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OHIWI XAP AKTEPHCTHI<A P ABO'ill 

AiqyaJI!>HOCT!> npo6JieMu.Peam:um c o6pasoBrum:eM MHorosapimHHX 

cpparMeHTOB B peJIHTHBHCTCKHX CTOJiltHOB8HHIIX OTHOCRTCH R HEmMeHee 

nsyqeHHHM KaHaJiaM pacna'Aa B036y:l!,D;emmx R,Il;ep. HoBHe .D;amme nope­

aK!-lmIM pacmenJieHM H cppaI'MeHTaI(lm H.D;ep-MHll!eHeil nosBOJIJUDT 6oJiee 

'A9TaJil:,HO B3rJIHHyT!> Ha M8XSHH3M I'Jiy6oKOHeynpyrnx B3aHMO.D;eilcTBHff, 

BH.D;eJIHT!, OCHOBHHe qepTH 8TIDC npon:eccoB. CJie,ll;yeT OTM9THT!>, qTo 3KC­

nepIIMeHTH, B KOTOpHX Ha6JIIO.D;aeTCR o6pa30BaHH9 OCTaToqaux su,;ep, npo­

BO,IUITCH He TOJI!,KO Ha nyqxax peJIJ'lTHBHCTCKHX qacT~ H H.D;ep B rrmpo­

KOM 'A:.ranasoHe Mace H aHeprntt, Ho H aa ny,max qacT~ H su,;ep npoMe­

xyToqaux 3Heprntt. B HaCTOHIJtee BpeMR: ~ OCHOBHHMH ycxopHTeJIHMH, 

Ha KOTOPHX npOBO,IUITCH CHCTeMaTRtieOKHe axcnepHMeHTH B o6JiaOTH pe.mr­

THBHCTCKOH cpH3HKH, npo,llOJI.l!ta!lT OCTaBaT:&CJ'I ycxopHT9Jil:, E3BAJIAK(EepK­

JIH, CllIA) H CHHXpocpa30TpOH JIBS orurn: (,cydaa). Ha.no OTM8THT!>, 'IITO 

axcnepHMeHTaJil:,HHe HCCJie,llOBaHM, npoBe.D;eHHHe no w:parMeHT8UHH H.D;ep­

MHllleHefi aMepmtaaCRHMH cpH3HKaMH B EepKJm npH 3HeprHH 2,I raB/ayKJIOH, 

fK83HBaJOT Ha B03MOmI08 HapymeHHe H8KOTOpHX cpyH.ItaM8HTaJil:,HHX KOHIJ;en­

n:Hil cpH3HKH BHCOKHX aHeprHil, TaKHX KaK npe,lleJI!,HaH cpparMeHT8UM lI 

cpaKTOPH38UHJI B OJiyqaHX M;Y'JI!,TH6apHOHHHX CHCT8M. B 3THX HCOJI8,llOBa­

HHIIX aa6JIIO.D;aJIHC!, H3MeHeHM pacnpe,lleJieHHJI BHXO.D;a IIPO.llYRTOB cpparMeH­

T8UHH H.D;Pa-MHIIIeHH C H3M9H8HH8M aaeprHH HaJI8Talll!IHX H.D;8p-cHapH.ItOB, 

np:irt18M 3TOT aqxpeKT 6wr HHTepnpeTH!)OBaH RaK B03MOXH08 HapymeHHe 

npe,lleJil:,HOll WI)arMeHTan;HH. BaeprHJI p8JUITHBHCTCRHX H.D;ep, ,llOOTHrae-· 

MM Ha cmnqiocpa30TpOHe orurn:, npmv1epHO B ,ItBa pasa npeBOCXO'AHT imep­

rmo H.D;ep Ha yCROpHTeJie E3BAJIAK H OXBaTHBaeT TaK HaaHBaeMYJ) o6JiaCT!> 

IIpe,ll8JI!,HOH WI)aI'M8HTan;HH. C TO~ speHM npoBepKH cpyH.ItaM8HTaJI!,HHX 

I'IIIIOT83 WHSHRH BHOOKHX saeprd HCOJI8,ll;OBaHH8 o6pa30BaHRH OOT8TO~­

HH% H,Itep B peaitIJ;na:x, · BH3BaHHHX pe~TlIBHCTCRHMH H,ll;PaMH B 'A:aaIJa30-

H8 ~meprd 3-4 rsB/HYKJIOH, npe,llCTaBJJJiJOT co6off axTyaJIE,HyJJ npo6JieM;Y. 
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Bo~ee Toro, BHCOK8JI HHT9HOIIBHOCT~ IlytrKOB JJ,I{ep yr~epo.I(a, ycKopeHHHX 

Ha cmocpoq,aS~TPOHe JIBS OIDrA~ Il08BOJilI9T ,Il;9TaJil,HO H3Y'JHTI> pe~"lrn, 

BHSBamme HMeHHo 3TID.fil cHap.ima.MH Ha p.ime ,mep-MmneHefi, pacnrnpHTI> 
. . 

.3HepreTINSCJOtil 'AJ,IanaSOH H IlO~HTI> TT0~83Hyl0 miq>OpMauHIO )t)IJI IIO-

CJI8.I(yilit8rO TeopeTWI8CKOro aH~8a. r~aBHHM IIP8ID.1Jllt8CTBOM 'AY0H8H-
. . -

eKoro CnHXpocI,iasoTpOHa HBJIJI9TCJi B03M0'1tHOCTI> yeKOJ)HTI> tJaeT:imH H H,llJ)a 

e TOit JK9 eaMOit 3H8prH8ll Ha HYKJIOH, 'IJTO II08BOJilI8T 6o~ee IIO,llJ)OOHO 

cpaBHHTI> 3KenepIDl!eHT8Jil,HHe ,l(aHHHe, rro~eHHHe B paBHHX ye~OBIDIX 

H npoBeeTH HX TeopeTHlI9eKID1 aHaJIR8. 

afxpeKTHBHHM M9TO.I(OM 3KenepHMeHT8Jil,Horo H8y<reHM o6pa80BaHHH 

oeTaTO'IJHHX JJ.I{ep B pe.mrTHBHeTeRHX B8aHMO.IJ;efieTBHJIX HBJIJieTeH mt pe­

rneTPauM noepe.IJ;eTBOM aKTHBaunoHHoro aHaJrnaa, oeHOBaHHoro Ha raM­

Ma-cneKTPOeRorrIDI. lfaMepeHne HaBe.IJ;eHHO:!-t aKTIIBHOCTR o6~eHHHX MM­

meHefi, T.e. naMepeHHe OCHOBHHX xapaKTepneTilR raMMa-rrepeXO,Il;OB, IIO­

SBO.mteT H'A8HT:0lp~HJ)OBaTI> nrnpoKIDi erreKTP oeTaTO'IJHHX ,mep-HyKJIH.I(OB 

BII~OTI> ,Il;O MaeeH Mmll8HH Il8y<raeMOrO H)Ula. CetJeHHH o6pa30BaHHH, Mae­

eOBHe H sapH,I!;OBHe paenpe.I(e~eHM oeTaTO'IJHI:lX ,mep, 8aBHCHT OT nepe­

,l(aHHOit 3HeprHn, THIIa HM8TaIOl:qHX eHapH.I(OB, H30TOIIHOro eoeTaBa 

,mep-MRllleHefi H T.,l(. B qJH3mte BHeOKHX 3HeprID1 rrpe,n;JIO~eHHH.l1 MeTO,l( 

H'AeHTnqnmaumi: oeTaTO'IJHHX H.I(ep-rrpO.I(yKTOB TIO HaBe.IJ;eIDIOH raMMa-aRTHB­

HOeTH MO.llt8T OHTI> HeIIO.lII,30B8H Ta:rree H ,n;JIH onpe.IJ;e~emm yr~OBHX 8aBII­

CHMOeTeH ee'IJeHHil o6pa3yK!IlHXCH H.IJ;ep-oCTaTROB H HX RHHeMaTJ.ItJeeRHX 

xapaRTepHCTHR: acIIMMeTPmi: B~eTa Bnepe.I(~Haaa.I( H cpe.IJ;Hero rrpo6era. 

MeTO,IJ;HRa TaRHX 3RCIIepHM8HTOB oeHOBaHa Ha HeIIO.lII,30BaHHH TOHRJ!X MH­

mene}i,_ paeIIMOJKSHHHX MeJrJJY ~aBeaHOBHMH COOpHlntru.m: ! B HI-Dt: H8MepH­

IDTCH ,Il;OJIH OT rromofi aRTHBHOeTH ,mep-HYR,IDU(OB, aaperHeTPHPOBaHHNX 

B rrepe.IJ;HHX H 38,l(HHX c6opHHRax. AHMH8 ,Il;aHHHX II03BOJ.Iff8T ,l(eTaJIR3H-

pOBaTI> RHHeMa~mty npohecca o6pasoBaHRII ocTaTO'IBHX H.IJ;ep, rrpo,ItyKTOB 

no~oro _ pacme:iIJiemm: . PI qiparMeHTarnm ~a-MTilll8HH H IIpID.II8HHTI> COOTB8T~ 

CTByDIC'D M0,!1;8.JII,ttyl(l HHT8pll,P8Taltlii). {)tJeHI> BaruIO TO, 'IJTO MeTomma 
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aRTHB8UHOHHOro aHaJIH3a II03BOJmeT orrpe.IJ;eJIHTI, RIDJeMaTJ.ftJeeRHe CBOllCT­

Ba H.IJ;ep OT.I(a'IJH B .IJ;Harrasone Mace 20~ A~ 30 , RoTopm1 ne.I(oCTJIIeH 

,n;JIH ,llJ)yrOM 3Kerrepm.1eHT8Jll,HOM TeXHmtH. Eo~ee Toro, 3KenepIIMeHTH Ha 

pa3,l(e~emmx H30TOIIax MOryT ObtTI> 01J8HI> Ba1IHHMH ,n;JIH nee~e,Il;OBaHPIH 

H30TOIIH'IJeCKHX acppeKTOB, a I'IM8HHO, BJIMHPIH CTPYRTYPH H,llJ)a-MIIDleHn 

Ha npo-qece B3aHMO.IJ;ei1eTBHH, H 3aBHe~OCTH eeqemrfi B pe~ THIIa 

(cnap.im, xpyn ) OT 'IJHe~a BH~eTaiallIDC HefiTpOHOB - a<MieRTa MHO-

~eeTBeHHOCTH HefiTpOHOB. 

Bee CKa3aHHOe onpe.IJ;eJIJieT aRTYBJil,HOCTI> ncc~e.IJ;OBaHIDi, BHTIO~eH­

HHX B H8CTOH!ll8ll ~nccepTauHOHHOfi paOOTe. 

Hem, pa6oTH - aRcnepIIMenTam,noe HCC~e.I(OBaHITe MeXaHIT3MOB o6pa­

SOBaHr-m oeTaTO'IJHHX H.I(ep B H,llJ)O-H.I(epHHX B38IDAO,l(e~CTBHHX npn peJUITH­

BHeTeKIDC aneprmIX. 

I) IlocTaHOBKa aRcrrepHMeHTa .D;JIH onpe.I(e~eHHH a6eo~IOTHHX ce1JeHIDi 

o6pa30BaHPIH OCTaTO'IJHHX H,IJ;ep. 

2) 06pado•.rKa 3KCIIepMM8HT8.lII,HOM Ji!Hq>OpM~rrn H 003,l(aHHe M8TeMa­

TH118CROro annapaTa ,n;JIH RoppeRTHOH napaMeTpH3~HH Ce'IJeHIIB B' paMRaX 

o6~eH CHCT8MaTHKH. 

3) J1syqeHH8 B3aHMO,l(8HCTBM peJiflTHBHCTCRHX JJ,I{ep I 2c ' ycRopeH­

HHX Ha CHHXpOq>a30TPOHe Jil33 owrn C MaRCHMaJil,HOH 3Heprne:i1 44 raB 

(3,65 raB/H~OH), co cpe.IJ;HeTIDlte~MH H THJKe~MH H,llJ)aMH. 

4) MsyqeHHe 38BHOHMOCTH H30TOTIH118CKOrO pacnpe.IJ;e~eHHJI OCTaToq­

HHX H,IJ;ep OT THIIa 6oM6ap.IUIIJYlOlllero cnap.ima B peruaumx co cpe.IJ;HeTIDKe­

Jll:lMH H.TIDKeJIHMH H,llJ)aMH. 

5) TeopeTWJ8CR8JI HHTepnpeTrunm: MaecOBHX pacnpe.IJ;e~emtl1 B paM­

RBX MO,Il;8JIT,HHX npe.IJ;cTaBJieHIDi O B38JIMO,l(0HCTBHH. 

6) IlpoBepRa OCHOBHHX rHIIOT83 pe.rutTHBHCTCRO:U JJ.I{epnon qmsmm -

npe.1(8.lIT,HOH qiparMSHTauHH H cpaRTOPH3aIU!PI. , 

7) Hsyqenne Kl'!H8MaTH'I8CltHX xapaRTepHCTmt cpparMeHTOB npoMezy­

TO'<iHHX Mace, o6pa30BaBillEXCSI B peJiflTHBHCTCKHX CTOJIKHOBemmx. -
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8) MsyqeHHe ajqleKTOB Ha HSOTOilH'I8CKH pas.n;eJieHH!DC MR111eHRX, B 

TOM 'llHCJie MHOX8CTB9HHOCTll HeHTpOHOB. 

HmHaR'. HOBHSHa pa6oTH. BnepBHe npoBe~eHH SKCnepHMeHTH; B KO­

TOpHX onpe.n;eJieHH ce'tfemm o6pasoBaHHJI ocTaTo'IJHHX ro:tep B peaJmllilX 

ro:tep 12c c aHeprneii 3,65 raB/HYKJIOH co cpe,ItHeTJmeJIHMH n TSDKeJIIDt.H 

H.JlPaMH. B CBHSH C DOCTaHOBKOH SM81f no nsyqeHm:J SaBllCHMOCTH H30TO­

DHtl0CKOro pacnpe.n;eJieHHH OCTaTO'tlHWC ro:tep OT THIIa 6oM6ap.n;Hl)yD!tHX 

cHaPHJlOB, a Ta.IOle npoBepKe cKetl:.mmra n npe.n;eJThHoii qiparMeHTamIB 

6MO pemeHO npoBeCTll aHaJIOI'WIHHe 8KCnepHM9HTH Ha cpe,ItHeTIDK.eJIHX II •· 
THJK8JIHX H,llp8X-Mm118H.IDC C npOTOHaMH ll .u;ettTPOHaMH TOH iK8 CaMOii 3Hep-

ro Ha HYKJIOH. Bnep:m,re nsMepeHH ce'lfeHHH o6pasoBaHHH ocTaTOqHHX 

ro:tep B peaJmllilX C peJIRTHBHCTCKHMH .u;eiiTPOHaMlI. BnepBH9 npoBe.n;eHO 

cpaBH8HH9 sapH,llOBHX .u;ncnepcmt H MaCCOBHX pacnpe.n;eJieHHH OCTaT01IHl,IX 

ro:tep, o6pas~CJI B peaJCIJ;HHX c yqaCTH8M npOTOHOB n H.D;ep 
12c c 

O'AHliaKOBOH 8H9prH9H 3,65 raB ~a HYKJIOH, a Ta.Kll8 B peaian:mx C 

yqacTneM npOTOHOB n .u;eiiTPOHOB c O'AHliaKOBHM m,myJil>COM 9 raB/c. 

Bo BpeWI npoBe.n;emm 3KCD8PHl'll9HTOB 6MR 06HappeHH HOBH0 3KC­

nepm.19HT8Jll,Hli8 qiaKTH, KOTOpHe paCWH!)HJllI nporpaMMY HCCJI8.D;OB8HHH! 

HanpID1Iep, BnepBHe 6M nonpo6Ho nsyqeH MeXaHRSM o6pasoBaHHH ocTa­

TO'lfHHX ro:tep npll BSaHMO.n;eiiCTBllll H,llep 12c o 8Heprnett 3,65 r&B/HYKJIOH 

C H,llpaMH ypaHa H TOpHH. 

BnopBHe BHilOJIH8HO CHCT8MaTH'I8CK09 8KCil8PllM9HTaJI!>H08 ncMe.n;o­

Brume KHHeMaTmm nponecca o6pasoBamm ocTaT011HHX ro:tep B pe.mtTn­

BHCTCRHX ,BSamJJO.n;eiiCTBMX. Ilpn HCCJI8.D;OBaHHH KHH8M8TH1I8CRHX CBOHCTB 

OCT8TO'tlHWC ro:tep 60JII,W00 BHHM8Hll9 6MO y,n;eJI0HO (fil)arM0HTaM 24na ll 
28Mg, •,n.m1 xoTopHX Ha6.mQita,mc~·noBH111emme sHa'tfemm onpe.n;eJieHHHX 

KHH8M8TH1I0CRHX xapaxTepHCTHK. 

COBOKYDHOCTI, sxonepHM0HTaJIDHHX .u;ammx, Il0Jlyq:8HHHX B HaCTOH­

~ 8KCnepHMeHT8X Ha Mmll8HJIX ns pas.u;e~emmx HSOTOilOB, IlOSBOJIHJI 

c.n;eJiaTI,,BHBO,Inl rum:,o Ha6.mi.uteHHR 8<pp0KTa."sanoMHHamm" CTPYKTypH 
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RCXO.IUIOI'O Hnpa, TaK HQ MH0~9CTB8HHOCTH H8HTPOHOB B HCCJie,nyeMHX 

peaKUHHX. 

HayqHo-rrpaRTHtreCKaH 3H81fHMOCTh. B pa6oTe npe.D;CTaBJieH HOBHfi 

o6mnpHHi1 SRCrrepHMeHTaJII,HHH MaTepnaJI, KOTOpHfi MO~eT 6HTI, llCTIOJil,80-

BaH npn nsyqeHHH Heynpyrnx H,llp0-H.ll0P}IHX B3aRMO.D;eiiCTBHH. B .D;aHHOii 

pa6oTe sRcnepnMeHTaJThHHe pesyJThTaTH o6c~am6H B pro.max Mo.n;eJTh­

HHX npe.n;cTaBJieHnfi O peJIHTHBHCTCKOM B3aHMo.n;eiiCTBHH, HO BKCrrepHMeH­

TaJThHHe .n;aHHHe npe.n;cTaBJIHJOT TaRJKe onpe.n;eJieHHHil HHTepec K npHKJIMHHM 

3M81faM, TaKTIM KaK, Hanpmiiep, pac'tfeT 3ail(MTH ycxopnTeJieil H KOCMH­

'lf8CRHX COOpYJ!teHnii. 3Rcnep~eHTaJThHH9 .D;aHHHe no Ce'lfeHHHM o6paSOBa­

H:0'.!I OCTaTO'lfHHX H,llep MOlKHO HCTIOJII,30B8TI, ,n.JrJI KOHCTPYHPOBaHHH TIOJiy­

SMIIH];>H'lf9CKHX qiopMyJI B WH!)OKOM .D;HaIIaSOHe TIO M8CC8M R 38PHJlaM. TaKHe 

qJOPMYJIH H8XO;D;ftT WH!)OKOe HCTIOJII,SOBaHHe KaK B H.n;epHoil qJH3HK9 H Tex­

HHKe, TaK ll B acTpOqJH3HK0. IIpH STOM TO'lfHOCTI, pac'lfeTa onpe.n;eMeTCH, 

B OCHOBHOM, onm6KaMH SKCnepHMeHTaJThHHX C01f8HID1, KOTOpHe HCTIOJThsy­

IDTCH B npone.u;ype IlO.D;I'OHKH M9TO.D;OM HaHM0Hl>IIIHX KB8np8TOB (MHK) B Ka­

'lf9CTB9 BXO.D;HHX H03aBllCHMHX nepeMemrux. EoJiee TOqHHe aHaJIHTH'I8CKHe 

4JOPMYJIH IlOBlillllaIDT Ka'lfeCTBO TeopeTH'I8CKOI'O aHaJIH8a M8X8HH3Ma H8Y'lf8-

eMHX peaJCIJ;nii. 

ITpaKTH'I8CKO-HaY'lfH08 3H81f0HH9 HMelOT TaKll0 CJI9.llYDIU'I8 peayJThT8TH: 

a) 003.D;aHHe JI npHMeHeHHe CJICT8MHMOHRTOpH!)OBaHM IlytlROB pe­

JIIITHBJICTCKHX 'lf8CTHU JI H,llep, YCKOpaHHHX Ha c:mxpoqia30TpOH8 JIBS OW!M; 

6) npennsJIOHHOe H3MepeHHe ce'lfemn! "MOHHTOpHHX" peammtt; 

B) npHM8H8HJI9 Cil8KTPOMeTpa co CUHHTWIJIJinHOHHHM BaF2 -.n;eTeK­

TOpOM; 

r) paspa60TKa nporpaMM nOJIHoro MaTeMaTH1recKoro o6ecne'lfemm: 

o6pa60TKH .u;ammx (BKJllJ1iaR'. po6aCTHYJO MmIHMHSanmo, a TaKllte M8TO.D; 

c:imry.mi:paoro paSJIOJteHM) , B TOM 'llHMe cos,lUllme ymmepcaJI1>Hott npo­

rpaMMH aBTOMaTlltJ0CKOH o6pa60TKH raMMa-CII0RTpoB, H3M8PH8MHX crreK~ 

poMeTpaMI!{ C IIOJiyIIpOBO,ItHHKOBHMH H CIUmTHJIJUIUHOHHHMH ~eTeKTOpaMH. 
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.AIIIIPOE.AUWI P.AEOThl H IlYBJil1K.AUHH 

Pe8yJII,T8TH, BOWe,lllllHe B .mi:ccepTainno, Heo.mroxpaTHO 'AORJ!a,IOlBa­

~HC» H o6CYE,D;aJIHC» Ha ceMllll'.apax JID8 l'[ ]TI? OWIH, CTI8WiaJIH3Iij)OBaH­

HOM Hay,rnOM ceMHHape no peJUITHBHCTCKOfi H,D;epHOH qJH3mte JID8, Hay<iHOM 

ceMRHape no 3KcnepmieHT8JII,HOH MSTO~e JID8, 'AORJ!a,IOlBaJilICD aBTOPOM 

Ha WOT03MYJII,CHOHHOM KOMHTeTe (lly6Ha, 1989), Ha BcecoID3lll.lX pa6oqmc 

coBemaHWDC no R'AepHofi cneKTpocKonnn n CTPYKTYPe aTOMHoro ~a 

(lCpMaJia 1987, Eaxy 1988, ]emmrpa.n 1990), X Meii!JJYHapo.mroM ceMHHape 

no npo6~eMaM WH3HKH BHCOIOOC 3Heprlti1: (lly6Ha 1990) , Y Me,r,eyEapo,nHoM 

cm.mo8nyMe no WH8HKe H,D;epHHX peaKD;Hfi (CMo~eH:nne 1988). 8TH pe3ym,­

TaTH TaroKe ~ORJia,IOlBaJmC» Ha Hay,rnHX ceMJmapax ]eHHHrpa.ItCKOro IDICTH­

TYT8 H,JlepHofi ~8HKH AH CCCP (ra~HHa, 1987, 1988, 1989), ~H8~8CKO­

ro IDICTHTYT8 AH A8ep6afi.witaHcKOfi CCP (Eruty 1989), MOHI'OJffiCKOro ro­

cy,n;apCTB8HHOro YHHBepcnTeTa (Y~aH-EaTop, MOHrO~, 1989), lmCTHTY­

Ta H,D;epHott WH8Him TICAH (P.llteJ!t, TiexoMoBarum, 1990), UeHTIB, MepHHx 

HCC~e~OBaHHH lm.mi:aHCKOro YHHBepCHTeTa (EJroMHHrTOH, CIBA, 1990) n 

.Ue~TCKoro TeXHo~or~ecxoro YmrnepcnTeTa (.Ile*, Hn.Ite~akm,t, 1989). 

OCHOBHHe pe8yJII,T8TH HMO.llteHH B 40 ny6~Im~IDIX. CTIHCOK OCHOB­

HHX ny6~ npHBO,IUl:TCR B KOHD;e aBTOpewepaTa. 

' OJSMM 11HccepTamrn. ,UnccepT~M cocTonT H8 BBe~emm, 11eTHPeX 

r~. 8aKJmlleHmI, npMoxeHHfi H CIIHCKa ncnOJII,80BaHHOtt ~TepaTYPH. 

COJJJIBKAHUE PAEO'ill 

Bg BBeneHHH o60CHOBHBaeTCR aKTY8JII,HOCT» H paCK!)HBaeTCR co­

~epgrume TeMH 'AHCcepTamm, cq>OPMY~OBaHa nem. pa6oTH, H3~OX8Ha 

HOBH3H8 H HayqHO-npaKTlN8CRaR: U8HHOCT» IIOJIY1{8HHHX pe8yJII,T8TOB, 

onica.H IIJiaH ,IUl:ccepTamm. 
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B nepBott r~Be onncaaa axcnepHMeHT8JThHM MeTo.mi:Ka onpe'Ae~eHRR: 

ceqeHml o6pa80Ba.Hl'JH OCT8TO'qHHX H,D;ep B peJUITHBHCTCKHX B88HMO'A8HCTBH­

RX no H3MepeHHIJ HaB0'A8HHOli raMMa-aKTHBHOCTH 06.nyt1eHHHX MmlleHefI. 

Oco6oe BHlIMaHHe B HaCTO.RlJUDC axcnepHMeHTax Y'A9JIILJIOC» nOCTaHOBKe 

3KCnepHMeHTa, MOHHTOPiij)OBaHHID IlyqKOB peJIRTHBHCTCIGIX qacr:nn H H,D;ep, 

ycxopeHHHX Ha cHHxpoqia30TpoHe JID8 OWIH, onpe'Ae~eHm::i BRJia.Ita ~eK­

TOB BTOPJitIHHX peaKtlID1, a TaroKe o6pa60TKe 3KcnepHMeHT8JII,HOll IDIWoPMa­

nmr H MaTeMaT~eCKOMY aHaJIH8Y no.nytieHHHX ~aHHHX. 

Bo BTopofi r~aBe npe~CTaMeHH OCHOBHHe pe8yJlI,T8TH no 8HaJIH3Y 

3KCnepIDl!eHTaJIJ,HHX 'AaHHHX, T.e. ceqeHHH o6paaoBamm OCT8TO~ R'ASP 

B JOU>O-H,D;epHHX B88HMO'A8HCTBWiX npn peJIJITHBHCTCKHX 3HeprWIX, a TaK­

xe no o6mett CHCT8M8THKe 8apH,Il;OBHX H M8COOBHX pacnpe~e~eHmt. CncTe­

MaTmta 88Pff,ItOBHX H MaCCOBHX pacnpe'Ae~eHHH Tpe6yeT onpe'Ae~eHRR: 

H83aBHCliMHX BHXO'AOB ~OB C yqeTOM t?,-pacna.na B COOTB8TCT:syIOOtHX 

nerrO'qKaX H80TOilOB. OnHCHBaeTCR npe,ItJio.llteHH!rti R 3KCnepHMeHT8JII,HO 

npoBepemmtt MSTO~ onpe'Ae~eHM H83aBHCHMWC BHXO'AOB o6pasyxxmocQR 

HYRJIH'AOB c yqeTOM nponeccoB HaKon~eHHJI pacna.na Bcex reHeTl'[qecru1 

CBH38HHHX HJl8P-HYRJIH'AOB. 

YCTaHOMeHo, 'qTO Han6o~ee npneMJieMofi ~ OIIHCaHWI ceqeHRfi 

o6pa80BaHRll OCTaT01JHHX H,D;ep 6'(A,z) 'o6pa8~CR Ha cpe.mreTR­

JleJIHX JOU)ax-MmIIeHHX, RBJIJieTCR 6-napaMeTpnqecxan: WoPMY~a 

6°' (A,z) • exp [ ex, + cl~ + ~A2 + «iz-zp(A)TI, (I) 

r.ne A R Z - MaCCOBHe H 8SpH,Il;OBHe tJH~ R)U)a-npO.zcyKTa, 

Zp(A) - Han6o~ee BepOHTHHfi 8apH,D; 
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Zp(A) j o<. 5A + oC6A2 • (2) 

Ilo,IU'oHo,nru:e napaMeTIJH o(, 1 - o<. 3 onpe,Il;e.mmr n:so6apI11Jecmie ce'IJeHim 

fY (A), 0(. 5• o(6 - Han:6oJiee BepOHTHHii 38Pff,II; zp 

npe,Il;eJieHHH 

sapMOBoro pac-

~ • exp[4¼ (z-ZpCA))~, (3) 

rJ:te napa.MeTp o(, 
4 

onpe,Il;eJIJ'IeT rrmpmry rayccoBcKoro pacnpe.rteJieHM. 

.II.im OilHCaHM ce'IJeHIDi 6' (A. z) OCTaTO'IJHHX H,Il;ep' o6pa3YDJUIXCH 

B peaKil:wIX peJIJ'ITHBHCTCKHX 'IJaCTmt H H,Il;ep C TJDKeJIID.m H,ItpaMl'I-MlIIIl9HJI­

MH, MOJKHO C ycneXOM npHMeHHTL o6IeyJJ napaMeTpH3amIID THTia 

B"(A,Z) • o(A) F(z-zp), (4) 

Y'IJHTHBaH MOHOTOffHYID 38BHCHMOCTL 6"(A) OT Ma.CCOBOro 'IJl'ICJia H,Itpa­

npo,ItyKTa B onpe,Il;eJieHHOM MaccoBOM JUianasoHe 

~(A) • exp ( a
0 

+ a 1A + a2A 2 + ••• ) 

H 38pH,Il;OByI0 ,Il;HCil9PCHID B 06~eii WOPM9 

rJ:te 

F(zp(A)- z) • (:i.~c;t112 
exp [-~(A~- z)

2l 
· 2Cz .j, 

zp(A) • ( bo + b1A + b2A2 
+ ••• ) • 

(5) 

(6) 

(7) 

HaMH IlOKa3aHO, "ITO .Ii]IR: TaKOtt napM9TPH3aIJ;lIH M02KHO ycneI!IHO npHMeHHTL 

M9TO,Il; po6aCTHOil MHHHMH3ainm. PesyJILTaT .IiJIR: peaKUHii p + 181Ta H . 
12c + 181Ta npn: 9HeprHH 3,65 raB/HyKJIOH npHBe,Il;eH Ha pHC. ·r. 

06H8PYJ!l.9HO,_ "ITO wopMa KPHBHX 38pH,Il;OBHX pacnpe,Il;eJieHHH .n;.im oc­

T8TO'!ffiliX H,Il;ep, 06pa3YJJ!tHXCH B P9JIJ'ITHBHCTCKHX BSaHMO,Il;eilcTBRHX npo~ 

TOH OB, .rteiiTpOHOB H H,Il;ep 12c co cpe,ItHeTJDKeJIHMH H 'l'J!'XeJIHMH JI,Iij)aMH, 

He saBHCHT OT THila nepBWffiOH 'IJ8CTmtll. Ha6.mo,ItaeM08 CXO,ItCTBO COOT-
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PHC. I. 3aprotOBU8 pacnpe.D;8JI8HWI 
OCTaTO'IJH:WC H,D;ep o6pa3yntUDCCH B 
peaKitHRX P + rafTa H I2c + ISITa 
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npH 3Heprrui: 3,65 r3B Ha HY'XJIOH. 
CWIOlllHli8 KPHBBe - pe3yJIDTaT IlO,It­
roHKH no iJ/OpMyJie (4) C IlPID48H8HH­
eM po6aCTHOtt MHHHMH3aI.UiH. 

(..&,) 

10 

10• 

Ull,I n1At'5 

HIAt105 ... ,. 
u: + 111To 

_, 0 1 ·1 0 1 ·1 0 1 ·1 0 1 

Zp-2 

,//' 

6(A) 
_,,.,' 

i<6>l 102 

10' 

10' 

[ p+~Ta[ / _Jj! 
_,,,.,,ifJJ 

.--' r-r l -- AA 
,., __ INC 

100 tnn 
0 

--1...___ 200 150 

A 

Pac. 2~ MaccoBHe'pacnpe,Il;8JieHHa (ilso6apH~ecRHB 
ce~eHHH) OCTaTO'IJHHX a.nap, o6pa3yJJJUDtCH BO B3am.'IO­
,Il;8ACTBHJDC npoTOHOB R M8£ 12c C 3HeprRei 
3,65 raB/HYRJIOH c H,Iij)OM 81Ta. 
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BeTCTBYJllllDC Maccomu: pacnpe'AeJieHmt (nso6apH'!eCRHX ce'!JeHmi) ocTaTo'IJ­

HHX H,D;ep, yR88HBaeT Ha cxo,mnrn: xapaRTep B086y,meHWI H'A0P-MHlll0Hel1, 

a TaIOKe CBH,D;eTeJll,CTBy-eT O HaJIB'IIDi CReibnmra. B Ka'IJ0CTBe npm.mpa 

HapHC.2 npHBe'AeHH MaCCOBHe pacnpe'AeJieHWI OCTaTO'IJHHX M0P, o6pasy­

IWtRXCH B peruanmx npOTOHOB H H,D;ep 12c C O~aROBOll 8HeprHefi 

3,65 raB/:eyRJIOH c .a,Iij)OM 181Ta. 

Hs npe~cTaMeHHH.X MaCCOBHX pacnpe'AeJieHmi CRe.zcy-eT, 'IJTO H806apH'l'.9CRHe 

C8li9HM 6-'(A) BO BCeX H3y-qaeMHX peaxu:rui:x YJ'l!9HI,lll8IOTCH IIPH nepeXO'A0 

OT 24Na R cpe,IUI9T&lK.9JmM HJU)aM-IIPO,u;yRTaM, 'AOCTHraH MmiHMyMa B 06-

JiaCTH MaCCOBHX 'IJHCeJI ,.._, A,/2 HJU)8-MIIlll9HII. 3aTeM 8H8'1J0HRII 6-' (A) 

B08paCTaJOT, 'AOCTIIraH MaRCHMJMa B o6JiaCTH MaCCOBHX liHC9JI HJU)a-MH­

meHH. Ha6.mo.rtaeM00 IIO'A06He MaCCOBHX pacnpe~eJiemni B peaxuWIX npoTO­

HOB, 'A9ilTp0HOB II H,D;ep 12c c 3HeprIIett 3,65 ·raB/HYKJIOH co cpe,IUie­

TID!teJIHMK ( Cu , Ni , Co , Mn • Nb , Ag ) II T.fDR8JlliMH ( Tb , Ta , 

Au ,Pb ) H,ItpaMH T8.Itiit0 CBH,Il;0T0Jll,CTBy-8T O Ha6JIJO,D;eHHH (l)aKTOpusawrn. 

Onncamre pacnpe'AeJieHnl1 ocTaTO'IJHHX H,D;ep B paMRax TeopeTmec­

RHX MO'A8JIJ:,HHX IIP9'ACTaBJI9HHH II08BOJIH.Jla C'A0JiaTh BHBO.Inl O M0X8Hll8M9 

B8alIMO'A0liCTB:M. HaMII paCCMaTpllBaJIHCh na OCHOBHHX no~o~: MO~eJ!h 

BHYTp~epHoro xac~a INC ( 1,ntra !uclear Qaecade ) H MO-

'A0J!h CRaJJHBaHM AA ( !braeion - !blation ), npe'ACTaBJDmlllie 

. na pasHHX B8r~a Ha peJIHTHBHCTCROe B8aHMO'A0llCTBHe - MHRPOCKOIIH­

-qecm H traJtpOCKOIIH'IJ8CKHH. 06a npe'ACTaBJI8HHH paCCMBTpHBaJOT B88IIMO­

'A0MCTBH8 KaK npo~ecc, npOHCXOM!ItIDi B ne CTa'Ami: B036y,K,11;0HH8 H 

CT8THCTH'IJ0CRHH paCIIa'A B086~eHHOil OCTaT01IBOfi H'A0PHOfi CHCTeMH ny­

TeM HCnyCKaHHH BTOPH'IJHHX 'IJ8CT~. B INC -MO~eJIH npe,IUIOJiaraeTCH, 

liTO B086yJl{,I{eHHe OCTaT01IBOro IIpO,u;yRTa nponcxo~T HS-88 nepe'Aa'IJH 

HeKOTOpoit 'IJ8CTH . 1rneprHH :eyRJIOHaMH HaJieTamiero a.npa :eyRJIOHaM HJU)8-

MIDil8HH. 3Heprim: B086yJl{,I{eH:M paC'IJHTHBaeTCH TIO MeTO.Icy" MOHTe-I{aPJIO 
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n nepepacnpe'AeJIHeTCH no BceMy 06'.beMY HJU)a. Bos6yJK,Itemre_HJU)a CHHMaeT­

ca nyTeM HCilYCKaHWI BTOpH'IHHX '!JaCTim. B AA-MO'A8JIH npe'ACTaBJ!HeTCH 

'Apyroii cnoco6 pac'!JeTa 8HeprHH B086yJl{,I{eHWI OCT8T01IBOH H,D;epHOll CHCTe­

MH: CTaJIKHBaIOII!Il8CH HJU)a paccuaTpHBaJOTCH KaK ccpepH C onpe~eJieHHoii 

rpaH,mefi H liX B88HM0~0HCTBH8 npOHOXO'AHT '!Jepes ~Be CTa,ItIIH. IlepBHil 

STaII - 3TO CKaJIHBaHHe, B xo~e KOToporo OT HaJI0TaIOOl0rO HJU)a H HJU)a­

MHIIl0HH OTKaJIHBaeTCH 06JiaCTh reOM6TpH'J8CKOrO rrepeKpHTM CTaJIKHBaIO­

~mcCH H~ep. 06pa80BaBI11HllCH IIPH STOM OCKOJIOK nIDKeTCH B HanpaBJieHUH 

~BHlK8HM HaJI6TaI<XUero HJU)a. BTopoil STaII - 3TO pa8BaJI H,D;ep-ocTaTKOB, 

ROTOpHe no.rryqaIOT aHeprmo B036yJl{,I{eHM B pesyJ!hTaTe nepepacnpe~eJieH:M 

H36HT01IBOfi IIOBepXHOCTHOM aHeprHH, B03HHKaJ!lll6M Ha nepBofi CTa,ItlIH rrpo­

~ecca. )IaJiee Mpa-ocTaTKU npHHHMalOT ccpep,!lieCKYl) (l)OPMY H ncnycRaJOT 

BTOPJ!liHHe '!JaCT~. Puc.2 liJIJIJOCTpnpyeT SKcnepIDA9RT8Jll,HHe 

MaCCOBHe pacnpe~eJieHM B cpaBH9Hlili C paclieTHHMU, IIOJIY1J6HHHMH B PaM­

Kax COOTB8TCTBYJCIIIIDC MO~eJ!hHHX npe~CTaBJieHmt. 

MaccoBHe pacnpe'AeJieHM ocTaTO'IJHHX H,D;ep, o6pasymtHXCH B nsy-qa­

eMHX peaxuWIX, 'AOBOJll,HO xopomo OIIHCHBaJOTCH HM8HHO B paMKax MO'A8Jll'! 

BHYTp~epHoro Kac~a. 3aMeTHO pacxox.n;eHne Me:iK,Dy pesyJIJ:,TaTaMR 

AA-pac'tieTOB H aKcnepIDIIeHTaJIJ:,IIllMPI ~aHHHMH B o6JiaCTH MaCC OCTaTOlffiHX 

M9P B6JIH3H HJU)a-MHmeHH. B 3TOfi o6JiaCTH paclieTHHe C9'1J8HHH IIO'IJTH B 

na pasa rrpeBHillaJOT 3KCrrepHM9HT8JihHH8 3HalieHHH, XOTH B 'AHaIIa30He 

cpe,IUimc Mace ocTaT01IBHX H,D;ep corJiacPie pac'!JeTHHX n .aKcnepHMeHTaJ!hHHX 

ceqeHd xopomee. 

B BHlll0H8JIOXeHHOM BH,D;e o6a MO'A0Jll,HHX npe'ACTaBJiemm: He MOryT 

OIIHC8Th MaCCOBHe pacnpe'AeJieHM OCTaT01IBHX H,D;ep, o6p88YllllHXCH Ha 

HJU)aJC ypaHa 11[ TOPM, r'Ae HaMH HaO.mo.rtaeTCH lllHpOKHH "nPIK 'A8JI6HHJI" B 

o6JiaCTPI MaCCOBilX liHCSJI 80::EA~I40 (CM.p,:!C.3) • .ff.npa-OCTaTKH B 8TOM 

'AHanasoHe 06pa8Y1DTCH He TOJll,KO B nponecce rJiy6oKoro pac~eIIJieHM, 
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HOH sa cqeT .neReHM .fmPa-MHll!eHH H 6mrapHoro .ne~eHM 06pasYK111IDCCH 

T.ID!teJIHX M0P C MaCCOil, 6~H3KOH K Macce .FmPa-MHilleHH. 3TOT cpaKT Tpe-

6yeT BBe,IteHRfi B MO,IteRbHHe npe,ItCT~eHM .nono~HTe~HHX npe'ATIOROXe­

HHH, IlO3TOMY Ha CT~ pacna.Ita 6wm: npHHRTH BO BHHMaHHe c~e.JJYI(llnRe 

OOCTOHTe~CTBa: 

a) yqHTHBMacb 3aBHCilMOCTb 3Hepr.rn B036yJK,rteHM E* OT OTHOme­

HHH illHPmIH .ne~eHM rr H HCilYCKaHM qacT~H re 

te 4/J3atfF!-1>) r; ~ • a,[~~-4) 8'/'tJa,(E"-11)' -,¼W-&)' J ' (Bl 

r.ne B - 3Heprrui CBS13H H t+ - aHepnm 6apMpa .ne~eHM; 

6) B pacnpe.ne~eHHe Il~OTHOCTefi BBe,IteHH COOTBeTCTBy-'.our,Ie OTHOllie­

HM 3HepreTH1IeCKHX ypOBHeH 

af 
ae - 1 + 

0,1 

log(E° .... E.r) • (9) 

McXO.Itf.[ H3 onpe,IteReHM cpaKTOpH3aD;IDI (cKeHJIBHra), OTHOllieHHe 

ceqeHmi o6pasoBa.HM H~a-npo,eyxTa R B peaKUMX c ~YMH- pasmn.m: 

CHap.fl,Il;aMH (p, H P2) Ha .R:~e-MHlileHH T MOl!tHO npe,ItCTaBHTb B BJI,Ite 

r.zte 

e-R(p,+T) • --.1- /:.,.,-. • '\J" 
6'R(p2+T) . ~ P1 I P2 Q 

1: - OTHOCHTe~HHH reoMeTpWiecm cpaxTop. 

(IO)-

CpaBHeHHe ceqeHHM o6pasoBaH:ruI .ItOCTaToqHo 6oJffimoro qnc~ ocTaToq­

HHX Mep-Hylt]IB)tOB B peaKUHRX Mep 12c H npOTOHOB, KaK H B peaK­

~MX ,IteHTpOHOB H npOTOHOB Ha TeX xe cru.mx H.D;Pax-MHllleHHX, npH TOH 

~e CaMOH 3HeprHH Ha HYRJIOH, IlO3BOJmeT llCCRe,ItOBaTb cpparMeHT~~ 

6oRee IlO,Itp06Ho. Ha pHC.4 B xaqecTBe npHMepa IlOKa3alm OTHOCHTeJffiHHe 

12 

reoMeTpwi:ecrure WaKTOPH, onpe.zteReHHHe ~ OT.IteJffiHHX Hy'KJIH,ItOB, o6pa­

syromrucCH. TIO.It .nettCTBReM npOTOHOB, .neil:TpOHOB, Mep 12c Ha R,Iij)e I8ITa 

I npn sHeprnn 3,65 rsB/HYKROH. CooTBSTCTByroume 3Haqemm OTHOCHTeJffiHHX 

~ - reOM0TPWI8CRHX cpaKTOpOB xopomo cor~aCYJOTCH Meir,n;y co6oit B PaMRax 

3KCnepIIMeHT~HHX oum:60R B peamomx Ha .FI,Iijlax-MID!leHRX Mn , Co , Ni , 

1; 

/,_ 

' ii 
' i 
'i 

i 
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\ 
1. 
l 
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Cu , Ag , Ta H Au • 
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12c+ 23su 

12( + 232Th 

100 150 200 250 

A 

P11c.3. CpaBHeHHe MaCCOBHX pacnpe,IteReHntt OCTaTOqHHX H.D;ep, o6pasyio­

lIIUXCH B peaKUHHX 12c + 232Tb H 12c + 2380 npn 3HeprHII 

3,65 rsB/HYKROH c MO,It8JIT,HID.m npe,ItCKa3aHWIMR. 

B TJ)0Tbett rRaBe H3ROXeHH n O6Cy,K.ItalDTCH pesyRDTaTH IRCneplIMeH­

TOB no HCMe.ItOBaHHIO KHH911UiTWieCKHX xapaxTepHCTHR o6pa3y-Rl!UIXCH oc­
TaToqHHJC Mep. 

BnepBHe H3MepeHH acHMMeTp:mr BWieTa Bnepe.zt-Hasa.n n cpe,ItHHe 

npo6ern OCTaTOqHHx M9P, o6pa3ymtnXCH B peamnmx p + 181Ta n 
12c + 

181
Ta npn 3Heprmr 3,65 rsB/HYl(JIOH. B PaMRaX MO,lt9Rll B9KTopa 

CKOPOCTeli onpe.ne~eHH OCHOBHHe rumeMaTH'ieCKHe xapaxTepHCTmtH - rume-
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Tll'i0CKaR 3Heprrur pacTeT rrporropur1:0HclJThHO pa3HOCTH Mace .I(O 6.A/AT 

C.:'.:1.A = AT - A , AT - MaccoBoe lJHCJIO RAPa-MIDI!eHH, A - MaccoBoe 

lJHCJIO OCTaTOlJHoro H,!IJ)a) - pnc.5. Ha6JIJO,Il;aeTCR TaRJKe H8'!JYBCTBHT8Jib­

HOCTb rrpO.I(OJThHOrl CKOPOCTH vii K L;..A/ AT. 

lurne~mT:wrecKne xapaKTepncTUKH ncrrycKaeMlilX .imep-ocTaTKOB, 3a 

UCRJII(Jq8!HieM c'pparMeHTOB llpOM9JKYTOlJHHX Mace B .I(HaII330He 20 ~A~ 30 I 

T. e. 24Na n 28
Mg , MOJKHO orrncaTI> B pru,max KacKamrn-ncrrapnTeJib-

HOH MO,ll;9JIH - pHc.6. 0TM9THM, lJTO MO,ll;eJibHaR HHTeprrpeTan::rui: ncrrycKa­

mm: c_pparMeHTOB rrpoMeJKYTOlJHHX Mace B paMKaX QGG -CHCT9M8THKH He 

Il03BOJIReT onpe,n;eJIHTI, peaJibHOe 3HalJeHue TeMIIepaTYPH (H, COOTBeTCTBeH­

HO, 9Heprnn B036Y"!meH:rui:) COCTaBHOrO H,!IJ)a. 

HeB03MOlKHOCTl> OilHCaHM KHHeMaTHlJeCKHX xapaKTepHCTHK .imep 24Na 
28 

H Mg B paMKax MO.I(8JIH BeyTpeHHero KaCKa.n;a H HX 60Jibll!He OTKJIOHe-

HM OT CHCTeMaTHlJ8CKOro IlOBe.I(eHIDI .I(aHI!llX (cM. pnc.5 ll pnc.6), 

CBU.I(eTeJibCTByeT O APyrOM MexaHH3Me o6pa30BaHM STHX ~parMeHTOB. 

I1MeeTCR B mmy, Hanpm.rep, Ilp.qMOe Bb!Cll!BaHHe HJIH KJI8CTepnaauIDI HyR­

JIOHOB B JierKHe ~parMeHTH B o6JiaCTH, 6JIH3KOH K ~a30BOMY nepexo,ey 

Tmra ~U.I(KOCTb - raa. 

HaMH 6HJIO npoBe.I(eHO CHCTeMaTH'I9CROe HCCJI9.I(OBaHHe RHHeMaTH-

~eCKMX xapaKTepnCTllli ~parMeHTOB _24Na H 28Mg , ncnycKaeMllX B 

peaKUHRX npOTOHOB H R.I(ep 12c c 9Heprne~ 3,65 raB/HyRJIOH Ha p1!.I(e 

cpe,IUieT~eJIHX H TIDK8JIHX R.I(ep-MmlleHefi. AliaJIH3 IlOJIHOrO Ha6opa 3KCile­

pHM8HTaJil>HHX .I(aHHHX IlOKa3aJI, lJTO 

a) cpemine npo6ern 24Na n 28Mg B BemecTBe MHllleHH sKcrroHeH­

~HaJibHO paCTYT C MaCCOBW '11:IICJIOM RAPa-Mmfi8HH, AT , 

6) B P0aKUMX Ha 6oJiee TSDK8JIHX H,!IJ)8X-Mm!l9HRX KRH8TH1J9CKaR BHep­

rHR HCTIYCRaeMWC ~parMeHTOB 24Na :II 28
Mg pe3KO YB8JIWJHBaeTCR , 

B) npo.I(OJII:,HaR CKOPOCTb vii CJia6o aaBHCHT OT OTHOCHT9JThHOtt 

pa3HOCTH Mace 4 A/ AT • 

'r) cpe.zurnii m.mym,c<p)pacTeT C MaCCOBW lJHCJIOM Ji,I!;pa-Mm11eHH AT. 
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BrrepBHe y6e'AHT8JII,HO IlOKa3aHO HaJra!IHe CKe:ttmrnra KPIH8MaTmecIDIX 

BeJIH'iHH - acHMMeTpHH BHJieTa, cpe~ero rrpo6era H IlPO'AOJII,HOM CKOpOCTH­

B WHPOKOM 'AHarra30He OCTaTO'IHHX H.n;ep. 

CpaBHemm KHHeMaTII'IeCKHX BeJI:WUIH, I10Jry'I8HHHX B HaCTOHJqeM 

l:lKCrrepmvieHTe' C orry6JIHROBaHHHMU paHee ~ ,!ij)yrnx 3HeprIIH ( ~I raB 

Ha HYKJIOH) rrpOTOHOB H H'Aep 12c, He rrpoTHBOpelJUT r:mIOTe3e Ilp8'A8JII>HOH 

cpparMeHTarurn. 

Orrpe'AeJieHHHe HaMH KOacpJrm.{HeHTU amrnoTporrn b/a yrJioBoro pac­

rrpe'AeJieHHH 

6'(&) • 1 + b/a(coe e) (II) 

HCrrycKaeMHX H.n;ep-npO.JJYKTOB CBll,It8T8JII,CTBYIOT O 60JII,WQU aHH30TpOilHH 

H 8MRCCHH MHoroaapi:mm,tX cpparMeHTOB, rrpOHCXO,wIJq8M rrpeHMYJqeCTBeHHO 

B nepemnom no.nyccpepy. 

B ~~TBepTofi rJiaBe o6cyir,n;amCH peayJII>TaTH axcnepHMeHTOB Ha 

H30TQDH'q8CKR pa3'A8JI8HHHX MH1118WIX. 

ll3MepeHH R30MepHHe OTHOWeHHH, TO eCTI, OTHOW8HHH BHXO'AOB o6pa-

30BaHHH BHCOKOCilHHOBHX H HH3KOCilHHOBHX COCTomm11 ,n;Jifl H.n;ep 99mi H 

110rn , o6paaynimxCH B peaKI.{HHX npoTOHOB c aHeprnett 3,65 raB n 

8,I raB, H H.n;ep 12c c 8Hepr:aett 3,65 raB/HYK,JIOH Ha H30TOil8X OJIOBa 

II2,II6,II8,I20,I24 Sn - pnc.7. IloJiy"qeHHHe peaym,TaTH aHa.mI3RJ)Y-

IOTCH B 3aBHCHMOCTR OT 'IHCJia ncnycxaeMHX HYKJIOHOB H COCTaBa H.n;P8-

MHllleHR. ll3 pliC.7 B~O, 'ITO H30MepHHe OTHOWeHRH paCTYT C yB8JIH'q8-

HHeM pa3HOCTH MaCCOBHX 'IRCeJI fi'APa-MHllleHR H R,ttpa-npo,Icyl(Ta. POCT OT­

HOW8HHH Bl:OCO'AOB H30MepHHX COCTOHHIDi: OT 'IHCJia ncnyiqeHHHX HYKJIOHOB 

O'AHHaKOB KaK B npOTOH-H'AePHHX, TaK H B fl'APO-H.Il:8PHHX perucnHHX rJIY-

60KOro paciqenJieHHH. 3TO CBH,IJ;eTeJII>CTl3Y8T O TOM, 'ITO npOJIYKTH pac-
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menJieHIDI o6pa3yIOTCR Ha J/ICIIapHT9JII,HOfr CTa.ztHH B3aIDAO,IJ;efiCTBRII H IDC 

KOH9lll!09 COCTMHJ/Ie He 38BHCHT OT Tlilla CHap!I,IJ;a. Hru.m Ta.Rllte npo,IJ;e­

MOHCTpllpOBaHO IIO,IJ;OOHe 3H8tJ9HHli COOTB9TCTBJlOIIUIX H30M9pHHX OTHO!Ile­

HJ/IlI .IVIJI o6emc 8Heprm1 ITPOTOHOB, tJTO rOBOpHT 06 3HepreTwreCKOM He3a­

BJ/ICHMOCTH 3TJ/IX Be~. 06Hapy,iteHa 38BJ/ICIDJIOCTI, H30Mepm.x OTHOUl9HIIII 

OT CTPYKTYPH HCXO~oro ~a. l1oKa3aHO, tJTO J/I30Mepm.e OTHOl!leHHJI 

H,Il;Sp 
99

Rh H 
110

rn ,IVJR H3Y'J89MHX peruanm paCTyT JIHH8HHO B 38BH­

CHMOCTJ/I OT OTHO!Il9HHH tJHCJia H8HTpoHOB K tJHCJiy rrpOTOHOB H,IJ;pa-MmIJeHH, 

(N/z\, • 

3aBHCHMOCTI, yrJIOBOro MOM8HTa OT H30Mepm.x OTHOIIl8HHH lfYBCTBJII­

T8JII,Ha K mr.n;HBH,Dy~HHM CBOHCTBaM H,Il;ep, B KOTOpwc HaOJIIO,IJ;amCR H30-

MepHHe napH. PactJeTH ~ H30M9pHHX OTHOIIlSHHH, ITOJIYII8HHHX B peaKIJ;H­

HX IIPH HH3KHX SHeprmi:x, CBO,Il;f{TCR K corJiaCOBaHmo 3HatJ8HHJI H30MepHoro 

OTHO!Il8HM C BSJI:lftIHHaMH yrJIOBOro MOMSHTa o6pa30BaBmeroCR OCTaTOtJHO­

ro ~a._ 3TH pactJeTH OCHOBaHH Ha CT8THCTHtJ9CKOM OITHCaHHH IIJIOTHOCTH 

H,Il;epHHX YPOBHefI H MOM9HT9 HH9pUHH COCTaBHoro ~a. CJie.n;yeT OTMS­

THTI,, lJTO pacrrpe,Il;eJieHHe no yrJIOBOMY MOMSHTy B 3H81fHT8JII,HOH CT9II9HH 

o6yCJIOBJI8HO CIIHHOBOH 38BHCID.10CTI,ID IlJIOTHOCTH SHepreTwreCKHX ypOBHefr. 

.TaKHM o6pa30M,KOJilltJ9CTB9HH09 COOTHO!Il9HH9 MSJK,ey BSJIHlrl/IHOH yrJIOBOro 

MOM9HTa B030y,K,IJ;9HHoro ~a J/I J/I30M9pH!,!M OTHOlll8HH9M M0'1t9T Ob!TI, o~e­

H9HO no ~J/IH Cnl/IHOBoro napaMeTpa, onpe,IJ;eJieHHOH J/I3 nJIOTHOCTH 

YPOBHeil COCTOHHHH C orrpe,IJ;eJieHHHM CIIHHOM. Hmm ycTaHOBJieHa CB.R:31:, 

' Me,w WYHK[(Hefi crrHHoBoro napaMeTPa Bos6y,it,IJ;eHHoro ~a n cooTBeT­

CTBYIOUWMH II30M9pHHMH OTHOllISHHHMJ/I HO In (7+)/ IIO In (2+) H 
99mi (9/2+) / 

99 
Rh (I/2-) B o6eHX pearuumx. 06Hapy,iteHHim B 8KCIIe­

PHM9HTe Koppe~wr J/I30M9PHHX OTHOIIl9HHH H yrJIOBHX MOMSHTOB B030y,K,IJ;eH­

HHX H,Il;ep 0Ka31il389TCR IIOJISSHOH ~ Bll,Il;9JI9HHR'. pasHHX BapHaHTOB MO­

,Il;9JII,HHX npe,IJ;CTaBJieHmi O IIpOTOH-H,Il;SpHHX H ~0-H,Il;SpHWC B38.IDIIO,IJ;efiCT­

BJ/III llpl/I peJIHTJ/IBHCTCKJ/IX SHSprHHX • 

. 18 

Orrpe;n;eJI9HHe C9tJ9HHii Ha pa3,IJ;9JI9HHHX H30TOII8X ll03BOJIHJIO H3Y'Jl/ITI, 

6oJiee ,Il;9Ta.JII,HO BJIIDIHJ/I9 CTPYKTYPH H,I1;9p-MIDlleHeH Ha o6pa30BaHH9 OCTa­

TOtJHHX JI,Itep B peJIHTiffiHCTCKHX B38HMO,IJ;eficTBMX. li1eTO,Il;OM HaBe,IJ;eHHOil 

aKTJ/IBHOCTH H8MH l'[3MepeHH cetJeHM o6pa30BaHrur JI,Itep-HYKJIH,IJ:OB, B03HII­

Ka.IOOlHX rrpil 00.JIYtJCHHH 1I30TOIIHtJ8CKHX MHIIIOHeit mnceJIH 58 ,60 ,62 Ni H 

M9,Il;H 63 ,65cu npOTOHaMH C SHeprllI;H 3,65 raB. AHaJIH3 SKCIIepllIMOH-

T~Hl:DC ,IJ;aHHHX rrpOBO,Il;J/IJICR no napaMeTpllI3~HH sapH,IJ;OBHX )l;HCIIepcmi 

J/I MaCCOBHM pacnp9,Il;eJI9Hll.HM. EoJiee TOHKilM KpHT9pII9M ,IVJR Ha0JIIO,IJ;9HM 

ac.[x_JJeKTa CTPYRTYPH ~a-MHIIl9HJ/I HBJIHSTC.f! onpe,IJ;eJieHIIe 38BJ/ICHMOCTF! 

OTIIOlll9HM ( N/Z )p ,IVJR HallOOJiee BepO.!ITHOro sapH,IJ;a, zp (2) OT COOT­

BSTCTByiaqero OTHOIIl9HM ,Il;JIJI MMIIISHH, (N/Z )T . HCIIOJII,30B8HH9 Hanrnx 

,Il;aHHHX ,IVIR H30TOIIOB 55Mn , 59Co , 58•60 • 62Ni PI 63 , 65cu II03BOJIHJIO 

B ,Il;H8II830H9 I, 0714 ~ ( N/Z )T ~ I, 2413 orrpe,IJ;eJIHTI, 3aBP!CKMOCTI, 

(cM. puc.8) 

(N/z)p = 0,486 + 0,57I(N/Z)T. (12) 

I<ax CJie;n;yeT H3 p:nc. 8, TOtJKa .IVIJI 58N1 A9:>RJ/IT IlO,Il; JIHHHefi ( N/z)p • 

s(N/z),,tJTO npOTHBOpeql'!T OCTaJII,HHM ,Il;8HHHM H KaCK~O-P!CII8pHT9JII,HO~ 

MO,Il;SJIII B3aI'IMO,Il;9llCTBM. B STOtt MO,IJ;eAH tJHCJIO HCII8PJI9MHX IIPOTOHOB H 

HellTpOHOB ,Il;OJilKHO OHTI, nponop~HOH~HO N H Z H,I!;pa-MHIIlSHH, 

COOTBeTCTBSHHO. IlpH coxpaHSHF!H 38pH,Il;OBOfi HesaBHCIDfOCTF! cpe~ee 

OTHO!Il9HJ/I9 N/Z B030y:l'.,IJ;9HHOrO ~a 'AOJDKHO cpaBHHB8TI,CJi C (N/Z)T 

B IIponecce CaMOro KaCKa.zta. Ilo;n; ,Il;eliCTBileM KyAOHOBCKOro 6ap1,epa, 

IlO,IJ;aBJIJIDn9ro BHJI9T npOTOHOB, OTHOIIISHF!e (N/Z)p ,IVJR IIPOJJYKTOB SI,Il;ep­

HOro paCill0IIJI9HM ,Il;OJD!UIO OHTI, MSHI,1119, 't!eM ( N/Z )T 
0IIpe,Il;eJI0HH9 B HameM SKCII9pP!M9HT9 C 'AOCT8T0lll!O BHCOKOfi TOtJ­

HOCTI,D cetJeHHH OCTaToqm;x H,Il;ep, o6pa3yroIItF!XCJI B peruanmx rJIYOOKoro 

H,IJ;epHoro pacmenJieHrur ( p,xpyn) Ha pa3;D;eJieHHWC H30Torrax- ~RKeJIJI 

H M9,Il;H, a TaKllte Ha H30TOnax 55Mn Fl 59co npR TOR ~e CaMO~ 3Hep­

rn IIPOTOHOB 3,65 ran, Il03BOJIHJIO IIpoBeCTil me aHaJIH3, CBJI3aHHHfi C 
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MHO.E:eCTBeHHOCT:E,IO Heil:TpOHOB. YCTaHOB.JieHo, "ITO ,nJI.ff ormca1nm 38BHCH­

MOCTH Ce"IeHHii 6'(A,z) o6pa30BaHH.fI OCTaTO"IHI,!X 1I,11;ep B H3y-qaer.lb!X 

p, xpyn ) pearouurx, OT "IHCna BuneTaIO!IUUC HefITpOHOB y , },WRHO 

npHMeHHT:E, (J.)OPMYJIY 

6-(A,z) • 6-'0 exp ta(y-y
0

) 2] 
(13) 

B KOTOpoii TIO,IU'OHO"IHI,!e napaMeTpU 6'0 (MOH) II a 03Ha"IaIOT aMTI~-

TY'JJY H mnpmry pacnpe~eneHHR, COOTB8TCTBeHHO, Yo - Han6onee Bepon:T­

HOe "Incno BWI8TaIOUUIX He.iiTpOHOB. TOT qlrutT, "ITO C8"I8HH.fl o6pa30BaHIDI 

ocTaTO'IHI,!X Mep B (p,xpyn) pe~m:rx HMeIOT rayccoBcKoe pacnpe~eneHne 

Rax cpymaum apryMeHTa y ,n.;rm Ita,r;,n;oro 3Ha"IeHH.fI X (I~X~9) H OT-

nH"IaJOTCR CWII,HOM 3aBHCHMOCTI,IO OT CTPYJCTJPI,I MIIllleHH, YJta8UBaeT Ha TO, 

"ITO HeiiTPOHHaJ! SMHccrur CHJII,HO 3aBHCHT OT H30UTRa HeiiTpOHOB B Mpe­

MmIIeHH. HaHOMee BepORTHOe "IHMO BWieTaKl!UfX HefiTpOHOB Yo 'xapaR­

TepH3YJO!Itee B o6~eM MH0~8CTB8HHOCTI, HeiiTpOHOB npn OOJIY"IeHHH H80TOilH­

-qecRHX Mllll!eHe.ii peJUITHBHCTCRHMH npOTOHa.MH, pacTeT JIBHefuio C napa­

MeTpOM x. 3Ta 8aBHCHMOCTI, npe~CTaB.JieHa Ha pnc.9. 

E~fIBJI__l!ltieHIDI cc.popNfYnRpOBaHI,1 OCHOBHI,18 peayn1,TaTI:l H BHBO,Itl,I paOOTH. 

RrrpMoaeHHH npHBO,llffTCR Ta6.mmu Ce"IeHnii o6pa80BaHIDI OCT8TO"I­

HHX a~ep B nay-qaeMI:lX pe~x. 
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OCHOBHHE PE3YJU,TATI:1 J]l1CCEPTAUIB1 

I. IlpoBe8eH um<n sKcnepHMeHTMI,HHX HCCJI980BaH1Ill:. 

I) BHnontteHa 6on1,maa nporpaMMa sxcnepHMeHTOB no HccneioBaHHIO 

o6pa30BaHIDI OCTaTO'IIDIX M8P B npOTOH-, ~efiTpOH- H MPO-M9PHI,!X B3a­
HM0~9HCTBHIDC npn penaTHBli!CTCRHX 3Hepr:ruIX C npnMeHeIDieM M9TO,IUU(H 
H3MepeHH.ii HaB8~8HHOfi 8KTHBHOCTH 06.n:yqemrux MHmeHe.ii. Ilo.n:yqeH HOBHfi 
3KCnepHM8HTanoHWi MaT9PHM H OOillHpHI,18 MHHH9 o· C9'I9HHRX o6pa30Bamrn: 
H KHH9MaTH'I9CKHX xapaRTepHCTHR OCTaTO'IHHX M9P B pe~ Ha cpe~e­
T.IDKenux H TIDite.JmX MP8X-Mllil.I8HRX. 3KcnepHM9HTaJII,HI,19 ~amme Ha ny-qKaX 
M9P yrnepo~a c MaKCHManI,HOH 3HeprHe.ii 44 rsB (3,65 rsB Ha HYJtnOH), 
H ~e.iiTpOHOB c 3Heprne.ii 7,3.rsB (3,65 rsB/HYJtnOH) llOJIY'I9HI,I BnepBH8 
B Milpe. Ilo.n:yqeHHue HaMH ~aHHHe Ha nyqRax PeMTHBHCTCKHX llpOTOHOB B 
OCOOO BaJKHOfi 06naCTH npe~enoHOH cpparM9HT8UHH C~9CTB9HHO pacmHpRIOT 
HHcpopMaTHBHOCTI, paHee ony6JmKOB8HHHX ~aHHHX. 

2) 3xcnepHM9HTaJII,HO npoBepeHa M8TO~HKa onpe~e~eHHR H93aBHCHMI:lX 
BUXO~OB o6pa3YJWIHXCR JI,Il;ep-npo~TOB C y-qeTOM BC9X H30TOnOB H8 co­
OTBeTCTBYIOIIUIX uene.ii pacn~a. Ha OCHOB9"CHCT9MaTHRH aapJI,Il;OBHX ~Hcnep­
ClIH OCTaTO'IHHX M9P, o6pa3YIOIIUIXCR B HCCJI9lfY9MHX peMTHBHCTCKHX B3a­
HM0~9HCTBHIDC, onpe~e~eHI,I COOTB9TCTBYIW!H9 MB.CCOBI,18 pacnpe~enemrn:. 
IlpoBe~eH aHaJIH3 RHH8:MaTH'I0CKHX BMH'IHH - aCIDJIM9TpHfi BHneTa Bnepe~­
Ha3~ n cpe~Hero npo6era ncnycxaeMHX MSP B BemecTBe MHrueHH - B 
paMKax ,IUlyxCT~HOH B9KTOPHOH MO~e;m. 

3) M8YlJ9HH peaKI(HH Ha H30TOITH'I8CKH pa3~M9HHI,!X MHill8HIDC. Ilo:,ry-. 
'I8HHI,!H 3KCllepHM8HTMDmtli MB.Tepmur no H30M9pHI,!M OTHOmeHRM Bb!XO~OB 
H C9'!8HHRM o6pa30B8HHR OCTaTO'IHHX.M8P B pe~ npoTOHOB H M8P 
12c Ha pa3~M9HHHX H30Tonax ll03BMHn H3yqHTI, scpcI>eKT CTPYKTYPH M­
pa-MHII!eHH. AHaJIH3HpOBaJIHCI, TaKJK9 38BHCHMOCTH C9'!9Hd B (p, xpyn ) 

peaxuru:i:x OT '!HCJia BWI9T8KIJ1HX HYRJIOHOB. 

IT. BliTIOJlli~HH M9TO.mI'I9CKH9 paspa60TKH. 

I) C ncnonoaoBaHHeM MSPHHX cpoTosMYnocd, xaMep ,11;eneHHR, TIDKe­
~x CUHHT~TOPOB H8PMY C aKTHBauHOHHOH M8TO~OH paapa60TaHa B 
llpHMeHeHa CHCTeMa MOHHTOPHPOBaHHR ~OB PB.1.L!ITHBBCTCKHX 'IaCTHU B 
Mep, ycKOpeHHHX Ha CHHXpOqB30TPOHe JIB3 Ollilli, C BHCOKOH TO'IHOCTI,ID 
onpe~M8HI,1 C9'I9HHH MOHBTOpHHX pearunrli 27 Al ( CH8pJ3;11;, x)24 Na H 
12c(cHapJ3;11;, X) IIc npH peMTHBHCTCKHX 3Hepr:w:nc. 
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2) BnepBHe npliMeHeH cneRTPOMSTp raMMa-H3JIY'l9Hliff co CIUIHTHJIJI.ff­
IUIOHHHM .n:eTSRTOpOM BaF 2 • B paMKaX ::mcnepliMSHTa.JII,HOH MSTO,IUIRH 
HCIIHTaHH CBOHCTBa HOBOro CIUIHTWIIDIIUIOHHOro ~.aTepHaJia BaF2. 

3) IlpliMeHSHHSM nporpaMMH MO,n:e.mrpoBaHruI no MSTO.ItY MOHTe-KapJIO 
npoueccoB B3aliMO.It9HCTBliff raMMa-RBaHTOB B O.ItHOPO.ItHOM BemecTBe ,n:eTeR­
TOpa, BH'IllCJISHH a6COJIIOTHH9 3Hali9.HIDI Sqxp8RTHBHOCT9H Ge/Li/ H BaF 2 
.ItBTSRTOPOB .IW.fl onpe,IteJISHHOll reoMeTpHH perHCTpaIUIH raMMa-KBaHTOB 
HS 06.lIJ"ISHHHX MlllllSHSH. 

4) Ilpe,ItJiooteH HOBIDi aJirOPHTM .IW.fl H,ItSHTH~HR~llH H onpe.n:eJISHM 
rrapaMeTpOB raMMa-IlHKOB H Ha ero OCHOBe cos,n:aHa rrporpaMMa, OCYlllSCTB­
JI.f.lla!IM aBTOMaTHli9Cicy10 o6pa60TRY raMMa-crreRTPOB, H3M9pHeMHX Cil9RTPO­
M9Tp8MH C IlOJIYTIPOBO,ItHllROBHMll H C:qi,IHTHJIJIHIUIOHHHMH ,n:eTSRTOpaMH. Cos­
,n:aHo IlOJIHOS MaTSMaTHliSCROe o6ecrreqemre o6pa60TRH .n:aHHHX, B.KJIIOliM 
po6aCTHYID MHHHMH3a:qi,Iro, a Taroite MSTO.It CHHryJIHpHoro pa3JIOlK9HM, no-
3BOJiffiOII\lili pemaTD JIHHeilHHe sa,n:a'Ill MHI{ B o6~eM BH,Ite. 

'1 Ill, IlOJIY:ISHH HOBHS (j)H3Hli9CRH8 peSyJII,Ta~T_M. 

I) IlOJIJ"ISHH ,n:aHHH8 0 ceqemmx: ompasoBaHM OCTaTOliHHX .gn;ep B 
CJIS,JzylOl!tIDC peaRIUIHX: 

a) rrpOTOHOB H .n:e:liTpOHOB c O,IUIHaROBHM HMITYJIDCOM (9 r3B/c) c 
.gn;paMH M8,n:H, HHRSJIH H TaHTaJia; 

6) .n:eiiTpOHOB c SHeprneii 3,65 rsB/eyRJIOH c H,IIJ)aMll Nb , Ag, 

Tb ,Au H Pb ; 

B) npOTOHOB H .gn;ep yr;repo,n:a c 0,ItHHaROBOH SHeprneil (3,65 rsB 
Ha ffYRJIOH) C .ff,llJ)aMR Mn , Co , Ni , Cu , Ag , Ta , Au , Pb a TaroKe 
.gn;ep I 2c c SHeprne:li 3,65 rsB/eyRJIOH c H,IIJ)aMH U H Th ; 

r) rrpOTOHOB C SHeprneil 3,65 rsB C H30TOITHli9CRH pas,n:eJISHHHMH 
MllillSIDIMH 58,60,62 Ni H 53,65cu • 

\ 

CeqeHM o6pa30BaHM OCT8TOliHHX .gn;ep aH8.Jlll3HpOB8.7lliCD no o6mett 
CHCTSMaTHKe sap.gn;OBHX 'Al!CnepcHii H MaCCOBHX pacrrpe,n:e;remm. 3ap.gn;o­
BHe MCnepcHH OilHCHBaIDTC.fI rayccHaHOM, IlplllieM H8XOlK,IteHHe COOTBST­
CTBymuDC napaMeTpOB B onpe,n:eJI8HHOM ,n:HarraSOHe MaCC OCTaTOqmrJC .gn;ep 
Tpe6yeT rrpe.n:rroJIOJKemre o ITJiaBHoii 38BHCHMOCTH nso6apnqecRHx ceqemm 
HO JillH8llHOH 38BHCliMOCTH HaH60Jiee BSpOHTHOro sap.gn;a OT MaCCOBOro 
liHCJia o6pasoBBBmeroca H,IIJ)a. ~opMa RPHBHX sap.gn;OBHX pacrrpe,n:e;reHHii 
.IW.fl OCTaTO'lHHX .gn;ep, o6pa3yromHXC.fI B peaimli}DC ITO.It .n:eilCTBHSM pa3HHX 
CHap.gn;oB, HS 38BHCHT OT THila rrepBHqffOH qaCTHml, Ha6.JIIMaeTC.fI C,ItBHr 
HaH60Jiee BepO.fITHOro sap.gn;a B COOTB8TCTBYI(lqHX peaimrunc npOTOHOB H 
.gn;ep I 2c c TJilltSJmMH .gn;paMH-Mml!eHHMH. Ha6.7Ilo.n:aeMoe no.n:o6He MaCCOBHX 
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pacrrpe,n:eJieHHil ocTaTOliHHX H,Itep, o6pasyrolllliXC.fI B peaRIUIHX Ha cpe.n:He­
TIDKSJIHX H TIDKSJIHX H,IIJ)8X-MHill9H./IX ITO.It ,n:eilcTBHSM peJIHTHBHCTCRHX npOTO­

HOB, .n:enTpOHOB H H,Itep 12c, YKa3HB89T Ha O,ItHOTHITHblli xapaRTep B036y,it­
.n:eHH.fI H,Itep-Mllli!SHSH, a TaRJKe CBH,It9T9JIDCTBY9T O HaJIIIqHH CRSHJIHHra. 

2) Oco6eHHOCTDID MaCCOBHX ~acrrpe,n:eJieHHH ocTaTOliHliIX H,Itep, o6pa-
30B8EIIIHXC.fI B pea~H.fIX I2c + 23 Th H 12c + 238

u HEJIBSTC.ll IIIHpORHll 
"mm ,n:eJieHHH" E w,.accoBOM .n:nanasoHe ,80:!: A ~I40 • BTopofi "mm ,n:e;re­
HMH" E .n:narrasoHe Mace OCTaTO'!HHX H,Itep 160 ~ A :sI90 He Ha6JIIO.IJ;aJIC.fI. 

3) IIo.nyqeHlllie rrapaMeTpH sap,moEHX .n:ncnepcHil H MaccoBHX pac­

npe,n:e;reHH:ii COOTBSTCTByIOlllHX OCTaTOliHHX ,mep YKa3HEaIDT Ha HaJIH\ll19 
q0RT0pH3aIUIH. BrrepBHS orrpe,n:eJieHhl reoMSTplilieCRHS <laRTOPH CRSMJIIIHra 
,ItJIR pH,Ita cpe,n:HeTIDKSJIHX H Tw.teJIHX H,Itep-MIIIIISHSH. IlOJIJ"ISHHHe cpe.n:mre 

3H8li9HM OTHOCHT9JIDH.h!X reoMeTpII1!9CRHX (laRTOPOB 

(1)Jf-:V ~ I'? H <ilJ.tl~ ~ 2 '3 
xoporno cor;racymcR MeJK.IlY co6oil B paMRax sRcrrepru,1eHTafilHHX omn6oR 

BO BCSX HCCJie.n:yeMhlX peaRUHRX, 
4) IlpOBe.rteHO cpaBHSHHe SRcnepHMeHTamHHX ,n:aHHHX no ceqeHH.IIM 

o6pa30BaHim OCTaTOliHHX H,Itep B p,me peJIBTHBHCTCRHX peaRUHM B saBH­
CHMOCTH OT sHeprHH nepBHliHOii -qaCTHUH (,mpa). Y6e,IUIT9JIDHHM pesyJID­
TaTOM STOrO cpaBHeHM .HBJI.iISTC.fI HaJIHliHS npe,n:eJIDHOM ~parMSHT~ B 

o6JiaCTH SHeprHH ~I-2 rsB/HYKJIOH. 
5) 3RcnepHM9HT8JIDH0 li3YlJ:SHa SMHCCM OCT8TOliHHX ,mep H MHOro-

sapR.ItHHX ~parMeHTOB E npouecce r.ny6oRoro pacmerrJieHM Ha cpe.n:neT.II­
iKSJih!X H TIDKSJIHX ,mpaX-MHillSH./IX. IlOJIY'lSHH .n:aHHHe O RHHSMaTHliSCRHX 
xapaRTepncTHRaX - acHMMeTpHH BHJieTa Brrepe,n:-Hasa.n: .11 cpe,n:Hero npo6e­
ra B BemecTBe Mlfill9HH OCTaTOliHHX ,mep, o6pasynuHXCR B peaimrunc 
p + I8ITa n 12c + 181Ta npH SHeprHH 3,65 rsB/HYKJIOH. 06Hapy,iteHHe 

IlOBHillSHHHX 3Ha1!eHH:i1 RHH9M8THli9CRHX xapaRTepHCTHK .ItJIR qiparMeHTOE 
24 28 rrpOMSiKYTOliHHX M8CC Na U Mg npnBeJIO R CHCT9M8TII'l:9CROMY .113M9-

pemrro STlIX BSJIHliHH B pea~HRX. BH3BaHHHX npOTOHaMH U .ff,llJ)aMH 
12c C 

SHeprneil: 3, 65 rsB/HYRJIOH Ha R,ItpaX Mn , Co , Cu , Y , Nb , Ag , Tb , 
Ta , Au; Th H U • IloJiyqenHHe HaMH RHHSMaTHli9CRHe ,n:aHHHe 06 SMHC­

CHH qiparMeHTOB 24 Na H 28Mg B pa3HHX pea~HRX Il03BOJIHJIH IIpOBSCTH 
CHCT9MaTH3~HIO ,n:aHHHX H 6o~ee no.n:po6HHH aHMH3 MSXaHH3M8 HX o6pa-
30B8HHR. AcHMMeTpH.II BHJieTa li cpe,n:HHe npo6erH aHa.JIB3HpOBaJIHCn B paM­
Rax MO~SJIH B9RTopa CKOPOCTe:i1, '!TO Il03BOJIHJIO onpeieJIIITD RHHSTHliSCRyro 
sHeprnro, nepeHoceyro cRopocTD H cpe,n:HHil HMIIYJIDC ncnycRaeMoro ocTa­
TOliHOro H,Itpa. Onpe,n:eJieHa TaRiKe aHHSOTPOilM yrJIOBHX pacrrpe~MeHHH 
MHOrosap,mHHX qiparMeHTOB ' ncnycRaeMhlX B HCCJie.n:yeMHX peJIRTUBHCTCRHX 

E3aHMO,It9HCTB.11RX, 
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6) AcIIMMeTpHJI BWieTa HCrryCKaeMHx H,IJ;ep CBil,II;eTeJII>CTByeT O OOJII,­
IDOH aHH30Tpomrn: B 3MHCCHH MHOrosapH,Il;HHX ~parMeHTOB, npOHCXO.IT.ffil1eH 
npeHMYJ11eCTBeHHO B nepe,IUIIDID no~c~py. AHH30Tp0ITHH yrJIOBOro pacnpe­
.n;eJieHHH HCrryCKaeM!:lx @arMeHTOB 24Na H 28Mg HMeeT OOJII>IDHe 3Ha'l!eHHH 
,n;.JIJI cpe.n;HeTHJKeJIHX H,I1;ep-MID1IeHeir H YMeHnmaeTCH npH rrepexo.n;e K 6oJiee 
THJKeJIHM H,Il;paM-MIDIIeHHM ,Il;JIH peaKIJ;IDi rro.n; .n;eHCTBHeM rrpOTOHOB H H,IJ;e~ 
12c. PesyJII>TaTH, ITOJIY'IIeHHHe HaMH ,n;.JIJI peaK~mi c y-qacTHeM H,IJ;ep IC 
C MaKCillvlaJII,HOH 3HeprHeH 44 raB, ,Il;OCTyrrHOH Ha CUHXp0~30TpOHe JIB3 
OHJIB, He CBil,II;eTeJincTBYIDT 06 HcrrycKaHHH ~parMeHTOB rrpOM9lKYTO'IIHHX 
Ma.CC B 3a,IJ;HIDID no~cqiepy. 06Hapy,iteHO 3KCilOHe~aJII,HOe B03pacTaHHe 
cpe.n;HHX rrpooeroB 

24
Na H 

28
Mg B BemecTBe MHllleHH B 3aBHCHMOCTH OT 

MaCCOBOro 'IIHCJia H,IJ;pa-MHllleHu. 

7) 06Hapy,KeHO, '!ITO KHH9TH'II9CKM 3HeprHJI HCrrycKaeMoro OCTaTO'II­
HOro .ff,Iij)a pacTeT rrporrop~OHa.Jll,HO OTHOCHT9JII,HOH pa3HOCTH Nace .no 
~A/AT~0,8. OTKJIOHeHHe OT CHCTeMB.TH'IISCKOro llOBe.n;eHIDI .n;aHHHX Ha­
OJIIO,IJ;aJIHCI, ,n;.JIJI qiparMeHTOB 24

Na H 28
Mg • B pe~ Ha 6oJiee T.fl2K9JIHX 

H,Il;pax HcrrycKaeMHe qiparMeHTH OOJia.n;aIDT OOJiee BHCOKOH KHH9TH'IIeCKOH 
3HeprHeH. 06Hapy,K9Ha H0-qyBCTBHTeJII,HOCTI, rrepeHOCHOM CKOpOCTH v~ 
H,IJ;ep OT,IJ;a'l!H K OTHOCHTSJ!bHOH pa3HOCTH Mace. 

8) BrrepBHe IlOKa3aHO HaJIH'l!He <paKTOpH3aIUIB. KHHeMaTH'II9CKHX BeJilI­
'IIHH (acHMMeTpHH BWieTa Brrepe.n;-Hasa.n;, cpe.n;Hero npooera n rrepeHOCHOH 
CKOpOCTH) B IIlHPOKOM MaCCOBOM ,Il;H8Il830H9 OCTaTO'IIHHX H,Il;ep, o6pasyro­
IIUIXCH B peaK~ IlpOTOHOB H H,IJ;ep 12c C 0.n;HHaKOBOH 3HeprHefi 3,65 
raB/HYKJIOH Ha H,Il;pax 181Ta. CpaBHSHHe HaCTOfilllHX .n;aHHHX c orry6JIHKO­
B8HHHMH pa.Hee ,Il;.JIJI ,Iij)yrHX 3Heprmi He rrpOTHBope'IIHT rHITOT939 rrpe.n;eJII,­
HOH @arMeHTaIUIB. 

9) ilOJIY'IIeHH ,IJ;aHHHe ,Il;.JIJI peaK~H Ha H30TOITH'II9CKH pas.n;eJieHHh!X 
MHIDeHHX: 

a) HSOMepHHe OTHOIDSHIDI BHXO,Il;OB o6pasOB8HIDI COCTOHHHH C BHCO­
KHM H HH3KHM CITHHOM ,n;.JIJI H,IJ;ep 99Rh H 1 10rn , oopasy-KllI\HXcm B peaK­
~ rro.n; .n;eilcTBHeM rrpoToHOB H H,IJ;ep yrJiepo.n;a c aHeprneil 3,65 raB Ha 
HYKJIOH Ha HSOTOITax OJIOBa II2,II6,II8,I20,I24 Sn ; 

6) aOCOJIIDTHHe C9'1!9HIDI o6pa80BaHIDI OCTaTO'IIHHX H,IJ;ep B pe~ 
npOTOHOB Ha pa8,IJ;9JI9HHHX H30TOITax HHK8JIH 58 , 60 , 62 Ni H Me,n;H 
63,65 Cu. 

06Hapy,K9HO, '!ITO pOCT H30M9PHHX OTHOmeHHil H,IJ;ep 99Rh H 110rn 
B 8aBHCHMOCTH OT 'IIHCJia BHJI9T9BlllHX HYKJIOHOB O,Il;HHaKOB KaK B IlpOTOH­
H,Il;8pHHX, T8K H H,Il;pO-H,Il;epHHX pe~. '!ITO CBH,IJ;8T9JII,CTBY9T 06 o6pa-
80BaHHH npO.n;yKTOB pacmeITJieHIDI Ha HCilapHT9JII,HOH CTa.n;HH B8aHMO.n;eficT­
BlIJI H He3aBHCHMOCTH HX KOH9'1IHOro COCTOHHHJI OT THrra nepBH'IIHOfi -qac-
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'i'H~~ IloKaSaHO, '!ITO H30MepHHe OTHOIDeHl:UI He 8aBHCHT OT 3Heprlilli npo­
TOHOB B .n;Hana30H9 3,65 - 8,I raB. 

CeqeIDI.fI o6pa30BaHIDI OCTaTO'IIHHX .a;n;ep Ha pas.n;eJieHHHX Mmll9HHX 
aHaJIHSHPOBaJIHCI, no CHCT8MaTHKe sapH,IJ;OBHX H M8CCOBHX pacnpe,n;eJieHHH, 
'!ITO ITOSBOJIHJIO HCCJie,IJ;OB8TI, 88BHCHMOCTI, qJYHKIUlli ( N/Z)p OT OTHOIDeHl:UI 
'IIHCJia H9HTPOHOB K 'IIHCJIY rrpOTOHOB HCXO,n;Horo .ff,Iij)8-Mm118HH, ( N/Z)T. 

IO) AHaJIH3 .n;aHHHX, ITOJIY'l!eHHHX Ha HSOTOITHlleCKH pas.n;eJieHHHX 
MHIDeHHX, rrosBOJIHJI c,n;eJiaTI> BHBO.n;H o HaOJIIO,IJ;eHHH.3~KTa CTPYKTYPH 
HCXO,IU!Oro .ff,Iij)a HO MHOJKeCTBeHHOCTH HefiTpOHOB, ncnycKaeMHX B peaK­
~HX (p, xpyn ) rrpH peJIHTHBHCTCKHX 3HeprHHX. 

rl. Ms:v,eHH MeXaHHSMH o6pa30BaHHH OCT8TO'IIHHX @8P B g.npo­
gn;epHHX B38HMOneHCTBHHX Ilpli prnHBHCTCKHX aHeprrurx:. 

I) YcTaHOMSHO, '!ITO Ce'l!eIDI.fl pacmewreHHH O(p) rrpe,D;CTa.BJilIJOT 
OOJII,IDyro -qaCTI, {60-75%) IlOJIHOro reOM9Tplill8CKOro ce'l!eHIDI ,Il;aHHOH pe­
aK~H. Orrpe,n;eJieHHHe 3H8'1!0HIDI COOTBeTCTBYIDU\HX np~eJ[I,HHX napaMeTpOB 

b;::: 1/2(¾,+Rr) , RP H RT - pa.n;n:ycH Ha.JieTaromero CHapH,IJ;a H .ff,Iij)a­
MHIDeHH, COOTBeTCTBeHHO, CBH,I{eTeJII:,CTByroT O TOM, '!ITO rrpo~ecc, B oc~ 
HOBHOM, IlPOHCXO.n;HT KaK rrepnqiepnqecxoe CTOJIKHOBeHHe. 

2) MaCCOBHe pacrrpe,n;eJieHHH H300apnqecKHX ceqelilltt ~(A) OCTa:... 
TO'IIHHX H,IJ;ep MOJltHO OITHC8TI, B paMEtax MO,Il;eJIH CK8JIHB8HIDI H MO,Il;eJIH 
BffYTpH.a;D;epHoro KacKa.n;a, y-qHTHBM, '!ITO rrpo~ecc BSaHMo.n;eiicTBWI rrpo­
HCXOMT qepes ,IJ;Be CTa.n;HH: B080y,K.n;8HHH H CT8THCTH'l!eCKIIH pacna.n; 
nocpe.n;cTBOM ncnycxaHIDI BTOPH'IIHHX qacT~. OTMeTHM, '!ITO WGPMa Macco­
BHX pacrrpe.n;eJieHHH -qyBCTBHTeJII,Ha K 3Heprmr B086y,it.n;eHWI. PacxOJK.n;eHH9 
M9'lt)]y paCt{HT8HHHMH no MO,IJ;eJIH CKaJIHBaHWI H sxcrrepHMSHTaJII,HHMH H80-
6apH'II9CKHMH ceqeHHHMH 6'(A) HaOJIIO,Il;aJIOCI, .n;JIH OCT8TO'IIHHX H.n;ep B6Jm-
3H H,IJ;pa-MHIIIeHH • .Il,)m OITHC8HIDI Ma.CCOBHX pacrrpe.n;MeHHH OCT8TO'IIHHX 
.a;n;ep, oopasyromnxCH B pe~ H.n;ep yrJiepo.n;a c sHeprHeii 3,65 rsB 
Ha Hyl(JIOH C .ff,Iij)aMH ypaHa H TOPHH, B KOTOpHX Ha.0JixmaJICH IlIHpOKIIH 
"rrHK ,IJ;MeHWI". H806XO.n;HMO y-qHTHB8TI, TaKllte Hcnycmume OCKOJIKOB ,n;e­
JI9HH'II Ha CTa.n;HH pacrra.n;a. IlpH STOM Ha.n;O yqecTI> SaBHCHMOCTI> sHeprHH 
B080y,K.n;8HWI OT OTHOIDeHHH mHPHIW: .n;eJieHWI r:e H HCnyCKa.HWI 'II8CTR­
~ re• a T8Kllte BB8CTH COOTBeTCTBYIDll\H8 OTHOill8HWI 8HepreTHll8CKHX 
YJ)OBHe:li a:efae B pacrrpe.n;MeHHe IlJIOTHOCTe:lt. 

KmieM8Tffq9CKH8 xapaKT8PHCTmm ncnycKaeMBX H.n;ep-npo,n;yxTOB C 
HCKJIID'IIeHHeM @arMeHTOB npOMeJKYTO'IIHHX Ma.cc· 24Jia n 28Mg MOlltHO TaK-
~e OIIHC8TI, B PaMRaX MO,Il;eJIH BayTpH.a;D;epHoro Ka.CKa.n;a. B·rrOJII,sy KaCKa,IJ;­
Horo MexaHHsMa o6pasoBaHIDI ncnycKaeMHX QCT8TOlllw:X H,n;ep B ,1U1anas0He 
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MaCCOBHX 'lHCeJI A~ 40 CBH,D;eTeJJJ,CTByroT TaIOKe ,n;amme 06 H30Mepma: 
OTHomeHWIX. 

3) no BH,D;HMOMY, no.nyqeHlille pesym,TaTH Yl(a3HBaIOT Ha cymecTBO­
Baime pasma: MexaHl:13MOB o6pa30BaHWI OCT8TO'IHHX H,D;ep B' peJIHTHBHCT­
CRHX H,JJJ)O-H,D;epHHX B3aHMo,n;e:il:CTBWIX. B OCHOBHOM npo~ecc npOHCXO,D;liT 
RaR nepHqJepH'leCROe CTOJIRHOBeHHe HaJieTaIOlllero H,JJJ>a HJIB OT,D;eJioHHX 
HYKJIOHOB H3 HaJieTaIOlllero H,JJJ)a C IfYRJIOHaMH H,JJJ)a-MlillJeHH. Bos6y,K,IJ;emie 
nepBH'lHOH OCT8TO'IHOH H,D;epHOH CHCTeMH npOHCXO,n;HT 38 C'leT nepe,n;ai:rn 
ClOJJJ,llJOH 'l8CTH aHeprHH HYKJIOHaMH HaJieTaIO!llero H,JJJ>a HYKJIOHaM H,JJJ)a-MH­
llleHH • .fmpo-MMIIIefil MOlKHO OilHCaTo nocpe,n;CTBOM MO,D;e~ ~epMH-rasa C 
J'leTOM peam,HHx pacnpe,n;eJieHHH IlJIOTHOCTe:il: IfYRJIOHOB B H,JJJ>e, H~ no­
cpe,n;CTBOM MO,D;e~ Kpanne-Hrucca (,n;JIJI H,D;ep-MHllleHeH ypaHa H TOpWI) C 
J'leTOM peam,HHX 11B.fI3ROCTeii" HYKJIOHOB B H,JJJle. CTaTHCTIPieCRllli pac­
na,n; B036y,K,IJ;eHHOH CHCTeMH npoHCXO,Il;HT C HCnyCRaHHeM BTOPHtIHHX '!ac­
TH~ H o6pasoBaHHeM OCTaTO'lHOro .fl,Iij)a, Ha6JIIO.n;aeMoro B aRcnepHMeHTe. 

3MHCCH.fl qiparMeHTOB npOMelKYTO'lHHX MaCC c 20.:t A~ 30 .fIBJI.fleTC.fI 
O,D;HOH HS CaMHX HHTepecHHx oco6eHHOCTeM H,JJJlO-H,D;epHHx BS8HMO,n;eii:CTBHH 
npH peJIHTilBHCTCRHX 3HeprlI.fIX. HcCJie,n;oBaHHe MexaHH3Ma o6paSOBaHWI Il 
HcnycRaHWI OCTaTO'lHHX H,D;ep B 3TOM MaCCOBOM .n;Hana30He CB.fl38HO, no­
BH,D;HMOMJ, C cymeCTBOBaHHeM aHOMaJU,HO BHCOROH WIOTHOCTH H TeMnepa­
TypH "CJKaToii" H,D;epHOli MaTepHH. Eo.lronrne OTRJIOHeHHSI RHHeMaTH'leCRHX 
xapaRTepHCTHR H,D;ep 24Na H 28Mg OT CHCTeMaTH'leCROro noBe.n;eHWI .n;aH­
HHX M.fI OCTaTO'IHHX H,D;ep c A:it.40, Ha6JIIO,JJ;aeMHe B npoBe,n;eHHHX HaMH 
3RCnepHMeHTaX C rrpotoHaMH H JUWaMH r2c PeJr.JITHBHCTCRHX 3Heprllli Ha 
pH,D;e cpe,n;HeTJllKeJIHX H T.f.lllte.71'.HX H,D;ep-MlillleHeii, CBH,D;eTeJII,CTBJIOT O ,n;py­
roM MexamisMe HX o6pa30BaHWI. 0.n;HHM Il3 HHX MOJKeT ClHTo RJI8CTepH3a­
~-eyRJIOHOB B oMaCTH, ~3ROH R qe.30BOMy nepexo,n;y THila lKH,D;ROCTD­
ras, He HCRJIRJlleHO TaIOKe H Ilp.fIMOe o6paSOBaHHe B CTa,D;llH pa3BaJia H,D;pa. 
Ma.JIOBepO.fITHHM CJie,n;yeT C'IHT8Tb TO, 'ITO q>parMeHTH 24Na H 28Mg , oCS­
paSJI(lllHeC.fI B peJIHTHBHCTCRHX BSanMo,n;eiiCTBH.fIX, smn:moTcJI "noCJieRac­
Ra,D;H1:lMH" H,JJJlaMH. 

4) 06HapyxeHHHe "aHOMa.JioHHe" 3H8'leHWI Ce'!8HWI pe~ 
58Ni(p,p2n) 56Ni = I,7 ± 0,25 M6H; 58Ni(p,2pn) 56co = 24,5±I,7 

MClH H 60Ni(p,2pn) 58co =28,5±I,8 M6H, He IlO,n;tmH.810IllHeC.fI - B 
OT~H OT IlO,IJ;aBJIHIOlllero ()OJII,IIIHHCTBa H8CTOJIIIUIX ,n;aHHHX - HHRaROH 
CHCTeMaTHRe. !3To, no BCeii BepO.fITHOCTH, CB.fISaHO C ,n;pyrHM MexaHHS­
MOM BSanMO,n;eiiCTBH.fI. Bo3MOJKHO, 'ITO 3TH peruanm: .lll3JllIIOTC.fI npIDIIHMH 
peaRIUI.fIMH BH6HBaHH.fI ,n;eilTpOHa H3 ~a-Mml!eHH, T.e. 58Ni(p,dn) 56Ni 
58Ni(p,dp) 56co H 60il-1(p,dp) 58co. HHTepeCHO TO, 'ITO ce'!eHHJI 

sapRJJ;OBO-CliMM8TpH'lHUX.PeaKI\Hli (p, dp) H (p, dn ) OTJIH'lalOTC.fI Ha no­
PH,D;OR BeJIIl'lHHH. 
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5) Ce'!eHIDI peam:urn (p, xpyn ) ,n;JIJI ,n;aHHoro sHa'!eHWI x MOlK­
HO orrncaTo rayccoBcK.r,n,rn pacnpe,n;eJieHH.fIMH RaR qJYHRfClIJIMH apryMeHTa 
y C M8RCHMaJil,HHMH 3Ha'leHHJIMH npH y~y O , onpe,n;eJIJIIOOlHMH MHOJKeCT-

BeHHOCTo BHJieTaIOil1llX He:il:TpOHOB. AHaJIBS (p, xpyn) peaRUIDi OClHapy,!lliJI 
sqxl,eRT "sanoi11rnaHH.fI11 CTPYRTYPH HCXO,Il;HOrO H,D;pa, npwreM MHOJKeCTBeH­
HOCTo He:il:TpOHOB OR8SHBaeTC.fI rrponopUHOHaJioHO:il: napaM0TPY x 
B rrpo~ecce HcnapeHH.fI H36HTO'!HH0 He:il:TpOHH H,JJJla-MHllle.HH HcnycRaIDTCJI 
ITO'ITH CB060,D;HO, B TO BpeMff, RaR HefiTpOHHaJI 3MHCCIDI HS H0HTPOHHO­
,n;e~1i!UHTHOro MPa-MHllleHH .fIBJI.fI0TCJI CHJibHO TIO,D;aBJieHHOH. 
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