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Pa6oTa BHnonHeHa B na6opaTOPRH TeopeTR~ecROI ~3HKH 
06~e~eHHoro KHCTRTYTa ~epHHX nccne~o~. 

Hay'lHlil! PYKOBO,mtTeJTh: 

n~ccop, ~OKTOP ~3RKO-MBT8MBTR~8CKHX 

HayK 

Qqm~Ml>HH8 OllllOH9HT!i: 

~OKTOp ~3RRO-MBT8MBTH'i8CRHX 

HayK, Be,Izylltd Hay'lHlil! COTPY~ 

~OKTOP ~3BRO-MBT8MB~9CKHX 

HayR, Be,Izylltd Hay'lHlil! COTpy,JI;Hl'IK 

B.r. CoJioBI:.eB 

IO.B.ranoHoB 

A.B.:Vll'H8TIOK 

Be.n;yl!lee Ha~o-nccne~oBaTeJil>CKoe y~peE,lleHRe : Hay'll!.o-nccne

~oBaTe~cKHI RHCTHTYT ~epHOl ~3RKH MoCKOBOROro rocy~apCTB9H

HOro ymmepcnTeTa (MocKBa) • 

3aiJtRTa ~CC8pT8UIDi COCTORTCR " " I987 r. 
Ha aace~SHRH cneUHMR3BpoBaHHoro coBeTa K047.0I.OI na6opaTOPRH 

TeopeTR~ecKOI ~3BKH ~e~eHHOro KHCTBTYT8 ~epHHX nccne~o-

~. ~6Ha MocROBCKOI 0~8CTB. 

c ~ccepTauaea M03HO oaHaKOMKTl>CR B 6n6nHoTeKe OHHH. 

Y~eHHA ceKpeTapb CoBeTa 

~aT ~3HKO-MBT8MBTH~eCKHX H8YK 

A.E. ,UopoXOB 

OB!Wl XAPAI\TEFHCTHKA PABOT!i 

AKTYankHOCTk npo6aeMH. rro~ aa~oBo-o6N 
MaXlT ~epH!i9 npoiJ,eCCii, B ROTOpliX MeH.IleTCR sa 

~0 HY~OHOB B ~ OCT89TCR llOCTOHHHHM. llepl 

npoueccOM, KHT8HCRBHO HCcne~oBaBDmMCH B ~8}: 

n~. Hay'ieHRe !J:> -pacn~a noTpe6oBMo y'ieTs 

TH'IH!iX H ~eKTHBHHX B036yll,ll;eHBA B ~. a 

HliX CTeneHe! CB060~. ~e 6~ee OCTpo 3TH ~ 

cnepHMeHT~Horo oTKPbiTM a(MleKTa no~a:sneHID 

nepexo~oB, o6HapyJKeHHoro B (p,n)-peaKUHstx. I 
~a:snerum cMH nepexo~oB HrpaeT, no-B~OMY, 

HO-~po'IHHX R 6Mee cnOlltHiiX COCTOHHHA, C~Hl 

~aCTb BHCOKHX aHeprHA B036yJ!,lleHM. O~aKo 1 

raeMO! CM!i OCT88TCR OTKpliT!iM, 

3a~OB0-06MeHHii9 npol]JlCCii B ~ MOJtl 

HY H3 BeTBe! H30BeKTopHWC B036yll,ll;eHRI. IToaT< 

O~Oro TIO,ll;XO~a H 38~0B0-06MeHHHX R 38~01 

TI03BonHeT, C 0~01 CTOpoH!i, HCTIMl>30BaTb npJ 

M8HHiiX npoiJ,eCCOB KH4JopMBUHD, n~~eHHyll TIPJ 

TpMbHHX ll30B8KTOPHHX npoiJ,eCCOB , ll, C ~pyr. 

HOBOM ~acce Tipol]JlCCOB TipaBMl>HOCTl> OCHOBHK 

~9HH!i8 3H8'i8HM napaMeTpoB, HCTI~l>3Y8MHX B ; 

OCHOB!i T8KOro ITO,ll;X0~8 MOJtllO BH6paTb KB83ll'i8C 

pa, paapa6aTHBa9MYil B nN OHHH. B paMK8X KB 

~ll ~a C03~8H annapaT ~ OTIHCSHM 38~0B 

Hd Kai< B ~ C O~O! H ~YMII 38MRHYTHMH 

pax C 069.HMH H838MKHYTiiMR o6~0'iRSMH, TI03BO 

CTBHe npoCTiiX H 6~ee cno&HHX COCTOHHHA. 

Jj3Jlb pa6oTH. I. Coa~aHRe B paMK8X KBa3 

n ~ (K@.fi) annapaTa ~ onHcaHM aa~o 

B ITPB6Jn!zeHHH X80TR'I9CKHX Q)a3 (IIX~) H C y'ie 

'iaCTHU c IPoHOHSMH. 2. Hccne~oBaHRe Ha ero o 

06MeHH!iX B036~eHH! B C~Pll'i8CKHX 8TOMHHX 

RSROI Mepe B38HM0~9ICTBH8 KB83H'i8CTHU C 4JoE 

BeHHo sa no~a:sneHBe cMH raMOB-T~epoBcKWI 

BO-o6M9HHHX pe30H8HCOB. llpll 3TOM, 'iT061i HM€ 
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lne~oBaTenbcKOe y~pe~eHHe: Hay~o-Hccne

~epaol ~aHKH MocRoBcKOro rocy~apcT»eH-

" 198? r. 
COBeTa K04?.0I.OI lia6opaTopHH 

.~e~eHHoro HHCTHTYTa ~epHHX Hccne~o

~cKOBcKOI o6xacTH, 

03HaROMHTbCH B 6R6nHOTBKe OMHH. 

leTBMaTwqer.KWX H8YK 

A.E. ,UopoXOB 
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OB!WI XAPAKTEPHC'rnKA ·PABOTil 

A1STYMkHOCT:P noo6Jiem. no~ aaPfl.nOBo-odMellliHMH npoueccmm noHR

MaJOT ~epHllB npoiJ;BCCll, B KOTOpllX MBHHBTCH aaPfl.n ~pa, .a TIOJIHOB tmC

JIO JIYMOHOB B H,Itpe OCTaeTCH llOCTOmlHllM. IIepBllM 3aPfl.nOB0-96MBHHllM 

npoiJ;8CCOM 1 HHTBHCRBHO HCCRB~OBaBlllHMCH B SI,ItepHOi!: ~3HKe, 6WI ~ -pac

na,n;. Hay~eHHe ~ -pacna,n;a noTpe6oBaJio y~eTa B3aMMo~ei.tcTBHH o,IOio~c
THliHHX H KOJIJIBKTRBHllX B036y~emdi B ~, a Taiate llJili.inm.II H8H$MOH

HllX CTBTIBHBI CB060~. Eme 60JI88 OCTpo 8TH BOllpoCll BCTaJIH nocne 8K

cnepHMBHTa.?lbHOro OTKp!lTHH a®9KTa TIO~aBJielillil: CHJIH raMOB-TeJIJiepoBC.KRX 

nepexo~oB, o6Hapyl!tBHHoro B (pln)-peain;lm:x. H~m60Jiee Bal!IHYIO poJib B no

~aBJieHHH CWIH nepexo.noB nrpaeT, no.;..BB.ItHMOMY, B3aHMo~ei.tcTBHe ~acT~- · 

HO-~polllillX H 60Jiee cnoJJOna: COCTOHHHil, C,lU3HI'8Kill88 ~aCTb CWill B 06-

JiaCTb BHCORHX 8H8prHil B036y~eHRH. O,IOiaKO BOnpoc 0 KOJIJli~BCTB8 C,lU3H-

_raeMon CRJIH OCTaeTCH OTKPHTHM. 

3apSI,ItOB0-06MBHHll8 npoiJ;BCCll B ~ MOEHO paccMaTpRBaTb KaK 0~

HY H3 B8TBBi.t H30BBKTOPHHX Boa6y~eHHi.t. ll08TOMj' ODHCaHHB B paMKaX 
O,IOIOro TIO~O~a H 3apSI,ItOB0-06MBHHllX H 38pSI,ItOBO-HBi.tTpaJibHllX npoiJ;BCCOB 

TI03BOJIHBT 0 C O,IOIO! CTOpOHll, HCTIOJlb30BaTb npH OTIHCaHHH SaPfl.nOB0-96-

MSHHllX npouecCOB HH~pMa~, TIOJIY~eHHyiO TipH H3Y~BHRH 38Pfl.nOBO-H8~

Tpa.?l:PHllX H30BBKTOPHHX TipoiJ;BCCOB , i!, C ~pyroi.t CTOpoHll, npoBepHTb Ha 

HOBOM Knacce ·npoUBCCOB npaBR1IbHOCTb.OCHOBHllX npe~TIOJIOXeHHi.t H ~C- 0 

JIBHHllB 3Ha~eHRH napaMeTpoB, HCTIOJlb3YBMllX B ~aHHOM TIO~O~B. B KaqBCTBB 

OCHOBll Ta.Koro UO~O~a. MOEHO BH6paTD KBa3~CTnqHO:-:iJoHOHHYIO MO~eJID_ ~

pa, paapa6aTHBaBMj'll B liN OH.llli. ·B paMK8X RBasnqacTH'IHO+-qJoHOHHO:i.t MO~e

JIH H,Itpa C03~aH annapaT ~ OTIHCSHRH 3apSI,ItOBO- He:i.tTpaJibHllX B036y~e

HH:i.t Raft B H,ZU>aX ~ O,IOIO:i.t H .IU3YMH. 3aMKHYTllMH 060JIO~, TSK H B ~- · 

pax C 06e:w.m He3BMKHYTHMH 060JIO~ 1 TI03BOJIJiklltHi.t H3yqaT:Ii B3SHMO~e:i.t
CTBH8 npocTllX H 60Jiee ·CROEHHX COCTOHHHi.t. 

l113JI1> pa60TH. I. Cos~rume B paM.KSx_ .KBaszqacTH'IHo-:q,oHoHHo:i.t MO~e.;.. ·. 

Jill ~ (K~) annapaTa ;u;ur_ OTIHCaHHH 38Pfl.nOB0-06MeHHHX BOS6ylr,I(eHH:i.t · 

B TIPi!6Jlmt8IDm XSO~BC.KHX ~9 (IIX~) i! C yqeTOM B3aHMO~e:i.tCTBHH KBaSH

qacTHU C ~HOHBMH. 2.· HcCJie~OBBHRB Ha ere OCHOBB CBO:i.tCTB SSJ:lfl.nOBO~ 
o6M8HHllX BOS6yj.IteHH:i.t.B cqiepnqec.KHX STOMHllX ~.: 3. BWiCH8HR8,B 

KaKOI Mepe B3aJ!MO~B:i.tCTBH8 .KBasnqacTHU C ~HOHaMR MOXBT 6HT:b_· OTB8TCT

B8HHO 38 no~aB5teHHe CHJlll raMOB-TeJIJiepoBc.KHX H CIU!H-.IJ;HIIOJI:DHllX SSJ:lfl.nO

BO-o6MBHHllX pesoHaHcoB. llpz aTOM, qro6a i!MBT:b BOSMOliHOCT:b B~BJIHT:h · 

1 ~lidfk~lD lltllf,ftl 
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06DtHe 38.KOHOMepHOCTR, pac'ieThl CJie,eyeT rrpoBO.JmT:L )1,]lli 60JI:LWOI'O 'ill:C

JI8 H,Itep, BK1IXl'laH R H,Itpa C HB3aMKHYTh!MR 060JIO'IKaMH, 

Hay'!HaH HOBR3H8 R ITQ8KTR'iBCR!lH USHHOCT:L. B .JmCCepTa~ B ~ 
RaX K~ ITOCTpoeH anrrapaT )1,]lli R3Y'i9HRH CBOHCTB 38~0BO-o6MeHHHX B?3-

6y~eHRi!: B C~pH'i9CRRX 8TOMHHX ~ B ITX~.R C y'ieTOM B38RM0~9HCT

Bmi RBa3R'i8CTRU C l!x>HOH8MR, C¥91IlliBaDII9l'O·.··cocTOmmJI C paaJIR'!Hh!M 'ill:C

JIOM l!x>HOHOB, C ITOMOI!l:LIO BTOI'O armapaTa B03MOJKHO OITRCaHR9 38~0BO-o6-
M9HHhlX B036y~eHBit :II B ~ C O~Oit RJIR C ~YMS! 3aMRHYTHMR o60JIO'i

RaMR, R B ~ C o6emm HB3aMRHYTm 060JIO~RaMR. Ha ero OCHOB8 C 

HCITOJI:L30BaHR9M ~HTpaJI:LHhlX OCTSTO'iHHX cerrapa6eJI:LHhlX CRJI! 

- rrpoBe~eHO OITRCaHRe · j- 7;- COCTOmutil, T~e.~,Iti'[ITOJlhRhlX COCTOmniH, ·• 

R30CITRH ROTOphlX.H8 e~QY rrpeBh!maST R30C~ OCHOBHOI'O COCTOHHRH, 

R ITOJIY'i8HO XOpomee OITRCaHR9 RHTerpaJI:LHhlX XapaKTepRCTRR 3TRX COCTOH

Hd• 
- B~CJieHH CIT9RTphl raMOB-TeJIJiepOBCRRX R CITHH-~OJlbHh!X 38~0BO-o6-

. . -~ ? 

MeHHhlX COCTOmniH B ~e c!PepR'l9CRRX H,Itep, B TOll 'ill:CJI8 BIT9pBhl9 rrpoBe-

~9Hhlp8C'i9Thl )1,]lli H,ItPS C H93aMRHYTHMR.060JIO'iKaMHi 

- ncCJie~oBaHo BJIRHHRe ~Y$HOHHHX rrpRMeceii B BOJIHOBhlX IPYHRHWIX ra

MOB-TeJIJiepoBCRRX :II 38~0BO-o6MeHHHX CITRH-~OJI:LHHx COCTommR,-llORa-

3aHO , 'iTO B38RM0~8HCTBR8 RB83R'iaCTRU C l!x>HOHBMR rrpRBO.JmT K 38M9THO_: 

MY nepepacnpe~eJieHRIO CRJihl aa~oBo-o6MeHHHX nepexo~oB, lix>PMRpoBaHRIO 

mRpmihl 38.PJmOB0-06MeHHhlX pe30HaHCOB, HO He Bhl3h!B88T CMBII!BHWl 3H8tm

T9Jii.HOit 'i8CTR CRJihl B 06JISCT:L Bh!COKRX 3Hep:rnit B036~eHRH. 

~ Herrocpe~cTBeHHoro nsy'ieHHH RHTerpaJI:LHhlX xapaKTepncTRK·pac

npe~eJieHHH CRJih! nepexo~oB.rro·aHep:rnHM BOa6y~eHRR·BnepBh!e paaBHT CTpo

:rnit M8TO~ Bhl'ill:CJI8HRH 3HepreTR'iBCKR-B3BemeHHHX MOMBHTOB B 3~8'i8X 
!Ppal'MeHTSD.lm, OCHOBaHHltll HS CITBKTpaJIDHOM p83JIOllt8HRR CRMMeTpxtlllOit Be

II!SCTB8HHOH MaTPRUh!. C ·ere ITOMOI!lbll ~OKa3aHO,. 'iTO B 3~8'18X-!PparMSH
Ta~·rrOJIHaH c~a nepexo~oB H aHepreTH'i~cKRit ~HTpO~ paBHH nOJIHoit 

CRJie H ~HTPOR.JtY COCTOHHRR, BXO~ B O~cxpOHOHHUe -cmCTH BOJIHOBhlX 

lPYHKUHK B036~eHHHX, COCTOSIHHH,. H 'iTO BTOpOi!: R TPeTHH MOMeHThl OII

pe~eJIJmTCH TOJI:L.KO T8MR CJIOlltHI:lMR COCTOHHHHMR, KOTOphle .Henocpe~CTBeH-

HO BSaHMO~eitCTBymT C O~OI!x>HOHHh!MR, 3TH YTBe~eHBH OCHOBaHhl TOJI:LKO 

Ha rrpe~OJIOE8HKH .o CTPYKTY.P8 OCHOBHOro H B036~eHHHX COCTOIDmi!:, 

c~eJiaHHOM B npz6JinllteHim !PParMeHTamm. 

. .Ha OCHOBe . crreKTpaJI:LHOro pa3JIOEelU!H BBI!l8CTB8HHOil CmdMeTpxtlllOi!: . 

MaTPHHhl BrrepBHe nQJIY'ieHh! KBHHe BHpSaeHRR ~ aHepreTH'ieCKR~BsBemeH
Hh!X MOMeHTOB pa_ cnpe~eJie~ CRJih!,IIepexo~OB, Bhl3BaHHh!X npoHSB~HhlM .. _, .·• . . . 

onepaTopctd.,nepexo~a. no aHeprHH BOS6Y3,ltelDJJI B nx~. lloRaaaHo, 'iTO on-

pe~eJieHHh!e ~elliHe .KOM6RHamm. MOMBHTOB MO&HO Bh!pasxT:f: 'iepea npoasBe

~emm :uaTpau, BXO.ltfDIIHX B ypaBHeHHe III~ •. 
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ll0Ra38HO, 'iTO 3HepreTR'i8CKH-B3BemeHHh!e MOM9HThl MOJKHO '>tciTOJI:L-

30B8T:L ;u.m:r onpe~eJieHHH norpemHocTei!:, BOsHriRaromRX rrpn yMeH:LmeHHR 

tmCJia Y'ill:Th!B8BM!DC ~Y$HOHHHX COCTOHHRH B 3~8'i8X !PparMeHT8Il.lm H 

~YXRBa3li'l8CTR'iHhlX - B III~. YMeH:LmeHRe tmCJia Y'ill:Th!BaeMh!X COCTOHHliH 

CYJI(9CTB9HHO npii rrpoBe~eHHR tmCJieHHh!X pac'ieTOB Ha 3BM. 

Anoo6aUIDI pa6oTH. PesyJI:LTaT!l . .JmccepTamm ~oKJI~aJIRC:L H o6- . 

cy~aJI:Ho:L Ha ceMRHapax ~a6opaTopRII TeopeTR'iecKoii ~PRaiiKH 06~e~eHHo

ro RHC,TRTYTa H,ItepHh!X RCCJie~OBBHRJ.t, Ha. x:t:lJI CoB9DlaHRR ITO H,ItepHOil: 

orreKTpoOROnRII R cTpyKType H.ztpa We~r~. I985 r.). · · 

_ Ily6JIRRaOO, llo pesyJI:LT8T8M .JmOCepTamm OIIy6JIIIROBaHhl IIHT:L CTaTeit 

R ~a Teanoa Ha XXXIY_n XXXY CoBe~aH1IH no H,ItepHoit crreKTpoCROIIRII n 

oTpyRType H,Itpa (AJIMa-ATa, 'I984 r. H ~eHRHr~, I985 r.). 

06~eM pa60Thl, nncoepT8UIDI OOOTORT H3 BBe~eHRH, TpeX rJiaB, 38R

JIIO'i8HRH H Tpex IIPMOlt8HRH. 06'beM .JmCCepTamm: 89 CTpaHRU MaEOITRC

HOl'O TeRoTa, I3 PHCYHROB H IO Ta6JIIIU. EH6JIRorpa~PH'lecKR! crrncoK JIRTe

paTyphl H8~'iRThlB89T 86 HBHM8HOBBHIIH. 

CO.IIEPJEAHHE P AEOTI.t 

Bo BBeneHHH o6oy~aeTCH 8RTYaJI:LHOCT:L BOIIpoCOB, paCCMOTpeHHh!X B. 

.JmcoepTamm; oco6oe BHRMaJille o6pamaeTCH Ha BaJKHOOT:L HsytieiumBsamio-:: 

~ei!:CTBRH O~O'i80TR'iHHX :II 60Jiee CJIOlltHHX BOS6y~eHHii B H,Itpax. llpRBO.JmT

OH 0630p JIRTepaT-yphl, OBJI38HHOH C HSy'leHHeM 38~0B0-06MeHHHX npouec

COB, llepe'IHCJIJIIOTCH OOHOBHh!e 'iepThl KBa3H'i80Tli'iHO-I!x>HOHHOH MO~eJIR M-
pa. 

B rJiaBe I IIpHBO~ll.TCR raMRJI:LTOHHaH KcllMII',a rro.itP<>6HO pas6HpaiOT-

CH OOHOBHh!e 3T8ITH IIOOTpOeHRH ITpR6JIREeHHh!X BOJIHOBhlX !PYHKURii 38pH,ItOB0-

06MeHHh!X BOS6y~eHRH B rrpH6JIRllte~ XSOTH'!eCKHX !Pas l1 C Y'iBTOM 

BSBHM<>;neiicTBM KB83R'i8CTRll.C.I!x>HOHBMR. 

B § I o6cy~aiOTCH rBMWI:LTOHBaH Kcmll, pas~eJieHHe raMRJI:LTOHBaHa , 

OOT8TO'iHhlX B38RMO~eilcTBHH H8_38,PMOBO-HeilTpaJI:LHYD R 38,PMOB0-06MeH-

HYIO 'laO Til.,. rrepetmCJIHIOTCH OCHOBHhle IIOCJI9~0B8TeJI:LHh!e 3't.8II!i .Jmal'OH8-

JIR38URII r8MWI:LTOHR8H8, 0TMB'l89TOH, 'iTO B '!eTHhlX H,Itpax paorrpe~eJieHHe 

CMhl nepeXO~OB ITO ~OOTSTO'iHO mRpoKRM RHTepBaJiaM aHeprliR BOS6y~eHRii 

orrpe~eJIHBTCH CIIeKTpoM O~OI!x>HOHHHX OOCTOHHRit R RX B38HMO~eitCTBHBM, C 

~Y$HOHHHMR. 

B § 2 ~eJiaeTCH rrepexo~ OT orrepaTopoB po~eHHH H yHH'iTOllteHRH 

HYRJIOHOB R O~epa~opaM RBa3H"l80THU OBepxrrpoBO~ero THII8 R orrpe~eJIHIOT

CH OIIepaTOphl POli\n9HRH 38.PJmOBO-o6MeHHhlX:I!x>HOHOB 
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. + ) r' . /1 i + . )-jU ;u . . ] 
QJI.jli . ~ 'fJ;jpACJitjp:)fiJ)- (-) f/nj,ofll/njp:JI-)1) , 

/1-f • • , ) .JnJP 
r.n;e .H fJn/p.'.il}l/ - onepaTop poJK.n;erum .n;ByXRBasRtiacTntmoro sap;r.n;oBO-

o6MSHHoro COCTO.IIHRii 0 onpe.n;eJieHHHMH nOJIHHM MOM9HTOM R ero TP9T1>9ii 

npoeKUReii. Bl:lBO.ItliTCJI ypaBHerum TIX<li R noKasl:lBaeTCJI, '!To BR6patmoHHllii 

raMI!Jil>TOHllaH, .KBa.n;paTn'llillii no onepaTopaM poJK.n;erum R yHRtiTo.aterum 

.n;ByXRB83R'laCTR'i!UlX COCTO.Iriufii, .$aroHaJIR3Y9TCJI B TIX<li. BH'mCJimOTCJI B 

ITX<li aMnnRTY.D:U 38~0B0-06M9HHHX nepeXO.IJ:OB R3 OCHOBHOro COCTO.IIHRii 

'leTHO~lleTHOro ~a B B036yJK.n;eHHHe COCTORHRH COC9.n;HRX H9'!9THO-He'leT~ 

HHX smep. 
B § 3 paCCMaTpRB89TCR ~aroHaJili380MH raMRnhTOHRaHa, COCTORmero 

1!3 CYMMH BR6patmOHHOro raMRnhTOHRaHa R raMRJihTOHRaHa B3aRMO.n;e:licTBR!I 

.KB83H'l8CTRU 0 <fx:>HOHaMR, B IIpoCTpaHCTBe BOJIHOBHX \IJYHiaWii, B.K1110'la.Kill9M 

B oe6a O.n;HO- H .IJ:BYX<fx:>HOHHH8 COCToaHRa: 
' . ~ 

{ 
~ ::JV . + \ ..i!2l2 { + D + 7 IJ > 

I:JM'I>)= 4.-.tRi I?:wti + L PJ.Ji/'J))) Q;.Jt~. Jz.U'JMJ ' 
t . )JiJ.ll2t2 

.f 

r.n;e ({)1~ti - onepaTop poJK.n;e~ (i>oHoHa B sap;r.n;oBo-He:liTpaJihHOM Ka-

HaJie. BwmCJUDOTCJI aHeprRa Bos6yJK.n;erum cocTO.IIHRii / ::Jt1v > Ha.n; oc-. . . 3~ 

HOBHHM cocToaHReM 'leTHO-tieTHoro smpa, .Koa~rmeHTH R·,· n aMITJIR-

TY.D:U rrepeXO.IJ:OB R3 OCHOBHOrO COCTO.IIHRii B COCTOSIHHe ( 1M V) . • IlpR 

BH'nl:CJI8HRR aMIIJIHTY.D:U nepexo.n;oB Y'lHTI:lBaiOTCR TOJih.KO nepeXO.n;H B O.n;HO

<fx:>HoHHHe .KOllmoHeHTH cocToarum I 'j M v) (npR6JIIDKeHRe (i>pa:J:.MeHTamnt), 

Ta.K Ka.K riepeXO.n;H B .n;Byx\IJOHOHHHe COCT8BJIJ!IOillH8 06HtmO MaJill. IlpRBO.n;RTCR 

ypaBHeHRa MeTo.n;a cRJioBOii WYH.KDmt, noSBOJiai<Illero Rs6exaTh Henocpe.n;cTBeH

E:oii .n;narOHaJIR38In!R raMRJihTOHRaHa R nOJiy'lliTD ycpe.n;HeHHyiO 38BRCHMOCTh 

BSPoRTHOCTR nepexo.n;a OT 3HeprRH B036y~eHRa. 

EnaBa II co.n;epmHT pesyJihTaTa 'lHCJieHHHX pac'leTOB xapa.KTepncTn.K 

rHraHTCRRX .n;HnOJihHHX peSOHaHCOB, \IJparM8HT8Il;lnt raMOB-TeJIJiepoBCKRX R 

CIIRH-.n;HIIOJihHHX 3a~oBo-o6MeHHHX B036yJK.n;eHRii. 

§ I · n.ocBRmeH onncaHHIO 1;- rnraHTCRRX .n;nnoJihHHX pesoHaHCOB B 

TIX<li. B0JIHOBaa qlyH.KUKff 7; - COCTMHlfii onpe.n;eJiaeTCJI .n;eiiCTBH9M noHH

llalaqero nsociiRHoBoro onepaTopa T (-> Ha o.n;Ho<Jx:>HOHHoe cocToaHRe TH

na HeiiTpoHHaa liaCTHI1J3. - npoToHHM .n;upKa. BwmCJieHR sHeprHH B036ylK.n;e

HRa J- 7; - COCTOaHRii H npl!Be.n;eHHHe BepoRTHOCTH 3JieKTpH'leCKRX .n;HIIOJih

HllYg, nepexo.n;on :rwr IIOJIYMarHliec.KHX a.n;ep c N = 50 ( zz Sz , 90Zz, 
. ~11o) n c Z =50 { 116 ' leo,t.UgfJ). BeJIH'lHHa ll3oBeKTopHoii 

.n;HilOJihHO:ii .KOHCTaHTH OCTaTO'll!HX CRJI onpe.n;e~aCh IIO nono.ateHRIO IIH.Ka 
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o6Htmoro rnraHTC.Koro .n;HIIOJihHoro pesoHaHca •. IToKa3aHo, liTO BH'!llCJieHHRe 

BSJIR'lHHil 3HepreTHtiec.KKX USHTpoH.JJ;OB 7)- COCTOSIHRii COrJiacyJOTCJI 0 . 

aKcrrepRMeHTaJihHO onpe.n;eJieHHmm ns pea.Kmnt ( 0• P) • Pacc'!HTaHHlle 

OTHOmerum npHBe.n;eHHHX BepoRTHOCTeii B036yJK.n;eHRa 7;-:- H ~- COCTOH-

HRH npa.KTH'lec.KR coBna.n;ruoT c a.KcnepRMSHTaJihHHMH sHalieiiiD!MH STHX OT-. 

HomeHRii .itrur a.n;ep c N = 50 R B 3-4 pasa rrpenocxo~T nx :rwr nsoTo-· 

nOB OJIOBa. IJO.Ka3aHO, liTO 0 IIOMO~hiO O.n;HOH R TOM Xe ~e.KTHBHOH .KOHC

T8HTH nOJiy'leHo .n;ocTaTotmo xopomee onncaHRe RHTerpaTlhHllX xapaKTepnc

TH.K 7;- H 7; - B9TBeii rliraHTC.KOro .n;HIIOJihHOro peSOHaH~a. , ' 

B § 2 npRne.n;eHR pesyJihTaTa pactieToB crre.KTpOB raMoB-TanJiepoBC.KllX 
cocToaHRii B IIX~ n cRnonae WYH.Kmnt (pparMeHTannH o.n;Ho(iJoHoHHHX raMOB-

TeJIJieponc.KRX cocToaHRit Ha c(pepnliS"CKitx tieTHHX ~ 90 Z7 ,I20,I2~n, 
I 24Te , 14°Ce ,208 P&. IIpn aTOM RonoJihSOBMRCh ueHTPaJ!DHRe cena- · 

pa6eJihHlle OCT8TO'lHlle CRJ!hl. iJpOB8.D;8HO cpaBHeHRe nOJIYliSHHHX pesyJihT8-'' 

TOB 0 8.KCIIepHMeHTaJihH!lMR .D:aHHHMH, onpe.n;eJieHH!lMR HS ( p, n)- peaKUitlt, 

n pesyJihTaTaMR pac'leTOB, nMeiO!JlHMl'ICJI B JIRTepaType. ITo.KasaHo, '!TO B · 

ITX<li IIpaBRJ!DHO BOcnpoHSBO.n:RTCH SHeprHR HH3Rane~ raMOB-TennepoBc

.KHX COCTOaHRfi.H IIOJIOXSHHe rRraHTC.KOro raMOB-TenJiepoBC.KOro pesOHaHCa. 

B o6JiaoTH rRraHTC.Koro peso~aHca· co6paHo oT 60 .n;o 80 % nceit CRJill ne

I>exo.n;oB, onpe.n;eMeMOii MO.IJ:eJihHO-HesaBncRMhlM npaBMOM c-yMM. BsaHMo;_ 

.n;eiicTBRe .KB83Hll8CTHU C \IJOHOH8MH npHBO~T .K SH8llRT9JihHOMY OCJia6JieHHIO 

c.wrn: nepexo.n;oB, cocpe.n;oTo'leHH6ii B aToii o6JiacTR (.n;o 30- 60 %· oT' 

rrpaBRJia cyMM). IIpn aTOM npa.KTH'lec.KR BCJI cRJia nepepacrrpe.n;eMeTCJi· BHYT

pn nHTepBaJia aHeprnii Bos6yJK.n;emm oT o .no 3o MsB '(aHeprHH Bos6yJK.n;e

ruti! OTC'lHTI:lBaJOTCJI OT OCHOBHOro COCTOSIHRa '!8THO-'l8THOro. smpa) • IlpH . 

HCIIOJihSOBaHHHX OCT8TO'lliHX CRJiax BSaHMO.n;eiiCTBRe RBaSH'laCTHU . C. <fx:>HOHa

MR npHBO.n;HT .K <fx:>pMRpoBaHHIO illlfpHHll raMOB-T9JIJI8pOBC.KHX peSOHaHCOB, 

HO o6'I>JICHHTh a\P(pe.KT no.n;aBJieRHH raMOB-T9JIJI8poBC.KOH CRJill He MOlleT •. 

B § 3 co.n;eplltaTCJI pesyJihTaTa paclieTOB sap;r.n;oBO-o6MeHmoc ciiRH-.ItH

IIOJ!DHilX COCTOaHRH B ITX<li H CliJIOBilX \IJYH.Kimii.(pparM9HT8QKH sa~OB0-06MeH
HHX cnnH-.n;HIIOJihHHX o.n;Ho<Jx:>HoHHHX cocTommii Ha ~ 90 Zt. 0

•124 !;n, 
I24Te n 208 P8 . llcCJie.n;oBaJIRCh pacrrpe.n;eJierum CRJIH rrepexo.tioB no 6onh
nmM HHTepBaJiaM :mepr.ait BOs6yJK.n;eHRa (mnpHHa ID!TepBaJIOB He MeHee..:..5 MaB), 

BH'mCJiemme B J:IX<li ;:r,im., COCTOmmft CO CIIllHOM H lieTHOCThD :J''.= 0-, 

r-, 2-,R RSMeHeHHH B STHX pacrrpe.n;eJieHHaX, BllSBaHHlle B3aHMO.n;eiCTBHeM 

.KBaSH'l8CTHIJ; 0 <fx:>HOHaMR. Ha OCHOBallltH paC'leTOB nO.KaSaHO, liTO. B38HMO.IJ:ei1-

CTBHe .KBaSH'laCTHU C \IJOHOHaMR IIPHBO.n;HT .K o6paSOBaHHIO mHpKHH CIIHH

.n;HIIOJihHWC SapH:.n;OBO-D6MeHHHX peSOHaHCOB B c(pepJi'PleC.KHX H.n;paX, 'iTO 60JID

mM li8CTh CBJIH uepeXO.IJ:OB ( OT 60 .n;o ?5 % ) paCIIOJIOXeHa B HHTepnane 

3H8 pr.a:ii BOS6yJK.n;eHRa . OT !5 .n;o 25 MaB (.n;o 30 MaB B 90 b 'l ) . H qTo TOJID

.KO OT IO .n;o 25 % IIOJIHOit CRJill nona.n;aeT B o6JiaCTh 8Heprll:ii BOS6~eHHH, 
60JihmHX 30 MaB. Pacnpe.n;eJieHHe CRJill rrepexo.n;oB B smpax c He3aMKHYT!lMH 
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o6ono~ no~o6Ho ·pacnpe~e~eHHID CHHH nepexo~oB B Ma~ecKHX H 
~a.lK,I\H l.ta~SCKHX H,IUJaX. 

f.naBa ill nOCBRmeHa B~~9HHID SHepreTH~9CKH-B3BeWeHHHX MOMeH

TOB pacnpe~e~eHHH CHHH nepexo~oB no aHeprHHM Bos6y~eHHii: B s~a~ax 
q>parMeHTamm H ]J,7U{ IIX9: 

Sx =LEv K/<o/B /-.fv>/2, 
"\1 

r~e Ev- aHep!'WI Bos6yJK,neHHH cocTomma:~ Jbv , B - onepaTop rrepexo~a. 
K - nMoe HeoTpHnaTe~:cHoe ~~o. 

B § I noKas.aHo, qTo s~aqa q>parMeHTamm aKBJIBMeHTHa s~aqe 
Ha C06CTBeHHHe 3Hat{eHJIH Be~eCTB8HHOH Cll:MMeTpll:~Ofi MaTPHUU, H npe~
~OXeH M9TO~ B~~eHJIH SHepreTJl:t{8CKH-B3BeWeHHHX MOM8HTOB B S~aqe 

q>pai'MSHTamru, OCHOBaHHblil: Ha cneKTpM:CHOM paMOJ!teHJl:Jl: Be~eCTBSHHOH Cll:M

MeTpll:~Ofi MaTPHUU. JIOKaSaHO, t{TO B sa~aqe q>parMeHTamm n~aa: CHna 

nepexo~oB H aHepreTJiqecKHii neHTpo~ paBHH nonHoii eRn~ nepexo~oB JI 

USHTPOJl:.llY Y~THBaeMHX O.~ . .ti04>oHOHHHX COCTOID!ll:it. ,IIoroisaHo, t{TO BTOpoil: Jl: 

TpeTJI! MOM8HTbl onpe~eJIHIOTC.iJ TGnl>KO T8Mll MOJii.HbiMI! COCTORHHID.lli, KOTOpble 

Henocpe~CTBSHHO B38HMO~eil:CTBYIOT. C 0~04>oHOHHHMH. 06cyJK,neHH ~e~CTBRR: 
~oKasrulliux YTBe,Pllf,IteHH! ;u;m s~a~ ormcaHRR: no~aMeHID; CHHH crmH

Hsocllll:HoBHX nepeXO~OB. ITOKaSaHa a~eKTJl:BHOCT:b Jl:CnGn~30BaHRR: BToporo 

H TpeT:cero MOMSHTOB ;IJ,li.fJ KOHT~ sa norpe~OCTRMH, BHOCID~ YM8Hl>

we~eM ~~a paCCMaTpiiBaeMHX ~YX4>oHOHHHX COCTOID!ll:!. 

B §2 npe~oxeH MeTO~ Buqll:~eHHH ·aHepreTJl:t{9CKH-B3BeWeHHHX MOMSH

TOB B IIX~, OCHOBaHHHii: Ha cneKTpM:CHOM paanollteHHH Be~eCTBeHHoH CHM

M8TpR~Oit MaTPHUll. ITOKa3aHO, ~0 onpe~e~e~e ~eil:HHe KOMCiHHamm 

MOM8HTOB MOlltHO BHp33HTl> ttepes npoHSBe~eHJie-MaTPHU, BXO.rtmiiHX B ypaB

HeHHe IIX~. ilOKa3aHO, t{TO no BKII~ ~yXKBasJiqacT~HX COCTOID!ll:it B 3TH 

~e!HHe KOM6HHamm MOlltHo ~eJIHT:c HaH6onee BalltHHe . ;u;m ~aHHoil: s~a~ 
~YXKBaaH~acT~e cocToRHrur H TeM caMHM sHa~TeJI:cHo yMeH:CWHT:c pas-
MepHocT:c ·MaTpnn, BXO.rtmiiHX B ypaBHeHHe IIX!Ll. · 

B 3aRJIB)t{9HJl:.li ~ccepTamm nepe~~eHH OCHOBHH9 BUBO~. 

B npHnoxeHHR A BHBe~eHo ceJtYJIHpHoe ypaBHeHHe IIX!Ll H nOJiyqeHu 

aHaJIHTHt{eCKHe BHpallteHRR: ;IJ)I.fJ.CYMMbl H paSHOCTJl: 4>oHOHHHX .aMTIJIJITy~. . ~ 

B npRJioxeHRH B npHBe~eH MaTPHttHblil: aJieMeHT onepaTopa 

B3aHMO~eiicTBRR: KBas~aCTHU c 4>oHOHaMH Me~ o~o-H~YXWOHOHHHMH 000-

TOHHll:RMJl:, r<oToputt ncnon:csoBMcsr B pac~eTax q>parMeHTamm raMOB-T~e
poBc.Kri H Cllll:H-.ztimon:cHbiX 38~0BO-o6MeHHHX COCTOID!ll:i\. 

... - . .. . . 

B ITp.liJIOXSH.Ii.li C C06paHH CBe~eHRR: 0 cneKTpM:CHHX CBOil:CTBax Be~ecT
BeHHHX CHMMeTPHttHHX MaTPHU. 
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. 0CHOBHHe pesy~:cTaTH @CCeOTaDJ:m,' npeliCTaMeHHile Ha saunrry:. 

. I.B PaMKaX KBasnqacT~o-q,oHoHHoii: Mo~eJIH ~a nocTpoeH arrrrapaT · 

;IJ)I.fJ OllHCaHRR:•Sa~OBO-o6MeHHHX B036y~eHHfi B qeTHHX cq,ep~eCREX·BTOM

HHX H,IUJaX B rrpn6JIHxeHHH xaoTH~eCIGtX q>aB . Jl: C y<ieTOM B3amtO~eii:CTBRR: 

KBa3~CTHU C 4>oHOHaMR. llpH STOM He nOTpe60BMOCl> BBe~erum ~OllonHH-

Te~:CHHX !JiMeKTHBHllX :KcmcTaHT BsaiiMo~eftcTBIDI. · 

2.B nPH6JIHxeHHH xaoTH~ecKHX q>as nocTpoeHo Mlir<p6cmrmttecme 

OllHCaHJie J;- I'.l'!raHTCKHX )OmOJil>HHX peSOHaHCOB B cqiep~eCREX ~eTHHX 
aTOMHbiX ~. lloKasaHo, ~o c noMO~ o~oro n Toro xe Ha6opa aq,-
4>9KTHBHHX KOHCTaHT y~aeTCSI OnHCaTI> CITSKTpbl H OTHOWeHHH npHBe~e:iurnx 
B9poSITHOCTefi BOS6y~erum 'I;- H ' .:/; -:- BeTBeii I'.l'!raHTCKoro )OmOJil>HOro 

pesoHaHca. 

3.C HCrrOJI:iSOBaHJieM cenapa6eJI:CHHX UeHTpMI:.HHX OCTBTO'!HHX CHn 

~~eHH CTpyKTypa H SHeprrur 0~04>oHOHHHX raMOB-TennepoBCKHX COC

TOID!ll:fi C Hesarr~eHHHMH 060JIO~. llOKa3aHO 1 ~0 B3aHMO~eil:CTBH8 

KBa3~8CTHU C cfx>HOHaMR npHBO~T K q,opr.mpon8JIHID IIIHPHHH raMOB-T~epoB
CKHX COCTORHHit H K SaMeTHOL\1 nepepacnpe~MeHHID HX CHHH li ~0 SHa- . 

~TeJIDHoro BHHoca raMOB-Te#)repoBcKOit CHnhl B o6JiaoTI> aHepl'.l'!ii Bos6yx

~erum,6onDWHX 30'MaB,HeT. 'raKHM o6pa30M,y~eT B38HMO,IteitCTBRR: KBa3H....; 

~CTHU C 4>oHOHaMR B ~ae USHTpMl>HHX OCT8TO~HX CRH He MOXST 06~C

HHT:b rro,ItaMeHHSI raMon-:.TennepoBcKOii cHHH, o6Hapyxelrn:oro B (p,l'\)-peaK-
- ·, . ~ . ' ,, 

UWIX. 

4.llpoBe,IteHH pac~eTH q>~rMeHT8IJ;I'II{ CrmH-)OmoJrl>HHX sa~OB0-06MeH~ 
• 'HHX COCTO.fJHHii B ~e .II,Itep,:;B TOM ~~e H B ~ C Hesan~eHHHMH 

o60Jio~. lloKaaaHo~ 'ITO liaaHMO,IteitcTBne KBasH~CTHU c iflOHoHaMH npH

BO~T K SHa~TeJIDHOii q>pai:'MeHTaiJ,lill'I STHX COCTO.fJHHii, OC06eHHO 0-•. llPH' 

&TOM npaKT~eCKH BCSI;CHna CITHH-)OmOJII:.mlx nepeXO,ItOB OCTaeT~ B o6Jiac-

TH SH8pl'.l'!it B036y~eHRR: OT 5 ,ItO 30 MaB. ~ 

5~~ HC~B,ItOBaHJISI HHTerpMI:.HHX xapaKTepnCTHK pacnpe,IteJieHll:ii Cli

JIH rrepeXO,ItOB B S~a~ax q>pal'MeHTaiJ,lill'I pa3BHT OCHO~ Ha cneKTpMD

HOM paMoxeHHH CHMMeTPH~oR BeriiecTBeHHoii MaTPHUU MeTO.It B~~eHHSI 
SHepre~eCIGI-BSBemeiumx MO~HTOB CKllOBOit if>YHKmm~ .1{0Ka3aHO, ~0 B 

S~a~ if>parMeHTaiJ,lill'I UElHTP!J~ CKllOBOii if>YHKD;Im onpe,IteJISieTCSI TOJII:.KO 

pacnpe,IteJieHHBM CKllH npoCTHX COCTO.fiHHit H He SaBHCHT OT B3aHMO,It9ICTBHSI 

npooTHX H 60Jiee ~OXHHX · COCTOJDUIA H ~0 WHpHHa CKllOBOI <Wrumm on

pe,IteJI.fieTCSI TOJII:.KO TBMH CJicmiiOOI COCTO.mmR:MH, KOTOpue Henocpe,ItCTBBHHO 

B3aHMO,IteiCTBynT C rrpoCTHMH. 

6.llo.:ay~eHH JIBHHe BHpaEeHHSI ;IJ)I.fJ SHepre~eCIGI-BSBSmemua MOMeH

TOB »"npn6Jm:&emm xao~ecKHX q>as. YKasaH cnoco6· ~~em onpe,Ite

Jiemua JUmelma: KOM6RH~ ST.HX MOMBHTOB. 
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·7. llOKa3aHS BHCOKaff .~eRTRBHOCT:& HCnGn:&30BaHHH 3HepreTH~9CKH
B3BemeHHHX.MOMeHTOB ~ orpaHKqSHRH llO~OCTpaHCTBa ~~OHOHHHX Co
CTOmm:l! B 38,Il;S'laX (pparMSHTai.UIH H ~yxKBa3~CT~OrO - B llpH6Jrmlterum 
xaoTH~eciGIX q!as. 
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