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• TeopeTnqeCKOe npe~CKa3aim6 CY!li6CTBODaiDfJI HODOH OOJiaCTll CTaOM:&

HOCTH cnepxTIDK6.1IHX 3JI6M6HTOB c aTOMHIDd HOMepoM ~> 1nl1-3/ CTMO 

B nOCJie~ee BpeMJI npe,I~M6TOM IDIT6HCHilHllX 3I\Cll6pHM6HTaJI:&llllX llCCJie.l(o

Ba.Hl1ii. B CBSI3n c 6oJII>woii Heonpe~eJieHHOCTUO n onemcax npeMeHn llrn3-

HR Ta.IGIX smep (oT ~ec.IITwc ~oJ.rea ceKy!Wl ~o nf4 JieT) nollliTKH o6-

anpYJtelm.ll cBepxTRllteJIHX smep ne~TCJI B ~yx aanpaDJieHIDIX - noncilli 

HX B npupo~e H HCKyCCTB6HHHH CIDIT63 B smepHUX peru~. 13 HaCTQ

Slll\66 npeMJI pasJmllH!,le Jia6opaTopnn Meya aaHHMaJOTCJI npo6JieMoii nonc-

Ka CBepxTJIJK6.1IHX 3JI6M6HTOB B npnpo~e l'l ltoCMOCe • lle~ll(ee M6CTO B 

nay~eHnn aToii IIPOOJieMH 3aHHMaeT Ea6opaTopllH smepHHX peaKUllii OHHH, 

r~e OCY!li6CTBJIJI6TCJI 60JI:&WaJI nporpaMMa HUY'lHHX HCCJI6~0Baillili no no

HCKY cnepxTIDKeJiux sJieMeHTOB c. nucoKoii 'lYBCTDHTeJI:&HocT:r:.ro, !toTo-

pas noRa ~ana JIHWD B6pxHIOIO rpaanny CY!li6CTBOBaHllJI ~eKTU H~ ypoB-

He 10-14 - 10-12 rp/rp D npe~OJIO~eaHn, qTo BpeMJI lltl13HH 3TRX 8JI6-

. M6HTOD COCTaBJIJI6T 108 - IOIO Jtel4• 5/ • ECJIH smpa CB6PXTJIJK6JillX 

8JI6M6HTOB JIBJIJ!lOTCJI 60JI66 KOpOTKO~YUUUdl'l, TO MO~O H~6JIT:&CJI no

JIY~T:& HX nyTeM HCKyCCTB6llliOrO CliHT63a B smepHUX peru~ C TID!t6-

~ HOHaMH. B ~e aKcnepHMeHTOB/6-8/, npoBe~eHHHX D CiliA, B 

CCCP (,Jtr6na) H no ~a.m.um (Ope a) 61:lJia ocymecTBJieHa nonuTita cnuTe-
. r 

3HpOBaT:& CB6pxTJIJK6JII:l6 3JI6M6IlTI:l D pe~ nOJIHOrO CJillJilm.ll.C yqa-

CTll6M noaon Ar, Zn n !'(r .OTpH~aTen:~.aua peayJI:&TaT aTHX aKcnepH

MeuToB,no-nn,IUiMoMy, MO~O 06'l>SICHHT:& 3Ha'll'!T6JibHOii y.l(M6HHOCT:&IO 

CHIIT63HpODaHHUX J!A6P OT 3aMKHYTOii npOTOHHOii (Z = II4) H HeilT-

poHHOii (N =!84) oelOJIO'l6K, 'ITO MOrJIO npHBeCTH K pe3KOMY YM6H:bW6-

ID110 HX npeMeilll lKll3HH. 

~ waroM Ha llYTll CHHT63a 3JI6M6HTOB C aTOMHbiM HOM6pOM 

z )' no JIBMOC:& C03~aHne B Jia6opaTopim smepHUX peruuzyrli OHffil 

T~eM-UHKJIOTpOHa! ll03BOJIJIIOll(6rO llOJIY'lHT:& ~OCTaTO'lHO HHT6HCHBHbl6 
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nytUOI T.roKeJWX n:oHcm, BWIOT:& .n;o 136)(e . ::JTo noano.iiwro Ha'laT:& ce

_pirio 3KCnepHM9HTOB ITO CHHT93Y CB9pxT.roK9JWX R)J.ep B p~~ C ROHa-. 

MR Ge H Xe . B Olll1Tax c ROHaMH G e 6wra ITOJiy'leHa BepxlUIJ! rpa

mma ceqeHIUI o6paaonamm cnepxT.roKeJWX R)J.ep "'ro-34 cif. n )J.Haiia- . 

30H9 BpeMeHH ERSHH OT 5.!0-3 CeK )1.0 I ro.n;a/9/. B Oll!1T8X C HOHaMH 
. . . . . J ~ 

I36xe npH o6Jiy'leHHH ypaHonofi MHilleHH Ha6Jr!O)J.amrc:& pe)J.KHe co611TIIJI 

CIIOHTaHHOrO. )J.9JI9Hl1JI C nepl!O)J.OM ITOJiypaCrra)J.a TI/2N !50 )J.Heii. ~K

THDHoe·ceqeHue' o6paaOBaHIIJI HeU3DeCTHOro CITOHTaHHo-)J,eJIJIII!eroCSI H3-

JiyqaTeJISI, onpe,n;eJieHHoe no STHM co6I:lTMM, _cocTaBHJIO ... ro-34cif./IO/. 

O,IUlaKo yJKe nepnue Olll1TH no CHHTeay, npone.n;eHHHe Ha ny'lltax HOHOB 

Xe n <ie , noKaaaJIH Heo~XO)J.HMOCT:& sKCrrepHMeHTaJI:&Horo RSy'leHlUI 

MeXaHl13.Ma R)J.9pHHX peaKUIDi C yqaCTH9M Tal\HX T.roK9Jil1X HOHOB, KaK 

G~ , Kr "' Xa , HcrroJi:r:.ayeMm> )J.JIJI rroJIYtieHlUI cnepxT.roKem aJieMeH

Ton. HCCJI9)J.OBaHIIID M9XaHIISMa 3THX peBKqlifi li aHaJIH3Y BOSMOlKHOCTefi 

CHHTe3a CBOPXT~9JI11X SJieMeHTOB C liX nOMOmPID ITOCB~eH~.HaCTOnmaSI 

pa6oTa. 

)luccepT~IJl COCTOHT liS BB9)1.9HM, Tpex rJiaB II 3rutJIID'l9HllJio 

B nepnoff rJiaBe )J.HccepTauiUI .n;aeTcm o6aop npo6JieMH cymecTno

BaHim cnepxTmKeJIUX sJie.MeHTon, KpaTKo onncunaiDTcSI peayJI:&TaTH pac

'leTon CTa6liJilJHOCTir T.roKe.irnx R)J.ep, B itoTopux nOJIHM aHeprn~ · R)J.pa 

paccMaTpunaeTCSI KaK tlJYIIKLUm z , N H <!>OPMH ~a B par.max ~o
rmrieJilJHo~ .Mo,n;e.mi: c o6oJio'letlliw~u rrorrpanKaMu. 

B HaCTO~ee BpeMSI IIM09TCJl .MHOrO pacqeTOB CTa611JilJHOCTII cnepx- . 

TmKeJIHX i.n;ep, npone.n;eHHHX paaJIH'lHHMU aBTOpaMu no .Paamrwi>M r~o)J.&
.1ISIM Jl)J.pa. 0)J.HaKO nee 3TH 'pacqeTH JIDJIJliOTCSI rrpu6JI~~eJlliW~• T8.K KaK 

IIp.UXO)J.HTCJl 3KCTpanomtponaTb rrapaMeTpl1 MO)J.i3JIH TaK. ]Ke,Kru\ li )J.UHa.:. 

MI!Ky. npou;e~ca .n;eJiemm,Ha Yli.aJieHHyKJ o6JiaCT:& z H N • H~cMoTpSI .~a . 

To, '!To • aBTopu paaHHX TeopeTH'le.cmux pa6oT rrprnco)J.JlT K. CIIJibHO pas-
~ . . . ' 
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JII!'la~CJl peayJI:&TaTaM paC'l9TOB 1 CaM ~T-CYlllOCTBOBaHllJI 06JiaCTH 

nonl1llleHHoit cTa611JilJHOCTn cnepxT.roKOJWX Mep c z .... uo-II4, N NI84 , 

COrJiaCHO )J.B.HHI1M. 3THX pa60T ,He. Bl1311Ba9T COMHeHlUI. liTO KaCaeTCR 

a6COJIKJTHI1X OIJ;9HOK Bpe.MeHli XIISHli 3~1IX R)J.ep OTHOCHT9JI:&HO CnOHTaH

H~ro )J.eJI9IDm1 TO OHII ROJie6JIIDTCJl B npe)J.eJiax OT IQ-6 COK )1.0 1014 . 

JieT, a pacqeTU npeMeHH XliSHII no OTHomeHHD K o<~pacrra)J.Y npiiBO~T 

R OT.1IH'ilm.M peayJI:&TaTa.M B IIp6)1.6JI~. 6-8 ITOp,IJ)J.KOB ~~/3/ • . 

KaK BH)J.HO, 3TH peayJI:&TaThl )J.aJI6Kll OT~ TOtiHOCTli; KOTOpYKJ XOT6JIOC:& 

6u iMeT:& aKcnepHMeHTaTopa.M. 0)J.HaKo H~e conpeMeHHofi aKcnepR

MeHTaJI:&Hoit T6XHHKII,_ITOSB~efi perncTpnpOBaTb C nHCOKOH 'IYBCT-. 

BRTeJI:&HOCTbiO IIpO)J.yRThl pacna)J.a R)J.ep _B )J.OCTaTOtiHO illnpOROM )J,Hanaao

He BpeMeHII HX XliSHli (IQ-9 CeR. )1.0 108 JI6T), nosno.imeT H8)1.6JlT:&CJl Ha 

3RCnepli.MeHTaJI:&Hhle pemeHl!Jl npo6Jie.Mhl noHCKa.R CHHTeaa CBepxTSIEeJIHX 
. . . ' -· ·'· 

SJieMeHTOB. 

B aTofi ae rJiaBe npoBO)J.HTCSI aHaJIHS paaJil1'lHI1X MeTo.n;on CRHTeaa 
. ' 

CBOPXTSIE6JI11X R)J.ep B pe~ C yqaCTHeM TBE6JI11X HOHOB. 

liO,IUl06HO paCCMaTPIIBaiOTC~ pe~ nOJIHoro CJIHHHWI C o6paao

D8HH6M COCTru:iHoro H.JU>ll• ~. Iq>aTKIIfi 0630p Olll1TOB nO.CliHT63Y 

CB6pxTSIEeJihlX R)J.ep B a7nx_peaKIJ;HBX• 

Ilpn: aH8JIH3e·pesyJ!DTaTOB nepBHX aRcnepHMeHTOB no CRHTeay 
. . 

CBepXTBEeJIHX R)J.ep B pe~ C 06paaoBaHReM COCTaBHHX Jl)J.ep BOS-

HllK PSJ.It npo6Jieu, KaCai<llliDCCSI uexaHHSMa Baan.Mo.n;eAcTBRSI )J.Byx CJIOJmh!X . . . 
R)J.ep. Ocaonaoit npo6~euoA JlBJIJ1eTCSI onpe.n;eJieHHe BeJill'lHHhl ceqe~ 

06pa30B8HBJl TJlEeJIHX COCTaBHI:lX R)J.ep, ROTOpaSI MOEeT CYlll6CTB6HHO 

yMem.maT:&CSI c pocToM Macchi HoHa )J.JIJI Ax~ 40. O)J.HliM RS ocHoBl1h!X 

~TOpOB, npenSITCTB~ 06pasoBaHHD COCTaBHOrO H,JU>a,MOE6T CTaT~ 

"BSI3KOCT:&" R)J.6pHo! MaTepo. Ilo MH6HIIKJ· H6KOTOphlX a.BTOpoB , "BaaKOCTb n 

HrpaeT 60JI:&WYKJ ~ B )J.HHaMHKe c.IDrinniJI H paaBaJia TJDleJIOfi R)J.6pHOit 
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cncTeMH/1
2
/. K coJJWJiem110, ~ocTaTo'!Ho y~oBJieTnopnTeJII>nolt Teopn:a 

p;ui pacqeTa ceqemru nOJIHoro cJmsniWI, Y''IIITUBa~eii "rurnKoCTI>" 

smepnoii MaTepn:a, a TaKl!te PM ~yrnx: \IJa.KTopon ...; alfl4lexru ~eq>op

r.~. )tHHawiKY npo~ecca BO BXO~OM KaHaJie pe~t R T.~ •• -

noRa He cymecTByeT. lloaToMy ~aHHHe no ceqeHHRM nonnoro ~. 

nOJiytlCHHHe Henocpe~CTBCHHO II3_ OIWTOB,~.eiOT BaJKHOe BHaqeH:ae )tJI.II 

pemeHHH npo6~eMH CHHresa cnepxraxe~ux a.n;ep. 

BTOpHM He06XO,Iti:[MHM YCJIOBUeM ~ ~aHHOrO M8TO,n;a CRHTesa 

SIBJJSICTCSI IIonyqeH:ae Sl,lUla c MaJIOH 3Heprneii B036y~emm. Onpe.n;e.ne

H:ae MRHUMaJII>Hoii aHeprn:a noa6y~eHI1!1 cocraBHoro ~a. o6paayiDme

rocSI B peayJII>TaTe CJIIiSIHl1ll .n;Byx smep, ~OJDKHO: :rarure HBH:J(PCH npe.rt

MeToM 3KCnepnMeHTaJII>HHX RCCJie~OBaHllH. 

. Han6onee cra6Wll>HHe CBe.IDCTSD!teJIHe smpa B pailoHe z =IIG-II4 

-~OJ!mHH o6Jia,n;aTI> OTHOCHTeJII>HHM HCHTpoHHHM R36HTKOMo BoBMOEHOCTl> 

cnnTeaa · TaKnx: smep :ri peaK!zyJSIX .n;eJieHRSI cocraBHHX smep, o6paay

IOOUIXCSI npn BBWIMo~eiicrmur TSD!teJiux smep c . HOHaMR (A 'I> 40} 6u

Jia nnepnue npe.n;cKaaa.Ha r .H.4iJiepoBW4 B 1964 ro~. B pa6oTax . no 

H3Y'ICHHD ,n;e~eHHH B036y~CHHHX COCTaBHHX R)tep B peaKqHHX C HOHa-

. w:a 12c, I6o~ 20 Ne. H 4°A,., npone.n;ennux B ·,ny6ne, 6u~o noKaaa-

Ho, 'ITO C nOMO~ro TaituX pe~ ~eJICHlfSI MOEHO nOJiy'IRTl> HCllTpOHo

. H36uro'IHUe ~a B nmpoKoM ~anaaoHe Z H A/I41. 3KCTpan0J1JllU111 

3THX ~aiiHHX B 06JiaC'l'l> 6onee TSD!teJIHX HOHOB nOKa3aJia,. qTo B peaK-· 

~ ~eJIEiHlfSI smep ypana TSD!teJIHMH HOHaMR c Mace on A1 > . IOO MOl'yT 

C BaMCTHOH BepoSITHOCTI>ro (I0-30 - I0-3! cirf) o6paaOBHBa'l'l>CSI 

HCHTpoH~H36HTO'IHHe OCKonKH C z,._,IIQ-II,¥13/. O~o o6paay

~eCSI B 3TOM CJiyqae Ha'IaJII>HHe npo~KTH pe~ ~eJieHRSI MOrYT 

6HTI> CHJII>HO B036~eHH II ~$plmpoBaHH, 'ITO. CWil>HO YMCH1>11Il1T Ce

qeHHe 06pa30BaHI111 CB6.IDCT~eJIHX SI,Itep B OCHOBHOM COCTOSIHRH. 

Ha-aa.o:rcyrc:rn:aa·neo6xo.n;KMoc:r:a .n~a pea~tnHtt .n;e~eHHH no~yqen:aa 
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c~ep:aqecxoro coc:ranHoro ~pa, nonpoc no~yqen:aa xoroporo B peaxn:a

SIX c oqenL :raxe~HKH nonaUH HB~ae:rca necLwa Heonpe.n;e~eHHHM, a :rax

xe B CBH3H C B03JdOXHOCTLD _06pa30BaHHH B xaqec:rBe OCKO~KOB ~ep C, 

Z = IIG-II4 :a tm:CJIOM HeiiTpOHOB1 6~H3KHM K. N = I84, aToT MeTo~ . 

CHHTeaa o6Jia,n;aeT . onpe.n;eJieHIWM npe.HM;ymeCTBOM no CpaBIIeHHIO C 

pearcr:tHeii CJil111HWl: c o6paaoBaH:aeM cocTaBHoro ~a. BMecTe c reM, 

6UHI>WM ~CnepCRSI OCitOJntoB ~eJICHlfSI no MaCCe ·H aapsmy, llpHBOM-

mag K cymecTneHHoMy yMemmennro ceqeHlfSI o6paaoBaiiWI OT,ll;eJII>Horo 

~a, BHa'IRTeJII>HO yMe.HI>maeT qyBCTBRTeJII>HOCTl> 3TOrO MeTO,n;a CUH

Teaa. KpoMe Toro, B ·ero ocnone JICJKRT npe~oJioJKemre o TOM, qTo 

npo~eCC ~eJICHWI oqeHL_TSD!teJIHX COCTaBHHX CHCTeM, o6paa~CSI. 

npn B3aHMo~eltcTnn:a RoHa c Ax~ IOO c · smpa.r.tn MIImeHH, anwrorH"!eH 

TO~, qTo HMeJIO MeCTO npH_~eJieHHH SI,Itep B pe~ C ROHa.MH 12c, 
20Nc n 

40Ar. 3TOT nonpoc Tpe6yeT aKcnep.HMeHTaJI:&Horo :HcCJie~o-
BaiiWio 

Bo BTOpOH rJiaBe OnHCaHa MCTO~ SKCnepHMeHTOD, npe,n;CTaB

JICHH peayJII>TaTH no HCCJie~OBaHRIO ~CJICHHH B036y~eHHHic COCTaBHwc 

smep c z N I09, o6paaYJOOiliXCSI n peB.KI.tWIX 14 +Kr H Cs+Xe,n 

npone.n;eHo CpaBHeHHe aTBX peayJII>TaToB c .n;aHHHMH no ~e.nennro Toro 

xe cocTaBHoro ~a. o6paayuqerocSI B pearuum U + Ar • B orwTax 

HCnOJih30BaJIHC:& ny'llGI TJDleJIHX l'IOHOD TaiJ.nel.t-~OTpoHa JIHP 011ffii. 
. ~ . . 

iloCJie 06JiyqeHRSI llpOH3BO~OC:& ~OXHMH"leCKOC paa~eJieHHe SJie-· 

MeHTOB - npo~TOB pe~ l'I H3Kepa~aCL rRKMa-aKTHBHOCT:& no~y

qeHHHX HCTO'!HRKOB C noMo~~ raMMa-cneKTpOMeTpOB C ~(Lj )-~e

TeKTOpOMo ilo HHTeHCHBHOCTH raMMa-JIUHHH TOrO HJIH IIHOrO pa.n;HOH3o

TOila C BBe,n;eHneM COOTDCTCTBYIDmKX nOI!paBOK onpe~eJinmOC:& ~KTHB-

. uoe ceqeHHe HBOTonon B peru~. 0mH6Ka B R3Mepemm a6CM1!11'Horo 

aqxpeKTHBHOrO CCllCHWI {)6pa30BaHI111 H30TOna He llpE3BHWaJia 30%. Ha OCHO-
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_ Be ,liaHHHX IIO C6ti6HHll pa3JIHtiHHX npO,!iYJtTOB, Il0Jlyti6HHHX npH IIOMOIIIH 

MeTO,I(a, HCIIOJ!I>S~ero Taime :ate npe,I(IIOJIO:ateHM:, t!TO H .IVIJI 

peruanm .rteJieHWI c HOH&m 12c, 20Ne H 40Ar /14/, c5HJIH 

nocTPQeBH MaccoBHe H sa~oBue pacnpe.rteJieHHa nepB~ 

OCKORKOB (.ItO HCIIapeHM: HeftTpoHOB)/21/•. 

Ha pHc.1 npe.rtCTaBJieHo HSOTOnHoe pacnpe.rteJieHHe pe.I(Ko

seMeJ!bBHX aJieMeHTOB, oc5pasoBaiililDC B pe~ 1B1Ta + 84 Kr ·• _ 

Ha STY :ate KpHByJD HaHeCeBH 3KCnepHM9HTB.JIDBHe TO'UGI1 llOJIY'I9H

BHe panee B pearu~m 238u + .40 Ar • B oc5oHX. CJiytUUIX aneprim 

B036~eHM: Ha'ia.JIDHOrO COCTaBHOrO RAPa COCTa.BJIHeT 80 MaB. 

IIo.rto6HHe HSOTOIIHHe pacnpe.rteJieHM: c5HJIH IIOJI.'rJeBH TalOlte!' H .rr;m 

~ep c Maccon A = 59-62 H A = 194-206. MaccoBHe pacnpe.rte

JieHM OCKOJIKOB ,I(8JI9HM: 'COCTaBHHX smep, Oc5pasYTOO\HXCJI B peaK-

. ~·c HOHaMH .40Ar t 
84 Kr H 136 X.e, npe.rtCTaBJiemt Ha pHc.2. 

RaK BH,I(Ho HS aTHX pHcymtoii,MaccoBaez HSOTOnHHe pacnpe.rteJie

HM ,lJ,1IJl Tpex COCTaBHHX ~ep C 6JIRSKHM sa~oM, Maceo! H 

aneprHefi Bosc5~eHM:,coBn~aJDT B npe.rteJiax To~ocTH aKcne

pHMeHTa. OHH IDAeiDT CTaTHCTH'i9CKHH xapaKTep H OKasHBaJDTCJI 

0JIH3KH!IH K TOllY, 'iTO MdlKHO O~aT:D B IIpe.ztriOJIO:ateHHH 0 .rte- • 

·-Jieirim KJiaCcH'iecKoro cocTruJHoro ~· B Tac5JI>me I npHBe-
. - . 

.rteHH t{HCJiemrue pesyJI1>TaTii no MaccoBUM pacnpe.rteJieHIIJIM 

· ocK6JIKoB .rteJieHIDI .rr;m pe~ 184ra + _84Kr H 133cs + l36Xe .' 

3.rteC:D.:ate ~-Cpa.BHeHEJI npe,I(CTaBJieBH pesyJII,T8.TH OnHTOB IIO 

ustiepeHHJO.MaccoBoro H HSOTOIIHHX pacnpe.rteJieHliHocKoJIKoB 

.rteJiemw 238u + 40 Ar • 
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PRe~ I. 
.l1s OT~~HHe· pacnpe~eJieHM: £e.rtKos eMeJI1>HHX a.lieMElHTOB, 
oc5pasYJC!lllqcg B pe~ ~1Tav + 8~ Kr :< qepl!H:e 
TOt{KH) H 23 U .f. 40Ar . (CB9TJIHe TOt{KH). ·. '· . :·:. . ·' . : 

~ • -• 
~ . 

.... ~', . 

... 

_7_.· ~aj - _ · ITrt'f:fW .. . , I •. ~•• 

i : r1 !/' . ' 
~ (' 

i 
~ 

.01L_.J_i__i_L_l _! __ 1...-L_L....Li__--L-.1_ I I · I 1 1 I I 
!iO 100 150 2.00 

f'1o,,Q oc.•o"K06 • 

PRe. 2 •. · 
MaccoBHe pacnpe.rteJieHWi 'ocKOJIKOB .rteirerum .rto HcnapeHEJI 
HeitTPQHOB B pe~ ISITa + 84Kr (qepHHe KPYlltKII) 1 

I33c.r + l36xe (TpeyrOJ!I>HHKH? n: 238u + 40Ar (cBeT.ime 
Kpy:m:KH) • 
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Ta6mu~a I. 

~r. z2 
06nCICmb UlupuKJ UlupuHO = PeaKijUII BL EL E" 
UCCIIeg. U3aTJ)IlH. HOCC. 5< 

HOO A c I c HQCC -g. pacnpeg. 
6'r ogpo 

"'' >1.11 II>& •gpo <Haec- (MQCC. •gpo 
eguH-t eguH.J 6C(MI') 

90-95 8,0!1,0 

238u•40Ar 278110 43,5 206 270 70 118-160 8,2! 2,0· 82!10 950 0,7 

192-203 7,0! \5 

59-62 6,6!1,0 
181Ta+

84Kr 265109 44,8 08 550 85 132-151 7,3!1,0 90t10 350 0,3 

194-206 6,9!\2 

' 
166-171 7,2!1,5 

133cs.T36x. 269109 44,2 648 840 77 ' 85!15 70 0,06 

191-200 6,6! 1,2 
(10 

-

CetJeHne o6pasoBaHUH cocTaBHoro ~a onpe~e~ocL RHTerpnpona-

. HHSM . CetreHHii . o6p830BaHM BCSX OCKOJntoB ~e~eHRH no M8CCOBOMY pac

npe~e~eHHIOo PaccmtTaHHOe TaKRM o6pasoi.f · cetreHHe f>c B MYtJa.ax _ 

pe~ Ta+ Kr 11 Cs + Xe , KaK n~o Jl3 Ta6mul;bl 1. cocTa.Brul:eT 

350 H70 :u:dapH liJIH 30% H 6% OT reoMeTpRtiHOrO C8"18HM,COOT-

B8TCTB8HHOo 8To o;matraeT 0 "'TO cetreHHe n~oro c~ c o6paso

BaHHeM COCTaBlWX ~ep ~C CYlllSCTBSHHO MSHLWS, 'ISM nO~HOe C8"l:8Hll8 

perutWllt · O"r • TaKoe orpaHHtJeHHe ceqeHJUI pe~ nonHoro c~ 

5e MHOrue. aBTOpH CBH3HB810T C CY!IlSCTBOBaHHSM KpHTR'!SCKOrO yrJI6-

BOrO MO.MSHTa o6pasyiOI!leroCH COCTaBHOrO ~afll~l2/. 
Kal\ B~O H3 8KCnepRM8HTMLHHX ,I{aHlWX, 3HaqeHH.fl ceqeHHtt 

nonHoro c~MIDIJt c o6pasonamteM o~oro H Toro .lite cocTaBHoro ~a 

p~~'laiOTCH ,lr,1IJI pa3HHX KOM6llli~. ~ep li HOHOB, To8o C8"18Hl18 

pellKltlm nonHoro c~MIDIJt oc ,no-B.IWU.IOMy, sanncHT OT · ~aMHKR 

npouecca BO BXO~OM KaHMS peaKUHH, KaK STO H npe~onarMOCL 

D pa6oTefl5/. 

10 

) 

t. 

KaK c;re:n,yeT :H3 pesy;n,TaToB no ceq:emno pe~ nomiOro c.mm

HWI c TaruiMR T.IIllteJII:lMR ROHru.m: ,:ia.K Kr R Xe • Momio . OlltllAEiT:& saMe T

Hor~ C8"18HRH o6p830B8HHH B036~eHHHX COCTaBHHX ~ep B peaxnaax 

_ 232Th (74, 76 Ge • xn. ) • Rcno;n,syeMb!X }J.}UI cRHTesa cnepxT.IIllteJI11X 

a~eMeHTOB. B aTRX peaxnaax cnepxT.IIllt~e-~a o6pasyroTCH B Ka~ 

"lSCTBe B036~eHHHX COCTaBHHX ~ep. XapaKTepHCTIDGI pacnMa STRX 

~ep 6~ B OCHOBHOM onpe~~LCH RX aHeprReH B036y~eHRH •. 

Bo BTOpOH r~aBe OllRCHBaDTCH. TaKEe 8KCnepRM8HTU no 3Hepre

TJ.Itl8CKOH 3aBRCRMOCTH ceq:eiDIJt pe~ MMIDI.It · Th + Ge • 
Ha pHCo3 npe~CTaBJISHU aHepreTR'!SCKRS 3aBHCRMOCTU cyMMap

HOrO BUXO~ R30TOnOB SOHOTa, 06p83~CH B pe~ ~e~eHHSI 

232 Th c74 Ge .• f> Au • ~ec:r, . .lite }J,}UI cpaBHeHrui: ~aJoTCH aHepre

TR"l:eCKRe 3aBHCRMOCTli BUXO~OB npO;JI.YKTOB pe~ nepe~aq: HYit1IOHOB . 

Tllna 232 Th c76 Ge. ±yp± xn ). B~o. 'ITO B c~-qae B38RMO)~en.;.. 
CTBM ~ep Th c liOHaMli Ge aHepreTntJecK11H nopor perutnm1 ~e

~eHM cocTaBHoro ~pa npenumaeT nopor peaKUHfi nepe~aq HY~OHOB 

Ha ne.mrnrny AE N30 Manf'22/. 

~ onpe~e~eHl!H ~KTRBHOrO p~yca B3anM0~8HCTBM peaK

~ ~MSHM 232 Tn ( 74~, f) paCC"!RTl:lBM8CL 3aBHCRMOCTL BUXO~ 
H30Tonon so~oTa OT aHeprBll c ucno;n,sonaHlieM WOPMY~ ~ cetJeHHH 

o6p830BaHM COCTaBHoro ~a, nOJIY"CJSHHHX YHJiepot/l6/ • Ha puc.3 

C~OWHHMR KpliBHMH llOK83aHU pesy~TaTU pactrCTOB no BUXO}I.y npo-
• . 

:n,yKTOB pea.ruurli. EMu C"lHTaTL, "l:To Ky~oHoncKE:H 6apLep onpe~e~-

eTCH K8K 

B .e2 Z:~:Z2 
· c = r,+•< Ali'+~5 ) • To 

;rr.rur. acM>eKT.HBHOro PMHYCa nonyqaeTCH BMHtiiiHa raiN!· = 1,3 \IJep
!dli }J.}UI peaKUIIH ~MSlUfJlo 

II 



.· 
_AHanoraqao,~ peaKUHli nepe~aq HYKHOHOB MOXHO UQHY~Tb 

r a@J. = 1,4 !JJepmx. 

- - IIo~odHoro paaJIHll:wi B noporax: peai\IliDI ~eJiemm a nepe.n;a'lli 

HyMOHOB He HadJIIQitaROCb B peaxcrnmx C KOHaMH A1~40, r.zte 0HJIO 3KCne

.pKM6HTanbHO JIOKa38HO~ 'iTO BeJIHllliHa r m• .lVIJI OCHOBIWX Heynpy-

rux ItaHBROB peai\IliDI npaMepH? ITOCTOJllrii:~ 9-20/ o 3TOT -qJaKT, Ha 

mliu. B3rJIH,II;,MOlitHO Od'hi!CIDITb T6M, 'iTO rJiydOKOHeynpyriie npOIJ;6CCI:l 

(CJI:wiHKe, .n;eJieHilO) IlpOitcXOMT .npK npaKTH'l6CKH UOJIHOM nepeKpH-

TIDI Jm6PIWX noBepXHOCTell, B TO BpeMJI KaK ~ ROHOB C MaCCOH 

I 

··y I ~v mrh.~G. I 
~ 0,1 I I . A - i 
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PRe.! 3. 

3aBRCl!MOCTK BI:lXO.D;a 30JIOTa, 

-odpas~eroCH B peaKIJ;RR 

232Th c74 Ge, f)Au,a 
rrpo.n;yKTOB peSE!uiK rrepe.n;aq 

HJKHoHoB 
232Tfc74 Ge;tYP±.Xn). 

__ l ,) ,__ :co .,., 
~-~C- .•-, .. .j 

· A1 < 40 ~eKTtiBHilli pa,z(llyc 6oJIKW· pa,ruryca CliJII>Horo rrorJiomeHnJI 

Wl Bt:.1lt'lllllY Llr tV 0, i.-O,lf.) l(;cpr,m. B TO JKe BpeMJI JI)!JI peaKUHii 

Uepec~<l'! HeCKOJihKf!X HYIVIOHOb -:-·~;::1!31: Ky.10H:.JBCitoro 6apbepa OCHOBH.J;_ 

B!\.i1a.Li n ceY.eHHe_ ::;.c-np;);;merr:~- ~atJ': KpaeBHe coy.n;apei-G~ ,It :7-PJ!C:E-

TaBal<it Pa.LUlYC np;: rrepexo.I(e K oo.r.ee TfllKe.mu-.1 B3aJ1MO,I(eil:cTBjrXUrt: '!c-
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CTID¥J.M MeHJieTCJI CJiado. I!OBI:lllle'IDie auepreTH'leCKoro rropora perut

n;mr .n;eJieiDIJI 232 Th ( 7 4 Ge , ~ ) Ha BeJIHl1RHy "' 30 Man npHBo.n;nT. K 

TOMY, 'ITO MHHKManbHM aHeprru~ noadYJt.D;eH:wi Ha dapiJepe cocraBHoro H.Jt

pa 12~()5 OKa3!iBa8TCSl paBHOli 50.M3~.ECJIHnpH 3THX 3HeprHSlX B03-· 

-dYJt.D;eiDIJI OCJiadJIJieTCJI llJUIJIIme OdOJIO"le'lHIDC 9lWJeKTOB, CTadMJIH3Kpy.:" 

IOOlHX JmPa B STOH OdJiaCTH, TO BepOJITHOCTb odpaaoBaHII.fi CBepxT.Rllte-,, 

M ~ep B OCHOBHOM COCTOJIIDIK ITOCJie HCnapeiDIJI 5-6 HYMOHOB MOllt8T 

OKa3aTbCJI CYlJl6CTBeHHo MeHIJme BeJIHlllliw ro-30 crvf, 1\0TOpM npe.n;

CKaa!iBaJiaCIJ B padoTe/121. 

B TpeTIJBH rJiane OITRCUBaiDTCR 3KCITepKMeHTH H npHBO.I(JITCJI 3KC

nepHMeHT8RbHllC pesyJIIJTaTH ITO MaCCOBHM JI ll30TOIIHHM pacnpe.n;eJie

HIDIM rrpo.n;yKTOB, O~P83Y10litiDCCH B Ka'lBCTBe OCKOJIKOB B peru~ 

Ta+ Xe K u + Xe. • B a TUX peaKIJ;HJIX. Maccu n 3ap.IJ.Itbl npo.n;yKTOB 
~ . . " . 

.D;ByX npon;eccon - peaKD;lm .n;eJieiDIJI H MIIOrOHYitllOHHHX nepe.n;aq - .Mo-
<- ·> ' . • • 

ryT rrepexpunaTbCJI. IIoaToMy~ on;eHKH BMU.I(a npo.n;yRTOB peaRIJ;KH 

MHorouJKioHHI:lX nepe.n;a"l·B ceqeHRe oc>paaoBaH:wi ocRORKOB .I(eJieHari 

HeO~XO.D;KMO dwiO onpe.n;eJIHTb 3aKOHOMepHOCTb oc5p830B8H:wl paaJIK'lHHX 

npo.n;yRTOB 3THX peaRIJ;Kft U, 8HaRR3KpYJI 3TH ~aHl!He, ITOITHTaTbCR 

HaHTR KPRTepHii OTdOpa OC~OJIKOB Ha IJJoHe MHOrHX npO.n;yiCTOB, odpa-

3YJDiliUXCJI n peaKIJ;:wiX Ta+Xe a U+ Xe. 

C aToll ~eJibro HaMR dHJIH rrocTaBJieHH aKcrrepKMeHTH no onpe.n;e~ 

JI8IDIIO CetJ.ell:wi pa3JIH'l.IWX rrpo.n;yRTOB peaRIJ;KH MirorOHYMOHHHX nepe,n;aq . : 

npu B3aHMO.I(eiicTBKK Mep 18 Lra, 197Au R 
238U C TSDKBJillMH ROHaMII 

40Ar , , 84 Kr n 136xe. PesyJIIJTaTu npe.n;cTaBJieiW Ha pl!c.4 H 5. Hs 

puc.4, r.n;e npe.I(CTaBJieiW aKcnepilllleHTaniJIWe .n;aHHHe. no 3aBHCHMOCTK 

ceqeiDIJI pe8mulli rrepe,n;aY.I1 OT 'lRCJia nepe.n;anaeMI:lX rrpoioHoB · B CJIY'lae 

pearuutii I97Au + 40Ar • I97Au +136Xe K 238(1 +136xe,m!.n;Ho, -'ITO c 

yBeJIKY.elilleM tJ.UCJia nepe;:;;aBaeMHX -npoToHon ce'!eHne pea.KIJ;Hll· rrepe,~ta'lH 

. OflCTpo Ua,I(aBT. ila.I(8ffile ceqemti!. odpaaOBaiD!Jl TmteJIHX npo.n;yKTOB' C 

poCTOM 'lliCJia.nepe.I(anaeMHX UpoT<?HOB B CJiyqae ypaHOBOH Mm!18IDI 
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Pl:tc. 4. 
.3anHCUMOCTL Ce'IeHKa o6pasOBaHHH H30TOITa.B MaKCHMyMe 
usoTonHoro pacnpe.n;eJieHM OT 'lllCJia nepe.IIB.BaeMHX npoTOHOB 
(>') B pea.KWUDC MHOrOHYRJIOHHiiX nepe.n;aq ff~Aer(40Ar,±YP:t.tn) 

lt7 Au (l3"Xe.b'P~ ~18u(••.xe~YP:tKn.) · • Bee san.acn
MoCTH OTHOpMHpOBam.l R O.n;HHaKOBOMY C6'I6HHIO ,IWi pe~ 
nep6.n;aqu o~oro npoToHa. 
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Pl:tc. 5. 
HsoTomme pacnpe.n;eJierum 30JIOTa, o6pasona.HI!He npn 
06JIYtJ.e~)TaHTaJionoii(~!XPJ!eHH noHaMH ""'c0 Ar c aHeprneii 
290 M:m { 11 380 Man 2), UOH81.nt ~~ j(,. 3) u HOHaMH 
'""xe(4}. 
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::matJ.UT6JILHO CWl&H66, '16M B CJiyqae 30JIOTOH Mln:I6HH, 'ITO, O'l6BII,nno, 

06'I>SICHII6TCJl .D;eJIUMOCTLD TmK6JillX SJ,IJ;ep, ROT0pbl6 B p63YJILTaT6.MHOro

HYRJIOHHOrO 06M6Ha 06Jia.n;aiOT B cpe.n;H6M .D;OCTaTO~lO BUCOROii 3H6prH6H 

noa6y~e~231. 
C TO'lRII apeHitfi pas.n;eJieHRSl npo.n;yRTOB .n;nyx npo~6ccon - peaK-

~B nepe,nattK li ,neJteHH.R, B6CLMa IIHif?OpMaTUBHI1M SlBJISl6TCJl U30TOIT

H06 pacnpe.n;eJieHHe npO,D;yKTOB pasHb!X p6~. ll3B6CTHO, 'lTO npH 

. .n;e.neHHH 06pasyJOTCJl, RaK npaBWIO, H6ll!POH01I36hlTOtJ.Hbl6 smpa D llillPQ

ROH 06JiaCTH 3JI6M8HTOB, B TO BpeMSI RaK COOTHOID6HU6 H6iiTPOHOD1I 

npoTOHOD B T~6JillX npo.n;yRTax p6~Ui MRoroHYRJIOHHhlX nepe.n;a'l Mo

~eT C~eCTD8HHO OTJIH'laThCJl OT TOrO, '!TO HMeeT M~CTO B OCROJIRax 

.n;eJieHitfi. floaTOMY HaM R8lit6TCSI, 'ITO iryTeM CpaBHeHitfi C6'lelillii,o6pa:. 

sonaHHH pasJIII'lHHX npo.n;yRTOB SJ,IJ;6pHhlX pe~, oco6eHHo n Q6JiaCTH 

H6i1TpOHOH36hlTOtJ.Hb!X SJ,IJ;6p, MOlKHO OD;6HHTh BRJia.n; npo~eCCOB peaxuffii 

MHorOHYRJIOHHiiX nepe.n;aq; u·.n;e.neHitfi. Ha puc~5 noxasruill usoTonnue 

pacnpe.n;6.neiii1.fi aOJioTa, o6pasonaHH6ro npu o6Jiy'tleHHH TaHTaJia.Hona

Mn 40 Ar i 84 KrH 136x/241. Ha6JIID,naeTCJI pe3R06 yneJiwteirne nuxo.n;a · 

TJm6JillX ll30TOUOB 30JIOTa ITO Mep6 ynemi'I6III1JI MaCCH HaJI6TaiO!ll6rO 

Hona. Tax, HanpHMep; C6~eiDI6 o6pasonaHHH 194Au npu n6pexo.n;6 OT 

HaJI6;UIO!llero HOHa 40 Ar R 136x6 yneJill'IHBaeTCJl npHMepHO B ro4 pas~ 
ll30TOna 197 Aw - 6~JI66 '16M B ro5 pas' a . 199 Au • no-D~OMY' 
60Jie~ '16M D 108paa. CTOJID 60JILmoe p8a.nu'!lle TPY.n:HO o6~JICHRTb B 

paMRax o.n;noro MeXaHUaMa pe~· MIIOrOHYRJIO~ rr~pe.n;a'l. HaM rta

xeTca, 'ITO a.n;ecL.UMeJOT MecTo .n;na M6XaHH3Ma pe~. B o6.nacTu 

.n6rKHX ll30Tonon soJioTa· c A< 194 HeJih3JI ucRJiro'lHTL, 'lTO I!X o6pa

aonaHHe o6yCJIOBJI6HO qaCTll'IHO p6~1 l~OrOHYRJIOHHHX. nep6.n;a'l, 

B TO Dp6MJI KaK ll30TOUH C MaCCOii A~ 194 SlBJISllOTCSI OCROJIRaMH ,l(6JI6-

- IlllSl. T8.KUM o6paaoM ,MolltHo np6,ll;IIOJIOlltliTL, 'ITO o6pasonamr6 B peax

Iinmc C liOHaMH X6 HeiiTpoHOH36hlTO'!HhlX ll30TOITOB, OTCTOJil!U1X OT·smpa 
. . [ 

MHill6HU 60Jie6 '16M Ha·6 npoTOHOD, OOyCJIOBJIBHO, rJtaBHhlM o0pa30M, 

p6aKD;Ueii ~6JieHHJI. 
15 
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oTOT BHBO~ 6y~eT B_~anbHeHmeM·HCITonD30BaTbCR B RaqeCTBe 

Icpn:Tepua OT60pa OCKOJIIWB ~eJieHHa BO f.niOr:UX I!pO~RTax; 06pa3ylOOliDC

CJI npH o6JiyqeHHH i.n;ep mnueHR yprura, TaHTana noHaMu Xe, ncrroJibsy-
. ~ - :. 

eMIDC )J)UI nayqemm. CBOHCTB ~eJieHHa COCTaBHIDc CHCTeM C Z.tf!I27 I! 

146. 
. . J 
Ha OCHOBa!Ufll ~aHHHX,nonyqeHHHX ITO swweKTI!BHUM ceqeimaM o6pa-

30BaHHapa3JIH~ llpO~\TOB B runPOROH 06JiaCTH Mace, BH6prullll£[ Ha

·MU, 6WwiiOCTpOeHH :UX U30TOIIHHe I! MaCCOBUe.pacnpe~eJieHHa C UOMOlll1>10 

o6h!~Or~) MeTOM 06pa60TKll ~aHHIDC ITO ~eJieHR~ COCTaB~- sme/I4f. · ... 
0CHOBHUe peayJibTaTU, llOJiy'!eHHHe ITO MaCCOBHM'l1 l130TOilHHM pac-

rrpe~eJIBIUUIM OCICOJIKOB ~eJreHHa. COCTaBHIDC CllCTeM, 06paa1!ooiiDcca B . .. - . . 

peru~ Ta i" Xe n U + Xe , rrpe~c:raBJieiru:. :B Ta6m~e 2 H ua 

puc. 6,7 H 8. 

·• PeaK~.tUs:!i 

Ta6JIH!la 2. 

Cocmo~ z11 E L lflo.\HbiM,06Mcm•!•1i!IJpuHo WupuHa .;,::~ 
~alA "J' ~~~C ~ !~iu=-~gpoc· &oHua\j ~ 

(4acml stgep ~g. ~e::a, ~=- 6r 
eguHJ egui-Q {M6J 

86- 90 ' 

1181raP6
xel

317
mlso,s/s40 /1;0

15 /1 46
-

160117
'
912

"
0 

189>20! 150 I 0,03 
193-199 50 7,0t1,6 

223-225 

'
238

u·
129

x.I
367

14Giss,1 lsso 12,5-·10
14

1194-199 lao 18.5>2,2 

I 
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'i .. 
-10 -5 

3l!IIULilJl[ OJIEIII:IITOD 

10 -10 -> 10 

A- Ap A- Ap 

P:trc •. 6. 
HsoToiiHHe pacrrpe~eJieH:tra·ocxoJIRoB ~eJieuaa, noJiyqeHHUe 
np:tr o6Jiyqemm · t81T.,. uourum "•xe . (llepHUe TOqxu Ha 
HSOTOITHOM pacnpe~eJieiDrn: 30JIOTa COOTBeTCTBYIOT pe~1 

-.eu + 1'5~ xe. J. . -

~ 1 

i 
j .• 
II! 

e 

.1 ~~~-:::--J~ 

Puc. 7. 
MaccoBoe pacnpe~eJiemm ocRoJIRoB ~eJieHHa ~o ucnapeHua 
ueilTPoHoB B pearunrn IBITct + r56Xe • 
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· BIWIO, tiTO npoueccu ,neJiemm B CJij"Iae pea.KUHH TCL + Xe n U + X e. no

CRT cTaTnCTHtiecKll:H xapaKTep. EeilcTBHTeHOHo, MaKCHMYM Macconoro 

pacrrpe,ne~eHHR npO.nyKTOB ,IteJieHUR COOTBeTCTByeT llO~OBHHe CYMMU Mace 

)J}JYX naaHMo,neilcTByniUDC sr.nep ( Al .. Ax! AT ) • Macconoe 

pacnpe,ne~eHHe HMeeT WOPMY.,6nH3Kyn x rayccoBcKoR KpHBoR,c mnpnHoR 
. . . .J 

,..gQ MaCCOBIDC e,ItHHHU, 'ITO Ta!Olte COr~acyeTC.II C TeM, 'ITO M011WO OlltH-

,ItaT:& · n npe,nn~oJJteHHH o .ne~eHHH cocTannoro .a:.npa, o6pasyuneroc.a: B 

peaKUim nMHoro CJlH.fiiDm 181Ta + I36xe. 

Ha paccMoTpeHHR ceqeHll:H odpasoBaHH.HOCK~OB n o6~acTn Mace 

Af ~ 220 DIWIO, 'lTO me anaqeHH.fi mMHoro pas MeH:&llle Toro,tiTo MOllt-

"' no 6uno ~T:& na cHMMeTpnqnoro Macconoro pacnpe,ne~eHH.a: ocx~oB 

)J}JOfiuoro ,ne~eHH.a:. oTOT ~T MOl!teT 6UT:& 06~CHeH HeCTa6Rn:&HOCT:&ID 

CTO~ T.fillteJIUX SJ,Itep rio OTHOIDeHHID K ,IteJieHHIDo TaKOit MeXaHH3M ,IteJieHH.a: 

.a:,nep ncc~e.nonanc~ paHee B peaKUH.f!X c noHaMH 20 Ne n 40 Ar n 6un 

Has.DaH IUlCKa,ItHUM. ,ne~eHHe,/19/ • 

HaoTonHUe pacnpe,neJiemm pe.nxoaer.te~xmx: s~eMeHTOD n a~oTa, 

06pas~C.II B Ka'leCTBe OCKO~OB ,neieHH.a: COCTaBHIDC CKCTeM C ~C 

tv I27 n I46 (cM.pnc.6) onncUBamc.H CHMMeTpnqnoii Kpnnoii c MaK

cn:MyMoM, cooTDeTCTBY!Oill'IM naac5o~ee nepomnoil Macce ocx~oB Ap , 
pacctiHTannoii no rimoTeae pannoro cMe~eHH.a: aap.a:,non/I4/. 

3KcnepHMeHTan:&Ha.a: aannCHMOCT:& ll!HpHHU Macconoro pacnpe,ne~_eHH.a: 

o(m~oB .ne~eHH.H pas~nqnmc cocTanHIDC .a:,nep (cbcTaBHIDC cncTeM) OT 
z2 . 

napaMeTpa .IteJIHMocTa BMOT:& .no A = 58 npe,ncT~ena na pHc.8. Ta-

JCRM o6pasoM, no~yqaewe Macconue n aaoTonHUe pacnpe,neJiemm ocxo~

KOB ,IteJICHH.H, o6pasOBaHHUX D pea!UUIJIX I8ITa+I36xe H 238U +I36)(e 
I 

6Jm3KH K TOMY, 'ITO MOlltHO OlltH,ItaT:& MJi ,neJieHH.H COCTaBHIDC .a:,nep C 

Zc= I27 n I46. 

CJre.nyeT OTMeTUT:&, 'lTO D STOM CJIY'la.e CaM npouecc o6pasOBaHH.a: 

COCTaBHOro .fi.Itpa Ta!t llte, KaK li CaMO. HOH.IITHe "COCTaBHOe .a:.npo", 

"/ 

18 

~ 

i c . 
§_f 
~j 
~ ~ ~c:.50 

~ 2 
~ ~ 
9 ~ 
~J 

.30 .35 4o 

PRe. 8. 

~---i-----+ 

{z 2/fl) !!p<Jm. 

1/5 .50 ~ 60 

flaPOHem~J ~cmu(-J2) 

3KcnepHMeHTaJI:&Ha.a: aanncHMOCT:& mnpHHU ~accqnoro pacnpe-

.ne~eHHR oT naPaMeTpa ,ne~ocTH .ne~eroc.a: cocTaBHoro 

.a:.npa (COCTaBHOH CHCTeMU). CBeT~e TO"iKH- ,ItaHHU~ pa6oTU/I4/, 

qepHUe Toqxn - ,naHHHe nacTo~eii pa6oTu. 

HBRHDTCH 'lHCTO ycnOBHHUK no OTHOmeHHD . K TOMY, 'lTO 

HMee_TC.II B. BlJ,ItY MR pea.KUIDi T~a (HI~ xn ) ,Tal\. KaK a,nec:& pac

CMaTpnnaeTC.II Jilillii> o.nnn KaHan pacn~a - .ne~eHHe, KoTopoe o6JI~aeT 

TeMH l!te-cnoiicTBaMR, tiTO n B c~~ae ,neJiemm KJiaccnqecxoro cocTan

noro .a:.npa. O,ItHaKo MJI 6~ee ,neTan:&Horo IICCJie,nonamm cnoiicTB .ne-. r 
~eitc.a: COCTaBHOil CKCTeMU H COllOCT~eHHR l1X CO CDOHCTBaMltl COCTaB-

HOrO ~ He06XO,nnMO npOBeCTH OIIHTU no H::lYll:CffiiiD pasJIHqHIDC xapaK

TepHCTKK STOH CHCTeMLI 1 'lTO ,ItO~O .IIBHT:&C.II npe,nMeTOM noc~e.nylOOIHX 

KCCJie,ItOBaHHHo Ce'leHHe o6pasOBaHH.H COCTaBHOH CHCTe1m 3I7I27, 06-

paay~eic.a: n peaKUHH 181Ta+136xe,-onpe.ne~er.~oe HHTerpnpoDaHHeM 
. . 
'ceqeHHa o6pasOBaHH.H OCK~OB,COCTaBHJIONI50 M6apH KJIH 3% OT reo-

MeTpnqecxoro ceqeHHR peaxuun. BLIJia npone.nena TaiOJte oueHKa ceqe~ 

IUI.II o6pa30BaHH.II COCTaBHOH CHCTel~ 374146, 06paayromeilc.a: B pe~I 
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238U +l36xe, KOTOpoe COCTa.BJI.R:eT ,..IQO M6apH HJIII 2% OT reoMeTpii

'leCKOrO Ce'leHUR peaKQHH. 

lfu IIOJiytlBHHHlC MliHUX BH.!UIO, 'l'XO C .YBCJllll!CHHeM MaCCI:l 60M6ap

.niiPY!OillCrO HOHa lliHpHHI:l MaCCOBOrO II H30TOnHOrO pacnpe~eJ!CHHR .YBB

Jiliql!BaiOTCSI, ,ll;OCTHraSI 3Ha'IIITCJibHOH BCJlllllHHI:l (piic.8) • 8TO 06CTOSI

TBJII:.CTBO nrpaeT BalltHYTD pom, npn aHaJIH3'e B03MOlltHOCTeii CRHTeaa 

HCHTpOHOII36UTO'JlillX ~ep C IIOMOIIU>ID pear~ ,ll;BJieHUR. TaK, HanpHMep, 

pe~m 238 U (13
6xe, f ) MOlKCT YCIICIIIHO HCIIOJII:.30BaTI:.CSI ~ CRHTe

aa c·aaueTHUM CB'ieHHeM HOBHX H30TOIIOB 30JIOT~ BnJIOTI:. ,IJ;O 2!0~U • 

Peaym,TaTu·HacTo~eii pa6oTu noano~ npnriecTII 6oJiee KOppeKTHHe 

oueHKH o6paariBaHHSI cnepxTSIJKeJIHX ~ep n peartitHH · 238u 'I36xe, f ) ~ 
· .ItJrsr naoTouon c Z =IID-II4 n N =184, o6paaYlfliiHXCSI B Ka'ieCTBe 

-O~KOJIKOB·,Il;CJICHHSI COCTaBHOH CIICTCMI:l 374r46, MOlKHO OlKH,IJ;aTI:. C8'i8HHe 

HX o6paaoBaHHSI n noa6YJK,Il;eHHoM cocToSIHHH ro-30 ~ ro-31 c~, liTo 

HaxO,Il;HTCSI B Ka'iCCTBCHHOM COrJiaCHH C Oz:teHKaMH, llOJiytiCHl!W.m paHee 

D pa6oTefl
3

/ • 8Ta Bemrnrna IDwrCTCSI BepxiUIM: npe,ll;eJIOM . ;11,1lSI_ CHHTesa, 

cn_ep~TSIJKeJIHX aJieMeHTon n peaKQHH ,ll;~JieHHSI 238 U ( I36xe, f ) . B pe~:.. 
HbiX YCJIOBWDC nepeXO,Il; D036YJK,Il;eHHoro Jr.D;Pa B OCHOBH08 COCTOSIHHe 6y~eT 

. . . 
'onpe~eJIRTLCH KOHKypeHUHeR Me~y ~CJ!CHHCK H HCIIapeHH8K HCRTpOHOB 

B036y~eHH!lX ~HXC1IllX OCK01IKOB.KOHKpeTHaR BC1IH'lHHa C8'lCHHR o6pa30Ba

HHR CBepxrHX81IllX ~ep 6y~eT 3aBHCCTL OT KHOrHX ~TOpOB - ;BXHx, 
HanpHKep,KaK :meprHR B036yx,neHHR THX81IllX OCK01IKOB, HX ~ecpopKaUHH, 

' ~ . . . 

OTHomeHIIR: if noa6y~eHHoro Jr.D;Pa c Z= IID-II4 
1 

N :: !84 H Te.lh-
. f . 

_ It ,ll;OJill?la SIBHTI:.CSI npe,ll;M~TOM ,ll;8JII:.IIeihJmx :acCJIS,Il;OllB.HIDi:. 

Ha OCHOBe llpOBC,Il;CHHHX SKCllepRM8HTOB MOEHO C,ll;eJiaT:r:. CJie~e 
DllBO,Il;ll: 

I. MaCCOBI:le II H30TOITHH8 paCnpe,ll;CJICHHSI OCKOJIKOB ,ll;eJICHHSI C~LHO• 

B036~eHHwc . cocTanHWC ~ep c Zc ...ro9, o6paaJ'!llltiiicsr_ n pe~ 

nOJIIIoro C:.mmmm IBITa+ 84 Kr II 133 C.s +. 136xe, coBITa.rtam n npe,ll;eJiax 

TOqnOCTll ·SKCITCpHMeHTa C ~aCCOBHM II H30TOUHHM pacnpe,IJ;ane~ 

20 

OCKOJIKOB ,ll;CJICHHSI · COCTaBHOro Jr.D;Pa C 6JIH3IlliM napaMeTpOM ,IJ;CJillMOCTII 

.j;,z. II aHepriiefi noa6YJK,Il;einisr, o6paayl0lllerocsr · n perucrnni nOJIHoro. c.mm

HHSI 238u + 40Ar- • 

2. CeqeHM: pea.KitMii noJIHoro CJIHSIHHH c o6pa3onaHI-ieM cocrruullix 

~ep B CJiy'iae IB!Ta+84 Kr- n 133C +I3Gxe panllli 350 n 70 .M6apH co-
.. $ . ' 

OTBCTCTBCHHO. llx ne.im'iHHI:l COCTaJ3JISIJOT 30% II 6% OT reoMeTplllmOro ceqe-
- , ~· 

HHH peaKUHH,COOTBCTCTBCHHO,H _HMCDT TCH~CHUHD K yMeH.billCHHD. C pOCTOM 

MaCCI:l 60M6ap,~J;Hpy~ero IIOHa. 

3. SHepreTnqecrum nopor peaKQHH ,ll;eJiemm cocTanHoro 'Jr.D;Pa n 

pe~ 232 
Th(7

4 (i~• f ) npeBLllllaeT nopor pea.Jtit,IDl: MHoroHYI{JIOHHI:lX 

nepe,ll;a"' Ha neJIH'iliHY: .AE t"t30 Man.- IIonLlllleHHe anepreTII'leCitero ·nopora 

peaKUIIII ,ll;CJICHHSI IIpUBO,Il;IIT K TOMy, 'iTO Mill!IIMaJII:.IIaSI SHepriiSI B036y~e

HIISI COCTaBHOro ~ 306
122, o6p8.3YI1l!lCl:-C>CSI B peaKitim 232.Jhe?"G~,X~ _ 

oKaausaeTcsr paBHOR - 50 MaB. 

4. Maccom>~e II HaoToiilllie pacnpe.n;E)JieHHSI npo,IJ;YKTOB, o6pa3YIOlllliXCSI 

B Ka'iCCT~e OCKOJIK~B ,ll;8JI8Hwl COCTaB~ CHCTeM D pe~ 191Ta +13f<e 
II 

238
u+I36xe, IIMCTDT CTaTHCTH'iCCrulli xapaKTep II .0Ita3irnaiOTCSI.6JIH3KII~ 

Mli K TOMy, liTO· MOJKHO 6UJio olKll,ll;aT:r:.. B upe,ll;IIOJIOJKeHIIII o ,ll;eJieHHH KJiac

CII'l.eCKIIX COCTaBHbiX ~ep!~ 
,. . . . 

5. Ce'ieHIIe o6paaonamm II30TonoB c Z "'IID-II4 II N "'I84,o6-

paayiOOmXcsr B Ka'iCCTDe B036yl!f,Il;eHHUX OCKOJII\OB ,ll;CJICHIISI COCTaBIIOH CH-
: (' ' .. 

CTeAW B peaKUIIII 
238 u c136

xe' f ) ' oueHeHHoe Ha. OCHODrunrn: llO.!!Y'lCH~. 
,ll;aHHI:lX, COCTa.BJI.R:eT I0-30- IQ-3! C~ • · . 

6. Pea.Kit~m 238 IJ ( 13
6xe, f ) MOJKeT · ycnelliHo IIcnoJI:r:.aonaT:r:.~sr MSI 

CliHTC3a HOBI:lX . H€HTpOHOn36biTO'lHI:lX II30TOllOB }3JICM€HTOB C aTOM-

HUM iiouepou Z~70 

0CHOBHI:le MaTeplin.m.I ,ll;FICCepTaz:tiDI ony6JIIIKOBaHll D lKypHaJie 

"fl.n;epHaSI clJII3lma". B.BU,Il;e IIpCIIpliHTOB Ol1HH/20• 21 •22 •23 •24/ .U ~OJIOlKCHbl .. -- ' . ·. . . ' 

na MelK,IJ;YHapo,ll;Hofi KoHi_DepeHUim no ~ep!!ofi clJIISIIKe (/,lionxeH, 1973 r.). 
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