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OB!lAfI XAPAKTEPHCTHKA PABO'I'li 

AKTY8JlbHOCTb npo6new. B coepeMeHtraX MHKp0CKOnKqecKHX nO'AXO'ASX .f!,ItpO 
paccMaTpHBaeTcH xax CHCTeMa qacTHQ B Ce.MocornacoBaHHoM none, o6paao
B8HHOM HX B38HMO,t\effc'l'BHJDIK. Ilocne BHAM8HHH CaMOCornacOBaHHOro nonH 
qaCTHQH (KBa3Hlr8CTHm,1} B3aHMO,t\effcTBYJ)T nocpe,t\C'l'BOM 3ipf,eKTHBHHX cu,' 
CYllleCTBeHHO OTnHqamiHXCH OT B38HMO,t\eRcTBHH CB060'AffHX HYKnOHOB. CaMo
cornacoB8HHOe none (H COOTB8TCTBYJllll88 euy OCHOBH08 COCTOHHK8 CHCT8~ 

w) xapaxTepHeyeTcH PMOM cnoHTSHHO HapymeHHlilX CHMMeTpHR, TaKKX KaK 
Tp8HMHQHOHHM, H30'l'OnHti8CKM (B $1,lij)AX C N/Z B OTCYTCTBH0 aneKTpO
MarHHTHNX CM), poT&nHOHHM (B Hec~p~ecKHx .R,ItPax). ~KTHBHHe 
B3&HMO,t\8ACTBKH BOCCTaH&BJIHBaK>T cnoHT8HHO HapymeHHHe·cHMMeTpHH H, cne

,t\OBSTMbHO, ,t\OJllltHH 6HTb CBH3aHH C CaMOCornacoBAHHHM noneM ycnoBHHMH 
cornacoBaHHH. 

B npaKTHlleCKHX MHKpOCKonHqecKHX pacqeTax CaMocornacoBaHHOe none 
o6yqao annpoKCHMHPYJlT ~HOMeHonorH1reCKHM CT&THqeCKHM o6onoqetnraM no
TeHllH8JIOM, a aipf,eKTHBHHe B3&HMO,t\effcTBHH BH6KpaDT K3 coo6p8llteHHR · 
npOCTOTH pacqen H nap&M8TpH3YJ)T H838BHCHMO. B'.peaynbT&T8 HapymU>T
CH ycxoBHH cornacoeaHKH (aaKOHH coxpaHeHHH), B03HHK&DT "~oBHe" 
COCTOHHIIH B CHCTeMe, CMemaHHHe C (fJKaHqecKHMH B036~8HHHMH. 

13aJtHOCTb CSMocornacoBaHHH B 38,t\&qax H,t\epHoA (fJK3H~H 6HJia OC03H8-
Ha B nocne'Affee ,t\eCHTHneTHe, Ha HaCTOJ111188 spelffl Bee 6oRbmee pacnpo
CTpaHeHHe nonyq&DT C8MOCornacoB8HHH8 no,t\XO,t\1,1. IloMHMO aBTOM&THll8CKOro 
OT,t\8R8HHH ",n;yxomoc" COCTOHHHA, cornacoB8HH8 noaBonHeT orpaHHqHTb 
npOH3BOn B BH6ope aipfleKTHBHbJX B38HMO,t\effcTBHA, yM8HbmHTb qHMO napa
M8TpoB T80pHH. B CBOD o~epe,t\b, cpaBH8HH8 pacqeTOB B C&MOCornacoB&H
HlilX'nO,t\XO,t\&X C 3KcnepHM8HT&JibHHMH ,t\aHHHMH n03BORP.8T ,t\eR&Tb BlilaO,t\1,1 06 

'8,t\8KB&THOCTH TeX Kn~ HHlilX paccMaTpHB&eMHX ~aaHMO,t\8ACTBHR ~3Hlr8CK~A 
npHpO,t\8 B086~8HHR. B H8C&MOCOr~acoB8HHlilX no,t\XO,t\&X nocTaHOBKa TaKO
ro BOnpoca 3aqacTyn nHmeHa cwcna, nOCKOHbKY B38HMO,t\8ACTBHH nap&MeT
pH3YJ)TCH H3 cpaBH8HHH pacqeTOB C 3KCnepKM8HTUbHHMH ,t\aHHHMH. YqeT 
ycnoBHR cornacoBSHH~ HBJIHeTcH ecTecTBeHHHM KaqecTBeHHl,IM paasHTHeM 
o6onoqetrnoR MO,t\MH, noBHm8J)tqHM Ha,t\8lltHOCTb T80p8THqecKHX npe,t\CK83&HKA. 
oTHM H onpe.t\MHeTcH aKTYMbHOCT& paccMaTpKBaeMoR npo6Hew. 

J ~~'!l~m;~~.u1J;1 ~mCl'lieyT ~l 
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OcHo~HHe µenH pa6oTu MOlltHO cq,opMyJIHposaTb cne,IU'l)lllHM o6pasow. 
I. rrocTp08HH8 npocTOR cauocornacoBB.HHOR MOAeHH C 3ipp8KTHBHblMH B3aH
MOA8RCTBHRMH, q,opM4iaKTopu H CHJIOBli8 napaueTpll KO'l'Opl,IX 0Ilp8A8HJIDTCH. 
no S~aHHOMY o6oJioqelfflOMY noTeHin{MY YCJIOBHHMH cornacoBaHHH, BllT8.;;
K8.DlllHMH HS Tpe6oBaHHH BOCC'l'aHOBH8HHH HapymeHHoR CHMM8TpHH raMHJibTO
HHaHa. MOA8Jib HCnOJibsyeT 8AHHCTB8HH08 CTPYKTypHoe npeAnOJIOE8HH8 0 

cenapa6MbHOC'l'H HCKOWX CHJI, J 
2. BwlcHeHHe BOSMOl!HOCTeR cauocorJiaCOBaHHoro nOAXOAa B onHCaHHH /] 

KOJIJI8KTHBHHX BOS6~eHHR B cq>epHll8CKHX H A8qlOpMHpOBaHHHX ~ax. 

Hayti}fM HOBH3Ha H npaKTHtI8CK&H U8HHOCTb, B AHCC8pTallHH nocTpoeHa 
cauocorJiaCOBaHHM MOA8Jib C cenapa6eJibHHMH B3aHMOA8RCTBHHMH, p~Mb
Hl,18 q,opMq>aKTOPH.KOTOPliX corJiaCOBaHH C q,opMoR noTeHin{Ma. B p&MKaX 
3TOR MOA8JIH B npH6JIU8HHH N8TOAa CJI~aRHOR <pa:3Y BnepBUe noJiyti8H!,I 
ypasHeHHH AJIH pacqeTa CBORCTB KOJIJieKTHBHblX B036~eHHR noJiolltHT8JibHOR 
qeTHOCTH B qeTHo-qeTHUX aKCHMbHO-CHMN8TpH1lHUX ~ax. IlpH 3TOM e~Te
CTB8HHUM o6paaoN yqT8HO H8COxpaH8HH8 KOJie6aT8JibHOro MOM8HTa, qTo 
npHBOAHT K CM8111HB&HHn pa3JIHqHHX yYJibTHnOJibHOCT8R B ypaBH8HHHX AJIH 

BH6p&qHOHHGX COCTOHHHR, 
BbNHCJI8HH xapaKT8pHCTHKH f'-:- H t -KOJie6aHHR B A8qK)pMHpoBamrax 

~ax. Bnepsue noKasaHo, qTo npH ~eTe TOJibKO MOHOnOJibHoro cnapHBa
HHH. K npocTHX cenapa68JibHUX CHJI, corxacOBaHHHX c noTe~H8.JIOM, TeopHH 
Ilp8ACKaausaeT 6onee BUCOKK8 3H8prHK j-K· ¥-KOJie6nHHR no cpaBH8HHD 

I:: 3KCn8pHM8H'l'MbffWK A&HHBMH, ,lµ:H.COrJI&COBaHHH C 3KCnepHN8HTOM Tpe-
6yeTCH'YBMHqeHH8 KB~ynOJibHOR KOHCT8HTY npHM8pHO Ha 2a,;. ,l{eJia8TCH 
BHBOA o 6oJiee cJioJKHoR lf,HsnecK6R npHpoA8.HK3KOJI9aupoc sos6~eHHR B 
A8qlOpMHpOB&HHGX ~ax no cpaBH8HHn C NOA8JibHUMH npeACT&BH8HHJtMH, B 
qacTHOCTH, yxaaaHo.Ha B&lltHOCTb ~eTa KB~pynoJibHOro cnapHBaHHH, a 
TaKJite saaHMOAeRcTBHR ~yroR CHMM8TpHH (cnHHosmc, cnHH-op6HTMbHHX K 

T,A,), 
. IlpOB8A8HH08 HCCJI8AOBaHH8 HH3KOJI8E8llplX B036~8HHR A8qK)pMHpOBaH

HUX M8P B npocToR cauocorxacoBaHHOR MOA8JIH CTHyYJIHpyeT paaBHTHe 
KaqecTB8HHO HOBOR MOA8JIH C Hecenapa6eJibHHMH H aaBHCfiDIHMH OT nJIOTHOC
TH B3e.JIJIOA8RCTBHHMH H C ~8TOM cawocorxacoBaHHH B KaHaJiaX qacTHUa-
A9PKa H qaCTHUa-qacTHUa (AJIH napHUX CHJI), KOTopue-6yAYT xyqme 

COOTB8TCTBOB&Tb ~H3HqecxoR npHpOA8 BOS6~eHKR. 
1 · B cqiepaqecKHX ~ax c sanoJIH8HHHMK o6oxoqKaMK snepBue nocTpoeHa 

Ce.MocorxacoBaHHM MOA8Jib C cenapa6eJibHl,IMH CHJI8.MH K TOtnraM ~eTOM 
OAHOqacTKllHOro KOH'l'KHyyYa AJIH OnHC8HHH B036~8HKR paaJIHqffUX yYJibTH
nOJibHOCTeR (c HaTypMbHOR qeTHOC'l'bD) B AKCKpeTHOM K HenpepHBHOM 
cneKTpax. BnepBH8 npOB8A8HH pacqe'l'H AJIH BC8X AH_0KP8THUX EL - BOS6yx
A8HHR THna qacTKU&-A9PKa B 208Pb BnJIOTb AO nopora cenap&IIHH H8RTp6Ha 
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K A&HH 008HKH HX BKJI~a B 3Hepr8THqecKH B3Bememme npaBHJI& CYMM AJIH 
EL -nepeXOAOB. Ha~eHU CHJIOBU8 ipyHKUHH EL 

1

-nepexoAOB (L~ 4 ) B 

. CnJIOmHOM cneK'l'p8 AJ1Ji M8P 16
0 , 

48ca H 
208

Pb , npO&HMH3HpOB8Ha 
-HX p830HaHCHM CTpyxTypa H 3&BHCHMOCTb OT H30TOIIHqecKoro CnHHa, 

Ha OCHOBaHHH pacqe'l'OB cneKTpa 208
Pb CA8JiaH BHBOA, qTO B Mpax 

C S&MKffYTHMH o60JI0tra8.MH npOCTM CaMOCOrJI&COB8HHaH MOAeHb, npaBHJibHO 
OIIHCHBa!)lqM lf,HaHKy noBepXHOCTHHX KoJie6aHHR MBP, AaeT peayxbTaTH, 
xopomo cornacymup1ecH KaK c sxcnepHMeHTaJibHHMH AaHHUMH, TaK H c pe
ayJibTaT&MH pacqeTOB C HCnOJib30BaHHeM 6oxee CJIOJIHUX 3ipp8KTHBHliX B38Jl
MOA8RCTBHR, CaMocornacoB8HH8, nOMHMO YM8Hbm8HHH qHcJia napaMeTpOB 
'1'80pHH, nosumaeT H&AeEHOCTb Teop8TKq8CKHX npeACKaaaHHR, qTo B&lltHO 

npH npoBe,qeHHH 3KCnepHMeHTaJibHliX HCCJI8AOBaHHR H HHTepnpeT&IIHH HX 
peayJibTaTOB, 

Ha npKMepe ~a 
40

ca. BnepBHe KaqecTB8HHO H3~8HO pacnpeA8JI8HH8 
CHJI qacTHlfflO-A9POqHl,IX nepeXOAOB. BHCOKOR yYJibTHnOJibHOCTH ( 5,S L ~ 14) 

B cneKTpax B036~eHHR H noKaaaHa CHJibHM 3&BHCHMOCTb pacnpeA8JI8HKR 
OT BKA& BH8mHero noJIH, A8RCTBYl)lll8ro Ha ~o. TaKoe paCCMOTpeHHe noa
BOJIH8T A8JiaTb BYBOAH O B03MOlltHOCTK H&6JIOA8HKH CTpyKTyp B 3HepreTK
qecKKX cneKTpax B peaKUKHX TKna 40ca+40ca K KX HHTepnpeTaUKK, 

Anpo6aUHH pa60TH, OcHOBHHe peayJibTaTH AKCC8pT&qHH AOKJI&AYBaJIKCb K 
o6c~MHCb H& Ha~ ceMHHapax ]a6opaTopKH T80p8TKqecKoR lf,HaKKH 
K ]a6opaTopKK"Bl,lqKCJIKT8JibHOR"TeXHKKK"H &BTOM&TH3SOKK B owrn, a TaK;iit8 
npeACTaBHHJIHCb Ha XXX K XXXI COB8~aHWIX no M8PHOR cneKTpOCKOnHH K 

cTpyxType aToMHoro ~a (]eHHHrp&A, 1980; CaMapK&ffA, ~981), Ha Mex
AYffapo~oM CEMII03eyM8 no BHCOKOB036~8HHW COC'l'OHHHHM B M8PHHX 
peaKUHHX (0caKa, flnoHKH, !980). 

lly6JIHKaUHH, rro pesyxbTaT&M AHccepTSOKH ony6JIHKOBaao OAHHH&AnaTb 
pa6oT, 

06oeM pa6oTH, ,l{HccepTallHH COCTOKT H3 Tpex rJiaB H 3aKJinqeHHH, CoAep
EH'l' 140 cTpaHKU, ·23 pHCYHKa K II Ta6JIHU, B cnHcKe JIHTepaTypH 127 
HaHM8HOBaHHR, 

CO~HHE PABOTH 

B nepsoR 1 BBo.nHoR rnaBe coAep;iitHTCH KpaTKHR o6aop M8PHHX MOAeJieR, 
KCnOJibayewx AJIH OnHcaHKH CBORC'l'B aTOMHHX M8p. IloKaaaHo, qTo npo6-
JI8Ma nocTp08HKH 3/fxpeKTHBHIDC B3aHMOA8RCTBKR Henocp8ACTB8HHO CBH38H& 
co cnOHTaHHW HapymeHH8M H8KOTOPHX CHMM8TpKR M8PHOR CHCT8W. iliOPMY
JIHpyeTCH YCJIOBH8 corxacoBaHHH, onpeA8JISllllll88 sitxlieKTHBHHe B38.HMOA8R
CTBHH qepea BapH&IIHOHHyn npOHSBOAHYJ) OT cpe~ero nOJIH"no M8PHOR 
MOTHOCTK, K A8MOHCTpHpynTCH pa3nffqffl,le nyTK ero pe&JIH3SOKK, 06cyx
A&8TCH npo6JieMa noJIHOTl,I 6&3KCa, B03HHKa~~aH npH OnHCaHHH KOJIJI8KTHB
HIDC COCTOHHHR. KpaTKO HSJIOE8HO COA8p;iit~Ke AHCC8PTSOKH, 
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Bo B~opoR rJiaBe pa3BHTa MO'AeJib ,D,JIH onHCaHHH KOJIJI8KTHBHIDC B036~8HHR 
B 'A8~0pMHpOBa.HHHX Q8THO-Q8THIDC ~ax. Cenapa6eJibHH8 B38.HMO'A8RCTBHH 
nocTpoeHH Ha OCHOB8 3~aHHOro ~HOMeHOJicirHtrecKoro o6oJIOQ8'!1HOro noTeH
nHaJia C noMOillbll npHHnHna pOTanHOHHOR HHBapHaHTHOCTH, KoHCTaHTH B~Hc:... 
JIHl>TCH nyTeM corJiaCOBaHHH B3aHMO'A8ACTBHA C noTeH~aJIOM. B M8TO'A8 CJiy
qaRHoA ~31,1 ~oJI~eHH ypaBHeHHi ,D,JIH KOJIJieKTHBHHX Bo36~eHHA, c no

MOillbll KOTOpmc B~CJieHH xapaKTepHCTHKH ,:. H " -KOJI86aHHA B PM8 M8P 
pe~038M8JibHOA o6JiaCTH. _ 

B § 2.2 ,D,JIH 3~aHHIDC aKCHaJibHO-CHMMeTpHqHHX H30CKaJifiPHOro H H30-

B8KTOpHoro nOT8HnHaJIOB, KOTOpHe pa3JiarruoT~H no yYJibTHnOJIHM 

U(r,J>,8) = -V
0 
L. fL(r,J, )YL0(8) (I) 

L=0,2,4, ••• 
( vo- rJiy6HHa ,nOT8HtnfaJibHOR HMH, }' - napaueTp CTaTHQ8CKOA 'A8~pMa-

nHH, fL - P~aJibHHe ~pM~KTOpH, YL - c~epHtr8CKH8 rapMOHHKH), 
CTpOHTCH_H30CKaJifiPHHe H H30B8KTOpHBe 3~8KTHBHH8 CHJil,I BH'Aa' 

V - . { + . -
h=___<! -i -i ( 2) 2 '?:. XL. L F1..M,-:X.1.. OM,o} {fi"u-1<t1.. oM,o} 

L=2,4, ••• M . 

FLM=tfL(rk, J )YLM(ek, \fk) • (3) 
k=1 

HeTPY'AHO BH'A8Tb, QTO 3TH cwtH TO'IIHO BOCCTaHaBJIHBallT pOTar(HOHHy!I HH-
BapH8.HTHOCTb nOJIHoro raMHJibTOHHaHa. CHJIOBHe napaMeTpH onp8'A8JIHl>TCH 
corJiacoBaHHeM no XapTpH 

_1/:J_L =< 0 I FLOI O>, ' (4) 

r'Ae Io> - ocHoBHOe cocTOHHHe H8B3aHM<?'ABACTBYDIIIHX qacTHQ. flocipoeH
HHe_ TaKHM o6pa30M 3~KTHBHH8 CHJIH CO'A8pltaT TOJibKO Q8THH8 KOMilOH~HTU 
KOJie6aTeJibHOro MOM8HTa L=2, 4, • • • 3aueTHM, tfTO JIHlllb B CJI~ae OCIU{JI
JifiTOpHoro nOT8HQHaJia THna HHJibCOHa 3~KTHBHHe CHJil,I COBn~ruoT C 06~-
Hl:lMH KB~ynOJibHHMH CHJiaMH C p~MbHblMH ~pM~KTopaMH r 2 • )vIH 
KOH8~HHX M8 noTe~HaJIOB 3~KTHBHH8 CHJil,I HM81lT noBepXHOCTHliR xapaK-

Tep, T.K. fL(r,~) CYill8CTB8HHO OTJIHQHH OT HYJIH TOJibKO Ha noBepx-
HOCTH _Mpa. 

B § 2.3 C noJI~8HHHMH B3allDIO'A8RCTBHHMH B M8TO'A8 CJI~aRHoA ~31,1 
C ~8TOM MOHOnOJibHoro cnapHBaHHH pemruoTCH ypaBH8HHH ,D,JIH O'AHO~HOHHHX 
BH6paQHOHHHX COCTOHHHA, xapaKT8pH3YOMIDC KBaHTOBblM QHCJIOM K -npoeK
QHeit,YI'JIOBOI'O MOM9HTa H,Iij)B. Ha OC:& CHMM8Tprui:; Ilpll 3TOM KB8.HTOB08 'lll!CJIO 
·KOJie6aT8JibHOro MOM8HTa L H8 coxpaHH8TCH, T.e. O,IV10Bp8M8HHO BC8 yYJib
THnOJibHOCTH ~~CTBYl>T B ~pMHpOBaHHH BH6par(HOHHHX COCTOHHHA, )vIH 
COCTOHHHA C K~ =1+ Ho+ HBHO B~8JIHl>TCH "~OBHe" pemeHHH "'=O , 
COOTB8TCTBYlllllH8 npH K,.. =1+ BP6I118HHD ~a KaK QeJioro H npH Kh =O+ -
napHblM BP6I118HHHM. 
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B § 2.4 B~HCJIHl>TCH npHire'AeHHHe BepoHTHOCTH EL -nepexo'AOB c 
OCHOBHOro Ha B036)'lK'AeHHHe O,IVIO~Homme.coCTOHHHH. 

B § 2.5 B npH6JIU8HHH M8TOAa CJI~aAHoA ~H paCC'llHTaHH MO'AeJib
Hl,18 npaBHJia CYMM C pa3JIHtlHJ,IM 3HepreTHQ8CKHM B8COM ,D,JIH EL - nepexo~ 
AOB C noJIHHM, 0,IV{OQaCTHQHHM H napHblM raMHJibTOHHaHaMH. 

B § 2.6 C HCnOJib30BaHH8M nOT8HnHaJia By'Aca-CaKCOHa npOB8'A8HH 
CJl8'AY!llllH8 tfHCJieHHHe pactreTH ,D,JIH fi'A8P 152sm , 158

oy H 174Hf • 
a) H3~eHa 3aBHCHMOCTb KB~ynOJibHLIX MOM8HTOB, MOM8HTOB HH8PnHH 

H rHpoMarHHTHIDC OTHOmeHHA OT A$pMar(HH. fIOK63aHO, tfTO npH HCnOJib30-
BaHHH 'AOCTaTO'IIHO noJIHoro O,IV{OQaCTHtrHoro 6a3HCa B~CJI8HHH8 3HaQ8HHH 

Qo, J H gR xopomo corJiacynTCH C 3KCnepHM8HTaJibHHMH AaHHHMH. 
6) CpaBHeHHeM MO'A8JibHLIX napQHaJibHIDC 3HepreTHQ8CKH B3BemeHHIDC 

npaBHJI CyYM E2 -nepeXOAOB npH 4 K = O, 1 H 2 C KJiaCCHQ8CKHMH npoaepn
JiaCb nOJIHOTa HCnOJib3Y8Moro 0,IV{OtraCTHtfHOro 6a3HCa npH pa3JIHQHHX 'A8-
~pMar(HHX H noKaaaHo, QTO BnJIOTb 'AO 3HaqeHHA fl ~0,3 HX paaJIHtrHe 
He npesB111aeT I0-!5%. 

B) MHCJI8HH KOHCTaHTH KB8'AJ>YnOJibHIDC H reKc~eKanOJibHIDC H30CKa
JifiPHIDC H H30B8KTOpHHX CH.JI, H3~8Ha HX 3aBHCHMOCTb OT Ae4JOpMar(HH H 
mipaMeTpoa napHHX KoppeJIHQHA. fIOK63aHO, tfTO KOHCTaHTH HBJIHl>TCH nJiaB

HWH tpyHKQHHMH 'A8~pManHH H CJia6o M8HHl>TCH npH aapHanHH napaMeTpOB 
nf!,pHHX Kbpp8JifinHA. _ 

r) B~CJI8HH 3HeprHH fo• H r -KOJie6aTeJibHLIX COCTOHHHA KaK tpyHK
nHH Ae~pManHH H napaMeTpOB napHHX KoppeJIHQHR. PactreTH noKa3aJIH 

_ H8MOHOTOHHYJ) 3aBHCHMOCTb 3HeprHA OT A8~pMaQHH H 3aM8TH08 OTJIHtfH8 
HX 3HaQeHHA OT 3KCnepHM8HTaJibHIDC AaHHHX (corJiaCHH C 3KCnepHM8H

TOM MOMHO AOCTHQb yaeJIHtf8HH8M KOHCT8HT npH6JIH3HT8JlbHO Ha 20%). OTO 
CBff'A8TeJibCTBY8T O TOM, tfTO KpOM8 MOHOnOJibHOro cnapHBaHHH B K8HaJI8 
tracTHQa-qacTHQa H yYJibTHnOJibHHX CH.JIB KaHMe traCTHQa-A9PKa Heo6XOAH

MO Y'llHTHBaTb H APYrHe B3aHMOA8RCTBHH, B nepBYll oqep8Ab KB~ynoJib
H08 cnapHB8HH8. 

A) PacctrHTaHH npHB8A8HHLl8 B8pOHTHOCTH E2 H EO nepeXO)\OB, npH
tf8M HX 3HBtf8HHH CYI118CTB8HHO OTJIHtfBllTCH OT B~CJI8HHIDC B Tp~QHOHHOA 
' . 

MOA8JIH C KB~pynOJibHblMH CHJiaMH, q~o CBH38HO B OCHOBHOM C Pa3JIHtfH8M 
p~HaJibHIDC ~p.KTOpOB CH.JI. CpaBH8HHe B8pOHTHOCT8A nepeXOAOB C 
3KCnepHM8HTaJibHHMH 'AaHHHMH no~a3LIBaeT, tfTO C HM81lll18ACH noJIHOTOA OA
HOQaCTH'IIHoro 6a3HCa H8T H806XOAHMOCTH BO BB8A8HHH AOnOJIHHTeJibHHX· 
napaMeTpOB THna 3~KTHBHHX3apH)\OB. 

B 11pHJIOZ8HHH ! K rJiaBe noKa3aHO, tfTO B npeAeJibHOM nepeXOAe OT 
AB~pMHpOBaHHLIX K c~pHtreCKHM MP8.M 3~KTHBHHe B3aHMOA8ACTBHH He 
HCtf8381lT, a BCH 38BHCHMOCTb OT 'A$pManHH nOJIHOCTbll COKP6IllaeTCH. 
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B flpHJIOllt8HHH 

(fLY~)' )N' 

2 noJiyqeHH B!ip8llt8HHH ,IVIH MaTpHttHHX 3JI8M8HTOB 
BXOAmJlHX B onepaTOpH '(3)3~KTHBHHX B3aHMOA8ttCT-

BHA (2). 
TpeTbH rJiaBa noCBmJl8Ha CaMOCOrJiaCOBaHHOMj' onHCaHHIO KOJIJI8KTHBHHX B03~ 
6yllt,ll,8HHA B cipepHQ8CKHX ~ax C aanoJIH8HHNMH o6oJIOQKaMH. Cenapa6eJib-
Hli8 3ifxl,eKTHBHli8 B3aHMOA8ACTBHH CTpOHTCH Ha OCHOB8 o60JIOQ8tIHOro noTeH
UHaJia c nOMO~b!O YCJIOBHH corJiaCOBaHHH, BHTeKaIO~ero HS Tpe6oBaHHH 
TpaHCJI~HOHHOR HHBapHaHTHOCTH. PaCQ8TH npOB8A8Hbl B KODpAHHaTHOM npSA
CTaBJieHHH C TOQHliM yqeTOM OAffOQaCTHQHOro KOHTHHyyYa. 

B § 3.2 ,IVIH 3aAaHHoro c~epHt18CKH-CHMM8TpHtIHOro o60JIOQ8tlHOro no

T8HUHaJia, COA8pllt81118ro H30CKaJIHpHoe uo, H30B8KTOpHoeu1 H KYJIOHOBCK08 
Uc CJiaraewe B npeAnOJIOllt8HHH O nponopUHOHaJibHOCTH KOJIJI8KTHBHOR aMn
JIHTYAH rpaAJ.18HTY CaMOCOrJiaCOBaHHOro nOJIH (3TO YCJIOBH8 HBJIH8TCH TOQHh!M 
CJI8ACTBH8M cnoHTaHHoro HapymeHHH TpaHCJIHUHOHHOA HHBapHaHTHOCTH) CTpo-· 

HTCH COOTB~TCTBYJO~He KOMnOH8HTli 3/fxI>eKTHBHliX CHJI 
• •, _",v(k) k k , -.:;- x ~ -, 

hk(r,r )- L,.OI-L fL(r)fL(r )L-YLM(u)YLM(n) 
. L M · 

(5) 

r~e HffA8KC k npHHHMaeT 3HaQ8HHH 0,I,c. PaAHaJibHli8 ~pM~aKTOpH H CH-
JIOBH8 KOHCTaHTH npH 3TOM HM8!0T BJ.IA 

k fL(r)= oUk/o r , 
\ 

k=0,1, 

c Je2 (z-1) (r/Rc) ' r ~ Rc , { L 
fL(r)=- 2 

(2L+1)Rc (R /r)L+1, r;,R 
C C 

( ~ (k1 1 -1 =J fk(r)~~2dr 
-L · L 'ilr k=0,1,c. 

(6) 

(7) 

(8) 

llepea 
(k) . 

. J 3A8Cb o6oaHaQHJIH CJI8AYJl)~He KOM6HH~HH HettTpOHHOA H npo-, 
TOHHOA nJIOTHOCTeR: 

J(o)= J' n+ f p g<1l= fn- fp• _y<c>= fp (9) 

BRA f~ B (7) COOTB8TCTByeT KyJIOHOBCKOMY noTeHUHaJIY OAHOpOAffO aapH
llt8HHOA cipepH PaAHyca - R • 

. C 
B-§ 3.3 B M8TOA8 TeopHH KOH8QHHX ~epMH-CHCT8M noJiyqeHH ypaBH8HHH 

,IVIH cneKTpa AJ.!CKpeTHHX qacTHQHO-A!ipOQHHX B036yllt,ll,8HHA Mj'JibTHnOJibHOCTH 

• L. ITepexoA B KOOPAHHaTHoe npeACTaBJieHHe noaBoJIHJI TOQHO yqecTb 
O~HOQaCTHQHHA HenpepHBHHA cneKTp, QTO C~8CTB8HHO-nOBbl!IlaeT HaA8lltHOCTb 
peayJI&TaTOB ,IVIH B036yllt,ll,8HHA C Mj'JibTHnOJibHOCTb!O L ~3 

B·§ 3.4 ~aJiollteHH peayJI&TaTH pacqeToB Bcex AJ.!CKpeTtraJC cocToHHHA 
qacTHtlHO-A!ipOtlHOro THna C HaTypaJibHOA Q8THOCTb!O H MOM8HTaMH 2~ L ~ 12 

, 208 
B ~e Pb BnJIOTb AO nopora 3MHCCHH H8ATpOHOB. BHQHCJieHli 3HeprHH 
COCTOHHHA, HX npHB8A8HHH8 B8pOHTHOCTH nepeXOAOB, aapHAOBHe nepeXOAHli8 
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nJIOTHOCTH, nepeXOAHHe PaAHYCH H ~pM~KTOpH Heynpyroro pacceHHHH 
3JI8KTpOHOB. IToKaaaHo, QTO ,IVIH HHJ!taAilmx no 3HeprHH COCTOHHHA noJiyqeH
Hli8 peayJI&TaTH xopomo corJiaCYJl)TCH KaK C pacqeTaMH B APYrHX nOAXOAaX 

- (B TOM QHCJie c HCnOJib30BaHHeM Hecenapa6eJI&HHX cHJI), TaK 
0

H c 3Kcne- ' 

pHM8HTaJibHHMH AaHHHMH. 3To CBHA8T8JibCTByeT O npaBHJibHOM OJpallteHHH B 
HameA MOA8JIH noBepXHOCTHOro XapaKTepa paCCMOTp8HHliX B036ylltA8HHA, 

- oco6eHHO ,IVIH COCTOHHHA C MOM8HTOM L ;>,.J ' B KOTOpHX nocTeneHHO "BH-' 
MHpanT" o6oeMHble KOMnOH8HTH B nepeXOAffHX nJIOTHOCTHX. Bb!t1HCJI8Hli BKJia
AH BC8X AJ.!CKp8THblX ypoBHeR B 3Hepr8TKll8CKH B3B8W8HHHe npaBHJia CYMM 
H noxaaaHo, QTO OHH p83KO YM8HbWaIOTCH C pOCTOM Mj'JibTHTIOJibHOCTH 
( L ~ 3 ) • CAeJiaH BHBOA O TOM, QTO AOMHHHPYJO~HA BKJiaA B npaBHJia cyMM 
A6IOT qacTHQHO-AHpOQHHe nepexoA},I B CnJIOmHOM CTI8KTpe,'oco6eHHO ,IVIH 
Mj'JibTHTIOJibHOCTH L > 4 • 

B § 3.5 H3JIOllteH MeTOA pacqeTa CHJIOBHX ~KUHR AJIH HCCJieAOBaHHH 
B036ylltA8HHtt B CnJIOmHOM CTI8KTpe, C TIOMO~b!O KOTOpblX B § 3.6 BHQHCJI8HH 

paaJIHQHlie pacnpeAeJISHHH qacTmIHO-A!ilJ)OQHHX nepexoAOB B ~ax 208Pb , 
48ca H 160 B HHT8pBaJI8 3HeprHA OT HYJIH AO 60 MaB. OnpeAeJieHO ·noJio

llt8HH8 MSKCHMyYOB peaoHaHCOB, HX escape ·-:-mHpHHH H aapfiAOBHe nepeXOA

HHe nJIOTHOCTH, HayqeHa H30TOTIHQ8CKaH CTpyKTypa pacnpeA8JI8HHtt. flpoBe
A8HO cpaBH8HHe pacqeTOB C 3KcnepHM8HTaJibHHMH ASHHblMH. B qacTHOCTH, 

208 ' 
noKaaaHo, QTO B , Pb B o6JiaCTH KBaAPYTIOJibHOro peaoHaHca cocpeAOTO-
qeHH 3aM8THli0 AOJIH CHJI nepeXOAOB C L=4 H 6, QTO BruttHO yqHTHBBTb ' 
npH o6pa60TKe 3KCnepHM8HTaJibHliX A6HHHX TIO HeynpyroMj' pacceHHHIO 3JI8KT
pOHOB, npOTOHOB H T,A. ~8TaJibHO npoaHaJIH3HpOBaHbl xapaKT8pHCTHKH peao
HaH_COB APYrHX Mj'JibTHTIOJibHOCTeA H CA8JiaH BHBOA O TOM, QTO ,IVIH BC8X 
Ha6JI~A88MblX rHraHTCKHX peaoHaHCOB nepeXOAffH8 nJIOTHOCTH HM8!0T TIOBepx
HQCTHlitt xapaKTep, npHQ8M C pOCTOM L o6oeMHHe KOMTIOH8HTH 6HCTPO 
YM8HbWaDTCH, IToKa3aHO, QTO B U8JIOM T80pHH KaQ8CTB8HHO npaBHJibHO OTIH

CHBaeT Ha6JIIOAaewe CBOttCTBa B036ylltA8HHA CnJIOmHoro CTI8KTpa KSK B JI~r-
KHX, TaK H B THllt8JiblX fiApax. " 

B § 3.7 B MOA8JIH H8B3aHMOA8ACTBYJll~HX qaCTHU paccMOTpeHH pacnpe-
. ' 40 

A8JI8HHH CHJIH qaCTHQHO-A!ilJ)OQHliX nepeXOAOB B Ca , B036ylltAa8MblX no-
JIHMH C paaJIHQHOA PaAHaJibHOA 3SBHCHMOCTb!O npH BHCOKHX Mj'JibTHnOJibHOC
THX L>Al/J_ , IToKaaaHo, QTO ,IVIH Mj'JibTHTIOJibHliX onepaTopoB jL(qr)YLM 

(q ~I oh-.I ) 3TH pacnpeAeJI8HHH HM8IOT MaKCHMYM npH OAffOA 
H TOR lite cpaBHHTeJibHO HH3Kon 3HeprHH, paBHOA npH6JIH3HT8JibHO ABOAHoA 
3HeprHH cenap~HH HyKJIOHOB,a HX mHpHHH nponopUHOHaJibHH L-112 , T,e. 

CYJ!taIOTCH C pOCTOM L • CJieAOBaTeJibHO, YM8HbmaeTCH 3HepreTHQ8CKHA HH
TepBaJI, Ha KOTOpOM Ha6Hp8.IOTCH npaBHJia CYMM, )VtH noJien TIOBepXHOCTHO
ro THna c,u/o rYLM cp8AffHH 3HeprHH B036YJ!tA8HHH nponopUHOHaJI&Ha L2 

a pacnpeA8JI8HHH CTaHOBHTCH mHpOKHMH (mHpHHa pacTeT, KaK L4/J ). 
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PaccMOTpeHHse CTpyl(TypS pacnpeAeneHHR KaqecTBeHHO conocTaBJiroDTCH 

CTpyxTypaM, \o6HaJ>YlleHHW B peaimHH 40ca+ 40ca • CAeliaH BSBO'A 0 
TOM, qTO Ha6J11>Aaewe npH 3!0M CTPYKTYPS. B cneKTpax B036yJr,qeHHff woryT 

6STb CBH3aHH C qaCTHtrnO-~OtrnlilMH CTeneH.RMH CB06o~ TOJlbKO 'AO 3H8p-
rHff w i. 2 f ( f. - 3H8prHH ~enMH) H MH 3Hall8HHA L 4 2A 1 /3. OAHa-. ~ F F 'l:' 

KO MH noJieff nOB8pXHOCTHoro THna qaCTHqJf0-~0tlHli8 nepexo~ MOryT 
'AaBaTb s~eTHSff BKJIB,I\ B ceqeHHH H npH 6oJie~ BSCOKHX 3HeprHHX. 

B 3aKJIDqeHHH npHBe'AeHH OCHOBHHe pe3YJlbTaTS ~ccepTB.IlHH, npeA

cTaBJIHewe Ha 3SIIIHTY-
I. ,lJ,nH OIIHCaHHH CBOffCTB KOJIJIE!KTHBHHX B036yJr,q8HHff B C~pHq8CKHX • 

H 'A84>opMHpOBSHHHX ~ax npeMOlleHa CaMOCOrJiacoBaHHM MO'Aelib C npOCTS
MH cenapa6eJibHHMH 3qq18KTHBH1i1MH B3aHMO'A8ffCTBHHMH, pa,J\HaJibHHe IPOPM
l}iaKTops KOTOpliX corHaCOBaHH C noT8HQHaJIOM. YCJIOBHH corJiaCOBaHHH BS
TeKMT H3 Tpe6oBaHHH BOCCTaHOBJI8HHH,HapymeHHoff CHMMeTpHH O'AffOqaCTHll
HOro raMHJibTOHHaHa, qTo HaKJI~BaeT orpaHHll8HHH Ha BS6op CHJIOBSX 

KOHCTaHT H n03BOJIH8T KoppeKTHO OT'AeJIHTb "~OBSe" COCTOHHHH. 
2. B npH6JIHll8HHH MeTO'Aa CJiyqaffHoff l}iass noJiyqeHH ypaBHeHHH MH 

pacqeTa CBOffCTB KOJIJl8KTHBHHX B036ylr,q8HHR IlOJIODTeJibHOff qeTHOCTH B 
qeTHo-qeTHSX aKCH9.JlbHO-CHMM8TpHllHHX H~ax. ITpH 3TOM 8CT8CTB8HHSM 

o6pa30M y:qTeHo HecoxpaHeHHe KOJie6aT8.l[bHOro MOM8HTa. L, BCJl8'ACTBH8 
qero npoHCXO'AHT CM8DIHBaHH8 pa3JIHq}{SX-yYJlbTHnOJlbHOCT8R B ypaBHeHHHX 

MH BH6panHOHHHX COCTOHHHA. 
3. B paMKax CaMOCOrJiaCOBaHHoro nOAXOAa c MOHonoJibmtM cnapHBa

HHeM H cenapa6eJibHHMH 3qqleKTHBHHMH CHJlaMH paCCllHTaHH xapaKT8pHCTHKH 

HHZaffDIHX KOJIJleKTHBHHX B036yJr,qeHHff MH PH'Aa THnHq}{liX M8P P8'AK038Me.1Ib
HDR o6JiaCTH. BlillHCJl8HHH8 3HeprHH HH3KOJl8Za!IIHX KOJIJ18KTHBHHX B036YJl'A8-
HHR OKa3SBallTCH CHCTeMaTHll8CKH Bblllle 3KcnepHM8HT9.JlbHHX~ 3TO CBH~e
T8JlbCTByeT O TOM, qTo npHPO'Aa 3THX COCTOHHHff 60Jl88 CJIOZHaH, qeM 

. npeAnOJiaraeTCH B npOCTOM MO'AeJibHOM npe'ACTaBJieHHH. CorJiaCH8 C 3KCne
PHM8HT9.JlbHSMH AaHHb!MH MOllHO noJiyqHTb rlepeHOpMHpOBKOA H30CKaJIHpHoff 
KB~ynOJibHOff KOHCTaHTS npH6JIH3HTeJlbHO Ha 20% ( T. e. npoBeCTH'•napa
M8TpH3aUHll KOHCTaHT, KaK B H8CaMOCOrJiaCOBaHHSX MOAeJIHX). ITpH 3TOM 
B Hamett MOAeJIH BSllHCJleHHHe B8pOHTHOCTH nepeXOAOB cyiqeeTB8HHO OTJIH
qanTCH OT BHqHCJl8HHHX B TPB,I\HUHOHHOff MO'A8JIH C napHNMH H KB~ynOJlb
HSMH CHJlaMH, qTQ B OCHOBHOM HBJIHeTCH CJle'ACTBHeM pa3JIHllHH P~aJibHHX 
(p()pMl}iaKTopoB 3qqleKTHBHHX CHJI B 3THX MO'AeJIHX. 0AHaKO npocTyio no~roH
Ky KOHCTaHT MH noJiyqeHHH corJiaCHH C 3KcnepHM8HTOM H8Jlb3H npH3HaTb 

Y'AOBJI8TBOPHTeJibHlilM pemeHHeM npo6Jiew, nocKOJlbKY OHa TOJlbKO MaCKHpy
eT (KaK H B Jlll6SX HeCaMOCOrJiacoBaHHHX nOAXOAaX) He'AOCTaTKH TeopHH. 
~eJiaeTCH BSBO'A O He06XOAHMOCTH 'AaJlbHeRmero KaqecTB8HHOro paaBHTHH 
MOAeJIH, B qaCTHOCTH, nyTeM yqe~a CaMOCOrJiacoBaHHOro cnapHBrumH (B 

8 

l 

nepByio oqepe'Ab KB~ynOJlbHOro), a TSKZ8 ~yrHX. B3aHMOA8RCTBHff B 

KaHaJI8 qaCTHna-~Ka. 
4. B c~pHll8CKHX ~ax C aanoJIH8HHSMH o60JIOllKaMH np8MOll8Ha CaMO-

corJiaCOBaHHM MOAeJib C cenapa6eJibHl,IMH 3qq18KTHBHSMH B3aHMO'A8ffCTBHHMH, 

riocTp08HHl,IMH Ha OCHOB8 060J1oqetffioro IlOT8HQHaJia C-IlOMO~bll ycJIOBHH 
corJiaCOBaHHH, BST8Hall~ero H~ Tpe6oBaHHH TpaHCJIHUHOHHOR;HHBapHaHTHOC
TH. Bee ypaBH8HHH TeopHH c4>opwyJ1HpoBSHH B KOOPAHHaTHOM'npe~cTaBJI8HHH, 
qTo noaBOJIHJIO TOtffiO yqeCTb O'AffoqaCTHllHliff KOHTHffYYM,'AaJIO B03MOZHOCTb 

HCCJl8'AOBaTb CBORCTBa p830HaHCHSX COCTOHHHR Bbllll8 nopora cenap&nHH 
fiYKJIOHOB H OU8HHTb HX DIHpHHS, CBH3aHHH8 C BWI8TOM HYKJIOHa B CnJiom-

HOR cneKTp. 
5. Ha OCHOB8 CaMOCOrJiaCOBaHHOff MO'AeJIH npOB8'A8HH pacqe~s MH 

BC8X ~CKP8THSX B036yJr,qeHHR HaTypaJibHOA qeTHOCTH qaCTHqHo-'Alij)OtffiOro 
THna C 2 ~ L ~ 1 2 B MP8 208Pb H OI:18H8H HX BKJIB,I\ B 3H8pr8THqeCKH B3B8-

meHHH8_ npaBHJia cyw MH EL-nepeXOAOB. IToKasaHo, llTO C poCTOM yYJlb
THnOJlbHOCTH ( L >,.. 3 ) 3TOT BKJIB,I\ p83KO yY8Hbma8TCH, qTQ npHBO~T K 
YBeJIHll8HHll AOJIH p830HaHCHHX COCTOHHHA CnJIOmHOro cneKTpa B 3THX npa
BHJiax cyw. H3yqeHO pacnp8A8JleHH8 CHJIS qaCTHtrnO-~Olffll>lX EL -nepe

XOAOB ( L~ 4 ) B KOHTHeyyM8 MH ffA8p 16
0 , 

48
ca H 

208
Pb , HCCJieAO

BaHa• HX p830HaHCHM CTPYKTypa H saBHCHMOCTb ,,OT H30TOIIHqecicoro CnHHa. 
. lb!CJl8HHH8 pacqeTS B JierKHX H TDeJISX H~ax C sanoJIH8HHID,(H 060-

JIOtlKB.MH noKa3aJIH xopomee corJiacHe noJiyqemu,ac pesyJibTaTOB c HMell~MH
CH 3KcnepHM8HTaJibHHMH 'AaHJU,IWI B mHpOKOff o6JiaCTH 3HepreTHll8CKOro 
Cil8KTpa MH paSJIHqHSX yYJlbTHnOJibHOCT8ff ~ 3TO Il0'ATB8~a8T 3.aJIOll8HH08 

B MO'AeJIH np8'AilOJIOll8HH8 o npOCTOff noBepXHOCTHOff npHpO'A8 60JibmeR qac
TH KOJIJl8KTHBHHX B036YJl'A8Hl~R.'IToJiyqeHHM cTeneHb corJiaCHH C 3KCnepH

M8HTOM HlillyTb He xyge, qeM B IlO'AXO'AaX C 6oJiee CJIOllHSMH Hecenapa68Jlb
HbtMH B3aHMOA8RCTBH~. IlpH 3TOM npoCTOTa MOA8JIH Il03BOJIH8T npoBO~Tb 

BlillHCJl8HHH C M8HbmHMH aaTpaTaMH MaDIHHHOro apeMeHH. 
6. Ha npHMepe ~a 4°ca noKasaH~, ~To xapaKTep pacnpe'AeJieHHH 

CHJIS qacTHtrno-~oqHHX EL -nepeXOAOB B CnJIOmHOM cneKTp8 npH BSCO
KHX yYJlbTHilQJlbHOCTHX ( 5 ~ L i 14 ) CYJq8CTB8HHO saBHCH'l' OT Bff'Aa Bff.8m

Hero IlOJIH, 'A8ffCTB~ero Ha ~o. TaK, MH BHemHHX noJieR jL(qr)Y~ 
( q ~ J ~-1) pacnpe~8Jl8HHH HM81lT MaKCHMYM npH O'AffOA H TOA lite cpaBHH

T8JlbHO HH3KOR 3HeprHH B036YJ!'A8HHH, npHMepHO paBHOR Y'AB08HHOR 3H8p
rHH cenapanHH HyKJioHa, a HX mHpHHH CYJKallTCH C poCTOM L, • _,ll,nH BH8m~ 
HHX noJieR noBepXHOCTHoro THna "ZIU/'o rYLM cp8'AffHH 3HeprHH B036yx
'AeHHH nponopI:IHOHaJlbHa L2 , a DIHpHHa pacnpeAeJI8HHH paCT8T KaK L

4
1

3
• 

KaqecTB8HHOe pacCMOTp8HH8 pacnp8'A8Jl8HHH CHJI EL -nepeXO'AOB 'npH BSCO
KHX yYJlbTHilOJlbHOCTHX no3BOJIH8T on~HHTb B03MOZHOCTH Ha6Jlll'A8HHH CTPYK
Typ B 3HepreTHlleCKHX cneKTpax B peaKI:1HHX C TJUt8JISMH HOHaMH THna 

40ca+40ca. 
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