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B.A. Oaamyl(, M.H. llo.llr'opeuuA 

PE30HAHCHOE PACCERHHE CBETA 
HA JlBYXATOMHhiX MOJIEKYnAX, 

HAXO.llRIUHXCR BO BHEIIIHHX nonRX 

0HBU{y~ B.A., nonropenltRA M.P • 

· PeaoHaHCHoe paccesaHe caeTa Ha nayxaTOMHWX 
MoneKynax, HSXOllSIIIlHXCB BO BHeWHBX nongx 

B fiacTommeA pa60Te accnenoaaH aonpoc o BnBBHH• saem&BA 
noneA aa BHTeHCHBHOCTh peaoaaacaoro caeTa, pacceBHBoro aa ~ayx
aTOMH&Ix·· 6eccuaaoabiX Monexynax. PaccMOTpeaae upose.aeso xax ·.ans 
OTllellhBbiX liBBHA, TSK H ltn51 nenwx CUeltTPSllhBWX y'laC:TltOB. 

nony'leHbl cp0pMynbi1 KOTOJ'ble MOryT HBHTbCSI OCHOBOA 'cOoorB~ 
CTByiDmeA _MeTOllHKH ttnH onpeneneBBSI TaltHX xapaKTepBCTH~ B036y~
neHHblX ~onexynspHWX ypOBHeA, KSit snexTpH'IeCitBH llHUOID.HWft Mo-
MeHT, wHpHHa ypoBHH, aena'IHHa A -pacmeuneHHH. 

npeDpH~ 06~8AHHeRHOrO HHCTRTYTA KQep~X HCCneAOB8HHI. 
lly6aa, 1966 • 
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PaeewOTpaM pe3ollalleBoe paeeeJIIllle eseTa 11a xsaBToso-MexaaaqeeKoll: eaeTeMe, soa-

6y)l(neBHhle yposua xOTopoA MOryT nepeeeKaT&es npa llano)l(eBBB s11em11ero nons. Xopowo 

B3B9CTBO, 'iTO B6nB3B TO'leK nepeee'{eiiBH BBTeaeBBHOCTb paeeeBHHOrO eBeTa, K8K $yHKDBS 
/1/ 

nons, BMeeT pe30H811e&blll nax (eM., H8DpRMep, ), fipR'lR&y ero nOSBDQHRH MOlKii!> BbiHBBTb 

aa enenyJOmeM npocTOM npaMepe. ByneM e'lBTaTb 'iTO paeeeBHae eseTa npoaexonaT 11a aTo-

Me, KOTOpblll BMQQT ·JlB8 6nB3.KBX B036y)I(JleBHbiX ypOBHS e SlleprBSMB E
1

• E
2 

a wapa11oA r. 
fiyeTb , nanee, o6a ypOBH.II soa6y)I(Jl8JOTC.II OIUIOBpeMeBHo BMnyn&eHbiM eseTOM, Eena nocne-

nyJOmee aany'leHBe npoaexonaT 'lepea npoMe~TOK speMeHa nocne nornomeHas, To pae-

eMaTpasaeMhle eocToBHB.II npao6peTaJOT pa3HOCTb cjlaa(E
2
-E 1)r,fiocKon&xy B epenaeM ..-~-+. 

TO npa(E - E ) _rl >> 1· BbleBe'lRB8HBe xa)I(Jloro R3 B036yJKneHHbiX ypoBBell DpOReXOllRT Be38BRea-
2 1 

MO, 0nH8KO npa (E 2 -E I )•+$; 1 B03HBKaeT ojla30B8.11 xoppen.IIDBS B B BHTeHeBBHOCTR paeee-

BHHOro eseTa DOHBDH9TeS BHTepojlepeHDBOHHblii 'lDeH. fiOMeWS.II 8TOM BO BBeWHee none, Mhl 

MO)I(eM MeHHTb paeeTOBHBe M9lKlly ero B036Y)I(JleHHhiMil ypOBBHMR, Q06BB8.11Cb TQM e&Mb!M 
xx) 

nOHBDeHB~ na6o Be'i93HOB9HB.II KOrepeBTHOil 'l8CTB B BHT9HeBBHOCTB paceeBHHoro eseTa • 

llJapBH8 paeeMaTpBB89MOrO nBK8 onpenenaeTCH BeDB'lBHOlt f, 8 nonO)I(eHBe - non~, DpR 

KOTOpb!X npoaeXODBT nepeee"leBRe ypOBHell, TO 9CTb, B KOBe'l.IIOM BTore, paeeTO.IIBBeM 

MelKQy B036y)I(QeHHb1Mil ypOBBHMil B OTeyTeTBRe BHeWHBX nonell. 0TcJOll8 BBllH8 B03MOlKBOCTb 

onpeneneHBS )[8)[ r. T8K B pa3HOCTB E 2 - E I • 11anoJKeHB8H nponenypa nony'lBna B DBTepa

Type B83B8HBe NQTOQ8 'nepeee'leHBA'. C ero nOMOWbJO 6blna B3MepeBa TOHK8H CTpyKTypa 
3 /2/ /3/ 

ypOBH.II 2 P 8TOM8 renali R esepXTOHK8S eTpyxTyp8 ypOBHli 2 3 pI 8TOM8 PTYTR 

TaxaM JKe enoco6oM MOJKHO onpenenaTb TOHKYJO eTpyxTypy.I1 naM6oseKall: ensar yposaeil aToMa 

BOQOpona/
4

/ B T.n, 0nH8KO BO seex eny"laliX MeTOn 'nepeee'leHRA' npRMeHMeli nafru. K 8To

M8M a aTOMHbiM liJlPSM. HaCTOlilllali pa60Ta nOCBli!Ile.Ba a.Ban.B3Y paaaoo6paaHhlx eaTyanaA, 

s KOTopblx npoaexonaT nepece'leHBe soa6yJKneHHbiX yposaeA Monexyn. B xa'lecTse npBMepa 

x) 
3neeb B BeiOQy B ll8n&BellmeM Mbl nOn&3yeMeli eaeTeMOil 9llBHBil, B KOTOpQi! h = 1 , 

xx) 
3aM9TRM, OQH8KO, 'ITO DpOBHTerpapOB8BH8ll no seeM HanpaBJieHBHM BHTeaeBBHOeTb 

paeeeliHHOrO eseTa BQ eonep)I(RT xorepeHTHhiX ~QHOB a, enenOB8T9nbHO, He 38BBCBT OT Be
JIR'lBHbl saemuero nona, 

3 
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Mhl p8CCMOTpHM .llByXBTOMHhle MOJieJtyJihl C DOCTOHBBhiM SlleltTpH'leCJtHM llHDOllbHhiM MOMeH

TOM, SlleJtTpOBB4SI o!SOJIO'llt8 ltOTOphiX &MeeT CDBH ,p8BBhll! &ylllo. CoCTOHBBSl T8ltBX MOJIQ-

Jtyll cpellH npo'IBX xaaaTOBbiX 'IBCen xapaxTepBayiOTCsr 'lacnaMH A , K , m , r.11e K oaae.

'!aeT nOllllhlil MOMell'T' XOllii'I&CTBa .IIBB)KeWIR, A - ero npoeX.IIBIO aa OCb MOJiel(}'Jlhl, m -npoeK

llHIO MOMeBTB 118 Bhl.ll&ll&IUlyiO DpOCTp8BCTB&H&y10 OCb • .!lnsr OCBOBHOrO Sll&XTpORHOf'O COCTOHBBSl 

1\ o6h!'IRO paaao aymo. YpoBRB c A -10 .llByxpaTao BhlpO)KJleRhl. BaaBMO.II&ilCTBRe sllex-

TpOHRoro llBHJKeaasr c apamewreM MonexyJihl cwrMaeT BhlpOJKilewre 11 npBBOilHT x A -yABoe

wrro, T.e. X DOSlBll&HIIIO llBYX 6llii3XBX ypOBB&il DpOTHBODOJIOJKHOil 'l&THOCTB (eM,, R8DpB -

/5/ 
Mep, ). 0JlR8KO B OTCYTCTBH& DOlleil X8lKilhlil H3 BHX OCT88TCSl BhlpOlK.II&RHbiM DO MSrRBT-

BOMy XBaHTOBOMY 'IBCllY m • PaccMOTpau Tenepb pesoRaacRoe pacceHBBe 6elloro caeTa rasoM 

COCTOSllllBM B3 llBYXBTOMRhiX MOJiexyn, OCROBBOO SlleXTpORHOO COCTOSIRB& KOTophiX O!Sll8118eT 

A • 0. CuexTp pacceoRoro caeTa 15yl1eT RM&Tb CllOJKHyro nollocaTyro CTpyKTypy. 8bii1&llBM 

XBKYIO-llHI50 liBT&RCBBRyiO BP8lll8TellbRyro DOJiocy, KOTOp.all COOTB&TCTBY&T DepeXOI1Y H3 npo

MelKyTO'IHOrO coCTOIIRBSI I AI= I B xoRe'lROe cocTOIIHRe A= 0. flpa xopoweA paapewarow~il 

cnoco!SROCTB cne:rr:Tporpacjla MOlKRO Bbll1&ll11Tb OTI1&llbRbre llRWIB s nolloce, nosToMy HlllKe 

p8CCM8TpBB8eTCSl BODpOC 0 BllBSlRBB BR&WWIX DOJieil KEIK H8 BHTeHCBBHOCTb BeltOTOphiX Y'IBCT

Jr:OB cneJtTpa, Tart • aa aBTeacaBHocTb OTI1&llbHhiX llRwril. B Jta'!eCTse ax MoryT 6h1Tb Bhl6pa-

Bhl llHRBR lli0150il B3 B&TBeA R K -K =I) 
DpOM KORe'IH ' 

Q(K =K )• 
DpOM KOH&'IH, 

P ( K - K • -I ) 0 BO 11llSl onpel1eBeHHOCTH HHlK& p8CCM8TpHB810TCSI TOllbKO llB-
npOM :rr:oae'IR 

HHH BeTBH Q • 

B aaCTOSlllleil pa60Te uo:rr:aaaRo, 'ITO M&TOI1 nepece'!eaaA B npRanane nossonsreT nony

'IBTb COOTBOWeRR& M&lKilY pa3llR'lBhiMB XBpa:rr:T&pBCTHK8MH B036y>KI1eHHhiX MOJieKyllsrpBhiX 

x) 
ypOBB&il • .nnsr p8CCM8TpBB88MOrO R4MB CllY'IEISI 11BYX8TOMHhiX 6eCCDBROBhiX MOJI&Kyll T81tB-

MR xapa:rr:TepBCTHK8MB SlBBSIIOTCSI BellB'IBBH M&rBBTHOrO B Sll&KTpR'IeCKOrO llBDOllbHhiX MOM&B

TOB MOil&KyBhl, mapHB8 ypOBR&A B B&BH'IB!Ul A - YI1BOeBBsr yposaeil, 

flpB o6cy>K.II&BHR ltOBJr:p&THhiX CBTy&UHA BCIOI1Y 111111 npOCTOThl npe)lnollaraeTCSI, 'ITO A -

YI1BO&BBe ypoBReA MRoro 60Jibme ax p811B4DBOHBOA mBpBahl • .nonnnepoBCKOe ymapeHBe aa pac

CMBTpBBB&MhiX HIIJK& SlBll&WISlX He CK83hiB88TCSl, 

BBBHBB& BHeWWIX DOReA H8 BHTeHCBBHOCTb lliiWlil 

Q-aeTBB (K • K ) 
DpOM KOH&'IB 

a) flOM&CTHM ras 113 BCClle11yeMhiX MOil&Kyll B "cJia6oe" OllHOPOI1HOe MBrHIITHoe none, 

B JtOTopoM pacmenneRBe ypoBReil npoMeJKyTO'IHoro cocTosrHBsr (I A I= I) no MarHBTHOMy 

x) 3aM&TRM, 'ITO 8H8llOrB'I&yiO BH<jJOpMBDRIO MOlKHO DOJiy'IHTb0 HCClleAyH "6a&HBH" 0 KOTo

pb!e B03HHJr:EIIOT DpR OliKOBp&M&HBOM B036yJKileHHB ReCKOllbXHX npoMelKyTO'IHblX COCTOSIHBii, 

o6na11arom•x pa3BH'IBOil saeprBeil (eM. , aanpBMep, I I I). 

4 

• 

x) 
XBEIHTOBOMy 'IBCny MHOrO M9Hblll8 B&llB'IJIBhl 2f1k 0 COOTB&TCTBYIOlll&A 

( CM. p11c, 1). 3aaaCBMOCTb sReprBil ypoBR&il c I A I • I OT nollsr BMe&T BB 

E+ -+!1 +~ m 
_,K,m- k K(K+1)' 

r.Qe p. 0 - MarR&Toa Bopa. 

KorepeHTRhlil Brtllan B BHT&RCBBRocTb pacce!IBRoro caeTa MoryT llaBaTb BH 

ypoaaeil , Msr :rr:OTophlx !1m :::; 2 , flpB STOM p8CCTOHBB8 M&lKilY YPOBBBMB 

M&Hblll& HllR DOPSI.IIK8 BX WBpBRhl r. CnellOB8TellbBO, c Y.,B8llii'I&HBeM DOllS[ E 

aoro 'lll&Ba B Bhlpa>KeHBe llJUI HHTeRCRBBOCTH BHHHB 11on:acea yl5hiB8Tb, Bhl• 

BaiOT0 'ITO 

(2K+ 3)(2K -l).i!Lr I [ Yi,(OI,¢>1 )Y 2u (Oa •¢>a)+ K £ 
5 u > o r P.o H 

+1---u 
1 :rr:or K (K+l) 

IReKor= 20K(K 1)[1 1 (2K+3)(2K-l)p ( 0 )P ( e\)] 
+ +'21J"" KIK+1\ 2 cos I 2 cos a· 

r11e Y2u (0
1

, ¢>
1

) - c<jlepH'IeC:rr:asr <jlyBXDHSl, 0
1 0 2 R </> I 0 </> 2 - DOJISlpBI 

Rhl& yrnhl aMny.llbcoa na11aromero a pacceoaoro ljloToKa, npa'leM nonsrpRasr 

xx) ) 
DO MBrHJITHOMy DOJIIO , Oco!SeBRO npOCTOJ! BBil Bhlp8JKeaae (2 DpBRBMI 

'lae, :rr:or11a pacceBIUle npoacXOilHT B DllOCKOCTa, opToroRsnbRoil K aanpaaneJ 

nons, a yron ¢> 1 - ¢> 2 paBeR 11 I 2 • flpa Taux ycnoausrx 

r.11e 
p.OH 

OJ:K(K+1) 

It or 

H&K 
3 (2K+3)(2K-1) f 2 /l 1 (2K+3)(2K-1) 

-SlJ K(K+ 1) f2+4<U2 +w 

.nnsr KORKpeTROro Clly'lasr, KOrllB MOMeBT DpOMe>KyTO'IROrO COCTOHRBH pBBeR, 

11BYM 1 

2 r 2 
, J:Or =-...11_ f =-0,13-- , r11e 

H&K 167 f2+ 4 OJ 2 f2 + 4 <U 2 <U= 

TaKRM ol5paaoM, s paccM&TPRBaeMoil caTyauaa I 
38BHCBT TOllbKO 

MelKilY r R p. 
0 

H 

X) .nnsr p8CCM8TpBB8&MorO H8MB TBD8 MOJI&rtyn BellH'IHR8 2/1k npODOpi 

XX) Monexyna MOlK&T OK838TbCll B DpOM&>KyTO'IROM COCTOliHBJI C MOMeJ 

110 paCC&Sl RIIB CB&T8 ORB R4X011Hll8Cb REI OllROM R3 ypOBHel! C MOMeRT8MB K 
flpB BhiBOAe ljlopMyllhl (2) 1 TBJr: lK& KBK B BCeX DOCllellyiOn!BX ljlopMyll, Mbl DJ 

p83llB'IH8M B 38CeneRBOCTB STHX ypOBBeil, flpB KOMR8TRblX TeMnepaTyp8l 

15pelKeRBe saocaT so ace nony'leHHhle peayllbTBTbr owu!Sxy nopHilKB B/ k T = 
pOT8IIHOBB8Sl DOCTOHBB8ll MOll9KYllbl B OCHOBHOM COCTOliHRH, 

5 



MOJieJ<yJibl C liOCTOSIHHbiM sneJ<TpR'IeCJ<RM llRIIOllb.llbiM MOMeR

RMeeT crraa ,paBHblii aynro. CocTOHRHK Taux Mono

xapaKTepaayiOTCsr 'IHcnaMa A , K , m , rAe K oaas-

.Q;BBJKeHBH, A - ero npoeltllRIO .11a OCb MoneJ<yllbi, m -npoe11-

DpOCTp8HCTBeHByiO OCb. Jlng OCHOBHOrO sneJ<TpOH.IIorO COCTO!IRHK 

A -10 AByxpaTao BblpOJKAe.Hbl. BaaaMoAeltcTaae snex-

CRHMaeT BhlpOJKAeHRe a npHBOAHT 1< A -yABoe-

.118npR -

J<HlKAhlii H3 .IIRX OCTHeTCg Bb!pOJKAe.ll.llhiM DO M8r.IIBT-

1PacCMOTpHM Tenepb peaoaaac.11oe pacce!IRHe 6enoro caeTa raaoM 

MOJieJ<yn:, OCHOB.IIOe SJl91<TpOHH09 COCTO>IHBe KOTOp&IX 00JlBA8eT 

R 

caeTa 6yA&T IIMeTb cnoJKayro nonocaTyiO CTpyKTypy. B&IAeJI:IIM 

TenbHyiO nonocy, KO'I'Op.asr COOTB9TCTBY9T DepeXOAy 113 npo-

B J<OHe'laoe cocTosraHe A = 0. Tipa xopoweii paapewa10w~lt 

BbiAen:RTb O'I'A9nb.llble n:RIUIB B nonoce, flosTOMy .118)1(9 

BH9WRHX Doneii KHK .118 R.IIT9HCBBHOCTb H9J<OTOpbiX Y'IHCT

OTAenbHbiX naaaa. B J<a'leCTae RX MOryT 6biTb a&I6pa-

K -K =I) Q(K =K )B 
DpOM KOHQ'IR ' DpOM KOH9'1K, 

) , RO All.Sl ODpeAeneKKOCTR RR)I(Q p8CCM8TpRB810TCK TOnbKO na-

'ITO MeToA nepeceqeaaa a np&KliBne noaaon:BeT nony

xapaxTepacTRKHMB B036Yll<li9RKblX MOJieJ<ynJIP.IIbiX 

.118MB Cny'IHB ABYXBTOMHb!X 09CCnR.IIOBbiX MOn:exyn THKB

aenR'IB.IIbl MHrHBTHOrO B 3JleKTpB'IeCKOrO ABnOJI:bKb!X MOM&K-

A - YABOeHBsr ypOBKeii, 

CBTyaliHA BCIOAY Ami npOCTOTbl npeAnonaraeTcB, 'ITO A -

mRpRKhi.Ilonnnepoacxoe ywapeKae aa pac-

nRRHlt 

MoneKyn: B 'cn:aooe• 0AKOpO.QR09 MBrKBTKoe none, 

(I A I = I ) no MarHBTSoMy 

'IHyiO HU<fJOpMHIIIIIO MOlKHO IIOJIY'IHTb0 RcCneny!l '6B9RR!I', KOTo

B036YlKI19RRH HeCKOnbKHX llpOMe)l(yTO'JHbJX C'OCTO>IHBil, 
(CM,, H811pRMep,fl /), 

4 

• 

KBHRTOBOMy 'IRCny MSoro Me.llbwe BenB'IB.IIb! 2t1k 
x), COOTBeTCTByiOmelt A -YAB08HBIO 

( CM, pac. I). 3aaaCBMOCTb sKepraa ypoa.Heii c I A I • 1 OT nona BMeeT BRA 

E+ a±tl +~ m 
_,K,m k K(K+ 1) • 

(l) 
rAe p. 0 - MarK&ToB Bopa, 

KorepeKT.Hb!lt BKnan B BHT&KCRB.IIOCTb pacce>IHaoro caeTa MoryT AHB8Tb nRWb nepeXOAb! c 

YPOB.II&lt , .IUIB ltOTOpblx t1 m $ 2 
• flp11 3TOM paCCTO!IRH& Meli<AY ypOBK!IMB AOn)l(aO 6b1Tb 

Me.llbwe ana nopH.Qita ax wapaRb! r. Cne.QoaaTen:bao, c y._aena'l:eiUieM nang BKnan xorepeRT

aoro 'lnesa B Bhlpa*eiUie AnB RKTeacaaKocTa nR.IIBR Aon*ea y6&IBaT&. Bhi'IRcneDa no~:aab!-
BaiOT0 'ITO 

I J<Or 
~= 

(2K+ 3)(2K -l)..iJL.r.}; [ )',(01'¢, )Yau (Oa ,¢z)+ K C '] 
5 u > o p. 0 H r . 

+I K(K+1) u 

(2) 1 (2K+3)(2K-1) 
20K(K+ 1)[ 1+'2!)"" K fKL, \ P

2 
(cos0

1
) P

2 
(cos0

2 
)] 

rAe Y2u (0 1 , ¢ 1 ) - cljlepsqecJ<aB ljlyKxnasr, 0
1 

, 0
2 

a cf> 
1

, cf> 
2

- nOJIRPK&Ie a aaaMyTanb-

.llb!e yrnb! RMnyn:bcoa na.QaiOmero B pacce>IH&oro $oToaa, npa'leM non:Rp&aa OCb aanpaaneKa 
XX) 

no MHriUITHOMy non10 • 0co6eS.IIO npOCTOii BRA Bb!p8)1(9.11B9 (2) npB.IIBM89T B TOM cny-

'1890 ltOrAa pacce!IRHe npORCXO.QBT B nnOCKOCTR, OpToroa&nbKOii K Kanpaan:eaBIO BH9WSero 

nons, a yron cf> 1 - ¢ 2 paaea "/2 , Tip a Taux ycn:oaaBX 

r.Qe 

, J<or __ 3 (2K+3}(2K-1) ~/1+ 1 (2K+3)(2K-1) 
aeK - 'M" K(K+ l) P+4(<)2 lO K(K+1) 

p.OH 
(<)=K(K+l) 

Iln11 KORll:peTSOro CliY'IHB, KOrAa MOMeHT DPOMe)l(yTO'IHOro COCTOBHRR pasea, KanpBMep, 
ABYM 1 

, ltOr =-..11_ r 2 =-0,13___[ 2 

HeK 167 r 2 + 4 (<) 2 p + 
4 

(<) 2 

I 

, rne (<)=La.!!_ 
6 

(2) 

TaJ<HM o6paaoM, B paccMaTpaaaeMoii CHTYHilRR 
38BRCBT TOIIbKO OT COOTHOWeiUisr 

M9)1(.Qy f B p.
0

H 

X) IlnB P8CCM8TpRB89Moro .118MB TRII8 MOJleJ<yll BeliR'IHR8 2t\k nponopUHOHHnbRH K(K+ 1). 

xx) MoneJ<yn:a MO*eT oJ<aaaTbcB a npoMe*YTO'IKOM cocToRaaa c MoMe.HToM K , ecn• 
AO pacce.11 HBil caeTa ORa RAXOARnacb Ra OAKOM aa ypoaKeii c MOMeKTaMa K - 1 , K' , K + 1 
Tip• Bb!BO.Qe ljlopMynhl (2), THJ< JKe xax a acex nocne.QyiOmllx ljlopMyn, Mbl npeKe6peraeM 

p83JlR'IReM B 38CelleKR0CTK STHX ypoaaeii, flpa KOMRHTHbiX T9Mll9p8Typax THKOe npeae-

6pe}l(eiUie BKOCRT BO ace non:y'leRHble P93YnbT8Tbl OWKOJ<y nop!I.Qxa B/ k T = 1 o-2• r.Qe B -
POT8UHORR8B IIOCTO!IRR8lJ MOJI&Jtyn&l B OCROBHOM COCTO!IHHB, 

5 
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6) noMeCTBM Tenepb pacceaaaJOmall ras a 'cna6oe' sneKTPB'IecKoe none. 3To none 

>~aCTB'IRO cHBMaeT awpo~neHBe aepxaero (+) a ••~aero (-) ypoaaell A -AY6neTa npoMe

~TO>~Koro MoneJtynHpHOrO COCTOIUIBSI no m (cM.p&c.2), Ilpll'leM 

2 2 2 
E d m 

At±,K,,;± 4K2(K+1) 2Ak (3) 

rne dO - nocTORIIBhlil nanonbHWll MOM9BT MoneKynw B B036y~eRKOM sneKTPOHHOM COCTOH

KBB. M hl paCCMaTP&BaeM TaKyJO o6naCTb none A, B KOTOpoll At±, K. ;{ r . OllRaKO B3Me&e

RReM BonHOBblX cjly&KIU!ll no CpaBH&HRJO C HeBOSMYDl&RRNM Cny'laeM BC& eme MOlKHO npeae-

6pEI'Ib1 T.e. 
~«1\k 
K(K + 1) 

06paTBMCH 1t pesoaaacaoMy pacc&IUIBJO caeTa. Hs pacyHita 2 aauo, 'ITO COCTORIIBH c 

m • :!:. 1 OCTaJOTCB nonapRO BhlpO~eRHhlMR. nosTOMY KOrep&RTRhlil BJtnan B HRTeHCRBROCTb, 

B03KHKaJODlBll npa HRTep<jlepeRIUIH nepeXOAOB C STHX COCTOBHBll, R& SaBHCHT OT nona. 8Jtn&A 

OT aaTep<jlepesua nepexonoa c pasna'IRWX ypoaaell 6yneT, KOH&'IRO, saaaceTb OT nons H 

Aon~e& yM&RblllaTbCH C ero yaen&'I&HBeM. npa paCC&llHRR non yrn&MH 6
1 

=6
2
=rr/2, 

¢
1 
-¢

2
=rr/2 

I KOr 3 (2K+3)(2K-1) I I c 22 2 r 2 
m m' KmK- m'l 4) 

K(K+1)[1+_L (2K+3)(2K-1~· r 2 [ E
2

d
2

(m+m') 2 

22 80 K(K+1) + 2o 2 ] 

T"'iieit =-80 

rne CKmK-m'- Kosfjlcjlaue&T Kne6ma-)Kopnaaa. 2K (K+1) .1\k 

CyMMapoaaHBe no m 

HanpaMep, npa K- 2 

m' MOlKeT 6b!Tb npoaeneao nnH Ka~olt KORKpeTaoii na&aa. Tax, 

: KOr =-.1.!_ r
2 

-O 1l 
H&K 167 2 E2 d 2 2 • 

r +[~l 
Jtorna Monexyna noMemeHa a

2 
"cpen&ae' no 

{5) 

a) PaccMOTpRM cny'lail, 
l'oH 1'1 

nons, T.e. K (K+ 1) = k 

aenii'I!IRe MarHHT-

awe • Pacmenneaae Ka"'noro as apamaTem,HbrX ypoaaeil c I A J=l 

Tenepb HMeeT BRA, CXOAHblil C R306pam&RHNM Ha pac. 3_, KOTOpblll nns onpeneneHHOCTB 

cooTaeTcTayeT cny>~aJO K=2 Han&'llle TO'i&K nepece'I&HHR HHKAK He CKashraaeTCS Ha 

HHTep~peHAHOHHb!X 9¢¢QKTaX B pe30H8HCHOM pacceHHHH 0 DOCKOnhKY B 9THX TO'IKAX nepe

CeKaJOTCSI ypoa&a pasnH'IHbiX 'leTHOCTei!. Hano}[{eaae nononaaTenb&oro •cna6oro• npononh

Horo sneKTpaqecKoro nons Bbi3biBaeT &es&a'I&TenbHoe cMewaaa&ae ypoaaeli npoTaaononom

awx >~eTROCTeil, o6nana10max OAHHM H TeM lKe 3Ha>~eaaeM '·' • On&aKo 9TO npaKTH'I&CKH 

HH'Iero Be M9HS&T, TaK KaK KOrepeHTHaH '18CTb 

38MeTHTb, KB8Ap8TH'IROA no M8nOMy napaMeTpy 

6 

• 

asny'leRR>J oKa3b!BACTcs, KaK HPTpyaHo 
Ed 

:\ • ,Upyroe neno, ecliB 'cna6oe• 
">K(K+1) 

aneKTPB'IeCKOe none nepneauKynHpHO K RanpaaneHBJO MarHBTaoro. Tr 

&T ypOBHB pa3liB'IllblX 'leTBOCTell C l\ m • :!:. 1 J R n09TOMy B OKpeCTHOCT 

aMeJOT MecTo saMeTHbre RHTep<jlepeHnJ!!OBBhle sfjlcjleKTw. Ecna BHOCRMO:e 

noneM B03MymeHBe MROrO MeHbme WRpHHhl r, TO IlpOM&~TO'IHO& COCTC 

'npe}[{Ae '19M npORCXOART CM&WRBa&ae ypoaaell' a, cn&AOBaTenbH01 Ben 

BKn&Aa AQn}[{Ra 3aBBC&Tb T&Kme OT COOTBOW&HRH Me~ Ed 0 • r . Br 
I Kor 
1 

aeK tiOBOnhBO cnO}[{Rhr. TaK, aanpaMep, npa pacce>JRRR non yrnat.t: 

R IlpOB3BonbRNMR cp 1 cp 2 

rne 

• Kor a6I 3m 2 -K(K+l) v ... 2(m) 
• aeK m (2K+l)(2K-1)(2K+3) P+4(1\'2+V2(m)) 

E2 d2 
v2 (m)= 0 (K-m)(K+m+1), 

4K 2 (K+1)2 

k k 

l'o 
A~ -21\ ... -m 

,Unsr KOHitp&TROrO cny'laB K z 1 

• KOr =- 0,1 
R&K 

x) 
r) noMeCTRM raa a 'canbaoe' sneKTPB'I&CKoe a napannenbaoe 

BRTRO& none. 8 T8KRX nonHX Ka~oe R3 npoM·elKyTO'IBhlX COCTORHBil MO 

6yAeT HBnHTbC>J COCTOHBR&M C 1\lBKCBpOBaRBhlM 3BaKOM IlpO&KIUIR nonROI 

Mone![fnw. PacmenneHBe ypoaaell a &TOM 

\Ami Ed 
+-::K""(K::-+-1::J!.) 

=I E±, K 
1

m 

±At 

Cny'lae ODBChlBaeTC>J $QpMyna 

A
2 

m 
+ K(K+ 1) l'p H npa 

npa 

R CXeMATB'IeCKR H306p~}[{eHO 88 pHCyRKe 4, rne AnR R8r~HAROCTR CRa'll 

• 'leRRe onaoro sneKTpaqecKoro non>~, a saT&M, npa ~aKcupoaaaaoM sneK 

HOI" D. 

KaK aanao as pacyaxa 4, aunan a KorepeBTRhiil qneH aaTeacuaao' 

XOAbl c yposaeli m ~ :!:. 1, pacCTOHBRe Me}[{AY KOTOphlMR HBnst&TCII Ijlyl 

38BHCH1' BH OT E • HH OT l'i k • B TaKOil CHTYaARR BRT&RCHBHOCTb IjlHKI 

6yaeT 38BHCeTb TOnbKO OT COOTROW9HHS M&}[{AY I' O H R r • 

x) ByneM, oaHaKo, C'IHTaTb, qTo cMewaaaaaeM paanaqabrX apam• 
non neiicTaaeM 'cunbuoro' sneKTpaqecKoro non!l MO}[{HO npeae6pe'lb. 
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Tenepb pacceRBBJOIIlBA raa a •cna6oe' sneXTPR'IecEoe none. 3To none 

Bh1POJKI1&BBB sepxsero ( +) 11 HRJKHero (-) yposseii A -ny6neTa npoMe

ngpnoro COCTOSIBIIH no m ( CMo pBCo 2), Il)JB'IBM 

2 2 2 
E d

0 
m 

t\'±,K,~± 4K 2(K+l) 21\k (3) 

Hblll 11BnOnhHblll MOM9HT MoneEy.llhl B B036yJKABHHOM S.lleZ:TPOHHOM COCTOH-

BBBeM TBEYIO o6naCTb nonell, B Z:OTopOII t\l ±, K •;; f , OllHBZ:O B3M9H9-

HKIUIA no cpasseHRJO c aesoaMymeHHbiM cny'laeM see eme MOlKHo npeae-

~«A 
K(K+l) k 

•HBHCBOMY pacCeSIBIIIO CBeTa. 113 pRCymta 2 BRilHO, 'ITO COCTOSIHBH C 

g nonapao BbipOlKileHHbiMB, nosTOMY z:orepeHTBhlll Blt.IIBI1 B BHTeHCBBBOCTb' 

asTep¢epesnan nepexo110B c STBX COCTOHHHII, ne 3BBBCBT or nonH. Bz:nBil 

nepexonos c pa3nB'lBhiX ypoanell 6yllBT, z:oae'lao, 3BBaceTb OT nonu R 

CH C ero ysena'leHaeM. npa paCC9BHHB nOll yrnBMR 8
1 

= 8 
2 

= rr/ 2 , 

3 =-so (2K+3)(2K-1) f2 I IC22 12 m,m' KmK- m' ----=-----J4) 

K(K+1)[1+..l... (2K+3)(2K-1~ 2 E
2

d
2 

(m+m ') 
80 K(K+l) r +[ o )2 2 2 

s<!><l>auaeHT Kne6wa->l<opnasa. 2K (K+ 1) Ak 

m m' 

-2 

MOlKeT 6b!Th nposelleBo nnH KaJKAoll KOHEpeTsoll .naaaa. TaK, 

Kor 

HBK 
24 

=- 167 
r2 

2 E2 d 2 2 - O, 11 
r +[~1 

Kor11a MoneKyna noMemeaa B "cpensae• no 

{5) 

B9.1l8'18119 MarHHT-

• Pacmennei!Be KalKnoro 113 apamaTe.llJoHhiX ypos11eA c I A i=l 

CX011HbiH C 11306paJKeHHbJM Ha pac, 3, KOTOpb!A ll.IIH onpeneneHHOCTB 

Ha.11B'IH9 TO'l9K nepeCe'l9HBH HHKBK He CKB3b!B89TCH Ha 

X a<jJ4Jei<craX B pe30H8HCHOM paCC9HHBH, noCKOnhKY B 3THX TO'IKAX nepe

'lGTHOCTei!, HaiiOlKeHBe 11ononaaTe1IbHOro • cna6oro• npononb

ro nO/IH Bbl3hiB8eT H93HB'lHT9.1lbHOO CMeWHBSHBe ypOBHei! npOTHBOnono>K-

TeM JKe 3Ha'leHaeM t.; • OnaaKo sTo npaKTH'IeCKH 

TSK KBK KOrepeHTHBH 'lSCTb 

H'lHOi! no MRIIOMy napaMeTpy 

6 

• 

H3.11Y'I9HHH OK83blBB9TCSI, KBK HPTPYilHO 

Ed .ll • 6 • • • pyroe 11eno, ec/III cna oe 
'-'• K(K+ 1) 

snez:TPB'Iecz:oe none nepneanaz:yngpao K aanpaaneHIIJO MaruTaoro. Taz:oe none CMemRsa

eT ypoBHII pa3IUI'IBbiX 'leTHOCTeA c i\m • ±. 1, K nosTOMy B oz:peCTHOCTK TO'DUI KrK+H
1

) = 21\k 

RMeiOT MBCTO 3BMeTBhle BHTep$epeHU11!0HHble 3<jl<lleZ:Tbl, EC.IIR BIIOCBM~e 3.119Z:TPR'leCZ:BM 

noneM B03Myill9KKe MHOrO MeHblllB mHpHBbl r, TO npoMeJKyTO'IH09 COCTOHHIIe BbiCSe'lKB89TCH 

•upeJKAe, '!eM upoacxoAHT CMewasaaae ypoa11ell" a, cnenoaaTe.llbao, sena'lKIIa :z:orepeaTaoro 

BJtnBilB llorut<lla 3aBBCeTb TU>Ke OT COOTIIOWeiiBH MeJKny Ed 0 B f . BhlpalKeBBH ll.IIH 

~~ 1 

1 sex :liOBOnhiiO cno>KKbJ, Taa:, aanpiiMep, np11 pacceHBIIII no.tt yrnaMB 81 =0, 8 2= arccos# 

K npOK380.1lbHbiMH <{> 1 </> 2 

rile 

2 V 2 (m) • Kor = 6 I 3m - K(K+ 1) _ 1;, 

• 11ea: ., (2K+1)(2K-1)(2K+3) f2+4(A'2+V2(m)) 
k k 

E2 d2 
V 2 (m) = 2 ° ( K-m )(K+m+ 1), 

4K (K + 1 )2 

l'o H 
A~ • Mk -m+Tf 

.llnu z:oaa:peTaoro cny'laH K = 1 

E 
2 

d 2/2 
=-0,1 2 Ead~ 

r 2+4A~ + -2-

(6) 

(6') 

) ~ 
r noMeCTBM ra3 B 1 CII.IlbBOe• 3.1l9KTpll'leCKOe B napanne.llbBOe 9MY "cna6oe• Mar-

HHTB09 none. B Tax11x nonBX a:aJKAoe B3 npoMeJKyTO'lBhiX cocTOHHIIA MoneKy.llbi c m .f 0 

6yneT !IB.IlSITbCH COCTOHBBBM C ~BKCIIpOBaBBhlM 3H8Z:OM npoe)[JUIH HO.IlBOrO MOMeBTa HB OCb 

Monea:ynM. Pacmenneue ypOBIIeA B &TOM 

IAml Ed 
+-::-K"""'( K::-+-1::!!-) 

=I l±, K,m 

±i\k 

cnyqae ODIICbiBBeTCH $QpMy.llaMB 

+ 
A2

m 

K(K+ 1) I' 0 H np11 m .,to 

npa m= 0 

R cxeMaTII'lBCKII H306pa~eso sa pucyaKe 4, rile ll.llll aarn!lllBOCTB caa'lana noKa3aao sKnro

'leBBe OllHOrO &.lleltTpB'l9CKOrO UO.IlSJ0 a 38TeM1 npll <jJIIKc"'llpOBaBBOM 3.118KTpll'l9CKOM 0 - MBrBBT-

a oro. 

Kax BHllBO 113 p11cyBKa 4, BKnall B KorepeHTBhiii 'lneH BBTeBCHBHOCTB llBJOT naWb nepe-

XOllbl C ypOBBei! m = ±. I, paccTOSIBIIe MeJKny KOTOpbiMII HB.IlHeTCH ~YBK!llleA H , a se 

aaaHCH~· Bll oT E , sa OT Ak • B TBKoi! CIITYBUIIR IIBTeBCHBBOCTh <jJIIKCapoaaaaoi! n&HRH 

6y.tteT 38BHC8Tb TO.IlbKO OT COOTBOWeBRSI MelKllY I' O H H r. 

x) Sy.tteM, OI1BaKo, C'liiTaTh, 'ITO CMewaaasaeM pa311B'I:BblX apamaTe.llbBbiX yposaeil 

nOll .ttei!CTBHeM "CII.IlbiiOro• 3.1leZ:TPII'lE!CKOro nonn MO>KBO npeae6pe'lb. 
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I 

I 

Ecna 8
1
c8

2
•71/2, </> 1 -</> 2•71/2 a IAI-1, '1'0 

I 

~=-9/SO 1 lc22 I• r 
I Belt 1 _.1_ K(Ktl) KtiKl [2+ 4( l'oH 1 

4 (4K2 -1)(2Kt3) K(Ktl)) 

(7) 

npa K-1 

~ __ .1. r 2 (7') 
I Bett 8 [ 2± (l'o H) 2 

ll) PaccMO'I'pHM '!'enep& 'cam.Bble' napannen&Bble sJielt'I'PH'Iecltoe a M&rBB'I'BOe nonll. 

B sTOM cnyqae pacmenneaae Bpama'!'em.ablx ypoBaell onaCbiBaeTCSI TeMB JKe ljlopMYnaMB, 'ITO 

B B 1Ip9llblllYIII8M IIYBit'l'e. 0llB8KO 3ll0Cb yJKe B03MOlKBO IIOSIBJIOBBO TO'IOit nepeCe'leBBSI .(eM, 

pac, 5). 11HTepljlepeBilHOBBb19 sljlljleKTbl llpB pe30BUCBOM p8CC8SIBHB CB8'1'8 f5ylJ.YT BM8'fto MOCTO 

IIBIII& B. OKpeC'I'HOC'I'SIX 'I'O'IOil A(A'), 8(8'), C, D(D'),E(E'), 

KonH'IOCTBeBBble BblpalKOHBSI caosa nony'laiO'I'CSI AOBon&Ho cnOJKBblMB. HanpaMep, npa 

yrnax 8 1 =8
2

=71/2, </>
1
-</> 2=71/2 B6nB311 'I'O'IItB C 

2 22 
2 

Kor 3 (KtK-3)(1-ICKQK21> r 2 
--=-- - (8) 
Hex 160 3 K(K 1) 2 2 

K(K+1)[t- + 1 r +4"' 
rile cu= l'oH-Edo llnH 'l'o'lex B(B') T(4K2-1)(2Kt3) 

K(Ktl} ' 

(2 2 2 2 
, ttor __ __3_ Kt3)(2K-l)ICKoK21 

Rex - 160 
r2 

a sf5nH3H TO'IOK 0(0 ') 

~tor 

HOlt 

K(Ktl)[l-f KCKtl>] 
(4K

2
-1)(2Kt3) 

[
2 

± (2cu +'\ ) 2 

__3_ 
160 

22 2 
(2Kt3)(2K -1) I CKod r 2 

K(Kt1)[ 1-1. K(Ktl} J f2t(hK-2cu)
2 

4 ( 4K2 -1 )(2Kt3) 

(9) 

(IO) 

To'IKH A(A') B E(E') npa paCCOS!BJIB IIOll Bb!f5paHBbiMB yrnaMH Be BBOCsn' BKn8ll8 B Kore-

peH'I'HYID '18C'I'b BH'I'OHCBBHOC'I'JI, 

e) PacCMO'I'pHM eme cny'lall, KOrlla B 'I'O'IItax A( A) B E( E ') llOIIOnHB'I'en&BO K 

• CHllloHblM » H8KnallblBaiDTCSI nepiiOHllBitynstpHbi9 BM • cnaf5ble • IIOnH ( 9n9K'!'PH'IOCKoe, nBfSO Mar

HH'I'HOe), KOTOp&Ie CMewasaroT ypOBHB c hm"":!:,. I. B ll&HBoll CH'I'yanall 38BIICIIMOC'I'b JIBTeii

CIIBHOCTH pacceHHHoro CBe'l'a 0'1' BenH'IHHbl 'cna6blx' nonell 6ylle'l' aaanora'IBa paccMOTpeH

aoll B IIYHKT9 B). 

1I. Bn.HHae BHewHax nonell aa aHTeHCHBHOC'I'b y'laCTxa cnexTpa 

PaCCMOTpHM 'I'OII9pb, lt81t BnHSIIDT HH'I'9pljlepeHilHOHHbl9 sljlljleKTbl 88 HHTOHCHBHOC'I'b yaxoro 

y'laCTK8 spamaTOnbHOll IIOnOChl pe30H8HCHO paCCOHHHOrO CBOT8 (nepeXOllbl H3 IIpOMOlKyTO'IHOrO 

8 

• 

cOCTO.IIHBH c I A I • I B xoae'l!loe COCTOSIHlle c A = 0). 11aBeCTHo, 'ITO B : 

COOTHOIIIOBBSI MOlKllY pO'I'aii:HOHHblMH IIOCTOSUIHblMB 8 I H 8 2 B036YlKllOHHOro 

COC'I'OS!BBII MOJI9KYnb! BM9ID'I'CSI 'laC'I'H Bpama'l'ell&Hb!X nonoc, COCTOSIIIIHO nH~ 

nBBBA B9'l'BB R nBfSO 'I'On&KO H3 nHBBll BO'I'BH p , 'ITO IIOKa38BO Ha 

Mbl paCCMO'I'pHM cny'l:all, ltOrlla pa3HOC'I'& B 1 - B 2 He cnawKOM Mana, 

BM08'1' M8CTO llJISI SnOlt'!'POHHbiX nepeXOIIOB, npa 9'1'0M YIIOMSIHyTaSI Bb!We q 

HH'IOHa JtaHTOM, ltO'I'OPOMY O'I'Be'laeT 31ia'leBBe MOMeH'I'a 1IpOMOlKY'I'O'IHOro C' 

81 ± 82 
OllHoro am1 aec~ton&xax llOCSI'I'KOB ( K 0 = 

21 8 2 
_ 

8 1
·
1 

) • B&r6epeM Terre 

'laC'I'H cnexTpa 'Bllana' 0'1' xaHTa yaxall y'laC'I'ox t. v naHHSIM, KO'I'Opb!O B 

OTBO'IaiDT IIpOMOlKYTO'IBbiO COCTOS!BHSI C MOM8H'I'aMB 0 IIpHH8llnelKaiiiHMB HH'I'e~ 

II (K
3

K
4

),npB'IOM K 2 -K 1 =K 4 -K 3 «K 3 -K2 .~ B9nH'IHH8 K
2
-K

1 
paBKa HOCK 

JlnH npocTOTbl Mbi orpaBB'IHMCSI cnyqaeM, xor11a B8nB'IHBa ·K
3 

-K 
2 

AOCTBT< 

BBTeHCHBHOCT& Bbi6paaaoro cnexTpan&aoro y'laCTKa 6ylle'l' onpellenRT&CH na 

C'I'&ID nBBBll, COOTBOTCTByiDIIIBX HHTOpBany ( K1 K 2 ) 

-B 
K2(K 2t I) 

I k T 
nasal! npeae6pelKRMO Mana (e »e 

' , IIOCitQnbltY HHTOHCBBD 

-B 
I 

K 3 (K 3 tl) 

kT 
) . 

npa IIOMOJliOHHH paCCOHBaromero rasa BO BHOWHHO IIOIISI B03MO)I<I!bl 

nepBblll THII - 9'1'0 KOrlla JIH'I'epljlepeH!lHOHBbiO IIBKH B HHTOHCHBHOCTSIX p83.1l 

M8CTO IIPH OllHHX H TeX lKO 3Ha'I8HHSIX BHOWBHX noneA (eM, nepsyro 'IAC'I'b" 

'I'O'Ilty C nyHKTa ll), BTopoll 'I'RII - ltOrlla IIQn0lKORH9 RBTeptjlepeHIIHOHHOro 

OT nHHRH It IIHBHH (eM, IIYHit'l' B R 'I'O'IItB A(A'), B(B'), 0(0'), E(E ') nyHI 

Cl!y'lae, IIOCKOn&Jty RHTOp!pepOHIIBOHHbl8 IIHKH B HHTOHCBBHOCTSIX OTllOll&HbiX 

HOOAHHaltOBbiMR IIIBpHHaMH, HHTepljlepeH!lROHBbill IIHit B CyMM8pHOll HH'I'OHCHB 

HMeeT CTyiiOB'IaTYID ljlopMy, Bo BTOpOM c.ny'lae B RHTOHCHBHOC'I'H y'laCTKa, I 

1IpHMep, M&rHRTHOrO IIOJISI, 6yne'l' Ha6niDllaTbCSI pHil IIHitOB0 BHOCHMbiX OTllE 

PaCCTOSIHJIO MOlKlJ.Y BepWRHaMB COCOAHHX IIBKOB IIO IIOPHllKY BOnB'IHHbl paB 

~ K 2 r 
a BX IIIBpHHbl RMOIO'I' IIOpS!llOK -- (eM, HRlKe), nos'I'OMy nepeltpb!BaHBO 

ILo 
CJI COO'I'HOW8HJISIMB M9lKllY t\ k R f , a TaXJKe TOMB 3Ha'lei!RI!MR K , KO 

RHTepBal!y (K 1 K 2 ), 

113 CKa3aHHOrO Bb!WO cnellyeT, 'ITO!R3M9pSISI RH'I'OHCHBHOCT& yqac• 

ljlyBitllRlO BH8WHHX nonell. MOlKHO IIMyqBTb IIO'ITR 'l'aKyiD lKO HHijlopMaiiRID, 

HRR BHTOHCHBBOCTB OTllOJI'bHOil nRHRR, T,e, HaiiTR COOTHOWOHHO MOlKllY BOnK' 

d Q R t\ k' Tenepb paCCMOTpRM HeCitOIIbKO KOHKpOTHbiX CHTyanail, B KOTOpl 

6pe'lb CMOWRBaHJIOM HHTepecyi0111HX HaC BpamaTen&HbiX ypOBHell IlpOMOlKYT• 

(#! 
0 
H« 4 K 1 B 

1 
H d 0 E « 4 K I B 1 ) • npaBOllHMblO npH 9TOM ljlopMyllbl 6y 

.O,JUI TBK.HX yrnon, npH KOTOPLIX llJJTeiJ¢epCHUHOHHbiG qJieHbl HMeiOT OC06CHHO 

9 
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1
-¢

2
=rr/2 a IAI-1, TO 

2 

-9/80 • 1 c 22 
1

2 r 
1-.l. K(Ktll KtiKl r•t4 l'oH 2 

4 (4K2 -1)(2Kt3) ( K (Kt 1)) 

(7) 

(7') =-j_ __ r_2 
8 12+(1'oH)2 

Tenep& 'eallhable' napannem.Hble saeJtTpB'IeeJtoe a MarBaTaoe nons. 

menneaae spamaTen&ablx yposaeA onaeblsaeTCH TeMI JKe ljlopMYnaMI, 'ITO 

ltTe. 0AHaKO 3119eb yJKe B03MOJKHO DOliBJI81U18 TO'I81t nepece'leaJUl .(eM, 

TO'Ielt 

s~~eltTbl npa pe3oaaaeaON paeee11aaa eB&Ta 5YAYT BM8Tb MeeTO 

A(A '), B(B '), C, D(D'),E(E '). 

e Bbipa)l{eaaH eaosa nony'!aiOTCH llOBom.ao enoJKilblMB. HanpaMep, npa 

¢
1
-¢ 

2
=rr/2 s6na3a TO'IItR C 

2 22 
2 

=--3-
160 

(K tK-3)(1-ICKoK2.\) 

K(Ktl)[1-{- K(Kt1) I 
, AnSI TO'I9K B(B') (4K

2
-1)(2Kt3) 

2 2 2 
(2Kt3)(2K-1) I CKQK2 I __ J_ 

- 160 3 K(Ktl} I 
K(Kt1)[ 1--;r ( 4K2-1)(2Kt3) 

1 

r2 

r
2
t4cu

2 

r• 
r

2
t(2cutl\) 2 

=-J_ 
160 

22 2 
(2Kt3)(2K- 1) 1 cKoK2I r 2 

K(Kt1)[ 1-_l K(Kt1) J r 2 t(~K-2cu) 2 

4 ( 4K2 -1 )(2Kt3) 

(8) 

(9) 

(10) 

npB paeeeSIHBB DOll Bbi6paHBblMI yrnaMB He BllOCllT Bltn&Aa B ltOre-

eme eny'lall, KOrllB B TO'IItBX A(A) 11 E{ E ') llODOllHBTen&ao K 

BlOTCH nepneallBJtynSipable BM 'ena6bte' nona (sneltTpa'!eeKoe, na6o Mar

~m -:t. 1. B AaaaoA eaTyanaa 3asaeaMOCTb aaTell-

o eseTa OT sena'!aaw 'ena6wx' noneA 5yAeT aaanora'llla paeeMOTpea-

BnaRBae saernaax noneA aa aHTeaeasaOCTb y'!aeTJta eneJt!pB 

nepb, lt8K BDBBIOT BHTep~epeHI(BOBBbie 9~~eKTbl BB BHTeBeBBHOCTb Y3KOrO 

oli nonocbi peaouaacao paeeeRBaoro eseTa (nepeXOilbi B3 npoMelKyTO'IBOro 

8 

• 

eocTOBBIHI e I A I = 1 B Jtoaeqaoe eocTOSIBHe e A= 0). I13BeeTao, 'ITO B 3asaeaMocTa OT 

COOTBOW8RBll M6)1{11Y pOT8I(BOHHblMR DOCTORBBbiMa B1 .H B2 B035ylKA6HBOrO a KOHe'IHOrO 

COCTCMIHRII Monelty)n,r aMeiOTCH qaeTR BpBWBT8llbHbiX DOllOC 1 COCTOllWBe na6o TOllbKO a3 

MBHA BeTBB R na5o TOnbKO H3 nBIUIA B6TBa p 1 'ITO UOK838BO HB pae. 6a a 6B,3Aeeb 

Mb1 paeeMOTpaM enyqaA, Jtor.na pa3HOCTb B I- B 2 Be enBWKOM Mana, 'ITO 06bi'IHO a 

BM88T M9CTO Ana sneKTpOHHblX nepeXOIIOB. npa 9TOM YDOMBByTaSI BblWe '18CTb DOllOCbl orpa

Ha'leBa lt8HTOM1 ltOTOpOMY OTB8'188T 3Ua'leUe MOMeHTa npOMe)l{yTO'IHOro eoCTORBHll DOpSIIIK8 

B1 t B2 
o.naoro ana aecaon&Jtax AeelJTJtOB ( K 0 ~ 21 B 

2 
_ B ,I ) . Bb16epeM Tenep& B3 yaa3aaaoll 

'laeTa eneJtTpa 's11ana' OT JtaHTa y3JtaA yqaeTox 6v JlaBBSIM1 KOTOpble B aero BXO.IlllT1 

OTB8'1810T npoMelKYTO'IIlble eOCTOBHaB C MOM8HT8MB1 npaBBAneJKBWBMa aBTepsanaM ( K I K 
2

) 

• (K
3

K
4

),npa'leM K 2 -K 1 =K 4 -K 3 «K 3 -K2 .~ sena'!aaa K
2
-K

1 
pasaa aecaon&KaM eABHBUBM. 

.llnSI npOCTOTbl Mbl orpaaa'!BMeSI cny'IB8M1 Jtor.na B8nB'IBHB 'K
3 

-K 
2 

IIOCTBTO'IHO aenBKB H 

aaTeaeaBHOCTb Bbi6paaaoro eneJtTpan&aoro y'laeTIW 6y11eT onpeAenllTbCSI DBllib BHTeaeHBHo-

eTbiO naaall, eOOTBeTCTBYIOWBX BHTepsany ( K1 K 2) 

-B 
K2(K 2t I j 

I k T 
naaull npeae6pelKBMO Mana {e >> e 

1 UOCitOllbKY BHTeHCBBHOCTb OCT8n&HbiX 

K3(K 3 tl) 
-8 

I kT 
) . 

npB noMemeaaB paeee&satomero ra3a so aaema&e nonH a03MO;<<Hbl 1188 THD8 CBTyauall. 

nepBblA TBD - 9TO KOrll8 BHTep~peHilHOHHbl6 DBKH B BHTeHeHBHOCTSIX p83nB'IHb1X naaal! BMeiOT 

M6CTO npa OIIIIBX a TeX :>Ke 3Ba'!eBI!SIX BB6WBaX nonell (eM. nepByto 'IBCTb' •nyHKTbl a, 6, r H 

TO'IKy C nyaKTB A). BTopoll THD - ltOrlla UOlJO)I{egae aaTep$epeBilHOHHOro IlaKa MeHHeTeH 

OT naBaB It naBHH (eM. DyHitT B a TO'IItB A(A'), B(B'), 0(0'), E(E ') nyBKTB A). B nepBOM 

eny'!ae, UOCKOnhJtY aaTep<!Jep8BilaOHHbl8 DBitH B BBTeaeaBHOCTSIX OTilen&HbiX nBBBII 06DBII810T 

H80ilaHBKOBbiMB WBpHHaMa, BHTep~peHI(BOIUiblil BRit B eyMMIIpHOfi RHTeHeRBHOCTR y'!aeTKB 

BMeeT eTYfieB'IBTYIO ~opMy. Bo BTopoM eny'!ae B RHTeaeasaocTR y'laCTKa, KBK WHKUBa, aa

npaMep, M&rHaTHOrO nons, 5yneT aa6ntoll8TbeSI pS!Il DBltOB1 BHOCRMblX OTilen&HbiMa naBHSIMR, 

lK6 
PaecToaaae Me)l{.ny sepmaaaMB eoceAIIBX nBKOB no nop!fKY sena'IBHbi pasao ~ , 

K2 r ~o 
a llX WBpHHhl RMQIOT DOpS!IlOit -- (eM. HRJKe). nosTOMY nepeKpbiBBHBe DHKOB onpeAenaeT-

~0 
ea eOOTilOW8BHlJMB MelKIIY Ak ll r 1 a TBltlKQ TQMR 3H8'19HIUIMa K 1 KOTOpbie npBH8AJielKBT 

aaTepsany (K 1 K 2 ) 

113 eKa3aaaoro Bb!We ene.nyeT, 'ITO,a3M8pSIS1 aHTeHCRBBOCTb yqaeTKa eneKTpB KBK 

~YilltilRK> BH8WHRX noneil1 MOlKBO nonyqRTb DO'ITa TBKYIO )l{e aH~OpM8IlR101 KaK H npa H3Mepe-

HBa RHTeaeBBHOCTH OTile.llbHOil nBHBB 1 T,e, aaliTB eOOTHOWeHRe MQ)I{IIY BenR'IBHBMa ~ O , f 

d 0 a A,. Tenepb paceMoTpRM Hee~~:onbJtO KOHKpeTH&IX cuTyauaA, a KOTOpblX MO)I{HO npens-

6pe'lb eMeWRBBHReM HUTepeeyK>max JlBe BpaWBTQnhHbiX ypoaael! UpOMe:>KyTO'IHOro COCTOS!Hilll 

(~ 0 H«4K 1 B 1 B d 0 E « 4 K I B l ) • npaBOIIBMble npH 9TOM ~OpMynbJ 6yAy7 BbiDHea!fbl 

JJ.IUI T8X.HX yrnoB, npB KOTOPLIX HHTep{jl(~pCHUROHHbte lJJieHbr HMelOT OC06CHHO ripOCTOH BHJL 
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t .... ,_ 

a) Ecna noMeCTHT& ras ao aaewaee MarHaTaoe none, TO &MeeT MecTo caTyauaB 

nepaoro THna,npa pacceSIHHH non yrnaMR 0 1 =0 2=11/?, r/> 1-¢ 2=11/2, xorepeRTH&Ie qneR&I a 

HHT9HCHBHOCTgx OTnenDRWX nHHHll HM910T ljlopMy pe30H8HCHbiX nHKOB C 111HpHH8MR L\H '" 

_ K{K+ nr 
2po 

• 3aBHCHMOCTD lK9 OT BH9111Hero nonS! HHTep<jlep9HUHOHHhlX S<l>ljleKTOB B CYMM8p-

ROll HHT9HCHBHOCTH naeTCSI ljlopMynaMH 

xor 

H9K 

3 =-so 

B K(K + 1) 
'\' - 2 --.T--(IC+1){2K 2+ 2K + 3) I' 2 

-e · 2 2 2 2 2 
K K{2K-1) I'+4f1 0 H/K(K+1) 

(11) 
a ~ 1 2K 2+2K+ 3 

le- 2 kT (K+1)[ 1+go K(2K-1) 
K 

nns y'laCTK8 H3 nHHHll B9TBH R 

xor 

H9K 

3 
iii 

K(2K
2
+2K+3) r2 -a K(K+I) 

Ie 
2 ---;:r

K (K+ 1)(2K+ 3) r 2+ 4~t ~ H 2/K2 (K + 1~ 

~e 

K(K+l) _l_ 
-B 2 kT K [ 1 + 80 2K

2
_+ 2K + 3 

(K+1)(2K+3) 

(12) 

nns y'laCTK8 H3 nHHHll B9TBH p 

6) noMeCTHM Tenepb ras a 'cna6oe• aneKTPH'IeCKoe none, a KOTopoM MOlKHO npeae-

6pe'lb KaK cMewaaaaaeM KOMnoaeaT A -ny6neTa apawaTenbHhlX ypoaaell npoMelKYTO'IHoro 

COCTOSIHHSI, T8K H CM9111HB8HH9M C8MRX Bp8W8T9nbBWX ypOBHell. Taxoe Tpe6oaaaae 9KBHB8-

neHTHO ycnOBHIO \d 0 EJ «minl2~K 1K 1 (K 1+1),4K 1 B 1 1 • 3necb CHOB8 HMeeT MeCTO CHTya-

U~SI nepaoro Tana. npa paCC9SIHHH non yrn8MII 0 1=0
2

•11/2 , rp 1-rp
2
=11/2 B03BHK810T p93Q

H8HCHbl9 UHKH C 111HpHH8MH ~E .. K(:+l)yi'!\k , a KpHB8H 38BHCHMOCTH nO/IHOll HHT9HCHBHQ-
O 

CTR cneKTp8nbHOrO Y'18CTX8 OT nons o6nanaeT CTyneH'I8TOll ljlopMofi; 

xor 

H9K 

nnsr aeTBR R 

Kor 

3 
-To 

-8~ 2 
Ie 2 kT {K+1)(2K +2K+3) 
K K(2K-1) 

2 
,.. 1 c 22 12 __ -----:r;--,.---
,: KmK-m+2 2 E 2d ~(m- 1 )]2 r + [ ----"-''---.;_ 

K
2
(K+1)

2
L\k 

(13) 
K(K+1) 1 2K 2+2K+3 

-
8

2 ~.-T---(K+1)[1+So K(2K-l) Ie 
K 

22 2 r2 
-8 ~ K(2K

2
+2K+ 3) I\CxmK-m+J 2 E 2 d 2o(m-l)l~ 2 kT ) m r + ( ~e (K+1)(2K+3 K2(K+1)

2
L\ 

HeK 3 2 

-BQ K(K+I) 1 2K +2K+3 
Ie-

8
2 tT K(1+8if {K+

1
)(2K+3) K 

{14) 

nnH B9TBH p. 

KaK R a npenbiJlYWeM uyHKTe, cyMMHp08aHRe aeneTCSI no seeM K H3 HHTepaana (K 1 K 2 ). 

a) Tenepb pacCMOTpHM caTyauaiO, xorna ras aaxonaTcH 8 •cpenaax• MarHHTHbiX 

10 

• 

nonBX, T.e. 
p. H 

l{(IL 1) .. 2L\.=2A K(K+ 1) c • Ycnoaae H9CM9WHB8HHH 

T9nbHWX ypOBH&ll BM99T DpH BTOM HBn 

2L\K!(K 2 + 1)
2
«4K 1 B 1 , 

npB B 1•10-
4 

SB B K I ,K 2•10 B9p8B9HCTBO (15) OK83hlB89TCSI BhlnOIIH9HHbl 

2B -8 
~ « I ,.}Q BB. 8hlUHC8BHW9 BBlK9 cjlopMyn&l cnp8B9JlnBBW HM9 

K2 (K 2+ 1)2 

MO/IeKyn. B paccMaTpaaaeMoll oiSnacTa nonell nns xalKnoro as ypoaaall •~ 

TO'IKR nepeCa'I9HBR C L\ m • :!:. 1, DOnOlKaBHa KOTOpWX 38BBCHT OT K ( C~ 

Dapsoll '18CTB). nocxon&Ky DpB RanOlKaBHB 'cna6oro• aneKTpH'IaCKOro DO/lSI 

KalttJtoll T81tOll TO'IKH 6ynyT B03BH1t8Tio COOTB9TCTByiOWB9 BHTap$epaKUHOHHblE 

anec& Mhl BM9aM neno C CB7y8UHall BTOpOrO TBD8. npa 9TOM nnR Bltnana Kl 

qneaos s cyMMapHyiO RHTeacaaaocTJo cneltTpan&aoro yqacTxa ( 0 12 0 

)lrn&I rp I H rp 2 DpOH3BOnbBbl) BM&IOT M9CTO cnenyiOWHa Bblp8lK9BHSI: 

-8~) 
I e 2 kT I V~(m l'-3m 2 -K(K+ 1)](K+1) ,. 

• av• m (4K 2 -1)(2K+3)[I' 2+4(~'i+V~(m 
~~---6------------~~~~~~~~~~~~ 

Halt _ 8 _K_( K_+_l ) 

Ie 2 kT (K+1) 
K 

eCnB y'l:aCTOit OTBOCBTCR K B9TBB R 

V~(m)[3m 2 -K(K+ 1)]K 
KOr 

-6I - 82~) 
K e tT I 

m I r 2 + 4( L\ 'h vi ( m) )J ( 4K 2 - 1) 
Halt 

I - 8 .!U!Sil.l 
K e 2 kT K 

ecna y'I:8CTOit OTHOCHTCH K B9TBH p • 

BwpalKeHBSI nnst v: (m) B ~· K npBBOnBnHCb BbiW9 (eM. ljJOpMyn&l (6)). 

r) npa paCCMOTpeHHB SIBnaHHil B CHllbHbiX BB9WHHX DOnSX He06XOnHMC 

y'I:HThlB8Tio CMeWBB8HH9 BHTepeCyiOIIIHX HAC Bp8W8TallbHbiX ypOBReil, 'ITO 3H 

BSI9T paC'IeThl, nocKOnbKY H3 npHB9Jl9HHhlX B npen&rnylliHX DyHKT8X $opMyn 

UHD9 nony'I:HTio BCe COOTHOW9HBSI M9lKJlY B9nR'IHH8MB ll 0 r • do B 

paHHR Cny'1:89B C CHnbBhlMH BH9WBHMB nonBMH Mhl OCT8B8BnBB8TI>CSI He 6y~ 

Bwwe Mhl BCIOny C'I:BTana, '!:TO s OTCyTCTBBa BHemaax anexTpB'Iecxax 

A -nyiSneTa o6nanalOT onpenaneRRbiMR '19TROCTRMH. 3To Morno 6&r oKasaTD 
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MeCTBTb I"83 BO BH9IUHee MSI"HBTHOB none, T<? BMeeT MeCTO CHTYAUBSJ 

8 pacce!IHHH noa yrnaMH 81 =8 2=11/?, ¢ 1 -</> 2=TT/2, KorepeHTIIbie qneHbi e 

•T.QenbHbiX nHHHli HMeiOT $opMy pe30HBHCHbiX UHKOB c liiHPHHBMH AH a 

aBHCHMOCTb :lKe OT BHernHero nong HHTep!lJepeHUHOHHbiX &<j>qleKTOB B CyMMBp-

TH .QBeTCR $OpMynaMH 

3 =-so 

3 =-so 

-8~ 2 
" 2 kT !IC+1)(2K +2K+3) 
i(e K(2K-1) 

r2 
r~+4f~H 2/K2 

(K+ 1) 
2 

~ 1 2K 2 +2K+ 3 
Ie-82 kT (K+1)[1+go K(2K-1) 
K 

R 

K(K+I) 
-8 ---

2 kT 
I e 

K(2K
2
+2K+3) r2 

K (K+1)(2K+3) f 2+4u~H 2/_K2 (K+1~ 

K(K+l) 2K 2 + 2K + 3 
-82 ~ ~~-~~--~ e kT K [ 1 + 80 (K + 1)( 2 K + 3 ) 

BeTBH p 

( 11) 

(12) 

M Tenepb ras 8 'cna6oe• aneKTpH'iecKoe none, B KOTopoM MO:lKHO npeae

aaaaeM KOMnoaeHT A -ay6neTa epamaTenbHbiX ypoaaeli npoMe:lKYTO'iHoro 

CMernaaaHHeM caMHX epamaTenbllb!X ypoaaeil. TaKoe Tpe6oaaaae aKaaea-

ld 0 EI «min[2AK
1
K 1 (K 1+1),4K 1 B 1 ] 3aeCb CIIOBa HMeeT MBCTO CHTYB-

• flpa pacceRHI!H noa yrnaMB 8 1 =8 2 ~11/2 , ¢
1

-</>
2
=11/2 B03HHKaiOT peso-

rnapHHBMH A E~ K(:+ 1l y'r "'• , a Kpaeaa saeaCBMOCTB nonBoil BIITeBcBeao
o 

o y'iaCTKa OT nonsr o6naaaeT cTyneB'iaToli $opMoli: 

3 

3 
=-To 

-8~ 2 
~e 2 kT (K+ 1)(2K +2K+3) 
K K(2K-1) 

2 

II c 22 t r 2 

m KmK-m+ f2+ ( _E_d_;o::..;(:_m_-_1..;..))2 

K
2
(K+ 1) 2 At 

(13) 
K(K+I) 1 2K 2+2K+3 

" -
8

2--.-T--(K+ 1)[ 1+ SO K(2K- 1) -e 
K 

-13~ 
~ 2 kT -e K(2K

2
+2K+ 3) 22 2 r2 

IICxmK-m+J 2 E 2 d 2o(m-1)]~ K 

m r + [ 2A 
(K+ 1)(2K+ 3) 

Q K2 (K+1) '-' (14) 

-B K(K+I) 1 2K 2+2K+3 J 
~e 2 kT K[l+BO (K+1)(2K+3) K 

meM nyHKTe, cyMMaposaaBe seaeTC!I no seeM K as HHTepsana (K 
1 

K
2 

). 

PBCCMOTpHM CHTYBUHIO, KOr.Qa ras HBXO.QHTCSI B 'cpeliHHX' MarHHTHbiX 

10 

• 

p. H 
JIOBSIX, T.e. K1t+n-~2At=2A K(K+1) ., Ycnosae HBCM8liiHBBIIB>I COCeliHBX Bpama-

TBnbllbiX ypOBIIell: BMBeT UpB 9TOM liB.Q 

2AK!(K 2+ 1) 2
«4K 1 B 1 (15) 

npB 8 I •10-
4 

9B II K I ,K2•10 118p8BBHCTBO ( 15) OK83biBaeTCSI BbiUOIIHBHHbiM
0 

ecn11 

2B -6 
L\<< 1 ~10 as. Bb!nBCaHHble JUJ:lKe cjlopMynLI cnpaeelUUIBbl aMeaao anH TaKHX 

K 2 (K 2+ 1 )2 

Mone~~:yn. B paccMaTpaeaeMoll o6nacTB noneA Jlnst KB:lK.Qoro 113 ypoeaeA aMeiOT MecTo 

TO~KB nepece~eBBB C Am•!. I, nono:lKeaBe KOTopblx saBBCHT OT K (eM. Bbipa:lKeaBe (6) 

nepeoll: ~CTB). flocJtonbKY npB aano:lKeBBB 'cna6oro' aneKTPH~ecKoro non11 e oKpeCTBOCTHX 

K&llt)loll: TBKOA TO~H 6y)lyT B03BHK8Tb COOTBeTCTBYIOtnHe HBTep$epellltHOHBble a$$eKTbi, TO 

3.Qech Mbl HMBBM Jleno C CHTY8UBell BTOpOrO THUS, flpH 9TOM JlnH Bltnaaa 

~naBOB B CyMMBpHyiO BBTeBCHBBOCTb CU81tTp8nbBOro Y'IBCTJta ( 8 I= 0 

yrnbl </> I H </> 2 npOH3BOnbBbl) BM810T MBCTO cneJlyiOtnBe Bblp8:lK8BH>I: 

KorepeiiTBbiX 

8 2 =arccos...!_ , 
v'3 

- B .!J.!U..L) 
I e 2 kT I V~(m )(.3m 2 -K(K+ l)](K+l) 
1-

1 -~· • _ 6 m (4K 
2

- 1 )(2K + 3)[f 2+ 4(A'K2+ V ~(m) )] (16) 
aex K(K + 1) -s---

I e 2 kT (K + 1) 
K 

eCnB y~aCTOK OTBOCBTCB It B8TBH R 

xor 

B K(K+I) 2 2 -6Ie- 2_t_T_I VK(m)[3m -K(K+1)]K 

K m I f2 +4(A'k+V~(m)l](4K 2 -1)(2K+3) (17) 
a ex 

- B .!UK±..l..l 
I e 2 tT K 
K 

ecn& Y'iBCTOK OTBOCIITCSI K B8TBH p , 

Bb!pa:lKeBHH ans V~ (m) 11 /':,.' K npHBO.QHniiCh BblliiB (ciol. $OpMynbl (6) ), 

r) flpH paCCMOTpeBBB smnea&Jt B CBnbBblX BBBWHBX nongx He06XO.QBM01 B006We roeopg0 

Y'IBTbiB8Tb CM8WBB8BH8 BHTepeCyiOII!BX HaC BpamaTenbBbiX ypoeaeA, 'ITO 3H8'iHTenbBO ycno:lK

IIBeT pac~eTbl, fiOCXOnbXY H3 npHBe.QBBHbiX B npe.QblllYII!HX nyRXTBX $opMyn yJKe MO:lKBO B npHB-

UBne nony~BTh BCe COOTBOII!BBBB M8:lK.Qy een&'IBBBMB p.
0 r ' do B AK, aa paccMoT-

peBHB Cny'laeB C CHnbBbiMB BII8WHBMII UOnSIMB Mbl OCT8BBBnHB8TbCSI Be 6yJleM, 

Bb!we Mbl BCIOllY c~aTana, 'ITO s OTCYTCTBBe saewaux aneKTpa'ieCKHX noneA ypOBHII 

A -ay6neTa o6na11BIOT onpe)leneaabJMB ~eTBOCTHMB, :3To Morno 6bi OKa3aTbCH Be TaK, ecna 

-11 
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6bl cymeCTBOB8nB He COXp8HSIJOlllB9 '19THOCTb B38HMOA&JICTBRSI, KOTOpb!a CMQWRB8nR 6b! 

x) 
A -Ay6neTHble ypOBHR yJKe e nepeoM nopHAKe • K T8KRM B38HMOll.ellcTBBHM OTHOC!IT-

CB He COXp8HSIIOlllR9 '19TBOCTb Cn86bl9 B38BM0ll.&JICTBB.II 'lape3 aeJITp8nbHbla TOKR R B38BMo-

ASJICTBHSI, CBSI38BHbl6 C H8nB'IB6M y aneKTpOBOB R Rll.ep aneKTpB'I&CKBX ll.RUonb-

Hb!X MOMeHTOB. Henocpell.CTBeHHble OU9HKR UpB RCUOnb30B8BRR 9KCUepRM6HT8nbBbl•X 

ll.8HHblX 11.n.11 eeplt.RBX rpaHRn ane.KTpB"'&CKBX ll.RUonbHb!X MOM9HTOB aneKTpOBOB 

B HyKnOHOB R npR paayMBOM orp8BR"'9BRB B8 BanB'IBHY 6e3p83Mepaol KOBCT8HTbl Cn86o

ro B38BM0ll.&ICTBBSI "'epe3 ae1Tp8nbHbl9 TOU0 UOK83b!B810T0 "'TO OlKRll.86M09 CM6lllRB8BR6 

npeae6pelKRMO M8no. 

AeTopb! pall.bl no6n8rOll.&PBTb B.n. n106owana 38 neaable o6cylKll.eBRH, 

n B T e p 8 T Y p 8 

1. M.l1, fioll.ropenxHII, O.A. XpycTanee. YCZIH, !U.. 217 (1963). 

2. F. 0 .Colegrove et. aii.Phys .Rev • Letters,~· 420 ( 1959) • 

3, H .R .Hirsk Bull .Am Phys. Soc.,~· 274 (1960). 

4. M .E. Rose and R .L. Carovillano, Phys.Rev • 122, 1185 ( 1961). 

5, n . .o.. naall,8y, E.M. n.q,wan. KeaaTOB8SI M9X8BRK8 • 41R3M8TrB3, 1963. 

PyxonRCb nocTynBna B B3ll.8T&nbCKall OTll.en 

17 aerycTa 1966 r. 

':Jl K-::.! 

• At 1<:::::0: ~" 0 l·) 

~~ -1 (-)· 

PHC. I 

x) 06bl'IH09 cna6oe B38BMOll.&liCTBH6 MOlK9T CMalllHB8Tb paCCM8TpHB8.9Mbl9 ypOBHB 

TOnbK<:> BO BTOpOM nopS!ll.K9 0 R ero snHSIHB9M MOlKRO npeRe6pe'lb. 
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·~ 

. ::1 
111':!.2 c .. , 
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ae COXp8HHJOIIIB9 '19THOCTb B38HMOA9i!CTBIIH 0 KOTOpb19 CM8WBB8nB 6bl 

x) 
a nepaoM nopHAKe • K TBKIIM B38HMOilellcTBBHM OTBOCHT-

cna6&Ie B38HMOAeiiCTBRH '1epe3 B9l!TpanbHbl8 TOKB B B3aHMQ-

C H8DH'IHeM y sneKTpOBOB B HA8p sneKTPB'I8CKBX ARDonb-

OD9HKB DpR BCDOnb30BaHBB SKCD9pBN8HT8nhHbiX 

rpaRBD sneKTpH'IeCKBX llBDonbHbiX MOM8HTOB SB9KTpOBOB 

paayMROM orpaRB'ISRBB Ba B9nB'IRHy 6e3p83M9pHoll KOHCTaHTbl cna6o

BeJ!TpanbHbl9 TOKJI 0 DOKa3b!BaJOT, 'ITO OlKBAaeMoe CMeWBBaaae 

no6naroAapaTb B.n. n106owana aa neaable o6cyJKAeiUII!, 
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