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OElllAH XAPAKTEPRCTliKA PAEOT~ 

AKTYBn:&HOCT:& npoe5neMH. liHTepec K HCCll8AOB8HHD CTOJIKHOB6HHA qsc
THU H HA8P BHCOKHX aaeprHlit C HAPBMH B03poc B CBH3H C 3KCnepru.teHT8lIL
HHM o6aapyE8HH8ll KYMYJIHTHBHHX '.7i-M830HOB. Ha B03MOlltHOCTL oe5p830BSHHH 
KYMYJIHTHBHHX qacTHU B CTOnKHOB8Hl4HX penHTHBHCTCKHX HA8P BnepBHe YKB
asn A.M.ESJIAHHx), OCHOBHBSHCL HS HA68 0 noxan:&HOCTH B38HMOAelitCTBHH 
BAPOHOB B nponeccax C C5onLIIIHMl4 nepeAaqsua HllnynLca. IlDHBneaHe KYMYJIB
THBHOlit qaCTHUH B o6naCTH, asnpeU18HHOlit KHH8MSTHKOlit CTOlIKHOB6HHH CB0-
60AHHX HYKJIOHOB,CBH38HO C yqscTH8M BO B8SHMOA81itCTBHH rpynnH HyKnOHOB 
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HAPS, HSXOAHlltHXCH B xap8KT8PHOM ABH M830H006paaoBSHHH o6~elle ~ <fl.'>. 
liCXOAHSH rHllOT88S KYllYlIHTHBHOro aqiiJ!eKTS npeAnonarana T8KE8 nponopnao
H8ll:&HOCT:& ceqeHHH p0EA8HHH qsCTHU 06~e11y HAPS H H688BHCHMOCT:& cneKT
pOB KYJlYlIHTHBHHX qaCTHU 0~ copT8 H aaeprHH nepBHqHl:JX qacTHU, IlOCKOJIL
KY CBOlitCTB8 BTOpHqHHX qacTHU AOUHH OilHCHBBT:&CH 8AHHOlit YHHBepcanLHOlit 
qiyHKUHelit. 0TMeqeHHH8 CJI8ACTBHH nonyqanH 3KCnepHM8HT8lILH08 Il0ATB8PEA6-
HH8 B HCCll8AOBSHHHX KYllYlIHTHBHOro PDEA8HHH !Ji -ll680HOBxx). 

B nenax nonHOTH HCCll8AOBSHHH KYllYlIHTHBHOro 3qii1!8KT8 BOBHHKnS 88A8-
qs 06 aayqeHHH CBOlitCTB KYllYlIHTHBHOro pOEA8HHH 6apHOHHHX CHCT6M. 

Uen:& pae5oTH. 

1. ~HBJlqecKoe o60CHOB8Hl48 IlOCT8HOBKH 8KCnepHM8HT8 AlIH 143yqeHHH· 
KYMYJIHTHBHOro 3qlqJ8KT8. 

2. M8TOAHqeCK8H peanH38UHH 3KCnepHll6HT8lILHOlit YCT8HOBKH ~RCK-2. 
3. 0U8HK8 14 IlPOU8AYPS BHqacneHHH H606XOAHMHX nonpaBOK npH o6pa-

60TK6 3KCnepHM8HT8n:&HHX ASHHHX. 
4. IlonyqeHH8 3KcnepHM8HT8ll:&HOlit 14HifX>PM8UHl4 no KYYYllHTHBHOMY PDXA8-

HHD qscTHU (p,a,t, 3He, 4He) HS nyqKBX npoTOHOB H A81itTpOHOB C HMnyn:&
COll 8.9 raB/c B o6nSCTl4 yrnOB H86JIDAeHHH 90°+180°, HHTepBane HllilYllD

COB 0.3+1.4 raB/c HS H,llpsx: 6 •7Li, Be,C,Al,Si, 54 •56 , 58Fe, 58 , 61 , 64Ni, 
cu, 64zn, 112,1~e,124sn, 144,154sm, 1a2,1a6w,Pb,u. 

5. AHSBl43 3KCll8p!4M6HT8ll:&HHX ABHHHX. 

Hsyquaa HOBl48H8 H auaqHMOCTL pa60TH. BnepBH8 npOB8A6HO CHCT8MSTH
qecK08 uccneAOBSHHe KYMYJIHTHBHOro p0EA8Hl4H npOTOHOB, ~elitTpOHOB, TPH
THH, 

3
He,

4
He HS ny,max npOTOHOB H A8~TPOHOB c HYnynLCOY 8,9 raB/c. 

ieT8lILHO 148MepeHH 3H8preTnqeCKl46 cneKTPH B o6naCTH yrnoB 90°+180°, 
HHT8pBane HYilYlIDCOB 0,3+1,4 raB/c ~nH O~H088PHAHHX qaCTHU. IlpH He
CKOB:&KHX BHaqeHHHX qJHKCHPOBBHHHX HMilYlIDCOB IlOAp06HO H3M8p6H8 yrnOB8H 

x) EanAHH A.IJ. KpaTKlrn coo6ll!eHHH no qiHBHRe AH CCCP, 1971, le l, c. 35. 

xx) EBJIAHH A.M. H AP• H~, 1974, T. 20, ~. I20I. 
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38BHCHMOCTb ceqeHHH B pA H dA - B3SHMOA8llCTBHHX. IlonyqeHN aHepre
THqeCKH8 Cll8KTpli WPSrMeHTOB 3

He H 4
He B HHT6pBSll8 HMllYllbCOB 

0.6+3 raB/c. neTSnbHO Hccne]{OB8HS A-aSBHCHMOCTb ceqeaHn KYMYllHTHB
HOro pOlltA6HHH npOTOHOB, A8ffTPOHOB H'TpHTHH ]{llH HMllYJibCOB 500 H 
800 MaB/c HS.60.llbWOM HS6ope WPSrM8HTHPYllll!IHX HA6P, BK.lllllq8H p83A6.ll8HHli6 
H30TOllli JIHTHH, zeneaa, HHK6.11H, nHHK8, O.llOBS, CSM8pHH H BO.llbWP8M8. On
peACll8Hli noKS3ST6.llH CT8ll8Hli n B A-38BHCHMOCTH ceqeaun pOEA8HHH npo
TOHOB, A8llTpOHOB H TpHTHH B HHT8PBBJie yrnoB 90°+rso0 H HMnyllbCHOM HH

T6pBsne 0,3+I,4 raB/c. 
liCCll8AOBSHS 38BHCHMOCTb ceqeaan OT KBS.ztpSTS nonepeqaono HMllYllbCB 

npH WHKCHpOB8HHHX'aaaqeHHHX M8CWTS6aon nep8M8HHOff X • IlpOB6A6H SH8JIH3 
. p2 

nonyqeHHHX 8KCll8PHM6HT8llbHHX ABHHHX B nepeMBHHHX X H ~ • 
SKCnepHM6HTSllbHHe ]{8HHH8, nonyqeHHH6 B AHCcepTanua, no CYl!l6CTBY, 

JIBJISDDTCJI IIOJIHHM IDIKlII03l'IBHHM OIIliTOM H OCHOBOil ,lVlSl IIpOB8pKH . 
paannqHHX'T60P6THqecKHX M0]{8ll8ff KYLIYllHTHBHOro p0llt]{6HHH qaCTHU B HHK

.lllll3HBHHX peaKnHHX. 

Anpo6auua pa60TN H ny6nHK8llHH. PeaynbTSTH,· COCT8BHBWH6 AHCC6pTa
nmo, 06cyJ1t.zt8.llHCb Ha aayqaux C8MHH8pax HayqH0-8KCil8pHM8HT8.llbHOrO M8TO
.ztHqecKoro oT.ztena, OT1tena pe11HTHBHCTCKon H;ztepaon g'JHaHKH JIBS, ;ztOKJIS.ztH
BSJIHCb 8BTOPOM HB IT BC8COJIJ3HOM COB6l!IBHHH rio npeABllbHOtt WP8rM8HTBnHH 
HA8P (MOCKBS, I982). SKcnepHM6HT8llbHH8 ]{8HHH6 npe;ztCT8BllH.llllCb HS 
IY M8lltAYH8pOAHOM C6MHH8pe no WH3HK8 BHCOKHX'8Heprnn (ny6HS, 1975), HB 
XYill H XIX M8llt]{YH8pO]{HH6 KOHWCPBHnHH no g'JH3HK6 BHCOKHX aaeprHll (T6HJIH

CH, I976; TOKHO, I978) • 
0CHOBHH8 peaynbTBTH AHCC8pTsnHH H3ll0Jlt6Hli B 9 ny6mtKanaax. 

06:r,eu pa6oTu. ~ccepTan1m coCTOHT HS· BBB]{ilHHH, qeTNpex rnan H BH
BO;ztOB. P860T8 H3.ll0Jlt6H8 HB 157 CTPBHHnsx, BKJIDqaa 45 PHCYHKOB H 
24 T86JIHnfi. CnncoK naTHpyeuon naTepaTypu co1tepimT 84 HanueaoBaHHH. 

conEPIAHHE PAEOT~ 

Bo BB8A8HHH paCCMOTP6Hli Cll8]{CTBHH HCXO.ztHOll rHOOT63li KYMYllHTHBHoro 
8WW8KTB, H8W6AWH6 8KCil6PHM6HT8llbH08 IlO.ztTB8PJE,Jt8HH8 B HCCJI8AOB8HHH Kyuy
.llHTHBHOrO poxABHHH MeaoHOB Ha HAPBX, WoPMyJIHpyeTca aa.ztaqa pa6oTH H 
KPBTKO H3ll0Jlt8HO CO.ztepxaHHe .ztHCCepTannH. 

B nepBon rnaBe pscCMOTp8H!i'H806XOA~8 IlOHHTHH, CllYEBl!IH8 BB8ACHH-

8M B npe.ztMeT HCCll8AOBSHHH. 
B § I BBO]{HTCH IlOHHTH6 HHK.lllllSHBHHX peaKnan H KPBTKO H3ll0llt8Hli pe

SY.llbT8Tli e+p ... e'+ ••• npouecca, IlO.llOEHBmHe aaqano HHT6HCHBHOMY HC
CR6AOB8Hlilll rny60KOHeynpyrHx pe8KUH« HS nyqxax nenTOHOB H SAPOHOB, 06-
HapyuBmmc 11acwTa6ao-HHBspHaHTHoe noBe'AeHRe CTPYKTypaux WYHKUHll, 
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xapSKTepHay11111wx ceqeHHe rny6oKoaeynpyroro pacceaawa. STH Hccne;ztoBa
HHH npHB8.llH K ·coa;ztSHHIO napTOHHOil MO'A6llH H, B KOHeqaou cqeTe, KB8HTO
BOil XPOMOAHH811HKH - COBp8K8HHOll T80pHH CH.llbHHX B38HMOA8llCTBHil. 

B § 2 HSJI8r88TCH WPBrK8HTSnHOHH8H M0]{6Jlb KYMY.llHTHBHOrO 3IJJweKTS 
A.M.ESJI.ztHHSx), B KOTOpon BBOAHTCH IlOHHTHe KBSpK-napTOHHOH CTPYKTypaoa 
WYHKnHH HAPS,_ onpe.zt8JIHJ1Jlll8ll Il0B8A8HH6 ceqeHHH KyuynHTHBHOro pOlltA8HHH 
qacTH~ H H8 CBO,u;liMOil K COBOxyIIHOCTH CT!)YKTYJlliliX ~ymcitWJ: COCT~ 
H.ztpo HYKllOHOB. KBapx-nspTOHHBH CTPYKTypHSH WYHKUHH HAPS xsp8KT6pHay-
8T YHHB8PCSllbH06 pscnpe.zteneHH8 KBBPKOB no HMilYRbCSM B HAPBX. 

B 00.llbSy WPSrMBHTBUHOHHOll MOA6.llH CBH.zt6T6JibCTBYlllT Cll6]{Yllll!IH6 apry
M6HTH. 

I. rronepeqaoe ceqemrn npo~ecca I + II - l+ ••• , r.zte I - asneTB-
11111aa qacTHUS, II - wparM8HTHPYllll!l66 HApO, 1 - H8dlllOA88MSH KYMYRHTHB
HBH qacTHUB (yrnH 8MHCCHH O > 90°) B o6JI8CTH aaaqeHHil M8CWT8dHOil ne
pe11eaaon x~1 H P.i. =O nepeCTS8T SBBHC8Tb OT HaqanbHOff aHeprHH, Ha
qHHBH c ~ 4 raB. 

2. B o6xacTa nepBHIIHHx :mepran 4i400 raB H aaaqettwn 0,6~ X~ 3,5 
annpOKCHMHpyeTCH npocTon SSBHCHMOCTblO 

QQ. t ½, m(X) X ) 
E

1
dp

1
-.::: cons ·A1 •A1 ,exp(-<x> . 

Ilspa11eTp < X) B IlP8A6JISX 8KcnepHM6HTBnbHHX OWH60K He 38BHCHT OT 
KBBHTOBHX l!HC6ll KyuynHTHBHhlX qaCTHU H paBeH O,I4 c TOl!HOCTblll"-' IO%. 
nna KYMY.llHTHBHhlX M830HOB IlOK838T6Jib CT6n8HH m (x )=l npH x > 1 H 
A> 20. B Odll8CTH aaaqemr1n 0,6~ X~ I m(x )=2/3+x/3 ~ 1 • 

3. B npe;ztenax OmH60K 3KCil8PHM6HT8 HBdnlOA86TCH paBeHCTBO ceqeann 
5i~,:Ji-H K~ M830HOB .zt.llH 0]{HH8KOBHX 3H81!6HHll X, CBH38HH06 C T6M, 

qTo OHH onpeA6JIHlllTCH O]{HOll H Ton xe CTpyKTypHOil WYHKuaen. ITO'ABBneHHe 
ceqeHHH P0llt'A8HHH K--M830HOB MOE6T npoHCXOAHTb no npHIIHHe OTCYTCTBHH 
BaneHTHhlX KBBPKOB, CO;zt8pX8UU1XCH B HAPBX H K-M630HSX. 

B § 3 paCCMOTP6Hli nep8M6HHH8, xapaKT6pHH8 AllH peJIHTHBHCTCKOfl 
H;ztepaon ~HSHKH. Onp6A6JIH6TCH Blip8~6HH8 M8CWTB6Hon nepeMeHHOil C yqeTOM 
MBCCOBWC nonpBBOK npH KOHeqaoa SHeprHH nepBHqHux qacTHU, OTMeqaeTCH 
B03MOllHOCTb npoaBneHHH KOppenanHOHHWC aiW!BKTOB B KYMY.llHTHBHOM POEA8-
HHH 6SpHOHHHX CHCT8M, noCKOJibKY paSHOCTH 6HCTPOT (!pparM8HT-qipaI'M8HTR
PYlllll68 JJ,DJ>O) COCT8BJIHJIJT Benaqaau, 3H81!HT6llbHO M8HI,lllll8Ay=2. 

Bo BTopon rnaBe onHCHBS6TCH !.18TO.ztHK8 npoB6'A6HHH 3KCnepHM6HTB. 
B § I 'A88TCH Od1J!8H xapaxrepHCTHKB _sKcnepHM6HT8JlbHOll YCTBHOBKH 

Jil1Cl{;..2, npe]{CTBBJIHHJl!eil co6on cneKTPOM6TP no BP8M6HH npoJieTa B COl!6T8-
HHH C uarHHTHHM 8H8.llH30M 

0

BTOpHqaux qacTHn no HMnyJibC8M. YrJIOBOil 'AHS-

x) Baldin A.L, JINR, E2-83-415, Dubna, 1983, 
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Il830H YCT8HOBKH COCT8BIDl8T 49°+180°, HHTepBan perHCTpHpyeuux HMnynL
COB OAH038Pff.llHNX qacTHU O,l5+l,6+raB/c. YCT8HOBK8 Il03BOllff8T B8CTH 

..,,..+ - ± 3 4 , 
OAHOBP8Ll8HHYlO perHCTp8UHlO ~,- ,K ,P, d,t, He H He B mHpOKOM 
,l!H8Il830H8 ~parueHTHPYlOlllHX fi'A8P, BKn10qaff KPHOr8HHN8 MHmBHH. AKC8llT8HC 
ycTaHOBKH cocTBBnH8T Jiem,iqnay l. 72•I0-5 cTepaAHBH. 

B § 2 OilHCNB88TC!l cnocoa H,ll8HTH~K8UHH BTOIJHqHuX q8CTHn H perHCT
PHPYlOlll8ff annapaTypa. li,ll8HTH~K8UHH qaCTHn OCYU18CTBllff8TCff nocpe,l!CTBOM 
BN,ll8ll8HHff HX uarHHTOM no 38PHAY H HMnynbcy, H3MepeHHH BpeMeHH nponeTa 
aa .llBYX aaaax, HSMepeHWI 'ioauaauxoaaux noTepL B cn1mT.emrnTopax cqeT-
quKOB H HHT8HCHBHOCTH qepeHKOBCKoro HanyqeaHH qaCTHU. . 

B § 3 oru1caHa opraHH38UHH cBHSH ycTBHOBKH aa nHHHH c SBM BSCM-4 
H EC-1040, Il03BOlllllOUIHX B nponecce pallOTN B8CTH T8XHHqeCKH.lt H ~H3Hqe
CKH0 KOHTponb Ha6opa CT8THCTHKH, npoH3BO,llHTL npe,llB8pHT8JILHN0 8H8JIH3 
,ll8HHNX a'npoueJKyTK8X Ll8;t,lly UHKll8MH.CllpOC8 ny'IK8 H IlOCJI8'AYIOUIYIO 06pa
<50TKY aKcnepHMeHTanLaon HH~opuanHH 11a ocaoae Mnorouepaoro aHan.11aa. 

B ,§ 4 p8CCLIOTP8H8 M8TO,l!HK8 BN,ll8ll8HHff Il0ll83HNX COllNTH.lt. 3g)ql8KTHB
HNM cpe.ztCTBOLI HBJIHeTcH anropHTM 1: -KpHTepHeB, HCnonLSYDlllHil JIHHeilay10 
CB!l3b Bp8M8HH nponeTa qaCTHU Ha ABYX BpSMJmpOJI8THHlC 6aaax, cneKTPH 
HOHH38UHOHHNX noTepL HCCll8.llY8Lll,IX qacTHU H Cll8KTPH qaCTHU B qepeHKOB
CKHX cqeTqHKax. IlpHlleH8HH8 lr!HOrouepaoro 8H8JIH38 ;ll88T B03MOlKHOCTL 
p83,ll8JlllTL HCCJI8,l!Y8LIH8 qaCTHUN C BHCOKO.lt CT8Il8HLlO IlO,ll8BJI8HHff ~HOBHX 
H cnyqa0HHX coll1,1THtt. 

B § 5 OUHC8H8 IlPOU8.llYP8 auqHCJI8HHH ceqeuHM no 8KCnepHM8HT8JILHNLI 
,ll8HHNM, nonyqeHHNII Ha YCT8HOBK8. B1,1qHCJI8HH8 ceqeHHH npoBO,llHTCff .llBYMH 
cnocollaMH - HHTerpanLHNLI, T.e. no ycp8,l!H8HHOLIY 3HaqeHHlO HMnynLCOB B 
HHTepaane /J. P, H llOK8H8llLHOlol, KOr.zta. ceqeHHff auqHCJifflOTCH BHYTPH l'llol

nynbCHOro HHTepBana tip. nocneAHHM cnocoaou nonyqea1,1 ceqeaua .ztmi 
~parM8HTOB renHH. CpaBH8HH8 .ztBYX Ll8TO.ztOB B~qHCJI8HHH ceqeHH.lt npOB8,ll8-
HO AJIH H.ztep TPHTHH. OnHC8H T8KlK8 Ll8TO.ll pacqeTa nonpaBOK Ha KOHeqaoe. 
HLlllYJibCHOe H yrnoaoe paapemeHHe, IIHOrOKp8THOe pacceHHHe H TOPLIOE8HH8 
B MHW8HH H B8Ul8CTB8 K8Hana cneKTPOLl8Tpa. ~JIH Ll8TO,l!HqecKHX uenen npo
B8,ll8HO LIO,lt8JIHpOB8HH8 3g)ql8KTHBHOCTH pa60TN cneKTpOLIBTpa Ll8TO,llOLI MOHTe
Kapno, peaynbT8Tl,I pacqeTa cpaBHHB8ilTCff C 3KCnepHM8HT8JILHNLIH Cil8KTpa

LIH ,l!JIH acex HCCll8.llY814!:lX qacTHU. 

TpeTbff rnaBa CO.ztepEHT nonyqeaaue B H8CTOHU18.lt pa6oTe 8KCll8PHLl8H

T8JibHHe peayJILT8Tl,I. 
B § l A88TCff xap8KT8PHCTHK8 nonyqeHHHX 3KCnepHL18HT8llbHHX ,ll8HHNX 

H OilHC8HH CB00CTB8 HCllOJib30B8HHHX B pa6oTe fi'A6P-~Hmeae.lt H3 paa.zteneH
HHX H30TOllOB. B § 2 npe.ztCT8BJI8HN T86JIHUH HHB8PH8HTHNX HHKJil03HBHHX 
ceqeaun .ltllff BC8X HCCll8.llOB8HHl,IX B pa60T8 qacTHn H ~parLl8HTHPYJOlllHX H.ll8P 
B yrJIOBOM ,l!H8ll830H8 90°+180° H HLIIlYJibCHOLI HHT8PB8JI8 0,3+1,4 raB/c. 
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PHC. 2.- SHepreTHqeCKHM cneKTP 
npOTOHOB ,llllff pa3Hl,IX yrnoB 

B qeTpepTott rnaae 06CYEA8ilTCH nonyqeHHN8 3KCnepHLl6HT8JibHNe ASH-
Hue. 

B § l paCCM8~HB8IOTCH aHepreTnqecKH6 Cll8KTP~ npOTOHOB, ,lleffTpOHOB, 
TPHTHH, 

3
ne H He H o6cyl!C,ll810TCH HX CBOHCTBa. Hanpuuep, KBK BH,l!HO 

H3 pHc. I, H86nl0,ll88TCH 3KCilDHeHUH8JibH08 llOB8,ll8HH8 ceqeHH.lt H no~o6He 
cneKTpoB Ha paanuquux H.ztep. SaepreTHqecm1tt cneKTP npoTOHOB us H~pa 
Pb ,llllH p83JIHqHl,IX yrnoB H86JI10,ll8HHH A8110HCTPHPY8TCH Ha pHc. 2. Aaano-

ruqHoe llOB8~8HH8 CBOHCTB8HHO H AJIH ,llpyrHX H86Jil0~88MUX qaCTHU H ~par
M8HT.ilpylOUIHX H,nep. CneKTp1,1 qacTHU ,l!JIH yrnoB 90° H 168° B H3Ll8P8HHOLI 
aHepreTHqecKOM AH8ll830He OTKllOHHIOTCH OT npoCTOff 3KCllOHeHUH8llLH00 aa
BHCHMOCTH, HO uoryT 6UTb npn6nHllC8HHO annpOKCHMHpOB8Hl,I CYLIMOH ABYX 
3KCllOH8HT C paanHqHNMH napaMeTpauH H8KJIOH8 Ha yqaCTK8X Jf> 800 IJ.aB)c H 
CB1illl8 STOrO 3HaqeHHH. Cp8BH8HH8 3KCil8pW48HT8JILHHX ,ll8HHNX ,l!JIH BC8X HC
Cll8,l!OB8HHNX qaCTHU, nonyqeHHNX B H8CTOH~en pa60T8 npH 3HeprHH 8 raB 
H peaynLTBTOB npn nepanqaoa aHepr,rn 400 raB (npoTOHH x) n JieI'Kl!le -

~aI'M8HTI:fXJ)06Hapy;mno 0Jm3IW8 ana'i8Hl:IJI'B8J.UITDm 08'i8Jmit B WII'XOfi 
KO.It qacTH Cil6KTPOB H P8CXOJKA8HH8 npHM6PHO H8 nopH,nOK B8JIHqHHN B xecT
KO.lt qacTH cneKTPOB. 

xJ Bayukov Y.D. et al. Phys. Rev., 1979, C20, p. 764. 
xx) 

Frankel s. et al. Phys. Rev., 1979, C20, p. 2257. 
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B § 2 p8CCMOTP6Hli yrnOBH8 38BHCHMOCTH ceqeHH! ,llnH npOTOHOB, .11ea
TpOHOB H TPHTHH B pA H dA - B3aHMO,ll6!CTBHHX H8 HAP8X Pb H Al 
B HHTepnane.yrnoB 90°+!80° ceqeHHH ,llnH YK83aHHHX qaCTHLt B aaBHCHMOC
TH OT Cos 8 OTKnOHHDTCH OT nHH6!HO! 38BHCHMOCTH, B'HHTepnane yrnoB 

I50+I8o0 ceqeHHH H3M8HHDTCH H83H8qHT6nLHO, BGnHSH yrna 180° aaGnJD
.11aeTCH neperynapH06 IlOB6,ll8HHe ceqeHH!, B ocoGeHHOCTH ,llnH npOTOHOB. 
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B § 3 npoBO,llHTCH aHanna peaynLT8TOB B aaBHCHMOCTH OT wacwTaGHon 
2 _2 

nepeweHHon X H p~ • ~YHKLtHOHanLHaH aaBHCHKOCTL OT .t'j_ H8XO,llHT-
CH HS OTHOW6HHH C6'18HHn npH WHKCHpOB8HHHX 3H8'16HHHX X H paanH~HX 
aaa~eHHHX PZ • IloBe.11eHHe WYHKLtHH ,t.p<I1.> noKaaaHo Ha puc. 3 .11na 
npoTOHOB. AHanorHqHoe IlOB6,ll6HH6 HM66T W6CT0 .11na .11enTpOHOB H TPHTHH, 
KpHBHe I,2 H 3 Ha puc. 3 oTpaEaDT paanuqHue napaweTpHaaLtHH WYHKLtHH 

Cf (PZ > • KaK BHAHO 11a pHc. 3, aasHcHwocn 'f <P1 ·, .HoCHT cnoE-
HHl xapaKTep, ,ll6MOHCTpHpya OTCYTCTBH6 W8KTOPH381.lHH ceqeHHl B nepeueH-
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HHX X H p~ • 3aBHCHMOCTL OT X H p~ onpe.11enaeT IlOB6,ll6HH6 
ceqenan B WYHK1.t1rn · Cos e , oTweqeHHoe a § 2. 
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,llnH npoTOHOB, ,ll6ttTpOHOB H TPHTHH B HHT6pBane ne~BHqHHX 3Hepr14tt 
81400 raB H B oanacTH 3HaqeHHlt p~ ~0.2 {raB/c) • 88BHCHMOCTI, G(X) 
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B COCTaB8 wparM8HTB. B np6,llCTaBn8HHH X-B peaynLTaTH npH 3HeprHHX 
8 raB H 400 raB npaKT14qecKH COBil8,ll8DT H .ll»H wparweHTOB renHH. 

B § 4 oacyz.11aeTCH 38BHCHMOCTI, ceqenHn KywynHTHBHOro pOE,ll6HHH 
npOTOHOB, ,ll8!Tp0HOB H Tpl4THH OT aTOMHOrO B6C8 wparweHTHpyD~HX fiA6p. 
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A-aaBHCHMOCTI, ceqenHlt ,lleTanLHO 
Hccne.11osaHa na aonLwon rpynne 
H~ep, BKnD'l8H paa.11eneHHH6 H80TO
Dli HaHGonee 8K30THqeCKHX H,llep 
nepHO,llHqeCKOi CHCT6Mli aneueHTOB. 
BnepBHe oGHapyxeua ycHnennaa A
saBHCHYOCTL ceqeHHH pOE,ll6HHH aa
PHOHHHX cncTew (p,a,t) , odHa
pyxeH uaoTonHqecKnn a~weKT (He
sasHCHuocTL ceqeHHH pOE,ll8HHH' 
npoTOHOB OT H8ttTpOHHOrO H30HTKa 
B H,llpax), OTM8'16HO, qTO aonee 
perynHpHon RBnH8TCH 38BHCHMOCTI, 
ceqeHHit THna zn • Benl4qHHa no
K88aTena CT8Il6HH n B A-38BHCH
MOCTH ceqeHHlt .ll»H npOTOHOB, .11d
TpOHOB H TPHTHH B oOnaCTH yrnoB 
90°+180° H HMnynLCHOM HHTepBane 
0,3+1,4 raB/c IlOK838HB H8 pHc.5. 
Ha 8TOM Ee pHCYHKe noKaaaHa Be
nH'IHHa IlOK88aTena CT8ll8HH n' , 

.nonyqeHHBH BB6~8HH8M napaMeTpa 
11 H8nOK8nLHOCTH11 ~ ' KOTOpliil OT
paEaeT BnHHHH8 noBepXHOCTHHX aw
WBKTOB JI.IU>a ua SMHCCl!lD ncCJle.llo
BaHHHX 'laCTRq, 



B § 5 npoBeA8H cpaBHHT8IlbH11.tt 8HB4H8 KYMYilHTHBHOro p0XA8HHH M880-
HOBX) H 68pHOHHllX CHCTeM. 0TMeqeHO, qTo KYMYilHTHBH08 po:m:AeHH8 6apHOH
HblX CHCTeM llOBTOpHeT OCHOBHHe qepTH KYMYilHTHBHOro POXA8HHH M880HOB B 
o6naCTH yrnoB, 6nHSKHX K-180°, HO HMellTCH H npHHUHllH8IlbHH8 OTilHqHH B 
noBeAeHHH A-88BHCHMOCTH ceqeHH.tt H <l?YHKQH.tt cp(Pf), o6ycnoBneHHH8, 
no-BHAHMOMY, B cnyqac POXA8HHH 6apHOHHllX CHCTeM BTOpHqHHMH npouecca
l(H B HAP8X. 

B § 6 paCCMOTpeH PHA TeopeTHqeCKHX MOAene.tt KyMynHTHBHOro POXA8HHH 
8APOHOB, HCllOJILSYJJ!lWC K8K qacTO HA8PHH8 llP8ACT8Bil8HHH, T8K H npeACT8-
BneHHH, OCHOB8HHH8 H8 yqeTe KB8pKOBUX CTenene.tt CB060AN. Bea COBOKyn
HOCTb 8KCnepHMeHT8IlbHHX ABHHHX He H8XOAHT o6~HCH8HHH B p8MK8X Cyll!eCT
BYlllllHX MOAenea. 

B BHBO}l8X"C<l/OPMYilHPOB8HH OCHOBHl:l8' peaynuaTH AHCC8pT8UHOHHO.tt pa-
60Tbl. 

OCHO~HUE PE3YRbTATU lHCCEPTAUHH 
, 

l. C08A8H8 aKcnepHMeHT8IlbH8H YCT8HOBK8, ll08BOilHlllll8H B8CTH OAHO~ 
BpeueHHYll perHCTP8J.tHll Ji, K, P ,d, t, 3He, 4He nocpeACTBOM HSMepeHH.il Bpe
M8HH nponeTa, HOHH881U{OHHblX noTepb, HHT8HCHBHOCTH qepeHKOBCKoro Hany
qeHHH H uarHHTHOro 8H8IlH88 qacTHJ.t no HMllYilbC8M. YCT8HOBK8 cnoco6Ha, 
pa60T8Tb npH HHTCHCHBHOCTH nepBHqHoro llyt!Ka· 2·1011 qacTHI.t 38 I.tHKil yc
KOPHT6IlH, CP6AH68 paapem81llll68 BPCM.il COCT8BilH8T 260 nceK. BTopHqHbJ8 
qaCTHIU,I perHCTPHPYllTCH B HHTCpBane HMnynbCOB 0.3¼1.4 raB/c H yrnOBOM 
AH8ll830He 49°¼180°. YCT8HOBK8 pa60T86T Ha IlHHHH C 3BM EC-1040. 

2. WauepeHH HHB8pH8HTHHe HHKilll8HBHble ceqeHH.il POXAeHHH npOTOHOB, 
ACllTpOHOB, TPHTHH B pA H dA -B88HMOA8ffCTBHHX npH HMnynbce nepBHq
HblX qaCTHU 8.9 raB/c H ceqeHHH POXA8HHH <f?parMeHTOB 3He H 4He B pA
B88HMOACilCTBHH. 

BnepBb18.A6T8IlbHO HCCil6AOB8Hbl 8HepreTHqecKH8 cneKTPbl p,d,t 
<f?parueHTHPYlllllHX .ilA8P Pb,Cu,Al,C AH.fl yrnoB aa6nllA6HHH 90°, 120°, 
154°, 162°, 168°, 180° B HHT8pBane HMnynbCOB 0.3¼1.4 raB/c. BnepBb18 
HSMepeHO ceqeaHe POXA8HHH 3He.H 4 He B xecTKO.tt qaCTH cneKTPOB llOA yr
Il8MH 90° H 168° An.fl HA8P Pb,Cu,Al • 

BnepBH8 o6aapy:m:eaa H A6T8IlbHO HCCil6AOB8H8 ycHneHH8H A-88BHCHMOCTb 
ceqeaH.tt AilH npoTOHOB, AC.ttTpOHOB H TPHTH.il B AH8ll880H6 yrnoB 90°¼180° 
H HMnynbCHOM HHTepBane 0.3¼1.4 raB/c. HccneAOB8HHe A-88BHCHMOCTH ce
qean.tt Ha paaAeneHHblX HSoTonax Li,Fe,Ni,Zn,sn,sm H w o6napyuno 
HO Boe HBHCHHe, COCTOHlll88 B TOM, _qTo ceqeHHe POXA8HHH npOTOHOB He sa-

x) Baldin A.M. et al. JINR, El-82-472, Dubna, 1982. 
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BHCHT OT He.ttTpOHHOro H86HTKa. B JI,Iij,)ax: (HSOTOIIH'!ecrum 3qXp8KT). 
BnepBb18 A8T8IlbHO HccneAOB8H8 yrnoBa.il 88BHCHMOCTb ceqeaH.tt All.fl npo

TOHOB, . AC.ttTpOHOB H TPHTHH B pPb H dPb -B88HMOA8llCTBH.ilX AHH HMnynb
COB \!)parM8HTOB 500, 700 H 900 MaB/c. B6nHSH yrna rno0 o6Hapy:m:eH "nHK11 

B ceqeHHH pOlll:ACHHH npoTOHOB C mmynbCOM 500 MaB/c B pPb -B88RMOA8.tt

CTBHH. 
3. Ha OCHOBe 8H8IlH38 3KCil8PHM8HT8IlbHHX ABHHHX B nepeMeHHblX X H 

Pf npu 8H8q8HHHX P.t ;E;0.2 (raB/c)2 nonyqeao, qTO ceqeHHH po:m:AeHHH 
6apHOHHblX CHCT8M OllHCHB81lTCH npocTO.tt 8KCilOH8HUH8IlbHOil 88BHCID!OCTbll OT 
M8CWT86Ho.tt IiepeMeHHO.tt ·x C napaMeTpOK H8KHOH8 < X > ~ 0.14, K8K H 
AH.fl KYMYilfiTHBHOro pOXA8HH.il J.1880HOB, KaK noKaaan 8H8IlH8, aaanorHqHNe 
88BHCHMOCTH Ha6nllA8IDTCH B 8KCil8PHMeHT8HbHNX ,lt8HHHX, nonyqeHHUX npH 
aaeprHH 400 raB KOJl'J!a6opBit11ett HT3~-IleHcHnLBaHHH. 

BnepBH8 HCCil8AOB8H8 88BHCHMOCTb ceqeHHH POlll:A8HHH 6apHOHHblX CHC
T8M OT KB8.ztP8T8 nonepeqHOro HMil~1lbC8 npH \!)HKCHPOB8HHOM aaaqeHHH X 
B HHTepBane o.2~P2 ~ (2 raB/c) • · 

IlOK888HO, qTo ceqeHHH He q>8KTOPH8yllTCH B STHX nepeueHHblX, qTo BN
A8IlH8T POEA8HH8 6apHOHHNX CHCT8M B oco6N.tt Knacc peaKQH.tt no cpaBH8HHll 
C-KYMYilHTHBHblM POXA8HHeM M880HOB. 

4. 0T1JffqHe KYMYHHTHBHOro POEA8HHH 6apHOHHblX CHCT8M OT KyMynHTHB
HOro POEA8HHH IlHOHOB npoHBnHeTCH H B A-88BKCHMOCTH. IlponopQHOH8Ilb
HOCTb ceqeHH.il 06~e1,1y HAP8 (ycHneHH8H A-88BHCHMOCTb) AOCTHraeTCH BB8-
A8HH8M reOM8TpHqecKoro napauexpa 11HenOK8IlbHOCTH 11

• IlOK888T6Ilb CT8ll8HH 
n B A-aaBHCHMOCTH H8 88BHCHT OT apryueHT8 X H OAHH8KOB All.fl x< l 

H X> 1 , 
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