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,ll,.nfl OnY!CaHlo1fl 3.neKTpoMaFHlo1THbiX nepexoAOB B aTOM.HbiX fl.Qpax, 

KaK npaBI-1110, YICn011b3YIOT .QBa MY11bH1n011bHbiX MOMeHTa CHCTeM.bl npl-1 

Ka~AOM L, pa311H~aiO~lo1XCfl ~eTHoCTbiO: 311eKTPlo1~ecKH~ H M.arHlo1T

Hbl~/1/. B pa6oTe 121 6bllla nocne.QoBaTellbHO peweHa aa.Qa4a o MY11b

Tlo1n011bHOM pa3110meHHlo1 TOKS lo1 BBeAeH Ha6op \113 Tpex MYJlbTlo1n011b

HbiX CeMeJIICTB, xapaKTepH3YIO~lo1X Clo1CTeM.y: 311eKTPH4eCKHX QLM' Mar

Hio1TH,biX mLM H TopoYIAHbiX TLM MoM.eHToa, B 3ToJI\ pa6oTe 6blno noA-

4epKHYTo, 4TO TpeTYIH M.OMeHT flBJlfleTCfl coeeprueHHO He3aBio1CYIM.Olo1 

xapaKTepY!CTlo1KO~ pacnpe.QeJleHHfl 3aPflAOB lo1 TOKOB, CTOJlb ~e lo1H$op

MaTlo1BHO~, KSK Y1 06b14Hble 311eKTplo1~eCKlo11it Yl MSFHHTHble M.OM.eHTbl. 

B Teoplo1lo1 BHyTpeHHeJII KOHBepclo1H .y-.nyl.lelit npYI paCCMQTpeHJ.1J.1 BO

npoCOB B3SHMOAei:1CTBYifl BHeWHero TOKS /T.e. TOKa STOMHbiX 3JleKTpO

HOB/ C fl.QepHbiM 3JleKTPOMaFHlo1THbiM noneM nepeXOAS np1o1 )ICJ10Blo11o1 

npOHYIKHOBeHY!fl BHeWHero TOKa BO BHYTPeHHIOIO 0611SCTb flAPS B cny-

4Se 311eKTPYI4eCKoi:1 MYI1bTHn011bHOCTJ.1/3/ 6bl11 Bbi.QeJleH MSTPJ.14Hb1H 

311eMeHT npOHlo1KHOBeHJ.1fl, KOTOPbl~ COBnaAaeT C TOPOlo1.QHbiM MOMeHTOM 

a 12' AO nocTORHHoro MHO~J.1Te11R 1o1 Ma.noro cnaraeMoro. B pa6oTe 141 

6bl110 nOKa3aHO, '-ITO eCJll-1 06bi4HbiJII AJ.1n011bHbiJII 3JleKTPJ.14eCKJ.1JII MOMeHT 

nepexo.Qa B flAPe CY!JlbHO yM.eHbWeH, TO Ha onbiTe nPOflBJlAeTCR BK11SA 

TOPOYIAHOFO MOMeHTa MYJlbTHnOllbHOCTYI A= 1, ou,eHKa KOTOporo fibl

na cAenaHa Ha ocHoae aHalllo13a AAePHbiX napaMeTpos npoHYIKHoseHYifl. 

BYifiPaU.HOHHble COCTOflHJ.1fl 0TPJ.1U,aTeJlbHOiil 4eTHOCTYI, HafilliO~aeMble 

a peaKU.HflX KynoHoacKoro 8036Y~AeHHfl 8 o6nacTYI A> 200 15 , Ae

aoa6YmAaiO~J.1eCA Ha COCTOflHYifl YIPaCT-JlJ.1HYilo1 nocpeACT80M 3JleKTpH

~eCKYIX AYinOllbHbiX nepexoA08, npeACTSBJlfliOT C 3TO~ T04KJ.1 3peHJ.1fl 

HeCOMHeHHbiH YIHTepec, EcnYI 8 Ha~ane o6naCTJ.1 aKTYIHHAOB afiCOJliOT

HSfl Selllo14YIHa AYinOJlbHbiX nepexQAOB OTHOCYITe.nbHO aenYIKS BC11eACT

Blo1e 803HYIKHOBeHYifl AY1H8Mlo1~eCKOH Of<TynOJlbHOJII Ae¢opM.aU.Hio1 16/, TO 

no Mepe pacTa Maccoaoro 4YIC11a npolo1cxoAYIT ee noAaaneHJ.1e. OnY~ca

HYie AOCTSTO~HO CJlO~Horo XaPSKTepa 8biCTPalo1BSHYifl Blo16pau,lo1oHHOFO 

yr110BOFO MOMeHTa 8 0KTYn011bHbiX COCTORHYiflX/7/ n03BOJlfleT Ha

AeATbCfl Ha TO, 4TO B MOAellYI/?/ C fiOJlbWOlli CTeneHbiO AOCTOa·epHo

CTH BOCnpOio13BOAflTCfl OCHOBHble KOMnOHeHTbl flAePHOH BOJlHOBOH ¢YHK

U,YIYI KaK Blo16pau,HOHHOrO COCTOflHHfl, TaK lo1 COCTOflHHH 1o1pacT-n0110Cbl, 

UenbiO HacToA~ero coo6~eHJ.1fl flB11fliOTCfl aHalll-13 3neKTPYI~ecKHX 

AY1n011bHbiX nepeXOAOB B paMKSX MOACJlYI OKTYnOilbHbiX B036YmAeHio1i1 

apa~SIOU\eroCfl flAPa/7/ 1-1 OU,eHKa BKllaAa TOPOI-lAHOro MOMeHTa MYilb

THnOilbHOCTYI .\ = 1 a 3Ti-1 nepexoAbl Ha npi-1Mepe 230 Th. Y1.1eT Topo-

1-lAHOro MOMeHTa o6ycnaBI11-1BaeT Heo6XOAi-1MOCTb pacl.le~a ero OAHO-



llacn1llHbiX MaTpH4HbiX 3fleMeHToB. H~t~me 6YAYT nonylleHbl BbrpameHHA 
,Qllfl 3THX MaTp\.14HbiX 3IleMeHTOB, paCC4HTaHHble C nOMOll\biO BOilHOBbiX 
$YHK~H~ c$epH4eCKH-CHMMeTp\.14Horo 6aaHea. 

1. CorllaCHO pa6oTe
121 

onepaTOP TOPOH,QHoro MOMeHTa HMeeT BH,Q 

Y~,<~•tlc'x) 1 181 ! n r,qe /\,.- - wapOBble BeKTOPbl CM. • pe,QnOilO>i(I.1M, 4TO 
nO,Q ,qe~CTBHeM 3IleKTPOMarHHTHOrO B3aHMO,Qe~CTB\.1fl fi,QPO oeyll\eeTB
IlfleT nepeXO,Q \.13 COCTOfiHHfl 1 i> 8 COCTQfiHHe 1 f->, TOr,Qa 8 HepellR
T\.18\tiCTCKOM npH6JlHmeHH\.1 ,Qllfl onepaTopa TOKa HMeeM 

~ ~ ~K ~ 4 M ~ 
J(x) ~J (x) +J (x) 

.... K -+ eh A 
J (x) ~-1-· l: 

2m •~t 
sc;-i,l gK i·'·*V ·'· -·'· v ·'·*I L"'r •"'1 "'1 •"'r • 

/2/ 

/3/ 

/4/ 

r,qe Uk - MaTpH~bl naYilH. 8 COOTHOWeHHfiX /3/ f.1 /4/ nO,Q $HrypHbi
MH CK06KaMH no,QpaayMeeaeTCfl HHTerpHpOBaHHe no seeM BHyTpeHHHM 
KOOPAHHaTaM, KPOMe X~; gL- HYKilOHHbl~ op6~t~Tallt.Hb1H g-¢aKrop 
fg£POTOH = 1, gHe~TpO = 0/ H IJs - MarHHTHbiH MOMeHT eB060,QHO
ro HYKiloHa I ... /l~(npoTOH)., 2,79, Jl~(Hf!IATpoH) = -1,91/ e R,QepHbrx 
MarHeToHax. J 1t - 3TO KOHBeK~HQHHbiH TO!$, o6YCilOBJleHHbiH ,QBHme
HJ.1eM OT,QellbHbiX HYKflOHOB BHYTpH R,Qpa, J M - TOK HaMarHH4HBaHHR, 
reHepHpyeMbiH Ma rHHTHbiMJ.1 MOMeHTaM\.1 HYKJlOHOB. 

no,Q BOilHOBO~ ¢lyHKLtHe~ li> (If>) HHM<e nO,QpaayMeBaiOTeR MHOro-
4aCTHllHble eonHoBbre ¢YHK~HH, nony4eHHble e npH6nHmeHHH XaprpH -
$aKa - 6oron~6oea Hll\.1 B np~t~6n~t~meHHH cny4aHHbiX ¢laa /eM., HanpH
MeP, 

191 I. CooreeTCTBeHHO, MaTPH4Hbre aneMeHTbl nPOH3BOilhHoro 
onepaTopa, 8 KOHe4HOM J.1TOre, onpe,qeJlR~TCR O,QH04aCT\.1llHbiM\.1 MaT
p\.14HbiM\.1 aneMeHTaMH, pacc4J.1TaHHbiMH e onpe,qeneHHoM 6aaHce. HaH6o
nee np~eMileMoH e npaKTH4eCKOH T04KH speHHR RBJlFreTefl O,QHOllaCTHll
HaA BOilHOBafl ¢YHK~HA BH,Qa /tO/ 

'· la>=Jnljm>~l a a a a 

/5/ 

no,Q ,QeHCTBHeM onepaLtHH o6pameHHR epeMeH\.1 BOilHoBaR ¢yHK~HA /5/ 
rpaHc¢oPMHpyereA cornacHo npaeHily 
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!61 

Tpe6oBaHio1e Bell.leCTBeHHOCH1 MSTPio14HbiX 3IleMeHTOB OTHOCio1Te!1bHO 8011-
HOB~X ~YHK~Io1H /5/ nplo1BOAHT K Heo6XOAHMOCTH BBeAeHio1~ ¢a30BOro 
MHO)f(lo1Tei1R i .>.-11. AIT.A onepaTopa T~o~ /eM. 12 •101 I. np111 3TOM ceoH
crea Hoeoro oneparopa TxiL ei A-l TAllo OTHOCHTe11bHO onepa4HH o6-
PSLl.leHHR epeMeHI-1 lo1 3PMio1TOBOro COnPRmeHio1R onpeAeilR~TCR COOTHOWe
HHRM\.1 

!TTA~ :r-1 =(-ll+~ 171 

TH = ( -1l+ ~ 6 / 
A~ A-~ 

!81 

Yro6bl ynpocTHTb BbiBOA Bb1PaJKeHio1R AllR DAHOI.IaCTH4Horo MSTPH4Horo 
3IleMeHTa ropOHAHoro MOMeHra, CAenaeM cneAY~~He ecnoMorarenb
H~e Bb14HCileHHR, BKilSA KOHBeK~HOHHOro TOKa B MSTPH4Hb1H 31leMeHT 
ropOHAHoro oneparopa c y4eToM onPeAelleHHR /3/ nponop~lo10HaneH 
ablpa>KeH""IO 

19! 
<tjT~ j!>-1~-·J.!!!..·fdixA+! vl'-'1~~)(!f> 1•V!f> -t/; Vob•)tA+I, 

"~ 2m "~ I I I 

Y1HTerpHPYR no 4SCT·RM H Y4HTbiBSR peaynbTaT 3PMHTOBOrO ConpR)I(e
HHA 

110/ 

nony4HM 

I=..!!_ (dx {(1/1• IAxA+I y(A>!l(i) 
2m . I A~ 

/1 1 I 
+(-l)A+l (·'·•!'' A+ly(AHYV·'· )•J 

"' x A~ lRl "I • 

TaKHM o6pa30M, H3 COOTHOWeHHR /11/ ClleAyeT, 4TO npH B~4HCDeHHH 
MaTpH4HOro il11MeHT~ /(/ AOCTaT04HO paCC4HTaTb HHTerpan OT Be
l1H4HHbl (1/l(i x +t YA*~ +l) (i)Vt/J1), a KoHe4HOM peaynbTaTe npoH3-
sec1-H COOTBeTCTBYIOU.IYIO aaMeHy KBaHTOBbiX 4HCe11 Ha4allbHOro H KO
He4HOrO COCTORHHH H nPOCYMMHPOBaTb 3TH ABe Bel1H4HH~ C y4eToM 
$aaoeoro MHQ)I(HTellfl (-1)A+1 H COOTHOWeHHR 

v;~AH)=<-d v~:;~) 1121 

HMeA B BHAY ¢QpMyny /11/, nony"HM onepaTOPHYID ~OPMY KOHBeK~HOH
I·mH 4aCTH TOPOHAHOro MOMeHTa 
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/13/ 

T~-~ ~(-t llxA+I J A d A A+l IY•L(t)l I YA --x J 
2 A+l -~ dx 2 A+l .\ >..-,.,. ' 

/15/ 
T(+)~(-t/+ 1 lxA+I A+l d A A IY 9 L(l)l I, J--YA -+X J Ap 2A+l -p dx 2A+l A A-p 

rAe I YA• L(l) l.\_
11 

- HenpHBoAt-tMoe reH3opHoe npoH3BeAeHJ.1e c¢e-
p!-14ecKoH ¢lYHKt.tHH Y >.. H oneparopa yrnoeoro MOMeHTa L. TaKJ..1M 
o6Pa3oM, Ylll-1TbiBaR t;f>~Myny I 15/, AI1R oneparopHoi1 ¢loPMbl KOHBeK-
4HOHHoH 4aCTH TOPOHAHOro MOMeHTa OKOH4aTe!1bHO nOI1Y4HM 

(2 A+l) 
X 

/16/ 

HHTerpa!1bHaR ¢lOPMa, o6ycnoeneHHaR TOKOM HaMarHH4HBaHHR, HMeeT 
•~A 

"'M I+) -+ .\+1 -+ (.\it) -+ -+ -+ -+ 
T ~ (dxx v• (C) 8(x-x ) [u • Vl A~ · Ap " k k • /176/ 

8bi4HC!1eHHe HHTerpanoB /176/ npHBOAHT K CI1eAyiD~HM Bblpa~eHHRM 



k[ d . 1 2A+lA+3 !Y (1)l 
~ x--v----· ~u 

' dx A+l 2h3 A A-~ 

L
(1l I (1) I 

® .\ 0 (j .\-~ + /19/ 

TaKHM o6pa30M, oneparop TOPOHAHOrO MOMeHTa HMCCT BHA 

"' "'K "'M 
T A~~ TA~ + TA~' /20/ 

rAe Tt~, T~IJ. onpeAenfl.IOTcfl cooraercrseHHo Bbtpa)!(eHHRMI-1 /16/ 
1-1 /19/. npeACTaBilCH~e TOPOI-1AHOrO MOMCHTa B oneparopHO~ ¢0PMe 
BHAa /16/ 1-1 /19/ n03BOilfiCT AOCTaT04HO npOCTO paCC4HTaTb era 

MaTplo14HbiH 3JlCMeHT, lo1CnOJlb3YR peay.nbTaTbl 1;13/8/ • ,llilR 3Toro HC06-

XOAHMO onpeACJWITb MaTplo14Hble 3JlCMeHTbl COOTBeTCTBYIOW.Io1X TCH30POB 

1-1 lo1X HenpJ.1BOAJ.1MbiX TeH30PHbiX npOJ.13BeACHHC1 C nOMOW.biO BOJlHOBbiX 

¢lYHK~HH /5/. CooTBeTCTBYIOW.Io1'e ¢OPMYilbl npHseAeHbl B npJ.1110}f(eHHJ.1. 

~CXOAA J.13 onpeAeJlCHJ.1fl /20/ C Y4CTOM COOTHOWeHJ.1fl /12/ J.1 aa

Me4aHJ.1A K HCMY, a TSK)!(C J.1CnOilb3Yfl COOTHOWeHJ.1fl /nl/-/n6/, OKOH-

4aTellbHO AilR MaTpJ.14HOrO 3neMeHTa onepaTopa TopO~AHoro MOMeHTa 
nonyi..IHM 

2 
A +21.+3 ! 12_ 

4A(A+1)2 (21.+3) 4 
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/21/ 

r,Qe K03¢¢H~HeHT~ (~f onpe,QeneH~ 8 npHilO*eHHH. 
2. (y~eCTBOBaHHe TOPOHAHOro MOMeHTa KaK He3aBHCHMOH xapaK

TepHCTHKH 3IleKTPOMarHHTHOrO B3aHMO,QeHCTBH~ npHBO,QHT K Clle,Qy~~e
MY onpe,QeneHH~ onepaTopa ,QHnonbHoro aneKTPH~ecKoro nepexoAa 12~ 

/22/ 

r,Qe wy - 3Hepnu~ nepexo,Qa .y-KBaHTa. C Hcnonb3oBaHHeM ,QaHHoro 
onpe,QelleHHA H ¢OPMYilb1 /21/ 8 paMKax Mo,QeJ11.1 OKTYMOilbHbiX BQ3-
6Y*AeHHH 80 Bpa~a~~HXCA A,Qpax/7/ 6bi11H npoBe,QeHbl O~eHKH BKila,Qa 
TOP0\.1,QHbiX MOMeHTOB B Bepo.RTHOCTH AHMOJlbHbiX 311eKTPH4eCKHX nepe
XO,QOB H3 BH6pa~HOHHbiX COCTOAHHH OKTYMOilbHOH npHpO,Qbl Ha COCTOR
HHA HpacT-nOilOCbl B CQQTBeTCTBHH C HHTepnOilA~HOHHOH ¢oPMY-
I10a:i /111: 

.. --· 1-1 0 .. .,+ <1-111 '" ( E1 ) Ill) ~ v' 21 + 1 I C1_v lv < II I ( 111 tv, "".>. 11 II > , 
v 

/23/ 

r,Qe !:~- onepaTop ¢IOH(JHa, ] 0> - COCTORHJ..te RAPa B np~-t6!1J..tM!eHJ..tl-t 
MOAenH np~-tHyA~-tTe!lbHoro apa~eH~-tR. CoorHoweH~-te /23/ a npeAene 
Man~x cn~-tHoB eocnpoH3BOAHT npaa~-tna o6o6~eHHoH MOAen~-t /npaa~-tna 
Anar~-t/, a a npeAene 6onbwHx cn~oa nepeXOAHT a pe3ynbrar~ pa-
6or 112 • 131 , B ra6n~-tue npeAcraaneHbl pe3y11bTant pact~era s orcyr
CTBHe J.1 npH Haf11-t4J..tl-t BK11BAB TOPQJ..tAHOfO MOMeHTa 8 cpaaHeHJ..tJ..t 
c 3KCneP~-tMeHranbH~M~-t AaHH~MH 1 51. Han~-t4He ropo~-tAHOro MOMeHra 
He CKB3~BaeTCR Cy~eCTBeHHbiM o6pa30M Ha 3HB4eHJ..tH 3fleKTPHlleCKoro 
A~-tnonbHoro nepexoAa. B nepay~ o4ePeA~ 3ro o6ycnoaneHo c~-tnbHbiM 
(f)aKTOPOM noAaBneHJ..tR nepeA 8e!1J..tliJ..tHO~ TOPOHAHOrO MOMeHTa ....-hCt.l.y/mc2, 
KOTOPY~ np~-t Tl-tOI-tliH~X 3Hepr~-tRX OKTYOOflbHbiX 81-tfiPaUHOHHbiX COCTOR-
HJ..t~ hCt.ly ., 1 H38 oTHOCHTeJlbHO COCTOAHJ..tH J..tpacT-111-tHJ..tH RBflReTCR 
8en~-tll~-tHoH noPRAKa lo-s. Heo6xoA~-tMO TaK*e oTMeT~-tTb, 4TO pact~er 
8 paMKax MoAen~-t Aaer 3aawweHHoe 3HalleHHe aenH4HHbl £1-nepexoAa. 
J.1 8 OTCYTCTB~-te TOpOJ..tAHOro MOMeHTa. AHa110fH4HaA Cl-tTYBUHR Hafin~
AaeTCR H a APYr~-tx Ml-tKPocKonH4ecKHX pac4erax ll4 ,1&/. 

803MO*Hb1 HeCKOJlbKO np~-tliJ..tH, 8111-tR~HX Ha K0!1H4eCTBeHHble OUeH
KJ..t sef1H4~-tHbl E1-nepexoAoB npH HcnonbaoaaHHH napaMeTp~-t3aUJ..tJ..t one
paropa A~-tnonbHoro MOMeHra a BHAe /22/. 3ro: 

a/ Hecornaco&aHHOCTb BHAB OCTBT04HOf0 B3aHMOAe~CTBHR 8 MO
AenRX c ~cnonb3YeM~M noreHQHanoM cpeAHero nonA; 

6/ Heo6xOAJ.1MOCTb y4eTa 3~eKTOB TpaHCflRU~OHHOH 1-tHBapHaHTHQ
CTH C Qeflb~ HCKJl~lleHHR np~-tMeCH AYXOBbiX COCTQRHHHt 
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Ta6J1u4a 
IlpHBe,o;eHHbie BepoHTHOCTH E 1-nepeXO.IJ;OB B COCTO.A:HHH 
HpaCT-TIOJIOCbl H3 OKTYITOJlbHhlX COCTORHHH ,O,JlR R,D;pa 
230Th TionochJ K" = o-

3KcnepHMeHT/5/ 
(e2q,M2) 

s-~ 4' (1,588 ± 0,538)x10-· 

r~ 6'(3,88 ± 1,93) xlo-• 

9-~ s• (1,97 ± 0,21)xi0-4 

Ham pactteT Ham pactteT 
a( (e2 ojJM 2) 6/ (e 2 ojJM 2) 

8 -4 I ,9xl0 18,84xl0-4 

-4 -4 17,7xl0 17,65xl0 

17 ,25xl o-• 17 ,22xl o-• 

6e3 ytteTa TopoHgHoro onepaTopa, 

Ham pac-qeT 
e/(e 2q,M 2) 

' -9 5,15xl0 
-9 2,62x10 
-9 I ,OSxl 0 

a/ Pactt:eT 
6/ pact.teT 
a/ pacT.JeT 

c yqeToM TopoH,f.l;Horo onepaTopa /11
1 = 0, 6 11 ~I, 

6e3 yt!eTa AHTIOJibHoro onepaTopa !11 = 0,6p. 0
0 /. . ' 

B/ Bn~RHHe KOPHOnHCOBa B3aHMoAe~CTBHR, npHBOAR~ero K CHnbHOMY CMeWHBBHH~ COCTORHH~ C PB3!1H4H~MH KBBHTOB~MH 4HC!lBMH K". B HaWHX paC4eTaX Ha OCHOBe MOAenH/7/ KOpHonHCOBO B3aHMOAeHCTBHe Y4TeHQ B paMKBX MOAenH npHHYAHTenbHOrO apa~eHHA, 3¢¢eK
Tbl TPBHCJUHJ,HOHHOI1 lo1HBapHaHTHOCTio1 H COr!lBCOBBHio1e OCTaT04HOrO 
83BHMOAei1CTB~R TSK*e He Be,QyT K cy~eCTBeHHOMY ~3MeHeH~~ C~Tyal-'~~ /14/. no-B~,Qio1MOMY, Heo6XOA~M COBMeCTHbli:i Y4eT Bcex Bblwenepe41o1C11eHHbiX np~4~H, a TaK*e y4eT Bll~RH~R 11XBOCTa 11 n1raHTCKOrO 
,q~nonbHoro pe3oHaHca. C ,qpyroH cropoHbl, He ~CKJ104eHa B03MO>KHOCTb lo1HOH napaMeTp~3al-'~lo1 onepaTopa ,Q~nOilbHOrO MOMeHTa /16/. 

CyMM~PYR, orMeT~M, 4TO npo6neMa on~caH~R ,q1o1no11bHbiX 3neKrp~-
4eCK~x nepexo,qoa noKa ocraercR HepeweHHoH. Heo6xoAio1Mbl KaK 5onee T04Hble cneKTpoCKOn~4eCK~e ,QaHHble, TaK ~ TeopeTH4eCK~e lo1Ccne,qoBaHio1R 8 3TOM HanpaaneHio1~. (TO~T OTMeT~Tb, 4TO no11y4eHHble 
BbiPa>KeH~R ,qnn MaTplo14Horo 311eMeHra ropo~,qHoro oneparopa Moryr oKaaaTbcR noneaHb1Mio1 npH aHa11H3e onbiTOB no HeynpyroMY pacceRH~~ aneKT.PDHOB Ha n,qpax 121 ., CpaaHeH~e 3KCneP~MeHranbHbiX ,qaHHbiX 
~ TeopeTio14eCKHX paC4eTOB Ce4eHHH pacCeRH~R BHeCeT ,QOn011H~Te11b
HY~ RCHOCTb B BOnpoc 0 cy~eCTBOBaHHH TOPO~,QHbiX MOMeHTOB. 

Aarop Bblpa*aer npH3HaTe11bHOCTb H.H.M1o1xaHnoay aa To, 4To OH o6paTio111 ere BHHMaHHe Ha nP0611eMy Y4eTa TOPOH,QHbiX MOMeHTOB, a TaK*e 5naro,qapHT C.H.EpwoBa 3a KOHCTPYKTio18Hble A~CKYCC~Io1 no nOBOAY paC4eTa MaTp~4HbiX 311eMeHTOB. 
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nPHJlQJi(EHHE 

npHae,qeM pe3YilbTaTbl pac4eTa OCHOBHbiX KOMnoHeHT, onpe,qe!1RIQ• lqHX 3Ha4eH1.1e MaTPH4Horo 3neMeHTa Topoi-1AHoro onepaTopa, Kor,qa B Ka4eCTBe 6a:H1CHbiX BOilHOBbiX I-1CnOilb3YIOTCR BOilHOBble ¢YHKLtHH /5/: 

jlml jll/2 
CJ2 m2 A-p CJ 2 tt2AO 

<J1 I VA I J2 > 

2.j A(A+l) 

112 
2 • 

ecnH 

ecn1.1 

<nt (I Jt m til AlVA" ,<IlJA-p ln212J2me >=<Ill VA IJ 2> 

<J11YAIJ2> 
1

12 
3 

8 

/n.4; 



(y +Y +A+l)[(v. -y )2-A2] 
- <i I y ll > 1 2 I 2 1 

A 2 
2A[(2A+1)(2A-1)] 112 

- <J, I Y A I i 2 > r J 2 /[ 2 A v < 4A2 -1) 1 . 

' A (li)l (1)1 I ' <n,,,J,m,li !!YAeL A+t"u A-~ "2'2j2m2>-

(y1 +y
2 -A)[(y

1 
-.y

2
) 2 -{A+0 2 l 

- <i 1 1 YA li 2 > ----------:-;-:;---
2( A+l) [ (2A+0 (2 A+3)] '

12 

;n.5/ 

/n.6/ 

Cne,QyeT OTMen1Tb, 4To Bbtpa>KeHI-1R nma /n 1 I ":""/n6J Hcnol1b3YIOTCR 
npH HCCile,QOBaHI-11-1

1 HanpHMep, 8 3aAa4ax paCC€RHHR /CM,/l?/ /. 
8 Ka4eCTB€ pa,QHailbHO~ BOI1HOBO~ $YHK~HH 8 pac4eTe HCnOI1b30Ba
IlaCb ocu,VInilRTOPHaR $YHKU.I-1R Rne (x) -Mo.QeJH1 H!.111bccoHa, Ailfl KoropoH I-1M€10T M€CTO CI1€,QYIO~He nOil€3Hbl€ COOTHOW€HHfl /18/ : 
AllR f > 0 

( d 1 +1 ) R 1 
112 

n/2 dX+-.-· n1 (x) -(1+n+2 ) Rne_ 1 (x)+(n+l) Rn+t,l-• (x) 

A11R e-o 
...2..R 0 (x) --{n+!./

12 

dx n 2 
N-1 rAe n= --. 
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