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OEIUA5I XAP AKTEPHCTHKA P AEOTbl 

AKTyarrhHOCTh TeMhI 

B3aHMO,UeMCTBne rrpoCThIX M0.U B036y)K,UeHHH C 6orree CJI0)KHI,IMU M 

porr1, y1IeTa :noro B3anMo.ueiicTBHH rrpH orrncaHHH CBOMCTB B036y)K.ueH

HhIX COCTOHHUH peaJihHhIX <pli3M1IeCKUX o6'heKTOB HBJIHeTCH HeC0MHeHH0 

o.uHoii U3 UHTepecHeii:nrnx rrpo6rreM, B03JIMKaromnx rrpH H3J1IeHnn pa3-

JIH1IHhix MHoroTeJihHhIX CMCTeM. IIpe.ucTaBJieHMe o HeB3anMo.ueiicTByro

mux <pOHOHax, IIJia3M0Hax, KaK 3JieMeHTapHhIX KBaHTax B036y)K,UeHMH, 

0Ka3hIBaeTCH HBH0 He.U0CTaT01IHhlM .UJIH Y.U0BJieTB0pUTeJihH0ro orrncaHHH 

Bcero MHOroo6pa3HH CBOHCTB MUKpocncTeM, H3BeCTHhIX li3 3KcrrepnMeH

Ta. A T0MHbe H,Upo HBJIHeTCH H,UeaJihHhIM o6'heKTOM .UJIH M3y1IeH1rn yrro

MHHYTOH rrpo6JieMhI, II0CKOJihKY 3a CT0JieTHIOIO MCT0pMIO era MCCJie,U0Ba

HMH 61,m HaK0IIJieH 6oraTeiiIIInii 3KcrrepuMeHTaJihHhIH MaTepuaJI 0 era 

rrro6aJihHhIX u UH.UUBU.UYaJihHhIX CBOHCTBax. 

Pa3BUTUe C0BpeMeHHhIX TeXHOJIOrMii crroco6cTBOBaJIO C03,UaHUIO H0-

BhlX 3KcrrepMMeHTaJihHhIX ycTaH0B0K M .ueTeKT0p0B C peK0p.UHhlMM xa

paKTepMCTMKaMM. B pe3yrr1,TaTe 3a rrocrre.unee .uecHTUJieTMe 6hlJI .uo

CTUrHyT rpaH,Uli03HhIH rrporpecc B Tpa,UMUUOHHOH .UJIH <pM3UKM CTpyK

Typ1,1 aT0MH0ro H,Upa o6JiaCTM - H.Uepnoil: crreKTpOCKOIIMM: 5IpKUM rrpM

MepoM T0MY HBJIHIOTCH 3KCIIepuMeHThI C MCII0Jih30BaHMeM H0B0f0 II0K0Jie

HMH repMaHneBhIX .ueTeKT0p0B, II03B0JIUBIIIMe o6Hapy)KMTh B Ka)K,U0M MC

crre.uyeM0M U30T0IIe 6orree IIHTM,UeCHTM ypoBneii, He U3BeCTHhlX rrpe)K,Ue. 

CoBOKYIIHaH IIH<pOpMaUMH; rrorry1IeHHaH B pa.3JIM1IHhlX H,UepHhlX peaKUM

HX, .uaeT B03M0)KH0CTh r0B0pMTh O IIOJIHOH H.UepHoii crreKTp0CK0IIUU BO 

MHorMx H.Upax .uo 3HeprMM B036J)K.UeHMH B necK0JihK0 M3B. CpaBHeHMe 
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xapaKTepIICTIIK 6JUI3Jie)KaIIllIX II30TOITOB .n:eMOHCTpIIpyeT nopoii Kap.n:II

HaJihHOe II3MeHeHIIe CBOHCTB CIICTeMhI npII .n:o6aBJieHIIII Bcero JIIIIIII, .UBYX 

HYKJIOHOB, 'ITO HIIKaK He MO)KeT 6bITh pe3yJihTaTOM nJiaBHOro II3Meue

HII5I rno6aJihHhIX xapaKTepIICTIIK 51.Upa, TaKIIX, KaK cpe.n:Hee none. B 

CB5I3II C TeM, 'ITO o6JiaCTI, 51,n:epHOH cneKTpOCKOnIIII pacIIIIIpIIJiaCh .n:o 

:,meprIIH, npII KOTOphIX pacnOJIO)KeHhI He TOJihKO .UByx-, HO II Tpex- II qe

Thipex<pOHOHHhle KOH<pIIrypaUIIII, COBepIIIeHHO O'leBII.UHO, 'ITO 6e3 y'leTa 

IIH.UIIBII.n:yam,HhIX oco6eHHOCTeH KOHKpeTHhIX KOH<pIIrypaUIIH B KOHKpeT- , 

HhIX 51.Upax, 6e3 yqeTa IIH.UIIBII.UYaJihHhIX oco6eHHOCTeH B3aIIMO.UeHCTBII5I 

Me)K.n:y HIIMII HeB03MO)KH0 npeTeH,UOBaTI, ua a.n:eKBaTHOe onMcanMe Bcero 

MHoroo6pa3M5I 3KcnepMMeHTaJibHhIX .n:aHHhIX. 

PoJib B3aMMO.UeHCTBII5I co CJIO)KHhIMH KOH<pMrypaUH5IMH B <pOpMIIpo

BaHIIII CBOHCTB rnraHTCKIIX MYJihTIInOJihHhIX pe3oHaHCOB II3BeCTHa y)Ke 

.n:aBHO. B nepByro O'Iepe.n:h 3TO B3aHMO,UeHCTBIIe OTBeTCTBeHHO 3a <ppar

MeHTaUIIIO O.UHO<pOHOHHhIX KOMnOHeHT no 3HepreTH'leCKOMy HHTepBany; B 

HeCKOJihKO M3B, H TeM caMhIM 3a B03HIIKHOBeHHe IIIHpHH rIIraHTCKHX pe-

30HaHCOB. HoBoe IIOKOJieHIIe 3KcnepIIMeHTOB Ha COBna.n:emie pacce5IHHOH 

'laCTIIUhI H IIcnymeHHoro 51.UpOM raMMa-KBaHTa OTKphrnaeT YHHKaJih

HYIO B03MO)KHOCTh H3y'laTh B3aIIMO.UeHCTBHe O.UHO<pOHOHHhI:x: COCT05IHIIH 

C KpaiiHe orpaHH'leHHhIM 'IIICJIOM BhI,UeJieHHhIX CJIO)KHI,IX KOH<pMrypaunii 

B 3HepreTM'leCKOH o6JiaCTII, r.n:e IlJIOTHOCTh KOH<pHrypauIIH COCTaBJI5IeT 

HeCKOJihKO ThICH'l Ha o.n:IIH M3B. 

3aMe'laTeJihHhIM OTKphITIIeM IlOCJie,UHHX HeCKOJihKHX JieT 5IBJI5IeTC5I 

o6uapy)KeHIIe .UBYX<pOHOHHhIX rnraHTCKIIX pe3oHaHCOB. HecMOTp5I ~a 

rpaH,UII03HYIO IlJIOTHOCTh COCT05IHIIH B o6JiaCTII HX JIOKaJIH3aUIIII, 3TH 

<popMHpoBaHH5I OKa3aJIMCh BeChMa KOMITaKTHhIMII II HeITJIOXO YKJia,UhIBa

IOIUHMHC5I B npocTyro rapMOHH'leCKyIO KapTHHy. 3TH 3KCnepHMeHThl 

CTaB5IT nepe.n: Teopneii 3a,n:aqy O nocne.n:oBaTeJihHOM MHKpOCKOITH'leCKOM 

OITMCaHHII B3aHMO.UeHCTBH5I CJIO)KHhIX KOH<pHrypauIIH C eme 6onee CJIO)K

HhIMH. 

U:eJib pa60ThI COCTOHT B npMMeHeHIIII H pa3BIITIIII KBa3H'laCTII'IHO

<pOHOHHOH MO.UeJIH 51.Upa .UJI5I OITIICaHII5I MHoroo6pa3H5I CB0HCTB B036y

)K,UeHHhIX COCT05IHHH cpe.n:HHX H T5I)KeJihIX c<pepII'IeCKMX 51.Uep OT HM3KO

Jie)KaIUMX COCT05IHHH .n:o .UBOHHhIX pe30HaHCOB Ha KOJIII'leCTBeHHOM ypoB

He. 
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Hayqua5I HOBH3Ha H npaKTII'leCKa5I ueHHOCTh 

.IleTaJihHO HCCJie.UOBaHhI H3MeHeHII5I CBOHCTB B036y)K,n:eHHhIX COCT0-

5IHIIH cipepnqecKHX 51,n:ep .n:o 3HeprIIII B036y)K,n:eHII5I nopMKa 5 M3B 

npn y.n:anemrn OT 3aMKHYTOH o6oJIO'lKII. IIpo.n:eMOHCTpIIpoBaHo, 'ITO 

KBa3II'laCTII'IHO-<pOHOHHa5I MO.UeJih 51,Upa .n:aeT xopoIIIee KOJIII'leCTBeHHOe 

OIIIICaHIIe COBOKYITHOCTII 3KCnepIIMeHTaJihHhIX .n:aHHhIX, noJiy'leHHhIX B 

peaKUM5IX Heynpyroro pacce5IHII5I 3JieKTpOHOB, npoTOHOB II .n:eiiTpOHOB II 

peaKUIIII .UBYXHYKJIOHHOH nepe.n:a'IM (p,t) .UJI5I ueno'!eK H30TOnOB. 

.IlaHO KOJIII'leCTBeHHOe OITIICaHIIe <pparMeHTaUIIII CHJihl El-nepexo.n:oB 

no 1- COCT05IHH5IM, <popMIIPYIOIUHM ITHrMII-pe30HaHChI. 

TeopeTH'leCKII o60CHOBaHa B03MO)KHOCTh nocTaHOBKII 3KcnepHMeHTa 

HOBoro TIIna .UJI5I o6Hapy)KeHII5I 2+ KOMnOHeHThl [31 ® 31] MYJihTIIITJieTa 

B 208Pb. 

O6n5ICHeHhl npII'IIIHhI aHOMaJihHOro noBe.n:eHH5I ceqeHII5I <pOTOB036y

)K,UeHH5I H30MepoB B He'leTHhIX 51,Upax. 

Ha MHKpOCKOnII'leCKOM ypoBHe HCC_Jie.UOBaH raMMa-pacna.u rnraHT

CKHX MYJihTIInOJihHhIX pe30HaHCOB Ha HII3KOJie)Kamne B036y)K,UeHHhie co

CT05IHH5I. 

IIpoBe,UeHhl IICCJie,UOBaHII5I CBOHCTB ,UBOHHhIX rnraHTCKHX pe30HaHCOB 

( ITOJIO)KeHH5I, IIIHpIIH H ce'!eHHH B036y)K,UeHM5I B peaKUHH Heynpyroro 

pacce5IHII5I T5I)KeJihIX IIOHOB) B paMKax MHKpOCKOITH'leCKOro no.uxo.ua. 

Co3,UaH KOMITJieKC Bhl'IHCJIHTeJihHhIX nporpaMM .UJI5I pacqeTa cneK

TpOB H cTpyKTyp1,1 B036y)K.UeHHhIX cocT05IHIIH, onnch!BaeMhIX BOJIHO

BOH <pyHKUIIeH, co.n:ep)Kameii O,UHO-, .UBYX- II TpeX<pOHOHHhle KOMITOHeH

ThI B '!eTHO-'leTHhIX II KBa3II'laCTH'IHYIO, 11KBa3II'laCTIIUa (8) <pOHOHHhle" 

H 11KBa3II'laCTIIUa (8) .UBYX<pOHOHHhie" KOMITOHeHThI B He'!eTHhIX c<pepII

qecKHX H.n:pax. 

Pe3yJihTaThl IICCJie,UOBaHHH, npe.ucTaBJieHHhIX B ,UIIccepTaUIIII, IIC

IlOJih30BaJIIICh ,UJI5I aHaJIH3a II IIHTepnpeTaUHII 3KCnepIIMeHTaJihHhIX .uaH

HhIX, a TaK)Ke ITJiaHIIpOBaHH5I HOBhIX 3KcnepIIMeHTOB. 
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Ilmr 3aII.J;IITbI BbIJlBHraIOTC.sr CJie,uyIOIUHe OCHOBHbie pe3yJihTaThl, ITOJIY

'!eHHbie B .llHCCepTaIIHH: 

l. Ilpo.ueMOHCTpHpOBaHo, 'ITO KBa3H'IaCTH'IHO-qJOHOHHa.sr MO,lleJib 

.sr.upa .uaeT xopomee KOJIH'IecTBeHHoe omrcaHHe 60JibIIIoro 06ne1fa co

BpeMeHHbIX 3KcnepHMeHTaJibHbIX .uaHHbIX O CBOHCTBax HII3KOJie)KaIUHX 

COCTO.sIHHH cqiepH'IeCKHX .sr.uep {KaK MarH'IeCKHX, TaK H .sr.uep C He3aMKHy

TOH o6oJIO'IKoii) .uo 3HeprHH B036Y)K.lleHH.sr nop.sr.uKa 5 M3B. Ilony'Ie

Ho a.ueKBaTHoe OITHCaHHe 3HeprHH YPOBHeii, HX 3ap.sr.uoBbIX nepexo,UHbIX 

ITJIOTHOCTe:ii, o6JiaCTeii KOHIIeHTpaIIHH CHJihl 3JieKTpoMarHIITHOro B036y

)K,lleHII.sr H Ce'!eHII.sI peaKIIHH .llBYXHYKJIOHHOH nepe.ua'III. 

2. O6n.sICHeHbI npH'IHHbI Hey.uoBJieTBOpHTeJibHoro OITHCaHII.sI MO,lle

JlbIO B3aHMO,lleHCTBYIOIUHX 6o30HOB 3KcnepIIMeHTaJibHbIX .uaHHbIX LlJI.sI 

COCTO.sIHHH ITOJIO)KHTeJibHOH '!eTHOCTH H 3HeprHH B036y)K,ueHII.sI BbIIIIe 

3 M3B HeCMOTp.sr Ha xopomee cornacHe c aHaJiorH'!HbIMH .uaHHbIMH .un.sr 

COCTO.sIHHH OTpHIIaTeJibHOH '!eTHOCTH. 

3. IloKa3aHo, 'ITO OCHOBHOH BKJia,u B Bepo.sITHOCTb B036y)K,UeHH.sI 

1- COCTO.sIHHH B 06JiaCTII ITHrMH-pe30HaHCOB ,llaIOT 0,llHO<pOHOHHbie KOM

ITOHeHTbI BOJIHOBOH q>yHKIIHH, O.UHaKO .llJI.sI KOJIH1ieCTBeHHOro OITIICaHII.sI 

q:>parMeHTaIIHH CHJibI El-nepexo.uoB, 06Hapy)KeHHOH B 3KcnepHMeHTe, 

BOJIHOBa.sr g:>yHKIIH.sI COCTO.sIHIIH .llOJI)KHa co.uep)KaTb He TOJlbKO .llByxq:io

HOHHbie, HO H Tpexq>OHOHHhle KOMITOHeHThl. 

4. Ilpe.UJIO)KeH 3KCITepHMeHTa HOBOro THna .UJI.sr o6Hapy)KeHirn 2+ 
KOMITOHeHTbI [31031] MYJibTHITJieTa B 208Pb. IlqKa3aHo, '!To c ITOMOIUbIO 

coBpeMeHHbIX HPGe .ueTeKTopoB OTKpbrnaeTc.sr B03MO)KHOCTb II.UeHTHq>H

IIHpoBaTb 2+ KOMITOHeHTY 3Toro MYJibTHITJieTa, HCITOJib3y.sr npe.ucKa3bI

BaeMbie 1 -pacna.uHhle cBoiicrna [31 0 31)2+ KOHq>HrypaIIH1;[ B OCHOBHoe 

II Ha 31 B036y)K.UeHHOe COCTO.sIHHe. 

5. O6Hapy)KeHo, 'ITO B3aHMo.ue:il:CTBHe IlpOCTbIX H CJIO)KHbIX KOH

q>HryparrHii B He'!eTHbIX .sr.upax .sIBJI.sieTc.sr MeXaHII3MOM, OTBeTCTBeHHbIM 

3a aHOMaJibHOe ITOBe,ueHHe ce'!eHH.sr q>OTOB036Y)K.lleHH.sr H30MepoB B 3THX 

.sr.upax. Ilpo.ueMOHCTpHpOBaHo, 'ITO BKJIIO'IeHHe B pac'!eT KOHq>HryparrIIii 

THITa 
11

KBa3H'IaCTHIIa 0 .UBa q:>OHOHa" ITPHBO.llIIT K cymecTBeHHOMy YJIY'I

IIIeHHIO · OITHCaHH.sr CITeKTpOB HH3KOJie)KaIUHX COCTO.sIHHH He'IeTHhlX .sr.uep 
C He3aMKHyToiI o60JIO'IKOH. 
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6. IloKa3aHo, '-ITO qienoMeHOJIOrII'!eCKa.sr - 11TBIICTOBa}I" MO.Ua B036y

iK.Uemrn MoiKeT 6bITb o6HapyiKena B peaKIIIIU neynpyroro pacce}IHU}I 

3JieKTpOHOB na T}liKeJibIX }l,llpax. 

7. Ilpo.ueMOHCTpnpoBaHo, '-ITO B3aHMO.Ueit:eTBIIe ruraHTCKoro .un

TIOJibHOro pe30HaHca ( f .IIP) C .llBYXq>OHOHHbIMU KOHq:>HryparrH}IMH Tima 

[2t 0 f .IIP]i- OTBeTCTBenno 3a 3KcnepnMeHTaJibHO o6napy)KeHHbIH 3q:>

g:>eKT HeO)Kll,llaHHO IIHTeHClIBHOro pacna.ua f.IIP na 2t COCTO}IJIUe B 1130-

TOnax OJIOBa. 

8. Ilpe.uJioiKena M1rnpocKom1qecKa}I cxe:r.rn pacqeTa rroJioiKemrn II IIIH

pnnbr .llBOHHbIX rnraHTCIOIX .rurnoJibHbIX pe30HaHCOB (.Ilf .IIP) B cq:iepII'-Ie

CKlIX .sr.upax. Ilpe.ucKa3ano, '!To cnnHoBoe pacmennenne .Ilf .IIP }IBJI.sreTc.sr 

cna6brM. II01rn3ano, '-ITO rroJioiKenne I(f .IIP 6mr3KO K y.unoeHHoii 3Hepnrn 

f IlP, a IIIUpIIHa COCTaBJI_}leT y2 OT IIIUpIIHbI f .IIP, '-ITO COOTBeTCTByeT 

rapMonwrecKoiI KapTnne B036y)K.uenuiL 

9. IloKa3aHo, '!TO B .unyxcryneH'!aToM B036y)K.uemrn .Ilf .IIP B peaK

rr1rn pacce.srmrn T.H)KeJibIX lIOH0B rrpn pemiTHBlICTCKHX 3Hepnrnx 1 + IWM

nonenTa [f .IIP 0 f.IIP)nrnP CUJibHO rro.uaBJiena no cpannennIO c o+ n 2+ 
KOMnOHeHTaMH. Ilpo.ueMOHCTpnpoBaHO, '-ITO ,llJI}I KOppeKTHOro cpaBne

mrn 3KcrrepnMeHTaJibHbIX .uaHHbIX II TeopeTH'!eCKIIX npe.ucKa3aHin1: CJie

.uyeT Y'-IlITbIBaTb TaK)Ke H O,llHOCTyneH'-IaTblH MeXaHH3M B036y)K.uemrn 

60JibUIOro '-IlICJia .llBYXqJOHOHHbIX 1- COCTO.sIHHH B o6JiaCTII .Ilf .IIP. 

Arrpo6arr1rn .unccepTarrnn 

Pe3yJibTaTbI .unccepTarurn Heo.uHoKpaTHO .u01rnanbrnam1cb n 06-

cyiK,uaJIHCb Ha ceMHHapax Jia6opaTop1rn TeopeTII'-leCKOH q>H3UKH UM. 

R.H. EoroJII06ona OIUIM, rno6o.uHoro yHnnepcnTeTa r. AMcTep.uaM, na

unonaJibnoro lIHCTlITyTa no }l,llepHOH q>H3HKe II q:>lI3HKe BbICOKHX 3Heprnii: 

(r. AMcTep.uaM), HHCTHTyTa }l,llepnoii q>n3HKH (r. fpomrnren, HH.uep

Jian.uhr), HHCTHTyTa .sr.uepnoii q:>II3lIKlI ( r. Opc3, <Ppanrr1rn), lIHCTHTyTa 

}l.llepHbIX nayK (r. fpeno6Jib, <Ppanrrn}I), MHJiaHcKoro ymrnepcnTeTa, 

YHHBepcnTeTa r. HeanoJib, TexnnqecKoro ymrnepcnTeTa r . .IlapMIIITa.u

Ta (fepMamrn), UHCTHTyTa .sr.uepHbIX HCCJie.UOBaHUH r. .IlapMIIITa,UTa, 

Texm-i:qecKoro ynnBepcuTeTa r. MIOnxena. Pe3yJihTaTbI, H3JioiKeHHhie B 

.unccepTarruH, TaK)Ke .llOKJia,UbIBaJIUCb Ha 38 u 41 Me)K.llyHapO.UHhIX COBe

manu.srx no }l,llepHOH cneKTpOCKOnHII n CTpyKType aTOMHOro .sr.upa, 7-M 
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Me)K.llyHapo.nH0M CeMHHape "3neKTpOMarHHTHbie B3aHMO,lleJICTBIUI x.nep 

npH HH3KHX H npoMeiKyT0'!HbIX :rnepnrnx" (MocKBa, 1988 ), Me)K,llyHa

po.nHOll KOH<pepeHunn "CTpyKTypa x.npa B .neB.HHOCT01x" ( OaK-PH.ll)K, 

CIIIA, 1990 ), Men.:.nyHapo.nH011 K0H<pepeHmrn "CTpy1nypa x.np~ u pe

aKUHH npH Hll3KHX u npoMe)KyTo'IHhIX 3Hepnrnx" (1ly6Ha, 1992), III 
Men.:.nyHapo.nHm1 IllKone "HoBhie TeH.neHUHH B x.nepHott <pH3HKe" (KneB, 

1992), 21 Me)K.nyHapo.nH0M CHMil03HyMe "EoICTpo Bparn:arorn:Hern x.npa" 

(ToKno, 1992), K0H<pepeHunn no rnraHTCKHM pe3oHaHcaM (rann-JiettK, 

CIIIA, 1993 ), IV Me)K.nyHapo.nHott K0H<pepeHUHH rr~ H36paHHhIM Borrpo

caM CTPYKTYPhl x.npa (1ly6Ha, 1994), 5-M Me)K.llyHapo.nH0M BeceHHeM 

ceM1rnape "HoBoie nepcneKTHBhI B CTPYKType x.npa" (PaBenno, MTannx, 

1995 ), xv K0Hq>epeHUIIH x.nepHoro 0T,lleJieHH.H EBponettCKoro q>U3II'Ie

CKoro o6rn:ecTBa "51.nepHax .llHHaMnKa npH HH3KHX :rneprnxx" (C. Ile

Tep6ypr, 1995), K0Hq>epeHunn no rnraHTCKIIM pe3oHaHcaM (rpomrnreH, 

Hn.nepnaH.no1, 1995 ), 18 Me)K.nyHapo.nH01r IllK0Jie no x.nepHott cpinnKe 

"41r raMMa-cneKTp0CK0IIH.H C BblC0KHM pa3pellleHneM H CTpyKTypa x.npa" 
(3pnqn, MTannx, 1996). 

Ily6nnKauuu 

Ila MaTepnanaM .nnccepTauuu ony6nnKoBaHo 40 pa6oT B oTe'!eCTBeHHOH 
H 3apy6eiKHOll rre'!aTII. 

O61,eM u CTpyKTypa .nnccepTauuu 

llnccepTaUII.H C0CT0HT II3 BBe.neHn.a, '!eTbipex rJiaB II 3aKJIIO'IeHH.H. 

OHa co.nepiKIIT 202 CTpaHHUbl MalllIIH0IIHCHoro TeKCTa, BKJIIO'Ia.H 44. pn

cyHKa, 19 Ta6nnu II CilIIC0K JIIITepaTypoI II3 217 HaIIMeH0BaHIIll. 

COLIEP)KAHME lIMCCEPTAUMM 

Bo BBe.neHIIII KpaTK0 Cq>OpMynupoBaHbl npe.nMeT H ueJib HCCJie,lloBa

HIIH, a TaKiKe .naH0 KpaTK0e 0ilHCaHHe co.nep)KaHH.H .llHccepTaUHH. 

B nepBoll rnaBe .llHCcepTaUIIH rrpe.ncTaBJieHbl <pH3H'IeCKHe IlpHHUHilbI 

H MaTeMaTH'IeCKHll annapaT KBa3H'IaCTH'IH0-q>OHOHHOll M0,lleJIH. x:.npa, 

IIpHMeH.HeMott B rrocne.nyrorn:11:x rnaBax .l{JIH <pII3H'!eCKHX HCCJie.noBaHIIll 

cBottcTB B036Y:iK.lleHHhIX cocTo.HHHH cqiepuqecKHX x:.nep. Mcnono3y.a MH-
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KpOCKOIIH'!eCKHM raMHJibT0HHaH, co.nep)KalUHM cpe.nHee none, M0H0II0Jib

H0e crrapnBamre H 0CTaT0'IH0e B3aHMO,UellCTBHe B cenapa6eJibHOH qiop

Me, ocyrn:ecTBJI.HeTrn rrpeo6pa3oBaHHe OT q>epMHOHHhIX orrepaTopoB 'Ia

CTHU H .Ublp0K K KBa3H6030HHhlM orrepaTopaM <p0H0H0B. 3Hepnrn B03-

6y)K,n:eH.H.H H CTPYKTypa <pOHOH0B orrpe.uen.a:eTrn H3 ypaBHeHnii rrp11:6mr

)KeHJrn cnyqaHHhIX q>a3. Bo36y)K,UeHHbie C0CT0.HHJUI '!eTH0-'IeTHhlX ccpe

pH'IeCKHX x.uep 0IIHCbIBaIOTC.H BOJIHOBOM <pYHKUHeii, co.nep)Karn:eii 0,UH0-, 

.UBYX- H Tpexq>0HOHHbie K0Mil0HeH.ThI; B He'!eTHbIX x.upax B0JIH0Ba.H 

q>yHKUH.H co.uep)KHT KBa3II'!aCTH'IHYIO, 11KBa3H'IaCTHUa @ q>OHOHHyro" 

H 11KBa3H'!aCTHUa @ .UBYXq>OHOHHyro" K0Mil0HeHTbI. B3aIIMo.neiicTBHe 

Me)K.uy pa3JIH'IHbIMH K0Mil0HeHTaMH BOJIHOBOH q>yHKUHH orrpe.uen.aeTCH 

Ha MH!<P0CK0IIH'!eCK0M ypoBHe, HCil0Jib3Y.H MO,UeJibHhlll raMHJibT0HJiaH H 

BHyTpeHHIOIO cpepMHOHHYIO cTpyKTYPY orrepaTopoB q>0H0H0B. IIonyqe

HhI ypaBHeHH.H .UJI.H Hax0)K,UeHH.H crreKTp0B B036y)K,UeHHbIX COCTO.HHIIH, 

0IIHCbIBaeMhIX 3TIIMII B0JIH0BbIMII q>yHKUH.HMII, a TaK)Ke caMIIX B0JIH0-

BbIX q>yHKUIIH. O6cy)K,UaIOTC.H rrpH6JIII)KeHIIH M0,Uenu, a TaK)Ke rrpIIHUII

IIbI BbI6opa M0,UeJibHbIX rrapaMeTp0B rrpII JIP0Be,UeHHH Herrocpe.ucTBeHHhlX 

'IHCJieHHbIX pac'!eT0B. 

Bo BTOpOll rnaBe HCCJie,n:yIOTC.H CBOllCTBa HII3K0Jie)KaIUIIX B036y)K

.ueHHbIX COCTO.HHHll cpe,UHHX II T.H)KeJibIX aT0MHbIX x:.nep. 

B pa3,n:ene 2 .. 1 H3y'!aIOTC.H II3MeHeHII.H CBOHCTB HII3K0Jie)KaIUIIX co

CTO.HHHH '!eTH0-'IeTHhlX H,Uep npu rrepexo.ne OT rronyMarII'IeCKHX x:.uep 

K rrepeX0.l{HbIM. IIpe.ucTaBJieHbI pacqeTbI crreKTP0B B036y)K,UeHH.H .uo 

3HeprnII rrop.a:.nKa 4 M3B, CTPYKTyphl cocTOHHHH, rrpHBe.n:eHHhlX Bepo

.HTHOCTett 3JieKTp0MarHIITH0ro B036y2K,n:eHII.H II IIX 3apH.U0BbIX nepexo.u

HbIX IIJIOTHOCTeii. Pe3yJioTaTbI pacqeT0B cpaBHIIBaIOTC.H C 3KcrrepIIMeH

TaJibHbIMII .naHHbIMII, nonyqeHHbIMII II3 peaKUIIII Heyrrpyroro pacceHHII.H 

3JieKTP0H0B. 3apH,UOBbie rrepeX0.UHbie rr.rioTHOCTH B036y)K.UeHHhlX COCT0H

HHH HBJI.HIOTC.H BeCbMa 'IYBCTBIITeJibHbIM TeCT0M .UJIH rrpoBepKII pa3JIII'I

HbIX MO.UeJieil: x.upa. 0 Ka'IeCTBe 0ilIICaHIIH 3KCIIepIIMeHTaJibHhlX .naH

HhlX KBa3uqacTH'IHO-q>oHoHHOH Mo,n:eJibIO M02KH0 cy.nHTh, HarrpIIMep, no 

Puc. 1, r.ue C00TBeTCTBYIOIUHe pe3yJibTaTbI rrpe.ncTaBJieHhl .UJIH x:.upa 
142N d. B 3T0M pa3.uene TaK2Ke npo.n:eM0HCTpHpoBaHo, 'ITO ycIIJieHne 

B3aIIMO.UeHCTBII.H npoCThlX II CJI0)KHbIX KOHq>IIrypaUIIH rrpII y.uaneHHII OT 

x.uep C 3aMKHYTOll o6oJIO'IKOll K nepeX0.UHhlM x:.upaM rrpIIB0.UIIT K 6onee 

CIIJibH0MY CMelllIIBaHHIO pa3JIH'IHhlX KOHq>IIrypauIIii B BOJIHOBOH q>yHK-
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Puc. 1: 3ap51.llOBbie nepeXO.llHbie IIJIOTHOCTII HeKoTOpbIX HlI3KOJie)Ka

mnx B036y)K,neHHhlX cocTOaHnii: B 142Nd. KpIIBbre c·3KcnepnMeHTaJihHbI
MII OIIIII6KaMH COOTBeTCTBJIOT 3apa,nOBbIM IlJIOTHOCTHM, lI3BJieqeHHbIM 
C IlOMOIUbIO MO.lleJibHO-He3aBHCHMOro aHaJIH3a H3 ceqeuHii: peaKUHH ue
ynpyroro pacce51HH51 3JieKTpOHOB; CIIJIOIIIHbie KplIBbie - TeopeTnqeCKHe 
npe.ncKa3aHH51. YKa3aHHbie 3HeprnH B036y)K,neuHa COOTBeTCTBYIOT 3KC
nepHMeHTaJibHbIM 3HaqeHH51M. 

UHM HH3KOJie)Karn:ux cocTO.HHHH. IIo3TOMy B .a.n:pax c He3aMKHyToii: 060-

noqKoii: rro.HBJI.HIOTC.H ypoBHH c rroxo)KeH q>opMoii: 3ap.a.n:oBoii: rrepexo.n:H01'.l: 

IIJIOTHOCTHj .n:aHHbIH q>aKT TaK)Ke IIO.UTBep)K.UeH 3KCIIepHMeHTMbHO. 

B pa3.n:ene 2.2 paccMaTpHBaeTrn pacrrpe.n:eneHHe CHJibI H30CKan.apHoii: 

H H30BeKTOpHOH KOMIIOHeHT 3JieKTpOMarHHTHiiIX rrepexo.n:oB pa3JIHqHo:ii: 

MYJibTHIIOJibHOCTH .UJI.H uerroqKH H30TOIIOB HeO.UHMa. Paccq:inaHHble xa

paKTepHCTHKH cpaBHHBaIOTC.H C 3KcrrepHMeHTMbHbIMH .n:aHHbIMH, H3BJie

qeHHblMH H3 peaKUH:ii: Heyrrpyroro pacce1£HH1£ rrpoTOHOB H .n:eii:TpOHOB rrpu 

HH3KHX 3HeprH1£X. 3TH peaKUHH 6onee qyBCTBHTeJibHbl K B036y)K,UeHIIIO 

CJia6bIX COCT01£HHH, qeM peaKUH1£ Heyrrpyroro pacce1£HH1£ 3JieKTpOHOB, H 

TeM CaMblM II03BOJI1£IOT oueHHTb IIOJIHOTY 1£.UepHblX crreKTpoB, npe.ucKa-

3bIBaeMbIX Teopueii:. Pacnpe.n:eneHHe CHJibI H30cKan1CpHbIX E2-, E3- u 
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Pnc. 2: Pacnpe.neneune CHJihI 1130-
cKanapHbIX E.A-rrepexo,noB B II30TO-

rrax Heo,nnMa 142 •144 •146Nd B e.n1rn11-
uax Baii:cKorrq>a. 3KcrrepnMeHTaJib
Hbre pe3yJihTaTbl 11306pa)KeHbl B Bn,ne 
TQqe1( H CilJIOIIIHbIX JilIHlIH; pacqeTbl 
- B BlI,lle rryHKTllpHblX JillHHH. .Ilna 
Jiy'qIIIero BOCI1p1151Tll51 COOTBeTCTBH51 
rpocc-cTpyKTYP B pacrrpe.nenemm cn
JihI rrepeXO.llOB KaK 3KCrrepnMeHTaJib
Hbie, TaK lI TeOpeTn~IeCKHe .uaHHbie 
TaK)Ke rrpe.ncTaBJieHbl B BII.lle CIIJIO
Bb!X q>yHKUllll, IIOJiyqeuHbIX C rrpo
qJIWbHOH qiynKunef1 B Bn.n;e pacrrpe,ne
nenl!a faycca c IIIHpnnof1 200 K3B. 

E4-nepexo.uoB B n3oTorrax 142
•144•

146Nd rrpe.ucTaBneHhI na Puc. 2. CpaB

HeHue C 3KcrrepnMeHTOM ITOKa3bIBaeT, qTo pacqeTbl C BOJIHOBOH q>YHK

uneii: B036y)K.UeHHbIX COCT01£HHH, co.n:ep)Kameii: O.UHO-, .UByx- H Tpexq>o

HOHHbie KOMITOHeHTbI, II03BOJIHIOT KOJinqecTBeHHO OITHCbIBaTb 3KCnepn

MeHTaJibHbie .n:aHHbie KaK B nonyMarnqeCKHX, TaK II nepeXO.UHbIX 1£.Upax. 

PacCMOTpeHbl TaK)Ke COOTBeTCTBYIOIIIHe pacqeTbl B paMKax q>eHOMeHO

JIOrnqecKOH Mo.n:em1 B3anMo.n:eii:cTBYIOIIIHX 6o30HOB (MBE). 06bHCHeHbI 

rrpnqJIHbl ney.uoBJieTBOpHTeJibHOro orrncaHirn 3KCrrepnMeHTa 3TOll MO,Ue

JibIO ,UJI1[ COCT01£HHH IIOJIO)KHTeJibHOH qeTHOCTH. 
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Pa3L{eJI 2.3 nocn.srmeH omi:camuo 3KcnepnMeHTaJibHhIX .n:aHHhIX, no

nyqeHHhIX B peaKIIJUI .n:nyxHyKJIOHHOll nepe.n:aq11 (p,t), B COBOKynnocTH 

C .n:aHHhIMII no neynpyroMy pacce.srmno npOTOHOB JI .n:ettTpOHOB. Ce

'IeHH.ll ( p,t) peaKrr1m paCC'IHTbIBaroTC.ll Ha MUKpOCKOilll'IeCKOM ypontte 

rryTeM CYMMUpOBaHirn BKJia.n:a fiOJihillOfO 'IlICJia pa3.IJH'IHbIX qaCTII'IHO

L{bipO'IHhIX KOHq>nryparrniL MccJie.n:yeTC.ll 3aBHCHMOCTh KOJIJieKTJIBHO

CTH B KaHanax qacTHIIa-L{blpKa H 'IaCTJIIIa-'IaCTUIIa HlDKattwux COCTO

.llHIIll pa3JIH'IHOH MYJihTIIITOJibHOCTH (H 6onee BhICOKOJie)Kamnx COCTO.ll

HHH) OT CHJihI OCTaTO'IHOro B3aHMOL{ellCTBH.ll B COOTBeTCTBYIOlllHX Kana

Jiax, noCKOJihKY B .sr.n:pax C pa3BHThIM cnapHBaHHeM o6a THIIa OCTaTO'I

HOro B3aUMOL{eHCTBH.ll CMeIIInBaIOT OL{HH H Te )Ke LlBYXKBa3H'IaCTII'IHbie 

Konq>11ryparrnu. IloKa3aHo pa3JIII'!Hoe none.n:enne nccne.n:yeMoii IWJIJieK

TlIBHOCTII .UJI.ll .sr.n:ep C ypoBHeM c:DepMH B6JIH3H qacTU'IHhIX H .UblpO'IHhIX 

ypoBHeii:. 3KcrrepHMeHTaJihHbie .n:aHHhie B KOHe'IHOM llTOre HCIIOJih3Y· 

IOTC.ll .UJI.ll orrpe.n:eneHH.ll CHJihl OCTaTO'IHOfO B3allMO.Uei'1cTBll.ll B KaHane 

qacT11rra-qacTnrra. 

B pa3.n:ene 2.4 11ccne.n:y10Tc.sr c:soucTBa Hll3KOJie)Kanwx 1- cocTo.srn11ii: 

B cq>epH'IecKHX .sr.n:pax. IIpoanamnnpoBaHhI 3KcnepnMeHTaJihHhie .n:aH

Hhre no HeynpyroMy pacce.si:HHIO q>OTOHOB, U03BOJillBIIIIIe o6Hapy)KHTh 

TOHKYIO cTpyKTYPY rrnrMn~pe3ouaucoB. IloKaJauo, 'ITO pac,reT c BOJI

uonoii: q>yHKIIHeii: B036Y:iK.UeHHbIX COCTO.llHHM, co.n:ep)Kameii: o.n:uo-, .n:nyx

H Tpexq>OHOHHbie KOMIIOHeHTbI, no3BOJI.lleT OIIHChIBaTb 3TII .n:aHHbie ua 

KOJIII'IeCTBeHHOM yponue ( CM. Pnc. 3), npn 3TOM cymecTBeuuoii: OKa3bI

naeTC.ll HHTepq>epeurr11.sr Me:iK,n:y rrepexo.n:aMH ua o.n:uo- n .n:nyxq>ouomrhie 

KOMnoueHThI BOJIHOBOM q>yHKIIIIII. Ilpo.n:eMOHCTp11ponauo, 'ITO BKJia.n: 1 + 
cocTo.sru11ii: B ceqeHne paccMaTpnnaeMoii: peaKrr1m npeHe6pe)KIIMo MaJI. B 

)TOM pa3.UeJie TaK:iKe paccMaTpIIBaIOTC.ll ,-pacna,n:Hbie CBOMCTBa 2+ KOM

IIOHeHThI .n:nyxq>OHOHHOfO MYJibTHnJieTa [31 0 31] B .sr.n:pe 2P8Pb, IIOIICKII 

KOToporo IIHTeHCIIBHO Be,n:yTC.ll Ha npOT.ll)KeJillll MHornx JieT. C.n:enaH

Hhie orreHKH HeocnopHMO CBH.UeTeJibCTBYIOT B noJih3Y B03MO)KJIOCTH ero 

3KcnepnMeHTaJibHoro o6Hapy)Keun.sr B peaKrrnn Heyrrpyroro pacceHHH.ll 

,-KBaHTOB C 11cnOJib30BaHneM COBpeMeHHhIX BbICOKO'IYBCTBHTeJibHhIX .n:e

TeKTOpOB. 

B pa3.UeJie 2 .. 5 H3y'IaIOTC.ll HeKOTOpbie CBOMCTBa HH3KOJie)KaIUHX co

CTO.llJIHM B HC'IeTHbIX cq>epH'ICCKHX .sr.upax. MccJie.n:yIOTC.ll q>H3H'IeCKHe 

rrporreccbI, OTBeTCTBeHHhie 3a aHOMaJihHOe rrone.n:eHHe Ce'IeHH.ll q>OTO-
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Pnc. 3: (a) Pacrrpe,lleJieHne 

CHJihI B(El )-rrepexo,llOB noJiy'IeH

Hoe B 3KcrrepnMeHTe; (b)-(d) Pe-
3YJihTaThl pac'IeTa C BOJIHOBOH 

· cpyHKIIIIeii, conep:>rrnmeii onHo-, 
.llBYX II TpexcpOHOHHhle KOH<pury
parrnu; ( c) OnHocpoHoHHa.sr <i:acTh 

El-nepexonoB; ( d) JlByxcpoHoH
Ha.sr qacTh El-nepexonoB. Tpex
cpoHOHHhle KOHcpnryparrun 0TBeT
CTBeHHhI B 3TOM pacqeTe rJiaB
HhIM o6paJoM 3a cpparMeHTarrmo. 

. B036y)K.n:emrn H30MepHbIX COCTOHHHM. 3KcrrepnMeHTaJibHO 6bIJIO 06Ha

py)KeHO, 'ITO , BhIXO.U H30Mepa HMeeT JIHHCHHYIO 3aBIICHMOCTh OT rpa

HH'IHOH 3Heprnn TopMo3Horo cneKTpa Ha HHTepnane 3Heprnii: rropH.n;Ka 

1 M3B, 3aTeM rrponcxo.unT H3JIOM n orrHTh Ha'IHHaeTCH JIHHeii:HaH 3a

BHCHMOCTh c 6onhIIIHM yrnoM uaKnoHa Ha HOBOM IIInpokoM IIHTepna

ne 3HeprIIii:. Auanu3 CTPYKTyphr B036y)K,n:eHHhIX cocTOHHIIii: IIOKa3an, 

'ITO II3JIOM B IIJiaBHOM xo.ue rrpHMOii: CB.ll3aH C HaJIII'IIICM BbI,UeJieHHbIX 

COCTOHHHii:, IIJIOTHOCTh KOTOpbIX O'IeHh Mana II KOTOpbie o6na,uaIOT 3a

MeTHbIM BKJia.UOM KOMIIOHeHT BOJIHOBOH q>yHKUIIII, CBH3bIBaIOllIIIX 3TII 

COCTO.llHH.ll KaK C OCHOBHhIM, TaK II C II30MepHbIM COCTO.llHII.llMII .sr.upa 

rrocpe.ucTBOM E 1- HJIII KOJIJieKTIIBHhIX E2-rrepexo.uon. B 3TOM pa3.uene 

n3yqaeTC.ll TaK)Ke BJIII.llHIIe KOHq>IIryparrIIii: TIIIIa 11KBa3II'IaCTIIUa 0 .una 

q>ouoHa" Ha cnoii:cTBa HII3KoJie)Kamnx cocToHHIIH He'IeTHhIX H.Uep. IIo

Ka3aHo, 'ITO y'IeT 3TIIX KOMIIOHeHT cymecTBCHHO yny'IIIIaeT OIIIICaHIIe 

3KCIIepIIMeHTaJibHbIX crreKTpOB HII3KOJie)Kamux B036y)K.UeHHbIX COCTO.ll

HIIH He'IeTHbIX .si:.n:ep, y.n:aneHHhIX OT 3aMKHyToii: o6oJIO'IKII. 
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B TpeTbeii rrraBe paccMoTpeHbI HeKoTopbre cBoiicTBa nrraHTCKHX 

MYJibTHII0JibHhlX pe30HaHC0B. 

B pa3,UeJie 3.1 HCCJie.Il0BaHbI Bep0HTH0CTH B036y)K,UeHHH rttraHTCKHX 

pe30HaHC0B pa3JIH1IHOH MYJibTHn0JibH0CTH B peaKUHM Heynpyroro pac

ceHHMH :meKTp0H0B ira 60JibIIIHe yrJibI npH pa3JIM1IHbIX :rnepnrnx 3JieK

Tp0HHoro ny1IKa. Ilpo.ueMOHCTpMpOBaHo, 'ITO C pocT0M nepe.uaHH0ro MM

IIYJibCa 3aMeTH0 yBeJIM1IHBaeTC51 IIJI0TH0CTb COCTOHHHM pa3JIM1IHOM MYJib

THn0JibH0CTM, .uarom:Hx 3aMeTHhIM BKJia.u B ce1IeHHe peaKUHH. OT.UeJib

H0 JI3y1IeHhl CBOMCTBa TBJICTOBOH MO.Uhl B036y)K.ueHirn, rrpe.ucKa3bIBaeMOM 

MaKpocKon111IeCKOM q>JIYM.U.UMHaMM1IeCKOM M0.UeJibIO. 1IoKa3aHo, 'ITO pa3-

JIJl1IHH B noBe.UeHJIJI q>OpMq>aKT0p0B ( e,e') peaKUJllI, a TaK)Ke 3HepreTM-

1IeCKMX o6rracTeM K0HUeHTpaUMJI .UJIH TBMCTOBOM JI CIIMHOBOM M0.U II03B0-

JIHIOT pacC1IMThlBaTb Ha 3KCIIepMMeHTaJibH0e Bhl.UeJieHMe rrepBOM 113 HJIX 

Ha q>0He BTOpoiI B TH)KeJihIX 51.Upax. 

B pa3,UeJie 3.2 paCCM0TpeHbI ,-pacna,UHbie CBOHCTBa rnraHTCKMX pe-

30HaHC0B Ha HM3K0Jie)Kam:Jie B036y)K.UeHHhie C0CT0HHJIH. Ifay1IeHbI ,UBa 

0CH0BHhIX MexaHJI3Ma pacna.ua: rrepexo.u Me)K.uy O.UHOq>0HOHHhIMJI K0M

II0HeHTaMH rnraHTCK0ro pe30HaHca H HH3K0Jie)Kam:ero C0CT0HHHH H pac

rra.u co CJI0)KHhIX, .UBYXq>OH0HHhIX, K0MII0HeHT pe30HaHca. IIocJie,UHHM 

MexaHH3M HrpaeT KJII01IeByIO. poJib B o6'bHCHeHHH 3KCnepHMeHTaJibH0 

o6Hapy)KeHH0ro 3q>q>eKTa 0TH0CHTeJibH0 npHMepH0 paBH0HHTeHCHBH0r0 

pacrra.ua rHraHTCK0I'0 .UHII0JibH0r0 pe3oHaHca B Jl30T0nax 0JI0Ba B 0CH0B" 

Hoe cocToHHHe H Ha HH)KaMIIIHii 2+ ypoBeHb ( CM. Pttc. 4). OueHe~.hl 

B03M0)KH0CTJI H rroJiy1IeHbI II0JI0)KJITeJibHhle pe3yJibTaTbI .UJIH HCn0Jib30-

BaHHH B cxeMe Ha C0BIIa.UeHJIH 3q>q>eKTa pacna.ua co CJI0)KHhIX KOHq>Hry

pauHiI BhIC0K03HepreTH1IeCK0ro 0KTYII0JibH0ro pe3oHaHca, .UJIH H3y1IeHHH 

era CBOHCTB, 'ITO CHJibH0 3aTpy.uHeH0 B o6hI1IHbIX 3KCrrepHMeHTaX BhIC0-

KOH MYJibTHn0JibH0CTbIO pe30HaHCa. 

qeTBepTaH rJiaBa nocBHIUeHa H3y1IeHHIO CBOMCTB .UBYXq>0HOHHhIX rH

raHTCKHX pe30HaHC0B. 

B pa3.uerre 4.1. paccMaTpHBaIOTC51 BonpoChI, CBH3aHHhie C 0.UH0CTyrreH-

1IaTbIM rrpoueccoM q>OTOB036y)K.ueHHH .UBYXq>0H0HHbIX KOHq>Hrypaunii B 

o6JiaCTH rHraHTCKHX pe30HaHC0B. 1IoKa3aHo, 'ITO a6COJIIOTHhie ce1IeHHH 

B036Y)K.UeHHH 0T.UeJibHhIX .UBYXq>OHOHHhIX COCTOHHHM [>,;' 0 >.;2]i- MaJihI, 

0,UHaKo BhlC0KaH nJI0TH0CTb 3THX COCTOHHMM npH 3HeprMHX B036y)K.ue-
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Pttc. 4: 8KcrrepHMeHTaJihHh1e ceqemrn (TO'IKH c 3KcrrepuMeHTaJihHhIMH 

011rn6KaMH) peaK1.urn Heyrrpyroro pacceHHirn: a-qacTIIU B cxeMe Ha coBrra

nemrn: C ;-pacrranoM B 0CH0BH0e (BepXH5151 qacTb) II Ha 2t B036y)K,neHHoe 

cocTOHHHH (HII)KH5151 qacTh) nnH H30TOIIOB 116Sn II 124Sn B cpaBHemu, 

C pe3yJihTaTaMII pac•1eTOB. CrrJIOll.IHa51 KpHBa51 C00TBeTCTByeT B036y
)K.l(eHHIO f.IlP, rryHKTIIpHaH Kp1ma51 - fKP, ·wTpux-rryHKTHp11a51 - fMP, 
roqetJHaH Kp1rna51 - BKJian pacrrana f.IlP H3 K0l\,rnaynn-cocTOHHHH, nmrn
HhIM rryHKTnpoM 11306pa)KeHo cyMMapnoe ceqem1e. 

Hirn BhIIIIe 20 M3B B TH)KeJihlX H.upax npHB0.UJIT K nx 3aMeTH0MY BKrra.uy 

B noJIH0e ce1IeHHe q>OTOB036y)K.uemrn, cpaBHMMhIM, HanpHMep, co BKJia

.U0M H30BeKT0pHoro rHraHTCK0ro KBa.upyrr0JibH0ro pe30HaHca. Ilpn 3T0M 

ce1IeHHe q>OTOB036y)K,UeHirn .UBYXq>OHOHHbIX COCTOHHIIll HMeeT 6eccTpyK

TYPHhI1I, q>OHOBhn1 xapaKTep Ha IIInpoK0M 3Hepren1qecK0M HHTepBarre. 

B pa3.uerre 4.2 H3y1IaeTCH .UByxcTyneH1IaT1,rii MeXaHU3M KYJIOH0BCKoro 

B036J)K,UeHHH .UBYXq>OHOHHhlX KOHq>MrypauH:ii, peaJIH3yeMblll B peaKUMJI 

Heyrrpyroro pacceHHHH TH)KeJibIX JIOHOB rrpH peJIHTHBHCTCKUX 3Hepru

HX. Ce1IeHHH peaKUHJI pacC'IJITbIBaIOTOI B paMKaX norryKJiaCCH'IeCKOll 

Teop1rn Arr.uepa-BHnTepa Kar..: Bo BTopoM nopH.UKe no Teopun B03Mym:e

HHH, TaK M no MeTo.uy CBH3aHHhIX I(a.HaJI0B • .IlaHHaH peaKUJIH HBJIHeTCH 

cerrern1rnnoii K B036y)K.uenttro .UByxqiouonu1,1x Konqittrypaunil:, rroc-rpoen

HbIX 113 .IlBYX KOJIJieKTHBHI,IX q>0HOHOB. IloCKOJibKY KYJI0H0BCK0e B036y

)K,Ueune onpe.uerrHeTCH rJiaBHbIM o6pa30M El-rrepexo.uaMn, B n3yqaeuo11 

peaKUHH npe1IMym:ecTBem10 Bo36y)K.uaroTCH [f.IIP 0 f.IIP]J~ cocToHmrn, 
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Puc. 5: (a) BenwnrnhI B(El) 
JlJlll fllP II (b), (c) BenwumhI 
B(El)xB(El) .umi: llfllP, cooT
BeTcTBy10mIIe KYJlOHOBCKOMY B03-
6y;.1(.ZleHIIJO B pacceirnIIn Tl!:lKeJlbIX 
llOHOB npn peJll!TllBllCTCKllX :mep-
rlll!X .ZlJlll l!.Upa 136Xe. PncyHKU (b) 
II ( C) npe.UCTaBJll!JOT J = o+ II J = 
2+ KOMnoHeHTbI llfllP. Cnnom
Hal! Kp1rnal! - pe3yJ1bTaT ycpe.uHe
HHll no BCeM COCTOl!HHl!M C napa
MeTpOM ycpe.uHeHllll r = 0,5 M3B. 

T.e. ,n:Byxq>oHOHHhIH rn:raHTCKMH .n:unoJihHhIH pe3oHaHc (lifllP). IloKa-

3aHo, 'ITO TOJibKO KOMnoHeHTbI lif IlP C J1' = 2+ ll o+ ,n:aIOT 3aMeTHhlll 

BKJia.U B Ce'!eHlle peaKUllll, BKJia,U 1 + KOMnOHeHTbI npll 3TOM CllJibHO 

no.uaBJieH. B pa3,UeJie 4.3 npe.n:cTaBJieHbI MllKpOCKOnH'!eCKlle pac'!eThI 

noJiolKeHHll M rrrnpHHhr Ilf IlP. Pac'!eTbI BhIIIOJIHeHhI c yqeToM B3all-
• 

MO.UellCTBllll .UByxq>OHOHHbIX KOHq>HrypauHil:, q>opMHpyIOIIJ.llX pe3oHaHc, 

C O,UHO- ll Tpexq>oHOHHbIMll. B pe3yJibTaTe B3allMO,UeHCTBllll co CJIO)KHhl

Mll KOHq>HrypaUHll .UByxq>oHOHHhre KOMnoHeHThI Ilf IlP q>parMeHTHpyIOT 

no :rnepreTH'IecKoMy HHTepBany B HeCKOJihKO M3B. IloKa3aHo, 'ITO o+ 
M 2+ KOMnOHeHTbI lifllP llBJillIOTCll npaKTH'IeCKll BblpO)K,UeHHbIMll ( CM. 

Puc .• 5). lllllpuHa IlflIP 6JIH3Ka K BeJIH'IHHe, paBHOH v2 OT rrrupu

HhI r IlP, a ueHTpoH.n: Ilf IlP c.n:BHHYT Ha 3HeprHIO nopsr.n:Ka 100 K3B 

OT y.n:BoeHHoil: 3HeprHH f IlP. TaKHM o6pa3oM c,n:eJiaHo 3aKJIIO'IeHue, 

'!To rnoil:cTBa 1If 1IP 6JIII3KII K npe.n:cKa3aHIIllM rapMOHII'!ecKoil: TeopIIII. 

B )TOM pa3,UeJie 06cy1K.n:aeTCll TaK)Ke Bonpoc O COOTBeTCTBIIII TeopeTII-

1IeCKllX npe.n:cKa3aHIIH II 3KCnepIIMeHTaJibHbIX .n:aHHbIX no a6coJIIOTHhlM 

·maqeHllllM Ce'!eHIIll B036YiK.UeHIIll .UBYXq>OHOHHbIX pe30HaHCOB B peaKUIIII 

Heyrrpyroro paccellHIIll Tll)KeJibIX IIOHOB. 0THOCIITeJibHhlll BKJia.n: O.UHO- II 
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PIIc. 6: Cn:noBbie cpyHKUHH ce'leHirn KynoHoBcKoro Bo36y:lK.UeHHll B o6na
CTH llfllP B peaKUHH 208Pb (640 M3B/HyKnoH) +208Pb, pacc'IHTaH
Hhie c napaMeTpoM ycpe.uHemrn, paBHbIM 0,5 M3B. IlyHKTllpHal! Kpn:
Bal! COOTBeTCTByeT .UBYXCTyneH'laTOMY B036y:lK.UeHHJO o+ H 2+ COCTOll
HIIU l(f l(P 'Iepe3 cocTOllHHll fllP; mrpnx-nyHKTHpHal! KpHBal! - o.uHo-
cryneH'laTOMY B036y:lK.UeHHJO .UBYX<pOHOHHbIX 1- COCTOl!HHii:; CilJl011IHal! 
KpHBal! - HX cyMMa . 

.UByxcTyneH'IaToro MexaHII3Ma KYJIOHOBCKOro B036y)K.UeHIIll .UBYXq>OHOH

HbIX COCTOllHIIH B o6nacTII lII'lIP npe.n:CTaBJieH Ha PIIc. 6. 

B 3aKJIIO'IeHHII Cq>OpMyJIIIpOBaHbI OCHOBHbie pe3yJibTaTbI IICCJie,UoBa

HIIH, npe.n:cTaBJilleMbie K 3aIIJ.IITe. 
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