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BBe.n:emre 

C MOMeHTa OTKphlTIIJI npouecca cpparMeHTauirn: ony6nn:-

, KOBaHO 3Ha"tIMTeJinHOe KOJIH"tleCTBO pa6oT no ero llCCJie.n:ona

HMIO [1]. O.n:HaKO K HaCTOJIIIl;eMy npeMeHH no pe3yJinTaTaM 

orpm.rnoro 3Kcnepn:MeHTaJinHoro MaTepnana HeT e.n:nHoii Teo

pnn:, 061,JICHJIIOII.I;eii MexaHH3Mhl o6pa3onaHMJI cpparMeHTOD ll 

TOHKHe 3cp<peKThl, CDJI3aHHhle C HYKJIOHHhlM COCTaDOM JI.UCp

MHllieHeii M <pparMeHTOD, XOTJI nocne.n:HeMy nonpocy nocnJI

m;eH0 MHoro pa60T [2-5]. Honhle TcopeTH"lICCKllC no.n:xo.n:hl ll 

C03.UaHHe pa3HhlX MO.UeJiefi n nocJie,n:HeM .n:ecJITMJICTllll (6-8] 
CTHMYJIHponamI npoBe,n:eHne H0BhlX CJIOJRHhlX 3KCnepHMCHTOD, 

B KOTOphlX perncTpnpyIOTCJI <pparMeHThl n 47r- reoMeTpllM (9-
11]. 8TH pa60Thl n OCHODHOM npone.n:eHhl C MllllieHJIMll HaTy

paJinHOro COCTana. B "tJ:aCTll ll3 HMX paccMaTpnnaIOTCJI npo

uecchl TepMII"tJ:ecKoro o,n:HonpeMeHHoro pa3naJia JI,n:pa Ha Jicr

KIIe <pparMeHThl II <pparMeHThl C npoMeJRyT0"tJ:HhlMII MaccaMM 

(3 :::; z :::; 20) no.n: .n:eiiCTDMeM IlhlC0K03HepreTM"lIHhlX npoTo

H0D. B .n:pyroii -qacTa 3TMX pa6oT paccMaTpnnaeTcJI nponc

xoJR,n:eHne .UllHaMII"tleCKllX II3MeHeHMii, TaKMX RaK CJRaTMe II 

poTaUMJI JI,n:epHoii MaTepMM M DCJIC.UCTDMe IIX - pacna.n: JI.Upa 

rro.n: .n:eiiCTDIICM TJIJReJihlX IlhlC0K03HcpreTM"lIHhlX MO HOD. ITo

MMM0 MCCJie,n:onaHIIfi C rrpJIMhlMII perncTpauMJIMll <}>parMeHTOD 

npo,n:oJIJRaIOTCJI TaKJRe llCCJIC.ZJ:0DaHHJI C perIICTpaunefi pa.n:no

aKTMBHhlX npo.n:yKTon, noJiy"tleHHhlX B JI,n:epHhlX peaRUMJIX no.n:. 

.n:eiicTBMeM BhlC0K03HeprcTWICCKMX -qacTMU [12-13}. LI;eJin Ha

CT0JIII.I;efi pa60Thl - MCCJie.n:onarn 3HepreTM"lICCKYIO 3aDMCMM0CTn 

ce-qem1ii 06pa3onaHHJI JierKMX JI,n:cp-npo.n:yKTon no.n: .n:cikTDMCM 

npoTOH0D npll pa3HhlX 3Ha"tJ:eHMJIX 3HeprIIIi MCT0.ZJ:0M Hanc.n:eH

H0li aKTMBH0CTM, C TeM "lIT06hl noJiy"lIMTn MH<}>OpMaUMIO () MC

xaHM3Me MX 06pa3onaHMII, a Tcl.KJRC MCCJie,n:onaTn T0HKMC 3(1)

<peKThl, 0TH0CJIII.I;MecJI K <l)parMeHTaM, noJiy"tlcHHhlM II3 pa3,n:c

JICHHhlX II30T0n0D 0JI0Da. 
2 

YcJIOBHJI 3KCnepIIMeHTa II pe3yJinTaThl 

MeTaJIJIM"tJ:eCKMe <p0JinrM II3 o6oram;eHHhlX M30TOnOB OJIOBa 

112Sn(92, 6%), 118Sn(98, 7%) 120sn(99, 6%), 
124

Sn(95, 9%) C 

TOJIII.I;HHa:MH COOTBeTCTBeHHO 390_, 61, 70 H 72,7 Mr/cM
3 

06.rry

-qaJIHCh Ha cpa3oTpoHe .JUIII OHJIH npoToHaMH c ,meprHeii 

660 M3B B Te11eHHe 27 H 5 MHHYT H Ha cHHXpocpa3oTpoHe 

JIB8 OH.HM npoToHHhlMH ny11KaMH c 3HeprHJIMH 1,0 H 8,1 
r3B B Te"tleHHe 1,0 H 0,6 -q COOTBeTCTBeHHO. HHTeHCHBHOCTH 

ny11KOB cocTaBJIJIJIH 1,36 1016 , 1,19 1016
, 4,97 10

12 
H 2,27 10

13 

rrpoToH/11 . .[(JIJI MOHHTOpHpOBaHHJI rry11Ka 6hlJia llCIIOJin30BaHa 

peaKUHJI 27 Al (p, 3pn )24 Na, 3Ha"tleHHJI ce11eHHii KOTopoii npH 

yKa3aHHhlX 3HeprHHX co OTBeTCTBeHHO paBHJIJIHCh 10 '7' 10 '1 
II 8, 1 M6H. Hane,n:eHHaJI B MHllieHJIX aKTIIBHOCTn 6hlJia H3-

MepeHa Ge(Li) n cnepxlIHCThlMH HpGe-,n:eTeKTopaMH 11epe3 

HeRoTopoe npeMJI rrocne 06.rry-qeHHJI. ,UM nhl,n:eneHHJI .n:on

roJRMBym;Hx npoeyKTOB peaKUIIll M3MepeHHJI peryJIJipHO rro

BTOpJIJIHCh B Te"tleHHe o.n:Horo ro.n:a. IlpH M3MepeHHJIX, .n:mr 

o6ecrre"tJ:eHHJI "T011e11HOCTM" IICTO"lIHIIRa H OIITMMaJihHOll 3a

rpy3KM 3JieKTp0HHRH, pacCTOJIHllJI IICTO"lIHHR - ,n:eTeKTOP nhl6H

paJIHCh paBHhlMH 160, 26, 15 H 8 CM. IIpe.n:napHTeJinHaJI o6-

pa6oTKa 1-crreKTpOB rrpoBO,n:HJiaCn c IIOMOII.I;hIO KOMnnIOTepHhlX 

nporpaMM. IIo xapaKTepHhlM 1-JIHHIIJIM C y11eTOM rrepIIO.UOB 

nonypacrra.n:a JI,n:ep 6hlJIH Bhl.UeJieHhl nerKIIe JI,n:pa-npo,n:yKTiiI 

H orrpe.n:eJieHiiI HX ce11eHHJI o6pa3oBaHIIJI, 3Ha11eHHJI KOTOpiiIX 

npHne,n:eHiiI n Ta6JIHue 1 ( TaM JRe ,n:aHiiI THIIIiI ce"tleHHii JI.n:ep -

rrpo.n:yKTOB: H - He3aBIICIIMOe ce-cieHne II K - KyMyJIJITIIirnoe). 

OnrH6KII Ha neJIH11HHe ce11eHIIll - CTaTHCTII11ecKMe. 
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PIICYHOK 1. 3aBIICIIMOCTL 3Ha'IeHim Ce'IeHIIH O 6pa30Ba

HII.H q>parMeHTOB OT GHeprIIII IIpOTOHOB ( Ep) )];ITJI MIIIlleHeH 

• o -
112 Sn A ~ - 118 Sn • □ - 124 Sn· a)rrrrJI 7 Be 6)cBeTrrLie 

' ' ' ' ' ' r'I 
TO'IKII p;rrJI 22 Na, TeMHLre - )];ITJI 24 Na. K pIIBLie noKa::JLIBaroT 

pocT, a He XO)]; Ce'IeHIIII 

4 

06cylli,n:eHIIe 3KCIIepIIMeHTaJII,HI:iIX pe3yJil>TaTOB 

Ha pIICYHKe 1 npIIne.n:eHI:iI 3aBIICIIMOCTII 3HatJeHIIH cetJeHIIH 

oT 3HeprIIII npoToHOB ,n:JUI 7 Be, 22 Na II 24 Na II3 IICCJie,n:ye

MI:iIX MIIIIIeHeii. J,fa Ta6JIIIUI:iI II pIICYHKa BII.ll:HO, tJTO 3HatJeHIIJI 

cetieHIIJI CIIJil>HO (6oJiee tieM Ha nopJI,n:oK) pacTyT c yneJIII

tieHIIeM 3HeprIIII HatJaJil>HOH tJaCTIIUI:iI, tJTO xapaKTepHO .ll:JUI 

MexaHII3Ma cpparMeHTaUIIII [ 1]. 113oTOIII:iI 28 Mg, 38 S, 38 Cl II 
39 Cl He perIIcTpIIponaJIIICL npII 3HeprIIJIX npoTOHOB O ,66 II 1,0 

r3B II II03TOMY .ll:JUI HIIX HeB03MO)KHO 6I:iIJIO IIOJIYtJIITl> 3Hep

reTIItJecKyIO 3aBIICIIMOCTI,. IlpII 8,1 r3B II3 MIIIIIeHII 112Sn 
He perIICTpIIponaJIIICb KOpOTROlliIIBYIUIIe II30TOIII:iI 38Cl II 39Cl, 
T .R. ,'-CIIeKTp o6JiytieHHOH MIIIIIeHII 112 Sn 6I:iIJI II3MepeH tJe

pe3 HeCROJII,RO tJaCOB IIOCJie o6JiytJeHIIJI BO II36e)KaHIIe 60JII,

IIIOro MepTBoro npeMeHII, a ,'-JIIIHIIII 38 s He Ha6Jiro,n:aJIIICI, B 

raMMa-cneRTpe o6JiytJeHHOH MIIIIIeHII 1125n, T.R. 38S CIIJIL

HOHeHTpOHOII36I:iITOtJHOe JI,n:po II ero cetJeHIIe, IIO-BII.ll:IIMOMY' 

MaJIO. 

,ll;JUI MIIIIIeHII 118 Sn Ha pIICYHRe 2 .n:aHa 3aBIICIIMOCTI, 3HatJe

HIIH cetJeHIIH OT Macconoro tJIICJia cpparMeHTa. RpIIBaJI IIOJiy

tJeHa MeTO.ll:OM rro.n:roHRII II COOTBeTCTByeT ypanHeHIIIO a(A1) = 

aA:,r, r.n:e a=1334, a T = 2, 10±0, 06. TaKaJI llie 3aBIICIIMOCTl> 

Ha6Jiro,n:aeTCJI OT 3apJI,n:onoro tJIICJia cpparMeHTa a( Z f) rv Z1
2

•
47

. 

CTeIIeHHYIO 3aBIICHMOCTI, cetJeHIIH o6pa3oBaHIIJI cppanv1eHTOB 

OT ZJ II Ai pH.n: anTopon [8,14,15] o6nJICHJieT cpa3oBI:iIM rrepe

xo.n:oM "lliII.ll:ROCTI,-ra3", ROTOpI:iIH rrpoIICXO.ll:IIT rrpII RPIITIITie

CROH TeMnepaType ropJitieii JI,n:epHoii MaTepIIII, HacTyrraromeii 

IIpII o6JiytieHIIII JI,n:pa - MIIIIIeHII BI:iICOR03HepreTIItJHOH tJaCTII

ueii. B pa6oTax [14,15] npe,n:JiollieH MexaHII3M o6pa3onaHIIJI 

<pparMeHTOB rrpoMelliyTOtJHI:iIX Mace BCJie,n:CTBIIe ROH,n:eHCaUHII 

CIIJII,HO pa3orpeToro HYRJIOHHOro ra3a, OCHOBI:iIBaJICI, Ha Teo

pIIII KOH,n:eHCaUIIH B6JIII3II RpIITIItJeCROH TOtJKII [16]. Ilo aHa-
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PncyHoK 2. 3aBHCHMOCTb ::rna'feHnn: ce"!eHHn: OT Macco

Boro "!Herra cJ>parMeHTOB p;rr.H MmneHH 118Sn. KpIIBa.H npoBe

. p;eHa no cJ>opMyrre a-(A1) = aA:,r, a= 1334, T = 2, Id± 0, 06 

JIOI'HH C ra3OM BaH ,n;ep BaaJILCa CTeneHHaJI 3aBHCHMOCTb ce

_qeHHJI o6pa30BaHHJI-<pparMeHTOB OT HX MaCCiiI A f HJIH z f 

a(A1) "'Afr' 

r,n;e T = 2 + 3. 3,n;eCL a(A1) mm a(Z1) noJIHiiie irno6apn

qecine HJill Il3OTOnHqecKHe ceqeHHJI. B HaCTOJIID;eM 3KCnepn

MeHTe ll3MepHJIHCb TOJILKO pa,n;noaKTHBHiiie Il3OTOniiI, BKJia,n;IiI 

ceqeHHM o6pa30BaHHH KOTOpiiIX HeBeJIHKH B nOJIHiiIX ceqeHHJIX. 

TeM He MeHee ,n;JIJI pa.n;noaKTHBHiiIX cpparMeHTOB Ha6mo,n;a-

6 

eTCJI CTeneHHaH 3aBHCHMOCTL C napaMeTpOM T co 3HaqeHHeM, 

6JIH3KHM K TOMY, qTo noJiyqeHo B ,n;pyrnx pa6oTaX (HanpH

Mep, [17]) c npHMOH p~I'HCTpa:u;neft cpparMeHTOB no MeTO,n;HKe 

l::l.E - E1 - E2 no,n; ,n;eftcTBHeM npoToHOB c 3Heprneft B o6Jia

CTH 2,7 - 7,5 r3B. HHTepecHo; qTo B ,n;aHHOH pa6oTe ,Zl;JIJI T 

noJiyqnJIHCL pa3Hiiie 3HaqeHHJI B npe,n;eJiax OT 1,55 ,n;o 2,1 H3 

pa3HiiIX MHIIIeHeH OJIOBa. CJie,n;oBaTeJILHO, MO)KHO npe,n;rroJia

raTb, qTo npH 3HeprHH npOTOHOB 8, 1 r3B llCCJie,n;yeMiiie HaMH 

cpparMeHTiiI C HeKOTopofi BepOJITHOCTLIO o6pa3JIOTCJI B npo

:u;ecce MJJILTH<pparMeIJTa:a;HH (T.e. O,n;HOBpeMeHHOI'O pa3BaJia 

H,n;pa - break up) . 

HaMH c,n;eJiaHiiI pacqeTiiI 3HaqeHHH ceqeHHH cpparMeHTOB H3 

Bcex nccJie,n;yeMiiIX MHIIIeHefi no Mo,n;eJIH BoH,n;op<p - BoTBH

Ha n ,n;pyrnx npn 3Heprnn npoToHoB 8, 1 r3B [18]. IIoey

qeHHiiie ,n;aHHiiie npnBe,n;eHiiI B Ta6JIH:u;e 1. CpaBHeHne pac

qeTHiiIX H 3KCnepnMeHTaJibHiiIX 3HaqeHHH ceqeHHfi noKa3IiI

BaeT, qTo eCTb y,n;OBJieTBOpHTeJILHOe corJiacne Mem,n;y HHMH 

,Zl;JIJI <pparMeHTOB C npoMemyToqHLJMH MaccaMH 24Na H 38C[, 
a ,n;JIJI JierKoro <pparMeHTa 7 Be pacqeTHiiie 3HaqeHHJI npeBiiI

IIIaIOT 3KcnepHMeHTaJII,Hiiie npnMepHO B 5 pa3. ,I(JIJI HefiTpO

HOH36IiITOqHiiIX JI,n;ep 28 Mg H 39C[ Hao6opoT, pacqeTHiiie 3Ha

qeHHJI B HeCKOJibKO pa3 MeHLIIIe no cpaBHeHHIO C 3KCnepn-

MeHTaJibHiiIMH. Ilo-BH,ll;HMOMY, B MO,Zl;eJIH [18] 6paJIHCb BiiICO

KHe 3Heprnn Bo36ym,n;eHHH (E*) npoMemyToqHoro H,n;pa nocJie 

npoxom,n;eHHH KacKa,n;a, qTo yBeJIHqHBaeT qncJio JierKHx cppar

MeHTOB, H He yqHTiiIBaJIHCb "TOHKHe 3<p<peKTiiI", CBJI3aHHiiie C 

ll30TOn-3cp<peKTOM, XOTH B pacqeTaX Ha6mo,n;aeTCJI np~BHJIL

Hoe HanpaBJieHHe yMeHnIIIeHHH (,n;JIJI 7 Be n 22 Na) n yBeJIH

qeHHH (,n;JIJI ocTaJILHiiIX) 3HaqeHHH ceqeHHH npn nepexo,n;e OT 
112sn K 124Sn. 

TenepL paCCMOTpHM 3aBHCHMOCTb ceqeHHH HCCJie,n;yeMiiIX 

cpparMeHTOB OT MaccoBOI'O qncJia MHIIIeHH At, HCnOJib3JH no-

7 



MIIMO ,n:aHHhlX,IIOJiyqeHHii[X B HaCTOJIIUeH pa6oTc, TaIOI{e JIIITC

paTypHhlC ,n:aHHhle. l-faBeCTHO, "9:TO 3Ta 3aBIICIIMOCTl> CIIJil>HO 

MCHJieTCJI C II3MeHeHIICM 3HeprIIII Ha"t!aJioHoro npoTOHa [1] II 

OCTaeTCJI IIOCTOJIHHOH n o6JiaCTII orpaHII"t!eHHOH cpparMCHTa

IJ;IIII ( Ep > 8 - 10 r3B)' II03TOMY HaMII IICIIOJil>30BaHii[ ,n:aHHii[e 

npII 3HeprIIJIX npoToHon 6oJioIIIe 8 r3B [19-22]. Ha pIIcyHRe 

3 np1rne,n:eHa 3amICIIMOCTl> (J" OT At LI:JIJI HCHTpOHOII36hlT0"9:Hii[X 

cpparMeHTOB 24 Na, 28 Mg. TaM .me ,n:aHa 3aBIICIIMOCTl> TpeToeii 

npoem:i;mr II30CIIIIHa MIIIIICHII T3tf At OT At ( Ha rpa<pIIRe no

CTanJieHo 3T3tf At' LI:JIJI JICHOCTII RapTIIHii[). I-fa pIICYHRa BIILI:HO 

CXOLI:CTBO CTpyRTYP 3aBIICIIMOCTeii, "9:TO ronopIIT O RoppeJIJII.l;IIII 

ce"tieHIIH c neJIII"t!IIHOH T3tf At II CJie,n:onaTeJil>HO o 3anIICMMO

CTII a- OT 'I't, - II30CIIIIHa MIIIIIeHII. Ta .me TOHI{aJI CTPYRTypa 

Ha6mo,n:aeTcJI II ,n:JIJI cpparMeHTOB 7 Be II 22 Na (pIIc.4). .II;JIJI 

HCHTpOHOII36Ii[T0"9:Hii[X JI,n:ep-ocTaTI{OB Ha.6mo.n:aeTCJI TaR.me B 

06m;IIx -qepTax pocT ce"tieHIIH npII yneJIII"t!eHIIII At - MIIIIIeHII 

(pIIc.3) . .II;JIJI HeiiTpoHo,n:ecpIIU:IITHoro JI,n:pa 7 Be II ,n;JIJI 22 Na, 
"9:IICJIO HCHTpOHOB I{OTOporo paBHO "9:IICJIY npoTOHOB (T3t = 0) 

IIpII nepexo.n:e OT MIIIIICHII 112 Sn I{ 124Sn 3Ha"9:eHIIJI CC"t!CHIIH 

yMeHoIIIaIOTCJI ( CM. Ta6JIIIU:Y II pIIc. 4). 

Ha pncyHRax 3 II 4 npIIne,n:eHhl TaR.me· 3anncMMOCTM cpo

TOBhlxo,n:oB OT At ,n:JIJI 24N a II 7 Be, noJiy"t!eHHhle npII MaRcII

MaJioHOH 3Heprnn TOpM03Horo cneRTpa E,max=4,5 r3B [23-

24]. KaR BIILI:HO, 3.z:i:e~o To.me eCTl> CTpyRTypa II ee pa3JIM"9:IIe, 

IIO-BIILI:IIMOMY, CBJI3aHo C OTCYTCTBIIeM ,n:aHHhlX no HeROTOphlM 

MIIIIIeHJIM. 8To ronopIIT O TOM, "9:TO JIBJieHIIe M303<p<pCRTa He 

3aBIICIIT OT copTa rrepBII"t!HOH "9:aCTMI.l;Ii[ . 

.II;JIJI M3Y"t!CHIIJI MeXaHII3Ma o6pa3oBaHIIJI cpparMeHTOB HaMM 

paCCMOTpeHa 3aBIICIIMOCTl> ce"t!CHIIJI o6pa30BaHIIJI 3TMX <ppar

MCHTOB OT 'cyMMii[ 3HeprIIII OTLI:CJICHIIJI cpparMeHTa II 3<p<peRTII

BHOro RyJioHoncRoro 6apoepa Qi+ Bt· B HacToJim;eii pa6oTc 

3HeprnJI OT,n:eJieHIIJI cpparMeHTOB onpe,n:eJIJIJiaCl> LI:BYMJI CIIOC0-
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PIIcyHoK 3. 3anncIIMOCTh t:ma"<IeHMH ce'9:eHnn: Hen:TpoHo-

m:361,1To'9:HbIX cpparMeHTOB OT Macconoro '9:IICJia MmneHen: At. 
•, ~ _24 Na, ■, □ - 28 Mg, 0KcnepMMeHTaJibHhle TO"<IKII B3.HTbI 

II3 pa6oT [19-21], cneTJibie T0'9:KII - HaCTO.HIIJ;aJI pa6oTa; .o -

24 Na µ;rr.H cpoTo.Hµ;epHhlX peaK:r.:i;IIn: [23,24] ( mKarra c npaBon: 

cTopoHhI); cnrromHaJI KpIIBaJI - naBIICIIMOCTh 3T3tf At OT At 
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6aMM: a) C MCnOJih30BaHMeM 3RCnepMMeHTaJibHhlX 3Ha11eHMM 

Qgg = M(At, Zt) + M(AocT., ZocT.) - M(At, Zt), r.n;e 3Ha11e

HIDI Mace cpparMeHTOB, JI,n;ep-ocTaTROB M MMIIIeHeii 6paJIMCI, M3 

pa6oThl [25]; 6) C MCnOfil30BaHMeM )I{M,Il;I{OI{aneJihHOM MO,Il;eJIM 

Q1d = M1d(A1, z,)+Mtd(AocT., ZocT.)-Mtd(At, Zt), B I{OTopoii 

3HeprMJI CBJI3M Bhl11MCJIJieTCJI no cpopMyJie [5] 

E - . A+ . ,..,,2A- 1 0 71z2A- 1/ 3 
ca - Eis Czv.L3 - , , 

r.n;e Eis = 15, 68(1-1, 184A-113), Eiv = -112, 4(1-1, 184A113) 

M T3 = (N - Z)/2, a acpcpeRTMBHhlii RYJIOHOBCRMM 6ap1,ep 

B1 = 0, 55ZtZocTe2 /(R, + RocT), R = roA113 M ro = 1, 44. 
10-13cM. 

I1cnOJih3YJI JIMTepaTypHhle .n;aHHhle .[l;JIJI cpparMeHTOB 7 Be, 
22 Na, 24 Na, 28 Mg B MaccoBoii o 6JiacTM MMIIIeHeii OT 48 .n;o 
197' HaMM MCCJie,n;yeTCJI 3aBMCMMOCTI, 3H8.11eHMM ce11eHMM, no

Jiy11eHHhlX npn Ep > 8 raB OT Q f + Bf. Ha pncyHRe Sa M 56 

npnBe,n;eHhl 3aBMCMMOCTM ce11eHIDI OT Q1d + Bi M Q99 + Bi 
.n;JIJI 28 Mg. RaR cJie.n;yeT M3 pncyHRa, Mem.n;y ce11eHMeM M 

Q1d + Bf Ha6mo.n;aeTCJI 3aBMCMMOCTh, 6JIM3I{aJI I{ 3RcnoHeH

IJ;MaJII,HOM. TaRaJI 3aBMCMMOCTI, Ha6mo.n;aeTCJI M .[l;JIJI M30TO-

noB 7 Be, 22 Na, 24N a (.n;JIJI 7 Be napaMeTp a 6epeTcJI B BM,n;e 

Af)' O,Il;HaRo pa36poc 3RcnepMMeHTaJII,Hhl:X T011eI{ 60JihIIIMM, 

11eM .n;JIJI 28 Mg (pnc.6). Ilo.n;roHRa aRcnepnMeHTaJihHhlX .n;aH

HhlX no cpopMyJie O' = a exp( -( Q f + Bf) /T) .n;aeT B03MOlli

HOCTh onpe.n;eJIMTI, napaMeTphl a M T. Pe3yJihTaThl npMBe.n;eHhl 

B Ta6JI. 2 ( T cBJI3aH c TeMnepaTypoii ciicTeMhl, pacna.n;aro

m;eiicJI Ha cpparMeHThl). RaR BM.[l;HO M3 Ta6JIMIJ;hl, Bee 3Ha-

11eHIDI T 2:: 20 MaB, T.e. BhlIIIe omn.n;aeMhlX TeMnepaTyp cn

cTeMhl, RoTopaJI 06pa3yeTcJI nocJie npoxom.n;eHMJI RacRa.n;a npn 

06ny11eHMM MMIIIeHM npoToHaMM c aHeprneii > 8 raB. Ha.n;o 

OTMeTMTh, 11TO B npOTOH-JI,n;epHhlX [26] (Ep = lraB) M B cpo-

12 

10.00 a 

-'i' b10 1.00 
~ ..__, 

0.10 L__....L. _ _,J __ J__ _ _._ _ ___....._ __ 

0.00 20.00 40.00 

Q Id+ Bf 
60.00 

10.00 6 

:if 
b IO 1.00 

~-
'-J 

0.10 .__ _ __._ _ ___. __ ..__ _ _._ _ ___. _ ___, 

0.00 20.00 40.00 60.00 

Qgg +Bf 

PttcyHoK 5. 3anttclIMOCTb ce1IeHlI1£ o 6panonamrn 28 Mg OT 

a)Q1d+B f, 6)Q99+B /· ::hcnepttMeHTaJibHhle TO'IKH D31£Thl nn 

pa6oT [19-21], CDCTJibIC TO'IKlI - HaCTO1l~a1£ pa6oTa. KpIIDhle 

nponeµ,cHhl no cp opMyrre a = a exp( -( Q 1 + BI) /T) 
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TOJI,UepHhlX (27] (E.ymax = 4, 5r3B) peaKI];lIJIX, KaK C"t.JIITaIOT 

aBTOphl 3TIIX pa6oT, rrpII o6pa3oBaHIIII 7 Be .UJIJI T Tam«e 6IiIJIII 

IIOJiy"t.JeHhl 6om,nme 3Ha"t.JeHIIJI. RaK BII,UHO II3 pIIc.6 II Ta6JI. 2, 
.UJIJI cpparMeHTOB 7 Be, 22 Na, 24 Na JIY"t.JIIIee cornacIIe c 3Kcrre

pIIMeHTaJII,HhlMII ,n:aHHhlMII IIOJiy-qaeTCJI rrpII pac"t.JeTe 3HeprIIII 

OT,UeJieHIIJI )I{II,n:KOKarreJII,HOH MO,Uem,IO. 8To 03Ha"t.JaeT He"t.Jy

BCTBIITeJII:,HOCTI, ce"t.JeHIIli K <pJIYKTyaUIIJIM 3HeprIIII OT,UeJieHIUI, 

o6ycJIOBJieHHhlM o6oJIO"t.Je"t.JHhlMII 3<pqleKTaMII B 3HeprIIII CDJI3II 

JI,Uep. Ha pIICYHKax 5 II 6 BII,UeH pa36poc .n:aHHhlX, OTpamaIO

mIIfi 3aBIICIIMOCTI, ce"t.JeHIIH peaKUIIII OT HYKJIOHHoro COCTaBa 

MIIIIICHII II cpparMeHTOB ( CM. TaKme Ta6JIIIUY 1). HaMII c.ue

JiaHa IIOIIhlTKa B 3KCIIOHeHUIIaJII>HYIO 3aBIICIIMOCTI, Cf .n:o6aBIITI, 

"t.JJieH B BII,n:e T3JT3t, "t.JT06hl y"t.JIIThlBaTI> BJIIIJIHIIe II30CIIIIHOB [5] 

Ha nepoJITHOCTI, peaKUIIII. O,n:HaKO pe;:JyJII>TaThl IIOJIY"t.JIIJIIICI> 

Hey.uonJieTBOpIITeJII>HhlMII. 

AnTophl BhlpamaIOT 6naro.n;apHocTI> B.M.I.J;yrrKo - CIITHII

Kony, B.C.IIpoHcKIIX, A.H.IIpIIeMiiIIIIeBy II R.B.RaJIJIIIKIIHY 

3a y-qacTIIe B II3MepeHIIJIX raMMa-crreKTpon, r.C.Afina3JIH II 

JI.r.MapTIIpocJIH 3a y-qacTIIe B o6pa6oTKe, rrepcoHany cpa3o

TpoHa II CIIHXpOUIIKJIOTpOHa 3a o6ecrre"t.JeHIIe xopOIIIIIX rrapa

MeTpOB rry"t.JKa BO BpeMJI o6Jiy"t.JeHIIJI MIIIIIeHefi. O,n:IIH II3 aBTO

poB (,l(aHaryJIJIH A.C.) 6naro.n:apIIT MIIHIICTepcTBO HayKII II 

Bbrcmeroo6pa3oBaHIIJI Pecrry6JIIIKII ApMeHIIII 3a <pIIHaHcoByIO 

rro.u,uepmKy, a TaKme .UIIpeKUIIII Jia6opaTopIIII JI,n:epHhlX rrpo-

6neM II Ofo,e,n:IIHeHHOro IIHCTIITyTa JI,UepHhlX IICCJie,UOBaHIIH 3a 

rrpe.n:ocTaBJieHHYIO B03MO)I{HOCTI, BhlIIOJIHeHIIJI 3KcrrepIIMeHTa B 

OM.HM. 
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PncyHoK 6. 3aBHCHMOCTI, ce~eHIDI o6panoBaHH.H 7 Be" OT 

a)Qld+B1, 6)Qgg+B1. 8KcrrepnMeHTarr1,HI,Ie TO~KH B3.HTl>I nn 

pa6oT [19-21], CBeTJII,Ie TO~KH - HaCTO..III.I.\aJI pa6oTa; KpxrnaJI 

rrpoBegeHa no q,opMyrre u = Afexp( -( Qra +BI) /T) 
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J].attarymrn A.C. H ,up. 

O6pa30BaHHe nerKHX 51)lep B peaKUIDIX npOTOHOB 

C pm.ueneHHhIMH H30TOilaMH OJIOBa 

Pl5-98-301 

MeTO,UOM HaBe,UeHHOH aKTHBHOCTH H3MepeHbl ceqeHmI o6pa30BaHmI .11,uep 
7
Be, 

22Na, 24Na, 28Mg, 38s, 38CI H 39CI npH o6nyqeHHH MHilleHeii 
112

Sn, Il
8
sn, 

120
sn 

H 124sn npOTOHaMH C ::mepm.HMH 0,66, 1,0 H 8,1 faB. TipH aHaJIHJe 3KCnepHMeH

TaJihHhlX ,uaHHhlX ycTaHOBJieHo, qTo 3TH .11.upa o6pmyioTC.ll B npouecce qiparMeHTaUHH 

H qTO cymecrnyeT CTeneHHa.H JaBHCHMOCTh ceqeHHH peaKUHH OT MaCCOBOro H 3ap.11-

,UOBOro "IHCJia qiparMeHTOB. Ha6mo,uaeTC.ll CHJihHa.H JaBHCHMOCTh ceqeHH.ll peaKUHH 

OT HYKJIOHHOro COCTaBa MHilleHeii H npO.UYKTOB. 1-IJMepeHHhie 3Ha"leHIDJ ceqeHHH 

COBMeCTHO C HMeIOlllHMHC.ll B JIHTeparype ,uaHHhlMH o6cp!GlaIOTC.ll B paMKax pa3-

JIHqHhlX npe.unoJIO)KeHHH. 

Pa6oTa BhIIlOJIHeHa s Jla6opaTOpHH .H,uepHhIX npo6neM 0115111. 

ITpenpHHT 06bellHHeHHOIU HHCTmyra ll)lepHhlX HCCJie)lOBaHHii. ,!ly6Ha, 1998 

Tiepeso.u asTopoB 

Danagulyan A.S. et al. 

Formation of Light Nuclei in the Reactions 

of Protons with Separated Tin Isotopes 

Pl5-98-301 

The cross-sections of reactions of formation of light nuclei on separated 
112Sn, 118sn, 120sn and 124Sn isotopes are determined at proton energy of 0.6,· 1.0 

and 8.1 GeV by the induced activity methods. The energy dependence of cross

sections is observed. The fragmentation formation of light nuclei is discussed. 

The investigation has been performed at the Laboratory of Nuclear Problems, 

JINR. 
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