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061IlAfl XAPAKTEPHCTIIKA PASOThl 

AKTYanbHOCTh npo5neMH. B ceMHaecH-n<e roa~ co3aaH HOBlalH noaxoa K 

onttcaHM~ $YHaaMeHTanbHbl>< B3aMMoaeACTBMA, 5a3MPYJOl!lMACH Ha TeOpeTM4eCKM 

.H 3KcnepHMeHTanbHO 060CHOB8HHOM npennono~eHHH O TOM, ~TO OKPy,Kalotlll•in 

Hae MHP noc7'POeH H3 k'.BaPkOB H nenTOHOB, a nepeHOC"-IHKOM B3aHMOt:teRCTB.HH 

HBnHJO'T'C:R J(anH6POBO'.fHhle nons:i. B Ka',feCTBe JCBaHTOBO-noneaoH KanH6posoqHoH 

TeOPHH CHnbHliK B38HMOt:teHCTBHA BHC-rynaeT KBaHTOBaR XPDMOAHHaMHKa 

( KX~ ), KOTOPaH npMMeHHeTCH He TOnbKO anH onttcaHMH CMn, CBH3~alOIIIM>< 

KBaPKM B aapoH~, HOM anH nocTPQeHMH TeOPMM HaepHbl>< CMn. HeCMOTPH Ha 

TO, 4TO OCHOBH~e nono~eHMR KX~,KBK TeOPeTM4eCK08 CKeMH 1 C$0PMYnMpoBaH~ 

·u HawnM 3KCnePMMeHTanbHOe noaTBep~eHMe, CY!lleCTByeT PRa KapaMHanbH~ 

sonpocos, Hy,K,Qa~IllM><CR B aanbHenmeM 3KCnepttMeHTanhHOM M TeOpeTM4eCKOM 

HccneaoaaHHH- Cpeaw HHX noHCK H HccneaoaaHHe MHOrOKBaPKOBbl>< M 

3K30~"H~eCKHX COCTO:RHHR, H3~eHHe noseaeHH:R KBapKOB Ha 5onhlllM>< 

pacCTOHHMH><, noMCKM $a30Boro nepe><oaa semecTBa M3 aapoHHOA B KBaPKOBYJO 

$a3Y M apyr-Me. 

~ccep-rat.tMR nocsHmeHa 3KCnepMMeHTanbHOMY uccneaosaHM~ 

KYMYnRTMBHOro po~eHMR 4aCTMLt B aapoH-RaepHbl>< npot.tecca><, TO ecTb 

po~aeHM~ 4acTMt.t s o5nacTM npeaenbHOA ~parMeH-rat.tMM Haep 3a npeaenaMM 

asy,c4aCTM4HOA KMHeMaTMKM B3aMMoaeACTBMR naaalOlllero aapoHa C HYJCnOHOM 

Rapa. KYMYnRTMBHlalH 3~KT 5~ npeacKa3aH B 1970 roay AH.EanaHH-* Ha 

OCHOBe o5o5meHMH MaCIDTa6HOA MHBapttaHTHOCTM Ha nPOLteCCli CTOnKHOBeHMR 

penRTMBMCTCKM>< Haep, TO ecTb 5~a s=Ka3aHa M 060CHOBaHa TeOPeTM4ecKaR 

rMnOTe3a O TOM, 4TO CBOACTBa cneKTPOB BTOPM4Hbl>< 4aCTMLt s=oKOA 

3Heprw11, 05Pa3YJOlllMKCR npM CTOnKHOBeHMM penHTMBMCTCKM>< Raep, 

onpeaenR=R noKanbH~ CBOACTBaMH aaPDHHOA MaTePMM. 

B 1971 roay B 3KcnePMMeHTa>< rpynnli B.C.C-raBMHCKoro** Ha 

CHH><PO$a30TPDHe 0115l11 B peaKllHM d +Cu• n- + ••• npM 3HeprMM 

nePBM4Hbl>< npoTOHOB 5 r38./HYJCnOH 6~M 05Hapy,,<eH~ BTOPM4Hlie nMOH~, 

3HeprHR KOTOPbl>< CY!lleCTBeHHO npesbllllana KMHeMaTM4eCKMA npeaen anR cnV4aR 

B3aHMOt:{e'1:CTBH:R OTttenbHblX HYKJJOHOB aeH-repH51 C MJfmeHhJO,. T.e. 6~0 

3KcnepHMeH-ranhHO 06Hapy,,<eHO RBneHMe KYMYnRTMBHOro Me30H005pa30BaHHR. 

~KcnepttMeH-ranbH~ MccneaoaaHMR MHKn~MBHOro po~eHMH npoTOHOB B 

KMHeMaTM4eCKM 3anpemeHHOA o5naCTif. B RaepH~ peaKLtMH>< npM s=OKM>< 

3HeprMR><, Ha4a~e B H'T$,l) r.AneKCMH- C COTPYaHMKaMH B cepeaMHe 

roaos***, npusentt K DTKP=~ HBneHMR HaePHoro cKeAnttHra. 

* EanaMH AH. KPaTKMe cooomeHHH no $M3MKe, 1971, T.1, c.35. 

** EanaMH AH. M ap. OH5111, Pi-5819, ~y5Ha, 1971. 

*** Ea~KOB IO . .ll M ap. 113B. AH CCCP. Cep. $M3., 1966, T.30, c.521. 
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C MOMeHTa 06Hapy.,ceHHR KYMYJlRTHBHoro 3¢,¢,eKTa Mhl paCCMaTPHBaJIH era 

](8K CHrHan O Ha.ITH'-IHH B s:r.apax "'Kanenek aapoHHOl1 Ma'T'ePHH'" HJlH 

MHOrOKBaPKOBW< KOH¢,Hrypal..\HH ) , no CBOeH CTPYJ(~ype CHJlbHO OTJlH"'la~mHXCR 

OT CB060AHW< HYJ(JlOHOB. llanbHefimee H3\f'ieHHe KYMYJIRTHBHW< TTPOL\eCCOB Aano 

OCHOBaHHR .anR BBet:teHHR He061:NHblX nnR RAePHOH $H3HKH KBapK-napTOHHhlX 

npeACTaBneHHH He TOnbKO O CT'PYJ(TYPe HYJ(JlOHOB, HO TaK)l(e H 0 CT'PYKTYPe 

caMoro RAPa. HccneAoBaHHe KBaPKOBOH CTPYKTYPli RAep AaeT npHHL\HnHanbHO 

HOBYJO HH¢,OPMal..\H~ 0 MynbTHKBapKOBW< CHCTeMaX 

MexaHH3Me RAePHW< peaKL\HH npH a=oKHX 3HeprHRX. 

H B3aHMO/leHC"J"'BHs:IX, 

8 HaCTORmee BpeMR HCcneAOBaHHe npoRBJleHHH KBapK-rn=HHW< CTeneHeH 

CB060Ali B RApax 3aHHMaeT 3Ha"'IHTeJlbHOe MeCTO B Ha\f'iHOI~ nporpaMMe PRAa 

coaeTCKHX H 3apy6eJKHW< Ha\f'iHliX L1eH7'POB. CpeAH HaH6onee 3Ha\-fHMblX 

npo6neM, KOTOplie H3\f'ia~R 3KcnepHMeHTaJlbHO, OTMeTHM 

KYMYJlRTHBHliX nPOL\eccoa Ha RAPaX H HCCJleAOBaHHe RAePHW< 

Hccne.aoaaHHe 

CT'PYKTYPHW< 

¢>YHKL\HH < 0HSil-1, ~, EpcI,H, UEPH, CJ1AJ{ >, H:3\f'ieHHe 3¢,¢,eKTOB L\BeTOBOro 

3KPaHHPOBaHHR ( 0HSil-1, Hl,B3, 6pyKxef1BeH ), noHCKH B RAPO-RAePHW< 

CTOnKHOBeHHRX DPH Bl:JCOKHX :JiHeprHRX HOB□ro COCTORHHR 

KeapK-rn=HHOH nna3Mhl < 0HSil-1, UEPH, 6PYKXefieeH >. 
eemecTBa 

H3\f'ieHHe nPORBJleHHH KBaPK-rn=HHliX CTeneHeH CB060AN B RAPaX 

RBJlReTCR "'lepe3Bli"'laHHO aKTYaJ1bHliM H COCTaBJlReT OAHY H3 

npecneKTHB ¢>YHAaMeHTaJlbHW< HCCJleAoBaHHH B o6nacTH coapeMeHHOH 

¢,H3HKH. 

rnaBHblX 

RAePHOH 

Uenb pa6oTli 3KcnepHMeHTaJlbHOe HCCJleAOBaHHe npou,eccoa 

KYMYJlRTHBHOro PO)l(AeHHR "'!aCTHL\ B aAPOH-RAePHW< B3aHMOAeHCTBHRX 

1) ¢,H3H"'!eCKOe 060CHOBaHHe noCTaHOBKH 3KcnepHMeHTa H Bli60P 

aaeKBaTHOH 3aAaYe MeTOt:tHJ(H; 

2) C03AaHHe MaTeMaTH"'!eCKOro o6ecne"'!eHHR 3KCnePHMeHTa H o6pa6oTKa 

3JCcnepHMeHTanbHblX ,aaHHHXj 

3) H3\f'ieHHe B pA- H dA-a3aHMOAeHCTBHRX 3HepreTH"'leCKHX cneKTPOB 

nHOHOB npH pa3JlH"'IHW< yrnax 3MHCCHH, yrnoewc 3aBHCHMOCTeH H 

38BHCHMOCTeH ce\-feHHH reHepauHH DHOHOB OT aTOMHOro aeca RApa-MJ.1meHH; 

4) H3\f'ieHHe KYMYJlRTHBHOro po~eHHR "'!aCTHlJ, Ha ner"'!aHmHX RAPax 

AeHTePHR H ren»R; 

5) H3y"'leHHe npou,eccoa KYMYJlRTHBHoro PO)l(AeHHR CTPaHHW< Me30HOB 

( K+ H K- ) B nPOTOH-RAePHW< H AeHTPOH-RAePHW< B3aHMOAeHCTBHRx; 

6) aHaJlH3 3KcnepHMeHTaJlbHW< AaHHW< no KYMYJIRTHBHOMY PO)l(AeHH~ 

"'!aCTHlJ,, ¢,OPMYJIHPOBKa BaJKHeHmHX CBOHCTB aTOMHliX RAeP KaK KaapK-rn=HHW< 

CHCTeM. 

Ha\f'iHaR HOBH3Ha pa60Tli. 8 JJa60PaTOPHH BliCOKHX 3HeprHH OHSll-1 

C03AaHa ¢,H3H"'!eCKaR ycTaHOBKa ,llHCK-2, no3B0JlHBm3R npoaecTH 60JlbmYJ<) 

nporpaMMY 3KCnePHMeHTOB Ha CHHXPO¢,a30T'POHe no HccneaoaaHJ.110 
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KYMYJIRTHBHoro pO)l(AeHHR "'laCTHlJ, B 

B3aHMO/le.l1CTBJ1:RX. Ha YCTaHOBKe Glina 

El:JCOKOHH'l"eHCHBHW< n~Kax 

npOTOH-RAePHW< H 

OCBOeHa MeTDaHKa 

"'laCTHlJ, ( AO 5•10
11 

RAPO-RAePHW< 

pa6oTli B 

"'laCTHlJ,/C npH 

TOnIUJ.iHe MHmeHH AO 10 

nepBH'-IHblK 

r/cM
2 

). HMeHHO Pa6oTa B n\f'iKax Bl:lCOKOA 

HH'l"eHCHBHOCTH n□3B□nHna anepel:Je non~HTb ue.nblA PffA DPHHUHnHanbHO HOBblX 

3KCnepHMeHTaJlbHliX AaHHW< 0 npou,eccax KYMYJlRTHBHOro Me30H006pa3oBaHHR. 

ITony"'leHli HOBlie 3KCnepHMeHTaJlbHlie AaHHlie no 3HepreTH"'leCKHM 

cneK7'PaM TTHOHOB npH pa3nH"'IHW< yrnax perHCTPalJ,HH H yrnoBliM 3aBHCHMOCTRM 

ce"'!eHHH KYMYJlRTHBHOro PO~AeHHR, HaH6onee nOAP06Hlie 3KCnepHMeHTanbHNe 

AaHHHe no A-3aBHCHMOCTH ce"'leHHH KYMYJlRTHBHOro po~eHHR nHOHOB. 

BnepBlie BlinOnHeHO CHCTeMaTH"'!eCKOe HCCJleAOBaHHe KYMYnRTHBHoro 

pO)l(AeHHR 

H3MepeHli 

+ 
rr--Me30HOB Ha nerKHX RAPaX npoTOHaMH C 

3HepreTHYeCKHe cneK~"Pli nHOHOB C 

HMnYJlbCOM 8,9 r3B/C. 

yrnoM 3MHCCHH 180° 

OTHOCH~'eJlbHO HanpaaneHHR n~PBH"'!Hro n\f'iKa AJlR RAeP Ae~TePHR H 

llnR RAPa reJlHR BlinOJlHeHli H3MepeHHR 3HepreTH"'leCKHX cneKTPOB 

renHst. 

nPH 

pa3JlH"'IHW< yrnax 3MHCCHH, a TaK)l(e yrnOBlie 3aBHCHMOCTH HHBapHaHTHW< 

AH¢>¢epeHlJ,aJlbHliX Ce"'!eHHH nPH ¢,HKCHPOBaHHOH BeJlH"'IHHe HMnYJlbCa. ITpoBeAeHo 
+ 

H3MepeHHe 3HepreTH"'!ecKoro cneKTPa rr--Me30HOB B npoTOtrnpoTOHHW< 

B33HMOAeHCTBHRX C HyneBOH COCTaBJlR=eH nonepeYHoro HMnYJlbCa ( T.e. 

yrnoM 180° >. 
nOA 

Bnepelie npoaeAeHo H3MepeHHe ce"'!eHHH 

nPOTOHOB noA yrnoM 180° H3 RAeP AeHTePHR H 

PQJl(AeHHR 

reJlHR H 

l<YMYJIRTHBHW< 

no1<a3aHo, "ITC 

eenJ.1'-IHHbl 

npeauma~ 

Ce"'leHHH PO)l(AeHHR l<YMYJIRTHBHW< npoTOHOB cymecTBeHHO 

ce"'leHHR po)l(AeHHR nHOHOB C TeM )l(e HMnYJlbCOM. H3\f'ieHli yrnoBlie 

33BHCHMOCTH Ce"'leHHH. CpaaHeHHe noBeAeHHR 3HepreTH"'leCl<HX cne1<TPQB H 

yrnoawc 3aBHCHMOCTeH Ce"'!eHHH Ha ner"'!aHmHX H TR)l(eJlW< RAPax nOATBePAHJlO 

npeAnoJIO)l(eHHe o no1<aJ1bHOM xapa1<Tepe 1<YMYJ1RTHBHW< npou,eccoa. 

BnepBlie BlinOJIHeHO CHCTeMaTH"'leCKOe HccneAOBaHHe KYMYJlRTHBHOro 

PO)l(AeHHR C7'PaHHW< Me30HOB < K+ H 

cneKTPN nPH pa3JlH"'IHW< yrnax 3MHCCHH 

K- ). H3\f'ieHli 3KCnepHMeHTanbHlie 

( 168°, 120°, 900 ), 3aBHCHMOCTb 

+ -ce"'leHHR po~eHHR K - HK -Me30HOB OT aTOMHOro eeca RAPa MHWeHH, H:3\f'ieHa 

yrnoaaR 3aBHCHMOCTb Ce"'leHHH PO)l(AeHHR KaOHOB. 

CoBOl<ynHOCTb 31<CnepHMeHTaJlbHW< aaHHW< no l<YMYJIRTHBHOMY 

Me30H006Pa3oBaHH~, nOJl\f'ieHHW< B HacTORmHX 31<CnepHMeHTax, no3aon»na 

anepalie H3Y"'fHTb CBOHCTBa 1<Bap1<-naPTOHHW< CT'PYKTYPHW< ¢>YHl<UHH RAeP, 

no1<a3aTb HX YHHBepcaJlbHliH xapa1<TeP AJlR Pa3JlH"'IHW< RAep H BTOPH"'IHW< 

"'!aCTHlJ,. Ha OCHOBaHHH 31<CnePHMeHTanbHW< AaHHW< CAenaH BliBOA O TOM, "!TO 

1<aap1<-napTOHHlie CTPYKTYPHlie ¢>YHl<lJ,HH RAeP 1<a"'1eCTBeHHO OTJlH"'la=R OT 

1<aapK-napTOHHW< CTPYKTYPHW< ¢>YHl<1J,HH HYKJlOHOB H He MOryT 6liTb ceeAeHli 

1< cynepno3HUHH nocneAHHx. 
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HaV'<HO-nDaKTH~ecKaR 3Ha~HMOCTb. 3KcnepHMeHTanbH~e pe3ynb-ra~ 

AHCCePTaUHOHHOA pa5~ AO HaCTORmero epeMeHH RBnRIOTCR HaH6onee nonHblMJi 

AaHHblMJi no KYMVnRTHBHOMY Me30H006pa3oeaHHIO ~aCTHU Ha RAPax. 

nonY'<eHH~e e pa60Te 3KcnePHMeHTanbH~e AaHH~eCTHMYnHpoeanH 

pa3BHTHe Hoe= TeOpeTH~ecKHX nOAXOAOB K o6'bRCHeHHIO npoueccoe 

KYMVnRTHBHoro PDJKAeHHR ~ac-rnu B aAPOH-RAePH= peaKUHRX. 

YHHeepcanbH~ xapaKTeP RAePH= CTPYKTYPH= ~YHKUHA no3eonHn 

HCnOnh30BaTb 3KCnepHMeHTanbHNe, aaHH~e, enepe~e nonY'<eHH~e npH 

HCCneAoBaHHH aAPOH-RAePH= peaKUHA, AnR npeACKa3aHHR pe3ynbTaTOB 

3KCnepHMeHTOB B eA-, yA-, vA-e3aHMOAeACTBHRX. KPOMe TOro, CAenaH~ 

npeACKa3aHHR AnR ce~eHHA POJKAeHHR KYMYnRTHBH= n-, w-, 

~-H306ap H APyrHx ~ac-rnu B aAPOH-RAePH= peaKUHRK. 

p-Me30HOB, 

Pe3ynbTa~ H3MepeHHA, e=onHeHH= B AHCCePTaUHOHHOA 

HCnOnb30BanHCb npH nnaHHPOBaHHH KoppenRUHOHH= 3KCnepHMeHTOB. 

pa6o·re, 

~po6aUHR pa6o~ H ny6nHKaUHH. Pe3ynbTa~, eomeA!IMe e AHCCePTaUHIO, 

HeOAHOKPaTHO AOKnaA~anHCb H 06CYJl(AanHCb Ha CeMHHapax JJB3 H m~ OHSIH, 

cneUHanH3HPOBaHHOM HaV'<HOM ceMHHape no penRTHBHCTCKOA RAePHOA ~H3HKe 

JJB3, ceMHHape HaV'<H0-3KcnepHMeH-ranbHoro MeTOAH~ecxoro OTAena JJB3; 

AOKnaA~anHCb aeTOpoM Ha nneHaPHOM 3aCeAaHHH OTAeneHHR RAePHOH ¢,H3HKH 

AH CCCP < Hocxea, 1984 ), Ha Bcecol03H= pa6o~Hx 

npeAenbHOH ~parMeHTaUHH RAeP C EpeeaH, 1980, 1984; 

COBeIQ,aHHRX 

Hocxea, 

no 

1982, 

1986 ), Ha npo6neMHOM ceMHHape "B3aHMOAeHCTBHe ~aCTHU H RAep c RAPaMH 

npH e=oKHK 3HePrHRK" C TaWKeHT, 1981 ), BcecOI03HOH KOH¢,epeHUHH no 

ManoHyxnoHH- CHCTeMaM < KHee, 1985 ), 0.Mn03HYMe no HeHyxnOHH~ 

CTeneHRM CB060Ali B RAPaK ( ra~HHa, 1987 ), HeJKAYffaPOAHOM COBem;3HHH no 

npo6neMaM penRTHBHCTCKOH RAePHOA ~H3HKH C llY6Ha, 1982 ), Ha VI I H VI I I 

HeJKAYHaPOAH= ceMHHapax no np06neMaM ~H3HKH e=oKHK 3HeprHH < lly6Ha, 

stt:tpa" X HeJKAYHaPOAHOH KOH¢,epeHUHH "'-laCTHUli H 1984, 1986 ), 

( reAAenb6epr, 0Pr,. 1984 ), IV HeJKAYffapoAHOM COBem;3HHH no 

HccneAoeaHHRM Ha ycxopHTene CATYPH < na- JbHAe, (l)paHUHR1 1986 ), 

EepeneHCKOA KOH¢ePeHUHH no ¢H3HKe e=oKHK 3HeprHA ( Ynnca~a, llleeUHR, 

1987 ), XXIV HeJKAYHaPOAHOH KOH¢,epeHUHH no ¢H3HKe e=OKHK 

< HIOHxeH, ~Pr, 1988 ). 

3HeprHH 

Pe3ynba~ TaK:Ke 6~H npeACTaeneH~ Ha EeponeACKYfO KOH¢,epeHUHIO no 

¢H3HJ<e ~ac-rnu < EyAaneWT, 1977 ), XIX H XXI HeJKAYHaPOAH~e 

no ¢H3HJ<e e=Ol<HK 3HeprHA C ToKHo, 1978; naPHlK, 1982 ). 

CcHOBH~ pe3ynbTa~ H3no:KeHN e 19 ny6nHl<aUHRK. 

KOH¢,epeHUHH 

06'beM AHCcep-rauHH . .a,.iccep-rauHR COCTOHT H3 BBeAeHHR, nRTH rnaa, 
3aKn=eHHR H cnHCKa Hcnonb30BaHHOA nHTePaTYPbl. 
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C0llEPL\HHE P AEOThl 

Bo BBe,aeHHH 060CHOBb1BaeTCs:t ak'lyanbHOCTb H pacKpblsae·rcff co,aep>KaHHe 

T€MH JlHCCep'l~UHH, C~PMYnHPOBaHa uenb pa6o7'hl, H3nO>KeHa HOBH3Ha H 

Hay'-fHo-npaKTH'-feCKas=t 3H81.fHMOCTb nonY1.feHHHX pe3ynbTaTOB, onHCaH nnaH 

a11ccepTa.UHH. 

B nepsoH rnaee on11caHa ~KcnepHMeH-ranbHaR yCTaHDBKa llHCK-2 H 

OPHBOJ:lH'T'CH ee xapak'.TePHC'l'"l-1'.KH. OScy~aalOTCs:t eonpocbl r,0;•reMaTH'-fec1Coro 

o6ecne'-feHHR ~KcnepHMeHT'a H o6pa60TJCH OKcnePHMeHTanbHbDC aaHHbD<. 

B §1 AaHO onHcaHHe yc-raHOBl<H ,lll1CK-2, C03AaHHO>I B Jla6opaTOpHH 

BHCOKHX OHeprHH 0Hffi1 an~ HCCneaosaHHs:t npoueccoe KyMynRTHBHOro PO>K,aeHHff 
+ + - 3 4 

'-faC'l"HU ( rr-, K-, P, P, d, t, He, He ) B HHk'.JlJ03HBHOi.:t: peaKUHH 

I + I I ➔ 1 + ... . DPHHUHnHanbHaR cxeMa ycTaHOBl<H npHBeAeHa Ha PHC.1. 

31<cnepHMeHT npoBOAHnCR Ha B~eAeHHOM n~J<e CHHXP0~30TPOHa 01-!ffii nV'<OI< 

PHc.1. CxeMa yc-raH0B1< H tll1CK-2. 

nepBHYHblX YaCTMU I npOTOHbl HnH 

AeH,"'OH~ c HMnynbCOM 8,9 r3B/c nH60 RAPa 

c HMnynbcoM 4,5 r3B/c Ha HYKnOH 

¢ol<YCHpoeancR Ha MHmeHb II < AHaMeTP 

C¢:OKYCJ.1poBaHHOro Ha MHmeHb ny'-fl(a OKOJlO 

15 MM ). Hcnonb30BancS'I 60nbWOA Ha6op 

MHmeHeH < 6onee ABaAua-rn 

aTOMHHX s:1aep OT BO,ltOPO,lta ,ltO 

Pa3JlHl.J:HblX 

ypaHa ). 

l!HaMe,-p 

TOnlJll-!Ha 

11"l"Bep,ltHX11 

o,· 0,1 

MHWeHefl 

AO 10 

30 MM 

r/CM2 
H 

B 

3aBHCHMOCT'H OT YCJlOBHJ.1 3KCnepHMeHTa. Ha 

YCTaHOBKe Tak'.~e HCnOJlb30BaJlaCb H cneu11anbHO pa3pa60TaHHas:t e 

Hay1.-fHO- HH>keHepHO:M KPHDr"eHHOM OTAene JJB3 MHmeHb*. Oco6eHHOCTb~ 

K PHOr"eHHOU MMWeHH ycTaHOBK H HBJlHeTCSl pa3MemeHJ.-fe B O,AHOM Bak'. YYMHOM 

J(Q;,cyxe c 60nbWOH B~XOAHOA anepTyport COCYAOB C lKHAl<HM BOAOPOAOM, 

t:teH-repHeM H renHeM. KpHoreHHUe MHmeHH HMeJlH ,ltHaMeTP 50 MM H pa3Mep no 

nyYJ<Y 50 (140) MM. CocyAH MHmeHeH H3rOTOBneH~ H3 MaHnapa TOnWHHOH 

120 Ml<M. 

BTOPHYHNe YaCTHUH 1 ( ~parMeHTli RApa-MHmeHH) perHc,-pHpoeanHCb e 

HHTePBane yrnoe OTHOCHTenbHO HanpaeneHHR nePBHYHOro nyYJ<a OT 49° AO 

180° H e HHTepeane HMnynbCOB OT 0,15 AO 1,6 r3B/c. 

HarHHTI-fO-OnTI1'-feCKHH KaHan cneKTPOMeTPa COCTOHT H~ aHaJlH3HPYDmero 

MarHHTa H AY6ne-ra J<BaApynonbH= nHH3, ¢<JPMHPYKll!IHX nV'<OI< B'l"DPH'-t:HblX 

Yac,-Hu. HMnynbcHoe pa3peweHHe cneKTPOMe,-pa - 8,6 7. < nonHaS'I WHPHHa 
-4 

nonOBHHe BHCOTli ). A1<cen-raHC yc-raHOBJ<H - 1,72•10 cp. 

·* ronosaHOB JJ.E. M AP- DT3, 1978, T.3, C.41. 
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I, 

HtteHT>t~l1Kau11r1 BTOPl1YHNX yaCTHU OCYIUeCT'Bnr1nacb nyreM He3aBl1Cl1MblX 

H3MepeHHU apeMeHH nponeTa Ha .QByx CSa3ax ( 3,8M 

Cpe.QHeKBa.QpaT>tYHarl Ol!M6Ka 113MepeH11H COCTaBnrleT 260 nc. llnr1 

Hao.e>KHOCTH e1,10.eneH1-1;r none3Hblx COOblTHH npoeo.a11nHcb 

HOHJ.13aU,HOHHblX no,~pb B CUHHTHnn~'l"OPax H HHTeHCHBHOCTH 

11 1M ). 

noBblIDeHHSl 

H3MepeHHA 

J..f3nY'-feHHSl 

Baa11noaa - ~epeHKOBa e ,-aepaoM paa11aTOpe. llnr1 per11cTpau1111 n110H0B C 

11MJ1ynhCOM eume 900 H:>B/c 11cnonb30Bancr1 ra30BNl1_ noporoaNH YepeHKOBCK11J01 

C'-ie"r-lHK. 

On-rocH'T'enbHYJO HHTeHCHBHOCTb nyYKa YCKOPeHHblX Y:aCTHU, H3Mep5teT 

'1--enec1<on CY:e'l'iHKOB HP < s4 , s5, s6 >. rpa.QYHPOBKa ·reneck'.ona 

ocymec'l~ns:inacb MeTOO.OM H3MepeHH~ HaeeaeHHOU aKTl-fBHOCTH a yrnepoae ( C 

TOYHOCTb~ ± 5% > np11 oc5nyYeHl111 non11c,~pona < C8 H
8 

> 
nepBl1YHOPO nyYKa. 

B =Kyce 

B §2 on11caHa opraH113au11r1 ccsopa aaHHblX C ycTaHOBKl1 B 

11 0Kcnep11MeH"Tax Ha m-1H1111 c 3BM EC-1040. PaccMOTPeHa C"l"PYK"lypHaR cxeMa 

apeMeHHaR a11arpaMMa npouecca cc5opa anroPHTt-t 

ynpaeneH11r1 annapa,ypol1 ycT-aHOBKl1 B 

,aaHHbl"h. 

npouecce 

np11eeaeH 

ccsopa .QaHHNX 11 

npe.QC"laBneHl1rl 11H=PMaU1111 :>Kcnep11MeH"laTOPY. 

B §3 paccMOTPeH KOMJlneKC nporpaMM peanbHOPO BPeMeHl1 11 oc5pa60TKl1 

:J,J(CnepHMeH'l"aJibHblX aaHHblX. B npouecce ':'t¥.r.n.nyaT8UHi-! VC''l"aHOEl<:·a pa6oTa.na 

CHaYana Ha ,nJ.fHJ.fH C '..:1BM 5:= 11..J i--t ( 1975-19'l8 rr. ) l1 Ha'-H1HaH C 1979 r. Ha 

nl!HHH c c1BM 1040 ( 1C65 ). nporpaMMa anr1 paCSOTbl Ha nl1Hl111 c 3BH 

BblITOnHs:r.na ¢iyHKUJ1H J(OHTPons:r, HaKon.neHJ.1s:J H aHa.nH3a HH¢(:)PMaUHH. 

YnpaeneH11e paCSOTOH nporpaMMN aenocb B p~~11Me a11anora 3KCnep11MeH"laTOP -

3B11. B a11ccep"TaU1111 noapo6HO paccMOTPeHO MaTeMaTHYecKoe 06ecneYeH11~, 

C03.QaHHOe tinR 3B11-1040 < 1C65 ). 

npH pa3pa60TI<e KOMTineKca npO~PaMM pea.nbHOrO epeMeHH .a:.ns:r ycTaHOBKH 

,llHCK-2 Ha 3BH EC 1040 Ha1111 c5Hn 11cnonb30BaH onNT co3.QaH11~ 

CHCTeM a.ns:i ycTaH□BoK SHC-2 H 11 Kp11c,B.n.n". 

atta.norHYHblX 

nporpaMMN oc5pac50TK11 aaHHNX 11cnonb3y=r1 B pe~~Me paCSOTbl Ha n11H1111 

<on-line) 11 B pe~11Me off-line. Ka~a,1 3aper11c,-p11poBaHHar1 YCT-aHOBKOH 

Yac,~ua aHan113upyeTCr1 no cnea~m11M KPl1TeP11>'1M ape11r1 nponeT-a Ha pa3HblX 

6a3ax, HOHH3aU,HOHHble noTePH B CUHHTHn.n:RTOpax, HHTeHCHBHOCTb 

yepeHKOBCKoro H3.nyYeHHs:I. 8TOT aHa.nH3 COCTaB.nReT OCHOBY 

.a:aHHblX H no3sons:1e, .. Ha,ae>KHO 11.a:eHTH¢iHUHPOBa'rb perHCTPHpyeMble 

BCn>,lllll(l1 

oc5pac50TKl1 

"faCTHUbl, 

oueHHTb BK.na,a c.nyYaHHblX coena,aeHHH npH pa6oTe e nePBHYHblX _nyYJCax 

BblCOKO~ HHTeHCHBHOCTH. 

B §4 on11caHa nporpaMMa anr1 MO.Qen11poBaHHrl pac5oTN ycT-aHOBK11 MeTO.QOM 

HoHTe - Kapno. 

Bo B'TOPOH rnaee ocsc~aa~Tcr1 pe3ynbT-aTN 3Kcnep11MeHTOB no 
+ 

11ccneaoaaH11~ KYMYnRTHBHOPO po~eHl1>'1 n- -M~30HOB Ha ,1.Qpax. K MOMeHTY 

6 

HaYana 11ccneaoeaH11H Ha ycT-aHOBKe ,llHCK-2 < 1976 r. > B :>Kcnep11MeHT-ax, 

BblnOnHeHHblX B JJB3 OH51H, c5bln ycT-aHOBneH MaCIDTac5H0-11HBap11aHTHNfi xapaKTeP 

11HKn=HBHblX ce~eHl111 KYMYnRTHBHOPO Me30Hooc5Pa3oBaH11rl, Ha~11Har1 C 3Hepr11H 

5 r3B; noKa3aHo, ~TO 3HepreT>tYeCKl111 cneKTP po~eHHblX IT110HOB B Cl1CTeMe 

KOOP.QHHaT, CBR3aHHOH C $parMeHTHP~llll1M.rl.QPOM, HMeeT 3KCnotteHu11anbHblH 

xapaKTeP E da/dp - a<A> exp(-T/T
0
), np11~eM napaMeTP T

0 
B npeaenax 

TOYHOCTH 3KcnepHMeHTa He 3aBHCHT OT 3HaKa PO}K.lleHHbDC nHOHOB, He 3aBHCHT 

OT :>Hepr1111 nepBl1YHblX npoTOHOB ( c5bln 11ccne.QOBaH 11HTepaan 3Hepr11H OT 4 

.QO 9 roB >, anr1 IIMPOKOPO a11ana30Ha aTOMHblX rl.Qep He 3aBl1Cl1T OT aTOMHOPO 

aeca $parMeHTHPYJC)lllero R.<lPa. SNno ycTaHOBneHo, ~TO 3aBl1CHMOCTb 

11HBapHaHTHOPO ceYeHH>'I OT aTOMHOPO Beca ~parMeHTHPYJC)lllero rl.Qpa 11MeeT 
- n cTeneHHOl1 xapaKTep E da/dp - p

0 
A, rae noKa3aTenb cTeneH11 nanr1 

KYMYnRTHBHblX n110HOB c5nl130K K e.Ql1H11Ue. 

np11 nnaHl1POBaHl111 ·aanbHeH!lll1X 3KCnep11MeHT-anbHblX 11ccneaoaaH11H 

KYMYnrlTHBHoro PO~.QeHl1rl n110HOB Ha ycTaHOBKe ,llHCK-2 CSblnH nocTaeneHbl 

cnea~11111e 3aaa~11 : 

1. Ocsol1Tb pac50TY B nyYKax BblCOKOH 11HTeHCl1BHOCT>f nepBl1~HblX YaCTHU 

H npoaecTH 113MepeHHR ce~eH11H po~eH11r1 n110Hoe np11 oonhl!Mx 3Ha~eH11r1x 

KYMYnR"l~BHOPO ~11cna. 

2. H3MePl1Tb 3HepreTH~ecK11e cneKTPN nl10HOB npH pa3nl1YHblX yrnax 

OMl1CCl111 11 113yYl1Tb yrnoa~ 3aBl1Cl1MOCTb ceYeHl1H KYMYnRTHBHoro 

n110Hoocspa3oaaH11r1. 

3. Hcnonb3YR csonbmo11 Hacsop aTOMHblX r1t1ep, BKn~Yaff nerK11e r1apa 11 

r1apa-113oTOnN, noapoc5Ho 11ccneaoaaTb A-3aa11c11MOCTb ce~eH11H po=eHl1R 

ICyMyJI:R'T'HBHblX nHOHOB. 

Pe3ynbTaT"aM OKCnepl1MeHT-anbHOPO 11ccneaoBaHl1ff. OTMe~eHHblX 

npocsneM 11 nocar1meHa BTOPaR rnaaa a11ccep,--au1111. 

aume 

B §1 onHcatta nOCTaHOBKa on= 11 npoueaypa Bbl"il1CneHl1ff 

l1HBap11aHTHblX .Ql1¢,¢,epeHU11anbHblX l1HKn=11BHblX CeYeH11H. 

B §2 np11aeaeHbl 113MepeHHNe ce~eH11r1 po~eH11r1 nono---renbHO 11 

OTP11UaTenbHO 38Pff~eHHblX nl10HOB B nPOTOH - ff.QepHblX 11 .QeHTPOH - r1aepH...x 

B3811MO.QeHCT'Bl1ffX. Bb1nl1 113yYeHbl 
+ 

3HepreT>t~ecKl1e cneKTPbl n- -Me30HOB B 

npoTOH-ff.<lePHblX 11 

nepBl1YHblX ~aCTHU 

120°, 900 ) Ha 

.QeH"T"POH- r1aePHblX B3al1M0,'1eHCT'Bl1rlX np11 

8,9 roB/c np11 pa3n11~HblX yrnax 31111cc1111 

1111meHRX 113 amOM11Hl1>'1 11 CB11HUa, a T"aK~e 

11Mnynbce 

168°, 

yrnoaar1 

3aBl1Cl1MOCTb ce~eHl1H po=eH11R n110HOB C $11KCl1POBaHHblM 3Ha~eHl1eM Benl1Yl1HN 

11Mnynbca B yrnoBOM HHTePBane ( 50° '" 180° ). H3yYeHbl A-3aBl1Cl1MOCT>f 

ceYeH11H po~eHl1rl n110HOB B pa3nl1~HblX KHHeMaTH~ecKl1X ocsnacTRx. 

B §3 Oc5CYJl(,Qa=ff pe3ynbT"aTN 113MepeHl1H 3HepreTH~eCKl1X cneKTPOB 11 

yrnOBblX 3aB11Cl1MOCTeH ceYeH11H po~eHl1>'1 KYMYnffTHBHblX nl10HOB. Ce~eHl1>'1 

po~eHl1rl nl10HOB 113MepeHbl anr1 11HTepBana 11MnynbCOB OT 125 H3B/C .QO 
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1200 H38/C .QnR yrna perHCTP3L!HH 168°. B H3\f'ieHHOM .QHana30He HMnYnbCOB 

Ce'-feHHe MeHHeTCH Ha nee:RT.b ITOPR.QJ<OB eeJJH'-fHHhL HaJ<CHManbHOMy 

H3MepeHHOMY HMnynbCY 
-36 2 

Hyt<nOH 5 •10 CM Ha 

1200 H3B/c 

e.QHHHL!Y 

COOTBeTC-raye'l· aeJTHYHHa ceYeHH:R Ha 

¢aa30B0r"O 06'!,eMa. npu 3TOM 3HaYeHHe 

KYMYn:RTHBHOf"O YHcna paBHO ~ 3,4 Hyl(nOHHblX MaCC. 9ttepreTHYeCKHe cneKTPN 

nHOHOB npH pa3nHYHblX yrnax 3MHCCHH H pa3nHYHblX nepBHYHblX 3H0PrHHX 

(I) 
u 

N "' 
I • ' 
~10 ·, ·~ 

L. ~llt 
'O 
l: ·• ct 10 "-.: , 

~ ~~ ~ ,:;;\ " -"i, \ '-. 400 

UJ!"-10 
-1...: 

10 

101 

1\ 
~I 
,\ ·40 
.1. 

\\ 
\\9 

~51• t, ,, 
\ 

\ 
500 1000 

T(H3B) 

nPHBe,q:eHbl Ha PHC. 2. Yc"'J'"aHOBneHo, '-fTO 

3aBHCHMOCTb ceYeHHH PO)l{j:10HH:R ITHOHOB 0'1~ 

HX KHH0'T'H\.feCKOU 3HeprHH OPH pa3JJHYHHX 

yrnax Ha6moaeHH5'1 MO;«HO 

onHCaTb 3KCITOHeH~HanhHOU 

npH6JJH)f(0HHO 

38BHCHMOCTblO 

exp(-T/To). napaMeTP To 3aBHCHT OT yrna 

3MJ1CCHH BTDPH'-fH.blX ITHOHOB. Ero 3Ha'-feHHe C 

TOYHOCTblO ao 107. coanaaaeT .QnR R.Qep 

CBHHLta H an!OMHHHR. ll.rm yrna perHCTP3L!HH 

168° Ha6n10.Qanacb 3aBHCHMOCTb napaMe-rpa 

To O'l' 3HeprHH po~.QeHHHX ITHOHOB . .llnR 

KHHe'T'Ht.JeCKHX 

< T !S 380 H3B ) 
1l 

3Heprm't 

,3H8YeHJ.1e 

ITHOHOB 

napaMeTPa 

T
0 
~ 65-70 J-13B, e ·10 epeMR KaK llJlH 

T
11 

~ 380 H3B 3HaYeHHe T
0 

"' 50 H3B. 

Puc.2. 3>HepreTHYeCJ<He cneJ<TPH ITHOHOB, H3MepeHHHe B pPb- H dPb-

B3aHMO.QeHCTBHl'IX ITPH HMnynce 8,9 r3B/c H pTa- B3aHMO.QeHCTBH5'1X ITPH 

* . 3HeprHH 400 r3B,H3 pa60TH. CnnomHHe nHHHH OTHOCSITCR I< yrny HaonlO.QeHHR 

90° , a ITYHI<THPHHe I< yrny Ha6n!O.QeHHl'I 168°. 

npu nl06HX 3HePr"Hl'IX po~eHHHX ITHOHOB Ha6n10.QaeTCR POCT ceYeHHH C 

POCTOM 3HeprHH Ha Hyt<nOH B3aHMO.QeHCTBYIOIIIHX l'I.Qep. Ecnu ITPH Manux 

3HeprHRX < Tff !S.380 H3B) napaMeTP To B annpoJ<CHMaL!HH exp( -T/T ) 
0 

npalCTH~eCKH He 3aBHCHT OT nepBH'iHO~ 3Heprww, TO B *eCTKOH 

cne1<'}'pa < T11 ~ 380 H3B) napaMeTP To 33BHCHT OT nepaHYHOH 3HePrHH. 

'iaCTH 

H3MepeHHR yrnoeo~ 3aBHCHMOCTH CeYeHH~ PO*JleHHH flHOHOB 

$HKCHPOBaHHOr"O 3HaYeHHl'I BenHYHHH HMnYnbca < 500 H3B/c B 

700 H3B/c B dA-a3aHMo.QeHCTBHRX} no1<a3anu, YTO norapu¢M 

pA-

.QnR 

H 

ceYeHHR 

po~eHHH KVMYnHTHBHhlX IlHOHOB B nepeoM npw6nH~eHHH nwHeHHo 3aBHCHT OT 

l<OCHHyca yrna 3MHCCHH ( PHC.3 ). 

B §4 06C~a!OTCR 3aBHCHMOCTH CeYeHHH po~eHHl'I ITHOHOB OT aTOMHoro 

aeca ~parMeHTMPYJO~ero HnPa. KaK oTMe'ianocb Bbmle, npw 
+ 

1<YMYnRTHBHoro po~eHHR 11- -Me30HOB 6Hno o6Hap~eHo, 

* Nikifarav N.A. et al. Phys. Rev., 1980, v.22c, p.700. 
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HCCJie,aoBaHHH 

'i"'ID ce'-:leHHe 

ITPOITOPL!HDHanbHO 3TOMHOMY secy ¢parMeHTHPYIO~ero l'I.QPa. B .QaHHOH pa60Te 

Mbl H3yYH.nH 11.e-ranH ::JTO["'Q HB.neHHR, Bbls:ICHH.nH, JCalC H3CTynaeT 3TOT pe,KHM H 

K3KHe ,t,aKTOPH ero perynHPYIOT- .llnR H3\f'ieHH5'1 A-3aB11CHMOCTH ceYeHHH 

po~aeHHR KYMYJlHT'HBHNX nHOHOB wcno.nb30Ba.ncH 60JibIDOH Ha6op aTOMHl:lX R,aep 

< 6onee 20 R.QeP c pa3nHYHHM 3HaYeH11eM a~DMHoro aeca ). Ha puc. 4 

cHMBo.naMI1 Co,e) o6□3Ha~eH~ Hawoonee nonpo6HNe oJCcnepwMeHTa.nbHNe ,aaHH~e 
·+ 

no ceYeHHRM HHKnl03HBHOro po=eHl1l'I 11--Me30HOB C HMnynbCOM 500 H::>B/c H 
0 - 0 + 

yrnoM perHCTPaUHH 168 .Qn5'1 11 - n 180 .QnR 1l - Me30HOB1 "ITC COO'T'Be,-

c-rsyeT 3Ha4eHHIO KYMYJJS:'fl'HBHOrO '-U-tcna ~ 1,3. 

(1)0 
dA- 11 •(+) 

N 
pA- Tit,K: P 

I K• (t) IOl 

'·ff {:, 1() 1,5 

.c ', 
Cl. 

'O f I 

t, : f I f I I I 
1J 

' 116 jf l,'ii\ 
<I -~ f t 
t, 

1,0 

"" ,0 ! ti, i 1J 

0 -0.5 -=to 
case 

+ 
Puc.3. 3aBHCHMOCTb CeYeHHH PO~,QeHHR n--

~

:W~soo,K: 
~ 

0,5~ 

0,p 

J 
+ 

11 K- -Me30HOB C HMnynbCOM 700 M:>B/c 

OT ·J<0CJ.1Hyca yrna 8MHCCHM. 

Puc.4. 3aaHCHMOCTb oTHomeHHS'I da(A)/da(Pb) 

aTOMHoro eeca ¢parMeH'l"HPYIO~ero R,Qpa. 

100 

+ ans:1 11-, 

1-13 ,QaHHHx, ITPHBe.QeHHX Ha puc.4, BH.QHO, YTO .QnR 

ITHOHOB ceYeHHe po=eHHS'I Ha Hyt<nOH ¢parMeHTl1PYIOmero l'I.QPa 

200 

+ 
K, 

A 

p o~· 

KyMYnRTHBHHX 

0603HaYHM 

ero da(A) ) cHaYana 6HCTPO pac'l-eT c POC'lDM A, HO HaYHHa<t c 20;-30 OHO 

OCTaeTCS'I ITPHMepHO ITOCTOl'IHHHM, T.e. BHXO.QHT Ha pe~HM A
1

. AHanH3 .QaHHHX 

noKa31:r1BaeT, "ITO .ans:1 s=u1ep cpe,aHero a-iuMHoro eeca Ha6nJO.aaeTCR HetSonbmoe 

< 127. + 177.) npeBHmeHHe OTHOWeHl15'1 da(A}/da(Pb) Ha.Q e,Ql1HHUeH. KpoMe 

TOPo, ans=r R,aep cpeaHePo a,uMHoro eeca HatSn~.aae,~s=r TaK~e npeeumeHue 

< .QO 207.) ceYeHHH PO~AeHHS'I nono~HTenbHHX ITHOHOB Ha.Q CeYeHHeM po~eHHS'I 

n--Me30HOB. AHanH3 ~KcnepHMeHTanbHblX aaHH~X noKa3hlBaeT, "ITO B ,Qe-ranffx 

A-3aBHCHM0CTb o"feHb Heperyns=rpHa. CeYeHHe ,QnH t5nH»::af1IIB1>< 

H3MeHs=re,~R CHnbHee, ~eM ycpe,QHeHH~ff xapakTeP 3aBHCHMOCTH. 

9 
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Ha PHC.4 npHBet:1eHbl ,QaHHble ,Qn<I A-3aBHCHMoc,"H B~xoaa nHOHOB C 

HMnYnbCOM 500 H38/c ,Qn<I yrna 90° (A) H ,Qn<I nHOHOB C HMnYnbCOM 

167 H38/c t:1n<1 yrna 168° CV). lln<1 o6cYJl(.QeHHhlX Bblllle H 3THX pattHblX 

ceYeHHe B3aHMOtleHCTBHS'I nHOHOB C HYJ(nOHaMH S'!Jlep 

.Qn<I Ha6opos ( 167 lliB/c, 168° ; 500 H38/c, 90° ) 

~20 M6. TeM He MeHee 

l1MelOT A-3aBHCHMOCTH 

CVllleCTBeHHO APyrDH xapaKTeP ( 3aBHCHMDCTb THna A
2
/3 ). 

8 pa601--e H3~eHa 3aBHCHMOCTb ceYeHHH po~eHH:A nHOHOB OT aTOMHOro 

seca S'l,Qpa MHWeHH npH pa3nHYHblX HMnynbcax H yrnax 3MHCCHH H 

YTO xapa1crep A-3aeHCHMOCT11 onpeaen;re,--cs=i He HMilynbcoM H yrnoM 

a KYMYnst'l"HBHbU-1 "-U1Cnor-t. 

noKa3aHo, 

:u,111cc1-111, 

8 §5 H3yYeHO OTHOWeHHe BblXOtlOB KYMYn<ITHBHblX nHOHOB pa3HOl"'O 3HaKa. 

3HaYeHHe 3TOLO 0'11-IOWeHHst cna6o 3aBHCHT 0'1' aTOMH□ro seca s:rapa MHWeHH , 

yrna 3MHCCHH H HMflynbca BTOPH'4:HHX nHOHOB. 8 HH'l-epeane HMnynbCOB 

3()()+1500 H::,B/c o'lu OTHOWef1He cnaoo Metts:reTCst OT 3Ha'4:eHH:A ~ 0,9 ao 0,7. 

TpeTb<I rnasa nocs<1111eHa Hccne.QoBaHHD KYMYn<1,"HBHoro PDJl<AeHH<I Yac,"Hu. 

npH B3aHMO,QeHCTBHH npoTOHOB_ C HMnynbCOM 8,9 r3B/c C nerYaHWHMH <l,QPaMH. 

3KcnepHMeHTa.JlbHNe HccneaoeaHH:A KYMYJl:A'l~BHoro PO~IJ.0HH:A nHOHOB H 

npOTOHOB Jler"YaH!IIJ.-1MH s:111.par-111 npeac-r-aBJl:AIOT 3H8YHTeJlbHl:llil HHT-epec no 

cne.QYJOIIIHM nPHYHHaM : 

1. CornaCHO l"'HnDTe3e KyMYn<1,"HBHOl"'O <1,QePHOI"'~ 3¢,<l>eKTa ero 

onpeaens:rJOTCs:r noKanbHblMH CBOHCTBaMH <1,QepHOH Ma,"ePHH. 

CBOftCTBa 

CpaBHeHHe 

33KOHOMepHOCTeH kYMYns:l'l"'HBHOro po~aeHH:R '-iaC'l"'HU Ha ner'-iaMmHx H Ts:I~enHX 

Rapax no3sonHno aunonHHTb 3KCnepHMeHTanbHYJO npoaepKy 3TOH rHno,~31:iL 

2. PeaKU,HS'I $pal""MeH,-aU.HH AeHTPOHa a npOTOH <1Bn<1eTC<1 Kn~YeBOH 

H3yYeHHS'I HyKnOHHblX CTeneHeH CB060,Qbl ( sonHOBOH $YHKU.HH ,QeHTPOHa ) 

Manblx paCCTOs:IHHs:IX, noHCl(a HeHyK.n0HHblX CTeneHefl CB060.0,bl 

.Qn<1 

Ha 

3. ~eHTPOHbl B~.QeneH~ C -reopeTHYeCKOH T'OYKH 3PeHHS'I KaK npoc,--eHmas:r 

<1,QePHa<I CHCTeMa. Hx Hccne,QOBaHHe HaXO,QHTCS'I Ha rpaHHU.e Me:t:,Qy $H3HKOH 

3neMeHTaPHbl:X \.faC'l"'HU H 8T0M'Horo :Rtl,pa. 3iTH aaHHble 0Ka3a,m,fCb \.fepe3ebl'-iaflH0 

none3HblMH ans=i P83BH'l"'HH HOBblX TeODe'T'J.1\.feCKHX noaxoaoa. 

B §1 onHCaHa npou,e,Qypa onpe,QeneHH>t HHBapHaHTHblX HHKnl03HBHblX 

ceYeHHH. PaccMOTPeHbl Be.nH'-IHHbl nonpasoK, K0'lDpble HCIT0nb30BaJU-1Cb ITPH 

Bbr-1v1cneHHH ceY:eHHl1 PO;t<Jlr:?HHA: ITHOHOB Ha ner'IO1X :rtapax. ~ 

3KcnepHMeHTanbHO H3MepeHHble CeYeHHS'I npHBe,QeH~ B §2. H3yYeHO 
+ • 

polKJ'.leHHe n--Me30HOB npH B3aHMO,QeHCTBHH npOTOHOB C HMnYnbCOM 8,9 r38/C 

C <IAPaMH ,QeHTePH<I, renHS'I. H3MepeHbl 3HepreTHYeCKHe cneKTPbl 

pa3JlHYHblX yrnos 3MHCCHH C 100°, 120°, 90° ) H yrnoshle 3aBHCMOCTH 

$HKCHPOBaHHOM 3HaYeHHH HMnynbca B HH-repsane yrnoa OT 50° tlO 

+ 

An>t 

npH 

100°. 

nonyYeHbl tlaHHlie O poll<,QeHHH n--Me30HOB B pp-s3aHMO,QeHCTBHH t:1n<1 HyneBOH 

nonepeyttofl cocTaans:r~weH HMI1ynbca nHOHa. H3y-seH~ 3Hepre-rwYeCKHe cneKTPH 

npo,uHOB H3 S'ltleP aeHTePH<I H renH<I an<1 yrna 3MHCCHH 100° H yrnOBlie 

3aBHCHMOCTii CeYeHHfl. 

10 

B §3 onHcaHhl pe3ynbTaTbl 3KCnepHMeHTOB no PDlKtleHHD 
+ 

n--Me30HOB Ha 

nerYaHlI!HX <I.QPax. H3MepeHbl ceYeHHS'I PDlKtleHHS'I n+ - H n -Me30HOB 

yrnDM 100° BO B3aHMO,QeHCTBHH npOTOHOB c HMnynbCOM 8,9 r3B/c. c 

noa 

<ltlPaMH 

BOAOPD.Qa ( PHC.5 ). OTMeTHM, YTO cneKTPbl nonoJt:H-renbHblX nHOHOB H3MepeHbl 

noY,'H tlO KHHeMaTHYeCKOH l"'PaHHU.bl pp-peaKU.HH C T ~" :::,, 0,95 ). 
n n 

rlo 
'a. 0 

.Y 
'.a 
I!' 
~QI 

~ ·"' u 
UJ 

16 

It 

I • i 

100 

P• p-11 (18o?•X 

• 11 (8,9r,l/c) 
o 11· (8,9rJa/c} 
an· (8.H~c) 

I 
I 

't 

200 Tn(M,B) 

I P• o-11~sd)+x 
1Qi I, 11• cssr,~) 

't : n· (8,9r. c) 

• ,. n· l 8/-r•Pi'c> ~. ·l i,. ";fr10 
-:; 

~ 1 
}~ «>10 f 0 

't •"-
~ 

J 
., 
~10 

10 

PHc.5. HHsapHaHTHble ceYeHHS'I POlKJ'.leHHS'I 

nHOHOB B PP-B3aHMO,QeHCTBHS'IX B 3aBHCH

MOCTH OT KHHeTHYeCKOH 3HePl"'HH. 
l.-'"""""" T,(K,S) 

PHC.6. HHsapHaHTHble CeYeHHS'I POlKtle

HHS'I nHOHOB Ha .QeHTPOHax B 3aBHCH

OT KHHeTHYeCKOH ::>Hep!"'HH. 

Ha PHC'.6 npHse.QeHbl 3KcnePHMeHTanbHble tlaHHble no ceYeHH>tM POlKtleHHS'I 
± 0 

n -Me30HOB no,Q yrnoM 180 BO B3aHMO.QeHCTBHH npOTOHOB C HMnynbCOM 8,9r38/C 

c <1t:1PaMH t:1eH-repH<1. noKa3aHo, YTO, KaK H cnet1osano OJ1:Ht:1aTb, t:1n<1 

POJl<,QeHHS'I nHOHOB B KHHeMaTHYeCKH pa3pemeHOH o6nacTH An<I NN-cTOnKHOBeHHH 

cneKTPbl nHOHOB Ha S'!Jlpax tleHTePH>t H BOAOPO.Qa not:106Hbl snnOTb tlO 

KHHeMaTHYeCKOH rpaHHU.li NN-B3aHMOtleHCTBHH. KPoMe TOl"'O, BbU1OnHs:1eTCS1 
- - + - -

coTHomeHHe Eda/dpCD➔ n) ~ Eda/dpCH➔ n) + Eda/dp(H➔ n). 

HoBblM H HeTPHBHanbHblM,c TOYKH 3peHHS'I -rpa.QHU.HOHHOH S'IJlepHOH ¢,H3HKH, 

>tBn<1e-rc<1 ,uT 3KCnePHMeHTanbHblH ¢oaKT, YTO napaMeTP HaKnOHa 

3HepreTHYecKOl"'O cneK-rpa nHOHDB, PolKtleHHblX RtlPaMH aeHTePH<I nPH Tn} 

t"a"CNN), cna6o MeHS'leTCS'I no cpasHeHH~ C ero 3HaYeHHeM t:1n<1 KHHeMaTHYeCKH 

pa3pemeHHDH o6nacTH. ~eHCTBHTenbHO, npH annPOKCHMaU.HH cneKTPa 

3aBHCHMOCTb~ exp(-T/T) 3HaYeHHe napaMeTPa T 
0 0. 

paBHO C 51,0 ± 1,2 ) lliB 
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a "MRr1<0A" qacTH cne1<TPa H paeHO { 35.3 ± 0,9 ) H:>B B l<YMYn'ITHBHOH 

oonacTH < Trr > 280 H:>B ). $1<cTPanonm..tH'l 3Ha'ieHHA ce'ieHHA H3 "MRr1<0A" 

'YaCTH cnex-rpa K 3Ha'--feHHRM KYMYnRTHBHOro qHcna ~,7 naeT pa3HHUY 

:>1<cnepHMeHTanbHO H3MepeHHOH eenH'iHHOH ce'ieHHH TDnhl<O ~10 pa3. 

C 

Ha PHC.7 npHee.qem,r C>l<CnePHMeHTanhHlre ,QaHHble no Ce'ieHH'IM 
+ 

po)l(aeHH'l 

n--Me30HOB npH B3aHMoaeACTBHH npoTOHOB C HMnynbCOM 8,9 r:>B/c C ;iapaMH 

90° ). renH;i an;i pa3nH'iHblX yrnoe :>MHccHH < 180°, 168°, 154°, 120°, 

,d 

'";a. a 

<! 10 
0 

,~ 
1 
'-' 10 

i .::; 
,ii 

,o'I 

I 
I 

100 

4, 

~ 

p,He-11(e)•x 
•TI:(180') 
:~-g:i> 
11 n• (154•~ 
+-n• (12d') 
an• (9d'J 
•n· (911) 

OnHcaHHe 3HepreTH'YeCKHX cne1<TPOB DHOHOB 

3Kcn□HeH~wanbHOfl 3aBHCHMOCTbJO exp( -T/T ) 
0 

naeT cnen~ee 3Ha"YeHHe T0 anR cnyqaR 

$parMeHTaUHH renH;J B nHOHbl. ltrJ;i yrna C>MHCCHH 

nHoH□B 180° a 11MrirKoA11 -YacTH cnek'1"'Pa 

T
0 

paeeH < 47,9 ± 1,1 > H:>B 

( 41,7 ± 0,6 > H:>B B KYMYnRTJ.1BHO~ 

napaMeTP 

H 

yacTH 

4 
cne1<TPa. 3Ha'ieHHe napaMeTPa T

0 
3aeHCHT OT yrna 

3MHCCHH H paBHO ( 54,4 ± 2,9 ) H:>8 H 

1 

r 
JOO 500 

( 84,0 ± 0,5 > H:>B anst yrnoa perHCTPaUHH 

H 90° COOTBeTCTBeHHO. 

120° 

PHc.7. SaBHCHMOCTb OT 

HHBapHaHTHNX ce'-feHHfl 

pHe- B3aHMoaeACTBH'3X. 

"jijlf 
T(H:>B) 

KHHe'T'J.f'YeCKOR 

pO)l(,QeHHSI 

3HePI"'HH 

DHOHOB B 

TI□Ka3aHo, 'YTO Ha6n~aaeTCR DPHMePHO nHHeflHaR 3aBHCHMOCTb norapH$Ma 

ceqeHHR po~aeHHR DHOHOB Ha renHH DPH ~HKCHP□BaHHOH eenH'YHHe HMnynbca B 

3aBHCHMOCTH OT l<OCHHYCa yrna :>MHCCHH npH H3MeHeHHH Cosen OT -1 ao 0,6. 

KaK Y}Ke oTMe'Yanocb Bb0De,3TOT 3KCnepHMeHTanbHIDI ¢eKT RBnReTCR cnencTBM

eM nHHeflHOH 3aBHCHMOCTH KYMYnRTHBH□ro YHCna OT KOCHHyca yrna 3MHCCHH. 

B §4 oocy)l(,Qa!O'rCSI pe3ynhTaTbl no l<YMYnstTHBHOMY PO)l(,QeHH~ npOTOHOB H 

aeATPOHOB BO B3aHMOtleHCTBHH nPOTOHOB BblCOl<OH :>HePrHH C nerYaUtm1MH 

;iapaMH. HHl<nKX3HBHaSI pea1<UHSI p + D ➔ p + ... sien;ieTC;i npocTeAmeA H 

Kn~YeaoH ans=r ITOHHMaHH.R HyKnOHHHX C~"eneHeU caosoaH B R/l.PO-RQePHblX 

B3aHMO/l,eHCTBHRX, onpea,eneHHR HeHyxnoHHOA KOMllOHeHTbl B CTPYl<TVPHOH 

$y><l<UHH .qeATPOHa. ITpH nocTaHOBl<e :>1<cnepHMeHTa Mbl CYHTanH, 'iTO 

l<YMYn'ITHBHOe po)l(,QeHHe HYKnOHOB Ha siapax CB'33aHo C BblCOl<OHMnynhCHOH 

KOMilOHeHTOH eonHOBOA ~YHX~HH1H, cneaoaa-renbHO,B 3THX npou,eccax MO)l(HO 

. H3yqHTb CBOHCTBa RaePH0'1 Ma.TepHH Ha Man.blX Me::«Hyr noHHl:lX paCCTOs:IHH.RX. 

Ha PHC.8 npHseaeHbl pe3ynhTaTbl H3MepeHHH HHl<nKX3HBHblX ceyeHHU 

PO)l(tleHH;J l<YMYnstTHBHblX npoTOHOB H aeATDHOB, HCnymeHHblX no.q yrnoM 180° 

12 

'· 

npH B3aHMOaeAc,-sHH nPOTOHOB C HMnynbCOM 8,9 r:>B/c, C siapaMH·aeATePHSI H 

renHR B 3aBHCHMOCTl-1 OT 3HeprHH B~"'C>PH'4'Hill< Yacn1u.. KaK BHQHO H3 PHCYHKa, 

ace 38BHCHMOCTH CeYeHHU OT XHHeTI1YeCKOU 3HeprHH B nepsoM npH5nH~eHHH 

MO;KHO onHca·rb 3KCITOHeHu,HanbHOJ:f 3aBHCHMOCTblO exp(-T/T
0
), npH'ieM 

napaMeTp T
0 

paeeH ( 38,0 ± 1,5 ) H:>B .qn;i $parMeHTaUHH renHst a 

npoTOHbl, ( 29,0 ± 1,8 ) H:>B an;i $parMeHTaUHH .qeRTPOHOB B npOTOHbl H 

( 17 ,o ± 1,0 ) H:>B anst $parMeHTaUHH renHst a .qeRTPOHbl. OTMeTHM, 'iTO Ha 

;iape CBHHUa 3Ha'ieHHe napaMe,-pa To paBHO ~ 40 H:>B. 

•\. I J 

~~ '°. I • 
'm f 
{:, 0 

1() 10 
l: ! 

f t "t -•~ -,, 10 
Ul 

m-2l 

• 

t 

t f 

t 

ill□ 

He-p i . 
• D-p 

He...:d 

200 
T(tbB) 

' 

PHc.8, HH1<nKX3HBHOe ce'ieHHe oopa-

3oeaHHst l<YMYnstTHBHblX npoTOHOB H 

aeATPOHOB npH B3aHMoaeACTBHH 

npoTOHOB C aeHTPOHaMH H renHeM. 

... 
I 0. 
u 

<'lo 
N 
'm 

() 
L 

'£ 

p(B.9)Pl,-g 

i□l~j 
~.i•-i-+-...1 

21 n(3.5"fk-{ ~ ' • --r-
ill 

~. 
Ulfil 

~v~~ 
10l '[i(~S)C-P] ~ 

1D • 

8p,d 

so" so' 100· l2tf 140· ~so· mo· 

PHc.9. 3aBHCHMOCTb HHBapHaH,"HblX 

HHKnl03HBHblX CeY"eHHJ:1 OT yrna 3MHC

CHH nPOTOHOB H aeATPOHOB C HMnyJJb

COM 500 H:>8/c. 

Ha PHC.9 noKa3atta 38BHCHMOCTb HHKnK'OHBHoro Ce\.feHHR PQ)l(,Qe

OT yrna HH;J npoTOHOB H aeATPOHOB , C HMnYJlbCOM 500 H:>8/C 

C>MHCCHH & p,d . H3 aaHHblX, nPHBeaeHHblX Ha PHCyttr<e, eHaHo noaoo11e He 

HO TDnbl<O yrnOBblX 3aBHCHMOCTeH ansi pa3nH'iHblX nPOl.\eCCOB { pA, nA, rA ), 

H, '4'TO HaM npea,cTaanReTCR ocooeHHD aa;«HhlM, noaooHe yrnoeblX 

3aBHCHMOCTeH ce'ieHHH $parMeHTaUHH siaeP He H Pb B npoTOHbl H aeATOHbl 

npH HMnYJJbCe nePBH'iHblX npoTOHOB 8,9 r:>8/c. 

3KcnePHMeHT noKa3an, YTO flPH PBBHblX 3HaYeHHRX HMnynbca ceYeHHR 

po~eHHs:1 nPOTOHDB Ha nerYa~WHX RQpax flPHMePHO Ha aea nops:ra,Ka npeBblIIIaJOT 

CeYeHHH PO*~eHH~ nHOHOB. TaK*e noKa3aHo, YTO xapaKTePHCTHKH HMrtynbCHbDC 

13 



cnekTPOB H yrnoBblX 3aBHCHMOCTeH Ha nerKOM An.Pe renHs:t H Ts=l)KenoM A.ape 

CBHHUa npal<'.nt'l.feCJ(H coenaaaJOT. 9TOT pe3ynhTa'1'' s:tBns::re'T'CR OAHHM _.,.J. H3 

CBHAeTenbC'l"B noKanbHoro xapal<'.'l'?Pa KYMYns:t'T'HBHoro po~neHHR OPOTOHOB. 

B §5 3KCnepHMeHTanbHHe AaHHHe no KYMYnRTHBHOMY POl!<AeHH~ nHOHOB H 

npoTOHOB, B TOM 4HCne H ner'l.faHIID1MH AAPaMH, aHanH3HPYJOTCR k'.al<'. C 'l"'OY:Y.H 

3peHHR TPaAHUHOHHOH s::raepHOH ~H3HKH ( ¢,epf-0-1-ABH~eHHe HyKnOHOB B cpeaHeM 

RllePHDM none, MeXaHH3M BHyrpHHAePHl:lX nepepacce:AHHH, KaCl<'.aQHble H 

TePMOt:U1HaMH'-feCl<'.He MoaenH ), Tai<'. H B paMKax pa3BH'1Dr□ B pat5oTa>< 

H.1-i.CTPHKMaHa H n.n.<I>PaHK<l>YPTa penRTHBHCTCKOr"O HMnynbCHOro npHt5nHll<eHHH. 

3KcnepHMeHTanbHHe pe3ynbT8Tbl, nonV'-{eHHl:le npH Hccne.aoeaH1u1 

3aKOHOMePHOCTeH KYMYnRTHBHoro POll<AeHHR YaCTHU Ha nerYaUWHl< RAPal< 

OKa3anHCb YPe3BHYaHHO 

KPHTHYeCKY~ npoaepKy 

HH40PMaTHBHHMH. OHH no3BOnHnH 

npaK'T'J-1'4:eCKH scex -reopeTH'-feCKHX 

ocymecTBHTb 

MOAeneu 

KYMYnRTHBHOro po)!(AeHHR YaCTHU-;B HaCTORU1ee BpeMR npeot5naAaeT 'lU'-fKa 

<!>H3HKH 3peHH:A, COCTOs:tmas:t B TOM., "-f'l"'C) -rpanHUHOHHhl:e MeTOllbl s:iaepHol1: 

( ¢,epMH-ABHll<eHHe B cpeAHeM none RAPa, MexaHH3M nepepacceHHHH H 

BHYTPHRAePHHl< KacKaAOB H AP- ) He MOr"YT Oi5"bRCHHTb H3BeC'l'HHl< CBOHCTB 

KYMYns:ITHBHOr'O po;+:QeHHR '-faC'l"'HU, XO'T'S=I ,aalO"r BKnan. ,KaK nonpaBKJ.1, OC06eHHO 

B tl~rk□l1:" "-faCTH cneKTPa. Hawa 'l'OYKa 3pe~HR, nOATBePl!<AeHHaR 

3KCnepHMeHTaJlbHO, COCTOHT B TOM, '-f'l"'O RBJleHHe kYMyns:tTHBH□ro POl!<AeHHR 

YaCTHU CB~3aHo C noae,aeHHeM s:1aePHOH Ma'l"ePHH Ha MaJJblX Me}KHyKJIOHHblX 

paCC'l"'OHHHRX, T.e. C BblCOKOHMnynbCHOH 'l.faCTblO B□nHOBOH ¢,yHKUHH RAPa. B 

pa6oTax* noKa3aHO, YTO ''11ononHHTenbHas:J11 BblCOKOl1MllYJlbCHas:J KOMnOHeHTa 

B03HHKaeT 3a CYeT ct5nHll<eHHR ABy>< HnH HeCKOnbKHl< HYf<nOHOB B RAPe 

< 1-1anoHy1<nOHHHl< KOppenRUHH ). 0cHOBHOH BKnaA OT BblCOKOHMTIYnbCHOH 

KOMTIOHeHTbl BOnHOBOH ¢,yHKUHH aeHTPOHa B ceYeHHe PO}KtleHHH KY14Yns:J'l"'HBHblX 

HyKn□HOB aaeT Tai( Ha3b1BaeMhlJ.1 cneK'l~'lTIPHblH MexaHH3~ Hcnonb30BaHHe 

peaJJHC'111-Y:eCKOH BOnHOBOH cl>YHKUHH aeHTPOHa n□3BOJ1HeT on1-1ca-rh cneKTPbl 

np□'l"'OHOB ennoTb AO HMnynbCOB 500 HoB/c < 3'1'0 COO'l'BeTCTByeT 

OTHOCHTenbHOMy HMnynbcy HYKnOHOB B AeHTPOHe ~ 800 HoB/c ) . .ll.nR onHcaHHR 

pe3ynbTa'l'OB H3MepeHHH ceYeHHH KyMYnRTHBHOr"O POl!<AeHHR npo'l'OHOB npH 

HMnynbcax 60nbwe YeM 500 HoB/c, B PRAe MOAeneu 

meCTHKBaPKOBY~ KOMnOHeHTY--nOAP0i5HO 3'l'OT aonpoc 

BBOl(HT aonoJIHH'l"'enbHYJO 1;. 

paCCMOTPeH B nR'l'OH 

rnaee .a11ccep,,auHH. 

B paMKax penRTHBHCTCKoro HMnynbCHOr"O npH6nHll<eHHR 
G 

noKa3aHo, '-ITO 

cneKTPbl KYMYns:JTHBHblX nHOHOB, pO)K.cteHHblX BO B3aHM□aeHCTBHH nPO'l'OHOB 

BblCOKHX 3HeprHH C 11eHTP□HaMJ..1, Henb3R onHCaTh B 3TOR MOaenH npH 

HMnYnbcax ~450 HoB/c. Pa3nHYHe B KOHUe cneKTPd npeaHwaeT 

aenHYHHH** 

* CTPHKMaH H.H., <I,paHK¢>YPT n.n. 9YA51, 1980, ·T.11, c.950 

** KanTapb n.n. H AP- 5,l,, 1985, T.42, c.777. 
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B YeTBeP'l'OH rnaae ot5cYJKAaJOTCR pe3ynbTaTH 01<cnepHMeH'l'OB no 
+ 

KYMYnRTHBHOMY POJKAeHHID K- -Me30HOB BO B3aHMOAeHCTBHH nPO'l'OHOB H 

AeHTPOHOB C HMnynbCOM 8,9 roB/c C RAPaMH. l•byYeHHe KYMYnRTHBHOro 

PO)K,AeHHR C7'DaHHblX 'l.faC'l"'HU no3BOJ1ReT npoeeCTl-1 PRtl IlPHHUHnHanbHO HOBblX H 

HeTPHBHaJibHhDC nposepoK KBapK-napTOHHOR KaPTHHbl KYMYJIRTHBHUX npoueccoa. 

B §1 o6cy)!(AaJOTCR Me'l'OAHYeCKHe BonpocH, CBR3aHHHe C perHCTPa~HeU 

KaOHOB, npHBeAeHH Tai5nHUH 3KCnepHMeHTanbHHl< AaHHHl<. 8 pat5oTe BHnOnHeHo 
+ -HCCneAOBaHHe KYMYnRTHBHOro POJKAeHHR K - H K -Me30HOB B npO'l'OH-RAePHHl< 

H AeHTPOH-RAePHHl< B3aHMOAeHCTBHRX npH HMnynbce nepBHYHHl< YaCTHU 
+ 

8,9 roB/c. H3MepeHH 3HepreTHYeCKHe cneKTPH K--Me30HOB npH Pa3nHYHHl< 

yrnax 3MHCCHH < 90°, 120°, 168° ), 3aBHCHMOCTb ceYeHHH 

K+-Me30HOB C HMnYnbCOM 700 HoB/c OT yrna :'.>MHCCHH, 3aBHCHMOCTb 

PO)!(AeHHl'I 

ce'-leHHH 
+ -

POll<AeHHR K H K -Me30HOB OT a'l'OMHOro aeca RAPa MHWeHH. 

B §2 06CY"'AaJOTCR 3Hep~eTHYeCKHe cneKTPH H yrnoBHe 3aBHCHMOCTH 
+ -

ceYeHHH POll<AeHHR K HK -Me30HOB B PA- H dA-B3aHMOAeHCTBHRl<. no1<a3aHo, 
+ 

Y'l'O 3HepreTHYeCKHe cneKTPH K - H K--Me30HOB xopomo OflHCHBalO'T'Cs:r 

3KCnoHeHUHanbHOH 3aBHCHMOCTb~ exp( -T/T ), HO napaMeTP T 3aBHCHT OT 
+ _ 0 0 

COPTa POll<AeHHHl< YaCTHU < ,.,, K , K ) H yrna :>MHCCHH. 3HaYeHHR napaMepa 

To AnR an=HHR H CBHHUa coanaAa~ c 'l'OYHOCTbID npHMePHO 10% 

PHC. 10. nPHBeAeHH 3Hepre'l'HYeCKHe cneKTPH KaOHOB, H3MepeHHHe B pPb-

Ha 

H 

dPb- B3aHMOAeHCTBHRX. CnnOlllHHMH nHHHRMH Ha PHCyttKe OTMeYeHH AaHHHe AnR 

yrna perHCTPaUHH 90°, a nyttKTHPHHMH - AnR yrna 168°. 
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(l K• 
(.._ .., 
~10 

iold 
~1il\ u.faJ \.. 
--1< 

., 
10 

"\. ·\. 1, 

\ K" 

'( ~5 •' 
\ 

\ 
500 1000 

T(HoBl 

Ta1<l1Ce no1<a3aHo, Y'l'O npeACTaBneHHe ceYeHHH 

po)!(AeHHR nonOl!<HTenbHHl< H OTPHUaTenbHHl< 

KaOHOB B 3aBHCHMOCTH OT .HX KHHeTH~eCKOH 

3HeprHH Yf<a3HBaeT Ha CHnbH~ 3aBHCHMOCTb 

CeYeHHH OT nePBHYHOH 3HeprHH ( :>'l'OT BHBOA 

CAenaH Ha OCHOBe HaJIIHx AaHHHl< H AaHHHl< 

npH :>HeprHH 400 roB H3 pa6oTH*). Ha PHC.3 

CHMBOnaMH '*) Oi503HaYeHH :>KcnePHMeHTanb

HHe AaHHHe no 3aBHCHMOCTH OT KOCHHyca 

yrna Ha6n~AeHHR HHKn=HBHOr"O ceYeHHR 

po)!(AeHHR-K+-Me30HOB C HMnynbCOM 700 HoB/c 

AnR RAPa CBHHUa·nPH ot5nyYeHHH AeHTPOHaMH 

c HMnynbCOM 8,9 roB/c. H3 PHCyttKa BHtlHO 

noAOi5He 3aBHCMOCTeH AnR 

KaOHOB H nHOHOB. 

+ 

nonO;«HTenbHHX 

PHc.1Q 3HepreTHYeCKHe cneKTPH K- -Me30HOa 

* Nil<i forov N.A. et al. Phys. Rev., 1980, v.22C, p.700. 
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B §3 npeae.aeHo cpasHeHHe 3KCnepHMeHTanbHl:ilX ,aaHHblX no 

KVMYnRTHBHOMy poll<,QeHH~ nHOHOB H KaOHOB Ha R,Qpax. npe,acTaaneHHe ce"feHHH 

po~.a,eHHH Me30HOB B 3aBHCMOCTI-f OT HX KHHeTH"feCKOA 3HePrHH He o-rpa}KaeT 

y,aoaneTBOPHTenbHblM 06pa30M TaKHe CYllleCTBeHHNe xapaKTePHCTHKH 

KVMYnRTHBHOro 3<WeKTa, KaK npe,aenbHaR ~parMeHTaUHR R,aep, yttHaepcanhHbM 

no3TOMy B.C.CTaBHHCKHM* xapaKTeP noae,QeHHR cneKTPOB pa3nHYHblX yaCTHU-

6b1Jlo npe,ano*eHo Hcnonh3oaaTb ,anR aHanH3a 3KcnepuMeH,-anhHblX ,aaHHblX 

MaC11n'a6H~ nepeMeHHY~ X ( KVMYnRTHBHOe YHcno ). no ~H3HYeCKOMy CMNCny 

X - 3TO MHHHManhHaff MaCCa MHmeHH, ei,rpazeHHaR B e.a,HHHuax HYKnOHHOM 

MaCCN, npH B3aHMo,aeMCTBHH C KOTOPOM nePBHYHoro a,apoHa KaK 

B03MOJl<HO PO*,aeHHe Ha6n~aaeMOM yacTHUN. 

uenoro 

npe,acTaaneHHe ceYeHHM poll<,QeHHR nHOHOB H KaOHOB B 3aBHCHMOCTH OT 

KVMYnRTHBHOro YHcna X no3BOnHno B~BHTb PR.a 3aMe-Y:aTeJlbHblX cao'1:CTB. 

+ - + -
CneKTP KVMYnRTHBHblX Me30HOB ( rr, rr, K, K ) B 3aBHCHMOCTH OT X 

HMeeT npoc,-oe 3KCnOHeHUHanhHOe noae,aeHHe exp(-X/(X)). npuYeM napaMeTP 

<X> HMeeT yttHBepcanbHbM xaPaKTeP He TOnhKO ,anR pa3nHYHblX R,Qep ( o,· 

an~MHHHR ao CBHHUa ), HO H ,anR pa3nHYHNX no KBaPKOBOMy 

BTOPHYHblX YaCTHU. 

OrMeTHM e111e O.QHY YPe3SNYaMHO HHTePeCH~ 3~KOHOMePHOCTb. 
+ 

ceYeHHM po~,aeHHR nHOHOB H K -Me30HOS npH 0.0.HHaKOBOM 

MaClln'a6HOM nePeMeHHOM X npH6nH*eHHO paSHN ,apyr ,apyry. ll,nR 

COCTaSY 

BenHYHHN 

3HaYeHHH 

cnyYaR 

poll<,(leHHR K--Me30HOS npH paSHOM senHYHHe KVMYnRTHSHoro YHcna 

ceYeHHM poll<,QeHHR nHOHOS H K--Me30HOS ~ 5%. 

□THomeHHe 

8 §4 06Cyll<,(la=R pe3ynbTaTN H3MepeHHM ~BHCHMOC'T11 Ce"ieHHR 

po,t(lteHHR KaOHOB OT aTOMHOro aeca Rapa- MHmeHH. npH o6cyll<,(leHHH 

A-3aSHCHMOCTH CeYeHHM poll<,(leHHR nHOHOS MH YCTaHOSHnH, YTO 

poll<,(leHHR nHOHOS, .aeneHHOe Ha aTOMHbM sec ~parMeHTHPY!Olllero Rapa 

pacTe,· c yaenHYeHHeM aTOMHoro seca R,apa ao A~ 20;-30, HO anR 

ceYeHHe 

CHa'-lana 

aTOMHblX 

R,Qep c A~ 30 ceYeHHe Ha HYKnOH ocTaeTCR nPHMePHO nocTORHHblM 

peanH3YeTCR 3aSHCHMOCTb THna A1 ). H3MepeHHR A-3asHCHMOCTH 

( T.e. 

CeYeHHM 

POll<,QeHHR K--Me30HOS S pA- H dA-B3aHMO,QeMCTBHRX YKa3Naa~ Ha TO, ·yTO 

3aSHCHMOCTH OTPHUaTenbHO 3apR~eHHblX KaOHOS H nHOHOS OT aTOMHOro secf 

Rapa MHmeHH no,ao6HN. 

H3 pHC. 4, rae CHMBOnaMH (+) 0603HaYeHN 3KCnepHMeHTanbHNe .aaHHNe 

,anR oTHomeHHRda(A)/da(Pb),sH,QHo, YTO nose.aeHHe A-3aSHCHMOCTH CeYeHHM 

CeYeHHR 

sec 

,anR KVMYnRTHSHblX nPOTOHOS H nHOHOS c~cTBeHHO 

PO*,!leHHR KVMYnRTHSHblX npoTOHOB, ll,.eneHHhle 

~parMeHTHP~111ero R,Qpa, pacTYT c POCTOM A, H TOnbKO 

rosopHTh o nose,aeHHH A-3aSHCHMOCTH , 6nH3KOM 

OTJlH\.faeTCR. 

Ha 

anR 

K 

aTOMHblJ.i 

A~ 100 MOJl<HO 

A1. OnucaHHe 

* . CTaSHHCKHM B.C. Coo6nteHHe 0H5111 P2-9572. llY6Ha, 1976. 
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3KCOePHMeHTaJlbH~X .a.aHHblX no ce-Y:eHHRM pa)K,QeHHR npOTOHOB Ha pa3JlH"fHblX 

s=rapax 3aBHCHMOCTblO BH,tl;a A" .c::1aeT 3HaYeHHe I10k'8.3aTeJTS1 c-reneHH n~1,3+t,5. 

Ha PHC.4 CHMBonaMH <*) 0603HaYeHN 3KCnepHMeHTanbHNe .aaHHNe anR 

ceYeHHH po~.aeHHSI K+-Me30HOB C HMnynbCOM 500 ~bB/c H yrnoM perHCTPaUHH 

168°. 3,"H .aaHHNe YKa3NBa~ Ha pa3nHYHoe nose.aeHHe A-3aBHCHMOCTH 
+ 

ceYeHHH po*aeHHR nHOHOB H K -Me30HOB 

aTOMHoro aeca ~parMeH,"HPY~111ero Rapa anR 

H no.ao6He 3aBHCHMOCT'eA OT 

K+-Me30HOS H npO,"OHOS. no 
+ 

HameMy MHeH1,uo, KaK .anH npoTOHOB, Tak H .anR K -Me30HOB CYllleCTByeT 

no.aas·neHHe Bblxoaa 3'1"Hx Y:aCTJ.1U Ha nerkHx s:r.apax H aTDMHbDC s::1.apax cpeaHero 

a~DMHoro aeca, o6ycnosneHHDe ¢aKTOPOM ''HenoKaJlbHOCTH11
• Poll<,QeHHe 

K+-Me30HOB conpoao~.aaeTCR po~eHHeM A-rwnePOHOB H, cneaoaaTenbHo, 

3a,-parHaaeT HYKnOHHNe cTeneHH cso6o,QN S R,apax. 8 <>TOM MH BH,QHM no,ao6He 
+ 

A-3aSHCHMOCTeM anR cnyYaR PO*tleHHR K -Me30HOS H nPOTOHOB. 

B OR"JUH rnaae pa6oThl SKCnepHMeHTa:nbHble JlaHHhle no K YMynRTHSHOMy 

po~.aeHHn yac,"HU 06CY*.Qa=R B paMKax KBapK-naPTOHHblX npe,QCTaBneHHM 0 

MeXaHH3Me a,apoH-R,aepHblX peaKUHM nPH SHCOKHX 3HeprHRX. 8 paMKax 

KBapK-nap"JUHHOH MoaenH ~parMeHTaUHH noKa3aHa CBR3b 3KcnePHMeHTaJlbHO 

H3MepHeMblX CeY:eHHH po)f(.lleHHR Me30H0B C HMTTYJlbCHhlM pacnpe,aeneHHeM 

KSaPKOS s R,ape. Bse,aeHO nOHRTHe l<BapK-nap,"OHHOM C,-PYKTYPHOM 

R.QPa H H3yYeHN ee caoAc·rea. Pace MO,-PeHN pa3n11'-iHble 

~YHKUHH 

aapuaHTN 

KeapK-nap"JUHHblX MC'ILJ:~?ncH KyMyJlHTHBHOro PO~,lleHHR 'iaCTJ.1U. H BhlnOJlHeHo 

cpaBHeHHe Pe3yJlhTaTOB paC'ieTa C 3KcnepHMeHTaJlbHblMH .aaHH~MH-

B §1 06CYll<,Qa=R ycnOSHR, npu l<OTOPblX S a,apoH- R,QepHblX H 

R.llPO-R.aepHWC cTOnKHOBeHHHX cTaHOBRTCR CYIItec-reeHHUMH KBaPKOBble CTeneHH 

CS060,QN S R,Qpe, a HYKnOHN Henb3R pacCMaTPHBaTb Kai< KBa3HYaCTHUN 

R,QepHOM MaTePHH. B KaY:ecTBe KOJlH'-leCTBeHHOrO 

06,aac,·b, B l<OTOpOH a.QPOHH y,-paYHSa~· CBO~ ponb 

MaTePHH, AH. 6an,QHHblM* npe,anoJKeHo Hcnonb30SaTb 

KPH'l"ePHR, Bl:,IJ:lenRIOntero 

KBa3HYacTHU R,aepHb,, 

2 -bik - - < pi/mi - pk/mk ) - 2 ( pipk/mimk - l ) » l' 
r.ae pi - '-fe'l'"hl'Pe><HMJ1YJ1hChl, a mi - Macchi aapoHoa, Y"'fac·raYJOllO'fx 

I + I I .. 1 + .... «.H3HYeCKHM CMNCn KPHTePHR COCTOHT s TOM, 

60JlbllIHX OTHOCH"JBJlbHhlX Y:e'l"'blpexcKOPOCTRX B3aHMoaeHCTBHe Me*.aY 

B pea1<UHH 

y,-o npu 

JCBapJCaHH, 

BXO.llRIItHMl-1 B COCTaB 06~eK'1"a i,H KBaPKaMH, BXO.llRIIU-iMH e COCTaB o6~eKTa k, 

OCJla6eBae-r. HaCTOJlbKO, Y'l"O era 

B03Mym0HHA. 

MO)KHO 

B §2 o6cyll<,Qa=R <>KcnepHMeH,-anbHNe 

pacCMa7'PHSaTh no TeOPHH 

11,,aHHhle, CBH,QeTenbCTBY~IIIHe S 

noJlh3Y Taro, YTO pacnpeaeneHHe k'.BaPk'.OB H rnJOOHOB B HYKnOHax, 

HaXOIJ.HIItHXCR BHY'l"'PH aTOMHhlX s:r.aep,cymec~"'BeHHO o·rnH'-lae-rcR OT HX 

pacnpe.aeneHHR B CB060/J,,HhlX Hyxnottax. liHaYe roBOPR, MN npe.QCTaBHM 

* Baldin A.M. Nucl. Phys., 1985, v.434A, p.695. 
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J:IOICa3aTeJJbCTBa TOro, 'iTO 1CBap1C-napTOHHble CTylCTYPHble ¢>YHICI.U,U1 H.Qep 

HBnHJOTCH caMDCTOHTenbHblMH ( He caoa.HM~MH K OtJ.HOH\f1'nOHHblM ) 06'hekTa.MH 

a,apoHHOH ~H3HKH. ToT ¢,a.KT, '-iTO ITPH onpeneneHHblX ycn□B.HHX KBaplc'.H 

HBJIHIOTCH IC aa3HCB0150.QHblMM 'iaCTHUaMH I n03BOJJHeT HaM H3Y'-faTb HX 

pacnpe.aeneHue B HJ:IPax. B 1980 ro.ay AM. 6an.a11H* aaen. HOByJO ¢H3tt'iec1Cy10 

ICOHUenu1110 1CBap1C-napTOHHYIO CTPYICTYPHYJO ¢YHICU11IO H.apa. HM 6blnD 

BbrCk'a3aHo H o6ocH□BaHo npeanono;«eH.He o i"OM, Y'l"O ce'-feHHe ,t,parMeHTaUHH 

H,apa B Me30H, H3Mepettoe :n:::cneDHMeH'l"anbHO B HHKnl03HBHOM npou.ecce 

h + A ➔ 1 + ... , nponopUHOHaJlbHO HMnVJJbCHOMY pacnpe.aeneHHIO ICBaplCOB a 

H.QPax ( ICBaplCOBblH CTPHnnHHr C nocne.ayJO~eH MHI"ICOH a.apoHH3auueH): 

- 2 
E1 dq/dp ~ GA/q (X,pT). 

npu aHaJlH3e 31CCnepHMeHTaJlbHblX .aaHHblX Mbl ucnoJJb3yeM nepeMeHHYIO x. 
ICOTopaH .QJJH a.apoHHblX npoueccos OTJJH'iae,~H o,· nepeMeHHOH 6bep1CeHa 

~eTOM MaCCOBb(X nonpaaoK. 

Ha OCHOBaHHH Ha!IMX 31CCnepuMeHTaJlbHblX .aaHHblX no ICYMYJJHTHBHOMY 

0 

10 
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:~ ' 

DD . \ 
D . I. .a 
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I 

3 X 

Puc.11. c,10y1C,ypHaH ¢YHICUHH G(X). 

PO:f(J:leHHIO Me30HOB B npoTOH-H.QePHblX 

B3aHMOtJ.eJ1C'1"BHSlX npu 

nepBHY:HblX 

YCTaHOBJJeHbl 

npoTOHOB 

cne.ayJO~e 

8,9 

HMnYJlbCe 

r3B/c 

OCHOBHbte 

CBOHCTBa 1CBap1C-napTOHHblX c,'PYICTYPHblX 

¢>YHICUHH GCX,p~), r.ae X - Macnrral5HaH 

nepeMeHHar1, onpe.aeneHHaH B HHTePBaJJe 

0 < X < A ( ICVMYJJHTHBHaH 

cooTBe,~TByeT X > 1 > 

1. B oonacTH 0,6 < X <3,5 

Ol5JlaCTb 

¢YHICUHH 

G(X,O) HMeeT YHHBepcaJJbHble CBOHCTBa 

.QJJH pa3JJH'iHblX H.aep H MO*eT 15b1Tb 

npHl5JlH*eHHO onucaHa 3aBHCHMOCTblO 

G(X,O) - const Am(X) exp(-Xl<X>) • 

npu 3TOM .QJJH cpe.aHHX H TH*eJJblX H.aep 

<X>:::::0,14 e npe,aenax 10X TO'-iHOCTH. 

no1Ca3aTeJJb c,-eneHH m<X> - 2/3 + X/3 

.anr1 11HTepsana 0,6 :'."' X :'."' 1 H m(X) :,: 1 

npu X > 1 11 A > 20;-30. Ha PHC.11 

noKa3aH□ nose.aeHue CTPYICTYPHOH 

¢'YHICUHH G(X,0) B 3aBHCHMOCTl1 OT X. 

*saldin A.M. Proc. Cont. on Extreme State 

1980, v.1, p.1. 

in Nucl. Syst., Dresden, 
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2. Ce'ieHHe PO:f(J:leHHH nHOHOB Ha ner'iaH!IMX r1.apax {.QeHTePHH tt reJJHH) 

TaJ-: :;t";t?~ KaK .ans:1 cpet:(Hl1X H TS=l)t:enl:lX s=1aep, MO)KHO nPH6nJ•G«eHHO onHcaTb 

3aBHCMOCTblO exp(-X/<X>>. 0.aHalCO ecnH Ha cpeaHHx H Ts=r*enl:lX 

3Ha'ieHHe napaMeTPa <X> npH onttcaHHH cne1CTPa ICVMYJJHTUBHblX nHOHOB 

~0,14, TO ans:i cny~ast PO*AeHl1Sl flHOHOB Ha s=1apax ae~TePHR napaMeTP 

paseH O,W8 ± 0,002 B HHTePBaJJe 1,0 :'."' X :'."' 1,6. OTMeTUM 

r1.apax 

paBHO 

<X> 

'iTO 

annpolCCHMaUHH exp(-X/<X>> SlBJlfle'l'CSl nPHl5JIH*eHHOH H Hal5mo.aaeTCH 

Hel50JlbillaH 3aBHCHMOCTb <X> OT X. Ha puc.12 npuse.aeHbl 3Ha'ieHHH <X> .an« 
+ 0 

P~'.3nHt..JHblX HH'T'€'f)BanoB X ,llJlil CJIY'-{aH pO;t.;tJ;E?HJ.1;{ rr--Me30H0B no,£:t Yf"JIOM 180 

C"p ~ (J> Ha H,a,pax aeH·T·epH:-=I. ,. 

(X) 

0,20 

n1s 

n10 

O 11-(180") 
e ll•(,so·) 

r11f+ 
t+ i 

~-4-·-~ift ++ T!l 

o,os 
L....o;-~o,6-~0,S~1~p-\.,,_2~,.,_;--,1"'".•-X 

PHc. 12. 3aBHC11MOCTb napaMeTPa <X> 

OT X npu onucaHHH cne1CTPa nuoHOB 

H3 .aeHTPOHa ¢YHICUHeH exp(-X/<X>). 

10 

5 4 
4 

oll5Pb 
5~. 

A 11 fi.el,_ 
6D2 

.. 11~· 
6At 

t ·+ • ~ -y;,t•--·- -' ,_ t---1--
•• 

2 
X-

3 

PHC. 13. 3aBHCHMOCTb OT X OTHOme

HHH Ce'ieHHH po:«.aeHHH (Ha HYICJIOH 

nHOHOB .QJJH Pb/D, Pb/He H Pb/Al. 

3. H3Y'-feHa 3aBHCHMOCTb OT X OTHOWeHHH Ce'ieHHH po:,(J:leHHH nHOHOB 

( Ha HYICJIOH ) Ha r1.ape CBHHua H r1.apax .aeHTePHH, reJJHH, aJJIOMHHHH ( CM. 

p>1c.13 ). BenH'iHHa dO'(Pb)/dO"(A) < 1 nptt X < 1, 'iTO HBJJHeTCH cne.acTBHeM 

ol5c~aeMOH Bblllle 3aBHCHMOCTl1 no1Ca3aTeJJH cTeneHH m OT X. B 06JiaCTH X>1 

OTHOlleHue· CTPYICTYPHblX $YHICUHH H.Qpa CBHHUa I( CTPYICTYPHOH $YJilCUHH 

ner'-faH!IMx r1.aep CY111ecTBeHHO npesbllllae'r e.attHHUY- 3'J"O otSycnoaneHo TeM, '<TO 

B r1.ape .aeHTePHH OTCY,~TBYJOT XOH$Hrypauuu, BICJJIO'ialOlllHe ICBaplCH 6oJJee .asvx 

HYICJJOHOB. O.aHalCO .QJJH r1.aep CBHHUa H aJJIOMHHHH OTHOllleHHe C9'i9HHH Ha 

HYICJJOH npuMePHO pasHO e.aHHHUe J:IJJH 3Ha'ieHHR nepeMeHHOH X ~ 1. 

Eonbmoe BHHMaHHe k'ak' 3k'CnePHMeHTa.TOpoa, Tak' H TeOpeTHk'OB Bbl3BaJJH 

pe3yJJbTaTbl EHC-ICOJIJJal5opauHH. B 3THX 31CCnepHMeHTaX B rnyl501CoHeynpyroM 

JJenTOH-H.QePHOM pacceRHHH 15blJIO Ol5HaPY*eHO, 'iTO B Ol5JJaCTH X 0,5 
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pacnpeAeneHHR ICBaPKOB B Hy>:noHe *ene3a H B Hy>:noHe AeffTPOHa 3aMeTHO 

pa3nH'·ialOTCR. noKa3aHo, '-!TO C poCTOM A CTPYK'"f'YPHaR 4'YHKUHR 

YMeHbmaeTCR. 

Cce'-!eHwe> 

B 'KYMYnRTHBHOff 06nacn1 3aBHCHMOCTb CTPy>:'"f'YPHOH 4'YHKUHH OT 

POCT aTOMHOro seca RApa HMeeT cosepmeHHO APyr'Off xapaKTeP, a HMeHHO 

ce'-!eHHH Ha Hy>:noH RAPa C POCTOM A npH A~ 30 H 3aTeM BHXOA Ha 

ICOHCTaHTY C CM. pHC.4 }. HalllH AaHHHe AnR X > 1 no OTHomeHHIO ce'-!eHHH 

po~eHHR KYMYnRTHBH= nHOHOB Ha TR*enoM aTOMHOM Rape H aeffTPOHe ~ 

paccMaTPHBaeMKaK 3KCnePHMeHTanbHOe npeacKa3aHHe nnH nenTOH-HnePHHX 

pealCUHff. 8 AHCCePTaUHH s=onHeHO cpasHeHHe HalllHX pe3ynbTaTOB no 

H3MePeHHIO 3TOro OTH□meHHR C pe3ynbTaTaMH H3MepeHHR attanorHYHoro 

□THomeHHR npw X > 1 s rpynne C. P□Ka <CTTAK> s 3KcnepHMeHTax no 

pacceRHHIO 3ne1CTPOHOB Ha Rapax anIOMHHHR H aeffTePHR H OTMe'-laeTCR 

coI""nacwe pe3ynbTaTOB, nonY'-!eHH= B aapoH- RAePH= peaKUHRX H 

3neKTPOH-:R/J,.ePHOM pacce:RHHH. 

C'-!HTaeM saJKH- H TO 3KcnepHMeHTanbHOe Ha6n10aeHHe, '-!TO KalC B . 
rny6DICOHeynpyroM pacceRHHH, TalC H B aapoH-RAePH= peaKUHRX .senH'-IHHa 

OTH□meHHR ce'-!eHHH ( Ha Hy>:noH )po~eHHR nHOHOB ( CTPYIC'"f'YPH= ¢,YHICUHPI 

Ha TR*enoM RAPe H aeffTP□He pasHa eaHHHUe s 06nacn1 X ~ 0,9, a He npw X 

~ 0,5, KaK nonyYaeTC:R a pac\.fe-rax a paMJ(ax s:1aePHhlX MOaeneH c 

TOnbKO Hy>:nOHH= c,-eneHeff CB060All 
+ + 

Y'-!eTOM 

4. noaeaeHHe ce'-!eHHH PO*AeHHR K- - H fi- -Me30H0B B 3aBHCHMOCTH OT 

X C CTPYK'"f'YPHaR <t>YHKUHR > HMeeT YHHBepcanbHNH xapaKTeP exp(-X/0,14). 

B=onHRe,~R cneaYJOmee npH6nH*eHHOe COOTH□meHHe Me~y ce'-leHHRMH 

KYMYnRTHBH□ro PD*AeHHR nHOHOB w·nonoJ1<1.1,-enbH= KaOHOB npH DAHHalCOBOM 

3Ha'-leHHH X 

- + - -E
1 

do/dp(n) ~ E
1 

do/dp(n) - + ~ E
1 

du/dp(K) 

3TOT 3KCnepHMeHTanbHNH ¢,alCT MOlKHO noHRTb B paMKax ¢,parMeHTaUHOHHOH 
+ + 

MOAenH. ,'leffCTBHTenbHO, KYMYnRTHBHHe Tr-• H K -Me30HH o6pa3YJOTCR B 

pe3ynbTaTe noaxsa-ra saneHTH- u-KsapK□M.aHTHKBaPKa d HnH i. 
npw paBH= 3Ha'-!eHHRX MaCWTa6HOH nepeMeHOH X Ce'-!eHHe po~eHHR 

- + K -Me3DHOB COCTaBnReT ~ 5% OT senH'-IHHH po~eHHR K -Me30HOB H nHOHOB. 

3TOT pe3ynbTaT HaXOAHTCR B cornacHH C npeACKa3aHHRMH ICBaPKOBOro 

MexaHH3Ma anR KYMYnRTHBH= npoueccoB. ,'leffcTBHTenbHO I BaneHTHHe 
+ + 

CTanKHB8IDutHXC:R 06beKTOB BX0/1,.:RT B COCTaB K H n--Me30HOB, HO He 

B COCTaB K-. 

Pe3ynbTa'T'bl H3MepeHHA noKa3anH, \.fTO OTHOmeHHe Ce'ieHHH 

KBaPKH 

BXOAR,. 

po~eHHR 

+ - -K /K ( HnH rr/K } OCTaeTCR nocTORHH- B HHTePBane 3Ha'-!eHHH MaCWTa6HOff 

nepeMeHHOff X OT 1 AO 2,5. 3TOT pe3ynbTaT ~ paCCMaTPHBaeM Kai( nepsoe 

3KcnepHMettTanbHoe yxa:'.3aHHe Ha cymec-raosaHHe 11;«ecTJCoro Mops:111 a s:1.apax a 

06nacn1 X > 1. npw'-leM HMnynbcHoe pacnpeaeneHwe KBapKos s 3TOM 

Mope noaooHo pacnpeaeneHH~ aaneHTHhlX KeapKoB. 
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*eCTICOM 

5. HallITT ~KcnePHMeHTanbHUe aaHHlre no Ce\.feHHRM po~eHHR OHOHOB nnR 

yrn□B 3MHCCHH 90° H 168° H AaHHHe 11T3ol>* anR yr-na 119° n□3BOnHnH 
npoBeCTH aHanH3 3KCnePHMeHTa.nbHhOC aaHHblX no 3aBHCHMOCTH OT 

noKa3aHo, '-!TO 3aBHCHMOCTb ll'(p
2

) - da(X,O)/du(X,p
2

) ADBOnbHO 
T T 

06nacn1 X) 1 3aBHCHMOCTH Ce'-!eHHff OT X npH pa3H= yrnax 

2 
PT ( 0 ). 

cna6aR. B 

OT.nH'-f8JOTCR 

apyp OT apyra Ha KOHCTaHTY, K01DPaR 3aBHCHT OT yrna Ha6n~aeHHR. 

6. 8blT10nHeHO cpasHeHHe ce~eHHH PO)K.C(eHHR KYJ.fY.nRTHBHblX nHOHOB H 

KaOHOB npw 3HeprHH 9r3B H 400r3B H noKa3aHo nPHMepHoe paBeHcTBo•Ce'-!eHHH 

reHePaU.HH 3TI1X YaC'T'HLl nPH paeHhlX 3HaYeHHRX MaCID'TalSHOH nepeMeHHOH X. 

OrMeTHM, YTO B npeac-raeneHHH aaHHblX B 3aBHCHMOCTH OT KHHe'T'H~ecKoH 

3HePr'HH o-rnH'·U-te npH 3THX aeyx 3Hepri-u:=rx npeeblmaeT nops:1.a:oK ee.nHYHHbl. 

noKa3aHo, ~,u B1:.-lXO/l Ha .cKeH.nHHroaoe noeeaeHHe e nepeMeHHOH X 

npoHcxoaHT npH 3HeprHH ~ 9 r~a, npHYeM H3 /l8HHbDC no PO*AeHHJO Me30HOB B 

dA-B3aHMOAeffcTBHRX npH 3HeprHH 4,5 r3B Ha Hy>:noH cneayeT, '-!TO ce'-!eHHR 

npH 31DH 3HeprHH npeebllDaJOT ce~eHHR ITPH 6onee B~COkHX 3HeprHRX~ 1"0 eCTb 

BblXO/l Ha ckeJ.i.nHHrosoe noee.a.eHHe nDOHCXO/lHT "ceepXy". 

B §3 s=onHeH o63DP Teopen1'-leCKHX M□aeneff, paCCMaTPHBaIO!IIHX 

npouecc KYMYnR,"HBH□ro PD*AeHHR '-!aCTHU Ha ICBaPKOBOM YPDBHe. 

CoeoKynHOCTb 3KcnepHMeHTanbH= aaHHHX no KyMYnRTHBHDMY po~eHHIO '-1acn1u 

RAPaMH He MO*eT 6HTb 06bRCHeHa B paMKax TPaAHUHOHHHX npeac,-aaneHHff 0 

RAPe KalC COBOICynHOCTH o,-aenbHHX KBa3HCB060AH= HyKnOHOB H aaeT seco~e 

OCHOBaHHR anR 06DRCHeHHR RBneHHR Ha 6a3e npeac-rasneHHff 0 

CYil{eCTBOBaHHH B RQPax My.nbTHKB8PKOBl:rlX COCTORHHH, H3MeHeHHH CBOl1CTB 

Hy>:n□Ha, n□MemeHH□ro s R·aepHy10 cpeay. B pa6o,-e npoattanH3HPDBaHH 

pa3JU1'-fHl:rle eapHaH'l'H KeapK-napTOHHblX Mo.ae.neH, nposeaeHo cpaetteH11e 

pe3ynbTaTOB pac~e'T'a C 3KcnepHM€HTa.nbHblMJ.-f aaHHblMJ.-f. 

OCHOBHblE PE3YJlhTA1bl llHCCEPTAill1H 

1. B=onHeHa 6onbmaR nporpaMMa 3KcnePHMeHTOB no Hcc.neaoeaHHJO 

KYMY.nRTI1BHbro PD*lleHHR Y8CTH4 BO B3aHMO/leHCTBHRX ITPOTOHOB H aeHTPOHOB 

C HMllynbCOM 8,9 r3B/c C aTOMHHMH RAPaMH. Hcn□nb30BaHHe B ycTaHOBKe 

MarHH'T1-foro aHanH3a, a 'lc3K)Ke 11.aeHTH¢,HJCaUHR BTOPHYHblX YaCTHL{ no BPeMeHH 

npo.ne-ra, HOHH3aUHOHHblM nOTePRM H HHTeHCHBHOCTl-f ~epeHKOBCkOro H3nV'-feHHR 

no3eonH.nH Haae,rno perHCTPl1POB8'"rb B'l"'OPH'-l'Hble '-faC1"11Ubl ( nHOHbl, kaOHY, 

npoTOHH H 6aPHOHHHe ¢,parMeHTH} npw pa6oTe YCTaHOBICH B nY'-!Kax BHCOICOH 

HH,-eHCI-IBHOCTH C AD HeCKOnblCHX eAHHHU Ha 10
11 

'-laCTHU e ceKYHAY ). 

* 6oRPHHOB C.B. H ·AP- 5i?>, 1987, T.46, c.1472. 
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1-iMeHHO pa5o-ra B BHCOKOHHTeHCHBHHX nY'-<Kax nepBH'-fHblX YaC'T'J.1U 003BOnHna 

H3MepHTb cey:eHHR po)KlteHHH nHOHOB B ~ecTkOH 1..faCTJ.1 cneK,--pa ( enn□Tb no 

3Ha'-leHHH kYMYnRTHBHOLO '-IHCna 3,5 ), BblflOnHHTb CHCTeMaTH'-leCJCOe 

HCcneaoaaHHe KyM,'nR,'HBoro PO*aeHHR c,-paHHHX Me30HOB. 

Co3aaHO MaTeMaTM'-lec Koe o6ecne'-leHHe cneJC·rpoMe,'"Pa .lll-lCI<-2. 

nporpaMMHoe oOecne'-leHHe Hcnonb30Banocb npH npoee,aeHHH 3KcnePHMeHTOB 

Ha yc-raHOBKe llJ,-ICJ<-2 Ha CHHXP0¢>330TPOHe 0J.-!SlH H o6pa60TICe pe3ynbTaTOB 

H3MepeHHH a nepHoa c 1975 no 1988 rr. 

rnaBHOH oco6eHHOCTb~ 3KCOePHMett,--anbHblX aaHHNX, nonyYeHHHX Ha 

yCTaHOBKe llJ,-ICJ<-2, RBnRe,~R H3MepeHHe ceYeHHH PO*aeHHR K YM,'nR,'HBHHX 

OHOHOB Ha Hapax B ~eCTJ(OH '-f8CTJ,1 cneK,'l)a. 8 Te'-feHHe 00'-l"T'H aecR'T'H neT 

no 

aavx. 
3TI1 3KCnepHMeHT"anbHHe aaHH~e 6blnH eD,HHCTBeHHf::lM' pe3ynbTaTOM 

H3MepeHH~ ceYeHHH npH 3HaYeHHRX Kyi,rynRTI1BHoro YHCna 60nbwe 

HccneaoaaHHe *eCTKOH YaCTI1 cneKTPa Ype3BHYaHHO aa*HO anR HHTepnpe-rauHH 

pe3ynbTaTOB H3MepeHHH B paMKax KBapK-napTOHHHX npeac-raaneHHH. 

2. llnR 6onbworo Ha6opa aTOMHHX Raep < 6onee 20 Raep c pa3H~MH 

3HaYeHHRMH aTOMHOro aeca A) BHnonHeHo HccneaoaaHHe A - 3aBHCHMOCTI1 

ceYeHHH KYMynRTYIBHoro po~.aeHHH nHOHOB. noKa3aHO, '-f1"0 3aBHCHMOCTb 

OTHOWeHHR CeYeHHH Ha HyKnOH Ha RAPe AH CBHHUe CHaYana pe3KO pac,-eT C 

pocTOM A , HO- ttaY:HHaH c A ~ 20 -30 3Ha'--feHHe oTHomeHHH c TO\.fHOCTbJO 

10 - 207. paaHO eaHHHue • YTO CBHAeTenbcTBye,· 0 3aBHCHMHoc,'H ,"Hna A
1
. 

naapo6HHe HccneaoaaHHH A - 3aaHCHM□CTH ceYettHH n□Ka3anH 

noaeaeHHe perynHpyeTCR He HMITynbCOM H yrnoM 3MHCCHH BTOPHYHHX 

a HX Kyi,rynR,'HBHHM YHCnOM. 

3. BHnonHeHO cHc,-eMaTHYeCKOe HCCneaoaaHHe KYM,'nR,'HBHOro 

YTO ee 

IlHOHOB, 

PO*tleHHR, 

nHOHOB Ha nerYaHmHx ~apax aeHTePHR H renHR. 8"'f'l.i .aaHHhle 4pe3sbN'aHHO 

aa*HH, nocKonbKY B :)TOM cnyYae MO*HO npoaecn, TOYH~H yYeT RAePHHX 

3<M€K,DB H H3BneYb Henocpeac,"BeHHY~ HH¢c)PM3UH~ 0 KBaPKOBOH CTPYK,YPe 

nerYattWH>< Raep. 

OOHapy,«eHO, 4'1''0 ¢0PMa cneK'l"Pa nHOHOB,, po;t;,aeHHbIX 

T n 

B 

-yM3" { 
n 

pD 

NN ) B3aHMOaeHc~~H~X nPH KHHeTUYeCKHX 3HeprHRX flHOHOB 

noaTOpReT 4•"'.,MY cneK,-Pa ITHOHOB, po*tleHHHX a pp 

caMH eenHYHHhl ceYeHHH y.aoeneTBOPRIO"l~ COOTHOWeHHD 

B38HMOtteHCTBHs:IX, a 

Ed3a/d3 p < pD ➔ n ) ::,, Ed3a/d3
p < pH ➔ n + > + Ect

3
a/d

3
p < pH ➔ n 

TTPH nepexoae K KYMYnRTI1BHOH o6nacn<, T.e. anR 3HeprHH PO*AeHHHX 

T > TM3X { NN ) napaMeTP HaKnoHa cneKTPa MeHRe,~R cna6o. 
n Tl 

4. H3MepeHH 3Hepren<YeCKHe cneKTPH H yrnoa~e 3aBHCHMOCTH 

) 

nHOHOB 

ceYeHHH 

PO*AeHHR npoTOHOB Ha aeHTPOHe H renHH. 06HaPY*eHo CYlllecTBeHHOe 

npeBNWeHHe ce4eHHA po)KaeHHR KYMYns:ITHBHblX npoTOHOB no cpaaHeHH~ C 

ceYeHHRMH po)KaeHHR KyMynRTHBHhIX nHOHOB. 
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Yc,'3HoaneH□, qTQ noeeae1--111:e 3HepreTHqecKHX cneKTPOB H 

3aBHCHMOCTI1 ceYeHHH PD*tleHHR ITPoTOHOB Ha Rapax renHR H 

yrnoaHe 

CBHHUa 

npaKTHYeCKH coanaaa~ H 5nH3KH K 3HepreTHYeCKOMY cneK-rpy H yrnoaoR 

3aBHCHMOC,'H ceYeHHH PO*tleHHff npoTOHOB Ha Ael'ITePHH. 3-J'O RBnReTCR 

cepbe3HHM aprYMeHTOM a nonb3Y noKanbHoro xapaK-repa 

npoueccoa. 

KYM,'nRTHBHHX 

5. TTpoaeaeHO cpaaHeHHe 3KCITePHMeH-ranbHHX aaHHHX no PD*tleHH~ 

flHOHOB H npo,"OHOB Ha R,ape .aeATePHR C pe3ynbTa.Ta.MJ.f pacqeTa B paMXax 

penRTHBHCTCKoro HMnynbcHoro npH61IHJKeHHR. no1ea3aHO, 'fTO ITPDTOHH"'8 

cneKTP OITHCHBaeTCR C HCITOnb30BaHHeM peanHCTHYeCKOR BOnHOBOH ~YHKUHH ao 

HMITynbCOB ~ 500 H3B/c. a cneKTP ITHOHOB ao HMITynbCa ~ 450 tbB/c 

Pa3nHYHe Me*tly 3KcnepHMeHTanbHO H3MepeHHHMH CeYeHHRMH H pe3ynbTaTaMH 

pacYe-ra B KOHUe cneK,-Pa coc-raanReT nPHMePHO ITOPRaOK aenHYHHbl. ll.J1R 

06hRCHeHHR :)TOH Pa3HHUN B PRae TeOpeTHYecKHX MDaeneR BBOaHTCR 

wecTHKBaPKOBaR KOMITOHeH-ra B aonHOBOR ~YHKUHH aettTPOHa. 

6. BHnonHeHO CHC-reMa,'HYeCKOe HCCneaoaaHHe KYM,'nRTHBHOro PO*tleHHR 

KaOHOB B npoTOH-RaepHHX H aett,-POH-RaepHHX B3aHMOAeHCTBHRX. 06HapY*eHo, 

YTO 3aBHCHMOCTb ceYeHHR PD*tleHHR KYM,'nRTI1BHHX ITHOHOB H KaOHOB OT 

MaCmTa6HOH nepeMeHHOH X HMeeT 3KCnOHeHUHanbHOe noaeaeHHe 

exp(-Xl<X>J 'ITPHYeM aenHYHHa napaMe,-pa < X > "" 0.14 HMeeT c 

,uYHOCTb~ ao 107. YHHBepcanbHOe 3HaYeHHe He TOnbKO anH pa3nHYHHX 

HOH anR Pa3nHYHHX BTOPHYHHX Yacn<u. 

Haep, 

Yc-raHoaneHo, ~TO a KYMYnHTHBHHX npoueccax anR TRxcenoro Rapa ITPH 

oaHHaKOBOM 3HaYeHHH M3CWTa6HOR nepeMeHHOH X BHnOnHReTCR COOTHOWeHHe 

Ed3atd3 p ( n+) ""Ed3atd3 p ( n-) ""Ed3atd3 p ( K+ 

K- Me30HOB 7. 06HaPY*eHo, YTO aenHYHHa ceYeHHft PD*aeHHR 

COCTaBnReT"" 57. OT ceYeHHR poxcaeHH~ K+- Me30HOB npH oaHHaKOBHX X 
+ -

Bem1·0>1Ha OTHOWeHHR ceYeHHH PO*tleHHR K - H K - Me30HOB B 

OT 1,0 ao 2,5 He 3aBHCHT OT 3HaYeHHR M3CWTa5HOH nepeMeHHOR X 

HH-repaane 

3TOT 

He,-PHBHanbHbM pe3ynbTaT B HeKOTOPHX MoaenRX 06hRCHReTCH nyreM aaeaeHHR 

B CTPYK'IYPHY~ ~YHKUHID Rapa AOITOnHHTenbHOro "xcecTl<oro" 

aHTHKBaPKOBoro MOPff. 

KBaPK 

8. Yc-raHoaneHo, YTO A 3aBHCHMOCTb CeYeHHA poz.cteHHR K+ 

ceYeHHR Me30HOB 5nH3Ka K ITPOTOHHOR, B TO apeMR KaK A 3aBHCHMOCTb 

P□*tleHHR K

ITHOHOB. 

Me30HOB ITOBTOPReT A 3aBHCHMOCTb Ce4eHHA po~eHHR 

9. Ha OCHOBe KBaPK - napTQHHOH MOaenH ¢,parMeHTaUHH noKa33HO, 'fTO 

3KcnepHMeH-ranbHO H3MepReMble ceYeHHR PD*tleHHff Me30HOB MO*HO CBR33Tb C 

HMITynbCHHM pacnpeaeneHHeM KBaPKOB B Rape. BaeaeHO noHRTHe KBaPK 

napTOHHOH CTPYK,YPHOH ~YHKLIHH Rapa H H3Y'-ieHY ee CBORCTBa. Ha OCHOBaHHH 
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31<'.CnepHMeHTanJ,HclX .QaHHclX caenaH BblBO,ll O TOM, '-ITC 

CTPYJ<TYPHble $YHKI..\HH SI.Qep Ka'-leCTSeHHO OTnH'-18IOTCH OT 

KaapK-napTOHHble 

JCBapK-nap'JDHHblX 

CTPYJ<TYPHclX $YHKI..\H1'1 HYJ<nOHOB B Sl,Qpe H He Moryr (51,1Tb cseaettbl " 

cynepno3HI..\HH nocne.QHHx. 

10. B pa6oTe npoaHanH3HPOB8Hbl TeOPeTH'-leCKHe nO.QXO.Qbl no 06bSICHeHHIO 

nPOl..\eCCOB KYMYn>'ITHBHoro poll(,lleHHSI H caenaH BblBO.Q O TOM, '-ITC OCHOBOH ani:1 

06bSICHeHHSI i:1sneHHSI cny.«HT KsapK-napTOHHblH MexaHH3M. 

11. Pe3ynbTaTbl, sneps1,1e nonY'-feHHble Ha YCTaHOBKe .llHCK-2, 

no.QTSepll(,lleHbl B .QPyrHx 3KCnepHMeHTaX no HccneaosaHHIO KYMYn>'ITHBHclX 

npol..\eCCOB. 

Pe3ynbTaTbl, H3no~eHHble B .QHCCePTal..\HOHHOH pa6oTe, ony6nHKOB8Hbl 

pa60TaX : 

B 

1. Asep1-1'-1esa T.B., Ean.QHH A.H., Eac1-1naa:ae c.r., Sottaapes B.K., 

r1-1op.Q3HeCKY H., ronosaHOB JJ.6., Kpi:1'-IKO An., Ha:aapCKHH B.JJ., HaHHTOS-

CKHH A.H., Ha~mesCKHH E.A, Hopo:a H.C. 1 Hell(.QaHosa C.A. , HHKHTIOK H.11. 

nattet5pames JO.A, nosTOpeHKo AA," PHXBHI..\KHH C.B., CTaBHHCKHH B.C., 

XpeHOB A.H., llsHHeB An. YcTaHOBKa ani:1 Hccne,aoeaHH~ KYMYn<ITHBHOro 

poll(.QeHHH '-18CTHI..\ ( .llHCK ). - Coot5meHHe OHSlH 1-11317, ;'ly6Ha, 1978. 

2. HsaH'-leHKO 11.11., KapneHKO H.H., nattet5pames JO.A., Ca.QOBHHKOB 

nporpaMM B.H., Cettttep A.E., Cettttep JJ.A., CTaSHHCKHH B.C. KoMnneKc 

peanbttoro speMeHH ani:1 HccneaosaHHSI Ha ycTaHOsKe tITTCK-2 KYMYnHTHBHoro 

poll(,lleHHSI '-laCTHI..\. - Coot5meHHe OHSlH 10-81-754, ;'ly6Ha, 1981. 

3. nattet5pames JO.A, C-'rasHHCKHH B.C. nporpaMMa ani:1 MO.Qen1-1posaHHS1 

pa60Tbl ycTaHOBKH tITTCK-2 

Pf-82-434, ;'ly6Ha, 1982. 

MeTO.QOM HoHTe - Kapno. Coo6mett1-1e OHSlH 

4. Baldin A.M., Khr-enov A.N., Manyatovsky A.N., Moroz N.S., 

Panebr-atsev Yu.A., Povtor-ejko A.A., Rikhvitsky s.v., Stavinsky V.S. 

Angular- and Energy Dependens of Cumulative Particle Production 

Cross Sections, European Conf. on Part. Phys., Budapest, 1977. Book of 

Abstracts, p. 37. 

5. Ean.QHH A.H., ScJH.Qapes B.K., ronosattos JJ.6., Ha:aapCKHH B.JJ., 

HaHSITOBCKHH A.H., Mopo:a H.C., nattet5pames JO.A, nosTOpeHKO A.A, PHXBH

nef"KHX I..\KHH C.B., CTaBHH.CKHH B.C., XpeHOB A.H., llsHHeB An. KYMyni:11..\HSI 

i:1.Qep. Coot5mettHe OHSlH, Pi-11168, ;'lyt5Ha, 1977. 

6. Ean.QHH A.H., SoHaapes B.K., ronosaHos JJ.6., 

nattet5pames JO.A, 

Ha:aapcKHH B.JJ., 

nosTOpeHKO A.A, HaHSITOBCKHH A.H., 

PHXBHI..\KHH C.B., 

Hopo:a H.C., 

CTaBHHCKHH B.C., XpeHOB A.H., UBHHeB An. S!Kcnep..-

MeHTanbHble ,QaHHble no KYMYn>'ITHBHOMY poll(.QeHHIO nHoHOB npH B3aHMO.Qe1'1CTBHH 

npoTOHOB C HMnynbCOM 8,9 r3B/c C nerKHMH SI.QPaMH. 

1-82-28, ;'lyt5Ha, 1982. 
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Coo6mett1-1e OHSlH, 

7. Ean.QHH A.H., Sottaapes B.K., r1-1op,Q3HeCJCY H., HaHHTOBCJCHH A.H., 

Mopo3 H.C., nattet5pames JO.A, neHI..\H 11., nosTOpeHJCO AA, PHXBHI..\-

JCHH C.B., CTasHHCKHH B.C., Xpettos A.H. 3KcnepHMeHTanbHble AaHHble 

ICYMYnHTHBHOMY PO)l(.QeHHIO nono~TenbHblX H OTPHl..\aTenbHl,IX KaOHOB B pPb 

B3aHMO.Qe1'1CTSHH. - Coot5meHHe OHSlH, 1-80-488, ;'ly6Ha, 1980. 

8. Baldin A.M., Bondar-ev V.K., Ghior-danescu N.,Khr-enov A.N., 

Litvinenko A.G., Manyatovsky A.N., Moroz N.S., Panebr-atsev Yu.A., 

Pentia M.,Rikhvitsky S.V., Stavinsky V.S. Experimental Data on 

no 

Inclusive Cross Section for Cumulative Production of Pions, Kaons, 

Antipr-otons and the Quark-Parton Structure Function of 

Coot5meHHe OHffii, El-82-472, ;'lyt5Ha, 1982. 

Nuclei. 

9. Ean.QHH A.H., natte6paT1.1es JO.A, CTaBHHCICHH B.C. 0 pacnpeaeneHHH 

JCsapKos s <1.Qpax, llAH CCCP, T. 279, c. 1352, 1984. 

10. SoH.Qapes B,K., 3apyt51-1tt n.11., JlH"t'SHHeHJCO Ar., Ho:aenes A.A, 

Hopo:a H.C., nattet5pames JO.A, PHxBHI..\KHH C.B., CTaBHHCJC HH B.C., Xopme-

sa r.E?., Xpettos A.H. A - 38BHCHMOCTb Ce'-!eHHH KYMYn>'ITHBHoro poll(.QeHHH 

Tl -Me30HOB C nonepe'-!HblM HMnynbCOM 1100 M:>B/c. 

1-84-706 , ;'ly6Ha, 1984. 

Coot5meHHe OHSlH, 

11. Sottaapes B.K., 3apy6HH n.11., nHTBHHeHKO Ar., Ho:aenes A.A., 

Hopo:a H.C., nattet5pames JO.A., PHxBHI..\KHH C.B., CTaBHHCKHli B.C., Xopme-

sa r.6., Xpettos A.H. A-:aasHCHMOCTb ce'-!eHHH KYMYn<ITHBHoro PO~.QeHHH Tl 

-Me30HOB B npoTOH-Sl,QepHHX B38HMO.Qe1'1CTBH<IX. - KpaTKHe coot5meHH<I OHSlH, 

4-84 , ;'lyt5Ha, 1984, CTP.5. 

12. Ean.QHH A.H., Sott.Qapes B.K., nattet5pames JO.A., 

n1-1TBHHeHKO Ar., CTaBHHCKHH B.C. 0 pacnpeaeneHHH KB8PKOB B 

Tpya1,1 VII Me~.QYffapoattoro ceMHHapa no npot5neMaM $J-13HKH 

3HeprHH,OHSlH, .ll1,2-84-599, ;'lyt5Ha, 1984, CTP. 194. 

nett~R 11., 

R.Qpax. 

BblCOKHX 

13. Baldin A.M., Bondar-ev V.K., Khr-enov A.N., Litvinenko A.G., 

Moroz N.S., Panebr-atsev Yu.A., Pentia M., Rikhvitsky S.V., 

sky V.S. Experimental Studies of Quark Distribution in Nuclei. 

Stavin

Pr-oc. 

II Int. Conf. on Nucleus - Nucleus Collsions, Wisby, Sweden, vol. 1 

Contr-. Papers, p. 75, 1985. 

14. Baldin A.M., Bondar-ev V.K., Zar-ubin P.I., Khr-enov A.N., Lit-

vinenko A.G., Moroz N.S., Panebr-atsev Yu.A., Pentia M., Rikhvit-

sky S.V., Stavinsky V.S. A- Dependence of Cross Section for Cumulative 

Processes. Proc. II Int. Conf. on Nucleus - Nucleus Collisions, Wisby, 

Sweden, vol. 1 : Cont.-. Papers, p. 73, 1985. 

15. Sottaapes B.K., 3apyt5HH n.11., n1-1TSHHeHKO Ar., 

JO.A., CTaBHHCKHH B.C. Hos1,1e 3KCnepHMeHTanbHble ,QaHHble no 

naHet5pames 

KYMYnRTHBHOMY 

PD)l(.QeHHIO '-laCTHI..\ peni:1THs1-1cTCKHMH H.QPaMH. - Tpya1,1 VI I I Hell(.Q. ceMHHapa no 

npot5n. $H3HKH BblCOKHX 3HeprHH, ;'ly6Ha, OHSlH, ll1,2-86-668,1987, CTP. 245. 
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16. Bondarev V.K., Zarubin P.I., Litvinenko A.G., Panebratsev 

Yu.A., Stavinsky V.S. Experimental Studies of Cumulative Particle 

Production at the Dubna Synchrophasotron and 
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