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BBEJ].EHHE 

Cpe.IJ.H 6onLworo Muoroo6pa3H.H .H.IJ.epHbiX peaKUHH c T.H

)l(enLIMH uouaMH uau6onLwee BHHMauue 3KcnepuMeuTaTopoa 

H TeopeTHKOB Y.D.en.HnOCb H3y'leHHlO peaKUHH, H.D.YIUHX 'lepe3 

CTa.IJ.HID o6pa30BaHH.H COCTaBHOrO .H.IJ.pa. 6onbWa.H 3HeprH.H 

B036Y)I(.IJ.eHH.H H BbiCOKHH yrnoBOH MOMeHT o6pa3yiOll{erOC.H 

COCTaBHOrO .H.IJ.pa, B03MO)I(HOCTH nony'leHH.H CHnbHO HeHTpo· 

HO.D.e<iJHUHTHbiX .H.IJ.ep, CHHTe3 HOBbiX 3neMeHTOB H H30TOUOB, 

B03MO)I(HOCTb H3y'ieHH.H HOBbiX THUOB pa.IJ.HOaKTHBHOrO pac • 

Ua.IJ.a /3MHCCH.H UpOTOHOB B o6naCTH cpe.IJ.HHX MaCC, 3aUa3" 

.IJ.biBaiOIUee .11.eneuue B o6nacTH T.H)I(enblx Mace/, a TaK)I(e 

uenbiH PH.D. .u.pyrux HHTepeCHbiX .HBneHHH BUOnHe 06'b.HCH.HIOT 

UOBbiWeHHbiH HHTepec K H3y'leHHIO COCTaBHbiX .H.IJ.ep B peaK· 

UHJIX C TJI)I(enbiMH HOHaMH. 

Pacna.D. BbiCOKOB036y)I(.IJ.euuoro, cunbHO apaiUawmeroc.H 

cocTaauoro .H.IJ.pa xapaKTepuJyeTc.H KOHKypeuuueil Me)I(.IJ.Y 

rrpoueccaMH ucnycKaHHJI ueiiTpouoa, 3ap.H)I(eHHbiX 'laCTHU 

H y • KBaHTOB, a .IJ.nJI COCTaBHbiX .H.IJ.ep C A> 150 .D.06aBnJieTC.H 

eiUe O.D.HH Kanan ux pacna.D.a - .11.eneuue. 

llpo6neMe o6pa3oBaHH.H u pacna.11.a cocTaBHbiX .H.IJ.ep B 

peaKUH.HX C T.H)I(enbiMH HOHaMH UOCB.Hll{eHO 6onbWOe KOnH· 

'leCTBO 3KCnepHMeHTanbHbiX H TeopeTH'ieCKHX pa60T, B KO· 

TOpbiX, B 'laCTHOCTH, UOKa3aHO, 'ITO .IJ.n.H HOHOB C As_ 20 
npu 3Hepru.Hx OT KynouoBcKoro 6apbepa .11.0 6-7 M 3B/HYKAOH 
npouecc nonuoro cnH.HHH.H cocTaBn.HeT ocuoauy10 qacTb 

nonuoro ce'leHH.H peaKUHH. 0,IJ,HaKO C pOCTOM 3HeprHH HOHa 

yaenH'IHBaeTc.H BKna.D. np.HMbiX peaKuu:ii, KOHKypupyiOIUHX 

c npoueccoM o6pa3oBaHH.H cocTaauoro .H,D,pa. 
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)J.JIJI OIIHCaHHJI xapaKTepHCTHK KaHaJIOB pacna.o;a COCTaB

HOrO JI,D;pa /BepOJITHOCTh HCIIYCKaHHJI 'laCTHI..{, HX 3HepreTH

'IeCKHH cneKTp, yrnoaoe, Maccoaoe H 3apH.o;oaoe pacrrpe.o;e

JieHHJI OCKOJIKOB ,D;eJieHHJI/ 06hl'IHO HCll01Ih3YWT CTaTHCTH

'-IeCKHe IIO.D;XO.D;hl, OCHOBaHHhie Ha rHIIOTe3e 06 YCTaHOBJie

HHH TepMO.D;HHaMH'IeCKOrO paBHOBeCHJI B o6pa30BaBllieMCJI 

H,o;pe. 

EOJihlliOH HHTepec B HaCTOJI~ee BpeMJI rrpe,D;CTaBJIJIWT 

He 06~He 3aKOHOMepHOCTH o6pa30BaHHJI pa3JIH'IHhlX COCTO

JIHHH JI,D;ep, a B03MO)KHOCTh IIOJiy'leHHJI H OT6opa COCTOJIHHH C 

3KCTpeMaJihHhlMH CBOHCTBaMH, HaiipHMep, COCTOJIHHJI C 

O'leHh B~ICOKHM yrJIOBhlM MOMeHTOM /CIIlihHO Bpa~aWll\HeCH 

H.D;pa/ 
1 
l' '2/ C He60JihlliOH 3HeprHeH B036y)f(.LJ;eHHJI /XOJIO.D;-

'; I 
HhlC JI,D;pa/ 3; H T .,D;. 3TO IIOCJIY)KHJIO TOJI'IKOM K 6onee 

.D;CTaJihHOMY HCCJIC.D;OBaHHW MCXaHH3Ma B3aHMO.D;CHCTBHH 

CJIO)f(HhiX H,o;ep. HaH6onee rrpHMOH nyTh .D;JIH Bhi,o;eneHHH 

H H3Y'ICHHH pa3JIH'IHhlX KaHaliOB H.o;epHhlX peaKI..{HH, CBH-

3aHHhlX C BhlliCTOM HCHTpOHOB, IIpOTOHOB, a -qacTHI..{ HJIH 

.D;CJICHHCM - Ha6JIW.D;CHHC KOHC'!HhlX npo.o;yKTOB peaKI..{HH, 

'ITO IlpHBO.D;HT K He06XO.D;HMOCTH TO'!HOH H.D;CHTHdJHKai..{HH 

ZH A o6pa3yiO~erocH H,o;pa. C 3Toii uenhw B rrocne.o;Hee 

BpCMH HCII01Ih3YWTCH Mace- CIICKTpOMCTphi, o6na.o;aiO~He 

fihiCTpO.D;CHCTBHCM H XHMH'ICCKOH CCJICKTHBHOCThW /BLI

.D;CJICHHe Z IIPOAYKTa/ H, CJIC.D;OBaTCJihHO, rrpe.o;cTaBJIHW~HC 
HaH6onee y.o;o6HWH HHCTpyMeHT .D;JIH H3Y'!CHHH IIpO.D;YKTOB 

H,D;epHhiX peaKI..{HH. 

B Opc3 6Lma pa3pa6oraHa /+I H ycnemHo HCIIOJih,30BaHa 

Ha IIY'!KaX IlpOTOHOB BWCOKOH H cpe.o;HeH 3HeprHH ·~·Me

TO.D;HKa, OCHOBaHHaH Ha IIpHMCHCHHH Macc-cneKTpOMeTpa 

.D;liH Bhi,D;eJICHHH C BhiCOKOH CCJICKTHBHOCThlO ~CJIO'-IHhiX 

•neMeHTOB or Li .o;o I~ r YHHKaJibHhie B03MO)KHOCTH 3TOH 

YCTaHOBKH ,D;aJIH OCHOBaHHH Ha,D;CJIThCH Ha ee 3dJdJeKTHBHOC 

HCIIOJib30BaHHC IIpH H3Y4CHHH peaKI..{HH C TJI)KCJihlMH HOHa

MH. fi03TOMY JICTOM 1974 ro.o;a dJpaHUY3CKHH Macc-cneKT

.POMCTp 6biJI .D;OCTaBJICH B )1.y6Hy H YCTaHOBJICH Ha IIY'IKC 

UHKnorpoHa JUIP Y-300. B coBMecTHhiX /)1.y6ua-Opc3/ 

3KCIICpHMCHTaX 6WJIH H3Y'-ICHW peaKUHH IIOJIHOrO CJIHJIHHH 

c o6pa3oBaHHeM coc raHHhiX H.o;ep py6KAHH H U.C3HH, a raK

)KC peaKJJ.HH ;:J,CJICHHJI COCTaBIIbiX il,1Cp llO.D; .D;CHCTBHCM 

TJI)KCJihiX HOHOB. 
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B ,o;aHHOH pa6oTe OIIHCWBaeTC.fl MeTO.D;HKa H npHBe,D;eHhl 

pe3y1IhTaThl H3yqeHHJI peaKI..{HH ,o;eJieHHJI COCTaBHhlX .H.o;ep 

B COBMCCTHOM f)J.y6Ha-0pc3/ 3KCrrepHMeHTe. 

3KCIIEPHMEHTAJI.bHA.R METOJ{HKA 

CxeMa onLITa npe.o;cTaBneHa Ha puc. 1. TpaHcnopTH

poaKa nyqKa T JI)KeJIWX HOHOB K MHillCHH H erO dJoKyCHpOBKa 

OCyiJJ.eCTBJIJIJIHCh C nOMOIJJ.hW .D;BYX OTKJIOH.HWIJJ.HX MarHHTOB 

H Tpex MarHHTHhiX KBa.o;pynonhHWX JIHH3. PaJ.o;eneHHe aa

KYYMHWX 06'beMOB KaHaJia nyqKa H cneKTpOMeTpa C IIOMOllJ.hiO 

TOHKOH aJIWMHHHeBOH tlJoJihrH II03BOJI.HJIO CHH3HTh dJoH B 

o6nacTH Hccne.o;yeMwx Mace Rb H Cs OT awcoKoMoneKyJI.Hp

HhiX dJparMeHTOB napoa Macna. 06'beM Mace- cneKTpoMeTpa 

OTKal.{HBaJICJI Typ60MOJICKYJIHpHbiMH HaCOCaMH, a 06'beM 

I..{HKJIOTpOHa H HOHOnpOBO,D;a - ,o;HtlJdJy3HOHHhlMH HaCOCaMH. 

CHH)KeHHe :meprHH 6oM6ap.o;HpyiOIJJ.HX HOHOB ocymecTBJIHJIOCh 

npH nOMOIJJ.H TOHKHX aJIIOMHHHeBhiX ¢011hr. 3HeprH.H HOHOB, 

B3aHMO,D;eHCTBYIOli..{HX C MHilleHbiO, KOHTpOJIHpOBaJiaCh no 

pacceJIHHhiM HOHaM Ha TOHKOH 30JIOTOH tlJoJihre C nOMOIJJ.hiO 

noaepxHocrHo- 6aphepHoro .o;eTeKTopa Si <Au), pacnoJio)f(eH

Horo no.o; yrnoM 40° K nyqKy. 

I1HTeHCHBHOCTh nyqKa yCKOpeHHbiX TH)KeJIWX HOHOB, 

6oM6ap,o;HpyWIJJ.HX MHillCHh, H3MepHJiaCb C nOMOIJJ.hiO I..{HJIHH,D;pa 

<l>apa.o;eH H o6LI1.{HO cocTaBJIHJia - 10
11 - 10

13 'lacm/c. 
B KaqeCTBe ycKopeHHbiX qaCTHI.I, HCnOJih30BaJIHCb HOHwlJB , 

l~Q, f0~e. 3HeprHJI HOHOB, BbiBe)J.eHHhlX H3 I..{HKJIOTpOHa 

B 3aBHCHMOCTH OT COpTa ycKopeHHOH qaCTHI.I,hl, COCTaBJIHJia 

5,6 - 7,6 M3B/HYKAOH, a 3HepreTaqecKoe pa3pellleHHe 

- 1 0/o. 
KoHCTPYKUHH H .o;eiicTBHe Mace- cneKTpoMeTpa Ha nyqKe 

npOTOHOB 6hi1IH OnHCaHhl paHee B/
4 •

5
/. Pa6oTa Macc-cneKT

poMeTpa Ha nyqKe !H)KeJihlX HOHOB HMeJia pH.D; OC06eH

HOCTeif. Bo-nepBhiX, B 3KCnepHMeHTaX C TJI)KeJIWMH HOHaMH 

HCnOJih30BaJIHCh OTHOCHTeJihHO TOHKHe MHillCHH _::; 1 M2/CM 2. 

Bo- BTOpbiX, KaK IIOKa3aJIH KOHTpOJihHbie OnhiThl no H3Mepe

HHIO tlJoHa OT HeHTpOHOB H y- H3JiyqeHHJI, Bhl3biBaeMhlX 

B3aHMO,D;eHCTBHeM T .fi)KeJihiX HOHOB C .H.D;pOM MHilleHH, Be

JIHl.{HHa dJoHa CyiJJ.eCTBeHHO MeHbllie, qeM npH pa6oTe C 
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npOTOHaMB, qro B 3HaqarenLHOH Mepe nOBhlWano Ha~e~
HOCTL pe3ynLTaToa. O~HaKo B3aBMo~eicraae T.H~enMx 

BOHOB C MBWeHLIO MOrRO npBBO~BTL K yaenaqeHBIO 4!0Ha OT 
ecrecraeHHhlX npaMecei Sr , Ba ,Rb aCs,J<oropMe npacyrcr
aoaana a ae6onLwax Konaqecraax a MaTepaanax acroqHBKa. 
Mero~ yqera 4loaa or ecrecraeHHhlX npaMecei onacMaa
eTc.H HH~e. 

llonHa.H 3414leKTHBHOCTL Macc-cneKTpOMeTpa npH H3y
qeHHH H30TOnHLIX pacnpe~eneHHH Rb H Cscocraan.Hna - 20/o. 
lihlCTpo~eHCTBHe cneKTPOMeTpa, onpe~en.HeMoe ~H4MlJY3HeH 
aToMOB Rb aCs H3 aarperoro rpa4lara, no3aon.Hno H3Mep.HTL 
BhlXO~LI H30TOnOB 3THX 3ReMeHTOB C apeMeHaMH ~H3HH 
BnROTL ~0 0,1 C. HCTOqHHK BOHOn npe~cTaBn.Hn C060H 
TOHKOCTeHHLIH rpa4!HTOBLIH UHRHH~p, HarpeaaeMLIH 3ReKT
paqecKHM TOKOM ~0 TeMneparypLI -1500°. llpo~yKThl 

.H~epHhlX peaKUHH, Bhl6HThle H3 MHWeHH, TOpM03HRHCL 
CTOnKOH TOHKHX rpa4!HTOBhlX 4!onLr, pacnono~eHHLIX BHYTPH 
HCTOqHHKa HOHOB. TaM ~e pa3MeiUanacL H MHWeHL. 

HOHLI, OT06paHHLie H3 HCToqHHKa H YCKOpeHHLie ~0 

3HeprHH 10 KB, pa3~en.HnHcL no MaccaM 3neKTpoMaraa
TOM, MarHHTHOe none KOTOpOrO 4!oKyCHpyiOT HOHHhle nyqKH 

C pa~HYCOM UeHTpanLHOH TpaeKTOpHH 350 MM H yrnoM OT-

KROHeHH.H 90°. Pa3peweaae no MaccaM ~~- - 500. B Ka

qecrae ~eTeKTOpa HOHOB HCnORL30BaRC.H BTOpHqHLIH 3ReKT
pOHHLIH YMHO~arenL IB3Y I. C BLIXO~a B3Y HMnynLCLI 
qepe3 6LicTphlH ~HCKPHMHHaTop H lllopMapoaarenL no~aaa
nacL Ha MHoroKaaanLHLIH aaana3aTop DIDAC, , no3BOR.HB
wai BeCTH BB3yanLHLIH KOHTpORL 3a Ha6opOM BH4!opMaUBB. 

H3MepeHB.H npoao~BnBCL cne~yiOIUHM o6pa3oM. 3a~a
aanc.H onpe~eneHHMH pe~BM npepLIBHoro o6nyqeaa.H B B3-
MepeHB.H I puc. 11. llyTeM CKaaapoaaHB.H ycKop.HIOIUero Ha
np.H>KeHB.H Mace- cneKTpoMerpa peracrpapoaanacL ~sa 
cneKTpa B3oTonoa I Rb ana Cs I a onpe~eneHHOH o6nacTB 
Mace. 

llepBLIH cneKTP peracrpapoaanc.H so apeM.H o6nyqeaa.H 
B aenocpe~craeaao nocne ero oKoaqaaa.H. 3ror cneKTp 
co~ep~BT He3aBBCHMLie BLIXO~LI Rb B Cs. Bropoi cneKTp 
peracrpapoaanc.H nepe~ aaqanoM cne~yroiUero UBKna o6-
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ny'-leHHR. B 3TOM cneKrpe co)J.ep)f(aJiacL Me.D.neuuo .D.HdJ<l>yu

.D.HPYIOU(aR qacTL Rb H Cs , a TaK)f(e ycrauoBHBWHHCR BKJia.D. 

or KYMYJIRTHBHLIX BhlXO.D.OB H ecrecraeHHLIX npuMeceli. Pa3-

HHI.I,a Me)f()J.y .D.BYMR 3THMH CfleKTpaMH TaKHM o6pa30M )],a

sana OTHOCHTeJILHLie He JaBHCHMLie BLIXO.D.LI Rb H Cs, o6-

paJoBaawuxcR Ja BpeMR o6nyqeHHH. IIocne H3MepeHHR 

OTHOCHTeJibHbiX BbiXO)J.OB H30TOUOB py6H)J.HR H l.l,e 3HR B onpe

.D.eneuuoH: o6nacru Mace ocymecTBJIHJICH nepexo.D., nocpe.D.

CTBOM H3MeHeHHR MarHHTHOro UOJIH CfleKTpOMeTpa, K )J.py

roif 06JiaCTH Mace. )l.JIH HOpMaJIH3al.I,HH pe3yJILTaTOB pa3JIHq

HbiX H3MepeHHH HCflOJib30BaJiaCh, DO KpaifHeH Mepe, O)J.Ha 

Macca, 06ll(aR )J.JIR .D.BYX flOCJie)J.OBaTeJibHhiX H3MepeHHH. 

IJpol.l,e)J.ypa flOJiy'-leHHH HH$OpMal.I,HH UpH Bhl'-IHTaHHH 

CfleKTpOB .D.BYX H3MepeHHH npe)J.UOJiarana, l.fTO Me)J.JieHHO 

.D.H$~YH.D.HPYIOU(He npO.D.YKThl, a TaK)f(e BKJia)J,hl OT KYMYJIH

THBHLIX BbiXO)J,OB H eCTeCTBeHHhiX npHMeceif HCKJIIOl.faiOTCH. 

0)J.HaKO, B HeKOTOphiX CJiy'-laHX, TaKaR npol.l,e)J.ypa H3MepeHHH 

OKa3aJiaCb HenpHrO)J,HOH. Hau6onee TH)f(eJihle HOHhl, TaKHe 
40 :1 I 

KaK Ar , P 3Ha'-IHTeJihHO yaenHYHBanu BhlXO.D. ecrecr-

BeHHLIX llpHMeCeH BO BpeMH 6oM6ap,UHpOBKH MHllleHH. 3TOT 

:J~$eKT H3MepHJICH B 06Jiy'-leHHHX npH :JHeprHH HOHOB HH)f(C 

BeJIH'-IHHbl nopora H)J.epHbiX peaKI.I,HH. XOTH nepe_u H3Mepe

HHRMH HCTOl.fHHK OT)f(HraJICH B BaKyyMe npH T ~ 1800' C 
B TC'-IeHHe )J,JIHTeJibHOrO BpeMeHH, BCC )f(C OCTaBaJIOCh onac

HOe KOJIHl.feCTBO ecTeCTBCIIHhiX npHMCCCH Hb, Sr. ( ~, 
Ba. Heo6xo.D.HMOCTh Bhi'-IHTaHH.ll BKJia,LJ.a or ecrecTBCHHhiX 

npuMeceH: H3 H3Mepeuuii npu :>Hepruu ycKopeHuoro uoua 

Bhiwe KynouoBcKoro 6apLepa cymecTaeuuo yaenH'IHBana 

oum6KH H3Mepenuil. HH)I(HHH npe.D.en l.fyBCTBHTeJILHOCTH 

OllpC,LJ.CJlHJICH TaKHMH !lJaKTOpd.MH, KaK TOJlll(HHa MHWCHH, 

HHTCHCliBHOCTh ny'-IKa, 3$$eKTliBHOCTh Mace- CflCKTpOMCTpa, 

$OH /B OCHOBHOM eCTeCTBCHHhie npHMCCH/ H COCTaBJIRJI 

O,l M6apH. 

3KCflEPHMEHTAJlbHOE H3YLJEHHE PEAK1J.HH 
AEJJEHH.Jl COCTABHblX .JIAEP 

b.biCTPO.D.CHCTBHC )J,aHHOH MCTO)J.HKH ll03BOJIHJIO ycneWHO 

ee HCDOJib30BaTb npH H3Y'ICHHH H30TOUHhlX pacnpe)J.eJieHHH 

8 

OCKOJIKOB )J,eJieHHR R)J.ep. IlpH 3TOM npaKTH'-IeCKH HCKJIID

qaJICR BKJia)J, B BhlXO)J, )J,aHHOrO H30TOna COCe)J,HHX H3o6ap, 

~TO fl03BOJIJIJIO C )J,OCTaTO'-IHO 60JibWOH TO'-IHOCTLID 

onpe)J.eJIJITL OTHOCHTeJibHhle He3aBHCHMhle BhlXO)J.hl H30TO

fl0B H CTpOHTL H30TOflHhlC pacnpe)J.CJICHHJI. 

3a)J.a'-la H3y'-ICHHJI peaKUHH )J,CJICHHR COCTOHT H3 .D.BYX 

qacTeH - nepBaR - flOJIY'-ICHHe cpe)J.Hero '-IHCJia HeHTpOHOB 

)J.CJieHHR /Ha OCHOBe HCflOJIL30BaHHR onpe)J.CJIJICMhlX B 3KCfle

pHMCHTe MaCC .D.BYX COllpJI)f(eHHhlX OCKOJIKOB/ H BTOpaR -

H3Y'-ICHHe 3aKOHOMepHOCTeH o6pa30BaHHJI OCKOJIKOB npH ,D;e

JICHHH TJI)f(eJihlX COCTaBHhlX JI,D;ep. 

a/ OnpeoeAeHue cpeoHezo 'IUCAa HerlmpoHoa 
npu OeAeHUU 6biCOK06036yJKO€HHOZO 
COC111Q6HOZO JIOpa 

,lJ;eJIJIIUHCCJI COCTaBHhle JI,D;pa, 06pa30BaHHLie B peaKUHJIX 

C TJI)f(CJihlMH HOHaMH, xapaKTepH3YIOTCJI 60JibWOH 3HeprHeH 

B036y)f(,D;CHHJI j,D;O 100 MaB/ H BhlCOKHM yrJIOBhlM MOMeHTOM 

juecKOJILKO ,D;eCRTKOB e.D.HHHU 1'1. I. H3aecTHO, 'ITO BhlCOKHH 

yrJIOBOH MOMeHT ,IJ;CJIRIUCrOCJI COCTaBHOrO JI,D;pa npHBO,IJ;HT 

K noHH)f(eHHIO 6apLepa ,D;eneHHJI 161. O,D;HaKo Mano H3BeCTHO 

o noBe.D.eHHH 3Toro yrnoaoro MoMeHTa npu ,D;BH)f(eHHH .D.CJIJI

IUeifcJI CHCTCMhl OT Ce,D;JIOBOH TO'-IKH K TO'-IKe pa3pbiBa. B 

CBJI3H C 3THM 6hlJIO 6hl HHTepeCHO flOJIY'-IHTb 3KCnepHMeH

TaJILHYID HH$OpMaUHID 0 nepepacnpe,D;eJieHHH nepBOHa'-laJIL

HOrO yrJIOBOrO MOMCHTa CHCTeMhl Me)f(,D;y COfiCTBCHHhlMH 

CflHHaMH OCKOJIKOB H yrJIOBhlM MOMCHTOM HX OTHOCHTeJIL

HOrO op6HTaJILuoro ,D;BH)f(CHHJI. BwcoKHe cnuuw ocKOJIKOB 

,D;CJICHHJI ,IJ;OJI)f(Hhl npHBO,D;HTL K yMCHLWCHHID TCDJIOBOH 3Hep

rHH B036y)f(,D;CHHJI, CHHMaeMOH HCnapHTCJibHhlMH HCHTpOHa

MH. Il03TOMy, H3MCpJIJI TO'-IHO flOJIHOe '-IHCJIO BCflYJUeHHhlX 

HCHTpOHOB Ha aKT ,D;eJieUHJI, Mhl TeM CaMhlM MO)f(CM flOJIY'-IHTL 

uu<bopMaUHID o nepepacnpe,D;eneHHH nonuoro yrnoaoro Mo

MenTa ,D;CJIJIIUeHCJI CHCTCMhl. 

IlOJIUOC '-IHCJIO HCflYCKaCMhlX Ha aKT ,D;eJieUHR HeHTpOUOB 

MO)f(eT 6hlTh flOJIY'-ICHO nyTeM H3MepeHHJI H30TOflHhlX pac

npep;eneuuH: .D.ODOJIHHT.eJILHhlX ocKOJIKOB *. Ecnu npeue6pe'-IL 

* ,lJ;OflOJIHHTCJILHhlMH OCKOJIKaMH Mhl 6y,D;eM Ha3biBaTL 
OCKOJIKH, CYMMa 3apJI,D;OB KOTOphlX paaua 3apR,D;Y ,IJ;CJIRIUero
CJI COCTaBHOrO JI,D;pa. 
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3MHCCHCH 3apJDKCHHhiX lJaCTHI.J, B llpOI.I,CCCC ,neB036y)l(_nCHHH, 

TO nonHoe 'IHCllO HCHTpOHOB ,neneHHH onpe,nenHCTCH KaK 

"t A .. - (As l + A s:z ) , 

r.ne i\ ,. - Macca .nenHII.J,eroc.H cocTaauoro H,npa,As 1 H A s 2 -

uau6onee aepo.RTHaH Macca H30TOITHhiX pacnpe.neneuuii .no

ITOllHHTCllhHhiX OCKOllKOB. HH)I(C npHBO,n.HTCH H3Y'ICHHhiC 

peaKUHH, ,nn.H KOTOpbiX pa3nH'IHLie KOM6HHai.J,HH Rb H Cs .HB

n.HIOTC.H ,nOITOllHHTCllbHhiMH OCKOnKaMH: 

182 . 40 222 '* 
74w-\ l8Ar -+ 92L -> 37Rb + SSCs + vt ' 

2:l8 40 278 f I 

92ll + 18Ar .... 110 X _, ssCs + ssCs +z t • 

1S8 ('d 22 "' 
l + l'(~ -+ 

64 10 
180 \\ * .... 

74 
Hb + "

7 
Rb + ,, 

:ll ,) t 

l13MCpCHHbiC B 3KCITepHMCHTC H30TOITHhiC pacnpe,neneHH.ll 

Hb , o6pa3yiOmeroc.H a peaKUHH ,~.H(;d-+ 22 Ne ,nn.H Tpex 3Ha

'ICHHH 6oM6ap.nupyiOII.J,eH 3Hepruu, npe.ncTaaneHbi Ha puc. 2. 
B ma6A. 1 .naHbi uau6onee aepo.HTHbie Maccbl H30TOITHbiX 

pacnpe.neneHHH py6H,nH.R (As) H onpe.neneHHbie c Hx noMOII.J,biO 

qucna ueiiTpouoo I eM. ma6A. I/. 
l13 Ta6nHJ..lhl BH,nHO, 'ITO HCCMOTp.H Ha 3HalJHTCllhHOC 

YBCllH'ICHHC 3HeprHH B036y)l(,nCHH.ll COCTaBHOrO .H,npa 

/34 M3B/, nonuoe '!Hcno ucnyli.J,eHHhiX ueiiTpouoa MeH.HeTc.K 

cna6o. B 3TOH )l(e Tafinuue .naiOTC.Il cpe.nuue 3HeprHH B03-

6y)l(,nCHH.H OCKOllKOB py6K,nH.H, paCC'IHTaHHhle ITO $opMyne: 
2 

L E ~. = Eh - TKE + Q , 
F~c 1 r ' 0 

r.ne Q 0 onpe.nem1eTC.H H3 Ta6nuu pa6oThi 17 I a npe.nnono)l(e

HHH, 'ITO OCKOllKP.: o6pa3yiOTC.H B OCHOBHbiX COCTO.HHHXX, 

Eb - 3Heprux 
22 

Ne B CHCTeMe ueHTpa Mace H TKE- cpe,nHHH 

nonHaJI KHHCTH'ICCKaJI 3HeprHX OCKOllKOB, KOTOpa.H paCC'IH

TbiBanacb ITO nony3MITHpH'ICCKOH $opMyne /8( 

TKE = 0,107IZ
2 

/A1
'
3 

+ 22 rMJB). 
c c 

3Hag 3HeprHJO B036y)l()lCHHJI OCKOllKOB, MO:>KHO OI.J,eHHTL 

'IHCllO HCnapHBWRXCJI H3 HHX HeihpOHOB B npe,nTIOllO)I(CHHH, 

'ITO BCJI 3HeprHJC B036y)l(_ncHHJI .IIBll.IICTCJI TeTillOBOH, 
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~ 82 8f; 1/6 IJ4 g) !12 9lf 

Puc. 2. H3omonH~>Ie pacnpeoeAeHUJI py6uouJI, o6pa3oeaH-
l5B 22 170 ~Jl. 

HOZO e peaKIIUU oeAeHUJI Gd+ Ne... \\-2Rb npu •pex 
3Ha'leHUJlX 3Hepzuil 6oM6apoupyJOU#UX uoHoe. 
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llony'-leHHOe TaKHM o6pa30M '-IHCJIO HeiiTpOHOB v0 TaK:>Ke 

npe)l.cTaaneHo B ma6A. I. 3TH aenH'-IHHhi v0 3Ha'-IHTenhHO 

OTIIH'-IaiOTCJI OT 3KcnepHMeHTanhHhiX. HaM rrpe)l.cTaBnJieTCJI, 

'-ITO 3TOT $aKT yKa3biBaeT Ha HaJIH'-IHe y OCKOJIKOB 60JihillHX 

C06CTDeHHbiX CITHHOB, o6yCIIOBIIHBaiO~HX CHJITHe 60JibillOH 

'-laCTH 3HeprHH B036y:»<)l.eHHJI 3a C'-leT 3MJ!CCHH raMMa

KBaHTOB. lihiiiO 6bi HHTepeCHO ITOIIY'-IHTb npJIMOe ITO)l.TBep:>K

)l.eHHe 3TOMY ITyTeM H3MepeHHJI raMMa- H3lly'-leHHX OCKOJIKOB 

)l.eneHHJI. 

Ba:>KHOH xapaKTepHCTHKOH npouecca )l.eneHHH, H3MepHe

Moii B 3KCITepHMCHTe, JIBJIJICTCH illHpHHa H30TOITHOro pac

npe)l.CJICHHX. 

Ha puc. 2 '-1epe3 3KcnepHMeHranbHbie TO'IKH npoBe.D.eHhi 

paC'-ICTHbiC rayCCOBCKHC KpHBhH:! BH)l.a: 

\\(A-t\ 
I\ ·) 

~---=-f- ~1-=-·\)-
2 

') ·) --
\ rru- 2,,-

\ \ 

B COOTBCTCTBHH CO CTdTHCTH'-ICCKOH MO)l.CJiblO )l.CJlCHHX. 

BH)l.HO Hennoxoe cornacHe pacqera u :>KcnepuMeura. B 
ma6A. I )l.aHbJ 'JHa'-leHHH WHPHH (a\~). 1-'13 Ta6nHl(hl BH)l.HO, 

·) 
'ITO ill!:!pHHa H 3 OTOITHO 1~0 pacnpe)l.CIICHH}I a,\ B rrpe)l.eJiaX 

TO'IHOCTH 3KCITCpHMCHTa B03pacraeT ITpOITOpl(HOHaJihHO YBC

JIH'ICHHlO TCMITCpaTypbl COCTaBHOf'O Jl,!l,pa, '-ITO TaK:>KC Corna

CYCTCJI C npC)l.CKa3aHHHMH CTaTHCTHY:CCKOH MO)l.CJIH ,!l,CIICHHJI. 

Ha puc. 3 noKaJaHbi HJOTOITHbie pacnpe)l.ejlCHHH lib H Cs , 
o6pa3yiOil(HXCH B peaKl(HH lR~ \\ i 10 Ar flonHoe '-IHCJ1o 

HCITyll(CHHbiX HCHTpOHOB 1~· 1 7 ITOIIY'ICHO Ha OCHOBC H3MC

peHHbiX H30TOITHbiX pacnpe)l.CJICHHH py6H,!lHH H l(C3HH. bOJih

illHC 3KCnepHMCHTaJihHbiC OWH6KH, ITOKa3aHHble Ha puc. ~ 
6hiiiH o6yCIIOBJ1CHhl ITOBhlillCHHOH .D.H¢cl>Y3HeH CCTCCTDCHHhiX 

npHMCCCH, Bhl3hiBaeMoH TaKHMH TJI:>KCJihiMH '-laCTHU,aMH, 

K&K aproH, '-ITO OTMC'-I&IIOCb Bhlille B 3KCllepHMCHT&JlhHOH 

'-laCTH. 3TOT :>Ke 34J4>eKT, K COJKaiiCHHJO, He IT03BOJIHJI C 

)l.OCTaTO'-IHOH TO'-IHOCThlO ITOIIY'-IHTb B 3KCnepHMCHTC H30-

TOITHOe pacnpe)l.CIICHHC l(CJHJI B peaKH,HH 238 {_1 + 40 Ar. 
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Puc. 3. H3o111onHble pacnpeoeAeHUJI py6uou.11 u (4e3UJI, o6-

18 2 . 40 22 2 ~JI. 
pa306QHHbiX 6 peaKijUU oeAeHUJI w + Ar... U* --Rb+ Cs. 

6/ H3y~eHue u3o111onHbiX pacnpeoeAeHuil py6uou.11 
U ije3UJI, o6pa3YIOJI#UXCJI 6 peaKijUU OeAeHUJI 
238 U uoHaMU 11B u 22 Ne 

l13yqeuuro H30TODHbiX pacnpe.IJ.eneuuii ocKonKoB .IJ.eneHHJI 

ypaHa TJI)I{ellblMH HOHaMH 6bln DOCBJI~eH uem.IB pJI,Il. 3KCne

pHMeHTallbHbiX pa60T, 60llbWHHCTBO H3 KOTOpbiX BbiDOllHJI

llOCb ua ocuoae. pa.IJ.HOXHMH'Ie9KHX MeTo.IJ.HK. YcTauoaneuo, 

'ITO OCHOBHble xapaKTepHCTHKH ,ll.eneHHJI COCTaBHbiX JI,Il.ep 

c Z 2 I A :::; 38 c xopoweii TO'IHOCTLIO onHCbiBaiOTCJI B paMKax 

CTaTHCTH'IeCKOB MO)l.ellH. 0)l.HaKO C ,ll.allbHeBwHM poCTOM 

14 

I 

t 
I 

napaMeTpa ,ll.ellHMOCTH Z21A Ha6niO,Il.anOCb 3aMeTHOe OT

llH'IHe OT npe,!J.CKa3aHHB CTaTHCTH'IeCKOH MO)l.enH /uanpHMep, 

H3MeHeHHe WHpHH H30TODHblX pacnpe,!J.eneHHH OCKOllKOB 

,ll.eneHHJI B 3aBHCHMOCTH OT Z 2 I A , 3Hepruu B036Y)I(.IJ.eHHJI 

H acuMMeTpHH .IJ.eneHHH/ 191. B CBJI3H c 3THM npe.IJ.cTaBnHno 

HHTepec HCDOllb30BaHHe BbiWeODHCaHHOH MeTO)l.HKH )l.llJI 

H3y'leHHJI TJI)I{ellbiX )l.ellJI~HXCJI CHCTeM. 

Ha puc. 4 noKa3aHLI H30TODHLie pacnpe.IJ.eneHHJI Hb H 

Cs , o6pa3oBaHHbiX B peaKUHH ,ll.eneHHJI ypaua HOHaMH 6opa 

c 3Heprueii 85 AI3B. KpuaaJI, npoBe.IJ.eHHaJI qepe3 3Kcne

PHMeHTanLHble TO'IKH, JIBllJieTCJI raycCOBCKOB KpHBOH C 

WHpHHOH, paCC'IHTaHHOH Ha OCHOBe CTaTHCTH'IeCKOH MO,Il.eJIH 

.IJ.eneHHJI. KaK BH.IJ.HO H3 pucynKa, HMeeTCJI nennoxoe corna

cue Me)I(.IJ.Y 3KCDepHMeHTaJibHbiMH TO\fKaMH H paC\feTHbiMH 

3Ha4eHH.RMH. Hau6onee BepOJITHaJI Macca OCKOnKa, Bbi'IHC

neuuaJI ua ocnoae runoTe3bl paanoro CMemenHJI JapJI.IJ.OB, 

~ 
t 
~ 

lc: 

Rb A, ·89.8 1 
26: 8/):'{~ 

<>8 U (" 8{) Rb.Cs 

[\67.5!1;5 

L" ~ ----'----'------'----~~-______.______...,/......._ __..._ ..... _ 
41< 86111f/O!Il!JIIJIS1i'II.JO 

""""" OCJ<rWrJ4 

C 1 As~IJ5.7 : 
S I 26:,90•151 

1 
fJl 611 IJ6 01 If() All M 

Puc. 4. H3o111onHble pacnpeoeAeHUJI py6uou.11 u (4e3UJI, o6-
pa3o6aHHbiX 6 peaK(4UU oeAeHUJI ypaHa uoHa.Mu II B. 
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t1occa oc,ro-Ka 

Puc. 5. H3omonHble pacnpeOeAeHUJI py6uou.R u ije3UJI, o6-
pa3oeaHHbiX e peaKijUU oeAeHUJI ypaHa uouaMu 

22 
Nenpu 

06YX 3HO'leHUJIX 3Hep2UU 6oM6ap()upy10~UX UOH06. 

xopowo cornacyeTcH c 3KcnepuMeHTanLHWMH 3HaqenuHMH 
AJIH H30TOllOB py6HAHH H Qe3HH B npeAllOJIO~eHHH, qyo H3 
ocKonKOB ucnapxeTCH nonnoe qucno neihponoB v =11. 

I130TOllHWe pacnpeAeneHHH pyfiHAHH H Qe3HH, H3MepeH
HWe B peaKUHH 238U ( 22 Ne, f) npu ABYX 3HeprHHX 6oM-
6apAHPYIOJUHX HOHOB 132 H 165 M3B, llOKa3aHbl Ha puc. 5. 
KaK BHAHO H3 pucynKa,H30TOllHbie pacnpeAenenuH py6uAHH, 
a TaK~e ue3HH npu MeHLrneil 3Hepruu onucwBaiOTCH rayc
coBCKOH KpHBOH C lliHPHHOH 60JibllieH, qeM B cnyqae AeJieHHH 
ypana uonaMH 6opa. 0AHaKo npu 6onLrnoil 3Hepruu B u3o
TOllHOM pacnpeAeJieHHH Qe3HH npOHBJIHeTCH HeKOTOpaH 
CTPYKTypa, qyo, no-BHAHMOMy, yKa3LIBaeT na npucyTCTBHe 
ABYX MeXaHH3MOB o6pa30BaHHH OCKOJIKOB AeJieHHH Qe3HH: 

1/ Aenenue cocTaBHoro HAPa nocne nonnoro cnuxnux; 
2/ Aenenue TH~enoro HApa, o6pa3yiOIUerocx B peaKUHH 

nepeAaqu. 

16 

Panee /Jo/ B peaKuuu 238U ( 20 Ne, f l c 3Heprueil 6oM-

6apAHPYIOu.teil qacTHUbi 10 M:JB/HYKAOH 6wno noKa3aHo 
nyTeM H3MepeHHH yrnOBWX KOppeJIHUHH OCKOJIKOB )].eneHHH, 
qyo BKJia.LJ. B )].enenue npoueccoB nenonnoro cnuHHHH co
CTaBmieT 16o/o OT ceqeHHH )].eneHHH COCTaBHOrO H)].pa. Ta
KHM o6pa30M, BKJla)]. peaKUHH HellOJIHOrO CJIHHHHH MO~eT 
npuBeCTH K HCKa~eHHIO 4JopMbl H30TOllHOrO pacnpe)].eJieHUH 
B o6nacTu Mace A =120-140. 0)J.HaKo pa3no~enue KpHBOH 

H30TOllHOrO pacnpe)].eneHUH Ha )].Be qaCTH, COOTBeTCTBYIO" 
mux .LJ.eneHHIO nocne nonnoro u nenonnoro cnuHHHH, HBJIH
eTcH npo6neMa THqHbiM H3- 3a 6onLrnoro qucna KananoB 
peaKI{HH nepe)].aqu. Il03TOMY )].JIH H3yqeHUH H30TOllHbiX 
pacnpe)].eneHHH B ofinaCTH fiOJlbillHX Z 2 'A CJIC)].yeT HCllOJib" 
30BaTb H)J,pa MHlliCHH CO cpaBHHTCJlbHO BbiCOKHM 6apbepOM 
.LJ.enenux. 

B 3aKniOqeHue rpynna aaTopoB 6naro.LJ.apur .LJ.HpeKuuw 
0115111 3a npe)].OCTaBJICHHe B03MO~HOCTH llpOBe)].CHHH )].aH
HOrO 3KCnepHMCHTa B )1,y6He H lliHpOKOe rOCTenpHHMCTBO. 

Mbl 6naro)].apHbl TaK~e aKa)].CMHKy r .H.<I>nepoBy 3a 6onblliOe 
BHHMaHHe K )].aBHOR pafioTe H UCHHhle 3aMeqaHHH B npouecce 
ee BbmonueHuH. Mht Bhtpa~aeM rny6oKyiO npu3HaTeJlhHOCTb 
corpy.LJ.HHKaM Jla6opaTopuu HM. P .liepuaca P .<l>ep)l(o, M.)l(a
KOT3Hy H )l(.<t>.KenaHCKOMY 3a TCXHuqecKOe o6ecneqeHHe 
3KCnepuMeHTa, corpy.LJ.HHKaM rpynnw 3Kcnnyarauuu uuKno
rpoHa JIJIP Y- 300 3a llOJiyqeJIHe HHTeHCHBHbiX llYlfKOB T.!I
~CJihlX HOHOB, a TaK~e BCCM COTPY.Ll.HHKaM pa3JIHlfHbiX 
cny)l(6 J1a6opaTopuu HM. P. Eepnaca u Jla6opaTopuu .!I.LJ.CPHhiX 
peaKQHH 011JII1, BHeClliHM CBOH BKJia,!l; B ycnelliHOe npoae,neuue 
COBMeCTHOrO 3KCnepHMCHTa. 
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