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CrrexTpbi H yrnosbie pacrrperteneHHSI a -qacTHU OT 
saauMortell:cTSHSI uoHos Ne 22 

, Ar 40 c SIAPBMH Au, Th 

YlaMepeHbi crrexTpbi H t;rnosble pacrrperteneHHSI a -'laCTHU OT 
saauMortell:cTsusr HOHOS Ne c srrtpaMH Au rrpu aHeprusrx 110, 
120 Mas, c srrtpaMH Th rrpu aHeprusrx 115, 140 Mas H HOHOS Ar 40 

c srrtpaMH Th rrpu aHepruu 240 Mas. 
B crrexTpax H yrnosblx pacrrperteneHHSIX a -'laCTHil qeTKO paa

nu'laiOTCSI KOMIIOHeHTbi, COOTSeTCTSY!OillHe HCIIapeHHIO H3 COCT8SHOrO 
SIApa, B IIpSIMbiM rrponeccaM. 

npenpHHT 06'&9llHHeHHOI'O HHCTHTyTa .su:tepHbiX HCCneQOB8HHA. 

Jly611a, 1966. 

Kapuscik A., Perelygin V.P ., 'I'retiakova S.P ., 
Ukraintseva L.B. 

P7-3041 

Spectra and . Angular Distributions of a 
Particles from the Interaction of Accelerated 
Ne 22 and Ar 4 0 Ions with Au and Th Nuclei 

Spectra and angular distributions of a - particles, 
obtained from the interaction of Ne 22 ions with Au nuclei 
at 1101 120 MeV and with Th nuclei at 115, 140 MeV as 
well as from the interaction of Ar 40 ions with Th nuclei at 
240 MeV 1 are measured. 

In the spectra and angular distributions of a - partic
les one clearly distinguishes between the components cor
responding to evaporation from the compound nucleus and 
direct processes. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1966 • 
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1. B B e A e H H e 

J.1ayqeaae npO.tzyKTOB B38HMOll_elkTBHS! ycxope.HHb!X TSJKenb!X HOHOB H CnOlKHb!X 

smep A86T Uone3Hy10 IIHijlOpMSURlO 0 !IA6pHb!X CHCTeMSX C Bb!COKHM yrnOBb!M MOMeH-

TOM, 0 KOHKypeHnaH M6JKAY HCUYCK8HII9M nerlO!:X 'lSCTHit H .n:eneaae~ 0 KpaeBhiX 

B38HMOAel!:CTBIUJX, ll.lzyitlHX flea o5p8 30Ba.!IHS! COCTBBS:OI'O S{Ap8 • 

.IJ.o HSCTOS!Itl6I'O BpeMeHH ony5nHKOBSH psm pa50T, UOCBS!Itl6S:S:hiX H3Y't6HH10 CU911:-

TpOB II yrnOBhiX pacnpenenel1l!l!: a -'tBCTHU II UOOTOHOB. 000830B8!IHblX B 06811:1Jll-

/1-7/ 
SIX MelK.lly cnOJKllb!MR smpaMR , a TBKlKe H3Y't6HH10 CU6KTpOB H yrnOBblX pac-

/8/ 
rrpeneneaaA ael!:TpoHOB • KaK cnenyeT Ha sTHx pa50T, naa5onee cym ecTBemryJO 

ponb B Taxoro po.n:a peaKUHRX arparoT ABB THna nponeccos . 

Bo-nepBb!X0 nponeccbl, H.zzyn1116 C o6pa30B8HH6M COCTBBHOI'O anpa 3B C'leT 

nonaoro cnarumB nsyx smep. TaKHe nponeccbl npeo5na.o;aroT npa ManhiX napaMeT-

paX coy.o;apeHHB, UOB6A9HH9 COCT8BHOI'O m:{p8 YAOBn9TBOpliT611bHO OimCbiB89TCSI B 

paMKBX CT8TilCTH'l6CKOA TeOpHH. B 1>-BTOpb!X, npS!Mble npOUGCC"W, JJpOKCXOAJDIUIO 

np11 ReCKonbKO 5om.Itl)[X napaMeTpax coy.o;apeHliA. TaKHe nponeccbl xapaKTepKSYJOT

CB CHnhHhiM B38BMOAelkTBB9M XIOBep:XHOCTeA CDyAapmomBXC!I B!lep. Tip11 STOM, 0'16-

BIIAHO, npOJICXO.!tHT B036y:11<:JJ;6HJ[6 II !laneTaromero n.npa II 5IAPB-J'dl1Itl811ll. 0.!U18lt0 

saeprasr s035YJKA&RHB n.npa-1101meHH cymecTBemro Hli2Ke, 'l&M COCT8JIIIOI'O 5IAPA. 

HaneTaromae B!lpo, KOTopoe MOJKeT nony'tHTb saeprnro sosoyJKJJ;eHHSI nopS!Alta necsrr

KOB Mss, acnyc~taeT aaTeM nerKHe aap!DKeHHhle 'ISCTHithl npeJlMYmecTseaao B nepen

HIOro nonycljlepy, JIOCKOnblty OHO COXpaasreT 3.1l8'tHT911bHylO A01110 ll9pBOH8'18JlbHOI'O 

HMITynbca • .IJ.nsr OTHOCHT9nbHO nerKBX aaneTBIOitlBX smep C II, :'Q IS npK T8KHX 9H8p

I'H!IX B030YlKA9HHSI B 3!I8~T6nbHOl!: 'l8CTH Cny't86B npOHCXOAHT HX nonHhiA paaBan, 

/9/ 
B OCHOBHOM, H8 a -'IBCTHithl 

TI03 TOMY llp9ACTaBnsreT OnpeneneHHb!l!: HHTepec H3Y'l9Hlle TBKOI'O pona npo

U6CCOB c 5onee TSIJKenhiMR ooM5apnnpyromaMH anpaMH, aanpHMep, c Ne 22
, Ar 40 

, 

KOT0pb19 He MOI'YT paccMBTpHBSTbC!I KSK COBOKYITHOCTb cna6o CBli38HHbiX a -qacTHU. 
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AH8IIH3 IIOJIY'I9HHblX 3 ltCII9PiiiM9HT81IbHbiX U8HHbiX IIOK83b!B89T, 'ITO BKIIaU liPS!-

Mb!X IIPOUeCCOB Y B 9 IIH'IHBaeTC ll B o6naCTII Ha116011ee TSilK91Ib!X li!!l9P-MIIII19Hell, rue 

KOHKypeHUHH U9119HBSI COCTaBHOrO li!Jlpa H Bb!COKHH KYIIOHOBCKHli 6apbep llpHBOnRT K 

yMeHblii9HIIIO BepOSITHOCTII HCnapeHI!H 3apiDK9HHb!X '!aCTiiiil. 

3KcrrepaMeHT bi no 113y'leHHJO cneKTpoe a yrnoahlx pacnpenenea11ll nerKHX 3apa

lKeHHbiX 'laCTHU a p e aKUBHX MeJKny aaa6onee THlKeiibiMII SlllpaMH npencTaBIISIIOT 3Ha

'llfTelibHbill HHTepec TaKJKe B CBSI3H C npOOII9MOH nony'leHHH HOBbiX TpaacypaHOBhlX 

3119M9HTOB , IIOCKOnhKY OHII naJOT CB9A9HHH 0 IIOBeneHHII COCT8BHb!X li!Jl9p C Z >100. 

2. MeTOJlHKa npoaeAeHHR sKcrrepaMeaTOB 

3Kcnepa MeRTJ>I no H3y'leHHJO cnexTpOB H yrnoBhiX pacnpeAene.llld! nerKHX 38-

pSilKeHHbiX '18CTHU \ Z 5- 2) OT B381iiMOneliCTBHll yCKOpeHHhlX HOIIOB Ne 
22 

C li!!lP8MH 

Au , Th H HOHOB Ar 
40 

c SJAPSMII Th npoH3BOAH1IJICb aa eayTpeaaeM IIy'IKe 

UI!KIIOTpoaa Y -300 OH HH. B 3TH X sKcnepHMeaTax HCIIOJib30BaliOCb ycTpo'liCTBO, 

CXeMaTH'I9CKH 11306palK9HH08 aa pHC. 1. 

YcKopeHHbie HOHhl npoxoASIT "!epe3 aliJOMHRHeByJO <Poro.ry TonJl!HROA 3-6 MK, 

3Kp8HI!pOBaBIIIYIO !tOliii9KTOp HOHOB OT B03AaACTBHSI BbiCOKO'IaCTOTIIOro IIOIIH. 

KonneKTop HOHOB, pa3Memeaabrli 11enocpencTaeaao 3a !jlonhrol!:, cnyJKHII AIISI 

H8CTpOliKH Iii OTHOCHT91IbHblX H3MepeHHA IIOTOK8 HOHOB. BayTpeHHHJ!: 06'beM yCTpol!

CTBa CBOOOAHO COOOIIIaliC.!I C B 8XYYMHblM OO'b9MOM UHKIIOTpolla. 

B II9HTpe KOIIII91tTOpa H8XO,llHIIOCb OTBepCTHe nllaMeTpOM 3 MM, 'lepe3 KOTOpOe 

HOHbl IIpOXOAIIIIII B KOIIIIIIMHPYJOIIIYIO CHCT9My II 3aTeM IIOIIanaiiH !Ia MIIID9Rb 113 IIC

CIIe.llyeMoro aemecTBa, 38KpenneHIIYJO IIOA y rnoM 45° It ny"!!ty. Tonm:a:Rbi M:a:meaell 

COCT8BIISJIIH 1-2 MK nng Th II 4,5 MK niiSJ Au • 

B Ka'leCTae AeTexTopoe 3 ap .!llKeHHbiX '18CTHII 11cnoro.aoeanacb SJAepHbie SMY IIb-

Cl!l! TIIII8 fl-2 TOliiiiHHOli 200 H 400 MK. 

ITocKOIIhKY yrnoehle pacnpeAenea:a:H n e rKIIX 3apHlKeHHhlx 'laCTIIn B TaKoro pona 

peaKIIIISIX HM910T pe3KI!li MaKCIIMyM npH Malib!X yrnax, !jJOTOCliOH B nep9AH9li nony

c!jlepe pacnonaranacb aa pacCTOSIHIIH AO 65 MM a obin.B noaepayThl non yrnaMH 10° 

K aanpaenel!RJO Ha neffTP MillO a HI! ( pac. 1). B 3aAael!: nonyc!jlepe AeTeKTOpbi pa3Me

IIIaliii Cb nol-l y rnaMI! 15° K aarrpaeneHI!JO aa neaTp MHmeHII. TaKaSJ reoMeTpiiH paaMe-
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II19 HB 5I Slllepllb!X 3MylibCI!M 

HH ii 0 CII9KTp8X nerKIIX 3 

KalKUOM OTA9libHOM 3 K CD 

Jlng yM9HbW9HIIH <jlOH 

CeTa C SIU9pRblMII SMyiibCB 

Oobr'lao oony'le mrst 

Un.BT9libHOCTb 3KCII03HUHH 

nocne o6ny'le HRSI aa 

B aMI!.llOliOBOM Dp0liBI!T911 9 

AYIOIUero COCTaaa: cynb!jlaT 

B Olla UHCTHliliHpOBaHHall -

T 9 l!bHO IIOM91UBIIHCb ll8 1 

'laCa IIpODHTbiB81IHCb IIp ll 

OTHOlU91lfiH 1 ; 2 . 

Tennaa CT8AIIll rrp 

np11 20°C a Te'le Hae 3 0 1 

npoBO.QIIliaCb B paCTBOpax 

AO nepBOHa'l8libHOro pa3~ 

ITpiiM9 HHBill8HCll Ha M l 

M IHiaUHIO cnen oa a-qacTJ 

3MyiibCH~ perHCTpHpOBali 

C I I9Ubl I!OfiOB nMeliH xapa: 

6era H nerKo OTIIII'Ianacb 

ITpocMoTp SlllepH biX 

6npal1Hcb cnenhl, Ha'IHHl 

yrrpyr o pacceHHHhlX 'lac · 

cnoe. 

I13M9pllliHCb AliHHa 

C IIOMOmblO HOMOrpaMM C 

CillO. 

ITocKonbKY 6wno npE 

3MylibCHH non yrnaMa I 

pacrrpeneneHHH aaMepeHE 

npoueAypa no3aonl!lia o : 



i3b!B89T, 'ITO BKJ18U ITOSI-

nhlx RJJeo-MBwesei!:, rne 

CKHi!: 6apbep npHBOnHT K 

1peneneani!: nerKHX aapSI-

;:.aMH npencTaBnmoT asa-

.SI HOBblX TpaHCypaHOBbiX 

)CTBBHb!X RJJ9p C Z >100, 

cnpeneneaai!: nerKHx aa-

n:oROB Ne 22 
c RllPAMH 

:b H8 B.ffYTpeHli9M IYy'I.Ke 

nh30B8Jl0Ch ycTpOi!:CTBO, 

)Jlhry TOJI!l(HHOA 3-6 MK, 

3b!COKO'l8CTOTIIOro ITOJISI. 

3a <jlonhroll , cnyJKHJI .nnn 

~Tp9HHHR 05beM ycTpoll-

pona. 

aoM 3 MM, qepea KOTopoe 

:ananH aa Mnmelih H3 nc-

'Y'LKY· TonmaHbi MnrneHeA 

hlX 'l8CTHU B TBKOrO p0.08 

·ocnon B nepe.nneA nony

>BepnyThi no.n yrnaMH 10° 

rc!jlepe .neTeKTOpbt paaMe-

TaKaSI reoMeTPHll pa3Me-

lll9HBSI Sin9pHblX 3MyJlbCHR o6ecne'!HB8J18 ITOny'leHHe UOCT8TO'IHO ITO.llp06Hb!X CB91l9-

HHii 0 CIT9KTp8X nerKBX 38piDK9HHb!X 'l8CTHIT B HHT9pB8J19 yrJIOB OT 10 no 150° B 

KamnOM OTU9JlhHOM 3KCIT9pHM9HTe, 

Jlnn yM9Hblll91U!lii <jlOH8 1 C03nBB89MOrO peHTr9HOBCKH M H y -H3 ;Jty'l91lH9M 1 KBC-

C9T8 C Sin9pRbiMH 3MyJlbCHSIMII 38ll!liUl 8Jl8Cb CJ109M CBHl!ITB TOJlll1BHOH 2 MM, 

06bl'IHO o5ny'!GUHfl MHll!GHei!: npOH3BOnHJIHCh npn TOKe HOHOB 0,02-0,03 MK8 1 

niTBTGJlbHOCTh 3KCIT03HUHH nOCTHrana 5 MKR, 

nocne o5ny'I.GHHR Ha nHKnoTpone Y-300 ro:tepHhre 3 MyJlbCHH H - 2 nposmnnmJcb 

B 8MHnOJIOBOM IIpOSIBHT9J19 B pe)!{l!:M9 HenonpOf!BJ19lOHI, npHM9H SIJIC SI npOIIBHT9Jlb CJie

llYJOlllero COCT8Ba : cynb!jlaT 6e3BO!lHblH - 12 r, BMHAOJI - 3 r, 11l!M OHU8SI KHCJIOTa -2 r, 

BOna .ZIHCTHJIJIHpOB8HH8SI - no n, HnepHbie aMynhCHH TonmHHoi'I 400 MK npenaap11-

T91lbHO IIOM9lll8JlHCb liB 1 

'laca rrpomrTb!Bannch npH 

OTHOIU9IIHH 1 : 2 , 

'18C B AHCTHJIJIHpOB8HfiYIO BOny npH 5°C, 38T GM B T G'I9HH9 

2-3°C B 8MHAOJIOBOM IIpOSIBHT91I9 1 pa358BJ19HHOM B Onou B 

Tenna11 CTB.AKR npoSIBne!llHI npoaonnnacb B nposmnTene, p aa6aanen!IoM 1 : 5 

rrpH 20°C B Te'!e aa:e 30 MHH. Cy111Ka aMynhcJdi nocne qm:KcHpoaaHlill H npoMbiBKH 

IIpOBOnHJIBCb B paCTBOpax CIIHpTil C rnnnepHROMi 3MyJlhCHOHIIb l9 CJIOH AOB OAHITBCh 

AO nepBOH8'l8JlbHOro pa3Mepa lJ il8KJ19HB8JIHCh 1{8 CT9K1Il!HHhl9 ITOAJIOJKKlJ, 

npnM9 Hffilll18HCl! IIBMH npoue,nypa ITPOllBJ19HHll o6eCII 9 'lHB8Jl8 BH3Y81Ih HYIO AllCKPH

Ml!H8llHlO cnenoB a-'IBCTHU H npOTonoa npn .nnnnax OT 50 .no 1000 MK, B ro:tepHh!X 

9My JlbCHI!X p e r!ICTpHpOBBJIHCh TBKme ynpyro lJ neynpyro pacce!U! Hbl9 TSIJK91Ibl9 JIQHl.! , 

Cnenbl HOHOB HM9nH xapaKTep!Iy!O KOHH'lGCKyJO <jlopMy, Cy)K8JOlllyJOCSI K KOFIUY n po-

6era H nerKO OTJIH'l8JIHCb OT CJieUOB a -'I8CTHU, 

npoCMOTp RJl9pHblX 9My1IbCHi!: npOH3BOUH1IC!! npH yaeJIH'I.SH!Iil 630-135QX, 0T-

6npanHCb CJleAbl 1 li8'1.Hli8BIDHeCll C ITOB9pXHOCTH 1 COBIT8A8l:rl1JH9 c nanpaanenaeM 

yrrpyro pacc eSUIHbiX 'l8CTHIT B npe.Qe118X ±_5° 1 H OK8H'IHB8Bll!HeCH B 3MyilbCHOHHOM 

cnoe. 

MaMepHnHCh .nnnna ropK30HTB1lbHOll npoeKUHH n rny6nna norpy*eRHn cne.na, 

C IIOMOillb!O HOMOrpaMM onpeA91Il!J1Cl! npo6er H yron BXOJKASIIHH 'l8CTII'Ubl B 31\{)'Jlb-

CHIO, 

nocKOJlbKY OblJlO npa:KTH'l9CKH TPYAHO o6ecne'!HTb TO'l.ffYIO ycTaHOBKY RJl9pllblX 

3MyJlhCHH ITO.Q y rnaMH 10° ( 15°) K H8llp8BJ19HIIIO H8 USHTp MHID91IH 1 CTp OI!1lii'Ch 

pacnpeneneiiHSI H3MepennhiX yrnoa BXO)K.nenn n qacTnn B HHTepsanax no 2°. TaKasr 

npoue.oypa IT03B01Il!J18 onpe.nenl!Tb HCTRHUhl9 yrnhl y cTaHOBKH QJOT08MY1lhCHH, O, 

5 



Cll9ll0BB.Tem.B:01 II reOM9'l'pH"!OCEB9 a<jlcfJeKTHBS:OCT11 .r:t.IIH KA)I{.r:tOII: OT.r:t6nh.IIOII: cPoT .... 

flllBCTHHEB. 

Kalll!ISposxa TOpMoaaolt cnoco6aoc:TH 9M)'ll1>CHit H-2 up0.113BO.r:tJUUIC1o '110 upc>-

6eraM a-'laCT Bn ThC , Th C', a TaKlKe c noMOlll.hiO 14,1 MsB aeliTpos:os no np-

TOIIBM OT)J.B'IB. KaK llOK83811H 9TH Ollh!Tbl1 TOpM03Hhi6 CUOCOOliOCTX !lA6pllhlX SMym.

CBii H-2 a S MYllhCHII: 'Hllh<jlopu• cosnana.n:• c TO"'HOCTbro no S%. 

B HBCTOmllHX :n:cnepiiM8HT8X KOHTpOllh saepraH ycKopeHHhlX HOHOB K 113Mepe

HHe ceqeaall: peaKQHII: C Bbll16TOM nerKHX 38p~6RHb1X ~ACTHU npOH3BOAH.ItRC~ JlO 

ynpyro paCCeHllllb!M TH)I{61IhiM HOHaM. C STOlt U81lhl0 H3Mep!Il[HC1o CUeKTpbl ynpyro 

pllCCeHHHhiX HOHOB H onpenellHllOCb I!X 'lHCllO liB BJlHIDHlY nnomB.JlH nnH HBCKOllbEIIX 

q'OT03MyllhCHII IIOU yrnaMH OT 10 no 50° E ~Y• 
Ha pHc: 2 npencTaB1leH cnexTp JIOHOB Ne 

22 
, ynpyro pacceHHRhiX B MHme.llll 

Th noa yrnoM 30°. 

KaK BHAHO H3 3TOI"'O pHCyHKa, cneKTp HOHOB Ne 22 
HMBeT "!6TitXft Mll.KCBMYM 

1101 
11 IIOliYlliHDII.ffV He CBhlnie 8 MsB. nooBBll6HilhlB paaee H3M6P6HIISI SHeprl!li HOJIOB 

c rro M ornbro nuepHhiX SMYllhcnlt rroxaaallJ! xopomee cornac.11e c naJIHbiMll1 nOJ'IY"lell-

HbiMH C llOMOlll.hlO IIOJrynpOBO):(lii!KODbiX neTeKTOJ)OB. 

a - 'lllCTBll npOI!3llO!UIJIC 

a -'JBCTHU H yrrpyro p 

waepuaH. KaK yKaaaao 

OOM AOCTKI"'B eT 10%, 

HaUJei-i KllMepLI HO HpeB 

peneneRHH caqeoaR coc 

Hll p11c. 3 rrpen.cT. 

Ollb\TllX llO o6nyqeHI!IO 1.f 

KaK BIIUHO aa pbc. 

liOI'll'HfyiO pe3yTihT8TllM 

Te noHaMn y rnepoaa, D· 

B yrnoBhlX pacn1 

upHMLIM nponeccaM u 

Hfl pac. 4 rrpeacT 

rrpeaerreaHII Cl -'l8CTBI 

BeCTBeHHO, ll Tt!K)K(l B l 

KaK cnenyeT na p 

nax TlOllOOHLI !J.ll'il BCeX 

'18M B CliY'!Ile peliK!lRH 

3. Peayro.Ta'n>l ll3Mepemrl I B HHTepsane yrnm 

B HBCTOstrnHX 9ECUepi!M6HT8X H3y"{B.ruiCb cnelt'l'pbl lientHX 'IBCTHU 0T B38.HW:-

22 
neficTBHH HOROB Ne c Au npe: sueprHRX 110 H 120 MsB, c Tb 'tt)ll! allep-

l"'HHX 115 B 140 Mss, HOIIOB Ar40 C HUPB.Mll Tb nox sueprBH 240 Ms:s. H3-

MeH9RI!e saaprHH OOM68.Plli!PYIOrnHX HOHOB liPOH3BO):(JiliOCb nepeMeme lll!eM yeT!)Oft

CTBB BIJYTJ)K lli'!KllOTpOJIB. no pB.llllycy. q.CliO ll3Mepe.llllhlX a -~8.CTJDl JIO.r:t XB.lKt{b!M 

yrnoM nocTarano 100-300. CnertTphl "laCTnn nepeBOJJ.BllJ!CA B CIICTeMY n:e npa I!Hep-

UHH COCTBBHOI"'O SlApS., BBO.IlHllHCb reOMeTpH"!ecKI!e UOIIp8BIUI H nonpaBKI! .1!8. llpOfiYCK 

KOpOTKOnp 0 6elKHhiX 'JB.CT HU. 

nH<jJ<jlepeHUll81IbH0 8 c e"lelllle p eB.ItUilll C Bb11I6TOM 

cnenyromnM oelpaao M . 

a -"lacTHn o npenenRnocb 

HaX Ollli1IOCb 'II!CllO ynp y ro p8.CC6!1HHbiX HOHOB HB. <jJOTODl18.CT11JIEB X 1 noM e meli

HbiX n on M alihiMH yrnaMH - OT 20 no 50°. Ce"<leHHe ynpyroro pacceHliHH IIOIIOB 

p B.CC"!HTbiBB.liOCb no <jJOp MYne Peaep<jlopna. nollC'leT ce~e!IIIB peaxnJDI c B!dlieTOM 

6 

'IBCTB!lhl 1 HCIIYCKBBMLie 

3HepreTB'J8CKHe C 

Ne22 + Au , Ne 22 + Th 

B 3 THX cneKTpax MO)f{H· 

ueccaM n pacnany coc1 

MBKCBMYMOB CneKTJ)OB 

CKH OTCYTCTByeT B pea 

AI 
40 

+ Th OH 'l8TKO 

100° cneKTphi a -'lac· 

MaKCHM)'Mhl !Tplil 3Hepra 

CTaTO"<IHOfi CTBli6HbiO AO 

B 3 T HX peB.KUHHX He Yll· 

Bhie pacrrpeaeneHH 11 rrpo 

B biM pacrrpeneneHBl!M 



Irp0.113~0.tUUUIClo 110 npo

l M s11 KeATpoHOB 110 n p&

:o6.e:ocTK anepRblX 3MY11&-

~0 3%. 

>pellllbiX K OROB ll li3M&pe-

! CTHU !XpOH3BOn&nHC~ JIO 

e p RnHCb cneKTphl ynpyro 

nno m a!lll nnn neCK O/IbK.IIX 

~0 paCC&HHHbiX B MHmeJU: 

!! M e eT 'l6Tlt:&ft M BKCB:MyM 

H3M9POHIIH &HePrKA KOROl! 

:.11e C A B.HHLIMH, llOlfT'l811-

~rlUIX "'BCTHU OT B3liBMC>-

M sB, c Th 

·• snepru 240 MsB, H:!

, u epeMemeueM Y"CTl)o:ll:

a -'l8.CTJD1 IIOA XAlKAbiM 

B CHCTeMY II611Tpa BHep

:JI B uonpaBKll IU1 nponycK 

>TOIIllliCTHHXI!IX, UOMemeH-

yroro paccentt:aH KO.IIOB 

EIIIKH pei!IXUJDI C B:t.IlleTOM 

a - q a cTnn npOH3 BO! tunc s. 1{3 cooTBOillCHHSI o ~ 0 • N / N 
a r: o' ;--: , •·.nc N 

0 
, N n-· •urcJ•O 

a -'JBCT H[( H yrrpyr<o pacce rui Hb!X ROHOB H B CllHRltllY llJl Oillt:IAH B CIIC1'e M e I!CIITpa 

161 
HHe pi!HH. Kax: yx:a3aHo n pa u are , To'lnocTb H3MeperHfH ceqeaJHI T aR n "! t·noc~ 

OOM IJ. OCTHl'BeT 10 % , OLIHBKO fl OCKOIIbKy l'C OMOTpll'lCCK8R T O'IHOCTb yCTllH OBKll 

HaJUeii K8Me pb! He l!peBOCX OJJ.H1IB !_3° IIO OTII OIUC HHJO K IIy'lKY ROHOB , O!JIHUKE\ D OH

p e neneHIUI CO'!CfiHfr CO CTBB1I 5!CT !_30% , 

Hll pnc . 3 rrp e n c T .1 B JleHLI y l'liOBble pacn peneneJu ;:n a - '!8C 'l'Hl( 1 U3MP)J 0 Jlllh19 D 

0 1Tbl 'l'8X fl O 061Iy '!CHHIO MHillCHCli 3 0 1IOT8 H OH8MH 

KaK B HJlHO aa puc . 3, )TiiOl\b!e p acrrpencncHH51 a -'!aC TJi ll n MeiOT <)JopMy , ll nn 
/6/ 

JJOJ'Il 'J.ayro peaynLTBT B M E paTTa H l<BIIf!TOHa , n ol!y'!:eH rrLrM rr p n o 6 n y q emr rut 3 0 J1o-

Ta noaaMH yrne pona , a3 0Ta, Kncnop ona. 

B y r noBbi X p a crrpe !lenernurx p a 3nH 'll!JOTC5! ttOMli'CJieJIThl, cOOTBeTCTByJOm lle 

HpRM L!M 1IpOUeCC8M H HCUYCKlii!.I'I lO a -'lllCTHI.l H3 COCTllBHOI'O SIJ:Ipa, 

Ha pHc. 4 rrp e ncTaaneHLr pe3y.<bT8Thl OIIbiTOB no onpe!leneHK!o yPnoB wx pac-

npeneneHHll a -'la CTHU n peaKuHn Ne , 7 
+ Th npn :JHepl"IBlX 115 2 1 4 0 M<lB coo-r-

s e CTBeHHo, a T aJoKe B p caKnH H Ar ~ 0 + Th rrpl! 3Hepnm 240 M3s. 

KaK cne n yeT H3 p n c. 4 , yrnoBhle p ac--rpen e neJnr R a -•rncT nu npH Man,.x vr

nax TIO!I06Hhl !VH! BCGX p e aiUIHii H llMe iOT 6one e p e aKyiO HanpaBlleHIIOCT L Bllt'Pf!•1, 

'!eM B cnyqae peaKua::n Ne2 2 + Au 

B HHTepBane yrn o B CBbi We 100° B CI!CT e Me UGI!Tpa HHOpUH!i AOMHHUpyu.r " 

'18C T RL\bl 1 HCIIy<:: KaeMLie H3 COCT8Bfl 0 l'O SU!pa, 

3BepreTH'!ecrme crreKTpbi a -'18CTHU 11 CHCTeMe neiiTpa Mace nnH pPilKIInll 

Ne
22 

+ Au , Ne 
22

+ Th Ar ~ 0 + Th non p a3HLIMH yrnaMH npenc T asnenL! Ha pnc,5-8. 

B 3 T HX c n eKTpaX M OlKHO p a3A91IHTb K OMllOHe!ITbl, C OOTB 6 TCTB YJOWlll!t n pRMbiM lrpOo

ueCCaM H pacrrany c ocTasao r o nnp a . ITon yrnaMn n o 100° xapa KTepHo CMeme HHe 

M llKCIIMyMOB CIIeKTpOB a - 'IBCTIIII, C y B enJP!9HlleM Y l'JIB, 3 TOT acp!jleKT llp8KT 1!'19-

CK H oTCyTCTByeT B peaKUHH Ne 
2 2 

+ Au , RO B pea m HB Ne 2 2 + Th K oco6enno 

As 
40 

+ Th OH 'l9TKO B bl p8lK9H H HMCOT pel'y .IIS!pHblll X apa KTe p, ITpK yrnax CBblWe 

100 ° c rreK'I"pbl a -'laCTHu B p e a KuHIDt Ne22 t Au , Ne2 2 + Th , 

MBKCKMyMLI rrp.11 a He prHnx cooTBeTCTBeHno 20 , 22-23 11: 24 Mas, H3Mepa:Tb c no

CTaTO'IJiol! CTeiieiibiO !IOCTOBepHOCTK CJI6KTpb l K y,·nosb!e pacnpeneneHHS! llpOTOHOB 

B 3 THX peaKURS!X He YAli1IOCb 1 OJlRBKO 6b!JlH llOny'leHLI Yltli3AJill!l Hll TO, 'ITO yrno-

Bbre pacnpenenenHn npoTOHOB Jl1IR peaxu11ll Ne 22 +Au , 

B biM pacnpeneneHHSIM a -'li!ICTHII,, 

7 



CneltTpbl npo-roaos, norryqeaawe s aTK:X pealtUKS!X., HMeiOT cymecTseaao Me...., 

mae a HeprHB B M8KCHM)'M8X llOil BCeMH yrnaMH, '19M cneltTpbl llpOTOJIOB H3 peaKIUI. 

Ar 4 ~ + AA (pHc. 9). 

KaK sanao aa pac. 9, cneltTpbi a -"!:aCTBil a npOTo.HoB B peaKnBH Ar 40 + AK 

HM9JOT MBKCHM)'Mbi llpH aHeprHS!X1 paBHb!X 16-17 1!1 8,5 MaB, 'ITO H8XOilHTCst B X&

pomeM cor n aCHB C p8C'l9T8Mil KYllOHOBCKKX 6apbepOB B p8MK8X OllTII'l9CKOA MOI:te

/11/ 
lUI 

OnaaKo, nocKonbKY aKcnepaMeHTbi sa sayTpesHeM JIY'IKe CBSI38Hbl c aana'llleM 

6onhmoro QJOH8 6biCTpbiX HeliTpOH OB 1 llpHSOAHWH:X It llOS!BJI9HRIO npOTOHOB OTAS'IX B 

smepHblX aMynhCHS!X., AOCTOBepH09 H3MepeHH9 aTllX CneKTpOB Tpe6yeT )l0llOnHHT9nh-

HblX K OHTpOnbHb!X Ollb!TOB, 

0TMeTBM B 34lK1IIO'leHJre, "'TO HJl B OJlHOl!: H3 ony6nBKOB8HHbiX pa60T He 6b!n0 

npHB9Jl9HO Cll91tTpOB npOTOHOB ):(1151 COCTSBHbiX S!Jl9p C Z > 80. 

4. 05gpt.!!:eJUe peaym.TaTOB 

A. Iii C nyC It a H Be a -'I aCT H ll H 3 C 0 C TaB H 0 r 0 S! A p a 

B cneKTpax K yrnoshlx pacnpeneneaaSIX. a -"!:SCTHil OT B381IMOJl9l!cTBHSI YC!to-

40 
p 9HHbiX I!OHOB Ne

22
c Au, Th II Ar c Th 'l9Tit0 paanenS!IOTCSI KOMllOJI9HTbl 1 COOT-

seTCTByromKe npHMbiM nponeccaM a pacnany cocTasaoro smpa. Llo~taaaTenhCTBOM 

QJaKTB o6p830 B8.11H!I COCT8Bflb!X smep (Ac 219
, Fm254 

• 108 
252 

) B 3THX peA:KIUillX 

cnylKBT ClleKTpbl a -'lSCTHil UO)l 60nbillHMB yrnaMH, llM9lOWH9 MBKCHM)'Mbl npH a!lep

rHS!X. ~ 20, 22-23 H 24 Mas COOTS9TCTB9HHO, 

3Tn pe3ynbTaTbi YAOB119TBOPHT9nhHO cornSCYlOTCSI C 6apbePSMH, PSCC'UITaH

HbiMH HB OCHOB9 OllTH'I9C!tOf\ MO)l9llfl ( 11) I'! pS.BHbiMH COOTS9TCTS9HHO 21,5, 23,4 

a 24,7 Mas. 

Llmt 3TIU C OCTSBHhiX smep OCHOBHbiM THUOM p8Cll8.0:8 S!B11SI9T CSI ll9119HIIe1 HC118-

peHHIO 38pS!m9B.HbiX 'ISCTHll npenS!TCTByeT 60nhiDOl!: KynOHOSCKHA 6apbep. 

0AR8KO, Kal!; cnenyeT H3 pac. 4, acnapeB.He a -'laCTHil 113 COCTaBROro S!.[(pA 

COOTBeTCTByeT Ce'lellHS!M1 npeBOCXOAS!WIIM Jl9 CS!TKK MR1111H6apH JlllS! BC&X paCCM.!I'rpH

B.!I9MbiX S!Jlep r. oe5nacTH a!leprali 6 o M 6aprurp yiDmH:x 'l.!ICTBil 5- 6,5 Mas s a ayx.noa. 

Cnan ce'leHJl!! acnapeHllll a -'laCTBil B3 S!JlP.!I 

Ha 25 Mas 6onee pe3Qit , '!eM aTO cnenyeT 113 

8 

Fm 254 
npll H3MeReiiJLH saepraa Ne 

22 

/12/ 
paC'l9TOS All!! Ce'leUX!! 00p.!13G-

S.!IHH H COC T S.BHOro S!APB 

12 /6/ 
C + 81 , UllH K OT OPOi 

aoaos yrnepona 126 , 105 

p e 3KHli cnan a a no cp1 

peaynbTBTbl CSHneT eJlloCTJ 

san HMOMy, S OCHOBHOM S 

HO pBC'leTaM, 11pHS9A9HHl 

p a seH 110-115h , O)lH.!IK 

'lBCTHU DPB 60nhWHX yrn. 

E ollbmo e ceqeaae ac 

mero aaepr aro soa6ymnea 

CHCT 9M8T HK, npeuCK83biB8 

Ullll Bn9p S 3TOli o6naCTH 

H36biTO'lHOe qacno 

M o m eT 6biTb o 6yc n o sne Eio 

Shim a aT 5- 6% oT a, • On. 

CKHl!: CD9KT p TSK HX a -'IE 

!!JlPS, a a x yrnos o e pacrr 

TeMnepaTypa OCTa 7 

QJOPMYne ( N ( Ea)" Eaa c( E 

THUbl B CHCTeMe U9HTpa 

B a ToM ' BbipameHllH npen c 

r n e a - napaMeTp nnOTI 

3HeprHH HCnyCK.!IHIIH a 

B OCT.!ITO'lHOe smpo, 

Llnll HJlpa, o6pa3osaa 

T eMn e paType T = 1 ,45 M: 

B peaKuaa Ne2 2 + 

nony'l9 Hbl COOTS9TCTS9HHC 

LlnH gnpa, o6paa osa E 

p a saoll 2,3 M as. 



~e!O'I' cymeCTBOHHO M8JDo

~pbl npOTOHOB B3 pe8KIUIB: 

tHOB B p e a KUHB Ar 40 + AI 

~B , 'lTO H8XOI!HTCR B XG

lMK8X OUT B'leCKOJ!. M Oll&-

I K e CBR38Hbl C H81IR'IBOM 

~HBID llpOTOHOB OTA8 '1X B 

OB Tpe 5 yeT l!OUOnHBTellb-

:OB8HHblX pa60T He 6btn0 

> 80. 

BHOr O RAp S 

)T B38 HMOAei!.CTBHR Y ClCG-

RIO'I'CR lCOMIIOHOHTbl, COOT-

• HApB, lloK838TOnbCTBOM 

B 9THX J)OaKilH.IIX 

HO M BKCHMYMbl llpH a !lep-

: 6apb OP8 MH, P 8CC'lliTBH

)TBeTCTBOHHO 21,5, 23 ,4 

;mnneTCR noneHHe, BCJ!a-

ICKI!l!. 6 apbep, 

:Tllll 113 COCT BBIIOro SIAPA 

!!pH l!JUI BC8X p&CCM8 TpH

:U 5-6,5 MaB Ha JIYKliOH. 

H3MaHeHIIH aaeprua Ne 
22 

2/ 
· nnn ce~eKBH o6pa3G-

BBHH R C OC T BBHOrO g~pa, AHanorH'lHhll!. p a cqeT Ohln npOH3BO~OH nng p eaKURH 

C
12 

+ 81 /B/, AliR K OTOPOJ!. H3BOCTHhl Ce'l:eHHR BCnapeHIIR a -'lBCTllll l!PH S He prHRX 

BOHOB yrnepo~a 126 1 105 H 85 MaB, llnn S T Olt peaKUHH T SK)I{O OTMO'l89 TC R o onee 

p e 3KBJ!. Cll8ll a a U O Cp8 B HOHJU O C Ce'lOHJIOM o 5 pa30B8HHR C OCTBBHOrO nApa, 3 T JI 

pe3ynb T8Tbl CBB~OTOnbCTBYJOT 0 T OM, 'ITO BCUap eH.IIe a - '18CTBU npOHCXO~HT, no-

BHI!HMOMV , B OC HOBHOM B H8'18nbHOJ!. CT8l!HH llPOUecca CHSITIIR B030Y)I{l!eHHH, Cornac-
/12 / 21a 

HO p8C'Ie TaM, Up i!BeAeHHblM B pa50Te , CpOAHHlt y rnOB Ol!: M OMe HT RAPS 108 

paBeH 110-1 15 h , 0AH8KO . 3 8 MOTHTb 8Hli30Tp 0 UHID B y rnOBOM pacnpe n ene HHH a -

'laCTHU npa 5om.max yrnax He ynanocb, 

E om.woe ceqeHae acna peaa n a - '18CTH!l H3 COCT8BHOrO HAPS 108272 . HMeJO-

w ere sHe praro B03 6y)I{Ae HH H oKono 75 MaB, uaxo .nHT CR a npOTBBOpe'IBH c A S HHh i MII 

CI!CT eMSTHK, npeACK83biB8!01llHX pe3KOe YMOHbllleHHe BepORTHOCT II H CnapeHH H '18CTHU 

AliH RAep B 9 TOil: o6naCTH Z H N / 13/ 

l136htTO'IBOe -qacno a - 'laCTHU n o .n 6 om.maMH yrnaMH, nonyqennoe B p eaKUHH , 

M 0 )1{9T 6h!Tb o 6ycn OB lleHO BK1!8l!OM OT TpOJ!.HOrO AeliOHHR llpH y CliOBHH, 'lTO OH npe 

BbllliBeT 5- 6% OT a , , 0 A H 8 K O npHlllliOCb 6bl T BK)I{e npeAllOJIO)I{I{Tb, 'ITO 9HepreTH'le

CKHll c n eKT p T8KHX a -'l8CTIIll C OBll8 A8 e T C O cneKT p OM HCnapeHHH H 3 COCT8BHOro 

nnpa, a H X yrliOBOe p acnp e neneHHe 6nH3KO K H30TPOUHOMY. 

16 1 
pacc'l:HThlB a nacb aHa norH'lHO paooTe no TeMnepaTy pa ocT aTO'lHoro nnpa 

ljJopMYne ( N( Ea) "' Eaa c(E a)e - Ea / T , rAe En- 9Hepr Hn acnycKaeMo ll a - qac

THUbi B CHCTeMe ueaTpa M 8 CC C OCT8BHOrO nnpa, TeMIIepaTypa OC T B TO'IHOrO nnp a 

B 9 TOM' Bhlp8 l!COHHH npen CTAJUieHa B Bll.ll8 

1' = [ ( E* - B) / a ] " 
. a a r 

r Ae a- napaMeTp nnOTHOCTH ypoBHell: , E*a B Ba C OOTBOTCTBeHHO H81100nblli8R 

9 He prHR HCnyCK 8KIIH a -'18CTH!lbl II 6apbep, npenRTCTBYJOrnHA ee !IpOHHK IIOBeHHID 

B OCT8TO'IHOe Rl!pO, 

lln sr HApa, o6pa30BaHaoro B peaK!lHH Ne 2 2 + Au npu a HeprHa a e oaa 110 M a s 

T e MnepaType 1' = 1,45 M a a, napaMeTp nnOTH OCTH y poaHel!. a ~ 19 Maa -l. 

B peaKnaa Ne 22 
+ Th npH aHeprHRX HaneTaiomux 'laCTHil 115 a 140 M a a 

nony 'lOHbl COOTBOT CTBOHHO l!BO TOMnepaTyphl 1,5 H 2,1 M s B, 

nng HApa, o6pa3 0 B8HHoro B peaKnHH Ar 
40 

+ Th • T OMnepaT ypa o n p eAelleHa 

paBao ll. 2,3 M aa. 

9 



CnenyeT OTMeTHTJ., 'ITO UOIIY"'IeHIIble HBMH 3H8"1e!IKB UIIOTS:OCTJI YPOBS:el nJU[ 
250 258 

KOH9"1HbiX B)l9p Cf , 106 cymeCTS9H!IO Mem.me, '19M aTO Cll9JlYEtT 113 COOT-

/6/ 
s:ome HIIB a= A/ f , rne f "10 Mas , 

B. 11 c nyc 1t a s: 11 e a-"'ACTin B nps:M~x nponeeeax 

Yrnoswe pacnpeneneHJIH a-"'aCTllu non yrnaMl! OT 10 no 100° (pa:c, 8-8) 

CSHn9T9JihCTBY10T 0 npeo6nanaHIIH SK118)la OT llpBMhlX npoueCCOB, 

/14/ 
Cornacs:o pac"'eTaM, npoaasenellHbiM s pa60Te , 'IHCTO xynos:oscKoe B38RMo-

.lleAcTBRe M02K9T o6ycJIOSHTb He 6onee H9CKOJihKHX npOU9HTOB 0T a~$eKT8 llO)l M8Jihl-

• MH yrJISMR, 

ncrsBJliiMOMY1 OCHOSHOll SKJI8Jl oOyCJIOSII9H HCJiyCK8liR9M a -"'ACTHll S peax-

UHRX UO)lXB8T8 0 Bhi6HRSHHH1 p83R81I8 !18JI9T810lli9H 'l8CTIIUhi 1 UpORCXO)lS!lliRX rrpR .[1.8/lh
• 

HRX H KBCBTeJihllb!X B38RMO.[I.9l!CTBRHX. 

16/ 
B pa60Te OhlJI npe.ztiiOlK9!1 M9XllHH3M upBMOlt pealUUIH, S OCBOBe KOTOPOl"O 

ne)KHT npennonolKeHKe o6 s:cnycKaHKa: a -"'ACTHll c as:eprael!, HJJJlMepHo pB.BHol! 

cpens:ell ss:epraH a -"'aCTHnhl B HaneTaJOmeM smpe, 
/15/ 

3KCnepHM9HT8nbHhi9 pe3yJihT8Thl H Te0p9TH'l9CKH9 paC'leThi UO)lTB9p2KJl8IDT 

a TY l"HIIOTe3y AilS! nerKHX 5oM6apAH]lY!OlliRX 'lBCTilU, H8llpRMep, yrnepO)l8 C 
12 

, 

Ons:axo s HameM Cny"189 9TO npennoJIOJKef!Jle s:e H8XOJJ;IlT llO)lTBep~eHB:H, nea-

CTSHT9JihiiO, nnn peaxnHR Ne 22 + Th up11 aHeprn 115 Maa, MBK.C:RMYM CJieJtTPA 

a -'l8CTHU \ 

anR peaxnnn 

() na6 

Ar~ 0 + Th 

30°) s:aXOJlRTCSI npll as:eprHB: 26 Maa, sMec:To .. 21 Mas, 

npR 240 Msa MSKCHMYM as:eprs:n a -'IBCTB:n ( 0 
6
-20°) 

JIB 

s:axoaHTCll nps: as:eprs:a 38 Msa sMeCTO 24 Mas, 

Ba)Ks:oll oco5es:s:ocTbro cneKTPOB a -'IBCTHU non ManhlMI yrnaMH liBJilleTC51 

nnasaoe cMemeue MaKCRMyMOs HX aaepreTH"'ecKHX pac:upeaenea:al! s cny"'ae peax-

nnn Ne 22 +Au\pHC, 5) . 

B cny'lae peaKUilll Ne 22 
+ Th a~ljleKT '!eTKo p83JIH'LIIM a: HMeeT perynsps:hlll 

x,apaKTep, a s:eprHll yMefibmBeTCll OT 24 Maa \CHCTeMa ues:Tpa Mace B.llpa Fm 
254 

) 

no ~ 14 Mas npu yrne 80° (pRe. B-7). 

LlaJ!haeAmee yMeHbmeHlle as:eprHa: np11 ooJ!hma:x yrnax s:e npocnelKJIBBeTcs, 

UOCKOJihKY as:epl"Hll a -"18CTIIU H8XOJliiTCB IIJII)KG llopora RX perBCTp8UHll S H8CTOll-

ruHX onh!Tax, paBs:oro 8-10 Maa. Cnenye-r oTMSTHTb, 'ITO s:ecMOTpll Ha 60J!hmyJO 

p83HRUY S aaeprHRX IIOHOB R CG'l9HllliX peaxus:lt, B ltSYX OllblTBX C Ne 
22 

CUSKTPbl 

a -'lBCTRll HM910T MBKCHMYMhl llpH O)lHli:X B T&X lK9 a.aepl"llliXo 

10 

B peaKUHH Ar ~ 0 + T 

uaa6onee OT"'eTnHso Bhipa: 

JI9HHS! a -'lBCTHU npa B38: 

~Ten Me~y co6oA (puc. 

(6,3 H 8 Mas Ha gyxnoa) 

Jll:PIHhi. 

llnR UOJIY'l9HIISI JlOUO~ 

p830B8HH9M COCTBBHOl"O RC 

SBHHH a-'l8CTRU B rrpHMt 

np116JIH2K9!1HSI1 I mt" 

TaKae pac'leThi cnpE 

6oJihmyro aaepraa csnaa 

16,161 
c HAPOM-MHlli9Hb~ • 

Ha pac. 10 npencTaE 
~0 

Ar + Th, a TBK)K9 peE 

Kax anns:o s:a ps:cyHB 

6J1ID)l8IDTCSI M8KCHMyMbl 

pBBHW COOTB9TCTB9HHO 15 1 

JlHT CyMMhi paJlRyCOB B38 

COOTB9TCTB9HHO 13.4' 10-

As:anora'!Hhlll peayJ!h 

'ITO Jlrui peaxns:a N 
1 ~ + Th 

CyMMB PB.IlHYCOB 830T8 H 1 

/8/ 
B paooTe ansr aa 

T8K)K9 ITOJiy'l9Hhl 388"l9HHB 

uas:ooJihmero npHOIIH)I(aHH n 

TaKHM o6paaoM, y 

rHrrOTeae BpRTTa n Kaaa· 

ll.llPa co coenaeA aaeorue 

Bo-rrepBhiX, auepreTI! 

npn aueprnliX, tlOJihmax q: 

l!leM SIApe, 

Bc>-BTOphlX, OTCYTC"l 

H3M9H9HHH as:epraH HOHOl' 



Ul IIJIOTIIOCTX YPOBIIel Jlliil 

eM aTO cneAyeT 113 COOT-

nponeccax 

OT 10 AO 100° (pa:c, 8-8) 

ooneccoa. 

HCTO KY110110BCK08 B3811MI>

TOB 0T 3~¢eKT8 nO)l M811bl

e 

lHHaM a -'lBCTHll B pelllt-

11 npOIICXO.IlWUIIX UpH A8Jn.-

81UUIH 1 B OCJIOBG KOTOPOrO 

eprHelt, H]JHMepao penolt 

/15/ 
ac'leThl nonTaepJKnaJOT 

Mep, y rnepona C 12 
• 

o nuT nonnepJKAeHHlilo .llelt

M a a, MAitCHMYM cneJtTPa 

3 Mas, BMeCTO .. 21 Mas, 

II a -'l8CTIIU ( () 
6
-20°) 

na 

M811hlMX yrnaMH li!B1IlileTC!I' 

peneneBXlt a Cny'l8e peaK-

!'111M 11: HMeeT perynlilpHbift 

254 
tefiTP8 Mace smpa Fm ) 

rnax ne npocneJKHaaeTclil, 

HX perHCTpauHH B H8CTOH

TO aecMOTPH 11a 6om.myro 

OUbiTBX c Ne 22 
cneXTPhl 

B pe8KIUIH 

Haa6onee OT'leTmiBO BhiP8JKell (p11c. 8). HecMOTpSI 118 To, 'ITO yrnosble p8cnpeAe-

neHRSI a -'l8CTIIIl np11 B3811MO)lellcTBIIR N 22 
e 11 c TOpHaM xopomo corn8cy-

IOTCSI MeJKAy co6of!: (piiC, 4), npll SlleprHSIX 9THX HOHOB p8BIIbiX 140 II 240 Mas 

(6,3 11 8 Maa 118 JIYX1IOH) a!lepreTB'leCKHe p8cnpeneneHHlil a -'l8CTiiDl pe3KO pa3-

.llnB nony'leHHSI nononHHTeJn.HhiX caenemdt o nponeccax, He CB5138HIIhlx c o5-

paaoaaHHeM COCT8BHOro Mp8, 6bl1111 p8CC'IHT8Hbl 38BRCI!MOCTII BepORTHOCTH o6pa3<r 

B8HR5! a -'laCTHil a npRMhiX npoueccax OT xnacca'lecKoro napaMeTpa HaB6om.mero 

np116nHJKaHH5!1 fml" 

TaKue pac'laTbi cnpaaeanHBhl, ecnu a -'l8CTHUbl HM910T SHeprHJO, MHOrO 

6om.myro 3HeprHH CBSI3H S H81IeT810WeM smpe, II 01111 He B38RMO)leltCTBYIOT CR11bHO 

16,161 
c MPOM-MHmeHbiO • 

Ha puc. 10 npencTaanellhl peaym.TaTbi sTHX pac'le ToB nnlil peaxmilt Ne
22 

+ Th , 

Ar•o + Th' N t• + Th 171. a TaxJKe peaKIUIH 

KaK aBnHo H3 pHcyHHa, panllyChi Hau6onbmero np!!61lll:lKeHHH, npu KOTOpbiX Ha-

d/ d "Ne 22 +Th Ar
40

+Th 6nrona10TCH MSKCHMyMbi a r 
1 

r ll1ISI peaxnun 
m-13 min 13 

paBHbl COOTBa TCTBeHHO 15,0•10 CM I! 15,5 •10- CM 1 T,e, HeCKOllbKO npe BOCXO-

llRT CyMMbi panHyCOB B38l!MO)leil.CTBYJOWIIX SlllGp f •1,5 •10-lS CM) 1 p8BIIhle 

-13 -13 ° 
COOTBe TCTBaHHO 13.4' 10 H 14.4' 10 CM, 

AHanorH'lllbil!: pe3y11bT8T 6brn nony'leH AilS! pe8RUHH Ne 22 + Au • OrMEI'l'HM, 

•• -18 
'ITO lll'UI peaKnHH N + Th 3H8'1GH!Ie r m in • 11,5•10 CM HeCK011bltO Mem.me, 'laM 

cyMM8 pan:BYCOB 830T8 II TOPIIIS!o 

/8/ 
B paooTe nns£ B34HMOnell.cTBHSI IIOIIOB N 14

, 0 I ° C MP8MH Au, Bi 6b!11:H 

<r (Ath+Ath) T8KJKe nony'leHbi 3H8'19HIISI min O 
1 2 

• B peaKuHSIX C + Au , Bl panHyc 

aaH6o1!hmero rrpH6nuJKeJIHSI 6hln p8BeH cyMMe panJIYCOB B3811MOnell.cTayromux S(!:lap. 

TaKHM o6pa3oM, y Hac HMeroTCSI cnenyJOmue pe3y11bTaTbl, ITPOTHBOPe'lantHe 

/61 
runOTe3e BpHTTa u KBHHTOlla o6 HcrrycKaHHH a -'laCTHUhi 113 naneTaJOmero 

Ht:IP8 CO CPenHelt 9Heoruel\ II: HMITV11bCOM, UOHXOASIWHMB:CH liS ee nonm. 

B<rnepBbiX, aHepreTB'leCKHe cneKTPhi noa ManhiMH yrnaMH HMeiOT M8ItCHMYMhl 

npu aHeprHSIX, 6onbiDHX cpe~sel\ KHHeTB'Iecxolt aaepr11u a -'laCTIIUbi B HaneTaro-

weM Mpe. 

Bo-BTOphiX, OTCYTCTBYeT cMeme11ue MaxCII'MYMOB cnexTJ>OB a -'1:8CTIIU Irp"ll 

H3MeHeHHH saepruu HOHOB Ne 
22 

a:a 25 Maa a onhrTe c TOpHaM. 

11 



8-TpeThHX, s onhtTax c Ne 22 n Ar 
40 

rrpH a nepi'H5JJ( 140 H ::!40 Mss (coOT-

SeTCTB8HHO 25 H 24 MaB Ha a -'WCTHIIY) CII9KTpb! a -'IBCTHU n pH Manb!X yrnaX 

c.Meme Hbi nOYTH Ha 10 Mas, 

16 161 
8-qerseJ.>TbiX, COf'1IBCHO pBC'I8TBM, SblllOJIH9HHb!M BHBnOI'H'lHO paeiOTaM t , 

BepOS!THOCTb o6p830SBHHSI a -'IBCTHU B rTPSIMb!X HP00:9CCBX llPH B38HMO!lelicTBIIll. 

noHos Ne 
2
:f, Ar 

40 
c TIDKenLIMH RJlPBMH aocTnraeT MaKCHMYMa Jia paccTomrnsrx 

r 
mln 

, npeBOCXO!l >."1H7. CYMMY paAHYCOB B381IMO):{eiicTSYJOillHX Sl)lep, S O'!'rTH'IH9 OT 
H I 2 14 16 

C N , 0 , + Au , Bi , rae pAC'IeTnoe PC'Ol<HHti N + Th r ~ tn · ME!HL!llC 

HJIII i-Jdl3HO Ly MM9 paLU&YCOS Mep, 

llnH 06'bSh..:HCIIHS! M8XBHH3MB HCIIyCKBIIHR Sb!C OKOaHepi'eTH'IHb!X nel'KHX '18CTIH! 

Ill/ 
s Hpi!MbiX nponeccax 8BTopaMB 6bi118 rrpennoll<eH8 cnenymiii8R I'BnOTe3a npoTe-

K8rlHR peaKunn. Ha®TaiOlUBil '!aCTana \ HBTIPRMep, HJlPO .,.0 1 e ) ncnbtT!>tEaeT aevnny-

roo ssanMOI!elkTsne c SIIIPOM-'v!RmollhiO H sos6yJKAaeTC51 110 anepran 20-30 MaB, 

TIOCKOrTbKY HJ.IPO 0
16 

1!8)1{9 rrp!I TBKHX arreprHRX l3036y)I{I!9HIH! >KHB8T I!OCT8TO'IHO 

/18/ 
aonroe speMH , oao ycnesaeT yaaJUIThCH OT SUlp8-M.HmeHH Ha paccTOSlilHe, rne 

Kynonoscxoe none cocT8snnsT "' 0,1 E 8 ,T,e, rrpao6peT!!eT 311oprnm "' E 
3 

• Ernll 38-

pH)I{enJI8H '18C'lllU8 HCilYCK.aeTC51 .3aTeM S RarrpasneHHll I!BHJK9HH51, TO ee aneprHH 

CylUeCTSeHHO B03p8CTaeT 38 C'i8T !UI.He n£'19CKon 9nepr!Il[ HOHB, 

3To paccMOTpeaae rroa~oJumo o6'bRCIO!Th nosmneHB:e 50 MaB npOToa:os n pe--

!e /19/ 
t1o<Uilll 0 ~ Au llpJI SHepi'Hil HOHOB 167 Mas , 

OnnuKo B r~an:eM cny'!ae aaepreTI!'HlCKne pa..:.HpeaeneaJHl a -'IBCTKU He MC-

ryT 6biTb corn8coanHhi c 3TY.M p8CCMOTpe~aeM. 

llelkT!lHTeJ!hHo, ecJUI npearronon;.l!Th, '-oTo aos6yli<neKHoe a pe3yrrhT8Te B38HM<>-

neiicTBBH c Th HAPO aprOH8 38 C'!eT KynOHOBC~OI'O OTTan~BBHHH llpHOOpeT8eT 

~'Il(:prMJO 150 Mas, TO a!IepreTH'!eCKHe crreKTpb! a -'!acTtt!l npa MBIIb!X yrnax 

non:·- llhl H~-H.!Tb M8KC;:rMyM B pnilotte ~ 60 Mss, 3TOT MBKCHMYM AOJI)Kell O'IIH!h 

6biCTpO CMe•uaTbCII C )'BQ.IIR~eHHeM yrna 8 B OOJIOCTb MB!fbiilliX SHepra:f.t 

a - l..fHC.T::L.. 

B f!ameM cnyqae cneKTPbl a -'!aCTHU non vanbiMH Yl':IIlJVR (puc. 6-8) 

MM(.,OT M8KC"I'II<ty~ibl Ilj'll Sf!Cpf'll>IX, cyweC1'138HHO MeHblUMX, YJ8M B 8TOii MO.£IeJIH 0 K 

OIH! xap.<;I<"rGpli3Y!OTC~1 nnnaHl·TM CMeiUC!l!iCM attct:rall. Em~• npH ysr,JlHqel£HH yrna 

0 • B CT•9"3I c a3no>KeHHbiM, MOA(HO Hp .. nLonoli'RT~>, 'iTO ucnycKallHe a -'!8CTHU 

npo>~r x cnn-r Re•rocpeacTB<'HHO nocno f}3ll <tMO/l&l",r·rBIH!, li:Or/.J.tl f>oM6ap.rtHPYl01HOe 

'") 

i 
l 
' 

J 

' 
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:x 140 a 240 Msn (coOT-

acTan npa ManbiX yrnax 
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I!IOI'fi'IHO P800T8M 1 

, 

ax liPH B38HMOneHCTB!ill 

BMYM8 HB P8CCTO~HIH!X 

AC.l..J.8THOe f mfr. MeHLlllC 

'8Tlf'IHblX llel'KHX 'I8CTH!l 

lYJOmaH ranOTeaa npoTe-

6 ) HCTiblT!>IB88T IISVUDY

QO <HiepraH 20-30 Msn. 

&HH !I >KIIBST .QOCTBTO'IHO 

~HH Ha paccTonaae, r.ne 

n:nprn10 ~ E 
8 

, Ern11 aa

·fllKSIIIHI, TO ee 9H8prasr 

HOII8, 

>O Man npOTOIIO!I B p~ 

HH a -'IllCTHU He MC-

~ B pe3ynhT8Te B38KMo-

8JIRBB8HHH UpHOOpeTaeT 

~Tnn: upa MaJih!X yrnax 

no Mal!b:am:X aaepra:a 

H Y J .'ltlM'f ( PlfC, 6-S) 

'ISM B 3TOif MO.l(8JIH 1 H 

!C llyCh:llHlle a -'l8CTHU 

1 
1 

Ht(po Haxo.naTCH a o6nacTa KynoHoncKoro rronn n.npa-Mameaa, a: ero KHHe~H'IecKan 

aHepriHI Mnoro MeHbrue E P 

B oaKnJO'IeHlle Mbi C'IHTaeM CBOHM npiHITHbiM aonroM uo6naronap.a:Tb 'I1IeB:a-

u:oppecnOHJJ:SHTa AH CCCP r.H. <l>nepona 38 IlOCTOSIH.HOe BIIHM8HHe K pa50Te, 

C.M. nonHK8HOBa, B.A. KapHayxona, IO.ll. OraHeCSIHa, B.K. JlyKbSIHOBa, B.H. Ka-

miHKll Ha oa none::JHhie o6cylKASHIIH, 

Jinreparrpa 

1. K. F. Chsckett, ]. H. Frem/Jn, D. WsJI.-er. Phil. Msg, 45, 173, 1954. 

2 • .a.M. Jlapt/JaROBH"', A.M. CeM'UfHOBB, r.H. <P.nepon. HnepHbie PEIBKI1HII IlpH MBJibiX 
H cpeaHHX snepruHX. TpyJlbl Bcecoi03HOH xoutjJepeHnHH, HOH6pb 1057 r., H3/1, 
AH CCCP, MocKna 1965 r., crp 517. 

3. W.]. Knox. Proceedings of the Secoud Conference on Reactions Between Complex Nuclei, john Wiley end 

Sons, lne, New l'ork, 1960 f'· 21:1.1. 

4. W. ]. Knox, ,A. R. (lulnton, C. E. Anderson. Phys. Rev. 120, 2120 (1960 ). 

5. D. A. Bromley, M. Sachs, C. E. AtJderson. BuJI. Am. Phys. Soc., 6, 287 ( 1961 ). 

8. H. C. Britt, A. R. Quinton, Pbys. Rev. 124, 877 (1961 ). 

7. ]. C. Wstson, A. R. Quinton, D. A. Bromley, in Direct InterActions snd Nuclear Reactions Mechanisms, ed. 
E. Clements!, C. Witti, New York.-London, 1962, p.JOOO. 

B. H. Broek. Phys. Rev. 124, 233 (1961 ). 

8. C.H. WyMif.TIOB. HaepHaH tjJH3HK8, 6 1030 (19/JB). 

10. B.II. JlepenbrrHu, C.Jl. TpeTI.HKOBB, )f(::JT<P, 45, 888 (1f!88). 

11. G. /go. Phys. Rev. 115, 1665 (1959 ). 

12. B.B. Ba6HKOB. JlperrpzHT OHHH P-1351, .ay6Ha 1988. 

13. T. Slkke!Btld. Report UCRL- 16348, sugust 1965. 

1-1. ]. M. Honsteen. Nud. Phys., 19, 309 (1960). 

15, V. K. Lukjonov, !. Z. Petkov. Nucl. Phys., 49, 529 (1963). 

W. ].A. Mcintyre, T.I.. Wstts, F.C.]obes. Phys. Rev., 119,1331 (1960). 

17. C.Jl. Hnaeona, B.H. KaJ1.1rHKHH. JlperrpHHT OHHH P-1881, .ay6ua, 1984. 

18, I-l.A. Byrpon, r.B • .aauHmur. )f(3T<P, 43, 70 (1982). 

18. n. V Resmes.Phvs. Rt>v. 137B, 332(1965). 

13 

PyKOHI!Cb nocT)"lnna a H3.1laTe1lbCKHil OT.Ile;t 

25 H0~6pH 1966 r . 



\\\ 
\\\ ;; 

~ /)) Ill 
~ -- ~ ----~ 6 

PHc. I. CxeMa yc-rpollcTBB, npaMeHsmmerocH B axcnepaMeHTax aa BHyTpeuHeM ny'IKe 

naxnoTpoua. Y-300. I. BxOL!HliS! amoMHHHBBHll <jlolibra . 2. TaHTanoBbiA KonneKTop 

ROHOB, 3. KonnHMaTop. 4. MameHb, 5, 5ILtepH bie aMynbCHH. 6. Cni!HUOBBS! 3 Bll!HTa, 

7. MeL!Hhlll Koprryc. 8. Dy'loK l!OHOB. 
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2. TauTanoshln KonnekTOp 
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N/'+ Th 
20° nab.cucr 

30 

20 
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2.0 28 

Pac. 2. CnekTp aoaos Ne 
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, yrrpyro pacceHHHb!X MHWeHhiO Th noa yrnoM 30°. 
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Puc. 5 . 3HcpreTIPtecKHe cneKTpbi a -qacTnu, H3Mepe HI!bte a peoKUHH Ne 22 +Au 
npR a HeprHn I!OHOB Hcona 110 Man. 
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