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OEIQAJI XAPAKTEPl1CTHKA PAEOTbl 

1.AKTyanbHOCTb rrpo6neMU. l1ccnenosaHHe pe3oHaHCHUX HBReHHH 

B HHKRD3HBHUX HnepHUX peaKUHHX THITa a+ A ➔b + X (a,b = p,n, 

rr, 3He,t, ... ) KaK Ha cao6onHUX HYKROHaX, TaK H Ha Hnpax rrpen
CTaBnHeTCH caoeapeMeHHUM H rienecoo6pa3HUM no uenoMy pHny 
npHqHH. 

Bo-rrepaux, B aHanH3HpyeMo8 o6nacTH rrpoMemyToqHux 3HeprH8 

HaKorrneH orpoMHU8 3KcnepHMeHTaRbHU8 MaTepHan, HymnaDmHHCH B 
cHcTeMaTHqecKo8 o6pa6oTKe a paMKax enHHoro rronxona. 

BO-BTopux, HaH6onee pacnpocTpaHeHHue Ha ceronHHlliHHH neHb 

MeTonu aHanH3a CHRbHUX npoueccoa 
rnay6epOBCKOe nptt6nHmeHHe131 ,H T.Il. 

rroneaue rronxonu 1 1 
• 

21
, 

HBRHDTCH MonenbHUMH B 
CMucne npHCYTCTBHH a pacqeTHUX ¢opMynax 6onblliOro qffcna ¢eHO
MeHonorHqecKHX napaMeTpOB. Monenh80CTb ¢H3HKH rrpoMemyToqHI,IX 
3HeprH8 B 3HaqHTeRbHOH CTeneHH CBH3aHa C OTCYTCTBHeM Manux 
napaMeTpOB THrra 6e3pa3MepHOH KOHCTaHTU CBH3H /l~ OnHaKO ' He 

TORbKO pacxonHMOCTb pHnoa ¢opManbHOH TeopHH B03MymeHHH ¢eHo

MeHonorH3HpyeT ¢H3HKY cHnbHUX rrpoueccoa. npo6neMa 3Ta 

HacTORbKO cnomHa, qTo name nnH xopomo pa3pa6oTaHHOH HnepHOH 
¢H3HKH HH3KHX 3HeprHH HeB03MOmHO ITOCTpoeHHe TeOpHH H3 rrepaux 
rrpHHUHITOB. B cnyqae BUCOKHX 3HeprHH pHn meCTKHX rrpoueccoa 

ycrrelliHO OITHCUBaeTCH B paMKaX KX.ll 
141

, onHaKO rrpH rrepexone K 

rrpoMemyToqmrn 3HeprHHM MU CTanKHBaeMCH C HerrepTyp6aTHBHUMH 

3anaqaMH KX.n, C TpynoM rronnaDmHMHCH pemeHHD rrpH IlOMOmH coape
MeHHUX cyrrepKOMilbDTepoB. 

B pe3ynhTaTe ace H3BeCTHue Ha ceronHHlliHHH neHb rronxonu, 3a 
HCKnDqeHHeM qHCTO KHHeMaTHqecKHX /S~ HBRHDTCH rtt6pHnHUMH. OHH 

OCHOBaHU Ha HCITORb30BaHHH KaK ¢YHnaMeHTanbHUX rrpHHUHITOB KBaH
TOBOH TeopHH, TaK H ¢eHOMeHonorHqecKHX napaMeTpH3aUHH HeKO

Topux norronHHTenbHUX ¢0PM¢aKTOpOB , rrpHCYTCTBYDmHX B pacqeTaX 
pa3nHqHI,IX Ha6nDnaeMUX aenHqHH. 

3a rrocnenHHe 30 neT 6uno HccnenoaaHo orpoMHoe KOnHqecTBO 
KOHKpeTHUX peaKUHH H pa3pa6oTaHO"MHOmecTBO Moneneu, nocTaToq
HO xopomo BocrrpoH3BOnHmHx 3KCrrepHMeHT. OnHaKO, B CHRY OTMe
qeHHOH BUllie ¢eHOMeHonorHqHQCTH,Cl:lMH 3TH MonenH H rronxonu Tpe-
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6yIDT norronHHTeRbHOro aHaRH3a nnH BhIHCHeHHH HHBapttaHTHOA ~H3H

qecKoA KapTHHhl HBReHHH. 

nepeqttcneHHhle Bh!We coo6pazeHHH IT03BORHIDT cnenaTb BhIBOn 06 

aKTyanbHOCTH TeMaTHKH HccnenoaaHHA, oqepTHTb Kpyr Hatt6onee 

HHTepeCHhIX C ¢H3HqecKoA TQqKH 3peHHH rrpo6neM H c¢opMynttpoaaTb 

HeKOTOphle Tpe6oaaHHH K MeTonaM aHaRH3a pe30HaHCHhIX rrpoueccoB 

B o6naCTH rrpoMe~yToqHh!X 3HeprHA. 

2. uenbID HaCTOHmeA nttccepTaUHH HBRHeTCH aHaRH3 pe30HaHCHhIX 

HBReHHA B HHKRID3HBHhIX CHRbHhIX rrpoueccax THrra a + A ➔ b + X 

(a,b= p,rr,n, 3He,t,) KaK Ha cao6onHux anpoHax, TaK H Ha Hnpax. 

OnHa H3 OCHOBHhIX oco6eHHOCTeA ¢H3HKH rrpoMezyToqHhIX 3Hep

rHA COCTOHT B TOM, qTo ee Ha ceronHHWHHA neHb MOZHO oxapaKTe

pH30BaTb KaK HHKRID3HBHYID ¢H3HKy. C poCTOM 3HeprHH HaneTaIDWHX 

qacTHU ITOCTaHOBKa 3KCKRID3HBHhIX 3KCrrepttMeHTOB CTaHOBHTCH Bee 

6onee 3aTpynHHTeRbHOA. KpoMe Toro, aHaRH3 HHKRD3HBHhIX peaKUHA 

a HeKOTOpOM OTHOWeHHH rrpome tt rrpHBOnHT K 6onee HanezHhIM pe-

3YRbTaTaM,T.K. HHKRD3HBHhle ceqeHHH OKa3h!BaDTCH HeqyBCTBHTenb

HhIMH K TOHKHM neTanHM CTPYKTYPhl Hnpa ( K, 3¢¢eKTaM CBepxTe

Kyqero CMeWHBaHHH KOH¢ttrypauttA, Manh!M ne¢opMaUHHM Hnpa-MHWeHH 

HT.IT.) 

TaKHM o6pa30M, HHKRID3HBHhle peaKUHH MOZHO paccMaTpHBaTb KaK 

BeCbMa yno6Hh!A HHCTpyMeHT nnH H3yqeHHH MexaHH3MOB peaKUHA H 

HnepHoro B3aHMoneAcTBHH B o6naCTH rrpoMezyToqHhlX 3HeprHA. 

Pe3ynbTaTh1 aHaRH3a HHKRD3HBHhlX rrpoueccoB B nanbHeAmeM MOZ

HO HCIIORb30BaTb rrpH paCCMOTpeHHH 3KCKRD3HBHhlX peaKUHA C uenbID 

H3yqeHHH KOHKpeTHOA CTPYKTYPhl BORHOBOA ¢YHKUHH Hnpa - MHWeHH. 

nono6HaH rrocnenoaaTeRbHOCTb aHaRH3a 3KCIIepHMeHTaRbHhIX naHHhIX 

cymecTBeHHO IIOBhlmaeT CTerreHb HanezHOCTH rronyqeHHhIX pe3ynbTa~ 

TOB. 

nepeqttcneHHhle Bh!We oco6eHHOCTH HHKRID3HBHhIX peaKUHA npHBO

nHT K coaepmeHHO ecTeCTBeHHhlM Tpe6oaaHHHM K ¢opMa~~3MY nnH 

OIIHCaHHH rrpHMhIX rrpoueccoB B o6nacTH rrpoMezyToqHhIX 3HeprHA. 

Bo-rrepBhIX, OH nonzeH 6h!Tb nocTaToqHO YHHBepcanbHhIM. T.e. a 

paMKax enttHoro rronxona orrttcuaaTb mttpo~HA Kpyr rrpHMhIX rrpouec

coa (BKnDqag pe3oHaHCHhle) • TaKHX_. KaK KBB3Hyrrpyroe Bhl6HBaHHe 

( p, pX), ( e, eX), ( ex, 2_cx), ¢parMeHTaUHH, rrepe,naqa KnacTepoa Mez.ny 

THZeRh!MH HOHaMH, rrornomeHHe MenneHHhIX rr -Me30HOB (rr ,A) H Bhl

COK03HepreTHqecKHX 7-KBaHTOB (~.A),KYMY;HTHBHhle HnepHue peaK-
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UHH C Bh!XonoM 6h!CTphIX a.npOHOB "Ha3an" • peaKUHH rrepe3apHnKH, 

CIIHH-¢nttrra HT.II. 

BO-BTOphIX, OH nonzeH 6h!Tb nocTaToqHo rrpOCThIM a pacqeTHOM 

rrnaHe nnH Toro, qTo6u ero MOZHO 6uno ttcrronb30BaTb nnH aHantt3a 

3KCrrepttMeHTaRbHhIX naHHhIX, H B TO ~e BpeMH nocTaToqHo HH¢0pMa

THBHhlM B CMhlcne B03MOZHOCTH ttneHTH¢HKaUHH MeXaHH3Ma peaKUHA. 

B-TpeTbHX, B cttny crreutt¢HKH ttccnenye~oro nttarra3oHa 3HeprttA 

IT- 1 f3B/HYKROH) qHCTO IIOTeHUHaRbHhle rrptt6nttzeHHH THrra MeTona 

HCKazeHHhIX BORH CTaHOBHTCH HenocTaToqHo KoppeKTHhIMH. TI03TOMY 

¢opManH3M nonzeu BKnIDqaTb B. ce6H KaK H.itepiro-¢tt3HqecK~A. TaK· H 

TeopeTHKo-rroneaoA acrreKThl 3anaqH. cnenoaaTenbHO, ueo6xonttMo 

HCKaTb B03MOZHOCTH nnH CHHTe3a rronxonoi Hn~pHOA ¢H3HKH H ¢H-

3HKH 3ReMeHTapHhlX qaCTHU. 

B pa6oTax MOHorpa¢ttqecKoro xapaKTepa /6,7,8/ 
nocTaToquo 

rronpo6Ho HccnenoaaHhl tt OIIHCaHhl IIpHMhle rrpoueccu c a OCHOBHOM, 

Ha rrpHMepe peaKUHH KBa3Hyrrpyroro Bhl6ttBaHHH HYKROHOB H KnacTe

poB X=p,d,t,
3

He,cx, B TO BpeMH KaK nnH Hae ropa3no 6o~blliHA HH

Tepec rrpeicTaBRHDT peaKUHH o6pa30BaHHH pe30HaHCOB X=~++; ... ), 

nnH KOTOphIX C nocTaToquo Bh!COKOA CTerreHbD TQqHOCTH BhIIIORHHeT

CH COOTHOWeHHe BHna: 

rne 
du 

A(a,aX)B 

an;-

du 
A(a,aX)B 

an;-
du 

a+X➔X+a 

=fl· an ( 1) 
X 

- ceqeHHe peaKUHH Bhl6HBaHHH KOHeqHoro Knac-

du 
a+X➔X+a 6 

Tepa X H3 Hnpa A, ctn - aHanorttqHoe cao onHoe ceqeHHe, 
X 

N - 3¢¢eKTHBHoe qttcno KnacTepoa X B Hnpe-MttmeHH A. 

~aKTOpH30BaHHhle COOTHOW8HHH THIIa (1) KaK rrpaattno B03HHKaDT 

a paM~ax HMIIYRbCHQro rrptt6nttzeHHH (DWIA)'. 

B 6onbWHHCTBe ttccnenoaaHHhIX cnyqaea aenttqHHa N orrpenenHeT

CH CBOHCTBaMH Hnpa-MHW8HH AH ¢aKTOpaMH rrornomeHHH HaneTaIDmeA 

qacTHUhl H perttcTpttpyeMoro ¢parMeHTa B HnepHOH cpene. BhIIIORHe

HHe COOTHOW8HHH ( 1) ¢aKTHqecKH 03Haq_aeT rrpnMeHHMOCTb DWIA. 

TI03TOMY, pacxozneHHe Mezny 3KcrrepHMe_HTanbHhIMH naHHhIMH H pe-

3YRbTaTaMH HHKRD3HBHhIX DWIA-pacqe~OB conepZHT ueHHYD HH¢0pMa

UHD O MexaHH3Me peaKUHH. 
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Pe3yRbTaTU HccnenoBaHHH 3¢¢eKTHBHUX qHcen N, cyMMHPOBaHHlle 

B pa6oTax /
6

-
8

~ CBHneTeRbCTBYDT O rrnaBHOH A-HE- 3aBHCHMOCTH 

rronHux 3¢¢eKTHBHUX qHcen rrpH rrepexone OT onHoro Hnpa-MHWeHH K 

npyroMy. nono6Hoe ITOBeneHHe 3¢¢eKTHBHUX qHcen CBHneTeRbCTByeT 

o B03MOmHocTH KBa3HKnaccHqecKHX oueHoK 3aBHcHMOCTH N =N(E,A). 

HaKOHeu, rrocnenoBaTeRbHaH cxeMa aHaRH3a HHKRD3HBHUX peaK

UHH rrpH rrpoMemyToqHUX 3HeprHHX nonmHa BKnDqaTb B ce6H MeTonu 

pacqeTa 3neMeHTapHux rrpoueccoB. 

TaKHM o6pa30M, rrpo6neMa pe30HaHCHllX HBneHHH B HHKRD3HBHUX 

HnepHux peaKUHHX rropomnaeT o~eBHnHYD rrocnenoBaTenbHocTb 3anaq: 

1)H3yqeHHe KOM6HHaTOpHllX CBOHCTB 3¢¢eKTHBHUX qHcen; 

2)HccnenoBaHHe BRHHHHH HnepHUX HCKameHHH; 

3)TeopeTHKO-rroneBoH aHanH3 cBo6onHux rrpoueccoB; 

4)HneHTH¢HKaUHD MexaHH3MOB peaKUHH; 

5)aHanH3 o6me¢H3HqeCKOH KOHUeITUHH pe3oHaHca. 

C 3THX IT03HUHH B nHccepTaUHH paccMaTpHBaDTCH CBOHCTBa 

anpOHHllX pe30HaHCOB H MexaHH3MU HX B036ymneHHH H pa3pHnKH. 

3.B HCcnenoBaHHe rrpo6neMU BHeceHa HayqHaH HOBH3Ha: 

1.BrrepBue ITOKa3aHo, qTo ¢opManH3M 3¢¢eKTHBHllX qHcen IT03B0-

nHeT HneHTH¢HUHpoBaTb pa3nHqHue MexaHH3MU peaKUHH rrepe3apHnKH 

A(p,n)AB H A( 3He,t)AB Ha Hnpax Ha OCHOBe aHanH3a A-3aBHCHMOC

TH 3KCrrepHMeHTanbHllX ceqeHHH. 

2. BrrepBUe ITOKa3aHo, qTO ¢opMa yrnOBUX crreKTPOB HeHTpOHOB· B 

peaKUHH A( p, n) AB onHHaKOBa nnH KaHanoB Me30HHOH ( A➔rr+N) H 

6e3Me30HHOH (A+N➔N+N) pa3pHnKH A-H306apu. 

3.06nHCHeHO aHOManbHOe CMemeHHe rronomeHHH A-ITHKa B HHKnD-

3HBHOH peaKUHH C(
3
He,t)A Ha OCHOBe MonenbHO-He3aBHCHMUX oue

HOK. 

4.BrrepBue o6HapymeHu H HccnenoBaHu nHcKpeTHUe HeonH03Ha~

HOCTH rrNA- H pNA- BepwHHHllX ¢YHKUHH. 

5.BrrepBue rrpoBeneHo cHcTeMaTHqecKoe HccnenoBaHHe HHTep¢e

peHUHOHHUX 3¢¢eKTOB B HHKRD3HBHllX 3apHn0B0-06MeHHUX peaKUHHX 

p+p➔n+X H n+p➔p+X rrpH rrpoMemyToqHllX 3HeprHHX. 

6.BrrepBue HccnenoBaHU CBOHCTBa MaCWTa6HOH HHBapHaHTHOCTH, 

rrpOHBnHDmHeCH B rpocc-CTPYKType crreKTpOB anpoHHllX pe30HaHCOB. 

7. BrrepBue rronyqeHa MaccoBaH ¢opMyna nnH rpocc-cTpyKTypu 

crreKTpa anpoHOB, HBRHDmaHCH ¢H3HqeCKHM aHanoroM ¢opMynu Banb

Mepa H Ha ee OCHOBe rrpencKa3aHa rrpHHUHrrHanbHaH BOMOmHOCTb cy-

4 

mecTBOBaHHH pHna HOBUX anpoHHUX pe3oHaHCOB. 

4.HayqHaH H rrpaKTHqecKaH ueHHOCTb pa60TU.Pe3ynbTaTU pa6oTU 

HMeDT KaK TeopeTHqecKOe, TaK H rrpaKTHqecKoe 3HaqeHHe. B 

TeopeTHqeCKOM rrnaHe ITOKa3aHa B03MOmHOCTb paccMOTpeHHH Ha enH

HOH OCHOBe WHpOKoro Kpyra pa3H006pa3HllX pe30HaHCHllX HBneHHH 

rrpH rrpoMemyToqHUX 3HeprHHX: HHKRD3HBHlle 3apHnoBo-o6MeHHUe 

peaKUHH, crreKTpll Mace 6apHOHOB, nH6apHOHOB H Me30HOB, a TaKme 

HX WHpHHU. 

TeopeTHqecKHe pe3ynbTaTU pa6oTU HCIT0Rb3YDTCH nnH HHTeprrpe

TaUHH 3KcrrepHMeHTanbHllX naHHllX (B RB3 OHHH rpyrrrroH Aflh~A H 

rpyrrrrott rHBC) H rrpHMeHHDTCH rrpH rrnaHHpOBaHHH nanbHeHWHX 

TeopeTHqecKHX H 3KcrrepHMeHTanbHllX HccnenoBaHHH no HHKRD3HBHUM 

peaKUHHM rrepe3apHnKH rrpH rrpoMemyToqHUX 3HeprHHX. 

B rrpaKTHqecKOM rrnaHe pe3ynbTaTU nHccepTaUHH IlOMOraDT 

OCMllCRHTb HMeDmHeCH 3KCrrepHMeHTanbHUe naHHUe H c¢opMynHpOBaTb 

_Tpe6oBaHHH K COBOKYITHOCTH . norronHHTenbHllX 3KCrrepHMeHTOB. 

ll03BORHDmHx nHc·KpHMHHHpoBaTb nHcKpeTHUe HeonH03HaqHOCTH rrNA

H pNA- BepWHHHllX ¢YHKUHH H, TaKHM o6pa30M, cymecTBeHHO 

yrny6HTb HaWH 3HaHHH O CITHHOBUX H H30CITHHOBUX KOMITOHeHTax 

HnepHUX CHn B o6nacTH rrpoMemyToqHUX 3Hep~HH. 

B nHccepTaUHH TaKme peweHu HeKoTopue 3anaqH, HMeDmHe caMo

CTOHTenbHoe TeopeTHqecKoe H rrpaKTHqecKoe 3HaqeHHe. HarrpHMep, 

pa3BHT 3¢¢eKTHBHllH MeTon pacqeTa MaTpHqHUX 3ReMeHTOB nnH pe

aKUHH C B036ymnemi'eM A-H306ap, OCHOBaHHllH Ha CTaHnapTHOH 

KBaHTOBOMeXaHHqecKol1 T_eXHHKe yrnoBoro MOMeHTa, rrpennomeH 

KBa3HKnaccHqecKHH crroco6 oueHKH 3¢¢eKTHBHllX qHcen,IT03BORHDmHl1 

B HaH6onee o6meM BHne BunenHTb xopowo H3BeCTHYD A-3aBHCHMOCTb 

( N - A1
/

3 ) ceqeHHH peaKUHH rrepe3apHnKH HyKnoHoB. 

B pe3ynbTaTe BllITOnHeHHllX B nHccepTaUHH HCCnenoBaHHl1 

rrpoBeneHo TeopeTHqecKoe o6o6meHHe ¢opManH3Ma 3¢¢eKTHBHUX 

qHcen,.• pa3BHToro B pa6oTax rpynnu rrpo¢. B.r. HeynaqHHa H 

rpynrru npo¢. c.r. KanMeHcKoro Ha cnyqal1 pe3oHaHcHux 3apHn0B0-

06MeHHux peaKUHl1. Pa3BHTO HOBOe HayqHoe HarrpaBneHHe aHanH3a 

anpoHHllX pe30HaHCOB Ha OCHOBe o6me¢H3HqecKol1 KOHUerrUHH 

pe3oHaHca. 

Pe3ynbTaTU, rronyqeHHUe B nHccepTaUHH, HCilORb3YDTCH B 

pa6oTax npyrHx aBTOpOB H UHTHPYDTCH KaK B·OTeqecTBeHHOl1, TaK 

H B 3apy6emHOH nHTepaType. 
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5.CTpyKTypa H o6oeM nHccepTaUHH. .llHccepTaUHR COCTOl-!T 1-!3 
aaeneHHR, qeTupex rnaa,3aKnDqeHHR, nayx npHnomeHHA H cnHcKa 

HHTepaTypu- Bcero 202 CTpaHHUU MaWHHOnHCHOro TeKCTa, BKn~qag 

34 pHCYHKa, 28 Ta6nHU H 6H6nHorpa¢HD H3 207 Hal-!MeHoBaHHA. 

OCHOBHOA MaTepHan BCeX qeTupex rnaB RBnReTCR OpHrHHaHhHUM. 

CO.llEPJKAHHE .ztHCCEPTAUHH 

Bo BaeneHHH naeTcR KpaTKHA- o63op MeTonoa H3yqeHHR pe3o-

HaHCHUX RBHeHHA B l-!HHD31-!BHUX RnepHUX peaKUHRX I-! B ¢1-!31-!Ke 3He

MeHTapHUX qacTHU npl-! npoMemyToqHUX 3HeprHRX, onpenenReTCR Me

CTO, 3aHHMaeMoe npoaeneHHUMI-! B nHccepTaUHH 1-!CCnenoaaHHRMH, 

naeTCR o60CHOBaHHe aKTyanhHOCTI-! BU6paHHOA TeMU HccnenoaaHHR, 

¢opMynHpyeTcR uenh pa6oTu, B cmaToA ¢opMe H3naraeTCR conepma

HHe nHccepTaUHH I-! nepeql-!CHRDTCR pe3ynhTaTU, npencTaBnReMue K 

3alUHTe. 

B nepaoA rnaae nHccepTaUHH 1-!3HOmeHU OCHOBHUe CBOHCTBa 

¢opM¢aKTOp0B 1-! cneKTpOCKOnl-!qecKHX ¢aKTOp0B 1-! 1-!X npaBHH cyMM 

nnR HYKHOHOB I-! COCTaBHUX qacTHU I-! nponeMOHCTpHpoBaHU Tl-!Ill-!qHue 

MeTonu aHaHH3a 1-!HKHD31-!BHUX :RnepHUX peaKUHA npl-! IlOMOIUI-! 3¢¢eK

Tl-!BHUX 'ql-!cen. IlpH 3TOM B nHccepTaUHH nnR aHaHH3a npouecCOB 

peanhHoro HHH BHpTyanhHoro pacnana Hnpa A Ha ¢parMeHTU X H 

(A-X) l-!CilOHh3YDTCH onpeneneHHH I-! o603HaqeHHH, BBeneHHUe B pa-
6oTax / 6

' B/ IlOKa3aHo I '{TO . CBOHCTBO "y1iHBepcanhHOCTH" npaBHH 

cyMM, neTaHhHO H3yqeHHOe B pa6oTaX c.r.KanMeHCKOro (c COTpyn

HHKaMH) nnH cnyqaH COCTaBHUX qacTHU, C nocTaToqHoA CTeneHhD 

TOqHOCTI-! 1-!MeeT MeCTO I-! nnH onHoHyKHOHHUX npaBHH cyMM. 

IlOKa3aHO, qTo B paMKaX DWIA COOTHOWeHHe ( 1) nnR ceqeHHH 

peaKUl-!1-! nepe3apHnKH A(p,n)AB coxpaHHeT CBOA BHn C ToqHOCThD 

no oqesHnHoA noncTaHOBKH cooTBeTCTBYDmero ceqeHHH cao6onHoro 
npouecca p + p--+ n + A++ BMecTo a+ X--+ X + a, npHqeM B 

npH6nHmeHHH 3¢¢eKTHBHUX qHcen nnH nocTaToqHo THmenux Hnep 

(A>> 1) aupameHHe nnH N HMeeT ¢1-!31-!qecKH HCHYD cTpyKTypy: 

N = fctQ[<l>:(Q)]
2 = (Z+~)fdrp(r)f 2 (b,z) = (Z+~)<f 2> (2) 

6 

1 
i 

B ¢opMyne (2) ~~(Q)-HMilYHhCHOe pacnpeneneHHe HYKHOHOB B Hnpe

MHWeHH A,<f2 >-3¢¢eKTl-!BHUA ¢aKTOP nornomeHHH, p(r)-onHOHYKHOH-

J ➔ 2 
HaH IlHOTHOCTh,HOpMHpOBaHHaR ycnOBl-!eM dr~(r) = 1, a f (b,z) -

rnay6epoBCKHA ¢aKTop nornomeHHH: 

f 2 (b,z) = exp{-(0'~0 t-O'el )T(b)} 
NN NN 

(3) 

rne O'lol ·(O'tol 
PN nN 

)-nonHoe ceqem-re npoToH ( Hef1TpoH)-HyKnOHHoro 

pacceHHHH, a <Te 1 
( ue 1 )-aHanorl-!'IHOe ynpyroe ce'!eHl-!e, 

PN nN 
a T(b) 

CTaHnapTHaH ¢YHKUl-!H TOHWl-!HU T(b). 

3¢¢eKTHBHUA ¢aKTop nornomeHl-!H <f 2 > nonycKaeT npocTyD oueH

KY MeTonoM nepeaana: 

<f 2 > = 2rr Jctb b T(b)e-<TT(b)= 
A -

(4) 

= {(2rr) 3
/

2 b }/{A<T2 elT'(b) I}= {(2rr) 3
/

2 
}R a/(<TAe), 

0 0 A 

rne b -KopeHh ypaaHeHHH T(b) = u- 1,R -panHyc Hnpa, a-nH¢¢Y3-
o O A 

HOCTh ero rpaHl-!UU. Ilpi-! 3Hepri-!HX Tp>0,6 f3B BeHl-!'IHHa O' neml-!T B 

1-!HTepaane O'm20+40 M6apH (O'lol =40 M6apH, (Tel =10+20 M6apH). B 
. NN NN 

3TOM cnytiae b =R , IT' (b ) I= 1/<Ta, '!TO onpaanuaaeT npH6nHme-
o A 0 

- 1/3 Hl-!e (4). OTCIDna HeMenneHHO cnenyeT,'ITO BeHH'IHHa N - A . 

3TOT BUBon HBHHeTCH BeChMa o6Wl-!M,IlOCKOHhKY IlOKa3aTeHh·CTe-

neHI-! am 1/3 B 3aKOHe N - Aa npaKTl-!'!eCKH He 3aBHCHT OT cop~a 

HaneTaIDmero anpoHa 1-!Hl-! nerKoro 1-!0Ha, T.K. cornacHo - (4) 

¢aKTOp nornomeHl-!H <f 2 > MOHOTOHHO y6ueaeT no BeHH'll-!He C pOCTOM 

ce'!eHHH O' B ~o BpeMH KaK ero A-3aBl-!Cl-!MOCTh IlO'ITI-! He 

MeHHeTCH. TaKl-!M o6pa30M, yKa3aHHOe CBOHCTBO 3¢¢eKTl-!BHUX '11-!cen 

MomeT 6UTh l-!CilOHh30BaHo nnH suneneHl-!H BKnana onHOCTyneH'!aTUX 

npHMUX MexaHl-!3MOB B ceqeHl-!H 3apHnosoo6MeHHUX peaKUHA B o6nac

Tl-! npoMemyTO'IHUX 3Hepri-!A. 

3¢¢eKTl-!BHUe '!1-!cna N 6unH pacc'll-!TaHu nnH o6nmpHoA rpynnu 

Hnep · B nHana3oHe 3nepn1A OT o. 6 no 20 f3B I-! B nanhHeAweM 

l-!CilOHh30BaHU nnH anaHl-!3a MexaHH3MOB peaKUHA nepe3apHnKI-! (p,n) 
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H ( 3 He,t) B o6naCTH B036ymneHHH ~-H3o6apu. 
Bo aTopol1 r naae nttccepTaUHH 6untt H3 ytJeHu npoueccu nepe-

3apHnKH Ha cao6onHUX HYKROHaX. 
B nepaoM naparpa¢e cnenaH KpaTKHl1 063op naHHUX aKcnepttMeH

Ta, nonnemamttx TeopeTHtJecKOMY aHanH3y. 
Ha OCHOBe aHaRH3a 3KCnepHMeHTaRbHUX naHHUX no IT p -pacceH

HHIO cnenaH BUBOn O cymecTBOBaHHH nononHHTeRbHUX MexaHH3MOB 

yaenH'ieHHH cetJeHHH npouecca B OKpeCTHOCTH TIT~ 43 MaB B CUH. 

B nanbHel1weM 3TOT ¢aKT 6un HHTepnpeTHpoBaH KaK B03MOmHoe 

npoHBneHHe rttnoTeTHtJecKoro S11 1/2(1/2-) pe3oHaHca. 
Bo BTOpOM naparpa¢e H3ROmeH HOBUH ¢opMaRH3M nnH onttcaHHH 

npoueccoB C ytJaCTHeM nHOHOB, HYKROHOB H nenbTa-H306ap Ha npH

Mepe npocTel1wel1 peaKUHH nepe3apHnKH HYKROHOB. 
nnH onpeneneHHOCTH paccMoTpeH npouecc p+p -+n+~••-,n+p+rr+. 

B o6o3HatJeHHHX H HOpMHpOBKe BbepKeHa H npenna / 2/ H OceTa / 9/ 

B P-BORHOBOM nptt6nttmeHHH cyMMapHaH · aMnnttTyna [ M
1 

y Ka3aHHOl1 
I 

peaKUHH BKRIOtJaeT CBH3HUe nttarpaMMU, na10mHe OCHOBHOH BKnan B 

cetJeHHe ttccnenyeMoro npouecca (cM. pttc.1). 

cnenyH 6a30B01i TeXHHKe p.a.6oT / 9
,"lO/ BBeneM acpq:>e IIT·H B HU 11 

eff 

nepexonHul1 noTeHUHan VNN➔N~ 

eff f f A 

VNN➔N~ ITNN 2 ITN~ { F~(q) q2 Grr(q) ½ [ (S •d) + S1/q) ] + 
mrr 

+ cP F~(q) q
2 

GP(q) ½ [ 2 (S•d) 
A• 

s12(q) l } 
A 

(5) 

A ➔ A ~ A 

rne s (q)=3 (cr•q) (::s•q) -12 cs •d>. q - enHHH'iHUli BeKTOp' na-

pannenbHUl1 q ¢opM¢aKTopu Fb(q) ( b=rr, p) Y'iHTUBalOT BHeMac-

coaue a¢¢eKTU: 

A2 - m2 
"b IT ( 6) F (q). = -

b· /1.2-t 
-b 

t = -q2 B CHCTeMe Bpel1Ta., Ab -KOHCTaHTU o6pe3aHHH. Bupa1KeHHe 

( 5) MOmHO npencTaBHTb B BH"ne : 

eff A 

V NN➔N~ = Vc(q)o(S•d) :+- V11 /·_q)oS12(q), (7) 

nononHHB ero g' -tJneHoM RaHnay -MttrnanoacKoro Tttna nnH y·tJeTa · 

8 

KOpOTKonel1cTBYIOmHx KOppeRHUHH. 
flRH BUnonHeHHH KOHKpeTHUX pactJeToB 

eff 

VNC -KOMilOHeHTU noTeHUHana VNN➔N~ 

y no6Ho. BUpa3HTb V C H 

- 'iepe3 HOBUe B8RH'IHHU: 

V(O,q) = ~ Vc(q) (8) 

A .. ~ 
V(2,q) = -✓ s-~ VNC(q) (9) 

Torna nepexonHul1 noTeHuttan verr. 
NN➔Nu 

3anHW8TCH KaK: 

eff 

V = 
NN➔N~ 

A * A 
[ V(L,q) [ (11µvlLM) YLM(q) crv sµ 

L=0,2 µ,V,H 
(10) 

B~pameHHe (10) no3BORH8T BU'iHCRHTb aMnRH!YnY peaKUHH THna p+p 
-+n+p+rr+ B P-BORHOBOM nptt6nttmeHHH. HeCMOTpH Ha HSKOBapHaHTHYIO 

¢opMy 3anttcH, Kamnoe cnaraeMoe B qiopMyne ( 1 O) HBRHSTCH pe
RHTHBHCTCKH-HHBapttaHTHUM. B TO. me~ BpeMH ¢opMyna ( 10) nerKO 
HHTepnpeTHpyeTCH B TepMHHax HnepHOli q>H3HKH HH3KHX 3HeprHl1, 

T.K. nocTpoeHa Ha OCHOBe CTaHnapTHOli KBaHTOBOli TeOpHH yrnoao
ro MOMeHTa. 

B onHcaHHOli MOnHq>HKaUHH penHTHBH3HpOBaHHOl1 n+p+g' -MonenH 
¢eHoMeHOROrHtJ8CKH onpenenHeMUMH KOHCTaHTaMH RBRHIOTCR napaMeTp 

RaHnay-Mttrnana g~~' napaMeTpU o6pe3aHHH Ab B MOHOilORbHUX 

¢opM¢aKTopax (6), a TaKme 6e3pa3MepHul1 napaMeTp cp. rrapaMeTpu 
aTol1 MonenH onpenenHIOTCH Ha ocHoae KpHTepHH HattnytJwero corna

CHR C 3KcnepHMeHTaRbHUMH naHHUMH nnR WHpOKoro Kpyra npoueccoa 
(nepe3apRnKa,rr- aTOMHue npoueccu, ¢0Toao36ymneHHe H T.n.). 

rrpo6neMa HaxomneHHR KOHcTaHT rr+p+g'-MonenH nonHOCTblO aHa

norHtJHa 3anatJe onpeneneHHH napaMeTpoa onT_HtJecKo!1 MonenH H3 

ycnoBHH HattnytJwero onttcaHHR 3KCnepHM8HTaRbHUX ¢a3 npH aHaRH3e 
ynpyroro pacceHHHR HOHOB Ha Hnpax. 

B §3 o6cymnaeTcH npo6neMa cymecTaoaaHHH nttcKpeTHUX HeonHo-
3HatJHocTel1 q>OpMq>aKTOpOB Fb(t) H aHaRH3 B03MOmHUX nonORHHT8Rb
HUX ¢H3H'i8CKHX KpHTepHeB nnH nHcKpHMHHaUHH COOTBeTCTBYKlmHx 
Ha6opoB KOHCTaHT. 

OnHWSM HCil0Rb3Y8MYIO HaMH TepMHHOROrHIO. flHarpaMMU 1, 2 Ha 
pHC.1 MU 6yneM Ha3UBaTb cneKTaTOpHUMH, a nHarpaMMU 3,4 -pac
nanHUMH. 
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2 1 
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+ 

npo6neMa nucKpeTHhlX HeonHo3HaqHocTeH uccnenosanach B paM

Kax MOnH¢HUHposaHHOH penHTHBH3HpOBaHHOH rr+p+g' MonenH Ha npu

Mepe Tpex cymecTBeHHo pa3nuqa10muxcH Ha6opoB napaMeTpOB Bep

IDHHHhlX ¢YHKUHH: OSET (Arr=l.3 f3B,Ap=1.4 f3B,Cp=3.96, g~~=0.6) 
/9/ I /lQ/ ; JAIN (Arr=l.2 f3B,Ap=2.0 f3B,Cp=2.0, gN~=0.3) ; OMIT 

( " I ) /11/ Arr=0.65 f3B, Ap=O.O f3B, Cp=0.0, gN~=0.9 
KaK noKa3aHo Ha puc.2, see TPH Ha6opa HMeIOT cxonHue HeueH

TpanhHhle qacTH noTeHUHaROB VNC(q), B TO BpeMH KaK ueHTpanhHhle 

noTeHUHanu Vc(q) HMeIOT npu6nH3HTeRhHO onuHaKOBYIO ¢opMy H 06-

pa3y10T noqTH 3KBHnHCTaHTHhlH·cneKTp rny6HH B cneny10meM nopHnKe 

(CHH3Y BBepx): JAIN - OSET - OMIT. 

nponeMoHcTpuposaHo iopornee cornacue TeopeTuqecKHX •H 3Kcne

puMeHTanhHhlX HHKRI03HBHhlX cneKTPDB HeHTpOHOB nnH peaKUHH p+p 

->n+X npu T =1 f3B nnH cnyqaH Manux yrnos perucTpauuu HeHTpo-
P O 0 

HOB, npuqeM nnH yrn□ B eLabE [O , 15 ] pe3ynhTaTU pacqeTOB c 

noTeHuuanaMH JAIN, OSET H OMIT npaKTHqeCKH He pa3nuqaIOTCH. 

cymecTBeHHOe pa3nHque rny6HH yKa3aHHhlX noTeHUHanoB no3BO

nHeT cnenaTh suson o Hanuquu nucKpeTHOH HeonHo3HaqH□CTH B 

onpeneneHHH napaMeTpoB rr+p+g'-Monenu. npu 3TOM HH yrnoBue, HH 

HMnynhCHhle cneKTphl HeHTpOHOB He no3BORHIOT OTnaTh npennoqTeHHH 

HH onHoMy H3 Ha6opos. TeopeTuqecKtte oueHKH senuquHu Arr' cne

naHHue B paMKax nucnepcH □HHoro nonxona, 6nH3KH K aHanoruqHuM 
¢eHoMeHonoruqecKHM 3HaqeHHHM A nnH Ha6opoB OSET H JAIN. . rr 

B uccnenyeMOH HaMH o6nacTH 3HeprHH 0.8S T S3 f3B nptteM-
p /12/ 

neMoe cornacue TeopeTuqecKHX H 3KcnepuMeHTanhHhlX naHHhlX 

HMeeT MeCTO nnH OSET- tt OMIT- Ha6op□ B , B TO BpeMH KaK JAIN~ 

Ha6op cymecTBeHHO xy~e BocnpoH3BOaHT T -3aBHCHMOCTh ceqeHHH. 
p 

TaKHM o6pa30M ' no KpaHHeH Mepe ' HCnORh30BaHHe JAIN-Ha6opa 

orpaHHqeHO o6naCTh!O 3HeprHH T ~1 f3B. 
p 

COBOKynHOCTh 3KCnepHMeHTaRhHhlX naHHhlX no KorepeHTHOMY nuo-

Hoo6pa30BaHHIO, a TaK~e no peaKUHH rrN->rr~->rrrrN, cTporo 3anpe

meHHOH npH pacqeTaX C Ha6op□M OMIT, n □ 3BORHeT OTnaTh npenno
qTeHHe Ha6opy OSET. 

B §4 paccMOTpeHU HHTep¢epeHUHOHHUe 3¢¢eKThl B peaKUHHX 
+ 0 -p+p-+ n+p+rr , n+p-+ p+n+rr H n+p-, p+p+rr 

tt3yqeHhl 3HepreTuqecKaH H yrnoBaH 3aBHCHMOCTh OTHOilleHHH 

ceqeHHH R peaKUHH nepe3apHnKH p+p--+n+X H n+p->p+X B 06nacn1 
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ao36ymneHHH A(1232) -pe3oHaHca. 

B paMKax CTaHnapTHoro noTeHUHaJibHOro npH6JIHmeHHH ceqeHHH 

KHHeMaTHqecKH 3KBHBaJieHTHUX peaKUHH nepe3apHnKH p+p--+n+A++ H 

n+p--+p+A0 nponOpUHOHaJibHU KBanpaTaM H30CilHHOBUX K03¢¢HUHeHTOB 

Kne6ma-ropnaHa, npHqeM: 

R 

ct<Tp+p ➔n+A++ 
ctn ctE 

n n 

ct<Tn+p ➔p+Ao 
ctn ctE 

p p 

= 3 ( 11) 

COOTHOilleHHe ( 11), nonyqeHHOe nnH peaKUHH nepe3apHnKH Ha 

cao6onHUX HYKJIOHaX, illHpOKO HCilOJib3yeTCH nnH aHaJIH3a aHaJiorHq-

HUX HHKJIP3HBHUX npouecCOB Ha Hnpax. 

HanpHMep, a paMKax HMilYJibCHoro npH6JIHmeHHH HCKameHHUX BOJIH 

C TOqHOCTbP no 3¢¢eKTOB ¢epMH-nBHmeHHH H nayJIHeBCKOtt 6JIOKH

poBKH ceqeHHe peaKUHH (p,n)A HMeeT BHn: 

ctu ct 
A ( P, nl AB -· ---N - 2 . <T P +p➔n+A++ 
ctn ~ < z + <R> > <f > ctn (12) 

n n 

rne <R>=3-HHTerpaJibHOe 3HaqeHHe OTHOilleHHH R. 

KaK BHnHo H3 pHC. 3, 3KC-n.epHMeHT.aJibHO H3MepeHHaH BeJIHqHHa 

OTHOilleHHH R(T ,e) nnH T=0.8f3B, 0=0°-3HaqHTeJibHO ~eH-~rne Te~~-
n n . · 

peTHqecKoro 3HaqeHHH R = 3, npHqeM B6JIH3H aepxHett KHHeMaTH-
T . 

qecKott rpaHHUU cneKTpa Ha6nPnaeTcH nonaaneHHe R npaICTHqecKH 

Ha nopHnoK. 

B nHccepTaUHH neTaJJbHO HCCJJenoaaHU 3¢¢eKTU HHTep¢epeHUHH 

A♦♦- H A♦-H306ap (A+- H A0-H30-6ap), B036ymnaPlUHx·cH B peaKUHHX 

p+p--+n+X (n+p--+p+X) HYKJIOHaMH C 3HeprHett 0.8 ST S 10 13B. 

PacqeTU 6UJJH npoaeneHu nJJH OSET, JAIN H DMIT-Ha6opoB napa

MeTpOB aepmHHHUX ¢YHKUHtt. OTHOilleHHe R(T, 0) HMeeT cx-onHYP 

yrJIOBYP H 3HepreTHqecKyP 3aB-HCHMOCTb nJIH acex Tpex Ha6opOB. 

HeCMOTpH Ha TO, qTo qHcJJeHHl,le 3Ha'leHlrn TeopeTHqecKHX ceqeHHtt 

p+p--+n+X ( n+p--+p+x) peaK"UHH rtpli T >1. 5 r3B CHJJbHO p.a3\1m-t1aPT

CH (<T(DMIT) > <T(OSET) > <T(JAIN)). YTJIOBaH 3aBHCHMOCTb KHTEH''-

paJibHUX OTHOilleHHtt <R> CJJa6aH· H MeHee qeM 

nepexone OT JAIN K OSET HJIH DMIT -Ha6opy. 

3¢¢eKTU HHTep¢epeHUHH A+ - H AO -1no6ap-

Ha 107. MeHJieTCH rtpli 

C pocTOM 3llep:PHH T'. 
n 

B n+p--+p+X peaKUHH 

OCJJa6eaaPT H <R>➔3. HHTerpaJibHa~ BeJIHqHHa <R> nnH BCett HCCJie

noaaHHOtt o6nacTH 3HeprHtt H yrnoB HaxonHTCH B nHana3oHe 2 s<R> 

12 
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b 
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PHc.3. TeopeTHqecKHe H 3KcnepHMeHTaJll:,Hhle/13/ 3HaqeHHH 
OTHOWeHHH R(P,9). 
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a. 
I 
a. 
C ....... 
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PHc.4. 3HepreTHqecKaa 3aBHCHMOCTb ycpeiHeHHoro OTHOWe
HHS R(T) = U(PP-+nX)/U(np-tpX) npH 9 = 0°. 
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S 3, qTo· no3BOnHeT noHHTb ycnex oueHOK THna (2) nnH llH¢¢epeH

UHanbHUX ceqeHHH nepe3apHllKH 

HOMY cneKTPY (cM.pHc.4). 

npOHHTerpHpOBaHHh!X no HMnynbC-

PacqeThl noKa3anH, qTo aonpeKH YTBepmneHHID pa6oTu
1131

HHTep-

¢epeHUHH A++ H A+-H3o6ap npaKTHqecKH He naeT BKnana B npouecc 

p+p-m+X, T. K. pacnanHue nHarpaMMhl HMeIDT Manutt H30CnHHOBUH 

aec. .l\nH 

aMnmITyn 

npouecca n+p-+p+X H30CnHHOBaH ManoCTb 

OTCYTCTByeT H Ha6nIDnaeTCH KOHCTPYKTHBHaH 

pacnanm1x 

HHTep¢e-

peHUHH s- H D-nHarpaMM. PacnanHhlH nHK CllBHHYT B mecTKYID qaCTb 

cneKTpa Ha aenHqHHY "'so:::mrr:::140 .M3B, qTO o6'bHCHHeTCH pa3nHqHeM 

nonomeHHH oco6eHHOCTett A-nponaraTopa nnH s- H D-nHarpaMM. 

TioKa3aHO, qTo B COOTBeTCTBHH C nonHOTOH CHCTeMU KOHeqHUX 

COCTOHHHH BHpTyanbHUe A0-H306aphl, pacnanaIDmHeCH no KaHanaM 

(p+rr-) H (n+rr0)' HHTep¢epHpyIDT necTpyKTHBHO. TipH nocTaHOBKe 

KHHeMaTHqecKH 3KBHBaneHTHOrO 3KCKnID3HBHOro 3KCnepHMeHTa HH

Tep¢epeHUHH Hcqe3aeT. 
.l\OKa3aHO, qTO R-OTHOWeHHe B npHHUHne He IT03BOnHeT nHCKpH-

MHHHpoBaTb OSET,JAIN H DMIT-Ha6opu H peWHTb npo6neMy llHCKpeT

Hh!X HeonH03HaqHOCTett. 3necb MU HMeeM neno co caoeo6pa3Hh!M 

aHanoroM npHHUHna nononHHTenbHOCTH Eopa. A HMeHHO, npH noMomH 

BapbHpoaaHHH 3HeprHH HaneTaIDmero npOTOHa Mhl MOmeM Bhlnem-!Tb 

¢H3HqecKH npHeMneMh!H Ha6op BepwHHHh!X KOHCTaHT n+p+g' -MonenH, 

HO He MOmeM o6HapymHTb HHTep¢epeHUHID A++ H A+ -H306ap H3-3a 

ManocTH 3¢¢eKTa. HanpoTHB, npH H3MepeHHH OTHoweHHH R(T,0) npH 

3anaHHOH 3HeprHH xopowo.Ha6nIDnaeTCH HHTep¢epeHUHH BHpTyanbHh!X 

A-H306ap, HO ace HCCnenoBaHHUe Ha6opu napaMeTpOB (JAIN, OSET, 

DMIT) npHBOllHT K npH6nH3HTenbHO onHHaKOBh!M 3HaqeHHHM R(T,0). 

nono6HyID nononHHTenbHOCTb "3HepreTHqeCKHX" H "H3ocnHHOBUX" 

3KCnepHMeHTOB MOmHO paccMaTpHBaTb KaK HeOpllHHapHUH npHMep nH

aneKTHKH llHCKpeTHoro H HenpepUBHOro. 
HanHqHe Hp KO Bh!pameHHOH HHTep¢epeHUHH A+ - H A ~-H3o6ap B 

peaKUHHX nepe3apH1lKH HaKnanuaaeT norronHHTenbHble orpaHHqeHHH 

Ha npHMeHHMOCTb HMrrynbCHoro npH6nHmeHHH, HneonorHH 3¢¢eKTHB

Hh!X qHcen, npH6nHmeHHH fnay6epa, KaCKallHh!X pacqeTOB, a TaKme 

MonenH nocnenoBaTenbHUX pacnanoB nnH peaKUHH MHomecTBeHHoro 

pomneHHH qaCTHU-

14 

B TpeTbett rnaBe nHccepTaUHH 6unH H3yqeHu npoueccu nepe-

3apHllKH HyKnOHOB H nerKHX HOHOB Ha Hnpax. 

B nepBOM naparpa¢e cnenaH KpaTKHH o63op 3KcnepHMeHTanb

HUX naHHh!X no pe30HaHCHh!M 3apHnOB0-06MeHHUM peaKUHHM. 

o6mett oco6eHHOCTbID Bcex A-nHKOB B peaKUHHX Ha Hnpax HB

nHeTCH HX ywHpeHHe H cnBHr no cpaBHeHHID C aHanorHqHUMH A-nH

KaMH nnH npoueccoa Ha cBo6onHux HyKnoHa~. 

.l\nH peaKUHH nepe3apHnKH nHOHOB cnBHr ueHTpOHna A-nHKa 

oE:::-15A113 M3B HBnHeTCH MOHOTOHHOH ¢YHKUHett MaCCOBoro qHcna A 

H o6'bHCHHeTCH pa3nHqHeM KHHeMaTHKH peaKUHH Ha Hnpe H Ha CB0-

601tHOM HyKnoHe, a TaKme nepeHopMHpOBKOH A-nponaraTopa B Hnep

HOH MaTepHH C yqeTOM BnHHHHH 3HeprHH CBH3H HyKnoHa. YWHpeHHe 

HllepHoro A-nHKa CBH3aH·o C ¢epMH-nBHmeHHeM HyKnOHOB B Hnpe, a 

TaKze co CBH3bID KaHanoB H 3¢¢eKTaMH MHOroKpaTHoro pacceHHHH. 

rronHue ceqeHHH u (rrA) He HMeIDT aHOManHH H HX OTnHqHe OT 
lot ,. 

CB060llHUX u (rrN) ceqeHHH o6'bHCHHeTCH nettCTBHeM xopowo H3-
tot 

seCTHh!X ¢aKTOpOB 1141
. 

COBOKynHOCTb 3KcnepHMeHTanbHh!X naHHUX no 'HMnynbCHUM 

cneKTpaM HettTpOHOB, o6pa3yIDmHXCH B peaKUHH A(p,n)B onH03HaqHo 

yKa3h!BaeT Ha ceneKTHBHoe Bo36ymneHHe A(1232) -H3o6apu HaqHHaH 

OT rropora (T ::: 647 M3B) BITnOTb no 3HeprHH rryqKa -3-5 f3B. 
p 

rronomeHHe ueHTpoHna HnepHoro A-rrHKa nnH acex HccnenoBaH-

HhlX Hnep-MHWeHett, nH6o He H3MeHHeTCH no cpaBHeHHID C rronomeHH

eM ueHTpOHlla nnH peaKUHH Ha CBo6onHUX rrpoTOHax,nH6o cnBHraeT

CH B mecTKYID qacTb crreKTpa. HeCMOTpH Ha TO. qTo aHanor1-1qHutt 

KBa3HynpyrHH nHK CllBHraeTCH B MHrKyID qacTb cneKTpa Ha Ben1-1q1-1-

HY cpenHeH 3HeprHH CBH3H HyKnoHa. 

AHOManbHUH CllBHr rronomeHHH A-rrHKa B peaKUHH A(p;n)AB OT

HOCHTenbHO aHanorHqHoro· ITHKa B p(p,n)A++ peaKUHH yKa3UBaeT Ha 

uanHqHe ·norronHHTenbHoro MexauH3Ma A(p, n) AB peaKUHH, cymecT

BeHHO OTnHqaIDmerdcH OT KBa3HCBo6onHoro pomneHHH A-H306ap. 

AHanorHqHUH Bh!BOll MOmHO cnenaTb TaKme Ha OCHOBaHHH aHan1-13a A-

3aBHCHMOCTH 3¢¢eKTHBHUX WHpHH A-H306ap B Hnpax (rA(A)-A0
"

17
). 

l13yqeHHe peaKUHH rrepe3apHnKH ( 3He, t) rrpH rrpoMemyToqHux 

3HeprHHX cymecTBeHHO nononHHeT o6pHCOBaHHYID Bh!We KapTm1y. 

l-!MeHHO conocTaBneHHe peaKUHH p( 3He, t) A H 12C( 3He, t) A, Bl.mon

HeHHOe rpyrrnott AJib<l>A1121
, B HaH6onee oTqeT nHBott ¢op Me rrpone

MOHCTpHpoBano aHOManbHOe HanpaBneHHe CllBHra A-ITHKa. 
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AHaJIH3 Ha6monaeMux B :rncnepHMeHTe oco6eHHOCTefl peaKUHfl 

nepe3apR!lKH np11 npoMemyToqHux 3HeprHRX no3BOJIReT c¢opMyn11po

BaTb cymecTBo ¢11311qecKoro napanoKca. 

C OJlHOH CTOpOHU, COilOCTaBJieHHe A-nHKa B IlOJIHUX rrA, NA Ii 

T.n. ceqeHHRX, paccMaTpliBaeMUX KaK ¢YHKUlili 3Heprlili HaJieTaIDme

ro CHapRna, c aHaJior11qHUMli ceqeHHRMli '"tot(rrN), <1t
0
t(NN), ... 

npliBOJlliT K BUBO!lY O HaJ111q1111 HOpMaJibHoro yw11peHHR Ii C!lBHra npli 

nepexone OT HYKJIOHHOfl MHWeHH K RnepHofl/ 14
/. C npyrofl CTOpOHU, 

npli ¢liKClipOBaHHOfl 3Heprlili npo6HHKa B liMilYJibCHOM cneKTpe peaK

Ulili nepe3apRJlKli Ha Rnpax Ha6JIID!laIDTCR aHOMaJibHUe yw11peHlie Ii 

CJlBlir. 

Bo BTOpOM naparpa¢e Ha R3UKe 3¢¢eKTliBHUX q11cen npoaHaJIH-

3lipOBaHa peaKUliR A(p,n)AB. 

H3yqeHa 3aBHCliMOCTb 3¢¢eKTliBHUX q11ceJI Nexp OT yrna 0 
n 

perHCTaUlili HeflTpOHOB B naoopaTopHOfl CliCTeMe OTcqeTa, auq11c-

JieHHUX Ha OCHOBe li3MepeHHUX B pa6oTe/lS/ceqeHHfl npli T =1 f3B 
0 0 0 0 p 

JlJIR yrnoa en=4 ,7,5 ,11,3 Ii 13,2. B npenenax ow1160K 3Kcne-

p11MeHTa np116n11meHHe 3¢¢eKTliBHUX q11ceJI BOCnpO!i3BOJlliT yrJIOBYID 

3aBHCliMOCTb ceqeHHH peaKUlili nepe3apRJlKli. ~li3HqecK~ 3TO O3Ha

qaeT, qTo npouecc pa3urpuaaeTCR Ha nep11¢ep1111 Rnpa, TO ecTb B 

o6JiaCTli, rne IlJIOTHOCTb HYKJIOHOB MaJia Ii Bee NN- B3aHMOneflCTBliR 

6JI!i3Kli K IlYCTOTHUM. 

CJIOmHee o6CTOliT C A-3aBHCliMOCTbID ceqeHHfl. Ha p!iC.5 

rrpencTaBJieHU pe3yJibTaTU o6pa60TKli 3KCnepHMeHTa, BUITOJIHeHHoro 

B pa6oTe/lS~ H3 p!iC.5 Bli!lHO, qTo 3HaqeHHR Nexp CliCTeMaTHqecKH 

rrpeBOCXOJlRT NT, qTo yKa3uBaeT Ha HenocTaTOqHOCTb rrpH6JIHmeHHR 

3¢¢eKTHBHUX q11ceJI .llJIR OITHCaHHR peaKUHH A(p, n) AB., 

BO3HliKWYID CHTyau11ID MOmHO Ka-qecTBeHHO ITOHRTb, eCJili paCCMO

TpeTb A-3aBHCliMOCTb BeJ111qHH AN=Nexp_NT~Aa, rne a=O,6+O,7.ECJIH 

rrpenrronomHTb, qTo 3¢¢eKT cxona c Maccoaofl rroaepxHOCTH B ceqe

Hlili d<T[p+p➔n+A++]/dn He CJIHWKOM BeJIHK, TO MOmHo cqHTaTb, qTo 
n 

BupameHHe (12) OITliCUBaeT qacTb ceqeHHR, CBR3aHHYID C peaKUHefl 

(p,n)A' B KOTOpOH pomnaeTCR peaJibHaR A++_ liJIH A ♦ -li3D6apa 
1lH 

(nanee (p,n)A ). 

ECJlli Ha6JIID]laeMoe ceqeHHe peaKUlili A(p,n)AB rrpencTaBHTb B 

BH!le cyMMU N=K1A1 /
3

+K2A 2 /
3

,TO rrepBoe cnaraeMoe ITOJIHOCTbID BOC

rrpO!i3B0JlliTCR B rrpH6JIHmeHHli - 3¢¢eKTliBHUX q11ceJI (CM. p!ic. 5). 

BTopoe cnaraeMoe npencTaBJIReTCR ecTeCTBeHHUM CBR3aTb C 

16 
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PHc.5. Pa3~eneHHe BKna~a (p,n)iN H (p,n)f KaHanoB nepe3a
/u1/ 

PH~KH Ha OCHOBe o6pa6oTKH 3KCnepHM8HTa1ll>HblX ~aHHblX (T =1 p 

fsB,0 =0°) M8TO~OM HaHM8HbWHX KBa~paToB: {dU[A(p,n)AB]/d0 }4 = 
n u n 

dct 1 >/dO +dct z> /dO = ; Aa+; A2 a at =50 at =5. 1 a=O. 38. BenH-
n n 1 2 '1 'z' 

\IHHa {du[A(p,n)11BJ/d0n}T C/1) paccqHTaHa no ~PMYne (12). 
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npoueccOM 6e3Me30HHOM pa3pH.!lKH, B KOTOpOM yqacTByeT ~anb

HaH A-a3o6apa [.nanee (p,n)~NJ. 
B cany KpoccaHr-caMMeTpaa, ceqeHae 3Toro npouecca MOBHO 

npe.ncTaBHTb B cne.uyromeM Bane: 

acr121 
A I p, n l • B acr • + + ( p ) 

1 
____ ::;u_ =AN p+p➔n+u I 

an an cB 
(13) 

n n 

AN=Jai?JaQ' JaQ~(P,Q,Q')[WA-1(Q')]2 acrp+p➔n+A++(P,Q') 
N ai? X 

x IG(EA) 12cw:(Q)J2 (14) 

r.ue ~(P,Q,Q')-KHHeMaTaqecKHM ¢aKTop,G(EA)-¢YHKUHH rpuHa,P-HM
nynbc 6ucTporo HyKnoHa, 06pa3yromerocH B pe3ynbTaTe BToporo 

aKTa nepe3apH.!lKH,Q H Q'~HMnynbcu ¢epMHeBcKoro .!lBHBeHHH HyKno

HOB MHllieHa, Ha KOTopux npoHCXO.!lHnH nepBUH.H.BTOpOH aKTU nepe-

3apH,!lKH, COOTBeTCTBeHHO. 

PacqeTu noKa3anu, qTo ¢YHKUHH ~(P,Q,Q') a IG(EA) 12 cna6o 
- A . 2 1/3 3aBHCHT OT A; 3aBHCHMOCTb pacnpe.ueneHHH [ WN( Q)] ~A xoporno 

H3BeCTHa. TaKHM o6pa30M, AN~ A2/ 3, qTo nonHOCThID cornacyeTCH 

c 3KcnepaMeHTanbHUMH .uaHHUMH, npe.ucTaBneHHUMH Ha pHC.5. 

Bee H3nozeHHUe BUllie pe3ynbTaTU npHMeHHMU H K peaKUHH 
3 . . • . 

( He,t)A. YqeT AN➔NN K~Hana nepe3apH,!lKH n03BOnHeT KaqecTBeH-

HO o6oHCHHTb yrnapeHae A-naKa aero C.!lBHr no cpaBHeHHID c A

nHKOM Ha CB060.!lHUX npOTOHax. 9TO 03HaqaeT, qTQ oueHKY KonneK

THBHUX 3¢¢eKTOB npa B036yz.ueHHH B H,!lpax lliHpOKHX 6apaOHHUX pe-
. NN 30HaHCOB Heo6XO.!lHMO npOBO,!laTb C yqeTOM BKna.ua KaHana (p,n)A,. 

neno B TOM, qTo B paccMaTpaBaeMoH o6nacTa 3HepraH .unaHa BOnHu 

A-H3o6apu B H,!lpe MeHbllie cpe.uHero MeBHyKnOHHOro paCCTOHHHH, a, 

cne.uoBaTenbHO, KonneKTHBHUe 3¢¢eKTU Heo6xo.uaMO aHanH3apoBaTb 
COBMeCTHO C npHMUMH MexaHH3MaMH Tana (p,n)~N H (p,n)~N-

OTMeTHM, qTo yKa3aHHUe Ka~eCTBeHHUe BUBO.!lll (1989 r) 6unH 
no,!lTBepz.neHU B npHMOM 3KCKnID3HBHOM 3KCnepaMeHTe B 1991 r./ 16/ 

B TpeTbeM naparpa¢e o6o6meHU KOHKpeTHUe peuenTU nOHCKa 
.uononHHTenbHUX HHKnID3HBHUX 3KcnepaMeHTO~, COBoKynHOCTb KOTO

pux no3BOnHeT H36ezaTb HeKoppeKTHOH TeopeTuqecKOH HHTepnpeTa-

18 ,/ 

UHH pe3ynbTaTOB OT.uenbHUX H3MepeHHH. TaK, COOTHOllieHHH (13) a 

(14) yKa3UBaIDT Ha TO,qTo yrnoBue cneKTPll HeHTpOHOB a3 KaHana 

nepe3apH.UKa (p,n)~N no ¢opMe coBna.uaroT c attanoruqHuMa cneKT
paMH HeHTpOHOB a3 KaHana ( p, n) ~N. ~TOT pe3ynbTaT .!lOKa3UBaeT 

npHHUHnaanbHYID HeB03MOBHOCTb OT.ueneHaH BKna.ua A➔nN KaHana B 

ceqeHae peaKuaa nepe3apH,!lKa OT BKJia,!la AN➔NN KaHaJia Ha OCHOBe 

attana3a 0.!lHHX TOJlbKO yrnoBUX cneKTpOB HeHTpOHOB. COBMeCTHOe 

paccMOTpeHae .uaHHUX rpynn rHEC H ARb~A no3BOJIHeT pewaTb 3TY 

3a.uaqy H cymecTBeHHO noBUWaeT Ha,!leBHOCTb a.ueHTa¢HKauaa Mexa

HH3MOB pe30HaHCHUX 3apH.!lOB0.-06MeHHUX H,!lepHUX peaKUaH. TaKOH 
me CTaTyc "pernaromax 3KCnepaMeHTOB" B 3a.naqe accJie,!lOBaHHH 

NN-B3aaMO,!leHCTBHH B o6nacTa npoMeByToqHUX 3HepraH npao6peTaIDT 

3KcnepaMeHTU no KorepeHTHOMY nHOH006pa30BaHaID H no peaKuaa 

nN--➔nnN B o6nacTH B036yz.ueHHH A-a306apu. 
B qeTBepTOH rnaBe a3JIOBeHU pe3yJibTaTU aHaJia3a rpocc-

CTPYKTypu cneKTpOB a.upoHOB. 
B nepBoM naparpa¢e paccMoTp~Ha rpocc-cTpyKTypa cneKTpa 

6apaOHOB. 
Bo36yz.ueHHe A-a3o6ap B peaKUaHX THna (N,N')A MOBHO paccMa

TpHBaTb KaK HeKaH aHanor raraHTCKaX pe30HaHCOB. ECJIH npa 3TOM 

BCnOMHaTb O cymecTBOBaHaa pe30HaHCOB ¢opMb1, TO ecTeCTBeHHO 

B03HaKaeT npo6neMa noacKa xapaKTepHUX BenuqaH C pa3MepHOCTbID 

,!lJiaHU, C noMombID KOTOpUX MOBHO nonuTaTbCH pa3o6paTbCH B npo-

6neMaX ceneKTaBHOCTa a cacTeMaTHKH A-pe3oHaHCOB. 
Pe30HaHCU B BOJIHOBUX CHCTeMaX, KaK npaBHJIO, B03HaKaIDT B 

cnyqae,Kor.ua OTHorneHae xapaKTepHux pa3MepoB 1err pe3oHapyIDmeH 

cacTeMU ("HMU") K .unaHe COOTBeTCTByromeH BOJIHU A onpe.uenHeTCH 

BblpazeHaeM: 

1 =(n+;)l; 
eff 

n=1, 2, ... , (15) 

r.ue ~ - qacno nopH.nKa 1 (Os; s 1), 3aBacHmee OT rpattaqttux 

ycnoBaH .!lJlH 3a,!laHHOH cTeneHa CB06o.uu H Tana BOJIHOBoro ypaBHe

HaH ,!lJIH pe3oHapyromeH cacTeMU. 
PaCCMOTpettae rpy6oH CTPYKTypu A-cneKTpa noKa3UBaeT, qTo OH 

COCTOaT a3 4 MYJibTHnJieTOB, OTCTOHWHX .upyr OT npyra npaMepHO 

Ha 400 M3B. nono6HUH "KBa3HOCUHJinHTOpHUH" xapaKTep rpocc -

CTPYKTypu A -cneKTpa 3acTaBJIHeT npe.unoJIOBHTh, qTo A-pe3011aHCbl 
B nN-cacTeMe MOBHO npu6nazeHHO onucaTb c noMOWbID ocuannHTOp-
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HOro IlOTeHUHana c napaMeTpOM <ro>= ;;:;;;;- ~ 0.86 ¢M, 6RH3KHM 

K 3ReKTpoMarHHTHOMY pa3Mepy HYKROHa. 

113 Ta6n.1 BHnHo, qTo HMnynbCU IlHOHOB, o6pa3yIDIDHXCH npH 

pacnane 6-H306ap, C xoporneH CTeneHbID TOqHOCTH HBRHIDTCH uenuM 
( 0) 

KpaTHUM OT xapaKTepHoro 

eMoro pa3MepaMH HYKROHa 

HMnynbca Prr ~ 0.23 f3B/c, onpenenH-

-o 
<r0> =1/prr = 0.86 ¢M 

Ta6nHua 1. 

Pe30HaHC prr(CUM) 1/prr <r > 
0 

( pacn.) ccmn n+7 n+7 

f3B/c ¢M ¢M. 
·-

M1232) 0.227 0.86 0.86 1 

6(1620) 0.526 0.38 0.43 2 

M 1950) 0. 741 · 0.27 0.29 3 

6(2420) 1.023 0.19 0.21 4 

Ta6nHJla 2. 

Pe30HaHC prr( CU11) 1/prr <r > 
0 

( pacn. J (CU11) n+7 n+7 

f3B/c ¢M ¢M. 

N*(1125) 0.114 1. 73 1.73 0.5 

N*(1440) 0.398 0.50 0.57 1.5 

N*(1710) 0.587 0.34 0.34 2.5 

N*(2200) o .. 8$J7 0.22 0.25 3.5 

N*(2600) 1.126 0.18 0.19 4.5 

. . . * 
B Ta6n. 2 npHBeneHa CHCT·e.MaTHKa N - pe30HaHCOB , OCHOBa~HaH 

Ha HCilORb30BaHHH "rnaBHCH'O KBaHTOBoro qHcna" n H "UOCTOHHHOH 

20 

rpaHHqHUX ycnOBHH" 7=1/2. OTCYTCTBHe "npo6enoB" B CHCTeMaTH-

* Ke 6- H N -pe30HaHCOB npH 1sns4 MOmHO paccMaTpHBaTb KaK yKa-

3aHHe Ha rHITOTeTHqecKyID B03MOmHOCTb cymecTBOBaHHH HH3KOnema

mero N*(1125)-pe30HaHca C MaCCOH m * ~ 1115-1130 M3B H WHpH-
N 

HOH r < 10 M3B. 

OTnHqHTeRbHOH oco6eHHOCTbID HYKROH-HYKROHHoro B3aHMoneHCT

BHH C o6pa30BaHHeM 6-H306apu HBRHeTCH TO, qTo OHa B036y~aeT

CH 1) BHpTyanbHUM, a He peanbHUM IlHOHOM H 2) CTanKHBaIDmHeCH 

HYKROHU HBRHIDTCH TomnecTBeHHUMH qaCTHUaMH H, cnenoaaTeRbHO, B 

peaKUHID NN-+N6 naIDT BKnan nsa KorepeHTHUX npouecca-npHMoH· H 

o6MeHHUH. Il03TOMY B peaKUHHX THna (p,n)6 nonmHo npoHBRHTbCH 

nsa xapaKTepHUX MaCrnTa6a, COOTBeTCTBYIDIDHX nayM HHBapHaHTHUM 

nepenaHHUM HMITYRbCaM.td = t H tex= u rne t Hu - CTaHnapTHUe 

MaHnenbCTaMOBCKHe nepeMeHHUe, KOTOpUM B WKane pacCTOHHHH co

OTBeTCTBYIDT BenHqHHU r =1/i.l==t Hr =1/i.l==t BBeneM nae xa-
d d ex ex 

paKTepHCTHqecKHe ¢YHKUHH: 
~ r -<r > ) 2 

ox = 1 - ( :r / 
d 0 

(npHMaH) H 

r -r 2 

oXex= 1 - ( e; q) (o6MeHHaH). 3HepreTHqecKaH 3aBHCHMOCTb 
q 

ox H ox HOCHT BUpameHHUH pe30HaHCHUH xapaKTep; nnH 6(1232) 
d . ex 

nonomeHHH MaKCHMYMOB oxd H oxex coananaIDT (<r
0
>=0.86 ¢M, 

r =0.18 ¢Ml. 06e pe3oHaHCHUe KpHBUe ox (T) H ox (T) xopowo 
q d ex 

KoppenHpyIDT C ¢YHKUH€H o\(T)= <1 A++ /<1 max A++, OITHCU-
u p+p➔n+u /' p+p➔n+u 

BaIDmeH 3HepreTHqecKyID 3aBHCHMOCTb nonHoro ceqeHHH o6pa30BaHHH 

P -pe3oHaHca. 
33 · 

C yaenHqeHHeM Maccu 6-H306ap nonomeHHH MaKCHMYMOB oxd(T) H 

oXex(T) pa3nBHraIDTCH, IlpHqeM MaKCHMYM oXex 6UCTpO npH6RHmaeT

CH K nopory pomneHHH 6-pe3oHaHca, a nnH 6( 2420) nonanaeT B 

KHHeMaTHqeCKH 3anpemeHHYID o6nacTb. noseneHHe BenHqHH oXd H 

ox MomeT 6UTb HHTepnpeTHpOBaHO cnenyIDIDHM o6pa30M. B o6naCTH 
ex . 

3HeprHH T~ 1 f3B "npHMOH" BHpTyanbHUH IlHOH pe30HHpyeT Ha HyK-

no-He KaK uenoM, a "o6MeHHUH" ITHOH onHoBpeMeHHO pe30HHpyeT Ha 

Hy·KROHHOM KOHCTHTyeHTe. KoHCTPYKTHBHaH HHTep¢epeHUHH "npHMOH" 

H "o6MeHHOH" aMnRHTyn-npHBOnHT K pe3oHaHCHOMY pocTy ceqeHHH 

po~eHHH 6-H3o6apu, a TaKme K 3aMeTHOMY ysenHqeHHID nonHoro 

ceqeHHH NN-B3aHMoneHCTBHH . C pocTOM 3HeprHH nyqKa "HYKROH

HUH" H "KOHCTHTyeHTHUH" pe30HaHCU pa3nBHraIDTCH, Il03TOMY npH 

TP> 3 f3B H3o6apa 6(1232) Bo36ymnaeTCH cna6o. o6pa3oBaHHe TH-
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Jl(enux A-11306ap ·B NN coynapeHl!HX nonaBneHo 113-3a paccornacoBa

HIIH pe30HaHCHb!X ycnOBIIM nnH npHMOM II o6MeHHOM aMnn11Tyn. 

npennoll(eHHaH nByxMacwTa6HaH Monenb poll(neHIIH A-11306ap TaKJl(e 

Il03BOnHeT KaqecTBeHHO o6oHCHl!Tb o6puB cneKTpa A-pe3oHaHCOB. B 

caMoM nene, np11 n = 5 cornacHo Ta6n.1 nepecTaeT BunonHHTbCH 

ycnOBl!e <ro> ~ r T.e. nn11Ha BOnHbl Ill!OHa CTaHOBl!TCH MeHbWe n+; q 

pa3MepoB KOHCTl!TyeHTa II CTeHKa "HyKnOHHOM ITOTeHUl!anbHOM HMb!" 

9KpaH11pyeTCH. cnenoBaTenbHO, orpaH11qeHHOCTb cneKTpa 6apl!OHHb!X 

pe30HaHCOB "cBepxy" cnyll(l!T nononHl!TenbHb!M yKa3aH11eM Ha Jl(l!3He

cnoco6HocTb nBYXMaCWTa6HOM Monen11 6apl!OHHb!X pe30HaHCOB, ace

neKTIIBHOe B036yll(neHl!e A(1232)-pe30HaHCa B o6nacTI! 9Heprl!M T ~ 
p 

1 f9B MOJl(eT paCCMaTpl!BaTbCH KaK npOHBneHl!e nBOMHoro pe30HaHca 

qJOpMbl. 

Knacc11qecKoe ycnoB11e B03HIIKH0B eH11H pe3oHaHca ( 15), npen

cTaBneHHoe B B11ne: 
l 

P-=..!.!.. = Pr = n + 7 2JT o (16) 

rne P=2JT/A, COOTBeTCTByeT pe30HaHcy B KBaHTOBOM CIICTeMe, 0011-

Cb!BaeMOM n11HaM11qecK11M ypaBHeH11eM c noTeHu11anoM V(r), conepll(a

m11M xapaKTepHb!M napaMeTp ro C pa3MepHOCTbD nnl!Hbl B KOM61!HaUII~ 

C 6e3pa3MepHb!MII K09<lJ<lJIIUl!eHTaMI! nopHnKa enl!Hl!Ubl. COOTHOWeHl!e 

HeonpeneneHHOCTI! reM3eH6epra Pr ~ 1/2 He npoT11Bopeq11T (16)~ 
0 • 

np11qeM cnyqaM Pro=1/2 Bb!IlOnHHeTCH nnH COCTOHHIIM c MIIHl!ManbHOM 

9Hepr11eM, orpaH11q11BaH cneKTp 6apl!OHOB CHll3Y. Bb!pall(eH11e ( 16) 

npencTaBnHeT co6oM ycno~11H KBaHToBaHl!H Bopa-30MMepqienbna nnH 

anpOHOB. 

PacCMOTPIIM anpoH KaK pe30H11pyDmyD CIICTeMy, COCTOHmyD 113 

nByx anpoHOB, cyMMa Mace KOTOpb!X MeHbWe Macchi 11cxonHoro anpo

Ha. liHBap11aHTHaH Macca 9TOM CIICTeMbl B COOTBeTCTBIIII C ( 16) 

onp~nenHeTCH Bb!pall(eH11eM: 

M = 
n 

2 (n+.)2 m + - + 
1 r 

0 
(
n+;) 2 

m2 + --· + AM 
2 r n 

0 

(17) 

rne m
1

,m
2
-Maccu noqepHIIX anpoHOB, a AMn<r -nonpaBoqHbJM qneH K 

MaCCOBOM qiopMyne, Oill!Cb!BaDmllM 3aBIICIIMOCTb Ben11q11Hbl Mn OT oc

TanbHb!X KBaHTOBb!X q11cen (I, 1, J, P, s, .... ). 

~opMyna (17) nnH cneKTpa anpoHHb!X Ma~c HBnHeTcH qi11311qecK11M 

aHanorOM qiopMynbl BanbMepa. OCHOBHOM qneH B MaCCOBOM qiopMyne 
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(17) 6un nonyqeH Ha OCHOBe o6mero ycnOBl!H B03HIIKHOBeHIIH pe30-

HaHca B BOnHOBOM CIICTeMe, He 3aBl!CHmero OT KOHKpeTHOro B11na 

BonHOBoro ypaBHeH11H. nnH pacqeTa nonpaBKII AMn Heo6xo1111Mo np11-

BneqeH11e MoneneM. 

nnH A r11nepoHoB nonoJKeH11e oTnenbHblX pe3oHaHCOB B cneKTpe 

Mace BOCITp0113BOnl!TCH C ToqHOCTbD He Xyll(e Wllpl!Hbl COOTBeTCTByD

mero ypOBHH, a IlOCTOHHHaH rpaHl!qHbJX ycnOBIIM 7 MOJl(eT npl!Hl!MaTb 

3HaqeHl!H O II 1/2. OTMeTl!M, qTo pe30HaHCHble ycnoBl!H (15) Bbl

nomrnDTCH nnH Kall(noro KaHana 611HapHoro anpoHHoro pacnana A

r11nepoHOB. 

AHanor11qHoe COOTHOilleHJ-!e MeJKllY TeopeT11qeCKl!MII II 9 Kcnep11-

MeHTanbHblMII 3HaqeHl!HMII Mace Ha6monaeTcH nnH BCex 113BeCTHb!X 

6ap110HOB (L,=,0,Ac,Lc,=~•. ). 

~aKTl!qeCKII rpocc - CTPYKTypa cneKTpa 6ap110HOB onpenenHeTCH 

napaMeTpOM <ro> = 0.86 qJM, "rnaBHb!M KBaHTOBb!M q11cnoM" n II 

"IlOCTOHHHOM rpaH11qHbJX ycnoBl!M" ,=0,112. 

np11 pacqeTe ceqeHl!M pe3oHaHCHb!X .peaKUIIM B paMKax rr+p+g' -

Monen11 "HyKnOHHb!M" (<ro>=0.86 qJM) 11 "KOHCTl!TyeHTHb!M" (rq~0.2 

qJM) pa3Mepu IlOHBnHDTCH B qiaKTOp1!30BaHHOM qiopMe. Hanp11Mep, ce

qeHl!e peaKu1111 nepe3apHnK11 ( p, n) A conepJKIIT pe3oHaHCHb!M qne11 

rA(SA)•IGA(SA) 1
2

, nocT11raDm11n MaKc11MyMa np11 SA=M~, rne GA(SA) 

II r A(SA) - COOTBeTCTBeHHO, nponaraTop II w11p11Ha A-11306apb!, 

IIHBap11aHTHaH Macca KOTopon paBHa ~- OTCDna BllllHO, qTo 

HyKnoHHb!M pa3Mep <r 0> "cnpHTaH" 11MeH110 B nponaraTope A-1130-

6ap1L B qiopMqJaKTOpax F JTNN II F JTNA "CKpb!T" pa3MepHb!M napaMeTp 

r. MaTeMaT11qecKaH CTPYKTypa Teop1111 TaKOBa, qTo cymecTBeHHOe 
q 

yc11ne~~e ceqeHIIH du/dOdE 11n11 utot B03MOJl(HO n11wb Torna, Karna 

pe30HaHC Ha pa3Mepe <ro> B03Hl!KaeT onHoBpeMeHHO C pe30HaHCOM 

Ha pa3Mepe r . P-BonHoBoe np116n11JKeH11e nnH aMnn11Tynu peaKu1111 
q 

(p, n).A COOTBeTCTByeT nepBoMy qneHy MIITTar-JieqiqinepoBCKoro pa3-

noll(e!ll!H NN-aMnn11Tynu no pe3oHaHcaM II MOJKeT 6b!Tb o6o6meHo Ha 

cnyqaM npo113BOnbHOro pe30Ha11ca nyTeM 3aMeHu MA-+ Mn (p11c.1). 

BTOpOM naparpaqi ITOCBHmeH 113yqeHl!D rpocC-CTPYKTypu cneK

Tpa Me30HOB II n116ap110HOB. 
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Ta6irnua 3. CneKTp HHBapHaHTHUX Mace Me30HOB * µ ' 

* pacnanaIDrunxcH no KaHany µ --, rr+rr. 

f;'. 

n+-. .theory exp r fraction IC (JPC) IG(JPC) 

crJn 

1 536 Tl ( 548) o. 00119 < 0.15% o+ co-+) 

2 958 f
0

( 975) 47. 78% O+(O++) 

11'( 958) 0.198 < 2% 0+(0-+) 

3 1402 f
0

{1400) 150 + 400 94% O+(O++) 

0+1/2 361 388+2 11 + 8 

1+1/2 742 w ( 783) 8.4 2.2% 0-(1--) 

p l 770) 151 ~100% 1+(1--) 

2+1/2 1179 f2(1270) 185 85% o+ (2++) 

b (1235) 155 <15% 1+(1+-) 
1 . 

3+1/2 1628 p (1700) 235 seen 1+(1--) 

p3(1690) 215 24% i+(3~-) 

f
0

(1710) 146 seen O+ (O++) 

Ta6nnua 4. CneKTp HHBapHaHTHUX Mace H lllHpHH nnnpOTOHHUX 

pe30HaHCOB. 

--
n+-. 1/2 1 1+1/2 2 2+1/2 3 3+1/2 

M theory 1890 1932 1998 2088 2198 2326 2468 

exp/lB/ 1886 1937 1999 2087 2172 

r theory 4 9 12 17 22 

exp/lB/ 4 +1 7+2 9 +4 12 +7 7 +3 
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J,!ccnenoBaHHe cpopMy nu ( 17) nnH cnytJaH Me30HOB, HMeIDrunx 

nByxtJaCTH'lHUe anpOHHUe Monu picnana C nocTaTO'lHO 60flblllHM OT

HOllleHHeM BeTBneHHH [p(770)-->rrrr (-100%), fo(975)-->rrrr (78.1%), 

f
0

(975)-->KK (21.9%) H T.n.J H THnHtJHYID lllHpHHY 50-100 M3B yKa-

3UBaeT Ha ee npHMeHHMOCTb 6e3 KaKHX-nH6o MonHcpHKaUHH H orOBO

pOK (Ta6n.3). 

Pe3ynhTaTu, aHanorHtJHUe npnBeneHHUM B Ta6n.3, 6unn nony
tJeHu nnH Bcex Ha6nIDnaeMUX Me30HOB /l?/' HMeIDWHX nByXtJaCTH'lHUe 

anpoHHUe Monu pacnana, a TaK~e nnH nn6apHoHoB (Ta6n.4). 

3MnHpH'leCKHH cpaKT npHMeHHMOCTH COOTHOllleHHH (17) nnH Bcex 

anpoHOB, HMeIDruHx 6nHapHue anpoHHUe KaHanu pacnana, .cBnneTenb

CTByeT O ee qJH3HtJeCKOH o60CHOBaHHOCTH H, KpOMe Toro, yKa3UBa

eT Ha HBHYID CBH3b napaMeTpa <ro> C cpyHnaMeHTaflbHUMH CBOHCTBa

MH CHflbHoro B3aHMoneHCTBHH. 

~RH HHTepnpeTaUHH napaMeTpa <ro> B TepMHHaX Me30HHOH Te

opHH CHflbHUX B3aHMoneHCTBHH oona paCCMOTpeHa 3anatJa 

rrN-pacceHHHH B paMKax,nnarpaMMHOH_TeXHHKH, H3flO~eHHOH B 
/14/ 

B nepBOM 6opHOBCKOM npn6nn~eHHH 6una pacctJHTaHa nanbHone8-

CTByIDruaa tJaCTb 3cpcpeKTHBHoro IlOTeHUHana rrN-B3aHMoneHCTBHH: 

urr" ( r) 
eff 

f2 __ rr_ - __ rr_ ------m+m [ m )
2 

P
2 

exp(-a r) 

rruu mmrr mrr ,Is' r 
(18) 

rne a= /2 m Err; Err= /p~ + m~; Prr= A
1

/
2

(S,m
2

,m~)/(2vs'), a 

TpeyronbHaH cpyHKUHH A onpenenHeTCH CTaHnapTHUM COOTHOUleHHeM 

A(X,y,z) = x 2+y2+z 2-2xy-2yz-2zx. J,!cnonh3YH TeopeMy 3peHcpecTa 

nnH 3ailHCH ypaBHeHHH nBH~eHHH IlHOHa Bnonb KBa3HKnaccHtJeCKOH 

TpaeKTOpHH H 6opOBCKOe ycnoBHe KBaHTOBaHHH yrnoBoro MOMeHTa 

mrrvr=L, MU nonytJaeM 3HatJeHHe L=0.97~ 1 nna r 0=0.86 cpM H S=M~. 

3TO 03HatJaeT,tJTO napaMeTp <ro>=0.86 cpM HMeeT qJH3HtJeCKHH CMUCfl 

aHanora pannyca nepBoH 6opoBCKOH op6HTU nna cnnhHoro B3aHMO

ne8cTBHH. 

BonHoBaH cpyHKUHH 1/J(r) naoHa, o6pa3yIDruerocH npn pacnane 

~-H306apu, 6una nonytJeHa tJHCReHHUM HHTerpnpoBaHHeM ypaBHeHHH 

KneHHa-ropnoHa, nHHeapH30BaHHoro no noTeHunany urr" . npaMUM 

.PaC:'leTOM ycTaHOBne.Ho, 'ITO IlOTeHUHan u::r<r> 3an1rn::~T BORHO

BYID~cpyHKUHID (B~) fiHOHa BO BHyTpeHHIDID o6naCTb HYKROHa, npHtJeM 
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rronozeHHe MaKCHMyMa B¢ rrpaKTH4eCKH COBrranaeT C 6opoBCKHM pa

nttycoM <r0>= 0.86 IJJM. 

Ta6nttua 5. illHpHHhl /!J.(1232)-H306aphl H N*(1440)-pe30HaHca (M3B). 

/j, N* 

r theory 100 260 

r exp 115-125 250-450 

OTCIDna cnenyeT, 4TO pe30HaHChl IJJOPMHPYIDTCH Ha OTHOCHTenb

HO 6onbmHX paCCTOHHHHX Mezny pa3neTaIDmHMHCH rrponyKTaMH pacrra

na. 3TO Il03BORHeT rrpoBeCTH aHanorHID Mezny IJJH3HKOH anpoHHhIX 

pe30HaHCOB H a-pacrranoM (T.e. Mezny IJJH3HKOi1 KBapKOBhIX H HyK

ROHHhIX KnacTepoB),rrpH KOTOpOM a-qacTHUa cpopMHpyeTCH B IlOBepx

HOCTHOH o6nacTH Hnpa/ 8
/. YKa3aHHaH aHanorHH 6una HCil0Rb30BaHa 

nnH pacqeTa lliHPHH /j,- H N*- pe3oHaHCOB (c ·rroTeHUHanoM (18)) H 

ntt6apHOHOB (c IlOTeHUHanoM XIDRbTeHa) B KBa3HKnacCH48CKOM rrpH-

6nttzeHHH B paMKaX cpopMaRH3Ma c.r.KanMeHCKOI'0/
8
/. Ta6nHUhl 4 H 

5 neMOHCTPHPYIDT xopomee cornactte TeopeTH48CKHX H 3KCrrepHMeH

TaRbHhIX 3Ha4eHHi1 mHpHH. 

B pe3ynhTaTe rrpoaeneHHhIX ttccnenoaaHHH ycTaHoBneHo, qTo 

crreKTp anpoHOB norrycKaeT BecbMa rronHoe BocrrpoH3BeneHHe B paM

Kax rrpHHUHrra COOTBeTCTBHH Ha OCHOBe IJJH3H48CKOi1 aHanorHH C 60-

pOBCKOH MonenbID aTOMa. 

B 3aKRID4eHHH rrepeqttcneHhl OCHOBHhle pe3yRbTaThl pa60Thl. 

B rrpttnozeHHH 1 rrpHBeneHhl rrone3Hhl8 KHHeMaTH4eCKHe COOTHOme

HHH, a,B rrpttnozeHHH 2 - qacTO HCilORh3yeMhli1 anropHTM pacqeTa 

IJJYHKUHH BeccenH, HBRHIDlliHHCH Hatt6onee 31JllJl8KTHBHhIM H3 Bcex H3-

BeCTHhIX Ha ceronHHlliHHii neHb aHanorH4HhIX anropHTMOB. 

Ha 3amttTY BhIHOCHTCH 

1. Pe3ynbTaTh1 HHTerpanbHOI'O aHantt3a peaKUHH (p,n) H 

(
3
He,t) Ha H3h!Ke 31JllJleKTHBHhIX q~cen. JlOKa3aTenbCTBO BaZHOH po

RH KaHana 6e3Me30HHOH pa3pHnKH /!J.-H306ap B ¢0pMHpOBaHHH HHKRID~ 

3HBHhIX ce4eHHi1 peaKUHH rrepe3apHnKH. 

2. JloKa3aTeRbCTBO cymecTBOBaHHH nHc~peTHhIX HeonH03Ha4HOC

Tei1 rrN/!J.- tt pN/!J.-aepmHHHhIX IJJYHKUHH H crroco6h! nHcKpHMHHaUHH co-
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OTBeTCTBYIDlliHX Ha6opoB KOHCTaHT rr+p+g' - MonenH. 

3. Pe3yRbTaThl HccnenoBaHHH HHTepcpepeHUHOHHhIX 31JllJleKTOB B 

peaKUHHX rrepe3apHnKH C B036yzneHH8M /!J.(1232) - H3o6ap. Bh!Bon O 

3Ha4HTeRbHOM BRHHHHH HHTepcpepeHUHH /j, + - H l!J.0 -H3o6ap Ha cpopMy 

HMITYRbCHhIX crreKTpOB HHKRID3HBHhIX rrpoueccoB rrepe3apHnKH. YcTa

HOBReHHe rrpenenoB rrpHMeHHMOCTH noTeHUHanbHhIX rrpH6nHZeHHH nnH 

pacqeTa ceqeHHH pe30HaHCHhIX 3apHnOB006MeHHhIX peaKUHii. 

4. Pe3yRhTaThl aHaRH3a MaCmTa6HOH HHBapHaHTHOCTH rpocc

-CTPYKTYPhl crreKTpOB anpoHHhIX pe30HaHCOB. HHTeprrpeTaUHH napa

MeTpa <r
0
> KaK aHanora 6opoBcKoro panHyca nnH cnyqaH CHRbHhIX 

B3aHMonei1CTBHH. 

s~ MaccoBaH cpopMyJia nnH rpocc-CTPYKTYPhl anpoHHhIX cneKTpOB. 

OCHOBHhle MaTepHaJI~ nHccepTaUHH 6h!JIH nonozeHhl Ha POCCHH

CKHX H MeznyHaponHhIX KOHIJlepeHUHHX no HnepHOH IJJH3HKe H IJJH3HKe 

rrpoMezyTo4HhIX 3Heprttf!: 

Tennypafln(1991)/CillA/, BapeHHa(1991)/HTantti/, XHpmer,(1990,91, 

92,93)/ABCTpHH/, Jly6Ha(WEIN-92,NSNR-92,CeMHHap rei13eH6epra -

RaHnay (1992 H 1993))/POCCHH/, BceCOID3HhIX COBemaHHHX no Hnep

HOH crreKTpOCKOilHH H CTPYKType aTOMHOI'O Hnpa (1976-86),ceMHHa

pax RT¢ OH.HH, RB3 OH.HH, PHU KypqaTOBCKHH HHCTHTYT, HHH.H¢ MrY, 

CaHKT-IleTep6yprCKOI'O YHHBepCHTeTa, ¢H3HK0-3HepreTH4eCKOI'O 

HHCTHTyTa, YHHBepcHTeTa BaneHCHH /HCnaHHH/ H orry6JIHKOBaHhl a 

pa6oTax: 

1. c.r.KanM~HCKHH, ID.R.PaTHC, B.H.¢ypMaH, B.r.xne6ocTpo-

8B, "IloBepXHOCTHhle BepOHTHOCTH cpopMHpOBaHHH' a-qacTHU 4eTH0-
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C.630- 637. 

2. c.r.KanMeHCKHH, ro.n.PaTHC, K.C.Pu6aK, B.H.¢ypMaH, "Bhl-
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( 1980). c. 911-921. 

4. A.T.BanblliHH, B.r.KanMeHCKHf!, c.r.KanMeHCKHH, ID.n.PaTHC, 

B.H.¢ypMaH, "IlpaBHna CYMM nnH Cil8KTpOCKOilH48CKHX ¢aKTOpOB 

TPHTOHOB,
3

He H a-qacTHU B aTOMHhIX Hnpax", .H¢,33(1981). c.939-

950. 

5. B. r. KanMeHCKHH, ID. R. Pa THC, "31JJIJleKTHBHhl8 4Hcna nef!TpOHOB 
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RnepHblX peaKUHH c BblxonoM COCTaBHblX qaCTHU", Rel>, 3_!5 ( 1982), 

c.654-661. 

7. c.r.KanMeHCKHH, ID.R.PaTHC,"HHKnD3HBHble peaKUHH KBa3H

ynpyroro Bb16HBaHHR COCTaBHblX qacTHU npH 6onbWIIX nepenaHHblX 
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8. c.r.KanMeHCKHH, ID.R.PaTHC,"PeaKUHH KBa3Hynpyroro Bbl6H
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9. ct>.A.rapeeB, ID.R.PaTHC,"HHKnD3HBHble peaKUHH nepe3apRnKH 
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10. F. A. Gareev, Yu. L. Ratis, "Inclusive. ch;;i.rge-
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