€ PAHBAIOWEF0 NOTCH-

L9 SPPL v e pL
| 748 2.8 2,8 46

Yuenp weynpyeux coyoaperut
S
3

=)

nuana *) Ha prc. 1 1o ocu abe- 2

LHCC OTMOKENb 1I0TEpH SHEPFUH, 20 2z 2% 5 2%
a4 Mo OcH OpJHIAT — BRTH4HHDI, flomepu negeu, 3
ApOTIOPUHOHANLIINE UHCAY S7eK-  Puc. 1. Brcuepnuenraibuoe Iokada-

TPOHOB, NCHBITABIIHY  COOTBET- TC«“-C";J CYNECTBUTM“a'mnﬂ’{gkge;::f
eruyrouyio motepio sueprit. Ha 1Sk SR o st
ocy a6CUHCC BBEPX) NMPUBGARHBL  yayy renus. Hauasian SHEpHR 28k~
TOTepy SHEpTHM ApH HeyNPyTHX TponoB 25 96
coynapesrsx.  Bouce  TOuBbe
3hAUCHAY NOTeph, HAMACHBLIC B 3TOM SKCHEDHMENTe, TAKOBL
19,82 58, 20,61 58, 20,96 36, 21,22 38, 22,92 98, 23,08 s8.

Kpupas prc. |, Takim 05pasoM, nPeACTaBiner co60H NPeBOCXOL-
HYIO [LI0CTPALINO CYWECTBOBAAS JIHCKDEIbX } PORHEH SHepriy.

§ 3. doroun

Ho cax nop peus wya o NpoaBaeIii KBAUITOBLIX CBOHCTB B Cylue-
CTBOBAHAN 11POrHBOPEHAUIHY  K/ACCHUCCKOA (QU3IUKE IMCKDPETHLIX
ypostei suepriu aToMos. KsanToue cBOlCTBA 06NApyKHBAOTCA
TAXIKE H B IIPIPOLE CAMOrO 1eKTPOMArHATHOrO 31y ueHus W B NpH-
pole 24CMENTapHLIX MACIHIL BCIIECTBA —— 3/GKTPOHOB, NpoiOHOB,

) T 1, erp 299, Omcusacubil S10Ch FMCUCPUMENT SBISSICH BAPHAHTOM
onnta Gpanka n Tepila, BLANOANENIMLN Ha YpOBHE CoBPCMCHNON Texhmkn Omica:
HMC ARATOFUROTO OMWITA B Mapax PIyTh ¢ T 1, § Y5
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weittporop. OTHOCAmMYlOCA Ci01a OBWHPHYIO rpynny asaeuudl obo-
3HaYAI0T OGIMM Ha3BAHMEM «IyAJH3M ROJHE — dacTHmB. [To-
CKOJBKY pedb WACT 08 3AeKTPOMATBHTIIOM HATYHeHUH, STO HA3BaAHHE
YKaaBBaCT Ha TO, YTO, XOTA TaKHe ABJENHS, KAK HHTED(PEpEeHUHS it
IH(pakudA, Kasanoch Gbl, ¢ NOIHON OYEBMAHOCTHIO CBHIETENbCT-
BYIOT 0 BOJAHOBO( MPHPORE CBCTA, CYILECTBYET e MeAee oBWAPHBIA
Kpyr ABJeHufl, KoTOpHE C TaKoil e OYEBHIANOCTLIO CRUALTENbCT-
BYIOT O ero KOPHyCKy/APHOH Mpupose. ITH Apnenus NOjApoSHO pac-
cmorpenst g 0. TX NepBoro 1oma 11acTosmed KHUCk, BBUIY Yero Mul
31%Ch r.1aBHLIM OOD@30M OTpARHRHMCA UX NepeuicAelnem H KPaTko
omeM TOIbKo 0aKH srcephment C, U. Basunosa u E. M. Bpym-
Gepra,
3akonn $oros3PPeKra 43 MeaLIoB ABIAOTCA OAHNY 13 1131160+
Zlee OTHCT/MBBIY PORBIEHIHT KODUYCKy IS pHBIX CBOitCrs cBera. B ca-
MOM JerTe, COriacHo SHI{OH}" ZKCIIEPUMECITAABHO }'CTaHUB.’IeIHIDMy
JleHapTom, sneprisi OCBOJOKAAGMPIX (OTOSICKTPONOB HC 3ABUCHT
OT (IH1eICHBHOCTH CBETA, @ 34BHCHT TOIbKO OT VMK BOJHBI OAHH
H TOT 7K€ CTeKTpa.TLHbNl UHTEpBa, BiLTeaemetit 11 cnektpa Comtna
11 €€ veprlaoniell 38e31bl, cO3RACT POTOIMEKIPONLL C OAHIAKOROR
sHEpriefl. DAHWTe i BIEPBLIC MOKA3a., 4T0 370 MOKIO [TOHA[h, 10~
RyCKas, 4rC CBET COCTONT H3 CBOCOGPA3HLIX HACTHIL— GOTOHOB —C
sueprucit
E=hv. (3.1

Takum 06pa3oM, KpaHr SHepriuH Ay, OTKphITbiil [L1aHkoM B Npo-
neccax HCMYCKAHMS M TOrIOUISHIA, OKA3biBAeTCH MpuAB.AfeTca il
B Tpupode caworo u3aydenns *). [ponecc noriowenua csera s
310\ Caydae COCTOUT B HCUE3HOBERHH 1e0ro PoTona U 0cRoGoM« fe-
HUM 3@ CI0 CYET 3JEKTPOHA, TIPHYEM SHEPTds MOCAeANero CiAzasa
¢ 94CT0TOff CBETA RLITCKAIOHM 113 3aKOHA COXPaienHs SHepruu
ypasnemien Jitnmreina

/w:%mvz-{» P, 3.2y

rae P — sieprits, HCOOXOIHMAH 117 TOTO, uTOGH YA2ANTL 3IEKTPOR
43 MCTaLIa, W OlpeseInoman Tax Ha3slpacMylo KPAcHYo TPaBHLy
QoTosdPexra. IKeMepHMenTaapbHOC NOATBEPIKISHNE YpaBHCHA
SHimwreiga 6810 gane Muaankewon, a Jykpapexuy 4 IMpuaexaes
HCTONB30BAAH 3TO ypaBheie I1A HAUBOJCC TOUHOTO ONMpEICaeH s
nioc foaHHo# Il1anka /.

Ecar B oneltax ¢ Qor03ddexToM npOABIAITCA THCKPETHLIC
KBaRTer 3HEPrHH B BHje YOTOHOB AV, TO AAA HOTHOIB KOO CKy.1Ap-

*) C mcTopmueckoll Towki 3penta miTepccto OTMETHTH, w70 Tliatk npemno-
4aran M DOAYEPKHBAN, UTO TOIBKO MPOUECCH MCHycKaHMR H MOPIOMCHHS HAeloT
+BaiTtoBBIA XapakTep CaMoft e NPHPOTE 1CKTPOMATHATHOTO H3TYWelHA On Mph-
1ICkiBAT BOJHOBOF XapaKTep

83 SOTOMB 7

HOW KapTHUH A0JKRB CyILECTBOBATH ABIEUHS, B KOTOpHIX doTow
oBnapyKuBaeT MMIyJbc. COrMAcC TEOpUM OTIIOCHTETBLHOCTH 3TOT
AMITYIbC AOJKEH GLITh pased (1. I, cTp. 395, 396)
13

p=tr=t @3
Htiny.1be poToHA IpOABISCTCS, KAK B CBETOBOM A@BJCHHH, SKCOepi-
MeHTaTLRO OTKphITOM 1. H. JlcGeresum, tak n ocoBenno acxot)
HPH PACCCARAM PERITEHOBCKHX Jydedl, T2K KaK @apsiy ¢ pacces-
HHeM, TIpd KOTOpPOM COXpaHAeTCsl A7uHa BOJHb! NATAMONHA Jyyed u
KOTODO® OBYCI0B14BAET BO3MONKIOCTD OCY INCCTBACHUA HATEpdEpCH-
uuH PEHTIEHOBCKHX J)ued B KPHCTandax, CymecTBYeT e exore-
pentHoe paccednre — sbpdexr Kovnyrora ipu stom pacceanru Lt
Ha BOAIBN paCCCAHHLX ayyell yBCARYNBACTCH (COOTBETCTBEHHO 3HEp-
rus Ay’ paccesmoro goi0Ha Menbllie HCPLUM Av lalalomero ¢o-
t08a), W KamIBl AKT DAacCCARHA COMPOBOKAALTCH MOSIBIendem
saextpoua oriaqn Camslii Tpoiece paccessHs, N0 06pasHoMy Bbi-
paxenmo Komnrowa, npeicraBasier cofoit «Hrpy Ha GHIbApPAe
ek (ponaMn 1 goronamk» [ToIpoSHOCTIL 3KCIEPUMEHTOB H KO.H-
yecTsenusi pacuer cm. 1. §, ra IX, erp. 393—403,

Qanum 13 ganboace APKMX NOKARATCALCTB KOPM) CKYIAPIbI%
CBONCTE CBETA SIBIAE(CA CYmCCTBOBaHHE QIyKTYaUMH HITEHCHBHO-
CTH CadaBLIN CRETOBLIX NOTOKOR: eC.qy CBET Beler cefA Kak moTor
JUCKDeTHBX eAHHHI — QOTOHOB. TO KamAbiit GOTOH, 110118425 B NpK-
MHOC YCTPOJCTBO, BHI3HIBACT TO HIH HHOE NEiiCTBHE, RAamDUMEp
0CBOGOKACHHE 3.1eKTPOHA WU SJeMeHTApHLIi POTOXHMHULCKRY AKT,
HC33PHCHMO 0T ADYrBx (OToHOB. BooBwe rosops, 4icio ¢oTonos,
TIONa1a10UAX B CLIRKNY BPeMCHY B TPHEMIUK ake OT MAKCHMAk-
HO NOCTOMHHOTO HCTOYHHKA, TOMMKHO HCubITbiBATD KOdebauHa (1.},
crp. 365 u cac..). Ho npn o6LunEX HHTCHCHBHOCTAX UIICO GOTONOB
CTOTb BRIHKO, KOJESGAHHA 3TOrO uiCaa B TMPOUCHTHOM OTHOILenHH
HAC[OIbKO MAnbl, UTO Mbl HE MOMKEM 33WeTHTb HHKAKO THCKpei-
noctd B M3ayuenmd. [Ipe1crasuM cege, OMNAKO, 4TO 4HCAC POTOHOB,
LOMEAAKIIX B €IHHELY BPEMEHH, OYeHb MA0 {ENMHUIM Han de-
csarxn) Ecam, kpoMe TOro, (pHEMHUK l0CTA(OMHO dyBCTBHTETEN,
qTO0Ll pearupoBaTh Ha 3TO MATO0E UHCTO, TO NMEH3BEMHO TOTKHLE
€KA38TLCA CIYHAfiHEIe KO1e5anmia, G.JyKTyalldd HITeNCHBHOCTH, pe-
CHCTPHPYEMDH MpHEMIHKOM

Takde GayKTyaund Ghi1d MPCKIE BCEro 0GHAPYKCHE ¢ KOPOTKO-
BOMIOBBIAL I31YYEITHEM — DEITTEHOBCKHMH 1 Y~1y4aMH, Ffle SHCprHH
(OTONOR OYens BEJMKH, @ YHCHO WX (IPH JAHHOH SHEPIHM COOTBET-
crnenno mato. OcoBemubiit HHTEPEC NpELCTABIACT OGHapymenue

%) Cacronoe nSBacHHE e MOMET CT)KUTe OITOSHATHNN TOKASATORC AOM
KOpHYCKYIADHOA CBONCTS CBOT, TaK Kk MaKCDEN1 MPEICKAITT neSSORAMOCTS
CINECTROUANIA CBOTOROTO [LABJENMA 13 OCHODAIINK CRORCTE 37CKTPUMATHHTHOTO
10T (TOIEPENTIOE ARAGIHC CAIOREIX AHHHT) .
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aykryaunit cgabuix NOTOKOB BHAHMOrO CBeTa, HaGA0AABILKXCS
C. M. BaBu1oBLIM € COTPYAHHKAMH, 4 TAKXe H PAJOM RPYCuUX we-
caenoBatenel. B 9THX OmbiTaX MHAMKATOPOM CBeTAa CayXW.] r/a¥
ueJOReKA, KOTOPHIH B TO BpCeMA Gbln ACTEKTOPOM, 0612 a10WHM HaU-
Goslee BHICOKOM UYBCTBHTEILHOCTBIO (1PH YCJOBHH NpeaBapHTeb-
HOro AOCTATOYHO 10.roro NpeGuBaHust B TEMHOTC) H OCOGHLIM CBOM-
CTBOM — CyWICCTBOBAHUEM TIOpOra 3pHTCILHOrO OIIYINEHHR, Hetalo-
IAM HCIOIb30BAHIIE 11833 B KauecTBe ASTCKTOPA OYEHb YAOGHLIM.
3o cBOMCTBO COCTOUT B TOM, UTO INa3 COBCEM HE OIYIaeT CBera,
KOr/la sHepris ¢BCTa Menbllie HEKOTOPOi CTPOrO ONpenedeHHOfN Be-
aaybl. [TyCTh HABIOKAETCA KPATKOBPEMEIIAA BCIBIIUKA MOHOXPO-
MaTH4ECKOTO CBETA; MOAOKHM, YTG II0pOTY COOTBETCTBYET Mo GOTO-
HOB, NOr.JOUIEHHBIX 33 BPEMS BCABIUIKI CBETA, # NYCTb 2 — AeHCTBH-
7eJBHOE YHCI0 GOTOHOB, NOrI0WeHNHX 3a To e speMa. Torna rras
VBILANT BCTIBILKY, CCIH 2 22 flg; €CH XKe Z < Mg, TO 3PHTeJbIloe
owyllenHe Gy1eT paBHO HYAI0, [a3 He OBHAPYKHT HHKAKO! BCNbIL-
ku. Takuv 06pasoM, OCaGUB HUTEHCHBHOCTH CBETA 7O 3HAYCHRM,
6.1M3KHX K TOPOrOBOMY, H NOCHUIAR B 1123 NMEPHONHUSCKH BCIBILUKY,
MOKHO 08UAPYKHUTb (WIYKTYallHH YHCIa (GOTOHOB 2, NOrJOmaeMes
ceTuaTkOH 11238, GUKCHPYT HAB.[IOICHHOE YHC.IO BOIBILEK H CONO-
CTABIAST Cro ¢ U3BECTHLIM BHCJIOM TMOCJAHHBIN B a3 BCHLILLEK.

§ 4. Onoir Basuaosa n Bpym6epra

M3 unca ONLITOB, BEIMOAHENHLX HA OCHOBC N3.I0MEHHBIX COOG-
paxeuuit, HanBo1ee IeMOUCTPATUBEH 1 CBOGOZEN OT BO3PANCHHIT
onuir Bannnosa n Bpymeepra,

Ollbi1 COCTOAT B C.ICLYIOIUEM: ¢Ber oT JaMnoukn L (puc. 2), or-
pasHBIINCh OT 3epKa.a 7/, NPONOANT uepes auagpparmy O mnamer-
POM [, 33KPBITYIO MOJOUHBIN CTCKIOM, L4.1CC — 4epC3 OTBEpCTHE
B axucke D, BpamaeMo 1oTopoM M, 1aqee — uepes seschbiil ¢neto-
dHabTp F H nakoHeL, — depel HeHTpaibHLi KIHH K, NpH noMomk
KOTOpOro CBET MOI Bbith Ocaabaen Ge3 HIMEHEHWT CTEKTRAJILIOrO
cocrasa. 181 GHKCHPOBAICA B OTIPEIEICIHOM NOAOKEHIM, HABII0-
Aas ¢ MOMOWBIO 3cprada G Kpacuyio touky oT aawmoukd S, Mo-
t0p M, Mezaenuo Bpamas anck D ¢ wactoroi | 06opoT B ceryHAy,
TepHOINYeCKH NpONyckaa cser B teuenne 0,[ cex W 3aicpXKuBas cro
B teuenne 0,9 cex,

Ecan tenep, MEXAY IHCKOM II TJ1a30M NOMECTHTL GllNpHIMy
Dpedeas P, K0Topad ABIAETCA HHTEpGEpEHUHOHHRIM yCTPORCTBOM,
paclienJACUIMM  HAJAIOMHMA NY40K HA ABAa nyuka, AHANOTHIHO
sepkasam @penear ) To npu Habaolennu nHadparvuk O mpy do-
cTaTounoi HHTCHCHBHOCTH 3€1€HOCC CBETA B (101€ 3peHHA Buala
KpacHas 10uka S, UKCHPYIOILAR T11a3, 8 PAKOM C HeH CAMMCTPHUHO

*) Cu I.C.JlanncGepr Onmnka, max 4d-e, 1957, crp, 73,

.
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pACnONOKENR 184 3CICHHIX HH1ephEePeHIHOHENX HATHA. Xopolo
HIBCCTHO, UTO XapaKTep HHTCPQCPEHIIONION KaPTUHLL He 3aBHCUT
O1 HIITEUCHBHOCTH HCTOUIHKA: CC.i (POTOrpadHpoeaTh HHTEpdepen-
LUHOHIIKE nOAOCH Fpll Kpaiie C1260f JIHTENCHBUOCTH B TederHe
MIOTIIN CyTOK, TO MOJAYUAIOILHECS HA INTACTUHKE HITEp(hEepeninoH-
HEIC [0.10CHL (TIPH OIHCAHIIOM pACHOJIOKEHHR 310 GLIAH 611 KPYIiane
CReT.bie ﬂi[Tlla) WICM He OTJIHYAKTCA OT N0J0C, BO3HHKAIOIUKN ITPH
JI0CTATOUNO GOIbWIOH HHTENCHBHOCTH. C KOpnyCKyIApHOH TOUKH
SpGHKﬂ CRErInle ACI0CHL IOMVYAINTCH fpy MONaJaHHKM HC3aBIICHMbIX

-

|
|
|

=

Puc, 2, Cxema onw1a Basimiaosa w BpymGepra,

$oTONOB B COOTBE|CTBYIOWMUE MeCIa GOTOMIACTHHKA MM celuaroil
oBonoukd raasa Habmojareas. Ecam, xak B omucanuom pacho-
JoKennd Oiluitd, CBEI MPOXOAHT 4CPC3 OTBEpCTHE BpAIAome:
rOCA [WCKA NEPUOIHYECKH B BiIe BCUBIUCK H €CAH UITeCHB-
HOCTB CBE1A OYellh Maja, TO JOKHEl HaGmonatbea GIvkrya-
WHH B 3@BHCIIMOCTH OT TOTO, ONAJAeT JH B MCCTO CETYaTKH,
TIC TONydaeTcsi 1306paweiHe TOr0 WM APYTOro CBET.|oro HAT-
Ha, 4ucno $OTOMOB, J0CTATOYHOC Masl NMO.YYCHHS HHTEHCHBHOCTH,
npeBLIIAIOMCH NOPOroByIo, Hau Her. OmbIT MOKasad, 4ro KOr.a
AHTCHCHBIIOCTE 3CICHOIO CBeTa 0CqaBiacHa HAacTOMbRo, uTO 10-
CTUI2eTCH MOPOroBOC 3HayeHile, 06a 3eMCHLIX NATIA COREpILen-
$0 OTYeTAHBO (IYKTYHDYIOT OIHO OTHOCHTENBHO IDYroro: IpH
HEKOTOPLI\ TPOXONKIeNuAxX OTBeperus B AHcke D Buade o6a wdr-
Ha, NPl IPYrHX ORHO — audo BepxHee, aKGo wwkuee, Hakowen,
fIpK HEKOTOpHIX NPOXONKACHHAX OTBEPCTHA CBCTALIX TMATEN COBCeM
#e BAIHO, 3TO MOKaswBacr, YTO ABIEHHE OBYCJOBJEHO lieaanucu-
MEME QAYKTY ALHAMH YHCAd GOTONOB, O6pA3YIOMHX 3eTEHEIE NATHa:
XKOr1a X wiCKO 6OabWC fp, UAIHO BUAHO, KOTXa MEHblUE fiy, ne
BHALO,
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Bo scsixom C.TyHa€ ACHO, YTO ABJEHHC HE CBAZAHO IIH ¢ yromic-
HHEM 11833, HH C KaKHMU-1HG0 APYTAMH PHIHONOTHUCCKHME NpHUH-
Hamp. Habmo1chns 00pa6aTuiBaaics Takike KOTHIECTSEIHO HO ve-
TOL2M TEODUH BEPOSTHOCTCH: ONpeReIsIach BCPOSATHOCTH OLHOBpE-
MCHHOTO TNOHBICHHS 000X nATed. Ilps 10CTaToORIO GOTBWON YHC IC
Ha0.1I01eBHIT Pe3}IbIaTE MOPOILO COTAACOBHIBAINCE C TPeGOBAHHI-
MH TEODHH CAYUYaiiHBIX ABICIHW, NPHYEM AJR yHCIAA (OTOHOB 11,
COOTBETCTBYIOLIEr0 NOPOroBOfl MHTCHCHBIOCTH, B COrAACHH ¢ Apy-
THME QNPCIEIeRHAMH TI0.1YYR.I0CH g ~ 50,

§ 5. Boanoswie cBoiicTBa uacTm BemecTsa

CCIH Ui CBETa H 3:1€K1POMarUHIHOrO H31yYCHHS 8000UIC KBaH-
TOBLIC SIBJICHUA COCTOAT B HAJUYAK KOPIYCKYJARDHEIX CBOMCTE na-
PALY € BO.HOBEIMI, TO 15 YACTHIl BEMNECTEA — SICKTPOIIOR, NPOTO-
HOB, HETPOHOR, 410MOB — KBAHTOBHE HB.ICHHT COCTOST B HATHURHA

Puc. 3. BoTorpatbii CAEMOR TACTHI B 10ACTOCIORHEY 33Uy ThCHAX

BOIHODBHIX CBONCTB HAapAAy ¢ KODIyCKY.IApHBIMH Taxum obpasom,
AyaJU3N BOJHA ~— HACTRIA IIPHCY I KAK 3.JCKTPOIATHHTHOMY 3.1y
4eIIo, TaK I MUKPOUacIHLaM.

Kopnycky.asiphast, aroMHCTHYCCKAS IPHPONA BEMCCTBA ¢ TOION
OHEBHANOCTbIO 1OKA3HBALTCH MHOrOYHC.ICUHBIMII ABJICHIISMH, B 4aCT-
HOCIM H3yuenHeM GPOVIOBCKOTO ABHMKEHHs, KOropoe Mo CymecTsy
OTHOCHTCA K rpynne sieaedii ¢pavkryannii Hawbosee oucsmamwisr
NOKA3aTCILCTROM CayiKat poTorpadue Buibcona Ham, ¢cad nosb-
30BATLCS CORPEMCHIION ANNapaTYPOH, — GOTOIPADIU CIETOB YACTUL,
B COCUHAILELIX (OTOrpadHyecKux My.abeinx (puc. 3). Bee sth
(OTOTPA(UN C NOIHOH A0CTOREPHOCTBIO NOKAIBIBAIOT, 110 C1e 0CTa-
BacH npo.teresuiedi yactrned. Tem ne mewee ne-Bpoitin (1924 r.)
MMe1 CM&I0CTb DacnpoCTPAaHHTL HYaqH3M BOJHA — YACTHLA H HA
3TH MHKPOOOBEKTH. YIMEHHO, OH THMOTETHYECKH 1(0CTV.IHPOBAM pa-
JMUHE Y HUX BOAHOBEIX CBOfCTS. TIpn STOM cBA3b MCKIy KOpRyCKy-
AAPHLIMH CBOHCTBAMH, Xd4DAKTEPHIYEMBIMU MMNY.1bCOM P (A4S CKO-
POCTEH, 3HAUNTE.IBHO MEHLIUNY CKOPOCTH CBEra, HMIYILC p pasen
KOHYECTBY /IBHIKEHNUS MU), U BOMIOBLIMH, XapaKTePH3VEMbIMH ATH~

&5 BOJIHOBBIE CHOMCTBA HACTHIL REIIECTBA o

HO# BONHLI A, YCTAHABAHBACTCA IPH NOCPCACTBE TOH XKe NOCTOAHIION
Taanka h, koTOpas XapakTepusyeT KBaHTOBHE CBOYCTRBA cBeTa. [Las
3JACKTPOHOB K ADYTHX MHKDPOOGBEKTOB cooTHomeune (3.3) ie.scco-
©0pa3Ho UepenucaTh B BuIe

h=—=— (5.1}

{NoC.TeHeC BbIpaMXKeHUe CNPAaBeAIHBO 111 HCPCIITHBHCTCKIIX CKO-
pocrei).

B Hayanre AnajuatuiX rojioB, KOrAa e CBCKH OBUTH BOCNOMH-
HaHHA O CCHCAINH, BLISBAMIION pabOTaMK, JOKa3aBINME PEATbIOCT L
A10MOB, 5Ta THNQ1€3a I0KA3a1aCh CHme 001 CTPAHNION, HEXeTH TH-
noresa [lanKa o AMCKPETHOCTH NPOLECCOB UCNYCKaHWH 1 HOLIOLLE-
HHA SMEKTPOMarHITIOrO Haayuenns. TeM He yMeHee YCnexy rHIOTC b
ne-Bpoit1a cauaina ciocofCTBOBAIO TO, UTO IpH e NOMOIIH NoIy-
YHI0 HATTARHOC OGEACHERKE NPABHI0 KBAaHTOBAHMS KDYFOBHIX Op-
6ur, nociyauposannoe H. Bopow (1. 1, ctp. 445 n caex). 3arew
NOCNEIOLAMH  MHOTOYHC/ICHHBIE SKCICPRVENTAIbHEE TOLTBOPIK Te-
BHI. CTO0b Zhe YOEANIETLHBIE W HAIINlnble, KAK I0KA3ATEIbCTRO
KOPHYCKY.TSIPNON GDHPOLE T€X KC OGBEKIOB. DTH IKCHEpUMENTH
no1pedno paceymoTpeHsl B 1. 1, ra. X. JI19 J1CKTPOHOB, yCKOpSeMbIx
noredundiaon V noast, Gopmyaa (2.9) 1. | nocae NOTCTAHOBKH wic-
JIERHLIN 3HAYCHIR IIOCTOHKEIX A, 71, @ NPHBOANICE K BIAY

150
=/ T

TaxnM 06pa3OM, HIMHE BOMHLI 31€KTPOLOK TPH YCKOPSIOMEM
norcrnnane 150 ¢ pasna 1 A. M3 sroro caetyer, uro 1as ogHapy-
el HETePPEPCHILIOMILIX ABJIEHHR C BoNnaMK Je-Bpoiias caeayer
TOB30BATLCA TEMM Ke METOAAMH, KaKHe NPHMCHSIOTCS UpK HecTe-
DOBaHKH (WM HCNOJNB3OBAHHE 151 CTPYKTYPHBIX ANATHIOB) Hirtep-
(epenLnn DeITIeHOBCKHX Jyucit. Taxdy obpasom, orpaxkenue or
MOBOKDHCTA/I0B MOKOSHCPICTHIECKIX 9.1EKTPOHOB (COOTBETCTBYIO-
WX MOHOXPOMATHYECKHM DEITI eHOBCKHM IYUaM) NDPOHCXOAMT 1101
YludmH, yA0B1eTROpAIOWHME popuyae Bpsrra — Byavgpa *)

nh=2dsing,

19 NOJIM3NepreTHUECKOro NOTOKA 3J€KTPOHOB (COOTBETCTBYIO-
ICro «GEq0MY» DENTTEHOBCKOMY HATYYEHHIO) B COOTBETCTBYIOUIIY
YCTPOHCTBAX RAGMORACTCS MHTEpPepemioHan kapTuna Jlays. Ha-
KOHeLl, NpH NPOXOKACHHH HEpe3 MUKPOKPHETANIHYECKHE CHCTENb!
{NpHMEPOM KOTOPEIX MOTYT CAYHHTh TOHKHC METAINHYECKHE M-
TOUKH) BabdwLaeTCs THRHUHAS HHTEDHEPCHUHOUHAS KApTHHA.

*) C nompabKofi na TOKAIATEND UPPIOWIEHEA B CAYYAS MEATEWNH SCKTDO-
nos (e, 7. 1, ep. 448).
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€OCTOAMWAS H3 CBETIBIX W TeMHbix Kojgel. [lpumep takonn ¢erorpa-
§uu npusener Ha puc. 4 u 5.

Ha ochobe scex 9TAX METONOB PasBAICH 4EKTPOHOTPADHITECKH
CprKT)'prIM aHaMNR, SABASKNMHACT NeHRbIM uul’)as.ueuncm K pedit-
TEHOCTPYKTYDHOMY aHAMHAY.

Haxoneu, uuTepdeperunonybie sBIeRNA RaONIONAIOTCT TAKKE H
Y NOTOKOB TSIZKEHBIX MACTHIL — HPOTOHOR # 0COOeHHO Hedtponos. Ha
puc. 6 npupesena TANHunas MHTED(HEDERIUIOHKA KAPTHNA, BO3HH-
Kalomas NpH NpOXOKJEHWH NOAUINEPreTHYeCKOro NOTOKA HelTpo-
HoB*). B Haciofmee BDPEMsi Ha OCHOBE STHX SBJACHWR pasBAIach
€TPYKTYpHas HEATPOHOTPA(HA, ABAMIOMANCH LeHHBIM NOTNOAKCHUCM
K METOlaM pPEHITENOCTPYKTYPHOrO W 3JICKTPOHOrpapuyeckoro ana-
LUEEN

*) TleAiTpoKbl He AeHCIBYIOT LENOCPRACTBENO o QaTosmyAecuio OfuaKo
€ca TOTOKKTL B (GOTOMAACTHNKY TOUKYIO TACHKY B2 HIHS, To B mecTe nOMANa-
iR HTPONA BOIDHKACT ACPUAS POAKUHR, B PESYARTATE KOTOPO OyBOGOMAZIT-
€5 SACKTORM, KOTOPHE H BMSLBAIOT (GOTOXMMMueckW SQQEKT Ba (o)omsa-

Pue. 4. Jnfipaxiuonnas kaptusa, coi-  Pic. 5. Hntepepsuunonnast kapria, eTanKe,
KaBaeMas CBETOM, MCXOQAINM K3 Ma-  TOAYNAOWMAACA [PH  MPOXOMICHAN
acra oTBepeTHS (0 2inv), TyYKa ODJEKTPOHOR neped TomkHi -

CToK Gepraanst

Puc. 6. Hearposorpama, Bo i np ROTOKA MeATCHEEX
4eAITPONOB Yeped KPHETAI.
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MATEMATHYECKHA AMMNAPAT
KBAHTOBO#A1 MEXAHUKH WIPEAMHTEPA

§ 6. Beenenne

OBpaTHMCn  Temeph K CHCrEMAaTHYECKOMY H3J0MKEHHIO ocuos
KBANTOBOH MEXAHUKN. B mepsoM toMe STOM KHWTH Mbl BHAETH, 470
OCHOBHLIM VDBHEHHEM, TIPH MOMOWM KOTOPOTO # KBAHTOBOH MeYa-
HHKE peialoTest KONKpeTHbe 1aiavw, ssaserca ypasnerue [lpe-
nukrepa, Ilpu ycTanowIeHKM 3TOTO YDABHEHHA B NMEPEOM TOME Mbl
PYKOBOUCTBOBAINCH BOTNOBLIMH CEOHCTBAMH, NPORBIAIOMAMUCH UpH
ABHASCHUN MHKDOWACTHI' KBAHTOBYIO MCXAlKy Mbi H31arajln Kax
VIEXalhKy BOANOBYIO. 31cch Mb GyACM CTPOHTb KRAHTOBYI MeXa-
HUKY KaK MeXanuk) Maibi¥ uyacTHu, NABHKEHHE KOTOpLIX MOANH-
AETCH CBOE0oOpA3HbIM 3AKOHAM, CYIUECTBCHHO OTIHYAOMmMUMCE OT
3aKOUOB ABUKCHIA MAKPOCKOMeckkx Ten. Mues b iy oba 06-
CTOATEILCTBA, MU OYleM CTPOHrb CHCTEMy KBAanTOBON MeXaRHKH,
€ 0RO CTOPOHBI, BO3MOKHO Gakate K JOIMYECKO] cXeMe KAACCHUue-
cKoil KOpn)‘CK’yﬂﬂ])Hoﬁ MCXaHiKi, HO NMTOObL, ¢ Apyroil CTOpOHBH,
YueCip CBOEOOPA3ME NpUPOLL MATHIX YacTHI, BOCTOAb3YEMCH B
KBANTOBOI WEXANKKE BEMH4HIAMH HHO{i MATEMATHUECKOH lipHPOLH.

B nacrosmef raase cuauasa OymyT cOpwyY.IHpOBaHBL HEKOTO-
pbie ompeledeHuss H OCTY.IaThi, JIeXKadlHe B OCHOBE KBAHTOBOK
Mexantkd. Jlaace 6e3 J0KasatenbcTea W 63 aue.IANMK K BOAHO-
BOIl PHPO.LE TEKTPOHOB B APYTHX MRKDOUACTHL GYIET eopMy.Tu-
posano ypasuepue Ilpenunrepa u passuta cucrema KBanTOBOH
MeXaHHKH.

§ 7. Jinueiinpie onepatopst

Jlast pasBuTHA CHCTeMb KBAHTOBON MCXaHHKH OKa3aloch [1eg6-
XOIMMBIM MaTCMATHUECKOe NoHsiTie onepatopa. Qo o3Wauaer, uto
H3 HEKOTOPOTO M@TeMATHUECKOrO 0GDLEKTA § npU MOCPCTCTBE KAKO
TO TO ONPENEIERHOrO NpaBuaa F no.ry9aercs apyrou obnekr g Tok
e camoi npapoabl. B tex cayvasx, Koria mam myxwuo 6yger non-
HEPKUYTh onepaTnpuLyxo TIPRPOLY TOK WIM HHON BESHUHMbI 1.TH npa-
Buaa AeHCTBEA, Mbi OyTeM 0003RAUATb 5Ty BESHYHHY COOTBOTCTBYIO-

weil 6yksoii co 3naukom -~ . Toria ykasawhywo suune OHepaLHiy
MOXHO 3aMHCATE CHMBOJHMCCKH B BHIC CAELYIOmEre IPOHIBENEHMs:
?=Fy.
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D10 BeipaKerne YuaeTcs caeayouiun odpasom: «[lpu Aefictpru ia
BenuukBy ¢ onepatopa F nosygaercs seawunna o».

B nangodl riaBe BeAduMHaMi ¥ ¥V wac OyAyT QYuKUun
(X[, %3, ...} HEKOTOPOrO HHCJa HE3ABUCHMBIX BEHmIECTBEHHLIX fepe
MBHUBIX Xy, Xp,... (Apyrue mpumcpbr it Oodee odmufi cayvafi pac-
CMAaTpHBAIOTCH B Il I11). B coOTBCTCTBHH ¢ 3THM 3alaHHC opepa-
Topa 3fcch GYRET OrBEYATH 3alAHHI0 ONpEIENERNOro mpasH.a, fo
KOTOpOMY M3 PYHKUHH (X1, X2,...) DOIYSacTCR 1Apyras QyHKmust
@ (X % ...} TOTO XK€ HHCNA BEpPEMEnHEbIX.

Hanpumep, eciu pynkids ¢(x) noayuaercd us  (x) nyrev ang-
CpeHNHPOBARHS, 10 ITO MOKHO 3anHCcaTh TaK:

) o=yl 2

D70 paBencTBO BLIpAZKA@ET TOT (PAKT, 4TO KaXioeh PyukuuE (¥)
npasuio AekcTbus Ti conocTas.feT QyHKNH0 @(x) = §’{x) Toro

d o
e pojla. B 3TOM cayuae cuMBON - M ecTb oncpaTop, AeHcTsyO-

winit Ha pyHKUMIo § (¥). Jpyroi npumep Aaer yMHOKeNHe Gy HKIAH
¢ (¥} HA He3aBHCUMYIO NEPeMEHHYI Xl
- Plx) = 29 () = 5 (). 72
M B 3TOM cAyuae Kamioi GyHKUHH P(¥) ne3aBHCHMAA nepeMenuas
conocrapafeT ApYrylo QYHKIMO ¢(X) = xyp(x). [TosTomy HesaBuCH-
MyI0 NepeMennyI0 MOXKHO TaKKE pACCMarpHBATL KAK 07epaTop, Ko-
TOpLfi MEl 0603Hayaen uepes &
Hawy ¢yskuud noZunimM TpeGoBanuo, 4Todp HX MOmKHO 0610
CKAANLBATD @ YMBOKATb HA KOMMJICKCHHE YHCAA, N0Ab3YACH 1pd-
Biraamp ofsraHoR ANTEOPH, npHYeM AONKHL NOTyUaTbCA BENUHAHLI

7010 ke pona. QTCIOIa CAEAYer, YTO (YHKURH AOTKHbr ObiTh KOM:

NAEKCHOIMY, TAK KAK TOJbKO KOMNIEKCHEIC BETMUMHbl YLOBJIETBO-
“pator ykasahHowy Tpebosanmo, Kak Me suzenu pauee (M. 7 1,
crp. 491—492), KOMIIEKCHLI XapaKrep HCTNOAb3YEMBIX B KBAHIO-
BOM MeXaHuke pyHKUHM AHKTyeTCst H 00.1ec (PHINNECKAMH coobpa-
KEHUAMH ~— HATPHMED, RBIKEHIE CBOGOLHOM SacTHUDI ¢ Onpeneaei-
IibiM MMIrYAbCOM MOMKET ObiTh KBAITOBOMEXARMUECKH OMACAHO TOAL-
Ko KOMIIeKcHol BOAHOBOH ¢yuKimeii. W3 cxasannoro Bbirexaer,
470 B OBLIEM C/IYHac H ONepaTOphl B KBAHTOBOI MEXaHHKE NOAXHbI
GbiTE TAKIKE KOMIL.TEKCHBIMH. 3TO, KOHEUIo, HE HCRITIOYACT TOrO, UTO
B HCKOTODHIX C/IyuasX Onepatopbr (it (YUKIMH) MOTYT OKasarhest
BewecTBelbIMH, TAK KAK BEUICTBEHHBIE UHCAA ABAAOTCA HACTHLIM
cydaeM KOMIIEKCHbIX.
HanGosiee BaxHBI K1ace OllepaTopos 06pasylT AUREilHbIe oLe-
paTopel, YAOBACTBOPIOLLKE TDEGOBAKIO
- Fenpy+ cpba) =1 () + o (P .3
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AN 7060k napst GYHKUHI i M yhy H IOGHX HOCTORHHBIX KOMIIEKC-
HbIX wucen ¢y, 2. OueBMano, uto oneparophi <7 W & u3 nprmepon

(7.1), (7 2) ABAATCA NHHeHHBIMMU, TlpumepomM teauneinoro onepa-
TOpa MOKCT CAYKHTL BO3BE/lCHHE PYHKIHA B Ksanpar. Bce onepa-

. — o bA
T UKH ABISIOTCA NANEAH MY, NOSTOMY B Zadh-

HeduleM, roBopst 06 onepaTopax, MLl Gyaem HMerh B BHIY TO/IbKO
AHeliHbe OnepaTophl.

Haiwa 6amxaimnan 341442 — OupeRLIUTL OCHOBUBIE asireSpanye-
CKHe NeHCTBHA Al ONEPATOPAMH, T. €, BBECTH (TOHRTHS CyMMbI Ofle-
PATOPOB, ((pOUIBENEHHS OUEPATOPOB ADYT A APYTa i MpOUIBEACHHR
0nepaTopoB HA KOMILIEKCHBIE YHCTa

Emu KaKHe-muGo 18a onepatopa £ u G npumedaoTcs K dynk-
LHE W pesyibTaTl 3aTeM CKIAAbBAIOTCA, TO CHMBOJIMUECKH 3TO
MOXHO 32(HCATh B BHIE

Bp+Go=(F+ v,
Hanncas 310 pasencrso cnpasa naaeso:

(F+8yp=Fyp+ Gy, 4
€0 MOXHO paccMaTpUBaTh KaK OnpeneneHHe CYMMM OMepaTopom
F 4+ G. fycrs onepatopamu Gyayr i‘=:7 n Ggi, a GyHk-

[Heit, na KOTopyio OHH HEfCTBYIOT — & (X, y). Toraa, mo onpenese-
HHIO CYMMB! ONI€paT10pos,

(347 e=gt+ 52,

Hpyrok npumep: ecan F . TO
d d
(e ar)o—ro+ 5L

Tlponsseneane onepatopa £ ya (OCTOAHHOE YKCHO €, T. 8. Onepa-
Top ¢ F, ecTb ONepatop, KOTOpbiit YMHOXAET Ha ¢ Pe3yabTar Jei-
crBuA £ ua .

(Fyp=c(Fy). (7.5)

3afimemcn Teneps HayueHnem CBOMCTR NpOUSBENEHHS ONEPATOPOR
Apyr Ha Apyra. Haduewm ¢ Ompenesenis — nponspeacHieM ouepato-
poB.Ff u G unasunactea Takod onepatop £G, ROTOpbI, AEACTRYA Ha
QYHKUHO . HepeBORUT ee B GYHKIHIO §, DONYIaeMyio TaKKe myTeM
TOCAEHOBATENLHOIO 5 OnepaTopOB-COMHOKHTEIER, T.e.

(FGyp=F Gy). (7.6)

P
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oo d
Haqtpunmep, 13 paccMOTpeRMbiX ONCPATOPOB £ H —— MOKHO €ocTas

d N . .
BWTB ONepatTop-TipOH3sENenue )2?, HMMEIOHIH CCLYIOIAN CMBICI]

. d d
(" % >‘P =X
locnenoBaTenbioe NOBTOPEIUE 1 pas AEACTBAR OAHOrO H TOFG
e onepatopa F 3anucbBAeICA B BAAE CTENEHH STOrO ONCpaTopa:

Pop=F (Fy), ﬁﬁ\piﬁ[j(l?i)], 7.7
nanphmep, 7 Y 4_&]_(ﬂ>:ﬂ_’\p_
(7{, = dx \dx dxt

OcoGentocTb TPOMSBENEHHS ONePATOpPOB 3aKI0UALTCH B TOM,
YTO OHO HE YLOB/ETBOPSET (paBUly KOMMYTaTHBHOCTH, TaK 4TO
B 00BIEM cayyae EA 7

{
a6k |

Oneparopst £ H 4 MOCYT CTYXHTb KaK pa3 MPHUMEPOM ((EKOMMYTH-

dx
pytoutux oneparopos, [ cicTBATENBHO,
d S(dpN_dy
{eir)o =) =2 7.8
HO p "
=t v, (7.9)

TaK UTO pe3yabTaT BhIYHTAHHR (7.8) u3 (79) ue pased BymO:
d 4y = 7.10
(Fre—trjv=v=o0. (7.10)
. 3 a .
HagpoTHs, onepatopht £ H § Wilu Oneparopu - # 5o, ACHCTBYIO-
nue Ha GYWKLUN BRAZ §(X.y), TBAKOTCA ONEPATODAMH, KOTOpHE
KOMMYTHDYIOT MEKILY CO0O0f, TaK Kak
§ a8
(ﬁ Ty}‘i’ rre s
3 a O 0%
(Wﬂ%": Byox  oxdy "

B Tex cnyuasx, KOrZia B pe3y/IsTaTe NPHMCHCHUA Oneparopa G
nonyuaercst Ta He GYUKLHS, STO K B Pe3yibTaTe npHMEHeHHs ofe-
paropa GF, HO ¢ 0GpaTibiM 3HAKOM, TaK HTO

PG +GF =0,

ONepaTOPsl HA3LIBAIOTCA GHTUKOMMYTUPYIOUGUMHL.
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Has ayuwero yemoewns usiomennoro PCKOMeHAYyeM wutareaio
ApoleiaTh CACAYIOILHIE YITpaXKHEHNS.

_Ympamuenns L Joxasam, wio onepatops 4w %, gn;‘l—. I

3
= 4 soobime oneparope b
oz uie oneparop "

10 ApyFOf uesaBHCMOT RepeeHOR» KowsyTHPIOT,
d 2
2 Mokasath, wro. pesymsTar npuseweuns oneparopa [T x} .
v

d 2
Sin K ecth sinx 4-3xcos %, a pesyastar mpuMeHenms onepatopa {QT] & 7o
%

O DYHIIN ecTh £ cos X — x2 sin £,
3. lioxasats, wto

d 2 dip d
2) (Eﬁ—l) ¢=d—x,+27}}+«p,
Tax ata
Fi Ly 4
(‘dx""") e R At
R a, o oy
o (o= +a7) = CEIR Ty i

U3 ckasannoro ernenyer, uro ¢ OCPATOpaMH MomHO obpawmarncs,
KAK C a/reOpanvecKnMi BeNYAHaMHE, NOMuS, ONHAKO, YTO npousBe-
ACHHE HX, KAK 1PABUIO, HE KOMMYTaTHBIIO, BBHIY UCro reoGxoanMo
pasiiiar, yMHOKenHe Ha onepalop caesa ot YMHOXEHHUS crpasa
lep. popyyan (7.8) n (7.9)]

Mpusepor.
I Homﬁymb alredpofi OleDATOPOB, AOKA3ATD, YTO CCAU
FG—GF=1, (7.11)
TO N . N
FG'—GF = 2@, (7.12)
Ias noxasatenscrea ymHoKaeM (7.11) Ha G caesa;
86 — 6P =G
o cipasa: e
FG:—GFG =G,
Cxnansigas i Pe3yabTaTLl, nodyunM (7.12),
2. Tyern ﬁ:K' G = ¢. Buwncaun pasHocrs
PG —GF,
TIPHMERAA ee K MpPOH3BOALIOI dynKumn :
d d d af d dy dyp
(G f =2 f) o=t —s () mp g et
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Takuw obpasom, oneparop
d
e
JynyuH UPUMENEH K NPOH3BOMBIOLN DYIKUHK \, He MeHseT ee, T.e.

d .
——x—)&K:L

4 (7.13)

3. lokasars, uro oneparop
d 2\
i+ 4]
HE paBeH KBajpary CyMMbi BEJAHYHI, CTOSIUHX B CKOGKAX.
Buruncasem nocrenosareIbHO, NpHMEnsad OlICPaTOp K NPOK3BOJL-
HOW dyHKuUK:
d N2 d dy
(e = 2) (5 + )
i (dy & dhy a Y
=i (T o) E 2 (5 )= g By

:(dL;+2x£+x?+l)¢,

T. €.
(et =i rudrriie (Lol 1o
4. okasate, uto .
F+6)(F—0)—(F—8y— (FG—GP),
" (F—G)(F+ )= (F*— G+ (FG — &),
TaK 4T0 POpMyJIa JIEMEHTAPIIOH Anredpbt
F2—G*=(F - G)(F —G) = (F — G)(F + G)
HMEET MECTO A ONepaTOpoB TOALKO B TEX CAYUaAX, KOraa Y14 one-
paTopbl MOKAY OGO KOMMYTHDYIOT.
§ 8. Cobcrsennie 3navennn u coGCTBEHHbIC Bhynkunu
JIHHEHHDIX ONePATOPOB

B pesynbTate nprmedesus oueparopa F x PysRuit ¢ uHOTRA

nonyqae'rcﬂ BHOBb Ta_Xe camas d)yHK!_l!/IH, YMIIS)K HJI Ha HEKATQ: _
pocuneno ks
Fyp=1yp. (8.1
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Tpumep:

F=— . b=cosdx

(8.2)

Fp=— ::Z cos 4x = 16 cos 4x = 16¢.

3aMCTHM, YTO B KBAITOBOR MEXaHWKE BaKHC{YIO pOab Hrpaer
HeKOTOpHl Knace GyHKIH KOOpAHIAT ¥ (g), KOTOphie onpeieanior
5 BO BCeil 06MACTY H3MEHEHHs He3ARHCHMBIX NepeMentniX. Ecau ra-
KOBBIMH SBJAIOTCA I€KADTOBB KOPOIMHATHL, TO ¢ JIOAKGA Obith
onpeienena B Npeeaax OT — 0o 10 + 00 N0 KAk A0/ H3 KOOp/MHAT
%, Y, 2, €CAH 2KE HE3ABHCUMBLIMA NepeMeHIsIMU ABIMOTCS Cpephie:
ckie KoOpAHHATH 7, 6, @, TO dyRKUMA ¢ ompetedsercs B obiacty
namenends 7 ot 0 0 o0, 8 —o1 0 go n ¥ ¢ — ot O 10 2. Cookyu-
HOCTb TPeGOBaHMH KOUEUHOCTH. HENDEPBIBHOCTH U OIHOIHAUHOCTH
GyHKUnH BO BCCH 0GracTH M3MEHCHWA [€33BHCHMEIX 117epe\;eHHux
Mbt Llasiee GYLeM HasbiBaTb CTAMOAPTHOLMU ycaoGuamu. YeioBue ol-
103HAUHOCTH ATPACT OCOGEHHO BAMKHYIO DO, KOTAA HE3ABHCHMbIMU
nepeMeRitIME ABARIOTCA yraw @ i . Haxower, uacto no Qusuue-
ckoMYy eMpleay dyRKwin § (cM. § 13) Tpebyerca. uTOGH HaTerpat
0T €€ XBaLpaTa WM, TaK KaKk 31a QyuKumS, BOOGUlE rOBOpA, #B-
JSieTCst KOMIIIEKCHOt, MITerpas OT KBaApaTa ee MolyNf CyllecTBo-
Ban, T.e. ObLI KOHeUHLIM gHCJIOM (VC.10BHE KBAaApaTHYHOR MHTETDH-

reMOCTH) .
p)eg MaT)emarm(e ycraHoBhaach celyoman tepMunoiorna. Ecau
BHINO:HENO COOTHOWERKE (8.1), MPHUEM QYNKURA P YLOBILTROPACT
CTaRAapTHHM YCROBHAM H YCICRHIO KBALDATUUHOM MHTErpHpyeMo-

CTH, TO_\p_Ha3wBaercst cOOCTE8EHHOL ed oneparopa F, 2 b —
€ro coGCTaenHbIN TRAUEHILER, BETCTBYIOLIHM COOCTRENNOR Byni-
OCTEEHAbLM IHAACITLE: YIOLIHM CoLCTRENT
ool .
“_ L
Yaopamnenuc Jokasats, wlo ¢ °  ects COGCTBORHaA GywKiua onepa-
TOpa
a8 2
—z=

g
DpHRAATEKAMAs COCCTREFHOMY BRAUENHIO La xe ecTh cofcTBeRnar dhynK-
17 Toro e oUEaTOpa, HPHRAAMCKAIGA COGCTREHHOMY SHAHCRHIO

Ecau coorsioinenue (8.1) BHIOARERO, GYBKUHA ) YROBICTBOPSCT
CTanapTHBIV YCIOBHAM, HO HE ABARCTCA KBAIpATHURO HHTErpUpYC:
MOit, 10\ HasbiBaeTca 0606uennol coBcTaEnNOl qﬁymcutfeu onepa-
Topa F, a b — TOUKOU HenpepbleHO20 (CRAOUINO20) CNENTPa 3Tor60
onepatopa. B npuvepe (8.2) pyukius cos 4x ectb oboburennas cob-
cTpenHan QYRKUMA, a 16fco<2'merc1-ny10maﬂ it TOMKA HempepbiB-

HOFO ClEKTpa OmepaTepa = .

§8 JIMHERHBIE OTICPATOPH 3t

COBOKYIHOCTb BCEX COBCTBEHHBIX 3HAUGHH{l M BCEX TOUYEK Hempe-
pHBHOIO cniekTpa onepatopa F HasuBaetcs ero cnextpos. Brpouew,
8 QUIHIECKOH THTEpATYPe DA3THYHE MEKIYy COGCTBEHHLIMH 3Hate-
HUSIMH H TOUKAMH HENpEpBIBHOTO CNeKTpa OOWYKO He NPOBORUTCS,
FOBOPAT MPOCTO «COGCTBEHHBIE 3HAYCHHA W COGCTBEHHLIE (YHKUMH
onepatopa F», oGbenHAsT 062 ITHX cayyast,

Cymectsento orMerars, 410 ecam coordomenve (8.1) memon-
HEHO, HO DYHKIHS Y He YIAOBJETBOPALT CTAHAAPTHLI YCAOBHAM, TO
0na He ABJFETCHA J1ake 000OWEeHHON COOCTBenIOf PyHKUNER, a A He
MPHHATIEKHT criekTpy onepatopa F. Hanpumep, ranepSoanveckuit

Kkochuyc ch 4x ne ecTh cobeTBeHnan ynkaus onepatopa — 7 ¢ Hes
CMOTDST Ha TO, UTO

A
— 7z chax =—16 ch4x;
B CaMOM Rexe,
chdx = ;—(e"‘ + et

OTKyZa BHIHO, 4T0 chdx— 00 NpHt X — = 00, T.e. 312 DYHKUHA HE
YAOBJIETBOPAET TPEGOBAHUIO OTpAHHYEHHOCTH.

3471448 O HaXOMIEHHH CHEKTpa NAHHOTO omeparopa F urpaer
$yHIaMEenTANBHYIO DOML B KBAHTOBOH MeXawWke. OHa CBOAMTCR K
OTBICKAUMIO QYHKUKA ¢, YIOBIETBOPAOWMIAX ypasuenwo (8.1) u
CTaHapTybiM yeaosisM. Ecan, Kak 970 OLIBaeT B GOAbIIAHCTBE ni-
TEPECYIONHX Bac caywaes, F €CTb ONeparop AuddepeHuualnbhbii

dr
(W’ BT n.), TO 3a7a4a CBOARTCH K HHTErpHpOBAHHIO Amb-

$EPeHManbHOr0 YpaBHEHHS H OTHCKAHWIO CPEIH €ro pemenui Ta-
KRX, KOTOpH€ YHOBJETBODAIOT CTARAApTHBIM YCJIOBHSM. 3aMeda-
TeBHO, YTO BCAGACTBHE CBONCTB JIHHERHLIX Hnpdepenunansubix
YpaBHEnHit 04eHb 4AaCTO OKA3LIBAETCS, UTO HOAOGHOTO POAA AONYCTH-
Mbie peilenns 0.1y 4aTCA AHilb NPW H3GparublX 3HAYEHHAX napa-
Merpa b, 00pa3yIOWMX IUCKPETHYIO COBOKYTHOCTb HHCEN (CM. HXKE
npumep 2). B sToM cayyae CUEKTp COCTOMT H3 ORHUX TOIBKO COG-
CTBEHKbIX 3ta4eHHN W nassiBaercA guckpernsiM. Hapsiny ¢ aruym Gol-
BAIOT ¥ CIyyaH, KOra pemenns 00/121al0T TpebyeMbIMU CBOHCTRAMI
TIpH HenpepLIBRO HIMEHSIONUIXCA 3HAYCHAAX . B 9THX cayuasx Mu
HMeeM €10 ¢ RelpepLBHLIM (CIIOWHLM) enckTpoM. [las nosche-
HUsL PACCMOTPHM MPHMEPEL.
Haitgem cnextp oneparopa

4
e (8.3)
Yeiopie (8.1) B arom cayuae semer K ypavHepuio
d -
2 —iwp=0. (8.4)
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Perenne 5Toro yYpapuekns = {, HMelolee MecTo NpH J0BkIX 3Ha-
denusiX A. HAIBIBAETCR TPUBHANLWLIM, W OUO HAC HHIEPECOBATb HC
Oynet.

Herpsuagbhuie pemenns (8.4) Takosbr:

§(x)=Cerx, (8.5)

rac € — NpousBoIsHOC KoMnldexcuoe uncao. OuCBHANO, UTO NpH
MOBLIX eujecTéErALLY 3HAUEHHAX ). pelnenHe (85) ymowiersopser
crangapTibm yeaopusiv. C Jpyrofi CrOpOHbI, eCTH A — UHCTO MHH-
MO HUCTO, TO YCIOBHE OrpaHHUENIOCTH HC yLOBaeTBOpsAeTes. B ca-
MOM Aede, uyCTh A == ict, CAC ¢ — BEILECTBEHHOE YHCIO; TOrAA

$()

Ora (yHKUHA CTPCMHTCA K OCCKOHEUHOCTH Mpil X —» — 00, Koria
= 0. wam upa x — + o0, karna & << 0. To e, oucsdino, cnpasen-
MBO B LIS Cayuasi, KOTAd A -— MPOM3BOABHOE KOMILICKCHOG Y{1C.I0
¢ OTAMIHOI OT HY.IS MHHMOF vacThio. Mrtak, onepatop (8.3) umeer
YHCTO HERPEPHIBHBII ENEKTD, COCTOALIMI U3 MIOGHIX NONOKHTEILHBIX
MM OTDUILATETbUBIX 8€14ECTEEHHbLY UUCEN L, BKAIONAS H Hylb.

2. B KauecTse BTOPOTO NpAMEpa paCCMOTPUM CIEKTp Onepatopa

ettt ax

-zt £ (8.6)

YpasHenne (8.1) naer

)=
Bunoaags SJleMeHTaprle ﬂeflCTEMﬂ, npuxo}lHM K ypﬂBHe““]O
:
Bt b=, 87

B nepsom TOME 9TON KWWMH MBl 3aHAMAJWCh HHTETPHpOBAHHEM
ypaBlEHust

PY et =

= 8.8)

[r. 1, crp. 522, popmyaa (158.4)] Mui nuzuM, uro ypasuenne (8.7)
copnajgaer ¢ (8.8) nph a = 1. Ho ypasnenne (8.8) HMEET peiIeHud,
VIOBeTBOPAIONINE CTAHAAPTUBIM YCROBHAM JHillb mpH U3GpanHbiX
3FaueHnsX llapaMerpa Al

A=a(@n+1), n=01,2... 8.9

Takum 06pasoM, onepatap (8.6) nMeer 4HCTO ANCKPETHBIR CNEKTH,
€OCTOSANIRIT B3 COOCTBONULIX 3HAYEHMR, KOTOpLIE pABHbI HEYETHHIM
LeaLM NOTOKHTEABILIM UHCHAM,
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§ 9. Camoconpsiennbie (3PMHTOBW) omepaTopm

KaxuoMy anneinoMy onepatopy F MOXHO CONOCTABHT Apyroil
mymeitipil Onepatop FY, COlpSKEHHDIH €My, KOTOpHIi yA0BIETBO-
psAeT YCAOBHIO

[ wFaax—= [ Fy)pax, ©.1

rae dX == dx dx;.. ., a nuTerpHposanne PacnpocTpansercst Ha BCIO
00aacrb A3MEHEHHsT HESABHCHMBIX [ICPEMEHHBIX, IPHYEM 3Be3]0UKOMH,
KaKk OGBIYNO, 0603HANAIOTCH KOMIJIEKCLO-CONPSKEHHbIE BeTHyHHbL,
Ecan, B UACTHOCTH, HE3ABHCHMbIE NMEPEMEHHEIE CYTh ACKAPTOBE KO-
OpAMHATE ¥, Y, Z, TO HITETPHDOBAUME DACTPOCTPAHALTCH OT — oo
1o + 00 N0 KaX(IOH NepeMeHKOM, W OT PYHKIMi Tpebyercs, uTobLl
ony GbuiH KBAJpAaTHYHO HHTErpHPYEMBIMH, T.€. YTOGH OHM HOCras
TOUHO GbICTPO yGLIBaM NpH NPROIMMEHUH K NpefiedaM HuTerpipo-
pauyst. IIpumep compsKeHHOro onepatopa GVAeT npuBelen HIKe.

Ecau oneparop, colipaxenusiii RaHHOMY, coBnaiaer ¢ nuM ca-
MaM, 1. 2. ecnn F* = F, 70 B Takom clyuae onepatop HaselBaercs
£aMOCORPANCCHALLM uan SpMuTosbiM *). Htak, no onpenenenno, one-
PaTOp Ha3LIBACTCA CAMOCONDAKEHHBIM, CH BoINOAHACTCS YCAOBHE

jw'rde=J (Fy) pdX. (9.9)
JTloxaxkeM Teneps BaMHYIO TEOpEMY: COGCTBEHHbIE IHAMEHUS CAMO~
£onpasicenno20 onepaTopa delicTeutesnel. s ROKasaTenberBa Bbi-
Gepem B Kauectse @ B popmyae (9.2) Kaxyio-1m60 W3 uACAA cOG-
CTBEHHBIX (YHKIHi CAMOCONpPAKEHHOrO Oneparopa F:
i’w =Ag.
Tonoxuym ganee, uro $ = q. Mul nMeeM:
[ ¥Fedx= [ ¢'Fpax=1 [oodx,
[ Foreax

JleBLie WaCTH 3THX PABEHCTS N0 OMPEAEACHHIO CaMOCONPSKCHIOCTH
{9.2) coBnanawoT, a 3HaywT,

[ (Foy pax =1 [wearx.

A

AN

Ho 510 MoMKeT Goithb TOIBKO B TOM CIyuae, KOTAA A-— yHCIO Belle-
CTBEHHOE,

s
) Tlo nMeHR BLAAOWErOCs AHUY3CKOTG  MaTemTaThKa Illapa
(1822-£901). dpanuy ks Wlapaa dpynta

2 9, B, Linoaseknd, 7, (1
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PaccMOTpHM HECKOIbKO NpHMEPOB.
[.OnepatTop YMHOXERHS HaHE3daBUCHMYONEpe-
MeHHY© F = £ TlocKOJbKY X €CTb BEJIMUMHA ICHCTBUTEILHAA, TO

X,
a 3HJUAT,
oo
| (#y)edr= _[ () g dr.

Mbt B1AKM, uTO KpHTepHn (9.2) BLINOIRAEICA: OnePaTOp «ye3aBCH-
Mas NepeMeHHan» eCTb OTepaTop CaMoconpsKeH bl

2.0neparop
oTeyTeTByET, TO

Fral Tax Kak MEEMasg exHina B onepaTope

TIpuweises kpurepHit cawoCOUpPSKEBBOCTH:

+oo + 4

d

! Y Fpdy = J " e

HurerpupyeM no uacram:
too

4o
f P % dey=1{'ql — J‘ % Qdx.

Tak kak N0 yenoBui0 PYHKUMH § I ¢ KBALPATHYRO UHTErPHp) CMLY,
TO oun 00pamaTest B HYJIb Ha MPC.ESaX WHTeIpHPOBAHUS, M Vb
nodaydaem

oo

dy
— [‘ ax §dx.

Taxpn 00pasoM, Kpiiepufi CaMOCONpSKentocTy Ie BLIMOAHACTCA.
Flo nomust, uro £* == F, Mbl MOMXEM NpeICTaBHTh lI0.1yUYeHHbIN pe-
3y.TbTaT B BrLIC

o 400
C e d P d .\
J W ede= ,I (Aﬁli‘) @dx,
o1kyra cretye o onepatoph F 6 Fr—— onpa
1KyTa CIETyel, uTO OnepaToph —=— 4 comp

HEHII APYI APYIY, 1O Gl HC SPMHTOBLL.

§0 CAMOCONPKF(IHMBIE «3PMITOBbls ONEPATOPE 35

YMHOMHB PacCMOTDEULll onepatop F Ha MHUMY©O ciundny i
uwan Ha /i, Mbl TPHIANUM eMYy cROHCTRO 3pMHTOBOCTH. JenicrBH-
1 1

TeNbRO, ecau f T T F‘*——TW‘ Tlpumeusn gputepui
SPMUTOBOCTH, (AX0IHMV
400 too e
o _ L . dy | ay
| whoar=1 | v gha - f edi=
de
ay” _ [ 1 dy
i leax= | (140

td
T4y YAOBIETBOPRET RPUTEDHIO CaMoconps-

KE(OCTH; 3TOT OHCpPaTop — SPMHTOB.

Urak, oneparop F

3. Oueparop F 3ecs
&
T

A
FreFe—

Flwierpipyst 10 4acTaM # LpiniMas BO BRUMAHHC, W10 (yHKUN
¥ @ HCIDEPBIBILI M OGPAMATCA B HYTL Ha TpanHUax, Hoayiacw

oo
.t » dy [te 4y’ dp*
== e[\ [ S

+

- Fm“ (",:,‘f;wxz f (Py) @ dx.

N de
Taxuw o6pasow, onepatop F= Ty T CaMOConpAKEHI .

Ofpardy BHUMAHHC #a TO, 4TO oucpatop F = €CTh Npous3-

i
T
BCICHHE 1BYX CAMOCOMPAMCHUMA W TPUTOM KOMMYTHDYIOMHX Olle-

1
paTopes — . Tlokaxenm, uto ecin F u G — nsa CaMoColipsIK el
HELX KOMMYTHDY I0IAX oneparopa, 10 AG ecTs takie oneparop ca-
MoconpsKeHubil B camow aene,
[ WFGpds = [ §F Gy dz.
Hockoasky £ 11 G — oiepatopsl caMOCONPIKEHHbIE, HMCEY [OCIC:
AcBaTC.IbIIO

[ wF Gords= [ (Pyy Gode= | GFyyadx.
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1lo Tak kax oneparopu £ u G KommyTupylor, 1.e. GF = FG, 1o
[ v FGrpar= [ [(FG)vI gax,

470 n TpeGOBATOCH I0KA3ATD.

Ynpaxgenna JUIA yNpamHCOug npeffdraeM AOKA3aTh CAELYOM[C RO-
1e3HEE TeopeMsl.

1. Ecan omepatops £ 11 G — cavoconpsxeimse, 1o omepatoph £+ G &
FG + GF — Tatoke cayoconpAmeHubie.

2 Ecan orepatopsi £ 1 G — 1o He KoM omve, To
ouepatop FG — GF re oB7anaer cooficTBOM caMOCONPAKCHNICTH, w0 ONepaTop
{(I'G — GF) — camoconpamensiiL.

§ 10. OpToroHaaLHOCTL W HOPMHPOBaHRE COBCTBEHHbIX (yHKUMI
€aMOCONpsIKEHHBIX ONEPATOPOB

COGCTREHHBIC (PYHKUUH SHHERIBIX CAMOCONPRKEHHBIX Oneparo-
pOB 06AAAI0T BaKHAY CBOfICTROM — OHH B3aHMHO ODPTOTOHAMALHLL.
[Ipexzac ueM mepexoinTh ¥ JIOKa3a1e1bCTBy STOMO yTRepACHHE,
RanHY (EKOTOphE ONpe1eeHHs.

[Tyers 3a1aRa CHCTEM BEMIECTBCKHBIX (YIKIAT

W (x), Up(X)y oy B (X ey (10.1)

TIOXMMHENHEY YCIOBAIO, UTOGLI HHTErpall OT STHX (yHKLHI B KoHey-
HOM i GECKOHeUUOM HIrTepBate & < X < b, a Takke HHTErpas1 o1
HX KBAApATA CyUIECrBOBATL. Bylles HasbiBaTh CKa/sipHBIM NpoH3Be-
ZeHHeM STHA (PYHKUHU HHTErpast

b

| 4 () 4, () dx. (10.2)
a

(tém, #5)
Ecan ckaaspHoe 1pOH3BEICHNE PABIO YO,
b
j U (XY Uy (£} dx =0 (m 5 n), {10.3)
a

TO QYUKIUUH Um B Un HA3BIBAIOTCS OPTOTORa/bHuIMA, Ecin, xpome
TOro,

n=1,2,..., (10.4)

b
j 2 (v)dx

TO CHCTeME PYUKITHH HA3LIBACTCH OPTOHOPMUPOBAKHON.
[TpuMEpOM TaKOH CHCTEMBI MOMKET CHYKHTh CHEAYIOmAs COBO-
KYUHOCT, (YHKLMH, OpTOTOHANBHBIX H HODMHDPOBAHHLIX B NpOMe-
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KyTRE — K. + T (Wan BOOGWIE B HHTepBAE, paBHOM 271):
1 t i 1
—=1C08X, ~-=cos2x, ..., — H
Ve v VA Ve cosnx;  (10.5)

[
—=sinx,
Va

. ! .
sin2x, ..., —=sinnx.
Va

Vi

HenocpeNCTBEHHLIM BLUUCACHHEM JIETKO YGEIHTLCS B TOM, 4TO st
STHX PyHKUKE yeaosus (10.3) u (10.4) Bumoanmores,

B KBAaHTOBOA MEXalMKe OPHXOAMTCA HMETh NCAO0 ¢ KOMIJIEKC-
HEMH QYHKUHAMIL. JIS TaKHX QYHKUMA YCIOBHA ODTOTOHANBHOCTH
4 HOPMHDOBAHNHH BHIOHSMERSIOTCS Cae/ylOMuM 06pPAIOM:

b

f wu, dx m=n,
a

b

[ i, dx
a

b.
[luparet, m—n (10.6)

CMEICA 310T0 MIVENERHH TPeGOBARMU COCTOMT B TOM, 4TO TOALKO
NpH AX BLUOAHCHUH N0 3HAKOM wnTerpana B (10.6) 6yaer crosrs
KBanpaT MOLYIS QYHKUuH. T.€. NOMOMHTEAbIOS YHCIO, H FOITOMY
cambili miTerpan (10.6), nasuisaenuii KBanparoM HOpMi DYHEUHY,
TaKKe GyIeT NOJ0KATEABHLIM SHCJOM.

TpuMepom cHCTEMLI KOMIIEKCHBIX (pYHKUMIT, OpTOrOUaNbHBLIX 1
HOPMHPOBAHHBIX B WHTEpBALE ~—It, 4T, MOryT CAYMHTb (YUKUHH
1

e . e ehty,
V2 Vo
B canom nene, upn m 5= n Hmeem
45 +n
f u (x) d [ imxging g ! 1 (n—m) x +n
u_(x 4 ! R =
o () 8, (X} dx =5 J e = =y €
“n -
a pH 71 == N N0ayYHM
o 5 +r
. 1 1
v — )
J u, (%) u, (x) dx T fe inxg '“‘dx-sﬁ f dx —1.
-1 - -

YCJI0BHMCS B RALHOAWIEN KOMAIEKCIO-CONPIIKERYIO (YKL
THCATD, BCCTAA (14 1(CPBOM MECTE, KaK Mbl 510 M JA€NAJH 10 CHX nop.

YCTaHOBUB 5TU OlPEILNEUNT, OGPATHMCS K COGCTBEHHIM (yHK-
LHAM 3pMHTOBLIX ONCPATOPOB. MLl YTBEDKAAEM, UTO €C/AH CuCTeMa
KOM[LIEKCHBIX (PYHKURK

My Wy ey Uy s
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ARNAETCA COBOKYNHOCTLIO COOCTBERHBLIX (YHKUHA CAMOCOMpsIKer-
HOTO Omeparopa, 0G/alaoUero AHCKPETHLIM CNCKTPOM, MpUyest
STHM QYNKNHAM COOTBETCTBYIOT HepaBHLie COGCTECHHBIE 3iauernns,
TO JOObIE JIBC YHUKIUN STOM CHCrEMbl B3AUMHO OPTOrONAbHbL,

1 norasarenberBa HpuMeM BO BHHMAHIE, 4TO MO Openede-
1o COGCTBENIEIX (YUKUMA Onepajopa

Pty = tpityy, Fri,=d,u,, (10.7)

@ OTHOCHTENBHO COGCTBEHHBIX BHAUCHIHI Am 11 /5, COOTBETCTRYIONIIY
COGCTBEHHLIM (DYHKUHAM Ui B Uy, UPEUTONOKHW, UTO Ap 7= Fn. Tax
KaK onepatop £ caMoCOTpAKEHHbH, TO €ro co6CTBEHHLIC 3Hayels
BCHIECTBIUIEL, 1.€. Am=A%  A,=As. Jlajec, BBMAY CamMoCONps-
KednocTH oflepatopa F MOMAGIO GLiTh YAOB/ACTBOPEHO YCIOBHE

j’ Wyl dy = f (FAum)' u, dx,

ure Ha ockosabuk (10.7) aacr

Ay j Wty dX = D, J‘u?,(u,; dx,

OTKyna
() [ Wity =0,
H TaK Kax Mo yCAOBUI0 An 7 Ay, TO

f Uinttdx

uro ¥ rprfioBanock DoKasarh,

Ecau KOMILTEKCiIbie (bynKLUIH ()pTOFDHZAJIbIIOI‘;I CUCTEeMBIL e HOp’
MIApOBaIH:I, To HX MOX{HO HOpM[IpOBaTb AHAMTOTHUIIC TOMY, Kak HOpA
MUDYIOTCA OpTOTrOHAJLHBIE BEIeCTRel bl l‘)yHKLHm, T.C. DYTEM NO1-
60pa COOTBETCTBYIOWHMX UOPMHDPYIOMHA MHOMHTCIEH. DTH MHEKH-
TETH, BOUG[J_[Q TOBOpS, TAKKE KOMILIEKCHDI:

a,=|a,|e®.
npli STOM, OTHAKO, MOCKOIBKY B KBAaHTOBOH weXanHke lbi/ISH'-ICCKHH
CMBICT HMEIOT TOIbKO GBALDATHL MOAYIEH KONIIEKCHLIX (yBKIuf,
4TO QTHGCHICA 1TaKMe H K HDpf\mpy]Ou_[l/Iw MIIOKHTEI5M, W Tax Kak

[ an e,
T

? = apa,,;

TIpH STOM (PA30BLIT WHOKHTEb £® 0C1a81CH HCOMPCACIEHHLIM, H CFO
6C3 OrpannuCHUS OBmIOCTH MOXKKO B3ATbL PABHLIM CIMIMLC, T. &
NOJOKHATD §

<11 CIVUATT BRPOKIFHHA 39

§ 11. Cayuait BupoRIEHUA

Hepeako ObiBaer, YTO HECKOIRKHM DPAtINuHEIM  COOCTBEHIBIV
QyHKIMAM OI1€PATOpA COOTBETCIRYET ORHO H TO e cOoBCTBERNOE
snasenye. Taxoi cayuair naieiBaeTcs aniporcdensioist. Cobe1BeRHbE
ApyHKIHKE B CTyHaC BbipOKIACIRA, BOOGILE FOBOPS, He GyRyT oprore-
HaJbUbIMH, TAK KAK TOTAa B COOTHOWEHHH

0 (1.1

(on =) [ tiitn
Dy = km, H, C1CA0BATEAbNIO, BIOJAHE BO3MOMKHO, YTO
| it dx 2 0.

PaccMOTpHM 3TOT BONPOC HECKOALKO Moipobree. TIpeskie seero
Mpt ZOJYKHEL ONIPESIRHT, KaKHe COBCTBERHLIE Py HKIHT y HAC OyayT
CHUTATBCS PRSIHINLING. DTO HCOOXOMUMO XOTA Gbl MOTOMY, 4TO 603
OUpeleneus HeACKO. MOXHO 1 HAmpiMCp, CHHTATbL PABTIuIbIMH
APYHKUMA un ¥ cttn Mer 6y2eM HasbRaTh COGCTBEIIbE PYHKIII PA3-
JAHYHBIME B TOM C.jyHae, COJil OUl IUHEHHO He3asucunsl. Dro OsHa-
uaer caeayomee. [Iycre Mer uMeew 7 QVURDHI g, . ., Un; 314
yHIUH (1a3BIBAOTCS AHBLIO 3aBUCUMBIMIL B 10) Caysae, CCi
npH JIIOGHX 3HAUCHUAX [1E3ABKCHMLIS NEPEMEHHbit HMEET MCCTO Co-
OTHOWHHC

e o+ o e, {1L2)
T1e R0 KpafiHelt Mépe OnHa U3 NOCI0ANNLIX €y, . .., €y HE PRBHA HYIO.
Eenu xce coorroutenino (11.2) Heabsst yI0BICTROPUTL TOKAECTBEA-
HO, 10 GyUKUAN Uy, . .., iy HAIBIBAIOTCA THHEII0 ((€33BHCIMbIML

TogodXiy Temepb, uTo Kakoe-14d0 cofeTBennve 3uavenue one-
patepa F cRamem Ln, BLPOKACHO. DTO 3HAUUT, YrO CYHIECTBYE?R
HCCROIDKO PA3THYHDIA (INHRITHO HC34BHCHMbIX) COGCTBCHHDIX (DYHK-
UHi 1y, Uy, + ooty KOTODLIM CLOTBETCTBYCT OMHO M TO e cOG-
CTBEHNOE 3HAYCHUC . UHCTo GyHKuuE R B 970N Cayyae paspiBael-
€Al KpaHOCTBIO DEPOMACHHS Abi FOBOPHN O IBYKDATHON, TPEXKpai-
HOM W T.1. BLIpOKIeinu. 3TH £ cobeTBCMLIX QVHKLHN, BOOOUIE
TOPOpA, HC BYAYT GPIOTORATBHYL 1pyT Apyry. OKasniBaeTcd, 01jiako,
47O H3 12KNX DEPOMACHHLIN COGCTHEHHMX (yHRUMI MOKHO CTpoHth
JHHCHHLE KOMOHTIa M, KOTOPBIC TAKKE Gy Ay T COBCTBCHHBIME (yHK-
[MHSIME TOYO JKE OMEPATopa, 1O KO3(OULHCHTH MONHO NO100paTh
Tak, utoOsl 3T HOBLIE COGCTBebE pyHKUm Obin BIAUMHO Op10-
TOHATHITEL M OPVHPOBaHb.

Ihyete #y n uy GyAyT JHHENHO HWe3aBHCHMLIMGE COGCrHEeHHLNI
‘yuKiANE ofiepaTopa F, npiaHalICKAUldMU ORHOMY H TOMY XKe
€OOCTBCHHOMY 3HAYERNIO J, T. €

Fuy =du, Fuy=du,,



0 MATEMATMHECKHZ AMNAPAT KBAHTOBOM MEXAHMKH ot 1t

OGpaayem aHRERHYIO KOMOHHALMIC

U=ty 4 Coly.
Dra GyHKIHA €CTb BO BCKOM CIyuae He WYJb, TaK Kak HHaue uy
H #3 ObIAH Gbl TRHERHO 3aBHCUMEL PYHKIHS & €CTh TAKXKE COGCTBER-

Has ¢ydxnus onepatopa F. JleHCTBHTENLHO, B CWAy JRHHERHOCTH
onepatopa uMeeM

Fu=F (e -+ eaty) = o, Fuy + eyF iy =4 (cytay + ) = A,

ITokaxem Tenep, 4T0 H3 HALMAX BLIPOXKAEHHLIX COBCTBEHHMIX (yHK-
WSt 41 B ity MOMKHO TIOCTPOMTH TAKHME JIHHERHHE KOMOUHANHU, KOTO-
pbie GyRYT OPTOTOHAJLHHIME K HOpMHpoBadHbIMH. C STOf HeAbio
npeXxe Beero HopmupyeM . ITycTe o GymeT HOpMHPYIOWHM MHO-
JKUTENeM, TaK 4TO

IuFJ‘uImdr—-l,

oTKyAa

Hrak, pywknus

o
]/ J auy v
Gyne‘r HOPMHPOBaHA K €JAHHHIE;, OHA OTJIUYAETCA OT Uy JIHUIb YHC-

JIeHHEBIM MHOkHTENeM. OGpasyem Teneps JHHERHYIO KOMGHHALMIO H3
W Ug!

Uy == By, + Uy

Koadprunent az MOXHO BEIOpaTh Tak, 4To6H @ ¥ Uy GEIIH opTO-
ronasbHel. B caMOM Jlefe, H3 yCHOBHS OPTOrOHAJIBHOCTH

0= '[ Wiv dv = ay j wiw, dt 4 f Wity dT =ay 4 f Wit dt
caenyer
Ay = — J‘ @, dt.

OueBnAKRO, NpH TaxoM BhIGOpe dy ByHKUHS s GyAeT OpToroHaibia
X w), HO OWa elle He HOpMMpoBaHa. HopMupys aHalornuuo mpemsi-

Rywemy, HoJydaem
Wy =,
1/ '|' vj0, dv

Hrak, #3 GyHRUMH 4y W 4y MH TOCTPOWIH BYHKUMH Wy ¥ Wy, OPTO-
TOHAJIbHBE W HOPMAPOBAHHBE, AHAJOTHYHBIE NPOLECC MOXKHO lipH-

PA3NOKEHUE M0 OPTOTOHANILHEIM ®YHKIUAM 41

@pHATL K OPTOTOHANH3ALMM TpEX, UeThpex i T. . BHIPOXK/JEHHBIX
“cqBCTREHHBIX QyHKUM,

* Takum 06pa3oM, MOKHO CUNTATh, UTO YCIOBHE OPTOTGHAJIBHOCTH
Co6CTBSHREIX (PYHKIULE 5PMHTOBA ONEpaToOpa BHIONHEHO BCerXa: B
‘ex CiyHasx, KOTZa MMEETCA BHPOXKIEHHE, MOKHO SaMEHHTh BhIpO-
" IeHHHE COGCIBeHRbe GYHKUKK HX OPTOTOHAJIM30BAHHBLIMU JHHER-
HBIME KOMOHHAIMAMH. Ha/lo TOEKO NOMENTE, UTO NpH PA3VOKEHAH
B PALL MO COGCTBENHHIM (YHKIUAM B CAYYasX, KOTIA HEKOTOPHIE M3
yax BEIPOKAEHLI, CHelyeT GpaTh TAaKOe YHCAO OPTOrOHAMHIOBAKNEIX
AENEHHBX KOMOMHRIMIL STHX BHIPOXENHHX COGCTBEHNBIX DyHKUUE,
KaKOBa KPaTHOCTb BEIPOXKILEHHS.

E § 12, Pasnoxenne no OPTOTOHAILHBIM (PYHKUHAM

Jo6y10 BYHKLMIO, YHOBNETBOPAIOLLYI0 BecbMa LIHPOKHM Yeao-
BUSIM HETPEPLIBHOCTH M HITEr pAPYEMOCTH EMECTe CO CBOMM KBajpa-
TOM, MUKHO pasloXH1k 110 COGCTBEHIIBIM (YHROASM caMOCOnps-
KEHHOro Olepatopa (ecaW €ro CheKTp wHCTO AMcKperHstit). Mat
3pech Be GyAem TPKBOAHTL CTPOFOrO NOKa3aTeNbCTBA 3TOTO MOJIO-
JKeHHg ¥ OTpalMuMMCA TOJBKO HEKOTOPHIMH 3aMedaliusiMH, n0/es-
HBIMH JI/1l TPABAJLHOTO TONAMaHHs 3TOH UPe3BbIYANHO BAKHOH A5
KBAHTOBON MCXaHWKK MaTeMATHYCCKON omepanns *).

Vitak, NycTe 3a/aHa KBAlPATHIHO HHTETpRpyeMas B OMNpeneieH-
HOM HHTEpBa/e KOMIJIEKCHasm (pynKuus §(X) H cucremMa COGCTBEH-
BHX QYHRUMI KaKGro-TO 3pMUTOBA ONepaTopa fy(X), (),
..., Un(X), ..., TAKKe KBAfpaTHINO unTErpupyembix. Corsaco
§§ 10, 11 3T QYHKUAW ROMKHEL GbiTe BaaUMHO OPTOTOHABLHEIMH,
MBi TIPEATIONOKMM, KpOMe TOro, 4T0 OHH yiKe HopMuposanui. Jony-
CTHM, 4TO (BYHKIEHIO 4 (X) MOXKRO TPEACTABUTL PALOM

P ()= cptt (X) + 2 (8) ol Rl (@) o (1221)

# GymeM CUMTaTh, YTO 3TOT PSL CXOLMTCH TAKHM OGpasoM, UTo Cro
MOKHO TOWIEHHO MNTErpHpoBaTh. BeiefcTBHe TOTO, yTO CHCTEMA
DyRKUME, IO KOTOPBIM BEIOJHAETCT PasfOKeHAe, HBIACTCA 0OpPTO-
HOPMHpOBAHHOM, BbIYMCAEHHE xos>pduunentos paxa (12.1) npous-
BOJMTCH JIETKO, 4 WMEHHO, B TOJHON aHAJOTHH € TEM, Kak BEMHC-
RAIOTCA KOIGHUUAEHTH TPHLONOMETPHIECKHX psitos Pypoe. UToOk
BEIMHCINTE KOI(GGUIHERT A Cx NPH GYHKUME ux, yMHOXaeM obe
wactu (12.1) Ha ui (X) B HHTerpHpYeM:

fwu;dxrc, j’ wu,dx 4 ¢, [ udx 4 ...
ce b [ wgdet e, [auder

*) Uro KACAeTCH MATEMATHWECKHX ZeTancli BOSWOKHOTTH DASIONCHHA 00
OpTOTONAILHHN yNKUAAN, TO WM peroMenAyew wnTatento ewnry I. Il Toa-
©Topa, Pans Gypic, B34, 22, M., 1960.
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Beeactsre GP1OHOPMADPOBAUHOCTH COGCTBEHHEX byuxnmi [dop-
myna (10.6)], ce uhirerpans B npapoii yacri PaBHBL HYJNIO, 3a HC-
KJNIOMCHNEM MRTErpalia Mpd ¢, KOTOpE: pasen cimkkue, Hrak,

Japax. (12.2»

Tlo ananormu c TEOPHEN TPHTOROMEIPHUCCKEX PALOB BbIpakac-
Mhe TaKUM 06pa3oM KOI(GHUHMERTH Ha3HBAKTCH Koappunnentamu
Pypve GyHKWL  P(X) OTHOCHTEBLUO OpTOrOHaJLION  CHCTCMbE
u;(ﬂ,ug(x)““,un(x),“. R

€ BlaBAsACL B MATEMAaTHYeCKHE TOHKOCTH, CAETAeM BCe-TAKH
HEKOLOpLIE 3AMeYAUHA O XApaKTepe CXOAMMOCTH psida (12.1). 1lpw
OGCYIKAENHH YCOBHII CXOAMMOCTH 31010 psifa TpeGyercs, YroGat
CYMMa Sp HCPBBIA 7 YJIEHOB pAfa Aanalda Gynkuuo P(x) ¢ npudan-
HEHUeM, KOTOpOE XapaKIepHSYerts auanoOruuHhiM H3BECTUOMY H3
TEOpHH OWHGOK NAGMIONeHHH YCIOBHEM, uTOGH cymMa Kpaapatos
outnboK 6L11a ualMeHbUIEL. JTO yCNOBHE ApaseTcs 3UAUMTENHHO.
MEHCC KECTKUM, HEKEMH 06bIYHOE TPeGOBAHAC abCOMIOTHON cXOH-
MocTH, OHO 03HANEET, YTO CyMMa WICHOB psza BO BeeM HuTepaane
Hs1 Moil nep ot 6 cpednem pasna nauuoi
(YHKUNH, XOTS B OrACNLHLX TOUKAX BUYTPH HHICDRAJA OHa MOKCT
H HC NOBTOPSITH KAKWX-HUGYAL HpHUYILIMBLX 0COGeHHOCTEN dyux-
HHH (KOTOpbIMH BCCTAA MHTEPECYIOTCA MaTeMaTHKA). C 1ouki Ipe-
HUTL 34/a4 GUIHKR CHINOAHEIHs 3TOTO TPEGOBAIMS COREPUIEHHO [0~
€Tarouno,

Tonomnm, wr0 8 KauecTBC NpUOAHKEHUS Mbl B3SIM cymMpy Sp

NEPBHIX 71 WICHOB psixd, T. €.

Se(@) = 2 outte (4). (12.3)

Toraa

P (%) = S, (6) + R (x), (12.4)
TIE Ry (X) n €CcTb Ta OwnGKa, KOTOPAs NOMYHAGICH, €CTH BMECIO.
P(x) p3aTL Sp(x).

J1a BennunHa R, (¥) nospoasier waitn NPUGJNIKENHE, ¢ KOTO-
PLIM CYMMAa £ WICHOB psiad UpeACTABAAET HHTCPECYIOMylo Hac
@yHKIMIO. B KauecTse MCphI 3TOrO upHGJUenHs 407 OLEHKH CXO-
AEMOCTH pAiNa K AaUHON QyHKUMH «B CpeAMEM>, Kak CKA3aHO, bbl-
611paloT CyMMy KBaJIpaTOB OWMGOK — B AAUHOM Ctyyae HHTerpa.t

[ 1R P ax,

W CUMTAIOr MPHGINKEHHE HAMNYULIHM, KOTAA STOT muTerpan npa
GesTpAUHIHOM BOPACTAHUN N CTPEMHTCA K BY.TO, T. C.

Jm [1Re@) Pdr=lim {140 — 5,0 pax—o. (125
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AMeuaTeablbiM o6pasOM OKasbBacTCA, TG 310 TpeGoBaHHe OyReT
JROBIETEOPEHO B TOM CIySae, €CHH B K44eCTBE KOI(GHIHEHTOR
%12 BOCUOJBIOBATRCA Kak pa3 kosgppuunenramu Pypoe. Jas mo-
+ gasaTeqhCTBA Tependiem yciosne (12.5), samenns S, TBuBIM Bbl-
* pamenHeM CyMME! 1 4iIeHOB:

lim J‘ w(x)—zckuk(x) dx=
nore fam)

(12.6)

Murerpan, CTOSMMUIA ceBa, MOXHO MpeoGpasosarp, yduTs, 4T0
7104, ETO 3HAKOM CTOHT KBANpaT MOMY/IA:

J‘ m—“gc,lu,z de J «h—g Crlty 1.p——k2 Cellg | dX =
—J‘\b'«.pdx—~25;'|‘ u;«.pd)c—zanjw'nhdx—]—
F=l 1

k=]
w3 Yewi [ e, a2
k=| 1

" JlpuHuMan BO BHMMAaHUe, UTO HUTerpaint BO BTOpod TpeTbefl cyM-
Max npaBof uacTH pasHui Kosdduuuentam Pypse GyHKLHE (X)
¥ y*(X) COOTBETCTBEHHO, 3 TaKJKE YYHTHIBAT OPTOHOPMHPOBAHHOCTL
cucteME GyHKIHI 4 (x) [popmyna (10.6)}, npusenem npasyio uacTs

{12.7) x Buny
n 2 n

J’ «thc,zuk dx=J‘1p‘1pdx— [N —\-chckz
k=1 k=1 k=1

n

=[vvac— Yoo, (128

k=1

Hrak, cpeiusas KBaipaTayras OlMGKA pasHa

(12.9)

[1RyPde=[140Pds—Yiex

B HauGO/ee 61arOUpUSTHOM Clyuae, T.€. KOrXa cymma Sn(x)
HanGosee MpubMHKaeTea K GYyHKuMH {(x), cpeauss Ksaxpawanaﬂ
owuoka no (12.5) loMKHA CTPEMHTBCR X Iryamio mpn n-—>co. Ho B
Dpagoil yacTH paseHcrBa (12.9) nepestil uien ecTb ROJOKHUIEABHOC
UHCA0, HE 3aBHCAIIEE OT £, 4 CyMMa TaKke COCTOHT M3 NOJOKHTE b~
uix wackos [103TOMY OYERNAHO, UTO IPH GEIrpaHHMHOM BOIPACTA-
HEH n npaBas 4acth (12.9) GyAer TONbKO yMeiblwaThes, U yCIOBHE
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CXOIHMOCTH «B CPeAHEM» 3KBHBANEHTHO paBechay
fhb(XJl’dx:lvxF—HﬁzF—k veo e, Py L (12.10)

Ecan o10 yeaosme yrosaersopeso, a1o 6yaer Takixe osuayars cxo-
AMMOCTe PAlA K 3alaHHOJ (YHKUHR, TO OPTONODMHpOBAHHAs CH-
CTCMa HA3BIBACTCH NOAHOL unn Samxuyrold Taxas TepPMHUHOJIOTHsE
CBf13aHa ¢ TEM, 4TO, COTAACHO (12.10), K CHCTeME OpTOHOpMHpOBaH-
HWX QYHKURi a5(X) Hexb3s DoGaBuTh empe KaKylo-TO (hyHKIHO,
OPTOTOHAMILHYIO K (yHKUKAM CHCTEMBI, NpHYEM HH Ofna (YHKLHT
ge Dpomymena. 3a CTPOTMMH 1OKasaTeNbeTBAME H OGCYHMAEHHEM
BCEX CIELCTBHI CXORHMOCTH <B CpelHeM» caenyer 06paTuTLC K
unraposaukoll Baime krure I'. I1. Toacrosa, nanomenue B KoTopoit
HanGoIee [IPHCTIOCOGICHO K NOTPCOHOCTAM Gu3HKOB.

§ 13. Boaxosag byHKuua

Ml Temepy B ROCTATOUROR CTENeNH 03HAKOMEMUCH ¢ HOBHM M-
TEMATHHECKHM ASHKOM 1 MOMKEM 06paTHTbCA K (OPMyaHpoBKe oc-
HOBHLIX NOCTY/IAaTOB KBAHTOBON MEXaHHKH.

biUle yXKe OTMeYanoch, 4T0 OCHOBubIMU TNOHATHEMA KaK st
KB2HTOBOM, TaK H ANS K/ACCHYECKOi MEXapHKH ABASIOrCS [IOHATHS
COCTOAAUR CUCTOMBI U QUNGMUNECKUX nepemennbix. B Kaaccmyeckoli
MEXANHKE COCTOAHHE CHCTEMbI ONHCHIBACTCA 3aaHHEM 2f FaMHUILTO-
HOBLIX UCDEMEHHBIX (f— 410 Cremene cBOGOLb), a HMEfHO,
f 0606menubx KOOpAMHAT &1, 42, ..., §; B CTONBKHX 3Ke 0606 ey HbIX
PNMIYIAbEOB py, pa, - ., Pr

DY ITOM AR HATJIAAHONO NpCACTABACHUS NBHAKEHNA B CHOTEME
M0G0 CTCTeNH CNOKHOCTH YROGHO NOMbIOBATHCH HasOs6LM npo-
CTPANCTEOM: HaRO CeGe NpejiCTaBAT, YTO BCC 2f raMHJBTONOBbX
TEPEMERHLIX ABIAFIOTCA LCK PTOBLIMH KOOPIHHATAMM B BOOGPaIKae-
MOM 2/-MephOM mpocrpancTse. Tora COBOKYMHOCTH onpeleleHnx
3HAUCHNH 2 MepeMeHHsIX GVIET COOTBETCTBOBATL B SToM BOOGpa-
HACMOM TPOCTPAHCTBE TOUKA, KOOPIWHATAMH KOTOPOM SIBASIOTCS
Jafamube 3Havenns FAMAMILIOHOBHEX NEPCMEHHEIX. Dra Toduka j
6yner U306paKaTh OmpeleteHHoe COCTOfAHME, TAK KAK J106as Mexa-

HMNECKAN BEAMUMNA, OTHOCAIARCH K A2HEON cHeTeMe, Gydyam
byHRUEE! 2f raMUIbTOROBLIX nepeMeHnsx F(qi, ..., 45 P, pi)s
OfIH03HAYHO Onp TCA WO HeM n306pa il Toukw B

($asopoM mpocTpancTBe.

B KBaHTOROH MexaHmke neo obcromr muage. Kax b BHIENH
yiKe s TepBoM Tome (§§ 148—151), onnoBpemennoe Toux0e 3ananue
Beex 2f raMu/TOHOBBIX NEPEMEHHBIX 371eCh HCBOIMOMKHO n3-3a
COOTHOLICHIA HeonpenenenrocTn. T10STOMY B KBaHTOBOH Mexamuke
Mot NOJZHB AOBOABCTBOBATLCA MEHEE [ICTAaIbHHM ONNCAHAEM CO-
CTOAMS, 3a/1aBas HaGOp pABOE MEHbUIETO WHCAA NapaMeTpos, Ha-
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5
npuMep ORHEX TOJNGKO KOODRHHAT MM OIHUX TONLKO uMn%IiJm;aoK
nzn HAKOHEl, KAKMX-TO HX KOMOHHALMI, HO AHCIOM [, 2 HE ; e
B KIACCRUECKOd MexaHmke. [10 STOH mpHHUE OORATHE lp??gn.
APOCTPaHCTBa B KBAHTOBOH MEXaHMKE Tepaer cmzm, r;‘oepkmz).:;;
b L
AbCHi OUHOBDEMCHHO 32AaHK GHT
KOOpIHHATHL ¥ WMDY Jue He woryT.
CcTEMB!, KaK MB YBHAHM RaJee, omp
BMecTte C TEM COCTOSHUE CH s tadee, onpere.
ECKHe BETHUHHL, 2 TOILKO BEp
NSIET He CaMBle MeXaHHY T 0 BepOATIOCTE X
enuil, OTMETHM yiKe ceffuac, uT
D cann o6y apaMeTpbl, HEO6X0-
coB/AEHA He TeM, YTO BCe nap: phI,
HOTa ONHCaHKA O6yCJOB. Rapaverpnl, ueodre:
To OMHCAHNs, CyIIECTBYIOT,
AMMBIE AR TOAHO engmectiie
YHbIE 3HAYCHUS §;, U p: TP
M, YTO ONHOBPEMEHHBIE TO' ) om 1
:o‘:ae ke { BOOGHIE He CymIECTBYIOT H3-3a CAMOH MpHPORbL MEXPO
CTHIL } i
% D.Jl:ﬂ OFMCABHST COCTOARMS CHCTEMEl B lfsaHTuBczenCL:lZ);a;y;KHeK:::ﬁ
b30BATLC TAKOJ KOMIUIEK
3a/10ch HEOGXOAUMBIM TIO. e
OLHHX TOABKO KOOPAMHAT (g1, q2 ..., 4s), UTO KBAApar € Y-
A 2
Pp=lpf
NpONOPUHOHANCH BEPOATHOCTH HANTH UACTHUY B onpenener{xuogn.b:wee-
Cre MpOCTPAHCTBA, @ BEPOSTHOCTL HaliTh YaCTHLY B MaJON ga
dr = dg, ...dg; OKONO TOUKK C KOODRHHATAMN 4y, ..., §; paB
. 2 )
Ypday .. dgg=lyp [ dr. (13.1)

ii e fe-

OCTH, [T ORHOI 4aCTHUDB! (GYHKUHS 1) 3ABUCHT OT €

Kap?o::iTZouimnuaT X, Y, 2, a Belpaxkenne (13.1) Aaq BepoaTHOCTH
npHoGperaeT BAL

VX, Y, 2) 9 (%, g, 2) dedyde=| (%, y2) fdxdydz. (13.2)

Tem caMHM KBaapaT MORYJA {-GYHKIHH €CTb MIOTIOCTD 0351‘-)021::
HOCTH @ (X, §,2) HalTH UaCTWRY B ONpE/ECHHOM MECTe HpOCTp:
cTBa:

w(x, ¥, 2) =y 4 2) [ (13.3)

AHTO-
Tlo ucropnyecknM nmpHuMnaM GysKuHS 1, urg:g)eixs: z;v?ﬂosoﬁ
it y 0:1b,  Ha3

BOWl MexaHHKe (YRAAMeHTAdbuyic POib, 2oi

it CJYKUIIO TO, YTO,

OM AJS TAKOTO Ha3B2HHA MO ,
LA 140 6ONHOM yacTHIL
cocTosinie ceOGOA!

M 3raeM u3 nepsoro Toma (§ Y, !
[ onpeneneunm}’ HMIYJTbCOM B 3aBHCHMOCTH OT KOODIWHAT M Bpe

MEHH onHcBIBaeTCA (GyHKIMed
i
=

b5y, 2 H=ae

X HaM

310 ecth BOMHA Ae-Bpoiia, npoﬂBJ[le[K)LuaﬂCﬂ B gf:ﬁ;:s::cg;b;;uia;)
asBanye <BOJ

ABNEHHAX HHTEP(EePeHIHy JaCTHIL 0 yusas
1 06pa3 NIOCKOM BOMHEL,

COXpaHAeTcA U B obmeM ciydae, XOT

wall) OHCHIBAETCA COCTOSHUE ORHOM YacTHUGl B OTCYTCTBHE TOXA,

[(vp+up,Fengy=El]
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?;zi:l;aigm Hel‘lpl/lr()llglbIM AR ONuCauHA 110BEIEHHsT CHCTeMbl N
. KOTOpOe norTpe6oBano Gbi pacCMOTPERHA «

B _Mep-

HOM_1POCTPaHCTBE. P ? omo v -wep
C"C]ZOCKO.ﬂbe'q)yHKuMH | XapaKTepH3yeT COCroAnue (uandeckod
cuers MBI, €€ MaTeMaTHYECKHe CROACTBA AOJIKNBI GbiTh OrpaHUYenb
Bg:ﬁOBaGHMﬂMH KOHeuII0CTH, HeNpEepLIBHOCTH M OXHO3HAYHOCTH BO
Tpeﬁ();)a:;;:’l‘; :O'ropble 6l i o s At yono.

. TH 11a3BaHD

TpeGon B § 8 cranaapTHLIMU yea0-
BaHoil 0cOGERHOCTBIO KBAKTOBOM MEXaHMKH RBJAETCH 10, 4TO

B Hell COCTOAHUE CUCTEMb! ONUCHIBALTER KOMNACKCHON p-(hynKyued
gOTﬂpaﬂ,‘ cama ¢:muqec;coeo CMbICAQ Me uMeeT, HO Keadpar ee 5o
Ny,azﬂ P p=|p|? untepnperupyerca Kak RAOTHOCT6 8EpOATHOCTE

al];lu 40CTULY 8 ONPEJEACHHON MECTe NpOCTpancTea.

I3 TaKoH MuTepMIperallud BHTEKAIOT CrElyiculie ABA BANHBIX
caexcTans. Bo-mepsbix, Bmano, uro P-yvkmuio, He H3Menas
€e (HHIHUECKOro CMEICIA, BCRINA MOKHO YMHOKATb Ha NPONIRO.
Hutll KOMNACKCHBIA (a3oBbil MHOKATENb € rae § — noGoe el
rcITnureanoe UHC/I0, KBAJIPAT MOAY/S KOTOPOTO paBeh CAMnALe, —
PH TaKOM yMHOKEHHW [JIQTHOCTh seposThocTn (13.3) He uame-
;:(ﬁeTcﬂ. Kpome toro, i3 (13.3) cenyer, 9ro BCpOSTHOCT obuapy-

HTh YACTHLlY B KAKOM-TO KONEYHOM OGbeMe V jaercss pophysiof

W (Vy=[19(x, g, 2 Fdv dy dz. (13.4)
i

Eem: Mbl MPOBEREM MHTErpHpOBanMe N0 BCEMy MPOCTPAHCTBY, TO
POATHOCTE NMpeppaThTCA B LOCTOREPHOCTb — waClHua BCeraa Ha-
XOAMTCA B KAKOR-TO TOuKE NpocTpanctea. FlostoMmy caenyer m

GoBaTh, YTOGHI -PyHKUAS GBI 10PMUPOBAHA K 1: e e

Jlwee, v oy Pdxdydz=1. (13.5)

Takum 06paszoM, K §-GyuxukK o6bINHO NPENBLABIACTCA TAKHKE Tpe-
GOBAHHC 11IOPMHDOBAHHOCTH, A TEM CAMbM Ha Hee nakJaxssa e
yCnoBHe KeaapartHdHoll unTerpipyemocry. OHO 03Hauaer, B 4a Shg
CTH, UT0 P-GYNKIHA NOMKNA LOCTATONHO GLICTPO beIBa’Tb HBCEHO:
Koueyrocrd. [IpaBna, HuiKe Mbl YBHAMM, YTo GLIBAIOT MpaKkTH ecn—
BaKHBIC Cayuan (HanmpuMep, ABHKCHHE CBOGOIHON qac’ml:m) : -
P-GYRKUMS YOOBIETBOPST CTAHAAPTHULM YCJAOBHAM, 110 He ;‘mvxi«ma
Cfl KBalpaTHYO mHTerpupyemoi, B rtakoit cmyalimu m uﬁeurae'rr
K JpyrHM npHeMaM HOPMHPOBaHHS, AMKTYEMBIM nononﬂmpenbas i
(u3nUCCKEMA CoOGpaKenuamu (cM. § 49). e
B sakmouenne sroro naparpada orMerum, uro naxe cean
(GYHKOUA KBaNpaTHYHO HHTETpHpyeMa, B npéﬂunne ec BoBce pA
06513aTeIbHO HOPMUPOBATh K @AMUHUC, T. €. HAKJagslBaTh Ha Hgg
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yeiosue (13.5). B ofuiem caysae LoCraTOYHO LECKOALKD H3MEHHTDL
HH1EpTIPeTALHIO h-GYHKILIH U CUHTATH, UTO BENHUHKA ||2 He pasua
[MIOTHOCTH BEpOATHOCTH, a mponopyuondasa efi. Torna gopuyna
(13.2) Gyxer onpeielsTs OTHOCHTEIBNYIO BEPOATHOCTS, H popmyna
(13.4) AmA BepOATHOCTH OGHAPYMKHTE YaCTHUY B KOHCUHOM 06BEMEe
V MonRGHUApYeTCs eAenyloniuM 06pasos:

19 n a1 dxdy dz
V)=t (13.6)
Jivtnarardyd

FAe WHTErpHpOBAME B 3HAMEHATEJE NMPOBOANTCA 1O BCCMy Npo-
crpactsy. Tauy 0GpasoM, TpOM3BOM B 3aiaMM p-PyHKUIH B
KBAHTOBOU MEXaHHKE BEChbMa BeaHK-— b (pHuLHUIe €& MOXKHQ yMHO-
Kalb Ha TPOHIBOMBIIOE KOMIUIEKCHOE YHCHO, HE MEHsl Opu 3TOM
(u3HUECKOTO CONEPIKAHKS TEOPHU.

§ 14. MpuHusn cynepnosHUrK

OnauM #3 NaHGONCE PyHIAMEHTATLHLIX TOTOKCHHI KBanToBON
MealrKH ABJASTCA NpUHIAT CynepuosHuiH coctosnad. B waaccu-
qeckofl GPMINKC AUATOTHUHLIH TPHHLAT XODOLIO HIBECTEH. Tlpumern-
TebHo K BOJUOBLIM HPOLCCCAM €M COlepKalie CBOANTCS K Cae-
nyomeny. Ecin 8 KaKylo-T0 164Ky yTpyrofi CPembl (BRI 3JEKTpO-
MATHHTUOrO TIOJIST) HPHAOAAT AHE BOJNBI, Bh3LIBAIONMHE BOSMYylWC-
wast uy (%, 1) W uz(x,¢), 10 pesyleTHpyOmEe BO3MylENHe [0y~
yaercs 1yTeM NPOCTOTO CAOKElH:

1y (X, ==uy (X, £} + (%, 1. (14.1)

Ha K7aCCHYECKOM OPHHLKLE CYNEeprnosuuid OCHOBANO, Npekae
Bce10, ofbacHeiHe BaTephepenuy Boan. Ecai BogsectH oGe uactil
(14.1) B KBaipar, cHHTAT Up U #; KOrCpenTHLIMA KOZeGaHHAMY, 2
3aTCM yCpeAHHTb Pe3y/bTaT Mo 1EpHULY, TO Mbl NOAYdHM CBASH
MeFAY KBallpaTaMi aMIIHTYA, T. €. MeXLy HHTEHCHBHOCTIMIL Baa-
roflapst HaTUYHIO yABOEHNOTO NPOHIRENEUUT B npaBoit YACTIH, HITEH-
CHBOCTH HE NpOCTO CKAANBIBAIOTCH, 3 BOIHHKACT CHONKHAS Hi-
TepdCpenUHOnAAT KAPTHHA C DAIOM MAKCHMYMOB H MHHIMYMOB.
Takum 0Gpa3cM, HPHHILIN CyNepnosuuyn s KaccHyeckoll Qu3nke
HipoABaneTca, HalpHyep, B BAAS CTOTHX BOSH Ha CTDYHE, CHOK-
Horo ygopa oaacreil XoseGaHRS ¥ NOKOS Ha yemopane (Gurypbt
X7axnu), HETepGEpEHINA CBETA, TPOXOMIALILTO Uepes SKpan ¢ ARyMH
WIEJSIMU, B MHOKCCTBA APYTHX BJIENHIL.

Mbi remepb 3Haey, 4TO HuTepGCpHPOBATH MOTYT HE TOJLRO
KA4CCHUCCKHE BOJMKLI, HO K MHKDOCKONHYECKHE HaCTHUM — €K~
TpOHKL, NPOTOHE], HEHTPOHLL U T. I SIB/MCHNS, B KOTOBIX OpOABARE L
st uRTepGEpeHInA uACTHI, TOAPOGHO OMHCARL! B (IEPROM TONE 370i1
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KHUTH; [10CTaTOUHO® KONMUYECTEO NPHMEPOB [PHUBENEHO TAKKE B
i I nacromuero Toma. OxasbiBaercs, uT0 ONHCAHHE TAKOFO pona
HMHTePEPEHUHONHLIX SIBICHU TaK)Ke TPeGyeT BrepeHus npURLENA
CYNEPNO3NLKK, KOTOPHI{ 10 CBOEH (GOPME COBManaer ¢ KiaaccHde-
CKHM, HO N0 CONEPIRAHHIO PE3KO OTIHYAETCA OT HErO, NIPHBOLA K Le-
JIOMY pHAlY KaXyuuXcsl 1apaJIoKCabLIME Pe3yIbTaToB.

Yro6er noHsTh, KaKMM 00pa30M B KBaHTOBOH MexXaRHke ¢ HEOG-
XOHMOCTBIO Cyn@CTBYeT TNpHHIMN CyNeprnosWLAH M KaKOBul Cro
X8pAKTEpHHE OCOBEHNOCTH, O6PATHMER CHOBA K OMLITY ¢ HHTepde-
PEHLHEl 3/1CKTPOHOB Ha AByx measx. Urak, nycrb umeercs ncrou-
K MOHOINEPrCTUYECKUX /ICKTPOHOB, KOTOPHI® Majalor Ha Helpor
3pauubli SKpam ¢ ABYMs weJAMH, a 3aTeM NONAafalor Ha [OJO-
maomylo crenxy. IIpenoiokum TakKe, 4T0 10 970 CTEHKE BIOIb
IpAMOH, KOTOpas mapa/neqbpa JHHAH, COEAMAAOWEN meld, i Ko-
TOPYIO Mbl TIPUMEM 33 OCh X, MOMET NIEPEMelATbCH JeTERTOp (Ha-
upuMep, cderynx [eirepa), peructprpyiomui 3JIEKTPOHBL.

TlycTs cHavana OTKphiTa OfHa nepsas mesb. O6osHavas yepea
P (X) BOJIHOBYIO (BYNKIHIO 3;1€KTPOHA, TpoLleaniero ITY weab (npu
SaKpSITOR BTOPOM), Ml A/H NIOTHOCTH BEPORTHOCTH OGLAPYKHTS
3/IeKTPOH B TOYKe ¢ KOOPAHHATOM X 6YNACM HMerh

@y () =] (%) £ (14.2)
CosepuieHno aHaJoTHYHO Aast BTOpOil weTn NpH 3aKpuTON mepeoii
W (X) =, (x) . (14.3)

OrxkpoeM reneps o6e mean # nonmraemes 06BACHUTL BO3HH-
Kaowylo 5 3T0M Clyyae MHTephepentuOnHylo KapTiHy. Ilpexie
BCEro OTMCTAM, UTO B HALIEM IKCTEPHMEHTE SEKTPOHH B KAKON 1O
Mepe BeayT cebsi Kak cambie OGBIYHBIE YACTHIB — OITH perHcTpH-
PYIOTCA CTPOrO ONPEIRIECHHBIMH NOPHUAME B OUpeNEIeHHHX nNo-
JI0XKeHusix nerekTopa. [Tosromy, kasaioch 6bt, MOXHO TOBOPHT,
9TO KaKAbIj AARKbIL SICKTPOH TIPOXOIUT HEP 3 TEPBYID 1WEb, AH60
uepes sropyio. Ho oro yrsepaxnenne nporueopeyur 3chle}§nmelx-
TaNbHBIM (haKTaM. ﬂehcmmcnbﬂo, ecad 6bl OHO 6LLIO crpapen-
JUMEO, TO Mbl MOL.T4 6L CHAYANA 3AKPHTL BTOPYIO 1€db, NPONYCTHB
BCE Te SMEKTPOHBI, KOTODHE AGHKHE! NOATH uepca nebsym e
3aTeM 3aKpaiThb NEPBYIO Welb, OTKPHIB BTOPYIO, 1 NMOMyyenible pac-
UPeseleRts TPOCTO CoKAT. B peayivrare ML HMeAR G6r

Wiy () =@ () @3 (0) =]y () P 4] 4y () P, (14.4)
B pE3KOM NPOTHBOPEUHH C SKCNCPHUMENTAbHO 1a6II0LaemMOoil HHrep-
lepeli([Ho}{HOﬁ KapTHHo't. Wrak, sosumgaer TepBbIll napajokc —B
KBAUTOBON MEXAHAKE MENL3St TOBOPITh, UTO AANKMI SACKTPOH Nipo-
LIeN 9€Pes KAKYI-TO ONpeNeIeuHyio meab.

MOXHO NONKTATBCH CHACTH NOMOKERWE W CIATATH, UTO B aef-
CTBHTEMLUOCTH  ABMKEHME S/EKTPONA SIBIAETCA ropaspo  Gose

§ 14 TIPHHLIN CYNEPMO3UUUH 49

CAOXKHBIM, YEM MLl AyMaeM. A MMEHHO, B NpHHIHNE, NMpeXae YeMm
HOnacTb B AETEKTOP, JAEKTPOH CNOCOGEH HECKOJBKO pa3 MPOXORHUTH
U3 11€pBOJi IEMH BO BTOPYO K Haobopor. Ho raxam cmocofom He-
BO3MOXHO OGDBSACHHTL HA/MHUHE «TEMHBX»> NOAOC MpH 06EMX OTKpBI-
TLIX medsx B TeX TOYKAX, F¢ OGN «CBET/Ibie» TMOJOCH TpH Kakoh-
TO ONHOH OTKPHITOH wedH.

MokHO b0 6B MyMaThb, 1AKOHEN, Y10 HHTCPpCpPCHUHAOHHAR
KapTHHa BOSHHKAET U3-32 TOrO, YTO YEpe3 1meaH OJHOBPEMEHHO TpO-
XOJIHT OTPOMHOE YHCIIO 3/EKTPOHOB, KOTOPHIE KAX-TO BO3AEHCTBYIOT
Apyr Ha fpyra. HHuiMp cqioBaMu, B TpuHUMIe MOTI0 66 GHTH TAK,
YTO HNTEPQepelilns eCTh CIACTBHE CBOMCTE BCETO ancaMéuas B ue-
JIOM, A He CBOMCTB OTAEMbHBIX 37eKTPOoNOB. OJIHAKO 1aKO€ TOMKOBA-
HEE TOJHOCTBIO OlIpOBEepraeTcs NpPAMLIMK 3KcTiepiMentaMi B. ®a6-
purauta, JI. BuGepmana u H. Cymkuna (em. 1. I, crp. 470). B nx
Onb1e 3EKTPOHb TIPOJeTaiH uepes nuTepGepoMeTp nacToibKo
c1aGBIM nYSKOM, 94TO IPOMEIKYTOK BpeMeHH MeXIy ABYyMs OGN0
BATCAbHBIMH HpOXO)KﬂeHHS{MH H4acTHRbL HGPGS l'lpHGOp [J3% npl/lMep-
Ho B 30000 pas (!} 6oabiue Bpemenn, 3aTpaunBaCMOTO OANUM 3/1eK-
TPOHOM HA TPOXOXKIeHHe gcero murepdepomerpa. B Taxgﬁ cATya-
UMM 9NEKTPOHbI, KOHEWNO, HHKAK e MOrTH B3auMomeficrsoath
ApyT ¢ ApyroM. TeM He MeHee NPH LIHTEIbHOM MpOBEIeHHH IKCle
PUMEHTA BO3LHKAIOWAA HHTEPHEDEHINOHNAA KapPTHHA HHCKOMLKO
ne orAHYa’dach OT TOM, KOTOpas MOMyyasach TpH COGTBETCTREHHO
KPaTKOBPEMEHHOM OMbl1e ¢ NMyYKOM, HUTENCHBROCTh KOTOPOrO GhiIa
B 107 pas Gospwe. TaxuM 06pasoM, BOSHMKAET €wme OAHH fapa-
ROKC — 3]1€KTpOH, KOTOPHIl nposBasier cebd Kak uacTaua (CM.
BbIIIE}, «uu'reglpepupyer caM ¢ cooit», T.e. 061aKaer BOJHOBbIMI
CBOMCTBAMH. B 3TOM CMBICIE OGLIYHO H TOBODAT O KOPRYCKYAAPHO-
80210804 Jyaiusse (IBONCTBCHHOCTH) 3JICKTPOHOB.

CopMmy/iHpoBaHIble BHIIE BbIBOMN BBIHYKIAIT HAC NONBITATHh-
<51 OMHCATh HRTep(EPeIUIO 3MeKTPOHOB 1A OCLOBE NPHHIHNA Cy-
TeposnuuH, POPMASbNO BHANOTHMHONO KAaccuueckoMy. Ecan 6m
3.1eKTPOHBl GBLIH OGHYHLIMA YACTHLAMHE (KaK MyJH, npoJeraiomue
uepes UBA OTBEPCTHA B GPOHHPOBAHHON IAHTE), TO AAA UMX CKia-
ABIBA/THCh GLI TIOTHOCTH BEpOSITHOCTH, Kak B (14.4), u nHTeppepes-
UHs 1le BO3HHKaJa 6Bl Mbr JKe HpeNrofoXHM, 4T0 B AeHCTBHTENb-
nocTy AMs MEKTPOHOB CKIALAMBAOTCA caMu 1 GyHKUMU:

By (%) = P (%) b2 (%) (14.5)

[ep. ¢ (14 1)] Toraa zas pesyabTHpylOUIEH HIOTHOCTH BEPOATIIOCTH
GylleM HMETb

@y () =1 i (8 F =1 by (5} + (0} P (14.6)

Bossons MOAYIb CyMMal KOMIMEKCHLIX 44CeT ; ¥ 1 B KBA-
Apat M yunThiBasg paBeHctsa (14.2), (14.3), noayunM tHnmunoe
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Hmeplpepeuunmmoe paCHpCﬂCﬂCHHC
o (X) =1 F -1 02+ 2o |z fcos (9 — @)

=w, +w,+2Vew, coslg,—a,),
rae @; H ¢z — (a3l KOMILIEKCHBIX QYHKURH s W 1)g, 3aBHCSUIHC OF
KOOpAHHATEL X. TakuM 06pas’oM, JopMaIbROE ONUCAHUE HHTCpdCpEH-
UHH 977€K1PCHOB eHCTBHTEAbIO HOTHOCTLIO ANATOTHYHO ONHCAHKHIO
HuTeppeDeHIHH KaaccHueckny posl. [Ipu TOM poip BO3MYumierust
“(x.t) Hrpaer siaec 1 QYHKUHA, # pOAb HNTEHCHBHOCTH — ILICT-
HOCTb BeposuTHOCTH. PaBeHCTsO ®e (14.5), samiomeecs anaiorom
pasescTBa (14.1), W cocTaBideT cofepikaHne NpHUUHNIA CYTepio-
SHIMH AJIH pACCMATPUBABMOTO CIyUas.

O HEKOTOpbX HCOGLIYHLIX ACIEKTAX IOBETEHYH MHKDOOGLEKTOR
MLl yKe ropoputi. JlpyrHe kaKyuiHecs NapatoKCATbUbIMI BbI-
BONH M3 KBAHTOBOMENAHHHECKOTO 0pHulluNa Cyneprosvuuu OyayT
yKasaHel HUKe, a Cefluac MEI mepeujieM X ero ofuwcn Qopmy.d-
poeke. JL/Iss 3TOr0 OIMETHM TpeXie BCEro, 410 BLIUC HEABHO ypel-
110.5aTaaCh CHMMCTpHS HalleH SKCCPUMCHTANLHON YCTaKOBKH. ITO
HaUUIo CBOE BbipaIKeHHe B DABCHCTBE KO3GQUUHELTOB upH W H
s coorHourenun (14 5). Ecau ke ietn pacnooxeHsl Aaqexo Apyr
OT ,pyra, a HCTOUHHK HJIEKTPOHOR 3aMETH0 CMEINeH K 00K H3 HUX,
T0 OYICT ROMEHHPOBArTh BOJHA, MPOUIEINAs HMEHIO Uepes Ty
wenb. Torna cyneprosBURO COCTOAHRN 1y H 12 HYKIO GYACT GpaTh
€ HEKOTOpPBIME «BECAMH», TAaK YTC B OGLICM CTYYae COCTORNHE 3€K-
Tpona Npu 06euX OTKPHTLIX IMCIAX GYAET ONUCHIBATLCS (YHKLueH

ra () =Cetpy () + Cotpa () (14.7)
3ACCk €; W Cp— HEKOTOpHIC KOMILIEKCRBIE YHCTA, CMULICT KOTODbit
OYACT BEIACHEH B MOC/IEA} 0WUY maparpadax.

O6o6uias BLICKA34HHEIC Bbllle NOJIOKEHHS HA CAYYafl JI060T0
KOHEYHOrO ulln JajKe CYETHOIO MHOKECTEA NPOH3ROJBHBIX COCTOA-
UHi KBaHTOBOMEXaLHUYECKOR CHCTMDI, CHOpMY.THpyey CIedyoulnit
npuRGUn Cyneprosu g

ECAH KBQHTOBOMEXQHUNECKAA CUCTEMA MONCT HAXOOUTLCA 6 (O~
CTORHUAY, ONUCHIEQLAbIX BOAHOBbIMU (hYRKYUINY Py (X), Po(X), ...,
TO OHG MOMET KAXOOUTHCH i & COLTOANUM, ONUCHIBAEMOM NPOU3.
8046HOM AuNCHHOL KOMOunayueld Tux dyrrgul, T. e. gpyuxyued

b0 =D oupe (). (14.8)

«[lonyuierne CynepuosRIHOHIBIX CB3CH MKy COCTOANHSME
TIPHBOIUT K MaTEMaTHICCKOH TEOpHH, B KOTOPOH ypaBmenus, ompe-
DeTsIiOlHe COCrOAHUSR, Jmiefilill 10 OTHOWEHHIO K NHCH3BECTIIBIM.
Bsujty 510ro MHOMRC MBITAMHCh YCT4HOBHTL 31AIOCHIO C CHCTEMAMi
KNACCHYECKOH MEXaHHKM, TAKNMH, KaK KOMEOIIOUHecs CTPYHGl Wiy
MCMBpanLl, KOTOPHIC NOAYHHSIOTCA JMHEAHBIM YDaBHCHHIM, a Cle-
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AOBATETbHO, H NDHHUENY Cynepnosulinn. OTH aHalOTKH HpuseTd
K TOMYy, YTO KBaHTOBYI MEXaHHKy HHOTZ4 HA3BIBAIOT «BOJIOBOH
MEXaHHKOi>. BaiAO nOMHUTH, OOHAKO, 4TO CYNEpRO3uRUs, KOTOpPAL
BCTPEUQETCA 8 KBAHTOBOL MEXAHUKE, CYULCTEEHNbLM 00PA3OM OTAU-
4aeTca OT Cynepnosuyuu, 8cTpewarouielcs & abot Kaaccuweckod
Teoptu, ... TOITOMY auaJjoTMH TAKOr0 DPOAd MOTYT MpHBECTH K
onmbKam» *).

BuisicHuM TCHEph, KaKAMHK Ke uXapaKTepHHMH ocoGeHHOCTAMY
OTINYAETCA KBAHTOBOMEXAUWUECKMH UDMHIMI CYNEeplo3unHy  OT
KJ/IdCCHYECKOro.

I, ) GyBKUHS ONHCLIBAST MOBEICHHC KBaHTOBHX 4acTuy Bos-
MOKIOCTD e 0fpa3oBbiBaTh NPOH3ROILHYIO JMHHEHHYIO KoMGHHa-
1UI0 - GYHKIHA, KK Mbl YK BEIEIH, 0TBeUaeT HAUHIRIO B0AH0BbLX
CBORCTB ¥ 9THX HacTuu, Takdm OGpasoM, b mpHHuHIE CynepiosH-
LHE HaXONHT CBOe o'rpamexme KOp1[)’CK)’ﬂﬂpHD'BO.‘1HOBDH Nlyanusm
MUKDOOGBEKTOR, COREPUIEHHO HENOHATHBI C KAACCHYECKOH TOUKH
3peHHsL.

2. ITyctb GyuKUES 1y (X) ONMHCHBAET COCTONHUE, B KOTOPOM HpH
H3MEpEHHH HEKOTOOit $u3MUECKON BeAHHHBL MBI C JOCTORCPHOCTHIO
TIONY4HM KaKOe o ONpeIC/eHHoe 3nauCHUuC Ay, a QyHKUHA ho(X)—
COCrOSIHAE, B KOTOPOM JLsi TOH 1K€ BETWYHREL Mbl € JOCTOBEPHOCTHIO
noayuum seaueine o OGpasyeM Cynepumosuuuio STHX COCTORM
Tuua (14.7). B kaaccuyeckoM ciyuae paccMmaTpupaemas BeXiHHA
B HOBOM COCTOMHHH GYNIET MpUHHMATb KAKOE TO 3HAUEHHC, «IPOME
KyTounoes Mexity A; H Az B xeanTomoii xe wmexamuxe mpouecc
HZMCPEHHS STOR BeqUYHHB B COCTORHHH ;2(¥) GYAeT BCerfa M-
pa1b 1w Touno Ag win touo Ap Ilpi 370M 0 pacnpejieficuuy pe-
3yAbTATOR H3MEPCHUE MOXKHO CYNHIb TONBKO BCPOATHOCTHO (KaK
Sysler sicuc K3 faTbHEiEX Maparpados, STH BEPOATHOCTH Kak pa3
ONpenensioTCs KBaApaTasi MORY.1el KOSQpHLHEEHTOB €1 H €2). Jlne-
KDETHOCTL 3HAUCHHH (HIMUECKUX BeluuuH H HEOUPENL]CHHOCTL B
peIvibraTax H3MepeHHH COCTaBIfeT BTODYIO XapaKTepHyi ocoGen-
TGCTH KBANTOBOMEXaHHYECKOro HpHHIHIIA Cy MEPHOSHLUH.

3. OGpawasich CioBa K nalmeMy HITEpGCPCHUHOHHOMY OMbITY,
OTMETHM CAENYIOUee BAKKOE OGCTONTEIbCTBO. Jlo H3Mepenus [o.10-
JKeHnsl 3TEKTPOHA 34 SKPAHOM OH HAXOARTICA B COCTOSHHH qm(x),
a cpaty NOCTE TOrO HIMEDEHHH OKA3LBACTCH WAM B COCTOSURH
Pr(x) unm B coctomuud Peo(x). Takoh cxaykooGpasubil mepexon
MHKPOOGBCKTA M3 ORHOrO COCTOSIHHA B APYrO€ NpH KAKOM-TO aKTe
H3MCpEHHsT ABAACTCS BECHMA OGUlel M CHEUHQHUECKOH 3aKOHOMED-
HOCTRIC KRAHTOBOI MEXaHHKH.

4. HakoHell, yKakKeM eile #a 0fiHO CYINECTBEHHOC OTiHyHE KRaN-
TOBOMCXaHWUECKOrO TPHHIANA CYyNepho3uuHH OT K.1aCCHYeCKOro.

I A M dupax, [punuuner §namonofi Mexanukh, Gmamarrus, 1960,
erp 31
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B knraccuueckol (pU3NKe Cyueprnosnuns KoneGaTeapHOTo COCTOSHI
€aMoro ¢ coGOoi NPUBOAUT K HOBOMY KOJAeGATENbHOMY €OCTOANMIO
¢ yApoenod amminTy1oi. B ksanToBOl JKe MexaHHKe, Kak MBl BH-
JIeN¥ B KOHUE NpEABIYNIero maparpada, COCTOANUS, ONHChIBaeMble
GyHRIUAMKM (x) W cPp(x), ToRmecTrennbl. YToGL HOHATE 3TO, AO-
CTATOYHO BCMOMIMTh BEPORTHOCTHYIO KHTEPNDETAnMIo + GpYHKINH,
KOTOpas TOJBKO H NpHAAET Cit CMBICT QYHKIMH COCTOAHUA: KBajpaT
MOIyAf BOJHOBONH (YHKUHH GC30THOCHTE]BHO K €C HOpMHPOBKE
oNpejeNAeT BEPOATHOCT OGHAPYKUTD HacTRIly B KOHeYHOM O0beMe
no gopmyac (13.6). Hs aroit popMyJbr cpasy fcio, UTG Ha Kakoe
Obl 10CTUAHHOE YMCAO € Mbl HH YMHOXHJIH HCXORHYIO t-(pyHKLHIO,
OHa BCC paBHO GYXeT OMHCHIBATH TO JK€ CAaMOE COCTOSIHWC, TAK Kak
3TO YWCAO TIPOCTO COKpamaeTcs.

Hrak, npi nONMTKE HAMIARHO NPECTABUTh Cebe CyTh KBAHTOBO:
MEXaNNyeckoro npHIHHAE CYNeplnosHydn  OH Kaxercsi BeCbMa
CTpannblM W MapaJoKcaabHbIM. B camom neae, KJIacCHUECKOM
CMBIC/E CIOBA HEAL3S CeGe MPeACTaBHTb, UTC CHCTEMA HAXOLHTCA
YacTHUHO B OJHOM COCTOSBHHM, a4 4aCTHYHO B [pYroM, H 4TO 3TO
SKBHBAJEHTHO TOMY, YTO CHCIEMA IEMHKOM HAXOAWTCS B HEKOTO-
pOM Tp(’.TI:CM COCTOAHKH. SJZLCCb BBOJANTCA couepmeuno HOBaA Hped,
K KOTOpOR 11y3KHO NPHBBLIKHYTh H na OCHOBE KOTOpOH Caeflyer Kaice
CTPOHTb TOUNYIO MaTEeMaTHUECKYI0 KapTHEY, HE WMes NpH 3TOM Re-
TaNbHOK KAaccHUeCcKol KapTHHEL.»*). OfHoif W3 XapakTepHbix
uepT MaTeMaTHYeCKOro annapara KBaHTOBOW MEXanukW, MHKTYEMON
NPUHLKNOM CYICPNIOSKIMH, ABNSETCH JAMNEHHOCTb HENOMb3yCMBIX B
Hejl ypaBHEHMIT H ONepaTopoB.

PasbscHenue ocoGEHHOCTEN COCTOANMI MHKpOWacTHl, MOAYH-
NAIOMHXCST 3aKOHAM KBAHTOBON MeXauukH, KOTOPOE NOJHOCTBIO CBO+
GOIHO OT KaKYmWMXCA Mapapokeos, 6ewio Aano Hunscom Bopom.
OcobexHo cnocoGCTBOBAY NPOACHEHHIO 27HX NPOGIEM €rc MHOro-
upcneHHbe AnCKyceHu ¢ AnpGeptoM BiiHnTelnoOM No NpRHIHTAATL.
nHM BOMpOcaM aTOMEOH (usnkn, OCHOBHAS HRCH KOWHENUHHA
H. Bopa COCIORT B TOM, UTO HUK2KHX 11apajOKCOB He BO3HHKaer
TOMBKO MpH YCJAOBHH, YTO COCTOAHHA PacCMaTpUBAOTCA HE CaMi 1O
cefe, B OTpIBE OT CPENCTB HABMIONEHHA, HO MPH yUETe TOTO (BaKTa,
UTO STH COCTOSHUA MUKPOCKONU4LCKUX OGBEKTOB H3ydaloTes ofssa-
TEIBHO TpH MOCPENCIBE MAKPOCKOMUHECKUX NPUBODOB, MOBENEHHE
KOTOPHLX ONHCHIBARTCA 33KOHAMH KJIACCHUECKON (GHIMKH *¥),

*) L A. M. npax, [IpAimianst KoaHTOBOH mexammxw, (busmatris, 1960,
ctp. 29,

*) Tlo STHM WHTEpeCbiM TPOBACKAN TRTATENO MOKHO PEKOMENIORATH KHH-
ty H. Bopa, Alomnas dnanka 1 semoscucckoe nosmanue, HJI, 1961, ocobento
TIOMEIIEHEBIE Tas CTATRA <, y it o TEOpHH N0~
Suanin B aTouHof Quankes n <Kantonan dmawka n GHIOCODEA (NPMMKHROCTS
W ROnOMHATENBAOCTS) 7. [1 ALHHE BOMPOCH i MeXauRKH IcTannHo
PpACCHOTPCHM TaxKe B Humre B. A, ® 0K a, Knantonan Quikxa M Crpoeinie ma-
Tepnn, Hax so JITY, 1965.
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§ 15. JunamMHucckne nepemMentbie KBAHTOBOH MeXaHHKH

V3Ke HeOAHOKPATHO YKa3bIBAAOCH HA TO, 4TO OCHOBHHIMYU MOHA-
THSMH B CHCTEME KJIACCHUECKOH MEXAHWKH SBJASIOTCS TOHATHA €O-
CTOSIHNA M JINaMWYecKHX nepeMeHHbix. Bonpoc o6 onucamnu co-
croAnuii B KRAaHTOBOW MexaHuKe NompoGHo paccmoTpen B § 13.
O6pariMc Teneph K IHHAaMWieCKHM nepemenumu. Hassauuenm
«RHHAMHYECKHE TIEPEMEIHBIC» OGBRINHSIOTCS B KACCHICCKOH Mexa~
HHKC TAKHC BEMWyHHL, KaK KOOPAMHATH 4aCTSNEl, HMOYJIbCH, CO-
CTaBAfIOWIME MOMEHTA HMIYJbCa, 3heprus. Bce raxie BenudilHm
Mbl B 37eCh GygeM HashiBaTb AMRAMHUECKHMU nepeMennbmn. Me-
KAy WHMH B KJaCCHUECKOH wexainKe YCTanaBiBaercs pall 7oK-
BecTeeHHEIX cooTnoweHui. Tak, nanprmep, COCTaBAAOIHE MOMEHTA
MMIYTbCA BHPAKAIOTCH Y€Pe3 KOOPMIRATHL M HMIYJbCH

Li=1yp.— 2py;

COOTBETCTBYIOMNC BEIpaeHHs mast Ly u L, moayuaorcs nytem fk-
KAHUeCKOll fepecTanosku. [Tonnas sneprid (dyRKUIT Famunbrona)
CBA3AHA C MM{YJbCAMH N TIOTCHOMANbHOHN Siepraed, ABAAIONICHACH
(yUKuACil KOOpHHAT, COOTHOLIEHHTH

Hemgh (b gl )+ UG5 0, 2

0T A

BosHHKaeT BOMPOC: KAKHE BETHUMKGLI COOTBETCTBYIOT STUM AMHA-
MHAVECKIIM TlepeMeniElM B KBaHTOBOH Mexarwke? Myl snae, wro
RBUIKENWA B OueHb MAAbX CHCTEMAax, J/IR ONHCAHWA KOTOpHIX H
ZIOJIIKHA CIYXKATh KBAHTOBAS MEXAHIKa, HE NMONYHHSIOTCH 3aKOHAM
K/aCCHYECKONl MEXannKH, HO CASMYIOT 0COGHIM KBAHTOBHIM 3aKOHAM.
BMecTe ¢ TeM Mbl XOTHM COXpaiHTb B KBAWTOBOH MExaHHKE CXCMY
Mexannky knaccuueckoit. To ¥ ipyroe mocTnraercss B KBanToBo# Me-
XaHHKE BCCbMA CBOEOGPA3HLIM CIIOCOGOM. A HMEHHO, B Heil HCIOMb-
3yloTCa Te Ke IHNAMHMECKHE [epeMeHHble, 4TO U B KJIACCHYECKOH
MexaniKe, HO Hy CONOCTABMAOTCA BEAHYMHL MHOH MaTeMaTHUeCKOil
npHpotel. B KaaCCHYECKOH MeXapuKe Mbi nOAL3yeMCst BesldHHaMA,
KOTOpbie MOKHO CKAAJLBATh K NEPEMHOKATh W KOTOPBIC nORdH-
HAIOTCS TpW STOM HEKOTOPLIM W3BECTHEIM akcnoMaM. K uweny mx
NpAHALIEKNT AKCHOMA KOMMYTATHBHOCTH: NPOH3BELEHNE He 3dBU-
CHT OT TOPSIAKA COMHOXKHTENEH, T. €. ab = ba. CBoeoGpasue Keai-
TOBOH MeXaHHKii COCTOIT B TOM, 4TO 0lia TMOJb3yeTCs JUIA OmACaHu:
NHHAMHUECKUX TEDEMCHHBIX BEIHUNHAMH, aire6pa KOTOpHX OueHb
CXOZHA C anreGpoli OGbLIYHBIX BENHUKH, HO (IMCET OT HEE M CymecT-
BeHHOe OTAHyHe. A MMeHHO, BENHYHHB, KOTOPHIC COTOCTABAAXTCA
B KBaH7OBONH MexaudKe AHHAMHYECCKHM MeDEMEHHBM, XxapaKTeph-
3YIOTCS TeM, UTO AKCHOMA KOMMyTAaTHBHOCTH YMHOMKEMmHA AR HAX
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He BHUIOAHASTCA. DTO SHAUUT,MTO AR TAKMX BeAHUMH, K2K MPABILIO,
FG == GF.

Bhimle Mbl NOSHAKOMAMHCE C MPUMEPOM BEJMYMH, NOATUHSIOLAXCA

Takoil cBoeoGpasnoil afrebpe, — 970 JuHelHble onepaTopul. Mt Bi-

JleH TAKKE, uTO ONepATOphl CHE3ABUCHMAR NEPEMEHNai» H «and-

(epeHlpoBaHHe N0 STON 1EIABHCHMON NepereHyois npuHajIeKaT

K U#CTy HEKOMMYTHDYIOIHX BeHuMk, TaK Kax [cp. dopMyast (7.8)

n (7.9)] 2 2

2 s 9&—“ £

Mot Teneph caenaeM caeAyiomee IONYyNICHNE B KAHECTRE TEpROTO
TIOCTYaTa KBaHTOBON MEXaBUKH. 6 KBAWTOB0U Mexanuke kaxcdod
OUHAMUACCKOU NepeMERNOt KAGCCUNECKOH MexanuKy caedyer cono-
CTABAATL AunedNbll spMuros onepatop. B chepyioined rnase Mef
Aalum Goflee pasenToe H rAyGoKoe 06OCHOBaBUE CBOROGA3HOR
CXeMUl MOCTpOEHHS KBAHTOBON MeXalHKH, a [0Ka MpHMeM GopMy-
JIMpOBAHAHYIO BhIlUE [HMOTE3Y B KAUeCTBE MOCTY/ATA U 3aiiMeMcst
YCT2NODJEHEEM BKAA OMeEpaTOpOB, CONOCTABANCMbLIX OCHOBHEIM RH-
NAMHYCCKHM TePeMEeRnBIM.

Hajnem npemne scero Bix omepatopos koopaumat u HMITYJTb-
€0B. 3aMETHM, uTO BHI OCHOEHBIX ONEPATOPOB MEL GYIeM Beerma
YCTaHABINBATL CHAYANA B NEKAPTOBBIX KOOPAMHATAX, H TOJLKO B
TOCACRYIOIIEM, KOTLa STO OKAMercs LenecoobpasHeiM, GyieM mpe-
06pasOBaIBATE X K ADYTHM KOGpIMHATHLiw CcHereMa. ilpuummasn
BO BHEMAHME, uTO P-QYHKUHS, C HOMOILLIO KOTOpOH Mpi YCAOBHIHCH
OTACHIRATL COCTOAHHE CHCTEMM B mpeAcrasnesnn lpexusrepa,
€CTh QYHKUHA KOODIHHAT, NOCACRHUM, & TAKKE MX QYHKIUAM (na-
upumep, NOTEHUHATBHOR SHCPrim) COMOCTABMSCTCH ONEpATOp YMHO-
wenna, Hanpumep, onepatop «koopamnara £» NePEBOIUT Y-PyHK-
THIO B X

2 (xy== xp (). (15.1)

E KauecTse O01€paTOpa KMUYMLCa py MBI BLIGEpeM Onepatop
T 9% T © ONeparop, NepeBOAAUIMIL |- PYnKLUHIO B dyukunIo lzg—f.
Oneparopel, CooTBeTCTBYIONINE HMAYILEAM py H ps, NOCTPOEHH aHa-
NOrHYHEM 06pasoM. B pesynbrate Mm nomyyaem caefiyomee co-
nocrasgeyue.

Nanamnucckan nepemenitan Onepatop xnantoBoi

KARCCHUCCKON MOXAHHKA MEXAHHKK
k@
pe T
h @
2y T (15.2)°
h o
pe T
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OnepaTop HMIY/AbCA B BEKTOPHON (POpME MPCACTABIACTCH CHAEAYIO-

M 06pasoM: R

p=2 grad= (15.2%)

rae V— WSBCCTHHI M3 BEKTOpDHOTO aHa/in3a Omepatop «Rabaa» ¢
2 a

B il AHHRE IS CASNANLOTe
koMnonentamu V ox Ty 02 OcHoBaHHA Al CA

pLIGOp2 OTEpATOPOB KOMIOHENT HMIYJbCA BHIACHATCA B [aTb-
HeAlWeM.

Tereph MLl MOKEM CTPONTL ONCPArOpM APYTHX MEXANHYECKUX
BENUYRH, MOJL3YACH OfpEAEIEHHSINA KIACCHICCKOll MEXAHIIKE A 3a-
MeHSA BXOARLLHC B HIX OObNIBE BEMIMHHEE COOTBCTCTBYIOILUME
onepatopaMu. Hamprmep. /9 X KOMIOHENTBl MOMEHTAa HMNYabCa
noJyuaem:

Nunamuicckad tiepemennas Onepatop xBJHTOROH

KAACCHIECKON MCXaH KN MCXBHRKR
f,=2(y2 9 15.3)
Ly=yp.—zp, Ly T(yg~ %) (15.

Ananornunsiy 00pazoM ycTanasanBaercs Buf onepartopos Ly n L.

Ycranoskm Teneph BHA YpessLIYAino Baxnoro oncpatopa I
MUILTOHA RN ramivibTornada. Pywknus [amunbroua knaccmue-
cKoll MCXd4HHKW B TEX CAYYasX, KOrfla OTCYICTBYIOT MarudTHble
CHIBL, €CTh CYMMA KHUETIMECKOR 1 MOTEHUIAAbKOA SHCPruil, Bbipa-
MEHHA Yepe3 HMITYIhChl M KOOpHMHATHI:

Hem g g )+ )+ U5, 419, (15.4)

CooTseTcTBYOILMI OMepaTOp KBAHTOBOH MEXa|HKR CBR3an ¢ onepa-
TOpaMIl HMIOYIbCOB H KOOPAHHAT COOTHOIICHHEM

A= (Bt A )+ 0,0, 2). (15.5)

Yro6n HaliTH ABHEIH Bia 3TOTO oneparopa, HaM0 yCTAHOBHTh MPEXK-
Re BCero BIL1 OnepaTopoB A, fj» p:. 110 ouperenennio ymuoxenus
OnepaTopoB HMeeM, MpHMEHAS OMeparop K NMPOH3ROALHON YUKUEN

B3 oy 5 0

PR AN N0 1 D b

=P (0= 7 37 |7 5 ) ox
H aHanoTHuHbIE BhIpAMEeHUH N7 ABYX ApyThx oncpartopos. [prun-
Masi BO BuuMaHHKe, uTo omepatop U KaK QYukuusi KOOpAlHAT CCTH
YMHOMXKenHE Ha 3Ty QYHKUNIO, HamuileM Oncparop H B SBHOM BHIET

ne a2 32 P ~ o, ¢ g2

—'E;(dx“ +oE T dz2)+ U, g )= —5, A+ U 1,2
‘ (15.6)

A=

rae A —onepatop Jlanaaca.
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Mp monyyaeM, TaKuM o6pasoM, Clenymwylo TaGaHLy ABHBIX
Bblpa)KeHVl}‘l OCHOBHBIX OHepaTOpOB KBAHTOBOH MEXaHHuKH:

Rumamuy
By Mo Oneparop Keaurosol mexanuxn
R -
Koopanuara { r
x4z gz
[ e Iy
Hunyave { i
ll P Py, Pz
L=1rp]
Momenr
KOARYeCTRA Le=ypx—zpy,
IBUKEHHST
(MoMerT .
MMy nca) Ly=2ps ~ spa
l Lz =xpy —ypsx
Breprin
(B oTcyTCTRUE p? ~ §3 -
MarRATROTO H=g +U® A=—soa+ 0
noas)

§ 16. CoGeTBennbie 3nawenna n coGcTBenHble GYHKUHH
ONEPATOPOB KBAHTOBOA MEXaHHKH

Mel Tenepb BRAHM, 4TO CBOROGPasHas 0COGEnNOCTh KBaHTOBOl
MCX2HHKH, O KOTOPOH GbIO YNOMSHYTO, COCTOWT B TOM, UTO ©Ha
CTPONT CBOIG CXEMY, HCTIONB3YS! HEKOTOPbie AGCTPAaKTHLIE MATEMAaTH-
ueckde Be/nuuHbl. A WMEHHO, B OT/IAYHE OT KJAAaCCHueCKON MexaHH-
KH, TAe COCTOAHNE (PHIHUECKOA CHCTEMBI OMHCLIBAETCA 3anaHHeM
KOOPAWHAT H HMINYJIBCOB, T. €. COBOKYNROCTBID ¥uCed, B KBAHTOBON
MEX@HHKE COCTOAHHE B AAHHEI MOMEHT BPEMEHH ONHCLIBAETCS KOM-
TIREKCHOH QYHKIMEN, nputen 37a (pynkyus cama no cebe pususe-
CKO20 CMBICAG HE UMEET, HO K8AJPAT ee MOOYASL UHTEPRPETUPYETCA
£TATUCTUECKY KAK NAOTHOCTG 6EPOATHOCTH HANTH wacTHHY B AaH-
HoM Mecte. UTO 3Ke KAacaeTcd XMHAMHMECKHX mepeMeHHBIX, KOTophie
CYLECTBEHHO BeOGXONHMEL [/ OnHCAHHA JBUIKEHHA B KJFACCHUCCKOL
MEXaHHKe, TO B KBAHTOBON MexaHuKe WM TaKiKe CONOCTaXTsOTCH
A6GCTPaKTHbIE BeARYHHL — THHEHREIC SPMHTOBEL OIEPATOPEL T KOHIC *

§ 161 ONEPATOPH KBAHTOBOW MEXAHWKH 57

nacTosiuedl rasel, B § 27, MB YBHANM, UTO 9TH OMEPAaTOPH CBA3ANEL
MekKay coGOfl TAKHMK K€ YyPAaBHEHHAMH, KaKHe CYLieCcTBYIOT MeXKAy
THHAMHUECKHMH TIePEMEHHHMH KIACCHYECKON MCXaHHKH, WAnpHvep
%= pufm u . n. Takum 0GPa3OM, JOrHYECKAs CXEMa MOKET 6uTb
noctpoeHa 6es mpoTHBOpeunit o Koxua. OABaKa 0COGEHHOCTHIO
3TOll CXEMEl noKa SIBAAETCA To, 4IC Ona ewe He MO3BOJsAeT CBA3arh
MaTeMarHyeckie pesy/bTaTh C Pe3yJIbTaTaMu KOJAHUECTBEHHbIX 3KC-
NepUMenToB, IpH KOTOPbIX BCETAA NPOH3BOAATCA H3MEPEHHS H noaY-
ualoTeA KaKne-TO yHeaa,

YroGhl CRA3ATL ONEPATOPS! ¢ YHCIAME, NOJYUaEMbIMH 1(PH H3Me-
penusix, B KBAHTOBO/ MeXaHWKE HCIIONBSYeTCs 1iPeXKie BCEro TOT
(aKr, 9To AJfl KAXKIOrO ONEpaTopa MOXKHO HalTH QYBKUHH, KOTO-
pole  SBJSIIOTCH €I0  COGCTBEHHBIML Gynkyuamu, T.e. GyHkuMH,
YAOBJAETBOPAIOIIHE TPEGOBAHUIO

Fu—=Ju,
rpe A —uneno (cu. § 8). Kpome roro, ecaw omeparop £ spmuron,
70, KaK mokasano B § 9, uncaa A — coGCTBEHHBIE 3HAuellus onepa-
Topa F— GyRyT AeHCTBHTRAbHBIMH (BELIECTBEHHLIMH.) JTH (aKTer
A03BOAIAIOT CBA3ATh ONEPATOPbl € UHCAaMH, TOAYSAEMLIMH B pe-
3y/bTaTe WIMEpEHWil, a HMEHNO, STOH NedH CyXKuT caeaylowmi no-
cTyaaT:

Fcau cuctena naxoOurca 6 COCTORHUU, ORUCOIGAEMOM COBCT8eA-
#oll hyrKyuedl Hi ONepaTOPa HekoTopol Junamuneckol nepeMennot,
TO npu usmepenuu cooreercréyouseil Junamudeckol nepemenorl
6cezda (1. e. ¢ QOCTOBEPHOCTOIO) GyOer NOAYUATHCR HUCAO ki, A8-
anroujeecs cobCTeenKbLY 3raderuen onepatopa F, npunadiescaugn
cobcreentol gyrryul i

OTMeTHM, 4TO XOpOLIeH AHAJOTHEH I COOTHOLIGHWT MENAY
onepaTopaMH ¥ YHCAaMH, TMONYJaeMHEMH TpPH H3MEPEHHSIX, MOXKeT
CyKHTb COOTHONICHHE MEIKAY BEKTOPAMU H TPOEKLHMAMH BEKTOPOB
112 OCH KOOpAHMMAT: MATEeMAaTHUECKHE PE3YJBTATH MOKHO TIOAyd4ath,
onepupyss JTM60 C CaMHMHM BEKTOPaMH, AKGO C HX MpOGKUMAMA.
B moc/eiHeM Clydae MOXKHO 1ONb3OBATECS XOPOLIO 3MAKOMOM am-
re6poii OGEYHBIX unces.

B KBawTOBOH MexaHuKe OCOGEnHo 6OJbUIOE SnaveHue HMeeT
ypaBHenue 5 COGCTBEHHBIX (QYHKIHHA W COGCTBEHHBIX SHAYCHII
omepatopa Sueprii. B Tex cyuanmx, KOTAa MOTEHUMATBHAS SUEPTUL
1#e 3aBUCHT OT BPEMEHH, HMEET MECTO 3aKOH COXpAHenHst 3Hepruu.
B kJjaccHyeckoll Mexayuke

1
H=g (B +p,+ )+ UM g 2)=E

CoOoTBeTCTRYIOUIEE ypaBHEHHE ANA COGCTBEHABX (ynkmuit H oG-
CTBERHLIX 3RaueHuil onepatepa sHeprun Gyaer

Hyp — Eyp, (16.1)
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rie ancno £ ecrb coGCTBeHnOe 3HaueHue OnepaTopa SKeprHH; B
ABIIOM BHIE,

— 2 syt Up=Ew. (16.2)

Harerprpys 510 AHGGCPEHIMATLEOE YpaBIiEIHEe B YaCTHEX MpOHS-
BOZHBLIX BTODOTO TOpAAKA M BbIGHDPAA Te pelleHHs, KOTOPLIC YA0B-
JIETBOPSIOT CTAHLADTHLIN YCAOBHAM, [OAYyYaeM COBOKYNNOCTH COG-
CTBEHHBIX (hyHKLuH oOmepartopa 3ueprii. COOTBETCTBYWOUIHE ITHM
CoGCTBENHBIM (YHKUHAM COGCTBEHHbIE 3Hauenks IHEPIHh OGpa3yor
SHEPreTHYCCKMH CMEKTp JACTUlb B 1aNHOM NOTeHUHaNbHOM Tone U.
ITOT CHEKTp MOKET GLiTh KAK IUCKPETHBIM, TAK H CIIOIHLIM. B nep-
BoM Cayuae coGcTaeHHbie GYHKUHU i U COGCTBEHHbIE 3NAYLHUT A:
HYMEpYIOTCH OAHMM B TeM e HHAEKCOM [; BO BTOPOM — COGCTBCH-
HOe 3paueHne A BXOJHT B DEllEHHEe B KaYeCTEE HEMpephiBHO MEHAI0-
uerocsl papamerpa. TakuM 0Gpa3oM, BONpPOC O KBAHTORAHMH aBTO-
MATHUSCKH DElIAeTCA B 3ABHCHMOCTH OT CBOMCTR COGCTBENHBIX
dynkinit ypashenns (16.1) u ne TpeSyer mpHMEHCHUS KAKHX-TUGO
CICUNANLHLIX  NPEANONOKEHHA, KpOMe CHOpMYNHpOBAHHLIX EhIlLE
IBYX QCIOBHLIX TOCTYNATOB KBAHTOROH MeXaHHKH,

§ 17. Cpepune 3uavenna *)

B xaacchueckoll mexanuxe KaXasn AMHAMHUECKan nepemenHas
MMEET OlPEAENENHOe 3HAYCHHE. DTHM 3lraqeHUeM ABIACTCA yHCIIO,
noAyaemMoe Hph H3MEpeHAH HHTEpecyYOICH Hac Beanumlibl. OCHO-
BANHEM [Uid YBEPEHHOrO NpUMHCHBAHHA JMOBOR AMHAMHUuecKol me-
pEMEHHOR AAHHOTO 3HAYECHHA SIBJSCTCA TOT (AKT, TG 3TO YHCIO
HONYyACTCA B Pe3Y/IbTATE MIMEPEHUs 6CAKHIl pa3s, Koraa cucreMa
HAXOUTCA B OBHOM M TOM ¢ COCTOAHH.

B KBaHTOBO# Mexamuke Aen0 OGCTOMT nuave. Paccmorpim cay-
uai, KOraa CHCTEMa HAXOMHTCR B COCTOSIHN, KOTOPOE ABASETCA pe-
3YNLTATOM CYNEPTOSHUAI COCTOSHHUA by U s ¢ COBCTREHHBIMU 3rla-
YEHHIMH COOTBETCTBEHHO As M . Ecaw cucrema waxomntes aHgo B
COCTOAIHMY i, TGO B COCTONIIHN 4o, TO COOTBETCTDYIOLIEE HAMEPCHHE
38Be1OMO JaCT OHPEARNEeHHOe UHCA0 — A AN Ay COOTBETCTBEHHO,
CnpamnBsaercs, Kaxoe e 3Hauedue GyIeT NOAyYaThes, Korda cy-
CTEM2 IFAXOZMTCH B COCTOHHHMM

b=+ Cupe.
B cnyuae KaaccuuecKolt CHCTEMB 3eCh TAKIKE NOAVYANOCH Bbr OAHO
CTPOro ONDELENEHHOE YHCAO }, TIPOMEKYTOYHOE» MEKAY At H Ao
B KkpanTOBOH Ke mMexaupKe feNO OGCTONT He Tak. 3zech & pesymn-
TATe UIMEPEHHS NONYYACTCH HE OLHO OTPENe/EHHOE YHCAO, 4 OAHO-

*) Mepen uaysowienm sToro maparpada pekomers
2 myetes nepewnTats [Ipuio-
memne 1T ) (ctp. 552 w caen ). " e

§17 CPERHHE 3HAUPHHR 59

W3 JBYX BO3MOKHLIX UHCEJ, JIDUYEM JINMCHHO Ap UM Aa U HHKaKIX
Kpyrux. [Tpy sTOM 3apaHce HeAb3st MpEACKA3aTh, K KAKOMY HMEHHO
W3 OTHX urceq MpHBEIET n3MEpenHe: B OAMHX cayuamx wh Gynem
noayyath Ay, B APYTHX — Az, TO WIN HHOE 3HAYGHHE HONYWACTCA HE
C NOCTOBRpHOCTBIO, HO MWWl ¢ Onpexenennoil seposrioctso. Kax
Mbl yike oTMeuand B § 14, 9T0 03HEVACT, YTO NMPOUCCC H3MEPCHUS
OKa3mBAeT HA CHCTEMY WeyCTpAHHMOE # HempeACKasyemoe BO3ICH
CTRUC: [0 MNSMEPCHHs CHCTEMA HaXOMAaach B COCTOSLMM 1, a Mocie
M3MepeHHR OHA TIEPEXONNT HAH B COCTOAHNE Py 11K B COCTORMHC s

310 noaoxenne popmy:inpopano Hupakom caenyownm npo-
3padno ACHEM 00pa3oM. «EcaH 11ponssonsT HAGIIOACHAS HAT aTOM-
HOil cucTeMOll, KOTOpAR HAXOAMTCA B 327aHHOM COCTOSHHH, TO pC-
3yabTaT, BeOBLE rOBOpS, HE GyIeT HETEpMuHIpOBAlHBIM, 7.6, o
BTOpAS OUBIT MpH OAHHAKOBHIX YCIOBUAX HECKOABKO pas, Mbi GyieM
noAyuaTh pasANYLbE pe3ysbrathl. OJHAKO SAKOHOM npupodei u6-
ARETCA TO. 4TO eCAL ORBIT NOBTOPATL GOALUIOE WUCAQ pas, Kax Dbl
pesayaeTar Gyder noayuen 8 onpederennori gore OT 06uje20 Hucaa
CAYHASs, TAK 4T0 UMPETCA ONpeJeAeHHas 8epOATHOCTL ROAYUEHUS
danno20 pesyavTara. 3Ty BEPOATHOCT: H GYAET BHUMCIATD TEOpUS.
Jlume B TEX 4acTHHIX CIygafix, KOTAa BEpOATHOCTh HEKOTOPOTO pe-
3yabTATA paBHA ELUHHIEE, PC3YILTAT ONbLITA ONHOINAHCHY ).

Ms cKaza¥HOTO CJACAYET, 4TO AUHAMHUYECKON mepemeniol B Keau-
TOBOK MexaRHKe, BOOGLle TOBODS, HEMb3A NPHIICATE ONMPELLNCHHOrO
3HMAUCHHS, HO BCErIa MOXKIIO MPHIMCATh OMDENEHEHHYI0 BECPON THOCT:
RONyuenAs TaHHOTO SHAYEHHS B pe3yAbTate HIMcpeHus. A pas u3-
BeCTHLI BEpOHTLOCTH, TO MOKHO BRISHCAHTH Cpedree sHadenue.

PaccMOTpUM 3TOT BOTIPOC Ha MPOCTOM MpHMEpE onpe/leNerus Be-
POSTHOCTH TOJOKEnHa snekTpoHa. Ilyctb cocTosrnMe CHCTEME, K
KOTOpOH NpMHALAEKNT HAWN 9JEKTpOH, OMMCLIBACTCH BOJHOBOR
ynguneit (x), T. e peyb KIET 0 MOAOKeHUW Ha och X. Pusnuc-
CKufi CMLICA BOJHOBOf (PYHKIHH B AaHHOM CJyuae COCTOHT B TOM,
470 HJIOTHOCTb BEPORTHOCTH HANTH 3JEKTPOH B TOWKE C KOODAHHATORN
% pasua |4 (%} |2 B Taxom cnysae cpeluee SHAUCHIE KOODIHHATH X
B COCTONHAIL 4 (X), WAH, TOUHER, €€ MATEMATIIYECKOE OKKAane, 6y-
HeT pasHo **}

[ 0t 00 (o) ax
(17.1)

[v e ’

Eciti, Kpose TOrO, BOHOBAR (YHKHAA ROPMUPOBABA K eNHuHle, TO
HCKOMOE €PEAHCE 311A4CHNE NIPEACTABHTCS (GOpMY-I0f

= j X" () (%) dx. (17.2)

*) TL A, M. Jinp aK, [IpusuARs KanTOBOR Mexaumku, GuamMatrns, M., 1960.
=+} Cu. 7. 1, {praomenye I (crp. 549 K cien.).
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Bocniosibayemen aalee TeM, YTO ONEPaTOp RMHAMHUECKOH mepe-
MeHHOl «KOOpIHRATa X» eCTb NPOCTO YMHOXeuwe Ha x. Torna gop-
Myay (17.2) moxHo Gyxer mepenucaTb B CHMMETPHYHOM BRIE:

=¥ 200 7.3

OuepnnRO, 4TO STOT pe3yJIbTaT MOXHO 0B0BINTS na cayyail a6
KOOPRMHATH ¢, @ TaKiKe JI0G0H BYHKUKE OT NPOCTPAHCTBEHKLIX KO-
opnunat. Cpennee 3nauenne KOOPAUHATE gx PABHO

Gp= f ¥ (@, ¢ - g dq ... dq;,  (17.4)
4 cpeAnee 3HaueHne pysxunnu F (g, go, qs) pasHo
Fa, o=
=¥ P e 0@, o) da . dg (7.4)

OBpataMcs Teuepb K OTHICKARHIO CpeRHEro 3HAUEHHs HMNYJbca U
HayHeM TA4KXe C NpOCTeRIlero CIydyas OnpelNesieHHs MaTeMaTHie-
CKOrO OXUIAHNS KOMOOHEHTH pr AVl YACTHIBL, ABHKYWCHCS BAOAL
ocu x. ITo awanornu ¢ (17.3) MBI MOXKeM TMNOTETHYCCKH MOCTYJH-
pOBATL CACAYIOWMA «pelUENT> OTHICKAHHS P, BOCHOALIOBABIINCH B
IT0M €JAyUYde ONEpaTOpoOM fy:

pe= [ € () v (5) v
=[vm(dL)vea=

i

41} db (1 g -

h . dy

: fxp (B gkdx.  (175)
OBo6uzenne Ha caydalt MOGOr0 HMIyJbca, a TaKxe 0607

%yﬂmmn KAUOHHYECKHX KOODAMNAT M HMIYJIbCOB OMEBHINO: NyCTb

F(qu, g2 - @1, pr. pz . pp); TOTHA

B o b @ 5 a
8 T 3 T O, Ta;)x

X, g - -, g}dv, (176}

Fe f (G G oo qf)i"(qn 2

rie dv=dq; dq; ... dgs.

Dopmyaa (17.6), napsily ¢ NOCTyIaTaMH 0 CTATHCTHYECKOM OfTH-
CanH COCTORAHMA CHCTEMBl [PH [OMOUIH BOJHOBOW (GyHKUHH I O
CMBice COGCTBCHHBIX 3H@WEHHH W COGCTBCHHBIX (byHKIMil, NpHHH-
M2eTcs KaK OJuli M3 OCHOBHBIX NOCTYJIATOR KBAHTOBOA MEXaHWKH,
70T nocTyAaT GOPMYAUPYETCA TAK: 6 A060M COCTORNUM, ONHUCHL
gaemon 80aR060U  pyrkyued (g, g, ..., g}, MaTEHATUHECKOE

Quna, p ik F(qis ..oy 1 Pro- s

«ovs pr} BbipaskaeTcs Gpopay ol
F= [ yFpdr, 7.7,

§17 CPEIKUE 3HAUEHHS 61

npu YeaOBUL, YTO BOARDOUA PYHKLUR HOPMUPOBAHA K edunuye.
OnpaBaranueM 9TOTO MOCTYJ/IATa MOKET CIYKHTb TO, UTO OH YAOB-
JIeTBOpSieT OCHOBHBIM MOJOKEHHAM TEOpHH BepOSITHOCTCH, OTHOCH-
IMMCA K MaTeMaTHUeCKHM OXHIAHKAM (CpefHHM 3HRUCHHAM), 2
#MEHRO ¥}

1. Cpensee snaseHue AGCTOBEepHOR BeJIHUHHM
eCcTh CaMa 3Ta AOCTOBepHafd BeJdudINHAa

Mycts F — puHAMHYECKAs fepeMesHas ¢ IMCKpeTHHM CleKTpoM
cOBCTBEHHRX 3naueHui, N mycTb Y — cobcTBennasn (yHKuus onepa-
TOpa STOR IMHAMNUECKOR NepeMEeHHOH, a A — COOTBETCTBYIOUIeE
370l (yHKUHH COBCTBeHHOe auavenue. TOTHA, COTIACHO ONpefene-
010 COBCTBEHNbIX 3HAYCHUH,

Fp=np. (17.8)

TlocTynar o cMbicie COGCTBEHHLIX 3HATeuHH yTBEpKIAET, YTO MpH
u3Mepennx RMHAMUYECKON NepeMennoil F B COCTOSHMM, Xapakre-
pu3yeMoM cobcrBenHof GYHRIMeR uucaO A NOJKHO NOMydaThest ¢
JOCTOBEPHOCTBIO. BLIMHCAAA MaTeMaTHYeCKOe OXHIAHHE 1O (op-
syne (17.7) u nonvayscs (17.8), nomyvaem

F jw'ﬁwdr:xjw‘xpdr

(17.9)

410 U Tpefyercs COrAACHO (HOPMyTHPOBRHHOMY BLIIC NOJOXKEUHIO.

2. EcaH B ORHOM W TOM Xe COCTOAHHM  Cpennec
3Hauenue Beuunun FpaBHo F,acpeaneesnauenue
senHunus G pasuo G, To cpennee sHayEHNE CYMMB
F4+GpasuwocymMe cpenunx, 7. e. F-G. Tlo onpenenennto
<cpexnero sHasenns (18.3) umeexm

Fro=[v(F+Gvdr=[pPodr [yhodr=n+tp,

T. €.

FF+G=F+0, (17.10)

9T H TpeboBanoch A0Ka3aTh.

TlogBesem uTOr CKasaHHoMY. B oTaumume OT Kjaaccuueckol me-
XaHWKH, D€ MU BCErAd MOMKeM OIHCaTh JBUKEHUe BCECTOPOHHE,
YKasHBasi ORHOBpEMEHHble ONpeNeseRHble 3HAYEHHA BCeX MeXauu-
HecKux BEJUMHH: KOOpAWHAT, MMMYJbCOB (CKOpOCTeH), MOMERTUB
HMIy/IbCa, SHeprud, B KRAHTOBOJ MeXaHuKe MeXaHHYecKHe Bedu-
4uHE, BOOGIIE TOBOPS, HE HMENT Onpefelendrx 3navenuit. Ograko
€c/u uasecTaa BOJNHOBas (PYHKUMS, ONUChBAIOWA% COCTOSIHHE B
onpenencHHbI MOMeHP BpeMelH, TO, NOAb3YAcs opMyaoi (17.7),

*) Cu., Hanpumep, unTnposanwstt & 7. 1 ma c1p. 548 yuebunk C. H. Bepu-
aredina, cip. 87,
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Mot Bcee0a MONCEM YKABATO CPEONHUE BHAYCHUS BCEX MEXQHUHECKUX
seausun. Takum 06paiom, 8 KBAHTOBOH MCXQRUKE MbL MONCEM ONU-
cars Qsurtenue co 8Cex CTOPOH, HO TOABKO craructuuecku. 7o
BIOJHE CCOTBETCTBYET TOMY, 4TQ KBAHTOBAA MEXZHWKA ecTb (10 CY-
IHECTBY TEOPHS CTATHCTHYECKAR,

Orperum, uto w3 opMyan (17.7) aBTOMaTMuyecknm BhTeKaer
yXe ynomsuasincecst papee caeicteue (§ 15): ecau ynkyus ¢
ORUCOLBACT KAKOE-AUBO COCTORKUE, TO U (PYHKYUA Cof, ede ¢ — no-
CIOSHHOE HHCAO, ORUCHIGRET TO e COCTOAHUE. B caMoM gese, aurd
BHIYIICAEHN CpeflHUX 3HAUCHHl B 3TOM C/Iydae, CYEBUAHO, CAENYET
MOKb30BATHCH (OPMYNION, B KOTOPOH +p-Gbyikua He HOpMIpoBaHA
k1 [cp. ¢ thopmyaoit (17.1)]

_( v Fydr _( (c9) F(ew) dr
= R (17.11y

[ tewr oy ar

B {orpar

Y70 ¥ TpeSOBANOCh IOKA3aTh.

IMoxaxem Temepb, 4TO GoOpMyNHpOBAHHBIL BhINE MOCTYHAT O
CpeAHCM SHAUCHWH [03BOJIAET TAKMKE YCTAHOBHTh CIOCOD BIVMCIE-
HWA BEPORTHOCTEL OMpERECHHBIX 3MAvEHHli MEXaHHUCCKHX BEMHIHH.

Hrak, nycts coBcreennbie (BYHKUHH K COGCTBEHHLE 3HaveHns
onepatopa £ HEKOTOpO NHIBMHEECKOl NepeMerHofi BYAyT CooTReT-
CTBEHHO 11, w2, o M Ay, Ag, ., JIPHUEM Mbl TpPENNONEraeM, uTO
onepatop WmeeT AnCKpeTHblf CMeKTp COGCTBCHHLIX 3navenui. Ecan
CHCTEMA HAXONHTCR B COCTORMMK, XapaKTepuayemoM bywxnned «,
He siBAsoNleicA coBerTaenroll dynkwed onepatopa F, TO, Kak 06b-
ACHeRO BLIue (CM. CTp. 59), mpn u3Mepesuk BeaHunnbl F A0MKHE
ToyuaThea paSJ[M‘lHI:IE qucana, nthannemaume. OﬂHaKO, K pany
COGCTBEHHDIX 3HAYERUil A1, Az, ... onepatopa F. Cpefmec 3HaucHpe
F B cocrosung  pasno

F

[wPyde (17.19)

TIPH_YCIOBHH, YTO § [OPMHpOBAHA K CAWHHLE.

Pagsioxny Teneps GYHKUMIO 1 M0 cOBCTBEnHbIM PYHKUAM 1y,
2, .. onepatopa F, T. ¢. NONOKMM, 4TO Fpp = hupr, W HonycTu,
uT0 Bee QyHKUML i, b2, - P, o HOpMUpOBAHH. Torza ¢’ mpes-
CTaBNTCA CYyMMOH

p=crpr+ e+ oo Foat ol Egcm. (17.13)
CootsercTBenno 1aa $* HMeem

v =2

§ 18l NIPHMFPBH BHYMCHEHUA CPENHIK 3HAUEHUA 83
Moncrasasa stu pasaoxesns s (17.12), noayyaem

Fe j e+t )P + o+ o )dr=

3ok, j P, dT 4 cie,h R, Jﬁ Vg, drt ... e f P, dr+ ...

(17.14)
B cuy yenosRit OpTOrOHAJBHOCTH I HOPMHPOBAUHS HHTET patbl
pasHbl
X [ k=l
f\bmdfz 0 kel (17.15)
n popmyaa (17.14) naet
F=le Mt frt oo HlenlPhe+ oo (17.16)

Ucnonbayenm Teriepb yCIOBUC HOpMUPOBAHKSA DyHKUHE :
1= [yedi=[ @ +epi+ . +api+ )X
X (e e+ o Fepp o) de= Y, [ b de
bt

=le, P+l P+ ... +lalP+ ... (1717}
Conocrapans (17.16) n (17.17), B1upuv, 970 HX MOXKIQ Nepenucars
B BHME _

F=tyw, + 2w, 4 ... +Awst .

l=w +tw,+ ... +w,

re w =l |}, wp=le,f n T A

370 NoKa3biBaeT, UTO KBaApaThi MOAyMeil Ko3hduineHTOB pas-
MOKEHUs BOJHOBOA (QYHKIMKH B pHA NO COOCTBEHHBIM QYHKLWAM
omepaiopa F MFpa!OT pOJlb BCpOﬂTHDCTEﬁ NOJMYUHTE liph H3Mepernsix
Mexannueckofi BenduuHly Wncaa hy, Az, - i, .., ABAAODIAECT COO-
CTBEHHLIMH 3HAUCHHAMA ONCpaTopa.

§ 18. TipuMepbl BbHCAEHHS CPEARNX 3Hauenni
BrruncanM NS OpnMepa CPexaue 3uatendss X u p, a rakxe ¥* g p>
AAS AHNeHHOr0 apMOHMYCCKOTO OCUWIAATOPA B HOPMAIBHOM CO-
crosiHuH. 110pMUpoBannas BOTHOBAS (YRKUHS STOTO COCTORHUS HAM

uspectra (cm. 1. 1, § 159): ,

ax

bo=

Py
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1 "
*
e’ o,
HmeeM
+o f—
/o z
f poXihe dx =V - fxe"‘“ dx

+oo
(BCe umTerpany BHAA f x2tlg=oX fx paBHH HYJIO BCAGNCTBHE

ReveTHOCTH IOABIHTErpanbuoil pynkuun). lasee

oo = _ax
f Wnﬁlbnd"fl/%_f e * (?%e

KaK U B KA4CCHUECKOi MeXaHUKe, ¥ i g B 5TOM Clyuae paBHbl HyJIO,
YTO # CNeAOBAN0 OKUAATh W3 COOBpakKeHud CUMMETPUN GYHKIHH
4 (x) OTHOCHTE/BHO X. _

OBpatiMcst Temepb K BBIMHCIEHHIO %2 u p2 Tipy 3TOM BHUHCITE-
MM, a TAKKe Nph pelieHWH 3afay K 9Tomy naparpady Ham npu-
JZieTCsi BCTPETHTBCS C OpeeseHHBIMY HHTETpanaMy THRA

4o
I = f x2ke—0r dx,

8.1}

St mnterpasel 8 [Ipusiowenun | B KOHIlE KHHTH BLIMHCICHDB! 518<
MeHTapHHM nyTeM, UCXOAd HI HHTETpana

bl —
L= | evdx=V 3.
Ony pasmsl
- (2k—1) ©
L ’_7-—‘]/-a2u+|’ (18.2)
TaK yTo S
) -3
EI 1/7% HoTR (18.3)

*) Co 1. L, gopuyaa (158,3).

§ 18 TIPHMEPL BLIYUCJIEHUS CPENHMX 3HAYEHHRA 65

TToab3YsICh 3THM, HAXOLHM

o0
=Y | pewarmy/ T pmy/E Ly E
x_l/-ﬂjxe de= :I'![_ n 03=
1 b _ Mhey _ B
2 2 mo, ma? !

(18.4)

(rae f-—mocTosHHas KBasWympyrod CcHJb) — pe3yabTar, COBna-
JAawmuii ¢ nonysexnnsiM B T. 1, § 159 wecrporum myTem.

mhao,=mE,,

T. €. ONATH-TAKK pe3ybTaT, yXKe HajiewHui B § 159.
Hanee sbryucauM cpemHMe 3HAUEHHR KuHETHUECKOH H NOTEH-
HaJbHON 3HepriH:

= ra Eom I

Lhi=gm=7%, =7f
1 .= ]

Uy=ygjxt=

Bt
[

Ey,

T. €. CpeRHAR TOTeHHHAJIbHAs SHEDTUR PaBHa Cpefnefi KUHETHUe-
CKOi1, K4K W B KJIacCHYecKol Mexaunke, Hakoren,

Ey—To+ Uy=E,,

Kak ¥ Cnefosaio OXHAATE, TOCKOJAbKY HYJNEBOE COCTOSHHE €CTh
COCTOSIHHE € OTIpEAENeHHON SHeprueit.

Yopaxnenns [ IToay COGCTBERHLIMA AuRefiHOrO rap-
MOHINCCKOTO OCURMANTODE B PaSAMYHNX KBAITOSHX cocommmax (v. I, § 150) W

1 a
NpHENMBS RO BHMMaHMe HOPMHPYIOWHA MHOKMTETH Ni_w o » e
ot 2w piapan = nn=2

2 [lorasaTb, 4TO B TOM W APYFoM Caysasx ynpamkeius [

U=T,

3 3. B. illnonscxud, . 11
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3 [Moxasath, uto

E=U+T=

§ 19. CoOTHOIIECHHS KOMMYTATHBHOCTH

Buillic MBI BHA®/H, UTO, COTVIACHO OFIHOMY H3 OCHOBHBIX MOCTY-
JIATOB KBaHTOBOH MexXaHUuKH, MEeXaHAYeCKOH BeJiiuie MOKHO npe-
HHCLIBATD ONPENeseHnoe 3HaueHne TOMBKO B TOM ¢/Tyuae, Koraa mo
3HaueHHe ABAACTCA COGCTBEHWHIM 3HAUCHHEM -(DYHKUHH, ONWChI-
BaOMIef COCTOSIHHME, B KOTOPOM HAXONHUTCA CHCTEMA.

PaccmorpuM Tenepb BOOpOC O TOM, Mpd KaKHX YCIOBURX 082
UAU HECKOAGKO MEXQHUHECKUX BEMIMUH MOZYT UMETH 0OHOBPEMEHHO
onpedenenrble 3Hauenud. JIBe MexaHHIeCKHe BeNHUHHB F u
HMEIOT Onpefle/leHHble 3HAYEHHR, KAWK/AA He3aBUCHMO OT Apyrof,
B TeX CIy4anx, KOrZa OHM HAXOAATCH B COCTOSUTMSAX, ONHCHIBAEMbiX
COBCTBEHHBIMH  (hYHKUMAMH COOTBETCTBYIOIMX onepatopos £ u G.
OueBHAHO, 4TO ITH BEJNHUUHH OHOBPEMEHHO OYIyT HMETh ompese-
JIentisie 3HAUEHHUS], eCAH COCTOAHUC OMUCHBACTCH (YWKIHEH W, 8-
Jastiouledics coBCTBeHHON (pyHKIet TOro # APYTOro ofeparopa, T. e.
oftweil cOBCTBEHHON (yHKIReR.

Cnpaseunmao u OOpaTHOe MonoXKeHWe, a TOTOMY BooGuie ABe
HAH HCCKONBKO JMHAMUYECKHX NMEpEeMEeHHbIX MOTYT OJHOBpEMEHHO
HMeTb ONpCLEJEeHANE 3TaUenks B TOM H TOALKC B TOM CAydae, Koraa
COOTBETCTBYIOIAE 3THM IMHAMHYECKUM MepeMeHNbIM Omeparopbi
uMCIoT o61lie cO6CTBeHHbBle (PYHKLMH.

B KauecTBe [pKMepa PACCMOTPHM COCTAaBJAIOIIME KodHYeCTBA
JIBUKEITHA [0 OCAM N€KAPTOBbIX KOOpAnHAT, X onepatopsl

. b a h 4
b= =735 P=7T7%5- 19.1)
CofcTBentibie (pyHKIAN 3THX ONCPATOPOR YAOBAETBOPRIOT ypabHe-
HHAM

b oy hoay
T oy TP Tay TR (19.2)
TAE P, Py, P — COBCTBCHHBIE 3Hauenns onepaTopos (19.1).
JIerko BuaeTh, 4TO hyHKUHMA

i

o (Fpgtup 2
= I (19:3)
YIOBJIETBOPACT BCCM STUM TPEM yPABHEHUSM, T. ¢, SBAfeTes obuled
COBCTBEHHON hYNKILECH 0iepaTopos Py, Py, Pz ITO MOKagLBaer, 4T

§ 18] 'COOTHOMEHHS KOMMYTATHBHOCTH 67

NpoeKul KOMHUECTBA ABHMEHHSA HA BCE TPH OCH KOOPAMHAT MOTYT
UMeTh ORHOBpEMEHHO ONpE/eEHRbe SHaTeHNs.

CymiceTByer KpuTephf, KOTOpHIl NO3BONRCT CYATh O TOM,
uMeIOT i AaHHule OllepaTopLl obWe cofcrBeHHbIe (yBKunM W
HeT. OKa3LiBaeTCR, UTO eCAU OREPATOpbL UMEIOT 0bujue cOBCToeH bIE
yricyui, TO TAKUE ONEPaTOpbL KOMMYTUpYoT. [lokaken 310

Iycrs y Oynet obmedt cofeTpennoit bynKunel onepartopos Fn
G, 1. €. nyCTh N N

Fy=»Mp, Gyp=uyp.
M nmeenm " L .
FGyp =F (Gy) = pFy = phy,
GFp =G (Fp)=AGp =y
Orcona crenyer, 410

HAM B CHMBOJIHYCCKOM BHMC

FG=aGF. (19.4)

OGpaTnasi Teopema TAKXKe HMERT MecTo: eciu Oneparopbl KOM-
myTUpyIoT, T0 OHu useroT oGwue cobersennse pynxyuu. Tokaxem
970 AN§ CAYYas, XOr/a Kax/AOMY COGCTBEHIOMY 3HAUEHMIO COOTBET-
CTBYeT OfHd COOCTBeHHAs (YHKUMS (BHIDOKAEHHE OTCYTCTBYET).

[lyetb 4 1 A GyayT coorBeTCTBENNO COGCTBEHHOR (yHKURed B
cofcTBentLM 3HaveHdeM omepatopa F, Tak 910

Fop="Mp,
H NOJOXHM, KpOMe TOro, uro oneparop F KOMMYTHpYeT ¢ ofle-
paTopoM o
FG—GE. (19.4)
Beaeacrsue yeaosua (19.4) umeem
PGy — GFy = G (Fy) =AGy.
ConocTapasii Hayaao H KOHel Toil Uemi paBencTs, Mbl BUAHM, 4TO
F(Gp)=1(Gy). .

1o osmauaer. uro Gy.ectb coBeTBensas dynkupst omcpatopa F,
npuHaiaeRamas coGCTBENHOMY SHAYEHHIO A: HO MO YCAOBHIO H
ecth coBersennas GyHxunsl £, TpHAALICKAAH TOMY XKe cofeTBey-
HOMY 3HAYENHO, T. €. IpY OTCY |CTBHE BhIDOKAENUS (YHKUHH p 1 Gy
ONKCHIBAIOT ONHO H TO K€ COCTOMHME. DTO MOXKCT OHTE TOJLKO B
Tom caysae (eM. § 13), ecnu Gy oTaMHacTCs OT A AnUIb MOCTORH-
HBIM MHOXHTeJIeM, HanpuMep

Go=py,
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HO 3TO M MOKA3LIBAET, 4TC W ecrb COGCTBERHAR QyHKUpA TaKke u
oneparopa G, 7. e. uto omepatopy £ u G nmenoT o6y coberser-
HYI0 QYHKIHO,

MLI BHIENH, UTO QMHAMNYECK(e MepeMeHHble Px, Py Pr HMEIOT
obmyto cobeTsennyo byukumo. Ha ocnosanup ckazamioro coorser-
CTBYIOWLHE UM ONEPATOPEI N0/ KHEL KOMMYTHPOBaTY. [leficTauTeasto,

.
Pbgp=— 1L
. ¢
Pubeo=— 1T,
OTKYAa CIELYer, 4To
Bsby— Pubx (19.5)
W aHAJOrH4HO
Pubz— P,
(19.6)

Pzbs — prp.—0,

Jlerko y6enThCA M B TOM, UTO KOOpAWHATA H COCTABASIOMAA {M-
fyabea, COOTBETCTBYIOMAN Opyzol KOODAMHATE, TAKKE KOMMYyTH-
pyIoT. HanpuMep,

=P, =0

(19.7)

n T. 1. Ho KOOpAIHATA U COOTBErCT8YIOWAn exl COCTABJAAIONIAR HM-
0yAbca He KOMMYTHpYIOT. B castom pcne,

(&
P20

Vioox i ax "

a bij ko
G =7 e+ 75 5E
T. €.
(Pri— Sp)p=12
Haua
. . 2
Pk — A — (19,8}
AHANOTHYHO NOJAYYAM
Pl — by = ’
19.9
Pk —2p. = 059

g 20 COOTHOWFHUS [IFOMNPLAEICHHOCTER 69

Ho JHHAMUYECKHE lIePEMeHHbIC, KHOGPH)KHQMHE HeKOMMyTMpyIO‘
WHMH Dl’]epﬂTOpaMH, Kak ﬂpaBHJ‘O, He MOryT HMeThb OnHOBpeMEHHO
onpejiesiensble sHatenns. Mp npHXONUM, Takum o6pa3om, K BHBOAY,
4TO HE MOTYT p 0 KMeTk Omp 3HayeRnA KOOp-
JUHHATHL 0 COOTBETCTBYIOWHE HM COCTABASIOIME KOJHYECTBA JBHMKE-
Hus; JRGO OHA H3 1HX HMeeT OmpejeleHyOe 3HaueHHe H TOTAa
Apyras 6yzer Heonpelenenta, Jubo obe oHu B W3BECTHOR cremeni
HeOmpeAeNeHHEl. .

BGMETHM, HAKOHEY, 47C B BHAE HCK.IIOYEHHA MOTYT HMETH MECTO
c/lyyaH, KOTIa MpH HEKOMMYTHDYIOIHX OMepaTopaX COOTBETCTBYIO-
LlHe TMHAMUYCCKHE HEpeMElHble MMEIOT OfipefesieHHble 3HAuEeHUM.
Huxke Mbl YBHIHM, 4TO COCTABJISAIONIME MOMEHTA HMNYNbCA HE KOM-
MyTHpYioT. ONFAKO CYWIECTBYeT COCTORHME, B KOTODOM BCE TpH CO-
CTaBASIOUIMX HMEIOT ONpeNeseHnble 3HAUCHHA: STO COCTOAHKE, B
KOTOpOM MOMEHT HMIYJbCa paBeH Hyao. B 9TOM clyuae, OueBUAHO,
Bee TPH COCTABJAIOUIHX MOMEHTA HMIYJbCA HMEIOT OmpeiesiedHuIe
3HaYeHHd, 8 HMEHHO — OHH paBHbl RyJi0,

§ 20. Coor

Bhitlie Mbi BUASIH, 4TO YCAOBHEM BOSMOKHOCTH OHOBpEMEHHBIX
TOUHLIX 3HAUEHWh XMHAMUYECKUX NepeMeHHBIX ABJIAETCS KOMMYyTa-
THBHOCTh OMEpaTOpOB, COOTBETCTBYIOMX 3THM [epeMeHHbIM. Ha-
TpOTHB, NHHAMHYECKHE NepeMEeHHble, KOTOpbIM COOTBETCTBYKOT He-
KOMMYTHDYIOIHE Of€PaTopH, Ke MOTYT HMETb B OXHOM H TOM K¢
COCTORHHH OfpCAC/eHEble 3HaYeHus. DTo 03HAUACT, YTO €CAK MBl HA
onerre GyneM H3MepATh TAKMe AMHAMKUECKME NepeMeHHsie, TQ HE
CMOXKEM JJI% HUX TNOAYdHTH OJHOBDEMEHHO OlipefeseHHble, T. e. ab-
COMIOTHO TOUHBIE 3HaueHns. B Jyutmem ciayvae Mbl NOAYHHM s
STHX BOJHUHH 3HAUERHA ¢ AEKOTOPOH HETOUHOCTBIO.

B nepBoM TOME Mbl paCCMOTPENH 3TOT BOMPOC HA OCHOBE (H3H-
uecKnX cooBpaKenui W HOKA3ahH, HTO 3TH HETOUROCTH, WM, pa-
BHJbLHEE CKa3aTb, HEOMpeeNeHHOCTH, 06YCIOBIeHb HE [TeCoBepHeH-
CTBOM HAUIKX H3MEpEHHH, HO caMoR Mpupoioit Marepun. PasHsae-
MbIfi HAMH 30€Ch OPMATbrbtil anmapar KBanToBol MeXanHki B CBOIO
Ouepenb aBTOMATHYECKH IipHBOMMT X HEH3GeKHOCTH STHX neompese-
JieHHocTelt u K BX Mepe B pan6ouee GaaronpHATIOM Caydae.

K uycny AnHaMBYECKHX [EPEMEHHBIX, ONEpaTophl KOTOpPhIX He
KOMMYTHpYIOT, NpHHAANEKAT KOOpJAHHATE W COOTBETCTBYIOWIHE HM
HMIYALCE, HalipHMep X H px. 3alaiuMCR BOMNPOCOM, KaKoBa JOJIK-
Ha GHTh Hen3Be:KHAA HETOYHOCTH OPH OJHOBPEMEHHOM HIMepeHun
2TRX BeJMuHI?

JInA TOro 4TOBH OTBETMTb H& 3TOT BONPOC, MBl CHAYANA KOJAMKMb
YCAOBUTLCA, KAKHM C1ocoBoM Mbl GyZiemM XapaKkTepu3oBaTh TOYROCTL
usmepennfi. TIyctb Mbl mpOH3BCAH JOCTaTouno GoOJbIIOE UHCAO h3-
MepeHult KaKOH-IRO0 BEAHYuHb ¢ W MORYUWJH TpH 3TOM pAl HuCen

Heonpere. el
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ay, ay, @3, ..., CPCAHEE W3 NUX nycTh Gyaer @& OTKaouenns OTAeIb-
HEIX U3MEpEHHH OT CpeaHero Gyayr

a--a, Gy—da, ..., G—4a, ...
Ho, xak mum pugenu 8 1. [, § 109, cpeasee n3 srux oTwacHCHNIT
PABHO MY/, BBJAY HCFO TOJAB3YIOTCA CPEANUMA KBaipaTamn OT-
Knonenuit & = (a,— ), a Mepoll pasbpoca uuciAeHHLIX 3HaueHmiE
€peniiee KBaApaTHyiloe OTKIOHEHHE

— 2
o= ;/ €.
Jlerko BHACTs, Nanee, 9TO HMEET MECTO Caefyloliee COOTIOLENHE:

—{a, Za¥ — al— 233 +- (@) — a¥ — (a)°

g =(a,— af =a} — 24,3 +- (@) —a — (a)" (20.1y
Ham nyxuo naiirn TeNEpb MEpY HETOUIOCTH H3IMEPEHHA KOOpaH-

HaThl B COOTBETCTBYIOWCH CH COCTABAAIOLIEN UMIY/IbCA, HApHMEpD X

3 pr. Ha ocnopannn (20.1) Mb uMecM
B =2 — @, Bpy=

()

He orpauuumpas ofwmuocts BEIROMA, Mbi MOXEM NpellOIOKHTE,
HTO CpelinNe X M px paBubl HyNIo, B camom zexe, an2 storo aocta-
TOUHO BEIOpaTh MOLXOSNIYI0 CHCTEMY KoOpiuBatr. Ecau nuiBpatb
Ha4dj0 ee B TOUKC € KOOpAHHATON X, 10 £ == 0; jajee, ccnd 9Ta
CHCTEM2 ABHKETCS CO CKOPOCTHIO px/m, TO px = 0. Htak, B BEBpan~
HOf HamK cHcTeMe

A=, (Bp)=p. (20.2y
Cornacno ycrauosicruoil 8 § 17 GpopMyse Afs KBAHTOBBIX CPCAHHX
uMeeM

¥ = f P dx,
= . v d*
pizh P2 d.v:—ﬁ’jxp Tk ax. (20.3y
Bosbmem TCrepb OYeBnIHOC HepasecTho
P
f'ax¢+ ﬂd—;brdx =0, (20.4)

Tae o u §— mobuie REeACTBHTEAbHbIE BCHOMOTATEAbHDIE nepemern~
Hble. Bejylcany noabiuTerpanbbe BEipaKenA, MOMHA, UTO KYKH>
OTHICKHBaTh KBaapatT Mo0yAs .

dy |2 8 K
axp+ B ,d% =(a)f\[) +B %”) (axxp‘+ ﬁ%) =
= ooy + afx (1;‘ Z—?""‘l’%) + 62%%:

= ey -+ o g (970) + B 28 4L

§ 200 COOTIOMEHMS HEOMPEAFNEHHOCTEA 71
Bsenewm o6osHauenus

A—J.x?\p'\pdx, B=— J. xﬁ(ﬂ"\b)d&

dg* dy
c=[ M dr g, 20.5)
Hepanencreo (20.4) Tenepb mpuMeT BHA
Ac® — Baff +-CB*2=0, rre A>0. (20.6)
Tloatomy ROAKHO GbITH ’
B—4AC<0 (20.7)
HH
4AC =B (20.8)

Pacxpoenm Tteneps 3navenus kospopnunentos A, B u C. Meppast us
<popmya (20.5) oKa3uiBaeT, 4TO

A=7, (20.9)

Tlppuumas BO BHUMaHHUe, YTO 4 HODMHPOBAKA K eNWHHIE, H BHINON-
BAA UNTETPHPOBAHHAE NO YACTAM, HAXOAHM AAS

B=— fx%(¢'¢)4x=—(x¢'w)[:+ fxp'wdx=f¢'¢dx= L

JlBoiiHad noACTANOBKA OT — 00 [0 --00 JaeT kyAb BBHAY TOrO, UTO
Y KaK dyHKLHA KB2KpaTHUHO-HHTErpHpyeMasn yGrBaeT Ghicrpee, He-
JKEJIH X BO3pacTaer,

llaxosell, HHTCIpHpOBanKe Mo uacTaM Aaet ans C

- +oo

[ A g (et _f O X __j il

o= | S far=(y dx)‘_,, Vg dr= = W e
Ho, npuanmas so suuManue (20.3), nofygaem

L
C=5rr}

4, cornaceo (20.2),

BrP=R=HcC.
Ha ocuosanuu (20.2) u (20.9)
(AxP=x"=A.
Iepemuokan, noxyyaem
B B
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Ho sBcnencisue (20.8) 4AC 2 B?; noatomy
— g
B Gy =2 8

uaM, Tak Kag B=1, 5
JE— 2
Gy =,

H, HakoHen, T2k Kak Ml YC/AOBHAWCH XapaKTePU30BATH HETOUHOCTDL
N0MOKHTEILHEIM KBAaJAPATHEIM KOpHEM H3 CpellHero Ksaapata oOT-
KJIOHEHHS,

Var Vanr =1, (20.10)
Illlﬂ AByX Apymx oced KOOpﬂHHﬂT aHaJOruyHO

———  j
VEy Videy = 4. 20.11)
ot Vinoo o~ B
Videy Vidpy = 1. (20.12)
Hepapeuctea (20.10)—(20.12) 6buin oTKpuiTe Fefaenteprom.
Ony yKasbiBAIOT BepXHHil Mpefiesl TOMHOCTH, KOTOPhill MOXKET GbiTh
JOCTHCUYT TpH OAHOBPEMEHHOM H3MepeHHH KOOpAHHAT M HMIyJn-
COB; {IDOU3BEACHNE HETOUHOCTCH He MOXKeT OuTb Menome h/2, Oue-
BHILHO, 470 (husHdecKoe colepKauue wepaseucts eiizenBepra cos-
napaer ¢ paccMorpensnsiMi B T. 1, §§ 139, 140 coorHowennsmu He-
onpejeneHrocTed,

§ 21. ¥Ypaenenwe Ulpenmnrepa

Ho cux mop Bee AWM PacCyXIEHHA OTHOCHINCh K OLHOMY
MOMeHTy Bpemend. Ham vemepb HyXHO HAHTH 3aKOH, ONNCHIBAIO-
N SBOMIOUHIO CHCTEMB BO BpCMenH. JLJIR 9TOr0 Mel npexie Beero
BCIIOMHHM, YTO CTATHCTHUECKO® ONHCAHHC CHCTEMbI, KAK 9T0 MBI BH-
e B NpeNblLymux naparpaax, OCyUIECTBAACTCH OpH NOMOILK
BOJHOBOH byHKunu P (%, ¥, 2), 2 AMHAMEYECKHM nepeMeHHbIM Kiiac-
CHUECKOA MEX2HWKH CONOCTABARIOTCH JHHEAHbIE CaMOCOMpAKenilble
oneparopbl. CBA3b MEXKAY COCTOSHHEM CHCTEMBl U AHHAMUHECKHMuU

D IMH YCTaHAB, TCA Npd vp n lpeun-
repa. [locnennee mpeacrasisier co6oit 0GoGmenre CoOTHOMEHUHS
RIACCHYCCKON MEXaHHKY, CBASHBAOILIETO Mexly co6oi (yHKiluio
KOOpJWHAT K HMIYIbCOB, raMWIbTOHHAK W NOAHYI0 aHepTwo E.
FaMuibTonnan CMCTEMBl Npu YCIOBHE, 9TO NOTEHUAJbHAd 3Heprus
HE 3dBUCHT OT BPEMEHH, €CTb CYMMa KHHETHWECKOH IHepruH, BLIpa-
KERHOR KaK (YHKUHS WMIYAbCOB, N MOTEHUWAJIbHON 3HeprHH —
(yukuny koop guHar. Ipn sTOM npelnonraraeTcs, uTo B KauecTse
KOODLAUATHOI CHCTEME! HCNIOAL3YETCA JEKAPTOBA CHCTEMA KoOp-
AHHAT.

§ 21 VYPABHEHWE WPERHNTEPA 73

Kiaccuueckuii raMu/Ib10IHau OAHOA HaCTHUBI BEIpaKaerca ue-
pea AMHAMUYECKHE TepeMeHHbIe M3BeCTHbIM COOTHOWEHHEM

Hem g (f g+ )+ Un, 1, 2). @L

B oTcyTcTBuHe Cuil, 3aBUCALIMX OT BpeMeHH, 3Ta CyMMa paBHa
10CTOAHHON NOMHON 3Heprun cicteMbl £, TaK HTO COOTHOMEHUE
MeX/y raMu/IbTOHHAHOM K 3neprueil ecTh

H=E,
#1 10npoBHO:
L 2 > :
m‘(ﬂ;+ﬂy+ﬂz)+u(’fx y, 2y—E. (21.2)

Tlepexon ot ynxuuwm Famurbtona x omeparopy Iamunbtona
TpOMBONMTCS YTEM 3aMeHbl HMOYILCOB px, py, pr OTEPATOPAMH
i3 b3 b3
Pr T g P Ty P2 E @213
# 3aMeHsl noTenuuanbuod sneprun U(x, y, 2) — onepatopom ymHO-
Kenlist. B pesyasTare nofydaeTes oneparop [amuibrona

S mie @ my L a
R L L B )

WJTH, COKpPAlIeHHO, ¢ HCNIOABL30BAHKEM ONepaTopa Jlanaaca:
B 0
=—gmb+l

I 92 92
o t o+ 3z

TlpuMenss 3T0T ONEpaTop K BOJIHOBOH (hyHKUWWM KOOAMHAT, NOXY-
qaev B KayecTBe oGoGuennst ypasHenun sweprau (21.2) ypasueHne
IHpenunrepa

B2
— o 9 4 U= E¥, (21.5)
wni, noxpobHo,
PR 22 &t
(S S+ S+ ve=Fe. (216)

Tlepexon X KOMNJIEKCHO-CONpAKenHol PyHKUMN P® HE MERACT ypas-
nerus Lpelunrepa, Tak Kak MHuMasi €MMHHLA He BXOAWT B STO
ypaBnenye. [T09TOMY KOMMJIEKCHO-COMpsKEHHaR QPYHKUHA 1 NOA-
9UnAeTCA TOMY Xe ypaBheruio (21.6)

‘ (B o S r U =By, @8)
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Buie yxe Gbi1o yRasaHo, uro ypashenwe (21.6) cayxwurt gad
HAXOXAEHUS BONNOBOIl (GyHKUMH (X, ¥, 2), CTATHCTUYECKH ONHCHI-
BAIOLIell COCTOAHUE CHCTEMbE B ONpefeiCHHbE MOMEHT BpCMCHH, M
COBCTBEHHBIX 3HAUEHHH SHepruu.

HsmeHenHe COCTOAHMA CACTEMEl C TRUEHHCM BpCMCHH JLOJIXKIC:
ONHCHIBATECA hYHKINEH, 32BHCAILCH HE TOALKO OT KOOPAMHAT, HO M
ot BpcMern. Sty (yHKIMIO My Gynem oBosHauaTe npomucuoit Gyx-
Boit W

AR A eLn

Hubpdepennnanbuoe ypabreude B 4aCTHLX 1pOH3BOLHBIX, KOTO-
poMy nOARHUAieTcs 3TA (BYHKUHA, npeicraBaser coBoi OCHOBHOM
RUHAMHYCCKUA 3aKOU KBAUTOBOH MCXaHHKH. 3TO ypaBueuue Mul no-
ayunm Kak oBoBmewne ypashenus [Ipemwmrepa (21.6). C stoit
HeJBIo 3aMeTHM NpEekAe BCEro, 4To ONCparopaM KOOPIHHAT

f=x, p=y, 2=z

€ONOCTABJAIOTCH ONEPATOPH COOTBETCTBYIOWMMX HM KOMIOHENT HM-
nyAbCOB px, py, Pr, T. C. KAHOHM4ECKH CONpPAKCHHBIX BEJIHUUH, No»
dopmynam

i) i a

3 P P
o =Ty PeT T

Tenepb yuTeM, UT0 B KAACCHCCKOI MeXauuke BpeMs f hOpMajbHO
MOXHO paccMatprsath Kak (f 4 1)-10 0606mennyio KoopaHHaTy, &
snepruto E, BIATYI0 CO 3HAKOM MHHYC, KAK KaIOWHYECKY COMpIKEH-
RYIO et MepeMennyio *). OTCloAa CIEAYET, YTO NpH pacCMOTPCHY
3ABHCHMOCTH COCTORHMI OT BpeMeHW 3HepTHH ClIELyeT CONOCTABUTH.
onepatop

h o _ .,
E»*Tﬁfmﬁ. (21.8)

TaK 4YTO H3MEHEHHE COCTORHHSA CUCTEMBl BO BpeMEHH HAiAeT CBoe
Buipakedue B 3amede wiewa Ey B ypanuennu (21.6) wienom

o O h a

in = — o (21.9)

JI0BONBITHO OTMETHTD, YTO TAKOTO POld CHMMETPHA Mexiy HpocT-
PAUCTBEHHBIMH K BPEMEHHON KOOPIHHATAMH HAXOAWT CBOE ONpaBia-
HHe TAKKE B TeOpHil OTHOCHTEABHOCTH, XOTR ypaBHenne [lpemyui-
Tepa ABAAETCS NEPENATHBUCTCKHM ypPABHEHHEM, u CCEUIKH Ha Ten-
PHIO_OTHOCHTEJIBHOCTH 37€Ch HE ABJSIOTCA NIPABOMOYHBIMH.
YaureiBas yKasauubie MOAHGHKALMH, KOTOPHIC HYKHO HpOUIpe-
cru B ypasheunn Ulpemnurepa (21.6) npu yuere ssuoil sasucumo-

*) T. Toanere i, Knaccuseckan mexamika, Focrexwamar, 1957, crp 265

(cM. Takxe unke, § 22).

s YPABHEHWE HIPEMITHTEPA K]

CTif COCTOSHHR OT BpeMellV], Mbj npluleM K ClAeAyloleMy OCHOBHOMY
AHHAMAYCCKOMY 3aKOHY KBAHTOBON MEeXaHUKH:

L °Y i d

(So+ 5+ )+ 0%, 2L10)

Tne
=Y,y 2, {). 21.11)
Ypapuenue 15 KOMIICKCHO-CONpsLKEUHON pydkuny W* nonyunm na
{21.10), MeHsfl B JI€BOH uaACTH 30aK Ha OGpaTHeI:
p OF* B any arr 9y .

—in T = (S S L I ow ety
VYpasneune (21.10), kax u (21.6), 6oi10 Taxke ycrauosneno Llpe-
nuurcpoM. OHO HA3bIBATCA BPEMEHHEM HAM OGILIMM ypaBueHHeM
1lpeannrepa, torna Kax (21.6) HocWT HasBaHue CTAYUORApHOZC
yrasuenus Il pedunzepa.

[Nokaxem Teneps, uro us ofmero ypasuenus [lIpeanrrepa B xa-
WecTBE HEKOTOPOTO HACTHOTO C/ydad MOJNY4aeTcd CTauuOHApHOe
ypasuenue [Ipenunrepa aan coBersednbix  ynkumil omeparopa
sueprid. ECIH NoTeHupanbHas SHCPTHS HE 3aBHCHT OT BpeMenu, To
sueprust E coxpamsiercs, H peuenne ypasRenus (21.10) wmoxne
#CKATL METOROM pA3AeNCHMS NEPeMEHHBIX. A MMEHHO, HCM 4acT-
110€ pellenye (21.?0) B BHAE NpOU3BEAEHHA

Wx, y 2, =A@ px y 2). 21.13)

flonctanoska Taxoét Gyskuun B ofmee ypasnewne [lpeanurepa
saet

o dA 5
220 g (x, g, )= A) A (x, 9, 2
HaH a4
in—— 7
d.
= T"’. @1.14)

Jlepast 4acTh 3aBHCHT TOMLKO OT BpeMeHH, 2 NpaBad — OT KOODAH-
#aT, N03TOMy paBEHCTBO BO3MOXKNO JHWb B TOM Calyyae, Koraa ofa
STUX BHIPaKEHUs PABUBL HEKOTOPON NOCTOAMNO, KOTOPYIO MEl 0603~
nauum yepes E:

PRI
Y const=E. @L.14)
OTCKma cIIE,uleT JIBa HE3aBHCUMBIX ypaBHellHﬂ:
ﬁxp(x, Y, y=Eyp(x, 4, 2) (21.15)
#a
PRLIUEY FYY (21.16)
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leproe ypaBHERKE ECTb U€ UTO HuOE, KAK YPABHEHMe 1Jist COBCTBEH-
HBIX 3RAUEHHA TAMKABTOUNAHA, T. € CTalldOHapuoe ypapnenue Hlpe-
JAWHTEpA, H TeM CaMBIM KOHCTAHTa paszfieneunsi nepemenisix £
HMeeT CMBICA 3HepTHd, Pelllas 3T0 ypasHekue, Mbi ONpelenuM suep-
FETHUECKHIl CIIEKTp CHCTEMBI, T. €. €C BO3MOXKHLIE 3HAUEHUA SUEPTHU.
Ilonctasiafis 3ateM X B ypasuerre (21.16), Mu Haiizem ero Bos-
MOXKHBIE pe[ﬂeHHﬂ, KOTOpble HAMEIOT BUA

Afy=e T, 2117y
TakuM 06pasoM, CCIH TOTeUURANbHAS SHEPrHS HE 3ABHCHT OT Bpe-
Mern, craunoHapHoe ypasiesue Ulpemwurepa (21.15) gefcrsn-
TENLHO SIBIAETCH HACTUHM ClyyaeM obmwcero ypasrenus Hlpemnn-
repa (21.10). l:Ipu 3TOM fOC/efllee HMECT CIEAYIOIIYI0 CUCTEMY Ya-
CTHBIX pellenuit:

By
Wi, g2, )=e % 9(x 4 2), (21.18)

KOTOpbIE SIBJIAIOTCS COBCTBEURKMH (YHKUHAMM raMufsToHnana H.
TlonoGubte COCTOSHUA CHCTEMBl HAABIBAITCH CTARUONAPHOIMU. Bo-
Jiee AeTAJIbHO CTAUIOKAPHBIE COCTORHUR GyAyT paccMOTpeHs! B § 24,
rie GYIeT TakXe BHIACHEM CMDLIC STOTO HA3BAHMS.

" C marcmatugeckoil Toukn 3penun ofmce ypasuenne LUpenun-
repa ABAseTcA AMGOEPEHLUIANBHEIM YPABHEHAEM B YaCTHLIX TPOU3-
BOJIEIX NEpBOTO NOPAAKA OTHOCHTENLHO BPEMEHH W BTOPOTO — OT-
HOCHTENLHO KOOpAunaT. B 57oM OThOWeuHH OHO CXO.HO ¢ ypasHe-
HWAMHA TEWIONpOBONHOCTH H andoysun. Ho Tak wak xospunuenr
MpK YACTROIT TIPOMSBOAHOK N0 BPEMEHH COIEPIKHUT MUMMYIO eIHHHILY,
T0 ypaspenne (21.10) dakTnyeckn no CBOWM CBOACTBAM TPIMLIKAET
K BOJIHOBbIM YpABHEHWSM H, KaK Mbl TOMBKO YTO Buiedy, JAOuy-
CKaeT uepnojuyeckue Bo BPCMEHH pellieHun Tuna (21.18).

Peiliedns ofwero ypasienus Upenunrepa, xak ypabueuns B
HaCTHHIX NPOH3BOAHEIX, ROKHBEL OBITh NOAYMUEHB HAUAMBIbIN H
KpaestiM ycnosuam. Tor pakt, aro OHO ABARETCH ypaBHeuHeM mep-
BOrO NOpsifKa OTHOCHTENLHO BpeMeHH, HMEET BaHeillee mpuHIK-
nHanbHoe guadenne. A MMERHO, OTCIONA CJEAYeT, UTO AOCTATOMHO
MOXHHAHTL pellleRne OXHOMY HAYalLHOMY YCAOBHIO NpH f = {5 yro-
6 Boanovas pynkuns W(x,f) Aas moBoro Gyaymero Momenta
BpEMeHH cTana Bno/He OnpeleNeHHol, eCIk CHCTEMa B MpOMERyTKe
BpEMERE MeX1y fy I MOMENTOM ! He MOABEPraach HMKAKAM BHel]-
HHM  BOsMymwenunm. TIocKOAbKY dyunkuds ¥ noainoctelo omychi-

BAET COCTOHHE CHCTEMEL, 370 03HAUIET, HTO NOCTATOUHO 3aAATh Ha- .

dalbtoe COCTOsSHue CRCTeMEI, uToOb BCE NOCJEAYIONME COCTONHAN
GuiH Onpenesiensi. B atom 3AKM0qaeTCH Koandectsexuas Gopny-
JPOBKA MPHHLWA NPHYHHHOCTM AN KBAHTOBHLIX CCTEM,

Hawm ieo6xogumo Tenepb HCMHTATL, 06.18XAN0T Jin pellleHns of-
inero ypasaenns llpenuurepa cofictBamn, heoGXOIMMBIMH 11

§ 21 YPABHEHME UIPEAMHIEPA 77

TOrO, 4TOBE MOXHO GBINO COXpaHUTh PEKHEE CTATHCTHYECKO® TON-
koBanue W-pyuxunn: WV dT ABAfeTCA BepOATHOCTRIO HaiiTh wa-
CTHLY B SJeMentapHoM ofneme dt? TlposepKa cocTOMT B crielyio-
mem: ecan WHFdr ecTe BepOSTHOCTH, TO €¢ MOXKHO HOpMUPOBATH
K eunllle, T. €. MoTpe6oBath, 4T06L yAOBNETBOPAIOCH YCAOBHE

[wwdrei, (21.19)
T/ WHTErpHpOBRHUWE PACIPOCTPAHEHO HA BCE MPOCTPAHCTBO. CMBICH
yenopus (21.19) COCTONT B TOM, 4TO BEpOATHOCTH HANTH uacTHIly
ruc-nubyab B npocTpatcTee pasua AoctoseproctH. Ho B TakoM cay-
nae yCIOBHE HOpMHDOBaHWA, PA3 YCTAHOBAEHHOE B KaKOH-HAG YL
MOMCHT { = 0. I01KHO COXpAHATRCA W Ha sce Gylymee Bpems, T. e.
MHTErpal, crosuuii B nesoil wactu (21.16), we Aosxen sasuceto
OT BpCMeHH.

YBemumes, UT0 570 HMEET MecTO B camom OBleM ciyuae, T. e.
470

2 J vy dr —

Brinoauum )IHq)q)epeHquOEaHHC NoN 3HAKOM MHTCI‘paJIa
4 " . O¥ v
717}.‘*‘ \Pdr:f(l{r Hotw

Iockonbky ¥ w W* gosmxksl ya0BIeTBOpATH OBLIEMY ypaBUEHHIO
Hlpexnnrepa, Mbl uveem {(cp. ¢ Goparyioi (21.8))

@1.20)

vy 13 h 0w 13
—Tar =HY, T =AY
v arr
Onpenem«m OTCI0Aa YACTHbie APOH3BOJHEIE T n ar noxacra-

BHM HX B IpaBylo 4acte (21.20); aaxogum
. AT v ] S 5
f(w ’W""‘YT)M_F J‘ [W (HYY — ¥ (H¥) dr. (20.21)

Ho pcnencrsue spMutosoctH onepartopa

[w@dwy av= [ w (@b g,

a 1osToMy npasas wacts B (21.21) pasua uymo, u

d »
Ef vy dr (21.22)

Myt BHAHM, YTO HuTErpad HOPMHPOBKH IefiCTBUTEAbHO He 3ABHCMT
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OT BpeMeuH, a CeNOBATE/bHO, COXpaHENHe BePOSTHOCTH HMeeT Me:
CTO, KAK 3TOT0 ¥ ¢JIeJI0BAI0 OKMAATL H3 (BHIHYECKHX COOBpakenHit.
Boaee nonpoGuO cooTReTCTBYIOmME NpoGaeMLl GyIyT paccMOTpeHbl
B§23

§ 22. Mpenennnuiii nepexoa K KAACCHYECKOH Mexauuke

Toxaxem Temeps, yto Bpemeunde ypasuenue Ulpemnirepa, ko-
TOpOe HBJASAETCS OCHOBHLIM IHHAMHUECKHM 3aKOHOM KBAHTOBOH Me-
XaHUKH, B npehede npu b -0 aBTOMATIEECKH MEpeXOIHT B OCHOBHOG
ypaBueHHe Mexamdkd Knaccnueckoi. OTMerwM, OnHako, cuauada,
MTO Ta (IOpMa ypaBHeHHs KIaCCHUECKOR MEXaHHKH, B KOTOpYIO fepe-
xonut ypabdedwe Llpemuurepa, B s1CMCHTApHBX H3JIOKEHHSX HE
ECTpe'{aETCﬂ n nosTomy Hy}KnaETCﬂ B 0cOBOM MOACHEHUN.

Hs xnaceudeckoil MexamnK# BOOGLue M3BECTHO, YTO ypaBieHMd
JABHXKEHHR HacCTUlbl HJIH CHCTEMbBl UYACTHI( MOryT ﬁb[Tb HpC:LCTﬂB*
JIGHBl B MaTeMaTHYeCKH PasHUHbIX qJOpMa)L 3ro0 HJH HBIOTONOBLL
ypabueuus, mIM ypasuenna Jlarpamka, ocobenHo ynoGHbe st
pelICHHs CAOKHBIX 33124 B 0BOBLIEHIBIX KOOpAHHATAX, HJIH, HAKO-
Heil, raMHABTOHOBBI KaliOUHUeCKHe ypasHeHus. Bce stu pasanysbie
YPaBHEHHR LpENCTaBAAIOT cOB0I0 ¢ MaTeMaTHUeCKOH TOUKH 3penns
CHCTEMBl 1H()(EPeHLINANLHEIX  YPABICHAL: B CIY9ae 1bIOTONOBLIX
HIH JarpanKeBbiX ypaBHeHHH — BTOPOTO MOPFAKA, —H HCPBOrQ
MopfjiKa, HO BABOE GOJIbLIErO 4YHC1a, — B CAy4ae TaMUJIBTOHOBBIX
KAHOHUUECKHX ypABHEHN

Pemenne 5THX ypaBueHni UPHBOANT K BBIPAMEHHAM KOOpIAHHAT
# HMIyAbCOB UACTHL B 32BHCHMOCTH OT BpeMexi. C nuTepecylomei
HAac B STOM maparpade TOYKH 3pennf BaXHO MOAYepKHYTh, UTO Bee
nepeucneHHble (OPMEl ypaBHEHHE JBMMKEHMH ABJIRIOTCA OBGIKHO-
Bennbinn ANPHEpeH IHATLHBIME YpaBHEHHSIMY.

B aHanutyueckoli MexaHnke IOKA3bBaeTCs, ORHAKO, uTO petie-
HHe CHCTCMDI TaMRIBTONOBEIX K2HOHWYECKHX YpaBleHHH MOXeT
GLiTh CBENEHO K PeMIEHHIO OAHOrO IH(YEPEHLNATBHOrO ypasHerns
B 4aCTHOIE NPOU3EOOAHLLY. DTO YpaBICHHE B YACTHHX MPOH3BOMIBIX
TIePBOFO 10PSAKE BTOPO CTeNenH Ha3biBaeTCd ypaBHenneM [aMuib-
Toua—5KoGi. C ero momoubo Moryt pemartsen Jobkle 3azaun
knaccuyeckolt mexauukn, KoHCUHo, pemreHue npocTefimux Mcxauu-'
UECKHX 337134 NpH MOMOILK YPABIGUHA B YaCTHLIX NpONUIBOHBIN Bol-
MAINT HECKOAPKO TPOMOSLKO, 3aTO NpH (OMOILI 3TOTO ypaBHenHs
OCOBEHHO 3JIEraHTHO PeuaioTCs ClOKHLIC 3a/1aun HeGeCHOH Mexas
HHKH, M1 KaKOBOf LEeIH OHO 0Ka3asoCh BAHAYUIILM 0BpasoM NpH-
cnocoBaenbiM, :

OcuoBHoe MUHAMHYECKOE YpaBHEHHE KBAHTOBOH MCXAHHKH — 06-
mee ypapiehne Llpeanurepa —no croelt crpykType, Xapaktepy u
Crocoby yCTaHOBJACHMT GJMKC BCero NOIXOANT HMEWHO K Ypas-
nenuto [aMuibToHa — SIKOBH  KnaccHyeckoli MexXauHkH. Mn e
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MOKEM 3[1eCb OCTAHADBJHRATbCH HA JOBOJLHO CJOKHOA TEOpHH
ypasueHus ['amuabrona — SIKo6u. Mrrepecylomuxcs Mbl OTCHIIaeM
K pYyKOBOACTBAaM HO KnaccHueckoli mcxaunke *),

DopmanbHo MOKHO NONYUHTH ypasHenne [aMusibrona — SIKOGH,
[oAb3YACH CACAYIOmKM «peneatom». Hamimem ofmee BepaxcHhe
32KOIla COXDAHEHHS SHODTUli NPi (IOMOIIM TAMEILTONOBON (yHKIRE

H@ 4o <o Guo P o ooes p)=E
H npOH3BeNeM CJedyloIlyio 3aMeny:
a8 as
P> E=——r, (22,1
rie S ecrh HeKOTOpas (yukLHs KOOpAHHAT M BPEMCHH — T4K HA3bi-
Baemas yuxuus JeficTBHA (OHA uMeeT [a3MepHOCTL NpOu3BeeHHT
SHepruw Ha BpcMmsA, T. e, pasMepHocTy feficrsusi), [Moayuaemoe Ta-
ki 06pasom audgepenunansioe ypasuenie B 4acTHLIX POH3BOLe
1bix 15 byiikunn S u ects ypaniuerne FaMuasrona—SIxo6u
as N a8 as
H@ o oev G g ggrseeos m)———;;. (22.2)
O6wmf paTerpat ypasHenus B uacTHBIX mpoumscoaublx [amussro-
na—$lkoBu nonxen OHTo BEPaXeH B Bule APOUIDOALHON (yHKUHIT
HE3ARHCHMBIX TepeveHHbIA. OAHAKO OBBIUHO AOBOJLCTBYIOTCS OTHI®
CKaHMEM TAK HasbiBAEMOro «NOJHOr0 HHTErpajza», (PEICTaBAAIO-
mero coboil Bbpaxeruc GyHkumE S B 3ABHCHMOCTH OT Bpemerl,
KOOPIMHAT [ TAKOro yiCNa HE3aBIUCHMBIX NMPOu3BOJALLBIX TOCTOSIHe
HBIX O, KAKOBO UMC/A0 0B06IEHHBIX KOODAHHAT:

S=S( g oy s oy Gty - ey B 22,3y
Ecnu rafines NonHuil WHTerpat S, T0 KOOPAMHATH B (YHKUMA Bpe-
MeHH HaH@yTca {3 CHCTEMBl YpPaBHEHUN

88 a8 as
Bi=gar B=gg o B=rpo

e Bu Bz, .., pn — BTOpa# rpynna Npon3BoJsHLIX NOCTOUNBX. MM-
OyJLChl NONYYAIOTCA NyTeM AHPGHEPCHUHPOBAUNT  (PYHKLKHK S o
KOOpIHMHATAM B COOTBETCTBHH C YCJIOBHEM

a8 as a8

By PP ag e Pa= Tar (22.5)

(22.9

P

J1Be rpynnel NpOM3BOJBHBIX NOCTOSHHBIX Gy, @2, ..., Gn 1 B, P2, +es
. Ba HO3BOJSIOT AOBECTU peIIEHHE O KOHUA **),

*) ToapoGo 1t OTIOCATeNLHO A0cTynHO Teopus Tamuaprona — ToGa 1o«
mena B gunre ToancrTeliua, Kiacchucckas Mexansixa ra 8 m 9.

+*) Bee Ao TENLCTBA B BHIC B UAT KHI-
re Toazercina, . 8 & 9.
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PaccMOTpHM ¢1yuail OIHOMEPHOro XBMIKEHUS B 10OAe C UHOTEH-
unazom U. B sToM cayuae ypaBHeHMe COXPAHEHUS SHepran HMeeT
MeCTO, H TaMHJbTOHHAH DABEH KOHCTZHTE FOMHON SHEepriln:

1 =E. (22.6)
B nekaprosuix Koopaunartax ypasheuns (22.6) umeet Bua
[ 2
Pt )+ U g, 2)=E (227)

TIponssens 3aMeHy UMNYJLCOB M BPeMEHH NO OpHBEAEHNOA BhiLie
cxeMe, nofyyaeM ypabkenne [amuaprona—SIxoGu 8 sisHom Bige:

ST o= e
iJIH, B KOMNakThoit Qopme,
N

grad S+ U= — or- (22.9)

1
Tﬂl(

VYpaprenne (22.9) XOnycKaeT HHTEPECHYIG TeOMETPHUECKYIO HH-
TEPRPEeTaUkIo, CAYKAUYIO OCHOBAHHEM IS AHANOTHE MEXIy 1'€o-
MCTpHYecKofd onTukofl M Mexainukofl ¥). DToll awanorelr Bocnoab-
sosanca Llpeannrep, passuBas BOJHOBYW MexaHnKy (cM. T. 1,
¢1p. 439 w cnen.).

Urobul HAa XOpOWO H3BECTHOM IPHMEpE MOKa3aTe KHCNO.b30Ba-
#ue ypasuends ['aMuibTona—$Tko6u npu peinenun oanomepHoli 3a-
Nd9H, BOCOOJB3YeMCA 3afadeil O NUHEAHOM I'dPMOHHUECKOM OCUHN-
natope. FaMunsToWHaH, 3anHcaBublii ¢ NOMOWbI0 0606wennof Ko-
OpAMHATHL ¢ K HMOYJALCA P, TAKOB:

P G
H—%-}—

rae f-— BOCTOSIHHAN KBasiynpyrofi crast, Tak kak TraMuJbTOHHAH
B 5TOM caAiuae ABASCTCA NOMHON 3HepTHefl, To HMeeM

2

H + 8=k (22.10)

2m
CoorpercTyomee ypabhenne I'aMuiuTona—SIkoGu Gyget mostomy
fep. (22.9)]
[ /Sy, Jg¢ oS .
27,(67) A= (22.11)
Tak Kax BpEMH B 3TOM ypaBHe;mn B fIBHOM BHAE BXOAHT TOJILKOD
8 npaBoft YacTH, TO pewleHue (HONHBI{ uHTerpan) MOMHO HCKATL
B BHAC
S(g, @ h=Wig, o) —af, @2.19)

*) Ca, wanphwep, xwury [oancreiina, cip. 330 n crca.

§ 20 NPEAEALEBIA NEPEXO/ K KJAACCHUECKOR MEXAHUKE 81

Tlopctannsas sTo pewienne B (22.11), noaydaeMm ypasnenwwe ana

dyuriny W
1 (awy? 2
2m( éa) + h; o (22.13)

Orciona HaxoinM
W= Vmf f 1/% — gt dg, (22.14
1 noicTasass B (22.12), nonyuaem

S=VWJ1/ZT“—~q2dq—at. (22.15

BuiuucasTs BXOASUIMA CIOA2 HHTErpan HeT HafoGHOCTH, TaK Kak
Hac HHTepecyeT B AaHHOM Cnydae He S, HO ¢¢ UaCTHAs NPOM3BOAHAR
no a. Jedersutenvho, no (22.4) u (22.15) umeem

==V o

da

Vi-e

B npasyo 4acTL BXOAWT XOPOWO W3BECTHBI TaGAMUHBI unTerpad,
H MBl TIOAy4aeM 0oCAe OPOCTHIX BLUHCASHHI

{4+ —]/?mcosq]/%, (22.18)

OTKy,1a, peas OTHOCHTEAbHO g, NONyHaeMm

q l/?cosm(l-}—ﬂ), rke ® ]/T

Mpl NpHAK TaKuM O6pasoM, NOAb3YACH ypabiuenueM [amuss-
ToHa — SIKOGH, K (OpMYy/ie TapMOHUYECKOTO Konebaiins.

DT10ro npHMepa A0CTATOYHO, UTOGB NOKa3aTh, UTO 3aAaUH Me-
XaHUKH, B TOM uHCJe, KOHEUKO, H NpOCThie, MOMHO pelrathb, NoRbL-
3ysick ypaBHenneM [ aMuabTOHa — SIKOGH — LA dyHKUMH S, 3aBu-
cruwedl OT KOOpAXHAT u BpeMeHu. Jefcreue S W dyukuua W, vasui-
Baemas 4acTo yKOPOYEHHBIM RefiCTBHEM, BXONT B BapHALMOiHYI
$OpPMYIUPOBKY OCHOBHBIX 3aKOHOB MeXaHHKH ¢ MOMOWLIO «NpHi-
udia HapMewsoero aeficreda» (npunnun FaMuibTona) ¥ COOTBET-
CTBEHHO NIPHHUHIIA YKOPOUGKHOTO AefiCTBHA (1pHHUAN HAUMEHBLIETO
Reiictsus B dopme Jlarpainka — Dfiepa, 4aCTO HaILBAEMul ApUK-
nunom Moneprion).

OBpartumcs Tenepy, K KBauTOBOH Mexaduke.

O6iitee ypannewite Ulpeannrepa moxuo (GOPMALHO NOAYYHTH
npy OOMOULH pewnenTa, aHaAOrKUHOrO UCNOAL3OBARHOMY OpH NOAY-
HEHHH KAACCHUECKOro ypasuenus aMuibtona — SIkobu (cp.c§21).
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ﬂﬂﬂ HTOTO 3&NHCHIBAEM ypdBHEHUE COXpAHCHHUS SHEpTHH
H(Gu - s oo Prs ovor po}=E

H 3aMeHfeM B JeBOH 4acTH BENHYHNBI g W ps OnepaTOpﬂMH no
O0BIuHOH CcXeMe:

4+ B
g =>4 Ppi=7

a

s (22.17)
4 B MPABOR YacTH KOHCTAHTY 3HEPTHE 3amMenseM OepaTopoOM Aud-
qJQpeHLU(IpOBaHHH no BpeMenH:

ho
E—»>—-22, (22.18)

CpasHUM Tenepb CXeMbl coctaBiCHA ypasirenns ['aMuAbTOHa —
SIKoGu B KaaccHueckoil MexaHuke u ypasuenas Llpennurepa, cogep-
Xaplero Bpema, B KBAUTOBOW MCXdhHKe.

Kaaccwieckad MexaHnka KBanToBas Mexauwnka
88 L
E—— = E—>— =t
7ot
G>q -G

as -
b pi—>pi=

YpaBuense coxpaneHus anepriu
E=H(qs«-, qu P --+» Pu)

Vpasuenze T'amnsrona — Slxodk Vpasucrnue Ilpesuirepa

- how
2 Tier T
as as 7y h i 2
H . G5 =) = TE e e
(01,.. g aq") H(a[,..-, G T d%)‘I’.

CgcTasuM mo 310l cxeme obumee ypasneune [lpemunrepa nns
ojnol uacTHiub. [Toab3yacs NeKapTOBBIMH KOOpAHRATAMY, HamlleM
ypaBHeHNe COXpaHeHlA Ineprun

E

=g (P2 P2+ P + U, 3, 2).

[lpon3asons B 31oM Bupauenuu saMery no obuiedl cxeme (22.17)—
(22.18) u TpuMeRsIs OmepaTopbl K dyyHKUHH KOOPAHHAT M BPCMERT
W(x, y, 7,1), moNydaeM HCKOMOE ypaBHCHHE
h 3F B
A0y B aw e
rn oo AV + UV
Taxnm 0GpasoM, mbl BRIHM, 47O JefiCTBHTEARHO UMECTCS dhop-
MaJ/bHas analoTdfl MeX]y CMocofaMH yCTAHOBJEHHS OCHOBIOrO

§ 22 TIPFNEJIBRBIT TILPEXOM K KNACCHHMECKOM MEXAHUKE 83

ZMHAMHYECKOro ypaBHeHd KaaccHuecKoii Mexannxy, ypasnenus [a-
MHAbTOHA — $IKOGH, U OCHOBHOTO JIMHAMUYGCKOTO YpaBHEHUR KBaH-
TOBOR Mexauwkn — ypasherust Ilpenunrepa. 3Ta anasorus noka
uTo sBAKETCA CcOBepulcHHo (OpMAnbHON B TOM CMBIC]E, 4To Ona
OrpanHuMBaeTCA <«PeLenTOM» HaNhcanus oGOHX ypasHemuit A ne
ZaeT a6COTIOTHO HUKAKUX yKasaHUl HA HX BHYTPEHWIOO CBA3b. Mat
cefinac nOKaXeM, 4TO Takas CBA3L TEM 1@ MEHCC CYLIECTRYeT M TO
ypaeuenwe Llpelunrepa nepexonur UMemo B ypasHeHue [amuin-
Tona — §Iko6u B mpejleae npu f—>0, T € NMpH VCAOBHH, KOTAa, CO-
FIacHO NpuHLHAY cooTBercTBHg (cp. T. I, § 114), aakomsl xBanto-
BBIX ABJEHU IOJKHEL| TePeXOAUTS B 3aKOHBl K/1aCCHIRCKO( GUINKH.

UYroGul 510 NoKasatb, GyAem mckars peweuue ypabsueims [lpe-
RUHTEpa

y 2 g on 3 y
Wl RS Sy e20
B BHIE
‘.S
W(x, y, 2, Hh=Ae (22.20)
Thle
S=S(x, 421 (22.21)

— (YHKIIHA, HMeIOWAs PA3MEpHOCTL AecTBHA, a A — HekoTopan
noctosinsad. Hafiem npousponusie:

i8S 4 x
3t B ot ’
T _ 138 4%
ax B ox ’

5
L S RERE S N
ax? B\ ax ax? ’

AHAJIOTHUEbE hOpMYJIhl HMEIOT MCCTO AJs BTOPHIX NPOH3BOMNBIX MO
y ¥ 1o z. TIoACTaBNsA 5TH BhipaiKeH!A 1A NPOMSBOIHBIX B ypaBhe:
une [pennurepa (22.19), 110aydnM nocie COKpameRnd ia ofwHi

MHOXHTRAD Aexp(i T)

2
o

o (grad S+ U 40 AS=0. (22.22)
B mpeneAbHOM cAydae, COOTBETCTBYIOLICM KIACCHYECKOR MEXAHNKE,
cnefyer noaoxuTh B =0, H ypapuenue (22.22) mpnuwyaer sun

as

B 4 g (erad Sy + U—0, (22.23)
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ANH Ias cayyas OXHOTO HSMepEHHH
as i N
ot (a—x

)’ F U= (22.24)
Ho ypasuenue (22.23) wan, B wactaom caydae, ypasuenne (22.24)
H ecTh ypabHedne TamuibToHa — SIKOGH KNacCHUECKO MexaHMKH.

§ 23. MaotHoCTs # TOK BepoATHOCTH

Coryacno CTaThCTHYeCKOMY TONKOBaHMIO (yHKunu W suawne
570l ByHKLKH A% ONPENC)EHHOTO MOMCHT  I03B01RET yKA3aTh Be-
POATHOCTb HAXOMIEHHR JACTHIb B NeMeHTC 06beMa dT B 3TOT MO-
Ment £ Haraainoe npeicrasienne MOXHO TpH 5TOM OCYWIECTBHTD,
BOCHONL30BABUINCE €KADTHHOA DACIPCACTENHAfl», KOTOpAs CTpoHrcd
cneftyomM o6pazou. Ilpeacrasum cebe Gonbmce sucao N vacthu,
KOTOPHIE BCE HAXOIATCA B OJHOM H TOM Xe COCTOSIHUH B MOMEHT {
# mMexiy cooit He BsanMoiefictsyor. Tak kax W*W dr ecTb Bepo-
ATHOCTL HAXOXICHHA wacTHUL B ofveme dr, To NW*W dv Gyner
CPEAHHM HUCIOM YACTHI B obbeMe dT, PACTOMOKEHHOM OKOAO ONpe-
ReJeHHON TOUK|l npocTpanctsa, a NW*W cpeldeil MIOTHOCTLIO ua-
CTHI B 310 TO4Yke, BLIYACAUB 3Ty CPEAHIOI MIOTHOCTH a8 J0CTA-
TOUHO GOJIbLIOrO YHCAA TOUEK, Mbl MOXEM NIPH MOMOUIH KAKOFO-1150
reoMeTpuueckoro o6pasa, danpumep B Bie obnaka Godumed win
MeHbllleli TyCTOTH, MOCTPOATL KApTHHY pacnpeneseHHs MAOTHOCTH
A NRUHOTO MOMEHTa [ ECIH npH 9TOM wacTHilbi HECYT 3J€KTpl-
ueckuil 3apAk e, To Npoussesenue NeW*W Gyner cpegmeit naoTHo-
CTBIO 3apSa B NaHHOM MeCTe, H Mbl MOXEM MOCTPOUTH TaKke Kap-
TUHY CPEIHETO pacnpeNeNeHHs IIOTHOCTH 3AeKTPHYeCTBa.

3uauenne obutero ypasueuann pennurepa ¢ 5Toit ToukA 3peHmm
COCTOUT B TOM, 4TO OHO NO3BOAACT HAWTH 3aBACUMOCTL W OT Bpe-
MEHH, 4 3Has 5Ty 3aBACHMOCTD, Mbl MOXEM NPECKAIHBATL KAPTIIHH
pacnpeneleHns Ha GyAyuiee BpeMs i, TAKHM 06pa3oM, CAENUTL 3a
H3MEHOHHSIMH, npOHCROAWKMA B CHCTEME,

Onnako sToT cnocob expa A1 MOXMET BOJHE yJOBAETBOPHTL Ha-
LeMy MENZHMIO NONYUNTL TOMHYID KapThay ABinkeand. Mul mpn-
GausnMes X 3T0M UedH B GOAbINGH CTENCHH, €CHH CMOXKEM yKazarh
HapAdy ¢ pacTpesieseHNeM HaCTHL IH € PACnpelefCHAeM TLIOTHO-
CTH 33pRIA TAKXE H CPENHEE UHCAO YacThu, NMPOXONRWHX B | cex
Uepes mIowanky B 1 cu4® B uanpassennn nofomnrenbholl uopuanu
X naowazke. Jaa 31ofi uenn npoussenenne WHY yXe HENpHTOAHO,
B MyXUO MOMCKATL JPYryio KOMGHHAUMIO Tex ke (yHKuui, noixo-
RAIMYIO 1A 3TOro nas3HayeRHs.

Ty KOMOGHHAUMIO M5 OTHIUIEM, €CH NPHMEM BO BuIMAHNE, UTO
nockoneky W ecTb denpepoiBias dpynxuna Koopnunar, W*W MOXHO
ynoaobuTh HeKOTOPOR (MXTHBEON IKKAKOCTH, pasanrtoil Bo BCem
MpocTpancThe. BTa «KHAKOCTb> MONUHHAETCA 3AKORY COXpaleHus.

§23 NNOT HOCTS Y1 TOK BEPOATHOCTH 85

B camom nene, mnterpan | W'Wdt, panTuil no Beey mpocTpad-

cTBy, OT BpeMcHK HC 3aBicdr. [losToMy, ecnu b onpenenenustii Mo-
MEHT NAOTHOCTL BepOsTHOCTH W*W rjle-HnGyAb BO3pacTaer, To B
JIpyroM MecTe Oka COOTBETCTBEHHO yGbiBaeT: MOXuo cefe npencra-
BHTh, UTO BEPOATHOCTDL «TEUETH.

TpuHuMas BO BHWMAHHE 5TO, Mbl MOXEM HWCNONb3OBATb IS
DBbiBOA HHTEPECYIOUIErO HAC BHIPAXEHHS «IMIOTHOCTH TOKA BEPOAT-
HOCTH» 2HaJOFMIO ¢ ypaBHEBHEM HeTPEepHIBHOCTA KJIaCCHYECKOH THil-
ponuBamnxa. HanomuuM 310 ypasuenne. Ipeictasnm cebe sacmen-
TapHell 0OLeM B BHAe Napanelentiena ¢ rpaHaAMH, Napanaent-
UBIMA  KOOPJAHHATHLIM F0CKOCTAM. FIyeT B 3TOT OOBEM Cclena
BIEKAeT XKUIKOCTb; HAllpaBieliie NOTOKA Nycrb OyleT napaiieabro
NOJOKHKTENBIOR OCH X, & IJIOTHOCTh TOKA S(X) 32BUCHT OT KOOp A~
nats ¥, KoanuectBo >KHAKOCTH, BTeKaloiuedi B 06beM B eAMRUIY
BpEMedH uyepes JieBylo rpaHb, Gyler NosToMy pagHo s(x)dydz;
KOJIMYECTBO XKHAKOCTH, BHITEKAIOWEH 33 TOT XK€ NpOMEeXyToK Bpe-
MeHH Yepe3 npaBylo Tpaub, OyleT pasuo —-S(x -+ dx)dydz, umi
nprOIRSHTENLHO

3
—s(x+dx)dydz:——s(x)dydzfédxdydz,

W3nedenne KOAHYECTBA KAIKOCTH BHyTpn 00beMa Gyler adreGpan-
HeCKOR CyMMOA -

2
s(xydydz — s (x) dydz——%dx dydz=— - dxdydz, (23.1)

Tax Kak noJHOE KOAHYCCTBO MUIKOCTH COXPaMReTCs (upemona-
raérca, uTO BHYTPH 06BEMA HET HMKAKHX MCTOUHHKOB W.IH CTOKOB),
TO 5TC M3MEHEHHC KORMUECTBA MUUKOCTH JOKHO KOMIEHCHPO-
BaTbCR H3MEHEHHEM €€ NJAOTHOCTH p. [T03TOMY MBI MOXEM BLIpasHTL
H3MeHerHe KOMHYECTBA XKUAKOCTH B ofbeMe elle ApyrdM cnocobom:

el
Frdxdydz. (23.2)

MMpupasuusas (23.1) 1 (23.2) n npousBois Cokpautenne H nepe-
CTAHOBKY, NOAYUaEM ) »

Py 95 .

a T =0 (23.3)

D70 u ecTb HHTEPECYIONIE HAC yDABHEIIHE HeMPEepbBHOCTH.
ObpatuMcs Teneph K OTHCKAHKIO BbIPAXEHHS, KOTOPOE JOK-
HO HaM IaTL BO3MOXHOCTE BBIMMCIATL B KBAHTOBOA MCXaHHKe cpel-
HIOI0 MIIOTHOCTD TOKA.
C 510l 1enbI0 Mul Hankwem ypasieuue Ulpeannrepa ans ondore
HIMepenns: » 0w » 0w
T =g o TV
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W COOTBETCTBYIOWIEE ypaBrense ans W
Bow 1 oy
iar T T om oxt

Tlepaoe Mb yMEOXHM Ha —W*, Bropoe —na W 1 CIOXHM 06a 00-

JIy4eHABlX ypaBHEHHﬁZ

)i . O ay* ) B2 (e 3°F ik
T(‘F rt ¥ 3t ﬂ(‘l Fr i

P2l

-+ Uv”,

Dro MOKHO 3anKcaTb HHAUe Clellylowunm 0Gpason:
3 e 3§k (yd¥ oW\ __
G gl (V= G =0 @80

CpasumBas coorrowmenne (23.4) ¢ THAPOAMRAMHYECKAM ypas-
nepeM (23.3), BHAUM, YTO 062 ONH HMEIOT COBEPLICHHO OMMIRKO-
BylO CTpYKTypy, TOJbKO pOJb NJIOTHOCTH MHAKOCTH p B (23.4)
Arpaer npousseserne W*W, a poib NJAOTHOCTH TOKa — Bhipa-

HKenue
(
mi

[Mockonexy W*W toskyercd Kak ILIOTHOCT BepOSTHOCTH KafTa
HacTHlly B JAHHOM MeECTe npOoCTpancTsa, Bupakeuue s (23.5) Mu
MONeM HCTOJKOBATH KK IIOTHOCTb «TOKA BepoATHocTm». Cublca
STOr0 BhipaKeHHs OUEBHACH: § €CTh BEPOATHOCTH TOrG, 4To 8 1 cek
uactuua npoizer ycpes | cu? B HaNpaBJEHHH MOJOXKHTEALHOR HOp-
MaJK K nJopiajke.

Ucnwraem Temeps Ha npoctom mpMepe Bhipamehne (23.5).
ITyctb mBUMKCEHME YaCTHLE: ONUCHBAETCH GOPMYJION
3 (px—gn

¥ g
) (23.5)

E=rl,

[
T= 2m

OT0 3nauuT, YTO HACTHUA MMEET WMIY/bC OflpeleleHuOl BeJHYHHB
H ONpe/leeHHOr0 Hanpas/ienns (B AaHHOM cJyuae p COBHaiaeT C
TOMOKUTRALHLIM HAlpABJEHIIEM OCH ¥); KOODIHIATA €e, pasyMeercs,
ocTaeTcA COBeplUIeHHO heompenenensofi. Hanucas KOMIUIEKcHO-co-
HpaxXernyl0 GyHKIHIO

- - tox—t1)
HaxoAHM
a, . - 0¥ ‘ S
YT =1 ¥ =gV — 1,
aw* (- :
Vg =—5r¥¥=—5p

4 LI TOKa BepOATHOCTH NOAYYHM
1 . Y N
(‘l" v a¥

Loapny =Y
m m

52 CTALIHOHAPHBIE COCTOSHHUS 87

DT0T pesyaAbTaT BHOAKe pasyMmeln B camoMm neue, ecaum nJor-
HOCTL TOKA BepOATHOCTH paBHa U, TO CpeiHssl NAOTHOCTL TOKa ua-
CTHU A0aAKHA Bbite Nu. FlpefctTasny cebe Tenepb poi uacTHil NIOT-
HOCTEO N, ABHMKYUMXCA B OAHOM HANpaBJenHA CO €KOPOC1wO U,
3aKJIOYeHRE B HUANHAPE C OCHOBAHIIEM B 1 cm? i BHICOTOH, papuoil
v. Uncho uacThil B 3tOM uniuBipe Gyier Nv, u Bee OHm mpoiayT
B | cex uepe3 OCHOBaHHC, T. € CO3AAAYT TOK NaOTHOCTH NU B coria-
curl € peayIbTaToM, BLUNCAEHHHM NpH NOMOULE dopMyan (23.5).

§ 24. CraunoHapHble COCTOAHUA

Cpean padfuyHbIX COCTOTRHM, B KOTOPBIX MOMXET iaXORHTHCA
CHCTCA, OCOGEHHO MHTEpECHbE CTallonaprkie cocioshnd, o cmm-
€y 9TOTO C/10Ba 3TH COCTORHUA I0JKHb XaPaKTePH3OBATLCH CBOGH
HE3ABHCHMOCTHI0 OT BpeMCHH. Mbl Oupesiesium X Xax takne ¢
CTosinus, B KOTOpBEX BEPOSTHOCTD TOMOMEHHS HacTai, T. C. npons-
senenne WY, a taiKe TOK BEPOATHOCTH § HE 3aBUCAT OT BpeMEHN.
Ecnil ABHKCHAE IPOKUCXOJNT B OAHOM M3MEpEHHR, TO MLl HMeem cJe-
Aytourte NpH3HaKH CTALMOHAPHOCTH COCTOSIRAA:

w = W"I = const, (24.1)
B - v Uty
s ‘27?;‘(\11 Tx—‘lfw)—const. (24.2)

Veaosne (24,1) Gyzer yaosaeTsopeno, ecli pynxius W HMeeT Bux
W(x, fy = (x)eix 0, (24.3)

B camoM nene, ympoxas (24.3) Ha KOMI/IEKCHO-COnpfKEHRYIO
DYHKLHIO
W (x, =7 (x)el 0, (24.9)

Mb NOJyUNM HE 3aBUCAHIYIO OT BpEMCHH BenHunny lp(x)|% Has
TOro uT06H H TOK S OBl ROCTOfIIEI, HYXHO HAaJOKHUTL yClOBHE

y %— ‘l’%—const.
Tlonb3ynch Bupamenuamn (24.3), (24.4), uvecn

AW (8} p () ey a8 e
St == T e b i (x) T emi e 0, (24.5)

ox
. Py af (x. t
(o, T = ) P — g gy () T
Auanornydo
w (s, 20Dy () 2L g i g (9 22D 9. (246)
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[MpnanMan BO BEHMaHME STH BuIpaXKenud, OJYyHaeM

. 0¥ v
VoY=
» @ ap* ae [}
=9 (58— (1) 2 iy () (0 2LED . (247)
Yro6sl npaBafi uacTh (24.7) OT BpeMedu He 3aBHCENa, NOCTaTOUHO,
«TO6H HE 3aBACENA OT BpeMEHH NPOH3BOXHAT i‘s’fll, a 370 MOXET
GLITH TONLKO B TOM ClTyuae, KOra
fee, =9 +x0)- (24.8)
Ipnkuman 310 Bo BupManne, nepenxiem (24.3) 8 Brae
W (k, t) =1 (x) e=iPRe-irin, (24.9)

Ecnu Mu BKIIOUEM SKCHOHEUHABHEI MHOXHTENb ¢-9%%) B wacTwb
yHKUMH, HE 3aBHCAILYIO OT BpeMen#H, H 0603nAUHM

P (x) e~ =0 = O (xyeitth, (24.10y

To (24.9) npumMer Bug
¥ (x, f) =" (x) e, 4.1
Tloncrasnm Teneps Bripaxcenue (24.11) B obmee ypasnenue [Lpe-

Jinrepa, KotopoMy dynkuus (24.11) gosmxma yxosnetsopats, Ilo-
CJie cOKpauleHnn Ha e~" moyuum

— a2 () 0. — frye ), (24.12)
OTKyAa
d ! i3
—hG =y A (0. 24.13)

FlpaBas uacTb 3T0r0 PABCHCTBA €CTh (YHKLAS TONBKO X, a Jepas —
TOABKO . QR MOTYT GHITh paBHbl APYT Apyry TOABKO B TOM CJyuae,
ecan o6e Ol |1e 3aBHCKT HH OT X, HH OT £, T. €. paBHEl KAKOH-HHBYAL
NoCTOARHOA a. DTo jpaer

dy
hgr=a
OTKyAa
at
Ly =% (24.14)

[ocroannas o AOMKHA UMETb PA3MEPHOCTH SHEpTUH; 5TO He-
NOCPEACTBEHHO CheflyeT H3 TOT0, UTO (24.14) fiBARETCA NMOKasaTeden
& opMyse (24.10), u, suaunt, af/l nromkna Gerb Gespasmepuoit

s CTALHOHAPHBIE COCTOSHUR 89

peanunnoir. Tlosoxue o = —E 4 apunumas Bo punmanue (24.14),
nonyans, coraacao (24.11),

i
W, (=0 (x)e F o (24.15)
@opmyna (24.16) n ecTb BOJHOBAS (YHKUMA CTAUHOHAPHOrO €O~

cronnun. TToACTABHM Tedeps 3Ty ¢yHKIMO BO Bpemennde ypashe-
nue Wpexunrepa

h 9¥ (x,{ 7
B OVRD By, .
B JeBoli wacTH, O4EBHANO, NOJYIHM
b ow -t '
—T—F’—=E\p°(x)e [ (24.16)

B 11p4BOif Xe ACTH, NOCKOAbKY B onepatope A nuddepenunposanis
BUIIOJHAIOTCA TOJBKO 110 KOOpIANHATAM, HajileM

N i E,
HY (x, y=—e * Hy'(x). 24.17)

TpupaBaiiean apyr Apyry (24.16) n (24.17) u cokpaulas Ha 3Kcno-
HEHUHARBHBIF MHOXHTeJb, N0AyunM

90 (1) = Eq° (x). (24.18)

Wrak, soasoBasn dyhkuns W, ONMMCHIBAIOWAR CTa
CTOfIHUE, PACHANAETCH HA ABA MHOXHMTEJS: BpeMEHH

OHApHOE CO-
MHOKHTENb

EF g MROXHUTENb, 3aBACANKE TOJALKO OT KOOpAMHATH, ¢°(X).
Dta nocaeansia dyHKINA, Kax BRAHO H3 (24.18), ectb cobeTBennan
yBKUHS ONepaTopad SHEPTHH.

EC/H, B 4aCTHOCTH, Oncpatop A HMeeT RuCKpeTHsiit cnekTp cob-
cTBejinbix 3uauennir £y, Ey, .., TO cTalMOHApHBIE COCTOSAHAR B TAKOM

0 ——Enl
nose GyfyT omucuisatbesi gynkumsmu e * . Cormacwo ocuos-
HLIM NI0CTYJ1aTaM KBAHTOBOA MEXaHHKN B TAKMX COCTOAHHSAX SHEPTHA
JOAXKHKA UMeTh onpenenchuuie anavenns £y, E,, .., oGpasyoue B
JlaHdoM Cyuae ARCKpeTublil pri.

HTOT BHIBOJ, OYEBW/IHO, COBMANZET C OCHOBHBIM NOCTYJIATOM
Bopa; 0IHAKO B CHCTEME@ KBAHTOBOH MEXaHWKN OH SBAAETCH He no-
CTY/IaTOM, a CJA€ACTBHEM K3 €e OCHOBHBIX nOJOMEHHT.

Kaxk u BO Beex cyuasX, cojepxanne HallHX BLIBOJOB LiHpe
noctyiatos Bopa, TaK Kak u3 cooTuoleuns (24.16) sosce me cae-
lee1', UTO 3uepruﬂ 0Gs3aTeNbHO AOMKHA [IpHHMMaTb KBAHTOBAdHHEbIE
aHaueHns: ecin oneparop A pMeeT CnJOWHOA COEKTP COBCTBEHHHIX
3Hauenuit, TO BO3MOXHBI Jt06bIe 3uasetns I
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Ynpamuenne P peth cBoiicTsa . o nyem
Ccynepnosuum KBYX CTAKHOHAPHHK:
i

- B¢ - Ry
We=cppe + oot

i
Bt

Buuncaurs WY n 10Kasath, 4To cocToskue, ouncupacsoe dynkunek W, de ectd

or akTR BUA ™ W¥ ot npewenn,

§ 25. CxoGxu Ilyaccona *)

OCHOBHBIMH TIONATHAMH KBAHTOBON MEXAHWUKH, KaK Mbl BURER
B NIpeflblyWHX Raparpadax, ABASIOTCA HOHSTHE COCTOSHMSA H MOHA-
Tde AMHAMHUECKHX nepemenubix. COCTOSIHIE OMHCHLIBAGTCA B KBaH-
ToBOI MexaHuxe W-hynkunedl, saBucsiwedr B ofueM caydae ot Ko-
OpAHMBAT W OT BpeMenn. DTa (yHKuuA MOAYUHACTCH OGWwEeMy ypas-
Herwio lpepunrepa, niterpuposatne X0TOPOro B NpHHIHNE N0380-
aster nafiTh ec B BHOM BHAE.

Uro xacaercs AnUAMHYECKHX TNEPEMEHHbIX, TO UM CONOCTAB-
JAIOTCS B KBAKTOBOH MeXaHWKe JTHHEAHBE CaMOCONpSKENHble ore-
patopbi. Hike Mbl NOKaxceM, 4To At AMHAMHUECKHX NepeMeHRbiX
B KBAHTOROW MEXaHHKE MOKHO [ANHCATH ypABHEHUSR, NOJHOCTHIO
AHAJOTHYHbBIE ypaBHENUUIM ABIOKeNHsl KaacchuecKolt MeXxauukn, Ho
A1 3TOTO RaM TOHAZOGHTCS NPEXAC BCEFO XATb ONpERetenHe M
YCTaHOBHTb CROACTBZ KBANTORHX CKOGOK Ilyaccona — MaTemaTHue-
CKOH onepauuy, BUIOIHMIOWEH Ty Xe POsb, KAKYIO B KAACCHYECKOR
MexarKe Rrpalor oGerdnsie ckobku flyaccona (eM. . I, § 61). TTo-
ITOMY MLl HAYHEM C HANOMHHANHS ONPENeNEHUS H CBOWACTB STHX
NOCHEAHHX BETHUNH,

CxoGkoit ITyaccona (B DanbeiineM Ads KPaTKoOCTH Mbl 4acto
Gyzem nacate CIT) xByx dysxumii KoOpAMUAT W AMIYIbCOB

FlGu @i s gp prpn o P) GG Gy e s dp Py -y pp
Mbl GyAeM (1a3blBaTL Bhipaxcehue **)
NV/8F 0G 3G OF
7, Glzg(m%“mm)‘ @ 1)

Wz 37010 onpenestennn cpasy BHITEKAOT OYEBMAHbIE CACACTBHS:

IF, Fl=0, [G, G]=0, (25.2)
[F, Gl=—Ig, Fl, (25.3)
IF, e]=0. (25.4)

*) Tlepex utenwem 370ro H caeAyomAX naparpad:os HeoBXoRUMO OCBOKHTE
B mamaTH cooT y Bonpocit fecKoil MexaHKH, XoTA GH TpH no.
woum §§ 57—6[ nepBoro Toma 5Tofl KHArM, suM Goce MOPOGHO 0O KuHram:
JL I Mawaay, E- M Jlnguwny, Mexawmka, «Hayka», (973, . Toan.
creiin, K mexatuka, [ocres T, 195

**) B OTmmane ot nepBoro Toma, rie CIT 0Sosatamic KpYrasMH CKOSKaNH,
MU 37ech GyAem HX O603UAYATS, KBAAPATHEIME CKOGKaMH.

§ 251 CKOBKH TIYACCOHA ot

3nech ¢ — NOCTONHHOE UL, MG TAKHE MOXKHO pacCMaTpHBATE Kak
YacTHL cayvall AnHaMuuecxofi nepeMernoit.

Haznec Jerko nposepute NpAMLiMK BLUACACHHAMA caedylonme
csofictea CIT:

{Fi+ F5, Gl=1IFy, Gl +[F;, Gl, (25.5)
[F, G+ Gi=[F, Gl +IF, G, s (25.6)
[ (95 p OFe) 06 _ (OF o, p 0F) 0G )

e 01 =X { (3, £+ Py ) o, ~ (5 o+ o) )
=[F, GIFa+ £\ [Fa G, 35.7)
IF, GGl =IF, GG, + G IF, G (25.8)
fcuo, uro CBOACTBA, BLpaXacMbLie paseRcriamy (25.5) u (25.6)," CBH-
ZeTeIbeTBy 0T 0 duiefinoctd CIT otsocHTCIbHO £ B G, a CBOACTEO
(25.7) cooIBeTCTBYET npasKiy ARGdEpeHINnpoBakns IpoH3BENLCHRS.

Kaanrosvie exobxu lyaccona aeyx onepatopos F u G Ml onpe-

Jeny CACAYIoulity 06pasom:
~ oA A
IF, Gl=%(F
D10 3HauuT, 4r0 B Kavectse keantoeol CIT mot sviupaen ¢ TOHHO-
£Toi0 00 4UCR080P0 MROKCUTEAR iffi oneparop, Huavidaembil KOMMY:
TaTopoM, MEHMas eiunHua { OGecieynBaer 3pPMUTOBOCTD ITONO ONte-
patopa (em. § 9, ynp. 2). LlesecooGpasHocT, Taxoro onpeienenus
BbITEKaeT H3 CAELYIOMMUX CBOACTE oneparopa (25.9):

1, Keanrossic CIT NOJyHHSIOTCA BCEM TOXKIECTBEHHBIM COOTHO-
wenusM (25.2) —(25.8), nmeowum Mcero s xnacchueckux CIL
B sToM uprareab Ges Tpyaa Moxer yOeImThCA CaMOCTOSITENLHO.

2. Oka3wiBaeTcs, YTO MpH TAKOM BhIGOpe KBauToBbrx CIT uneaed-
Hble 3Havenns Kaacciueckux u keaprobix CIT oxnnakose, no xpafi-
Heil Mepe B TOM HanGolee BaXHOM IMA (aC clyuae, KOTAa CKoGKn
ﬂyaccoﬂa TNPHMCHRIOTCA K CaMHM KBEIOHH‘[ECKHM nepeMeHnbM 8
KJIACCHYECKOH MEXAHHKC, @ B KBAHTOBO! — K COOTBOTCTBYHQmIKM Ka-
HOHHYECKHM Ol'lepﬂTOpaM.

IMokaxceM, yTO 3TO HMEET MECTo Ha CaMOM jefde. B xausecrse
KaHOHMUECKHX KOOpAUHAT BLIGEPEM NeKapTOBEl KOOpIUKATH: X, Y, 2,
TOrZ@ COOTBETCTBYIOW{MME BMIYALCAMH OYRAYT pPx, Py, Pz Mpumenss
topmyy (25.1), 1OJyyHM TOCAE HPOCTHIX BBMUC/CHHH cacayoumue
auCeHHbIE 3HAYCHHA rIaccHyecknx ckobox Ilyaccoma *):

) [pe, x1=1 ps 41 =0,
lpy, s1=1,  lpp x1=0, (25.10)
[pa 21=1,  [ps, ¥]=0

—GF). (25.9)

n it
*) Hanowmme KcTaTh, M0 PAaBCHCTRO eiMAMNe xuacowneckux CIT measercr
] ] KJIacchae -

ciolt Mexamukn (cp. T. L, § 61).
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Hafizem Tenepe unciendbie 3suaueuuss xsawroesix CIL Jan
TipAMepa NOAYYHM UHC/LHHOE 3HAUGHHe KBAHTOBHIX CKOGOK KaHO-
HHUECKHX 0nepatopos f # £ Coraacko onpenenenno (25.9) xpau-
ToBble CIT ¢ TOYHOCTBIO N0 MMCIOBOFO MHOXHTERR DABHEI KOMMYTA-
TOPY COOTBETCTBYIOLIHX ONepaTopoB:

i

[Per £]= 4 (pok — 2Ps). .11

Ho B § 19, popmyaa (19.8), mul nawan anakenne KOMMyTarTopa

Tloncrasans ato s (25.11), noayyaem
185, %1

Ksaurosbie ckofKu 1A ApyTHX kOMGRHAUHI onepatopos Haii-
JeM ananoruuHLM nyTem. TakuM 06Gpasom, nosyynn Tabaumy upc
JieHdbix sHaueduil kpanTosaix CIT (20.12), B TOUHOCTH CoBRamaouux
€ YHCMewHEIMH 3HaueHuamH Kaacchyecknx CII (25.10) coorser-
CTBYWUMX NHHAMUYCCKHX [IepEMCHHBIX:

[xy £1=1,  1ps, f1=0,
[y, 91=1, 1py, £1—0, (25.12)
[pe, 8l =1, 1p., =08 7. 1.

TTosToMy MiOrHE LOJIOMEHHA KBAHTOBOR MEXAHMKH MOMHO nony-
HMTH N3 NOJIOKEHWI KA2CCHUECKOH MEXainKH, TOMs3yAch cBOHCTBA-
mi cko6ok [lyaccoda. ITpu 310M B KBauTOBOW Mexamuke cuMBod | |
NpencTaBaser cOBOH ¢ TOUIOCTLIO 10 UHCIOBOTO MHOMCHTENS KOM-
MYyTaTop AByX Onepatopos. C Apyroit CTOpONB, BCMENCTBME MNpH-
CyTCTBHA HOCTOAHHOM [Tnanka b B MepeCTRHOBOYHBIX COOTHOLIEHHAX

pet—ip= % (25.13)

OHW HAaCTONLKO XapaKrepilbi JJIR KBanToBOd MeXaWiKu, uro HX
MOXUO pACCMATPHBATL KaK KBAHTOBbE YCAOBHR, 3aMedAmmide
KBaHTOBLIC YCIOBAH CTApoil Teopktu Bopa — Sommepdensaa. C atum
BROJIHC COTNACYETCS U TOT (bAKT, 4TO COOTHOWICHHS KOMMyTalinn
(25.13) ynOBAETBOPAIOT M NpHHUHIly COOTBETCTBUS, COTVIACHO KO-
TOpPOMY B TeX ¢/y4asX, XOrQa BeNHYMHL AEHCTBMA 3HAYMTENBHO
UPCBOCXOAAT KBAHTOBYW MOCTORHAYIO H, 3aKOHbI KBAHTOBOM Mexa-
HUKH HEMPEpLIBHO NEpEeXONAT B 3aKOHBI MEXAHUKW KJACCHYECKON.
B camom nene, mpn 50 npaan usacts (25.13) obpawaerca B
HyJlb, H MUi NOJY43€M TPHBMALHOE yCIOBHE KOMMYTATHBHOCTH, Xa-
PAKTEPNIOe ANS BEAMHMH KIACCHYECKON MEXauHKH.

§ 20 ANSSGEPEHHHPORAHME ONEPATOPOB MO BPFMEHH 93

§ 26. Dudgepenunposanne onepatopos no BPEMEHH

Bo seex dopmax ypa i KJ KOJt MEXaHHKH,
Gyllb TO HBIOTOHOBL! WM JIATPAHIKEBE! ypABHEHUR WIN KAHORHULCKHS
ypasnenns I'aMH/ILTOR, Ml BCTpeYaeMcs C NPONIBONHBIMK MO Bpe-
MeHu Mexauuyeckux senuudn. Hanpumep, kanonndeckne ypasuennsn,
3anycatubie B ofwieM BHAE AN OAHOM YACTHUB, TAKOBHL!
an
o, "

aH

aq,

1, 2, 3. (26.1)

B nesofi wacTu sxech CTOAT npoU3BOAHBIE NO spemeri o6obuien-
HBIX KOODIHHAT Y HMOyJAbCOB *).

Vla cRa3aUHOTO CHERyeT, MTO eClH Mbi OBGPATHMCH K OTHICK2HWIO
KBANTOBLIX YpABHENHIl ABHIKENNS, TO NepBUil LIar NOMIKeH COCTOATD
B BAXOKACHHH NPOW3BOAHKIX TNO BpEMEHH OT JIHHAMHYECKHX lepe-
MeHHbIX. JIErKO BHACTb, YTO OHPeAEAATH B STOM CJyuae NpOM3BOA-
1yi0 10 BDEMCHM KaK Npee; OTHOLICHHA N3MEHEHHS caMoil AMHa-
MHUCCKOH [epeMeNHON K COOTBETCTByUieMy HHTEpBaiy Bpemeun
B KBAaHTOBOH MEXAHKKE EBO3MOMHO. DTO CBA3AHO C TeM, UTO AHHA-
MHYECKHE nepeMeHnsie KBARTOBOM MCXanki, BOoGuie ToBOpH, Onpe-
JISNCHUBIX 3HAUEHAN He HMEIOT — TaKOe yTBCPXIEHHC HMEET Mecto
TONBKO 1A% HMX CpeAunx 3sHavednit. [Tostomy cBom pacucrbi Mbl
JOJDKHL OTHOCHTbL MMEHHO K CPERHMM 3HAUECHUAM, H IS TOrO uTobHl
BBCCTU (POM3BOAHYIO NO BpEMEHH, GyleM pyKOBOLCTBOBATHCR CJe-
AYIOWHM {I0JIOKEHUEM: NPOU3BOORAR NO 8peMent OT rpedrezo 3na-
HEHUA MEXURUMECKOU BCAUUUADL PAGHA CPeOHEMy SHAYEHNIO APOU3-
BOOHOL TOl He seauyiel, 1. €

F—F. (26.2)
B KBanTOBOI MCXaHUKE 3TO MOAOKCHHE CAGNYET pacCMaTpHBaTh, N0
CYUIECTBY, KK ONMpeaeierte tHHaMuTeCcKol nepemenuoii F, KOTopoit
dF
otBedaer oneparop . B -
Hanuuwem sbipakenue s cpenpero suavenus F sequyups F:

= [ wFv .

*) OTMETUM KCTATw, 970 XOTA B nianol wacTw (26 1) cTosT wacrhue npoms-
Bomnse Qynkuun Taniistona, ¥p RAIAIOTCR
Kbt THGGEPCHINATRRIME ypackemAwn DT0 BHAO H3 TOTa. 4TO OHR CIYMAT
e AR ONpeleienis dywKuHH H, Ko 1A OTHCKANMA KOODAHAAT M KMAYAbCOR
Tlpasbie e WacTH NPEACTABAAIOT COGOR DEUENT M HALACANMA B ABHOM SHAC
YP2BHERHA ABHMEHHA [0 H3BECTUON (yRKUUA [aMuALTOHZ
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B camoM oGHIeM caydae OT BPEMeyH SBHO 3aBUCHT HC TOILKO
WoyHKUWA, HO MOXET 3aBuceTh TaKXe Il oneparop F. B mocaei-
MleM cayyae BpEMA MOMET BXOAMTb B Oneparop B KayecTse napa-
merpa. W3 sTOTO cacdyer, 4TO Npi OTBICKAHWM MOMHOH HpOH3BOAHOI
F Hano anddepenuuposars He Toavko W o ¥, HO TakxKe u F. Huen
370 B BUY, HAlNULICM BHIPAXKEHHC NPOUIBOAHOH
iF r Ta P Y
dF o OF o -F ) }dr 96.3
F=lwr gy Prs v Grpdn @63
Iponssosuuie Y* y W smpasum ucpes onepatop I'amuasrona,
noab3ysace obwan ypasremiem lpennsrepa:
i marr— L une
HY =g (Y,
(26.4)

(8 nepnoil cTpOKe MBI BOCTOAB3OBACL Tem, 4T0 A = A* taK Kak
raMHALTOHNAY €CTb BeJHuNHG AeficTBUTeAbHAR). Bumoauss samedy
Loy yepe3 ux Bulpaxcenus (26.4) H NOAB3YACH pajce dpMHTO-
BOCTBIO OnepaTopa A, nollyuaeM psiz paBencTs

"d__f= j {w'%f—\y Ly F\p—\lf’ﬁ(ﬁ\v)]}d::

=j {\v' L;: W S (AR~ fh?)\lf} dv—
= ( {\v(‘;—f + [f?’r}) w} dv. (26.5)
[lpu nepexone K nocienemy pasexcTsy HCIOJb30BAHO ONpeAedente
KBayToBOI ckobku Ilyaccona:
L — Fity=t#, L.

CocnunAs nauano u xoHel psanga pasedcrs (26.5), panumem Bmpa-

Melne nONHOR npousBonHOh F:
dF . [oF o oB .

ar j {\I’ (W +[H, F] \P)} drt. (26.6)
C npyroi CTOpoHb, CpegHee 3naduCHue 1pOH3BoHOR F ects

j vy gy, (26.7)

# — F, naxoinm

Cpaepupar (26.6) u (26.7) M UOMHS, yTO

aF __of a5
ar =g +H, FL (26.8)

$m KBAHTOBDBIF YPABIIEHHS ABIDKEHNA 95

BTO i ecTb BHpAKEHHE NPOHSBOHOW 110 BpeMeHu oneparopa b
camoM ofuleM carydae. B wactiom crynae, Kora onepaTop mBHO He
3asucut Ot Bpemenn, B (26.8) Bhnanaer mepBuil unen B npasof
4acTH, H QOpMyNa NPHHHMAET BHI
dF oo

ar=IH, FL (26.9)

Haromnum, 470 B Knacciueckoil Mexaunke npou3BOAKAN 10 Bpe-
MeHi OT MeXaRHYECKOj! BEJMUMEEI MOKET GbiTh BRPAXEHA Tpu N0-
MOULH KNACCHUECKX CKOGok Ilyaccowa gopmymolt, coBepurenno
anatoruunoit (26.8) B obwem caywae u cooTBeTCTBEHNO (26.9) npu
OTCYTCTBHUH SIBHOH 3aBHCHMOCTH OT BpeMen:

dF

¥
ar =3+ FL (26.10)

dr >
i =IH,F (26.11)
(cM. 7. I, § 61), uem u ycranaenmsaercst okonuaTedbyas cea3b Me-
HAY KTaCCHYECKHMU U KBARTOBHMH CKoBKaMu Ilyaccona.

§ 27. Keautosble ypasHeuus nBuxedns

Beprenca Tenepb K 3afiave, cOpPMYAHpPOBANHOA B nauane
§ 25, — nanucaTh KBAHTOBHE ypaBHEHISt ABIKEHHS B TAKOM BHIZ,
STOGL B HHX BXOMMIH [1POM3BONHLIE (10 BpeMEHl| OT CaMuX KHpa-
MHYECKHX NepeMedHuix. 1I0CKONbKY B KBanTOBOA Mexaunke anua-
MHUECKUM NEPEMEHHBIM COHOCTABATIOTCH OlIpeeIeRHbIE ONepaTops,
HCKOMDIC ypaBsennsi B CBOeM ofLleM BHAC A0KHEN GHITL HanHCaphl
LA STHX ONepaTopoB. DTO I103BOJRET CReraTs dopmyaa (26.9).
B camom nene, nanpuieM BHpaXcenHst 1isi NpOHIBOAHLIX TIO BpeMeri
o7 ofiepatopos § u f. TlockoabKy STi onepaTops ABHO 0T Bpemen
He 3aBUCAT, TO 00 (26.9) Gynem uMets

dg oA

w=IA, g1, @r.1

d, o

L1, 5t @r.2)
Ypastenun (27.1) n (27.2) B TOUHOCTH AHATOTHYHEl TaMHJIBTOHO-

BbiM KAHOKHYECKNM ypABHEHHAM K1aCCHYECKOl MeXanuKH, 3anucar-
HBIM npu noMouw ckobok Ilyaccona (cp. 1. 1, § 61):

2 —14, 4]
dj
=14, ),
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THe § H p— COOTBETCTBEHHO KOOpAHHATA M HMDyabe, 1 — (yHKius
Tamuabtona v cMBon [ ] O3HauaeT B 3TOM cayuae Kaaccuueckne
ckobky Ilyaccona.

Packpoem cmuica ypasuewnit (27.1) u (27.2), npumenus ux «
onpeesentblM acTHBIM cayaasM. Hanpusiep, &ns oxsomephoro
cayuan g = x, Toraa )

L1, 2 (27.3)
Corsiacuo onpefenesno KBanToBux ckobok Ilyaccona (25.9)
~ o N
IH, 2l=5(HE—tH)=
92 9
i x+U(x)x+x——W—xU(x))=

2m
_’1( ﬁ_i)
o \¥ 7 T I )

=5l

HernocpexcTedBbiM BLIYUCABHHCM, OPHMEHAA OnepaTop npasoft ya-
CTH K MpOM3BOABI0H (DYHKUMW 1, JIErKO yGeXHTLCS B TOM, 4TO

(o2 )= 288

'y
Hostomy
G w1 B0 L) Lk d Be
A =iy =iy = (197 = o
Hrax, Mbl noMyannn
RN ©er
r = m N

Mel BHIANM, YTO MEXAy ONepaTopOM HMAYJAbCA M ONepaTopoM Npo-
H13BOAHOA MO BPEMCHR KOODAWHATE B KBAHTOBO MEXaHHKE hmeeT
MECTO TO € CaMoe COOTHOIIenHe, KOTOPOE B KAACCHUECKON Mexa-
HUKE CUpaBe/INBO 15 HMNYJLCA p H CKOPOCTH X.

Haiijes Tenepb ypou3BOAHyI0 00 Bpemern ot ummyabca. Iomo-
IKUM, YTO f — Py} TOrAA

P Pa s
ar = H, bl = (Hpx — patl). (27.5)

R L d 32
Tlomas, ¥T0 py == -7 U UTO = KOMMYTHPYeT € -, HaXOMHM

10C/I€ MIPOCTHIX BbIUHCAGHAH, IPHMEHAR KOMMYTaTOp K 060 dyHK-

o .
F o ety 0=(0 3 = - O) o=

poe 0 pie o0

—Ugr—mv-tg ax v

§27 KBAHTOBLE YPABHEHHS IBYDKER](sS 97

OxoH4aTeAbHO M OjCpPaToPoOB HONYUAM
dpy 90
dt dx

(27.6)

~— ypassenne i ONEpaTOPOB, B TOYHOCTH @HAJIOTUYHOE HLOTO-
HOBY ypaBHeH!ﬂO ABHXKEHif KAACCHYECKOH MexaHniKy.

Ioayuensivie namu cocTiomenns (27.4) 1 (27.6) umeior MecTo
aast oncpatopon, 1o B § 17 ME BHZENH, YTO CMLICA COMOCTaBIeHHs
0lepaTopoB AHHAMHYCCKUM LCPCMEHHBIM COCTOMT B TOM, 4TO, 3HAs
3TH OMepaTopsl H BOAHOBYI0 (YHKIMIO, Mbl MOXEM BBIMHCAUTH
cpedrue’ 3uaienys COOTBETCTBYIOUINX MexaWhucckux seatynu. Ilo-
sTomy u3 (27.4) cnesyer

= P (21.7y
a n3 (27.6) o w
= (2).

Dopmyanl (27.7) n (27.8) BHpaXaloT TaK Ha3LIBAEMYIO TeOpeMy
Dpendecra, cOrnacHO KoTOpoOdl B KBayTOBO MEXaHUKE jIMEIOT Me-
CTO COOTHOLIENAS N 3aKOnbl KJACCHUECKOH MEXaAKit AR CPeRpty
3y auennl.

Dpengect nokasan aiee, 4t0 cootHOwenna (27.7) n (27.8) mo-
TyT ObiTb HCMONb30OBAHBL JUIS BHIRCHEHUA CBA3HW Mexay KIaccHye-
CKOif W KBaHTOBO MexaWnKoH ciaenywoumy o6pasom. Tpennonoxnm,
YTO W-chyHKUAR OTANAna OT HyAR JHMDb HA OYEHL MAJOM MpoTS-

KeNHU, B MNpCACnax KOTOPOro MOMKHO CHjiTATb TIpOM3BOIHYIO Tx

noOCTOANHOA. Ypasnenne (27.8) B TAKOM CJyqae MpHMET BRI
dﬁ,‘__J'.ﬁU 4_6UJ'. __ 9y

= Vg vdi=— G [ dr=— o

(Tpeanofaraercs, ¥To Y HOpMipoBana X eauuuue). Mrax,

dpy U
F7Rhast Tt (27.9)
M TOrXa ypaBHewne (27.7) DPHBOINT K CelylOLIEMY pe3yJbTaTy:
&F U
Mg =57, (27.10)

C npyToil CTOPOKH, CpeHes 3Hayenne KOOpIHHATE

= [ wewdx
€CTb He YTO HBOE, KAK KOODAMHATA «HEHTPE THHECTHS BONHOBOrO
nakera. Tlostomy ypagesne (27.10) AsIseTcsl MPOCTO HLIOTOHOBHIM
VpaBirejtieM NBHIKEHUS UEWTpd THMecTH nakera. Ecan 6wl gopma

4 9 B. ilonvexni, v I
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9TOrO TAKeTa CO BPEMEHCM He MeHaJach, 10 ypabuenhe (27.10)
AMe0 Ol MECTO AMS MOGOTO MOMEHTA BpeMeuH, H MOXHO GbWIO 6ul
TOBOPHTb O ABAXKEHHH NAKeTA NO 3AKOHAM KJIACCHUCCKON MexXanukH.
Mu anaem, 0HaKO, 4TO NaKeTH, KaK NPABILIO, DACIABIBAIOTCH (CM.
T. I, § 146), BBHAY uero ypasueswe (27.10) Bymer cnpaseanuBo
JIMILB B TESCHHE [AKOrO MpOMEXyTKa BPEMEHW, 110Ka Ha NpoTHKe-

au -
HUH N2KeTA ele MOXKHO CYATaTh BEIMAHHY —5-— NOCTORHHOM. Ha-za

5TOr0 OGCTOATEbCTBA BpeMst T, B TeueHHe KOTOpOro LMpHHa IMa-
Kera, nanpuMep, y[BauBAeTCs, MONET CyXUTb XapaKTepHCTAKON
TUPHMCHEMOCTH KJACCHUECKOH MEXaHUKH K ABHXeNHIO 9acTunsl B
ZABHOM TIOAe.

DpEHPECT NPHBOLUT CISAYIONME PUMEPH, KOTOpHIE ¢ GOMbLIOA
HArAAAHOCTBIO NIOSCHRIOT NEPEXO/ OT KBAHTOBOH MEXaHMKH K KJac-
CHYECKOH,

L. Tlycrs macca wacrunet passa | ¢, a mppuHa nakeTa pasha
10~ cxu. Dra WHpHHA yABOWTCA 4EPE3 NPOMeXYTOK Bpemend T =
= 102" cex. B reqenne 31010 Bpemenu cootHomenne (27.10) Gyxer
COpaBeJUBO, T. € [HEHTP THNECTH nakera Oyler RBHraThes no
KhaccHyeckol Tpaekropmu. Huaue rosopm, Aas GofbliEx Mace
CpPABC/INBA KIACCHUECKAS MeXaHRKaA.

2. Myete m=1,7-10~* ¢, a wupuna nakera pasua 10~ ca,
T. €. Mbl HMEeM Nefo ¢ nacTHueil aTOMHBIX pasmepos. 3mecs T =
= 10='3 cex, u kaaccHueckas MexaHuka BOOGNIE HENIPHMEHHMA.

3. [pomexytounsiit  cnywad— m = 10~'2 2 wupuna naxera

10~ ca. 3nece T == 10-7 cek, 1. e. ¢ UIBECTHBIM npHGAMKEHHEM eue
MOXHO FOBOPHTH O IPHMEHUMOCTH KAACCHUCCKON MeXaHUKH.
" MHTepecHo OTMETHTH, 4TO CYWECTBYIOT wacTuble ClygaH, B KOTO-
pbiX BONNOBbIE naKeTbl C TEUeHHEM BPEMEHH He pacniblBaloTcs. Ta-
Koil CHyuail HMeeT MeCTO, HampuMep, VISl JIHERHOrO rapMOuHue-
CKOTO 0CNUAMIATOPA. 34eCh NOTEHUUAJbHAS IHEPrHA papha

=1
U5,
a noToMy
U
o =1
Tax 4To

Ju . U .
U U =f{Y — iz
'y ¥ 5 Wdx Fl W x¥de=Ffk.
Teopemb Bpendecra B 3TOM cyuae galoT
&k ~
"=l
H Mbl IOZy1aeM KJIacCHUecKoe ypasieHue ABHXeHUs JHAeHOro rap-
MOHHUECKOTO OCUHMIATOPA, KOTOPOE GyleT HMeTh MCCTO AAS MIOG0ro
MOMEHTA BpEMeHH,

§ 81 CHMMETPUS H 3AKOHB COXPAHEHHS ag

B aaxmouenne Mbl BllOBb NOXUCPKHEM, UTO ypaBHEHNS XBHIKEHHS,
KOTOpBle Mul BHIBEIH B STOM Naparpade, HMEOT MecTo AAR onepa-
70pO8, T. €. JIsl aGCTPAKTHBIX MATEMATHYECKHX BEJMUHH, KOTOpHIE
Mbl CONOCT3BJAAEM B KBAHTOBO!H MEXaHHKE AHHAMHYeCKHM IepeMen-
upiM, HasHauenwe aTHX aGCTpaKTHBIX BETHU|IH COCTOUT B TOM, YTO
OHH IAWOT 3aK0HL pacnpedesenus RMNAMHIECKNX [epeMeHBbX, 3Han
KOTOpb, Mb{ MOXCWM BHMHCAATD AR KaXHOLO COCTOSIHUS, ONMCHI~
BAEMOTO BOJXI0BOH dryHKuned, Cpednue 3HAYERUA COOTBCTCTBYIOMUR
JHHAMEYECKHX MepeMeunblx. 10 OCOGEHHO ACHO H3 PACCMOTPEHRBIX
ApHUMEPOB: MpOXH{{EPEHUNPOBAB [0 BPEMEHRH ONEPATOP «KOOpAH+
HATa X», Mb TOJyYdeM npn MOMOWH ypasuenust (27.4) omepatop
«UMTTYJAbC», NENeRHb Ha Maccy, a HpOJH(hepeHulpoBas no Bpe-
MEHH OTlepaTop «X-KOMIONElTa UMAYJbCa», MBI NOIYIaeM Onepatop
«TpOU3BONHAS NOTEHUHAILHON SHEprud Mo KOOpXHHATE ¥» (C TOu-
HOCTBIO 110 3HaKa), U T. IL

Ecan e Msl 3a%aAHMCS BONPOCOM O COOTHOWIEHHTE MEHIY pe-
3yJbTaTaM{ uaMepenHs XHHAMHYECKHX nepeMeHHBIX, T. €. O COOTHO-
WERHAX MEXKIY uHCHaMH, KOTOPLIE UM COOTBETCTBYIOT, 10, COFAACHO
TeopeMe JpeHiecTa, COOTBETCTBYIOMAE COOTHOWICHHS B KBAHTOBOR
MexaHHKe JOMhnsl HMETb MeCTO IS Cpednux snauerud.

OrMertuM, HAKONell, elle ONHO CyLUIECTBEHHOE pas/iRuKe MEKILY
KJaCCHUECKHMH H KBAHTOBLIMH YpaBHeHHSMH JsHiKenus. B Kaac-
CHYECKO/ MeXaluKe ypaBIeHHS JABHXEHHS MOTYT GbiThb HANUCAHH
B SBHOM BHJe, €CAK saiana ¢yuknHA [aMHAbTOHE, T.e. SHeprHs,
BBIpaXeHnad B (DYHKIKH KAHOHHYECKHX KOODAMHAT W HMITyJbCOB.
B KBaHTOBOfl MeXaHHKE CHCTEMA BYICT 3aKaHa MATEMATHYECKH, eciun
oneparop ['amuasTOHa BHipaXen B dhyHKUHM KAHOHHUEEKHX Onepa-
TOPOB KOOPIUHAT ¥ HMIYJbCOB, NPHYEM VA  H f H3BECTHH nepe-
CTAHOBOMHBEIE COOTHOMIEHHSA. DTO ACHO U3 Pa30bpaHHbIX BhIIE NPHME-
pos. Takiy 0Gpa3oM, Mhl eue pa3 yG6exiaeMcs 8 TOM, ¥TO HMEHHe
K 1L;€DECTAHOBOYHLIM COOTHOU@HHSM CROLHTCS DAZAHUHE MEKAY
K/ACCHUCCKOR W KBaHTOBOMl MeXanuxoir. JtdM e onpenersercs
POJIb MEPECTANOBOUKLIX COOTROUIGHUN KAK KBAHTOBHIX yENOBHIL

§ 28. Cummerphs u 3aKOHBI COXpAHEHHS

B K71aCCHUCCKOl MeXaunKe HMeeT MeCTO pAj BaXHbiX 3aKOHOB
coxpanenns. TakoBsl 3aKoUbl COXpAHENHA 3HEPrHU, MMnyJbca H
MoMenTa HMOyabca. XOTs 3aKOHbl 5TH Oblair U3BECTHM NABHO *),
TOJILKO B NICPBOfl UETBEpTH HAWErO CTOARTHA GHLIO NOHATO, uTO OUN
ABAAIOTCS CJ(EACTBHAMU CAMBIX OCHOBLBIX CBONCTB MPOCTpancTBa
BpeMCHH, a HMCHHO —- CNEICTBUSMH NpOCTEHWHX  CHMMETpHI,

*) Bakon cOXpaHEHHR WMOyihca Obin uisecren yme Tofirekcy, T. e B
XVII crofeTHn, a 3aKoH COXPANCUHA SHEPTHI B MCxanuke (ROCTORHCTBO CyMpibt
KieTHICCKOR 1 iy aweprhu) bea Teatmromsien &
CepCARE HPONLOTO CTOMETHE.

4
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BEITEKAIOMUX 3 ONHOPONHOCTH BPCMEHM M OAHOPOLIOCTH H H30-
TPOMHOCTH TIPOCTPAHCTBA.

O HanRYAR CAMMETpHH MEl CYIHM N0 TOMY, YTO IPU ONpeednel
HbIX ONEPAUHSX, BHNOJNHAEMBIX Ha CHCTEMOM, — CMellleHHnx B mpo-
CTPAHCTBe i BO BpEMEHH, NOBOPOTAX, OTPAMKEHHSX — T€ WAH WHBIE
CBOMICTBA CHCTEMb] OCTAIOTCS HHBAPHAWTHBIMK (Hen3meuneimu). Tax,
B ceprueckoi CHMMeTpUH Wapa Ml yGCHTAeMes, NoBopasHBas
€r0 Ha pasJIHUHLIE YTAB OTHOCHTEALHO LEHTP2 M H3MEPSIS IHaMeTp
B KaXKIOM HKOBOM NOMOmeHud. HensmenHocTe awaMeTpa sBaserca
NONTBEPKLEHUEM TOTG, YTA HaMl OGBEKT BLIAANT OLHHAKOBO cO
BCEX CTOPOH, T. 6. MOATBEPKICHHEM ero cepuuecKoll CHMMETpPHHU.
YiKe u3 5T0r0 UIPOCTEHUIEr0 NpHMEpa BHARA HENOCPENCTBERHAR
CBA3b NOHATHS CHMMETPHH C NOHATHEM HpapHAHTHOCTH *). Hens-
MERNOCTL CBOHCTB CHCTEMBl 1PH NPOCTPAHCTBEHHBIX CABIIAX, Bpa-
UIEHHAX # OTPAMKEHUSX OTBEYART NMANUVHIO Y HEe 2e0METPUHECKOl
CMMMETPMM.

HHBapnanTHOCTL 3aKOKOB MeXalHKH npi MEPExoNax MexIy pas-
HOMEpHO [BIUKYLIMHCS CHCTEMAMH KOOPJHHAT TaKKe SBJISETCR
TPAMEPOM CHMMETDHH, HO YK€ 3HAUHTEJbHO SoNee comHOl. 3aech
HIET pedb O TNHAMUNYECKOH, a He O TeOMCTPHYECKOH cuvMerphn. Oua
B IAHHOM CJIyvae HaXONWT CBOE BbIPAMKEHHE B HEHIMEHHOCTH 3aKO-
HOB AMHAMHKH OTUOCITENBHO Npeobpasorannfi nepexoaa K apyrofi
MHEPUHANLHOR cllCTeMe oTcuera. B CBOC saccndeckol popme Ta-
Kasl HHBADUAHTROCTE OblIA H3BECTHA yIKe €O Bpemenn [aamies, no
NIOTHOCTBIO MOHATA M OLEHEHA OHA Osl1a TONBKO NMOCTE NOSABACHIS
CIeUHANbHOH TEOPHU OTHOCHTCBHOCTH DiHmTE HA.

B xpautosyo MmexanHKy Komuenuus chMMerphd Oblla BBexeHa
E. Burnepom **), koTopoMy ¢ NIOMOMIBIO COOTBETCTBYIOMET0 MaTe-
MaTHYECKOro anmaparta y1aioch NOIyYHTh OTPOMHOE KOJHYECTBO
BAMHBIX DE3Y/ILTATOB, HC BbBORMMKLIX HUKAKAM HHBIM CUOCOGOM.
B (OCIENHRE roMbl PASIHIIOTO POAA CHMMETDHH HEreOMeTpH4CCKOrD
NPOHCXOKACHHS CTaMH HrpaTh (yBAAMEHTANLHYIO pOab B dHINKe
S/CMEHTAPHBIX YaCTiL. B yactrOCTH, 31ech OWUI paspuT Tak haspl
BaeMbifl BOCLMEPHURD (HOPMAIEM, KOTOPbil 103BOJILT KJIACCHp1r-
UHPOBATH BCE YACTHUE U NOJAVHUTh PSR UHTEPECHBIX KOdHueCTBe-
IBIX COOTHOWIERHH MCIKIY MX XapaKrepHCTHKAMH.

*) Coraacto onpeenenmo I, Befl1i TeoMeTPHHCCKOe NOTATHE CUMMCTPHA D
PABMHNBY e (GUPWAY — TAKNY, Kah 3ePRATLH ! X W
5P, — NIOCTENCIIND NPUBOINT K OGWIEN Wiee, MCKamel B OCHOBE TCex STHY 4aCT:
TBY DHIOE CHMME'pHH, — K MACe WHBADHANTHOCTH HOKOTOPOH KOnbHLYpAwHH OT
orHTeAbHO rpymB mp i (rpyime pusmos,
1. €. MpeoSpasoBAHLil, NEPEBOAMMKX (UTYPY B TAKYIO, KOTOPAN h¢ OTAKMIMA OT
HCXOIHOM) YRReKATE oMb H EMECTE C Tebl ryBOKHi AMATHS MOMATHR CHMMCTPHN
H_6¢ MAUCHNS IR MATEMATHRH B GRaHKH 1aK 1. Beitiew b cro GAectatien Kiure
«Custerpnss, pycewit nepesoa, «Haykas, 1968

**) Cu, wanpmmep, kiury L. Buriep, 3mots o cavnephi, <Mups, 1971,
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CBS3b MEXIY 2KOAMH COXDAHEHHA W WHBADHAHTIOCTHIO OTHO-
CHTCABHO ONIPEXECHRBIX ONEPANlA B MPOCTPAHCTEE 7 BO BpEMer
SBASETCA ADYTHM [HEAMHYECKHM ACTIEKTOM [IPOSBACHHR CHMMeTpHUil.
OxasbiBaercs, yTO ¢ OAROPOAHOCTLIO BPEMEHH CBA3AH 3@KOH COXpa-
HeHHsl 3HEPrHH, ¢ OIHOPOIHOCTHIO MPOCTPAHCTBA — 3aKOH COXpaHe-
HHS UMIYJbC2, & C €ro H3IOTPONHOCTHIO, T. €. C HEHIMENHHOC1BIo
CBOMCTB MPOCTPAHCTBA TPH 1IOBOPOTAX, — 33KOH COXPAHEHHS Mo-
NeNTa UMIYAbCA.

HanGonee ynoGubift MaTeMaTHueckui anuapat mjs ycTanosae-
HAAl 32KOHOB COXpAHeHHS B KAACCHUECKON MEXaHHKe AalT CKOOKA
Ilyaccona. BosbMeMm Kakyo-1H60 MeXaHUUECKYH) BEMTWMHHY, 32Bri-
CAIIY OT TaMHAGTOHOBLIX NCPEMEHHLIX ¢, p H, MONKET OHITb, Of
BpEMEHH:

F=Flg, - s a0 P ovoy pin B
Kaxk Oewto mokasano B . 1, § 61, noanas npoussoauas o BpeMeHH
nemmymbt F o Bopaxaercss vepes ckobku [lyaccoma ciemyomum
ofpasou:

dF aF
L=y A, (28.1)

rie H — bynxkons Tamunsrona. Ecan me F He 3aBHCHT 9BHO OT

3
BpeMeny, T. & —5- =0, 0

dF
— = 28.2)
=4, Fl. (28.2)
B mepsoM Tome GbLI0 N0KA3aHO, 4TO, MOJb3YACh ITOA (GOpMyJnoH u
CBOWCTBAMH CHMMCTpPHH BPEMEHH H NPOCTPAINCTBA, MOKHO BHBECTH
BCe 3AKOHB COXPAlElHA KAACCHYECKOH MEXAHUKH.
3aKOHLl COXpanenust B KRAHTOROH MexaHHKe JOKA3biBAKTCH ard-
JorEureM o6pasom. 1101Has npoussoinas no speMenH omepaTopa
B HanGosee ofulcy cayyae, cornaco popmyie {26.8), Beipa
maercs NP TOMDIIM KBAaHTOBhIX cKoGox IlyaccoHa caemyioluum
ofpasos: ~
dF _ oF 5 o3 3
ar =3 T1H, Fl, (28.3)
THe BTOPOM yJen CnpaBa npeicrtasaser cofofi KBaHTOBYIO CKOOKY
Ilyaccona:
PR P oan me
1A, Fl=+ (AF —Fin. (28.4)
Ecnu £ 7810 OT BpemenH 1€ 3aBHCHT, TO
@ 14, A
= £l

#, coracko (28.4), paBeHCTBO HY.IO DOMHON MPOM3BOAHOE MO Bpe-
ey Gyser HMeTb MECTO B TOM cllydae, KOrza ONepaTop KOMMYTH-
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pyerT ¢ ramanbTORnanoM A, Takuy e6pasom, B KBaH‘:I‘OBOﬂ MexXaHHKe
HMeCT MEeCTO C/AEAYINIas 3aMeuaTe’bHas MO CBOSH MPOCTOTE TEO-
pema:

Han 1020 urobur Qunamuueckas nepemer. COLPAHANACE BO
epesenyt, JOCTATONHO uTobbi COOTBETCrayrouul 310l 8eaunune one-
PATOp RBHO He 3ABLCEA OT BPEMEHU I KOWMYTUPOBAN € ONEpaTopoM
TamuneToNG, T. €. € ONEPATOPOM NOAKOL IHEPSUL CUCTEMbL.

TIpnMeHnM 3Ty TEOpEMY A OTLICKAHWA 3aKOHOB COXPAHCHHST
JUAAMAYECKAX HepCMENlblX KBAUTOBOH MEXaHMKH. PaccMOTpiuM cu-
cTeMy, B KOTOPOHR 9acTHIL ITOABEPIKEHL! ONHHM BHYTPEHHYM Ciram
B3aUMOACHCTBHS, T. 2. 0OPa3yloT 3amKHyTyw cucremy. OUesunHo,
YTO eC/H WayaJbHEIE YCAOBHS GYAYT OMUIAKOBH, TO BCC JBHIKEHHE
B cHcreMe OylyT OLIMAKOBH, HE3aBHCUMO OT TOTO, KaKejf HMeHHO
MOMeHT BpeMen# BuOpaH 3a ! == 0. D70 u ects cummerpusn, ofyc-
NOBJAEHHAR OMNOPOAMOCTLIO BPEMenH: CMEWleHNe BO BPEMEHH He
BARAET HA COCTOSIRME ABHIKEHHS B cHcreme. Mtak, BenencTsne ofno-
POANOCTH BpEMeHH TaMHJIbTOHHAH fBHO HE 3aBUCHT OT BpEMeHd, a
noTOMYy N ‘

dH 5 5
<=, H]

HO TAK KaK TaMAJbTOHHAH, OUEBHIHO, KOMMYTHPYET CaM ¢ coBot, To
af P
i =1IH, H]

T. e. A = const, a 370 ¥ €CTb 34KOH COXPANEHHS IHEPTHH: ONepaTop
SHEprHU nie 3aBACHT OT Bpemend. Uro e kacaercs swBOAA O uHC-
JIeHHOM 3UAYEHHH MEXAHAUECKOM BCNMUMHLI T. €. O yuChe, Cps3an-
HOM € PC3Y/IbTATAMH M3MEPeRHil, TO MH AOJKHE BOCNOABIOBATLCH
nonysennoit B § 26 dopMmynofl nas NpousBOLHOM MO BpeMenH OT
CPEAHEro 3MaueRuA:
dF )
f—J.\l’ [H, F]¥ dx.
dt
Otci0aa A0S CPeHEro 3HaYekHs SHEPTHH NaXO0ANM
dE -
i f“’ [H, H]¥ dt=0,
T e _
E == const, (28.5)

B uwactroctH, ecan npu {= 0 3HEPTnA UMEAA ONPEMleJCHHOE 3HAue-
LiHe, T. €. CHCTCMA HAXO[MTCA B CTAIHONAPHOM COCTOSHHH, TO
E = E = const. (28.6)

D710 3HAYWT, ¥TO CHCTeMAa OyHeT COXPAHATL TAKOE ONpefeNeHHOE

3HaUEHHME SUEPrHu B N0GO0H OYAymmiA MOMEHT BpeMeHd.
N

§ 281 CHUMMETPHS M 3AKOIIH COXPAHEHMA 103

Ecan me npn {==0 cocrofiune He ABAAETCA CTAUMOHAPHBM, TO
O COXpaHesEnu caMoOll 3peprHH TFOBOPHTb He NPHXOANTCA, TAK KaK
Onra_He HMEET ONPEe/EHHOTO 3HaueHus, HO, corflacHo (28.5),
£peduee siedenye SREPTHU Bee ke GYAeT COXpanaTeesa. PaceMoTpiy
3TOT caysafi AeraivHee. [lomomxuM, uTo onepatop TIaMuisrona
HMEET JHCKPETHLIAl COeKTP, COCTOAMIAA U3 COGCTBEHHLIX 3HAUEHHH
Ei, Es, ..., Ea, ... 3aBuckyocts W-bysKuuA OT BpeMEHHA B Cra-
{lOHADHON COCTOSHAH ONPEALTCS IKCTIOHEHIAANDHAIM MHOMKH-
Teaem

Wa(x, h=1vu(x)e

Ecan ke COCTOHWE Be ABASETCA CTAUHOHADHLIM, TO €r0 MOMKHO
fIpeJCTABHTb KAK CYNEeplosniMo CTAIHOHAPHEIX COCTOSHUA, COOTBET-
CTBYIOIUX COGCTBEHHEIM 3HAYeHHAM SHepIHH:

R
T d=cip(x)e " +opa(x)e

oo eaa(x)e

B camom zese, npH = 0 5T0T pAX NprHAMaeT BUX
Wk, O =cop )+ () + -0 + eV} .

Ho cnpasa crout pasnomenne dydkuun W(x, 0) no opronopMapo-
BaHHON cycreMe dyHKUHA $y(x), P2(X), ... Kospdunments storo
Pa3N0KEHHs: HMET TOT CMBICA, 4TO KBagpaThi HX MONyJedi |e({?,
Teal? ..., len|? ... paBHbl BepOATUOCTAM NONYHHTL NpH WIMEPERHH
3neprun B MOMent / == 0 COOTBETCTBYIOIHE ONpesenenHbe 3HaYeRAT
E( Eg, ..., En, ... Beojs ofospaueuue

+aee

al),
Mbi CMOKEM Nepenucarb psl B BHie

W, =a @b F)+ @@t o+ @)
nipHUeM KBaiapaTel MORY.ell |¢x(f) |2 ABAMIOTCS BEPOATHOCTAMH NO-
.;I{)g—l?l'rb pH M3MepeHid B MOMEHT BPEMEHH { 3HAUeHHS sHepran En.

En

Eq ;
leal) P=cr(Doah=ci(0)e’ F ‘e, 0) e * ‘=l c, (O)F,

a 9TO 03HAUAET, 4TO BCPOATHOCTH MOAYIHTE MpPH H3MEPEHHR B J10-
§0it mOMeHT { 3nasenue sweprud E, He 3aBHEMT OT Bpemeni. Mu
TPHXOJHM, TAKHM O5PA30M, K BLIBORY, YTO B JIOGOM COCTOSUHH CH-
CTCMBI CpefiHee SHaueHue HepriH E R BepOSTHOCTH ONpEeAE’AeHHLIN
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aunavenuil En ne 3aBucAT o7 Bpemenn. B sToM W sakilouaerca Han-
Gonee obwasi KpaHTOBOMEXaNHMUECKAS GOPMYTHPORKA 32KOHA COXpA-
HEHMs BHEpruH.

OGpaThMCcs Teleph K 3aKOHAM COXPANENHA HMOYJIbCA H MOMEHTA
HMIlyJbca. 3aMeTHM GpEHUle BCero, $TO BO BCeX AanbHellnux BH-
BOAAX MBI GyfeM HMETh AeA0 ¢ He 3aBHCAULAMH OT BpPEMElH FBHEINM
06pa3oM oneparopaMH, H HOrOMY AAfl ([POMIBORHOM NO BpeMeHu OT
KamJIOTO H3 TAKRX OMNEPATopos MOMHO NpUMEHAT, BLIpameHHe
(26.9).

HadneM ¢ TPHBHAbHOTO CJy4as ABUIKEHHS CBOGOAHON WaCTHIUEL,
TIponssonnas N0 BpeMEHH X-COCTABALIONME] HMIYAbCA PaBHA

dbx _ i
g =IH, psl

Cxo6ku Ilyaccona, crosiiune cnpasa, Mpl yxe Buuucasnan B § 27, v
[OAYHUIH

dps of

at . ox

B poctpanctse, csoGonnoM ot nons, U(x)= 0, u, ciesoBaTeanto,

dps
dt

0, pe=rconst.

Onstb-TaKH Be cAeayeT 3aGbBaTb, UTO NOMyHeHHLI Pe3YNLTAT
HMEET TOAbKO CHMBORHUEcKoe 3Hauexne. OH 10Ka3blBaer, Yto ome-
PATOP X-KOMNIOHERTH HMOYbCA HE 3aBUCHT OT BpeMeHH,
PaccMOTpUM Temeph CHCTEMY YACTHM, HAXOASUUXCS MOR Aeil-
CTBHEM OJHHX TOABKO BHYTPEHHHX CHJ B3aHMOZENCTBHUS, HMEIOIUIHX
noTenuuan. B sToM cayuae X-COCTABAAMIASL NOJHOTO HMIyJanca,
OYeBUIHO, paBua
<
b= %n Pt 28.7)

TlesTomy, upHiumasn Bo Brumanue (27.6), monyvaem
dpy AN _ N
L —{H, %m]— %Tﬁ'

Taxum 06pasoM, Ha mepBuii B3TAAA fr 7= 0, U 33aKOH COXpaHEedus
CyMMapHOro uMny/bca He HMeeT Mecta. OnHaxo npH Gonee BHHMa-
TENLHOM PACCMOTPEHHY HETPYRHO yGeRWThCs B TOM, uTO CyMMa,
cTofWAas cnpaBa, paBHa HyAl0. DTO BALHO yXe H3 KaueCTBEHHOTO
0BcyxIenusl, OCHOBABHOTO Ha OJHOPOZHOCTH mpocTparctea. B ca-
MOM Jiefte, paccMOTpHM NpOCTefInil cayuai cucTeMbl ABYX YacTHll,
HAXONALHXCA HA pACCTOAHHH rz. OQUEBHIuO, yTO CHAA BIaUMOeii-
CTBHsl MeX/Y STHMU YaCTHIAMH He H3MEHSETCs, ecan Mbl, COXpanss
paccTosiHue, cMeCTHM 00e yacTAllel B JIOGO€ MECTO MpOCTPanCTBA.

§ o TIPARO-JIEBASI CHMMETPHS 105

Ho 3o 03HAaYaerT, YTO NOTEHIUHANbHAH aﬂepr!‘lﬂ 3aBUCHUT HE OT CAMHX
KOOpAKHAT, HO OT pBSHOCTeﬁ KOOPAHHAT, & NOTOMY

' 04 __ o1, %
T ox s,

To e MoAyuaercs H3 HECAOMKHbIX BEIYHCITCHHA:
E) da Ay + g Ore _ 08 (ar,, + anz)
ATy Oy Ox On, 0%, 0org \0x T Ok
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5= 0, py=-const.
O6o6weine Ha caydali CHCTEMbi J0G0TO 4ACAA WACTHI TpPHHIKITH-
4IbHO [1HYET0 NOBOFO He TpeByer. Auanornun0 HAXORHM

py=const, p,= const.

3aKOH COXpaHEHHs MOMEHTa HMmyJbca Mbi MOAPOGHO oGcymny
B ra. IV,

§ 29. Mpaso-neras cAMMETPHS

Hapsiny ¢ cAMMETpHAMH, KOTOpbie OBYC/OBJEHbI CBOACTBAMH
ORHOPOLHOCTA ¥ H30TPONHOCTH NPOCTPAHCTBA W OLHOPOAHOCTH Bpe-
MenH, B KBAHTOBON MeXaHWKe BaKHYIO pO/b HIpaeT eile OLHH BHA
CHMMETpHH, CYUIECTBEHHO OT/HYHEI OT pACCMOTPERIlbIX BLIIE.
ViveeTcss B BUly CHMMETPHS MeX1y OODLEKTOM H €r0 3epKafbibiM
u306paxenncM. .

C 310/ CHMMETpHE/l TCCHO CBA3au0 MOHATHE PABOTO U JEBOTO,
Ha KOTOpOM HEOGXOIUMO OCTRHOBHTHCS HECKOAbKO nonpobuee. Hs
NOBCEAREBHOTO ONbITA XOPOILO HU3BCCTHO, UTO CYLIRCTBYIOT OOBEKTSI,
KOTOpbie BNOJHE MOAOGHB( ApYT Npyry, HO HHKAKHMH NOBOpOTaMU
He MOTYT ObiTb C . Hpoctimg 1f paMR MOTYT CIyUTL
NpenMET § ero 3epKaJLHOC OTpaiKenHe MM 1pasast W nesad nep-
9aTKH, KOTOpbIe KaK pas oBJanaloT yKasauHbiMH cpoiictBamu. Of-
HAKO He CYLIECTBYeT HUKAKHX NpHIHAKOB, 110 KOTOPEIM MOXKHO Bbiio
Ob CyAuTb, UTO WMEHHO SIBISIETCS 0pABLIM, 4 UTO — JeBbiM. JT0
&0 IPOM3BOJILHOTO BBISOpA, HO Pa3 TaKOM BEIGOD CHERAaR B OLHOM
KaKOM-TO C/yuae, NOHATHS TPaBOro H JEBOFO CTAHOBSITCS OMpefe-
JeHubME VA BCEX TeL

Paaguune MexIy NpaBbIM H JAEBbIM B TPOCTPARCTBE CBA3EHO €
pasJHYHeM B ODMEHTALWAX BUHTA — (PaBoro u nesoro, O cymecrso-
BaHWM BUATOB C HAPE3KAMH, HECOBMCCTHMBIMH XpYr C JApYroM H sB-
NAIOUIIMUCSH 3ePKAJBHEIM OTPAKEHHEM OAHA ApYrofi, HIBECTHO TaK
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JKe XOpOILO, KaK O CYWeCcTBORAHHK npasofi u Jesofl nepuatok. Ha
prc. 7 nzobpakens o6a BunTa ¢ obwedt Mydroi. Ilpn BpameHnw
MYGTE 8 ONpeNeeHHOM [aNpaBJerHu, T. e. N0 YacoBOM CTpeake
MW TPOTUB Hee, BHHTHI BelyT cefi Kax OOBEKT H ero 3epKalbHoe

Puc. 7. TIpasuk & Acouil BURTH.

uzobpaxene. [IpaBum BUHTOM (TOYHEC, IPaBO/ HAPE3KON) YCAOBHO

CUNTAETEA BHHT, XapaKTEPHIYEMEI CNEAYIOmuM 0Gpas’oM: eclu

CMOTPETh BJOJIb OCH BHHTA CO CTOPOHM €ro TOJIOBKH, TO NPH 10-

BOpOTE FOJOBKH N0 4aCOBOM CTPeNKE BMHT NePEeMeNlaercs Brepes.

DruM oupepenenneM, Kak YKe CK23aHO, (UKCHPYETCA NOHSTHE

BpaBoro # Jesoro Bo Beex caysanx. «Ecau B rosopure o nosopore

uazeso, B noapasymesaete npu STOM, YTC HAmpaBJieHue, B KOTO-

pom Bl nOBOpasHBacTeCH, BMECTE C

vanpasJdekHeM BBEPX OT HOT X roJoBe

Bamero Teaa, ofpasyer JeBbiil BHHT.

Z CyTousoe ppaieHne 3emsu pMecte

¢ Hanpasacxuenm ot KmHoro nonioca

K CesepHoMy oOpasyer JCBLiI BUUT;

ecn ke Bu 3ajgajnre ocp B NpoTHBO-

Y HONOKHOM hanpasiesan (T.e. or Ce-

X BepHoro noawca X Kxuomy), To 310

HKC  ABMIKEHWE o0pasyer  ipaBhiil
suur> (I, Beitnb «CumMMerpHa»).

C noHATHAMA npaBOTO W JI€BOTO
CBA3AHB), KaK H3BECTHO, 1BE pa3aui-
HBIC CHCTEMb[ JIEKAPTOBBIX KOOPAMHAT
(puc. 8). {Ipasan cucrema KOOpAHIAT
XapaKTepusyercst TeM, 9o noBopotT or ocH + X K och 4 Y Bmecre
¢ HaupasJieduem + Z ofpasywor aespii BuHT. Ofe CHCTEMBI e MO-
TYT GbiTh COBMENICHL HHKAKHM HOBOPOTOM, HO ABMSOTCS, KAK NOKa-
3aHO Ha pHC. 8, 3ePKANbHKMU OTpaEHHSMH ORHa Apyroii. Slcwo,
4TO W3MEHEHHE (2DPaBJEHHA OLHOH OCH HA NPOTHBOIONOKHOE (Ha-
npuMep, ocH - ¥) ([EPeBOXMT NeByI0 CHCTEMY B NPaBYI; €CIH ke
H3MEHHTh OJHOBPeMCHHO HANpaBJeRHs JBYX OCeH, TO cHCTEMa CO-
XPaHHT CBOH «BHHTY.

B sToil CcBA3H NONE3HO OTMETHTH, 4TO TAK HABLIBACMBIE MOASP-
HbIC, WAN HCTHHHbIE BEKTOPEI, NPHMEPOM KOTOPHIX CAYIKHT pamuyc-
BEKTOp, H AKCHAJbHLIC BEKTOPbI (TICEBIOBEKTOPLI), CBABANIHE C Bpa~
alepneM, npeoBpasylTCs NpH 3ePKANBHOM OTDAMKEHHH pA3JMUHBIM

X

Prc. 8, Mparas n aesan cn-

€TeMH KOOpRANAT; AX mpeolpa-

soBaitie TpH OTpaMERN B 3cp-
ane.

§ 29 TIPABO-JIEBASL CHMMEFTPHA 17

o6pasom. 13 puc. 96) suano, 4o cocTaBAsiOmHe panuyca-BeKTopa,
nepnesAnKy. s pHAE TIOCKOCTH 3CPKafia, MEHsIOTCA Ha ofpatHsie, a
£OCTaBS OIIHE, MapallIeNbHBIC 3EPKANY, HE MEHAIOTCS.
AKcHaabisle BeKTOpb! TpcodpasyloTess iave. Tax kak kani ak-
CHaJbHBI BEKTOD CBA3AN C BpaulEHHeM, TO xapakTtep npeobpasopa-
HHS €r0 ONpefeanercs TeM, Kak oTpamaercs spametue. M3 puc.9a)

) [

¥aa5HOTO (a) 0 TOMAPHOTO (6) BEKTOOB,

Puc. 9. Tpeobp

BHIHO, YTO B C/yYde napa/JeJbHRX 3epKady COCTABASIONIMX Ha-
NpaBJCHHE BPACHHS NpH OTpaENHW MEHAErcs Ha ofpaTHOe,
OTKYyAa CAENyeT, 4T0 [[ApA/MedbHLIe COCTABARIOUIHE AKCHAJHHOTO
Bektopa lpH OTpaCHHH TaKme nepesopasusaorcs. Hamporus,
HOpMaNLHBIC COCTABJSIONIHE IPEOGPASYIOTCH §e3 HIMEHEHHR flanpa-
BAEHHS, NOCKOJbKY HaNpap/iCHHE BPamleHWs B N/OCKOCTH, napal-
JIenbHON 3epKaTy, npH OTpaKeHHH He Mensercs.

Xorsi B OGbLAEHHON KH3HH npaBOE H JEBOE CYIECTBEHHO OT/H-
4al0TCA Apyr OT ApYra, B HaYKe BCEraa NOCTy/MpOBasach (S840 AU
HeABRO) MOJMHAT CHMMETpAS MemAy (HM3UYECKNMU 3aKoHaMH, siB-
JSIONMMACS 3epKANBHBIM OTpakenueM Apyr Jpyra. 9To sHadWT,
4TO eCAH NpEJACTaBHTL cefe NBe (H3NYECKHe CHCTEMH, B KOTOpHY
AMEIOTCS ACHMMETPHHE, — B ORHOJl COOTBRTCTBYIOIIHE NPABOMY BHRTY
(uanpuMep, HMEIOTCH MOJEKYabl, BPAWAIOLIHE I/IOCKOCTh HOJADH-
3aLAA CBeTa BNpaBo), a B Apyroil «NpaBbie» acHMMETpHH 3aMeHeHbt
«JeBBHIMH», — TO BCE ABJeHHR B ofeux cucreMmax OyAyT npoTeKarts
COBEpUIEHHO OAHHAKOBBHIM 0GpasoM.

B npenbiiymiem naparpae B Kauectse mpoctefimiero npumepa
CHMMETpHH MBI (pHBENH cHMMeTphio Wwapa. KpurepneM 37oil cum-
METPHH CAYKIT TO, 4TO IPH JIOGHX NOBOPOTAX OTHOCHTENbHO (BHK-
CHPOBARHOTO IeHTpa IIAp CHOBA CoPMalaer ¢ camum cogofi. Xa-
PakTepHOll YepTO TAKOro poja OnepaiMil ABJAETCA TO, 4TO OHHM
HCUPEPLIBHBI: MBI MOKEM NOZBCPIRYTb CHCTEMY M0G0MY SeCKOHEdHO
MafOMy CMCINEHHIO B OPOCTPAKCTBE MM BO BpCMElU H BpAIICHHIO
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B [[POCTPALCTBE, NPHYEM HHBADPHAHTHOCTH OTHOCHTEIBHO TAKHX Oec-
KOHEUHO MAMBIX NpeolpasoBaHuil M MOMET CNYKHTb NpH3HAKOM
CHMMETPHH.

HanpoTus, cuMMeTpRA TPABOTO H NELOrO, KaK Mbi TOJBKO 4TO BH-~
IEMH, NPOABAAETCA (IPH_3€PKAILHOM OTPAXKEHHH, T. €. pH AHCKpCT-
HOM LpeoGpasoBadud. D10 OTIHYHE BEIET K BAXKHOMY CACRCTBHIO.
B ro Epe"dﬂ Kax IIHBapHaHTHOCTb OTHOCHTEJIBHO HCHPEPHBI[&!‘( npe-
0Gpa3oBannil MOPOKAAET 32KOMH COXPAHEHHMA U B KJIACCHUECKOH
1 B KBAITOBO/ MEXaHUKE, HIBAPUAHTHOCT OTHOCHTENbHO 3epKadbL
HOTO OTPAMEHHA B KNACCHUECKON MeXaHiKe K 3aKody cOXpallermst
He npuBOANT. MNMenio no 9Toil pprumie, X0t CHMMETpHS mpHt 3ep-
KANbIOM OTPaKeHUu Oblja M3BECTHA H B KJIACCHYECKON MEXaHHKE,
HO [IPAKTHYECKOTO 3HAUECHUS OHA TAM HE HMeNa U e HCOONb30Ba-
nace. Mnaue o6CcTOM1 Aeso B KB2HTOBO/ Mexamuke. 37eCh BOSHH-
KaeT HOBBIA 3aKOH COXpaHEHust, COOTBETCTBYIOUIMA MPABO JICBOM
cummerpun. Kak otmernn E. Burnep, ero cyuiecTsosanne csisano
€ BOSMOXHOCTBIO 05PA30BLBATL B KBANTORON MEXAHHKE CyNeplosi-
UHIO NAHHOrO COCTORHUSA C COCTOSIHUEM, nOMyyaeMbM H3 HCXOIHOTO
TyreM 3epPKalIbHOrO OTPAMEHHS. STHM 3aKOUOM FBMINCTCR 3aKOH
COXpAHEeHHs| YeTHOCTH, K PAacCMOTPEIHIO KOTOPOTo Mbl H [EPEXOAHM.

§ 80. 3akon coxpaHenss YETHOCTH B KBaHTOBOW MeXawMke

Paccmotpuy cicTeMy, B KOTOpO#l AeHCTBYIOT cuibl B3anmojeli-
CTBES MEXAy UACTHLAMA H BHEILHAR LEHTPAnbHAR Cuna, mpHueM
€e LCHTP COBIafaeT C HAYanOM koopauHar. IlpeactaBEM ce6e, uTo
3Ta CHCTEMA NOABEPCHYTA TPCOGPA3OBAHHO, NpH KOTOPOM IHAKH
BCeX JIEKApTOBBIX KOOPAUHAT USMENEHD( Ha 08paTiibie

Lp™>—Xp, Yo —lYp, T — 2, (30.1)

Tie WHASKC & HYMEpYET YaCTHIL CHCTEMD! k TPOSeracT Bce BO3MOMK-
Hpie snadenns. IogoSuoe npeoGpaszosanue, KOTOPOe Mbl Gyiem cO-
KpaWCHHO 3anUCHBaTL B BRIE

Te—>— Ty,

HA3LIBAETCS NPEOSpPAsOBAHMEM WIIBEPCHH B HAauale KOOPAHHAT (B
Aanbucfiuem AAs KpatkocTd Mel GyAeM HASHBATH €0 NMPOCTO Npe-
o6pasosanuey uubepcun). 3ameruM, qTO Tagoe Npeobpasobanie
SKBHBAJIENTHO 3aMeHe NPaBOM CHCTEMbI KOODIUOAT HA JEBYI, OT-
KyL3 BHITCKAET CBA3L PACCMATPHBAEMMX HHIKE CBOICTB CHMMETpUH
€ cHMMeTpHell NPaBOro | JeBoro.

[oxamem npexcie Beero, 4to npu chOpMyAUPOBAHHEIX Bhilue
YCAOBHAX AAA CHA, HeACTBYIOMHX B CHCTEME, TAMHJBLTOHHAH HHBd-
pUaHTEH OTHOCHTENbHO NPeOcSpasoBAHUA HUBEPCHH. DTO CBOKCTBO
raMubTOBHAHA HENOCPE/CTBEHHO BbITEKAET U3 SaMEUAHNs, UTQ Mpe-
06pasoBanie HHBEPCHA SKBABANEHTHO SaMeHe NpaBofi CHCTEME! KO-

§ 301 3AKOH COXPAHEHMS YFTHOCTH 109

OpAHHAT Ha Acsylo. TIpolile BCEro 3TO MOXKO NOACHHTb HA mphMepe
FAMWIBTOHHAHZ INA OXHOMEPIIOr0 ABMMEnHs, Koria
- B
H=— B + Ulx).
B cayuae, ecd waciHna NOABepKena AeHCTBHIO Ciibl, CHMMeTpHU-
$10fl OTHOCHTENBIIO HAUaTa KOOPLHHAT, OUEBHANO, YTO
Ux)y=U(—x). (30.2)
TloneiicTsyem Tenepb na AL FaMHJAbTOHHAH ONEPATOPOM HHBEPCHI,
T. €. OlepaTopoM P, MeHSIOUIHM SHAKH KOOpAmHAT ua OBpatibre.
Toraa
4 B

- B2 - ¥ - -
H(fx)—ﬁﬁmﬁ»U(—x)74-27x—-5x7+l/(x)4H(x)A

B ofmeM cayyae TpeXMEPHOR CHCTEMEl MBI AITAJIOTHYHC [OJIyduM
A—ny=Hw). (30.3)
IloxamKeM Tenepe, YTO OnepaTop HHBEPCHH P KOMMYTHpYeT ¢ ra-
MUJbTOUHAHOM. JIAf 3TOrO BBINHCANM pe3yibTar AeHCTRES (1pOu3-
BENEHHUIT ONepaTopos
i’H(r) w 2P
Ha TIPOH3BOMbIYI0 BOAROBYIO QyukLmo P(r). Hmeey
BAE)p@) =P @ pO)=H(—0p(—1),
(7 () Pyw ) =H (7) P () = H (7 p (—1)-
Tpunumas BO BuliMaHke (30.3), BMANN, 4TO MpaBLle HACTH paBIib,
a 3HAUHT, ACACTBUTEIBHO

Pi = AP, (30.4)

MonuepkHeM emte pas, U4T0, NOCKOAbKY HHBAPHAHTHOCTb MaMRALTO-
HMARA OTHOCHTENbIO HHEEPCHH ABJAAETCS CJAEACTBACM CHMMETDHI
npaBoro M JIEBOTO, TO YCAOBHE KOMMYTAdTHBHOCTH (30.4) ecTb mare-
MaTHYeCKOe BLIPAKEeHHe TOH e CHMMeTpHuH.

M3 (30.4) creaver, yT0 onepatop HHBEpCHH P ABIAETCH B KBail-
TOBO MeXaHHKEe KOHCTAaHTON aBuwicennsi. Halinem ero coerserHble
sHayenud. OHH yIOBJCTBOPRIOT YCJOBIIO

P (£) = M (r). (30.5)
anMEHHM Teﬂe}gb K ofeHM uacTam STOrO paBeHCTBA CHOBA onepa-

TOp WHBEpCHH. Ywurbisad, YTO ABYKpATHO® npHMeEleunue OnepaTopa
HHBEPCHN K nesoft yactu Adet

Pryp(r)=B(Pp ()= Py (—n) = (),
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HaxoAuM, YTO B PE3yAbTaTe nonysaercsa
b () =2Pp (1) =21 (1),

A== 1.

OTKyZa

Takum oGpasom, u3 (30.5) creayer
Py =v(—n==y@.
WHLIMK CAIOBAMH, BOSMOXKHKDI JIBA Cayuaf:
Y(—r)=v(r) (30.6)

P(=n=—v(r) (80.0)
B nepeom cayuae coGersednan GyHKINS UeTHA, BO BTOPOM HedeTHa.
TosopAT rtakiKe 0 nonoxuTeNbHON YETHOCTH H O OTPHULATENTHHOM
HEeTHOCTH COOTBETCTBEIUHO.

3aKOH COXpAHEHHA YETHOCTH BeleT K BaXKHbM (BHIHUCCKMN Clel-
crauaM. Hanpumep, B CrieKTPOCKONHH OH OMPEREAACT BOSMOKHOCTD
HJH HEBO3MOXKHOCTL TeX /iH WHBIX KOMOHRAWuii ypobueir sHeprmu
{TaK naswBaeMuie npasuia ordopa).

3aKOH COXpaHEHHA YeTHOoCTH TpeSyer, 4700k 5Ta BCAHYHNA Ghia
TIOCTOSINHO/ BO BpEMEIl, HANpHMEp, B aTOMHBIX U€PCXOLAX, COMpo-
BOKIAMIMXCH HCNYCKAHHCM (POTOHOB, YETHOCTL HAYAJBHOTO CO-
CTOSHHA OMKHA OblTb paBHA NOHON YETHOCTH KOREYHOrO COCTOA-
Hus, B KOTOPO/l YWHTHIBAETCH TAKIKE HCTHOCTb MCAYmEHnOro dorona
(cm. B nagpneilllieM c1p. 261 u cneayiomue).

Hapaay ¢ sakoHaMn coXpaHeHusi SHEPrkk, RMNYALCA W MOMCHTA
MMNYJbCA 3aKOH COXPAHEHHH YETHOCTK fABJARETCH OJARMM H3 CaMBX
ofuinx 3aKonoB mpupons. [o cpasvutenbHO HeA2Biero BpeMenn
CUHTA/IOC, WTO STOT 3aKOH HMEeT YHWBEpCaAbHyw OGAAcTb NpuMe-
HUMOCTH H, B YACTHOCTH, PeryAHpYET He TOMBKO NpOUeCcH B eK-
TPOHOI 000/0UKE 2TOMA, 1O B MPOLECCH B ATOMHOM fIApe, a TAKKE
TpeBpamenun snementapibix yactuil. OxgHako B 1956 r. oo o6Ha-
PYMKEHO, ¥TO CpEenH MOCEHHX NpPOUECCOB HMEIOTCA TaKwe, KOTOphie
He TONMMHRAOTCA PACCMaTpHBAEMONMY 3aKOMY, a HMEHNO, 40 Cy-
HIECTBYIOT NPOUECCL, MpH KOTOPHIX HAPYMIZETCH CHMMETPHS MEXAy
TpaBLiM | JIEBbIM, H NPEAROYTENHE OTAACTCH JEBOMY NIEPEA N1paBLIM,
TaK YTO YETHOCTh He COXpaHsAeTcA. DTHM yAHBHTENbHLIM CBOHCTBOM
0GMafaloT TaK HaSHBAEMLIE Clafble B3aHMOHEACTBUS, OTBETCTBEH-
HLIE 32 MEANERHbIE PACTAAB 3NEMEHTA PHBIX YACTHI, B HacTioCTh 34
B-pacnaa weiitpowa. B aTolt knMre Mbl NojoGuEle npoueccwt pace
CMaTpHBaTh He OyneM.

H

TITABA 11

OCHOBbI TEOPHH TPEHCTABJIEHHHA

B 1925 r. Bopuy, Tefisensepry n Mopaany na ocnose npenno-
kenHoro I'efiseHGeprod NOKX0AA yAanoch YCTpamuTh CYIECTBOBaB-
wHe B TO BpemA B KBANTOBOH MeXaHHKe NpOTHBOPEUHH U NOCTPOHTS
3aMKHYTYIO CXeMy KBaHTOBOH Teopud. Mcxouubie ypasnenus TCo-
pun Teizensepra, Bopra u Hopaana odens NOXOKH Ha ypasuenud
IBHIKEHH, paccMoTpennye namu B § 27, Ho copMyanpoBatLl onu
6biUTH He [/ OGBIYHLIX YHCJOBLIX BeNHHH # He VI ONeparopos, a
L/A MaTpHI, O KOTOpbIX ML Oynem roBoputs nuxe. I1osTomy Teo-
pus Bopua—Teiizenbepra—lopaana nosyuuna naspague «MaTpuy-
HOJl_MexanuKu».

B rom ke 1925 r. aullie memuoro nosxe Llpexwnrep us cosep-
TIEHHO HHBIX NOCHIOK CHOPMyNypoOBAN «BOJHOBYIO MEXaHuKy», 0C-
HOBHHIMU OGLEKTAMH KOTODOH SIBASIOTCH -GYHKIHS ¥ JAHnedHsie
onepaTophi, COMOCTABAAEMbIE ARNAMHNCCKHM NEpEMEBHHIM  (CM.
. H). Tlekoropoe BpeMs Kasaloch, yTo JBE yKasaHHLle TEOpHH B
Kopue pasanuns., Omhako yme p 1926 r. cam Lpexnnrep nokasar,
uTO B JeACTBUTENBIOCTH OHK NOJHOCTHIO SKBUBAJEHTHB, I OT 0OAROI
H3 HHX BCErla MOXKHO Hepeiitn K Apyroi 1 haofopor.

Cpasy Benen 3a sy Jlupax u nesasncuMo o7 nero Mopaay, a
TaKkKe JIORAOH HPEATOKAIH UpesBHYANHO KPATKYIO U SMETANTHYIO
dopMyaupoKy KauTosoh Mcxanuky. Ee ocnosy coctasnser peele-
BYe BCKOTOPOro aSCTpaKTHOTO MpOCTpancTBa BEKTOPOB COCTORHHH,
Ge3 KOHKpeTH3alkH GA3NCa B ITOM [pOCTpaucTse. Matpuinas mexa-
HHKA H BOJNOBAs MEXaHiKa BHITEKAIOT H3 TAKOH OGmEN CXeMbl, Kak
HEKOTOpHIC KORKpETHBE «IPENCTaBNeHHA» aGCTpaKTHOM anireSpbi,
OTBCYAIONHE KAK 0L BHISOpY ONpeAesIeHBO/A CHETEMb KOO pIUKAT.

QopMynupOBKa TeOpIH, pa3BUTas Mupaxom # Grectsile H3A0-
*KeHwas mm B Monorpacduu «IIpHHUMOL KBAHTOBOH MexauHku» *),
06/1a1aeT 3aMeTHBIMH NPeuMyILEecTBAMH H JIOrHYeCKOi NpOCTOTOl, B
[03TOMY Bee GOAbLIC H GOJIbIIe BXOAUT B HayuHblil 0GHXOL B cBasy
C 5THM MBI COYJH HEOOXOLMMbIM BRJIOUMTb €€, B HECKOJNbLKO ynpo-
HmEHHOM DBHAE, ¥ B Hallly Kuury. UnTatedst cACAyeT NpeRympenutb,
yTO Gaarofaps aGCTPAaKTHOCTR TAKOM (GOpMyaMpOBKH H3/I0KEHHE B
KAHAOH MABE ¢ NeusbeXHOCTbo Gy/AeT HECKObKO §ojee COKABIM,

*) IL A M, [ par, [Ipaauams keadTonofi MCXANKKE, HepeBOX ¢ 4-r0 HOR.
noa pea. akaa. B, A, doka, Puamatrus, 1960.
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ueM B OCTafbIBIX TAaBax. Bnpouem, Ha npeAcTaBieHHLE B Heil Ma-
Temariyeckue TONOKEHHA W HA COOTBETCTBYIOUMA amnapat Mbi B
JagabHeiilueM HHIe CCHLIarbest He GyaeM, Tak 4To NpH IepBoM
YTEHHH 3Ty [JaBy MOIKNO ONMyCTHTH 6e3 BCAKOro yuicpfa Aas DOHU-
MaHus Knuru s O0eJoM

Huxe nam noTpeyloTCs HEKOTOPHE HOBEIE MaTeMarHuecKue
NOHATHS, CBA3aHHLIE ¢ Jlafeko HiyliuMu o6obmenusMu saeMeHTap-
HOTO MOHATHS BekTopa. K HX aHaln3y Mbl H HEPEXOLHM.

§ 31. daementhl BeKTOPHOA anreGpei

HaureM ¢ HalOMHHAHUA 3qeMentoB aareOpb 0OLIMHLIX Bex-
TOpOB, KOTOpLIE B 3TOM maparpate Gylyr 0GosnadarsCs CHMBOJA-
MH a, b,c, ...

Bce MHOMKECTBO BCKTODOB XapdKTepl3yeTCs Npemie BCEro TeM,
uTO KaXIbi ABYM BEKTODAM a # b MOXKHO COMOCTABHTH TG OBBIY-
HEIM OpasmiaM HX cyumy a b, a Kamuomy BEXTOPY a W J0GOMY
BENICCTBEHHOMY HUCAY o — NpoH3Befente oa. DTH onepalyn o6na-
AT CrenyONHMI O4eBHAHBIMY CBORCTBAMH.

L Caowenue. Ilaa moOGuX 8eKTOpOs

1) at+b=>b+a

2) (a+b)Le=a+ (b+c);

3) cymectsyer nysesoil sektop 0 rtakoit, uto a f b=a;

4) and KaxAOro a CymecTByer NpOTHBOMOJOXKHBEIA BeKTOp —a
TaKofl, uTo a 4 (—a) == 0.

11. Yunoxcenue,

) l.a=a;
2) a(pa)=(op)a.
111. Caooenue u ymuodernue.

1) (w+pla=oa+ pa;

2) (a4 b)=ca -+ ab.
BexkTopel a, b, ..., ¢ 11236IBATCA AIHSAHO HE3ABUCUMBIMH, ecnu
pasencrso
aa+pb+ ., fyc=0 BLD

CnpaBeNInBO ML B TOM CIyyae, KOFAa BCE 4uCNa &, B, ..., y
aBHbl HYJTEO. B NDOTHBHOM cJiyyae BEKTOpH JTHHEAHO 3aBHCHMEI.
CIM BEKTOpH! JIHHEAHO 3aBHCHMBL, 1O B cooTHOWeHWU (31 1) omun
n3 Ko3(pulenTos, CKaKeM g, Otiuyen or ayad. Torma sextop a

MOMHO BIPASUTb Yepes OCTAMbILIE BEKTODHL

a=2xb4 ... 4+ pe,

TIe
J——E
@

R L
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B raKoM cayuae Mul OyjeM TOBOpHTb, 4TO BEKTOp @ eCcTb Jiuieinas
KOMOuHALHs BEKOTOPOB b, .., ¢

B npoctpancTne oGLIUHLIY BEKTOPOB BCeria HAHAYTCH TpH JH-
HeiHO HC3ABHCUMLIC BCKTOPA, HO BCHKHe Yerhipe BEKTOpa yiKe JH-
nefiHo 3aBHCHMbl B 3TOM CMbic/e Hallile DPOCTPAHCTBO N sBasierc
TPeXMEpHBIM.

Basuc oppenensiercs Kak ni0Gasd COBOKYNHOCTb TpeX JHHEHRO
HE3aBHCHMDIS BCKTODOB €|, €, € — OpTOB. D70 CB3AKO C 1€V, ¥10
TIPOH3BOILHEI BEKTOD & MOMKHO TNpeACTaBHTb B BHAE JHHEHHON
KOMBHHALUUKN Ga3HCIBIX OpTOB:

a=ae 4 e +ae =0, a, a. @1.2)

Kospuuneursr a;. az, a3 3roro Pas/OKeNHsT 1a3bIBAIOTCH KOM-
noseHTaMH (KOOpAHHATaMU) BeKTOpa a B Gasuce e, €z, €. [loa-
uepkien, uyto Oasucuble Oprel, BooOme rosopd, me o6A3anbl ObiTh
B3aUMI0 OPTOrONATbHEIMH, K 4EMY MLl DpHBDLIKAM, MOAB3YACH qale
Beero JekapTonofl cucremofi koopiunat. Or aux tpebyercs Juub
AnHeuHas RezasucnMoctb. OUEBHANO, TO LA CYMMBI [BYX BeKTO-
pos a + b u 115 IPOU3BEICHHA BeKTOPa HA BCL(ECTBEHHOR YHCIO Ga

uMeeM
atb=fa,+bh, a+b, a+bl (31.3)

aa = {aq;, od, aa;}, (31.4)

"

OtmerTnM TaKike, 4r0 HyJesow BekTOp 0, B TONBKO OH, MMeer Bee
KOMIOIIEHTH PABHBNH HYTIO

Hapagy ¢ cyumOH BCKTOPOB A € LpOH3BELEHWHEM BEKTOpa Hi
BEleCTBCHHOE YHMCTO BBOANTCS elle OAHA BAMKHAA ONMEpaums — cKa-
JAPHOE NPOU3BEACHHE:

o~ .

(a, by—|a| cos(a, b). (31.5)

Cxaaspnoe npoH3seleRue OOJARAET CAGAYIOHMHMH OYEBHJIHHIMH
CBONCTBaMH:

(@, b+ve)=p(a, B+ v (@, o), (31.62)

(a, by=(b, a), (31.66)

(a,a) == 0, npuuen (a,a) =0 auwn Aaq a (31.68)

Uepes ckanapHoe NpON3seicHne Iiuna sekropa |a| u yroa ¢
Mex1y ABYMS BEKTOpaMu & H b BEIpamaroTca ciienyomuM 06pasom:

laj=V{a, a) (1.7)

@b _ a b
lal-jal ¥V

cos ¢ . (31.8)

(2, 2) Vb, b)
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.
B 4acTROCTH, yCIOBHE OpTOTOHAJIBHOCTH ABYX BEKTOpoB (9 = m/2,
1K €0s ¢ = 0) 3anHCLIBAETCA KAK PaBesCTBO HYJO HX CKalfpHOro
TIPOY3BEACHNT:
0. 31.9)

Xotst B NpAHLHNE, KaK TOBOPUAOCH BLIlIe, 523HC B NpOCTPAHCTRE
BEKTOPOB MOMKHO BHOHpATh COBEPIIENHO MpPOMSBONLHLM 08pAZ0M,
HO C TOUKH 3peHHs H3yUeHHS MEeTPHYECKHX cooTuowenull Hapfoxee
YIGOHbM OKA3LIBaeTes NEKapToB, WM OpTOHOPMHPOBANKK, §a3HC.
Ero oGpasyeT Tpoiika B3aHMUO OpTOFOHAJLHLIX EAMHHYHBIX OPTOB
€x, Ly, €20

alb, ecmn (a, b)

(&x, ) = (&x, &) =(e,, €,)=0, (31.10)
(€x, €x)=(&y &))= (6> &}=1.
PasnomnM uponauo}xbuuh BEKTOP a no AEKapTOBHIM OpTaM:
a=a.e, 1 ae, + a.e,. (3111}

YMHOKAA 06 4acTH HTOTC PABEHCTBA CKAJNAPHO C/EBA HA OPTHI &,
€, H €; NOCNENOBATEbHO, NONYyHM

ax=(es, ), y=(tp 8), Gy

Tak xak, Raupumep,

(€ a). 31.12)

o~
a,—(e,, a)= lec|-la]-cosp=|ajcos(a e,), .

TO KOMIIOHEHTB[ BEKTOpa B AeKapTOBOM $a3uce paBHbl HpOEKLHAM
3TOTO BEKTOpa Ha COOTBETCTBYOLUINE OpThL

Ecau y nac umeercs apa BeKTopa a # b, TO, mpeACTaBasst HX
B puge (31.11), npon3BOAA nNOYIEHHO CKalApHOE NEpEMHONEHHe H
yuRTLIBAA YCJAOBMS OpTOHOpMHpoBakHoctH (31.10), Gymem umers

(@ b)=agh; + aby + a.b,. (31.13)

B mareMaTHKe H B €¢ MHOrOMHCAEHHBIX NpPHIOKEHNAX BAMHYIO
pOJIb HrpaeT HEKOTOpoe ecTecTBeHnoe OGOGHIEHHE 3JeMEHTapHOro
TIOHATHA BEKTOPA, O KOTOPOM peyb GYAET HATH B CHEAYIOUIUX ABYX
naparpadax. Takoe oGobmenne NPOHCXOLMT 0O ABYM Hanpasie-
HaM. BO-NepBniX, BMECTO TpeXMEpHOrO BBOLMTCS [POCTPAHCTBO C
TPOM3BOJbIbIM UHCIOM p3MepenHil, Bo-BropbiX, HOMycKaeTcs BO3-
MOIKHOCTb YMHOKE)(MA BCKTODOB He TOMBKO HA BEHIECTBEHHLIE, HO
M 1@ KOMINIEKCHLIC qucaa. [Ipu 3TOM U CaMH KOMNOHEHTH BeKTOpoB
MOrYT GBITh Takixe KOMNJEKCHBIMH uuciaMu. Mbl npoBesem eo6xo-
Anmoe ofobilenne B ABa sTana — cHauasa OyNeT MOCTpOEHo npo-
€TpaHCTBO €3 MeTpHYECKHX COOTiOUenHi, a 3aTeM B Hero Oyler
BEEAENO CKAAPHOE NPCH3BEAEHHE, (03BOASIONIES HIMEPATL AJHHBL
W yraelL
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§ 32. JInweiinoe n-mepoe BpOCTPAHCTEO

OnpenendM aunetinoe RPOCTPAHCTBO KaK COBOKYNHOCTb OGBEK-
TOB P, @, %» Ha3EIBAEMBIX 6€KTOpaMLL, B KOTGPOH

a) KamLM ABYM BEKTOpaM ¢ H § MOCTAaBJEH B COOTBETCTBHE
BEKTOp ¥, HA3LIBAEMLIl HX CyMmOL u 0603HAUACMBI KaK  + ¢;

6) KaKIOMY BCKTOPY ¢ M KaXKAOMY KOMOJEKCHOMY UHCIY o
NOCTanJeH 8 COOTBETCTEHE BCKTOp ¢, HASHIBAEMBIN npoussedenues
BEKTOPQ ) HQ 44CA0 o 1 0003HauaCMbI KaK o;

B) BBEJEUHBIE ONEPAlMM VAOBAETBOPAIT ycaouam [—IIT,
cthopMyTHpPOBAKHLIM B camoM Hadaac § 31 (¢ coorsercTByOmEM
H3MeHeH){eM ofosuaveuuti IS BEKTOpOB).

Metr we caiyvalino e ToBOpuM, Kak HMEHHO ONpefensioTess STn
onepauud, — OT BHX TpefyeTcs JHIHIb, YTOGH OBLTH BHlOJHERE
yenopast [-—I11, BHIOANAQMACCE ABTOMATHYECKH B OOLISHOM Bek-
TopHO# anreSpe. XoTA Ha MepBhlil BIIVIAA MOKET MOKA3ATHCS, YTO
CT05 abCTpaKTHOe ONpenesieHHe JEHeHHOrO 1POCTPAHCTBA HATE-
PCCHO JIHIL MATEMaTHK2M, HA CAMOM Jeie, KAK Mbl yBULHM HUKE,
OHO UPC3BBIYNHO TIONE3RO N B (UIHUECKHX npunomenuax. YroGol
OCBOHTBCS € OOIIAM NOHATHEM JHUEHIOr0 NMPOCTPaHCTBA, npUBeNeM
HECKOMHKO NpPHMEpOB.

Tipumepet,

liMHomccrso OBBIYHELX BEKTOPOB TPEXMEPHOTO IpOCTPaHCTBA
( 30). .

2. MuoiKecTBO Beex BEIIECTBERHBIX UeNpephiBHLIX hyHKIu f(x),
3ajjaHKbx Ha pHrepBane a < x < bh. Cromenwe W YMHONKEHHe Ha
YHCJIO BBOAATCA TAK M€, KAK B aHanu3e.

3. MuomectB0 JMHe/HbX ONepaTopoB, AefiCTBYOUMX B npocT-
pascTse dynxuuii. Croxeune H YMHOMKCHUE HA UHCHO BBOAATCA TaK,
XaK 00 3TOM IroBOpHJIOCE B § 7.

4. MioecTBo COBOKYRHOCTCH fi KOMOJEKCHHX YHCEN, pacmoto-
HKCHHBLIX B ONPCHGJCHHOM nOpsKe:

$="11, ¥z - Yal. (32.1)

B nonuoit ananornn ¢ (31.3), (31.4) onpeAeauM cliomeHHe TaKHX
BEKTOPOB K HX YMHOMEHHe Ha KOMIUIEKCHLIC quCra (GOpMyaaMu

vto={d+on b +Pn ..., but 9 (32.2)
ap = ey, g, « .., GPp). (32.3)

Poab HYJIEeBOro BekTOpa 3Aech Hrpact BeKTOp
=10, 0,..., 0, (32.4)

& BEeKTOpOM, NPOTABONONOKE AN K 1), ABIAETCA BEKTOP

—h={—t; =y e, — sl (32.5)
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Tocaeannit IpuMep Baen NOTOMY, UTO OH NPUBOAHMT K Haubo-
Nee eCTECTBEIHOMY OGOGIICHKIO 3NEMEHTaPHOTO NOHATH? BEKTOpA.
C papyrofi cTOpoHbl, Kax OyleT sicHO 8 Aaibneilllero, aHamu3 mpo-
U3BOJILHOrO JHHCAHOTO MPOCTPAKCTRA CBORITCS NO CyTH Jleda K h3y-
4eHUIO IPOCTPAHCTBA BEKTOPOB (32.1).

[oksiTHe THHCHHOR HC3ABHCKMOCTH BCKTOPOB W, @, %, - -- Nepe-
nocuTes ¢ Tpexmeproro cayyan (gopmyna (31.1)) Ha obmiee mpoct
palcTBo 603 BCSKHX (3MCHenni. STH BEKTOPBI 1123bIBAIOTCA AUHCUND
HEIABUCUMBIMI, €CHH PABEHCTBO

ap+pet+ ... +vx
CApaBCAMABG JHIbL B TOM ¢Jlyyae, KOrjaa Bce 4YHCIA a, '3, .

A
paBHL Hya10. Eciin BeKTOPE! AHHE/HO 32BUCHMbY, TO ORWN U3 HIX,
CKaxey ¢, BCErAa MOXHO BHDA3HTb B BHIE Aunednodl xombunaguu

OCTaALHUX:
$=Ap+ ... 4 ux (32.7)

Vupamuenne [lokasats, M0 CCTA CPEAN DEWTOPOR MMRETCn BEKTOp b,
TO BCe ONH 0GA3ATENLHO JHNEAD 3ABHCHMEL

(32.6)

Ha npamoli Beaxke JBa BEKTOpA MPONOPIHOHANBHB, @ SHEUHT,
FuHeiiHo aaBrcHMBl. Ha (10CKOCTH #MEIOTCH /Ba JMHENHO ueaapu-
CHMBIX BEKTOpa (Hanpumep, ACKapIOBBL OPTHI), HO BCAKHE TpIl BCK-
Topa yxe auHeitno sapuckMul, Kax rosopnaocs B § 31, B mpocrpan-
CTBE BCCTA@ HAMIETCs TPH JMHEHKO HE3ABHCHMHX BEKTOpA, HO BCA-
KHe ueThipe BEKTOpa ARieiHo 3asucumbl. Taxum obpasom, B 3TuX
CAy9anx MaKCHMaALHOC UYHCIO JHIEHHO HE3ABUCHMEIX BEKTOPOH
cognajaer ¢ TeM, 4TO B TCOMETPHA HA3IBIBAKT 4ACAOM USMepeHH:
NpAMOIT, TMOCKOCTH H MPOCTPAHCTBA.

Tloatomy ecTecTBeHHO AaTh caemywoulee obuiee onpeaeemue: Tu-
Heloe NPOCTPAHCTBO HASLIBAETCA N-MepHOLM, ©CIH MAKCHMaTbHOe
UHCAO0 NHHEHHO He3aBHCHMBIX BEKTOPOB B HCM DABHO M.

Ec/u 37O wnCHO 7 KOHEYHO, TO TOBOPHT, TO TpOCTPARCTBO KO-
neunosepro. Ecim xe B JMHCHIOM HPOCTPAHCTBE MOXKHO HAHTI
Mio60e YKCAO JIHHERI0 HE3ABICHMLX BEKTOPOB, TO €ro Ha3biBaoT
Secxoneunomeproin (j10Apoduee cu. § 39).

B snumefinod anreSpe I0KasLBaeTcs, qT0 cpelH BeKTOpos (32.1)
CyHeCTByeT #i JHHCHHO HE3aBIICHMEIX, HO BCHKHE # 4 | BEKTOpOn
anmeiino 3aBucumsl. Takum 06pascy, JpHefiHoe MpoCTpaHCTBO U3
npudepa 4 ABNSETCH A MCPHLIM.

C Ipyroit CTOpOHbI, MPOCTPRHCTBO BCEX HENpephiBibIX (ByiKuni
(npumep 2) Geckoneunomepro. Urolp yGeanTbes 8 3TOM, XOCTa-
TOYHO 3aMeiitb, yTo Gymkuma fo(x) =1, fi(x)=x fo(x)=4x2, ...
..o, fn{(x) =% obpasyior cosoxynrocTh ¥ + | JiHelko Hesasucu-
MBIX BEKTODOB pH [IPOM3BOALHOM (@ 3HAUIT, CKOIb YTORHO 60 1L1oNM)
N. [lokasaTenbCTRO [OCAEAHEr0 YTBEPJKACHHA MEl NpeAOCTABJsEM
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HWTATEJID B KaueCTBE BECbMAa MOJE3HOTO CaMOCTOATEIbHOro ynpamx-
verust, (¥Kasanue. TIpepNOI0XuUM, YTO 3T0 He Tax, T. €. 4TO

- ltaxtax?+ .. fax¥=0,

rle He Bee ko3(duunentu paBhb Bymo. Ipeasaraetca nocaefopa-
TeNbito npoaypepenunposats 310 ToxaECTs0 NV pas.)

Beejiex Tencps caelywoulee Baxpoe onpeledesne. Basucom n-
MEPHOT0 HHE/HOro NpOCTPAHCTBA HASHIBAETCA BCSIKAR COBOKY
UOCTb 7 JTHUEAHO HESABUCHMbIX BEKTODOB €1, €y, .. , €n. DTO HA3BA-
HIe CBSI3AHO ¢ TeM, 4TO NPOUIBONBHBIN BCKTOD Y H3 7 MEPHOIG Mpo-
CTPAHCTBA MOMHO NPeACTABITh B BUAE aHHeHnoH xomOunauum Ga-
SNCHLIX BEKTOPOB (KOOPMHHATHAIX OPTOB):

b=1per+ o, + ... + tatn

> ey (32.8y
;

[eficrBuresio, eciin K COBOKYNHOCTH 5aA3UCHBIX BEKTOPOB 106a-
BHTb REKTOD , TO MBI NOAVYHM 7+ | BEKTOPOB, KOTOpbE MO Ompe-
JRCHUIO A-MEPHOrO NPOCTPAHCTBA JAHHCHHO 3aBHCHMBL

aop Fae F e+ ... Faue, =06, (32.9}

Tlpu sT0M KO3GBhHLKEHT Cp 3aBEAOMO OTuHeH OT Hy.af, TaK Kak 8
UPOTHRIOM CIY9a¢ MBI HMCAH 6Bl

@+ e+ . tae, =0,

THe 1€ BCe o PaBHL{ HYMIO, HO 3TO HEBOZMOXIO B CHJIY JAHHCHIOH
He32BHCUMOUTH GasucHbIX Bektopop. ITosromy #3 (32.9) mu no-
aygaes pasaomenne (328), 8 KoropoM
o o n
M= =T e Y =gT,
410 A TpedoBanocs, A0Ka3aTh.
Takum ofipasow, BCAKM DEKTOpP P OAI03HAYHO IPEACTABISIETCS
& epic (32.8), MK, KRK rOBOPAT, pa3iaraeTcss (0 (A3HCHBLIM BeK-
10paM. Kospduuueats 3T0ro pasicmenus i, s, ..., Pn Ha3H-
Balorcs KOMnOHenTaMd (KOOpIAMHATAMHM) BCKTOPAa y B 6asice
ey, e, ..., en
B .mncinoy npocrpanctae sexTopor (32.1) na mpumepa 4 poab
KOOpIHHATUBIX OPTOB MOFyT HIpaTh 1 JIHHEAHO HC3ABICHMBIX BCK-
TOpOB, y KOTOPbIX Ofua KOMNOHEHTa pasHa EANHHIE, a OCTAIbHEIE
paBubl Hy.1(0:

e={1,0,0,..., 0 e={0, 10 ...,0} ...

s en=10,0,0,.... 1}
Us onpenenenns ocnopsbrx onepaniii (32.2), (32.3) scuo, uro npo-
H3BOJIBHEIL BEKTOp 1 TUNA (32.}) npencrasasercs B Bune

Y=+ bt oo 4 Pulpe
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JledcTBATENbHO, HPH CAPOOHOH 3amuch
B={p o oo Pt = {5 0 ooy O 2 {0, 1,0 O 4
v Fa{0, 0,000, 1)

370 paBEHCTRO COBEpUICHHO oueBrAno. Takay ofpasoM, B NaHHOM
cyyae posb KOMIOHENT BEKTOpa 1 B BLINHCAKHOM Oasuce Wipaior
CcaMH uucAaa P, O penesIonIie 3TOT BEKTop.

Bosspamtasnch XK OfmEMY paccMOlperuio, BOSLMEM BEKTOp P
¢ KOMIOHEITAMH th; H BCK10p @ C KOM{IOHENTaMK ; H, B COOTBCT-
creun ¢ (32.8) sanuwemM

«b=l§ we, o= e (32.10)

CxsianbiBas 9T paBeHcTBA C YYeTOM CBOMCTS OCHOBHBIX airebpan-
YeCKHX ONepaLlHil, Moy M

vHo=2 0 +e)en @2.10)

OTKy[Ia BUAHO, Y10 BEKTOD Y + @ UMEeT KOMNOHentsl b, + ;. Ana-
JIOTHHHO

ot ZI (ap,) e, (32.12)

T. €. BEKTOD Qtp HMEET KOMTOHEHTLI Cap;.

Hrak, MpH CIOMKEIHH BEKTOPOB HX KOMIOHEHTH CKAALBIBAIOTCH,
a TpH yMUEOKCHWH BEKTOPA HA YHCIO €ro KOMUOHEHTH yMHOXKAIOTCA
Ha 370 4HCJO B [OJHOM COOTBETCTBHN C §0/1€C KORKPETHbIMH Ofipe-
neneuusimi (32.2), (32.3) m3 npuMepa 4. B pesyiibrare b 3awaio-
uaeM, UTO a#asu3 aGCTPaKTNOrO A-MEPHOr0 JMHNEHHOrO UPOCTPaH-
¢TBa HEeHCTBATENbHO MOKHO CBECTH K H3YUGHWIO NIDOCTPAHCTBA BEK-
TopoB = {Pr, Pz, ..., P}

Crenyer mofdepkuyts (cp. ¢ § 31), uro Ha Ga3HCHLIE BEKTOPH
e, € ..., en Y HAC IOKA HE HAKNAALIBAETCS HWKAKAX YCJIOBHA,
Kpowe BX JHieinofi HesasAcuMocTH. B uacrdocrd, We TpeGyeres,
uro6u 3101 GasHC ObLT OPTOROPMHPOBAHHBIM, TAK KaK B HAIIE Npo-
CTPAnCTBO emie 1e BBENEHB MeTPHYECKRE COOTUOLIENHS, TO3BOSI0-
iHe OnpefenHTh MONSTHA ATHIEl i OPTOrOHANBHOCTH BEKTOPOB.

§ 33. EsKAMLOB0 n-MepHOE NPOCTPAHCTEO

Jlns Toro uTOSLI BBECTH B JAHKEAOe MPOCTPAHCTBO MeTpuye«
CKHe COOTHOLIEHHS, BLIGEpEM B KadecTBE OCIOBHO{ BENWYHHBI CKa-
nApHOE MpOH3BEIende, KOTOpOe 8 AyXe NMPEBIAYWICrO Naparpagpa
MBl ONPEAETHM TAKIKC AKCHOMATHHCCKH.
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Ormnpasasscy o croicTs (31 6) OGLIYHOFO CKAJNAPUOTO NPOH3-
BCLEHHS, BBEAEM NOHATHC CKAAAPHO20 RpOU3BEOEHUSR B TIDOH3BOMb-
1{OM JIMiefIOM NPOCTPaHCTBE KaK TAKOre WHCAOBOTO 0bbexTa (g, ¥),
€ONOCTABAAEMOr0 BEKTOpaM 1 H ¢, KOTOpEHIH 05/1afaeT CBOACTBOM
JAuHefHOCTH No BTOpOMY aprymenty (31.6a):

(@, o +pr=1a(p, )+ B (% %), (33.1)
CBOMCTBOM 5PMHTOBOCTH, aHanoruinbiM (31.66):
(@, W =(b, o)’ (33.2)

1 CBOACTBOM NONQIKKTEIbIOA ONpeNeNeHHOCTH:
W, $) >0, npuuem (P, $)=0 aums oz p=10. (33.3)

Jluuefinoe n-MepHOe HPOCTPAHCTBO, B KOTOpOM BBEAEHO CKa-
NAPHOE NPOH3BCACHHE, HA3OBEM E€KAUOOSHIM A-MEDHBIM NpOCTpaK-
CTBOM.

Ckasapioe NPOUSBENEHHE B NPOCTPaHCTBE oGBIM[BIX BEKTOPOB
3anaetcs ¢opuyaodi  (31.5), B npocrpanctse BEKTOPOB i =
== {5, P2, ... Ppa} H3 1upHMEpa 4 DpCAbAYHIEro maparpacha —
tbopmynon, ofobmatomed (31.16):

@ =09 + o+ ... -0,

o, (334

B MPOCTPANCTBE fefpepriBibiX dyukauk — popmyaoi (10.2). B o6-
WeM Ke cllyyae ero BUA Be KOHKpETH3HPYeTcs — OHO onpefeaserce
AKCIOMATHYECKH CBONMH cBoAcTBaMu (33.1) —(33.3).

3aMeTHM, 4TO H3 3THX CBOACTB BHITEKAET <«AHIHJIHUIERHOCTB»
CKAJIAIPHOTO TIPOUIBENCHHR TIO MePBOMY apryMeHTy:

(o + By, ¥)=6"(9, )+ 0, ) (33.5)
B UdCTHOCTH,
(g, ¥) —a"(p, ). (33.6)
Heictsurensno,
(@0, )=, a0)’=[a (¥, G =0 ", ¢)'=0"(p, ).
Kpome toro, u3 (33.2) caeayer 8ewecT8eHHOCTy CKAlAPHOTO KBAL-

paTta BeKTopa: .
s )’ =, ¥ (33.7%

Umeano 3TUM OOCTOATENbCTBOM BHI3BAHA HEOGXOANMOCTH Mo-
¢dukanun cBoiictsa nepectanoBounocTH (31.66) 0faMnOTO CKanEp-
HOr0 NPOMBBEAEHHS MJIA KOMIMNEKCHHX BeqHudt. Ecau Obi Mbl €ro
OCTABU/IM HEH3MEHHLIM, TO CKaNspHbi KBAaAparT sextopa Obli GHI,
KaK npaBuao, KOMILICKCHOH BENTHYHHOR.

YeloBae SpMUTOBOCTH CKAAAPHOTO MPOU3BEICHHS, TIPHBOAALICE
K (33.7), HDHKTYyeTcd €CTECTBEHHLIM TPeGOBAHWEM BEIIECTBEHHOCTH
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(4 VOJORHTCABHOCTH) HOPMbL BeKTOpa 1, KoTOpas oSodmaer
obuunylo naady (31.7) u oBosnauaercst kak [lyll:

v h= V@, ¥ (33.8)

BaxHO OTMETHTb TaKke, 4T0 o asazorad ¢ (31.9) mextopb ¢
¥ HA3LIBAIOTCA OPTOZOHAABHBLMY, €CIH HX CKallSpHOE HPOHIBENC-
Hie paBHO HYJIO, T. €. eClH () = 0.

B 11pOH3BOIGHOM JIMHEAKOM NPOCTPaHCTRE MENb3sl OTIATh Npes-
TOYTEHWA W OXHOMY H3 GasHCOR — BCe OHN pAaRnoOnpasisl. B eskan-
JI0BON 7Ke UPOCTPAHCTBE CyWECTBYIT Hauboaec ynobuuie Gasucer,
2 MMCHHO OpPTOHOpMUpOBaHHDIE Ga3ucel. OHH HTPAIT 3ACCH Ty XKeE
pOMlb, UTO AEKApTOBHI CHCTEMLI KOOPAMHAT B alrdNHTHUECKON reo-

MeTpHH.
Mp GylieM TOBOpHTb, ¥TO B E€BK.MIOBOM A-MEPHOM IpOCTDaH-
CTBC BEKTOpHI €|, €a, ..., €n OBpA3YIOT OPTOROpAUpOBarHbil Sasuc,

ecnH OnU JUIelHo HesaBHCHMBl (oOwee TpeSoBadue K Gaaucy), no-
NapHo OPTOrOHAMBHLI:

(e, e) =0 npn j ==k, (33.9a)
¥ 110pMa KAKA0T0 U3 HEX paBHa ELKHHUE:
=Vi(e, e)=1, nu (e, €

[ 1 €1

Jlpa nabopa coortomenri (33.9) obuuHo oObeNUHAIOT, 3aNUCHBAT
yenopHe OpTOHOPMHPOBARKOCTH asuca B BHIE

(33.96)

lle;

(e, ex) =08 (33.10)
The & — cussor Kponexepa:
5= 0, jok,
,k_{ L =k (33.11)
Tlpuseem npoctoil mpusep. SICHO, UTO B NPOCTPAHCTBE BEKTO-
poB P ={pi ..., Pu}, BeeacHHOM B § 32, Sasuc, oBpasosanHLil
13 BEKTOpOB
e =(1,0,0,...,0),
e,=(0,1,0,...,0), ..., &,=(0, 0, 0, ..., 1),

SBRAALTCA OPTOHOPMHPOBAHHBIM 10 OTHOIIEHHIO K CKalSIpHOMY Mpo-
wuapeneHHi0 (33.4).

Coraacno (32.8) J060f BEKTOp p MOKHO pasAOXHTL N0 Ga-
SHCHBIM 0pTaM;

«b:iEl Ve (33.12)
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Ecar 6asuc OpTOHOPMAPOBAHHLIA, Y10 B AaJLHeRIIEM BCIOAY MpPCl-
nosiaraeTca, T0 KOMOOHENTE Y; MOMHO BHIHCATh B ABHOM BHAE

vy =1 §)- (33.13)

Yrobul yBeauTbesi B 3TOM, ROCTATOYHO yMHOMHTL pPasiorerne
(33.12) ckamsipHo clieBa Ha Ga3sdCHLif BEKTOp €x, BOCIOJIb3OBATLES
CBONKCTBOM JuHelinocTH (33.1) CKadsipHOIO (POM3BENEHIH H YuCCTH
yclloBHe opTOHOpMupoBakHocTH (33.10) Gasuca:

Ve

n n n
(e W)= (elz, IEI ‘P;ei> ,EI vy (e €)) ~12| V0

Takum 06pa3oM, B EBKIHIOBOM npOCTpaKCTBE J1060k BEKTOP P
O/IHO3HAYHO SANAETCH COBOKYNHOCTBIO HHCEN Y1, Y2, . .-, Pr — CFO
KOMRORERT, KOTOpHIE MMEIOT TAKIKe CMBICJ NpOCKyutl BEKTOpa hia
SasucHele 0p14l [cp. ¢ obcymaennem popMyast (31.15)]

Wwmen s Buny paanoxenne (33.12), csolictsa nupeinocra (33.1)
H auThiaRRelRocTH (33.5), a Taxkxe YyCJOBHE OpTOHOPMHPOBaHHO-
cri (33.10), ckaispHoe MpOU3BeAelHe ABYX BEKTOPOR \p H (¢ MOKHO
NpeacTaBHTh B BHIE

o w={Zeer vl 5 B =

IS
2 ZJI AT

i=1 &

@ 9=, (33.14
B yacTHOCTH, HOpM2 BEKTOpA p paBHa
\I\MI=[/Z w}w,sl/lﬁl\p; P (33.15)

Taxum 06pasoM, MLl IpHXOAHM K (opmyne (33.4) ans cKalip-
HOTO TIPOH3BENEHHSI B EBKAKNOROM [POCTDAHCTRE BEKTOPOB | =
= {1, ..., Pn}. DTO €ille pPA3 CBHACTEIRCTBYET O BHIAEMENIOH
POTH TAKOTO 1IPOCTPAHCTBA — AHATH3 BCSIKOTO aOCTPAKTHOrO es-
KIOHAOBA N-MEPHOTO POCTPAHCTBA CBOJMTCA B KOHEUHOM HTOTC K
H3YUEHHIO NPOCTPAHCTBA, BEKTOPAMA KO(OpOTa SIBIRIOTCH COBOKYI-
HOCTH N KOMOVIGKCHBIX UHCEA, DPAclOJOKEHHBIX B ONpCLeNeHHOM
nopanke. [1osToMy B NpHHIKNE EBKAHIOBO A-MEPIIOE NPOCTPAIICTBO
MOKHO OBITO Obl cpasy BBECTH KAK MHOMKECTBO BEKTODOB THMA
(32.1), B KOTOPOM OCHOBHLie a/refpanyeCKHe Onepalun 3analolcs
(opmynamn (32.2), (32.3), HyIesoil H npOTHBONOIONKIbIE K ) BEK-
Topb uMelr BN (324) B (325) cooreercrBento, a CkaisipHoe
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Tpou3BeNenne ompefennerca pasencTsoM (33.4). M sroro ue
C/leNash UCKIIOUHTENBHO TOTOMY, uT0 abCTpakTHas (GOpMylupoBKa
B HanGonvilell crenenu mpHcnocoSnesa NI MaAbHEALINX KBaHTO-
BOMEXAHHYECKUX NpHIOKEHHH,

s pa3sBRTHA KCMOb3YEMOTG B KBaUTOBOH Mexaiuke Marema-
THYECKOrO aliiapata HAaM TOTpeyercs eule ORHO BAaXKNOe MOH#-
THE — HOHATHE MATPHIbl, K PACCMOTDEHHIO KOTODOTO Mbl W mepe-
XOILHM.

§ 34. Anre6pa matpuu

Marpuyed rzopu?lca m X n na3blBaeTesl MaTeMaTHUECKHH 0GBeKT,
TPeICTAaBAMIOWAH coBoit MAOKecTBO m X # uncen (BooSwe roso-
P, KOMIUIEKCHBIX), KOTOpBIE pacloNoXenbl B npsMOyronbilyio Tas-
JHUy W3 M CTPOK M 72 CToaO0NO0B. OObuHO MaTpHUBI 3aMHCHIBAIOT
cneaylomHuM o6pasoM:

o ag ... aw
L
Gm1 @my <<« Amp

TlepsLiil ¥ BTOPOH HUNEKCH MATPULHO2O SACMENT Gz YKA3bi-
BAIOT COOTBETCTBEHHO HOMEp CTOKE M CTOAOUA, B KOTOpbIX pac-
TIOMOMEH BTOT 3/EMEHT.

Huxe Mbr Gyfem uMerk Xeio TONBKO ¢ MaTpHUaMu CRelylomHx
Tpex THIOB: ¢ K8aOpaTHoLIU MATDHANAMH NOpAaKa A X 1

au @ ... dm
A=| @1 @ oo@m
Gnt Gno .. Qnn

UKCAO CTPOK y KOTOPLIX pABHO uHCTy CTOAGWOB, C MATpuyaMu-
cToAbyanu nopsinka m X 1
b
bz
Y=@)=
P
COCTOSMMA BCETO U3 OAHOTO CTONGHA, M C MATPHIAMH CTPOKAMH

nopagka 1 X n

b= =, ¥ -, B,

COCTOAWMMHU K3 OAi0H CTPOKH. [lepBbie, KaK Mbl yBUAHM niKe, Oy-
AYT TIPEACTABJATE JHHEilHbIE ONEPATOpH B eBKJIHIOBOM MpOETpaH-
CTBE, BTOpbIE — BEKTOpbI B STOM MPOCTpAaHCTBE {C HEM W CBA3aHO

§ 841 AJTEBPA MATPULL 123

o6o3nanenue V), a NOCTENNHE — PEKTOPL B TaK HA3KBAEMOM CO-
NpSUKEHHOM TPGCTpancTRe.

[lovsirne MaTpHIbl CTANOBHTCA CONEPXKATEABHbIM .THWI, 1OCAE
TOro, KaK Haf 3THMH OOBEKTaMH BBOAATCA OCHOBHBHIE alfirefpauue-
CKHE Ojlepatiiy.

Marpuns HasbiBawTCA paSHLLML, €CIH HX NODAAOK OLHHAKOE B
COOTBETCTBYIOUIME MATPHYHBIE 9JEMEHTr paBnbr MEXKAY cofoit. Ha-
nprMep, pasencrso A == B ana EBYX MaTpHy, nopsaxa 2 X 2 o3na:
Yaer, uto

au=by, Au="by Gy=by, an=bmn

Cymnoit Marpun A u B naswiBaercss matpuna C= A4 B, y ros
TOpOH 3JMEMeRT ¢ HuleKCaMu | W & paBeH CymMMe 3JIEeMEHTOB Mae
TpHu A ¥ B ¢ TeMu ke muIeKcaMu:

=g+ bir.

$lcHO, YTO CAOKEHHe OMpPEefeseHo AMUIb AJA MATPHI OARHAKOBEIR
TOpSLAKOB, H B pesysbTare no:quze-rcs: MaTpHIIA TOTG XK€ fOpSiKa,
T pouseedenues MaTpuyst A MG 4UCAO o Ha3HIBAGTCA MATPHIA
C = oA, y KOTOpOil 3MEMERT C HRIeKCaMu f U & paBeN NpoM3sene-
HEIO SaeMenTa MaTpHIe A € TEMR e WHReKcaMH Ha YHCNO o

€= 00 g

OueBHZRO, NPH YMHOMEHMH MATPHIL Wa UHCAC TMOMydYaeTcs Masw
TPHILA TOTO K€ NOpsAKA.

UnraTeaio [ipeAJsaraeTea B KaUecTse MpOCTOro ylpaKuenus Aos
Ka2aTh, 4TO

12 -2 0 -2 7 6 —31
2(3 4)+3( 0 —1)_5(—4 o):(—u 5)'

VYnoxeHnne MaTphu siBJaseTcss 6oJee CIOKHOI onepauuedl, B Ha
nepsbi B3SLI TpHBONMMOE HUMKE ONpeNeNeHHe NpeiCTaBmsercs
HecKoNbKO HcKycersenubiM. Ono Oyler onpaBAaHo HHXKe, TpH pac-
CMOTPEHHH CBH3H MATpHU C JHHEHHLIMK ouepaﬂg)amu. ponzse-
Eennem MaTpuub A nopaaxa m X n na matpuny B nopagka n X/
naspisacTes Takast Matpuila C = AB nopamka m X!, y koropoit
37eMenT ¢ MHIEKCaMu ¢ M | paBed CyMMe [pOWSBCACHAH BCeX oe-
MEHTOB i-fl CTpOKH MaTpHusli /I Ha COOTBETCTBYIOIIME 37EMEHTLE
j ro cronfua mMarpuns B:

< i
Gy == ;i by (l

';’) 34.1)

Takam 06pa3om, MPOR3REMEHHE MaTpHL ONpeAeneuc fdills B TOM
chyuae, KOrAa ukelo cToOUOB y marpausi A pabBHo YMCAY CTpoX
y Marpuun B.
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MpumeduM 310 obimee onp K TIpou MaTpHL
Tpex YKa3aHNbIX BbIlle THIOB.

[Npu nepemrnoxenia ABYX KBANpaTHLIX MaTPHI mopsiaka n X
[ONy4acTCA KBAIPATHad MaTPHIR TOTO Ke MOPAKA; CHMBOIHYECKH:

000

B vacTHOCTH, 18 MATpHIL NOpaIKa 2 X 2 uMecM

ay ﬂu)(”u bu) (‘lx|l7u+ﬂmbu ﬂubm+fllzbze)

MB);F( Dot bas b anby Gubi -+ anby

[>T
Torja Kak, nepeMl]O)Kaﬂ TH HKe MaTpHIle B OépaTHOVI nopﬁﬂKe'
TOaYURM
. b ﬂu)_(bn”n—i-bufln bt b
Be=\4, o, bt + bty b b, )

Otciona BHAHO, YTO YMIIOMENHE MATpHL, BOOGILE rOBOPS, MeKOMMY-
TaTHBIO:

LTS

AB = BA.

Ynrareaio npeATaraeTcs NPOBEPH1b 3TO YTBEPKACHUE HA NPOCTOM
4HC,JEHHOM TpHMeEpe:

3 4y71 2 1t 26
(72 —1)(2 5)=(—4 —0 )
12 3 4) -1 2)
(2 5)(—2 —t :(—4 3}
Coracro ofweMy onpeicaenko (32.1) KBalparnyio MaTpHIy

TOpRAKA A X 7 MOKIIO YMHOKHTL CHPABA HA MATPUUY-CTOJGEIN NMO-
psaka n X 1, B peaynbTarte HEro CioBa MOAYYMICs MaTpHHA-CTO-

Gew Toro Xe nopsidKa:
D : D ) D ’

370 npasua0 MO3BOJAAET, B YACTHOCTH, 3aNACaTh CHCTEMYy 7 JIH-
uefinbix anrc6pauyccKuX ypasHenuit

Gy +ab, + o ab=0,
Gy + b+ -+ G = 342)

Gy + Guhr+ - b — P

san ANTEBPA MATPHLX 1%

€ HEH3BECTHLIMH Py, Y2, ..., Pn U C 3AAANULIMHE UHCTAMH G, P2, -
., fpn B BHJE HPOCTOTO MaTPUUROIO ypaBHEHHs
Ap —q. (34.3)

C apyroii croponti, corgacHo (34.1), nponsseacune KBalpa1Hoi
MaTpHUN CIPaBa Ha MATPHILY-CTONGEN HE OfPEACHeHO:

D X l:) ~ HE OTPeNeICHO,

UeM B emne GoAuLed CTeneny NMOIYCPKUBACTCR HEKOMMYTATHBHOCTb
YMIOKEHNA MAaTpHI.

Host nipouseenenns KBaIpaTHOl MaTpHIIN HA4 MATPHIY-CTPOKY
CHTVaHuA FIBASETCH B HEKOTODOW CMbICI€ MPOTHBOMOJIOKHON I1pe-
ABIAMIIEMY CayUalo. 376k HMERT CMBIC 1IpOH3BENenHe

:IXD 3

N0 YMKOKENIe KBAAPATHOH MATPUNL C/€Ba HAa MATPHUY-CTPOKY He

onpeleneHo:
D x [ - ue onpeneaerno,

Hlay ocTanoch pACCMOTpETs NEPCMEOMENHe MATpHIL:CTPOKH
Ha Ma1puuy-croa6eu. Ecan mepsas M3 wux umeer nopsaok 1 X n,
a _gTOpas nopasok n X ], 10 B pesymbraTe yMIOMKCHHA, COrNAacHO
obwemy npasusy (32.1), Mu NOayuHM KBAnparHyo Marpuny mo-
paaka 1 X 1, 1. ¢. 06uryHOe wHCHO:

:XD:Df‘mcm.

Hanpnnep,
;2

6, 2, _3)(—1)—5-2+2-(~1)+(—3)-4=—4.
4
Bo BCex OCTAMLHBIX cayuanx nogoGHoro pOﬂa Tipou3BejeHHe He

AMECT CMbicAd. 31O OTHOCHTCA, B YACTHOCTH, K NPOH3BEHEIHIO MaT-
PULLI-CTON6UA HA MATPHLY-CTPOKY:

D x [ - He onpenenero.
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Cpeln KBAJPATHBIX MAaTPHE Y HAC B LANLHEAIIEM BaKHYO pon;
GynyT HrpaTh OUGZOHGADBHDIE MATPHILE, Y KOTOPHIX OT/IHHHB( OT Iy
TOALKO SJCMEHTLI C OEHHAKOBLIMH HEASKCAMH:

a0 ... 00
(A= .0
\o 0

Cpeﬂﬂ AHaroHaJbLHLIX MaTpAll BBIIGNCHITYIO pOJib HFpAET ed[[ﬂl{’ﬂilﬂoa
MarpHna 1, Yy KoTOle‘:i BCE HeJHaroHaJbEbie 3JeMeHTh paBﬂb{HyJ] y
& AHAarosanbHbe — €ANHHAE! I o
01
=) =| " |
\o o

e

Enunpynas MaTpiua CoBTafaeT ¢ cuMBoiiom Kpouekepa (33.1/112_,
BBCAEHHbIM B IpeZbiAymeM naparpage. OTMETHM, nHaKOHell, ugqe_
6yi0 MaTprly ©, y KOTOpOi BCe SJEMEHTH DABHLI HYWO. Oue-
BHJNO, 4TO JUIT Ji0G0f KBAaZpATHON MaTpHIlbl COOTBETCTRYIOLIEr
PALKA WMEIOT MECTO COOTHOMEHIS

1A=A1=24 (34.4)
84— A0=18. (34.5)

Vs sananHoit Marpmisi A MOXKHO 00pasosarb psA IPyrix

MaTpHil. ) )
I\%anﬂua A, monyuaeman u3 A 3amMenoit crpox croabuamu, ua
3pIBACTCS Tpan p i 1o orl x A:

(D= (A)e- (34.6)

Ecan A wueer nopsaox m X n, 10 mopanok A pasex n X m. B qac'r:
HOCTH, MaTpHIa-€TPUKA ABNATCS TPaHCHONHPOBAHHON 1O OTHOLUeE
KO K MAipHIe-CTONGIy, NOCTPOGHHON W3 TeX xe onementop. B
3TOM HaXOLAT CBOE ONpapjladne BECIEHHOE Bbllle 0GO3BaueHHe ¢
nas Matpuu-crpox Ecum 4 = A, To Matprua A HaselBaeIca cus-
MTIE[Z;ZgZﬁﬂ s Marpune 4 K KOMIEKCHO-CONpSZKEHHbIM a.,'leMZl—r
TaM €3 MAMEHEHHR X PACIOJNOMKEHHs, Mbl NoayuuM Marphuy A%,
KOMTEACKCHO-CONPANERAYIO O OTHOLICHHIO K At

(A=Al 84.7)
Tlopsanku matpuu A* 1 A cosnanaior. Ecin A* = A, to matpuina 4

I143biBACTCS BEU[ECTOEANOM, TAK KAK TaKOBHMK OYRYT BCe ee 3ie-
MEHTEL,
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Marprna A+, monyuaeman ua 4 TIyTeM TPA(ICIOHHPOBAHYUS U TI0-
CACLYIOICIO KOMIICKCHOTO CONPAMEHNs (MM HaoBopoT), Hasui-
BAETCA 3PMHTOBO-CONPSAKEHHON Mo OTHOWeNUIO K A:

(A=Al =[(A)," (34.8)

Eeant A umeer nopagox m X a, 10 nopanok A+ pasei n X m. B ya-
CTHOCTH, MaTpHIe-CTONGUY

Rl

Pe

¥ !

Pbn
OTBEUACT CICAYIOWAA IpMHTOBO-COMpAmeHtas el MATPHLA-CTpOKa:
=, ¥, V2)- (34.9)

IMpoussenenue sTux MAaTpHI paBHO

T =@+ O, + ... F oLy, 21“’?%- (34.10)

Ecmm A+ = A, 10 matphila A rassisaercs BPMUTOBOH UNY camo-~
£onpaxcensord. VIMeuo Takne MaTpHIW wame Beero u BCTpeYaloTes
B KBANlTOBO{ MexanHKe. JIETKO BMAETh, uTO y SpMHTOBO! MarpHUB
EHAronaibbie SeMEHTb BeecTBeH b,

Haxouen, matpuny A-1, 081aKA10IYI0 TeM CBOMCTBOM, uTo

AA

=1, (34.11)

Ha3eIBAIOT MaTpulel, obparnod x A. B ajrepe AOKa3bIBaeTCH, 9TO
25 110601 KBaAPATHOH MATpHILI, ONpPEAEJUTENL KOTOPOH He paBeH
Hyalo, cymecrayer o6paTHan MaTphlla, H [ipH 3TOM Naercs peient
€€ OTBICKAHWA. ML Ha 5THX BONDOCAX OCTAIABIMBATHCH He Bynem,

TMErRM, 4TO ejMHUYHAS MATpHNa ABJISETCS HAHGONEE CuMMer-
PHuHGH B TOM CMBIC/Ie, 4TO XS Hee

1

, (34.12)

T. €. OH& OépaTHa caMoi ceée, CKMMETquHa, BeN(eCTBCHHA H ap-
MHATOBA,

B saxiouenne sroro naparpaga M TpHBEEM CieAyiomHe
ueTblpe JIerKo NpOBEPACMBIX  COOTHOLLCHHA ANA  Npou3BeaeHHs
MaTpH:

(ABy"'=B~'A~, AB=DBA, (ABy =4'F", (ABy* = B*A*,
(34.13)
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JLeicTBHTENBHO,
(4B (B~ A7) =A(BBT) A
K4K 370 M JOAKNO OHTb AMA MATPHIlbi, ofpatuoii k¥ AB. Jlanec,
2 AuBy= Z‘ (Ape(Bl=
' ~ ~ -
= 2 (Bl (A= (B,

AlAT = a4 =,

(AB)j = (AB)y

OTKyJla BHITEKAET BTOPOE DABCHCTBO. Tperse COOTHOLICHHE npon%
psieTCs 3J1€MEHTapHo, a Nocieasee ecTe [IPOCTOE CIEACTBHE BTOPOID
A TPETHETO PapeHCTB.

§ 35. OBosnauenna Jlupaxa

BepreMcs Tenepb K pACCMOTPCHHIO €BKINI0BA 7i-MEPHOrO Npo-
crpancrsa. B KoHule § 33 Ml BHICIH, WTO 11060f ero BEKTOp ox:
H0AIAUIN0 3a42€TCA COBOKYNHOCTHIO CBOMX KOMTIOHCHT B (HKCUDO
batfom Basuce. DA KOMIOREHTH yAOGHO PACIOAarath CToASIOM,
sanuCHBast BEKTOp 1 B BUAC MATPHIlL-CTOASHA

B
b=\ (35.1)
P
Bsency (GOpPMalbHO COMpiNeHHOE TPOCTDAHCTBO BEKTOPOB gt

KOTOpME TOJYIaiTed H3 W [IyTEM OSPMUTOBA COMpAMEHH [em.
(34.9)], T. €. npeACTABISIOT €060l MaTpHUBI-CTPOKY

Pr =], by e B1)- (35.2)
W3 atoro onpelxeneuuﬁ cnenyeT, 4TO
(ep)" =a'y", (35.3)

FHE o — STI060€ KOMILTEKCI0e JHCIO0.
Benomunasi teneph npasuiao (34.10), saxaowee npousserenie
MATpHNGI-CTPOKH WA MATPHILY-CTOIGEL, SPMHTOBO-CONpAkENIyIa e,
Mb opumyry (33.14) A1A CKanApHOro NIpOH3BEREITHA Bex‘ropols P
¢ MOXEM COKpAameHHO 3aNIAcaTh B MATPHIHBX 060311aueHHAX:

(@, P)=0"y. (35.4)

Coornourenue (35.3) Npespamacres 10r1a B CBO{CTBO aHTUANEH-
nocTn (33.6) CKANAPHOrO 1pOH3BEAGHHS 1O NEepBOMy apl%yMe{{Ty_

Jlnpax Tpessioxns IpCaBbiuailio ynobuyio cucteMy cfosHave-
1gl, KOTOpas BHAURTCIBHO yNpOUlAET ACKA3A1eACTBO PA3IHAHOND

§ 33) OCO3HAYEHHST AMPAKA 29

pona mareMaTuueckux yreepxienni. Eio Mb 5 nambnelimem u Sy-
JICM TI0JIb30BATLCH, MpUOeras WHOrAa K OBLITHON cHMBOJHKE JHUbL
B UENAX CPABHEHHSA.

Hrax, creays [lupaky, oGosmaunnm

Pp=p), pr=(p| (35.5)

# Hasosem |) keT-sekropos, a (| — Opa-sextopon (or auriuii-
ckoro bracket — «cxo6xa»). Cornacno (35.1), (35.2), ¢opmanbro
3TH 1Ba THNA BEKTOPOB CBA3AHBI OMEPAIHELl SPMHUTOBA CONPAKERH:

Wl=loy* 1py={[* (35.6)

Crenyer NOMUEPKHYTH, YTO KET-BEKTOPL H $pa-BEKTOPH NpHHALTE-
HKat [asHLM NPOCTPAHCTBAM, TAK UTO CKaaibBaTh HX APYr ¢ ApY-
TOM Heb3s.

Onuako ¢ NOMOMILI0 BBEIGHIBIX CHMBOJMOE BCC K€ MOXKIO D0-
€TponTh $oJee COMHHE OBGPA3CBAKHA, CPeAH KOTOPHIX NpoCTeil-
LAME ABAMIOTCH 06'!,5!{1‘5[ CAEAYIOmMHX NHTH THIOB!

19, Wk o) [k o) o).

ITepBuili, Kak yXKe cKasaHo, SBJIAETCH KeT-BEKTOPOM, WIH BEKTOpOM
n-MEpIIOre eBKINEOBA HPOCTPANCTBA, BTOPOH — Opa-BeK10pOM, Han
BEK10pOM CONPAKEHHOTO NPOCTPAHCTBA.

BoiscHuM cMbicT Tperbero ofLekTa, COrnacHo ofosHaueHnsM
(35.6) cumbon {p|$) (Bropas ucprouxa BHyTpM He MHLIETCH pasi
KPaTKOCTH) MpENCTaBJAeT cOBOl TNponssefeHhe gty YuuTbBas
Tenepb (35.4), MBI BUIHM, uTO (@) ecTe MpocTo wheno — cxansdp-
HO® MPOoH3BEAeIHe BEKTOPOB @ H .

(@ vy = (@, P\ (35.7)

B uwactuocty, B 37HX 0003HAYEHHAX HOPMA BEKTOPA ) 3aNHCHIBARTCS

Kak
Ipl= V@ Tvy. (35.8)

Cubiea cumponta [ @) (| bl BUACHM B crenylomen naparpade,
a Ha BeMUHIAX TATA |g){1p) Mbl BOOSWE OCTAHABIMBATECA HC Gy-
Aem. XOTA OHM H MrpaiOT BAKHYI0 pOJb KAK B MATEMATHKC, TaK M
B KBAHTOBOH MEXaiHKe, HO HaM OGBEKTEl TAKOFO pofia BCTPeuaTbes
ne Synyr.

BeelleM B NMpOCTPAHCTBAX KeT- U §pa-BCKTOPOB COZAGCOBANHBIC
OPTOHOPMHPOBAHHbIE BaSUCH, T. €. COBOKYMHOCTH TAKHX Oa3UCHLIX
BEKTOPOB, KOTOPHIE OJIy4aioTCs APYT H3 APyra NyTeM SPMUTOBA CO-
TIpsiKeHus. DTH GasuCHBIE OpTH Mbl GydeMm 0603uauaTh MpoCTO Kak

I1y, 12), ..., |ny w (2], (2], ..., (] coorsercrBentio. Toraa yeao-
BHE OpTOHOPMUPOBAHHOCTH $a3uca 3alMILeTCs B B
G 1y =80 (35.9)

5 9. B. Iluomsexd, 7, 11
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Bexropnl |9} u (] MOKHO pa3NOKHIb N0 CBOHM OasHcam:
19=2% 1% @1=Z 6! (5.10)

YMHOKaR NepBoe pasfomeHue ciesa ua (k|, a sropoe cipasa Ha
| £Y, b1, B MOaHO# anasorun ¢ BuIBoAOM (33.13), nodyunm

=4 1) @5.11)
H
B=0 1=k ) =,
T. €.
§,=; (35.12)

COBOKYIHOCTH wricea ; # P; ABAIOTCH HaBOpaMH KOMIOHEHT Bex-
T0poB |y H (| COOTBETCTBEHHO M ONpEAEIANT HX OAHO3HAUMBIM
a30M,
B0cno/ib30BasIUCh NONTyYeHHBIMA BRIpAKEHWAMH /il KOMIO-
nenT BeKTOpoB |§) 1 (|, Mm MOKeM X pasnomenms (35.10) sa-

nHcaTh B BHAE
n

AT (35.13)

1)

n

(= Z oL (35.136)
K HHTeplpeTandu STHX DE3yJbTaTOB Mbl BEpHEMCA B CEAylOUleM
naparpade.

§ 36. Jluneiinbie ONEPaTOPH B EBKIHAOBOM NPOCTPAHCTBE

B § 7 Mbl BBETH OOIIeE NOHATHE ONEpaTopa KAK OfpeAe’IenHoOro
npasua F, Npn NOCHEACTBE KOTOPOTO H3 HEKOTOPOrO MaTeMaTdvye-
€KUr0 00BEKTA P TIOyHaeTcs Apyroit 06%LeKT g TOH XKe camoit mpu-

oau, B npemuywed riase poib TAKHX OGBEKTOB HIpajiH KOMM-
JIeKCHBIE (QYHKIME 321aHHOTO YACAR HE3ABHCHMLIX BOIECTBEHHBLIX
nepeMEHHHX.

Teneps e non oneparopos F Mbl OyleM TNOHHMaTs IHpaBHIO,
cOracko KOTOpOMy KaX/OMY BEKTOpy ¥ eBKJIHI0BA f-MepIoro Npo-
CTpaiicTBA CTABHTCS B COOIBETCTBUE BEKTOp @ TOrO e NpOCTpaH-
crBa. Ucpoabsys oGosHaverna Jupaka, sansmem

19y =Fi¥) 36.1)

(ymorpeGAABIINICA paiiee 3ua40K /\ X CHMBOJIOM OnepaTopa Te-
nepb Mbl SyAeM ONycKaTh).
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Cornacro (7.3) onepatop F nasblsalor Auneisbis, ecan ox yao-
BRETBOPAET TpeGOBaHUID

Flalp)y+Blo)=a(F ¥) + B (F k) (36.2)

AsA moBof Mapk BeKTOpoB |§) M |@) H MIOGHX KOMIMEKCHBIX un-
cei o i B. Kax rosopusioch 8 § 14, Tpegosanne iuneHOCTH onepa-
TOPOB B KBAHTOBOH MeXaHNKe AHKTYETCH NDHHIHIOM CyREprO3HIIHY.

Mpunepor..

1. Pacemorprm oneparop 1, KGTOpHir 1060My BekTopy |¢) cTa-
BAT B COOTBETCTBHE TOT JK€& BEKTOp:

L) =I). (36.3)

370 onepaTOp Ha3LIBACTCA eOUNNHUHbLM WIH TOXKACCTBEHHLIM, OH JTH-
Heen,
2. HyneBBIM Ha3blBaiOT onepaTop @, nepeBoAALIMA KaK A BeK-
Top B HyJIb-BeKTOp:
8¥9)=16). (36.4)

3. Tlyctb HaM 3anan NpOM3BOMLYLIL BeKTOp | ) ¢ KoMToBenTamm
V1, %2, .-+, Po_(MaTpuua-crongen ) u KpanparhHas Matpuua A no-
praka nXn. Onpeaenn BeKTOp |y C KOMIOHEHTAMA @1, @z, ..+ , Pns
KOTOphE 3aaKTCA PaBeHCTBAMH

P =ayb +ah + o+ G,
L T

P =GaP; + Qb2+ .+ o0+ Cunbs
BJIH, COKpaLIEHHO,

a
9 :u§| 3757 (36.5)

B MaTpHuHbix 06O3HAaYEHHAX MOKHO 3alMcaTh
p=Ay. (36.57

Tem cambim Kakuofi MaTpHleil nopsaxa 7 X # 3ajaeTcss HEKOTOpbLi
OIepaTop B N-MEpHOM eBK/IHAOBOM NpOCTpaHCTBE. SICHO, YTO TaKOM
onepaTop fBAAeTcs AMHeHHLIM. B cieayoulem maparpage Me mo-
KaKeM, 9T0 H, HaoBopoT, KaKAOMy JnuefinOMy ONepaTopy B n-Mep-
HOM €BK/IHOBOM NpOCTPANiCTBE COOTBETCTBYET HEKOTOpAsA KBaipat-
has MaTpHRa nopsika n X n. 3TiM (GAaKTHYCCKH H OGBACHIETCH
BAKHOCTE TOH pPOJH, KOTOpYIO MCPAIOT B pA3AHYHBIX MATeMaTdue-
CKHX HOCTPOEHHSIX MATPHUBI,

4. BepueMes tenepb K Koucrpykunu |g) (|, sBenennoir s mpe-
AmfymeM naparpagpe. QopManLHO MPUCTABHB K 3TOMYy CHMBOMY

5*
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CUpaBa TIPOH3BOALHbLIN Ker-BeKTop [y}, moayuum {o) {(y|x). Hdsa
TIOCAEANHX COMHOKUTENn HaioT wneno {(Ply), n BoswuKaeT HOBL
KeT-BeKTOp, NpOnopuonaisheit |@). Axamorwuno, ecan k |g) (¥]
NPACTABHTbL C€BA LIPOH3BO/ABHLIA Gpa-BexTop (3|, TO Mal npuiem
K HOBOMY §pa-BeKTOpy, NpomopuuoHanbAoMy (|. Takuv ofpasom,
|%) (| ectb onepatop (uueimbii), KOTOpLI, MeicTBYR manpaso

Ha KET-BEKTOp, MePeBOJUT er0 B HOBBI KET-BEKTOp, a AEHCTBYA Ha-
1€BO Ha Gpa-BEKTOp, IEPEBOJHT €ro B HOBLIH $pa-BeKTOp.

5. TonibKo YTO NpOBEIEHHOE PACCMOTPEHUE NOIBOISAET NOMYUHTE
€3BEIYANHO IOJE3HOC MPEACTABIEHHC I EIMHNYHOIO ONepaTOpa.
Mesl B BHAY ero onpeienenne (36.3), ML MOXeM pasqoXenHe
(35.13a) MPOH3BOIBHOIO KET-BEKTOpA |P) NO OpTOHOPMHPOBAHHOMY
6a3UCY MEPenucaTh TOKACCTBENHO B BUAE

e =3pute).

B cuay npou3IBOTbHOCTH BEKTOpa |\p) OTCIOA CIEAYET, uTO
.
1= le Nl (36.6)

3710 cootHoUlenne ABARCTCH QYHAAMCHTATLHBIM H GYIET MHOrO-
KpaTHQ HCTOJIb30BARO B uaJineﬁmeM. OHO [ra3bipaerca yraosuem
ROAHOTHL OpTOHOpMHPOBaHHOrO Baszuca.
B KayecTne npoc*rei'xmero npuMepa npuMeHerm YCIoBHA 1107 -
TIOTh paCOHUEM € erv MOMOWbIO KBApAT HOPMbr BEKTOpA |1):
R S "
o ILIwy= 2 (b 1Y 1) = 2 b, /E\w,

NoIr=(piv 2

H MBI CPasV IpHA0LUM K popMyJe (33.15).

B mnomecrse spHefnbX ONepaTOpoB MOKIO ECTECTBCHIbIY 06
PasoM BBCCTH BCE OCHOBHIME aircOpanveckHe feicisua, B noaxoi
aHa.oruH ¢ GopMyAaMi (7.4)—(7.0) u3 npejmnyuied raansl, cop-
MVAHDYEM CTEJIYIOMLHE OlpeIeacHys.

Cymuot onepatopos F u G nasuisaror oneparop F G, koro-
phiit 'Ka)KlLOMy BexTOpy |) Crasur s cootBeTCTBHC BexTOp Flvp) +)

Gl

(F+G) 1wy =(F 1) + (G |¥)). (36.7)

ITpoussedenuen ouepatopa F Ha 4MCIO o HASLIBAETCHA 0(CPaTOD
aF, nepcsoaslkit Bextop |y B BexTOp @ (F|py):

@F) )y =0a(F V). (36.8)

Hpoussedenue oneparopos F u G ecTb onepatop FG, neficraue Ko-
TOPUrO SKBUBAMRITHO [IOCIEAOBATENLIOMY NPHMEHEHHIO K BEKTOpY

§ 360 JVHEMHBIE OTIEPATOPH 33

{¢) cuauana onepatopa G, a norom onepartopa F:

(FGY |19y =F (G |p)). (36.9)

Ea)Kno, uro npOHiBE}leHl’le OnepaTOPOB B Oél.LleM CAyvae HexoMmMmiy-
TATUBHO:

FG == GF. (36.10)

370 BHAHO XOTH 6b H3 TPHMEDOB, PACCMOTPEHHLIX B § 7, a Takxke
M3 7T0r0, YTO KBAIPATHEIE MATPHIL, COT-TACHO NMpPHMepy 3, 3a1a0T
HEKOTOpbIE JIHHElHEIE ONEPATOPH, & MPOH3BEAEHHE MaTPHIL 1eKOM-
MyTATHBHO.

Jlo cux nop M paccMaTpHBanu OMepaTOpH (eCM MCKAIOWHTH
npHMep 4), NEHCTBYIOmRE B EBKIHAOBOM [POCTPAHCTHE KET-BEKTO-
poB. C paBHLIM YCIEXOM MOKHO BBECTH M ONepaTopbi, ACHCTBYIOMHE
£ CONpAMEHHOM NpocTpaHcTBe Opa-Bektopob. Ilpusemem cooTser-
CTByIOIL e onpeueﬂeunm KOTOpHe HFpalOT B KBAHTOBOM MexanuKe
$ynaaMenTanbuyo pofb.

TycTs B npocrpancTse Ker-BeKropos eficTeyer oneparop F:

10y =F1v). (36.11)

Boenem oneparop F+, kOTOpuli ACHCTBYET B CONPAIKEHHOM apo-
CTpaRCTRe, Oepesods Gpa-Bekrop (|, coorsercrsyiommii |p), B
Spa-sekrop (x|, coorsererylomuii |y):

l={p|F*. (36.12)

Oneparop F+ Haszosem omeparopom, conpsacensois ¥ F. [lo ompe-
AeNCHUIO COMPSKEHHUW)i OmepaTop HACHCTBYET ua Opa-BEKTOpHE
cnpasa.

Yuuokan (36.11) cacsa na (9], a (36.12) cmpaza wa |g) u
CpaBHHBaﬁ JIEBBIE YacCTH, Ko'roph!e KOMTLJIEKCHO Conpﬁ)!(e“bl Apyr
Apyry B CHJIy CBOHCTBA 3PMHTOBOCTH CKAJSPHOrO NpPOH3BEACHHS,
NOAYYHM OCHOBHO® CBOHCTBO COMpSIKEIIOND O[epaTopa

WIFY gy = (| Flw), (36.13)

KOTOPOE MOMHO PACCMATPHBATL KAK €ro OmpeiesieHHe.

CTAHOBUM Tenepb CBA3L ¢ OBBIUHON CHMBOMHKON. [las sToro
3aMETHM lIpCHAe BCEro, YTO BhipameHHs nuta {¢|F|y) mu scerna
OyleM NORMMATL CAGLYIOUMM OGPA3OM: Ha BEKTOp  CleBa medict-
Byer oiepatop F, a 3aTeM NoNyuaiomuiicn BeKTOp yMioKaercs cka-
aspuo cnesa wa . [loatomy (36.13) B craHmapTHLIX 0603HauCHHAX
BanHCcbIBACTCA KAk

(o, F*o) = (9, Fy), mmu (Fto, p)=(q, £y). @6.19)
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Hanpumep, ecitn onepatop F fefiCTRYeT B IIPOCTPAHETBE KOMIAEKC-
apx QYHKURA (X, Ka,...,XN), FA€ CKAABPHOS NPONIBERCHHE 32~
naetcs GopMyJof

@ = [ pvax
(dX = dxdx, ... dxy), 10 (36.14) sKBHBANEHTHO paBeHCTBY
JEr o wax=[ ¢ Py ax,

COTpAKEHAOre ONepaTopa

¥ Mbi i K onp
{9.1), BBeAeHHOMY B NpeRbLIAYLIEH T1aBe.
Jlerko Bugers, uro

@P) =P, (Fi+F)*=Ft L P, (FPyt=FIF,
(F*) =r. (36.15)

FlpeanaraeM 4YHTaTenio B KauyecTBe TONENOTO CAMOCTOATENBHORO:
YNpaxKHeHHst NPOBEPHTbL 3TH YTBEPAAERHS, TOAB3YACH COOTHOWIE-
HHeM (36.13), OCHOBHHIMM CBOWCTBaMH JAHHEHHLIX OllEPAaTOPOB W
CBOMICTBAMH CKAJAPHOrC IIPOH3BEEHHS.

TakuM 06pa3oM, Mbl BUIUM, 4TO OnepauHs coDpsKeHHs (op-
MafMbHO NPHMEHAMZ M K UHCTaM (A48 KOTOPMX OHAa CBOAMTCH K
KOMIJIEKCHOMY CONDSIAKEHHIO), B K BeKTOpaM 06onx Thnoe [pop-
myae (35.6)], u x omepatopaM. YuuTEBan 3T0 06CTOATENBCTBO W
€BoficTBa conpsKenns onepatopos (36.13), (36.15), epopmyanpyem
€/ejyiomee BaKHOE NPaBU/IO NEpexona OT HEKOTOPOFe SARABHOTO
€OOTIIOWEHHS K CONPANEHHOMY eMy:

1) 3aMeHsieM BCe 9HCJa Ha XOMILIEKCHO-CONpAMKEHHbIE, BCE KeT-
BeKTOph Ha Gpa-BEKTOpH H HA0BOpPOT, BCE ONepaTOPsl Ha COMpA-
Aenuble;

2) ofpamaeM ROPSIROK C/AEIOBAHHA BEKTOPOB H ONEPATOPOB.

Ecan F+=F, 1o onepatop F TCH camocon, #
Han apaurosein. Ua (36.13) BoiTeKaer cielylomee OCHOBHOE CBOIi-
€TBO 3PMUTOBA ONepaTopa:

Ll F 1)y =LY IF 9) (36.16)

Kak yke HEOAHOKDATHO FOBOPHAOCH, SPMHTOBH ONEPATOPH HMEOT
i fiHo BaxHOe B KBaHTOBON ME€XaHHKe.

Ins omeparopa F =Al, rae |—enunuynnifi onepatop, a A—
KOMIWIEKCHOE YuCa0 (36.3), mmoGoit sexrop |y) yHoBJersopser co-
orromesuio F|py =A|p). B 10 xe Bpems cyulecTBylOT Takse one-
PATOpHL, 151 KOTOPLIX 3TO PaBeHCTBO HE BLITOJIHAETESA WH NpH O~
HOM BEKTODE [1)), OTANYHOM OT HyaeBoro. [IpHMEpOM MOKeET cry-
KHTb ODEPATOp B ABYMEPHOM TPOCTPAaHCTBE, KOTODHIl DOROpAuH-
BAET BCE BEKTOPH NJIOCKOCTH Ha (HKCHDOBAHABIA yroJl OTHOCHTENb-
HO 321aHROTO UEHTpa. .

$ 36) JIUHEPHBIE OMEPATOPH 135

Bregem crefyomee ompenenenie, BaKHEOCTh KOTOOrO  yie
Gbia MpONEMORCTPHPOBAHA B MpenbiLyIed IMase. BexTtop ]/g#
=|8), yrosaeTBOpSIOWMAT ypaBHEHHIO

FIRy=Ff1h, wm (F—fify=i0), (36.17)

HasHIBARTCA COGCTBeNbLM 6eKTOpOM ONepaTopa F, a Tucno f — C06-
CTBEHAbLM 3HA4CHUEM STOTO OMEPATOPA, OTBEYAIOIINM JIAHROMY COG-
crsettomy sexropy. Ipu stom, caenys Mupary, Mut panu Kpatko-
<71l 0B03Ha4aeM H COOCTBEHHbE 3PAadeMHs M MpHHAANEKAMHAE UM
COBCTBEHHBIE BEKTOPBI OXHOH M Tofi Xe GykBOi f. Bektopubii xa-
PAKTED TOA WIM MHOA BENHYHHbI HAXOAHMT CBOE BpAaiKeHHE B TOM,
|TO €€ CHMBOA 3aKaIOYaercs B cKoBkH | ) man { |.

Ecan paknoMy coGeTnenHoMy snaueHnio f 0TBEYaeT onuH (C TOY-
HOCTBIO RO MHOKHTEAR) COGCTBEHHH BEKTOp |f), T0 OHO Hashi-
BACTCA APOCTHLM HAM HesuipowdenuviM. Ecan Ke coBcTBensomy
3HAYEHHIO [ COOTBETCIBYET HECKOAbKO JHHEHRO HE3ABHCHMEIX COG-
CTBEHHbBIX BEKTOpOB [fIN), |f@), .., Ii("')}i TG TOBODAT, YTO OHO fIB~
SSETCS KpaTHOLM, WIR 8opoxcdendsim. [Ipn 3toM MakcHMaabHOe
QHCAO M YKa3AHHBIX BEKTOPOB CTb KPATHOCTD, UM CTENEHL BbLPOK -
denusn.

Bakno OTMETHTH, 4TO BCE COOCTBEHHBIE BEKTOpH ONMpEnEMeHH
JHMIIb ¢ TOYHOCTBIO 10 YHC/ICHHOTO MHOKHTE S — ecau [f) asnserca
€OGCTBEHHLIM BEKTOPOM oneparopa F ¢ COBCTBEMHBIM 3HAYeHueM f,
T0 |f) NpR M0BOM KOMNIEKCHOM o TakKKe OyHeT cOGCTBEeHHBIM
BEKTOPOM € TeM e cOGCTBEHHHIM 3HageRHeM. [LeficTBHTENbHO,

Flfp=eFif)I=af i) =0f [[y=](ef)

Taroll NPON3BOL NOIBONAST HAM OFPAHMUATECH  DPACCMOTDEHWEM
TOABKO HOPMUPOBAHHLLY COBCTBEHHBIX BEKTOPOB: €CIM AHHbIY BEK-
Top [f) He HOPMIpOBAHK, TO, yMHOKMB ero Ha uncao 1/[fll, mu nepe-
BENEM €r0 B BEKTOp, HOPMA KOTOPOro PapHa CAHIHIE.

Vupamaeane fycrn f npujan-
sewar uciino. nesamnchnne cobcrnmmme seropd |10 1) | o
#22aTL, UTO MOGan AHyEAHAs KOMOHAAUEA STHX DEKTOPOE €CTH TAaKWe COGCTReR-
HLif BEKTOP OIPATOPA C TeM e COBCTBCUHAMM InauerHen f.

OcraHOBHMCS Tenepb Ha BAXHWX I KBAHTOROH MEXZHMKH
<BOACTBAX COBCTBENNBIX 3HAYCHMH M COBCTBEHHBIX BEKTOPOB SpMi-
TOBBIX ONEpPaTOPOB.

Hanumwewm ypasuesne (36.17) A1 1ByX KaKuX-TO COGCTBEHIBIX
anavennt f u [* oneparopa F:

FIfy=HD,
FIfy=F1,
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W, TOAB3YACH CHOPMY.HPOBAHHLIM BEILE (IpABHIOM, nepeileM oT
11EPBOTO ypaBlelHs K CONPTKEHHOMY eMy:
GIE=1L
FIfY=F1f"
(B nepBoit CTpOKE ydTeHA SpMHTOBOCTD onepatopa: £+ = F}. Yuo-

Kas meppoc ypasHenHe (36.18) cmpasa wa |f°), a sropoe — caesa
Ha {(f|, u mpOH3BOAA BHIUATAHHE, TIOAYIHM

0=(F— I (36-19)
Monomus sncee |f) =|f), Gyaem nmers

(IF—=h{IH=0,
oTKYAa, Tax kak {f|f)== 0,

(36.18)

(36.20)

Takum obpasom, Bce coScTBenuble 3Hauenua SpMi10Ba OlepaTopa
sewecraenns (cp. ¢ peaynbTaToM § 9).
3awmenas Tenepb B (36.19) [* Ka [, npuacM ¥ pasenctny

¢~y =0,
(FIY=0 npn o+ . (36.21)

Takum o6pasoM, coGcTBennbie BEKTOPL SPMATOBA OHEpATOpa, (pH-
HAIEKAHE pa3HbIM COGCTBENHbIM 3HAYCHUAM, 83GUMHO OpTOZO-
HaabHbl (Cp. ¢ pesyabraton § 10},

OTmernM, uTe mpesesbHad NpOCTOTA NpHBEACHIIONO AOKA3ATENb-
CTBA CBA34HA C HCMONb3OBAHHEM AHpAKOBCKHX O603HaycHui. B eme
ropaszo Goabled CIENERM MX TpeHMyLIECTBA BLIABATCA B CEAYIO-
mem naparpade.

JIuHeiHO nesdBuCHMEIE COGCIBEHHLIC BEKTOPHI, NIpHHALICKAIHE
BBIPOXCIEHHOMY COBCTBEHNIOMY 3HAYEHHIO, ABTOMATHYECKH OpTOFO-
HaibHLMA B GyayT. OHAKO, HCMOML3YA HpHEM, NOqHOCTBIO AHAI0-
THYHLR TOMy, KOTOpLil Gmit paceMorpen B § 11, Bcerma MomuO
BrifpaTh TaKHe MX Jnedliibie KOMOMHALMH, KOTOpbie yiKe OpToro-
naibib Apyr Apyry. Takum 06pasom, sce COGCTBERHbIE BEKIOper
SPMATOBA ONEPATOPa MOKHO CUATATHL B3AWMHO OpTOTOHAIbHbIMH,

POME TOFO, COMACHO CAGNaHHOMY paHee 3aMevaiHio, OHH MOryT
GbITb BHGPANBL 1 HOPMHPOBAH TBIMA.

B nuueiiHoll afreGpe 10KA3BIBAETCs, UTO BCHKAM SpMHTOB OMe-
patop, AefiCTBYOLIMil B 71-MEpIOM €BKIUAOBOM NIPOCT anCTBE, AMCET
POBIO N JHHEHHO HE3ABUCMMbIX BEKTOpOB. Bbifupas HX B3aHMHO
OpTOrONaIbHHMU H HOPMAPOBAHABIMH, Mbl MOMEM H3 STHX BEKTOPOB
TIOCTPOHTE  OPTOHOPMHpOBaNHLIA Ga3HC B JIaHHOM NpOCTpaHCTBE.

oTKyna
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Ero koopanuarutie OpThl GYAYT yXOBAETBOPAIL COOTHOMENHAM

Yy =0pp (36.22)
H YCIOBHIO MOJHOTLL

n
pATN (36.73
2n¢ )
Kax Gyaer sicHo w3 nasieHefnx QUIHIECKHX MPUIOKEHHT, TAKOrO
POIa CCTECTBEHHLIE GasHCHl, nOpOKACIHbIE PA3TUUHLIME SPMUTO-
BBIMH ONEpATOPAMH, HCPAIOT DYHAAMENTANLHYIO pOIb B KBAHTOBOX
mexaiure.

§ 37. MatpuyHoe npeacTapacHue JHHERHLIX OlepaTOpOB

B navase § 36 (npumep 3) Mbi BuenH, uTO KakAas MaTpaa
TOPANKa 7 X 1 3a1aeT HeKOTOpblft Muuelintii onepatop, AciicTnyio-
WK B A-MEpHOM eBKAUZOBOM Mfpocipancrse. [lokameM Teneps,
uT0 M 13060por, KaXAOMy JHueliHoMy onepatopy F B n-MEpUHOM
€BK.IUI0BOM NPOCTRaHCTBE COOTBE[CTBYCT B 3ARAHHOM 6asuce Hexo-
TOpaﬂ KBH}lpaTHaﬂ ManH[la nopsuma n ><ﬂ.

Urak, mycTs 8 naleM NpoCTPAaHCTBE 3a/aH OpTOHOPMUPOBAHHLII

Gasnc [1), |2), ..., |#), Tax uro mo6oi BexTop |} 3anaercs cao-
UMy KOMpoHCHTaME (35.11)

b=l (37.1)
TMoneficTryeM 1a 3TOT BEKTOp oliepatopom F:

lo)=F ).

VmHomasn o6e vacTH cneda Ha {j| H BOCHO/b3OBABIUHCH yCiOBHEM
nosrgotar (36.6), noayunm

1=, =GP IYy = G IFT 9 =S G1F 10 %) = She,

T.e

@i =’§| Frte (37.2)

COBOKy MHOCTD BEJIHYHH
Fre="G IFik) (37.3)

ofpasyer KBaApATHYIO MatpHily — MaTpAly oncparopa F 8 safaH-
HOM Gasuce. dra MaTphua, comocrapaseMmas onepatopy F, oHo-
3HAaYHO ONPEETSICT KOMnoHenT Bektopa |g) = F|y) no komno-
HeHTaM HCXOLHOrO BEKTOpa |1), yeM H JI0Ka3bIBaeTCA HAIC yrBep-
sKkaeune. 3aMETHM, 4TO COOTBETCTBYIOMIEE AOKA3ATENbCTBO B CTAH-
AapTHLIX 0GO3HAYEHUSX ABJIAETCA BECLMA rpOMO3JKHM.
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Taknm 06pasoM, yunTLBag Takxe npaMep 3 13 § 36, Mbl npuxo-
IHM K CAEAYIOLEMY BAXKHOMY pe3yJbTarTy: COSOKYRHOCTH 8C€x Au-
Hefinbix 0nepaTopos, QedcToyiowux 6 n-mepHos esxaudodon npo-
CTPaHCTEE, HOXOOUTCA 80 83QUMHO OOHOSHAHHOM COOTEETCTOUH €
MHOMECTEOM 6Cex K8adpaTHoLx MaTpuy nopadka n X n. Hnemuw
eJ08aMu, XaKAOMy JHHEHHOMY OTepatopy mo gopMyae (37.3) oa-
HO3HAUHO CONOCTABJACTCA B 3afaHHOM $a3uCe HEKOTOpas KBaipar-
Has MaTpiila, H 1ac60poT, KAKAOH KBAAPATHON MaTpHIe, COrMACHO
$opmyne (37.2), 0ABO3NAYHBIM OGPASOM COO[BETCTBYET HEKOTOpHIR
JHBefHA onepatop. DTOA TeOpeMOil (HAKTHUECKA H OMPEALNALTCH
Ta poab, KOTOPYIO MATpHUBl HFPAOT B JHMUENNOl airedpe n B ec
PU3HUYECKHX NPUIOKEHHSIX.

B 44CTHOCTH, HCTO/IBAYST OnpeieseHHe eZMHHUHOrO ofiepaTopa i
yC/I0BHE OPTOHOPMHUPOBAKHOCTH $a3nca, IS ero MaTpHIbl HOJNYIHM

=GRy ={j 1)y =08
AHazorHaHO RAS yJBOrO OMepaTopa HMeeM
©)={181k)={(16)=0.

TeM CaMbIM eAHHHUNOMY H HYJCBOMY oncPaTo%r OTBCYHAIOT eAMHNY-
Wag W uyreBas MarpHus coorsercTBerfio. OueBHANO, cnpasen-
JIHBl 1 OOPATHEIE YTBEPHALHHSL

[ycts nam 3afanul gBa onepatopa Fi M Fz. O6pasyem omepa-

TOpB
F'=F+Fy, F'=aF,, F"=FpP.

TMoabaysc, AUHEHHOCTLIO CKANSPROTO TPOM3BERERMS W YCIOBUEM
TIOJHOTH $a3nca, Syaem UMeTh

YIF =P+ F)IEY={ | F Ry + L Pl By,
IRy =l @P) IRy =a (IR R,
U!F”’lk)=(iIF.lek>=(iIFAleIk)=I_Zl(HF. QP 1R,

HJIH, B MATPUUHBIX 0G03HAUEHUAX,

(Fot Foje=(Fi)je + (F)pas (37.4a)
(@FD) e =0a(F)u, (37.46}
(A= 2 (P (Fue (37.48)

TakuM 06pa3oM, MAaTpHLL CYMMbl OMepaTOpOB, MpON3BEXEHHS One-
paTopa ha YACJAO W NpPOH3BENeHUs ONEPATOPOB pPABAM COOTBET-
€TBEHHO CyMMe MaTpHIl OnepatopoB, MPOMIBEACHHIO MATPUULI ONe~
PATOpa Ha uHCIO W NPOH3BENEHHUIO MATPHU ONEPATOPOB.
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Oas marpnub onepatopa F¥, conpsmendoro K F, umeem
" o)t - - B
(=G IF k=R 1F|IY =10 =1Ful,
TAC Msl BOCROJBLSOBANHCL ONPENCJCHHEM MATDHUM onepatopa
(37.3), ceoiicTBoM conpsikernoro onepatopa (36.13) n onpeene-
HHCM TPANCNOHKpOBaiHOR MaTpuubl (34.6). Takum ofpasom,
+ By
e =)l -
(Fu=1Fpl (37.5)
T. €. MaTpHbl ONepatopoB F* W F CBA3aHl OGHMHBIM 3DMHTOBBIM
<ConpamenueM (TPAHCAOHHPOBAHWE MAIC KOMILAGKCHO® CONPSIKE-
ike). OTCI0a 04EBUAHO, B 4aCTHOCTH, YTO MATPHUE IPMHTOBA OMe-
PaTOpa ABAALTCH IPMUTOBOI,
Cipopmynupyem sapady (36.17) ua oTbickaHue COGCTBEHHBIX
BHAYEHHA W COGCTBEHHBIX BEKTOPOB Ollepatopa
FLiy=f1. (37.6)
YmioKan ofe 4acTH cleBa Ha GasucHmIl opt {j|, ncnoavaya oupe-
Ae/leHne KOMOOHEHT BEKTOPA H YC/OBHE NOJIOTH, HOLYIHM

Sarnein=iin,

n
Elfnfk=ffr~ (31.7)
B passepuyToM BHAE
fuft +fofe + oo finfa — o0
fuft + fofe + oo+ fonfn=ffa
farfi 4 frofe+ oo+ fanfa=ffa
@n, B ewie Gonee NOAPOOHON samHcH,
(Fu—=DNh+hefet+ oo +fiufa=0,
fufi +(fa—Pfat - +fufa=0
fufi + fafs+ oo+ — e
TaxeM 06pasoM, 8 MaTPUYHOM (HOpMAnH3Me OTHICKAHHE COB-
CTBEHHBIX BEKTOPOB ONepatopa F CBOAHTCA K OTHICKAHHIO HeHyJe-
BHX D i CHCTeMBl anregp: X fHBIX  OMHOPORHBIX
ypasuennii (37.8). Ho Takne peillenHa CymecTBYIOT fulib B TOM
<Tyyae, KOTAA JETEpMUHAHT STON CHCTEMBI DaBeH HYJO:

(37.8)

I

fn=f  he
fa fe—f =0. ©37.9
fu fas
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PackpmpBas €ro, Mol BOJYYHM ypasHeHue f-il cremeHn IS cof-
cTBennbIX sHauennit f. [TofcTaBasns kOpHN 3TOrO ypasHeHHs f B CH-
cremy (37.8) W pemas ee, Mul @ naifiieM cofcTBeHHBIE BEKTOPb
1£) ={h,fz ..., fo} onepaTopa F, cooTBeTCTBYIOUIHE COBCTBEHHBIM
3uayeHusnm f.

Vpabuenne (37.9), Ha3bIBAEMOE XapaKTEPUCTHUECKHM ypaBHe-
hilem omeparopa F, HMeer n XOpliefl, 0NaKO Cpeid HHX HeKOTOphie
MOTYT coBnajath. ECAuM KOpeHb XapaKTepHCTHUECKOrD ypaBHenus
He ABJAETCH KNATHLIM, TO €My OTBEYaeT OfHO (C TOUHOCTHIO A0 MHO-
KuTein) pelenue cucremn (37.8), T. e. Takoe coBeTBenuoe 3Ha-
qeHHue f ABIAETCA HEBLIpOMACHHBIM. ECTU KopeHb fBjgercs Xpat-
HbIM, TO Mbl [lOJdyuaeM HCCKOMABKO pﬂSJHrIquIX pemeﬂuﬁ CHCTEMBE
(37.8), 1. e. Takoe cofCTREHHOE 3navenue [ ABJIAETCS BHIPOMKIEH-
meit TIpH 5TOM CTenmeHp BLPOM/eHdd paBHa KpATHOCTH KOpHA.

Tax RKak cucteMa ypapnennii (37.8) omnopomna, To BCAKOe ee
pellieH¥e ONpefE,*eHo ¢ TOUROCTHIO 10 YHCAEHHOr0 MHOMHTCIA D10
COOTBETCTBYET TOMY, 4TC ecan |f)-—coBerBennml Bektop omepa-
Topa F ¢ cOBCTBEHHEIM SHaureM [, To alf) npu moBoM KoMIJexc-
HOM @ TaKxke Gyier COGCTBEHHbM 3EKTOPOM C TeM JKe COBCTBCHHBIM
3nauenneM (cm. § 36)

OtTMeTnM, 4TO BCSIKMY JAHECHHLIY 01 °DaTOp B A-MEpHOM eBKIH-
JI0BOM [POCTpAHCTBE HMEeT xors Gor 0OuW COBCTBeHHLI BEKTOp.
D10 yTBepMAenHe BHTEKAeT M3 OCHOBFOA TEOpeMH arreBpHl, co-
IJTaCHO KOTOpOil Jofoe anreGpanueckce ypashenne n-i crenmeud,
KaxosLIM W SBISETCA XapaKTepHcTHueckoe ypakuenne (37.9), mmeer
1o Kpaiined Mepe oamn (B ofmweM c/ywae KOMINEKCHER) KOpeHb.

B npemwiaymem e naparpade ObJIO CKa3ano, YTO ecuH ofle-
PaTop SPMHTOB, TO OB HMMEET HC MpOCTO OAMH, a i MHHERHO 1ela-
BHEHAMBIX COGCTBEHHLIX BEKTOpOB, M3 KOTOPLIX MOMKHO IOCFPCHTB
Basuc, ya0B/CTBOPAIOIHEI YCAOBHIO OPTOHOPMHpOBaHHOCTH (36.22)
W YCIOBUIO NOHOTH (36.23).

B sakuoueHne wafiiem Matpnuy omepatopa F B eeo cobereed-
#ou Basuce, T. e. B Ga3uce u3 ero coberBeHHLIX Bektopos [f). Co-
raacuo ofwemy ompenefeduo (37.3)

(g IF 1.

Yuptuipas ypasuenne (37.6) m ycinosHe OpTOHOPMIEDOBARHOCTH
(36.22), umeem .

(B =P 11y =) = 7 U PY = Fopp = Pore,

T. €. MartpHia 3pMuroda oncpatopa F B ero cofciscHHOM Gasuce
SIBJAETCS AHATrONaNbHOM:

(Fppp == [8p:pe (37.10)
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Ee snementn, crosumne na raapHoi ANAroRany, paBHbLl COGCTBEH-
NBIM SHAueHusM onepatopa F (CpelH KOTOPHIX NpH HATUYHH Bbi-
POMKIEHHA eCTb M COBHAfAIOUIHE), a BCe OCTAMBILE 9ICMEnTH
PABHL HYSTO:

fir 0 0.0

o fo.
F=lo o 4.

00 0.

Taxum 06pasoM, UHCTO anreGpamecckas npoueMa MMArOHaTH-
3aUNH MATDHUL JAHHOTO 3PMHTOBA ONEPaTopa (7. €. OTLICKAHWS
Ga3uca, B KOTOPOM 3T4 MaTp4lla ANATOHANBHA) peNIaeTCH OfIO-
BPEMENHO C pCIIEHHEM 3aKaud Ha COGCTBEIHLIC 3NAYeHHst ITOIO
onepatopa

§ 38. Heabta-dynkuns

B KBA4RTOBOH MeXaHHKE HaM C HEH3OEKHOCTHIO npUXOAUTCH
HMETb 1C10 ¢ GecKOHeYHBIMH mpocTpanctBamn. Kak Gyxer sicio uz
CACAYIOWIero Haparpaga, y sanaun Ha cOGCTBEUNLIC 3HAUCHHST Ofe-
paTopoB B STOM CJyuac BO3IHKACT P XapakTepPHHX 0COBenHocTel,
He NPOABAAIOIIXCA B KOIEYHOMEPHEIX €BKAMIOBKY NpOCTPAHCTBAX.
Jas ux ananmsa Jlupaxy npuunnioch Bhectw HOBLI MarteMaTHuc-
CKHil OGBEKT — §-PynKuuo, OCROBHBIE CBOHCTBA KOTOpO#H H pac-
CMaTPHBAIOTCH HHKe.

B npunnpne nonstae §Gynkumg Morio BOIHHKHYTb, HallpHMep,
yHe B paMKax Kaaccuyeckoi snextpommsamukm. [lpn muHeinon
PACIPEACHeHHH 3apsaa BAOIb OCH X CrO IVIOTHOCTb paBHAETCH

de .
PO==lim e

OTciona BIIAKO, uTO B CAylae TOMEHIOTO 3apRla e, paCHOJOKeH-
HOTO, HalpiMep, B HAua/le KOOPANBAT, IOTHOCTS p(¥) GyaeT pabha
HYIO BCIOAY, KpoMe TOYKM X =0, B KOTOpOW OHa oGpamacrca B
Beckoncugocts, [Ipr arom uurerpan or p(r) mo seekt RpAMOH J0J-
KeH OWTh KOHEWHHIM, LOCKOAbKY ON pasen NOJHOMy 3apsiiy e.
Tax axriyeckn ¥ onpefeasercs d-pyHxuus,

Hucro popmansio § yrkyued pasmBaeTes pynKius 8(x), yro-
BJETBOPAIOLIAS CAEAYIONHM TpefoBanyam:

0, 0,
sw={ o 170 38.1)
.
f b(x)dx
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KoHeuno, Takaa QYHKLUHS BBHXOAHT 33 PAMKH BeAHYH, paccMaTpH-
BaeMmX B KAACCHUECKOM ananunse. [10STOMy MaTeMaTHKH AOATOE
BpeMA He MOT/IM NPHMUPUTLCS € ee CYIIECTBOBAHUEM. Bbickasuipad,
B YaCTHOCTH, peskue KPHTHUECKHE 3aMeYaHus B aipec JHpaKkoBCKOM
OpMyTMpOBKY KBAHTOBOH MexaWnkH. CuTyallHsi HSMEHWAACH JHIUb
nocne pabor coserckoro marematuka C. JI. CoGonesa n dpaHuys-
cxoro maremartuka JI. [Isapna. Oui nocTpoisu TCOPHIO TaK RA3DLI-
BaeMux «ofoluenunlx GyHKuMil», WAM «pacupenelentii», B paMKax
KOTOpOR Halllia CBOE eCTeCTBeHHOe MecTo H & dyHKuA.

araagno §-GyHKUHIO MOXKHO NPEACTAaBAATb cefe CAeLylounM
ofpasom. PaccMoTprM 08uiuHy0 (QYHKIMIO, KOTOpas BCIOy paBHa
HyJI0, KpOME MaJO0re WHTepBada AX, BKIIOHAIOWEro Touxy X = 0.
Ecau TeNeph CTPEMHTL pasmephi 3TOrO MHTepBaia K HYJIO, ONHO-
BpEMEHHO YBEJHUHBAR 3Hauenue (yHKIUMu BHYTpH Hero Tak, yrobbi
naowakb NOA ee TpaduKoM Bee BpeMA 0CTaBanach paBHOM eam-
HUUe, TO «B Opefesied Mbl H BOAYYHM §-yHKumio.

Opnro u3 naubosiee BaXubIX CBOACTB §-(yHRuMH, KOTOpOE MaTe-
MATHKH K TOJNOMUIH B OCHOBY €@ CTPOTOro Ofpefleenus, COCTOHT
B TOM, W0 A% M0G0 HempepuiBHON Qywkunu f(x) umeeM

+oo
| s r@ar=i). (38.2)

JleficTsuTenbro, 1asl 3HAYEHHR X 33 MPEAGTAMH CKOAL YrOAHO Ma-
A0TO HMHTCPBAAA, COMepXamero TOyKy % ==0, §-¢yHkuus pasHa
HYJI0, 6Aarofaps yemy B /1esok uacT (38.2) MOXHO [(x) 3aMenntb
Ha f(0). BaHOCA 5TO MOCTOARHOE YHCAO 33 3NAK HHTEIpasa M Moib-
3yAch NOCAEAHAM yerosueM (38.1), Mb # moayuum (38.2). B Gonee
ofbuwieil opMe 3TO CBOACTBO BHIAAUT CEAYIOWMM 08pasoM:
400
[ sr—aypmyex =) (38.3)

[MpuBegeM ewe HeKOTOpble cBOHCTBA §-QYHKIHH, KOTOpbIE HaM
noTpelfyioTca B RafibueliieM:

B(—x)=5(x), (38.42)

£ (1) =0, (38.46)
@@ dr=—F () (38.48)
8 (— 1) =—(x)s (38.4r)

X0 (x)=—8(x), (38.4n)

rie WTpHx vsnavdacr RuhiepenHposadue 0o X.
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Hokamem zaa mpumepa csoiictea (38.46) u (38.4e). Bocnons-
30BABUIUCE OCHOBHLIM COOTHOWERUeM (38.2), Bynem umers
—i-.m +oo
J wlr@de= [ 8()lsfmlds =2 () ko=0,

MTO SKBUBAJNEHTHO (38.46). [las nxokasateanctsa (38.4B) BumoA-
HMM B JI€BOH HACTH HHTETpPHPOBAHHE NIO HaCTAM:

Foe oo
[ ¥@rmdr= [ mapEl=

+oo

=108 — [ s(mFmdr=—F©),

THe B TOCHEAHEM DABEHCTBE HCIOJB30BAHL OCHOBHBIE CBOHCTBA
§-¢yukuun (38.1)—(38.2).

B § 72 nepsoro ToMa GblM0 TMOKA3aHO, HTO MOBYI0 (YHKUHIO
(x), obnazamuiyio J0CTATOMRO XOPOWHM MOBEACHUEM, MOYKHO pas-
ROKHTL B hHTErpad Pypse

o
Fey= [ Frrye™ar, (38.5)

rae ¢ypbe-oBpas f(&) stoit dyHkuMH paseH

\ . | bl
Fey=o7 f f(rye~itedy, (38.6)

0Ka3blBaCTCﬁ, YTO B URBTErpan ‘Pypbc MOMEO pasyOXuTyL o
§-pyukauio:
40
1
By =g f e** gk, . (38.7)

OTKyAa BULHO, 4TO €€ Qypne-00pas paben NpocTo YHCAy:
% t
SRy =1, (38.8)

MostoMy ¢ TouKu 3penus teopHn wHTerpana Pypee §-PyHkuns sip-
AAETCA B HEKOTOPOM CMBICTE HanGoee MpocToil PyrKURe.
Cosepuwenno ¢opmaneno B cupaseannsoctn (38.8), a TeM ca-
MBIM U pasaomedus (38.7), MoMHO yOenuThCs, MOACTABJAA B
(386) f(¥)==§(x) U HCUOAb3YS OCHOBUOE CBOHACTBO §-QyHKUUM
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(38.2). Onuako c MaTemaTHueckoll TOYKH 3peHHA STOT APTYMeEHT
WA B KOBHl Mepe Nemb3s paccMaTpHBaTh KaK N0KA3aTeAhCTBO, KOTO-
poe B AeHCTBITENbHOCTH ABAACTCA BECLMA COMKHLIM Il HpUBOLHTCA
B Kypeax Teoplin 0Go6menHnX dy KU,

§ 39. Tuap6epTOBO NPOCTPAHCTBO

Jlo cux mop Mb paceMaTpuBand TOAGKO KOHEUIOMEpILE 1ipo-
crpanctsa. OaHaKo MPOCTpPaHCTBA, BCTPEUAIOULIECs B KBAHTOBOH Me-
XaHuKe, Kak Tpanino, Geckoneunomephb. [pumep Takoro poma
6ot npumeten B § 32, Cpemu Beex BeckoHenHOMEpNLIX AHHCHHbIX
TIPOCTPAHCTB BBIZENEHAYI0 POAL NIPAIOT TaKie, B KOTOPHIX € MO-
MOWDK) CKaAfAPUOro Npou3Befelns BBERCHL MCrpHYECKIle COOTIO-
wenns. HMelUHO OHH HBARIOTCS €CTECTBEHHHM OGOGWIeHHEN eBKAY-
ZOBBIX TPOCTPAHCTE Ha GECKOHEUOMEpIBI CAYMAH u 11a3LBalOTCS
r!lﬂbGEpTOﬂlell IIDOCTpaHCTBaMH.

[puscnen coorsercrsylouiee ompenciesre. I'osopst, uro 3a-
Nauo 2u466epTo60 NPOCTPaicTéo BEKTONOB P, @, ¥, ..., CCAH OLO
IHEHHO B cMbicae § 32, GecKOHeUNOMepHO (COAEPHRHT CKOb YTOANO
MHOrO JHNEHHO HE3aBHCHMEIX BEKIODOB) H €CJH B HEM DBBEICHO
CKapHOC OpOU3BENENHC BCKTOPOB (@, P), YAOBJIETBOpSIOUeE yC-
qosrayv (33.1)—(33.3).

PaccuoTpenne GeCKOHENIOMEPHUIX NPOCTPAHCTE PESKO YCaOHK-
HHCTCH 1IEOOXONUMOCTBIO HECACACBANIA P23NHIHBIX BOIIPOCOB CXO-
auMocTy. B wacthocti. B onpesesenne ruanGepTona mpocTpaHeTsa
06LIuHO BKMOUAETCH CBRIAHHUE C HHMM TpeGOBaHHE MOAHOTH. Mp
Ha BCeX 5THX Mpo6JeMax ocrananiusaTecs He GYAeM, Tak Kak Old
3apean 6bl HAC CAULIKOM 1aTeKO B MateMartudeckue AeGpu (yuk-
UHOHAIBHOTO aHaan3a.

Mpusepor.

I. T'rABGEPTORLIM NPOCTPZHCTBOM ABAATCA COBOKYMUOCTH Bec-
KOUEUNLIX JI0CACAOBATENbHOCTE KOMIIEKCHEIX YHCRT

Y=1{P, ¥ .., Vs ...} (39.1)
(cp. ¢ npumepoym 4 13 § 32), yAOBNETBOPAKILMX YCAOBHIO
PAREEN (39.9)
=1
CroKeHne BEKTOPOB H HX YMHOKEHHE HA KOMITEKCHble UHCTA 3a-

Aaerca (OopMyaaMd, aHanorMuELiMu (32.2), (32.3), a ckanspHoe
TpOH3BCAGHNE ONMpelenneTcs ananoruuko (33.4):

@ =, (39.3)

PR W AU PR e S
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2. I'nanGepTOBBIM NPOCTPAHCTROM ABAHETCA MHOMECTBO KOMII-
JCKCHBIX  QYHKuull $(¥), KBagpatauio HMHTErpupyeMblx ua Bsced
npamMoit:

+oo

[ 1wy rdr < oo (39.4)

Choxenne u ymnoKehue ya KOMWICKCHHE YHCIA 3alacTcs oGbru-
HELMH UPABUAMI AHANNEA, @ CKAXPHOS MpOU3BENEHHE Ompenc-
JiseTCA aHAI0THYHO TOMy, KaK 3T0 fenaqoch 5 § 10:

oo

@ W= [ ¢y (39.5)

¥Ke H3 UPHBCIEHHEIX OPHMEPOE AOLKUA GLITh SACHON BakHOCTH
TOHATHA THALGCPTORA POCTpAHCTBA.

Ecau ne ofpamars suuManus Ha BOMpOCH CYOMHMOCTH, TO MO-
JaBAfiollee YHCAO PE3yabTATOB, CHOPMYTHPOBAHHMX u AOKasal-
HHIX B MpEIbUyMUX Naparpaax, NepeHocHTeA W 1a Tuanbeptono
WpOCTpancTsO. B 4acTHOCTH, COXpaHAIOT CBOM BUA ycioBya opTo
UOPMHPOBAKHOCTH i TWOMHOTLL Gasuca, (OpMyAbl pAIMOKCHUS BOK-
TOPOB TO GA3HCKBIN OpTaM, Belpakenust IV KOMOOHEHT DCKTODA,
ompeteaeuns JnefiHOro ONCPATOpa. OCHOBUBIX ANTEGpaHHECKHX
ReHCTBI A1 ONEPATOpAMH, COMPTKCHHOTO M SpMUTOBA ONEpaTO-
DOB, 32KOH CONOCTaBACHHH MaTpHL ounepatopam W T. A. [pu srom
CleLyeT AHIL YUECTb, YTO BCe HIIEKCH Teleph Mpoferawt aHaye-
HHS He 10 KOHEWHOTO YHCAA 7, pABHOrO WUCY W3MEpeHuil eBKJU-
20Ba NpoCTpaHcTBa, a 10 GecKowewuocTH. B xanuuedwen, upn
CCLIKAX Ha COOTBCTCTBYIOUME (IOpMYJbl, Mbl He GyAeM AOTOMIE-
TCABHO  OrOBapuBaTh 5TO  OGCTONTENHCTBO, NOAp23yMesasn, uTO
=00,

3anava Ha cobeTBenHble 3HAYEHHA JHHElHOro onepatopa F B
TiALGCPTOBOM MPOCTPAHCTBE TOHE CTABHTCH aHANOTHUHO TOMY, KaK
3T0 1e41an0Ch B § 36, 2 HMEHHO, B IUPAKOBCKUX 06031AYEHHIX:

FID=HP. (39.6)

OxHaKo 00 CPABHCHHIO C KOHENUOMEPHBIM EBKIHIOBLIM 1pOCTpaH-
CTBOM ON& TCleph TPHOGPETAET HCKOTOpLIE CYLIGCTBEUHME Xapak-
TepHLIE 0COGRHNOCTH.

Uneaa f u pekTopw |f} B caywae ruanbeprosa poCTpakCTRa
MOTYT UPHEALJAEHATH ABYM UPHINIHOHANLHO DASIHIHBIM KAACCAM.

Bo-nepBuix, Momer caywuTici Tak, 4TO AaHEoe wHCAo f, ymo-
BJETBOpAIOIUEE ypaBHeHuio (39 6), HIOMHPOBAUO OT OCTAABILIX erce
pellieHliii, 1. e. B JA0CIATOUHON GIM3OCTH OT HCTC MET UHKAKHK
Xpyrux pemcnpit [ B sTOM caysae Mb WO upemHemy Gyaem
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Ha3uWBaTh | COBLTEEHNOLM GHadeHues onepatopa F M TO4KOd Ouc-
Kperuoeo cnextpa. TakoMy ssaueHHIO f OTBeyaer BeKTOp |f), mpu-
HangieXalluii TIbGepTOBY NPOCTPAaHCTBY, — €ro Mb TaKke OyleM
Ha3bIBaTL COOCTEEHAbIM BeKTOpOM onepaTOpa F. B sroM cyuae cu-
Tyalls NONHOCTLIO aanorHyHa To#l, KoTopas Ohifia onpcaka B
§§ 36 u 37. B wacTHoctH, ec/d omepatop F 3pMHTOB, H €ro cuekTp
UEC10 JAMCKpeTibill, T. ¢ ypaBHeHHe (39.6) MMeCT pelleHus TO.ALKO
yKA3aHHOrO THNA, TO K3 BCEX COGCTBERHBIX BEKTOPOB MOKHO NO-
CTpouTh Ga3nC, yAOBJETBOPSIOUIKH YCIOBHIO OpTOHOPMHUPOBAHHOCTH

{17y =dpr (39.7)
Eil Dipl=1L (39.8)

OnHaKo 43acTO OKA3bBAETCH TaK, UTO B JOOOH, CKONL YroIHO
MaJi0fi OKpECTHOCTH 3HAUEHHS f, (OPMAMLHO yJOBJETBOPAIOLIErO
ypasHeuno (39.6), Jexar u ApyrHe pelleHHsi f STOrO YpaBHCHHS.
B s1oM cayuae f HasbiBaerca TouKod Henpepolanozo cnextpa. Crpo-
TO TOBOpS, TAKOMY 3RAYEHHIO f HE OTBEYaET KM OLHH BEKTOD |l}>,
AphHamIexauyéi  THALGEpTOBY npocTparcTsy. COOTBercTBYMOUIEE
pemenne |f) ABAAETCS OGLEKTOM HEKOTOPOTO {OJEe LIHPOKOTO Tpo-
CTPAHCTBA B HA3LIBAETCA 0GOGWCRROIM COBLTELHAOLM 6EKTOPOM OTle-
patopa F (cp. ¢ Tepmunosorkedl, icnosn3osasuetica 3 § 8).

pHMepH, COOTBETCTBYIOUINE KOHKPETHOMY IManepTosBy npo-
CTpaliCTBY KBAApaTHYHO HHTETPHPYEMbX KOMINEKCHEIX (YHRUHE
P(x} €O cKansdpuelM OpousbencHneM (39.5), 6bLIM  paccMOTpeHsl
B § 8. Tam 6nAO CKa3ano, 4To y ONepaTopa

U YCJAOBHIO NOMHOTHI

& .
F=—gg+x
CNEKTP YyHACTO ﬂHCerTHHﬁ, TakK Kak Bce peU.IeHHﬂ ypaBI[eHl/lﬁ
d? 5
(= 2w = b ),

¢axTHveckn cosnajamuiero ¢ (39.6), KBaIPATHIHO HHTETpHPYEMDI
¥ CYWeCTBYIOT JHIIb NpH CTpor0 ONPEAeNeIHbX SHAYCHHSAX A, paB-
Hbx 2n+ 1. C apyroft ¢Toponw, B § 8 Gm/IO nOKasaHo, uTo y Ome-
paropa

1 d
dx

€nEKTp YyHCTO Heﬂpepb]BHNl:l, TaK Kax oOrpaHnuenjoe penenne
ypasuenus
| dy ()
Tde = M)
CyLiecTByeT Opu JHOGOM 1100 HTCILHOM A, e OIC He KBAaAPATHURO
HHTErpHpYyeMo, T. €. GOPMAbEO He DpIHaANEKT THALOEPTOBY Mpo-

o i A . viests Wt i oo
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CTpancTBy. 3TO ecTh OGOBIICHHMIH COBCTBEHHLI BeKTOp oOmepa-
Topa F.

[Tpe/IoN0XKUM, 4i0 CHEKTp 3pMHTOBA onepaTopa F uucto Hempe-
puiBell, T. €. He CONepMHUT HH OIHOrO UCTHIHOLO COOCTBEHHOTO 3Ha-
«enns. Torsia ofoGuierinnie cofeTaenbie BeKTOpEl STOFO OnepaTopa
He §YAYyT, CTPOro rosops, 0Gpa3osLiBaThb fashca B rHIbGE)roBOM
fpOCTPAHCIBE, TaK KaK ORH He lpuuauiexar emy. Oxasmsaercs,
OJIHaKO, UTO 10607 BEKTOp {4) ruabGeproBa MpoCTpaHCTBA BCe Ke
MOYKHO PAsJOXHTL NO BCefl COBOKYNHOCTH OGOGUICHHDLIX COOCTBEH-
sinix BekTopos. [IpumMepoM MOKET Ca1yXuTh TOT Xe ONiepaTop

1 d
F=<ur

€ 060GIIENHBIMY COBCTBRHHEIMY QYNKLHAMH
blr)=es

{popmyaa (8.5)) BosMOMHOCTL pasioMeHHs NO HHM XBAaJpaTAYHO
WHTETpHPYECMON (yHKUiM $(X) OTBEHaeT BOSMOMKHOCTH pa3/IoKe-
nus ee B uuterpan Pypoe.

Yenosue opToHOpMHpOBaHHOCTH fasuca (39.7) K 0BoGiIeHHbIM
COGCTBEHHBIM BEKTOPaM HENpHMEHHMO, TaK KaK B STOM c/ydae cka-
aspuwili xBajpar {f|f) npocTo He cyllectByer —OH paBen GecKo-
Heunoery. Fla paHmyx 3Tamax pa3BuTHs KBAHTOBOHA MEXaHHKH npei-
AAraJuch pasHbie cnocoGbi HOPMHPOBKH COGCTBEHHBWIX BEKTOPOB Re-
npepuiBHOrO cneKTpa (Meron cofcTBeHHbIX Nuddeperunaios Beius,
METO 1OpMIIPOBKN B SIMKE ¥ T. X.), XHKTyeMble NOMONHHTesb-
HHMH (QU3HYECKHMH coofpaXennaMn. [JHpak NOKasal, yto BCe aTH
<nocoBil SKBHBATEHTHH CEAYIOIEMY YCIOBHIO:

(LY =8(F— "), (39.9)

ofobmaweMy 0fuuHOe YCAOBHE OpTOHOpMHpoBaHHOCTH (39.7).
TeM caMbiM B C/ydae HeNpepblBHOro CrekTpa poJb ciMBoda Kpo-
Herepa Oy Wrpaer S-GyHKuusa 8(f — f”), KoTOpaa TaKkme ofpa-
wiaetcs B Hyab npu f 7= 7.

Venosue noaothi (39.8) B cayyae yHCTO HelpepLIBHOrG Crek-
Tpa TOXE MOAH(pHUUpYETSH:

flf)(fldf L (39.10)

[pr sToM BexTOpLl ) pasnarawTca yxe ne B pan Tama (35.10),
a B HHTerpall 00 0GOCIIEHHBIM COGCTBEHRBIM BEKTOpaM:

(9= [o(@pdh @9.11)
P — <P (39.12)
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dto pasnomenne ofobmaer pasaoxenne (YHKUHA B HHTErpas
Pypbe.

B camoM 0BuICM Cayqde CREKTP SPMUTOBA OLEpaTopa B Tijib-
BepTOBOM NPOCTPAHCTBE ABAAETCE CMEUIAHHEIM — CTO TO4KaM COOT-
BETCTBYIOT KAaK MCTHItHBIC, TAK U 0BOGIIEHHBIE COGCTBEHHBIC BCK-
TGPHI. Mul na srom cayqae He OCTAHABJIHBACMCSA, TAK KAK B JaJb-
HelillleM OH HaM lie BCTPETHTCH.

3aMeTHM K TOMy ¥Ke, UTO MaTeMATHUECKHE MpobJeMbl, CB3aH-
HBIC € HCOPEPLIBIBIM CIEKTPOM, SBASIOTCS JOCTATOYHO TOHKHMH H
caomubiMu. [losroMy Ttam, 14e B 3TOM Her HeOBXOAMMOCTH, Mol
BCIONly pajn NpOCTOTE L3M0Menus GYAeM 1pelnoaarath, 4To ChekTp
oneparopa F SBASETCA UYHCTO AMCKPCTHLIM. Baymuiswil unrateds
Ges TpyZa pacupOCTPAHUT GOPMYTHPYEMbIE HHUIKE Pe3yJqeTaTh H na
0BwmuH eayyail CMCIIAHHOTC CleKTpa.

§ 40. OcHoBHble NONOMENH KBAHTOBOH MEXAHHKA

Teneps y nac pasHT Becb MaTCMATHYeCKHil annapar, HeoOxo-
UHMbIE 408 focTpocHus Oofwell cXeMu KBAuTOBOH MexasukH B ab-
crpakTioll gopMyanposke [lupaka. B Ayxe AanHOR riaBel Mbl Y-
ZEeM TpOBOANTL TAKOE MOCTPOEHHE AKCHOMATHYECKH, OTHpaBASHCH
OT yXe U3BeCTHEX H3 M. 11 OcHOBHBIX mOMOXennit u ofofluas Hx
COOTRCTCTBYIOMIHM OBPasOM.

B 4 Mbl BHLCJH, 4TO OCNOROI CHCTEMBI KBANTOBOH MEXaHHKU
CHAYHMT TPUHUMT cynepuoauind, [To3ToMy COCTORHHA AOMKHBI Onil-
CHIBATHCA TAKNMH MaTEMATHICCKHMH BEAUHHAMH, KOTOpHE MOKHO
CRIAARIBATE MEXAY COBOA M yMHOXaTh HAa KOMILIEKCILIE YuCaa il
N0NY4aTs [pH STOM BCAWMHHEL TOTO XKC pofa. DTO O3HA4AET, YTO
COCTOTHHAM CJCAYET CONOCTABAATL BCKTOPb HEKOTOPOrO JHIEHHOrO
RpocTpaHcTBa. B mpensinyuieft rase uX poab BLIIOANSIH KOMIIEK-
cHble KBANPAaTHINO MITETpHpyeMbie (YHKLIH (- yHKIUK), AB1i0-
IMecs BEKTOPAMy [WibOEPTOBA 1POCTPAncTBa (CM. MpuMep 2 13
§ 39). Oobwast 910 MONOKeHHe, GOPWYIHPYEM NEPBYIO aKCIOMY.

Axcuoma L. Cocronnus KBaHTOBOMEXAHUKECKOH CUCTEMbL ONlL-
cogaiorcss 6eKTopamu |y abeTpaxTrozo euavbeprosy npocrpan-
crea.

CorenyeT OTMETHTS, 4TO BEKTOPLI COCTOSNME He ORpEAC/eHEl Of-
HO3HAUHO, TAK KaK, COTMIACHO pesyabratam § I4, ux MOKHO yMHO-
KaTh Ha NPOU3BOJbHOE KOMIIEKCIIOE WHCAO, M€ MEHAS [pn 3TOM
¢u3HIeCKAX COCTOAHMA. Mul Gylem Ans OMnCaHus COCTOAHAN BHIBI-
paTh BekTopnl |, HopMa KOTOpuX pasna exunmue. Ho u p s1om
CIyuae OCTAETCH BOSMOWKHOCTL YMHOXKCHHA BEKTOPA HAa KOMmudeKc-
HOC YHCAO C GAMIAUHHIM MOAYJEM, TAK KAK NPH TaKoil Onepainy
HODMa HC MeHSeTCH.

Kak u Beeraa, npu pemtennil KOHKpeTiIbx 3anay YAOGHO nepeitry
o1 abCTpaKTHOrO BEKTOpa |P) K HEKOTOPOHl COBOKYNNOCTH unCel.

A A 3 o P U b R, SN
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Kak 370 crenath, scho w3 § 35. [locraTouno pufpaTs B ruanbep-
TOBOM MPOCTP2HCTBE OPTOHOPMHPOBAHHLIE BASNC U PA3NOKHTL BEK-
tap |p) no ero opram:

Jw>=gw,m. 40.1)

Toraa ou OynerT Omu038AUIO 38JaBATHCA HAGOPOM KOMILIEKCHBX
qucea 4, — KOMIOUEHT 3TOTO BEKTOpa B BLibpanHom Gasuce:

by =<7 lp)- (40.2)

B § I5 mbr BHAeAH, 4TO AHHAMUYECKHE NEpeMeHHble (WM Ha-
Baiofaembie, KAK WX Teliepb HaCTO HA3bIBAIOT) B KBAUTOROH MoXa-
UBKe ONHCLIBAIOTCS JIHEAHHMH pMHTOBbIME onepatopamu. Cdop-
MYAUPYCM 3TO BAXKHOE NOJIOKEHUC B Blife OTAE]bHOH AKCHOMEL

Axcuoma 2. Juranuieckum nepeMennbin @ Keautosol mexa-
HUke CONOCTABARIOTCR Aurettole 9pmurogvt oneparopvt F, deti-
CTEYIOWUE 6 2UALOEPTOBOM NPOCTPAHCTEE 6EKTOPOS COCTOAHUL.

Kax u B caysae mextopos, onepatopam B 3aJaHHOM OpTOHOp-
MHDOBAHHOM Ba3nce COOTBETCTBYET COBOKYNHOCTL UICesn

Fie=(i1F &), (40.3)

06pasyolux MaTpRuy paccMaTtpHBaEMOro omcpatopa F. Coeiu-
(uKa 3TUX Ma1pHL N0 CPABHEHHIO C TeMNl, KOTOphle paccMaTpusa-
auce B § 34, COCTOHT B TOM, 4TO OHH MMEIOT OECKOHEUHOE MMCA0
cTpoK B cToaBuos. Ecan oneparop F iepesoadt BCKTOp {4} B BeK-
T0p |@), TO CrO MaTpuua NpeoBpasycT KOMIOHENTH ; B KOMMo-
nentel §; 10 gopmydse (37.2).

Urak, cocTosinus B KBAHTOBOH MEXaHMKC OUKCHIBAIOTCH BEKTO-
pamMH THILGEPTOBA MpOCTPANCTRA, 4 NHHAMHUECKHE MEpeMeHHbie —
SIHHCHHBIMHE  3DMUTOBLMU  ONEpATOpaMH, KEHCTBYIOUMMH B 9ToM
npocrpancree. ONRAKO UENBIO pa3BHBAEMOH CXEMBl KBANTOBOW Me-
XaHUKM fIBIAETCS M T0, 4roBhl OHA TO3BOAANA CBH3EIBATL 4HCTO
MaTeMAaTIHeCKne Pe3yAbTAThl ¢ PE3YJALTATAMM KOJUYECTBEHHDIX IKC-
TCPHMENTOR, UDI KOTOPbIX BCerAd NMPONIBORATCA H3MEpens HHa-
MHUECKHX 1CPCMCHHBLIX M MOJYUAlOTCH KAKHE-TO YHCAd — 3HAUSHHS
STHX RUIIAMUUECKNX TepeMcukuix. Pemenne Taxofi sapasn Suso
onncano B § 16. ChopMyaHpyeM cOOTBETCTBYIOIEE TOMOKENHE.

Axcnowma 3. EOUACIGERNOIMU GOHONHDIMG PEBYALTATAMYU U3~
Meperus Gannoll Junamudecioll nepemennold 8 3adawnom cocTos-
HUU CHCTEMbl AGAAIOTCA COOCTECHADIE SHAUEHUS CONOCTABAREMOLO
eti oneparopa F.

Hltak, 4T06b ycTaHOBUTL, KaKHe 3HAUEHHS B TPHALUNE MOKNO
TOAYUHry IKCHEpHMEHTAAbNO [PH HIMCPEHHI JIANHON AHHEMHUe-
CKOH TepeMeHHOH, caefyeT peulnTh 3afauy 1a COBCTBEHHblE 3HaYe-

1A ee oneparopa:
FIfy=F1p- (40.4)
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‘OcoBerKOCTbIO KBAHTOBOH MexXaHHKH SBJSIETCS TO, UTO IpH H3Me-
DEHHH HEKOTODLIX NHHAMHUECKHX NEPEeMEeRKBX (0NepaTopsl KOTo-
DbIX HMEJOT JHCKDETHBIA CNeKTp, Mbl MOXKEM MOdydaTh He Jiofue, a
JIHIL CTPOro onpeferedkble HucJa, 0Opasylollue RUCKPETHYIO [0
CNeNOBATELHOCT. MHOMKECTBO NpUMEpOB TaKoro poja GOm0 pac-
cMotpero B 1. 1 u B 1. 1l JakHOro ToMa. Mbl ¢ HHMH BCTpETHMCH
TaKKe H B OOCHeAYOUIMX [MaBax.

KsantoBoli MexaHiKe CBOACTBEHHO TO, UTO pe3yJabTAT H3Mepe-
Hust fanHoli guHaMudeckol mepeMenioli ABAseIcA OOMUHO Hemped-
cKasyembiM. Mpi He MOXKEM TOYHO CKa3aTh, KAKOE HMCHHO H3 BO3-
MOXHBIX ee 3HaueHUil pea/iusyercsi Npi TOM WJH HHOM axTe H3Me-
peHusi, a CyRuM 06 5TOM Adiub BeposrHocTHO. Pesyabtatal § 17 no-
3BOSIAIOT CHOpMyHpOBATL CACNYIOUEe NOMOXKenue, KOTOpoe Aaer
BO3MOMNHOCTb BLITUC/ATH COOTBETCTBYIOLIHE BEPOATIIOCTH.

Axcuoma 4. Bepoarrocre W, (f) noayuure npu usmepenun
Qunanuyecrod nepesmenrod F ¢ cocrosnuu |y snauenue f Ogerc
Popuysoi

Wy (p=I{F 9P (40.5)

20e |f) — cobereennoil sexrop oneparopa F, npunadaexcawud co6-
cTeennomy saterwo f. QyRKuuA |p) — HOpMHEPOBAHHAN,

Pajn npoctoTsi MM cHOpMyaHpOBAaAM 3Ty AKCHOMY, CHHTas
CIIEKTp ONEPAaTOpa F YMCTO NHCKPETHRIM H HEBHIDOXKACHHAIM.

YTBep/eHHe AKCHOMB 4 JOMYCKAeT HATAAMMYIO TeOMeTpHue-
€Kyi0 MHTepnperaunio. Kak rosopunioch 8 § 37, uz scex cobersen-
HEIX BEKTOPOB |f) 5pMHTOBA OIEpaTOpa F MOMHO MOCTPOHTH OpTO-
HOpMHpOBAHHBIA Basuc. B takom caysae senuuuna (f|p) Oyaer
JIpEACTAB/ATL MPOEKIMIO BEKTOpA COCTOAMMA |p) Ha OasucHeid opT
|fy. TlosToMy akKchoma 4 TOBODHT O TOM, Wr0 BEpOSTHOCTb Wy (F)
paBHA XBAIPATy MOAYJsS COOTBETCTBYIOUIEH NDOEKIHH BEKTOpa |4).

Tenepp Mbl MMeeM BOSMOXKHOCTG HOKA3aTh JIBE BAXKHHE TEO-
PeMbl, OTHOCSIHEC K pe3y/TbTaTaM H3MEpEHHS TOR miM WAoH AU~
HAMUY%ECKOH# NepeMeHHON.

[ycts y Hac uMeercst 6o/blIoe KOAMYCCTBO KONUH OAKOR A TOM
Ke CHCTEMBl (RallpuMep, HeB3aMMOAEHCTBYIOLINX aTOMOB BOAO-
pOna), npHyeM BCe CHCTEMH [IAXOAATCH B ONHOM H TOM K€ COCTOR-
Bui | ). Bysem usmepsts Ans kamzoli Tako# CHCTEMBI HEKOTOpYIG
JAUHAMHYECKYI0 NepeMeHRyld F H NOCTaBMM BONpPOC, KAKUM OKa-
Kerch cpeduee suauenue TR RuraMudeckoh mepemennoin (Fy,
T. €. ee 3HAuenHe, YCpEAHEHHOE MO GOALIIOMY UHCIY H3MeperHi.
OTBer Ha Nero ZaeT cienylowas reopema.

Teopema 1. Cpennee 3uaueHue AMnaMH4eCKOW nepemennod F
B COCTOSIHHH | Haercss GopMynoi

(Fo=(p1F ). (40.6)

e, o ——E 53 . T S
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HNoxasarensvcrno. Cornacso dopMyie (1.4) m3 npuioxe-
nEA K T 1, cpeanee 3HaucHhe (MaTeMaTHYeCKoe OXHAAMHE) BeNH-

unub F paBrO
(F)w=2ff‘vw (-

Hicnoabsyn (40.5) u cBOJCTBO 3PMHTOBOCTH CKA.SpHOTO MpoH3Beje-
#HA, NOAYIHM

(Fro=ZFUFIWY P == ZF (1" (T1wy= 2T (0 IR {F o).
YuutsiBan ypapnenne Ha cofcrBennbie sHauenus (40.4), MOKHO 3a-
nicarh

(Fyo=Z Wl FIP(FI w)-

Hakonren, BocnonbsoBabuwuch ycaosHeM 10HOTE Gasuca (39.8),
Mbl_H NpHAEM K JIOKasbiBaeMoMy pesydaorary (40.6).

Ecnw wame aGCTpakTHoe THALGEPTOBO NPOCTDAHCTBO peau3o-
BAHO KAaK NPOCTPAHCTBO KBAaLpaTHYHO HHTErPUPYEMLIX KOMIIEKC-
HbIX (YHKIIMH P (X) CO CKalApubiM npokssenennem (39.5), To (40.6)
3amulercs Kak

EYe= L F 1wy = [ ¥ (5) P (x) dx,

4 3TO eCTh Ke 4T HHOE, Kak BhipameHne (17.7), noayuedHoe B mpe-
AuAyWeil rnase (OTMETHM, 9TO TaM ycpennende 0f03HA4AI0ch uep-
TOUKOH [ajl CHMBONOM JIHHAMUHECKON NepeMeHHoi).

3ameTnM, uTo

(B —IFIR=GIID=FFIn="

T. € CpelHee 3HAMEHME NMHAMHUECKON mepeMennoi B COCTOSHHE,
OTJICBIBAEMOM COBCTBEHHLIM BEKTOpOM |[f) ee omepatopa F, paBho
€OOCTBEHHOMY 3HAUEHHIO f, OTBEUAIOUIEMY STOMY COBCTBEHHOMY BeK-

TO0pY:
(Fy=F. “on

B § 20 Mb ye/I0BUIHCH OMHCBIBATL Cremerib NETOYHOCTH B H3ME-
PeHHU TON UMW UHON BEJHYHHb CpelHel KBAalpaTHunoOl (uIykTya-
uyed, T. €. CpeIHUM KBAAPaTOM OTKACHERHI ee sHauenuil oT (F)y.
Cornacno  (£0.1) 3Ta BeauydHa B NANNX HOBBIX OBO3HAYEHHAX
HMeeT BHX

(AFYYy = F((F— (Fy 1))y = (F)y — (. (40.8)
Ecau cpennsis ksagpatuuias QAyKTyauns pasHa HyJm, TO AHHAMH-

uecKas MepeMeHHas F HMEET B ITOM COCTOAHWW |} CTpOro onpe-
ReJeHHOE 3nayenHe, coBhajalice c (F}WAC TAKOH TOUKH 3pEHHA
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hyHRAMCHTAIbOO® 3HAueHHe HMECT CIEAyloulas TeopeMa, ycTanas-
anBawnias PusMdeckuil Cmbic1 COGCTBEHNHX BEKTOPOB 3PMHTOBA
omncparopa.

Tcopema 2 [laa rtoro ur00b JAnpHaMuuCcKas nepeMenHast
Huvena B HEKOTOPOM COCTOANHH CTpOl‘U OHPBLLEJICHHOC 3Havelne, ne-
OBXOTAMO 11 AOCTATOMHO, UTOGbl 3TO COCTOSIHKE OMHCHIBANOCH OJHHM
u3 coScTBeHHbIX BEKTOpOB |f) omepatopa F, conocrasascmoro na-
6.m012eMOH.

Hokazatenscrso. [ycrs |p) = |f), torna

(AFNG = P2y — (FYe = (FIFF |fy = (FIF I [y = P — F =0,

T. e AnHAMHUYecKas nepeMennas uMeeT B cocrosiuu |fy crporo
onperenenioe sHavenne. JloctaTodnocTh okasasa.

Jloxaxem Tenepb HeoGxomumoctb. [lycTb B HexoTopoMm cocTosi-
HuH \1])) JMifaMHgecKas NepCMeRHAd UMCer ONpeleseHHOe 3naue-
HIC, T. €.

((AF)y = (W 1AF AF ) =0,

rae AF = F — (F)]—spmMuToB onepatop. ST paBeHcTBO 03HA-
yaer, UTO KBaApaT ROpMB BekTopa AF |4} ecTs Hyms, a B cray no-
NOKUTEALHOM OHPETENEHHOCTH CKAMSPHOTO POUIBCACHHS CaM STOT
BEKTOP ABJAACTIA HYACBbHIM!

(AFY 9y = (F —(Fyy D) 1) = | 6).
Flpy=Fl$), rne f==(F)y

T. ¢. [P) ADAAETCH ONNEM H3 COGCTBEHHBIX BEKTOPOB oneparopa F.
TeopeMa nOAHOCTHIO JOKa3ana.

B kBaHTOBOJI MEXaHiKe Ba)KHO 31aTh HE TOJLKO, KOra Aanuas
JZMHAMpYecKas NepeMeiHas MpyHHMACT ONpejenenHoe 3HAYeHHE, HO
H KOFa HECKOJLKO NHHAMHHECKHX TepeMeHHbX MOTYT ObiTh H3Me-
peHb oxHoppemenno. Oxasmsaercs, uTo A 3TOr0 Heolx0InMa H
JIOCTATOMHA KOMMYTATHBHOCTL COTIOCTABJSAGMEIX HM  OnepaTopos.
37a npoGaema Guiaa nohHocTbio pewtena B § 19, o zgech Mul Ha
Hell HE OCTAHABJIBAEMCSL.

OTMETHM TOMLKO, 4TO MAKCHMAJIbIOE YHCJAO HE3aBHCHMHX OX-
HOBpeMEHHO H3Mepennblx naGmosiaeMbix 08pasyleT COBOKYNNOCTS,
1a3bIBABMYIO n0aHbIM RaGopom rHabaodaesnvix. Viamepun B aaunom
coctosiuui BCe HabaonaeMbie 13 AOMHOTO HAGOPA, MLl NMOIYYHM O
HeM ucuepiHBaouylo HRdopManio *).

Ecan nByM AHHAMIIYECKUM [TepEMEHIBIM COOTRETCTBYIOT HEKOM-
MyTUPYIOWHC OnepatOpsl Fy 0 £y, 1. €. ecan

FiFy—FFi=if %8, (40.9)

Orcona

Hogpasnee om T A, M [ upax, Nprmunme ksansosot wexanncs, G-
Matrii3, 1960, c1p 88 M mance,

" I -
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TO OIlM, K&K NpaBHio0, ne MOTYT HMETh B OZHOM COCTOSHHH OXHO-
BPEMEHHO Onpéfenennbix 3Hadennit (cM. § 20). Ilpn wamepennw
ABYX STUX BeNH4Mn ML MOMyYHM I8 HiX 3HaueHHs ¢ HCKOTOPOH
HETOYHOCTLIO. Micxona u3 passuroro seime oGuiero dopManusma,
A CPeRHUX KBALPATHMHBIX QUIYKTYaUMli AUNaMUNECKHX nepeMeH-
HbX F B Fp MOKHO NOAYuHTh CAelylowee COOTIIOILeNHe 1eorpe-
JEICHHOCTCH

VIAFYSy VIBFD, =1 (Pl (40.10)

uacTuplil Cayyall KoToporo npu Fy==4£ u Fy=p Gein paccmorpen
B § 20. Brizon gopMysibr (40.10) MB NpUBOARTh ne GyNeM, Tak Kax
OH TpeGyeT BBelenis NEKOTOPLIX LONOJHATCALHLIX [OHATHI.

TOGLI 3aBEpIIHTL 1IOCTPOEHHE CXEMbi KBAHTOBOH MeXaWukil,
CACAYCT PCIIHTL euie ABe NpOGaeMbi:

1) comocraBuTb XamOH HAGJIOAAEMOH KOHKpeTubiH 3IpMUTOB
onepatop, AHCTBYIOUIHA B ruabGepTOBOM MpOCTPANCTBE BEKTOPOB
coCTOstHU;

2) ycTaHOBHTb BMA NHHAMHUECKHX YpaBHeHH{, OMpCAeasTIOLHX
pasBuTHe 1annoil GHaNUeCKOd CHCTEMbI BO BpeMeHH.

Bropas u3 uux GyleT paccmotpena B § 42, a cefiyac ML HaMe-
THM TyTb peliemnst nepBoii NpoGaemel. B KBAaHTOBOH Mexanuke,
TAK K€ KaK § B KNACCHUECKOl, OCHOBHLIMH MHHAMHUCCKHMH Hepe-
MEHHLIMH ABMSIOTCS KOOpAMHAThl H HMMYJbLCH, 4 BCE OCTAJLHbIE
BeUyUHb BbipakaTcs uepes nux. 1lanpaMep, Aa% qacThlel aaccht
m, ABHKYweHcs BAOAb NpAMOi OX Bo BHEWHEM NOAE C NOieH-
nHanbHOl SHepruer U(X) raMuabroudan (3heprusi) mMeer Bud

2
H=g+Ulx). (40.11)

TOABKO B KNACCHUCCKOH (HM3HKE X H py SBANIOTCH OOLIMHLIMA HHC-
saxu, 2 B KBABTOBOH MEXAHHKE — JUHCHHEIMK OfepaTopaMH.

Hrax, aas Toro yrtolbl B KBanToBO# Mexaillke KakIOH AuHa-
MHUYECKOll liepeMeHHOH COIIOCTABHTL KOHKpeTHHIl IPMHTOB Onepa-
TOp, AOCTATOUHO YCTAHOBHTH SIBRBI BUA OTEPATOPOB KOOpAHHAT Y
umnyapcos. (ITpasaa, sgech MOTYT GHiTh AUHAMHYCCKHE mepesen-
1K€, nanpuMep ¢Min, KOTOpbie ke {MCIOT KIaCCHUeCKOTO aijanora, —
©HH TPEGYIOT 0COGOr0 PACCMOTPCHUA, U MBI HX TIOKA ne Kacacwes.)

B'§ GbiO TIOKA3AHO, 410 B riib0EPTOBOM {ipOCTpaHCTBE
KOMI/IGKCHBIX KBARPATHUHO MITETPUPYEMLIX (YHKUMH ONepaTtopsi
KOOPAMHATE ¥ M COCTABAMONEH UMIYALCA pr HMEIOT CIENVIOUIHA
YBHBIM BUJT.

# pr=— it 2 (40.12)
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Oauo U3 OCRUBHWIX HX CBOHCTB COCTOHT B TOM, UTO 3TH ONEPATOPH
He KOMMYTHpYIOT Apyr ¢ APYFOM, Mphued, cornacio (19.8),

£, — pux = ihl. (40.13)

B 7o e BpeMd, HanpuMep, onepatopu £ B fy KOMMYTupyioT. dTH
CBOHCTBA MM U ROMOKHM B OCHOBY CIEAYIOmCH aKCHOMLI KBAaHTO-
BOH MeXaHHKH.

Axcuoma 5 Koopdunarasm x; u umnysscasm p; (j —Homep
crenenu c60600bl) KBAHTOBOMEXAHUAECKON CUCTEMbL LOOTBETCTAYIOT
oneparoper X, u P, y0os1eT80parOULue NePECTAHOBOUHOLM COOTHO-

WeHUAM
X P — P X, == 01, (40.14)

20e h— nocrosunan faanka.

OrMeTuM, UTO ecak MOCHEAOBATENLHO TPHAEDKHBATLCA AKCHO-
MaTHIECKOTO OyTH HOCTPOGHUS KBAHTOBOH MeXanuku, NpHHATOrO B
RauHOM IaBe, TO HMEHHO B 3TOM IyHKTe BAepOBbie NOABJAETCH NO-
crosigran [lnanka — woBad (yHaamenranoHas KoHCTaHTa, OTpa-
Haloulad KBAHTOBBIA XapakTep 3aKOMOMEpHOCTEH MMKpOMUpA.

OnpapjasieM CGOpMylHpOBaiHOA AKCHOMB CAYXKHT T0, 4TO
KOHKpETHbE BLipa’KeHHs IS ONepaTopoB KOOPAHHAT U HMIYJ6COB,
usBectHore n3 ra. 11, TaKoBH, YTO STH OMepaTOpHI YAOBIETBOPAIOT
TepecTaHoBouHoMy caorholrenwtio (40.14). Mano toro, na (40.14) u
(40.10) aaA KOOpAHHATE M UMNYJbca NPH ORHOMEPHOM IBUKERU{
BHITEKET COOTHOLICHUE HeOmpexeneHHOCTel

VIERT -V @o > 1.

cosnagaowee ¢ coorHowenued (20.10), momyuennniM B mpemuay-
el raaee.

HauBonee sameyareabumd siBAfETCA TOT (akt, YTO MEPeCTaHO-
BOUHBIM COOTHOWeHUMeM (40.14) omepaTopsl XOOpAMHAT  HMITYJb-
COB ONpefesifOTCH, NO-CYUIECTBY, ORHO3HAUNGLIM ofpasoM. Ceityac
MBI na 3TON BecbMa CJIOMKHOI MaTeMaTHYeCKOH npofiaeMe oCTauas-
JIMBATBCA He GyAeM — KPaTKO OHa paccMarpupaerca & § 44.

Hrax, renepb copMyTUpCBAaHA HCKOTOpAw 3AMKHYTA®w CXeMa,
KOTOPYIO MOXKHO Ha3BaTh «KHHEMATHKO#» KBAHTOBON MEXaHHKH.
Mul 3raeM, Kak OMHCHIBAIOTCA COCTOSHHS W IHHAMAYECKHE epeMeH-
Hble, OTBEYAIOWIHE MHKPOCKJIHUECKEM CHCTCMAM, H KaK BHYHCAATL
3HaueHus AMHAMHUIECKHX [EPEMEHHbIX, KOTOpble MOXHO NONY4HTb
fp# MX W3MepeHuH. Ham usBecTHH Takke crocofsl COMOCTABMEHHs
AVHAMAYECKAM NCPCMERHbIM BIOANE ONPEeneHHbIX AHHCHHBX SpMH-
TOBLIX oneparopos. Tenepb MOKHO Goiio 6bl ncpefitn K @opMy.au-
POBKE «/IHHAMHKH» KBAHTOROH MEXaHUKH, T. €. OCHOBHEIX YpaBre-
HAR, OMPEjEsIONMX pAa3BATHE KBAHTOBOMEXAHWYECKHX CHCTEM BO

§4n 3ARAUA O NUHERHOM OCLMIISTOPE 55

Bpemenn. OfHako, TMpexae 4eM [eNaTh 3TO, MBI NPOHAMIOCTpH-
PYeM BO3MOXIIOCTA a6CTPAKTHON CXEMB KBAHTOBOH MEXaHHKH, pac-
CMOTPEB €c METOAAMH 3ajlauy O /HHefiHOM TapMOHNUECKOM OCUMA-
AATOpE.

§ 41. 3apaua o auneiivom ocunassLTOPE

KbauropoMexaHuueckas 3agaya o JuHEHAHOM TapMOIHYECKOM
ocuuaratope Huiia pewena s 1. I, § 158 ¢ menosbn3opauneM ypas-
senua HlpeanArepa # COOTBETCTBYIOWMX TpaHHUHLIX yesioBmi. M-
TEerpHpOBAHKE 3TOTG YpABHEHHS BHIMOMHSIOCH METOLOM pas/ioke-
Husl UCKOMOH (yHKUMM B pAj, B peayabTaTe Yero Guna fModydeHa
XOpOLIO H3BECTHAS (hOPMYNA ANS SHEPreTHUECKHX ypoBHER

ﬁ=m@+%. (411

Ceiluac Mb yBHANM, CKOMb NPOCTO pElUIAETCRA T2 3ajaua Npu mo-
MOLH a6CTPaKTHOTO (POpManKu3Ma KBaHTOBOH MeXanHKH.

Hmea B Buay obwylo popmysy (40.11), sanumem rammabro-
HHAH OHHOMGPHOTO OCul’”lJlilTopﬂ B BRAE

H = e (7 + miuiX? (41.2)

UYro6n H36aBHTHCR B MOCKEAYIOUIMX BHIKAAAKAX OT KOHCTAnT m, H
H @, BBEAEM 6e3pasMepHbie epeMennbie

me
x m9 ¥ pe= 1.
2h P V2mah (#1.3)
€ COOTHOLIEHHEM KOMMYTalRK
xp—px=% (41.4)
BuiTexaowum u3 (40.14) npn j =%
BeeneM HOBHE onepaTophi
a=x+4ip, at=x—ip. (41.5)
Yopamuenne Honomaya (41.4), nokasaTe, uro
aat —ata=1 (4L.6)

BeruneanM npowssenenne ata:
ata=(x—ip)(x +ip)— 2" —ipr | ixp + p'—

=4 gt p— pry =2 ok gt — 5

__me U g L

=2 X T ome ¥ T3

1 1 by [
=6 [ P miotXy— P 1] =
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OTKy 18
H

ho(ata+51). (L7

Ynpamueune. Ucnomays (416) n (41.7), nmoxasate, uto
Hat —a+H —hoa*, Ha—all =— boa. “.18)

IMogakewm, 410 eclH |Pg) — COBCTBEHHB BEKTOp TaMHABTO-
unana H ¢ cOBCTBEHHEIM 3HAYCHHEM E!

H |bg) == E lbe), (41.9)

10 alpE) B a*|pe) ABASOTCH COGCTBEHHBIMH BEKTOPaMH 3TOTO ra-

MUJLTOHHAHA ¢ coGCTBEHUBIMA 3nauentami E — b 4 E + ho coot-
BCTCTBEHINO, T. €.

H(alpe)) = (E— ko) (@¥z) (41.102)

H(a* |[pe)) = (E + ha) (@* Lpg)).

Ucnoasays (41.8), GyacM umers .

H(albg))=(Ha) gy = (0H — hwa) |y = aH |pg) — hoa [r) =

— Ea ['pg) — hoa 1$g) = (E — ho) (a [Vz)).

Awanorguno A0Ka3niBaeTcs yTEep)K}:leH’HC (41.106).
13 (41.19a), (41.106) caeayer, uto :

H (8" 19g)} = (£ — hon) {a® |g)]
H{(a*) [hg)} = (£ + hon) (a*)" [ys)).

Otcioaa BUAKO, YTO Ml HMEeM 10 ¢ NOCAEAOBA1eALHOCTLIO paB-
HOY/AIEINBIX 3HAUCHAR SHOPIHH ¢ HHTCpBa.soM ho. C Apyroit cTo-
POHEL, MCXOAHL ramuarTonpan (41.2) ABIseTcs noJOMNTCILHO
oupenesesnbM, Tak 4to f HC MOXeET MMETL OTpHUATEqbHEIX COG-
crBerHpx 3naveruit. ([Ipeanaraem wurateqio CTporo 10Kalarts 0
VTBCPHK/IEHNE. ) .

0 B Takom cayuae p3 (41.11a) creayeT cymlecTROBaHue Ta-
KOro cocToslus [}, A KOTOPOrO BHIMOMHAETCS COOTROWEINE

@ o) =] 6). (41.12)

Ecan 6t 3T0 Gbi10 He 13K, T0 NyTeM OpUMEHeHUs OmepaTtepa @ MH
MOrJId §bl NOAYYHTH COCTOSIHHA CO CKOAB yroguo Goabuiolt mo Mo-
nyao oTpruarensnol sueprueii. Cocrosinue |po) sRJIgErCs COCTOA-
HHEM ¢ MHHUMAJbHOR 3ueprued. M3 (40.7) uw (41.12) crenyer, uto

bt

(41.106)

(41.11a)
(41.116)

B

H oy == -1 Yo}, (41.13)

$42 IMHAMHYECKUE YPABHEINS KBAHTOROR MEXAHHKY 157

T. €, 3Ta MHHHM&JbHas SHEerﬁ pﬂBlla
Ey=t2 (41.14)

Ho B takom caywae n3 coornomenus (41.116) suitexaer, uro
SHEPIETHUYECKH CHEKTP OJHOMEPHOrO rapMONMYECKOro OCHHAAATOPA
onpeneaserca Gopvyoi

ftu)(n+—é-

coprajalouei ¢ (41.1),

Takum 0Gpasom, ML BHINM, UTO T€ BLIKNAIKH, PN (OMOIIH KO-
TOPHIX MBI HONYUWTH HYMHBI Pe3y/brar, ABASIOTCH BNOJMHE e
MENTaPHLIMY — Ol rOpA3N0 NpoLIe BHIMHCASHHM, OPOBEAENHLIX B
T. 1, § 158. MpusenenyLis BLBoR npeacTaBaser GOMbLIONR Teoperu-
9CCKIIT MHTEPEC, OOCKOAbKY OH HINIOCTPHPYET BO3MOWHOCTH ab-
CTPaKTHOH CXevbl KBaHTOBOA Mexanmku,' Mano Toro, BBefeHubie
BLILIE ONEPATOPH @ H a* UrpaioT QyHAaMCHTAIEEYIO POJAb B KBANTO-
BOIl TEOpwH NOAA, B YACTHOCTH B TeOPHH u3niyuenns. OnepaTop a
NepeBOXNT BEKTOD COCTONHNA C SHepiweli E, B BCKTOp COCTOSIMuS
< sneprueli £n — ho, 1. € «YGHPACTS U3 A-TO COCTOMHUS MCMEl-
TApHLL KBAHT sneprunr fw. Onepatop xe a*, KeRcTBYS Ha BexTOp
cocTOsiHuS ¢ 3ueprued En, Nepenolt ¢ro B BEKTOp COCTORNHS ¢
aeprueli £n - ho, 1. € <106aBASeT» K A-My COCTOSARMIO KBauT
sHeprin. [lostowy B kBAHTORON TeOpun nosst omeparophi @ u a+ na-
3BIBAIOTCA COOTBETCTBEHHO OREPATOPOM YHUUTONCHUS W GNEPATOPOs
poxdenun.

§ 42, JluHaMuvecKHe ypaBHEHHS KBAHTOBOH MeXaHHKH

Kak yxe rosopuaoch s konue § 40, A0 cHx 0Op Mbl OrpaHuuH-
BaMiCh DACCMOTPERHCM «KIHEMATnKH» KBaHTOBOH Mexamnkd. [le-
pefinem Tenepb K QOPMYVIHPOBKE ypablieHHll <IKNAMUKH».

Lea, BCAKOH AMHAMIMECKOH TEOPHW COCTOMT B NpeAcKasaHui
AapaKTepHCTIK CICTEMb B MOMCHT BPEMEHH f, CCJII HAaM HM3BeCTHbl
STIl XAPAKTEPIICTHKII B HCKOTOpbI! HAYAALHLIA MOMENT BpeMeHi %
B qacTeOCTH, B KBAHTOBO{ MEXAHHKE N0 DE3YJbTAaTaM U3MEpeHHi
RHNAMU4ECKHY MEepeMEHHBIA i uX CpelnnX 3HAUCHME, NpOU3BEIeH-
HLIX B MOMEHT fy, Mbl IO/KHbI YMeT6 OpCICKa1biBaTh PE3yJABTATHI
M3Mepertit 3THX BeSUYHH B MOMEHT . B 5TOM H 3aKili04aercs KBaH-
TOBOMCX4HWYECKUH MPUHIUD OpPUUIHNIOCTH, KOHKpeTHLM BOMAOmE-
THEM KOTOPOrO AOMAHBI CJIyXKATb HCKOTOpLe AHIAaMHUECKHe ypas-
HEHHA, ONPe/lefioulne SROTIOUHIO CHCTEMBl BO BPEMEHH.

Ofuitfi BUR 3THX ypasHeHud [ONCKA3BIBACT HaM Kiaccuueckas
MexanmKa. 31ech H3yeHenHe BO BpEMEHH AHHAMHYECKON Mepemen-
uoit F onpegensierca ypasuesnceM (26.10)

=S +1H, A, {420



158 ' OCHOBb TFOPMM MPEJACTABJIEHNA [ ur

rre [H, F]— kaaccuueckan ckobka Tlyaccoua (25.1). Kax monuep-
KiBaloch B § 26, B KBAHTOBOA MEXaHHKE MGl BCE CBOH pacueThi
JIGMUKHLI OTHOCHTD HE K CAMHM JHHAMUYECKIM NepeMeHbiM, a K uX
cpexunn 3uauennam. [lpn stom xaaccmueckyio ckobuy Tiyaccona
caeqyer 3aMennTh Ha KBaHTOBYIo ckofky [lyaccona (25.9):
i

[H, Fl= 4 (HF — FH). (42.9
YuHTLIBag BCe 9TH OBCTORTENbCTRA, CHOpMYJIHpYEM Caeayouyo, B
HOC/EH IO, AKCHOMY KBAHTOBOIH MCXaHHKA.

Axcuoma 6. Jas aw0boi usuueckod cucrembl usmenerue
cpednezo snauenus dunanmuueckoil nepemennod F e cocroanuu fp)y
0npedesserca yYpasHenues

d(F)y

aF
S =), H U, Py, (42.3)
2de H — eaMuAbTORUAN ITOL CHCTEMOL.

Yunresan ¢opmyny (40.8) Ausi CpeflHero 3naueHus K oupeiete-
Hue KBaHTOBOA ckoOkH [lyaccona (42.2), sanueMm ypaBHeHHE
(42.3) B Gonee ABuoOl dopme:

AOEPIR) | 9 gy 40 (HF — FE) 9. (42.4)

O6uenspecTia Ta QyHAaMentanbHast poab, KOTOPYIO Hrpaor B
KAACCHUECKOHl MeXamHKe 3aKOHbt COXpAHeHHst, HacTO 3aMeTHO 06-
Jeruasnide pelrenne 3agaud. AWAJOr MNOXOGHBIX WUHTErpanos JBH-
JKefds HMEeTCH H B KBAHTOBOH MEXauMKe, IPHYEM HX HAJHYHE, KAK
BCeFZa, CBA3EHO €O CBOWCTBAMH CHMMETpHH MPOCTPAHCTBA — Bpe-
meur (cM. § 28). JRanum caelylowee onpeneseuue. Ecau cpennee
3uaycHHe JAHHOW NHHAMHYECKO! MepeMeHHOH, BHUMHCIEHHOE B Mpo-
H3BOJLHOM COCTOSHHH, He 3aBHCAT OT BpeMeHd, T. €. eClH JJIa BCex
BEKTOpOB | ) HMEeT MeCTO paBeHCTBO

d(Fly
=0, (42.5)
TO [OBOPAT, yr0 AaHHAS AHHAMHYECKAA NepeMenHas COXpansercs
80 @pemeru, WIN UTO OHA SBWACTCA UHTE2pAAOM OGUNCHUA.

3 (42.3) caenyer, yTo AN# COXPAHEHHS AHNAMHYECKOH mepe-
Mentiofi £ HEOBXOZHMO H XOCTATOUHO, YTOGHI BBHINOAHANOCH COOT-
Romenue .

oF

O I f(HF—FH)=0. (42.8)

B 4aCTHOCTH, TAMUJILTOMWAH (SHEPTHA) COXpaHAeTCA B TOM M TOJb-
KO TOM Cyuae, KOraa onepartop H He 3aBHCHT ABHO OT BpeMeHH.

B 60bIHRKCTBE CAYuaER ONMepaTOphl AHHAMHYECKHAX NEPeMEHHHX
He BKJIIOYANT BpeMs Kak napameTp, TaK 4TO Heoéxonnmfoe H focras

!
|
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TOUHOE YCHOBHE MX COXpaHEHHS! CBOMUTCA K KOMMYTATHUBIOCTH Ome-
paTopa F ¢ raMuIbTOHHaHOM:

HF —FH=60. (42.7)

TMomuno Beero npouero, 370 03HauaCT ONHOBPEMEHRYIO H3MepHMOC I
COXpAHAIWENACA AHHAMHYECKOH nNepemeHnoid F BMecTe ¢ IHeprued.
Takam 06pasom, Mbl BUAMM, 4TO H3 CHOPMYAHPOBAHHON BHUIE
AHMHAMUYECKON AKCHOMB! BHITEKAIOT BCE OCHOBHHIC Pe3y/IhTaTsl OTHO-
CHUTENTBHO 33KOHOB cOXpaHenus, nmonyueunsie B § 28.
Yupamuenue [Nokasats, uto ypankenne (423) s crysae Taumenns 4a-
CTHIN 820 PO Ox CPary MPHBOIAT K Teopemaw Dpendecta (377), (27 8).

Ypabuenne (42.3), sBnAOMeecs OCHOBHBIM AMHAMHYECKHY [10-
CTYNIATOM KBAHTOBON MEXaHMKH, IONYCKAET HECKOMBKO pasiudnbix
CIIOCOGOB BBELEHHS 3aBUCHMOCTH OT BpPEMEHH B OOUIYIO CXeMy KBaH-
TOBOI Mexannku. Bce st cnocoGer ¢ (uaHdeckoi dopManbiol
TOUEK 3pElHS NOAHOCTBIO IKBHBAJCHTHEL

I.Wpeanureposckas KapThnHa MoxHo cunraTh, ut0
BO BpEMEHU MEHSIOTCH BEKTOPL COCTORHHE, a ONepaTOphi AHuaMu-
UECKHX [NCPEMEHHBIX OCTRIOTCH  EH3MEHHBIMN, ECHH HCKMOUHTH
HHOrAa BCTPeYaloULyIoCs HX SBHYIO 34BHCHMOCTb OT BpeMeH, Kak
OT HapaMerpa, Kotopas 8 ypasHenun (42.3) orpaxena q.'leuOMC%th_
Takas sasmcumocry xapaxtepsa, wanpumep, NS rammIbToumana
YACTHUE, HAXONAMWENCH B HECTAUHONADHOM BHemieM moe. Hrak,
TIO ONPENENEHMIO CHiTAeTCR, UTO B LIPEANHIEPOBCKOl KAPTHHE 3aBH-~
CHMOCTb CpEAHMX 3HAueHHMit OT BPCMENH OMPEACNSETCH Bbipae-

HUAMH BHAZ
Py =C(F D IF 19 @, (42.8)

[lps aTOM oOcHOBHOH nOCTYaT AHHAMuUKH (42.3) ymornerso-
PACICH, ECTH H3MEHEHHE BO BpEMEHH BEKTOPOB COCTOSHH [RAGN
onncuiBaercs ypasuenuen L peduncepa

i LTy gy, (42.9)

YUrobbl yGemHTLCA B 3TOM, AGCTATOYHO KOCTABHTb B popmyay npo-
H3BONHOA OT Cpejulero sHayeuns

d{¥|F|T aF a1 al
A = 15wy + 25 ) 2L

. O] ¥
BLIpaxerue st (IpOu3BOAHOH ‘cu) ns ypasuenns llpenuirepa

Iyl

(42.9) w BBpakende A1s NpousBOAHON 3 B3 compaxennoro

€My ypasheHHs

T 20
th=37

W) | H.
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Tocaennee moayuaercs B3 (42.9) ¢ noMolpio peuenta, cGopmyu-
poRagROro B § 36, C y4eTOM SPMHTOBOCTH TAMUILTORNENA .

Wrax, obuwee ypasucuue Llpennnrepa, Kotopoe SBUI0 Hamicano
B § 21, Taxxe COLepHTCR B aKchome 6 €O BCeMH BbITEKaoULUMH
OTCIOAA NOCNEACTBHIMHA.

2. Tefizen6eproscKas XapTHHa Moxho cyurats, 410
Bo BpeMenH MEHAIOTCS OneparTophbi JUI@MUYCCKUX OePeMCHHbN, a
BeKTOPH COCTOAKKII OCTAOTCA neusMcHHb(MH. B 570M caydae Mhi
ApUXO/MYM K Tefi3eHBeproBCKOfl KapTnHe, B KOTOPOR 3aBHCHMOCIL
CpeNEuX 3Mauendil OT BpeMEHH, B NPOTHEONONOKHOCT: (42.8), oupe-
Zensiercd BulPaXKeuHAMH BHAA

(Pl O =W 1F (B ). (42.10)
OueBuano, uto OCHOEHON noctynar Ausamuxn (42.3) yropseteo-

pRETCS, €CAH M3MelEie BO BpEMel OepaTopoB AMHaMUMECKIX ne-
pemetHbix F onucuisaercs ypasrenusmy leisenbepea

dF (1) aF (8 i _
LB _ Dy LIHGFO—FOH 0. @21
Tlo dopme (42.11) cosnagaer ¢ yp (26 8), moamy

B npenufyuieil TJiaBe, OIHAKO MMEET HECKOJbKO WHOH cmbica. [lo-
enefiHec MpeacTaBaseT CO6OM, 10 CyTH Aena, ompeaeseHHC Ouepa-

Topa th* COOTBETCTBYIOLIETO [IPOUBBOANON AMHAMHYCCKONR mepe-

MCHHOH F, TOTZa Kak B JesOit uacT ypaBHewust (42.11) crour mpo-
M3BOANAA KO BPCMEHH OT ONepaTopa CaMoil sCIUYHHELL F.

Mokao nOKasaTb, YTO ONHCARKE COCTOSHUE H AUHAMHYECKHX
nepeMeHHLIX B NIPeHIrepOBCKOH RapTHHe ¢B3AHO C ONHCAHHEM CO-
CTOSHNH U ZHIAMAYECKHX Tef HbIX B Tl ProscKoil KapTuHe
NOCpesicTBOM NPeoBpasoBaHks, cosep HO He 0 Gu3M-
YCCKOTO cOlepiKanna Teopnu. Mui He 6yjieM ocTaHaBAKBATBCS KA J0-
KA34TeNLCTEE 3TOrC YTBEDKAEHHA, OTCHLIAR uuTaTeldd K JHTepa-
Type *).

3. Kaptnea pzanmoneiicTBua Flakonen, cyuwiectsyer
HPOMEKYTOUHB(H CHOCO6 ONHCAHUS SBOMIOLHMH CHCTEML BO Bpeme-
Hil — KapTHHa B3AHMO/ENCTBHA, B KOTOPOH CYHTAGTCA, YTO OT Bpe-
MeHU ONpeledelbi 06pa3oM 3aBHCAT KaK BEKTOPLI COCTOAHIL, TaK
I OMCpaTOpsl AHHAMHYECKHX NEPEMeRMbX, H MOBTOMY ANA CPeRHHX
3navenui uMeem -

(Fyg =V () 1F () W (6)- (42.12)

) Cw, manpawcp, A C Jdasudos, Koanrosas wexammka, §§ 30, 31,
nsmarrus, 1963,
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KapTrna B3anmoneiictsus, npenaoxkensas Jlupakom, busndccku
IKBMBAJEHTHA ABYM ApyrHM wapThiam. Oua mHpOKo menoabayercs
B KBAHTOBOH TCOPHH NOMA (pH NPHOMMKEHHHIX pACUETax, OCHOBAH-
HOIX HA METOZE BO3MYHISHHIL

§ 43. KsanroBan mexanuka B F-npeacrapaesun

Kak yxe oTMeuanocs, Npy pelleqtH KOHKPET(bIX 3agav yao6uo
TIEPEXOANTL OT A6CTPAKTHBIX BEKTOPOB cocTos(mil 1)) M oneparo-
POB AMHAMHMYECKHX MEPeMEHHEIX F K HEeKOTOPHIM COBOKYMHOCTSM M-
cen. B § 40 6610 ckasauo, uTo s 3TOTO NOCTATOYHO BEIGPATL B
ruaAL6EpTOBOM TpPOCTPANCTBE [EKOTOPL( OPTONOPMMPOBANHEI 6a-
3HC M COTOCTAaBUTbL BEKTODAM COBOKYNOOCTH WX KOMIOHEHT, a one-
paTopaM — COBOKYNHOCTH WX MaTpH4HLIX aemertoB. Basuce Moxkuo
BBOUPATb NO-pPA3HOMY, B COOTBETCTBHH ¢ yeM Mbl GyneM noaysath
pasiuyKble KEAHTOBOMEXARNUeCKue npedcTasienusn.

C usnueckoll TOUKu 3penus Haubonee yAOOGHLM ABAsETCH 6a-
31, 06pAa3oBAMbl COBCTBEHHBIMH BEKTOPAMH JHHEHHOr0 camoco-
NPSKENIOro ONepaTopa F, COOTBETCTRYIOUIErD HEKOTOPOH ANHAMMTE-
cKoft (iepemernoil. IMetuo B 970M cMBICE TOBOPAT O KOOPAMHATIOM,
HMIYJ15CHOM, SHEPTETHUECKOM H T. A NPCACTABJEHHAX B KBAITOBOM
mexagnke. Mu B naspHciimem 6yizeM mpeanosaraTs, UTO CUEKTD
BLIBPANHOrO ONCpaTopa F sIBANETCH (POCTHM, T. €. He COACPIKHT
BBIPOYKAEHIILIX COBCTBRURBIX 3HayeHHiL. JTO COOTBETCTBYET TOMY, UTQ
cam onepatop F ofipasyer noxubii Habop [cm. samevanne B § 40
nepen dopmynoit (40.9)]. Takoe (peruoaoKeHHe Mbl NpHHAMAeM
HCKJIOUUTCALHO " PaAK ynpowieHust samucy GOPMYAHPYEMBIX (HkKe
pesyabratos. Kpome TOro, 6yneM cuntath, YTO CEKTp Onepatopa
F ABASETCS WM WACTO JMCKDETHBIM WITH YHCTO HENPCpIBHBIM, TAK
KaK JApyrHe Cyuau HaM He BeTpeTATes.

Urax, BuIGHPaeM HEKOTOPYIO ONPCACTEHHYO NHIAMHYECKYIO Me-
peMeHHyIo B DAcCMaTpHBACM COOTBETCTBYOWMH el AHIERHLIT spmn-
Toe onmeparop F. Pellum 3ajauy na cOBCTBEHHble BHAUEHHA TOro

onepaTopa:
FIBy=F- (43.1)

Tloctpoum M3 coBCTBEHIMX BEXTOPOB |f) Gasuc, suGpas ero opro-
HOPMHDOBAHHLIM. DTO 03HAUAET, UTO BLMOJHMIOTCA YCJOBHUS

FLy= b . (43.2a)
B cnyude AHCKPETHOFO CHEeKTpa, WIH
Fiy=e(F—f9 (43.26)

B cayuae HenmpepbLisHOro cnextpa. Kpome Ttoro, 6asuc ynoeaerso-
PACT YCAOBHIO NOMHOTh(
Zina

(43.3a)

6 9 B. Wromscxmd, T. 11
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HJIH |
Jindidi=1. (43.36)
Jlio60it BeKTOp | MOMKHO PA3JIOKHUTD 10 Bas3UCHbLIM OpTaM:
by = % Pl s (43.42)
nam
ley= [ ol hydr, (43.46)
fipHaeM B 06OUX CAyuasx
b= (F 1) 43.5)

CoBOKYNIOCTE 9HCen 17 {AHCKpeTHast WIM HempepblBHad), T. €. KOM-
NOHEHT BeKTOpa {1) B BLiGpaHHOM Gaance, OnpeReasieT ITOT BEKTOp
onpHosHaukLM 06pa3oM. OHa HAa3LIBACTCR GOAHOEOH Gynkyuet co-
CTOANNIA p B F-NpeacTaBaeum,

[Tpoussoasnomy onepatopy Q, ncpCBORseMy BekTop [1b) B

BeKTOp |@):
ley=2Qlv) 43.6)
CONOCTaBNAeTCH B F'HpeﬂCTBBﬂeHHH marpuua
Qup=(I"1Q". 43.7)
Ona TMepEeBOAUT KOMIONENTH BeKTOpa |1p> B KOMIIOHEHTBb: BEKTO-
pa |o):
v =2, (43.82)
iR
o= [ Qs (43.86)

1. e B Clydae HempepLBHOTO CmekTpa maTpina (43.7) Asasercs
(paKTIHUecks SAAPOM RHTErpa’;bHOro omeparopa. B cmoeM coferBeH-
oM Gasuce onepartop F mpeicTaBaserc AHArOnanbHOR MaTpHUCH:

Fry={fdyp, (43.9a)
Fpp=f8(f —f"). (43.96)

HIH

JleficTBHTENbHO, A/ AHCKPETHOrO CHeKrpa, HampHMep, (MeeM
Fro= I\FIf) =LA = oy = opr.

TNoatoMy mpo F-npeacraBienne Huoriaa roBOpAT Takke Kak Npo
mpelcTaBiIenlie, B KOTOpOM Anaronalted onepatop F.

§ 43 RBAHTOBAS MFXAHHKA B F-NIPERCTABJEHHMN 183

Coopuynupyem Teneph 3aiauy na COGCTBEHRBie SHAYERHA Ofe-
patopa Q B F-npeiacTaBiaennn. YMHOKas ypaBHeHue

Qlpy=qle

cnesa na {f’| n ucnoabsys ycaosne moaunoth (43.3), B cygae au-
CKPETHOrO CMEKTpa MOJyduM

(/’|Q|0>;i2:4(f’|Q 1Y 1oy =aq " la)

§ Qurgr=1" 4, (#3.10a)

TakeM 06pasoM, Mbl IPHXOMUM K GecKoneunofi cucTeMe ypaBHeHui,
anajornynoi cucreme (37.7), KoTopas Gblla [0Jy4eHa B KOHEYHO-
mepHOM mpocTpakcTse. AHajtoruudo (43.102) B cayuae yuero we-
NpephiBHOrO CMEKTpa onepatopa F 6yNeM HMETh ypaBHenHe

[Qupapar=q-4q, (43.106)

ABASIONIEECA HHTErPATLIbIM YPABHENHEM Ha COGCTBeHHbIE SHAEHNA.
Cpeiniee 3nayene na6uonaemoli Q B coctosnuu |y B cayuae
ZUCKPETIIOrD CMEKTPa paBHO

@e=1QIM= T 1) (F1RI (" 1) = S 4@t

T. €.

(@)= p  Qppbpbsne (43.112)
B CJIy'-XaS HeﬂpepblBHOrO CﬂeKTpa HMeeM
@y = [ Qi dr df. (#3.116)

Bru popMynst Npnobperaior ocobenlio npocTol BUA AMA caMoro
oneparopa F. JlefictBurensHo, yuuthiBan (43.9), nonyunm

(Fo=21 14k, (43.12a)
BJH
(Fyo= [ lw; Pt (43.126)

Cornacno axcnose 3 BepOATHOCTL OGHAPYKHTb NpH H3Mepennu
JHHAMHUECKONl NEpeMeRHON F B COCTOAHMM |¢) 3nayeHne [ pasHa

Wolh =1 (Fl) =l P, (43.13)

B II0THOM COOTBETCTBUH ¢ dopMyaamu (43.12). Orciofa. B yacTho-
CTH, CTAHOBHTCS SICHbBIM M (HSHYECKMIl CMBICH BOMHOBOA (yRKuHU
B F-npencraBJeHud. AHaJOCHIHAS BepOATHOCTb IVIA AHHAMAYECKOU

6*
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nepeMeBHOR Q AaeTc BHpakeHHeM (B CIyuae AMCKPeTNoro crekTpa
onepaTopa

Vel =1l 9 F=|Z @INGIn ] =|Zawm

Wy (0 =] 2wy - (43.14)
B cayvae HeﬂpepblBHO]‘O Cl‘leKTpa AMeeM Aas MJOTHOCTH BepOAT-
HOCTH
v L
W¢(q)=| f qpb,df| . (43.146)

Yacro mpHXOANTCA NEPeXOANTE OT ONHOTO ApenCTaBNen s K Apy-
romy, nanphmep ot F-Npeacrasienus K G-npeiacrasiennio. JToT
Nepexol JErKO OCYUICCTBARTCS yTeM HCNOMb30BANHA YCHOBAA N0~
HOThr, BriBenem cooTBeTCTByIOUME (OpMYAB, CUMTadA, YTO CHEKTp
oneparopa F muckperen. Jis BOAHOBOR ynKUnK HMeeM

¢g=<glw>=§<gli)<f W)=§g;¢f,
a ana ManPlLlLI oneparcpa nojgyyaem
Qup-={(g1Qlg" = f§” GV IR 187y =,§~ 2787
COBCpmeHHO aHaJOTAYHO BbIBOJAATCA q]OpMleH B caykae Heﬂpepbll}-

Horo cmeKtpa oneparopa F.
TakHM 06pasoM,

¢g=§g;¢f, (43.15a)
HIK
b= [ gw,af, (43.156)
a Takxke
Q= r‘Zf" 2587 Qpps (43.162)
aan
Q= [ &2, Qup dp’ df. (43.166)

Hrax, aast nepexoma or F- K G-NpeiCTaBiennio AOCTATOYHO
BHATH BOJHOBYIO (hYHKIHIO

g —=<{te) (43.17y
B F-NpeiCTaBAeHHH COCTOSIHNS, COOTBCTCTBYIONIETO COGCTBEHHOMY

BeKkTOpy omeparopa G. OHA HAaXOJHTCA myTeM peweHHd 3ajadn Ha

§ 4 KOOPIAVHATHOE TIPEICTABJIEHHE 165

-co6CcTBENHEIe 3Hauenns (43.8) ana omepatopa G, chopmyanposan-
Hoit B F-npeJcTaBlIesnn:

2Gpe=2-g (43.182)
B C/Tydae JHCKpeTHOro Crektpa oneparopa F, nan
f Gyedff =2 g (43.186)

B Clydae neNpepbiBioTo CMeXTpa 3TOr0 ONepaTopa.

Tenept MB NPOMIIOCTPHPYEM DA3BHTYI0 B 3TOM maparpagde 06-
ULYIO CXEMY HA Tpex HaHbolee BAaXHBIX JIA KBAHTOBOH MEXaHBKY
TpuUMepax, paccMoTpeB KOOpAMHATHOE, AMIY/IbCHOE H SHepretHue-
CKO® TpeNCTaBieHus.

§ 44. KoopanraTHoe mpeicTaBienne

Paccmotprm BauGosiee 4acTo HCHOMb3yeMOC B KBAaNTOBOH Mexa-
WHKC TpelcTaBnenie — KOOpAUHATHOE, HAN X-npeicTasienne. Jlo-
CTA4TOYHO 3aMETHTD, 4TO BCE M3NOKEHHe B Npelbilyllelt raase 6as-
POBANOCh HA BLIGOpE HMEHHO 3TOrO MpeicraBieHus. Paan mpocrorsl
GyAeN CunTaTh, UTO Y HAC MMEETCS OJHA uaCTHUA, KOTOpas ARH-
wercd BIOAb ocu Ox, TaK 4T0 ee NOJOKEHHEe NOJHOCTBIO OMpefe-
aseTCA ONHOH KOOpAHHATOH X. D70l KOOpAMHATE COMOCTaBAACTCA
JRHCHHLIE 9pMATOB omepatop X, KOTOpH# YNOBJeTEOpsieT mepecra-
HOBOYHOMY COOTHOWenKIO (40.14), HMeIONIeMy B AaHHOM Crydae BHA

XP —PX =il “4.1)

Ha (usuyeckux coobpaxenuii sCHO, UTO wactHUa B NpHHUMNE
‘MOKET HAXOAMTBCA 8 M0GOH TOUKE MpAMOM, T, €. MOKET HMeTb Jio-
6y KOopAMKATy X. D10 o3Hauaer, 4TO onepatop X AoMKeH o6na-
A4Th YHCTO HENpEepHBHbIM CIIEKTpOM, T. €. YpaBHeHHAe Ha COGCTBER-

Hble 3HAYCHAS
X|y==x|x) {44.2)

wMeerT pellleHne mpH MoGOM BelllectsensoM X. [MnTepecro ormernTs,
W10 CYOpMYNHPOBAHEOE YTBEKNIEHHE MOXKHO BRIBECTH CTPOTO MaTe-
MaTAYeCKH, WCKOAS% TOJMbKO K3 IIEpPECTAHOBOYHOTO COOTHOWIEHHA
(44.1)]

BuGpan B KadecTBe Ga3uCHHIX OpTOB BEKTOpH |X), MH U mo-
JyuuM Koopdunarsoe npedcrasaenue. B cully HeNpepHIBHOCTH CncK-
Tpa omeparopa X YCNOBHA OPTOHOPMHPOBAHHOCTH H NOMHOTH! Ga-
37Ca 3aNHCHBAIOTCA B BHe (43.26) 1 (43.36), 1. e. B HaileM cayuae
Kak :

& 137y = (7~ x7) (4.3

J'lx)(xldx

a

(44.4)
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Cocrosnne B X-NPeNCTABICHAN ONHCLIBAETCH HENPEpbBHOI COBO-
KYTHOCTBIO KOMTIOHENT
b ={x [Py =1p (x), (44.5)
KOTOpY(© MLl B Tpefbilywell [Jase HasuiBaan ApoCTO B0AHOSOR
Gynryued nn V-pynxyued.
[IponssoasHoMy oncpatopy F B KOOpAHHATHOM MNpeACTABICNHI
COOTBETCTBYET HENpCpbiBHAT MATpHIA
Foge == (x' |F |x7). (44.6)
B coorsercrenn B (43.86) Ha BoMMOBYO dyHKWHIO W(X) OHa Acit-
CTBYeT N0 3aKOHY

PR =0,

[ Fotde= [ Foomar. an

B uacthocth, cornacho (43.96), Matpnua oneparopa KoopAHHATLY
JRaroyaibHa:
Kogr==x"8 (x — x7). (44.8)

ToaToMy Ha BOMHOBYIO (YHKUMIO OHa AEfiCTBYCT CAENYIOWHM 06-
pasom:

Q)= f XO(x — ) (x) dx’ = xp (%), (44.9)

T. & 1IPOCTO YMHOKAET Ce Ha X, B 110AHOM COOTBETCTBAH € HopMmy-
A0ji (15.1) n3 mpenviaywei raasb.

Jast 1(@X0MACHUST MATPHI ONEPATOpE IMIYALCE B X-Npe/CTan-
JIEHHR  BOCTIONIL3YEMCSl  NEPECTaHOBOYHLIM  COOTHOWIEHMeM  (44.1).
Heficteys onepatopamy, ¢urypHpyicWHMI B ero JAcBoil npasoRi
uacTsX, (1a BEKTOp |%”) M yMHOKAR DesylnraT cleBa #a BeXTOp
{x'|, monyaum

(X NXP |27y — (x| PX |xy =ik (X7 {27y,
Bocnonbsopasmnch ypasHeiieM ©a co6CTBENHLE 3maueHns (44.2)
H COUPAMEHREM eMy YpaBHeHHeM

() X=x{x],
4 TaKKe yCIOBHEM OPTOHOPMHPOBAHAOCTH (44.3), GyzeM umers
(o — X)X P |y =[S (" — x”). {44.10y

Benomugas cBoiCTBO 8-) ynKHHA (38.41), 3axnwovaem, uto petuenne
aJre6paRdecKoro ypaBHeHHs

tm)=d(x)
fo)=—&(x).
[lostomy n3 (44.10) noaysaem
Prxr = — Ih& (¥ —x"). (44.11)

nMeer BHI
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YuTem Teneph CHOHCIBO HeWeTHOCTH (yixuuu 6 (x) (38.4r) n
ocHoBrOe ee crofictBo (34.88). Torma Mu mpuieM k creaylowemy
34KOHY JEHCTRUA ONCPATOpa UMAOYAbCA HA BOJHOBYIO (YHKIIHIO:

o) :fg;x,\px, dx’ = —ift J o (x — &) p(x) dy’ =
=ihja’(x’—x)lp(x’)dx’z——ihd\l;iy), (44.12)

T. €. OH CBOANTCA (¢ TOUHOCTLIO AO MHOXKHTEIN) K ce Juddepentn-
pOBaHN(0, B MONHOM COOTBETCTBRY C hOpMYI0i 515.2). Hwmes B Buny
{(44.12) n ocwoBHoC croficTBo S-yuxurn (38.2), matpuly onepa-
TOpa HMIYJLCA MOXHO 3anuCHIBATL TAKKE B BuIe

Pror = — BB (" — 1) o . (44.13)

Kak yXc HEONHOKP2aTHO OTMEYANOCh, JHHaMiyecKue mepeMen-
&ble B XBAUTOBOH MeXxaHWKe, TaK e KaK H B KaqaCCHYECKOR, MOXHO
BBIDA3HTL YePe3 KOOPAHGATY H KMIY/LC. DTO 03payaeT, YTo Onepa-
T0p F 110601 TaKoh MepeMeHHON AOJXeH BhipaxkaThea uepes X u &.
Ho maTpHusl noc/enunx, Kak BHINO M3 (44.8) u (44.13), comepxkar
B KOOp/JHHATHOM npeiactasiennn 8-gyuxunio. [losromy n ans mat-
prtinl Fryr 0600 MuHEMUYECKOH NEPEMCHHOA MOKHO 3a1HCATH

Fup=8(x' —x")F, (44.14)

rae F BK/IOYAET YMHOMEHHS 12 X' ¥ JH((DEPEHIHpOBaIms N0 3TOH
flepeMEeHHOM.

[oxcrapass B obmwuit sakon (43.86), ompereasiownit 3aKon
NefiCTBASA MaTpULEl ONEpPaTOpa ua BOMHOBYIO (yHKUHIO, KOHKpETHOE
ee Bwpakemie (44.14) B cnOBa YYHTHIBA® OCHOBHOE CBORCTBO
8-(YHKUIIM, MOXIO GYAeT 3TOT 3aKOH UPEACTABHTh HC B MaTpau-
HOM, & B IuddepenunainpioM BAAeE:

@ (1) = F1p (1) (44.15)
B npeamayweit rrase wb HAasHBaAM BCAHYAHY F pocTo omepato-
poM IaHHOW AMnamuueckoi nepemennofi. M3 (44.9) n (44.12) oue-
BHIHO, 4TO
P 5 o d
X=x, P=—ihy. (44.16)

ITH KOMKpCTHBIE BLIDAMEHHA IS ONEpaTOpoB KOOPMUHATH H HM-
HyJbcd, KERCTBYIOUIMX B mnbﬁe{ﬂoaom NpocTpancTee W dyHKLAIL,
COBNANAIOT ¢ X BEpakeRusamy (15.1) u (15.2).

Cpenuee syavenne (43.116) Runammieckoi nepemenuoit F B co-
CTOSHIN [vp), HCNOab3ys (44.14), 3aumineM B KOODARHATIOM Mpel-
CTaBIGHUH KAK

Eyo= [ V" (5) P () dx. (44.17)
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DTOT PesyNLTAT cOBuAAAET B PacCMaTpHBAEMOM Citydae ¢ obluuM
pupaxeniieM (17.6) A4S CpeAnero 3naueHnus, nosyyenntM B ri. IL

Coraaco (43.13) nAOTiHOCTs BEpOATHOCTH O6HAPYKHT yaCTHUY
B TOUKe MPAMOIl ¢ KOOPAHRATOR ¥ pasna

Wy =lp )P (44.18)

OTKYa CTAHOBUTCA ACHIM (uaMuecKHIl cMbich -QyHKUMH, TOAPOG~
1o obcymnasmics B § 13.

Haxonen, suuucasns no obwch ¢opmyse (43.146) BeposiTuocTs
NONyYHTL NMpH N3MepeRun IWHaMuuecKOH mMepeMennok F B cocTod-
HHH {) ec 3navenne f, GyLeM HMETL

v, (h=|[ v veaxf, {4219

B MH TeM CAMEM BO3BpALLACMCH K ONHOMY H3 OCHOBHHIX De3y.TIb-
TaTOB, NOJyUeHHX B § 17,

B sakJlouerne 3Toro maparpada BLIYHCAHM cOBCTBenHbe dynk-
Lpd OUEpATOPOB KOODAMIATSL B HMIyAbca B X-NpeicTanienuu. Jlas
Nepporo U3 HuX YpasHEnHe na COBCTBEHIbIE SHAUCHHA SANHCHBALTCA
KaK

P, (X) = Xgb,, (%), B (x—x) ¥, (0)=0. {44.20)
V4uTHIBaf, 4TO, COTNACKO cBOlcTBY (38.46) 5-OynKumy,
x8(x)=0,
cpasy noayuaem
Py, (1) =8 (r —xy). (44.21y

YpaBHenne Ha COGCTREHHLIC 3HAYEHMST ONEPATODA MMMYJNbCA B
X-NpejCTaBNeHAH HMeeT BUI
dipp (%)

—gr = b (%)
Tlpy 71060M BEUECTBEHNOM p OHO HMEeT pELlelne B BHAC MIOCKOM
BOJHbI

— ik

i
By (9= A%

Onpeneasist KoneTanty A n3 yciioBnsl Hopurposky (43.26), kotopoe
B paccMaTPUBACMOM C/yuae 3AMHCHBACTCH KaK

W Ipry= [ Iy ety dx = [ 5, (9%, (9 dX =805 — p")

WOIHYINM
1A e dx =85 — p).
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Yuntopas pasnoxeuue §-gysxuun B unterpan ®Pypwe (38.7), a
TaKke CBOHCTBO ee uerhoctn (38.4a), 6ymeM HMeTsb

| AP=p

2mh *

BenoMHAaA Teneph, 4TO -GyHKurA ompenefieHa ¢ TOUROCTHIO A0
MHOMHTE/S, MOAY/L KOTOPOro pdBeH eAHHAUE, MOKHO MOJOKHKT

TAK YTO COGCTBEHHAS GYHKLMA OmepaTopa HMIyJbLCa, OTBeyaiollas
€ro COGCTBEHHOMY 3HAYEBHIO p, paBHa

(44.22)

Ota GyBxUMs BOPMMUPOBaHA ycnosuen (43.26), COOTBETCTBYIOLIHM
CIyuann llel'lpephlEHOl'O CTMeKTpa.

§ 45. Umnysibcnoe npeacraBaehne

Tlpn pemenyy KOHKPETHLIX 3a1a4 HHOLKA OKA3LIBAETCS ((01€3-
HLM UMnyabcroe npedcrasacnue, 6aspc B KOTOPOM 06pasyior €06-
‘CTBEHBHIE BEKTODHI | p) OMEpaTopa MMuyabca:

2ipy=rip)- (45.1)
Tak ke, KaK H B cJyyae KOODIHHATH, CreKTP ONepaTopa HMNyJasca

ABJASICTCA YHUCTO HEupepHIBHLM, TAK 4TO YCMOBHS OPTOHOPMUPOBAH-
HOCTHA M NMOJHOTH 6a3uCa 3AMHCHLIBAIOTCA B BHAE

G lpy=b ' —p") r [1ppldp=1. (45.2)

B P-NpeAcTaBACHAN €OCTOAHNA ONHCHBAXTCA BOJHOBBIMH lbyHK'
ANRMH =

Yo ={pIy=% (D). (45.3)

KBazpaT MoAyas Takoit GyHKUHH ONpeesser NJIOTHOCTD BEpOSTHO-
©TH TIONYUHTb NPH H3MEPERHN HMuy/IbCa YACTHIL B HAHHOM COCTOR-
HUH 3rayeHue p.

PaccyXaas TOYHO T4K Ke, Kak B Hpemwayluey maparpade, Mbl
YBHIHM, 4TO OMEPATOpH KOOpARNATH H HMITY/bCa, ACHCTRYIONHE HA
BOJHOBYIO GYBKuHIo B p-NPesCTABACHHH, HMEIOT BHI

e ., d ~
Xatﬁﬁ, P=p. 45.4)

Kak Ml BHEean B kouue § 43, nepexop OT KOOpAuBaTHOrO K
@MNYALCHOMY NPEACTABIECHHIO OCYIECTBASETCA NOCHEACTBOM 06WuX
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(opmys (43.156) u (43.166) c nomoibio cOGCTBEHNEX QynKuril
onepatopa P, BLUHCAEHHIX B X-NpEACTABNEHHA:

PP =(ply=] (e xIvydr=[ ¥ (I pmyadx  4550)

H
Fppr= {0 IF 1y == [ (7 19" P 10y (2 1p) di’ de” =

= j P (%) b, (27 do’ dx”  (45.56)
COOTBETCTBEHHO.

YunTbiRas, 4r0 STH COGCTBEHHbE (YHKUHH NAIOTCA (OpPMYJIOit
{44.22), noayunm, 4T0 BONKOBAA (YHKUHA P (p) B p-NpeiCTaBICHAR
BWpaKaeTcsi yepes BOJHOBYW (YHKUHIO {(X) B X-MpeicTaBiennd
COOTHOMIETHEM

1

b= [ie ™7 #5.6)

T. €. [(0CPeACTBOM OGLUNOrO Npeofpasopanus dypue.

TIpesocrapaseM yuTarello B KayecTBe 4PE3BLIYANHO [10CIHOTO
C2MOCTOAITEILHONO  YIlpaKHEHHA YGEAHTBCA € NOMOMILIO (OpMyJhl
(4556) B TOM, YTO OneparOpH KOOPAH(ATHl W HMilyabCa KMer
B p-nipeicTapienun BUL (45 4).

B xauecTBe H3TuIOTO MpUMepa NPHMEHEHNMS p-NpEACTABJICHHS
pelIMM CAEAYIONYIo 3a7lady: OMDENENHTH pACNpEAETEHHE BEpOST-
HOCTeHl pa3fHYHbIX 3HAYEHHE WMOyabCA B A-M CTAHOHADHOM CO-
CTOSHHH JMHEAHOFO rapMOHHYECKOTO OCUHILIATODA.

Kak mor Buneaun 8 1. I, § 159, nopmnporannas sosnopast hyHE-
LHA TAKOTO COCTOSIHHA B X-TipelCTaB/IeHHH NMeeT BHA

«pn(x):(%)%e‘%"ﬁn(l/%m—*) #5.7)

Cornacto o6uiedi dopmyae (44.19) Hekomoe pacupeneneune Be-
pOAATHOCTEA GYAET TAKHM:

V(0 =] [ ¥ %, (0 ax[, (45.8)

Te Pn (%) Aaetcs GopMydaoit (45.7), a by (X)— popmysoi (44.22),
BuivncaenHe 3T0ro HNTErpafia sIBASETcss BecbMa TpyJOEMKHM Je-
oM R Tpe6yer XOpOWero 3naghf CBOACTB MOJHEOMOB Jpmnuta. 3a-
Mevasl, OAHAKO, UTO MOA 3HAKOM monyis B (45.8) cTOMT BOMHOBas
(QyHKIIRA Pn(p) A-TO CTANMOHAPHOIO COCTOSIHHA B HMIYAbCHOM
OpeiCcTaBieHHi, MOXKHO NOCTYNHTL CHCAYIOWHM 0BpagoM.

3anuwen ypasuerne Llpeannrepa mis ocunintopa

22100+ X )y = B b
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B MMITyJbCHCM  [IDEICTABJICHHH, NOACTAB/NA B (ero BHPQ)KEHKF'
(45.4) An17 ONePaTOPOB KOOPAMHATH H HMmyJILCa:

2 CR
T b o) — - TR Dy (), (45.9)

Ecan cpasants 310 Anddepennmanbhoe ypanhenne ¢ ypabuenem
OCILEAIATOpA B X-}pCACTABICHHH:

B2 d%pa (%) mw?

—_—— ilandgVE —

5 de Tz S ()= Extp, (),
TO MU YBHAHM, 4TO C TOUHOCTBIO RO NepeoGOsHaueHHs Kosbdu-
LKERTOB

me? 1

7 o

1
T. B er—-,
i

oun cosnanaot. Iostomy, yunresas (457), moxno cpasy samu-
€aTh HOPMHMPOBAWHOR pElICHNHE ypasHenus (45.9):

t —
B () = (e Vi i
(0 (V,mm) e e Hn(l/mh p)A (45.10)

Ho xBagpaT Monyns 3TOH BONHOBON (YHKUMH, KAK CKAa3aHO Bbie,
¥ OTpefieliAeT HCKOMOE paclpeAenenie BepOSTIOCTell HM(ybCoB,
TaK 9TO Mbl HOJNydaeM HYXKHBIH pe3yibrat:

- ) -
W, = = mok g2 P
(=1 (1) P =g e ™ H“(ym)' (5.1

e BLUHCISA Upe3BLIYANNO CAOKHOTO HETerpana (45.8).

§ 46. duepreTHueckoe npencTaBacHHe
O6partimMes Teqepb K ypanHeHIo Hipenunrepa (42.9):
UL AGY I

in S = H (1)), (46.1)

Ecau ramMnaeTOHRaR /{ ABHO OT BpeMENH He 3aBHCHT, TO 310 ypase

HEHHE MOMKHO peilath METONOM pAa3/eeHHst nepeMeHHulx. Paccyx-

nasi TOYHO TaK e, KaK B § 21, Mur 10nyunM, 9TO OHO HMMeer Cae-
AYIOUIYIO CHCTEMY YACTHLIX perneneii:
i

— Bt
IWe®y=e * |4g), 46.2)

T/le BeKTOpW |$g) OT BpeMEHH yke He saBuear. Kak Bexrop
|¥E(f)), TaKk H Bektop [ir) ABAIETCA COGCTBENNBIM BEKTOROM
raMHAbTORWAHA ¢ COBCTRENHbM sHAueHueM E:

’ HIWe )y =E| ¥g () (46.3a)
H{$g)=E |g). (46.36)

H
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Beuay sBHO BEIIENENHON DOJM CaMATLTOHHAHA B KBAHTOBOM
MEX@HHKE, 3)€Ch YacTo GblBAeT YAOGHBIM HCNOMb30BAHHE IHepeeTu-
ueckozo npedcrasrenus, 6a3uc B KOTOPOM OGPA3YIOT COGCTBEHHbIE
BEKTOPLI | hg) 3TOro oneparopa. OCO6EHNO NOJE3HBIM OHO OKa3LI-
BaeTcsl B TeX cJyuasnX, KOGAA CNeKTP FAMAJBTOHHAHA YHCTO AH-
CKpPETHHIAl, 4TO B AazbnefilleM H 6yIeT Npeamosaratbes. Kpome
TOrO, Mbl GYAEM CUHTATh, UTO KAKAOE COGCTBEHHOE 3HAYCHHE sB-
JAETCH HEBBIPOMKJIEHHLIM.

O603HAURM COGCTBEHHLIH BCKTOP |g,) FaMHIBTOHHAHA, COOT-
BETCTBYOwMHl n-My COGCTBEHHOMY 3Hauennio En, pagM KpaTKOCTH

npocro uepes |n):
H|ny=E,|n). (46.4)

Toraa ycloBUs OPTOHOPMHPOBATHOCTH W NOJIHOTLI GasHca B 3nep-
FeTHUCKOM MPeACTABeHHY GYAYT 3aTKCHBATBCA B BHAE

{m|n)="08mn (46.5)
S nyn1=

JI1060€ COCTOAHHE B SHEPreTHYECKOM TNPENCTABIEHHH ONHCLI-
BACTCA COBOKYNHOCTLIO KOMNOHENT

(I (@) =ca (1), (46.7y

(46.6)

KOTOPas ABJAETCH BOMHOBON ()YHKIKEH 3TOFO COCTOANHA B BhIG-
panHoM npejcrapiennn. OnepatopaM aMHAMu4ECcKMX NePeMeHHbX
COMOCTABMAIOTCH MATPHIB!

Fug=(m |F|n), (16.8

KOTOphie He 3apucAT oT spemenu. Cornacno (43.9a) marpuua ca-
MOTO IraMH/BTONMENE GYAET AHArOHATLHOM:

Honn = Enba. (46.9)

Tlepennmen ypapuenme Llpennmrepa (46.1) B sueprernyeckom

npencraBaexun. Jlin 3TOTO yMHOXHM €FO c/ieBa CKaaspHo Ha (n
H BOCMO/b3yeMCS B NPABOJ YACTH YCAOBHEM NOJHOTH (46.6):

] k4

i ZTO) a1 ) = B w1 H |y m 1 ()
Brponst o6osnauenns (46.7), (46.8) W yyMTEIBaA AWATOHATBHOCTH
MaTPHULI raMHIbTOHKENA (46.9), ypaBmenue Llpexmmrepa moxuo

6yaeT NPeACTaBHTh B COBCEM NPOCTOM BHJE:

in 2ol — po.h, (46.10)
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OHo uMeeT pemenue

ca(By=cy(0)e 5, (46.11)

Cocrosine, BOIHOBAS (YHKIMSI KOTOPOTO WMECT JMb ONHY He-
HYJEBYIO KOMIOHeHTY Cx(f), o6aazaer ONpene/enon 3Hepruei,
T. €. ABAACTCH cTaytoRapHsim B cMucae § 24, Ero sasacaMoctb o1
BPEMEHH TOMHOCTBIO ONPeNensaercs SKCTOHEHUMANbHLIM —MHOMu-
TEJIeM,

B coorserctBun ¢ o6weit qopmyaoir (43.11a), CpenHee 3nade-
HUE RUIAMHYCCKOH NEepeMeHHoH F B cOCTOSHH f‘l’(l)) pasno

(Fyp= Z Fpnl o, (0. (46.12)

Jlng camore raMUAbTONHAHA STO BHpAKEHHE nPHOGDETAeT OCO-
GEHHO JIPOCTON BUA:

Hyy=ZE,lea(F =X Eulea O F. (46.13)

rA€ UpH Nepexoje K nociefueit GOPME 3aldcH WCNONB3OBAHO CO-
orHomenue (46.11). Takum 06pasoM, cpefHee 3nageHue Inepriu
HE 3aBHCHT OT BPEMEHH, KAaK 3T0 U AOMKHO GLITb, NOCKOMBKY OHA
SIBASETCS. COXPAHAIOIENCs BeNHYUHHOIL

Kax nokasvisaer o6was GopMyaa (43,13r BEPOATHOCTL MO~

JIy4HTb TIpA N3MEDPEHHH IneprHil B cocTosnnn |W(#)) ee suauenne
E, pasua

Ww (Ep)=|ca(t)|'=]¢a(O) P, (46.14)
OTKYAA CTANIOBHTCS NCHLIM (QHIAUECKHI CMBICH BOMNOBOH (hyHKIun
ZAHHOTO COCTOAHHSA B PEPTeTHIECKOM NPEACTARIENHH,

Hrorna npuxofntcs uMern neno ¢ marpunamu oneparopos F,
BRISHCACHIBIMA B Gasuce, KOTOPLiii OGPA3YIOT 3aBHCALHE OT Bpe-
MEHU BEKTOPH! THNA (46.2):

| n(ty) L . (46.15)
B s1oM ¢1ydae MaTpHuila
Fun(={m () |F |2 () (46.16)
TaKke sfABIAeTeA QyHKuned Bpemenn. Oyesuano, yro
Foun () = Finge™me, (46.17)

TA€ MaTPHunbIe SMEMENThl Fmn ONpexedaorest Gopmy.oi (46.8)
M HE 33BHCAT OT BPEMEHH, a

—fn (46.18)

Omn =
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Bennunny wmn Wa3bBAIOT «YACTOTOR Hepexoma» MekAy COCTOR-
HusaMu |m) w0 |n). Ougdepennnpys (46.17) no BpEMEHH, NOTyynM

LB s F o (8 (46.19)
H

q2F ]

Lol — o1, 5, . (46.20)

Takoro poma ¢opmasuam emecre ¢ NIepeCTaHOBOUHEIM COOTHOI[IE-
HHCM LR MATpHL XOOpJHMHATH H HMIyNbca G TeM (yHiamer-
TOM, Ha kotopom Bopu, Tefzenbepr n Hopnau TOCTPOUIH B 1923 .
NepByl0 3AMKHYTYIO CXCMY KBAalTOBOI TEOPHH — «MaTpH4HyO Me-
XaHHKY>.

B saxmouenne sroro maparpaga TOKaKeM, Kak ocymHe-
crBaneTcs ne({;exon OT KOOpAMIIATHOrO K 3NepreTHYECKOMy mpea-
cranaennio, Coraacho obuiehr popmyae (43.156) mns Boanosorn
(GyIKIKK uMeeM

e, (= { ¥, (5 ¥ (x, Hdx, (46.21)
D@ tn (X)— COBCTREHHAA ¢yUKLMS raMMILTONHAHA A, neficteymo-

Wero B npoCTpanctse (QyHKUMH W(X) KOOPAMHATHONO Mpexcias-
Tenus.

At (1) = B (). (46.22)
Jas matpuitut oneparopa F (43.166) naer
Fon== [ W0 () P, () dr ax’,
HIH, YUHTHIBaA (44.14),
Fow=[ 9,00 Py, () dx. (46.23)
Ten cambiM o6muit opmaausy, PasBUThl B RaHHOH raase, mpi-

BOAHT HAC KO BCEM OCHOBIIBIM COOTIOLICHHAM KBAHTOBOR Mexa-
HEKN *) |

5 Ex. panpuep, A Nannay. £ M JTugua, Kearosna wexa-
ik, Busuatrhs, HACTHOCTH, SUEPrETHIECKOS MPECTADACIHE Paceso.
Tpend n § (1 STOR Knkrh. 7 e paccuo

TJTABA IV

ONHOMEPHOE JIBU)XEHHE

§ 47. O6me CBO{ICTEA ONHOMEPHOTO ABHMKEHHA

B rnase X[ nepsoro ToMa Ml paccMOTpEdR pRA NpOCTERuIHX
3aRad, pemaeMhx npd noMoumH ypasHeuus Llpeausrrepa. Bee stn
3afa4d OTHOCHJHCH K OJIHOMEpHBIM IBHKEHHsIM, T. €. K [BHiKe-
HHAM B 00JIAX, B KOTOPbIX NOTEHIHMAbHAN 3HEPrHs 3aBWCHT TOMb-
KO OT 0AHO# KoopinHaret . B s1ux sagavax w xapaxrep noas
€ MeMbo yNPOBICEMS PACUeTOB TaKke BHIGHPAJCA Npefenslio cxe-
MarusHpoBaHueM. Hanpumep, pemanace safaua 0 nepexone 3
O4HOTO TIOYAPOCTPAHCTBA K TPHMBLIKAIOWICMY K 1EeMy ApyroMy,
npuucM B 0BOHX NOAYNPOCTPANCIBAX NOTEHUMATbEAA SHEpris HO-
cromma. B srom caysae ma rpannue obaactell norenundanbuas
SHEPTHY H3MEHAETCH CKAYKOM H <KpHBAsl» 3aBHCUMOCIH noTet-
UMAALHOR SHEpTHE OT KOOPJMHATLL ¥ 06pawaetca B JOMaHyIo JH-
1Mo, npeicTaBnenuylo ga phe. 10 n 11 Tpaguna Mexiy nsymsa

£

Puc. 10.

06racTaMH B TAKOM TNoJde B KBAHTOBOH MeXanuke HasbBaercs
«TIOTEBUHATBHLIM 6apbepoM».

Hapany co cayvaem, xorna Taxoit Gapwep pasjenser ise 06-
21aCTH, OrpanMyeHNbe TOAbKO € ONHOA CTOpOHLI, H KakKias Xapax-
TepP3yeTcA CBOMM NOCTOAHHbLIM 3HAUEHHCM NOTEHUMATd, MBl pacs
CMOIpeNl caydail 6apbepa KOHEWHOH WHpHHM, T. € [OMs, KOTo-
poe paaGuBaercs Ha Tpu 06JaacTH, MpHueM B obaactH I/, Emeionied
Komeutylo mpuuy, notenunan Uy > Ur u Up > Ussp. Haxoneu,
MBl PaccMOTpeaH EpOTHBONCIOKHEIR CTyyall, T. €. NOTEHUHAIbHBIH
SIMK HIM KIOTeHLUANBHYIO sMy», Korfa Uy, << Uy v Uy << Uy,
nprues A5 MAKCAMAJbHOr0 YNpOWIelHA 3aiadi (peAlloNOKHIH,
uro Gapbepel, orieaaomue o6racts /1 or obaactn I w JI, 6ecko-
HCYHO BHICOKH B CIyude «HI[HKa», a «iaMa» GECKOHEYHO rayBoKa.
JIpyrumu cioBaMy, Mol NpeIAOJMOKWIL, 4TO 310 MOJC HMCCT TAKO
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XapakTep, UTO «KJAACCHYECKAS» 9acTHUA, ABHKYMIAfca B HeM
{T. e. yacTHUa, NONYHHAOUAACH 3aKOHAM KJACCHUECKOl MeXa-
MUKH), R TIDH KaxOil 3ueprdd He MOXeT BbiTH 3a Npeean 06-
Jiacr I

He montopais BHGHCACHHI, NOJHOCTHIO NpHBeAeHHBX B K. XI,
T. I, Mul nayomnaeM Ana yno6erea wuratesst (pue. 10w 11)
OCHOBHBIC PCIYALTATH, KOTOpLIC OTNHYAIOT NOBEAEHHE KBAHTOBON
YAaCTHUb OT KIACCH4ECKOR B OqkcagublX noisix. Ha rpamnue o6na-
CTCH, PAZICAREMbX NPOCTLiM 6apbepoM, NMOBefenHe KBARTOBON ya-
CTRUbL CYINECTBe((((O 3ABMCHT OF COOTHOMEHHN MCKAY MOAHOT
shepricit £ qacTHUW B o6mact#t | W noteauMa’ioM oGaactd /.
B cayuae, korna E << U, ka as yacTHLa, Ha, a1 da
Gapuep, OTPAKAETCH TOYHO KA Gapbepe U He [POHUKACT B 06-
Jacte [, TAK KaK JJIA 5TOr0 y Hee He XBaTaeT 3HepruH. Hanporus,
KBa((TOBAAl YaCTHUA MpOHHKAT 1@ HEKOTOpOE pDACCTOXHHE B «3d-
fipeldeiy0» 06/acTb // u TOAbKO 3areM NOBOpAYiBZET O6PATHO,
BHOBL TePEXOJs B 061aCTs [, Tak Yt0 NOMubiit KosGduumenT orpa-
HKeNHsA U B JTOM Caygae paBeH CluHHyeE,

Ecau E > U, 10 Kpacchucckas wactiua ¢ N0CTOBERHACTEIO apO-
xopAt naf GapbepoM B o6nacte I/ W 6CCOPenaTCTBEHAHD JRHKETCH
TaM NIabLIe ¢ COOTBCTCTBEHHO YMCHBLIBIHON KHHCTHYECKOR 3nep-
treit £ — U. KpauToBasi e 5actuua u B 9T0M Carydae UMEET Ompe-
L€V CHHYIO BEPOSITHOCTh OTPR3UTLCS M ONPEACICHIYIO BEPOATUOCIL
npOiTH naabue.

Haxkonen, B caysae 6apvepa komewnoit mupunst mpy E < U
HanGonee 3aMCyaTenbaoe CuOfCTBO KBAHTOBLIX YACTHI COCTOHT B
KOHCYHOl BepOATHOCTH NDOXOMICHUS TACTHLB( CKB036 3ATpEILeH-
Myl 0621aCTb, TAE €€ NOMHAK IHEprHs MCHBIIE [OTEHLHANLHOMN,
T. €. KH(@THYeCKast 3Hepréd oTpularciabua. Takue nepexoas B
KBAHTOBOM MEXaHHKE HA3BBAIOTCR «TYHEABHLIMHY.

Yio xacaercs clyyas KBaHTOBOM udCTHLL, 3aNepTofi B sAmHke
¢ GecKOHEY(0 BHICOKHMH CTCHKAMH (HJIH, YTO TO XKe CaMoe, B Gec-
ROuew(@ IMyGOKOR NOTEHIMANbHON ME), TO OCOBEHIOCTD B 3TOM
Caydae COCTOHT B TOM, UTO OrpanHgense 06aacTH cBOGORNOrO JBH-
JKeHHsl YaCTHUbl [OCTATOYHO MJIst BOZHHKHOBEHUS KBAKTOBUHHHLY
YPOBHCH 3HEprHH, XOTA NOTEHLHAT B 3TON OGJACTH MOKET OCra-
BarbCHa PABHBIM NTY/TIO.

B nacrosmreil riase Msl NOKaXeM, 4To BCE 3TH cBoeoGpaspble
0COGeNHEOCTH COXPAHIOTCA NI OJIHOMEPROM IBHAKEHHH B ONgX ¢
MeHee CXEMATH3UPOBAHHLMH CBOHCTBaMM, x0ra ypaswemne Ilpe-
JUHTEpa B 3TUX 6o/ee OGLIX CysasX MOXKET TOWHO H He pe-
watecd. B gacTHOCTH, B sI0GOM NOJE, KOTOpOE XapakTepUsycrcs
TOALKO TCM, UTO YaCTHIa «3amperTa» B HEM, T. €. ee noJgas suep-
rua E meHbme noreRuMatsHolt U Bre obnacTu (PMHHTHOE nBixe-
HHE), 4QCTUYA OOANCHA 064A0T6 HEGHIPONCICHHOLL YpOsHem Inep-
euy, D10 CBOHETBO, 1(a KOTOpOE HAM NpHAETCHA CCHLAATBEA B fladb-
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(€HLICM, I ONHOMEDHOTO [BIXKEHHs MOXKHO Jerko NOKasarh, He
npuberas k pemein:o ypassenns Lpeauarepa. Hycre W, u e 6y~
AYT peUleRHAME ONHOMEPHOTO ypasnends Llpeanirepa
d* 2m
LI E—Um =0,
R TUPEANOIOKHEM, 4TO DEIICHAST 3TH BLIPOMKIAEHBI, T. €. YTO 06a oM
COOTBETCTRYIOT ONHOMY M TOMY Xe YpoGHio sheprud E. B Takom
cayyae
” "
b _ 2 b2
—= U—E=—.
w5 ¥s
3Aeck BBENCHO 0603HAUCHIE
v

d%yp

dit

O1ciona

e e
Wirerpupys, nonysacm
Yo — $ip, = const.
p2 =0, To const
Witk — i, =0,

Tax Kak Npn x = oo Pu

oTKYAA
¥
D
Wnterpapys cme pas, naxomnm
P = const i,

OTKyAa cIenyer, 4T0 06e BOMOBLIe GY(KUWH NO-CYymecTsy COBNa-
HAI0T, 14K 91O YPOBEHDb SHEPIHH ABMACTCS HEBHIPOXKIEHHbIM.

B cnenylompx maparpadaXx Mt paccMOTPHM [Ba CYYAS OJHO-
MepHOro aBwkeaHs. IlepBblil cilyuaji — ABHKEHHE 4aCTHUBI B M0~
TEHUHAILHON AME KOWeWuOl TIuy6HHbl, T. €. CJIyuad GuKHTHOrO
ABWIKEUHA, H BTOPON— Cay4aii CBOGONHOrO NBHKEHUS KBAHTOBOST
dactiuel. B uepsom cayuae ypasuenne Ilpennurepa npuscner Hac
K JIACKDETHBIM YDOBHAM SHEDIHH, B NpEIEibOM Clyyde Nepexo-
ATUIAM B YPOBHH G6CCKO(eyHO riy6okol smel, CONTACHO TOJLKO
YTO JIOKA3aHHOR TCOPEME 3TH YPORKM HC BHIPOMACHHL. Bo-Bro-
POM — SHEFHS DACTPENENACTCH  deHpef , HO | ABY-
KpaTHO BL(DOXIEHO. Hakoneu, B 3aKaI0qCAHE Ha NpuMepe OIHO-
MCDHOrO JIBWKEHHS Mbi MOK&OXEM NpH NOMOMH IpaGausKes|ioro
merona Bewruena — Kpamepea — Bpunliosna, gto Mexay xiaceu-
9ecKoil MeXaNHKOM, KBayToBaiMeM ABRkenws no Bopy — 3omumep-
Qembay M KBAHTOBOH MeXaHHKOM CYDIECTOYer HenpepblBibi ne-
PEAOL.
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§ 48. MNMoteBunansHolii AMUK

B KauecTse npocTOro npUMepa 3anaud. npHBOAMWER K auC-
KpeTHblM 30aYEHUSTM IHEDIHH, PACCMOTPUM JIBHXKEHME B yoOJe, No-
TEHIHAA KOTOPOTO npeicTasied fa PHC. 12, T. €. B «OTeHUMATb-
HOM sBKe» KOHEdO rAy6unsi IlpernonoxuM, dro uyacriua,
cpAsaHHas BHYTpH #lHKa, OBJanact Hexoropoit sueprueh E. Jas
CBA3anHOl YACTHIBL 10HAS SHEPrAf AO.DKHA 6biTh OTPHUATCILHOM
u Up> T, HO MOCKOJLKY HYI€BOE 3HAYEHNE 1(OTEHUHANbHOH IHep-

THH  nNpOM3BOMLIO, Mbl  BLOCpeNm

4 €l0 TaK, 4TOOH OTCueT 3IHepIuR
MOJKHO GLLIO BCCTH OT «La» SIHH-
ka. Jlas nons, H306paMCHIOro HA
13 puc. 12, Bce NMPOCTPAKC[BO MOXKHO
pas6HTh Ha cuefyouipe TpH 00-
JACTH:
£ Uy, X< —a,
Uixy)=4 0, —a<x<a,

Uy, x>a.
Puc. 12 Cxema moTeHUHAJbROTO
suuKa KoHeynall rayGuns. Ecau  BLIGPATH  HAnpas/CHAC
ocu X 1ak, uTo6u (pYHKUUA § 3a-
BHCENA TOJABKO OT OJNOH KOOpAMHATH 1 == P(X), TO 3ajaua CBe-
ZeTCs K pelieHno oaHoMepnoro ypasenns Llpeautrepa
h2 d®
Y Uy =Ev

T om dx?

-
1y
=]

- +a E3

(48.1)

JBSL TIOR#, 334aWHOrO 3avueHHAMH MOTCAUKANLHON IHEpTuM, COOT-
BETCTBY/OIMMY pUC. 12, MPHUCM U3 BOSMOKITHIX PCHCUHH RODKHLL
6LITb Bu6PaHbl TE, KOTOPble NOLYHNAIOTCS CTANAAD (HBIM YCIOBHAM
HEIPepHIBHOCTH M KOHCYHOCTH BO BCEM MpOCTpancrae.

B oganacta J// U =0, u ypasHenue (48.1) npumumacr BHA

> 2
d;f +T"z' Ey=0.

Bpons 06031a4cHie

(48.2)
anBOuHM ypanHeHue Ulpeﬂnﬂrepa K BHILY
p
d;& + knp =0, (48.3)

Ero yacrnble petlenns

P —coskx, sinkx

il

548 TOTFHLIMATBHLIA 11K 179

A5 MaCTHIVM, NOAMMHSUOWIENCS KNaccHueckoll Mexasmke, mped-
CTaBAfIOT rdpMOHHYECKUE KOAe6aHHA. B COOTBCTCTBEM ¢ 3THM MH
OyNEM HA3EIBATE TAKHE CUIEHHS OCHHILIATOPIAIMA.

B o6aacrax // u /1, roe U o > E, MBI BBELCM 0603Hauenne

V B U5y =« (48.4)
# nepenuienm ypasnenne (48.1) ¢ 2THM oGo3HaveHUCM:
d? 2
by (48.5)

P(‘_LU(:HMFI B 3TOM CJy4Yyae HMEIOr 3KCMOHEHURAJbHDBIH xapamep
p=exrx, (48.6)

Lan ymosnersoperns crammaprusix yeoBHit peltetms aoammat
y6uBaTL Npu 6€3CpanHyHOM Bo3pactaHui x. [losTomy B o6aacth /,
rine x <0, B (48.6) cienyer Basth BepXHUMl 3HaK, a B ofaactu /]
(x > 0)— wwxanik. Cregyer cpasy o6paTHTb BpuMaHue Ha TO,
4T0 HACTHUA, MONUAHAIOWAMACH K.1acCHY9eCKOil MeXaHHKe, 3a mpe-
AeabBl SWKKA BBITH fle MOXET BBpay TOTO, Y10 1aM ee jOTen-
LHANbHaA IMeprHs mUpesbiliaeT MONNYIo, # UacTHUA HeCNocoGHa
HpeolofeTh Gapbep (Cp. ¢ COOGpAaMEHHAMA N0 MOBOAY 3anaud O
6apeepax, 1. I, § 153). Tlosromy mia kiaccuyeckoll wacrunpl, pa-
XOIsueHcs BHYTpH AMHMKA, TOYKH C KOOPAHHATAMH X =g

X == -—a JBINOTCA TOUKAMH TOBOPOTA B KONEGATEAbHOM ABHIKE-
nie. Hanpotus, aan «xpanroBoii> Yactmus mMeercs ompegench-
11ast BEPOATHOCTb GhITh O6HADY)KEHHOH Bre NpeledoB sumika. Kax
noKasuisaer pellense (48.6), ara BepoATHOCTL, paBHan | |%dx npu
X<{—a U X>>0a, IKCNONCHUHANbNO Y6niBaeT, HO oda HE pasHa
WYMO TpH yCAOBUH, HTO Up— BHICOTA CTCHOK SIMIMKA — HMEeT KO-
Heqnylo Besuduny. C 3THM XapaKTepHbiM KBAHTOBEIM CBONCTBOM
MHKXPOUACTHI, — UPOHHKATL B OBJACTH, 3aMpemCHHbe AJS Khac-
CHYECKHX YACTHI, — MLl Y€ BCTpeTH/IHCh B UHTHpOBakHOM § 153
[epBOro TOMA; TaMm e 6bli0 (cTp. 500) pasbsicaeHo, noyemy aro
CTPAINIOE € T0YKH 3PEHHs KAACCHIECKOH (HIUKH CBOMCTBO MHKpO-
YACTHI HE TPOTHBOPEUHT 3aKOHY COXpaHeHHs Syeprit.

Mbt MOTYUHAN peIeHHs ypaBnreHHs Hlpeannrepa Aas Kaxnoh
H3 Tpex obiacreil. Teleps Mbl NOKHEL <CHIHTL» 3TH peliedHs na
rpaHHUC 062aCTed" TaK, YTOBLL - pYHKLHA NpeACTABISAAACE BO BCeM
MpOCTPaKCTBe neNpepuibnok W raaaxkoll KpHso. UroGul Kpubasm
Gbina HeNpEpHIBHON, OCyuAAUpYOUjtie pellienHs UpH x=a H
X = -—a JOTKHE COBNA)aTh C IKCNOHCHUNANbBIMH, 8 UTOGH KpH-
Basl GLVIA rAaAKOR, NOMKHb COBNANATL TAKKE H MepBLie MpoH3-
BOANBIE (YHKUIA B «TOVKAX nooporar. Cpasy AcHo, 4To 3TH Tpe-
GOBAHHA OLHOBPEMENHO MOrYT 6b(Th YAOBJETBOPCHB 10/LKO B HC-
KOTGpBIX 0COGbIX CAyyasnx.
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Hafinem cuavana ycnopms uenpepuisHoctd. OueHgHO, npexie
BCEro, 4TO BCMENCTBHE CHMMETDHH MOJS NOCTATOUNO HANTH 3N
ycnomus Ha oXHON W3 rpamni. BuiGepem ¢ 3Tofi meabi rpaxuwy
obBaacreft {{ u {{{. Janee 0TMETHM, 9TO TaK Kaxk

cos(—w)=cosa, a sin(—a) =—sina,

TO B 06macTH /[ pemlcHMsl NPHHAATENKAT K ABYM DPASTHUHEIM Td-
naM: OfBH 1PEACTABAAKTCA ueTiol (yHKUMel, Apyrie — Hever-
Hoit. PaccMorpuM chavamna ciyyail YeTHONG peleHHs:

Py = Acos kx, (48.7)

rae A —mnopmupymmas nocroannan. JIst cobiionetis Tpefopa-
HAA KON@UHOCTH PH X —> 00 B 06aacTu //{ Pemenne 10QKHO upel-
CTAaB/IATBCA SKCIOHEHNKATbHO yObBalomed GyHKiaeit

Puy = Be=**, (48:8)

rae B, kak m A, uOpMHpymomas nOCTOsHHas. Ycnopie HEMpephis-
HOCTH TPEBYET, STOGH PR ¥ = 4 HMEJIO MECTO PAaBEHCTBO

Acos ka = Be-*a, (48.9)

OnHako Kaxe NPH COBMIONEHNNH STOTO YCAOBHS TIPOA3BOLHAN (HyHK-
umK npH X = a, Boobwe ropops, nperepnesaer pasphis. Ytobnl mpit
nepexone M3 OAnOR oGNacTH B JAPYIYW OYHKUHSA M3VeHaaach
TJIafIKO, TOMKHBL GLITL PaBHEL TAKIKE IPOHIBOAMbIE

(), =) (#8.10)

Moo 610 bl 3anHCaTh 3TO YCHOBHE B ABHOM BHEe H pe-
WHTL HAONYYEHHOE YpaBHEHHE COBMecTHO ¢ (48.9). Ozmmako Mul mo-
AYyHM Pe3yqbTaT Topasino GbicTpee, ecid NPHMEM BO BHAMAHH,
uTO N0rapudM 1 H €ro mepsas APOHIBOAHAS HENPEPLIENH H Orpa-
HHUYEHLI, €CAH HCTIPEPHBHA U OrpaHHueRa .

Kuest 510 8 BHALY, MOXIi0 CHauata TPOJOrapadMUPoBATL O6E
uactn dopMyas (48.9), a morom nposupdeperuHporats. [Tocroair-
Hue A W B npn stom mekmouaotest. K TOMy we pesyasTary Mit
NpHIEM, €Cin Ccpasy NOTpefyeM HENPEPWBHOCTb Ha Tpauue abaa-

N . - d
cTei OrapHGMETECKOH UPOIBONION, T. €. —-2L  Hrax, w3 ye-

(_‘_ d‘l’u) =(_l_ '“bm)

Yy dr fig Y A g

npuniMas 8O BuuMaHue (48.8), (48.9) u (48.10), noayuaem
ktgha=x. (48.11)

UpraTei0  NPefOCTABAACTCS aHAJIOTAMHHM CHOCOGOM yGexdThCs
B TOM, YTO B Cayuyae, KOrja 1y Bbipamaercst HCUETION dyurumMeR

JIOBHSL

§ 48 OOTEHIMANLHEA SIIMK 8t

Vi = A’sin ks, YCIOBHA KOHEUHOCTH H NENMPEPLIBUOCTH MPHBOMST
K TpeGoBaHHQ

ketgha=— (48.12)
Brunnwenm teiieps dopMyay (48.11) B ssuoM Buge, npunumas
BO BHAMaHe Bulpaxends k H x u3 (48.2) u (48.4), IToayunn

(5 E)"’ tg (7 Eat) = [ 2% 0, — B)]"., (48.13)

Tax Kak efHCTBeHRas BeIHuMHA, KOTOPOH Mbl 31ECh MOXeM pac-
TOPSUIATLCS, €cTb 3Heprua E, to coGmonenne ycaosusi (48.13)
BO3MOXKHO TOJbKO TNPH ONpeieNenHoM 3HaueHn” E£. AHajoruyuo,
coBaioneHre yeaonHs (48.12) NpHBEAET K APYTOMY, HO Takie Ha-
GpaHHOMY 3uaUeHHIO InePTHi, a oba ycrosun (48.12) u (48.13);
NPUBOOAT K OUCKPETHOMY CNEKTPY YposHell SHepauu 4acTuybly
3anepToll 8 NOTEHYUALLHOM RUIKE CO CTEHKAMU KOREUROH B6iCOTOL
(nnm, 4To To Ke caMoe, TMOTENIHANbHON SIMb KOHEYHOH rnysuuu)‘.
Ewle pa3 nofuepkheM, yTO 3TOT BAKHLI BLIBOL NOJAYYHICA TOABKO
B pe3yibTaTe NOAUMHEHHs peuleHuit ypasuennsa Ulpemnurepa cran-
ZLAPTHLIM YCJIOBHAM KOHEUHOCTH H HENPEPLIBHOCTH.

Ypaenenns (48.11) m (48.12) ABASIOTCH TpAICHEHACHTIBIMIE
YPaBHEHHAMY OTHOCHTENbHO E. OHM MOryT GbITb peweHst rpadu-
ueckn. OnHwey chucaylomuil npocToli ¢noco6 peweHnsi, o6parus-
WHCh CHavata K ypasHeunwo (48.11), BrefeM 0603HaucHHS

E=ka, n=mna. (48.14)
Ymuomasn obe uactd (48.11) ua g, moiydacM B HOBHX 0GO3Haue-
o stgi=n. (48.15)
Masnce us (48.14), (48.2) n (48.4) naxognm
gpatma? (2-h) = [ 6 (Uy—E) + S 08| = 2108 (45,16

Sgofypa‘r/mcn-me OKPY2KHOCTH B KOODIMHATAX § H 1 C pamAycom
i i
(T Uaaz) . Mckomble yposHs 3uePriy MoJIydaioTest B3 TOYEK nepe

cevennst KpnBoit n = E1g & ¢ OKPyKHOCTbI yKasaHHOro paguyca, Ha
puc. 13 npuBeseno coOTBETCTBYIONEE NOCTPOEKNE A5 TPEX 3HAYEHHH
Uga®. [TepsbiM ABYM 3HAUEHHSIM COOTBETCTBYIOT TO OIHOM TOUKe -
peceveuns B MepBoM KBalpaHTe (§ M m MOTYT NPHHHMATH TOJLKO
MONOXKHTE bHEE 3NaucHAAl), a TPeTbeMy — JIBe TOUKH TePeceyenus.

Ypasrenne (48.12) naa cayvan uewerhmx peenuii B o6aacrd
{{ npuBeser B HOBLIX OBOSHAMEIUIX K YCJOBLIO

n=—Ectgs (48.17)
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COOTBETCTBYIOIME 3HAUEHHR IHEPLHH [OMYWHM, pemas rpaduue-
CKH 3T0 ypaBUEHHE COBMECTHO C YpaslieHUEM OKpYkHOCTH (48.16).

A . [ ]I i
31 T 1 L .
p-stis 7] | yestgt—]
2 \I ,,a?=rz>\
=2

, \
\ee-2t X

| /] =

del

Puc. 13. [pagpuacckoe petscnue ypasuesnns (48.11).

4 1 2 3

Tloctpoenre, mpunelensoe Ha puc. 14, noxaswBaer, uro mas
:
Ust’ — 57 Depecevenne OTCYTCTBYET, a AM% CIEAYOMAX JBYX

HMeeTCH O OIHOMY Tepecevennio. HTak, Aas Tpex moCAefoBaTedb-
sbix 3nauennit Upd® nonyuaem COOTBETCTBENIO, YTO HMEETCH OMMH,
JBA M TPH YPOBHS 3HCPTHA,

7
3

——%HZ:IZZ? \l
/ Ecty 'I"gﬂta
Al
/ H
4 1 2 3 $, T

Pic. 4. Tpadnueckoe pewenne ypanuenns (48.19).

B 1. 1, § 156 Mw paceMoTpean sanady o wacTHue B NMOTERWHAMD-
HOM AIKKE C GECKOHRUNo BLCOKHMH MWAM, Wiiaye, WIeanbho Thep-
JBIMH  CTCITKAMH (U(]HOO). Met pokasann, yro mas wacrmun B

§ 49 CBOBOJIHAS UACTHLIA 183

STHX YCMOBUAX MMEETCs! GECKOHEUHOE WHCO YpOBHell Heprum, Bbi-
paxaemuix QGopmyaoi

n2h?
L (48.18)
Has komTpons mamwMx pesyabTaToB nOKANKeM, uTO  (OPMyME
(48.12) n (48.13) B npemcaswom cayuae Up— oo nepexonsr B
tbopmyay (48.18).

Gopuyaa (48.11) nacr

E,=n®

tg ka (48.19)
Mpu Uy-> oo mpasas wacTh »T0il (HOpMYNE CTpeEMHTCs X o0, J1o
30a4HT, 4TO B npesene
n
ka==n- (n—nueuernoe),

OIKYyAa, NpHHUMAS BO BHEManHe BHpaxemne Ans k (48.2), mo-
aAyuaem
o m?ht

2ma?

E, 3 (n— enioe HeyeTnoe).

Hs popmyan (48.12) nas cayuasi neveTHOH -pyRKUMN analorui-
HLIM CIOCOOOM NCTKO nafilen

| nehe
E,=n* ;'T (n— ueJoe yetnoe).
Crenosatenbio, BooguIe
n?h?
E,=mo (1=1,23,...).

Buutin, 9o nomyunacst pesyabrar, comnafalomuit ¢ (48.18), mo-
JIyueHHBIM HENOCPEACTBEINIO IS Cllyuasi HAEAALHO TBEPIIX CTEHOK..

§ 49. Ceofionnas wactuua

Onuoit w3 NpoCTEeRImUX W BMECTe ¢ TCM MOYUATESLHHX 3a1ad Kpaf-
TOBO/i MEXAHHKN SIBJAETCA 34flaua o CBOOOAWOR 4acThile, T. €. 06
OZHOR Y4aCTHIe, ABHKYIIEHCH B OTCYTCTBHE ACHCTRUS CHJI B HANpas-
JenNN, KOTOPOe Mu NpHMeM 3a ocb X. Tak KaK 10 YCAORHIO Ciabr
OTCYTCTBYIOT, TO nOTENNMaibhan sueprist U = const 1 Mol Moxewm
NPHHATL ee paBnoil nyno. Gynking IaMuabTona KNacCHUECKON ve-
XaRUKA COCTOUT B STOM Cayuae H3 OAHOH KHneTHueckoil sueprun
P
H—g (49.1)
Cootsercrsyomnit (49.1) oneparop Tammibrona, ramMHabTONRaH,
TO/YYAM, WMest B BHAY, 4TO NpPH BHIGpPaNOR OCH KOOPAHUAT X
P = Ps, H onepatop uMmnyisca Gyner

(49.2
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.a oneparop Famuibrona

5 i hod 2 ar
A= (e = = e (49.3)
Ypasnenue Ulpennurepa B 3TOM Ciayuae IPHHHMAT BHA
B d
— B — Py (49.4)

YacTHLIC PemenHs 3TOr0 ypaBHenns, 0YEBUAHO, TAKOBE:

mE
wl.z:e"/ RS (49.5)

-DTH peIIeHHs yIOBIETBOPAIOT CTAHIAPTRLIM YCAOBHSIM KOHEHHOCTH
4 HEIPePLIBHOCTH BO ECCM NPOCTPAHCTRE NPH JMOGBIX NOMOKHTENb-
Hbix 3HaveinAx E (cp. § 8):

E>0. (49.6)

Taxum 0Gpasom, CIeKTp COGCTBEHHEIX 3n1aYeHHM SHEPTHH B JaHHOM
CaIynae CUACIILON, B OT/MYWE OT AHCKPETHOTO CneKTpa mphMepa,
PACCMOTPEHNOTO B IPEABLAYIEM (aparpade.

Henocpencrsennoit poRepKOl, a HMEHHO, NOXCTABASA hyHKUUK
1 H 2 (495) B ypaBHEHne JIa COBCTBEHHLIX (yHKuME onepatopa
sneprun (49.4), y6emmacmes, Uro 0GEUM STHM (GYHKUHAM COOTBET-
CTBYET OJHO 1 TO Ke 3HaUeHHe HeprHy £. DTO NOKASHIBAET, UTO ML
3IeCb MMEEM [0 C BLIPOXKIEHMCM, & MMEHHO — ¢ JBYKDATHBIM
BEIPOKZENnEM. HUTo6b nONATs (UIHUSCKHIl CMBICH HTOTG BRIPOXKAL-
HUA, MBI TPERNC BCErO TPOBEPHM, He SABASIOTCA JM B JanhoM Cily-
4ae COBCTBEHHEIE (hYHKUWH ONEpaTopa SHEPIMH TaKKE H COBCTBEH-
HLIMH GYHKWHSIMU Opepatopa UMRyauca. 3aMeTHM NpEKIE Beero,
TO, DOCKOJIBKY MpH BLIGPaHnBIX YCAOBHAX IHEPTHS €CTb NPOCTO

1
KHHETHUECKAS SHEPTHSA - 1MT2, To
VemE=muv=p.

Vimes 370 B BHily, BHNOMIfeM NPOBEPKY, MOMb3YACh BHPAKEHHEM
-onepalopa uMnybca (49.2):

=VImEp, = pp,,

— VEmE = — pyp,.

-Mbi BHIARM, 9TO COGCTBENHbE (YUKUHH ONEPaTOpa SMePrHH na ca-
MOM Ji€ne ABNAIOTCS TaKiKe M COGCTBEHHBIMH (YHKUMSIMH oOnepa-
"TOpa BMITY/IbCA, O OMHOM H3 HUX COOTBETCTBYer COGCTBEHHOE 3N1a-

§ 49) CROBOJUIIAST YACTULIA 185+

ucHue ~Lp, a APYroit — cobcTReHHoe snavenne —p. Takum ofpa-
30M, BHIPOKAeHHE caOCTBeHNhX (yHKUMil onepatopa SHepruu Chi-
3aHO 31eCh C HEONPENENenuocTHIo HANpaBIENds NpIMOiHnCAnors
JIBHKEHHS CBOGOAHON yacTHILI,

PacemoTpaM Teneph elle ONHO BaxHOE CBOMACTBO COBCTBEHNBIX

»
P2
DyHKiRE €O CIIDWIHEM creKTpoM. DYNKIHH € *  yAoBJIeTBO-
psIOT TPEGOBAHMIO KONEunoCTH AJf BCEX 31AUeNHi X OT —oo 10
-0, OIHAKO OHM n€ yAOBAETBOPAIOT TpeGOBANHIO KBaApaTHYHON
HBHTETPHPYEMOCTH, TaK Kak
+eo oo oo
f Ppde — f e e dx= [ dx — 0.

Orciona crenyer, uTo aTH GYHKUun neIb3s HOPMHPOBATL OGbIUHbIM
€110co6OM.

OxasbiBacrcsi, YTO TAKOE 3aTpPyMielHE BCTPE4acTesl BO RCEX
CHyyasx, KOrRa OMEPaTop HMEET CNJAOINON CUEeKTp COBCTBENNHX
3HayeHHiL.

310 pasiHuHe MeXAy CcoGCTBENHBIMA (YHKUHAMHK COIOMIHOre
W JMCKPETHOTO ClICKTPOB OMCHb XaPaKTepPHO B C/iydae AnCKpPeTHoro-
CNeKTpa Mbl HMeeM Pra (bywKuuil, KOTOPLIE MOKHO NepeHyMepo-
BaTh Py, P2, ..., K COOTBETCTBYIOUMA HM AWCKpeTHHH pAn co6-
CrBennBX 3naueHufi: A, Az, ... B caydae e CMIOWHONO cnekTpa
cofcTBeRRan (yiKinA B (X, A) 3aBHCHT OT HCHPEPHIBEO Mensoue-
rocst napamerpa A [eM., Hanpudep, popmyy (49.5), rae Taxum ne-
NpepHEHO MEHAIONEMCR 1apaMeTpoM sisasercs p— V' 2mE]. Ta-
KOTO DPOfa (YHKUMIO LiA OIHOr0 ONPETETEHIONO 3HAuCHHA A
HCJIb3S COMOCTABAATL ¢ GYNKUMAMH AUCKPETOTO CNeKTpa. DTo co-
OTBETCTBYET TOMY (akTy, uTo Gearpanuunasi BoJHa, OnNMCHIBAEMan
popmymoit (495), ectb MaTemaTHueckas aGCTpaKuMsi, NOROOHO
TOMY KaK MaTeMaTHueckoil abcrpakiuedl ABIAEICH CTPOrO MOKO-
XPOMATHUECKAR BOJHA. PeasibHas KC KBasHMOHOXPOMATHUCCKAsT
ponHa (cm. T. I, § 135) ectb cpoero pona BOMHOBOA maker, ofpa-
30BaHHBII CYnepnosuuieil MOHOXPOMaTHUECKHX BOJXH C IIENPEP HBHO
MEHSUOmENCS B ONPCHCHGHHOM HHTEPBanc dactoroii Amalornumo
3TOMY B peaiibiibix (GUINYCCKHX YCIOBHAX HHKOIAA He NPHXONHTCR
HMeTb [eJ0 ¢ YacTHUAMH, NOJOKEenHe KOTOPbiX HCONPENeNeHHO B
HirTepBale 01 —oo 10 +00, HO MOXKHO Y1BEDKIaTh, YT0 YACTHILA
RaXONMTCS T/Ie-TO Ha OTPe3Ke OrPaHUYEHHOH 1axubl, Boauosas
GYyHKINs, ONHCHBAMOIIAA NOBENEHHE TAKOW 4aCTHMIB, OrpaHuvCna
B npocrpancrse. IlomoGuylo BOAHY MOMHO nOAy4HTb Kak pPe3y.s-
TaT CyNnepnosKUuE Dsiga GearpaHuuHbIX BOJIH, KOTOphle 3a npesie-
JIaMH ONpPeNeseHHoro oTpeska APYF APyra 1joraliajoT BCJAEICTBHE
WHTEpGEPEHEN, T. €. 3Ta BOMHA ABJAETCA BOJHOBHM HaKCTOM-
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_MareMaTHUeCKH TaKOfi DaKeT uPENCTABIACTCA HHTEIPANOM, pac-
L£POCTpaHEeNHBIM l1a Maibili NPOMeRYTOK AX 3uadeunit napamerpa A:
At AR

j P (x, A)ydh.
A

OkxasuiBaeTcsl, 9T0 TaKHe HHTCrpasinl, HasblacMple coGcrmeH-
HEIMH LA(@epeHlHanaMy, BEAYT CCOM COBEPINEHHO TaK XKeE, Kak
-COGCTBEHHBIC (YHKUHM ANCKPCTHOrO CHRKTPA: CHHM APYr K ApYry
OPTOTOHAJbHH, H HX MOKUO HOPMHPOBATb OGBISHMM criocoGoM. Ta-
O €NOCOG HOPMHPOBKH BOMHOBLIX (YHKHHA CTIJOWHOTO CEKTpa
MIPHRUKTHANGHO TIPABHJACH, HO TPAKTAYCCKH HeynoGes BBHAY ero
TPOMO3JIKOCTH.

Jpyroft cnocol cOoCTONT B DpeBpALUCHHH CILTIOWIHOrO CMEKTPa B
ﬂHCKpQTHh[ﬁ € HCYE3a0mEe MaJabiM paCCTOﬂHHCM MB)KLLy CoCegHUMH
ypoBHAMH. JLast 3TOr0 Hano cefe IpPEACTAaBUTh, uTO YaCTHHA NOMe:
iiena B KyGHYeckHit moTenuuanbibit AmkK ¢ pe6pom Nanket L. Ipn
KOCTaTOuHG GoJbIIOR BefHyHHe L, BO-NCpBBHIX, MOXKHO mpenepeub
BIWMEHEM CTEHOK, a BO-BropbiX (cp. T. [, crp. 511), paccrosnne me-
JKAY ypOBHAMHM Nefaelcsi HACTONLKO MaJbLlM, YTo CHEKTp Mpespa-
1WaeTCA B KBA3HHENPEPBIBHDI, 4 B npexcae upu L —» oo cTasoBHics
CIIOWHDIM, # HOPMHDPOBKA COBCTBEHIbX (YIKIAMA COBMANACT € HOP-
MHMDPOBKOII, 1ABAEMOR (peALayuHM MeroxoM. Onnako u Taxoi cuo-
<06 IpaKTHYECKH He coBceM ynober.

Haxosel, cymecTByeT TPETHil METOA, KOTOPHA HrpaeT B KBaH-
ToBOI MexaHuKe GoAbLYI poib. OH COCIOHT BO BBEAEHHH 0COBOI
pyunkunK, 06aanalmen BecbMa CBOCOGPA3HUME  CBOHCTBaMH, —
S-pynxuun JIupaxa (cm. § 38). 3necs mMui ha 3ToM cnocofe ne
OCTAHABIHEAEMCS — OH Obu1 paccMoTped B § 38. OTMeTHM T0JbLKO,
49T0 B HAIMX TEUEpEIHHX OBO3HAYEHHSIX YCAOBHE IIOPMHPOBKH B
<nyuac HENpEpHBHOrO CNEKTPa HA 6-QYHKUMIO 3aMACHBACTCA Kak

[ A0 (x, vy dx =80 — 1), (49.7y

Takoit ¢nocob (OpManbHO MOAHOCTbIo 3KBHBAJNENTEH HOPMHPOBKE
€ TIOMOMIBI0 COBCTBCHHLX NHGGEPEHUHANOB ¥ <IOPMHPOBKE B
Aunkes, Ot Gbl1 npUMEHed HaMu B § 44 /st OTBICKAWNSA HOPMHpO-
Bauibix COGCTBEHHBIX (YHKUMI Omepatopa HMMOYAbCa, KOTOpbie ¢
TOYHOCTBIO 10 MHOXKHTEAS COBMAXAT € pewernaMn (49.5).
Ynpamuenue Peunts sanauy 0 cBOGOAHOR MaCTHUE, MOAaras, uTo 1
cTh GYIKUEA ACEX TPEX KOODAHHAT X, y, 2 [10KA32TE, 4TO C TOWHOCTHO KO HOp-
MHPOROUBATD MUOKKHTSN COGCTBERNBE QYHKLAH OnepaTopa SHcpPun b STOM cay-
4ae TAKOBUL: ,
&g (X0 Hypt2p,
s g =TI, (40.8)
(¥rasanue. BOCnoNL30BATECE METOROM o 5
. 5§ 161)
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§ 50. Keasnk (meron BKB)

B § 22 b nokasanm, uto B npemenc mpm h—+0 vypamueune
Upenusrepa teMpepLIBIO MEPEXOIAUT & OCHOBIOE YPABHENHE Krac-
CHHECKOH MOXAUUKH — B ypaBueH#e B YACTHLIX TPOM3BOMHBIX [a-
MAIbTOHA — SlkOGH, T. €. 1OKA3aJH, YTO KIACCHUECKA® MeXaHuKa
ABMACTCA MPCAEALHLIM clyuaeM MexawMkm KBanToBoi. Jladee, eme
B riepoM ToMe (§ 114) MBI NOZHAKOMHANCH C MPHINATION COOTBET-
CTBUS, B CHIy KOTOPOTO DPe3yMNLTATH, NOJYYAEMBIC MYTCM TpHMe-
HCHASL MPUHUMTIOB KBanToBakHs Bopa — 3oMMmepdennaa, npu Gorb-
IUHX KBANTOBBIX WHCAAX HCAPEPHIBIO [EPEXOLAT B PE3YIbTATHl Bhi-
UHCIEUH TIO KAaccHycckoi Mexawmke. HMmcnuo 3Tor daxr 0606-
1MaeTC B TPHHUMT COOTBETCTBHR. CBSIABIBAIOMMA [OAYKIACCHUC-
ckyo Teopuio Bopa ¢ xuacchueckoin Mexamnkoi. Haxoueun, s § 141
TepBoro TOMA MBI NMO3MAKOMMJNCH ¢ HHTCPCCHBIM (DAKTOM, CEBA3LI-
BAOMKM Ty e MOYKIACCHYECKYIO Teopuid DBopa ¢ kBaHToBOiR
MexaHdkoil. VImerHo, 0Ka3aloch, uTo CTauMOHApPHBE OPOHTL aToMa
Bopa, BHGpainbie ma OCHOBC KBAlTOBOTO yCiaoBHS Bopa — 3oM-
Mepdesnbaa

Eﬁpdq:nlz,

ABANOTCH TCMH OPGHTAMH, HA JUIRHE OKPYKNOCTH KOTOPHIX YKJa-
ABIBAETCA e0e UHEI0 BOAK Ae-Bpoktas

A =

k

»
Bee o1i paxtht yKaskBalOT Ha MOCACAOBATE/NbHYIO MPALALHIO Hpu-
Gnmkenuil, Beaymux or ypabHenun Lpexunrepa uepes Teopuio:
Bopa ® kmaccuueckofi mexauwnke. JT1a ¢BA3L HAaHGOJEC OTYETIHBO-
BUABJIACTCA JIA CAY4as O/UOMEPHONO ABHAKCHAUR NPH MOMOMM NpH-~
Gnwxennoro merona Beutuean — Kpamepca — Bpunaosua (cokpa-
menio BKB), nasnnaeMoro K6asuxiaccuseckum npubawierues.
Onnomepuoe ypasucnue Ulpennnrepa

d” 2)
wZE—Uy

AJA wawed UeaH ypoGuo nepenmncarb, 0603HAUAs WITPRXAMU NPO-
H3BOIHbIE 1O X:

B 4 2m (E— U)p =0. (50.13
Pelnenune ero GyZlE!M HCKATb B BHAC

(50.2)

rie ofosnavenne pyukiud S(X), RMemel pasMepHOCTb HCHCTBUS,
Ka3blBaeT a CBA3L STGrO PEIUeHHs C KIACCHYECKHM ypaBlieHHCM
amunbrona — SKobH



188 OJIIOMEPHOE ARMXEHNE i v

BuIMOAHKB NOJICTAHOBKY, 10yYaeM ypasHeHde
N 2
ihS” — 8" - 2m(E — Uy=0. (50.3)
VYpasrenne (50.3) TOuHOe, pemlenHs Cro PasiMUHON CTEREHs TMpH-
GAHKEHNS. Mbl GyIEM HMCKaTb, NPEACTABHR 3TO pemenne B BuLE
pAxa Mo MANOMy NapaMerpy, 3a KaKOBOH Mb BbiGHpaeM f:
8 (1) = So (%) + £S; (%) + £ (1) +
K coxaaCHuio, 3T0T pAL IIOXO CXOMUTCHA, UTO CO3AaCT TPYA-
HOCTH TIPH OTHICKAHKH TMPUGAHIKEHHH JOCTATOYHO BBICOKOTO 1MO-
pagka. OInako I namuX Hesel 10CTaTOMHO B3ATh BCETO ABa
TIEpBLIX HACHA PAfA:

8 (x) 2= So (%) + S, (%), (50.4)

Tloncrapasem 310 npubaiHKentioe peileHKC B (50.2), mpuuem co-
XpaHAEM TOIbKO UJEHLI, :mneuuue no At

2m (E — Uy— S + £ (1S — 285S7) = 0. (50.5)

Yrobu (50.5) WMCAO0 MECTO TOMKIECTBENNO, JOJKIL ObiTh

pasubl HYJTIO OTASJIBHO WICHH, HC cOfepxkamue #i (WIn HHaue —
cofepkamue 5%, # KospdruHenT npu fL

2 (E— Uy— (50.6)

iS§— 25655 =0. (50.7)

Baitvemcs cHagana veaosueM (50.6), COOTBETCTBYWOIHM HYNEBOMY

nprETKeRHIo, MBI Nosyuaem W3 wero

S4= = Vom (E—U).

Ho V2m(E— U)écrb He 4TO HHOE, KAK KIACCHUECKHH HMIYABC p.
Hrax,

Si=x VIm(E—Uy= =
x (50.8)
Sp= t’J’ pdx,
S

TIe Xo-— KOOPAHHATA HEKOTOPOil (BMKCHPOBAHHOH TOYKY Ha mps-
MOH, N0 KOTOpO# MPOUCXORMT Asmikende. Vrak, Hysesoe nputan-

JKeHUE eCcTh MPOCTO peIIeHHe KAACCHUCKON MEeXaHHKH,

Ypabuenne (50.7) noasosder waitta S, (x). Ono naet

st

” 1
Si(xy =5l

Hirerpupys, HaX0HuM

(50.9)
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Hrak, B nprusiton wamu nprGmoKeunn dynxkans S(x) pabua

x

Sm== [ pdx+itlnVp. (50.10)

%
Toacrasur 3t0 S(x) » peumerne (50.2), moMyuaem NOCAe HEKOTO-
pmx mpeoBpascpakun
.

¢ £ | pdx
o gt ) eas
Ve
Peweins co aHakoM «+» B «—» B TOKasatene JHHeRHO resasy-
<amu [1ostoMy nprGaMKennoe ofiee pewenne Gyxer

v ﬁenf“‘+

v= 50.11)

- Tpae

e (50.12)

Pewcnue (50.12) Moxer GbiTh 3aMHCAHO TAKKE B CHATOM BUAE:

—2 1 f pdr + ﬂ) (50.13)

Tae ¢ 1 ©— npOK3IBOALHEIE NOCTOSIHEBE.

NpuGmwkennve pewenns (50.12) w (50.13) o6biuno u nassi-
Balorest pewentuaimy BKB

Pacemorpam renepe Cayuali, Koria yacruua IABHKETCR B O0-
MepHOH NOTERUMATBLHOH fMe, TIPHuEM 3Ta SMa He NPAMOYIOAbHAS,
Kak B § 48, wo HMeer Jnaﬁylo bop-
My C OnHHM MuHKMymoM (puc. 15). ¥
B § 48 Mbl BHIeTH, 4TO BHEPrHE ua-
cTALL, Haxolawehcs B ofmacta 1/, f
tae E<CU, 1 e npm ycnosuy, 4to |
uaCTHIA COBEpPITACT (HUHMTHO® JBI- |
skenne, kpantyercst. CJefoBaTebHO, | #
4aCIHNa, ABHKYUIASCA BHYTPH AMEL i
HaXOIHTCA HA HEKOTOPOM JHCKPETHOM z-t z=b
yposse E. DBoaee Toro, W3 o6mux
choficth  OnOMepHOro  IBHxepust B Puc. 15. Uactwna mmyrpH no-
KBaNUTOECH MEXaHWKe, KaK MLl BHARIH TENLHANLHOR AMH,
B § 47, caenyer, ytO 3T0 ypoBEHD 1e€-
BHPOXKJEHHEH, T. €. 4TO 3MAUCHHIO Cro SHeprAd E cooTBeTCTBYET
OLHI B TOIbKO OAMH ypoBcHb Toukw nepecedenns 3T10ro yposmst
¢ noTenuMalbHofi KPHBOR X — @ u X = b COOTBETCTBYIT TOUKAM
TIOROPOTA B KIACCHUECKOM JBHIKEHHH 4acTHUL! BHYTPH SIMbI: B STHX
TOYKax kHHeTHYeCKas IHCPrHA YACTHIbl CTAHOBHTCH PAaBHON HYJIO,
a noMmias SHEPTHE pABHA TMOTEHUHAbHOM, W YACTHOA, NOLUHHSIO
WACH ,KAACCHUCCKOR MEXaHHKe, HAuMHAET IBHFaTsCR o6paruo.
Huaue o6cToRT /0 B KBAuTOBOA MeXawhke: mnpn |x| >>a
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NOTEHNHANLHA SHEPTHA CTanoBRTCs GobIIe KHHeTHucckoi U > E,
a UMOYasC p= VQm(E—U) i\/Qm(U~E)—~ YHCTO MHHMBIM.
TlosToMy nNOKasaTe/m B SKCIOOHSHUMAMbUHX UICHAX BEIpAKeHHd
(50.12) cradoBsTCst AEACIBHTCJLHBIMH, © ORHH W3 9THX WICHOB
TpA BO3PACTEHKA aGCOMOTHOR HEJMYMALL X (T, €. npw YAaJeHds Ot
TOUKH (OBOPOTA KJIAaCCHYeCKOH UaCTHilL)) Gesrpaununo yGLBaer,
a Apyroii Bospacraer

%flnld»

2
— fiotas
= +
v VIpl
rae ucpes [p| Mur 0603HAuNIR NEHCTBRTEABHOE YHCIO
Ipi=V2m(U—E).

Ortbpacyieas BO3paCTROWAN 4.I€H, nomysaem ag ofaacru f, rae

Viel

el a,
o
-+ [1p1ax
b=y (50.14)
H anaaorayso aas obaactu [
b= I . (50.15)
B ofaacru [] pemrenne ocunanupymouiee:
wi=ricos(t [ par ). (50.16)

Ho B Toykax MOBOPOTAa X ==@ W X = b OHO CTAHOBHTCA HEOpPHTOM-
HbIM, TaK kaK 3fech U =FE u

[ '

Ve Vim(E=0)
Bue ofinactn [f B6AHIN TOUEK MOBOPOTA 3KCIIOHEHUHAJIbHBIE pemre-
wia (50.14) u (50.15) Takke (earpaiMsHO BO3PACTANT U3-3d
CTPEMJIeHH K HY.II0 VIp]:VQm(U—E), H nennKaTHEIT MaTe-
MATHYECKRH BONpPOC COCTOHT B TOM, UTOGH 0@ HPHONHMKEHIBEX
peuteta, W 9SKCMOHEHUMANLHOE, H OCHMAPYIOMCE, PH X =a X
x==b, Bo3pacras, annpOKCHMHPOBAN OOHO U TO %e 4acTHoe pe-
menne Touroro ypasHenus Liperunrepa

B - (x) p =0,

3707 BOMPOC GbI MOABEPTHYT AETAMBIIOMY MareMalHuecKoMy 06-

o aomam
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CYKIerHo, KOTOPOe MMl 3AeCh He PHBOANM *), OTeeT TakoB: «npa-
BuabHble» DelIeHHA (T. €. peleinsl, YAOBAETBOPAIOUINE YKa3aH-
HOMY TpefoBanuio) caedywmme:

a
. —+ firlax
1|;(x)=mTTe * , xlza, (50.17)

lxi=a, (50.18

1|;(x)=“'/:ﬁ2('os {%fpdx—%}

# aHAJOTHYHO

& f1erax
. fxiz=s, (50.19)

@ Vip Gl ‘
12

,, . [ -
W (5) = 2 cos {FJ pdxf%}' %= b. (50.20)

Jag wasocTpaunn cOOTHOWEHNS MEKNY TOYUBIM DEWCHHEM ypas-
tienus LIpeinarepa M COOTBETCTRYIOWMM <UPABHALHBIM» TIPUGIH-
wxeuner BKB npHeenchsl BeiepueHHbie TR TOM H APYrOM YCio-
BHA KPHBHIE IJIA CAYYASl NATOrO IHEPTETHYECKOrO COCTORHHA JIH-
HellI0r0 TapMORHYECKOre ocluaaaTopa (puc. 16 & 17).-

Tenepn M FIOKaXeM, 4TO NpaBUABHOC pnGmnkenne BKB mas
<03BONEON> 0fAACTH, T. €. BHYTPH fIMGI NpH a =< x = b, Rak
pas 10, KO10POE HOMYYAeTCs «KBAIWKIACCHYECKU», T, €. € [[OMOIbIO
KJI2CCHYECKOll MeXanuin 0p coGMONeHHH 1paBAAA KBANTOBAHKA
Bopa —- ommepdensla (¢ nponyuenmm ksautoBanueM). daa stof
LeJH CPaBHHM «NPABUALHOC» TPHGIHKEHHOC PelleHHe s of.aa-
crd [, T. e, BUYTPH «SAML», A/ CAyYast, KOrAa Mii HAGM OT TOUKID
MOBOPOTH, COOTBETCTBYIOWEH £ =4, ¢ pelleqHeM, COOTBETCTBYO-
WHM nepexoay ot Toukn £ ==b. Tak Kak 062 peiweHus UMeOT Me-
CTO 115t 00nOt U TOik e nepauu £ B yPOBHU BRYTPH AMB He @bi-
pONEOeHBL TO peutenus 5Tu Ooaxckbt GoiTo Opye Opy2y pasuo

! x
Vst cos {;!p(x)dx—T}

3
=7}:(7?COS {%fp(x)dx——%}. (50.21)

) CM /1 A.JlaunayuE M Jludwuw, Keauronas mexanua, Hayxa
1968, § 47.
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npuueM cyMMa (a3 B 5TOM clyyae moctoshna. Hamncamioe pa-
BEICTBO BO3MOMKUO B TOM Caydae, KOPAa 5Ta CyMMa (a3 pasHa

f !

VY,
™

a)
£)

8

Prc. |6, Cpamienne TouHOTo xofa
soanopoi  gynxaua  Llpeganrepa
¢ KBASHKJACCAYECKHM NDHGAHAKE-
\mew no werony BKB; @) dynkunn
Ipeqnurepa Ans Ypomis Suepriit
n—5 JmieHORO TapWOINTECKOTO
ocunaATTopa; 6) mpubmmxeine BKB
2T TOrO Ke Cayuad.

Pue. 17. a) Cpamuenne Xoia gyHK-

mna IHpemunrepa ¢ KpuBOR Kaacedas

ueckoro pacnpexeneRus: 6) Kpadd-

KAZCCHTCCKOE ~DPHONIKEHHE T
TOro XKe Cayuas.

eIOMY KpATHOMY 7 B, KpoMe Toro, ¢’ = (—Hh)»¢’. Hrak,

am,

x 5

{% [pwav+ [ pewar|—3
H

Jp(x)dx=(n+é)nh,

Ho rax kax

b
7 =§p(x)dx—2j.p(x)dx,
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T0

(nt5)8-2n=(n+L)h, (50.22)
rre h-2m = h ecthb nocrosmHas [laaska. Mu Oy HSIE, TaKHM
06pa3oM, KBAHTOBOE YC/MOBHE CTApOfi KBAKTOBOM TEOPHH, 1O ¢ (o~

t
MyiebiM KBaRTOBUIN YHCIOM 7 - 5 . Vs 9TOr0 caenyer, 410 noay-

ileJIEte KBAHTORBIE 9MC/la TOYHEE BEIPAMKAIOT BEMHEIL KBAHTOBBIX
yposiel 3Heprém JHHeHHOro
OCLHANATOPA, UENKETH LEePBO-
HaualbHble UeTble KBAHTOBbIE
unpcna n. Ilpu  seewicaein
4aCTOT BOCI10HHOE CAATAEMOR

7hv:'? hwo Bulbagaer, seae-

|
C1pHe  Y€ro 3Ta HeToyHOCTb :
KBAHTOBBIX YCAOBHi 3oMMep- [ I
Qennia 0CTaBazacL, HesaMe- =z, =Ty
YEHHOU.

W3 scero ckasamsoro B
ZTOM naparpade caeayer, 4To
fipubamxenne BKB AN 0X10MepHOro ABHXKEHHS ¢ GOABMON sCUO-
CTbi0 MOKA3biBaer NOCACAOBATEABLOC Y10yHEHKEe PCllenuil ne Mepe
NCPEX0/la OT KAACCHYECKOTo PellleHs K DEmCHHIO KBalToBOMY NO
Bopy — 3omMmepdenbay. Yuer CIeAyomux WIEHOB Pa3oNeHHs 0o
MaJoMy mapaMe1py AacT Gosiee TOYHOE KBAHTOBOMEXAHHUHECKOE pe-
weune. C nomowpo upuGanKenkoro Metona BKB pemaercss pan
KBAHTOBOMEXAHHUECKHX 3aMay. K uHCHY uX OTHOCHTCH 3ajada o
TYHHEJIbHLIX TEPEX0AaX, T. €. O MPOXOKACHHH uepes Gapbep mpH
yenosun £ < U. [Toanoe pemrcHne 3Tofi 3afayn MR ynpOUIEHHOrO
onuomepnoro Gapeepa npnseaenc s 7. 1, § 154, [lna 6aphepa mpo-
n3Bosbiofl hOPMBI (PHC. 18) TPHOAHIKEHHOE KBASHKIACCHUCCKOE
pelLenne NPUBOAAT K (OpMyAe Aas «NPO3payiiocTH Gapbepas

+
I
! {
[ [

Puc. [8. Tynueashent shokt.

b
-2 (VIR =g
a

. (50.23)

Buson uxrarean saitayr B xwure JI. JI. Jlangay n E. M. J1 H -
waua «Kpsanropas mexauukas ra, VI, § 50,

7 2 B Mncomkni, r 11
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ABYM)KEHUE B ILEHTPAJIbHOM MNOJIE

§ 51. Momenr xoanwecrsa nBHMCEHHA

B s70it rrape Mbi 3aiiMeMcs H3ydenmeM RaXKHOM 3ajaul KBAHTO-
BOIl (hH3LAH: ABHIKEHHCM B NOJe HEHTPAJIbHBIX CHJI,

Ipw nayyenun TaKOro ABHIKEIWA MATEPHANLHOA TOUKH B HbIO-
TOHORCKGH Mexamuke BAaXKIIyI0 POJb UrPaeT BeRyuMHA — MOMEHT KO-
NWYeCTBA NBIKCHHA OTHOCHTENBHO HEnOABHIKHOTO LekTpa (Ads
KPaTKOCTH Mbi Gy/IEM ero IHOTZA HAa3LBaTL YIAOBbLIM MOMEHTOM
Bt MOMEHTOM nM|lydsca), Takyio e bamuyw po/ib B KBAHTOBOH
NexaHiKe HrpaeT ofepaTop MOMeHTa koJndectsa JBHKcani. One-
Paropui COCTAaBARIOULX MOMCHTA KOJMMECTBA JIBHIKCHUS B eKapro-
BHIX KOODIMHATAX TAKOBH (§ 15):

L=tg—=g) |
Zy={f’(zd—i~xd—"z). GLY)
Lmted-e)

B 570i1 raase naM 9acto NpHAETCS [0ALIOBATHCST CHCpPHUECKUMH
KoopamHaTaMH. Mbi HauneM TOSTOMY ¢ BLIBOAA HeOGXOANMEX (op-
My B 5TUX KOOPIHHaraX, BumdmeM 111 y1o6cTBa GOpMyIH nepe-
X012 K CHCPHYECKHM KOODAMRATAM OT JACKAPTOBHIX M OGpATHO:

¥=rsinfcosg, y=rsindsing, =z=rcos?,

T L 51.2)
r=Vx f 7§ 2, ﬂsarccosﬁﬁ,&p=ardg%.} 61y

Momuo Gt 1emeps, KOIEUHO, TPONIBECTI 3aMeNy [CPEMEHHDIX
B popmyrax (51.1} po oOBIYHLM npaBniaMm IuddepeHnuansEoro
ucuncnenia, O#ako M ropasio GuICTPeC IOCTHTHCM LETH CICLYIo-
iy o0pasoy. Mamuien ORI Inddepenunan p: paccmaTpunac-
MuH Kak Gyirsms X, g, 2

o a o
dip== P dx+—d—y—dy+d—2dz.

CoBepliun Tenephb NCPeXoi K CGhepHUecKHM KOOPAHHATAM, ROML-
aysich opmysamn npeopasosanus (51.2) n nonarag, yto r u O
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OCTAI0TCH NOCTOIBEbLIMH, 3 H3MEHSETCH TOJbKO @t

ob _0b , Ox  Op Oy O 0
9 dx a9y T oy op ' oz 3%

L4 i i L i ob 00
——%rsmﬂsm&pﬂ-j‘g rsindcos @ e Ygpe
1To cormacuo (51.1)
T o b __ 0P
Lo=7%(s St~
a moToMy
7 i3 =
L= (51.3)

Teneps NONOKHM, 4T0 r H @ OCTAOTCS TOCTOAHHHMH, a Me-
HseTcA TOABKO §. AHANOrKYHOE BHIUKCJACHHE NACT TOrRA .

3 & & I
a—ﬁ=ctg0(x;‘f+y5§—)—tg\‘)za‘ (51.4)
VmuoxuM 8TOpYI0 w3 dopmya (51.1) ma { i CTOXKHM C mepsOM;

f0cIe HeGOMpIIHX BRMUCACHIH HAIEM, IPHMENRR TONYYEHHI one-
patop x JoGoft Gyskuan B,

7 7 . 01 i PN
et ilyp=nliSt 25t — (s i) e G
[pusEMasn BO BHHMAHNE, 4TO
%+ ig=rsin®(cos@ - isingy=re'?sin?,

z=rcosd,
BEITMCAAEM

- - g PN}
L+ iLy)\p=he""(ire“"’ cos® %%449“" cos® F‘ZE —~rsin® T’%—)=
2 o1 - &
=he'® [[(x—-iy)ctg'&%p—i—(x—ty)crg't}%—rsmﬁ%]=
3 e . p ?
=hel® [ctg'&(x —g% + y%)—tg\‘) 27‘2 +tctg’0(x e y%)]

W OKOHYaTEJbLHO, NPUHUMAS BO BiuMaHHE (51.4) u onyckas 1, no-
Jy9HM AJISL OmepaTopon

Lo+ iL,— metv(a% + t'ctg'&?% (51.6)
AHANOTRYHEIM NYTEM HailieM
7 7 2 s a
Lx—iLy=—ne—W(7"3—zctg0%). 51.7)
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Tpu nomomk dopmya (51.6) u (51.7) MoxHO Geic1po HaiTH ome-
paTop KBajgpaTa MOMEHTA KOJHHeCTBA NBRKeHHS. Jlerko mpome-
PHTb, YTO

P=B4240i=

[ [ T N >

=g Lot iy Li—ily) + 5 (Lo —ily (L4 iLy + 2 (518

Jaz mauncienun ST0r0 onepatopa caefyeT BOCHOMB30BATHCH op-
mynamu (51.3), (51.6), (51.7) u BUMMATENLHO BBHIOHHTH Ang-
epenuMpoBaNNA, TOUHO COBMIONAR YKASAHHDHI NOPAIOK ONMEPATO-
poB-coMHOKHATEel. Hanpumep,
Tt iy Lo —iLyp—-

{8 i BN o (P 2

i +zctgﬁ){e ""‘(W—iclg'&%)}=

a3 3 9o 0% .
=—n (g +etgo Sty ctgto gt i o8,

BuiHeans rakum ke cnocoGoM ocTagdbHue gsa oneparopa (cM.
yap. 3 B KOHHe naparpadya), NOACTABHB HX B (51.8) u nponssens
BO3MGHKIIbE COKDPAIIEHHH, NOMYYHM

T 32 J 1 32
L — 3 +cte® 5 + g 0 )

#1M B 60Mee KOMIAKTHOM BHAE

Fa___ 1 a3 . '] 1 32
L= “"‘{Tnﬁ 37 (sin® 55 ) + g T 6LY
Oneparop
A__J t o . .9 1 &
A=—{aem (59055 )+ g ag 6L

HaswBaerca oneparopox Jlemandpa. O wrpaer Gonswyio pods
B TEOPHH WAPOBHIX (YHKUM{ H BO BCEX BONPOCAX MarteMaTHuecKoi
(UIHKH, B KOTOPHX BCTPEYAIOTCR STH (GYHKEHM. TIpH moMomy 060-
3uavenus (51.10) aanuwem kparko

PO

Lr=p%A. BL11y

Yuopamuennn 1. loayscs gopwynann (512), noxasars, wro

8 . a I a4 [ si a
2 —sin® - oy —— L0
Fr =S C0s @5 o Lcos Boos g — Ty (51.12)
@ _ R | L9 lcosg @
e =sin ¢ sing or +Tcosﬂsmtpw+7 st 3p° (51,13}
3 _ I Y |
By st — sint o (51.19)

'§ 52 CBONCTBA MOMEHTA KOJIMUECTBA NBUXEHHSA 197

2 MMM 1peo6pasoBaniicM KOOPAWRAT NOKA3ATH, 9TO OMCPATOPH COCTAR-
amoinx Lx, Ly, Ly D NONAPHBIX KOOPIMNATAX BMPAKAIOTCH GOPMYIAMIE

N B a P
Lx——T(sme-f—c(gﬁcosq,W), (6L15)
L ) )
Ly=T(cusmW-crgﬂs.anm), (5L16)
EZ:T"%A @Bl

{Ynasanue, Creayer socnoassonatsen Bopmynan (51.12)—(51.14)]
oxasaTe, w0 R i - .
(D~ g} (Fet ilyyp = — T(W +oigt S8y ctgrd T;;-— i—’,%).

4, TlokasaTh, UTO KawbLi M3 oNepaToPOR ynpaxierus 2 Komuytupyer ¢ L2
BAauo au 310 663 BHANCIHRR?

§ 52. CBoifcTBa MOMeHTa KONHYECTBA JBIKEHHS

MoMeHnT KonmuecTsa RBHKCHMA B KBAHTOBOA MexaHnke oGaa-
/1aeT HEKOTOPHIMU CBOEOGPA3HLIMM CBOJCTBAMH, K HCCAEA0BAHHIO
®OTOPLIX MUl H o6patavcsl, OKasuisaeTcl Npekae BCere, YTo TpH
npoeknin Ly, L, L, ge MOTYT HMeTh OLHOBPEMEHHO ONPeAedeHHBEX
3paueHi: €CNH OHA H3 HUX ONpene/eHa, TO ABe OCTATbHbE HEonpe-
JenedHul, DTO CAEAYeT H3 TOro, Yro, Kak Mbi Cefj1ac YBRIHM, ofle-
patopul Ly, Ly, L, HexoMMyTaTusubi. 17 npOBepKH BLIYHCIKM, Ha-
atpuviep, nponspeenns LyL, u L,L, wnaiinem oneparop LyL,—L,L,.

[pu ouHCAEHHN CACAYET MOMUATH, YTO Mbi HMEEM [0 ¢ ome-
PATOPaMH, H PYKOBOACTROBATHCH 11PABUAMU KOMMYTALUWH KOOPIH-
Hat M uMOynscos (§ 19). Bouncasem:

LLy = (9p. = 2py)(2px — XD} = Up.2Ds — Up:AD-— 2Py Zps + 2, 5P
LI, = (2py— Xp:) (9p=— 2D,) = 2psp-—2Ps2py — Xp:YDs + 5p2py
Lyly— LyLy =Y (p22px — 2Pxpa) -+ % (2pyp: — P22y}

Jlaaee, n0ab3YsICh MPABUIOM KOMMYTaluH

: b
Pt —ep =%,
TIOAYUNM MOC/Ie YIPOIIenHi .
R by
Lily—Lyly =5 (yps—%py = — + Lo (52.1)
Ananorwmu Haﬁ}leM H 4B& OCTaJbitbiX COOTHOIICHHS,
PR P
Li,—Li,=—11, (52.2)
e e [N
L, —Lil=-117, (52.3)
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HraK, KeKOMMYTaTHRIIOCTh ONEPATOPOB Z,,, L,, L, noxasana, a Tem
cambim (§ 19) nokasamo, uro Ly, Ly 0 L, ue MOTYT oLHOBpeMeHNO
HMETh Oan}lE-ﬂeHIIHe 3RAYEHUA.

Omiako Kaxjwlil W3 3THX OnepaTopoh KOMMYTHPYET € Onepa-
Topom L2 Jro nokasbisaerca Tak. YMmuomum (52.1) cnpapa na Ly
- o oay - P
Lii=—211,41,L.1, (52.4y
Bropoit wien B npasofi 4acTd upeofpasdyeM BHOBL ApH NOMOUIE

(52.1):
PO hs s owre
CLylaly—— Lyl 4 LyLs,
Tak uTo

LI —Bl=— D@L, +LLy. (52.5

Ymuoxas renepb (52.3) cmpasa Ra L., noJyuHM aHaJOTHYHLIM ny-
TeM N0CAe MOBTOPHOTO NPHMEREHHs Tofi Ke popMyss (52.3)

e B s e e
LE=211 4 LLL=2 1,0, + L1, + [,
oTKYna
L2 —12. =2 (LI, + L. (52.6)

i
Cxaanmpaa (52.5) u (52.6), naxonum
L+ 1)~ + 1D 1=

WJIR, TaKHKe
LB+ L+ 1)@+ 1+ 1)L, =0,

OTKyJa, HaKOHel,

Ll—1L, —o. (52.7)
Bcaencrsue CHMMETpHH UMET MECTO TaKXKe COOTHOIIEHHS

LI—1,—o0, (52.8)

Llr— =0 (52.9)

Takum 00pazoM, OlEpATOp KBAApaTd MOMEHTA HMIYJInCA HMEET
ofuive cOOCTBEHHbIC (GYHKIHH ¢ ONepaTopaMy KaXJOH H3 ero npo-
€KUki. J10 3HAUMT, 4TO YIVIOBOH MOMEHT M OIHA H3 €ro npoeXlini

MOTYT MMeTh OJHOBPEMEHHO ONpeleieqHble 3HAYeHHs.
JHoxaxem rtenepw, uro ANs ofiepatopos L%, L, Ly L. B uen-
TpaAbHO-CHMMeTpHuKoM none [U = g(r)] HMEIOT MECTO 3aKolbl cO-
.
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xpanenust. C 570l ueanio ynoGuee nepefiTH K ROAAPHHM KOOpAHHA-
1aM. OnepaTop HEPrHH B HOMSIPHBIX KOODAHKATAX WMEET BHI

. » . mor1 o9 3 [
H_‘QmA+U—'_2m[r’ (e ar)—ﬂ Al+ U
h2 a1 2 @ A
—_—_W(W+Ta—,—%A)+U(ry (52.10)

flo auajorud ¢ OOMYNIM OMEpPaTOPOM JHKeAHOT0 UMUYJbCa

%uenecooﬁpaano BBECTH OnepaTop pannagbHOrO MOMEHTa
£, OTIPEIICHB €T0 CACNYIOMHM 0BpasoM:

_fh139 _hfdp
=70 ="1(3F +70).

Torna
2 o 8 1 a 1 % 2 &
po=—#(5 + )5 F oG+ 25 eI
Ecnd, Kpome TOro, NpHHATL BO BHHMAnHeE, YTO #?A = L?, 10 BHIpa-
#eune (52.10) MOxHO Oyner mepenHcaTh B BrAe

L+ Y O (62.19)

= 2m
T. e. B TOM e BHje, B KaKOM MOMXeT CObiTh HaNHCARA (yHKINHA
TanmibToHa RAS LBUXKEHHR B HewTpanbHoM noje. Ilokaxew, uto
onepatop M0G0l coCTaBARIOMIE!i MOMEHTa KOMHYeCTRA ABUIKenHA,
panpimep L, kxommyTnpyer ¢ A. Wseem, npumensia omepatoph K
a000h GyERUMM p(r, B, @),

ALy =l (724 7 17) 4 0 0] Lav.

i a =
Ho rax Kak oneparop L; ectb To% TO 0H KeBCTBYET TOMBLKO H2

PR .
yuKuny @, Torna Kak p; W U(r) ReficTBYIoT TOALKO Ha (yuKiuuRr
¢, TloaTomy, 0yeBHIHO,

gly=Lpy, UV0iLp=LUOW
Kpome Toro, o (52.9) L, xommyrHpyet ¢ L2 Hrak,
H1,=L,A,
TIphekMan BO BEUMaHHe, uTo omepatopbl Ly, Ly Takke feficTeylOT
TOABKO Ha (PYHKHWH YIMOB H KOMMyTHpYloT ¢ L%, BuIuM, 470 BCe
STH OmepaTOPbi KOMMYTHDYIOT ¢ onepatopom sueprun. Ho 370 o3na-
waer, cornacHo § 28, wro Kak uAC/HeHHOE 3HAUEHHE MOMEHTA KOJH-

uecTBA NBHXKEHHS, Tak H JoGaf ero NpOeKUHA COXpaHAIOTCA BO
BpeMenH,
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Brille MB BHAENH, OMAKO, 49TO TOAHKO 0aBA M3 npoenuit L
MOKET HMCTh ONpeneAcHHOe 3Hadenne (Hanpamep, L;), Toraa Kax
ZBE ApYTHE OCTAIOTCA mpH 5TOM Heonpescaennmmu. Tak kak, ¢ Apy-
rou CTOpoHbl, L2 1 L, KoMMyTupYIOT ¢ H, TO Mbi MOXEM yTBEpKAATH
{cm. § 19), uto Bee Tpu onepatopa L2, L, u A umeor ofiine cob-
CTBEnHBle (DYHKIHM, 2 NMOTOMy WHC/IENHOe 3nauenHe MOMenTa KoJu-
uecTna ABHAKEnnA, OJIKA K3 €0 nPOEKLUR H SHEPTHA MOTYT HMeTb.
OANCBPEMENNO ONpEXe/ICHHbIE 3HAYEH RS,

§ 53. Cofcteennbie $YHKUMH W cOOCTBEHHble 3HAYeHWsl OMEPaTOpa
KBalpaTa MOMEHTA KOJIMIECTBA ABHMEHHS

Uajinem coberbedubie GyHKIA 1 COGCTBCHABRE 3HAUEHHS ONepa-
topa L2 Oneparop L2, kak mut sagpcan B § 51, ects

I—=aA. (53.1%

Taknm 06pasom, 3a1aua CBOANTCA K OTLICKAHRMIO COGCTBERHLIX (yHK-

umit onepatopa Jlexanapa A, . €. K OTLICKANHIO PemeHih nndpe~
PeBUHATbHOTO ypaBHCHUA

AY =AY, (53.2y

B packpeitom sune ypasnenue (53.2) Taxoso [cM. dpopuyay (51.10)17
1 a ind Y 3 i a%y Y 5

7 o5 (OS] T e F W =0, (533)

llo 370 — H3BecTHOE H3 MATeMaTHYECKOW (UIAKM ypasHenue ANT
waposbix  dynakunit *). 1lapoBumi  QyHKHHSMA BooGuie HA3Li-
BAIOTCA OAHOPOANBIE TNOJHHOMLI, yHOBJAETBOPRICLIHE yPABHEHHIO
Jlannaca Au =0 AIH B AEKAPTOBLIX KOOpAMNATAX

| 0w | o

Fr P + 5z =0 (53.4)

Hepeftnem B 310M ypaBnenuy o1 JAeKapTOBHX KOOPAHHAT K Cihe-
prneckuM. Mbr nonyynm
9 [, du I 9 (. o0 [

(’ 777)“' ¥ 00 (5‘"070)"' ST 997
[pn nepexoae or AeKapTOBHIX KOOPAHHAT K CIEPHYECKHM B OfHO-
POMIOM TONHIIOME CTenent [, yAOBAETBOPAIOLIEM 3TOMY YPABHENHIO,
T. € Npn 3aMene B NOJMHHOME X, y, Z COOTRETCTBEHHO neped
reosgsin®, rsingsin®, rcos &, nonnHoM npuMer BHA

=r'Y (8, o), (53.6)

*) Cw B M. Cmmnpuras, Kype ewcues matewatman, 1. 1ML, . 2, ra, VI,
Foctexninat, 1949 Teophio Waposhx GYNKLHA @ Tile, NPHCNOCOBACHIION 115 1le-
uch  KsauToMOR muexawikn, M. B. A, ® ok, Havasa WHAWTONOH mexaHuKM,
erp 117—126. Ky6yu, 1932,

ar

(53.5)

.
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e Y (8, ) —noaurom, cosepmanuii cosg, sing, sind u cosd.
Tloacrasum (53.6) B (53.5). Himeen, npexne Beero,

du
’2

2 =1+ (8, 9),

22 =te+ 1Y @0

Ypaeuenne (53.5) mocae COKPANICHAS HA r' IPHAAMACT, TAKHM obpa-
80M, BHI
I Y

a
36) T e 3y

! il .
LA )Y + grg o (sin® 5

«Cpapiusad 270 ¢ (53.3), BUAUM, UTO
A=I{+41).
Au=I(+ 1)1,

Hrak,

a caenosaTenbio, no (53.1) coOcTBeHHLIMH 3HAYEHUAMH KBajapara
‘MOMEHTA KOJINueCcTBa ABHAKEeNHs ABIAIOTCA ducna

12=1(l4+ 1A (I — nesoe uncao).

Vs 3Toro caenyer, YTC MOMEHT KOJIHYECTBA KDHKEHHA 1O cpoeit
BeanyyHe MOXKET NPUHHMATL 3HAYENHA

L=VI{+n, (63.7)

e yelroe yucio [ €CTh KBanTOBOE YHCJAC MOMEHTA KOaNYCCTBA RBR-
enns. TockOALKY, OXHAKO, NENOCPEICTBCHHO HAXomATes coberoen-
sible 3Bauennnl L2, Mbl €LIC DIGero He MOKeM CKasartb OTHOCHTCALHO
sektopa L.

Cobereennme ¢ynxunn onepatopa Jlemanapa cyTb QyHxuui
Y (8, g). B Teopnu iapopmx ynxumi *) rawores ofume GopMyan,
TIpu NOMOINY KOTOPBIX MO0 BLIUHCAHTL OJOPOAHEIE TOJMHOME!
Jio6oro TopAKa, ABAMOUWMCCS pellennamu ypasnewns Jianaaca
(53.5). Ham, ouepnano, noHazofuTcs O4ellb OTPAHHICHHOC 4RCIQ
STHX 1101HOMOB, BBHIy 4€r0 MBI He CTanem 3aHMMaTLCs BBIBOAOM
06X POPMYS, HO TNOJy4HM HECKONBKO RYAHBIX HAM pelCHHi ne-
nocpenetsenno. Jas sToro Mi sepHecs K ypaswenmo Jlanaca
(53.4) B NEKAapTOBBIX KOOPAHHATAX M lepehileM OT NEepEMEHHLIX
X, Y, 2 K CACAYIONMM NOBLIM NepeMeHnbM:

E=xtiy, w=x—1iy 2

¥y Cv, nanpumep, B. U Cumpuon, Kype sucumei waremarmen, v I,
.2, ta VI, Foctexnagar, 1949,
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Hmeem
ou 0w &

ox =95 9r T amdxr — o Tan
O __ 3 (Ou , u\Ot , 8 (3 , du\dn
Fraair (ag +Tn)79?+a_n(f+a_n)ﬁ_

3%

o g o
=i +26§dn har okt

HAJIOTHYHO HahneM

Fu _ du o %
a7 =~ e
Ypasnenne (53.4) Tenepb fpuMer BHA
8% 3%
4 3gom +5r (53.8y

Byaem nckaTh peilenns TOFO ypanlenns o BHIe ONHOPOMHBIX NO
JMHOMOB pasiKYHLIX crenieneit B mepemeniux & v, 2. Onnoponssii
TIOINHOM HYJCBOj CTENEHH eCTb, OYEBHIHO, NOCTOSINLAS lo = COnst,
KOTOpasi, KOHEWHO, ylOBJeTBOPseT ypasnenno (528). Oxopoaamit
N0JNHOM NepBOfi CTeneHH ecTh

Uy =af+ bn+ cz. (53.9)
Toncrasnm ero 8 (53.8), Tak xax
Fuy %y
dton —0 H g —

TO, OueBIIHO, mosnHoM (53.9) yuOBIeTBOpHT ypasuennio (53.8) npu

JMIOGBIX MOCTOSsIRUBIX KOapgunnentax a, b, ¢. HUnaue FOBOpPA, MBE

HMEEM 7P IUHERIO HEBABHCHNLIX pellen s NepBON CTENeHH tanz
OnROPOAHBIA TONKHOM BropOii CTENEHN cCTb

ay— ag? 4 b’ 4022 4 din + etz + fnz. (63.10}

Moncrasndsn cro 8 (53.8), MofyduM OAHO COOTHOWEHHE AN KO3~
(DHUKEHTOB, @ UMEUHO:
2d + ¢ =0,

Tax 470 d=—%c "

1
2 ag 4 b ¢ (22— ) et + iz,
70 pemiene ectb AMHEHAA KOMOMHALNA CAEIYIOUIHX NHHERIIO He-
32BHCHMLIX NOJHHOMOB BTOPOl CTEMeHH:
2 2 1
g owh 2—gk, &2, me (53.11)

Mur nareen, Takum 06pasoM, OXHI IOJIWHOM HYJTEBOH CremenH, TpH —
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flepBoll CTENCHHH W NATb — BTOpOi. B ympamHenuu & sTOMY mapa-
rpady unTaTemio mpeanardctesl yBENHTHCA, UTO CyMIECTByeT CeMb
OIHOPOLHBIX MOMUHOMOR TPCTbedl CTENeHH, YIOBALCTBOPSIOLIAX ypas-
neitnio (53.8), a B 06ulell TeOpHA WAPOBHX (PyHKIAG NoKaabiBaerCa,
9T0 cylgecTByeT goofute 2/ + | AHHEHHO He3aBHCHMBIX OIHOPOLHGIX
[HOMHHOMOB CTenmenu I, yloBaeTBOpSOUIMX ypasweruio (53.8). Ham,
OJUIAKD, HE MOHAZOGATCA NOJMHOMBI BHIILE TPeThel CTeneHH.
Ynpawnenne [oxasats, wto ypanueswo (538) yioBACTBOpRIOT cae-
Ayouue cews anielino TpeTbedl CTenel:

2. I o 3
2, 2°'— gEnz

§ 54. CoGcrsendnie tyHKUMM u COGCTBEHHbIE 3HAYCHHR onepaTopa
NPOEKMH MOMEHTA KOJMYECTBA MBHKEHHA

7 a4
OGparamest Temeps K onepatopy L, %-dqv) . Hnsa orvickanns

©ro COGCTBEHHBIX (yHKIWIt CAelyeT HA#TH YNOBAETBOpSIOLIEe CTAH~
DapTHUM yClOBHAM pelleHue ypaBHEeRNs

LK TS (54.1)

Hckomoe ‘Pemcﬂne ¢ TOYNIOCTHIO 1O MPOH3BOSBHOrO (Ha3oBOro MHO-
Hutens e ecTo

pmeT . 1.2)

D10 peluenne po Beel 06aacTH navenewns ¢ (. €. o1 0 10 2m), oye-
SO, YIOBAETBOPAET YCAOBHIO OrpanddennocTd. Ho rak xax ¢ —
nepesientas MUKARYECKas, TO cleyeT HalTH yCJIOBHe OIHO3HATHO-
et pemennst. Qo GyIeT OAHOIHAUIEIM, ECAK

o elT @+

1
+ han

rlle m — ienoe ueao (Braouas Hyab). Utak,

A=xmh (m=0,1,2.. (54.3)
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Uz sroro caeayer, uto npu Hamepenmn z-cocrasadiomedl MoMeHTa
KONAUECTBA ABUWKCILA JIOJOKHEL TIONY4aThesl 4ICAA, ABAROWnCCS
HeMMH hpaTHbMH A, Tlo NpHYHAAM, KOTOphie BHIACHATEA B Aadb-
HEeHllleM, UET0e 9HCAO M HASHBACTCH MATRHTHHIM  KB2jITOBbIM
YHCAOM.

§ 55. OuMcanHe Pa3aAnYHBLIX COCTOAHAR B UEHTPAALHOM noJde

B § 53 Mpi nawan paa oanopomimx mogxHOMOSB, YAOBJETBOpSHI0-
mnx ypasickdo Janaaca B nepeMennnix E v, 2, 1. e. ypanuenuio
3 3% o
45am FaE =0 (53.8)

Hns Toro urofm noayuuts BbIpaXKeHne COGCTRERHBIX (yHKIHIT
onepatopa £? B ynoGHOM ANA HAlmMX ueaef BHJIE, HAM OCTaeTc
TOALKO NePEATH B STHX LOMWHOMAX K MOJfpHLM KOOpXHHaTaM.
Onnoponuulit nonuroM crenenu I npu nepexone K NOMAPHEIM KOOp-
AMHATAM NPHHNMAET BHI

2
u=r'Y (0, q. {53.6)
Takoe peweniie ypasuenna Au =0 nasuisaetcs o6meMHON ma-
poBOIT dynukuner. Tlpn r =1 noayraem DOBEPXHOCTHYIO WAPCByK»
byRknEio Y (0, ¢).
3aMeTiM Npekae BCEro, UTO TAK KaK UHCAGHRHE 3HAUEHNA Mo-
MERTA KOJNHYeCTBA NBHIKEHUS paBHb Vl,(l+ 1) &, To pasanunsiv [
COOTBETCTBYIOT H COCTOSIHUS C PASMUYHBINN MOMERTAMH KOJHUecTBa
Lguikenns. B aTownoit pusuke mpansito obosnavars sta COCTOSTHUS:
Gyksamu s, p, d, f, ... no caenyomed cxeme *):
=0, 1, 2, 3, ...
cocroanue S, p, d, f,

PaceMOTpHM 9TH COCTOAHIA KaXI0€ B OTACLHOCTH.
Cocrosnue s, 3gech | = 0. TloaHHOM &, eCTh NOCTOSRHAS

Uy = const,

MOMENT KONHUECTBA ABIIKENHA, OUCBHLHO, DABEH HYJIIO.
Cocroanue p, | = 1; nonHROMb TaKoRLL: &, n, 2. Mepexomuyn x
NOASPHLIM XOOPIHRATAM, HOAL3ysich dopMyaanmu (51.2):

§=x +iy=sin B (cos ¢ + i sin ¢) = sin de®,
N=X —iy=sin® (cos p— i sin g) = sin de e,
" z=cos?.

*) D01 CHMBONL IMEIOT HCTOPHWECKOE MPORCXONMAEHHE. OHE CBA3IAH ¢ OT-
XPHTHM [0 BOIUHKIOBEIMA KB2iTOBOA MEXGHIKN CYUIECTHOBAHMEM HECKOMDENX.
THNOB TCPMOB, OBYC/IOBIHBAOUINK BOIHNKHOBENHC CNCKTPAJLIHE CePHii UeIonynx
Meranaon (oM. T 1, § I61).
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Herko y6eantscs Teueph B TOM, 4TO HAHIEHIbIe haMH COBCTBEHHbIE

(b)’HKIll/IH KBajipata MOMEHTA KOJIH9eCTBd ABHUIKEHHA %BJ[H]OTCH B TO

e Bpems cOGCTBEI HBM YL q)y“)(uHiIMH Z‘C?CTaB."iHOLLleH MOM?HTB KO-

JHUECTRA JABHXeHHd., B camom Jlene, NeHCTBYyd na Tph Haueinble
9

GYRKLIM OMepatopoy 3y Moryuae
2 % (sir Dei®) = (sin Bei®),
7——;; (sinBe—i?) = — fi(sin Be~i?),
T —;—‘p (cos By

Hrak, B COCTOARNN p NpOEKHHSl MOMCHTA KOMHYECTBA JBHIKEHWA Ha
OCh 2 MOYET NpiHhMaTh TPH 3naUEHHA:

+46 0, —

2 GHCAEHIOE 3HAYRKIC MOMENTA KOMHUECTBA JRMNenHs pasho J/2h.
Cocroanue d, | = 2; nomuaomut (cM. § 53) Taxoebl:

8= (x + iy)* =sin® B (cos ¢ + ising)? =
= (cos 2p 4 i sin 29) sin? 0 = @ 5in2 @,
W2 ={(x —fy)?sin’ 0 (cos ¢ —~ i sin 9 =
=sin®® (cos 2p — i sin 2¢) = e~ sin? §,

“h et = 2 =5+

= 08?0 — - sin? = 3 (200870 — sin?§) = 5 (3cos 0 —1),
gz =(x 4 iy)z=esindcosd,
W =(x —iy)z=e®sindcos .

Uycnennoe spadenne L B COCTOAHHH p paBHO VG&, BoaMoxnne
anayenys Npoexuun L, HajkimeMm Tak xe€, KAK B npCALLAyLEM Cay-
uge; OnA TAKOBHL

+2, +4& 0, —h —2

BCCrO MATL BOIMOXKHLIX 3nauenni,
Cocroanue f, { =3, Bce BHyRCACHHs ROMMHBI GLITL BHIIOA-

HEHL! 9HTATENeM CaMOCTORTENbHO (cM. ynp. k § 53). Pesyivrar
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TaKOB: NOJHHOMBL

sin3 9,
p=e"t?sind s,
2z =esin’dcosd,

N2 =e¢ " sin? & cos &,
i .
2 — 8 =7: €% sin® (5 cos’ ¢ — 1),
1 i
Zn—g i e™19sin 4 (5 cos* & — 1),

20 cos ¥ %(5cos”}~3cosﬁ).

3 3
3 = — 3 H
E g Enz=cos’t —si
Mowment xomuecTsa nBuwenna wacaenno pased V12 f, ceMp Boa-
MOKHDBIX 3HaueHHit Npockuamn L, Takosbl: !
0, ==& x2n +3a

Tabaauna 1

Cocras
Kue Y-y uxaaz ‘ L Ly Ly Ly
s [ r 0 ‘ ° 0 0
i Vﬂ sin 0e'? VZh B | neonpemesenunt
P 10 V8/an cos @ ¥ 0 >
—I| V38 sin Ge ¢ Vit | —#h »
2| Y15/32m siy® 0P Y8 h | 28 | eonpenesennt
1| V15/8x sin & cos 02°° Ven | b »
4 [2] 0 V56 (3cos?d—1) VEh 0 >
— 1| V15785 sin & cos $e—/® Veh |—58 »
—2| V5820 sin® Do Vea |—on »
3 V35630 sin® 057 V2 B | 35 | nconpencnenne
2 Y 105/327 sin® & cos Bef2® Vizh | 28 »
1 V2Upda sin & (5cos” 8 —1)e!® | pI2h | & >
£ 181 0 V77167 (5 cos® & — 3 cos B) vizh! o »
—I) V207647 sin 8 (5 cos®@ — ) e~ Y128 | —§ >
—2{ Y105/33% sin® B cos Be—i20 112 h | —28 >
-3 V3564 sin® ge = Vigh |—3n >
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flonyueunbie Pe3yIbTaThl CONOCIABACHE B Tabm. [, TaC -@ynK-
R KaHe B HOPMHPOBAHIOM Bufe. [10 10BOLy 9TOr0 HOpMUPOBA-
JHst CACAYEE OBpaTHThCH K PyKOBOACTBAM TO TEOPHH UIAPOBLIX
yHKLIHA,

Vnpamuenne CHCTeMa, COCTOSM(an W3 yaCTHil, PHI)MM\CA Bce BpeMA
Ha ONHOM k TOM e ot Tpa, potato-
bobt. TIpHNEpOY MOMCT CAYAUTS DPAUIAION|GNCE IRYXATOMIAN MOTEKYId, ATOMH
KOTOPOR MCCTKO CBYSRHM MEWLY CGOR 1A PACCTOMMMH ri €CH 3aMeUHT, 002
Gvoma SacTHUGH, Macca KOTopoi paBila OpHESZeNTION wacce oGOHX ATOMOB H k0~
Topas BCe BPEMA ILAXOLMTCA OT HEMDAEMKKOTO LISHTDA MHEPUAA 13 paCCTOTEN T,
To NORYUHTCR MOZeAb MECTKOro poTatopa_ Lokasars, 4To ypapenwe Lpemmi-

repa (YpapHerie N1 COBCTERIHLIK SIASCHHIl SICPrHH) AR POTATODA MOACT OLTL
TIPKBCJENO K BHAY

0 (b L ey
_{sinﬁ W("“” af})"' e aw}_ 7

£xé [ — mr®— wowenr nHepwin poratopa [lombsysch S5, AOKAATS, 4TO COG-
CTBEINTHC 3HAYENHMA GHEPIHH POTATOPA BHPAKAIVTCH (GOpMYAOL

e
o

(0 =012 ...

§ 56. MpocrpancTeentoe KBaHToBaHHE

Io cux mop B 370h riaase nawma pabora nOCHIA TpPEHMyLIC-
CTBCHEO BLIMHCAHTCAbUBI Xapaxrep. (BpaTuMca renepb K Qusu-
yeckoMy MCIOJIKOBRHWIO TOJYUEIALX pE3yIsTarToB. ITH peayas-
TaThl CBencHm B Tafidle, OMELEHHOR B KOule TNpeibliyUiero
naparpada, Mb BHAMM, YTO MOMENT HMOyIsca L nwmeer oupe-
[leNenAble  3HAUCHHMs,  XADAKTEPH3yeMbIC  KBARTOBHIM  YHCJIOM

=0,1, 2 3, ... # paBubIe l/l(l + [} #; ans kaxporo ! EMeCTCH,

xpome Toro, 20+ | snauednii TPOGKUHH MOMEHTAa HMilynbca Ha
ocb z, KOTOpHC ABARIOTCA NCAuME KpaTibiMd &, Ocraibnbie ipe
npoexunn Ly 1 Ly ocTawores neoupeleneHnbimy. Uenoducsiennoctb
(B eqMHANAX F) HPOCKIHH MOMEHTd KOJHYECTa [BIKEHUs MOXHO
BCTOKOBATh KAK KGUHTOBAHUE OpUEHTAyuU 6exTopa L, ana.ormy-
Hoe TOMY, C KOTOpWIM Wbi BCTPETHIOCH YAE B HOMYKIACCHUCCROL
teopn Bopa (1. 1, § 107). Heercs, 01naKo, CyleCTBCRNAR pas-
HEla, COCTOSMIAag B TOM, 4ro B TCOophu Dopa Bce TpH HpOSKIHM
sekropa L cTpoio onpeleneHul (kak B KNacCHYeCKOM MeXaHHKe),
BBHAY Uero MOHO TOBOpHTH OF ODICHIAIUMH 1070 BEKi0pd B Lipo-
crpancrBe. B KeauToBOH MexapiKe OnpeleaCa 10ibKO OANd npo-
ekufd L; Tak 4TO MOXKHO [OBOPHTL YOAbKO 06 opuentaurn L
OTHOCUTEAbHO OCU 2, TOrAa Kak MpOCTrpaHCTBeHnas Opuentausia
ero ocraercd HeolpelencHHol. C 3TOH OTOBOPKOH MOXHO NOJb30-
parber HACAsiHuMu puc. 19 u 20, usobpamkawmuun [1POCTpaH-
CTRCHIIOE KBARTOBAHHE § COCTORNAX o U d.
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Ha camom pnere repmun «HPOCTPAHCTBEIHOE KBAHTOBA((H2>
MMECT D KBAUTOBOI MeXaHHKe BECHbMA YCMOBUBIA CMBICA, 4TO Bb(Te.
KaeT HMEHo N3 HeompeReeHHOCTH ipoekuMit Ly L, Hdan toro
OB raybme yacuuTh cebe (rusg-

HeCKYyI0 CyuHOCTb 3Toro SIBJICHHS, 25
PACCMOTPHM  KaKoe-HHOYAL ompe-
ZeRedHOC  CocTOfINME,  HalpuMep »
U v
4
-#
el

Puc. 19, Hpoctpacraen- Phc. 20. Tpactpancraer-
O KBaTORanWe d-co- Hoe  KmawTORaWMe: d-co-
CTosdue. CTosiaRe.

cocronane p(l = 1). Oneparop L2 umeer & srom COCTOSHUE TpH
cobcTeHHbIe yHRAHU:

b, = sinGet® =cos 0, b_=sinbe=®,
s A +©

1O BCEM STHM TPEM COBCTBEH(IbIM (yHRUNAM COOTBETCTBYCT TOMLKD
onHo coferrennoe navende L2, pantoe 2k Tlostomy B’ cocros tnu
P HMERT MECTO TEXKPATHOC BIpOKteHUeE,

Bernencraue ‘Brponcaenns cocrosme Aomkio ONHCHBATACS JTH-
HefHOH KoMEH(Tan el TPeX GYRERUI by, o, o

Y=cw, +eahy +epp_.

Beuny nomuoit n3orponyoer pOCTPAHCTBA HH OAHO HaNpasienue
B (BM A0 TEX [Op, NOKA OO (€ BbIIeNeNns Kak-Hubynb pusnaeckn,
He HMeeT upeHMyluecTsa mepex Xpyrumu, Mostomy, ecan mer xo.
TUM Y3HATL MPOEKUAIO MOMEHTA WMIyJbCa HA OCH 2, TO HaM He-
0BXORHMO KaK-TO BLpAeJATs 370 Raopaplente, HanpuMep BRIIOIMD
apalTelLHoe eMy MariWTHOe mose, § UpOASBECTH  H3Mepenne
mpoexund. B pesyaprate taxoro H3MEDEHHT MOKET oKa3aTees, yro
upoexuus L, pasga, Cramem, +h. Takum 06pasoM, cocTosHie noc-
Jle namepenusa Gyner onncesarben DYHKUKER by Teneps yme

Y=t e Jof=1 |[of

Tpoekuus L, npumer OMpENE/NeHHOe 3HAUCHHE, HO 0 Npoerunax Ly
u Ly bl Hiryero ckasath ge MOKEM (5TO Kak pa3 €OOTBETCTBY CT

§ 56 FIPOCTPAIICTREHHOE KRAHTORAHME 209

TOMY hakty, HTO {1 He aBAferCH coBCTBeHAOH byax et onepa-
T0pos Ly w L,). Ecan e 1CI€pb 3AXOTHM y3HATH OpOeKUU© na
Kaxoe-nuGyilL Apyroe nanpasaenue, 10 bt AOMKHN ByneM BK/I©-
YATb 10JIC, T@pajiienbHOe uMeHHO STOMy Hanpasaennio. Tem ca-
MIM MpEAUICCTRYOWEE HIMEPEHUID cOCTonnHUe Gyxer paspyweno
M BOSHHKHCT (0BOC coCTOfinue, B KOTOPOM  Olrpetetenda Gyaer
O0ATb-TaKH TOBKO OlHA MpoeKius.

Ha aepebtit sarmag HEOORATHO, yeM ofbAcHsieTCH NpeHMyecTBO
OCH 2 nepell AByMA OcTafbhbmu. B AekCTBUTEIbHOCTH 5TO Npeumy-

HBIX BLIGUCTEHUAX W pACCYKACHUSIX OFbACHSIETCH TONBKO Hatuy
BBIGOpOM NepeMennslx £ = x -} iy ==X —1Y, 2, BCNEACTBUE Ko-
TOpOro ypasueHue Au = 0 npuusIIo tua
C % 3%
4 o T o =

(53.8)

Ecan 6o mut suGpann TEpEMCnHbIE Huave, Hampumep Tak: x,
N =ytiz, ' = ¥ —iz, 10 ypasucqme Jlantaca IPHUATO 651 BUj

P4 S = (66.1)
4 COGCTBEHULIME gy aKUHAMK P-COCTORHUS GbITH B
X=sin B cos@, ' =sindsing+/cos o,
&' =sin o sing —icosd. (56.2)

31t cobersepnie yukurn oneparopa Lt 6uan 61 B 10 3o BpeMa
COBCTBEHHLIMH (yuKnmamu oneparopa Ly (no ue L, n L2}, M oape-
ACaeHkble 3Radenun 0, = K Hema Gy upoexuus Ly (cw. yop. {)B
KOune naparpapa), a mBe Apyrue ocramagncs Ga Heompesiene-
nsiv. Hakonen, MpH BEIGOpE  mepeMedHbx N =x4iz y t”
=x—iz ONpefesentoil OKa3anace 6ol TOMBKO mpoekumst L, Un-
TaTeMO (ACTONTENLHO peKoMCinyeTes ApOACTATD ylpaMHCeEHA &
OTOMY 04parpagy M CaMOCTOATENbHO yBenuTbes B 1IPABUALHOCTH

TICCAERUHX yTBEp K ALHUH,

VYnpaiuennn I [onsayncs mmpamennamn onepatopos Ly, £, [, s
cepmicernx koopnmarax [hopuyas (51.15)— (2] 17)), #0Kasath, w10 codeTaer.
e dyinany oncpatopa L? (56.2) apasiotcs omonpentime COBCTBEH B (yitk -
amin e ¢ colCTsenmivin ausvennmun 0, 14, Ko o sotyiotes <0Gc rRetHbin
dyuKnnaMy oncpatopon Ly u Lo,

LGDak B KagecTse nepeMehibx 1 < x 4 {2 y £ — X~ iz, noKazars,
dvo LB TAKOM BuGope onepatopu L3 1w L, B p-cocropmu ameror obuwke co6-
CTHCHEME QyuKUITY.

3 llaimy coGcroemuie gynxarn onepazopa £2 n coctommun d npH_ mwGope
TrepeMCHinIX yipaueuus 1 v 2 u cobeTuennbe snavepmy onepatopa L? (i co-
orsercrseniio £y) B atoM cocTomumm
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§ 57. Tpadnueckne n3odpaxenus

Iina yscuckKs ocobennocrelt UENTpaabHOrO ABHAKCIMA B KBal-
TOBOK MEXAuHKE NOJE3HH CpaQWuecKue H306pamenwsn, KOTOPSIE
Mbi (puBeieM B 5TOM flaparpade. ByieM paccMaTpHBATL MHKDO-
CKONMHECKYIO HaCTHILy, KOTOpast O6pALIACTCA 1O AERCTBHES et
TpaABHON CHABL OKOIO IIEHOABHAIONO UCHIpA, OCTaBAACH BCE Bpe-
M# HA OJUIOM W TOM )K€ pacCTORHMH Of Hero (potatop). Benomkuy
npemae BCETO, §T0 MaKpOCKOMMHECKan daCTHUA, NONMMEAIOWANCE
KAGCCUMEcKOlt MeXanuge, BpH TAKOM OGpalleHMp BCE HpeMsa OC-
TaeTcs 6 0OHOH RAOCKOCTH, T. €. O6pawaeTcs Mo Kpyry, U Ce Bex-
Top MOMEITa KOMMYECTBA ABHAKEHHS COXpAHACT €BOE nonoMenie
B DPOCTPAHCTRE, 1I0pMAILHOE K (MIOCKOCTH OpGHTEL.

B kpaHTOBOM MCXaHHKE, KaK Mbl 3IaeM, [POCTpAHCTECHIaAn
opHenTalus BEKIOpd MOMENTA KOJUIECTRA ABHEIMs B H3BECT-
biX mpexesax meonpegenenia. Il0STOMY BCeraa @mectcst OTamds
jas 01 DyAs REPOATHOCTH HafTH WaCTHUY B TOUKAX, i@ ASHKaUAX
B OIIOH TWIOCKOCTH, 4 B COCTOAIIMM S, KaK Mbl YBHIMM, HpH ONpC-
ReAeHroM pacCTOAHUY OT UEHTpa MMeercs Aame odunaxosas Be-
pOATHOCT, HARTH HACTHIly B JIOGOM MecTe nosepxXHOCTH Cpepol,

Bsuiy 570T0 Tpauid, KOTOphie NpHBOAATCR B fAadpleies,
M306pAKAIT BEPOSTROCTS RAXOKIEHHL HACTHIb Ha cgepe, a we
wa phockoeTs. Tax Kax pajMyc cepbl OCT4eTCs HOCTOHHBIM, TO
CTo MOXHO TOJACHWTH paskbiM enmmuue. Marepecyouas Hac se-
POATHOCTH paBHA

wdo =" do = pPsin $do de, (57.1)

rie do— 3JeMERT 1OBEpXHOCTH Cepul SAMHHYROTO pajuyca. Aa-
Hbe Bupamends AuH -QYHKIUN npH PASIMYHBIX I'w m npiee-
nensl g rabh. I X MoxHO 3ankcate B BUAS

b= Dp8 = Nye* "0 m,

rpe Ny — BOpMHPYIOULUit MEOKATEb QYHKIHH O, a O, m— HacTh
COGeTBERHON  QYHKIlMM, 3aBACAAA TOJBKO OT yria ¥ (BKI04AF
HOPMHPYIOLUIT MHOKHTCTo) . Jlerko pusets, 9ro | Ngl= 1/2.
JleficTBATE b0, YCIOBKC NOPMUPOBATIH dynrunn @O ecTo

2%

= | Oupdy=| N | do=2n] NoP,
L] o

V[/Zn‘ TlpusuMas 310 BO BUHMARUE, nMECM

18l sin 0 dB do. (67.9

orkyia | Ng

w do =" do

Mbl BUAHM, 47O B S10M BBIDAXEHHH HCUE3 MHOKHUTETL, 3aBHCAILKD
o1 @. D70 YKA3LIBAGT HA |0, 10 HMESTCA ORAHAKOBAA BEPOATHOCTD

457 TPABHUECKME H3GBPAKELTHS o1t

r(c[’)auu;ﬂ 1/28) wajiTh sacTHIy B OMNOM M ToM Ke HHTCPBANE AOJ-
T TOHKH ¢ y JoBoro Kpyra mwporu. Beuay aroro uesecoobpaino
pornTrerpuposars (57.2) no ¢ or 0 mo 2a. IMoaydennas (popuyaa

1
B (O P - 2050 8 20

Aacr 1Orfla BeposiTHOCTh mafiTh 4a
CTHIY B MIOGOM MecTe cie
Ne: ‘ a .
v :my‘ KpyraMu wnporel @ u 94 df. Tak Kak, nakoneil, n.‘lO]_d!:’laI;[b
ngi(op” 1ECKOTO (101CA MEWKIly STUMH Kpyramu papda 2z sin @ dg, to
Mas BEPOATHOCTb, OTHCCEHHAR K sotla S
Bere eAHIMUE (OWATH Ceps,

o (67, 1,

::p:mel'vt Gyrruna [0, m?, oacBuAHO, W Gyrer XapakrepH3oBatL pac-
pHAeuerne 4acTHil Ha cdepe nmo wupore. JAR nomyusennus srtoir
GYHKUMH TIpH pATIMYHLIX 3HAYSHHSIX [ M M Cle]yeT yMIoKaTh Iia

Ta6anua (I
‘ " i®%, ml? MO
m=—i :
0 0 L 1
2 T
ES) i sin? §
! ] B
0 3 osd B
7
1
+2 Tz,—sin‘ﬂ
1
2 =i 22 sint 0 cost 0 5
2
0 %(3 cos? & — )2
+3 35 e
st
105
3 *2 15 sin' ¢ cos? & . ;
2t 3
*1 g Sin® @ (6 cos? B 1)2 2
7
0 5 Beos’ 0 —3cos? )
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2 upoM3Benenua iy, cocTapAenibe Ko Taba. L Mer nosydnn Ta-
xum uyrem taba, il
I W2AIY 5 & 7
SIS
SN2
N2

’ o, I
Puc, 21, Tloaapnan AHarpavia pacIpCRedekis II0THOCTH BCpoATHOCTH [O ]
past =3 npA m =+l

2
CRSSTHAIR
SR
N

Pre. 22, Moaspasie AMarpavmsl 0A0TIHOCTE! BePORTROCTH [Qy |? npr m— !
e {—0, 1,2

B nocegueM ctoabie 1aGAnisl IpHBEIETbE CYMMEL NAOTHOCTER
BepOATHOCTA [B) w]? Ans BCEX BOIMONKHLIX 3uaueHufl m mpH AdH-
noM 1. Kak BMAHO, BCErad BLINOAHARTCS TpeGOBAHHE

- et
>[04, m? = consl.

it
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Ha puc. 21 npusenena nonspHas Rnarpamwa Gynknnn [0;, 3%
1A QYWRIUST OTHOCHTCS, CAEROBATENBHO, K f-cocTosmnio (I = 3),
NpUYEM HMEIno K TeM H3 CeMh BOSMOXHLIX [af {-COCTORHHI Cary-
aes, KOrla 2z-COCTABAAOLAS MOMEHTA HMnyJbea pasHa 37
(m = 3). Ise muockne opburh Teopun Bopa & stoM cayvae A0~
HLp Gbl ObITh OPHCHTHPOBANE TAK, 4TOGL BEKTOD MOMENTA UMTVIbca

2=0
£, S-anekmponed  tg,
g | p-anexmponss
=l = ”7“// w0 w1
/,
@ 8
f /%
I

/ |
- ) | s %w;ﬂmpwu

3 ’”"v*"’ PR AN, < - f% m=-3
ES I 1 ¥ 2

Puc, 23, Toanpunie auarhamvsl 1OTHOCTEA BCPOATHOCTH TPOCTpanCTBeNROC
KBANTORANHE,

Obl1 mapagnened (MK anaKa ) WAH aHTHOapassIencH (Aas 3Ha-
Ka —) och z (mepruxanvHas aunua 180—0°). [loasphas nma-
rpamMma puc. 21 NOCTpoeHA TaK, 4TO €CAH TPOBECTH paLNyC-BEKTOD
H3 UEHTpA K JMOGOA TOUKC KpHBOI, TO HnkHa OTpeaka X0 mepece-
aenus ¢ KpHBOji 1acT (MOTHOCTL BEPOATHOCTH HWA{TH WacTHLY Ha
chepe B JI060M MeCTe KPyra LWHPOTEHL, COOTBETCTBYIOMETO yIiy ©
MEmIy pajHycOM-BCKTOPOM H BEPTHKAJLHOK 0CbIO (0Ck 2). Mol BH-
ZHM, 470 Aas § = 90° COOTBETCTBYIOLIETO OPHEHTANHH GOPOBCKYX.
opburt, BEPOATHOCTL Ha CAMOM JAefe HMECT MAKCHMAJLHOE 3Haue-
Hie, 110 Ona OTIHYHA OT YA K A% APYTHX yraos. Takum o6pasom,
HH O KaKOW NNOCKOH Op6HTE 3[eCh rOBOpHTH HE NpHXOAHTCH, XOTA
«PasMBITO» COOTBETCTBHE C OpHEHTALHER BOPOBCKEX Op6HT HMeeTcs,
Ha puc. 22 npusezena cepus NoNpHux AHArpaMs [8; . axa co-
CTOAHNI, ANANOTHYHLIX PACCMOTPCHHOMY, T, €. KOrAa ml = =1 D1oT
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PRCYHOK MHTEPECEH TeM, 4TO OH OKA3HIBACT yJIyUMIAIOMIEECA COOT-
BercTBUE ¢ Teopuedl Bopa no mepe sospacTanuf I, npu { =0 (s-co-
CTOAME) HET HHUKAKOLO COOTBETCTBHS, NMArpaMma—— Kpyr; C ybe-
nudenwem [ guarpaMma CTanoBMTCs BCe Gosee CIVUOLIBHHOR, d,
CAGAOBATEAbNO, pACTpENEACHHE UaCTHIL KOHUCHTpHPYETCA BCE B
Goableil creneHu BOAM3H MJOCKOCTH OpHEHTHpOBAINOH BOPOBCKOU
-OPOUTHL.

Prc. 23 aAmocTpupyeT TO e IR BCEBOSMOMGILIX C/ydaes Mpo-
CTPAHCTBEHIIOTO KBANTOBAHAA B COCTORHUAX §, /), d u f. Tlon xaxaok
Auarpammoii #306paxcena Takas OpHERTaUHT H0poBcKEX OpbHUT, NpH
KOTOpO# MPOKIHS MOMEHTA KOAHUECTBA JABUMEHUA HMCCT COOTBET-
cTByouwee 3uauenne (nanphMep, +2f ana [ =2 m = 20T 1)
3Rech OMATL-TAKH BHIHO, YTO, 33 HCKJIIOWEHHeM COCTOABAA S, BO
BCEX OCTAXbHBIX CAYYadX COOTBETCTBHE MEMIY paCHpEeLeNeHuen Be-
POATHOCTH U OpHesTAMHeii OP6UT HMEETCR: MAKCHMAAbHaR BepoAT-
HOCTb Beerla COOTBCTCTBYeT OpHENTaluH fmiockoll opbute. Onuako
BO BCEX C1ydanx Hab/oAaercA OTMEYCHHAS BHIIIE pa3MBITOCTD. Tla-
fOMHUM, YTO AR NOJYSeHHA NPOCTPAUCTBCRKOTG 00pasa HAAO npea:
cTaBuTL cebe TeM0 BpalleHHs, BO3HRKAWOLEe NyTeN BPAIICHAA H30-
GpaeHubIX (HCYp OKONO BEPTHKAALHOTO HANPABIEHHA.

§ 58. Hopmansnoe cOCTOAHME BOAOPOAOMONOGHOTO atoma

OGpatumca Teeph K pelICHAIO 324 O RBHIKENIH 3AEKTpoia
n nojie MOAOKUTENLIO 3apsmennoro sapa ¢ sapanom +Ze. Cuna,
-CRASBBAIOIWAN SACKTPOI C AAPOM HA PACCTOANMAX MOPAAKA aTOM-
ubix pasmepos (~ 107 ca), ectb KyROHOBCKAA CHAA (IPUTHIKEIHR,
«CoOTBeTCTBYOWAR eff NOTeHUNRAbHAS SepTHi
Ze?
U=—="-. (58.1)
Hama 3anaga cOCTORT B pElLUCHWH ypaBHEHHS AMA COGCTBEHHBIX
<byuxnmit # coGCTBEHHDIX 3iaYeHdji OricpaTopa dliepruM, T. €. B pe-
auenun ypassenna [lpenwnrepa. [lockonbky B AanioMm caydae
T0ne — UeHTpaNbHOE, CCTECTRENHO BOCHO/D30BATLCA CQEpHUCCKHME
xoopauraramu, Onepatop Jlammaca B STHX KoOpAHHATaxX HmeeT
BAL .

a . a3 1 82
w5 aF (sin? 5)+ T

B stom maparpade MLl 3afiMEMCA peUIeHHeM 33afaYH LA Cly-
4as HUSWEro SIEPreTHYeCKOro COCTOSIHUA, T. €. NOpMAIBHOTO CO-
CTOSAS. JT0 COCTOAHME, OYEBHINO, XapaKTCPH3YeTCH HAHMENb-
[WAMM 3HAYEHUAMA KBautoBwix yucex I Emy cooTsercrByer, cic-
nosatensno, 3navenue [ — 0, 1. e. coctonnue s. Ho 310 coctosnue
XApAKTEPU3YCTCA, KaK Mbl yike 3HAeM, MOTHOR CHEPRIECKOi CHM-

§ 58 HOPMAJIbHOE COCTOSIHWE BOLOPOAOTIONOBIIOTO ATOMA 215

METpHE, rak 4T0 QyHKuus P OyleT 2aBHCCTH TOALKO OT paAHyca-
BEKTOpa 7 W We OyneT 3aBuceTb oT yrios ¢ i ¢. [lostomy uaeh,
Coflepxalie npoHIEONKC 10 & 1 ¢ B onepatope Janraca, pasHsr
wymo, » ypasnuensne Ulpennnrepa npunnmaer Bui !

1 a dy 2m Zet
)+ E (E+ e (8.2
BBeﬂeM COl(pﬂLLlel[llHe Oﬁﬂﬁl[anHHﬁi
26
S =a (58.3)-

Mlepensmen ¢ stamu  ofoswauennamu  ypasuenne Lllpenusrepa
(58.2), sumonHWs pudepemuiposane, yKasaHsoe B IlepBOM
wiene. Mbl nonyanm
')
dr’

2 dyp 2a
+ra Tt (7v + T)‘IJ
Tlpocreiiluee pelieHHe 3TOTO ypaBHeNnNs, WMeiotee KOHCYKOE ana-

9ertHe Mph r = 0 W CTPEMAIIECCA K IYJIO LpH / —> 00, ecTh

(68.4)

p—c. (58.5)
Heiic18nrenso, nMeeM, upexie seero,
a2y

dp s,
dr T

TlpunuMas 3Tc Bo RHWMAKKe, NOJMyyaeM NOCAe NOACTAHOBKH B
(58.4) n coxpamenns Ha e—*"

ez—%s+(k+27“)

!

€+ %) + (— 2+ 20+

70 COOTHOMIEHHE AOMKIO HMCIb MECTO Nipk 0GOM 7, BCAEACTBHE

uero 06a Jpydaeda, BIATHE B CKOGKH, AOJNAKNE DABHATLCH HyMiO-
Kamaplfl B OTAGALHOC 1M, OTKyN2

—a,

[lpunumas Bo BuMManke 3hauels A u o 1m0 (58.3), noayuacs
[oc/e ApoCTHIX BblYMCHEHHUR

&

mZel

o

CpaprHBas 210 ¢ XOpOUIO M38ecTiOR GopMya0ii Bopa aan Gastn—
MEpOBLIX ypoBHEd sleprum (cM. T. 1, gopMyay (113.5))
mZ%et
En=— 20?07 2
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BHIAM, UTO HOJYUCHHOe HAMH BhipameRuc £y ectb He 470 WHoe,
Kax NepBeIi $ajibMepos  ypOBEHb, COOTBETCTBYIOUMT IMABHOMY
KBaHTOBoMy uHcAy n = |. Hawe coctosnume 5 xapakrepusyetcd,
TakHM 0Gpa3oM, KBaHTOBLIMU uHCAaMH = I, 1 =0; oxo o6o3na-
HaeTca CHMBOJOM 1S,

[onaras Z =1 B dopMyac aasi Ej, BOJAyuMM IHEPTHIO BOAO-
PORNOTO aTOMa B HOpMAJXBHOM CocTosHUW. Bynyun paava c o6pat-
HbIM 3HAKOM, OHA pABHA HCPTHH WOHH3ALWH aTOMa BONOPOAA

TloacTaBasAs CIOAA YHC/ENIble 3HAUCHHS KOHCTAUT H pasAesmis eie
Ha 1,6-107% aas nepexoZa Otr IProe K SMEKTPOH-BOMLTAM, [O-
_le‘l[/[M

2.9,85:9,11. 10~ .5308. 1075
— s e =136
43,82. 1074 1,610~
-—WHCAO, XOPOLIO COBNANlAIONEE C SKCICPHUMEHTANBHBIMH  HaH-
HbIMH.

BuigHCAHM Tenephb BEpOSTHOCTH MAXOKASHHS SICKTPOHA B 3/C-
mente ofbema dr. %503“3‘{85} Yepes N HecyyectBeHnLli noka i1a
HAC HOPMUPYOLHit MHOKATENb, AMeeM

w(r)dv=| N Pp*d1 =[N Fe=>rr'sin0dododr.  (58.6)

BepOATHOCTb HAXOMACHEA 3MEKTPOHA Ha pACCTORHHH Mexly 7
H r+dr or aApa B JI060M HaOpaBJeudn MOJy9dTCA, €C/H OpOHH-
-Terpiposath (58.6) fmo yraam:
w oa

w(rydr=|N Prer dr | do [ sinodp=|N Fanr’e=dr, (58.7)
9 0

‘OueBiano, 4TO NOCTOSKNAA & AOMKHA HMeTb pasmepHOCTh cm—'.
BBegeM HOBYIO HOCTOAHHYIO &y, CBA3AHHYIO C & COOTHOMICHAEM

. (58.8)

Torna

2r
wir)dr =4n| N Pre “ dr. (58.9)

TlI0THOCTh BEPOATHOCTH W{r) oOGpawaercst B HylAb NpH r=0 u
ACHMUTOTHUECKH CTPEMATCA K HyJio mpu 7 —- oo, Taxum 06pasom,
BOOGLL[E roBops, HMeeTca onpe)xe.neuuaﬂ Dep()ﬂTHOCTb Hajita 9MeK-
TPOH Ha AI060M pACCTOAHWA OT Anpa —Mexay 0 u co. Boiuucanu
“ellepb paccTONHHE, HAa KOTOPOM 3Ta BepofATHOCTb JAOCTHTAET Mak-

§ 5] HOPMAJILHOE COCTOSIIME BOAOPOIONONORHOTG ATOMA 217

cUmyMa. [lnq)q)epeuunpyﬂ (58.9) mo r n TIpHpABHABAN Hyadi0 Npo-
v

—2.l
H3BOANYIO, NOYYaeM \NOC/e COKpAMEHns Ha e &

|
o2
2r — 2r a =0
O1Kyaa
Tmax =8,
TIpuunMasn BO BHUMAHNE, UTO @, = l/e = |/a u uTo & = me¥/h2 ua~
A011TM '
e
a4 = (58.10)

Kax swimo, anmna @) BHpamactess uepes yHHBCpCATBHEE KOH-
crantt ¢, m, b C rakum BHIDAXKEHUEM MBI YK€ BCTpPEHAINCH B
Tecpun bopa [em. 1. I, § 107,
q)OPMyna (107.4)], rae Gwao
Hanlene, 9TO pALKYC neproit
BOAOPOIHOH OpOHTH Kax pa3
paBeH JUIHHe @, (puc. 24).

Asnmyraneioe KBaHTOBOE

uncao 1eopkn Bopa n, cessano
€ KBAHTOBLIM WYHCJOM [ COOTHO- 2 Za 1,
menneM fg = [4 1, T4k ur0 !
ana =0 nyg=1. CooTser- Puc. 24, l'pa(?m{ Pysrwm D — 42 X
ciaie ¢ teopueii Bopa nmeercs, X IR nma coctomuns fs.
TAKHM OGPA30M, W 37eChb, 0jiHa-
KO He ciciyer 3afmBare, uTo cocToAuue 1S Xapaxrepusyercs
CEpHIECKOL CAMMETpHed, TaK UTO pacupedejenne BEpORTHOCTH
npeficTasaser co60ik Chepuucckoe «06HAKO», HO OTHIOAb He MJI0-
CKN} 06pa3, COOTBETCTBYIONLIME «Op6Hre». [lasee HEOGXOANMO UMETE
B BHIy, 4T0 B COCTOARHM 1S MOMCHT KOJIHUCC[BA ABHIKEHRS pasert
Hyllio, ¥, CNeiOBATENbHO, MLl MMEEM JICAC ¢ YHCTO DPalHabHLIM
ABUKEHHEM,

BuuncauM eme cpeamuc 3HaveMmss HexoTOpHIX BeAMAMI Aas
cocTosnuA 1s. JINg 37010 naM ByKuo npexje BCEro HOPMHpOBArb
naly COSCTBEnNYI0 (QYNKUHIO K eNWHHLE, T. e. BLNHCANTL 3naue-
Hie muonnTean N rak, 4TOGL BIFTHI MO BCEMY NPOCTPANCTBY Hi-
TErpaj OT BOpMHDOBAHION (GYHKIHM pasBusics eiumunc. B pau-
HOM Cllyuae HMECM yC/IoBHe

3 _2I_ o 2n o
1=|NP[e “'rwrfsmwof do=INP4n [ re “ dr.
[ [ g [

(58.11)
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218 IBWKEHNE B HEHTPATLHOM TIONE v
-OcTanmuiica HeOHIHCTEHIbIM HIFTErpa uMeeT Bl

1, = f e dr

npH

Brvdcaenne sTAX "HTerpﬂJlOB
BOXHT K obmei popmync
Is

TAK 4TO MHTErpasy, BXOAAIMK

® v
gty
J r'e dr=

I
[TosTomy (58.11) mpunuMaet Bua
1 =[N Itnal,
OTKYZa € 104HOCTBIO JI0 OCTAKMIETOCH HEONpEReNeHIbM (Hasosoro
MHOKHTEN €10 . .
"‘/:a:/z

4 HOPMHPOBANGAA COGCTBEHHAR DYHKLMA eCTb

=L, (58.13)
Y= T
Droh GynxnHeA Ml B BOCMOAb3YEMCA AN BHISHCAEHHS CpeluHX
3iauenHit.

Halipen mpemnae BCero cpelsee r:

o om =, L .
;1". dq)J.sin\‘)df)J.re “wr“dr=——3—J.r3e 4dr=—1I
may § H H ey 4

Monb3ysicy (58.12), mosyuum nocie NpoOCTHIX BLIMHC/IENHE

(58.14)

Wurepecno BHUMCAHTE eme CpeilHe SuadenHs noTenuuaILHON
# KHHeTHYeCKoit sneprun. Ins morenunanbuofi sueprud npn Z = |
#ameeM

v
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Cpexnee snauenre 0GpaTHOrO PaCCTORINA eCTL

Urak,

_ o
U,=—=,

:

1. e. U xax Pa3 paBHO NOIEHNAAbHOK SHeprun 3fIeKTpOHA Ha pac-
CTOAHHU Q. l'lpmmMaﬂ BO BIIHMaHHE 3HauYcHHue a;, no q)l)pMy.'le

(58.10) naxonum

"
— ";fz = 2F,. (58.16)
Tak Kak o
T+ U=E,
TO LISl CPCAHCt KHUCTHYECKOR IREPIHM NOJyyaem
. ‘
Tom— £ — e (58.17»

T. €. SHAUCH}e TOJION IHeprHn € OOpaTHEIM IHAKOM.

Haiizennsie BhIllie pe3ysbTaThi MOSBOJSIOT AaTh OTEET HA EO-
NpoC: KaKHM 06pasoM B KBAHTOBOM MeXaHHKe O6BACHAETCR yCTOi-
9HBOCTb BOZOPOANOIO aTOMa B COCTOSHWA §, T. e. B OTCYTCTBHE
MOMEHTd KOJHUECTBA NBHAKEHHR. I[IpEMIONOKHM, 4TO SJEKTpOI
MOXKET HaXONHTbCA HA CPENHEM pACcCTOSHMHM OT AAPa, PABHOM 4y,

= 1
€ UEONpeNeNeHHOCTLIO TONOMXeRRA Ar, paBHOR < 4;. ¥3 coorro-

weHui HeeTnpeIesieHIIOCTH hMeeM 2
%au Ap, > %
OTKyna
bp 7”‘ . (58.18)
Bennunua M+”'l)z nORKHA GUrh MO KpailHeli Mepe TOro e No-

paaka, yro u T. M3 (58.18) naxonum
Ge) B
om 7 2mal

orkyna no (58.10) )
me’

2

(Apr)?
2
WY, NPHEAMas BO BuUMaHue (58.17),

Al
LT,
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xak H caenosano okufate. Ho Ty, = E), a £, ects onpenedennas
75 BOXOPONHOTO aTOMa SHCPrHSl NMepboro GanbMeposa ypoBHA.
l'Iosmmy oTBEI Ha IlOCTﬂBJIeHHhIﬂ Bonpoc TAKO0B: HEeOonpeaeaeH-
HOCTb TOJOXEHHS, T. €. PAJAHYC TOH cepbl, BHYTPH KOTOPOH MBI
nipencTaBasem cefe 3anepTbiM SJAEKTPOIl, e MOXKeT GhiTh Meubile
1/2a,, Tak Kak nnade Guin OBl HADYLIEH 3aKOI COXDANRNHS 2HEp-
FHH (peKOMENIYyeTCA CpaBHHTL AHAJOTAUIOE PACCYKIEUHe ANA
Ccay4asl HyJ€BOTO COCTOAHMA JMHEHROIO TapMOHHYECKOTO OCHMIA-
TOpa, nprsefekHoe B T. 1, 8).

CBA3H C STHM NOXE3HO PACCMOTpeThb CIIE CASAYIONWMIl Kaxy-
wufica napamoke. Tak Kax BEpOATHOCTh HAXOMKIEHAR JEKTpOia

r

B JIOGOM HanpaBieHuH Mexay ¢ w r-dr, parwas 4mr’e e dr
¢ YBEAMYCHHCM pPACCTOAHHS NPHONHKAETCSL K HYMNO aCHMITOTHYE-
CKH, TO BCEIJa HMERTCA OnpejeNiesHas BEpoATIOCTh HalTH 3JeK-
TPOH Ha J0CTATOYNO GOMbIIOM paccrossyu OT Aiapa. B 1oM yucae
# B TOW OGJACTH [pOCTPaNCTBA, Trie, (GOPMAJILHO paccyxias,
T << 0. Ho ator s¢deKT — ronbkoe Kaxywuuca. B caMom aene, nast
CKOJIbKO-HHOY/Ib TOYHOTD ONpeAe]eHHst KOOpAMNATHl  3MEKTPOHA
AAWa BOMAHB CBETa, KOTOPHIM Mbl €ro OCBellacM, AOmKHa Obitb
HACTOJALKO Maja, Yro 106apounas 3uepris, noayyaeMas SmexTpo-
HOM UpU CTOKHOBeHHM ¢ (OTOHOM (KOMNTOHOBCKH{ OTfpoc), ¢
H3GLITKOM NOKpOET Je(AUAT SHEPTHH.

MoXHO, OJHAKO, 3aiaTh BONPOC, HEJAb3s JiK BCe-TAKH ONpene-
JIATh TIOJOXEHHE 3JEKTpOHa XOoTsi Gbl NpPHOJHKEHHO Iie-HHOYIb
JOCTATOUHO JAJEKO OT AApd, MHOAb3YACH BHAHMLIM, HANpHMEp
KpaclibiM, CBETOM, y KOTOpOTO HMiyJbe $oToH2 ouens Mai. ITapa-
AOKC TOTAa octadca O B cane. OkasuiBaeTcs, 4TO ONpEJETHTH
TIOSIOKEHHE SMEKTPOHA ¢ KPACHBIM CBETOM Henbasl 110 cleiywunedt
IIpOCTOll NpHYHEE: OTIAENbHLIA BICKTPOH He pearnpyer Ha KpacHoi
CBET, 4 PEATHPYeT BECh ATOM B [e10M 1O OGbIYHbIM 34KOHAM Teo-
PHW HCIIEpCHH.

§ 59. Kennepora sanava. OGunii cayyal

B npeapinyumem iraparpade MB NogpoGHO paccMolpednn sa-
nmagy of 3IeKTpOHE B KYJOUOBOM TOME AApa B YACTHOM ciydae
HOpMaJbHOro coctosiuus. [laiuM Teneps peiwleRRe srofi 3agauu
1A o6uiero caydasi *). GYHKUAS 1, BOOOME IoBOpA, GYIET 3aBH-

*) B aamuefities wsi paccuatpinacn Tosbko Ciylalt NCROABMKHOTO mApa
(Macea sippa BCAUKA 1O < maccoit ). Tlpu yuere
CobCTReHIoro ABNKenHA ALpa (3a1aua KBYX Ten) sce OPMYAH COXpAHFIOTCS,

Mm

TOJBKO Macca Maccot m'=
rzie M — macca azpa (em. 7. 1, § 53).

Mtm
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Tb OT BCEX TpCX KOOp,‘lHHaT
=9, 8 9), (59.1)

# ypasuenwie Illpexnurepa npu cokpawenusix ofosnascrnax (58.3),
NpHHATEIX B NIpEAbLIYIUCM naparpade, 6yAeT UMeTh BHI

RN ;
GG (’ or )" smd W(Smﬂ%)+
o %
+ s s (A B )e=0 592

Pelllennc ero 6yaeM HCKaTh B BiTe MPOH3BEAEUMs ABYX QyUKUil,
3 KOTOBIX OIHA BABHCHT TOMBKO OT 7, a APYrasi— TOJABKO OT YI-
Ja08 ¢ ¥ @

B, 8 ©)=R()- Y (8, g). (59.3)

Toxcrasus 310 pewenne B (59.2), naitem nocae feaesns Ha RY,
TiepeHoca ¥ pYNNHPOBKH WIEHOB:

) s )
= {Yuna (50?5 4y a@z}- (69.4)

Jlepas uacTe Me 32BWCAT OT yrios & ¥ ¢, a IpaBas —OT pajmyca-
BEKTOpA r; OHH MOTYT 6bITb paBUbl APYT APYry TOABKO B TOM Cay-
uae, Koraa ofe OHM He 3aBACAT HH OT £, HH OT § H @, T. €. paBHbi
HekoTopoj nocTosiitoll f. Mol nosmyuaem no3ToMy

(I e (4 2 R =pr, 95)
—{mrariime g+ by S l=pr.  (08)
VYpasuenne (59.6) ecto ypanneune Jiexasipa (cM..§ 53)
AY =By,
# COOCTBEHHHE 3HAUCHHS f, KAK Mbi 3HACM, PABHEL
B=10¢+1), (=0,1,2 ...,

a cobCTBeHHBIE by HKUMA PaBHLI
Yim=e%1m9Q, ,,.

Oiciofa cacayer, uTO yraoBas 4acTh (QYHKUMH He 3aBHCHT OT
KOHKPETHOro suia ¢ynkuud U(r) u onHHAKOBA 177 J060T0 UeH-
TPAJbHO-CHMMETPHUNOro HoJIf.
Toncrasus 8 (59.5) I({+1) BMecto B, mosysEm nocae upo-
CTHIX NpeofpasoBanuii
4R 2 dR
it T ar +(7“ +

21 o
%—%}Rﬂ). 9.7)
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Sto— ypaRlienre AR UaCcTH COOCTBeHHOH QyNKUUR, 3aByciwelr

TOMBKO OT panuyca-sekTopa. 1lasuseM €fo panmafbubid ypasie-

HAEM M NOCMOTPHM CHAuANad, KakHe CJACACTBHA MOXKUO TNOJY4HTH

13 HETO KayecTBeHHnM o6pasoM. Ilas aTOre nepenwinem ypasHe-

Hue (59.7), BpeMenHO 3aMeHHB )k H @ HX 3HAUCHWSIMH COTNACHO
.3

R, 2 dR | 2m Zet B IUADY,_
e e e L G

OueBniiio, Y10 3TO ypaBHeHHe OTBCYAET ABHIKEHUIO B OJHOM HiMe-
PEHRHA C HEKOTOPHIM (GHUKTHBHLIM (IOTCHUHAIOM

s Zet | B I{i+1)
oy P LD (59.9)

CootBeTeTBYIONIAN 1OTEHIHAIbHAA KpHBas H300paxeHa Ha puc.25.

MNpu nocratouno Geaswnx r B (59.9) mpeobaajaer nepsulit uien,

U'<C0 u mpw r-—»o0o CTpeMHTICS

1 K HYJI0; HaupOTHB, LIpH Maabix ©

npeoBiafiaeT BTOpol wier u U’ >~

> 0. Orcona BRAGO, YTO B 06sa-

£>0 crn, rae E <0, ¢opma xpuroit

TakoBa, 4TO Mbl HME€EM KI(OTeH-

IRAbHYIO AMy», W CJAeAyeT OKH-

AATh, 4TO ABHKEHHE B 3TOM CAy-

<7 7 uae GymeT NeprOIAYECKHM, a 3ua-

UEHHA 3JHEpriy — KBAHTOBAHHLIMA,

Hanpotus, mpu E >0 npamas,

TpoBejenHan  NApaNAeNbHO  OCH

Prc. 25. Tlotemmansian kpupan AOCUACC HA DACCTOAHHH OT Hee,

RAR pannaabnod cocTasisiouted  pABHOM JAHHOMY 3HRYEHHIO 3Hep-

KemaepoBa  ABHMKENHA. TAN, [epeceKaer nOTEHUHAIbHYO

KpHBYIO TONBKO B ORHOA TOUuKe;

3T0 03HAUACT, YTO ABHIXKEHNE OLP2HHUYCHO TONbKO € OAHOU CTO-

pOHEI NOTENUHANbHLM GapbepOM: uacTHUa, ABHXymascs n3 Oec-

KOHEWHOCTH MO HamlpaBaeHHiO K 3ToMy Gapbepy cupasa Haaeso,

0TpasuTca OT I€r0 H yiger ofpatHo B Geckoneunocto. B srom

cayuae Mpl He NOJyYHM HHKAKHX KBAHTOBANHBEIX ypoBhed 3Hepruu:

onepatop sHeprun NpH £ >0 nMeer clLIOWHOA CRekTp coGCTBEN-
HBIX 3HAYEHRH.

Mbl 6yleM paccMaTpHealb B JAafbHedileM ToabkO Cl1yyaii,
xorpa £ < 0. Chyuall nonoxuTeasHOR NOJHOM SHEPrHH COOTBET-
cTBYET 3a]auaM O COyIapeHmsX, HalpiMep 3ajaic O paccesiin
3aeKk1poroB. OH NpeAcTasaseT Goablol HHTCpeC Kax ¢ TeopeTH-
YecKoll, TaK M ¢ NpakTHuecKolt Touks 3peHns. Onnako pemenne
3aj1auK CO CITOMDIBIM CTEKTPOM COGCTBEHHLIX 3HAUEHAR oOnepa-
TOpa MaTeMATHUCCKH 3HAYHTEILHO CIOXKHEe, H MBI OTCEaeM Hil-
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TCpeC)]OLLlHXCﬁ K Clleudanblibim KoBoActRa
3 Mo i -
Tepecy Py 0 KBAHTOBOH Me
Bepueycs teneps k pazwambuomy ypasuchulo (59.7). 3amerum
ngemnc (BCCTO, UuTO TapaMelp K MMeCT pa3MCpHOCTL Kpampata
OOpATHOM ANHHEL, B UeM JETKO yGexuTuCs 1ENOCPEACTHLHIO H3 Dok
paxcerus ) (58.3). OGoznauas sty aanmy Uepes rp, NepenmieM
ypasrenne (59.7) B Buge
U1y
)R

oR 2 AR
a T +( Rty

0, (x:~ ,L) (59.10)

gaccmorpum ACHMNTOTAYRCKU Ciydad, KOMAA 7 O4eHb BCJIHKO.
3TOM cayyac ypasiesnc (59.10) ncepexoant B ypasneume
2R R

e i (69.11)

€r0 peticHAs R = e*7in,
Hyctl’/ils STAX JIBYX DELICiHij CaejlyeT B3ATo TOAMKO pCUCitie ¢ Mu-

B TOKasaTene, TaK K4AK peluelwe ¢ oj

3 0CcoM 6
BOSpﬂCTﬂeT npﬂ 7 —>o00, ezrpal{"qno
Beeem tenepe B kauects: i it

5 € He3aBUCHMOW MCpeMeHoit 6espas.

Mepiylo BeUULHY p: ? pes

r
P=2K—2’l/*‘

B ypasuennn (59.10) n
) s pOH3BeeM 3aMCHY He3aBHCHMOI] -
MEIHON 7 114 p; HMCCM NPCIKAE BCRFO v " epe
A
dr
a2 d(id)dp¥4 d?

art " dp\r, dp)dr 5 apt "

- (59.12)

poussenn sameny o (59.10), TOMySHM [OCAe YMHO)KeRHS Ha 7rof4
H HeCTOMKNULIX NpeoGpasoBaHui

SR DR g1 T
dp?+pdp+( TR )R=0. (59.13)

B aC!!MHTOTHi[’EIE'cKOM Ciydae (p->00) pedietHe, CORACHO cKasay-
HOMY, eCTb ¢ o == ¢ P/ B COOTBETCTRMK C 3THM 6yleM HeKaTh pe-
IneHHe RaA 06me10 enyyas B BHie

R=e=*f(p), (59.14)
310 pewenne Mu noacrasam B (59.13
aania mposBOmIIe ( ), s Yero HanHiem CHa-
dR df 1 2,
— . I _d 1
dp (dp 2[)3%’ v gt (W_TJ’FTf)eﬂ/Z'
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Moncrasasia 8 (59.13), naiiieM ypashenne nas f
L_let]) 59.15)
&2\ o )i- F=0.
dpf+(p )dp +[(V~ ) ]

3 o*
ieM }‘IliTQI‘p}‘IpOBBTb ﬂp“l JIOMORLA CTEMEHNbiX
eM iCkaTh pCLLlCHMC B BUlE

oY S aov= S (59.16)
y=0 v

370 ypasHeHne Mol Oy
DPAXOB; HMEIUHO, Mbl Gy

(o) =p" (o + mp + 0.0° -

5 i ocie 11e06X0AMMBIX
IMoacTasifs 310 pelueHue B (59.15), HaieM m
ynponielsHit ¥ NpHBEICHRH

Nlev + ) v v )= L Dlawr™

DI RE R

)avp"‘r"“. (59.17)

7

Tak Kak T0 PABEHCTBO JOMMHO RMETh MECTO Tomiiclmesﬂ‘;:t
70 KOIGGUIHMCUTH [PH OAMNAKOBEIX CTCMENAX gng.mof (D
paBHEL Huswuii uiaen ciesa gonyuaeTes nph v =1, 33 p

EX
e -2 59,18
f fy (v 4 D — L+ Dl aop=. (59.18)

nostemy s (59.18) cnpasa
p¥2 somKent

y—L:
HuamHii oJies CpaBa COAEPRLT PY7h
HeT usena ¢ TOH Xe CTellelnio p ¥ ko3puurcur npi
6be7h> paBell HyJo- 310 naer

Yo+ )i+ D=
=1, wm y=—(¢+1).

; =—(l+1)
enyie Mbl OTOpachiBAeM, TAK KAK UpH Y (
B;;pc(ygggg;ﬂ HayuHagcd 62! unenoM worp'il, KDTO?HH oééa?gxae-;co;t
g Geckoneanocts mpn p = 0. Toacrapand y=1{ 8 ( ),

nysaem

Nle+we+ern—tit+ D] apitvt=
. =2(l+v+l-—‘/ih)a,p’+"“, (59.19)

OTKYAA

Ma cpaBreuHa K0apHUNEHTOB TIpK O AKOBbIX CTEMEHAX p Ha-
XOLEM CHEALYIONYIO peKYppelTHYIO GopuyIy:
[
WFi+n—

SRR ) S— 59.20)
ai+l:(1+[+]mA+2)—l(1+])‘:‘ (
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CHoco60M, COBEpLICURO aHANOTHUHBIN TOMY, KaKOi G He-
TOMb30BAH NpU pellenin 3a1au O JINIEAHOM OCUHANATOpE (M. T. I,
158), Jnerko yGennThes B TOM, YTO psid ¢ PCKYppeHTHOH dopM
S0l (59,20) BeleT cefs, Kak €P, a 1OTOMY NpH JOCTATOYRO 60.1b-
WHX p QyBkuMs R=e P?f(p) BospactaeT, Kak e~ - el — g+ol2,
1. €. CTPEMHTCS K GeCKOHEUHOCTH HpH o -> 0o, PelleHne ocianeTcs
KOHEWHBIM TpH MI06HX p, ecan pajl oOpaTHICH B HOAHHOM. Ilycts
MOC/IE/UHI WieH pAla, He paBHbI BYaI0, HMeeT HOMCp i=1,; TorLa

Utne ) ——2

o —i,

O T A DU ¥ —AF N Y
Ecmi a, # 0, #o a,, =0, 10
3ameusil A M o MX BHpaKEHHAME (M3 58.3), NOJyunM nocle Bo3-
BCICHUA B KEﬂleaT H COKpaLL(eHVH‘/'I

e
T e, FT1c

B _ m7ztet
L PICPE Y O
Bsefennoc 31€ch Lea0e YHCIO 7, eCTh HOBOE KBAHTOBOC YHCN,
Onnako ML BHIRM, YTO COGCTRCHHbIC 3IIYCHHSI SHEPFUH 3aBHCAT
TONILKO OT CYMMb KBAWTOBHIX umces 7, -+ - 1; o6osrauas

n4+l+1=n,
ROJyUnM
2t
B — ’2’;77};22 . (53.21)

Ho 510 — pOpMy/la 6anbMCpOBLIX ypOBHEl 3HeprH, KO10pYW WMH
TOJYWWIH 37€ch 6C3 BCHKHX HOBBIX FHOOTE3, NOCACAOBATENbHLIM
peienucM ypasvienus Ulpenunrepa.

Kak snpnM, sweprua E, 3aBHCHT TOABKC OT OZHOrO riaBHOTO
KBAlITOBOr0 MMCAA fI, KOTODOC SIBJRETCS CYMMO[ IBYyX KBAHTOBHIX
HHCEs — pAaLHAABHOTO M, M 23MMYTaJbuoro [ (MIM OpEHTaIbHOTO)
naoe 1:

n=n+{+1 (59.22)

HanMenbinee shavenwe ! ecTb Hyilb; HaWGOIbINCE (MpH 3a7aHNOM
1), CYEBHIHO, COOTBETCTBYET CAY4ao, KOrla 7, = 0 W paBuo, Cae-
noatensiio, n— 1. Mrak, BoamoRHbBIe 3nauenHs [ mpu gauuoM
CAenyIOmMe:

1=,

L2, ., (n—1).

Pasamiubie COCTONHHHA BOLOPOAONOIOBHOrO aTOMa MOryT OBITH
ONHCAlb NpH [OMONIM TpeX KBaHTOBEIX YHCeX: 71, {, M; Tax Kak
saganue n ® [ onpeaenser u 2, MO (59.22), TO MOXKHO — H 510

8 2. B inonckwi, 1. i1



2 ABIKEHHE B EHTPATIGHOM FIOJIE fic
YAOOHEe — XapaKTepH3OBATh COCTOAHHS KBAHTOBHIMHM UHCAAMH 1,
[, m. 3a HCKNIOUEHHEM HHSIIEro COCTOSHHS, KOTOpOMY COOTBET-
Cc18yOT =1, { = m = 0, Bce OCTAJILRbLIE COCTOSHHS BBIPOXK AHBL.
Ctemens 97010 BLIPOKACHHA MOXKHO ONpENGNHTb U3 CHEAYIOWMX CO-
OBpaXeHWA: NpH 3A12KHOM 7, ONpEACIAIOWEM I(IEPTHIO ATOMA, { MO-
KeT aMets o swavennit (0, 1, ..., n—1), HO Kaxzomy [ coorser-
ct8yer eme 2/ 41 pasmuumbix suavenuii m. OTCiona ciAeyer, uTo
AJS OIHOTO ONPEAENCHHOTO SHAYCHHS 71, T. €, AJsA KaX/O0T0 3Ha4epHs
Suepruk, onpejexsiemoro opmyno (59.1), nmeerca crombko pas-
AREIEIX cOBCTBEHHBIX PyHKUMH, KakoBa BeJH4#Ha CYyMMDt

n—{
,§D(2l+1)=1+3+5+ v+ (@n—1y=

Takum o6pasom, KaXzwihi ypoBeHn SHeprik HMeer BRIDOXK eHHE
KparHocTH 712,

Pasnnunbie cOCTONHMA NpUHATO OB03HAMATH CHMBONAMH, Ka-
AL H3 KOTODIAX COMEPIKHT WHC/ICHHELH KoaddHLHeHT, paBRL IyIaB.
HOMY KBZHTOBOMY 4HCIy, H OyKBCHHOE 0G03HaYeHHE 23HMYTANBHOTG
KBauTOBOro uncaa { no cxeme § 55. HaanMep, COCTOfIHNE, AN KO-
T0paro 71 =1 H { = 0, 0603nauaeTca, KaK Mul yke BAZENH (§ 58),
cHMBONOM ls; npi #= 2 nmeeM cocrosnua 25 u 2p; npH 72 ==3 —
coctonannst 3s, 3p, 3d u 1. 4.

VpOBHH 9HEprHH C ONHUAKOBLIMK 7 M pA3AHUHBMH [, KAK CKa-
3aHo, mexay coGoio coBnafaior. [103TOMY HX MOXHO H306paxath
rpadpHueCKH Tak, KAK 3TO CAeTaHo Ha phc. 167 t. | (c1p. 348), T.€.
B 3BHCHMOCTA OT OA(OTO KBaHTOBOTG uncia n. OAHAKO yi0GHO
pacIo/iarare MOCAENOBATEALHOCTH YpOBHEH C ONHHM U TCM XKe a3H-
MYTQJIbHBIM KBAHTOBBIM YHCJOM [ §f DA3IHYHLIMU TNABHEMH KBAH-
TOBLIMH UHCJAMH OZHO NOA APYTUM, KaK 310 [OKA3aHO Ha phe. 26.
TIpn 5TOM y BOZOPOAHQrO ATOMA BCE YPOBHM C ONMHAKOBLIMU 71
BynyT, KOHEUHO, paCdONOKeAs HA OMHON BECOTE.

Fpaduveckne nsaobpaxenus. Pelnenna panyanbHOro
YPABHEHils! MOJyyR10TCA NP MOMOMIH NOJNMHOMOB, K KOTOpWM CBO-
AATCA CTeneyHbic pAkl [¢ pekyppentHol hopMyaoi (59.20)]. Oresr-
sas yn1aTeaell, WHTERECYIONIMXCA BLIHCACHUAMHE, K CHOIHATBHbM
PYKOBOACTBAM *), MM AafUM ST pelledHs AT HECKOAbKHX COCTOS-
Uil B rOTOBOM (HOpMHpOBaHHOM) puze B Taba. 1. [as ynoGersa
B geir npenduo CoKpallleri0é 0603HaAYeHHE © =a£’ r.

Ha pue. 27 n3oBpaxeH xoi paauadbroit COCTABJAAIOWEN IVIOT-
HOCTH BEPOATHOCTH D = dnrhp* 1 pasTHaablX cOCTONHHI BORO-
POJIHOrO aT0Ma OTHOCHTE/IBHO pACCTOSI((HS, BHIPANKEHHOIO § eLHHH-
uax a;. Jaa Beex cocrosHuil (kpoMe cocroaamit Tuna §) npHBeAeHHl

*) Cu., manpuyep, A. 3oumeppenna, Crpoenae atoma cnexrpy, T. 1,
ra. 11, Tocrexnspat, 1956,

§ 59 KETIJIEPOBA 2ARAYA, OBUIHA CAVUAR 227

€OOTBCTCTBYIOMHE OpOGHTHI, BHIMKCICHHbBIE, UCXOAs H3 BEJHUHHEL MO+

MEHTa HMMyJbca {({+1) A Boaswme nomyocn sTux opburt, 3a-
BUCAIIHE OF OANOrO TONBKG IJIABROTO KBAHTOBOrO YHCHZ f, TaKHe

P
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é@‘éﬁs? "y’ o
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Pac, 26. YPOBHH oHeprau aToMa BOZOPOZA (TOMWMHA JMHHR COOTBETCTBYeT Be~
POSTHOCTH Wepexoxa).

e, KaK y COOTBETCTBYOMIHX OpGHT B TeophH Bopa. Brawo, uto aas
cocrodumit 1s, 2p, 3d 1 4f MaKCHMyMbl RAOTHOCTH BepOSITHOCTH Nph-
XORATCA Y pacCTOAHHA COOTBETCTBEHHO ay, 4a, 9y u 162 (B ynpax-

8
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fennn | B KoHlle naparpada uaTaTemo DpeiJaraercs AoKazaTb 3TO
shiuucacanem ). Creayer BCIOMHHTH, uto B Teopuu Bopa ans nepe-
uncneHHnx coctosnun (! =0, 1, 2, 3, BooGiue 7 — 1), y KOTOpHIX
ng =141, OPOHTH KpYroBHe, H PaJHych HX TOYHO PaBHb ai, 44,
9a,, 16a;. Ecnn nphaste B0 BHHMAHHAE, YTO IJIOTHOCTb BEPOATHOCTH

— »

| _ IF

2 W% w sy,

Pac. 27. Tpagukn PpaanaisHOR COCTARAAOMER IMIOTHOCTH BEPOATHOCTH
D =4nr® (Ry, ;) 117 PASAHUEBIX COCTORNAR BOAOPOOMGROGHOCO aToMa.
Tlynkrepon #306paes Xox pyuxuba (Rn, 1)

JKpOR BEPTHKAARHON THIKe OTVEUSHO NOJIOKCHHE cpemsell BCMHKMSI RY, |

CYWECTBEHHO OTJIHUHE OT HYJS TOJBKO BHYTpH DACCTOAHHH NOpsAKa
GOALIIOA HOJYOCH OpOHTH, TO CTAHET ACHO, uTO H 3/eCh MMeeTcs
Taxoe JKe «pasMLITOe» COOTBETCTBHE € K@CCHYECKHMH OpOHTaMH,
K@K I BO BCeX OCTAJLHBIX CAYYAsX.

Jlna nonyyeHus npoCTpAHCTBEHHON KApTHHBI NAOTHOCTH BEPOST-
HOCTH I1eOGXOAMMO YYeCTb YTNIOBYK YacTb COGCTBEHHON (yHKLuH
Y(®, ¢). SicHoe mpexcTabaeHHe 00 3TOf KapTHHE MOXHO NOJAYHUTb,
paccmarpupas (ororpagun puc. 28. Dt dotorpadun GulaM noay-
YeHH TpH DOMOWM OCOBOTO MEXaHHYEeCKOTO NpHCNOCOBMEHHS, €O~
CTOSIBIIErQ M3 SJIEKTPUUeCKON JamNOukH, MoMemablueficss Ha KoHie
CTepXHs, KOTOPBI{ MOT BpaillaThCsl OKOJIO HEMOABHKHON TOUKH, NpH-
YeM AJHHA ero cBOGOZHON YacT# COOTBETCTBEHHO MeHaiacsh, CMblea
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3THX GoTOTpadiy MOXHO yAckHTb ceGe caeayiommnm obpason. ITpen-
ctaBaM cebe ABHKYIMHCA MEKTPOH, KOTOPHH MOMET HAXOMHTBCH
BO BCeX TeX WacTaX npoCTpaHcTsa, Tfle NIOTHOCTb BEPOATHOCTH OT-
swuna or wyaa, O Gyner, OYEBH[HO, Ualle BCEro NONAiaTh TyAa,
IAe NJOTHOCTh BEpOATHOCTH MaKcWManbHa, IlpenctasuM ceGe xa-
Jiee, YTO HaM yJAanoch cHenaTs $OTOrpaduio TOro SAEKTpoHa ¢

Puc. 28. DoTorpapur MEKTPONNOTO OGNAKR AJs PAANEUHHX COLTONHHA BOZO~
POLONOAOGIHX ATOMOB.

TPOOMKUTENbAON dKenosunnefi Hsobpaenne cro Torma «pasma-
WeTeAls ¥ RAcT (B 3aBHCHMOCTH OT COCTOARAA) OJHY H3 KapTHH
puc. 28, Tlockonbky ey*y dr npeacrasaser coGoif cpemHiow nJotr:
HOCTh 3apAJia B RANHOM MECTE, MOMHO TaKke CKas3aTh, ure T4
doTorpauy npeACTABJAIOT 3apAN SAEKTPOHA, «pa3Ma3auBbIi» Mo
BCCMy NOOCTPAHCTBY B BHEE 067aKa.

Vapaxuenun. 1. Tlokasat, umo WaxcHMyWs ATOTHOCTH BEpOATHOCTH B
cocTosysax 2p 0 3d yaxoAsTCs na OT 4Apa, T PABHHEX
4a; 4 9a;,

2 TloxaaaTs, uTo B COCTOANHA 1S CpedHee 3HAUCHHE 12 PsBHO 3a), a cpeaHee:

awauenne (1/r%) pasyo 1/al.

s 1o af
. Jlowaaars, 9r0 B CocTOsIHAM 18 r 7—?—;[—.
4 Ilokasats, wro s coctosmwn 2pF =5a;, (I/r) = 1/4a;, a B cocTosnnm

3d 7= 1054, (I/r) — 1/%r.
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5 Cpedhie 3MAteHHn PaccTomnws CKTPONA 0T 7ZPA B MOGHK COCTOAHEAK
®00pOAONONOONOTO ATONA ¢ ATOMNMM OMEPOM Z BhpakaioTcs (GODMYTAMA.
B KBAHTOBOF MCXanHKe

- _ na 1 rs)
= z'[‘+§(‘——“‘—nz )],
© Teopun Bopa

- n’a { 1( I
T ®
rm%_ 7+ g\ -5

CpaniiTs ofic GOPMYAH, YCTAHOBATE HX CKOACTBO M OGBACHHTH MpUUHEy paa-
nns,

§ 60. Moaean BaneHTHOro 3AekTpOHA

Pacuet caoxibix aToMos, NpeAcTaBAROMMX OG0 cuctemy ne-
«CKOABKNX (MY MHOTHX) 37EKTPOHOB B UEHTPAMbIOM noJe, ABASETCH
3anayeil, TpeGyiomed KpONOTAMBEIX W JJANTENbHBIX BEHIYHCTEHHIL
HMmceercs, 04uaKO, rpyma MHOTOIEKTPOHHEIX ATOMOB, CHEKTpab-
#ble CBOHCTBA KOTOPBIX MOTyT GHITh Aerko OGBSICHEHH npH MOMOIH

Prc. 29. Crexrp nornomems mapon matpua. Ha Cnckrporpasse Nokasana
“TONKO KOPOTKOBOIORAs UACTh CEpHH, Haunyad C MATOro wiema (A= 2594 A).

TIPUGTHNEHHOPO PACUeTa, /iMllb HEMHOTO OTMHYAIOMETOCs OT pac-
CMOTpenHoro pellesds KenJieposol 3a1aii A% BOAOpOAONONcOHbIX
crereM. D10 — aToMBbl meIouksx Metanios Li, Na, K, Rb, Cs, cros-
101e B nepBoll rpynnc MeHgeNeesckoli crcTemu ssementos. B crex-
TPaX STHX ATOMOB UMEIOTCA CEpHH, MO BAEUINEMY BHAY B TOUHOCTH
HaNOMHNAW0mWIE CEpHR BOACPOAHOFO aroMa. Ha puc. 29 B kauecrse
TIpEMEpa NpHBENeH CNeKTp norMONIeHHs NapOB HAaTpusA (TaK Ha3bl-
Baemas rJ1asHas cepus natpus, cm. § 61). Mu BuauM 310cH Takoe
e 3aKOHOMEDHOE COMMIKeHMe UM H NafeHHe HX MHTEHCHBIOCTH
no mMepe NpuB.IAKeHUR K MeCTY CAHRIUSA, KAK U B C/yuae BOAOPOA-
nbIX_cepuit.

On4aKo UMEETCA K CYWECTBEHHOE paszjuyle, KOTOpOe COCTOMT
B ClEAYIOmEM: BCE CepHH BOIOPOANOTO aToMa (H BOLOPOACHONOD-
HLX HOHOB) ABASIOTCA KOMOWHALMAMY OLHOrO THNa TepMOB R/k?
@ AMEIoT 06mHA BH

R R

V= T
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FA€ 7 —MNOCIOANUO., @ /M —jiepEMCHROE Lenoe yneno. Cepun xe
ATOMOB ILEJOUHBIX MeTain0p MOTYT GbiTb NpeACTaBAGHB B BHJe
KomOGinaumis TEPMOR, cxodubix ¢ R/K% Ho me coBnaialomux ¢ HUMH,
A umerno, Kak yokasan yKe PHIGepr nytem amannsa SMIHpuLe-
CKHX LAHnLIX, OO WL TEPMOB CAOKHHX ATOMOB B HEPBOM NpH-
GIKCHHN TAKOB:
R

To— i 0.1)
tne R—7a ke nocrosmuas PugGepra, R — 109737,30 ca—, n —
UCI0E 9gHCNO, a O — HeKOTopafw nojpaska. OKas3anocs, 410 ist
TpEICTABIEH A (ODMYJAMH BeeX HaGHOMaeMbIx cepHit CNeKTpaib-
HBIX 4HIIHI HEOGXONMHMO NONb3ORATHCS 1€ OKNON NOCACAOBATEIh-
HOCTbIO 1€PMOB R/f% HO HECKONBKAME MOCNELOBATENbIOCTAMH BH%
(60.1), mpuuem BuyTpn KaXnofi mocaeROBaTeNLHOCTH TEPMOB  I10-
ApaBKa G HMEET /10 M TO ke 3nauenue,

DTu_OCOBEHHOCTN ATOMOB ING/OUHLIX META/M0B KAYeCTBEHHO
MOLIH GbiTh OGhACHEHH YiKe B paMKax teopan Bopa npr nomoum
TAK HA3LIRAEMON MONENH H3IYYAIOUEro MeKTpoHA. Pacematpusas
MCHIEICEBCKYIO TAGMHIly SAEMENTOB, ML BHIKM, YTO LIEMOYHBIE Mo-
Tallbl BCRrAA CenyiOr 3a GNATOPOXHBIMH Ta3aMH: JHTHIO mpei-
UIECTBYEr re/IdH, HATPHIO —HEOH H T. 1. H, HAKOHCL, LCBHIC-—
KCeHon.

ATOMbl GATODOAHBIX T'a30B XapaKTepH3yIOTCH cBOeH BHCOKOH
YCTOUYHBOCTRIO, TOTAA KaK aTOMb! LIEAOYHBIX Merannos, Haobopor,
HOHU3YIOTCH € OCOGEHHOMN JIerKocTnio. Haupamep, sneprus, reofxo-
AUMAR 149 yIAJAeURS NEPBOrO SACKTPOHA (MePBHL{l HOTH3ALHOK biil
MOTeHUuA), y redaus cocranmsier 2445 38, y wurHa 5,37 38, y ne-
ona—21,48 36, y natpus — 512 36 1 1. a1

[yeTb mbl nheeM Kako#-au6o atom meaouHoro MerTajlna, coaep-
KaMuA Z saekTponon. Mm moxem Toraa yrBepKIarh, yro Z— |
anekTponos obpasyior yeTofunnyo CTPYKTYpy 6us1aropoascro rasa
(Wanpumep, nepsaie nBa nexTpoOHA auTHR obpasylor 06om0uKy re-
nud, nepsute 10 saekrponos HaTpa —o60n0YKy Heona H T. 1.), a
ocenulf saeKTpon cef3an ¢ wApom aToma ciaGo. B takon oy -
uae 1 EH)’T{)EI;HMX SHCKTPOHOB ¢ OGIUM OTpHUATEMLHMM 32-
paton —(Z-— l)e BuecTe ¢ RApoM ¢ nOIOKHTCIEHEM 3apsaoN
+Ze 06pusyior yerohunBhii «0CTOBY, HANOMHHAWUUAE 41po ¢ 3a-
panom +e. B nore s1oro «apdexrusioro ANpa» ABRKETCA mocaen-
HUA clafo CEAsanHbH SNCKTPOH, OObIYHO HAZLIBACMHE I OITAYCCKHM
HAY BAJEHTHBIM (NOTOMY, 4TO OH e 06yClosaAHBAET XHMUYECKYI0
BAJCHTHOCTL aTOMA).

Mol nonyuaem, Takam ofpasou, CHCTEMY, HATIOMMHAIGUIYIO BO-
ZOpOJuthili ATOM T er0 AIPOM ¢ 3apsgoM e u onsum SJIEKTPOHOM,
Tlouemy e tOria sHepreTHueckume cocrosmpns STOH CHCTCMBI, BO~
001Ie TOBLYS, OTIHYAKTCA, 4 WHOTAZ H Oyeyb CHJIBHO, OT BOAOPOA-~
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HLix? TIpHYHHA B OGUINX MepTaX 3aKMIOUAETCS B CeAyIomeM: BOAO-
POLKOe A/po MpeicTaBasier cofolft Oy sieMeHTADHYI0 wacTHLY
(11pOTOH); AAPO BOAOPOAONOAOGHOTO HOHA (wanpumep, Het, Lit+
H T. L), IpABAA, ABIACTCA CHCTEMON YACTHI, §O CHIDI, CBS3LIBAI-
[WHe Y, CTOAb BEMNKH, uTO STy CICTEMY MOXHO CWNTaTh COpep-
WeHyo HKeeTKOM.

Cpemnue pasvepsl azpa (~ 1079 cu) Bo MuOro pas meHpuie
CPEIHEro PACCTORHHA SMCKTPOHA 0T sifipa (~ 10-* car), no3ToOMy B
Cilydae BOAOPONONONOGHOrO aTOMa SMEKTPOH HAXOAWTCA [IPaKTIjIe-
CKH B KYJIOHOBON MOJIC TOYEYHOTO 3apiia AApa.

B aTomax wmenoyHuix MetannoB, kak OTMeyanoch Bhilue, ONTH-
YeCKHH SEKTPON SKpapHpoBan OT SAPA OCTAILHLIMU (Z —1) amex-
TpOHAMIL, T. € MOJE, B KOTOPOM OH ABHXKETCA, COBLacTCs Boee
CHAOXKHOI CUCTCMOH 3apANOB, Cpeflde JHneHuble pasMephl STOH cH-
CTEMbi 110 NOPSJKY BENHYHHbI T€ Xe, YTO M Cpe/IAEC PaCCTOABHE On-
THYECKOro SJeKTDOHA 10 sifpa. Ecrectnenno, uTto mone «opdexras-
HOTO SApa» ATOMOB MIGNOYHLIX METaioB B OGMEM CaAydae HCIb3S
pactmatpiBarb Kak KyIOHOBCKOE NOJe TOuedyHOro sapsiia. [lamee
HEOGXOIMO BCUOMKUTR, TG B MOJE TOYEYHOrO 3apAiA YpoBHI
3HEPrIK Bhipoxjients. Tak, HalphMep, B BOLOPOAHOM ATOME riap-
1OMY KBAHTOBOMY YHCAY 71 == 2 COOTBETCTBYET ue€ OMH, 4 1Ba Ou-
HAKOBEIX MO BLICOTE ypOgHA 3HCepruu (I =0, 1); 2navHomy kpay-
TOBOMY uHCAY £ =3 —Tpu yposHa ({=0, 1, 2) u r. 4. Onnako
STO BhipOXeHHe YPOBHeH XAPAKTepHo TOAbKO AN KYJOHOBCKOTO
mosist. b caysae nons, cosnapaemoro Gosee c1OXKHOMN chCTemOil sa-
PAIOB, 5T COBMAZANOLLIME YpOpuH BO3MYLIAIOTER PAIMMLNEIM OOpa-
80M H NOSTOMY pA3ALIAIOTCA. B 370M H COCTOHT npaumHa cymie-
CTBOBANHS HECKOABKHX THIOD TEPMOB INENOUHBIX METAJIOB.

STy KAUECTBEHNYI0 KAPTHHY MOKHO HCNOAB3OBATH NS NpUBMI-
HMEHHOM KOTHYECTBENRON TCOPHH CEAYIOmHM O6pasom. TMocxoanxy
©0CTOB AEHCTBYeT HA SJEKTPON, BOOGLLE TOBOpS, He K&K TOUCUHBiH
3apfl1, KO KaK cOXNan CHCTEMA 3ApAion, tO CAEAyeT MpCIcTaBuTh
NOTERUKANBHYIO SHEPTHIO B BHAE pAia

. (60.9)

Kospduunentst ¢y, Cs, ..., OUEBHIHO, He Ge3pasMepHbIe YuCIA, HO
JLI OIHOPOMIIOCTH BCCH CyMMbi HEOOXOANMMO, yTO6L Kua(‘gtpuuhem‘
€i HMEN DA3MEePHOCTL AJHWBL, Cp— Pa3MepHocts [nnmual # 1. 1.
TfosToMy B IayHCAHHOH CYMMC TepBbIfi YeH MPEACTABITCT NOTEH-
UHATHYIO SHEPTHIO S1EKTPONA B MOJE TOUEWHOro 3apsia --e, BTo-
poil — CpeANIon NOTeyUHabEYI0 SHEPTHI0 SJEKTPOHA B NOse Ou-

el
TI015, KOTOpas, KAk 113BECTHO, PABHA ¢ —y, [ile el — MOMEHT AmnoMs
H T. . [las nepsoro npuGamxesus MoXuo OFpaHuuNTLCA ABYMH
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yaesami paga (60.2) u noaoxuTs
2 2
Ul=—2—~ci55. (60.3p
VYpapnenue Illpexunrepa B cePHUECKHX KOODARNATAX HANHLIETCT
TOrAa B BHiE
1.8 /.0% 10/ a0\ .
7?(” )+ aﬂ(s‘"ﬂTﬁ)“
1 82 21 2 2
s g (R e ) e =0. (04
Kak # B § 59, nmiem peluenne B BUle NPOU3BEAEHHS
Y. 0, 9)=R(NY (0, 9) (60.5p
u paaneasem, TakuM ofpazom, Halle ypasmenme (60.4) wa nBa
ypasueuns
1 a a3y 1 Y
(O TE) + g S IO DY =

dR 2 dR 8ne 2 2 WL+
G I E e gy T R=0. 60

. {60.6p

VYpasnenue (60.6), oucBnmmo, cosnamaer ¢ (59.6) [B={(/4+ 1))
Kax 1 cegoBaio oxuiiath, YacTb COGCTBEHHON (YHKUHH, 3aBUCS-~
mas or yrnos Y (9, ), B TOUHOCTH Takas e, Kak B KemaepoBoi
aanave. Ma storo creayer, uro cxazannoe B MPeNbIAYLIIX naparpa-
$ax 0 COCTORHNAX, ONHCHBAEMEIX 3TOH (yHKIueH, B 4ACTHOCTH, Cy-
IlecTBOBaHue cepuii yposmel s, p, d, f, ocTaetcs B cule n 3mech.
Ho uncaernbie ennunnst ypoBKeir snepruk GYAyT APYFHMH, TaK Kak
ypasuenne (60.7) oTamuaercs oT paananbHOrO ypasHemus (59.8),
KeIuIepoBOfl  3ajauu  TPHCYTCTBHEM JRIINErO UleHa B CKOGKax
¢, (€*/r?). Ouepnnno, nepenncas (60.7) B Bude

@R 9 dR | m e Bl ome?
T+ F{E+T—W7[W+U—C| hz”’\’=0,

(60.8)

Mbl y6excnaeMcs B TOM, UTO OHO (POPMabIO TOXAECTBEHHO ¢ (59.8).
MoxHO, B CaMOM Jiesie, NONOXKHTb
2me*
P+ D=1+ )~ 5 60.9p
H TeM CaMblM NPUBECTH 0062 ypaBHeHWs K ONHHAKOBOMY Buay. Pe-
wmas kBaapathoe ypaBnenue (60.9) otmocuteasho ! u Beps ToMBKG
©AHB 3HAK ILTIOC nepen KOPHCM, HAXORAUM

r=—p iy @ty B

'§ 60} MONENB BAJFHTHOIO 3JCKIPOHA - 235

ATH DPHGANKEHHO

[ 4me’

2 ( 2
l=—§+§[(2l+1)—mé‘x}

me?
— ———¢;. {60.10
W) OO

O4eBHIHO, 4TO, TPOROIKAS pewense, kak B § 59, MBI B Konue kon-
UCB MpHACM K BHIPAXKERHIO
AN IHEPrum

ot Bodopad Sumud
—_— m Vew| s s_p 4
Eni= (et U+ 07k
Bmecto  medaoro  rmasworo  sowd _4s| 4l 4 - e
KBAHTOBOTO uHCAA i
354__dn__ )
n=n+141 1T % i
750004 5
MB! TIOYYHIH, BOOGHIE TOBO-
PsI, HEULIOE URCIO 20000
w—n, U 41 o], 1
5428,
Han 1o (60.10 -] At
; (60.10) : s0ag0 & “
N =n+ 1+
me? 35000
+1—e—" g =nta,
» (1 + 5) 40000+ ZJ

tae uepes o 06o0aHAuEN No-
AIPABOYHENN YIEH

©0.11) g {

me?
[ *—hz T
{r+g)
Heucstoe yucao A* HazwBaeTcss SQQEKTHBHEIM MABUBM KBAHTOBLIM

uncaoM. BoipaXkenne IS SHepraH ML Temeph MOMeEM NpPeACTABHTH
B BUJE

Puic. 30. CxeMa TepmoB AnTAn ¢ Tepwami

0= — . (60.12) BoZOpOAa.

met met
pre (n+o2n’

4 COOTBETCTBYIOIINE TEPM — B BHAE, COBMARAKIIEM € TEPMOM Pug-
-Gepra (60.1)

Ly R
T === ~Gror

Bamerny, uro, Kax nokasusaer ¢opuyaa (60.12), Ooupaska ¢ 3a-
BUCHT OF 43UMyTAbHOTO KpaHToBOro wuena L Ilostomy repmbt
s,p,d, ... ({=0,1,2 ...) npn o1HOV ¥ TOM Xe 7 yXe He GynyT
OJMHAKOBEIME 110 BEqHUMHE — BLIPONCIEIHE YCTpaIHTCS,
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Prc. 30 HATIOCTPADPYET ONHCAHHOE COOTHOIIEHHE MeX]y TepMan
O[HOTO H3 MIENOYHLIX METAJIOB — JRTHS — R BOLOPOAHbIME, C Le-
JIbI0 3KOHOMHH MECTa YPOBUH 3HEPTHH H30GDAKEHbl KDYXKaMH.
Buawo, uto y Bogopona yposuu 2s u 2p;.3s u 3d; 4s, 4p u 4d Mexny
€060 COBNARAIOT, TOTAA KAK Y JATHA 25 W 2p CHIBIIO PACXOASTCA:
3s, 3p m 3d pacxonares Meubiie u 6ausku (ocoGenno 3p n 3d) k
BONODOARLIM, HAKOHCH, 4p B 4d MOYTH TOUHO COBNamalOT MeX Ly
€oB0# 1 ¢ BOROPOAHBLIMI YPOBRAMH,

§ 61. CrexTpasbHLe CepHH IENOUHLIX METANIOB

B npensinyuiem naparpage yie 6b10 yKaaano, 4To BCAEACTBIE
@yIIeCTBOBAHNS PAa3IHUKLX THIIOB TEPMOB, B GOMbllel HIN Mefb-
ieft CTeneHH OTIUYAaIOMIMXCA OT BOROPORONONOGNHX, B CHEKTpax
DIETOUHBIX META/IOB HAGMIOAALTCS HECKOADKO PA3JIHYHBIX N0 CEOe-
My XapakTepy cepuit. Bce waGmionacMeie 4acToTH MORUMHSIIOTCA
TOMY € KOMOUHANIIOHHOMY [IPHHUHNY, YTO H YACTOTHI B BOZOPOAO-
DOAOGHAIX CNEKTPAx

v="T(m)—T(n).

Onuako ofparioe, B0oSIe ropopA, MMeeT MeCTO He Beerda: He
BCAKAR KOMOHHAUHA TEPMOB COOTRETCTBYET PeatbHO Habmiofaemoil
CNeKTpANLHOK MuHUy. Mol yBuanM B AabHCRLIen, YTO CymecTBYOT
OlipENE/ICHHbE NPABUIA (<NPABHIa OTGOpA»), YKAsHBAIOMmHe, Ka-
Kie KOMOUNAUNA TepMOB BOSMOXHbL ¥ akue HEBO3MONHBI. Cepum,
SMIHMpHUECKH YCTANOBJICHHBIE & CHEKTPAX LIEJIOUHBIX METanNos, 3a-
ZOATO 10 IOSBJAEHHS KBAHTOBOW MeX@HHKH, ONMCARK B JAJbReIEN,

Tnapuan cepns Dra cepHa BO3GYXLaeTen Jerue BCEro oHa
MOKET GbiThb NOJYYeHa TAKxe H B MONIOMIERHH, CCAH upOnyCKaTh
CBET KAKOro-HRGYAb HCTOUHHKA, Aj0MIEr0 CRLIOWIKOH CrieKTp, uepes
XOMOAHBIE NAPbr NETAMIA (AWTHH, uaTpia W T. A.). HauGoaee ms-
BECTHLIM €C NPeICTABHTENEM fIBINETCH KEATAA JHHWA (HA camom
Aene— aybaer) warpis A = 5890 A. Dtoi AuHHed rnapuazm cepua
HaTpHs TOABKO HAYMIAETCA (TOJOBHAs AHHUA), CACAYIOMIAA Mauud
TOfl XKe cepuu JernT B yAbTpaHosere — A = 3302 &, sa ueir wgeT
A==2863A& u 1. A

U3 Toro, uTO raaBnas cepua NErKo HABMIAACTCA B NOMOWEHHH
X0400HbLY HAPOB METAIIOB, CIIENYET, YTO ORUH H3 KOMOHHHPYOILIXCS
AJIs e BO3HHKHOBEHWS TEPMOB (RHAYalbblil 11fl NOTIOWENHA WiH
KOHeUHbili 1751 HCOYCK2NHS) COOTBETCTBYRT HOPMAABHOMY, T. €. He-
BO3CYKACUHOMY COCTOAHHIO. [lA MeJOuHbIX METAalIoB, KakK 310
CAELYeT U3 NpebIYWEro Naparpada, HaualbHOE COCTOAHHE IpH-
HAANERKAT K THny S-cocrosipit (/= 0). Hro e Kacaercs rIasHOro
KBAHTOBOTO 4HMCJIA H3NYY2I0MIETO 3EKTPOHA B HOPMAIbIOM COCTOA-
HEH, TO y PANKUHBIX UIEJOURLIX METAJIOB OHO 11€0IHaKOBO. YcTa-
HOBJEHHC STHX [JIABHBIX KBAHTOBBIX UMCEJ eCTh 3aflaua TEOPUH ne-
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PHORHUECKON CHCTEMDI 3JI@MENTOB, € KOTOPOH Mbi NO3HAKOMHMCH B
ca. VI 3nech Mbl TONBLKO NpHBEKEM HX 3HAYCHHs,
-

Taiasnoe Kian:

Aromnut ToBoE Mucto
Snement 5 HOPMAL.
0% cacTos
wun
3 Li 2
1 Na 3
18 K 4
37 Rb 5
55 Cs 6

DMIHPHYECKH GLLIO YCTAHOBAGHO, UTO KOMGHHAUMM DASTMYNbIX
TEPMOB NORYUUSIOTC YIKE YNOMAHYTHIM NpaBuiaM oT6opa. Okasa-
A10Ch, UTO, BOOGIUE TOBOPS, BOSMOKHLL TONbKO KOMGHHALHH TEpMOB
€ KBRHTOBBIMM YHCAAMM [, OTAHAIOMIMHACA H2 1, T. €. KOMGHHALUH
TepMoB S B p, p u d u 1. A. He nabuodaworca npH O6BIYNBIX YCa0-
BHAX KOMGHHAUIM BHYTDH CepuM TEPMOB, HampHMep KOMGHHAIHA
TEPMOB S C pa3NyunslMu NIaBHBIMI KBAHTOBHMH uHCAAMY 25 — 38
7. 0. KonGuuauun Tepmos ¢ Al = 2 X018 ® HAGAIONAI0TCA, HO & BHIE
HCKJIOYEHRA, B JHHHK, UM COOTBETCTBYIONINE, KAK NPABMIO, CIAGH.

ITH npasiva 0TEOpa GbIIK HalileHbl, KAK CKA3aHO, UNCTO SMIH-
pudecki. ONHAKO OHH NOAYHAR B KBANTOBOI MeXAHHKE HOIHOE
OOBACHEHNE, C KOTOPBIM MBI NO3HAKOMAMCS B CAyImeld riape.

Ecan BCnOMHRTB, 4TO OCHOBHEM TEPMOM AIS TABOH cepiu
ABJRETCA TEPM THNA §, II, KPOME TOTO,IipHHATL BO BUKMAHHE YKA3al-
Iibie IpaBusta 0T6OpA, TO ACHO, UTO TJIABHAR CEPHS HCJAMKHA BOSHIN-
Kath PK KomGUHAUUAX TePMOB 5 1 p. Hanpumep, 131 Antan Qop-
MyJla TIaBHOW CEPHH eCTb

v—25—mp, m=2, 3, 4,..,,
AN HATPHA

v=38—mp, m=3,4,5 ...

B T. I DTH QOPMYAL MOTYT GiTh 3aNHCaubl TAKKE B HBHOM Dile
TIPH I0CPeICTEE PURGEPTOBLIX TEPMOB R/ (M + 0)2, ecliH ycnonuTbes
TONIpaBKY ¢ KaXiwmi pa3 06o3HavaTe 6yKBOil, cooTBercTByOmIEH
0603HaYeH IO AANHON Cepln TepMoB. Hanpumep, 1as nutus

& R _
T Tmrpe MRS A

Cxembl ypoBueit SHCPrHH M BO3MOXKHBIX [I€PEXOAOB OOLIYI0 CTPO-
ATCA TAK, KaK 3T0 yke ObIIO MOKA3AHO HA PHC. 26: B OAHY KOJMOHKY
PAacnonaraiTca ypoBHM ¢ OXUHM H TeM K€ KBAaHTOBbIM YHCIOM [
H PaSARYHHIMH TABHLIMH KBAHTOBHIMH YcaamA. [Ipumep nogoGroro
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2 2 2 2 3 POAa CXCMbI, HA3LIBAEMOl B CNEKTPOCKOWHH AmarpaMmoii I'porpu-

. Sa Prase Doz p “pa ana, NpHEeen Ha pHC. 31. P
5”5957/ s 2 L4 OcoGbifl HHTEpEC MPECTABANIOT JMHHMH, BOIHHKAIOLIKE TpH me-
== g PEXOLaX MEXIy OCHOBHLIM S-TEPMOM # GMaiiumy K HeMy p-Tep-

MOM (25— 2p nas amTmA, 35 —3p —AJA HaTpha M T. n). Odge-
BHIHO, 4TO JIIA BO3OYHKACHHA STHX JMHHH TpeOyeTcss HauMeHbiras
sneprusi. KpoMe Toro, nepexolbi, COOTBE1CTBYIONIHE STHM NHHHAM,
ABAAOTCA Hanbosnee BeposTHLIMy, [103TOMY 3T JMHHH OTAN¥AOTCH
e ] Hanboabllel MuTencusrocTsio. Ecan, Hanpamep, ocsellaTh naph fia-
TPUSL CBETOM CO CIIOWIHGLIM CUEKTPOM, TO B aTOMAX HATPHS C jlaH-
§ GOMbLLel BEPOATHOCTBIO GYAYT MPOACXORMTEL MEpPexOab 35 — 3p, Ko-
70000 TOPbIM COOTBETCTBYET JAHUA moromenns A = 5890 A. Ipu soappa-
R 3 WEHHH B HOPMAJIbHOE COCTOARUE ITHX BO3OYMAEHIIBIX aTOMOB MO~
1 Ha HCNYCKATBCA JIHHHs, JVIMHE BOMHEI KOTOPOH TakxKe pabHa 5890 A
(kearas nupEa D). Tax Kag HCOyCKAEMas M nOTAOIRACMAs JLTHHbL
' BOJIH A1 TAKMX JHHHA ONHHAKOBH, TO 3TH JHHHH HasbiBalOTCS pe-
SOHAHCHBIMU.
Pesonancroe wanyuende napoB MeTa/OB NPENCTABARET COBOM
i ORJH H3 BHAOB (uiyopecueiud hapos, OO TIMATENBHO M MHOro-
g KparHO h3ydaaocs. B yacthocTn, pesonancHoe Hanyveune napos ua-
20600 - Tpusi Hayyeno Bynom, koroprii mokazaa, Hanpumep, 4TO NpH OCBe-
] DIEHHE yAbTpaduonerosol anuued 3302,34 A, coorseTcTByIOMIEH Me-
pexony 3s —4p (puc. 32), kpome TO# ke annnu 3302,34 A, Bcerna
Ha6monaerca enie  XCJATas pe3OHaHCHas JuHHA. Bospukdyosenne
25000 | ee JIETKO OOBACHUTS CIERYIONAM 06pas3oM: aToM, BO3GYKAEHHbLH 0
1 YpOBHH 4p, MOKET NCPEHTI B HOpMaTbHOE COCTOSIHHE 35 Cpasy: npi
| aTOoM OyAeT MCMYCRATHCS Ta ke JMuHud 35 — 4p = 3302,34 A. Ho on
1 MOXET TAKXKe CNYCTUTLCS LO ypopHsl 3S BO crymewsiM (pHc. 32)
4p — 4s, 45 — 3p n, uaronen, 3p — 3s. Tlpu mocaeanem nepexone u
30000 GYAET HCTYCKATbeA JKe/ltasn Pe3OHAHCHAA JTHWAA, TOrAA KakK NpH
LIpOMERYTOUNBIX [IEPEXOAaX HCIYCKAIOTHS JHHHH, JEKALHe B Hy-
dpakpacioll yacty cmextpa. Ha puc. 33 npupenena amanoruynas
| RHAPpAMMa NJis Ue3ns.
25090 - Herann 3THX RuarpaMM, B YaCTHOCTH pPACILCILIEHHE pod i
B ypOBHei, OyAYT NOACHEHL B Aasbpelimem (cM. ra. VII),
7 Jpyrue cepuu UeNoUHHX Merannos KpoMe rias-
WO CepHH, B CNEKTPAaX MIEIOUHBIX METANIOB kaGAONaeTes ene W
PAL pyrixX cepuil. TakoBLf, Npekie Beero, Jse CepHu, y KOTOPHX
OCHOBHBIM_TEpPMOM siBAsiercs: Huawuil TepM Tuna p(2p y Li, 3p y Na
W T. L) DI Cepny BO3HUKAKT npu NCPEXOAAX HAa HHKuuE p ypo-
BeHb ¢ ypopHein S H d. OueBHIHO, uTo B TOM H ApYroM cIydasx
npasnao or6opa Al = =1 yrosnersopsercs. Cepust 2p — ms (m
5000 ] =3,4,..)yLi,3p—ms (m=234 ..)yNaut n nocar na-
3Bayde 6TOpbLX NOGONMLIX uau peskux; cepuu 2p—md (m =3,
o), 3p—md (m— 4,5, ...) HasLBAIOTCA nepsbiMl NOBOUHbIMIL
uau Juphysnoimu, TAK Kag JHHEM HX pasMeTel. OueBuano, 4T0 06e
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CepHM MOMKHB CXOAHTBCA K OAHOMY 06LIeMy npefely, COOTBETCT-
ByoOlleMy BOJMHOBOMY wuncay Huswero p-tepma (2p—vy Li, 3p
Na, Haxonew, cepun 3d —smf (nas Li), 3d —mf (nasn Na)
M T. A. HasblBaloTCsl Pynoamentarensinu uiu cepusmu bepemana.
Onn sexar B unppakpacHoit uacTu cnextpa. Ilporcxoxkaenne Beex
cepnii W COOTRETCTBYIOUIHE HM 0€PEXOJB JIErK0 MPOCAEAHTb 1O
prc. 31—33.

Bcee onncannne cepry, KpOMe rMI2BHOM, MpH O6bIUALIX YCAOBHAX
nabaoaoTcs TONBKO B BHe ceprit munni ucnyckauna. Habmone-
HHEe JHHH{, OCHOBHBEIM TEPMOM KOTOpPHIX fIBJRETCH Bosﬁymuenﬂoe
cocTosinne (nanpuMep, 2p), B CHEKTpe HOTVIOUEHHS XONOAHLIX Na-
POB MeTanla HEBOIMOKHO, TAK KaK B XOJNOJHBIX NApax mpaKrHye-
CHH TPHCYTCTBYIOT TOALKO ATOMBI B HOPMaNbHOM coctodnnu. [lo-
CTaTOURAs KOHURHTPAUMA BOSGYHAEHHLIX ATOMOB MOXer GbiTh €O3-
JAana TOMLKO [PH COBEPIIENHO CHIEUHANBHBIX yeaoBusx (em. T. I,
§ 102).

B 3akalouenue OTMETHM, uTo, KPOME ONHCAHHLIX CepHil, B ClIeK-
TPax DIETOUHBIX METalJOB B BHAE HCKAOUENds W3 npasni oT6opa
HABMIOAAIOTCA TaKKe 3anpeulennsie smann (31956 A B pesynntare
nepexoga 25 —3d y Li; 3427,1 A b pesyapTate mepexona 3s — 3d
y Na).

Ynpaspcnnsa | Tlofbsyscs npassime nmanasu pue. 3]—33, maonmmwe
BETHUHBLI TCPMOB B CA”', BUUACTHTH NPUGAHKENIO PESOHAHCHHC NOTEHAAAAL A
HOTeHNKais HOHHGAURH (B SMeKTPOH BOJBT2X) H3 OCHOBUOTO § COCTOSURS 1%
Li, Na 1 Cs.

2. CreKTpansHme 1epMH aToMa NHTHA T2KOBH:

25 43486,3

25 612805 2p 285825

45 84752 3p 125604 3d 12203,

5s 51878 4p 70182 4d 6863,5 4f 68560
5d 43896 5f 4381,8

Tloansyach dopMyoi Psgfepra (60 1), BEMCIHTE NONPABKA ANS STHX Tepnos
W Y6eAHTLCA B BO/OPONONONOGHOCTA TepuoB d u f (mocTommmyio Punepra cun-
Tath paHoli R = 109737 ca~!). Tlpr MOMOMN TaBlinsi DUUACHHTH SaCTOTH #
AapsB BOJI BCCX CepHii aToma JMTHR

3. PesOHAHCHMII TOTCHURAN BATPRA DaBeH NpHOIMKEHEO NBYM SIEKTDOH-
somsram Kaxan noas atomos s napax Na npi temnepatype T = 300 °K_naxo-
Jutcs B coLrOsHME 3p. (Yrasawuwe Caepyer Bocnoab3opaThcd popMysoRt Boami-
Maga).

4. OcyioBHLIe TePME MENOUIBX META110B TaKOBH (B ca-1):

Li (25) 434863 K(4s) 350085
Na (35) 414400 Rb(5s) 33589,1
Cs(6s) 314046

TOHUHATIA STUX ATOMOB (B SKTPOH-BOABTAX).

TJABA VI

W3JAYYEHHE

B Tex KOHKPETHBIX 3a/auax, KOTOpEie BCTPEUANHUCH O CHX mOp,
Mbr BCETAA HMelH Ae0 C BHKEHHEM B NOJC, HMEIOMmEeM NoTenuual,
He 3aBHCAMMA OT BpPEMeHW (ranpumep, ¢ ABHKEHHEM B KYJOHOB-
cKoM moac). B paccMOTPEHHIX CAYHdsiX Mbl IPUXOAUIN K ONpede-
JNeHHHM CTAUHOHAPHBIM COCTORHHSM, T. €. K COCTOAHUAM, B KOTOPHIX
IIOTHOCTE BEpOSTHOCTH P* He 3aBHCHT OT BpemenH.

B 3Toit riaBe MLl NOKaM<eM, YTO amnapaT KBauTOBOR MeXapnku
M03BOASET BKAIOMHTL B DACCMOTPEnHe TAKMKeE H NEPEXOAH MEeKAY
CTAUNONAPHLIMA COCTOSIHMSIMY, T. €. pemaTh 3alaud, OTHCCAU(Tecs
K HCIYCKAHWI0 11 NOTJIONIeHNio ceera. IToCKOJALKY mpH 3TOM Mb
BCTPETHMCA CO CAYHaeM NoJeil, MOTenunal KOTOpLX 3aBUCHT OT Bpe-
MeHH, HaM C CaMOTO Hauaja MpUReTCs NOAL30BATLCA OGUIHM Ypas-
nexnem LlpesiHrepa, conepauin spems:

BoY _ 4
=7 —HY
Haxkoneu, Ml 110KameM, KAKHM 06pasom caenyeT 06OGUHTD YpasHe-
nime UlpennHrepa ais Toro, 4106 MCKHO ObUIO paccMaTpiBaTh
JABHMEHNE B MATHHTHOM [OJIE, BOBCE HE MMEIneM NMOTCHUNANA.

§ 62. MeToa BapHauMy ROCTOSHHBIX

PaccMoTpAM KOHKpeTHbiit cayuait. [Iycre MBI HMeeM Bollopoaono-
ZOGHBIT aTOM. DJIEKTPOH B STOM aTeMe ABHIKETCS B [0/e ¢ HOCTORH-
Hbiv moTenunanon — Ze?/r, onepatop lamuastona A uMceT KaBect-
ueit B (§ 59), n, pewas ypasuenue Ulpeannrepa Ay = Ev, Mot
HaxoAuM cobcTBennsle GYHKIEH Y1, P2, ..., 5, ..., KOTCPHIM B
cayyae E <0 COOTBETCTBYIOT CTALHOHAPNBIE COCTOAKHA. 3aBUCH-
MOCTE OT BPEMeRH B 3THX COCTOSHMAX BLIPAXKAETCT SKCIOHEHIHANb-
HLIM MHOMHTEEM

PRl

MpeacTasxM cebe, OAHAKO, 4TO B MOMehT / = 0 STOT aToM noa-
Bepraercs AEHCTBHIO NMOAS MIOCKOH MOHOXpOMATHYECKOH CBETOBOI
BOJIHLL. B TaKOM C/yuae Ha S7IEKTPON, KPOME KYyJAOHOBCKON Cuiibi
Zet[r?, GydcT emie JefiCTBOBATh NeEPHOAMYECKAR CHAA CO CTOPOHE
3JEKTPOMArHITHOrO 10Js BOAHGl. JIeficTBHe STO/ MepnoaAnyecKod
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CHJTbI MOXKHO OMICATb TpH NMOMOILH HEKOTOPOro MOTelunana, SBRO
3apuCAIETO OT BpeMedn. B caMoM xede, cuaa, aefictaylomas na
STEKTPCH €O CTOPOHH 3/EKTPRUECKOrO 10AR MOHOXPOMATHIECKOR
BOJIHbI, 32BHCHT OT BpemeHu No 3aKoky X == & cos of; 57To0il cHae
MLl MOMKeM conocTaBuTs noteHunan U (x, £} (¢ TOUNOCTLIO RO MpoHS-
BOJBION OCTOSHHORY, T. €. GYHKUUIO, YAOBJIETBOPSAIOWYIO YCIOBHIO

—U[Ox =

Uy, ) =— J &y cos of dx = — e&yx cos ot. (62.1)
I

Taxum o6pazoM, none, B KOTOPOM HAXORHTCH SJEKTPOH, MOXKIO Te-
ze
nepb OmHCaTk NoTeHukanom — =~ +U(x, ), a oneparop Iamiib-
ToHa 6yxcr A = H® 4 U(x, {), rae A%— onepatop IamuabTora I
NONA KyNOHOBCKOH cuabi, Coorsetctayiomee ypaswenne Llpennu-
repa ecTh
o iy h 0w
0 _———
[H 4 U, gl =— 75~ (62.2)
Ecan MokHo pacemarpusath Jo6aBousbit novenmuan U(x,f) xak
magoe BO3Mylienue, TO, noaaras /=0, Mbl NOAYYHM ypasHemne
iy il
oy — . 2 9%
HW=—T5r.
MOXKHO PaccMaTpiBaTh Kak HyleBoe NQUOMHMKEHHe 1 1CKaTb MP-
6anxenna Gonee BEICOKOTO MOPAAKA.
Tlycrs ypapuenne Ulpeansrepa s Bosmymennod 3agaun Gyaet
h v

Av=-25 (62.2)

pemlenne  KOTOPOrG u3BeCTno. 3IT0  pemrente

npuuem onepatop I'amuabrona A MoXHO NpencTaButb B buge
A= 40, 62.3)

rae oncpartop A° conepKur NMOTENLHAN, He 3aBHCALUN OT BpemenH.
TNpy U(x,1) =0 Bosmymenmoe ypasicrre (62.3) npuunmaer Bux
s h J¥
0y — 222
How T (62.4y

PemesuaMH 3TOCO YpaBHEHHA ABATOTCS HYHKUUA
£t Lyt A
i

T, =T R, L, W=yl T (625)

—

Wy

Aru QYHKUMH 06PA3YIOT MOJHYIO OPTOTOHANDHYIO HOPMHPOBAHHYIO
crCTeMY (B T€X CAYYasiX, KOTAa WMEETCsS BbIPOKIEHHE, COOTBETCT-
Bylonie QYHKLAN AOMKEBl ObiTh «OpTOronami3oBafbr, oM. § 11y,

Tax xax omepatop A B (62.2) colepXuT nmorenunas, 3apHcALpni
OT BPEMEHH, TO QYIKUKH, COOTBETCTRYIOUINE CTAINOHAPHBIM COCTOS-

§ 63 NOTNONIFHHUE N UCTIYCKAHUE CBETA 245

nuam trna {62.5), y:xxe e 6yayT ero pemennamu. OaHako NJs onpe-
JeNEenHOro MOMeHTa f BasMymaiongnit norenunan U(#) paseh He-
xoTopoit onpefenennoit pemuunse. [Jad storo Momenta noreHuuak
paBen «HEBO3MYIUCHHOMY> fOTeHIMaNy, BXOAAMeMY 8 HY, mioc no-
cronunoe uneao U(f). Tlpunumas BO BHuMaHue, uTO QYHKuun
(62.5) 06pasylOT MONRYX OPTOTOHANBHYIO CHCTEMY, MBI MOXKCM
npencraents pemcnne (62.2) aas MoMeuta ' B BHAE pAfa no
dyuxunsm (62.5)
Byt

o B
W= Y cble "
B

W,

0

Jias apyroro moMmenta f” Mbl MOXEM HanucaTh PCHICBHE B BIAE
a11aNOrHYHOTO PSAR, HO ¢ NpYrHMHE K0I)OHUHEHTAMH Cr, TAK Kak
U(t"y % U(t'). Tlostomy MBI MOXeM BOOOmE UCKaTb pemIeHHe
(62.2') B pune
W= De, () Vs (62.6)
B

¢ Ko3pUUHCHTAMU Cp(f), 3aBHCHIEME OT BpeMenn. Tlpi aTom, o1-
HAaKO, MOKHO TNOKa3aTb, 4T0 3711 KOS UUUEHTH CO BPCMEHEM Me-
HAIOTCH MEAJIEHHO N0 CPABIEHHIO CréblCTpD MEHHIOnHMHCA IKCNo-
ke

HeHUnaAbHBIMK MEOKATENsMH e~ % *,  mxommumyu B Wi Cumaics
STHX KOI(DOUUNEHTOR B TOM, YTO BCPOSITHOCTb NOJNYHHTH NpH H3Me-
PeHHH SHEPrHH CHCTEMEl B MOMCHT f Onpelelesnoe 3nauenne En
pasna |cx(f}|? (em. ra 11, § 17).

§ 63. MornomeRMe 1 HCHYCKAHRE CBETZ

Bocnoab3yeMesi Tenepb OMUCAHNbGIM B TMpeablAylieM naparpade
MeTONOM AJf pemreHis 3afaup O LOTJIOIEHHH W HCHyCKaHHH CBeTa.
Vitak, Mbl paccmaTpHBaeM aToM, KOTOPHIM, HaumHas C HeKOTOPOro
mometTa { = 0, noasepraercs ACACTBHIO NOASA CBETOBOH BOAHEL Mot
NPEANOAOKHM Bnauane, YTO 3TO~— BOJHA CTPOrO MOUOXpoMaruye-
cKaf, MMHefiHO HOJSPH3CBANKARN NO OCH X W PACIPOCTPAHSOmAsIC
no ock z. DNEKTPHYCCKOE 10/ ITOH BOMHLI NEACTBYET HA 3NEKTPOH
atoMa ¢ CHACH

F=eé’gcos(mt—-2}“£z),

HeficTBHEM MArnUTHOTO NOJS Mbl npeRe6peraeM, Tak Kak cuia, feii-
CTBYIOIAs Ha SJEKTPOH €O CTOPOHL MArHHTHOTQ NOJS CBETOBOH
BOJHEL, B 0/C Pa3 MeHbIIe, € U— CKOPOCTb 3M€KTPOHA.

BribepeM 11auago KOOpAHHAT B LEHTPe atOMa. B rTakom caysae
n3MeHenHe z Ha NPOTSXKEHNH atomMa —nopsinka [0 cx, a pauna
BOMHH A B ONTHUECKON $acTH cnekTpa —rnopsaka 10-1 — 105 car,
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TlosToMy Ap0o6LIO 2/A B BHpaxeHnin Hasbl MOKIO NpeHebpeyb M cdu-
TaTb, UTO HA LPOTSUKEHHH aTOMa BOJHA UMeer OAHY H Ty Xe (asy,
TaK YTO X-COCTABJASOMAST CHALI 6yﬂCT

X =e&" cos wt;
COOTBETCTBYIOMHH ITOM CuAe NOTEHNHAN
. U (x, t)=—ex&" cos of
1 :CT(:; TO BO3Mywenue, O KOTOPOM LA peyb B IpelbAYUICM mapa-
r X
? Pelienne BO3MymEeHHOro ypasHerHs

o B av
Ay=—2220 62.2))
< raMmibTONHAHOM
H=H 40,
rae
U=Ux, 1),

HueM B BAJE pAaa ¢ Ko3QPHUHCHTAMY, 3ABHCAUME OT BpeMmenn:
W= ; 4 (1) Py 62.6)

Jinsi orsickanus Ko3GUUHEHTOB ¢4 (f) MOACTABAREM (626) B
ypaskenue (62.2) u nonyuaem

N - B
)‘ o Ao, + 2 W= — -
[] L3

o # de
kAW 13
at i%‘yk dr

Tak kak dyurune Wy yAOBNETBOPSIOT HEBOIMYISHHOMY YpABREHRIO
(62.4), To mepBeit wied CleBa U NepBLI YieH CpaBa TOKIECT-
BEnno pasbt Apyr Apyry. Mekmiounn ux, nonyuaew

YT T \
%”k‘“k— T N ¥t

YMHOKHM Teneps 06e UACTH STOTO PABEHCTBA HA KAKYIO HUGYAb
Gyukuuio \Wi;, KOMIAEKCHO-CONPSKEHHYIO ¢ OZHMM W3 pelleRuit
(62.4), ¥ mpoWHTerpHpyeM NO BCeMy MpocTpamcrBy. MBl momyumm

TOTAA
) L‘"J‘ YalWedti=— S Lo [ ye vy dr. 63
; 72 at VinWe dv. ©3.1)

3}1er cnpzma Mbi UMeeM CYyMMY, B KOTOpylo BXOOAT HHTerpaJ":l BAa
[ s a7 = .
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TosToMy cnpaBa OCTAETCA TOJNLKO OAMH 93w, COOTBETCTBYMOULRE
k= m, 7. e IpaBas yacTb CBOLHTCS K uilehy

b dew
[ dt

u Mbl MOxeM nepenucars (63.1) ® Bune

de. [N . 75

Lo ——ELEnJ"FmUWkdt (k=1,23,...). (632

®

Moacrasass B 370 06ilee papencTso mocAesosarenbio puecto We
dyukunn Wy, Pg, ..., Mbl N0AyqaM CHCTEMY )paBHeuueii, H3 X0To-
PHIX, TPAHUATHAIBHO TOBOpS, MOKHQ BEIYHCIMTD BCE Ko3h(HUHEHTB
¢y, 3, ... Dru ypaBHeuust ABAAIOTCA TOYHBIMH, TAK KAK GHRAKHX

Mpu6AMKeHnil MLl (0Ka HE NeNa/E.

OpnHaKo NpaKTHUCCKH BblUcAeHne KOSQOUUMEHTOR Cm M3 TOM-
HHX ypasueHn#l (63.2) WEBO3MONHO, TAK KaK STH ypaBHeHus o6pa-
3yI0T CHCTEMY ¢ GeCKOHeurbiM 4uClIOM nenspectubix. Jast ponyueias
NepBOr0 MpHOMMAKEHHS MOKHO BOCIONbIOBATLCA TEM, YTO X03(H-
UMERTE Cx(f) HBMEHAIOTCA CO BpeMeHeM MCLICHHO, W UpHHATL, 4TO
A5 MOMEHTOB BpeMeHH, 6/M3KnX K Hauany IeHCTBHS BOSMYUIEHHS,
T. e. K MOMeHTY, 613KOMY K ¢ — 0, KOSGHUHEHTE Cp COXpAHRIOT
Te 3HaueHus|, kOTOpbie OHH HMenw mpn ¢ =10. Ecnn, sanpnmep, npu
#:=0 arTOM HAXORWICE B CTAUFOHADHOM COCTORIKHAE C OREDIHel
En, 10 A ¢ =0 10 cMbicAY K03DOHIHEHTOR pAITOKEHHS (§ 17)
HO3hOUINEHT Cn PABEH eNUHHIE, 3 OCTANLHEIE K03 QUnuenTHl pas-
HEl RyJIIO:

4= Opns

Tax Kak AJA 37070 MOMEHTA € JIOCTOBEPHOCTbIO H3BECTHO, 4TO aTOM
naxofuiaca B cocrosEun Wno Mu fomycxaeM, uto 5TR 3Hauenus
%05 }DHUHEHTOB COXPAHAIOTC NP JOCTATONHO MasbIX *) 3HAyeHHAX
> 0. O10 MaerT BOSMOKHOCTb TNpHEJIHKEHHO BBIUMCAATE 3ABHCH-
MocTh Beex Koddorunentos ot Bpemeni. Jeficrsureabyo, npu yxa-
3aBHOM yCJAOBHH B mNpasoit gactu (63.2) Bce KOIDOUUHENTH Cx
paBHHl Hy/O, 38 HCKAIOUCRHEM KOSQOUUUEHTA (n (cayuail k= n),
KOTOpHIl paBen eniHuue, 1 Mbl IONYyaEM

di { + Fy
g J. 0%, ds. (63.3)
dt ]
Tonaras smece m— 1,2, 3, ..., NOAyuaeM COOTHONIERHE IUIA BCEX
k03 PUIHEHTOB &), C2, ..., H3 KOTOPBIX 3TH K03 HULMENTH MOryT

6w BHlUKCHAeuH MOpo3Hb, TakuM myrem Oyaer mOMydeHO mepBoc

%) Hseioren § BULY NPOMENCYTKH BEMEIH, MAHE NO CPABHENMIO CO CPA-
HUM BpeMCHeN 5 . koTopoc A a3 B
OB5BRX FCIOBUAX HyeeT MOpAACK BeamauE 10-T — 108 cex.
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nprbamkenne. [Tocne storo Moxso Haittn BTOpOE Npréamkenne,
MR dero CRERyeT MOACTABHTL BblYHC/ENNbIE B NepBOM nprb.IHiKe-
HUY KOSQOUUHEHTH m B (63.2) H 3aTeM cHoBa NPOH3BECTH HITE-
Tpuponaune. [lobropas sty onepaumo, Mowno motysmts m0Goe
npranxkenne. Onuako 1A AafbHEANIEr0 Mbi OFPAHUUHMES TOJALKG
TEPBLIM MpHOMHIKEHHEM, KOTOpOe OKasBIBAETCS IS HALIMX Heneil
AOCTATOYHBIM.

[Tpumem Tenepb 8o BruManwe sasucumocts Gynkuny Wi w W,
OT BpeMeHH:

¥r = ye o
# BBeleM 0603naueHHs
Em — L,
it o, [WORa=U,, (63.4)
Toraa (63.3) npumer sug
4 ;
G = =5 U (63.5)

OTHME ypaBHEHHSIMH Mul BOCIONB3YeMCS /18 BEINACAEHHA nepo-
ATHOCTEH [1€PexX010B.

[Tycth, Kak Mbl # mpeamonarans, 8 Moment { = 0 atom Haxo-
ANTCH B CTAUNONADHOM COCTOANMH C 3Hepruelt En. Tlon Bausmuem
BOIMYIWERHs! 6YNET MPONCXOANTE NIEPEXON B APYTHE COCTOSHHA. Tpn
9TOM, TaK Kak Ans ¢ > 0 Bce KO3DPUUHEHTH €, BOOOIME roBOpH, MO-
TYT OKA32THCS OTAWYHLIMH OT HYAS, TO Mbl HE MOXeM CKasarh, UTO
TEPEX0]| COBEPUIACTCA B KAKOe-HHGYADb OHO ONpenedCRIOe CTAUO-
Hapnoe cocroanme. Mbl MOKEM YFBEPKAATb TOJBKO, 4TO €CHH B
kaKoil-unbyib Momert {3> 0 mpomssectn H3MepeHue 3HEpTHH, TO
€ BEOATHOCTHIO, PABHON C,,C,, =|¢,, [*, MU nonyuum sHavenue, pas-
noe Eyn Eclm okamercs, 410 |em|2 =0, 10 nepexon Eq > E, ue-
BosMoxel. Takuy 00pasom, [em|? xapaxtepnsyeT pepoATHOCTL Te-
pexona En ~ Em 32 ngoMexyr1ox Bpemeny 0 — {. BHuyceRHem 5Toi
BEPOATHOCTH MbI K 3aiMeMcs.

IMprsnman Bo BEHMAWHe, yTO

Ux, 1) — ex &} cos of,
H nofbsysice oboznayennem (63.4), raxoanm

U,,=—e& cosol f Yrapl dr.

mn
Ecan ee o603navnts

e[ ympdr=cx,, (63.6)
T0 Unmn mplver Bug

Unp = — x84, cos of, 63.7)

{
Y
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Bequunny Xmn Mbl MOKEM HCTONKOBATH CAEAYOIUM o6pazom. Tpo-
HIBENCHHE €X €CTb X-COCTABAAIOLAS AMNOJBHOTO MOMENTa, CCJR
OAMH H3 3apsiAOB HORORTCA B HA4aie KOOpAnHaT. Cpednee snauenie
ARMOJLEOTO MOMEHTA B KAKOM-HHGYAb ONPCALEHHOM CTAILHOHAPHOM
COCTOSHHH ¢ COGCTBERROM QywKuueit Y), pasro (em. § 17).

B ?
e [ v, dr.
Dopmyaa (63.6) OTAnyaeTCA OT STOrO BLIPAKEHHSA TEM, yTo B Hee
BXOJAT QYHKLNN, OmiChIBAOIIe HE OANO COCTost:ue Y, RO nsa
cocToshEA Wy, # V). Tlo ananorus, omHako, Mu GyleM HasmBaTh
Brlpaxeine (63.6) cpednum Junoronvis moMenTom nepexoda n—>m.
Beanunitol Xmn AU BCEBOSMOMHLIX KOMOHAAURA CTALAORANBIX CO-
crosiuil MOXHO BhyHCANTS 3apance. Ou 06pasyoT MaTphLy

X Kz e B

X21 Xzp

ex

fni Xng
Obwee Bupakenne MATPHYKOTO 3yeMenTa
= J Yrxgh de
no [Inpaky obosnauaercst cxobkamn (§ 46):
— 0 o
Fpp= 71 1)
Tlepeiinem teneps K BLITHCACHMIO KOSGOHIHCITOB €n. [ToncTas-
s (63.7) B (63.5), monyyaem
dem
dt

X

i z
¥ Foex mee™mnt cos of,

Jlns ymo6ersa noOCHenylolinX BLIYHCAERMT 3aMennM 30echb CoS of
TOMYCYMMO} SKCIOHRHUHAMBH bIX YK

de, i -
d/"L =Eé§’zexm,,e""ml (e 4 e=tot),

OTCi08a (CNOCPEACTBERHEM HITerpHpoBaHHeM 0T 0 X0 ¢ Faxomy
o Cmnto)f o (Omn =9} £
. (63.8)

e
[Tepexonts, cosepmaroilinecss B aTOMC 1O BiNAEM 1018 H3NYyYenHs,
MOryT mmerh ABOsKnh xapaktep. Ecan Em > Ea, 70 aTom nopmo-
WaeT SHepruo U3 NOJA, T- €. NPORCXOAKT NOMIOMICHHE, eClH Ke
En < En,T0 4TOM OTAET SHEPTHIO MO0 — NPOHCXOAHT BHIHYXeH-
Hoe ncnyckanne (cM. 1. I, § 99). Cornacuo o6osnaucuuo (63.4)
B NEPBOM CIYI2e Omn TOJNONKHTENBHO, KO- BTOPOM — OTPULATENLHO.

1
= Wé'ﬂ,exm (
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Jlerko BRAETD, 4TO B KAX/OM U3 STHX CIY4aeB ONHHM H3 RBYX usie-
108 B CKOOKAaX B MPeAbIAYILEM BBHPAKEHHU MR Cm MOKRO fpeHes-
pets. B camom nere, Tax Kak |wmn + 0] — Goabmoe uncao, TO B
cTydae MOTIOMEHNA MOKIIO NPEHeOpeyb MepBLM YAEHOM, a B CJIy-
4ae BbINYKAEHHOTO HCTYCKaHW — BTopmm. Flamy xansnefimue pac-
CYRIEHHS Mbl Oylem BeCTH AnA CAydas NOTAOWEHHS M OTGPOCHM
nepsbii wien, Yto ke Kacaerci BTOPOro uieHa, TO OH, Boobuwe
TOBOPsi, TOXKE GAN30K K HYMO A5 BCEX 3HAYEHHt ®, 33 MCKAOUe-
HHEM Cayyafl, KOraa @ 6IH3KO K @mn. Mis noAyyaeM, Takum 06pa-
30M,
0 ei (mmn—m) i _

®
Em =g Xan Omn— ©

KBagpar Moayast cm, XapaKTepuSYOWHi BepOSTHOCTD nepexona, 6y-
AeT MO3TOMY paBen

0
. (8¢ %
Cnbm= 4n7

2[1 = o5 (g —@)#]

lenf Tomn — w7

X

@ sin?
i |

2

T 63.9)

31a popuyna oveHb BaxHa, Myl BILIMM, UTO BepOSTHOCTH nepe-
X048, BO-NIEPBHX, MPONOPUHONANbHA KBAAPATY AMIMHTYAM Hampsi-
JKEHHOCTH REKTPHYECKOrO MOAA BOLEBL, T. C. HHTEHCHBHOCTH BOJNBL,
Janee |cm|? mpOMOPUMOHANBHO KB2APATY AHOOALHONO MOMEHTA He-
pexoxa |exmn | — pesyanTar, aHasOTHUEb MOAY4aCMOMY B Kaac-
CRUCCKOR MEKTPOHNON Teopuu mamyuenns (eMm. r. I, § 67) ¢ Toir
CYILECTBEHHO/ PA3HHLE}, 4TO BMECTO RHMOJLIIOTG MOMEHTA X, BXO-
AAwero B ¢popmyay (67.2), bl neTpesaem B nameit dopmyte mar-
PHUHBI/L 3JEMENT €Xmn. [lanee, ecnm mocrponts | padux, u3o6pa-
HKAIOWHF 3aBACHMOCTD |Cp|? OT 4acTOTHl @, TO, KaK nokasmsaet
Gopmyaa (63.9), Kpusas GycT uMeTh 45 MOBOTO MOMCHTA BpemeHy
OCTPEIR MHK TIPH ® == Wmn. DTO 031AYALT, ITO NANAIOMAT BOJHA
OKa3LIBaeT Ha aTOM BOSAEHCTBHE, Beayliee K Hepexolly Ey—> Ep
TOAIBKO B TOM C/iydae, KOr/la €¢ 4acToTa COBManaer ¢ mm,,=”"+£"

HIH Oueib 6JIU3KA K Gmp TEM CAMBIM OABABIBAETCH XOPONIO 3~
BecTIOe ycaobHe uactor Bopa.

OAHAKO B OZHOM OTHOWENMH MONYIeHHBIi HAMU pesymbraT He-
yRosnersoputenen. [Tpencrapum suipakenne (63.9) B cremyomen
BHAe:

i sln%(m,.m~m)r'2
; . (63.9)

7 @mn— @) ¢

1 .
lewP =gz (B0 €| xn £

i g e R, PR
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Bnawo, uto 17 ManbIX NPOMEMKYTKOR BPEMEHH |cpm|2, T. €. BLIpame-
HHC BEpOSITHOCTH HEePeX0la 8a [ CeKYJ, OKa3biBaercs mpomopuuo-
HaJbHBIM KBAJpaTy BpeMeHH, a ClIeLOBATENbHO, BEPOATHOCTh Hepe-

d
XORa B EAMRHUY BpeMekH | ¢, P mpomopuuonanbia spemend, Ta-

KOji pesymbTaT e3ko HpOTHBOPEUHT CaMOMY CMbICAY CTaTHCTHYe-
€KOTO PACCMOTPENHS mpollecca MOTAOMERHs (CM., manpumep, T. I,
§§ 99—100).

OnRAKO HeyNOBJETBOPHTENbABI PESYALTAT MOMYURACH NOTOMY,
4TO Ml IPCANONIATANM, 4TO NOMOWENHE POHCXONNT NOM NeEficTBHEM
CTPOrG MOHOXPOMATHYECKOTO H3MY4enHs ¢ ONpCAeeHHOll 4acToTod
v (KaK OpHEATO B ONTHKC, HHXKE Mbl TIONb3yeMCs fHHeHOH dacro-
TOi) M 4TO MepexoA NpOUCXONHT MEeX1y COCTOREHSIMH C PE3KO Ompe-
ReACHHBIMH 3HCPTHAMH Em # En, T.€. UTO H Yma ~— CTPOLO OMpeRe-
Jeinas qacrora. Mewy TeM HCOAHOKpATHO yKa3eiBajoCh, YTO Ta-
Koji cyyail B Dphpoje HEKOraa He ocymectsasercd. Ha camom
zese ypOBHU HMEIOT KOHEYHYIO HIHpHHY, H B COOTBETCTBHH C 3TUM
JIMHWR TOTVOUIEHHS TaKKe HMEeT KOHEYHYIO WIRPHAY, T. €, npell-
€TapJser ¢O00d Y3Kuit yyacToX CRAOHIHOrO cnexTpa. [losTomy ans
TIOYNEHHST TIONHOH BEepOATHOCTH MEPEexX0Aa, COOTBETCTBYMUIeji BCed
HIHpUHE JHHKH, 4 HE TOJIBKO €€ MAKCHMYMY, CleflyeT MpOHHTEerpHpo-
BaTh Bulpamenne (63.9) mo wacToTaM B Npejenax WVpHAW JHRHH.
Vinrerpuposanue obieruaercs TeM, yTo apasas vactb (63.9) nmeer
©ueHb OCTPHII MAKCHMYM ApPH V== vmn. BBHAY 3TOTO mpelens wn-
TerpHpOBAHKA MOKHO pacipHTb JI0 0o, 400, a &9 cuuTaTs m0-
CTORHAOI:

e 0y 2 e
Fo) e | x, SN2 R (Vyp — V) #
f Lo v = &V < Lo f f in* % (Ve dv.
- s

(vorn — V)
BBoas HOBYIO NEpEMEHHYIO fU(V,, — v}{=§, noayyaem
+oo +oo
&V | 5, 2 sin" &
[learor = E8SLzmtn, Tots g
o —

Bxopsiumit c108a OnpefenienHulii HRTETpan H3BECTEH; OH paBeH m, U
Mbl OJyyaeM OKOHYATENbHO

(&

0
f [ en Py ==Y L4,

(63.10)

Mbl BMOHM, uTO HaWjeHnas noiHas BepOSTHOCTb Nepexoia 3a
¢ cexynJ TpONOPUHOHANbHA BpeMenH, a MOTOMY BEpOATHOCTD mepe-
XORA B eNMHMIY BpeMeHn HE 3apHCHT OT BpeMEHH, KaK n OXuja-
J10Ch.
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§ 64. Bovucnenne kosdduunentos Jitnwreiina

BoaaeficTeie 11049 cBeTOBOI BOMHLI Ha aTOM, KaK MBI yHe Ha-
TOMHHAMH, MOXET CKa3HBATHCS ABOSKHM OOpa3oM: aToM MOMer
#1160 NOMIOIATS SHEPIHIO H3 RO, NEPEXOLA B GOee BHICOKOE alep-
TTHYECKOE COCTORHME, JUE0, HA0GOPOr, OTAABATH SHEPTHIO OO,
nepexoas B Gosee HH3KOE COCTOSHmE. B nocneanem cayuze Ml
[IMEEM N0 C BHHYMACHHLIM HCNYCKanneM (cM. . L, § 99). Oanako
BO3MOKHEI TAKKE N TAaK HA3LIBAGMELIE CNOHTAMHBIE NEPEXONbl, NpH
KOTODEIX aTOM MepexORHT B HH3Ulee COCTOAIHE Ge3 BO3AGHCTBHS
nons ¢BeTaBOil BOJHbLL [lof06HOrO poja mepexons He MOTYT GbiTh
TIOHATE! B PAMKAX OLHOI TOJbKO KBAHTOBOM MeXaHHKH aToMa. C Tou-
KH 3Pednsl noC/e]Reli aTOM, HaXONAILMICA B CTAHHOHAPHOM COCTOs-
BHH C OTIPEACJEHHOM SHepriel, A0AkeH mpebbiBaTh B ITOM COCTOS-
HUH U€ONpeleento RO, TAK KK HeT TPHYHBE! IS M3MEHeHH:
ero sHeprau. 1151 06bACHEHAA CHONTHRBIX NEPEXOA0s HEOBXOANMO,
KpOme MEXaHHKH, yYHTbIBATb TaKKe (aKThbl, OTHOCAILNECS K CBOf-
CTBAM NONA H3JYYERHS, H PACCMATPHBATh BCE BPEMS CHCTEMY, CO-
CTORWYIO M3 ATOMA M noas H3nyueuus. [1ogo6Han ToMHan Teopns
H3RY4ERHSA CYILECTBYRT *), HO €€ W3JOWKCHNE BLIXOAHT 33 MKW Ha-
Crostniel KHATH. TI0ITOMY Mbl OPpaRHUHMCS 1€M, Yr0 HAIeM CBasb
MEX]y BHUHCACHRBIMA HAMH BEJHUMHAMH |Cm|® M BepOATHOCTSMH
BEIIYRACHHBX H CIOHTAHHBIX NIEPEXON0B, KOTOPbIE BBOLATCA B CTa-
THCTIYECKOR Teopun Haayvenis Sitmwreina (cm. 1. 1, §§ 98—100).

HanoMmaiu, 4t0 B 37O TEOPHH PACCMATPHBAIOTCH ATOMMI, HAXO-
JSHECS B TEPMOIHHAMAYECKOM DABHOBECHH C H3AYUEHHEM B 3aMK-
Hytoit monocTh. Ecan Em n En —papa ypopma SHEPTHH, TpHYEM
L > Eq, 10 B aTomax TIPOHCXOLAT HEPEXOAbl Kak B OgHY, TaK k
B APYIYIO CTOPOHY, T. C. TIEPEXObI

E,—>En v En—E,

Tlepexogbi nepeoro Tuma, COmpoBONI Tior, 3HCp-
THH U3 N0, POHCXOIAT TOMLKO NOX BO3AEHCTBHEM NMOAR H Xapak-
TepuayioTes K03¢duunentoM Bam. epexoint BTOpPOTrO THO@ NpPOHC-
XOLAT Kak mON JeACTBUEM MONR (BbiiyKIEHHOE HCnyCKamHe), Tak
H «CaMONpOH3BONbRO» (CIORTAHNOE HCMYCKARIE) H XapaKTCPHYIOT-
€l COOTBETCTBEHHO KOIPduuueHTaMH Bmp # Apn. B 1ex cayqasx,
XOrAa YDOBRH SHEPIAH MPOCTHC (HEBMPOKICNHBIC), MEKAY Tpema
KO3DQUUHEHTAMH Brm, Bun W Ama HMEOT MecTo cratHCTHUECKHE
COOTHOWEHUA

16x2hv?
Bin=Bpn, Apy=-Z0" 5 (64.1)
{eM. 1. 1, § 100, dopmyssl va ctp. 319, rae HyKHO TOTOKHTH g1 =
=gy =1).

*) Ca, wanpuwep, B. Fafitnep, Kvantosaa Tcopwa wsaysemas, ra. 1M1,
Focrexnanar, 1940,

§ 54 BBIYUCNEHNE KOJ®GUUMEHTOR SMHIUTEMHA 253

Hanyuenne B MOJOCTH XaPAKTepH3YeTCs O6BEMHON NIOTHOCTHIO
©v, KOTOP2H MPeACTABAALT CO60/ CPeAHEE IHAUCHNE MIOTHOCTH SHEP-
THH 3JEKTPOMArHHTHONO MOAR

| (22 | 72 1
pv=§(¢fv+%v) e

Ianee, scnencrane monHoli M3OTPONHOCTH H3AYYERHS B MOMOCTH,

o o
&= Eoy= 5 e

BBHIY Yero
po—= - Fre. (64.2)
Tak Kak
Ero— (85 cos2mvt = 3 (85,
TO
o= (&1 (64.3)

Dopmyna (63.10) zaer BeposTHOCTL mepexoZa 3a ! CeKyn 10X
BAHSHHCM H3Jy4YeHus, MONSPA3VBAHKOrO MO Ock X. B ciywae weno-
JIIPH3OBAHHOTO HINYYEHHS BEpOATHOCTL Nepexofa moA ACHCTBHEM
%-cocTasiisiomei nons 6yfer B ABa pasa ousuie:

o
EHX?EZ
[ et B8 21,

Onpeneasa u3 (64.3) (&7,) uepes p, u nogcraeads 8 (63.10'),
NOJYHM

(63.10%)

2re?
357 | ¥un P00t

oo
f | em Pdv= (64.4)

Jias peposiTHOCTEH MEPex0ioB MOA BIAHSUHEM RBYX APYTHX COCTaB-~
JAKRMAX 10149 NOAYYAM 2HANOTHYHbIE Boblpaxenus

2me? 2ne?

B Y P 10 ) Zma P oyl (64.5)
HOQToMy noiHaz BepoATIIOCTh nepexoaa B eAMHALY BpeMeNd nox
BAASHHEM HeNo/Aspu30BANAOIO H3/AY4eHHH pABHA

et ‘ 2

i (| Ema B[ Ymn P+ Zma P oy

WJH, BBOIS o6osHayeHne
| £ma £ 41 Youn P A=) 2 P = Frn [
TMOYYHM

2me® " 21 "
7| T POy = 3] €7y P00,

3 (64.6)
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B Teophn JiiHmteitda 4ia TOM Ke BEPOATHOCTH Mbl MHCANH
By, mp
Tlpurumas Bo Bummande (64.6), noayuaem

Bun=is| el P, 64.7)

Z€ €fm; — KBAHTOBOC BBIDAXKEHNE, COOTBETCTBYIOLICE AHIOABHOMY
MOMEHTY KJaCCHYECKOR 3MeKTpOMATHATHOA TeopIH Haayuenus.

Kosdouuuent Bum XapakTepU3ycT BEPOATHOCTD NMEPeXoia ¢ 1o-
TJOUERHEM, @ CJAeJIOBATENbHO, IO (64.1) TaKKe H BepOsHTHOCTH
BBIIYIKAEHHOTO HCNycKaHus. BePOATHOCTL (€pexola ANs CNOHTARH-
HOro HCTYCKAHRHs HE MOXeT OuITb MOMyyeHa HA OCHOBAHWH aliano-
THYHEIX COOBpaennil Mo MpHiyHAM, USAOKCHHHN B HAUATE STOrO
naparpaga. Onnaxo Mul MOXeM ec BaiiTn, MO/L3YACH TeM, YTO mpH
TepMOAWKAMAYECKOM PaBIIOBECHH SiIHIITEfIHOBCKHE KO3 ULHEHTH
Amn ¥ Bnm CBR33aHBI COOTIOIIERHEM

16n2hv
Aa =T

Tloacraeass cona Bum ua GopMysbr (64.7), HaxoAuM

o
A= ern P (64.8)

UYro6si noMyynTh OTCIONA BHpAXKEHHE NN SIEDIMH H3MYYeRHA ya-

CTOTH v, pAacHpoOCTPAHAIOWETOCH B Npefenax TelecHoro yraa dQ,
; )

Hy® 00 (64.8) yMHOXHTE HA Znﬁvm. Mu nonysaem TaknM nytem

16nsvé
3¢3

Iy 0dQ= | erms [ dQ. (64.9)

CpaprnM 570 Bupawenne ¢ GopMyJoli ANS HHTEHCHBROCTA MH-
MONLHOTO  H3NYYeHUsl KNACCHYECKOH  SNEKTPOMATHHTHOH TEOPHH.
B 1. I, § 67 Mu moayuusH ¢opMyay AN NOAHOR WHTEHCHBIOCTH
MO PH3OBAHHOTO AHIIGABROTO H3JYUEHHS, KOTOPYIO B 0G03HAYEHAAX
HACTOAWETo Maparpaga (3aMeHsis MTHOBEHHOe 3HAYEHHEe IUMOJb-
HOTO MOMEHTA Do €OS 27w yepes er) MOMKHO UepenHcare B BHAE

iyt
1 =3__~231:=v (en?.

Jins penonspH3oBaHHOrO M3JyyeHHs

Banivt
1=28 ey,
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Otcrona — sHeprus, HaNyIaeMas & MpeAesax TCACCHOTO yraa dQ,
paBHa
aQ 16avt
I = g,r (er)? dQ. (64.10)

CpasuiBas 3ty ¢opMyny c (64.9), BuaEM, uTO HX exMUCTBeHHOe
PaaNKiMe COCTONT B TOM, 4TO BMECTO IHNONBHOIO MOMEHTa (er),
BXOAAIllero B (64.10), B (64.9) sxogur coorseTCTBYIOLIN eMy MaT-
DHYHLI 3J€MEHT AHIOABHOTO MOMEHTA €fnm.

§ 65. Ipasuaa oréopa

COr1acko  eNeKTp OCKOMIYECKOMY KOMOHHALKORHOMY TpHALHTY
\macrora mosoi CNEKTAAbRON IHHAK (B HCTYCKARIM  TIONIONENHH)
MOKET GuTh NpeicTaBaeHa KAK pasKOCTs ABYX TEpMOB

vip=T,—T,

Kax ye 6uuro ynomsanyro o § 61, o6paTtnoe yreepKaenne, Boobue
TOBOPSI, He HMEeT MeCTa: We BCAKAA KOMOHHAUMS TepMOB iaeT ua-
CTOTY, COOTBETCTBYIOLLYIO peasibhO Haba0LacMOl CreKTpanbHol ay-
Hitu. DMIHPUYECKHI aHANA3 CTIEKTPOB MOKA3AN, UTO B GOMBLINHCTEE
clydaes ZeficTBYIOT CBOEOGpasHble «mpaBuna 0T160par: xomycrH-
MBLIM, T. €. COOTBETCTBY(OLINMH pealsHO HABMIONAEMHM JHHHAM,
OKA3bIBAIOTCH AHIIb HEMHOTHE MEPEXOLL; BCE OCTALHMIE MepexOxbl
€3aMPEAIOTCH»,'T. €. THHHH, KOTOpbIE BEAY B5l 0BYCAOBIEHLL STHMH
«3allPENEHALIMH> TIeDEXOXaMH, KaK NPABHJO, He 1a6/I01a10TCA.
KgauTopas Mexannxa nokassibaer, ¥To 5T mpasuia or6opa ss-
JIRIOTCA eCTECTBEHRLIME CCICTBHSMU CBOACTB BOANOBBIX yRKIL,
B caMoM seie, B NpebiAyneM Naparpade ME BHAIH, 4T0 CHCTeMa,
HAXOAAMARCH B CTAUHONAPHOM COCTOSIHMH, HpPeGhBata Gbi B 570M
€OCTOSUMH HEOrpaHuYeHHo A0Aro, eciy Gbl OHA He MOAEeprasach
NefiCTBUI0 BHCLIHKX BosMymlennit. [pakThuecky, oamaxo, mo6an
CHCTEMA HACTO MOABepraercs RefCTsmIO SAEKTPOMATHHTHLIX moded,
XOTOPBIE H ABISIOTCA BO3MYILERHSAMH, O6YCAOBINBAOILIMA BO3MOK-
HOCTb TEPEXONIOB MEXAY CTALHONAPHLMH COCTOAHHAMH. TeopHs
STHX nepexonos GbLia passata B § 63, W GLKIO MoKa3aHo, yTO nepe-
XOZbi MOryT [POHCXOANTb C OMpENENENHBIMU BEPOATHOCTAMI, ecly
OTIHYEH OT Hyad MATPHuHMli S/EMEHT JHTOJNLHOTO MOMEHTa, Co-
CTaBAECRHOTO W3 BOMHOBHIX §)HKIUHI 3TUX COCTOARMI, T. €. ecan

er = (P, [ er jhe) 0.

Ha camom nene oxasmsaercs, uto aror MATPUYHBL] 31eMenT AT
KOMGUHE[MH MHOTHX COCTOSIHIL paBeH HYyMIO, 4 B TAKOM Ciyyae
NEPexon MEMKAy STHMH COCTOMHHAMU GyLer Kak pas «sanpemies-
{LIM», T. € €ro BepOATHOCTL GyleT pabna Rymo. ToMbKo B ompese-
JIEHHBIX CHYYafX MaTpUUHLI 3MEMEHT OKASHIBACTCH OTIHYHHIM OT
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HYAA, H 9TO CBHAETE/NLCTEYET O BO3MOMKHOCTH NEpexoia MemAy co-
crosunamu. Takne nepexoin Ha3bBAIOTCH paspemienmbiMy, a BesH-
WHHY €F » HA3HBAIOT NUTOMbHBIM MOMEHTOM IepeXo0fas ¥ ClIOBHST BO3-
MOYHOCTH BEpexXOf0B B TAKX CyHasX BbIPAKAOTCA OllpedesieH-
HbM§ TpeGOBAHHAMH K H3MEHEHHSIM KBAHTOBBIX yHces, Takoro poxa
orpainuenHs Ha KBAaHTOBHE YHCJA HAUAbHOTO H KOHEYHOTO COCTOR-
HHE,NPH HAIn4un KOTOPbIX BO3MOKHM (1EPEXOMbl, HASLIBAIOTCA Mpa-
Buaamy oT60pa. “TakuM 06pasoM, HafAeHHLIe YACTO SMIHMpHUECKH
YCIOBHA BO3MOMKHOCTH TCPEXOJ0B OOJNYUAIOT B KEAHTOBOH MeXaHHKe
TeCpeTHYeCKoe 060CHOBaRHE.

B kauectae mpHMepOB Mbl YCTAHOBUM MNpabHaa oT6Opa A1 an-
HEfHOr0 rapMOHHUYECKOro OCHMJIATOpa W JUIS SJEKTpOHA B LEHT-
paTbIOM TOJeE,

a) Ilpasuaa ot6opa nas Aunelinoro
PAPMOHUUYECKOTO OCUHAIATOpA

JiHuoabuBl MOMERT JHHEHOTO FapMOHHYECKOro OCHMJIATOpa
paBeH ex, ecAk KofeGauns NMpOHCXOAST BROAL npsimol Ox oTHocH-
TeNblO CHIOBOTO LeHTP2, pasMELIeHHOro B Hauase KoopAnHar. Tak
KaK e— MOCTOSIHAs BeJAMuMid, TO AN HAXOWAEHHA BEpOATHOCTH
nepexoja B 3TOM CaAyuae JOCTATOSHO BHIYHCHHTb MATpHUHBIA Sie-
MeHT

+oo

= (Ol 10,0 = [ 0,7, dx. ©5.1)

Co6eTaelitible QYHKUAH rapMOMHYECKOTO OCUHAIATOPA, KAK MbI
sutenn 8 1. I, § 159, Taxoswi:
b= Npe V2H, (&). (65.2)
3mecs Np— BOpMHpYOWAA MiOKHTEND, § CBA3AHA C X COOTHOIME-
nuem E=Vax n H,—noannon '-leéblmena—apmma f-ro 1mo-
panxa, Oynkuwin bn 8 (65.1) opronopmupoBanbi, nprueM KX 3nave-
TuA ONpCNEJINIOTCA, MO CYLLCCTEY, COOTBETCTBYOIIHMY HALCKCY A 10-
annomann Hebmmena—3puura. Ho nocaenoBatelbible NOAHHOMB
UeGuimesa—IpMATa CBA32HBI MEXAY COG60H DCKyppeHTHOH ¢op-
Mynoi
xHp

1
mH o+ 5 Hugy,
BBHIY yero .
HoxHp=mH Hp (4 5 HolHomr. (65.3)
Ecan TphHATE BO BHHMAEuHEe OpTOHOPMHPOBAHHOCTH COBCTBEHIDLIX

GYHKUMIT OCIHJISTOpA, TO K3 ComocTasJiendst ¢opmya (65.1) —
(65.3) cpasy 6yAer BUAHO, YTO MHICrpajbl, K KOTOPBIM CBOZATCH

3 i £ OO b

.
e

-

B
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MATPHULhe SNEMENTH Xnm, PABHLL HYMO TpH BCEX SHAYEHNRX 7 W
7 33 HCKILOYEHHEM £AYUaeB, KOFAa
m=n].
K3 s1oro caeayer, uTo Mepexo4sl MOTYT NpOHCXOAHTH TOALKO Mph
An == ], T. e. paspewenHLIMI ABNAIOTCA JRIL NEPEXONL! THNA
a—sn-+1 nwm no>n—I,
TlepBuiil cayyail €0OTBETCTBYET MOTAOUIEHHIO, BTOPOll — HCIYCKAkHIO.
Ho rak KaK suepris JuHeHHOTO rapMOHHYECKOrO OCUMANATOPA CBA-
3ata ¢ ero 4actTotol wo HopMynoil
1
E,.=ﬁwn(n +3).

T0, COTAIacHO yCaoBuIO yacToT Bopa,

Lo B0 — Anhog g =+ wp.

Conocrasans Bee cxasanuoe, NoJiyuyaeM ceAyIOWEE NPABIIO OT-
Gopa: B NBUEHHOM FapMOBNYECKOM OCIMIATOPE NMEPEXOALt MOIYT
HNPOHCXONHTH TOJNBKO MEXAY COCEAHMMH COCTORUHAMY, NPHUEM HC-
NYCKAETCR HAH NOFNOLLAETCH YaCTOTa, DABHAR KJACCHYECKON “a-
CTOTE W,

6) DneKTPOH B HEHTPAABHOM BOAE

Tloramenm tenepb, 9T0 ANA JMNOJBKONO H3JyHEHMSt JCKTONA,
NBAKYLIEFOCA B HEHTPanbhoM pone (HanpuMep, B KYJIOHOBCKOM
noAe RApa), HMEIOT MeCTO ABA BakHHX IpaBuia or6opa. Ofno us
HHX YIPaBAAET lep H, KBARTOBOTO
uncAa [, H COCTORT B TOM, 47O BOIMOMILI TOABKO TaKHe IEpEXOAb!,
npn KoTopsix Al HamenrseTes wa -1 wan —1I:

M==x1. (65.4)
BTODOE OTHOCHTCH K KBaHTOBOMy '-lMCle m. oxaaunae‘rcﬂ, 4TO BO3-

MOMKHUI JHilllb TaKHe NEPexOAw, NPH KOTOPLIX HIMEHEHUR /1 yNoB-
JETBOPAIOT yCAOBHIO

Am=+1 um 0. (65.5)

BuBoa OyieT 3akmouarses B JOKA3ATENBCTBE TOTO, 9TO BepOST-
HOCTb NEPEXOA3, BhiumcAsEMan Ho ¢opMysam (64.2) u (64.8),
paBna HyNIO BO BCEX CAYYARX, 32 HCKINOUEHHEM TeX, KOTOPb YAOB-
nerBopAoT TpeGosannnm (65.4) n (65.5).

Beinnuem 2an ya06cTBa MATPHUHLIE DAEMENTH KOODARHAT:

o=V dr, y,=[ vwdr 2= [ ¥izbydr. (©5.60

9 9. B. Ineasckud, v I
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C uefbio BuBONA MpaBiia 0T60pa WA KBAHTOBHIX dHCER [
m Mbl DACCMOTPHM TAKYIO MOIeb, B KOTODOii cobersentble QyHK-
umi 3aBUCHT TONLKO OT YraAOB ¢ n ¢ (cm. § 55). dra moneap
npencrasager coGoft sacTauy, 06pawaolylocs OKono HemoiBAXK-
HOMO LHIPA, OCTABAACH HA OLHOM U TOM )K€ pacCrodiui OT Hero
{potarop)- CoberpenHbie  GyHKLIMH 3TO 3a1aydl MPHBELEHDI B
ra6n. | Ha crp. 206. Mt Gyaem micath HX B o6urem BHAC

p=-e""P".

TTonAHOMBI, 06O031EAYERIbIE HAMH CHMBOLOM PT, B ra6n. I npex-
¢TaBASIOT COGOIO 3ABUCAIUINE OT & TOARNOMbY BXOSLLKE B cobernen-
Hble (YNKLEH KBAAPATA MOMEHTA KOAHUCCTBA apukenns. Oup nay-
waio1cs B TEOpHH [(1apOBHIX QYHKUMI W HOCAT HASRAWE TPUCOE-
AMHeRHBIX TONHIOMOB Jlekanapa. )

Mo yeaoBHAM CEMMeETpHH 3aidud iteqcc006pA3HO TEPEHTH OT
HeRapTOBEIX KOOpIHAT K chepuyeckuM; TpH STOM, Tak kak pa-
uyC-BEKTOp T OCTAETCA BCE BPEM3 ONHNM i TeM Ke, Mbl €ro moJao-
KHM paBHbIM epnmile. B Tagoy cayuze

x=—=cospsin®, y=singsind, z=cos®, dv==sin®dddy.

[Tycth B COCTOSNHUAX, XADAKTEPUIYEMEIX HRACKCAMH j u k, xBag-
toBHIC WHCHA OYLYT COOTBETCTBEHHO I,m w ', m’ [lepennmem Tenepb
MaTpHuBbIe 3EMENTEL (65.6) B cHrpHISCKHX KOOpLHHATAX, NOACTA-
BHB B HHX BMECTO p; H \py HX SBHBIE BHIDAXENHs H 3AMEHHB COS g R
sil @ MX BHPAXKENUAMH YEPE3 SKCMIOHEHUHATDHLIE yHKUMH:

D p—ie

noydnM:
27 n

x/k’:%_]‘ (e””"‘"'“‘w-l—c'-("""'"_“w)dipfP?Pﬂ’sinzﬂdﬁ\
0 0
on

is [ (65.7)
Y= 4

n
(ot ¥ d __ gl 008 gg J'P;np;r sin® 046,
b .

om

= .
2= J’ e”’"""f’“’d(p ﬁ[ PIP} cos @ sin® do.
0

Hajtnem cnayaia npasuia or6opa aas m. G 5TOik NeMbo ML Npex-
Je Bcera paceMoTpuM Z;n. OueBHIHO, 4TO RHTErpAT:
et o

. ) J’ et w'-m @ gy .
Q
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Re paBed HYMO TONLKO Mpy m’ = m. Mu moayyaem, Takum o6pa-
30M, mepBOe NPaBuiIo 0T60pa
Am=0.
Touno TaK e B BBIPAKEHHAX LA Xpn, Yjn NHTETPANLL
2 2n
f gitm—mt 1o go g J’ el w—m=1'0 do
0 0
HE paBHH HYJIO TOJBLKO Npu M’ —m = F]. 210 AaeT BTOpOE Hpa-
Buso oréapa aas m
Am=x1.
[Tpn BeiBONE mpaBMIa OTGOPa ANA [ Mbl OTpaHMUAMCS PaccMOT-
PCHHCM 2,1, (A€ HAZo, MO CKA3AHHOMY, MOJAOXKHTh m’ == m. Hnte-
rpan no 4 Mbl HanuuUIeM TOTAA B BHAE

n
J cos #P}" (cos 9) P} (cos 8) sin © d9; (65.8)
3
€C/M BBeCTH HOBYIO IepeMenHyto X = cos ¥, TO STOT MHTerpan mpH-
MeT BUI

+1

j' x P (x) P (x) dx.

=t
B reopuy wapoBhX YyNKuMit*) A0KasmBaeTcs cAenyowas pexyp-
peHTHAS HOPMyaa IJIS (OCTeNOBATEAbHEIX GYHKIMIT PY, Piti, Pl

I+ m pm f—ma41 pm

TR Pt—n'l"—?,_'_l P
TIprrnmasn BO BREMaRHe OPTOrOnanbHOCTL (hyrkumi Jlexanapa Pf,
Mo BUxMM, uTO nuTerpan (658) ne pased dyalo AW upH yeao-
pun [/ = I == 1. 210 naer npasnio oTBOpa 1 {

Al==1.

Ha noxasatenpctse TOro, uTo Takoe e OpaBHAC OT6Opa eer
MECTO AJS Xyn H §x, MBI OCTAHABJHBATHCA He GyleM, OTCHIIAS HA-
TepeCYOWHXCH K CIelualbHblM DYKOBOJICTBAM NO KBAHTOBOM Me-
XaHuKe, -

Kpome npaBual 0T60pa, Mbi MOXeEM JErkKO MONYqHTh u3 HOpMyn
(65.75’ TakKe W npasna noaspusamuu, [lonoxum, aro m’ =m
{mepexon Am = O}; B 3TOM cayyae 2 %= 0, TOrAA KaK X5 = Yy =
= 0. DT0 03HAYAET, YTO NPH NEPEXONAX AM = LOMNKHO BO3IHAH-
KaTh JHHEHHO [O/IAPMIOBAHHOE W3IYLCHHE ¢ KONeGanHIMH 110 OCH 2.

xPl ()=

J) G, wangien. B Coupuos, Kype bicued mavemaruxy, t. 101, u. 2,
ra. V1, Toctexusnar, 1949,

gv
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Ecan we Am —m1, 10 2 =0, HO X H Y OTIHUHK
o7 myas. [pr Am = 4| Mul nonyuaem n3 (65.7)
25 n
op=a | dq;fp,"‘Pi“r*‘ sin® 9 dg,
3 1
2n T 25 =
fd‘p fpf’P"‘“sinzﬂdﬂ 77‘f do fp PPt sin’ ¢ do.
o Q o 0

Takuy 06pasom, y,. OTIHYACTCS OT Xy, \lHO)KHTe'IeM*L' 370 o03Ha-
Y2eT, 4T0 KoneGaHH: MpOeKUnit 0 ocAm ¥ U X OTIMYAOTCA 1O (ase
Ha /2. AHanorwuHbIM 06pasoM NMpH Am = —| xoneGanus NpoeK-
uit oranyaiotes 1o Qase wva —n/2, Mrax, upn nepexomax Am ==
= 2] 10MKHO BOZHAKATL M3NYueHHE, NOJTPHIOBAHHOE N0 NPABOMY
HJIH JIEBOMY KPYTY.

B cnyuae BogopofononoGusix aTOMOB (KemiepoBa 3ajaya) cod-
CTBeHHble HYHKLUHA UMeIoT BUA (oM. § 59, Tadn. I11)

Pu,1,m == Ra.1 {r) € P (cos 9).

B COOTBETCTBHH € STHM MaTDHUHLIC SJeMEHTH GYLyT MPeACTaBIATE
NpoU3BeAeHHA UHTErPano (66.7) Ha murerpanL suna

[ Rur (@) rRutr) 7 dr. 65.9)

Hnrenpans (657) BHOBb OPUBEAYT X TpasuiaM oTGopa maa [ u
m(Al= %1, Am =0, 1), KoTopble, TaKHM 0GPAIOM, HMEIOT Me-
CTO H ANs anempoua B KyJOHOBCKOM moae, Yo e Kacaerca HuTe:
rpanos (65.9), 1o oM, KaK NOKasLBACT BLMHCTENHE *), npH COGIIO-
feéinn npasuaa o-rﬁoapa Al = &1 OTAHyHBl OT HYAS NPH JOBHX
3KAuEHHAX pasHocTH n' —n == An. TakgM 06pasoM, IIA TIABHOrO
KBAHTOBOrO YMC/IA NPaBHia or6Opa He CYIICCTBYET: OHO MOMET W3-
MEHSTHCH HA JI050@ YHCIO eIHKHIL

OTmMeTEM B 3aX/IOueHHe, UTO YCTAHOBJIEHWBIE Bblle MpaBHIA
0T60pa BLINOJHAIOTCA CTPOrO TOALKO MAS HAJyYeus SaeKTpUYe-
CKOro JHmoAs. B camom nefe, MAaTpHYHBIE 3JM€MeHT, OT KOToporo
$aBHCHT BePOSTHOCTb HEPEXORA, HMEET BHI

D, —=ex, = ( b,exp, dx.

Kax yixe ykagwpagocs, ToT MaTpUUKbI SJeMenT MpeACTABARET
COGOM HE uTO HOE KAK AMNONBHLI MOMEHT X, CBOeOGpasno yeped-
HEHNHE MEMLy COCTOSHHAMH P H n. BepOATHOCTS nepexona cee-

*) Cn., wampemep, B A @ox, Hauana KsaBTorofi mexamwkm, crp 132 1
cnen, KyGyv, 1932,
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nach y HAC HMEHHO K TAKOMY MaTPHUHOMY 3HEMEHTy BCACACTBUC
TOTO, YTO IPH PACCMOTPEHHH BO3JEHCTBHS CBCTOBOM BOJHM HA ATOM
Mbi 1PEHEGPEryH 3aMaaibiBaueM Ha NPOTSIKCHUH aToMa (CM. Ha-
varo § 63). B ciyude OnNTHYeCKHX CHEKTPOB, KOTAa AJHNA BOJHEL
3HAYUTENBHO GOJbUIE PASMEPOB ATOMA, TAKOE NPENESpERENIe BIos-
e onpasaane. U neficTBATEABHO, B ONTHYECKAX CHEKTPaX, KaK Mbl
YBUANM EMXKE, yCTanOBJelHbI§ Bbile NMpaBuna 0T60pa ANA KBaHTO-
Bbix yuced [ w m B GonrbimECTBE cayvaes Bumomanited. Onuako
BCTPEHANTCA M MCKIOveHHs1. Tak, HanpuMep, B CNeKTpax WIeN0H-
HHX MeTaJ10B HaGAONAITCH OUeHb CaaBHe JWHHH, SBJISIONIHECH
KoMOHHanueR Tepmos s # d (cM. puc. 32), T. e. BO3HHKaOI4e
IPH Iepexollax ¢ H3MeHeHHeM KBAHTOBOrO Ymcia [ Ha [Be elHHU-
1sl, TlosiBenye NOROGHBIX «3aNPeIIEHHBIXy JHHHE OOBACHAETCA TeM,
YTO BEPOATIIOCTH NEPEXoia B CTPOrod TOPHu BHIPaKACTCA CyMMON
4JIEHOB, U3 KOTOPHIX TOIBKO MEpBhLi COOTBETCTBYET XHMONBLHOMY k3-
JYHERNIO; BTOPOH H NOCEAYIOMME YJEHS COOTBETCTBYIOT H3JMYYEHHIO
Bosee CIOMKADIX CHCTEM 3apAI0B — KBAAPYHONeH U BLICITKX MyabTH-
noneit {cM. ITpraoxenne 111). BennunHa STHX U/IeHOB GHCTPO yobi-
BAeT, U NOTOMY BEPOSTHOCTH NEPEXOAOB, COOTRETCTBYIOWMX KBAADY-
FOJBHEIM MepexofaM (Npd KOTOpLX, B UaCTHOCTH, Da3pemlanTes
nepexosl ¢ n3menenneM Al == 2), Bo MHOTO pa3 (mpHMepHo B 10°—
10%) MeHbINe BepOATHOCTH NEPEXO/IOB NHIOABHOTO XapaKkTepa, drum
OGBACHACTCA CIAB0CTh «3aNPEllenHsX> JMiuui. B cayuae peHrre-
HOBCKHX CHeKTPOB, TAE AAWHB BOAH B 10°—10* pas Meubile, yeMm
B ONTHYECKHX, B3AMA3ZBIBAHHE MrPaeT COOTBETCTBCHHO GOMbillyio
poas. TlogcueT NOKasbiBaeT, 4To 3AeCh BEPOATHOCTb KBAADYNOMb-
HHIX MEPEXCAOB, OCOGENHO B CAyuae THAMKEJAHX ATOMOB, B 109—10%
pas Goablile, YeM B ONTHUECKHX cnekTpax. ITHM OOLACHAETCA TO,
4TO B PEHTreHOBCKHX CIEKTPAX SAnpelleHpsle JUHAH BCTPEYAIOTCA
BHAYHTEABHO Yale.

Janeaeliilne cpeneHds OTHOCUTENDHO 3ampelHHBIX JmHHE
<M. B §§ 105 & 106.

B) POJII: yerHocTH cocToauuh [Ipasuno Jlanopra

B § 30 mbl BHAESH, YTO B KBAHTOBOH MEXa#HKe BAXHYIO PONb
UrpaeT CBOACTBO CHMMETDHH COCTOSHE, KA3HIBAEMOE UETHOCTLIO:
£chu B CHCTEME REHCTBYIOT CUJbI B3AHMONECTBHA MEXAY 4YacTu-
HaMH K LEHTPaJbHEE CUJIbl, NEHT) KOTOPHIX COBIANAET C HAYAJIOM
KOODJMHAT, TO CTANUOHAPHbIE COCTOSIHWA OMHCHIBAIOTCH HAH UeT-
HHMH HJIH HeueTHHIMu (YHKUHSAMH Koopaunar. Ilpu atoM cobmo-
AAeTCHA 34KOH COXPAReHUsl UeTHOCTH: CHH COCTOSHUE B HadasibHblA
MOMEHT onucusano% veTHOH (HeuerHoit) QyuxiHed, TO NpH Beex
A4 npc KX B CHCTeMe, BOHOBast (ByHK-
s ocraetes eTnok (Heqemou) B § 30 Mul pumenu Taxkke, uto
STO CBOHCTBO CBA34HO ¢ TMMMeTpHell IPaROTO H JIEBOTO.
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3aMeTAM, 4TO MPON3BEACHHC JABYX UETHHIX MIH JBYX HEUETHLIX
dyHkuni ecTh QyHKUHSA ueTHAs, a NPOUIBEREUHe YETHOH H Heyer-
HOH (pyHKuufi — Hedetwas ¢yWkmus. OueBRIHO, YTO UETHOCTL HAR
HEYETHOCTb NMPOH3BEREHUA HECKOJbKHX (yuKUHA ycTaHasausaetcs
10 TOMY e NpaBuiy, KaK H SHAK MPOM3BEACHHSA NPH HEPEMHOKe-
. HHH NOJOKHTEbHbIX H OTPHIATEALHBIX THCEN.

VCTaHOBUM TEMepb YETHOCTL COCTOSHUA OHON MACTUIL, OGaa-
JAloniel ONpeNesieHHHM MOMEHTOM KOJHYeCTBa ABH:keHms [ Ilpe-
obpasosanue nusepcuu (§ 30) cocrout B samene KOOPRHIAT X, §, Z
Ha —%&, —y, —2. JT0My COOTBETCTBYET GPeoBpasoBatne MOAAPHLIX
KOOpAHHAT

r—>r, 8>n—

g—atq.

CofCTBenuble GYHKUHN YaCTHUB C MOMEHTOM KOJMUeCTBA ABH~
eHHs [ npuBexent 8 tadr. 1 na crp. 206. ITo aroii radauue aerko
MPOBEPHTL,{4TO NPEO5pPAI0BAHNE HIBEPCHH yMHONAET COBCTREHHYVIO
$ynxuo va (—1)! u npurom nesavncumo o1 m. Us sroro crenyer,
uTO COGCTBEHHbE (BYHKUMH COCTOSWHA HaCTHUBL ¢ YeTHHIM MOMEH-
TOM KOJAHYECTBZ ABHIKENHT HYETHBI, ¢ HEYETHHIM MOMEHTOM KOJHYe-
CTB2 JIBMKEHHA — HEYeTHbI.

Otparumesn Teneph K mpasuaam o160pa. B wavaze stora mapa-
rpaja Mbt BHAETH, YTO 3aNPET MEPEeXofa C TeM MIH HHLIM H3MeHe-
HHEM KBAHTOBbIX YHCEN BHIBOAMTCA H3 PABEHCTBA HYJI0 MATPHYHOTO
anemenra. Ilocaennui Beerfia HMeeT BUMX muTerpala no BeeMy mpo-
CTpaKCcTRY

+oo oo 40
JRwdr= [ ac [ ay | dzf(z, 9, 2)

Huterpan Gynet panen Hymo, echu f(x, y, 2) — dyHKRHS nevcTnad.
Ut0Gbl yGeARTRCA B STAM, CACAAeM 3aMehy MeDEMEHHbIX &> —x,
4> —y, 2>—=z Tlpu Taxoii sameHe 3uaku AnppepeHtnancs us-
MEHATCS, HO 5TO HIMEHCHHE CKOMIEHCHPYTCH 0BpAIIEHHEM npeme-
7108 HHTerpuponans. Kpome 10ro, B cHiy nevernoctn dynkuun f
OHA TNpPHOOPETAET 3HAK MHHYC, TAK YTO BeCh HHTErPa’ yMHOKUTCS
Ha —1. OpHako 3aMena NEPEMeHHbIX He MOKET H3MEHHTb 3HAUCHHS
KHTerpaja, nostoMy

[ Foyde—— j F(r) dr.
HO 3TO PABEHCTBO BO3MOXKHO AMUB B TOM CAyyae, Koraa Pm'rerpan
paBeH Hymo,

MaTpHyHLIl SMeMEHT AHNOMNLHOrO MoMeNTa pasen

Of == J ery) g, dv.
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Ho er — dynkuua Hevernas. [losromy maTpwumbii sacMent Gyzer
OTIWYEH OT 1iy/1 TONBKO B TOM C/1y4ae, KOMna npouseenentie )b,
€CTL TaKke QyukiUs HEYeTHas, T. €. Ym H Yn DOTKHE 0GnaAaTh
pasnuunOf WETHOCTLIO: OfHA 06A3aHa ObiTh uerHoH, xpyras — He-
yeTHoh. UTAK, BO BCSKOM Clydac AHMOMbHEIR NEPEXOX MEKIY ABYMST
9eTHLIMH WIH HBYMS HEUETHRIMH COCTOSHHUSMH 3anpemeH. I1ockoms-
Ky HETHOCTL COCTOSEHS ONpPEICHSIeTCH YETHOCTBIO MOMEHTA KoJHue-
<ThA ABHMSEHHSH, TO MOKHO CPASY yTBEPIKIATh, UTO M THIONBHOTO
H3ayUCHHS nmepexofbr ¢ Al =0 win Al'== +2 3anpemensl.
B MatpuyHOM 3ieMenTe KBaIPYHOJLHOTO Nepexona

Q= [ 4, (€Q) g, 47

€Q 33BHCHT 0T KOOPA@HAT KBAaJPATHYHO, T. €. ABJISIETCA ueTuoh
Ppynxnuedl koopaunar- [1oSTOMy JNIsl 4ETHOCTH BCeH NOABIHTErpasb-
HOW (DYdKUAH HYKHO, YTOOLI om o n OBWIH WIH O0€ YCTHLIMH WIH
ote uevetnbimu. [lostomy nepexoani ¢ Al =0, +2 sneck ByxyT
Pa3pelleHHBIMH, & mepexomul ¢ Al = 41 —3anpemcuusivu. Bee
“TepMBl MOTYT GbITh Pasiesensl a ABA K1aCCd — YCTHLIE H HEYETHbIE.
TepM GyneT deTHmM, €C/ APH(METHUCCKAs CyMMa KBAHTOBBIX MH-
cell [; OTAeNbbIX S/EKTPOHOB (W BAOGWIE HACTHI, OOPA3YIOMHX
CHCTEMY) €CTb YHCAO YeTHOB, H HEYeTuHM, eclH apudMernuecxas
cyMMa unces /; HedeTHA.

TlocKoJbKY YeTHOCTh TepMa ONPERESeTcs apHPMETHUCCKOH CyM-
MOfl KBAHTOBBIX JYHCeS [; BCEX 3/IeKTPOHOB aTOMa, OHa 3aBHCHT Kak
OT KBaHTOBHIX YHCEJ OTHEILHBIX 3JIEKTPOHOB, TAK # OT OBIETO HX
ynena, I OTAENbHBIX SJEKTPOHOB WETHHIMH SBAAIOTCA COCTOSHHS
c =0, 2 4, (s—, d—, g—, .. .3MCKTPOHB) H HCUETHHIMH —
cocrosunst ¢ L =1, 3,5, ... (p—, f—, h—, ...2aexkTponb). OxHaKO
TepM MOMKET OBITh YeTHEIM, €C/H HEKOTOPHIE JIEKTPOHE HAXOAATCA
B HEUETHHIX COCTOSIHUSAX, HO 4uCJIO MX WETHO. B nTore Momuo cdop-
MyJHDOEATH BecLMa OfIiee NPAaBUIO 0TGOPa, TAK Ha3mBaemoe Ipa-
8unc Jlanapra: dunosvisie nepexoObi BO3MONCHEI MEHCDY HCTHOIMU
U HEHeTHLLMU TEpMAMU U 3anpetyens npl KOMOURAYUAY TePMOE 00+
HD20 u TO2O e Tuna weTHocTU, Keadpynotsnoie nepexodsi, ao6a-
POT, paspetcrsl npy nepexadax mexcoy Tepmamu oOuHAKOBQL 4eT-
HOCTH U 3anpeujenol npu nepexodax Mexdy Tepmamu pasiudnol
4ETHOCTIL.

§ 66. Marseron Bopa

Tlepeiinem renepb X paccMOTpenmio BIUAHHT MACuHATHOrO MmO
Ha ypOBHM IHEPIHH H COEKTPH HCNYCKAauusl aTOMOB H HAyHEM C BbI-
YUCHeHWS MArHHTHOrQ MOMenTa aToMa. B siekTpoinHaMmuke Mar-
HUTHBIH MOMeHT KpYrOBOrO TOKA BHIDAKAETCS Yepes CHIy TOKAa M
ofTeKaeMylo uM muomane (cM. Hanphmep, T. I, § 76). Cuna Toka,
00YCTOBICHHOrG JBHKEHHEM 3JIEKTPOHA, BBIYHC/IAETCH MPOCTO KakK
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npOMsBeNleHiie pUG, TAe p-—— NACTHOCTh 3aPRAA, U — €ro cKOpOCTH
W ¢ — cevenue Toka. Ec/tH Mbl MMEEM A€JO ¢ 3JEKTPOBOM B NEHT-
panbHOM 1O, TC ©POUTA ero ¢ TOMKH 3PEHHHA Kraccmyeckoh Qu-
suKn (a rakme u Teopuu Bopa) ectb Kpyr Haw saaunc, npk o6pa-
HIEHWK 10 KOTOPHM 3JJ€KTPOH CO3XAET 3AMKHYTHIH TOK, CHJly KO-
TOPOTO JIErkO BHIUMCAHTD, aHAS CKOPOCTb JIEKTPOHA,

B KBaHTOBOM MexaHHKe AEJN0 OBCTONT ClONHEE, TAK KaK 3heCh
MH JOJKHH PACCMATPHRATh CPERHIOI NJAOTHOCTE INEKTPHUECKOTO
3apaRa ey*y, pacnpejeNeHHOTO BO BCEM NpOCTPANCTBE, H CpejiHee
3HaueHMe TOKA, MONyuaeMoOe KaK [pOH3BENCHME 3apilla € Ha TOK
BepoAtHoCTH S. TIOCKOMbKY Mbi MMeeM Hello ¢ GpOCTpAHCTBEmIBIM
pacnpefenerueM 3apsga, HaM neOOXONMMO BHIUHCAATD He JHHEH-
Kb, HO 06:eMHbIft TOX, @ NOTOMY H HeOGXOLHMO CRAUANA AATb Bbl-
paxenne 1A 06HLEMHOrO TOKa BEPOATHOCTH. JIAs ONHOMEPHOrO ABH-
JKEHRH TOK BEPOSTHOCTH, KaK ML Buienu B § 23, ecrs *}

i,(t}f' LA L ) (66.1)

ax ox

B cnyuae NpOCTPAHCTBEHHOrO TOKa C/AeAyer RaTh €Hie ABE COCTaB-
NRIOLBIE BEKTOPA S, KOTOpbie BCAENCTBUE CHMMETDHA UMEIOT aHamo-
THYHBE BRI

] . W Y
=g (¥ 5~V %),

] oY oY (66'2)
Sz m(‘*’ Y 02);

3amerns, ¥t0 9¥/0x, dW/dy, @"P/dz cyth cocraBAAOMEE TpagUenTa
CKanspuol GyRKIAN W, M MOMEM BHINHCATH BbipajeHue IAfl TOKZ
BEPOATHOCTH B BekTopHoil hopme

= j]
=

(" grad ¥ — P grad ). (66.3)

B TakoM BUZe NoAb30BATHCA (BOPMYNON AAA NAOTHOCTH TOKA OCO-
Genno yaoGHO, TAK KAK Mbl He CBAJAHLI B 3TOM BEIDAKCHHH CHCTe-
MOji KOOPARHAT H MOXeM BLIOHDATh HMEHHO Ty CHCTEMY, B KOTODOX
BHIYHC/IEHHS NPOHSBOAATCA NMpome BCero. B WacTHOCTH, B cayuae
UEHTPAALHOTO NONA yroGuee BCEro MoAbaOBATHCR CepRICCKOH cH-
CTEMOR KOOPAHMBAT 7, B, ¢, Te COCTABAMIOMUE TPAAMEHTA TAKOBEL

2 14 1 d
grad, =5, grady==— &, gradw=m-%. (%6.4)

*) 3AcC b B AATLHCAMEM, KOTAQ B BOPUYNS OYACT BAORATH OLNOBPEMERAD
© Maccoli MaTBHTHOE KMANTOEOC WHCAO m, M GyAew 0G03AavaTh Maccy GyK-
B B,

- LMAlOB HEeT HWKAKOro TOKa, 2
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Coberennnie GyHRUME B cAyyde LEHTPANBLHOTO MOAH, KAK Mul
Buaend (§ 59), MOXHO NpefcCTaBHTb B BHAC MPOH3BENGHHA Tpex

By HKUHE
b, B, @) =R{r)-0 () - eimo,

Us BuipameHns A7 (VIOTHOCTH TOKA BHIHO, UTO B T€X CAydasx,
KOTAa 34BHCHMOCTE W OT KOOpAMUATHI BbIPAXAETCH BemecTseH-
HOW (pyHKIHeH, COCTABARIOMAA MMIOTHOCTH TOKA AN STOW KOOPAH-
Hatet pasua Hymo. B manuom cayvae R(r) u 8(®) kak pas Bmpa-
XKawrcs BEIECTBEHHBIMH
pyuruuamH (cMm. § 59), u noro-
My COCTABMAOMHE TOKA IAA
BTHX  KOODIAHMUAT OTCYTCTBYIOT;
OCTACTCS, CAEAOBATENRHO, TOJb-
KO COCTABAAIOMAN AN KOODAH-
HaTLl ¢. ITO 03HAvaer, 4TO Hn
N0 paaMycaM, HE BXOAbL MepH-

TOK TeYer TOALKO [0 UIMPOTAM,
KaKk €cau Obl Mbl HMEJH £e410
€ BpaILellHeM OKOJO BEpPTHKaJb-
HOJ1 OCH.

MaruHTHbI MOMEHT KPYTOBO-
TO TOKA paBel CHe TOKa B JCK-
TPOM2rHUTHLX EIUHHILAX, YMIO-
XKenno#l ua ofTexaemylo mio-
1i1anb. Ilﬂﬁ BbIYHCACHHA MATHHT-
HOFG MOMEHTA OOBLEMHOTO TOKa2 Puc, 34,
TOCTY(IHM TaK: BBIYHCIMM Clid-
Yana MArHHTHBIE MOMEHT 3JeMeHTapHON TpyOKH TOKa, TEKymero mo
®pyry wdporsl © na paccrosmuu r ot uentpa (puc. 34)," a sarem
TIPOHITErpHpYeM N0 BCEMY 0OBEMy, T. €. O BCEM TaKuM TpyGKaM.
Cuna T0Ka (B SACKTPOMATHHTHHX €AHHHIAX) B YIOMSHYTOR TpyOke
TOKa paBHA [yd0, TAE [y — COCTABAALLAS MIOTHOCTH TOKA MO (IH-
poTe, a do — nAomaAp ceuenns Tpy6kr Toka. Ho

S =m" 2‘%(\1)' gradgp— pgrady ¢,

Bolyncienue gaet npexge scero *)
" grad, p = R@e—mv . _t_9 (RBeim?) l—m\b'\b
¥ grady TS @ Oy rsin®

*) CM Bupaxeunn BEKTOPHMX ONEpauni 6 CHEPHYECKHX KOOPLURATAX B MiO-
Gom yuebuHKe RekTopHoro amannsa. Hanpuwep, H E. Kounm, Bekrophoe e
sucnéume M Mauaza Tewsopuoro Hcunclewrs, Man-mo AH CCCP, 1938, § 18,
cTp. 209.
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M aHaJOoru4yHo )
. m .
beradd’ = — 555 v
TdK 4yTO
o9
rsin® *

Cuaa toKka 6y/IeT NosTOMy

Jy==jgdo=m L YU do

ue rsmd *

JIns nosyuerKA MarHHTHOTO MOMEHTA TpYOKH TOKA HYMKHO STO BLI-
pamelHe NOMHOKHTL HA 0OTEKAeMylo wIOWAAb, T.e. ud w(rsind)®
(cM. puc. 34):

dM =Jgn (rsindy=m % s sin @ dr::m%\p'\p (2nr sin ¢ do).

Ho npoussesenne (2srsin ® do) — AJUHB OKpYKHOCTH <rpyGkn
TOKa» HA ee CedeHHe — eCTh, OUCBUIAHO, OGBeM 3TOH «TpyGru». [To-
5TOMy HHTEIPHPOBAHHE NO BCEM BOIMOMHBM TPYGKaM PAaBHOCHJILEO
MHTETPHPOBAHHIO NPOH3BENEHUA (™p 110 BeeMy mpocrpanctsy. Ta-
KOil HATErpan BCJEICTBHE NOPMHUPOBAHHA + paBeR eduiuue. Mrax,
HAXOAHM OKOHUATSJbHO JJI MarHHTHOrO MOMEH1a OGBEMHOrO TOKA,
pacnpocTpaHeHHOro Ha BCe POCTPAHCTBO,

h
M:m;v, m=0, =1, £2,.,. (66.5)
MHOXKHTEND "
M.,_—;;‘—c (66.6)

COCTABJAEH M3 YHHBEPCAILHLIX KOBCTANT, MOSTOMY OH CAM ABJSETCS
KoticTanToll. MBI NONydnu BaKHb{l pe3yabTaT: MargATIB MOMEHT
pAaBHAETCA NPOHSBENEHMO UeOr0 YHCIa m Ha KOHCTauTy Mo

M= mM,

D10 3HAYHT, uTO, MOLOGHO TOMY KaK BCAKMH 3apAA €CTh nenoe Kpar-
HOC 3apsifa@ HMEKTPOHA, MATHHTHLIA MOMEHT MEKTPOHA B HEHTPAb-
HOM 1I0JIe eCTh 11e/10e KPaTHOe YHHBEPCaJ/bHOU EJHHHIbl MATHATHOIO
Momenta Mo. D72 KBAHTOBAA €ANHHLA MACHATHOTO MOMENTA HAgbl-
pacres mazreToros Sopa. Tlomb3aylotcs Takme Marderosoy Bopa
Mo, ymHOXKeHubM Ha noctosHunylo Asoragpo N == 6,02.10%. 3ra
MaKpOCKOMKYECKas EIMHAuA MArlMTHOTO MOMeEHTa OfO3Hauaercs
uepes Mp. Ona pasna
e
Mp=NMe—N - T

=6,02- 108 1,760 - |

L10-7
- w-é-m-i— 5585 eayee - cex™'s
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Hannem eme Baxknoe 1ifl NOCAEAYIOUIETO OTHOUIEHHE MACHHT-
HIOT0 MOMEHTAa K MeXaHHYeCKOMy MOMEHTY HMnyaeca. Jas srtoro
3AMETHM, 4TO, TOCKOJEKY fI0 CYIIECTBY Mbl BHUHCAHAH NPOEKUHIO
Ha OCb 2z MA4THHTHOrO MOMENTa (MOMEHT HPOCTPAHCTBEHHOTD Kpy-
TOBOrO TOKA OTHOCHTEJLHO OCH 2), TO AVt MOMEHTA HMnyJbca cie-
ZyeT B3siTh TRKKE ero 2-COCTaBJfIILYIo, T. .

L, =mh, (66.7)
HUs (66.5) n (66.7) naxonum

M e

L = (66.8)

T. €. OTHOLIENHE MArHHTHOrO MOMEHTA K MeXaHHUCCKOMY paBHO TOR
3Ke BeJjUUHE e/2uc, KOTOpylo MBI yKe Haux B T. I, § 76, us coo6-
paenwnil, OCHOBAHHBIX HA KAACCHUECKOH (H3HKe.

§ 67. Teopus npoctoro oppexta 3eemana

B 1. 1, §§ 77, 78 Sua paccMorpena KaacCHYecKash Teopus ag-
dekra 3eemaua. Hanoyunm, uro » 1896 r. 1. 3eemau oBuapyxun
BAHSHHE MAariUTHOrO NOJA HA CIEKTpadbHbie JHHHH — ABJICHHE, KO-
Topoe TmeTuo Hekan @apazelt 8 Kodue CBoell KH3HR. CoraacHo
TeopaH, passutoit I A. Jlopeuuem, npu HaGJOAendd B HanpasJe-
HHH, NEPIEHTHKYIAPHOM K MATHUTHOMY NOMIO, B KOTOPOM HAXOAHTCA
H3y4alonHil I NONIOMANAN aTOM, CNeKTpaJdbHaA JHHAR A0J-
HHA PACIIENUTRCA HA TPU KOMNOHEHTL!

e
@y +5— H, @5 wp—

Buc %,

e
e

fiprueM KpafHde KOMINOHENTH AOJMKHEI GHTbH NOAAPHIOBAHE N0
Xpyry (CMemernas B KpacHyio CTOPOHY — n0 npasoMy, B (UOJeTo-
BYIO — 110 JIEBOMY), a Cpefiiast — NONAPI30BaHa JIHHE HHO.

Jra Teopust Guiia pa3buta JlopeHiieM R CBA3M ¢ HaGJIOLEHHEM
3eemata, KOTOpLIHi NOMECTHV rOpEKy C [MIAMEHEM HATpHs MeXny
TOMOCANH 3MEKTPOMArHUuTa [ OGHADYKWI, 9TO NpH BKIAOYEHHH HO-
CTATOMHO CHJIBHOrO noas D-nunus pacmmpsiercst, mpHuem Kpas STOH
PpACIIHPEHHON JIHUHH NOJXAPH3OBAHL] TAK, KaK ykazauo meime. Ta-
KHM 00pa3oM, paculeryeHus JHAHN 3cCMaH He BHICT; BaXKHO GLIIO
Jigi, TO, 4TO Kpﬁﬁ paCLﬂMpEHHOld JIUHAH HDJIHI)I/ISOBBHH B COOTBET-
CTBHH C Kjaccudcckolt tcopueil. Ecnu 6ut 3eeman nocnosn3opancst
Gonee Cu/ILHBIM MOJEM H CTIEKTPadbuol agyapaTypoii ¢ 6oJec BLICO-
KOft paspemapomell cnocoGuoCcThiO, TO OH yBUA! §bl, YTO B CaAydae
uaTpHs pacuelfenie HaJOAAeTCs, HO KApTHHA 3TOrO pacluene-
uns Gosee CMOKHad, WeM npocTofl Tpumier, mpenckaszanmbi Jlo-
peHueM.

BriociencTaun 0Ka3aqoch, 4TO OnpejedenHble aToMul (Kakue
BAMEHHO, GYAET CKA3aHO HHKe) ACHCTBHTENBMO 40T B MAriHTHOM
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noae tpundet Jloperna. Ho Gonce croMnan KapThHa HagA0AaeTcs
ropasafo uame. TeM He Meliee MO0 HCTOPHUECKMM MpUYMHAM [HOCTOIL
TpHIIIET G Ha3BAH HOPMadbHbIM 3hdextom 3eemana, a cloKias
KapTHHA — aHOMAJILHLIM. B 9TOM auoMalbaoM 3{dekre 0fHApYKu-
BAWTCS 3aMeuaTeibHble 3aKOHOMEDHOCTH H, TOCKOMbKY KAACCHUE-
cKas TeopAs UX He OOBACHAET, ECTECTBEHHO OMHIATH, UTO 3T0 06~
Aicienne KOMKHA JaTh KBAHTOBAS MEXAaHHKA.

TlocMoTpHM e, K KAKAM pe3yfibraTaM IpHBOAMT NpHMeHeHHe
KBaHTOBO}l MeXaHHKH B TOH (opMe, B KAKOH MBI MOJL3OBAIHCH €10
JO cHX NOp, T. € §e3 KaKUX-J1UGO A0GABOYHHIX THIOTE3. Pemnu
3afayy O ClEeKTpe HCHYCKAHWSl BOJOPOAHOTO WJIH BOAOPOIONONOG~
Moro atoMa B MarHHTHOM nOJe, ucnoabays ypaseexne Llpemnn-
repa *).

Jlns 5T0r0 MBI opeXie BCero JAOMKHB JOMOJHIHTH YpaBHEHHT
Ilpenynrepa wieHaMu, ONMUCLBAOWAMH NefCTBHE MATHHTHOTO MOAS.
TlpenmionoMum, 410 MArHATHOE NOJE NOCTOSHHO BO BpeMenu. Kak
H3BECTHO, CHJIH, AEACTBYIONIHE B MACHUTHOM MOJE HA NBHKYLUARCT
SaeKTpuuecKHil 3apsi, 06NaNAOT OCOOHMU CBOKCTBAMM — OHN Tep-
eBAMKYAAPHLL K HANPAB/JCHAID JBHIKEHHS 3apSTMEHRON YacTHLb, &
NOTOMY HUKaKoil padoThl He copepinalor. FlosToMy B mocTosiHHOM
MATIRTHOM TOJe SHepTus coxpaHsercs. Kak 6buto mokaaano B T. I,
§ 62, ans yueTa BJIMSIIMSI MATHHTHOrO TOAS AOCTATOYHO CAEAATh B
TaMHAbTOHHAHE TIOACTAHOBKY

e
Sp—2
p>p— A
rRe p— OGbIYHBIE MMTyNbC YACTHUE, A — BEKTOPHBIH TOTEHUHAN
marauTHoro nodst. Tem campiM Kiaccuueckast dyHkuus [amuibrona

2715 MHTEPECYIOWIEro HAC Cayuast GyAeT HMeTh BHA {popmyaa (62.14)
uz . I

1 e 2 -
H=gr(p—<a) +u. 7.1
Ot 3T0r0 XJAACCHYECKOr0 TaMHJBLTOHHAHA TNepexoJ UM K KBAHTO-

BOMy omepaTopy ['aMuibroHa, Citelys OGEMHOMY €pelenty», T. e.
3aMeHss O6biuHbIe BEAHIHNL ONEPATOPAMH O CXeMe

p—% A—»Tb.grad—%A,

WH, B KOMIOHeATAx,

e b a e 4
p‘_?Ax‘_’i‘TxHT: Ag

€ h @ &
pV‘?AV-)TW_TA”’

e B a e
P g Ay g — T A

*) JeTanoNOE pACCHOTpERNE STOTO n NpYTAX BOSMOKHHX CAYSaeR AZio B
Kitare A, 3oMMepheania, Crpoenre arowa 1 cnexTpi, 7. IT, c7p. 40  caed.
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Takum o6pasom, or (67.1) Mbl MPUXOAMM K KBAHTOBOMY TaMHIABTO-

HuaHy

G_1[(h a e V2 (F 3 e\t (F 3 e,
~5(lF s A HE A + (T —fafl+o,

Tlpumensist sroT onepatop K 1060 pynkuny W n pacKpLIBas axKy-

PATHO CKOBKHM C yueTOM HEKOMMyTaTHBHOCTH COOTBETCTBYIOLIUX Ofe-

panuil, nojyunm

. mya e ¢
v =—glsm 3y2+a7)‘*'+”“’*
v B oe {dAyx a4, A4,
—E;c(ax Ty 0z)‘y_
1 hoe ] ] g
—wlr el A H AT+
s e »
oAt A+ A) W= — LAY — T Agrad ¥ 4 UV —

eh
T e
Tak Kak HeficTBHE MAarHMTHOrO IOJS MAJO 0O CpaBHEHHIO C Jeii-
CTBHEM MOJIS S/ICKTPHYECKOro, TO B CJIyyae C/AGHX [Oned wieHoM
&
Dpc?
Kpome T0ro, moJs3ysch IpOU3BOJIOM B OIpele/IeHHH BEKTOP-TIOTEH-
unana (cM. T. 1, crp. 200), ero Bcersa MOMHO BMGpATh TaK, 4TOGHN
BEIIOVIHANOCH yeaoshe div A = 0.
Urak, MBI DPHXOAHM K CIEAYIONEMY OKOHYATENBHOMY TaMHAb-
TOHYAHY /I 4aCTHLBI, IBUIKY IEACT B MATHHTHOM noJe:

(divA) ¥ + —2% A,

¢ KBAaAPaTOM BeKTOp-moTeHiuana A*  MOMHO npeneGpeus,

N 1 "
A=~ Agrad 4 U. (67.2)
Tlostomy ypasHenue [Hpcauurcpa B 57oM ciyyae uMeeT BHA
2 2
AW+ - (Agrad ¥) -+ (E— U)W =0. (67.3)

Tlo cpasucuuio ¢ ypasHcHmem [lpenusrepa B orcyrcrsue Mar-
HATHOTO [0J1, OHO COAEPMUT JONOJHHTENbIBIA WieH

fb—ec(Agrad "),

KOTOpbjfi H yuuThIBaeT NEHCTBAE MATHATHOTO NOJS Ha YacTHUY.
TloKaXceM Teleps, uTo H3 OGOGWEHHOro Ha c/yyal MpHCYTCTBHS
MarHATHOTO 105 ypanhenns llpenuarepa (67.3) Jerko nodyyaerca
Teopusi 3¢peKta 3ecMaHa. PaccMOTPHM KOHKpeTHsili ciiydail Boxo-
POLHOrO WM BOJOPOAOMONOGHOrO aTOMA (HENMOABIMMKHOE HAPO TIIOC
ONMH 3/IEKTPOH), W NyCTb MArHATHOE MOKe, B KOTCPOM HaXORHTCS
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3TOT 4TOM, ONHOPOXIO, paBHO MO Beauudie H W HanpasieHo 0o
ocH 2.

Jlerko ygeauThcs B TOM, UTO 3TO foJe NOJyYaeTcs H3 BEKTOp-
noTCHUNANE A, KOMIIOIEHTH KOTOpOro paBHLl

Ape=— g By, A
JHehcrpntennno, yuntuisas, uTodd = rot A, umeem
6, =rot, A aa’;‘ —%Az—”
2, =rot, A= _ % g,
%’_—rotA—%— %+%%=%.

[lpunpmas 910 BO BHnMaHMe, ME ANS AOGABOYHOTO HJena, ONHU-
CHBAOWETO BAHANIE MACIATIOTO HOASA B YpaBheniH LUpennHrepa
(67.3), no.rly'-laeM

T
AgradW=A “dx +Ay dy+ zaz =
t

%(xa—w 0W)

It arr

rae ng/n nepexofle K nocsefeli hopMe 3aNHCH YYTCHB pe3y/nTaTH
§ 51. ¥pasienue LUpemmrepa (67.3) Tenepn mpuxuMaer BHA
AP —2 ;yg + B E—vr=0. (67.4)
TlocKoALKY Mbl MMGEM 1eJ0 € ABHKEHHCM B LeHTpalnHOM f0de,
pelllesne 9TOro ypasHenus Mbl GyAem WCKath, Kak u b § 59, B Bune
NpOM3BCNEHHST TpeX (yHKuui R(r)-0(8) - (D(tp) Tpr srom oue-
BUAHO, UTO Kak B ciAydae cepuueckoli, Tak u B cayuae ocesolt
CHAMETPHH I[O.Ilﬂ bypxuna @(p) noTKHA AMETL BHA*) €9, Tak
uto ¥
B Takom cnyqae

¥ :
9 9 — |,
ll o5 imRBeim? = im\¥f.
anee
ICIVL.L S N
fic 7¥ 3y e *r

*) Us naznieflmero BHANO, 4T0 MuOKMTENs V™ loMmken GHTL 0GAIATCABRO
KOMINIGKCHLIM W ié MOMET GHTb 30MCHCH COS M@ WAH SIN M. IT0— oA 43
NPKMENOB TOro, T0 ¥ — hYUKINA KOMILIGKCA N0 CawOli CBoel PHPOLLE,

§ 67 TEOPUS TIPOCTOrD 3OOEKTA SEEMAITA 27t

1 ypabuenue (67.4) nocne oGbelHUIHA BCEX WICHOB, YMHOKAIO-
u.mxcsl wa ¥, npusaMaer BHAL

Ay 2 (E+m*% vy (67.5)
O6osnasus .
Edm— % E’, {67.6)
TIepenuileM ypasuenne (67.5) B BHIE
AV 2B Uy =0, 67.7)
B caysae Bogopopononobxoro atoma U= — —,-‘—, ¥ ypasHeune

(67.7) comnanaer ¢ ypasuenuem Llpenunrepa, kotopoe Mbi pemasny
B § 59. Pelenne ero NpUBOAUT K psilly COBCTBEHHBIX 3HAMEHN T Suep-
run EY, E},..., E}, ... Homo (67.6)
” 2! ®!
eh
Ey—Eh—mg (67.8)
CoferbentLie spauenns suepray Ex Mpn HATUYUH MATHATHOTO MO,
KaK BHINO, OTAMMAIOTCA OT COGCTBEHHbIX 3naucHuii £% B oTCycTBHE
e

MayHHTHOTO NOAS CAATACMBIM — 11 5o 8. Ho Tak xax m moxer
UpHHUMATE BCe UEJBE 3HAUCHHs MexAy —{ # 4, TO KaxIbt H3
ypoBuell sHeprun £ — npocTHX B OTCYTCTBHC MATHHTHOTO HOJST —
B MarHUTHOM NOfe pacwenasercs na 2/ 4 1 noayposueft. Uro xe
Kacaercs COGCTBEHHBIX (yHKHufl, TO Oui OCTAIOTCA TEMu XKe, 4TO
H B OTCYTCTBHE MATRHTHOTO nOJS. Mbl MOMKeM, TAKUM 06pasoM, cka-
3aTh, YTO B MAarHyuTHOM moJse yCTpaHﬁeTCﬂ Bb]pO)KIleHHe OTHOCH-
Tedbo KBAHTOBOrO upcaa m: 204 1 cOBnapaomux nNoaypoBHed
CMEIIAIOTCS OTHOCHTENBHO Jpyr Apyra Tax, 4uto pacc-ruuum MexK1y
e —— . 3ro pac-
cTosime, KaK BiAuO, NpONOplUHOHANLHO HampaAMXKenmocTH MAarmuT-
HOro poJIs H He 3aBHCHT OT KBAHTOBHIX Hucea A u I

Yacrotsl CHEKTpa bHBIX Jumii B MarHHTHOM NoJie, 6YAyT no-
9TOMY

COCeAHAM OAYPOBHAMHA OKAa3LBAKTCA paBubIMH o -

E,—E}
%*Am—yﬁ—wo—Am — %6, (67.9)

Tle wo— ¥acToTa B OTCYTCTBHE MarhuTHoro noas. [lpnmumas Bo
BHMMApMe NPABEAA OTG0pA AAS MaTHUTHOTO KBAHTOBOLO YHCIA
(§ 65), cormacuo Kotopem Am ==0, 41, noayyaem crcaylomui
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PeaysibTaT: B MarHuTHOM NOJe 2 KaXAas CNeKTpadvHas JAHHUR C
YaCcTOTOH M PACUIENIACTCA HA TPH JMHIMA C YaCTOTAMU
e e
mn+m~%, ©g, m"_ﬂp—c%'
Ho 570 u ects yixe n3pecTHnil u3 Kaaccuseckoit Teopun (1. 1, §§ 77,
78) npoctoii TpunJer Jlopenua.

Takum oSpasos, ypabHewue Ilpeanurepa Ans aToMa B MarHHT-
HOM [I0/e He JAeT HWYero HOBOTO U0 CPABHEHHIO ¢ KJaccuuecKol
teopueii. Ho yxe om0 ckasado, uto npoctoli Tpumaer Jlopewua
TIOJIYHACTCA TONLKO B ONpeAeAerHbx YacTubix cay4anx. Boogime ro-
BODA, OH NOMAYYAETCA TONBKO B CHIbHBIX MACHHTHWX MOMSIX, & B
€aa6bX NOJAX — TOMLKO HA TaK HA3LIBAEMLIX CHHCTETHLIX JIHHHAX,
HanpuMeP,nﬂH aToMa BOAOPOAA B ¢JaB0M MATHHUTHOM NOJe YHCJO
KOMNOHEHT HHOC, @ 3HA4esMst A® XOTH H CBASANb C JOPEHUOBEM
pacmenendeM MpOCTHIMA COOTHOWEHHUSMY, 1O, BOOGME FOBODH, ¢
HEM ne cosnagamt. [lpHumya TAKOro pPacxomAEHHT C OMLITOM Co-
CTOMT B TOM, 470 ypaBHeune Lllpeamurepa He yuuTnBaer paxkuoro
€BOMCTBA 3/IEKTPOHA: HAJMYHA § HErd COGCTBEHHLIX MOMEHTa KOMH-
YecTBa ABHKEHHS W MaruHTHOrO MOMeHTa. C STUM CBOHCTBOM Mh
TNO3HAKOMHUMCA B CNNYIOWefi raBe, rAe I GyleT H3N0KeHa TeOpHs
TAK HasbiBAEMOr0 AHOMAJLHOTO WIH CJOKHOTO (B AEACTBHTEILHOCTH
Mame BCEFD BCTPEYAIOUIErocs H TONbKO N0 UCTOPHYECKUM NPHuAHAM
HA3BAHHONG AHOMA/bHHM) dddexta 3eemana.

THABA VII

CIIHH

§ 68. [unotesa mpamaomerocs saexrpoHa

B XORle npefnAylieli raasy GLAO MOKasaHo, uTo ApHMEHEHHE
ypasuenns Wlpenuirepa K atoMy B MaruHTHOM NOJe AaeT TOALKO
npocroii Tpumier Jlopedua n, ceA0BaTEABNO, HE NOIBOAAET OFBIC-
HHTb CJIOKHLIE CAIydaH PACIICNIeHHs («aHOMAaNbHb 3dderT»). Ha
CaMOM fiesie 9T0 3aTpyAHeHUE HMeeT GOJee OGWHil XapaKTep,

B §§ 60, 61 Mu paccMoTpenn cneKTpsl OJHOBAJCHTHBIX ATOMOB
0 NOKA3a/11, UTO MHOrOOG] CepHii, Had X B 3THX CHEKT-
pax, OGHACHSIETCH CHATUEM BEIPOKACHUS OTHOCHTENBHO A3UMyTalb-
HOro KBaHTOBOrO 4ucaa [: yPOBHU SHEPrHH, XapaKTePH3yeMbie Of-
HUM H TeM K€ KDAHTOBb(M WHCIOM 72 d PAsAWUHBIMH KBAHTOBBIME
qHCaMu [ T. €. YPORHM, KOTODble B BOROPONONOAOGHHX ATOMAX
cosnanawtr (cm. § 59), B aTOMaX WENOYHBIX METAIJIOR CTAHOBSITCH
pasauutiniva. [lostomy Kampwii Gamemepos TtepM R/n? pacmen-
JSeTCH HA CTOABKO TEPMOB, KAKOBO MHCJO DASNHUHBIX 3HAuedui !
EpH J3HHOM 1, 7. €. 12 11 PASJHUBX TEPMOB (BOZMOKHbIE 3HAUCHMS
i rakopw: 0, 1, ..., n—1). CaenoBatensto, np n == Mb nveem
onud TepM ls, mpu n==2—2Ba pasnuuubx repma 25 W 2p, npu
n==3-—Tpu pasjnuublx Tepma 3s, 3p, 3d u T. A. Uncao 3Tux
TEPMOB BNOAHE JOCTATONHO AN TOTO, YTOGHI OGBACHHTL MPONCKOK-
JeHHe TJIABHOH cepuu, JBYX NOGOWHMX (pesKol n RubpdysHol) 1
GyHaaMeHTanbHOM, T. €. BCeX Cepuil ATOMOB C OfHHM BaJEHTIHIM
sueKTpoHOM, TakuM nyTeM MOXHO OGBACHHTL, NOueMy, HampuMep,
B CIEKTPE JATHR HMEIOTCA Da3nHuuble Cepnu 25— mp u 2p — ms,
TOTAA K4K B CNEKTPaX BOAOPONONOAOGHLIX aTOMOB 06€ 3TH KOMGH-
HalUAH TEPMOB AaJH Gbl OAuy I Ty Ke, a HMEHHO GATLMEpORY, ce-
pHio_(cp. puc. 26 ¢ puc. 31).

Oxa3niBaeTcs, OMHAKO, Y4TO 3TO WHCIIO TEPMOB, HOCTATOYHOE A
OGBACHEHHR CHEKTPAIbHBIX CEPHH B IPyGHX 4epTaX, HEZOCTATOTHO
A8 OGBACUEHNA TAK HA3LIBACMON TOHKOH CTPYKTYPH HX JIMHEE,
O6uiensselTno, uanpHMep, YTO TONORH2s JHMHHY [IaBHON cepun
Hatpus (weatas D-nuwnst) npecramaseT coboil AySaer ¢ pac-
CTORFHEM Mex1y KOMMOneHTaMu npuMepHo B 6 A(5889,953 A
u 5895930 A). TaknMu ke AyBueTaMu HBIAKIOTCE JMNHM rJap-
HEIX cepuii y aTOMOB BCEX ILEIOYHHX METAMIIOB; Npu 3TOM pac-
CTOAIHUE MUy KOMIOHEHTAMH nyGaera GhiCTPO BO3PACTaer ¢ BOa-
pacTaHHEM ATOMHOTO HOMepa, XOXOAst y nesust (Z ==55) no 422 A.
B crysae peskoir cepun cTpyKTypa HecKOAbKO cromgdee, TaK Kak,
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KpoMe fonee fpKMX ABYX JHRHE AyGJaera, nmeercs emle ciabbiit
CAYTHAK — B pe3ay/bTaTe NOAyyaeTcsl TAaK Ha3bIBAaeMBl CJAOMKHLIL
Ay6aer. QRHAKO M NPOCTHIC, H CIOKHbIE AYGAETHl MOTYT GHTH 08D+
SICHEHBI, el JOMyCTHTb, YTO yPOBHH § OJHHOUHBIE, d YpOBRH
p, d, f, ... neodinmie, Tax uto y Na umeercs ie ogu# ypomeHb 3p,
uo asa: 3p; u 3ps, y Cs we omus ypopens 6 p, mo asa 6py u 6oy
n 7. A (cm. pue. 32 u 33). Ho oTkyna posHukaer ata XBOHCTBeH-
Hoers? Ha sTor Bompoc ypasuenne Llpemuurepa ue xaer orsera.
Eenn npucoeftnuTh clogd 3aTpylHende cO CROKHLIM («aHOMasb-
Hum») shpextom 3eemana H AL Apyrux SBACHRH, O KOTOPLIX pedb
OyieT RUXKe, TO MOAYUACTCHA Heaas 06AacTb (BAKToB, RAf OGbSCHE-
HHUSL KOTOPBIX TPCOYETCs HEUTO HOBOE,

Celinac Tpyano cebe npecTabhrb, KAKWe 3aTpyAHEHNs BO3HHKAM
B CBSI3H € 3TUM OPOTHBOPEUHBLIM podoKenneM. Ilpenonaranocs,

HanpUMEp, YTO AyOJETHOCTb TEPMOB ATOMOB MIEJOYHBIX METAMIOB '

BO3HMKAET BCJCACTBHE TOMO, ¥TO OCTOB aroMa (AApo miwe Z— |
9JEKTPOHOB) KaKUM-TO 06pa30M COXpauseT HepaBHbil HyTO OpBa-
TanbHEE MOMeNT. Ilaynu, onuako, Nokasal, 4To 7O NpPEATOMOKe-
HUE NAXO/HTCA B Pe3KOM NMPOTHBOPEYMH C TIPUHSITOH B TO Bpenst 060~
JOYEYHOM CTPYKTYDOH MHOTOJIEKTPOHHBIX aTOMOB. COraacio sToMy
MPEACTABAEHHIO, DA3BABABWEMYCH DBOPOM, B MHOTOSJEKTpOHMHBIX
aToMaX SJEKTPOHLI 05PasyloT pajl OKPYKAIOWMX SAPO 3aMKHYTLIX
©060.10U€eK, T. €. TAKUX 05OA0YEK, K KOTOPLIM HOBBIE HIEKTPOIIH yiKe
He. MOTYT ApHCOeMHATLCS. B pesyabrate amanusa stoll Moxean,
sunoanenioro [layan, okasanoce, uto 06a MOMenTa — MeXaHHYC
CKUE B MarHNTHBIN — MOXOGHON 3aMKHYTOH OGOMOUKM  JOJKHBE
6LITb PaBHBL HYJIO, @ TAaK KAK B aTOMaX LIEJNOYHLIX METANIO0B BCE
5J1EKTPOHb, 33 HCKMIOUERHCM CaG0 CBSIZARHOIO ONITHMECKOrO 3JeK-
TpoHa, 06pasyloT XaK pas Takue 3aMxHyThie 00OJNOUKH, TO W3 aHa-
an3a [layau CIeIoBaso, Y0 MeXauHyecKuil U MATBHTHLIE MOMCHTHE
BCEro aTOMHOrO OCTATKA TAKMe ROMKHB GhITh PABHBL HYJIO.

UroGn BeiiTa B3 37010 3atpyauneunsi, [ayak dopmyaupoBaa B
OuYEHb OCTOPOKHOH W HesicHOk (OpMC HOBYIO TOUKY 3peHHs, co-
TAACHO KOTOpO#i «nyfaeriasi CTpyKTypa CIEKTPOB ENOUHBIX Me-
14JI0B, & TaKKC OTCTYIICHHE OT TeopcMmul JlapMopa *) Bo3rmxaioT
BCACACTBHE X2pAKTEpPHOH JyOJCTROCTH KBANTOBBLIX CBOHCTED 3JCK-
TPOHZ, KOTOPYID HENB3R ONWCHBATL KAACCHYCCKH». 3jech ciaepyer
FOAMEPKHYTh, 4TO, NPHIHCHBAA RO3UHKHOBEHWE NyOAETHOCHH VpOB-
Heit BMECTO ATOMHOIO OCTaTKa CBoficTRaM saexrpona, [laymn ue
CBR3LIBAN C HTOH HOBOH TOYKOH 3penHs HUKAKON KHHEMAaTHIECKOH MO-
nen. Bonee Toro, o# 0cOGeHHO 3HEPrUMHO NORYEPKUBA, YTO MEL
MMEEM 3/eCh JeJI0 ¢ ABY3HAYHOCTBIO, KOTOPOH HCAB3S CONOCTABHTE
HHKAKOH KJIACCHUECKOH MOneau.

*) Oterynaennz oF Teopemn Jlapwopa MPOABIIOICA B BOSHHKIOBEHHH GO~
waro sbbexTa JeeMana smecto npoctoro TpHMAeTa Jopena.
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TaknM ofpasom, pagrruecku runoresa Ilayan csomunach K
TOMY, STO A/ ONHCAHUS COCTOAHBH 3/EKTpPOHA (HOPMANLHO BBOAM-
7100k LOMOJHATENbHOE KBANTOBOE YHCAO, TAK YTO MPenJIaranoch co-
NIOCTABUTE COCTOSTHRIO S/1EKTPONA B OTCYTCTBHE BHIPOKICHMS yeTbipe
KBAZHTOBBIX YHCJA, & HC TPH.

Cywmectsennsiii Mar B pasBUTHH 3TOH THMOTESH CASMANH rof-
nanackne ¢usukn IOnenbexk u [ayIcMuT, KOTOpbie BBeIH BMeCTO
TyMmannoll GOpMYNHPOBKH O €XAPAKTEPHOA ABYSHAUHOCTH> HATVIAK-
HOe Mpe/cTaBIeHHe O BpalleHMH SJICKTPOHA BOKPYr COBCTBCHHOR
ocu. 3To CBOHCTBO, HEM3MECHHO {IPHCYLIEe 3JEKTPOHY B TaKOH Xe
CrereHH, KaK 3apsjl M Macca, HA BCeX S3HKAX HA3HIBAGTCA KOPOT-
KEM aHrIafiCKHM CJI0BOM «CnmH», YTO 03Hayaer HEYTo Bpamalo-
uteecs, B oGo3nayaercss Gykpoi S. 310 0BO3HAUeNHE MPOHHO yCTa-
HOBUJOCH, 110 OHO 1€ COBCEM YAOGHO, NOCKOXLKY Ta XKe Syksa He-
DOAB3YETCH AS 0503navenys S TEPMOB.

Jn o6bacHeHHs HaGmogaeMblx (HAKTOB ClUIly NIEKTPOHE TIPH-
wJjock BpHIHCATh BechbMa cBoeoGpasnule csofictsa. Ilo obmum 3a-
konaMm KBautosofl mexamuku (cm. §§ 53—56) Mexawuueckuit Mo-
MEHT Cclpua BLpPAakaeTcn vepes KBAHTOBOC ka0 S (opMmyuod
S=1Vs(s+ 1)A, a mpocKuus ero na oCb MOKer MPHHAMATH 25--1
pasaugumx suadenmii. Ho T4k Kak B RaumoM caydae HeoGXOAUMO
OGBACHHTL NPH NOMOIIH 3TOTO KBAHTOBOTO UKCAA S paculendenne
Ka)IOro ypoBus HA ABA ¥ TOMbKO HA ZBA NOAYpOBHS, TO 254+1=2,
aK uto § == 'f;. Takum OB6PA3OM, KBAUTOBOMY YHCAY § Hal0 MpH-
nucaTh Nie Leyoe, HO ApOSHOE 3HaueHue !z

Otciona clIeayer, YTO COGCTBEHHO® 3HAYCHHE COGCTBENHOrO Me-

[N 3
XaHHUECKOr0 MOMENTa eCrb “/? (71-4- 1) h= ]/-7 h, a ero mpo-

[
eKIES HA HOBYIO OCb MOMKET upHHUMATh 3Hauenns + 5 A u —h.

Mel BriepBLie BCTPCYAGMCST 3JIeCh € TAKOH AMHAMMUECKOH mepeMet-
HOH, COBOKYIHOCTh COBCTBEHUbIX 3HAYEHUI KOTOPOH ucyepnbiBaeTcs
ABYMA qucianH.

S11M, 0HAKO, CBOEGOpaZMe PACCMATPHBAGMOrO CBOHCTBA JeK-
Tpoka We orpaununsaercs. Kax yKe b0 CKa3ano, KPOMe MeXaHH-
4ECKOro MOMERTA, SIeKTPOHY uPHANCHIBAGTCS TAKKE H MATHHTHbIH
momeut. B § 66 Mul BHmenn, UTO MeX/ly OpOHTA/NBUBIMA MexaHHye-
CKHM H MArHHTHLIM MOMEHTAMH AOJMKHO HMETb MECTO COOTHOWICHHE

My="1L, (68.1)

(1104 L, monpasyMenaerca 2-COCTABASIONAs MOMEHTA HMNy/bca).
Tlpu L, == 1.} MaruutsLlii MOMENT panei OAHOMy Marnerony Dopa
efif2uc. Ecau 6ol cootwomenne (68.1) Hmeno Mecto m Ams cnuHa,
TO €ro MAarmMTHBIA MOMent Obl Obi paBeH HOMOBUUE MAarieTOHA
Bopa. Mekay TeM BCS COBOKYMHOCTL 3KCTIepHMenTalnbHblX (HakTos
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0IHO3HAYHO YKA3bBaAa ka TO, ¥TO cOOCTBeHHblE MarHy

MCHT SJCKTpOHA pased neaoMy Mar{eToHy Bopa, TaK YT CHHa
BMecTo (68.1) uMeeT MCCTO COCTHOIIRHHE 2
”
-
Mg WSZ‘ {68.2}

Takum 06pasom, I8 CNOHHA OTuOmleHHe MarduTiFO MOMCHTA K
MEXAHUYECKOMY (T4K Ha3blBAaeMOE [HpOMaruuTHOe/GTHOWeRHE) PaB-
HO YIBOCHHOMY OTHOWEBUIO T€X JKC BCJHHUUH JJISi OPGUTATBHOTO
MOMEHTA. .

Tunotesa CNMHA Cpasy OTKpbMia BOBMOKIOCTb MPOCTOrC OGLAC-
HCHHS OTPOMHOTO KosuuecTsa (akroB. B wacTuocti, AyGaerHocTs
TepPMOB ATOMOB ¢ OIHHM BAJEHTHbIM STEKTPOHOM CTAJa COBEpIIEHHO
noHsTEOH. B caMOM [ese, B COCTOSIHHAX, XapaKTEpH3yeMblX KBam-
TOBBIM YHCHOM I, OTAKWYBHM OT Hyash (g . TepMbr), aToM
ofaanaer we paBHbIM RYJIO opﬁmanbr{\zm»vmomenmm HMITYJIbCA )
¢ ITHM MeXaHHYeCKHM MOMEHTOM CBA3AHzH ONpeleNeHHbil MaruuT-
HUE MOMEHT, T. € MaruuTHOe noje. B, cuny mpocTpancTBentiore
KBAHTOBAHWA COGCTBENMbIH MOMEHT SJ€KTpOlA ODHEHTHPYETCA OT~
HOCHTCJILHO 3TOTO MATHHTHOFO NMOJS TAK, 4TO €ro NpoeKius Ha Ha-

1 i
ApaBJCcHKE HOKa ByAeT Aubo +—2~fl,JXH§O — ?ft‘ BesegcTBHe 3TOMO

U3 OLHOCO YpOBHA, HANpHMep p-ypOBHS, BOSHHKAIOT ABA ypOBHI
€ TpOSKRUAMH MOMOHTA HMNYJIbca JAHGO (1 +2L)ﬁ %ﬁ, 160

1
(1 — ?)ﬁ = QLfL 37oro, 0RUAKO, HEe GYIeT B cayyae S-TepMOB, TAK

Kak B §-COCTOSHWM M@XaHHYECKHH, a CJ1eJ0BATeNbHO, B MaCtUTHBLHE
MOMEHT aTOMA paBeH HYJO, U HeT HanpaBienud, OTHOCHTENBHO KO-
TOPOTO MOr §bl OPHUEHTHPOBATLCS MOMEHT CIHuA. STO [ CCTh NpH-
yHHA, NOYEMy S-TEpMBI OCTAIOTCA NMPOCTHIMHU, TOTAA Kak p-, d-, .
TepMbi SBJAAIOTCA ABOHHBIMIL

B 3aKMOycHIEe KHTEPECHO MPUBECTH BBLAEPIKKY M3 peun HOaen-
Gexa, NpOM3KECCHHOW mM [PU 3amATuH Kadenper JlopeHua s Jleir-
ache *). KOnenGex onuchBACT OTKpHTHE M NYOMNKALMIO [HNOTC3DL
cnpHa chenyiomEM 08pasom: «TayACMBT § 8 DpHIIIH K 3TOH ice,
usy4as crartbo [laymy, B KotOpoi GblT chOpMYIupoBaH 3HaMenu-
Toll NIpHUIMN 3ampera **) U SNCKTPORY BOEPBHE NRUIHCHIBAHCH Ge-
Tepe KBaHTOBHX uucaa, Bmbon [laynu Gt JOBOALHO dopmadb~
HbIM; OH He CBA3bBAJ HUKAKOM HATVIAAHOA KapTHHB €O CBOUM pel-
aoxennem. Jla Hac OHO Kasaxoch 3arafkoil. Mbl CBBIKAUCH ¢ npel-

"} 3Ta GHICPIKKS MPHBCAERA 6 MATEDCCHOR CTaThe Ban-nep-Bapiewa » cGop-
uke, Tlayan n_ony Ha DYCCKOM s3bKe NOX pasRa-
npex <Teoperiucckas prsika XX Bekan, M., 1962 (ca. c1p, 246—247),

¥} Peds wfer o TAK HASWBACMOM NpHBIMDE TIayad, AEKAWEN B GCHOBC CO-
TeopHn  Dey CHCTeMb 1 C sram
o

B Tnase,

i e S A PRIGT

§ 68 TUIOTE34 BPANIAIOLIEIOCS SIEKTROHA 277

CTaB/enneM, YTO KaKIOMY KRBAUTOBOMY UHCAY COUTHeTETBYET CTe-
neHb ¢BOGOALI, H, ¢ JPYTrOf CTOPOHEL, CBHIKTHCH C TOYEUHOCTDIO HIEK-
TpPOHa, KOTOpLIY, OUEBHAHO, (MO JIMIIL TPH CYENEHH CBOGOILI, H He
MO[JIM HAaWTH MecTa AJs YeTBEpTOro KBAHTOBOrO yHcaa. Mer moran
ApHHATE €ro TOJABKO B TOM ciaydae, ecnay 3J|EKTp0H ABJHETCA Ma-
JeHbKoll chepoi, criocobHol BpalaThes...

HeckoabKo Noske MH OGHapyMHan k3 paGoTht AGparama (Ha
KOTopyi0 ofpartus) Hame Brumanke JpeHpect), 4T0 MHOKHTENb 2
B MaruHTHOM MOMERTE Bpamamomeiica cephb ¢ NOBEPXHOCTHBIM 32-
PANOM MOKHO TMOHATL KIACCHUeCKH. D10 OBGONpHIO Hac, HO Rale
DHTY3MA3M B 3HAUHTETbHOH MEpE OCTELI, KOLXA Mbi OGHAPYKUJH,
4TO CKOpOCTb BpauleHHsl HA MOBEPXHOCTH SJEKTPOHA JOMKHA BO
MHOTO D33 NpeBblaTb CKOpocTh cBeta! §I NOMHIO, YTO OCHOBHLIE
€000paKeHHs NPUILIM HAM B rOJOBY KaK-TO BO BTOPOH Noa0BHHE
nHs B KoHue centsdps 1925 roma. Ml Gewih B3BOJHOBAHE, HO HE
aMean HU MaJgefimero namepenns YTO-HGO ﬂpeﬂaBaTh THAACHOCTH.
-3T0 Xa3anoch CTOMb HEOGOCHOBAHABIM K NEp3KHM, YTO CHE-TO He-
COMHeHHO N0JKHAa TauTbes omubka, ma n DBop, TehisenGepr u
Taynn, wamy GoJLIKE ABTOPHTETHI, 1HKOMIA He NpeAosaraiy i~
wero nogoGHoro. Ho mbl, KoueyHo, pacckasaan 060 sceM Spenpecty.
Oun cpasy 3amHTepecoBA’Cs, rIapubiM 0fpasom, s AyMmalo, Gaare-
Aapi HarSIAHOMY XapaKTepy CHNOTe3H, ObIBIIEH B ero AyXe,
OGpaTHI Hallle BHHMAHHE HA HECKObKO NYHKTOB.. H, HAaKOHeN, 3a-
SIBUJ, YTO 3TO JMGO OYeHb BAKHO, ANOO yYenyxa M 4TO Mbl JOMKHLE
HaNKCaTh KOpPOTKOC HUCHMO st «Naturwissenscha[ten»*). Kpome
Toro, 3pendecr NOCOBETOBAN HAM OGCYRHTb CBOIO TCRAOTE3y C
JlopeuntoM. JTo ofcykKAenke NUMIHUE pas NOKAIAMO, UTO MPEACTAB~
JeHBe © BPAIIAIONICMCS 3EKTpOHE, €CJH ero NpUHHMATh BCEphe3,
cBA3aHO ¢ GonbIUMH TpyAHOCTAMH, Hanpumep, MarsutHas sueprus
3JEKTpOHA J0JaKHa 6bITb CTOMb BeJUKA, 4yTO ero Macca Io npuil-
TUny SKBHBAJIEHTHOCTH JOJKHA NPEBOCXONUTH MAcCy MpOTONa Wi,
€CJAN OpHHATbL H3IBECTHOR MaccH, ero TOTKALL
npeBocxoiuTh pasmepst aromal U To n npyroe kasazoch GeceMbie—
aulei. Mol ¢ FaynemuroM pemudn, 4To, GbITL MOMKET, MOKA Jyduie
BO3EPKATLCA OT KaKuX-M1i6o nyGaukaunit. Ho koraa mul ckasaan
06 stoM JpeHdecty, on orserdn: «fl yike AaBIf0 OTNpaBHA Bauie
LHCBMN B 0CYATb, BHl 002 ZOCTATOYHO MOJIOABI, YTOGB NOIBOMHTH.
cefe cpenarb nIynocTb» **y.

*) E ®ypraa («Ecr ), B KOTOPOM Mexciy TpOdHM
HeTATATNCH B BHIE «DMCEM B CAAKUMIO> KPATKHe COOBUIENBN aBTOPOB O PaboTas,
Pe3y.bTaTH KOTOPHX Ka3aqHCh HM BaKHBIMH.

#*)} C 10uKH 3PEHNS WCTOPHVECKOH CPABEAIMBOCTH CTEAYET OTMETHTH, T
DpeNCTARICNHE €O Bp Tio paccMaTPREANOCH [0
pators: 10nenGera 1 Tayncwura Tak. ewe & 3921 r A. Komnton oGpatha nuit-
MasHe Ha TO, 410 TPCKH ICKOTODHX SICKTPOROS B kKaMepe BUAbCONa MOXOMH H2
TpaeKTopuH BPSWAOIIBXCA CRAPAAOR K DPHIHCAA SICKTPORY COGCTBEINBE MO~
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U3 Bcero 5TOro cJaeAyer, YTO MPEACTABJeHHe O BPAIIAIOMEMCS
SAEKTpONE, HECMOTPS HA BCIO IO MPOCTOTY # MPHBJEKATEILHOCTD,
B NPHMeHenHH K SACKTpOHY AEHCTBHTENBHO CBA3aHO ¢ GOMBIIAMHI
TpyaHOcTAMH. TeM He MeHee 5TO MpeiCTABIENHE HE TORLKO paspe-
MIKAO BCe 3aTpPyAHEnHs, HMEBUWMECS B TO BPCMS B CICKTPOCKOMHH,
€0 TaKe H HAIIO MOATBEPIKACHUE B MPRAMbIX KCNEPHMEHTAX, 06-
HapyKABIIMX THPOCKOWHYECKHE CBOWCTBA saeKtpoua. HeTepecyio-
wiMecs yBACKATEIbHON H CAOKHOH HCTOpMEH rHnoTessl Bpauiaio-
Auerocst 3AEKTPOHA HARAYT HCYEPUDLIBAIOMAE CBENEHHS MO 3TOMY nO-
Bony B cophuke cratedt, nocesmenstix B. IMayaa w nocamem ma-
3paye «Teopernueckan dusuka XX meka», M., 1962 r.

-§ 69. Onut [lrepna u Tepnaxa

TocMoTpHM, KaKHM 06pasoM MOMKHO GBIO Gl HEMOCPEACTBCHEO
VOEANTbCS B CYIIECTBOBANHA CMHHA H MArHUTHOrG MOMENTa sJeK-
TpoHa. OUEBHARO, YTO [JIA 3TOTO HEOGXOAMMO MONBEPrHYTb 3JEK-
“Tpon AEHCTBHIO BueINHEro MarwuTHoro noas. HauGonee noxxons-
AMHMH IS 3TOH LeJH SBAMOTCA aTOMbI BOAOPOAA U 3JEMENTOB nep-
BO#l PpyONH TepROAKYECKOH cucTeMul. ATOM BOROPOAA CONEPHKUT
-OfIUH IEKTPOI, CBA3AHHBUR C [IPOTOHOM, Macca KOTOPOro noYTH B
2000 pas mpeBOCKOAMT MAccy 3MEKTpOHa. AToMbl Nepsol rpynme
LEPHOANYECKO CHCTEMBI MMCIOT enle GOJbILYI0 Maccy H, Kpome
~roro (TaK e, KaK 4 BONODOXHEIH aToM), 06/1aialoT CAeXYIOUHM
BEIFOXHGIM IS MHTEPECYIONIero Hac IKCACPHMERTA CBOHCTBOM: HX
‘WeB03BYKICRHHE COCTOARHA [pHIIAfANERAT K THUY S-COCTORnHMI,
BCACACTBHE Yero OpOHTA/BHBI MOMEHT HEBO3OYKNENHBX aToMOB
paben uymo. Ecln, TakiM 06pA30M, OmHT MOKAKET, 4TO 5Tu ATOMbI
BCe TAKH MMEIOT MCX2HHYECKMR U MATHUTHLIA MOMEHTHl, TO Ha/AHyHe
Toro M ApYyroro Hago GYAET HPINIHCATH CBOHCTBAM CAMOTO BAJIEHT-
¥OTO 37€KTpOHA.

IpencranuM ceSe Temeps, 4TO NYYOK ATOMOB OMUOro A3 yKasal-
416X 3JEMEHTOR [[POXONHT “epe3 MarAuTHoe uoxe. Ecau, omuaxo,
STO MoJe ORLOPOAHOC, TO Mbl UHYEr0 TAKHM MyTeM He OGHADYMKHM:
OAIOPONHOE MOJIe ACHCTRYET WA MATRUTHULIH ZHHOJh TOJABKO mapoi
CHJL 1, CIEAOBATENbHO, 1POCTO opuenTHyeT ero. Mo sty opuentu-
POBKY 3aMETHTH ' [[EBOZMOKHO. CaMOM IcJe, upeiacraBuM cege
Ny4oK aTOMOB, KOTOPHIR MPOXOAMT uCpe3 MOJE NCPREHANKYASIPHO
K ero HanpapJcHHIO. O4eBHIHO, YTO OXHA TOJLKO OPHEHTHPOBKA
ATOMOB HHKAK HC H3MEHUT KoupHrypauuwo myska. JIaa toro urofut
BLI3BATb DACILEIVIEHHE NYuKa, NOJAe AOMKHO GOITh HEONHOPOMHEIM.
FEcn Npu 5ToM HCOAHORHAROCTh 1O 3AMETHA yKE HA NPOTRIKEHUH

MenT pen amomMankoro sbipexra 3eemana.
QmuaKo 5Ta rHOOTe3a He DCTpeTIA COUYSCTBHA W Obaa aabeta [losmice, B
1925 T, rAnOTe3a BpaU{AKIICIOCA NCKTPOHA OblTa BHOBb nMpensokena Kpouurom
45 yorHO AmCKYCCKH ¢ Ilayn. HO GWI2 PEWUTEABNO OTBCPIYTA, DOCASNHHM.

§ 69 ONWIT MTEPHA N TEPJIAXA 279+

NIMHB MO0, TO €ro poJIocs GYAyT MoABepraTecs NeHCTBHIG He-
PABHLIX CUJI, W B PeSyJIbTaTe BOSNHKHET CHJAA, CMemalomas AHIOME
B Ty MAM APYTyi0 CTOpoHy. Beauduuna 5TOH CuJsibi 32BUCHT KaK OT
MarkuTHOr0 MOMEHTA, TAK H OT HEOAHOpOAHOCTH nons. menuo, ona
pasua (Mgrad56), BCICACTBHE HEro 2-COCTABAAIOWIAS CHALI, KOTO-
PYIO MBI 0603HaUKM TpocTO yepes F, Oyxer panna *}

936, 3%, 3%,
F= M5+ My ayz + M5

Ho, kpoMe 5TOf CuJbl, HA aTOMbi GYNET AEHCTBOBATb TAKKE B
napa, KoTopas GyAeT CTPEMaTLCA [OBEPHYTH ATOMMLE AUNONM [0
HATPABACHUIO TIONSL. A TAX KAK 3IH JWNOMH ABASIOTCH BMECTE C TeM
H BOMYKAMH, TO BO3HHKHET NPELCCCH OTHOCHTENBUO HAHPABJeHus
noas (cm. 1. 1, § 76). Ecan nose wampasieno mo OCH 2, 1O BCIEN-
CTBHe 3TOH NpeueccHu npoexuan M Ha ocH X H g GyAyT OpuHaMaTh
TO TNOVOKHTENbHbIE, TO OTPHUATENLHLIE 3HAYCHHS W B CPEAHEM
My == M, =0. Tlpoexuus e Ha ocb 2 GyJET 0CTABATLCH HMOCTOSIR-
HOHl, BCAEICTBHE YEro CpelHee 3UaYEHMC CHAb, AEHCTBYIOWCH 1z
AMNOJb, GyneT

= 95,
F=M.—5.
T. e. cuja 6yner npONOPLUOHANLHA 2-COCTABAIOMEH MarHHTHOrG-
MOMEHTa H leofHopopnoctd nojis 076,/0z. Ho z-cocramisiomas
MarudTHOrO MOMEHTa HPONOPLUHOKANbHA Z-COCTAB
siomeit MeXaHHYeCckoro MOMENTa, 2 HOCTennAs Mo-
JET NPUHHMATb OrpallHuCHHOC UACHO JUCKPETHHX
spauennil. BereAcTBAE TOTO MYYOK MOCAC {POXOK-
JICKUST Yyepes 10Je pasofbeTes Ha CTONBKO OTASNb-
HEIX TyKOB, KAKOBO YHCJO BO3MOMHLIX 3HAUEHHH
L, W ecnu PAacnoNOKHUTb MePHenIHKyAApLRO K Hyd-
Ky wIAaCTHHKY, Ha KOTOPOA OYyAyT 0CeAdTb arTOMhi
fyyka, T0 Ha 3TOH IVIACTHHKE JIOMIKHO NOJYSHTHCH
HECKOMIbKO y3KHX MOJNOCOK.

TakoW OMWT B JAeACTBHTEIbHOCTH BICpBblE Gbll
cnpoexraposan [ JI. Kanuued u H. H. CemenoBuim 2?:1}35‘1_[;:7’&%:
H 1e3aBUCHMO OT HHX Ol noctabic lllrepuom ® Tepaaxa.
u Tepaaxom clegylomus ofpasom. B cambuo
3BAKYHPOBANHKLE €OCYA MOMEMANU MANEHDKYW NEuKy K (puc 35),.
xyna xaaan Kycouek cepepa [lpu marpesanuy meuki cepebpo He-
Mapsinoch, H ATOMb{ €ro BLLIETAJH M3 OTBEPCTUSl HEUKU DO BCeBO3—
MOMKHBIX HAMPABJIECHHAX C TEHVIOBBIMH CKODOCTAMM TOpSAAKA He-
CKOMBKHX COT MeTpoB B cekynny. Heckombko menefi BB Buacasam
y3KH{i NapaJJebHbi TYS0K aTomoB  cepebpa — aTOMHBIH 71yY,

4y Cw, nanpusep, ASparam-Bexxep, Teopun snextprsectsa, § 38,
OHTH, 1939.
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KOTOPHIl IPOXOAHI uepe3 HeoIHOPOAHOE MATHMTIIOR MONE MEKNY M0~
mocaMn snektpomarnura SN u nonajan ma nanactunky PP, rae
MOKHO GhI/IO O0HAPYKUTL CHell OCEBUIMX ATOMOR. [ lasnas TpyAHOCTS
ORBITA COCTORA B CO3AAIHH HACTOJILKO HEOAHODORHOTO MOAS, HTO-
Gbi €ro HeO[HOPOZHOCTb OLLIA OLIYTHMOH HA APOTSHKENHH nonepes-
HHKA OJIHOTO aTOMa, T. e. Ka paccroanuu nopanka 10— cu. Takywo
HEOHOPOAHOCTL YAAJOCh CO3ATH CHEUHANbHOIM BHIGOPOM (opMBl
NO/OCEBIX HAKOHEURHKOB,
Onbtt, BilepBLIE MOCTABILH-
Hetll ¢ cepebpom, Gns Ipoje-
JaH 3aTeM C aTOMaMm Apy-
rax pemects. Hanpumep, na

Puic. 36, PeayasTatst oniti~ Prc. 37. Peaymtatst onuma
ta llitepna ® lepaaxa Iltepra n Fepaaxa ¢ BOAGPOLOM.
¢ antHeM.

puc. 36 npHREZEHH pesyAbTATH ONMTA C JWTHEM, a Ha puc. 37—
¢ atoMunM Bojioposom. [locaemumfi cnyuaii 0COGEHRO HHTepeceH
IOTOMY, uTO BOROpPON ARIAETCA NPOCTEHWER LHCTEMOR C OAHEM-
©XHACTBEHHEIM SEKTPOHOM.

OnbIT MoKasald, yTO B CHYuae BOOPOLA, cepebpa M MENOUHBIX
METaJIOB BO3IMKAIOT 0f€ NOJOCKH, PACTONONEHHHE CHMMETPHYHO
OTHOCHTENBHO MOOCKH, KOTOpasi TOAydaeTcss B OTCYFCTBHE moaa.
DTo CBHALTENLCTBYET O TOM, YTO OpHU NPOXOHKIEHHH Uepes IoJTe my-
~OK pa3BuBaeTcs Ha /A MY4Ka, OJHHAKOEO OTKJIOHAMIOWHUXCA B NpoO-
THBOMOJIOXHbIE CTOPOHBI, T. €. uTo L; B HPHCYTCTBHA NOJA MOXeET
TpAHUMATD ABA 3HAYEHHA, OAMHAKOBGIX NO BEJHYHHE W APOTHRONO-
JOMHBIX N0 3HaKY. [LAA TOro 9TO6H APARHIBHO HOHSTH CMEICA 3TOrO
peayabTaTa, HeoGXOAHMO BCMIOMHHTb, UTO ATOMU BOAOpOAE, JIHTHS
it cepeGpa UMEIOT COCTOSHHE 5 B KAU€CThe HH3LIErO SHEpreTHYecKoro
~COCTOSHMS, TAK YTO IPH OTCYTCTRHU CiuRa BooGwe He Morao Obl

;3:.
¥
K

§ 701 MATHWUTO MEXAIVYECKHF SOGEKTHE 28k

nonyunTheR Pacmiennenus nyuka. HaGmonaoueecs e na camom
nene paciieniedde 06YCNOBICHO TeM, YTO, KpOMe <OpOHTANBHOTOY-
MOMEHTA, XapaKTepHIYeMOTO KBAHTOBBIM YHCAOM [, 34eKTpOH umeeT
ewe coicreennii moment — smoment cnuna. ToT ¢akt, uro npy
! =0 nonysaetci xBa, a He TpH HAM GOAbLIEE UYHCAO MONOCOK,.
NPAMO YKASHIBACT, YTO MPOEKUHA CNHEA Ha HANPABJEHHE TTOAA MO-
KeT mpHHAMATb TOABKO J8a SHauenus. [lasee U3 BeAwumIbl pac-
ILeNJIEHNs, HANPANKEAHOCTH TIOAA, CTENEHH €ro HEeOJHOPOALOCTH
reoMeTpHUECKHX MAHHBIX MOXKHO DACCYHTATH BEJNHYHHY MArHATHOLO
MoMenTa aToma. DTOT pacuer Gbin nponasered, n aas M nosyuena
BeMUYHHA, paBkas OAHOMy MarheroHy Bopa. [lpasxa, mo ycnoeusm
ONbITA 3TOT pe3yasTaT MOr GuiTh HalileR ¢ He CAHWKOM GosbuIol
Tounoctbio (own6Ka okoao 10%), oxHAKO oA Bce XKe AOCTATOYHE
ANt TOrO, UTOGHI CAEAATh YBepeHHBIA BhIBOL.

Onuir Wtepna w Tepnaxa Hapaly ¢ HEMHOTHMH IpYTHMH OpH-
HAAMEHT K YHCIY OCHOBHBIX ONBITOB aTOMHOR (UINKH, TAK KaK Of
0Brapy)KHBA€T OJHO W3 BAXKHEHIINX CROACTB MaTepHH.

.§ 70. Marnnto-mexannuecxne aphekTn

CyluecTBOBaHHE CIIUHA 3EKTPOHA W ero ocobkle CBOACTRa BhITE-
KaIOT TakXe B KayectBe CJEACTBRA U3 ApYTHX, Go/ee panHuX Ombl-
TOB € TaK MarssTo KHMH AIB, Koux
uHCAy TpHHALNEXHT NpEXJe BCEro M3BecThblf
onbiT Jinwreiina n ne-Taasa. Buytpu npoposou-
HOR KATYWIKH 0O €6 OCH Ha TOHKOH KBaplteBoit
HHTH MOABEWHBANCA 0Gpasel B BHAC UMANHADHKA - ephany
xuameTpom npumepuo 0,03 cu n maunokt 10 ca 17
(puc. 38). B kauecte 06pasnoB HccaeaAORa-
nuch  AHOO  (peppOMArHMTHHE BelecTBa  (Ha- conenod
fipuMep, YKeneao), AMGO NapaMaTHATHbIE COMH.

EcaH nponycTuTh uepes KaTyllKy TOK AOCTATOY-

HOR CHJIM, TO 06pasen namarnaTATCA. 3TO 3Ha- 3

YHT, YTO €r0 31EeMEHTAPHBIE MATHWTHKH YCTaHaB- -
NMBAIOTCS N0 nono. Eciad Tenepb H3MEHHTb ma- 17 ofpasey
npasienne TOKA, TO CTEPIKEHEK NOMKEH TNepe- Jiekmpall
MmarnaTaToeA. HO #af 3TOTO ero saeMentapHbie
MarHHTHKH LODKHB noBepHyThes ma 180°, a tak
KAK OHW ARAMOTCA B TO XK€ BpeMA M BoONU-
KaMR (BCAENCTBHE OBICTPOTO OGpalleHHs 3JeK-
TPOHOB), TO TAKO/ NOBOPOT CBASAR ¢ M3MEHEHHEM DOJNHOIO MO-
MEHTa KOMHUECTBA ABWKEHWS CHCTEMbl, YTO HeBO3MOXuo. [loatomy
AR KOMIIERCALAX MOMCHTA KOJIMYECTEA ABWMKEHUA BECh CTepikenex
JBOJDKEH TIOBEPHYTHCA B NPOTHRONOMOKHYIO CTOPOHY, H HiTbh 3aKpy-
Tutes. Konrewno, sppext 3107 odens crab. Ho nna ero yenneuns
OBl ACTIOABb3OBAH PE3OHAHC: B MATYWIKY BYCKAACS nepeMeHAnfi 1Ok,

Honpyehos
HU

Pre. 38 K omuty
SirmTeira W ge-
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watToTa KOTOPOro MoAGWpanach Tak, uToGsl OHa coBmajana ¢ cob-
CTBEHHON YACTOTON KpyTRIBLHBIX KOJIeGannil NOABCUIEHHOro MHINA-
puka, [Ipu Takux yelOBHAX yZaBanoch HaGJAATH arp%;em e
TONBKO ¢ (BCppOMArHHTHBIME BEWECTBAMH, HO U Gosee cnabelit ad-
dext ¢ napamarnutHuME conaMu. M3 omsita MOXkHO Gmuto merno-
CPENCTRENHO OMPEACAHTE OTHOUIEHHE MATHHTHOrO MOMEIITA 3/ieMeH-
TapHBIX MArHHTHKOB 06pasiia K WX MCXaHHuecKoMy momerty. 310
-OTHOLEHHE, BOOBLIE rOBOpH, PABHO
! _ e
T8 e

Eeau 6L 3IeMeHTapHble MArHHTHKH GLUIM CBA3AHH ¢ OpOHTaNBRBIM
MOMEHTOM, TO IOJKHO Obiio 6n 6mtb g = 1. Ha camom rese oxa-
8aJ10Ch, UTO g = 2.

Baprer chenas oOpaTHbifi OnBIT: OH MPUBOARN B GhICTpOE Bpa-
HHEHHE KeJe3Hbie CTEpIKHH W BCICHCTRHE IMpOCKONHYECKAX CBOJCTS
JICMEHTAPHBIX MariiTOB BHI3HBAM STHM WX OpUEHTHPOBKY H Hamar-
HUUuBaHue CTEPXKHA, a TPH 3aKPYUUBAHNH B 06paTHylO C16pOHY -—
nepemarnugrBanye. M oTv ONLITH RaJH IJS OTIOWENHS MeXanHde-
CKOTO M MArHKTHOTO MOMECHTOB BeruduHy, B ABa pasa GOabwyio
oxuaanuledes.

OO6DbACHERHE STHK AHOMANUH CTAJO0 ACHBIM TOJABKO MOCAE OTKPM-
“Tust criuba anektpona. Oun HMEHHO ROKA3HBAOT, UTO 3JIEMEHTap-
HLIMII MATHUTHKAMB SIBJASIOTCH HE KPYrOBBIe 3JEKTPOHHbE OpOMTHL,
WO 4TO CAMH 3MeKTPOHLI B CHAY CRORH NMpHPONM H €CTL OMHORDE-
MEHHO IMEMCHTAPALIC MATHUTH H MANeHbKHE BOAYKH.

3amernm 34ecb nONYTHO, UTO CBOCTBO ChMHA HE ABASETCH MC-
HITIOUHTEABHON O0COGCHHOCTBIO MEKTpoHOR. CORAcHO COBpEMEHHbLIM
JIaHHLIM HapAAY € IMeKTPOHAMH CoHHOM 06MalaioT TAKKE npOTOHE,
HEHTpOHDL 1 APYCHE SACMCHTAPHBIC HACTHUDI.

§ 71. KnanToBas MeXawHKa 3AeKTPOHR €O COUHOM

Onucanyble B IPEALIAYWAX Naparpadax IKCMEPUMEHTH ¢ Hol-
HOll yBeAHTENLHOCTHI NOKA3LIBAIOT HANHUNE ¥ IMEKTpOHA coBCTBEH-
HLIX, T. €. He CBAIAHHBIX C CTO BHIKCHNEM, MEXAHUUECKOTO MOMeHTa
(enun) ¥ MarauTROro MoMenta. Boswukaer Bompoc, Kak wajo ¢rpo-
HMTb KBAHTOBYIO MEXaHuKy, uro6wt oma BK7IO4aNa 3Th cBofcTBa.
JHexo B ToM, uto cBOliCTBA CUMHA, KAK Mbl BHAGHAH, OyeHb CB0e06-
PAIHEL — OHY FIBIAOTCA UHCTO KBAHTOBBIMH W HE HMEIOT KA4CCHYe-
CKHX aHANOoroB. DT0 06CTOATENbCTBO TpeOyer BBeAeHWs MpHiHIy-
NHANBHO HOBBLIX MOHATMA M RApAMETPOB HJH HOBLIX MaTeMaTiue-
CKHX METOJIOB, B OCOGENHOCTH TIOTOMY, yTO COMH CCTh MpoABAEitHe
CBOHCTB SHQMQHTZPHHX YacTrR, OTPAMAWIIHX HX BHyTpEHHHe ABTE-
KEHUS, KOTOpHe B MAWNOM CIYYac JHLb BECLMA HECOBEpLICHHBIM
H HEnoc/eNoBaTeAbHBLIM 06pA30M ONHCHBAIOTCA B KOPNyCKY/st pHOfL

§ 71 KBAHTOBASl MEXAITHKA RJIEK1POIA €O CITUTIOM 283

KapTHHE, KaK RBpauenne BOKpyr coGerenuoil ocn. Ecan ke mbi 3a-
XOTHM HCHO0AbL30BATH B BOJHOBOW KapTHHE aHaJIOTHIO ¢ nOJlﬂpMSa'
nmelt cBeTa, TO M 31€Ch BOSHHKHYT TPYAHOCTH, NOCKOJBKY AJs ONH-
caHM# nMOMApH3AlMKM 3JEKTPOMATHHTHBIX BOAH Tpebyercd 3azamwe
ABYX NPCEKUMH HA BI3AHMHO mepleniuKyAApHBe OCH, 3 COCTOHHE
cniHa B oBweM clyyae XapaKkTepH3yetcs cymepnosuumelt ABYX
npoexlnit Ha JBa MpAMO TNPOTHROMOMOKHBIX H2NpaBJaeHus («CIHy
BBEPX» H CCTIHH BHH3»).

Mayau nokasan, xakum 06pasoM cnuE MOXKHO BRECTH B MaTeMa-
THUECKRH aniia paT He peATHBHCTCKON KBAHTOBOH MEXAaNMKH, CCRH He
3a1aBaTHCH UEABI0 OGDBACKATS €10 IIPOUCXOMIEHNE, HO MPHHATL €ro-
CYWecTBOBaNUe M CBONCTBA XaK JKcnepuMenTanbhbie pakrel. Oro-
BOpKA «HEPENATHBACTCKAA> KBAHTOBAS MEXanHKa, T. €. He JoAMH-
HAOWAACH CrIeNH abHON TEOpHH OTHOCHTENBLHOCTH, HYXKHA 3/1€ch 10—
TOMY, 4TO CYIIECTRYET pEJATUBHCTCKAA KBAHTOBAS MEXaHHKa 3JIeK-
TpoHa, W B Hell H3 ycranoprenoro JlHpakoM BOANOBOrO ypaBHeBHS
NepBoro nopAAxa csoficTBA CnlHa BHTEKANOT 2BTOMATHYECKH, XOTH
H coBeplUIERHO hopManbHuIM 06pasom. Tlocaenee pnonue ROHATHO,
TIOCKOJAbBKY {ruH, Kak yxke GBL10 TOAYEPKHYTO, €CTh YHCTO KBAHTO-
BOE CBORCTBO, Ke HMeIOWEe KJIACCHURCKOro aHastora, Mu, OxHaKo,
He GyAem 3jleck OCTaHABAMBATLCA Ha Teopun [upaka, Tak Kak oHa
BHEXOJIHT 34 TIpCieThl JAHHON KHUTH, nOCBAILEHHOM HepeIATHBHCTCKOIT
KBaHTOBON Mexawdke. Uro ke xacaercs teopun [laymm, o kotopo
Gyner peus B 370y maparpade, 1o AN ABAEHHUIN, B KOTOPBIX CKOPOCTH'
HE CJHUIKOM BEMHKH, OHA /laeT YAOBJETBOPUTC/ABHLIE pE3YIbTATHI.

B KBauTOBONl MeXaHuKe nOBeReHue HACTHLEBI OMHUCHIBAETCA [pi
noMowWM BOAHOBOK (yHKkuuy W H AWHAMHuECKUX NepeMendbX. Bos-
HOBasi (pyuxuus smekrpona s Teopnn Ulpearnrepa 3asucHr oT Tpex:
xoopauHat H ot Bpemenn: W= "W(x, y. 2, {). Ho cocrostnue smex-
TPOHA € OMpEICJICHHBIM CIHHOM ONpENeNAETCH elle OfinuM napa-
METPOM — NpOEKIMEll CIUHA, KOTOpAS MOXKeT MpUHUMATL OfHO N3
AByx 3pauennli + 5 A win — 5 A B KOTODYIO KaK-TO HYIKHO BRJIIO-
uWTL B BOJHOBYK (YHKWHO. DTOT napamerp H ecTo Xapakrepi-
CTMKa TOfi KBAHTOBON ABY3HAuHOCTH, KOTOpas OMHCHLIBAETCA KakK
cmun. M crasarioro clenyer, uto W-(pyHKUHA 3/EKTpOHA €O CHOH-
HOM H4 CAMOM JXede NOMKna NpeAcTaBAATb oGOl COBORYNHOCTH-
ABYX nesasuchMblx Gynknuh Wi u W_— 0T KOOpAMHAT n BOEMEHH,
KOTOpBle YAOGHO pacronarath B BHIAE MaTpHIbI-CTONOLA:

Y, (ny 20
‘F=(W_(x, 920/

Ecnn orumuga or HYAR TONMBKO (GyHKuMA ¥, TO 3T0 COOTBET-
CTBYT CAYYaio, KOrZa 3AeKTpOR MMEer MpOeKLio CHHHA B [OAO-
HKHTEJLHOM HADpaBAEHWH pacCMATPUBAEMON OCH, €cnH OTJHYHA OF
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nyJsis ToAbKO ¢yuruma Y-, TO NpOEKUHA CNHNA HampasJeHa B Mpo-
THBOMOJIONKNYIO CTOpony. B o6leM e cayvae ¢pysxuua ¥ omucw-
BAET CYNEpNO3ULMIO 3THX ABYX COCTORHHA. BMECTO yKasamuoro
€noco6a, A ONHCAHHA COCTOTHAS HIEKTPOHA MOKHO LOMb30BATHCH
-ORHON (YHKIUEN, HO TOrAa B Hee AOJKHA BXOJUTD, HApALY ¢ TpeMs
TIPOCTpAHCTBCHKLIMH KOOPIUHATAMH X, ¥, Z, €lle W Yersepras Hesa-
BICHMAA MePEMeHHas — «CNUHOBaA KOOPAHHATA> §, KOTOpas MOXer
TIpHHEMATL ABA 3NAYEINA +1 n —1 B 33aBUCHMOCTH OT TOrO, KyAa
Haupasaen CIHH.

TaR, Mbl YKa3anK CLOCOO ONMHCAHHA COCTOAHUI 3ACKTpOR2 €O
enunom. Ho anst nmonuok GopMy upoBKH KBAHTOBOM MeXamHKH SMeK-
TpoHa, mapAAy C /ABYSHAUHOR BONHOBOH (yHkuuel Y, neoSxomumo
BBCCTH HOBYIO OUMAMUMECKYIO NePeMEeHnylo — BEKTOp Citdka S ¢
TIpOEKUUSMH Ha ReKapTOBbl 0CH Sx, Sy, S» DTOT BeKTOp ecTh €06-
CTBEHHBI/l MOMEHT KONMuecTBa ABHIKEHNS SMeKTpoHa. EMy caenyer
CONOCTABHTH oneparcp, REHCTBYIOLIHY HA «CITHAOBYIO nEpeMeHlly]0>
S, WM, 410 TO XKe camoe, na xomnonentsl Wo n W_ nosnolt BOMHO-
Boil Gynkunu W, mpHiueM Takoit onepaTtop WE JOIKEH 3aTparHmaTth
ITPOCTPAHCTBEHNBIX KOOPAHHAT W Bpel‘vll’eHH, Hrak, oneparop cmuua

. +
ZOMKeH NeHCTBOBATL HA BEKTOpH! | g ABYMEpHOro EBKNMAOBA

npOCTPAHCTBA, & ITO 3HAUAT, YTO OH HONIKEN NpeACTABAATHCH KBAA-
parmoi MaTpHlei nopaaka 2 X 2 (em. ra. IIT).

UroGnl naliTu MaTpuil Sy, Sy, Sz, MBI Npexkae Bcero NpHMEM BO,

BHEMAHUE, YTO COBOM <CIMH» y Hac 0GO3HauaeTcsas HAMHYHE y ua-
Criup (B paccMaTpHBACMOM CiyYde y SMCKTPOHA) COGCTBENHOrO
MOMEHTa KOJWYECTBA ABHIKEHHN, KOTOpEIH XOMKEH YAOBACTBOpATH
OCHOBHBIM 3aKOHAM KBAHTOROI MEXaWWKH. A 5TH 3aKOHDBI, KZK MH
BHAENH Ha DpEMepe opOUTANLHOrO MOMEHTa, TPEGYIOT, YTOBH KoM-
TIOHEHTH BEKTCPA MOMEHTA YIOBIETBOpSAM JIepeCTaHOBOMHLIM CO-
OTHOIEHHAM, (GOpMyJAHpOBAHKEIM B § 52. Buonne nocienoeateasto
TIOAYHHATL 3THM JKe TpeGOBAHMAM W KOMIOHEHTH BEKTOpa CIHHA,
“TakuM 06pasoM, UCKoMble MaTpullkl Sk, Sy, S; rovwan yaosaerTso-
PATH COOTHOWEHUAM

8,8, — 5.8, = ihS,,

8.8, — 8,8, = 1hS,, @1.0)

8,5, —S,S.=inS,.

Bsenem remepb BMCCTO S BEKTOp 0, MONOXKKB

(71.2)

OuesnanHo, YTO BCE PE3YNbTATH, CMpaBeAtHBHE, IS 6, HYIyT chpa-
BeAnuBH W 1A S. 3amensa B papMynax (71,1) npoekuun § npoek-
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LHAMH 0 ¥ COKpauiast Ha /4, nonyaaeu

0,0, — O 2ia,,

0,0, — 6,06, = 2{0, (71.3)
0,0, — 6,0, = 2ic,.
3a ocb npOCKEMpPOBANHA YCAOBHMCA BHOHPATh OCL 2 1IPON3-
BOAbHO OpHEHTHPOBANHON AeKapTOBOl CHCTEMLI Koopauuar. Torna
) 1
COOGCTBCHHLIMK 3HAUEHUA S, ROAMHBI ObTb +3hou _Eﬁ’ a

cOGCTBEHHEIMA 3HAUCHHAMH O; OyayT uneda 4-1 u —1. M3 sroro
CIeRyeT, YTO ONepaTop O; B S,-uPEICTABJIEHHH TOTKEN HMETh BHI
JZBarOHANbHON MaTpdlbl ¢ AHaroHaJbKuIMN aJeMentamn 41 n —I

i ), oL

a 62 Gymer uMerb TONBKO OiHO COGCTBennoe SHauenne 1, T. €.
TIpeACTABAAETCA €IMHHYHON MaTpulell. BeACaCTBHE pAaBHONpABHO-
CTH BCEX TPEX OCefl KOOpAHHAT COOCTBEHHLIC 3HAYEHHS ONEpATOPOB
ol u c; TaKke JOJKHLE GbiTh paBmbl eAHHHLE, T. €.

(1), @)

BuimoaHuM Teeph CAelylowee npeoGpasoBanie. Tax Kak o
OYEBUIHO, KOMNYTHPYET C O, TO

25 — 2
O'yO" |720'y
210 MOKRO HPEACTABUTL B BUIE
0y (0,0, — 00,) + (0,0, — 0,0,) 0, =0,
oTKyZa, moneaysich (71.3), nonyyaem
o, (2ie,) 4- (2i0,)0, =0,
WK
0,0, + 0,0,=0,

YTO MOXKHO 3aMACATH TaK:

O == — 0,0,. (71.6)
Oneparopbl, YAOBIETBOpAIONIHE COOTHOMWHUAM Tana (71.6), naser-
BAIOTCA QHTUKOMMYTUpPYIOWUMIL, BCIeCTBHE CHMMETPHH COOTHOUIe-
enit (71.3) Kamimii n3 ONepaTCPOB Oy, Oy,0; KOMIKEN ANTHKOMMY-
THpOBATH ¢ JIOGHIM ApyrHM. DTO 1103BONACT mepenucars (opMyabt
(7?.3) B Gonee koMnakrHom BHxe. Hmed B Buay, uro, manpuMep,

0,0, — 0,0, = 20,0, = 2(0,,
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Mbl OpUAeM K CAeAYIOIAM COOTHOWERHAM:

0,8, = i0, = — 0,0,
0,0, = {0, = — 0,0,, 717y
0,0, = i0, = — 0,0y.

VYMuoxkas nocaejdee B3 HUX COPaBa HA Oz NOMyuuM
1.

Marphily 0, Mbt yKe 3naem— oOHa naercst Qopmy.oi (71.4):
T naxoMAeHHA MATPHUL Ox 3aNHlleM €e CHAaYalla B 06weM BuAe:

a az)
O = a; ay

M yCTAHOBHM yCJAOBHMSA, KOTOPHIM JOAKHDE TOAYMHATLCS ee 3Je-
mentel TMpexae Bcero, mockoibKy 3Ta MaTpuua o6s3ana Guith sp-
MMTOBOH, TaK KaK OHa NpelcTaBJHeT NMHAMUYECKYK NepeMeHHyio,
€e JMArOHANbHbiE SMEMEHTL ¢ H Qg BEWECTBEHHDL, & MEMEHTH dy
H Q3 KOMIUIEKCHO COMpfKEHL Npyr Apyry. Bocnomeayemcs nanee
ANTHKOMMYTAaTHBHOCTBIO MATpHR Ox M O T. €. pABEHCTBOM Ox0: =
= —0;0x .

Brugcans npoH3seleRus MaTpUll B €ro JeBo# H NpaBoii yacTax,
HAXONHM

00,0,

a —ay @ ﬂa) (—ﬂx —ﬂz)
w= (i Zot)=mee=— (L0 _2)=(70 T2
oTKyAa caeayer, uto ay=—a;=0, a;=—a;=0. Takum o6paszom,

[
““(aa 0)
Ho ¢? =1, a motomy
o [@a 0 ): (l 0)
"x*( 0 o1/

OTKyla @3 = 1. BesencTsue SpMUTOBOCTH MaTpHUBI Oy ee ae-
MCHTb KOMIICKCHO COTIpsiXenbl Apyr Apyry. [ocrexmmm nsym Tpe-
GoBaHUAM yAOBIETBORAIOT YHCAA €% 1 e~i%, TaK 91O

Tonaras npOM3IBOAbHBI (PA30BbIT MHOKHTENb O paBHHM HYIIO,

oYUM o
O =(| o) .

§7 KBAHTOBASI MEXAHHKA DJICKTPOHA GO CITHHOM 287

Jlast naxompenns maTpuiu oy TeNepb I0CTATOYHO KOCHOMBL3OBATHCA
COOTHOWCHHEM 0y = —0x0z, WIH Gy == i0x0,, XOTopoe cpasy maer

,(o 1) L o> 0 -—i)
6_1[0(0-‘[—_(1‘ of-
Myt nawnn, Takum 06pasom, sce TpU KOMNOHEHTBE BCKTOpA 6

(0 7o) e=(o ). @

{€PE3 KOTOPHIC OMepaTopsi KOMMOHEHT Crma S BLIpamalotes no
Gopmye (71.2). Marprum (71.8) urpawor pynxamentansnyio poan
8 KBAHTOBOM MEXauuKe 3JeKTpOHA CO CIIHHOM — ORM HA3LIBAIOTCS
marpuyany flagay.

Y6enumca Tenepb 8 ToM, wr0 NoJIyyertHble MaTpuubl AefCTBH-
TeNbHe 061aaI0T BCeMH CBOHACTBAMH ONepaTopoB mpoeKumil cnuna.
CocTosuno, B KOTOPOM eli HanpanicH 1O OcK 2, COOTBETCTByCT
COBCTBEHHO® 3HAueHHE o, pasHoe 41, a COCTORHUIO, B KOTOpOM
€Kt HanpaBJel (pOTHBONONOKHO, — cOGCTBEHHOE 3HaYeuHe, pas-
Hoe —1. ColcTBeHHy0 ¢yHKUMIO O, B mepBOM H BTOpOM Catyuasix
TIPCACTABUM COOTRETCTDYIOUIUM CTOAGUOM:

L

- g

TonoGioe cBoeobpasnoe oGosnavetme (GyHKUHE KaK pas u OTBeyacT
TOMY aKTy, uTO 06AACTL HIMEHEHHS HX ApIYMEHTA COCTOMT TOABKO
M3 IBYX TOMEK.

Tloxamenm remeps, uro dyrkaun (71.9) wa camoM jgene sB-
ASOTCH COGCTBEHHBIMU (yHKUMAME ONEpaTopa o, C cOBCTBEHHBIMA
3HaueHUAMH +-1 # —1 cootercroenno. B camom nede,

w0 1)(0)=(o)=x.
=l )0)=(1) -

O =+1x,, ox_=—lx., (71.10)
KaK Mbl 3TOTO H OXHIATH.

TO Ke BpEMA yi k Y- HE GymyT COGCTBEHHBIMI dyHKuHIMI
OUEPATOPOB 0y 1 0y. JleficTBuTCAbHO,

wa=(7 o) (o)=()
(o) ()=(e)=x.

T. €
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AHajorfuBEIM 06pa3oM YGEKRAeMCS W B TOM, 4TQ ¥i W X- I Oy
7aKiKe Be GBATOTCA COGCTREHHBIMK QYHKUKAMY:

=0 7o) =) =ue
o= (7 To)i)=(T0) ==

3aKiie MoAYYeHHbe PesyAbTaTEl AefCTBHS CHHHOBEX MaTpuL Ha
enutosbie BoAROBbE GYHKIMI B BHIE TAGIHIBI:

= Xy = 00, = L
[T } e = ‘ Ay = T } ann
O X = K g% =, oN_=— %

G,

OTclofia BUIHO, YTO B PACCMATPUBAEMEBIX COCTOSHMAR TOJI]bKO npoeK-
M CTIFHA HA OCh Z UMEIOT ONpejeentible SHaueHHs * 5 h, a npo-

eKiud HA JBE ApYyre OCH OCTAIOTCH NeOmpefesenRbiMiL. 210 00T~
BeTCTBYeT HEKOMMYTATHBHOCTH ONEpaTopOB IpOCKIHH CIHHA MEXRY
€o6oit.

TMpoexips BeKTopa COMHA Ha A0Gy0 TpsiMyis C Hampasaaio-
IWAMH KOCHHYCaMRn I, m, n pasna 16y - moy -+ noz. [loabsysice npa-
BU/IOM CJIOMEHHS MaTpHL, HaXOIAM

u=lcx+mc,+ncz#l(? ‘l)>+m((,) _:))+'l(:) _‘1))= .
=(l~:im l_—‘:)'

nanpasaeHis

MoXHO TOKasaTh, uTO He3aBUCHMO OT BRGpAHHOrO
COBCTBENHLIE 3HANEHHS 3TOr0 OMepatopa GYAyr 1, T. e. coersed-
Hbie 3RAUEHTI OlfePaTopa NpOEKUHH cnuna 6yayT

Stom.n==

3aMernM, UTO, HECMOTPS 1 HECOCTONTEABHOCT B KBAHTOROH Me-
xanuke MPEACTABIEHHS 06 MIEKTPOHE KaX 0 BPaWAIOWEMCH Wapuke,
satphilpl [ayan (71.8) 1 elyHuyHas waTpuaa

t=(o 1)

HMEIOT TPOCTOl TEOMETpHUECKHA CMLICK —uepes HUX B KJaacchue-
CKOfi MeX4KUKe MOXNO BHIPAsHTL MATpHUb SeMEHTAPHLIX IOBO-

§ 72 TIOAHBIFE MOMEHT MMITYJIBCA BJIEKIPOHA B ATOMF 289

poros *). Tak, HanphMep, MaTphua Qa, COOTBETCTBYIOWIAS MOBO-
POTY Ha Yros B BOKPYT OCH X, HMEET BHI

8 N ]
QG——ICDS?"‘[U)‘S”I?.

ARATOTHYHI BUA HMEIOT H MATpHIM [OBOPOTOS BOKpYP occt § u
Z-—B HAX BMeCTO Gy BXOJAT Oy H 0 COOTBETCTBEHHO.

§ 72. Monupii MOMERT MMREYJAbca 3NEKTPOHA B aTomMe

Haznune y 51€KTpORA COGCTBEHHOTO MEXalMyeckoro MOMeHTa-
CIMHA HEOGXOAMMO YNHTHIBATH MPH PACCMOTPEHHE COCTOSIHIS 37eK-
TpOHA B ATOME.

B npeasiymux naparpadax OLIC YCTAHOBAEHO, UTO COBCTBEH-
ible 3HAYCHHA ONEpaTopa MPOEKUMU CMHHA SMEKTPOHE NPHHHMAOT
BCErO ABA 3HAYCHUS

1
S,==%h 2.1
Papenctso (72.1) no cyntecTRy SBASETCH HHYEM HHBIM, KK YC-
JIOBHEM KB2HTOBAamMs NPOEKUMN CnHHa 3iextpona. [lo anmanorny ¢
}CAOBUEM KBAHTOBANMS NpOEKUMK OpOHTANbEOTO Momenta L, = mii,
papencTBO (72.1) MOXKHO HCpenucaTh B Bule

S,=mgh. (72.2)

B (72.2) sBencHo CBOEOOpAsioe KBAHTOBOE YHCIO Mg, KOTOPOE
JUIS 3NEKTPOHA B JNOGOM CAy4ae MOXMET HpHIMMATb TOAbKO ABA
anaverns: '/, TIpW onucansm coCTOAHWA BIEKTPOHA B arome
MBIl /10 CHX 110p OrpaHMYKBAJNHCh 3aaNHEM TPEX AHRAMHUYECKUX Be-
svunn; sHeprun E, aGCONIOTRON Beniaunbl MoMenTa HMnyabca |1]
NpOEKUUH MOMEHTA HMNy/bca [; (MOMENT KONMUECTBA JBHMEHHS
OHOr0 SJEKTPOHA Mb B AajbnefileM GyleM o603uaiato Manoif
GyKBoI |, MOMEHT KOAMUECTBA ABIDKENHS aTOMA B UEIOM — NponHe-
Boit 6yxBoi L) YcnoBus XpanToBaHusi STUX BeJHuHH, BLBELEHHbIE
B I V, n03BOATIOT HAM TpUMEHSTh OueHb YAOGHLI METOR onuca-
NHS COCTOAMMS C MOMOWIBIO HAGOpA KBAHTOBbIX YHCEJ.

Paiee GLIiM BBefeHH TpH KBAHTOBBIX UHCJA: [WIARHOE N, A3UMy-
TaAbHOE, WM OpOuTainHOe, | 1 MarnuTHoe my. I1oCKOABKY cocTos-
HHE 2AEKTPONa, 8 KOTOPOM TWDOCKNHA CIHNA na ¢U3HIECKU Buife-

Jlenuoe HanpaBACHHC paBHa — 3, OTIHYAETCH OT COCTOAHUA, KOTAA
]
NpOEKUHA CNWHa paBha -+ 5, TO, OuEBHAHO, K TPEM BBEICHHEIM pa-

+) Bror mompoc HoapoGHo pacemorpen v Kunre T ToaacTefina, Kuacen
ueckai Mexaunka, Duamatraa, 1957, . 1V, §§ 4, 5.

16 3 B. Wnonecxsd, v. 11
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Hee KBAHTOBLIM 4HCJIaM HEOBXOJHMO NOBABHTL YETBEPTOE YHCIO Mg.
TakuM 06pasoM, COCTOSHAE 3JEKTPOHA B ATOME OMpENEIALTCA ye-
toipbms seanypnamu: £, |1[2 L, Se, niH, 1T0 TO XKe caMmoe, HeTHpbMi
KBAHTOBHIMH Ymcaamu: f, [, m, ms. OnHako sTa yeTRepKa KBAHTO-
BLIX YHcead MpUroJHa AAA ONMCAHNA COCTORHHS MEKTPONA JHUb B
TOM ciyuze, KOrfla BCe (PH3UUECKHE DEqHYHHbI, CBASAHABIE C HUMH,
He MEHSIOTCS CO BpeMeHeM.

Onuako opBuTasLHOe ABHKCHHE SJEKTpORA COBLACT MArHUTHOE
none 78, ¢ KOTOpHIM B3aHMOJefiCTBYeT COBCTBEHHBIN MalHUTIBIA MO-
MenT SJEKTpOHA, DTO B3aHMOJelicTBHE HA3HIBAIT CIRH-OpOuTaib-
HbiM, Dueprnsl COHI-OpGUTATILAOTO B3amMOpClcTBUA OYACT paccum-
rana B § 74, Ceifyac MBl OrpagHuAMCs AHHIb KauecTBCHHHIM pac-

. CMOTpenHeM 3TOro B3aHMOAEHCTBHA, HCIOMb-
ayfl upesbbiuaiio HarJsANYo TaK HasblBae-
MYIO, BCKTOpHYIO MORE/b aToMa.

CreuHaibHOe HCCIEI0BANNE FOKA3bBIBAET,
YTO MOMHO MOJB3CBATLCH MOJTYKIaCCHUECKHM
METONOM pACCYMMEIHS, npd KOTOPOM C KBaH-
TOBOMEXZHHYECKHMH ~BEKTODAMH  MOMENTCB
MOKNO ONEpHPOBATb, KAK € OOBIUHLIMH BEeK-
TOpaMH, 1O C y4eTOM KBAHTOBANMS HX aG-
COTIOTHLIX Bedudnd W Dpoexusit. Hanpamep,
MOX1O cKaalbiBaTh Bekropbt | u 8 o obuiw-
HOMY NpaBilty MNAapanaencrpamMMa, CyMMap-
HLlit BeKTop j=14- § ectb noaHbiit Moment
KOAMUCCTBA BHAKCHKA 3yekTpona. Ho rak Kax
Bekropu 1 W S CBSI3aHLl Uepes mocpelCTBo €o-
oment  upenesens  OTBETCTBYIOWIHK UM Marﬁﬂrﬂblxﬁoneﬁ (crun-
Bomropon [ 'S omno- OpOWTAnbIOE BaHMOAEkCTAIC), TO oM Mpe-
CHTETBHO BexTopa  UCCCHPYIOT OTHOCHTENbLHO j, KAK ABA MeXau-
LOAKOTO NOMEHTA KOv  yeCKHX THPOCKONA, CBA3AHHBLX ympyroil HATLI

JMUECTRA ABRNKCHWH.  mpenecCupylOT OTHOCHTCABLHO — HANpABACHEA

CBOETO 1IEN3MCHAEMOTO [OAHOIO MOMENTa KO-
smvecTBa ABHKennd (puc. 39). B 310 yHCTO KaaccuuecKoe paccym-
ReHue BHOCATCA CHEdyiolue NONpaBKK, MapakKleplble AN KBAHTO-
eod McxaHuWKH, Bo-nepphix, yrau mexay 1 & § He MOFYT 66T npo-
H3BOJbABING, @ OrPANKMHBAIOTCH TPCGOBANNIMHA TpOCTPAHC) BEHHOTO
xBaTOBanus | # S, @ MMEHHO —Bektop | (4ncuenno pasHatil
VI{—+ l)h) MOXKET pacnOMaraThCsl OTHOCHTRABIO OCH 2 (HampH-
Mep, GTHOCHTEBIO HANpABACHKSA NOJS) TONLKO MOJL TAKMME YrAAMH,
urofb MpOeKLuA ero Ohiia pabHa mul, a BexTOp S — mon TakHM#
yLaawd, yTOBbl MpOEKUHA efo pasHsaach Msh. Tem camem yroa

Pre. 3. K sextopHof

(1, §) orpanuumBaerca AncKpeTusiM pHAOM W3OpaHHLIX 3HaATLHMIL.
Bo-Bropbix, MOAHLIE MOMENT HMITyAbCa j 4UCAEHHO paBCH

§ 7 TOIIBIA MOMEHT WMTYNIhCA 3JEKTPOHA B ATOME 25t

rie f=14S, T. e. pas snexTpona [=1 FRy Tanum ofpazoM, |

€CTb KBAHTOBOC YHCJO OANOTO MOMEHTA HMnydsca. [lpoekuus Bek-
TOpa | HA HAMpABJCHHC NOJAA [; paBha

[=mh,

rle m, MOXeT NpunuMare 2f 4 1 swawennit f, j—1, ..., — Taxoit
€noco6 paccyxeHns, HECMOTPS lla CBOC fBIOE JIOTHEECKOE HECO-
BepUIeHCTBO, BEJeT TeM He MEHee K Nopa3HTeNbHO TOUHO OnpaBibi-
BAIOUIEMCS pe3yIbTaTaM.

Bekrophas Mofenn aToMa HMET OrpOMHOE IPaKTHHECKOe SHA-
ueHne AN CneKTpocKonnn. OHa 1O3BOAACT OGLACHUTH e TOJLKO
TOIKYIO CTpYKTYpY CIIEKTpa, HO H BCE JeTann CIOKIBK CIyyaes
pacilen;iendst JHHHI B MaruuTioM moAe (Caoxnblit 3@pexT See-
Maga) B NOpasUTEbLIO TOUHOM COracuu ¢ sxkcnepnmentod. Kax
ML YBHAHM B caeiyomell riaBe, BEKTOpHASE MOJeNb MOXKET GHTb
0GOBIICHA HA CAYYali HOCKOJALKHX 3JEKTPOHOB M JaeT BOSMOMKHOCTH
06BACHATL 0COBEHIIOCTH CICKTPOB 1) B STHX CAYYadX.

YueT cnuHa 3MeKTpOHA MOTpeBoBan BEEIEHHA HOBLIX KBAHTOBBIX
yucen j U m, B cayuae, KorAa cnup-op6uTanDioe B3aUMOLENCTBHE
OTCYTCTBYET WM HECYIIECTBENHO, HanpiMep B CHALHOM BHELIHCM
MarHuTHOM mose (cv. § 79), 3ameHa KB2aHTOBBIX WHCea My, fis Ha
/, m, HUNEro HOBOrO B OMACAHHE COCTOTHHS 37€KTPOHA HE BHOCUT.
OHaKo B TeX CIyuanX, KOTAA CIUH-OpOHTAMLHBIM N3ANMOREHCTEUEM
npeHeGperath HCL3S, KBAUTOBLIC YHEAA My, Ms HCOBXOARMO 3ae-
HUTh HA KBAHTOBbie 4ncAa f, m, JleflcTBHTENbIO, KAK YKa3LiBAAOCH
Buillle, COIMI OpGHTAIbIOE B3AHMOEHCTBHE 00YCIOBAHBAET Npellec-
cHio BekTopon | n S BOKpyr Bektopa j. OueBnmuo, mpH 3TOM npoex-
uun I, B S; Ha nanpaslieHnC BEUIHEro TNOJA He COXpaHATCS CO
Bpemeten (a0COMOTBIE 3HAUCHIA BEKTOPAE, CCTECTBENHO, NpH STOM
octaores moctosHnbiMI). [IpH 3TOM Kak aGcomoTHAs BEIHYHHA
BEKTOpA j, TAK K €r0 MPOCKIHS j; €CTb KOHCTAHTS! JIBIKENHA.

Tak gak j = [ =/, a { eCTb UCA0E YHCIO, TO B ATOMAX € ONHAY
RAICHTHBIM 3NEKTPOHOM [ MMECT HE Hedbie, a NONYyUeIble 3naueHis:
gan [=0 j=" ana =1 =1 n %y nna =2 [=3n"%,
u . A Tlpn STOM, CTPOro rosopsl, SUEpris COCTORMMS SAEKTpOHA
onpelenseTed He ABYM KBAUTOBLIMI HHCIAMH nula Tpema il i
Jlna atoMoR C OAHHM H3AYYAIOIMIHM IJAEKTPOHOM 3ABHCHMOCTS SHep-
UM OT KBAHTOROTO YHCIA [ MpHBOJAMT K paclliendeHnio ypoBuedl u
B CleKTpax MposiBasieTcsl B BHIE TOHKOK CPYKTYphl. Boice moapol-
HO BONpOC O TOHKOH CTPYKTYpC CHEKTPANBHLIX TEPMOB PACCMOTPEH
B ABYX NOCJCAYIOLLIX naparpagax.

B cnckrpockommn MpHisito 0603HAYATE pasqHYHBE S1epreTHIC
CKue COCTOSNUA OTAGJBHLIX JMEKTPOHOB H BCEro aToMa ClelHaTb-
HHIMH CHMBOJaMi, 1O KOTODLIM CPA3Y MOMKHO YKa3aTb BCE KBAHTO-
Buie wucna. Jas OTAETbHLIX SJCKTPOIOB IiasHOC KBAHTOBOE YHCIO

[
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0603HANAETC YHCHOBEIM KOS(QQHRUHCHTOM, & KBAHTORO® 4ICAO Op-
GHTAMbHOrO MOMeHTa — CleAywouleil 3a HiM Oykeoit s, p, d, f no
XOpOIIO UIBECTHOM HaM CXeMe, HAKOHEU, KBAHTOBOE YuC/O j HaeTcs
B Bijie uBAeKca cnpapa cHH3y. TaKuy 0Bpasod, HaupuMep, CHMBOA
38y, O3Havaer cocTofHHe HICKTpOHA, B KOTopoM n==3, [=0,
1=
Jla5 aTOMOR ¢ ONIMM IBNYYAOIKM 31€KTPOHOM, T. €. LId BOAO-
POAOMOAOBHEIX ATOMOB M ATOMOB 1EPBOH rpynmbl NMepHOAMUECKOH
CHCTeMBI, 3HEPIETHUECKHE COCTOAHMA H3NYUAOUIErO 31eKTpOHA H
artoma coBnanaietr. Tem He MeHee NPHHATO 000O3HAYATL TepMH ATOMA
BMECTO Maqaux Gosstwump 6yksamu S, P, D, F; ksantosoe uncio f
AaeTcd, KaK Wy OTAGJNLHONO 3JeKTpOHa, HHIAEKCOM CpaBa BHM3Y.
Hakoneu, manoif nugpoii cnesa mRepxy 0603Handercs KpaTHOCTb
TepMa; manpuaMmep, 2Py, (untaerca «aybrer P»). YKasath raaspoe
KBaRTOBOC YHCJO aTOMa C HECKOJBKHMH SJCKTPOHaMy, BooGwe ro-
BOpPH, HEBO3MOKHO, TAK KaK DAIHUHDLIE INEKTPOHLI MOTYT HMETh
HeoHaKOBIe HANMEIbIIHE TIaBKbe KBanTOBLIE yAcna (irampHMep,
H3 TPEX S/EKTPOIOB JHTHA B HOPMAJAIOM COCTOAHHHA JBA HMEIOT
n=1, a tperuit n=2). B cayvac aToMOB C OAHHM 13AYHARWHM
SJICKTPOIOM  HHOTAA  rJaBHOe
TaGauuwa IV KBAUTOBOE UMCAO  TOCACANETD
YKasLlBacrcst B CHMBOAE TepMa
7 BCCro artoMa; HampuMep, 24Si.
3aumetu, 4T0 x0T TEpMBI S Bee-
ria (1pocThie, NpHHALIEKHOCTD
i=01 g, HX_K CHCTeMe NYG.IeTibiX ypoB-
Helt OTMEYaeTcA Tak Ke, KaKk o

S

2

Py Y OCTANLHBIX TEepPMOB.

2 2p, . Tloc.ic Bcex 3THUX pasbacHe-

3 ) 4 . nuit taba. 1V suepretnueckmx
£y, o, COCTOSIHKI aTOMOB € OTiMM 13-

AYRAOUWEN BTEKTPOROM 10KRA
ObiTh DOIBATHA.

Mer yeranosnan (§ 65), uto nepexOAH MCEKAY paIAHUHBIME Cu-
‘CTEMaMU TePMOB OrpanHuHBAIOTCS TPABRAOM 0T6Opa mas [

Al=x1.

Ha camom Zene NpH YCTaHOBJEKHII BOIMOKHEIX 1EPEXOAOB CACLyeT
0Bpawars BHAMARHE TAKKE 1 HA H3MeHenHs KBAHTOBOTO HMCAR j.

M3 awanuza cucktpos GbUIO YCTAROBIEHO, 4TO DEPCXOIBE (PO~
REXOAAT TOMBKO MEKNy TAKHMH COCTOAHMAMMH, y KOTOpHIX j MMeeT
160 ONHO M TO Ke 3yaycHue, MHO0 H3Mousiercs na o=1:

Aj=0, = 1. (72.3)
. OT0 mpaBuso BLITEKAET M3 CACAYVIOWIMX COOBpAKERNIT: TAK Kak
§=1%s, 10 Aj = Al As. B caenyowet raase 6ynet nokasaso

$7) TIOJIHBIM MOMEHT UMIYJThCA BJIEKTPOHA B ATOME 263

42 OCHOBAlffH BecbMa OBIWIUX COOBpaKeHHii (OCHOBAHHEIX HA TaK
waspisaeMoM npuunpne [layian), uro usMenesgie CipnHOBOIG KBaH-
+oBOro ancaa orpamuerio TpegoBanuem AS = 0. C npyrodi croposbl,
nas { cymecTByeT npaBuao ot6opa Al = 1. Taxam ofpasom, Mbl
npuXOINM K 0paBuay orbopa AaS j:

4

/2

. 2
Aj==1. ”"‘/?‘d,,,,i ]

Olirako OKA3LIBALTCSR, YTO BOIMOKHE g, _ ¥4

H TaKue mepexobt, NpH Kotopbix Af = 0. ‘b e 1

Jto muano w3 cnenywowero. IMoaoxum,

yTO Mepexox COOTBETCTBYET W3IMEHEHHIO

Al == 4 1, HO 0OCT2€1CH Tey JKE CaMplM

BCICICTBHE U3MeHenus pacnonomernin !

7 S j. Tax kax TpegoBamwns Al = =1

# AS = 0 npx 310V YIOBMETBOpEIbE, TO ,

MUl TPHXOMMM KO BTOpOMY KipaBmay or- 7~ A

Gopa ans j

!
z

;
Af=0, zpﬁ-pz*Lﬁj

HiTax, BO3MOMHBE TONBKO TAKHE MeEpexo-
ZBL, TIpH KOTOpLIX H

Aj=0, x1. 25-q%

Pasfepem Ttercpb THOHYRBIL IpuMep
TMpMEHEHMA  STHX MPABAA  0T60pA, A pu. 4o Mamoctpaums npa-
HEMEHHO, pACCMOTDUM TAK HA3LIBAEMBIA  musa o16opa and | na npau-
«CHOKHERH» Ny6neT nepsoli NOBOWMHON ce-  Mepe CA0KHOTO AyGacTa Mep-
pui. U3 gpopMyanl sT0f cepuu RO NOGOWHOH CCPHH.

v=2p—md (m=3,4,..)
‘BHIHO, 4TO O[fa OOYC/AORIEHa MEpEex0laMu MeXAy TepMamu p(l=1)
u d (I =2). Ho kamauii u3 TCPMOB 10t 1 Bpyroft rpyun fAraserca
ABO{HBIM. B camosr Aese, 18 TEPMOB p MBI HMEeM

. 1_3
j=l4+5=35 u

a5 d-repMoB:

. 1
i=2+5=

TakuM 00pasoM, n B BCPXHEM 1| B HHIKIEM COCTOSHHAX MbE
HMeen 00 18a gOJIYPOBIS, B MOKHO 6blA0 Gbf AyMath, 410 OyAyT
gabronarecs getupe anmud. Ha camom fete Ha6.1:0aa10TCA TOIbKO
TpH JBHUH, NOKA3AHObiC pa cxeme (HWKH#a vacts puc. 40), Nse
ApKie w ofHa cnadad. UerBepras JHiusA, 0f03nayerHas HAa CXeMme
nyHKTHpOM, pe HaGmoaaercs. KaK MOKHO yOeAHTHCH M3 CXEMHL, 3T0
NPOHCXORIT TIOTOMY, 47O B ACHCTBUTENBIOCTH OCYIIECTBIHIOTCS
TONBKO mepexOALl, MORHHAmKec” Npasuay Aj= 0, =k1; nepexon
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Me ¢ M3MeuenxeM j ma gpe ednnnubl (fo—'/s) He umeer Mecta, B
COOTBETCTBYIOILAS €MY JMHHA BLUAZA2€ET.

Hanuude cnmHa y 3eKTpoHa B CIYdae OTHOrO ONTHYECKOTO
BNEKTPOHA N03BOJACT OGBACHHTD PAA TOHKUX CNEKTpAIbHLIX 3(dex-
TOB, KOTOpLIE PACCMOTPENH B MOCAENYIOmMEX Naparpagax. Ilpu pac-
CMOTpEHHH ATOMHBIX CHCTEM, MMEWOUIMX MHOTO 3JEKTPOHOB, ydeT
CIHIA MPUBOANT K (hH3HUECKH O4enb BAXKHLIM DE3YMpTataM il HrpaeT
IPUHUMEHAILHYIO POJb B CHIY TOFO, YTH 37€KTPOHH NOAMHATIOTCS
npuanuny flaynd.

§ 73. dopmyna TOHKOH CTPYKTYphl TepMOB.
PensituBucTCcRan NORPaBKa

3agaua 0 ABYOKEHIW MEKTPOHA B NOJe UCHTPANLHOH CHIb, Kak
Y¥Ke CKa3aHo, HARGOJICC TOUHO PEUIAETCs JMMDL NpH MOMOIH ypas-
nenns Jupaka— peATABHCTCKOTO BOJHOBOrO ypabhenns. [lpy 31oM
B HOJYUAEMOM DPCINeHyu ABTOMATHYECKH YUHTHIBAETCH PENATHBHCT-
CKasi 3aBHCHMOCTD MACCHI 37CKIPOHA OT CKOPOCTH, a TAKIKE HANUUHE
cuMHa it ero s3auMofelicTBhe ¢ OpOUTABHLIM MOMEHTOM.
Jlna coyyas BOAOPONONOAOGHOTO aToMa (OpMyNa COEKTpasb-
HOTO TepMa, K KoTOpo#l mpuBoAuT ypankerue [lupaka, Takopa:
72 2RZ
=22 R (;- SR (73.1)
H

a? i An

2

Q6 bsaciteltne BXOAANMX B 3Ty (OpMyNy TNOCTOARHHIX @ i | Oyrer
npao nuwxke. JLIs Hac cefiyac CymIECTBEIHO TO, TO BTOPON UieH B
BLIpAXCHUE (73.1) Man 00 CPABHCHHIO C NEPBpiM, TAK KaK B Hero
BXOAUT KOHCTAHTA &, paBHas mpubmixuento 532-1075

TTockoMbKY MK 1€ ToAbayeMcs ypabuennes Jlupaka, Mot BbiBe-
neM QOPMYAY TOHKOH CTPYKTYpw APYTHM IYTEM — MEHEE SJErant-
HbIM, HO 3aTO Gosee npocrbtM. HMmenno, Mul Bocnosnsyemcs (606~
weunnen ypasHenns Wlpenunrepa na peastHsuctCkuil Cilyuali, KoTo-
poc 1acT Haym COBCTBCHHLIE SHAYEHHA SHEPILH QJA 3JCKTpOHa B
eHTPAIBHOM NOJe, COfepaliue, KpoMe pnifdCproBuiX HiIeHos, eme
MONpaBKy Ha 3aBMCHMOCTL MAacCHl 3eK1pOHa OT CKOpOCTH, A 3aTCM
JOTOTHUTENLIO BBEAEM TaK Ha3BIBAEMOC <CrHH-OpOUTAIBHOE» B3AH-
MOACHCTBHE, YUMILIBAIOHIEE §AILYNC CIHHA SJEKTpOHA H ero B3au-
MopeilcTBie ¢ OPOHTAILHLIY MOMCHTOM.

YroBbt MOAYYHTL PEAATIBHCTCKOE BOOHOBOE YDABHEHHME And 3a-
Jauli O TBHXEHUH 3eKTPOid B HEHTPANbHOM TNOae, RYXMCHO Namu-
caTh PCATHBHCTCKUN TAMUABTONUAH NJS 9TOrO CaAydas U 3aMEHHTL.
BXOAALINE B HCTO BEJHYHHEE COOTBETCTBYIOMUMI OllepatopaH. [og-
Has PENNTUBICTCKASN JHeprid (KMUETHUECKaS! IUIOC MOTEHIaAbHAR )
panua

v

— 1] +U@, B=2, (73.2)

§ 73 GOPMYJIA TOHKQOM CTPYKTYPLL TEPMOB 295

2 HMOYJALCH CBA3AHB CO CKOPOCTAMU COOTHOUIEHUAMH

_ e __ nz
= = P= =
o dx
e ¥=—7 uT I

TTosTomy ARs KBaApata MOJIHOTO UMAYALCA HMeeM

. 52 2ot 1
4 pi+p§+p§=——1”_‘"ﬁz rigz=u’”2(ﬁ—l)-

©OTKy A2

I 1. p o»
]/1-;_‘702 Lol -2

Tloacraeass 370 Bhlpaxcenue s (73.2), noayuaem raMuaLTORHAH
— 2 9
H:uc?h/l-;_i’:?fl]_;_U(r)—U(r)-;_ %‘ﬁ"’ .. (73.3)

Tpetnii U nocaAefyiomwMe Yiekhl CnpaBa Malul N0 CPaBEERHIO €O
BTOpHM, TIO3TOMY Mpl MOXEN DAccMaTpHBaThb HX KakK BO3MYIIEHHS.
JlocTaToukylo TOYHOCTE MOJYUHM, COXPAHSS TOJILKO TPETHIl wies.

CootgeTcTBylolee ravuibronnany (73.3) BOnROBOE ypasuewue
MMCET BHA

Vi—g

[£- 4 0t — 55 ¥ = E. (73.4)

Ecau & sToM YpaBHEHHH OTEpOCHTH TpeTHll YeH, TO moAyYATCH XO-
PO U3BECTHOE HepeARTHBHCTCKOe ypaBwenue Ilpenunrepa

£ +uin)v—Ew (73.5)

Tlpennoaaras, uto coberBenEbie GyIKINH M COBCTBCHHLIC 3HAUCHUA
ypasueims (73.4) Majlo 0TauualOTCH OT TAKOBHIX B HEPENSTHBUCT-
<Kom ypapuenun (73.5), Moxen cunrats, 410

1, S
~ e P = g P
U3 ypasaenns (73.5) nveem
o
T PN = (E— U)¥°.
Tlpumenss ewe pas oueparop %ﬁ?, nonyuaes
[N
7 P = (B — UPY,
orKyna

1 1
— ger P’ = — g (Bo— U)¥°
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Wi, Tak Kak B ©acCMaTPHBACMOM TMpHOIHIKEHNN MOKIIO 3aMCHHTH
Eyna E,
! 1
— T P = g (E—UP¥. (736}

Mozacrasans 370 B (72.4), AOJIYYHM CRERYIOWICC ypaBlielne:

M+ [(U—B) — gl U—EF|p=0.  (737)

PaccmorpuM IpHKeHne B Lentpaapiom moxe. Flepeinem ¥ ce-
PUYECKHM KOOpAMHATAM H pelmennc ypapneuns (73.7) Oyiew ncxatn
B BHAE mpON3BEACHHA PamHANbHON (QYUKUUM Fa YrIOBylO (TaK Ke,
Kak 1 8 § 59):

Pir, 0, ) =R (9, &)

[lpn sTOM nepeMeRKLie pasAelsiOTCH, I YPaBHeWHe AN YrioBOH

uacTH BCHET K TEM XK€ Cepusd repmos s, p, d, ..., UT0 u B paHee

pPACCMOTCHHO} 3aZadC O RBIDKEHHH B LenrpaabHon mose. Jas
zet

cnyyan KyJOHOBCKOTO moas, e U=—— =, pajsaneioc yoas-

HeHve MpUHHMaeT BHA

n a2R h 2 dR Ze?
W WTT,+[(E+T)+

[ Ze 2 B oig4+h
+ g (E+ 5 ) — g L5 R=0, (3
AW, NOCAE BbIIOJHEIHs S7MeMenTa pHbIX ]IpewpaﬁOBaH”l’l,
4R 2 dR £ 20l
e+ )+
QuZe’ E \1 o2z —1{{+ 1
F 2 (g By L BEE D R 3.9

o
3mech Mul BBeM 0603iaTeHHE & 7 Sra RennunHa, K 06CyK-

JEuMi0 KOT0pOit MBI elle BepHEMCS B KOHHE Daparpage, rpybo
pasra 1/137, a suaunr, a® —nopaika 10-5. Ecau reneph, UMes B
BHAY 3TO OGCTOATENbCTBO, 0TOpocHTL B (73.9) wnen ¢ o’Z%, To, KaKk
JMCTKO BHAETb, TpPH €->00 YpAaBHEHHE NepCXOLMT B panuaabhOe
ypaBHEHNe Keneponoil 3afady, ACTANRHO PaccMorpcHROE B § 59.
{lo3roMy Mbl OFpaHIUNMCS TEM, NTO HAMETHM AQJbHERIINC dranbl
pellenus, He NPHBOAA NPOMEKYTOULHX BLyHCAeImil. Pewenue
Hmercs B BHAE CTENEHHOro pafa, AAS KOTOPOro NOACTANOBKZ B
ypaeRenne naer pekyppeurnyio gopmyay. Ee amands nokasmmaer,
4TO pAj, BOOGLIE FOBOPH, PAaCXOAUTCH, 34 MCKJIOdeNHieM HEKOTOPHIX
3nayennii NOCTOSTHHBIX, BXONAUUIX B PCKyppenTay0 dopmyny. [lpn
9Tux M0 pANIBIX 3HAICHHAX, JABUCAIINX OT COBCTBENONO 3HAYECHUI

§ 7% GOPMVIIA TOHKOA CTPYETYPH TTPMOD 297

sueprin £, GecKOHCYHBIN psi/g HPEBPAALTCA B NOAMHOM CTCEHH M.
TaxuM ny1ev AOMYyYaeIcs cAeNYIoee BHPANKCHUE JVis

£

oz iy
w‘ﬁ{l+[n,+‘l/(1+—;—)'_u227_%]”] —1L. {78.10)

OGparun BHHManHe Ha KBAAPATHE! KOpenb 8 uasicnarene. On
B3AT €O 3HAKOM w1OC, KO MOr Obi ObiTb B3AT M CO 3MAKOM MUIYC.
Anannz opmyan (73.10) noxasutpaer, 4TO B8 ITOM CAytae AIH E
nosy4aeTcs cHeTeMa ANCKPETHBIX YPOBHEH, PacnoOomeHHbX Bblle
—2uc?, cxoasmuXes K ITOMY 3HAYCHUIO B NEPEXOfduyix 3ateM B
CnAOUITON CCKTP, newanuit nmxe —2pc® TaxkpM ofpasoM, suave-
BHS 3HepIliH U3 CILIOWLOTO CACKT)A COOTBCTCTBYIOT OTPHUATCHLHON
KiicTnieckol sneprui. He crellyer cMcwHsaTte 510 OBCTOSTENb-
©TBO € TeM (paKTOM, HTO U MpH pelHIENIH KCIJAEpOBOf 3afatn B Kaac-
CHYECKOH MEXaiHKe TOMAHASN SHEPITH /S orpaKHYEHHOTO JIBIDKEHUT
oKaalIBaercd OTPHLATCALHON, B 5TOM nocnesneM cayyac Haguune
3naKa MiHyc OBYCJIOBICHO TeM, UTo AJf (HUHTHOrO ABHMKEHWA no-
TCHNEAMbHAS SHEPIAs, HMCIOWAn OTpHUATENbIbR 3HaK, 0 MOYAO
GoMble CYWCCIBENHO AOMOKUTCALHOK KRIIETHYCCKONH  Suepruu.
B paceMarpiiBaeMON e CRydae peds WIET O COCTORHUAX C OTphula-
Tedbuoi KuneTHuUeCKof 3nepruefi. Ilosnenye TakAX COCTOAHRR fAD-
JiseTCA XapagTepHON UepToit BCEX PeMNTHBHCTCKHX TEOpHl, Ha 4ro
Brepsue obparha spupanne Jupak. Mu, onnaxo, spech ue Gyacs
YUHTBBATL 5TH COCTOSIBHA C OTPUUATENLHOH SHEprued, MOCKOJbKY
Hac HHTepecyloT TOJIbKO M3MEHENTs yDOBIEIl SHCPITH, 06yCIoBAeH-
Hbe eNfi THBHCTCKON 3aBWCHMOCTLIO MACChl OT CKOpOCTH.

Bepiiemes & dopmyae (73.10), rie xsanpatisiil kopeHb BEIGpaH
© TOJOKITEABHLIM 3RAKOM. Paznaras ec npasyio YaCTb [0 CTENeHAM
o2, ¢ TOUHOCTBIO RO o, MOJY4HM

pet a2Z? oz n 3
£, =—5 21 +T(,+_v,“f)]+ s (@801
Tre n == fi: 414 1. Orciona, upiimmas po pruMaihe Bupaxenuc
H KOHCTAHTH @& =%, AJIR TEPMOB

nocrosnnoii Puabepra R ;

Hax0AHM
_ Fu__ RZ® wzl f a3
To=— =T [+ T
-
2
RZ? Ra?Z! 1 3
R (,"_ﬁ Foe (1312)

Tepstiil el 370l GOPMyIbl ECTH 6anbMepos TepM, a BTOpolt mpel-
<Tapifer co6Of WCKOMYIO DEAATHBHCTCKYIO HONpaBKY, KoTopad ¢
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TOUNOCTBIO A0 &' paRrHA

AT, Ro*Z*

_3
|

(73-13p

Pl

1+;

Mbl BuAUM, 4TO B 9TY POPMYAY BXORHT a3WMYTaNbHOE KBAHTO-
Boe gncac I Taxusr obpasem, pasf pasapunblX [ monpasKa nMcer
pa3ubE 31AYENHA, § HMEBLICECS pAMee BbIPONIEHHE OTHOCHTENBHO-
43UMyTaNbHOrO KBAHTOBOTO YHC/IA TeNepb CHHMAGTCA: TEPMBI S, P,
d, ... OpH OJIHOM H TOM Ke 3HAYEHIH rAaBHOTO KBAHTOBOrO UHCIE
A NPHOBPETAIOT PASMHUIIEE 3NAUECHHS,

B SAKIOUEHHS BEPHEMCA K OCIOAHHOA  TOWKOR  CTpyKTY-
pua:r%, BXOASueR B peJATHBHCTCKYIO NOMPABKY M MpCHCTaB-
Astomedn GoMbllolt unTepec Aas TeopeTnyeckol pusukH. [lockoabxy
pa3MCPHOCTD €2 ecTh anepeun X OAure, a pasmeprocTs h— 3Hep-
2un X 8pess, 10 o ABAKETCA Ge3pasMepHbiM UHCIOM.

Tot (axr, uto CyulecTByer npoctad GespasMepHas KOMBHHALUS,
COCT2BAEHNIAs H3 YHUBEPCAbHLX MOCTOSINIbIX, KOTOpHIE XapaKTEPH-
3YIOT L@CKPETHOCTh 3JEKTPUYECKOro 3apana (e), Teopuio KBanTtos
(h) ¥ TEOPHIO OTHOCHTEMBHOCTH (C), NEHCTBHTEJBHO 3aMeqaTefeH.
BaxuocTs 3Toro Qaxra Guia BhepBure oTMeyena JHHWITERHOM d
Taankoy, xotOphie 06paTHIH BHEMaHHE HA TO, YTO SAEMenTtapnbif
xBanT JeficTBusf h HMeer TY 3Ke pa3sMmeprOCTb, YTO B €2/, nphuem,
YANBUTENLHEM 00pa3om, MPUOAHIHTENbRO TOT K NCOALOK BEMH-
YRHBL, 3TO CHOYXHT AEKOTOPHIM yKA3aHHeM Ha TO, 4TO B OyAymeft
YHHBEPCa, bHOM TEOPHH AOMKHO CYUECTBOBATb COOTNOMIERHE MOKAY
S1EMEenTapHbIM 3apALOM H uddyycuueMm. B sjekTpoMarnutoM cay-
qae KOHCT@HTA CBA3W MMeeT MAaJylo BEJRUHHY a ~ 1/137 u cBasw
Becbma npocta. Jlna s3aduMopeficTsHA (panpuMep ANA AREpHEIX
cmlg3 CUTYyallus HE TAK XOpoua.

0001ie CYMECTBYCT BECKOMLKO METONOB TOUHOLO ONpeelenus
@, BoanWHHCTBO H3 HMX CBRI3AIIO C H3YYeHHEM TOHKOA CTPYKTYpbb
cnexTpagbux tepmos, OHaKo B nOCAeAHee Bpems OTKphulach He-
OXNAaHAASA BOSMOXKHOCTb TOYHOIC ONpEAeTeHus ¢/fi ¢ NOMOWBIC Tak
Ha3HEZEMOTO 3(pexta Jmosegcona, KopoTko rosops, cyTs 5TOre
S(h(PEKTa COCTOHT B TOM, 4TO MEMIY ABYMA CJerka pasmBUHYTHIMH:
CBepXNPOBOAHEKAMHM, K KOTOPHM NpHIOKEHA PA3HOCTL MOTERINA-
208 V, BO3ERKaeT MepeMeHHbIil CBepXMpOBOASULI TOK, YacToTa KO-
T0poOro aaercs gopmyJaol

310 COOTHOUICHHE, BHBECHHOC U3 CAMBIX ODIIMX CBONCTB CBEpXIpo-
BOINUKOE, CYHTAETCH TOYHBIM. DKCIEPAMEHT COCTOMT B H3MEpEHuIE
4acTOTHl ¥ MyTeM 0GAYYEHns NPOMEKYTKA MEMAY NAACTHHAMH HeK-

574 SOPMYJIA TOHKOP CTPYKTYPHL 299

TPOMArHUTHLIMK BOSHaMH- Ha Aerassix Mb 31ech ocTanaBAHBATLCS
“e MoMeM *).
HawnGosee tounmM 3unaseHHeM l/e B Hacrodiee Bpems Cud-
‘TacTes
e = 137,0357 % 0,0004.

§ 74. dopmyaa TOHKOH CTPYKTypbl.
pOHTanbHOE iicTHe

Ogparavea Tenepb K paccMOTPenHio BTOpOl 110NpABKH, HMCHHO,
TIONPABKH HA B3ANMOACHCTBHE MENIY CHHHOBLIM H OpOUTANBLHLIM
momenToM. Ee Mb maileM M3 CACAYIOWHA TOJYKIACCHYECKHX €O~
obpaxenuii.

JIoNONHHTEALAYIO IHCPTHIO SJEKTpOHA-MarliuTa B MArHHTHOM
TOJC, CO3/1aBAEMOM Cro K€ OpOMTANbHLIM [BHXKEHMCM, MOKHO
BHIPA3NTh ABYMA pPABIONPaBIBIMH CNOCOGAMM, BelymHMH X YHC-
JIEFHO COBMAAAOWHMM pe3ybraras: 1) Kal 3HeprHlo B3aUMONEHCT-
BUA MarHUTHOro NPANOMH C MATHNTHBIM NOJeM; 2) KakK KHHCTHUECKYI0
suepruio JapMoposol mpeueccud (M. T, I, § 76). Mebr noiinem nep-
BLIM [IyTeM B GYAeM BLIYHCAATH NOTEHUNANLHYIO SEprifo, T. €. Cia-
JnpHoe npoussesenne — (M), rre M — coGeTpennLit MaryuTIbIA
MOMEHT 3/1eKTpOHA U 6 — HATPAMCHHOCTH MATHATHOTO MO, 08yc-
JloBaeHHoro ero opOuTalbybin ABWieHucM. HanpsxerHocTd noas
H MOXHO BhiguCJHTb TaK. IlepciaeM OT «HCMOJBUXKHON» CHCTEMH
KOOp.IHHAT, CBA3ARHON € SPOM, K TIONBHXMHON CHCTEME, CBAIAHHOR
< 974eKTPOHOM. B 3TOH CHCTEME LEHTp TIKECTH SIEKTPOHA OKOHTCH,
2 AP0 ABHKETCS €O CKOPOCTHIO V, YHCIIEHHO PABHOH CKOpOCTH 3JeK-
TpOHA, HO HANPABIEHHOR B NIPOTHBOMOJOXKHYO CTOpony. D10 ABH-
JKenue CO3AAeT TOK CHaoll Zev, a Marnirtaoe moje 5TOro ToKa [o
sakony Bno—CaBapa B TOuke, T NAXOAMTCA S/EKTPOH, PaBlo

Ze [vr Ze[rv]
R 741
Bextoprioe mpouasenenue [Fvi Mu Jerko BLPA3NM yepes MOMCHT
KoJauuecTsa ABMKenusn | (MOMERT KOJH4eCTBA JIBIKEHHST OXHOrO
S0€KTPOHA Mb 8 AanbueiluieM GyleM ofo3uauaTe Masoi Gykpoh I
MOMeRT KOJIMUECTBA JIBHXKEHWA ATOMA B LeAOM— nponucuoi Gyk-
soit L). Hrak npanumas 8o shumanue, yro

F=p[rv], (74.2)

qonyqaeM
Ze

ner

*

(74.3)

*) MnTepecyiomuxcs Wl OTChIAGeM ¥ CTaToam 8 Mypnane Yencxn Gnaune-
.cxux mayx 94, pun. 2. 353 (1968) Cw. taxe M. O Kyauk W W fncox,
BDogext [ b B TY eTpykTypax, «Havkar,
1970
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Jlo6asounas e SHEPrHA MATHHTHOTO XuBoA ¢ MomentoM M B nome
3 pasua

Ze
per®

— (M#)=— (m). (74.4)
D10 BLIpaxenye, KAK yxe Obi10 CKA3al0, BMECTE C TCM PABHO K-
HeTnuecKOll 3reprin NapMOpOnOH npelecclin dnekTpota. ORaKo He-
OB6X0LHMG MPHHSITL BO BHUMAHWE, YTO SHePrHs, Bhipakaemas pap-
mynofl (74.4), COOTBETCTRYeT JapMOPOBOI NpeLeCCHH B CHCTCME
KOODAHRAT, B KOTOPO! HOKOHTCH UeHT) MHEPUHH daekTpora. as
TOTO 4TOOL! BEPHYTLCS K CHCTEME KOOPAH(AT, B KOTOPOH mOKOMTCS
AP0, WK, TOUHEE, LEHTp HHEPIHH BCETO aToMa, HYKHO NPOHSRECTH
cute npeofpasosanue Jlopewua. Jlofasounas sHCprus MarHHTHOTO
B3anMONEHCTBH%, NOAydaeMas B OKOHYATENbIOM pe3ysbTare, Kak
nokasanu nesaBuCHMO Apyr or apyra §1. M. ®peuxens u Tomac,
pasia nonopuie (74.4), 1. e.
Ze
His=— g

(ml). (74.5)

D1y 106aBOYRYIO 3HEPTHIO Ml MOXKEM DACCMATPHBATL Kak Maaoe
BO3MYll[EHyE B CPABHEHHI C TMIABHOH YaCTbI0 rAMUIbTOHORON (yRK-
uin Ho CornacHo A3BecTHOMY NONCKKEHHIO TEOpHH BO3MYMEHHH
(cM. § 87) moGaBoymas SHEPTHS, OGYCILOBAEHHAT BOSMYIIEHHEM,
paBea cpelliieMy 3HAYLHHIO BOSMYMIZOUIETO HIEHA TaMHILTOHOBOH
(byHKUMN, BHYNCIEHHOMY A0% (1€BO3MYIUIEHHOrO COCTONHHS, TAK UTG

AE;s =Hys.
Bpupy TOro, uTO BCe BeaNumHbI, BxOAsUme B (74.5), xpome r,
OCTAIOTCS TOCTOAGHBIMY, YCPEAHAT NPHUXOIKTCHA TOAbKO 1/r:

Ze 1

— (). (74.6y

AEig

Tak Kax ycpeHeiHe GPOH3BOIUTCH N0 HEBO3MYUIEHHOMY COCTOS-
HHIO, TO IAS BHIOJHEHHS €r0 HyXKBO BOCHOAbZOBATHC COGCTBEH-
abMH (GYHKIHAMH KemIepoBoli 3agaum, kotopuie Oblim NOJYuEHSL
B § 59. Ml e 6yleM NPHBONLUTL COOTBETCTBYIOUINE BHKAANKM; OKa-
3pIBAETCA, UTO B pe3yJbTaTe BLIHCICHHA moayyaercs

I3 z2
(=)= anttr g)a+ oD

rile @) — nepBHIil GOPOBCKUIl pazuyc:
. »
@= T

Ofparamcd Tellepb K BHFIUCICHHIO CKAJSPHOTO TNPOH3BEICHUS
{M1), Bxoaswero B dopMyay (74.6). OTHOmeEHnHE MATHHTHOTO MO-
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MenTa M, COOTBETCTBYIOUIETD COWHY, K €r0 MEXaHUYecKOMy MO-

MeuTy S panmo 2 ° (§ 68); nampabiepne M TpOTHHOMO-

e pe
Jokno S, TaK Kak 3apsn SJAEKTPOHA OTPHEATENEH, M MOITOMY
e
M=-—-5. (74.8)
YuchienHble 3aueHMs COHBOBOTO H OPGHTaJleOFD MOMEHTOB paBHBL
1S'=Vsis+ 1), (74.9)
= VIUF )k (74.10)

Jlns cOKpalleRnss 3arHcH M B JNafbuefimem GyleMm o6osnauarb
KBAAPATHLIE KOPHH Vsis+1) n VI({ 4 1) cooTBercTBeHHO Ye-
pes s* u I* Tak uTo

ISi=sa 11l

TIpeofipasyeMm Tenepb Bhipamenue (74.6) pas noGasounol suep-
rui AEjs Tlonctasasa 8 uero cpeanee 3uauenne (1/r%) ns (74.7),
HaNOLHM

. 74.11)

Zle? (M1}

AEg e,
ue aw(z + %)(1+ ny

YuuTHIBas CRA3H MEXKAY MATHHTHEIM H MEXaHMYECKHM MOMenramu
anekTpoHa, RaBaeMyio hopmyso (74.8), nomyynn

Z'e? (s

AE; g ——————— |
S e a;n“t(z+'7)(1+1)

Hcnonbays Temeps suipamenns (74.11), npusoguM p00aBounyio
SHEPTHIO K BHAY

i s
BEs =4or X cos(S, 1),
W a}nal(l + 7)(14—1)
Haxoken, BBO1s Clofa Nepssli GOpoBCKAA painyc &) ==-rz, MO
.
croaunyio Puabepra R = 45’:;30 H NOCTOSIHHYIO TOHKOR CTPYKTYpH
2
o :% , Oyzem umeTh
2nRathezt

AE;, I's*cos (8, 1)

n31(1+ %)(14-1)

3aMeTnM, YTO B CHEKTPOCKOMHW HACTOTH COEKTPANbHBIX JAHHMI
OGEIHO XapPAKTEPH3YIOTCA JUHEHIILIMY BONHOBbIMH Ynciamu v ca~!,
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4 MO3TOMY 1enecoofpasHo 3aMeHuTh mocToAnayio Hupaka # mocro-
aunon [lnanka i = 2nh. Toraa Haiigem, 4to

RatheZ?

AFis = a i+ %)(!4—1)

I's*cos(S, 1) (74.12)

Haw ocrazcs Terepb MoCAENiHIl 3Tam — BEMHCACHAE KOCHHyCa
yria MeXAy BeKTOpaMH OpGUTANLHOLO il CIHHOBOrO MOMEHTUB KO-
nguecTsa ABHKenud, cos (1, s).

Ha puc. 39 no u3BecTHOM Teopeme TPHTOHOMETpHY HAXOMNM
(r=Vvig+n

Pr=rtg s’ —arsTcos[n—(I, S =I"% 45" - 2" cos(l, S).

Orcrona

Pret?—? D=l D= (s 1) 74.13)
5 . (74.

s’ cos(l, S)=- 5
Ioncrasnas stor pesyabrar B (74.12), #axogunm
AEjg = Ra“lwl‘ /(/+I)AI(HZ>U*S(S+[)'
Y (z + 7)(14» I

a OTCIONA REllpaBKa K TepMy, O06yCGIoBAennas B3aUMOAEHCIBHEM
cnaE—O0pPGHTA,

Ra2zs JUFD 14 D —s(s+ 1)

ATyg=— B —_—
n=(1+%)(1+1) 2

he

(74.14)

Tak Kak | 1O NpenslIymeMy MOMET HMeTb 3HAYCHHA 1-1—2l "
1

=5,
iHe IBa 3HAYCHHA:

a) mas [=I+-2—

TO BTODOHl MUOKUTENb B QopMyic (74.14) nMmeer cacayio-

i 3y . 3
I+-2—)(l+3)-—l —-%

I.
2 2’

Hi+ D=+ —s(s+1) =(
2

. 1 N
6) ana j-——Il—< ana’loruino wafigem

MDD =L+ D —s(s+1) 141
2 - 2 -
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CooTeercTsyiomue Aea 3uauenns AT TaAKOBbL

2z .
AT g=——RE8 i
w2 (i4 g iy
(74.15)
AT, :—% aas o j
n32r(1 + 3)

ﬂJIﬂ OTBICKAHHS TOJHOMN HOHpaBKH K TepMy Cﬂeﬂ.yeT nafTH CyM>
My peNSTHBHCTCKOM noupaskil AT, no gopmyne (73.13) u monpabry
ATis mo (74.15). O6c GopMylL MOKIO COCNMIHTL B OZHY, MpUHH-
Mas BO RumMaunne, uto j = [ 1/2. B camom geqe:

a) aasd j=1+41/2

Ra2Z* 1 3 274
AT=AT,+AT,S=%(—I—«H)—TRLI—=
Ly % (1+7)(1+1)
ARaZZ‘( 1 3V_RaZP /b3
Y :+1_H)_ n® 1 an |*
ity

6) aaa j=1-—1/2 analoryyHLiM BHUHCICHHEM MpK TOMOLLL
BTOPOt GopMyAbt (74.15) naiinew

Razt (1 _ 3 Raz* 1 3
R It a2
i+

B 0fOMX Clyyasx 3HAMeuaTenb nepsoii RpoGH B CKOGKax Gymer
i 1/2, w popMyta muLICTCS B BHILE

AT =22 ( L. ) (74.16)

3 [T

i+3
D70 B ecTh GOPMyNa TOHKOA CTPYKTYpH, YKasanuas B navane § 73.

U3 sTOft GOPMYIL BHAHO, TO AAS TEPMOB S, AAf KOTOPLIX |
MMeeT eIMHCTBEHHOe 3HAYcHHe 1/2, MOmpaBKa HMEeT TOILKO OJHO

3HA4CEHe 3
Ra?Z*
ar=2R2 () ),

P

OTKyNa CACLYeT, ¥TO 5Ta IIONPABKA TOABKO CMOINAeT S-TEpMbI, HO
He pacwenJser HX. Jlsi OCTAXbHBIX TephoB (p, d, [, ...} | mweer
no asa 3uaveHns = 1/2 ¥ TOTOMY KamAbii YpOBeHb, COUTHCTCT-
ByiOmnil STHM TepMaM, pacuienaerca Ha ABa nonyposus. Taw Kak,
Razee, Npu INIaBHOM KBAHTOBOM Uncfe 2 — 2 WMECTCS ABa ypoBus
2s u 2p, npu # = 3 — Tpu yposHs 3s, 3p, 3d w 1.4, TO NpH N =2
paculenyiense aaetT TpH MoAypoBust (OZHH S-TepM W ABA p Tepma)
npu 1 = 3 — 0aTL NOXypoBnei i T. K. OLHAKO Cpefn STHX NOAYpOs-
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Heil BCErfia HMeTeA TonapHo cosnaaawomue. [efictBatessuo, npa
OZHOM W TOM K@ IVIaBHOM KBAHTOBOM YHCAE i [pH OTCYTCTEHU
yd4eta TOHKOH CTPYKTYPH 3Haue-

4"Zf"'/z}w ((HA TEPMOB 3aBUCAT TOMLKO OT
//l;,,-l[! 477~ TN2BHOTO KBAHTOROTO WHCAA fi i
g 428 e 3aBUCAT OT KBaHTOBOTO WHCAA
’/Zﬂa/ am 1, Hohllyaaxa Ke, flapacMan $op-
,',z/‘,yj}f MYJOf  TOUKOM CTPYKTYphl mpH
y‘p,/zl OMOM K TOM 3KE 11, 3aBUCH(
4.'{;,/1} oy~ TOABKO OT j H 4@ 3aBUCHT OT L
Ho rtak kax j = {24 /2, 10, Ha-
TPHMEp, OpK f == 2 j uMCeT 3Ha-
20 venus /2 was repmos s(J = 0);
7 457 TIO3TOMY (OAYPOBHH TepMa
Iy P = 12 n tepwap,j = /2 mewc
W] ny cofoit cosnagatr. Touno Tak
L2 me 131.'”1 n=3 ﬂé)léypoﬁﬂﬂ 3p,
52/71/,1 ﬁ /2 u 3d,j /2 TOME MexK:
2 y cofo#t cosnanant. fosromy
I, RIS =2 (OCHOBHO{ TepM ce-
pur  Banemepa) noaywaercs
2 He* fsry, TONBKO  IBA llgﬂypOBHil BMCCTO
1588 TpeX; ANA 7 = 3 — TpH HOAYPOB-
N T HSl BMECTO uAtd w T. A. Hanee

H3JZ0 OPHHATE BO BHHMA(IHE, uTO

no gopmyne (74.16) monpanka
wafy, AT ObCTpO y6niBaeT ¢ yBedmuc-
HHEM T/12BHOrO KBAHTOBOTO UHC-

P e ——rorar——y na  (oua 06paruo  MPONOPLUHO-
WIE,7 40,87 8.5 F I~ Hansha kyGy n). Iostomy TOH-
Prc, 41, Towxasn crpyktypa amemw Kas CTpyKrypa Jamumil cepuu
A=4685 A uomnsuporamnoro remws. DasTbMepa UPAKTHYECKH Ompexe-
Cp: Teopuu © Tom.  JISIETCH JIBOKCTBEHHOCTBIO OCHOB-

HOTO ypOBHS 11 = 2,

Ha puc. 41 npusesena cTpyktypa usgn Het A= 4686 A. Tax
Xak fo gopMyde (74.16) pacuemienue mpomopunonareso Z4, To
B Caydae reAnn (Z == 2) paccrosiiue MeX1y KOMIOUEeHTaMu B 16
pas Gosblie, yem B cayvae sopopoaa, Kak suarO W3 pucyuxa, co-
tAacde MexAy Teopuedl M IKCHEPUMEHTOM pMeeTcn.  Onpaxo
nMenTesl U pacxompenus. O uHX CM. Crexylompi naparpag.

§ 75. Casur yp

& aueprum a a

B konue npestiyuero naparpada 6uu10 yKasaHo, 9T, CorMaco
dopmyne (74.16), #BASIOUEHCH (PAMBIM CrexcTEHeM YpaBHeHus
llMpaka, MOMYpOBIM ¢ OAMHAKOBHMH KBAHTOBBIMH WHCAAMH | U ¢

e
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OU(UM ¥ TEM JKe MIaBibIM KBIHTOBBIM YHCOM 72 ROJWHB[ MEKIy
<060t coBnagate. [1aBHOMY KBanTOBOMY UuCHy 1 = 2 (OCHOBHON
TepM cepun BadbMepa) cooTBercTBYOT TpH rogyposus 228y, 22Pu,
i 2Py, (0 MOBOLY CHMBOJOB cM, § 72). JIBa M3 HHX, HMEHHO 225
u 22Py, NOMKHBL MeXJy cofoft coBuagaTh, Tak Kax Y HHX OIHHA
KOBB WHCHR | = 1/2. TPe-mFI Tepm 22Dy, JOJMEl NeKaTh pbillle Ha
pacctoaknn 0,365 cu~!. Tlepexomn ¢ yposueii n= 3 na yposup
71 ==2 COYCHOBAUBAIT TOHKYIO CTPYKTYPY KpacHofl i cepiu
Basubmepa somoposa H, Crpoeume 3108 JHHEH MHOrOKDATHO H3y-
4al0Ch, OAHAKO Pe3yibTaTsl NPERAHX paboT GBUTH ((POTHBOPEUNBL:
OAIH KCCACAOBATENN HAXOMM/K [OANOC TOATBEpHLeBne POpMY.n
TOHKO! CTPYKTYpLI, ApyrWe OfHapymupanu oTcTymaequs. [lpuuuia
STHX DASHORAACHA JIEKHT B MCKAIOYHTE/bHON IKCTEpHMeHTaNbiol
TPYAHOCTH HCCACJOBAHWA Aax¥ce [anGosee TOMKHMH ONTHUECKHMH
MeTONaMi CTPOCRMS TPYWibi UPE3BLIAAIO TECHO DPACHOMOKEHHbIX
SRHKA, 061alaoUIEX TOBOMLEO GOMLWON mupruoft. B Nstuaecsue
roxbr (1947--1950) 6buiH NpPUMEHEHL COBEPLIEHHO HOBbIE MCTOBL
TaK HA3LBAEMOR PANHOYACTOTHOM CleKTpockoUH. JIeno B tom, uTO
paCCTONHAA MEKAY MOLYPOBHAMH IJaBGOTO KBA(TOBOFO YHCAA
7= 2 JexaT yKe B 0GMACTH (€ ONTHYECKOrD, HO MUKPOBOJIHOBOrO
paxnodactoTHoro Inamasona. Tak, nanpumep, PaCCTOSHHIO MEMI
nonyposamu 22Py u 22Py, cootseTcThyioT wactora 10950 meca-
2epyicex W LIAHA BOJAWGL A = 2,74 ca VuoMmanyrhe e otcrymac-
Hust OT GopMyan JlHpaka, 1aGII0AaB(HECH HEKOTOPHLIME DPAHHHME
HCCJIRIOBATE/IAMH, COCTOSVIM B CMEMEHHy YPOBHA 225y, OTHOCHTENb-
10 yposus 22Py, na 0,03 cu~l. DTo cMeureHie COOTBETCTBYET 9acTo-
e oxon1o 1000 mezazepy/cex, B To BpeMs Kak TOUHOCTE H3Mepenus
MpR COBPEMERHOI BHICOKOH IKCMEPHMEHTAALHON TEXHHRE B 06JActH
MpKPOBOIH MOKET GblTe Roselena 10 [ meeazepyfcex, uro coBep-
LWEHHO 1EAOCTHHUMO IS ONTHYECKHX METOLOB.

B pagorax Jlsm6a u Pusepgopaa ans ofHapysmeanst casura
vposus 228y, Gelt MpuMenew cAexyoumi Metod. Jlnnelinui myuok
4TOMOB BOACPORA (cM. § 69) npeamapuTeNsHo TOABepraics GoM-
GapAMpOBKE 3JEKTPOHAMH, B DPE3YJAbTATE KOTOPOH wACTh aTOMOB
UEPEeBOANAACh B3 HOPMAMLNOro cocTosinnf %S, B BOaGymuenHoe
228q, (sueprum Bo3Gymaenns 10,2 eV). [Ipsmoit mepexod ¢ usay-
GEHHCM p3 3TOrO COCTOAHWA B HOPMAlbIO€ 3aupelie NpasuaaMi
otfopa KBaHTOBOrO 4ucaa [ BBUAY TOTO, YTO STOMY mepeXOmy Co-
ornerctByer Al =0, Torza Kak mnpasmamp oTGopa (§ 65) paspe-
waioTes nepexofst Al = 1. Biaarogaps stomy BosGymzenHLie
4TOMBr TWEGHIBAIOT B COCTONHRN 2°Sy, ITUTEIbUBIE (POMEKYTKH Bpe-
MeIH (TaK HASHIBAEMBIE METAaCTAaGHIbHEIE — OTHOCHTENBHO YCTOf-
qunble aToMbl; ¢ § 106). 10T TOTOK CHABHO BO3GYKIEHHLIX Me-
TaCTa0HALHLIX  BOXOPONHBIX aTOMOB [(PUIMMAICA <7ETEKTOPOM»,
KaKOBBIM fBAAJACH BOJXb(paMOBan (nacTuiKa. [1pu nonamapun wa
MeTaMNIHUCCKYI0 HOBCPXIOCTL BO3GYKACHRLIE aTOMBl PaA3pSIKANHCE,
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0TA&BAA CROK 3HEPTHIO 3/CKTPOHAM TPOBOLAMOCTH Meralla, KOTO-
puic 6Aaronaps 3TOM) 0CBODOXLAMTHCE, 06PAZYS SMEKTPOKRKHN TOK.
CHaa 5TOTO 31eKTPOHKOrO TOKa H SIBAAJACh Mepofl uucaa MeTacta-
GHIBHLIX ATOMOB, IONABIIHX H& HETEKTOP.

Ecau, oxpnawo, mOTOK METACTaBWILHGIX ATCMOB neped fomaia-
IeM HY HA IeTeKTOp TONBEPrilyth IeHCTBHIO DARMOYACTOTHOrO
SNeKTPOMAFKITIOrO NOAS, TO MOJ BAHSHHEY 0O HpH NOLXORSTIEH
ero wacrore Meractaluibiibie aTOMu OylyT mCPEXOAHTh B ApYTHE
cocrosiEus. A uMcHHO, ecau ypoBeHp 228w, Ha caMoM fleae He COB-
nanaer ¢ yposuem 22Py Mo newut shume Hero wa 0,03 ca~' (uro
cootserctsyer 1000 seeaeepyjcex), To TOA BilMAnueMm nos Oy-
NyT NPOHCKOAMTL TEpexOAbl IBOAKOro pOAa: MPH 4&CTOTE GKOMAO
]8000 mezazepyfcex (10950—1000 22 10000) arombl u3 coOCTOR-
nus 228y, GYNYT MepexoanTs B COCTOANNE 22Py;, or0mAas Iuepruo
w1 mons, a upu vacrote 1000 meeacepylcex meracTabiuIbHLIE
atombl 228y, 6Y1yT NepCXONUTD B COCTOAKKE 22Py, myTeM BLIHYXKIEH-
HOTO HCuycKauna *) (qrpHuareasnoe mopgomenne cv. T. I § 101).
Uz coctosiimit ke 2P aTOMBl HACTONLKO OBICTPO TEPEXOIAT B 110p~
ManLHOe COCTOse, YTO 10 NETEKTOpd OHH ROJETalor, YKC pasps-
NUBIIACE OT CBOER Ocuablof aGuTounoR sHepruy. Takum ofipasom,
ZeitcTBHe 9AGKTPOMATGHTUBIX BOAH COCTONT B FAMICHHH MeTacta-
GUTBIEIX COCTOSIHHA, a yMeHbileHde yicda MeTacTabu.IbHbIY 410M0B
oTMeyaercss majesMeM AMEKTPOINOrD TOKA fereKtopa. dpdexr 6Hy-
ZIeT OCOGCHHO DE3KO BhipakeH NMpH pe3onarice MCxKAY 4actorofi pa-
IMOBOJTH B PACCTOSHUEM MeM 1Y ypOBHAMH SHEpruy, 61arofapa uemy
KpHBas 3aBHCUMOCTH TOKA HETEKTOpa OT HacToTbl PafHOBOJI G-
Kila 0BHApYKHBATb MAKCHMYML B COOTBETCTBYIOWHX MeCTax.

DTu MaKCHUMyMbl Ha camoMm fete Oplan OOHaDYXKelbl, I ouy mo-
ABOJHIN C XOCTOBEPIOCTBIO YCTAHOBHTD, UTO! d) PACCTOSHHE MEXAY
nonyposiamy 22Py, u 22Py, cocrasaser 0,365 cu~?, xax 1020 Tpe-
6yer Gopuyra [Hupaxa;, 6} yposeuv 225y, cMelleH OTHOCHTETSHIO
ypoBust 22Py, @ npoTusOpesuu ¢ TpeGosanues Gopuyast dupaxa,
COr/1acHO KOTOPGR 062 yPOBHS KOMKHEL COBTAAATH,

. Dru 3KCmepUMeHTanbHLE PCIYMBTATH NPUBIEKIH K Ce6e 5oMb-
moe Bitpvanpe. UHTepec 70T BroaAHe MOHMTel, TaK Kak nmpofiema
cBA3ana cO CBOMCTBAMU OCHOBHEIX MEMEHTAPIbIX 4aCTHI, K YHCAY
KOTOPHIX OTHOCHTCS 97CKTPOH. B acrosinee BpeMa mpHumHYy casura
MOXHO CYHTATh BBUCHCHHOM, OZHAKO TEGpeTHYecKHe NOCTpOeHHH,
Ha KOTOpBIX OCHOBAIG 5T0 OOBACHCHHE, NaNeK0 BBIXOAAT 3d PAMKH
wacTosiledl KHUCH u He MOryT OLITL 3lech naaoweust OTchitas
apTatedsd K CTaTbAM, IOCBANICHHBIM 3TOMy BOMpPOCY, MBI OFpakH-

*) B cayyse neconancuitn yposHcit 22Sy, © 2?Py, ROSMOKIL TAKKE CHOH-
rawnge mepexofm 22Sy,—> 22Py,. Tak Ka¥, ONEaKo, BE[ORMIOCTE MCPEXOAR NPO-
NOpULONAALHE KYGY YACTOTH, To BRHIY GIMSOCTH YPOBHCH BCDOATHOCTL STHX M«
PEXOJI0B HUYTOXHO M.
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qUMCSl 31CCL HCMBOTHMU sasedannamu *). CornacHo coBpeMeHHsM
ApeNCTABCHUAM (PUIHYECKHA <BaKyyM» OTHIOAb HE ABIHETCH Te0-
Me1puUeckGil MyCTOTOM, HO Hajlesen OnpeeneHHHMH (HIHICCKHME
CBOHCTBAMH. B 4actHOCTH, B BaKyyMe CyUIeCTBYIOT «(yJeBLE KOAe-
BGaHuA» TOJIA, AHANOTMUIIbE IIYJIeBbIM KONEGaHMSIM JaHHelnoro
OCOHANATOPA. DTH Hylesble KodeDaHusA, BO3AEHCTBYA (A JCKTPOH,
3ACTABARIOT €r0 KoNeHaThes OKOJIO HEKOTOPOTO CPEAHEro [10J0MKe-
HUsl, UTO 12 HEGOMbUIYI0 BE/HUilKY H3MCHACT Cro CPEHION MOTeH-
THalbIYio SUeprHio U B CBOK OYEPCAb BOACT K CABHFY ypoBHel.

Boupoc 0 GpuuHHAX CHBHra 3UEpreTHYECKHX YPOBHEH 2eKTPo-
4108 OTHOCHICA K KPYry QyHIAMCHTAJILHBIX TpPOOGAEM O CTpyKType
3JIEKTPOHA, TPOHCXOHCISHHH €ro MaCChi, UpHPO/IbI TOAA M T. m. Bee
3TH (POGAEMbI BBIXONAT 34 PAMKH KGQHTOBON MEXQHUKI W SABATIOTCH
TPCAMCTOM H3YUEHHA KB8aHTO80L 34eKTpodunamuku., Hexoropoe
npejcranneniie 06 3TOR OGJIACTI UHTATEb MOKET OMYHHTh H3 CTa-
Teft, YKA3AKKLIX B OPIMCHAHUA K HACTORUIEMY naparpady.

§ 76. JlyGueTsl menouubix MeTaNIOR

PopMy.1a TORKOH CrpYRTYpLI, BbBeNeHHAs B § 74, MokeT GulTh
obo6meHa Ha cyuall (1esoynbix Metanios, B § 67 ML Buaeaw, uro
CTIEKTPE UIEJOUHBIX METAMI0B MOryT ObLiTh OOLACHEHB pH HOMOUIM
Mozenn Haayuaowero siektpona, [pu sToM, opsako, BO3Mymalo-
ulee ACCTEHE <OCTORA», COCTOAINETO H3 OCTAMblblx Z—I 3MEKTpo-
HOB, NPOABASETCS B TOM, YTO TepMbl IPCACTABISIOTCA HE QOpMYyRoH
Baawmepa R/n?, a popmynoit Pundepra wFer R/n® rme n*—
3(QCKTHBHOE r1aBHOoe KBaHTOBGe uucao. Ecnu manucare 31y op-

2
Myny B BHIE RZ,pq/(n -+ a)?, TO ona OylleT NPUIrONHA HE TOABKO
A HeRTPAIbHBIX ATOMOB [€A04EbIX MeTAMIOB (Zopp = 1), HO W /LIS
HOHOB, HMEIOUIHX ONIH BAMEHTHBIM 3/exTpol, HanpuMep Mgt (Zypgy —
= 2), At (Zyggp == 3) u 1. 1. Jdasee, BMeCTO TOTO HTOGLI BBOLHTH
nonpasky B 2HaMeiatens GasbMepoBa TepMa u OHCaTL GOPMYTY
RZipy

Punbepra B BuAE GEor MOXHO ¢ TaKlM JXe YCIexoMm

BBECTH MONPAaBKY B YHCAUTCNL M MHCAThb Ty ke (OpPMyly B BHIe
R(Z —a)%jn® rie n, xak n B gopmyse Banbuepa, — rnaBioc KpaH-
TOBOE 4iCN0. B T2KOM BHIE MLI YKe NHCAIH QOPMYNY RIS pentre-
HOBCKHX T¢pMOB B T. 1, § 36. [TonpaBka a uMeer SCUBLA QUiHuecKui
embie: Z— @ ecTb «apPeTHBHLIIS 3APHI AHPA U, CAENOBATENLHO,
BEJIHYMHA ¢ XAPAKTEPH3yeT 3KpalupoBaune 3apsja Hapa 3JcKTPO-
aMH OCTOBA.

*) Cm. crareo SL A CMoponnuckoro YOH, r. XXXIX, 325 (1949),
a Tarwe BoTee AGCTYTHO HATOWCHRYIO cTaTbio B. Beficxanga, YOH, 1 XLI
165 (1950) Cw Tatoxe cGopmmx ciatef nop pea M. [ MBanckkg eCuour

yposueh a1omibx anextpokony, M, (950
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DM 3aMeuaHHEM MOKHO BOCIOMb3OBATHCA AJA TOFO, MTOOLE
TONYIMOUPHICCKH 0GofUwnTL HOpMyny TOHKO# CTPYKTYpbi na ciy-
yaR meouHBIX MeTaJJ0B H anajorunbX WM nouos. Popmyna TOK-
Koil cTpyKTypht (74.16) nosTOMy mpHOfperaer BHL
Ra? (Z ~ a)' i 3 )

AT = A
. ! an
[

31cch yKe ne mOAYYAGTCH COBMALAIOWMX MOLyPOBHCH NOTOMY,
uTO caMu TepMbl S, p, d pasnnunnl. B coorsercTsMu ¢ AByMA BO3-

N ! -
MOKIIBIMM 3HAUCHRAMH | lt—g— kamasiit Tepu® faeT Hauano

ABYM OOIZyPOBHSIM, OGYC/AOBAMBAIOUINM  Ay6AeTayi  CTPYKTYPY
CREKTPAJIbHBIX NHHIH UIENOYHBIX METaIOoR.

§ 77. Caoxuntit addekr 3eemana

Bce aTombl, HMEIOUIHE ONHH H3IyYAiOUIBHl SAEKTPOH, T. €. ATOMDI
11, Het, Li+*, Be™ u 7. 1, a Takke HeATpasbHLIC aTOMEl nepooft
Fpymiubl BepilOLNUecKol CicTeMbl 8 CIAGOM MATIHTHOM o€ AT
cnowHbi apdexr eemana. B ciyyae upoctoro aggexta (. i,
§ 77), k4K B3IBECTHO, TOJYuaeTcsas TPH JIHHAM FApn HAOMORCRUU B
Hanpasfienii, NepueHKyAAPuOM K 11010, i JBe — nph hagmoie-
HUY BIOAL NOJA. BesHMHHA CMCUIEHHA IPH 3TOM BbIpaKactcs ¢op-
Mynoji Jlopenna

el -
Av W% oM

OpwT noKasad, 4To Taxoe paculelVierie JAOT TOJNBKO JuHun, HE
BMCIOUIHE TOHKOR CTPYKTYph (TAK Ha3LBAEMbiC CHULIETH); A17
ny6aeTos # ARHEL C GOJd€e CJOWKHHIM PACUIENEHHEM (TpHILIETH
U T. [.) NOJy4AeTCH, KaK npasmio, cnoxHLi 3dggerT: ofuee ydceno
KOMIICHEHT OKa3bBACTCH (OMBAIMM H IPHTOM HETHbIM, d BeJHNHHbL(
DACUIENJEHHA He COBUARAIOT C NOPMANBHHM AOPEHIOBHIN paciuen-
NenueM.

1a puc. 42 npusefero Tpp BpuMepa IppexTa 3eemauna: na oau-
HOUHON JHHEN 1ANKa— [[POCToft 3deKT: Ha RyGIeTe HATPHA —
caoxkHbifl sdpert, 10 koMnouent; Ha TpHneTe NuhKa — TaKKe
cnokunii appexr, 18 Kounonent. UTo Kacaercs senn¥aHbi pacilen-
JleHHA B CAOKHOM S(ddexre, TO HMET MECTO 3aMCTaTelbublit 32K0n:
GeAURUHT CMEIYeRUR 8 CACUCHOM sgpexte ecezda cocrasaser pa-
4uoRaAbRYO Opobb HOPMAALROZ0 NOPERYOBE CHEUEHUR, naTPUYED,
ecal 0GO3RAYHT HOpManLHOe cMeulcHre (77.1) uepes vi, TO KOM-
[oHenTh pacUlelICHHS JaBHOR Cepul TaKOBb:

S, — BRI

14,67 - 107°06 cu™. (77.1)

=Y, v, v

R
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Kak BHAHO, BO BCEX CayHasx 3HaMenaTedb LpoGH OfUH H TOT e,
HMeBHO 3. st paciensiesnst TPnujera IIaBBofl cepin (namphMep,

Puc. 42. TIpocToii B caoxibit ¢ekTn Jeemads HpH HAGMOASHHH Neplenin-
KYATIPHO MATHATHOMY 10O,

TpianJeTa munKa, puc. 42) nHMeeTCS TakkKe XapaxTepHUIA 3HaMeHa-
Tenp 2; caMp paculelieHMs BbIPAKAIOTCH [PH 3TOM TaKHMa Jpo-
6aMu, KaK Yove; *ovi(=vz),%ve B T. A,

§ 78. Teopun cnoxnore abdexra 3eemara. Craboe nose

BekTopHAs MOREAb TO3BOASET OGBLACHHTL MPHYHHY BOSHHKHOBE-
Hus CAOKHOrC 3ddexta 3eeMana u Bce ero ocofennocTu. PaceMor-
PHM TOBELENHE ATOMA C ONHUM BANEHTHHIM SACKTPOHOM B MarHuT-
soM note Kax mbl yme suiedn B § 74, B OTCyTCTBHE MO BEK1OPLE
1 1 S BeaeAcTBHE HMEIOUIETOCA MEXAy HUMH MarudTHOTO B3anwu-
ZeiCTBHA COBepIIAIOT MPCUECCHIO OTIIOCHTEABHO HANpaBienus mos-
1I0rO MOMEHTA nMEyALca j. ECoH momecTuts Takoil aToM 8 Marnnt-
HOe [o/e, TO ARMAEHHA OyiyT mPOTEKATb ECKOJILKO PasJiuHO B 3a-
BHCHMOCTH OT TOTO, GYIeT Jiu 3TO NMOjIe CHABHBM uin claduid. Mpu
5TOM OHITHA <CHJBROE» 1 KCAAGOE> NOJIE ONPENENIOTCS B AAHHOM
cayuae CACAyOUIMM O6pa3oy: €CIK 3CeMaHOBCKOE paculenienne,
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BLISHIBACMOC TONEM, Mafi0 N0 CPABHEHHIO C ECTECTBEHHDLIM MyJbrH-
[IeTHBM pacuienenkien, TO NONE (d3bdaetca caaduim. Ha storo
ompenescHn CAeAyeT, §TO YHCACHHAA BENMHHHA «CIAGOro» moid
B pasumix CAyuany Gyer secbMa pasaudua. Tak, wampHmep, A
BONOPOMILX JMKHA BCAEACTBHE Y30CTH HX MyJBTHILIETHOTO pac-
prenaennst noae B 8000 spetell GyneT yke CAIAbHBIM, & MIA JIHTHA
CanbHLM ABANETCH MOAE ¢ NANPIKEHROCTbO, He Mepsmel 50000
speTen.

PaccmotpuM cHauaida AeiCTsue cragoro noas: B stom cayuae
B3auMONeRCTBHC BERTOPOs | B § MEXIy cofOfi 3HAYNTENLHO GOALIE
HX ssauMonefcTBus C moseM. Besenctshe 9T0ro HeUenecoofpasio
paccMatpusath | W S OTAebHO, (O CACLYET PACCMATPHBATE HX
CcymMMy, BeKTop j. Bo BHCIIHEM MArHRTHOM none i T. €. auC/eHHOe
3HauEHHE MOMEHTA |MOYJbCA, OCTACTES KOHCTAHTOH JBHIKEHUS, (O
BEKTOP § HE GyAeT KOHCTAHTOH ABHIKCIMSA, TAK KaK HApaBJeHUe Cro
{e COXpaHfeTcA. B CaMOM flelie, ¢ MEXaHHHECKHM MOMEHTOM j CB-
34l COOTBETCIBYIOIIH €My MASHUTHbI MOMEHT, DCMIGICTBHC yero
aTOM RO BHEW (€M [0J€ BEAST Ce6f M KK BOXUOK, H KAK MArHHT.
Birellinee Mofe CTPEMUTCA YCTAHOBWTL aTOM MarHHT MO CBOGMy Ha-
OpABNCHI0, HO TRPOCKO[MIECKHE CBONCTBA aTOMa 3TOMy NpensT-
creyoT. Tak KaK, ¢ Apyroil CTOPOHH, M UHCICHHOE 3HAYCHHE lil, »
ero [(POEKIHs HA HANpaBIeHue Mojia (T. e yroa Mexy j W Hampas-
JleHyeM [oMs) COXPAHFIOTCH, TO €AHHCTBCHHOE NBMIKEHHE, KOTOPOE
MOKeT COEEpIIaThb ATOM, €CTL npeleccds. BBuLy OTHOCHTEMbHOR
C1a60CTH BHEIIFEro NoJs J6 N0 CPABHEHHIO ¢ BHYTPEHHUM 10MEM,
cBASLIBAIOUIMM | W S yriosas 4acTOTa mpeUecCHH j OTHOCHTENLHO
danpapIeHs MO J6 3HAYUTENBHO MEHbINE YIIOBON 4acTOTLL BHYT-
peutel mpeuecchu | ¥ S OTHOCHTEBHO j.

JlofaBoysan SHCPrHs, MpHofperaemas aTOMOM B TOAE, €CTh
SHepINA MATHUTHOTO JHIIONA ¢ MATRHTHEM MOMEETOM M, B mone 7,
1. e. oua pasna— (M, J). Sty noGasouryo sHepruio CleAyeT pac-
CMATPHBATL KaK Manoe BO3MYUICHHE, BCIAEICTBHE Hero COOTBETCT-
BylOwmee H3MeHeHHe ypoBHEH dHepriti GyLeT paBHO CpeldeMy sHade-
uno — (M), KoTopoe may #_caefiyer BHuACIMTb. Tak Kak HH
noxe #, un yroa mexay M, u # uc MeamiOTCH, TO Kedo CBOAHTCA
K BBIGUCJCHRHIO CPCAHEro 3HaYeHHs M, 119 HEBOSMYUIEHHOTO COCTOR -
HEA, T. € B NPCLNCJIOKERHH, YTO BHElIHee MOJEe OTCYTCTBYET.

C 270it UEJbK Mbi NpEXIe Bcero NoCTpouM COOTBETCTByloUIHe
BEKTOpHLIE CYMMBL, [(DHYEM, XOTf HANpaBienHe BEKTOPOB OpOHTAIb-
HOPO U CIMIOBOTO MATHUTHBIX MOMEHTOB BCJAEACTBHE OTpHUATENb((OTO
3uaka 3apiia SJCKTPOHA NPOTHBOMONOKHL HANPABJEHHSM COOT-
RETCTBYIOIMX BEKTOPOB MEXA[HYECKOFO MOMeHTa,— JUIf ymporlenus
qeprena Ml GyAEM CTPOHTh COOTBEICTBEIHO BEKTOps | My, S u
M, © oxom Bampasaenun. Ha puc. 43 npeacrasnena Heofxoanmas
HAM BEKTOpHAN MOLC/b: BEKTOPLI | ¥ S, CKAALBBAACL, HAIT BCKTOP
j Bexropu M; u M, 00 ykasannofi npHYMHE OTJOXKEHL COOTBETCT-

§ 78] TEOPUS CJIOKHOMO H®GFKTA 3FCMAHA. CJABOE MOME a1t

BEHHO B Hanpasielusx sekTopos | n 8. Onuako nampasnenne Bek-
Topa M; He coBmanaer ¢ KaNpaBAeHNeM sexTopa j. [lpuduua sto-
ro —B ToM, 4To orHomenus |M;|[/|1] u |M,|/]S] e onunakosy, ro
BTOPOE GTHOUIE(HE BABOC GOMLUIC ICPBOTO: .

1My 1M

[

Tax Kax Mul BRUuCasem cpeauee sHauenne M, 8 orcyrcrsue srewr-
HETO {1051, & ((PH STOM YCJIOBHH HAmpaBJenne BEKTOpa [[0JTHOTO Mo-
MeITa UMIYIbCa j IOCTORHHO, TO (pe-
ucceuy | W S oTHOCHTEAbHO Hanpab-
Jeds | YBAEKAT 33 CoGON U BEKTOP
M;, KoTOphlil rakxe ZOAKE( mpeuec-
CUPOBATb OTIOCHTEIBHO TOTO Ke Ha-
npasiests (TOYHCE — ero MpORO.IKe-
uust). Pasnomum Temepb Bekrop M;
Ha [Be COCTARMSOUHE: NapasIebHO
H NepeHAuKY.1APHO K j U 0603HauuM
sT# cocrasxstompe uepes M, n M,
Cpeapee 3sagenue M, pasno cymme
cpeunx  3pavenni M; 4+ M,. Ho
BCICACTBHE COXPAHEHHS YIJia MeXIy
M; u j cpennce anayenne M, coxpa-
usiercs pasikiM npoceto My, a cpennee
suauerme M1 33 OPOMERYTOK Bpe-
MeHH, GOMbIION 1o CpaBieHHIO ¢ [e
pHOAOM GLICTpOl BHYTpeHHed mpemec-
CHY, €CTb (1yJ1b, TAK KakKk BCJIeaCTBHE
nipeneccun M, mns xaaoro spayeHus
ML B TCYCHHE STOTO NPOMENYTKA BpeMel® uaiAeTcd OpOTHBOMO-
JIOKIOE eMy 1o 3uaky. Mrak,

M= M,

Puc, 43,

K jalla 3a1aqa CBeach K sbyucaermo M.
U3 puc. 43 BuaKo, yTo

M, = Mcos(l, j} + Mscos (S, jy=
el 1 .
= e {I" cos (1, ) -+ 25" cos(S, §)}. (78.1}
BesnunHp! KOCHUYCOB BHIWHCAMOTCS MpH MOMOUIM TOR JKe TeopeMbt
BJIeMeNTapHol TPHIOHOMETPHU, KOTOPON Mbi NOJB3OBAANCH ANA BOI-
aucaenns cos (1, 8) (em. puc. 39):

P

costl, =, cos(s, =L
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- .
[loncraBass 3Ty 3HAUEHAS] KOCHYCOB B (78.1), monyyaem

eh eh .
et e (78.2
e e &0 (78.2)

TAe BBCAEHO Of03Hauenke

g= EIE et M
2
Wi, samenss [%, s*, j* ux 3uavesnamm,
g=1+ /(/+l)+21((sl:11))41(l+l) . {78.3)
Urax,
M= My=gi'Mo=g VIl + 1) Mo, (78.4)

rae M,— marseron Bopa. Mel suum, uTo B dopuyne (78.4) mon-
BHACH HOBS[H MEOKHTCAb g, Bbipamaenmbll gopmynoi (78.3). Aot
MHOKETENDb, HaswBaeMbill MuoxutcneM Jlaume, urpaer s Tecpuil

caoknoro 3dgerTa 3eemMana pelaoilyio posb.
Muoxurens Jlanae mower Obtb 3dpaHec BoriMC/AeH IJs BCex
COCTOAHUHA OAHOMICKTPORHMX aTOMOB (S BCEraa pasHo 1/31). [Ipuso-
AMMan HHKe TaOANLA 3uAYeHHH g
Ta6anua V.  (1abn. V) noHanoGATCS HAM B AaJdb-

Muoxurenn JIange pia aro- HefleM.

MOB C ONMHM HAAYTLOUHM OBparuMest TCHEPD K BbIYHCACHHIO

SACKTPOHOM M3MeHEHNS ypOBIell SHEPTHA (OX Nefi-
crpwem prewero noad . Ilo cka-
F=tl Yo | Ph| e 3aHOMY
AE = —(M#t) = — M6 cos (), #)==
28 =0 2 efi o "
IR =g 50 1" cos (i H) =
5 o .
b I I K = gMo36i" cos §, #). (78.5)
3, |5, Dro m3Menende 3IHEPTHE  ypomued

HMeCT KBaHTOBAHHbBlE 3HAYEHHH, TAK

Kax BCAGECTBHE MPOCTPAHCTBEN{OTO KBAHTOBAHUS [(POH3BENEnHe

j cos(j#6), paBHoe MATHATIOMY KBaH10BOMY WHCHy fil, MOKCT JIpH-

guMarp HabpayHuie 3HayeRns

m=j, (=1 .., == —i (78.6)

—pcero 2j + t auauenwmit. Urak, namenenne yposiell sHeprun BO
BHelIeM MATHHTROM Nofe Pasuo

AE=gmMy%. (78.7)

Tlpusuman po Biumanue (78.6), Mbl BHAMM, Y10 B MACHUT(OM TIOXe
KaKjed ypOBEHb dleprHH pacnagaercs da 2j-+ 1 Teco pacmono-
KeBnbix yposueft. Takum 06pasoM, yposenn 28, pacuenafercs Ha

i
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ABa TOAYPOBHA; YPOBEHL 2Py — TaKkke ua ARa TOAYpOBHS, ypo-
BeHl 2Py — 1@ yeThipe U T A.

BorqHenyM TCOCPh YACTOT, B3AY4acMLiC B MarkutHoM mose. [lo
YCJUORDIO YACTOT HMEEM

#{o + Aw) = (E, +AE) — (E, + AEy).
Tlpupumas Bo sEnManne, uto £y — Ey = bo, rae ® —uactora B OT-
CYTCTBI@ [10N15, TOAYHACH
- eh
h Ao = DB — AE; = (g, — o) Mo¥6 = (g, — mog) 5 o 96
Jlas oTbiekawast Av 8 e cJIeRyeT pasnciurro Ha fic:
e
Av = (g — mals) gor H#.

VeaosrMest 3a enuumily pacinemieHHst 6path HOpMAJLHOC JOpeH-
LOB0 pacmenIenne
e
—__t -1
vy, ot K el

TOTHA B OTHX CAHHHLAX

Av=rm g — myg,. (78.8)
DTo # €CTh GOpPMYIa pacenenis B CIOKHOM 3dderte Seemana.
TaGunua VI
281, ‘ | =0 I i=' =2
+1f, ~1
T s
1='la g="l
+ =k
+ s =
=1 i=’h E="ls
+%n +ify — 1z =2
+ % + ¥ =l =%

Jlas BLMUCAEHHR pacenycHift no gopmyiae (78.8) peoGxommyMo
UMETh B BHAY, YTO He BCHKHME JRa ﬂOllyp()DHf( ML)TyT KOMGP[[[[/]pO'
BaThCA: BOSMOKIOCTH [€PEXOA0B OCPAHMYEHL DpaB(IoM 0TGopa
AR MarHRrHOTO KBa#10BOro udcaa Am =0, =1 (§ 65). Jaa ni-
mocTpaiuy BUYECANM pacuerieHHe FOJI0BHOTO Hdybaera fiasHOMk
cepuy natpus (D-ymenir), cocTosiulero u3 anuuit

) ="5895,930A, P, —2S,
A= 5889,963A, 2P, — Sy,
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Cuauana nafiZeM pacUlen/ieuns OTAEMbHbIX YPOBHER, T. €. 3HauyeHus
npOM3BENERHN Mg, a 3ATEM BHUHCAHM PABHOCTH Mg — Mafy ATA
nepexonos, YIOBNETBOPAIOWIEX NpaBuAaM oTGopa A =0, =L,

Puc. 44, Pacmenaieine zyGAcTa TamKOf CEpHE naipat.

3uauenns MuOkuTeeh Jlanie saumcTyenM B3 Ta6a. V. Peayabrata
BHIUCTeHHH Mg npuBesens B TAGH. VI
Tenmept: MOXHO HAfTH pacilemsienye akuki *).

1. Muunst D,: 2Py, — 38y, h = 5895,930 A.
1 !
I[ m =g -3
Hauaxshos cocronme { X X
Lme=t3 % ~%
Koscwioe coctosnne mg=+1 —1
1 2 2 4
Pacipaeie M=tg, +5. —3 —7
YacTo 370 3aNKCHIBAIOT COKPALUEHHO B BVU!?
1, 2, — 4
Av +14, +23 2, .

*) CTpeaKaMM mOKa3allkt TEpEXOAM, YAOBASTEOPHIONIME WpasiaM 0TGopa.

s SR

e § e,

§ 79 TFOPLISI CIOXKHOTO SPOEKTA IEEMAIIA CHJIBHOE TIOAE 315

2. Junust Dy 2Py, — 28y, A

5889,963 A.

i
Hauaaphoe cocTodune !
|

Kouewroe cocromnie mg=

Pacmenaenne Av =

Kak M BufuM, ofe dutud aanT 4 46 = 10 xomnonenr. Ha prc. 44
MpHBeZeHb CXEMb YPOBHeil 1 CpaBHEHHE TEOPHH C OTIBITOM,

§ 79. Teopus cnokuoro adpdekra 3eemana. Cuabioe noJe

B 1912 r. [Marwer u Bak oTKpbiin HHTEPCCHOE U BAKHOE ABICHKE.
Oka3bipaeTcsa, 41O B OYeHb CHALHHIX [OASX CAOXKIBIH 3pgext
3eeMara Bi(OBb lIPEBpamaercs B NpOCTOH: COMKHAA Kaprwu@ pac-
uIC(TeN N 3aMensneTcs apoctuiM TpHnAeToM Jlopenua. to sBaenne
HA3LIBAETCS MATHATO-ONTHYECKHM MDEBpalie(neM HWAH 3({exToMm
Mautena—bBaka. Bexropnas Mofels Aaer odedb MpocTOe O bAcHe-
HHe 1 WIA 3TOTO ABJCIHA.

CrasHbM Mol HasbiBaeM B IaHIOM Cyuae Takoe moJe, KOTOpoe
BHI3LBACT PACUILNVIEHIIe, 3HAUNTSNLHO MPEBOCXOASAUIEE €CTECTBeH-
HOC MyJbTHIIeTHOE pacuienaenue (cM. § 74). Jlerko muiers, uto
BenuuiEY pactlener s Mb MOKEM CYHTaThb MEPOH SHEpPrun B3aUMO-
neiicrsus. [10370My B CHIbIOM Toqe 9HEprus B3aumoncicrsus | u §
¢ TOJMeM 3HAYUTENbitO DPEBOCXOANT KX SHEPTUIO BIAHMONEHCTBHS
mexay coGoil. B aToM ciyyae we Hmeer cMLICia [OBOpUTb O BeK-
TOpe §, TAK KK KaX bl 13 BeKTOpoB 1 1 S B 1eppost npufanedns
Beier ceffl He3aBHCIMO OT APYrore. DHEPrs BOSMYIEHHA CTAUHO-
HapHOro CoCTOslHs ¢ ypoBHen £ Gyidcr Tenepb mpocto Cymyoi

AE=— [(MFF) + (W70)].

Coraacio TCOpHE BO3MY1enuit YCpenenne CAeLyer NpOH3IBOLHTS
Z15 HeBOSMYUIEHIOTO cOcTOfiHRA. TAKOBbM B 12((0M Cayuae GyaeT
cocrosktie, OyUcsBaeMoe RekTopaMn I u S, €Bs3b MCKAY KOTOPLIMY
oTcyretsyer. B sTom cayuae o6a momcHTa | W S ABAAIOTCS KOHCTAH-
TaMU ABHKEHHS, KOHCTAHTAMH ARASOTCA M MX DPOEKUHH I u S, na
och z [oatoMy yram memay | u ocbio 2 (manpabieyneM moad),
MeRZY S H 0CbIO 2 0C110TCA TIOCTOAHHBIMH, a [I0TOMy B pesy.IbTate
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BOSMYILEKHs], BHILIBAEMOTO BHELHUM [0JEM, KaXIbifl H3 BEKTOpOs
TpeneccHpyeT OTHOCATEbHO HANpaBJCHUS 1107 HCIABHCUMO OT Apy-
roro. Ipd 5T0M, OfHako, yriomas Wacrora Tpepeccus S Bisoe
Gosbute yraioodt yactors mpeueccn | B pedyabrate 910 npeuec-
cun cpextee aHadeiue M; OkasnBaeTCA paBHEIM CpeAHEMY 3HAUENHIO
npoeKuus My Ba (anpaBIeHke NOAs, TAX KaX Cpelluee 3uaueHte op-
MaabHON COCTaBAsiomel 3a (POMEKYTOK BpEMEHU, JNOCTATOYRO
Goablofl 10 CPABHEHHIO C NEPHOICM NPCHECCHH, PaBHO [y/I0, T. €.

o el
My=M,——m T = M
W anaqoruyHo AAs CIOHOBOTO MarHUTHOMO MOMEHTa
M eh
M, — M= —2m, = — 2m,Mo.
Mpl HAXOLHM, TaKuM OGPaA3OM,

— (M) = — (M) = m Mo 6

u JE— _
— (W70 = — (W, 70) = 2in, M. 36,
Taw A AE = (m; -+ 2m) MoF6.

MarkaTHOe KBAHTOBOE® MHCAO My MOXer mpiHumats 2/ 4 1 meawix
gHayeHHi
0,..., —(—=1), —4

MariUTHOE KBAHTOBOE YMCAO COHHA HMEET [Bd BOZMOMKHLIX 3HA-
HeHH: : . .
mo=4 5 AIE —o.
Pa3HocTb aHeprufi ABYX YPOBHCH nOsTOMY B mepBOM pHOAHIKeHHH
pasua
(Ei + AE) = (Es + AB) = h 0 + Bu),

otkyaa

hA@=AE; — AE;=(Am; + 2 Am,) M.

Pacmeniacnne Av 5 on~! Gynet pasyo

AE,—AE,
@3

Av

=(Am 42 Amﬁ)z—:ﬁ b o

ITpasuio or6opa as my rpedyer, urobbr
Amy=0, £ 1;

i

El
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UTO e KACARTCA Mis TO €0 H3MEHEHHEe OrpauiyllBaeTcd 3aKOHO3|
COXpadenls CiOWHA: nepexofbl BOSMOMKHBL MEXKIYy COCTORHHAMHA C
OIUHAKOBBIMY 1(POCKIHAMY CIIHHA, T. €.

Amg

Tlostomy dopmyaa (79.1) naer okoHYaTedbHO
Av

T. €. npoctoit Tpumaer Jloperma.

[lpu Gosee TOYHOM pacuere paciemenus CNeAYCT mpHUATH BO
BHHMAHHE B3afiMOLENCTBIIe BeKTopos | 1 S. BH(prus 310ro B3aumo-
JLEUCTBHA TOrO ¥Ke NMOPALKA BeHuMI(b, YTO M SHeprHs B3ammojeli-
CTBAS, 06YC/OBIMBAIOMIASA ECTECTRERHOR (B AAHHOM CIydae AyGnet-
Hoe) pacmeienne Jundi (em. § 73). Tax xak 3to pacmernienue
M2.10 MO CPaBUEHNIO C pACIenIeHueM B CHILHOM MaritdinoM Toae,
TO Y4CT B3AauMOAEHCTBUA ReKropa | M S laet ToMKY© CTpyKTypy
pacwemegns 8 spdexre [lamena — Baxa.

L J1. Kannna usygan s¢pext 3eemana B CoepxClabHbX MATHAT-
HLIX [OAAX, [OAYUACMBIX NIPH noOMOmE paspafoTaHHOro UM METoJa.
Briau HCU04b30BANSI HOJS HATIPSHEHHOCTHIO BILIOTL 10 320000 3,
4 B KauectBe OOBCKTOB BbGUpamuch Ay6aer GepWIlud W JAURMA
wiika 4680 A. B cayuae Gepuanna B MAKCHMATBHLIX NONAX pacien-
Jsenns noctarano 554, B To EpemMs KaK ayGaertnoe pacmenaediie
HOPMaJBLOTO YPOBHS cocrasasno 0,65A TaknM ofpasom, jonyva-
JHCh GRATONpHATHB(E YCIOBHA A OCYMECTBICHHs a(derta [lawe.
#a — Baka, xotoprll u HaGaonaIcs NPy ITUX YCROBIAX, MpIYeN BO
BCCX CaYUaAX PCUIeNJieHUe OKA3aM0Ch TPONOPIHOHAALULIY OOM0, b
110JIHOM COOTBCTCTBHE C TeopHei *).

&= Avy,

*) C METonow MOTYYelHA CREDACHALMLX MATMUTHWX NOuell, paspaSoTauusw
# ocyluceTsaesHem 1| 7T Kamnued, MOXHO NO3HAKOMHTACH n3 GICLIAMMX MOMy-
anpHLx crateli 11 J1 Kanaes, BOMC/UNEX B HCIABHO (38WHyI0 ero KHMIY:
LT Kanuwa, Sxcncpument, Teopus. Hpaktuka, <Hayxan, 1974
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ATOMbBl CO MHOTMMH 3JIEKTPOHAMU

§ 80. Mpuruun TOKIECTBEHHOCTH OLHHAKOBBIX 4ACTHIL

Jlo cux 10p Ml HMemh JeIO C aToMaMH had HOuaMR, CHGCKTE
KOTODWX OGYCAOBACH ABHIKEHIIMU OIHOTO SIeKTpoHa. 3To ‘le{lo{
160 BOAGPONONONOGHLIE CHCTCMEY, COCTOAAC M3 sipa  Oflir ro
NUHCTBEHHOTO JIEKTDOHA, GO aTOMB UIEJOUHLIX METailios,
CIIEKT) KOTOPE(X OGYCAOBIEH ABHIKE((eM TaKKe OLHOO SIEKTPO
Ha — HMel(O BANEHTHOro, MAH Hiayyaomero daektpora. Temepb
Mbi Mepeiiles K paCCMOTPEHIO MIOrO3IEKTPORKLIX CHCTEN K Ha::
ney ¢ (OpMYAHPOBKH U OGCYXKACHHA OCOGCHHOCTeH cHeTen, co'cr'row
wkX H3 HEKOTOPOrO UHCIa aGCOMOTHO OAMHAKOBBIX YACTHI, HATD :
wep anekTpoHoB. [lomgGumic cicTembl 061a1ai01 B KBAKTOBOR Mexa
HEKE OcOOLMH CBOUCTBAMH, BHITCKROWHMH U3 TaK HA3LIBAEMOro
npusyunn TORAECTEEHROCTY OOUHAKOGHIE «acTUy. HTo6L q;oanme:
ponath 3T0T NPHALAN, PACCMOTPHM COBOKYIHOCTb AIOGLX OIHHAKO
BLIX 4ACTHI. XOpOUMM HPHMEpOM TAKUX MACTHIL MOTYT GuiTh cnerenst
H{EKOTOPOr0 4HCaa 37eKTponon. Tlocsennne, Kax uanee (Ho, ofinaganT
1Ol YAHBHTEIbHOR OCOGEIHOCTBIO, 9TO OHH HAGEM JIpyr OT zxp\y‘ré He
otaniaored. [IpeRcTasuy Tencpb cefe, 4o Mul uomeumlpjl MecrayMu
ZiBa 5aCKTpOHa, NMepECTaBdB OLuk Ha mecto JApyroro. Iockodwky
53¢KTpOIE A6COTIOTHO TOKCCTBEHHD, TAKAH NEPECTAHOBKA lie NpH-
BeJleT HH K KAKHM UIMEHEHHAM W (18 CMOXKET Guirl 0fuapyXCeHa 3KC-
NepUMEHTAbHO: JBa COCTORHHS — JIO M MOCTE NepCCTaHOBKH (aCThIL
Mol OTIKHBL CHHTATD 32 ONIHD U TO KC COCTOHKHE, T2K KaK Wy HAKAK
}eab3s Apyr OT Jpyra OTaHuMib. B xBaHTOBOR Mexamtike 1o 0G-
CTONTETCTBO MOPOKIAET HEKOTOphle ABICHUT, & HMelolue Mecta

TACCHYCCKOH MeXaHuKe. .
? K:ld-rcocﬁs [OUATH ueuaﬁe)KHchb 5THX  ClelnGUICCKUX  Apnennf,
(OpMyIHPYeM OMHCAHIOE CBOACTBO HEPAMMUUMOCTH CHCTEM OANHA-
KOBRX HACTI(I TAKuM OGPA30OM: 8 CUCTEMAX 0QIGKOBOLY MUKPOLACTUY
80RMONCHEL NEPEXOObl, KOTOpbie BCOYT K INCHEPUMEHTIABHO HEpa3-
Audunotae cOCTOARAAM. VIMEs 370 B BHILY, MBI MOKCM CIEIyiOmuM
06pa30M ONHcATh PAINHLY B CROACTBAX CHCTCM ommaméuux sactill
B MaKpocx(Danecx(oﬁ ¢usuKe 1 B KBAGTOBOR GH3uKRe Knaccu:[v
cKOB MCXaHEKe (MaKpOCKOnHyeckas ofaacTb) wacTHILL, 06pa3syro-
lMe CHCTeMY, XOTS1 (bl COBEPUICHHO TOKAECTREIIIbE, MOKHO npel-
¢TaBy1b CCOE NCPeHYMCPOBATHBMH. ITO NOSROIALT CCAHTL 38 ABH-
JKequeM KakIOi U3 MACTHI, HMelomed onpeseenibil ioMep o TCM
caMLM BuleeHHOM cpefH octambHbx wactHil. [ycrs mma oupene-
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JIE[HOCTH (Jalla CHCTEMAa COCTOHT H3 ABYX wacrum, H'sl[lpHMep IlByX
3neKTpoHOB. Flepcnymepyem ot snexrpoubt. Onnomy pamum Ne |,
a apyromy Ne 2. B MaxpocKouHdecKoit 061aCTH YacTHIb IBHIK Y1 ¢S
TIO OfpelleetnbM TPAEKTOPHSAM, a NOSTOMY Mbi MOMEM CJCAHTL 33
ABIKEHHCM 3JEKTPOHOB MO 3THM 1pACKTOPHAM M YCTAHOBUTD, [1d-
TpHMEp, B KAKOM MeCTe B AAHHBIA MOMEHT BPEMEHH ([@XOAHTCH
anekTpon Ne 1, a B Kakom mecre —sackrpon M 2. Hymepanus
HMEET B JAHHOM CY4ae BIOJHE ONpPesC/Ier b CMLIC.

CoBeeM niave OGCTONT 1CJ0 B KBAHTOROJ 06AACTH. YiKe H3 CO-
OTHOLUCHHI HCONpPENETeHHOCTH CIICAYET, UTo JUIH MAKDOYACTHIL MO[Is-
THE TPAEKTOpHN TepAer CMbCI. PaccMoTpum, uanpumep, coyuape-
e ABYX Mikpouactiu. Eciu bl name B Hekotopwili MOMeHT meper
COYAApEHHEM HAaCTHUL! GblIH MOKAMH30BAHE KAKAAR OTAETBHO OT
ZpYrOf, B AAJBHEHINEM BOAHROBLE NAKETL!, NPEACTABISIOLIEE JBUIKe-
HH5i 3THX HacTHI, OYAyT MepeKphIBATbCH, K pasiHYeHHE uaCTHU Te-
psleT cMbicd.

Tycts coctosiirie nawelt chcTen B HeKOTOSI! MOMEHT Bpeseny
OIIHCBIRAETCS BOANOBOR (yuknuch ¥ (x), xo), npHyeM uepes x; 06o3-
HAYEHA COBOKYIHOCT BCEX KOOPIAWHAT ORUOH YACTHIHBI, @ ycpes
X3 — COBOKYNHOCTL KOOpAKHAT APYrofi wacTiuel. OTMeTHM, yro
HMeOTc B BHLY JeKaprosei koopauHaTh. Beexew oneparop nepe-
cTanosxy P, NefiCTBHE KOTOPOrO COCTOMT B TOM, Y10 OH MEHHeT Me-
cramn wactuun. [loneficrsosas sTuM onepatopom Ha yixumo
P (X1, X2}, Mbr DONYYHM GyHKUUIO, ONACHBAIOMYIO CHCTeMYy ¢ mepe-
CTABJCHURMA 0AHA j1a MCCTO JPYTOi YaCTHUAMH, T. €. V(%2 x1).
B cany mpHHEHNA TOMAECTBCHHOCTH OLMHAKOBLIX 4ACTHU Mbl HE MO-
KEM OTNHUHTL MOMYYaeMyK) CuCTEMY OT UCXOAHOM. [pyramu cio-
BaMH, I8 HEBBIDOKACHIBX  COCTOTHMH  BOAHOBAN  (hyHKiust
Py (%), X2) MOXET OruyaTbed OT $yorIuE § (£, X3} TOABKO NOCTO-
AHHBIM MHOXKHTECM. MTak

P (x), x} = (xa, ¥,) =0 (x], X). (80.1)
Hefictsyn onepatopon P 8TOpO# pas Mui, OYEBHAHO, PHEEM K He-
XOROMY COCTOHHHIO
PR(xr, ) =P, 1) = Pa (x,, x,) — a% (%), %) =9 (x1, %), (80.2)
OTKYNA COGCTBCHHOE 3HaueHue omepatopa P? cyth @? =1, a cof-
CTBENHE 3HAUCHNS Oncpatopa P cyTh @ — 1. CaegoBaTebHo,
P (%), £)) = = P (£o, X1} (80.3)
ME 1€(CPb BUIUM, (TO MPUHUMN TORACCTBCHIOCTH OXHHAKOBBIX ya-
CTAL BEJCT K ONPEeReIeHHOMY CBOHCTBY CHMMETPHU BOJHOBON Gynx-
uun. Jledcrsurensio, u3 (80.3) caeayer, uto mpn nepecTaHoske
WACTHE BONHOBAsSl (pyHKUUA JHGO HE MEHSIETCS, JHHO MEeusierT 3HakK.

Boanosan ¢ynkund, xotopas wue mensercs mpH  mepecrakonke
UACTHL, Ha3bBA€ICA CUMMETPUMHOR OTUOCHTRNbIO 5THX MACTHL,
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BoaHoRas QYHKIHS, KOTOPAA MpH MEPeCTAHOBKE HAcTHL MeRseT
TOIBKO CBOI 3HaK, KA3LIBAETCH GHTUCUMMETPULHOL. O6e oty ynx-
QUi GbLPAIKAIOT TOT (PAKT, 4TO COCTOAHUE CUCTEMbL CUMMETPULHO
OTHOCUTEALHO NOAOKCERUS 6X00nuuy 6 nee sactuy. B ciyyae cuM-
METpHUNOI BOJIROBOW (YNKUHM 9TO OUEBMAHO, B CIydae anTiHCHM-
MCTPHUHON QYHKIAH CHMMETpHA COCTOARMS OTHOCHTCABLO LI0AOME-
MRSl UACTHIL OOBSICHAETCS TEM, YTO (HIMUECKWA CMLICH HMEET He
cama BOJHOBAS GYHKIIHsI, HO KBaIpaT ee MOAYAs.

§ 81. OGmenHoe BLIPOKAENHE

To ocofoe CBONCTBO, KOTOPLIM 0GAANAI0T CHCTEMB H3 HECKOJL-
Kux 57eKTPOHOB, Mbl BLIICHUM CHAYana ua CUNIbIO CXCMATHSHPO-
BAHHOM NpUMCPE XBYX SJEKTPOHOB, HAXOIALIEXCS B mpocTeiilien
noxe. [IycTb WAl B2 5J€KTPOHA MOMEUIEHL B MOTEHIMATLHLIT
RILHK — COBEPIIEHIO TaKO e, Kakoli Mb DACCMATPHBAJH B T. I,

156 (puc. 45). TIlepenymepyem B8pe-
2 MEHHO SNEKTPOHL H MpHIUIIEM OLHOMY
u3 aux noMep 1, a Apyromy — uomep Z;
KOOpAHHaTh HX GyneM 06o03nauarb cOOT-
BETCTBEHNO 4epes Xy W Xy Omepatop I'a-
7 MUIBTOHA ANR CHCTEMb ABYX 4acTHil B
ofuiem BHLE TAKOB!

— B A A+ Ui+ Unt U

H

e
H

Pre. 45. Jlsa scKTpoRa B Ho-
TeHIHaAbHOM HIAKe.

rae U, u U — noveHIMaNbybie Iuepriu
KAXKAOTC H3 3NEKTPOHOB B €ro noie, a
Uy — noTeHuHanbias SHeprus ux B3ai-
MOEHCTBHS, T, €. 3ueprig uX KYNOHOBCKOrO OTTAa/KHBANHA, paBHas
¢/r. Ypasuenne Ilpennurepa [Mp = Evp nandwercst NOSTOMYy Tak:

24
M A+ S E—U—U—Uv=0.  @L1)
@yHEUDA  38BHCHT OT KOOPAMHAT 0Benx HacTHL
Y= (%), %),

npruen oncparop Ay MEACTBYCT TOALKO HA KOOPIMHATY X, @ Onepa-
Top Ag— #a KOOPJUHATY X2, B namnom cayyac

ot
A =—,
T

Uro kacaeTcst TOTEHIHAALHON aHepruy, T0 Uy ecTs GyRKia TOILKO

%,, Us— T10M6K0 X2, @ U2 8@BHCHT ¥ OT %5 M OT X3 B ypasuenuu
o

(81.1) mpn yueTe 3Heprny B3aHMOACHCTBUA U”=T He pasge-
2

ASI0TCR epeMEenHLIe, MOITOMY AJS €0 DELIeHHd HYXKIO BOCHOAb-

§on OBMEMIWUE BBPOXIEHHE 321

30BaThCA TeOpHEH BO3Myweuni. B uyacson npuGamKenuu noaa-
raem Uz =0 u ironyvaem

el x) o Polo )y I p g () U, ()] b x,, X2)=<0. (81.2)

ax? 0x3 3

B aToM ypaBHenHM NMEPEMERHLIC JErKO Pasieasiorca. Hmen cro pe-
lHenue I BUAe MPOUSBEAEHIH ABYN YHKLUA

B (xy, xo) = N (1) - 9 ).
Toxcrasass 8 {81.2), noxysaem

2 ()= 40 (1) 44 (50 )+
: .

4+ 2 E U, () — Vs (]9 () 92

Teanm na $&(x,) <@ (¥2) ¥ NPONIBOAKM HEPErPYNTHPOBKY U.IEHOB

[smya e — 3 U]+
I 1
1 a e 2
gy Y ) v )=~

[NepBad ¢KOOKA SABACHT TOJBKO OT ¥, BIODAH — TOABKO OT Xy, 2
CyMMa HX eCTb NOCTOSHHAR. lostomy kKaKaas 113 CKoGOK B OTAedb
Hoctit paBya NOCTOARNOf. OGo0snayas STH NOCTOSHIBE COOTHET:

CTBEHHO Yepes ;—Z‘E“’ " %’ E® noxyuaem, BO-NepBbIY, 1Ba ypaB-
HeHuA: % N
LW () - (B — U ) = (81.3)
ax W
LS 2 g @ (1)) = 81.4
—d;T‘l" *2) + (ED — U™ (xo) = 81.4)
2

a BO-BTOpbIX, BHANM, 4TO
EM 4 ED=E,

1. e, 4TO SnEpruMA CHCTEMH PaBHA CyMMe SHepruil ee yacre —pe-
3yAbTAT TPHBHEJbHBIA; €rO H HYMHO GBuIO ONKHIATL, TaK KaK, Mo
NPCANONOKENKO, B3ANMOAEHCTBHE  MEHAY 3/1eKTPOHAMH  OTCYT-
cTByer.

Mur nosyusan GBa ypaBHEHHS (81.3) u (81.4), xoropsie cosna-
Ratot ¢ ypaswesnen {156.1) . 1; ouesuino TAKMKeE, uTO U Kpaepnle
YCAOBHS B TOM H APYroM CAyyasx OnHHAKORLL TloatomMy Bee peayibs

112 B Wnoneknd, T 11
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TaTht, paiaenssic B § 156, npAMeHHMbl H K HALIHM YypaBHeHHUsM.
CaenoBaTelbHO, coGCTECHHbE QynKInK P) 0 P2 TaKOBI:

P

e,

S 5
inn, =

. axg
@ 2xy
‘l’ﬂ.h =siur, =7 »
rne [ — nuuedirbie pasmeps Amuxa. COGCTBEHHbIE 3naueHud suep-
A 0GOHX IEKTPOItOB PABUE COOTBETCTBEHHO

apt
() —p2 20
’ B, =" Gt >
25t
@ —p2 I
4 B, =" B
7 d re fy, B ne—ueabie wicaa. Co6-

cteenan QyHKUH# CHCTEMb €CTh

=P (x5) - 9 (xe) =

L oax

1 v =sinn, 5 sinng, S, (815)
4

2 -
3 a coOTBeTCTBYOWMAs @il 3IHEPrHA
Lot pashna o ,
! E=E, -+ Ey= 3o (i + ).

Puc. 16. HAnioctpalias BosMORIHY
cocTORNAR CHOTEMM NBYX SMEKTRO: Cpasiin st peayIbTare ¢ Te-

o My, KoTOpEIe GHUTH Hailaenb B T. |

§ 162 aain Cyuas OAHOrO 3ICKTDPOHA B TPEXMEpHOM MOTENUHANBHOM
Auuike, ML Ges Tpyla MOAMeM, §To 331a4a O cncTeme J6yx Hactyll
B OHOMEPHOM NOTEHUHAMLHOM HUIMKE SKBHBAMEHTHA 3ajaue 06
00KOb uACIHIIE B Q8YMEpHOM MOTCHUHAIBHOM sILMKE, a HMEHHO —B
KBAPATHOM RUIHKE CO CTOPONOH [ AHANOTHIHO TOMY, KAK WhL 110-
crynanu B § 162 1. 1, MBI Temepb MoKeM Lus HANARIOLO uzofpa-
KOHAA BO3MOMKHBIX COCTORHEI! CHCTEMBI NMPEACTABATh CeGe MiO0CK) 10
KsalpaTHyio ceTKy ¢ warom /I {puc. 46). OueBUEHO, YTO KAKIOMY
yally 3TOi CETKH GYJET COOTBETCTBOBATH OLHO (U TOJBKO onwo) co-
crosme. Hanpumep, cOCTOAHHIO, B KOTOPOM MEPBELH BAEKTPOI Ha~
XOAdTCH HA nepBoM ypomiue  (Ax, =1), @ BTOPOH SJEKTPOH — HA
TpeTbeM (fx, = 3), COOTBETCTBYET TOUKA P ¢ wooppusatamn 1/f n
3/1. D10 COCTOSIHUE OIACHBACTCH dyuxunen

nry

T
= sin T sin3 =,

a COOTBETCTRY(OIL2R eMY 2Heprufl Gyher pasHa
L T PTI
E—gum P+ =57 &,
rpe R — pamuyc-BexTop, HpoBCACKHbIil B P u3 Hayara KOOpAMHAT,

§ 81 OFMEHHOE BHIPONJICHUE 393

Jlo cux nop M Kak GYATO BHYErC (1I0BOrO ke nosyuinsin, a HEKo-
TOPLIC HAWiy Pe3YAbTATH pOCTO TpuBUadbHEL. Oniaxo aMeeTcd W
HEYTO (10BOC H NPHTOM BechMa cylilccrsennoe. Ilpeacrasum ceGe,
YTO Mbl NOMEUANN MECTAMU HALIK 3JEKTPOHbI, TAK UTO BTODOH M€K~
TPOH HAXOLUTCS Tenepb (a NEPBOM YPOBHE, a MepBuil — 1a TpeTbeM.
Cocrosune cucrews npeactasatesd Gynkuaei

P, =sin3 i";f—‘sinﬁ
# B306pasuTCcs pa naweit cerke Toukoi Q. Ma roro, yTo 06a coctod-
HuA l/lﬂOGpﬂ)KEIK)TCﬂ Pa3HLIME TOYKaMH, BHAUEO, YTO 31O pasauytinie
COCTOAKUSA, 11O MM COOTBCTCTBYeT OAMUAKOBAas SHeprus, Tax Kak R2
B TOM [ ApYrOM CAyyasx HMeeT OfHy # Ty e Beanuiny. To me
Gyser nyeTh MeCTO H (IpH APYrMX KOMGHHATHAX KBAHTOBBIX YHCOT
fyg, B g,

TakuM 06pascM, MUl BAAIM, YTO COCTOSIHUE C ONHOH H TOR Ke
JHeprued MOMKET GbiTk OCYHIECTBAEHO JBYMsS CHOCOGaMH — JHGO
KakK

P =1 (2 )P (1),
o = POLe)pB(x).

Beuomnuy Ternepb, YTO Mbi JHUIb TpeABAPHTENbIO NCPEHYMEpO-
Bafd 37AeKrpoutl (cip. 320). Ha caMom nese Beaelcrsde moanof
TOMJIECTBEHIIOCTH 3IEKTPOHOB MEX/Y O6OHMH PACCMOTPEHHLIMH €O-
CTOSTHHSMH, BO3UHKINEMY APYr M3 RPYra i1yTeM NepecTAHOBKK 3JeK-
TpPOLOB, HeT HAKAKO# pasHuub. Ho B npenbilyllem naparpade Goiio
YCTAHOBJICHO, YTO BOAHOBAR (YHKUKA CHCTEMBI TOMIECTBEHHBIX Ya-
ol foskua Obitb JHGO CHMMETPHUHOH, 46O aH rHCHMMETPHUNON
OTHOCH [€JIbIIO I@PECTaHOBKH ARYX uacTil, JLis ABYX HemaaHMopnefi-
CTBYIOMMX yacTHi peuenues ypabhengs lpemaurepa asasmiores
GyukLau

AnGo Kak

b= (x) Y (x3) (81.6)
B =" (1) B2 (). (81.7)

31y GyHKLUH B OGineM cayyae BooGute He 06JanaloT CBOACTBAMH
cummerphn. OA#aKo B Cuy TOro, YTO OH COOTBETCTBYIOT OAHON X
TOH XKC PHEPrHH CHCTEMBI, TO TOMY Me 3NMAUEHHIO HEPrau npupai-
arexut M0bad auuednas komGuuauna dywkuui (81.6) u (81.7)

V= + p,. (81.8)

Kosdduuncnrl @ 4 B KPOME CIy4asf, KOLAA Ay = fiy, MOKHO Bhi-
6partp Tak, yToGb QyHxuMx (81.8) Gbia cuMMerTpHuUA WK aHTH-
CHAMMCTPHSHA OTHOCHTEJbHO (1€DECTAHOBKH yacTuil. JlehcTBUTENbEO,

H

i1
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pu o = B Gyrknus (81.8) cummeTpHuRa
(1 2
=@ (b= & [ (£) 0™ (o) b (¥) 91 ()
Ecnn o = —B, To dpyukuus (81.8) aHTHCHMMETPUUHE:
1 (2}
= by — )= {y! () 9 (5) — o () o (7).
MuoKHTENDs o JErKo HaliTH 13 TpCGOBAHHA HOPMHDOBKH GYHKUMI U,
¥ g, TIOCKOMbKY QYHKLHH p H 4z BOPMHpOBaNH, ToO@ =1/} 2.

Jlo cux nop wu paccMaTpuBanu dyukunn (81.6) n (81.7) xak
GYHKUHM KOOPIMHAT YaCTHL, XapaKTEpHIYIOUHX HX MOJIOKErHe B
npoctpancrse. J% NOJHOTO ONMCAHHA COCTORHHMA MaCTHU HEOOXO-
QUMO y4eCib elle OIMN HApaMerTp, a MMEINIO, NPOKIHIO CIHHOBOTO
momenta S, B caenymomen naparpade GyReT nokazaio, 4TO ywer
CTMBA TIPH ONECAFHH COCTOSIHHA CHCTEMp! OAHMIIAKOBBIX HACTHIL NMpH-
BOAMT K HOPMY.IHPOBKE OJHOTO 3 BAMHEHUIHX MPHHIHNON KBAHTO-
BOH MEXaHHKH — TaK HA3LBAEMOMY MPUHULAY UCKAIO4CHILR, WA
npunyuny Mayau

§ 82. Mpunuun Maynu

B npeasiayulem naparpage M BHAETH, YTO 13 yAOBNETBUpE-
HUSL TPUHOUNE TOWIECTBEHHOCTH YAaCTHL COCTOSH{E ChCTeMbl J0A-
JKHO ONUCLBATECS JTHOO CHMMETDPHUROH, JAHOO aHTHCHMMETpHYHOH
GyHKnACH KOOpAHHAT, PaccyOTPHM CHCTEMy, COCTOALLYIO H3 JIBYX
OXHHAKOBEIX 4acThi. O603HauuB COBOXYMHOCTL BCEX KOODAHHAT, KAK
NPOCTPAHCTBEHHLIK, TAK H CIHEOBLIY COOTBETCTBEHHO WHOpamy !

Mbl MOMeM 3amucaTh CBOHCTBa GyHKOMI IByX dacTull B sulle
panencrs

s (1, Y =us(2, 1),
Pall, N=—us(21).

TMoAGKKM 205 NPOCTOTEL, YTO YACTHILb MeKIY COG0H He B3anMOLeii-
CIBYIOT 1 COCTOSIHuE KAMOH K3 YaCTHL ONHUCHIBACTCH QYHKIHIMI
i 1 P, TOrAA GYUKIHE CHCTEMb] WaCTHIL HMEIOT BUA

Ty (1) b (2) -+ e (2 e (D],

Db (1) 0 (D) — e (2) e (1))

|
? ®2.1)
Ve i

3amerum Takie, 4TO AHTHCHMMETPHUHYIO QYHKUHMIO MOKHO mpel-
CTaBUTb B BUJAE onpene:lme:m -
e w® 2
V= e we

§ 82 MPUHUMIT TAYIH . 325

Jlast nocneayomero cymecTseHHO 3aMeTHTL, 4T0 B hopmyaax (82.1)
i (82.2) 3uauku { u k 03WAUAIOT HOMEPA CTALMOHAPHHIX COCTOSHMIL,
B KOTOPLIX HAXONHTCA KaMMhiil u3 3MEXTPOHOB. Kak HaM yiKe us-
BECTHO, B €1yuae SIKTPOHA B [EHTPAIbIOM NOJC TPH BEAHTHHE —
SHEPTHS, MOMEHT KOJMHYECTBA IBHKEHHS W €r0 HPOEKHHA Ha OChb —
B CTAUHOH2PHBIX COCTOSHHAX MMEIOT ONpefe/eHHEe 3itaueHud, Xa-
paKTepuayeMbie KBAHTOBHIMK YHCAAMM A, [, f, TAK 4TO 3HAYKY
COOTBETCTBYET TPOHKA KBAHTOBHX wuced f, L, m; 3Hauky k—
Tpo#Ka uncen, fix, e, My

CooBpaxeins, pasBuThe AI8 CHCTEMb! ABYX HacTHO, Kak Guio
Ykasauo B § 80, ocTaioTcst B CHAC W VIS CHCTEMBI /72 TOXKIECTBEHHEIX
vacThil. B 310M clywae Ges yuyera B3auMOLEHCTBHS TAKyl0 CHCTEMY
MOKHO PAacCMATPHBATh KAK COBOKYNHOCTb 7 HHAMBHAYATIbHbIX CH-
creM, npyueM sHepruA E BCedl cucTeMul B LCJAOM paBHa CyMMe SHep-
THil HHAHBHAYAJIbHLIX CHCTEM

E—E+E+ ... +E, (82.3)
Cocrostape CHCTEMU! TaKKe OMHCHIBAETCH TNpoy3BeneHHeM (x)yHKLllﬂ';i
Y= (e (2 - pp(n), (82.4)

npHYey UMeeTCs OGMEHHOE BHPOMCIGUNE: NPH NEpecTaHOBKe Ji0G0i
napul HacTuil GYUKINSA 1) MCHSIETCS, AB4 COCTOSIHMA, B KOTOPLIX Ji0-
Gaf napa SAEKTPOHOB OOMERNBAETCH MECTaMH, U30GDAKAIOTCHA B
OPOCIPAHCTBE KOHQHTYPALNH 31 u3MepenHi pasAi4Hbimi TOUKAMH.
SHeprua ke 0CTAETCA ONHHAKOROM,

Tak Kax BOSMOKHO BCero n! mepecTaHOBOK, TO smeprun (82.3)
cootBeTcTRYe! f! pynxuuit niia (82.4). BeaencrsHe sToro BIPOX-
Denns COCTOAINHE CICTEMbl CVICAYET OMUCLIBATH JKNeHHOH cynepno-
3unuedt Gyuxuui |

p— eV (82.5)

Mox#o nocTponTh n! TaKMX JuHeRibix KOMOuHAWUA, 10 CPEAM HHUX
HMEeTC OfHa CUMMCTPUUHAS & ONHA AHTHCHMMETPIUHAS OTHOCH-
TCIABHO KOOpAuHET ar0b0d napei wacruy. CumMerpuunas QyHKLHA
nonydaercs, KOTAa BCE €, PaBlth eJlHiLe:

‘l’s:’ﬁlwl“)ﬂ’zﬂ)-~~wp(”)Jribl(Q)ibz(l)u,.xb,.(n)—{» o
(82.6)

rae amomureas 1/ nl npucoemamen Toabko s HOPMHpPOBAIHA
Gynxunu. Jlerko BUxeTh, 4TO QyAKuMa (82.6) NedCTBHTEIbHO CHM-
METPHUIHA; B CAMOM jese, NePeCTAHOBKa JLOOHX ABYX HACTHI Me-
HACT TOJILKO MOPAMOK 4IEHOB ITOH CYMMBI, HO He MERET ee BeJdu-
YHHBL. AHTHCHMMETPHYHYIO BOJNHOBYIO GYHKLHIO MOXKHO TONY4HTD,
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COCTABHB ORpefeAMTENL B3 YNKUNA OTeMbabmx uwactan (1),
Pa(1), wi(2), b2(2) u T A

B (D) wa (2 ool (1)
R P

'.DA: P
n (1)

(D) (@)
To, YTO Td QYHKIUHA AHTHCHMMETPAYHA NO OTHOWIEHRIO K KOOp-
HAHHATAM BCEX YACTRI, BMAHO H3 CJAENYIOLIET0: NMEPecTaHOBKAa ABYX
wactuil (nampEMep, | u 2) paBHOCHIbHA MepecTaHOBKE ABYX COOT-
BCICTBYIOILKX CTOAONOB ONpEAETATENs, @ NPH STOM, KaK H3BECTHO,
caM _ONpefetuTesh MEHACT 3HAK, COXpANAS CBOI BENMIHILY.
Cornacro cxasanpomy B § 80 A7 yI0BJETBOPEHHA NpHAUMNA
TOMNECTBEHHOCTH MHKPOYACTHU BOJHOBAR (YHKUHA CHCTeMBl da-
CTHI IOMKHA ObiTh AHOO CHMMeTpUUunoil, MHGO aNTHCHMMETPHYHOM.
OxaskiBaercs, 4TO B IpAPOJE CYWCCIBYET W 484 THNA uacthil. OnuA,
KaK, Hanprmep, POTOKE, XAapaKTEPHIYIOTCH TeM, WTO CHCTEMbl HX
ONHCHBAIOTCA CHMMETpHYHLIME (GYHKLRAMHA; ApyrHe, Kak, Hallph-
Mep, 31eKTPOHL, MPOTOHH, HEHTPOHEI, OTHCHBAIOTCH AHTACHMMETPHY~
HEIMH (yRKRUAMA. UacThibl Mepsoro THIA HA3WBATCA YACTRUAMH
Bose, a uactuubl BTOPOro THna — dacThiiamu PepMu no Toit mpa-
uike, uTO K COBOKYMHOCTAM NEBLIX MpuMCHHMA CTATHCTHXA Boze,
a K COBOKYNHOCTH BTOpbIX —CTatHcTHKa Pepmu *). Kpurepues, no
KOTOPOMY DASNHYAIOTCH 3TH YACTHLbL, SIBNAETCH HX CilHH: MACTHULY
Bose 06Nanaior neabiM CNHHOM (BKJIIOYaA Cuui, PABHLIT HYTIO),
qacTuitel @epmu — noayiensis {Vz, 3z, 82 w 1. &) Dro cnenyer H3
onbiTa B MOKeT GbiTh TAKIKE 060CHOBAHO TEOPETHUECKH.
Ecan—eoctaBpasi 4acTHild COCTOMT H3 HECKOIbKHX uacthiy ®ep-
Mil (KaX[as u3 KOTOpHIX OGMajnder NONYLEABM CIMIIOM), TO OM&
nprEajAeRHT K qacTHiaM Bose, Koraa B ee cocTas BXOIHT ueTiioe
YHCO YACTHH (W, C/IeOBATeIbHO, CyMMapHuifl CIMH — Lemblit),
¥ K uaciHuaM ®PepMH, ecim OHAa COCTOWT M3 HEYETHOTO uyHCAZ
YacTHLL .
JneKTpoHsl ABNHIOTCS vacTHuaMBE ®epmuH: WX CnmH panent g
Mostomy, Kak 0GoGuienne SKciiepHMEnTanbHbix (GakTos Ang wHX
GOPMYUP YCTCS TIONOIKCHHE: CUCTEMOL HAEKTPOROS BCTPEURIOTCR 6
npupose TOABKO 6 COCTORHUAX, ONUCHIBACMIX ARTUCUMMETPUIHbLIL
BOAROBOIMY  (yHKYUANRL. DTO HONOKEHHE HABLBAIOT MAPURYLNOM
[ayau, Ran NPAIIBNOM KCKTIOUERHA, TAK KaK OHO Obino dopmynu-
posano {e apyroit hopme) B. Ilayan eme 10 OTKpLITHA KBAHTOBOH
MEeXaHHKH.

*) Cw.. nanpamep, B. T. Jlepnu, Boeneuke B cTaTRCTAUecKylo  QHANKY,
Toctexnazar, 1950,

§ 82 OPMHLUAN TAVIIN 327

Hs npusuuna [Taynu B ykasaHHO# KBAHTOBOMeXaHHUECKOT dop-
MY/HDOBKE TOT9AC K¢ BHTEKaeT BaXHefiliee CHeNCTRHe, KOTOpOe,
«oBcTBento, 1 ObLIO NEPBOHAUANLHO OTKPLITO: & onpedesesnom
KBAHTOBOM COCTORRUI MOWET HAXOOUTbCR He GoAce 00HO20 saek-
Tposa. B camom gesie, ccstu GLt B ONHHAKOBOM KBAHTOBOM COCTORHHH
Haxonu0Ck 1BA SMCKTPOHA, TO 370 03HAYAN0 Obl, 4TO s (1) = y(2)
HpH k1. Ho NOCKOIbKY COCTORHME CHCTEMB ONKCLIBAGTCS AHTH-
CHMMETPHUIOH (YHKLHUEH, B 9TOM clysae ABa cTOAOn2 Onpeseny-
reqs (87.7) Owiau Obt panHbni Mempy coSoil, a TaKol onpengInTe
TOKALCTBENNO paBer nwymo *). Crenosarenbto, ya =0 u, 3Haunt,
COCTOAHNE He OCYINECIBASETCH.

Ecn B3auMopeiicTBRe MeKAY OpOHTANLHLIME H CITHHOBBIMH MO-
MEHTAMH Maa0, TO NOJHYI0 BOAHOBYIO (YHKLHIO MOMHO Hpeficra-
BUTb B BHAC NMPOMIBENEHUS (BYHKNMH, 3aBRCANIEH TOABKO OT KOOp-
JM0AT YacTal, 1A GYHKIMIO OAHWX TOMBKO CIHHOB:

W2 s, s S) =V, s GRS S, e, 5),
(82.8)

TA€ 41,43, ..., §n~— COBOKYNHOCTb BCEX KOOPAHHAT NONOMKEHHS ua-
CTHU, & 81,8y, ..., Sp — NEPEMEHHbE (CKOODAMNATLI®) HX CIHHOB.
Tloctpoennas TakuM 00pasom NOMNHAS BOJHOBAR (GYRKLMA GymeT
yrosaereopats ypasuenuio Llipenunrepa, eciu ee KoopauwatHast
HacTk P(qt, ..., §n) YAOBAETBOpAET 3TOMY ypaBHEHHIO. DTO cie-
JLyeT H3 TOTO, TO B QNCPATOP 3HEprHH, MPHMEHHEMBI B ypaBueuun
Ulpexnnrepa, He BXOAAT OnepaTopH, ASHCTBYIOLHE Ha NEpeMeHHbIE
CDHHA §y.

Tpunnen Tayan rpeGyer, uroln noanas nomtosas (yHKUug
{82.8) Gulia aHTHCHMMETHYHA KK NO OTHOWIEHAK K KOODAHHATAM
TIOJIOKEHHR, TAK B N0 OTHOWENHIO K NepeMeHHblM cnpHa. Ho oe
PYHKMMH ) M @, KAWKAAS B OTASNLHOCTH, MOTYT ObiTh KAk CHMMOT-
PHYHLIMYU, TAK B auticuMMeTpuunnMu, Cornacno npuaunny Iayaw
TOJIbKO NPOH3BENleHHE HX HOMKHO Obitb aHTHCHMMETPHUION (yHK-
uneii. OueBnaro, yTo pynkuus W Gyzer CHMMeTpHuRa, eCl  H @
OZIHOBPCMCHHO CHMMETPHUHb WIH AHTHCHMMMETPHYHL:

B =05, b =@, (82.9)

B camom sene, MEpeCTalOBKA YACTHU 03HAYAET KK MepeCTAHOBKY
KOODAHUAT B (hYHKUKH 1), TAK H MEPECTAHOBKY NCpEMEHHEIX CIUna
8 @. Ecau npu srom 08e dyrkumu nuo ne MensoT CBOM 3Hak,
AUGO0 NCHAIOT €70 0LHOBPEMEHHKO, TO s HE MCHSETCH, T. €. ABATETCH
CHMMETDHTIHO{ N0 OTHOWCHUI K NEpecTaoBKe yacrwll.

*) B camom zese, mepecta¥OBKATBYX OAWHAKOBWX CTONGIOB HE MEHAET Of-
penennrean Ho, ¢ apyrok cropomw, npa 106108
ZOSKEH HIMCHSTh Cooll swak, OGa TPeGOBAWA MOFYT GHTL YEODAETBOpCI
TOABKO B TOM CAYyUae, KOTAa OGPENeAUTENL TORIECTBENIO DaBEH UYMO,
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Amanoruyso, eciy oxga M3 QYRKUH{, naupusvep i, aHTHCHM-
MeTpHuNE, A Apyias, ¢, CHMMETpHuHa, MK 1a060poT, P CHMMET-
pHYua, 3 @ aHTHCHMMETpHUNA, TO NpOU3BEICHIE X Syner QyHx-
wnedl, AHTHCHMMETPHUHOI OTHOCHTENbHO ~NEPECTAHOBKH 4ACTHU.
ChenoBaTenbuo, (MEIOTCA ABE BUIMOKHOCTH LA NOAY4eHHA 10a-
HOH AHTHCAMMETpISHOI BOAHOROH GYHKLH:

P =45 PP =P (82.10)

B caeaylomnx naparpagax Me pasfepem nofpobso na nplvepe
cuCTeMB! JIBYX SJAEKTPOHOB reiiia 06pa3oBadie Takig MONHLX BOJ-
(OBbIX HYHKLHA W HX CAMMETpHIO.

AHTUCHMMETPHUEYIO CLHHOBYIO GYHKUAIO Qa(Si, ..., Su) MOK-
HO TpHOMOKERUO NPEACTARNTH 13K 2Ke, KAK M tpa, B BUAC OMpe-
AEAUTCAS, COCTABAEHNONO H3 CHUOBLIX QYHK(MA OTICJbHHIX 97€K-
1poon. HMa 2T0r0 Caeayet, ¥ro, Kax bt un NpeicTaBrAnac, (oi-
nast anTHCHMMETDHY(AA BOJHOBAT QYHKUHHA, B Buie JH v pau
‘I’f‘, oHa A0/Kma ObiTh paBua HYI(©, €CTM B CHCTEMC umMeercs
ABa 3MCKTPOHA, HAXOAAIMXCS B ONUHAKOBOM KBAHTOBOM COCTOA-
\(MY, OMHMCHIBACMOM (OJHO} CHCTEMOW KBaHTOBRIX uucerm, 7. &
BCeMU MeTbipbas KBAUTOBHMH UHCAAME A, U j, m nau n, I, my, ms.
Wrak, 8 arome He MOeT GbiTo Goabuie OOHO2O 3.1€KTPORA ¢ Onpe-
QeneHHyMU BHQUERUAMU BCEX “eTblpex K6AHTOBbix wucer. B srom
¥ COCTOUT 3MEMeRTaphast GOopMy HpoBKa puunusa ITaymi.

§ 83. Cnextp reaun. Iapareanii u oproreahii

[Tepeilicy Teieph K PaccMOTDENHIO KOUKPEIHBIX CHCTEM, CO-
_ CcToquX M3 HECKOAbKHX ojtupakosbix wacrun. Ilpociefiuny mpu-
MepoM TAKEX CHCTEM SBJAIONCA ATOMbl M HOubI, SIEKTPORHas
0600uKa KOTOpHX COCTOHT H$ HBYX SIEKTpOHOB, IT0 — aToM
reas M aHAJOrHYHBIE €My  HOHbI Li*(Z}): 3), Bett{Z = 4),
B+++(Z=>5) u 1. 1. OCTaHOBUMCS Ha ONKCAHMM CHCKIpA re&aus
B KauectBe xapaktepHoro mpimepa. HauGosrce saveuareantas
OCOBCHHOCTH CTIEKTpA TEIHsl 3AKAI0YAeTCH B TOM, YTO B lem BCIpe-
4a10TCA Te e CepHH, UTO K Y ATOMOB LIENCHKLIX META.10B, JO KaXK-
Jlan cephsi NPENCTABAEIA B JIBYX IKIEMIASIPAX: NMEIOTCA JIBE 1B~
HEE CEpHM C DASMMMHBIME upeAenaMu, JBE De3KNC, JBe AHGQy3-
ubie cepuy H T. [ DTH BTOpHC SKIEMMAApLI cepHil OTAHUBIOTCA,
ONyaKO, OT MepBLIX CBOCH CTPYKTYpOi: B TO Bpems KaK aiHuH
B ONIOM 3KIEMILIIpE BCErAa MPOCTHIC (CHINJETH), BO BTOPOM —
Kaas U3 (HX PACMClJAETCH HA TPH JMBUH; ORH ABIAIOICH, KaK
TOBOPAT B CNEKTPOCKONKH, TPHIJICTAMH.
Haubonee H3BECTafA U3 CMEKTPAJTbHBIX JMUMA relds Kelras
aupaa Dy — HMCHHO Ta Juuus, 6Jarofaps xoTopoH reauil 6ot
OTKphIT BhEpBble B CUEKTpe COJHeunwX IporyGepanues (I8 ap-
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rycia 186& r.), — na camOM Jene ABAACTCH TPHUILIETOM ¢ ANH-
IraMn BOJH, YKa3aHHWMH B ClleRyomeil rabiuue:

. Oritockrens-
A fa BHTCHCHR:
5875,963 L
5875643 3
5875.601 3

Kax BHIHO ©3 TaGIMODI, PACCTOSIMC B DiKane [AJHH  BOL(L
Memay ABYMA TOCACNHHMH JHRHAMH cocrapjiser pcero 0.042 A
BBHAY 4€r0 MOJrOe BpeMs STH JuHH APUHHMANHCh 32 OAHY, H Xa-
paktepnast adunst Dy cuwranach ny6nerom. Tpunner Dy sibaserca
NepBhIM Wle0y nepBoll MOGOuEOMN cepuu rpunieros. [nasuas ce-
PHA TPHINIEIOR TEAHS NEXHT B Hidpakpaciuoi 4acTH CreKTpa. Ha-
NpPOTAB, COOTAETCTRYIOIIHE CEPHH CHHLYETOR JeiaT NpenMyllle-
CTBENNO B yIbTPadHOAETOBOH YACTH CTIEKTPA.

Bsuiy T4KOTO DESKOr0 pas/Muus B X4paKrepe CRCKTPasbubix
cepnit W WX ayGanporanus nepponayaibuo Gbla phiCKasaHa runo-
Te3a, YT0 Felldil Ha CaMOM jeje ABJeTCS CMCChIO IBYX 3]EMEHTOB,
NH3 KOTOpHIX OMLitH — HMEHHO TOT, KOTOpBIHl /€T TPHILIET/(bIE CCPHU
#, B UaCTIOCTH, AHHHIO D3, — Gl HA3BAH OPTOrENHEM, @ APYroH —
HAIOUIMA CHHICTHBIE CepHH — MapareueM WIH, Kopoue, Hapresuen.

Dta runoTesd, Kak Kaaanoch, (10/TBEPIKIAAACH TEM, 4TO He
6b10 M3BCCTHO (HKAKHAX KOMOHuaUMih MEKAY CHCTEMaMu CHHIJIET-
WBIX M TPUGJETHHX YDOBHEHl SUEpTHH, TAK UTO Kamlas  CHCTeMa
cepull (CHHrA€TH H TPHIVICTE) Gbil1a 33MKHYTOM.

Tunoresa sta oKa3anacp, OLHAKO, HelpaBHAbHOW. Kak Mu yBu-
MM B JanbiiefilieM, BO31HKHOBCHHE IBYX CHALHO CMCUICHAIX OTHO-
catensHo JIpYr Apyra SaMKHEYTHX CCpHi TEDMOR ABIAETCA caen-
CTBHCM CBOMICTB CHMMCTPHH CHCTEMb; IABYX BIEKTDOHOB reluf, CBSI-
3aNHBIM € HEPa3THYHMOCTDIO 3AEKTPOHOB, & MPHUHION 3aMKHYTOCTH
cepnil SIBJSETCH 0CO60e MpaBua0 0160pa —TaK HadmBaeMbidi 3a-
nper HHTEpLOMOHHANMI, B CHIY KOTOPOro 1pHIIETHHE YPOBHE KOM-
GUBIPYIOTCS TOABKO € TPHNIETHHIME, a8 CHINIETHBIE — TOJBLKO C CHIt-
TJEeTHBIMH.

Ha puc. 47 npusejiena cxema yposHell Suepru atoma reaus u
10Kasags BO3MOAKHEle NEPEXONbl 3ICCL BUIHO, B YaCTHOCTH, YTO
3anper MHTEPKOMOHI UM e ARnsIETC A6COMOTHO KECTKHM npa-
puioM 0r6opa, TAK KAK UMEETCH JIMHHA— NpPaBla, B BHEE €NHH-
CTBEHHOTD MCKIOUe(Hs — ¢ JUH(oi Boitan 5916 A (kpaiftumit yabT-
paduoiier), KOTOpas BO3HMKAET B Pe3yNbTaTe KOMOHUAUMM TpY-
IIETHOTO YPOBHSA 3P, 4 cuaraemioro ‘S

Qunbouuo 6bl10 6Bl AYyMATb, YTO 3TH OCOGEHHOCTH CHEKTPOB
SBAROTCH MENKON JETafblo, HHTEDECHO{ TONBKO MMl ySKHX dened
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Puc. 47. Cxema ypoBuefi suepras aToMOB reJns.

Viik

8l YPABHEHUE BIPEAMHTEPA LI JIBYX 3JEKTPOHOB a3t

cnexTpockonuy. Ha caMoM Aele B HHX NPOABAAIOTCA YPE3BHIYAHHO
‘BakIble OCOGCHHOCTH CHCTEM H3 (ECKONbKHMX 3aekTpoHoB. Mmenno
7109TOMY Mbl H OCTAHOBHJTUCH HA HHX MONPOGHCE.

§ 84. Ypasnenue lllpenunrepa ANS ABYX 3JEKTPOHOB
B {IEHTPANBHOM NoJIe

OGpatuMcs Tenepb K Teophu aroMa reaus. Ham ieoGxomumo
03HAKOMMTBLCA QpexIe BCEro ¢ MATEMaTHYCCKHM aNMapaToM, NMPH-
MedACMbIM JUT# peilenus 3amad o6 atoMax ¢ ABYMA HIH BOOGILE
HECKOALKHMH 3JeKTponamu, Ypasuenne Llpenuurepa, xoropelM Mbt
7101b30BANACE B CAyYae BOJOPORONOROGHBIX aTOMOB H BO BCEX
AaAbHENAX PACCYKACHHAX, IPHIOKKO [/ CAYYAR ONHOIO BANCHT-
£0r0 saekTpoHa. JLas Gojee CAOKHHX CHCTEM ONO NOMKUO GbiTh
COOTBETCTBYIOWHEM 06pa3oM 06obimeno.

Hauwem ¢ ycramobnenus ypashenus Llpennnrepa mra caysas
HBYX 3TEKTPONOB B UEHTPAJILHOM KYJIOHOBCKOM foae. PaccMoTph
CHCTCMY H3 JBYX SJeKTPONOB, NAXONSMIMXCA NOX HEHCTBUEM 1euo-
IBUNKHOTO 3apsina +Ze, COCPELOTOYERIONO B pada’te KOOPAMGaT.
TamuabTonHau TakoH CHC(eMb B KAACCHYECKON MEXaHMKE ecTs

Hem g (02,4 2, 4+ 23t g (0L + 0L, + )+ U m). 641

Pannyc-BeKTOpbI Iy H Iy, NPOBE/ICHHLIE K SIEKTPOHAM H3 UCHTpa CH-
CTeMHl, T. €. H3 Haudajia KOODAMHAT, ONPENeIOT MOJOXKEeuHe THX
wactuil. [lorennnatcnas sneprus U{r, r;) pasna CyMMe KyJOHOB-
CKHX I1OTEHUHAMLIBIX SHEprHil npRTHIKCHAA JACKTPOHOB K SAPY
LAI0C NOTeNUHAALHASR JHEPrHA OTTATKABANH OAIOHMRINIO 3APSKEH-
1bEX 3EKTPONIOB

Ze? Ze? £2
Utr,r v)—“*’~7;+r—ﬂ, {84.9)
THAe 2 — PACCTOANHE 3IEKTpOHOB mApyr or aApyra. Hrax, wnaccu-
qecxui TaMHJILTOHUAH CHCTCMBI paBﬂH
i b 1
H o= 5o (0%, P+ P2) + 3y 0 1+ )+
Ze? Ze? e?
I e

OT 3TOr0 KJAACCHYECKOro raMHJIbTONHANA MTepexonnM K KBZHTOBOMY,
3aMCHAA COCTABNSKOIMHAE HMNYIbCOB onepaTtopamMu
a b = 53
0 P2 Tz |
P ; (84.4)
i

T 3z,

a
P =Tz Pe™ T o5 PuT
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rae dHmeKch | M 2 yKa3LRAWOT HA TO, 4TO AHddepennupoBatne
Ballo NPOH3BOAUTL NO KOOPIKHATAM JHGO MEPBOFO, JHGO BTOPOrO
afekrpona. [loTeunmuabiofi IpepTHH COMOCTAaBAsEM ONEpPaTop yM-
HoMenusn Ha GyHKnu©o koopausar (84.2). B pesyabraTe noayuaem
oueparop
o 2 2 2 2
Ao (B S )

om, \ 0t ' o ' 02}

_ e £+£ _Ze_zet | &
2m2(ax§ s azg) ( " ry r‘?)

1
7 X — AN+ Ulry, ry). (84.5)

Tlockoabky raMubTOnMax fI 3aBUCHT OT LLECTH KOOPAMHAT,
P-QYHKIAS 3ABHCHT OT TeX € UICCTH KOOPAHIAT:
b= (X1, Y1s Zy ¥2s Y, 2a). (84.6)
Vpanuenue [penunrepa ¢ raMuabronuanom (84.5) u -ynkuueis
(84.6) nanuwercs B BHAE
2in

R o '

tiz

(84.7)

rae A; U A — oneparophl Jlanjaca, B KOTOpHX Artddepenlnpona-
WHS NPOMBBONSITCS COOTBETCTBEHHO N0 KOOpAWHATAM NEPBOrO H RiO-
POTC 34EKTPOHOB.

Brenem 0603H2uenuA:

. [,2 Ze?
H *WA‘*TG.' (84.8)
- B 76
Hy=— 8, — ", (84.9)
PO
Oy—F. 84.10)

C momomrio 3THX OGo3Hauenuii ypasuenwe [Ipeiunrepa (84.7)
MOKHO nepeutcaTh B BHIE

(Hi+ B, + Oy =Ey. ®411)

Ecau 6u wien Uyo, OMHCHIBAKOMNI B3aUMO/IEHCTBHE 3.1€KTDPOIOB, OT-
CyTCTBﬂBaJ!, TO nonyqalou.leecn YpaBHCHHC

(4 Ayv=Ey (84.12)

JIETKO pasfeanock Obl ma ABa YPABHEHHS, Kas10e H3 KOTOPHIX

NPEACTaBAR0 Gbi coBoi ypasreruc [lpeannrepa Anst OAHOTO 31€K-

TPOHA B KYNO'TORCKOM N0a€ HEMOABIKHOIO silpa (Kemneposa 3a-
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Raua). B camom nene, pelrenue ypasHerus (84.12) GymeMm HcKatb
B BuAe HpOHSBelleHl/Iﬁ
(T, 1) ==y {11} * P2 {T2). 84.13)
Svo pewenne noictapaseM B (84.12) u noayuaem
Dol -+ W gy = B
HAH, noCne JeIeHHs ua Prpz
5 s
. Hoby + w Hppy=E. (84.14)
Sro ypasHente, OYEBHIHO, MOXKET GHITh pa3ieeno na asa
Ay = Epy,  Faby= Enpy, (84.15)
rre E, u Ey — coBC1BeHKRE apadelus raMuabTORGaHoB My u My
coorrercreenno Jasee, u3 ypasnenuit (84.15) u (84.14) caenyer
E+E,=E. (84.16)

Ho ypasdeuna (84.15), GyAvuy HapucaHel B SBHOM BHIle
2m { Ze?
A+ 5B+ £ o,
2 Ze?
A+ FHE+ 2 g, =0,

rz2
OUeBH/IHO, TpeACTaBasoT COoGOM ypaBHEHHS KennepoBoil 3azaud,
Hanucaumsle 1A K2MKAOLO 3JEKTPOHa B OTAENbBOCTH. IMocKombky
BEKTPOHbI r'e B3aRMONEHCTRYIOT Mekly cOGOH, pesyubraT, npei-
cTaBasieMBblil paBerctsOm (84.16), TpHBHasen: SHeprus CHCTeMH,
cocTosililed M3 JIBYX HEB3aHMOJCHCTBYWOHIUX 3/IEKIPOHOB, paBHa
CYMMe 3uepruit 060uX 3JeKTpOoiI0s.

Ecnu tenept Mbl TIOXesaeM YUeCTb BIaUMOAGHCTBHE 3JieKTPONOR
MeXjy cofoit, To ¢cTb coXpanum uien U B vpasuenuu (84.11y,
T0 cpasy BO3NMKAIOT MaTCMATHUECKHE 3aTPYAHEHHs, TaKk KaK 370
ypaBtenne He Pasienfsercss NOACTANOBKoi | = Prs. [losromy aas
PeLIERHs ITOrQ ypaBHEHHS TPHXOAUTCA NOJb3OBATHCS NPHOHKEH-
HBIMH ME[ONaMH, C ONIUM H3 KOTOPHIX MBI 103HAKOMUMCA B Cle-
nyollem naparpade.

®4.17)

§ 85. Teopuna BO3IMYyIieHHH ANS MPOCTHIX (HEBH POMACHHBIX)
COGCTBEHHDbIX 3HAYEHMIE

Hnrepecyioian Hac 3anada COBepLIENTHO AHATOTHYHA 3HAMEHH-

TO# 3ajaye rpex Tel HeGeCHOH MEXaHHKU: ABe DNJaHCTL, PUTSCH-

Bacmble CognlieM (10 HBIOTOHOBY 3aKOHy TSIOTEHHS, B3aMMOXe-

CTBYIOT TAKKe MCHMLY COGOH. Yuer 3TOr0 BIaHMOAEHCTBHS, pab-

HOCH/EHBIL TOYHOMY peILeHMIO 3aU34H TPeX Tel, KaK H3BeCTHO,
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YUHPACTCS B JIENDCOROAHMEIE MaTeMaTHucckue TpyaHoc . Onnako
B KAQCCHUECKO!l MeXaHHKe AaBiO YKe paspaloTasbi NpeBOCXOLHDIE
NpUGAHKENHLE METOAb, KOTOPHE [{O3BOITIOT NOJyHaTh PE3yALTaThl
C TOMHOCTb(O, AOCTATOUOH AAS NPAKTHUCCKHX NeJeli acTpOHOMHH.
Meroaul 5TH 06PA3YIOT TAK HA3HBAEMYIO TEODHIO BOSMYILCHHH, M03-
BOMSTIOMYI0 MAXOAKTL pelicHHe MyTeM NOCIEA0BATENbuEX npHOIH-
JKeHHil. B OCHOBE 1€0pHH BO3MYIIEHHIl JOKHT TOT [eCOMHEHHBII
Gakr, 4TO B3aMMOACHCTRUE pAAHET MEKAY COBO Maao no Cpasue-
HHIO C OpHTSKenMeM gaxion 13 Hux Comuiled. B Tak HasuBaeMOM
JlyIeBOM TpHGNMKENHU BIANMOAHCTBHE He YYHTLIBACTCS BOBCE H
IS KakAOH nNaHeTLt NOAy4aeTcs CBOS [eBO3MYmenHas oplura; B
MOCAENYIOMHUX TPAGAUIKEHNSIX CTapaioTCs y4ecTdb B3aumoxehicTnue
B KadccTBe MaNLix BOaMymleHnit sTux opbur. Ho npn nemKenuu
110 CBOMM OpOuTaM 00e NJaHEeTH B pasHble MOMEHIb BpeMeHd Ha-
XOIATCS Ha PasiiMuHOM pPACCTOANHH riz LPYT OT Apyra, H MOTeH-
uuanbuas sueprua ux s3awMoneiictsds Uz COOTBCTCTBCHHO Me-
nseTcn, KapTHia (0ayuaetes, KoHeupo, odekb caoxpas. Teops
BOIMYyMEHNH KJIACCHYECKOH MEXaHHKH (DHBOAHMT, ONHAKO, K Cie-
AylomeMy 3amedaresbuoMy yo Cnoelt npoctore pesyastary. Oka-
3L/BAETC, Y10 3UEprHs BO3MYICHHOTO JIBMKEHHS B [EpBOM NpH-
GuKeHHH paBHA NPOCTO SNIEPFHH  HEBO3MYIENHOro ABHKERHS
0110¢ CPEUS IHEPIHA BIAHMONEHCTBHS, YCPEOHEHHAS N0 HeEO3-
MYUEHHOMY OBUNCCHUIO.

_ B KBaHTOBOH MEXayMKC WMEETCST TaKiKe TEOpHs BOSMYUIEHHH,
K&Topas NpUBOAHT K PE3yqsTary, aualorHyHOMY TOJKO 4TO OrM-
capioMy PE3YJbTaTY KJacCHYeCKoh MeXasWKM. YcCaoBHR, Cyme-
CTRYIOMIHC B ATOMHLIX CHCTEMAX, 3HAURTE/NbHO Mexee GaronpHsr-
1bl, HEXKEMH B PACCMOTPCHHOM aCTPOHOMHYECKOM CAyuae, Tak Kak
Sueprds BIaHMONEHCTBHST STEKTPOUOB MEKaY COCOH OTHIONL He
Maia MO CPAaBHeNUK C 3uepruell B3ABMOAGHCTBHS KAKIOro U3 HHX
¢ RAPOM. 3aMeuaTenbHO, ORHAKO, YTO, HECMOTPS Ha 3TO, RO MIIOTHX
cnyuasx yKe fepBoe MpHGIHIKEHHE LACT BIOAHE YIOBAETBODHTE 6
HHIE PeSyAbTATEl, MMy NpOUAM, TAKIKE H B Cy4ae refus, Koro-
puil, Rax yxe Gbla0 cKasaro (T I, §115), nocayxun Kamuem npet-
Kioseknst st Teopuu Bopa.

Mel n03saKoMBMCST B 5TOM naparpade ¢ Teopneil BO3Mymenwil
[pexunrepa M Cilydast, KOTAa ypOBHH SHEPTHH upOCTbIE, T. €.
KOT/a KamAOMy COGCTBERHOMY 31aY€UHIO SHepruH COOTBETCTRYET
onda coGerhensast GyHKUHHA, a B CAENYOWLEM naparpade NpPUMERNM
noaydensLie 3Aech peayabTaTel K 3aflade 0 HOpMaJbHOM COCTOARHH
artoMa refdus.

Tlycts opepaTop 3HeprHH HUTEPECYIOmER HAC 3ala4H (KOTOPYIO
Mbl GyAeM FasbiBalb <BOIMYWEHHOH 3ajaueii») JHWIL HEMHOTO OT-
Juvaercst OT OiCparopa 3HEprHK 3a7auH, KOTOpasi MOKer ObiTb
pewena TouRo. HanpiMep, nyeth nOTEHIHALHAS SHEPIHA BOIMY-
MCAOA 3aMa4l OTAMYACTCS OT EBOIMyULennoi yaeHom el’, rae
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& — manbil GespasMepHutli napamerp:

U=U+el".
Oucpatop sHeprd BOIMYUIeHHOl 3a1adn Gyner
A= f° 40", (85.13

rae A°— opepaTop dHEprHd HEBOIMYILEBHON 3amati. Mol npenno-
JdracM, uto HEBO3MYillEH1a% 3alaya

Hogo = Eoy? (85.2)
MOXKET GbiTh peuxeﬂa TOYHC M YTO HAM H3BeCTHbI cobersennsie
bynkine % U COGCTBERHblE 3NauCHHS Ej %), npuuem s 9TOM na-
parpage Mbl SyneM paccMaTpusath TOAbKO cayyafl, KOra KamaoMy
C06CTBEI[HOM)’ apayeHHe COOTBETCTBYeT TO/IbBKO OLHa coBeTBeniast

dyurnus,
BosMymenHas 3agaya

Hy=Ep (85.3)
an g=0 nEpexoum‘ B Hesosmymeﬂuym. Tak Kak &, o ﬂpeELHOJIO-
)KeHPHO,—MaJlinl napaMETp, TO Mbl JOMKHB OKHAATb, 4TO co6-
cTBeHHble GYIKIHH P B COOCTBENHbIE 3haueHns Ey BO3MyIEHHON
3afdyy AMIDb HE3AYHTeJbHO OTIHYAJOTCH OT ) 1 ES. Tlosromy
Mbl MOKEM HMX anﬂCTaBHTb B BHAE

— et
P, =% A+ 9] BN 4 e
., o
En=Ep By 4 €'En + -0
TlocaenoBatelbHble YJaerbt npeumaa]mmr HYJIEBOE, nepsoe, BTO-
poe N Goiee BhICOKUE npuGamkerus. Tak xak, OAHAKO, AJs HRUIHX
Heneli 10CTATOIHO NIEPBOFO MpHOAMKEHNS, TO Mbr OyAeM FpeacTas-

aatb hn H £n B BHAE
P, =y, + ey, (85.4)
En—En+¢En. (85.5)

MoxcraskM wx B BoaMymeHHoe ypasuesne Ulpeamurepa (85.3),
yyuTHIBas BHJ ONEpaTopa

(7 + 0%y (w5, + o)

() + oE5) (bn + =wr)-

*) Mw npennonaracw, wTo oucpatop A Mmeer Juchpetnetd ClExTp coGet-
pemnsix snavenufi. Teopis BOIMYMehuA nPUMenuMA TAKXE B K CIysaio CIOM-
Wro coexTpa COBCTReTHIX 3nauenuit, Tak Kak, OAHAKO, B STOH KEHIC MHl He pac:
CMaTpuBaeM 3aKaUA M CTOWIEOR CREKTp COGCTheNbX suauciil, 7O Mu 5T0T
i octananew B cTopome (ch. MopoSuee B. A. @ ok, Havaza wpautosoh
Mexaknky, vacts 11, a. 11, erp. 82, Kybyu, 1932).
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IMpoussoas ykasaHuole ICACTBHR, NOAyYaeM

730, G0 71,10 2 s 0.0 4 ;0 Y v 0 2
A%+ efl'y) + eOw, -+ £ U = ELb, +eE ), +eEp, -+ 8 Enby,
3nech Mbi MOXKeM Ipexne Beero ¢répocHTh uiens, conepKamtie e?,
XaK COOTBETCTBYIOINE TIPHETHIKEHHIO fojiee BRICOKOro nopanka. Ra-
Jee, peaefcTeie {85.2) MOMHO 3a4epPKHYTH TaKXKe MepBblil WIEH
caeBa u nepssif wien capasa. Ocraomeecs ypasuenne mepenuied
B BHIE

o 20} = (F — U\ 5
(A — E) ;= (E;— Uy ). (85.5)
Mer nonyanm #eoduopoduoe ygasneuue, B KOTODOM JeBas 4acrb
HMeeT TOT e B, 4To W (85.2), no B MpaBOl 4acTH HaM HeH3-
BecTHO 3Hauenne Ef. JUIA OTbICKAUHA €0 BOCIOJIB3)EMCH Clelylo-
meit BaXHOW TeOpeMofi: uroGh 1EOAHOPOAHOE ypABHEnMe BHIA
{85.6) Obwio BOOOILE pA3PELINMO, T. €. HMEIO HE[PCPHLIBHOE pelire-
ttHe, HeoGXoxHMO, Y4TOBLI era lipaBan Yacrb GBI 0pTOrOHadbiia K
Pellienio COOTBETCTBYIONIET0 0IHOPONKOTO ypaBHeHHs
;50 0
(@ — E)w=0,
T. €. K ¢S,
JLast ROKA32TENLCTBA BOCHOML3YEMCA CAMOCONPSKEHHOCTBIO OTe-
paTopa sHeprun. YMHoxaew oGe uactn (85.6) caesa na L u uu-
TECPHPYEM IO BCEMY NPOCTPAHCTBY:

[ (10— B dr= [ w0 (B, — 0wy dv.

TMonbaysack camocompsikentnocThio A% peofpasyeM JACByO 4acTh
TaK:

J w0 — By dv= [ wyiiow, dr—E3 [ ag v
= [ (Feugy wyar—ES [ yovy, dv=
— B [ 0w dv— £ [ 40 de=0.

Hrag, Mbl noayunan

SO (B = 0w =

OTLyA4, NMpeanoxarad, wro dyukuas ¢ HOpPMHpOBAaHa, HaXORHM
E— [ w0y dr. 85.7)

Ho npasast wacte (85.7) ecTb He 4ro MHOE, KAk KB4HTOBOE Cpennee
suavenMe {cm. § 63) BosMymaowero NOTEHNHANA, yCpeOHEHHOZO

10 COOTBETCTBYIOWEMY HEBOBMYIERHOMY COCTOAKIO. TakuM 06pa-
30M, 3HAs YPOBRH YHCPTHA H COOCTBEHHBIE GYHKUMH [EBO3MYymEt-

)
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OT0 COCTOAHHA, MOXKHO BLIYHCIUTH B HGPBOM ﬂpldév'”[)KeHHH BO3MYy-
LLeHIbIE YPOBHH
Gefjr 0
E,=Ebte [ 40 pldn. (85.8)
Jas seuncaenus neproro npubamKeHHR COGCTBENNbX YuKILMil

BOSMYLLEHROrO COCTOAUMS lOCTyNaeM cjienyomuM o6pasom. B we-
OIHOPOAHOM YPABHCHHH

(e — B, = (B, — Uyl (85.6)
pasiaraeM (GyHkumio P, N0 OPTOrOHanbHBIM  GyHKUHuM 1Y,
P .0 VY, ... HEBO3MYIEHHOTO COCTOAHHS

S
o= X o (85.9)
noxcrasafeM B {85 6) u, sameuan, wro sedeacrsuc (85.2)
PXow; =3 0,/ = Y aEu

noayuaeM

S| P

Sa(B-E)u=E—0)w
YMHOXAEM 00e 4acTd Ha ¥, uuTerpHpyeM M, NPHHHMAA BO BHU-
MaHHE, ¥TO

fosupar=s,,

noJysaem

0 (B )

m

—_ O+ gt 3
[ et ar, 185.10)
OTKyla
[ worvrgg ae

an S .11
Em_En
STa GopMyla NOIBOAACT BbIYHCAHTL BCe KoydduuUHEHTH paAa
{85.9), 3a uckaouereM @. (ciyvaft m = n). [pn m =n 3name-
tateab B (85.11) obpaulaerca B uydb, Ho W YHCAWreab no (85.10)
paBed HYJI0, TaK 4TO KOIGGHIHEUT n HeONpeneneunbii. ITok ue-
O peIEACHIOCTRI0 MOKNO, OLHEKO, BOCMONL3OBATRCH ANH HOPMHpO-
BaHUA BO3MYILIENNOA QYHKUHH.

§ 86. Hopmanenoe coctosnue aToMma reaus

BocnonbsyeMen tenepb TeopHedl BO3Myillelnit A PCUIEHHA 3a-
Aaul O HOPMaJMbLHOM COCTOSIHMH arOMa reans W DOAOGHbIX emy
HoHoB, B oSulcM BHae 3anava 06 arome renus Gyler paccmoTpena
B § 87, Tak Kax BO3GYKIEHHHE COCTORMUS TEIHA AaPAKTEPHIYIOTCS
oOMenHLIM BbIpOMICIHEM, C KOTOPHIM MBI TIO3HAKOMHJHCL B § 81,
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B § 84 MBI BHAeIM, TO UPH yuere B32UMOAEHCTBHA 3NEKTPOHOB
NOTEHUHAMbIAS JHCPTHSA TC/IHS H NOAOGHBIX eMY HOHOB paBHA
2 Ze? e
(TP . iy (84.3)

" [ T

Co0TBeTCIRYIOME 9TO MOTeNIKMAILHON 3HEPriu ONeparop SHep-
UM ecTh
ze? L

o m 7o
A=—gr A+ A)— =+ (85.1

2 gt

a ypabuenne lIpenaurepa ¢ 3THM 0NEPaTOpOM T2KOBO:

Bt bye+ R (E+E L 2

Y= (X5, Y1, Zu X2, Yo» 22)

(1o nopony oSoswauerui cM. § 84). Ecan OT6pPOCHTL 3uec2b wIeH,
COOTBE1CTBYIOLINA SHEPFHH B3AHMOAEHCTBHA 3JEKTPOHOB €/rys, TO
ocrajomeecss ypasnenuc Llpeannrepa paspeasercs (cM. §84), n
Mbl TOJTy9aeM st KAKI0TO SMEKTPOHA ypaBuenke praa

Let
Awl,}_?ﬁ_f(g,,,}_%) we=0, k=12 (86.3)

310 pacemorperkoe 8 § 59 ypasuemue lllpenunrepa Aam Kemse-

poBoit saaul. Ero cofcTBeunHe 3uayeHust w coBcTBeHHbIe (QYHK-

URK nam H3BECTHE. B 4aCTHOCTH, AJIA JIOPMAJBIOrO COCTOAHHA
(n=1) popmyna (59.21) naer

mZiet

E\ = 2R

(86.4)

Hopmasibhoe COCTOAHKE eCTh COCTOSHHE Is; ero coGereennas (pVHK-

umst (§ 59) ecto .
(i) " o, (86.5)

1
Pis =\

V=
oits
—Z
o= a .
Duepriis Beeil CHCTEMBI paBua Cymme SHepruii yacred

20t
Fg—2E,=—"22 (86.6)

a coGcrsenian QYHKUMA PaBHA (POMBEACHHIO (QYUKLHI s NpH
r=nur=r
2 -Lan L,
p=—7e % & ¥ (86.7)
aal
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Boos ynofnoe ATs fanpieinuun BhuKCHICUUE 0Goanasenne

2, (86.8)
npenctasum (86.7) B Buze

v=x (86.9)

HTax, B HYIEBOM NPHOAHKEHHH HALIA 32[a4a MOMIOCTHIO petnena.

Jag pelieHus samaun B MCpBOM NPHGJKEnHH GYIeM paccMar-
PHBATH MOTeMIHANLRYIO SHEPIHIO BIAUMOACHCTBHS SMEKTPOHOB £%/r |y
kaK BOsMyinende. Mbi yBHTHM, UTO XOTA 3TOT BO3MYHIAIOUIMH wien
B NAnnOM CIy4aC HC MOKCT CYHTATLCS MAJLIM, PC3YAbTAT B Nep-
BOM NPHCAHKENUH TNoayqaercst YAoBJeTBOpHTEAbHHi. CormacHo
§ 85 [popmyaa (85.7)] mompakka K 9KeprHM B NepBOM NpHE/IHKe-
UMH PaBia CPEAHEMY SHAYCHHIO BO3MYILAMMICTO wiena, yCpealelr-
HONY 10 [IEBO3MYILENHOMY COCTOSIMIO, T, €.

E J‘_”z_l °
= Par,
rRe 3JeMEHT ofbeMa MeCTHMEepHOro MpocTpaicTRa 4t B chepdue-
CKHX KOODILHHATAN paBeH
dv=/’sin®, dr d8, do,risind,dr, d9,dg,. (85.10)

Jlaa BbluHCHeNHS GYNEM NO0Ab30BATLCS BMECTO 7y TEPEMEHHBIMH pg,
HOCTPORIHBIMHA COOTBETCTRENHO hopmyae (86.8):

—2
[ A

6, . .
do=(5% ] o sin®, dp, d, dy, pisind, dp, 0, de,.
Mbt moayuHM TOCRA
w @ % w N on .
Zer [ rr P ol . N .
£ = g [ f f 1 f Tplzdp[sm0ld0[dq)lpzdp.zsmﬁzdi}quh,
U 06 00 g
(86.11)
Bxogstui 3 a1y GopMy.ry wecTHKpatHoiit WATerpan pases 20n%*).
Mut noayyaem TakuM oSpasom [zuauenne ap em. (58.10)]

Ze? Ze* B mze'
El=—- . 90n?= L2
n’a,

il =
2q, 4 4 2

%ZEH, (86.12)

rae Eg — suepris mepBoro BOAOPOAHOrO yposust [eym. (59.21) mpu
Z=1 v n=1] Hrag, 3ueprua HOPMaALHOTO COCTOAKHs relnfi B

*) Cu. Tprowerne 11 5 Koyte Kunra.
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nepBOM NPUO/IHIKEHHH paBHA

mZzlet

P

— (22— z)Eu. 5.19)

Beanuuna Ey naBecTHa:

Ey =

me!

T akad 13,60 38.
TlosTomy (86.13) faeT BOIMOMHOCTL BRIUMCAHTL SHCPIHIO NEPBOro
yposua reanst (Z =2) Wan noRoOHbIX eMy HOHOB {Z=13, ).
Dta ouepruA, BIATA’ CO IMAKOM IUIIOC, OYEBHANO. PaBia SHEPTHH
NOJINO/ HOHR3AUMH ATOMA B HOPMAJbHOM COCTOAHAY.

Tabanma VI

Haf/ioqcHHNe W BHUMCISHUME SHANENWR OHEDIMM HORHOAUM HEHTPAILHOTO
reans # NOXOGHMX €My HOHOB

—E — g+ BN A ar Alfde
He . ... 7862 108,24 74,42 20,62 0,142
Lit . ... 197,14 243,54 192,80 46,40 0,004
Bet+ . . . 339,96 432,96 36531 63,00 0,074
B+t . . 5964 676,50 591,94 80| 0,056
CHt++ 876,2 974,16 87269 97,96 ,036

B ra6a. VIl npuBencHbl NalEbie, NO3BOASIOMHE NPOH3BECTH
CpaBHCHHE C Pe3yNBTATAME SKCTIEPUMEHTA 1 BMECTE C TEM OLUCHHTH
poJib TIONpaBKH (€PROTO 1pHGaNenns. Bee sueprui B TaGanue Bb-
paens B 51€KTPOH-BOTbTaX: Eoncn — SKCIEPHMCHTANLHO HARNEN-
as BeAMYHna SHEPrHH Wonusaumm; Eo— pesyssTaT HYJeBOTO upH-
Gauskenusi; (Eq -+ E) — pesyapral mepsoro npHOmmmenud; do H
A’ — pasnocTH MEXAy 3KCHCPMMENTAThULIMU AAUHLIMU M COOTBET-
CTBEHUO HYJMEBUIM u MEPEbM NpHGAmKennamu; A’/Ap — OTHOWRHHS
pasHocTeil.

W3 tabaumis BHANO, 410 a6coq0Tias BeAHUAna A — omMGKH
HepBOTO  HPHG.THKERAT — OCTACTCA NPRGIHIATCABHO BOCTOANUOf.
Ho Tak XaK BeqMupHA HMOUH3ANHOUIOTO NOTEHUHA1a RO3pacTaer,
70 OTHOCHTeNLHAs owubKa ybeBaeT: Ana He oHa cocTasnger OKoJ0
5%, ana Li+ oua nanaer yke xo 22%, a ans CH+++ — noxomut Ao
0,4%. 3aMcyaTeabHO, UTO TAKOW yIOBACTBOPHTEILHMA pPesyibrarT
110Ay4aeTes, HECMOTpPH Ha TO, YTO BO3MYILEHHE, OGYCIOB/IEHHOE
BRaHMONEHCTBHEM 3J€KTPOHOR, OTHIOZb € MOKET CYHTAaThCs Ma-
JBIM 110 CPaBHEHHIO CO B3aMMOJEACTBHEM KA IOrO S.JEKTPOHA C ffl-
poM. Bonpoc o6 Oueiike TOYHOCTH, 1aBAeMO¥ Teopuell BO3MYyLe-

N

bk s
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HHil, ¥ 00 yCIOBUAX €€ NPUMEHMMOCTH PaccMaTpHRAeTCA B CIEiH-
afbiibiX PYKOBOACTBAX NO KBAHTOBOW Mexauuke *}.

3ameTuM B 3dKJloueHHe, 4To TEOPpItA BOSMyLU.eHHﬁ najeko He
BCETIA AaeT )’ILOB.‘IETBOPHTE.‘IBHHE peE.\»"leﬂTbl H He BCerjga anMC'
HiMa. 3a1aua O JBMXKEeldH OOIBIIOro YHCA2 3AEKTPONOB CJIOKHOTO
atoma Boobule 10 xpainocTa caoxna, B atome py6unus 37 snek-
TPOHOB, B ATOMC le3H — 55 31eX1POHOB, B3aUMOIEHCTBYIOUAX
Mexay coboli. Ecan Tem He MeHee 0Ka3asioch BOSMOMHEIM 1poH3se-
CTH pachuelbi ¥ TaKuX 4TOMOB € TOYHOCTBIO, yﬂOEﬂCTEOpﬂmmeﬁ Bbi-
COKHM TPEGOBZHHHM CHEKTPOCKulH/IH, TO HOTOMy TONBKO, 4TO yiaa-
J10Ck pa3paboTalb NPEBOCXOANIBIE NPUGMIDKENIbe METOAB BBIYHC-
senusi. B 5TOM OTHOUIGHEH OCODEHIO BAKUBIMH ABAAIOTCA PaGoTH
coBerckoro yuenoro B. A. ®oka, onsako orsocsmpuecs cloaa Bou-
POCE AJ€KO BBIXOAAT 33 PAMKH J{aHKEOH KHUrK **).

§ 87. NMpobaema reans. Ownii cayuai

B § 86 Mb yXe paccMOrpenu HOpMaJbHOE COCTOSHHE [CNHSI B
Ka4ueCTBe NpUMEpPa UPHMCHCHMH TEOPHH BOSMYHISHHI Npn OTCYT-
CTBUKH BHPO)KI]CHHH. 3,Y.l€Cb MBL pachoTpum 3ajnavy 06 atoMe refus
B OG1IeM cayuae, KOTRA €r0 JTEKTPOIH MOTYT HAXOLUTHCA B TIOGBA
cocronnusix. Ypasuense llpenuurepa n1s atoMma reaus uw nosoG-
HBEIX eMy HOHOB Takono {(cM. § 86, ypabuenue (86.2)):

2m Ze? Ze2 e?
e

A+ A+ B4+ S+~

3nece Ay M Ag-— Tpexmepusie onepatopht Jlannaca, meficTeyomue
COOTBETCTBEIIHO HA KOOPAH{ATH HCPEDI‘O a BTOPOI‘O SVIEKTPOIIOB;
2apsil Anpa Mbi Li0JaraeM paslibiM BooGue +-Ze aast TOro, 4ToGh
pelenac Ghii0 NPHIOAHO HE TOIbKO Anf Caydas uefiTpaqbHOro
TeNHS 2), 00 R NOKOGHBIX Evy HOl0B; €2/r;; eCTb 3Hepris
B3aHMOJEHCTBHS SJIEKTPOHOB (3JEKIPOCTATHYCCKOE OTTAJNKHBAlNE).

Hauanbube 3Tambl pemenns 3afadi HaM YK€ u3BECTibl Ypas-
Hedue (87.1) me pasacasieTcs, TaK Kak STOMY NpPEeRATCTBYET Wien
€2/r1o. TlosToMy HYHO DpUMENHTb TEOPUIO BO3MYyLIeHHH. B uyneson
NpHGIHIKeHuH OTOpachiBaem NOTEUUHATLHYIO BHEPruio B3aHMONedi-
cTBuA €/riy W TONyYaeM ) pABHCHHE, COBEPIEHKHO CHMMETpHUI0E OT-
HOCHTEJBHO KOOPAKIAT OGOMX 3.€KTPOIOB:
Ze? 7
+2)

] ra

(87.1)

11z

2m

A+ Ay -2 (£ 4

(87.2)

*) Cu. I1 FomGauw, Npobicwa MFOTWX NacTHI B KB3UTOROH Mexalmxe
ni, 1952

#) Cw B. A, ® ok, MROrosIeRTpOmIan 311ava knanTomol MCXaHiK W
crpoentie atoma, I0GkeimuE coopink Axagemun Hayx CCCP, w, 1, cap, 255, A
CCCP, 1947,
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HOSTOMy 3jlech, Kak H CJAeA0Ban0 0MHAATD, []PHMEIIHMH BCC pe-
synbTathi Npeiunymero naparpaga. LA pasnenemns ypapHeHHd
(87.2) uuieM pewenue B BULC NPOUIBENCHHST ABYX byHKUHRA

w=1p (1) he(2), (87.3)

rnie unppamu 1 ¥ 2 0603EAYCHBI COBOKYMHOCTM BCEX KOOpAMHAT
kaxporo saektpona. Ilogcranus 910 peulenne s ypamrcnie (87.2),
a3flefifieM €r0 Ha ABA ypaBHENH:, KAXKAO€ U3 KOTOPBIX NMPEACTaB-
asier o6oil ypasHeiue Llipeaunrepa xenaeponoi 3ajayi, HanucaH-
HOe IJA LBYX PASJHUIBIX CTAUMOHAPULIX COCTORMMA — I-ro k-To
[pasymeercs, STH COCTORKHA MLl BHOPANM COBCPIIEHHO NpOU3BOIL-
ol Tlostomy dymktmi () o i (2)— yxe uasecTunie cobeTBen-
Hble (YHKLHM KCONepoBOii 3anaur (§ 59), Tark 4tO0 COOCTREHHAR
DyHKUAS P HYJ1EBOTO UpnGKKeHus U3BECTIA. To e OTHOCHTCH K
COGCTBCHELIM 3HAYCHHAM SMEPTHH

E'=E} 4 Eh

EY w E} — GanbMepoBbl ypOBIH SHEPTHE OHOSACKTPOHHON sanavy.

Io npuudiad, nO1poGHO BuACuentbM B § 81, ypobis skeprin
E® BuipOMK/ACHB BCTSACTBHE TOKAECTBEHHOCTH SIEKTPOHOR. B nyne-
BOM HpHO.THIKEIUH, KpOME STOTO OGMEHHOIo BHpOMJEINIR, HMEeTCd
epge H3RECTHOE HAM W3 DEUICHHA KCILIEPOBOM 3d1ayH BHIpOMICHHE
OTIOCHTENBHO YTIOBBIX Koopaukat (§ 60). Opunako 910 TIOCHeaHee
BLpOAEIAC HAC 31€CH MHTEDECOBATH Iie 6YALT, M Mbi €r0 He yuh-
ThHIBAaEM.

BoHAYy ABYKPATIOTO BHIPOXENUS COOCTBCHHOMY 3HAYCHHIO Eo
COOTBETCTBYET HE TOMLKO €OOCIRENnas QYUKuAA i, HO H GyRKUHA

v =1 (2) be (1), (87.4)
a raxKe mobas snueidas koMGunanus (87.3) u (87.4)
w = au 4 fo. (87.5)

B xauectbe YNpawHCHUS JCTKO MOK&3aTh, 410 B WECTHMCDHOM
NpoCTPAHCTEE KOHDEIYpAllHH (YHKLUMH (87.3) ¥ (87.4) oproroHanNb~
1Bl APYT K APYTY. Mb IpeAnoN0oNKEM, KPOME TOFO, YTO OHK 11OpMH<
popaHul X 1.

Mbl BCTpeuaeMes 34CCh, 01HAKO, CO CAELYIONHM SATPYAHCHHEM.
Tcopus BOSMymEHHT IOMKHA AABATH B KAYECTRE BEpBOrO npuGan-
SKeHuss TAKHE COGCTREHibiE (QYIKIUME, KOTOPHE OpK yCTpeMenud K
HYAIO DO3MYH(CHHS AOJUKIbl HENPEPLIBHO NCPEXOMNTL B QYIIKUHH
HYJEBOTO NpUONHIKEHHS.

OMaKo OIHOMY K TOMY 2Ke COGCTBEHHOMY SHAUCHHIO SHEpriH
COOTBETCTBYET GeCKONeuHoe MHOMCCTBO COGCIBEHNbIX (YWKUHE A0
TexX Nop. MOKA KOSGOHIUEHTH o 1 f B (87.5) nponssoababl. [lostomy
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€HAYANA OCTAETCHA HEH3BECTIBIM, KAKHE JKe U3 (yukiui (87.5) cae-
JYeT B3ATb B Kauecrse 1yneBOr0 NpHOAMKEeHus. M yBumum, Of-
HAKO, 410 570 3aTPY[HENHE B TEODHM BOSMYMIEHH C YHETOM BEIPOMK-
JLeHHs NPEDAOSIEBAETCH H aBTOMATHIECKH NOayYalOTCA NMpaBUbHEIE
(GynKuun UyAesoro npuGnuKenus, 061aNAOUHKE TAKKE 1EOGXONH-
MBIMH CBOWCTBAMH CHMMETPHH.

Nonaran

v=w+tao,

E=E +E, 4n 7.5

1 BBOAA 06031AYCHHS

2m el
B ot
2m
=

(87.7)

TAC S H & — MaJbIC BCTHYHHBY, HPOU3BECHUAMH KOTOPHIX MOXKHO npe-
neGpeub, H3 (87.1) u (87.5) nonyyaeM HeEONMNOpPOAHOE ypaBHeHHe
s g

2 2 2
s+ (B4 B+ Z o —(s—nu. @7y

Jlesas uacTh UMEET TOT JKE BHA, TO M yDPABHEHWE [Iy/I€BOTO TpUGAH-
*keuusn (87.2). [Nosromy ORHOPONHOC ) paBHEHHE, COOTBETCTBYOMIEE
HeORHOPORHOMY (87.8), YAOBAETBOPAETCA pelICHHSMU & W U.

Bocnosbayemest Teneph 1e0peMolt 0 HeOAHOPOIHbIX ypaBHEHHsX
Aexameh B OCHoBe TeOpHn BosMymenul (§ 85). Dty Teopemy, npn-‘
MERHTETLIO X [aNHOMy CAyyao BHPOMAEHAA, (GOPMYJHpYeM Tak:
AN TOTO YTOOH HEONHOPOAKOE ypaBlellHe HMEJ0 BOOSMUIE pellesine,
OTANUIOE OT Hyas, €ro Npapas $acTh AOMKHA GLITH op-roroua.rxbua;
X 0GOUM BLIPOAKIEINISIM PELEHAAM COOTBETCTBYIONEIO OHOPOALOIO
ypaBHerRA. 3TO JlaeT B2 COOTHOMCHHs:

fu'(S—s)wdrr—O,

fv‘(s—s) w© dt (67.9)

rje dtv-—3aeMenT 06beMa WECTHMEpIHOro NPOCTPaHCTBA KOHMHUIY-
pauny

dv=dx; dy, dz, dx, dy, d2;.
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Toacrasus 8 (87.9) BhpaxeHne @ = o + fo MOAYYHM ABA COOT-
HOIEHNS, U3 KOTOPhIX MOMHO ONpeiennuTs o i fi:

uju'(s—e)udr—kﬁj‘u'(s~s)vdr=0, }
. 87.10)

aJv'(s—s)udr—#ﬁj‘v'(s—s)vdr:O,

DyHKUMH & K 0, KaK CKa3aHO BBILLE, OPTOfOHAILHE M HODMHDOBAHL.
310 Daet TpH YCIOBUL:

( u'vdv=0,
ju'udr:l, (87.11)
( vodr=1

ITonbyyAch 3THM U TPUHMMAs BO BHUMAHHE, uTO & KAK NOCTOSHHAA
MOXeT GLITb BBIIECEHA 33 3HAK MHTErpana, MOKHO yNPOCTHTH CO-
ornyomenns (87.10). Mmeem, nanpumep N

q‘.u'(sAs)udr—%ﬁju'(sfe)vdr: .
=q (J u'sudv —x-:) + B J‘ usvdt. (87.12)
Beenem o6o3nadenua
[ wsudt=¢;, J‘ u'sodv =g, } )
: f (87.13)
J‘ o'svdv =gy, j visudy =¢,. i
Toria, pHHAMast BO BHAMaHHE (87.11) u (87.12), Mbl mpHBELEM
(87.10) k Buay
aleq —ey+ e =0; }
aey +-plen—8) =0
Dy ypasieuHs OGpasyIOT CHCTEMY JHHERNLIX OLNOPOANBIX ypas-

HCHHH OTHOCHTENbIO O M . Jlasg torc ytoObl OHM HMEJNH perienue,
OTAHMKOE OT 1y, TPEOYETCH PABEHCTBO HYJIO OBpCENHTERA

(87.14)

en—e

(87.15)

et

Pacemarpapas Bhipaxedns (87.13), HeTpyaAHO NOKA3aTH, UTO HMEIOT
MECTO NonapHuie paBeHCTRA & = &z, €12 = 821 JlefcTBHTENbHO,

§ 871 NPOBJIEMA | LNIUS. OBLIHN CNYUAR 345

byskuun # R U NONYYAOTCH APYT M3 Apyra mylem TepceTaHoBKI
NOJ0KCHUHA SJIEKTPOHOB; OHH C“MMSTPH‘{HM OTHOCHTEABNC KOOp4-
HaT OGOMX 34eKTpOHOR, Takme u § = ¢2/ri; CHMMeTpH4YHA OTHOCH-
Te/b0O KOOPAMNAT OGOUX 31€KTpoHOB. I10CKO.LKY 1PH HHTErpHpo-
Banu 0o dtv = dx,dydzidx.dysdz; 06a 37eKTPOHA OTHHAKOBO NpU-
HUMAIOTCA BO BHUMAHHME, W HHTETPHPOBANME BHIOAHAETCA B ofonx
CiYHasX 110 BCEM BO3MOXKIibIM 3HAYENMAM KOODJMHAT, &ip H €95, &
TAKKE £ H P OTNHYAIOTCS JIPYT OT ApPYyra TOabkO 0003HauCHHEM
nepeMelkX, a 10TOMY W COOTRETCTBEHHO pasibi Apyr jpyry. Muer
370 B BHLY M packpuBas onpepenntent (87.15), nonyuaeM

(e — =0

By — e — £ gy, (87.16)

OTKyAA

Tloactarass 310 B nepsoe u3 ypasnennii (87.14), naxogum
e+ f=0
H, CIRIOBATCAbHO,
w=a(+ vy=c{p () (2 =4 D Pell)]-
Ko3(p@puuHenT o JErko ONpelequTh TCHepb H3 YCA0BHS HOpMU-
poBaHus W

1=[v wiv=

oTKYyAA 0= 1/1/5. WUrak,

AAK, BEOKCHBAR OTAEALHO KaXAyl0 H3 ABYX KOMOHnauui,

1

=vz {0 (1) 9, @+, Db (D) (87.17)
= b (D92 — 0, @ (U (67.18)
Drp gse GYRKIUMH B ABJAIOTCH 11PABRIbHO BuOPanHbIME  (YHK
LMAMH HYJEBOTO NpHOMHIKEHHH B TOM CMBICIC, UTO Gynkund nep-
BOrQ (PHGTIDKEHHs NENPEphIBHO NPHMULIKAOT K GYHKUHAM (87.17)
u (87.18).

Mul BUIAM fagee, yTo HaiAemEC COOCTReHAbIEe GYHKIHH obaa-
/21T H TPCOYEMBIMH CBOICTBAMH CHMME] PHU. B caMom gene, GyHK
uns ws (87.17) apM UCDECTAHOBKE 4aCTHL He Mennercs- ona
CHMMETPHUHA, a GYHKIHA Wa (87.18) mpu nepecTaioBKe uac(uik
MenfeT CBOH 3HAK — OHa amiMckMMermiuna. OGe QYHKIME yIoB-
JETROpSIOT NPHAULNAY TOXAECTBENNOCTH MEKPONACIRLL

)
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Mu MOXeM HalTH Tenepn, M COGCTBEHHbIE 3NANEHUA SIteprum,
COOTBETCTBYIOMMHE NOJAYYEHHbIM ABYM COGCTBERHBIM (DYHKUHSM Wg
u w,. Tak kak E = E° 4+ ¢, To, npunkMas B8O BHuManne (87.16),
nueem

E=E e, Fe,=(EI+E)+e ke,
HIH B COOGTBETCTBHH C Q)yHKuHX'Vm ws " IZJA
Eg—El 4+ E e ten (87.19)
Ey=E +E}+e,—¢, (87.20)

Tlonnonst MTOr NpoAENaHHbIM BLUUCICHUAM, MBI BuAHM, 4TO NpH
yueTe B3aHMOJIE/ICTRUS IEKTPOHOB €%/r s TEOPHR BO3MYwEHHI 2BTO-
MaTHUECKy TPHBOAKT K ABYM COOCTHEHEBIM (YHKLuAM — CHMMET-
PHUHGH M @NTHCHMMETPHYHOH, KOTOpLiM COOTBETCTBYIOT ABA pas-
AutrpX COBCTBEHHLIX 3HAUGHUS, T, €. BUpPOKLIHE CHRMAETCs.

§ 88. Juepran B neprom NPHGAHKEHHH

O6painmcst Tenepb K 3HaTendAM SHEPTHH TEpBOTO NpUGTIKENHA
Egu E,. Popmynn (87.19) u (87.20) nokaswmpalor, uto Eg u E 4 or-
JNIHYAIOTCSL OT 3HEPrHd nyJeBOro DPHGAnIKEeHUR E"‘E'H-Eg ABYM3
CaTaeMbIMH €)1 H £j2. YCTAROBHM HX (u3Huecknii cmmica. ITepsoe
CIarachoe &) MOXKHO HAmHCATh B Buje

i x x 2
=] B (D0 @ b Lw, 2de =
B O NI AT

J 12

dv,dv, (88.1)
dv,=dx dy dz,, dv,=dx,dy,dz,.
Ho e (L), {1)=p, u e, (2) 4, (2) =p, ¢y7b i0THOCTH 3apRA0B

OGOKX  SACKTPOHOB, DACHpeNeNeHHbX 1O  BCEMy TPOCTPANCTBY
{cm. § 59). TTosTomy BLIpassenne ), nanucanyoe B BHIe

[ [ o
o= j 882 88.2)

MOKHO paccMaTpHBATL KAK IHEPrui0 KyJIOHOBCKOTO B3aHMOAEHCTRHS
OGOHX S7ERTPOHOB, «pa3Ma3aHHbLIX» N0 Beemy MpocTpancrsy. Hurer-
pail, 11oayHaeMuiil u3 (88.1), eciin 3auepkuyTh B HeM €2, nasuBsaercs
KYAOHOBCKUM 1 0GO3nanaercy uepes C:

= [ L4} (0 (1 @0 (883

§ 88) SHFPIHR B TIEPBOM TPHBIIMKEHHH 347

Hirterpan €1, onnako, cpoeopaser, Ero moxno nanucats s
BHIE

P oWt (1), (1) < op, (29" (@) { (ollers
e,1=“—"‘¢—&‘p—mm2 Jj%"—dr,dn, (88.4)

[at3

2)
e piY u pj pasun

o= e (L (1), 05 = e (2) ¥, ()

3nech pY # pi¥ MOMKIO paccMaTpuBaTh TaK Ke, KAK NAOTHOCTH 3a-
PA/OB, BHYHCAENIILE, OAHAKO, LI TAKHX COCTOAHMI, KOrAA KamAuiit
SMIEKTPOH KAK GYATO HaXOAMTCA OTYACTH KA NMepBOM, OTHACTH Ha
k-M ypoBHE. JHepIHst €1 MOITOMY HE NOJUIALTCA HATNAAIOMY UCTON-
KoBauHIO, MHTerpan

A= [ W w6, @ @) ®8.5)

naspiBaeTc 06meHnbin. DyRyun yMuOKeH na €%, on npHoGperaer
pasMepHOCTH SHEpTHH, KOTopasl Takie nasbipaerca obuenxod. Ha-
3BaRME STO MPOKCXOAHT OT TOFO, 4TO, XKenad AaTb HArIAAHYI0 Kap-
THNY BO3HUKHOBEHUS ANCPrHH €9, 4ACTO TOBOPAT, YTO 3JEKTPONH,
3 KOTOpBIX OAMH HAaXOAMTCS Ka UEpBOM YpORhe, a Apyrod Ha k-
(unu BOOGHIE HA pPasHbiX YPOBIAX), HENpepeiBHO OGMEHUBAIOTCR
MecTaMH,

Ha camom zene cMbica snterpata A unoil. HroGb B 310M yGe-
JNTECA PACCMOTpHM TOZpOGHee (U3NUecKoe anaueHue uneHa €’A,
T. e. «<06MenIoi» suepriu. Coraacuo TeopHn BO3MYuieHHil 10npaBKa
K SHEprAd HYJEBOFO NpubnuiKCHUsl pabna CpeAHEMY snauennio Bos-
MYULZIORIETO WIEHA, YCPeAHENHOMY 10 HEBO3MYLICHHOM Y COCTOSIHUIO,
BosMyIleHHeM B AGHHOM Cliyuae SBNSCTCA KyAOHOBCKQA NOTEHIH-
ajbnas SHepris B3aHMOINEHCTBHT OGOHX SJCKTPOHOB, HO 1€BO3MY-
HIEHHOE COCTOSnHE AJA yHOBJAETBOpents MpHILUHNA TOxKAECIBeHHO-
CTH 3IEKTPOHOB JOMKHO OUHCHIBATLCS CHMMETPHUHON HAK AaHTHCHM-
MeTpH4HOH nHHelinoll KoMGuHauneil

o = DB % 0 @p D). BT17-19

Haijiflem Teneph HHTCpECYIOmeER HAC Cpefnee sHauenHe KyJOHOBCKOH
noTeHANLIOH 3HEepTHH

&

e? x
o=l wsar wia dt. (88.6)
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BolYUCAUM Ws. A - w;,A:
g, a0 @ 4= [0 ()9, (2 =
9, (29, (D] - (i (D9, @ = 9] (b, (1)) =
LU @ + o D (WP =0 (0D 2 (0, D)=
£, (Dopll) ¥ (D9, @) (B8T)

Tak kak B (88.8) unTerpupoBanie NPOUIBOANTCH 1O dT = dTidvy TO
Ha OCHOBAHMH CKa3aHHOTO Ha crp. 345 1O noBOAY &y H €22 NPH NOL-
cranoke (88.7) B (88.6)nepsbic 1Ba uieHa paBRb JpYr ApPYyry;
Takske § nOCAELHAE B 4ieHa MEXIY coGoi pasubl. [lostomy, co-
xpamas na 2 B npHUEMan BO BHHMamhe 0GO3HAUeHHs {88.3) u
{88.5), nafgem _

oz

()

370 MOKa3biBaeT, YTO OOMEHIIblfi WICH NOSBAfeTCH TOJILKO BCJed-
CTBHC TOTO, 4TO Mbl TI0b3YEMCS (YHKUHSIMH Ws 0 Wa AJ9 YAOBIEr-
BOpenns MPHHUHMNA TOKNSCTBEHHOCTH ONMHAKOBbIX MHKPOYACTHI.
Tosicunm 310 noApoGree. [lpennonoxuM cuavaga, 470 COCTOSIHHE
pawefl CHCTEMB! IBYX 3nEKTPOHOB TakOBO, YTO HX BOJIIOBBIE (yHK-
1MK HE TIEPEKPBIBAIOTCH. ITO 03HAUAET, UTO Yy HMCEr MAKCHManbioe
3Hauenne TaM, I1e $x NPaKTHYeCKH paBHA YO, u nacGopor. Jierke
BUMETh, 4TO B 3TOM Cayvac .

B (s (1) =W (B, (1) 0,

{2 b, (D= 3, (29, (2) =0,
¥ B BLIPAKEHHH 119 NIOTHOCTH BeposiThocTy (887) #cuesawor no-
caciuMe Tsa wiena, T, €. HMCHHO Te yieHbi, KOTOPLIM COOTBETCTBYET
o6Meias yacTs 106asouHolt sueprau. Takum o6pasom, B pesy.b-
TaTe MNTETpHPOBANIA Mbl MOJYUHM [P 3TOM YCJOBHW TOJLKO fep-
HBif yleH CYMMBI, T, €. TONBKO OGBIYIYI0 KYJOHOBCKYK 3HEPHIO:

(f——) =e2C.

£Y]

=e>(C =+ 4). (88.8)

Wrak, Mbl y6exaaeMcs BHOBb, YTO NOSBAEHHE OOMEHHOTO HHTC-
rpaga H COOTBETCTBYIOMErO €My OGMCHHOTO 4ilesa B Bpamennt
BHEpPruM ecTh NPAMOE CNEACTRHE HPUNIHNA TOXAECTBERHOCTH OAH-
HAKOBbHIX 4acTuil

ITeauepKHeM NO3TOMY eme pas, 4TO NONpasKa neproro HpUGIu-
SKeHHs K PHEpIHH, BHpaxaemas aarcOpanyecko cyMmok

e(C = A),

hmmmxe;w) e o 1
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€CTb CpellHee SHAUEHHE KYAOHOBCKOL SNePTrHH BIauUMOACACTBAL, BHI-
yHeseHnOe N0 3aKONaM KBaHTOBOW Mexauuku. [losromy yTeepxie-

‘HHC O CYHICCTBOBAaHHH 0COGOH «OOMEHHOW» 3HEPrin 1enpasHbRO:

HUKAKOH creudpHIecKoll 0GMeRHOlt 311eprun He CymecTByeT. moa-
sounas sneprist (88 8), npeacrasasemas CyMMO# ABYX wIEHOB, €CTh
3ueprus SMEKTPACTATHYECKOTO BIAHMOAEHCTBHs HTEKTPOHOB, BEIYHC-
Asiemast 110 3aKOHAM KBAKTOBOH (4 He KJIAcCHuCCKOft) MeXaiuKH.

Tem ne Mesee «oGMennbljp» d4nen cymMb e?4 xapakTepen no-
TOMY, uTo HMEHHO B HEM NpOSBAKIOTCH KBAHTOBOIE CBOACTBA MHKDO-
wacranl, 1o sTOH NpuyHHe pasnesenne cpeiueil KYJOHOBCKO{ SHEP-
R €%r, Ha COBCTBEHKO KyaONOBCKYIO H OOMenHYIO 4acTH OKasa-
J10Ch (7I0AOTROPHHIM TLI% OOBACHEHHS PANA (QUBIIMECKHX ABICHHH
Tax, #alpAMep, OKa3anoch, 4TO OGMEHHHMH BIaUMONEHCTBHAMU
SMEKTPOHGE OOBACHAITCS ABACHHS HEPPOMArHCIHINAE *).

Caenyer, BUpodeM, HMeTs B BUIY, 470 GGMeHHBIA unTerpan no-
ABANCTCA N TOJIBKO IPH yepelnenuH KyJIOI0BCKHX B3aHMONeACTBRA,
110 R JIOGHIX APYTHX B3aMMozeficrsuil. B camom lese, eciu noreu-
tMaLHas sueprus BiamMonedcTens ecTh Uy, TO KAKOBO G RH
GLUTO e IPOHCXOMAEHHE, YCpejuienne N0 CUMMETPHYHBIM W aAKTH-

CHMMETPHUHLIM COGCIBEIHBIM QYHKUUAM w5, AUpws, 1dt o6a3a-

Tenbso OpuBeNC K 4ICHY, COAepxalemy ofvekHbiit tnrerpad. Ta-
KHM OGPA3OM, OKA3BIBAETCS, HAMPHMED, UTO, NOTH CHbl, CBASLBAI-
e deMeHrapibie 4ACTAIL B aTOMHOM SLAE, HE ABAAIOTCS 3/eK-
TPUUECKIME, HX XaDAKTCPHbie CBOHCTBA (T4K HA3HBAEMOC HACHILe-
nue) MOFYT OhITb OGDLACHEHL! HMEHHO OOMennblM 3QQeKTOM.

Dopmyan (87 19) u (87.20) rokaspisaior, 4TO B OIHOM H3 CO-
CTOAIRH — CAMMETPHYHOM — OCMEHnbiii WIEH BXOMWT CO 3HAKOM
1I0C, @ B ApPYrOM — aHTHCHMMETPHUHOM —CO  3HAKOM MuHYC.
MO0 KpoMe TOTO, 110Ka3dTi,, UTo O BCerla (T. . pH .1060M kY
noaoKutelen. Ua 310ro caeayer, UTo au | HCHMMETPHUHOE COCTOsiiHe
AEKHT NHMKE, T. €. SABJHETCA 00,1C¢ YCTORUMBBIM, HEKENd CHMMeT-
pruioc. Mepoit 37Ol YETOtYHBOCTH KaK Pat siB/iseTes cofMennram»
uacTh INCPIHA €12

BepiieMca, 0AHaKo, K aTomy rean. M yGeAHIHCh B TOM, HTO
B pe3yibiaTe B3AHMONEACTBHS €r0 SJEKTPOHOB BOSHHKAIOT ABA
COCTOSHHS, 3aMCTHO pasaRuapuiHecs csocii sucprmein Hawm eute
HYKHO OGLSCHNTh CYHMIECTBOBAHHE ABYX PA3AHuHLIX [0 CROEMY Xa-
paKTepy NOCAEI0BATENLHOCTCH €r0 YpOBHEH — CHHIICTHRX M Tpu-
TicTiEX. B 3TOM OGBACRENWH CYHIECTBEHHYIO POIb HTpAcT yuer
CIHHOB 3EKTPOHOB, 4TO Mbi 10 CHX 10D OCTaB/f/M (€3 BHMMAuHA.

Ympampesme OSMennan >uepris AGYX 9EKTIONOB, M3 KOTOPHX O
HaXONATCA B COCTORHUH 1S, a2 apyroii — 2p, pasua 0,136R cu-l, rze R —nocromn-
was PHIGepra. BLPasATs 3Ty SUCPTMIO B SPrax H SIEKTPON-BOALTAX M CPaBiMTs.

) Cw.. nanpumep, fl. W, ®peuxenn Boexene v Teopwa Meraios,
1950. T, ®'penwx, Drextponnan Teopun Metanios, «Haykas, (97(,
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2) © SWCPIHEH MATHUTHHIX B3BHMOACHCTOMI CNMIOB 5TeKTPONOB, PACCMATPH-
BAS 5IeKTPORM KoK MargnTHble AMIOAN, HAaXOLsIHecs Wa paccTomiin 108 o
) C sHeprHEA MATENTHLIX DIANMOICACTBHA CNI — OPGHTATLIB MOMENT, BHL
paxachux GOPMYAOH (74.5).
V6eanthes, TakuM 06pasoM B GOALIOR BCAMUMHE OGMEINHOR Suephun B cpan-
HelkR © SHeprUek MaranTHHX B3ANMOLENCTBHI

§ 89, CunraerHuie W TPHANETHLIE COCTOSHUA Tenus

O6paiuMca Tenepb K UNTPOGIOMY DACCMOTPEHHIO dTOMA 1'eTHfl
C TOyKH 3peups NpHHIIHIE IMayan. 270 paccMorpenie, ¢ olHOR CTO-
PpONSL, HOACHHT OOnKE COO6PAKENUA, paIBHTEIE B IIpAUIECTBYIOHIEM
naparpage, a ¢ Apyroil — MO3BOIHT JONATL MPUHHHY YKA3aHHOTO B
§ 83 akTa CymeCIBORANNS Y ME/HA JBYX HEKOMOHHHPYIONMACT CH-
CTeM TepMOB — CHHIVIETHBIX H TPHILICTHBIX.

Kak yXe 6b10 yKazano. n0iHas coGCIBEHHAR (YHKIHA AB-
AneTcs NPOMIBCUCHHCM KOOPAHHATHBIX (HHAYC rOBOPS, OpGHTAIDL-
HBIX) 0 COKHOBEIX dynKiH{. Hauke ¢ OTbiCKailud CHMMETpHuNbIX U
AETHCHMMETPHUHBIX CRUAOS6IX QYHKUHE CUCIEMBl [BYX S/1EKTPOROB.
KaMAui SaKTPOH B OTHOMUENHH CIIHHA MOXET HAXOJAHTLCS B ABYX

. . t
cocr0siMsAx: € ApOeKUHCH, Napaifedsnoi nomo, o,=-+h, uc
o 1
npoekuHeR, aHTHIAPZIALHON N0TI0, 06, = — o k. Byrem obosta-

4aTh CMMNOBYI0 (YNKLHIO B HEPBOM CAyyae gF, RO BTOPOM — yepes
@~ B cyuae IByx 5TeKTPOHOB MBI HMEeM C/CIYIOUHe BO3MOMKHOCTH
B3AHM1I0f1 OpHENTALMH IPOEKIHY ClUIIOB:

moN Lk
HM COOTBETCTBYIOT CJELYIOUHE Q)YHKUHHC
et (et @), ot (Yo @, e (et ¢ (He (@)

U3 HHX MOXHO COCTAaBHTH UeTbipe KOMOHNALWH, YAOBIETBOPSIOUIHC
TPeGOBaHHIO CHMMETpKH (38an0K S) HAH AUTHCHMMETpHH (3Ha-
oK Ay

o =g* (o™ @),

W =0t (o™ @ +o (Ho* (2),

o — o (ho ),

o4 =9 (Ho” Q) —o” (o' -
Us sThx uetbipex ¢ynkuph Tpu cummerpuunbie (¢f), o, of) u

04HA ANTHCHMMETpHUHAA (pa). JLns NONYUEHKS OOJHBIX (YHKUHI
€OCTaRHM FApPOH3IBEACHH? KOODAHUATHLIX (OpGHTANBHLIX) (pynkuui

]
|l (89.1y
J
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Ps H P4 Ha KAOKLYIO M3 COUHOBBIX dymknuit (89.1). Takax npous-
penenni Gyler, oueBHLHO, BOCRMb:
L. 1hg@Y’ — CHMMETpHUHASA.

< 2] 2)

2. o » 6. 08 »

(3, (3]

3. 98 » 7998 »

4. PpsPa — AHTHCHMMETPHYHAA. 8. paP4 -— CHMMETpHYHAL.
HraK, M3 BOCbMH (yHKIHA ueThipe cHMMerpuusnl (1—3 ¥ 8} u co-
OTBETCTBYIOMHE 1M COCTOSHHS HE OCYMECTBAAIOTCA, OCTAMbHEE ye-
Thpe (4—7) AHTHCIMMETpHYHEL, W HAM HYXHO Tenepb pasobpath,
KaKHe Ke COCTOSIHHS ONHCHIBAIOTCA 3ITHMN anTHCHMMETPHYHBIMH
(GYnKuUSMU. 3aMETHM MpPEeXJe BCEro, uTO H3 YeTHIPCX aHTHCHMMeT-
PHUHBIX (DYHKUMit QYHKUHH (4) €cTb MpoH3ReAenne CHMMETPUUHOH
OpOHTAbEOR (pYHKUHH 1hs HA AHTHCHMMETDHUHYIO CIHHOBYIO (o,
pyuxuuu xe (5), (6) # (7) cyTb OpoM3BeNelHs aNTUCHMMETPHYHON
OpGHTAIBLHOM GYIKIHE 1§, HA TPH CHMMETpuunbe clHHOBHe @lf—3)

BeinuuieM Temeps B ABIOM BHIE STH UEThPC AHTHCHMMCTpHUHbE
(pyuxnER. OHU TaKOBLL:

4 bsPs V2—llb.(l)‘Pk(?)ert(?)wk(l)] [o* @)=~
—o* @),

5. @Y — aHTHCRMMeTpHUHAL.

5. 1,0 Vg<w;(1)wh(2)4w‘(2)m(l))w”(l)w“ @

6 0,00 = g [ (D6 () = 0@ e ()] 0" (9~ D+
+90" Qo (h)

7. 09 = o (b (0 2) — 0 )b (D) 9 (o™ @

PaccMOTpuM CHauasia TpH nocaennue ¢yHruud, OyHKUuH (5) coor-
BCICIByeT KOMGHNanus cnknos §1; cyMMa npoekuni

1) @ — L
mil) + mil =5

ayanoruYHo s GyHKUMH (7) cymMwa npoekuHil papa -—I; s
Qynkunn (8) mb) 4 m%) = 0. OueBHAHO, UTO B COCTOSHHAX, OUHCHI-
BaeMbX (GysKUHAMH (5) u (7), NoanOe KBAHTOBOE 4IICAO CliHHA
Si+ Sa =8 pasuo emunuge. Ho y Hac ecTh BCe OCiOBAHUS Cui-
TaTh, 4TO H B COCTOANHE (6) MONHOR KBAHTOBOE YHEJIO S TaKKe pas
HO efnnmue. B camom Aese, 910 COCTOSIIIME XAPAaKTepu3yeTCs TOH Ke
CHMMETpHE} KaK B OTHOWEHUH OPOHTANbNOR (YHKUHH pa, TAK H B
OTHOWEHHH CIHIIOBOH s, YTO H cociofnus (5) # (7). OHo anrtu-
CHMMETPHYHO OTHOCH1€/bI0 KOOPXHHAT NOAOKEHHS U CHMMETPHYIO
OTHOCHTCALHO <KOOPAHHATY CluKa. I10CKO.bKY B COCTORKMH (5) mpo-
exuusl moanoro cnu#a pasua I, B cocrosimu (7) — paBHa—1, a
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cocrommuue (6) o6aalaer B0 BCeX OTHOUICHHAX TOl e CHMMeTpuci,
w10 1 coctonlka (5) W (7), CCTECTBEHHO CYNTATD, NTO OTAHNNE CO-
cionaus (6) OT cocTosuks (5) ¥ (7) COCTOMT TORBKO B opucHTanuH
[OJHOCO CHHAA: Cro MPOCKUMs a OCb B cocTosinud (6) pasHa uy.io.
Yrak, Tpn coctomuust (5), (6) u (7) o6pasyior omny rpynuy, xa-
PaKTEpH3YEMYIO 1I0AHHM CUHHOBIM KBAHTOBHIM dHCIOM S=15
310 — TPUIAETHOE COCTORHHE,

Ugo KacaeTes cOCTOs U (4), TO LA 11CTO OCTALTCS TONbKO 0AHA
BOSMOKIIOCTb: Cro INOJHOEe KBRAH10BOE WHCIO CHHHA S=S8+S;
TOMIKHO PABHATLCS HYJO] COCTORHME (4)— CHHTAETHOE.

Nofiney TCNeph Aanbiie W DACCMOTPUM KONKDETHO PAsqmiibie
boSMOKHHE COCTOSHAS fByX Sextpowon reans. Ilycts oba ste
51eXTpOHa GYAYT JEXTPOHAMM 1§, 9TQ SHRUAT, 4T0 TPH KEa OBBIX
qucna n, [, M y HAX OINHAKOBbIE (n=11=0 m= 0}. Cocros-
{1ne aToMa 6YIET NPUHALIEKATS K THIY S, TaK KaK

L=l +1=0,

HO TpUOJIETHOE S-COCTORHAE HEBOBMONKHO; Haut pyuxmmy (5)—(7)
0GNAPYKHBAIOT 3TO aBTOMATHYCCK: FIpH | = k MUOKHTENH B nCp-
Rbix cROGKAX ¥ QysKuMil (5), (B}, (7) pasHbl HyA10, H camil BynK-
WkE 7O3TOMY PaBRbl Hymo. Ilpianna WCRaiuedus 1PUIISTHOND €0
CTOSHUS 3NCCh JIETKO MOXKET Obllb OGhfCHeNa u narafiro. 310 co-
crosuie nporHsopeut NpuBnany Ilayan: NOCKOIbKY TpH KBalToO-
BbiX GHCA y OGOHX JEKTPOHOB ONUHAKOBEL, JOLKHBI pA3IHHATLCA
uerBepTbie KBAHTOBble YHCHA, T, C. ECAW m{;”:—%%, 10 m¥—

——f;,mm Ha060poT. B ToM M ApYroM CaAy4asX NoaHoe KBaHTO-

BOC HGIO CHIMNA €CTb NYJAB, COCTOAHHE CHHTASINIOE (MBI MOXKEM Cro
0603HA4UTH CcumBOAOY 1s151Sp). OnuiT BIONHE NOATEEPKAACT 3710
B caMoM Jleq¢, TaK KakK B COCTOSNHH 1S, nomuelfi MCAaRHHCCKA
(op6uTaibublii Na0C cnupnonbiii) MOMeHr pasen Hymo, 10 pameh
HYJi0 B MaruHTHBLfl MOMEHT: aTOM TEAHT B IOPMATBROM COCTORIHH
HONKEH GuiTh HAMATHHINWM 0 He 00HAPYKUBATL 3ECMALOBCKOrO
pacienaen s, D10 NOATBEPAAACTCA HA OTHITE.

I1ycTs Teiepb OMKA H3 SJCKTPOKOB HAXONHICH B COCTOMHMI is,
a apyroii— B cocTostuny 25 Y rakux 3JI€KTPOHOB pA3NHUAITCH
[naARbe KBAHTOBLE YHCIA, HO KBANTOBBIE uMcna [ W iy MO-Mpex-
HeMy OfWHAKOBLL W DaBHm uymo. OOpaTHMCA K BOIHOBLIM pynK-
uusm (4) ¥ (7). Tax wax i+ k, TO OTIMYAN OF NYad BCe yeTLIpe
(pYHKUHE, T. €. OCYymeCTBIATCS H CHHIJETHOE COCTOSNME. K Tpuil-
nerpoe. CHnraeTnoe CocTofiHue ecrh 1525¥Sg, HO B TPUAACTHOM CO-
cocToAnnH NORIOe KBAUTORGE YHCIO CNHHA PABHO eAHHmule. C 10u-
KM 3peuMs NarnsiHoil (GOpMYaMpOBKE TpHAIENA Iayan BO3MOM-
J10CTh QCYIUECT BACHHS TPHIJETHOTO COCTOSHNA, T. €. BOIMOMNIOCTH
coBMafiela KBANTOBHIX UACE/] NPOGKUAM CuHHE, OGYCIoB.CHA TEM,
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4TO 24QBHbIE KRAHTOBLIE YHCNA Y SJEKTPOHOB Pa3/MuHbL, TAK 4TO N0
OIHOMY M3 WeThlpeX KBAHTOBBIX 4HCEN Y 06OHX 3JeKTPOHOB 3aBe-
oMo pasiuunbl. Mrak, KOMOMHaRUW 3aeKTpoHOB 1s2s COOTEET-
creyor 1Ba coctoannus 1s2s'Se 1s2s%S|. Tpmmietnoe cocToanue
S| cymiecTBenno OTIHYACTCS OT CHHIIETIOro 1So He TONBKO cBOEf
SHEprued, Ho TAKe ¥ TeM, UTO B TPHNIETIIOM COCTOSHHH aroM re-
A NapaMarHuTell u oGHAPYXKHBAET 3€EMAHOBCKOE paCillenilenHe,

Heckonbko Wnage O6CTOMT Aeio B cliydae komGunaumi [s2p.
31ech Takke [ 7= £, M DOTOMY, KaK H paliblie, BCE YeTbIpe pYHKINR
OTAMBEM OT Hyas. Kpome Toro, opOMiaibhblii MOMEHT He paBer
Hylo, TAK KaK 3JeKkTpouy 2p coorsetctayer ! = L. Ilosromy aTom
Gyzer naxonuThes B P-cocTosnun. W3 uermipex gpynxuhii (—(4)
Qynxuus (1) coorpercrayer S =0 H La€T HAYANO CHANIEIIOMY
COCTOSEHIO 1Pg, a And Tpex ocTadvubix S =1 1 mg= +1, 0, —1.
[iockonbKY TENepb HE paBHblii HYMO OPGHTANIbUEIR MOMEAT BLIAE-
AfieT 11PeAM YuICCTBEHIIOE HalpaRJeHHe B TPOCTPAHCTBE, TpH €OCTOs-
BUs 3Py, 3P, 1 3P; 3HEPreTHIecKu pasaKuHb, Ananornunsie paccyxs
JeHAS, OueBMANOC, 1PHMENHMbl AN2 Nio6OH KOMOHRAUWM COCTOAHAI
snexTponos 183p, 153d n 1. 1. Bo Beex Ciyuasx noasasores Ase
Tpynabl TEpMOB ~— npOCTOfl TEPM K TPOANOR (tpumernsiit). Tem ca-
MEIM CyUIECTBOBAHHE JIBYX CHCTEM TCPMOB OGBACHEHO.

CocCToRIHs, B KOTOPLIX CHIHKbi apalnesblisl, Ha3bBaOTC 0pTO-
COCTORHUAMU, @ COCTONHNUS € 2H1HTADANICAbHBIMH CHHHANE — napa-
coctonuuamy, TakuM 0GpPasoM, TPHILIETHOE COCTOSIHHE €CTh OpTO-
CcoCTOSHKE (Op1OTeHil), 4 CHUIIETHOC — NaPacoCrOAltie (HAPreinit).
Mb BHEJH, 0[HAKO, 4TO B TPHNNETHOM COCTOSHHH KOOPAMHATHAS
wacth COGCTBENIION GYBKIMA aWIHCHMMETPHYHA, @ B CHHTJIETHOM —=
cumuerpuana. TTosToMy B Bbipaenun Sueprit B3auMoneAcTBus

ER VPP
(,—u)—e €+ 4, (89.2
OGMeHHBIfi el BXOAHT CO 3HAKOM MUHYC B OPTOCOCTOSHMH M CO
3§aKOM Ni0C B napacoCTOAHMH, OTKYAA CIELYeT, YTO OpTOCOCTOs-
nus JeKaT NHKeE.

PaccMo1puM Teneph BOTPOC 0 BEPOATIOCTH {1€PEXONOB MEXIy
TpHNAETHWNE B CHBCJeTHBMH yposuami. B § 65 b suean, @10
BEPOATHOCTL Tepexoia MeX[y COCTORHHAME Pm U hn 33BUCHT OT
MaTpHuBLIX SICMENTOB Xun, Hmn, Zian, AMCIOMHUX BRI

X ™ J. o4, dT.
S MATPUGHbE 3JEMEHTbl NPEACTABNIOT COGOM KBAHTOBONEXA it~
yECKHE aHaNOrH OUNOAbHO20 HOMEHTA.
Jlas cHcTeMbl ABYX WACTHH MaTpUuHbIil d/eMent ecTb

K= f (% + )b, dv,  dr=dv dv,

[2 . B. {nonsesnd, T 1
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TaKk KaK OMERTPHUECKHIl MOMENT CHCTEMBl WaCTHIL paBeH CyMMe
51€KTPHUCCKHX MOMENTOB OTAENbHBIX MacTHU.

[Tycrb OAHO K3 KOMGMHApYOUIUXCH COCTOsHHIE — CHHTJIETHO®, &
npyroe — Tpumietice.  Paccmatpnas popmyst (4 —(7) na
cTp. 351, Mbl yGexaaeMcs B TOM, UTO 44CTh coGeTBCHNON (YHKILAH,
3aBUCHIAR TOMBKO OT KOOPARHAT NONOKCHAS, NS CHHIACINOrO CO-
CTOARRY CHMMCTPM'-XHa, a jaada TpHI‘IJETHOTO—a]IIHCHMNQT[)H‘H!B.
TMostomMy B AanHOM cllyuae

Koan = 'J- () -+ %o} bsbadT.

OueBKHO, UTO MpH NEPECTAHOBKE EKTPOHOR BeNunHA HHTErpana
He NOMKHA N3MEHHTHCH, TAR KAK NepeCTaHOBKA paBHOCHIILHA [PO-
Crofl mepeMeHe NOPAIKA HHTErpApOBAHMA. C npyroii CTOpOKM, NpR
NepeCTatoBKe SMEKTPOHOB MPOUIRENCHHE Psips MeHACT IHAK, TaK
Kak (Qynxuus Ps CHMMETpHYHE, a P4 ANTHCHMMETpHYBA. 06a Tpe-
GoBanKd MOTYT GbITh yIOBJETBOpEHB! TONBKO B TOM CIyuae, KOraa
AHTerpan paBeH HY.o.

AHANOrHYHO MOMKIO NOKA3aTL, YTO H MATPHUTIbIE SJAEMEHTH Ymn
W Zpn PABIN HYTIO, & CELOBATEJBHO, papla HYmO H BEpOATNOCTL
Nepexofia MeKAy CHHTIETHB(MH H TPHILIETHBIMU COCTORHMAMH Tem
CaMbIM CYWECTBOBAHHAE ABYX JAMKHYTIX CHCTEM cepuit OGBACRACICH
BRONe.

B 3akJI0uCHHe HYXKHO emie ykasarb NpHEYHHy, BCAGACTBHE KOTO-
pofi sanper KkoMGHHAIER CHNTaeT — TpHILIeT {raK Ha3bBAEMbIR
«3anpeT mHTepKOMGHHALKIT>) HOnyCKaeT RCKIIOUeHns. B kauecrse
TAKOrO HCKJMUOUeNHst MOKIO YKA3ATh CaBylo JHHHIO reqads 5916 A,

BoanMKAIOWYD TpH Repexode Py — ISs, B CNEKTpax 3ieMeHTOB
RTOpOil [PYIINbl MEILLCAEEBCKOf CHCTEMBI TAKKE HMEIOTCH nonobiue
puTepKOMGHHALMOKIBIE TnHm 2Py — 1S5, TpHEEM y STHX 3JEMEHTOB

onu yoKe He C1a0H, 110 BEChMa HHTEHCHBHDI,

BoaMOKIOCTh HapyLieuHs YCTAHOBJCHNOrO Bhlne 3alpera dH-
TCPKOMGHHALMHA MOIKET GHTb 06BACHENa, €ClH NIPH BLUHCACHRY Be-
POATHOCTH NIepEXOA0B YSHTHBATL BC TOTLKO KOOPAHHATH:C cober-
BeHItbC (hyHKLHH, KAK 570 Mbl LeTanil BHILLE, 10 # CUHIOBLC. Pas-
BHTbI BBIE COOGpAMENHA CTPOTO LPHMCHHME (11Sl JNNONLHOTO
J13YUCHUST) TOJBKO B TOM CaAYude, €CHH BSAHMOLEHCTBNEM MEXAy
OpGHTAMBHEM M CHHHOBHM MOMEATAMH MOKHO TpeHcOpess. Toabko
WpH STOM YCTOBMH NOMNas COGCTREHHAA (YHKUUA, 3aBUCAN(@A OT
Tpex K0OpIMHaT NONOMEHUA W CKOOAHHATH> CUHIA, MOXKer 6uiTh
upeictasiieda B BRAC TDOH3REICHAS KOOPAHHATHON (QYHKURH Ha
cnunoRy0, a MOTOMY 0fpamense B Hyalb BeposTHOCTH Nepexora,
pACCUNTaHIO) ¢ OAHHMA TOILKO KOOpAHNATNBIMH QYRKUHIMH, BejeT
¥ cTpOroMy 3anpery HuTepromGuuanpli.

Ho yke v reans umeercs cnaGoe B3aMMONSRCTBHE MEM1Y CIH-
HOBbIM W OPOHTAABH5IM MOMENTAMH, 3to p3auMOIERCTERE BOapa-
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CTaer Mo Mepe YBEAHUEHHs GUCAA BICKIPOHOB B aTOME. IMostomy
BLIYAC/EHHE BepOSTHOCTEH Mepexona € OIHWMH KOOpIHAATHUEIMIT
CcobCTBERHBIMI GYHKIAAMH 18 LaeT B STHX CAyuasx Apasui ordopa,
MeACTBYIOMHMX aGCOMIOTHO CTPOTO.

§ 90. Teopwun nepuozuueckod cuctempt [, H. Menneseena

QO@paTtuMcs Tenepb K paccmO1pentio Teopliu TepHOIMUCCKOA Ch-
¢1eMBl B HAauheM C KpaTKOﬁ q)OpMy.“lrlpODKH TCX HP[JH“H“OE, Ha KO-
TOpbIX 3Ta Teopusl OCHOBAHA.

f) Kpanrosbie MACnA. DHEPTETHICCKOE COCTORIHE SaeK-
Tpola B aTOME O PEABUIYMIEMY XaDAKTEpNIYEICH HeThipbMil KBaK-
TOBHMH WRCaMH, M3 31aeM, OJUIBKO, UTO B CHCTEME, COCTOSIER H3
Apa W SAEKTPOIOB, BIAUVOAEHCTBYIONUX [0 SAKONY Kynora, s
O1CYTCTRHE TIOJS BCE COCTOANHS € ONMHAKOBLIMH KBAHTOBLIMH uuC-
Jdami A, [, | A pasTHulBIMU M, MERIY €060l cOBNAfaIOT (BLIpOK-
AeHHe). ITO BLIPOKAEIHE ACUE3AT B MATHATHOM TOAE, (puueM B
CaGOM HOAC KaXKIbR YPOBCHB C MAHHLIM 3uaUeHHEM j paciagaerch
na 2j + 1 nogyponued § 78. CrabnoC Ke nOqC paapblBact CBA3L
meskiy Bektopams | 0 § § 79, Tak 4T0 KBAnTOBOR WMCAO j TEpAET
CMHCA, W COCTOXHHE XAPAKTEPH3YETCS CHCTEMOR KBAHIOBBIX MHCEX
n, I, my, .. JLas foro uTo6H yuecrs LCe BO3MONHBIE COCTOMAS, ML
Gyllen NpefioAarath, 4T0 aTON NAXOUHTCA B MarlUTHOM MOIE H
RPHTOM BACTONbKO CHABHOM, 4O OHO CHIOCOBIO PASOPBATL e TONLKO
cBA3H MexIy MoMeHtamu |; H S; KaaOro OTleabHoro 3IeKTpoHa,
Ho 1 cRA3H MexIly Bextopamu 1, u S, pasamumeix snextpouos [lo-
STOMY GVACM NOJBIORATECH CHCTEMOM KBAUTOBBIX UHCEN £, /, iy, Ml

2) Mpuuuun IMayau u wgeabuas CHCTEMa 348
MedTOB. JTOT OPUHLAL, TEOPEFHUECKHEe OCHOBH KOTOPOLO H310-
Kepbl B § 82, MBI (popMysHpYyeM /11 HHIEPECYOmEero Hac 31ech
CAydan CAeAYIOmUM 00PASOM: 6 GTOME MONET CHI{ECTBO8AT, TOAb:
K0 00UH IAEKTPOH 8 COCTOAAUU, XQAPAKTEPUBYEMOM OQHRbUME BHA-
weHUAMI 4eToipex KBGHTOBLLY wuces, T. € ABA 3NEKTpONa, Cof3an-
Hbie B OLHOM M TOM e aTOMe, JAOKHbI PA3MHYaATbCH 3HAENHAMH
1o Kpaiinei Mepe OIHOTC KBAHTOBOTO UKCad.

Mbl ceituac ysaauM, yto NpHuuHs [Tayad XKecTro orpanHunsaet
4HeNO STEKTPOHOB, COA3AHHBX R OIHOM H TOM XK€ aTOMe M o6aa-
[A0OMAX TPEMR, ABYMs ORMHAKOBHIMH KBAHIOBBMH UHCIAMH WM
OUTHM ONpEAeErHbiM KBARTOBLIM YHCTOM. YCTAHOBHM Ipexie nce-
o, CKOMBKO MOXer GbiTb B aTOME 3.€KTPOHOB € TPeMs OLIHAKO-
BLIMH KBAaHTOBBIMH uncaami n, /, ni. Takne 3JeKTpoubl LOMKHGI
HMETh pA3/KINEIE 3UAUCHHS YETBEPTOTO KBANTOBOTO 4HCIA Ay, ‘HO
M, MOKET HMETb TOAbKO HBa 3uauenns +1/2 n —1/2. Urak, B ato-
Me MOWer GHTh TOJLKO [BA 30EKTPOHA C ONHMHAKOBMMH TpeMs
)oautoBbiMu uncaamu m, [, mu Tlycrn Teneps (HKCHPOBaHO ABa
KBAUTOBLIX WHCAZ W [; CKOJIDKO MOXET Gulfb B OXNOM H TOM Xe

12%
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atoMe 3EKTPOHOB C OMHMIIAKOBHMH 3HAYENHAMH 3THX KBAHTOBbIX
uncea? TTpu mannoM auauenun [ KBaHTOBOE YHCIO /1y MOXKCT HMCTDL
2+ 1 pasamunwmx 3nauenndt (7. I, § 181), a mas kaxmoil Tpoiku
KBanTOBbIX yrCe N, l, 1y enle s MOXeT UMETh ABa pa3JH4YHbIX 3HA-
wennsi. MTak, B aTOMe MOMeT ORHOBPEMEHHO OBITH E(2l+ 1} anex-
TPOHOB C OAMHAKOBLIMH JDYMS KBAHTOBGIMH WHCHamu n u [, T. e
$-31eKTponoB (I = 0} MOXer GhiTL TONLKO 2, p-3JeKTpOROB (/ =
=1):6, d-snextponos (I ==3):10u . 1.

TlocMOTpHM, HAKOHCL, CKONBKO MOXer ObiTh B aTOMe 31eKTpo-
HOB, HMEIOIHX OJHO M TO e IMIaBHOC KBaH10BOE yucno n. Ilpn 3a-
BAHHOM SHANEIMH N SAEKTPOHBI MOTYT TpEKJe BCEro pasnuuarees
KBaHTOBLIM YHC/IOM /, DpUHAMAIONEM BCETo nr 3uawennn: 01,2, ...
-v., i—1 a mpu 3anauHOM n W [ B ATOME MOXET OJHOBPEMEHHO
GpTh cBisano 2(2/ + 1) anekrpoHos. HNrak maKCHMaJabHOC GHCIO
SJIEKTPOHOB C OJAUHAKOBLIM TNaBHLIM KBAHTOBHIM 4YHCIOM Bblpa3HTCil
CyMMO#

22(21+1)=2(;+3+5+ Ly=2m,

MLl BHTHM, TAKHM OGPasOM, 4TO HECKOJBKO TaMICTBeNiasd Ha
TepBulii BAMIAL (GOpMyAa 2n° BhipaXaiollas HYHCAO SEMEHTOB B
PasTHY|biX pﬂﬂﬂx HQPHOHHHECKOH CHCTEMBI, HMeer l{peSBM'{al‘th
TIpocToe OBACHENHE: 3TO — MPOCTO MAKCHMAJILHOE YACIO 3NEKTPO-
HOB, CBASAHHBIX B 4TOME C OIAM H TEM XK€ INIABHHIM KBAHTOBHIM
upcioM. TakHX 3NeKTpOiOB MOXKET GblTh B aToMe 2 [JIs1 MIABHOTO
KBaHTOBOro wucna n=1, 8—nmaa n =2, 18 —mna n=3 a 1. 1.

Mast Toro uToGE AyYWE VACHHTL CEGEe 3TO, 10J€3HO pasofpartb
cnegyouylo Tabmuuy:

TaGarnca VI

I= 0 1 2 3 4 MaxcumansHoe UHe-
" s 4t s "5 snexrpavon -
[ 2 2
2 246 8
3 246410 i8
4 2164 10+ 14 32
5 246410414418 50

COBOKYIHOCTD TEKTPOHOB, G6,1aA0nMX OJIHHAKOREM T.IaBHBIM
KBa|TOBLIM HCIOM, o0Gpasyer c40d, COBOKYNHOCTb 3J€KTpPOHOB,
UMEIOnAX ONMHAKOBHE n K [, o6pasyer ofonouxy, [as pasnumibix
3HaueHHi N CJOH HMEIOT HA3BAHMSA, CBA3AHHBIE C TePMHIONOTHER,
TpHASITOR B CHEKTPOCKONHH PeHTTEHOBCKMX Nydein (cM. T I, § 35),
a uMennoy |

... 1 2 3 4 5
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Y3 cxa3aKHOTO BHINO, YTO TPHHUHI [ayan jaer creiyiouyo
KapTHHY TOCTPOCHWS 3EKTPOHHON OGOJNCYKH ATOMOB, 00 BACHI -
IyI0 NEPHOMHANOCTL CHCTCMbI JEMEHTOB. Kaabtii BHOBD pKCOCIy -
HAOmAAC 31EKTPON CBA3MBACTCA B COCTOSIHMM C HaMMEHbUliwI
BOSMOKHBIMH KBAHTOBBIMM uHCJaMu. JTH SJEKTPOHBL [OCTENCHHY
3aN0MHAT CJACH ¢ OAHHM H TEM K¢ TIdBHLIM KBaNTOBLINM YnlJIoM
n. Koraa 4ucno MX AOCTHIAET MaKCHMAJbHOM JL14 Aang0io f Be-
JHUEELL, T. €. 277 NMOCTPOENHE Ca0f 3aKanuHBAETCH, NpuuCy 1104y-
yaercs ycl10fuMBas CTPyKTypa (Gaaropofwbii ras). Crelyoutnk
SexTpOH HATHHACT 3ATOJIRCHHE YIKe NOBOFO cnod u 7. A Maeaip-
Han TepuONMuEcKas CHCTEMa Mo upuuuuny Ilayan gomxua Guna Gbt
HMeTb CTPOEHHE H ANHAbI NEpUONOB, yKazannue 8 Taga. VIIL

C 570/t HAEAJALHOA CTPYKTYPOR CHCTEMBl SJICMCHTOB Mbl CPARHKM
peanbiylo raGnully, NPeRCcTaBIenNyo Ha puc. 48 B HauGoJec yroG-
HOH nam HAUMX Uenedl GopMe: Kamabl Pl CleBd HAYUHALTCS wie-
JONNEM METAJOM H 3aKaHYHBAETCH CUPABA GJIAaropORHLIM rasoM;
ANAMOTHYNEIE 3CMEHTH COCAMHENH YepTOuKamu. HHCI0 s/cMenton
B caoe: 2, 8, 8, 18, 18, 32 — cooTBe1CTBYeT HOpMyNe 202, HO jocae-
JOBATCIBHOCTD STHX YHCET HE COMMIACYCTCA ¢ PACCMOTPCHROI Uleanb-
HOfi T46IHIEf, COTIACIIO KOTOPOR YHCIA 31€MeNTOB B CTPOKAX JOMIK-
Hbl GBI GUl Gbith 2, 8, 18, 32 — 6es nogropenud 8 u 18.

§ 91, CrpoeHne OTAEABHBIX NMEPHOIOB
cucreme anementos 1. H. Menneneesa

IpuunHa necoOTBETCTBUR MEMNIy WiCa1bHOM A peanbiol Tat.u-
HaMK 3JCMEHTOD 3AK/NUAETCH B TOM, 4TO B OCHOBE NepBOM Jexar
YpesMepHO HjealusHpoBaHne npeinockinku, [lpexnonaraerca, uro
KamIbill 91€KTPOH HAXOEHTCA B KyJOHOBCKOM 110Jle fApa H MGKAY
PA3IAYNLIME 3EKTPOHAMH OTCYTCTBYET B3aMMOJEHCTBHE, TOTAA KK
B AEHCTBHTENBHOCTH 3T0 B FOYHOCTH, BOOCMIC [OBOPS, HE OCYHIECTB-
asercs. Mpt pocaeaHM B 3TOM 1raparpage, Kak 370 GhJI0 BOEPBLC
creaano Bopom (1921—1922 rr)), mocipoenne peanbHOH nepHOAH-
4eCKOR CHCTEMLI H yCTAHOBUM, B KaKHX HMEHHO MeCTax hapymaercs
HocasMbHBEIR HODS/IOK 3AMOAHENHS CNOes W MOArpyAn # K KakaM
CTEACTBHAM 3TO BejeT.

Haupem ¢ «rosoro» sgpa ¢ 3apajoMm +¢ u OyAeM MbiC/HCHRO
npuGAMKaThL K nemy adexrpon. On fosxex sansitb coctosime ¢
JAHMERBLUHMH KRanTOBHIMU yHCAAMA, 8 TaK KAK €IUe BCe COCTOMIHS
«cBOGONME, TO NEPBbIfi 1CKTPOH GyNET CRA3AH C [VIABHBM KBAHTO-
BLIM UHCMOM == 1 U asHMyTa/blibM KBauTOBbIM uHcaoM [ =0,
T. ¢. B cocTosinug 15, YBeanunM 3apan anpa na 1 u GECKOHCUHO MCA-
ACHHO NPHOJHAUM K aTOMy BTOPOA SJEKTPON — MBI 1O1yMHM Heil-
Tpasbibiit atoM readst. EFo BTOpoi JEKTPOn GVAET TAaKKCe CBA3AH
B cocrosnum 1S, Tak Kax 1o upunuuny [Tayan (cm. tatr. Vill) s
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HTOM COCTOSIHUA MOXer GbiTb CBA3ABO ABa SJIEKTPOHH. Yienduns
3apan eme Ha 1 u OpHGNU3HB TPETHH 3NEKI1POH, Mbl OONYUMM aTOM
AHTHS. 3TOT TpeTHH SJEKTPOH YXKe ne MOKCT OwTb CBA3AH
B cocTOgHUK 1S, Tax kak caoit K (n = 1) y reans yxe sanofHeH.
Banxadfinee 3HEPreTHUECKH BOSMOKHOE COCTOAIHE €Clb COCTORHHC
2s (n =2, [==0)— BaneHTHHA 3NeKTPOH JHTHA O(YIET CBfzaH
HMEHHO B 3TOM cocTosnnH (pHC. 49). Yerseptoiit saekTpon Gepha-
Au7 GyJleT TaKie CBA3AH B COCTONHMH 2§, HO Ust1Eif daeKTpon (opa
116 MOJKeT GHITb CBA3al B TOM JXKe COCToArHn 2§, TAK KaK noarpynna
n=2 [=0y 6epuanusa yxe sanonuena. [lostomy wiruift smex-
TpOIl GOpa AOMKEH GbITb CBA3AH B COCTOSIMM C 00J€e BHCOKMMH

2 4
i 41041
T Yty
4 AL | 41 41141
STV T IV 1Y
onesesm | M He 23 Be | B
cocmome | %5 Tl | 517 )

Pac. 49. Ochopunie COCronudsa 8TOMOB.

3uaveHEAME [, a UMeERO =2, [ =1, T. e, B coctosunn 2p. Cie-
AyIOmMHe SACKTPOHB BuaOTh A0 fecAToro {y neona) CpA3bBacTCd
B TOM K€ COCTOSIHHH, TaK Kak noarpynna n = 2, [ = ] HMeeT wec1b
mect {(cM. taba. V1I1)., Crpoerue atoma HeoHa, TaxeM 0GpasoM,
MOXHO NPeicTaBHTh GOpM Yol 15225228, rie NoKasaTenn O3HavAOT
WHCJIO SAEKTPONOB, CBA3AHNBIX B AAHHOM cocTosHiE. Bee ot npet-
cKa3aHus GE3YKOPH3HEHHO OMPABIRBAIOTCH COEKTPOCKOMHYCCKEMA
NAUBMA.

Ha puc. 50 u 51 npuseseut tuarpammet Mosenu s n3ossex-
Tponubix panos Lii, Beli, B1il, CIV u B, CIi, N 111, O1V; nep-
Basl AMATPAMMa XapaKTEPHIYCT CBA3bL TPETLEFO AEKTPONa, BTO-
pasi— CBA3b HATOTO 2JeKTpona. Puc. 50 rmokaseisaer, UTO NpsMasn
nas 225 — OCHIOBHOTO TepMa CHCTEM ¢ TpeMs saekrponamu (Lii,
Bell n 1 A)—HAET TOUNO HAPANIEABNO MyHKTHPUOW NpAMOA
=2, otkylda cieayer {cM. § 91), Hro rnasnoe KBAHTOBOE 4HCO
n =2 NpHRHACAHO TPETBEMY MIEKT{IOHY NpaBHAbLNO. PaBHLM OGpa-
30M M3 puc. 51 BuAHO, 4TO upAMan 1aa 27P — OCHOBIOTO TepMA O~
TranckTpoubix cucreM (B 1, ClIl# 1. A) — wier napanieabno upd-
Mol = 2.

Tak KaK [ecAThlli 31eKTPoH HeOHa 3aBepmaer ciofl L (n =2,
TO ONHHHANUATH SMEKTPOI HATPHA CBA3LIBAETCA B COC108HAWM 3
{(n =23, [=10). 210 X0pOMWO COMACYETCA KAK CO ClICKTPOCKOMHIE-
CKUMH, T2K H C XHMAYCCKHMH AAHHBIMU: ueA0UIOR MeTani HATPHR
ABASETCH AHAJNOTOM JAdTHd, Jasblle 3ajno/Helue Hier HOPMAIbHO
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360 ATOMDBL €O MHOLUMW JILKTPOHAMIL {0 VIR
Tadnana IX
(em. Tabn. IX) Busors go aproma (Z = 18), y Kotoporo savep- TR = W] ~ o [ Q[ Honvsa:
waeTes sanogsense HOArpyusl 3p. JleBATHAANATLIA SJEKTPOH Ka- 2| 2 R
RS, COTNACHO MAeanbHON cxeMe, NO/KeH BLITh CBA3AH B COCTOAHAN "’“‘"! 1s ‘2: 'zp| ds 3p 34 I 45 40 4d 4F | 55 5p 5d 57 ] 65 6p 0d | 75 | OLELEY
3d ORunako T NPOTMBOPEYAT I AUMHYECKNM, ¥ CIEKTPOCKOIUe- T T 13539
CKHM J1a1IthIM. C XMMHUECKOH TOYKH 3penus Kaﬂ“l‘"i‘ KJK LIeJOYHOH 2 He 2 ' 211\45
3L [2]1 5,37
4| Be |22 9,48
25 5| B [2]21 84
6] C 2122 11,217
7| N 2123 14,47
201 8|0 [2]|24 13,56
9t F 2(256 18,6
10| Ne |2]26 21,48
4 W val2[26]1 2,12
12| Mg |2[26] 2 761
10 13 A j2l2e| 21 5.9
4 ulsi fz2l26] 22 7:39
5] P 2126| 23 10,3
18] S 2126 24 10,31
4 7P 226} 25 12,96
18] Ar {22826 15,69
I 7 8 19| K l2l26]2 g 1 g,gé
20 Ca{2]26]2 2 y
el o a1 1 AmOF 20| se [2]26[26 1] 2 657
Puc. 50. Cusnss tpetscro snexrpons.  Pure. 51 Camin meroro sxeTpoua, AR S A I o
2| Cr {2]26( 26 5 1 6,74
MeTail, 110 ALANOTHH ¢ HA1pHeM W JHTHEM OMKEH AMETh Basent- 2| Mn|2|26)265] 2 740
1Bl SN€KTPOH B coctosiHn 4s. CleK1poCKonHyCCKUe JIaHHHe no3- 2| Fe |2]26|26 6] 2 7,83
ROJMOT LOHAT, TIOYCMY AEBATUALLATIL 3JIEKTPOH Kaaus B Jei- 271 Co j2126(26 7 2 7,8(1]p
CTBATEJGHOCTH TIPHEOCMIEACICA B coctodunu 4s, a ne 3d. Jlnar- 2B NA2I28 zs lg f e
paMmmbl Mosemu  JUIn H30SAEKTPONIIOr0 pRAA, HAWAHAIOLLErocs S| 70 15|26l 2610 ] 2 9,35
kamnem (puc. 59), nokaskiRaOT, 4TO MpsAMas s Tepma 37D nepe- 31| Ga [2|26] 2610 21 5,97
cekaer npamylo 428 mexay Z =20 u Z =21. Tlostomy y xa.tms 32| Ge [2]|26] 2610 22 7,25
Tepm 32D seKHT ke TepMa 428, a TAK KaK 1€pMBl IPOTIOPIHO- 23 g\s g gg gg :g 33 g
AbHEL SHCPTHU, B3ATOM €0 SHAKOM MEUYC, TO COCTORHHIO 3d Kasms 3§ B {2]26| 2610 25 11,80
OTReuaeT 6OJALIIAS SUEPrHs, NeM COCTOAHMIO 45, Tax UTO B HEBO3- 3| Kr [2]26]| 2610 26 13,540
GyXLEHHOM COCTOSIHUH AEDATIAALATLIL DAEKTPOR JIOMXeH npucoe-
. 9 1 4,16
ARHATLCS UMENRO B coc10innn 4s, a ne 3d. JBaruatuiil sackrpow gg 5‘: é 3 2 “;2 {8 Zg 2 567
KaabUMs Takke CBAaswBacres B cocrosimm 4s. Tomwbko y cxaumms 3] Y |2{262610 26 | |2 6,5
(Z = 21) BO30GNOBJIACTCSH HOPMANbHOE 3aToMlelne NOArpynnL 3d, 40| Zr 12)26¢ 2610 26 2 |2
B LIOJIHOM COOTBETCTBHM € TeM (aKTOM, 410 KaK pa3 y CKaHius nps- 3; I’\\j‘b "2’ g g % 2 }g g g g } 735
man 32D nexur yxe peuve npamoi 42S. AHaNOTHYHOE HAPYWICHHC 3 T: 2196|2610 26 6 |1t ’
NOPMATHHONO IOPHAKA 3ANOMLENNs NOATPYIH H CIIOCE HMCET MeCTo 44| Ru [ 2(26| 2610} 26 7 |1 77
y py6unus; ero 37 fi s1ekTpon CBAISLIBaeTcs ne B COCTOAHmM 4d 451 Rh |2[26[ 2610 26 8 |1 gz
(M. 12611, 1X), HO B COCTOSIHAM BS, UTO ONATH-TAKU ONPaBALIBAETC 2? Kd g g g g (6; :g g g :g 1 751
KaK XHMH'ECKHMH, TAaK U CIEKTPOCKOMHUECKUMH fRanubiMa. 38-f 48 cg 2126] 2610 2610 2 8’,95
SMEKTPOH CTPOHLHA CBH3dH TaKKe B COCTOANAH BS, HO, Haumnasm -
Y
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11podo wrenus € 39-ro saementa (TpHst) M 0 46-r0 (nannagus) BKAXYETENHHO,
L M N o 3 Q| Mowsa HAET 3a0C.aHERHE (IOATpYTNL 4d.
] Lnottaud Ovyenb HiTEpECHBIH U BAKHHI CAYYAl OTCTYH/ICHAS OT HOpMadl-
isltetp| oo | todond b | Setpsar | ovontd |7 M) HOTO OpALKA SAMOJHENHS CI0eB UMEeT NECTO Y TaK HaspBaeMblx
2(26] 2610 2610 21 5,76 penxnx semedan (Z = 58—T71). 57-ii sackTpon JauTaua cssisaH 8
212612610 ] 2610 22 7,37 cocTostnEK 5d; TOArpyiiNa 6 y HEro samomxena, TaK e Kag H 0Ox-
2126261012610 23 85 rpynnb 55 u 5p, 10 noIrpyna 4f, mexamast ray6oKo BuyTpH, eme
% §Z %2 }8 32 {8 §§ 1041 nycra. Haunwas ¢ nepus (Z = 58) u a0 motenus (Z=T71), uzer
2{26] 2610 |26 (0 26 12,078 sanodnense 5TOH BHYTPeUueH 1OLCpynnsl 4f, Ba-ro Epergﬁ KaK Ha-
JKilble QOATPYNNbl OCTAIOTCS OMUIAKOBBIME. DTHM OGLsCHsE S
g §Z 32 :g 22 }3 2 § ; g’?i 1%poxua nzsecl')r'ﬂmii paKT upcsphiyaiiHoil 6JIMOCTA B XUMMISCKOM
2|26[ 2610|260 26 1 2 : OTHOMIENHH BCEX MEMCHTOR OT UCpHS 2O gIOTENHs.
P N TlpcKpacnsM NOATBEpHACHHEN [paBAILIOCTA TEOpUM LEPHOMH-
3 32 %2 {8 % 2 }8 12 ég { § *;ecxo% CI;CTQMM aneMCH'l:on smmercsvpo-rxpmue sgqeMenTa 72. DT0T
2126|2610 (2610 3] 26 1 2 anemcHT Ao 1922 r., ne 6L MIBCCTEW, HO MECTO M HEro OCTaB/IfA-
2{26| 2610|2610 4! 26 1 2 - JIoCb CpCILE pedKHX 3eMEeb. Onnako Bop yxasaa pa To, 4TO 0O
g g E gg {g gf; {g ?‘ gg { ; TEOPETHYCCKUM COOBpaKeHHsIM TpyNna pelkux 3cMesrh A04KHA 3a-
2{26| 2610|2610 7{ 26 1 3 xaHuBRaTLCA 71-M 971€MeiToM, a saemeHy 72 NomKes ONTh aHano-
2126|2610 | 2610 8 26 | 2 rom mupkona (Z = 40). Ha ocHORanuK 5TOr0 MpeACKASAHKT B WAp-
2126|2610 (2610 94 26 | 2 KONOBLIX PyAaX NEHCTBHTEABHO OLII OTKDHT HOBLI 3JCMEHT, KOTO-
g gg gg {8 gg 1030 gg ! 2 pLifi 1O CBOEMY DEITFEHOBCKOMY CNEKTpY Ouii OTOXIecTBien ¢
2126|2610 26 :8 :é 96 { % SmeMEHTOM 72, @ 110 XHMHYCCKMM CBOHCTBam OKa3alcs aHamordy-
2126|2610 | 261013 26 1 2 HDIW BHpKouy.
2|26 2610261014 | 26 1| 2 B nociennee BpeMs yCTALOBIEH0, 4TO BCTEN 32 89-M SIeMEHTOM
6 aKTHHHEM) HAWIHAETCS BTOpas rpyNia peAKO3eMEbHRX 3JeMed-
g ;g %g {8 gg }g {: gg § ; im}, v Ko-rZ)poﬂ sagoauenie mponcxont B noxrpymne 5f. K sroit
2726 2610 | 2610 14 26 4 2 BTOpOil Ipyfne DeKOseMeabHLIX 3/eMEHTOB NPHHANNEKAT, KpoMe
g %g gg {g gg fg }3 gg g g BCTpeqalolAXCesl B NpApOLE THKEIBX 5JEMEUTOB 90Th, 91Pa u
2|26t 2510 261014 | 26 7 9 92U, Tarxe HCKYCCTRENUO NOJNYdacMble TpaHCYpAHOBHE 3SJXEMERTH
2(26{2610| 261014 26 8 2 93 Np. 94 Py, 95 Am, 96 Cm, 97 Bk, 98 C1 # nocsenyiomue.
2126|2610 | 26101041 2610 { 9,20 Ta61. 1X A4€T CTPOEIHIE aTOMOB BCEX SJIEMCHTOB.
80 2262610 ] 2610 14 2610 2 10,39
gé g é g g g ;8 gg {8 {} 3 2 }3 25 ‘;;gg § 92. Crextpyr aTomOB BTOpPOH FpYRAbI
83 2126126101 2610 14 2610 23 80 NEPHONKYECKOA CHCTEMLI
g‘} ; (ég gg :g gﬁ }8 :3 gg lg 54 [¢] M BTOpOA TpyHIbl HEpHOLUYECKON
5 5 3 aTHMCS TCIEpb K ATOMaM BT
& 2(26]2610]261014] 2610 26 10689 Cll(‘,Te?]pb] 3JICMeIlTOB,p K ux uaneay OTIF:OCSIT(?SI menoqgi)oaemenbub;e
2{26]| 2810 | 261014 2610 26 ] METaLIblL
21282010 2ot 2o 28t 4Be, 12Mg, 20Ca, 38Sr, 56Ba, 88Ra,
2126260026104 26101 | 261 |2 a TakKe
2126|2610 | 261014} 26102 | 261 |2 30Z1, 48Cd, 80Hg.
‘2 26| 26101261014 26103 261 12
é ;g g g {g gg %g :3 gg ‘lgg ;g : % B kayectBe npuMepa na pHC. 52, mpusenen 063op BaKINEHLHX
2026 26101261014 [ 26106 261 |2 cepHii U cxeMa YPOBHCH 3ueprid ueirtpanbyoro Marius. My BHAMM
212612610 12610041 26107 i 261 12 - allec, Ty e KADTHHY, YTO M B Cay9ae IeMibL WMeiOTCs ABe CHCTEMbL
13
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Prc. 52, Cxema ypoBieli smepran W 0630p BAMHCALHK CepHil HEAIPaisHOIG:
war

§ w2} CITEKTPHI ATOMOR BTOPOJ FPYITIB 365

ypoBHel, CHHITeTHbie M TpumieThbie. KoMGukauun ux RaioT, BO-
TlepBLIX, CEpHH CHHIIETIILIX JyBHIC rlasnyo P — 1S, (A = 2852 A,
2025 A & T, R.); BTOPYI0 nOBouHyl (peskyio) 'So-—1P; (A==
= 182847, 5711' A u 7. n); nepByw mobounyio (anddysnyo
Dy —1P, (»=28806 A, 5528 A n 1. n). AHallOrHuRBIE  CepHU
HMEIOTCS M B CHCTEME TpHIIeToB: raasHas 3Py o0—38; (A=

15023 A, 15032 A u T. n.); Bropas nobouHas 38, —3Py ;o
(h=15183 A, 5172 A u T. a); nepsad mo6ouHas (AuPpdy3nan)
3D3 91— 3P3,0 (h=3838A, 3832A w 1. 1). B xauectBe HCKMmO-
qeHHs U3 npasHia 3afpera WnTepKOMOMHALME MMEETCS CHHAS JH-
mua A== 4571,16 A, Bosnukaomas npH nepexome *P;— 1Sy dra
AEHUS 3aMeuaTesbila TCM, YTO VI ee BO36YXKIenHs Tpebyercs nau-
Menbmas sHeprua — 2,7 35, TlpH ocpeilednn MapoB Martus MOno-
XpOMATHYECKHM CBEIOM ¢ Jlunoii Bomnsl 4571,15 A arom uorae-
maer 107 CBET, NepeXOAs H3 HOpMalbROro cocrofhud 'Sp B BO3-
6y:KIeHHOE 3P 1 MpH BOSBpAIICHHH B HOPMaJIbHOR COCTOSHME BHOBD
HCnycKaeT 3Ty e AMMny Boanb. Jlauns 4571,15 A aBngercs, Ta-
KuM 06pasoM, pe3ougrcHod. B ciyuae marHMs (M JApYyTHX JABYXBa-
JIEHTIIBIX ATOMOB )HMEETCS, OJHAKO, M BTOpas pe3OHAnCnas JHHAS
2852,11 A (ynasTpadmoneronas), Bo3nMKaomas B CHCTEME CHHTile-
TOB Np¥ nepexofie Py — 1S, HeqHimne OTMeTHTh 31eCh, HTO H3 TPEX
6AM3KUX HHTEPKOMGHHAIHOHHEIX epeXxOonoB 3Py — 18, 3P — 18,
3p; — 1S OCyUIECTRISALTSS TOMLKO OfH — 3P — 1Sy, PaBHbiM 06-
PasoM He OCYIECTBISIOTCH nepeXxoisl 38; —18,. Tlpuunna storo
6ymer ofbACHeNna HIKC. Awanordunblil XapakTep HMeOT CHEKTpH!
ApyrHX aToMOB BTOpOA rpymibl. Ha prc, B3 mpHBEIeHO HECKOJIbKO
l'IpHMepOB TpH“J’lETOB ux CHEKTPOB.

Jlas ofbacliems CHEKTPOB aTOMOB C BYMS BAaJenTHHIMH 3J€K-
TPOHAMH 1eJCCO0BpasHO NMONb30BATEC BEKTOPHOH MOXelbio, ana-
NOrHIHOH TOR, KOTOpas GLfa BRelena AJS CAy4as OXHOBATEHTHLIX
aTOMOB 11€pBO¥H ?ynnu (mejtourbie Metasiel). B cayuae atomos
Bropoii rpymnbl Z — 2 3JeKTpOHOB 06pa3ylor 06o/IodKy 6Jaropost-
112ro rasa [y 6epraast (Z = 4) 310 — o60J0yKa Teausi, Y MarHus
(Z = 12)— oBonouka Heona u T. AJ Tloaneii MOMEHT Takoi 060-
J04KH, KAK 370 CeAyeT H3 Iea0r0 pfila cBOACTS 6.12aropOaHbix ra-
308, pasen nyawo *). [TosToMy cnekrpaibisie CBQHCTBA aTOMOR BTO-
pOit Ipyuibl 06YCI0BAEHH HATAWMEM [OCNENHX ABYX BOACHTAbLY
SJCKIPONOB.

BeKTOpHas MOIeT, JIA aTOMOB C ABYMS BAIEHTIBIMH 3JEKTpo-
HAMM COCTOHT U3 WETEIpex BEKTOPOB! JABYX OpGATafbHEIX MOMEHTOB
1, u l; # AByX MOMenTOB cuyiHa Sy ¥ Sp. B orcyrtcTBHe Brellnerc
noas HaE B CAabOM MarHHTHOM 1ONe BCe 3TH YeTHIpe BeKTOopa

*) B ciyuse remMs 3T0 HeNOCPEICTECHHO BUTEKAET W3 YKC WIBCCTHOR riah
€ro CTpYKTYph' B OCHOBHOM o6a snewtpona ® cocroax
s, a MX TIPOCKLUAH CTHIIOS ALTATAPATIE B,
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MeXLy co60H KOMOKHHPYIOTCA, RaBasl BEKTOP NMONHOTO MOMEHTa KO-
AHgecTBa RBHIKEHHA aToMa J, nocTosunsilt MO BeAWMHMHC H Hanpas-
Jlenio, 3Kech, OAHAKO, HYXKHO €lle PEmHTL BONPOC O TOM, B KaKOM

Pac 53 TIprveps Tpimmeron peswol n anbhyssof cepaiv.

NOpsiiKe kOMGHHHPYIOTCA MEX1y C060it BeKTOpsl Opbrrafnhoro #
CAITHOBOTO MOMEHTOB; KOMGHIHDYIOTCA JMH CHauaaa keKTopw | n s
A K2MAOTQ SIEKTPOHA H Y¥Ke BO BTOPYIO OUEpERb NOMySAGHLBecs
BErTOpH j; M J» CKIadBBAIOTCH, laBas BEKTOp J, nan, HaoGopoT,
PaHpllie CKAANBIBAIOTCA BEKTOPH S, M 1; A/m pasiHUlLIX SAEK1po-
1I0B, @ 3aTeM TmoAyuCuHLIE BexTOpE S 0 L cymmupylores B Bek10p Jo

11

§ 92 CHERTPH! ATOMOR BTOPOR TPYIIMbL

QueBHaHO, 9TO ROPAAOK CYMMHPOBANMA CCTh BONPOC BEIHHHIILI
IHEPFMM CBA3H — BOUPOC O TOM, KaKas CBA3b MpPOURCE: CEASH CHH-
HOB pA3IILIX SMEKTPOHOB MEXLy COO0H W OPOHTALLHbLIX MOMEUTOR
Mexiy coboli mau CBA3L cniH —Op6ATa ANA KAKAOrQ SACKIponad.
Q6a BapAaNTa BEKTOPHOH MOJ&it NpyueneHtl 1a pHe, 54. O6a oun

Jj-eoRzs
s{\?\

) ( gupd U !

A L b

Pric. 54, flaa THIA CBAIM. HOPMATLAAT CBESH IS # CBA ff

RAI0T ORMHAKOBOE SHCNO BOIMOMHBIX COCTORHHHA, HO CaMble COC108-
WH GyAyl pasiHYHBIMA, B TOALKO CRABHEUE ¢ PE3yjbTATasH aHd-
Jn3a W3YMEHILIX CIGKTPOB MOXKET Aalb OTBET Hd STOT BOIpOC. Ta-
KON auand3, BLIIOIIECHHBIH HA G0ABIION SKCAepUMCUTALLHOM MaTe-
pHade, M0Ka3ak, UTO BOOSIE CHIEKTpH! BCEX CAMMHbIX aTOMOB 0fua-
pyKHBalOT B OO/MbUIMHCTBE Ciyuaes CBA3h Cuih —CLHH, 4 He
cRur — OpGH ra. [105TOMy HEpRbii 1HIl CESI3H HA3LIBAIOT OGHINHO {lOp-
MaabHON CBA3DIO.

PaccMOTPUM Clranasda CJIOMeHHe Bek1opos 1y & I, UucnenHble
3payeHBs STHX BEKTOPOB PABHbI COOTBETCTBEHIO

Vi, +ha v VLi+ Do

Ca0KEHHe WX ApOM3BORMICA MO TNpabuiy NapaaselorpaMma, HO
TaK KaK BeKrop-CyMma L ecThb Taixe KBaiToBbli BEKTOp HMIY.1bCa,
To KOMBHIUpOBaNHE BCKIOPOB 1y W Ip BO3MOAHO 10/1LKO TTOR TaKHMK
yriaamu, 910651 ROAYHACMbIEL B PE3ydIbTaTe CIVKEHHY DCKOp L 6irt

pased
ILi=VLIZ+Dh,
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upusem apu i > 2

L={ 4+, L+L—1, ., {—0L 92.0)
PaccmorpuM npumep. Ilyets {; =3, b=2, 1. &
1 |= V12, [LI=VEh

Cornacho (92.1) BoIMOKRbIE 3uauenus L 6yayr
L=5, 4, 3, 2 |

TaK Uuto .
|L|=V308, V0# Vi12# V6a V2t

Cacxayomuii mpoctoll rpadnuecknil opneM nossoaser cpasy no-
JAyuHTb BCE STH 3HAUCHHS Ora0:KuM Ha O6eHX 0CAX KOOpAHMIAT
BO3MOYCHBIE 3HAUEHARN OpGUTANBIONO MMNYJIbCA B CAHHHMIAX §, T e.
V2, V86, ..., n nposeleM n3 Wayana KOOpAWuAT AYLH Kpyros
stuMa paauycamn (pre. 55). Jaa Toro 4To6H Temeph MOMyuuTs

BCe BOIMOKHLIC BEKTOPBI-CYM-

Mbs [ H Iz 8 namem npumepe,

ONHIEM 13 TOYKH OCH OpIH-

1 HaTVlQ LOAYOKpPYKHOC L pa-
naycoM 6. Pamuycer-sexTo-

peL. HpOBeldelHble U3 Havana

KOOpAHNAT K TOYKaM Mepe-

CEUEHHA STOM [ONYOKPYHKIO-

CTH ¢ 3apaHee NpOBENEHHON

. CHCTEMOli YT, H NpeNCTaBat

1% BCe  BO3MOXKHBIE B RAHHOM
CAY4a€  BEKTOpH  CyMMB
I+ o,

TIpH CNOXKEHHH BCKTOpOB
Vi V6 ViZ VI Vaxh CudHa S, # Sy MBl TaKXe Io-
JyuaeM BEKTOp-CYMMy S

ISI=VSS + 14,

Puc. 55. Croxeuse opSHTAMBHLX HM-
DyECOR.

npHYeM, OZHAKO, AN 3uauenHii S HMEETCsl TOJBKO JBE BO3MOXKHOCTH N

1 1
S=y+g=1 n S=5—

T. €. _
ISI=V24 wm 0.

Haxonen, cloxemie L u S paer monuslii Moment RMIDyJieca
aToMa J, BETMUHHA KOTOpOro onpencisercs no dopmyme

H=VIg+ e,

T e

-

e

:
E3
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TIPHUEM, TAK X KAK H B CIy4ae CAOKCHHS |y ¥ 1, KBaHTOBOE YHCTO
J npuHEMaeT cAeAYIOIAE JnaueHHA:
=L+S, L+S—1,..., L—S.
Tax kak B ciIyuae ABYX SMeKTPOHOB S HMEET TONBKO j(Ba 3HA-
UYeHHA
S=0 nmw 1,
TO 51 KaXA0ro L Bo3Moxiibie 3uaveist / 6yayT
IJ=1L nm J=L+41, L, L—1L
Ecu oba sdckrpona HaxomdArcs 8 s coctofkmu (I =l =0)
C OfHHM M T€M MKe [MaBHuIM KBAHTOBLIM UHCHOM (HalpuMep, 252s
B cAy4ac 6epH/IHA, 3535 B Clydae Maruus u T. A.), TO €NMHCTBEH-
HBIM BO3MOXHLIM 3Hauckdem S Gylder 0, Tax Kak BCAEACTBHE NpHH-
nana Tfay/in Takue 34eKTpOHbl AOMKHBL O6A3ATENBHO HMETb AnTH-
napanieqbHble OpPGEKIAH €nuios, I1103TOMY eAHCTBEHHO BO3MOXK-
uniM 3HagenneM J Gyner Takxe uysab. Mu ponyuaem, takum ofpa-
30M, TOJBKO OfMH (pOCTOif (CRHJeTHHi) TepM 'So. Bosbmem te-
nepb Kakylo-HHGYAb Apyrylo KOMGHHamwio, nampumep 3s3p (ais
martud, ¢M. puc. 52). 3uecy {| =0, &= [, nostoMy L mumeer
TOMLKO OLHO 3HAaueHHe L == [, a S mo-npe:kHeMy — 1Ba 3HaycHHa 0
u [. TTosromy Ans J BOSMOMKHM 3HAYeHHS
J==1, I=2,1,0.
CootsercTByOmMe TCPMb BYRYT
Py Py Py P,
Boabuiee pasnoo6pasde TepMOB AacT KOMOGHHAHsA pih=1 n
d{ly = 2) snekTpoHOB. B 3TOM Ciyuae BOSMOXHbIE 3raueHHT L W
COOTBETCTBYIOMAE TCPMBE BYAYT
L=3, 2, I,
repm: F, D, P.
Jlim KaKAOrO M3 TEpMOB BO3MOKUSL ABE TpyNUbH 3HavenHit J:
a) /==L (S=0)—cuuraerabie repmbi; 6) =L [, L, L—1
(S = 1)— tputinetbe TepMB. Bce noaydalmuecs TepMel CBe-
neHn B 126 X

Tabanua X
Cunracts (8=0} Tpunaers (§=1)
i ) 2 3 o 1 2 3 4
P, wy | ey |-
D, D, | D | D
) B S Y
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BeKtopras MOAE’b [O3BOJHET OGOCHOBATL 3AMEdaTEIbHOE RO
¢Boeli MpOCTOTE LABANO MATEPBATOR B TPHIIETHHX CHEKTpaX.
B Liocnenner 3 Pa30spansiX NPHMEPOB MEL OJYUHIN CICAYIONIHS
Tpynnbl TEPMOB!

3Py, 3Py, Py Dy, Dy, D Fa °Fy, *Fy

Ecan BHUMCIHTL PA3HOCTH MEXKAY COCEAHMMH TEpMamit, T. €.
MHTEPBAMB PACIIEN/IEHHS, TO Out OKA3HIBAOTCH TAKHMU

. 3D, =10y 5. q. “F,—‘F;,___ .
D BT =213 e =34

B coenytomei Tabauite NPHBEREHO HECKOMLKO MPHMEPOB, H.LTI0-

CTPAPYIOMHX 9T0 OpaBHAO
PRy Tab6anna Xl

Habaor Ha5o-

Bacuent. Tewmoe || Dromeht. Lenkoe

konburypa | "Pa—iP | P—Ps v, || xoudirypa- | D=0, *Dr~Da—Dy graawe-
uug wnt e

Ca 3d3d| 135 | 269 | 20 |Ca3di4s| 1385 | 27 15
Ch 3s 4p | 523 | 1059 | 20 [Ca 3d 4p| %7 | 400 5
Sr Bs cp | 1670 | 3946 | 21 [ Zn 4s 4d] 34 4 14
Mg 3 ap | 200 ] 409 ] 20 Cd 5s5a) (17 182 16
Zn as 4p | 1907 | 0800 | 20 | Cd 4s 4¢| 38 56 5

Mo 1oBOMly OGOCHOBaHUS 31070 3aMEUATEILHOrO lpapHaa cae-
RyeT 06paTHIbCA K CTIEUHARbiBIM PYKOBOLCTBAM RO TEOPETHUECKO
cliek rpocKonu *).

§ 93. HekoTopble 3aKOHOMEPHOCTH B CAOKHDBIX CMEKTPAX

BeKropras MOJENb [O3BOAALT C LOPASUTEIBHON TONHOCIBIO
IpedckashBaTh TOHUAAIIAE OCOGEHHOCTH CIIEKTPOB CIAOKNBIX ATO-
MOB. Mbr 3IeCh (1€ HMEeM BO3MOXKHOCTH OC1aHaBAuBAThCA fia Ie-
Ta.sX W NpABENEM AJH HIJIOCTPAUHE TOJMBKO HEKOTOpLIE NpPOCTHIE
3aKOHOMEPHOCTH, 1a6I0NAEMEE B CNOMHLIX CHeRTpax:

1. [pasuso creuferus, D10 (pasuIo COCTOMT B CaefyIOUICM:
CHEKTp G YPOBHU IHEDP2UU ATOMA C QTOMHOLM HOMEPOM L anaio-
euumnt CNEKTPY @ YpPOBHAM 3Hepeun OOHOKPATHO HORUSO8AHHOZO
aroxa ¢ aromubin nomepor Z 41 C apuvepantit STOH 3aKOHOMEP-
\OCI¥ MH yXKe BCTpeyadHCh KEOAHCKpaTuO Benosuhy, uto Criext-

*) Cw. C. 3. ®puw, OutHueckue Cuesiply dlomos Puswarrus, 1963,

591 HEKOTOPHE 3AKOHOMEP(IOCTH B CNOXUBIX CHAEKTPAX 871

pu H u Het n Li* B 1. 4. cOBEpIEHHO aKasornuuL. JTO NpaBHIO
CnpaBesHBo ¥ ANA CNEKTPOS CAOKHLIX aTOMOB.

2. fpasuso depedosanus MyabTUnaeTHoCTed Qopmyanpyercsa
TaK: CREKTAAbHbIE TEPMbL NOCACO0GATEALHOLY JACMEHTOR nepuodu-
HECKOW CLCTEMbI UMEIOT NONEPEMEHRO HETHYIO U HEYETHYIO MYAbTU-
naetrocTs. Mbl yiKe sHaeM, uTO menounsle Metaman (L rpyina ne-
PHOMHYECKOH CHCTEMBI) UMEIOT AyGJeTHbIE TepMbl, a wmesodHose-
Meduube Meratuel ([[ rpyha MepHoaMyecKoli CHCTEMb)-— CHHI-
SeTHBe # TpUMMeTbie. DTO— ORMH W3 PHMEPOB BecbMa OBmerc
NpaBHia, KOTOPOe LenocpeiCTBeHHO BHITEKACT U3 BEKTOPHOH CXeMsl.

BektopHas MOZEb A [ECKONLKUX SMEKTPOHOB C1POATCH CAC-
AyloUEM 06pason. [lycTb B atome ameeTes n 50eKTpoHOB. Kaxnuil
H3 ndx 06/aaKaeT OpOHTalEHbM MOoMeHTOM | # MoMenTOM cnnHa S.
B caiyuae [10pMaJbHON CBA3U OPGUTAJLHBIE M CHHUOBHE MOMCHTLI
CYMMEpPYIOTCH OTICABHO

‘ L=, $=38,
T

T
w cymma L n S paer noanui Moment atoma J

J=L+S.
Tipn cymmuposaumu |; 1 S; cobmoraorca MpaBuAa KBAHTOBAHHA,
¢ KOTOPbIMH Mbl BCTPETRAHCH IPH CYMMRpOBAHHMH ABYX MOMEHTOB.

B yacTHoCIH, KBAHTOBO® YKCJO NOAHOMO CTAHA S 6yKeT HedbiM LAl
NONMYHENbiM B 3aBACAMOCTH OT TOr0, UETHOR HAH HEUETHO€ 4MCI0
L

S/IEKTpOHOB! B C/Iydae OLHOTO SJMeKTpoHa S=- | JIf ABYX >JeK-
L, 1,1
Tponos S=10 mam |} ams  Tpex N ~2-+?+§:% A

L 7 3 st yeTbipex S=0,1ua 2 vt 5 [Noanuht Mo-

meuT J ects

VI + Dk,
J=L 4S8 LpS—1, ..., IL—S8]|

npHyeM

Ouepunko, uto ecan L = S, TO uHCo BO3IMOKHbIX 3nadennfl J pasro
25 1. Takam 06pazom, B CJyyae Tpex SJEKTPOnOB NOJydaeTes
JBe caCTEMbBl TEPMOB: UIsl S == Iz UMCTO BO3MOXKUBIX 3nauenndi J,
T. €. MyABTHIISTHOCEL TEPMA, PABHO ABYM; JUIA §=%,25+1=4,
T, e MYJIBTHIIETHOCTb PAaBda UETHpeM (KBapTeTHbIe TepMBbl),
B cayuae uettipes snektponos §—0, 1, 2; COOTBETCTBEHHO

J=L— cuuraetsl,
J=L41, L, L—1—Tpunaersl

J=L-+2 L+1, L, L—1, L —2—«ksunrernl.
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Mul BMABM, 4TO 1S HOCHELOBATE/LIO BOIPACTAIOUIEr0 yHCIA 5.ICK~
TPOUOB HCHCTRHTCTBIO NPOHCAOTHT 4epEAOBAHUC HCTHHIX U HETeT-
HbIX MyJbTHImETHOCTEl}. ONBIT COBEpIIEHIO TOYHO MOATREpKAZLT
910 npefcKasatine. Tak, HAUPHNED, ¥ HICMRITOB HEPBOr0 AAKUHOrO

Pu-. 55, TIphviepul K UPABRAY 4epEIOIAHMA MYASTALICTHOCTIL

Tepuona nepHOMMuecKoi cuciedbr (18 anementon oT 19K 10 36 Kr)
HAB.II0IACTCA CAEAYIOWEE UepCAOBATHE MyJbTHIIETHOCTEl:

o wes } nse | i l -
JiyGaetu Cuuraetu CrtgacTit
Ty 6etst iy 6.1eTst
Tpanaers Tpunae s
Kpapcta Knaprerit
Konuternt
Cexcrenn

¥ cacaviomero 3a sanaiuey sacmenrra 24 Cr Hab1104a10TCST BCe lie-
HeT(be MY, |LIWILICTE, 33 UCKIIOYENHCM CHUTICTOB (. € Ha.mo-
HaoTCs TF;HII,TETbl, KpanTeThl # centers) # 1. A Ha puc. 56 mpu-
Beleibl MpUMEpHl yKA3ANHLIX B TAGAMIIE MYIBTHIIETOR, lpiuew
oTMeuensl TO.LKO HaHGOJee fpKHe .MHHM KaXIOro MYJIbTHH (€Td.

§ %4, Mar:{uThble CBOMCTBA ATOMOB

Haguuke MeXaluyecKOro M CBA3AIHONO € HHM MArid1HOrO Mo~
MeH1a atOMOB OBlapy)KHBAETCA HE TOALKO CHEKTPOCKOMIMECKH, 11O
W B MATHHTIBIX CBOHCTBAX aTOMOn OueBuiHo, an)KﬂE BCCIO, 4TO
ecnt J = 0, TO paBCH HYJTIO A MATIMTULIE MOMENT, B 210 AB.IACTCT

§ 04] MATHHTHBIL CBOMCTEA ATOMOB 373

NMamaredTHbM; vacbopor, upu J =0 om o6.iazaer napaMariur-
HEIMH cBojicTBamu. Kiaccuyeckas TeOpHs napamaruetusma 6blaa
pazeara JlakesenoM cwe 8 Hayane XX croserus. CoraacHo aToit
1€0pHH ATOMAM OapaMarHATHOrO BEUICCTBA UPHUHCLIBAICA OUPELe~
JIEHHBI MarHUTIbIA QMnOabublil MOMEHT. Bremnee MareHTsoe uone
OpWEHTHPYeT 3TH 3.eMEHTaplibie RHU0JM, HO TEMVIOBOE HBIKEHHE
paccrpadBaer 3Ty OpHexraniio. MakpOCKOMMWecKHe uapaMalHHT-
HbLIC CBOMICTBA ONPCACAAOTCH, TAKHM 06padoM, CTATHCTHYECKHM pas-
HOBecpeM MeHKAy oBoumi arumu akrtopamu. Ilpumenss xnaccuue-
CKyi0 CTAaTHCTHKY, JIAHKEBEH BHIVMCIHS NapaMalHHTHBE KOHCTAHThI
BEUIECTBA; NpH STOM, B COOTBETCTRMH ¢ KJIACCHUECKHMH |IPEACTAB-
JELHAMM, OU CYMTAN JHOGHIC yIIbi OpHEHTAUHH MArHUTHBIX JIHIOJCH
OTHOCHTEJbHO UATpARJCIHNS BHEIUHETO 11051 paABHOBEPOATHBIMH ¥).
JlnAa napaMarHHTHOH BOCNpPHMMUMBOCTH, OTHECCKHOH K 0I1OMy
MO0 BEIIeCTBA, NOMYYAETCs, TAKHM 06pasoM,

¢

Y = 94.1)
rie T — abconorhHas TeMUepaTypa, & ¢ — TaK Ha3biBaeMas noCTofl-
nag Kiopw, koTopas Bupaxaercs, no Jlawkeseiuy, caeayiowum

06pasoM:

(94.2)

(R — ynuBepcaslbHast TasoBas NOCTOAHHasA, No-—— NOCTORHHAs ABO-
Tapo, W-— MarduTHbIA MOMCHT 3MCMEHTAPHOTO AHIOJs). MHOXH-
Tenb Uz noayuaercs 0 pesy.brate yCpeXHCHHSA 110 BCEM BOIMONKILIM
OpHeHTaUAAM AuN0Jell B TpeInoa0Kenun, aTo BCe 3TH OpHeHTalHH
PaBIOBEPOSITHL. B KBAHTOBOW TEOpUH 3TO JONYUleHHE HE MOMET
6bITh COXpANEHO, 1aK KAK BCASNCTBHE MPOCTPAUCTBEHHOTO KBAHTO-
BaHMs BOIMOKIb HE JOGBIE OpHEHTAIMH, HO TOJIBKO T€, LIS KOTO-
PHIX MATHMTIIOE KBZHTOBOE YHCIO ATOMA HpHHMMACT NHCKpeTIlbe
3uayeuns

m

L =0 ..., =4

Ecan OpoH3BECTH YCpelneiie N0 3THM [HCKpeTIHIM OpHeH fa-
wHamM **) 10 BMecTo !f Toayyaeres

U+ T+
E7 - TR

a MOTOMy HECKOAbKO MeHseTCs W Bhipaedde noOCTOsuHOH Koph:

*) Hanomeniie Teopin Jlarmwescha <m., Ranpamep, s wmnre. P Bokxep,
DuckTpounan Teopis, cp 160 n caen, ocrexwsiar, [94[. CM Takie xueo
namncaymyo kaury: J. Marrac, Teopua marnetiava, <Mups, (967,

*¥) Cwm, P, BeK K e p, Daektpoanas teopis, Focrexusaar, 1941, crp 161—i62.
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puecto (94.2) monydaercs
2
wV D ©4.3)
3R 7

c=

Maryutybili MOMeNT 4TOMa, Kax Ml BALSTI B § 78, mmpaxtaercs

gepes MarHeToH Bopa My

p=M=gVTU+ 1M,

WM PRETUKEUHO (ANA AOCTATOYHO Goabmwux )*)
n=gIM, 104.4)

4t0 Raer An8 nocrosimol Kioph

B0 e 1 (94.5)
3 &U 4D g

N

€=

Ilan Toro uroBel 110 TOR (opMysE BHUHCANTL 1OCTOMHIYIO
Kiopy, 11€00X0LAMO, Taxuy 00pasom, sHaTL | _Ecan j newspectro,
0 1713 NpOBEPKH GOPMYIBI [94.5) O HIBECTUOU M3 oMl £a NOCTOAH-
Kol Kiopy € BbIYHCIAOT gVI( 4 1), T e MaCuMTHBIH MOMEHT
atoma B Marnerouax Bopa

—— 1 — V3R —
gVITF =g V3R =3 Ve

My — MarHerod Bopa [ast OHOTO MOAA 5585 ape-eayce X
> #0451y, TloACTaBaAR WHCAENHEE SHANCHUS, TONYIAC

V8a

0.8 vy o
e Ve=283Ve. (94.6)

gVIU+D

Tyni, KOTOpOMY MPHHALICKHAT dopmyna (94.6), cpasuun ee ¢ OULIT-
LEIME TaHNLIMH LIS TPWKIL! HOHU3O0BAUKLIX ATOMOB PEAKAX SEMETh
M NS HOHOB CpYMNbi Xejdesa. [1pHunHa, BCLIEACTRHE KOTOPON y/106-
j10 6bL10 B3SITH HMEIHO TPHAKIL MOUMIOBAHHLIE ATOMbI PCIKHX 3€-
Menn, AICHA U3 TCOPHYM NEpHORAUECKOH CHCTEMBL VY atoMoB DeaKHX
aemens CLEKTPOCKONWYECKHE W MaruuTubie CBOMCTBA 06YCIOBACIE!
BRyTpeHIMMY 4f-5/EKTpOHAMH, NIpH STOM Y TPHKAL HOHHI0BAHHELX
HOLOD BHEmNAS 0BONOUKA 3AMKHYTA, I BeCh MArRUTHLLH MOMeHT 06-
yenoBAen TOMBKO 4f-27€KTPONAMH.

«) Hsmaraexsie cooSpaxemin pOOSIIE YIPOCHN e YUNTHAAIOT KBAITORO-
ieXaRMECKHN OCOBCHHOCTCH MOMenTa wwnysinca. Towgas dopuysa Coluee, vO
$i© COEKHT UPUETO MPYHUATEATBEO 10EOTO.

S

§ 851 CNEKTPBL H3OMNEKTPOIIHBIX MOHOB 375-

CoBuanesie ¢ ONBITOM AJISL HOIO8 DPEAKHX 3eMedb NOAYYHIOCH.
OYeHb AOpOIlee, KaK BHANO M3 puc, 57, rae cniowmsoi aunued mo-
KazaH XOR MaruuTiloro MOMelta, Beluncaeublii no popmyne (94.6),.

4| y

7

;
s
#l—

4 /

4
L Ce Pr Nd Pmom tu G4 16 Dy Ho Er Tu Yo Cp
Pre, 57. [lapawarueriam peakix deme.h.

a WTPUX0ROK JHiMeR — KpHBas, NOCTPOGHHARN NO SKCIEPHMENTadb~
HbM HaHHEIM. B Clyuae HOHOB TpyRAbl XKeJAe3a COBIAJEHHE MAIO
YAOBJIETBOPHTEILHO, UTO, BEPOSTHO, OGLACIALTCS CIOKHOCTBIO HX
MYJIbTRUACTHOH CTPYRTYpUL.

§ 95. CnekTpbl M303MEKTPOHHBIX HOHOR

11305AEKTPOIlIBIMHE HAZLIBAIOTCS HOHBI, COACPKALAC B 080 0UkE:
ONHIZKOBOE QHCO MEKTPOHOB, PaceMoTpuM, uanpumep, psil 4eK-
apowop, Mauunawomuiicn antes: 3Li, 4Be, 5B, 6C, ... Jiuruis
nmMeer 3 aMeKTpoOHa, GepHaInit — 4, 60p — 5, yraepor — 6. [Toztomy,
€CTM Mbl BO3bMEM DHA, HAUMUAIOWMHCA HEATPAbHLIM JIHIHCM W
nporosKapulniics nouamn Bet, B, CH+ ... To Bce 5TH nonm
6YAYT HMEIb TO e YHCJO 3JIKTPOHOB, HTO K AuTHIE, T. €. 3. B cnex-
TPOCKONKH NPHHSTO 060311a4aTh ReHTPANbUbIC ATOMbI, NPHCOCANHAR
K HX CHMBONY pAMCKyl0 untpy I, OMiOKpalHO HOHH3OBAHHDBIE —
pumckoft nugpoit (1 u 7. a Urak, pss

Lif, Bell, BIll, C1v, ...

ABJASIETCSl H303NEKTPOHHBIM, DKCTIEPHMENTAIbHOE H3YUelne Cnekt-
POB NOAOGHLIX H303JAEKCPOULbIX DANOB OCAOMKHAETCR TPYRHOCTHIO
NoNYyyeHs BLICOKOMORH3OBALULX ATOMOR. DTH 3aTPYNHERRA GLaw
npeonosertsl MuATUKSHOM W BOVSUOM, KOTOPLIE BOCIONbL30BAIHCE
ME10[0M ¢TOPSI4AX HCKD», 3. €. HUKD B BLICOKOM BaKyYME
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Haubosee HnTepecuas ocofedHoCTh CREKTPOB H3037TEKTPOHHBIX
ATOMOB ¥ HOIOB 33KAI04AETCA B TOM, UTO COEKTpbl STH HMEOT CO-
BepLIEHHO aNIATOTHYHYIO CTPYKTYPY. Ha puc. 58 upusciens Goro-

, rpadus NepBblX WICHOB [ABHON
cepau AN H303MEKTPOUHOTO pA-
na ¢ 19 saekTposaMu:

K1, Call, Selll, TilV, VV.

Kak Bgjui0, y BCEX ATOMOB STH
JyHAN RBNSOTCS AYGAETaMHu, TO-
¢la KaK, wanpumep, Y neiTpaib-
WOTO  KaabUHA  BCTPEUaoTCH
TONLKO CHHIJIETHbiE HAH TpH-
NAETIbIE JIHHHA.

Jlast uac OCOGElHO BaMiibl
peayIbTaThl, KOTOpbie GLH 10~
Jiydedbl npH CpaBuCHAW ONHJa-
KOBBIX TEpMOB IR pasfUdHbIX
H303MeKTpOHULX  HONOB,  ITH
TepMbl, BOOGIE FOBOpS, UE ROXO-
PORONOXOGHLE Mx MoXHo, KO-
nedHo, NpeacraBarh HopMmysol
Pungepra

2
RZ%4e

T=T%For:

e Zagp — 3pdexrusnbi sapil
. ocToBa, T. € WIS UEHTPANLHOTO
3 BHOR TepuE_ AR
B e g KL Call, 2ToMa Zogg = L, AXA OMiloKpaT-
Selll, Ti1V, VV. HO HONM30BAHHOTO HOua Zagp ==
=247 A
Ho, kak yxe 6b110 yKasauo o § 76. nompaBKy MOXuO BHOCHTB
1€ T LABHOC KBAHTOBOE UHCAO A, HO B 3apal Aipa Z.

Tak HMeuHO Mbl NOCTynadn B § 76 H eme paible, UpH onHca-
JIBY CTEKTPOB pelTrCHOBCRUX Jyuei, B T. L, § 36. Hampuwmep, 4a-

crory Arumn Ko 475 pasastuublx 3JEMEuTos Mbl nHCaid B Biie

1 H
v=R{Z— [)2(7~?),
Fle Z—wcrmuwnstit 3apsa supa. Otcioma cxeayer, urto Tepmu K

AMEIOT BAL . .
R{Z—1
To=—""

Ananorauno TepMbi L npeicTaBifiores dopMy10it
2

§ 95 CTFKTPH H3OSJTKTPOLIEEY HOHOR 377

Mgl BUJEM, 9TO Npu STOM CriocoBe NPesiclasIeHHs 18pMOB 33

ocioBy Gepercs Gopmyna GalbMepOBEIX TepyoB
2
L=

1 BHOCHICA TIONPABKA B 3apsid sApa Z, B TO Bpema Kak B dopuyie
PuaGepra nonpaBKka BuOCHTCA B TaBHOe KBaH10BOC ykeao n. Oue-
BULHO, 4[0 TOTpasKa B peirire-
HOBCKHX TepMaX [peAcTaBliseT
coBo «KOIICTAHTY IKpaHupona-
HESI>. Oua yKa3bBaeT, B Kakoi
mMepe A A3AYNA0mero ICK-
TpoKa sapAl ALPA  KOMICHCH-
pyeTCﬂ OCTANbLILIMKE QﬂeKTpOHa'
Mu. O603nayas noOUpaBRy ue-
pes 8, nanuwem dopmyny peut-
FEHOBCKHX TEpMOB B BiAe

V=i

Ho 310 — X0poiwuo HasecTnuii 3a- K[

xon Moseun (1. 1, § 36), corna- 07 22 @ 2 7
CLO KOTOpOMY MEXRY VT uz
JMeeT MECTO JHHC[HA® CBA3DL.
O7kaanguBasg Ha_ OCH OpAHHAT
V7T/R syecro Y7, a Ha con aGeusce Z, MU TOAySHM Opsivyio ©
TanrencoM yiia HakJona K ocu X, papubim 1/n.

Munnpkss 1 Boysn BhIMMCAHAN TepMbl H303.1CKIPOHITBIX DAIOB
no gopmyne Mozcan. Ha puc. 59 upusenens auarpammo Mosenu
JLNA M3037€KTpoNUOre pafa, Hauruaomerocs ¢ K1 Kax Buano, Bo
BCEX CAyyasiX IS TEepMOR ¢ OAHHAKOBHM [VIABHBLIM KBAHTOBBIM HC-
10M MOAY4a0Tea MOYTH TOUHO HpSIMbIC, HIyuwe OapalieibHo Npsi-
Mol ¢ yraoBuM koadpdunnentom 1/n. Kak vpr sutean B § 91, ouens
BaXHO, 4TO OpsMan Ang tepma 32D mepecexact npamyio 425 Mexny
Z=20uZ =2l 1ak 9ro y KI repm 3*D aexur Huxe repma 425,

Puc. 59. MHuarpamma Moseuu Ram
nsoanextpoiroro pagza KI, Call.

Tasanua XII

Tepn ‘ K1 r calt { Se 1t ‘ TLV vV

32p 17,95 17,40 16,95 16,65 1643
428 16,74 16,26 15,9 13,74 15,58
42D 17,9 17,61 1743 17,29 7,18
4°F 18,00 17,99 1797 17,94 17.91

wmw
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B ra6a. X[l opHBedcHbl BETHYHHH NOCTOSUINION IKPAURPOBAHHSL
& BIR PASAMUHEIX TEPMOB, BHUACIEHIBIE H3 SMMHMPHYECKHY AAHHBIX
xaa pana K[, Call, ..., a1oMbl KGTOPOrO UMEIOT 110 19 anexrpo-
Hos, Kak 4 CefoBaso OKERATh, IuTst TepMos D u F skpanupyio-
mee AeHCTBUE |8 5/ICKTPOHOB NPOSBASETCS (104TH NOAHOCTbIO, TOTAA
®ag 15 TepMoB S BENUHHHA § NEKUT MeNy 17,7 u 15.6.

§ 96. Pentrenosckue cnekTph

Kak ye Gwao nokasano B T. [, § 35, xapakrepuas uepTa peur-
FEUOBCKAX CneKTPOB 3aKI0Yactcsl B X NPOCTOTE M TOMHOM eli-
nooGpasnn. B TO BpeMs Kax ONTHUECKHE CneKTpbl CYLIECTBEHHO
MCHSIIOFCS TIPW MEpEX0Ae OT OAHOH rpyniibl NEpHO/LKIECKOll CHCTeMEl
K [pyrOH, PEHTIEHOBCKHC CnEKTpbl BCEX IACMEHTOB COCTOAT H3 He.
GOJBILOTO YHCAA JHHRE, CXOANHM 0BpasoM pacnofoKenHslX Apyr
QTHOCHTENBHO ApYra W MMEIOIAX OLHY i TY YK€ TOHKYIO CTpYKTYpY.
TIpK ysciHoeHHM aTOMHOTO HOMepa Z BeCh DEHTrEHOBCKUIL cneKtp
Kak 6B CMemaercss B KOpOTKOBOMUOBYIO 9aCTb, U MEHHR CBOei
CIpyKTyphl. 3aKOHOMEPHOCTH 5STOTO CME[UeUHs 1aKKe YIABaeT
cBoeil [pOCTOTOH; Oua BLIPAKACTCA AAKOHOM Mosenn (em. T. I,
-§ 36), CorMacHO KOTOpOMY KBaapaTHblii KOpEHb W3 UaCTOTH COOT-
BeTCTBeuHsX JMIHA CIeKTpa pa3IHUYHEIX aTOMOB [IPOCTO HpONOp-
_[HOHAJTEH aTOMHOMY HOMEpy.

TlpocToTa H MOHOTOHHbLL XGPAKTEP (7. € OTCYTCTBHE €pHOANY~
$10CTH) HIMEHEUNH PEUTTEHOBCKHX ClEKTpOB ¢ H3MEHeueM aToM-
HOFO HOMepa YKA3bIBAIOT HA TO, yTO PEHTIEHOBCKHE CHEKTpel BO3-
WMKal0T He B MepH(EpHHEcKHX, a BO BHYTPEHIAX HACTAX ATOMOB.
Clienyiomas 3aMeyaTebuas 0COBEHHOCTh peHTIeNOBCKUX CHeKTPOB
NOFNOILCHHS 1A8T KII0Y K OBBLACHEHHIO HX NpOHCXOXICHHS: B peHT-
£eHOBCKUX CTIEKTpax OrCYTCTRYCT obpaujenue autud, CTOdb Xapak-
TepHOE A ONTHYECKHX CNEKTpOB (LOCTATOUHO BCMOMBLATH UIKOAb-
Bpti npHMep ofpaments D-24uua HATPHS npi nporyCKaHAU CBETA
HOTOUHHEA CO CRUOIIHBIM CNIEKTpOM uepes papbl matphst). Ecau
apONyeTHTL Hepe3 CA0H KAKOTO-HMOYAL S7EMEHTA TOPMOSHOE peHT-
TEIORCKOE H3MYYEIIHC, PA3Naraioeccss s CraOWIOH CNeKTp (CM.
7. I, § 35), TO B CEKTPE NONVICMIEIHS HE NOABIAETCH XapaKTEpHbIX
I 5TOrG 3MEMEeHTd TeMUbIX AUAUL, 110 UOARAAIOTCS COIOUINLIE LIH-
POXHE 1l0/10CH € PEIKMMH KpasMi ¢ AIMHHOBONHOBOH CTOpOHH. 3o
NALAKARO MOKHO MAJIOCTPHPOBATH HA TpuMepe CepHi K, rae cooT-
Holuesus 0CO6EHHO npocThl. Ha prc. 60 Bun3y cxemarnuecks uso-
Gpaxed JuReHYaTHH CUCKTp HENyCKAHAR Cepri K, a sBepXy — xoA
forotelMs B rOM xe siemenre. Kak BHUO, 11pH YMEHbIUCHHK
JUTHHB BOMHbI MOTMOMEHHE NAanacr, uo upd ONpERENEHHOR MTHHE
BOMHLL, GAM3KOH K AMHE BOJNHBL JMHWA Ky, — PEe3KO BO3pacraer
¢ TeM, urobb ApH AagbHCAIEM yGB{BAINE AJKHB BOJHbI BLOBb
ganapuo yGmBaTh. Tpaunia s03uMKalOmEN pasMbltoit MOAOCLH NONJIo-
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IS U2 CAMOM JEJe HECKOJbKO CMEUICHa B KOPOTKOBOIHOBYIO
CTOpCHY G1HOCHeMblo Nuunk Ky ¥ TOURo comuagaer ¢ rpadiiel
cephn K.

[la puc. 6! npusenena dororpadur, Ma Koropol orTvyeTIUBO
BB N070CH TONVIONIEHHA Ag 1 Br ($OTOIMYABCUS) ¢ HX POIKAMMB
kpasivi.  CpnowHoli  xapaktep
PENnTreNoBCKOTO CHCKTpa MOTIouLe-
HEA Cpa3y YKaiwBaer ua 7o, 4TO
OIHO M3 ABYX KOMOHMUHKDPYIOmuXCs
uph agcopbuun cocTostuuli e kBan-
Ttopano (ca. T. 1, § 119). [lo-
CKOJIBKY € ﬂJlHHHOBOJ[l[OlXOﬁ CT()pO-
Wbl TIONI0CA LOIOMCHHSL HMERT pes-
Ku¥  KpaH, COBOAABIOIHA C rpa-
HHILEH CepHH, Mbl nnpane IAKIO-
UWTb, YTO HPONECC, MPOUCXOMTIHR  puo 60 Copowcnue Meway per-
TIpH  DOTJOMEHAR  UTHHKL BOMUBL,  royorckun CuckTpom HCMYCKAUAs W
COOTBETCTBYIOLICH  Kpald  NOJOCH, voraouenus 2as cepun K.
3aRAONAETC B GCBOBONIUCHUH
3J€KTPOTA OT CBSI3M ¢ aTOMOM, T. C. B HOHH3AUHH aToMa. [Tpu 667k-
LUX MIHHaX BOAL 3[[91)[‘]/]7[ KBajra hv eme heAGCTd104Ha ATA OCRO-
60)K[18HM5‘ 3.413[('[’[)0”3, a NpE MeibluX — 3lepriuy XBaTact He I0Jb-
KO ra 0cBOGOMIACHHE IEKTpOlA, 10 U l1a COOOGLeNHe eMy KHHeTH-
ueckoil suepruu. Tak Kak, nafce, PEHTTEHOBCKHE JYUH BOINHKAWT

noznougEnE

7o
e Gorny

Prc. 6l. Morocw noraomenna Gpoma A cepedpa.

BO BUYTPRHRHMX HacTAX CTPYKTypbl atoMa, TO peds 31eCh uaeT 06
CBOBOKACHUH OIHOTO M3 SHYTPEHHUX HNEKTPOHOB,

Koceeab aai CAEAYIOmMYI0 KAPTHHY BO3HAKHOBEHHH PEHTMEHOB-—
cKuX cnektpos. 15 BOSHUKHOBEHHS CLIEKTPA HCOyCKANHs Heo6XOMH-
MO, ut0Bh aTOM BbLT npeaBapuTenbHO fepeBelen kb BO3CYKICHHOE
cocTosiHMe. DTO BO3BYKREINE B CIYHAC PEHTIEUOBCKHX ClEKTPOB-
MOMKET COCTOSITD TOMbKO B OCBOBOMKAEHHH ONHOTO H3 BHYTpEIUHX
3MEKTPOHOE, yTO M MOMTBCKAETCH XAPAKTCPOM PEH1IeHOBCKOTG:
cnexrpa nornomenna. Eclin 10K BAMSHMEM KATOAHOTO 3JEKTPOHZ
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HIE PEHTIENIOBCKOrO K3JAYUenHs, Malldloulero H3sse, ocpoBoxaaRTES
ORHA W3 JHYX 3I€KTPOHOB CaMOTO BHYTPEHHEIO CAOS (K-cnoq), 0
0CBOGOAMBINEECH MECTO MOKeT ObiThb 3aHITO SIEKTPOHOM U3 Kaxoro-
rRGyan 6oaee puewnero cnost (L, M, N). B mepsom chiyuae ucuy-
ckaercs awnus Ky, Bo nropoM — Kg, B TpeTbeM — Ky.

Aroft kapTHHE BOSHHKHOBEHHA Kecnempa cooTeeTcTBYeT Ta (op-
Ma 3aKoRa Mose/M, B KaKOM Mbl yKe H3Naraiu €ro B §36 T L
Wmenno fast suauH K, MBI THCATH

v, = RE— 17— 7).

T. e BOJHOBOE WMCJIO JMuHM K, ecTs pe3yibraT KOMORHAUMA ABYX
TCpMOB, H3 KOTOPEIX OJAH COOTBETCTBYET r/aBHOMY KBAHTOBOMY
uncay n=1 (tepm K), a npyrok —n = 2 (tepm L). D1u TepMsl,
Kax BAAHO M3 (POPMYIE, Odelh GAH3KH K BOXOPOAONONOGHHIM; OTIH-
\lie COCTOHT TOMBKO B TOM, 4TO BMECTO aTOMHOrO HoMepa Z B BHpa-
skewne tepMa Bxoaut Z-— 1. 3T0 OGCTOSTENbCTBO B npocrcHimem
cityaae ceprit K MOKeT 6bITb O6BACHCHO «SKpalnpOBauieM» noi-
HOTO 3apsina sApa Z, OCTAIOWHMES NOCie HOHA3ALMA B ClOC K on-
HHM 5JEKTPOHOM.

lponcxomaentie fatbrefiwnx cepui L, M, ... moxer OuTb
06BACIEHO AHAJIOTHUKBIM 06pa3oM. CIeKTpbl NOFIOLEHUS, COOTBET-
CTBYIOWINE STHM CepHAM, HMEIOT, OLHAK0, OCOOCHHOCT, HE BCTpE-
yapwyloca B Ciydae cephu K: Ipaimla CINOUHOIO CNEKTpa morilo-
WenHs L 3TUX cepufi MMEeT CIPyKTypy: B Clynae Cepid L ona
Tpofinas, B ciydae cepun M -— NATHEpATHAA, ATl Cepui N — cemu-
kparias. 972 BaKias 0COGEHHOCTE HMEET TPOCTOE OOLACHEHNE, KO~
Topoe Mul, OZHAKO, pasfepeM laJiplue, B § 97. 3aecs MBI Orpand-
uHMC PACCMOTpEHHEM MEXaHA3MA BOZHHKHOBEHHA DEHTIEHOBCKHX
CICKTPOB Attt 6 2pyBoix wepTax u He OyaeM YUMTHBATL MU CTPYK-
Typhi Kpas DOJOCH, 1 Apyrux Gojee TOMKiX OcoBenHOCTel peirt-
TGHOBCKHX CHEKTPOB. B 3THX rpyGulX ueprax BO3HMKUOBCHHE CCPRH
I OGBACHSIETCA NMEPCXOAOY SIEKTPOROB H3 cnoes M, N, ... ha ocBo-
SONHBIIEECA RCICICTBHC TIPeABAPHTEIbHOA HOHH3AUMH MECTO B €108
L; BoaHHKgOBelHe cephi M —Tepex0foM 31€KTpOlOB H3 CJ0eB
N. O, ... ua cpobouHoe MecTo B ¢oe M U T. K.

§ 97. Cxema yposueli aHEPFHH ARA PeHTreHOBCKHX CHEKTPOB

s ckasawHoro B MpelbijlylleM Taparpae BHTEKAeT Clelyio-
AR CXeMa ypOBhell 3HepriH, KOMOMHALMU KOTOPBIX NAIOT pCHTre-
HOBCKHE CleKTpanbibe THHuM. [IpH oCBOGOKIEHHH 3a€KTpOna H3
cros K aTOM MepexomuT H3 HOpMaqbHOTO COCTOSIHH B BO3GYXKACH-
noe, ofosnaychHoe wa puc. 62 Gyxsoil K. Paccrosnme Mexny Hop-
MaabHBIM YPOBHEM H 5THM ypoBheM K eCTh, OUGBHLHO, 3HEPIHH,
cooTseTeTRylOmas Tepiy K, wan sueprast nowmsanan cnof K, stipa-
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KCHHA B WKAJde BOJHOBLIX uncen, Ilpu mepexopax ¢ yposus K
Ha yposun L, M, N Bosnukaiot suumun ucnyckanus Kq, Kp, Ky Hau-
Gonee BepoaTHOMY mepexoly K — L OTBE4aeT M cavian MHTCHCHBHAS
anAng cepuy K — aunns Kg.

SregetA  mepH K HK-anehmpon
ylurey
1 ®
f ;
3
N s €
N § §
5 3 %
s S S
5 T K
S K] X 1
§ 3 . L anghrmpoy
§ E “yhunes
8
5§ N
g
3
§ <
M M-saghmpon
N 4o
S

Prc. 62 TpySan CXewa PETIGHOBCKHX ypoBHedl SHEPTHH W ee CPABUERHE CO
CXeMOH ONTUYECKHX YPOBHEH.

Bosbykacune U3 HOPManbiioro COCTOSHHS KO ypoBHA L, coot-
BOTCTBYIOLICE KOUH3ALMN ciod L, Naet nayano cepun L AR KO-
Topoft BosiuKaOT npy nepexofax LM, L N. ’

Tlonoxenue yposueir K, L, M, ... nan wopMaibHBIM yPOBHCM
OUEBHIHO, CpeRedAeT NOJOXKCHHE rpaunl noraouienus K, L, M, . :
(CTPYKTYpY rpauui Msl 31ech (e YUHTLBACM). Y

Cp"aBImM TeNeph CXeMy PENTMEHOBCKHY ypOBIeEH 3HepTun €O
€AEMOil ONTHUECKHX YpOBHEH, 0GpA3LOM KOTOPOH MOKCT CAYHHTH
si06as M3 NPHUBCIENHBIX BBIme cxen, JIEPKO BHAETH, YTO MEXAY
OBedVMH CXEMaMH HMEETCA CyWECTBENHOS DPasdMuHe: B HEepBOM
cayude (ONTHUECKHE YDPOBHH) ypOBEeHh C HAWMEHBUIHM IMIaBHBIM
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KBaHIOBBIM UYNCJIOM 7 == 1 JeXUT Huxce 8cex, Toria KaK BO BIODOM
(penTreHoBcKie YpOBHH) YpOBEHD K (n=1) aexur eviue 6cex:
BCs CXeMa DEITIEHOBCKHX ypOBHedl npeictaBnger co6oil Nno.rHoe
ofpamenue ONTHYECKOH. [lpuuuniia 3T0C0 NEKHT B PASTHYHA Mexa-
JM3Ma BO3HUKLIOBEHHS ONTHYCCKHX W DEHTTEHOBCKHX CUIEKIPOE. Oan-
THYECKHC CMEKTpLl BOIHHKAIOT NpH BOSGYyXACHuH nephdepHueckoro
Haubosee CIaG0 CBA3AHHOTO HIEKTpOHA W3 COCTOAIHA C Hanbob-
weil sKeprieil CBSGH B HaWMEHbIUM TARHEIM KBAHTORLIM AHCTIOM 5
COCTOAHHS ¢ GOJMee BLICOKMMH KBAHTOBBIMH WHCTAMH B MCHblled
snepraeil casiay. DBeprust BO3GyKAeHUs, 0UEBULHO, Gyzner Tem 506+
\ire, 4eM MEHbLIUE SHEPrUs CBASH B BOSOYMACHHOM COCTOANHN i uE
GoAbiuie 2406HOE KBAKTOBOE 41iCA0, COOTBETCTBYIOIIEE ROIGYXICH-
HOMY COCTORHMIO. B Clyuae e PEHTreHOBCKUX CHeKIpoR BO3OYH e~
Hile COCTOHT B OCBOGOK/ERHN 3JEKTPOHA, CBA3AHHOrO B HOpMd.b-
4OM COCTONHMM aTOMA B TOM Mili HIOM caoe. Dncprus po3Cyxae-
AR GymeT HOTOMY TeM 6OMbIIe, YEM NpOUHEE CBASAN SIEKTPOH;
APYPHMH Ca0BAMM, HauboaAblIan Sueprus GyICT COOTBETCTBOBATL
OCBOBOMNEILIO BTERTpOHA, CBASAHHOLO B camoy rayGoxom, 6in-
Kallliem K SADY CRO€, T. € 6 CA0€ £ HQUMENbUILM EAAGHbLM KEak~
TOBHIM HUCAOM.

CoOTIOWERNC MeKAy ONTHYECKHMU H DeHCTelfOBCKUMH ypoB-
HAMI MOWHO HAMSAHO npenctasuTs eme uwhauc. [as aroro ycso-
BHMCA CUMTATL SREpIHIO WOHMBaUWM HauGolee Cl1abo CBASAIOrS
nepH(EPHYECKOrO (BaIeHTIIOr0) SJEKTpOHA paBiioll KyNo (ypoRens
00 na pue. 62). Torna sHeprHu HOHM3AUMH BHYTPEHHHX 3MEKTPOHOR
GylLyT TNOMOKHreabrbi H Gyayr Boapactatb 0O Mepe yGouiBanis
FAABIOMO KBAHTOBOFG YHCAA TOTQ CMOA, B KOTOPOM CBSI3aH S.eK-
/1 poH.
K-saextpor (n==1) npH s10M GyRet o6nagaTs HamGonibuieft
MOSOKATENBHON SHEpruedt; L-3MekTpoil (1= 2)-— Medbled U T. X.
PenTreHoRcK:e JARKHM HCUYCKAHHSA BO3HAKAIOT NPH MEPEXOfax Mex-
2ty STHMP HONOKHT/bUEMH YPOBHAMH SHEpPTHH. Hao6opor, ontH-
weckHe YpOBHH SHEprHH JEXKAT Huzce BHGDPAWHOrO HAMM HYJCBOrO
ypOBHA; HX SHEprUH §03PACTAIOT C YREMUEHUEM [NABUOTO KBAHTO-
BOFO GHCA2 NepHQEpPHIECKOTO HIEKTPOHA.

Taknd 06pa3oM, ONTH4eCKas CHCTCMA ypoBHel sBisieTcs Kak Gbt
3epKaNLHBIM OTPAKEHHEM PEHTIEHOBCKOM,

B CnekTPOCKONUE OOHUHO CYHTAETCA HOPMaNbHLIM pacrionoxe-
He ONTHUECKHX ypoBlet aneprin. [109TOMY PEHTCEHOBCKAA CHCTEMa
ypoBHeil [1a3biBaeTcs o6paugennold. Cneiyer saMeTHTb, 4YTO NPH
L1€KOTOPHX CIERMAMLHEIX YCIOBHAX 00paileHsble ypOBHH BO3HI-
Xal0T B B ONTHYECKON UACTH CneKTpa. PaccMoTpenue sTHx fetanedt,
ONIFAKO, OTHOCHTCA K CHELMAbHEIM KypeaM COeKTPOCKOMH *).

4 Cw, C 3. ®puu Outascoxwe coexvp avoMow, Omimarrus, 1963.
I.Tepubepr, Atowmic cnextpy u capoenne avoma, HJI, 1948,
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Jlo cHX HOp ML OCTABASIN B CTOPOHC CTPYKTYY LOAOC MOrIO-
Lenus. Bosnukaer pompoc: noyemy rpaimua K — npocras, ry am:ma
L —rpoitnas, rpawnua M — natHkparuan, a rpanagy 1V£cenw
xpathan? O6LscHesHe ne NpeACTaBIsge] HHKAKOrO Tpyna I ann
K oraenaer ocBOGOMAEHUIO SACKTPOHA M3 COS C 1 1. oGg al'lel;:I
TPOHA 3TOTO CHIOR ~ S-9ACKTPOUBL, T, €. ann nux [ =0, a snaunt
] bmMeer ennycTRernoe 3uauende j= ;. Hanporus B(;CSMb aneK:
;r)ponog cion L MMEIOT raaBiioe KRaHTOBOE WACHO N — 2, a [ — aAnGo
o ;: 0 1, B nepsoM caywae j=l/; Bo BTOpPOM j—‘ Uy wan 3.

TaK, ML HMEeM 34ech TPH [IOAYPOBNA B 104HOM COOTRETCTBHM C
xpatioctbio rpaitipl. [locste sroro ta6a. XIII, cme gapo o6wsc-
HEqHe KPATHOCTH BCEX KpPaeB MOJQC (fOrOMEHNS, C1aAHOBHTC
ausitholi 681 nanuHedmpx yosCHenud. ' T

TaGanna Xill
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B cootserctun ¢ 570t KAaccHuKaunell Ped reRORCKAX ypoB-
#eit 3UEPruH MOKHO N0CIPOHIL CXEMY HCPEXOMOB, oémcnmoyLﬁ 10
BO3HHKHOBEHHE DEHTrelfoBckoro ciekrpa. Ha puc. 63 Ilpﬂﬂeﬂe)mi
Takag cxema 1S Bosbppama (Z = 74). Paccmatpupas 3Ty cxem
HETPYAHRO yGERUTECA B TOM, UTO OHA COBEPLUCHIIO AHAROCHYHA cxw{y.
UETOUNLIX METANNOB, HO TOABKO MOJHOCTLIO OBpauleia (M L'.:
npumep, puc. 33). Ecau nepesepryrb pHCYROK, [0 ananorms o aI;
GpoCHTCSl B raasa: pacnoNOXewHse NPyr Hak APYroM ypoﬂml;i’ Ky
Ly, M;, N7 cOOTBETCTBYIOT TepMa 28y, yposuH Ly, My Ng—1ep-
mam *Py; yposiu Ly, Ma, Ns— tepmam 2P ypIOBHh‘ Ms N Ii
Tepua 2Dy, u t. A [lpu stom u npasuga orGopa OCTal(HC?‘ﬂ 1';MH
He CAMBIMH, YTO B CAydae MeJIOUHBIX MCTAMJ0B: DEHTrEHOBCKH
CRCKTPBI 1I00bIX 3/€MelITOB COBEPLICHHO aHAAOFHYHBI CHICKTpaM -
Jounblx MeTaanos. Ecan mu Teneph cpapnim ﬂpHDeHeHHyIOPKﬂﬂL"JClL:
¢ukaluio yposnell ¢ taéa. XII, To yBHIUM, 4To COCTOAHMS aroMl/I
KOMOUHAUIM KOTODLIX BEAYT K ROSHHKHOBEHHIO PEHTFEHOBCK o
CIEKFPOB, COBHAJAIOT € COCTOSAHUAMHE OCBOGOKAACMOTO B.€KT| om
BT0 MOKeT 6blTh TOJBLKO B TOM Clyyae, eCAH O] MMH. .nb"p gaA
JIOYKH, H3 KOTOPOA yAAMSACTCS 3MEKTPOH, nepel ¢ro ocaoéoymﬂ;}?aeo-
ObLT paBen MyJIo: SAEKTPOHH OCBOGOKIAIOTCA H3 3aMKHYTIX :)GM-
Jiouek. Ho 970 kax pas cooTBCTCTBYET TEOpHH HepHOZHuCCKOf "
<reMby, H3gokennol B §§ 90 u 91, e

B coorsercTBuM ¢ o0l aRANOMREH MERAY pen1reroscxk
TEPMAMH H TCPMAMN UEIOYHEIX METAANOB PEHTTEHOBCKHE cnen'[r[g:x
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apssioTes OybaeTHptsi, TlpocTeliumy upumepom 910fi 1yGaeTuOCTH
apaneres mHans Kgi, qo, cOCTOAUAR H3 ABYX 6M3KO PACTOJIOKEIL-
WX AHEHE. BO3HWKHOBEUHE STOFO ny6aeTa JeTKO RPOCICAMTH 10
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Puc, 63, Tloagan cXowa ROSTAKHOCWNN DOHTCEHORCKORO SIEKTPA HOAb{paka
(Z=74)

pre. 43, rfle BUAUC, WTO OH BOJMUKACT B pesyivrare Tnepexo10B
P ,— 2Su, 2P, — 2Si, T. €. ANANOTHNCH ny6aety D B cnexTpe HaT~
pust. B penTrenuackofl CHEKTpOCKONUA pasanualeT, ONHaKo, Apa
tu0a Ay6AETOB: TAK HASHIBAEMBIE HPPErYTApNLE, Hat nyGacTb K-

e e

Al
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panuMpoBaBAd (BO3UHKAIONNE (DU NEPEXONAX Al=1, Aj=0), u
peryasipusle, Wi pensTHBHCTCKHE, ay6nets. OHAKO na 3TOM pas-
JHUUM J COOTBETCTBYIOHIMX TEOPETHUECKHX BOTPOCAX Mbl SRECH
OCTAUABANBATLCST HE GYNeM.

98. H peacTBEHHOE OUP:
PEHTFEHOBCKHX ypOBHEl 3HEprHH

Henocpencrrenyoe, XoTs W MCHee TOUHOE, 4eM CAeKTpOCKOnH:e-
CKOE, OTpeeNeHHe PCHTTCHORCKHX YDOBHEN SHEpTHH MOXHO OCY-
[eCTRHTD, H3YHas (OTOEKTPONL, KOTOPbIE OCBOGOKAAIOTCA peuT-
renOBCKIMY JdyuaMi. B ypasuennn dipureiina

ha=eV+ P 4Py

P, — paora BEIXOJA 3MEKTPOHA, HIpaOUlas BaXHyio poib 8 bo-
To3(exte ¢ NOBEPXHOCTH METallilos, P — pa6oTa 0cBOGOKALUHS
snexTpona o1 coa3n ¢ atomoM. Tak xak sueprun (OTOHA peiiTe-
ROBCKHX Jyucil o W3MepAercs NecaTKaMu WiH COTHAMM THICAL
SIeKTPOH-BOAT, 4 pa6oTa BbixOAa Py nOPAAKA HECKOJILKHX SNCK-
TPOH-BOABT, 10 (OCAEAHSA HHSTOKHO MATA 10 CPABHEHHMIO C ho.
HanpoTiie, SHEprHA CBASH BHYTPEHHUY SICKTPOHOB P; roro_XKe
[OPARKA, UTO M hw, OCOGENHO B Ciryuae TAKeNLX SAEMElTOB. Oxa-
3lIBaelca, Aajee, uro (pH  (poTO3ppexTe ((poTonunMzanMH) Ua-
GI0fACTCR CBOCTO PONA PE3OHAHC: ¢ HaMGOJBIICH BEPOATEOCTBIO
OCBOBOWIAICTC T¢ 3JEKTPOHLL, SHCPPHA CBASH KOTOpbX GIHSKa K
sneprin nazaomero gorosa. [lostony goTosnexTpotl, padniofae-
Mue TpH ACHCTBAH PCHTTCHOBCKMX yueH, 0CBOGOKIAIOTCA U3 Bly-
ypepsx 060J04EK aT0Ma. SHAst SHCPTHIO MAlaUWEro HOTOHA ho #
OnpERCAAT HA ONBITE ¢ BOSMOKHON TOWIOCTIO KHHETHUCCKYIO SHEp-
M0 (QOTOICKTPOIOB €V, HOXKHO, TaxiM OCPaioM, O ypaBleHHio
DfiyuTeliHa AAXOAUTH IUEPTHIO CRSH RHYTPCHHUX 1€KTpOHOB

P—ho—eV,

7. ¢. peTreuOBCKMe YpUBIN aToma. BeHay Toro, aro ho u Py 3ua-
YUTEIRNO TPEBOCAORAT TAKKE H JIEPTAIO CBASH ATOMA B MOICKyIE,
A Tem Goaee Bap-IEp-BAANBCOBBL CHML CHEMIEUHd, POTOSppEKT B
PCHTICHOBCKHX JIy4ax B IEpBOM MpHOAMKEUui e sasHedT ¥ or
1070, TOABCPraloiCs JH ACHCTBHIO DCHTIrEHOBCKHX sryueil cBOBOA-
Wbie ATOMH HAM XHMHUECKHE COCHieHHsl B ra3006pasoM COCTOA-
LB WM TBEpAbIE TCAA! NOCKOJbKY BHAHHE XUMUueCKOH CBA3K Ha
BryTpexHue ypOBEH 3HEPIHH Mano, Goroadgpext 00X nelicTrreM
PENTreIUBCKHAX Tyyeil TPOUCXOIIUT TAK, KAK eCii 6b1 MBI HMENH JET0
€O CROGOAHBIMH ATOMAMH.

Tounoe ONpeieeHHe CKOPOCTEH PCHTrEHORCKMX (OTOINEKTPOHOB
6bii0 BepsHE OCYWECTAICHO ¢ MOMOUbIO MArnHTHOFO CEKTpOrpa-
a, Cxema 3Toro cnexrporpapa n3o6paxena Ha puc. 64. Hcroynnx

13 9 B. [Boonscsd, T 1



38 ATOMBI €O MHOTMMU 3JIEKTPOHAME ra vt

SACKTpoKOR S, MOABCpraeMsifi AEHCTBHIO pEHTTEHORCKHX Ayueil,
TOMCINANCS B BUIE Y3KOH 1ONOCKH B JIETKOW aJIOMHIMEBOil paMke
(BM4 paMKu CBEpXy fan Ha puc. G4 otreatuo). PoTO3IEKTpOnbl,
poitna wepes mwens B, Poxycrpopaauch na poronaactirke £ mpi
(10MOWLH OAHOPOJHOrO MOLEPETROrO MATIHTHOTO TOJA (CM. T 1,§9).

Jlas saexTpoios, 061alalomHuX ONHOA K TOM e CKOpOCTLIO U,
paiiyc KpHBA3NG TPACKTOPHH OMpeeddeTCs H3 UIBECTHOO COOT-
HoweHHs

dp=""0 98.1)

(e — B anekTpocTaTAveckux enunmiax). Tak Kak B cayuae peuTre-
HOBCKUX JIydeli CKOPOCTH 3/CKTPOHOB AOCTATOWIG BCAHKH, TO AAT
Macesl cneayer GpaTb pe-
MSTHBUCTCKOC BbIPAXKeHHe

==

¢

perexctene  gero  (98.1)
upHHAMaeTr BUI

Jp

me?

e

R b

Hckonasn KHHETIeCKas

SHCPIBA 2J@KTPOHOB €CTb
s o1

Eyn= ot V—f—l .

Prac. 64, MarRuTHSA CHexIporpad Kt uiy- B
CHAR OEDreTHUECKOLO CICKTDA PENTTeNOB- (98.3)
CKHX (HO103J(CKTPOIOB., BeaeNicTeie QOKYCHpOB-
KU OJIHOPOTNBIM [ONEped-
MEIM MarirTHUM TodeM 3JeKTponbl, 061aTa0MHue ool o Toil xe
CKOpOCTBIO U, YT f1a (GOTOLIACTHHKE JEIHIO; PA3AMUNbiy CKOpO-
CTAM COOTBETCTRYIOr pasaiuunbie aHHAH. Hamepss ux mogomerme,
JIETKO OnpefleanTh A3 TeOMCTpHH MpuGopa A KaxIO# JuuiH Be-
JEUHIY o, & 3HAM (ANPMKCHHOCTR NMOJA &6, MOXKINO BLIMACIHTS OT-
ciona 1o (982) B u sareM Enom
Ha puec. 65 npusenena oTorpahsi Suepreriideckoro CHexTpa
$OTONEKTPOHOB, BO3NHKAWMHX T cepc6pe noa AcficTBHEM pent-
TCHORCKOrO uafiydeHus Ka, BOabpama. llpH HCTOAROBaRHI 21010
crnekTpa HeoGX0AMMO HMETh B BUAY, Y10, KK MOKA3a1 ONbT, B 3TOM
SHEPreTHICCKOM CMeKTpe BCErfia MOmBAIOTC JHRHH JROSIKOTO 11po-
MCXOMAEHH: 1) JHUKH, BLI3HIBAEMBIC MANAIOWUN H3AYICHHEM B h3-
Jysarene (B AAaHHOM Caydae Ag); 2) NUHUH, BbI3biEAEMbIE Xapak-
TEPUCTHYECKHM H3JydenHeM CaMoro Maayyareds, RO3HHKAIOWHM

§ 98 OMPEIEAEHME PEHTIFHOBCKUX YPOBHEM 21EPTHR 387

noa JeficTBHOM HAZAIONEro Wslyuenwds, Murepuperamds Jmmii
puc. 65 npueenena p tabn XIV, Obosnavenus B cronbue «ITpouc-
XOMJICHAE> MMCIOT CAefylomHui cMHCa: Ag Ka,, a.— Ag L o3nayaer
JHEHIO, COOTBETCTBYIOULYIO (POTOSNEKTPOHAM, KOTOphie OCBOGOH-
AAI0TCA  XapaKTepHCTHUECKUM Hanyyeruem cepebpa Ag Ka,a, 3
cnog L camoro xe cepeSpa. Paspemaiomas CrocoGHOCTh npHEopa

Pac. 65, CuesTp GOTOSACKTPONOB cepeOpa, OOPAIOBARKEX HIAYHCHHEM
BOBpaNE.

GB1a (@AOCTATONHA 1/ DPA3ENenHHd JHHAH, BOHKaOmux M3
yposueit Ly, Ly, Lig, a TeM Gosee — 03 ypoeedr My, ..., My,

Ta6auna XIV

Janan I Flponcxoxaemte R

1 AgKyq, —AglL 1620 — 250 — 1370
. AgKq o —AgM 1620 — 50 = 1570
2 { AgKy — Azl 1820 — 950 = 1570
3 AgKg —Ag M 1820 — 50

4 WK, ~AgK 4270 — 1880 =

5 WKy — ALK 4370 — 1880

6 w Kﬁ: —AgK 4950 - 1880 = 3070
7 W Ky — AgK 5090 — 1880 == 3210
8 W Ky, —AgL 4270 — 250 = 4020

Cosnagennce v/R pasi qunHi 2 ne caydaiino, OHO BLITEKAeT K3
Clefylondx KOMGHHAHOHHMX COOTIOWERH{ (CM. PHC. 63):
Ke=K—L, Ko=K—M,
Kp,—L=K—L—M,

KE—M:K;L—-M,} Ko, — L= K= M.
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T, U. JIyknpcKHil HemocpeACTBEHHO ONpENENH/ DEHTICHOBCKHE
YPOBHH 3Hepruu s Jierknx saementop (6C, 13Al), mombaysch
BECbMa YNOOHBMH CBOACTBAMH pa3paGOTAHHOTO MM Metoia cepH-
YECKOro KOmzencaropa (cM. T. I, § 118). B s1oM MeTone TopMoxe-
HHE 3/IEKTPOHOR Ofp CKOpOCTH 1Ip HT HacTOJbKO
PE3KO, UTO SHEPTHHM HX MOMHO C [0CTAaTOYHOR TOUHOCTBIG Ompeie-
JMTh METONOM 3a/lepXUBAIOLUIEr0 NOTEHNHAaXa (e3 NOMOMH CIeKT-
porpada. Taxum myTem JIYKHpCKHA NONYYMA, HanpHMep, CAelyio-
URE 3HAYERHUsS A YPOBHEH SHEpIHH:

Snement Yposens | Snepras » sa

6C K 259
13A1 L 80

B Hacrosiulee BpeMs CUEKTphl (POTOIEKTPOHCB, BHACTAOMHX
TOA NEACTBAEM PEHTIEHOBCKHX Jydel, C yCexoM NPAMEHSUGTCH JUIs
Tiesel CIIeKTpasibHOTO aHanuaa *).

*) Cw. K. 3urban K. Hopanunr .y -
o p LT W JIp., -DICKIPOKHAR CHEKTPOCKONHA,

FAABA IX'

BO3BY)XIEHHBIE ATOMbI

§ 99. OnTHueckoe Bo3GYXAeHHE W Pe3OHAHCHAN $ayopecuesuns

B pasubix Mectax STOM KHHIH HaM yiKe IPHXOMJIOCH BCTpe-
qaTbesl ¢ KOHTPOVIHPYEMEIM BO3OYKACHHEM CIIEKTPAJBULIX JMHuA.
B § 93 1. 1 mbl BUIeNH, HANpHMEp, 9TO NpH GOMGapAHpOBKe aTO-
MOB PTYTH 3JEKTPOHAMK B 4,9 36 H3JyuaeMbiii CIIEKTP COCTOUT BCEro
us ofHOR amnnu 2537 A (Tounee 2536,52 A), xoTopas, Kax MH Te-
nepb 3HaeM, BO3NHKAET NMPR Nepexone aro-

Ma 3 BO3GYMAEHHOTO COCTOSHMA 2P B HOp- Py
manbroe 'S [Tosmyuenne cmektpa TmyTeM 7% —
BO30YHACHHS aTOMOB 3TCKTPOHAMH CTPOro
OMpeNenesHOl SHEpTHH ABAACTCS ONHHM 13
HanGo/ee yIOGHBIX METOIOB H3YYeHHs pO3-
GyKISHHBIX COCTOSHHIl H HMeer Gobiioe
npaKkTHyeckoe 3HAUEHHE, TAK Kak B a30-
PRIPALHBIX JAMNAX, HIHPOKO T Sy
HIMXCA B OCBETHTENLHOM TEXHHKE, CBEUeHHe
8030y 12eTCH HMEHHO yapaMH 31€KTPOHOB.  Prc. 66. Cxema yposrefi

Iipyruy ¥ eme Gonee TOHKWM METONOM  JMA M3AYdeHds pesomatc-
HCCTETOBARMA  BO3GYMIEHHMX  COCTOAHHA UBX THEHE HATpHA.
CAYMHT  pO30YKneHHe TOA  AeficTBHEM
cBéra — OnTHYecKoe Bo3GymaenHe. M yxe BULENH, 4TO B Tex clly-
uasx, KOrAa JUTHHA BOJHB Na/lOMIEr0 CBeTa TAKOBA, YTO SHEpTHs
(oTOHA paBHa pA3HOCTH MEXIy duepriell HOPMAJILHOrO YpOBHA i
GAHMKAHMErO K ieMy BO3GYXKAECHHOIO, CRET 3TOM JUIHHBI BOJHEL WH-
TEHCHBHO TOrJOMIAeTCs. aTOMaMi, KOTOpbie NpH BO3BPALIEHHH &
HOpMAAbHOE COCTOSHHE UCAYCKAIOT Ty Ke LIHHY BOJHM (pesoHanc-
HOE M3JyueHHe WK pesonanchas utyopecuenuns). Tax, nanpumep,
IpH OCHEUIEHHH NapoB HATpHA KEITOH HAaTpMeROl JMHMel neny-
ckaercst Ta Ke xenras JnnA. ONHAKO TaKOE ONMCAHHE ARACHEA
RocraTouno rpy6o. Xopouo H3BECTHO, UTO KEeATad HAaTpHEBAs M-
HHS eCTb AyGJeT, H BO3HKKAeT BONPOC: HCMYCKAIOTCA Jn Ofe JHHIW
ny6aera, KorAa Bo30y:x/eine Bbi3HBAETCs onnoil ¥z Hux? OnLTR
Byla LaJ¥ na 5TOT BONPOC Onpefelentbiii otper. OxageiBaercs, uto
koraa BO3GYKZeude npowssoantca auuneir -Dp, TO wmemycKaerca
TOMbKO 972 JHHAA Dp W (B UMCTHIX NApAx HATPHs [pH HH3KOM AaB-
ZeNMH) HUKAKUX CANOB JuiiM Dy e BaGnofaercs, HECMoTpd Ha
70, YTO ypOBeHb 32Py, C KOTOPOTO WCNYCKAeTc 37a JHHHS, JEMHUT
HUXKe YpOBHA 32P 3, ClyMallero HCXOARKM AN JTHHAK D, (prc. 66),

2,895,990
5889,968
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Puc_ 67. CxeMa yposHell 5¥epram s PTyTH.

§ %) OTNTUYECKOL BO3BYK/IFIIIE 301

TIpiunua 3TOr0 COCTOMT B TOM, 4TO HEpeXoi ¢ yporus Py, sa ypo-
Benb 2Py, sanpeulaercd npasuioM ot6opa Al= +1. TTostomy Boa-
MOJKHBI B 3TOM CJyuae nepexoi ectb 3°Py—32Sy. Ms storo cie-
J)\eT, yTO B CNyyde HaTpHd MBI HMeeM A0 COGCTBEHHO He ¢ OaHOH
Pe3OHAHCTON JIHHHei, HO C JByMA D, M Dp: NEpBas BOIHURAET NpH
BO3OYKACHAH [0 YypoBHA 3“Py, BrOpad —upH BO3OYRAeHWH 1O
ypoBns 3%Ps.

Eute oryeripBee CyuecTBOBANHe ABYX DEIOHANCIBIX JHHHHA 06-
uapyXmsaerca y prytd (puc. 67). 31cCh OCHOBHOM ypoBeub ecTb
G‘SPD (rMaBHOG KBAHTOBOE UHCIO
6 oTHOCHTCH K NOCHKENHEMY, T. €.
K U3NydYalomeMmy, 3JMeKTpouy).
Tlpr cooGuIeBAM aTOMY pTYTH
sHeprun B 4,998 atoM mnepexo-
IMT B cocrosHue 6P H IpH BO3-
BpallerrH 1a OCHOBHOI YpOBEHD
HCIYCKAeT Pe3onaiiCiyo JMHHHIO
2536,52 A. To xe Moxer Obitb 5

£ —
7%y,

7529
2768,

OCYIeCTBACHO [y TedM OcBeme-

ayn mapon  prytd  JuHued 6%

2536,52 Mepexox 6°P—6'Sy i

Opu OTCYTCTBHM  BO3IMYLLERHI Puc. 68. Cxema ypomneil 1na onru-

ueCKOrO B03GYKIEUMA MApoB TaLaA.
3anpertaercs ﬂp'dBVl,"l()M 3anpe-

Ta HETEPKOMOGHUAUHE, HO B CIy-

uac CIOKHLIX aTOMOB, KK yKe GLIO yKasano, 370 (paBWIo Hapy-
uraetes BCJAGACTBHE BIAUMHBIX BOSMYINeIHil COMHOBHIX U OpGHTANb-
HEIX MOMedTOB. Pe30HAHCHOE MCOyCKamHe B CAyyae PTYTH MOXeT
Gul1b OCYNIECTBJCHO TAKXKe H [PH OCBEILCHHH JuHHel 184957 A
Tlorsomenne 3TOf JHHHH OGYCNORJENOC NOEpexojom 618y — 617,
(cm. puc. 67), M TAK KaK M3 COCTOsHHA 6'Py aTOM MOKCT BEpHYTHCH
TONBKO B MCXOAHOE coctosune 6'Sq, To quHuA 1849,57 A aBasercs
TakKe pesonancuci. Habalonenne 3roi JHHAM, 0OJHAKO, CHABIO 3a-
TPYAUSETES TeM, UTO Opa JEKHT B OGNACTH CHIBHOMO TOIVIOUIEHH:
KUCIOPOLOM, BBULY Wero Jas noiysends nwHen 184957 A mpuxo-
AMTES yAaNATh BO3AYX M3 JpHGOPOB M 104b30BAILCE OCOGHIMY Ba-
KyyMHbIMid  CIeKTporpadamu. [Iise pesonancusie JHERY BaGao-
najoTes Takme y Kaamms (3261 A m 2889 A), y unmxa (3076 A
u 2139 A) u BOOGILE BO BCEX Cyuasix, KOria STO TpebyeTcs CXeMoi
yPOBECH 3HEPTHH.

A. H. Tepennd npon3ses MIIOTOYHCICHHLE HAGMONEHHS ONTH-
4ecKoro BOSOYIKIEHHs U lan OgeHb ACHHE HX HCTOXKOBAKUA. B Ka-
yecTBE HHTEPECHOTO NpHMEpa DACCMOTPHM BO3GYXJCHHE I2poB
Clenylomero 3a pTYThio aieMenta — tanaun (Z = 81). Hanywaio-
ki 31eKTpOK TAaNJMA HOPMANbHO HAXORUTCH B coctosinnM 6p. Oc-
HOBIOf Tepm — NyGaeTHRI 62Py, 6°Py, paccrosude Mexmy mnof-
YPOBIAMH Ay6ieTa OTHOCHTeNbHC OueHs Beauxo (0,96 ss8), B pe-
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sysbrare NMPH OCBE{leNHd TMApoOB TANIHA YAbTPAGHONETOBOH Mmn-
sHeil 3776 A 0GpaTHO M3MyTaeTCs He TOJBKO 5Ta JHHHs, HO W BH-
Anmas (3enemas) aunnst 5350 A, O6nAcuesHe BHIHO H3 puc. 6
norxomende auEHN 3776 A po36yXKnaeT aTOM C OCHOBHOTO yDOBIS
62Py, Ha RO3OYKNEHHBIHl 72Sy,; 1K BO3BpameHHd K ypoBHsM 6P
u 62Py, ucyckanTest 06e ykasaHHue JunnH. PaBHbM 06pason npw
NOTNOMICHHE JunuE 2768 A ORHOBpEMEHHO C 3TOl JHumed Henyc-
kaerca aunag 3529 A. O6Lacienue 1aHO B Jepoil nosoBune puc. 68,
KOTOpas flocie CKa3aRHOrO GYAET MOMATHA CPE3Y.

AHajNoruuIBIe pe3yabTaThi GhH NONyuenbl TepeHiHEIM NpH U3y-
ueHMM ONTHYECKOTO BO3OYXJeHHs RapOR CRHuNA, BuCMyTa K
CYpbMBI.

-3

§ 100. Crynenuaroe Bo3byXueHne

QueHb WHTEPCCHbIE U HATVISAHBE pE3yNbTATHl bl ROIYUellbl
HpH MCCIIEIOBAMH OTITHYECKOrO BO3GYXACHAS HapoB PTYTH, KOTO-
pble 3yUYeHEl 0COGEHHO NETANBHO.

Hopmaunsiioe coctosinne atoMa pryTd ectb 6'Sq (puc 67); cu-
crema ypoBHelf, TaK e KaK y re/is, pachafaercd Ha CHILETH
Tpunaeth (§ 89). Bouxaitne po3byxacnubie YpOBHH, K KOTOPbIM
BO3MOX bl HBPBXOIJ.H H3 HOpMa"bHOI‘O COCTOSIHHA: B CHCTEME CHII-
rietos — 6'P;, B CHCTCME TPHINIETOR — 6°P;; Mepexox K ypomuio
6Py, JexalleMy HECKOJbKO HHIKC, saupelleH (paBHAOM 0160pa,
xotopoe Gyicr pacemorpeno B § 108. Orciona caeayer, uro MuuH-
MaJbuas SKepris, KOTOPYIO MOXeET BOCTPHUSTE aTOM DTYTH, CThe-
"ger nepexofly 6'Sg— 6°F;; UMEHHO STOT MepeXoj M Mojyyaeics B
onbite dpanka u I'epua, TAK KaK nHeOGXOMHMAs JJISl HETO SHCprua
paBHa Kak pas 4,9 28. Cucayomuii BOIMOKHLIH Tepexol ecTh
61S,—6'Fy; emy orevaer sueprus 6,7 36. Ecam aroM BosSymieH
20 OJHOTO H3 STHX ABYX ypOBHei 6°P; Wan 6'P[, TO €NHHCTBCHHas
BO3MOMXKIIOCTD 5T 06p3THO]‘0 nePexo;na 3aKAKyaercsd B EO’inaLU,B-
HHH K HOpMaabioMy coctosinio 6'Sp. TIpu 31oM B mepBoM ciyuae
uaavyaercs inHug 2536,52 A, 80 Bropom — 1849,57 A — ase ynomsa-
LyTHE B TPCALLAYIEM (apalpahe pesOHaHCHBIC JKHHU.

Boabyxaenuc 0 Go.ace BHICOKHX yporuefi rpebyer eme GOMb-
el SUEPTHH, # MOTOMY JMHIAH, NOARITIOWKECS TP HEMOCHENCTBEH-
HOM [EpeXOAL C 3THX ypOBHEH B HOpMasbHOE COCTOSIHHE, 3aBEIOMO
JIOJDKHDBL JIEKATH B yJALTPAGHOAC10B0/ yacTH cnekTpa. Mexy tem
XOpOWO WSBECTHO, UTO [IPH 3NCKTPHYCCKOM BO3GYXKIAenHu, OCyuie-
CTB”.YIHeMOM, HaHpHMep, B LUHPOKO paCHpOCTpaHBIIIIH‘( B naéopa'rop-
(O NpPAKTHKE ¥ B TeXHWKE PTYTHBIX JaMm, BO3HHKAET TaxKe BHIH-
moe creyene 7o cpevende OGYCNOBNERO NEPeXONAMH  MCKIy
6036y OeHROLMY COCTOARUANMY, HATIDUMCD, aTOM, BO3GYMKIEHHBIA 10
VYpOBHst 735|, MOXer uepeiTH chayana B coctosnue 6°P|, ucnyckas
HHTEHCHBHyI0 CHHio0 aMunio 4358,34 A, a u3 cocrosmna 6°P[ —a

§ 100) CTYFIEHYATOL BORBY/RACIHE 393

HOpManbroe COCTOsHME 6'Sp C WCIycKanHeM pe3OHAICHOR NHHIMH
2536,52 A.

Tlps ONTHYECKOM BO3GYNAEHHH ATOMOB pPTYTH NaGaAIORAOTCA
aualoMMuHple Tponecckl TaKk KaK Cpeausist TPOAOAKMTEALHOCTH
JKH3UA aTOMOB B BO3GyXIeHHOM COCTORHHW Ouenb Mana (107—
10 cex), TO COOTBETCTBEHHO Majia KOWUEHTpAUMA BOSOYXKAEHUbIX
aTOMOB, H TpH OOBIYHBIX YCHOBHAX
HMCCTCA JIMITb HHYTOXKHAT BCPOAT-
JIOCTL TOCO, 4TO aTOM, NOrIOTHBUINI
KBauT cseTa W mepemenunii BeTed-
CTBHE 3TOrO Ha KaKoi HROYyAb BO36YyHK-
ACHHBIH ypoBellb, yCueBaeT NOrJOTATS
BTOpOR KBaHT H TepeliTH Ha Goxee
neicokdil yposenb. ORiako np# To-
MOWM CHCOMATBINX YCT2UOROK Byily
yAAIOCh OCYUECTBUTH IOROGIUOE «CTy-
TCHYATOE BO3CYMIACHHE» H TAKHM Iy-
TeMm ReTanbHO TEPOKOHTPO-Y"/IPDBQTI)
BCIO CXeMy yPOBHEH 3HepruH pTyTH.

Ha puc. 69 npusesienia cxeMa omsl-
tos Byna. Kpapuessit cocyn R ¢ na-
paMil pTyTH TpH OH3KOM NaBJiCHAN
ocsemancs Onnoll WK ABYMs 6743K0
PACTIONOKEHUBIMH DTYTILIMU AaMna-
Mu [ u [], Gpnucwm JiaMmnma [ oxnax- Puc. 69. Crema omaon Byaa
Janach MPOTOYHON BOZOK. o Oxnax- "Y“e“"‘“p"‘;"" BOIBYKASHHEM
neHde uMeer CEAyOUIee 3HAYEHHE:

MK rOpeHMH AyTH B lapaX pryTH i

saMna CHJbHO pasorpeBaeTcs H ITOTROCTD 11APa B HEM CTauoBUTCs
oucHb GOMBIOH. BeaeACTBIE STOrO UEHTpaNbHAR yacTh pe3oHallc-
HOM JMIMM CHIBHO TIOrNiomAeTca BHYTPH CaMOH JaMnbi (TaK a3l
Baemoe «camooGpamenue»). C TaKof ropsuell Aannoi B cocyne R
MOJyUNTh PeSOHAICHYIO (JyOPecUeRM0, T. €. BOICyXKIAeHHe 1O
ypoBts 6%P|, ue yaaercq. Ilanpotus, s OXnaxiaeMoil JaMmne naor-
HOCTH Mapa J0CTAaTOUUO HHIKA, W CaMOOGpawenlg (e HOAYIaeTes.
Knapucsass npnaMa K, npHMasarnast K BepXuedl uwacru cocyna R,
upOeUUpYeT CBET (pAYOPECUERUNH HA meb CAEKTPOrpaga S, awa-
NW3HPYIOWErO ero CUEKTPANbHBIA COCTAB.

C 5T0ii yeraHoeKo# Byz npoaciaan Gosipuoe KOJTHYECTBO ONHTOB,
3 KOTOpbIX Mbl 1IpUBENcM TOMbKO Hemuorue. [Ipn ocsemennn pe-
30HAHCHOrO COCYAZ R HEQWIbTPOBAHHBIM CBETOM OXJAMAaeMOH
pTyTHOH NaMMB B CTIEKTpe (IyOpecuelunn (OABIAKTCS BCE MubHI
PTYTHOTO CTIEKTpa, B TOM HHCIE H BUAHMbIE. CToHT, 0AHAKO, TOMe-
cruth Mexay R n namuoit / crekno F), uornomaomee pe3oraHcHyio
smamo 2536,52 A, kak BesKas (ayopecleHIns Heuesaer, JTo noka-
3pBaCT, yTO AN NMOTyueHHS QIYOpECUeHUHH NeOOXOIHMO MpeXae

.
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Beero Bo3ByX[eiHe 10 pesoHaHCHOro yposHs 6°P. Ecau reneps
BMECTO cTeksia nomectuts B Fi QuILTp u3 mapop Gpoma B KBap-
esgM cocyae, HOl'JloLU,aK)LU,Mﬂ BCIO BHAHMYK? HdC1b H npONyCKaion-
muil  TOABKO  yablpadHoscrosile .uuun 2536,52 A; 2967,28 %;
312566 A 1 3131,56 A, TO NOABJACTCA (IYOPECULIILHS, B CNEK1pE
[OTOPOH, Kpome BOSOYRAAMHUX JUHKH, 0BuapyHuBan1ca ele Ji-
HuH 3654,83 A n 3662,88 A.

DTOT PesysIbTAT Cpasy CTAHOBUTCS GOUATIBIW, €CAW OBPATHTLET
€ puc. 67: ypd WOLJIONICHEN pe3onancHOll JTHHWH aroMbr PTYTH NO2-
GyKAa10TCH o YPOBHA 6°Fy; DCIEICTHHE 6AH3OCTH PTYTHON JaMIBsl
KONUCHTpALus BO3OYXKNEHHBIX ATOMOB OKa3biDaercsi CroiL 3HA4MH~
TRJIbIOM, UTO CTAHOBUTCS aMETHBIM MAAOBEPOS THBIA MpOmecc mo-
BTOPHOrO BO3BYKICHAA aTOMOB, NAXOTALLMXCA B COCTOARMH 6P,
nyteM MOrTomeRHs uwuuii 312566 A (6°%° — 6%0,) n 313156 &
(6°P1—6°0,) no Goaee muicokux ypomHed 60 u 6°Dn Ilpu sos-
BpalleHHH C 3THX g;oaueﬂ Ha ypoBeub 6°Py wWalywaorcs JHiku
3654,83 A n 3662,88A.

Ranbpeiiwnil papHakT OpHCaRHBIX BbIIE OUBITOB COCTOHT B C.ic-
aylomeM. Ecan ocserHrb 1pybky R BTOpodi HCOXaamaaeMoli pryT-
HOM NaMuoft (coxpawss mamny [ H @uibTp M3 napoe Gpoma) Ges
CBETOPRILPA, TO, KPOME YKA3AHHLIX yIbTPAQHONETORbIX IHUHHA,
MOABASIOTC  TPU  BHAHMDC: gmone'rosau (4046,56 A), cunas
(435834 A) n seneuan (5460,74A); cBetoHABTp U3 KOGANBTOBOrO
Crekaa, nocrapernslit B Fy 1 0pomyckaomuii TOALKO OANY CHHIOWN
e 4358,34 A, we usmenner CHeKTpa Qyopecueniiu, T. €. (a-
pARY © cHneli JMuMedl B CNeKTpe (ulyOpecuCHuRE HabJonaercs
1aKxe U 3edenast, O6pACHEHHe 3TOrO Oubrra TaKOBO: JAaMmna [ (O-
313€T AOCTATOUHYIO KOHUEuTpalKio atoMom B coclosunu 6P dti
aTOMBE, NOrIOWAas U3 Cpera JaMnbl [/ cHiiow JHRUO 435834 A, ne-
peXoliT B cocToaHue 735, IpH BO3BpanieHHM M3 KOTOPOro K ypoe-
HAM 69Py10 HCOYCKAIOTCA, KpOME CHEEH JHINM, TAKKE (HONETOBAS
u seqenad. Tak Kak AnS UCIyCKaRHs BCeX STHX Tpex JIHHME AOCTa-
TOYHO TOARATH aTOM OT ypoRs 6°Py 10 yposus 73S, uro npoucxo-
4T (pH NOMOmEHHH CHHeHl JHHEHH, TO nOuSTHO, 4TO BBEAC(HE
(UABTPA, MPONYCKAIOMETO TOJAbKO 3Ty JHIHMIO, HE H3MEHSICT CrIeK-
Tpa (1yOpeCUeHIuH,

§ 101, Tepmaueckoe Bo36yMnuenne

Xopolio H3BECTHO, UTO HCMYCKARME JHHEHMATOrO CNCKTPA MOMHO
BbI3BATE HE TOJBKO YAapaMM SJEKTPOHOB MM OCBEUICHHEM, HO K
noebliienueM TeMuneparyprl. Kpyounka nosapennoli conm, sHecey-
Has B nJtaMs ra30B0H WAH Jaxe CHHPTOROH rOPeqKH, OKpalmBaeT
AAAM5 B KENTHIH [BET, @ CNEKTPOCKON NOK&3blBaeT IPHCYTCTBHE
D-anvmit natpusa. OUEBHANO, YTO SHEprAs BOIGYKACHAR OT op-
MaJbHOrO 110 BO3GYMACRHOTO YPOBHS (paBHAA Aafl nd(pHa 2 96 =
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= 3,2- 10712 sprop Ha arom) Gepercs B STOM Ciayuae 3a CYeT dlep-
THH TenaoBbiX ABWXesui. CpeiHAS KHHeTHueckas SHepris aToMOB
npU KOMHATHOR TeMneparype cocTandser okomo 5-1071% ape, 1. e,
npréansuteanio B 100 pas menbuie sHepruy BO30YKIENMA ATOMOB.
O.HAKO CKOPOC1H 1 430BLIX MOJACKYJ pacipeiesicHyl no 3akody Mak-
€BCLI2, & TOTOMy NpH moBO[i TeMmnepaType HMCCTCH H3BeCTHAs
OIS MOAEKYT, 061aA20mHX 6OJIBIIHME CKOPOCTAMU. ITa 1018 npit
KOMIATHOH TeMNepaType HHYTOKHO Masla, HO OHa OhicTpo (npubak-
3HTEIbHO SKCHAOHEHNHAMBLHO) BO3PACTAET C IOBHIICHHEM TeMmepa-
Typhl, K4K 370 NoKasbipaer taba. XV (4HC.a pocreaded Tpagbl

TaGauya XV

Cpentusst Kinernneckas
el UA TOCTY (ATEALAOTD MY
TBRKEHTH 1 58

Tewncparypa 5 °C

15 0,03 51070
1000 0,14 13-1077
2000 0.2 7,4-107°
3000 0,35 15107}
4000 045 2,107

O3RAYAIOT O1HOWIEHHE uHCaa coylapeHnit N ¢ sueprued, Gosbieil
3 26, K (10AHOMY YHCHY COyJlapeHuii).

[lostomy, ecAu NOBbILATe TEMUEpaTypy Iasa, TO CHavalia B
CRneKTpe AOMKIIA NOSBHTLCSL CAlld peionaHCHaﬂ JIHHHA, a no MQPC
BO3pACTAHHS TeMOepaTypbl GyleT MOSBIATHCT BCe EOJIbINEe WHCIO
JMHHA B COOTBETCTBHH C TOABJEHHEM aTOMOB, BO3BYXTEHHHIX O
Bce Goace BuicoKHx yposuell suepruu. HaoGopor, ceim Bpi6path
onpelenCHHL Y4ac10K NJAMEHH C OLMOR u TON Ke (ZoCTaTtoyHo
BLHICOKON) TeMneparTypoif H BHOCHTL B HErO PasiHyHbic ATOMbl, TO
oHll GydyT NaBatb TeM GOablee YUCIO JHpHH, HCM lHXKe nOTen-
uMa,| BO3BymAcHWA. B Ombite, BHINOIUENOM B nabopaTopHH
@panka, Gbl1 B3AT y9acTOK I1aMeHH GYH3EBOBCKOM rOpeskH ¢ TeM-
neparypon 15630 °C. TIpu 310M OKas3aioch, UTO M1, BHCCCHHBI B
3TO MCCTO, JAeT ORHY JHUHO, Hatpull — Aee, Kauaui— tpu, pybH-
JHG — weThipe ¥ 11e3HH — UecTs qunuit, Paccvorpenue pre. 31—33,
Tie MMeOTCH WKAJbE SHEprHi ypoBHER, BIOAHE O6BLACHACT 570 NOBeE-
ACHHE PABIMURbIX aTOMOB.

HccnenoBanme TeMnepaTypHOTO CBEYCHHS B CTPOTO OIIPEfeieH-
HBIY yCIOBHAX OpPOMSBOAMTCS B TaK HaspiBacMoft neuu Knrra, Koto-
past npeAcranifer co60f yrobRylo HIH rpaduToRyl TpYOY, HaKa-
JIMBAEMYI0 TEKTPHUECKHM TOKOM. [Lisi co3naHust naubouee YucTbiX
yCJIORKH OnbiTa BCS nedh HOMEmAeTCs B BaKyyM, M HAGIIOAeNNe Be-
ZIeTCA Yepes 1Ba KBAplLEBbIX OKna,
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TIpn TaKHX YCIOBHX MOMKHO NpPOCACAHTH NOCTEHEHHOE pa3BHTHE
criextpa JIEMKO BO3CYXNAeMHX aTOMOB (HIETOYHQ3EMeNbHbIE Me-
TaANbl) BIIOTh [0 HOHW3ALHK aTOMOB.

§ 102, Ynapst BTOpOrO pona

[lps TepMUYeCKOM BOBGYMAEHUH OFMH W3 COYAApSIOWWMXCA aTO-
MOB H€PEXONUT #3 HOPMAJLHOTO COCTOANHSA B BO3CYK/IeHHOE 3a cleT
OTHOCHTEABHON KHHETHUECKON HepIHH MapTHepoB coynapenus, Co-
ylapeRds 3TOTO THIA MOTYT MpOHCXOMHTb TAKKe MEKIY aroMaMu
W 3]EKTPOHAMH.

[pencrasum cefe, 910 MB MMeeM CMeChb HeHTpalibHbIX aTOMOB
M CBOGONHBIX 3MeKTpOHNB. MOomkeT cayunThest, uTG GHICTpHI Jex-

TPOH, COYAApAIOMHUACE C HEBOIGYXK-

i % JeHHBIM  aTomMoM, Gymer ofaanarb
JHeprHedi, AOCTATOUHOH JJIs TlepeBoaa
aToMa M3 HOPMAJBHOrO COCTOSIHHS B
Bo30ymIennoe. B rakom ciyuae co-

yAapenue GypeT HeyNpyrM, anex-

TPOH MOTEpserT CBOIO IHEPrHIo, aToM

Ke NepedeT 13 HOPMANbHOTO COCTOS~
4 HHA B Bo3Bymameutoe. Takoro poaa
coyldapeHde B TOYIOCTH AHAJOrHUHO

Puc. 70, Cxema onura Nefinyu-  HEYIPYTHM yAApaM, KOTOPLIE HCNBTH-
croro & Jlarmmena. BAIOT BMEKTPOHB B Onbite Ppanka u
Tepna, ouo unasLiaercs ydapom nep-
8020 pode. OAHAKO U3 TEPMOAMIAMHKH CAGAYET, 4T HAPALY € yna-
paMH NEpROTC PoJa AOMMHBL CYmEeCTBOBATL TAKKE W ylapsl IpOTH-
ROTIOAOKIOrO XapaKTepa, NpH KOTOPHYX 8036ymcdennnid atox, co-
yAapsiach ¢ #edAeHHbLM SJICKTPOHOM, BO3BPANIAETCs B FOpManibHOe
COCTOSHE 6€3 UFAYYenun, OTRaBas H3GHITOK SHEPTHK 3JeKTPORY.
Takue coyzapexus Noayuuan nassaie ydapos éropozo poda. Tep-
MOFHHAMHKa Tpefyer, YTOOb [pH PaBHOBECHH B CHCTCME M3 aTOMOB
H JIEKTPOHOB B €RMHMLY BpEMEl# UACIO YAApOR (EpPROTO POAR paB-
4R0Ch YHCAY YAApoB BIOPOFO poaa. JTOT OpHIIIHM, [(A3bIBaeMbiil
QBBITHO NPUALUAOM MUKPOCKONULECKOL 00paTUMOCTY WIH fpusyu-
nost deraroHozo p , Ol T YCAYTH pH
OBCYXKIeHHH pOueccoB 00MeHa SHEPrHEHd B aTOMHLIX CHCTEMaX.
CyuecteOBaHKe yNapoB BTOPOrG POLA MEKAY BO3OYKACIBIMK
ATOMAMH i SMeKTpOHAMH GBLIO ¢ GOJBWION YGeAHTeTbuOCTI0 0K~
sano creaywouwnm onbiroM A. M. Jleimyuckoro u I'. JI. Jlattiuesa.
BuaekTpoubl, HCAycKaeMbie ropsaunM KatopoM K (puc. 70) H ycko-
pAeMble aieKTpUYecKHM noaeM Mexay K u N, moragaior B npoet-
paHcreo Mexay cerkamu Ny u Np. Mexay Bropoil cetkoit Ny u axo-
<OM A 3MeKTPOHBI MOABEPraTCs JeACTBHIO TOPMO3AWEro (oA,
QyesHano, uTO Mas MOJIOrO NpeKpauleHHs TOKa Ha ahog A TOpMO-

EN
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aslmee mojie He HOMKHO GhiThb GOJbIIE YCKOPAIOHIErO 0OJS, Ta8K Kak
S/€KTPOlbl HPHOGPETAIOT CBOI0 SHEPrHIO TONBKO 3a CYET YCKOPHIO-
wero noas. OfHaKO BHYTpR OTKa4aHHOrO COCY/a, B KOTOPHH 3aKmo-
YeHLl OMACANHbIE UACTA ApHGOpa, HMEIOTCA CleAN napos pryra. Ecau
ocBemath 3TH Mapbl Y€pe3 KBaplieBoe OKHO Q CBeTOM pesonaHCHOH
pryrHoi Ammn 2536,52 A, 10 NMpH OOIMIQUIEHMA STOH JWHMM TacTbh
aTOMOB pTY1H Mepeiiner e BO3BYxIeHHoe coctosiake. [lpu coyaape-
HHAX BTOPOrO pONA 3THX BO3OYXK/EHHHX aTOMOB €O CBOGORHHMH
SJEKTPOHAMM KHHCTHUECKAR SHEpPrHS TNOCAEAHHX NOJNKHA yBEAH-
YHBATLCS 33 CYET HUEPrUM BO3GYKICHHS aTOMOR, KOTOpbie NepednyT
B uOpMasbroe cocTofune Ges H3ayuenns. OnwT noKasas, uTO NMpH
OcBeurennH MaKCHMalblblil TOpMOSAMMI TOTenuHaN Mexay Na u A
neficTBnTenbu0 BO3pacTaeT Ha 4,7 96 MO CPABIEHUIO C YCKOPAIOWHMM
notepunanoy Mexay K u Ny 3Tr 4,7 98 1 ecTb 3HeprHa BO3CYKae-
Hus aromos Hg, nepenaBaemas 3JeKTpOHaM BpR yaape BTOPOro
pona. [lpHunna, sCIEACTBHE KOTOpOH 9AEKTPOHBI TpHOGpPETAIOT
47, a we 4,998, KaK MOKIO GBLIO OMHIATH, COCTOHT B TOM, UTO
RO3GyKAeHHble atoMBl Hg, coylapsioulnecs ¢ 3JeKTpOHAMH, Ha-
xosT7eR B cocToAmdn Py ¢ snepruell BosCyxienns 4,7 98, a He B
cocrostimm °P, (smeprun roaGyxieHna 4,9 38). Cocrodune *Py, Kax
Mbl yenanM B § 108, xapakTtepHayercs IJIHTENbHOCTBHIO, BO MHOTQ
pas npesocxoasmell mIHTENbrOCTh cocToArna *Pr. Bsuay storo
KOHIeHTpAIUA RO36yKAeHHbX aTamoB Hg B coctasun *Py ocoben-
HO BeJHKd, H BEPOATHOCTb COYAAPEHHs 3NEKTpOHOB C TAKUMH aTo-
MAMH COOTRETCTBEHHO GOoabile BEpOATHOCTH COYAapeHHs C aToMaMH
B cocTostHuK 3Py,

§ 103. Cencuém Pay

@pank oBofwAI coofpakenuss 00 YIapax BTOPOrO poaa Memay
ATOMaMH W SMeKTpOHAMH HA Cayuan coymapennii Mexly BOsOyx-
AeHpBIMH W eBO3BYKIEHHNMH aToMami. B camom jere, BOIMOK-
1OCTb CO3AaBATh BO3GYHKAECHHbIC ATOMBL TEPMUYECKHM OYTCM YRA3bl-
Baer Ha CYmECTBOBAHHE YAaPOB (E€PBOTO pOA, NPU KOTOPHIX OLHH
H3 aTOMOB OpHoGpeTaeT Suepriio BO36yMAeuns 3a CYeT OTHOCH-
TenbHOM KHITHUECKOl SHeprHH coyjapsiouxcs AaprHepos. Ho B
TAKOM e/lyyae, CONMACHO MPHAUHANY MHKDOCKOMHIECKOH 06parnMo-
CTH, B HATPETOM ra3e A01Hbl NPOMCXOMHTL TAKKE K COylapeHus
BTOpOr0 PO/A, IIpH KOTOPHIX BOSGYXAEHNBH aToM NMEPEXONNT B MOp-
MaJIbHOE COCTOSHAE 663 H3JydenHs, a U3GHTOK DHEPTHU Neperaercs
coynapromeMycs napraepy. Bosnmkaer BONpoc: KaK NposBAseTCH
970T H3GHTOK 3HeprrK? PasyMeercs, BOSMOKIO, yTO COyAapsitouHi-
€A maprHep HOAYYHT COOTBETCTBYIOUIEC NpHpaulenHe KHHETHUECKOH
sueprui. ONHAKO ONMBIT U TEOPHHA COrJAcHO NOKA3HIBAIOT, YTO TAKOH
cyuait mMano BeposiTeH. TOpasio BeposiThee CERYOMMi eaydait.
[10OKKM, 4TO [a3 COCTORT W3 CMECH aTOMOB RBYX coproe 4 m B
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B uTO aToMbl /A HMEIOT SHepruio BO3GYKACHHS, GIH3KYIO K 3Heprau
Bo36Y®IEHHs a10MOB B, no neckoarko Géavuyio ee (puc. 71, rae
fio > ha'). Ecnn BosGymmemmiii atom A HCUbITHBACT COylapenue
A BTOPOI"O pona ¢ HCBOSG)’)K:[EHHHM
7 aromMom B, TO nouTu BCS 3ueprus ato-
ma A momer 6uITh 3aTpauena Ha BO3-
GyxacHHe aTOMa B U TOIBKO HEGOTA-
WoH HAGHTOK hew — hm’ pepeiiier B
OIIOCHTEIbHYIO KHHETHYCCKYIO SHCp-
raio oboux aromos. Takum o6pa3om,
B pesyJbraTe cOylapehus atomM B
nOKelr GyRer Harth CBeueHHe, a W3-
GHITOK CKOPOCTH HA L HOPMaJbLHOI Teri-
JIOROH CKOPOCTLIO NPH JAHHCH TEMIC-
parype ofuapyXHTCst B BHXE pacWMpenns MHHKI BCACLCTBHE 3()-
toxia Monnepa,

OnsiT, RUepspie MOATBEpIUBIIKIl 3TOT BRIBOA, 681 (B 1922 r.)'
nocranJed Kapuo u ®painxoM clenyiomuMm 06pasod. Keapuessii
cocyA Q (pHc. 72) C ABYMsl OTPOCTKaMH NOMEmAJICsl BHYTPH MeVKH
0. 064 0TpoCTKa, B OANOM H3 KOTOPHIX 6LLIA PTYTb, 8 B APYroM —
TaLIK{, NOMEemAIHCh pasieaubHo B neukd Oy i1 O, BCJIEACTBHE HCrO
MOMKIIO GBI peryanponath ynpyrocts napos Hg u Tl nesaucumo

et Frues”

! Duc. 71

Puc. 72. Onur Kapxo a dpauxa.

apyT ot apyra. Cocyn Q Ochemwadcs oX1aaaeMoil KBaplCeBof pryT-
HOM JaMuoll TaK, uTOGsl pe3oHancHas JuuHs 2536,52 A ne camoo6-
pamanach. Oxa3anoch, UTO pH HOCTATOMHO[ YIPYroCTH HAapOB Tad-
s T0AYHAETCs HITEUCHBHAS (iyOpecilenits, B KOTOpOl 0GHapy-
MHBAECs PAA JIHHUE TALIMT, B TOM MHCAE W BHILMMasn 3edeHas
st 5350A Ecaw y6pars mews O ® Morpyauts 0Tpocrox co
PTYTBIO B KHARA{ BOSIYX TaK, 4T0OGbl RHIMOpOIMTH GAphl pTYTH, TO
MMKaKOH (ayopecucHuHp e wadmoiaerca. Quyopeclienuns Acue-
32€r 1AIKE I B TOM CIyYae, CCTH He OXJAXKIATh PTYTHYIO JaMIly, a
OTPOCTOK € PTYTHIO MOOrpeBath Meublo O DTH KOHTPOABHHE OMbl+
THl MOKA3E1BAIOT: 1) 10 Tataiii cam He 1Oraomaet HATySEHUs pryT-
HO{l JTAMDB, 2 HOTJIOWAIOT €r0 TOABKO Mapbl PTYTH! NpPH BHMOpAKH-
BaHUH BX (IYOPECUCHUMST HCUE3aer; 2) uTO CYmeCTBEHHO MOLMone-
HHC ATOMaMH pryTH HMEHHO pe3oHanclioft JHEHH 2536,52A: npu ce
camooGpameHn 3G peKT Heucsaer.

§ 104] PT2OIIAHC [IPH OFPFIAUE SHEPFUU 399

Ha puc. 73 np cxema, a1 MEXaiuaM BO3HHK-
HOBEHUA @nyogecueuuuﬂ Tanaus. Pesonamenas supus 253652 A
(ua puc. 73 — 2537 A) moraomaeTcs a10MaMu pTYTH, KOTOpHIE TIPH-
OBpeTaloT H3GhITOK SHeprud B 4,9 96. AToM rajuins MMeeT yponerns
2Dy, ¢ sueprueil BoaGyxnenus 4,5 58, 6auskofi x 4,9 96. Tlpu coyna-
penkH BTOpOrc poRa Memay BosGymachupM atomom Hg(6°F)) o

Hg
P
T s 4
6 45
N
5
7455 327 =
3 N et
N N N
N ENE]
S5
5%, g9
8%, 4 %
Puc. 73.

nopManbieiM atomom T1(6%P.,) ncpswlil Mepexon:T B HOPMabnoe
cocTonuHe §e3 H3Nyyewus, a MOCHEAHHA NpHOGperaer U3GHITOK
3HeprHH B 4,9 36, ¥acTh KOTOpO#, paBnas 4,5 96, HAeT na BO3CYX-
ZeHHe B CGCTOAHKE 62Dy, a OCTATOK —HA yBe HyCHHE KHHETHIeCKOi
smeprin atoMa Taadns. Ha cxeMe ceBa mokasaHul Mepexofsl W3
3TOTO COCTOSIHRSA B HIlXRHe, 06yC/I0BINBAIOIAE tabmosaemble & feli-
CTBHTENBHOCTH JHUHH (ayopecuenuud ranids. Cnelnansisle Olibl-
ThI, Ha KOTOPHIX MEI HE OCTaHAaB/IMBAEMCs, IICKA3AIH, KpOME TOro, ¥T0
5TH JIHHAY HEHOpMAJbHO paCIIMpEHst BCIEACTBHE 3((eKTa Jonzaepa.
Bce sBlieHHe GHIIO HA3BAHO CEHCHOUIH3NPOBAHHOM (HIIYOpeCcleHuHel.

§ 104, Peaonarc npu nepenaye sHePrHU yaapamu BTOPOro poxa

VYaapHt BTOPAro pofa HrpaioT GOAbUIYI0 Poib BO BCEX Mpolleccax
oBMeHa 3HeprHefl NpH COYAApeinaX MeKy aTOMaMU H MONEKYTaMH.
OrpaHUIHMCs HEMHOTHMY XapaKTepHuMu npumepamd. Ecin noame-
wath B HeBOMBLWOM KOTHYECTBE K MapaM pTYTH I HAaTpHS Kaxof-
uUOyab OCTOPOHHHII Ta3 U 3aTeM BH3HBATb ONTHYECKOE BO3GYMAe-
HHe ocropworo rasa (Hg Na), To HHTEUCHBHOCTb pe30HaHCHON
(AYOPECUSHIHM, BOOSIE FOBOPH, yMEHbuiaercd. D70 SBAENHE HASH-
BaeTCA TYWEHHEM (iyopecuerunH. OGLACHEHNE ero coCTOuT B TOM,
4TO MpH yZape BTOPOTO pona MCKLY ATOMOM HIH MOJEKYJIOl mocte-
poHHEro rasa BO3CyMAewubli aTOM HaTpHs HIHM PTYTH Nepenaer
CBOIO 3HEprWI0 H BO3BPAm@eTCs B HOpMaJbLHOR COCTOSHHE Oes
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wanyvenun. OKasnisaercs, 410 3(PEKTHBHOCTb PA3JHYHEIX Ta308 B
OTHOILIENHH TyWEHHs GuIyopecleHind necbMa pasinyna. Ha puc. 74
NpHBE/leNbl Pe3ybTaTel MCCACIOBANHS TYIUIEHHWA ¢JIyopecueHuuH
NapoB PTYTH; N0 OCH abCLHCC OTJIOMKENbl AaBJeHHA NOAMEIIaHHbIX
rasos B Mm Hg, no ocn OpAHHAT — HHTEHCHBHOCTL (JIyOPCCUEHUMA
napos Hg. Bunuo, uro 6naropofnsie rasst — He, Ar — nouTu He Bhi-
SHBAIOT TYICHHS; Masoe TyllleHHe B3HBACT MOJEeKyIADIibL a30T, 110
Goapmoi >PPeKTUBHOCTLIO TyIeHns o06aanaot Boanyx, CO, Os 5 H,.
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Fac. 74. Tymenne ¢ pryta rasama,
! JHetanpHoe r€OpeTHYECKOe M TaNbHOE M3y

9TOrG H AHAJOTHUHbLIX ABJEHHH NPUBEIO K CAGAYIOUIEMY BAKHOMY
pesybTaTy: BEDOSTHOCTh NPEBPAINCHUA 3SHEPFHH BOIOYKIeHAS B
KHHETHUECKYIO SHePTHIO COYAapsIOMKXCS napTiepoR BCerAa Mana;
BEPOSITHOCTH NE€pENlayfl HEPTHH yAAPOM BTOPOre poja OKasbiBaeTcst
HarGONbIIeH B TEX CIYYanX, KOrZa COyAApsAIOMMUACA aTOM HIH MO-
JIEKyZa HMEET YPOBeHb 3NepruH, C/AH3KHA K SHeprud BO3GyMKien-
HOrO atoMa. YIMeHHO o 3ToH IpHdYuHe GIArOpPOAHLIC TA3B TAK MAJIO
9bdeKTHBAB B TYNICHHA PE3OHANCHON (IYOPECLEHIKHE PTYTH; SHCP-
rus BO3Gyxiaenna coctosnus 63P[ pryTi. KaK MM 3HaeM, 4,9 ss,
TOTAa KaK ITH3UMHI BO3BYKIEHHHH YpOBeHb SHEPTUH Tesisl JTexHT
y 20 3g. Io TOf e NpUdHHE MOJCKY/bI BCerfia 6oaee 3PeKTHBHb!
B OTHOMICHHM TYUIEHHA, HCHKeJAH arOMBbl: EAMIICTBEHHAS BO3MON<-
HOCTb BO3GYMKIEHHs aTOMOB COCTOHT B BO3BYMIEHHH 3HEKTPOHHBIX
HEPCXOA0B, H CPABHMTE/BHO PEIKO IEKTPOHHbIC YPOBIH Dasivy-
HLIX 4TOMOB OKa3BlBAalOTCA GAHIKUMH Apyr K ApYry; Nanpotus, B
clyyae MOJIKYJ, KpOMe SEKTPOHHBIX YpOBHEi, HMEIoTCsl elle Ko-

§ 191] PE3OHATIC TIPH TIEPFIAYE SHEPTUM 101

Je0arenbibie H BpallaTelbHble YPOBHH, H Pa3HOOGpa3Ke IHCPreTH-
YeCKHX COCTOANHH To3TOMY 3naydrensdo Goabume. Ocobasn spdek-
THBHOCTH MOJEKYAAPIOTO BOAOPOAA O0DLACHSETCA CAEYIOWMM 3aMe-
YATCALHLUIM (GAKTOM: IHEPTHA IMCCOUMAu#d MmoJekyns H, pasra
4,34 38 u, TaxuM obpasoM, 6aH3Ka K 3HEpTHH BO3OyMIeHHs aTOMa
Hg(6%P;), pannoit 4,9 3s. [103TOMY np¥ COyAapeHHH BTOPOFO pofia
atoma Hg(6%Py) ¢ Mosexyaon Hy nocaexuss ¢ GOJBIIOH BEPOSITIO-
CTbIO BOCIIPHHMMaET HEPTHIO, MPEBOCXOAAUIYI0 e¢ IHEPTHUIO JHCCO-
urawd. QPaHKy ynasoch Ia caMoM Reqe foKa3aTh, UTO Ipd OCBe-
IWEHHA CMCCH NApOB PTYTH H BOAODONA pe3oHawcwoi aunmen Hg
B CMeCH NOABJSIOTCA CBOGOAHbIE aTOMBI BOAOPONE, T. €. HPOKCXOAHT
aMccounayus Mosiekya Hp,

Ecan nafitu skcnepuMeHTaNbHO AaBJieHHE [OCTOPOHHETO Tr23a,
yMelbliranmee HHTEHCHBHOCTh (pJIyOpeCHEHU.HH BJIBOE, TO MOXINO
BLUHCTUTh Panuyc 3QEKTHBHOTO CedeHHs atoMa IVIA Jepenads
SHEPTUH NPH yAApEe BTOPOTO POZA. STH BEIYHCACHHsS IPHBEIM K Clie-
AYIOIEMY 3aMedaTebHOMY De3yibraTy: OKA3BIBAaeTcsi, 4TO PalHyC
heKTHBHOTO CeueHHs A% yAapoB BTOPOTO poAa, BOOGLLE TOBOPH,
B HECKOIbKO pa3s NPeBOCXOAAT PaZUyC aTOMa, oilpefenseMbill 13 Ku-
ITeTHuecKoi TeOPHH FA30B (M3 TaKMX RBICHM, KAk BuyTpeHHee
TperHe HAH AW(PYIns); OH 0COGEHHO Peako BO3pacraer MpH Hau-
YnK Pe3oHaHCa MEX/Y dHeprueil BOIGYKReHHOrO aToMa H 3leprueft
BO30yXACHRA (B NPERENbLHOM Cllyyae — SHepruell AHCCOUMAUHH HaH
HOHU3AUKH) COYRaPAIOMErocs ¢ HUM aToMa HAW Monexyns. B pac-
CMOTpEHHOM npuMepe TyLIenusi (pyopecuesuui napoB PTyTH pa-
anyc 3pGeKTHBHONO ceveHds AJIS BO3Nyxa oKasajics B 1,8 pasa, a
anst Monekynn Hy B 5,5 pasa GoJblle papuyca, onpenesemMoro ua
KMHETHUYCCKO! TEOPHH Ta3os.

OcoBeHHO YyBCTBHTEJAbHBIM HHIMKATOPOM B3aMMOIEHCTBHA Me-
WOy ATOMAMH FBARETCH COCTOSHHE NOMSIPH3AUMH (AYOPECHEitH,
Ecu BO3Gy®aats aroMiylo ¢ayopecuenuuio JHHefiHO NOJAPH3O-
BasHLIM CBETOM, TO CRET (WIYODECUEHUME OKA3BBAETCA RaCTHYHO Je-
NOJSIpH3OBAHHLIM. 3aMeuyatebHO, 4TO 3Ta Nerloispusamusi DE3Ko
BO3PACTAT NPH NOAMEIIMBAHHH TOCTOPONNETO ra3a H B CUMbHEHIIeN
CTeneHH 3aBACHT OT [aBJieltisi CAMOTO CBETSILErOCs rasa (Pesko BO3-
pactas Ipu NOBBIUEHHH AaBleHus). Panuyc spPexTHBHOro ceqeHus
IS IeNOAAPH3ANUH IOCTOPOHHIMH Ta3aMy B HEKOTOPHIX Clyuasx B
COTHM Pa3 NPEBOCXOANT ras-KMHETHUecKHi paanyc. Ocobenno aaMe-
yaTe/bliblii PesybTAT GbLM NONYUEH NPH H3YUCHUH NENONSPHIAUHMH
(JtyOPECUEHUHH YUCTEIX NAPOB HATPHs C YBENHYEHHEM ero jJab.e-
HEA. B 9710M Cllyqae, OUEBHINO, MMEETCS TOUHHI Pe30HAHC MEXIY
TOYAApSIOWHVMUCA TapTHepaMy,  pamuyc d(deKTHBHOIO ceuenus
okazanicst B 10000 pa3 npeBoCXofifiiuM 1a3-KHHETHYCCKAA paniyc.

Harasznoe NOKasaTenbcTBO PoRH pe3oHaHca NpH COYNAPCHUSX
BTOPOro pofa GbISIO NONYHeHO NpH HAyueniy duryopectienluu napos
HaTPUs, CCHCHOIH3APOBAIIIION APAMH PTYTH,
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Ecnn ocsemath cmech napos Na n Hg pesovancinoi aunueit
pryra 2536,52 A, 10 BO3NMKAET CCHCHOMMM3UPOBAHHAR (AyOPCCHEH-
HEst uaTpust. MsMepsist HUTCHCHBHOCTh CHEKTpafbHbIX JHHHA 37TOR
(AyOpeCLCHINHA, MOXKHO YCIAUORHT, KAKHEC YPOBHR HATpUA BO3-
GyRUAIOTCH ¢ HauGOMblell BepOATHOCIbI0. 3anac SHEpriy aro-
Ma Hg, normoTmBuwero cser A = 2536524, pasen 49 35 =
= 112,04 x2-xa4/moab; y vaTpus HMeeTc HECKOIBKO TEPMOB, SHEp-
rust BO3CYNAEHHA KOTOPHIX JMekuT Mexay 103 n L3 xe-xaa/more:
3710 TepMbi 2Dy, 4, ¢ TIABULIMU KBANTOBBIMA YKCAaMA OT 6 A0 9 #
TepMBl 25y, C IIABHLIMH KBAHTOBLIMM 4ucyaMk OT 5 1o 8. Okasa-
J0Ch, 4TO ApK CenckGUIn3upOoBaKHON puIyopecuenuy Na ¢ HanGob-
WCH BEPOATHOCTHIO BOZOYKIAELTCA TCPM 8281, KOTOpOMY COOTBET-
CTBYCT SHEPTH:A BO30YKIEHHs 112,49 ke-xaa/noab, NOYTH TOUUO CO-
BNAA0Man ¢ 3a1acoOM 3HCprafd atoma Hg (112,04 x2.xarjnorb).
3To BHAHO M3 TOTO, UTO HHTEHCHBIOCTb JMHBHE BTOPOH NOGOHMNOH
(peskofi, cm. § 186) cepun Na 825y, -— 3Py, Ipu CeHCHGHIMSHPO-
BaHNofl (ayopeclieHnun nanGo.apluas, torla KaK Npu BO3OyKICHHH
cnextpa Na B Iyrc HHTEHCHBNIOCTb 9TOM JHHHU HaMveHbwas. Cie-
Alylomas 10 HUTENCHBHOCTH IHNUA IpH CeﬂCHﬁHJIHSHpOBﬂHHOﬁ
(Gayopecuenuia  COOTBETCTBYeT Bo3OyMEHHIO ypOBUS 8Dy, €
sucpruell 111,42 ke.kaa/#0b; HaKOHEN, ypoBCHL 52Dy, 4,  C 3HED~
treii 98,21 Kke.xaa/morr, BO3GYMAAEMBIH B Jyre C HauGOMLuICH
BEPOATHOCTDIO, fIpH CCHCUOHIIH3HPOBAHHOMK (JIyOpecileBln BO3GY K~
raeTcs ¢ HAHMeHbIWEHA BEPOSITHOCTBIO.

[Ipn noGasaeHAH K cMecH Na - Hg nocroponnero rasa maGiamo-
nAETCH HOBOE sIBJEHHE! YCHIHBAeTCA JMHMA pesKOH cepur Na
251y, — 32Py, 3, AN BO3GYMAEUHS KOTOpOH tpelyercs sHeprist
108,05 «e-xaa/mors. OObsicHenue 9TOro s¢pdexra upesprruaiiio
npocro, HemHoro uuie sosGysienroro yposusi Hg 6°Py, nawomero
sayalo guuud 2536,52 A, neXur yposenb 63Pg ¢ SHEpruei Bo3Gyx-
neuns 107,02 ke-k@a/noas. CrouTanawii mepexon 6°P;—6%P, sa-
npemed NpaBuIoOM oT6opa Al=+1, uo B NPHCYTCTBHH [OCTOPOH-
Hero rasa 9TOT HEPEXoX OKA3LIBAETCS BO3MOMKHBIM (OOBIUHOE siB.Ie-
nuMe) ¢ Wlepenaueir pasHocTH sHeprum 112,04 — 107,02 =502 xa-
.KQA{MOAB ATOMY TIOCTOPOHHEro rasa. [TCITOMy B GpHCYTCTBHH Mo-
CTODOHHETO Ta3a 4aCrb BO3OYXIEHHHX ATOMOB pTy~H NEPEXOAHT B
coctositne 6%Po; fipH COyNapeHMR STHX aTOMOB C arOMaMH HaTpHs
¢ naubobIed BEpOATHOCTLIO BO3GYMAaeTea yporenb Na 625y, Mu
BHINM, YTO MPH OGMeHe SHepTHel IyTeM yAapoB BTOPOro pona Ae-
CTBUTENBHO BaGJI0NaeTes OTYET/MBHE pesoHaHc, O pesKocTH $Toro
pesOHaHca MOXKHO CY/MTh 1O DHC, 75, rAe Ha OCH aGCLHCC Hane-
CeHBl 3UepruH H OTMEUeHH TepMs pTyTu 6°P 1 6%P, a ua ocu op-
JMHAT — BepPOATHOCTbL BO30yXJeHHA TepMoB Na npH coynapensax
¢ BO3GYMACHHLIMH aToMaMH Hg, HAXONAIMUMHCS B COCTOAHHMAX
6Py 1 6%Po.
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Ananornuublil pesosanc nabronactes npa npoctefimeit peaxuus
0CMCHA SIEKTPOOM MEKIY HONH30BAHHEIM H 1EHOHWIOBAHHBIM aTO-
mawn. Ecin uMeercs cwech ABYX COPTOS aTOMOB HONM3OBAHHBIX
(X*) H He#oun3oBaNHbX (Y) H €C/M IOTeHIMAN HONM3ALMM Y HOHH-
30BAHHBIX ATOMOB BLILC, M y HEHONH30BAHHBIX, TO HPOHCXOIHT
peakmus

Xt 4y Xyt

5|

Hanpuyiep, y reans nores- gl H
UHaN MOHM3AUHH  paBey
24,5 26, y neonra on paseu
21,5 s6. B cmecn Het-Ne ol
IPOHCXOAHT pCHKUHﬂ

He't 4 Ne —» He -+ Ne*t,

Us6biTor suepran (24.5—
—21,5)98 = 3,098 npespa-
NIEeTCH B OTHOCHTEIBHYIO
KHHCTHYCCKYIO  SUeprii
,coyzlapsnou_mxm aTOMOB.

OxasbiBaerces, 4to peakiiust &»_
ONUCAHHOTO THIIA TPOKHCXO- S
ART ¢ HapGoabluell BeposT-

HOCTBIO TOTAd, KOrAa pas-

{I6CTh TIOTCHILMAJOR HOHW Puc. 75, Peaouanc npim nepenaue sHeprin
3alMH IMERT HAHMEHBLIYIO K;‘a};‘cﬁ;’“og‘;ﬁ‘::’ l;‘”ﬁl'o (L[H":)CX_;“; Jeasaine
BCuMILy, T, €. KOFAa M- - 'cm'_ﬁmuﬂl) TR e
HHVMAgIbHAA YacTh 3Hepmu

HOIM30BAHKOTO ATOMA TPEBPAIAETCA B KHIETHUECKYIO SHEprHIO.
Taxk, nanpayep, B CaeiyiomeM psie peakupii:

He* +- Ne—> He 4 Ne! (24,5 — 21,5 28==3,0 38),

Net + Ar—>Ne + Art(21,5— 15,7 26 =5,8 35),

He* 4- Ar—>He + Ar*(24,5— 15,7 56 = 8,8 36)
BEPOSTHOCTL [epejlaud 3JeKTpOHa yOBAET CgepXy BHM3. BecbMa
BEICOKA BEpOATIOCTD OOMENa 1eKTPOLOM B peariui

He® 4 Np—> He 4+ N#,

TaK KaK HOTeIlHas] HOHM3aUuH MOaexyast N JDexHr Mexay 23 u
25 s8.

Met onucaan Tax moApOGHO STH MpoueccLl NOTOMY, 4To Monod-
HOTO pojla pesoHan¢ NpecTaBser CO60H Ypessblyaiino obmee An-
JIEHNE W, B YAaCTHOCTH, HTPAET GOABIUIYIO pOb NPH SAEPHBIX DB3aH-
MOAHCTBHAX,
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§ 105. Bpems ®usnu BO3GYMIEHHBIX COCTOAHMR

B § 98 7. I Mn yie paccMmarpHBa/iR BOMPOC O 3aTYXaHHH CBe-
YeHHst ¢ TOUKM 3pEHMs KBAHTOBBLIX MPEACTABJICHHI. MBI Bulem Tam,
4TO 3ABHCMMOCTb HHTENCHB-
HOCTH OT BpEMEHH MOKET
6biTh nNpeAcTasjiena (opMy-
a0l BHAA

J=1Je™,

rpe T—cpelHee BpeMs mpe-
GeIBaHHS B BO3GYHICHHOM €O~
crosiHun.  Tlockoanky — peub
HAeT O CIOHTABIBX Mepexo-
Aax, 974 BCJAMUMHA XapaKre-
pH3YET yCTOANNBOCTh BO3OYX-
penHoro  cocrosuis.  Cyme-
CTBYeT psiA NPAMbIX H KOCBEH-
HBIX METOAOB Ol PEleNIeHHsT T
Puc. 76, K oupcpeqcnmo v nmo merony K dHeay npsMuX MeTOAOB
aryopecuenuss- OTHOCHTCSI METOR KaHANOBbIX
fydeir, onucaHHmx B § 98.
I¥pyroit NpAMOit METOR, BUEpBble OCYIIECTBIEHHBIH Bynom, a satem
Poseem (MAaawmaM), COCTONT B caeayiomeM. Crpys napos, nonyuae-
Masi OpW AeCTHANAUMM pTyTH (puc. 76), B
ONpeAeIeHHOM MECTE OCBemAeTcs y3KEM Iyd-
KOM cBETa, NOA LeficTBHeM KOTOPOrO BO3HH-
KaeT ¢ayopecleHuua. BeaeNcTBHE KOHeqHOH
JUIHTEABIOCTH  BO3OYXIGHHMX COCTOSHMA H
60sbIIOM CKOPOCTH ATOMOR B NOTOKe, (ayope-
CheHuMst HMeeT BHJ cBeldmeica y3KO# AJHn-
1ol nonockl (pHC. 77), MHTEHCUBIOCTH KOTO-
poit yGerBaer ¢ yBeJHueHHEM pPacCTOSAHMA OT
MecTa, rie najaer BO3CyXIalOMHA NydoK
cgera. MaMepas 5TO saryXanue W 3Has CKO-
POCTH aTOMOB B NI0TOKE, MOXHO ONpeAeNHTh ¥
Takum nyTtem OBUIH onpenelessl LTHTENbIO-
CTH  HEKOTOPHIX BO3CYMUIEHHBX COCTOMNHA b 77 gpyopecun-
aTOMOB PTyTH H APyriX semects. HaupuMep, pviowas crpys mapos
AR cocToAnMs 5°P| KaaMHs (pesoHaHCHBIR PTYTH.
ypoBenb, COOTBETCTBYIOmME JHHHR 3261 A)
oL10 naieno T =2 5+ 105 cex. 3ToT Meroa MpUroaeH TONBKO AN
JJHTEIbHO KUBYIHX COCTOSHHUI BCAEACTBHE TOrO, YTO CKOPOCTD aTo-
MOB B K{OTOKE e npesocxoaut 10° cmfcex.
CymecrByeT H0BOJAbHO MHOTO KOCBEHHBIX METOLOB ONpeie/eHls:
7. K uHcay mX OTHOCHTCH, METOJl, OCHO ft na usy-

pHMED

§ 105 BPEMSI H3HH BO3BYXIEHHBIX COCTOAHWA 405

YeHHH JHHHA norjomenns. [lapanienbHui MoHOXpOMaTHYECKAH Y-
YOK CBETa 4ACTOTHl v, NPOfiAA Yepes COA BemecTsa TOAmMHHON dX,
ocnagasiercs BCJAEACTBHE IOF. ¥ HHT TH
dJl, B cnoe dx mponop JbHO HHT TH Jy MyuKa, BXOAS-
mero B C0f, M TOMmHUHE ¢10a dx

—dl,=4k,J, dx,

OTKYAa [ KOHEIHOTQ CJIOS TOMIRHBL X Nonydaem

Iy= I,

tae Joy — HHTEHCHBHOCTb CBeTa, BXOAAILErO B CJIOM; £, HaswBaercd
K02 PHUAEHTOM TNorjouiends. Ec/iM NOCTPOHTL KpHByIO, HI0Gpa-
HKAW0MYw 3aBUCHMOCTb ky OT v, TO B OGNACTH JIMHHH NOTIOMERHS
NIOJIyHAGTCS  KpHBas,, H306pameH-
Hag Ha puc, 78, Ilaromans, orpasu-
ueHHas OCblo alCiHCC H KOHTYpOM
NUuMM  TIOMIOUIEHH:A, Bbipaxactes
caeayomuM 06pasoM:

(105.1)

N, N
Y

The Ap— AJMHA BOJHLL, COOTBeT-
CTBYIOINAA MaKCHMyMy NOMMOWC- Dy, 78. Konryp
HUS, g2 H g1 — CTATHCTHUECKHE BECa e,
COCTOSIHUA, NePeXoil Mexay KO10-
PUHIMH BEIeT X NOTJIOWEN 0 JaHHOA AJMHE BOMHE (cM. T. I, § 100);
N —unceao atoMos B 1 eud Takim o6pasom, npu noMomH Gopmye:
(105.1) MOXHO ONPCACAHTDL T NO MJIOMAK, OTPAHHYHBAEMOM JIUTHEi
noraomenns. Onpeneneiie aToMIbIX KOHCTaHT N0 IIOMAAM NOLOCH
norJomenss 6110 Bnepssie npeiioxedo T. I1. Kpasion,

Ji1A KOCBEHHOTO OlPEeRe/IeHHs T MOXET GHTb HCNOAb3OBAH H
paA ApyrHx oNTHYecKWXx seacuuii. Takosel, HampuMep, MarrATHOE

JHHMM  DOTIO~

Ta6anua XVI
Cpenmute upemcna pan 1
A% PASARUEKX ATOMOR

Arow Coprazmsh omea? ) awna sosnss 5 b 0 con
H 135, — 22P 1216 12.107°
Na 38, — 3P 589659 16-10-°
X 428y, —42P 7699,76 27.107"
cd 518, — 5P, 3261 25,107
Hg 618, — 6P, 2537 110"
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Bpallerne TUOCKOCTY TOJAPH3aUHH CBCTA, AHCHCpCUS — HOpManbHazx
M aBoMaabnast (0COGErTHO M3AmHDLIM B TOUHLIM METOIOM H3YueiHs
nocsiefHedl ARIAeTcd HHTepCPCHNMOHHDI MeTOa — TaK Ha3kiBae-
MEdi «METOR KpIOKOB», NpeatoxenHullt # passnroiit . C. Poxae-
CTBEHCKUM), HEMO.(APU3ALNs Pesosancholt dayopecuenmug. PaceMo-
TpPeHHT STnX MCTONOB 3aBLAO0 OLI HAC, 0ANAKO, OUeNnb A4CKO, H MO-
STOMY Mb] OrpanHyYAMCA NDHBCICHUCM HEKOTOPBIA HUCIICHNBIX pe-
3yabratos (tabd. XV1).

§ 106. Ulnpana yposrei. AsToHOHR3AUMS

Met Bugum, Takuy 05Pa30M, uTO Cpefiiee BpeMs HHSHH T HMEET,
BOGOHIE rGROpS, MOPSIAOK BeaHununl 10-"—10%cex ® B oracn-
HbiX cayyasx pospacraet, o 10-8 cex. C 3Toft HOpMuIbHOR NpoRoT-
KUTENBHOCTDIO  KH3NW  CBA3AHA
OnpefleleHHdsd eCTecTRenHaH UJHpH'
na cnexrpanenelx auouii. HeoOxo-
JUMOCTH CYIECTBOBAIAA KOHCYHOH
€CTCCTBCNION HIUPHALL CHCKTPaAb-
HOW JIIIHU BEITEKAET YIKC H3 Kiac-
cuyeckny, coobpaxennfi {cM. 1 1.
§§ 70-73), ceAsbBaomax BpeMs
penakcaly ocunamsitena (§ 70) ¢
WHPHHCR CICKTPAAbUOH JHHTY.

Kgantopast TeOpHA nPHBOLAT K
2HAJTOrHYROMY 3AKJIOUCHHIO 11a OC-
HOBAHWI  CJCHYWOIEX cooBpaxe-
uuit. Tlockoauky cuontammbifi me-
PCXOA CCTH sBACHHE CayualiHoe, He
CYmecTByer OmpefenelHora, oau-
HaKOROTO N BCEX BO3GYMKIEHHBIX
ArOMOB BPCMEHH MKH3HH, 10 MOXK-
HO TOBOPUTL TOJBLKO O CpefHed
TPONOMKATEILHOCTH KU3HA. Mox-
10 TO0Ka3aTh, 4TO BeJHYHHC T,
pacemaipubaeMoil Kak Hcolpede-
JCHHOCTD MOMEHT2 Mepexola, T

HIULRGHOE
COLITIBANILE

Konesnoe
CosmaRHLE

oy == Af, 00s13aTC/ILHO COOTBETCTBYET
v neonpenenensocte  AE  suepruu

Pue. 79, CoornomteHHe Mexuy VpOBUA, OpuueM Mexay AE u Af
€CTECTBCHHOR WHPHHOH CHEKTPATb-  veer MeCTO COOTHOUIGHAE

JHHHH B CTECTREIHLIMH Pac-
wEpeHAMA YPoskel neprun, AEAtZh,

AHATOrHYHOS COOTHOMEHHAM HEOMPEIeNeniocTeli MeX Y KOOpAHHA-
TAME W COOIBeTCTBYIONIAMH UMIYALCAMH, T103TOMY TOIBKO A8 Gec-
KOHEYHO} LIHTENbHOCTH ¥u3nH Af - co Heompejenenuocth AE - 0,
H YPOBHIO COOTBETCTBYRT CTPOTO ONp st sneprus E. Tlpu ko-

§ 106[ IPUHA YPOBHEM. ABTOHOHM3ALUST 407

HedHOM Beauunne Af w AL umeer komewnywo BEJUUUHY, T. €. cy-
IECTBYET KOHCHNAst LIMPHHA YPOBHA, BCACICIBME Uero H uac1ota
. A
CHCKTPANbHOA JIHBUE HCONPEACAEnHA B Npeiesax TE=A‘V; npH

B h - \E [
STOM, TaK KaK —r )TNAI:, TO MIMpHHA Av:~b—~?, Cooriro-
(UERHC MCKIY PACIIRPCHHSMH HAUAMpHOTO H KOREYNOTO ypOBHC(l
M IAPHAOK JUHWM HArAflHO ToKasawo Ha pue. 79. I[lupuua

Puc, 80. Y ikMe U WEPOKHE WUMMH B OZF0M  TOM G MYASIHIIETE B CHCATDE
Memit (Ha pHCYHKe TprBexch cmekTp Cui, A8 yKOGCria paiMEMeHsa #aCT
CiekTpa BTRATA).

CNEKTPAJBLHOR JIHHAN 8, COOTBETCTBYIOINAR HOPMATLHOM [pOAOINH-
TENIBHOCTH HH3HHU BO30YKAEHHOTO COCTORHHS, W €CTh CCTECTREHHAS
IIAPHNEA CNEKTPANbiOi JHHUU. JIAA MAH( BOJH, COOTRETCTBYIOMHX
BUJHMOj YAaCTH CTEKTPA, O HMCCT NOPALOK BEIHUMPBL THICAYHLIX
HOMCH epmHMubl AHTCTPEMa W OOHIUIO C M3OHITKOM ICpeKphiBacTes
pacwrpenneM Beacactsue dddexra Jlonaepa H MeRAyaTOMHHX
B3aHMOAEACTBHR, OGYCNOB/UBAIOMNAX BANSIIME AABJCHUN Tasa Ha
UIHDKAY CIEKTPANBHON MHHHH.

Cokpamenne AHTENBHOCTH WH3HH T NPOTHB HOPMANBHON re-
PEIKO BLIBBIBAET COOTBETCTBY!ONNCC PACHIHPCHHE CUEKTPANBHON Jau-
unn. Takue BeHOPMAJbHO paCWHPCIIIIBIE AHHHKM BCTPEHAOTCS HnorAa
B ATOMIBIX CIEKTPAX K rOPagA0 yame — B MOMeKyaapnbix. [puyep
CHIbHOTO pACUIMPEHHs uHyl npusefen ua puc, 80, u30Spaxatomen
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yacrh cnektpa mean (Cul), rae ocoGennOH WHpHNOH OT/AMYAETCS

mnann 4539,70 A (Av = 4,87 ca~!, TOraa Kak mMMpHHA COCEAHEd AH-

nun 4509,39 A pasua 0,39 cu™!). Tlogo6Horo poaa 3pGeKTs o6HYHO

CB3aHBI C COKPAIIENNEM XH3HH BCAEACTBHE KAKUX JHGO IpolleccoB

pacnaja. B caydae aTOMIHX CIEKTPOB 3THM TPOUECCOM CJyRHT

TaK HasniBaeMas aBTOMOITM3AUHS. MeXaHKIM 3TOrO SBACHHS YAOGHO

pAasBACHHTE HA NpocTefimeM Npumepe atoma rejus. Ha puc. 81

JeBas KOJIONKA APENCTaBiserT cofoi

7 4 a HOCTeN0BaTEABHOCTE  YPOBHEH  SHep-

"m rHH B TOM Cayuae, KOTpa OLMH H3

i I 3/IGKTPOHOB HAXORMTCH B «OAIIOKBaH-

l " TOBOM» COCTORHUM, T. €. HMEET [JaBHOC

i KBaHTOBOE 4HCHO 1) = |, a Apyroi —

MOKCT GbITE JUGO TaKKe Ha HOPMAJTb-

1 —— HOM ypoOBHe np =1, Au6o Ha omuom

il U3 BOGYNEeHHLIX (M =2,3 ...).

“ YpoBiu 3nepruu. KaK OGHUHO, NoCTe-

i NEHHO COJHMAIOTCA U B KOHIE KOHIOB

cIHBaloTCA. Bolme 3T0r0 Mecra Caus-

HHsL JICKHT 06JaCThb HEKBAHTOBRHIEX

3nauenptit 3ueprri. 310 03HavaeT, YTO

SAEKTPOH,  TOJYYMBIIHE  H3BBITOK

X SHEPrHH, MOCTATOUHBIA p/1A Mepexoaa

B 3Ty 0GAacTh CIVIOIIHOTO C€NCKTpa

TEPMOB, OTAGNSETCH OT atoMa, T. ?.

81 o » TPOHMCXOAT HOHH3AUHS (em. 1. I,

E:yc' s?asycﬁgfuungf:om”ﬂ“ § 97). Mokyo paccurats, OMHAKO,

060HX 3JEKTPOHOR, CXeMy YpOBu€H B NPEANOJOKEHUH,

NTO 004 9IEKTpoua  BO3GYKICHLI,

HalPUMCp, 4TO OAMH ICKTPOH HAXOAWTCA HA YPOBHE f; —~ 2, a ApPY-

roft — KGO Ha TOM e, JTuGo Na GOJAee BLICOKOM YpOBHe, Hau YTO

Ol NAXOARTCSH Ha ypomie ny = 3 u T. A. Takne cxeMbr TaKke MpH-

Benewbl wa puc. 81. OGpatim tenepb BHHMaHHE Ha clCAyomes 06-

cronTenbc1Bo, B TOM caydae, KOrna OAHH A3 JEKTPOHOB N1aXOAMTCA

11a ypoBne A; = 2, a APYroil —Ha GoJee BHICOKOM BO3GYMIEHHOM

YPOBHE, 3HEPIHs ATOMA B 3TOM JHCKPETHOM COCTOSIHHH NPHXOLHTCA

Ha CIMIOHEY0 06.1aCTs_fepsoft 0CTeNoBATEIBHOCTH TEPMOB (CM.

cTpenki fa puc. 81). B peaysprate Mexay DHCKPETHEIM COCTOS-

uueM [/ (wag /1) i cnaownsM [ BO3HHKaeT pe3onanc, Apd KOTOpoM

cucreMa ¢ GOMbINOH BEpOATHOCTBIO NepeXofHT B coctoxuue [ ¢ fo-
CHeRYIOIMAM PACTALOM, HOHHIRUHCH.

OGoanauuM vepez f§ BepoATHOCTh BO3BPAmIENHST JEKTPOHA B
THYIee COCTOAHME B MUCKPCTHON TOC/ICAOBATEBHOCTH, T. €. ¢ W3-
Jryueriuens; gepes y — BEPOATIIOCTh MEepexofa B CIJIOIMHYIO 06.acTh
1JOCEI0BATENBHOCTH /, T. €. BepofATHOCTS nonu3anun. B rakom cay-
yae BRIXOX HANyYenus GYAET, OUEBHANO, B/ -y, 4 BLIXOL MORH3a-

-
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uun v/ +y. Tak Kak cpelnee BPEMA KH3HW T PABHO OGPATION Be-
JIHYAHE BEPOATHOCTH uepexofa [em. t. [, dopmyny (98.7)], 10
[

[
f+4v=--+ =, rle T.—cpeanee BpeMa Xu3HH Anq nepe-
i

XOpa ¢ m3NyyeHHeM, a T; — [T Nepexoia ¢ HokWsaumedr. Iupnua
YPOBH Av 10 IpelbiAymeMy paBHa Ifv, a noToMy
1 1

Av +—=B+v.

Ml BHARM, 4TO IWPHEA YPOBIS B HTOM CIYYae CYILECTBEHHO 3aRU-
CHT OT cOOTHOmeNHA BepositiocTeli § U y. Ecan y Hmeer toT e
TIOPSAOK BEIHYHHL, YTO H B, TO YpOBeHbL COXpaHser WIHDHHY, CO-
OTBETCTRYIOMYIO ¢CTECTBEHNOR WHPHHE CAEKT)ANbHON MuHuH. He-
Pe/KO, OABAKO, BEPOATHOCTH NEpeXOfa ¢ HOHU3auMed y OKasbl-
BACTCA 3HAUMTENbHO Gospmie P. B rakux cayvasx I/, > l/z,
BCJIENCTRAE YEr0 WHPHHA YpoBnd 1/t + I/1, neIHKOM onpeneasercs
BOJIWUHHOK 1/T;, T. €. OKa3BIBACTCH 3AYUTENLHO GOMbINE HOPMATb-
110/, U CHEKTPAJbirafl AHHHA NPA STOM GYNET TAKXKE COOTBCTCTBEIINIO
pacmupesa. VoHWsamus atoma, KOTOpast Beier X NOA0BIOMY pac-
MUPEHHI0, HA3HIBAETCS ABTOKOHMAALMEN B 3HAK TOTO, UTO OCROGOMK-
JedHe 3JeKTPOna NPOMCXONHT AAECh HE 1701 NEHCTBHEM BHEHHHX
APHYRIL, HO BCIECTBHC I@PEPACTPEJIENEHHS SHePIHI BIYTpH CAMOTo
aTOMa. JKCUEPUMCHTANDII0 TOAOGHLIC 3hdeKTh GBUIH OGHapyMKenbl
B pie CIOKHBLX CIEKTPOR, B 74K HA3HBAGMBIX ITPHXOBAHHHIX TCP-
Max, BO3HUKAIOWUX MPH BO3GYMAGUHH JByX 3Jektpouos. Tak, ma-
npumep, B cayyae mMead Cul .nuii, TPOMCXOAsHIHE OT TepMOR
‘D, 2D (npu J:% [ %) B HCTOYHMKAX ITH3KOFO R@BJEHHA OTCYT-
CTBYIOT Ml ypeIBBIANO C/1dGhl, 4 B HCTOUHHKAX BRICOKOTO 1aB.e-
HUSl — Hab/oAa0TCs, HO CHUbIIO paciiipenb (eM. pHc. 80).
HenocpencTaenroe o6apysenue aproHOUN3AUNH B CaAyyae On-
THYECKHX CTIEKTPOB 3aTPyAHATENDHO, HO ONA JIETKO OBHApYXHBAETCA
B pEeHTreHoBeKoft obaacTda. Pororpagupys Opd NOMOmM Kamepbl
Bunncota GOTOITEKTPOHB, OCBOGOMNAEMEIE PeNTIEHOBCKHMH Jy-
YaMK B TAKeJBIX GIarOpOAITHIX Tasax (nanpuMep, B KpHITOHE),
Oxe pames, 40 B HEKOTOPHX CJy4adx B ONHOM TOMKe GepyT Ha-
uago Apa cacha (puc. 82). 370 spnenue,Hazsanunoe shdekrom Oxce,
npeAcTaBAAeT COGOM THiH4ubilt Cyyait aBronomH3auky. TIpH oce-
IerTHA KPHOTOKA DOHTIEIOBCKHMH JyuaMH AOCTATO4HO KOpOTKOR
AJMHbI BOTHB (Tak, 4TOGL BeAHuRHa $OTOHA hw), HAMPAMEp, Npe-
BOCXOLMIIA SHEPrAI0 HOHM3AUMM 3JeKTpoHa K-CJIOS KpHITOna), BO-
nepBuiX, 0CBOGOKAAETCH ¢OT03aeKTPoH M3 K crost. OcBoGoxuB-
meecs MECTO MOKET GuTb 3aNOMNENO (ryTeM Tepexoia S1eKTpoHa
u3 cnos L, r.e. ¢ nanytentem snnu K,. Ho Tax xak sueprus sos-
Gymx/eHUA ATOMA TIPH 5TOM OKA3BIBAETCA Gosibnlell 3Hepruy mounaa-
UHH L-57eKTPOHA, TO BOIMOMEH OpHCanmBll BHINE PE3OHAanCHHIR
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nepexo) atoMa Ge3 M3AyueHuss C OCBOGOMKIENHEM BTOPOFO INeK-
TpoHa. IKHuernueckast sueprusi, XOTOpY© NpH 3TOM HpuoGperaer
OCBOGONCIAEN bl 3/IBKTPON, O4EBHHO, PaBIA SUEprdd BO3GYKIeuus
aTOM@ MUHYC SUEpras HOHM3AUUA L-3AeKTpoua, T. e.

eV =Eq—2E,.
Ho rax xak Ex —Er = hox , 10
eV — hog, — Ey.

3t0 36aunt, 4TO (YOTOZAEKTPOH NPHOGPCraeT raKYlo KHIETHUECKYIO
3HepTUIo, Kax ecldH b ou 0cBOOO:K)aNcs ApH (oTOsddekTe NMOA

Pric. 82, Serr Oxe B xpmirose,

nefiersueM K,-M3lyudenHs, BO3HHKAIOMEro BHYTPH 1070 /Ke aTOMa.
TonoGumit cnOCo6 HARMSAHOTG OuHCAHUS 3¢dEKTa BO3MOKeH, O~
HAKO Ol He NepeflaeT CYMUOCTH ABIEIHs, KOTOpOe COCTOHT KaK pas
BO BHYTpenuuX nepexoaax 0e3 npomexyrournozo usaywedus. Lro
MOXHO NpaBHIbHEe ONHCA1bL KAK CBOGrO POAA <BITpeHpnil ynap
sroporo ponax. I1o106HOro pona 3¢QeKTh BHYTPCHHCIO Mepepacs
npeAenedus SHEpTHH, HasulBACMble BHYTpenueli KOoHBepcueii, — ua-
croe spaenue. Pasnnynoro poia KO.THUECTBeHbIE HCMHITAHUS, lipel-
ApHUSITEE A1 NPOBEPKH NAHNOTO BHILE 0GbACHERN: sdperra Oxce,
f1011IOCThIO nOﬂTBEpAl/lﬂH 370 00DbACHEHHE.

Sddext Oxe e CONPOBOKAACICA paclIHpeHen JHIKE, TaK KAk
B STOM Cllyuae BEPOIHOCTb NCPCXOfa (€3 H3aAydenns y TOrO Xe
NOpANKA BCAWYHNDbY, 410 R B, 4TO MOATBEPKAALTCH HIMEpelusMH
BBIXOL2 H3jyueHusn K, AO CPaBHCHUIO C BBIXOAOM ABTOHOHH3ALME.

§ 031 MHTEHCHBII0CTS CITEKTPANBHBIX JIMHMIY 411

§ 107, UnTeHCHBHOCTL CEXTPAABHBIX JAHHHI

Wurencunnocts CNEKTPATbHBIX JMHUH OOyCJoBiIeRa, ¢ OLHON
CTOpOHLI, BEPOSITHOCTBIO KBAHTOBOTO NEPCX01a, BElyILero K H3/yde-
HUlo nanuoit yacrorsr (§ 63), a ¢ Apyroi — wucoM aTOMOB, Haxo-
AAIMEXCA B COOTBETCTBYIOMCM BO3GYIMIENNOM coctostiun, Kak yxe
Gbi0 Nokasatio (§ 64), BeposATHOCTH Mepexo1a MOTYT GbiTh BEiqHC-
JICNIBl BpA TOMOMH KBANTOBOA MEX2UUKH, pHYeM NoiyyacTes Cre-
Aywomast Gopiysia:

(107.1)

A€ ermp — MATPHUHLI JIEMCHT ZHNOALHOCO mepexona m->n. Uro
e Kacacres wicna atoMOB B BEpXHEM (BO3GYMIEHHOM) COCTORKHH,
TO 3dBUCHMCCTL OT 1ETO UPH NPOYHX PABHBIX YCJAOBUAX MPHBOAMT
K HCKOTOPBIM TIDOCTEIM apHGMETHYCCKUM COOTHOMICNHSM A5 HITen-
CHB!OCTH JIMHHY B MYJIbTHIIIEraX.

Paccvotpun cHavasa caywal temieparypuoro eneuenda. 3iech
B030yIK1enue NONYYaeTed 3a CYCT COylapenhii Mex Ay atomaMu. Co-
T1aCHO CTaTHe1dyeckok dopmyne Boabumana mpu tepMonunaMHue-
CKOM PABHOBCCHM OTHOLIGHME UWCE] aTOMOB, OGMALAIONHX SHEp-
rusyu Em u Ey, Ovier

W, eEalT
T BT

TIpH YCHAOBYH, ECIR CTATUCTUYECKUE 86C 0BOUX COCTOAKUT OOURAKOB.
Tax xak 57010, EOOGHIE TOBODS, lie GulBaeT, TO MpaBy!d 9acThb Ha-
IHCANHOTO PABelCTBA HYXHO €Ile YMHOXHUTb HA OTUOUIEHAC CTaTH-
CTHYECKUX BECOB Gm/Gn; B PEIYABTATC MONyYaeM
- kT

Voo __ gm0

3 —E AT (107.2)
Vi gue” -

Ecau mbt uMeen Je1o ¢ y3KHM MyabTHINeTOM (HampuMep, ¢ AYG-
JIETOM € OueHh MAJBIM DACCTOSIIHEM MEXIy KOMIONeuTaMH), To
Em & En, v Mbl 10ay4aen

Vo &n (107.3)

Na &n

u.}'{ﬂ Y3KOIG MYJbTHUNJICTA TAKXKE N 3aBACHMOCTH BepOHTHOCTH ne-
pexona OT 4acToTh, TpeGyemas ¢opuyaol (107.1), cramosures
Majio OmMYTHMOH, H OTHOMIEHHE HHTEHCHBHOCTEH NpPAKTHUECKH IoJi-
HOCTBIO ONPENENIAETCS OTHOMEHHEM CTATHCTHYECKHX BECOB.

B cryuae Bo3GymienHa coevenns B ra3opoM paspaie, T. €. nox
HeRCTBHEM yIapa /MEKTPOHOB, GOJBUMAHOBCKHE dakTop e~EhT pe.
A2€TCs BOOOILE [ECYMECTBEIHBIM, NOTOMY YTO CKOPOCTAM 3J1€KTpo-
UOB B paspsie COOTBETCTBYET CTOAb BHICOKAs TeMfeparypa, UF0
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(akTop e~FAT MOKHO NOJIOKATH pasHbM ennAue. Takum obpasom,
H B 3TOM C/ydae OTHOUICHHE HNTEHCUBHOCTER NpaKTHYECKH Ollpeje-
JISieTCSL OTHOUIGHHEM CTATHCTHYECKHX BECOB. 3a Mepy e CTaTHCTH-
YEeCKOTo Beca ecTeCTBEHHO MpHBATb CTENeHb BHPOXKIEHHS NAHHORD
ypoBHSI, T. €. YMCAO TOAypOBHEH,

Ha KOTOpOE OF pacnajaercs B Mar-  Zr+/ .

urTHOM noJe. JAast ypoBHS, Xapak- g —— Dy
TepH3Y 0 AAHHBIM A %
570 unC/Io, KAk H3BECTHO, pasio ¥ %
2j 41 (§78):
g=2+1 -
PaccMOTpHM, HANPEMEp, TOIOB-
HOHMl AyGseT IJagHOH CepHH me-
) 3.
Al G
2
4 P
© .
<~ 8 :
el o w
By 5 2
8 72— 'ty
!
1
i
) !
’ %
17———’_'_',/7: 7R
Prc. §3. Boanuoveie TpHnAeTa Pic. 84,

JIOWNBIX MeTamnos (AAs watphsa — ny6aer D). Hmxnee cocrosmue
A 06Geux JHHMI 3TOT0 Ny6/ieTa 2Sy NpoCTOR, BepXuHe e COCTOA-
HAA cyTb 2Py, u 2Py, CraTHCTHYeCKHe Beca oGoux P-cocrosunii 6y-
nyr 2 % +1=4n 2% + 1 =2. HraK, HITeHCURHOCTH 0GEHX KOM-
NoReT Ay6ieTa ROMKHBI OTHOCKTHCA Kak 4:2 =21, uTo K Habmo-
maerca Ha caMoM Aene. BosbMem TpHIAer Maruus A== 51836;
5172,7; 5167,3A. On o6ycnopien MepexoACM € ApOCTOr0 BEpXHEro
ypoBus 43S, Ha TpH HEXHEX yposHs 3%Pg, 3%P,, 3°P, (puc. 83). Ot-
HOMLle[iHe CTATHCTHUECKHX BecoB 3fecs 1:3:5. TakoBo xKe H OTHO-
LIEHHe HHTCHCHBHOCTEH JHHHH TpuIIETa,

§ 108] METACTABUNBHBIE COCTONHHSA 413

B pacemotpenssix syx npHMepax oMK H3 yposHeli — BepXHHR
An# HMKRAR — 6b1 ntpocTeiM. Hepenku, onnako, caysam, koraa
BepXHHE, H HHXKHHUE YpOBHH KpaTuble. B sTHX cayuanx mMeer mecto
CAEAyIOee npABUAD CYMM, OTKPHTOE SMOHPHYECKH: npedcTasiis
cebe, uTo AubO Bepxuue, AuGO RUNCHUE YPOBNY CAUANCH & OOUH;
TO20Q CYMMbL UHTEHCUBHOCTEL AUNUL, O6YCADBACHHOIE STUM CAUA-
HUEM, OTHOCATCSH, KAK CTATUCTUECKUE 6ECA NECAUBLIUECR YpoBHed.

PaccMOTpHM B KauecTBe NpHMepa TAK [aSHIBAEMBIH CAOMKHMI
NlyGJeT nepsofi NOGOWHOR CepHH WEJOUNEX MeTadoB (cm. § 84),
NONYMAOmMUACT B PE3ybTaTe KOMGHIIALAR NYGaeTHEIX TepMOB P u
D. Ha puc. 84 npuenena cxema Nepexosios, npH KOTOPHIX BOSHH-
Kaer 3107 AyGJaer. Binay noxasans ero Tph JHHHH (ke OCHOBrbIE
W CNaGHA «CNYTIHEK») M NpHBEJCHH H3MEpeHHble y TaKOro CAOK-
Horo ayGsiera uesus HnTencHsboctu (100, 12, 60). Ecam npencra-
BHTb cefe, 4TO CAWJIHCh BEpXHHE YDOBHH, TO CyMMa HITEHCHBHOCTef
caupuxes aaauit Gymer 100 4+ 12 = 112; oTHOwWenHe HHTCHCHBHO-
creft 112:60 = 1,87 | NpHGAHIATENbHO PABIO OTHOMIENHIO CTATH-
CTHYECKHX BECOB NECTUBIUIHXCH NMHKHHX ypoRHed: 4:2=2:1. Ecan
e MPENCTABHTL Ce0€, UTO CTUTHCh HHMHKE YPOBHH, TO CYMMa HH-
TeHcuBHOCTEH Gyner 60 + 12 =72; ormowenue 100:72 = 1,39:1
ApHOIHSHTEILHO PABHO OTHOINCHHIO CTATHCTMYECKUX BECOB BEPXHHX
yposueft 6:4 =1,5:1. )

OTMeruM B 3aKniotele, 470, KaK BHIHO M3 CKA3aHHOO, OTHO-
lUleHHe HHTCHCHBHOCTe! BHYTPU My/NbTRILIETa COBEPLICHHO Ne 3aBu-
CHT OT r/IdBHBIX KBAHTOBLIX WHCRJ H B NEPBYIO Oyepeln 06yCII0BICHO
CTATUCTHUECKHM BECOM, 3aBHCSIIHM TOJIBKO OT KBAHTOBOTO MHCJIA j.

§ 108. MeracraGuabubie cocTosmms

Hapany ¢ KODOTKOXHBYIIHME COCTOSIHAMH CYWECTEYIOT H CO-
CTOSHUSL HEHOPMAJbHO LIMTebHbIe. JlAs paccMOTpenuss X HeoG-
XOAHMO HANIOMHHTb RPEXAC BCErO YKe HEORNIOKDATHO BCTpeuas-
lUMecs Ham NpasHia 0r6opa, COTAcHO KOMGHHAUHONEOMY MHpHH-
urny (1. I, § 107) xaknas awems, nafmopacmas B cmexTpe, ecrl
pesy/ibTar KOMOHHAURE 1BYX TEPMOB, OLHAKO 06paTHOE MOKeET M
He UMeTh MeCTa: He BCAKAs KOMOHMHAIHs TEPMOB 12eT HAYano CleK-
TpPANbHOK JIMHHH. DMIHPHYECKH Yxe 3a/0/1T0 KO BOIHHKHOBEHHS
KBAHTOBOH MEXAHHKH GblIH HallleHh YCIOBHA, KOTOPHIM JOMMHBI
YHOBJAETBOPATE TepMbr, YTOGH WX KOMGMHAUHS GbLIA BOSMOXKHA.

aK Mu BRACAH B § 65, KpaHTOBAA MexanHKa 1ana Teoperhue-
CKO® OGOCHOBAHHE STHM npasnaaM orGopa. Ilepsoe npasuio, ¢ Ko-
TOPHIN MH BCTPETHIHCH yXKe B § 61, cocront B TomM, Wro ocymecr-
BAAIOTCH NEPEXOAbl, TIPH KOTOPBLIX A3UMYTAaNLHOE KBAHTOBOE WHCAO

H3AYHA0IET0 IEKTpOHA HaMensderen ra ==1: !

M=l (108.1) 3
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B nogaBIgomey OOgLIHICTRE CAY4aes BO3OGYXKIEHHE aTOMa CBi-
3aHO C HBMEHCHHCM COCTOANHA 0GHO20, a WMEHHO — H3JIydYalollero
scekrpona. Iostomy npasuno (108.1) Modyaanso Dpennosiaraer,
40 KBAanTOBHIE YHCja OCTAJbIBIX SJCKIPOHOB OCraloTcs 6e3 HaMe-
Henus. OfiHaKO B PCAKKX CydasX pab/iojaleTes NCPEXONn ¢ H3Me-
HCHMEM KBANTOBLIX WHCEM [ABYX SaCKTpoHOB. B rakux cayuasx
KBaHTOBOE UHCAO BTOPOrO SJEKTPOHA AOQKHO HIMCHATLCH Ha +2.

Teoperhueckoe oBocHOBauKE NpaBuIa 0T60pa (108.1), xak mbf
Bumend B § 65, cocrouT B TOM, YTO MaTPHUNEI SAEMENT IHNOALHOMO
MomenTa

Do = [ ¥, (e} b, a,

OT KOTOPOrO 3aBHCHT BEPOSTIOCTG MEPeXoAd, OTAMYCH OT Hy.Is
TO/bKO TOTAd, KOTAA AJf HIIYYAiomero 37eKTPOha BhINOAIIETCA
yeaosne (108.1). B § 65 ykazauo, uTo BCce TepMBl aTOMa caedyer
paseHT Ha yeTHBIC M HEUETHBI, T. € Te, ¥ KOTOpbIX apHdmerH-
HeCKan CyMMa asHMyTaTbHhIX KBAHTOBBIA 4HCCH 4CTHA H.IH Henerna.
Toraa npasuno oT6opa MOKIO GOPMYIHPOBATL TEK nepexon'hl MO-
TYT MPOHCXONHTb TOMBKO MEXKAy TepMaMH Pa3amuioro Kiacca yer-
OCTH, T. €. YOTHbIM H HEUEiHDLIM, HO He MOTYT NPOMCXOIHTL MeXKAy
TEPMAMH OlMHAKOBOrO Kidacca erdocT (npasuio Jlanopra), Jlerko
B[/I€Tb, UTO B 3Ty OGmYI0 GOPMYTHPOBKY BKIRUAIOTCH XaK Ciaydad
H3MEHeHHs KBAHTOBOrO YHCAA OJUIOrO BAEKTPONA, TAK H pelKHe Cay-
9aH H3MeIleNHsl KBaHTOBLIX YHCEd ABYX 9/€KTPOHOB-

Crenyomee obmee NpasHI0 0160pa COCTOHT B TOM, uTO HpH
nepexonax KBaHTOBOE WHCAO N0JHOr0 MOMEHTA HMNYJabCa T pi(elib- 4 {0)
u3MeHAThCA Ha k| Uk octaBarbest 6e3 n3merenus (§ 72):

AJ=0, =1; (108.2)
npu 370M, ollHako, mepexombl 00 X078 H yHOBIETBOPHIOT Npa-
Buny AJ = 0, He ocymecTBasioTes.

Kpome 3THX ofmHX NpaBuil, CYMECTBYIOT TaK HasbiBaeMble Circ-
UHa/dbHEIE NpaBHia O760pa, KOTOpble NOMXHEl YAOBJETBOPSITHES
TOIBKO B TEX CAYYANX, KOTHA CTPOro OCYMECTBISETCH HOPHAAbHASL
cea3b pekTopoB L v S (§ 92). Dt npasria COCTOAT B TOM, UTO I'€0-
MeTpruecKan Cymma L bekTopos opouTanboro momenta I, oTnets-
HEX 3TEKTPOHOB JOKHA OCTABATLCR MOCTOSOK WAN MeWATHCR
Ha =1, a reomerpuyeckas cyMma S BeKtopos cruHa S; OTARTBHANT
S/EKTPOHOB [1@ 10MKria MensThesl. Tak KAaK OT TeOMETPHUeCKOR
CyMMB S 3aBHMCHT MyJBTHONETHOCTb TepMa (§ 92), To nocaenvee
NPaBWIO YCTaHABJHBAET, UTO HEPEXOUH AOIKHBI 1POHCXOAMTb Me-
Ky TEPMAMH OJHHAKOBOH MY/ bTHILIETHOCTH (CHHIJICT — CHHTTET,
Ay6aer — nyOsaer u r. 1.). [Nepexonnl e MeXAy TCPMaMK pasany-
HOM MYJbTUMNETHOCTH (HAMpuMep, CHHTJIET — TPHNIET)— TaK Ha-
3BACMBIE UHTEPROMOUNAYUL — 3aTPEILAIOTCH,
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XOTi 5TH 1PAB/IA HMEIOT 1E0PETHYECKO® 0BOCHOBANHE, Ml To-
CTOSIIMHO BCTPEYAEMCst ¢ TeM (hAKTOM, 4TO OHM [1& ABASIOTCH A6CO-
JIOTHO MECTKHMU H B OTAE/bHbIX CIyvYasX napymalorcs, Sto oTHO-
CHTCH KaK K CICUMANLHRIM NpaBuiaM orGopa, tak A K oGmum.

Hro Kacaercst ClenMabHbIX fpasiii, T0 yKe OO yKa3ano, 4to
YCTOBHEM HX NPUMEHEMOCTH SBJISETCA CTPOTOE DHIOIEHHE HOp-
Maubyofl CBASH JIMWb Godee MAN MeHee NpPHEINKEHHO, TO U Crie-
¥a/jbHOR CBA3H Nuilb Goslce WM Menee NPHOJHMEHHO, TO M Cre-
TUIANBIBIC NpaBANa OT60pA AONYCKAIOT KCKIOYENHs, KOTOphie ia
C4MOM [Csie HAGAI0AaI0TCH, OCOBRMHO B Cay4ae TSKEABIX ATOMOB.
Tunuunim npuUMepoM HapywenHs crenHanbHbIX npaska A8AMOTCS
TaK HASLIBACMBIE HHTEPKOMGHHALKOUHLE MHEHH, BOSHUKAIOWIHE 1ipH
TePeXo1aX MENIY TPUINICTIBIMH U CHHIMISTHLMH YDPOBHAMH. XOpo-
MO H3BECTHAA Pe3oHAuCuast JuuMus papos pryTd 253652 A, obaa-
AdIOmMAs HCKIIOUHTENLHO BLICOKOH HI'1EHCHBHOCTDIO, KaK pa3 B
AETCs HEAEH MITEPKOMGUIaKOHIion 6P —6'Sy. Anajoruuane
1HTEPKOMBHHRUAOIHLIE IRHMH HAGAIOAAIOTCA 1 B CHEeKTpax Apyrux
afoMOr € IBYMA BATEHTHLIMU 3aekTponau (Be, a Takke Zn u (d).
Hurepecio, oanako, otMetts, ato coothercTBybmas uw BEPOAT-
HOCTb nepexofa (OT KOTODPOH 3aBUCHT HHTCHCHBIOCTD JHHMI) OKa-
SLIBAETCA TEM MEubUICH, YCM TOunee BLNOMIIEICA HOpMAIbIAY
cesiab. Tax, Haupuvep, & ciyiae Gepuasus (Bel), rae vopmabray
CBA3b BLIMOJHACTCA AOpPOLIO, REPOSTHOCTH Nepexona 23P, —- 215, co-
crap,iner Beero 0.2 cex~! *), torna Kak y pTYTI [IOPMANLHAS CBSIn
HADYINAETCA 1 BMECIC C TEW BEepOATHOCTh HHTEPKOMGHHALHOHIIOND
nepexona 6°Pr — 6'S, Bospacracr 10 107 cex—1,

OtmeruM nasee, uto npawnia 0réopa mpHMenuMsl, BOOGIC ro-
BOpil. 105K0 AJIA NEper0I0B TON MeHCTBHEM u3Aywenis b cayuac
AGCOPOUNA Ml K CNOHTAHHBIM [ICDEAOLAN B cayuae smuccun, O
S4BEIOMO HADYWAOTCS DpU BOSGYHKAEUHIl COYAapeRHem, a Takke
B IPHCYTCTBUN CHALHBIX SEKTPHIECKHR il MATTHHBIX 1j0JT€l.

JLo X nOp MU rOBOPIH O HAPYUICIUAX CTENUHATbHEX npaBma
OTGOPA WK O HAPYIICHASX N0 BAHAHYEM BO3MYmERuN. B nekoro-
PRIX CAYUAAX, OIMAKO, WAPYWAIOTCA W OOmMUC ApaBuIa oTGOpa
TIPATOM B OTCYTCTBHC Rosmymenwil. Tak, nanpumep, coraacho 1pa-
Buy GOPMYAHDPOBARNOMY B Hayase 3TOro naparpaga, nepexonn
MeRAy Tepmany %S i *D saipemens, Tak KaK npH STHX nepexoiax
EBAKTOBOC WHCTO [ M3vensieres Ha se eAmAlb. MoXIY Tem y Beex
MISIOUHEIX MCTALIOR HAGMIONAIOrCA CAAGHIe JMHHH, COOTBETCTEYIO-
e nepexoiam *D —25. Beposruoctd TIepeX0A0B, COOTBETCTBYIO-
W€ STHM JAHHHAM, GLaH oupeleaeny B, K ﬂpoko@beﬂum, Xora
STH BEPOATHOCIH Okasamuc, b 10° pa3 MeusmnMa BeposTHocTeRt

*) Bepoathoers
Ano = 1/Tmn (. 1
B 00patnbix cexyHAax,

nepexoia  coth  ofpatHan  Beanymma  mpewenn s
1§ 98), eengy uero scpommmocrs mepexoa mavepaere
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«pa3peleHybEX» ICPexon0s 2p__2S TeM HE Menee JAWNUH BIONHE
LOCTYTHEL 1aGJOLEHNIO.

TIporHBOpednC Mex Iy OCYIUeCTBHMOCTBIO I00BHBIX MEPEXON0B
¢ Al = +2 n npasunom 0TGopa Al = =1, onnako, Kaxymeecs. He
cqeiyer 3aGhBarh, 4ro mpasiaa orGopa Al= 1 HLOMKHO HMETb
MECTO CTPOTO TOILKO I/ UHCTO JIUMOMBNBIX Tepexofos (cM. § 65).
Ho BepoATHOCTD 1CPEAOAA 3ABHCHT OT MATPUYHOTO 31CMCHTA, KOTO-
pHfi TOLKO B NEPBOM TNPHOHKEHHH COOTBETCTBYET M3AY4CHHIO
S.FIEKTPH’*IECKOI‘O JAH0IA, Tak Kak JHAOJbHBIE MOMENT ABJIAETCHT
105K NepBbIM YMNenoM psjla, NPEACTABITIOEre BEPOATHOCTS Ne-
pexcaa Ile MeHce paxeH w BTCPOH “ieH, COOTBETCTBYIOIHI H3Jly-
YEHNIO 3EKTPHYECKOr0 KBAAPYNOMds (M MarHHTIOrO Anmons). Kak
Mui BHAEAH B § 65. MPH OBLIUHEIX YCIOBHSIX BEPOSTHOCTL NEPEXO/a,
COOTBETCTBY[OI AR KHMIONBHOMY NEpexOiy, BO MIOMO pa3 MpeBocxo-
JMT BCPORTIOCTH KBAAPYTONLIONO, a TeéM GoJec —Aepexoios, co-
OTBETCTRYIONIMX GOJiee BLICOKHM MYJALTHNONBHOCTIM. Ecan nosto-
MY € OANOr0 H TOTO Xe BO3GyMIEHHOTO ypOBHS BO3MOXKeEH Kak JIu-
HOALNEE, TAK H KBAIPyAOAbHbIH NePeXol, TO JIHHUS, COOTBETCTBYIO-
masi AUTOALIOMY ePexofy, GyAer BO CTOMBKO pa3 HHTCHCHBHER, 4TO
KBaAPYTOMLIYI0 AHHHIO MOKHO GyfeT nabrloaaTe TOMLKO Npu 0co-
Gewrro GAArONPHATIBIX YCAOBHRX.

W1 ckasanHOro caedyer, 4o ncpexonb ¢ Al == +2 1o cymecrsy
He ABIMOTCS «3anpeienbMuy. [Tockombky, 01naKo, B Goablui-
CTBE CAyyaeB MM COOTBETCTBYIOT JHIHM, BO MHOLO pa3 Menee HH-
TCHCHBHEIE, UeM <IHNO.LHLIE», HA3pawHe «NpaBH0 orbopa» ast
ycaosHs Al = £ 1 ¢ NPAKTHYCCKON TOUKH 3PCHAR ABJAACTCS ONMPaR-
JanHbIM, XOTS He ciedyeT 3alhBaTh, 4TO HEPCXORb, 1€ YIOBJIETEO-
PAICIIHE 3TOMY TPABHAY OTGOPA, SBAMOTCS 3aNpeineHHLMH 1151
JUNOALHO20 W3TYWENIHsL.

Ecan aunomuhsit nepexon Oyier 3anpemct KakKuM-nAGyAb ipa-
puIOM OTGOpa (Hanpuyep, 3anpeToM HMnTepKoMOmpaniil), To atoMm
GyaeT LNHTeJbIo MpeGuBaTh B BO3GYXKIEHHOM COCTOSHMAH, 11epeako
of1agas GoabWnM HaGLITKOM 3HEPTHH. CPEAHSA nPOACIKATETb-
HOCTh MH3IIH aTOM4 B TAKOM BO3Gy:NEHTOM COCTOSHWH, paBhas
06paTiol BeAUuHHE BEPOATHOCTH Tepexosa, MOKeT HOCTHTAThb Or-
POMHO JUTATENLHOCTH, mopaaka 10~ — 1 cex, T. e. B 10°— 10® pa3
Gospluell BOPMambioil NPOIONKHTETLHOCTH MU3HY AAS AHNOILHLIO
nepexofia. [1onobnble OTHOCHTEALHO YCTOMUMBLIE COCTOAHMS 11a3bl-
BAKTCA METACTAGUALHBLMU,

TIpumepom MeTacTaGHILHOTO COCTOSHUA MOKKCT CAyXHTD COCTOSI-
nue 152538, oproreaus {phc. 47). Sucpram BO3IGYKIEhn 3TC D
coctosiukg oveud perHka (19,77 98). Tem nie Medee nepexonsl 3
11ero ¢ Haflydedsem B oObUIIBX YCI0BUAX He HAGMIOZAIOTCS, TaK KaK
1ICPeX0] K €NWNCTBEHNOMY NIuMKenexameMy cocroshupo 158, 3a-
npelen AsyMs NPaBWIAMH 0TGOpa: MPasHAoM Al = +1 (B naHHOM
ciydae Al=0) W 3anNpeTOM HHTEPKOMOHHAUMII TPHIIET — CHHIJIET,

§ 109 3AAPEWEIIHBIE NIFPEXONL 417

MMenuo Bcleacrsde CBOgd YCTOHYHBOCTH COCTONHHE 3TO ABAsCICA
ocniopHLM B cucreme op roreus. Cocrosnne 152518, y remust takxe
ABANETCH METacTalM/ILHMLM, TAK KaK er0 Mepexoi B HopMaabHoe
coctosiHie 3anpelen paruIoM orbopa Al = 1.

B cayuae pryru nepexon 6°P;— 6'Sg 3anpeuscn npasuiom or-
6opa nas | (nepexoaw 00 we ocymectrasiiorest). Cocrositue
632 nosioMy ABASETCS METACTAGHALHbIM. DKM OOBACHIETCA Ile-
Bl pA (AKTOB, W3 KOTOPWX MH NPHBCAEM B CAEAYIOHIHX:
1) npubasscite k cMeck Mapos PTYTH W Ta/Ulu# 1IOCTGPOINIErO Tasa
(nanpumep, aproHa MaH asora) OCAAGANET MCIYCKAHHE pesonanc:
HOB JH{MH pPIy1R, IO yCUJMpaer cencuburusupopanuyo (uyopec-
nemylo taliks; 2) B OnLTAX €O CTyNenyaTbly BOIGYMIGHHeM
piyrh mpuGasaesHe K mapaM pTyTH azoTa MpH AABICHHH B He-
CKOJILKO MHJAHMETPOB BeChMa 3IANHMTETLHO YCUJIMBAET HHTEHCHUB-
nocTh BHARMHKYX aunui 546074 A 4358,34 A u 404656 A. B nepsou
cysae BO3GyXAEHIbIe ATOMLI Pry1M MpPH COyAapesHu ¢ aToMamu
ROCTOPOHHErO [43a OTAAIOT HCGOJDBWYIO Yaclb CROEH sueprun (oxo-
0 0,2 28) U uEPEXOAST B MeracTaGHIbHOE cociosime 6°Pg. Cnou-
TABNOE BO3BPAIUEHHE M3 ITOCO COCTOAHHS HA HOPMAJLHEI ypPoBeib
61S; 1eBO3IMOMHO, BCAEACTBUE Uero (uyOpCCHEHLHs 1apoB PTYTH
ocraGasercs, 1O 3HAYHCEABHOE yREIHUenHe (POROJMH reT-HOCTH
JKHSHH B MeTacTabusLHOM COCTONHEN MOBLIUACT BEPOSITHOCTL YAApd
BTOPOTO POAA € 8TOMAMH TawlHs, H SPKOCT, CeHCHOUMI3UPOBANIION
(ayopeCUCHINA Talans Bospacraer. B onbitax o CTynengaTeiv
BO30yXeHHCM PTYTH B MPHCYTCTBMM 330Ta NPOHCXOAMT 4HANOIHY-
HOE sInJlenie: pH COYRAPEHHH BOGYIK/EHIOT0 aTOMa PTyTH € MO-
nekynols azola atoM llg mepenaer 0,2 88 Moaekyne Ny, npuuew
nepenapacMas 3HEPTHS HACT Ha roBbllienHe KOJeOATC/NbHOH PHEP-
run atomos N oruocHreasho APYT Apyra, CBasanmblit ¢ 5TnM nepe-
xon aromor Hg B meraciaGuabnoe cocrosnue 6%P; seier K yBe-
JIMYCHHIO BEPOSITHOCTH NOrsiolicHnn (uoderosols suunn 404656 A
BCIEACTBRE GOUDLIIOH NpOOAKUTEbIOCTH KHIKA METACTAGHILROTO
cocrounsa. JTuM K OOBACHAETCS yBETHUEITMe HITEHCHBHOCTH BH-
OMMEX JRHER (CM. AMarpammy puc. 47).

Tak Kax aTOMLI B MeTacTalu.bHLX COCTOSEAAX 00MANA0T GOIb-
WHM 3aNaCOM 3HEPIHH Vi CYHIECTBYIOT B TEYCHHC JIHTENbHLIX 1IPO-
MEXYTKOR BPRMEHH, TO 3TH COC10fHHS HEPAIOT BaXKIIyI0 pOIb B 3de-
MeHTAPHBIX TPOECCaX rasoporo paspsifia H mpH POTOXHMHUECKHX
peakunax.

§ 109. 3anpewennsie nepexoasbt

Burite M BHACTH, YTO ACPEXOAb U3 Me1ACTAGHIbIBIX COCTOSIHAI,
B UACTHOCTH KRAAPYIOMbMNbI [ICPCXOHb, HE SBIAIOTCT aGCOMOTHO
«3anpellelIEMU», 110 XapaKTePHIYIOTCA TOJLKO Maldoll pepoaTHo-
ctbio. Bofee TOro, OKA3LIBAETCS, MTO MHpH HEKOTOPHIX YCJIOBHSX

149 B Mnoasckud, t. 1T
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CReKTpaspiible AUHHH, IPOUCKOASIIHE OF NEPEexXONoB ¢ METACrafhIb-
HHX COCTOSIHUH, MOTYT mOCFUraTh Ouelb GOALIIOH HHTEHCHBHOCTH
H [2:Ke NPeBOCKOJHUTD [0 HHTCHCHBIOCTH «Pa3peleHHble> Nepexo/bl.
B np#pone TaKHE YCAOBHsi OCYIIECTBASIOTCS B HEKOT0PbIX acTpolo-
MHYRCKUX OGBextax. TaK, HampuMep, 10Jr0e BPEMs 0C1aBanoch ie-
NOHATHBIM UPOHCXONEHHE 3eMenol nunun A = 5577,3 A, nadmo-
L4CMOH B NOMSpHHIX CHAUHAX, e MOpIH OLiTh pacuidpoBaisi
Takse JURHA ucnyckanust 5006,8 A u 4958,9 A B ciexrpax TyMaHHo-
crefl. Heytaqu B OTOXAECTRICHAH STHX JHHUA UPHBeH K TOMY, ¥TO
GblyiM BHICKA3ZHLI THNOTE3L O CYUICCTBOBARAH OCOGHX BHE3CMHBIX»
S7¢MEHTOB: (TEOKODOHHS», AAI0OWEr0 AuHyio NOASPHBIX CHsHUE, H
«ueGynHR», CBETAILEroCsS B TYMAHROCTAX

Ontiaxo pa3BuTue 1€0PETHYECKON CIEKTPOCKOUWH NTOIROAMIO Ty~
TeM ReTalbHOrO aHaln3a CXeM ypobuefl SHCprHH H fepeXoioB IO-
KasaTb, Y70 yHNOMSHYTEIE W MHOTHE IpyrHe HCPACIIH(pPOBAKHBIE /i
ITHH ACTPONOMUYECKHX OOBEKTOB BpHYAITeKAT 4TOMAM M HOHAM
TAKAX BIOJHC <3EMHbIX» S/EMEHTOB, KAK KHCAOPOR, a30T M HEKOTO-
pble Apyrue, TpyArocTh Xe uX OTOXKAECTBAewus Gblia CBAzaHa ¢
TEM, YTO 3TH .THHUE, HECMOTPA HA WX GOJBIUIYIO HUTEHCHBHOCTb,
0GyCOBAeHE KaK pa3 «aampemeniuMuy nepexodaMi. Tak, manpu-
Mep, JMHHS «TeOKopOnusa» B577 A okazajnace npuHaf.cxartedt Heit-
TpasibHOMy KHcaAopoay (O 1) H 1POHCXONSWEd 0T KBZAPYUOLLHOIO
mepexofa 'S —'D; ofa cOCTOSHHSA, MEXAy KOTOPBIMM [pOKCXOIUT
AEPCXO/L, MCTACTEGRIBHEL, MpHyeM HHxHee 'D uMeer IPaHIUOIHYIO
aaurensicers 100 cex, a Bepxnee 'S — panreavrocrs 05 cex Jlu-
rH <reGyansa» 5007 A u 4959 A okazaiuce NpuHARIeXKALUMY 18Y-
KpaTHO KUNN3OB2HHOMY KHCAOPOLY gO 111); obe ok BO3HHKAWT npH
HHTCPKOMGHHAUMOHHLIX fepexofax Dy — 3P u 'Dy — ¥Py, mpHuenm
Cpejiice BpCMs XKHSHK COCTOAHEA 'Dy M 31€Ch OKa3amoch Oueb
GoapmuM (42 cex). [Nocne Toro Kax yaaioch nO1HOCTLIO pacwiHdpo-
Balb MPOUCXOMAEHHE STHX JHHUH U BBIACHHTH YCJOBMSI, CIOCOBCT-
ByOIHE HX ROSIBICHHIO, HECMOTPS HA Madyio BEPOATHOCTL Tepe-
X0#a, GOMBUIMHCTBO «ACTPOHOMHYCCKHX» 3aNpelleHHbiX JHHUA (B
YACTHOCTH, MHHH [COKOPOHMSI H HEGYIHA) GbLIO TMOAYYEHO TaKKe
H B 1aoparopuu,

UtoGH NOHATH NPHYUALI NOABAEHAS 3ATPEIMERITEIX> AUIHH, Bbi-
SiCHUM CHAualla YCJOBHS, OT KOTOpLIX 3aBHCHT MHTEHCHBHOCTD CreK-
Tpasblioli Autnn, VHTEHCHBHOCTL MMHMH HAHHOH YACTOTLI €Crb HE
9TO uICE, KaK MPOM3BCACHUC 3HEpriy @otona he pa ducio ¢oro-
HOB 3TOf qacioTh, HCIYCKaeMhulX B €IHIIHILY BpeMmenu. 38113‘{3, Ta-
KHM 0GpasoM, CoCTOMT, Tpexcae BCEro, B yueTe (pakTopos, oT xo-
TOPbIX 3ABHCHT YACAO HCAyCKaeMblx (010HOB. JIETKO BHIETb, yTO
BaxHelilyMu H3 9THX PaKTOPOB ABJAITCS 4HCAO aTtoMop N, Boa-
GYKEACMbIX B ENHIMILY BPEMERH [0 YpOBHS, HBJAIOWECroCs HCXOJL~
HBIM N5 HCOYCKaIIRBa }laHHOﬁ JHHHR d 1014 4HcAa 3THX aToOMOB,
COBEPUIAIOLMX TIepexOfl ¢ HCAyCKauuem 3ToM Jnn#m. Ilepshii W3
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$2KTOpoB, HMEHHO 4HC10 N, 3aBHCHT OT NUTEHUHANa BOSGYRAe-
Husl BEPXHEro COCTOAHMA ¥ (DU3NUCCKHX YCIOBHH, UMEIOIHX MecTo
B UCTOUYHHKE.

Urofb pasofpartuCst B NpHYANAX, BJAAAIOMHX HA BeRUYAIY BTO-
poro ¢bakropa, pacCMOTpHM CYAbGY BO3GYXAEHHOTo arvoma. OH Mo-
KT COBepUHTb MEepeXojl BNH3 ¢ HCNYCKAHHEM WHTepecylomed Hac
SIUHUM, BEPOSTHOCT 3TOTO liepexofa 0Gosunauum uepes A, BoaGyx-
ZCHHBL 8TOM MOXET, OJIHAKO, COBEPIWHTS € TOTO XE BEPXHErO ypos-
HSl TaKke W TepexOllbl BHA3, BEAYIIHE K BOIHMKHOBEHMIO ApYrHX
JIRHHH, BEpOATIOCTH 3THX 1IePEXOA0B OGO3HANHM uepes Ay A, ...
flaaee Bo3Gyxpennbiit arom Focoﬁem—io €CR OH HAXQRATCA B MeTa-
CTAGHIIBIOM COCTOSTHHH) 32 BpeMsl BO3GYRAEHHOrO COCTOSHHS MO-
HeT HCALITaTh COyJAapeHne NepBoro HIH BTOporo pona. B oGoux
STHX Cayyamx ou GyleT fMepesejeH B JApyrHe COCTOSHMA: B CAyuae
COYAApeHHs NepBOro pona oH GYAeT NepeBefeH Ha GONee BLICOKHI
YpOBeHb, B Cllyiae COYAApCHnsl BTOPOro poAa OH Nepeliller B Golee
HH3KOe COCTOSIHHE, OTI1aB yacTh CBOEH sheprid Ges maayuennsi, Be-
POATHOCTH ATOMY HCIIBITaThb COYAdpeHHe TOTO U APYroro Poka
ObITb YA CHHBIM NIO3TOMY M3 CBOCIO TEPBOHAYANBLHOrO BOIGYNCACH-
HOro coctonnug 0Gozuauum dcpes B. Hakoncu, atoM Momer copep-
WaTh BEUIYKAEHEbIE ePEX0jibl BBEpX HJIH BHU3 0] JIEHCTBHEM NOJA
H3JYY€lHsl, B KOTOPOM Ol NaXOLHTCS; BEPOATHOCTb TAKHX NEPEXo-
A0B 0Go3HaukM yepes C.

Ecan yuects Bce yKasaHHBC (paKkTOPhl, TO HHTEHCHBHOCTL JIHHHH,
ONMEBHIIIO, RHIPAHICH TAK:

N
1= Mo 5 (109.1)

Mpugnnas po BHHMAKUe, 410 Apobb TPEACTABIAALT COBON Cpeiiee
UHCNO ATOMOB, HAXOASIMXCA B BEpXHEM COCTOAHMR TpH DapHO-
BeCHM

N

n

A+ A+ +B+C
MoxeM nepenncars dopmyay (109 1) B BHne
= nA o, (109.2)

®opmyna (109.1) nokasbiBaeT cpasy, 4TO ecAH Hapsdy C «3a-
Dpemennsi iy, HANpuMep KBaApynoIbHHM, IEpeXoIoM (BeposiTIOCTh
Ay) ¢ To20 e BepXHE2O YpOSHA ROMOXEH «paspeulennmi», T, e,
LANONbIELA, Mepexojl (BeposTHOCTL Ag), 10 J 22 0. MekcTBurenbHo,
B KOHKPETIIOM C/yuae KBaipYNOMbHEX H IMACABHBIX Iepexoaos Ap
W% 0. Hrak, neogxoxumoe
yesiosde S NOSIBNEHUS «3aNPEMEHHON» JTHHHE COCTOHT B TOM, 4TO
BepXIHi YPOBEUb NOMMEH OLITL MCTACTAGHIBHBIM, TAK 4TG BEpPO~
araoctd Ag, As, ... AOAKEH OLTb MO Kpainedl Mepe TOro e

Gonwine A, B 10% pas, 1. ¢.

14+
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NOPSIKA BENNUHIE, 9TO U A;, wiu medbue A [Jasee, 4ToGu BEpoO-
atuocTh B u € Gblan 10CTATOYHO Madbl, HYHKUO, YTOBH MAOTIOCTE
BCIECTBA W MUIOTHOCTL H3JyWels B oGbeKTe, UCHyCKAlOWeM cBer,
GhuIH 10C1aTOUNO Madkl.

B mpupode nogxomdlime AR STOTO YCJAOBHA OCYUIECTEASIOTCA
B TYMaHHOCTSIX: IOTHOCTL BCULECTBA B [MX OUEHHBAETCS OGLIYHO
5 10-1® ¢fcud. Ecan momyctHTh, YTO Temaeparypa pasua 10000° u
YTO Ha KaXK/Lif aToM HPUXONATCS [0 OFHOMY cE0BO0HOMY HMek-
TPOHY, TO Bpemsl Mekiy ARYMsA COY,ApCHHAMH OKa3blBaeTCH M0-
PAAKA GeCATU MUHYT, B TO BPCMS KAK NPOMEHyTOK MCKAY ABYMA
COYMApEHHAMN B ra3e HPH HOPMANBHLIX YCIOBKAX — NOPSAKA
10710 cex. TLIOTHOCTS HIYYeHUs B TYMaHUOCTAX TAKKE MALA: AKE
B HanGosee NAOTHBIX MIAHETAPHBIX TyMAIMIOCTAX H3Jyuelme co-
crapister 106 — 10-8 wanyuenna nosepxuoctu Coanna.

Ecan Bee ykasamHbe yonoBus coGaiomeH, T. . ecau BEpXHEe
COCTOANHE METACTA6UALHO, a BeposTHOCTH B i C npencOpemiumo
MaJjbl, TO NPAKTUYECKH BCE aTOMLI, AOCTIrAIOUIHE JAHHOrO MeracTa-
GHbHOTO cocTORHESA, ByIyT MpeGuiBath B Hem Ges BO3MYUICIHI 50
TCX MOp, NIOKA OHH HE COBEPUIAT «3aUPEICHHBbI NMepexo». Hatern-
CHBUOCTL «3afpCILEHHBIX» JHHMH upH 210M ByneT ovenb BeJHKa.
B camov fese, us popmyan (109.1) NPSIMO CAIGAYeT, YTO eCTH H3
MeT4CT20H/IbHOrO COCTOSHISL  BOIMOXKON  [0IBKO OHH nepexo
(Ai#0, Ay=As= ... =0), 10 /] = N & Boobule He Gymer
34BHCETL OT BEPOSTHOCTH NEPEX0[1a; eCIH JKe BOIMONKHO HECKOIbKO
(pa3ymeercs, «sanpellienibix») NepexonoB, TO MOJHAS HHTCUCHB-
HOCTs Nho pacnpefenurcs Mem:ly HeMHOTHMH 41EHAMH OIHHaKO-
BOTO NOPAAKA BENHYHILL

flo cux mop wu ocTamasan Ges BHHMAaHH N — UHCIO aTOMOE,
AOCTUraIOWNX JIAHIIOrO MeTacTabUabHOro cOcTostHus. OGCymiente
YCAOBHIl CBENEHHS Ty MAIHOCTE]l N0KA3LIBACT, UTO ITH YCIOBHA 6aa-
TOMPUATCTBYIOT BO3GYIKACHUIO ATOMOB HMEHHO 10 HH3KHX MeTacTa-
OUIILHBIX COCTORHHI. PAacCMOTPHM STH yeaoBS,

OueBUiHO, YTO NpH yKa3aHHOW BLIE NHYTOKHOK MIOTHOCTH
sentecrsa (1071 2/ca®) tymaimoctn He woryt €olepKath BUYTPIH
ceGsl UCTOYHHK CBCYSHUS, 110 TOTKIHb BO3BymaaTbea inke. Heroy-
WHKOM MOXKET GhIThb Kakad-HHGYRb G.H3Kas 3gesia. OgasblBaercs.
UTO IYMamHOCTH, PACUONOKCHIEE BO.TH3H 30es] XOtomKee rHna B I
HMEIOT CIeKTp MOFIOUICHHS, COBNANAIONIA] CO CIEKTPOM 6IH3Kof
3BE3MH. DTO NOKAZEIBAET, UTO CBEYELHC B TAKHX CAYIany smasercs
PE3YILTATOM OTPAKEHHT H DACCCSINA BEUICCTROM TyMaHHOCTH CBC-
18 3ne3flel, TYMaHHOCTH 3Ke, pacnodoieHible BOJIHZA 3Be3 rops-
uce THna B I, uCIyCKAIOT SMHCCHORKLIL CueKkTp. 3neanbi, cnAsanubie
€ TAKHMH TYMaH|IOCTAMH, HCHYCKAIOT PH $10M GOIbIUOS KONHUECTRO
SHEPTHH B KpaiiHeM yasTpaguosere. Orciola — caexylouwui Boa-
MONMRLIH MEXaHUSM CBedeHHR Tymaunocredt. Ilorfolenie Kpaittero
YLTPaHOCTA, NOCKOIBKY OH JIOKAT 32 MpeAetaMu Ipanl cepuit
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ZAake Takux atomo, kak H u He, Baever sa coGoit doroHouuaa-
nno atomos. IIpn ofpaTHOM Mponecce peKOMGHHAUKHK OcBOGOKIEH-
HOPO SMEKTpOHA ¢ HOHOM ByaeT HCNYCKAaThCsl BECh CIEKTP KAHIOTO
aTtoma.

MomoGHulil NpsiMOil MeXaHH3M, OJHAKO, HE UTPAET TJIABHOW pOJIH
B CBEVENHH TyMauHoCTeli. DTo CAeAyeT W3 TOTO, UTO, KPOME JHHHI
BOMOPOAA M Te/Hs, B CTIEKTPAX TYMAHHOCTEll HE BCTpEUaeTcs SpKHX
JUBHA, TPOUCXOKACHHE KOTOPHIX MOMKHO GBLIO Gbl NPRIACATE 3TOMY
MPOCTOMY MexanuaMy. BOabliyio poab HIpaeT MeXaHu3M KOCBEH-
HOTO BO3BYXKAeHHs aTOMOB. JTOT MeXaHHSM COCTOHT B TOM, 4TO
©0cBOBOKIERHNE B TNipoltecce (OTOHOBH3AUMH INEKTPOHBL COITAIOT
CBEYeHHE HE 1lyTeM PCKOMOHWHAIMH C HOHAMH, HO B DE3yJbTaTe CO-
YAapeHHil NepBOro Poia ¢ aTOMaMH H HOIAMH BO3CYXKRAIT NOCIEN-
¥ue 70 ypositell, COOTBETCTBYIOWMX 3aMacy KHHETHUEeCKoi SHeprum
3THX >7eKTpoHOB. [lagce, paccMoTpenne pacnpefieqieHHs SHEprul
MeKy GOTOIEKTPOHAMH [OKA3KBAET, 4TO GO/BLIMICTBO M3 HHX
ROMKHO of1anarb sHepruen, Mewbureii 10 ss. Taxum oBpasom,
66abulasi wacth 3Heprdd yiabTpadHOJIETOBOrO €BeTa 3Be3, UOMIO-
01ACMOrO TYMaHHOCTSIMH, IOJIKIA TpeBpalllaThcs B KHHETHYECKYIO
3HEPTHIO 3.1eKTpOuos, Menbliylo 10 36. DrH sAekTpoHBl GyayT mo-
3toMy BO36YKIATh ATOMBI IO ypoBHell, Takke JIeMaliHX HUKe
10 #8. Drovy TpeGOBAHHIO KAK Da3 yAOBETBOPSIOT METACTAGHIb
Hble YPOBHH aTOMOB H HOHOB T@KUX pacnpocTpaHeHHHX o Beelen-
HOfl 3,lEMEHTOB, KaKk KKCa0poA. Tak, HaupHMep, B Cayyae HOHOB
OIII sHeprau BO3GYykAeNHs MeTaCTabHALHLIX coctosail 'D u 1S
paBItbi COOTRETCTBEHHO 2,5 M 5,3 96, TOraa KaK HM3MIHI NOTEHUHAJ
B036YXK/IEHHA 10 COCTOSIHHSA, C KOTOPOTO BO3MOMHM paspelleHibie
HepexoiLl, pasen 36 96. AuanorduHble YCIOBHI HMEIOT MeCTO TaKKe
u B cayyae arono O I, NI u ap. Otcroda BrAno, uto BosbykI1enne
GyneT MpOHCXOAHTb C HAHBOALUICH BEPOSITUOCTBIO HMEHHO 1O HH3-
KHX MeTacTaGuibubix ypOBHCH, BBHAY yero uncia N Gylyr BequxH.
Tem caMmbIM BIIOMHC 06bscHsieTcA GOJbLIAT WHTEHCHBHOCTL 3ampe-
UIEHHbIX JHHHA B TYyMAaHHOCTSAX M HOBLIX 3Be3XaX H MaJasl MHTEH-
CHBHOCTb Pa3pelteHHbIX JTHHHIA.

§ 110. KrantoBan TeOpHsi MPOCTEHLIMX MOJEKYA

Ho cuy nop mame HanoWenwe GbLIO, eCTECTBEHHO, NOCBSIUICHO
rABUOMY IPEAMCTY KHHIH — OCHOBAM KBAHTOBOH MexanHKH H ee
HPHMETICHHIO K 06 BACHRUHIO CTpOBIIUA aTOMOB. I/ISHeCTHQ, OAHAKO,
YTO 3@ STHMH I'paHHIAMH CYUWECTBYeT OrpOMHOE KO.THYECTBO NPOG-
JcM, Ha KOTOphle MOria JaTh OTBET TOJLKO KBAHTOBAs TEOPHS.
Cioia OTHOcATCA NpoGaeMsr XMMUH, (Gu3NKH TBEPAOTO Teaa, ¢u-
3HKH aTOMIIOTO Alpa Urobbt JlaTh B 3TOM 3aK/JIOUHTENbHOM Napa-
rpadie ToJBKO ONMII NPHUMEp PEMEHHS MpH MOMGUIH KBAHTOROH Me-
XaHHKH, Ka3a710Ch Gbl CaMOHl NpOCTO!t NpoGjeMH, ORIAKO xe HC
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nojfanaBuleiics PellesKI0 HAa OCHOBE KJACCHYCCKhOH qJHﬁIIKH, pac-
CMOTPHM BOSHHKHOBCHNS XUMHHCCKON CBASN, YNEpXHBAIWEN aTOME!
B npoc'renmux MoOJleKkysax

Hanomunn npexcie scero, uto B oTHOIWGWIH 1PUPORL XNMHYe-
CKOI CBsi3H pasiuvalor ABa THna Mosekys. Oina — Xapakrepn-
BYETCA TEM, YTO MPH PACTBOPEHHH B NOMSIPHBIX PACTBOPHTENNX (Ha-
TIpHMCp, B BORE) 3TH MOJEKyJbl pacnafalorcs na ofpasyiowme ux
uousl. Takne MOJMEKYIIbl Ha3HBAIOTCS HOWHBMH W rCTEPOOAIp-
uumu. Tlpocreitumm upimepoM moker caywnatb morexyna NaCl.
B rpyGhiX uepTax cxema OGpA3OBAHAA STOM MOJNEKYNH COCTOHT B
cnepyouieM” B arome Na umeeres oMl ¢1afo CBASAHHSI BaJcHT-
uktl saektpon, B atome Cl He XBataer 0AKOTO SJ1EKTPONA iR 06pa-
30BaHHs yCTOHIMBON SJICKTpONNOH 0GONOuKNM aprona. Tlpn cEamke-
HUK 0GOHX aTOMOB 3JaeKipoK Na saxsarmmaeica atomop Cl n o6
pasyottnecst nonst Nat u Cl~! yiep)KHBAIOTCA KyNOTOBCKHMH 3/ek-
TPOCTATHYECKUME CHJAME, €CAM pacCTORHKE MEXJY aromami
zocraToune Mado. IlpocToif pacuer NOATBepKaaeT 3Ty cxeMy:
sueprust monusaunn Na pasna 54 26-4#026~', CPOACTRO K 3MCK-
Tpony Cl pasno 3,8 s8-s0a6~'. Hias oBpasopauus monos Na*
u CI! tpedyercs taknm obpasom 5,1 —38 = 1.3 s6. Hemocramo-
Uas SHEPIHA GepeTcs 3a cuer KYSIOHOBCKOTO MEKTPOCTATHUECKOTO

. o
Bsaumonefictbisi. OHO paBuo B RamioM cayuae ——=— 1,3 a8
HJH, NEPEXOlsi OT SJEKTPOH-BOJLTOB K aGCOMOTHBIM EAMHHLAM,.

300
1,3=—, otkyna r = 11 A. Cncnopatensho, nepexos 3J€KTpPOIra OT

Na x Cl BosMoXen 10rna, Koria paccToAHHe MeXLy aTOMAMH paBHO
uan menbe 11 A B aeiictBuTeabrocTH paamepnt Mosekyan NaCl,
HAXOAAWEACH B paBHOBECHH, 3HAayHTeabllo Meppwe 11A Tlo Tou-
HBE(M HIMEpeNHIM, CACHANNSM HE3aBUCHMbIM METOAOM (3MeKTPOHO-
rpapuuceknil aranus), ono pasio 25 A Tlonbsysich Tem e mero-
Jlom 1101CUeTa, HAMAEM, 4TO NpH TAKOM pPacCTOANMH KYTOHOBCKAS
SHeprus pasHa 4,5 38, B 10 BpeM#, KaKk IKCepUMEHTANBHO HIMCpen-
nas retnora arccouraunn Mo.aekyan NaCl pasna 53 38, 7. e
Beero na 15% OmiM¥aeTca or senuuHkbl, noAysennol s pesyabrare
rpyBoro nescuera *}.

Hpyroii ocnosnoit un MOIERYJl — MOJIEKY.TBl  FOMEOTOJIAplbIE,
#an Kosadenmibie. IlpocteiiiTim pAMepoM MoKer cayWuTh Mose-
Kyna Bonopoaa 1lx Oua cocToMT M3 JIByX ONMEAKOBHIX aTOMOR (or1-
KyNla Ha3BaHUE rOMCOMOJSpHAs (FOMEO AO-FpedecKH AomobiLi)) W
Ha APOTHBONOJOKNO 3APFKENHBIC aTOMb HE DACHAAACTCH: ONBT

*) Bonpock, omitocAuIKees K MpRPORE XWMBMECKOR CBAZH XOPOWIO pACCMO-
TpeRM B Kiurax: B oHApaTher, CTPyKTYpa aTOMOG B Momekya (cp B
ocobenioctn ta 10), wax 2-¢, 1959, M. B Boabienw e i, Crooeie n -
SuuecKue CROUCTRZ Monexyd, Man-so Axafemun payx, 1955; B, Depun Mote-
Kyas B kpheransh, W, 1947,

:
;
;
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nokasbiBaet, uTo Mosnexyla Hy BooGiue He HmeeT AHNOIBHOTO Mo-
menta. I1poucxomkaenue roMeonoNspHoll xHMAYECKol CBIIK AOATOE
BpeMS GO GOADBIION 3arasKof. }gla npumepe Mofekynn Hy met
TIOKAXKEM, KX 3T 3arafKka Gbifia pA3pelieHa KBanToBOK MeXaHHKON,

C caMoro Havala Mu CcllelaeM OBy Baxcuyio orosopky. Ona co-
CTOHT B TOM, YTO XOTH CBf3b B Mojekyie H, ofyclosiena 3uiek-
TPOIAMIl, NOJIHAK CACTEMA COCTOAT M3 weThipeX 4acTHU, T. e. H3
ZIByX (IpOTOIOB, U ABYX 3JeKTponos. QNHAKO yiKe HHTYHTHBIO MBI
4YBCTBYeM, 4TO, IOCKOJIbKY Macca npotoHa noutdt B 2000 paz 6oab-
e Macchl 3MeKTPOHA, NBHXKEHHS NPOTOHOB OTIOCHTENHHO UEHTPa
HHEPUHH SHAYATENBHO MeAsennee ABHNEHHR 31eKTpoHoB. [1osromy
Mbl MOXEM pACCMATpHUBATb NMPOTOH KaK HEMOABINKHEIE M HCCIER0-
BaTh JIBUKEHKE OMIMX 3MEKTPOHOB. TaKOe NPHEIHKeHHE Ha3bi-
BAeTCsl 4AHABATHUECKNM; OHO METAIblO HCCAeNoBaHo M. Bopuom
n P. OnnenrciiMepoM, ¥ Mbl Ha OTIOCSIAXCA CIOAA BONPOCAX J0Mb-
Ile OCTaHaBAMBATLCS He GyieM

Tycrs umeerca cucrema 4acThy|, cocrosimas M3 @ spep w N
2acKkTpoHOB. OG03HAYRM MacCh, 3apAllbl B KOOpAHHATH UACTHEL
CIEAYIOMAM 0Gpa3som:

dacrRua Macea 3apax Koop tsrars
Sinpo a My Zge
Backtpon k m —e

VYpaeuenne Lipeunrepa v aTix 0Go3rauenunx HMeeT BHA

Q N
2N Aa L —F
{~— Mﬁ—ﬁk}]mw}wfrw.

]
‘ (10.1)
v et —\‘
i%‘k\’l"n\ R

TIpuMeN TCAEph BO BHAMAHKE, uTO, COLIACHO YIKE yNOMHHAB-
weiica teopeme Bopua u Onneurefimepa, mb MOMEM H3ydaTh JBH-
KEHNE EKTPOHOB, Npenesperas ABUKEHHEM sLUCp W pacCMaTpHBas
KOOpPANHATH NOCAEARHX KaK NapaMeTph. B COOTBOTCTBHM ¢ 3TUM MBl
HMeem MpaBO B ypasHewun (110.1) 3auepKayrte uien, OmMCHBal0-
uiHi KHHETHUECKYIO 3HCPrHIO siaep. Ypasuenwne (1101) Torma mpu-
MeT BHT

E(R) e (110.2)

b
{—7;— ¥ A+ V}w
O
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{.06CTBEHHEE 8jjaUelINA 9TOTO YPABHEHHS HASHBAIOTCA «3ICKTHOII-
u0fl sHepriefi»; OHH MBAATCH (YHKUKEH MEXbAACPHOTO PaccTosn~
rust R:

{_%EAH‘ Z|
k i<k

) %f}w—f(k)w»
il (110.3)

Cépatames Ten‘eﬁb OT 2TOTO OBIEro ANs CAy4as KOBAJIEHTHOR cBS-
an ypaeucuus Hlpeannrepa cremnanbno K KBaHTOBOMeXaHuueckoit
TEOpHH MOIEKY/Ib BOAOPOAa 11z D1a Teopun Grina passura u omy6-
nnkosana B 1927 r. B. Tafitneponm u @. Jlongonom *). Kauccreennad
€TOpoHa OOBACHEHUS 1€ Bh3biBaeT cOMHenHil. KoamvecrsenHoe co-
rnacue uMeer Mecto B mperenax 10%. B nmocaegyownx maorounc-
reunbix paboTax 3ajaga peumlanace APH HOMOWH paSHOOOPA3HLIX

7 4

v

Pa, ez

Puc. 85.

YayQIIETHBIX M2|EMATHYECKHX MCTOAOB. JIJA jamHX ueselt usro-
Kenue npoecroll teopuu Tafitiacpa — Jlongona Bij0/1He ROCTATO4HO.

B cBoeit tcopun [afitaep n Jlownon noabsosanuce reopueii Bo3-
Myliennit. PaccMOTpHM BOMHOBYIO (YHKUHIO H TaMIILTOHHAn MO-
JIEKYJIbl BOJIOPOAA.

Tpennmonomnm, uto nea atoma BOAOpoAa ¢ u b (puc. 85) waxo-
ARTCS HA GOJBWOM PACCTORHHM Apyr OT npyra. C KiaaccHuecxoif
TOUKH 3PEHHst /LISl pacyera TaKol CHCTeMbi JOCTATOYIIO YUeCThb, 4T
KaMC bl M3 2JIEKTPONOR STHX aTOMOB CBA34H CO KCBOHM> [IpOTOIION
SJCKTPOH [, MONOKenHe KOTOpOro XapaklepHayerTes paiiycoM-Bek-
TOPOM Ty, CBA3Al ¢ RIAPOM 4, 2 3JEKIPOR 2 (PajiyCc-BCKTOP I'y) —
anpom . Boniiosas QyHKuHMs Tako# CHCTCMB MOJKET GbrTh MpelcTd-
BJICHA HPOHBBEIleHHeM

Py (11, T

a (T1) o (€3). (110.4)

*) Mpceocxomuoe  Tomyampuoe msnoseane teapry Tadmacpa — Joisona
mamo 5 kmure B Tafitmep, DicMenTapnas KBanToban wcxasusa, Mockya,
1948 Ovuenb JeTagbioe HIOKENe KEAKTOROR XHWIIM, TIPENIIA3HAICHHOS A% MUK,
INEOUIX .60 TIOATOfOBKY B MATEMATHKE K B 4TOMHOM du3HKEe NaHO B KIre:
/. K03Mah, Beeflenne B KDaTOBY:0 XuMmiO, icpes. noa pen. §1. K. Cupuna,
«<Map, 1960.
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Boguobbe (ynKUMH SMEKTpOHOB WSBECTHb: 5TO GynKumu ls
HOPMAIbHOTO COCTOSIHHSI 4TOMA BONOPOAA:
L
a ()= e,
Vo

(110.5)

Tipayem

re=lt—Ra|, n=Ir—R,} a=-z3 (110.6)
{cm. Tabanuy oGoanaueHuil Ha cTp. 423).

B popmyae (110.5) V'1/nal — HopMupyiouLBl MHOKHTCIL:!
[ walrrdr= ] dutrpdr=1.

Mbl IpeAnoJoKEIN, UTO 3NEKTPOH ! OTHOCHTCS K aToMy @, 4
aaexTpod 2 —x atoMy b. TTocioabky, 0aHAKO, 3MEKTpOHE! 11EPA3IH-
UYHMbI, ME MOMEM MpeACTABHTb cebe, 4TO OnM MOTYT OBITe Depe-
cranjenh ONHH 11a MeCTO ApYroro 6es ussenenus obwjed suepeuu
MOAEKYAbL DTO 3HAYUT, UTO 31€KTPOH | MONKET OTHOCHIBCS K [pO-
TOHY b, & 3MeKTPOH 2 — K NMpOToHy a. BoxHoBast QyHKUMR CHCTEMS!
$yner Tenepb

2 (5, 1) =1 (1) (1) (110.7)

DYAKIHE g (1, T2) A e (F), F2) ABAAIOTCA SIEKTPOHHHIMH QyHKUHUA-
MH MOJEKyJhl BOROPOAA B HYJIEBOM MpHO/HMKCHHH. MBI JLOMIKHEI,
creaoBaTelbHO, paceMaTpHBate 0ba cayuas (1106) u (110.7), a
TIOCKO.1bKY SHCPIHSi B 0GOMX CJYHASIX U3-00 HEPASAURUMOCTU SAEK-
TPoHO8 OCTaeTCs oMol H Toil ke, mepea jamu cydail AByKpaTHOrO
OGMCHHOrO Bripoxkaenus. Ilyth pemenna 3ajagd aHATOTHYEH pe-
Wenmo 3a7aun 06 aToMe renus C OlHOM CYNICCTBeHHOM OroBOpKoH,
XaK YRUZM IHKE, B JIAHHOM CHyuac Mrpaioueli petlanolyo podb.
B cayuae reaus ME HMeeM 00RO A1pO ¢ 3apsioM --2e, OKOI0 KOTO-
POro O6pamaioTcs NBa 3JEKTPOHA; B Cayyae MOJEKylbi BOAOPOLE
Mbl UMeeM 08a Adpa C O6WEM 32paioM TakKke 2e H JIBa HNCKTpOHA.
B mocaennem caysae BOaqHOBHe Gynkuma daextpora ! [o(r)) n
Vu(r))] W suexrpona 2 [gs(Fe) U 1pa(re)] HeOpTOZOHAAbHEL TAK KaK
BO.I0Bble QYNKIHU g ¥ tpp OAHOTO K TOrO XKe SJMEKTpOHa COOTBET-
CTBYIOT CTY4asiM, KOT/la STOT SACKTPON «TpHUnafdesHT pasHbiM fil-
paM, a He OMIOMy, KaK y reans. Hnrerpai

S= [ baws(rdr, (1108)

Ha3HBACMLI HHTETpAJIOM NepeKpLIBAHHR, HE PASEH HYAIO.
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Toanas BoaHOBas (yHKuusS 3aBUCHT KaK OT KOOPAHIAT, 4K ¥
OT CNHHOB JIEKTPOLOB, a NOCKOILKY CTHHB H KOOPAHHATE MEXAY
coBoli 11enocpeACTBENO He B3aUMOZENCTBYIOT, LOJHAS HOTHOBAA
(QyHKUMA PABHA NPOM3BERCHHIO KOODAMIATIOR H CTIHIOBOH dyHK-
unii. ECn nosTOMY MO/HAas BOJIHOBAS qyHKHHR aHTHCHMMETpHUHA,
Kai toro TpeGyer npunuun layan, To o xoopaunaruas Gynkins
CHMMCTpHYNIA ~~ 10T2a CNHIOBAH 1OKHA OBITL AHTHCHMMET PUYHOI,
2nG0 1a06opoT, KOOPAUHATHAS dhyHKINA AHTHCHMMETPHYHA — TOTAA
CnuHOBAs NOMKHA ObiTb cuMMeTpHYHOR. Hiuke Mu pasbepem
06a 5TH cayuas, a cefl4dc aMeTHM, 3aferas HECKONbKO BNEpeL,.
9TO KPHBAs 3aBHCHMOCTH 3UEPTHH OT PACCTOAHHA MMEET ONpPCACeH-
HO BHPAKEHHEI! MHHHMYM, YTO COOTRETCTBYET CyLLECTBOBANHIO
YCTORUHBOM MOJIEKYMbI, IPH AHTHCHMMETPHYRON COMIIOBON (ylKIUY,
T. €. CIHAOBOA (YHKIHUH, paBHO

7Rl e @—0 e @1 (1109
C 57070 cilyuan Mbl H HaYHCM 1alE PACCMOTPEHIC.

MTaK, MB MpeAnosioHuM, UTO CuMnbl 3cKTPOHOB aHTHIApas-—
nenpnbl (cm. § 89). KoopausaTHas wacTh BOAHOBoM dyHKuau ion-
®1a Gbith, COTMIACH0 CKA3AHHOMY, B 3TOM Cly4ae CHMMETPHYHOR OT-
HOCHTCJILHO NEPECraHOBKM 3JIeKTPolloB. ITOMy TpeBOBaHMIO yaOB~
JiersopAer Gynkuus

{11, 1) = Cpa (1) Wy (F) + 15 (1)) $a (1))

Hopmupyomutii muokurens C yAoBIeTROPSET YCAOBHIO

C [ b () Wo ) -+ 05 ) e ()2 dr, dry =

—c{%e@ren [ v ant [ vyt [ vamyan -+,
2[R rws () [ e () b0 ), =

=242 [ a0 b0 e, [ alr) s (0 dre } =
=Ct24 257, (l10.11)

(110.10).

1

S= [ a0 ¥ ()7, = [ (o (r3)

Hurerpansl S He pabHu ny 0 ACIECTEHE REOPTOFOHANBHOCTH COB-
CTREHHBIX QyHKUMH W paBlibi Apyr ATy, TAK KaK APH 3aMelle me-
PEeMEIHBIX MHTErpHPOBANMA BE/NMUMHA MHTETPANA HE MeHAeTCH.
Wrtak,

1=2C3(1+ 8%,
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TAaK UTO

(110.12)

Vaa+sh
T. & TO/BKO B NPEAGNLHOM Ciydae GECKOHRWHO GONbuOro paccros-
nust MeXay atomamn €= 1/}/ 2. Tpu xosewnom pacerosinuu C Aot
pamactes gopuyaoi (110.12); dynknust (110.10) sasercs npa-
BHULHON (yHKUMeR B HyieBOM |pHOIMMEHHH, KOrAa e y4TH-
BACTCH B3AUMOISCTBHE MeXAy ABYMS aTOMaMH BOJLOPOLA.

Tamuibrosnan *) wauieii CHCTEMBE ABYX HOJOPOIHLIX aTOMOB
paser

i Lid
# *mAIMTn,Az_FV’ (110.13)
fae V —noTeHnMaILHas SHEPTHS, KOTOpaX BLINIALAT TAK:
2 2 " . 2 2
Y N S NN . TP
ra Ty fay e, + iz +z (tro.14)

Tlonoxurenbilie YIEHH COOTBETCTBYIOT OTTANKHBAHHIO OAHIA-
KOBO 3apSKEHNBIX ICKTPOHOB (€%/r3) u upotonos (e%R). Ipu
ITOM HyJICBOE 3hANeHHEe MOTEHUHANBUOH 3HCPrHK BLIGpako TaK, Ut
OHO O0pamtaeress B HyMb, KOrAA BCE YCTBIPE SACTHUB (ABA 3AeK-
TPOHA W 1B NPOTOIIA) HAXOAATCA Ha GECKOHCYHOM PACCTORIUH
ApYr OT dipyra. Haree r, = r,—R,| cootsercrayor paccrosuuio
MEHy 3AEKTpOHOM [ u mporoHom a, r, ==|r,— R,|— paccros-
HHIO MEXJy BTOpbIM 3JEKTPONOM H TtpoTonoM b, R = R, — Ry —
PACCTOSHUIO MCHKAY NPOTONAMH,

B reopnu Fafitiepa — Jlonona S1eprHs BOROPOLHON MOJEKYJIb
B [EpBOM NPHOIMMEHHM BRIVHCISOTCH K&K Cpeanec 3Havenue a-
munbrorHana (110.13) B cocTosnu ¢ GyHKUMIMA HyJeBoro Npu6-
wkenns (110.10)

E=”~wg¢dr, dr,. (110.15)

Bylem BhuHCIaTS 3TOT HHTErpai cieaylomum obpazom, [lox-

CTaBiAsl BO BTOPYI0 (YHKUHIO 1 ee smioe Bupaxenne (110.10) ¢
HOpMUpYIOIAM MyoxuTenem (110.12), monyyaem

E= ﬁ ” PH(E1, 1) o (1) a (1) AT, dry -
+oss [ [ Ve v dn dn. d106)

*) Bo c # op " atoma
H, i Gyaem 0603iauath B 5ToM Maparpade raMKALTOHHAN PYKOTHCHGIM 6.
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Jlerko BHEeTb, YTO BTOPOR HNTErpas paBeH NEPBOMY, TaK Kak
OHH Pa3ARYAIOTCA TONbKO MepeMeniiME HHTerpHpOBanus. 3amenss
Tenepr B (110.16) nepayo ¢ysKUMIO ¢ €@ ABHbIM BbIpaKCHHEM
(110.10) ¢ Tem xe nopMupylowuM MioKuTeneM (110.12), noayyaen

B [ o 0w 1 2 51, 1) r) i (1

4t [ [ o0 () 2B 51 e bt w09 drrdm,. (10.17)

Oueparop J#(ry,rs), nNpuuuMas BO BHHMANHE BLIPAKEHHA
'(110.13) n (110.14), MOKHO TMpeiCTaBATL B ABIOM BHAC CaeylO-
MM 06pasoM*

B o r,z B

(v, 1, —WA,_,T’)-F(— - _fT,>+U’ (110.18)
o2 e e e

V=it g (110.19)

EcaH TencCpb npunath BO BHUMAHYE, UTo NepBas K BTOPAsk CKOGKH B
tdopmyae (110.18) npencrasisior cofiofi nepsle wacTd ypasHeHus
lllpeansrepa A CBOGOIHOIO ACKTPONA — NEPBAs, KOTAA Oh OTIe-
CeH K MpOTOIY &, a BIOPus — KOTAA OW OTHECEH K npoTony 6, TO
MOXHO HalHcaTb

(—f—;ﬁl *,L:l)wa (@)= Eapa (), (110.20)
(—%Az ~f—,}) s (02) = Eutbs (13). (110.21)

3nech £y, 0uGBHANO, FHEPLHS MIEKTPONA B HOPMATLHOM COCTON|IHH
aTtoMa BOOpOa, 1. €. 13,6 9. dopmyanw (110.20) u (110.21) no-
KasblBAIOT, YTO KOLZA aTOMBI BOAOPONA HAXOLSTCH Ha GECKOUeuHo
6OJILIIOM PACCTOAHKA JPYT OT JPYra, IHEPTAS CHCTEMbI TPOCTO paR-
na 2E,.

Paccmotpum TCnepb Cayuai, KOP(a aTOMb! PACTIOAOKEHL HA Ko-
HEYHOM PACCTOSIHMK APYT OT Apyra. B 210M Cayuae nmoreHuuatbnaz
sueprust U dopmyanr (110.19) ominuea ot myas.

Hro6ul BHINOARKTYL BLiuncIenue suepruu (110.15) & 5ToM cayuae,
BBCAEM [1BA HHTErpada

9= 1§ 0etr by () Upa (r) s (i) e, dr, =
= [ [ 0o (60 0 () U (r) pat) i s, (110.22)
K= [ s ) ha (£ Uba (1 g (r)dm dra. (110.23)

T —
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Pacemotpum 7 nuTerpans. 3ametnm mpewmie BCEro, yTO BCJIeN-
CTBHC CtpyK1Vpel ofiepatopa U [opmyaa (110.19)] & sem yyu-
THBALTCA B3AMMOACHCTRHE 9JEKTPOHOB MCHy oGOl (paccrofimue
(r12)) B3AHMOUEHCTRHE NIPOTOHON MeR1y COGOH (PaCCTOAHHE R) m,
HAKOHel, B3aMMOJEHCTBHE 3MEKTPOHOB C MPOTOHAMU (PaccTOSHHs
o, B 7o)

Wnrerpan J ecrb #e uTo mioe, KaK CpeNce 3naycHue SHeprHu
SAEKTPOCTATIHUECKOTO KYJIOIOBCKOIG BIaWMOXEHCTBI MEMKAY Jex-
TPOHaMu, MEKY MPOTOHAMH, A TAKIKE HAEKTPOHOB, B 11}AEBOM TPH-
OMIKCHAI HAXO,UIULXCA B COC10AHAAN ho M Yy, C TPOICHAME b U @
COOTBETCTREHHO (B3AHMONEHCTBHE SIEKTPOIA € <«UYIHM® ApOTO-
tom). Tlpuucy yutedn 06a caydas: s1ektpon I o 1€503MywennoMm
COCTOAHNH NPHIBICKAT TPOTOHY 4, a 3IeK1pOn 2 ~— IpoTORY b u
Na060POT: MPH YAanenHhix IPYT OT ApyTa atoMax ¢ NPOTOHOM a
CBA3AH SMNEKTPOH 2, & C POTOHOM b — saekTpow 1. DTOT HHrerpas
20a0T14ell COOTBETCTBCHHO YCPEMIIeHHON S1ePIHU S1eKTPOCTATHYC-
CKOTO B3aWMoeAICTRAA B 3aiauc 06 atome rexus (§ 88). Mirerpaa
J MOX110 Ha3BaTh KyIOHOBCKHN.

Hurepnperamns unrerpata K caomuee. Ero Moxno paccwalpn-
BaTh KaK CPCAIOI0 SHEPINIO KyJTOHOBCKOTO B3aMMOIeHCTBHS, KOrjaa
SIEKTPOH [ OMHOBPEMENNO OTHACITM CBA3AH ¢ AXPOM @, OTYACTH ¢
ALPOM b} BCIENCTBHE (OKICCTBCHHOCIH SACKTPOHOB TO K€ OTHO-
CHTCH K 9/1€K1POHY 2, COOTRETCTBEIHO CA3AHHOMY OTHACTH ¢ AAPOM
b, OTHACTH C ARPOM . DACKTPOHH KAK GH MCRSIOTCH MECTAMH (oM.
§ 88), mBugy uero iurerpan K 11a3uBaercs oGMCHEEIM, QOuesuiHo,
nnterpaabt J o K spasiores GyHKusaMH pacerosmmil memay Tipo-
TOHAMH.

C yuerow coornowennfi (110.20), (110.21), (110.22) u (110.23)
BLipaKenHe JL19  SJACKTPOHHOH IHCPIAH  MOdeKyJabl  BORODOLA
(110.17) moxno nepenucaTh B BHRe

E(Ry=2E,+

; (110.24)

I+ K
+ &

Kpusan 3aBucumoctn smektpounoit sieprus vosexymst 1, or
paccromilnst MeXAY NPOTONaMH, BHUACIeNaA N0 dopmyae (110.24),
umeer MunuMym (puc. 86) npu onmpesesensom paccTOAHiH MY
sapami Ry [lo Mepe cOMUKENHA aTOMOB noduas SICKTPOHHAs
SUEPTHA CHAYANA yYMCHBINACTCS IO CPABHCHHIO C CyMMapHOH 3Jex-
TPOIION SHEprHeil HeadaMOAEC I BYIOWNX aTONOB, a saTeN mayd-
11€T Pe3KO Bo3pactarb. DT0 O3HAUAGT, UTO B PACCMATPHBASMOM
Cayuae 06pA3YeTCs YCTOWUHEAA CHCTEMA M3 IBYX CBSI3AHLIX aTO
MOB BONOPOLE — MoseKyaa Ha

Ha sKenepumenTaibnoil nposepke peayanrara Mbi 0CTAHORHMCH
nNO3RHES, A MOKA OGPATHMCA KO BTOPOMY B3 ABYX yHOMSIHYTHX cay-
93€p, 4 HMEINIO K CIYualo CHMMETPHUYHON CIHHOBOH (YHKLMH K CO-
OTBETCTBEHKO AW MCHMMeTpHanofl KoopanuatHoi. [Ipeanonomum,
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CJae10BaTe/|bHO, YTO CAHHBE 3J1€KTPOHOB mapalaedbHbl, T. €. CyMMap-
HEIX CIIMH MOJEKY/Ibl paBeH eiuHiRe. DTOMY CIydaio COOTBETCTBYET
TpH CHHHOBHX dyHKUMH (cM. § 89)

ot (Do (2),
lo* (e~ (2 +o~ (He* (2,

9™ (1)o7 (2).
Takuy 0GpasoM, OMUCHBAEMOE COCTOSHHC MOMEKYMNh AOIXKIO GuITh
TpunetiHeiM. CobeTBenian ¢y Kuns, cOOTBETCTBYIOmas GopMysne

V2

Puc. 85, a) Kpumas, noctpocnsas no gopmyac Mopac, 6) I 3 — xpussie co-

OTHETCTRENHO NAA TPHWIETIIONG H CHATJICTHOPO COCTOAHUA, LOCTPOCHHHC DO

gopuyaam Taiticpa —Jlontona: 2 u 4—Te Xe KpuBNe, LOCTPOCBHLS NO
gopuyae Mapse.

(110.10) ¢ nOpMEpyOWMM  MHOKHTENEM, COOTBETCTBYIOUHM
{110.12), Taxosa.

B iry, 1) =——t

[a (1) s (r2) — o (1)) $a (F2)]. (110.25)

Vi
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DHEpIHs, BLIMHCICHHAR APH MOMOIM 5T PopMyAbl, paBHA

E=2E+ (110.26)

I—382"
31aueHHs BCAUTHH, BXOLSUMX B 9TY (OpMyly Te Ke, uTO H B (op-
Myae (110.24),

Kpusas aas 3aBHCHMOCTH 3HEpruM OT PACCTOAHUS, COCTBETCT-
Bywomas gopmyne (110.26), He umeer mmmMyma. Do sHauuT, 1TO
MOJeKy/1a BOAOPONE B TPHANETHOM COCTOANNU Heycrolinnpa. To ecTh
MOJIEKY/1d, UEPEXONAILAS B HEr0, PaCnafaeTes, NpHueM aToMbl BOLO-
PONA PAICTAIOTCA € COOTBETCTBYIONICH KHIIeTHYOCKOR Snepraefi.

OCparuMcst TCNCPb K SKCIEPUMEHTAIbHOH NpPOBEpKe TCOpHH
Fantaepa u Jlonmona, C 370ff ueavio yAOGHO BOCMOTB3OBATHCH
Tak HasuiBaeMoll gopmyaoit Mopse, Mopie nokasan, 4To €CJIH 1€k~
TPORHYIO IOTEHURAIBHYIO 311EPTHIO BBIPA3UTH GOPMYJICH

U(R—R)=D.[1— e PRI, (110.27)

£a¢ Dy — 11012 AMCCOMNALMH, OTCYWIAHHAS OT MHHHMyMa Suep-
THH, H B — HCKOTOpAS KOHCTaHTa (3abHUCAILAN, MEMAY 1pOuKM, OT
© — 4acTOTH Konebanud sinep), To ypasuenue W pesntrepa 15t Ko-
nebatebubix ypoBHeHl Oy/ler HMers crporoe pemenne *). Ha
puc. 86a usobpaxena NOTEHUMANbnad KpHBAd, NOCTPOEHHAS IO
(GopMy.te Mopse, DHEPI KA, CT.I0KENHIA 110 OCH OPIHHAT, BHpaKeEHa
B ¢!, npuueM B atoMubix efmwuuax ! cu—~l= 12397 ss Ha
puc. 866) moKaszambi 1MA CPABHEHHS TEOperHyecKHe KpuBLe, Mo-
CTPOCHHHC 10 GopMyne Mopse 19 TPHUNCTHOTO M CHHEIETIIOrO
COCTOSIHHI, H KpHBbIe, HOCTPOCHHBIC M0 (opMynanm Tcophu [afitie-
pa—Jlonzona BHAHO, 4TO HMEETCR 1104YKONHUECTEEHHOR COBNAe-
HHC, CBHAETENRCTRYIOlICE O NPAaBHALHOCTH OCHOB Teopun [aiitie-
pa—Jlownona (I —JI), no Hykaaomeecs B yroupenns. B yact-
HOCTH, JL1fl SHEPLHH CRSI3H N0 3MAHPHYECKWM LAHHSIM [0y 4aCTCS
4,74 96, 110 teopuu [ —J1 3.17 86, af Ry o sMmupuuycckim fai-
ubiM 0,7417 A, mo T' — J1 0,88 A; nocTosiunast B hopyy.ner Mopse 1o
pacvery pabia 1,843 A, yactota @ no gopmyme Mopae 4395 ca',
no reopunt M—J1 @ = 4400 ca~'. Yrounenmo pacuetos MOTCKy.1H
Hy ¢ Goaee coBepuwenubiMH pPacHeTHsIMH MCTOLAMH. HEKE ¥ NpPo-
CTast TeOpHA BO3MYILe|Hll, IOCBAIIENA OrPOMHAR JTHTepaTypa. Las
O3HAKOMJICHHA € 3THM PA3BHTHEM TEOPHH XHMUYCKOfl CBA3H ClefyeT
PEKOMCHI0BATE HHTEPCCYIOIMMCA CHELHAJBHBIE MolOTpaduu 1o
KBAHTOBOH XMMHN. 3aMeTUM B 3aKTIOyenuu, y10 reopus Tafitacpa —
Jlouaona e OrpanRuUBaeTCA OGLACKEIHEM [PHPOILI XMMHyeCKOd
CBSI3H — 3HEPTHH ¥ PAAHYCca MOIEKY.TH B HOPMATbiOM COCTOSUIRH,

*) Cot. T. FepuGepr, CUeKTpw U cTpoGuNe ABYXaTOMHLIX MOJCKY,
Mocksa, (949, erp. 77. Dapuysa Mopse GHIa y2ReHa SMIHPHUECKHM DYSCM, HO
OHZ C YCMIEXOM OPHMCHACTCH (MG NOCTPOCHHMA NOTe|LHATLHLX KDHBBIX.
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HO Jlaer O1Ber U HA BOHPOC O JPOHCXOKIAEHHH KPYTHX CBOHCTB MO-
ReKYJ, nanpuvep O NOPa3HTENHHOM CBOCTBE HACLIUIEHWA, T. €, OF-
BeT Had BORPOC: [OUEMY [BA aTOMa BOIOPO]4, COGAMUAACH, AAIOT
YCTORUUBYIO MOICKYAY, HO TPRTHIl dTOM YKC HE MOKCT NPHCOCAH-
HATHCA K Hefl. B ciyyae moiekyn Gonee CROMHBIX, HEKedd JBYyX-
aTOMHblE, COBPCMEHHAS KBAIIOBAT TEOpPUA NACT PAYMHbIE Kayect-
BCHHLIE, & HHOI1d H HOJIYKOIHYECTBCBE orBerhl. [Ipimepars Mo-
IYT CAyRHTL O0BCHEUMa toro (akTa, 4o B Mo/eKyle MeTawa
CHy aromsl B010POAa paciiod0kKenbl (o BepIHHHAM TETPAIpa, a,
HAMPEMCP, HE HO BepIIMHAM KBAAPATd; TEODHS BAMHCHIIUX B TEO-
PeTHUECKOM H MPAKTHYCCKAX OTHOUIGNUAX APOMATHYECKHX YLAeBO-
N0po10B (Bed’osn W pAA NOTHIMKIINCCKHX H TeTepOUMKAHGeCKIX
YLEBONOPONOB) 1 MHOrHEe APylHe. MpoTouncieHHLe ysieKarenn-
nble M BaXKHble HPOG.ICME KBAHTOBCH XHMHHM H30%elbl B Goratot,
UMEOUICHCA HA PYCCKOM SI3BIKE, MOHOTpa(MuecKoli 1 yyeGKON MhHte-
paType, K KOIODOR MBI H OICLLIAeM HUHTEPECYIOWHXCS uHTatenefr.

N—

APHNOXKEHHUSA

1. HEKOTOPbBIE MOJIE3HDIE HWHTETPAJbI

1. Hurerpaasr 1upa

Iyy= f xe=axt dy
Q9

Aa M1060r0 HEIOr0 K JIETKO BEUHCASIOTCS Auddepennnposancs
1o frapaxetpy. HeicrBuTensho, direrpan f; na3gecTen:

i . [ ars

= | e-**gx I

=] d VL

1
Iocaenosatemnuo mnddepcnanpys o fapaMerpy o, noflysaem

_dly oo aw II/T
e —Jxa de=- =1
o
L”Z__ { Ap—axt f
—ny'xa dx
o

(rn

2. Wurerpan

1aKKe JIETKO BHIUHCIATCA Nu@depenunposanieM 00 mapaMerpy.
HenocpencTnentoe Bhunc/eHRe faeT MPeRAE BCero

ID=J e-"dx———;';.
o
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Hasce anddepennuporanien no napaMerpy « noyyacm

!
2a4

—— ‘ xe= " gy =
[t

(1.2

H. QJEKTPOCTATHYECKAS 3HEPTHSI B3AMMOJLEWCTBHS
ABYX 3APSIIOB
Tlpu pemrennn sanaul 0 HOPMANBHGM COCTOSHWK ATOMA TCIHA

(§ 86) HamM BCTPETHJCA uUIECTMKpATUHE WuTErpasd, KOTOpHIl B CO-
KPauIeHHOM BURE MOKHO 32MUCATh TAK.

o ff e
"J demm, (. b

dr, = pldp, sin®,dd de,, dt,=p} dp,sin,dd,dy,

1

JLas surmcacnus (11.1) aametnM, yto K T2KOMY Ke nuTerpany
CBOANTCH BEIYACIEHHC SHEPTHN B3aHMOIefCTBUSL IBYX CiepHuecku
CHMMETPH‘IHMX 3apanos ¢ nIor-
HocrsiMl e~® B e~f, UroGul
WME1b TpH BBIMMC/CHHH HHTEr-
pana HALTAIHYI0 KﬂpTl]Hy, Mbi
Gyaem pemiath HMEO 5Ty NO-
CAETHION 3a1auy.

ITyta pemenns Gyner Taxofi:
cifasana  Hafilem  BoipameHue
TIOTelMAIa, CO31aBAeNOTo 11ep-
BbIM 3apAfoM, A% HETO BHIIO.
HHM HHTErpUpOBaHHe Mo d3). a 3aTeM HafijleM SHCPrHIO B1OPOro
3apsiia B noJe nepeoro, Yt H HACT 1AM HHTErpax (It 1.

Mrak, HauueM ¢ BBIVHC/CHHH TOTelnHala Nepsoro sapsafa H
npexie BCEro NPOHH1ErpUpyeM Mo yriam 9y W ¢y, T. € nafieM Hi-
‘Terpat

Puc. 87.

o1

i sin ), 49,
e-optdp, ( g, | At (11.2)
P

Mbl TIOTYSHM NTDH STOM BBIpANCHHE NOTCHLHATA, CO3NABAGMOTO Clhe-
pHYECKEM CHUEM MepBOro 3apAka C pasuycasu pr u py+dpr B
touke A, rue TOMeuraercs i€MeHT BTOporo sapsfa e~ f:dty, or-
€TOAIAR lia PacCTORHHK p O LEHTpa cuMMerpun O meproro 1apana

{puc. 87).
Paccrosiie pr2 3aBHCHT o1 {h M, KaK BILAHO H3 PHCYHKA, pasio

pa=V P 4 p{— 2pp, cos B,
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Hrax,

o P
_ sin b dfh .
e mp:dpldrdlp‘nf%p:? ! _2“9_"‘P.dpx0f

sin 8, at,
Vo' +oi—20p, con 8

)lllﬂ BbIMHCJIEHHS OCTABLIErOCH HHTErpara o @ nenaem noncra-
HOBKY:
0? -+ p; — 20p, cos ), = 27,
. 1
Sinty db = ——zdz.
PN oy
TCﬂepb lﬂl’re]’paﬂ BLIMHCAAETCA JerKo:

=
f sin B, dB,
iV

0"+ 0] — 20p; cos B,

= o (VB0 T 2o, — Vo T2,
Bropoit Kopenb crrexyer 6path Tak, uTOGH! TI0.IKOPCHHOE BlipaKe-
He Bui0 H010KHTeAbno. CaeloBal cabio, noJ’yuaem
B i p>p, Voitpl — S —p—p,
. 6 mpr p<p, Vp'F o205, —p,—p.
Hosromy
fSi" #, 40, :{ 2,p B cayuae a),

;e 2/p; B cayuae 6)

(I1.3)

H COOTBETCTRERHO
3

sin 9, d9, e Piplap
2e=0 g dp, ﬁ%‘:““p‘*l [s cayuae a)],

o

n
2ne=mpl dp, [M—:me““‘dm [8 cayuae 6)).
o

©

Ipn unrerpuposannn no P, OUEBHIHO, CIEAVET DPUHHMATL BO BHH-
Maune 06a 5tH eaynasd. BLioakuM 510 nocenuee HH1eTPHpOBaHue:

o » "
e~ dr TPl ap,
Vipy — f Tz\l —dn J % 4 dxn V( e~Ppy dpy.
o o 0

st o
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O6a Hyrerpana Jerko BHYHCASIOTCA WHTETpUPOBAHUEM 110 YACTAM.
B pesy/braTe HaXOAHM

Vi) ="E[2—e o+ 2) (1.4
Hexomuiii wurerpan (1. 1) Teneps Gyaer pasen

o ;21

1=[vioyeran | [ [ v(o)eopiap,sine, o, dg,~
¢ 660

—dn J’ ?_"e—g, [2— e (9, + )| pRdp,—20n%. (L5}
02
F



HL DANOJNBHOE M KBAILPYNOJNbLHOE H3AYYEHHE

JAs BLANCIENHS SJCKTPOMATHHTHOrO MO U3AYUCHHS 11€06X0-
AUMO 3faTL NGTERUMANH — cKansphbil ¢ # BexropHuii A. Hanps-
HKEHHOCTH 11047 TOT/IA BHUUHCAANOTCA 10 PopMyaaM (cm. T. I, § 62)

1 6A

5‘:~gradq;777, H=rotA. {Ln
Totetiunans ¢ n A, Kak H3BeCTHo *), pasub;
q;:J%dr, A:%j—f,id'r, (11,2

Ie 1’ — paccrosinne OT Touku P (puc. 88) ¢ xoopmunaramu X, ¥, Z

AYZY)

Puc. 88.

B MOMEHT [ IO anementa obneMa @ ¢ XOopaunaTamm x, y, 2 B 3a-
Na3ALBAOWHRI MOMEHT
t=t——,
3
BMecTo IN0THOCTH 3apANOB p ¥ MIOTHOCTH TOKOB PV = j NOACTABAM
X BHPAKEHHS B 3aBUCHMOCTH OT BPEMEHH, PENIOAras, YTO Koaex
Gauus IPOHCXOAAT MO ra PMOHHYECKOMY 3aKONY:

p=poe—t2w, j (111.3)
Iycts O — Hauatno KOOpAMNAT, BHOPANHOS BlyTPH OBIaKA 3apana.
Paccrositme or O no touxu nabiogenus P ecth R; pacctosmwe ot

O 1o anementa obveMa @ mycth Gyaer I, eANHHYHLIA BEKTOD B Ha-
npasaennu P mycro Gyner s. Toraa, nonsaras, uro R -> oo, umeem

(11,4

oemimt|

rf=R—rs,

onT‘ﬁLC;;ab. nanpavep, AGparam-Bexkep, Teopun smekrpmsectna, T. I,

s ST
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# CJ1e10BaTENbIIO,

r R rs
t’ft—T:t—T-l»T. ({1L.5)
TMoacrasum (H1.3), (111.4) u (111.5) 8 (I1112). IIpu stom 3name-
Harens I/’ Mul MOXeM ¢ IOCTATOUHOE TOMHOCIBIO 3aMEHMTL yepes
1/R, TaK KaK Npy pasNoCHHH I/r’ 110 OTPHUATCALHBIM CTCiEiAM R

[ [ B
TRt RETE S
B cayuae R—> oo MOXIO iipeuebpeds BCeMH WIeHAMM, KPOMC Iep-
Boro. IlprnuMas Bo BuuManue xadee, uro seaeacrsue (111.5)

R 2nv

=) =

e

nosyyacsm

(111.6)

L7y

OrMeTEM Tenepe, 4To 3anasfnpanre obycnosaeno b (I115) unenoM
% u coorsercTienno 8 (I11.6) u (111.7) — aKCioHCHUK ANbHLM
2y P

- =
MHOXHTENEM e © —e . Quesuako, 410 ecan

2:
=g, s

T0 3KCTIOHeHUMasbiblii MHoXHTesb B (111.6) # (11.7) moxuo no-
JOKHTH DABHLIM LHHHLE, H Mbl 1OYYaEH

S (1 —cﬂ) JL s

R
R
) fidr.
¢

Al e (1 -7
- R

(1.6}

(1.7

BT0 — nOTeHUHAIH 331aU¥ 00 H3MY4EHMA SNEKTPHUECKOTO AHNO/s
{munonb Tepua) *). Yeaosue (I11.8) ocyuiecrpaserca B ciydae u3-
JIyuennst aTOMOM B ONTHUECKO# wacTu ciextpa. JekcTBurensio,

. *) Cw. Asparam-Bexkep, Teopun sac«tpruccrna, OHTH, 1936, 7. 1,
7,
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PasMCpbl aToMa nopsika 10-% car, a pouna mOMREB, COOTBercTBYIO-
as ORTHYCCKON YacTh cnekTpa, nopsiaka 10-5 cu. Cacenosatensio,

e

2

~ 1078,

T. e, yeaosne (I11.8) Benoangercs. Urak n sanaue o6 HCTIYCKANHH
CBeT2 B ONTHUECKOH YACTH CIIEKTP2 W3AYUAOmHH OOBEKT {aTom)
MOIKNG, BOOSIE TOBOPH, PACCMATPHBATL KAK SNEKTPUUECKMI NH-
FrieX 18

B oflien ciiyuae, 0nuaKo, r MOKCT OKAa3aTheA CpaBHUMEM ¢ A,
7l TIOTOMY SKCNOHENNHANbHLI MHOKHTEAb 32NA3NLBAHUS 1EAB3T
CURTATL DABHLIM elmrhuue, UTOGb 10ayuH b nANPSKEHHOCTH TOAS
& w 3% w1 notenunanos (1116} u (111.7), HYMHO LHd depeHtnpo-
BATh MOTEHUHAIL [0 KOODNHATAM ¥ N0 BPEMEHH TOUKH H4 61110 -
Aewua P(X Y, Z, ). Tpd Rudppepennuposatin o KoopaHnaTam
IKCHOHENLUATLHET MHOXHreIb

®

MOXHO cuuTalb uocrosunitiM. B camom acae, cocraBasomue enu-

X v z
HHYHOTO BEKTOPA S CYTh &, 5. — ¢
P Yo 7, R F TaK uro

Xt gt ez
I3

e e

R=V¥LViFZ

Tpu aupdepennuposann nokasareis o X, ¥, Z BORAYT Ccrenenn
R~), ko10pHIMH MOXHO npenebpedh, Tak Kak R —co. [To Tofi e
TIpRUANE DU ARGQEPEHNHPORANKE MHOXHTENS nepes HHTETPAIOM
3navMeHaTeIh R MOXKIO CYHTATH HOCTOAHUWM. MTaK, IpH BeMuche-
nnd & w J mo gopmyxnam (I11.1) enenyer UGB HepeniuporaThL
TOIBKO SKCNONEHUMANBHLIH MEOKHUTEN, NEPEN HATErpaJoN

R (¢ —§>.

B pesyivrate nonyyaercs

. e—m(,_c)f( ,

‘1@[‘5
ps—L)e™ ", quLg)

2y
—rs

€ dr,

(111.10)
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11 ZNTONLHOE 1l KRASIPVIOJIBHOF U3JVUEHNE 441

Tlonbsyacs ateMB GOpMyJaMH, MOMHO NOKa3aTs, 410 & u ¥ No
a6CoaIOTNOR Benuukriie APYT APYFy PAaBHHEL, MEXAY COGOW TEpneH-
RUKYJISPHE B OEPOCHAMKYAADNB K elHHHIHOMY BCKTOPY Nalpas-
Jewns ponRuL 8. Benepcrsue pasenctsa (& |=|56]| Bextop ¥mo-
Ba — Iofiuruara

.
S=-2-[e%]

no BeAuunie nponopiHosaded &% a HOTOMY nph AaabHENLHX pac-
CYMJEHHIX 1AM AO0CTATOYHO GYRCT PaccMaTPHBA b TOALKO &,
my o
3aMeTHM Tenlepb, UTO = S=-7 S €CTb HE UTO HHOE, KAK BOI-
HOBOH BeKTOp K, T2K UTO 3KCMONERIMAILHKE MHOKNTEIh 32033101~
BalHS TION MHTETPAAOM MOXNO KanHcaTh B BULe

ik

3nas nanpsxemmoctk noas (I11.9) u (I11.10), MOXHO BeIMHCINTE
Bekrop Ymona — [obhatuara (eM. 1. 1, § 64), a sarem, unrerpupyn
o yraaM, —nofmnyr HWHTCHCHBHOCTh H3JYUeHHA. OILHaKO TEAKHM
Ayiem Hennsn ceGC COCTaBuTh MpEACTABJIEHHs © CBOHCTBAX NoJR
uzayaenus. HToSh 9T0 ClENATh, HYKHO PASIKNTL MHOKHTEL 3d-
ma3abiBauut B e~ B cTenenof puA

emtit =1 — ikr L (ke o ...

B Taxom cayyae BEKTOP-MOTEHUMA] ¥ HANPFKEHIOCTh NPCACTAB-
AKIOTCA B BULE PANOB

A=A+ A+ A+ ..,
E= 4 E At ...

Tlonaran A = Ay, & =@, u orbpacmpas nocaenyiouine 4IcHsl, Mul
TOAYqHM AHNONLNOE H3AYUeHHe, 18K KAK NCPBLIF WICH pasmome-
11HA BEKTOPA-NOTeNIHANA COOTBETCIBYCT PaCCMOTPCHNOMY € CaMOTG:
nauaia cayuao el ~ 1. Coficrsa Broporo uaena Ap B COO1seT-
cTReNNO &y 37AUHIENBHO CAOKHCe. Buuucaenns NoKasmBawot, 410
STOT YXeH OPCACTABIACT oS0 TeH3Op 2-r0 PAHTa, KOTOpLIM MOXK-
HO DPA3TOXKHTL HA CHMMQTPH'-]Hle ¥ aWiHCHMMETPDUYHY 0 4acTh.
CuMMeTpuuHan 9acTb OpPEACTABNSET H3JAYYCHUC IqeKTPHUYECKOrO
KBaJpYNofisl, auTHCHMMETDPHUHAA — H3/yTeHHC MAYHITIONO ARNOMIS.
Tpernit uien As (COOTBETCTBEHHO &'3) UDGUCTARIRCT KOMIIEKC H3-
JIyUEHHS, COCTOSUHMA M3 JEKTPHYECKOro OKIYNOIf H MArlHTHOrO
kBaapynoaa. UTak nocnefoBaTeNbHbIC Y/CHE COOTBETCTBYIOT H3ay-
UEHHIO 3.JeKTpUHCCKUX chcteM 2' (Qunoiv), 22 (KBajgpyno.av), 2%
{OKTyn0:b) B BOOSWE 27-NOJb, WM MATHHTHLIX CHCTEM C HOKa-
satenem, na 1 menbmaM. Tak Kak nociaeaoBaTedbuble 4aeHbl psifa
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PasaHuaTCA MHOXKTESEM ikr, TO HHTCHCHBHOCTH HBJIy‘(eHHﬂ no-
CACAOBATENLHEIX  MyNLTHHONEH OTARYAIOTCA  (akTopoM  (kr)®
—(T') - B cayuae wanysewns B ontmueckoh wacrm %NIO .
ClRIOBATENbHO, HITELCHRHOCTL KBAADPYNOILHOCO HIMYYSHHS A0IK HA
GuTh npumepHo & 10° pa3 Mebme HuremcHsHOCTH EHOONLHOTO H4-
JIYHeHH .

Tlonspisie NMArpaMME  paclpefeeus HUTCHCHBHOCTH [O 1a-
MpABJCHUAM [NS DASTUYHAEIX MyAbTHTOJCH CymECTBEHHO OTH-
uawTed Npyr or Apyra. Tax, wanprMep, uuTeHCHBHOCTS MsIyueHust
SACKTPHYECKOTO AHNOAT HMEET MAKCHMym npu yriax /2 u 3m/2
M0 OTHOLICHHIO K HANDABMCHKIO KOMEGAHMIL WHTEHCHBHOCTL HATy-
UeHHA KBALDYNOJA HMEET MAKCHMYM B HaNpaBlewmax s/, 3/4, Ho
B UANDABIEHUH 71/2 eCO MNTEHCHBHOCTB paBHa wydio, H T. I

NPEXMETHBIA YKA3ATENDb

Asgoraapn noctosaran 11

AKcHOMLI KBAHTOBOA Mexanukh 148—
150, 154, 158

AreSpa wexropos 112 a

— AMHCAHEX OREPATOPON B eBKAWRO-
oM npocTpancrse 132, 133

— Matphu 123—126

Ananornsi ypaswenas Tamambrona —
SAxo6n w Llipexnnrepa 83

Bunt npapwii, onpencaenac 106

BOCOPRHMYHBOCTS NapaMATHATHAR aTO-
Ma 373

Byna onmTm To  cTymenuaToMy Bo3-
Symaenmo 393

— — — ONPEACNEHMIO BPEMCHH 3KH3-
1 BOABYKeIIOr0 cocToAHKs 404

Buipompente ypompeh suepruu BoR0po-
nonopoGHore atoma 226

BouucAenHe  BepOATIOCTER  3HAYCHWA

KHX BeaHuBH 62

Basic 1 wepioro sa 117

~— OpTOHOPMHPORANHEIG T CBKIAAOTOM
# meprow mpoctparterae 120

— —. yenopue nomioth 132

BasHCL COTnacoBalHLE OPTOHOPMAPO-
Baniibie

Banumepa dopuyaa 12

Bapiera ouet 282

Bapkep npaMoyrossnufi  ognomephui
175177

Bopa warxerau 266
Bpa sextop 126
Bperra Byanga dopmyna 21

Bexop akcianenwi, onpeneacape 107

— obofuieikibii coGCTBCRIB  anepa-
T0pa 146

— nowpHBH, onpenerentie 106

~— cobeTpennia onepatopa 135

— cmuma 284, 285

Bekropul, anneftnan Hesasucnwocrs 116

BeponruocT, oGHapyxkehug vactui 47

~ — B NenTpalsROM Toae 211

~— OepeXoga B eNMItMly BpeMend noa
BIUTHECH HelOAAPHIORANHOTG HaNY
uennn 253

= - H3 OAKOTO COCTOSIEA B ApYToe
248, 250, 251

— CIORTAMIOrO nclyeKanus 254

BeposrocTn  RROTHOCTL  n1AXOMACH R
9NEKTPOHA HA PACCTOSHAW T OT AAPA
216

=~ TEPMENCCKOTO BOSGVKLEHHA B 3aBi-
cuMOCTH O TenmepaTypL 3

Taimacpa — Monnoaa Teopan wonexy-
—427

I amunsTonnan cooSoanol wacTaus 184
TeitacuGepra ypasnense |

e Bpafias cootuotierne 21

Deasra-pyswas, onpeneatuuc 141

7 cooficrna 142, 143

JlunaMudeckas pepeMenHam W ee One-
patop

3axon coxpawennn cTHoCTA 110

3apsn suckrpona 11

Suaueniic cobersennoe omeparopa 30,
138

Buaucrin CoGCTBENTINE MOMCHTA B Uen-
TpaBION HoTe

— —oyepatopa Q B F npencrasacaus
163, 164

— = = spmurana 136

Hnyabca Coxpauentie B KBAHTOBOH Me-
xanuke |

unepchn oneparop 109

— npeaSpasopanma 108

Unrerpan nenenns, onpencacane 158

— ymowosckit 346

— — Ann sozekyn Hp 428

— ofMeHBuiR 347
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Uyrerpan, nan He NitHeRman dynxuud 39
429 HexoMMyTATHBHOCTS  KoMnoneHT Ly,

— nepexprinayis 425 v, L. 197, 19

Hurencusroctb anaui 419

Kamuua, nonyiesie csepxcnma ar-
RHTRLX noAe
Kaprta ssnumonchcrann Tupara 160,
G

Knam‘ neficrsan 10
BaH10BANHMS OPHENTAUMH BEKTOPA MO-
Menta 207

— IPOCTPANCTBENIOL, HOApHEE Ana-

12, 213

Ker-pexrop 129

Kostuyrattnn L2 u Le, Ly, L, 197

Kopnycky anpHo BOaHOROR AyaaHaM 49

KpaTiocts BHpoRIeHH? COBCTBEIMOTO
auasetins 13

Kponekepa cimsos 120

Kiopk noctasmnas 374

Janac wowmarens 312

JTlanaaca vpasnenre 200

Telnycsoro i Tamstnesa omiret 305,
397

v pesonancuas marens 365
JIsm6a } Pitaepdopaa onr 305, 306

Marpetomexanndeckoe otnomente 267

Matemarnueckor oXB1aue AnBamiie-
cxoii nepemenkod 60

— — wwoyasca

~— — Koopsunats 59

Marpuia exnyiias 126

— KOMMeKcito-conpsxennasn 126

1vacean 126

_ obparuan 127
— oncpatopa F B era
Gaauce 140
— onpeeqenie 122
' Tpancnokuponansas 126
— 3PMITOBO conps Kekuas 127
Marpsu, pamcmo apyr apyey 123
Meron BKB LE:S
Hozers EcKTopHan atoma 290, 311
— C_[IBYMA_BATCHTUMMH 3NEK-
TponaNst 365367
Mozean zaron !
Mo HT MarHHTILGG 0GbeMuoro Toka

colersenart

— coﬁcrﬁcuﬂun anexrpona 276
— nomil 5eKTpORE B aTome 290

— CpCIHMA AungabHbIR nepexoga 249
Mop3e gopuysta 430

Hopna pextopa 120
Hopxuponanke noatoswx byhxiui 36,
40

~— — — coJowkero cekrpa 185, (86

Oixe st 410

OnepaTop ©  eBKANTOTOM 11 Mepnom
npocTpaticree, onpetcaenc 130
= Tawtavraua 7

— B ChYYae ApOHIBOTHEOLD Biteit-
Hero noas 244

— — — Teopmw Bosmywennh 335

— — HBYX 3.€KTDOHOB B LEHTpab-
HOM noae 332
— NPH BaTHUHH MarnHTHOTO nouns
268 269

— — peantuBuctckat 205

— ~— CHCTeMw 18yX wacriy 320

— enupuuHei 131

— KBanpara MOMCHTa B Cgeprnecknx
kuopaRHaTax 196

— Jlannaca 73

— — B cepuueckux koopaHyarax 2(4

— Jloxanpa 196

— —. coferBCuHbe  YHKUME K oG-
CTBeHNbIC 3uaveHun 200—203

— nuBeiBH

— MOMeuTa B IeKAPTOBHX KOOPIHHA-
Tax 194

— — — cdepRycckiix
197

—, onpegesere 24

— TepectaHomgy 319

— SUEPTHM B UENTPATLHO-CHMMCTpHE-
HOM noge 199

Oneparoper anTHKOMMY TPy IOHTHe 27

— KOOPIAH{ATEH: M [MNYIBCE B PHABGED-
ToBOM npocTpakcrae 167

— OCHOBHbIE XB2IITOBO{} MeXaHuxu 56

—, cymMuposatne 25

- v:vummexme;li

— spMpToBE 3

Oprorouaeiocts mextopos 120

COBCTRENnBIX 3PMUTOBA OROPATO-

pa 136

— dymKiti 36

OpracocTosune reans 353

KoOpAHHATAX

Rapamarserusm pemkix seses 375

TlapacocronBKe reaus 36

Tayns ruporeaa nyGneTnocTé csolicTs
saexrpona 274, 275

— Matpuue 287

T

TIPEIMITHBIT YKARATEND 445

Tayau opuyuun 326, 328
Tlamena # Baka 3gpdexr 315
TTepemetnrie gunaMuseckue 44, 43, 53
l'legexo'\ o1 -npeicTabaedus K
HPERCTABICHUIO 164 ]
Tlyauka nocroauuad 11,
opuyaa pacnpeﬂeneﬂuu sneprin 10
TTAOTHOCTL BepOATHOCTH 0GHADYARKKS
uacriny 46
— — pajuamsbHAT BOROPOTOAOHCBHOrD
aroMa 229
_ Toka BeposiTHOCTi 86, 264
~— SHeprMH SHEKTPOMATHHTHOLO MO
253

Tloae MarguTIOE ngﬁh’rﬂnbnﬁrﬂ ABHKE-
HHA 91eRTpOHA 2

TMoanora cHcTeMbl ?y‘nkuuu 44

- yenomne 146, 14

B MMOYAbCHOM

npefcTaBer

— — KOOPAMIATHOM  mpeacTasze-
e 165

—,— — JHCpreTHUECKOM HpeicTasac
Hup 1

Tlonpatka K SHEprHs B TCOPHIT BO3MY-
wenna

— PeASITHBHCTCKAR K TCOMaM  aTOMa
298

TlocTosuHas TOWKOR CTPYKTypH 296,

Tlpapkaa 0T6Opa AN H3NYUCHHA B7ex-
TPOHA B HERTPATBHOM TIOMe 257—

— — — TOMOr0 MOMeNTA 3AEKTPOHA
293

— — — ocuunantopa 256, 257

Tpasyao_ sanpeta  HitrepoMBlmaisit
414, 415

— MHTEDBATOB B TPHOCTHBIX CHEKpax

370
— Jlanopra 261263
— oTG0pa TPH TePeXOTAX C yuacTHEN
SLYX 3A¢KTPONOB 414
—eMemenun B caoxHEX ciekrpax 370
ymMm

TMyaccona croBKkn # 3axoHLL coxpaie-
e 101, 1
— = xpaiiosse 91

Pacupenesene BepORTHOCTER UMOYAb-
coB ocusTopa 171

Pacueninene ypouncii B MArIATHOM
noac 271

— — — — — cusnon 316, 317

————— caabom 312, 313

PynGepra nocromiman 12

Pumua xonGhnaitionus g 13

Piin 30 eKTpONHLL 375,

Casab roweonoanpran 422, 423

Copus raasEas ClexTpnd  (eaOTBIX
meramios 236, 237
— — — — poBounan BTNpad (pea-
m) 239
— — — mepsan  (muddya-
Hau] 239
yunamenransuas  (Bepr-

Maua] 242
e

aToMoB u MOROB 373

_ — soitopoononoBtoro  atoma
2%

— T vaveuramn
204

- '— — cpaswumi nn | 356

— — Tepmon aToma 29

— ~ 3HepreTHYECKIX COCTOMNNA 3neK-
Tpona b aTome

CteTpi reomeTptseckat 100

— nuuavmueckan

Coomoenns nconpmsneﬂuocm Teit
aenGepra 72, 154

Cocromne cHcTeMsl, onpenecyiic 44

Cocrontin  aToMa  MeTacTabHIbite
416

87.173, 78

paramyEME

— YCPENOBABHI My!thTMn/l('THoC'reﬁ 371
o 87

ﬂpmluun aeraiunoro pumwosects 0
xa

Coxnamﬂuo BEPOATIOCTH 77
— B [€H]PALHO-CHM«
oue [

)

anT
wiike 50, 51

TTpospanocTs Gapsepa 193

TIpoHaBEACKHE CKANSIDHOE T NPOIIRO Th-
noM aunefiioM npocTparcTre 119

— dyxuni 36

TpocrpancTso tus6eptono 141

— mBeiBoe 1 MEpHoe 115

— eBKanAoRO 118

— compaxentoe 128

CrexTporpad Marn st 356

Cuextp olieparopa

— \poBnell ICHTHH MaCTHULL B L0Teri-
unaAbHON AllKe 18]1—183

_ 5HepreTHYECKR BOAOPOAONOLOGEOrD
avoma 215, 925

- = ocummopa 157

— — poratopa 207

— — ceoGomron sacTsun 184
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Crun saekTpona 275
Cpeiliee 3HAYEHHE RMITYIRCE OCHHMIA-
TOpa

— . KinerHuecKo® SUCPIHH OCHHATT-
Topa 65

L oTenUMALEOR SnepraM OCUHI-
anropa

— — — _ $3IeKTPOITA  BO.LOPOAROTO
aroma 218, 219

— — pACCTONHBA $-348KTPOHA TOKO-
poxtioro aToma Ot Aapa 218

— paCCTORHKE DNEKTpOna 0T  AApd
BotapogorionoBiaro aroma 231

Cpename ppeiena xushy_posSymaen-
HHIX COCTORNHT pasLX atomoE 405

Crpyxrypa nepuomn CHCTEMBEL 33EMEH-
10B peasbHan 3

— cHCTEMBL 31eMeHToR HieanbHan 358

Tepd aToMa BOLOPOADROIOSKOTO 3
ypaspenun Hypara 2
menoanoro Merania 235
TepMI H3051EKTpORLLX Honos 376
— CADKHBX ATOMOB ;
— =25 nepsom mpGanmenin 232
— creRTpasbte
Touxa cncmpa RHCKpeTHOrO 146
— henpepuBhora 146
Tpumser reauenii 320
— npoctofi Jlopenita 272
Tywenue Ipezo'xduCHOH dayopecueslny
400, 48

Yaapu proporo pozs 39
csonanc 403
- nepaorn p0118 3
Yuosa — LofinTaura pexrop 440
Vpamnenne Tamtitrona — Sxobu 79,
80

— penpepuiocTu 85
- pensTHBNCTCKGE NONROROC 295, 296
— Tlpenunrepa BpeMentoe 7

_ — crawionapioe 73

4 Towkau ¢ipy1ypul 303, 308

Doy raaakEs CEpHR CHOKTPOB lte-
JOYBLIX MeTannop 23

—nepexo,d Or HeRAPTOBHX K ChepH-
aeckin KoopanuaTam 19

Goron 13 1 L.

16, 385 b

@pasixa n Tepua onuir 14, 15

— — Kapyo onur

bynKREE  BOMNONC  ROAOPOIOOIOG-
Hoto aromMa 22¢

. — B TeOpiM BOMYIENHs 3

— cocraeiminie MOMEHTa B HEHTDAD-
KoM moe 206

@ypKind BOAROBAA OCUMAIATOPd 63

— — CHCTEMBt A ydCTHLU AHTHCHM=-
_ werpuHan 390, 326

IBYY GACTHN aummmycxpuq-

was 524, 345
— — — — B OnHOMEpHOM Anikxe

Tan
o — cuverpuguan 324,
T

— = — — wactauciwMeTpusnas 320,
325

. cocromtiny % B F-OpeacTas leHutt

62

— —, ctanaapmsie yeaosns 30

_ — 3nekTpaHA o chmom 283 284

— Tamunbtona 53

— aeficBas 79

— panmuasuas
aToma 223

— coBcrpennan oneparopa 30

— — pajMAIEMAR S-HACKTPOIA B0~
PRAIOTO ATOMA

— Jraoans BOT0POAONORO6HOO 4TOMA

EBOOPORONOACGHOTY

—yxopoucrtiora acficran 81

Uncaa KBaUTOESIE ODPEAEATINIIE CO-
CToMHe BO10POIONOOGOMO  aTOMA
225

Ypapuertus Hpeto raasioc 225

93 _— _ spdextannoe 235
Yposin sueptiu atoma Bozoposa 227 _ _ womenTa 2

— — npoexnuu Moweura 204

oo — _ agmuA 238 Usen GGmerbiir B 3neprin 348
— - — narpua 240
— — — nesun 241
Z _ — waruns 364 Whvpura ypoBis snepritn 467, 409
— _ penrenonckue 381 MIpenunreps ypanuente atamd B0~
— — — Boab \3: ama 384 ro_-.o.m,méunrn B s-cocronEHy 216
— — pryh 3% R

— menouHoro atomd 235
" Venoans cmusanpa byikdm 180

T I T arnmtan nore 270, 271
—- — — remun 338 341
S R

TIPCAMETHBIH ¥ KAZATLJIb 447

1llpessinrepa ypapHeHHe aTowa ILeA0Y-
oro metaata 234
- & obosnasermax [lnpaka 159
— . tcopnu posmymenun 335, 336
“— — HBYX 3¢KTPONOB D LeBTPATEIOM
nore 33
— Z Moekymt 423
— — ocunaaATops B
npeAcrasaentn 171
— — paauaibsoe pogopolonogabuora
aroma 212

1Y ALCTIOM

Dumreia u Jle-Taasa onwr 281

" ypasscuse poTospdexta 18, 385

BncMenT MarpHARGH IHTOABIOrD %0~
menta 354

Bucprua aroMa sonopoas » HOpMAIL-
wom cocromung 216

Bueprun B TeopuH BoIMYLIENHA 335

— wanyteqin  yrac dQ

— HOM3ANHH aToMa BOXOPOa 216
—“renkn B resenolofuwx
nowos 340

_ HOPMAKHOTO COCTOREHA TemHs B
nepnos ppuG:mKenni 340

— obuentian 348, 349

— MOTEHLHAILHAR ACKTPOUA B CROK-
HoM atone 233

_ cHereMar ABYX YACTHIT B OIHOMeD-
HOM K 3

_ cnms-0pGHra.HOTo
croun 300—303

— sacKTpoma mOANAT DEARTHBHCTCKaR
294

83auM0 it~

—saekrpomnan  monekya I 429,
430

Speinpecta Teoperta 97




