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Pa6orn BbinOJIHeHa B na6opaTOp1111 HAepHbIX peaKU11H 11M. r.H. <Dnepoaa 

06beAJ1HeHHOro 11HCTl1TyTa HAepHhIX 11CCJieAOBaHJ1H. 

Hay'lHhlH pyKOBO)l,HTeJib: 

)l,OKTOP cpH311KO-MaTeMaTH1-leCKHX HayK, 

aKa)l.eMHK OraHeCHH I0p11H 1J,ona1<0BH1-1 

Ocp11u11aJibHh1e onnoHeHTbI: 

AOKTOP cp11311Ko-MaTeMaTH1-1ec1<11x 11ayK, npocpeccop 

KapHayxoa B11KTOp Ane1<caHApoaw-1, 

na6opaTOp1151 5lAepHhlX npo6JieM 11M . .n;)l(eJienoaa B.TI. OI15IH 

AOKTOp cpH3HKO-MaTeMaTJ1'-leCKJ1X 11ayK, npocpeccop 

ranOHOB I0p11i1 BnaAJ1M11pOBH1-I, 

H11crnTyT MOJieKyJI5lpHOH cp113111<11 PHU, "Kyp'-1aTOBCKl1i1 1111crnzyT" 

BeAyUJa5l opra11113au1151: 

Hay'!Ho-11ccneA0BaTeJihCK11i1 HHCTHTYT 5lAepHoi1 cpH311KH MfY, r. Moc1<aa 

3am1na cocTOHTCH "lo " { '2_ 2007 roAa B " " 4ac. Ha 3aceAamm 

Al1CCeprnu110HHOrO cosern .n; 720.001.06 np11 na6opaTOpm1 HeHTPOHHOH cp113l1Kl1 l1 

fla6opaTOp1111 HAepHblX peaKU11H 06beAl1HeHHOrO l1HCTl1TYTa HAepHhlX 

11ccneA0BaH11i1 (r. ,ZJ;y6Ha Moc1<osc1<oi1 o6nacrn). 

C A11cceprnu11ei1 MO)!{HO 03HaKOMl1TbCH B 6116n110Te1<e OI15IH. 

AaTOpecpepaT pa3ocnaH " / h " I/ 2007 roAa. 

Y4eHhli1 ceKpernpb AMcceprnu110HHor~v~os~ 
KaHLJHAaT cp113111<0-MaTeMaTw1ec1<11x HC_q ~IloneKo A.f. 

06w,aH xapaKTCpllCTHKa pa60Thl 

AKryaJibllOCTb TCMbt: 

I1ccJie)l,OBa11He 5l)l,ep, 11aXO)l,5ll.1\HXC5l Ha rpaHHUe llYKJlOllllOH CTa6HJlbllOCTH, 

5lBJ15leTC5l aKTyaJJbllOH 0611aCTbIO COBpeMetrnOH 5l)l,ep11oi1 cj.>IBHKH. 0 L(HH H3 

4>YHAaMeHTaJ1bllb!X BOnpocOB CB5l3aH c onpe)l,e11e1111eM rpa1mu cyu.(eCTBOBaHH5l 51)],ep, 

COCT05ll.1\HX H3 MaKCHMaJlbllO B03MOlKHOro lJHCJla npOTOHOB 11 Hei1Tp0110B. Enaro)l,ap5l 

3KcnepHMeHTaM, Bhmom1eH11bIM Ha ra30Ha11011HeHHOM cenapaTope Jla6opaTopHH 

H)l,epHbIX peaKUHH OI15II1, 6hrn )l,OCTHrHyT cywecrneHHblH nporpecc B Hccne)l,OBaHHH 

)l,aHHOH npo611eMbL B peaKUHHX no11Horo CJJHHHHH yc1<opeHHb1x HOHOB 
48

Ca c 

MHWeHHblMH H)l,paMH OT 
238U )l,0 

249
Cf 6b!J1H CHHTe3HpOBallbl 14 H30TOnOB llOBbIX 

csepxrn)!{eJJblX 3J1eMeHTOB c nopH)l,KOBblMH HOMepaMH OT 113 )l,0 116 H 118. 0TKpb1THe 

H onpe)l,eJieHHe CBOHCTB CBepXT5l)KeJ1blX 5l)l,ep Bbl3BaJJH 60JJbWOH HHTepec K MX 

)l,aJ1bHei1weMy JKcnepHMeHTaJJbHOMY H TeopeTH'!eCKOMY HCCJJe)l,OBaHHIO. 

CornacHo nepBblM npe)l,CKa3amrnM Ma1<pOMHKpoc1<onH'lec1<oi1 MOL(en11 H,_tep (MM), 

noHBHBWHMCH OKono 40 neT TOMY 11a3a)l,, )l,BmK)l,bI Marn'!ecKoe H)l,po c c111cnoM 

rrpoTOHOB Z=l 14 11 Hei1TpoHoB N= 184 )l,OJl)!{HO 6bITb ue1npoM 0611acT11 ccj.>epw1cc1<11x 

5l)l,ep c OOBbIWeHJ-IOH CTa6HJ1bHOCTbl0. 3Ta rnnoTe3a ocrnsanacb npaKTH'leCKH 

HeH3MeHHOH )l,0 KOHua 1990-x ro)l,OB, KOr)l,a ycosepwe11CTBOBaHHble MO)l,eJJH, 

OCHOBaHHbJe Ila 6onee peanHCTH'lHOM JqH!JeKTMBllOM H)l,epHOM 110-re11u11ane 

B3aHMO)l,ei1cTBH5l, 6b!J1H npHMeHellbl )l,J15l OflHCaHH5l CBOHCTB 5l)l,ep. 0)],HaKO 

npe)l,CKa3aHH5l 3THX caMocornacoBaHHblX MO)l,enei1 OTJ111lJaJOTC5l )l,pyr OT )l.pyra, 

nOCKOJlbKY He6onbWHe H3MeHemrn napaMeTpOB MO)l,eJleH 0Ka3blBaJOT cyweCTBe1111oe 

BJ1H5lHHe Ha CTa6HJJbllOCTb csepxTH)!{eJJblX H)l,ep. B lJHCTO MHKpOCKOOH'!eCKHX MO)l,eJ15lX 

npoTOHHaH o6ono'!Ka npoHBJIHeTCH npH 6onee BbICOKHX 311ac1e11HHX npo-roHOB Z= l 20, 

124 H 126, npH 3TOM 60JJbWHHCTBO paclJeTOB npe)l,CKa3bJBaIOT )l,Jl5l HekrpOHOB 

Mar114ec1<11e 3Ha'!eHHH N=l 84, HHOr)l,a N= l 72. C11H-re3 11 onpe)l,e11em1e pa)l,11oaKTHBHbIX 

CBOHCTB CBepxTmKeJibIX 5l)l,ep 5lBJ15leTC5l KpHTH'!eCKH Ba)!{HblM )l,J15l COBepweHCTBOBaHH51 

11 )l,aJJb11ei1wero pa3BHTH5l -reop1111 H)l,pa. ConocTasneHtte Teop1111 c 3Kcnep11Me11TOM 

cnoco6crnyeT C03AaH11t0 6onee peanHCTH'!HhIX MOAenei1 HApa 11 no3sonHeT Ha)l,e)!{Hee 

rrpe)l,CKa3hIBaTb csoi1crna ewe 6onee yAaneHHhIX OT H3BeCTHoi1 06nacT11 H)l,ep. 



CHHTe3 H)lep c HeLJeTHblM LIHCJlOM npOTOHOB no3BOJ151eT B Ot(l-IOM 3KCnepHMeHTe 

I13yLiaTb pa)lttOaKTHBHble CBOHCTBa 60JlblUOro •rncna HOBblX 11yKJlH)lOB, nocKOJlbKY 

6.TJaro)lapH 3anpeTy Ha cnoHTaHHOe )leJleHtte TaKHe H)lpa c 60JlbWOH sepOHTHOCTblO 

11cnb1Tb1BaJOT a-pacna)l. UenoLIKH nocne)loBaTeJlbHbJX a-pacna)lOB H)lep csepxTH)!(eJlblX 

:rneMe11TOB np11BOLlHT K H30TonaM Db c 60JlblllHM H36bJTKOM ttefiTpo110B, <no no3BOJIHeT 

npocne)!(11BaTb 113MeHeH11e CTpyKTypb1 H)lep npH nepexo)le 113 06nacT11 ccpep11LieCKHX 

CBepXTH)!(eJlblX H)lep, CBOHCTBa KOTOpb!X onpe)leJlHJOTCH BJlH5111HeM HeHTpOllHOH 

06ono<1KH N=l 84, K 06nac-r11 )lecpopMttpoBaHHbJX H)lep, pacnono)!(eHHbJX s6nH3H 

o6onOLJKH N=l62. 

PeaKJ.J,1111 CJlHHHHH HOHOB 
48

Ca c H30TOllaMl1 aKTHHH)lHblX JJlCMeHTOB 11MeJOT 

ce'leH11H 3Ha'l11Tenb110 BhIWe (!lo I 00 pa3 ), LJeM ceLJeH11H, c KOTOpbIMH o6pa3yJOTCH 

TH)!(eJlbJe H)lpa B peaKJ.J,1151X XOJlO)lHOro CJ11151111151. 1-lHcna HeHTpOllOB B H)lpax 

cBepxTmKeJlblX JJleMeHTOB MOfYT BapbHpOBaTbCH 3a CLICT 11cnOJlh30BaHl151 pa3JlHLJHblX 

MHWeHHblX 1130To110B, TaKHX KaK 
237

Np, 
24

1.2
43 Arn HJlH 

249
Bk. T.o., B03MO)!(HO 113y'ieHHe 

He TOJlbKO w11pOKOH 06nacn1 CBepXrn)!(eJlb!X HYKJlHLlOB, HO TaK)!(e necpopMHpOBaJ-!HblX 

ttei1Tpottoo6oraweHHbIX H)lep c N?. 162, pacnono)!(eHHbIX s6nH311 )lBa:>K)lbI MarnLiecKoro 

H)lpa 270Hs, KOTOpoe paHbWe npOBO)lHJIOCb nyTeM H3y<IeHl151 CBOHCTB nerKl1X 1130TOnOB 

c Lil1CJlOM Hel1-rpoHOB N<::, 162. 

HaKoHeu, 6onbll1He nep11o)lbI nonypacna)la 11yKn11)lOB B KOHue uenoLieK a­

pacna)lOB Hnep csepxrn)KeJJbIX ::ineMeHTOB (Harrp11Mep, 113oTorroB Db) no3BOJ1HJOT 6onee 

)leTaJlbHO 11CCJlC)lOBaTb 11X XHM11LJeCKl1e CBOHCTBa, LITO paIIbWC orpaHHLIHBaJlOCb 

B03MO)!(HOCTb!O 11CTIOJlb30BaHl151 TOJlbKO 3KCnpeCCHblX MCTO)lHK H3-3a OTHOCHTCJlbHO 

KOpOTK11X BpCMCH )10131-111 1130TOfJOB 
261

-
263

Db. 

UeJlb pa6oTbI: 

UenbIO )l11ccepTaUHH HBJJHeTCH CHHTeJ cBepxrnlKeJJbJX HilCP B peaKUHH nonttoro 

CJ1HHHl151 ycKopellllblX HOHOB 
48

Ca c MHWellHblMH H)lpaMl1 
243 

J\rn. B 3KCnep11Me1ne 

Cl1HTe311pOBaHbl )lBa 1130TOna HOBOro 3JlCMeHTa riep110LlHLJeCKOH Ta6JIHUbl c aTOMHblM 

HOMepOM 115, 1130TOnbI TaKlKe HOBOfO 3JleMel!Ta 113 Ha6JlJO)laJJHCb nocne a-pacna)lOB 

287 288 v 1130TOl10B , 115 . !1ccnenoBaIIbl pan11oaKTHBllble CB011CTBa 11 HOBblX 1130TOl10B 

JJleMeHTOB Db-115. l13MepeHhl ceye1111H peaKUHH 
243 

Arn(
48

Ca,3n) H 
243 

Arn(
48

Ca,4n). 

2 

06Hapy)!(eHO cymecrnem1oe nOBbIWeHHe CTa611JlhHOCTl1 

cpaBHeIIHIO c 6onec JlCfKHMH H30TOnaMH Tex )!(e 3JJeMeHTOB. 

HarmaH HOB11J11a: 

HOBblX llYKJlH)lOB no 

I. BncpBbre B O)lllOM JKcnep11MeHTe CHHTe311poBaHbI cpa3y )lBa HOBblX JJJeMeHrn c 

aTOMHblMH llOMepaM11 113 H 115. 

2. BnepBb1e onpe)lene1-1b1 CBOHCTBa a-pacnana 9 11osb1x 113oTonoB THlKeJlbIX 11 

csepxrnlKeJiblX JJleMer1TOB c LJHCJlOM npoTOHOB OT I 07 ilO 115 (2 72
B h , 

275
·
276Mt, 279

·
280

Rg, 

283
•
284

113 11 
287

-
288

1 15), a TaKlKe )lByx cnowra1rno )lCJJHIUHXCH HYKJlHLlOB 
267

·
268

Db. 

3. BnepBbie H3MepeHhl ceLieH115I peaKUHH nonHoro CJIHHHHH 
243 Arn(48

Ca,3n)
288

1J5 

11 
243 Arn(48

Ca,4n)2
87

1I5. 

4. Pan11oaKTHBHbie csotlcrna H)lep c 1-1eLJeTHbIM LJHCJJOM npoT011os I 05-115 B 

COBOKynHOCTH co CBOHCTBaMH H)lep c YeTl!blM l.JHCJlOM npoTOHOB n03BOJ15110T Ha)lelKHO 

onpe)leJlHTb aTOMHbie H MaCCOBbie 411CJ1a Bcex 11yKJlH)lOB, Cl1HTC3HpOBailliblX B 

peaKl\1151X HOHOB 
48

Ca c MHWCHHMl1 113 
238U-249

Cf. 

5. )J,JJH H)lep c HCLICTHblM 411CJ10M npOTOHOB TIOKa3a110 Cl1JlbHOe CTa611J1H3Hpy10mee 

BJlHHHHe ccpepw1ecKoi1 HCHTpOHHOH 06ono<1K11N=l84. 

6. BnepBbJC )lJlH HCYCTIIblX no z H)lep HOKa3aHO cy1l_lCCTBOBa11He 11eHTpOHHOH 

06ono<1KH N=l 62 11 0TcyTcrn11e BJJHHllHH rnnoTeT11YeCKOH o6onoLIKH N= l 72 Ha 

CBOHCTBa CBepxrnlKeJlbIX Hnep. 

IlpaKTH'ICCKaH uemlOCTb pa60Tbl: 

I. l13MepeJIHbie pa)lHOaKTl1BHbJe CBOHCTBa HOBblX H)lep HCllOJlbJYIOTCH )lJ151 

pa3Bl1Tl151 llOBblX 11 COBepweHCTBOBaH!rn cymeCTBYJOLUHX TeopeTw1eCKHX MO)leJJeH, 

on11cb1Ba1om11x 11 npe)lCKa3b!BaJOLU11X CBOHCTBa H)lep. 

2. l13MepeHHhie ceYe1-111H peaKu11l1 
243 Arn(48

Ca,3n)2
88 

l 15 11 
243 Arn(48

Ca,4n)
287 

I I 5, a 

TaKlKC CBOHCTBa HOBhlX HYKJ111)l0B 11Cll0Jlb3YIOTC51 np11 npoBe)le!-11111 JKcnepHMCHTOB no 

Cl1HTe3y COCC)lHl1X CBepxrnlKeJlblX H)lep 11 113YL!eHl110 CBOHCTB Tex H)lep (Hanp11Mep, 

243 48 
x11M11LiecK11x), KOTOpb1e 6hlJlH nonyLieHbI B peaKu1111 Arn+ Ca. 

Ha 3a111nry BblHOCHTCH cJlet1,y1011111e noJloJKeHun: 

I. PeJyJJhTaTbI JKcnepHMeHTOB no 113yYeH1110 CBOHCTBa a-pacna)la 9 HOBhJX 

(
212Bh 21s,216M t 279.280R 283,284 113 11 287,288 I I 5) 

HYKJ111)lOB , , g, 11 LlBYX CnOHTaHHO 

3 



)l,ernm.111xc5! 1130Torroa 267·268Db. Bnepab1e c11Hre311poaaHhI )],Ba HOBhIX :rneMeHra 

I1ep110)1,11qecKoif ra6n11ub1 ,[(.11. MeH)l,eneesa c aTOMIIbIMl1 HOMepaM11 113 11 115. 

2. Pe3yn1>TaT1>1 3Kcnep11MeHTOB no 113yqeH1110 ceqeH11H peaKl.l11H nonHoro CJil15!Hl15! 

ycKopeHHblX HOHOB 48Ca ,; Ml1IlleHHhlMI1 5!)],paMH 
243 

Am, conpOB0)!{/(alOLl.ll1XC5! 

11cnapeH11eM Tpex 11 qeTblpex HeHTpOHOB 113 B036y)!{)l,emIOro COCTaBHOro 5!/\pa 
291

115. 

l13MepeHHble ceqeHl15! 3Haq11TeJihHO (B 10-100 pa3) npeBbJillaJOT ceqeHl1H peaKl.l11H 

XOJIO)l,HOro CJil15!Hl15!, rrp11BO)l,5!Ll.ll1X K 1130TOnaM 3JieMeHTOB 112 11 113 . 

3. ,[(OKa3aTeJibCTBO Cl1JlbHOro BJII15!Hl15! npe)l,CKa3aHHOH TeopeT11qecK11 

HeihpoHHOH 06onoqK11 N=l 84 Ha caolicTBa 113ornnoa Ha116onee TH)KeJI1>1x 3neMeHTOB c 

HeqeTHhIM q11cnoM npoTOHOB (Z= 111 , 113, 115). 

4. ,[(0Ka3aren1>crno cyLl.leCTBOBaHl15! Helirpo1moli 06onoqK11 N= 162 Ha np11Mepe 

113oronoB 267,268Db, 272Bh, 275,276Mt. 

5. ,[(OKa3aTeIIbCTBO cna6oro BJII15!Hl15! 11Jil1 OTCYTCTBI1il r11 norerw·IeCKOH 

HeliTpOHHOH 06onoqK11 N= 172 Ha caolicTBa 5!)],ep 3neMeHTa I 15. 

6. ,[(OKa3aTeJibCTBO 3aMeTHO MeHbIIJero ceqeHl15! pxn KaHaJIOB B peaKU11HX ITOJIHOro 

CJil1HHl15! 1130TOfIOB T5!)KeJibIX aKTl1H11l\HblX :rneMeHTOB c 110HaMl1 
48

Ca no cpaBHeHl110 c 

ceqeHl151Ml1 xn KaHaJIOB. 

Anpo6au,uH pa6oTbl: 

3Kcnep11MeHTaJihH1>1e pe3yn1>rar1>1, on11caHH1>1e B )l,11cceprau,1111, AOKJiaAbJBaJil1Ch 

aBTOpOM Ha Me)!{)l,yHapOl\HbIX KOHcpepeHl.ll1HX 11 COBeLl.laHl1HX: 

1. International Conference FUSION03: From a Tmrneling Nuclear Microscope to 

Nuclear Processes in Matter, November 12-15, 2003, Matsushima, Miyagi, Japan. 

2. The 4th International Conference on Exotic Nuclei and Atomic Masses 

ENAM2004, September 12-16, 2004, Pine Mountain, Georgia, USA. 

3. Pa6oqee coaemaH11e" B.M. CTpyrnHCKl1H - 75, Ho5!6ph 15-16, 2004, K11es, 

YKpmrna. 

4. Gordon Research Conference, Nuclear Chemistry, June 26-July 1, 2005, Colby-

Sawyer College, New London, NH, USA. 

5. International Symposium on Exotic Nuclei "EXON2004", July 5-12 , 2004, 

Peterhof, Russia. 

4 

6. Third SANDANSKI Coordination Meeting on Nuclear Science, September 26-

30, 2005, Albena, Bulgaria. 

7. European Science Foundation Exploratory Workshop on The Chemistry of the 

Transactinide Elements, October 2-5, 2005, Oslo, Norway. 

8. Gordon Research Conference, Nuclear Chemistry, June 4-9, 2006, Colby­

Sawyer College, New London, NH, USA. 

9. International Conference on Dynamical Aspects of Nuclear Fission, October 2-6, 

2006, Smolenice Castle, Slovak Republic . 

10. The VII Latin American Symposium on Nuclear Physics and Applications, 

June 11-16, 2007, Cusco, Peru. 

11. The International Symposium on Physics of Unstable Nuclei " IS PUN OT, July 

3-7, 2007, Hoi An, Vietnam. 

CTpyKrypa u o6bcM pa60TbI: 

,[(11cceprau,115! cocr611r 113 BBeAemrn, qer1>1pex man, 3aKJIIOL1emrn 11 cn11cKa 

n11repaTyp1>1. 0Ha co)l,epJK11T 91 crpam1u,y Maw11Hon11c11oro reKcTa, BKJIIOLJaer B ce65! 

28 p11cyHKOB, 2 ra6Jil1U,bl 11 Cfll1COK n11reparyphl 113 150 HaycIIIbIX pa6or. 

Ily6JIH1call,HH: 

OcHOBIIbie pe3yn1>TaTb1 A11cceprau,1111 ony6n11Koaa11b1 B 11 pa6orax. 

CoAcpi1rnH11c pa60Tb1: 

Bo BBCACHHH KpaTKO paCCMOTpe110 113MeHeH11e npeACTaBJieimH 0 rpaH11u,ax 

cyll.leCTBOBaHl15! Ha116onee THJKeJibJX 5!)],ep, OTMe'1e11 pH/\ reopeTw1ecK11x 11 

3KCnep11MCHTaJibHbIX pa6or, I10BJIH5!BWl1X Ha cpopM11poBa1111e HOBbIX B3rJIHAOB Ha 

cra611JibllOCTb HAep c MaKCl1MaJibHO B03MmKHbIM LJl1CJIOM nporoHOB 11 11ei1rpoHoB. K 

Hl1M MQ)KHO OTHeCTl1 nepsy10 MO/(eJib /(eJieIIl1H H)l,ep, JKcnep11MellTaJibHOe 

06napyJKe1111e o6onoLJeLJHblX 3cpcpeKTOB B H/(pax, MaKpOM11KpOCKOI111LJCCKaH MO/(eJib 

6apbepa /(CJICHl15! 5!)],ep, npeACKa3aH11e "ocrpoBa cra611JibHOCT11" CBepxrmKeJibIX Hl\ep, 

3KCnep11MeHTbl no 11X I1011CKY 11 Cl1HTe3y HaH6onee THlKeJibIX Hl\Cp. 

PaccMorpeHbI ABa r11na peaKu11li Cl1HTe3a THlKCJibIX HAep (peaKu,1111 ropw1ero 11 

XOJIO)l,HOro CJil1HH11H), np11LJHHbl na/(eHl151 ceLJCHl1H 3THX peaKU,11H c ysenw1e1111eM LJl1CJia 

5 



npoTOHOB B COCTaBl!OM HJlpe, 01111Callbl npe11Myu(eCTBa peaKu11i1 CJ111HHl151 1130TOllOB 

3KTHHHilllbIX 3JJeMeIITOB c nsmKJlbJ M3fHlfeCKl1M 51npoM 
48

Ca. 

06cy)!(naIOTCH MeTonbl 11ne11Tmp11Kau1111 aTOMllblX 11 MaCCOBblX •111cen HOBblX 

HyKn11nos: MeTon rc11eT11lfeCKl1X Koppern1u11ti a-pacrranos HOBblX Hnep. npHBO!lHU\11X K 

H3BeCTIIbIM HnpaM, 113yc1eH11e x11Mw1ecKHX CBOHCTB 3JJcMCllTOll, 113Mepe1rne K 11n11 L 

cep11i1 x-.rir1cr1, l13Mepe1111e M3CCbl 11y1<n11nos, 113Mepcin1e QlYllKllHH B036y)1<ne1111.11 nnH 

pa3JJHLIMblX K31laJJOB peaKU11H, MeTon nepeKpecT!lblX peaKUHH, COl10CT3BJJeH11e 

pan11oaKTHBHb!X CBOHCTB HOBblX Hnep c )KCnep11MCHTaJJbllbIMl1 )l3HHblMl1 nn.11 

113secTHb1x Hnep 11n11 npencKa1amrnM11 Teop1rn. 

flpHBOllHTCH pe1yJJbTaTbl )KCnepwv1eHTOB no c1111re3y csepXTH)l(eJlblX Hnep l1 

0611apy)1<eH1110 cyll.\CCTsem1oro poCTa 11x cTa6irnb11ocT11 no cpasHe111110 c nern11M11 

1110TonaM11 113secn1b1x ::rneMe11TOB. PaccMaTp11sa1orcH oco6ern1ocT11 CBOHCTB Hnep c 

llCYCTl!b!M lfl1CJ10M npoTOllOB. 06cy)l(naioTCH ceYeHHH peaKU1111 nomwro CJil1H1111H 

243 Am+ 48Ca 11 nocneny101uero 11cnape1111H 11ei1TpoHOB 113 so36y)l<ne1rnoro cocTaBHOro 

H;i.pa 291 115, a T3K)l(e Q)Kl1J]aeMblC pan11oaKTl1BHble CBOttCTBa llYKJ111llOB B uenOlfKax a­

pacnanos 113oTonos ::ineMe11rn I I 5. 

B nepBoil rnaBe orn1ca11a 11ocrnHOBKa 3Kcnep11Me1na. B 3Kcncp11Me11rnx 

11cnOJ1b30B3J1CH ra3011anOJlllCllllblll cenapaTop Hnep oTnaYl1, COCTOHU\HH H3 nHllOJlbHOro 

Marn11Ta 11 nsyx 1<BaJ1py11onb11b1x n11111. CenapaTop npew1a111alfeH nnH co611paH11H 

nponytCTOB peaKUHH llOJlllOro CJll1Hll11H 11a ero qJOKaJlbllOH nnOCKOCTl1 (TpaHCMl1CCl151 

OKOJ10 35%) H 0Tnene11m1 11X OT nyYKa 60M6apn11py1011.\l1X HOHOB (cjlainop nonasneHl1H 

- 101\ ynpyro paCCCHllHblX 51nep 11 nponyKTOB peaKUl1H 1Ienom1oro CJ111HHl1H (cjlaKTOpbl 

nonasneHl1H 6 x !0
14 

11 10·
1
-10

6 
JlJl51 Mace 11y1<1111nos 6111111<11x K HnpaM ny<1Ka l1 MHwem1 

COOTBeTCTBeH110). flpOJlYKTbl peaKUHH nomrnro CJ11151Hl1H nBH)l(YTCH B M3rHHTHOM none 

B (non nei1crn11eM CHJJbI nopeHua) no Jlyre c paJl11ycoM Kp11s11311b1 cenapaTopa p B 

COOTBCTCTBl111 C 11X M3rHHT!IOH )KeCTKOCTblO B·p=m·vfq. none M3rHl1T3 1anaeTCi! 

11cxon H 113 11MllYJlbCa /11 · \' BL16w1oro 113 MHLUeHl1 110111130B311110ro aTOMa 11 ero 38.p51na q. 

Bcm1Y11Ha 3ap5!Ha aToMa OHpeneJ1S1nacb 113 3Mn11p11YCCKOH c11cTeMaT11K11 3ap.11nos, 

1nMepcHllblX llJlH COCeIJll11X aTOMOB CllepXT.ll)l(eJJblX )JleMellTOB, Cl1HTe311poBal!HblX Ha 

10~1 i Ke cenaparope. fo1aro1tapH ;J11Hel1HOH 3aBHCl1MOCTl1 3apHnos aTOMOB OT 11X 

6 

CKOpOCTH (q- v) l1 cna6oi1 33BHCHMOCTH M3rHHTHOH )l(eCTKOCTH TH)l(CJlbIX 3TOMOB OT HX 

MaCCbl (m= 288 , D.m=± 1 ), TpaHCMHCCHH ce11apaTopa OCTaeTCH 0Jll1H31<0BOH K3K np11 

113MeHeHHl1 3HeprnH 60M6apn11py10U\HX 110HOB 
48

Ca (T.e., He60J1blll0M 113Mel!eHl111 

CKOpOCTl1 v) , T3K 11 nnH COCeJlHHX 1130TOnOB Cl1HTe311pycM"IX Hnep. 

11ocne cenapaTopa aTOMhI rrponeTa10T qepe3 nse raJOBbie 1<aMepb1 n 1rn H3Mepe1111.11 

BpeMeHH nponeTa 11 11MrIJ13HTHPYIOTC.51 B neTeKTOpbl, paCIIOJJO)l(eHHble B cjloKanbHOH 

IIJJOCKOCTl1 cenaparnpa. 11onynpOBOilHHKOBble neTeKTOpbl pmMepoM 4 CM no 

BepT11Kan11 11 12 CM no rop113oman11 COCTOHT 113 12 ( 4 x I CM
2
) CTp11noB c ll03l1ll110HHOH 

YYBCTBl1TeJJbllOCTblO B sepT11KaJJbHOM HanpasneHl111. flpOJlYKTbl pea1<u1111 nOJJHOro 

CJ1l1.51Hl1.51 HMnJJaHn1py10TCH B KpeMHHeBble neTeKTOpbl ua rny61111y 0.5- I Mrl cM
2

, '-ITO 

3aMeTHO HH)l(e rrpo6era a-lfacTm\ (Ra> 16 Mrl cM
2 

11p11 Ea> I 0 M3B). L{nH perncTpau1111 

a-lf3CTHU, KOTOpbie MoryT BblJleTaTb H333Il 113 neTeKTOpOB, cjloKaJJbHbie ncTeKTOpbl 

OKpy)l(eHbl BOCeMblO 60K0Bb!Ml1 JleTeKTOpaMH ( 4x4 CM\ 06pmy.11 napannenorpaMM 6e3 

rrepeJlHeH rpa1111. '.)cjlcjleKTHBHOCTb pernCTpau1111 a-'13CT11U c noJIIIOH ::>IIeprneH. 

IlOBbIWaeTC.51 c 52-54% ( TOJlbKO nn.11 cjloKaJJbtlblX JleTeKTOpOB) no 87%. 

L{nH Kan116pos1<11 n eTeKTOpos 11cnonb30Ban11cb 113secTHb1e H30TOnh1 Th H 

nolfepH11e nponyKTbI 11x a-pacrraJlOB, 11onyc1eHHb1e B pea1<u1111 ccrYb(48
Ca,3-512). 

3HepreTH'IeCKOC pmpeweHHe a-LJaCTHU, 3aperncTp11pOB3HllblX cjJOKaJJbHb!M 

JleTeKTOpOM COCTaBJl.llJIO 60-100 K3B , 140-200 K38 - B cnyqae HX perncTpau1111 

O,'lHOBpeMe!IHO cjJOKaJJbHblM 11 60KOBblM JleTeKTOpaMl1 l1 ""600 K38 npH per11cTpau1111 

TOJlbKO 6oKOBbJM neTeKTOpoM. CrroHTaHHO nenHm11ecS1 .11npa 
252

No, nonylfeHHble s 

peaKU1111 
206Pb+ 48

Ca, 11CnOJlb30BaJJl1Cb JlJl.51 Kan116pOBKl1 3Heprni1 OCKOJlKOB nene1rn51 

.51Jlep 11 HX nOJJHOH KHHeT11lfeCKOH 3Heprn11 (TKE). 

flo311u11ot111oe pmpewet111e np11 perncTpaui-m 3Heprni1 11Mnna11T11posa11I1bIX 51nep 

B neTeKTOpbI 11 11x nocneny1011.\ero a-pacnana 11n11 cno11TaHHoro nene111151 cocTasn.11no 

0.9-1.9 MM 11Jll1 0.5-0.9 MM COOTBeTCTBemIO. Tip11 perncTpau1111 a-lfaCTl1U 

onHOBpeMCHIIO cjJOKaJJbHblM (c MaJJOM )Hcprnei1) 11 6oKOBblM ncTCKTOpaM11 

1103HUl10Hl!Oe pmpewe1111e 3as11ceno OT 3Ml1Jll1TYnbI CHfHana B cjloKaJJbHOM neTeKTOpe. 

7 



f1pH npose.neHHH JKCnepHMeHTa 11CTIOJlb30BaJiaCb cnel_\HaJlblla51 CHCTeMa Ha6opa 

namibIX, KOTOpa51 TI03BOJ151JJa cyweCTBeHirn no.naBmITh QlOllOBhIC CHfHaJlhJ npH 

per11CTpawm pacna.nos csepXT5IJKe111>1x 51.[(ep. f1Y'-IOK HOllOB 
48

Ca OTKJ1!0YaJIC51 nocne 

s611BaHH5I 51.nep B .neTeKTOpb1 11 HX nepaoro 3aperncTpHposa1rnoro a-pacna.na B Toti )Ke 

n0311l\11H Toro JKe CTpHna 11 B 3apaHee onpe.ne11em10M apeMem10M HHTepaaJie. BpeM51 

OCTaIIOBKH MOfJlO BapbHpOBaTbC51 B WHpOKHX npe.nenax (AOCTHfaJIO 2.7 Yaca B J.(aHitbIX 

3KCnepHMeHTax). TipH Ha6mo.neHHH a-pacna.nos .noc1epHHX HYKJIHAOB npH 

BblKJll-OlJCHHOM nyYKe, QlOHOBb!e CHfHaJlbl npaKTHYCCKH flOJIIIOCTb){) no.uaBJI51JIHCb, H 

Bep051THOCTb per11CTpau,1111 cnyYaHHb!X a-YaCTHl\, 11e OTHOC51illHXC51 K pacna.uaM 

csepxT51JKeJlbIX 51.[(ep, 6&rna 1-111YTOJKHO MaJia. .[(JI51 c1111JKe111151 crncna c11yc1ai1Hb!X 

( cpoHOBblX) OCTaHOBOK Bbl6HpaJI11Cb orpaHHYeHllble .u11ana30llbl .UJl51 JHeprnti 51,Uep 

OT.UaY11 (113 H3Mepemtb!X J11eprnti .UJI51 .upyrnx csepXT5l)!<en1>rx 51.Uep) 11 a-YaCTHI.\ (H3 

TeopeTwteCK11X npe,UCKa3aHl1H 11 JKCnepHMeHTaJlbllhlX .ua1111blX .[(Jl51 coce,UHHX 51,Uep). 

Bo BTopou rJiaBe npe.ucTasneHbJ 3Kcnep11MeHTaJib111>1e pe3yJibTaTbl. M11weHb 113 

243 
Am (06oraweH11e 99.9%, rn11w11Ha c11051 0.36 Mr/ cM

2
) 6brna HaHeceHa Ha Ti cponbry 

( 1.5 MKM) nyTeM 3JieKTpooca)!<.[(ellH51 B s11.ue 01<11c11 Am02 H 1anhU1e11a cnoeM yrnepo.na 

(35 MKf!cM
2
). M11weHb COCT051Jla H3 6 ceKTOpOB co cpe,UHHM pa.u11ycoM 6 CM H 

nnowa.Uhl-0 5.3 cM
2
• KOTopbte KpenHnHcb Ha spama1-0weMC5I JlHCKe. 

3KcnepHMeHTbl npose.ueHbl np11 .usyx JHepnrnx HOHOB 
48

Ca E11a6=248 11 253 MJB 

B cepe,UHHe CJ1051 MHwem1. T11n11<rna51 HH're1-1c11BHOCTb ny<1Ka 
48

Ca 6&rna OKOJlO 6x 10 12
/ c. 

B KaJK,UOM 113 JKcnep11Me!ITOB 6brna 11a6paHa O.UHltaKOBa51 .U03a nyc1Ka 4.3x I 0 18
. B 

nepBOM OOb!Te 3Heprn51 B036YJK.Ue11H51 COCTaBHOfO 51.Upa 
29 1 

115 COCTaBJl51Jia 40 MJB, 

YTO COOTBeTCTByeT OJK11.uaeMOMY 113 pacYeTOB 11 JKCnepHMeHTaJlbl-lblX ,.'.[allllb!X }],1151 

6nl13Kl1X peaKu,11!1 (c M11weH5IM11 H3 H30Tonos Pu 11 Cm) MaKCHMYMY cec1eH115I pcaK1u111 

243 
Am(

48
Ca,3n)2

88
1l5. 

Tp11 l_\ellOYKH nocnenosaTeJihllblX pacna.uos H30T01ia 
288

115 11p~rne.uc111.1 11a 

PHc. l a. f1p11 nposene1rn11 no.uo6HhIX 3Kcnep11MeHTOB OJlHO 11 ·i sm1<11ci1w11x ·rna'1L·1111i1 

HMeeT .noKa3aTeJlbCTBO Toro, c!To see 3aperHCTpHposa1111b1e cvrnia11b1 (11Mnna11 ra11~rn 

51.Upa B .neTeKTOp, nocne.uy1owHe a-pacrra)lhI H cno11rn111we .uene~IHe) 11e 51BJiilllHCil 

cnyYai1HhIMl1 11 onpeneneHHO np111rn.une)!<aT 51JlpaM B l\CrIOYKax noc11e.uosaTeJ1h11i,1x 

8 

pacna.nos MaTepHHCKOfO H30TOna 
288

115 . .[(n51 Ha1J15ID,llOH D,e~10HCTpawm JTOro lpaKTa B 

.n11ccepTal\HH np1-1se.ne11bt JHepreTHYeCKHe cneKTp1>1 co61>1T11i1 6e3 TOF CHTllaJIOB, 

1aperncTpHpOBaI·IHblX BO BpeM51 3KCnepHMCHTa (c BKJJIO<JeHfiblM nyYKOM), H Cl.-YaC1Hl\ 

so BpeM51 OTKJ11-0<1e111151 nyYKa, speMeHHbJe cneKTpbI acex co6btTHi1 c TOF CHfllariaMH, 

3apernCTp11posaH1IbJX nepe.n a-pacna.naMH 51.Uep 
288

115, J11epreTHYeCKHi1 cncKTP scex 

Cl1fHaJIOB, llOCJie KOTOpblX npo11cxo.u11JIH OTKJllO<Jelllrn llYYKa, H OT)leJJhHO •11eprnH a-

'!aCTl1IJ,, 3a KOTOpblMH flOCJie,UOBaJIH B TeYeH11e .usyx MHHyr .usa HJIH 6011ec a-pacna.ua c 

Ea=8.5- 1 I M JB , a TaKJKe cneKTp1>1 CHrHaJIOB c 6on1>woti aMnJI11Ty.uoti (paccc511111b1e 

YaCTl1L[bJ nyctKa, OCKOJIKH BbIHYJK.UeHl!OfO H CflOl!TaHHOro .uene111151 51JlCp). I laKOllel_\ 

np11se.ue11b1 rIOJlO)!(e111151 Ha nosepxHOCTH JlCTeKTOpos scex 51,Uep, 1apcrnCTp11posa111tbIX 

a) 1'.".ia6 = 248 l\138 

SF 

ER I IO .39 MJB v 18.5~'1. \f 

205 MJB [15tl+55IJ) 
28.69 'I 
/8.) .Htt 2J.21u1 

CR I 9.09 \1JB v /8 .8. 11.11 

6) 1'.'.1a6 ~ 2:\3 l\bB 

ER I 12 I 'J.M .JB v 18.0 lilt 

lll 59:".ll ll'IMJB 
28.l I _J{, _(J \IC 

113 '". '"' -----1 

~ 
Jq )/-II HllVIJD : 

() 24'0 c : . ! 
a-1 : 
1-:- I 10 11+11119 l\1)8 i 
J '"71 I 1-l 0 \IC I 

IY.2 ,u.11 1 Bh1 /771111 /l\'IOJ../IOllOG1 
a~ L--.,..--_1 ru.1>.:.·11011eu , 

~s9Ii~2 MJB n ---~ ------------------------' 

18.l<wl~ 

SF 
140 MJB I 206 MJB [ 17(1+161.1) 
16.80 'I 105.96 MllH 

/7.R.H1f 17.9.1111 

Pttc. I. ~enoYKH pacna.110B H.llep 
288

115 (a) H 
287

115 (6). ,n.rrn Ka)!(.11oro i!.llpa yKa3a11b1 :meprntt 

HMrIJ13HTaUHH MaTepHHCKHX H.llep B .11eTeKTOpbl H :meprnH a-YaCTHU (c OWH6KaMH) 11J1H 

OCKOJ1KOB cnOHT3HHoro .11eneHHil, a TalOKe BpeMetlllble HHTepBailbl Me)l(Jly co6blTHi!MH H HX 

003HUHH OTllOCHTeJ1bHO BepxHero Kpai! .11eTeKTOpOB. 

I) a-Yacrnub1 c 31-1eprHHMH Ea= I 0.04 M38, 8.97 M:iB H I 0.37 MJB 6btJ1H 3aperttcrpttp0Ba11b1 

o.11110BpeMe11110 cpoKaJJbllblM H 6oKOBblM .11eTeKTopaMH c :i11eprHHMH 2.0 I + 8.03 MJB, 

3.14+5.83 M38 H 1.30+9.03 MJB coorneTcrne11110. 
2
) Cl.-YaCTl1Ubl 3aperncTpHpOBaHbl TOJlbKO 60KOBblM .lleTeKTOpOM. 

J) 0CKOJ1Kl1 cno11Ta1rnoro .11e11eHl1H 3aperncTpttpoBaHbl 0.1\HOBpeMeHHO tjJOKaJlbHblM H 6oKOBblM 

.11eTeKTOpaMH. 

9 
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B uenoYKax pacna.uos MaTep11HCKOfO 1130Tona 
288

115 11 BCCX co6bJTl1M CrIOHTaJ-IHOfO 

.ueneH115I c EsF> 120 M3B (Bcero 7 WTYK). Tp11 co6hITl1ll cnoHTaHHoro .uenett115I 

1-ia6n10.uan11cb nocne a-pacna.uoB 1130Tona 
288

115. )J,pyrne <reTbipe co6bITl1ll .uenett115I 

51.Uep o6ycnoBneHbI pacna.uoM 1130Mepa 
244

"'rAm (J aTOMa) 11 o.u11oro 51.Upa, nonyc1e1rnoro 

B npe.Ubl.UY!l\11X OilbITaX, BblrIOJllleHHblX c TeMl1 )Ke .ueTeKTopaM11, KaK )TO cne.uyeT 113 

pe3yJ1bTaToB l13Mepett115I cpotta OT .ueneH115! .uonro)l(11Byll\11X 11yKn11.uos. 

Bee npe.ucTasneHHbie cneKTpbI 11 pac<reTbI y6e.u11Tenb110 .UOKa3bJBaIOT, YTO Ka)l(.uoe 

113 co6hITl1i1 B uenotJKax, noKa3aHHbJX Ha P11c. 1, He 51BnlleTC51 cpottoBbIM c11rnanoM 11 

np11tta.une)f(11T c11HTe311posaHHbJM 51.UpaM 
288

115 11 nocne.uy10ll\11M a-pacna.uaM 

1130TOI10B 284 11 J, 280Rg, 276Mt, 
272

Bh 11 CilOHTaHHOMY .uene111110 
268

Db. 

BepT11KaJJbHble OTKJlOIIeHl151 Bcex a-lJaCT11U 11 OCKOJlKOB .uene1111l! OTHOCl1TeJlbHO 

Il0311l(l1H 51.Uep OT)la<r11 Ha .ueTeKTOpax IlOJlHOCTblO COOTBeTCTBYIOT Il0311U110HHOM)' 

pa3pewe1J1110 .ueTeKTopos, ::iHepr1111 scex a-'laCT11U .UJ151 Ka)l(.uoro 113 ttyKn11.uos 

cosna.ua10T B npe.ucnax ::iHepreTl14CCKoro pa3pemeH115I, BpeMena pacna.ua Ka)f(.uoro 

H30TOna HaXO)l51TC51 B npe.uenax CTaTl1CTl1YeCKOfO pa36poca 11 COOTBeTCTBYlOT 

3KCHOHeHU11MbHOMY pacnpe.ueneHl1!0. T.o. , BO scex Tpex uenOYKaX Ha6mo.uan11Cb 

O.UH11 11 Te )f(e H'30TOflbI 288 I l 5-268Db. Cec1e1111e peaKu1111 
243 

Am(
48

Ca,Jn)2
88

1l5 

COCTaBl1Jl0 2. 7 j ~ 116. 

Ecn11 11HTepnpernu11ll pe3yJ1bTaTOB nepsoro 3KCnep11Me1rra np11 EJia6= 248 M3B 

Bep1ra, TO tte6onhwoe (Ha 5 M::iB) 110BbIU1eH11e 3Heprn11 110HOB 
48

Ca .UOJJ)l(HO np11secT11 

K na.uenmo Jn KaHana peaKU1111 B HeCKOJlbKO pa3 11 110BbIUleHl110 BCJ1J1lll1Hbl Ce'leHl151 

cne.uy10ll\ero KaHana - 11cnape111151 4 11eiiTpoHOB. 

)TO npe.unoJ10)f(eH11e flOJlHOCTblO flO)lTBep.u11nocb BO BTOpOM 3KCnep11MeHTe. Tip11 

311eprn11 110HOB 48Ca E11a6= 25J M3B nepBbIH 1130TOI1 He 11a6mo.uanc5I, 3aTo pacna.u 

.upyroro, coce.uttero 1130Tona 
287

11 s 6brn 3aperncTp11poBaH . U,enolJKa 

nocne.uosaTenbHbIX a-pacna.uoB 51.Uep 
287

1 J 5-
275

Mt 11 cnoHTaHHoro .ueneHH51 
267

Db 

np11Be.ue11a Ha P11c. l 6. <DoHOBbJe ycnoB11l! perncTpau1111 3Tl1X 51.Uep 6hrn11 attanorn'lHbI 

nepBOMY 011bITY, 11 Bep051THOCTl1 Ha6n10.ueHl1ll Ka)l()lOfO 113 51.Uep KaK cnyciaHHOfO 

cpOHOBOfO c11rnana KpaHHe MaJJbl. 

10 

Hosrui uenO'IKa 51.Uep .ueiicrn11Ten b110 np1111a.une)l(1n .upyroMy 1130Tony (287 J l 5), 

nocKOJibKY spel\151 pacna.ua scex 51.Uep B I 0 pa3 KopoYe, a-pacna.ub1 11Me10T 66nbw11e 

3Hepr1111 (Ila 0 .6 ivhB .um1 TpeTbero 11 <reTBepToro HYKJ111.UOB B UCrlO'IKe) 11 MellbW11e 

speMeHa. Ha ocIJ0BaH1111 Bbnue nepeY11cne111rnro, noc;1e.uY1010 uenoYKY 51Jtep cne.uyeT 

OTHeCnl K 11 30TOny 
287

115 - llPO.UYKTY 4n KaHaJia peaKU1111 
243 

Am+ 48Ca, ce'IeH11e 

KOTOporo COCTaBIInO 0 .9 ~~~ n6. 

B .uaHHoii L(CnO'IKe pacna.uos 51.Upa 
287

115 a-c1acT11ua H30Tona 271 Bh He 6hrna 

3aper11cTp11poBa11a. Pa.u11oaKTl1BHbIC CBOMCTBa 271Bh .UOJl)l(HhI 6bITb 6n113K11 K 

csoi1cTBaM pacna.ua coce,'l,Hero 113orn1rn 
272

Bh (Ea=9.02 M3B, Ta= 9.8 c). 311eprn11 11 

BpeMella )1(113Hl1 BCex Ha6mo.uaBUJl1XC51 51.!(ep B qen04Ke Cl1JlbHO OTJlH'IalOTC51 OT '.JTl1X 

3HalJem1i1 (CM. P11c. 16 11 2 HH)l(C ) . CnoHTaHHOe .uene~111e TaK)l(e He MO)l(eT 

np11Ha.une)!CaTb 1130TOl1)' 
271

Bh 111-1a 3Ha411TCJlbHO 60JJbUJero BpeMeHl1 pacna.ua 

KOHeY1rnro ll.Upa (I 06 M11H). K TOM)' )l(e, B 06011x 3Kcnep11Me11rnx 6brn11 

3apernCTp11poBa1Ibl 19 a-lJaCT11U .ueTeKTOpOM c '"lCpcpeKT11BHOCThlO perncTpau1111 87%, 

noTepl! 0;111oti a-lJaCTl1UbI snon11e Bepol!T11a. TI01T0My MO)l(HO YTBep)l(.uaTb, YTO a­

pac11a; 1 ~ 7 1 
Bh npo113owen Me)K.llY YCTBepTbJM a-pacna,1\0M 11 cnoHTaHHbIM ,1\ene1111eM, 110 

HC 6bu1 1apernnp11p0Ba11 .D,eTeKTopoM. 

KpoMe Toro, 113MepeHHhie :mepr1111 11Mrniattrnu1111 aTOMOB 287·288 115 B .D,eTeKTOph1, 

11x 3apl!.U 11 ceYe111151 06pa30BaH11l! xopomo cornacyt0TCll c .uaHHhlMH, nonyc1eHHhJM11 

.D,Jlll CBepXTl!)l(CJlblX l!.D,ep c 'IeHih!M <fl1CJ10M npOTOHOB B peaKl(l151X 48Ca c ll.D,paM11 238U-

249Cf. B .D,aHHOM Bap11aHTe cxeMhl pacna.D,a 1130Tona 287 115 pa.D,11oaKTl1BHb1e CBOMCTBa 

Bcex tta6n10.D,asw11xc51 51.D,ep cornacyt0TC5I c npe.D,CKa3a11115IM11 Teop1111. 

B TpeTLeu rnaBe np11BO.U51TC51 cp11311<recK11e 11 x11M11tJecK11e MeTO.UbI onpe.ueneHl151 

aTOMHb!X 11 MaCCOBbJX Yl1Cen CBepXT51)1(eJlblX ll.Uep, Cl1HTe311poBaHHbJX B peaKU11l!X c 

11011aM11 
48

Ca. Tp11 113ornna 3J1eMeHTa 114 6brn11 nonyc1etth1 B peaKu1111 244Pu+ 48Ca: 

289
114 (Jn Kattan), 

288
114 (4n) 11 

287
114 (Sn). 3T11 )l(e 11 6onee nerKl!M 1130TOn 286 114 

tta6n10.uan11cb B .1\pyrnx, nepeKpeCTHbIX peaKU1151X KaK MaTep1111cK11e 51.Upa, TaK 11 nocne 

a-pacna.uos 1130 ronoB :rneMeHrn 116: 
242

Pu(
48

Ca,2-4n)286- 288 1J4, 248Cm(48Ca,J-

4n)292,293116 ~ 288,289114 11 245Cm(48Ca,2-Jn)290,291116 ~ 286,287114. )J,Jl51 BCCX 

II . 



riepe•-mcJieHHblX peaKuHti H3MepeHbl BbIXOnbI H30TOITOB B 3aBHCHMOCTH OT :meprn11 

B036y)!(neHl1H COCTaBHbIX Hnep ( cjlyHKUl111 B036ylKneHml). Dp11 ysenw1em111 ::H1eprn11 

so36ylKnett11H nocnenosaTeJihHO tta6n10nan11cb 1130TOflbI OT 11a116onee THlKenoro no 

ca~mro nerKoro. To, qTo 1130TOITbI 287
·
289 114 (H 

29
1.2

93
116) 11Me10T tte<1eTHoe q11cno 

HetiTpOHOB, a H30T0flbl 286
•
288 114 (11 

290
•
292

116) - qeTHOe q11cno, cnenyeT 113 

p(l)J.HOaKTHBHblX CBOHCTB 3THX Hnep H HX noqep1mx HYKJJHnOB. l13BeCTHO, qTo 

HeqeTHblH HetiTpOH HJlH npoTOH yBeJIHqf!Ba!OT BpeMH lKl13HH OTHOCl1TeJlbllO 

CITOHTaHHOro nenemrn Ha 3-S nopHnKOB semfqHHbl. )J,JJH noqepHHX H30TOflOB 
282

•
284

112, 

a TaKlKe Hnpa 286 114 3aperncTpHpOBaHO CITOHTaHHOe neneH11e, a nJIH cocenHHX 

H30Tonos 283•285 112 - a-pacn(l)J.. EcnH npenrroJIOlKHTb, qTo THlKeJJbtti H30Ton (289
114) 

291 
HBJIHeTCH nponyKTOM 1 n KaHana (T.e., 11a caMOM nene 3TO 1130TOn 114), TO Torna 

'-IHCJIO HCnapeHHbIX HetiTpOI-IOB BO scex YKa3aHHblX peaKL(l1HX cnenoBaJJO 6bi 

yMeHbWHTb Ha nBa. T.e., B peaKuH11 
245

Cm+ 
48

Ca 3aperncTp11posaH On KaHan np11 

3HeprnH B036ylKneHHH 33-38 M3B. OnHaKo 3TOT KaHan He Ha6nIOnancH nalKe B 

xononHOM CJIHHHHH npH 3Haq11TCJibHO MeHbWHX 3HeprnHx (10-20 M3B). Ecn11 OTHecT11 

moTon 289 114 K nponyKTY Sn KaHana peaKUHH (T.e., peaKu1111 
244

Pu(
48

Ca,Sn)
287

114), TO 

3TO 03Ha'-laJJO 6b1, qTo B peaKUHH 244Pu+ 
48

Ca Ha6nIOnaJJHCb S, 6 H 7n KaHaJJbI, HO He 

3aperncTpHpoBaHbl 3 H 4n KaHaJJbl np11 3Hepnrn B036ylKne1mH 40 M3B, XOTH 3Ta 

3HeprHH Ha 7 M3B Bb!We 6apbepa CJlHHHHH 11 COOTBeTCTByeT MaKC11MYMY ce'-!eHHH 3n H 

4n KaHaJJOB. 

T.o., cjlyHKUl111 B036ylKneHl1H H CBOHCTBa Hnep 3JieMeHTOB 114 11 116 noKa3bIBaIOT, 

qTO B nepeKpeCTHblX peaKUl1HX Ha6n10nan11Cb nponyKTbl HCriapeHHH OT 2 no s 
HetiTpOHOB J.13 B036ylKneHHblX Hnep 3JleMeJITOB 114 11 116. 

Csoticrna Hnep, nonyqeHHbIX B peaKu111-1 
243 

Am(
48

Ca,3-4n)
287

·
288

1 l S, no3BOJlHIOT 

TaK)l(e HCKJ11Qq11Tb pxn KaHaJJbl BO scex peaKUl1HX c HOHaMH 
48

Ca, flOCKOJlbKY 

CITOHTaHHOe neneH11e 6b!Jl0 3aper11cTpHpOBaHO TOJibKO nnH H30TOflOB 
267

·
268

Db flOCJle 

nHTH nocnenoBaTenhHbIX a-pacnanos Hnep 
287

•
288

11 S. 

KaHaJJ axn nJIH Bcex peaKUHH c 110HaMH 
48

Ca TaK)l(e MOlKHO 11CKJll0411Tb, 

llOCKOJlbKY CBOHCTBa a-pacnana l S Hnep 
283

•
285

112, 
283

•
284

113, 
286

-
289

114, 
287

·
288

1 l S, 

290- 293 116 11 294 118 xopowo cornacyIOTCH c c11cTeMarnKoti fetirepa-Herronna 7',,(Qa) 

12 

I 

'} 

~ 

nnH He3anpemeHHhIX a-nepexonoB. K TOMY )l(e, 3Heprnn a-pacrrana scex Hnep, 

nonyqeHHbIX B 3THX peaKUHHX, xopowo cornacyIOTCH c npencKa3aI111HMl1 TeOpHH. 

Y6en11TeJlbJihIM nonTsep)!(netmeM npaB11JlbHoti 11neHT11cji11Kau1rn aTOMllbIX '-111ccn 

Hnep 288 11 S - 268Db HBHJlHCb 3KCnep11MeHTbl no onpeneJieHHIO Xl1MJ.1<JeCKHX CBOHCTB 

CllOHTaHHO nenHIUerocH 1130TOna 
268Db. 

M11weHb 113 243Am (1.2 MrlcM2
) o6nyqanacb HOHaMH 

48
Ca (Ena6= 247 M3B, no3a 

ny'-IKa 3.4xl0 18
). Bb1611Tb1e H3 M11weHH Hnpa 

288
1 lS ocrnHaBJIHBaJJl1Ch B c6opHHKe. 

ITocJie ITHTl1 a-pacnanos 3a BpeMH OKOJIO O.S MHH B c6opH11Ke OCTaBaJJCH H30TOIT 
268

Db 

(TsF""l n). C6opHHK nep1-1on11qecK11 (pa3 B 1-2 nHH) BhIHHMaJJCH 113 ycrnHOBKH, 1-11 Hero 

X11MHqeCKHMH MeTonaMH BhJnenHJiaCb cjipaKUHH 3JleMeHTOB ITHTOH rpynnbL 1'13 

Bbl)J,eJleHHbIX Hnep H3roTaBJl11BaJJl1 TOHKHH 11CT04HHK, KOTOpblH ITOMewanH Me)!(ny 

napoti nonyrrposonH11KOBblX neTeKTOpOB nnH perncTpau11H OCKOJlKOB ncneIJHH. 

)J,eTeKTOpbI n0Meman11cb BHYTPh c<1eTYttKa 11ei1TpoHOB nnH onpenene1-111H HX Y11cna Ha 

aKT nene1mH. 

B nsyx cepHHX TaK11x 3Kcnep11MeHTOB 6brno 11a6n10ne1-10 20 co6h1rnti nene11HH 

Hnpa. HyKn11n 6brn no11y4e1-1 B Toti lKe peaKu1111 (243 
Am+ 

48
Ca), c TCM )l(e ce4e1-111eM 

(4.2 ~ : ~ rr6), 11Men TY )Ke MOJW pacnana (SF), nep11on nonypacnana (32~~ 1 
4) 11 TKE 

OCKOJIKOB (230 M::>B), qTo 11 B cjJ11311qecKOM 3KCnep11MeHTe. T.o., OL(l1H 11 TOT lKe H30TOn 

(268Db) 6h!Jl 3aperncTp11pOB3H B 06011x (c!JH3J.1qecKOM 11 XHMWieCKOM) 3KCnepHMeHTaX. 

ITo pe3yJJhTaTaM x11M11qecKoro onh1Ta 3TOT H30Ton np111mnne)l(11T ::>neMeHTY 1 OS 

(1130TOITbl 6onee nerKl1X 3JieMeHTOB ni!TOH rpynnhl He neJIHTCH CrJOllT3HHO). 

CnenosaTeJibHO, see npenwecTBYIOIUl1e 1130TOnb1, 11cnbITaBw11e a-pacnan (2 72
Bh-

288 l l S), noJI)l(HhI 6bITh OTHeceHhI K 113ornnaM 3JieMeHTOB 107-11 S. 0TMeTHM, YTO 

1-1enaBHO CBOHCTB3 csepXT.ll)l(eJihlX 3JieMeHTOB c qeTHbIMH 411CJ13MH npOTOHOB 11 HX 

3TOMHbie HOMepa 6b!Jll1 TaK)!(e He33Bl1Cl1MO nonTBep)l(nCHbl cp113114eCK11M 11 

X11MHqeCK11Ml1 3KCnep11MeHT3Ml1. 

qeTsepTaH rnasa conep)l(HT 06cy)!(ne1-111e nonyqeHHhIX pe3yJihTaTOB. '.:>Heprn11 

a-pacrranoB Hnep Qa, Cl1HTe3HpOB3HHb!X B peaKUH11 
243 

Am+ 
48

Ca, a TaK)!(e H3BeCTHblX 

paHee 113oTonos 3JJeMeHTOB c 1-1eqeTHhIM q1-1cnoM npoTOHOB ~ 101 npencrnsneHhI 1-1a 

13 



P11c. 2. BeJUJ'IHHhI Qu llllep c YeTHhlM YHcnoM npoTOHOB noKa3aHbl B npaBoi1 YaCTH wrn 

cpaB11e1mS1. Tal\1 )Ke npHRCllCHhr pc3yn1>TaTbI pacYeTOB :meprn?i Qu, Bhmo.111e1111L1x B 

paMKax MM Monem1. Bcm1YHl!bl Qa H30TOnos 
275

•
276Mt 11 272Bh cosna.ua10T c 

TeopCTWICCKHMH 1Hal.feml5lMl1 (TO )KC CaMoe BH.UHO l(JJ5f S!.UCp 275 1 ls H 271 Sg). 'ITO 1UIOKe 

CBHl{CTeJlbCTB)'CT 0 npaBHJlbllOH !1.UCHTmjmKa111111 aTOMHblX 11 MaCCOBbIX l.fHCeJI 

H)'KJlH,UOB. CHHTC3HpOBaHHblX B peaKUHllX c HOIIaMH 48Ca. 

Yl1noM B noCTene11110M na.ueH1111 Qu c yBCJJH'ICHHeM c111cna HCHTpOHOB y H30TOllOB 

01.111oro 11 Toro )KC ::meMeHTa np11 nepeccYeH1111 l!Hcna N=l62, Ha6mo.ueHHb1i1 .unll ll~cp 
275

·
276

Mt 11 
272

Bh, KaK 11 1130Tonos 3JleMeHTOB Os, I Is 11 Sg, HBnlleTcll 

3KcncpHMeHTMbHhIM .UOKITTaTenbCTBOM cyw,ecTBOBaHHSI 11ei1Tpo1111oi1 060.10'1K11 N=l 62. 

CTa611n11111pyIOw,ee sn11S11111e ::noi1 060.TIO'IKH npOllBJIHCTCll H .Uilll H30TOllOB Db -

riapUllMbHbJe nepHO,Ubl a-pacna.ua 3Hal.fHTCJlbll0 B03pacTa1or y T5!)1(CJlblX H'.JOTOllOB: 

T;,?.5x I 0
3 

c H Ta?.3x I 0 5 
c y 

267
·
268Db, rnr.ua KaK y H30TOflOB 260 263Db Ta=l .5-34 c. 

)J,nll 6onec Tll)KCJlblX II)'KJlH,UOB 
287

•
288

115, 
283

·
284 J I 3 H 279·280Rg 11al.f11HaCT 

12 

Cl 

~II 

"' ~ 
;:; 10 

"' c. 
ts 
"' 9 = '-c. 
<lJ 

n s 

a) 

\\R~rr· \ \ "'11 . \ \ 

o~ i \ \ 
llh. : . \ . \ 

0 J: r\+\.\*nv 115 

"" ~ IV , ~\. \\ 

~?+: ~ \\\~ 
.,_,,.,l~ .\. :r .. \ llJ . q. .~ ' ' 109 

). 'Ir \i 10 '-. 
Y.1.: \\. ' 

7 

Ill 

r?, •o \ ~ r/. 
:Moe0 \\~1115 

6) 

I~ I" IW IM IM I" IWI~ I" IW 
411cno 11ci1Tpo11os 

110 

~ 106 

165 170 175 180 

P11c. 2 a) 311epnm a-pacnana HLtcp ::ineMCHTOB c Z= I 01-1 15 B 3as11c11Mocrn OT 4HCJla 

11ei1Tp0110B. JloMaHblC nHllHH - pe3)'JlbT3Tbl paC4CTOB, 3KCnep11MeHTaJlbHb1e Ll3HHble LlJlll 

H3BCCTHblX l!Ltep )'K33allbl KJJ)'lKKaMH, BenWIHHbl Qa Llflil HLtep, noHy4eHHblX B peaKUHllX 

aKl HllHLlOB c HOH3MH 
48

Ca, OTMC'ICllbl KBanpaTaMH (3aKpb1TblC H OTKpblTblC CHMBOJlbl - HLtpa c 

4CTllblM H llC4CTllblM lJHCJIOM 11elhpOllOB COOTBCTCTBeH110). 3Ha'JCHHH MarH4CCKHX 4HCeJl 

N= 152 11 162 n0Ka1a11b1 ny11KTHpllblMH IIHllHHMH. MenKHM ny11KTHpOM flOK333Hbl OTJIH4HH 

JKCllCJJHMellTaJlbHblX 311a4CllHH Qu OT paC4CTHblX BCJlH4Hll. 6) To )KC CaMoe LlJlH HLtep c 4eTHblM 

YHCJ10~1 llJJOTOHOB Z= I 00-118. 

14 

l 

, 

npol!BITllThCll sn11llH11e cne.uy10w,eii, ccjlep11qccKoi1 o6onol!Kl1 N= 184. Ben11Y11HbI Qa 

ll,Upa 
284

113 Ha 1.7 M3B Hl1)1(C, 'ICM y JICfKOfO ll,Upa 
278

113, CHHTC311pOBaHHOfO ll03,UHee 

B peaKUHH XOITO.UHOfO CJlHl!HHll 
209

Bi(
0Zn,ln), a BpeMl! )KJ13Hl1 BblWC B 260 pa3. 

l130Tom1 JneMeHTa 111 
272Rg (T112=3.0 Mc), 

274Rg (T112 =15 Mc) 11 
280Rg (Tl/2=3.6 c) 

.UCMOHCTp11pyIOT a11MOfH'IHOe IIOBbIWeHHe CTa611nbHOCTl1 >T,Uep c ysenl11..fCHl1CM "IHCna 

11ei1TpoHoB 11 np116nmKeH1111 K MarnyecKoMy Yttcny N=l84. 

y H30TOIIOB 
279

•
280Rg 11 

283
•
284

113 OTJll1'111C TeopeTHl.fCCKHX 11 3KCnepHMCHTMbHb!X 

BCITH'IHH Qa .uocT11raeT 0.6-0.9 M3B, aHanornYHoe orn11Y11e (.uo 0.5 M3B) 

1rn6n10.uaeTCll y ll,Uep c 'ICTHhIM l.fl1CJIOM npOTOHOB np11 N?.169. HecMoTpll Ha 

3aBblWCHHC rrpC.UCKa3aHHbJX 3Hepr11H. a-pacrra.ua l!,Uep no cpaBHCHl1!0 c 113MepeHHblM11 

BCJIH'IHHaMH, KaK rrpe,UCKa3aHHall TCH,UCHU11ll 113MCHCHl1ll CBOHCTB HOBblX H)'KITH,UOB, 

TaK 11 l.fl1CITCHHblC 3Hal.feHHll Qa HaXO.UllTCll B xopoweM cornac1111 c 

3KCnepHMCHTMbHblMl1 .uaHHb!Ml1 .[(fill ll,Uep B w11pOKOH 11 paHee HCl13BCCTHOH o6naCTH c 

2=104-11811 N=l62-177. 

3Kcnep11MCHTMbHblC .uaHHb!C TaK)KC xopowo cornacyIOTCll c npe,UCKa3aH11llMH 

l.fHCTO MI1KpOCKOlil1l!CCKHX Mo.uenei1. 0.uHaKo cne.uyeT OTMCTl1Tb, l!TO .UITll 1130TOlIOB 

JJlCMCHTOB 115, a TaK)l(C 112 11 114 He Ha6n10.uaeTCll OTKITOHCHHJI OT nocTeneHHOfO 

yMeHbWCHHll sen11Y11H Qa c ysen11Yen11eM l.fHcna HeiiTpOHOB B ll.Upax np11 nepeceYeHHH 

l.fHCJla N=l 72. )TO CB11.UCTCJlbCTB)'CT 0 cna6oM BJll1llHl111 MITH 06 OTC)'TCTBl1H 

rnnoTeTHl.feCKOH 11ei1TponHoi1 o6ono'IKH N=l 72 B 06nacT11 csepxTJI)l(CJlhIX ll.D,ep c 

Z=l 12-115, npe.ucKITTaHHOH B pll.Ue caMocornacosaHHhrx MO.UeJ1ei1. 

Pa.u11oaKTl1BHb1e CBOHCTBa ll.Uep, Cl1HTC311pOBaHHblX B pcaKUHH 243 Am+ 48Ca, 

npe.ucTasneHbI B Ta6n1111e 1. )J,Jl51 MaTep11HCKHX 1130TOflOB 287,288115 11 l!.Uep 

CBepxTl!)l(CJlbIX 3ITCMCHTOB c 'ICTHbIM '111CITOM npOTOHOB MM 11 HCKOTOpb!C 

M11KpOCKOll111..fCCKl1C MO.D,en11 npencKa3b!BaJOT nOCTCllCHHOe 113MCHCHl1C HX cjlopMbl OT 

ccjlep11qecKoi1 K necjJopM11posaHnoH. B rrpouecce nocne.uosaTenhHhrx a-pacna.uos. )J,nll 

raKl1X ll,Uep 11 HX 6Jm)l(aHWl1X .UOYep1mx npo.uyKTOB a-pacna.ua MO)l(HO 0)Kl1,UaTb 

11e3anpew,eHHbie a-nepexo.uhr. 1'b Ta6n11uh1 BH.UHO, l!TO 113MepeHHbie speMeHa )KH3Hl1 

f"xp 1130TOOOB 3ITCMCHTOB 113 11 115 COBna,UaIOT C BCJllll!HHaMl1, Bbl'll1CJlCHHblMH 113 HX 

15 



Ta6nm1a I . Pa.1J.11oaKTHBHbIC csoficTsa 51.!\Cp JneMeHTOB Db - 11 5. 

l'hornn 
Ti-m 

T112 
a 

Ea (MJB) Qa (M38) 1'13ornn Tl1n T1 •2 
a 

Qa (MJB) pacnana pacnana Ea (MJB) 

288 I 15 
87 +105 

287 1 15 
'2+ 155 

a -30 MC I 0.46±(1.06 I 0.61 ±0.06 a ~ - 14 MC 10.59±0.09 10.74±0.09 
(60Atc) (30ms) 

0 48 +0.58 I 00 +490 284 113 a · -0.17 c I 0.00±0.06 I 0.15±0.06 283 I 13 a -45 MC I 0.12±0.09 I 0.2fri-0.09 
(0. 3 c) ( /.10 ms) 

3.6 ~i j c 0 +s10 2s0Rg a 9.75±0.06 9.87±0.06 2"9Rg a 
17 

-80 MC 10.37±0. 16 10.52±0.16 
(0 . ./ c) ( 7 ms) 

0 72 +0.87 +46 216Mt a · -0.25 c 9.71 ±0.06 9.85±0.06 ' 275 Mt a 9 ·7 -4.4 MC 10.33±0.09 I 0.48±0.09 
(0 I c) (2 ms) 

~ 72B h 
9 8+11.7 

271 Bh -a · -3.5 c 9.02±0.06 9. I 5±0.06 a 
(5 c) - 9.07' 

(3 c) 

26s Db SF/EC 29 ~~ 'I G 
7.80' 261Db 73 +350 

SF/EC - 33 Ml11l 7.41" 
(6 •1) (9v) 

0wH6Kl1 COOTBCTCTBYK>T ypOBHKl BCpOHHOCTH 68%. nep110)[bl nonypacna,!\a ,!\Jl51 
pa:ipeweHHblX nepeXOJ\OB, Bbl411CJlCHHblC ,U.151 yKa3aHIJbl 1' 1130TO rJ OB 11 113MepeHIJbl X HJlH 

npe.!\CKa:JaHHbIX ::rneprHH a-pacna,!\a Oa, noKa3aHbI B CK06Kax. 

GJ nep110,!\ nonypacna,!\a onpe,!\eJlCH .!\~51 18 pacna,!\oB 51.!\pa 268 Db, 3apcrnCTp11posaHHbIX s 
cjil13H4CCKOM 11 Xl1Ml14CCKOM 3KCnep11MCHTax. 

•l Pac4CTHbJe seJlH411HbJ. 

3HeprnA a-pacnana nsrn propeweHHhIX rrepexonoB T""1c . .[J,nH H30TOITOB '.)JleMeHTOB Rg, 

Mt H Bh COOTHOWeHHe MC)!<)ly t"'P H T"alc COOTBeTcTByeT c!JaKTOpaM '3anpeTa 3- J 0. 

llono6tth1e 11 na)!(e 66nhw11e 3anpeTb1 1ia a -pacnan 11a6mo.ua1rnch y 

nccl_:>opMHpOBaHHhIX 51).(ep 
278

113, 
272Rg H HX ):(04ep1111x 11yKJlH)lOB. fIOBhfWCHHe 

cpaKTOpOB 3arrpeTa MO)!(eT CBH)leTeJJbCTBOB3Th 06 H3Mel!CHHH cl_:>opMbl ll.Uep OT 

ccl_:>epw-IecKoA K necl_:>opM11poBaHttoti B o6nacrn HYKilH.UOB c Z= I 09-111, '-!TO npHBO.!\HT K 

6onee CJJO)!(HOH CTPYKType HnepHhIX ypoB11eti 11 n0Bh1we11mo BepoHT11ocTH a­

nepcxonoB 4epe3 B036y)!<)le!lllh!e ypOBHH c pa3Hh!MH KB3IITOBblMH LJHCJl3MH . .[J,a1111oe 

npeAITOJJO)!(eHHe cornacyeTC51 c pe1yJlhTaTaMH MM H HeKOTOpbIX MHKpocKonw1tXKHX 

MoneneA. HarrpHMep, rrapaMeTp KBanpynonhHOH neqJopMau1111 ns151 51Aep 288 115 11 284 113 

cocrnBJJl!eT 0.072 H 0.138. ITp11 nepexo.ue 113 o6nacTH J:(eticrn11H ccl_:>epw1ec1rnx 

o6ono4eK c Z = l 14 11 N=l84 K o6nacrn Aecl_:>opM11poBaH11h1x Hnep B6JJH3H Z=I08 11 

N=162 B03pacrnIOT 3Ha4eHHll napaMeTpOB necl_:>opMau1111 AO 0.200-0.224 .Ullll 1110To110B 

16 

280Rg, 276Mt H 
272Bh. A11anorwrnoe ITOBhIWeHHe .uecpopMaUHH npet(CKa3bIBaeTCll H J:(Jl51 

l!,!\ep c LJeTHh!M 411CJlOM npOTOHOB OT 0.084 )lJlll 
29 1

116 J.lO 0.218 )lJlll 
271 Sg. 

B uenoLJKax pacnana HApa 
288

115, nOKaJa1111b1X 11a P11c. L cnoHTaH11oe .uenc1rne, 

11a6n10AasweecH nocne 5 nocnet(oBaTenhHbIX a-pacnanoB, on1ece110 K 1110To11y 
2

b
8 Db. 

l lepHO)l nonypacna!.la 3TOro llt(pa lie npOTHBOpe411T Cl1CTeMaTHKe ncpHO)lOB 

cnoHTaHHoro .uene111rn 113BeCTI-IbIX nern11x 1130TonoB ::ineMeHTOB Lr 11 Db. a Ta10Ke 

pac'-!eTaM BeJlHLJHH TsF nnH cocenH11x 4eTH0-4eTHbIX Hnep c r1eTOM 3ai1peTOB 11a 

CITOHTaHHOe .ueneH11e HyKJIH)lOB c He'-lcTHblM 4HCJlOM 11etiTpOHOB H npOTOHOB. T.o., 

c nOHT3HHOe .ueneHHll npencTaBJll!eTCll Ha116onee BepOl!TIIOM MO)lOM pacnat(a ll).(pa 
268 Db. 

Pacnat( 268Db nyTeM ::ineKTpOHHOro 33XBaTa T3K)!(e HCKJllOLlHTb HeJJb3ll , ITOCKOJibKY 

npenCKa.1aHHal! 3HeprnH QEc= l .68-2.18 M1B cooTBeTcTByeT napu11as1b110My nep110.uy 

TEc OKOJIO HeCKOJlbKHX 4acoB. B 3TOM cny<iae cno1na~rnoe J:(eneHHe np1111a.une)KHT 

noLreptteMy nponyKTY 
268Rf c O)!(H)laeMbIM nep11onoM Tsi:

0
"

10 
OKOJIO I c. I l aK011eu, a­

pacrra.u 1130TOrra 
268Db Ka)!(eTCll Mettee sepOl!THblM, ITOCKOJlbKY 3TOT Tl1IT pac11a.ua !IC 

11a6mo.uancl! B cpH3H4eCKOM 3KCnep11Me1ITe BO BpeMl! OTKJllO'-leHHll ny4Ka HOHOB 
48

Ca 

(2 .7 4), B XHMWieCKOM 3KCnepHMeHTe CITOl!T3Hll0 neJil!UJHMCll HYKJll1)l 6bIJI 1!3H)lell BO 

c!J paKu1111 1neMe1na 105 (T.e., no KOHua l3bI)lenc1-11151 1neMeHTOB nHTOi1 rpynnb1 a­

pacna.ua He npo1nowno ). KpoMe Toro, nponyKTaMH a-pacna.ua 
268 Db MOrJrn 6b1 6bITb 

260
Md (

268Db ':':, 264 Lr ':':, 260
Md :'.t., TsF= 32 n) c 60111>w11M speMe11eM )KH11111 HJIH 

264
No 

(268Db ':':, 264 Lr E;- 264
No ~· , TsF -1 c) c Manoi1 BCJlH'IHIIOH JHeprn11 CHMMeTp11L11roro 

;~eneHHll (QsF=264 M1B), LJTO npornsope4HT BbICOKoi1 TKE=230 MJB H 60JibWOMY 

' lllCJlY HeHTpOllOB Ha aKT J.leJleHl1ll ( 4.2), H3MepeHHblM 13 XHMWieCKOM ::JKcnepHMel!Te 

)(Jlll KOHe'-IHOro CITOl!T3HllO J:(eJll!ll(erocl! HYKJlH)la. 

OL1el3H.UHO, LJTO o6a THna pacnana HApa 
268 Db (268 Db s; 11n11 

268Db '';· 268 Rf·1·; ) 11e 

\.Ie Hl!lOT YTBep)!(J:(eHHll 06 l1J.leHTHCp11KaUHl1 aTOMilbIX l!OMepOB 3TOro 11yKn11na H ero 

11pc.uwecTBeH1111KOB 
272

Bh-
288

115. A1ianornLJHbIC paccy)!(J:(e1111H MO)KHO nposecn1 11 .UIIH 

IJ'lOTOna 
267Db. B03MQ)KHO KaK CITOHT311HOe J.lene1111e JToro llt(pa, TaK H paCIHIJl 110 

lll!ll04Ke 
267Db E; 267Rrs;-· (TsF= l .3 LJ). 

17 



Ko11eYHb1e 51.Upa B uenoYKax pacna.ua H30TOnoB 
288

115 11 
287

115, HCllbITb!BaJO!l.lHX 

CfJOHTaHHOe J{eJJeHHe, HMe!OT YHCJJa npOTOHOB I1 HeJ:hpOllOB 6JJH3KHe K Y.UBOellllblM 

3HaYCHI151M MarnyecKHX LI11cen 2=50 11 N=82. D,n51 cno1na1IHoro .ueneHH51 TaKHX 

HYKJJH.UOB (Hanp11Mep, 
258

·
259

Fm, 
259

·
260Mct, 258

·
262

No) 3aperncTpHpOBaHO CHMMCTpHYHOe 

pacnpe.ueneHHe OCI<OJIKOB c 60JlblllOH llOJlJIOH KHHeTMYCCKOH J11eprnei1. /lJ151 51,11,ep 

268
Db(2

68
Rf) 11 

267
Db(

267
Rf) Ha6J1io.uanacb BblCOKa51 TKE, a TaK)Ke 6nH3KHe 111a,1e111151 

JHCprni1 OCKOJlKOB 
268

Db, I13MepeHHblC B XHMHYCCKOM Ollb!Te, YTO llOJlHOCTb!O 

cornacyeTC51 c O)KH.UaCMbIM THllOM cnoHTaHHoro .ueneHH51 .UII51 JTHX 51,11,ep. MaccoBa51 

CHMMeTpI151 OCKOJlKOB, HX BblCOKa51 KI1HeTH'1CCKa51 )HeprI151 I1 MHO)KeCTBeJIHOCTb 

llCHTpOHOB npH .uenCHI111 
268

Db (268Rf) HaXO,IJ,51TC51 B cornaCHH c pacYeTHOH BeJIHYHllOH 

JHeprn11, Bb1,11,en5llO!l.lei1cll 11p11 11x CHMMeTpHYHOM .uene111m Qs1=283 MJB (280 M38). 

6naro.aap51 1anpeTy Ha c11011Tam1oe .uenet111e, 51J(pa c HeYCTl!bIM LJHCJIOM npoTOHOB 

MOryT HCllb!TbJBaTb llOCJlC.UOBaTCJlbllblC a-pacna.Qbl Bl"!JlOTb .uo I130T0110B JJieMel!TOB 

Db-Bh c 6oni.,w11M wi6b1 rKOM 11eihpo11oa. Y11cno Hei1TpOHOB B TaKHX ll.Upax MO)KeT 

aapi.,11poBaTbCll ·rn CYC1 HCJIQjJb10BUllI1ll .apyrnx MHlUCllllb!X H30TOllOB 231 Pa, 237Np, 

241
A m, 

249
B k. PeaKilHH CJIHllllHll ix(a c llHMH np11ao_a511 K 11yKn11,aaM c MeHblllHM HJIH 

6oJibUJH\1 YHCJlOM 11eihpo11on 110 cpaBHCHHIO c 51.UpaMH 287·288 115, '-ITO 1103BOJ151eT 

HCCJIC,11,0BaTb w11p0Ky10 06.IaCTb ccticpw1CCKHX 51,aep, a TaK)l(C I130TOllOB B6J1I13I1 

.usa)l<.UbI Marw1ecKoro 51.Upa 
270

1 ls. CcYe111151 peaKu11i1 c 11011aM11 48Ca 1HaLI11TenbHO 

npeaocxo,11,H (B 10-100 pa1) ccYe111151 peaKu11i1 xono.u11oro CJJHllllHll 208Pb,209Bi+70zn. 

6onbw11e nepHO.Ubl 11onypacna.ua H30TOnoB Db ll03BOn5110T 11ccne,11,0BaTb 6onee 

JleTaJJbHO XHMHYeCKHe CBOHCTBa 3TOro JJieMel!Ta Tpa,11,HLlHOllHblMH MeT0,11,aMH. 

B JaKmo•1emm cqiopMyn11poaaHb1 ocHOBHb1e pe3ynbTaTbI JKcnepHMCHTOB, 

H3JlO)KelllibTe B .UHCCepTaU,HH. 

OcHoB111>1e peJyJ11>TaT1>1 nnccepTa~HH: 

1. Cmrre3HpOBaHbl ,11,Ba l!OBbIX :rneMeHTa nep110.uw1eCKOH Ta6JJHUbl c aTOMHblMH 

110MepaM11 113 11 115. BnepBbie B O.UHOM JKcnepttMe11Te nonyYeHbI 1110TOnh1 cpa3y 

.usyx CBepxnrn<eJiblX JJICMeHTOB: I130TOllbl JJleMeHTa 113 c MaccaMH 284 H 283 

288 287 11a6JJIO.QaJII1Cb llOCJIC a-pacna.ua MaTepHllCKHX 51,11,ep 115 H 115. 

18 

2. 011pe.uene11b1 csoi1cTBa a -pacna.ua .ues51TH HOBbIX H30TOTIOB JJ1eMe11ToB c 

LIHCJIOM npoTOHOB OT 107 .uo 115 (272
Bh, 

275 276
Mt, 

279
•
280Rg, 283

·
284

113 11 
287

•
288

1 15), a 

TaK)Ke .usyx HyKn11.uos 
267

Db H 
268

Db, 

npo.uyKTbI 11x P-pacna,11a (2 67Rf, 268Rf). 

KOTOpbie CllOllTallHO .uen51TCll caMH HJIH 

3. Pa.u11oaKTHBHb1e csoi1cTBa 51,11,ep ::)JieMe11TOB c aeYeTHblM YHCJIOM npoTOHOB 105-

115 B cos0Kyn11ocrn co CBOHCTBaM11 51,11,ep c Z= 104-118 no3BOJJ51!0T 11,11,eHT11cjJ11u11posaTb 

aTOMHbJe I1 MaCCOBbJe YHCJia acex HYKIIH,11,0B, CHHTe311poBaHHblX B peaKUHllX CJII1llHI151 

51,11,ep oT 
238U .uo 

249
Cf c 110HaM11 

48
Ca. AT0M11b1e HOMepa 51.uep c Z= I 05-115 6b1n11 

110,11,TBep)K,UeHbl B XHMH'ICCKHX JKCnepttMe1nax. 

4. Ha OCllOBaHHH CBOHCTB pacna.ua csepXTll)KeJiblX 51,Uep 
279

·
280Rg, 283

·
284

113 I1 

287
·
288

115 .UOKa3aHO cymeCTBOBaHYte CHJlbHOro CTa6HJII1311py1muero 3CpqieKTa o60JIOLJK11 

c N=l 84. Cpas11e1me pa.u11oaKT11B11b1x csoi1cTB H30Tonos 
278

113 11 
284

113 noKa3b1BaeT, 

LJTO 6011ee 6n111Koe pacnono)i(et111e ll,11,pa K N=J 84 np11so,11,11T K na.ue11tt10 3Heprn11 a­

pacna.ua na I. 7 M38 11 coorneTCTBYIO!l.leMy IIOBbIWeH1110 nep110.ua nonypacna.ua B 260 

pa3. l130TOllbl 
272Rg, 274Rg 11 

280Rg ,11,eMOHCTp11py10T aHaJIOrHYHOC flOBbIWeH11e 

crn6HJibHOCTI1 ll,11,ep c poCTOM '111CJJa HeHT])OHOB (Tll2=3.0 MC, 15 MC 11 3.6 c). 

5 . .[J,0K<l3a110 cyll.leCTBOBaH11e HCi1TpOHHOi1 06onoYK11 c N=l62 Ha rrp11Mepe 

pa.a11oaKTHBHblX CBOHCTB 51,11,ep 
267

·
268

Db, 
272

B h H 
275

·
276

Mt. Conocrasne1111e ·J 11eprni1 a­

pacna.ua 11 speMeH )KH3Hl1 11oab1x 111ornnos c N?.162 co csoi1crnaM11 pacna.ua 6onee 

JJerK11X 1130T0110B TCX )l(C 3JJeMeHTOB ,11,CMOHCTpHpycT H3JJOM B 113MCHeHHH 3Hepr11i1 a­

pacrra.ua ll.UCp 11 cymecTse1111oe nosb1we~111e 11x cTa611nbHOCTl1 np11 np116n11)KeHHH K 

o6onoYKe c N=l 62. 

6. Ha OCHOBaHl1J.1 JlleprnH a-pacna;ia 1130TOrIOB 
287

·
288

115. KaK 11 11'30TOrIOB 

3JJeMeHTOB 114 H 112 .UOKa3aHO cna6oe BJJl151Hlle HJJl1 llOJJHOe OTCYTCTBl1e 

npe.ucKa3aHHOii B He1<0ropb1x Mo,11,enllx 11ci1Tpo1111oi1. o6onoYKH c N=l 72. 

7. 'JKcnepHMCllThl no CHHTe3y JJ!eMetrra 1 15 B peaKU11I1 
243 

Am(
48

Ca,3-

4n )287
·
288

115 npose.ueHbl np11 .UBYX Jlleprn51X 110!10B 
48

Ca .UJJ51 Ha6mo.ue11115I .UBYX 

1130TOrIOB 
287

115 11 
288

115 H HX .UOYep1111x 51,11,Cp. 113MepeHbl ceYCHl1ll Jn II 4n KaHanOB 

peaKUHH nom1oro cnH51HH51 
243 

Am+ 
48

Ca, KOTOpb1e xopowo cornacy10TC5I c .uaHHbIM11, 

llOJJyYeHHblMH )lJJ51peaKUHH110HOB 
48

Ca c 51,11,paMl1 
238U-249Cf. 
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8. CsoikTsa pacna.ua H30Tonos HOBbIX HYKJIHJlOB, BMeCTe c ll.UpaMH 6onee nern11x 

H 6once Tll)!(eJibIX ::lJieMeHTOB, CHHTe3HpOBaHHb!X B peaKL(HllX c HOllaMH 48Ca, llBJllllOTCll 

npl!MblM ::lKcnepHMeHTaJlbHblM .UOKa3aTeJlbCTBOM cyLIJeCTBOBaHHll 06nacT11 

CBepxTlDKeJib!X ::lJieMeHTOB, <.:ymecTBeHHO pacwHplllOlIJeH rpa11111~bl CTa6HJlbHOCTH 

Ha116onee Tll)!(eJlbIX aTOMHb!X ll.Uep. 
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