
n- 99t ... 
OB'bE,llHHEHHIIA HHCTHTYT RAEPHYX MccnEA()BAIIMA 

nABOPATOPH.H TEOPETH'-IECKOA 4>113HKJ.1 

4 ., 8805 

mrroe HHK0.11a1 MJn,11q 

3AKOHY COXPAHEIOOI 
M KOJIJIEK'll1BHYE 803BY-.nEHHff 

ATOMHYX -H,llEP 

Cne~ocn, - 01.04.16 - 4>H3JlKa aroMBoro JI.Qp8 

11 KOCMJl'lecKKx .11y11ell 

AsTopect,epaT .aaccepTSIIBH Ha COIICK8HBe y~eROI 
CTeD8HB .QOKTOpa cla3BKO-M8T8M8TH'leCKBX Hayx 

(.llaccepTaua• Ranacaae sa pyccxoM •awse) 

D,yt>Ha 1975 



PaclOTa BWrLOUeHa 11 Jia6opaT0PHJI 1'eOJlB1'1Illeclt0A qll!3HlOI 

O<h,e;JtUelUloro HHCllT}'Ta .qe-pmo: ace~. 

(')cpJlltllaJtloJlW8 onnOUHTlil! 

~ AH CCC:P 

_;ionop fj)nuo-e:re1,1a:n1ucnx syx 

;11;0:uop IPlf3XIU>-MlffDa:rnecltl'!X 11ayx 

C • T. EeAaell, 

f • li(.Barpll,ltOB., 

13.E.EeJU!eB. 

Be..l'Dl89 aayuo-acc.n.-onum..mt0e y,r.Po,J;eBHe: HHCTHTYT 

reopeu11eaol 4muu AH 'YCCP, Han .. 

. A.nop•paT paaoCJiaa • " I975 r. 
3a.at,m:a ~HC0ell1:muut COCTOHTCJI 11 " 1975 r. aa 

3~e.laH.H Y11exoro COBeTa Jls.Oo.parop,m reopeTM118CJt0I (p}13HKH 

001,.e,umeu.or:o JIHCT~ Q&PBlalX J10C.J1AAOJ18DI, .:r.,Uy6xa, Moc;KoB

cxoJ 1M!_.8C%ll. 

c .lUICOeJ>raQUI ll9DO oaasean.ca a <S116Jm0Texe_ omrn. 

Y11elUlll cexpeTap• Co11na 

P • A. Acas:OB 

4 - 8805 

TIHTOB HHKOJiait MJibHtl 

3AKOHY COXPAHEHMH 
M KOJIJIEKTI1BHYE B03BY:iK,aEHMH 

ATOMHYX MEP 

Cne~aJibHOCTb - 01.04.16 - q>H3HK8 aTOMHOro B,npa 

H KOCMHtleCKHX J1yt1eit 

ABTOpe¢epaT ilHCCepTaUHH Ha COHCKBHHe yqeuoa 
CTeneHH ilOKTopa ¢H3HKO-:MBTeMBTHqecKHX HByK 

(.llHCCepTBUHH HBilHC8H8 HS pyccKOM Sl3bJKe) 

06'h~:'ftie!lH'l:lii nneffliiVi \ 
rmepm.r:.t m:~e.n.ommuU 

- GWGJWi01EKA __ · -



B COBpeMeHHOM OnHCa.HHH crpyxrypw arowunc: a;i;ep WHpOKO HCnOnL

ayDrca MHKpocxonHqecxze MeroAw, B ocHOBe xoropwc neimr npe~craB

neHHe O 11,1;pe xax O CHCreMe B3aHMO~elcrBYlllllHX HyKnOHOB. CB8A8HHR 

o 11,1;epHYX cHnax nonyqam H3 aHaJIH3a axcnepHMeHraJILHWC Aa.HHWX 

no MaJIOHyKnOHH!ilL CHCreMaJil. H3-3a cnoxHOCrH 11,1;epHWC CHn H 60nLworo 

qHcna creneuel CB060AH B MHoroqacrHqHoR cHcreMe roqHoe peweuHe 

ypaBHeHHR ffipe~HHrepa ~na Hee oxaawsaerca npaxrHqecxH uesoaMOXHWM. 

rroaroMy mHpoxo HcnonLayerca xounennHa caJi1ocornacoaaHHoro nona, 

n03BOnRD~aa CBeCrH 38,J;aqy MHOrHX ren K OAHOqacrHquol. 3ra KOH

nenUHR nexH~ B.OCHOBe 060noqequol MOA~nH BJI.pa/I/. Cy~eCrBOBaHHe 

CIUl)cornacoBaHHoro nona B BJI.pax noArBe~aerca AaHHWMH cnexrpo

cxonHqecxHX HCcneAOBaHHR, axcnepHM~Hraim no pacceaHHD nporouoB 

H HelrpOHOB Ha BJI.pax, ~aHHJ:Om O ceqeHHRX peaxnzR OAHOHyKnOHHOA. 

nepeAaqH/2/. B npaxrHqeCKHX pacqerax CaMOOOriaCOBaHHoe none 

annpoKCHMHpyDr crarzqecxHM noreHUHMOM, napaMerpw xoroporo xopo

mo onpe~eneuw Ana qacrHU B6nH3H noBepxuocrH ~epMH. 

AroMuwe 11,1;pa xapaxrepH3yDrca PBJI.OM lUAHrHBHWC HHterpaJIOB 

ABHX8HHR (JDUiyn.c, yrnoBOI MOMeHT HAP·)~ Coxpa.HeHHe HX reCHO 

CBR31ll10 C HHBapHaHrHOC%LD BJ[.epHoro raMHn»TOHHaHa orHOCHTen&HO 

npeoOpa30BaHHR CHWerpHH~ B xoropwc HHTerpan ABHXeHHR RBnaerca 

reHeparopOM rpynnw npeo0pa30B~Hlo OjHOQacTHqHHe (XBa3HqaCrHqHHe) 

raJi1HJLTOHHaHH, onHCHBalJIIHe ABHxeHze HeBami»oAeRcrByD~Hx qacmHU 

(xaaazqacrHU) B'Bw,iteneHHO~ CBJ(OCOrnacoBaHHOM (HnH cpeABeK) none, 

BcerAa o6na,J;aI>T TOI HnH HHOI ~OpKOI HapymeHHOI CHMMerpHH. Boc

craHOBneHHe uapymeHHOI cHWerpHH ~ocrHraerca yqeroM ocraroqHwc 
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B38.l!UO,l(encrnHn q~CTHU (KBa3HqacTHU)/J-5/. B MeTO,l(e Ca.l!OCornaco
BaHHOrO nona CYJlleCTBYDT ycnOBHR cornacOBaHHR, ·CBR3W!aDl!IHe Mel!Q{y 
codon ocraroqHue B38.l!MO,l(ellcrBHR (aqxpeKTHBHue CHnu), uarpHcy 
nnorHOCTH H cauocornacODaHHOe none. IlpH saueHe caMocornacoBaHHoro 
nona crar:meCKHM noreHUHMOM aqxpeKTHBHUe CHnU no HeOdXO~HMOCTH 
CTaHOBRTCH MO,l(enLHIDIH H oduqHO HX BlldHpru:ir, HCXO,l(R H3 CBonctB 
cmruerpHH paccuarp:irnaeMUX SJ,l\epHux cocroaHHn H coodpax:emflt npocro
ru. B qacrHocrH, llU!poio HcnonLsyDrca B pacqerax npocrue cenapa
denLHue napHue H MYRLTHilORLHUe CHnw161. MHKpOCKOnHqeCKHe uoienH 
C Ta.KHMH 3\W)eKTHBHWlH CHna.MH xopomo OilHCUBaDT MHOrHe ~BOllCTBa 
KOnneKTHBHUX B03dyl!Q{eHHll R)(ep. Cy111eCTBeHHUM He,l(OCTaTKOM HCilORL
syeuux B Hacroa111ee BpeMa sqJ\fleKTHBHUX B3aHMO~encrBHll RBnaerca . 
HecornaCOBaHHOCTL HX C ¢opMOR noreH~ana~na qacTHU (KBa3HqacTHU). 
IlpOH3BOn B BUdope Pa.ztHMLHUX ¢opM~rutTOpOB H CHnOBUX napaMeTpOB He 
Il03BOnaer, B q~cTHOCTH, axKypaTHO Bll,llenRTL KonneKTHBHUe MO)(U, 
coorBercTBYDIIIHe HapymeHHUM cnuueTPHRM (rORACTOYHOBCKHe BeTBH 
B030YJ!C,l(eHHil). 

l1Hrepec K npodneMau, CBR3aHHUM C HapymeHHeM CHWleTPHll H sa
KOHOB COXpaHeHHR, 38ll8THO B03p0C B nocneAHHe rOAU. B p~e padOT 
HCCneAOBMHCL orpaHH'leHHH, Hanaraeuue Ha 3q>qleK;HBHUe CHnU IlPHH
qnnaMH HHBapHaHTHOCTH H ycnOBHRMH cornaCOBaHHR (cM., HanpH
uep.,17-121). PasBHBaerca ueroA odod111eHHoff MarpHUU nn~rHocru1131, . . \ 

B pauxax xoroporo y~aerca nocne)(OBarenLHO npocneAHTL BunonHeHHe 
3aKOHOB coxpaHeHHR npH OilHCa.HHH KOnneKTHBHUX B03dyx,neHHR SJ,l\8p. 

Hacroa111aa AHCCepTaqHR IlOCBRIIleHa CHCTeuarHqecKOMY HCCneAOBa
HHD 3\W)eKTHBHUX CHn, nonyqa~lWX Ha OCHOBe HCnonL30BaHHR CBORCTB 
CHMMOTpHH Sl,l\epHHX COCTORHHn H 3a.KOHOB coxpaHemrn, a raxxe cneKT
pOB ROJIJIOI{THEHblX B03dyl!Q{eHHlt B 'leTHO-'leTHHX H HeqeTHUX ~pax • 
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TeopHH He CTaBHT nepeA codon 38,l(a'ly BOCCTaJ{OBneHHR HCTHHHUX 
OCTaTO'lHUX B3aHM0,1(88CTBHil H3 ycnOBHR cornacOBaHHR. 3TO B npHHUHile 
HenL3R CAenarL, onHpaRCL Ha MOAeRLHHn noreHUHM cpeAHero nonR 
H OAHOqaCTH'lHYD MaTpHUY nnoTHOCTH. Eonee·roro, npH AOCTaTO'lHO 
cnoxHon ~opue COBpeMeHHUX OAHO'laCrHqHHX noreHqnanoB KOHCTPYHPOBa
HHe MO~enLHHX aqxpeKTHBHHX CHn, crporo YAOBneTBOPRDIIIHX BCeM ycno
BHRM cornacOBaHHR H odecne'lHBaDIIIHX BWIOnHeHHe BCex 3aKOHOB coxpa
HeHHR, npe)(cTaBnaer codon TPYAHYD 3a,n;a'ly. PR.I( odcroarenLCTB no
sBonaeT ynpOCTHTL sa,n;aqy H pemaTL ee npHdnHxeHHO. OrueTHM, B 'laCT· 
HOCTH, qro orpaHH'leHHR, HaKna:l!HBaeuue Ha a\W)eKTHBHUe CHnU npHH
UHilaMH HHBapHaHTHOCTH, cneqn~H'llll,l AnR Kall[AOrO THila CHMMeTpHH. 
Kpoue roro, K~ouy rnny HapymenHoil CHMMeTpHH coorBercrByer cBoil 
cneKTp KonneKTHBHUX B03dyJQteHHR CHCTeMU qacTHU. B rapMOH~'leCKOM 
npHdRHllCeHHH COCTORHHR C pasnH'lHOR CHMMeTpHen He B3aHMO)(eilcTBYDT 
M6XAY codon. Il03TOMY npeACTaBnaerca pasyuHUM HCKaTL CHa'lana 
31pql6KTHBHU6 CHRH )(RR K~oro THlla HapymeHHOR CHMM6TPHH H63aBH
CHMO, a 3areu npH H60dXO,l(HMOCTH ycnOXHRTL HX. 

B nepBOll rnane )(HCCepraqHH cqiopuynHpOBaH KBaHTOBOMexaHH
'l6CKHit MeTO,I( nocrpoeHHR aqxpeKTHBHUX cenapadenLHUX CHR AnR 38,ll;aH
Horo BH,l(a 0,l(HO'laCTH'lHOro (KBa3HqacrHqHoro) ra.MHRLTOHHaHa H

0 

, 

He KOMMYTHPYDIIlero c a.n;AHTHBHW HHTerpanOM ,l(BHXeHHR F • 3qxpeK
THBHUe_ CHRH h , BOCCTaHaBRHBan111He HapymeHHYD cnMMerpHD 

HIIIYTCR B 

[H 0 +h.,,F']=O) 

BUA6/I4-IB/ 

h ~~2} LH~F'JT[H~P] 

(I) 

(2) 

BenH'lHHa cf 0Ilp6)(6RR6TCR H3 ycnOBHR BUilORH6HHSI (I) B IlpHdRIDK6HHH 
.1,1eroia cny'laitHoll ~3u (Ci>) 
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(3) 
,_ 

cf'== (o/ [ F +. [H 0
, FJ]}O) 

r,n;e/0) npe,n;cr~naer _ocHOBHOe cocroaHHe no Xaprpu-<[l()Ky HnH XaprpH
~oKy-EoronnOoBy (HeHHBapHaHTHllll BaKyyu). ECJIH ,ll;BOIHOI xowyrarop 
B (3) llBnlleTCll c -tJHCJIOll, TO BllOOp (2) oOecnetJHBaer TOtJHOe Bl:lllOJI
H8HH8 38.KOHa coxpaHeHHll. B oo~eu CJiytJae B8JIHtJHHa d npe,n;craBnaer 
coOol! MaKpOCltollHtJ8CKYD xapaxrepHCTHKY H8HHBapHaHTHOCrH Baxyyua 
H BllpaJ!Caerca qepe3 TaKH8 Ma.KpOCKOllHtJ8CKH8 (xnaCCHtJ8CKHe) B8JIH
tJHHll KaK MaCCOBlll! KBa,itpynOJILHllll MOMeHr (npH HapymeHHH pora.ItHOHHOI 
HHBapHaHTHOCTH), 3HepreTHtJ8CKaH ~enL (B_cnyqae HapymeHHll KanHOpo
BOtJHOl! HHBapHaHTHOCTH napHWL non~u/191) H ;,;p. ITpe,n;nonaraerca, tJTO 
MarpHtJHWR aneMeHr (3) H8.MHOrO OOnLme H8,D;HarOHMLHYX MaTpHtJHUX 
aneM8HTOB ,D;BORHoro xowyraropa (npH6JI.lm8HH8 Ci>). B3aHM0,11;8l!CTBHll 
(2) nonHOCTLD onpe,n;eneHll Hue co;,;epxar npoH3BOJILHUX napruterpoB. · 
YrOtJH8HH8 HX MOXHO npoBO,D;HTL, HCllOJIL3YH anreOpy KOM._~yraropoB 
oneparopoB F H H0

oonee Bucoxoro nopffAKa. 
PacCMorpeHll aqxpeKTHBHlle CHJill, B03HHKaD~He'npH HapymeHHH 

KanHOpOBOtJHOl!, rpa.HCnll[{HOHHOR, pora.ItHOHHOl H li30TOilHtJeCKOll-HHBa
PHaHTHOCTH (HapymeHHe 38.KOHOB coxpaHeHHH tJHcna tJaCTH[{ N, HWIYJIL
ca J5, yrnoBoro MoueuTa J n H30ronHtJecxoro cnuHa T , coorBe:r
crBeHHo). 

B cnyqae HapymeHHll KanHOpOBOtJHOl! CHMMerpHH napHllll noneu 
aqxpeKTHBHlle CHnll, noJiytJeHHlle C nouo~LD npHH[{Hlla HHBapHa.HTHOCTH, 
C TOtJHOCTLD ,D;O H8C~8CTB8HHOrO cnaraeuoro COBlla,J;aDr C B38Jl1.{0,11;8l
CTDHllMH KBa3HtJaCTH[{ B HCXO,ll;HOM raMHJILTOHHa.He C napHUMH KOppena
[{Hlllffl cra.HAapruoro BH,J;a/20,2II. 

3qxpeKTHDHll8 CHJIIl (KHH8MaTHtJ8CKH8 KOppeJill[{HH), BOCCTaHaBJIH
_Bru:J~He rpa.Hcna[{HOHHYD HHBapHa.HTHOCTL, c~eCTB8HHO 3aBHCHT or 
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~OpMll noreH[{Hana. lnll c~epHtJ8CKH-CHMM8TpHtJHLIX llOT8HllHMOB 3TO 
,ll;HllOnLHll8 B31U\l,lO,D;el!CTBHll, pa,11;Ha.JILHall 3aBHCHMOCTL xoropux onpe
,n;enaerca rp8,D;H8HTOM llOT8H[{Ha.Jia. IlpH HCllOJIL30BaHHH aHH30rponHUX 
H80C[{HnnaropHUX llOT8H[{HanOB ,n;ononHHTenLHO llOllBJillDTCll B3a.JIUO,ll;el!
CTBHll BllCmHX MYJILTHllOJILHOCTell. lJill n'ii6ux noremtHanOB KOH8tJHOl! 
rnyOHHll ,ll;HllOJILHll8 B3aHMO,J;el!CTBHH HM8DT noaepxHOCTHlll! xapax
reJ>"15,16/. BuBo,11; o noaepxHocrHOM xapaxrepe ;,;HnOJILHWC B3aHMo;,;en
cTBHll nonytJeH Trut%8 B pOOOT8/B/ B pruutWC T80pHH ~epMH-EH,ll;KOCTH. 

B cnyqae OCllHJIJIHTOpHoro noreH[{Hana 3qxp8KTHBHll8 CHJlll THna 
(2) TOtJHO BOCCTa.HaBnHBam.rpaHCJIHllHOHHYD HHBapHa.HTHOCTL, KOMll8H
CHpya llOT8HllHa.JI JIOKa.JIH38ltHH [{eHrpa uacc, xoropul! MOXHO Bll,li8JIHTL 
H3 H0 

npeoOpasOBaHHeM x xoop,n;HHarau fucoOH (nepexo;,;ou B c11cTeuy 
KOOp,D;HHaT [{eHrpa Macc)/22/. BeJIHtJliHaoB ;TOM cnyqae HM88T CMllCJI 
napaMeTpa xecrxocrH noreH[{Hana JIOKMH38ltHH H paaHa (,n;na c~epH
qecxoro noreuq11ana) 

r = J [ P, l H 0, r n · = J1 ( ti w,, t , (4) 

r,1;e J1 - 1tacca c11crew qacrHll, W,, - ocqHJinaropuaa qacrora. 
HcnOJIL30BaHH8 aHH30TpOnHUX noreH[{Ha.JIOB npHBO,D;HT K HapymeHHD 

3aKOHa coxpaHeHHll yrnoaoro MOMeHra. B cnyqae npoHaBOJILHoro 
-axcHa.JILHO-cHMMerpHtJHOro noreH[{nana, xoropul uoxHo npe,n;craanrL 

B BH,11;8 pa3nOX8HHll no c~epHtJ8CKHM rapMOHHKaM 

V(l) = -VQ 2=: /;.(,,,,f') Y;.,o (0J 
>. 

(5) 

3qxpeXTHBHll8 CHJill, TOtJHO BOCCTaHaBJIHBaD~He poraitHOHHYD HHBapHaHT
HOCTL, HM8DT BH,J;/I4/ 

h =- ~ z:: y~1.. fi I ~I'- -B,.0 J;.tf1>-fl -011,, X,1.} . CG) 
N },.,jO p•-). 

3;,;ecL Va - napaMerp rny<lHBll noreHltHana, X.;. - npoH3BOJILHHe, 
OTJIHtJHll8 or HYJlll napaueTpll. <l>yHKllHH 

:i).r = t, -t ('l", P) Y>-r <01<, Y~) (1) 
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B 06llleM cnyqae sanncar or napauerpoB ,lle¢opuaiutn. Ana noreHIUr8.JIOB 

KOHeqHoil rny6HHU B3aHMO,ll8l1CTBHa (6) HM8J)T CYll!8CTB8HHO noBepx- · 

HOCTHUll xaprucrep. IlOB8pXHOCTHUH xaprucrep sqxpeKTHBHUX·cnn, corna

COBaHHUX c ¢opuon noreHUHMa, orueqMca B· pa6ora.x19~11, 2J,24/. 

CornacoBa.HHEll(6) no Xaprpn c noreHunanou MOXHo onpe,lleRHTb napa
uerpu 

Xx= <01 :f;.,o JO) (8) 

CBa3J, 3qxpeKTH;HWC CHR (6) c 6~nee npocron qiopuon d) BUTeKaer 

H3 CR8,llYDll!8ro ypaBH8HHa: 

[= <o/[Jp-+, [H~ Jr-JJ/o) = 

= ;! V. E )..(A+1)<v/Y,1. 0 /0\ 
,<, ). I. / 

(9) 

r,lle Jp- - ccpep.11qecKHe KounoHeHru oneparopa yrnoBoro MOMeHra (fl.=± f). 

B cnyqae aHHsorponHoro ocunnnaropHoro noreHunana furn1icc0Ha 

B3aHMO,ll8RCTBHH (6) COBnB,l!;aDT C xopomo H3B8CTHID.UI KBa,i,;pynonI>HUJ.m 

c.11naun, B KOTOpUX CaMOcornacOBaHHaa KOHCTaHTa B3aHUO.l{ellcrBHM paB

Ha 

i65i J rruv/-- = 
K =·IT · a20 - f(i 5i ,r-

lS Q:l. 
!1.0 

(IO) 

3,ll8Cb 6 - napaMerp ,ll8<pOpM~HH, m - Macca HYKROHa, Qeo- ~aCCOBiaJJt 
KBB,l!;pynonJ,HUM MOM8HT. 

B H,llpa.x c NI Z cpe,llHHe ,SI,ll;epm,1e noreHJUrMU, .l{eMcrByllll!He Ha 

HeltrpoH H nporoH, 0Kas1rnaDrca pasn.11qHUM.11/25 , 261, qro npHBO,llHT 

(noimuo KYROHOBCKHX CHR H pasHOCTH Mace HellrpoHa.H npOTOHa) 

K HapyweHHD H30Tonnqecxon HHBapHaHTHOCTH B O,llHOqacr.11qHux UO,llenax. 

D ,llHCCepr~HH noxasaHo, qro JqxfieKTHBHUe CMU, BOCCTaHaBRHBaDlllHe 
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H30TOnHqecKyD HHBapHaHTHOCTb, B 3TOM cnyqae uoryr 6UTl, nocrpoeHU 

8.118.JIOrHqHo (6). EcnH H30B8KTOpHaa qaCTb noreHUH8.Jia HM88T o6~eM

HUM xaprucrep, TO H COOTB8TCTBYDIIIH8 H
0

30BexropHue CHRH RBRRDTCH 

06~8WIUMH. 

OruerHM, qro B H,1{88HOM nnaHe H3ROX8HHUR 3,ll8CJ, M8TO,ll nocrpoe

HHH sqxpeKTHBHUX CHR 6RH30K K M8TO,lly BOCCT8.IIOBR8Hl!H rp8,l!;H8HTHOlt 

HHBapH8.H;HOCTH B3aHMO,ll8ltCTBH8, pa3BHT0MY B padora.x EenaeBa/7 , 271. 

IlpH Hexoropux qacrHux npe,llnonoxeH.11ax uero,ll ,llaer pesyn1,raru, He-

3aBHCHMO nonyqeHHUe B. padore/121. 

Bropaa rnaBa ,llHCOepT~HH noCBHlll8Ha HCCR8,llOBaHHD cnexrpoB 

xonneKTHBHUX Bp36YJC,IJ;8HHll B qerH0-~8THUX a,llpa.x C HapyweHHOH CHM

Merpnelt cpe,llHero nona. B xaqecrBe HCXO,llHoro ncnon1,syerca raunnb-
o • 

TOHHaH H HeBsrutMO,llellctBYDIIIHX KBas.11qacr.11u, a sqxpeKTHBHue cnnu, 

BOCCTaHaBRHBaDlllH8 HapyrueHHYD CHJ,!M8TPHD B npHbRHX8HHH M8TO,lla c~, 
BU6HpaDTCH B <pOpMe (2). PaccuorpeHH cnyqrui HapyweHHff K8.JIHdpoBoq

H08, rpaHCRHUHOHHOll H por~HOHHOlt HHBapHaHTHOCTH (cnexrpu B03-

6y:a:,JJ;8HHll co CilHHOM H qerHOCTbD o+, 1- .11 r+, COOTB8TCTB8HHO). 

Bcne,llCTBHe H8HHBapna11rHocr.11 KBasnqacrnqHoro Baxyyua B cnexrpe 

HOpManbHUX xone6rurna cncrew irncr.11u noaBJIHJDTCa cocroaH.11·a c Hyne

BOlt 3HeprH~8 (rOR,llCTOYH~BCKH8: B8TBH B03d]lt,]{8HHll/28 , 29/. CiIHCa

HH8 3THX B03dyx,i,;eHH8 npOBO,llHTCff C noi.!OlllbD xo.nneKTHBHUX nepeMeHHUX, 

B xaqecrBe KOTOplix HCllORI>3YDTCH HHTerpM ,llBHX8HHH°F H conpa

xeHHlilt eMy oneparop 8: 

[0,FJ=i (II) 

Aaerca MHKpocxonnqecxaa pe8.JIH3~na srnx oneparopoB B paMKa.x 

Jl8TO,l{a C<P. IlOKa3aHO, qro H3 rau.11nUOHHaHa H0 
B rapMOHHqeCKOM 

npndnnxeHHH MOXHO BU,ll8RHTb xonneKTHBHYD qacr1,, xoropaa OllHCHBaer 

,llBHX8HH8 CHCT811U Ka.K uenoro B npoctpaHCTBe xonneKTHBHOR nepeMeH

HOH/15-18/ (/0) - KBasnqacrnqHu8 BaKYYM) 
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H~oU = 2 j 0 
(F-<oJFJ0))7(F-(o/FJo)) --t- J_ [0t0 • (12) 

,' 
r.ite uaccoBuR napaue:rp 'J0 H napaue:rp xec:rKoc:rH (" onpe,D;eneuu Kax 

3Hepre:rHqecKM B3Bemeuaue npaBHJia CYJIJI. 

1
0
-.1- = <of [0~ [H~ 0]] ID) 

r = <al [Ft,[H~ FJ] JO) (IJ) 

TaKHM oOpaaou, ·HeHHBapHaHl'Hll! BaKYYJl /0) npe,JtCl'B.BJiae:r coOoR "no-

KaJIH30BaHHOe" ("opHeH:rHpOBaHHoe") coc:roaHHe CHc:rew, npHqew • 

B rapMOHHQeCKOM npHOJIHll:8HHH IlOl'8HIUfaJI "JIOKaJIH38.ItHH" ("opHeH:ra

ItHH"), HapymanmH! cHJOLe:rpHD, .itae:rca B:ropw cnaraeuw B ypaBae

HHH (12). Ypa.BH8HHH (ll)-(IJ) IlO3BOJIHDl' oqeHHl'b qacl'OT!l cJ9rap

MOHHQeCKHX KOJI8OaHHR, CBH3aHHLIX C BH,l(eJieHHLW IlOTeHnHaJIOM 

We·= V o/'Jo' (14) 
Jlcnonbsya BHPHaJibHYD teope11yl3o1, uoxao oneHHTJ. Tax:a:e cpe,1tue

KBa.i,;paTHquue 3HaQ8HHa KOJIJI8KTHBHUX nepeM8HHilX, 

<(F-<oJF/0))2> = ~ Va-'Jo' 
<02> ""' ___ K 

2 'i o•'J,; 
(IS) 

r.ite K - pas11epHOCTb npOCTpaHCTBa KOJIJI8KTHBHO! nepeueaaoR. OneHitH 

(14) H (15) ,D;aJ:lT xaqecTBeHH!le xapaxtepHCTHKH JID<loro llOT8HIUIB.Jla 

C HapymeHHOR CHW.!eTpHeR, 3HaHHe KOTOPilX HeOOXO,D;HMO llPH BBe,JteHH~ 

"Bay:rpeHHeff" CHCT8MU KOOp,ltHHar. 

B pawcax uero,Jta c~ llOJIHllR rromJibl'OHHaH npHBO,l;HTCH K ¢opwe 
HOpMaJibHLIX KOJieOaHHR 

. + 
H O+ h = canst + ~ Cvn Q n Q n. + 

+ 1-t_ (F-<o/FJo>/(F-<oJFIO>) 2 ao 

r.ite qacTOl'H KOJie<laaHR (,)n. HBJIHDTCH p81118HHffim CJI8,J;Ylll!l8ro 

l'HQecxoro) ypaBH8HHa: 

u}:,._ Z:: 2 (Ev+E.,,) /.f.llv'Jl- = C.Vn.:,._ ':t(<.un.) = O 
n !IV' _(Ev+Ev,) 2 - W,.; U 
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(I6) 

(cxe11a-

(17) 

) 
t 

t 
i. ... 

3,;ecb E., - . O,D;HOKBa3HQaCTHQHll8 3Heprirn, --hv,- O.JtHOQaCTiiqHJle uarpHQ

Hll8 3JieM8HTll HHrerpana ,JtBHll:8HHa, BKJIDq~He QHCJia sanOJIH8HHH 

COCTOHHH!. ~HOHHlle onepa:ropu Qn Y.JtOBJI8TBOpHDl' KOWYl'a.IUIOHHW 

COOl'HOIIl8HHllll 

[Qrt.,Q:,J·=6nn', Ul,,,,F] = [Q~,eJ ==O .- (18) 

B ypaBHeHHH (17) HBHO B!.Ol;eJieHa roJI,JtcroyHOBCKaa B8TBb BO3OyJt,D;eHH! 

(,)n.= 0 • 

TeopHa HCllOJib3yerca XJIH paccuorpeHHH napHUX Bp~8HHR H napHIDC 

BH0pa.IUIR/3l, 321, Bll,l(eJieHHa ueu:rpa uacc H HayqeuHa cBoRcrB 1-

BO3Oyx,D;eHHR (B CJiyqae npOH3BOJibHOrO no:reHqHana)/TS/. IlO,JtpOOHO 

paccuorpeH!l npoOnew, CBH3aHHlle C HapymeHH8M pOl'a.ItHOHHOR HHBa

pHaHTHOCl'H H Bll,l(eJieHHeM Bp~areJibHOR B8TBH.B030yllt,11;8HHR/I6,lB, 33;3'1{ 
B cnyqae HapymeHHH porartHOHHOR HHBapHaHl'HOCTH no:reanHan 

B (12) OpHeHTHpyer aKCHaJibHO-CHIOl8TpHquoe H,ltpO B npoc:rpaacrBe, 

COBMemaa OCL CHMM8TpHH C JiaOoparop,oR OCbD c • laHll OyKB8HHll8 

H qHCJI8HHll8 OqeHKH BeJIHqHHll napa.Me:rpa XeCl'KOCl'H d llOl'8HIUfaJia 

OpH8HT8.ltHH, qacro:ru We rapMOHHqeCKHX KOJI8OaHHlt ero H cpe,JtHe

KBa.i,;paTHQHllX suaqeHHR yrnoBoro uoueara H yrna opHeH:ra.IU!H B co

ctoau.11H KBa3HQacrHquoro Brutyywa. 3rH oueaxH (f ~ rn3 M3B, <J~~I02, 

(e~~I0-2) CBH,D;ereJibCl'BYDl' o xopomea JIOKaJIH38.ltHH ocelt BHy:rpeaaeR 

CHCT8W ·KOOJ).JtHHar B Til8JillX a,Jtpax co Cl'al'HqecxoR ,1;e¢opMaIU1eR. 

IloxasaHa 3KBHBaJieHTHOCl'L MOMeHTOB HHepnHH B Kp3HKHHr-MO,1;8JIH 

H B npoexnHOHHOM weto,i;e IlaRepnca-8oxoqa135 ,J6/ B HHxaRmew nopa.it

xe no yrnoBowy wo11eury. Ilonyqeuu c:ra:rHqecKHe xapax:repHCTHKH Bpa

maten1,aoro BO3Oyx,JJ;8HHH (MOM8HT HH8pUHH, rHpOMarHHTHHR ¢ax?op) 

Hero BKJIB,J; B aaeprerHqecxH BaBemeaaoe npaBHJIO cyuw .itna E2-nepe

xo,1;0B. 

34xlieKTHBH!le BOCCTaHB.BJIHBaDD(He CHJill B ¢opwe (2) HCllOJIL3YDTCH 

,llJIH H3Y'l8HHH CBORCTB ltBa.i,;pynOJibHHX (ycJIOBHOe Ha.3B8HH8) 1+-B03-

O~8HH_l!, aaeprHH xoropwc Haxo~a:rca pemeHHeM ypa.BH8HHH (17). 

II 



MH 3THX B03Cly~eHHil BUqHCJIHDTCH BepOHTHOCTH E2-H Ml-nepexoAOB 

Ha pOTa.I{HOHHYD UOJIOCY OCHOBHOrO COCTOHHHH H ycpe.n;aeHaue no 3Hep

reTHqecKOMY HHTepBMY C.HJIOBUe 4JYHKl.lHH, xapaKTepH3YDIIIH8 pacnpe.n;e

Jl8HHe BepOHTHOCTeil nepexoAOB no cneKTpy. l!CCJ18AOBaHa CBH3I, 

KBa,JtpynOJIL~UX l+-COCTO/IHHH CO CUHHOBOil B8TBLD B03CIYJK,D;8HHil/J7-Jg/• 

OCICYJ!CAaDTC/1 pe3yJILTaTU qHCJl8HHUX pacqeTOB AJl/1 PMa M8P 

P8AK038M8JII,H08 OCIJiaCTH, npoBeAeHHUX C noTelll.lHaJIOM CaKCOHa-ByA

cal40/. PacqeTu noxa3anH, q:ro E2-nepexoAu c 11K = l Aan:r npHMepHo 

TTOJIOBHHY BKJia,Jta B 3HepreTHqecKH B3BellieHHOe npaBHJIO Cy.MM, a OCTaJII,

HOe npHXO,ltHTCH Ha nepeXO,]J;U c ll K = 0 H 2. Baxuyn po;u, Hrpan:r 

nepexO,JtU Me~y COCTOHHHHMR H3 pa3JIHqaux OCIOJIOqeK (llN~~), oC1ecne

qHBa10lllH8 npnMepao TPH qe:rnep:rH B8JIHqHHU npaBHJia CYMM-.,ll;Jl/1 E2-nepe

XOAOB c t1K = I. BpaJ!laTeJILHaH BeTBL B03CIYJK,D;eHH8 HcqepnuBaeT OKOJIO 

IlOJIOBHHU CHJIU E2 (D. K = 1)-nepexOAOB Me~y COCTOHHHHMH OAHOil oClo

JIOqKH (6N = O). BuqHcJieHHUe xapaKTepHCTHKH HHXaillliHX no 3HeprHH 
+ - - f5ti _, (60 oo,,, -l -BOSCIYlKA8HHll B MPaJC G-l(, 1 'JJ!f H JD CpaBHHBanTCH C :rncnep~-

M8HTMI,HUMH AaHHUMH. BaxHUM CJl8,ll;CTBH8M BOCCTaHOBJl8HHH pOTa.I{HOHHOil 

HHBapHaHTHOCTH HBJIH8TCH TO I qTO COCTOHHHJ'l C K1< = l+ ·npe,D;CTaBJIHDTC.8 

cynepn03Hl.lH8il CIOJII,IIIOro qHCJla ,D;BYXKRa:JHqacTHqHJiX COCTOHHH8. 3:ro 

O(hHCHH8T I B- qacTH.OCTH 1 - CHJILHYD 3aTOpMOlll:8HHOCTl, pa3p811I8HHUX Cle:ra
pacna,JtOB Ha r+-COCT0RHHH/4l/ H CJiaClyn 3aceJIH8MOCTL IlOCJl8,ll;HHX 

B peaKl.lHIIX O,ll;HOHYKJIOHHOil nepe.n;aqn/421. 
C IlOMOilll>D pacnpe.n;eJieHHil CHJIOBUX_ 4JYHKl.lHU ramia-nepexo.n;oB 

H npaBHJI cyw ycTaHaBJIHBaDTCH oCIJiaCrH JIOKaJIHSal.lHH Ml-H E2- pe30-

Ha.HCOB (K- = I). B qacTHOCTH, B pe.n;K038M8JlhHUX RApax TeOpHR 

npe,JtCKa3UBaeT IlOHBJl8HHe Ml-p830HaHCa, 4l~PMHpOBaHHe KOTOporo CBH~ 

3aHO B OCHOBHOM, C H30B8KTOpHl.lMH cmIHOBUWI CHJia.lOI, B OCIJiaCTH 

3Heprnn 7-9 M3B. E2-p830HaHC JIOKamrnyeTCH B OCIJiaCTH 3HeprHil 
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12-13 MsB. ,llaau Ol.l8HKH Pa.itHal.lHOHHUX lllllpHH p830HaHCOB r; {Mi, 1-0) ~ 
~ 20-30 aB H r;. (EZ, Z-0) ~60 aB. COCTOHHHH E2 (K = I) pesOHaHCa 

HcqepmrnanT npnMepao 2o,g H30CKMHpHoro npannJia cyMJ.1. PacqeThl 

noKa3aJIH, qTo CilHHOBUe H KBa,ll;pynOJII,HU8 CHJIU B3aHMHO cnaClo BJIHRDT 

Ha xapaKTepHCTHKH peaOHaHCH!lX COCTO/IH~li. OCICYJ[.llaDTCH HSBSCTHbie 

3KcnepHM8HTaJII,HUe ,ll;aHHUe H .n;enaeTCH BUBO,lt O HenpOTHBOpeqnBOCTH 

TeopeTHqecKHX ~l.l8HOK H OilUTHWC')l;aHHUX. 

B IlpHJIOX8HHH Ha MO,ll;8JII,HOM npnMepe 0Clcy~ae:rc11 Bonpoc O :roq

HOCTH OT,ll;8Jl8HHH B8TBH 1t.no3CIYJ!C,ll;8HHil, .onncuBaeMoil ypaBH8HH8M 

(17). 

B Tpe:r1,ei1 rnaBe ,ll;HCCepTa.I{HH HCCJl8,D;YDTCH IlOJIHpH3a.I{HOHHUe 

34J4>8KTU n·geqeTHUX Mpax, oClyCJIOBJ18HHUe CB83I,I) KBa3HqacTHll C 

KBa,JtPYilOJII,HIDllf H CilHHDBWH rt. B03CIYJIC,ll;8HH~MH qeTHo-qe:raoro OCTOBa. 

IloJiyqeao ypaBH8HH8 ,ll;JIH 34J4>8KTHBHUX 3apMOB o.n;aoqaCTHqHux E2-nepe

XO,ll;OB c 11K = I B aeqeTHUX MPaJC/I4,I6/. H3yqeaa 3aBHCHMocn 34)

q>eKTHBHUX 3apMOB OT KOHq>Hrypa.I{Hil COCTORIDIR. IlpHBO,JJ;HTCH pe3yn1,Ta

Tlal qHCJl8HHUX pacqeTOB, KOTOpue IlOKasunanT I qTo o(luqao 3Haq_eHHR 

34l4)8KTHBHUX 3~PMOB OKa3UBaDTCR nopMKa 8,ll;HHHl.lhl, HO ,ll;OBOJII,HO 

CHJII,HO 3aBHC~T OT KOHq>:nrypauHil. 
- . \ 

PaCCMOTpeau 34l4)8KTU npo.n;OJII,HOil H nonepeqaon cnHHOBOil IlOJIH-

pH3a.I{HH (riepeHOpi.mpOBK~ Marp:nqHh!X 3Jl8M8HTOB (<5z) H <6±) CilHHO

BUMH CHJirum). IlpH nuqHcneHHH .n;HnOJihHUX uarHHTHUX MOMeHTOB 3TH 

34J4>8KTU CBO,ll;HTCH K nepeHOpMHpOBKe CilHHOBoro r:npOMarHHTHoro OT

HOllieHHR fl~ • ITonyqeau ypaBHeHHH ,ll;JIH 34J4>8KTHBHUX fh -cpaKTOpOB 

B a,JtHaClaT:nqeCKOM npHCIJIHJ!CeHHH/43- 45/_ Paccuo:rpeau 34l4)8KTU, CBH-

38JIHU8 C B~8Jl8HH8M BpaJ!laTeJILHOR BeTBH B03CIYJK,D;eHHii. 113 cpaBH8HHH 

BUqHCJ18HHUX 34J4>8KTHBHUX ~~ -q:iaKTOpoB' C OilUTHUMH ,ll;aHHWH onpe,Jte

JieHa KOHCTaHTa MOHOnOJII,HUX cmiHOBUX B3aHMO,D;8ilCTBHll/Jg/• 
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UccJie,llOBaHllll, npoBe,lleHHUe B ::iroB rJiaBe, noKa3aJlll, 'IJTO XOTll 
B38.llMO,llBIICTBHll KBa:3H'IJaCTllU C l°t.B030YJ!t,lleHHllWI OCTOBa He MeHllDT 
Ka'IJeCTBeHHYD KaprllHY cneKTpa B He'IJeTHUX .11,llpax H ,llaDT MaJil,(8 
npl!MeCH ("' l-~) BHCIIIHX KOHcpHryp~HB B BOJIH,OBHX cpyH~HSOC HH3KO
Jlell:8JJ1HX COCTOHHHR, TeM He MeHee, .OHH npHBO.JlHT K MaKpOCKOllH'IJeCKOB 
nepeHOpMllpOBKe O.JlHO'IJaCTH'IJHHX ).(aTpH'llHHX 3~8MeHTOB <~2 Y21<>H <~> • 
IlpH 3TOJA B8JltHO Y'IJHTHBaTb BCD COBOKYOHOCl'J, 1-t. B030yE,JteHn:n OCTOBa, 
raK KaK RH O,llHO OT,ll8JlhHO B3HTOe COCTOHHHe HB ,lla8T .JlOWIHHPYDl!lero 
BKJla,Jl.a B nepeHOpMHpOBKy. 

qeTBepTaH rJiaBa .JlHCcepT~HH HueeT B 3HaqHT8JlhHOB cxeneHH 
Ca.MOCTOHTeJlhHHB xapaKTep. Olla nocBHl!leHa HCCJle,llOBaHHD BpaJJ1areJ1L
HOrO ,llBHZeHHH B He'IJeTHHX .11,llpax Ha OCHOBe qieHOM8HOJIOrHqecKOR 
uo,llenn: Eopa-MoxreJihCOHa/46 , 47/. B ::iron MO,lleJIH ·npe,llnOJiaraercn, 
'IJTO ITOJIHUB ra.MllJIUOHHaH ,llJIH ;;eqiopMHpOBaHHOrO .11,llpa MOJ:HO pa3,ll8JIH1'J, 
Ha qaCTH 

H = H infr.. + H wt (19) 

r,lle H ,nt,onHCUBaeT BHyTpeHHee .JlBHJ:eH11e HYKJIOHOB B aKCHaJihHO
c11werpH'llHOM noTeHUHaJie, a Hwt - BpaJJ1areJ1hHOe .JlBHJ:eHHe 

,f ( • -t , . I-I-rot= :z'J;f±
1 

II'--~) (If'-J,µ-) . (20) 
3,ll8Ch ··<1' - 3qxpeKTHBHUII Jl0M8H1' 11HepUHH qerao-qeraoro OCTOBa 
(napaMeTp), Ip, - cqiepH'll8CKH8 KOJlllOHeHTU ITOJIHOro yrJIOBOro JlOMeH

.Ta BO BHyxpeHHell cHcreue xoop,llHHar, AeRcrBYDl!IHe B npocTpaHcTBe 
KOJIJleKTHBHUX nepeMeHHHX (yr JIOB :JRJiepa)' i - KOJ.IIIOHeHTH BHYT-. . al" 
peHHero yrJIOBOrO JlOMeHTa, oOpasOBaHHOro O,llHHJl HJIH H8CK0Jll,l.tH11H 
BHelllH:mm (cBepx OCTOBa) HyKJIO:mum, ,;e~C1'BYDl!IH8 B npOCTpaHCrBe 
nepeMeHHHX HyK.IIOHOB. BpaJJ1areJ1LHHe COCTOHHHH xapaxrepH3YDTCH 
KBaHTOBwm 'IJHCJ18lm.nOJ1Horo yrJioBoro MOMeHTa I, ero npoeKUHM M 
Ha JIOOOpaTOpHyD OCL M npoeXUHH K Ha OCL CHMJl8TpHH (BeJIH'IJHHa 
K B oOl!IBM CJIY'llae He coxpaHHBTCH). 
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MO,lleJIL Eopa-MOTTeJILCOHa npHBJleKaTeJlbHa CBOBR npOCTOTOII, TaK 
KaK .JlBMXBHHe OllMCHBaeTCJI C nOMOl!lhD aeOOJll,IIIOro 'IJHCJla KOJIJ18KTMBHHX 
H O,llHO'IJaCTH'IJHl,Q( nepeMeHH!iX H npH 3TOM HCll0JIL3yeTCJI HegKOJILKO 
napaueTpOB, xapaKT8pH3YDl!IIDC OCTO~ (MOMBHT MHBPUHHJl, KOJIJIBKTHB
Hl,ln rHpOMarHHTHHA !paKTOp i: H BHy?p8HHHn KBa,JtpyOOJILHUR MOMBHT 
Q0 ). no axon npH'll~He MO.JlBJIL noJiy'llHJia mHpoxoe pacnpocTpaHeHHe 

npH aHaJIH38 Ha0JID,Jta8MlilX Bp8ll!aT8JILHHX fiOJIOC. 
,r&mJILTOHHaH (20) CO,llepll:HT B ceoe B3aHMO,ll8RCTBH8 KopHOJIHCa 

He.== -
2

; pL:t:t i 1/ jf' + h. c. J ,. (21) 

xoropoe npHBO,J;HT X HecoxpaHeHHD KBaHTOBoro 'IJHCJla K BO Bp8JJ1aTBJIL
HliX nonocax. B nepBOHa'IJaJILHOB qiopuynHpOBKe MO,ll8JIH 31'0 B3aHMO,ll8R
CTBH8 Y'IJHTUBaJIOCL no reopHH B03MYl!IBHHR 11·ero acpqieKTU CBO,llHJIHCL 
K nepeHOpMHpOBKe napauexpo~ MO,lleJIH/48/_ IlpH HaJIH'IJHH 0JIH3KHX no 
3HeprHH O,llHO'IJaCTH'IJHWX ypOBHeR, pa:3JIH'IJaDl!IHXCH no 3Ha'IJeHHD /{ Ha 
8,llHHHUY, TeOpHH B03MJlll8HHR CTaHOBHTCH HenpHYeHHMOII. 3TOT CJiyqaR 
01,(Jl paCCMOTpen B paOore ltapua.Ha!49/ • TeopHH B03MYl!IBHHR' cra.HOBHr
CH HenpHMBHHMOR H ror,11;a, KOr,lla BBJIHKH O,ll;HO'llaCTH'IJHUe uarpH'IJHl,(8 
3Jl8M8HTW oneparopa_ yrnonoro MOMBHTa (jf' )Kl( 1 ,llJISl COCTOHHHH B0JIH3H 
noBepxHOCTH ~epim (Hanprua:ep, xor;;a COCTOHHHJI npHHa,11.JleXaT O.JlHOII 
cqiep11qecxon oOOJIO'IJKB C j->> 1 )150-531_ JTO OWJIO IlO.JlTBep~eHO . 
O1'KpWTH8M dOJILIIIOro 'IJHCJla Bp8J1!areJILHUX IlOJIOC llOJIOll:HTBJILHOR qer
HOCTH B pe,J;K038M8Jll,Hl,IX .11,llpax C H8'1J81'Hl,IM N H B ,llpyrHX 00Jlac1'JIX 
(cu., Hanp11uep,1541). 

B ,ll;HCCepr~HH H3JIOXeH H8a,JI.HadarH'IJ8CKHII BapHaHT MO,ll8JIH Eopa
MorTeJILCOHa, B KOTOpOM HCITOJIL3Y81'CH cxeua npouexyTO'IJHOII CBH3H 

_H B3aHMO,llBncrBH8 KopHOJIHCa TOqHO ,llHarOHaJIH3Y8TCH Ha 0a:3HC8 COCTOH
HHR 

/If'II) = L.. Cff /IM KJ> 
K,p (22) 
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C
I . r.n:e Kf -a.M~IlJIHTY.D:hl KOpHOJIHCOBa CM8111HBaHHll COCTOlIHHll ( f - Ha6op 

,D;O~OJIHHT8JII,Hh!X KBaHTOBhlX llHC,eJI, xapaKTepH3YJl!llHX BHYTP8HHH8 co-•· 

CTOSIHHSI), II M Kf) - ~HadaTHll8CKH8 BOJIHOBhle q>yHKUHH MO,D;8JIH Eopa

MOTT8JII,COHa. DBO,D;HTCSI IlOHSITH8 ododmeHHOro napaMeTpa pa3BSl3h1B8.HHSl 

I+t/z 2 ';f 
a(I) = (-1) -- <IM I He /IM) 

. . T+ 1/p, 
(23) 

3HeprHH BpaJ!laTeJibHhlX COCTOSIHHll B H8~Ha6aTHQ8CKOH M0,D;8JIH MOllCHO 
3aITHCaTb B BH,D;e/55 , 56/ .. 

~(I)= Z: (Cf;f)2'{13Kf - 2~[K2-+; a,Yr}]J +. 
K,S . a (24) 

+ 
2

~ R(R.+1) 

R != r + (-1)n¼ a(rJ/2 (24a) 

3,D;8CI, GKr- codCTB8HHhl8 3HaQ8HHSl BHyTp8HHero rrurnJibTOHHaHa. BBe

,D;8HH8 ododmeHHOrO napaMeTpa pa3BSl3h!BaHHll IT03B0Jlll8T npOCJl8,D;HTI, 

H3M8H8HH8 CTPYKTYPhl BpaJ!laT8JII,HhlX IlOJIOC B 'ueqe:rllh!X SI,D;pax npH 

mnpOKOll BapHauHH CBSl3H BH8WHHX HYKJIOHOB C ;i;eqiopMauHell OCTOBa H 

IlOJIHW yrJIOBlW MOM8HTOM. PacCMOTp8Hhl YCJIOBHSl,IlOlIBJI8HHit Ta.K Ha3hl

Ba8Mh!X pa3BSl3aHHhlX IlOJIOC, B KOTOPhlX CBSl3I, BH8111HHX HYKJIOHOB C yrJIO

BW MOM8HTOM HaMHOrO CHJII,H88 CBSl3H C ,D;8q>OpMauH8ff OCTOBa. B qacT

HOCTHj npH 3HaqeHHlIX 

a(r)=Ltn+l fl ~ 0, ± 1. , ± 2 , (25) 

H Ilpll yCJIOBHM CJiadoll 3aBHCHMOCTH OT yrJIOBOrO MOM8HTa nepBOrO 

• cnaraeuoro B (24) B1:UeJIHetcH rpynna cocxoaHHlt c /J. I .. 2,' xapaKTe.: 

pHayvmaSICSl 3HaqeHHlIMH R = 0,2,4, ••• , KOTopaSI HaITOMHHaeT poTauHoH

HYIJ IlOJIOCy Ha OCHOBHOM COCTOlIHilH Q8TH0.:.QeTHo'ro :ii;i;pa. flap&1eTp 

pa3Bil3h1Ba.HHSI B 3TOM cnyqae npe.11cTaBJISl8T, codolt Y.D:B08HH08 cpe.n;Hee 

3HaQ8HH8 Ilp08KUHH BHyTpeHHerO MOJ.!8HTa Ha ·ocb Bp8J!18HHSI, a B8JIHQHHa 

R, HM88T CMhlCJI yrJIOBoro MOM8HTa OCTOBa. 
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PaCCMOTpeHa nepeHopunpOBKa MOM8HTa HH8pUHH OCTOBa 'if,.odyCJIOE 

Jl8HHall B3a.m!O,D;ei1CTBH8M KopHOJll!Ca. :,'l!HCJI8HHII8 paCQ8TII/57- 59/ IlOKa-

3aJIH, QTO Ilpll TOQHOH ,llHarOHaJIH3auHH B3aHMO,D;8i1CTBHSl KOpHOJIHC~. 

3HalleHHll napaMeTpa;f, HeOdXO,D;HMII8 .D:Jlll OilHC!J.HHll BpamaTeJII,HhlX 

IlOJIOC B H8Q8THl:lX SI,D;pax·, Ka.K npaBHJIO dinrnKH K 3HaQ8HHSlli MOM8HTa 

HH8pitHH B COC8,D;HHX qerno-qeTHhlX Sl,D;pax. 

l!JISI .OmfCaHHSl BHyrpeHHero ,D;BHllC8HHll (,D;BHllC8HHSl BH81llHHX HYKJIO

HOB) HCilOJib3YDTCSI MHKPOCKOilHQ8CKH8 M8_TO,D;hl. B · nepBOM IlpHCiJIHJKeHHH 

cneKTP BHYTP8HHHX B03dYJ!Ot8HHH OilHCh!BaercSI ra.MHJibTOHHa.HOM H83aBH

CHMhlX KBa3HQaCTlilt. ,IlOilOJIHHT8JII,HO yqnT,IIBaDTCSl CITlIHOBhl8 B3ill!MO,D;ell-. 

CTBJ,UI H lt8HTpOdell!:Hhle B3aHM0)\88CTBHSl Melli:,l\y BH8JilHHMH HYKJIOHaMH 1 

Bl:U8Jlll8MII8 H3 .(20)/60,6l/ 
f ' . + , 

HJ =: 2,J f:± 1 Jf' JJL ca;) 
IlOJIHOe npocrpaHCTBO COCTOlIHHH pa3,D;8JIH8TCH Ha ,D;B8 H83aBHCHMII8 

qaCTH, OTHOCamneca K OCTOBY H BH81llHH11 HYKJIOHau. )lJia BH8111HHX 

HYKJIOHOB MHHHMaJibHhlM, npocrpaHCTBOM, B KOTOpOM j,.,, onpe.n;eJieHhl KaK 

KBaHTOBOM8XaHHQ8CKH8 onepaTOphl, OKa31IBU8TCll npocTpaHCTBO COCTOll

HHR TOllC.lJ:8CTB8HHhlX HYKJIOHOB H C O,D;HHaKOBOR Q8THOCTbllo UM8HHO TaK08 

npocrpaHCTBO COCTOIIHHR H HCilOJib3Y8TCll B ,D;aJibH8Hlll8M npH .n;HarOHa

JIH3aunn B3aHM0,D;8HCTBHll KopnOJIHCa. 

¾3B8CIHO, QTO B CJiyqae CHJII,HOro KOpHOJIHCOBa CM8lllHBaHllll co

CIOlIHHH ,l{JII!'·Y;l(OBJI8XBOPHT8JIJ,HOro OilHCaHHll BpamareJII,HhlX IlOJIOC 

B paMKax MO,D;8JIH Iiopa-MotreJibCOHa .. Tpedyel'CH nepeHOpMHpOBKa (Ka.K 

npaBi'.JIO, ocJiadJieHne) Baan110,11;eacrBna !{Opl!OJIHca/52 ,62/. Il pauKax 

He~nadatHQ8CKOlt 110.n;eJIH B03HHKaeT CTaTHQ8CKall nepeHOpMHpOBKa 

uaTpHQHhlX 3Jl8M8HTOB<J±)CITHHOBII1!H H,IteHrpodellCHIDm CHJimm H3-3~ 

H8C~XpaH8HHll BHyTp8HHero 1,10ll8HTa/60I'.: B npHdJIHllC8HHH O.D:HOpo.n;Horo. 
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CABHra KBa3HQaCTHQHOro cneKTpa ueHTpo6eXHIDIH CHnallll BnHaHne 
nocneAHllX CBOAHTca K nepeHop1rnpoBKe BpaJ!laTenbHoro naprua:eTpa 
BO B38J1MOAeffCTBl1l1 KopHOnHCa (o6HQHO K yueHbmeHHD Ha 20-30%1571). 
AHanna 6onbmoro KonnqecrBa BpaJ!laTenbHHX nonoc noKaaan, QTO TaKa.JJ 
nepeHOpl.!l'lpOBKa noanonaeT nnonHe YAOBneTBOpl1T8nbHO OilHCHBaTb 
3KCnepHM8HTMbHHe Aa.HHHe npH HCnonb30Ba.Hl1l1 OAHOro naprua:erpa ff H 
He60nbWHX IlOAtOHOQHWC BapHauHax BenHQHHH aaepreTHQ8CKOR menH 

· (HnH KOHCTaHTH napHwc B3aHMOA8iCTBHR)/55 , 57- 59 ,6I,6J-65/. 06cyx

AaDTCa TaKl!Ce M8Xa.HH3MH AHH8.MHQ8CKOff ( 3aBHCHmeff OT yrnoBoro MO~ 
MeHTa~ nepeHOpMHpOBKH B3aHMOA8HCTBHH KopHOnHca, npeAnOX8HHH8 
B pa60Tax166-69/ B pa.1.!Kax MeTOAa npoeKTHpOBa.HHa H Kp3HKHHr-MOAe-

nH. 

Ha OCHOBe He8,l(Ha6aTHQeCKOff MOAenH HCcneAOBaHH aneKTpouar
HHTHHe CBOHCTBa BpaJ!laTenbHWC COCTOaHHff/55 , 58 , 59 ,61 , 641. IIonyqeHH 
ypaBH8IIHH Ana BHQHcneHHSI HCnOnbayeMWC B 8,llHa6aTHK8 3q>q)8KTHBHWC 
rHpOMarHHTHWC ~aKTOpOB, BXOAamHx B MarHHTHHe MOM8HTH/47/ 

efl · ( o ' 3R --9e= JJR-Se)·G-(I)/G(I,K), (27} 

e(f _ ( _ <I /11 I~ f /.IM),. 
j(; - fJe - fl.., ,Je) <IMK I 3" f I I MK> (28) 

rAe JR0
- KOnneKTHBHOe rHpOMarHHTHOe OTHOW8HHe Ana OCTOBa (napa

:u:eTp),3~ H Ji - rHpo:u:arHHTHHe ~aKTOpH Ana CB060AHliX HyKnOHOB. 
1>yHKUHH G(l) 11 G-(rK)cnaaa.HH C BpaJ!laTeJlbHH:U: cneKTpOM. YpaBH8HH8 
(27), B qaCTHOCTH, oa~acHaeT xopomo l13BeCTH08 paanHQHe ~aKTOpOB 
~:11 B SApax C H8Q8THHM NH z 17o1. IIepeuopMltpOBKa 31 ~ropa 
B ypaBH8HHH (28) OAHOBpe:u:eHHO BKnDqaeT 3~eKTH CilHHOBOH nonap11-
aau1m 11 Baan:u:oAeffCTBHa J{op1wn11c~. tmcneHHue- pacqeTu noKaarurn, 
qro,' :icru; npaa11no, BenHQHHH 'J;lt H 9!HHe annaDrca nocroaHHWIH 
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B poTauHOHHHX nonocax. IIpoBeAeHH Cl1CTeMaTHQeCKHe pacqeTH MarHHT
HWC MO:U:eHTOB/55, 71/. PeaynbTaTH pacqeTOB xopomo cornacyDTCa c. 
3Kcnep11ueHTMbHHJ.!l'I AaHHHMH.np11 3HaQeHl18X a 0 

, 6nH3KHX no BenHQH-
<fR . 

He K 3HaQeHHaM rHpOMarHliTHWC ~TOpOB B qeTHO-QeTHWC aApax. 
llccneAOBa.HH He8,l(Ha6aT11qecKHe aqiqieKTH B cneKTpOCKOilHQeCKHX 

KB8,llpynonbHWCMOMeHTax H BepoaTHOCT8X E2-H MI-nepeXOAOB BHYTPH 
poTauHOHHOli n_onocu. IIoKa3a.HO, QT_? H88,l(Ha6aTHtJ8CKH8 aqxpeKTH 
B nepoaTH0CT8X MI-nepexOAOB He CBOAaTca K nepeHOpMHpOBKaM (27) 
H (28). PacCMOTpeHH BepoaTHOCTl1 EI-nepeXOAOB M8XAY ypoBHaMH nonoc 
ch K = I H noKaaaao, tJ'XO H3BeCTHOe cHnbHOe liapymeH11e npaann Ana
ra Ana TaKl1X nepeXOAOB/72, 73/ BnonHe YAOBneTBOpHTenbHO o6~acHa
erca B He8,l(Ha6aTHtJeCKOM IlOAXOA8 aea npHBnetJeHHa AOilOnHHTenbHHX 
napaueTpOB/SS, 74/. Ha npHMepe SApa~

35U H3y~eHH He8,llHadaTHQ8CKH8 
3qxp8KTli B BepoaTHOCTax E2-nepeXOAOB ·MeXAY ypoBHaMH poTauHOHHliX 
nonoc c A I<= 1II4/_ B tJaCTHOCTH, noKaaaaa Ba.Jltl!OCTb ytJeTa BKn8,lla 
npa11oro OAHOtJaCTHtJHOrO nepexOAa. IIpH 3TOM HCnOnb30BaHH aqxpeKTHB
Hlie aapSAH, nonytJeHHHe B rnaae ill. 

PacqeTH noKaaaqH, tJTO Hea,ll;HadaTHtJ8CKaa MOAenb co CTaTHtJeCKH
MH napaueTpa:im, xapaKTepH3YDmHMH OCTOB H cneKTp BHyrpeHHHX B03-
6YEA8HHff Ana BH8lllHHX HYKnOHOB, BnonHe YAOBneTBOpHTenbHO OilHCHBa
eT 3KCnepHM8HTMbHHe_AaHHHe nnnOTb AO BHCOKHX 3HatJeHHH yrnoBoro 
MOM8HTa (I~ 29/2)' B TO Bpeua KaK B coceAHHX tJeTHO-tJ8THliX SAPWC 
AHHaMHtJ8CKHe aqxpeKTli 3aM8THO npoannaDTCH yxe npH I~IO-I2. EHnH 
nponeAeHH MeTOAHtJ8CKHe HCCneAOBaHHa AHHaMHtJeCKHX aqxpeKTOB, 
odycnoBneHHWC H3MeHeHHe:U: 3HepreTHtJeCKOD menH C pOCTOM yrnoBoro 
uoueHTa/55 , 75 , 761. IIpH aTOM npe~non~anocb, tJTO aaBHCHMOCT» 'J 
or~ HMeeT TOT xe BRA, QTO H B Kp3HK~Hr-MOAenH,H pemanac, BapHa
UHOHHaH aa,1;aqa. trncneHHHe pactJeTu noKaaanH, tJTO ·n cnyqae CHnbHoro 
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B38.HMO~ellcTBl1H I{OpHOJIHCa a~epreTHqecKaH ~eJil> l1 MOM8HT,l1H8PUHH 
OCTOBa OCTaDTCH noqxll IlOCTOHHHW!ll BilJIOTl> ~o BHCOKHX 3HaqeHHll 
CilHHa. Ilpll CJiadOM B3aHMOA8llCTBl1H KopHOJIHCa ~l1HaMHqecKH8 aqxpeKTU 
B OCTOBe.HapaCTaxJT <lucrpee. 0TM8THM, qro aHMOrllqHue 3aKJIDqeHJ!SI 
0 xapaKrepe Al1HaMHqecKHX·31!XP8KTOB B HeqeTHHX ~pax c~eJiaHU 
B pa<loxe/68/ Ha ocHoBe aonee crpororo MnKpocKon1_1qecKoro no~xo~a. 

B KOHU8 Al1CC8pTauHH npHBe~eHa KpaTKaH CBOAKa nonyqeHHHX 
. peayJI1>TaTOB. 

0CHOBHli8 peayn1>TaTU AHCceprauHH ony<lJIHKOBaHli B pa<lorax/14- 18, 
j1-J4,J7~J9,4J-45,5I-5J,55-6I,6J,64,7l,75,76/, npe~CTaBJISIJIHCb 

l1 ~OKJI!l,ll;liBMHCl> Ha !9-22,24 n 25 COBemaHHHX no ~epHOll cneKTpO
CKOilllH H CTpyKType aTOMHoro ~pa, Ha M8llC,ll;yHapo~HliX KOH~epeHUHHX 
l1 CHMI103HYMax B MoHpeane (1969), CTOKrOJibM8 (1972), MDHX8He 
(I97J), HsmBHJie (1974), Ha piAe MellC,ll;yHapo~Hux coBemaaHll B .lly<lHe, 
ll3JiarMHCl> B JI8KUHSIX Ha Mell,IJ;yHapo~HOll mKOJie B Airymxe (1972), 
Ha 8-n n 10-n 3HMHHX mKOJiax IlIDI~ (1973 n 1975) •. 
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