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BBEIIEHHE 

tlnR 1-1AeHTH!l>HK8"'1-114 B03MO>KHblX CBepXTA>KeJlbiX HYKllHAOB npH 

nOHCKe HX B npHpOAe ~enecoo6pa3HO HCnOJ1b30B8Tb 3JleKTpo­

M8rHHTHbl~ Macc-cenapaTop. C noMOW.biO Macc-cenapaTopa MO>KHO 

npOH3BeCTH P83AeneHHe no M8CC8M AOCT8T04HO 60J1bWHX nO Becy 

npHpOAHbiX o6pa3~0B HJlH cne~H8JlbHO nOArOTOBneHHbiX npenapa­

TOB, o6ecne~HB8A npH 3TOM BbiCOKYIO 4YBCTBHTeJlbHOCTb nOHCKa 

TA>KeJlbiX HYKllHAOB. Ha6niOAeHHe B cneKTPe Mace 8TOM8PHbiX KOM­

noHeHT c MaccoBbiMIII 4HCJ18MVI e o6nacn-1 A- 300 Henb3A 6yAeT 

He paccMaTpHeaTb KaK AOKasaTenbCTeo o6Hapy>KeHHA CT3 - eo­

npeKH o6w,eMy KPHTePHIO OTKpbiTIIIA HOBbiX 3JleMeHTOB/1/, Tpe6yiO­

W,eMy o6AaaTeJ1bHO onpeAeneHI-1A Z • 

~3BeCTHbl HeCKOJlbKO 3KCnepHMeHTOB/2-4/ C npHMeHeHHeM 

Macc-cenapaTopa AflR no~cKa CT3 a pasn~4H~x M~Hepanor~4ec­

K~x ~ APYr~x o6pas~ax ~n~ a cne~~anbHO np~roToaneHH~X npe­

napaTax-KoH~eHTpaTax aoaMomH~x nPHPOAH~X CT3. B HacToR~e~ 

pa6oTe AaeTcR on~caH~e Hoaoro aapHaHTa TaKa~ MeTOA~K~, 

paspa6oTaHHoro e cBR3H c w~poKoA nporpaMMOA noHcKa CT3, 

npOaOAHMO~ 8 Da6opaTOpH~ RAePH~X peaK~~H /eM., Hanp~Mep/5//. 

OC06EHHOCTH METOIIHKH 

0AH8 ~3 oco6eHHOCTeH p~CCMaTpHaaeMOH MeTOAHKH 3aKn~4a­

eTCR B npHMeHeHHH TOpM03HOrO H3flY4eHHR C MaKC~MaflbHOH 

3HeprHeH 16 MaB AnR AeTeKT~poaaHHR cenapHposaHH~x n~Ma'f­

caM TRmenwx HYKnHAOB no BWHYmAeHHOMY AeneH~~. PaHee 12•4 

AflA 3TKX ~eneH HCOOflb30Ban~Cb peaKTOPH~e HeATPOHW, ~ HX 

npHMeHeHKe MOrna 6WTb onpaBABHO TOflbKO AnA RAep, HMe~~X 

3HeprHo ceRa~ npHcoeAHHReMoro HeATpoHa, 6onbwyo 6apbepa 

AeneHHA, pas~o 6apbepy AeneHHR KflH Hecy~eCTBeHHO MeHbWyO 

6apbepa AeneHKR o6paay~erOCR KOMOaYHA-RApa. 0AH8KO, KaK 

noKaaaHo, Hanp~Mep, sfel , AflA scex 4eTHo-4eTHWX caepx­

TA>Kenblx AAeP C Z~ _1 08 He O)I(HAaeTCA swnonHeH~R yKa3aHHbiX 

COOTHOWeHHA, npH4eM Ae~~HT 3HeprHH CBA3H HeHTpOHa no OT­

HOWeHH~ K 6apbepy AeneHHA MO*eT AOCTHraTb 5 M38. 
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11a pacYeToe/7/ cne,QyeT, 1.4TO O)tU1,QSeMble ceYeHI-I.R ,QeneHJ.o1l=l 
TennoBbiMH He~TPOHSMI-1 ,QJlA 6o11bWI-1HCTBa B03MO>t<Hb1X csepxn:nKeilbiX 
HYKIU1,QOB MB!lbl /BnJlOTb ,QO ar = 3·10-e 6/, a ,QJl.R O,QHOrO 1-13 
sepo.RTHbiX HYK111-1AOB, a I-1MeHHO 114 298 

, af = 4,4-lo- 3 6, '-ITo 
COCTaBJl.ReT - 10-5 OT Cel.leHI-1.R ,Qe11eHI-1A U23& , KOTOpbliil 06bi4HO 
npHcyTcTsyeT a Hccne,QyeMbiX o6paau.ax /npenapaTax/ \.1 MOneKyn.Rp­
Hble COe,QHHeHH.R KOTOporo MSCKHpyiOT csepxT.R>KeJlble HYK11J.1,Qbl. 3aMe­
TI-1M, 4TO paC4eTbl /?/ OCHOBSHbl HS 3HS4eHVIfiX 6apbepOB ,QeJleHH.R 
CBepXT.A>KeilbiX HYKIU1,QOB, B3.RTbiX J.13 pa60Tb/S/ , KOTOPble He RBilR­
IOTC.R MBKCHMSJlbHO B03MO>KHbiMH cpe,QH aHSJlO'jGH4HbiX 3HS4eHHH, nony-

/ 9-13/; 4eHHbiX ,Qpyri-1MH SBTOPSMH CM., HanpHMep, • 
np~;~ o6ny4eHI-11-1 TOpM03HblMH 11Y4BMI-1 C MaKCI-1Mai1bHO~ 3HeprHe~ 

16 M3B cne,qyeT %HAaJb ,qeneHH.A csepxT.A>Kellblx HYKnH,qos np1-1 scex 
npe,qcKa3b!SaeMbiX 8-13 6apbepax ,Qe11eHJ.1fl C OTHOCHTeJlbHO 60J1bWJ.1M 
ce4eHHeM ,qeneHHR. 

~e~CTBJ.1TeJ1bHO, I-1HTerpanbHOe Ce4eHHe $OTO,qe11eHI-1R TOre >Ke 
114 298 no OTHOWeHI-110 K U238 onpe,qellReTCfl COOTHOWeHHeM: 

16 16 
( N(E)<7r 11 ,(E)dE/ ( N(E)<7 (E)dE, 

8,6 5.7 ru 
/1/ 

r,qe N {E) - HOPMlrlpOBaHHbl~ cneKTP TOPM03HOro I-13Jly4eHI-1fl; a1 (E) -
ce4eH~e AelleH~~, "r (E)~ <7 (E) fr /f , a (E) - ce4eH~e 
¢oTonornOLI.IeHH.A; If lr1 r - y ,qenHTeJlbHafl 1-1 fi'onHafl WVIPJ.1Hbl 803-
6y>K,qeHHOro R,qpa; Hlti>KHI-1~ npe,Qell lt!HTerpJ.1p08aHJ.1R 83RT pa8HbiM 
3Hepri-1J.1 aKTH8al.\HH ,qeneHlrlR I 141. ~HTerpanbHOe ce4eHHe $oTonor­
I10LI.IeHJ.1.A, 8blpamaeMoe o6LI.Iei1 AJlFI scex H38eCTHbiX Fl,qep $opMynoH I 151 

~ 

(a (E)dE. [60NZ/A] M3B M6, 
0 y 

' /2/ 

Q}l{lti,QaeTCFI AI1R 114 
298 

8 1 , 2 paaa 6oJ1bWI-1M' 4eM AJlFI u 238 
• npH 

3TOM MaKCVIMYM Ce4eHlr1R $0TOnOri10LI.IeHHR AJ1R 114298 , n0110}I{eHJ.1e 
KOToporo onpe,qenReTCR Q>opMyno~ I 151 

-1/3 -A/238 -1/6 -A/238 E ~ [77,9A (1-e )+ 34,5A A ] M3B, /3/ max 

no OTHOWeHI-110 K nonomeHI-110 MaKCHMYMa ,QI1fl U 238 ,QOJl}l{eH 5b1Tb 
CMeiJ.IeH Ha '2 M3B 8 5onee VIHTeHCH8HyiO 4aCTb cneKTpa TOPM03HbiX 
ny4ei1 I Em ax = 14 M3B P.Jl~ U238 ~ Em ax = 12 M3B All~ 114 298 /. 
Cpe,qHee 3Ha4eHYle rf /[' ,QilR 114 298 AOI1}1{H0 6b1Tb He HH}I{e, 4eM 
,QilR U238 • 0cHOBaHJ.1eM ,Q11R T8KOrO yTBepm,qeHHR MO>KeT CJly)f(J.1Tb, 
eo-nep8biX, npY~MepHO OAHH8K088FI yCTOi'i4HB0CTb 060HX fi,Qep nO OT­
HOWeHHIO K ,qeneHJ.110 8 OCHOBHOM C0CTORHlr1J.1, BbiTeKaiOIJ.IaR 1-13 paBeH­
CTBa nepHOJJOB cnoHTaHHoro ,qeneH~t~.A ,qiiR 114 298 I T 

112 
= = 1Q16 ·neT/8/;" P.ll~ u2a8;T 1; 2 = 1016 neT/,~, so-sTopbiX, 
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CHvnt<eH~r~e 6apbepa AeneHiffR, o6ycnosneHHoro o6ono4e4Hb1Mirl 3<l><l>eK­

T BMirl , nplrl B036Y>KAeHHiff 114 298 
• 

6~n npo~3BeAeH pac4eT no ¢opMyne /1/ c y4eToM ~op~n /2/ 

H /3/, KOHKpeTHO~ $QpM~ cneKTpa TOPM03HOrO lrl311y4eHiriR 16/ lrl 

THm14HO~ ¢opMbl O"y(E) • 6bl110 Hai'iAeHO, 4TO lriHTerpailbHOe Ce4eHJ.1e 

AeileHiriR 114 298 ¢0TOHBMH, B03Hir!Ka~~J.1MJ.1 Oplrl TOpMO>KeHHH 

sneKTPOHOB c 3Hepr~r~ei:i 16- M3B a sonb¢paMoso~ MJ.1WeH~r~, AOil>KHO 

npesbiWarb He MeHee 4eM a 1, 5 paaa aHanorH4Hoe ce4eHHe AI1R 

U238, An" KOTOporo u(Ernax) = 150 M6. 
3aMeTiriM, 4TO HHTeHCHBHOCTb OOTOKa TOPM03H~X ¢oTOHOB, reHe­

pHpyeM~X HB MHKpOTPOHaX, He ycrynaer AOCTynHO~ HHTeHCVIBHOCTH 

OOTOKB He~TpOHOB-B RAePH~X peaKTOpax. 

npHBeAeHHOe B~We paCCMOTpeHJ.1e 00K83~BaeT, 4TO np~r~MeHeHHe 

BMeCTO peaKTOpH~X He~TPOHOB TOpM03HOfO lri311Y4eHiriR C MaKCHMBilb­

HO~ 3HeprHe~ 16 M3B a 6onbwe~ Mepe rapaHrHpyer AeTeKr~r~poaaH~r~e 

no AeileHir!K) Il!060rO H3 B03MO>KHbiX csepxTR>KeilbiX HyKilHAOB t.1 CHH>tCa­

er ¢0H OT AeneHHR COeAHHeHH~ ypaHa, HMe~~H~ B~COKOe 3Ha4eHHe 

npH AeTeKTirlpOBBHirllrl peaKTOpHbiMirl He~TpOHBMirl 1-13-ga 6o.nbWOro ce-

4eHHR AeneHHR U235 a rennoao~ o6nacrH. 

ApyraR oco6eHHOCTb MeTOAHKH aaKI1~4aercR a AOnOnH~r~renbHOH 

AHCKPHMHHB~HVI B cneKrpe Mace KOMOOHeHT, o6yC110BI1eHH~X MOileKy­

IlRpH~MH COeAHHeHHRMH TOPHR H ypaHa C A~260, Mewa~HX Ha6n~­

AeHiriiO csepxrR}I(en~x HYKilHAOB. B. pa6ore /a/ AflR AMCKPiriM!ri'Jiatt~r~~r~ 

TR}I(eilbiX M011eKy11RpHbiX lriOHOB Macc-cneKTp811bHbl~ BHBI11r13 OPOH3BO­

AH11CR cne~HailbH~M o6paaoM: CHB4ana ocy~ecrsnRnacb Macc-cena­

pa~HR o6paa~a, a aareM· co6paHH~e HB npHeMHiriK <J>paK~HH cenapl-1-

posaHHoro no MaccaM ae~ecrsa aHan~r~a~r~posan~r~cb c noM~biO Macc­

cneKTPOMerpa. MoneKynRpHble HOHbl rop~r~R H ypaHa c 3Hepr~r~e~ 

So K38 np~r~ BHeApeHHH a npHeMHHK Macc-cenaparopa AHcco~HHposa­

n~r~ Ha COCTBBI1R~He 8TOMbl 1r1 TaKHM o6pa30M HCKI110461lHCb lrl3 o6-

naCTH MBCCOBbiX 41o1Ce11 A >238 npH OOCileAY~uteM Macc-cneKTpanbHOM 

6H611H3e. 0AHBKO TBKBR OPOtteAypa Macc-cneKrpailbHOfO aHB11H38 

04eHb TPYAOeMKa. 

HaMH AJlR AHCKpHMHH8~HH ¢QHa HOHOB COeAHHeHH~ TOpHR H ypaHa 

HCnOnb30BaHa OOHH>tCeHHBR CTa6HnbHOCTb MOneKyn npH OTp~Be ABYX 

BalleHTHbiX HnH KosaneHTH~X 311eKTpOHOB, OPHBOARtqBR K CHnbHOMY 

naAeHHIO B~XOAB H3 HCT04HHKa ABYX3aPRAH~X MOneKyllRPHbiX HOHOB. 

no3TOMy Macc-cenapa~HR npenaparoB B Blr!Ae ABYXaapRAHbiX HOHOB 

o6ecne4HBaer npeHMy~ecrseHHOe noAaaneHHe ~Ha MoneKynRpH~x 

COeAHHeHHH TOPHR H ypaHa 6e3 3H64HTenbHOro CHH*eHHR BbiXOAa 

ABYX3apRAHbiX aroMapHbiX HOHOB OpH $OpCHPOB8HHH pa3PRA6 B HC­

T04HHKe. 
3TO ABeT B03MO>tCHOCTb 06ecne4HTb 0AH03H64HY~ lriHTepnpeTB4Irl~ 

KOMOOHeHT Macc-cneKTpa B o6naCTH MaCcOBbiX 4HCen, O*HAaeMbiX 

ADR CT3. 
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3KCnEPHMEHTAnbHA~ nPOBEPKA METOAHKH 

0Tpa60TK8 VI nposept<a MeTOAHKH npOH3BOAHIIHCb H8 3MCHAnTH /17/ - 3J1eKTPOM8rHHTHOM Macc-cenapaTope, paHee npH­M8HRBWeMCR s 3KCnepHMeHTax Ha nYYKe TR~en~x HOHOB. AnR H8CTO.A~HX 3KCnepHM8~TOB 6~n~ar0TOBJ1eH cne4HanbH~~ HCT04HHK HOHOB C ra30B~M paapR.QOM 8 MarHHTHOM none VI THrneM Afi.A Hcna­peHH.A certapHpyeMoro se~ecTsa. Paap.A.QHa.A /aHO.QHBR/ KaMepa Hc­
TOYHI-!Ka BblnO!lHeHa J.13 T8HT8Il8 8 BH,Qe U,H.nJ.1HAP8 BbiCOTOH 45 MM 
J.1 .QH8M8TPOM 15,5 MM. KaTO.QOM CIIY~HT BOilb$p8MOB8R HHTb H8KS­JU188HI-1.A, pacnon.o>t<eHHa.A y ocHosaHHR paapR.QHOi1 KaMepbJ. THrenb C.QenaH 1.13 rpa¢JJ.·1Ta c nono.cTbiO .QIIR aew.ecTea o6DeMoM - 1 cM3 • Paap.A.QHaR KaMepa H TJ.1renb MoryT Har,pesaTbC.A ,qo TeMnepaTYPbl -2000 o C. 3MI-1CC~t~OHH8R utenb, HanpaaneHHaR no o6paayJOtqeH u,J.1-
llJ.1HAPI.14ecKoH paapR,QHOIIi KaMepbr, 1.1MeeT paaMep 24xl ,4 MM2 1.1 
noaaom~eT OT61.1paTb 1.10HHble TOKI.1 AO 10 MA np1.1 BblTRrt.1BaJOutel1 
pa.3HOCTI.1 noTeHr_.l.1anoa 50 KB. 

MarHY1THbll1 aHanl.13aTop Macc-cenapaTopa 1.1MeeT cne.QYIOIJ.IYle xa­
paKTePJ.1CTJ.1KH: ¢OKYCJ.1POBKS - AB011HBR npOCTpSHCTBeHHBR, BTOpo­
ro nopR,QKa B pB,QHa!lbHOM Ce4eHHJ.1; ,QHcnepCJ.1R Ha 1% ~A/A - 12 MM no HOpManH K J.10HHO-OnTH4eCKOI1 OCH, 1.1111.1 18 MM BAOllb 
nilOCKOCTH npl.1eMHJ.1Ka; .ctHana30H MBCCOBbiX 4111Cefl OAHOBpeMeHHO 
npHHHMa,eMbiX HOHOB -.1A/A

0 = 32%, T.e. AJ1R AB= 275 LlA= 90; paapewaJOtqaR cnoco6HOCTb R- 500-700 Ha no.nyBbiCOTe nHKa pac­
npe.QelleHHR TOKS VIOHOB npH HCnOI1b3yeMOM 3MI.1TTSHCe HOHHOrO VIC-T04HV1Ka L\y·~a = 1,4 MM·150 MPSA 1.1 OT6HpaeMOM TOKe 1.10HOB 5 MA. 

0Tpa60T.KS MeTO,QHKH 6bl!la HSL.JSTa C MOAe111.1PYIOIJ.IHX OnbiTOB, 
8 KOTOPbiX HCnOI1b30BSilltlCb pa,ctHOSKTI.18Hble HYKilH,Qbl - XI.1MVIL.JeCKYie roMonorH CT3: 'T! 199 TJ200 Pb 201 Bi 20 4 Po 204 /nony-' ' ffi7 ' ' 4eHHbre a peaynbTaTe peaKr_.VIH Au (C12. ; xp, yn) np111 x = 1 - 4, y = 3- 6, Ec 12 = 108 M3B/ H Pb21 2 /o5paayi0-

1.1.1HIIicR npVI pacna.qe TOPI.1R/. Pa.QYIOa~<THBHbre HYKJH1Abl a XHMJ.14ecKor:1 ¢opMe, O>KI.1,QaeMOH AllR CT3 B KOHKpeTHbiX XVIMJ.14eCKHX onepal.IHRX 
1.1X BblAelleHHR Vl3 npHpO,QHbiX 06"beKTOB, BBO,QHJlHC·b B KOI1J.1L.JeCT-
BSX 1 Q7 -10 9 STOMOB B npenapaTbl, MO.QeJlHpyJOtqVIe KOHI..IeHTPSTbl 
BetqeCTBa. npenapaT nO,QBeprallCR MaCc-cenapai..IVII-1 npVI nOCTeneH­
HOM nOBbtWeHVII.1 TeMnepaTypbl THr!lR 1.1 pa3pR,QHOr1 KSMepbl J.1CTOL.JHHKa, o6ecne4HBaJOuteM nocne.QosaTeJlbHY~ a¢¢Y3Y1JO aneMeHTOB 1.1 coe.QHHe­HHH B 3SBVICHMOCTVI OT HX JleTyL.JeCTVI. no Mepe pa3orpeaa TVIrJlR 
H YCVIIleHVIR napoo6paaoaaHHR noTOK pa6oL.Jero raaa KCeHoHa, Ha 
KOTOpOM 3B>KY1rallCR pa3pR.Q, nepeKpbiBSJlCR., nyTeM perJ.1cTpal.IVIH 
y -nyL.JeH HJU1 a -L.JacTI-11..1 /.QnR Pb 212 I, VlcnycKaeMbiX HYKI1HASMJ.1, nocTynHBWVIMJ.1 Ha np1.1eMHHK Macc-cenapaTopa, onpe.QenRnacb a¢­

¢eKTJ.1BHOCTb. MaCc-cenapal.IVIYI np1.1 pa3JlVIl.JHbiX TeMnepaTypHbiX pe>KH­
MSX J.1 napaMeTpax paapR,QB Y1CT04HI.1Ka. 5blll0, HanpJ.1Mep, Hai1,QeHO, 
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PHc.l. WoTorpaWHH npHeMHHKa Macc-cenapaTopa(Me~HoH 

$OnbrH) CO Cne~aMH 3P03HH OT nyqKOB HOHOB H30TOITOB 

KC€HOHa. ITOHCHeHHH CM. B T€KCTe. 

4TO ~3 npenapaTa, COAepma~ero -1 r cynb$~AOB MeA~~ ~HHKa 

no npowecTBHI-1 60 M~H cenapa~~~ np~ nocTeneHHOM nOBbiWeH\11~ 

TeMnepaTypbl ~cnap~T6IlbHOrO T\llrnll AO 700 ° C 3$$YHA~PYIOT n·paK­

T~4eCK~ ace BBeAeHHble paA~OaKTI-1BHb1€ HyKni.-1Abl-rOMOnorH CT3. np\11 

3TOM Ha np~eMHI-1K Macc-cenapaTopa nocTynaeT a B\11Ae OAH03apllA­

HbiX J.IIOHOB 20% HyKn\IIAOB Tl , 25% - Ph 1.-1 I3i , 10% - Po . 

8b1X0A HyKni-1A08 B BJ.IIA€ ABYX3apllAHbiX STOMapHbiX I-10HOB, Ha-

npi-1Mep r-10HOB Pb 2l2 ' Th 232 J u238 ' COCTaanr~eT B cpeAHeM npH 

HaCTpOHKe pemHMa pa3PllAS HCT04HHKS Ha MaKCI.-1MYM TOKS AByx-

3aPfiAHbiX I.-10HOB KCeHOHa OAHY TP€Tb OT BbiXOAS OAH03apfiAHbiX. 

~fl onpeA€Il6HJ.-1fl 4YBCTB\11T6nbHOCTH A6T€KTI-1pOBSHI-1fl 1-1 B03MOm­

HOCT\11 \11A€HT\11$HKa~HH CBepXTll>KenbiX HyKni-1AOB npOH3BOAHili-1Cb npo6-

Hble onbiTbl no Macc-cenapa~HH npenapaToB, no.ny4eHHbiX np~r~ oT­

pa6oTKe MeTOAOB KOH~eHTp~r~.poaaHH.ll CT3 H3 reoTepManbHbiX pacco­

.nos 1.-1 H3 meneao-MapraH~eBbiX KOHKpe~~r~.H. 

np~r~.eM cenap~r~.poaaHHbiX I-10H08 c MaccOBbiMJ.-1 41-1CilSMI-1 A = 230-

-275, cpeAH KOTOPbiX 111Mel1\11Cb AOCTaTo4HO HHTeHCJ.IlBHble ny4K\11 

\110HOB KCeHOHa, npOI-13BOAJ.11IlCfl HS M6AHYIO $0Ilbry. Anll J.llOHOB 

c MaccoabiMH 4J.IlcnaMJ.I1 A= 275-320, He J.llMeiO~~r~x .J.IlHTeHCJ.IlBHbiX ny4-

Kos, npHeMH\IIKOM cnym111.na nascaHoaar~ nneHKa /MaTepJ.Ilail c 04€Hb 

H\113K\11M COAep>KSH\116M TOpltlfl J.-1 ypaHa/. 

MapK\IIPOBKa WKSilbl Mace np\11eMHJ.11KS npOJ.I13BOAJ.1111SCb no BJ.I13yanb­

HbiM OTMeTKSM OT ny4KOB cenapHpOBSHHbiX HOHOB. Ha pJ.IlC. 1 npJ.Ilae­

AeHa, HanpJ.IlMep, $OTOrpa¢J.Ilfl M6AHOH ¢OilbrJ.I1 CO CJ1eA~P03H\11 OT 

ny4KOB OAH03SPllAHbiX 11\QHOB \1130TOnOB KC6HOHa nocne Tpex4acosoH 

3Kcno3\11~\11\11 np~ TOKe ny4KOB acex \113oTonos - 0,3 MA. Ha ¢oTo­

rpa$\11\11 BI-1AHbl cneAbl oT I-130Tonoa /cnpaaa Ha.neao/ Xe 136 /np!-1pOA­

Hoe coAep>KaHHe 8,9%/, Xe134 /10,5%/, Xe 132 /27,0%/, Xe 131 

/21,2%/, Xe 130 /3,3%/, xe 129 /26,4%/,Xe 12B /1,9%/. BHAH-

Mble Ha $Onbre OTMeTKH OT Xe126 /0,09%/ H Xe 124 /0,10%/ Ha 

$OTorpa¢HH He nony41-1Ili-1Cb, HeCMOTpll Ha KOHTpaCTHYIO $oTOne4aTb. 
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PHc. 2. Pe3ynoTaTbi Macc-cenapau;HH npenapaTa, co,D;ep­)l(a~ero ynDTpaMarrhte KoJIH'tleCTBa /Jo-s r/r/ rrpHMeceH 
TOPH~, ypaHa H HX coe~HH€HHH, C HCIIOJib30BaHHeM 
OAH03apH,iJ;Hb~ HOHOB. 

a 
5 :s: 
T 

g 
u 
u 
~ 

Ha n~TH€ OT ny4K8 HOHOB Xe 1a6 BH,QHa T€Hb OT TOKOBOrO 30H,Q8 /Me,QHOCi -npOBOIIOKH ,QH8MeTPOM 1 ,3 MM/, KOT0Pbli1 VICnOIJb30B8JlC.R Afl.R KOHTPOil~ H o6ecne4€HHR CT86HilbHOCTH nOilO~€HHR ny4KOB HOHOB eo apeMR npo,qomKHTe!lbHbiX ceaHcoe Macc-cenapa~.tHH. PaaMepbl ny4-KOB Hilil~CTPHPY~T K84€CTBO ,QBOC1HOC1 npOCTP8HCTB€HHOC1 $OKyCHpOBKH H CT8'611IlbHOCTb lo1X nOJ10)1{€HHR. 
nocne OKOH48HHR Macc-cenapa ... HH npenapaTa npH€MHHKH HOHOB -M€,QH8R 4>ol1bra H J18BC8HOB8.A nneHKa - 04HIQ8J11.1Cb OT cny4ai1Hb!X no­BepXHOCTHbiX aarpR3HeHHI1 npQMblBKOH 3TJ.1nOBbiM cn~t~pTOM J.1 HaKnaAbl­sanHCb Ha nascaHosy~ nneHKy, npeAHaaHa4eHHY~ AnR AeTeKTHposa­HHR OCKOnKOB BbiHYmAeHHOrO AeneHHR TRmenbiX cenapHpOBaHHbiX RAep. CnomeHHble BMecTe np~t~eMHHK "' AeTeKTop csepTbleanHCb a pynoH AHaMeTpOM -15 MM J.1 o6ny4anJ.1Cb ny4KOM TOpM03HbJX ~OTOHOB Baa­KyyMHOM KOHTeHHepe AnR yMeHbWeHJ.1R pa3pyweHJ.1R naBCaHOBOH nneH­KH, J.1HH4J.1J.1pyeMOrO paAHa41o1eH. 
Hcnonbaoaanocb H3nY4eHHe, B03HJ.1KaiD~ee np1o1 TOpMomeHHH a ABYXMHnnHMeTpOBOH BOnb~paMOBOalt MJ.1WeHJ.1 3neKTp0HOB, YCKOpeHHbiX AO 3HeprHH 16 M3B Ha .MHKPOTPOHe MT-17 na6opaTopHH RAePH~X pe­aK4J.111 OHRH. Ton~HHa an~MHHHeaoro ~HnbTpa AnR norno~eHHR npo-
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We.QWHX 4epe3 MHWeHb 3.neKTPOHOB, KOTOpble MOr.nH Bbl3bi88Tb p8.QH8-

~HOHHOe paapyweHHe .naBCaHa, p8BHRI18Cb 35 MM. 3KCn03H~HR o6.ny-

4eHHR COCT8BI1RI18 OT 5 AO 20 48COB npH cpe.QHeM TOKe 3I1eKTpOHOB 

Ha MY1WeHb 25 MKA. noc.ne o6ny4eHHR naecaHOBbla71 TpeKOBb\171 .QeTeK­

TOP o6pa6aTb!B8I1CR COOTBeTCTBYIOtl.IHM 06pa30M lo1 npOCM8TpHB8.flCR 

nOA MHKPOCKOnOM. 

Ha pHc. 2 npeACTae.neHbl pesy.nbT8Tbl npocMOTpa TpeKoeoro ,qe­

TeKTopa ,Q11R OAHOrO lo13 np06HbiX npenapaTOB, COCTORtl.lerO lo13 CMeCW 

rHAP00KHCea71 H CYI1b$HAOB THT8Ha, MapraH~a, me.neaa, Me,QH, ~HH­

K8, MbiWbRKa H HeKOTOpb!X APYrHX 3.neMeHTOB, COAepmatL~erO T8K>t<e 

YI1bTp8M8I1ble KOI1H4eCTB8 /10-8 r/r/ npa-~Mecea71 TOpHR, ypaHa H HX 

coeAHHeHH~. 3TOT npenapaT no caoeMy cocTaay aHa.nora-~4eH npena­

paTaM, no.ny4aeMbiM npa-~ xHMH4eCKOM KOH~eHTpillpoaaHHH CT3 H3 reo­

TepMa.nbHbiX HaTpHeso-Ka.nb~HesbiX x.n0plr1AHbiX pacco.noa no.nyocTpoea 

Lle.neKeH. Ha4a.nbHb!C1 sec npenapaTa - 1 ,65 r, apeMR Macc-cenapa­

~lr1lr1 - 17 48COB, KOHe4H8R TeMnepaTypa lr1CnapHTef1bHOrO THr.nR -

1450 a C, KOHe4Hblc:i sec npenapaTa - 0,94 r. MarHHTHOe no.ne aHa­

.na-~aaTopa 6bl.no ycTaHoe.neHO TaK, 4T06bl Ha nplrleMHHK Macc-cenapa­

Topa nbCTyna.nH 0AH038PRAHble HOHbl C M8CCOBbJMH 4HCI18MH A = 
= 230 - 320. A.nR MapKHPOBKH WK8.nbl M8CC HCnO.nb30B8I1HCb OTMeTKH 

OT ny4KOB O,QH038pR,QHbiX HOHOB MO.neKy.nRpHb!X 

I A= 3001, TaOCI2 I A= 267, 269, 271/, 
304, 306, 3081, a TaK~e OTMeTKH OT ny4KOB 

coe,QHHeHHc:i As 4 
TaOCI 3 I A= 302, 

HOHOB KCeHOHa, HeO-

,QHMa, eeponHR H ra,QO.nHHHR, Bb!We,QWHX H3 HCT04HHK8 KaK ,QByx-

38PRAHble HOHbl, a 38TeM 38XB8THBWHX no O,QHOMy 3I1eKTPOHY H8 

caoeM nyTH ,qo MarHHTHOro aHa.nH3aTopa. Pe.QKHe aeM.nH e BHAe 

x..nopH,QOB cne~Ha.nbHO BBO,QHI1J.1Cb B HCnapHTe.flbHbll7! THre.nb B M8PKH­

POB04HOM ceaHCe Macc-cenapa4HH, 0KCHXI10PH.Qbl T8HT8I18 no.ny4a­

I1HCb nonyTHO nplrl B38HMO,Qe~CTBHH x..nopa C HarpeTbiMH T8HT8.nOBbiMH 

CTeHK8MH pa3pR,QHO~ KaMepbl. ~3 pHCyHK8 BH,QHO, 4TO K8.nH6pOBQ4-

H8R <f>YHK~HR /npRM8R .nHHHR/ He HMeeT BH,QHMbiX OTKI10HeHHI1 OT I1H­

Hea71HOCTH H8 BCeM npOTR>t<eHHH npHeMHHK8 /540 MM no WK8.ne a6c-

4HCC/, oxaaTbiBaiOtl.lero AHanaaoH Maccoeblx 4Hce.n A= 230- 320 
/npaBaR WKa.na OPAHH8T/. 

KpHBbiMH C M8KCHMYM8MH npe,QCT8BI1eHbl 4HCI18 TpeKOB OCKO.nKOB 

,Qe.neHHR B ,QeTeKTOpe H8 no.nocKe npOCMOTpa WHpHHOH 1,5 MM H Bbi­

COTOH AO 20 MM, P83I1H4HOI7! B p83Hb!X 48CTRX npHeMHHKa,a 38BHCH­

MOCTH OT CTeneHH 8KCH8I1bHOC1 <f>OKyCHpOBKH. nHKH B pacnpeAe.neHHH 

4~cen TpeKoa BAOllb npHeMHHKa npH A= 232, 235, 238, 248, 
251, 254, 264, 270, 286 H 302 npHHaAJ1e~aT HOHaM Th 232, U 235 , 

U238 H HX OKIIICflOB HJllll cy.nb$H,QOB. COOTHOWeH!4e Me>KAY KOJ1H4eCT­

BOM 8TOM8pH~X H MOneKynRpH~X HOHOB npH M8CC-cenap84~~ 38BHC~T 

OT H848JlbHoro XHM~4eCKoro cocTaaa npenapaTa "' pe>KII!Ma HOHHoro 

lr1CT04H~Ka. 
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Ha pHc. 3 np~t~Be.QeHbl pesynbTaTbl Af!.R BTopoH nop~..tl-11-1 npenapaTa, 
cenap~t~poaaHHOro a Te4eHHe Taro *e speMeHH 1-1 npH TOM me TeM­nepaTypHOM pe*HMe, HO npH OnTHMH$a~HH paapR,qa HCT04HHKa c ~enb~ o6ecne4eHHR MaKcHManbHoro s~xo,qa ,qsyxaap.R.QH~X I q= 2/ HOHOB KCeHOHa H npH HaCTPOHKe MarHHTHOrO aHaJ1H3aTOpa Ha npHeM 
,QByxaapR,QHbiX YIOHOB /MarHJ.1THOe none B v-rz· = 1,41 paaa HH>Ke/. B 3TOM CJ1y4ae AnR MapKHpOBKH WKaJ1~ Mace HCnOJ1b30BaJ1HCb O,QHO­
aapR,QHble I-10Hbl KCeHOHa, HeO,Q~Ma, :As 2 , eeponHR \II ra,QOJ1HHI-1R, 
HMe~~Yie COOTBeTCTBy~~~e OTHOWeHHR A/q ~ KaK B~,QHO \113 PYIC.3, 
B cnet<Tpe Mace ABYX3aPR,QHbiX HOHOB Ha6n~,Qa~TCR KOMnOHeHTbl, 
o6ycnoaneHHble aToMapHbiMH ~oHaM~t~ Th232 , U 235 , U 238 1-1 ~-toHaMH 
MO!leKyJ1 ThO J.1 UQ • Eionee CJlO>KHble MOJ1eKy11RpHble COeAJ.1HeHHR 
TOpi-IR 1-1 ypaHa C A> 254 He Ha6r.IO,QaiOTCR Ha,Q cboHOM, COCTaBJlRIO­
IJ.IeM a cpe,QHeM 0, 5 TpeKa Ha 1 , 5 -MM A!lHHbl ,QeTeKTopa. BbiXOAbJ 
aTOMapHbiX H MOJ1eKY11RpHbiX O,QI·iO- 1-1 ,QByxaapR,QHbiX ~OHOB TOpHR 1<1 
ypaHa vt Hx coe,Q~t~HeHvt~ npe,qcTaaneHbl a Ta6nH~e. ~3 Ta6nvt~bl 
cne,QYeT, 4TO pe>KvtM Macc-cenapauvtH npenapaToa a BHAe ,qeyx­
aapR,QHbiX I<'IOHOB npY!BO,QHT K CHH}I(eHI-110 B 15-30 pa3 BbiXO,Qa npoc­
Te~WVIX MOJleKy!lRPHbiX COe,QY!HeHI-11/t TOpHR H ypaHa no cpaaHeHHIO 
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C pe}f(\11MOM cenapSL.4\11\11 8 8\11,Qe O,QH03Spfi,QHbiX \110H08 \11 K CH\11}f(eH\1110 

6onee 4eM a 100 pa3 Bblxo,qa 6onee cilO}f(HbiX MoneKyn. BbiXOA. ,qayx-

3aPRAHbiX aTQMSpHbiX I-1QHOB TeX }f(e 3J1eMeHTOB na,qaeT npl-1 3TOM 

acero a 2-4 pa3a. 

Ta5nHI~a 

Bbrx:Op;bi aToMapHbiX H MOJieKym:rpHbiX op;Ho- H p;ayx3apRp;­

HbiX HOHOB TOpmt H ypaHa H HX CO€p;HH€HHi1 

Maccoaoe XHMH1.1€CKH:H: lJ:HCJIO TpeKOB N(q=2); N(q=l) 
1.1HCJIO CHMBOJI N(q=l) N (q=2) 

232 Th 332 90 0,27 

235, 238 u 4532 1953 0,43 

248 ThO 1754 61 0,035 

251' 254 uo 2865 188 0,066 

264 ThO , ThS 
2 

158 <2 <0,013 

267, 270 uo2 • us 257 <2 .<0,008 

286 U03 , UOS 38 <2 < 0' 053 

302 uo 
4

• uo 
2
s.us 

2 
46 <2 <0,004 

3TO ,qaeT B03MQ}f(H0CTb, 8o-nep8biX, CI-1I1bHO CHJ.13J.1Tb noMeXH' OT 

MOileKym~pHbiX HOHOB TOplttR 1.1 ypaHa C A> 260 npH nOHCKe CBepx­

TFI}f(eJlbiX HYKI1ltt,QOB, 1.1, BQ-BTOPbiX, O,QH03HS4HO lttHTepnpeTlttPOBaTb 

o6Hapy}f(eHHble T.A>Kenble KoMnOHeHTbl KaK o6ycnoaneHHble MoneKynRp­

HbiMH coe,qlttHeHHFIM\11 TOplttR 1.1 ypaHa lttilH KaK o6ycno8neHHble CT3 

nyTeM ,qononHHTeilbHoH Mac~-cenapal.4H\11 npenapaTa 8 a~tt,qe o,qHo-

3aPRAHbiX lttOHOB. 

4yBCT8HTenbHOCTb MeTOAHKH n0\11CKa CT3 onpe,qenFteTCR CTeneHbiO 

X\11MH4ecKo~ Ko'H~eHTpa1.41.11.1 CT3 ltl3 np~r~po,QHbtX o6ceKTOB, 3¢¢eKTlttB­

HOCTbiO 8bl,QeneHHFI CT3 8 Blti.Qe .Q8YX3SPFI.QHbiX HOHOB npH Macc-cena­

PSL.4Hltt KOHL.4eHTpaTOB It! ¢QHOM npHeMHHKa H TpeKOBOrO ,qeTeKTOpa. 

Cpe,qHHill ¢oH 6ecnopFt,Q04HbiX TpeKoa Ha naacaH080M ,qeTeKTope, 

o6ny4eHHOM B KOHTSKTe C IlSBCaHOBbiM npHeMH\11KOM npo,qyKTOB Macc­

cenapal.4V1Yi nonyToparpaMMoaoro npenapaTa ,qo3oH TopM03HbiX ny4eH 

-108 pa,q, o6yCI10BI1eHHOH YIHTerpaJlbHbiM TOKOM 3J1eKTpOHOB HS MH-

WeHb 500 MKA•4, COCTSBil.AeT 90 HS 180 nOI10C~K npOCMOTpa. 
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3TOT ¢OH o6yCJ10BJ1eH npH6J1J.13.HTeJ1bHO B paBHOi'i Mepe C06CTBeHHO~ garp.R3HeHHOCTbiO naecaHoe.oH nneHKY'I y11bTPaMa11biMJ.1 K011H4eCTBBMH TOPYIR H ypaHa H 3arp.R3HeHHeM npHeMHHKa a npo~ecce Macc-cena­
pa~HH npenapaTa, coAepma~ero 3TJ.1 3neMeHTbl. 3aMeTHM, 4TO co6-cTeeHHbiC1 ¢OH JlBBCaHa OKB3BJ1CR MeHbWHM npH cpaBHeHHH C ¢0HOM APYrHX MBTepHBJlOB - nOJlHHMHAB H ¢TOP$110ronHTa /CHHTeTH4eCKOC1 CJliO,qbl/, HCnOJ1b3yeMbiX T8Kme .QJlR .QeTeKTHPOBBHHR OCI<OJli<OB .Qene­HHR. 

3KCnepHMeHTBJ1bHOe pacnpeAeJleHHe 4HCeJ1 ¢OHOB~X Tpei<OB, npH­
XOAR~HXCR HB OAHY npoCMOTPOBYIO nOJlOCKy, AOCT8T04HO XOPOWO onl-1cbleaeTCR Q>opMynoH nyaccoHa: P (n) = ii n e- iiI n ! , rAe P (n) -eepORTHOCTb nORBJleHHR D CJ1y4ai1HbiX TpeKOB HB npoCMOTPOBOH 
nOllOCKe npH cpeAHeM 4HCJ1e ¢QHOBbiX CJleAOB, paBHOM 0 . ~3 180 npocMOTPOBbiX nonocoK a HHTepeane A= 275 - 320 npH Macc-ce­
napa~HH npenapaTOB B BHAe ABYX3aPR.QHbiX HOHOB B cpeAHeM 109 
nOJlOCOK He HMeiOT ¢0HOBbiX TPeKOB, 54 no!lOCKH COAepmaT no OAHO­MY TpeKy, 15 nonocoK - no .QBa TPeKa H 2 r.onocKH - no TPH Tpe­Ka. npH TBKOM pacnpe.QeJleHHH ¢oHOBbiX TpeKOB B KB4eCTBe npe­
AeJlbHOfO KpHTepH.R 06HapymeHHR ceepXTRmenorO HYKilHAa MO~HO 
npHHRTb ¢aKT Ha6JliO.QeHHR OAHOBpeMeHHO HB ABYX PRAOM pacnono­
~eHHbiX npocMoTpoeblx nonocKax no TPH TpeKa. BepORTHOCTb TaKoro 
CJ1y4aHHoro C04eTBHI-1R ¢OHOBbiX TpeKOB COCTaB11ReT P(3)P(3) = 1,7·10-4 , T.e. TBKOe C04eTBHHe A011mHO BCTpe4aTbCR O.QHH paa B HHTepeane MaCCOBbiX 41-1Cel1 A = 275 - 320 Ha TPH OnbiTB no 
Macc-cenapa~HI-1 npenapaTOB. no3TOMY nOBTOpHBR Macc-cenapa~HR HOBOH nop~HH TOfO me npenapaTa HJlH, npH ee HeB03MO~HOCTH, 
nOBTOPHOe o6ny4eHHe TOPM03HbiMH J1Y4BMH y~e HMeiO~erOCR npHeMHH­Ka B KOHTBKTe C HOBbiM TpeKOBbiM .QeTeKTOPOM AOJl~HO OTCeRTb Ta­KHe CJ1y4B\1Hble C04eTaHHR. 3aMeTHM, 4TO llBBCBHOBbfH npHeMHHK Bbl-. 
Aep~HBaeT 6e3 KPHTH4eCK~X paapyweHHH AByKpaTHOe o6ny4eHHe AO­gaMH TOpM03HbiX Jly4eH -108 paA. npH A03e TOpM03H0fO H3lly4e­
HHR -10 8 

PBA, OTBe4aiO~eH 500 MKA•4 TOKa 3JleKTPOHOB, KOH­TpOJlbHBR MHWeHb CO c.nOeM ypaHa TOJltqHHoilt 0,13 MKr/CM2 ABeT 
B cpeAHeM 1•106 TPeKOB HB CM2 llBBCBHOBOrO AeTeKTOpa B KOH­
TBKTe C MHWeHbiO, T.e. OAHH TPeK Ha 3·10 8 BTOMOB ypaHa. 3TO 03Ha4aeT, 4TO AfiR Ha6JliO.QeHHR WeCTH TpeKOB CBePXTR~eJlbiX HYKJlH­.QOB Ha ABYX PRAOM pacnonomeHHbiX nonocKax npocMoTpa, T.e. Ha nonyWHpHHe pacnpeAeJleHHR HOHHOfO ny4Ka /3 MM BAOllb $QK811bHOH 
n110CKOCTH/, OXB8Tb1Ba~ei1 75% nOJlHOfO pacnpeAel1eHHR, Heo6XOAH­MO HMeTb B npenapaTe npH cenapa~HH C H.CnOJ1b30BaHHeM AByx­aapRAHbiX HOHOB He MeHee 2·1010 aTOMO~ CT3, HnH, ecnH y4eCTb eoaMO~HbiH sec npo6bl npenapaTa,- He MeHee 6-10-12 r CT3 e 1 r 
npenapaTa. 

ECJlH npHH~Tb BO BHHMaHHe, 4TO AOCTynHoe XHMH4eCKOe KOH~eH­TPHPOBaHHe CT3 AJ1R npHPOAH~X o6DeKTOB - reoTepManbH~X pacco­noe, *ene3o-MapraH~eBbiX KOHKpe~HH MeTeOpHTOB H T.n. - HMeeT 
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KpaTHOCTb 06ora~eHI4fl -10 3 , TO npe,QeJ1bHafl ·4y8CT814TeJ1bHOCTb 

,QeTeKT14pOB8HI4fl 14 14,QeHT14¢l14K8~1414 C8epXTf\)t{e11b\X HYK1114,Q08 COCTS814T 

- 1 o-14 ' r CT3 8 1 r npl4pO,QHoro M8Tepl4ana. 

3aMeT14M, 4TO ¢OH 0CKOJ1KOB CnOHT8HHOrO ,QeneHtt~fl Aflfl ,Q8yX 

TpeK08biX ,QeTeKTOpOB, 6b1BWI4X B Tel..leHI4e 0,QHOrO ro,Qa 8 KOHTSKTe 

C ,Q8yMR np14eMHI4KSMI4 npO,QYKT08 Macc-cenapa~t-114 npenapaT08, 

oKaaancR pa8Hb1M Hyn~ Aflfl 8cex 2x360 nonocoK npocMOTpa 8 o6-

nacTI4 A= 230 - 320. 3To o6cTORTenbcTBO onpe,QenReT seni41..114HY 

"--Y8CTBVITeJ1bHOCTI4 ,QOnOJ1HI4TeJ1bHOro ,QeTeKT14POBSHI-1fl CBepXTR>KeJ1biX 

HYK11HAOB no cnoHTaHHoMy AeneH~~t~: -50 '1' 1; 2 aToMoa CT3 

a 1, 5 r npenapaTa, rAe T 1; 2 - nep1r1oA cnoHTSHHoro AeneHtt~fl, 

Bblpa>KeHHbl~ e ro,Qax. 3To oaHa4aeT, 4To A11R soaMO>KHbiX CT3 c ne­

P140AOM cnoHTaHHOro AeneHtt~R T 1; 2 - 5 · 10 
8 

neT HSPFIAY c BbiHY>K­

,QeHHbtM ,QeneHtt~eM Ailfl ,QeTeKT!r1posaHtt~R RAeP .MomeT 6btTb tt~cnonbao­

saHo CnOHTaHHOe ,QeJleHtt~e, KOTOpOe 6y,QeT CJly>KVITb AOnOJlHHTeJlbHbiM 

no,QTBeP>KAeHHeM Ha6n~AeHHR CT3, a He KoMnneKCHbiX coeAI4HeHH~ 

TOpHR 14 ypaHa. 

8 3SKJ1104eHHe aBTOPbl 6naroASPRT r. H. ¢neposa' 10. u.. OraHeC.RHS, 

~.n.raHrpcKoro aa PRA coeeToB npl4 BblnonHeHHH pa6oT~, M.CosHH­

CKoro 1-1 R. Tb!ca aa o6cy>K,QeHHe peayJlbTSTOB. AsTOpbl 6naro,QapHbl 

TSK>Ke COTPYAH14K8M na6opaTOpVIH fi,QepHbiX pe'aK~LttV! 10. c. KopOTKHHY' 

o.~.Macnosy, 3.X~6eHepy 14 IO.T.~y6ypKosy, 143rOTOBI4BWHM npena­

paTbl AI1R Macc-cenapa~HH' A. 6. 6e.nosy );1 10. r. TeTepesy' npose,QWVIM 

o6nyl..leHHfl Ha MLt!KpOTPOHe, n.B.A>Konoc, K.H.MepKHHOVi, s.n.nepe­

J1blrHHY );1 c. n. TpeTbfiKOBOVi' o6ecnei..IVIBWI-1M pa6oTy c TPeKOBbiMH ,Qe­

TeKTOPSMI-1. AsTOPbl npL~~aHaTenbHbl A. 8 • .lleMbAHOBY, H. C. HsaHosy 14 

H.B.KyaHe~osy, npi-1HV~Maswi4M y4SCTI4e a pa6oTe Ha ee Ha4ai1bHOM 

3Tane, 1-1 B.n.Cysoposy, o6ecne"--V~sweMy MexaHH4eCKoe o6cny>KI-1Ba­

HL~~e 14CT04HI4K8 Lt\OHOB. 

nHTEPATYPA 

1. Harvey B. G. et. al. Science, 1976, 193, p.1271. 

2. Stephan C. et al. Journ.Phys., 1975, 36, p.105. 

3. Epherre M., Klaplsch R. Phys.Rev., 1976, C13, p.206. 

4. McMinn J. et al. Nucl.lnstr. and Meth., 1976, 139, p.175. 

5. Flerov G.N. et al. Z.Physik, 1979, A292, p.43. 

6. Howard W.M., Nix J.R. Nature, 1974, 247, No 5435, p.17. 

7. McMinn J. Z.Physik, 1972, 257, p.389. 
8. Nilsson S.G. et al. Nucl.Phys., 1969, A131, p.l. 

9. My3~4Ka ~.A. " AP· R., 1968, 8, c.716. 

10. Mosel U., Greiher W. Z.Physik, 1969, 222, p.261. 

11. Bolsterli M. et al. Phys.Rey. C, 1972, 5, p.1050. 



12. Randrup J, et al. Phys.Scr., 1974, lOA, p.60. 
13. Larsson S.F. et al. Phys.Scr., 1974, lOA, p.65. 
14. Vandenbosch R .• Seaborg G.T. Phys.Rev., 1958, 110, p.507. 
15. Veyssiere A. et al. Nuci.Phys., 1973, A199, p.45. 
16. Koch H.W., Motz J.W. Rev.Mod.Phys., 1959, 31, p.920 .. 
17. Tarant in N.J. et al. Nucl.lnstr. and Meth., 1965, 38, 

p. 1 03. 

12 

PyKonHCb nocTynHna a H3ABTenbCKHA OTAen 
14 HOR6pR 1980 roAa. 


