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YqeHh!H ceKperap& ,n11cceprnQHOHHoro~~ 
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AKTyaJihHOCTh TeMht 

Hccne.11.oBaHHe KOHKypeHIJ;Hl1 ITpo11eccoB CJJH.!IHH.!1-)leJJeHHJI H KBa3H,lleneHl1.!I B 

06nacr11 .11.11.ep c Z > I 00 11Meer 6oJJhll10e 3ttaY:etttte .D.JJJI npose.11.eHH.!I 

3KCnepttMeHTOB ITO Cl1HTe3y HOBhlX csepXT.s!)f(eJJhlX .11.11.ep. B peaKI.IH.!IX CJJH.!IHH.11 

.D.Ba)f(.lJ.hl Marw-1eCKHX HOHOB 48Ca c aKTl1HH.11.HhlMH MHUleH.!IMH B Jla6opaTOp11H 

.11.11.eptthlX peaK1111H Ol15Il1 6brn11 ITOJJy<1eH&1 HOBhJe csepXT.!l)f(eJJ&1e .11.11.pa c 

aTOMHhJM11 HOMepaMtt Z=ll4, 115, 116, 117, 118 [1 , 2]. Pe3yn&TaTh1 3THX 

3KCITepttMeHTOB ITo,nrnep)f(.11.aJOT cy1.11ecrnosatt11e ITpe.11.cKa.Jattttoro Teop11eti 

ocrpoBa CTa611JlhHOCTH csepXT.!l)f(eJJhJX 3JleMeHTOB, o6ycJJOBJJeHHOro BJil15!1!11eM 

3aMKHyTofi 1-1efirpo1-1Hofi o6onoY:Kl1 N = 184 11 3aMKttyrofi ITpOTOHHOfi o6onOY:Kl1 B 

o6nacrn Z = 114 - 126. )J,n.11 ITonyqetttt.11 csepxT.11)f(eJJ&1x .!1.11.ep c Z > I 01 

HCITOJ1h3YJOTCJI peaKUH11 ITOJJHOfO CJ111.!11!11.!I c T.!l)f(eJJhlMl1 110HaMH. 0.11.HaKO, KaK 

ITOKa3aJJl1 11ccne.11.osa1m.11 [3, 4 ], c ysem1qem1eM Macc&1 ttanern101.1111x T.!l)f(eJJ&1x 

HOHOB ITpo11ecc CJ111.!IHH.!I 31IaY:l1TeJJhHO ITO.D.aBJJ.!leTC.11 KOHKyp11py10I.11HM npo11eccoM 

KBa311.D.eJJeHl1.!I, B KOTOpOM o6pa30BaBU1a.!IC.!I Ha CTa.lJ.1111 3axsaTa COCTaBHa.11 

Cl1CTeMa ITO.II. .11.el1cTBl1eM KYJIOHOBCKl1X Cl1Jl pa.3.nemieTC.11 Ha cj>parMCHTh! 6c3 

06pa30BaH11.11 cocTaBHoro .11.npa. BpeM.11 ITpoTeKatt11.11 npouecca KBa311.11.e1reH11.11 

MeHhUle, Y:eM speM.11 CJ1H.!IHl1.!I, o6pa30BaHHJI COCTaBHOro .11.11.pa 11 ero 

ITocne.11.y101.11ero .neneHHJI. I1o3TOMY 3KCITep11MettTaJJhHO Ha6nJ0.11.aJOTc.si pa3JJ11Y:11.11 s 

TaKl1X xapaKTep11CTl1Kax cj>parMeHTOB CJ111JIHl1.!l-.D.eJ1eHl1JI H KBa3H}:leneHHJI, KaK 11X 

Maccoso-yrnos&1e Koppen.si111111, .11.11cITepc11.si Maccos&1x pacITpe.11.enett11i1, yrnosa.si 

a1-1113orpoIT11.si. Ha KOHKypett111110 ITpo11eccos KBa311.neneH11.si 11 cn11.siH11.si-.nenett11.11 

OKa3h!BaJOT Cl1JlhHOe BJ111JIHl1e CBOHCTBa BXO.lJ.HOro Kattana peaK111111: KYJJOHOBCKl1H 

cj>aKTop Z1Z2, Maccosa.11 ac11MMerp11.si, .11.ecj>opMa1111.si 11 s3a11M1-1a.si op11ettrn1111.si 

CTaJJKHBaJOI.1111xc.si .si.11.ep, 11x MarttY:HOCTh 11 OTHOUletttte NIZ, a TaK)f(e sttoc11M&1e s 

Cl1CTeMy 3Heprn.si H yrnosofi MOMeHT. 

I10CKOJ1hKY CeY:eHl1JI o6pa30BaHl1JI csepXT.!l)f(eJJhJX .si.11.ep qpe3BhIY:afiHO MaJlhl 

(ITop.si.11.Ka 11eCKOJlhKl1X ITHK06apH), Y:T06hJ HafiTl1 OITTl1MaJJhHhie ycnOBl1JI .11.JlJI 

3KCITep11Me!ITOB no Cl1HTe3y csepXT.s!)f(eJlhJX .si.11.ep tteo6XO}:ll1MO 3HaTh BKJla.11.hl 

ITpOQeCCOB CJIHJIHHJl-)leJieHHJI H KBa3H,lleJieHl1JI B CeY:ettHe 3QXBaTa C59ijcrna 
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npou:ecca KBa3H,neneHIUI urnpOKO H3}"laJOTCH B HaCTOHI11ee BpeMH, KaK B 

3Kcnep11MeHTaJihHhix, TaK 11 Teoper11qecKHx pa6orax. Teoper11qecK11e pactJeThI [5] 

Il0Ka3h!BaIOT, qTo Ha noBepxHOCTH noTeHU:HaJihHOH 3Hepr1111 CBepxrn)!(eJihlX H,nep 

cyI11eCTBYIOT ,nBe rny60KHe ,nOJil1Hhl, Bhl3BaHHh!e BJll1HHHeM o6onoqeqHh!X 

3<l><l>eKTOB H CBH3aHHh!e c o6pa30BaHHeM B BhIXO,nHOM KaHane peaKU:HH ,nBa)!(,nhI 

MarntJeCKHX H,nep -
208

Pb (Z= 82, N= 126) H 132Sn (Z= 50, N= 82). ITepBaH 

,nOJIHHa COOTBeTCTByeT acHMMerp11qH0My KBa3H,neneHHIO QF asym (HJIH KBa3H­

,neneHHIO nepBoro po,na QF 1), r,ne MaCCOBM aCHMMeTpHH COCTaBJIHeT T/ = (M1-

M2)/(M1+ M2) - 0.45, a BTOpM - CHMMerp11qH0My KBa3H,neneH11IO QFsym (HJIH 

KBa3H,neneHHIO BToporo po,na QF2), MaCCOBaH aCHMMeTpHH B KOTOpoi1 paBHa -0.1. 

TaKHM o6pa30M, ,nnH noHHMaHHH MexaHH3MOB peaKU:HH, Benyll\HX K o6pa3oBaHHIO 

CBepXTH)!(eJihIX H,nep, Heo6xo,nHMO 113yqeHHe OTJIHlJHTeJihHhIX xapaKTepHCTHK 

npou:eccoB CJIHHHHH-,neneHHH, C11MMeTpHqHoro 11 aCHMMerpHqHoro KBa3H,neneHHH. 

3Ta HHci>OpMaU:HH KpaHHe Ba)!(Ha ,nJIH nnaHHpOBaHHH 3KCnep11MeHTOB no CHHTe3y 

csepxD1)!(eJih1x H,nep 11 ou:eHKH B03MO)!(HOCTH nepexona K peaKD;HHM c 6onee 

TH)!(eJih!MH HaJieTaIOll\HMl1 l10HaM11 ,nIIH o6pa30BaHl1H H,nep TH)!(eJiee z = 118. 

UeJiblO pa6oThl HBJIHJIOCh 11ccne,noBaH11e xapaKTepHCTHK MaccoBhJX 11 

3HepreT11qecK11x pacnpe,neneH11i1 ,nen11TeJI1>Ho-no,no6H1>1x cpparMeHTOB s peaKU:11HX 

HOHOB 
48

Ca c Ml1Il!ellilMl1 
208

Pb, 232Th, 238U, 244Pu 11 248Cm np11 3HeprnHX B6Jil13H 

KynoHOBCKoro 6aphepa ,nnH non}"leHHH MeTo,na pa3,neneH11H npou:eccoB neneHHH 11 

KBa311,neneHm!. TaK)!(e u:eJihlO 6hIJIO H3}"leHHe B,111HHl1H CBOHCTB BXO,nHoro KaHana 

peaKD;HH (ccl>ep11'1eCKHe H ,necpopMHpOBaHHhie H,npa, BHOC11MM B Cl1CTeMy 3HeprnH) 

Ha KOHKypeHU:11!0 KaHaJIOB CJIHHHl1H-,neneHHH 11 KBa3H,neneHl1H nm1 IlOHCKa 

OilTHMaJihHhIX ycJIOBl1H BXO,nHoro KaHana peaKU:HH, senyll\11X K o6pa30BaHHIO 

csepxrn)!(eJihIX H,nep. 

0CHOBHbie UOJIO~eHHH H pe1yJibT3Tbl, BblHOCHMbie Ha 33UlHTY: 

1. Pe1ynhTaThI 111Mepett11i1 Maccoso-3Heprer11tJecK11x pacnpe,nenett11i1 

611HapHh!X cl>parMeHTOB H ceqeHHH 3axsara B peaKU:11HX 48Ca + 208Pb, 232Th, 

238U, 244
Pu 11 

248
Cm np11 3HeprnHx s6n11111 KYJIOHOBCKoro 6apbepa. 

4 

2. Pe1ynhTaThI aHan111a 3HepreT11tJecK11x pacnpe,neneH11i1 cpparMeHTOB 

peaKU:HH 48Ca + 238U, 244Pu H 248Cm, Il03BOJil18Wero pa3,neJIHTh KaHaJihl 

CJIHHHHH-,neneHHH, CHMMe1p11'1HOro H aCHMMeTpHlJHOro KBa311,neneHHH, 

ou:eHHTh 11X BKJIMbI B celJeH11e 3aXBaTa 11 noJiyt:IHTh sepXHHe ou:eHKH 

cetJeHHH CJil1HHHH-,neneHHH CJFF. 

3. ITonyqeHhl sepOHTHOCTH CJIHHHHH PcN, BbJ)!(HBaHHH W sur, a TaK)!(e seJIHlJl1HhI 

6api,epoB neneHHH o6pa30BaHHhlX B peaKU:HHX c 110HaMl1 48Ca COCTaBHbIX 

H,nep 254-256No, 283- 286Cn, 289- 292FJ H 293- 296Lv c HCilOJih30BaHHeM Haii,neHHbIX 

celJeHl1H CJIHHHl1H-,neneHHH CJff. 

4. Pe1ynhTaThJ 11ccne,nosatt11H BJIHHHl1H o6onotJelJHbIX 3<l><l>eKTOB Ha 

cl>opM11poBaH11e cpparMeHTOB ,neneHHH 11 KBa3H,neneHl1H B peaKU:HHX 

48Ca + 208Pb, 232Th, mu, 244pu H 248Cm. 

5. BnepBhJe o6ttapy)!(etto 611Mo,nanbttoe ,nenett11e H,npa 256No, o6pa3osattttoro B 

peaKU:HH 48Ca + 208Pb nptt 3 tteprnHx ao16y)!(_neH11H E* = 17-35 M3B. 

HayquaH HOBHJHa pa6oThl 

BnepBhJe 6hrnH H3MepeHhI Maccoao-3ttepreT11tJeCKHe pacnpe,nenett11H 11 <i>YHKU:HH 

B036y)!(_neHHH cpparMeHTOB neneHHH 11 KBa311,neJieHHH B peaKU:11HX 
48

Ca + 232
Th, 

244Pu, 248Cm. B peaKU:11HX s1a11Mo,nei1cTB11H HOHOB 48Ca c aKT11tt11,nHbIM11 H,npaMH 

238U, 244Pu, 248Cm Ha ocHose aHaJrn3a 3HepreT11tJeCK11x pacnpe,nenettttii snepsb1e 

6bIJIO npoae,neHO pa3,neJieHHe npou:eccoB CJil1HHHH-,neneHl1H, Cl1MMeTpH'1HOro H 

aCl1MMeTpHlJHOro KBa3H,neneHl1H, nonyqeHa sepxHHH ou:eHKa ceqemrn CJIHHHHH­

neneHHH CJFF, a TaK)!(e aen11q11Ha 6apbepos ,nenettHH ,nnH H,nep 254·256No, 283- 286Cn, 

289-292Fl 11 293- 296Lv. Bnepsh1e Ha6n10,nanocb 611Mo,nanhHoe ,nenett11e 256No, 

nonyqeHttoro B peaKu:1111 
48

Ca + 208Pb np11 3HeprnHx ao16y)!(_nett11H E* = 17-

35 M3B. 

IlpaKTuqecKaH JHaqHMOCTb pa60Tbl 

Pa3pa60TaHH1>1e MeTo,nhI o6pa6oTKH 11 aHan111a 3Kcnep11MeHTaJihHhIX ,naHHhIX 

Moryr npttMeHHThCH B 3KCnep11MeHTax c HCilOJih30BaHHeM BpeMHnponeTHOH 

5 
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MeTO,DJIKH, qTo IT03BOJUIT ITOBbICHTb Ha,neJKHOCTb H TOqHOCTb H3MepeHHH MaCCOBO­

:mepreTwqecKHX pacnpe.neJJeHHi1 npo.nyKToB peaKIJ,HH H BbI)J.eJJeHHJ! pa3JJHqHbIX 

KaHaJJOB peaKIJ,HH. IloJJyqeHHbie 3KCnepHMeHTaJJbHbie .naHHbie )1,JJJ! peaKIJ,HH HOHOB 

48Ca c J!)J.paMH 208Pb, 232Th, mu, 244Pu H 248Cm npH 3HeprHJ!X B036yJK)J.eHHJI 

E* = 13-45 M3B, MOfYT 6bJTb wcnoJJb30BaHbI )1.JJJ! TecTwposaHHJI TeopeTwqecKHX 

MO)J,eJJel1, OITHCblBaIOIIJ,HX )1,HHaMHKY CJllfj!Hlfj! rnJKeJJblX Mep. l1mpopMaIJ,Irn 0 

KOHKypeHL(HH KaHaJJOB CJJHJ!HHJ!-)1,eJJeHHJ! H KBa311)1,eJJeHl1J! B o6JJaCTH 

CBepxrn)l(eJJblX J!)J.ep c z = 102-116, o6pa30BaHHblX B peaKL(HJIX c HOl-!aMH 48Ca, 

MO)l(eT 6bITb HCITOJlb30BaHa )1,Jljl OIJ,eHKH B03M0)1(H0CTH nepexo.na K peaKIJ,HJ!M 

CJJHJIHlfj! c 6oJJee TJ!)l(eJJblMH HOHaMH, TaKHMH, KaK 50Ti, 54Cr HJJH 3K30THqeCKHMH 

Jl.[(paMH. 

Anpo6auuH pa6oTbt 

OcHOBHbie pe3yJJbTaTbI .[(11cceprnIJ,11H .!lOKJJa.!lbIBaJJl1Cb 11 o6cy)l(.[(aJJHCb Ha 

ceM1rnapax Jla6oparnp1111 J!.[(epHhIX peaKIJ,11!1 HM. r. H. <l>JJeposa 0115[11, a TaK)l(e 

Ha cosemamrnx 11 KoHcpepeHL(HJIX: 

• "Mass-energy distributions of fission fragments of superheavy nuclei produced 

in the reactions with 48Ca ions", International Conference on Nuclear Physics at 

Border Lines, May 21-24, 2001, Lipari (Messina), Italy. 

• "Competition in capture reactions in the superheavy region", Workshop on 

forthcoming facilities at LNS: EXCYT and MAGNEX, 20th-22nd March 2003, 

Catania, Italy. 

• "Shell effect manifestation in mass-energy distributions of fission and quasi­

fission fragments of nuclei with Z = 102 - 122", International Symposium on 

Exotic Nuclei (EXON 2004), July 5-12, 2004, Peterhof, Russia. 

• "From 48Ca to 50Ti-projectiles: the results of the experiment 48Ca + 246Cm -+ 

294 116 and 50Ti + 244Pu-+ 294 116", Third SANDANSKI Coordination Meeting 

on Nuclear Science, 26-30 September, 2005, Albena, Bulgaria. 

• "The study of fusion-fission and quasi-fission processes in the reactions 

48Ca+208Pb, 232Th, mu, 244Pu, 248Cm", International Symposium on Exotic Nuclei 

(EXON 2016), September 5-10, 2016, Kazan, Russia. 
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• "The influence of the spectrometer time-angular resolution and physical factors 

on the mass-energy resolution obtained in 2V-method", International 

Symposium on Exotic Nuclei (EXON 2016), September 5-10, 2016, Kazan, 

Russia. 

• "l1ccJJe)J,OBaHHe npoIJ,eccoB CJJHJIHHJl-)J.eJJeHHJ! 11 KBa3H)J.eJJeHHJI B peaKL(HJIX 

HOHOB 48Ca c MHilleHJIMH 208Pb, 238U, 244Pu, 248Cm", CeMHHap cpw3wqecK11x 

ceKTOpOB Jia6oparnpHH Jl.!lepHbIX peaKIJ,11!1 Ol15ll1, 27 arrpeJJJ! 2018. 

CTpympa u o6'beM .!lHccepTauuu. 

.z:t:wccepTaIJ,HJ! COCTOHT H3 BBe)J.eHHJI, ITJ!Tl1 rnaB, 3aKmoqeHHJ! H CITHCKa 

JJHTepaTypbI. 0Ha CO.[(ep)l(HT 135 CTPaHl1L( MaUIHHOflHCHOfO TeKCTa H BKmoqaeT B 

ce6JI 6 Ta6JJHL(, 40 pwcyHKOB H 6H6JJHOrpacp11qecKHH CITHCOK JIHTepaTypbl H3 160 

HaHMeHOBaHHH. 

Bo BBe.!leHuu paccMaTpwsaeTCJ! 11ayqHaJ1 npo6neMa, peweHHIO KOTopol1 

ITOCBJIIIJ,eHa .[(HCcepTall,HJ!, o6oCHoBaHa ee aKTYaJJbHOCTb, ccpopMyJJHpOBaI-!a L(eJJb 

pa60Thl, npHBe)J.eHbI OCHOBHbJe ITOJIO)l(eHl1JI, Bb!HOCHMbie Ha 3aUI111)', a TaK)l(e 

H3JIO)l(eHO CO.[(ep)l(aH11e .[(11CCepTal(l1H no rnaBaM. 

B nepsoii rnaBe npHBe.[(eH o63op J111Teparypb1 no TeMe .nwccepTaUHH. 

Ilpe.!lCTaBJJeHa KJJaccwcpwKaIJ,HJI npoueccos, npoTeKalOIIJ,HX B peaKL(l1JIX c 

TJ!)l(eJlbIMH HOHaMH. PacCMOTPeHbl peaKIJ,HH ropJ1qero H XOJIO,[IHOfO CJll1JIHHJ!, 

Be.!lymwe K o6pa30BaHHIO TPaHccpepM11eBblX J!.[(ep, ITOKa3aHa KOHKypeHIJ,11JI Me)l(.[(y 

KaHaJJaMH CJIHJIHHJl-.[(eJJeHHJI 11 KBa311.[(eJJeHl1JI B .[(aHHOH o6JJaCTH Jl.[(ep. 

Bo BTOpoii rJiaBe OITHCaHbl OCHOBHbJe MeTO)J.bI perHCTPau11H cpparMeHTOB 

.[(eJJeHJ1AfKBa311.[(eJJeHlrn, rrpHMeHJleMbie B COBpeMeHHb!X Jl.[(epHO-cp113HqecKHX 

3Kcrrep11MeHTaX. IlOKa3aHo, qTo .[(Jljl .[(eTaJJbHOfO 11CCJJe.[(OBaHJ1JI MaCCOB0-

3HepreT11qecK11X pacrrpe.!leJJe1111l1 (M3P) cpparMeHTOB H a11an113a 11x CTPYKTypHbIX 

oco6eHHOCTel1 Heo6XO.[(HMO rrpoB0.[(11Tb 113MepeHl1J! c xopOIIll1M MaCCOBbIM 11 

3HepreTHqecKHM pa3pewem1eM, KOTOpoe MO)l(eT 6bITb .[(OCTHfHYTO B MeTO.[(e 

H3MepeHJ1J! .[(Byx CKOpOCTel1 2V np11 11CnOJJb30BaHHH .[(eTeKTOpOB Ha OCHOBe 

MHKpOKaHaJJbHblX ITJJaCTHH. 

• 
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DpeL1crns11eHa ycrnHOBKa CORSET, Ha KOTopott B peaK1urnx c DDKe11L1M11 110HaM11 

MeTOL\OM 113MepeHtt51 L\Byx speMeH npo11ern ToF 1-ToF2 no11)"IeHbI Maccoso-

3HepreTw-1ecK11e pacnpeL1e11eH115I cpparMeHTOB 11 ceqeH115I 1axsaTa. Dp11seL1eHbI 

cxeMbl CTapTOBblX 11 CTOOOBblX L(eTeKTOpOB Ha OCHOBe MttKpOKaHaJTbHbIX n11aCTJ1H. 

On11caHa Kan116posKa cneKTPOMeTp11qecK11x TpaKTOB 11 HaCTPOHKa L(eTeKTopos. 

OueHeHbJ Maccosoe 11 3HepreTtt'fecKoe pa3perueH115I speM5lnpo11eTHOro 

cneKTPOM~a CORSET. 

B TpeTbeu rJiaBe on11caH anropttTM 06pa60TK11 3KcnepttMeHTaJTbHbIX L(aHHbIX, 

BK11IO'fal011]11H B ce651 copTttpOBKY OT C11)"IattHbIX cosna,[\eHHH, no11r1eH11e 

MaCCOB0-3HepreTtt'feCK11X pacnpe,[1e11eHl1H cpparMeHTOB, BbIL(e11eH11e 611HapHoro 

KaHana peaKl.]1111, HOpMttpOBKy 0011)"IeHHbIX L(ByMepHblX MaTPMlJ (TKE, M) Ha 

reoMeTPH'feCKYIO 3cpcpeKTMBHOCTb perncTpau1111 cneKTpoMeTPa, no11yqeH11e 

ceqeHttH 1axsaTa. 

B 'leTBepTou rnase np11seL(eHbI pe1y11LTaTbI 111MepeH11tt M3P cpparMeHTOB 11 

ceqeH11i1 1axsarn peaKl]l111 48Ca + 208Pb ~ 256No np11 3Heprm1x s61111111 

Ky110HoBcKoro 6apbepa. 3Kcnep11MeHTb1 nposo,[(111111cb B Jla6opaTop1111 5IL\epHbJX 

peaKl]HH HM. <1>11eposa B ,ZJ;y6He Ha ycKop11Te11e Y-400 np11 3Heprn51x nyqKa 110HOB 

48Ca E1ab = 206, 211 , 218, 225, 232, 234, 240 11 242 M3B. f1p11 113fOTOB11eHttl1 

MJ1WeHeH 1130TOObl 208Pb (180- 270 MKr/cM2) HanbIJT511111Cb Ha yrnepOL\Hbie n11eHKl1 

T011ll]ttHOtt 50 MKrlcM2. Ha P11c . 1 noKa3aHbI Maccoso-3HepreT111fecK11e 

pacnpeL1e11eH115I npOL\YKTOB peaKu1111 L\1151 3Heprni1 E1ab = 21 I - 242 M3B. Csepxy 

BHJ13 OOKa3aHbl L\ByMepHbJe MaTp11l]bl (TKE,M), MaCCOBbie BbTXOL(bl, 

HOpMttpoBaHHbJe L\1151 L(e11ttTe11bHO-OOL(06HbIX cpparMeHTOB c MaccaMM 

60 a.e.M. < M < 196 a.e.M. Ha 200%, 1as11c11MOCT11 cpeL1Hei1 no11Hoi1 K11HeT111fecKoi1 

3Heprn11 (TKE)(M) 11 L1ttcnepc1111 O"fKE (M). DpOL\YKTbI peaKl.]1111 c MaccaM11, 

611111K11M11 K MaccaM HaneTaIOll]ero 110Ha 11 51,l\ep MttrneH11 Ap,t ± 10 a.e.M., 

npeL\CTaBJT51IOT co6ott co6LITl151 ynpyroro, KBa311ynpyroro 11 rny6oKo-Heynpyroro 

pacce51Htt51. 
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Puc. 1. Csepxy-BHl13: ti:ByMepHbJe pacrrpeti:enett1rn fornapHbIX rrpoti:yKToB peaKl\1111 
48Ca + 208Pb; MaccoBLie BbIXOtJ:bI, HOpM11posaHHhie tlJ151 cpparMeHTOB (60 a.e.M. < M < 

196 a.e.M) Ha 200%; 3aBJ1CHMOCTH (TKE)(M) 11 O"fKE<M) t{Jlll ti:eJ1HTeJlbHO-Il0t{06HhlX 

OCKOJlKOB, Bhit{eJleHHh!X KOHTypaMH Ha MaTpHl]aX (TKE,M). 

Maccono-3HepreTtt'feCKtte pacnpeL(e11eHH5I L(eJlttTe11bHo-noL(o6HbIX ocK011KOB 

( cpparMeHTOB L(eJJeHH51 11 KBa311L(e11eHtt51), BbIL(eJleHbl KOHTypaMH Ha MaTPttl]aX 

(TKE, M). MaccoBble pacnpeL1e11eH115!. cpparMeHTOB np11 E1ab = 225-242 M3B B 

0611aCTl1 CMMMeTPM'fHOfO L(e11eHJ151 ITO cpopMe 6Jltt3Kl1 K pacnpeL(eJleHtt51M faycca 

(rrOKa3aHbl TOHKOH J111Httett), a 3aBJ1Cl1MOCTl1 cpeL(HeH KtIHeTtt'feCKOH 3Heprntt OT 

Macchi (TKE)(M) 611111K11 K napa6on11qecKttM (rryHKTHpHbJe 1111mrn). TaKoe 

IIOBeL(eHtte BbIWeyKa3aHHblX xapaKTepttCTHK cpparMeHTOB THIIH'fHO L(Jl51. L(e11eHJ151 

HarpeTbIX 51.L(ep 11 HaXOL(l1TC51. B cornac1111 c rrpeL(CKa3aHJ151.MJ1 MOL(e11H )!(11,[IKOH 

Karr1111 [6] . B TO )!(e speM51. nOBbJWeHHblH MaeeOBblH Bb!XOL\ Ha61110,[laeTe5I L(Jl51 Mace 

11ern11x cpparMeHTOB 60 a.e.M. < ML < 90 a.e.M. 11 eooTBeTeTByIOll]HX MM Mace 

T51.)!(e11b!X cpparMeHTOB. 

,ll;1151 Toro 'fT06bI n011)"IHTb xapaKTepHCTJ1Kl1 ettMMeTPH'fHOfO L(eJJeHH51 

eocTaBHOfO 51,[lpa 256No, Mb! anrrpoKeHMHpOBaJTl1 3KenepttMeHTaJTbHbie MaeeOBbie 

paerrpeL1e11eHtt5!. cpparMeHTOB rayec11aHaM11 (G) (Ptte. 1, 2). Ha Ptte. 2 c11esa 

9 
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nOKa3aHbl MaCCOBbie pacnpe.ueneHlrn B JiorapmpM11'-leCKOM MaCrnTa6e KaK 

cpyHKu1111 OT napaMeTPa (M-AcN/2)2
, r.ue ACN - Macca cocrnBHoro 51.Upa. B 

Bb16paHHb!X KOOp,ll11Harnx raycc11aH 51BJI51eTC51 Jll1HeHHOH cpyHKu11eii, 11, HalJl1H351 

np116Jil13HTeJibHO c (M-128)2 ~ 900-1000 (ML~ 100 a.e.M .) , 3Kcnep11MeHTaJibHbie 

3IIalJeHl151 OTKJIOH51IOTC51 OT raycc11aHOB, ,llOCTaTO'-IHO xopowo on11Cb1Ba1011111x 

HalJaJibHYIO lJaCTb WKaJibl. B ueHTPe P11c. 2 Te )l(e MaCCOBbie pacnpe.ueneHl151 

cpparMeHTOB 11 raycc11aHbl nOKa3aHhl B JIHHeHHOM Macwrn6e. 8bJXO,llbl 

KBa3H.UeJI11TeJibHOH KOMnoHeHThI .UJI51 nern11x cpparMeHTOB nOKa3aHbl Ha P11c. 2 

cnpasa. 0HH 6bIJil1 nOJJYLfeHbl KaK pa3HOCTb Me)l(.[ly 3KCnep11MeHTaJihHb!Ml1 

BbIXO,llaMH cpparMeIITOB 11 cpyHKU1151Ml1 faycca, Onl1Ch1Ba10I11HMl1 Cl1MMeTPl1'-IHOe 

.ueneH11e: Y QF(M) = Yexp(M) - Y G(M). 
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Puc.2. Cnesa - Maccosh1e BhIXO.l\hI cjiparMettTOB (4eptth1e Kpy)l(KH) B norap11cjJMHtJecKoM 

MaCWTa6e B 3aBHCHMOCTH OT napaMeTpa (M - AcN/2)2 H anrrpOKCHMaUHSI HX 

raycc11attaM11 (nHHHH). B 1..1eHTpe - MaccOBhJe BhIXO.l\hI B JJHHei1ttoM Macrnrn6e H HX 

OllHCaHHe TeMH )l(e rayccHattaMH, KOTOpbie noKa3aHhl CJieBa. Crrpasa - Bb!XO,!\ nerKHX 

<j>parMeHTOB KBa3H,!\eJJeHH51. 
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Ha P11c. 3 noKa3aHhI 3Kcnep11MeHTaJihHb1e 3as11c11MocT11 .u11cnepc1111 Maccosoro 

pacnpe.ueneH115I (u~)G , cpe.uHei1 nonHoi1 K11HeT11'-leCKOi1 3Hepnm (TKE) 11 

.u11cnepc1111 ufKE OT TeMneparyphI 51.Upa B TO'-IKe pa3phrna Tse· Xopowo BH.UHO, tJTO 

(TKE) B npe.uenax 3Kcnep11MeHTaJihHhIX oum6oK He 1as11c11T OT Tse 

(so16y)l(.ueH115I) (P11c. 3a), '-ITO xapaKTepHo .UJI51 .ueneH115I HarpeTbIX T51)1(eJihix 51.Uep. 

,[(11cnepc1151 O'fKE (P11c. 36) .UJI51 Tse;:: 1.83 M3B pacTeT nponopuHOHaJihHO Tse· 

3aWTPHXOBaHHb!H y'-laCTOK 3HalJeHl1H O'fKE nOKa3bIBaeT o6JiaCTb 113MeHeHl1H 

.u11cnepc1111, xapaKTepHyio .UAA .ueneHH51 HarpeThIX T51)1(eJibIX 51.Uep. '.:ha o6nacTb 

6brna onpe.ueneHa B pa6oTe [7] .UAA .ueneH115I 51.Uep, o6pa30BaHHhIX B peaKu1151x c 

T51)1(eJJbIMH 110HaM11 c Maccoii Ai < 26 a.e.M. c y<IeTOM so1pacTaH115I ufKE c 

yseJI11'-leH11eM yrnosoro MOMeHrn /. ,[(JI51 TeIVmepaTyphI Tse= 1.82 M3B 

(E1ab = 218 M3B) 3HalJeH1151 .u11cnepc1111 ufKE He yMeHbll!aIOTC51, a .UJI51 

Tse= 1.75 M3B (E1ab = 211 M3B) OHa .ua)l(e B03pacrneT. 3TO YKa3hJBaeT Ha 

npo51sneH11e o6oJio'-le'-IHhIX 3cpcpeKTOB B M3P ocKoJIKOB .nocTaTO'-IHO 

H113K03HepreT11<IecKoro .ueneH115I 256No. 

~jE!~:;: :1·!: 'i i.i:. l 
:~:=t~);: 2: l 
:i 
..; 
.$ 
" N" b 
~[·):: 2 :1 

1.70 1.75 1.80 1.85 1.90 1.95 2.00 

T,JM3B) 

Puc.3. (TKE), O'fKE H (u~)G ,!\JJ51 peaKUHH 48Ca + 208Pb KaK <j>yHKUHH TeMnepaTyphI 

51,!\pa B TO'!Ke pa3pbIBa Tse. 3aunpHXOBaHHhie o6naCTH IIOKa3hIBalOT o6JiaCTH H3MeHeHH51 

,!\HCIIepc11M: O'fKE H (u~)G ,!\ID! ,!\eJieHH51HarpeTblX51,!\ep. 
• 
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3aurrpuxosaHHal! qacTb Puc.3s cooTBeTcTsyeT o6nacTu u3MeHeHuJI .nucnepcuu 

Mace (CT~)G ,nnll .neneHull HarpeTbIX J1,nep. )J;m1 TeMnepaTypbI Tse= 1.92-1.93 M::iB 

(E1ab = 240 - 242 M::iB) ysenuqeHue .nucnepcuu Haxo,nuTCJI s6nu3u, HO 3a 

npe.nenaMH TOTO, qTo MO)!(HO O)!(u,naTb ,nnll .neneHHJI COCTaBHOro ll,npa. 3TO 

CBJl3aHO c ysenuqeHHeM BKJia,na KBa3u,nenHTeJlbHOH KOMnOHeHTbl B MaCCOBOM 

pacnpe.neneHHu cpparMeHTOB scne,ncTBHe Maccosoro .npeticpa npo,nyKTOB 

KBa3u,neneHHJI K CHMMeTpuu c poCTOM 3HeprnH CTOilKHOBeHuJI. TaKHM o6pa30M, 

xapaKTepHCTHKH M3P OCKOilKOB .neneHHJI 256No ,nllJI o6naCTu CHMMerpuqHb!X 

Mace 100 a.e.M. < M <156 a.e.M. ,nnll 3Heprnf.i Eiab= 220-234 M::iB, 6nu3Ku no 

CBOHCTBaM K .neneHmO COCTaBHOro ll,npa. TeM He Menee, HeKOTOpbie OTKJIOHeHHJI 

OT xapaKTepucTuK .neneHuJI HarpeThIX J1,nep Ha6mo.na10TCJ1 B pacnpe.neneHuu 

.nucnepcuf.i CTfKE (M) B o6nacTu Mace M = 115-141 a.e.M. ,nnll scex myqeHHbIX 

3Heprnf.i (PHc. 1) u B MaccoBbIX Bhixo.nax cpparMeHTOB npu Eiab = 211 u 218 M::iB. 

<l>opMa MaccoBbIX pacnpe.neneHuf.i npu 3THX :.meprHJ1x 0Tm1qaercJ1 OT rayccuaHa 

(Puc. 1, 2): su,nHbI nnocKue crpyKTypuposaHHbie sepnrnHhI c Maccof.i TJl)!(enoro 

cpparMeHTa MH"' 128-135 a.e.M. IIpH :.meprnu CTOJlKHOBeHull E1ab = 211 M::iB 

Ha6n10.nacrcJ1 ysenuqeHHbIH Bblxo.n cpparMeHTOB no cpasHeHHIO c raycco­

o6pa3HOH cpopMof.i pacnpe.neneHuJI B o6nacTu Mace MH= 145-155 a.e.M. Ornuque 

M3P cpparMeHTOB OT )!(u,nKOKanenhHOil: cpopMbI o6ycnosneHo npol!sneHueM 

o6onoqeqHbIX 3cpcpeKTOB B HH3K03HeprcruqecKOM .neneHuu 256No. Ha Puc. 4 

noKa3aHbI nonHoe H .nucpcpepem~uanbHOe MaCCOBbie ( cnesa) u 3HepreTuqecKue 

( cnpasa) pacnpe.neneHull cpparMeHTOB .nm1 3HeprnH nyqKa E1ab = 211 M::iB. )J;nll 

TKE > 201 M::iB (Puc. 46) s o6nacTu Mace TJl)!(eJlbIX OCKOJlKOB MH = 131-

13 S a.e.M. JIBHO BH,nHa .nsyrop6al! CTpyKTypa, no.no6Hal! TOH, qTo Ha6n10,na..TJaCb B 

cnoHTaHHOM .neneHuu fgjLr [8]. Pacnpe.neneHue TKE noKa3aHo Ha Puc. 4s ,nnll 

scex Mace cpparMeHTOB H Ha Puc. 4r - ,nnll o6nacTu cuMMerpuqHbIX Mace 

M= 124-132 a.e.M. 
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Puc. 4. Cnesa - Maccosb1e pacnpeneneHm1 <}>parMeHTOB peaKl.\HH 48Ca + 208Pb np11 
E1ab = 211 M::iB nnll scex <}>parMeHTOB (a) 11 ;:\Jlll <}>parMeHTOB c TKE > 201 M::iB (6). 
Cnpasa - pacnpenenett11ll TKE nnll scex <}>parMeHTOB (s) 11 .llJlll 06nacT11 c11MMeTpwrnb1x 
Mace M= 124-132 a.e.M. (r) . 

Bu,nHo, qrn ,nnll cuMMerpuqHbIX cpparMeHTOB pacnpe.neneHHe TKE cocrn11T 113 

.nsyx KOMnOHeHT: Hli3K03HepreTuqecKOM c (TKE)1ow - 200 M::iB, 11 BbICOK03Hepre­

TuqecKOH c (TKE)high - 233 M::iB. 3Tu 3Haqettull TKE, TaK )!(e KaK u MaccoBbie 

BbIXO,nhI cooTBeTCTBYIOT cornacHo KJiaccucpuKm.1uu Epo3hI [9] Mo,naM Standard 11 

Super Short (SS) ,nnll cnoHTaHHoro .neneH11J1 csepxrn)!(eJlbIX J1,nep. Mutt11MaJlbHbIM 

BKna.n SS-Mo,nhI 01.1eHHBanCJ1 no OTHoweHuIO BhICOK03HepreT11qecKoi1 

KOMnoHeHTbI B ::itteprcrHqecKOM pacnpe.nenettuu ,nnll Mace M = 124-132 a.e.M 

(Puc. 4r) K nonHOMY Bb1xo.ny cpparMeHTOB (P11c. 4s). B ttacTom11ei1 pa6oTe 

nOKa3aHo, qTo 3TO OTHornettue cocTaBJllleT "' 2.5% ,nnll ::itteprn11 E1ab = 211 M::iB, 

::;,l.7 % ,nllll E1ab = 218 M::iB u CHtt)!(aeTCJI .no"' 0.3% ,nnll E1ab= 234 M::iB. 

KaK 6brno nOKa3aHo Ha Puc. 2, KBa3u,nenettue B peaKQHu 48Ca + 208Pb 

npol!BJllleTCJI s o6nacTu Mace nerKux cpparMeHTOB ML - 60-90 a.e.M. u 

cooTBeTcTsy10mux uM Mace TJl)!(eJlhIX cpparMeHTOB. Ha Puc. Sa noKa3aHbI 

Maccosb1e pacnpe.neneHuJI nerKux cpparMeHTOB KBa3u,neneHuJI .nm1 3Heprni1 nyqKa 

uoHOB Eiab = 234 M::iB, ux 3HepreTuqecKue 3asuCHMOCTu (TKE)(M) npuse.neHbI 

Ha Puc. 56. IIonttal! KuHeTuqecKal! ::itteprnll cpparMeHTOB KBa3u,neneHuJI 

BbJqucmrnacb no cpopMyne: 

(TKEQF) = [ (TKEexp)-(TKEFF)-(Y FF/Y exp) ]/(Y QF/Y exp) 
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3,[(eCh JIO.L(pa3yMeBaeTC.ll 3aBHCHMOCTh BCex BeJrnqHH OT MaCCbl, y QF - BbIXO,[( 

cpparMeHTOB KBaJH.L(erreHH.ll, Y FF - Bh!XO.L( cpparMeHTOB ,[(erreHH.ll, Yexp - JIOJTHJ>IH 

3KcrrepHMeHTaJThHh!H BhIXOA cpparMeHTOB, TKE - cpe.L(H.ll.ll rrorrHM KHHeTHqecKM 

3Heprn.ll cpparMeHTOB. 3KcrrepHMeHTaJThHM JaBHCHMOCTh (TKE)(M) Ha PHc. 5 

OJIHChJBarraci, ypaBHemi:eM H3 pa60ThI (10] : 

(TKE)(M) = (TKEN2) (1-112)(1 +p112), 11 = (M-AcN/2)/(ACN/2), (2) 

r,[(e 11 - rrapaMerp MaCC-aCHMMerpHqHOH ,[(ecpopMal{HH, p - 3MJI11pHqeCKl1H 

rrapaMerp, OJil1Ch!BaIOIL\HH CTerreHb OTKJTOHeHH.ll 3KCrrepHMeHTaJTbHbJX 3HaqeHl1H 

(TKE)(M) OT rrapa6orr11qecKOH 3aBl1CHMOCTl1, rrorryqeHHOH B )i(H,[(KOKaJieJTbHOH 

MO,[(emi: [6], r,[(e p = 0. B11.L1HO, qrn cpe.L(H.ll.ll rrorrHa.ll KHHeTHl{eCKM 3HeprnR 

KBa.311.L(erreHHj! (TKEQF) BhIIIIe .L(JT.ll Mace ML~ 60-90 a.e.M Ha 7 - 15 M3B, qeM 

(TKEFF) ,[(JT.ll CJTHj!H11.ll-,[(eJTeHl1.ll, H TaK)l(e 11MeeT rrapa60JTHqecKyfO 3aBl1CHMOCTb OT 

Macci,1 cpparMeHTa. TaKHe cBoH:crna M3P cpparMeHTOB KBaJH.L(erreHH.ll, KaK 

yBeJTHqeHHbIH MaCCOBbIH BbIXO,[( H 6orree BbICOKYfO KHHeTHqecKyfO 3HeprHIO 

(TKE) .L(JT.ll o6rracTH Mace 60 a.e.M. < ML < 90 a.e.M. (PHc. 1 H 5), MO)l(HO 

061 • .l!CHHTh rrpO.l!BJTeHHeM o6orroqeqH(,JX 3cpcpeKTOB. 
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Puc. 5. a) MacCOBh!C BhlXO)l;hl KBa:m,n;eJJHTCJJhHOH KOMOOHCHThl JJCrKOfO cpparMCHTa 

rroKaJaHhl .LIM E1ab = 234 M3B OTKphlThIMH Kp)')KKaM11; qeptthIC Kp)')KKH 

3KCJICpHMCHTaJJhHblC MaCCOBh!C Bh!XO)l;hl. JlJrnHj! - rayccnaH, OIIHChJBalOlllHH 

CHMMeTpHl{HQC )l;CJJCHHC 256No. 6) 3KCIICpHMeHTaJJhHhIC 3HaLJCHH.ll (TKEexp)(M) (qepHhie 

Kp)')KKH) H (TKEqF){M) .LIM KBaJH)l;CJJHTCJJhHOH KOMIIOHCHThl (OTKpblTh!C Kpy)l(KH); 

CIIJJOllIHOH mrnneJ.i IIOKaJaHO OIIHCam1e rrapa6onoJ.i (TKEFF) cpparMCHTOB 

CHMMeTpHl{HOfO )l;CJJCHHj!, IIyttKTHpHOH JIHHHCH - (TKEQF) cpparMCHTOB KBaJH)l;CJICHH.11. 
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CTperrKaMH Ha P11c. Sa IIOKa.JaHo rrorro)l(eHHe JaMKHyr1>1x o6orroqeK Z = 28 11 

N = 50, B1>1qHcneHttoe B rrpe.L1IIOJlO)l(eHHH o tteH3MeHHOH 3ap.ll.LIOBOH IIJJOTHOCTH. B 

,[(aHHOH peaKI.{HH TOJlbKO JIOJlO)l(eHHe nerKHX KBa3H,[(eJ1HTeJlbHbIX cpparMeHTOB 

OTBeqaeT 3aMKH)'ThlM o60J10l{KaM. 0TBeTHbie T.ll)l(eJlhie cpparMeHTbl HMefOT MaCCbl 

M - 160-190 a.e.M. 11 He .l!BJl.l!IOTC.ll MarnqecKHMH .ll.L(paMH, JI03TOMY BKJla.LI 

KBa3H,[(eJ1HTeJlbHOH KOMIIOHeHTbl B ceqeHHe 3axBaTa ,[(Jl.ll ,[(aHHOH peaKL\HH 

OTHOCHTeJlbHO Marr 11 He rrpeBbIIIIaeT ,[(Jl.ll 113MepeHHbIX 3HeprnJ.i 15%. 

B DHTOH niase np11Be.L(eH1>1 pe3yn1>TaThI MJMepeH11H: M3P rrpo.L1yKToB peaKL\HH 

HOHOB 48Ca Ha aKTl1HH,[(HhIX MHIIIeH.l!X 232Th, 238U, 244Pu H 248Cm. 3Kcrrep11MeHTbl 

6brn11 BhIIIOJIHeHbI Ha l{HKJTO'I'pOHe Y-400 JUIP OI15Il1 rrp11 3Heprn11 rryqKa HOHOB 

48
Ca E1ab = 226 - 244 M3B. MHIIIeH11 m 232Th, 238U, 244Pu, H 248Cm TOJlll.IHHoJ.i 180 -

220 MKrlcM2 H3fOTaBJ111BaJTl1Cb MeTO,[(OM HaIIblJleHl1.ll 1130TOIIOB Ha yrnepO.L(Hbie 

IIJleHKl1 TOJ1IL\11HOH 40 -50 MKrlcM2• MHIIIeHb 248Cm (125 MKr/cM2) 6brna C,[(eJlaHa 

Ha ITO,[(JlO)l(Ke 
27 

Al TOJTIL\11HOH (20 MKr/cM2) H JIOKpbITa c o6eHX CTOpOH yrnepo,[(OM 

12C ( 40 MKrfCM2). 

B 0TnH1me OT ccpep11qecKoro .ll.L(pa 208Pb, .ll.L1pa-aKT11H11.[(1>I 232Th, 238U, 244Pu, 

248
Cm Cl1JlbHO ,[(ecpopM11posaHhl. l'faBeCTHO, qTo KOHKypenl.{11.ll KaHaJTOB cmrnHl1.ll­

,[(eJleHl1.ll 11 KBa.311,[(erreHml 3aBl1Cl1T OT B3al1MHOH OpHeHTal\1111 ,[(ecpopMHpOBaHHbIX 

.ll,[(ep BO BXO,[(HOM KaHane peaKL\1111 [11]. KoMrraKTHM KOHcp11rypaum1 BO BXO,[(HOM 

KaHane peaKL\HH, KOf,[(a Mpa CTaJIKHBaJOTC.ll "6oK-K-6oKy", JIOBhilliaeT 

BepO.l!THOCTh CJlH.l!HH.ll, a BbIT.l!HyTa.ll KOHcp11rypau11.ll, KOf,[(a .ll,[(pa CTaJIKHBaIOTC.11 

"Hoc-K-Hocy", rrpHB0.[(11T K KBa.311,[(erreHHIO. Ha PHc. 6 rrp11Be.L(eH1>1 MaccoBo-

3HepreT11qecKHe pacrrpe.L(eneHHj! 611HapH1>1x cpparMeHTOB, rrorryqeHHhIX s 

peaKI.{11.11x 
48

Ca + 232
Th, 

238U, 244
Pu H 248Cm rrp11 3HeprH.11x B6rrH3H KyrroHoscKoro 

6api,epa. M3P Bcex Hccne.L1yeM1>1x peaKu11H: rro,[(06H1>1: .L(OMHH11pyIOIL\l1M KaHanOM 

.!IBJT.!leTC.11 aCHMMerp11qHoe KBa3H,[(erreHHe QFasym c xapaKTepHOH crpyKTypoH: B 

cpopMe .L(Byx KBa3l1,[(eJ111TeJJbHbIX JlOKYCOB c MaccoH: T.!l)l(eJToro cpparMeHTa s6JTH311 

.L(Ba)l(.L(bI MarITTecKoro CBl1HUa Mtt = 208 a.e.M., O,[(HaKo s 06nacT11 Mace 

ACN/2 ± 20 a.e.M. rrp11cyTcTByIOT TaK)l(e cpparMeHThI Cl1MMeTpl1qHOfO 

KBa.311,[(eneHHj! QFsym 11 CJ111.!IHHjl-,[(erreH11.11. CHH3Y Ha PHc. 6 rroKaJaHbl MaCCOB1>1e 
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pacnpe.nenemrn .nemneJihHO-no.no6HhIX qiparMeHTOB, npocyMMttposaHHhie no 

BCeM KHHeTttqeCKHM ::meprm1M H HOpMttpoBaHHhie Ha 200 %. MacCOBhie 

pacnpe.neneHHJl .nm1 3THX peaKIJHH HMeIOT aCHMMeTPHqHyIO .nsyrop6y10 <t>opMy c 

Maccoii nernoro KBa:m.nenttTeJihHOro qiparMeHTa ML~ 55 -115 a.e.M. tt TmKenoro 

qiparMeHTa MH ~ 170-230 a.e.M. B IJeHTpe Pttc. 6 JIHHH51MH noKa:mHhI .npaiiBttHr­

noTeHIJHaJihI B 3aBHCHMOCTH OT MaCChl qiparMeHTa, BhJqttcJieHHhie c nOMOmhIO 

ceTesoii 6aJhI 3HaHttH no 51.D,epHoii <l>tt3ttKe Htt3KHX 3Heprnii NRV [12] B 

.n11a6aT11qecKoM nptt6JimKeHHH c HCnOJih30BaHtteM noTeHIJttaJia 

KOpOTKO.D,eHCTBYJOmttx CHJI. Tiptt <t>opMttpoBaHHH MaCCOBhIX BhIXO,ll,OB npo.nyKTOB 

KBa3tt.neneHtt51 onpe.nen5110my10 ponh ttrpaeT o6onoqKa .nsmK.D,hI-MarnqecKoro 

CBHHIJa B T}!)l(eJIOM qiparMeHTe (Z = 82, N = 126). 

4BCa +mTh ~iso05 4BCa +2JBU~2s6Cn 4BCa +244Pu~292Fl 4BCa +24BCm~2%Lv 
300,-r=====>====,-.--,-_,,=========;----i~-;::::=========;---.--.-,:===o;;=;;~;:=:=;-..-, 

250 
al 
~ 200 
w 
~ 150 

:i iii' 200 

~ ~ 180 

~ E 160 

~ ~ 140 C::"'~~~~+L~ 
~ 

Ec.m./EBass= 1.02 

~ 
~ 
" :0 I 

c:a 

~ , . -..._,... 
50 100 150 200 250 50 100 150 200 250 50 100 150 200 250 50 100 150 200 250 

Macca <j>parMeHTa (a.e.M.) 

Puc. 6. Csepxy - Maccoso-3HepreTHqecKHe pacnpe.neneHHll 6HHapHhIX npo.nyKToB 

peaKIJHH 48Ca + 232Th, 238U, 244Pu H 248Cm; B 11eHTpe - IlOTeHI.(HaJlhHhJe 3HeprHH B 

KOHTaKTHOH KOHqmrypaIJHH, CHH3Y - 3KcnepHMeHTaJlhHhle MaCCOBhJe pacnpe.neneHHll 

.z:1enHTenhHO-no.z:106HhIX cjlparMeHTOB npH 3HeprHllX s6m13H KYJIOHOBCKoro 6aphepa, 

BhJqHcneHHOro B M0,1\eJIH Bacca [13]. 
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Tiptt 3TOM MaKCHMYM KBa3H.D,eJittTeJihHOro nttKa CMemaeTC51 OT 206 a.e.M B 

peaKIJHH 48Ca + 232Th K 211-212 a.e.M. .D,JIH peaKIJHH 48Ca + 248Cm, qTo 

o6'hJlCH51eTC51 BJIH51HHeM 3aMKHYThIX o6onoqeK Z = 28 tt N = 50 B nerKOM 

qiparMeHTe. PacqeThI .npaiiBttHr-noTeHIJttaJia noKaJhIBaIOT, qTo noJIO)l(eHtte ero 

MHHHMyMa CMemaeTC51 OT 208 a.e.M. B peaKIJHH 48Ca + 232Th, K 211 a.e.M. B 

peaKIJHH 
48

Ca + 248Cm, qTo COOTBeTCTByeT nOJIO)l(eHHIO nHKOB B 3Kcneptt­

MeHTaJihHhIX MaccoBhIX pacnpe.neneHI151X QFasym (cTPeJIKH Ha P11c. 6). 

Ha P11c. 7 noKaJaHhI 113MepeHHhie 3Kcnep11MeHTaJihHhie 3HaqeHHH (TKE)(M) 11 

lTfKE(M) .D,JI51 peaKIJHH HOHOB 48Ca Ha MHWeH51X 238U, 244Pu 11 248Cm np11 3Heprn51X 

s6n11311 KynoHOBCKoro 6apbepa. flttHH51MH Ha P11c. 7 noKaJaHhI pacqeThI 

(TKE)(M) 11 lTfKE(M) B paMKax )l(H,ll,KOKanenhHOii Mo.nentt [6]. B11.nHo, qTo (TKE) 

CI1MMeTP11qHhIX qiparMeHTOB peaKIJHH 4&ca + 23su, 244pu xopowo 

annpOKCHMttpyeTC51 napa60JI11qeCKOH 3aBHCHMOCThIO, xapaKTepHOH ,ll,JI51 .neneHH51 

HarpeThIX 51,1\ep, B TO BpeM51 KaK B peaKIJHH Ha 51.D,pe 248Cm Ha6JIIO.D,aIOTC51 

CTPYKTYPHhie oco6eHHOCT11 11 (TKE) Htt)l(e npe.ncKaJaHHhIX 3HaqeHttii . .[{n51 Mace 

MH = 200-210 a.e.M. 3Kcnep11MeHTaJihHh1e 3HaqeH11Jl (TKE)(M) Ha 10-15 M3B 

BhIWe, qeM pacqeThl B paMKax )l(H,ll,KOKaneJihHOH MO.D,eJIH .nm1 ecex 

npe.ncrneneHHhIX peaKIJHH. 

48Ca +2Jsu~2s6Cn 48Ca +244Pu~292Fl 48Ca +248Cm~296Lv 

co 260 E /E = 1.02 E /E = 1.03 E /E = 1.00 
(I') c.m. Bass c.m. Bass c.m. Bass 
~ 240 

~ 220 

:>G 200 

y 180 

N,-_ 800 
co 
~ 600 

~400 
"' Nb 200 \. 

50 100 150 200 250 50 100 150 200 250 50 100 150 200 250 

Macca <j>parMeHTa (a.e.M.) 

Puc. 7. (TKE}(M) (csepxy) H lTfKE (M) (cHH3Y) ,1\J]j{ .nenHTeI1hHo-no.no6HhIX 
cjlparMeHTOB, o6pa30BaHHbIX B peaKIJUllX 48Ca + 238U, 244Pu, 248Cm npH 3HeprHl!X B6JIH3H 
6apbepa Bacca. 
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0TKJIOHem1e xapaKTep11CTl1K OT )!(11,ll.KOKaneJihHOH MO)leJil1 TaK)!(e npmrnm1eTCH B 

pacnpe)leJieH1111 )l11cnepc11ti CTfKE (M). KaK 6hJJIO noKa3aHo B pa6oTe [14] B 

peaKQl1HX c TH)!(eJihIM11 110HaM11, Be)lyw,11x K 06pa30BaH11JO Hs, )l11cnepc11H 

CTfKE(M) MeHhIIIe )lJIH npouecca KBa311)leJieHm1, 'ieM )lJIH npouecca )leJieH11H, 'iTO 

TaK)!(e Ha6JIJO)laeTCH )lJIH qiparMeHTOB aCl1MMeTpwrnoro KBa311)leJieHl1H peaKQl1H 

48Ca +mu, 244Pu, 248Cm (P11c.7 CHl13y). ITp11 3TOM yBeJI11'ieH11e )ll1Cnepc1111 

CTfKE (M) )lJIH Cl1MMeTp11'iHhlX qiparMeHTOB MO)!(eT YKa3hIBaTh Ha np11cyrcrn11e 

HeCKOJihKl1X npoueccoB c pa3Jil1'iHOH 3Heprnei1 (TKE). Bh1coKOCTaT11cT11'ieCK11e 

113MepeHl1H M3P qiparMeHTOB peaKl.(1111 48Ca + mu np11 3Heprn11 E1ab = 232 M3B 

[15] noKa3aJI11, 'iTO pacnpe)leJieH11e TKE )lJIH qiparMeHTOB c MaccaM11 

ACN/2 ± 20 a.e.M. 11MeeT CJIO)!(HYJO CTPYKTYPY 11 cocTOl1T 111 rpex KOMnoHeHT. 

0)1.Ha 113 Hl1X COOTBeTCTBYeT )leJieHl1JO COCTaBHOro H)lpa, BTOpaH 

Cl1MMerp11'iHOMY KBa311)leJieH11IO QFsym (BhJCOK03HepreTl1'ieCKM KOMilOHeHTa), a 

TpeThH o6ycJIOBJieHa MaCCOBhlM ,ll.pew<tioM qiparMeHTOB aCl1MMerp11'iHOro 

KBa311)leJieHl1H QFasym (H113K03HepreT11L1eCKaH KOMilOHeHrn). ITo3TOMY B peaKU11HX 

48Ca + mu,244Pu, 248Cm B o6JiaCTl1 Mace ACN/2 ± 20 a.e.M. Mhl paccMarp11BaJil1 

pacnpe)leJieH11H TKE KaK cyMMY Tpex raycc11aHoB, coorneTCTBYJOW,11X )leJieH11JO 

COCTaBHOro H)lpa, a TaK)!(e Cl1MMerp11'iHOMY 11 ac11MMerp11L1HOMY KBa311)leJieHHIO 

(P11c. 8). 

48c +23su 2s6c 
0.03 a --; n 

? I E /EB = 1.02 ...._ c.m. ass 
v 
~ 0.02 
u 
;;..... 
'-' 

g 0.01 
>< ::a 
co 

o.0?50 200 250 

48Ca +244Pu-;292Fl 48Ca +248Cm-;296Lv 

E /EB = 1.03 j E /EB = 1.02 c.m. ass c.m. ass 

200 250 
TKE(M3B) 

P11c. 8. Pacnpe,11eJieH1U1 TKE cpparMeHTOB c MaccaM11 AcN/2 ± 20 a.e.M. .!IJill peaKU11M: 

48Ca + 238U, 244Pu 11 248Cm. 3anoJitteHHM o6JiaCTh cooTBeTCTBYeT pacnpe,11eJiett1110 TKE 

.!IJ!H ,11eJieHl1H COCTaBHOro H,llpa. 3auITp11XOBaHHhJe o6JiaCTl1 COOTBeTCTB)'IOT aCl1MMeTp11'i­

HOMY (H113K03HepreT11L1eCKal! KOMilOHeHTa) 11 Cl1MMeTp11'iHOMY (BhlCOK03Heprer11qecKal! 

KOMilOHeHTa) KBa311,lleJieHl1IO. 
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3Ha'ieHl1H (TKE) 11 CTfKE )lJIH )leJI11TeJihHOH KOMilOHeHThl 6brn11 noJiy'ieHhl 113 

Cl1CTeMaTHK )lJJH )leJieHl1H HarpeThIX H)lep [16] 11 [7], COOTBeTCTBeHHO. 

ITpoBe)leHHhIH aHan111 3HeprernL1ecK11x pacnpe)leJiett11ti B o6Jiacrn 

Cl1MMerp11L1HhlX Mace ACN/2 ± 20 a.e.M. Il03BOJil!eT oueHl1Th Ce'ieHl1H CJ111HHl1ll­

)leJieHl1H crFF 11 Bepol!THOCTh CJil1HH11ll PcN. Ce'iett11e 06pa30BaH11H 11cnap11TeJihHbJX 

OCTaTKOB B paccMaTp11BaeMhJX peaKl.(1151X COCTaBJIHeT np116Jil1311TeJlbHO HeCKOJihKO 

n11Ko6apH [2] 11 )laeT He1HaL111TeJihHhIH BKJia)l B ceL1eH11e c,111HH11H. BepollTHOCTh 

CJil1HHl1H PCN oueHl1BaJiaCh KaK OTHOIIIeH11e 'il1CJia co6hJTl1H, COOTBeTCTBYJOI.Il,11X 

)leJieHl1JO COCTaBHOro H)lpa, K L(l1CJIY Bcex )leJil1TeJihHO-IlO)l06HblX qiparMeHTOB. 

Ec.m.- EB (M3B) 
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BJ= 6.9 M38 

./n 

15 20 25 30 35 40 45 50 55 15 20 25 30 35 40 45 50 55 15 20 25 30 35 40 45 50 55 

3tteprmr B036y>K,11eHmr (M:~B) 

P11c. 9. Caepxy: TpeyroJihHl1Kl1 - ceqeH11l! .11eJI11TeJihHO-rro.1106HhIX cpparMeHTOB B 

peaKl.\11llX 48Ca+ 238U BMecTe c .11attttb1M11 113 [15, 17], 48Ca+ 244Pu, 248Cm. CnJioWHb1e 

Jll1Hl111 - Bbl411CJieHl1ll MeTO,llOM CBll3aHHblX KaHaJIOB [12], Kpy>KK11 - ceL£eHl1ll 

cpparMeHTOB c MaccaM11 AcN/2 ± 20 a.e.M., nyttKT11pttb1e JI11H1111 c TOL£KaM11 - oueHKl1 

ceqett11M: CJil1l!Hl1ll-.lleJieH11l! crFF. Ctt113y: cpyttKl.(1111 eo36y>K.11eH11l! .!IJill 3n (KBa,11paTb1) 11 4n 
(Kpyrn) 11crrap11TeJibHbIX Kattanoe peaKl.(1111 113 pa6oTbI [2]. CrrJIOWHbIMl1 11 nyttKT11pttb1M11 

Jil1Hl1l!Ml1 IlOKa3aHbl ceL£eHl1ll 11crrap11TeJibHblX OCTaTKOB .!IJill 3n 11 ./n-KaHaJIOB, 

Bhl411CJieHHbie no rronyqeHHbIM B HaCTOl!ll.\eH pa6oTe ceL£eHl1l!M CJil1l!Hl1ll-.11eJieHl1ll CJFF. 
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Ha P11c. 9 csepxy rroKa.JaHhI ceqemui 3axsaTa O"cap BMeCTe c BhITIOJJHeHHbIM11 B 

Ko.ne NRV [12] BhJLfl1CJJeH11HM11 Mern.noM CBH3aHHhIX Kam1J10B, ce'leHHH 

06pa30BaH11H cpparMeHTOB c MaecaM11 ACN/2±20 a.e.M. 11 rroJJY"'eHHhie 113 aHan113a 

:mepreT11L1ecK11x pacrrpe.neJJeH11tt ceL1eH11H cJJ11HH11H-)leJJemrn O"FF· Cmny rroKa3aHhJ 

ceL1eHm1 o6pa.Josamrn 11crrap1neJJhHhJX ocrnTKOB, 113MepeHHhJe B JI5IP 0115U1 [2]. 

113 OTHOJJJeHHH Ce'leHHH o6pa.30BaHl1H 11crrap11TeJJbHb!X OCTaTKOB O"ER 11 cetJeHl1H 

CJJl1HHHH-)leJJeHl1H O"FF 6hIJJl1 OUeHeHbl BhllKl1BaeMOCTl1 eoeTaBHblX H)lep Wsur 11 B 

paMKax MO)leJJ11 <DepMH-ra.Ja [18] BhJLfl1CJJeHbI BeJJl1Lfl1Hhl 11x 6apbepos .neJJeHHH Br. 

IIocKOJJhKY ee'leH11H O"FF rrpe.ncrnBJJHIOT co6oi1 sepxH11e rrpe.neJJhJ ceL1eH11tt 

CJIHHHl1H-)leJJeH11H, MOlKHO fIOJJYtIHTh TOJ!bKO HHlKHHe rrpe.neJJbl 6apbepoB .neJJemrn 

H)lep. Ott11 cocrnBJJHIOT 5.9 M3B )lJJH 254
-
256No, 5.2 M3B )lJJH 283

-
286Cn, 6.7 M3B 

)lJIH 289- 292Fl 11 6.9 M3B )lJJH 293- 296Lv. 

B 3aicmoqennu rrp11se.neHbI ocHOBHhJe pe3yJJhTaThI, rroJJy'leHHhJe B .n11ceeprnu1111: 

l13MepeHhl MaCCOB0-3HepreTl1LfeCKHe pacrrpe.neJJeHHH cpparMeHTOB 11 

cetJeHHJI 3axBaTa O"cap )lJIH peaKU11H )lBa)l(_nbl-Mar11tJeCKl1X HOHOB 48Ca Ha MHJJJeHHX 

208Pb, 232Th, 238U, 244Pu, 248Cm rrp11 3Heprm1x B6JJl1311 KYJJOHOBeKoro 6apbepa 

(E* = 13-45 M3B). 

y CTaHOBJJeHO, 'ITO OCHOBHbJM KaHaJJOM peaKU1111 48Ca + 208Pb HBJJHeTCH 

rrpouecc CJJl1HHl1H-)leJJeHl1H, B TO BpeM51 KaK )lJIH peaKU11H 48Ca + 232Th, 
238U, 244

Pu, 

248Cm oeHOBHblM KaHaJJOM peaKU1111 HBJJHeTCH acttMMerpH'IHOe KBa.3H)leJJeH11e. 

06HapYJKeHO, 'ITO B peaKU1111 48Ca + 208Pb KBa.3H)leJJeH11e rrpOHBJJ5leTeH B 

o6JJaCTl1 Mace JJerKHX cpparMeHTOB ML -60-90 a.e.M. 11 eooTBeTCTBYfOll.IHX HM Mace 

rnJKeJJbJX cpparMeHTOB MH-166-196 a.e.M. BKJJa.n KBa.311)leJJeH11H B cetJeH11e 

3axsarn cocrnBJJHeT ~ 15 % rrp11 Eiab = 242 M3B 11 yMeHbJJJaeTCH c rroH11lKeH11eM 

3Hepr1111 CTOJJKHOBeHHH. 0CHOBHYIO pOJJb B ¢opM11poBaHHl1 KBa.311)leJJHTCJ!hHhJX 

cpparMeHTOB 11rpaIOT MarntJeeKHe o60JJOLfKl1 B JJerKOM cpparMeHTe c z = 28, 

N = 50. (TKEQF) )lJJ51 KBa.311)leJJeHl1H B o6JJacTH Mace ML~60-90 a.e.M. B .naHHOtt 

pearn1111 BhJJJJe Ha 7-15 M3B, tJeM (TKEFF) )lJJH CJJHHHH5l-)leJJeH11H. 
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B pa6oTe rroKa.JaHo, 'ITO )lJJH KBa.311_neJJ11TeJJhHoro rrpouecca B peaKu11Hx c 

HOHaMH 48Ca Ha aKTl1Hl1)lHh!X Ml1JJJeHHX xapaKTepHbJ JJJ11p0Kl1e .nsyrop6bJe 

MaCeOBhie pacrrpe.neJJeHl1H c fIHKOM rnlKeJJoro KBa3H)leJJ11TeJJbHOro cpparMeHTa B 

o6JJaCTl1 )lBalK)lhJ MarnqeCKOro CB11HUa (MH ~ 208 a.e.M.), o6ycJJOBJJeHHhle 

BJJl1HHHeM 3aMKHYThIX 060JJoL1eK Z = 82 11 N= 126 B THlKeJJoM ¢parMe1ne 11 Z = 28, 

N = 50 B JJerKOM cpparMeHTe. 06HapylKeHo, 4TO (TKEQF) )lJJH KBa311.neJJeH11H B 

06JJacT11 ac11MMeTp11tIHhJX Mace ML~ 60-80 a.e.M. 11 MH ~ 200-220 a.e.M., Bh1we Ha 

10-15 M3B, LieM (TKEFF) )lJJH cJJ11H1111H-.neJJeH11H. 

y CTaHOBJJeHO, 'ITO, HeCMOTPH Ha )lOMl1H11PYfOll\YIO pOJJh aeHMMeTp114HOro 

KBa.311)leJJeHl1H B peaKU11HX HOHOB 48Ca c aKTl1Hl1)lHhJMl1 MHWeHHM11, B o6JJaCTl1 

C11MMerpH'IHbJX Mace (ACN/2 ± 20 a.e.M.) rrp11cyTCTBYIOT TaKlKe cpparMeHThl 

CJJl1HHHH-)leJJeH11H 11 c11MMeTp11411oro KBa.311)leJJeH11H. B Ka'leCTBe MeTo.na 

pa.3_neJJeH11H rrpoueccos .neJJett11H 11 KBa.311)leJJeH11H 11crroJJh30BaJJcH aHaJJ113 

3HepreT11LfeCKl1X pacrrpe.neJJeHl1H cpparMellTOB, fl03BOJll1BWl1H fIOJJY411Th BepxH11e 

OUeHK11 Ce'leHl1H CJll1HHl1H-)leJJem1H O"JJ. 0oKa3aHO, 'ITO B 3Tl1X peaKU11HX 

3HaL111TeJJbHaH qacTh cpparMeHTOB c MaccaM11 M = ACN/2 ± 20 a.e.M. no 

3HepreT11LfeCK11M xapaKTep11eT11KaM COOTBeTCTBYCT rrpouecey eJJl1HHl1H-)leJJeHl1H. 

bhlJJH fIOJJYLfeHbJ oueHKl1 ee'leHl1H eJJH5111HH-)lCJJel!l1H O"H', BepOHTHOeT11 eJJl1HHHH 

PCN, BepoHTHOeT11 BhilK11BaH11H Wsur 11 1111JK1111e npC)lCJJhl 6apbepos .neJJeH11H H)lep Br 

(5.9 M38 )lJJH 254-256No, 5.2 M38 )lJJH 283 286Cn, 6.7 M38 )lJJH 289- 292Fl 11 6.9 M38 

)lJIH 293- 296Lv ). 

BrrepBbie tta6JJIO)laJJOeh 611Mo.na.r1hHOe .neJJett11e H.npa 256No, o6pa.3osannoro B 

peaKu1111 48Ca + 208Pb rrp11 3HeprnHx so36yJK.neH11H E* = 17-35 M3B. BKJJa)l MO)lhI 

Super Short eoernsm1eT ~ 2.5% )lJIH :rneprn11 E1ab = 211 M38 11 eH11JKaCTCH .no 

~ 0.3% )lJIH E1ab= 234 M38. 
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