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ABTope¢epaT pa3ocnau· • 1992 r. 

3al!lHTa ,nHccepTaUHH COCTOHTCH 1992 r. Ha 

3ace.naHHH cneuHanH3Hposauuoro Yqeuoro COBeTa K 047.01.01 

na6opaTOPH_H TeopeTHqecKOll ~H3HKH 0(51.e.nHHeHHOro HHCTHTyTa HJiePHHX 

Hccne.nosaHHll, r. Jly6Ha, MOCKOBCKOll o6na.CTH. 

C JIHCcepTauHell MOXHO 03HaKOMHTCH B 6H6nHOTeKe OHHH. 

YqeHYll ceKpeTap& .coseTa 

KaH.nH.naT ¢H3HKO-MaTeMaTHqecKHX Hayx 
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OEWAH XAPAKTEPHCTHKA PAEOT~ 

AKTya·JibHOCTb rrp'o6JI e Ml,I' .C03,UaHHR KOJIHqecTBeHH08 TeOpHH 

ie3aHMO,Ue8CTBH8 R,nep C R,npaMH IIPH Bl,ICOKHX 3HeprHRX o6ycJIOBJieHa 

HecKoJibKHMH rrpHqHHaMH. Bo-rrepeux, npaKTHqecKHMH 3a,natiaMH 

KOCMHqecKoro MaTepHaJIOBe,neHHR, e qacTHOCTH, Heo6xo,nHMOCTblO oueHKH 

"epeMeHH lKH3HH" 3JieKTPOHHl,IX IIPH6opoe rro.n .ne8CTBHeM KOCMHqecKoro 

H3JiyqeHHR, orrpe,neJieHHyKi qacTb KOTOporo COCTaBJIRlOT aTOMHl,le R,Upa. 

BO-BTOpl,IX, IIOTpe6HOCTl1MH 3KCIIepHMeHTaJibH08 R.nepH08 ¢H3HKH Bl,ICOKHX 

3HeprH8. B HaCTORIUee epeMR B pa.ne KPYIIHe8WHX ¢H3HqecKHX ueHTPOB 

MHP8: IIJiaHHPYlOTCR H peaJIH3YlOTCR 06wHpH1,1e rrporpaMMl,I 

3KCIIepHMeHTaJibHl,IX HCCJie,noeaHH8 C HCIIOJib30BaHHeM R.nepHl,IX rryqKQB H 

MHWeHe8. HHTepec K HHM, C TQqKH 3peHHH HH3K03HepreTHqecKo8 ¢H3HKH 

aTOMHoro R,Upa, o6ycJIOBJieH TeM, qTo OHH MoryT .naTb HH¢opMaUHlO 06 

ypaeHeHHH COCTORHHH R,nepHoro eemecTea IIPH 60JibWHX IIJIOTHOCTRX H 

TeMrr'epaTypax, 0 3aKOHOMepHOCTRX H.nepHoro rrepexo.na lKH.UKOCTb - ra3, 

O rrpouecce o6pa30BaHHR KOPOTKOlKHBYlllHX H30TOIIOB, HX CB08CTBaX H 

T . .n. C .npyro8 CTOPOHl,I, c·ToqKH 3peHHl1 Tpa.nHUHOHH08 ¢H3HKH Bl,ICOKHX 

3HeprH8, Hccne.noeaHHe POl!ClleHHR 60JibWOro qHcJia 'laCTHU B 

. orpaHHqeHHOM 06-1,eMe MOl!CeT IIPHBeCTH K BllRBJieHHlO HOBl,IX qepT KaK 

rrpouecca· M·HoJKeCTBeHHOro poJK,neHHR qacTHU, TaK H CTPYKTyp1,1 

3JieMeHTapHl,IX qacTHU. 3necb 06Ha,neJKHea10me 3eyqHT rrpe.ncKa3aHHe 

KBaHTOB08 xpoMO.UHHaMHKH Ha peweTKe O HOB08 ¢opMe MaTepHH 

KBapK-rJilOOHH08 IIJia3Me. 

0,nHaKO, .no peaJIH3aUHH OTKPl,IBalOlllHXCR rrepcrreKTHB eme ,naJieKO. 

KaK B 3KcnepHMeHTaJibHOM, TaK H B TeopeTHqecKOM IIJiaHaX OCTPO CTORT 

BOIIPOC!l KaK O CHrHaJiax o6pa30BaHHH KBapK-rJilOOHH08 IIJia3Ml,I H 

ycJIOBHRX ee B03HHKHOBeHHR, TaK H O xapaKTepHCTHKax ¢oHOB!lX, 
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"061,l'lHI,IX" rrpoueccoB. HeT COMHeHHH, 'ITO · 6on&maH qacTb 

B3aHMoneHCTBHH Hnep C HnpaMH o6ycnoBneHa MexaHH3MOM MHO,OKpaTHoro 

pacceHHHH HYKROHOB, nnH OIIHCaHHH KOToporo B TeOpHH anpoH-HnepHI,IX 

B3aHMoneHCTBHH HCIIORb3yeTCH TeOpHH rnay6epa CHTeHKO, Ee 

nocTaTO'lHO rion~1,1H aHanor B TeopHH Hnpo-HnepH1,1x coynapeHHH eme He 

co3naH. 

3anaqa Bl,l'lHcneHHH aMrrnHTyn1,1 yrrpyroro Hnpo-HnepHoro pacceHHHH 

B paMKaX rnay6epOBCKOro rrpH6RHXeHHH 61,1na c¢OPMYRHPOBaHa B 1968 r. 

BHKTOPOM <llpaHKO. B rrocneny10mHe nBa rona 61,1nH HaHneHI,I aMIIRHTy n1,1 

pacceHHHH ner'laHmHx Hnep H rrpennoxeHo BblpaxeHHe nnH oueHKH 

aM1IRHTyn1,1 pacceHHHH THXenblX Hnep 

qHxa - MaKCHMOHa (CM. CCblRKH B [ 1 ] ) . 

"OIITH'leCKOe" rrpH6nHXeHHe 

HenocTaTKH rrocnenHero 

rrocnyxHnH CTHMYROM nnH pa3BHTHH npyrHX IIpH6nHXeHHH. HaH6onee o6mHe 

pe3yn&TaTbl 6blRH rrony'leHbl B.<llpaHKO, r.K.BapMOH H H.B.AHnpeeBI,IM (CM:· 

CCI,IRKH B [ 1] ) . Oco6eHHO IIPHMe'laTeneH pe3yn&TaT H.B.AHnpeeBa 

( 1976 r. l - B rrpenene 6onblliHX MaCCOBl,IX 'lHCen CTaRKHBaIOmHX.CH ~nep 

¢a3a yrrpyroro Hnpo-HnepHoro pacceHHHH naeTcH nBOHHblM 
~ .. 

3HaKorrepeMeHHblM PHnOM CBepTOK pa3RH'lHl,IX cTerreHeH ¢YHKUHH TOJJmHH 

Hnep C K03¢¢HUHeHTaMH THIIa rnn-lnrn-l, rne rn- H n- CTerreHH ¢YHKUHH" 

TonmHH. 

B pa6oTax [2,3) pe3yn&TaT1,1 H.B. AHnpeeBa .6blnH rrony'leHbl 

npyrHM, TpanHUHOHHblM crroco6oM: 'ITO 3Ha'lHTenbHO pacmHpHnO o6nacTb 

IIPHMeHeHHH pa3BHBaeMOH TeOpHH. OnH.aKO, KaK B, rrepBOM, TaK H BO 

BTOPOM rronxonax OCTaBancH PHn HepemeHHblX BOIIPOCOB. HX pemeHHe 

Tpe6oBano C03naHHH HOBO,O, anbTepHaTHBHOro MeTona BI,I'lHCReHHH 

¢a30BOH ¢YHKUHH yrrpyroro Hnpo-HnepHoro pacceHHHH. 
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uenb nHccepTaUH_qHHOH pa6oTbl - aHanH3 CTPYKTYPbI aM1IRHTyn1,1 

ynpyroro pacceHHHH B npenene 6onblliHX MaCCOBblX 'lHCen CTanKHBaIOmHXCH 

Hnep; pa3p~60TKa HOBoro MeTona Bbl'lHCneHHH ¢a30BOH ¢YHKUHH; pactieT 

xipaKTepHCTHK ynpyrHX H HeynpyrHX Hnpo-HnepHbIX B3aHMoneHCTBHH IIPH 

BbICOKHX 3HeprHHX. 

nocTHXeHHe yKa3aHHblX ueneH npennonaraeT pemeHHe MHoxecTBa 

3anaq KOM6HHaTOPHOro 

Hnpo-HnepHoro pacceHHHH 

nnaHa. 

COCTOHT 

HanpHMep, 

H3 2AB_1 

aMIIRHTyna 

'lReHOB, rne 

ynpyroro 

A H B -

MaCCOBble 'lHcna CTanKHBaJOmHXCH Hnep. nepBaH 3anaqa - IIPHBeneHHe 

nono6H1,1x. 

Hal_ q HaH 

IIPHBneqeHHH 

H OBH3Ha pa60Tbl 3aKn10qaeTCH B nocnenoBaTen&HOM 

IIOHHTHH H MeTonoa TeopHH rpa¢oB nnH pemeHHH 

KOM6HHaTOPHbIX 3anaq KaK B rrpHnoxeHHH K-3anaqe Bbl'lHCneHHH aM1IRHTyn1,1 

ynpyroro pacceHHHH, TaK H B TeopHH HeynpyrHX peaKUHH. 

AHaRH3 ¢a30BOH ¢YHKUHH yrrpyroro pacceHHHH IIOKa3an pHn 

H. B.AHnpeeBa eCTb BKnan nepeBbeB B npH6nHXeHHH MaROCTH panHyca 

NN-B3aHMoneHCTBHH no cpaBHeHHIO C HnepHbIMH pa3MepaMH, a yKa3aHHblH 

KOM6HHaTOPHblH K03¢¢HUHeHT paBeH 'lHcny 2-pacKpameHHblX IIOMe'leHHblX 

nepeBbeB, KOTOpble MOXHO IIOCTPOHTb Harn H n BepmHHaX. 

B TepMHHax TeopHH rpa¢oe c¢opMynHpoBaHa H pemeHa 3anaqa 

Bbl'lHCneHHH HeynpyrHX ceqeHHH. BrrepBble IIOKa3aHO, 'ITO B MHO,OKpaTHI,IX 

Hnpo-HnepHblX CTORKHOBeHHHX noMHHHPYJOT rrpoueccbl, He HMeJOmHe aHanora 

B anpoH-HnepHblX B3aHMoneHCTBHHX. 

Hay'lHble pe3ynbTaTbl nocTHrHyTble Ha 3TOM rryTH cnyny10mHe: 

IlpennoxeH HOBbl8 MeTon onpeneneHHH, Bbl'lHCReHHH ¢a30B08 ¢YHKUHH 

ynpyroro Hnpo-HnepHoro pacceHHHH. Ha8neHbl H Bbl'lHcneHbl rronpaeKH K 

aMrrnHTyne H ¢a3e yrrpyroro Hnpo-HnepHoro pacceHHHH, o6yciloaneHHble 
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onHoITeTneBUMH nHarpaMMaMH, HeHyneBblM panHycoM. NN- B3aHMOne8CTBHH, 

KOppenHUHHMH HnepHblX HYKROHOB, KOHetJHOCTbID MaCCOBUX tJHcen 

B3aHMone8CTByIDmHx Hnep H, HaKOHeU, HeyITpyrHMH 3KpaHHPOBKaMH. 

06Hapy:>KeHO, 'iTO HaH6onee cymecTBeHHUe ITOITpaBKH CBH3aHU C 

KOHetJHOCTbID MaCCOBblX tJHcen B3aHMone8CTBYIDmHX Hnep. 

nonytJeHbl KOHKpeTHble BUpa:>KeHHH nnH aMITRHTY n o6pa30BaHHH 

H306apHUX Hnep, peaKUH8 B036y:>KneHHH H ITepe3apHnKH, a TaK:>Ke nnH 

cetJeHHH KBa3HyITpyroro pacceHHHH H ITOnHoro cetJeHHH HeyITpyrHx 

peaKUH8. 

nonHoe cetJeHHe HeyITpyrHx Hnpo-HnepHUX B3aHMone8CTBH8 

ITpencTaBneHo B BHne cyMMbl cetJeHH8 pa3RH'iHUX ITpoueccoB. nnH cnytJaH 

O:O:-B3aHMone8CTBH8 Ha8neHbl Bee 3TH cetJeHHH H ITOKa3aHO, 'iTO B 

MHoroKpaTHUX coynapeHHHX noMHHHPYIDT ITpoueccu, He HMeIDmHe aHanora B 

anpoH HnepHux B3aHMone8cTBHHx. npenno:>KeHu o6o6meHHe MonenH 

AHnepccoHa - OTTepnyHna - CTeHnyHna nnH OITHCaHHH Bblxona MenneHHblX 

qacTHU B ITpoueccax MHO:>KeCTBeHHOro po:>KneHHH qaCTHU B Hnpo-HnepHUX 

coynapeHHHX H o6o6meHHe MonenH KacKana nHnHpyIDmero 6apHoHa. 

npaKTH'ieCKaH ueHHOCTb. 

Ha8neHa cyMMa BKnanoB nepeBbeB B ¢a30BYID ¢YHKUHID YITPYroro 

Hnpo-HnepHoro pacceHHHH. npencTaBneHu OCHOBHUe ITOITpaBKH K He8. c 

ytJeTOM ITOnpaBOK nocTHrHyTo OITHCaHHe 3KcnepHMeHTaRbHUX naHHblX ITO 

yITpyroMy pacceHHHID o:-tJaCTHU H30TOITaMH yrnepona H KaRbUHH ,ITpH 

To:= 1,37 r3B. nocTHrHyTo OITHCaHHe 3KCITePHMeHTaRbHblX naHHblX ITO 

nH¢¢epeHUHaRbHblM CetJeHHHM B036y:>KneHH8 Hnep B peaKUHHX o:-qacTHU C 

H30TOITaMH yrnepona H KaRbUHH npH To:= 1,37 r3B. B paMKaX MonenbHblX 

ITpencTaBneHH8 C HCITORb30BaHHeM KOppeKTHblX ceqeHH8 nocTHrHyTo 

OITHCaHHe xapaKTepHCTHK BTOPH'iHUX qacTHU, po:>KnaIDmHXCH B 

Hnpo-HnepHblX B3aHMone8CTBHHX ITPH BllCOKHX 3HeprHHX. 
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B uenoM, pa3pa60TaH pactJeTHU8 aITITapaT rnay6epoBCK08 TeopHH 

Hnpo-HnepHblX B3aHMone8CTBH8. 

~IIpo6auHH pa60TU. Pe3ynbTaTU pa60TU nqKnanuBanHCb Ha ceccHHX 

OTneneHHH HnepHo8 ¢H3HKH AH CCCP, ITpencTaBRHRHCb Ha Me:>KnyHaponHue 

KOH¢epeHUHH H COBemaHHH, o6cy:>KnanHCb Ha ceMHHapax OHHH. 

Il¥_6RHKaUHH. 

OCHOBHUe pe3ynbTaTbl nHccepTaUHH OITy6nHKOBaHbl B BHne· 6' 

:>KypHaRbHblX CTaTe8, 14 ITpenpHHTOB H coo6meHH8 OHHH, 2 coo6meHH8 B 

MaTepHanax KOH¢epeHUHH. CilHCOK ITPHBeneH B KOHUe aBTOpe¢epaTa. 

06oeM H CTPYKTypa nHccepTaUHH. llHccepTaUHH COCTOHT H3 

BBeneHHH, Tpex rnaB, 3aKRID'ieHHH, nByx ITPHRO:>KeHH8 H CITHCKa 

RHTepaTypu - Bcero 106 CTpaHHU MaWHHOITHCHoro. TeKCTa, BKRID'iaH 39 

PHCYHKOB H 6H6nHorpa¢HID H3 99 HaHMeHdBaHH8. 

COllEPRAHHE PAEOT~ 

Bo BBeneHHH naH KPB.TKH8 o63op COBpeMeHHoro COCTOHHHH TeOpHH 

MHOroKpaTHoro pacceHHHH Hnep HnpaMH, c¢OPMYRHPOBaHbl 3anatJH H uenH 

nHccepTaUHOHHH08 pa60TU, ITpencTaBneHbl o6mH8 ITnaH paCCMOTpeHHH H 

OCHOBHble pe3ynbTaTbl. 

~_ITepBo8 rnaBe paccMaTPHBaeTcH pactJeT aMITRHTynu ynpyroro 

Hnpo - HnepHoro pacceHHHH. B § 1 KpaTKO H3RO:>KeHbl OCHOBHUe 

ITORO:>KeHH8 TeOpHH r nay6epa - CHTeHKO · B ITPHMeHeHHH K anpoH -

HnepHOMY pacceHHHID. PaCCMOTpeH pHn CTaHnapTHblX npH6nH:>KeHH8, 

H_CITOnb3 yeMux B pactJeTax - ITpenITono:>KeHHe o HeKoppenHpoBaHHOCTH 

pacnpeneneHHH HYKROHOB B Hnpe, ITpH6nH:>KeHHe TonmHHbl - ITpH6nH:>KeHHe 
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MaJIOCTH panHyca NN-B3aHMOJl9HCTBHH no cpaBHeHHIO C HJl9PHUMH 

pa3MepaMH, nepexon K onTHqecKoMy npeneny. B § 2 npHB9Jl9HO 

BupaxeHHe JlJIH aMnJIHTYJlH HJlPO - HJ{epHoro pacceHHHH B BHJ{e ps:ina no 

CTeneHHM KpaTHOCTH HYKJIOH - HYKJIOHHUX CTOJIKHOBeHHH B npencTaBJI9HHH 

npHU9JlbHOro napaMeTpa. IloKa3aHO, qTo TeXHHqecKH oqeHb CJIOXHaH 

3anaqa npHB9Jl9HHH nono6HUX qJieHOB H BUqHCJieHHH cymecTB9HHO 

pa3JIHqaJ01UHXCH qJieHOB 3TOro PHJla MOXeT 6UTb c¢OPMYJIHpOBaHa B 

TepMHHax TeopHH rpa¢0B. IlpHBeneHHe nono6HUX qJieHOB 3KBHBaJieHTHO 

3anaqe O nepeqHCJl9HHH TaK Ha3UBaeMUX H30MOP¢HUX rpa¢oB. BB9Jl9HO 

IlOHHTHe O CBH3HUX H H9CBH3HUX J{HarpaMMaX (rpa¢ax) H noKa3aHO, qTo 

B OilTHqecKOM npenene no MaCCOBUM qHcJiaM HJ{ep ¢a3oBaH ¢YHKUHH 

ynpyroro HJlPO - HJlepHoro pacceHHHH onpeneJIH9TCH TOJibKO BKJiaJ{aMH 

CBH3HUX J{HarpaMM. C IlOMO!UblO IlOHHTHH KOpHeBUX J{HarpaMM CBH3H&e 

J{HarpaMMU ynaeTCH KJiaCCH¢HUHPOBaTb H pa36HTb Ha J{Ba KJiacca -

npeBeCHUX J{HarpaMMU H J{HarpaMM c neT JIHMH. B npH6JIHXeHHH TOJl!UHHU 

BKJiaJ{ nepaux HX HHX B ¢a30BYIO ¢YHKUHIO MOXHO 3anHcaTb B BHJ{e 

6ecKoHeqHoro JlB08Horo 3HaKonepeMeHHoro ps:ina, KOTOp&R ynaeTCH 
• 

npocyMMHPOBaTb (§ 3). TeM CaMUM pewaeTcH 3anaqa o B&qHcJieHHH 

¢a30B08 ¢YHKUHH - X(~), a, CJieJlOBaTeJibHO, H aMnJIHTYJlH ynpyroro 

HJlPO - HJlepHoro pacceHHHH B npeBeCHOM npH6JIHXeHHH. 

..+ 2 J 2 x(o)= u d s (x + y - u - z - uz], (1) 

{ u= y e-z 
-u 

(2) 
z= x e 

2 ..+ ➔ 
y = u TB(o-s), 

2 ➔ 
x = U TA (s), 

tot . 
u = UNN (1 - i Re f(O)/Im f(O)), 

TA H TB - ¢YHKUHH TOJl!UHH HJlep, f(q) - aMnJIHTyna ynpyroro NN

pacceHHHH, u~~t_ noJIHOe ceqeHHe NN- B3aHMOJl9HCTBH8. 
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tITO KacaeTCH J{HarpaMM C neTJIHMH ( rpa¢OB C UHKJiaMH). TO JlJIH 

oueHKH HX BKJiana Heo6XOJlHMO 3aJ{aTb KOHKpeTHYIO' nap~MeTpH3aUHIO 

aMnJIHTYJlH N-N pacceHHHH. B paMKaX rayccoBOH napaMeTpH3aUHH 

noKa3aHO, qTQ BKJiaJ{ JlHarpaMM C neTJIHMH conepXHT MaJIUH napaMeTp 

~ el tot 
C - UNN/ UNN "' O. 25. IlpH. 3TOM BKJiaJ{ n-neT JieBux- JtHarpaMM 

nponopUHOHaJieH en B&qHcJieH BKJiaJ{ OJlHOneTJieB&X J{HarpaMM B ¢a30BYIO 

¢YHKUHIO ynpyroro pacceHHHH. Ero BeJIHqHHa cpaBHHBaeTCH C BKJiaJ{OM 

npeBeCHUX JlHarpaMM. 

Pe3yJibTaTU pacqeTOB JlH¢¢epeHUHaJibHOro ceqeHHH ynpyroro 

pacceHHHH a -qacTHU Ha. s:inpax yrnepona, H KaJibUHH npH 3HeprHH 

Ta= 1,37 r3B cpaBHHBalOTCH C 3KCnepHM9HTaJibHUMH JlaHHUMH H 

pe3yJibTaTaMH npyrHX npH6JIHX9HH8 (CM. pnc. 1). 

neTaJibHO npoaHaJIH3HpOBaHa TOqHQCTb pacqeTOB. IloKa3aHO, qTo B 

cymecTB9HH08 o6JiaCTH H3MeHeHHH npHU9JlbHOro napaMeTpa nonpaBKH K 

npH6JIHX9HHIO TOJl!UHHU nopHJlKa 2 - 5 %. IlpennoxeH MeTOJl yqeTa 

KOppeJIHUHOHHUX 3¢¢eKTOB H nonpaBOK K onTHqecKOMY npH6JIHXeHHIO. 

nonpaBKH K oriTHqecKoMy npH6JIHXeHHIO, yqHT&Bal01UHe KOHeqHQCTb 

MaCCOBUX qHceJI CTaJIKHBaJOlUHXCH HJ{ep A H B. paccqHTaHU C TQqHQCTblO 

nopHJ{Ka 1/A, 1/A
2

, 1/B, 1/B
2 • 

0TJl9JlbHO paCCMOTpeH Bonpoc 06 yqeTe HeynpyrHX 3KpaHHPOBOK. 

o6ycJIOBJieHHUX nepeXOJlOM HYKJIOHOB B npouecce pacceHHHH B nyqKH 

qacTHU C MaJIOH Macco8. B TeopHH anpoH - HJl9PHUX B3aHMOJl9HCTBHH JlJIH 

peweHHH 3To8 3anaqH 6uno npennoxeHo HecKOJibKO nonxonoB. B 

nocJieJ{HeM pa3JleJie rJiaBu I Ha OCHOBe MeTona co6CTB9HHUX COCTOHHHH 

onepaTopa pacceHHHH naHo HX o6o6meHHe Ha cnyqaJ':I s:inpo - s:inepHoro 

pacceHHHH. tIHCJieHH&e oueHKH noKa3aJIH, qTQ yqeT Heynpyrnx 

3KpaHHPOBOK B cpenHeM naeT 5 7. -yJO nonpaBKY K noJIHUM ceqeHHHM; B 
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.UH¢¢epeHuttanbHUX ceqeHHHX BenHqHHa 3¢¢eKTa 3aBHCHT OT BenHqHHU 

nepe.naBaeMoro HMnynbca. 
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0 CM 

ntt¢¢epeHUHanhHue ceqeHHH ynpyroro 
4

He + 12
c H 

4
He + 40

ca 

pacceHHH8 npH Ta= 1,37 f3B. ToqKH - 3KcnepHMeHTaRbHUe .naHHUe. 

cnnowHaH H nyHKTHpHaH KPHBUe - pacqeTU B .npeBeCHOM nptt6nHxeHHH 

H B npH6nHJKeHHH "XeCTKOro" HaneTa10mero H.npa, COOTBeTCTBeHHo'. 
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Bo BTopo8 rnaBe .nttccepTaUHH pa3BHBaeTcH TeXHHKa pacqeTa 

aMnnHTY.U H ceqeHH8 HeKoTopux BaXHUX HeKorepeHTHUX H.UPO - H.nepHUX 

peaKUH8. npocTe8WHM IlPHMepoM HBRHeTCH B036yx.neHHe O.UHOHYKROHHoro 

ypoBHH. B rnay6epoBCKOM no.nxo.ne aMnnHTy.na TaKoro npouecca B a.npoH 

- , H.nepHUX B3aHMO.ne8CTBHHX CBH3aHa C ¢YHKUHOHanbHO8 IlPOH3BO.UHO8 

aMilRHTy.nu ynpyroro pacceHHHH no ¢YHKUHH TORIUHHU H.npa. 9TO xe 

cnpaBe.nnHBO H B TeopHH H.UPO H.nepHUX B3aHMO.ne8CTBH8. 

Hcn~nh3OBaHHe 3.UeCb .npeBeCHoro nptt6nttxeHHH IlO3BORHno nonyqHTh 

KOHKpeTHOe BUpaxeHHe .nnH aMnnHTy.nu B036yx.neHHH. C ero IlOMOIUhlO 

BUilORHeHU qttcneHHUe pacqeTu Ha 9BM, pe3ynhTaTU KOTOPUX 

cpaBHHBaIOTCH C 3KCilePHMeHTaRbHUMH .naHHUMH (CM. PHC. 2). 
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,2C(a,cx')12C* + . 

4.43 MeV (2 ) . 
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TA 
RPA· 
CM 
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ntt¢¢epeHUHanbHUe ceqeHHH peaKUH8 B036yx.neHH8. ToqKH -

3KCnepHMeHTanbHUe .naHHUe. CnnowHaH KPHBaH - pacqeT B 

.npeBeCHOM npH6nttxeHHH. lliTPHXOBaH H nyHKTHpHaH KPHBUe 

pacqeTu B npH6nttxeHHHX "xecTKoro" HaneTa10mero H.npa H 

qHxa-MaKCHMOHa, COOTBeTCTBeHHO. 
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Eonee CJIOXHUM ITPHMepoM HeKorepeHTHOro ITpouecca HBJIHeTCH 

KBa3HYITPY•Oe H,npo - H,nepHoe pacceHHHe, coITposox,naIDmeecH 

B036yx,neHHeM HJIH pa3BaJIOM H.npa - .MHllleHH. CITOC06 BUBo.na BUpaxeHHH 

,nJIH ceqeHHH KBa3HyITpyroro H,npo - H,nepHoro pacceHHHH aHanorHqeH 

TOMY, KOTOpU8 HCITOJib30BaJICH ,UJIH ITOJiyqeHHH ceqeHHH KBa3HyITpyroro 

a,npoH - H,nepHoro pacceHHHH. IlpH 3TOM cymecTBeHHO HCITOJib3yeTCH 

ycJIOBHe ITOJIHOTU ,UJIH BOJIHOBUX c!JYHKUH8 KOHeqHux COCTOHHH8 

B036yx.naIDmerocH H,npa. B pe3yJibTaTe .UJIH ceqeHHH KBa3HyITpyroro 

H,npo - H,nepHoro pacceHHHH y.naeTCH ITOJiyqHTb 3aMKHYTOe BUpaxeHHe. no 

CBOe8 CTPYKType OHO CXO,UHO c COOTBeTCTBYIDlllHM BupaxeHHeM •,UJIH 

a.npoH - H.nepHoro pacceHHHH, O,UHaKO c BUqHCJIHTeJibH08 TOqKH 3peHHH 

3HaqHTeJibHO CJIOXHee. 

0T,neJibHU8 pa3,nen rnasu II ITOCBHllleH ITpoueccaM. THITa 

ITepe3apH,UKH. Hx HCCJie,noBaHHe ITpe.ncTaBJIHeT HHTepec B CBH3H C TeM, 

qTo OHH BeCbMa HHc!JopMaTHBHU C TOqKH 3peHHH H3yqeHHH CTPYKTypu 

H,nep. ·IlpHMepoM -MOXeT CJIYXHTb xoporno H3BeCTHaH ITpo6neMa 0 

He8TPOHHOM raJIO B HeHTPOHOH36UTOqHUX H.npax HJIH, roBOPH ITO ,npyrpMy, 

BOITPOC O pa3JIHqHH pacITpe,neJieHHH ITPOTOHOB H HeflTPOHOB -B H,npax. 

CHaqana paccMoTpeHa yITpomeHHaH ITOcTaHOBKa 3a,naqH oueHKa 

aMITJIHTy,nu o6pa3oBaHHH H3o6apHux H.nep B rrpocTeflrneM ITpe,nITonoxeHHH o 

BH.ne ITepexo.nHo8 ITJIOTHOCTH. B o6meM cJiyqae HCITOJlb3YeTCH TO, qTo B 

o6JiaCTH BUCOKHX 3HeprHHX ceqeHHe HYKJIOH - HYKJIOHH08 rrepe3apH,UKH 

cymecTBeHHO MeHbllle ceqeHHH yrrpyroro HYKJIOH - HYKJIOHHoro pacceHHHH. 

Il03TOMY aMITJIHTy,na H.npo - H.nepHo8 rrepe3apH,UKH CTPOHTCH B BH.ne PH.na 

ITO CTeITeHHM aMITJIHTy,nu N-N rrepe3apH,UKH. B rrepBOM ITOpH,nKe 3TO 

COOTBeTCTByeT 3aMeHe B Kax.noM qJieHe pH.na MHO,OKpaTHOro pacceHHHH 

O,UH08 aMITJIHTy,nu yrrpyroro HYKJIOH - HYKJIOHHOro pacceHHHH Ha 
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aMITJIHTy,ny HYKJIOH - HYKJIOHH08 rrepe3apH,UKH. QqeBH,UHO, qTo HCKOMaH 

aMITmiTy,na MOXeT 6UTb CBH3aHa C c!JYHKUHOHaJibH08 ITpOH3B0,UH08 

aMITJIHTy,nu yITpyroro H,npo-H,nepHoro pacceHHHH. ITO aMITJIHTy,ne yITpyroro 

NN-pacceHHHH, Kor.na ITepexo,nHaH ITJIOTHOCTb MaJIO OTJIHqaeTCH OT 

o,nHoqacTHqHo8 ITJIOTHOCTH H,npa. 

Eonee KOppeKTHOe paCCMOTpeHHe ITpose.neHo B § 3, r.ne 

. oITpe.nenHeTCH H aMITJIHTY .na ITPOUecca .ns yxKpaTH08 ITepe3apH,nKH. • c 

ITOMOlllbID MeTo,na KOpHeBUX ,nHarpaMM. 

B TQ~Tbe8 rJiaBe .nHccepTaUHH anaJIH3HPYIDT~H xapaKTepHCTHKH 

ITpoueccoB MHOXeCTBeHHOro· pox.neHHH qacTHU ITPH CTOJIKHOBeHHHX .nsyx 

H,nep. 3,necb ITpe.nnoxeHo KOHKpeTHOe rpac!JHqecKoe (.nHarpaMMHOe) 

ITpe,ncTaBJieHHe HeyITpyrHx rrpoueccos. c ero ITOMOlllbID ITOJIHoe .Heynpyroe 

ceqeHHe H.npo-H,nepHUX peaKUHH rrpe,ncTaBJieHO B BH,ne cyMMU BKJia,noB 

OT,UeJibHUX ,nHarpaMM. .nanee· Ha OCHOBe BepoHTHOCTHOH HHTeprrpeTaUHH 

rnay6epoBcKoro rrpH6JIHXeHHH Heyrrpyroe ceqeHHe rrpe,ncTaBJieHo B BH,ne 

cyMMU ceqeHH8 rrpoueccos, OTJIHqaIDlllHXCH KaK qHCJIOM BHYTPHH.nepHUX 

coy,napeHH8, TaK H KOHc!JHrypauHe8 3THX CTOJIKHOBeHHH. Ilpe,nnoxeHa 

ITpoue.nypa suqHcJieHHH ceqeHH8 H pacqHTaHU ceqeHHH pa3JIHqHUX 

npoueccoB B 
4

He+ 
4

He - B3aHMOlle8CTBHHX ITPH BUCOKHX 3HeprHHX. Ha 

OCHOBe aHaJIH3a ceqeHH8 c11enaH BUBOll O TOM, qTo B MHOfOKpaTHUX 

HllPO-H.nepHUX CTOJIKHOBeHHHX llOMHHHPYIDT rrpoueccu, He 'HMeIDlllHe aHaJiora 

B a,npoH-HllepHUX B3aHMO,neACTBHHX. 

C TOqKH 3peHHH pe11xeBCKOfO rro.nxo11a B npe11nonoxeHHH o 

,UOMHHHpOBaHHH B ynpyroM HYKJIOH-HYKJIOHHOM pacceHHHH OllHOITOMepOHHOfO 

o6MeHa ITonyqeHHUe B llaHHOM pa3,nene pe3yJibTaTu MOXHO 

HHTeprrpeTHPOBaTb KaK KOHKpeTHOe rrpHMeHeHHe o6mHx rrpaBHJI pa3pe3aHHH 

A6paMOBCKOro fpH60Ba KaHqeJIH. B qacTHOCTH, HX KOHKpeTHOe 
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npHMeHeHHe K aMnnHTyne ynpyroro Hnpo-Hnepnoro pac~eHHHH, nocKonhKY 

aMnnHTyna ynpyroro Hnpo-Hnepnoro pacceHHHH MO~eT 6uTb BuqHcnena B 

pa3nHqnux npH6nH~eHHHX, OTKPliBaeTCH nyTb nocTpOeHHH pa3nHqnux 

IlpH6nH~eHHH B TeOpHH HeynpyrHX peaKUHH. ·B KaqecTBe npHMepa B 

nHccepTaUHH npencTaBneH attanor npH6nH~eHHH 4H~a - MaKCHMoHa. 

Panee ( cM. ccunKH B [ 19]) B paMKax 3Toro npH6nH~eHHH nnH 

OilHCaHHH MHO~eCTBeHHOCTH po~neHHUX qacTHU 6una npenno~eHa, TaK 

Ha3liBaeMaH Monenb "paHeHHX" HY KnOHOB. B nHccepTaUHH IlOKa3aHo ,· qTo 

KoppeKTHliH yqeT Bcex nHarpaMM neynpyrHX Hnpo-HnepHUX peaKUHH 

IlO3BOnHeT nocTHqb cornacHH npencKa3aHHH 3TOH MonenH C 

3KcnepHMeHTanbHUMH naHHUMH. B ~aCTHOCTH, nonyqHTb onHCaHHe BUxona· 

rr~-Me30HOB B Hnpo-HnepHUX B3aHMOne8CTBHHX npH HMnynbce 4.5*A r:iB/c 

( PHC. 3). 

% 
20 ·11 L (X + C ·Jn. C + C 

0 
20 ·11· l., (X + Ne -]~. C + Ne 

0. 
20 Ji' la. (X + Al ]r:-u, C + Si 

0 
20 ~~·t..i (X + Cu ~ro-... C + Cu 

0 
20]~ (X + Pb ]_ C + Zr 

o· 5 1 1 17 -1 5 11 N 17 -1 
neg 

PHC. 3 . 

PacnpeneneHHH no MHO~eCTBeHHOCTH OTPHUaTenbHO 3apH~eHHliX 

qacTHU. fHCTOrpaMMa - 3KCnepHMeHTanbHlie nannue, TOqKH - pacqeT.' 
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3HaHHe ceqeHHH neynpyrHx npoueccoB nO3BOnHeT pa3BHBaTb 

pa3nHqnue MOnenH MHO~eCTBeHHOH rettepaUHH qaCTHU. TaK B § 3 

rnaBH III npencTaBnetto o6o6mettHe MonenH AHnepccona - OTTepnynna -

CTeHnyttna B npHMeHeHHH K Hnpo-HnepHliM B3aHMoieHCTBHHM nnH onHCaHHH 

Blixona MenneHHliX qacTHU. B paMKax :iToro o6o6meHHH nocTHrHyTo 

cornacHe TeopeTHqeCKHX pacqeTOB C 3KCnepHMeHTanbHliMH naHHliMH no 

BlixonaM g- H b- qacTHU, Ha6monaeMliM BO B3aHMoneHCTBHHX Hnep C 

HnpaMH ¢oTO3MynbCHH (CM. PHC. 4). 
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0 •• 
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~ 7 11 15 19 n, 

•••• C + Em 
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Em 
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PHC. 4 

PacnpeneneHHH no MHO~eCTBeHHOCTH g-qaCTHU B Hnpo-HnepHliX 

B3aHMone8cTBHHX npH 4.2*A r:iB/c. ToqKH - 3KcnepHMeHTanbHlie 

naHHlie. fHCTOrpaMMli - pacqeT. 
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B § 4 rnaau III paccMoTpeHo o6o6meHHe MonenH Ka~Kana 

nttnttpyIDmero 6apHoHa. PaHee 3Ta Monenb, 6epymaH caoe Haqano B 

rnay6epOBCK08 TeopHH 3HepreTHqecKHX ITOTepb qacTHU B KBa3HyrrpyroM 

pacceHHHH, rrpHMeHHRaCb B TeopHH anpoH-HnepHUX B3aHMone8CTBH8. nnH 

HCITORb30BaHHH ee B TeOpHH Hnpo-HnepHUX coynapeHH8 ITOTpe6oaanacb 

HeKoTopoe yToqHeHHe. B pe3ynbTaTe, nocTHrHyTo OITHCaHHe 

xapaKTepHCTHK BTOpHqHux qacTHU BO B3aHMone8CTBHHX cx-qacTHU ITPH 

~= 126 f3B. cxcx 

p -n 
10 -l 

10 -2 

\ 
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' 

0 0 0 0 0 pp Exp .. 
------- pp Theor.-

• • • • • C(C( Exp . 
cxcx Theor. 

\II) 

' \t 
\ 

10 -3 , - 71f71--r,-.-, ,-.---.---r.-.--r-.-t--.--r-i,---,-.--.--.---.-lj___ I I I I I I I I T I I I I I ♦ I 
0 4 8 12 1 6 20 24 

n 
PHC. 5. 

PacqeTHUe H 3KcnepHMeHTaRbHUe pacrrpeneneHHH ITO 

MHOXeCTBeHHOCTH OTPHUaTeRbHO 3apHXeHHUX qacTHU B 

HeyrrpyrHx B3aHMone8CTBHHX cx-qacTHU npH VSN~ =_31,5 f3B. 

B 3aKnIDqeHHH KpaTKO c¢opMyRHPOBaHHU OCHOBHUe · pe3yRbTaTU, 

rronyqeHHue B nHccepTaUHH. 
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B IlPHROXeHHH_BUHeCeHU aorrpocu, rrpencTaBRHIDmHe caMOCTOHTeRbHU8 

HHTepec H qacTO HCITORb3yeMue B. pacqeTax. B IlpHROXeHHH A 

paccMaTPHBaIDTCH BOITpocu CBH3aHHUe C cyMMHpOBaHHeM PHnoa. B 

qacTHOCTH, cyMMHPOBaHHe BKnana npeBeCHUX nHarpaMM B ¢a30BYID 

¢YHKUHID yrrpyroro Hnpo HnepHor9 pacceHHHH. B IlpHnoxeHHH B 

rronpo6HO o6cyxnaeTCH MeTon KOPHeBUX nHarpaMM, HCITORb3yeMU8 nnH 

auqHcneHHH HeKOTOpUX aMITRHTyn H ceqeHH8. 
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