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UeJIH H 3a,QaqH 
06'be,QHHeHHOrO 
HHCTHTyTa 
.H,QepHbiX 

c.> 

HCCJie,QOBaHHH 

06'be.IlHHeHHblH HHCTHTYT Jl,llepHbiX H CCJie,llOBaHHH HMeeT CBOeH UeJILIO: 

o6ecne'leHae coBMecTHoro npoa e.neHHJI reoperaqecxax a 3Kcnepa

MeHTaJILHblX HCCJie,llOBaHHH B 06JiaC TH Jl,llepHOH lPH3HKH y'leHLIMH rocy

,llapCTB-'IJieHOB HHcraryra, 

CO,lleHCTBHe pa3BHTHIO Jl,llepHOH lPH3HKH B rocy.napCTBaX -qJieHaX 

HHCTHTyTa nyTeM 06MeHa OllbiTOM H .IlOCTIDKeHHJIMH B npoBe,lleHHH 

TeopeTH'IeCKHX H 3KCnepHMeHTaJILHbiX HCCJie,llOBaHHH, 

llO.Il.Ilep)l(aHHe CBJI3H C 3aBHT e pecoBaHHhiMH HaUHOHaJILHhiMH H 

Me)l(,llyHapO,llHbiMH Hay'IHO- HCCJie,llOBa TeJibCKHMH H ,llpyrHMH OpraHH3a

UHJIMH B ,lleJie pa3BHTHJI Jl,llepHOH lPH 3HKH H H3biCKaHHJI HOBbiX B03MQ)I(

HOCTeH MHpHOrO npHMeHeHHJI aTOMHOH 3HeprHH; 

CO.IleBCTBHe BCeCTOpOHHeMy p a 3BHTHIO TBOp'leCKHX CllOC06HOCTeH 

Hay'IHo-accne.noaareJILCKHx xa.npoa rocy.napcra-qneHoB HHCTHTyra. 

Bce:H caoe:H .neJITeJILHOCTLIO H H CTHTYT 6y.ner co.ne:HcraoaaTL ac

noJIL3oBaHHIO Jl,llepHOH 3HeprHH TOJibKO .IlJIJI MHpHbiX UeJieH Ha 6naro 

acero qenoaeqecraa. 

Ycmae OH.JIH, z11aea II 
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Jla6opaTOpH.Il Bbi'IHCllHTellbHOH TeXHHJ<H 

H aBTOMaTH3aD;HH 
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Bae,a;eHHe 1979 ro.n ,nJIJI BHTepuauuouaJILHoro xon
JieKTBBa 06he,nBHeHHOrO BHCTBTyTa Jl,nep
HLIX BCCJie,noBaHBH OTMe'leH HOBLIMB ,no
CTIDKeHBJIMB KaK B 06JiaCTB cllYHJJ:aMeHTaJIL
HLIX BCCJie,nOBaHBH, TaK B B BCnOJIL30BaHBB 
pe3yJILTaTOB 3TBX BCCJie,noBaHBH B CMe)I(HLIX 
o6nacTJIX uayxu u TexHBKB. Ycnewuo BLI
nonueu nJiaH Hay'IHO-BCCJie,noBaTeJILCKBX 
pa6oT, nony'leH p.11,n Ba)I(HLIX pe3yJILTaTOB 
B 06JiaCTB cllB3HKB 3JieMeHTapHLIX 'laCTBU, 
aTOMHOrO Jl,npa B KOH,neHCBpOBaHHLIX cpe,n, 
a Tal()l(e B pa3pa60TKe B C03,naHBB HOBOH 
cllB3B'IeCKOH annapaTypLI. 

B BCTexweM ro.ny rocy.napCTBeHHLIM 
KOMBTeTOM no ,neJiaM OTKpLITuH B B306pe • 
TeHBH 3aperBCTpBpOBaHO TpB OTKpLITBJI, 
c.nenaHHLix B OH.HH: "JIBJieuue 3JieKTPB
'leCKOH B MarHBTHOH nOJIJipB3aUBB 3Jie
MeHTapHLIX 'laCTBU Ha npBMepe npOTOBa", 
"llpJIMOe BLI6BBaHBe ,neii:TpOHOB B3 Jl,nep 
npoToHaMB BLicoxoii: 3Hepruu" u ".HBneuue 
.11,nepuoii: npeueccuu cnuua ueii:TpoHoB, npo
xo,nJI~X qepe3 BemeCTBO C nOJIJipB30BaH· 
HLIMB Jl,npaMB". 

3Ha'IBTeJILBaJI pa6oTa npoBo,nunacL no 
no.nroTOBKe npoexTa nJITHJieTHero nnaua 
HHCTBTyTa Ha 1981-1985 ro,nLI. 

TeopeTBKB OH.HH 3aKOH'IBJIB uuxn 
BCCJie,noBaHBH BLICOK03HepreTB'IeCKBXnpB· 
6JIIDKeHBH B TeOpBB CBJILHLIX B3aBMO,neii:
CTBBH. B KBaHTOBoii: xpoMo,nuuaMuKe npe.n
JIO)I(eH no.nxo.n x npoueccaM c 6oJILWBMB 
nonepe'IHLIMB BMnynLcaMB. Pa3BBT npo
cToii: cynepnoneBoii: reoMeTpuqecxuii: no.n
xo.n K cyneprpaBBTaUBB. C nOMOmLIO aHa
JIBTB'IeCKBX BLI'IBCJieHBH Ha 3BM ocy
IUeCTBJieHLI pac'leTLI MHOroneTJieBLIX ,nuar
paMM B KaJIB6pOBO'IHLIX TeOpBJIX noJIJI. 
lloJiy'leHLI o6~e COOTHOWeHHJI, no3BOJIJIIO· 
~e npoBepBTL Teopuro Baii:u6epra-Cana
Ma, 6e3 JJ:BHaMB'IeCKBX npe,nnOJIO)I(eHBH. 
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BbinonHeHbl pacqeTbl KHHeTHKH MIO · 
MOneKymJ.pHbiX npo:uecCOB B CMeCH ,ne:H
TepH.Il H TPHTH.Il. B paMKax nonyMHKpocK -
nH'IeCKOB TeOpHH KOnneKTHBHbiX KOne6a
HHB H3y'leHo anH.IIHHe TO'IHoro yqeTa npaH
:uuna Ilaynu Ha CTPYKTYPY B036y)l(,neHHbiX 
COCTO.JIHHB ,ne~OpMHpOBaHHbiX .11,nep. Ilony
'leHbl Ba)I(Hble ,naHHble 0 CTpyKType BbiCOKO-. 
CnHHOBbiX .Jl,nepHbiX COCTO.JIHHB. IlOCTpOeHa 
MO,nenL .ll,npo·.Jl,nepHbiX B3aHMO,neHCTBHB H 
Ha'laTbl uccne.noaaHH.Il npo:ueccoa C)l(aTH.Il 
.11,nepHoro BeJ.UeCTBa H ero nepexo.na B HO
Bble ~30Bble COCTO.JIHH.Jl, BKniO'Ia.Jl o6naCTL 
TT ·KOH,neHCa:UHH. 

Ha ycTaHOBKe "KpucTann" anepable no
Ka3aHa B03MO)I(HOCTL OTKnOHeHH.Jl BbiCOKO· 
3HepreTH'IHOrO ny'IKa npOTOHOB C nOMOJ.ULIO 
H30rHyToro MOHOKpHCTanna. B COBMe CT· 
HbiX 3KcnepuMeHTax OHJIH- ci>HAJI npo.non
)l(anocL H3y'leHHe Heynpyroro pp- H ynpy
roro pHe-pacce.IIHH.Il B o6nacTH 50-400 F3B 
npu Manblx nepe,naHHbiX HMnynLcax. Ilep
Bble ~H3H'IeCKHe pe3ynLTaTbl nonyqeHbl Ha 
Hoao:H 3KcnepHMeHTanLHo:H ycTaHOBKe 
PHCK. CocTo.llnC.Il nycK KpynHoro cneKT
poMeTpuqecKoro KoMnneKca "runepoH" Ha 
nyqKe cepnyxoacKoro ycKopHTen.ll. 3anycK 
Ha ny'IKe 70- F3B ycKopHTen.ll ycTaHOBKH 
"Ilpo3a", BKniO'IaiOJ.UeB "3aMOpO)I(eHHYJO" 
non.llpH3oBaHHYJO MHWeHL, nonO)I(Hn Ha'lano 
HCCne,noBaHH.JIM non.llpH30BaHHbiX .IIBneHHB 
B 06MeHHOM nHOH·npOTOHHOM pacce.IIHHH. 

Ilepable ~H3H'IeCKHe pe3ynLTaTbl noi:J.y 
'leHbl B 3KcnepHMeHTe NA-4. Ha6paHa o 6 -
WHpHa.ll 3KCnepHMeHTanLHa.Jl HH~OpMa:UH.Il B 
.nuana3oHe 3Hepru:H OT 120 .no 280 F3B. 
Ilpe,naapHTenLHbiB aHanH3 .nan 3Ha'leHH.Il 
CTpyKTypHOB ~YHK:UHH H ee MOMeHTOB ,nn .11 
.11,npa yrnepo,na. Ilpu aHanH3e 3Kcnepu 
MeHTa C ycneXOM npHMeH.JIIOTC.Jl KBa3H
noTeH:UHanLHbiH no.nxo.n H npaauna KBapKo 
aoro C'leTa. 
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Ilpoae,neHo Ha6nro.neHHe H 3KcnepuMeH
TanLHoe uccne.noaaHHe MJO· Ka TanH3a pe
aK:UHH CHHTe3a .Jl,nep ,neBTepH.Jl H TpHTH.Jl. 
IlpH 3TOM H3MepeHHOe 3Ha'leHHe CKOpOCTH 
o6pa3oBaHH.Il Me3oMoneKyn 6onee qeM B 

CTO pa3 npeBbiWaeT CKOpOCTL pacna,na 
MIOOHa. 

Pa3BHBanc.ll H COBepweHCTBOBanC.Il 
:UeHTpanLHbiH Bbi'IHCnHTenLHbiB KOMnneKC 
OHJIH. 

BbinonHeH 6onLwo:H o6'LeM nycKoHa
na,no'IHbiX pa6oT no nporpaMMe 3Hepre
TH'IecKoro nycKa If liP- 2: ocymecTaneH 
TeXHOnOrH'IeCKHB nycK H npoae,neHLI KOMn· 
neKCHble HCnbiTaHH.Il BTOporo H TpeTLero 
KOHTypOB OXna)l(_neHH.Jl peaKTOpa C HaTpHeM; 
JaaepweHa no.nroTOBKa K ~anonHeHHIO nep
aoro KOHTypa OXna)l(_neHH.Il. HOBble 3Kcne· 
PHMeHTbl no pacce.JIHHIO HeBTpOHOB Ha 
)I(H_nKoM renuu-4 npuaenu K o6Hapy)l(eHHIO 
HOBbiX THnOB B036y)l(_neHH.Jl B CBepxTeKy· 
'leM renHH, 'ITO .JIBHnOCL no,nTBep)l(,neHH· 
eM HanH'IH.Jl 6oJe·KOH,neHCa:UHH H ee CB.Jl· 
3H CO CBepxTeKy'leCTLIO. 

BLIBO,n nyqKa HOHOB Ha YCKOpHTene 
Y-400 no3aonun npoaecTH nepBble 3Kcne-
puMeHTbl no H3y'leHHIO MeXaHH3MOB 
B3aHMO,neHCTBH.Jl CnO)I(HbiX .11,nep, HCnOnL· 
3yeMLIX ,nn.ll CHHTe3a T.Jl)l(enbiX 3neMeHTOB. 
OcyJ.UeCTBneHo ycKopeHHe T.ll)l(enblx HOHOB 
B 3neKTpH'IeCKOM none HH,nyK:UHOHHOB CeK· 
UHH Ha npOTOTHne KOnneKTHBHOrO YCKO· 
pHTen.ll . 

B 1979 ro,ny npoae,neHo 3CKH3Hoe npo
eKTHpoaaHHe H yTaep)l(,neHo TeXHHK0-3Ko
HOMH'IecKoe 060CHOBaHHe yCKOpHTenLHOrO 
KOMnneKCa T.Jl)l(enLIX HOHOB. CornaweHHeM 
Me)l(_ny OHJIH H HA3 HM.H.B.Kyp'laToBa 
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o coaMeCTHOM coJ,llaHBB YKTH KaK 3Kcne
pBMeHTanLHOH 6a3~ ,llnB pa3BBTBB BCCne
,llOBaHBH no B,llepHOH cPB3BKe npe,llyCMaTpB
BaeTCB coopy)Keuue KOMnneKca B .llBe oqe
pe,llB. IIepaaB oqepe.llL BKJIIOqaeT co3,llauue 
TB)Kenououuoro cuuxpoTpoua ( THC), Tex
uuqecKoe npoeKTBpoaauue KOToporo ae
nOCb B MBHYBllleM ro,lly. 

B 1979 ro,lly cocToBnCB PB.ll Ba)KH~x 

Me)K,llyHapO,llHbiX KOHcPepeHUBH, Ha KOTO
p~x yqeu~e OH.HH c ycnexoM npe,llcTaa
nBnB uayKy couuanucTuqecKBX cTp au: 
Me)K,llyuapo,llH~H CBMno3BYM no npo6ne
MaM HeCKOnbKBX Ten B B,llepHOH cPH3 BKe, 
Me)K,llyuapo,llHblH CBMno3BYM no cPYH.llaMeu
TanLH~M npo6neMaM TeopeTuqecKOH B Ma
TeMaTuqecKoH cPB3BKB, Me)K)lyuapo,llHaB 
IIIKona OH.HH-U.EPH B BeurpBH, XII I M e)K
.llYHapo,llHaB IIIKOna MOnO,ll~X yqeu~x B ,llp. 

OH.HH npHHBn yqacTBe B Me)K)lyuapo,ll
HOH BbiCTaBKe "MBpHbiH aTOM B CTpauax 
COUBanB3Ma", nOCBBJ.l{eHHOH 30-neTBlO 
C3B. Ilo HToraM BLICTaBKB HucTBTYT ua
rpa)K,lleH ,llBnnoMOM I cTeneuu, COTPY.llHH
KaM npBCY)K,lleHO 17 Me,llaneH. 

06'be,llBHeHHblH BHCTBTYT B,llepHbiX BC
cne,lloBaHBH BCTynaeT B Jaaepwaromyro ella-
3Y nBTBneTKB 1976-1980 rr. KouueuTpa
UBB ycunui ua BLinonueHBB uayquoi npo
rpaMM~ na6opaTOpBH, 3cPcPeKTBBHOe BC· 
nonb30BaHBe ,lleHCTBYJOll{BX B C03,llaHBe 
HOBbiX 3KCnepBMeHTanLHblX ycTaHOBOK no-
3BOnBT yqeHLIM 06'be,llBHeHHOrO BHCTBTy
Ta, a TaK)Ke uayquLix ueuTpoa cTpau
yqacTHBU ,ll06BTbCB HOBbiX 3HaqBTenLHbiX 
pe3ynLTaTOB B pa3BBTBB B36paHHbiX Ha
npaaneHBH B,llepHOH cPB3BKB . . 

H. 1ioroJII06oa 
,lJ;BpeKTOp 06'be,llBHeHHOrO BHCTBTyTa , 
B,llepHbiX BCCne,llOBaHBH 



P YK o so .zvn.uH e 
H KOHCYRbTaTHBHwe 
opraHbi Ol1Hl1 
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~eHTeJibHOCTb 

PYKOBO,QH~HX 

11 KOHCYJihTaTHBHwx 

opraHoB 

I 

XLV cec CHJI Y'leHoro coBeTa 0 6ne

,!J;HHeHHOrO HHCTHTyTa Jl,!J;epHbiX HCCJie ,!J;o

BaHHB COCTOJIJiaCb 9-12 JIHBapJI 1979 r o,!J;a. 

qJieHhl Y'leHoro coBeTa 3acJiywaJIH ,!J;OK Jia)l; 

o BhlnOJIHeHHH peweHHB XLIII H XLIV c ec

cuB:, OT'IeThl o Hay'IHo-uccJie,!J;oBaTeJIL CKoii: 

,!J;eJITeJibHOCTH Jia6opaTOpHB B 1978 r o,!J;y, 

HH<iJopMa.u;oro o peweHHJIX Y'leHbiX coBe TOB 

no TeopeTH'IeCKOB <iJH3HKe, <iJH3HKe BbiCOKHX 

H HH3KHX 3HeprHB, 0 Me*,!l;YHapO,!J;HOM co

Tpy,!J;HH'IeCTBe H CBJ13JIX OHJIH B 1978 r o,!J;y 

H nJiaHax Ha 1979 ro,!J;, o Ka,!l;pax cne u ua

JIHCTOB H3 CTpaH-y'laCTHHI.J;. 

Y'leHbiB COBeT O,!J;06pHJI Hay'IHO-HC CJie

,!J;OBaTeJibCKYJO ,!J;eJITeJibHOCTb Jia6opaTOpHB 

lfHCTHTyTa B 1978 rO,!J;y H YTBep,!J;HJI n p o6-

JieMHO-TeMaTH'IeCKHB nJiaH Hay'IHO-HC CJie

,!J;OBa TeJibCKHX pa60T H Me*,!J;YHapO,!l;HOrO 

coTpy,!l;HH'IeCTBa OHJIH Ha 1979 ro,!l;. CoBeT 

onpe,!J;eJIHJI rJiaBHbie 3a,!J;a'IH lfHCTHTyTa Ha 

3TOT rO,!J;, B 'IHCJie KOTOphiX: 

- npoBe,!J;eHHe npoeKTHbiX H HCCJie,!J;O-

BaTeJibCKHX pa6oT no YCKOpHTeJibiiOMY 

KOMnJieKCY T Jl*eJlbiX HOHOB; 

- pa3pa60TKa, HCnbiTaHHe H HaJia)l;Ka 

OT,!J;eJibHhiX CHCTeM ycTaHOBKH "cp", BK JIIO

qaJI 'laCTb o6opy,!J;OBaHHJI ,!J;JIJI KaHaJIOB nyq

KOB; 

- 3HepreTH'IeCKHH nycK HliP- 2; 

- C03,!J;aHHe TpaKTOB ny'IKOB H <iJH3H-

'IeCKHX ycTaHoBoK ,!J;JIJI pa6oTLI Ha ycK opu

TeJie Y-400; 

- HCCJie,!J;OBaHHe npOTOTHna KOJIJie K THB

HOrO yCKOpHTeJIJI TJI*eJlbiX HOHOB. 

Ha ceccoo 6LIJI 3acJiywaH Bonpoc o co

CTOJIHHH pa6oT no npoeKT~M YHK H YKTH. 

CoTpy,!J;HH'IeCTBO OHJIH c H«PB3 B pa3pa-

6oTKe qacTH cncTeM YHK pa3BHBaJIOCb 

B COOTBeTCTBHH C COrJiaCOBaHHOB npo-

rpaMMOH. B coTpy,!J;HH'IecTBe c HA3 

HM. lf.B.Kyp'laTOBa H npoeKTHbiMH HHCTH

TyTaMH CCCP <iJH3H'IecKH o6ocHoBaH 

CHHxpoTpOHHhiB BapnaHT YKTH. 

CeccHJI Y'leHoro coBeTa o,!J;o6poJia 

npoeKT reHepaJibHOrO nJiaHa pa3BHTHJI 

OHJIH ,!J;O 1990 ro,!J;a H OCHOBHLie noJio*e

HHJI npoeKTa nJITHJieTHero nJiaHa pa3BHTHJI 

OHJIH Ha 1981-1985 ro,!J;bi. 

CeccHJI yTBep,!l;HJia "IlpaBHJia npo-

.u;e,!J;ypbi Y'leHoro coBeTa 06'be,!J;HHeHHoro 

HHCTHTyTa Jl,!l;epHbiX HCCJie,!J;OBaHHB". 

CocTOJIJIHCb Bbi6opLI Ha ,!J;O~HOCTH ,!l;H

peKTopoB H 3aMeCTHTeJieB ,!J;HpeKTOpOB Jia-

6opaTOpHB lfHCTHTyTa. 

KoMumem IloAHOMO'I'HblX Ilpeocmaeume
Aeil npaBHTeJibCTB cTpaH-y'laCTHHU OHJIH 

Ha coBexuaHHH 24-26 anpeJIJI 1979 ro,!J;a 

O,!J;06pHJI pa6oTy lfHCTHTyTa no BblllOJIHe

HHIO nJiaHa Hay'IHO- HCCJie,!J;OBa TeJibCKHX pa-

6oT H Me*,!l;YHapo,!J;Horo coTpy,!J;HH'IecTBa 

B 197 8 ro,!J;y H peweHHJI XLIV H XLV cec

coB: Y'leHoro coBeTa no pe3yJILTaTaM Ha

Y'IHbiX occJie,!J;oBaHHB Jia6opa To puB:, a TaK

*e YTBep,!J;HJI nJiaH Hay'IHO- HCCJie,!J;OBaTeJib

CKHX pa60T H Me*,!l;yHapO,!J;HOrO COTpy,!J;

HH'IeCTBa Ha 1979 ro,!J;, npHHJITbiB XLV 
ceccneii: Y'leHoro coBeTa. 

KoMHTeT IloJIHOMO'IHbiX Ilpe,!J;cTaBHTe

Jieii: YTBep,!J;HJI npe,!l;cTaBJieHHbiB ,!l;HpeK.u;H

eii: lfHCTHTyTa OT'IeT 06 HCnOJIHeHHH 610,!1;

*eTa 3a 1977 rO,!J; H npOTOKOJI «<>HHaHCOBOrO 

KOMHTeTa OlfJIH OT 14-15 HOJI6pJI 1978 ro

,!J;a, npHHJIJI K CBe,!J;eHHIO C006IUeHHe ,!J;H

peKI.J;HH HilcTHTyTa o6 ocnoJIHeHHH 6ro,!l;*eTa 

3a 1978 ro,!J; H YTBep,!J;HJI 6IO,!l;*eT 06ne,!J;H

HeHHoro HHCTHTyTa Jl,!l;epHbiX HCCJie,!J;OBa

HHB H nJiaH KannTaJILHoro· cTponTeJibCTBa 

Ha 1979 ro,!J;, yTBep,!J;HJI npe,!J;JiaraeMLie ,!J;H

peK.u;Heii: YTO'IHeHHJI pacnpe,!J;eJieHHJI cpe,!J;CTB 



no OfibeKTaM KanHTanhHOrO CTpOHTenh CT
Sa. 

3acnywas ~oKna~ ~upeKTopa 06be~u
HeHHoro HHCTHTyTa X~epHhiX HCCne~OSaHHH 
aKa~eMHKa H.H.Iioromo6osa "0 npoeKTe 
reHepanhHOro nnaHa pa3SHTHX OIUIH ~0 

1990 ro~a H OCHOSHhlX nonmKeHHXX npoeK
Ta nxTuneTHero nnaHa pa3surux OHJIH Ha 
1981-1985 ro~hl", KoMHTeT IlonHOMO"'HLIX 
IlpeacTasuTeneH: yTsep~un npoeKT "reHe
panLHoro nnaHa pa3SHTHX OHJIH ~o 

1990 ro~a" H npHHxn K cse~eHHIO HHclJop
Mauuro o6 ocHOSHhiX nono)l(eHHxx npoeKTa 
nxTHneTHero nnaHa pa3SHTHX OHJIH Ha 
1981-1985 ro~hl. 

B CSX3H C HCTe"'eHHeM CpOKa nonHo
MO"'HH SHUe-~HpeKTOpa lfHCTHTyTa npo
clJeccopa )l;.Kuwa KoMHTeT IlonHOMO"'HhlX 
Ilpe~cTaSHTeneH: no npe~no)l(eHHIO IlonHo
MO"'Horo Ilpe~cTasuTenx Hapo~Hoii ec
ny6nHKH lionrapHH H36pan Ha nOCT SHUe
~HpeKTOpa 06be~HHeHHOrO HHCTHTyTa 
X~epHhiX HCCne~osaHHH CpOKOM Ha TpH ro
~a npoclJeccopa HsaHa 3naTesa. 

KOMHTeT Shlpa3Hn 6onhWYIO 6naro~ap
HOCTh npoclJeccopy )l;.Kuwy 3a nno~oTsop
HYIO pa6oTy Ha nOCTY SHUe- JlHpeKTOpa 
06be~HHeHHOrO HHCTHTyTa X~epHhiX HC
cne~osaHHH. 

KIIII shlpa3Hn ~upeKUHH H sceMy Kon
neKTHsy 06be~HHeHHOrO HHCTHTyTa X~ep

HhiX HCCne~osaHHH 6naro~apHOCTh 3a 
npo~enaHHYIO s 1978 ro~y pa6oTy. 

XLVI ceccu~ Y~eHozo co eema 
( 12-15 HIOHX) paCCMOTpena H npHHXna 
K CSe~eHHIO H3MeHeHHX S npo6neMHO - Te
MaTH"'eCKOM nnaHe Hay"'HO-HCCne~osa

TellhCKHX pa60T H Me)l(~yHapO~HOrO CO
TPY~HH"'ecTsa na6opaTopHH IIHCTHTyTa Ha 
1980 ro~, peweHHX Y"'eHLIX coseTos no 
cPH3HKe ShiCOKHX H HH3KHX 3HeprHH H HH
clJopMaUHIO o xo~e cosMeCTHhiX c H <l>B3 
pa3pa6oToK H uccne~osaHHH no npoeKTaM 
YHK H YKTH. 

Y"'eHhlH coseT nocTaHosun npHHXTh 3a 
ocHosy npe~cTasneHHhlH ~upeKuueH: H H-

11 

CTHTyTa nepSOHaqanhHhiH sapHaHT OCHos
HhiX HanpasneHHH H OpHeHTHpOSO"'HhiX KOHT
ponhHhiX UHcPP nXTHneTHero nnaHa pa3SH
THX OHJIH Ha 1981-1985 ro~LI. 

Ha ceccHH c ~oKna~aMH ShiCTynunH 
aKa~eMHK A.A.JioryHos - "Hoshle npe~

CTasneHHX 0 npOCTpaHCTSe-speMeHH H 
rpasHTauuu" H ~HpeKTop IIHCTHTyTa aKa
~eMHK H.H.Iioromo6os - "0 ~ecxTHneTHH 
)l(ypHana OHJIH "<l>H3HKa 3neMeHTapHLIX 
"'aCTHU H aTOMHOrO X~pa ( 3qAJI)". 

CoseT yTsep~Hn peweHHe )I(IOpH o npu
cy)l(~eHHH npeMHH OHJIH 3a nyqwue pa6o
Thi, ShiiTOnHeHHhle S 1978 ro~y. 

Y~eHblii coeem no (Ju3uKe BbiCoKux 3Hep
zuii npoxo~Hn c 22 no 24 Max. XXVIII cec
cux 3Toro coseTa 3acnywana ~oKna~ o sM
nonHeHHH peweHHH XXVIJ ceccuu Y"'eHoro 
coseTa, OT"'eTLI o ~exTenLHOCTH cneuuanu-
3HposaHHhiX KOMHTeTOS, a TaK)I(e HHclJop
MaUHIO 0 npOH3SO~CTSeHHhlX S03MO)I(HOCTXX 
H nnaHax pa3SHTHX OnhiTHoro npoH3so~
CTSa OlfJilf, 0 COCTOXHHH ~en no COSMecT
HOMY OHJIH-UEPH MIOOHHOMY 3Kcnepu
MeHTY H 06 yCTaHOSKe "HeHTpHHHhiH ~e
TeKTOp". 

06Cy)l(~anHCh H3MeHeHHX S TeMaTH
qecKHX nnaHax HayqHo-uccne~osaTenLCKHX 
pa60T na6opaTOPHH Shl"'HCllHTenhHOH Tex-· 
HHKH H aSTOMaTH3aUHH, ShlCOKHX 3HeprHH, 
X~epHhiX npo6neM, TeopeTH"'eCKOH cPH3HKH. 

Y"'eHhlH coseT 3acnywan px~ Hay"'Hhlx 
~oKna~os o coTpy~HH"'ecTse OHJIH c 
H<l>B3 H 3KcnepHMeHTax, sMnonHxeMhlX Ha 
70- T3B ycKopuTene. 

KoMumembl Y~eHozo coeema no (Ju3uKe 
BbiCOKUX 3Hepzuii, 3ace~aHHX KOTOphlX npo
XO~HnH 10-12 anpenx H 16-18 OKTx6px, 
paccMaTpusanu npoeKThl HOShiX 3Kcnepu
MeHTos, OT"'eThl no npoeKTaM, sonpocLI, 
csx3aHHLie c opraHH3auueH: coTpy~HH"'ecT
sa OHJIH c ~pyrHMH HHCTHTyTaMH. 



B .liHaape 1979 z. cociiO.IiAacb 45 ceccu.li Y'leHozo 
coaema OH.RH. qAeHbl Y'leHozo coaema paccJ.IOJipeAu 
u ooo6puAu npoeKm FeHepaAbHozo nAaHa pa3aumu.li 
OH.RH oo 1990 z. u ocHoBHble noAoJICeHU.Ii npoeKIIa 
nAaHa pa3aumu.li OH.RH Ha 1981-1985 zz. 



KoMHTeT no 3neKTpOHHbiM 3Kcnepa
:weHTaM o~o6pan xo~ pa6oT B JIB3 H JIJIII 
no ycTaHOBKaM liHC-2, "An~o4>a-3c", C JIO, 
PHCK, "ranepou", "Ilo3HTPOHHii", APE C, 
"Ilpo3a", a TaiOKe pa6oTbl no npoeKTY 
"HeBTpHHHbiB ~eTeKTOp". IlpHHJin K CBe
~eHHIO coo611(eHHe o xo~e pa6oT no c o-
3~aHHIO yCTaHOBKH "Tay". 

KaMepHbiB KOMHTeT 0~06pHn OTqeT 0 
xo~e BblnonHeHHJI nnaHa o6pa6oTKH 4lan~o

:wosoii HH4lopMa~HH B 1979 ro~y, pacCMOT
pen nnaHbl HCnOnb30BaHHJI npOCMOTpOBO
ro H H3MepHTenbHOrO o6opy~OBaHHJI 

B 1980 ro~y, npHHJin K cse~eHHIO HH4>op-

:wa~HIO o coTpy~HaqecTse Ha KpynHwx 
TpeKOBbiX ycTaHOBKax OHJIH: Ka:wepe 
"JIIO~MHna", MeTpOBOB BO~OpO~Oii: Ka:we
pe, ~BYXMeTpOBOB nponaHOBOB Ka:wepe, 
MHC H PHCK. 

KoMHTeT no 3neKTPOHHbiM 3Kcnepa
:weHTaM H KaMepHbiB KOMHTeT Ha COBMeCT
HOM 3aCe~aHHH B OCHOBHOM 0~06pHnH Bbl· 
~HHYTYIO na6opa TOPHJIMH OHJIH HayqHYIO 
nporpaMMY accne~osaHHB, a TaiOKe upe~
no*eHHJI 0 C03~aHHH 3KCnepHMeHTan.HbiX 
ycTaHOBOK ~JI HCCne~OBaHHB DO fB3BJCe 

BbiCOKHX 3HeprHB B 1981-1985 rOAAX. 
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Y~eHbru coeem no (Ju3uKe HU3KUX 3Hep
zuil nposen csoe XXVIII Jace~aHHe 

29-31 MaK, Ha I<OTOpOM O~o6pHn ~OI<na~ 

npe.nce.na Teng coseTa o BLmonHeHHH pewe
HHii XXVII ceccaa, a TaiOKe OT'IeTbl npe~
ce.na TeneR cne~HanH3HpOBaHHbiX I<OMHTeTOB 
o pa6oTe H peweHHKX I<OMHTeToB. H a Ja
ce~aHHH 6blno OTMe'leHo, 'ITO B ~ei<a6pe 
1978 ro~a ocymecTsnea WHJH'IeCI<HB nyci< 

3aceoaHue 46 ceccuu Y'leHozo coBe•a OH.RH. C oo
KAaooM "HoBble npeoc•aBAeHUJI o npocmpaHc•Be- Bpe
MeHu u zpaBu111a11uu" Bbrcmynae• BUlle- npe3uOeH• AH 
CCCP aKaoeMUK A .A.JiozyHoB. 

YCI<OpHTeng T K)f(ellblX HOHOB Y- 400, Bbl
nonHeH 6onLwoi o6~eM pa6oT no aaTpae
BOMY I<OHTypy OXna)f(,neHHK peai<TOpa 
HliP-2. CoseT yTsep~Hn nnaa-rpawai< oc
HOBHhlX pa60T no pei<OHCTpy~HH CHHXpo
~I<llOTpOHa. 

lihlna Jacnywaaa HHWOPMa~HK ~ape I<-
~i na6opa TOpHi H pyi<oBo~CTBa OT~ena 



HOBblX MeTO,IJ;OB yCKOpeHHJI 0 XO,IJ;e BblllOn
HeHHJI npo6neMHO- TeMa TH'IeCKHX nnaHOB 
Hay'IHo-uccne.n;osaTenbCKHX pa6oT B o6-
nacTH ~H3HKH HH3KHX 3HeprHH H 3aMe1.J:a
HHJIX K nnaHy Ha 1980 ro.n;. 

ITo .n;oKna,n;aM o peJynLTaTax ,n;eHTenb
HOCTH 0T,n;ena HOBblX MeTO,IJ;O~ YCKOpe H~ 
COBeT OTMeTHn, 'ITO B o6naCTH pa3pa6 T
KH H HCCne,n;oBaHHJI HOBeHWeH yCKOpHTenh
HOB TeXHHKH OHMY BhlnonHeHa wupoKaH 
H HHTepecHaH nporpaMMa Hay'IHblX uccn e
,IJ;OBaHHH, nony'leHbl HOBble pe3ynbTaTbi, 
cnoco6cTB~wHe .n;anbHeHweMy npo,n;B~e

HHIO B pa3BHTHH yCKOpHTenhHOH TeXHHKH. 
Y'leHblH coseT no.n;sen HToru pa6oTbl 

Me)l(,n;yHapo,n;HhlX KOH~epeH.QHH H cosew a
HHH no ~H3HKe HH3KHX 3HeprHH a 1979 r o.n;y. 

KoMumem&J Y~eHozo coeema no ¢u3u Ke 
HU3KUX 3Hepzuil, no CTpyKType JI,n;pa, HeHT
pOHHOH ~H3HKe H ~H3HKe TJI)I(enblX HO OB 
co6upanncb Ha csou Jace.n;aHHJI ,IJ;Ba)I(,IJ;hl 
(25-27 anpenH H 23-25 OKTHfipH), 

KoMHTeT no cTpyKType H.n;pa o6cy.n;un 
XO,Il; BblnOnHeHHJI nnaHOB HCCne,IJ;OBaHHH H 
Me)l(,n;yHapo,n;Horo coTpy,n;HH'IeCTBa no Te
MaTHKe KoMHTeTa, a TaiOKe npe.n;no)l(eHHH 
no npo6neMHo-TeMaTH'IeCKOMY nnaHy Ha 
1980 ro.n;. 

Ha Jace,n;aHHJIX 6bmH JacnywaHbi Hay q
Hhle .n;oKna.n;hl o HaH6onee Ba)I(Hhlx peJynL-
TaTax uccne.n;osaHHH no nporpaMMaM 
HPHC-.HCHAIIII, CITHH, H3y'leHHJI H,n;ep
HbiX peaK.QHH npH CpC,D;HHX H HH3KHX 3Hep
rHJIX, pa6oT no MC,IJ;HK0-6HonorH'ICCKOMY 
HCnOnh30BaHHIO OTpH.QaTenhHblX MIOOHOB, 
a TaK*e no pa3pa6oTKe nonynposo,n;HHKo
BblX .n;eTeKTOpOB. 

KoMHTeT o6cy.n;un sonpoc o xo.n;e pa-
6oT no peKOHCTpyK.QHH CHHXpO.QHKnOTp Ha 
H no,n;,n;ep)l(an npoeKThl HOBblX 3KCnepHMeH
TOB Ha ycTaHOBKax CnuH-2, CYIIII, "HKap ", 
"llHoH- 2" H nporpaMMY uccne.n;osaHHH 

17 

cTpyKTYPbi H.n;pa Ha THC; OTMeTun aK
TyanLHOCTb C03,IJ;aHHJI KOMnneKCa 
.HCHAIIII- 2. lihlna JacnywaHa HH~opMa.QHH 
o pH,n;e KOH~epeH.QHH H cosewaHHH no Te
MaTHKe KOMHTeTa, B pa6oTe KOTOpbiX npH
HHManH yqacTHe npe.n;cTaBHTenu OH.HH. 

KoMHTeT no HeHTPOHHOH ~H3HKe Ja
cnywan HH~OpMa.QHIO ,D;HpeK.QHH JIH~ 0 Te
KymeH ,IJ;eJITenbHOCTH na6opaTOpHH, o,n;o6-
pun npoeKT npo6neMHo-TeMaTH'IecKoro 
nnaHa H nnaHa Me)l(,n;yHapo.n;Horo coTpy.n;
HH'IeCTBa Ha 1980 ro.n;, a TaiOKe npe.n;no
)l(eHHJI no C03,IJ;aHHIO 3KCnepHMeHTanbHhiX 
ycTaHoBoK Ha 1981-1985 ro.n;w. KoMHTeT 
o6cy.n;un coo6weHHe o xo.n;e no.n;roTOBKH 
K 3HepreTH'IeCKOMY nyCKy peaKTOpa 
HliP-2 H MOHTa)l(a ycKopHTenH JIHY-30. 
Ha Jace.n;aHHJIX KoMHTeTa o6cy)l(,n;anHCb 
,IJ;OKna,n;bl 06 HCCne,IJ;OBaHHJIX B HOBblX nep
cneKTHBHblX HanpasneHHJI~ HeHTpOHHOH ~H-
3HKH. 

KoMHTeT no ~H3HKe TJI)I(enhlx HOHOB 
OTMeTHn BhlnonHeHHe peweHHH npe.n;w.n;yi.QHx 
ceccuH KoMHTeTa H o.n;o6pun npe.n;no)l(eH
HblH ,D;HpeK.QHeH JI.HP nepcneKTHBHhiH nnaH 
pa3BHTHJI OCHOBHblX HanpasneHHH HCCne
,Il;OBaHHH B o6naCTH ~H3HKH TJI)I(enblX HOHOB 
Ha 1981-1985 ro.n;hl. KoMHTeT Jacnywan 
,IJ;OKna,n;bl 0 pa3BHTHH Y- 400 H COCTOJIHHH 
pa6oT no coJ.n;aHHJO MHKpoTpoHa MT-22, 
o6cy.n;un npoeKTbi 3KcnepHMeHTanbHblX yc
TaHOBOK .n;nH uccne.n;osaHHH Ha Y-400. Ko
MHTeT 03HaKOMHnCJI C peJynbTaTaMH 
3KCnepHMeHTOB no CHHTe3y TpaHC~epMHe
BblX 3neMeHTOB, nOHCKY CBepXTJI)I(enblX 
3neMeHTOB, H3y'leHHIO JI,D;epHbiX peaK.QHH 
H HCCne,n;oBaHHH no peHTreHOBCKOH cneKT
poMeTpHH, a TaiOKe aKTHBa.QHOHHbiM Me
To.n;aM aHanuJa ManLix KonH'IeCTB sewecTB. 

KoMHTeT Jacnywan H npHHHn K cse
.n;eHHIO HH~OpMa.QHIO 0 BblnOnHeHHH npo6-
neMHo-TeMaTH'IeCKHX nnaHOB JIJIP H 
OHMY B 1979 ro.n;y H o6 H3MeHeHHHx 
B nnaHax Ha 1980 ro.n;, o.n;o6pun nnaH 
Me)l(.n;yHapo.n;Horo coTpy,n;HH'IeCTBa. 
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llpeMHH Ol1Hl1 
3a 1978 rop; 

Ha coHcKaHHe npeMHH 06~eAHHeHHo~o 

HHCTHTyTa , .HAepHLIX HCCneAOBaHHH 3a 

1978 rOA 6LinH BLIABHHYTLI ny'IIUHe Hay~IHo-

HCCneAOBaTenLCKHe TeopeTH'leCKHe H 

3KcnepHMeHTanLHLie, a TaiOKe Hay~mo- Me

TOAHlleCKHe .H HayqHo-TeXHHlleCKHe p a 6o

TLI, sLinonHeHHLie COTPYAHHKaMH HHCTH

TyTa. 
PeweHHeM YlleHoro coseTa OH.HH oT 

12-14 HIOH.H 1979 roAa npHC}')KAeHLI c ne

AYIOu_.He npeMHH: 

no HaytJHO-HCCJJe)lOBaTeJJbCKHM 

TeopeTH'IeCKHM pa6 TaM: 

llepeaJI npeMUJI: 
"Hccne,llosauue 3neKTpoMaruuTuoro cllopM~KTopa 

llHOHa B KBaHTOBOH xpOMO,IlHHaMHKe H MeTO,IlOM ,llHC· 
nepCHOHHbiX COOTHOWeHHH". 

AsTopbl: C.,lly6HH'!Ka, A.B.EcllpeMOB, B.A. eme
PliKOB, A.B.Pa.1110WKHH. 

B•opaJI npeMUJI: 
"MeTO.Ilbl peweuu11 o6paTuoa Ja,lla'IH pacce JI! HHll". 
ABTOpbl: li.H.3axapbes, B.H.MenbHHKOB , 

B.K.MenbHHKOB, A.A.CyJbKO. 

no Hay'IHO-HCCJJe)lOBaTeJJbCKHM 

3KCnepHMeHTaJJbHbiM pa6o TaM: 

llepeaJI npeMuJI: 
"3KcnepuMenTanbnoe o6uapylKeuue u uccne.llOBa

HHe liBneHHll pe Jouaucuoro xapaKTepa o6paJoBaHHll 
MIOOHHbiX MOneKyn ,lleHTepHll". 

ABTOpbl: B.M.IibiCTPHI.IKHH, B.Il.,lllKenenos , 
n.ca>.EpMonoB, A.H.Py,lleHKO, JI.H.COMOB, B. M .Cy
BOpOB, B.B.«<>Hnb'leHKOB, H.H.XosaucKHH, li.A .Xo
MenKo, ,ll.XopsaT. 

,[lee e•opwe npe,wuu: 
1. "06uapylKeHHe pe JOHaHCOB B CHCTeMaX Ap , 

M,A,\p". 
ABTOpbl: li.A.Wax6a3liH, n.n. TeMHHKOB, A. A . Tu

MOHHHa, A.M.PolK,IleCTBeHCKHH. 
2. "Hccne,llosauue Tpex'!aCTH'IHbiX pacna,lloB K 0 

-

MeJOHOB". 

AsTopbl: B.H.reu'!eB, li.H.rycbKOB, B.,ll.KeKe
nH,IlJe, B.r.KpHBOXHlKHH, M.«<>.Jiuxa'!eB, x.-3.Pb13eK, 
H.A.CaBHH, JI. B.CHnbBecTpOB, r . r. TaxTaMbiWeB 
n. T. To.11opos. 

llepeaJI npeMUJI: 

no HaytJHO-MeTO)lH'IeCKHM 

pa6oTaM: 

"Pa3pa60TKa, COJ,IlaHHe H JanycK B COCTaBe MIO· 
ouuoro cneKTpoMeTpa cucTeMbl nponopuuouanbHbiX 
KaMep paJMepOM (3x1,5) M 2 ,llRll COBMeCTHOrO 
OHJIH- U.E PH 3KcnepuMenTa NA-4 ". 

ABTOpbl: A.B.BuWHeBCKHH, A.H.ronyTBHH, 
A.B.3apy6uu, IO.JI.3no6uu, A. T .Kup10wuu, JI.B.Cse
TOB, ,ll.A.CMonuu, B.C.Xa6apos, M.A.Jiu6epMau 
H.H.ll{ep6aKoB. 

,[lee e•opble npe,wuu: 
1. "HeaTpouorpaciln'leCKHe uccne,lloBaHHJI cTpyK

TYPbl KPHCTannoB no MeTO.IlY BpeMeHH nponeTa". 
ABTOpbl: A.M.Iianarypos, H.ll.liapa6aw, 3.reop-

ruy, M.,llnoyra, 8.6.3noKa30B, r.M.Mupouosa, 
B.,ll.Wu6aes. 

2. "ci>HJH'IeCKHH KOMllJieKC• ,IlJIJI HCCJie,llOBaHHJI pac
na,lla KOpOTKOlKHBYUIHX pa,llHOaKTHBHbiX Jl,llep, opueu
THpOBaHHbiX npH CBepxHHJKHX TeMnepaTypax (ycTa· 
HOBKa "CnHHu) ". 

ABTOpbl: Jl.,llynaK, Jl.KOHH'IeK, li.C.Herauos, 
B.ll.llaunos, H.PlKHKOBCKa, M.«<>uurep, B.H.«<>oMHHbiX, 
B.M.U.ynKo-CHTHHKOB, Xau Xeu Mo, 3.JluoyT. 

no Hay'IHO·TeXHH'IecKHM 

npHKJJa)lHbiM pa6oTaM: 

llepeaJI npeMuJI: 
"KoMnJieKC MO.IlYJlbHOH 3JieKTpOHHOH 

,llnJI cilHJHKH BbiCOKHX 3HeprHH". 
annapaTypbl 

ABTOpbl: C. LliaCHJia,ll3e, 
B.M.rpe6eu10K, H.H.:liCypasnes, 

A.A.ropllunos, 
A.H.Kanuuau, . 

H.«<>.KonnaKOB, n.K.MaHbliKOB, A.H.Cuuaes, 
B.A.CMupuoB, E.B.llepnblx, H.H.llypuu. 

,[lee e•opwe npe,wuu: 
1. "MeTO,IlHKa MHOronpOBOJIO'IHbiX ,lleTeKTOpOB ,llJIJI 

Me,llHKO • 6HOJIOrH'IeCKHX HCCJie,llOBaHHH". 
ABTOpbl: IO.C.AHHCHMOB, IO.B.3auescKHH, 

A.li.Hsauos, H.M.Hsau'leHKO, ,ll.B.MoaceuJ, B.,ll.lle
wexouos, H.H.CeMeHIOWKHH, A.E.Ceuuep, H.A.TJin· 
KHH, C .fl. lJepneHKO. 

2. "Cnanoreuuwe ueaTpOHO.IlecilHI.IHTHble HYKJIH,Ilbl 
HO,Il·123 H TYJIHa-167 ,llnlll.lenea Jl,llepHOH Me,llHI.IHHbl". 

ABTOpbl: M.A.11nn6uw, r.IO.Iiaaep, H.r.3aauesa, 
O.KuoTeK, M.Jl.KyJueuosa, H.A.Jie6e.11eB, P.MIOHI.Ie, 
IO.B.Hopcees, B.r.ca>pauK, B.A.XanKHH. 



flpo6JieMHO-
t.) 

TeMa THqeCKHH IIJiaH . 
061;>e~~H8HHOrO 
HHCTHTyTa 
H~epHbiX 

t.) 

HCCJI8~0BaHHH 

Ha 1979 ro~ 
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Hay•maJI ,neJITeJILHOCTL 06'Le,nuueHH -
ro HHCTHTyTa Jl,nepHLIX HCCJie,noBaHHH np -
BOAHJiaCL B COOTBeTCTBHH C IJpo6JieMHO 
TeMaTH'IeCKHM nnaHOM uayquo-uccne,noBa
TeJILCKHX pa6oT H Me~,nyuapo,nuoro uayq 
uo-JeXHH'IecKoro coTpy,nHH'IeCTBa na6 -
paTopuo 11HCTHTyTa, yTBep~,neHHLIM Y'le
HLIM coBeToM OHRH ua ero XLV ceccuu . 

Ilpu yTBep~,neHHH nnaua Y'leHLIH c o 
BeT OTMeTHJI KaK uau6onee Ba~HLie cne
,nyJOU(He uanpaBJieHHJI. 

Jia6opaTopH5~ 

TeopeTH4eCKOH 
cpH3HKH 

1. B o6Aacmu KeaHmoeou meopuu noA.JI 
u meopuu 3AeMeHmapHblX 'lacmuij: 

- HCCJie,noBaHHe npoQeCCOB BJaHMO
,neHCTBHJI 'laCTHQ npH BLICOKHX 3HeprHJIX 
H 60JILWHX nepe,naBaeMLIX HMnyJILCaX Ha 
OCHOBe KBapKOBOH CTpyKTypbi a,npOHOB H 
KBaJHnOTeHQHaJILHOrO no,nxo,na; 

- HJy'leHHe CTpyKTypLI 3JieMeHTapHLIX 
'laCTHQ, B TOM 'IHCJie HOBLIX, Ha OCHOB e 
COCTaBHLIX KBapKOBLIX MO,neJieH H CHMMeT
pHH; 

- paJBHTHe MeTO,nOB aHaJIHTH'IeCKH X 
BLI'IHCJieHHH Ha 3BM; 

- paJBHTHe TeOpHH CJia6LIX BJaHM -
,neHCTBHH; 

- paJpa6oTKa TeopeTH'IeCKonnporpaM
MLI YCKOpHTeJieH Ha CBepXBbiCOKHe 3Hep 
rHH. 

2. B o6Aacmu pa38UIIIU.JI meopuu amoM 
Hozo .JIOpa U .JIOepHblX peaKijUU: 

- HJyqeuue CTPYKTYPLI ue8TpOHHLix u 
ruraHTCKHX MYJILTHnonbHLIX peJoHaucoB ; 

- HJy'leHHe BLICOKOCnHHOBLIX COCTO JI -
HHH; 

- uccne,noBaHHJI no peJIJITHBHCTCK 8 
Jl,nepHOH I}JHJHKe H BJaHMO,neHCTBHJIM T JI 

~eJILIX HOHOB C Jl,npaMH; pa3pa60TKa Te -
peTH'IeCKOH nporpaMMLI yCKOpHTeJieH p -
JIJITHBHCTCKHX Jl,nep. 

3. B o6Aacmu meopuu KOHOeHcupoea H
HblX cpeo: 

- HJy'leHHe BJaHMO,neHCTBHJI HeHTp -
HOB C TBep,nLIMH TeJiaMH. 

Jia6opaTopH5~ 

BbiCOKHX 
3HeprHH 

1. ti>U3U'leCKUe UCCAe008QHU.JI HQ yc
KOPUIIIeA.JIX: 

- HCCJie,nOBaHHJI B 06JiaCTH peJIJITH-
BHCTCKOH Jl,nepHOH I}JHJHKH Ha OCHOBe ,nau
HLIX, noJiy'leHHLIX Ha ycTaHOBKaX )J.HCK- 2, 
"AJILI}Ja", cneKTpOMeTpe Jl,nep OT,na'IH, 
CKM-200, 2-MeTpOBOH nponauoBoH u MeT
poBoH~H,nKoBo,nopo,nuoo KaMepax; 

- HCCJie,noBaHHe 3JieKTpOMarHHTHOH 
CTpyKTypLI 3JieMeHTapHLIX 'laCTHQ C HC
nOJibJOBaHHeM ,naHHLIX, noJiy'leHHLIX 
B 3KcnepHMeHTe no 77-e--u K-e- -pacceJI

HHJO npH BbiCOKOH 3HeprHH H B 3KCnepu

MeHTe no rny6oKoueynpyroMy pacceBHHID 

MIOOHOB Ha 400- T3B ycKOpHTeJie /QEPH/; 

- HCCne,noBaHHJI JaKOHOMepHOCTeH 
MHO~eCTBeHHOrO o6pa30BaHHJI 'laCTHQ C 
HCnOJibJOBaHHeM ,naHHLIX, noJiy'leHHLIX C no
MOU(blO ABYXMeTpOBOH nponaHOBOH KaMepLI, 
ABYXMeTpOBOH ~HAKOBO,nopo,nHOH KaMepbl 
"JlJO,nMHJia", ycTaHOBKH "cl>OTOH"; nOHCK 
HOBLIX 'laCTHQ C nOMOU(blO YCTaHOBKH 
liHC- 2; 

- HCCJie,noBaHHe noBe,neHHJI aMnJIHTy,n 
6HHapHLIX peaKQHH Ha OCHOBe ,naHHLIX no 
pp-, pd- , pHe -pacceJIHHIO B 06JiaCTH 
3Hepru8 oT 40 ,no 400 T3B B 3Kcnepu

MeHTax Ha YCKOpHTeJie cl>HAJI B liaTaBHH. 

2. Alemoou'lecKue u mexHu'lecKue pa-
6om&z: 

- npoBe,neHHe npoeKTHLIX H HCCJie,no-
BaTeJibC~HX pa6oT no ycKopuTeJILHOMy 
KOMnJieKCY TJI~eJILIX HOHOB; 

- paJBHTHe CHHXpOI}JaJOTpOHa KaK pe
JIJITHBHCTCKOrO ycKopuTeJIJI .11,nep, l}lopMu
poBaHue HH~eKQHOHHOrO KOMnJieKca; 

- YJIY'IWeHHe Ka'leCTBa llY'IKOB CHHXpO
I}JaJOTpOHa H paJBHTHe HCTO'IHHKOB MHOro
JapJI,nHLIX HOHOB, paJBHTHe CHCTeMLI KaHa
JIOB 'laCTHQ B Kopn. 205 Ha OCHOBe Me,n
JieHHOrO BLIBO,na; 

- paJBHTHe KpHoreHHLIX CHCTeM, paJ-
pa60TKa TeXHOJIOrHH CBepxnpOBOAJIU(HX 

-MarHHTOB ,nn.11 ycKopuTeJILHo-uaKonuTenL
Horo KOMnJieKCa 11cl>B3 H HYKJIOTpoua; 

- paJpa6oTKa H BHe,npeuue B 3Kcnepu
MeHT COBpeMeHHOH 3JieKTpOHHKH H ,neTeK
TOpOB. 



Jia6opaTopH.H · 

.HJJ:epHbiX 
npo6 JJ eM 

. <1 • . B o6Aacmu ifju3uttecKux uccAeooea
Huu Ha .ycKopumeAJix: 

- uccne.noaaHHe <l>YH.naMeHTanbH blX 
CBOHCTB 3neMeHTapHblX 'laCTHU B HX 
B3aHMO,!J.eHCTBHH, B TOM 'IHCne B 3KCnep H

MeHTaX no pe.nKHM pacna.naM p.- H rr
Me3oHoa; 

- HCCne.noBaHHe B3aHMO,!J.eHCTB HH 
HeHTpHHO BblCOKHX 3HeprHH B OnblTax C 
HCnOllb30BaHHeM <i>oT03MYllbCHH; 

- BblnOnHeHHe 3KCnepHMeHTOB C n o
MOIUbiO ycTaHOBKH PHCK; 

- o6pa60TKa HH<i>OpMaUHB, nony'leHHOH 
Ha ycTaHoBKe MHC, H uccne.noaaHHe n p o
uecca .li.Hcl>paKUHOHHOH ,!J.HCCOUHaUHH n u o
HOB Ha Jl,!J.pax; 

- uccne.noaaHHe nonJlpH3aUHOHHblX JIB
neHHH B OfiMeHHOM nHOH-npOTOHHOM p a c
CeJIHHH C nOMOIUblO "3aMOpo:>KeHHOH" n o
llJlpH30BaHHOH MHWeHH; 

- HCCne,!J.OBaHHe Ha CHHXPOUHKllOTp o
He Me30aTOMHblX H Me30MOneKynJlpHblX 
CHCTeM, B TOM 'IHCne B 3KCnepHMeHT aX 
C Me30aTOMaMH H30TOnOB BO,!J.Opo.na; 

- H3y'leHHe B3aHMO,!J.eHCTBHH Me 3 o-
HOB H HYKllOHOB C Jl,!J.paMH; 

~ H3y'leHHe CBOHCTB y.naneHHblX T 
nonocbi 6eTa-cTa6HnbHOCTH Jl.nep no n p o
rpaMMe .HCHAIITI. 

2. B o6Aacmu MemoouttecKux uccAe o
eaHuu: 

- npo.noiDKeHHe pa6oT no co3.naHHIO H o 
BblX ycTaHOBOK H annapaTypbl ,!J.llJI Jl,!J.epH o 
<l>H3H'leCKHX H Me,!J.HK0-6HonorH'leCKHX H C 
cne.noBaHHH Ha ycTaHOBKe "41>", B T OM 
'IHCne C03,!J.aHHe 'laCTH UHllHH,!J.pH'leCKHX 
nponopUHOHanbHbiX KaMep ycTaHOBK H 
APEC; 

- pa3BHTHe na6opa TOpHoro ueHTpa Ha 
KOnneHHJI H o6pa60TKH HH<i>opMaUHH, BKniO 
qaJI ofiecne'leHHe B03MO*HOCTH BblnOnHe 
HHJI Ha CHHXpOUHKllOTpOHe 3KCnepHMeHT B 
Ha nHHHH c 3BM EC-1040; 

- pa3pa60TKa H C03,!J.aHHe finOKOB 
3neKTpOHHoii annapa Typbl .nnJI o6ecneq e 
HHJI 3KCnepHMeHTOB JI.Hll Ha CHHXPOUHKno 
TpOHe 011.HI1, CHHXpOTpOHe 114l>B3 H .npy 
rHX yCKOpHTellJIX; 
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- npoae.neHHe pa6oT no co3.naHHIO .ne
TeKTopoa H pa3BHTHIO Ma TeMa TH'leCKOrO 
o6ecneqeuHJI cneKTpoMeTpuqecKoro KOMn
neKca "runepoH"; 

- BbmonHeHHe pa6oT no co3.naHHIO yc
TaHoBoK "HeiiTpHHHblH ,!J.eTeKTOp", "IlOnJI
pHMeTp" ,. "Il03HTpOHHH" . 

3. B o6Aacmu ycKopumeAbHOu mexHuKu: 
- pa3pa60TKa, HCnblTaHHe H Hana,!J.Ka 

OT,!J.ellbHblX CHCTeM ycTaHOBKH "41>", BKniO
qaJI qacTb o6opy.noaaHHJI KaHanoa ny'IKOB; 

- aHanH3 npoeKTa YHK. 

Jia6opaTopH.H 
.HJJ:epHbiX 
peaKQHH 

1. Pa6oTbl no noHCKY caepxTJI:>Kenblx 
3neMeHTOB B npupo.ne. 

2. CHHTe3 HOBblX H30TOnOB TpaHccl>ep
MHeBbiX 3neMeHTOB H Jl,!J.ep C Z ::: 107, H3y
'leHHe CBOHCTB HX pa,!J.HOaKTHBHOrO pacna
.na. 

3. Pa6oTbl · no H3y'le+IHIO MexaHH3Ma 
B3aHMO,!J.eHCTBHJI CllO:>KHblX Jl,!J.ep, HCCne.no
BaHHe npoueccoa o6pa3oaaHHJI caepxTJI:>Ke
llblX KBa3HaTOMOB. 

4. Hccne.noaaHHe CTPYKTypbl 6apbepoa 
.neneHHJI TJI:>Kenblx Jl,!J.ep. 

5. p afiOTbl B ofinaCTH npHKlla,!J.HbiX HC
cne.noaaHHH C HCnonb30BaHHeM ny'IKOB 
TJI:>KellblX HOHOB H aKTHBaUHOHHOrO aHanH3a. 

6. Pa6oTbi no co3.naHHJO TpaKTOB nyq
KOB H <l>H3H'leCKHX yCTaHOBOK ,!J.llJI pafiOTbl 
Ha ycKOPHTene Y-400. 

7. YnyqweHHe xapaKTepHCTHK ny'IKOB 
T Jl:>KenblX HOHOB Ha YCKOpHTene Y- 400, 
nOBblWeHHe HHTeHCHBHOCTH H paCWHpeHHe 
,!J.Hana30Ha YCKOpJleMblX HOHOB. 

Jia6opaTopH.H 
HeHTpOHHOH 

<lJH3HKH 
1. OcYIUeCTBneHHe 3HepreTH'lecKoro 

nycKa 111iP-2. 

2. 3aaepWeHHe no.nroTOBKH K nyCKOBblM 
pa6oTaM Ha ronoBHOH 'laCTH YCKOpHTenJI 

JIHY-30. 
3. l13rOTOBneHHe H no.nrOTOBKa K HC

nOnb30BaHHIO <l>H3H'lecKoii annapaTypbl nep
BOH O'lepe.nH ,!J.llJI HCCne,!J.OBaHHH Ha peaKTO
pe 111iP- 2. 
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4. IIo~roTOBKa c~ecTBYJOo.-ero B3.: 
MepsTem.soro u;esTpa K npose~eHBJO 

nepsooqepe~BbiX 3KcnepBMeHTOB Ha Hli P- 2 
B npose~eHBe pa3pa6oTOK no coJ~aHBJO Ho
soro B3MepsTeJILHoro u;eHTpa ~JIJI HliP - 2. 

5. HJy'leHBe csoilcTB yJILTpaxono~biX 
HeHTpOHOB B I}JyH~aMeHTaJILHbiX CBO HCTB 

HeHTpOHa. 

6. Hccne~osaHBJI aTOMHbiX Jl~ep c no
MOIIJ;LIO HeHTpOHOB B JapJI)I(eHHbiX 'laCTHIJ;. 

7. Pa3BBTBe B3y'leHBJI KOH~eHcBposaH
HLIX cpe~ C nOMOIIJ;LIO HeHTpOHOB, BKJIIO'IaJI 
B3y'leHBe CJIO)I(HbiX coe~BHeHBH B 6BOJIO

rB'IeCKBX 06'LeKTOB. 
8. ,lJ;aJILHeHwaJI pa3pa60TKa MeTO~BKB 

B npoBe~eHBe npBKJia~HbiX BCCJie~oBaHBH 
C nOMOu_.LIO HeHTpOHOB B 3apJI)I(eHHbiX 'laC

TBIJ;. 

Jla6opaT o pH.H 

BbiqHcJIHTeJib Ho i1 
TeXHHKH 

H aBTOMaTH3a i..J,HH 

1. Pa3eu111ue u 3(J(Je1"1ueHoe ucnoAb-
3oeaHue ijeHJipaAbHOZO 6bi~UCAU111eAb HOZO 

KOMnAeKCa: 
- npoBe~eHBe no~rOTOBBTeJILHbiX p a 6oT 

~Jl MOHTa)l(a B nycKa 3BM Cyber- 174 
B Kopnyce 134 JIBT A B o6y'leHse cneu;sa
JIBCTOB ~Jl pa6oTbl c sosoii: Bbi'IBCJIHTe JIL

HOB CBCTeMoii:; 
- BBO~ B 3KCnJiyaTaiJ;BIO MarHBTHLIX 

~CKOB EC-5061 B cooTBeTCTBYJOo.-ero Ma
TeMaTB'IeCKoro o6ecne'leHBJI Ha 3 BM 
1i3CM-6; 

- pa3BBTBe ceTB TepMBHaJIL HbiX 
ycTpOHCTB Ha 6a3e 3BM 1i3CM -6 B 
EC-1010; 

- pa3pa6oTKa Ha 1i3CM -6 ~sanoroso-
ro MOHBTOpa ~JIJI ynpaBJieHBJI pa6 0 TOH 
y~aJieHHLIX ~BCnJieHHLIX CTaHIJ;BH; 

- o6ecne'leHBe pecypca speMeHB Ha 
OCHOBHLIX 3BM He MeHee: 

1i3CM -6 - 6000 'laCOB, 

CDC~500 - 6000 qacos. 

2. Pa3eu111ue e paMKax y111eepxoe HHbiX 
npoeK111oe u 3(J(JeK111UeHoe ucnoAb3oea Hue 
Q6JIOMQ111U~eCKUX U noAyaeiiiOMQIIIU~eCKUX 

CUCJieM U3MepeHUJI KaMepHbiX CHUMK06 Ha 
HPD, A3JIT-2/160, CH, IIYOC-CAMET
E3CM-4: 

- npOBe~eHBe MaCCOBbiX B3MepeHBH Ka
MepHbiX CHHMKOB no 3aJIBKaM Jia6opa TOpBH 

OHJIH; 
- nOCTaHOBKa nporpaMM I}JBJILTpaiJ;BH 

~aHHLIX cKaHBposaHBJI CHBMKOB c MHC Ha 

CDC-6500; 
- npose~eHBe B3MepeHBH Ha 

A3JIT-2/160 CHBMKOB c KaMepbi PHCK. 

3. Pa3pa6o111Ka Mellloooe pac~e111oe u co-
30aHue cuc111eM o6pa6o111KU 3KcnepuMeH-
111aAbHbiX OQHHbiX: 

- pa3BBTBe CBCTeM nporpaMM ~JIJI yc
TaHOBOK liHC-2, "cl>OTOH" B "KpBCTaJIJI", 
a TaK*e coBMeCTHoro 3KcnepsMeHTa NA-4; 

- C03~aHBe B pa3BBTHe MeTO~OB B npo
rpaMM ~JIJI o6pa60TKB KaMepHbiX CHBMKOB; 

- C03~aHBe nporpaMM B 6B6JIBOTeKB 
nporpaMMHLIX MO~yJieH ~JIJI o6pa60TKB MHO· 
rOMepHbiX cneKTpOB Jl~epHbiX B3Jiy'leHBH; 

- pa3BBTBe HOBbiX MeTO~OB 'IBCJieHHO
ro pemeHBJI HeJIHHeHHbiX B KBa3BCTaiJ;BO
HapHbiX I}JB3B'IeCKBX 3a~aq B BCnOJIL30BaHBe 
ax B pa3pa6oTKax YHK B YKTH; 

- BCCJie~OBaHBe H MO~eJIBpOBaHBe Ha 
3BM HeJIBHeHHbiX JIBJieHifH B HeyCTOH'IBBLIX 
I}JB3B'IeCKHX CBCTeMax; 

- pa3pa6oTKa HOBbiX aJirOpBTMOB B pa3-
BBTBe 6B6JIBOTeKB nporpaMM ~JIJI pemeHBJI 
3a~a'l, CBJI3aHHbiX C BCCJie~OBaHBJIMB, 

npOBO~BMLIMB B JIT«l>. 

4. HccAeooeaHUR no peARIIIueuclllcKoii 
JIOepHOU rjJU3UKe U rjJU3UKe pe30HQHC06: 

- B3y'leHBe Jl~epHbiX npou;eCCOB npB 
peJIJITBBBCTCKBX 3HeprBJIX C nOMOIIJ;LIO Mar
HBTHOrO cneKTpOMeTpa C BCKpOBbiMB Ka

MepaMB, pa3pa60TKa MO~eJieH Jl~epHLIX 
npou;eCCOB npB peJIJITHBHCTCKBX 3HeprBJIX. 

0T,[(eJI 

HOBbiX MeTO,[(OB 

ycKopeHH.H 

1. He cne~oBaHBe npoTOTBna KOJIJieK-
TBBHOrO yCKOpBTeJIJI T Jl)l(eJibiX BOHOB. 

2. «l>B3B'IeCKOe 060CHOBaHBe BCnOJIL· 
30BaHBJI KOJIJieKTBBHOrO yCKOpBTeJIJI B Ka
'leCTBe BH)I(eKTOpa ~JIJI yCKOpBTeJILHOrO 
KOMnJieKCa T Jl)l(eJibiX BOHOB. 

3. Pa6oTLI, CBJI3aHHble c coJ~aHBeM 
YHK, no cornacosaHHOH c H«l>B3 nporpaM
Me. 
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B HCTeKllleM ro.n.y uccne.n.oaaHHH B Jia-

6opaTopHH TeopeTH'IeCKOH ~H3HKH npoao

,D,HnHCb B COOTBeTCTBHH C npofineMHO-Te

MaTH'IeCKHM nnaHOM. 

CTpyKTypa 

TeOpHH no.JI.H 

llpO,D,O~eHO H3y'leHHe Kanu6pOBO'IHOH 

TeOpHH 3neKTpOMarHHTHMX B3aHMO,D,eHCT

BHH c ~YH.D.aMeHTanbHOH .n.nuHOH. Oco6oe 

BHHMaHue y.n.eneHo npo6neMe nepeHopMH

pyeMocTH TeOpHH H B03MO:>KHOCTH cpaa

HeHHH npe,D,CKaJaHHH TeopHH C OnbiTOM. 

Pa3BHT MeTo.D. Bbi'IHcneHHH 3- H 4-

neTneBMX ~eHHMaHOBCKHX ,D,HarpaMM B ~op
ManHJMe pa3MepHOH perynHpH3aUHH . 

Bbi'IHCneHM KPHTH'IeCKHe HH,D,eKCbi ~a
JOBMX nepeXO,D,OB B 3-MepHOM npOCTpaH

CTBe Ha OCHOBe 3KCTpanonHUHH CBOHCTB 

Mo.n.enu ¢ 4 4-MepHoro npocTpaHCTBa . 

Hccne.n.oaaH ~aJOBbiH nepexo.n. B HH

cTaHTOHHOM raJe nonx RHra- Munnca. 

fiOKaJaHO, 'ITO KBaHTOBaH XpOMO,D,H

HaMHKa MO:>KeT fiMTb nocTpoeHa no aHa

noruu C MHKpOCKOnuqeCKOH TeOpHeH 

caepxTeKyqecTH lioromo6oaa. BMBe.n.eHbi 

ypaBHeHHH ,D,nH rmoOHHOrO fioJe-KOH,D,eH

CaTa H HaH,D,eHM cneKTpbl KBa3H'IaCTHU H 

KOOnepaTHBHOrO BOJfiy:>K,D,eHHH. ~OKa3MBa

eTCH, 'ITO KOH~aHHMeHT UBeTHMX qaCTHU 

B03HHKaeT KaK cne,D,CTBHe CBepxTeKy'IHX 

CBOHCTB riDOOHHOrO fioJe- KOH,D,eHCa Ta. 

B paMKax uccne.n.oaaHHH KOH~opMHMX 
CBOHCTB noneH RHra- Munnca .n.oKaJaHa 

e,D,HHCTBeHHOCTb HeTpHBHanbHMX Kanufipo

BO'IHMX ~YHKUHH, y.n.oaneTBOPHIOIUHX rpyn

noaoMy ycnOBHIO ,D,nH KOH~OpMHOH rpynnM. 

llonyqeHo .D.H~~epeHuuanbHOe ypaaHe

HHe C OTKnOHHIOIUHMCH apryMeHTOM, OnH

CMBaiOI..Qee penHTHBHCTCKOe B3aHMO,D,eH

CTBHe .D.BYX Ten. BBe,D,eHO nOHHTHe MHHH

MOHOB - 'laCTHU, KOTOpMMH OfiMeHHBaiOT

CH Tena, B3aHMO,D,eHCTByH. 

PaJBHBanacb Teopux O.D.HOMepHo-npo-

TH:>KeHHoro penHTHBHCTCKOrO OfibeKTa -

Jla6opaTOpHH 
TeopeTHqecKOH 

<PH3HKH 

CTpyHbl, MO,D,enupyroi..QeH MeXaHH3M y.n.ep-

:>Ka HHH KBapKOB B a,D,pOHaX. llpOBe,D,eHO 

KBa3HKnaCCH'IeCKOe KBaHTOBaHHe TaKHX 

CHCTeM H HaH,D,eH HX MaCCOBbiH cneKTp. 

llonyqeHbl HOBbie, HeHJBeCTHbie paHee, 

pellleHHH THna "MelliKOB" HnH ",D,OMeHOB" 

B HenHHeHHMX TeOpHHX nonH C ,D,OCTaToq

HO GHnbHOH HenHHeHHOCTbiO ( B CKanxpHOH 

TeOpHH nonHHOM no ¢ 2 
He HH:>Ke TpeTbeH 

C T eneHH ). 3TH pellleHHH npe,D,CTaBnHIOT HH

Tepec TaK:>Ke .n.nx Teopuu caepxTeKy'leCTH 

H CBepxnpOBO,D,HMOCTH. 

CBoifcTBa CHMMeTpHH 

3 JieMeHTapHhlX qacTHU 

H HX CTPYKTypa 

• 
PaccMoTpeHo KBaHTOBaHue Henocpe.n.-

CTBeHHO MaTpHUM nnOTHOCTH ( a He Bon

HOBOH ~YHKUHH) , onHCbiBaiOI..QeH COBOKyn

HOCTb ~HKCHpOBaHHOrO 'IHCna HepenHTH

BHCTCKHX TO:>K,D,eCTBeHHMX 'laCTHU. fioKa

JaH O, 'ITO B03HHKaiOI..QHe npH 3TOM fiHnH

HeH Hbie onepaTopM y.n.oaneTaopxroT anre6-

pe Jlu rpynnbi SU(n) , a B cnyqae cucTeMM 

C n epeMeHHblM 'IHCnOM 'laCTHU - 0606I..QeH

HM M CXeMaM KBaHTOBaHHH: napa~epMH, 

nap a6oJe. 

B CBHJH c noxaneHHeM HOBhiX 3Kcne

puM eHTanbHbiX .n.aHHMX .n.nx MarHHTHMX 

M OMeHTOB fiapHOHOB H paCXO:>K,D,eHHeM Me:>K

.D.Y npe,D,CKaJaHHHMH HepenHTHBHCTCKOH MO

,D,en H KBapKOB H 3KCnepHMeHTOM fihlnH pac

cM:oTpeHM 6onee o6I..Que ~eHoMeHonoruqec

KHe H ,D,HCnepCHOHHMe npaBHna CYMM ,D,nH 

MarHHTHMX MOMeHTOB, KOTOpble BKIDO'IaiOT 

Hap yllleHHe SU(3) , BOJMO:>KHble penxTu

BH CTCKHe nonpaBKH H Hea,D,Hafia TH'IHOCTb 

one paTOpOB MarHHTHblX MOMeHTOB B KOH

~HrypaUHOHHOM npOCTpaHCTBe COCTaBnxro

lliHX KBapKOB. 

PaJBHBancx npe.n.no:>KeHHbiH HOBbiH reo

MeTpH'IeCKHH nO,D,XO,D, K cyneprpaBHTaUHH, 
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C aKCHaJibHLIM cynepnoJieM B Ka"'eC TBe 

npe.nnoTeHuuana. 3ToT no.nxo.n cyll{eCTBe H

HO npoll{e ,npyrux no.nxo.noa(Becca- 3yM H

Ho, lipHHKa-renn-MaHHa-Illaapua u ,np. ), 

nOCKOJibKY OH HCnOJib3yeT Cyll{eCTBeH HO 

MeHbWee "'HCJIO .IJ;HHaMH"'eCKHX nepeMe H

HbiX. 

83aHMOAeHCTBHe 

3JieMeHTapHbiX qacTHQ 

B paMKax KBa3HnoTeHI{HaJILHoro no.n

xo.na B KBaHTOBOH TeOpHH nOJIJI H3y"'eH bl 

KOJIH"'eCTBeHHLie xapaKTepHCTHKH npe,n

aCHMnTOTH"'eCKHX 3cPcPeKTOB B pp-, pn - , 

"± p -pacceJIHHH. IIpoae,neH aHaJIH3 ux 

YCTOH"'HBOCTH. 

Acu~nToTH"'eCKHe yrnoawe Jaauce-

MOCTH a,npoH-a.IJ;pOHHOrO pacCeJIHHJI HC

CJie.IJ;OBaHbl Ha OCHOBe CBOHCTB aHaJIHTH"'

HOCTH, SU(3) - CHMMeTpHH, a TaiOKe 06li{HX 

3aKOHOMepHOCTeH Cyll{eCTB}'IOli{HX 3KCne

puMeHTaJILHLIX .naHHLIX. 

Hcxo,n.11 HJ Tpe6oaaHHH aHaJIHTH"'HOCTH 

.IJ;JIJI aMnJIHTY.IJ;LI pacCeJIHHJI nOCTpOeHa MO

,neJib 3HKOHaJibHOrO THna, KOJIH"'eCTBeHHO 

nepe,naiOll{aJI BCe CBOHCTBa BI>ICOK03Hep

reTH"'eCKOrO npoToH-npoTOHHoro pacceJI

HHJI B WHpOKOH 06JiaCTH nepe,naq HMnyn L

ca. 

B KBa3HnoTeHuHaJILHOM no.nxo.ne B paM

Kax Mo.nenu, co.nep)l(all{eH Macey KBap Ka 

KaK pa3MepHLIH napaMeTp, paCCMOTpe HO 
+ 

"- p- H pp-pacceJIHHe Ha 6oJibWHe yrn LI. 

,AocTHrHyTo xopowee onucaHHe HOBLIX 

3KCnepHMeHTaJibHLIX ,naHHbiX no HHKJII03HB

HOH peaKI{HH pp _, TT
0 X. 

IIony"'eHa cucTeMa napuuaJibHLIX 

ypaBHeHHH B peJIJITHBHCTCKOM r - npOC T

paHCTBe .IJ;JIJI qacTHU co cnHHOM 1/2. B w

"'HCJieHLI MaCChi CBJ13aHHLIX COCTOJIHHH H 

HX JienTOHHLie WHpHHLI. --- .. ·-
B npoueccax MHO)I(eCTBeHHoro po)f(.IJ;e-

HHJI H3y"'eHO BJIHJIHHe I{BeTOBLIX KOppe JIJI

I{HH KBapKOB npH o6pa30BaHHH a,npOHOB Ha 

OTHOCHTeJibHLIH BLIXO.IJ; Me30HOB, 6apHOHOB 

H aHTH6apHOHOB. 

B paMKax MHoroKoMnoHeHTHOH KJiac

TepHOH MO,IJ;eJIH paCCMaTpHBaeTCJI npo6ne

Ma e,nHHOrO OnHCaHHJI MHpOBLIX 3KCnepu

MeHTaJibHLIX ,IJ;aHHLIX no TOnOJIOrH"'eCKHM 

xapaKTepHCTHKaM MHO)I(eCTBeHHLIX pac

npe,neJieHHH, cpe.IJ;HHM MHO)I(eCTBeHHOCTJIM 

H ,npyrHM KOppeJIJII{HOHHLIM napaMeTpaM, 

a TaiOKe no HX 3HepreTH"'eCKOH 3aBHCH

MOCTH .IJ;JIJI pa3JIH"'HLIX THnOB CTaJIKHBaiO

li{HXCJI a,npoHoB. Mo,neJib .naeT xopowee 

cornacue c HMeiOli{HMHCJI 3KCnepuMeHTaJib-
- + + 

HLIMH ,naHHLIMH no pp-, pp- , K -p- , "- P -
COy,napeHHJIM B WHpOKOM HHTepaane 3Hep

rHH. 

HJy"'eHa B03MO)I(HOCTb ucnoJIL30BaHHJI 

KBaHToao-noneaLix ypaaHeHHH .IJ;JIJI onuca

HHJI COCTOJIHHJI q q -CHCTeMLI B paMKaX 

KX)J,. Pe3yJILTaTLI .IJ;JIJI acuMnTOTHKH 

3JieKTpOMarHHTHOrO cPOPMcPaKTOpa TT- -Me-

3oHa B r naBHOM npu6JIH)I(eHHH KX)J, 6JIH3-

KH K noJiy"'eHHblM Ha OCHOBe MeTO.IJ;OB 

CYMMHpOBaHHJI p.11,na TeOpHH B03Myll{eHHH 

B KX)J, H cornac}'IOTCJI c npaaunaMH KBap

Koaoro c"'eTa. IIpoae,neHo o6o6ll{eHHe Ha 

CJiy"'aH npOH3BOJibHOro "'HCJia "'aCTHI{, B 

npuMeHeHHH K aHaJIH3Y npoueccoa Heyn

pyroro o6pa30BaHHJI a,npOHOB npH BLICOKHX 

3HeprHJIX, HeCyli{HX 60JibWOH nonepe"'HLIH 

HMnyJibC. 

• )J,JIJI 3~CKJII03HBHbiX npol{eC COB C 60Jib

WOH nepe,na"'eH HMnyJibCa B paMKaX KBaH

TOBOH xpoMo,nuHaMHKH ,noKa3aHo, 'ITO .IJ;JIJI 

COOTBeTCTB}'IOII{HX aMnJIHTY.IJ; BO BCeX no

pJI,IJ;KaX ( H .IJ;JIJI BCeX JIOrapHcPMOB) TeOpHH 

B03Myll{eHHH HMeeT MeCTO cPaKTOpH3ai{HJI 

BKJia.IJ;OB MaJILIX H 60JibWHX paCCTOJIHHH, 

'ITO paBHOCHJibHO napTOHHOH KapTHHe HO

BOrO (HecPeHHMaHOBCKOrO) THna, B KOTO

pOH a,npOHLI B Ha"'aJibHOM H KOHe"'HOM co

CTOJIHHJIX OnHCLIBaiOTCJI napTOHHbiMH BOJI

HOBLIMH cPYHKI{HJIMH (a He cPYHKI{HJIMH 

pacnpe.neneHHJI). IIony"'eHLI ypaBHeHHJI 

3BOJIIOI{HH .IJ;JIJI 060611{eHHbiX MOMeHTOB 

3THX cPYHKI{HH. B JIBHOM au.ne Bbi"'HCJieHa 



3BOJIIO:UHJI (T .e. H3MeHeHHe C pOCTOM Q2 ) 

napTOHHOH BOJIHOBOH !IJyHK:UHH ¢ U;, Q2) 

B !IJH3H'IeCKH HHTepeCHOH 06JiaCTH ( 2 - 1 
(3.IJ.eCb ( • )J.OJIJI HMnyJibCa a.IJ.pOHa, npHXO· 

.IJ.JIIUaJICJI Ha napTOH, yqaCTBYJOUlHH B pac

ceJIHHH, a Q - nepe.IJ.a'la HMnynbca) • 
B HeJIOKaJibHOH MO)J.eJIH KBapKOB Bbl· 

'IHCJieHbl xapaKTepHCTHKH CJia6biX nony

JienTOHHbiX H 3JieKTpOMarHHTHbiX pacna

.D.OB nceB)J.OCKaJIJipHbiX Me30HOB. lloJiy'leH

Hble pe3yJibTaTbl HaXO)J.JITCJI B XOpOllieM 

COrJiaCHH C 3KCnepHMeHTOM. 
3aBepmeHO HCCJie)J.OBaHHe pacna)J.OB 

nceB.D.OCKaJIJipHbiX Me30HOB OCHOBHOrO OK· 

TeTa B paMKax KHpam.Ho:H TeopHH. Ha:H.IJ.eHo 

60JiblliOe OTKJIOHeHHe TeopeTH'IeCKOrO 

npe.IJ.cKa3aHHJI .IJ.JIJI pacna.D.a TJ --. rr 0 yy oT 

CyiUeCTBYIOIUero 3KCnepHMeHTaJibHOrO 3Ha

'leHHJI ( pacxmK.IJ.eHHe Ha 3 nopJI.IJ.Ka). 

llpe)J.JIO)I(eHa KHpaJibHaJI TeOpHJI C KBap· 

KOBbiMH neTJIJIMH, B KOTOpOH OnHCaHbl pa

)J.Ha:UHOHHble pacna)J.bl HeHTpaJibHbiX nceB.IJ.O· 

CKaJIJIPHbiX Me30HOB. Pe3yJibTaTbl xopomo 

cornacyroTCJI c nocne.IJ.HHMH 3KcnepHMeH

T aJibHbiMH )J.aHHbiMH. 

MexaHH3M o6pa3oBaHHJI B a.IJ.pOHHbiX 

CTOJIKHOBeHHJIX CTaTHCTH'IeCKOH KOMnayH.D.

CHCTeMbl, npe.IJ.CTaBJIJIIOIUeH co6o:H CHJibHO 

pa30rpeTOe COCTOJIHHe HepaBHOBeCHOH 

KBapK-rJIIOOHHOH nJia3Mbl, n03BOJIJieT no

JIY'IHTb Y.D.OBJieTBOpHTeJibHOe onHCaHHe HH· 

KJII03HBHbiX cneKTpOB TT+ o - ·Me30HOB, TJ 0 
• 

Me 30HOB, KaOHOB H aHTHnpOTOHOB, a TaK)I(e 

PJI.IJ.a KoppeJIJI:UHOHHbiX :J!IJ!lleKToB; HMnynhc

Hble cneKTpbl H pacnpe.IJ.eJieHHe no 6biCT

poTe 'laCTliiJ,, COnpOBO)I()J.aiOUlHX 'laCTH:UY 

c 6oJiblliHM nonepe'IHbiM HMnynhCOM. Oc

HOBHbiM pe3yJibTaTOM 3TOH pa60Tbl JIBJIJI· 

eTCJI BbiBO.IJ. 0 TOM, 'ITO H3y'leHHe xapaK

TepHCTHK !IJYH.IJ.aMeHTaJibHbiX B3aHMO)J.eCT

BHH THna pacCeJIHHJI KBapKa Ha KBapKe 

CJie)J.yeT npOBO.D.HTb C HCnOJib30BaHHeM HH· 

!IJopMa:UHH o6 o6nacTH nonepe'IHbiX nepe

.D.aHHbiX J~MnyJibCOB, cyweCTBeHHO npeBbl· 

maroUlHx 6-7 T3B/c. B 3KcnepHMeHTeNA-4 

npe)J.JIO)I(eHO H3y'laTb p ·He'leTHble 34J4JeK

Tbl B rny60KOHeynpyrOM MIOOH·npOTOHHOM 
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pac ceJIHHH, paCC'IHTaHbi3JieKTpOMarHHTHble 

non paBKH. 

B Te'leHHe MHOrHX JieT B JIT<I> COB· 

Me C THO C JIBT A H JIJill pa3BHBaJICJI HOBbiH 

Me T O.IJ. peweHHJI 3a.IJ.a'IH Tpex Ten c Kyno

HOB CKHM B3aHMO)J.eHCTBHeM, H3BeCTHbiH 

KaK a.D.Ha6aTH'IecKoe npe.IJ.CTaBneHHe B Ja

.IJ.a'le. Tpex Ten. C noMOUlhiO 3Toro MeTo.IJ.a 

06Hapy)l(eHbl HeH3BeCTHble paHee BbiCOKO· 

B0 3 6y)I()J.eHHble COCTOJIHHJI C 3HeprHJIMH 

CBJ1 3H E(ddll)-2 3B H E(dtll)- 0,7 3B 
co o TBeTCTBeHHO . Enaro.IJ.apJI cyiUeCTBOBa

HHIO 3THX ypOBHeH B03MO)I(H0 pe30HaHC· 

HOe o6pa30BaHHe Me30MOJieKyJI dd11 H 

dt11 , CKOpOCTb KOTOpOrO BeCbMa BeJIHKa, 

oc o 6eHHO B cnyqae dt11 -Me3oMoneKyJibl, 

r.D.e oHa paBHa -10 8 c-1
, T.e. 6onee 'leM 

B 100 pa3 npeBblmaeT cKopocTh pacna.D.a 

cBo 6o.D.Horo Me 30Ha. B HIOHe 1979 ro.D.a 

3TO TeopeTH'IeCKOe npe)J.CKa3aHHe 6biJIO 

nO )J.TBep)I()J.eHO 3KCnepHMeHTaJibHO • B JIJill 

O H .HH. 

Hccne.D.OBaJicJI Bonpoc o Bbi'IHCJieHHH 

MHOr06030HHbiX cpe)J.HHX H KBa3HCpe)J.HHX 

)J.JIJI KBaHTOBO-CTaTHCTH'IeCKHX CHCTeM TH· 

na }lHKKe. 
llpOBe)J.eHO HCCJie)J.OBaHHe 3JieKTpOMar-

HHT HOrO npeo6pa30BaHHJI MIOOHHbiX nap 

B r ny6oKoHeynpyroM llP -pacceJIHHH. Co-

3.D.a Hbl H nepe.IJ.aHbi B IJ;EPH nporpaMMbl 

)J.JIJI KOppeKTHOrO y'leTa BKJia)J.OB 3-MIOOH· 

HbiX C06biTHH H )J.JIJI Bbi'IHCJieHHJI pa)J.Ha

:UHOHHbiX nonpaBOK K aCHMMeTpHJIM Ce'le • 

HHH rny6oKoHeynpyroro llP -pacceJIHHJI. 

CTpyKTypa 
~AepH~X COCTO~HHA 

DpH npoMe~yToqH~X H B~COKHX 
3HeprH~X B036Y~AeHH~ 

llpO)J.OJI)I(aJIOCb pa3BHTHe KBa3H'IaC • 

TH'IHO ·!IJoHOHHOH MO)J.eJIH Jl)J.pa, c!~JopMyJIH· 

poB aHHOH .IJ.JIJI onHcaHHJI cTpyKTYPbi c!IJepH

qe c KHx H .D.e!IJopMHpOBaHHbiX JI)J.ep B lliHpo

KO H o6nacTH 3HeprH:H B036Y)I(.IJ.eHHJI. Pa3-

pa6 oTaHa TeopHJI TO'IHoro yqeTa npHH:UHna 
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llaynu npu onucaHHH HepoTaUHOHH~x c o

CTOBHHH B qeTHO-qeTH~X H HeqeTH~X B~

pax. llonyqeHLI cexynBpHbie ypaBHeHHB ~nB 

3HeprHH B036y)l(~eHH~X COCTOBHHH, OTn H

qaJOIUHeCB OT COOTBeTCTBYJOIUHX ypaBHeH HH 

B KBa3H6030HHOM npH6nH)I(eHHH, paccqHTa

H~ c~BHrH ~Byx<}loHOHHbiX nonrocoB. PacqeT~ 

noKaJanu, qTo nonpaBKH, CBB3aHH~e c 

yqeTOM npHHUHlla llaynH, BenHKH ~nB ~BYX

<}IOHOHH~X KOMllOHeHT C ~BYMB O~HHaKOB~

MH <}loHOHaMH H npH 6onbWOH KOnneKTHBH O

CTH O~HOrO H3 <}loHOHOB . .Hccne~OBaH~ K Op

penBUHH B OCHOBHOM COCTOBHHH B~ep. fio

Ka3aHO, qTo B 6onbWHHCTBe ~e<}lopMHpo

BaHHblX B~ep H B c<}lepuqecKHX B~pax C O~

HOH JaMKHYTOH o6onoqxou qucno KBa J u

qacTHU B OCHOBH~X COCTOBHHBX HeBenHKO. 

llpu nepexo~e oT c<}lepuqecxux K nepexo~

H~M B~paM HMeeTCB pe3KOe B03paCTaHHe 

qucna i<BaJuqacTHU B ocHOBH~x cocTo B

HHBX. 

HoBble pe3ynLTaTbi nonyqeHbl B T e o

puu ruraHTCKHX pe3oHaHcoB . .Hccne~oBa

Ha CTPYKTypa H CBOHCTBa MarHHTH biX 

MynbTHllOnbHbiX pe30HaHCOB H HX BnHBHHe 

Ha pa~uauuoHHble cunoB~e <}lyHKUHH. P a 3-

pa6oTaHa MO~enb ~nB OllHCaHHB (p, a) - p e

aKUHH Ha ~e<}lopMHpOBaHHbiX B~pax, B K O

Topou yqTeHa <}lparMeHTaUHB KBaJuqacTu q

HblX cocTOBHHH. llpoBepeHa runoTe3a A x

cenB-npHHKa o ruraHTCKHX pe3oHaHcax Ha 

B036y)l(~eHH~X COCTOBHHBX B ~e<}lOpMHpO

BaHH~X B~pax. fioKa3aHO, qTo 3Ta rHn O

Te3a no~TBep~aeTCB c ~ocTaToqHo x o

poweu CTeneHbJO TOqHOCTH ~nB O~Ho<}lo
HOHHblX COCTOBHHH npH npH6nH)I(eHHOM y q e

Te npHHUHna llaynu. 

PaccquTaHa <}lparMeHTaUHB ~~poqH~x 

COCTOBHHH B c<}lepHqecKHX B~pax C yqe T OM 

KOMllOHeHT BOnHOBOH <}lyHKUHH BH~a "KBa 3 H

qaCTHUa nnroc ,IJ;Ba <}loHOHa". Onpe,D;eneHHble 

3HaqeHHB ueHTpOH,IJ;OB E ' WHPHH r • H 

cnexTpocxonuqecxoro <}laKTopa S j .IJ;nB 

<}lparMeHTaUHH HeHTpOHHblX COCTOBHHH 

B H3oTonax Ni, Sn H Te H npoTOHHblX 

COCTOBHHH B l42 prn HaXO~BTCB B y.IJ;OBne T

BOpHTenbHOM cornaCHH C 3KCnepHMeHTOM. 

CymecTBeHHblM .IJ;OCTH)I(eHHeM BBnBeTcB 

BxnroqeHHe BblqucneHHB pB,IJ;a xapaxTepu

CTHK HeHTpOHH~X pe30HaHCOB B 06IUYJO 

CXeMy pacqeTOB, yqHT~BaiOIUYJO KaK HH3-

KOne)l(aiUHe COCTOBHHB, TaK H ruraHTCKHe 

pe3oHaHc~. PaccquTaHa cnHHOBaB JaBH

CHMOCTb HeHTpOHH~X CHnOB~X <}lyHKUHH 

B qeTHo-qeTH~X c<}lepHqecKHX B,D;pax. flo-

Ka3aHo, 

BenHKO. 

qTo cnHHOBoe pacmenneHHe He-

3ToT pe3ynbTaT cornacyeTcB c 

3KCnepHMeHTanbH~MH ,IJ;aHH~MH, nonyqeH

H~MH B JIH<I> H ,IJ;pyrHX UeHTpax. 

TeopH.H 
CTPYKTYPbl 

.H,ll,pa 

llpO,D;Ofl)l(eHbl HCCne~OBaHHB B,IJ;epHOH 

CTPYKTYPbi B wupoxou o6nacTH ocHoB

H~x B,D;epHbiX napaMeTpOB, TaKHX KaK 

3HeprHB B036y)I(,IJ;eHHB, yrnOBOH MOMeHT 

H H30TOnHqeCKHH CllHH. K OCHOBHblM pe-

3ynbTaTaM HCCne,IJ;OBaHHH MO)I(HO OTHeCTH 

cne,IJ;yroiUHe: 

1. Onpe~eneHa <}lopMa B,IJ;ep B wupo

xou o6nacTH yrnoBoro MOMeHTa H 3HeprHH 

B036y)I(,IJ;eHHB Ha.IJ; upacT-nHHHeH. PacqeTbl, 

BblllOnHeHH~e C HCllOnb30BaHHeM MeTO,IJ;a 

CTpyTHHCKoro H MeTo,IJ;a o6onoqeqHoH 

3HeprHH, JaBHCBIUeH OT TeMnepa TYPbi co

C}"OBHHB, noxa3anu cymecTBOBaHue xapax

TepucTuqecxou 3HeprHH Bo36y)I(,IJ;eHHB Ha~ 

upacT-nHHHeu ( -15 M3B .IJ;nB B.IJ;ep pe~xo-

3eMenbHOH o6naCTH ), npH npeBblllleHHH KO

Topou xapaxTep .IJ;e<}lopMauuu BpamaroiUHXCB 

B,D;ep onpe,IJ;enBeTCB, B OCHOBHOM, MaKpo

CKOllHqecKOH ()I(H,IJ;KOKanenbHOH) KOMno

HeHTOH 3HeprHH. B o6nacTH xapaKTepu

cTuqecxou 3Hepruu B036y)I(,IJ;eHHB )l(ecT

KOCTb B,D;ep OTHOCHTenbHO ,IJ;e<}lopMaUHH 

OKa3~BaeTCB aHOManbHO ManOR. 

2. HaxonneH pa3Hoo6pa3HblH MaTepu

an llO HJyqeHHIO rHraHTCKHX MynLTHllOnb

HblX pe3oHaHCOB B.IJ;ep B paMxax caMocor

nacoBaHHOH MO,IJ;enH (HJyqeHbl HHTerpanL

H~e xapaKTepHCTHKH El-nepexo,IJ;oB, 



$opM$aKTopbl Heynpyroro pacceBHHB 

3neKTpOHOB, 3$$eKTbl KynOHOBCKOrO CMe· 

lllHBaHHB no H3ocnHHY H T . .IJ..). PeanHJo

BaHa npOUe,IJ.ypa aHanH3a COCTOBHHB rH

raHTCKHX MynLTHnonLHblX pe30HaHCOB C 

yqeTOM HenpepblBHOrO cneKTpa 6e3 )l.HCK· 

peTH3aUHH O,IJ.HO'IaCTH'IHblX COCTOBHHB 

B o6naCTH KOHTHHyyMa. TeopHB npHMeH~

Ha ,IJ.nB OnHcaHHB H306ap-aHanorOBblX co

CTOBHHB H COCTOBHHB rHraHTCKHX ,IJ.HnOnL

HblX pe 30HaHCOB. 

3. Pa3pa6oTaHa HOBaB aepcHB o,IJ.Ho

qacTH'IHOB 3a,IJ.a'IH c noTeHuuanoM By,IJ.ca

CaKcoHa c HeaKcHanLHOB .IJ.e$opMauueB:. 

)J.aHHaB pa6oTa C~eCTBeHHO paCWHpBeT 

B03M0)1(}{0CTH TeopeTH'IeCKHX HCCnE<,IJ.OBa· 

HHB CTPYKTYPbl aTOMHblX B,IJ.ep. 

Teo pH~ 
~,nepHbiX 

peaKI.J,HH 
fipe,IJ.nO)I(eH MeTO)l. peweHHB o6paTHOB 

3a,IJ.a'IH )l.nB )l.HCKpeTHOrO BapHaHTa ypaa

HeHHB lllpe,IJ.HHrepa ( pa3HOCTHOrO ypaBHe

HHB 'IeTBepToro nopB,IJ.Ka). Haii,IJ.eH HOBblB 

Knacc TO'IHO pewaeMblX KBaHTOBblX 3a,IJ.a'I 

pacceBHHB c noMOIULJO coqeTaHHB R -MaT

PH'IHOB TeOpHH H TeXHHKH 6aprMaHOBCKHX 

noTeHuuanoa. Hccne,IJ.oBaHbl caoB:cTBa 

HH3Kone)l(aUUIX COCTOBHHB 9 Be B O,IJ.HO· 

ypoBHeBoM MoneKynBpHoM npu6nH)I(eHHH. 

llonyqeHo xopowee onucaHHe cpe,IJ.HeKBa,IJ.

paTH'IHoro pa,IJ.Hyca, MarHHTHOrO H KBa,IJ.· 

pynonLHOrO MOMeHTOB, BepOBTHOCTeB 

3neKTpOMarHHTHLIX nepeXO,IJ.OB. llpO,Il.OIT)I(e

HO HCCne,IJ.OBaHHe KOnneKTHBHOrO )l.BH)I(eHHB 

B B,IJ.pax c 6onLwoB: aMnnHTY.IJ.OH. Hccne

.IJ.OBaHa 3aBHCHMOCTL OT 3HeprHH B036y)l(· 

,IJ.eHHB ,IJ.enBIUerOCB B,IJ.pa cpe,IJ.HeB KHHeTH· 

'IeCKOB 3HeprHH HeBTpOHOB H pacnpe,IJ.ene

HHB 3HeprHH B036y)I(,IJ.eHHB Me)I(,IJ.y OCKOn

KaMH 241Np. H3y'IeHo BnHBHHe o6onoqeq

Hblx 3$$eKTOB Ha 3TH BenH'IHHbl npH pa3· 

nH'IHblX 3HeprHBX B036y)I(,IJ.eHHB. BhlnonHe

Hbl pacqeTbl 6apLepoa ,IJ.eneHHB B,IJ.ep 
198-206Rn, 202-214 Ra, 202-230 Th , npe,IJ. _ 
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CTa BnBJOIUHX HHTepec )l.nB 3KCnepHMeHTOB, 

nna HHpyeMbiX B JUIP. 

Ha OCHOBe pe3ynLTaTOB H3y'IeHHB 

CTp yKTypLI rHraHTCKHX pe30HaHCOB B paM

KaX KBa3H'IaCTH'IHO-$OHOHHOB MO,IJ.enH HC· 

cne ,IJ.OBaHO B036y)I(,IJ.eHHe rHraHTCKHX pe-

30HaHCOB B peaKUHBX C 3neKTpOHaMH H 

np T~HaMH. llonyqeHo y,IJ.oaneTaopuTenLHoe 

OnH CaHHe nepeXO)l.HblX nnOTHOCTeB ,IJ.nB rH-

raHTCKHX El- H E2-pe3oHaHCOB. 

fipe,Il.npHHBTa nonblTKa HCCne,IJ.OBaHHB 

Me X aHH3Ma )l.HCCHnaUHH KHHeTH'IeCKOB 

3He prHH H MeXaHH3Ma CnHBHHB B paMKaX 

KBa HTOBOB nocTaHOBKH 3a,IJ.a'IH 6e3 Knac

CH ecKHX npe,IJ.nono)l(eHHB o .IJ.BH)I(eHHH no 

TpaeKTopuu. PaccMoTpeHa MO,IJ.enL c o,IJ.

HOB BHyTpeHHeB MO)l.OB B036y:>K,IJ.eHHB, Ha 

npHMepe KOTOpOB MO:>KHO OUeHHTL ponL 

KBaHTOBblX nonpaBOK K KnaCCH'IeCKHM pe-

3yn LTaTaM . Hccne,IJ.oBaHo anHBHHe 6onL

wux o6onoqeK Ha xo,IJ. H pe3ynLTan~ peaK

UHB rny6oKoHeynpyrux nepe,IJ.a'I, uccne

,IJ.ye MblX B Jla6opaTOpHH B,IJ.epHbiX peaKUHB. 

fiOK a3aHO, 'ITO nO,IJ.CTaHOBKa B ypaBHeHHe 

ci»OK Kepa- finaHKa BLipa:>KeHHB )l.nB CB060)l.

HOB 3Hepruu BMecTo noTeHuuana ,IJ.peB:$a, 

o6y cnoaneHHaB "HarpeaaHHeM" cucTeMbl, 

no 3 BOnBeT .IJ.OCTH'IL nyqwero cornacHB c 

3Kc nepuMeHTOM. Ha ocHoae npe,IJ.no:>KeHHo

ro paHee MeXaHH3Ma )l.HCCHnaUHH KHHe· 

TH eCKOB 3HeprHH HCCne,IJ.OBaHLI KOppe

nBU HH KHHeTH'IeCKOB 3HeprHH npO,IJ.YKTOB 

rny 60KOHeynpyrHX CTOnKHOBeHHB Tjf)l(enblX 

HOHOB CO cpe,IJ.HHM yrnOM BblneTa. Ha 

3T B: ocHoBe aHanH3HPYJOTCB 3KcnepuMeH

Tan LHble ,IJ.aHHble, nony'IeHHble B Jla6opa

TO PHH B,IJ.epHbiX peaKUHB. 

llpo,IJ.OIT)I(anocL uccne,IJ.oBaHHe pa3nuq

HblX npouecCOB B3aHMO,IJ.eBCTBHB nHOHOB 

C n erqaifWHMH B,IJ.paMH, HJyqaeMblX 3KCne

pHM eHTanLHO B Jla6opaTOpHH B,IJ.epHblX 

npo 6neM. C noMOIULJO ToqHoro pacqeTa 

060 CHOBaHa npHMeHHMOCTL 06bJqHoro Me

TO,IJ.a yqeTa KynOHOBCKOrO B3aHMO,IJ.eBCT· 

BHH , ucnonL3yeMoro npu o6pa6oTKe 3Kcne

puM eHTanLHblX ,IJ.aHHLIX no peaKUHBM 
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C JierKHMH 3apJI)I(eHHbiMH "'aCTHUaMH. 
B paMKax KaapKoaoH: Mo,neJIH HyKnon oa 
paccMoTpeua Ja,naqa o pacceJIHHH HyKn o
ua ua uyKJioue. 

llpoae,neH MO,neJibHO-He3aBHCHM~H 

aHaJIH3 3KCnepHMeHTaJibHbiX cl>opM<i>aKTO p OB 
ueynpyroro pacceJIHHJI 3JieKTpouoa ua p JI
.ne Jl,nep, 'ITO n03BOJIHJIO onpe,neJIHTb HX 
nepexo,nHble nJIOTHOCTH pacnpe.neneHHJI Ja
pJI,na. 

TeopeTH"'eCKH npe,ncKaJaHbl H noJ,nu ee 
no,nTaep)l(,neHbi 3KcnepHMeHTaJibuo wHpHHbl 
H Kauanhl pacna.na rHnepJI,npa J. Li. 11c
CJie,noBaHO BJIHJIHHe 06MeHHbiX TOKOB Ha 
norJIOIUeHHe MIOOHOB ,neHTpOHOM, 'ITO llO-
3BOJIHJIO noJiy"'HTb ,nonOJIHHTeJibHYJO HH
cl>opMaUHIO 0 KOHCTaHTe CJia6oro MIOOH
HYKJIOHHOTO B3aHMo,neH:cTBHJI H ,nJIHHe 
ueH:Tpou- ueH:Tpouuoro pacceHHHH. BbiJIB
neua onpe.nenHro~aH ponL aoJ6y)l(,neHHH 
MarHH'fHbiX ,nHnOJibHbiX H KBa,npynOJibHbiX 
pe30HaHCOB B peaKUHHX norJIO~eHHH MIOO
HOB H pa,nHaUHOHHOTO 3aXBaTa nHOHOB 

JierKHMH Jl,npaMH. llpe,nCKa3aHO H30CllHHO
BOe H KOH<i>HrypaUHOHHOe pac~enJieHHe 
M2 -pe3ouauca, aoJ6y)l(,naeMoro a ueyn
pyroM pacceJIHHH 3JieKTpOHOB Jl,npa MH 
p - 060JIO"'KH. 

B paMKax 3- H 4-qacTH"'HbiX ypaaue
HHH, Y"'HThiBaromux ace nopJI,nKH nepepac
ceHHHH, ,naHO OnHCaHHe peaKUHH B3aHMO
,neHCTBHH nHOHOB C ,neHTpOHOM, TpHTHeM 
H renHeM-3 H -4. llonyqeuo y,noane Tao
PHTeJILHoe cornacue c 3KCnepHMeHTOM, 
npoae,neHHbiM a n.Hrr no pacceHHHIO n u ou
renHi- 3. 

Pa3BHT HOBbiH no,nxo,n, OCHOBaHHbiH Ha 
3BOJIIOUHOHHOM no KOHCTaHTe CBH3H Me To
,ne, ,nnH npoueccoa nuou- H,nepuoro pac
ceHHHJI. llonyqeuo cornacue c 3KcnepH
MeHTOM no HH3K03HepreTH"'eCKOMY n HOH
,neiTpOHHOMY pacceHHHIO. Ha . ocu oae 
KacKa,nH0-3KCHTOHHOH MO,neJIH paCC"'H
TaHbl BbiXO,nbl 6biCTpbiX npOTOHOB B KH-
HeMaTH"'eCKH 3anpe~eHHYJO 06JiaCTb B 
peaKUHHX npOTOH- Jl,nepuoro B3aHMO,neH-
CTBHH npH npoMe)l(yTO"'HbiX 3HeprHHX. 

lloKa3aHO, 'ITO 3,neCb Ba)f(HYJO pOJib 
urparoT npoueccbl norno~eHHH KacKa,nuoro 
nHOHa CKOppeJIHpOBaHHOH napOHHYKJIOHOB 
H,npa H ee nocne,nyro~HM paJneToM. 

llOCTpOeHbl peaJIHCTH"'eCKHe MO,neJIH 
H,npo-H,nepHbiX CTOJIKHOBeHHH H npoaHaJIH-
3HpOBaHbl B03HHKaiOmHe npH 3TOM B UeHT
paJibHbiX 06JiaCTHX TeMnepaTypbl H C)l(aTHH. 
lloKa3aHO, 'ITO ny"'KH TH)I(eJibiX HOHOB 
c 3Hepruei 0,5 F3B/HYKAOH aecLMa nep
cneKTHBHbl ,nJIH nOHCKa 1T - · KOH,neHCaTHOH 
HeyCTOH"'HBOCTH H,nep. lly"'KH nHOHOB Bbi
COKOH 3HeprHH Ha CHHXPO<i>a30TpOHe 011J111 
MOryT HCnOJib30BaTbCH ,nJIH aHaJIH3a ne
pexo,nOB a,npOHOB B KBapKOBYJO cl>a3y. 

llpe,nJIO)I(eH H HCCJie,nOBaH MeXaHH3M 
po)l(,neHHH runepH,nep ua neTy a H,npo- H,nep-
HbiX CTOJIKHOBeHHHX npH 3HeprHHX 
0,5 F3B/HYKAOH. 

Bnepable y,nanocb yqecTb CBH3b Kaua
noa KBapKOBbiX HYKJIOHHbiX KOH<i>HrypaUHH 
B nerqaiwux H,npax. 3To noJBOJIHJIO pac
C"'HTaTb npHMeCb 6 -KaapKOBOH KOH<i>Hrypa
UHH B OCHOBHOM COCTOJIHHH ,neiTpOHa, KO
TOpaH oKaJanacb nopH,nKa o,nuoro npo
ueuTa, a TaK)I(e wupuuy pacna.na aoJ6y)l(
.neHHbiX 6-KaapKOBbiX COCTOHHHH B HyK
JIOH-HYKJIOHHbiH KaHan ( nopH,nKa 50 M3B 
H 6onee ). 3TO ,naeT B03MO)I(HOCTb BeCTH 
HanpaBJieHHbiH nOHCK MHOTOKBapKOBbiX KOH
<i>HrypaUHH B H,npax. 

KBaHTOBO-CTBTHCTHqecKHe MOAenu 

B TeOpHH 

KOHAeHCHpOBBHHOrO COCTOHHHH 

llpo,noJI)I(eHo Hccne.noaauHe oco6euuo
CTei ynpyroro H ueynpyroro pacceHHHH 
HeHTpOHOB pa3JIH"'HbiMH <i>HJH"'eCKHMH CHC
TeMaMH. llpH 3TOM, HapH,ny C y)l(e pac-



CMOTpeHHhlMH paHee Beil.{eCTBaMH ( KpH

CTaJIJiaMH, npeTepneBaiOJ.UHMH CTpyKTyp

HhiH $a30BLIH nepexo,IJ,, nepexo,IJ,HLIMH Me-

TaJIJiaMH, cerHeT03JieKTpHKaMH H T .n. ), 

HJyqeHO pacceHHHe HeHTpOHOB ,D,pyrHMH 

06'heKTaMH. 06C)')K,IJ,eHa MO,IJ,HlPHKaUHH yn

pyroro pacCeHHHH B KBa3HO,IJ,HOMepHhlX 

MarHeTHKaX, o6yCJIOBJieHHaH HaJIHqHeM B 

HHX qaCTHUenO,IJ,06HLIX B036y)K,IJ,eHHH. llo,IJ,

XO,IJ,HIUHMH 06'heKTaMH 3,IJ,eCL MOryT 6LITh 

RbFeCf 3 H SrnCo 5 . llpoauaJIH3Hpoaa

HO pacceHHHe HeHTpOHOB CnHHOBhiMH CTeK

JiaMH H noKa3aHO, KaKHM o6pa30M H3 

3KCnepuMeHTaJILHLIX ,IJ,aHHLIX MO)KeT 6LITL 

nonyqeu napaMeTp nopH,D,Ka. Haqa TO o6-

cy)K,IJ,euue ueiiTpOHHOH cneKTpocKonuu 

napaMeTpuqecKu uepaauoaecHLIX KBa3u

qacTHU a TBep,D,LIX Tenax, a TaK)Ke nose

,IJ,eHHH cneKTpoa ynpyroro H ueynpyroro 

pacceHHHH HeHTpOHOB noaepXHOCThiO TBep

,!J,hiX Ten npu yqeTe a,IJ,cop6UHH. Bo3MO)K

HOCTH HE P- 2 ,IJ,enaroT anonue peanLHLIM 

ua6nro,IJ,euue acex 3$$eKTOB, o6cy)K,IJ,eHHLIX 

B 3THX pa6oTaX. 

B UHKJie pa6oT no KauanupoaauHJO npo

TOHOB H HOHOB B KpHCTaJIJiaX noJiyqeHLI 

pe3yJILTaTLI, KOTOpLie TaK)Ke MO)KHO npo

BepHTh B 3KCnepHMeHTaX. fipe,D,CKa3aHO, 

qTo pa3JIHqHe B3aHMO,IJ,eHCTBHH npOTOHOB 

H HOHOB C HOHaMH KpHCTaJIJia o6ycJiaBJIH

aaeT pa3JIHqHLIH xapaKTep ux $oKycupoa

KH: Ha rny6HHaX 0,1 MM HaJIHUO nOJIHaH 

TepMOJIH3aUHH KaHanupyeMLIX qaCTHU no 
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non epeqHOH KOMnOHeHTe CKOpOCTH, O,IJ,HaKO 

eCJIH npOTOHhl OKa3LIBaJOTCH O,!J,HOpO,D,HO 

pa c npe,D,eJieHHhiMH B nJIOCKOCTH, nepneH

,IJ,H K YJIHpHOH OCH, TO HOHLI - OCTpO c$o

Ky c upoBaHHhiMH. 

ilOMHMO TOrO, qTO MO,IJ,eJIH TeOpHH 

KO H,IJ,eHCHpOBaHHOrO COCTOHHHH HCnOJIL-

30 B aJIHCh ,!J,JIH OnHCaHHH lPH3HqecKHX npo

Ue C COB B TBep,D,OM TeJie, BeJIHCh HCCJie,IJ,o

BaHHH H caMHX 3THX MO,IJ,eneil. TaK, ua 

oc u oae lPYHKUHOHaJILHoro auanora aapua

uu o uuoro MeTo,IJ,a lioronro6oaa npoae,IJ,eHLI 

HC CJie,IJ,OBaHHH MO,IJ,eJieH lf3HHra H ¢ 4
, B 

KO T O.phiX y,IJ,aJIOCh BhiHTH 3a paMKH npu6nu

)Ke HHH cpe,D,Hero nOJIH. llpO,!l,OJI)KeHO H3yqe

HHe peiiieToqHLIX MO,IJ,eJieH: MO,IJ,eJIH lf3HHra 

C " He 3aMOpO)KeHHhiMH" aHTH$eppOMarHHT

HLIMH CBH3HMH, 8-aepiiiHHHOH MO,IJ,eJIH npu 

onp e,D,eneuuoM orpauuqeHHH ua ee napa

M TPLI, ,IJ,ByMepuoro cnnaaa ,IJ,HMepoa 

H T pHMepOB. llpO,D,OJI)KeHO TaK)Ke HCCJie,IJ,o

Ba HHe no BhiHBJieHHIO MaTeMaTHqecKOH 

cT p yKTYPLI noTeuuuana KpHcTaJIJiuqecKoil 

pe iiieTKH, B KOTOpOM ,!J,BH)KYTCH KOJIJieKTH

BH 3 HpOBaHHLie 3JieKTpOHhl. 

B uccne,IJ,oBaHHHX rnupoKo npe,D,cTaane

ua TeMaTHKa $a30BLIX npeapameuuil. Ha

PHA Y c o6cy)K,IJ,euueM noae,IJ,eHHH paauoaec

H LIX H ,!J,HHaMHqecKHX xapaKTepHCTHK Be

IU CTB B 06JiaCTH $a30BLIX npeapameHHH 

BhlllOJIHeHLI HCCJie,IJ,OBaHHH BJIHHHHH CHM

M e Tpuu perneTKH ua xapaKTep $a3oaoro 

npe apameHHH. 



,, 
B G6 zycme 6 ~y6He COCIIIOJIACJI M eJICOyHapoOHbiU CUM

n03UYM no lfiyHOGM€HIIIGAbHbiM npo6AeMaM meopemu

'1€CKOU U MGIII€MGIIIU'I€CKOU ¢u3UKU, 6 pa6ome KOIIIO

pozo npuHJIAU y<~acmue 6UOHble y'leHble cmpaw y<~acm

HUII OH.RH, CJUA, 3anaOHou E6ponbl u .Rno11uu. Hay<~

HGJI npozpaMMG lfiopyMa OX6GIIIbi6GAG UIUpOKUU Kpyz 

npo6AeM C06p€M€HHOU (JU3UKU: 60npOCbl 2pa6UIIIG!1UU, 

ac•po¢u3uKu, K6GHII060U meopuu noAJI, meopuu 3Ae-

M€HifGPHWX 'IQC.UI#, 

'I€CIWU (JU3UKU. 

C.UIIUCIIIU'I€CKOU U MGIII€Mamu-

MHozue OOKAaObl 6biAU noc6.RIII€Hbl pa36UIIUIO OCH06o

noAazaiOIIIUX uc)eu U M€110006 KpynHeUUI€20 C06€111CK0-

20 MameMamuKa, MexaHUKa u ¢u3uKa aKaOeMuKa 

H. H. EozoAI0606a . 



B A11y1U111e e anpe.11e npoxoou.11 n.!llllblii MexoyHapoOHblii 

CUMn03UYM no H€/IOKO.IIbHOU K80HIII080U 111eopuu nOA.JI. 

HHUJIUOIIIOpOM 31/IUX CUMn03UYM08 61>1.11 'UieH· KOppec· 

no HOe Hill AH CCCP /{.H • .5AOXUHIIeB. 
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Y'leHLIMH na6opaTopuu c noMOil{hiO $u-
3H'IeCKHX ycTaHOBOK nony'leHa HOBaH 3K
cnepHMeHTanbHaH HHcPOpMaUHH Ha CHHXpo
$a30TpOHe OHRH, cepnyxoacKoM ycKopu
Tene, Ha 400- T3B ycKopuTene B U.EPHe. 
Ilpo.n.oJDKanacL o6pa6oTKa nony'leHHoro 
paHee 3K·cnepHMeHTanLHoro Ma Tepuana, 
COBepiiieHCTBOBanHCh H pa3pa6aThiBallHCp 
HOBbie npH60phl H ycTaHOBKH. 

Jla6opaTOpHH 

BbiCOKHX 
(..) 

3HeprHH 

lionLIIIOH o6'heM pa6oT BhlnonHeH no 
COBep iiieHCTBOBaHHIO CHHXpo$a30TpOHa, oc
BOeHHIO HOBOrO 3KCnepHMeHTanhHOrO KOp
nyca , coJ.n.aHHIO npoeKTOB YKTH, YHK, 
HCClle)l.OBaHHIO CBepxnpOBO)l.HJUHX MarHHTOB 
no poeKTY HyKnOTpOHa. ,lJ;eHTellhHOCTh 
na6opaTopHH ocymecTBnHnacL B ycnoBHHX 
IIIHPOKQro Me:>K.n.yHapo.n.Horo COTPY.IJ.HH
qecTBa. 

HayqHo-Hcc~e~oBaTe~hCKHe 
pa6oThi 

00B8A8HHe aMn~HT YA pacce~HH~ 
B 3 aBHCHMOCTH OT 3 He prHH 

B3aHMOA8HCTBYIDmHx 4aCTHQ 

3aeepweHa o6pa6omKa 3KcnepuMeH-
mallbHozo MamepuaAa, nony'leHHoro B coa
MeCTHOM JKcnepuMeHTe OHRH-<I>HAJI no 
H3y'ieHHIO ynpyroro pacceHHHH npOTOHOB 
Ha H.n.pax renHH B HHTepaane 3Hepru:H 
50-400 T3B. Hccne.n.oaaHLI ManLxe nepe
.n.aqu \t \ = 0,003-0,52 ( T3B/c ) 2 ,BKnro
'iaH o6naCTH .IJ.H$paKUHOHHOrO nHKa, Kyno
HOBCKOH HHTep$epeHUHH, rnay6epOBCKOrO 
MHHHMyMa, BTOporo MHHHMyMa . 

C noMOil{hiO raJoao:H CTpyii:Hoii: MHIIIeHH 
H3 CMeCH BO)l.OpO)l.a H renHH B 3a,ll.aHHOH 
nponopuuu y.n.anoch H3MepHTh ce'ieHHe 
B3aHMO,ll.eHCTBHH npOTOHa C renHeM B a6-
COniOTHhiX e,ll.HHHUaX, B 'laCTHOCTH nony
'IHTh BellH'IHHY nonHOrO Ce'leHHH. 0Ka3a
ll0Ch, 'ITO npH H3MeHeHHH 3Hepr HH OT 40 
.n.o 400 T3B nonHoe ce'leHHe (p+He) ao-
3pacTaeT Ha 411/o, HO OCTaeTCH Ha 711/o ( Ha 
10 M6) MeHLIIIe TeopeTH'IeCKOH BenH'IHHhl, 
Bhi'IHClleHHOH no MO,ll.enH rnay6epa ( puc.J ). 

OueHKH noKa3hiBaiOT, 'ITO HyKnOHhl a H.Il.
pe renHH CHllhHO 3aTeHHIOT ,ll.pyr ,ll.pyra, 
a 6LICTphiH npOTOH, nponeTaH qepe 3 H.IJ.PO 

126 
6t,(PHE) M6 

~,11:, 
Eit_ (PP) 

124 44 

6t_(PD) 

~ 
122 ,/ 42 

/ 
/ 

/ 

14 / pp 

110 40 

12 
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20 50 tOO 200 500 1000 11Dl 

Pu c. 1 . 3Hepz emu'lecKaJI 3aaucuMoclllr. noAHozo ce'le
HUJI (p~He)- 63QUM00€UC/fi6UJI 6 o6Aacmu 50-400 r3B. 

renHH, C 60nhiiiOH aepOHTHOCThlO B npoMe
:>KYTO'IHhiX COCTOHHHHX OKa3hiBaeTCH B03-
6y:>K,ll.eHHhiM . 

. C nOMOil{hlO 'IHCTOH CTpyH renHH onpe
.n.eneHo .n.ucllcilepeHUHanLHoe ce'leHHe ynpyro
ro (p+He) -pacceHHHH. IlapaMeTp HaKnoHa 
.IJ.H$paKUHOHHOrO KOHyca b= 24±1,13 yKa-
3hiBa eT Ha TO, 'ITO CKOpOCTh pOCTa pa
)l.Hy ca H.n.pa renHH c yaenH'IeHHeM JHeprHH 
a.n.aoe 6onLIIIe aHanorH'IHoro poeT a pa
)l.Hyca npoToHa. 3$$eKT 6hlcTporo pocTa 
6hln o6Hapy:>KeH paHee TaK:>Ke Ha H.n.pe .n.e:H
TepHH. Ka'ieCTBeHHO JTO yKa3hiBaeT Ha 



... 
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cy~eCTBeHHOe B3aHMHOe 3KpaHHpOBaHHe 
HyKnoHoB B JI.npe renHJI (puc.2). 

- -- ---
b, (r3B/c) 2 40 

t •0.095 
39 ~ 39 

38 38 

31 t:0065 31 

36 
t=0.035 

36 

35 35 

34 a4 

33 33 

3l 32 

31 31 

so 100 200 300 400 500 600 "100 

EJ\, r3B 

Puc. 2 . 3Hepzellu<~ecKa.ll 3aeucuMOCIIb napaMellpa 
HaKAOHa OA.II ynpyzozo (p • He)-pacce.IIHU.II. Ilp.IIM ble
pe3YAI>IIall !Pu•upoeaHu.ll 3KcnepuMeHIIaAbHI>IX Oa HHI>IX 
npu lPUKCUp06QHHOM nepeOaHHOM UMnyAbCe. 

Ha ny~Ke aAb¢a-~acmuij cuHxpo¢03o
mpoHa MeTo.noM MHoroKpaTHoro npoxo:>K 
.neHHJI BHyTpeHHero nyqKa YCKOpHTenJI q e 
pe3 TOHK}'IO MHWeHL H3 ,IleHTepHpOBaHHOr O 
fiOllH3THneHa TOllllUIHOH 0,3-9,0 MKM H3y 
qeHO ynpyroe(He+D)-pacceJIHHe Ha ManLie 
yrnLI npa HMnynLcax 2,25 H 
4, 95 T3B/ c/HYKA. )l;eiiTpOHbl OT,Ilaqa· p e 
rHCTpHpOBanHCb KpeMHHeBbiMH nonynpo 
BO,IlHHKOBbiMH ,IleTeKTOpaMH. 

Ha ocHoBe nonyqeHHbiX 3KcnepaMeH
TanLHbiX .naHHbiX onpe.neneHbl .nacllcllepeH
IUianLHble ceqeHHJI ynpyroro (He+ D) -pac
ceJIHHJI B HHTepBane nepe.naq It I = 
= 0,0028-0,168 ( T3B/c) 2 • 

Hail.neHo nonHoe ceqeHae(He+D)JI.nep 
Horo pacceJIHHJI: a t = .258±8 M6 np a 
2,25 T3B/c/HYKA. H a t = 256±5 M6 npH 
4,95 T3B/c/HYKA. IIapaMeTp HaKnoHa .nacll 
paKUHOHHoro KOHyCa H OTHOWeHHe peanL 
HOH qacTH aMnnHTY.IlLI ynpyroro pacceg -
HHJI K MHHMOH qaCTH ,IlilJI HMnynLc a 

2,25 T3B/c/HYKA. paBHbl COOTBeTCTBeHHO 
b 1 = 5,2±0,3 H p= -0,26±0,01, 

,IlnJI HMnynLca 4,95 T3B/c/HYKA. 
bl = 7,9±0,3 H p= -0,35±0,01 

( B nepecqeTe Ha NN ·BJaHMo.neilcTBHe ). 
3TH BenaqHHbl 6nH3KH K aHanorHqHbiM ,IlilJI 
pp ·BJaHMo.neilcTBHJI. IIonyqeHHble pe
JynLTaTbl noKaJana, qTo B npe.nenax OIIIH-
6oK MO,Ilenb rnay6epa Y.IlOBneTBOpHTenbHO 
onHCbiBaeT ynpyroe(He+D)pacceJIHHe B o6-
nacTH It I < 0,168 (T3B/c) 2• 

0 

10 

-i 

10 

-2 

10 
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10 

f 

I 
\ 

dOllll (M6.r3B-2. c 2) • 
dt 8.9 

7.9 
X 2.2.. 

0 

~ ~ iJ f -1 it~; l f l 
,J'.t j f! l f f 1 

1\. T 

- t. < r 3 B 2• c - 2 ) 

i 

I 
1 

2 
Puc. 3. Ynpyzoe oeiillpOH- oeiillpOHHoe pacce.IIHUe npu 
UMnyAI>Ce 8,9 r3B/c. CnAOUIHOii AUHUeii npeOCIIIauAeH 
pe3yAbllall pac01e111a Ha OCH06e MeXaHU3Ma rAay6epa 
OA.II 7,9 r3B/c. ,i!AJI cpaeHeHUJI npueeoeHbl OaHHble 
npu 7,9 r3B/c u 2,2 r3B/c . 



C noMOIJ#b10 ycmaHOBKU ",l(ucK" Ha 

CHHXpO~a30TpOHe H3yqeHhl ~H~epeH-

IUiaJibHhle ynpyrue pp-, ND- H DD- pac-

CeJIHHJI npH 60JibWHX nepe~aqax HMnyJibCa 

:t \ = 0,1-2,0 (T:JB/c) 2
HBeJIHqHHaXHM-

nyJibCOB 8,9 T3B/c ~JIJI p H D (puc.3 ) . 
B 3KcnepHMeHTe aHaJIH3HpoBaJIHCb qac

THUW OT~aqH, o6pa3yeMhle B KpHOreHH~X 

MHWeHJIX C ~H~KHM BO~OpO~OM, ~eHTepH

eM H renueM. 

ConocTaBJieHHe nonyqeHHwx ~aHHWX no 

ND-H DD-pacceJIHHIO noKa3ano, qTo OHH 

O~Horo nopJI~Ka npH ~HKCHpOBaHHOM 3Ha

qeHHH nepe~aHHOrO HMnyJibCa H ~JIJI 6JIH3-

KHX 3HaqeHHH 3HeprHH. 

Mexamt3M po)l(,[leHH51 H pacna.na 

Q3CTHU H pe30H3HCOB. 

OoHCK Hoswx qacTHU 

/IpoaHU/IU3Up06QH 3KCnepUM eHIIIQ/Ib HbiU 
Mamepuall, nonyqeHHWH Ha CHHMKax 

C ~BYXMeTpOBOH nponaHOBOH KaMepw, o6-

JiyqeHHOH TT- -Me30HaMH C HMnyJibCOM 

40 T:JB/c Ha cepnyxoBCKOM ycKopHTene. 

Onpe~eneHw xapaKTepHCTHKH MHo~ecT

BeHHoro o6pa30BaHHJI qaCTHU KaK ~OMH

HHpyro~ero npou;ecca BO B3aHMO~eHCTBHH 

a~pOHOB npH BhlCOKHX 3HeprHJIX. 

Ha8~eHw K03~~Hu;HeHThl nepe3apJI~KH : 
K (p ... n) = 0,37±0,05 H 

K(n -.p) = 0,36±0,06. 
Hccne~oBaHHe noBe~eHHJI nonepeqHhiX HM

nyJibCOB MHOrOnHOHHhlX CHCTeM noKa3aJIO 

HX 3aBHCHMOCTb B OCHOBHOM TOJibKO OT 

BeJIHqHHhl 3~eKTHBHOH MaCChl MHOrOnHoH

HOH CHCTeMhl H CJia6yro 3aBHCHMOCTb OT 

BeJIHqHHhl 3apJI~a nHOHHOH rpynnw H THna 

37 

MHW eHH (p, n). 3aBHCHMOCTH HeHHBapHaHT

HO r O ~H~epeHu;HaJibHoro ceqeHHJI ~JIJI pe-

30H aHCOB H nHOHHbiX rpynn OT BeJIHqHHhl 

non epeqHOH 3HeprHH onHCWBaiOTCJI O~HOH 

~opMynoiL 3To yKa3wBaeT Ha cna6oe BJIHJI

HHe pe30HaHCOB Ha o6~He xapaKTepHCTH

KH M HOrOnHOHHhlX CHCTeM. 

IloKa3aHO, qTo B pp-, rr-p-H rr-C-B3aHMO

~eHCTBHJIX npH BhlCOKHX 3HeprHJIX HMeeTCJI 

no~o6ue pacnpe~eneHHH no MHo~eCTBeH

HOC TH o6pa30BaHHhlX qacTHU ~JIJI pa3JIHq

HhlX K03~~HIJ;HeHTOB HeynpyrOCTH ("qacT

HbiH " KHO- cKeHJIHHr ) . HapyweHHe 3Toro 

CK e HJIHHra B rr -p-peaKIJ;HJIX npH BeJIHqHHe 

K0 3~~Hu;HeHTa HeynpyrocTH K " 0,3 B oc

HOB HOM onpe~eJIJleTCJI BJIHJIHHeM JI~Hpyro

~X qaCTHIJ;. 3KcnepHMeHTaJibHOH npo

Bep Ke no~Bepranacb Mo~eJib KaJIHHKHHa

lll OHHHa, no KOTOpOH npe~CKa3WBaeTCJI 

o6p a3oBaHHe nuoHHoro KJiacTepa,. o6pa-

3 YJO~ero npH CBOeM paciJ:a~e OCHOBHYIO 

~OJIIO qacTHU BO B3aHMo~e8cTBHH. Ha6JIIO

~anocb xopowee cornacue onwTHWX ~aH

HhlX C pe3yJibTaTaMH pacqeTOB MO~eJIH 

no noBe~eHHIO napu;HaJibHhlX K03~~HIJ;HeH

TO B HeynpyrOCTH, no CBOHCTBaM 6hlCTpOH 

H Me~JieHHOH KOMnOHeHT qaCTHU, no MHO

~eCTBeHHOCTH, no KOppeJIJIUHH qucJia nuo

HOB H qucna npoTOHOB, no pacnpe~eneHHIO 

qaCTHU no npo~OJibHOH 6WCTpOTe. 

Ha8~eHo, qTQ HMnyJihCHbie H yrnoBwe 

pacnpe~eneHHJI A- runepoHoB H ux cpe~HHe 

quc na B rr-p- H rr-C -B3aHMO~eHCTBHJIX 

COBna~aiOT B npe~enax OWH60K. 3TO yKa-

3~BaeT Ha Man~e BJIHJIHHe H~pa yrnepo~a 

Ha po~eHHe A- runepoHoB no cpaBHeHHIO 

C H X o6pa30BaHHeM B TT p -B3aHMO~eHCT

BH JIX. 

H9 ocHoae aHa/lu3a 21 lllbiC. Heynpyzux 
pp - co6blmuil npH HMnynhce 22,4 T:JB/c, 
noJiyqeHHhlX C nOMO~biO ~BYXMeTpOBOH 

~~KOBO~OpO~HOH KaMepbl "JliO~MHJia" Ha 
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cepnyxoscKoM ycxopHTene, noKa3aHo n o

.D.06He peaKUHB pp--+ p (Me,IJ.n.) +X H 

pp-. p ( Me,IJ.n.) +X npH cpaBHHMbiX 3He p

rHJIX H He,ll.OCTaiOIUHX Maccax M(X) = 0 7 

+ 4,7 T3B. 
ConocTasneHHe xapaxTepHCTHK pp -

B3aHMO,IJ.eBCTBHB C pp -B3aHMO,IJ.eBCTBHJI· 

MH npH 6nH3KOB 3HeprHH no BenHl.fHHe 

MHO~eCTBeHHOCTH, TOnonorHl.feCKHX Ce

l.feHHB H OTHOCHTenbHbiX MOMeHTOB M HO

~eCTBeHHOCTH nO,Il.TBep,ll.HnO npe,ll.CKa 3a

HHJI CXeMbl ,IJ.yanbHOB YHHTapH3aUHH C y q e

TOM KBapKOB. 

06Hapy~eHa KOppemiUHJI l.faCTHU H Bbi

CTpOeHHOCTb HMnynbCOB B a3HMyTanbHOB 

nnocxocTH pp -sJaHMO.D.e:HcTBHB, KOTopyro 

He y,IJ.aeTCJI 06~JICHHTb HanHl.fHeM pe30HaH 

COB, nH.D.HPYIOIUHX l.faCTHU, HHTep~epeHUHeB 
TO~eCTBeHHbiX l.faCTHU. 

fl3y'leHbl xapaKTepHCTHKH 06pa30BaHH JI 
H306ap ~+ +(1232) H ~--(1232)Ha:8,1J.eHO, "'T O 

nOMHMO nepH~epH"'eCKOrO MexaHH3Ma HX 

o6pa30BaHHJI HMeeTCJI HeKOTOpbiB BKna ,IJ. 

H306ap npH y ::: 0, OT C06b1THB C 60nbWOB 

MHO~e CTBeHHOCTbiO, a HaKnOH pacnpe,ll.e 

neHHJI H3o6ap no senHl.fHHe p} cornacy 

eTcJI c HaxnoHoM aHanorHl.fHoro pacnpe 

,l].eneHHJI npH o6pa30BaHHH BeKTOpHbiX M e -

30HOB. MexaHH3M o6pa3oBaHHJI H3o6ap He 

npOTHBOpel.fHT MO,IJ.enH O,IJ.HOnHOHHOrO o 6 -

MeHa c nornomeHHeM. 

PacwupeH noucK pe3oHaHcoe so B3au 

MO.D.e:8cTBHJIX Ha CHHMKaX C nponaHOBOH 

KaMepbl, o6ny1.feHHOB nyl.fKOM HeBTpOHOB CO 

cpe.D.HHM HMnynbCOM 7 T3B/c H "- -Me3 o 

HOB C HMnynbCOM 4 T3B/c. IlpoaHanH -

3HpOBaHO 49 CHCTeM l.faCTHU C KBaHTOBbiM H 

l.fHcnaMH B=0 -:- 6, S= -2 -'-1, Y= 0 -:- 6. P e -

30HaHCHhle nHKH 06Hapy~HBaiOTCJI B nJIT H 

CHCTeMaX C 8=2 H B l.feTblpeX CHCTeMa X 

C B=l, npHl.feM BCe 3TH CHCTeMbl HMeiOT 

Y s_l. Ilonyl.feHHbiB pe3ynbTaT yxa3biBae T 

Ha CYIUeCTBOBaHHe npaBHna OT6opa a ,IJ. -

poHHbiX pe3oHaHcos no senHl.fHHe runep-

3apB.D.a, KOTOpbiB He MO~eT 6b1Tb 6onbWe 

e,IJ.HHHUbl. 

PeJynbTaTbl npuse.D.eHbi B ma6A.l. 

Ta6Au14a 1 

C~-!cTeMa M r MoAeilb MIT 
M3B M3B BAG 

+ Ap TT- 2489 193 6ni-13KI-1e 3Ha-
2780 240 4eHI-1fl 
3079 188 

ATT+ TT+ 2095 150 2120 
2595 100 2615 

BenHl.fHHbl Mace B Ha6nro.D.aeMbiX nuxax 

xopowo cornacyroTCJI c pacqeTaMH, C.D.e

naHHbiMH )J.e CsapToM, )J.~a~~e H KoM-

6prorre (puc. 4 H 5). 

N 

40 r 60 M>B~c 2 

35 

30 

25 

20 

iS 

iO 

Ap1T, Pn+ < 1 r 3 B I c ' 

N = 354 KOM6. 

M Aprr ( l'b8/c 2 ) 

1193. ~5 2'493.~5 2'791 ~5 3093. ~5 3393. ~5 369385 3993. ~5 ~193. ~5 

• 
Puc. 4. PacnpeoeAeHue no 31/J(JeKJtU6HbiM .wacca.w i\p" : 
e - pacnpeoeAeHue Epeu•a- BuzHepa OAJI nepeozo 
MaKcu.wy.wa, 0 - •o xe OAJI e•opozo MaKcu.wy.wa, 
0- •o xe OAJI •pe•bezo MaKCUMyMa, • - CYMMa 
pacnpeoeAeHuu Epeu•a- BuzHepa OAJI •pex MaKcu.wy
.woe c pacnpeoeAeHue.w OAJI tjoHa. 



N 

N = 646 KOM6. 
Z09414 

I 

Puc. 5. PacnpeOeAeHue no 31/J(JeKIIIU8HbiM .wacca.wl\tr+tr+. 

C nOMO!Jib10 YCIIIQHOBKU ",l(UCK" H3y'leH 
npou.ecc DD ... M(X) + D npH nepe,naHHOM 
HMnynLce It I = 0,5 i.r3B/c ) 2 H HMnynLce 
nepBH'IHLIX .neB:TpOHOB 8,9 T3B/c Ha 
CHHxpo4Ja3oTpOHe. B 3aBHCHMOCTH .naoB:
Horo ,nH4J4JepeHu.HanLHoro ce'leHHB 
da/ (dtdM(X)) Ha6mo,nancB nHK ynpyroro 
pacceBHHB H BTOPOH llHK npH e = 75 °, co
OTBeTCTByoo~HH ynpyrOMY pacceBH~ o,n
HOrO H3 HyKnoHoB HaneTaromero ,neB:TpoHa 
Ha ,neB:TpoHe MHllleHH, H npH Macce M(X) ::: 
:_· 1880 M3B (Ha _ 400 M3B 6onLllle Mac
eM ,neB:TpoHa) o6Hapy~eHa pe3oHaHcHaB 
OC06eHHOCTL. 

Ha CHUMKax, noAy'leHHbiX c noMO!Jib10 
OOHOMelllpOBOU JICUOKOBOOOpOOHOU KaMepbl 
Ha nyqKe ,neHTpOHOB C HMnynLCOM 
3,33 T3B/c Ha CHHxpo4Ja3oTpOHe, HCCne
,I{OBaHa peaKU.HB pa3aana ,neB:TpoHa. IIo
ny'leHo, 'ITO B o6naCTH HMnynLCOB HyK
noHa-cneKTaTopa, KHHeMaTH'leCKH Janpe
~eHHOH ,nnB NN -a3aHMo,neB:cTBHB, Mexa
HH3M npou.ecca MO~eT 6MTL OllHCaH Tpe
yronLHOH ,nHarpaMMOH C B036y~,neHHeM 
H3o6apM M1232) B npoMe~yTO'IHOM co
CTOBHHH. 06Hapy~eHa KOppenBI.J,HB Me~,ny 
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a3HMyTanLHMMH yrnaMH HyKnOHa C HaH-
6onee aepoBTHMM pacnono~eHHeM HM
nynLCOB HyKnOHOB B O.I{HOH nnOCKOCTH. 

3~eKTpoMarHHTHa~ cTpyKTypa 
3~eMeHTapHWX qacTHQ 

B coaMecmHOM 3KcnepuMeHIIe OH.RH
l(EPH no rny6oKoHeynpyroMy pacceBH~ 
MIDOHOB npOBO.I{HnCB Ha6op 3KCnepHMeH
TanLHOrO MaTepHana Ha yrnepO.I{HOH MH
llleHH npH JHeprHH 120 H 280 F3B H ne
pe,naHHLIX HMnynLcax ltl = 50-300(T3B/c)~ 

C paaHeHHe aenH'IHH CTPYKTypHoB: cPYHK
li,HH npH 120 H 280 F3B noKaJano Hx 
COBlla,I{eHHe, 'ITO CBH,I{eTenLCTByeT B llOnL-
3Y BMllOnHeHHB MaClliTa6HOH HHBapHaHT
HOCTH (puc. 6 ). Hccne,noaaH cneKTp Mace 

Fz 

0.1 
0.4 O.Z c a•O.ll __. .. 
0.1~ ••• , • 

OA 

o.z .. ~ .... ,. ••• • 
0.1 

o.z • ··~o~;.J++: • 0.1 • 
O.E t 
0.4 

• UEPH- .Qopn•YHA
reHAenb6epr-Ca~e 

0 OMIIM-UEPH (120 r3B) 
• OMIIM-UEPH (280 r3B) 

O.llcac0.4 

+ 0.4cac0.5 

1' 0. •• Q,f "t + ++ + t t t + 0.5 c ••0.6 

0.1~ 

ODI 
().1)4 

~~\tf I t t+ 
O.l•a•0.7 

().()2 t 

-

..., 

..., 

aa~---L----~--~----~------------~ 
!10 100 1110 200 o• 

Puc. 6. IloeeoeHue CIIIPYKIIIypHou !PYHKJIUU F 2 e 3aeu
cu.woc l/lu 0111 eeAU'IUHbl nepeoaHHOZO u.wnyAbca Q2 • 
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JJ:BYX MIOOHOB. )l;nJI 'laCTHJ.lLI Y (9,5) onpe 

,IJ;eneHa oueHKa ee po:>K,IJ,eHHJI Ha ypoBH e 

+ -) -39 2/ ax BR(Y .... fL fL S 10 CM HYK/1. 

0T'IeTnHBO Ha6nJO,IJ;aeTCJI llHK B paHOH e 

'laCTHllLI J /tjJ (3,1) . 

Pe;uiTHBHCTcKa SJ: 

SI,IJ,epHaSI q>H3HKa 

C noMOJIIb10 cneKmpoMempa ",4ucK" H a 

CHHXpO$a30TpOHe npoBe,IJ;eHO HCCfle,IJ;OBa 

HHe xapaKTepHCTHK KyMynJITHBHoro o6pa -

30BaHHJI llHOHOB, npOTOHOB, ,IJ;eHTpOHOB H 

HJJ:ep TPHTHJI. 3KcnepHMeHTanLHLie ,IJ;aHHLi e 

nony'leHLI B ny'IKe npOTOHOB C HMllYn.bCOM 

8,9 T3B/c c Ha6opoM H3 24 Jl,IJ;ep npu 

yrne HCtryCKaHHJI 168° H KHHeTH'IeCKOH 

3HeprHH nuoHoB OT 50 JJ:O 1000 M3B . 
B 3KcnepHMeHTax y,IJ;anoc.b H3Y'IHT .b KyMy 

nHTHBHOe Me30H006pa30BaHHe B He,IJ;o 

CTYDHOH paHee o6nacTH 3Hepruil nHOHOB , 

r,IJ;e ceqeHHe na,IJ;aeT Ha 9 nopHJJ:KOB a e 

nH'IHHLI. B o6nacTH ManLix 3Hepruil nuo 

HOB Ha6nJO,IJ;aeTCJI CTpyKTypa, 6onee npo 

JIBflJIIOIJ.laJICJI Ha MHWeHJIX H3 nerKHX Jl,II;ep . 

JaBHCHMOCT.b Ce'leHHJI o6pa30BaHH JI 

KYMYflJITHBHLIX llHOHOB H 6apHOHHLIX CHC 

TeM OT aTOMHOrO Beca Jl,II;pa-MHWeHH H3 y 

'leHa npH HMllYfl.bCe BTOpH'IHLIX 'laCTHJ.l 

500 M3B/c. BLIXOJJ: KyMynHTHBHLIX rtpo 

TOHOB npeBLIWaeT BLIXO,IJ; KYMYflJITHBHLIX 

nHoHoB TonLKo npH A>20, npH'IeM ,IJ;nH nuo

HOB HHBapHaHTHOe Ce'leHHe HX o6pa30Ba -

HHJI Ha HyKnoH .ll,IJ;pa B o6nacTH A> 20 
npaKTH'IeCKH He 3aBHCHT OT BenH'IHH LI 

aTOMHOrO HOMepa Jl,IJ;pa-MHWeHH. 

C llOMOIJ.l.biO KaMepHOH MeTO,II;HKH H3 y 

'leHO po:>K,D,eHHe npOTOHOB, BLineTaiOIJ.lHX 

B 3a,IJ;HIOIO nonyc4Jepy B peaKl.lHJIX B3aHM"' -

,IJ;eHCTBHJI 

-7 F3B/c 
4 F3B/c 

HeHTpOHOB c HMnyn.bCOM 

H llHOHOB C HMllYfl.bCOM 

c HJJ:POM yrnepo,IJ;a. AHanH 3 

3HepreTH'IeCKHX pacnpe,IJ;eneHHH llOJ];TBep)I( 

,IJ;aeT, 'ITO HMeeTCJI no KpaHHeH Mepe 2 M e -

XaHH3Ma o6pa30BaHHJI TaKHX npOTOHOB. 

B 3THX )l(e B3aHMOJJ:eilcTBHJIX onpe,IJ;eneHa 

nonHpH3al.lHJI KyMynHTHBHO pO)I(,IJ;eHHLIX 

A - runepoHoB. 

Hccne,IJ;oBaHHe xapaKTepHCTHK KyMynH

THBHLix llHOHOB B 11-C -a3aHMO,IJ;eHCTBHJIX 

npu 40 F3B/c noKa3ano: a co6LITHJIX c Ky

MynHTHBH.biMH llHOHaMH Ha6nJO,IJ;aeTCJI pOCT 

MHO)I(eCTBeHHOCTH BCeX BTOpH'IHLIX qac

THJ.l, nonepe'IH.bie HMnynLCLI 6onbwe cpe,IJ;

HHX B 2-2,5 pa3a, BepOJITHOCT.b llOnHOrO 

pa3pyweHHJI Jl,IJ;pa yrnepo,IJ;a yaenuquaaeTCJI 

B 5 pa3 H ,IJ;OCTHraeT BenH'IHH.bl 38cfo. 

3aKOH~eH aHa/IU3 no noucKy m~xeAozo 
u3omona 10 He B peaKJ.lHH D + 232 Th npH 

HMnynLce ,IJ;eHTPOHOB 4,8 T3B/c/HYK/I. c no

MOil.l.biO yCTaHOBKH "CneKTpOMeTp Jl,II;ep 

OT,IJ;a'IH" Ha CHHXpO$a30TpOHe. IloKa3aHO, 

'ITO Ha ypOBHe 1,5 MK6 H30TOll 
10 He He 

o6pa3yeTCJI (puc. 7). 

I 'H., 

6He 
10' b--1 I I 

-~ 10' 
~ 

~ 
0 
< u 
~ 

T 

1 

d + 232 Th 

6L; 

l 

4He 

0 I I I I I I !!lUll II ))I I 1"1 I I I I I I I 
80 100 120 100 180 200 220 240 

H OMC!'p M:OHQAQ 

Puc. 7. PacnpeoeAeHue no .wacca.w t/Jpaz.weHIIIOe, 
o6pa3oeaHHbiX e peaKIIUU D + 23 2 'Ih npu u.wnyAbce 
oeiilllpOH06 4,8 F3B/c/HYK/I. 



B onbJmax Ha cuHxporja3ompoHe npu 
o6nyqeHHH ~BYXMeTpOBOH nponaHOBOH Ka
MepLI npoTonaMH, .ll~paMH D, He H C 
c HMnynLCOM 4,2 F3B/c/HYKA. H3yqenLI 
oco6euuocTH npouecca MHO*eCTBeuuoro 
o6pa3oBaHH.II qacTHU. BLI.IICHeuo, qTo cpe~
H.II.II MHO*eCTBeHHOCTh o6pa30BaHHLIX qac
THU 3aBHCHT rnaBHLIM o6pa30M OT qlfcna 
HyKnOHOB na~aromero .ll~pa, KOTOpLie B3aH
MO~eHCTBYIOT C MHllleHLIO He3aBHCHMO. 
llpoae~euo e~uuoe onucauue pacnpe~ene
HH.II OTPHUaTenLHLIX llHOHOB B MO~HcPHUH
poBaHHLIX KHO- nepeMeHHLIX no Tonono
ruqecKHM ceqenH.IIM o6pa3oBaHH.II , --Me-
30HOB B coy~apeHH.IIX p, D, He H C c MH
llleH.IIMH H3 C H Ta npu 4,2 F3B/c/HYKA. 
H B pp -a3aHMo~eucTBH.IIX npu :meprHH 
6onLllle 60 T3B. TaKHM o6pa3oM, B uc
cne~yeMLIX peaKUH.IIX ( ~0 <n_ > MeHLllle 2 ) 
He o6uapy*eHO npO.IIBneHHH KOnneKTHBHLIX 
3cPcPeKTOB npH CTOllKHOBeHHH .ll~ep. ,1J;n.11 
B3aHMO~eHCTBHH C + Ta uau~eHO OTKllOHe
HHe ~HCnepCHH OTpHUaTenLHLIX llHOHOB OT 
np.IIMOH 3aBHCHMOCTH ManLxoTpLI- Bpy6-
neacKoro, KOTopa.ll ~n.11 pp, pTa, He +Ta 
BLillOllH.IIeTC.II ( puc.8 ). Ha OCHOBe 3cPcPeKTa 
HHTep«l!epeHUHH TO*~eCTBeHHLIX qaCTHU 
c~enaua oueuKa pa3Mepa o6nacTH ucnyc
KaHH.II OTpHUaTenLHLIX llHOHOB B (C -t-Ta)
B3aHMO~eHCTBH.IIX, KOTOpLIH OKa3anC.II paa
HLIM (3,3±0,6) clJM (puc. 9 ). 

C noMOUibKJ cmpu.MepHoii 
CKM-200, o6nyqeuuou .~~~paMH 

HMnynLCOM 4,5 F3B/c/HYKA. ua 
cPa30Tpoue, onpe~eneuLI ceqenH.II 

Ka.Mepbl 
t 2c c 

CHHXpo
ueynpy-

rHX B3aHMO~eHCTBHH .ll~ep yrnepo~a C .II~
paMH C , Ne , Si , Cu H Zr. Heynpyrue 
ceqeHH.II XOpOlliO OllHCLIBaiOTC.II cPOpMynou 

Heynp., 
a M6 

c 

805+30 

Ne 

1100+60 
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li pau~Ta-lleTepca a :o rr r6<A\"3+ A\13-- b ) 2 , 
r~e ro "' l,30±0,01 H bo = 0,61±0,01. cne
nHqHHLI ceqeHHH ~aHLI B ma6A. 2. 

B v 4 
o B3aHMo~eHCTBH.IIX He c HMnynL-

c oM 4,5 T3B/c/HYKA. c .ll~paMH Li, C, 
Al . Cu onpe~eneHLI ceqeuu.11 o6pa3oaa
HH.II «l!parMeHTOB 1H, 2 H, 3 H , 3 He OT .11~pa 

...... 
...... ... 

... 
• - St 

I 
Q -----

0 4 

Pu c . 8. 3a6u c u,woc•" oucnepcuu D- o• cpeOHeu 
MHOJICeCIII6eHHOCIIIU OlllpUijallle/lbHI>IX nUOH06 < n > 0/IA 
63au,wooeuciii6Uu peAAIIIU6UCIIICKux AOep c A7ipa,wu. 

o He +(Li ,C.Ne,Al,Cu,Pb) ~ 
u C+(C,Ne,Si ,Cu ,Zr) ~ 

npu u,wnyAbce 

4,5 r3B/c/HYKA. 

CKM-200. 

• (p. D .He.C)+C ) npu UMnyAI>Ce 4,2 r3B/c/HYKA. , 
.. (p . D. He,C)~-Ta ~ 06YXMelllp06QA nponaH06QA Ka-

,wepa. 

.1 - pacnpeOeAeHue Bpy6Ae6cKozo- MaAI>XOIIIPI>I 6 pp -
63QUM00euciii6UAX 6 Ouana30He 4-400 r3B/c, 2 -
pacnpeOeAeHue no 3QKOHY IlyaccoHa. 

Ta6Aut~a 2 

Si Cu Zr 

1200+80 1770+90 2025+120 



42 

~ 

if' 
of. 

0,020 0,050 O,iOO 

CTa -li· • f". •X 
ct.< 0,:!100 f>B 

O.iSO 0,200 
2 )2 q.L, ( r3B/ c 

Puc. 9. llpo.IIBAeHue 31/JI/JeKifla uHmep(JepeHijUU ( no <h e..w 
npu MQAbiX BeAU'IUHQX qi_) ..wexoy OBYMJI Ollpu· 
ijameAbHbiMU nuoHa..wu U3 peaKijUU C + Ta -+IT - +IT - + ... 
npu u..wnyA~oce .11oep yzAepoOa 4,2 F3B/ c / HYKA. Be· 

AU'IUHQ R onpeoeAJielfl OIIIHOIUeHue BeAU'IUHbl 31/J(Je KIIIQ 

UH•ep(JepeHijUU K 1/JoHy. 

4He H ceqeHHe o6pa30BaHHB HeCKOJibK HX 

clJparMeHTOB B O.IJ.HOM B3aHMO.IJ.eiicTBHH. O n· 

pe,IJ,eJieHa 3aBHCHMOCTb 3THX ceqeHHH OT 

qHcna HyKnoHOB B B.IJ.pe- MHWeHH. Haii.IJ.e

HO, qTO cpe,IJ,HBB MHO*eCTBeHHOCTb OTp H· 

uaTenbHhiX llHOHOB < n_ > B 3aBHCHMOCTH 

OT MaCChi B,IJ,pa·MHWeHH llOCTOBHHa, e CJIH 

H3 B,IJ,pa·CHapB,IJ,a 
4
He B3aHMO,IJ,eHCTB9Ba no 

He 6onee .IJ.BYX HYKJIOHOB (Nint ~2), H < n _ > 

pacTeT, ecnH - 6onee ,IJ,Byx. Hccne,IJ,oaau He 

clJparMeHTaUHH 4He Ha B,IJ,pax ll03BOJIHJIO HC· 

KJllOqHTb MO,IJ,eJib "KOJIJieKTHBHOH Tpy6K H". 

06HapyJKeHO UCnyCKQHUe HYKAOH06 
C KHHeTHqecKHMH 3HeprHHMH OT 20 ,!J,O 

400 M3B 6e3 conpoao*,!l,eHHH BTOpHqHbiMH 

llHOHaMH BO B3aHMO,IJ,eHCTBHHX llHOHOB C HM • 

nynbCOM 3,5 F3B/c c H,IJ,paMH KCeHoHa. 

AHaJIH3 B3aHMO,IJ,eHCTBHH yKa3biBaeT Ha MO· 

HOTOHHOe HCllYCKaHHe HYKJIOHOB, npHqeM 

HX qHCJIO onpe,IJ,eJIBeTCB qHCJIOM HYKJIOHOB 

H.IJ.pa, pacnono*eHHbiX Ha nyTH na,IJ,aromeii 

qacTHUhi. HeperynHpHOCTH B 3HepreTH· 

qecKOM cneKTpe HCllYIUCHHhiX HYKJIOHOB npH 

3HeprHH 40, 140 H 220 M3B yKa3biBaroT, 

qTo HCllYCKaHHe HYKJIOHOB npOHCXO,!J,HT ,IJ,By· 

MB HJIH 6onee HYKJIOHHbiMH CHCTeMaMH. 

HccAe6oeaHbl 3Hepzemu<~ecKue u yz
A06ble pacnpec)eAeHUJI BTOpHqHhiX qacTHU 

BO B3aHMO,!J,CHCTBHHX H,IJ,ep yrnepo,IJ,a C HM • 

nynbCOM 4,5 F3B/c/HYKAOH c H.IJ.paMH «Po

T03MYJibCHH. Haii,IJ,eHo, qTo B ueHTpanbHbiX 

B3aHMO,!J,CHCTBHHX (BKmoqag C06hiTHH C 

llOJIHbiM pa3pyweHHeM B,IJ,ep • MHWCHH ) cpe,IJ, • 

HHH KHHeTHqecKaH 3He·prHH g ·qacTHU He 

yMeHbWaCTCH llO cpaBHeHHIO C nepHclJepH· 

qecKHMH B3aHMO,!J,CHCTBHBMH, a 3HeprHH 

b • qaCTHU yBeJIHqHBaeTCH. IJpH yBeJIHqe • 

HHH MaCChi HaJieTaromeii qacTHUhi OT npo· 

ToHa .IJ.O yrnepo,IJ,a B 3HepreTHqecKHX pac

npe,IJ,eneHHBX npoHBnHeTCB pB.IJ. oco6eHHO· 

CTCH, KOTOphie TPY.IJ.HO 06bHCHHTb B paM· 

KaX 06hiqHOH cynepn03HUHOHHOH MO,IJ,CJIH ~ 

II_onyqeHHhie pe3ynbTaT bi He o6Hapy)I(HBa· 

lOT 3aMeTHOH ponH npocToro MexaHH3Ma 

y,IJ,apHOH BOJIHhi, HO yKa3hiBaiOT Ha llOHB· 

neHHe 3cPcPeKTOB KOJIJieKTHBHOrO B3aHMO· 

,!J,CHCTBHH CTaJIKHBaiOIUHXCH H,!l,ep. 

Pa3BHTHe MeTo~HKH 3KcrrepHMeHTa 
06HapyJKeHo Hoeoe fPU3u<~ecKoe .ReAe· 

HUe • Ha nyqKe npOTOHOB C HMllYJibCOM 

8 F3B/c c noMOJUbiO ycTaHOBKH "Kp H· 

CTann" 3acPHKCHpOBaHO OTKJIOHCHHe nyq Ka 

llpOTOHOB H30rHyThiM MOHOKpHCTaJIJIOM . 

IIpoTOHhi, 3axBaqeHHbie B npouecc 

llJIOCKOCTHOrO KaHaJIHpOBaHHH H30rHYTbiM 

MOHOKpHCTaJIJIOM KpeMHHB ,IJ,JIHHOH 20 MM, 
OTKJIOHHJIHCb Ha yroJI 26 Mpac) ( puc.JO). 
Pa.IJ.HYC TpaeKTOpHH qacTHU COCTaBHJI 
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N 
500 1750 

200 

400 1400 

150 

300 1050 

100 

200 700 

50 

2 2 0 2 3 

400 

1050 

840 300 

650 1 
200 

420 

J 
210 

1 
4 6 8 10 12 14 16 0 4 8 u ~ w ~ ~ 

9x, MPaA 
Puc. 10. PacnpeOeAeHue npOIIIOH06 nepeU'iHOZO ny'iKQ no YZ A QM 6biXOOa npu U3ZU6e KPUCMQAAQ HQ YZAbl 

0,1,3,13 U 26 MpaO. 

38 CM, 'ITO 3KBHBaJICHTHO B03.IJ;CHCTBHlO Ha 

'laCTHJ.J;y MarHHTHOrO DOJI.II C HH.IJ;YKJ.J;HCH 

OKOJIO 72 T. B pa6oTe npHH.IIJIH yqacTHe 

coTpy.nuHKH H3 CTpau-yqacTHHU OIUIH 
H CiliA. 

,l!A.R o6ecne~eHu.R pa6ombl ¢u3u~ecKux 
YC11fQH060K Ha DY'IKaX raMMa-KBaHTOB H 

.11.nep pa3pa6oTauo H H3ro'fosneuo uecKOJIL

KO BapHaHTOB KpHoreHHhlX MHWeueii:: BO

.IJ;OpO.IJ;HO-.IJ;CHTepHeBa.ll H BO.D;OpO.D;HO-reJIHe-

Ba.ll . B KaJK.IJ;OH MHWeHH TpeTHH COCY.IJ; .IIB

JIJie T C.II nycThlM H npe.nuaJuaqeu .IJ;JI.II «lJo

HOBhlX H3MepeHHH. BaKyyM B MHWeHH CO

CTaB JIJieT 10-4 - 10-5 Top. 

Pa3pa6omaH u C030QH oey.MepHbiU oe
meKmop peuTreuoscKoro H3JIY'IeHH.II, npe.n

uaJu aqeuuhlii .IJ;JI.II HCCJIC.IJ;OBaHH.II MOHOKpu

CTa JIOB. IlpocTpaucTseuuoe pa3peweuue 

.IJ;eTe KTOpa COCTaBJI.IIeT -1 MM, 6blCTpO

.neiic TBHe - OKOJIO 2x10 5co6/c. Ilpu6op 





Yc•aHoeKa o.~u wccAeooeaHWI KaHaAu
poeaHWI 'IQC.Ufl 6WCOKUX 3Hepzui1 co-
30QHQ npu y'lac•uu uHc•u•y•oe lloAt.
CKoil HapooHoil Pecny6AuKu, Coee•cKozo 
COI03Q u CIJJA . 
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pa6oTaeT Ha nHHHH C 3BM, HHl!JopMaUHB 
nepe.naeTCB Ha TeneBH3HOHHLIB MOHHTOp. 

Pa3pa6omaHbl u u3zomoeAeHbl HOBble 
6AOKU 8bl'tUCAU111e/lbHOU meXHUKU U 3/l e Km
pOHHble ycmpoucmea: HHTepl!JeB:c K 3 BM 
"3Knunc C/200", annapaTypa .nnB noBbi
weHHB pa3pewarowe:H cnoco6HOCTH HOHH
JauuoHHLIX ,IlaTqHKOB Ha CHHXpol!Ja30TpOHe, 
annapaTypa .nnB H3MepeHHB 3HepreTuq ec
KHX noTepb B HMnynhCHblX CBepxnpOBO.IlB
IUHX MarHHTaX H B KOpOTKHX o6pa3u ax 
cBepxnpoBO.IlBIUHX Ka6ene:H, pa6oTaromaB Ha 
nHHHH c 3BM TPA-70. Ha ocHoBe MHKpo
npoueccopa Intel-8080 pa3pa6oTaHa cuc
TeMa "MHWKa", npe.nHa3HaqeHHaB .IlllB HC
nonb30BaHHB B KaqecTBe MHKpo- 3BM npH 
o6pa60TKe l!JHJHqeCKOH HHl!JopMaUHH HnH 
B KaqecTBe CHCTeMLI ynpaBneHHB npH pe-

weHHH Ja.naq B peanhHOM MacwTa6e Bpe
MeHu. CucTeMa "MuWKa" noJBonBeT aBTo
MaTH3HpoBaTb TaKHe 3KCnepHMeHTLI, B KO
TOpbiX H3- 3a 6onbWOB CTOHMOCTH MHHH-
3BM npHMeHeHHe cpe.ncTB BLiqucnHTenb
HOB TeXHHKH paHee He 6Lino onpaB.naHHLIM. 

Ha OCHOBe rH6PH.IlHOB HHTerpanbHOB 
cxeMLI npeo6pa3oBaTenB "3apx.n-BpeMB" 
coJ.naH 6noK perucTpauuu .nnB aHanoro
BLIX ro.nocKonuqecKHx cucTeM, pa6oTaro
IUHB no HOBOMY npHHUHny cMeweHHB aHa
noroBLIX curHanoB, qTo noJBonuno pe3Ko 
CHH3HTb annapaTypHLie JaTpaTLI. CoJ.naH 
MHKponpoueccopHbiB CTeH.Il .IlllB aBTOMa
TH3HpOBaHHOH npoBepKH xapaKTepHCTHK 
aHanoroBLix u aHanoro- uul!JpoBbiX 6noKOB 
KAMAK. Pa3pa6oTaH npocTeB:wuB: cne
uuanuJupoBaHHLIB B3LIK Tuna EeB:cuK-~o
Kan. 

CoBeprneHCTBOBaHMe ~eHCTBYID~Mx 
M pa3pa60TKa HOBWX 

~M3MqeCKMX npM60pOB M ycTaHOBOK 
CosepmeHCTBOBaHHe 

CHHXpo<lJa30TpOHB 

Ha cuHxporja3ompoHe BLinonHeH 6onb
WOH 06'beM pa60T no ynyqweHHIO H MO.Ilep
HH3aUHH HeKOTOpbiX Y3llOB YCKOpHTenH H 
CTa6HnH3aUHH pe)I(HMOB ero pa60Tbl. 

B CHCTeMy ynpaBneHHB Me.nneHHLIM Bbi
BO.IlOM nyqKa yCKOpeHHblX qacTHU BBe.IleHa 
annapaTypa .nnB ocymecTBneHHB paBHo
MepHoro BblBO.Ila nyqKa (onLITHLIB Ba
pHaHT ). O.nHoBpeMeHHO c 3THM peanHJo
BaHo oT.neneHHe Mano:H .nonu nyqKa ( .no 
0,001) .nnx Me.nneHHoro BLIBo.na H o6ec
neqeHo no.n.nep)l(aHHe 3Toro ypoBHB c BLI
coKoB: CTeneHbiO CTa6HnH3aUHH. ~aHHaB 

cxeMa ocymecTBnBeT H no.naBneHue HH3 Ko
qacTOTHLIX ( .IlO 150 Tij) nynbCaUHB TOKa 
BLIBe.neHHOro nyqKa. OcymeCTBneH pe)I(HM 
Me.nneHHOrO BLIBO.Ila .IlBYX nyqKOB B O.IlHOM 

UHKne YCKOpeHHB: O.IlHOrO npH 3HeprHH 
300 M3B/HYKAOH H BToporo - npu 
2-4 T3B/HYKAOH. 

CoJ.naHa MHoroKaHanbHaB CHCTeMa 
MOHHTOpHpOBaHHB nyqKa .IlllB .IlHarHOCTHKH 
H . HaCTpOBKH pe)I(HMOB YCKOpHTenB npH 
ycKopeHHH B.nep C, 0, Ne B .nuanaJoHe 
HHTeHCHBHOCTeH OT 10 2 .IlO 10 g B,Ilep B 
UHKne. 

Ilpo.noll)l(anucb pa6oTbi no coJ.naHHIO 
annapa TYPLI .nnB H3MepeHHB MarHHTHbiX 
none:H B pa6oqe:H o6nacTH KaMepbi CHHxpo
l!JaJoTpoHa. 

j(AJI UOHHOZO UCIIIO'tHUKQ "KpuoH- 2" 
pa3pa6oTaH KOMnneKC 3neKTpOHHOB anna
paTypLI, n03BOllHBWHH .IlOBeCTH 3HeprHIO 
3neKTpOHHoro nyqKa .no 20 K3B H TOK 
.no 100 MA. 3To no3Bonuno nonyqHTb 
Ha BLIXO.Ile HCTOqHHKa nyqoK Xe+4B C HH
TeHCHBHOCTbiO 10 7uoH/ijUKA (puc. JJ). 
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Pa6oThi rro rrpoeKTaM HYKJioTpoHa, 

YCKOpHTeJibHO·HaKOIIHTeJibHOrO 

KOMIIJieKca 

H YCKOpHTeJibHOrO KOMIIJieKca 

T5DKeJiblX HOHOB 

IIpoOO/IJICaAacb pa3pa6omKa mexHoAozuu 
H3rOTOBneHHB CBepxnpOBO~B~HX MaTepHa

nOB H MarHHTOB, a TaiOKe npOBO~HnHCb 

HX HCCne~OBaHHB. 

YcoBepmeHCTBOBaH cTeH~ ~nB H3Me

peHH B KanopHMeTpHqecKHM cnoco6oM 

TennOBhlAeneHH~ B KOpOTKHX o6pa3QaX 

CBepxnpOBO~HHKa, HaXOAB~HXCB B nepe

MeH HOM MarHHTHOM none. 

IJpoBe~eHhl no~p06Hbie HCnhlTaHHB o6-

pa3Qa ~HnOnbHOrO MarHHTa H3 Tpy6qaTO

ro cBepxnpoBo~HHKa c UHPKYnBUHOHHO~ 

CHCTeMO~ KpHOCTaTHpOBaHHB nOTOKaMH 

~ByxiPa3Horo renHB. MaKCHManbHbi~ KpH-

THqe cKH~ TOK B MarHHTe cocTaBHn 

750 0 A npH none B ueHTpe MarHHTa 2,4 T. 
CT e neHb ~erpa~aUHH KpHTHqecKoro TOKa 

OKa3 anacb HH3KO~ ( 10<1o) ~a:>Ke npH 6onL

WHX cKopocT Bx H3MeHeHHB nonB ( 4 T /c) 

H TennoBw~eneHHBX (18 Bm ), qTo yKa3bi

Bae T Ha xopomHe ycnoBHB oxna:>K~eHHB 

Mar HHTa. 

IJpOBO~HnOCb HCCne~OBaHHe noTepb B 

KOpOTKHX o6pa3QaX CBepxnpOBO~HHKOB, H3-

Me p eHHe TennonpOBO~HOCTH H JneKTpH

qeC K OrO conpOTHBneHHB CBepxnpOBOAHHKOB 

THna HT- 50 H Ka6ene~. H3rOTOBneHHbiX 

B JIB3. lf3MepeHhl KpHTHqecKHe TOKH o6-

pa3Q OB CHnhHOTOqHhlX illHH, H3rOTOBneH

HbiX B na6opaTOpHH, H OAHHOqHbiX npOBO

~o·B npOMhlillneHHOrO npOH3BO~CTBa. 

lfccne~oBaHw xapaKTepHCTHKH cBepx

npoBo~B~ero ~HnonB Ha 4 T, TOK 1500 A 
H J HeprHIO 80 KAJIC. MarHHT oxna:>K~ancB 

npoKaqKo~ ~ByxiPa3Horo renHB c pa3nHq

HbiM napoco~ep:>KaHHeM no nonLIM cBepx

npoBOAB~HM o6MOTKaM ~HnonB. YcnemHo 

onpo6oBaHw aBapH~Hble pe:>KHMbl c npeBbi

meHHeM KpHTHqeCKOrO TOKa. 
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IJpoeOOUAQCb i:JemaAbHQJI Mame.Mamu~ec

KQJI npopa6omKa BOllpOCOB COJ.IJ.aHHR TR
)I(enOHOHHOrO cuuxpoTpoua ( THC) . Onp e
.IJ.eneH~ .IJ.OllYCKH Ha MarHHTHbie JneMeHTbi, 

3annauupoaauuoe apeMR pa6oT~ ycKo
puTenR - 4202 qaca. 

YcKopuTenb pa6oTan: 
a/ ua JKcnepuMeHTanbH~e uccne.II.o-

BaHHR llO llJHJHKe JneMeHTapHbiX 'laC THU 
H llJHJHKe penRTHBHCTCKHX R.IJ.ep - 3413 qa-

paCC'IHTaH BapHaHT nepeBO.II.a 'laCTHU H3 
CHHXpOTpOHa B CHHXpollJaJOTpOH, a TaK*e 
paCCMOTpeHbl BOllpOC~ HH)I(eKUHH H BBO.II.a 
ny'IKa. 

3KCnAyaTaUHH CHHXpO~a30TpOHa 

COB CO cpe.IJ.HeB HHTeHCHBHOCTbJO 
5,3xl0 ll YCKOpeHHbiX npOTOHOB; 2,3xl011 

.II.eB:Tpouoa; 5xl0 9 R.IJ.ep renuR; 4xl0 5 R.IJ.ep 
yrnepo.IJ.a Ja O.II.HH UHKn ycKopeHHR; 

6/ Ha COBepmeHCTBOBaHHe CHCTeM yc
KOpHTeng - 560 'laCOB. 



JipoOO.IIJICQ.IIUCb • pa60IIIbl 

no coeepweHcmeoeaHu~ 

3./leKIIIPOHHO-.IIy~eeozo 

KpUOZeHHOZO UOHU3QIIIO

pa ( "KpuoH-2 ). Jiy

meM yee.11u~eHUR 3Hep

zuu 3./leKIIIpOHHOZO ny~

KQ 6 UCIIIO~HUKe C030QHbl 

YCII06UR OIIR 3r/Jr/JeKIIIU6-

HOU UOHU3QijUU IIIRJICe.llbiX 

UOH06 . 

Bl>lnO.IIHeH 6ollbWOu o61>

eM pa6om no coeepweH

cmeoeaHu~ cuHxporjja-

3ompoHa . Co30aHa MHo

zoKaHa.llbHaR cucmeMa 

MOHUIIIOpUp06QHUR ny~KQ 

0./IR OUQZHOCIIIUKU u HQ

CIIIpOUKU peJICUM06 pa6o

lllbl ycKopume.IIR. 



llaeU/II>OH OAJI ucnw•aHuu ceepxnpoeo
OJIJIIUX MOZ HUIII06. 

.. 

B COOIII6eiiiCIII6UU C npozpaMMOU pa60111 no npoeKIIIOM 
HY!fAOIIIpoHa u YHK npoeoOJIIIICJI uccAeooeaHUJI ceepx
npoeoOJIJIIUX MOIIIepUOA06 U MOZHUIII06. C Y'IOCIIIUeM 
cneiiUOAUCIII06 113 qccp UCCAe0060HI>I XOpaKIIIepUCIIIII" 
KU ceepxnpoeoOJII/Iezo ounoAJI. 



,ll.u 3KcnepUMeH•oe c uc
noAI>306aHueM c•puMepHI>IX 
KaMep paapa6o•aHa u co
ac)aHa JICUOK06000pOOHaJI He· 
Mf!.Q.!I.!IU'If!CKQJI MUIIIeHI>. 
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B 1979 ro~y HayqHo-uccne~osaTenL

cKax H HayqHo-MeTo~uqecKax ~exTenL

HOCTL na6opaTopuu . senacL no TpeM rnas

HLIM HanpaBDeHHHM: 

- JaBepmeHHe -lfCCDe~OBaHHH no <i>HJHKe 

cpe~HHX 3HeprHH Ha CHHXPOUHKDOTpOHe 

~ ~0 OCTaHOBKH CHHXpOUHKDOTpOHa ~DH 

peKOHCTpyKUHH B HIODe 1979 r.); 

- BhlllODHeHHe pa60T no peKOHCTpyK

UHH CHHXpOUHKDOTpOHa: H3rOTOBDeHHe H 

Hana~Ka o6opy~osaHHH ~nx ycTaHOBKH "<l>", 

~eMOHTa* ycKopuTenx ( sTopax nonoBHHa 

1979r. ): 
- pa3sepTLIBaHHe lliHpOKOH nporpaMMLI 

Jla6opa TOpHH 
H~epHbiX 

npo6JieM 

HCCne~OBaHHH no <i>HJHKe BhiCOKHX 3HeprHH 

Ha ce p nyXOBCKOM YCKOpHTene. 

Jla 6opa Topux aKTHBHO yqacTsosana 

B MIO HHOM 3KcnepuMeHTe OHRH-U:EPH, 

TPH Kp ynHLIX onLITa ycnemHo nposo~HDHCL 

Ha yCKOpHTene JIH.H<l> ( rayquHa), JaBep

manaCL o6pa60TKa ~aHHhiX COBMeCTHOrO 

3Kcnep uMeHTa JI.Hll OHRH - CHH (QIO
pux). PaJpa6aTLIBanucL HOBbie MeTo~LI H 

JneKTPOHHax annapaTypa ~nx x~epHo-<t>u

JuqecKHX HCCDe~OBaHHH. llpOBO~HDHCh pac

qeTLI ~HHaMHqecKHX xapaKTepHCTHK YCKO

pHTen Ho- HaKonuTenLHoro KOMnneKca. Ha 

ycKopu Tene Y -120M s P*e*e ( qccp) ~o
CTHrHy TLI npoeKTHLie napaMeTphi. 

HayqHo-Mcc~e~oBaTe~hCKMe 

pa60'fhi 
MccJie,noBaHHe 

CBOHCTB J1 B3aHMO,UeHCTBJ1H 

3JieMeHTapHWX qaCTJ1Q 

Ha n.RmuMempoeoM MazHumHoM ucKpo
eoM cneKmpoMempe MHC nonyqeHLI ~u<t><t>e
peHuuanLHLie ceqeHHH npouecca ~u<t>paK
UHOHHOH ~HCCOUHaUHH 77- Me30HOB C HM

nynLCOM 40 T3B/c B CHCTeMy Tpex rr

Me30HOB Ha x~pax Be , C , Si , Ti , Cu , 
Ag, Ta H Pb (puc.l2,13 ). Ha OCHOBaHHH 

aHaDH3a KaK ~H<i><i>epeHUHaDLHhiX, TaK H HH
TerpanLHhiX ceqeHHH KorepeHTHOro npo

uecca o6pa30BaHHH 6030HHhiX CHCTeM B 

paMKaX TeOpHH MHOrOKpaTHOrO pacceHHHH 

r nay6epa- CuTeHKO onpe~eneHLI nonHLie 

ceqeHHH B3aHMO~eHCTBHH HeCTa6HDhHOH 

MHOrOMe30HHOH CHCTeMLI C HyKno-

HOM B o6naCTH 34><l>eKTHBHhiX MaCC 
0,87 1,8 T3B/c~ llonHoe ceqeHue BJauMo

~eB:cTBHH npO~ODLHo-nonxpH30BaHHOH He

CTa6HDhHOH CHCTeMLI C HYKDOHOM COCTaB

DHeT 18 M6 B o6naCTH Mace 0,871,8 T3B/c2, 
qyo CBH~eTeDLCTByeT 0 MaDOCTH nor no-

IUeHHH PO*~eHHOH 6030HHOH CHCTeMLI 

B x~epHOH MaTepHH. AHaDH3 JaBHCHMO

CTH KorepeHTHoro ceqeHHH (puc. 14) OT 

aTOMHOrQ Beca H~pa H MaCChi HeCTa6HDL

HOH 6 30HHOH CHCTeMLI no~TBep*~aeT HB-

neHHe aHTH3KpaHHpOBaHHH B npoueccax 

~u4>pa UHOHHOH ~HCCOUHaiJ;HH, npe~cKa3aH

HOe KBapK-napTOHHOH MO~eDLIO, pa3BH

TOH B na6opaTopuu. 

C eOUHOU mO'IKU 3peHUJI HJyqeHLI H 

npoaHa DH3HpOBaHLI MHOrHe C}'lUeCTBeHHLie 

xapaKT epHCTHKH a~poH-x~epHLIX coy~ape

HHH: TaKue KaK HHKDI03HBHLie cneKTPLI nu

~PYIOIUeH qacTHULI, B qacTHOCTH npOTO

HOB, . B peaKUHHX pA -• pX, a TaK*e xapaK

TepHCTHKH MHO*eCTBeHHOrO PO*~eHHH BTO· 

puqHLI X qaCTHU B a~poH- H~epHLIX COy~a

peHHHX B lliHpOKOH o6naCTH 3HeprHH. 

O c HOBHLie peJynLTaTLI 3THX pa6oT 

CBO~HTCH K cne~yiOIUeMy: 

1. TeopHH MHOrOKpaTHhiX CTODKHOBe

HHH o 6 o6meHa Ha Heynpyrue BJaHMo~eB:cT

BHx a~pOHOB C H~paMH npH BhiCOKHX 3Hep

rHHX. 
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~( M6 ) 
dt' (r3B/ c)2 

c 

.1 

t' [r3B/ c J ~ 

10t 't 
Be 

. 01 .o .s 
t' [r3B/ c 1 2 

• V .1 

1000. 

100. 

10 . 

.1 

~ ( M6 ) 
dt' < r3 B/ c) 2 

Pb 

.3 .'( 

Ta 

2 
t' [ r3B/c] 

2 
t'[r3B/c1 

Puc. 12. Jlu,p,jepeH14Ua.Ar.Hoe ce~eHue npo14ecca ou~paKf4UOHHoi1 ouccOf4UOf4UU rr- Me3oHa e cuc•eMy •pex 

rr- Me3oHoe npu 3Hepzuu 40 r3B/c. CnAOIMHoi1 Kpueou ·o6o3Ha~eH pe3yAr.•a• ,Pu•upoeaHuA oaHHI>IX no 
•eopuu rAay6epa· Cu•eHKO. llyHK.UpHOU • HeKozepe•Hoe ce~eHue. 

2. B paMKax :noro no~xo~a HJ y 'leHbl 

cneKTphl JlH.IJ.HPYJOIUHX H BTOpH'IHbiX 'la CTIIU 

B HHKJU03HBHhiX peaKUHJIX C 60J1LWHMH no· 

nepe'IHLIMH HMnyJILCaMH. fiOKa3aHO , 'ITO 

TeopHJI MHOrOKpa THLIX nepepacce JIHHH 

y~osneTBOPHTeJILHO onHCLIBaeT KaK cna· 

6yro A - JaBHCHMOCTL o~HHX senH'IHH ( KO-

3cWIHuHeHTLI HeynpyrocTH H cpe~HHe n one-

pe'IHble HMnyJILCLI), TaK H aHOMaJlLHO 

CHJlLHYJO A- JaBHCHMOCTL ~pyrux xapaK

TepHCTHK, TaKHX KaK HHKffi03HBHLie cneKT· 

pbi JlH)J.HPYIOIUHX H BTOpH'IHLIX 'laCTHU npH 

60J1LWHX p l . 
3. llpe~JlO)I(eHa MO~WHKaUHJI MO~eJlH 

KaCKa~a JlH)J.HPYIOIUeH 'laCTHULI C y'leTOM 

clJnyKTyaUHH 3HepreTH'IeCKHX noTepL JIB· 



AHPYJO~eii: 
TenLHbiX 

l.faCTHUbl B 

coyAapenHii 

aKTax nocneAOBa

c BHYTPHHAepHLIMH 
HyKnoHaMH. 

Ha OCHOee pa36U1110U paHee KeapK-
napiTIOHHOU MOOeAu noKa3aHo. 'ITO aMnnH

TyAa Heynpyroii: AH~paKUHH anepeA OTpH-

ua TenLHa ( B OT llHl.fHe OT ynpyroii:). 3T~ 
llpHBOAHT K aHOManLHOMy, aHTHJKpaHHpo

BO"'HOMY 3HaKy HeynpyrHX nonpaBOK BAH~

paKUHOHHOB AHCCOUHaUHH Ha HApax. Haii:

AeHO TaiOKe, 'ITO BKnaA JTHX nonpaBOK 

aenHK, H npeHe6pe)l(eHHe HMH ('ITO acer

Aa AenaeTCH) npHBOAHT K Ka)l(yiUeMyCH 

ocna6neHHIO cel.feHHH norno~eHHH po)I(AeH

Hblx l.faCTHU. IIpeACKa3aH PHA Ha6nroAae

MbiX J~~eKTOB. 

B paMKax cmaHoapmHoil r<eapr<- nap
moHHoil MOOeAu BLI"'HcneHo pacnpeAeneHHe 

II .. ""' 

Puc. 13. CneK•P 3t/JtjJeKIIU6HI>IX Mace cuc•eMw •pex 

Me30H06, Ha6AJoOaiOIIIUUCJI Ha yc•aH06Ke MHC 6 npo

l#ecce OUfPJXlKI#UOHHOU OUCCOI#UQI#UU. 
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ITO l.fHCny MeAneHHbiX napTOHOB B penHTH

BHCTCKOM aApOHe. 3TO pacnpeAeneHHe He-

06XOAHMO npH Bbi"'HCneHHHX, CBH3aHHbiX 

CO B3aHMOAeBCTBHeM aApOHOB H OC06eHHO 

aApOHOB C HApaMH. 

10 
a KOI' • 

6 . f.0<113r<12 
M 5 
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• 1 

. 3 

.2 
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. 3 

.2 

:1 

1 

A 

A 

+ 

Puc. 14. IloAHoe ce'teHue KozepeHIIHozo o6pa3o6aHu.JI 

CUCIIeMI>I llpex 11- Me30H06 6 3Q6UCUMOCIIU 011 QIIOM" 

HOZO 6eCa JIOpa 0/IJI llpex UHIIep6a/106 3t/JtjJeKIIU6HI>IX 

MQCC llpexMe30HHOU CUCIIeMI>I. 
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Ha ny'lKe HeilmpoHoe co cpeoHeu :J Hep
zueu 600 M3B C HCITOllhJOBaHHeM n oml

pHJOBaHHOH MHllleHH BhliTOnHeHLI HJMep eHHJI 

nonJipHJaiiHH P np H napaMeTpa D np B yn

pyroM (n-p) -pacceJIHHH npH 3He prHH 

600 M:JB. 3Ha'ieHHJI D H P np npHBe .D.eHLI 

B ma6A. 3 H Ha puc. 15. 
Ha6mo.naeTCJI peJKaJI JaBHCHMOCTL Dnp 

oT yrna pacceJIHHJI B6nHJH 130° . 

na6. eo C.I..I.M. !'I.e eo OtCT. 

37 97,4 1 '4 

25 123,6 0,7 

22 129,8 1 '4 

9 159,6 1 ' 1 

0.4f- TT ¢ · 600 "'B Cheng e t a l . 

Pnp t - 6 05 M38 Kn·ap~<~HO a 01 AP • 
• - 605 M3 8 6Mnf! Ma l< al't 01 AP· 
J - f-35 1'138 D.Mceneno a .,. AP . 
t - 610 1'138 KnapHt-to a H AP · 

'C.U.M 

-0.1 

-Q2 

-OJ 

- 0.4 

-o s 

Puc. 15. 3a6ucu..woc•~> noAJJPU3aiiUU P np u napa..we•pa 
D np 6 ynpyzo..w (n-p)- pacceJIHUU o• 6e.IIU'IUHI>I yz11a 
pacceJIHUJI 6 cuc•e..we 11eH•pa ..wac c. 

3Ha'ieHHJI ITOnJipHJaUHH BITOnHe Y.D.OB

neTBOpHTenLHO cornacyroTCJI C .D.aHHhlMH, 

nony'ieHHLIMH paHee B pa6oTax Ha nonJipH

JOBaHHOM npOTOHHOM ITY'IKe C HCITOllhJO

BaHHeM .D.eHTpOHa B Ka'ieCTBe HeHTpOHHOH 

MHllleHH. Cne.nyeT OTMeTHTL, 'ITO TO'IHOCTL 

peJynLTaTa npH HCITOllhJOBaHHHITOllJipHJO

BaHHOH npOTOHHOH MHllleHH JaMeTHO ITOBLI

lllaeTCJI. 
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Puc. 16. lloAHI>Ie ce~eHUJI peaKIIUii 11 -p -+ 11 ° 11 ° n u 11 -p -+ 11 + 11 -n 66AU3U nopoza . CnAOIUHI>Ie AUHUU

pac~e"'bl 6 paMKQX meopuu Hapyw e HHOU KUpaAbHOU CUMMemp uu C UA!JHI>IX 63QUMOOeUCII6UU 6 npu6AU.XeHUU 

ope6eCHbiX OUaZpaMM C y~emOM f'l 33 - U306apbl U YHU llapU3QIIUU a MnAumyObl 1111 - paCCeJIHUJI . 

H3MepeHbl noAHbte cetleHUR peaKt~uu 

TT -p .... TT 0 TT
0 n a6nH3H nopora npH 3Hep

rHxx 200 H 240 M3B. B paMKax TeopHH 

HapyUieHHOH KHpanLHOH CHMMeTpHH nony

qeHO OnHCaHHe 3KCnepHMeHTanhHhlX ~aH

HhlX no nonHLIM ceqeHHHM nxTH KaHanoa 

peaKUHH TTN .... TTTT N c yqeTOM nHoH-

HyKnOHHhlX ~HarpaMM ~peaecHoro BH~a. 

YHHTapH3aUHH aMnnHTy~hl TTTT -pacCeHHHJI 

H ~peBeCHhiX ~HarpaMM C ' 06MeHOM H30 -

6apOH !'>. 33 • 
TaKHM o6pa3oM, noKa3aHa caMocorna

coaaHHOCTL onHcaHHH npoueccoa pacceH-

HHH nHoHOB nHoHaMH peaKuHii TTN .... TTTTN 

B TeOpHH HapyrneHHOH KHpanLHOH CHMMeT

pHH (puc. 16 ). 

H.uepHaj{ cpH3HKa 
B o6JiaCTH 

npoMe)!(yToqHbiX 3HeprHH 
HccAeooeaHbl KoppeARI.IUOHHbte cne~em

Pbl JapH:>KeHHLIX qacTHU a TT- C-aJaHMo

~eiicTBHHX npH 5 T3B/c c BLineTOM npo

TOHOB B 3a~HIOIO nonyccl>epy. 

HJyqeHLI pacnpe~eneHHH yrnoa a na-

6opaTopHoii CHCTeMe KOOp~HaT Me:>K~y 

~BYMH npOTOHaMH, O~HH H3 KOTOphlX Bbl

neTae T a Ja~HIOIO nonyccl>epy, npH 3TOM 

paCCMaTpHBaiOTCJI TOnbKO TaKHe naphl npo

TOHOB , pa3HOCTb BMnynbCOB KOTOphiX no 

a6COniOTHOH BenuqHHe He npeBLIUiaeT 

60 M 3B/c. 3To c~enaHo ~nH Toro, qTo6hl 

qeTqe BbiHBnHTh KOppenHUBH Me:>K~y K}'

MynHTHBHbiMH npoToHaMH ( puc. 17). CneKT

pLI c paBHHBaiOTCJI C pacqeTaMH no Kac

Ka~HO -HCnapHTenLHOH MO~enu. IloKa3aHO, 

qTO OCHOBHOH BKna~ B npouecc HCnycKaHHH 

KyMyn HTHBHbiX npOTOHOB ~aeT MeXaHH3M 

nor.iimueHHH Me~neHHoro TT -MeJoHa Kop

penup oaaHHoii napoii HYKnoHOB BHYTPH H~

pa. 

Hccne~oaaHhl TaK:>Ke accouuaTBBHLie 

MHO:>KeCTBeHHOCTH pO:>K~eHBH KyMynHTHB

HbiX n pOTOHOB ~nH HHTepaanoB UO BMnynh

cy n p OTOHOB: 0,16 < p < 0,6 B 0,3 < p <0,6. 
Pacqe Thl no KacKa~Ho-HcnapHTenLHoii Mo-

~enu y~oaneTBOpHTenLHO OnHChlBaiOT 
3KCnepHMeHTanLHhiH cneKTp. 
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Puc. 17 . PacnpeoeAeHU.II no yzAy pa3Aellla .w exoy 
npOIIIOHaMU, 6biAemaK>UIUMU 6 3aOHK>K> noAy ct/Jepy, 
U OCIIIaAbHbiMU npOIIIOHaMU 6 peaKIIUU TT - +C = np+ + 
+ mp +X (n, m = 1, 2, 3, .• • ) . To'IKa.wu Ha p u cyHKe 
o6o3Ha'leHbl 3Kcnepu.weHIIIaAbHble 3Ha'leHUJI. CnAOIUHa.ll 
ZUCIIIOZpaMMa • paC'Ielll no KaCKaOHo·ucnapumeAbHOU 
MOOeAU. J1yHKIIIUpHaJI ZUCIIIOZpaMMa • 6KAa0 C06WIIIUU, 
zoe He 61>1Ao nozilor~~eHu.ll rr - .we3oHoe napou HYKAo· 
Hoe . To'le'IHa.ll - BKAaO npollloHoe, ucnyr~~eHHbiX e pe· 
3.YAblllallle pa36aAa OCIIIaiiiO'IHOZO 6036yxOeHHOZO .110pa. 

JlOKQ3QHO, 'l11f0 JUUpOKUU Kpyz UHKAIO· 

3U8HbJX, ~BYX'IaCTH'IHLIX H Tpex'laCTH'IHLIX 

Ce'leHHH 3MHCCHH 6LICTpLIX HyKnOHOB B a~

poH- Jl~epHLIX COy~apeHHJIX MO)I(eT 6 LITL 

OllHCaH B paMKaX ci>eHOMeHOnorH'IeCKOH MO· 

~enH B036y)l(~eHHJI ManoHyKnOHHLIX CHC

TeM. TaKaJI MO~enL HCXO~HT H3 npe~no

no)l(eHHJI 0 KBa3~Hci>paKUHOHHOM xapaKTe

pe pacceJIHHB HaneTaromero a~poHa Ha 

ManoHyKnOHHLIX rpynnax - KnacTepa x B 

B~pe-MHWeHH H He3aBHCHMOCTH ClleKTpa 

B036y)l(~eHHJI KnacTepOB OT THlla H 3Hep

rHH HaneTaiOIUeH 'laCTHULI. )l;nB OllHCaHHB 

HMeiOWHXCB 3KCUepHMeHTanLHLIX ~aHHLIX 

cne~yeT npHHBTL, 'ITO cpe~Hee 3Ha'leHHe 

cneKTpOB B036y)l(~eHHB ne)I(HT B o6naCTH 

100-200 M3B. Mo~enL B036y)l(~eHHB 

ManoHyKnOHHLIX CHCTeM ll03BOnBeT CBB· 

3aTL Me)l(~y C060H Ce'leHHB MHOrHX B~ep

HLIX npOUeCCOB C 3MHCCHeH 'laCTHU B KH

HeMaTH'IeCKOH o6naCTH, 3anpemeHHOH ~nB 

CB060~HOrO a~pOH·HyKnOHHOrO pacCeBHHB. 
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Puc. 18. YzAoeoe pacnpeOeAeHUe 3MUCCUU oeyx npo
IIIOH06 6 npOIIIOH· yzAepOOHOM 63aUMOOeUCIIf6UU npu 
640 M3B. rucmozpa.w.wa - pac'lem no KacKaOHou 
MOOeAu; KPU6a.ll - pac'lem no (JeHOMeHOAOZU'IeCKOU 
MOOeAU pacce.IIHUJI Ha CKOppeAUp06aHHbiX HYKAOH' 
HbiX napax .110pa. 



B npomoH- yvtepoOHblX e3auMooeiicm
eu.Rx npu 640 M3B o6Hapy:>KeHo B03pacTa
HHe ~ayxqacTHqHoro ~H~epeHuHanLHoro 

ceqeHH.II 3MHCCHH 6biCTpbiX npOTOHOB 

(265-340 M3B) B o6naCTH ManLIX yrnoB 
pacKpLITH.R napLI HcnycxaeMLIX anepe~ 
npoTOHOB (puc. 18). B oTnHqHe OT o6-

nacTH yrnoa a6nH3H a =40°, r~e ~OMHHH

pyeT KBa3Hynpyroe HyKnOH-HyKnOHHOC 
pacce.RHHe, ceqeHHe npH a :S20° He aoc

npoH3BO~HTC.R pacqeTaMH no KaCKa~HOH 

MO~enH 6e3 yqeTa KOppen.RUHH HyKnOHOB 
B MHIDCHH. Bo3paCTaHHC ceqeHH.II B 3TOH 
o6nacTH yrnoa MO:>KHO o6b.RCHHTL pacce.R
HHeM HaneTaiOIUero npoToHa Ha ManLie yr
nLI CKOppenHpOBaHHbiMH HyKnOHHbiMH na

paMH .R~pa-MHmeHH. Pacna~ ~BH:>KYIUeilc.R 

napLI , 
OK On 

~BYX 
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nonyqHameil 3HeprHro B036y:>K~eHH.R 
200 M3B, npHBO~HT K 3MHCCHH 
6LICTpLix HyKnOHOB. PerHcTpaUH.R 

pace .RHHoro anepe~ HyxnoHa H o,!Uioro 
H3 HyKnOHOB B036y:>K~CHHOrO KnacTepa 
npo.RBn.ReTc.R B Ha6nro~aeMoM noae~eHHH 

~ByxnpOTOHHOH 3MHCCHH. 

IlpOOOAJICQAUCb 3KCnepUM€H1/lbl no no
UCKY cynepnA01/lHblX JIOep. IlpH Macc
cenapaUHH npo~yKTOB B3aHMO~CHCTBH.II 

npoTOHOB H ~eiiTpOHOB ( 8 T3B) c TaH
TanoM H BOnL4JpaMOM onpe)l.eneH BCpXHHH 
npe~en BLixo~a caepxnnoTHLIX .11~ep xa
nH.R, py6H)l.H.II, UC3H.II H 6apH.R - llOp.RJ].Ka 
10 - 5 OT BLIXO)l.a HOpManLHbiX H30TOllOB 
Tex )I(C 3neMeHTOB (puc. 19 ). 

N~,-------~~~n----------------------------------~N~ 
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Puc. 19. Pacnpeoe/leHue 6ema-aKJIUBHOCIIU Ha c6opHuKe Mace- cenapamopa OII.R npooyKmoe pacJ~~enlleHU.R 

BOIIbr/JpaMa npOIIOHOMU c 3Hepzueii 8 r3B (JOO < A ~ 138). H3MepeHU.R CO€/IOHbl 'iepe3 2 'i 

nOC/Ie KOHI#O 06/ly'ieHU.R. /Ipaea.R IUK0/10 0/IIHOCU/IIC.R K 30'iep €HHOMY cneKmpy. 11Iaz CKOHUPOBOHU.R - 3 MM. 
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3aeepJUeHa o6pa6oRKa OaHHbiX no u3-
MepeHuK> ynpyroro pacceJIHHJl "--Me 30HOB 
npa 3Hepraa 145, 180, 195 M3B. Ha oc ao
ae pa3pa6oTaHHOB TeOpHH Bnepa~e n ony
'leHa oueaKa MarHHTHoro cllopM<l>aKTopa Jl,n
pa 3He . Hau.neao 3Ha'leHae MaraaTaoro pa
,nHyca .H.npa renag-3: Rm ( 3 He) ~ 1,95 tPM. 
Jl,nepH~e cllopMcllaKTOp~, HCnOllb3yeM~e B 
Teopaa npa nocTpoeaaa onTB'IecKoro no
Teauaana, BBO,nJITCJl C y'leTOM JcllclleKTOB 
Me30HHOrO 06MeHa B (e- 3He)-pacceJIHBB. 
H3y'leHBe peaKUBB nHOHOB C TpexHyKnoH
H~MB CBCTeMaMB o6oraiUa.eT CBe,neHBJl 
0 3aBHCJllUIIX OT cnaaa B B30CnHHa KOMnO
HeHTaX naoa- Jl·,nepH~X CBn B nOMOrae T yc
TaHOBBTb CBJ13b Me:>K,ny npoueccaMH pac
ceJIHHJl JneKTpOHOB B nBOHOB Ha n,npe. 

CneKTpocKo mt» 

HeHTpOHO,ne$HUHTHbiX » ,nep 

flpOOOIIJICQAOCb CU<.:ReMa•u~eCKOe U3y
~eHUe y,naneaa~x oT nonoc~ 6eTa-cTa-
6anbHOCTB HeBTpOHO,necllBUHTH~X H30TOnOB 
pe,nK03eMenhH~X JneMeHTOB Ha CHHXPOUHK
noTpOHe JIHJI4> no nporpaMMe H PHC
JICHAIIII C acnonb30BaHBeM Macc-cena
paTOpa Ha nHHHB C npOTOHH~M ny'IKOM 
1 F3B. 3anycK B pa6oTy neaTonpoTJl:>KHo
ro ycTpOBCTBa B BCDOllb30BaHBe ycoaep
WeHCTBOBaHHOrO HOHHOrO BCTO'IHHKa pac
WHpBnO MeTO,nH'IeCKHe B03MO:>KHOCTH "oa
naBH"- 3KcnepaMeHTOB. Me To ,naMa anb<l>a-, 
raMMa- H peHTreHOBCKOB CDeKTpOCKODHB 
npoae.neao accne.noaaaae pa.naoaKTBBHoro 
pacna.na a3oTonoa Lu, Yb, Tm, Eu a Ho 
a o6nacTH Mace 152-165. 06aapyJKeHbi ao
a~e H30Ton~ 157Lu ( T 'h = 5,5 c); 
158Lu ( T 'lz ,.. 10,4 c) ; 159Lu (T 1J, = 

= 23 c}· 160Lu ( T = 34 c)· 161Lu 
• 1/ 2 163 • 

~T 1 1 2 . = 1~ MUH) H Lu (T 112 = 
= 4,1 MUH). )l.nJl HeCKOllbKHX anbclla- HJny
'laTeneB anepa~e B3Mepeaa aepoJITHOCTb 
anb4Ja- Be TBH. 

Ha 6a3e noAynpoeoOHUKOBbiX Si(Li) 
a Ge(Li) - ,neTeKTopoa a aaKyyMaoro Kpao-

CTaTa C03,naHa ycTaHOBKa ,nnn H3MepeHH11 
ey yrnoahlx Koppennuau ( YK) a {3y B03-
My~eaa~x yrnoa~x Koppennuau. Ilpoae.ne
H~ KOHTpOnbHbie B3MepeHB11 ey yrnOBbiX 
KOppen11UBB ,nnn MOHOB30TOnHOrO BCTO'IHB
Ka 169 Yb. 

HccAeOoeaHa meMnepamypHaJI 3aeucu
MOC111b BHyTpeHHHX MarHBTHbiX noneB Ha 
Jl,npax pe,nK03eMenbH~X JneMeHTOB, BHe,n
peHHbiX npa noMOIUH Macc-cenapaTopa 
B :>Kene 3HYJO cllonbry npa ycKopnJO~eM no
Teauaane 70 KB. Ilony'leHhl .naaable, caa
.neTenbCTBYJO~Be o aanaqaa a o6paJue .na
aaMa'lecKoro B3aBMO,neBCTBB11. 

Ha ycmaHoeKe CllHH MeTo,noM n.nep-
aou OpBeHTauBB npH CBepXHH3KBX TeMne
pa Typax npo,non:>KanBCb CHCTeMa TH'IeCKHe 
accne.noaaaan caoucTB n.nep pe,nKoJeMenb
H~x JneMeHTOB c A:::; 15(L Ilonyqeaa ao
aan HHcllOpMaUB11 0 CBOBCTBaX Jl,nep nepe
XO,nHOB o6nacTB c A-::.. 150, o caepxTOHKOM 
BJaaMo,neucTaaa aJoTonoa Eu, Gd, Lu 
a Ma Tpauax Fe a Tb a Ge. Haa6onee 
KOpOTKO:>KHBY~MH H30TOnaMH, ycneWHO 
accne.nyeM~MH aa ycTaHOBKe CIIHH, 6~na: 
147 (T 148 Tb 112 = 1,61 ~ac ) ; Tb (T112= 

72 MUH ) H- 167 Tb (T112= 55 MUH ) . 

M e3oaTOMHbie 

H Me30MOJieKyJI»pHbie 

»BJieHH» 

BblnOAHeHbl UCCAeOoeaHUJI MK>- Kama-
AU3a peaKI.IUU cuHme3a n.nep .neuTepan a 
TPBTBJI. Pa6oThl no accne.noaaaHJO MJO
KaTanaJa peaKUHH CHHTe3a n.nep paJnaq
H~x B30TOnOB BO,nopo,na, npOBO,nHBWHeCJl 
B na6opaTOpBB Ha npOT11:>KeHBH nO'ITB ,nayx 
,neCJITBneTBB B COTpy,nHB'IeCTBe C TeOpe
TBKaMB JIT4> npaaena K npe,ncTaaneHBJIM 
0 pe30HaHCHOM xapaKTepe MJO-KaTanH3a 
peaKUBB cHHTeJa Jl,nep .neuTepan. 3Kcne
paMeHT~, no,nTBep,nHBWHe pe30HaHCHyJO 
KapTHHY peaKUHB dJ.L + d ... ddJ.L ... 3 He + n + J.L, 
6~na npoae.nea~ B 1977 ro,ny. TeopeTa-



qeci<He pac'leTbi noi<aJanu, 'ITO JHa'IHTenh

HO 6onee CHllbHhiH pe 30HaHC O)I(H,llaeTCH 

B cnyqae MIO-I<aTanHJa peai<UHH CHHTeJa 

H.nep .neiiTepHH H TPHTHH. Bhi'IHcneHHaH 

CI<OpOCTb o6pa30BaHHH MOllei<yllhl dt11 

npeBbiUiaeT 10 8 c - 1 • T .e. Ja BpeMH CBOeH 

)I(HJHH MIO-Me30H, B npHHUHlle, MO)I(eT I<a

TallH3HpOBaTb 6onee 100 peai<UHH CHHTeJa 
4 . 

d + t11 _, dt11 ... He + n + f1 • B I<a)l(,llOM 

ai<Te ocao6o)l(,llaeTcH 17,6 M:JB 3HeprHH, 

Tai<HM o6pa30M CYMMapHOe 3HeprOBbi,lle

neHHe cocTaBnHeT oi<ono 2 F:JB. 
llo.nroTOBI<a H npoae.neHHe 3I<cnepu

MeHTa no uccne.noaaHHIO MIO-I<aTanHJa pe

ai<UHH CHHTeJa ,lleHTepHH H TpHTHH 6binH 

BblllOllHeHbl B C)l(a Tble CpOI<H. 

CxeMa ycTaHoBI<H noi<aJaHa Ha puc.20. 
YcTaHoBI<a noJaonHna aecTH Hccne.noaa

HHH B ,llHanaJOHe TeMnepaTyp OT -196' C 

Puc . 20. CxeMa YCIIIUH06KU OAJI UCCAeOoaaHUJI MIO

KUIIIUAU3a peaK!4UU CUH/IIe3a JiOep OeilmepUJI U lllpUIIIUJI . 

1, 2 , 3 • "fOHumopHble c'lelll'lUKU; 4 - CsJ (Tl) - Kpu· 

CIIIUAAU'leCKUU C'le/ll'lUK; 5, 7 - KOAAUMUIIIOpbl; 6 -
/jUAblllp; 8 · ZU306UJI MUJUeHb; 9 - aaKyyMHblU COCYO; 

N - HeilmpoHHble oemeKmopbl; E - oemeKmopbl 3AeKm· 
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Puc . 2 1. ,llay MepHoe aMnAUIIYOHoe pacnpeoeAeHue 

co6bl111U il , 3 apezu c mpupoaaHHblX HeillllpOHHblMU oemeK

mopaMu, npu UCCAe006UHUU MIO-KUIIIUAU3U peUK!4UU 

CUHIIIe3 a OeflmepU.II U lllpUIIIUJI. 

.no +350 ' C npu .naaneHHH .no 66 amM H c 

HCllOll b 30BaHHeM TpHTH.!I ai<THBHOCTbiO 

.no 15 000 Ku. lihinH JaperucTpHpoBaHhi 

3HeprH 'IHbie HeHTpOHbl OT I<a TanH3HpyeMOH 

MIOOHa MH peai<UHH CHHTe Ja ,lleHTepHH 

H TpH T HH ( puc.2J ). <I>OH COCTaBnHn llHUib 

HeCI<Ollbi<O npOUeHTOB. 

B peJynhTaTe 3I<cnepHMeHTa H3Me-

peHbl ,llBe H3 Tpex OCHOBHbiX I<OHCTaHT, 

Xapai< T epH3YJOIUHX peai<UHIO MIOOHHOrO I<a

TallHJa ; CI<OpOCTb nepexBaTa MIOOHa OT 

.neiiTep HH H TpHTHH ,\ dt ~ ( 2,7±0,9) - 108 c -l 

H CI< OpOCTb o6pa30BaHHH Me30MOllei<yn 

dt11 - A d tfl 1 0 8 c - 1 
. 

MeJJHKo-6HoJiorHqecKHe 

HCCJie)lOBaHHll 

3a eepweH :JKcnepuMeHm no uccAeooea
HU10 C llOMOIUbiO OTpHua TellbHbiX MIOOHOB 

HJMeH eHHH B COCTaBe I<OCTHOH TI<aHH qeno

aei<a n ocne .nnuTenbHoro cocTO.!IHH.!I runo

I<HHe J HH. Xapai<TepHCTH'Ieci<oe MeJopeHT

reHOB CI<oe HJny'leHHe, ucnyci<aeMoe nocne 

OCTaH OBI<H MIOOHOB B I<OCTH, perHCTpHpo

BallO C b c noMOIUbiO Ge (Li) - .neTei<Topa 
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o6'beMOM 55 cM 3 (puc. 22). B 3Kcne pH

MeHTe yqacTBoaano 18 qenoaeK, .n;o6 po

BOJILHO nepeHeClllHX 180-cyTO'IHOe COC T oB

HHe HellO.D;BH)KHOCTH. JloKaJILHaJI llOrJIOII.{eH

HaJI .D;03a Ha llJITO'IHOH KOCTH 3a BpeMJI 3-

'laCOBOrO 3KCllOHHpOBaHHJI ee Ha MWOH HOM 

ny'IKe COCTaBHJia 0,2-0,3 6:Jp, a .D;03a 

o61l{ero o6ny'leHHB oT pacceBHHoro 4J o Ha -

He 6onee 1 M63p. )];JIB KOHTpOJILHOH rpy nnLI 

HCllLITyeMLIX, He llO.D;BepraBWHXCJI npo 4JH

JiaKTH'IeCKHM MeponpHJITHJIM, Ha6nro.n;a eT

CJI H3MeHeHHe co.n;ep)KaHHB 4Joc4Jopa H K a JIL

UHB no'ITH a.n;aoe, a .n;n11 rpynn, no.n;ae pr

lllHXCJI npo4JHJiaKTH'IeCKHM MeponpHJI T HJIM 

(4JH3H'IeCKHe TpeHHpOBKH, MH03JieKTpOC TH

MYJIJIUHJI, ao.n;HoconeBLie .n;o6aBKH K pau Ho

HY), H3MeHeHHJI 3Ha'IHTeJILHO MeHLwe . 3a

perHCTpHpOBaHa KOppeJIJIUHJI Me)K,D;y H3-

MeHeHHeM MHHepaJILHOH HaCLIII.{eHHOCTH H ee . 
HCXO.D;HhiM ypOBHeM. 

"• t A I KaO 
J5(X) • .. 
3000 ".J1-.::. -. ·" -. •• ~ II ~50 ... . 

I 

KaP .. ..... - ... __ .. 
J 

!100 !J50 ...., 
11 

1110 11!10 

I 
1500 

1100, 
KaC 

Puc. 22. CneKmp Me3opeHmzeHo6cKozo U3Ay'leHU.II npu 
OCIIIUH06Ke MIOOH06 6 zy6'1UIIIOU 'IQCI/IU n.IIIIIO'IHOU KOCIIIU 
'leAo6e Ka (no ocu a6c14ucc - HoMep KaHaAa a.WnAumyo
Hozo aHaAu3amopa, no ocu opouHalll - KOAU'IeCIII60 
u,wnyAbC06 Ha KaHaA, 3apezuclllpupo6aHHbJX npu JJpex
<~aco6ou 3Kcno3U!4UU). 

KpynHhie 3KCIIepMMeHTa~bHWe 
3~eKTpOHMKa, 

ycTaHOBKM, 
ycKopMTe~M 

OcyJI#ecme/leH MOHIIIOJIC, KOMn/leKCHble 
ucnblmaHu.R H JanycK Ha ny'IKe 70- F :JB 
YCKOpHTeJIJI yCTaHOBKH "IJpo3a", BKJIW'Iaro

ll{eH "3aMOpO)KeHHyro" llOJIJipH30BaHHyro MH

WeHL 06'beMOM 60 CM 3,Ha'laTbl HCCJie,D;OBa

HHJI llOJIJipH3aUHOHHbiX JIBJieHHH B 06M.eHH OM 

llHOH-npOTOHHOM pacceJIHHH, 3aperHCT pH

pOBaHO CBbiWe MHJIJIHOHa TpHr repOB, no

ny'leHbl nepaLie pe 3 ynL Ta Tbl. 

3aeep1UeH MOHIIIQJIC OCHOBHbiX Y 3 /108 

H npoae.n;eHbl ycnewHble HCllbiTaHHJI Ha n yq

Ke cepnyxoacKoro ycKopHTeJIJI nepaoil o qe

pe.n;H KOMllJieKCHOH YCTaHOBKH "rHnepo H", 

BKJIW'IaWII.{eH .D;Ba MarHHTHLIX cneKTpOM eT

pa Ha nponopUHOHaJILHhiX H HCKpOBhiX Ka

Mepax C 061l{HM 'IHCJIOM KaHaJIOB 20 T hiC., 

lllHpOKoanepTypHble qepeHKOBCKHe C'leT

'IHKH H CUHHTHJIJIJIUHOHHble rO.D;OCKOllhl. 

BblnOAHeHbl pa6ombl no ycmaHoeKe 
PJ1CK: BBe.n;eHa B .n;eilcTBHe caMaJI Kpyn

HaJI B MHpe 5-MeTpOBaJI 6HllOJIJipHaJI CTpH

MepHaJI KaMepa, BBe.D;eH B 3KCllJiyaTauHW 

( COBMe CTHO C JIB T A ·) TeJieBH3HOHHLIH MO

HHTOP H CHCTeMa 6ec4JHJILMoaoro c'beMa 

HH4JOpMaUHH. 

Co30aH eaJKHbiU y3e/l cneKmpoMempa 
APEC - .n;eTeKTop Japg)KeHHbiX qacTHU, 

BKJIW'IaiDII.{HH 8 UHJIHH.D;pH'IeCKHX nponop

UHOHaJILHLIX KaMep, 3JieKTpOHHKY .D;JIJI HHX 

Ha 4224 KaHana, CUHHTHJIJIJIUHOHHLIH ro

.D;OCKOll, 6biCTpyro 3JieKTpOHHYW JIOrHKY, 

cneuHaJIH3HpoaaHHbiH npoueccop PACTP, 

MaJiyro 3BM H CHCTeMy "oH-JiaHH"-CBJ13H 

c 3BM EC-1040. )J;eTeKTop JapJI)KeHHLix 

'laCTHU OTJia)KeH H 3allyll{eH B KOMllJieKCe 

Ha llY'IKe 'laCTHU MID- TpaKTa CHHXPOUHKJIO

TpOHa. 



IlpoOOIIJICQ/IUCb pa60111bl no C030aHU10 
KOMn/leKca 3/leKmpoHHOU annapamypbl ,AnJI 

aBTOMaTH3aUHH cilH3H'ICCKHX 3KCDCpHMCH· 

TOB C HCDOnb30BaHHCM 3BM. 3TH pa60Tbl 

BCnHCb B cne,AyiOUUIX HanpaBnCHHJIX: 

1. Pa3pa6oTKa 6noKoB HaHoceKyH,AHo

ro ,AHaDa30Ha ,AnJI o6pa60TKH BpCMCHHOH 

HHcilOpMaUHH. C03,AaH HOBblH BapHaHT CHc.

TCMbl 6nOKOB ,AnJI MHOrOKaHanbHblX 

ycTpOHCTB C paCWHpCHHblMH cilYHKUHOHanb

HblMH B03MO:>KHOCTJIMH. 

2. Pa3pa6oTKa npeUH3HOHHhlx 6noKoB 

,AnJI o6pa60TKH CDCKTpOMCTpH'ICCKOH HHcilop

MaUHH. JaBeprueHO C03,AaHHC 3nCKTpOHHOH 

annapaTypbl nepBoro BapHaHTa ycTaHOBKH 

"llHoH" ,Ha KOTopou y)l(e nony'ICHbl nepBble 

cilH3H'ICCKHC pe3ynbTaTbl. 

3. Pa3pa60TKa CHCTCM H ynpaBnJIIOUUIX 

6nOKOB C DpHMCHCHHCM 6onbWHX HHTCr

panbHblX CXCM. C03,AaHO HCCKOnbKO CHC· 

TCM c MHKpo-3BM B cTaH,AapTe KAMAK, 

a TaK)I(e aHanH3aTop Ha 4096 KaHanoB 

B 3TOM CTaH,AapTe. ~nJI MHKpo-3BM co-

3,AaH pe,AaKTop TeKcTa H acceM6nep. 

· 4. Co3,AaHHe cHcTeMbl 3BM H nep&-

cllepHHHblX ycTpOHCTB ,AnJI o6ecne'ICHHJI 

3KcnepHMeHTanLHblX Hccne,AOBaHHH. Co-

3,AaHa .ABYXCTOpOHHJIJI CBJI3b C 3BM 

EC-1040 ycTaHOBKH APEC, a TaK)I(e ueHT

pa HaKonneHHJI H o6pa60TKH CDCKTpOMeT

pH'ICCKOH HHcilOpMaUHH, DOCTpOCHHOrO Ha 

OCHOBe 3BM EC-1010. Pa3pa6oTaHO He

o6XO,AHMOe nporpaMMHoe o6ecne'leHHe. 

Bcero 3a 1979 ro,A pa3pa6oTaHo 19 HO

BblX 3nCKTpOHHblX 6nOKOB H nepe,AaHO ,AnJI 

HCDOnb30BaHHJI B 3KCDCpHMCHTaX 6onee 

360 6nOKOB. 

BblnOAHeH 60AbUlOU o61>eM pa6om, CBJI· 

3aHHblX C H3rOTOBnCHHCM o6opy,AOBaHHJI 

,AnJI peKOHCTPYKUHH CHHXPOllBKnoTpoHa. Ja

BepweHo H3rOTOBnCHHC MO,AynJITOpa ,AnJI 

DO,Aa'IH HMnynbCHOrO CMemeHHJI Ha ,AyaHT, 

C03,AaHa CHCTCMa ,AnJI MarHHTHblX H3Mepe

HHH c TpeMJI ,AaT'IHKaMH Xonna H BblBO.AOM 

,AaHHblX Ha 3BM, H3rOTOBneH 3neKTpOMar-
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HHTH biH KaHan C OKCIUJ;HOH H30nJIUHCH ,AnJI 

BblBO,Aa 'laCTHU, H3rOTOBneH KOMDnCKT 

rH,Ap O,AOMKpaTOB CO CTaHUHCH ynpaBne-

HHJI ,AnJI MOHTa)l(a yCKOpHTCnbHOH KaMepbi 

B 3 30pe 3nCKTpOMarHHTa, C03,AaHa CHC· 

TCM DHTaHHJI DpHBO,Aa TpaHCDOpTHOrO 

yCTp OHCTBa, OTna)I(CHbl CTOHKH CTa6HnH-

3aUH H · TOKa, BblDOnHCHbl Hana,AO'IHblC pa-

60Tbl DO o6opy,AOBaHHIO C TaHUHH BO,AOOX

na)I(,ACHHJI, H3rOTOBneHa 'laCTb KpyDHOrO 

o6op y,AoBaHHJI ,AnJI HOBOH BbiCOKOBaKYYMHOH 

CHC T CMbl. Ha MaKeTe HCTO'IHHKa DOnJlpH-

30Ba HHblX npoTOHOB nony'leH TOK 16 MKA · 

npH 9 0t1o·HOH nonJlpH3aUHH. 

Pa6oTa cHuxpoQHK~oTpoua 

c 1 .HHBap.H no 12 mo~.H 1979 ro.n;a 

Ta6Auf.la 4 
• 

N"N" B~o-~,qbl pa6oT BpeM.A e 4ac. 

1 . 3 Kcnep~o-~MeHTanbH~e ~o-~ccne-

,qo eaH~o-~.A no $1-131-!Ke 3611 
2. ~ c cne,qoeaH~o-~.A oT,qena 

CI-I HXPOJ.II-!KnOTPOHa 56 
3. no,qrOTOBKa $1-131-14CCKO~ 

a nnapaTypbJ 1-1 TexHono-
r ~o-~ 4ecKa.A no,qroTOBKa 
yc Kop~o-~Ten.A 484 

4. 3 KcnnyaTaJ.I~o-~OHH~e npocTOI-1 23 
5. PeMOHTH~e ~o-~ MOHTa~Ho-

Hana,q04H~e pa6oT~ 308 
6. 0cTaHOBKI1 e npaa,qHI-14H~e AHI-1 150 
7. Pa 6oTa Me30HHoro TpaKTa 

1-1 CI-!CTCM MarHI-ITHO~ 

pacT.A~KI-1 ny4Ka 1395 
8. Pa6oTa c~o-~cTeMbl 

B~COK04aCTOTHO~ paCT.A~KI-1 

npoTOHHoro ny4Ka 891 

C 13 HIOnJI 1979 r. CHHXPOUHKnOTpOH 

ocTaHoBneH Ha peKOHCTPYKUHIO. B C)l(aTwe 

CpOKH , B OCHOBHOM CHnaMH na6opaTOpHH, 

DpOBe ,AeH ,AeMOHTa)l( 3KCDepHMeHTanbHbiX 

ycTaH OBOK H o6opy,AoBaHHJI ycKopHTenJI. 



BeeoeHa e oeucmeue nepea.11 o'lepeob 
KpynHOi!O cneKmpoMempU'IeCKOi!O KOMn
/leKCQ "1unepoH". YcmaHOBKa co3oa
eaAacb coeMecmHbiMU ycuAU.IIMU 6oAb
wozo UHmepHG~UOHQ/IbHOi!O K0/1/IeKmuea 

y'leHblX, UHJICeHepoe u pa6o'lux U3 OHJIH 
u HaY'IHblX ~eHmpoe HPE, IIHP, CCCP 
u l.J.CCP. 



OcHoay nepaou 001epeou "FunepoHa" co

CIIaBA.RIOII 060 aHaAU3UPYIOJIIUX MOZHUaa 

U 60AI>UlOe KOAU'IeCI/I60 lllpeK061>1X Oe

lleKIIOp06 (30 III>IC. KOHOA06 ). 



I ' _[ 

B paMKax 3KCnepuMeHIIa 

" l/lapM" npoOOAJICQAUCI> uc

CAeOoeaHUJI npo11eCC06 o6-

pa306QHUJI u pacnaoa o'la

poeaHHI>IX 'IQCIIIUII C no-
MOIJII>K> r/JOIII03MYAI>CUU Ha 

cepnyxoecKOM ycKopumeAe . 

Ha ny'IKe cepnyxoecKozo 

YCKOPUIIeAJI 3any!JieHa yc-

IIQH06Ka "flpo3a", 6KAK>" 

'laK>Uia.ll "3aMopoxeHHYK>" 

nOA.IIpU306QHHYK> MUUieHI> 

06'beMOM 60 CM S, U HQ'IQIII>I 

UCCAeOoeaHUJI nOA.IIpU3a· 

IIUOHHI>IX JI6AeHUU 6 06MeH· 

HOM nUOH" npOIIOHHOM pac

CeJIHUU. 



Ha yc•aH06Ke PHCK 66eoeHa 6 oeiic•6ue caMaJI 
KpynHOJI 6 MUpe 5- Melllp060JI 6unOIIJipHOJI ClfPUMepHOJI 
KOMepa U HO'IOIIII>I 3KCnepuMeHIIII>I. flolly'leHO 80 lfi>ICJI'I 

c•epeo(Jo•ozpa(Juii co61>t111uii MHoxeclf6eHHozo pox
oeHUJI aopOH06 HO JIOpaX. 



rr - Me30HHblU KQHQA YCKOpUIIIeA.R 

JIH.Rfl>. 

HcnbllllaHue 

Ilpo()OAJKQI0111C.R C06MeCIIIHble pa60IIIbl A060paiiiOpUU 

C JleHUHZpaOCKUM UHCIIUIIIYIIOM .ROepHOU ¢113UKU no U3y

'leHUIO e3auMooeucmeuu Me3oHoe u HYKAi:moe c HYKAo

HaMu U .ROPOMU, UCCAe006QHUIO peOKI#UU o6paiiiHOZO 

3AeK11lpOpOJKOeHU.R nUOH06, U3y'leHUIO C60UCII6 HeUIII

POHOOe¢UIIUIIIHbiX U301110noe. 

ceepxnpoeoo.RJJ~eu 

YclllllHoeKa OA.R U3MepeHu.R o6-

pa11Hozo 3AeKIIIpopoxoeHu.R nuo

Ha. 

MQZHUIIIHOU A OBYWKU YCIIQH06KU 

OA.R UCCAeOOOQHUU AeZKUX Me3o

OIIOM06. 



Ha CUHXPO!~UKAOIIIpOHe npo
eeoeHbl uccAeooeaHu.ll MIO
KamaAu3a peaK!~UU cuHme3a 
oeu111epU.11 U lllpUIIIUJI . JKCTTe
pUMeHIII noomeepouA npeo
cKa3aHH&Iu meopueu pe3o

HaHcH&Iu xapaKmep peaK!IUU. 
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\. 
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Ba:lKHeii:wHMB ,IJ,OCTB:lKeHB.IIMB na6opa 

Topuu B BCTeKWeM ro,IJ,y 6binB C03,IJ,aHB e 

Ha Y-400 CBCTeMbl BbiBO,IJ,a B TpaHcnop 

TBpOBKB BHeWHero nyqKa T.ll:lKeJibiX BOHOB , 

nonyqeHBe BHTeHCBBHbiX BbiBe,IJ,eHHbiX nyq 

KOB T.ll:lKeJibiX BOHOB OT KBCJIOpO,D,a ,IJ,O Me,IJ,B 

c 3Heprueii: .IJ.O 14 M3B/HYKAOH u npose 

,IJ,euue nepBbiX ~BJHqecKBX 3KCn~pHMeHTOB 

no HJyqeHHlO MeXaHH3MOB B3aHMO,IJ,eHCTBB .II 

CJIO:lKHbiX .II,D,ep, HCnOJib3yeMbiX ,IJ,JI.II CHHTe 3 a 

T.ll:lKeJibiX 3JieMeHTOB. CoJ,IJ,asanucb TaK:lKe 

Kpynuble 3KcnepuMeHTanbHble ycTaHOBKH, 

npe,D,Ha3HaqeuHhle .IJ.JI.II pa6oTbl ua Y-400 . 

Jla6opaTOpHH 
H,QepHbiX 

(..) 

peaKQHH 

B uayquo-uccne,IJ,oBaTenbcKBX pa6oTax 

OCHOBHble YCHJIH.II KOJIJieKTHBa na6opaTOpBH 

6b1JIB CKOHUeHTpHpOBaHbl Ha noBCKaX 

CBepXT.II:lKeJibiX 3JieMeHTOB B npHpO,D,e, CHH

Te3e TpaucypaHOBbiX 3JieMeHTOB, BJyqeHBB 

MeXaHB3Ma .II,IJ,epHbiX peaKUHH. 

.liOJibWOe BHBMaHBe y,IJ,eJI.IIJIOCb pa6oTaM 

no npaKTHqeCKOMY BCnOJib30BaHB10 .II,D,epHo

~B3HqecKHX 'MeTO,IJ,OB: C03,IJ,aHBJO .II,D,epHbiX 

~BJibTpOB, pa,D,BaUHOHHOMy MaTepuanose

,IJ,eHBJO, aKTBBaUBOHHOMY aHaJIB3Y. 

HayqHo-HccAe~osaTeAbCKHe 
pa6oTbi 

OoHc K 
csepxT~~e~wx 3~eMeHTOB 

B npHpO,ll, e 

IlpoooAJKaAUCb pa6ombl no nouc Ky 
B B,IJ,eHTH~HKaUHH MBJIJIBMeTpOBbiX TpeKOB 

OT OCTaHOBOK CBepXT.II:lKeJibiX .II,D,ep ranaK 

THqeCKOrO npOBCXO:lK,IJ,eHH.II B KpHCTanna x 

OJIHBHHa H3 MeTeOpBTOB. llpOCMOTpeHO 

850 MM 
3 OJIHBHHOB, 06Hap}')KeHO CBblllle 

5600 TpeKoB .II,D,ep c Z ~ 50. lloKa3aHo, 

qTO pacnpOCTpaHeHHOCTb CBepXT.II:lKeJibiX 

.II,IJ,ep COCTaBJI.IIeT Benuquuy S, 2 ·10 -3 OT 

pacnpocTpaueuuocTH .II.IJ.ep rpynnhl ypaua . 

llpe,D,JIO:lKeH H pa3pa6oTaH HOBbiH MeTO,IJ, 

B,IJ,eHTH~HKaUHH TpeKOB cnOHTaHHOrO ,IJ,ene 

HB.II CBepXT.II:lKeJibiX .II,IJ,ep, OCHOBaHHbiH H a 

pa3JIHqBB B TepMuqecKOH CTa6HJibHOC T B 

TpeKOB OCKOJIKOB ,IJ,eJieHB.II .II,D,ep ypaHa H 

csepxTJI:lKeJibiX .II.IJ.ep. OT:lKHr KpHcTanno B 

anna THTa B Teqeuue 5 -:-10 'i npuse n 

K yMeHbWeHBJO ,IJ,JIHH TpeKOB OCKOJIKOB cnoH 

TaHHOrO ,IJ,eneHH.II JI,D,ep ypaua B 2-2,5 pa3a , 

B TO BpeM.II KaK B cnyqae OCKOJIKOB cnoH 

TaHHOrO ,IJ,eneHH.II CBepXT.II:lKeJibiX .II,IJ,e p 

yMeHbWeHBe ,IJ,JIBHbl TpeKOB COCTaBBJIO B e 

nuquuy -25 -'- 30o/o. MeTO.IJ. B36upaTeJibHo 

ro OT:lKBra OCKOJIKOB ,IJ,aJI ,!J,JI.II .IJ.BYX o6pa 3 -

UOB npHpO,IJ,HbiX annaTBTOB BepXH1010 rpa

HBUY KOHUeHTpaUHB CBepXT .ll:lKeJibiX .II,D,ep 

ua yposue <(1 -:- 5) · 10-4 z/z (puc. 23). 
• 

I o6pa3eij 

30 
a 6 

20 

10 

I I o6pa3eij 

30 

20 

10 

4 6 
Puc. 23. Pacnpeoe.lleHue O.IIUH •peKo6 ocKo.IIK06 cnoH
•aHHozo oe.lleHUA Aoep 6 06yx o6pa3~ax anna•u•o6: 
a, 6 - noc.11e O~~Xuza o6pa3~06 npu •eMnepa•ype 
330 ° 6 •e'leHue 30 'lac; 6, z - 6e3 o~~J~Cuza o6pa3-
~o6. 
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fipOH3Be,neHa llOBTOpHaJI B03 r OHKa 

B KHcnopo.ne u ao.nopo.ne npu 100 0° C 
npo,nyKTOB, Bbl,neneHHhlX paHee H3 Me T eo

PHTa AnneH,ne c uenLIO ,nanLHeilwero KoH

ueHTpHpoaaHHJI H HJyqeHHJI CBOHCTB H OBO

ro CllOHTaHHO ,neJIJllllerOCJI HYKJIH.[{a. 

lloKaJaHo, qTo cnoHTaHHO .nen.lllllYJOC.Il 

aKTHBHOCTL HeJIL3Jl OTHeCTH 3a cqeT H3-

BeCTHblX · 3neMeHTOB Pu , Cin , Cf , T·.K. 

oHa He o6Hapy~HBaeT xapaKTepHhlX JIBHHH 

B a -cneKTpe. 

TeMnepaTypa oca~,neHHJI HOBoro u yK

JIH.IJ:a B KHCJIOpo,ne Ha nnaTHHOBOH Tep Mo

XpOMa TOrpacPuqecKOH KOJIOHKe ( 480:,. 25 ° C) 
rOBOP~J o6· OTHOCHTeJILHO BblCOKOH n e Ty

qecTH ero OKHCH. 

TepMoxpoMaTorpacPH.Il noJBOn.lleT n po

BO.IJ:BTL oqeHL 6blCTpOe pa3,neneHHe 3 Jie

MeHTOB H coe,nHHeHHH B raJoaoil 4>a3e 6 na

ro.nap.ll HX pa3nuqHoil a.ncop6HpyeMOC T H Ha 

MaTepHane THTaHoBoil KonoHKH. Y.nan ocL 

ocymecTBHTL TepMoxpoMaTorpacPHIO B a To

MapHoM COCTOJIHHH .[{JIJI 60JILWOrO p .11,na 

MeTannoa, npe,ncTaBn.IIIOlllBX TaKHe B rut<Hble 

rpynnbl 3JieMeHTOB, KaK aKTHHOH.[{bl (Am 
H CO H aHanoru caepxTJI~enhlx 3JieM eH

TOB (Tl, Pb, Bi, Po) • AuanorH CBe px

TJI~enhlx 3neMeHTOB 3a cqeT cneuH$Hq ec

Koro B3aHMO,[{eHCTBHJI C THTaHOM (o6pa-

30BaHHe HHTepMeTannHqecKHX coe.nuHeHHH) 

oc~aiOTCJI Ha KonoHKe npH TeMnepa Ty

pax > 900°C, a To apeMJI KaK ,nayxaane HT-

Hhle MeTannbl (Eu H Yb) H O.IJ:HOBane HT-

Hble (Na, K, Rb), He o6pa3yrolllBe c oe

,[{BHeHHH C THTaHOM, oca~,naiOTCJI npH 

500 -;900°C H 100..;.500° C COOTBeTC TBeu

HO (puc. 24 ). 3TH OC06eHHOCTH OTKpblBa

IOT HHTepeCHble B03MO~OCTH .[{JIJI pa,nHo

XHMHqecKOrO aHaJIH3a npo,nyKTOB Jl.[{ep HblX 

peaKUHH. 

CyllleCTBeHHOH Ta~e JIBJIJleTcJI 03-

MO~OCTL HCllOJIL30BaHHJI MeTO.[{HKH .[{JIJI 

nonyqeHHJI CBe,[{eHHH 0 CBOHCTBaX Bane HT

HOCTH CaMblX TJI~eJihlX 3JieMeHTOB, ,[{OCT yn

HblX TOJILKO B BH,[{e OT,nenLHblX aTOM OB. 

HanpHMep, nono~eHHe Cf Ha TepMox po

MaTorpaMMe, coana.naromee c nono~eHHeM 

A/% 
T/K 

,-- f-: ... 

:;;: ___ _ 
;·.J : 

t JOO 

- ooo 

1/cM 
Puc. 24. Pa30eAeHue Ha •u•aHOBOU KOAOHKe CAOJICHOU 
c.wecu 3AeMeH•oe e no•oKe zeAU.II c napa.wu KaAI>IIU.II. 

Yb, c onpe,neneHHOCTLIO yKa3hlBaeT Ha ero 

.IJ:BYXBaneHTHOCTL, qTo HMeeT llpHHllHDH

anLHOe 3HaqeuHe ,[{JIJI . XHMHH aKTHHH.[{OB. 

CHHTe3 
H HCCneAOBBHHe CBOACTB 

TpBHCypaHOBhlX H30TODOB 

3KcmpanoAJiijUJI 3Mnuputlec Koil cucme
MamuKu nepuoooe cnoHmaHHozo oeAeHUJI, 
a Ta~e .IJ:HHaMHqecKHe pacqeTbl npoHH

uaeMOCTH noTeHuHanLHoro 6apLepa noKa-

3blBaroT, qTo BpeMeHa ~H3HH TJI~eJiblX HJO

TOllOB 3JieMeHTOB 107 H 108 MOryT 6hlTL 

.nocTaToqHo BhlCOKH. TaK, HanpHMep, ape

MJI ~H3HH H30TOna 267107 C qucnOM HeHT

poHoB 160 o~H,naeTCJI, cornacHo oueH

KaM, B ,[{Hana30He OT CeKyH,n .[{0 ,neCJITKOB 

CeKyH,n. 3TOT H30TOll MO~eT 6blTL CHUTe-

3HpoaaH B .11,nepHoil peaKUHH 

249Bk ( 22 Ne, 4n) 267
107 C 34><i>eKTHBHhlM 

ceqeHHeM -7. 10 -34c;w 2. 

Ha 
Y-300 

8bi8€0€HHOM ny'lKe ijUKA011tpOHa 
npOBO.[{BJIHCL npe.naapHTenLHhle 

3KcnepHMeHThl no Hccne.noaaHBIO cnoHTaH

HO ,neJIJllllBXCJI aKTHBHOCTeH, o6pa3YJOlllHXCJI 

B peaKllHJIX 249Bk C HOHaMH 22 Ne, Ha 

ycTaHOBKe THna "MarHHTo$oH", paHee npu

MeHJIBWeHc.ll ,[{JIJI CHHTe3a TJI~eJiblX H30-



TOIIOB 104, 105 H 106-ro 3JieMeHT OB . 

}J,JI11 yJiy'lll.leHH11 OXJia)I(.IJ.eHH11 MHWeHH H C

IIOJIL30BaJIC11 IIpOTO'IHLIB reJIHB, rrpe.u.u a

puTeJILHO rrporrymeHHLIB 'lepe 3 nouyWI<y c 

)I(H.IJ.KHM aJOTOM. 

IlpH 3HeprHH HOHOB 
22Ne OKOJIO 

118 M3BHa6mo.u.anacL .u.onro)I(HBymag crro H

TaHHO .IJ.eJI111l.{a11C11 aKTHBHOCTL·C 60JILW HM 

BLIXO.D:OM. 0T.n;eJILHO IIOCTaBJieHHLie 3KCIIe

pHMeHTLI IIOKa3aJIH, 'ITO OHa rJiaBHLIM o 6-

pa30M CB113aHa c pacrra.n;oM 2,6-qacouo ro 

256Fm, .n;oqepHero rrpo.n;yKTa 
256Md, o 6-

pa3yromerocg Herrocpe.n;cTBeHHO B peaK~HH 

( puc. 25 ). 
B .n;aJILHeBWHX OIILITax C QeJILID IIOHH

)I(eHH11 ypoBH11 .nonrO)I(HBymero 4JoHa H e

IIOJIL30BaJIC11 34J4JeKT KOJIJIHMaQHH aTOM OB 

OT.IJ:a'IH IIpO.IJ:YKTOB g.n;epHLIX peaKQHB. 

24991< + 22Ne 

101 

j 

Puc. 25. 3Hepzellu'lecKaJI 3a6UCUMOCIIIb ce'leHuJI o 6-

pa3o6aHUJI 256Md u 256 Fm npu o6Ay'leHuu 249 Bk 
UOHOMU 22 Ne. 
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~ • 22Ne. s.J'Um.IJ. ~. 
EnNe· 1"6-119M38 

7 4 10 12 16 16 20 l2 

B peMH, ceKyH.Ilbi 

Puc. 26. PacnpeoeAeHUe llpeK06 OCKOAK06 CnOHIIIQH

HOZO OeAeHUJI 6 peaKijUU 249 Bk + 22 Ne npu 3Hep

ZUU UOH06 22 Ne , pa6HOU 116-119 M3B 6 Aa6opa

IIOpHOU CU CIIeMe . 

B pe3yJILTaTe IIOHCKa HOBbiX aKTHBHOCTeB 

a HHTepaane apeMeH oT .none:B ceKyH.n;LI 

.D:O .n;eCHTKOB CeKyH.n; 6LIJia 06Hap~eHa 

CIIOHTaHHO .n;eJIHil.la11CJI aKTHBHOCTL C rre

pHO.IJ:OM rronypacrra.na 1 ~2 c ( puc. 26 ). 
HecMOTpH Ha OTHOCHTeJILHO BLICOKHB ypo

BeHL IIOCTOJIHHOrO 4JoHa 3qxpeKT B.D:BOe rrpe

aocxo.n;HT ero cpe.n;HHB ypoueHL. CooTBeT

cTayromee ce'leHHe o6pa3oBaHH11 3TOB Ko

poTKO)I(HByme:B aKTHBHOCTH COCTaBJIHeT 

BeJIH'IHHY - 10-~;3CM ~ AHaJIH3 IIOKa3LIBaeT, 

'ITO, B IlpHHQHIIe, B03M0)1(H0 HeCKOJILKO 

rHIIOTe 3 OTHOCHTeJILHO IIpOHCXO)I(.IJ.eHHJI aK

THBHOCTH, XOTJI HaH60Jiee BepOHTHLIM HC

TO'IHHKOM rrpe.n;CTaBJIHeTCJI o6pa30BaHHe H 

pacrra.n H3oTorra 26 7 107. 
H3MepeHbl eepo.RmHocmu 3ana30bleaJO

~ezo oeAeHUJI He:BTpoHo.n;e4JHUHTHLIX H3o

Torrou MeH.n;eneBHH (
248 Md H 

250 Md). 
3aBHCHMOCTL BepOHTHOCTH 3aiia3.IJ.LIBaro

ll.{ero .neneHHH OT 3HeprHH j3-pacrra.n;a 

( pUC. 27 ) 1103BOJIJieT CY.D:HTL 0 4JopMe 

6apLepa .neneHHH Hccne.n;yeMLIX H.n;ep. Ilo

Ka3aHo, 'ITO a H30Torrax Cm, Cf H Fm 
BepOHTHOCTL .IJ.eJieHH11 OIIpe.IJ.eJIHeTC11 BHyT

peHHHM 6apLepOM, BhiCOTa KOTOpOrO co

CTaBJIHeT aeJIH'IHHY "" 6 M3B. 
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~NePPUR dJma- pacnada ~ , 1'1~ 

r 

2.0 2.5 .lO .J5 11.0 1(,5 

Ha6AKJOaAOCb o e AeHue, eo36yJKoe Hue 

U30MepHbiX COCIIIOJIHUU U 3MUCCUJI He iiT
pOHOB no.n ,neHCTBHeM {3- H Y- H3Jiy'leHHJI, 

ucnycKaeMoro npu pa.nuoaKTHBHOM pac na

.ne. B crryqae f3 -pacna.na BblCOKoii 3Hep

rHH ( 5-6 M3B) ce'leHHJI 3THx npouec coa 
3 1 2 HMeJOT 3aMeTHYJO BeJIH'IHHY (,no 10- CM 

.nrrH .nerreHHJI 238u H 10- 28 cM 2 .nrrH s oJ-

6y)l(.neHHJI H30MepHoro COCTOJIHHJI 1151n). 
H3MepeHHe 3THX ce'leHHii no3BOJIJieT ue

HHTb pa,nHaUHOHHble H ,neJIHTeJibHble WHpH

Hbl ypoaHeii: , B036y)l(.naeMblx npH nor rro

meHHH y -KBaHTOB. 

MexaHH3M B3aHMo.nei1cT BH.H 

T.H•enWX HOHOB C .H,llpaMH 

0CYUI€C111BA€H ~UKA UCCAeOOBQHUU He

paBHOB€CHbiX npo~eCCOB npH CTOJIKH ae

HHH CJIO)I(HblX Jl,nep, npHBO.nJilllHX K 0 6 pa-

30BaHHJO crra6oao36y)l(.neHHblx H.nep n o crre 

3MHCCHH BblCOK03HeprH'IHblX 3apJI)I(eHHblX 

~ Puc. 27. 3aeucu.wocml> eepo.1111Hocmu 3ana30I>teaJOUiezo 
~ oeAeHuJI o• 3Hepzuu 6e•a- pacnaoa: a ) - HeiimpoHoOe

~UIJUIIHI>te u3omon1>1 Pa , 6)- HeiimpoHooe~U!JUIIIHI>te 
u3o•on1>1 Bk , Es, Md . To<~KU - 3Kcnepu-weHmaAI>HI>Ie 
OOHHI>Ie, np.11MI>te - pe3y AI>IIIallll>t pac<~ema OAJI pa3-
AU'IHI>IX 3Ha'leHUU 61>1COIII 6apbep06 OeA eHUJI. 

qacTHU. H3MepeHbl cneKTpbi H yrrroBbie 

pacnpe.nerreHHJI a -qacTHU B peaKUHJIX 
197Au +22Ne , 181Ta+ 22,20Ne, 181Ta+40Ar 

( puc. 28 ) . IloKa3aHO npeHMYIUeCTBeHHOe 

ucnycKaHHe a -qacTHU no.n MaJiblMH yrrra

MH. B .nuana30He 3HeprHH HOHOB HeOHa 

oT 5 .no 10 M3B/HYKA. H3MepeHbi cneKTpbi 

a -qacTHU, ucnycKaeMblX no HanpaarreHHJO 

ny'IKa T Jl)l(eJiblX HOHOB. ,[(JIJI cenapaUHH OT 

n y 'IKa HOHOB HCnOJib30BaJICJI MarHHTHblH 

cneKTpoMeTp MCII -144 H TerrecKon (E . ~E) 

.neTeKTopoa. BblcoKaJI 'IYBCTBHTeJibHOCTb 

,naHHOH MeTO,nHKH n03BOJIHJia Ha6JIJO,naTb 

arrbllJa- qacTHUbl c 3Heprueii: snrroTb .no 

· · 120 M3B, 'ITO JIHWb Ha HecKOJibKO Mera-

3JieKTpOHBOJibT HH)I(e :MaKCHMaJibHO soJ

MO)I(HOH 3HeprHH a-qacTHU B .nsyxTe Jib

HOM npouecce ( puc. 29). liblJIH npoae

.neHbl 3KcnepHMeHTbl no H3y4eHHJO coana 

.neHHii arrbll!a- qacTHUbl c .nsyMJI Kopperru

pOBaHHblMH OCKOJIKaMH ,neJieHHJI T Jl)l(eJIO

ro H.npa-ocTaTKa. IlpHMepHo 500/o OT o6-

mero qucrra arrbllJa-qacTHU KopperrupyeT c 

ocKOJIKaMH .nerreHHJI. Pacnpe.nerreHHe oc

KOJIKOB .nerreHHJI no Macce H 3HeprHH co

OTBeTCTByeT ,nerreHHIO COCTaBHOrO Jl,npa 

C aTOMHblM HOMepOM, paBHblM (Z 1 +Z 2 -2). 

" ~ 
.. ~ 0,1 

- -~ CoaoKynHOCTb no
w~:~~n J rry'leHHbiX 3KCnepH-

17BM3B MeHTaJibHblX ,naH-
• HblX CBH,neTeJibCT

ByeT o6 o6pa3oaa-

'' ~ ~ ::.~~·~~~;!:~=~ 
\ 
\ 'leCKUe cneKIIPI>I 
\\ aAI>fPa- 'IQCIIUIJ, o6-

Q01 pa3YIOUIUXCJI 6 peaK-
IJUU 197 Au + 22 Ne , 

' __j U3MepeHHI>Ie noc) pa3-
20 :JJ 'o 

50 60 
(;'

10 M3~0 HI>IMU YZAQMU . 
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Puc. 29. 3Hepzemu'fecKuu cneKmp aAbiPa· 'IOCIIIUII, o6-
pa3YIOUIUXC.Ii e peaKIIUU 197 Au + 22 Ne, U3MepeH HbJU 
noO YZAOM 0°. llyHKIIIUpHOU KpU60U npeOCIIIQ6AeH p ac· 
'fei/IHbiU cneKIIp ucnapumeAbH,biX QAb¢a· 'fQCIIIUII. , 

B,n;ep B npoueccax, conpoBo)I(,Il;arouuiXcJI B LI 

neToM BLICOK03HeprHqHLIX a-qacTHU. n LI 

JIH npoae,n;eHLI JKcnepuMeHTLI no Henocpe,n;

CTBeHHOMY Ha6JIIO,IJ;eHHIO JI,D;ep, o6pa3 }'10 " 

IIUIXCB nocne BLinera a -qacTHULI. B c n y

qae CJia6o,n;eJIJIIUHXCJI COCTaBHLIX JI,n;ep C 

Z::: 75-'-80 ceqeHHe o6pa30BaHHJI TaKHX 

JI,D;ep OKa3aJIOCb -10-31cM 2 , ,IJ;JIJI COCTa B· 

HLIX JI,D;ep C Z > 100 BeJIHqHHa ceqeHHJI 

(a, On)-peaKuuu pasHa - 10-35
c..w 2 npu JHe p

ruu HOHOB Ne::: 8 -:-10 M3B/HYKA. B J T OM 

,IJ;Hana3oHe JHepruii crarucruqecKHe pac e

TLI ,IJ;aiOT BeJIHqHHY ceqeHHJI, Ha HeCKOJib KO 

nopB,n;KoB 6onee HH3KYJO. l-f3yqeHHe Hepa a

HOBeCHLIX npoueCCOB, COnpOBO:>K,IJ;aiOIUHX CJI 

BLIJieTOM BLICOK03HeprHqHLIX anbcl>a- q a c

THU, npe,D;CTaBJIJieT 3HaqHTeJibHLIH HHTep eC 

KaK C TOqKH 3peHHJI MeXaHH3Ma peaKUHH, 

B KOTOPOM B03MO:>KHa nepe,n;aqa TaK OH 

75 

JHepruu nerKoii qacruue, raK H ,n;nB nony

qeHHB "XOJIO,Il;HLIX JI,D;ep" C 3HeprHeH Bpame

HHJI B HeCKOJibKO ,n;eCJITKOB MeraJJieKTpOH· 

BOJibT ( 6LicrpoapamaromuecB JI,n;pa) , ,n;nB 

noucKa upacr-noayweK H H3yqeHHB ,n;ene

HHB H3 H30MepHLIX COCTOJIHHH C 60JibWHM 

yrnoBLIM MOMeHTOM. Cne,n;yer OTMeTHTb, 

qro 3TH peaKUHH MOryT 6LITb HCnOJib30" 

BaHbl ,IJ;JIJI CHHTe3a HOBLIX H30TOnOB TJI:>Ke· 

JILIX 3JieMeHTOB, BKJIIOqaJI H CBepxT JI:>Ke

nLie (24Scm + 4Sca ... 292114+ 4He). 

C noMOU#bK> epeMJinpoAemHozo cneKm
po..wempa c apeMeHHLIM pa3peweHHeM 

().tit ~ 0,4% H JHepreruqecKHM pa3pe

weHHeM f"..E/E ~ 1Cfo 6LIJIH H3yqeHbl Mac

COBLie pacnpe,n;eJieHHJI OCKOJIKOB ,n;eJieHHJI 

249cr uoHaMH 4 He (puc. 30). Pa3pe-

we Hue 

10 
L. 

3 
10 

CD 
0 
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w 
::r 2 u 10 >-
0 

0 
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u 
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1 
10 

no 

249Cf 

5.812 MJB 

5.9031 1 

6.194 

66 67 68 69 

3 

X 10
2 

2 

0 

70 

241Am 

5.486M38 

I 

• • ........ 
-·-

71 72 
BPEMA nPOnETA (He) 

Puc. 30. 3Hepzemu'fecKue cneKIIIPbl aAbiPa· 'IOCIIIUII 
249 cr u 241Am .( a npaeoM eepxHeM yzAy l, U3Me· 

peHHble C nOMOUjbiO epeM.IinpoAeiiiHOU Mei/IOOUKU. 
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Puc. 31. Alacco6oe pacnpeoeAeHue ocKoAK06 oeAe· 
HUJI JIOep 253 Fm, o6pa3YIOJIIUXCJI 6 pea K'4UU 
249cr + 4 He • c 3Hepzueu 6036yJKoeHuJI 23 AI3B. 

llyHKIIIupoM npeocma6AeHo Macco6oe pacnpeoeAeHue 
OCKOAK06 cnOHIIIQHHOZO OeAeHUJI .110ep 254 Fm. 

~M/M ~ 1 ,5<1o. CooTHomeHHe BKna,IJ.oB CHM

MeTpH'IHOrO H aCHMMeTpH'IHOrO ,IJ.ene HHH 

H,IJ.pa 253Fm CBH,IJ.eTenbCTByeT 0 TOM, 'ITO 

npH ,IJ.eneHHH TpaHcypaHOBbiX JneMeH TOB 

a ·qacnru;aMH Ha6mo,IJ.aeTCH CHMMeTpH Ja· 

UHH MaCCOBbiX pacnpe,IJ.eneHHH OCKOn KOB 

,IJ.eneHHH no Mepe ysenH'IeHHH a TOMHoro 

HOMepa COCTaBHOrO H,IJ.pa (puc. 31 ) . 

llpoeeoeH cmamucmu~ecKuu aHaAU3 ee
poJimHoc•eu oeAeHUJI ,IJ.oaKTHHH.IJ.HbiX x ,IJ.ep 

B pea~HH ( 12c, f) • B pac'leTax y'IHTbiBa

noch ,IJ.eneHHe COCTaBHbiX H,IJ.ep H ,IJ.O'Iep

HHX x,IJ.ep nocne BblneTa HeiiTpoHos, npo

TOHOB H a ·qaCTHIJ;. IIOKa3aHO, 'ITO npH 

onpe,IJ.eneHHbiX npe,IJ.nono:>KeHHHX o cTp yK

Type 6apbepa ,IJ.eneHHH H 3HepreTH'Ie CKOH 

3aBHCHMOCTH napaMeTpOB nnoCKOCTeii 

ypoBHeii y,IJ.aeTcx .IJ.OCTaTO'IHO xopomo o nu

caTb BCW COBOKynHOCTb 3KCnepHMeHTa nh

HbiX ,IJ.aHHbiX no Ce'leHHHM ,IJ.eneHHH B yr

nOBbiM pacnpe,IJ.eneHHHM OCKOnKOB ,IJ.ene

HBH, o6pa3Yffill.UIXCH npH o6ny'leHHH M Hille-

Heii H3 
12 C 

Er , Yb, 
B BHTepsane 

B3aHMO,IJ.eHCTBHH ,IJ.O 

Hf, W H Os noHaMH 

JHepruii oT 6apbepa 

110 M3B (puc. 32). 

llpoOOAJICQAOCb U3y~eHUe JIBAeHUJI Oo
MUHUPOBQHUJI KaHaAa peaK(#UU C BhlneTOM 

a-qacTHIJ;hl B rny6oKoHeynpyrux nepe,IJ.a

qax. B cucTeMax 197 Au +40 Ar (290 M3B) 
H 232 Th + 40 Ar (290 M3B) . 6blnH H3-

MepeHbl JHepreTH'IeCKHe cneKTphl, yrno

Bble pacnpe,IJ.eneHHH H ce11eHHH o6pa3osa

HHH a ·qaCTHIJ; B HHTepsane yrnOB 15~16 ': 
,[l.nx yrna BhlneTa 40 ° 6blnH H3MepeHhl 

3HepreTH'IeCKHe cneKTpbl H Ce'leHHH o6pa· 

30BaHHH px,IJ.a H30TOnOB JneMeHTOB OT re

nBH .IJ.O aproHa. YcTaHoBneHo, 'ITO MaKcH

MYMhl JHepreTH'IeCKHX cneKTpoB a -qac-

Ill 

/92 
Pt{IJ1 to) 

118
0s (Of · 10) 

II& -l 
Pt {ff.r 10) 

176 - 1 

W{o1 ;o) 

/0~--r---r---r---r---~--~--~~ 
so 10 80 go too 110 0. M3B 

Puc. 32. 3KcnepuM eHIIIOAI>Hble cet~eHUJI oeAeHUJI ( mot~· 

KU) U pe3yAblll01111>1 pact~ema tPYHKl#UU 6036YJICOeHUJI 

oeAeHUJI 6 peaKIIUU ( 12c, f) . 
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Puc. 33. Y2A08bJe pacnpeOeAeHU.II u • 'IUCIIIUJ4 U3 pea K· 
J4UU 107,109Ag+ 40Ar u 197 Au +40Ar. 

THU COOTBeTCTBYIOT BbiXO,IJ;HOMY KyJIOH OB

CKOMY 6apLepy .n;n11 conpH)I(euuoro a -qa c

THue 11.n;pa, yrnoBLie pacnpe.n;eneHHH 

a c.u.M. uanpaaneuhl anepe.n; (puc.33 ), 
a Cel.feHHJI o6pa30BaHHJI H30TOllOB 3 H e , 

4He , 6He llO,IJ;l.fHHHIOTCJI Qqq -cHCTe a-

THKe (puc. 34) . llonyl.feHHLie .n;anHLie y Ka-

3biBaiOT Ha TO, 'ITO no.n;aBJIJIIOIUaJI l.faCTL 

"npHMbiX" a -qaCTHU B 3THX peaKUHJIX o

)l(eT o6pa30BbiBaTLCH Ja cl.feT rny6oKo u e

ynpyrux nepe.n;al.f, B KOTOpLIX H,n;py-MHW HH 

nepe.n;aroTcH 

11.n;pa 
40 Ar, 

ace uyKJIOHLI uaneTarome ro 

KpOMe l.feTblpex uyKnouo a, 

Ml"' -eo .90 -100 - 110 - 120 -130 - 1~oa -1so 

Puc. 34 . Qqq • CUCIIIeMUIIIUKQ Ce'leHUU o6pa308a U.ll 
u3o11ono8 3AeMeHII08 c 2 :;. Z '5.. 9 8 peaKJ4UU 197 Au+ 40 Ar. 
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Puc. 35. Ce'leHU.II o6pa3o8aHu.lf u3ollono8 3AeMeHII08 
011 He oo Al - npoOyKII08 2Ay6oKoHeynpyzux nepe· 
Oa'l 8 3a8ucu.woc•u 011 'IUCAa HeiillpOH08 N u npo· 
IIIOH08 Z 8 U30110ne, peaKJ4U.II l9? Au+ 40 Ar . 

<i>opMHPYIOIUHX a -qacTHUY- 06pamaeT ua 

ce611 BHHMaHHe MOIUHOe ,l1;0JdHHHpOBaHHe Ka

uana peaKUHH c BhlJieToM a -qacTHUhl ua.n; 

OCTaJILHLIMH KaHaJiaMH rny60KOHeynpyrHX 

nepe.n;aq (puc.35). llpe.n;naraeTCH ucnonL-

30BaTL 3TO ,IJ;JIJI llOJiyl.feHHJI JI,IJ;ep C Ol.feHL 

60JILWHM (-10011) yrJIOBbiM MOMeHTOM 

(puc.36). 

IIpoeeoeH&I :JKcnepu..weHIIIbl no u3..we
peHu10 MeiiiOOOM :J(J(JeKIIIQ llleHeU BpeMeHH 

npoTeKaHHH peaKUHH .n;enenHH 11.n;ep ypaua 

no.n; .n;eHCTBHeM HOHOB 4He. DLIJia HC

llOJIL30BaHa MOHOKpHCTaJIJIHl.feCKaJI MHWeHL 

V0 2 • llpH 3HeprHH HOHOB ~e, paBHOH 

25 M:JB, noKaJauo, 'ITO 34>4>eKTHBHoe ape

MH npoTeKaHHJI peaKUHH r 3q:q:=2,4 ·10-l7C. 

MexaHU3M o6pa3oeaHUJI K- 6QKQHCUU 
H3yl.feH B 3KCnepHMeHTaX llO H3MepeHHIO 

coana.n;euuB: MHrKoro peuTreuoacKoro HJ

nyl.feHHH c pacceHHHhlMH uouaMH. TouKaH 

MHWeHL H3 Me,IJ;H 6oM6ap,n;HpOBaJiaCL HO

uaMH 
63 Cu 4+ c 3HeprueB: 63 M:JB. 1:13-

MepeuuaH B 3KCnepHMeHTe 3aBHCHMOCTL 

HOHH3aUHH K - 060JI01.feK OT napaMeTpa 

CTOJIKHOBeHHJI cpaBHHBaJiaCL C npe.n;cKaJa

HHJIMH MO,IJ;eJIH Bpama TeJILHOH CBJI3H H MO-
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.nenH .nu<lJ<lJy3HH :meKTpouoa. PelynL Ta'l'bl 
npuae.neHbl ua puc. 37. 

t:)b I4 h 
107

'
109
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Puc. 36. 0JieHKa oe~PopMaJIUU IIIJIJICeAOZO IPpazMeHIIIa
npoOyKIIIa peaKIIUU zAy6oKoHeynpyzux nepeOa 'l OA.II 
UCXOOHOU CUCIIIeMI>I 107 , 109Ag+40Ar. 13 u 14 • cnu
HW AezKozo u III.IIJICeAozo IPpazMeH•oe. IPopMa III.IIJICeAo· 
zo IPpazMeHIIIa - 3AAuncouo epa~eHuJ. c noAy oc.IIMU 
a u a, ¢opMa AezKozo - ciPepa. B HUJICHeu 'lac•u 

pucyHKa oe~PopMaJIU.II Bl>lpaJICeHa 'lepe3 .11oepHw u na
paMelllp r0 . 

63cu -cu, 
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10 100 1000 . 10000 
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Puc. 37. 3aeucuMocllll> eepO.IIIIIHoc•u uoHu3aJIUU K 
060AO'IICU Cu 0111 napaMelllpa CIIIOAICH06eHUJI OA.II 
cuc111eMw Cu+Cu npu 3Hepzuu 63 M3B. CnAOIIIHa.ll 
KpU6a.ll COOIII6eiiiCIII6yelll pac'lelly no Ou¢IPY3UOHHOU MO" 
OeAU, a IIIIIIPUX • npeOCKa3QHUJIM MOOeAU epa~llleAI>" 
HOU C6.113U. 

Onpe.neneHa TaiOKe 3aBHCHMOCTL HOHH· 
3aUHH MOneKynBpHoro ypOBHB 3da OT 
napaMeTpa CTOnKHOBeltHB B coy,napeHHBX 
HOHOB 63 Cu 4+ H 93 Nb 6+ C 3Hep
rHeii: 1 M3B/HYKA. c TOHKOH MHmeHLIO 
H3 3onoTa. Pe3ynLTaTbl cau,neTenLcTay
IOT 0 llOCTOBHCTBe BepOBTHOCTH o6pa30-
BaHHB L - aaKaHCHH 3onoTa npH H3MeHe • 
HHH MaCChi HOHa B cnyqae llpH6niDKeHHO· 
ro COBna,neHHB y CTanKHBaiO~XCB napT· 
Hepoa ypoaHeii: K H L. 

3KcnepHMeHTa~hHaH annapa~ypa 

H HayQHO-ITpHK~a~HWe pa60TW 
Co30aHo npozpaMMHoe o6ecne'4eHue 

MHOrOMepHbiX 3KCllepHMeHTOB Ha n HHHH C 
3BM MHHCK· 32, HMeiOIUee Mo,nyn LHYJO 
CTPYKTYPY H3 nporpaMM .nayx ypoBHeii:: 
6a3HCHOrO KOMnneKCa aBTOKO,nHLIX llO,n· 
nporpaMM H OCHOBHOrO KOMnneKCa npo· 
rpaMM Ha <I>OPTPAHe, OCYJUeCTBnBIO~X 
aecL npouecc aaToMaTH3aUHH ynpaan eHHB 
3KCnepHMeHTOM. 

Pa3pa6omaHa aHaAozoea.R u t~uf/Jpoea.R 

annapamypa .nnB yHHBepcanLHoro H3Mepu
TenLHoro Mo.nynB, o6ecne'IHBaiOIUero npo
ae.neHHe nepaooqepe,nHbiX JKcnepHMeHTOB 
Ha ny'IKax ycKopHTenB Y-400 Ha nHHHH 
c 3BM CM-3 H TPA-1140. 

C030aH nepebtU MHOZOMepHbtU aHaAU· 
aamop Ha 6a3e CHCTeMLI MAKAMAK 



c MHKponpou;eccopHhiM ynpaaneHHeM, HMe
IOIUHH o6'beM on epa THBHOH naMJITH 48 K 6aB:T 
H BKniO'IaiOIUHH B Ce6Jl 6nOKH opraHH3aiJ;HH 
MHoroMepHhiX coana,D.eHHH (.IJ.o 8 KaHan oa) , 
TpexMepHbiH .IJ.HCnneB: H .D.HCnneHHbiH ,D.paB:
Bep, aMnnHTY.IJ.Hhle KO.D.HpOBIUHKH H 6n OKH 
BBO,D.a- BhiBO,D.a Ha nep4JoneHTY. fiporpaMM
Hoe o6ecne'leHHe HEITTYH BK:!llO'IaeT Mo: 
HHTop, nporpaMMhl c6opa, HaKonneHHJI H 
npe,D.aapuTenbHOH o6pa6oTKH, nporpaMMhl 
,D.HcnneJI H nonh30BaTenJI. MoHHTop o6ec
ne'IHBaeT o6meHHe 3KcnepuMeHTa Topa 
c CHCTeMoB: nyTeM .D.Hanora 'lepe3 Kna
BHaTypy an4JaBHTHo-uu4Jpoaoro TepMHHana. 
06ecne'IHBaeTCJI pe:>KHM HHTerpanbHoro 
aHanH3a ,D.ByMepHbiX cneKTpOB H pe:>KHM 
6y4JepHoro HaKonneHHJI .D.nJI 'IHcna napa
MeTpoa 6onee Tpex. 

)J.AJI onepamU8H020 KOHmp0/1.!1 U U3Me
peHUJI mOK08 ny'IKa ycKopeHHbiX HOHOB pa 3-
pa6oTaH HHTerpaTop TOKa Ha 6a3e u;u4J
poaoro npu6opa <11-30, o6na,D.aiOmero Ma
nhiM BXO,D.HhiM COnpOTHBneHHeM H H3Me
pJIIOIIJ;ero TOKH B .D.Hana30He 10- 10 -;- 10- 3 A 
C B03MO:>KHOCTbiO nepe,D.a'IH HH4JopMaiJ;HH 
B 3BM. 

ycmaH08KQ 0/I.JI U3MepeHUJI 
no/IHOU KUHemu'leCKOU 3Hep2UU OCKOnKOB 
pe,D.KHX COfihiTHH BhiHY:>K.D.eHHOrO ,D.ene HJI 
Jl,D.ep 3apJI)I(eHHhiMH qacTHUaMH . B Ka'le c T
ae ,D.eTeKTOpOB OCKOnKOB ,D.eneHHJI np H
M~HJIIOTCJI HOHH3aiJ;HOHHble KaMepbl C 
nnocKonapannenbHhiMH 3neKTPO.D.aMH. Y c
TaHOBKa HCnbiTaHa Ha ny'IKe a -qaC THU 
c HHTeHCHBHOCTbiO 0,2 MKA. 34J4JeKTHB
HOCTb perHCTpau;HH COBna,D.aiOIUHX OCK n
KOB COCTaBnJleT 13,5o/o, nonymHpHHa 

cneKTpa TKE ocKonKOB ,D.eneHHJI 238 U 
a -qacTHUaMH cocTaBnJleT 35 M3B. TaKaJI 

ycTaHOBKa MO:>KeT HCnOnb30BaTbCJI ,D.nJI n o
HCKOB caepxTJI:>Kenhlx 3neMeHTOB c a6c o
niOTHhiM CO,D.ep:>KaHHeM > 2·10 7 aTOMOB B 6-
pa3IJ;e . 
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)J.AJI U3MepeHu.JI Mace npooyKmoa .!IOep
HbiX peaK~UU B na6opaTOpHH 6bln C03,D.aH 
apeMJlnponeTHbiH cneKTpoMeTp. B Ka'leCTBe 
BpeMeHHhiX ,D.eTeKTOpOB HCnOnb30BanHCb 
,D.eTeKTOpbl BTOpH'IHbiX 3neKTpOHOB Ha oc
HOBe MHKpOKaHanbHhiX nnaCTHH. )J,nJI H3Me
peHHJI 3HeprHH perHCTpHpyeMbiX npo,D.yKTOB 
HCnOnb30BanaCb HOHH3aiJ;HOHHaJI KaMepa. 
BpeMeHHOe pa3peweHHe cneKTpoMeTpa .D.nJI 
ocKonKoB .D.eneHHJI T Jl)l(enhlx Jl,D.ep ~t / t < 
::; 0,45o/o, 3HepreTH'IecKoe pa3peweHue 
~E /E::: 1o/o, 'ITO no3BOnHnO nony'IHTb pa3· 
peweHHe no Macce ~M/M ~ 1 ,So/o. 

Ilpooo/IJICaAac& pa3pa6omKa Memoooa aK
muaa~uoHH02o aHa/lu3a o6pa3uoa c npHMe
HeHHeM MHKpOTpOHa B Ka'leCTBe HCTO'IHHKa 
raMMa- H HeiiTpOHHoro H3ny'leHHH. Hccne
.D.OBaHhl B03MO:>KHOCTH MHKpOTpOHa ,D.nJI on
pe,D.eneHHJI co,D.ep:>KaHHJI 3onoTa B reonoru
'leCKHx Ofi'beKTaX MeTO.D.OM aKTHBaiJ;HH pe-
30HaHCHbiMH HeHTpOHaMH. fioKa3aHO, 'ITO 
ucnonb30BaHHe cno:>KHoro ypaH-6epunnue
aoro KOHBepTopa HeHTpOHOB H rpa4JHTa 
B Ka'leCTBe 3aMe.D.nHTenJI o6ecne'IHBaeT 
npoae,D.eHHe Maccoaoro aHanH3a o6pa3u;oa 
Ha CO,D.ep:>KaHHe 30nOTa C 'IYBCTBHTenb
HOCTbiO nopJI,D.Ka 10-7 2/2 . .lionblliOH 06'beM 
3aMe,D.nHTenJI ,D.OnycKaeT O.D.HOBpeMeHHOe 
o6ny'leHHe Ha MHKpOTpOHe 200 o6pa3IJ;OB 
o6meB: MaccoB: - 10 K2 npu .D.nHTenbHOCTH 
o6ny'leHHJI 8-10 'lacoa. 

)J.AJI ycKopeHUJI npo~ecca U3MepeHUJI 
aKmUBHOCmU 06/ly'leHHbiX o6pa3~08 · C03,D.aHa 

34J4JeKTHBHaJI aBTOHOMHaJI CHCTeMa perHCT
pau;HH Ha OCHOBe Ge (Li) - ,D.eTeKTOpOB 
H MHKponpoueccopHoro KOHTponnepa 
"MHKaM- 2" C 6noKaMH naMJITH, pa3pa6o· 
TaHHoro B OHMY. Pa3pa6oTaH nporpaMM
HbiH naKeT "THTaH", n03BOnJIIOIUHH ocy
mecTBnJITb ynpaaneHHe c6opoM H HaKon
neHHe ,D.aHHbiX, 3HepreTH'IeCKYIO Kanu6poa
KY cneKTpoMeTpH'IecKoro TpaKTa, ynpaa
neHHe HH.D.HKau;ueB: a npouecce HaKonne
HHJI, a TaK:>Ke ynpaaneHHe o6MeHoM HH4Jop
Mau;ueB: C BHelliHHMH ycTpOHCTBaMH. 
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3KcnnyaTaUHJI CHCTeMLI noKaJana ee 

HaAe~HOCTb, npOCTOTY ynpasneHHJI, o n e

paTHBHOCTb H YA06CTBO B HCnOnb30BaHHH. 

IIpoBeAeHa cepHJI 3KcnepHMeHTOB no 

BLI60py onTHManbHOH reoMeTpHH ycTpOHCTB 

AnJI npoBeAeHHJI peHTreHo~opecueHTHo
ro aHanHJa o6pa3UOB C npHMeHeHHeM paAHO

aKTHBHLIX HCTOt.{HHKOB HOAa-125 H aMep H: 

UHJI- 241. IIoKaJaHa BOJMO~ocTL onep a

THBHoro npoBeAeHHJI 3neMeHTHoro aHanHJa 

AnJI WHpOKOrO Kpyra 3neMeHTOB C q y s

CTBHTenbHOCTbiO OT 10-
3 

AO 5 ·10-G z /z 

( puc. 38 ). 

HccAeooeaHa eo3MOJICHOC111b ucnoAb 3 o
eaHUJI UHJieHCU6HbiX ny~K06 QAbr/Ja- ~QC III Uij, 

nonyqaeMLIX Ha UHKnOTpOHaX, AnJI aKTHBa

UHOHHOrO aHanHJa o6pa3UOB Ha COAep* a

HHe nnaTHHLI. HJMepeHLI ceqeHHJI o6pa J o

BaHHJI paAHOHyKnHAOB JonoTa H PTYTH, o 6-

pa3YJOWHXCJI B peaKUHJIX ycKopeHHbiX a n b

~-qacTHU C npHpOAHOH CMeCLIO H30TOn OB 

nnaTHHLI, H noKaJaHO, t.{TO qyBCTBHTenb

HOCTb o6uapy~eHHJI nnaTHHbl COCTaBnJi eT 
-8 - 9 

-10 - 10 ' z. IIonyqeuuLie peJynLTa TLI 

noKa3LIBaJOT npHHUHnHanLHYIO B03MO~HOCTb 

npoBeAeHHJI aKTHBauHouuoro auanHJa n n a

THHOCOAep~a~x o6pa3UOB Ha UHKnOTpOHe 

c npeAenoM,6onee HHJKHM, qeM AaJOT Kna c

cHqecKHe MeTOALI HeHTpOHHO-aKTHBaUHOH

HOrO aHanHJa. 

Pa3pa6oTK:H B 

Ha qeTLipexMeTposoM HJoxpouuoM UHK

noTpoHe TJI~enLix HOHOB (Y -400) npos o

AHnHCL pa6oTLI no pacwHpeuHro AHanaJo ua 

YCKOpeHHLIX HOHOB, OnTHMH3aUHH npoue c ca 

yCKOpeHHJI, HCCneAOBaHHJO BbiBOAa ny KOB 

HOHOB H3 UHKnoTpoua MeTOAOM 06AHPKH, 

YCOBepWeHCTBOBaHHIO H nOBbiWeHHJO HaAe~

HOCTH pa60TLI yJnOB H CHCTeM yCKOpHT nJI, 

a Ta~e BJ>monHJinHCb !l!HJHqecKHe 3Kcne-

t50ll 

_nool 

tJ 
~roo! 
j 

I 

r • .., 

lu.tM = s,.,.uH 

'*'• dO "'"' 

X10 

JoG f r ~~ 

~ · ' ,< t ..... ~ Jkt ... / 
toO zoo 300 JCIO &00 

KAHAnw 
700 

Pu c. 38. Cn eKIIP zeoAOZU'Iec Koii npo6t.l c cooepJICa· 
HUeM cepe6pa 0,0129~. 

HccAeooeaAOCb eAUJIHue uoHHozo o6-
Ay~eHUJI Ha npoueccbl nonJyqecTH H paJ

pywenHJI anroMHHHJI. IIoKaJauo, qTo Aeii 

CTBHe paAHaUHH Ha MaJ epHanbi, nOABep

rarowHeCJI MexaHHqecKOMY Hanp~eHHJO , 

KOpeHHbiM o6pa30M OTnHqaeTCJI OT AeHCT

BHJI ee Ha HeuanpJI~eHHLIH Ma TepHan. 

B nepsoM cnyqae o6Hapy~eHo JHat.{HTenL

uoe ycKopeHHe noA o6nyqeHHeM npouec

COB nonJyqecTH H pa3pyWeHHJI anJOMHHHJI, 

BO BTOpOM cnyqae, Hao6opOT, ynpoqeHHe 

MaTepHana Ja cqeT nOJIBneHHJI Ae!lJeKTOB, 

npenJITCTBYIOWHX AB~eHHIO AHCnOKaUHH H 

pa3BHTHIO Tpe~H. 

u ycKop:HTeJie:H 
PHMeHTbl Ha BHyTpeHHHX H BbiBeAeHHbiX 

ny"'Kax. 
Ha UHKnOTpOHe Y- 400 ycKopeHbl HOHbl 

C A/ Z = 6,7-10 AO 3HeprHH OT 14 AO 

6 M3B/HYKA. cooTBeTCTBeHHO. IIapaMeT

PLI ny"'KOB YCKOpeHHbiX HOHOB npHBeAeHbl 

B ma6A. 5. 
BBeAeHbl B CTpOH see CHCTeMLI Kop

peKTHPYIOWHX KaTyWeK, BKnJO"'aJOWHX B ce6JI 



Ta6AU11a 5 
IIapaMeTphl nyqKOB YCKOpeHHhlX HOH OB 

Ha lUIKnOTpOHe Y- 400 

110Hbl A/Z 11HTeHCI-1 BHOCT b 3Hep 1-iR 

(4acT./c) (M3B/Hy Kn.) 

o+2 
16 8 6. 1 0 

13 
8,5 

+2 
Ne20 10 3. 10 13 6,5 

Ne+3 
20 6,7 1013 14,0 

Ne+3 
22 7,3 4. 10 13 

10,7 

Mg+3 24 8 3 ·1 0 
13 

8,5 

Ar+4 
40 10 3,0. 10 13 

6,5 

Ar+5 
40 8 1,2.10 13 8,5 

Ar+6 
40 6,7 1 ·1 0 12 13,0 

T .+5 
1 48 9,6 3. 10 12 6,0 

ca+4 
40 10 7. 1 012 6,0 

T -+6 1 48 8 3. 1 0 12 8,5 

Fe+7 
56 8 2. 1 0 12 

8,5 

cu+8 
63 7,9 2. 1 0 12 8,5 

10 nap KOHU.eHTpHqecKHX,C BKnaAOM B M ar

HHTHOe none OT Ka)I(AOH OKOnO 50 3, H 8 nap 

a3HMyTanLHLIX KOppeKTHpYJO~HX KaTyweK, 

CnOC06HhlX BHOCHTL KOppeKIJ.HIO nepBOH r ap

MOHHKH AO 20 3. HcnonL30BaHHe KO HD.eH

TpHqecKHX KaTyweK H H3MeHeHHe ypOBHB 

OCHOBHOrO nong n03BOnHnO A06HTLCB H 30-

XpOHHOrO yCKOpeHHB AnB yKa3aHHOrO . A Ha

na30Ha HOHOB. 

lf3yqanHcL noTepH HOHOB s npou.e cce 

ycKopeHHB. BhlBCHHnocL, qTo ocHOBHOH n pH

qHHOH noTepL BBnBeTCB nepe 3apBAKa H OHOB 

Ha ocTaToqHoM ra3e. lihlnH nposeAeHhl pa-

6oThl no ynyqweHHIO saKyyMa. B Hac T oB-
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~ee BpeMB B pa6oqeM pe)I(HMe AOCTHrHyTO 

AasneHHe AO 7 ·1 0 - 7 Top. 
Ha U.HKnoTpoHe Y- 400 AnB BhlBOAa 

nyqKOB HCnonL3yeTCB AByxo6opOTHhlH 

BhlBOA, npH KOTOpOM nocne 06AHPKH 

Ha rpa~HTOBOH ~OnLre TOnliJ.HHOH 

40 +60 MKZ/CM 2 AO BhlXOAa H3 KaMephl 

HOHhl COBepwaiOT ADa o6opoTa Ha rpaHHU.e 

ceKTop-AonHHa. ~ng scero AHana3oHa yc

KopeHHhlX HOHOB H3yqanOCL nonO)I(eHHe H 

HanpasneHHe BhlBeAeHHLIX nyqKOB, pa3Ae

neHHe nyqKOB COCeAHHX 3apBAHOCTeH, HX 

pa3Mephl H pacxOAHMOCTL. Ko3~HU.HeHT 

BhlBOAa COCTaBnBeT OKOnO 6011/o. H3yqanacL 

TaK)I(e B03M0)1(H0CTL nnaBHOH perynHpOBKH 

3HeprHH BhlBeAeHHLIX nyqKOB nyTeM H3Me

HeHHB paAHanLHOrO nono)l(eHHB ~OnLrH. 

Oc~ecTsneHa TpaccHposKa nyqKos no 

KaHany AnHHOH 6 M C Ay6neTOM KBaApy

nonLHhlX nHH3, BaKyyMHLIMH nOCTaMH H 3ne

MeHTaMH AHarHOCTHKH. . 3HepreTHqeCKOe 

pa3peWeHHe BLIBeAeHHLIX nyqKOB, H3MepeH

HOe nonynpOBOAHHKOBLIMH AeTeKTOpaMH, 

paBHO 111/o. 
B u.em1x pa3BHTHB U.HKnoTpOHHoro KOMn

neKca JUIP AnB nonyqeHHB HHTeHCHBHhlX 

nyqKOB T B)l(enLIX HOHOB BnnOTL AO ypaHa 

C 3HeprHeH B HeCKOnLKO AeCBTKOB Mera-

3neKTpOHBOnLT Ha HyKnOH pa3pa6oTaHO ~H-

3HqecKoe o6ocHoBaHHe Ha C03AaHHe BTopoii 

CTyneHH YCKOpeHHB nyqKOB TB)I(enLIX HO

HOB - H30XpOHHOrO U.HKnOTpOHa C pa3Ae

neHHLIMH CeKTopaMH CO cneAyiO~HMH na

paMeTpaMH: 

AHana3oH 

YCKOpBeMLIX 

HOHOB 

3HeprHB 

HOHOB 

HHTeHCHBHOCTL 

nyqKoB 

THn 

- OT 
4He AO 

238 U, 

- OT 250 AO 50 M3B/HYKA., 

- Y-200, Y-400. 



B UCCAe0060HU.RX MeXOHU3M06 .ROepHbiX 
peaKJIUU U (JU3UKU OeAeHU.R .ROep uc
nOAb3yemC.R epeM.RnpoAemHblii Macc
cneKmpoMemp. BpeMeHHOe u 3Hepzemu
'lecKoe pa3pe1UeHUe oemeKmOp06 ycma
H06KU n0360A.Rem U3Mep.Rmb MOCC06ble 
pacnpeoeAeHU.R npooyKmoe .RoepHbiX pe
OKJIUU C IIIO'IHOCIIIbiO 1,5 a . e.M . 

TeAecKon U3 nponopJIUOHaAbHbiX C'lem
'IUKoe, UCnOAb3yeMbiU 6 MOZHUniHOM aHa· 
Au3amope OA.R pezuc•paJIUU AezKux npo
oyKmoe peOKJIUU. 



Ha U30XPOHHOM I#UK

AOIIpoHe Y-400 co-
30aHa cucmeMa 61>1" 

600Q U mpaHCnOpiiU" 

P06KU 6H€1UH€ZO ny<~· 

KQ III.RJIC€AI>IX UOH06, 

YCKOpeHHI>IX U3 MOJII" 

HOZO nAQ3M€HHOZO 

UCIIIO'IHUKQ OYZ060ZO 

11una. ,l(uazHOCIIIU<~ec-

KUil 6AOK 6 UOHHO" 

OniiU'I€CKOM KQHQAe 

•paccupo6KU no36o

A.Rem U3Mep.Rml> 3Hep-

ze•u<~ecKue u zeo-

Mellpu<~ecKue napa-

Mellpl>l 61>16eOeHHOZO 

ny'IKQ UOH06 . 

B6eOeHw 6 c•pou 6ce cuc•eMw 

KOppeKIIUPYIOJIIUX KamyiUeK. Ilpo-

6eOeHO ~OpMUp06QHUe U30XpOH

HOZO MQZHUIIHOZO nOA.R. 



TpeKu yc~eopeHHbiX .Roep xeAe3a, e &ueAeHH&Ie Ha 

MUKpOIIIP€UIUH€ 6HYIIIPU 061>€MO KAA.CIIIOAAO OAU6UHO. 

){AR npoeeOeHUJI C06M€CIIIHbiX 3KCnepUM €HIII06 no U3y

. '1€HUIO M€XOHU3MQ ZAy60KOHeynpyzux p eOKIIUU HO U30-

xpOHHOM IIUKAOIIIpOHe IIIJIJIC€Ab1X UOH06 Y-400 6 HH
CIIIUIIIYIII€ ROepHoii IPu3uKu (Kpa~eoe, IIHP) U3ZOIIae

AueaelllcR ~ea.wepa pacce.RHUR. 

,i{A.II C030QHUJI MUKpOKOHa

A06 U MUKpOIIIP€U1UH 6 Kpu

CIIIOAAOX OAU6UHQ U3 M€111eO

pUIII06, COOepJICOUIUX Ope6-

HUe lllp€KU 0111 ZOAOKIIIU'IeC

KUX KOCMU'I€CKUX .ROep C 

Z -~ 24, npUM€HJI€111CJI AQ-

3€PHOJI YCIIIOH06Ka. 



C nOMOIIII>IO IIJIXeJibiX UOH06 MOZYIIf 6WIIfb noAy'leHW 
JIOepHble ,PUJibllfpbl C pa3JIU'IHI>IMU OUaMellfpaMU nop. 

Yc•aHoeKa, ucnoAI>3yeMa.ll Ha noAyoc•poee qeAeKeH 
011.11 npoeeC>eHUJI pa6o• no 61>10eAeHUIO ceepxiii.IIXeAI>IX 
3AeMeHIIfoe U3 zeo•epMaAI>HI>IX paccoAoe. llpou3 eo
C>u•eAI>Hoc•" annapa•a oo 500 M 3 paccoAa e cyllfKU. 

BAUJIHUe UOHHOZO 06Jiy'leHUJI Ha MeXaHU'IeCKUe C60U• 
C/116a MellfaJIJI06 UCCJie006QJIOCb Ha cneJ4UQJII>HOU yc· 
llfQH06Ke. 





B 1979 ro.ny npo.noJDKanach no3TanHaJI' 

no,nrOTOBKa K 3HepreTH'IeCKOMy nycKy HM

nyJihCHoro peaKTopa HliP-2, co3,nasaJJHCh 

nepBOO'Iepe,nHMe ~H3H'IeCKHe ycTaHOBKH 

.nnR 3Toro peaKTopa. O.nHospeMeHHO o c y

mecTBJIRJiach nporpaMMa Hay'IHhiX Hccne

.IJ:OBaHHH C npHMeHeHHeM H e HTpOHOB B o 6-

JiaCTH R,nepHOH ~H3HKH H ~H3HKH KOH.D:e H

CHpOBaHHhiX cpe.n Ha peaKTope HliP-30. 

MeTo,noM cneKTpoMeTpHH no speMeHH n p o

JieTa o6Hapy)l(eH H30MepHhiH C.D:BHr HeH T

pOHHhiX pe3oHaHcos ypaHa- 238. Cyme c T

seHHhie pe3yJILTaThi nonyqeHhi B Hccne.no

BaHHRX Jier'laHWHX R,nep DOCpe,nCTBOM H3-

MepeHHH pa,nHaUHOHHOrO 3aXBaTa TenJIO BhiX 

HeHTpOHOB. H3MepeHhi HeKOTOphie R,nepHhie 

Jla6opaTOpHH 
(.,) (.,) 

HeHTpOHHOH 

<PH3HKH 

napaMeTphl ,neJIRU{HXCR MaTepHaJIOB, Hr

paiOIUHe 60JihWYIO pOJih B pacqeTax R,nep

HhiX peaKTOpOB Ha 6MCTphiX HeHTpOHaX. 

B HeHTpOHHhiX 3KcnepHMeHTax co csepx

TeKy'IHM reJIHeM 06Hapy)l(eHhl HOBbie THnM 

so36y)l(,neHHH KBaHToso8 )I(H.IJ:KOCTH. Pa3-

pa6oTaH H 3KCnepHMeHTaJihHO 060CHOBaH 

MeTO.IJ: HCCJie,noBaHHR TeKCTyp MaTepHaJIOB 

C nOMOIUhiO pacCeRHHR HMnyJihCHOrO nyqKa 

TennoBhiX HeHTpOHOB. BeJIHCh HHTeHCHBHhie 

pa60Thl no OCHall{eHHIO H3MepHTeJihHO- Bhi

'IHCJIHTeJihHOrO ueHTpa na6opa TOPHH co ape-

MeHHOH 3JieKTpOHHO- Bhl'IHCJIHTeJihHOH anna

paTypo8. PeaKTop HliP-30 BTopo8 ro.n pa-

6oTaJI no COKpall{eHHOMY rpa~HKY B CBR3H 

c no.nroTOBKOH K 3HepronycKy HliP- 2. 

HayqHo-Hcc~e~osaTe~hCKHe 
pa6oTbi 

l130MepHbiH C,UBHr 

HeHTpOHH~X pe30HBHCOB 

3KcnepHMeHThi no o6Hapy)l(eHHIO H 3 o

MepHoro C.IJ:BHra HeHTpOHHMX pe30HaH COB, 

OCyll{e CTBJieHHhie B npOWJIOM ro,ny, 6 M JIH 

,nonOJIHeHhl H3MepeHHRMH, llpOBe,neHHh i MH 

Ha pR,ne HOBhlX XHMH'IeCKHX coe,nHHeH HH 

ypaHa-238 B pe3oHaHce c 3HeprH e8 

6,67 3B. Pe3yJILTaThi noKa3aHhi Ha puc.39, 
r.ne H3o6pa)l(eHa seJIH'IHHa H30MepHo ro 

C.IJ:BHra B MHKp03JieKTpOHB01IhTaX B 3aBH

CHMOCTH OT H3MeHeHHH B nJIOTHOCTH(~~~ ~) 
3JieKTpOHHoro o6naKa Ha R,npe npH nep e

xo.ne oT o,nHoro XHMH'IecKoro coe,nHH.e HHR 

K ,npyroMy. Ka)l(,naR TO'IKa COOTBeTCTBy eT 

onpe,neJieHHOH nape XHMH'IeCKHX Coe,nHHe

HHH . ropH30HTaJihHMe 0Tpe3KH co CTpen

KaMH COOTBeTCTBYJOT HHTepBaJiaM Heonpe

.neneHHOCTH 3Ha'leHHH ~~~ 1
2

• Cnnow HaR 

npRMaR npose.neHa no MeTo,ny HaHMeHhW HX 

KBa,npa TOB, nyHKTHpHMe npRMMe COOTB eT

CTBYIOT ,nHana30HY C ypOBHeM .IJ:OCTOB ep

HOCTH 95o/o. 

qeTKOe npORBJieHHe H30MepHOrO C.IJ:BH

ra C MaKCHMaJihHOH BeJIH'IHHOH ,no 

400 MK3B CBH,neTeJihCTByeT 0 Ha61IIO,ne

HHH MeTO.D:OM HeHTpOHHOH cneKTpOMeTpHH 

RBJieHHR H30MepHOrO C.D:BHra R,nepHhiX 

Puc. 39. 3aeucuMocm" U30MepHozo coeuza L'l.E~s 
8 MUKp03AeKmpOH80AI>max ) pe30HQHCQ ypaHa-238 

om pa3HOC/fiU 3AeKmpOHHOU nAOmHOCIIIU L'l.II/JI 2 (a eO. 
JQ 26 CM -3). 
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ypOBHeB, HCCne~OBaBmeroCH paHee C no
MO~biO f1 ·Me30aTOMHOB H raMMa- p e3o
HaHCHOB cneKTpocKonuu. Henocpe~cTaeH

HLIM pe3ynbTaTOM HeBTpOHHOrO 3KCn epu
MeHTa, HMeiO~HM 6onbmoe 3Ha'leHHe ~nx 
H~epHOB <}IH3HKH, HBnHeTCH BbiBO~ 06 H3" 
MeHeHHH cpe~HeKaa~pa TH'IHoro pa~uyca 

x~pa U-239 Ha aenH'IHHY (1,_7 ~~: ~) f/JM 
2 !JPH 

B036y)l(~eHHH ~o 3Hepruu oKono 6 M3B. 
3TOT pe3ynbTaT Ha llOpH~OK npeBbllliaeT 
OI.J;eHKY, C~enaHHYIO Ha OCHOBaHHH CTa THC
TH'IeCKOB TeOpHH HarpeTbiX H~ep. IJo~o6-

HOe yMeHbllieHHe pa~Hyca COOTBeTC TByeT 
nepexo~y OT ~e<}lopMHpOBaHHOB K c<}lepii
'leCKOB <}lopMe H~pa. 

Pa,aHaQHOHHbiH 3axBaT ueuTpOHOB 

reJIHeM-3 
Ilpo~o~anucb uccne~oaaHHH ner qau

lliHX x~ep c noMOII.J;biO HeBTpoHOB. B 19 79 r. 
B na6opaTOpHH H3MepeHO 3<P<lleKTHBHOe Ce
'leHHe pa~Hai.J;HOHHOrO 3aXBaTa TellJIOBbiX 
HeBTpOHOB renHeM-3. 3KcnepHMeHTan bHble 
~aHHLie ~nx 3Toro pe~Koro npou;ecca npaK
TH'IeCKH OTCYTCTBOBanH BBH~Y Tpy~H CTeB 
H3MepeHHH Manoro ( nopx~Ka 10-5 6 ) ce
'leHHH Ha <}loHe KOHKYPHPYIO~eu pea Ku;uu 
np -nornomeHHH c ce'leHHeM _5. 10 3 6. 
B To )l(e apeMx renuu-4, o6pa3yiOmuucx a 
ny -peaKI.J;HH Ha renuu-3, HBnHeTCH ~HOB 

H3 npOCTeBlliHX H~epHLIX CHCTeM, ~OCTyn
HOB ~nx TeopeTuqecKoro pacqeTa aonHOBbiX 
<}lyHKI.J;HB H~pa. 

B H3MepeHHHX c raJoaou MHmeHb iO Ha 
nyqKe peaKTopa HliP-30 c noMo~biO ~e

TeKTopa Nai(Tl) ~nH perHCTpau;HH r aMMa
nyqeu nonyqeHa aenH'IHHa Tennoaoro c eqe
HHH, paaHax 29±9 MK6. PeJynbTaTbl ~nx 
BCeB HCCne~OBaHHOB B JIHcl> o6naCTH 3Hep
rHB HeBTpOHOB OT 10-2 3B ~0 6 0 K3B 
llOKa3aHLI Ha pUC. 40. IJpH HH3KHX 3Hep
rHHX Ha6niO~aeTCH 3axaa T S - BOflHOBLIX 
HeBTPOHOB ( B COOTBeTCTBHH C 3aBHCH
MOCTbiO 1/v), npH BbiCOKHX Ha'IHHaeT npe
o6na~aTb p -aonHoaou JaxaaT. 

Puc. 40. 3¢¢eKmueHoe ce~eHue paoua~uoHHozo 3a
xeama Heii•poHoe ROpa,wu zeAu.R- 3 anY ( B MK6J B 3aeu
cu.wocmu 0111 3Hepzuu HeiilllpOHOB E (e 3B). 

)l.nx conocTaaneHHH c Teopueu 6LinH 
BbmonHeHbi pacqeTbi Tennoaoro ceqeHHH 
any c ucnonb30BaHHeM rayccoaLix aon
HOBLIX <}lyHKI.J;HB OCHOBHLIX COCTOHHHB H~ep 
3 He H 4 He. MarHHTHLIB ~unonbHbiB nepe
XO~ B peaKUHH 3He(n,y) Ha TennOBbiX HeBT
poHax, Janpe~eHHbiB npaaunaMH oT6opa 
ITO CHMMeTpHH BOnHOBOH <}lyHKUHH, MO)I(eT, 
O~HaKO, llpOHCXO~HTb 3a C'leT B03MO)I(HbiX 
ManbiX KOMllOHeHT COCTOHHHB "CMemaHHOB 
CHMMeTpHH". CpaaHeHHe 3KcnepuMeHTanb
Horo H TeopeTH'IecKoro peJynbTaToB npu
aeno K OI.J;eHKe 0,14o,lo npHMeCH COCTOHHHH 
"cMelliaHHOB CHMMeTpHH" B renHH-4. 

11ccJie,aosauHH 
,aeJIHIUHXCH H,aep 

KoHcmaHmbl peaKmopHblX .MamepuaAoa. 
IlpH pacqeTaX peaKTOpOB Ha 6biCTpbiX HeBT
pOHaX, B CBH3H C Cyii.J;eCTBOBaHHeM 3lP" 
<}leKTa pe30HaHCHOB 6nOKHpOBKH, He06XO~H
Mbl ~aHHLie 0 npoxo~eHHH HeBTpOHOB qe
pe 3 ToncTLie cnou Ma Tepuana. Ilo~o6HLie 
H3MepeHHH Ha HliP- 30 ~nx 235 u u 239pu 

BblllOnHeHbl B cnyqae KaK 06bl'IHOrO, TaK 
H "~enHTenbHoro" nponycKaHHH B 3Kcne
PHMeHTax THna caMOHH~HKau;HH. 

Ha puc. 41 noKa3aHbi 3KcnepHMeHTanb
HLie cneKTpbl B HHTepaane 3HeprHB HeBT
pOHOB 3 3B 7 3 K3B. Ha puc. 42 ~aHbi 
3aBHCHMOCTH ocna6neHHH 'IHCna HeBTpOHOB 
H 'IHCna ~eneHHB OT TOn~HHLI nponyCKaiO· 



Puc. 41 . 3KcnepuMeHmaAbHble cneKmpbl no 6peMeHu 
npoAema, noAy'leHHble c noMOUibiO nAymoHue6ou Ka
Mepbl Oe/leHUJI: a - 6 OIIIKpbiiiOM ny'IKe, 6 - npu 
IIIOAUIUHe nponycKaiO~qezo o6pa3ua nAyllloHuJI- 2 39 
0 , 00412 JIOep/ 6 . 

Puc. 42. 3Ha'leHUJI o6b1'1Hoz o <¢) u "oeAumeAbHo zo" 
(~) nponycKaHUJI T nAyiiiOHUJI-239 6 3a6ucu,wocmu om 
IIOAUIUHbl o6pa3u06 t 6 ouana3oHe 0111 0,0022 oo 
0,1234 JIOep/ 6 0/IJI KQ.»COOU U3 12-IIIU 3HepzeiiiU'IeC KUX 
zpynn. 
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mero cnoH nnyTOHHH-239 ~H ~BeHa~uaTH 
3HepreTHqecKHx rpynn. TmaTenbHO Bblnon
HeHHLie H3MepeHHH ~nH 60nbWOrO Ha6opa 
TOnWHH HCCne~OBaHHbiX ~enHmHXCH MaTe
pHanOB no3BonHnH nonyqHTb Ha6op rpyn
noBbiX KOHCTaHT H ~aKTOpbi pe30HaHCHOrO 
CaM03KpaHHpOBaHHH. 

J(eAeHue pe30HQHCHbiMU HeiimpOHQMU 

JIOep H3 COCTOHHHH HH)I(e 3HeprHH CBH3H 
He:HTpoHa, o6pa3YJOlliHXCH nocne ucnycKaHHH 
raMMa-KBaHTOB c 3Heprue:H nopH~Ka 1 M3B, 
npe~cKa3aHo TeopeTuqecKH, HO ~o nocne~
Hero speMeHH oHo He HMeno Ha~e)I(HOro 

3KCnepHMeHTanbHOrO llO~TBep)l(~eHHH npH
MeHHTenbHO K H~py ypaHa- 235. IlpHMOH 
MeTo~ o6Hapy*eHHH 3Toro npouecca, oc
HOBaHHbiH Ha perHCTpaUHH peHTreHOBCKHX 
KBaHTOB, np.e~wecTayromux ~eneHHIO, pa3-
BHT B 3KcnepuMeHTax Ha peaKTope HliP- 30. 
B 3TOM cnyqae peHTreHoB~KHe KBaHTbl HB
miJOTCH pe3ynbTaTOM BHyTpeHHeH KOH
BepCHH HCKOMblX raMMa-nyqeif, npHMOe Ha-
6nJO~eHHe KOTOpblX npaKTHqecKH HeB03M0)1(
HO. 3KcnepHMeHTbl npOBO~HnHCb C llOMOmbiO 
MHOrocnOHHOH KaMepbi ~eneHHH C 2 2 ypa
Ha- 235, repMaHHeBOrO ~eTeKTOpa H 3BM 
TPA-1001i . PerucTpupoaanHcb ~ByMepHLie 
cneKTpbi. An napa Typa pa3Memanacb Ha npo
neTHOM paCCTOHHHH 57 M, qTO ll03BOnHnO 
uccne~oaaTL pe3oHaHCbl c 3Heprue:H ~o 

21 3B. 

Till 

102 ~~~-L~~~~~~_L~~~~~~~_L~~~~~~~_L~~~~~~~_L~~~~~~ 
t 
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Ha puc. 43 noi<a3aHa nony'leHHaJI. 3a~ 

BHCHMOCTb 'IHCJia peHTreHOBCI<HX I<BaHTOB 

Ha ai<T .neneHHJI. R oT o6pa THOH BeJIH'IHHhi 

.IJ.eJIHTeJibHbiX lliHpHH r f HeiJ:TpOHHbiX p e 3o· 

HaHcoB. BeJIH'IHHa R nponop~HoHaJILHa 
nap~HaJibHOH lliHpHHe ryf .Il.BYXCTyneHl.fa· 

Toro (n, yf) -npo~ecca. liY.IJ.Y'IH ycpe.nHea

Hoil no MHOrHM raMMa-nepexo.naM, oHa JIB· 

JIJI.eTCJI. BeJIH'IHHoil, cna6o Meiunomeil:c JI. (n 
pe3oHaHca I< pe3oHaHcy, B To BpeMJI. I<ai< 

.IJ.eJIHTeJibHble lliHpHHbl CHJibHO !lJnyi<TyHpy

IOT. B pe3yJibTaTe OTHOCHTeJibHbiH BI<Jia.IJ. 

(n, yf)- npo~ecca mtcu.naeTCJI. 6onLIIIHM .IJ.JIJI. 

pe30HaHCOB C MeHblliHMH lliHpHHaMH r f • 

Tai<HM o6pa3oM, Hai<JIOH npJI.MOH, Bhi'IHC JieH

Hoil: MeTO.Il.OM HaHMeHblliHX I<Ba.npaTOB, CBH

.IJ.eTeJibCTByeT B DOJib3Y CYILteCTBOBa HHJI. 

(n, yf) - npo~ecca, xoTJI. .IJ.JIJI. nony'leHHJI. 

Ha.D.e*HOrO 3ai<JIJ01.feHHJI. CTaTHCTH'IeCI<aJI. 

TO'IHOCTb .IJ.OJl*Ha 6h1Tb YJIY'IllleHa. Ilony

'leHHbiH I< HaCTOJI.uteMy BpeMeHH pe 3yJib· 

TaT COCTaBJIJI.eT BeJIH'IHHY r =(2 1+1
1
• 5
7)M:JB. 

y f ' - ' 

raMMa-pacna,n 
HeHTpOHHblX pe30HaHCOB 

Ha peaKmope HEP- 30, pa6oTaBIIIeM 

COBMeCTHO C YCI<OpHTeJieM 3Jiei<Tpo-

HOB JIY3-40, HCCJie.IJ.OBaHa peai<~HJI. 

152Gd(n, ~) 153Gd Ha pe30HaHCHbiX HeiJ:T-

poHaX. ,D;o nocne.nHero BpeMeHH .naHHhle o6 

3TOH pea~HH OTCYTCTBOBaJIH I<ai< BBH.IJ.Y 

Manoro ( 0,2~) co.nep*aHHJI. H30Tona 
152

Gd 

B ecTeCTBeHHOM ra.IJ.OJIHHHH, Tal< H 8 3 - 3a 

DO.IJ.aBJIJI.IOIIleH I<OHI<ypeH~HH pa.nHa~HOHHOrO 

3axBaTa HaH30Tonaxra.nonHHHJ1.·155u· - 157, 

TeDJIOBOe 3<}xjlei<THBHOe Ce'leHHe I<OTOpbiX 

npHMepHO B 300 pa3 npeBbllllaeT HCCJie.nye

MOe. 

Cnei<Tphl raMMa- nyqeiJ: B pa3HhiX p e 30-

HaHCaX H3MepJI.JIHCb MeTO.IJ.OM BpeMeHH n po

JieTa c noMOIIlhJO Ge(Li) - .neTei<Topa ( 'lyB

CTBHTeJILHhiH 06beM 17 CM 3 , pa3pellle HHe 

6,4 K:JB .nn11. 3Hepruu 7 M:JB) , pacn ona

raBIIIerocJI. Ha paCCTOJI.HHH 50 M OT ai<THB· 

>O 

" l 

" \ 
- -1 rt- < M3B ) 

001 01 OIS 0 > 015 

Puc. 43. 3a6UCUMOCmb BbiXOOO peH•zeHOBCKUX KBaH· 

•oe Ha aK• oeAeHUJI (Ri) o• o6pa•Hozo 3Jta'teHUJI 

6€AU'IUHbl OeAumeAbHbiX UIUPUH cr;1 ) Heu•poHHbiX 

pe30HQHCOB ypaHa· 235. 

Hoil 30Hbl peai<Topa. ,lJ;ByMepHaJI. HH!lJopMa~HJI. 
o *eCTI<HX raMMa-nepexo.nax Hai<annuBa

nacb B Tel.feHHe 18 CYTOI<, 0 MJI.ri<HX -

OI<OJIO 2 CYTOI<. IlpHMei1 cnei<TpOB MJI.ri<HX 

raMMa-nyqeiJ: .naH Ha puc. 44, r.ne ~u!lJpaMH 

npoHyMepoBaHLI raMMa- JIHHHH c 3Heprueil 

OT 80 .no 700 K:JB. Ha6JIJO.neHo 77 MJI.ri<HX 

H 17 nepBH'IHbiX raMMa-nepeXO.IJ.OB. IJony

l.feHbl HOBble CDei<TpOCI<ODH'IeCI<He .IJ.aHHble 

0 CDHHaX H l.feTHOCTJI.X ypOBHeH 11..IJ.pa l530d, 

cyme CTBeHHO .IJ.ODOJIHJI.IOIIlHe npe*HHe pe-

3YJibTaTbl HCCJie.IJ.OBaHHH B JI..IJ.epHbiX peai<

~HJI.X c 3ap11.*eHHLIMH qacr~aMH. B qacT

HOCTH, .IJ.JIJI. 3HeprHH CBJI.3H HeiJ:TpOHa B JI..IJ.pe 

ra.non~uJI.-153 ycTaHOBJieHo 3Ha1.feHHe 

6246,4±0,4 K:JB, OTJIH'IaromeecJI. OT npu

HJI.Toro paHee Ha 240 K:JB. 

H3y~eHue ¢AyKmyaijuu uHmeHcueHocmeu 
MJIZKUX zaMMa- nepexoooe npu 3axBaTe 

HeiJ:TpOHOB B pe30HaHCaX MOJIH6.IJ.eHa-95 H 

ra.nonHHHJI.-157 npoBe.neHo Ha pa3.neneHHbiX 

H30TOnax MOJIH6.IJ.eHa H ra.IJ.OJIHHHJI.. 06Ha

PY*eHhl OTCTynJieHHJI. OT CTaTHCTH'IeCI<OH 

MO.IJ.eJIH: HHTeHCHBHOCTH BTOpH'IHbiX raMMa

nepeXO.IJ.OB B COCTaBHOM 11..IJ.pe ra.IJ.OJIHHHH-

158 !lJnyi<TyHpyeT CHJILHee, l.feM cne.nyeT 

83 TeOpHH. IlpH HCCJie.IJ.OBaHHH MOJIH6.IJ.e

ua-96 o6Hapy*eHo aHoMaJILHoe 3aceneHHe 
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Puc. 44. AMnAUIIIYOHI>Iu cneKIIIp MJIZKUX zaMMa·Ay tteu 

U3 pe30HQHCQ 12,35 3B 6 peaKJIUU 152 Gd(n, y) 153 Qd. 
n • HOMep QMniiUIIIYOHOZO KQHQIIQ, N y • 'IUC/10 0111· 

C'leiii06 6 KQHQIIe . 

OKTynon&HOrO ypOBHR C 3HeprHei 
2,2345 M3B (J 77 =3-) npa 3axBaTe Hl c o
CTORHHi, B036y:>K.D;aeMbiX p -ueiTpOHaMH. 
YcTaHoBneua TaK:>Ke cTaTHCTH~ecKH 3Ha
~HMaR BepORTHOCTb KOppenRUHH HeiTpOH
HbiX WHpHH pe3oHaHCOB C HHTeHCHBHOCTR
MH raMMa-nepeXO.D;OB C 3TOrO ypOBHR. 

CaepxnJIOTHbie H.Qpa 

,4allbHeiiwue nOUCKU 603MOJICHOZO o6-
pa306QHUJI ceepxnA011fHWX .110ep B .D;eneHHH 
OCYtneCTBneHbl C npHMeHeHHeM pa.D;HOaK· 
THBHbJ.X HH.D;HKaTOpOB B noporOBOi peaKUHH 
(n, 5n) Ha BHC:MyTe-209. BenH~HHa n o-
pora 3TOi peaKUHH COCTaBnReT OKOnO 
30 M3B, R.D;po-npo.D;lcKT pacna.D;aeTcR ( n e
PHO.D; nonypacna.D;a 05 Bi - 15,3 .D;HR) c 
HCfiYCKaHHeM y.D;06HW:X .D;nR H3MepeHHR raM -
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Ma-nHHHi C 3HeprHei 703, 988, 1044 H 
1862 K3B. 06pa3en BHCMyTa o6ny~ancR 
B Te~eHHe 4 CYTOK ~ aKTHBHOi 30He peaK
TOpa HliP-30 npH cpe.D;Hei nnoTHOCTH no-
ToKa HeiTpOHOB CO cneKTpOM .D;eneHHR 
-4·10 12c.M -2 c-1. ITocne BW.D;ep:>KKHBTe

~eHHe 21 cyTOK 6w:n H3MepeH C fiOMOIUbiO 
Ge (Li) - .D;eTeKTopa cneKTp raMMa- ny
~ei, noKa3aHHW:i Ha puc. 45. HoMepaMH 
0603Ha~eHbl nHHHH B .D;Hana30He OT 570 
( H!l) .11;0 2614 K3B (Ht10). 3TH nHHHH 
npHHa.D;ne:>Ka T npo.D;yKTaM peaKnHi (n, y), 
(n, 2n) , (n , 3n), (n, 4n). JIHHHi BHCMyTa-
205 He o6Hapy)KeHo. H3 cilaiCTa HeHa6nro
.D;eHHR peaKnHH 209Bi(n, 5n) 205tu nony
~eHa OUeHKa BbiXO.D;a HeiTpOHOB Ha aKT 
.D;eneHHR, He npeBw:WaiOmaR 4·10-10 

.D;nR 

HeiTpOHOB C 3HeprHJIMH B .D;Hana30He 
40-60 M3B. 3Ta :>Ke Ben~HHa cny)KHT 
npe.D;enOM BepORTHOCTH06pa30BaHHRCBepx
nnoTHbJ.X OCKOnKOB B .D;en~HHH, conpOBO:>K
.D;aeMOM HCnycKaHHeM HeiTpOHOB C yKa-
3aHHbiMH 3HeprHRMH. flpe:>KHJIJI OUeHKa, no
ny~eHHaR ua HliP- 30, yMeH&WeHa B 50 pal. 

Hau6o11ee nepcneKmueHr.tM cnoco6o.M 
nolly'4eHUJI ceepxnAO.HblX JIOep,.no- BH.D;HMO
My, RBnRIOTCR R.D;epHWe peaKUHH fiO.D; .D;ei
CTBHeM TR:>Kenw:x HOHOB C 3HeprHeit B He
CKOnbKO COTeH Mera3neKTpOHBOnbT Ha HyK
nOH. B TaKHX coy.D;apeHHRX MO:>KeT .D;OCTH
raT&CR ynnoTHeHHe JI.D;pa, npeBw:waiOmee 

Puc. 45. CneKIIIP zaMMa·Aytteu o• o6AytteHHozo 6 

peaKIIIope HliP- 30 o6pa3wa 6UCMyJta - 209, ucnOIII>" 

306QHHOZO 011.11 nOUCKQ C6epXnAOIIIHI>IX JIOep. 
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KpHTH'IeCKYJO nnOTHOCTL P k "' 3p0 , npH KOTo·

pOH B03MO)I(H0 llOJIBneHHe B .ll,II,pe TT -KOH,IJ,eH

ca THOR HeycTOH'IHBOCTH. B JIH«l> BLm nHe
HO TeopeTH'IecKoe occne.n.osaHHe rr-KoH

.n.eHcauoo Jl,IJ,ep npH 6onLWOH nnOTHOCTH 

H 6onLWOH TeMnepaType .ll,II,epHOH c p e,IJ,hl. 
PaccMoTpeH Jdxi>eKT aoJHHKHOBeHH.Il pas-

HoaecHoro HJny'leHH.Il 

pexo·,IJ,a HyKnOHOB B 

TT -Me30HOB H ne

~ 33 -u'Jo6apLI. fl·o-

ny'leHhl CHnLHa.ll JaBHCHMOCTL KpHTH'IeC

KOH nnoTHOCTH p k OT TeMnepa TYPLI u 

BpeM.Il ycTaHOBneHH.Il CTaTHCTH'IeC KOrO 

paBHOBeCH.Il, ,II,HKTYJOIUHe He06XO,II,HMOCTL 

npoBe,IJ,eHH.Il 3KCITepuMeHTOB B ycnO BHJIX, 

npu KOTOphlx HarpeaaHue .ll,IJ,epHoH: c p e.n.LI 

He npeaMWano 6LI TeMnepaTypLI T ~ m77 c 2 = 
140 M3B. Co6mo.n.eHH.Il JTHX ycno auH: 

MO)I(HO O*H,II,aTb B CTOnKHOBeHH.IIX Jl,II,ep C 

MaccoaMM qucnoM A == 40 c JHeprueH: 

Ha HyKnoH · ' 500 M3B. 

AJib<Pa -pacna.n 
pe30HaHCHbiX 

COCTOHHHH n.nep 
YcpeoHeHHoe ce~eHue (n,a)-pea Kijuu 

Ha HeO,IJ,HMe -143 ,IJ,n.ll HeHTpOHOB C 3Hep

roeH: oKono 30 K3B HJMepeHo Ha JneKTpo·-

cTaTH'IeCKOM yCKOpHTene na6opaTOpHH. 

HeH:TpOHM nonyqanHcL a peaKUHH 

7 Li (p , n) 7 Be npH JHeprou npoTOHOB 

1891 K3B. CneKTP HeH:TpOHOB HMen BH,IJ, 

TpeyrOnbHHKa C OCHOBaHHeM OT 8 ,II,O 

70 K3B. AMnnuTy,IJ,HMH cneKTP anL$a- qac

THU HCCne.n.yeMOH peaKUHH HJMep.llnC.Il C 

IT0¥0WLID ,IJ,ByxceKUHOHHOH HOHHJaUHOHHOH 

KaMephl, B KOTOpyiD llOMemanaCb MHWeHb 

Heo,IJ,HMa, o6orameHHa.ll Heo.n.HMOM -143. llo

ny'leHHMH cneKTp anL$a-qacTHU u c x eMa 

ypOBHeH Jl,II,ep, y'laCTBYJOlUHX B peaKUHH, 

noKaJaHM Ha puc. 46. CnnowHoH: Kpa aoH: 

llOKaJaH OCHOBHOH BKna,IJ, B cneKTp OT a nb

cPa- 'laCTHU, conpoBo*.Il.aiDwHx nepe xo.n. 

B OCHOBHOe COCTOJIHHe KOHe'IHOrO .ll,II,pa 

uepnH-140. 

3Ha'leHae ce'leHH.Il ana cocTaauno 

20±3 MK~ 0Tcw.n.a onpe.n.eneHa cpe,IJ,H.Il.ll 

I 
I 

50 

-so 

6 

., 
"'Nd 

Puc. 46. CneKmp 
14 3 Nd(n, a) 140Ce 

30 K3B. 

anL$a- wopHHa 

d., d, d., 

14'JNd. "~Nd 143 Nd 

8 10 E., 

aAb(la-.,acmu~ peaK~UU 

npu 3Hepzuu HeumpoHoe oKoAo 

l a= 14±2 MK3B, co rna-

cyroma.IIC.Il, B COOTBeT~TBHH C BLIBO,II,OM 

CTaTHCTH'IeCKOH TeOpHH 0 llOCTOJIHCTBe 

anb$a-wap8Hhl, C ,IJ,aHHLIMH HJ peJOHaHCHOH 

o6nacTH JHeprHH. 

Memoou~ecKu yAy~weHa annapamypa.n.n.11 
HJMepeHH.Il cneKTpOB anL$a-qacTHU H 3$

llJeKTHBHhlX ce'leHHH peaKUHH (n, a) • PaJ

pa6oTaHa, nocTpoeHa H acnLITaHa Ha HeH:T

poHHOM ITY'IKe UHnHH,II,pH'IeCKa.ll HOHHJa

UHOHHa.ll KaMepa c ceTKOH. CxeMaTH'IeCKH 

KOHCTpyKUH.Il KaMephl llOKaJaHa Ha puc.47. 

6 

Puc. 47. CxeMa KOHCIIIPYK~uu ~uAuHopu"'ecKou uoHu· 
3a~uoHHOu KaMepbl OAR U3MepeHUR cneKIIIpoe aAbl/la
"'ac•u~ . J • KOAAUMQIIIOp, 2 - KOpnyc, 3 · CeiiiKQ, 
4 • C06UpQIOJIIUU 3AeKIIIpOO, 5 - MUIUeHb, 6 • 6biCOK0-
60AI>IIIHbiU 3AeKIIIpOO. 
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BbiCOKOBOJILTHbiH :meKTpo.n., Hecymu:H MH

weHL ( llJioma.IJ.LIO 0, 4 M 2 ) , BblllOJIHeH 

B BH.IJ.e yCe'leHHOrO KOHyca, 'ITO .n.aeT B03" 

MO)I(HOCTL 06Jiy'leHH.!I JIHWL MaJIOH .IJ.OJIH 

06beMa KaMepbl. 3TO o6ecne'IHJIO BbiCO-

KHe neperpy30'IHble xapaKTepHCTHKH 

ClleKTpOMeTpa npH yMepeHHOM 

( 100-200 K3B) pa3peweHHH Ha IJY'IKe 

He:HTpoHoa. CoJ.n.aHHe KaMepLI noJaonuno 

llpHCTYllHTL K H3MepeHHIO ClleKTpOB (n, a)

peaKUHH a o6nacTH ycpe.n.HeHHoro ceqe

HH.!I llpH 3HeprHH HeHTpOHOB .IJ.O .n.eC.!ITKOB 

KHJI03JieKTpOHBOJILT. 

CoJ.n.aH HOBLIH .n.eTeKTop anL$a-qaaTHU 

Ha OCHOBe nponOpUHOHaJILHbiX C.D.BOeHHLIX 

llpOBOJIO'IHbiX KaMep, pacnOJIO)I(eHHLIX B o6-

IUeM aaKyyMHpoaaHHOM Kopnyce. MuweHH 

llOMeiUeHLI B npoCTpaHCTBe Me)I(.IJ.Y KaMe

paMH, 'ITO ll03BOJIHJIO JaiUHTHTL 'IYBCTBH" 

TeJILHbiH 06beM llOCJie.D.HHX OT 06Jiy'leHH.!I 

B MOMeHT HMllYJILCHOH BCllLIWKH. 06wa.!l 

5 

93 

llJIOma.IJ.L MHWeHeH MO)I(eT .IJ.OCTHraTL 1 M 2. 

0 TJIH'IHTeJILHOH OC06eHHOCTLIO .IJ.eTeKTOpa 

.!IBJI.!IeTC.!I ero 6LICTpO.IJ.eHCTBHe, .IJ.OCTHraiO-

IUee npHMepHO 50 HC, H llOHH)I(eHHOe 

( .D.O 45 MKC) BpeM.!I BOCCTaHOBJieHH.!I 

n ocne neperpy)l(aJOwero HMnynLca Mom

H OCTH peaKTOpa. 

Y JibTpaxoJIOAHhie 

HeHTpOHbl 

IlpoeeoeHbl 3KcnepuMeHmbl .IJ.JIH BbiHc

eHH.!I B03BO)I(HOCTH llOJiy'leHH.!I HeHTpOHHO

llTH'IeCKOro H3o6pa)l(eHH.!I HCTO'IHHKa YXH 
C llOMOIULIO UHJIHH.D.PH'IeCKOrO 3epKaJia. 1-13-
M epeHH.!I npoao.n.HJIHCL Ha peaKTope CM- 2 

HHHAP ( r.,l].HMHTpoarpa.n.). CxeMa 3Kcne

P HMeHTaJILHOH ycTaHOBKH llOKa3aHa Ha 

p uc. 48 . .11CTO'IHHK 9 (cHCTeMa 4-x me

JieH) H TpeKOBbiH .n.eTeKTOp 8 (ypaH-TH

T aHOBbiH pa.n.HaTOp H $OTOCTeKJIO) pac-

a 

Puc. 48. Cxe.wa 3Kcnepu.weHIIIaAI>HOU yc111aH06KU OAJI noAyoteHUJI on111uotec~eozo u3o6paxeHUJI UCIIIO'IHUKa 

Ylll>lllpaxOIIOOHI>IX HeUIIIpOH06: a - 6UO c6oKy, 6 - 6UO caepxy. 1,2 - nAOCKonapaAAeAI>HI>Ie 3epKaAa, 

3 " 6epiiiUKQAI>HOe KPYZ060e I#UAUHOpUoteCKOe ' 3epKaAO, 4,5 - 60K061>1e nOZAOIIIUllleiiU, 6 - HeUIIIpOHOaOO, 

7 - pa.w~ea c- paoua111opo.w u oe111eK111opo.w, 8 - oe111eK111op, - uc111ootHUK, 10 - U3o6paxeHue c(JoKycupoaaHHozo 
nyotKa. 
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nonaraJIHCb p.11,noM. YnbTpaxono.IUible HeiiT 
poHbl CXO,IUinHCb Ha llOBepXHOCTH ,neTeKTO
pa nocne OTpa)l(eHHJI UHnHH,npH'IeCKHM 3ep 
KanoM 3 H MHOrOKpaTHbiX OTpa)l(eHHH OT 
,nayx nnocxonapannenbHbiX ropH30HTanb 
HbiX 3epxan 1 H 2 . Ilocne o6pa6oTKH cTex 
na nnaauxoaoB: xucnoToB: Ha ero noaepx 
HOCTH BblJIBHnOCb H306pa)l(eHHe 11.\eneB: B 
su.ne napannenbHblX nonoc ( BH,nHbl Ha clio To 
rpaq,uu puc. 49 ) . Ha puc.49 noxa3aH Tax 
)l(e nony'leHHblH B pe3ynbTaTe o6pa6oTKH 
no,n MHKpOCKOllOM rpacPHK H3MeHeHHJI IInOT 
HOCTH TpeKOB B nonepe'IHOM HanpaaneHHH. 
lllupHHbl meneB: u paccTOJIHHJI Me)l(,ny HHMH 
,naHbl B MHnnHMeTpax. 

KaqecTBO nonyqeuuoro HeB:Tpouuo-on 
TH\fecxoro H3o6pa)l(eHHJI no3aonJleT cTa 
BHTb 3a,naqy onpe,neneHHJI 3apJ~,na HeHTpo 
Ha C llOMOIUbiO CMeiUeHHJI H306pa)l(eHHJI HC
TO'IHHKa YXH no.n .neB:cTBHeM JnexTpuqec 
xoro non.11. 

llpeoAoxeH u peaAu3oeaH Memoo p e 
rHcTpauuu ynbTpaxono,nHblX ueB:Tpouoa c 
noMOIUbJO apall.\aJOD.\erocJI C'leT'IHKa, ycTpa 
HHBWHH HH)I(HHH nopor ( - 50 H3B ) np H 
,neTeKTHpoaauuu YXH H3- 3a oTpa)l(eHHJI oT 
BXO.IUIOrO OKHa ,neTeKTOpa. TOHKHe rocPpH
poBaHHble cTeHKH apamaroll.\erocJI 3He 
C\feT'IHKa ,I{BH)I(YTCJI CO CKOpOCTJIMH, npe 
BOCXO.I{JIIUHMH rpaHH'IHYIO ,nnJI Ma Tepuan a 
JTHX CTeHoK cxopocTb YXH . HcnbiTaHHJI 
C'leT'IHKa ua nyqxe YXH no,nTaep,nuJIH er o 
pac\feTHble napaMeTpbl. ,ll,nJI C'leT'IHKa c 
anroMHHHeBOH CTeHKOH HH)I(HHH JHepre TH
'IeCKHH nopor perHCTpaUHH COCTaBHn 

5 H3B. C\feT'IHK HaB:,neT npuMeHeHHe 
BO MHOrHX 3KCnepHMeHTaX C YnbTpax o 
no,nHblMH HeHTpOHaMH. 

l1ccJie,D;osauHs 

C 3apS)I(eHHbiMH qacTH~aMH 

Ha 3AeKmpocmamu'leCKOM ycKopumeAe 
3T- 5 npoae,neHbl MeTo,nuqecxue pa6oTbl 
C uenbiO C03,naHHJI OllTHManbHblX ycnOBHH 

··· :·. · }r · : .. ~-A~f~t · ··.: 
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Puc. 49. HeiilllpOHHo- oniiiU'IecKoe u3o6paxeHue uc
IIIO'IHUKa YXH 6 6UOe 114eJ1eii, o6o3Ha'leHHI>IX np.ucoy
ZOJII>HUKa.wu: a - tjOIJIOZpatjUJI no6epXHOCIIIU lllpeK060ZO 
oe•eKIIIOpa, 6 - zpatjuK U3MeHeHUJI n/IOIIIHOCIIIU 111peK06 

6 nonepe'IHOM Hanpa6JieHuu. 

,nnJI BblnonHeHHJI npuxna,nHbiX pa6oT: Me
.nuxo-6uonoruqecxux, a TaK)I(e pa6oT no 
JneMeHTHOMY auanH3Y MaTepuanoa. 
C 3TOH uenbiO no,nrOTOBneHa CHCTeMa 
cPOPMHpOBaHHJI npOTOHHblX llY'IKOBMHKpOH
HbiX pa3MepOB. 



H3AytteHue BaeUAoea- rJepeHKoea uc

cne.noBanocL B ycnoBHXX, Kor.na .nnHHa Bon

HLI H3ny'leHHJI cpaBHHMa C TOniiUIHOH pa

,IJ,HaTopa. B 3TOM cnyqae, cornacHo Teo

peTH'leCKOMY npe,IJ,CKa3aHHJO, H3ny'leHHe 

yTpa'IHBaeT ocTpyiO HanpaBneHHOCTL H B03-

HHKaeT OTKnOHeHHe MaKCHMyMa yrnOBbiX 

pacnpe.neneHHii: OT npocToro 3aKo~a 

8=arccos 1/ f3n. 

l13MepeHLI yrnoBble pacnpe.neneHHX H3-

ny'leHHX BaBHnoBa- qepeHKoBa no.n .neii:cT

BHeM JneKTpOHOB C 3Heprueii: 210 K3B 
B CniO,IJ,JIHOH nnaCTHHKe TOnll.I,HHOH 2,5 MKM 

B ClleKTpanLHOM .IJ;Hana30He OT 2500 .D.O 

5000 A. Pe3ynLTaTbl noKa3aHLI Hapuc.SO. 
CnnowHax KPHBax - pe3ynLTaT pac'leTa, 

npoBe.IJ;eHHoro .nnx H3ny'leHHX c JneKTpH

qecKHM BeKTOpOM, ne)l(amHM B nnoCKOCTH 

Ha6niO.IJ;eHHJI, nyHKTHpHaJI - nepneH,IJ;HKy

nxpHbiM K HeR. lliTpHx-nyHKTHpHaJI KpHBaJI 

Ha pHCYHKe nony'leHa 6e3 y'leTa MHOrOKpaT

HOrO pacceXHHJI. 

IlonO)I(eHHe MaKCHMyMa 3KCnepHMeH

TanLHblX yrnOBblX pacnpe,IJ;eneHHH B nepBOM 

llpH6nH)I(eHHH COOTBeTCTByeT KnaCCH'leCKOH 

O,B 

O,.t, 

0,8 

0,4 

30 60 90 30 60 90 
() , rpaA 

Puc. 50. YzA061>1e pacnpeoeAeHUJI u3Ay'leHuJI Ba6u

Ao6a· qepeHK060 OAJI 3Hepzuu 3AeKiflpOH06 210 K3B 

6 CAIOOJIHOU MUIUeHU IIIOAII#UHOU 2,5 MKM . 
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3aBHCHMOCTH, He60nbWHe OTKnOHeHHJI 

06'bJICHJIIOTCJI 3li>li>eKTOM MHOrOKpaTHOrO 

paccexHHX. XapaKTepHoii: oco6eHHOCTLIO pe-

3ynLTaTOB JIBnXeTCJI llpOXBneHHe .D.Hli>paK

l.I,HOHHblX Jli>li>eKTOB B 4lopMe yrnOBblX pac

npe,IJ,eneHHH. 3KcnepHMeHTanLHble nonywu

PHHhl KPHBLIX cornacyiOTCX c pac'leTOM 

,IJ,nJI .D..Hli>paKl.I,HOHHblX nonywHpHH llO li>opMy

ne, nony'leHHoii: B pa6oTe. IlpoaHanH3Hpo

BaH Bonpoc o npe.nenax npHMeHHMOCTH pac

'leTHoii: ll>opMynhl .nnx nonyiiiHpHH. 

.li:MHaMMKa 

KOH,IJ,eHCMpOBaHHbiX cpe,IJ, 

H3yttaAOCb oeyxpo1IIOHHO€ C8JI3QHHO€ 
COC1110JIHUe, Ha Cyll.l,eCTBOBaHHe KOTOpOrO 

yKa 3biBanH ,IJ;aHHble OllTH'leCKOH cneKTpO· 

cKo nHH. Heii:TpOHHble .naHHhle no.D.TBep)l(.na

lOT cymeCTBOBaHHe .D.BYXPOTOHHOrO COCTOJI• 

HH H yKa3blBaiOT Ha B03MO)I(H0Cfb cy

Il.l,e CTBOBaHHJI .D.BYXPOTOHHhlX COCTOJIHHH C 

OTn H'IHblM OT Hynx nonHhlM HMnynLCOM. 

Be T BL .D.BYXPOTOHHoro cocTOXHHX (puc.SJ) 
o6n a.naeT HeKoTopoii: .nucnepcueii: H ~ocTH
rae T JHeprHH 2~ npH q = 1,65 A -i . 

IlpH 6onLWHX HMnynLCaX pOTOHbl OTTan

KHBaiOTCJI H CBJI3aHHOrO COCTOJIHHJI He B03· 

HHK aeT. Ilony'leHO 3Ha'leHHe ,IJ;nJI KOHCTaH

Tbl li>oTOH-pOTOHHOrO B3aHMO.IJ;eHCTBHJI, 

paB HOe 0,5·10-38 
3p2•CM-3 . 

2 

1.5 

0.5 

: :} 1,2K 

•- 1,9K 

----£-~2 
2MHt 

0 2 3 q.).-1 

Puc. 51. CneKmpl>l 6036yxoeHuu ( 3HepzuJI l 6 M3B) 

6 C6epxlfleKy'leM zeAUU 6 306UCUMOCifiU Olff nepeOaH· 

HOZ O UMnyAbCQ q ( 6 eO . .4-1 ). 
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BTopLIM peJynLTaToM 3KcnepBMeH Ta 

JIBnJleTCJI Ha6mo.I{eHBe npB HB3KBX 3He p

rBJIX BeTBB O.I{HOaTOMHOrO pacCeJIHBJI. 3 T OH 

BeTBB Ha pBCYHKe COOTBeTCTByeT cnnow

HaJI KpBBaJI C napa6onuqecKBM 3aKOHOM 

,I{BCllepCBB, COOTBeTCTB}'lOUUIM pacceJIHHIO 

Ha noqTB CB060.I{HOM llOKOJlweMCJI aTOMe 

renBJI. CywecTsosauue 3TOH seTBB s o 3-

6y:>K.I{eHBH JIBnJleTCJI HOBLIM B HeO:>KB.I{a H

HLIM 3K<;nepBMeHTanLHLIM cilaKTOM, He c n e

,nylOWBM H3 H3BeCTHLIX TeopeTBqecKHX M O

,I{eneif. TeMnepaTypuaJI JaBBCHMOCTL u u

TeHCBBHOCTB 3TOrO O,I{HOaTOMHOrO pacce g

HBJI COOTBeTCTByeT nonyqeHHOH pauee .I{nJI 

nnoTHOCTB 6oJe-KoH.I{eucaTa. 
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Puc. 52. IlAOIIIHOCIIIIJ :JHepzeiiiU'IeCKUX COCIIIOAHUU a111o · 

M06 6000pOOa ( 6 npOU360AIJHIJIX eOUHUijQX ) 6 3Q6U · 

CUMOCIIIU 0111 nepeOaHHOU HeUIIIPOHaM :JHepzuu 1\ w 
(6 M:JB ) OAA pa3AU'IHIJIX IIIOAIIIUH aocop6Up06QHHO ZO 

CAOA. 

IIpoeeoeHo uccAeooeaHue ouHaMu-
~ecKux ceoucme eooopooa, a.I{cop6uposau

uoro Ha llOBepXHOCTB HBKenJI, B COBMeCT

HOH pa6oTe c HHCTBTYTOM Tsep.I{oro Tena 

UeuTpa Jl.I{epHLIX uccne.I{OBaHBH B IOnuxe 

( cl>Pr ) • Ha puc. 52 noKaJaHLI nonyqeu

HLie c noMowLJO cneKTpoMeTpa K.[(COr ua 

peaKTope HliP-30 nnoTHOCTB 3HepreTB

qecKBX COCTOJIHBH aTOMOB BO.I{OpO.I{a, o6-

pa3}'10UUIX 0,25 MOHOaTOMHOrO CnOJI 

KpBBaJI 2- 1, 0, 5 CnOJI - KpBBaJI 3- 1 B O,I{BH 

cnoil - KpHBaJI 4-1. H3 JaBHCBMOCTB ua-

6mo.I{aeMLIX nonoc Kone6aHBH OT KonuqecT

sa a6cop6uposauuoro BO.I{opo.I{a snepsLie 

nonyqeHLI CBnOBLie llOCTOJIHHLie B3aBMO-

,I{eHCTBBJI BO.I{OpO.I{-HBKenL fH-Ni 

= 8 ·10 3 OUH/CM B BO.I{OpO.I{-BO.I{OpO.I{ fH-H = 
= 4 - 10 3 ouH/cM. PeJynLTaTLI cywecTseu

HLI .I{nJI noHBMaHBJI KaK npoueccos KaTa

nBJa XBMBqeCKBX peaKI.{BH, MeXaHB3Ma pa-

60TLI TOllnBBHLIX 3neMeHTOB, TaK B cilBJB

qecKBX npoueccos ua nosepxHOCTJIX TBep

.I{LIX Ten • 
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Puc. 53. CneKIIIPI>I Heynpyzozo pacceRHUR HeulllpOH06 

Ha uHmepMelllaAAe PrMg3 . 



H3y'leHo KpucmaAAU'IecKoe noAe B HH
TepMeTanne PrMg 3 MeTo,noM Heynpyroro 
pacceRHHR TennoBMX He~TPOHOB. PacceR
HHe H3MepRll0Cb B "o6paTHO~ reoMeTpHH" 
no,n HeCKOllbKHMH yrnaMH npH TeMnepa
Typax 8 H 80 K. 3KcnepHMeHTanLHLI~ 

cneKTP npH TeMnepaType 8 K noKa3aH Ha 
puc. 53, Ha KOTOpOM CfillOWHaR KpHBaR 
yqHTMBaeT BCe OCHOBHMe npouecCM pac
CeRHHR, a nyHKTHpHaR - BM,neneHHbl~ BKna,n 
napaMarHHTHoro pacceRHHR Ha ypoBHRX 
KpHcTannHqecKoro nonR. llonyqeHM napa
MeTpM raMHllbTOHHaHa KpHCTannHqecKOrO 
nonR: X = 0,65±0,01, W = 

( -0,32±0,01) M3B. Pa6oTa RBnReTCR 
coaMeCTHMM Hccne.noaaHHeM OIUIH, U.H.HH 
AH r ,D;P ( r. PocceH.nop<P) ' YHHBepCHTeTa 
HM. K.MapKca ( r .Jie~nuHr) H HHCTHTyTa 
MeTannyprHH HM. A.A.Jia~KoBa ( r.MocK
aa). 

~H<PpaKQJUI 

HeHTpOHOB 

llonyqeHM nepBLie 3KcnepHMeHTanL-
HMe pe3yllLTaTM HCCne,noBaHHR TeKCTyp 
MeTO.L{OM ,nH<l!paKUHH TennOBMX He~TpOHOB 
no apeMeHH nponeTa. TeKcTypa, T .e. Ha
nHqHe npeHMyi.QeCTBeHHO~ OpHeHTaUHH KpH
CTannHTOB B MeTannHqeCKOM o6pa3Ue, pa
Hee HJyqanaCL C fiOMOI.QbiDpeHTreHOBCKHX 
nyqe~ npeHMyi.QeCTBeHHO Ha fiOBepXHOCTH 
MeTannoa. He~TpOHLI no3BOnJIIDT yaenH
qHTL Hccne.nyeMM~ o6'beM o6pa3ua. Ha 
3KcnepHMeHTanLHMX cneKTpax puc. 54, no
nyqeHHMX ,nnR o6pa3ua cTanH Ha 30- Mnpo
neTHO~ 6a3e HJiP-30 npH pa3nHqHMX no
no)l(eHHRX o6pa3ua, HarnR,nHO BH,nHO, KaK 
CHllbHO MeHRIDTCR HHTeHCHBHOCTH He~Tpo
HOB B pa3HMX ,nH<l!paKUHOHHMX OTpa)l(eHHJIX 
B 3aBHCHMOCTH OT OpHeHTaUHH o6pa3ua. 

(220).. 
1000 (3 10)"( 222lr 

(4oo)r (311) (211)"!220lr (200)"' 

I JJ I r I I I 
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.· ... 
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Puc. 54 . .[lugipaKijUOHHble cneKmpbl meKcmypupoaaH

Hozo o6pa3ij0 CIIIOAU npu JXl3HbiX OpUeHIIIOijU.IIX no-

CAeO ezo: J - 'IUCAO OIIIC'Ieiii06 oemeKIIIOpa, N -
HOMep KOHOAO ape.MeHH020 OHOAU301110pa . 

llpeHMyi.QeCTBO MeTo,na BpeMeHH npo
neTa COCTOHT B B03MO)I(HOCTH O,nHOBpeMeH
HOrO Onpe,neneHHR HeCKOllbKHX fiOniDCHbiX 
<l!Hryp Hccne.nyeMoro o6pa3ua, qTo oco6eH
Ho Cyi.QeCTBeHHO ,nnR Bei.QeCTB C HH3KO~ 
KpHcTannHqecKo~ CHMMeTpHe~. Hccne.no
aaHHR npoao,n.JITCR coBMeCTHO c U.H.HH AH 
r,n;P ( r.PocceH,nop<P ), TeXHHqecKHM YHH
BepCHTeTOM (r.,lJ;pe3,neH) H lJ.eHTpanLHbiM 
HHCTHTYTOM <l!H3HKH TBep,noro Tena H Me
Tann yprHH AH r ,ll;P (r.,lJ;pe3,neH). 
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HeuTpouuo

aKTMBaiJ,HonnhiH 

auaJIM3 

Ha BMnynLCHOM peaKTope HliP-30 co

J~aH DHeBMOTpaHCDOpTHLIB KaHan B DO~

rOTOBneHa MeTO~Ka 3KCDpeCCHOrO Heii:T· 

pOHHO-aKTBBaUHOHHOrO aHanBJa C n p BMe· 

HeHBeM raMMa·cneKTpOMeTpa BLICOKOrO 

paJpeweHBJI. CxeMa pacnonmtceHBJI nHeBMo

TpaHcnopTHoii CBCTeMLI B CDeKTpOM eTpa 

B 3KcnepBMeHTanLHOM Jane noKaJaHa Ha 

puc. 55. HcnonLJyeMLIB noToK 6LICTpLix 

B TennOBLIX HeBTpO!fOB COCTaBnJleT 

(2·3)·10
10

• CM-
2

• C -l .raMMa·KBaHTLI HaBe· 

~eHHOB aKTBBHOCTB perBCTpBp~TCJI 
Ge(Li) -~eTeKTopoM. Ha ycTaHOBKe npo

Be~elU>I BJMepeHBJI co~ep)l(aHBJI MaKpo 3ne

MeHTOB: KanBJI, HaTpBJI, KanLUBJI, Mar HBJI, 

filocfilopa B xnopa B nopa)l(eHHLIX onyxonLIO 
B Henopa)l(eHHLIX TKaHJIX B 6BonoraqecKBX 

)I(B~KOCTJIX DO~ODLITHLIX )I(BBOTHLIX (Kp LIC ) 

c uenLIO BJyqeHBJI noKaJaTeneii: BO~Ho -co-

H oee.,e 

6000 

5000 

4000 ~lllllll 

Puc. 55. CxeMa pacnoAoJICeHu./1 nHeBMOIIIpaHcnopiiiHO· 

ZO KQHQAQ U ZQMMQ- cneKIIIpOMelllpa 6 3KCnepuMeH

IIIQAbHOM 3aAe peaKmopa HEP- 30: 1 - aKmueHa./1 30Ha 

U 6UOAOZU'IeCKQ./I 3QIIIUIIIQ peaK1/IOpa, 2 · KQHQA, 3 • 
CIIIOUKQ ynpaeAeHU./1,4 • cneKIIlpOMelllp,5- KOMnpeccop. 

neBoro o6MeHa. IlpBMep nonyqaeMLIX an

napaTypHLIX CDeKTpOB ~aH Ha pUC. 56. 
qyBCTBHTenLHOCTL aHanBJa COCTaBnJleT 

) -4 -6 
( ~nJI pa3HLIX 3neMeHTOB 10 -10 rpaM· 

Ma Ha rpaMM npB BenBqBHe CTaTHCTB· 

qecKOB OWB6KB OT 5 ~0 15~. 

I 

r ca"T' ~ 1 ~~: .. ~ · ·:. D>JOLnO ,.,.. T I 
CL" 

I .. ,.,. ~ ca" C•" 
.... CL" Ar" .. 

1 
\,,: . ,;;.,, 531»1...., D~l' 

.,, ... 02101 ... ,.. ... , ,.,T r T I , ~·· -·· · I I I I ! ~00 ••• 1 ! r . T r 1 1 , : ~~ : ~ : 1 11 

3000 

'\I ,. . I I r,l ~~ ~~~~~ ., 11 ~ •• '· ,, ,I -......_:, .1 . . ~ ~· I .· II rt I \_ti.J~: ''-' ~~ 
1000 ~ ~......,;-._,.,.......! ~·~~-'L......~~..J·_JU ... ~%~~,--1 · - '-J,.._,v L__ 

2000 Z500 OJOO 500 1000 1500 3000 4000 K 3500 

Puc. 56. FaMMQ· cneKIIIp, noAy'leHHbiU npu QHQAU3e KOCIIIHOU IIIKQHU nOOOnbiiiiHbiX JICU60111HbiX. 
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3KCIIJiyaTaQHH, 
COBeprneHCTBOBaHHe 

J1 pa3BHTJ18 
OCHOBHWX ycTaHOBOK J1 arrrrapaTypw 

PeaKTop HliP-30 BTopoB: ro~ pa6oTan 
no COKpa~eHHOMY rpai}IHKY B CB.II3H C no~
rOTOBKOH K 3HepreTH1.feCKOMY nycKy 
HliP-2. BpeMB pa6oTLI peaKTopa Ha3Kcne
PBMeHT COCTaBBllO 2500 'l B COOTBeTCT
BHB c nnaHoM. Co3~aHa B onpo6oaaHa Me-

Hap.11~y c 3KCnnyaTauueB: H Mo~epHu-
3auueB: annapaTypLI cyiUeCTBYIOIUero H3-
MepBTenLHoro ueHTpa peaKTopa Hli P- 30 
npoao~unacL pa6oTa no npuo6peTeHmo B 
BBO~y B ~eHCTBHe o6opy~OBaHB.II H3MepB
TellLHO-Bbl1.fBCllBTenLHOrO ueHTpa HliP-2. 
llpOBe~eHa Hana~Ka 3neKTpOHHO-Bb11.fBCnB
TenLHOH MaUIBHLI PDP-11/ 70, nnaHupyeMoB: 
B Kal.feCTBe 6a30BOH MaWBHLI HOBOrO UeHT
pa. 

llpo~oiDKanocL ocHa~eHBe ueHTpa Ma
nLIMB 3BM ~n.ll B3MepBTenLHLIX MO~yne:H. 
B 1979 r. nonyl.feHo 4 MaWHHLI CM- 3 H 
CM -4 npoB3BO~CTBa ITHP. 

llpO~OIDKanOCL OCBOeHBe 3neKTpOHHO
Bbl1.fBCnHTenLHOH MaUIBHLI PDP-11 / 20, nna-

PeaKTop H ycKopHTeJIH 

TO~HKa aHanH3a COCTO.IIHH.II no~BB:>KHLIX 30H 
peaKTopa. llpoae~eHa no~rOTOBKa K 3aMe
He H3HoweHHLIX ycKopBIO~BX aonHoBo~oa 

ycKopBTenB-HH:>KeKTopa JIY3-40. YcKopu
TenL 3r-5 B 1979 ro~y npopa6oTan 
2100 qacoa. 

l13MepHTeJihHO-BbltiHCJIHTeJihHbiH ~eHTp 

HBpyeMOH B Kal.feCTBe ynpaBn.IIIO~eH ~n.ll 
ueHTpa H 6yl}lepHoB: K PDP-11/70. Onpo6o
BaH 3KCnnyaTaUHH MaKeT 6noKa CB.II3H 
~eHCTByro~ero BbiXO~HOrO KOMMyTaTopa 
ueHTpa c 3BM PDP-11/20.0cy~ecTaneHHe 
3TOH CB.II3B 
PDP- 11/ 20 

no3BOllBT no~KniO"'HTb K 
CYIUeCTBYIOIUHe aHanB3aTopLI. 

B xo~e pa6oT no pacwupeHHIO napKa 
BHeWHBX yCTpOHCTB H3MepHTenLHLIX MO~y
neH BLinonHeHo no~Knrol.feHHe HaKonBTeneB: 
EC--5012 Ha MarHBTHLIX neHTax H HaKo
nuTeJieB: H30T -1370 Ha MarHHTHLIX ~BcKax 
K 3neKTpOHHO- Bbll.fBCllHTenLHbiM MaWHHaM 
PDP-11/20 B "3neKTpOHBKa". 



JlccAeooeaHue ceepxllleKy· 
~ezo zeAu~-2 npoeoou•c~ 

C nOMOUjbiO 060UHOZO UM· 
nyAbCHOZO 
HeUIIIPOH06 
,IQ{H-1 M) 0 

cne KIIIPOM e111pa 
(yc•aHoeKa 

3KcnepuMeHI/IOAbHO~ 3AeKifl• 
poHHa~ nywKa 33II-2 npeo
Ha3Ha~eHa OA~ npoeepKu 
111eopuu u MemoouKu pac~e
•a CUAbHOIIIO~HbiX 3AeKIIIpOH· 
HbiX nyweK C AQMUHapHbiM 
ny~KOMo 

B pe3yAblllallle 3KcnepuMeH
•a no U3MepeHUIO U30Mep
HOZO C06UZQ HeumpOHHbiX 
pe3oHaHcoe onpeoeAeHo u3-
MeHeHue cpeOHeKaaopamu~
Hozo paouyca ~opa 239u 

0 

npu ao36yxoeHuu oo 3Hep
zuu OKOAO 6 M3Bo 
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H3Mep ulleAbHbiU 14eH•P Aa6opa•opuu OAJI uccAeooaa· 

HUU H H060M peaKliOpe ClllpOUIICJI Ha OCH06e IUUpo· 

KOZO npUMeHeHUJI coapeMeHHOU 6bi'IUCAUMeAbHOU llex

HUKU: om 6biCOKOCKOpOCIIIHOU 3BM 00 MUKponpOJieC

copoa. 
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3KcnepuMeHMQAbH&Ie 3QAbl peaKmopa . Hoem MOHMQJIC 
ycmaHoeoK OAR npoeeoeHUJI ¢u3ut~ecKux uccA eooea
Huu HaJfEP-2. 

CoeMecmHo co cneljuaAucmaMu B&lcweu mexHut~ecKou 
wKoA&I ( Mazoe6ypz, r ,4P) eeoymcR pa6om&l no co-
30aHUIO cneKmpoMempa nOAJipU306QHHbiX menA06biX 
HeumpoHoe CIIH-1 . MexaHut~ecKoe o6opyooeaHue 
cneKmpoMempa cMoHmupoeaHo a 3KcnepuMeHmaA&HOM 
3aAe HEP-2. 



Ha OCH06e UCCAe006QHUU, npoeeoeHHI>IX 
eo epeMR ¢u3uotecKozo nycKa HiiP-2, 
C030QH H061>1U eapuaHm n006UJICHOZO om
paxameAJI, Komopi>IU no3eoAum noAyotuml> 
npoeKmHI>Ie napaMempl>l peaKmopa. 

Ha KGHGAe YAI>fllpaXOAOOHI>IX HeUmpOH06 
H060ZO peaKmopa uoem MOHfiiQJIC YCIIQHOG
KU "TpucmoM" OAJI U3MepeHUJi 3AeKmpu
'leCKOZO OUnOAI>HOZO MOMeH•a Hefl•poHa. 

l 
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B 1979 r. nycKOBLie pa6oTLI Ha peaK
Tope HliP- 2 6LinH cocpe.n.oToqeHLI Ha MoH
Ta)t(e, oTna.n.Ke H c.n.aqe B 3KcnnyaTaumo 
CHCTeM OXna)t(,IJ,eHHJI peaKTOpa )t(H,II.KHM HaT
pHeM. Bae.n.eH B .n.eiicTBHe 3 -ii H JanonHeH 
)t(H,II.KHM HaTpHeM 2-ii KOHTypbl CHCTeMbl 
oxna)t(,IJ,eHHJI. B cooTBeTCTBHH c peJynL
TaTaMH i)IHJHqecKoro nycKa npoae.n.eHLI .n.o
pa6oTKa H ,IJ,OnOnHHTenLHLie HCnLITaHHJI 
nO,IJ,BH)t(HblX OTpa)t(a Teneii. 

IIpo.n.oll)t(anHcL pa6oTLI no coJ,IJ,aHmo 
HH)t(eKTOpHOB qaCTH CHnLHOTOqHor o nH-
HeBHOrO HH.IJ.YKUHOHHOrO yCKOpHTenJI JneKT
pOH.OB JIHY- 30. HapJI.IJ.Y c ucnLITaHHJIMH 
3KCnepHMeHTanLHOB JneKTpOHHOB nyWKH 
33II- 2, BO BpeMJI KOTOpLIX ,IJ,OC THrHyT TOK 
JneKTPOHOB 230 A, npoBO.D.HnacL TeXHH
qecKaJI no.n.roToBKa K coopy)t(eHmo wTaT
HOH JneKTPOHHOH nywKH c naMHHa pHLIM 
nOTOKOM 
CHCTeM 

Ha BLIXO,IJ,e, a 
JneKTpOnHTaHHJI 

TaK)t(e Hana.n.Ka 
MO,IJ,ynJITOpOB. 

Coopy)l(eHHe peaKTopa l1BP-2 
H 

<l>H3HqeCKHX ycTaHOBOK 

B coOTBeTCTBHH c ro.n.oBLIM nnaHoM 
npoBe,IJ,eH MOHTa)t( OCHOBHLIX MeTannOKOH
CTPYKUHB nepaooqepe,IJ,HLIX i)IHJHqecKHx 
yCTaHOBOK B 3KCnepHMeHTanLHblX 3anax 
peaKTopa HliP- 2. Pa6oTLI no c6opKe 6uo
norHqeCKOB 3aiUHTbl HeBTpOHHLIX nyqKOB 
B JKcnepuMeHTanLHOM Jane N!!2 BLmon
HeHLI Ha 80'9<>. B CTa,IJ,HH MOHTa)t(a Haxo
AHnHCb OCHOBHble y3nbl cne,IJ,YJOIUHX ycTa
HOBOK: KaHan ynLTpaxono,IJ,HblX HeiiTpOHOB 
c ycTaHOBKoii TPHCTOM .n.nJI noHcKa .n.u
nonLHoro JneKTpuqecKoro MOMeHTa HeiiT
poHa, ycTaHOBKa .n.nJI Manoyrnoaoro pac
ceJIHHJI, KOppenJIUHOHHLIB cneKTpOMeTp 
KOPA, HeiiTpOHHLiii .n.ul)lpaKTOMeTp .n.nJI 
6uonoruqecKHX uccne.n.oaaHHii. BLicweii 
TeXHHqecKOB WKOnoii Mar.n.e6ypra (r ,IJ;P) 
H3rOTOBneHLI H nocTaaneHLI B OHRH Me
TannoKOHCTPYKUHH H TOqHLie MeXaHH3MLI 
cneKTpOMeTpa DOnJipH30BaHHLIX HeiiTpOHOB. 
BLinonHeHLI no.n.roTOBHTenLHLie pa6oTLI 
',II.n.II MOHTa)t(a 3epKanLHLIX HeiiTpOHOBO,IJ,OB 
cneKTpOMeTpa ,IJ;HH- 2 C MeXaHHqecKHM 
npepLIBa TeneM • 



B Aa6opamopuu ewno.IIHeH 6oAbiUOii o6'beM pa6om no 
npozpa,w,we 3Hepzemu'lecKozo nycKa HliP-2. Ilpoee
oeH 1/leXHOAOZU'IeCKUU nycK U KOMnAeKCilble UCnbll!la
HU.Ji emopozo u mpembezo KOHmypoe cucmeMbl Hampue
eozo OXAOJICOeHU.Ji peaKIIIOpa. 
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Jia6opaTopHH 
Co> 

BWqHCRHTeRbHOH TeXHHKH 

OcHOBHLie ycuJIHH KOJIJieKTHBa Jia6o
paTopuu 6LIJIH uanpaaJieHbl ua: 

- pa3BHTHe H 3cPtPeKTHBHOe HCnOJib-
Joaauue ueuTpaJILHoro BLiqucJIHTeJILHoro 
KOMnJieKCa HHCTHTyTa; 

- C03,llaHHe H pa3BHTHe aBTOMaTu-
qeCKHX H noJiyaBTOMaTuqeCKHX CHCTeM o6-
pa60TKH KaMepHbiX CHHMKOB, npoBe,lleHHe 
MaCCOBOH o6pa60TKH CHHMKOB; 

- pa3BHTHe MeTO,llOB HCnOJib30BaHHJI 
3BM Ha JIHHHH C 3KCnepHMeHTaJibHbiMH 

H aBTOMaTH3aQHH 

ycTaHOBKaMu OHRH, a TaiOKe pa3pa6oTKY 
aJiropu TMOB pacqeToB u coJ.uauue npo
rpaMM o6pa60TKH ,llaHHbiX; 

- pa3pa60TKY npHKJia,llHbiX Me TO ,!lOB Bbl
qucJieHHH B CBJ13H C HCCJie,llOBaHHJIMH, npo
BO,llHMbiMH B OHRH; 

poae.ueuue uccJie.uoaauuii no peJix
THBHCTCKOH Jl,llepHOH ~H3HKe H ~H3HKe pe-
30HaHCOB; 

- pa3pa60TKY aBTOMaTH3HpOBaHHOH 
cucTe MLI ynpaaJieHHJI OHRH. 

Pa3BHTHe H 3~~eKTHBHoe Hcno~h30BaHHe 
H3MepHT8~bHO-BWqHC~HT8~bHOrO 

PacwMpeHMe KOH~MrypaUMM 38M 
UeHTpaJibHOrO Bb1"4MCJIMTeJibHOrO 

KOMnJieKca 

3aeepweHbl pa6ombl no HaAaoKe HaKo
numeAeu Ha MazHumHbiX oucKax EC-5061 
H 6JIOKa ynpaBJieHHJI 3THMH HaKOllHTeJIJIMH 
B KOMllJieKce c 3BM Ii3CM-6. 06max eM
KOCTb naMJITH Ha MarHHTHbiX ,llHCKaX 3BM 
li3CM -6 yBeJIHqeua B 5 pa3 H COCTaBJIJI
eT 290 M6aum. 

Pa3pa6oTaH, uJroTOBJieu u OTJIIDKeH 
MYJILTHnJieKcop u a.uanTep TeJierpa~uoro 

KaHaJia ua 3BM EC-1010 -KouueuTpa
Tope TepMHHaJibHbiX YCTpOHCTB. 

Pa3pa6oTauuax annapaTypa noJBOJix
eT llO,llKJUOqHTb K 3BM -KOHI.leHTpaTopy 
16 TepMHHaJibHbiX ycTpOHCTB H paCiliHpHTb 
TepMHHaJILHYIO ceTb Ha 6a3e MaJIOH 3BM 
EC-1010 H li3CM -6. 

IlpoeeoeHa pa3pa6omKa u 3aeepwaemc.11 
omAaoKa emopou o~epeou MaTeMaTuqecKoro 
o6ecneqeHHJI KOHI.leHTpaTopa TepMHHaJIOB 
li3CM -6 ,llJIJI o6ecneqeHHJI HHTepaKTHBHO
ro ( .uuaJioroaoro) pe)I(HMa pa6oTLI 
li3CM -6 c nporpaMMaMH. PaJpa6oTauuax 
BepCHJI onepaUHOHHOH CHCTeMbl KOHI.leHTpa
Topa npe.uycMaTpuaaeT ucnoJILJoaauue 
MYJILTHnJieKcopa TepMHHaJioB. 

KOMn~eKca O:HH:H 
Pa3pa6oTaHLI cxeMbl ynpaaJieuux .UJIH 

no.uKmoqeuux K 3BM li3CM -6 rpa~uqec
Koro .uucnJiex. )J.ucnJieii aae.ueu a 3KCnJiya
TaUHIO H ll03BOJIJieT onepaTHBHO noJiyqaTb 
rpa~uqecKylO HH~OpMal.lHIO H puCyHKH ne
qaTHbiX nJiaT Ha li3CM-6. 

H a 3BM EC-1010 pa3pa6oTaH, HJ
roTOBJieH H HaJIIDKeH KaHaJI, K KOTOpOMY 
no.uKmQqeu rpa~onocTpouTeJIL. 

Ilp oeeoeHbl uccAeooeaHUR no onpe.ue
Jieuuro OllTHMaJILHOH KOH~Hrypauuu 3BM 
CDC-6500. no pe3yJILTaTaM HCCJie,llOBaHHH 
HJMeueua KOH~urypauux 3BM, qTo noBLI
cuJio e e npOH3BO,llHTeJibHOCTb B cpe,llHeM 
ua 50/o . 

Co3)laHMe M pa3BMTMe 
MaTeMaTM"4ecKoro o6ecne"4eHMJI 

6a3oBbix 38M mum 
P a 3pa6omaHa eepcu.11 onepaijUOHHOU 

cucmeMbl 3BM li3CM -6, o6ecnequaaiOmax 
3KCnJiy aTaUHIO HOBLIX .uucKoB EC-5061. 
PeaJIHJoaau aapuauT uoaoro aJiropHTMa 
paJ,lleJieuux apeMeuu, noJBOJIHIOll.lero onTu
MaJILu o HCnOJib30BaTb pecypCbl li3CM -6. 
Bae.ueua B 3KCnJiyaTauuro uoaax aepcux 
onepauuouuoii cucTeMLI 3BM CDC-6500. 

llp oae.ueubl oqepe.uuLie peBHJHH u no
noJiueu bl 6u6JIHOTeKu nporpaMM o6mero ua-
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3Ha'leHB11 Ha 3BM .63CM -6 . .6u6nuoTeKa 
nporpaMM o6~ero ua3Ha'leHH11 ua 3BM 
EC-1040 pacmupeua .u.o 245 npornaMM. 

BHeop eHbl oee HOBble npozpaM MHble 

CUCIII€Mbl .ll.ll11 auanHTH'IeCKHX npeo6pa3o
.Ba.HBH ua 3BM CDC-6500 u EC-1040. Ilpo
se.u.euhl pac'leThl KOHCTaHT nepeuopMIIpos-

Pa3pa6oTaHLI CTpyKTypa H OCHOBH.I.Ie 
y3nhl BHTenneKTy anLHoro TepMHHan a ua 
OCHOBe MBKpo-3BM, K 'IHCny KOTO pLIX B 
nepByiO O'lepe.U.L OTHOC11TC11: 

- cne:u;uanH3BpOBaHHa11 MBKpo - 3BM 
.IVI11 KOMnung:u;uu .u.ucnne:Huoro clla:Hna; 

~ 6LICTphl:H npo:u;eccop .u.n11 reuepa:u;uu 
CTau.u.apTHhlX rpacilH'IeCKHX 3lleMeHTOB; 

- YHBBepcanLHhlH 6noK naM11TH C B03-

KB nponaraTopa rocTa B MIOOHHOrO npo
naraTopa c noMo~LIO nporpaMMHhlX cuc
TeM .ll.ll11 auanHTH'IeCKHX npeo6pa30BaHHH. 
PeanH30BaH anropBTM Bhl'IBcneuug Bhlcwux 
npu6niDKeuu:H B MeTo.u.e KphlnoBa- Jioro
ni06osa, a TaiOKe pa3pa6oTaH H peanu3osau 
anropHTM noKanLuoro nocTpoeuug o6~ero 
pemeuug ypasueuug lly- Jloy. 

Co3):1aHHe H pa3BHTHe cpe):ICTB H MeTO):IOB 

BH3Y8JibHO~ CBB3H C 38M 

MO:>KHOCTLIO JJ.OCTyna OT JJ.BYX npo:u;eccopOB. 
Ocsoeu cepu:HHhlH BhlnycK rpacilu'leCKHX 

.u.ucnnees ua 3anoMHHaiO~e:H 3JIT B OnhlT
HOM npoH3BOJJ.CTBe OHJIH. 

Ha Ji3CM -6 pa3pa6oTau .u.uanoroBhlH 
MOHHTOp .u.ng ynpasneuug y.u.aneHHOH 
.u.ucnne:Huo:H 
B pe:>KHMe 
(puc. 57). 

CTau:u;ue:H npu pemeuuu 3aJJ.a'l 
.u.uanora "onepaTop-3BM" 

-
C'fNS IT¥ 
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Puc. 57. IlpuMepbl uao6paxeHuu, noAy<roeM wx c noMOiVbiO yHuaepcaAbHOU ouaAozoaou noocuc•eMw aHa

Auaa U zpat/Ju'teCKOZO npeoc•aaAeHU.II OOHOMepHWX MQCCU606. 
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3KcnJiyaTaUKll 6a30 BbiX 3JieKTpOHHO-Bbi'IKCJIKTeJibHbiX MaUIMH 

Ta6Au14a 6 

38M ro.c:~osoi:1 

nnaH 
/s 4ac/ 

0611\ee 
none3Hoe 
speMfl 
c4eTa 3a 
ro.Q 

Cpe.QHecyT04HOe 
none3Hoe speMfl 
c4eTa /s 4ac/ 

41-1CJ10 

nponyll\eHHbiX 
3a.Qa4 

63CM-6 

CDC-6500 

6000 

6000 

/s 4ac/ 

6910 

7440 

20 , 3 

21 , 6 

75425 

196510 * 
( 2861 O) 

* B CK06Kax yKaJaHo l.fHCJIO Ja.llal.f, o6pa6oTaHHbiX c TepMHHaJIOB. 

Co3naHHe H pa3BHTHe 
aBTOMaTHqeCKHX H rro~yaBTOMaTHqeCKHX 

CHCTeM o6pa60TKH KaMepHbiX CHHMKOB 

llpoBe,lleHO ,lleTaJibHOe HCCJie,llOBaHHe 

npouecca KaJIH6pOBKH Ha OCHOBe MeTO,llH

l.feCKHX H3MepeHHH C06b1THH ap - 3KCne

pHMeHTa Ha "CnHpaJibHOM H3MepHTeJie", 

nonyl.feHbl OUeHKH HeJIHHeHHbiX HCKIDKeHHH 

no nomo CKaHHpOBaHHJI, H3y1.feHbl HX Bpe

MeHHble H TeMnepaTypHbie JaBHCHMOCTH. 

Ha OCHOBe 3THX HCCJie,llOBaHHH pa3pa6o

TaHbl HOBble MeTO,llbl KOMneHCaUHH HeJIH

HeHHbiX HCKa:>KeHHH H npoBe,lleHa pa6oTa 

no MO,llepHHJaUHH nporpaMMbl Kanu6p, 'ITO 

n03BOJIHJIO CHH3HTb HCKa:>KeHHJI HMnyJibCOB 

C06b1THH npH H3MepeHHH HX Ha "CnupaJib

HOM H3MepHTeJie" ,llO 0,5*. 
Oc}'IUeCTBJieH KOMnneKCHbiH JanycK 

CHCTeMbl !lJHJibTpaUHH B peaJibHOM BpeMeHH 

H o6c1.feT nepBbiX co6hiTHH. 

CKaHKPYIOOlKH asToMaT HPD 
Bse.lleHa B 3KcnnyaTaumo HOBaJI 

3JieKTpOHHaJI annapaTypa cKaHHp)'IOwero 

auToMaTa HPD B pe:>K.HMe HMHTaUHH 

npe:>KHeH 3JieKTpOHHOH CXeMbl aUTOMaTa. 

C nOMOUlbiO HOBOH 3JieKTpOHHOH annapa Ty-

pbl H3MepeHO OKOJIO 100 TbiC. C06LITHH, 

OOJiyl.f e HHbiX C :>KB,llKOBO.llOPO.llHbiX KaMep 

nB3 H MHC n.Hll ( B TOM l.fBCJie H B npo

uecce onLITHo:H 3KcnnyaTauBH ) . Annapa

Typa cKaHHPYIOwero auToMaTa noKaJana 

xopow y10 Ha,lle:>KHOCTb. 

llp OBO,llHJIBCb MeTO,llHl.feCKHe BCCJie,llO

BaHBJI pe:>KBMa !lJBJibTpaUBB ,llaHHbiX CKa

HHpOBaHHJI B peaJibHOM BpeMeHB C UeJibiO 

OOBbiWeHHJI 34J4JeKTBBHOCTH B3MepeHBH. 

llo,llrOTOBJieH nporpaMMHLIH KOMnJieKC B 

OpOBe,lleHbl MeTO,llHl.feCKBe H3MepeHBJI BO

HH3aUHH Ha nJieHKaX, OOJiyl.feHHLIX C Ka

Mepbl "niO.llMHna". 

)l Jl peaJIBJauBB npoeKTa OOBbiWeHBJI 

34l4leKTHBHOH npoHJBO.llBTeJibHOCTB HPD 

BBe,lleHbl B 3KcnnyaTaUBIO .llBe 3BMTPA-i 

C CO TBeTCTB)'IOIUBM KOMOJieKTOM BHew

HHX y c TpOHCTB. 

C 3.llaHa H JanymeHa B 3KcnnyaTaumo 

HOBaJI BepCHJI nporpaMM B3MepeHBH CHHM

KOB c MHC c oT6opoM ,llaHHbiX no MacKe 

B ynaKOBKOH HH!lJOpMaUHH B peaJibHOe Bpe

MJI HJMepeHHH. B~a~nonHeHbi pa6o1.fHe HJ

MepeH BJI OKOJIO 50 TLIC. C06b1THH CO cpe,n;

HeH CKOpOCTbiO 100 C06./~ac B C Tpex-
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Kpa THLIM COKpall{CHHCM 06'LeMa nepBH'IHLIX 
,naHHLIX ua MarHHTHLIX neHTax. C o J,naua 
H BBe,neHa B JKCnJiyaTaUHID CHCTCMa npo· 
rpaMM cl>HJILTpauHH ,naHHhiX c M H C ua 
CDC-6500. CKopocTL cl>HJILTpauHH .noae
.neua .no 600 co6./~ac. CoJ,naHLI TecTo
BLle nporpaMMLI ,nJIJI cneunpoueccopa . 

A sToMaT 

Ha JJieKTpOHHO-JJy qesoif 

Tpy6Ke A3JIT -2/160 

3aaepweua o6pa6oTKa ua CKaHHpyJO
meM aBTOMaTe A3JIT-2/160 10 TLIC. 
C06LITHH C MarHHTHOrO HCKpOBOrO cneKT" 
poMeTpa OHJIH, nonyqeHHLIX a JKcnepH
MeHTe no HCCJIC)J;OBaHHro KOrepeHTHOrO 
pO)I()J;CHHJI TT ·Me 30HOB. 

llpoae.neua pa3pa6oTKa nepaoi oqepe
.nH ¥aTeMaTHqeCKOrO o6ecneqeHHJI CHC· 
TeMLI o6pa60TKH CHHMKOB C ycTaHOBKH 
PHCK ua A3JIT-2/160, Jaaepweuo co
J,nauHe H oci>opMJieHHe 6H6JIHOTeKH 6a30BbiX 
no.nnporpaMM aaToMa Ta. BLlnoJIHJIJIHCL pa-
60Tbl no HCnOJIL30BaHHro CKaHHpyroutHX CHC • 
TeM Ha JJieKTpOHHO·JiyqeBOH Tpy6Ke B npH· 
KJia)J;HLIX HCCJie)J;OBaHHJIX. 

CoJ,nau MHoroueneBOH CKaHHpyroutHH 
KOMnJieKC Ha OCHOBe aBTO MaTOB 
A3JIT- 2/160 H A3JIT -1, npe,nuaJuaqeu
HLIH ,nJIJI o,nHoapeMeuuoi o6pa6oTKH cl>oTo
CHHMKOB OT )J;BYX JKCnepHMeHTOB. 

MOAYJJb YHMBepcaJJbHOH M3MepMTeJJbHOH 

CMCTeMbl AJIJI o6pa60TKM CHMMKOB 

c TpeKoBblx AeTeKTopos 

Ha 6a3e ,nayx H3MepHTeJILHLIX npoeK
Topoa .lillC-75 H 3BM CM-4 coJ,naaancJI 
MaKeT MO)J;YJIJI, npHrO)J;HhiH )J;JIJI npOCMOTpa 
H npe,naapHTCJILHbiX H3MepeHHH CHHMKOB 
co acex TpeKOBhiX ,neTeKTopoa OHJIH. Be
,nyTCJI pa60Tbl no nO)J;KJIIOqeHHIO npoeKTO • 
poa .lillC-75 K 3BM CM-4, pa3pa6oTKe 
6JIOKOB, OCBOeHHIO annapaTypLI H CHCTeM· 
uoro o6ecneqeHHJI 3BM. 

Haqa Thl pa6oTbl no Hccne,noaauHro B03-
MO~HOCTeH HCnOJIL30BaHHJI Y3JIOB MO)J;YJIJI 
,nJIJI coJ,naHHJI ycTpoicTB ,nJIJI npocMoTpa 
ci>OTOJMYJILCHH C "HeiTpHHHOro ,neTeKTOpa". 

06pa60TKa CHHMKOB 

C TpeKOBbiX · AeTeKTOpOB 

~JIJI nonyaBTOMaTHqeCKHX H3MepeHHH 
CJIO~HbiX cl>oTorpaci>HH C pa3JIHqHbiX Tpe • 
KOBhiX KaMep OHJIH B 1979 ro,ny HcnonL
JoaanacL cHCTeMa H3 12 npH6opoa ITYOC 
H 6 cTonoa CAMET ua JIHHHH c 3BM 
.63CM -4. llpoae.neua uana,nKa 7 6noKoB 
ITYOC-KAMAK. 

llpH nOMOutH nonyaBTOMaTHqecKHX 
ycTpoicTB ITYOC-CAMET o6pa6oTauo 
383,8 ThiC. TpeKoB cno~hlx co6LITHH ua 
CHHMKaX C KaMep JIB3 H JIJill; npH no· 
MOIJ.{H aBTOMaTHqeCKHX CKaHHPYJOutHX 
ycTpoicTa HPD HA3JIT-1- 95 ThiC. co-
6LITHH Ha CHHMKaX C pa3JIHqHbiX KaMep 
-OHJIH. 

Pa3BHTHe MeTOAOB HCTIORb30BaHHH 38M 
Ha JIHHHH C ~KCTiepHMeHTaJibHbiMH 

B paMKax pa6om no coJ,naHHIO Ma Te
MaTHqecKoro o6e.cneqeHHJI CHCTCM pea JIL• 
uoro apeMeHH )J;JIJI perHcTpaUHH H o6pa-
6oTKH HHci>OpMaUHH B JKCnepHMeHTaX 
B 06JiaCTH ci>H3HKH BbiCOKHX JHeprHH C0 3)J;aH 
HOBLIH aapHaHT nporpaMMLI c6opa H o6-
pa6oTKH HHci>OpMaUHH H ycoaepweHCTBOBaHa 

ycTaHOBKaMH Ol1HJ1 
no,ncHCTeMa ynpaaneHHJI ,naHHhiMH. CoJ,nau 
KOMnJieKC nporpaMM )J;JIJI YCTaHOBKH "KpH· 
cTann", nonyqHJIH ,naJILHeiwee pa3BHTHe 
KOMnJieKCLI nporpaMM )J;JIJI ycTaHOBOK 
.liHC- 2 H "<I>OTOH". 

~JIJI MO)J;eJIHpOBaHHJI H o6pa60TKH JKCne
pHMeHTaJILHbiX ,naHHhiX c NA-4 -cneKTpo-



MeTpa C03,naHbl sapHaHTbl OCHOBHbiX 3BeHL
es nporpaMMHoro KOMnneKca Ha 6a30BbiX 
3BM OHRH, a TaiOKe naKeTbl npHKna.nHLIX 
nporpaMM o6mero Ha3Ha'leHHJI. Pa3pa6o
TaHHoe MaTeMaTH'IecKoe o6ecne'leHHe wu
poKo HCITOnL3yeTCJI B 3neKTpOHHLIX 3KCne
pHMeHTaX, nposo.nHMbiX B OHRH. 

Ha 3BM EC-1010 no.nroTosneH Mo
.nepHH3HposaHHLIH sapHaHT nporpaMMHOH 
CHCTeMbl HaCTpOHKH H KOHTpOnJI pa60Tbl 
KaHanOB TpaHCllOpTHpOBKH 3apJI:lKeHHbiX 
qacnm CHHxpo<lJa3oTpoHa OHRH. Co3,naHa 
H onpo6osaHa cucTeMa .nn11 H3MepeHHJI H 
ynpaBneHHJI TOKaMH B MarHHTOOITTH'IeCKHX 
3neMeHTax KaHanos Bblso.na. llo.nroTosne
Ha Ha 3BM EC-1010 nporpaMMa pac'leTa 
TOKOB B MarHHTHLIX nHH3aX. 

Co30aHa nreAeeu3UOHHa.R cucnre.Ma KOHT
ponJI pa60Tbl llJITHMeTpOBOH CTpHMepHOH 
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KaMepLI cneKTpoMeTpa PHCK. CucTeMa 
c,naHa B 3KCnnyaTaUHIO H HCITOnL3yeTCJI 
B 3Kcn epuMeHTax Ha ycTaHOBKe PHCK 
B H<l>B 3 . Ha 6a3e TeneBH3HOHHoB: cucTeMbl 
KOHTpon JI pa3pa6oTaHa annapaTypa .nn11 
UH<lJpOBOH perHCTpaUHH KOOp,nHHaT TpeKOB 
H 3aiTHCH 3TOH HH<lJOpMaUHH B naMJITL 3BM 

• EC-1040. a peanLHOM speMeHH 3Kcnepu
MeHTa. 

Bee eHo e 3KCnAyanraijUIO nporpaMMHOe 
o6ecne'leHHe Koop.nuHaTorpa<lJos Ha 
EC-1010. Pa3pa6oTaHa nepsa11 oqepe.nL 
nporpaMM Bbl,naqu TononorHH ne'laTHhlx 
cxeM Ha .nucmieB: 3BM CDC-6500. Co3,naHbl 
nporpaMMbl pe,naKTHposaHHJI TononorHH 
cxeM B naKeTHOM H .nuanorosoM pe:lKHMax 
Ha 1i3C M -6 H CDC-6500. 

Co3~aHHe H pa3BHTHe MeTo~oB H rrporpaMM 
3KCIIepHM8HTaJibHbiX ~aHHbiX ~JUI o6pa60TKH 

IlpoeeoeHbl pa6onrbl no nreKyU~eil Mo
oepHu3aijuu U pa36UIIIUIO npozpaMM o6pa-
60TKH <lJHnLMOBOH HH<lJopMaUHH B COOTBeT
CTBHH C 3aJIBKaMH na6opaTOpHH. Jasep
WeHa pa3pa60TKa npoeKTa aBTOMa TH3H
poBaHHOH CHCTeMbl MaTeMaTH'IeCKOH o6-
pa60TKH <lJHnLMOBOH HH<lJOpMaUHH Ha 3BM 
CDC-6500.· _-

Co3,naH KOMnneKc .nucnneB:Hhlx npo-
rpaMM .nn11 aHanH3a pe3ynLTaTOB C'leTa 
a HHTepaKTHBHOM pe:lKHMe. BhlnonHeH aHa
nH3 pe3ynLTaTOB <lJHnLTpaUHH ,naHHbiX CKa
HHpOBaHHJI Ha "CnHpanLHOM H3MepHTene" 
B peanLHOM BpeMeHH H3MepeHHH. 

3asepwaroTcJI pa60Tbl no co3,naHHIO cuc
TeMbl reHepauuu nporpaMM o6pa6oTKH 
<lJHnLMOBOH HH<lJopMaUHH Ha 6a3e nporpaMM 
_nng reoMeTpH'IeCKOH peKOHCTPYKUHH H KH
HeMaTH'IeCKOrO aHanH3a co6biTHH, a TaiOKe 
nporpaMMbl EDIT B paMKax cucTeMbl 
"ru.npa". 

Pa3eunrue ManreManru'lecKozo o6ecne'le
HU.R eouHou cucnreMbl o6pa6onrKu cneKnrpo-

Menrpu'l eCKou uH¢opMaijUU. Co3,naH KOMn
neKc np orpaMM, o6ecnequsaromux npueM, 
C:lKaTHe H COpTHpOBKY ,nByMepHbiX cneKTpOB 
B peaKUHH (n, a). Pa3pa6oTaHbl H BKniO'IeHLI 
B 6u6nuoTeKy nporpaMM Mo.nynu .nn11 HeB:T
poHHo- a KTHBaUHOHHoro aHanu3a, o6pa6oT
KH ,nByMepHbiX ,nu<lJpaKUHOHHbiX cneKTpOB, 
a TaiOKe cneKTpOB nponyCKaHHJI HeHTpOHOB. 
PacWHp eHa 6u6nuoTeKa nporpaMM cucTe
Mbl o6pa60TKH ClleKTpOB 3a C'leT BKniO'Ie
HHJI np rpaMMHbiX MO,nyneu, pa3pa6oTaHHbiX 
B cTpa ax -yqacTHHUax OHRH. 

llon y'IHnH ·.nanLHeB:we e pa 3BHTHe MaTe
MaTH'Ie CKHe MeTO,nbl o6pa60TKH HH<lJOpMa
UHH. B hlnomieH cpaBHHTenLHbiH aHanH3 pe-
3ynLTaTOB pac'leTOB ,nnJI pa3nH'IHbiX MeTO
,nOB npe.ncTasneHHJI ,nBH:lKYIUHXCJI norapu<lJ
MH'IeCKHX oco6eHHOCTeH B Tpex'laCTH'IHbiX 
HHTerpanLHbiX ypaBHeHHJIX ,nnJI HenpepbiB
HOrO ClleKTpa. llony'leHbl BCTpe'IHble y6LI
BaiOIUHe cxo.nJIIUHeCJI nocne.nosaTenLHOCTH, 
y,no6Hble B opraHH3aUHH Bbi'IHCneHHH na
paMeTp OB TpeKOB C yqeTOM 4JaKTOpH30BaH
HOrO np e,ncTaBneHHJI HH<lJOpMaUHOHHbiX MaT-
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PHU. Ha OCHOBe Tpex'laCTH'IHOrO K Ba3H· 

noTeHuHaJILHoro no.nxo.na pacc'IHT aHLI a 

npH6JI~eHHH O,nHOKpaTHOrO DHOH·Hy KJIOH· 

Horo pacceRHHR c y'leToM HyKnoH·Hy KJioH

Horo B3aHMO,neiiCTBHR B KOHe'IHOM COCTOR· 

HHH HHTerpaJILHOe H .nHcPcPepeHUHaJILH Oe ce • 

'leHHR pa3BaJia ,neiiTpOHa DHOHOM B 06JiaCTH 

( 3,3) -pe3oHaHca. IloKa3aHo, 'ITO Teope

TH'IeCKHe paC'IeTLI Ka'leCTBeHHO ODHCLIBa· 

lOT HMeiOIUHeCR 3KCnepHMeHTaJILHLie ,naH· 

HLie. 

HccRenosaHHH no pe RHTHBHCTCKOH HAepHOH ~H3HKe 

H ~H3HKe pe30HaHCOB 
Ha ocHoee aHa.llu3a 3KcnepuMeH111aAb· 

HbiX OaHHbiX o6 HMDYJILCHLIX cneKTpax aTo

PH'IHLIX .neiiTpoHoa, ucn~eHHLix n o .n yr

JIOM 103 Mpac) BO B3aHMO,neHCTBHRX ,neiiT· 

poHoa c HMDYJILCOM 4,3; 6,3 H 8,9 T3B/c 
C R,npaMH yrnepo,na, amoMHHHR H BHCMyTa, 

C,neJiaH BLIBO,n 0 TOM, 'ITO B COy,nap eHHRX 

peJIJTHBHCTCKHX ,neiiTpOHOB C R,npaMH 'laCTL 

HHH, B BH,ne cilparMeHTOB R,npa·MHWeHH 

(puc. 58) . 
BLinonHeHLI pac'leTLI HMDYJILCHLIX 

cneKTpOB BTOPH'IHLIX ,neiiTpOHOB OT KBa3H· 

ynpyroro .neiiTpoH·.neiiTpOHHoro pacceRHHR 

npu 8,9 F3B/c, .neMOHCTPHPYJOIUHe 3aomo

UHIO CTpyKTYPLI BLICOKOHMDYJILCHLIX qac· 

TeH CDeKTpOB ,neiiTpOHOB, o6yCJIOBJieHHOH 

HYKJIOHOB g,npa, BOBJie'leHHLIX BO B 3 aHMO· BKJia,nOM HYKJIOH·HyKJIOHHLIX coy,napeHHH 

,neHCTBHe C HaJieTaJOIUHM ,neiiTp OHOM, pa3JIH'IHOH KpaTHOCTH, DO Mepe H3MeHeHHR 

,nOJDKHa HCDYCKaTLCR B CBR3aHHOM COCTOR· yrna pacCeRHHR. 

e JIOO = 1 o 3 MpaA 

Po = 4,3 r3B/c ~ ~ 
600 ~ 150 

Po = 5,3 r38/c j l60 
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Puc. 58. Bz.ICOKouMnyAz.cHz.le '40CIIU cneKIIIpoe oeii11poHoe, ucnylljeHHZ.IX e coyoapeHUJIX oeii111poHoe c u.wnyA•

coM 4,3; 6.3 u 8,9 F3B/c c .11opaMu yzAep ooa noo yzAoM 103 Mpao. CllpeAKu noKa3r.leaiOII 3Ha'4eHuR 

UMnyAZ.C06 OeiillpOH06, 6bi'4UCAeHHZ.Ie U3 KUH eMQIIIUKU ynpyzUX (d-p)-, (d-d)- U (d-C)- coyoapeHUU . flUKU 0111 

ynpyzozo pacceJIHUJI xapaKIIepU3YIOII pa 3p eweHue cneKIIpoMelllpa . CnAOIUHZ.IMU u w•puxoei>IMU KpU61>1MU 
nOKQ3QHI>I pe3yAUIQIIII>I pac'4eii06. 



Pa3pa6oTaHa H CMOHTHpoaaHa annapa

Typa KOHTpOJI.R pe)I(HMOB pa60Thl MarHBT

HOrO ClleKTpOMeTpa C npOBOJIO'lHhiMH Ka

MepaMH Ha JIHHHH c 3BM. Pa3pa6oTaH 

H H3rOTOBJieH OllhiTHbiH o6pa3eU 6JIOKa KO

~pOBaHH.R HH~OpMaUHH C nponopUHOHaJih

HbiX KaMep, coJ.naHhi no.nnporpaMMbl npue

Ma HH~OpMaUHB .IJ.JI.R pa60Thl ycTaHOBKH Ha 

JIHHHH C 3BM. 

C noMOUib10 ycmaHOBKU CKM- 200 
( COBMeCTHO C JIB3) npoBe.IJ.eHhl 3KCnepH

MeHTaJihHhie HCCJie.IJ.OBaHH.R MHO)I(eCTBeH

HOrO po)I(.IJ.eHH.R OTPHUaTeJihHhiX 'laCTHU BO 

B3aHMO.IJ.eHCTBH.RX .R.IJ.ep C .R.IJ.paMH npH HM

nynhcax HaJieTaiOIUHX .R.IJ.ep 12 c H 160 

4,5 T3B/c Ha HYKAOH. llpoae.neHhi 3Kcne

PHMeHTbl c uenhiO o6Hapy)l(eHH.R 3~~eKTa 

3a.IJ.ep)l(aHHOrO .IJ.eJieHH.R H3 BhiCOKOCllHHO

BbiX .R.IJ.epHhiX COCTO.RHHH B peaKUHH Ja-

XBaTa rr -·Me30HOB 
232 Th H ~3 8 U. 

llpOBe.IJ.eHbl HCCJie.IJ.OBaHH.R MeXaHH3Ma 

B036y)I(.IJ.eHH.R BhiCOKOCllHHOBhiX .R.IJ.epHbiX 

COCTO.RHHH llpH norJIOIUeHHH Me.IJ.JieHHhiX 

77- -Me30HOB aTOMHbiMH .R.IJ.paMB. ilOJiy'leHhl 

3KCnepHMeHTaJihHble .IJ.OKa3aTeJihCTBa TO

ro ~aKTa, 'ITO B036y)I(.IJ.eHHe apaiUa TeJih

HOrO .IJ.BH)I(eHH.R OCTaTO'lHOrO .R.IJ.pa MaJIO 

3aBHCHT OT MaCCbl, 3ap.R.IJ.OBOrO COCTaBa 

HCllyiUeHHbiX 'laCTHU H .ne~OpMaUHH HCXO.IJ.

HOrO .R.IJ.pa. 

C noMOUib10 00HOMe11lpOBOU JICUOKOBO-
OopOOHOU KaMepbr npoae.neHo H3y'leHHe 

np -a3aHMO.IJ.eHCTBHH llpB HMllYJihCe 

1 :- 5 T3B/c. B 3KcnepBMeHTax no HJy

'leHHIO CTpaHHbiX 'laCTHU B np ·BJaHMO

.IJ.eHCTBB.RX npH 16 T3B/c o6Hapy)l(eHa aHo

MaJIH.R B cneKTpe 3cWleKTBBHbiX Mace KOM-

6HHaUHH rr + , rr npB 3Ha'leHBH m 
17

+
17

- = 
= 0,4 T3B/c 2 H I ' ~ 0,03 T3B/c 2 a 
peaKUHH np .... d rr+rr - . Onpe.neneHhi ce

'leHH.R pa3JIB'lHbiX KaHaJIOB C 06pa30BaHHeM 

cTpaHHbiX qacTHU. B qacTHOCTH, 6b1JIB -- = + H.IJ.eHTH~HUBpOBaHbl C06biTH.R C :::. -

:2° H l\ 0 -qaCTHUaMH. 
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Puc. 59. OIIIHOJUeHue <~UCAa peA.RIIU6uc•cKux <~acmu11, 

poxoaeM biX 6 Heynpyzux 63au,wooeucm6u.Rx npomo
H06 C .R OpQMU fP011103MYAbCUU, K 'IUCAy 3Qp.RJICeHHbiX 
'IOCIIIUII U3 Heynpyzux (p-p) - CIIIOAKH06eHUU. LEm , 
Em , HEm - 63au,wooeuciii6Ue c AezKuMu .ROpaMu 

3MYAbC UU, C 3MYAbCUeU 6 cpeOHeM, C III.RJICeAbiMU 
.ROpaMu 3MYAbcuu, T - 3Hepzu.R npomoHo6. IlyHK
mup - pa c<~em no o6U~enpuH.Rmou KacKaOHOU meopuu, 
cnAOJUHbl e KPU6ble - pac<~em no yco6epJUeHcm6o6aH
Hou MOOeAU, 6oAee IIIO'IHO Y'IUIIIb16QIOflleU 6peMeHHY10 
ouHaMu Ky npo11ecca. To<~KU - 3KcnepuMeHm. 

Pa3pa6omaHa MOOeAb Heynpyzux B3au
MoOeil cmeuil BbiCOK03HepreTH'leCKHX a -
'laCTHU C JierKBMH H T.R)I(eJibiMB .R.IJ.paMB Ha 

OCHOBe BHyTpB.R.IJ.epHbiX KaCKa.IJ.OB. ilpoBe-



-~ 

.I 
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AeHa pa3pa6oTKa ycoBepweHCTBOBa HHOH 

KaCKaAHOH MOAenH AnJI o6naCTH oqeHb Bhl

COKHX 3HeprHH, yqHThlBaiO~eH BpeMeHHYIO 

AHHaMHKY npouecca H MHoroqacTHqHhle 

BHyTpHJIAepHble B3aHMOAeHCTBHJI. C0 3AaHa 

YA06HaJI AnJI npaKTHqecKoro ucnonb30BaHHJI 

cTaHAapTHaJI nporpaMMa pacqeTa a ApoH

JIAepHblX KacKaAOB npH 3HeprHJIX T < 

< 3-5 F3B. Ha ocHoBe AHarpaMMHOH Tex

HHKH pa3pa6oTaHa cornacyro~aJICJI c onhl

TOM MOAenb HCnycKaHHJI nerKHX cl>parMeH

TOB B aApOH- JIAepHhlX CTOnKHOBeHHJIX. Ilpo

BOAHnOCb MaTeMaTHqecKOe MOAenHpOBaHHe 

Ha 3BM npoueccoB, CBJI3aHHhlX c pacnpo

cTpaHeHHeM llOTOKOB 6hlCTphlX qaCTHI.{ B 

cpeAax (puc. 59). 

Pa3pa6oTKa rrpHK~a~Hwx 
~ 

MeTO~OB BWqHc~eHHH 

BbmOAHeHbl uccAeooeaHUJiOAHoro Knac

ca CHHrynJipHhlX HHTerpanbHhlX ypaBHeHHH, 

BKnroqaro~ero ypaBHeHHJI Jloy. YcTaHo Bne

Hbl ycnOBHJI Cy~eCTBOBaHHJI H eAHHC TBeH

HOCTH peweHHH. IlocTpoeHbl qucneHHble an

ropHTMbl peweHHJI JaAaq 3Toro Kna cca. 

Pa3pa6oTaH Me TOA npu6motceHHoro p ewe

HHJI ypaBHeHHJI mr-paCCeJIHHJI H llp OBe

AeHO cpaBHeHHe C TeOpHeH B03Myll{eHHH. 

HccneAOBaHa ToqHoCTb npu6niDKeHHhlX pe

WeHHH ypaBHeHHH THna Jloy AnJI pa3nHqHbfX 

KBaApaTypHhlX cl>opMyn. PeanH3oBaHbl anro

PHTMbl yToqHeHHJI peweHHH HenHHeu Horo 

HHTerpanbHOrO ypaBHeHHJI Jloy, a HX 34>

«i>eKTHBHOCTb npoHnniOCTpHpOBaHa qHc neH

HhlMH pacqeTaMH. 

lloc•poeHo ypaeHeHue HenpephlBHoro 

aHanora MeToAa HoroToHa B CBJI3H c Kpae

BOB JaAaqeu lliTypMa-JiuyBHnnJI. H a uAeH 

3cl>«i>eKTHBHblH anropHTM peweHHJI 3THX Ja

Aaq Ha 3BM H npoBeAeHhl qucneHHble pac

qeTbl. 

lloc•poeHa cneKmpaAbHUJi meopuJi HH

Terpo-AH«l>«l>epeHUHanbHoro ypaBHeHHJI, pe

weHHJIMH KOTOporo JIBnJIIOTCJI npOH3BeAe

HHJI peweHHH ABYX OAHOMepHblX CHCTeM 

~HpaKa. Ha ee ocHoBe npeAnO*eHa npo

CTaJI CXeMa HaXO*AeHHJI HenHHeHHblX 3BO

niOI.{HOHHblX ypaBHeHHH, pewaeMblX MeTOAOM 

o6paTHOH 3aAaqH pacceJIHHJI. HccneAo BaHo 

Cyll{eCTBOBaHHe qaCTHI.{ellOA06HhlX pewe

HHH AnJI WHpOKOrO Knacca OAHOMepHhlX 

3aAaq. IlpoBeAeHo cTporoe AOKaJaTenocT-

BO ycToHqHBOCTH yeAHHeHHOH BOnHhl AnJI 

HenHHeuHoro ypaBHeHHJI cneuHanJ.Horo BH

Aa. 

HccAeooeaHbl ouHaMuttecKue ceoucmea 
HeOAHOMepHhlX conHTOHOB B paMKax ABYX 
llpHHI.{HllHanbHO pa3nHqHbfX CKanJipHhlX MO

Aeneu TeopHH nonJI. IloKa3aHo, · qTo BHAhl HX 

B3aHMOAeHCTBHH, a TaK*e o6naCTH napa

MeTpOB, B KOTOphlX OHH llpOJIBnJIIOTCJI, Ka

qecTBeHHO COBllaAaiOT B o6eHX MOAenJIX 

(puc. 60 ) . HccneAoBaHo Cyll{eCTBOBaHHe 

H yCTOHqHBOCTb CllHHOpHhlX COnHTOHOB B 

MOAenJIX C qeThlpexcl>epMHOHHhlM B3aHMO

AeHCTBHeM. IloKa3aHO, qTo B TeX MOAenJIX, 

B KOTOpblX peweHHJI MOryT 6b1Tb npeACTaB

neHhl B pa3AenJIIO~HXCJI nepeMeHHhlX, OHH 

nu6o He noKanHJOBaHhl, nu6o HeycTouqHBhl. 

Puc. 60. IloeepxHocmb, u3oopaxa101110.11 nAOIIIHOCiflb 

3Hepzuu J{ (x, y, t = 112) cucme.Mbl oeyx coAumoHoe, 

o6pa3YIOIIIUX C6.113QHHOe COCIIIO.IIHUe 6 paMKQX ypae

HeHU.II KAeUHQ- FopOOHQ C AOZapu¢MU'IeCKOU HeAu

HeUHOCIIIbiO. CKOpOCIIIU 6CIIIpe'IHOZO OBUJICeHU.II COAU

IIIOHOB V l = -V 2 = 0,1, }(max = 12,06 ( 6 6e3p03MepHbiX 

eouHuuax). 



BblnOAHeHbl uccAeooeaHu.R, CBJI3aHHLie 

C ,llHCKpeTHbiMH pa3JIO)I(eHHJIMH BOJIHOBbiX 

$yHKUHB HenpepbiBHOrO cneKTpa H pe30" 

HaHCHbiMH COCTOJIHHJIMH ,llJIJI O,llHOMepHOrO 

ypaBHeHHJI lllpe,llHHrepa C DOTeHUHaJIOM KO· 

HeqHoro pa,lluyca ,lleBCTBHJI. Pa3pa6oTaHa 

nporpaMMa BhlqucneHHJI MaTpuqHhiX 3ne

MeHTOB cneuuanbHoro BH.lla B KBaJuqac

THqHo-$oHOHHOB MO,lleJIH Jl,llpa. BLIDOJIHeHbl 

HCCJie,llOBaHHJI B 06JiaCTH TeXHOJIOrHH npo

rpaMMHpOBaHHJI. PeJyJibTaTLI uccne.llOBa

HHB HaUIJIH npuMeHeHHe npu nporpaMMHpo

BaHHH PJI.lla Ja.llaq TeopeTuqecKoB Jl.llepHoB 

$H3HKH H B CMe)I(HbiX 06JiaCTJIX HayKH. 

IlpoeeoeH&I 'IUCAeHH&Ie pac'lelllbl Mar-

HHTHLIX DOJieB CBepxnpOBO.llJiruwX ,llHDOJieB 

THDa "OKOHHaJI paMa" H MarHHTHOrO DOJIJI 

JIHH3bl yCTpOBCTBa 6LICTporo BbiBO,lla 

CHHxpo$a3oTpoHa. Pe3yJibTaTbi 3THX pac

qeTOB HCDOJib30BaHbl DpH KOHCTpyHpOBa· 

HHH H C03.llaHHH BbiUieHa3BaHHbiX CHCTeM. 

Pa3pa6oTaH H peanu3oBaH qucneHHLIB MeTO.ll 

peUieHHJI o6paTHbiX 3a.llaq MarHHTOCTaTHKH 

,llJIJI $opMHpOBaHHJI O,llHOPO.llHOrO MarHHT" 

Horo nonJI B CHHxpo$a3oTpoHe OHJIH. Ilpo

BO.llHJIOCb HCCJie,llOBaHHe B03MO)I(HOCTH KOp· 

peKTHpOBKH DOKa3aTeJIJI DOJIJI B KBa,llpaHTe 

CHHXpO$a30TpOHa DyTeM DO.ll60pa TOKOB 

B KOppeKTHPYJOUIHX BHTKaX. BeJIHCb HCCJie· 

,llOBaHHJI B03MO)I(HOCTH KOppeKTHpOBKH ne

pHO.llHqecKHX TpaeKTOpHB B CHHXpO$a30Tpo

He nyTeM ucnpaaneHHJI reoMeTpuqecxux 

HCKa)l(eHHB B KBa,llpaHTaX YCKOpHTeJIJI. Pa3· 

pa6aTLIBaJIHcb MeTO.llhl pemeHHJI TpexMep-

IlO.llrOTOBJieHa H C,llaHa B 3KCDJiyaTaUHIO 

cucTeMa nporpaMM 6yxranTepcKoro yqeTa 

Ha 3BM CDC-6500. CucTeMa ucnoJibJyeTCJI 

,llJIJI yqeTa MaTepHaJIOB Ha UeHTpaJibHOM 
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HbiX 3a,llaq MarHHTOCTaTHKH nyTeM HCDOJib· 

30BaHBJI MeTO,lla KOHeqHLIX 3JieMeHTOB Bbl" 

COKOrO DOpJI,llKa TOqHOCTH H MeTO,lla yToq· 

HeHHJI pemeHHB Puqap.llCOHa. CoJ,llaHa npo

rpaMMa reHepHpOBaHHJI KOHeqHbiX 3JieMeH

TOB, H a KOTOpble pa36HBaeTCJI 06JiaCTb npH 

peUieHH H 3a,llaq MarHHTOCTaTHKH. IJoJiyqeHa 

Teope M a . JlJIJI onepaTopHLIX ypaaueHHB, 

o6ocH BLIBaromaJI MeTO.ll yToqHeHHJI pewe

HHJI. 

B CBJI3H c pa6oTaMH, npoBO.llHMLIMH 

B OHMY, uccne.llOBaHO .llBJDKeHue nnocKoro 

cryCTKa 3JieKTpOHOB B HeO,llHOpO,llHOB BOJI" 

HOBO,llHOB CTpyKType DO.ll ,lleBCTBHeM Ha· 

Be,lleHHOrO CTOpOHHero DOJIJI H C06CTBeH· 

Horo n o nJI crycTKa. Pa3pa6oTaua nporpaM

Ma peUieHHJI 3a,llaqH pa3HOCTHbiM MeTO,llOM. 

)loKa3a Ha CXO,llHMOCTb peUieHHJI pa3HOCT· 

HOB Ja,llaqu K pemeHHIO HenpepLIBHOB. 

BblnOAHeH flUKA UCCAe008QHUU, DOCiBJI" 

UieHHLIX pa3pa60TKe HOBbiX MeTO,llOB que· 

JieHHO r o peUieHHJI CHHryJIJipHOB 3a,llaqu 

lllTypMa-llHYBHJIJIJI ,llJIJI CHCTeM 60JibUIOrO 

qucJia HHTerpO.llH$$epeHUHaJibHLIX ypaBHe· 

HHB lllp e,llHHrepa. Pa3pa6oTaHHLie Ha 3TOB 

ocHoBe anropHTMLI H nporpaMMLI ycneUIHo 

DpHMeH JIJIHCb ,llJIJI pacqeTOB C DOBLiilleH

HOB T o qHoCTbiO xapaKTepHCTHK Me3oMo

nexyJIJIPHLIX H Jl.llepHLIX npoueccoa. IlpeJl· 

cxaJaHHLie Ha ocHoBe npoBe,lleHHhlx qucneH

HhiX H C CJie,llOBaHHB 3HaqeHHJI ypOBHeB 3Hep

rHH CJia60CBJI3aHHLIX COCTOJIHHB Me30MO· 

JieKyJI dd/1 H dt/1 DO,llTBep)I(JleHLI 3KCDe· 

puMeHT aMH, BLIDOJIHeHHLIMH B llJIII OHJIH. 

ACY Ol1Hl1 
cxna,lle OHJIH. Ilo,llrOTOBJieH K C.llaqe B 

3KCDJiy aTaUHIO Ha 1i3CM -6 nepBLIB BapHaHT 

cucTeM LI nporpaMM JlJIJI yqeTa H3o6peTe

HHB B O HJIH. 



--

Pac•upeHue KOH~ZYpCJIIIIU U n061>1UieHUe 

3NeKIIIU6HOCIIIU 3BM lleHIIIpQAI>HOZO, 61>1-

.. IICAUIIIe,UHOZO KOMnAeKca OHJIH- oOHa 

U3 Z.IICJ6NWX 3CJOO .. .IICJ60palllopuu. 

H3o6paxeHue cxeMw ne.,aiiiHOU nAalllr.l 

Ha 3KpaHe oucnAe~ 3BM E3CM- 6. 

06111a~ eMKoc•r. naMJIIIIU E3CM- 6 Ha 

MCJZHIIIIIHWX OUCKUX y6eAU'IeHa 6 5 pCJ3 

II COCIICJ8Melll 290 M6au111. 

.-: 

J 

--
-- --------'111111 



B paMKax pa3eu•u.11 npocMOIIpoeo- U3Me
pulleAI>HOZO npoeKmopa ECII- 75 eeoym
C.II pa60111>1 no C0300HUIO 6AOKa OA.II on-
peOeAeHUJI KoopOuHam mpeKoe c no-
MOUII>IO MalllpUJII>I HO npu6opax C 30P.II" 
ooeou ce.ll31>10. 

YcnewHo pa3euea10•c.11 Me•oow ucnoAI>-
30eaHu.ll 3BM Ha AUHUU C 3KCnepUMeH· 
•aAI>HI>JMU ycllaHoeKaMu OH.IIH. Ha 
CHUMKe: 60 epeMJI ceaHCQ Ha YCIIIOH06• 
Ke EHC-2. 

Pacwup.11e11C.11 •epMUHOAI>HO.II cem1> 3BM 
53CM- 6 Ha OCH06e KOHijeH•pallopa -
3BM EC-1010. Ilepea.11 o'lepeo~o •ep
MUHOAI>Hoil CeJIU ycneiMHO 3KCnAya•u
pye•c.ll. 



.I 
3aaep1UeHbl pa6ollbl no co30aHUIO nepsou 
O'lepeou KOMnAeKca npozpaMM OAJr u3-
MepeHUJr U pacn03HQ6QHUJI CHUMK06 C 
ycmaHoaKu PHCK Ha aamoMame A3JIT-
2/160. Ha 3KpaHe oucnAeJr- Aynbl MOZYll 
61>11111> npeocmaaAeHbl 1/JpazMeHIIIbl U3Me
peHHbiX C06biiiiUU C pa3AU'IHOU CllleneHbiO 
oemaAu3alluU. 

H3o6paJKeHue t/Jpaz
MeHma Kapmbl 3AeKIII
poHHoil nAOIIIHOCIIIU npu 
U3y'leHUU CIIIPYKIIIypbl 
MOAeKyAbl 6eAKQ . 

~ 



C030QHQ meAe6U3UOHHQJi CUCmeMa KOHIIIPOA.Ii ClllpU
MepHOU KaMepbl ycmaH06KU PHCK. Ha CHUMKax -
co6bzmuR, 3apezucmpupoaaHHble 6eqjiuAbM06blM cno
co6oM (Ha :JKpaHe oucnAe.li noKa3aHa noAoauHa pa-
6o'lezo o61>eMa CllpUMepHoii KaMepbl ). 

B Aa6opamopuu pa3-
pa6omaHa cuc111eMa 
aamoMamu3upoaaHHozo 
y'lema pacxooa :JAeKm
po:JHepzuu (ACO)f30. 
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OT ,QeJI 

HOBbiX 
M8TO,QOB 

YCKOpeHHH 

OcHoBHble ycunH.II 0T.IJ;ena HOBbiX Me

TO,IJ;OB yCKOpeHH.II 6blnH HanpaBneHbl Ha HC

cne,IJ;OBaHHe B03MO:>KHOCTH yCKOpeHH.II 

3neKTpOHHO- HOHHbiX Koneu; BO BHe WHeM 

3neKTpuqecKoM none; BblnonHeHHe p a6oT, 

CB.IIJaHHbiX C COJ,IJ;aHHeM npoeKTa K OnneK

THBHOrO yCKOpHTen.ll T.II:>KenbiX HOHOB - HH

>KeKTOpa T.II:>KenOHOHHOrO CHHXpOTpOHa ; HC

cne,IJ;OBaHH.II, CB.II3aHHble C COJ,IJ;aHHeM OT

,IJ;enL HbiX CHCTeM yCKOpHTenLHO-HaK OnH

TenLHOrO KOMnneKca B H<llB3 ( Cepny xos) ; 

COJ,IJ;aHHe npoeKTa KOOp,D;HHaTHOrO ,IJ;e TeK

TOpa HeiiTpHHHoro KanopHMeTpa; o6e cne

qeHHe Ha,IJ;e:>KHOH pa6oTbl annapaTypbl B 3K

cnepHMeHTe NA-4. 

Pa6o'lbi no HccJieAOBamoo 

KOJIJieKTHBHOrO YCKOpHTeJIH 

TIDKeJibiX HOHOB 

H pa3pa6oTKe npoeKTa KYTJ1-20 
Hccne,IJ;oBaHH.II 1979 ro,IJ;a no ~poTOTH

ny KOnneKTHBHOrO YCKOpHTen.ll npe,D;yCMaT

pHBanH npoBepKy B03MO:>KHOCTeH YCKOpeHH.II 

3neKTpOHHO-HOHHbiX KOneu; B 3neKTpH

qecKOM none H HMenHnpHHI.l;HnHanLHOe JHa

qeHHe, noCKOnLKY paHee cy~eCTBOBanH 

TOnLKO pacqeTbl pe:>KHMOB TaKOrO YCKOpe

HH.II. 0.IJ;HaKo sonpocbl, CB.IIJaHHble c n epe

XO,IJ;HbiM HJnyqeHHeM B CTPYKTypax, H e no-

3BOn.llnH O,IJ;HOJHaqHo onpe,IJ;enHTL 3 cWieK

THBHOCTL ,IJ;eHCTBH.II 3neKT pHqeCKOrO non.11 

Ha nnoTHbiH ,IJ;BYXKOMnOHeHTHbiH cry CTOK. 

B KaqecTBe ycKop.Rro~ero 3neMeHTa 6blna 

Bb16paHa HH,IJ;YKU:HOHHa.ll HMnynLCHa.ll Ce KI.l;H.II 

C COOTBeTCTBYJOiu;HM Be,IJ;yiu;HM MarHH THbiM 

noneM . 

3KcnepHMeHTanLHble HCCne,IJ;OBaHH.II yc

nOBHH BbiBO,IJ;a 3neKTpOHHO-HOHHOrO KOn&

u;a HJ a,IJ;reJaTopa H ero npe,D;sapHTenLHo

ro ycKopeHH.II s coneHOH,IJ;e noKaJanu, qTo 

Heonpe,D;eneHHOCTL MOMeHTa CH.IITH.II Mar

HHTHOH noTeHu;HanLHOH .IIMbl, B KOTOpOH 

,IJ;BH:>KeTC.II KOnLI.l;O ( OKOHqaHHe BbiBO,IJ;a ) , 

COCTaBn.ReT - 5 MKC. ,ll;n.11 CHHXPOHH3al.l;HH 

,IJ;BH:>KeHH.II KOnLu;a C HMnynLCOM 3neKTpH

qecKoro non.11 B ycKop.Rroiu;eii ceKu;HH KYTH 

~npO,D;On>KHTenLHOCTL HMnyn&ca -200 HC) 

6bln COJ,IJ;aH cneu;uanLHbiH CTapTOBbiH TO

KOBbiH BHTOK, KOTOpbiH nOJBOnHn COKpa

THTL Heonpe,IJ;eneHHOCTL BpeMeHH BbiBO,IJ;a 

B Tblc.Rqy pal ( puc. 61). 3To o6ecnequ

no ycToiiqHBbiH pe:>KHM pa60Tbl npOTOTHna 

KYTH npu ycKopeHHH HOHOB B HH.IJ;YKUHOH

HOM :lneKTpuqecKOM none. PeJynLTaTbl 

noKaJanH, qTo 3HeprH~ HOHOB, yCKOpeH

HbiX s cna,IJ;aroiu;eM MarHHTHOM none co

neHOH.IJ;OB H B HH,IJ;YKUHOHHOH CeKI.l;HH, co

CTaBn.lleT -4 M3B/HYKA . H npupocT 3Hep

rHH HOHOB aJOTa Ja cqeT YCKOpeHH.II B HH

.IJ;YKUHOHHOM 3neKTpHqeCKOM none COOT

BeTCTByeT 3~~eKTHBHOH Hanp.II:>KeHHOCTH 

non.11. 

. 
' . 

Puc. 61. 0CIIUAAOZpclMMI>I •opM03HOZO Y - U3Ay .. eHUJI 

3AeK•poHHOZO KOAI>IIO ( eepXHJIJI) U YCKOp.IIIOIIIeZO HQ

np.IIJICeHUJI Ha UHOYKIIUOHHOU ceKIIUU. Paaeep•Ka -

50 HC/OeA. 



TaKHM o6pa3oM, co3,IJ;aH ycKopHTenh, 

OCHOBaHHhlH Ha KOnneKTHBHOM MeTO,IJ;e yc

KOpeHHJI, B KOTOpOM ,IJ;n.ll ycKopeHHJI 

3neKTpOHHO·HOHHblX KOneu HCnOnh3yeTCJI 

BHewHee 3neKTpHqecKoe none. 

B npouecce 3anycKa ycKOPBIOJ.Ueii ceK

UHH 6blnH onpo60BaHbl HOBble MeTO,IJ;HKH, 

KOTOpble n03BOnHnH B K8.)K,II;OM HMnynhCe 

YCKOpHTenB cne,IJ;HTb 3a KOnHqeCTBOM 

3neKTpOHOB H HOHOB B KOnhUe, a TaiOKe 

onpe,D;en.IITb CKOpOCTh ,IJ;BIDKeHHJI KOnhUa 

nocne ycKopeHHB. 

3TO, B nepByro oqepe,D;b, CHCTeMa H3-

MepeHHJI TOpM03HOrO H3nyqeHHJI 3neKTpo

HOB B none HOHOB. Ha HaqanbHhiX pa,D;Hycax 

KonLua B a,IJ;re3aTope cHcTeMa no3BOnBeT 

H3MepBTh qucno 3neKTPOHOB N e • a Ha 

KoHeqHhiX pa,D;uycax - npoH3Be,IJ;eHHe N n . , e 1 
r,IJ;e n. nnOTHOCTb HOHOB B KOnbUe. 

1 v 

lihlnH npoBe,IJ;eHhl HCCne,IJ;OBaHHJI BpeMeHHOH 

3aBHCHMOCTH HaKonneHHJI HOHOB H3 OCTa

TOqHoro ra3a npu pa3HhiX ero ,IJ;aBneHHBX 

B KaMepe a,IJ;re3aTopa ( cM. puc. 62 ). 3To 

no3Bonuno 3KcnepHMeHTanhHO onpe,D;enHTh 

He06XO,IJ;HMblH ypoBeHb BaKyyMa B a,IJ;re3a

TOpe. 

CucTeMa "BpeMeHH nponeTa" no3Bonu

na C nOMOJ.UhiO HH,IJ;YKUHOHHhiX ,IJ;a T'IHKOB 

onpe,D;enBTh BpeMB nponeTa KonLua Ha 6a-

3e 1 ..w, T.e. ero cKopoCTh. BpeMB npone

Ta 3neKTpOHHOrO KOnbUa 6e3 HOHOB co-

1D 

Qfj 

ar t x 10-3 c 

f.9 2.1 2.3 2.5 

Puc . 62. 3a6UCUMOCIIIb Nen i om 6peMeHu npu HaKon

AeHuu UOH06 U3 OCIIIQIIIO~HOZO Z03Q npu pa3AU~HbiX 

ezo oa6AeHu.llx . o - 5 .Jo-B Top; o - 10 -? Top; 

A - 2 -10-1 
Top. 
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560 6DD HO 

Puc. 63 . 306UCUMOCIIIU ~UCAQ UOH06 6 KOAbJie HQ 61>1-

XOOe u 3 npomomuna KYTH u 6peMeHu npoAellla 3AeKm

poHHO- UOHHOZO KOAbJIQ 0111 Hanp.IIJKeHUJI HQ 61110pOM Co

AeHOUO e U ( OIIIHOCUIIIeAbHble eOUHUJibl ) • J - UHIIIeH

CU6HOC.rb UOH06 6 OIIIHOCUIIIeAbHblx_ eOUHUJIOX, . onpe

OeAeHHOJI no H06eOeHHOU QKIIIU6HOCIIIU 6 MUIUeHU; 2 -
6peMeH OU C06UZ UMnyAbCO y- U3Ay~eHUJI OIIIHOCU

meAbHO CIIIOpiii060ZO UMnYAbCO; 3- 6peMJI npoAeiiiO 

yCKOpe HbiM 3AeKIIIpOHHO- UOHHbiM KOAbJIOM OOHOMelll

p060U 6 a 3bl. 

CTaBnBnO 5 HC. Harpy3Ka KOnbUa HOHaMH 

yBenuq uBana BpeMB nponeTa ,11;0 40 He, qTo 

COOTBe TCTBOBano {3 = 0,083 H 3HeprHH 

3,5 M :JB/HYKA. TaKHM o6pa30M, cucTeMa 

n03BOn Hna onpe,D;en.IITb KaK CKOpOCTh, TaK 

H qucn o HOHOB B KOnhUe. 3TH pe3ynbTaTbl 

xopow o cornacyroTCJI c nonyqeHHhlMH pa

Hee n o MeTO,IJ;y aKTHBaUHOHHOrO aHanH3a. 

1-J3 yqeHo BnHBHHe paccornacoBaHHJI no

neii n epBoro H BToporo coneHoH,IJ;OB co 

cna,IJ;aiOII(HMH MarHHTHbiMH non.IIMH Ha HH

TeHCHB HOCTb yCKOp.lleMblX HOHOB, KOTOpa.ll 

onpe,D;e nBnacb no cpe,D;Heii aKTHBHOCTHMH

weHH 3a HecKonhKO HMnynhCOB. CKopocTh 

3neKTp OHHO- HOHHOrO KOnbUa B K8.)K,II;OM 

HMnyn Lce onpe,D;enBnacb c noMOIUhiO Bpe

MBnpo neTHOii . MeTO,IJ;HKH, a TaiOKe nyTeM 

H3Mep eHHJI BpeMeHH 3a,D;ep:>KKH y - H3nyqe

HHJI C MHWeHH OTHOCHTenhHO CTapTOBOrO 
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HMnynLca. BenuquHa MarHHTHoro n onx BO 
BTopoM coneHOHAe nponop:uuoHanLHa Ha
npx)l(eHHIO U, a paccornacoBaHHe non~ii (or
KnoHeHHe rpanueHTa nonx Ha CTLIKe 
ConeHOHAOB OT ero 3HaqeHHH BHYTPH co
neHOHAOB) nponop:UHOHanbHO OTKllOHeHHIO 
BenHqHHbl U OT 3HaqeHHR, COOTBeTCTBYJO
I:Qero MaKCHMYMY KPHBbiX puc. 63. KaK 
BHAHO, pe3yllbTaTbl BCeX Tpex MeTOAHK 
H3MepeHHR HaXOARTCR B XOpOWeM KaqecT
BeHHOM cornacuu. MaKCHMYMbl KpHBbiX 
Ha6niOAaiOTCR npu cornacoBaHHH noneii. 
B 3TOM cnyqae JneKTpOHHO-HOHHoe KonL
:uo npu npoxo)I(AeHHH o6nacru CTbiKa co
neHOHAOB He repxer HOHbl. Ilpu paccor
nacoBaHHH npOHCXOART noTepH HOHOB H 
BpeMR ABH)I(eHHR 06nerqeHHOrO KOllb:Ua 
yMeHbWaeTCR. 

.HOBble MeTOAHKH B coqeTaHHH C HC
nonLJoBaBWHMCR paHee cnoco6oM Ha-
6niOAeHHR 3a 3neKTpOHHbiM nyqKOM no 
CHHXpOTpOHHOMY H3nyqeHHIO n03BOllRIOT He
npepbiBHO cneAHTL Ja npo:ueccoM ~opMH
poBaHHR 3neKTpOHHO-HOHHOrO KOllb:Ua H ero 
ycKopeHHeM. 

IlpoBeAeHbl onbiTbl no paJneneHHIO 
JneKTpOHHOH H HOHHOH KOMnOHeHT C HC
nonLJOBaHHeM cne:uuanLHOii KarywKH. Pe
JynLTaTbl 3KCnepHMeHTOB, COrnaCYJOIUHeCR 
C pacqeTaMH, rOBOpRT 0 TOM, qro MeCTO 
paJneneHHR H panuyc HOHHoro KonL:ua xB
nxiOTCR ynpaBnReMbiMH napaMeTpaMH. 

IlpoBeAeHHble JKcnepHMeHTbl no ~oKy
cHpOBKe HOHHOrO nyqKa C nOMOIUbiO cne
:uuanLHOii napa6onHqecKoii nHH3bl c a JHMy
ranLHbiM noneM noKaJanu npuH:uunuanLHYIO 
pa6orocnoco6HOCTL raKoro ycrpoiicTBa. 

3aBepwaeTCR MOHTa)l( HOHHOrO KaHana, 
KOTOpbiH no3BOllHT npOBOAHTb cneKTp OMeT-
puqecKHii aHanH3 yCKOpeHHOrO HOHHOrO 
nyqKa. 

IlpoBeneH 6onLwoii :UHKn reope r uqec
KHX HCCneAOBaHHH, nOCBRIUeHHbiH pa 3nuq
HbiM BOnpocaM pa60Tbl KOnneKTHBHOr O yc
Kopurenx H nanLHeiiweii pa3pa6orKe Kon
neKTHBHoro MeTOAa yCKOpeHHX. 

Ilpenno)l(eH H pa3pa6oTaH MeTOA cra-
6unH3a:UHii KOrepeHTHOrO aKCHallbHOrO ABH
)I(eHHR KonL:ua B KaMepe anreJaropa c no
MOIULIO CHCTeMbl naCCHBHbiX BHTKOB, BKniO
qeHHbiX nonapHo HaBcrpeqy npyr npyry. 
CornacHo pacqeraM,TaKax cucTeMa noJBo
nxer yBenHqHTL BABOe qucno JneKTPOHOB 
B C)I(HMaeMOM KOllb:Ue. 

IlpoBeAeH aHanH3 pe)I(HMOB ycKopeHHx 
TpeXKOMnOHeHTHbiX KOne:u. IloKa3aHO, qro 
npu onpeneneHHbiX ycnoBuxx, ocyi:QeCTBnxx 
pe)I(HM C6poca TX)I(ellOHOHHOH KOMnOHeHTbl, 
MO)I(HO yBenHqHTb 34xiJeKTHBHOCTb yCKO
peHHX nerKHX HOHOB B 1 ,5-2 pa3a. 

Hcxonx H3 ycnoBHii o6pa3oBaHHX HOHOB 
BHYTPH ropounanLHoro o6'LeMa, JaHHMae
Moro JneKrpoHaMH, npoBeAeHbl pacqerbl 
KOH~Hrypa:UHH I}Ja30BOrO 06'LeMa, 3aHHMae
Moro ycKopeHHbiMH HOHaMH. OnpeneneHa 
KoHI}lurypa:uux nonepeqHoro 3MHTTaHca uo
HOB Ha Bhlxone H3 KYTH. IloKa3aHo, qro 
c noMOIULIO pxna cne:uuanLHbiX noBopor
Ho-l}loKyCHPYIOIUHX YCTpOHCTB MO)I(HO npe
o6pa3oBaTL KOHI}lurypa:uuiO nyqKa TaK, qro 
nonepeqHbiH 3MHTTaHC 3HaqurenLHO 
yMeHbWHTCX (puc. 64). 

IlpoBeAeH aHanH3 HH)I(eK:QHH KOpOTKHX 
crycrKoB H3 KYTH B THC H npenno)l(eH 
pe)I(HM HH)I(eK:UHH, n03BOllXIOIUHH HaKannH
BaTb B THCe qucno HOHOB, cooTBeTCTByiO
I:Qee ero KynoHOBCKOMY npeneny 
( - 10 ll HOHOB ) . 

3aBepweHO C03AaHHe ABYX CeK:UHH HH
AYK:UHOHHOrO ycKopurenx JneKTpOHOB 
CHJIYH,[J;a- I I, cnoco6Horo pa6ora Tb npu 
nOBbiWeHHbiX qaCTOTaX nOBTOpeHHX. Ilony
qeH ycroiiqHBblii TOK 800 A npu qacrore 
noBTopeHHR 50 Tij H AllHTellbHOCTH HM
nynLca 40 HC ( puc. 65 ) . 3necL ucnonLJo
BaH pa3pa6oTaHHbiH H C03AaHHbiH B OTAene 
opurHHanLHblii Monynxrop- reHeparop BLI
coKoBonLTHbiX HMnynLCOB yCKOpRIOI:Qero Ha
npx)l(eHHx, cnoco6Hhlii pa6ora Tb Ha qacro
Te 50 rij. B cxeMe 3TOro reHepaTopa OAHH 
MOIUHbiH MeTannoKepaMuqeCKHH THpaTpOH 
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x,y(cM) 
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Puc. 64. KoHtjjuzypa!JUR nonepe<~Hozo 3Mur,raHca uoHo6 Ha 6brxoo e U3 KYTH ( a ) , .nocAe no6opo11a uoHo6 6 3a-

3ope MQZHUIIIQ ( 6 ) U HQ onpeOeAeHHOM paCCIIIORHUU noCAe npOXOJICOeHUR UOHQMU cnerJUQAbHOU AUH3bl C Q3U· 

MYIIIOAbHbiM MQZHUIIIHbiM noAeM \ 6) . 

pa6oTaeT B MHKpOCeKyH~HOM ~HaiTa30He 

HMnynLCOB Ha 6onLW}'lO rpynny HH~YKTO

poa, o6pa3YJOIUHX u;eny10 ycKopJIIOIUYIO ceK

IJ;HlO. 3To noJaonHno 6onee nonHo H 3<l><l>eK

THBHO HCITOllL30BaTL B03MO)I(HOCTH THpa

TpOHa. IJpHMeHeHHe B MO~ynJITOpe HenH

HeHHLIX CXeM TpaHC<i>OPMHpOBaHHJI MOIUHO

CTH cymeCTBeHHO ynpOCTHnO reHepaTop, 

ITOBLICHllO K.IT.~. H Ha~e)I(HQCTL yCTaHOBKH. 

IloneJHaB MOIUHOCTL, BLI~enBeMaB MO~ynB

TOpOM B nyqoK 3neKTpOHOB, COCTaBnBeT 

0,4 rBm B HMnyn~:.ce. B yCKOpHTene HapB~Y 

C HOBLIM MO~YllBTOpOM ITpHMeHeHLI HOBLie 

CXeMHLie peweHHJI CHCTeM <i>oKyCHpOBKH, 

CHHXpOHH3aiJ;HH H ITHTaHHJI. 

BenacL pa3pa6oTKa Hoaoro a~reJaTo

pa, cnoco6Horo pa6oTaTL c qacToToii: noa

TopeHHB 50 r11. Ha 3Toii: qacToTe Ha cTeH

~e ycnewHo npoae~eHLI HCITLITaHHJI a~re

JaTopa H KaTyweK II I cTyneHH C)l(aTHB 

c MacnBHLIM oxna)l(~eHHeM, a TaK)I(e Hccne

~oaaHLI ~HHaMHqecKHe H TennoaLie HarpyJ

KH. Pa3pa6oTKa ae~eTCB a TecHoM co

Tpe~HuqecTae c TexHHqecKHM yHHBepcu

TeToM a ,LJ;pe J~eHe (r ,D;P). 

B e e 3TH pa6oTLI nocny)I(HnH ocHoaoii: 

npH p a 3pa6oTKe 3CKH3Horo npoeKTa Kon

neKTHB Horo yCKOpHTenB TB)I(ellLIX HOHOB -

HH)I(eKTopa THCa Ha 3HeprHIO 20 M3B/HYKA. 
H C HTeHCHBHOCTLIO nyqKa HOHOB ypaHa 

1~ 2,5 · 10 UOH/C. YCKOpHTenL C TaKHMH 

napaMe TpaMH MO)I(eT 6LITL c xopoweii: 34>

<l>eKTHB HOCTLIO HCITOllL30BaH H KaK CaMo

CTOJITe nLHaB ycTaHOBKa ~nJI B~epHo-<t>HJH

qecKHX 3KCITepHMeHTOB. 

--... 
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Puc. 65. OcrJUAAozpa,w,wa •oKa CHJIYJII!a-11: aMnAu
•yoa - 400 A/OeA; pa36ep•Ka - 10 Hc/OeA. 



3aeeprueHO C030QHUe Oeyx CeKIIUU UHOYKIIUOHHO Z O 

ycKopumeA.II 3AeKmpoHoe "CuAyHo- I I" . 

B 3QAe npomomuna KOAAeKIIfUBHOZO YCKOpumeA.II CMOH

mupOBQHQ HQ~QAbHQ.II ~QCIIfb KQHQAQ mpaHCnopmupOBKU 

UOHOB. 



llp06eOeHa pa3pa60IIIKQ 3CKU3HOZO npoeKI/IQ KO.II.IIeK-

111116 HOZO yc KOPUIIIe.IIJI IIIJIXe.III>IX UOH06 KYTH- 20 -
6apUQHIIIQ UHXeKIIIOpa 0./IJI YCKOpUIIIe.III>HOZO KOMn.lleKCQ 

IIIJIXe.III>IX UOH06. 

CIIGIIeA• II MOK KGMepw aoze3a111opa 60 

epeMJI o6pa60IIIKU Ha Kapyce.III>HOM CIIQH

Ke. 

BaKYYMHwe ucnw111aHUJ1 aoze3a•o.ra Ha 

CllleHOe. 

llpoeeOeHue c•eHOoawx ucn1>1111aHuii oc

HOBIIIW% ,3M>e Qc)Zft3GIIIOpa KYTH-20. 

OxJieutOeHHQJI 06MOIIIKQ 111pe1111>eii ClllyneHu 

CXOIIIWI ( 6 OCHQCIIIKe). 
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Pa6 oThi, 

CB»3aHHbie c co3naHHeM YHK 
IJpOBC,IleHhl 3KCnepHMeHTanLHhle H Teo

peTHqeCKHe HCCnC,IlOBaHHB rB.IlPO.IlBHa MHKH 

,IlByx!Pa3HhiX nOTOKOB renHB Ha CTCH.Ile, 

MO.IlenHpyro~eM KpHoreHHLie CHCTCMhl YHK 

H BKnroqaJO~CM KpHoreHHLIH HMHTa TOp Mar

HHTOB ( KHM) • B 3KcnepH:MeHTax Y.IlCiiL

HaB TennosaB Harpy3Ka Ha KHMe H 3Me

HBnacL B wHpOKHX npe,Ilenax, nepeKphiBaJO

WHX Harpy3KH B YHK. Pe3ynLTaThl 3 K cne

pHMeHTOB noKa3biBaiOT, qTo 3HaqeHHe rH,Il

paBnHqecKOrO ConpOTHBneHHB npH H anHqHH 

TennoBhiX Harpy30K (Hea.IlBa6aTHhle y cno
BHB) B HCCnC,IlOBaHHOH o6naCTHnapoc ,Ilep

)l(aHHH MCHLWC O)I(H,IlaCMOrO no TCOpHH Te

qeHHB rOMOreHHOrO nOTOKa napO)I(H,IlK OCT

HOH CMCCH (puc. 66). 

Mlla ~P 

41<12 

I,DII 

D,OOI 

X 

Puc. 66. 3aeucu.wocl"" zuopaeAu~ecKozo conpolllueAe
HU.R KaHaAa 0111 eeAu~UHI>I cpeoHezo napocooepxaHu.R 
llleKyllleZO no HeMy 06yXI/Ja3HOZO nOIIIOKQ zeAU.R. 0 • 
npu pacxooe 142 Kz/c · .w 2 

: \ - npu pa cxooe 
176 KZ/C . M 2 ; - ·- - • COOIII6eiiiCIII6YIOIIIUe 3Q 6UCUMO· 
CIIIU, pacc~UIIIQHHI>Ie NQ OCN08e ZOMOZeNNOU MOOeAU. 

Pa6oTbi 

no C03JJ;amoo 6oJiblliHX 

KOOpJJ;HHaTHbiX JJ;eTeKTOpOB 

3HaqHTenLHhiH Ofi'LeM pa60T BLillOnHeH 

no BBC,IleHHIO B nOCTOBHHYJO 3KCnnyaTaUHIO 

KOMnneKca an napa TYPhl MIOOHHoro 3Kcne

pHMeHTa B ll,EPHe. O.IlHOBpeMeHHO c Ha

na,IlKOH annapaTyphl npoBO.IlBnocL HaKonne

HHe 3KcnepHMeHTanLHoro MaTepHana. 

Ony6nHKOBaHLI nepBLie pe3ynLTaThl no Hc

cne,IloBaHHIO rny6oKoHeynpyroro pacceBHHB 

nonO)I(HTenLHO 3apB)I(eHHLIX MIOOHOB Ha B,Il

pax yrnepo,Ila npH 3HeprHBX MIOOHOB 120 
H 280 T3B B HHTepsane nepe,Ilaq 

30 -~ 200 ( T3B/c )2
. H3MepeHHoe B 3Kcne

PHMeHTe Cpe,IlHCKBa,IlpaTHqHoe HMnynLCHOe 

pa3peWeHHe cneKTpOMeTpa ,IlnB MIOOHOB C 

KBa,IlpaTOM HMnynLca Bhlllie 20 ( T3B/c) 2
He 

3aBHCHT OT HMnynLCa H COCTaBnBeT -8~. 
Pa3peweHHe no KBa,IlpaTy nepe,IlaHHoro HM

nynLca H3MCHBCTCB OT •10 ,IlO 6~ B ,IlHana30-

Cll 

Cll c:;-.-

15"4 

01 IO•t. 

<l 

5% 

0 200 300 

Puc . 67. 3aeucu.woc"'" pa3pellleHU.R cneK11po.we111pa NA-4 
0111 Keaopama nepeoaHHozo u.wnyAI>ca. • - - OA.R (Jo
KycupyiOIIIUXC.R MIOOH06; 0-- - - OA.R oe(JoKycupyiO· 
IIIUXC.R MIOOH06 . 



He OT 20 AO 200 ( T3B/c )
2 

All11 liloKyCHpyiO

~XC11 MIOOHOB H HeCKOllbKO Xy:>Ke All11 Ae

IPoKycupyiOmuxcg MIOOHOB (puc. 67). llony

ToparoAHqHbJH OllbiT pa60Tbl CIIeKTpOMeTpa 

rroKa3biBaeT, qTo H3roToBneuuble B OHMY 
80 KaMep pa6oTaiOT HaAe:>KHO H YAOBneT
BOp1110T :>KeCTKHM Tpe6oBaHH11M 3KCIIepH

MeHTa. 

llpOBOAHnaCb IIpopa60TKa BapHaHTOB 

KOOPAHHaTHOro AeTeKTOpa All11 HeHTpHH

HOro KanopHMeTpa. llpeAno:>Keuo ABa rrpoeK-

Jiepexoi'JHOU Y'IOCIIIOK MOOeAU KOAAeK/IIU6HOZO YCKO

p um eAJI . 

C ma6uAu3upoeaHH&Iu lllpexKaHaA&Hblii UCIIIO'IHUK nu

IIIO HUJI OAJI MOOYAJIIIIOpoe MOOeAU KOAAeK/IIU6HOZO YCKO

pumeAJI. 

Ta AeTeKTopa, coAep:>Kamero 200 KaMep 

( 4 x 2 M 2 ) H COOTBeTCTBYIOJnYIO 3neKTpou

HYIO arrrrapa Typy All11 CqHTbiBaHH11 HHiilop

Ma :UHH, B KOTOpbiX rrpeAIIOnaraeTC11 WHpOKO 
HCIIOllb30BaTb OllbiT, rronyqeHHhiH IIpH IIOA

rOT OBKe 3KcrrepHMeHTa NA-4. llepBbiH 

IlpOeKT OCHOBaH Ha IIpOIIOp:UHOHanbHbiX Ka

Mepax, BTopoi - ua ApeillloBbiX. B rrocneA
HeM rrpeAnO:>Keua uosa11 cxeMa oprauu3a

:UHH 3neKTPOHHKH AeTeKTopa, II03BOn11IOJna11 
IIOBbiCHTb TQqHQCTb H3MepeHH11. 
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(.) 

pa,LJ;Hai.J;HOHHOH 

6e30TiaCHOCTH 
H pa,LJ;Hai.J;HOHHbiX 

(.) 

HCCJI8,LJ;OBaHHH 

,llo3UM€11lpU'l€CKUU KOHIIlpOAb pa.naa-

UHOHHOH 06CTaHOBKH H HH,IJ;HBH,IJ;ya.riLHLIX ,IJ;03 

nepcoHana B 30Hax pa.naauaoH oro 

B03,IJ;eHCTBHH D03BOnHn opraHH30BaTL .nex

TenLHOCTL no.npa3,IJ;eneHHH HHCTHTyTa, CBH-

3aHH}'10 c acnonL30BaHHeM x.nepHo-.PH3H

qecKHX ycTaHOBOK H pa,D;HOaKTHBHLIX Be

meCTB, TaK, "'TO rO,IJ;OBOH ypoBeHL o 6 ny-

1.feHHH nepcoHana u oT.nenLHLIX nau, BLI on-

HHBWHX pa60TLI B CaHHTapHO- 3amHTHOH 30-

He, He npeBLICHn HH npe.nenLHO ,II;ODYCTHMLIX 

,II;03, HH npe.nenoB ,IJ;03. K KOHUY 1979 ro.na 

Ha HH,II;HBH,IJ;yanLHOM ,IJ;03HMeTpH"'eCKOM 

KOHTpOne HaXO,IJ;HnOCL 2140 COTpy,D;HHKOB 

HacTHTyTa. Y 6onLweB: qacTH nepcoHana 

.no3a o6ny"'eHHJI 3a ro.n cocTaauna aenaqu

Hy MeHee 1,5 6:Jp. TmaTenLHLIH .no3HMeT

paqecKHH KOHTpOnL CDOC06CTBOBan "'eTKO 

opraHH30BaHHOMY npoae.neHHIO pa6oT no 

,IJ;eMOHT~y pa,D;HOaKTHBHOrO o6opy,D;OBaHHJI 

H y3nOB CHHXpOUHKnOTpOHa B nonHX H3ny-

1.feHHH C BLICOKHMH ypOBHRMH. H3y"'eHa 

pa,D;HaUHOHHaH 06CTaHOBKa Ha UHKnOTpOHe 

Y-400 B pe)I(HMe ycKopeHHH HOHOB Ar~ 
(6 M:JB/HyKA. ) a Ne~~ (10 M:JB/HYKA. l . 

fio,IJ;rOTOBneHa OCHOBa CHCTeMbl pa.naa

UHOHHOrO KOHTpOnH B HOBOM JKCnepHMeH

TanLHOM naaanLoHe JIB3 ( Kopnyc N~205 1 

K npoBe,IJ;eHHIO B HeM pa60T C BLIBe,IJ;eHHLIM 

H3 CHHXPOcPa30TpoHa DY!.fKOM qacTHU. Ilo 

peKoMeH.nauau coTpy.nHHKOB oT.nena ycTa

HoaneHa 6aonoruqecKax 3amaTa ycKopxiO

mero npxMonaHeiiHoro npoMe)l(yTKa cHHxpo-

2,0 M 

-500 ' 
3 / -300 

~--~~~~-----------. / 
/ / 

// / oo 

1 



clJalOTpOHa, 'ITO CHH3HJIO ypOBHH H3Jiy'leHH11 

B noMemeHHHX nepcoHana B Kopnyce N2205 
B 3 pa3a; yCHJieHa 3aUUITa B6JIH3H BbiBO.IJ.

HOrO npHMOJIHHeHHOrO npoMe~yTKa, CHH-

3HBWa11 ypoBHH H3Jiy'leHHH B 3TOM paiioHe 

B 2 pa3a. BHe.npeHbl TepMOJIIOMHHecueHT

Hble .IJ.eTeKTOpbl H3Jiy'leHHH .IJ.JIH llOBbiWeHHH 

.IJ.OCTOBepHOCTH pelyJibTaTOB KOH!POJIH .no-

3bl raMMa-H3Jly'leHH11 H JapH~eHHbiX 'lac 

THO B oKpy~aromeii OHJIH cpe.ne. 

0CH06Hbl€ YCUAWI KOAAeKmuea omoeA a 

6 o6Aacmu paOUQflUOHHbiX UCCA€006QHUU 6bi 

JIH HanpasneHbl Ha .nanbHeiiwee Hly'leHH e 

xapaKTepHCTHK llOJieH H3Jiy'leHH11 6a30BbiX 

H.IJ.epHo-clJH3H'IeCKHX yCTaHOBOK H llpOBepKy 

a.neKBaTHOCTH llOKa3aHHH .IJ.eTeKTOpOB H3 -

Jiy'leHHH 3KBHBaJieHTHOH .IJ.03e H cnei<Tpy 

qacnu~ B 3THX non11x. B 1979 ro.ny Jasep 

weH liHKJI HCCJie.IJ.OBaHHH ClleKTpaJibHO-yr 

JlOBbiX xapaKTepHCTHK npOTOHHOrO KOMno 

HeHTa llOJIH H3Jly'leHH11 3a 3aUUITOH CHHXpO 

UHKJIOTpoHa. H3MepeHHH BblllOJIHeHbl B .nsyx 

THllH'IHbiX reoMeTpHHX HCTO'IHHK- 3aUUITa 
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( eM. puc. 68). B reoMeTpHH I KOJIJIHMH

posaHHbiH ny'IOK npOTOHOB C 3HeprHeH 

630 M3B na.nan Ha 6eTOHHYIO Jauuny Ton

UUIHOH 2 M. Bo BTopoii reoMeTpHH ny'IOK 

npOTOHOB llOJIHOCTbiO TOpM03HJIC11 B Me.IJ.HOH 

MHWeHH H clJopMHpOBaJI HCTO'IHHK na.naro

mero Ha JaUUITY H3Jiy'leHHH. HHclJopMauHH 

0 llOJiy'leHHOM Ha6ope 3KCnepHMeHTaJibHbiX 

.IJ.aHHbiX llpHBe.IJ.eHa B ma6A. 7. 
fioJiy'leHbl 3KCnepHMeHTaJibHble .IJ.aH-

Hble 0 'IYBCTBHTeJibHOCTH .IJ.03HMeTpa 

)l.H- A -1 H cuHHTHJIJIHliHOHHoro .neTeKTopa 

LiJ(Eu) B wapoBblx noJIH3THJieHOBbiX 

3aMe.IJ.JIHTeJIHX B 06JiaCTH 3HeprHH HeHT

pOHOB 30 K3B. )l.JIH .IJ.03HMeTpa )l.H- A -1 
3Ha'leHH11 .IJ.030BOH 'IYBCTBHTeJlbHOCTH npH 

3HeprHH HeiiTpOHOB 30 K3B H HeHTpOHOB 

llJIYTOHHii:-6epHJIJIHeBOrO HCTO'IHHKaCOBna

.IJ.aiOT B npe.nenax OWH60K H3Mepei1HH. 

B 1979 ro.ny JasepweHa o6pa6oTKa .naH

HbiX llO cpaBHeHHIO pa3JIH'IUbiX MeTO.IJ.OB H 

.cpe.ncTB onpe.neneHHH nornomeHHoii .IJ.Olbl 

npoTOHOB B .IJ.HanaJoHe 82-660 M3B. Cpas

HHBaJIHCb .IJ.aHHble, llOJiy'leHHble TepMOJIIOMH-

Ta6AUfla 7 
HlMepeHHble cneKTpanbHo-yrnoBble xapaK TepHCTHKH npoTOHHoro KOMnoHeHTa non11 

H3Jiy'leHH11 3a 3aUUITO:ii CHHXPOUHKJIOTpoHa JU:Ill 

T04Ka a/ YrnO Bble pacnpeAeJ1eHI-1.A nOTOKOB npOTOHOB 
1 8 rOpi-130HTaJ1bHO~ n110CKOCTJ.1 

6/ CneKTP npOTOHOB npl-1 ¢ = 30 ° 

- a/ Yrno a bJe pacnpeAeneHI-1.A nOTOKOB npOTOHOB 
0:: 2 6/ CneKTPbl npOTOHOB npl-1 ¢ =17 ~ a ~ -3a~ -sa o ::s: 
0. a/ <l>moe HCbl HYKJ10HOB 1-1 npOTOHOB .... 
<I) 

:t 
0 a/ Yrno Bble pacnpeAeneHI-1.A nOTOKOB npOTOHOB 
<I) 

L. 8 rOp!-130HTaJ1bHO~ nnocKOCTI-1 

3 6/ CneKTP npoTOHOB np~-1 ¢ = oo 

N 

0:: 
a/ Yrno a ble pacnpeAeneHI-1.A nOTOKOB npOTOHOB 

::s: 2 6/ CneKTPbl npOTOHOB npl-1 ¢ =a~ -3a ~ -sa o 
0. .... a/ <!>moe Cbl HYKJ10HOB 1-1 npOTOHOB 
<I) 
:t 
0 
<I) a/ Yrno a ble pacnpeAeneHI-1.A nOTOKOB npOTOHOB L. 

3 8 ropi-130HTaJ1bHO~ nJlOCKOCTI-1 



He CUeHTHLIM, aKTHBaUHOHHLIM H HOHH3a

UHOHHLIM MeTO,IJ,aMH. Pe3ynLTaTLI H3M epe

HHH noKa3anH, qTo pa36poc 3HaqeHHH no

rno~eHHLIX .D.03 He npeaLUUaeT 9-11~ ,IJ,nB 

3HeprHi npoTOHOB OT 82 .D.O 120 M 3B H 

18-24~ npH 3HeprHBX npOTOHOB 6 onee 

150 M3B. BLinonHeHHLie 3KcnepHMeHT anL

HLie H pacqeTHLie HCCne,IJ,OBaHHB a,IJ,eK BaT

HOCTH llOKa3aHHH HH,!J,HBH,IJ,yanLHOrO ~OTO· 
.D.03HMeTpa HeiTpOHOB HcllKH no,IJ,TBep ,IJ,HnH 

B03MO~HOCTL onpe,IJ,eneHHB llOllHOH 3 KBH· 

aaneHTHOH ,IJ,03LI nonB H3nyqeHHB 3 a 3a

~Toi yCKOpHTenei npOTOHOB C llOMO~LW 

MeTo,IJ,a HcllKH nyTeM BBe,IJ,eHHB B npou e,IJ,y-

llyAblfl CUCIII€Mbl paOUOIIUOH

HOZO KOHIIIpOA~ KOpnyca 

K£205 JIB3. 

,403UMempU'I€CKUU KOHIII-

pOAb 8 ZAQ8HOM 30Ae CUHX

POIIUKAOIIIpOHQ npu O€MOHma

JI(€ ycKopumeA~. 

KaAu6poeKa npu6opa DR-8 
a zpaoyupoao'IHOM 3aAe 

OPE u PH. 

py npOCMOTpa B,IJ,epHOH 3MYllLCHH pa3,IJ,e

neHHB TpeKOB Ha "qepHLie" H "cepLie". 

B 1979 ro,IJ,y 3aKoHqeHLI 3KcnepHMeHTanL

HLie HCCne,IJ,OBaHHB aKTHBaUHH CTpOHTenL

HLIX MaTepHanOB B 3ane CHHXpOUHKllOTpO· 

Ha, KOTOpLie llOKa3anH, qTo HaBe,IJ,eHHaB 

aKTHBHOCTL Ma TepHanoB yMeHLWaeTCB C 

yMeHLWeHHeM co,IJ,ep~aHHB Na, Mn, Fe, 

Al, Si B COCTaBe Ma TepHana. llo CTe

neHH aKTHBaUHH HCCne,IJ,OBaHHLie Ma TepHanLI 

pacnonararoTcB B cne,IJ,yroiUeM nopB.D.Ke 

B03paCTaHHB HaBe,IJ,eHHOH pa,IJ,HOaKTHBHO· 

CTH: MpaMOp, 06LJqHLJH 6eTOH, rpyHT, re

Ma THTOBLIH 6eToH. 



Me)l(p;yHapop;Hbie 
CB»3M 
M .Hay~Hoe 

COTpy,QHMqeCTBO 
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illHpOKOe COTpy~HHqeCTBO 06~e~HHeH 

HOrO HHCTHTyTa g~epH~X HCCne~OBaHHB C 
uayquo-accne~oBaTenLCKHMH opraHH3aua 
RMH CTpau·yqaCTHHU HHCTHTyTa H ~pyrHX 
cTpau, a TaiOKe Me~yuapo~~MH opraua -
3aUHJIMH OTpaJKeHO B cne~YJOIIUIX HTOrOB~X 
~aHH~X: 

- H3 o6~ero qacna 139 uayqu~x TeM 
COBMeCTHO C Hayquo-accne~oBaTenLCKHMH 
opraHH3aUHRMH CTpau·yqacTHHU B~nonug
nOCL 136 TeM, C HayqH~MH UeHTpaMH ~py
rHX CTpaH H Me~yHapo~H~MH HayqH~MH 
opraHH3aUHRMB - 23 TeM~. 

- llo BOnpocaM Hayquo·TeXHBqeCKOrO 
coTpy~uBqecTBa B ~ns yqacTHR B uayqu~x 
COBe~HHRX B CTpaH~·yqaCTHBU~ (KpOMe 

B 1979 ro~y Me~~yuapo~uoe uayquo: 
TexuBqecKoe coTpy~uBqecTBO OH.HH yc
neWHo pa3BBBanOCL CO BCeMB CTpaHaMB· 
yqacTHBUaMB no OCHOBH~M HanpaBneHBRM 
HayqH~X BCCne~oBaHBB HHCTBTyTa, a TaK· 
~e B o6naCTH npBKna~H~X B MeTO~BqeCKBX 
pa3pa6oToK. 

B cosMeCTH~X Bccne~oBaHBRX no ciJB-
3HKe B~COKBX 3HeprBi ycnewuo pa6oTaiOT 
liHTepHauBOHanLH~e KOnneKTBB~. 

B 1979 ro~y B OCHOBHOM 3aBepweHO 
co3~auBe ycTaHoBKB 1iHC-2. CoTpy~uB

qecTBo c H.HH.H3 1iAH, BXTH (HPJ)), 

CCCP) KOMaH~Bposauo 550 cneuBanBcToB, 
B TOM qacne 435 cneuaanBcToB c uenLro 
BLlllOnHeHBJI COBMeCTH~X pa60T, 107 • ~ng 
yqacTHJI B HayqH~X KOHciJepeHUBJIX, COBeLUa
HHRX, wKonax B 8 - no oprsonpocaM B ~nJI 
qTeHHJI neKUHB. 

- H3 cTpau-yqacTHBU npBHJITO 1095 
yqeH~X H cneuBanBCTOB ~nJI B~nonHeHBJI 

COBMeCTH~X pa60T, C uenLIO 06MeHa on~
TOM H KOHCynLTaUBB. 

- IIpose~euo 44 uayqu~x coseLUaHHJI, 
B KOTOp~X npHHJinO yqacTHe 2344 qeno • 
BeKa. 

- B uayqu~e ueuTp~ B ua Me~~yua
po~u~e KouciJepeHUHB B cTpauax-ueyqacT
HBUax uanpasneuo 111 coTpy~HHKOB OH.HH. 

CoTpy,JJ;HHqecTBO 

C HayqHbiMH Q8HTpaMH 

cTpaH-yqacTHHQ Ol1Hl1 

IJ.Hci>H. (BHP) , Hci>B3 AH r ,[J;P, ci>HAH 
B Hci>B3 (CCCP ), ci>H qcAH ( qccP) ocy
~eCTBnReTCJI B ciJopMe yqacTBR B ceaucax 
no Ha6opy CTaTHCTBKH, COBMeCTH~X pa3· 
pa6oToK nporpaMM, auanH3a 3KcnepHMeu
TanLH~x ~aHH~X B no~rOTOBKB ny6nHKa
UBB. Pa3pa6oTaH npoeKT ycosepweucTso
BaHBR 1iHC- 2 B npe~no~eua nporpaMMa 
Bccne~osauBi ua ycTaHOBKe ua cne~yro~YJO 
nRTBneTKy. ,[l;nJI 3KCnepBMeHTa no nOHCKY 
B BCCne~OBaHBIO HOB~X qacTHU C noMO~LIO 
ycTaHOBKB 1iHC-2 B IJ.Hci>H BAH ( 1iy~a

newT) pa3pa6oTaH~ B BJroToBneH~ npo
nopuBouanLH~e HCKpos~e KaMep~. 

' .,_ ..... 



Hccne.D;oBaHH.H pp- H dp -a3aHMO.D;eB:cT
BHH C nOMOll\LlO .D;BYXMeTpOBOH )KH.IJ;KOBO.D;O
pO.D;HOH KaMepLI "nJO.D;MHJia" npOBO.D;.HTC.H 
c yqacTHeM ci»H qcAH, Kapnoaa yHHBepcH
TeTa B KowHu;e ( qCCP ) , BXTH ( HP li ), 
IJ,Hcl» ( CPP ), HHHRcl» MrY, TrY, ci»HAH, 
Hci»B3 AH Ka3CCP ( CCCP ). Ha MaTepHa
nax, nepe.D;aHHLIX B na6opaTopHa-yqacTHH
ULI coTpy.D;HHqecTBa, npoBO.D;HTC.H npocMOTP\ 
H3MepeHH.H, H.D;eHTH$HKaiJ;H.H qacTHU H no,IJ;
rOTOBKa JieHTLI CYMMapHLIX pe 3YJILTa TOB 
B YHH$HUHPOBaHHOM $opMaTe. 

B 1979 ro.D;y npoao.D;HJIC.H npocMOTP 
CHHMKOB, noJiyqeHHLIX C nOMOll\LlO .D;BYX
MeTpOBOH nponaHOBOH KaMepLI, B KOTOpOM 
yqacTaoaana na6opaTopHH AnMa-ATLI 
( Hci»B3 ) , lienrpa.D;a ( He!» ) , liyxapecTa 
( U,Hcl») , liy.D;anewTa ( U,Hci»H) , KpaKoaa 
(HRcl» ) , .JJ:y6HLI (nB3, nBTA ), MoCKBLI 
( MrY ), IlparH ( YHaaepcHTeT ) , Co$HH 
( HRHR3 ) , TawKeHTa (ci»TH), T6HJIHCH 
( TrY ) , YnaH-IiaTopa \ Hci»M ) , BapHLI 
(BM311), BapwaBLI ( YHHBepcaTeT) . BKna.D; 
COTpy.D;HHqaJOll\HX Jia6opaTOpHH B o6pa6oT
KY 3KcnepHMeHTaJILHoro MaTepHana co
CTaBHJI 81 TLIC. Ka.D;pOB. 

Hccne.D;OBaHHe ap-H dp -a3aHMO.D;eHcT
BHH C noMOll\LlO MeTpOBOH BO.D;OpO.D;HOH ny-
3LipLKOBOH KaMepLI Be,IJ;eTC.H B paMKaX Me)K
.D;yHapO.D;HOrO coTpy.D;HHqecTBa, B KOTopoM 
KpoMe OHRH npHHHMaiOT yqacTHe 113cl» 
H YHHBepCHTeT HM . illa$apHKa ( qCCP ), 
HRH IIAH H YHHBepcHTeT B Bapwaae 
( IIHP) , ci»HJIHaJI ci»HAH CCCP ( KpacHa.H 
Ilaxpa) , na6opa TOpH.H $H3HKH BLICOKHX 
3HeprHB: TrY ( T6HnHcH). 

B 3KcnepHMeHTaJILHLIX Hccne.D;oBaHH.HX 
B nyqKaX peJI.HTHBHCTCKHX .H.D;ep Ha cneKT
poMeTpe CKM-200 yqacTBYJOT Hci»B3 
( AnMa- ATa) , HRH BapwaacKoro yHHBep
CHTeTa, TrY H Hci»AH rCCP ( T6HJIHCH) , 
J1HCTHTYT Me.D;HK0-6HOJIOrHqecKHX npo6JieM 
ci»HAH CCCP ( MocKBa ). Ilo nonyqeHHLIM 
pe3yJILTaTaM no,IJ;rOTOBJieHO 6 COBMeCTHLIX 
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ny6JIHKaiJ;HH, HanpaBJieHO ,IJ;Ba .D;OKJia,IJ;a Ha 
Me)K.IJ;yHapO.D;HYJO KOH$epeHIJ;HIO B BaH
KyBepe. 

3 KcnepHMeHTaJILHLie HCCJie.D;OBaHH.H Ha 
ycTaHOBKe PHCK .HBJI.HIOTC.H Ba)KHOB qacTLIO 
HayqHOH nporpaMMLI p.H.D;a CTpaH-yqaCTHHIJ; 
OHR H no $H3HKe BLICOKHX 3HeprHB:. Ilo
MHMO HayqHLIX u;eHTPOB BHP, r .D:P, IIHP, 
ccc p· H qccP K coTpy.D;HHqecTay PHCK 
B 1979 ro.D;y npHcoe.D;HHHJiacL HP li. Co
Tpy.D;HHqeCTBO OCyll\eCTBJIJleTC.H B $opMe 
COBMeCTHLIX pa3pa60TOK Y3JIOB H annapa
TypLI .D;JI.H ycTaHOBKH, pa3pa60TOK o6opy
.D;OBaHH.H, o6pa60TKH nonyqeHHOH HH$OpMa
IJ;HH, co3.D;aHH.H MaTeMaTHqecKoro o6ecne
qe H.H, yqacTH.H B ceaHcax Ha ycKopHTene. 
Cneu;HanacTaMH Hci»B3 ( U.oB:TeH) pa3pa6o
TaHLI H H3rOTOBJI.HIOTC.H nonyaBTOMaTLI .D;JIJI 
H3MepeHH.H C06LITHH Ha $HJILMOBOM MaTe
pHa Jie. Ha 6a3e 3THX nonyaBTOMaToB B 
1979 ro.D;y B U,oiheHe 6LIJI BBe,IJ;eH H3MepH
TeJILHLIH KOMnJieKC, KOTOpLIH B Ha.CTO.Hll\ee 
BpeM.H .HBJI.HeTC.H CaMLIM MOll\HLIM IJ;eHTpOM 
B c TpaHax -yqacTHHu;ax no o6pa6oTKe $HJIL
MOBOH HH$opMau;HH c ycTaHOBKH PHCK. 
B BapwaacKoM yHHBepcHTeTe B 1979 ro.D;y 
3aKoHqeHo H3rOTOBJieHHe Tpex nponopiJ;Ho
Ha JILHLIX KaMep ( 1x0,5 M 3 ) C COOTBeT~ 
CTBYJOll\eH 3JieKTpOHHKOH .D;JI.H ycTaHOBKH 
P H CK. B T6HJIHCH C03.D;aHa H HcnoJIL3y
eTc.H B COBMeCTHLIX 3KCnepHMeHTaX CaMa.H 
6 JILWa.H B MHpe n.HTHMeTpOBa.H 6HnOJIJlpHaJI 
CTpHMepHa.H KaMepa. 

Ha nyqKe ycKopHTeJI.H Hci»B3 ( Cep
n yxoa) BBe.D;eHa B .D;eHCTBHe nepaa.H oqe
pe.D;L KpynHoro cneKTP.OMeTpHqecKoro 

·KoMnneKca "rHnepoH", KOTOpLIB: co3.D;a
eTc.H COBMeCTHLIMH YCHJIH.HMH 6oJILWOrO 
HHTepHaiJ;HOHaJILHOrO KOJIJieKTHBa cneu;Ha
JIHCTOB OHRH, HayqHLIX u;eHTpoa HP li, 
IIHP, CCCP H qccP . TaK, B Co$HHCKOM 
YHHBepCHTeTe Be,IJ;yTC.H pa3pa60TKH H H3-
r OTOBJieHHe HOBLIX 6JIOKOB 3JieKTpOHHKH .D;JI.H 
OT.D;eJILHLIX y3JIOB ycTaHOBKH, B YHHBep
CHTeTe H 113cl» CAH coBMecTHO co cne-



134 

UHaJIBCTaMH H<P AH I:;CCP l MHHCK) H 
HJIHJI3 ( Co<lJHJI) coJ,IJ.aeTCJI nporpaMMa 
o6pa60TKH 3KCnepHMeHTanbH~X ,IJ.aHH~X. 

B 1979 ro,IJ.y npo,D.oiDKanocL Hccne,IJ.oBa
HHe npoueCCOB JaXBaTa MIDOHOB H nHOHOB 
JI,IJ.paMH B 4JoT03MynLCHJIX C B~neTOM Ja
pJI)I(eHH~X qacTHU. B coTPY.D.HH'IeCTBe npH
HHMaiDT yqacTHe HJIHJI3 H BXTH ( Co<lJHJI, 
HPii), H<l>M ( YnaH- liaTop, MHP) H HJIH 
(liyxapecT, CPPL <l>oT03MynbCHOHH~e Ka
Mepbl 6~nH o6ny'leH~ Ha CHHXpOUHKnOTpO
He OHJIH. roTOBble ,IJ.nJI npoCMOTpa 4JoTo-
3MynbCHH nepe,D.aH~ B COTPY.IJ.HH'IaiOUUie 
opraHHJaUHH ,IJ.nJI ,IJ.anbHeilweil o6pa6oTKH. 

Hccne,IJ.oBaHHJI CBOHCTB HeiiTpoHo.IJ.e<lJH
UHTHbiX H30TOnOB, y,IJ.aneHH~X OT nHHHH 

6eTa-cTa6HnbHO~H, ocy~ecTBnJIJIBCb no 
o6meil nporpaMMe COBMeCTHO c r ,D;P' MHP' 
IIHP, CPP, CCCP H qccP. CneuHanHCT~ 
HJIHJI3 liAH npHHHManH yqacTHe B coJ,IJ.a
HHH nporpaMM o6pa60TKH cneKTpOB JI,D.ep
HOrO HJny'leHHJI, COBMeCTHO C COTPY.D.HHKa
MH BapwaBcKoro yHHBepcHTeTa HJMepeH~ 
xapaKTepHCTHKH pacna,IJ.a 'leT~pex HOB~X 

HJoTonoB Sm H Pm. Ha CHHXPOUHKnoTpoHe 
JIHJI<l> AH CCCP (raT'IHHa) B 3KcnepH
MeHTax JICHAIIII-HPHC o6Hapy)l(eHo ,IJ.e
CJITb HOB~X H30TOnOB niOTeUHJI H HTTep-
6HJI. CoBMeCTHO c HJI<l> (P)I(e)l( ) H IlonH
TeXHH'IeCKHM HHCTHTYTOM (Ilpara) Be,IJ.eTCJI 
o6pa60TKa peJynbTaTOB H3MepeHHH HJny
'leHHH OpHeHTHpOBaHHbiX JI,D.ep, nony'leHHbiX 
Ha ycTaHOBKe "CnHH". COTPY.D.HHKH Tex
HH'IeCKoro YHHBepCHTeTa B ,!J;peJ,IJ.eHe Be,IJ.yT 
COBMeCTH~e HCCne,IJ.OBaHHJI CBOHCTB HeHT
pOHO.IJ.e<lJHUHTH~X cnanoreHH~X pa,D.HOHyK
nH,IJ.OB, HMH no,IJ.roToBneHa qacTb annapa
TYPbl ,IJ.nJI Hccne,IJ.oBaHHH no,IJ.BH)I(HOCTH Ho
HOB acTaTa. 

3<lJ<lJeKTHBHO paJBHBanocb COTPY.IJ.HH-
'leCTBO no H3y'leHHIO XHMH'IeCKHX CBOHCTB 
TpaHCypaHOBbiX 3neMeHTOB H nOHCKY CBepx
TJI)I(en~x 3neMeHTOB B npHpo,D.e. B U.HHPH 

( JleilnuHr) pa3pa6aT~BanHCb OT,IJ.enLHLie 
pa,D.HOXHMH'IeCKHe MeTO,IJ.HKH, a TaK)I(e B~
nonHJinCJI HJOTonH~H aHanHJ nerKHX 3ne
MeHTOB B Hccne,IJ.yeM~X o6pa3uax. IJ.HHPH 
TaK)I(e ocymecTBneH no,IJ.6op o6pa3UOBMH
HepanoB H PY.D. , .D.nJI aHanHJa Ha cnoHTaH
Hoe ,IJ.eneHHe. 

IlpH yqaCTHH IJ.HJIH (PocceH,IJ.Op<lJ) npo
Be,IJ.eH~ HCCne,IJ.OBaHHJI XHMH'IeCKHX CBOHCTB 
HeKOTOp~X TpaHcypaHOB~X 3neMeHTOB. 
CoBMeCTHO c U.HJIH coJ,IJ.aHa MeTO.IJ.HKa H3-
Mep eHHJI Macc-npo,D.yKTOB JI,IJ.epH~X peaK
UHH no BpeMeHH nponeTa c BpeMeHHbiM 
paJpeweHHeM 370 nKC, 'ITO nOJBOnHnO B 
KOPOTKHH cpOK npoBeCTH UHKn 3KCnepH
MeHTOB no H3y'leHHIO OC06eHHOCTeH ,IJ.e
neHHJI JI,D.ep TpaHcypaHOB~X 3neMeHTOB HO
HaMH 4He Ha ny'IKe UHKnoTpoHa Y-200. 
C M oHronbCKHM rocy,D.apcTBeHH~M yHH
BepcHTeToM BenHCb COBMeCTH~e 3KCne

pHMeHT~ no nOHCKy CBepXTJI)I(e~X 3ne
MeHTOB B npHpo,D.H~x o6paJuax, no Hccne
.IJ.OBaHHIO CTPYKTYPbl 6apbepoB,IJ.eneHHJI.AK
THBHoe coTPY.D.HH'IeCTBO no HJy'leHHID xa
paKTepHCTHK npo,D.yKTOB JI,D.epHbiX peaKUHH 
npo,D.oiDKaeTcJI c HJIH B KpaKoBe H Bap
waBCKHM yHHBepcHTeToM. 

CoBMecTHO c H<l>JIT (liyxapecT) npo-
{JO,IJ.HnHCb 
,IJ.e n eHHJI 
6epKnHJI. 
240 ,242 Bk, 

qccne,IJ.oBaHHJI JanaJ.IJ.~BaiDmero 

HeHTpOHO,D.e<lJHUHTH~X H30TOnOB 
Ilony'leH~ HOB~e H30TOn~ 

onpe,D.eneH~ nepHO.IJ.~ HX nony-
pacna,IJ.a H BepoJITHOCTH JanaJ,IJ.~Baro~ero 

,IJ.e n eHHJI. 

B o6nacTH HeiiTpOHHOH <lJHJHKH ocy
. me cTBnJinocb wHpoKoe COTPY.D.HH'IecTBO co 

BC eMH cTpaHaMH-y'laCTHHUaMH OHJIH. 

TaK, COTPY.D.HHKH HJIHJI3 liAH no,IJ.ro
TaBnHBaiDT MaTeMaTH'IeCKHe nporpaMM~ 

,IJ.n JI o6pa60TKH 3KCnepHMeHTanbH~X pe
Jyn bTaTOB HCCne,IJ.OBaHHJI peaKUHH ,IJ.eneHHJI 
ypaHa-235 no,IJ. ,IJ.eHCTBHeM HeHTpOHOB. ,!J;nJI 



3KcnepaMeHTOB Ha HEP-2 UH~H BAH ro
TOBHT 3neKTpOHHYID annapaTypy H yqacT
ByeT B C03.IJ.aHHH cneKTpoMeTpa KOPA. 
CosMeCTHO co cneuaanacTaMH BhiCIUeii: Tex
HHqecxoii: IUKOnhi B Mar.ne6ypre se.nyTcJI 
pa6oThl no co3.naHaro cneKTpoMeTpa nonJI
PH30BaHHhiX TennoBhiX Heii:TpOHOB. 

)1.n.11 npoBe,lJ,eHHJI 3KCnepHMeHTOB Ha 
HEP-30 no accne.nosaHaro.nallJpaxuaaHeii:T
poHoB B MOHOKpHCTannax HHCTHTYTOM Jl,lJ,ep
HOH lPH3HKH qcAH 6hlnH nocTasneHhi Bhi
COKOKaqeCTBeHHhie MOHOKpHCTannhi KpeM
HHJI H repMaHHJI 6onhiUHX pa3Mepos, npe.n-
CTaBneH 
HHOMeTp. 

YHHKanhHhiH npeUH3HOHHhiH ro-
3~eKTHBHO ocymeCTBnJinOCh 

Me)f(.IJ.yHapo.nHoe HayqHo- TexHuqecxoe co 
TPY.IJ.HHqecTBO OH.HH co cTpaHaMu-yqacT
HHUaMH B o6naCTH pa3pa60TKH H C03,lJ,aHHJI 
HOBhiX ycTaHOBOK H annapaTyphl, COBep-
IUeHCTBOBaHHJI MeTO,lJ,HKH 3KCnepHMeHTa, 
pa3BHTHH BhJqHCnHTenhHOH TeXHHKH . 

B 1979 ro.ny aKTHBHO pa3susanoch co
Tpy.nHaqecTBO, CBJ13aHHOe C 3anyCKOM H 
Hana,lJ,KOH H30XpOHHOrO UHKnOTpOHa Y -400, 
nonyqeHHeM Ha HeM npoeKTHhiX napaMeT
pos nyqxos, a TaK)f(e ycosepiUeHCTBosa
HHeM cymecTBYIDIUHX yCKOpHTeneii: Y- 200 
a Y-300. Ilpo.non)f(aroTCJI cosMeCTHhle pa-
6oThi c H~.HT ( EyxapecT ) no H3roToBne
HHro B CPP cacTeMhl TpaHcnopTapoBKH 
nyqxos uaxnoTpoHa Y -400, no pa3pa6oT
xe cosMeCTHO c UH~H BAH H3MepaTenh
Ho-shlqacnuTenhHoro KOMnnexca asToMa
TH3aUHH 3KcnepaMeHTOB Ha Y-400. B H.H~ 
( Kpaxos ) H3roTosneHa 6onhiUaJI qacTh 

KaMephl pacceJIHHJI .nn.11 MarHHTHoro cnexT
poMeTpa, no.nroTasnasaeMoro K 3anycxy 
Ha Y-400. 

CneuaanHCThl H.HH.H3 EAH npHHHMa
nu yqacTHe B co3.IJ.aHHH nporpaMM Mo.ne
napoBaHHJI npoueccos a o6pa6oTKH 3K-
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cn epuMeHTanhHhiX pe3ynhTaTOB cneKTpo

M Tpa APEC, B C03.IJ.aHHH 3neKTPOHHKH H 
nporpaMM MaTeMaTuqecxoro o6ecneqeHHJI 
,lJ,n JI npoeKTOB "ranepoH", rO.LJ.ECK, 
.HCHAIIII- 2 . COTPY.IJ.HHKH YHHBepcaTeTOB 
a C ollJuu a Ilnos.nuse pa3pa6aThiBaroT HOBhiH 
.ne TeKTop .nn.11 uccne.nosaHHJI peaKUHH (n , a ) 
Ha peaKTope HEP-2. Ha peaKTope HEP-30 
npose.neHhi H3MepeHHJI HeKOTOphiX ero xa
paKTepHCTHK. CneuaanHCThl UH~H npaHa
MaroT yqacTHe B pa3pa6oTKe npoexTa 
" H eii:TpHHHhiH ,lJ,eTeKTOp", 6hiCTporo npo
ue c copa ,lJ,nJI H,lJ,eHTHlPHKaUHH TpeKOB ,lJ,nJI 
cneKTpoMeTpa APEC, pa6oTax no C03.IJ.aHHIO 
aBTOMaTa ,lJ,nJI H3MepeHHJI C06hiTHH HallJHnh
M BOM MaTepuane ycTaHOBKH PHCK, spa3-
pa6 oTKe cneuaanhHOH JneKTPOHHKH a npo
rpa MMHoro o6ecneqeHHJI .nn.11 aBTOMa TH3H
posaHHoii: cacTeMhl ynpasneHHJI xonneKTHB
HhiM ycxopHTeneM T Jl)f(enhlx HOHOB ( ACY
K Y TH) . Ha nHHHH c 3BM TPA-70 COBMecT
HO c BHP 3anymeHhi H pa6oTaroT 2 cucTeMhl 
H3MepeHHJI napaMeTpOB CBepxnpOBO.ll.JIIUHX 
Mar HHTOB. 

B H.HH (PocceH.nopllJ ) pa3pa6aThiBaiOTCJI 
50 KOHTeHHepOB ~3Y ,lJ,nJI CUHHTHnnJIUHOH
Hhi X ro.nocxonos cneKTpoMeTpa APEC, pa3-
pa6oTaHo nporpaMMHoe o6ecneqeHue a an
ro HTM ynpaBneHHJI pe)f(HMOM HH)f(eKTOpa 
ycx opaTenJI uuxnaqecxoro THna. 

B 1979 ro.ny COTPY.IJ.HHKaMH TY B .LJ.pe 3-
.neHe BhmonHeHhi pacqeThl Ha npoqHOCTh 
HOBOH KOHCTPYKUHH BaKyyMHOH KaMephl a.n
re JaTopa xonneKTHBHoro ycxopaTenJI, npo
se.neHhl He06XO.IJ.HMhle HCnhiTaHHJI. Ilpo.non-
)f(anoch COTPY.IJ.HHqecTBO no C03.IJ.aHHIO 
cn eKTpoMeTpaqecxoro KOMnnexca .nn.11 aHa
na3a xapaxTepacTaqecxoro peHTreHoscxo
ro H3nyqeHHJI 3neKTpOHHO-HOHHhiX KOneu. 
Cos MeCTHO c COTPY.IJ.HHKaMH ueHTpa Bhiqac-

naTenhHOH TeXHHKH AH r .LJ.P senHCh pa6o
Thl no pa3BHTHIO MeTO.IJ.OB aBTOMaTH3Hpo
BaHHOrO ynpasneHHJI KYTH. 
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HJIH (CBepK) palpa6aTbiBaeT H Hlro 
TaBnHBaeT 6noKH :meKTPOHHOH annapa TYPbl 
.IUIJI ycTaHOBKH PHCK, cneKTpoMeTpa 11,nep 
OT,na'iH ,OKalbiBaeT noMOIUb B HlrOTOBneHHH 
nonynpOBO,AHHKOBbiX cneKTpOMeTpOB C 

· :meKTpOHHKOH B cTaH,napTe KAMAK, B pa l 
pa6oTKe H HlrOTOBneHHH ,neTeKTOpOB dE/ dx 
Ha OCHOBe 3nHTaKCHanbHbiX nneHOK. B CO
Tpy,nHH'IeCTBe c HJIH( CBepK) palpa6oTaHo 
H HCnbiTaHO HeCKOnbKO 3neKTpOHHbiX CXeM 
C'beMa HHcllOpMallHH C "IIOnJipHMeTpa". 

Y'leHble H cneuuanucTbl BapwaBcKor o 
yHHBepcHTeTa H HJIH ( CBepK) npoBo.nun u 
MeTO,nH'IeCKHe palpa60TKH no COl,AaHHIO 
npHeMHOrO ycTpOHCTBa MarHHTHOrO cneKT 
porpa<lla MCII -144, KOTOpbiB: cTaHeT o,nHHM 
Hl nneqeB: ycTaHOBKH ,ll;3MAC. Col,naHbl 
KOOp,nHHaTHO-'IYBCTBHTenbHble nponopi{HO
HanbHble C'leT'IHKH, HOHHlallHOHHble KaMe 
phi, naBHHHble C'leT'IHKH, o6na,naJOIUHe Bbi 
COKHM BpeMeHHbiM palpeweHHeM . lJ.Hq,(l)y 
xapecT) y'laCTByeT B COl,AaHHH 3KCnepu 
MeHTanbHOH ycTaHOBKH "IIHOH" H npoBe 
,neHHH Ha HeH cllHlH'IeCKHX HCCne,noBaHHH 
Ha nHOHHbiX ny'IKax HHlKHX 3HepruB:. B 
paMKax coTpy,nHH'IeCTBa B CPP npoBe,neHbl 

HCCne,noBaHHJI xapaKTepHCTHK ,neTeKTHpyro 
IUHX 3neMeHTOB ( CllHHTHnnJIIlBOHHbiX H no 
nynpOBO,AHHKOBbiX ) Ha ny'IKaX npOTOHOB 
TaH,neM-reHepaTopa U.Hq,. 

CoBMeCTHO c HJiq, B P)l(e)l(e laBep 
weHo npoeKTHpoBaHHe ,neTeKTOpHoro ylna 
ycTaHOBKH ,nnJI Hly'leHHJI yrnOBbiX KOppe 
nJII{HH. CoBMeCTHO c qexocnoBallKBMH cne 
llHanBcTaMH palpa6aTbiBaeTCJI npHHilHnH
anbHO HOBbiH ,neTeKTOp, KOTOpbiH 6y,ne T 
HCnonblOBa TbCJI ,nnJI HeHTpOHHOH pa,nHO
rpacllHH H MO)I(eT B ,nani.HeHWeM npHMe 
HJITbCJI ,nnJI HCCne,noBaHHH B 6HonorHH, KpH
CTannorpacllHH, Me,ABilHHe, ,neclleKTOCKOnHH. 
0CHOBHOe OTnB'IHe ,neTeKTopa OT CyuteC T 
BYIOIUBX - BbiCOKoe npocTpaHCTBeHHoe pa l 
peWeHHe. 3<llclleKTHBHO palBHBaeTCJI CO
Tpy,nHH'IeCTBO C Ilpa)I(CKHM nonHTeXHH'IeC-

KHM HHCTHTYTOM no nHHHH COl,AaHHJI MHKpo
TpOHa ,nnJI OHJIH c 3HeprueB: 90 M3B . 

YHHBepcHTeT B lipaTucnaBe yqacTByeT 
B palpa6oTKe uunuH,npuqecKHX nponopuuo
Hani.HbiX KaMep ,nnJI cneKTpoMeTpa APEC 
H COOTBeTCTBYIOIJleH 3neKTpOHHKH. Ocy
IJleCTBnJinaCb Hay'IHO-TeXHH'IeCKaJI nOMOIJlb 
B COl,naHHH OnTH'IeCKOH CHCTeMbl cneKTpo
MeTpa H palpa60TKa WHpOKOanepTypHbiX 
'lepeHKOBCKHX C'leT'IHKOB no npoeKTy MHC
CKAT. 

\ . 
Pa6oTbl no col,naHmo H palBHTHIO cuc

TeMbl nporpaMM Mo,nyni.HOH CTPYKTYPbl .nn11 
o6pa60TKH ,naHHbiX Ha 3BM 1i3CM -6, 
CDC-6500 H EC -1040 Be,nyTC.JI COBMeC THO 
c coTpy.nHuKaMu Hq,B3 AH r ,ll;P, H3q, 
CAH u YHHBepcHTeToM B Kowuue ( qccP), 
q,H qcAH H Hq,B3 AH KalCCP. Ha 3BM 

CDC-6500(0HJIH), 1i3CM-6(Hq,B3 AH r,D;P 
H Hq,B3 AH KalCCP) , EC-1040 (H3q, 
CAH H YHHBepcHTeT r .Kowuue ) , HliM 
370/135 ( q,H qcAH ) COl,naH 6onbWOH 
KoMnneKc nporpaMM, npe,nHalHa'leHHblx ,nn11 

. aHanHla cllHnbMOBOH HHcllopMallHH C pal
nB'IHbiX TpeKOBbiX ,neTeKTopoB OHJIH. 

B peweHHH la,naq npHKna.nHoro xapaK
Tepa Me)l(,nyHapO,nHOe COTpy,nHH'IeCTBO npo
BO,AHnOCb B cllopMe COBMeCTHbiX MeTo,nH
'IeCKHX palpa60TOK, C03,AaHHJI annapaTy
pbl, npoBe,neHH.JI COBMeCTHbiX HCCne,noBa
HHH. B HJIHJI3 liAH palpa6oTaHa H co
l,naHa annapaTypa .nn11 uccne.noBaHHH pa
.nuauuoHHbiX noBpe)l(,neHHH B Ma Tepuanax. 

CoBMeCTHO c U.eHTpoM cllHlHKH H Co
clluB:cKHM YHHBepCHTeTOM npOBO,AHnHCb HC
cne,noBaHHJI BnHJIHHJI HOHHOB ·6oM6ap,nHpOB
KH Ha CTpyKTypy nneHOK, HCnOnblyeMbiX 
,AnJI CBepxnpOBO,AJIIUHX pe lOHa TOpOB. 

B coTpy,nHH'IeCTBe c y'leHbiMH Hl JieB:n
llHrCKoro YHHBepCHTeTa BblnOnHeHbl 3K
cnepHMeHTbl no o6ny'leHHIO MOHOKpHCTanna 



ny'IKOM HOHOB UHKJIOTpoHa Y- 300. Onpe

AeJieHHe cTeneHH nospe~eHHB H npo~HJIB 
Ae~eKTOB B~nOJIHBeTCB B lleBnUHre MeTO

AOM KaHaJIHpOBaHHB npOTOHOB H a -qacTHJl. 

CosMeCTHO co cneuuaJIHcTaMH QArH 

( MOCKBa), IlOJIHTeXHH'IeCKOrO HHCTHTyTa 

mLBOB) npOBOAHJIHCL pa60T~ no BHeApe

HHIO B npHKJiaAHblX 06JiaCTBX aBTOMaTHJil

poBaHH~X CHCTeM o6pa60TKH ~HJILMOBOB 

HH~OpMaUHH, nOCTpOeHH~X Ha OCHOBe CKa

HHPYIOUUIX asToMaTOB Ha JJieKTPOHHo-ny

qesou Tpy6Ke. PaJpa6oTaH HOB~B, yco

sepweHCTBoBaHHLIB KOMnJieKC ynpaBJIBJO-

B 'IHCJie · npoBeAeHH~x 06'beAHHeHHblM 

HHCTHTYTOM BAepH~X HCCJieAOBaHHB 

B 1979 rOAY 44 COBelllaHHB - 5 KpynH~X 
Hay'IH~X, 20 pa60'IHX H MeTOAH'IeCKHX, 

19 Hay'IHo-opraHHJaUHOHH~x. B HHX npu

HBJIH yqacTHe 2344 cneuuaJIHCTa. 

V Me)I(AyHapoAHOe coBelllaHHe no He

JIOKaJILHOB KBaHTOBOB TeOpHH nOJIB, npo

XO,[(HBWe e 18- 25 anpeJIB 1979 roAa B Anyw

Te, o6cyAHJIO BOnpOCbl, CBB3aHHble C npo6-

JieMOB CHJILHOB CBB3H B HeJIOKaJILHOB KBaH

TOBOB Te OpHH nOJIB, AHHaMHKOB MaJiblX pac

CTOBHHB, eAHHOB TeOpHeB nOJIB H JIOKaJIL

H~X CHMMeTpHB, Hea6eJieB~MH KaJIH6po

BO'IHblMH TeOpHBMH, KBaHTOBblMH JI}MileK

TaMH B rpaBHTa1{HH. Ycnex coBelllaHHB 

o6ecne'IHJIH HCKJIIO'IHTeJILHaB aKTyaJILHOCTL 
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llle r o :MaTeMaTH'IecKoro o6ecne'leHHB AJIB 

CKaHHpyJOllleB CHCTeM~ A3llT -1M. 

B .HHCTHTyTe MaKpoMoJieKyJIBPHOB xu

MHH liCAH B~nOJIHeHbl CJIO)I(Hble pa60Tbl 

no npHrOTOBJieHHIO HMMYHOrJio6yJIHHOB H 

paCTBOpOB nOJIHMeTaKpHJILHOB KHCJIOT~ AJIB 

HJy 'leHHB Hx CTPYKTYPLI Ha ny'IKax peaK

Top a Jlli P- 30. 

IlpOAOJI)I(aJIOCL COTPYAHH'IeCTBO, B ~op
Me KOHCYJILTaUHB H nepeAa'IH OnblTHblX o6-

pa 3 UOB BAepHbiX ~HJILTpOB, C HHCTHTyTa

MHBHP,CPB,KH~P,IlHP,CPP. 

. 
HayqHbie 

coBe~aiD1H Ol1Hl1 

Te M a THKH, BblCOKHB Hay'IHblB ypoBeHL AO

KJia AOB H aKTHBHOCTL y'laCTHHKOB, XOpOWaB 

opr aHH3a1{HB CHMnOJHyMa. 

BHAH~e y'leH~e HJ Hay'IH~x ueHTpos 

MHOrHX CTpaH MHpa npHHBJIH y'laCTHe B 

M e )I(AyHapoAHOM CHMnOJHyMe no ~YHAa
MeHTaJILH~M npo6JieMaM TeopeTH'IeCKOB H 

MaT eMaTH'IeCKOB ~H3HKH, npOXOAHBWeM 

23 - 27 asrycTa B ~y6He. IlporpaMMa CHM

noJ HyMa oxsaTLIBaJia npo6neM~ acTpo~u
JHKH H TeopHH rpaBHTa1{HH, KBaHTOBOB TeO

pHH noJIB H JJieMeHTapH~x 'laCTHil, MaTe

MaT H'IeCKOB ~H3HKH, TeopHH KOHAeHCHpo

BaHH~X cpeA H a TOMHOrO BApa. MHOrHe 

AOKJiaA~ 6~JIH TeCHO CBB3aHbl C pa3BH

THe M BAeD KpynHeBwero COBeTCKOrO Ma

Te M aTHKa, MeXaHHKa H ~H3HKa aKaAeMHKa 

H.H .1ioroJIJ06osa. 
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B COOTBeTCTBHH C cornaweHHeM Me~ 

.IJ.Y OIUIH H UEPHoM npu co.IJ.eii:cTBHH B eH-

repcKoii: AKa,IJ,eMHH HayK 2-15 OKTH6 pH 

1979 ro.IJ.a B .LJ:o6oroKe ( BHP ) 6blna n p o

Be,IJ,eHa oqepe,IJ,HaH VI Me~.IJ.yHapo.IJ.HaH 
WKona I}>HJHKOB OHRH-UEPH. HayqHaH 

nporpaMMa wKonbl HMena uenLro OJHaKo

MHTb MOnO,IJ,biX I}JH3HKOB-3KCnepHMeHTaT O

pOB C Ba~HeBWHMH TeopeTH'IeCKHMH H 3K

cnepHMeHTanbHbiMH ,!J,OCT~eHHHMH B I}Ju-

3HKe BbiCOKHX 3HeprHH H 3neMeHTapHbiX 

'laCTHU. JleKTOpaMH H ,!J,OKna)l.'IHKaMH 6 blnH 

Be.IJ.YIUHe cneuuanHCTbl OHRH, UE PH, <l>HA JI 

H ,!l,pyrHX KpynHblX H,IJ,epHO-I}JHJH'IeCKHX 

Hay'IHblX UeHTpOB. 

C 16 no 25 ceHTH6pH 1979 ro.IJ.a B M u H

cKe 6bl.lla npoBe,IJ,eHa XI I I Me~.IJ.yHapo,IJ,HaH 

WKona Mono.IJ.biX y'leHbiX OHRH no npo6n e

MaM ycKopuTeneB: JapH~eHHbiX qacTHU. 

C ,IJ,OKna,IJ,aMH 0 HaH6onee HHTepeCHblX H 

nepcneKTHBHbiX npOeKTaX pa3BHTHH MHp o

BbiX yCKOpHTenLHbiX UeHTpOB BbiCTynHnH 

Be.IJ.yiUHe cneuuanHCTbl 06'he.IJ.HHeHHoro HH

CTHTyTa, HHCTHTYTOB CoBeTcKoro CoroJ a, 

HeKOTOpbiX Japy6e~Hb1X Hay'IHbiX UeHTpOB. 

C 5 no 8 uronH 1979 ro.IJ.a B .LJ:y6He 6 bln 

npoBe,IJ,eH Me~,IJ,yHapo.IJ.HbiB CHMnoJHYM no 

npo6neMe HeCKOnbKHX Ten B H,IJ,epHOB <lJH J H-

Ke, HBHBWHBCH npO,!l,O~eHHeM cepHH eB

poneBCKHX KOHI}JepeHUHB no yKaJaHHOB Te

MaTHKe. lionLWOB HHTepec, npOHBneHHbiB 

K CHMnOJHyMy, o6ycnoBneH BbiCOKHM ypoB

HeM uccne,IJ,oBaHHB no 3TOH !]:po6neMe B 

OHRH H cTpaHax-yqacTHHuax. B nporpaM

Me 6blnH npe,IJ,cTaBneHbl o6JopHble ,IJ,OKna,IJ,LI 

Hau6onee HJBeCTHLIX yqeHbiX, pacwupeH

HLie C006IUeHHH 0 HaH6onee HHTepeCHbiX 

OpHrHHanLHbiX peJynLTaTaX, C006IUeHHH Ha 

cTeH.IJ.OBbiX ceKUHHX. CuMnoJHYM JHaqu

TenLHO yKpenHn npeCTH~ COBeTCKHX yqe

HblX H y'leHbiX ,!l,pyrHX CTpaH-y'laCTHHU, 

pa60TaiOIUHX B o6naCTH I}JHJHKH Manoqac

TH'IHblX CHCTeM. 

Pa6oquelHayqHo-MeTO.IJ.H'IeCKHe) coBe

IUaHHH OHRH, npoBe,IJ,eHHble no OT,IJ,enLHbiM 

KOHKpeTHbiM BOnpocaM BblnOnHeHHH COB

MeCTHblX pa60T B paMKaX npo6neMHO-Te

MaTH'IeCKOrO nnaHa OHRH, noJBonununyq

we CKOOp,IJ,HHHpOBaTb H 06'be,IJ,HHHTb ycHnHH 
HHCTHTyTOB, na6opaTOpHB H Hay'IHbiX op

raHHJaUHB CTpaH-y'laCTHHU lfHCTHTyTa B 

peweHHH BOnpOCOB COJ,IJ,aHHH HOBbiX I}JHJH

'IeCKHX ycTaHOBOK, pa3pa60TKH MeTO,IJ,H

'IeCKHX npo6neM H COBMeCTHbiX HCCne,IJ,O

BaHHH Ha ,IJ,eHCTBYIOIUHX ycTaHOBKax, cpaB

HeHHH H cornacoBaHHH nony'leHHbiX peJynL

TaTOB. 
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YqacTHe 011H11 
B HayqHbiX COBemaHHJIX H KOHcpepe~JIX 

~pyrHX cpH3HqeCKHX Q8HTpOB 

B 1979 ro.n;y coTpy,n;HHKH OH.HH yqacT

BOBaJIH B 100 Me)l(,n;yHapo.n;HbiX H HaUHO

HaJibHbiX Hayl.JHbiX KOH<i>epeHUHBX H COBeiUa

HHBX, B TOM 'IHCJie B 75 B CTpaHaX -yqacT

HHUaX. 

Me)l(,n;yHapo.n;HhiH ceMHHap no Teope

TH'IeCKOH H MaTeMaTH'leCKOH <i>H3HKe B Mae 

1979 ro.n;a B JieB:nuHre ( r )l,P ) noKa3aJI 

aKTyaJibHOCTb npoao.n;HMbiX B OH.HH HC

cne.n;oBaHHH B 3TOH o6naCTH H Heo6xo.n;H

MOCTb pacWHpeHHB coTpy.n;HH'IeCTBa OH.HH 

C HHCTHTyTaMH CTpaH-y'laCTHHU .IJ:Jl}l co

xpaHeHHB Be.n;yruero nOJIO)I(eHHB, 3aHHMae

MOrO HHCTHTYTOM B pg,n;e H36paHHbiX HB

Y'IHbiX HanpaaneHHH. 

Y'laCTHe B pa6oTe Me)l(,n;yHapo.n;HoB: KOH

<t>epeHUHH "KOJIJieKTHBHbie .D:BH)I(eHHB C 60Jib

WOH aMnJIHTY.IJ:OH B g,n;pax" ( 10-12 HIOHB, 

1979 ~·· KecTxeH, BHP ) eme pa3 no.n;
TBep.n;Hno, 'ITO O.IJ:HOH H3 HaH60nee aKTy

aJibHbiX npo6JieM g,n;epHOH <i>H3HKH BBJIBeTCB 

H3y'leHHe peaKUHH no.n; .n;eHCTBHeM TB)I(eJibiX 

HOH.OB. Bee 60JibWHH HHTepec B 3TOH o6-

JiaCTH Hal.JHHaiOT npe.n;cTaBJIBTb HCCJie.n;OBa

HHB npH 3HeprHH 100 M3B/HYKA. 

Y'leHhle OH.HH BbiCTynHJIH c npHrna

weHHbiMH .n;oKna.n;aMH Ha Me)l(,n;yHapo.nHoB: 

KOH<i>epeHUHH no <i>H3HKe rHnepg,n;pa H B3aH

MO.D;eHCTBHIO HH3K03HeprH'IHbiX KaOHOB 

( 11-14 HOB6pg 1979 r., .H6noHHa, IIHP). 

KoH<l>epeHUHB noKa3ana, 'iTo cne.n;yeT y.n;e

JIHTb OC06oe BHHMaHHe .II.aJibHeHWHM noHc

KaM H HCCJie,n;OBaHHIO MYJibTH6apHOHHbiX pe-

30HaHCOB, OC06eHHO TeX, yKa3aHHe Ha cy

IUeCTBOBaHHe KOTOpbiX noJiy'leHO Ha npo-

naHOBOH KaMepe OH.HH, TaK KaK OHH Haxo

.D:BT 060CHOBaHHe B paMKaX KBapKOBbiX MO

.n;ene B: H MoryT cny)I(HTb npoaepKoB: nocne.n

HHX . 

)l,enerauHB OH.HH npHHBJia yqacTHe B 

pa6o Te I BeHrepcKoro CHMn03HyMa 

" M HKPOMaWHHbi, MHKponpoueccopbl H HX 

npHM eHeHHe" (17 -19 anpeng 1979 ro.na, 

.liy.n;a newT). Ha CHMno3HyMe 6biJIH paccMoT

peHhi, B 'laCTHOCTH, CHCTeMbl .IJ:JIB pa3pa-

60TKH MHKponpoueccopHbiX ycTpOHCTB, 

MYJib THMHKponpoueccopHble CH~TeMbl, 

MHKp onpoueccopbi H cHcTeMa KAMAK, npo

rpaMMHoe o6ecne'leHHe H MHKponporpaM

MHP aaHHe . IIony'leHHaB Ha CHMn03HyMe 

06W pHag HH<i>OpMaUHB 6y.neT HCnOJib30Ba

Ha B pa3pa60TKaX HHCTHTyTa npH BHe.n;pe

HHH MHKponpoueccopOB H MHKpo- 3BM. 

lllHpOKYJO H3Be CTHOCTb npHo6pena E)l(e

ro.n;HaB Me)l(,n;yHapo.n;HaB 3HMHBB WKOJia B 

Kapn aqe ( IIHP ), KOTopag B 1979 ro.n;y 6blna 

noCBBIUeHa o6Cy)l(,n;eHHIO COBpeMeHHbiX TeH

.n;eHUHH B pa3BHTHH TeOpHH TBep.n;oro Tena. 

IJony l.JeHHaB Ha WKOJie HH<i>OpMaUHB 0 no

CJie .n;HHX .IJ:OCTH)I(eHHBX B HaH60Jiee 6biCTpO 

pa3BHBaiOIUHXCB 06JiaCTBX TeOpHH KOH.II.eH

CHp OBaHHOrO COCTOBHHB 6y.neT noJie3HOH 

npH nJiaHHpOBaHHH HCCJie,n;oBaHHH B JITcl>, 

JIB T A H JIHcl> OH.HH. 

H HCTHTYT HanpaBJIBJI TaK)I(e .n;enerauHH 

HJIH OT.II.eJibHbiX y'leHbiX Ha KpynHbie Me)l(

.n;yHa po.II.Hbie KOH<i>epeHUHH, npOBO.II.HMble B 

.II.pyr HX CTpaHaX: Me)I(.II.YHapO.II.HYJO KOH<i>e

peHUHIO no <i>H3HKe BbiCOKHX 3HeprHH B )l(e

HeB ; Me)I(.II.yHapo.II.HYIO KoH<l>epeHUHIO 

".H.nepHaB <l>H3HKa H 3JieKTpOMarHHTHbie 
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BJaHMO.IJ.eilcTBHJI" a Maii:Hue ( ~Pr); VIII 
Me)I(,IJ,yHapo.IJ.Hyro xoH4lepeHumo no ci>H l HKe 
BbiCOKHX 3HepraB: H cTpyxType JI.IJ.pa B B aH
xysepe ( KaHa,IJ,a ); Me)I(J{yHapO.IJ.HbiH CHMrio
lHYM no nepcneKTHBaM Hly'leHHJI JI.IJ.ep, y ,IJ,a-

neHHbiX OT o6naCTH CTa6HnbHOCTH sHam· 
BHnne ( ClliA) ;Me)I(.IJ.yHapO.IJ.HbiH caMnOlHYM · 
no ci>HlHKe H XHMHH ,IJ,eneHHJI B IOnaxe 
( ~ P r); Me)I(,IJ,yHapO.IJ.HYIO KOHci>epeHUH10 no 
ycxopHTenJIM B CaH-~paHUHCKO H .IJ.p. 

CBH3H c Ha yqHhiMH u;eHTpaMH cTpaH, 

He HBJIHIO~HXCH yqacTHHu;aMH OMHM, 
H Me)I(,IJ;yHapO,IJ;HbiMH opraHH3au;HHMH 

B 1'979 ro,IJ,y OIUIH no.IJ..IJ.ep)I(HBan Hay q
Hble CBJI3H C HaUHOHallbHbiMH Hay'IHbiMH 
ueHTpaMH ClliA,lllseB:uapaa, ~paHUHH, A Hr
nHH, ~Pr, HTanaa, ,lJ;aHHH, ~HHnJIH.IJ.HH, 

IOrocnaBHH, a TaK)I(e c Me)I(.IJ.yHapo.IJ.HbiMH 
opraHHlaUHJIMH B cl>opMe BlaHMHoro yqa c
THJI B 3KCnepHMeHTaX H o6pa60TKe ci>H JH· 
'leCKHX ,IJ,aHHbiX, COl,IJ,aHHJI annapaTypbl, o6-
MeHa Ma TepaanaMH H npose,IJ,eHHJI KOHcyn b 
TaUHH, yqacTHJI B Hay'IHbiX KOHci>epeHUHJIX 
H ceMHHapax . 

B 1979 ro,IJ,y 61 COTPY.IJ.HHK OHJIH no-
6blsan B Hay'IHbiX ueHTpax cTpaH·Heyqac T
HHU HHCTHTyTa C uenbiO BblnOnHeHHJI COB· 
MeCTHbiX pa6oT H o6MeHa onbiTOM. HHCTH· 
TyT npHHJill 98 y'leHbiX Hl 3THX CTpaH . 

06pa6oTaH MaTepaan COBMeCTHbiX 3K· 
cnepHMeHTOB OHJIH-~HAJI no npJIMOMY 
pacceJIHmo K --MelOHOB Ha 3neKTpoHax npa 
HMnynLce 250 F3B/c. 

IIposo,IJ,HncJI ,IJ,anLHeilwaB: aHanHl Hey n
pyroro pp -pacceJIHHJI B o6nacTH 3Hep
raB: 50-400 F3B npa Manblx nepe,IJ,aHHbiX 
HMnynLCaX H 6onbWHX He,IJ,OCTaiO~X Ma c
CaX. B COTPY.IJ.HH'IecTBe c aMepaxaHCKHMH 

ci>HlHKaMH 6blllH H3MepeHbl 3neKTpOMarHHT· 
Hble pa.IJ.HYCbl a- H K-MelOHOB. COBMecT
HbiH 3KcnepaMeHT, BblllonHeHHblii: B OHJIH Ha 
ycTaHOBKe "KpacTann", snepBble noxaJan 
BOlMO)I(HOCTb OTKllOHeHHJI ny'IKa npOTOHOB 
HlOrHyTbiM MOHOKpHCTannOM. 

Hccne,IJ,oBaHHJI BlaHMO.IJ.eilcTBHJI 6blcT
pblx a,IJ,pOHOB H nerKHX JI,IJ,ep C JI,IJ,paMH 
(A = 14, 100, 130, 200) C nOMOIUbiO cl>oTo· 
3MYnLCHH npOBO,IJ,HllHCb B COOTBeTCTBHH C 
npoToxonoM o COTPY.IJ.HH'IeCTBe c HHCTH· 
TYTOM ci>HlHKH YHHBepCHTeTa HMeHH reTe 
a~ ~paHxcl>ypTe·Ha- Maii:He, ~rP. IIpoaJ· 
BO.IJ.HllCJI o6MeH HHcl>opMauaeB: o npose,IJ,eH
HbiX pa6oTaX no HCCne,IJ,OBaHH10 BlaHMO· 
,IJ,eB:cTBHJI 6blcTpblx JI.IJ.ep c JI.IJ.paMH. OHJIH 
npe.IJ.OCTasan l{eHTPY ci>HlHKH YHHBepcHTe
Ta HM. reTe ci>OT03MYllbCHH, o6ny'leHHble 
JI.IJ.paMH 12c Ha ycxopaTene OHJIH. 

IIpo.IJ.Oll)l(anocL 3cl>cl>eKTHBHoe COTPY.IJ.HH· 
qecTBO c YHHBepcaTeTOM B TypHHe H Ha
UHOHanbHOH Jla6opaTOpHeH BO ~pacKaTH 

( HTanHJI ). B 1979 ro,IJ,y npoBe,IJ,eHbl HJMe
peHHJI .IJ.Hcl>cl>epeHUHanLHOro ce'leHHJI pac
ceJIHHJI nHOHOB Ha JI,IJ,pax 3He npH 3Hep
rHH 60-80 M3B. HTanbJIHCKHe cneuaa-



nHCTLI npHHHManH yqaCTHe B o6pa60TKe 
pe3ynLTaTOB 3THX H3MepeHHH, a TaiOKe 
B pa3pa6oTKe y3nOB ycTaHOBKH rO,IJ;ECK 
H nporpaMMLI HCCne~oBaHHH Ha Heii:. 

no TeMe MHC Ha CKaHHP}'lOIQHX aBTO
MaTax HPD B lfTanHH o6pa6oTaHo 
350 TLicxq CTepeo~oTorpa~Hii:, npo~omK~
nHCL pa60TLI no C03~aHHID cneKTpOMeTpH
qeCKOrO TpaKTa H 6LicTporo npo:ueccopa 
MX MHWeHH H3 KpeMHHeBLIX nonynpOBO~
HHKOBLIX cqeTqHKOB. B MunaHe npoBe~eHo 
HCnLITaHHe nporpaMMLI nOCTpOeHHX TpeKOB 
co cneKTpoMeTpa MHC. B o6pa6oTKe 
3KcnepuMeHTanLHoro MaTepuana, nonyqeH
Horo c MHC, npHHHMan yqacTHe lfHCTHTYT 
~H3HKH XenLCHHCKoro yHHBepcuTeTa. 

rpynna H3 CacceKCKoro yHHBepCHTeTa 
(BenHK06pHTaHHX) yqaCTByeT B HCCne~OBa
HHXX pa~HOaKTHBHOrO pacna~a OpHeHTHpo
BaHHLIX x~ep Ha ycTaHoBKe "CnHH". IIpu 
o6pa6oTKe nonyqeHHoro 3KcnepuMeHTanL
Horo MaTepuana ucnonLJyeTcx 3BM yHH
BepcHTeTa. 

CoBMeCTHLie uccne~oBaHHX aKTyanLHLIX 
npo6neM ~H3HKH TX)I(enLIX HOHOB OCyiQeCT
BnXnHCL C lfHCTHTYTOM X~epHOH ~H3HKH 
B Opce ( <l>paH:uux), o6IQeCTBOM no HJyqeHHID 
TX)I(enLIX HOHOB B )l;apMWTa~Te ( ci>Pr), 
lfHCTHTYTOM ~H3HKH B Jienrpa~e H ~pyrHMH 
HayqHLJMH :QeHTpaMH CTpaH-HeyqacTHH:Q. 

OHJIH o6MeHHBancx HayqHoii: HH~OpMa
:uueii: C HCCne~OBa TenLCKHMH :QeHTpaMH 
AHrnuu, CiliA, cl>paH:UHH H <I>Pr no npo6-
neMaM Heii:TpOHHoii: ~H3HKH. B :ueHTpe x~ep
HLIX uccne~oBaHHii: B IOnuxe (<I>Pr) npoBe
~eHLI 3KCnepHMeHTLI no HCCne~OBaHHID ~H
HaMHKH Bo~opo~a, a~cop6upoBaHHoro Ha 
noBepXHOCTH HHKenx. 

B 1979 ro~y OHJIH noMep)I(HBan Tpa
~:UHOHHLie HayqHLJe KOHTaKTLI H CBX3H C 
TaKHMH Me)l(~yHapO~HLIMH opraHH3a:QHXMH, 
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KaK C3B, MArAT3, UEPH, Me)l(~yHapo~
HLIH :ueHTp TeopeTuqecKoii: ~H3HKH B Tpuec
Te, HIOIIAII, EBponeii:cKoe ~HJuqecKoe o6-
LQe CTBO H ~pyrHe. 

CBX3H c C3B H MArAT3 OCYLQecT:Es
nxnHCL B ~OpMe B3aHMHOrO yqacTHX B Ha
yqHLJX H HayqHo- opraHH 3a:QHOHHLIX Mepo
npHXTHXX, 06MeHa ny6nHKa:QHXMH, HayqHO
TeXHHqeCKOH ~OKyMeHTa:QHeH H MaTepHana
MH. 

CoTpy~HuqecTBO c UEPH ( IIIBeii::ua
pHJI) pa3BHBanOCL B TaKHX ~OpMaX,KaK 
KOMaH~HpOBKH Ha KOpOTKHe H ~nHTenLHLie 
CpOKH ~ng yqaCTHX B COBMeCTHLIX 3KCne
pHMeHTaX, 06MeH ny6nHKa:QHXMH, B3aHM
HOe : yqacTHe B HayqHLJX KOH~epeH:QHXX, 

npOBe~eHHe COBMeCTHLIX WKOn ~ng MOno
~LIX yqeHLIX. )l;nx npOBe~eHHX COBMeCTHLIX 
c U EPH HayqHLIX uccne~oBaHHH no aKTy
anLHLIM npo6neMaM ~H3HKH 3neMeHTapHLIX 
qacTH:U B coTpy~HuqecTBe c ~H3HKaMH H3 
cl>pa H:QHH, <I>Pr H lfTanHH 6Lina C03~aHa 

YHH KanLHax 3KcnepHMeHTanLHax ycTaHOB
Ka - Topou~anLHLiii: cneKTpoMeTp. B 1979 r. 
YCTaHOBKa 61a1na OKOHqaTenLHO CMOHTHpo
BaHa H Ha Heii: npoBe~eHLI nepBLie ceaHCLI 
o6ny qeHHX, nonyqeHo 6onee ~Byx MHnnuo
HOB co6LITHii:. B paMKax OHJIH B coBMecT
HLIX B UEPH 3KcnepuMeHTax npHHHMaiOT 

yqa cTHe ~H3HKH HPJi, BHP, r,n;P, CCCP 
u qccP. 

C :uenLIO o6LQero 03HaKoMneHHX c ~ex
TenLHOCTLI006~e~HHeHHOrOHHCTHTyTa,ero 

na6 opaTOpHXMH H pa60TOH 3KCnepHMeH
TanLHLIX ycTaHOBOK B TeqeHHe ro~a HH
CTHTYT noceTHnH 79 rpynn 3KCKypCaHTOB 
(1 459 qenoBeK), H3 HHX 75 rpynn (1383 qe
noBeKa) - H3 CTpaH-yqacTHHU, 4 rpynnLI 
(]1 qenOBeK) - H3 ~pyrHX CTpaH. 
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3KcnepUMeHII no KOHOIIUP060HUIO 'IOCifiUII 
6biCOKUX 3Hepzuii npoeeOeH C06MeCIIHO 
C fPU3UKOMU ti>HAJI U YHU6epCUIIIella 
6 0116aHU (Cil/A). Ha CHUMKe: npo¢eccop 
T . Tyuz u PYK0600U11ellb 3KcnepuMeH•a 
OOKIIOp -U3.- MOll. HOYK 3.H.L(WZOH06. 

B ceHm.R6p e OHBH nocemu11 FeHepa11•· 
HbiU oupeKmop L(EPHa npo¢eccop 
){x.AoaMc. L(ellb eu3uma - o6cyxoeHue 
6onpoco6 c ompyOHU'Iecmea EeponeiicKoii 
OpZGHU3GJIUU .ROepHbiX UCC/Ie006GHUU U 
OHBH. 

YcnewHo pa3eueaemc.R compyOHU'Iec•eo 
OHBH, YHueepcu•ema 6 TypuHe u Ha
JIUOHOIIbHOii IIG60pallopuu 60 tl>paCKOIIU 
(Hmallu.R ). 



-

C neKmpoMemp OAR onpeoeAeHUR 6peMeHu 
JICU3HU HeiimpoHa . 

YoteHble u /::nelluaAuc
•bl Hay'IHbiX lleHIIIp06 
F ,[(P npUHUMaKJJI 
yotacmue 6 6blnOAHe
HUU 59 1/leM nAaHa Ha
Y'IHO-UCCAe006al/leAb
CKUX pa6om OH.RH. 
IlAooom6opHo pa36u-
6aemcR compyoHu-
otecm6o c l.{eHmpaA b-

HbiM UHCIIIUIIIYIIIOM 
ROepHbiX UCCAe006a
HUU 6 PocceHoop(Je . 

B OOHOM U3 Ol/fOeA06 l.{H.RH 6eOyiiiCR 
uccAeoo6aHUR no onpeoeAeHUKJ3azpR3-
HeHuR JICUOKOZO HalllpUR. 

BHyllpeHHRR otaCJib KaMepbl OAR pezucm
paiiUU IIIRJICeAbiX r/JpazMeHm06 6 peaKIIURX 
C IIIRJICeAbiMU UOHaMU. 



HHcmumym fPU3UKU 6&1-

coKux 3Hepzuii 61(oii
meHe QKIIIU6HO Y~QCII-

6yem 6 npozpaMMe uc
CAeoo6aHuii no ¢u3 uKe 
6blCOKUX 3Hepz uii . Ha 
CHUMKe: y~QCI/IHUKU 

3KcnepuMeHma PHCK 
o6cyJKOQIOIII pe3yA&
•a•bl UCCAe006QHUU. 

B 1979 zooy 6 l.(oii
meHe 66eoeH 6 oeiicm-
6Ue U3MepumeAbHblU 
KOMnAeKC, KOIIIOPblU 
6 HQCIIIO.RIIIee 6peM.R 
.R6A.Rei/IC.R OOHUM U3 
CQMblX MOII#HblX ijeHII

p06 no o6pa6omKe 
fPUAbM060U UHfPOpMa
ijUU C YCIIIQH06KU 
PHCK u opyz ux yc
llaHo6oK OHJIH. 



06oeOUHeHHbiU UHCIIUIIYII QKIIU6HO COII.f>YOHU'Iaem C Ha· 
IIUOHOAI>HI>IMU Hay'IHI>IMU ijeHmpaMu 1IHP. Co6Mecm
Hble UCCAe006aHUJf np0600.1111C.II no 69 HQY'IHbiM meMaM. 

HccAeoo6alleAbcKuii peaKmop "Mapu.11" 
6 HHcmumyme .IIOepHbiX UCCAe006QHUU 
6 C6epKe. 

3AeK•poMaZHUIIIHI>Iii cenapamop OA.II pa3-
oeAeHU.II U3o•ono6, C030QHHI>IU 6 HJIH, 
npeOHQ3HO'IeH OA.II UOHHOZO Aezup06QHU.II 
noAynpo600HUK06. 

rpat/JutteCKUU ouc
nAeii, pa3pa6omaHHI>Iii 
U U3ZOII06AeHHbiU 6 
)ly6He, ucnoAb3ye•c.ll 
6 C6epKe 6 3Kcnepu
MeHmax 6 cotte•a
HUU c annapamypoii 
KAMAK. 

B Bap1Ua6CKOM yHu6epcu•e•e C06Mecm
HO c OHJUI co3oae•c.11 IIUKAo•poH 
Y-200II. 



H3yt~eHue cmpyKmypbl1118ep

obiX meA U JICUOKOCIIIeU 

OOHO U3 HGnpa8AeHUU uc

CAe008QHUU, np0800UMbiX 8 

Aa6opamopuu zaMMa- pe3o· 

HQHCHOU cneKIIIpOCKOnuu 

RzeAAOHCKozo yHu8epcu

mema (KpaKoe). 

B HHCIIIUIIIYIIIe JIOepHOU 1/Ju· 

3UKU 8eoymcJI pa6ombl no 

peKOHCIIIPYK!4UU ycKopumeAJI 

Y-120 8 U30XpOHHbiU ijUK" 

AOIIIpOH Y-144. 

B omoeAe paouaijUOHHoii 6uoAozuu HH· 

CIII UIIIYIIIG JIOepHOU I/JU3UKU 8 KpaK08e 

np o800JIIIICJI UCCAe008QHUJI 6UOAOZU· 

t~ e cKux 8030eiicm8uii HeiimpoHo8 u y
U3Ayt~eHuii. B OnbiiiiQX UCnOAb3YIOIIICJI MO· 

o eA bHble pacmeHUJI, o6AaOGIOI/IUe no8bl" 

We HHOU 'IY8CIII8UIIIeAbHOCIIIbiO K U3Ayt~e· 

HUIO. 

YcmaH08Ka OAR U3MepeHUJI 803MYI/IeHuii 

YZA08biX KoppeAJiijUU y- U3Ay'leHUU 8 

HRt/J (KpaKo8) ucnoAb3yemcJI OAR uc

CAeOo8aHuii paOUQijUOHHbiX Oei/JeKIII08 9 

KpUCIIIQAAQX. 
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N!!H!! BH.IJ. coTPY.IJ.HHqecTBa 

nn 

1. KonHqecTBO KOMaH,IJ.H-

pOBOK cneu;HaJIHCTOB H3 

cTpaH·yqacTHHu; aOHJIH 

(6e3 COBeiiJ;aHHif:) . 
2. KonHqecTBO KOMaH,IJ.Hpo-

EOK cneu;HaJIHCTOB OHJIH 

B C TpaHLI- yqac THHIJ;Ll 

3. KonHqecTBO HayqHLJX, 

MeTO,IJ.HqecKHX H Hayq-

HO·opraHH3aiJ;HOHHLIX 

COBeiiJ;aHHH 

4. KonHqecTBO KOMaH,IJ.H• 

~OBOK Ha Me)K,Il.yHapo.v.-

HLie KOH<iJepeHIJ;HH H B 

HayqHLie IJ;eHTpLI CTpaH-

HeyqaCTHHIJ; 

5. KonHqecTao npHe3,IJ.OB 

cneu;HaJIHCTOB H3 CTpE..H-

!leyqacTHHu; 

6. KonHqecTBO cTHneH,IJ.Ha

TOB OHJIH 

CllPABKA 

0 pa3BMTHH Me)l(_nyuapo,nHOf'O COTpy,nuHqeCTBa M CBH3eK 

06be ,nMHeHHOf'O HHCTHTyTa H,nepHbiX HCCJie,noBaHMK 

3a nepHo,n 1972-1979 rr. 

1972 1973 1974 1975 1976 1977 1978 1979 1980 
/nnaH/ 

503 684 826 1026 1079 1078 1010 1095 1150 

431 417 426 474 508 525 502 550 575 

29 39 38 42 39 48 49 44 42 

132 140 112 131 130 135 111 111 120 

226 157 206 250 321 226 188 164 200 

15 17 8 11 13 9 9 9 12 
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HayqHbiX H HayqHo-opraHH3aUHOHHbiX COBeu.J;aHHH, 

IIpOBe,LJ,eHHbiX 06be,LJ,HHeHHbiM HHCTHTYTOM ll,LJ,epHbiX HCCJie,LJ,OBaHHH 

B 1979 ro,LJ,y 

MecTo KonHl.feCTBO N!!N!! 
nn HaJBaHHe coaei.QaHH.II 

B p eM.II 
npoae,neHH.II npoae,neHH.II yqaCTHHKOB 

I. CuMno3UYMbl, UIKO/Ibl, coaeU~aHUJI 

1. V Me)l(,nyHapo.nHoe coaemaHHe no He
noKanbHOH KBaHTOBOH TeOpHH non.11 

2. Me)l(,nyHapo.nHLIH CHMnoJHYM no npo6-
neMe HeCKOnbKHX Ten B .ll,nepHOH 4JH-
3HKe 

3. Me)l(,nyHapo,nHLiii: CHMnOJHYM no 4JyH
,naMeHTanbHbiM npo6neMaM TeopeTH
qecKoii: H MaTeMaTHl.feCKOH 4JH3HKH 

4. Me)l(,nyHapo,nHa.ll wKona no 4JH3HKe BLI
coKHx JHeprHii: OHRH-UEPH 

5. XI I I Me)l(,nyHapo,nHa.ll wKona Mono,nblx 
yl.feHbiX no yCKOpHTen.IIM Jap.ll)l(eHHbiX 
l.faCTHI.{ 

18-25 anpen.11 

5-8 HJOH.II 

23-27 
aarycTa 

2-15 
ceHT.116p.11 

17-25 
ceHT.116p.11 

I I. Pa6o'lue coaeU~aHUJI 

6. Coaell.{aHHe no B3aHMO,lleHCTBHJO 6biCT-
pbiX .11,nep H a,npOHOB C .ll,npaMH 16-18 .IIHBap.ll 

7. Coaell.{aHHe no 3KCnepHMeHTaM Ha yc-
TaHOBKe liHC 13-15MapTa 

8. Coaei.QaHHe no Hccne.noaaHH.IIM Ha ,nayx-
MeTpOBOH nponaHOBOH KaMepe 27-29 MapTa 

9. Coaei.QaHHe no npo6neMaM anL4Ja-pac-
na.na H KnacTepHbiX .IIBneHHH 3-5 anpen.11 

AnywTa, 
CCCP 

,ll;y6Ha 

,ll;y6Ha 

,ll;o6oroKe, 
BHP 

MHHCK, 
CCCP 

,ll;y6Ha 

,ll;y6Ha 

,ll;y6Ha 

,ll;y6Ha 

150 

111 . 
180 

130 

103 

20 

50 

73 

80 
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nn HaJBaHHe coaeutaHHB 

10. Coaei.QaHHe no no~roTOBKe JKcnepH· 
MeHTOB Ha Y • 400 

11. CoseutaHHe no nonynpoao~HHKOBbiM ~e
TeKTOpaM 

12. CoBei.QaHHe no coBMeCTHOMY 011Jil1-
UE PH MJOOHHOMY 3KcnepHMeHTY 

13. Cosei.QaHHe no ycTaHOBKe Pl1CK 

14. Coaei.QaHHe no o6pa6oTKe CHHMKOB c 
O~HOMeTpOBOH BO~OpO~HOH ny3blpLKO· 
so8 KaMepbl 

15. CoBei.QaHHe no o6pa6oTKe CHHMKOB c 
ycTaHOBKH "JIIO~MHna" 

16. BblcTaBKa-ceMHHap "3neKTpoHHaJI an
napaTypa ~nB Hccne~oBaHHH B JI~epHo8 
ciiH3HKe" 

17. CoBei.QaHHe no cosMeCTHOMY 3KcnepH
MeHTY Ha ycTaHOBKe CKM- 200 

18. CoBei.QaHHe no npHMeHeHHJO Koop~HHa
Torpacllos A,D,MAIT ~nB aBTOMaTHJau;HH 
H npOH3BO~CTBa ne'laTHbiX nnaT 

19. CoBei.QaHHe no 3KcnepHMeHTaM Ha y c
TaHOBKe 1il1C H ~BYXMeTpOBOH npona
HOBOH KaMepe 

20. Cosei.QaHHe no cHcTeMaM H MeTo~aM 
aHanHTH'IeCKHX Bbi'IHCneHHH Ha 3 B M 
H HX npHMeHeHHIO B TeopeTH'IeCKOH 
ciiH3HKe 

21. CoBei.QaHHe no nporpaMMe JICHAIIII- 2 

22. Coaei.QaHHe no Hccne~oBaHHJO npou;ec
coB ~HcilpaKIJ;HOHHOH ~HCCOIJ;HaiJ;HH Me· 
30HOB Ha ycTaHOBKe Ml1C 

BpeMJI MecTo KonH'IeCTBO 
npoae~eHHB npoae~eHHB yqacTHHKOB 

18-20 anpenB 

25-27 anpenB 

26-28 anpenB 

15-17 MaJI 

15-17 MaJI 

15-17 MaJI 

11-13 HIOHJI 

19· 21 HIOHJI 

19·21 HIOHJI 

17-22 
ceHTB6p.!l 

18-20 
ceHT.!16p.!l 

30 OKTJI6pJI· 
1 HOJI6pJI 

13·15H0.!16pB 

,D,y6Ha 

,D,y6Ha 

,D,y6Ha 

,D,y6Ha 

,D,y6Ha 

,D,y6Ha 

,D,y6Ha 

,D,y6Ha 

,D,y6Ha 

BapHa, 
HP1i 

,D,y6Ha 

,D,y6Ha 

,D,y6Ha 

80 

13 

35 

50 

18 

40 

40 

33 

58 

47 

50 

80 

50 



N2H~ 

nn HaJBaHHe coaei.QaHHH 

23. Coaei.QaHHe no o6pa6oTKe CHHMKOB c 
ycTaHOBKH "JIIO~MHna" 

24. Coaei.QaHHe no HJroToaneHHIO annapa
TYPM H 3KcnepHMeHTaM Ha ycTaHOBKe 
"r HnepOH" 

25. CoBei.QaHHe no o6pa60TKe CHHMKOB C 
O~HOMeTpOBO~ BO~OpO~HO~ ny3MpLKO
BO~ KaMepLI 
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BpeMH MecTo KonuqecTBO 
npoBe~eHHH npoBe~eHHH yqaCTHHKOB 

13-15 HOH6pH )J.y6Ha 18 

20-22 HOH6pH )J.y6Ha 50 

4-6 ~exa6pH )J.y6Ha 20 

I I I. Hay•mo- opzaHu3at~ UO H Hble coaeUiaHU.R 

26. 45 ceccHH Y'leHoro coaeTa OHRH 

27. KaMepHLI~ KOMHTeT 

28. <l>OT03MynLCHOHHLI~ KOMHTeT 

29. KoMHTeT no 3neKTpOHHMM 3KcnepHMeH
TaM 

30. KoMHTeT IlonHOMO'IHLix Ilpe~cTaBHTe
ne~ npaBHTenLCTB CTpaH-y'laCTHHU 
OHRH 

31. KOMHTeT no CTpyKType H~pa 

32. KoMHTeT no He~TpoHHO~ I}>HJHKe 

33. KOMHTeT no I}>H3HKe TH:>KellMX HOHOB 

34. CeccHH Y'leHoro coaeTa no I}>HJHKe 
BLICOKHX 3HeprH~ 

35. CeccHH Y'leHoro coaeTa no I}>HJHKe 
HH3KHX 3HeprH~ 

36. 46 ceccHH Y'leHoro coaeTa OHRH 

37. KaMepHM~ KOMHTeT 

9- 12 HHBapH )J.y6Ha 90 

10- 12 anpenH )J.y6Ha "30 

10-12 anpenH )J.y6Ha 30 

10-12 anpenH )J.y6Ha 30 

24-26 anpenH )J.y6Ha 90 

25- 2 7 anpenH )J.y6Ha 30 

25-27 anpenH )J.y6Ha 30 

25-27 anpenH )J.y6Ha 30 

22-24 MaH )J.y6Ha 70 

29-31 MaH )J.y6Ha 70 

12- 15 HIOHH )J.y6Ha 90 

16-18 OKTH6pH )J.y6Ha 30 
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N!!N!! 
nn HaJBaHae coaemaHHJI 

38. ci>OT03MYJILCHOHHblH KOMHTeT 

39. KoMHTeT no 3JieKTpOHHblM 3Kcnepa-
MeHTaM 

40. KoMHTeT no crpyKrype Jl~pa 

41. KoMHTeT no HeilrpoHHOH cilHJHKe 

42. KoMHTeT no cilHJHKe T Jl)l(e JlblX HOHOB 

43. <I>HHaHCOBblH KOMHTeT 

BpeMJI Mecro Konaqecrao 
npoae~eHHJI npoae~eHHJI yqacrHHKOB 

16-18 OKTJI6pJI )J,y6Ha 30 

16-18 OKTJI6pJI )J,y6Ha 30 

23-25 OKTJI6pJI )J,y6Ha 30 

23-25 OKTJI6pJI )J,y6Ha 30 

23-25 OKTJI6pJI )J,y6Ha 30 

13-15 HOJI6pJI )J,y6Ha 25 

ilEPEqEHb 

M e:>KAyHapOAHbiX H HaQHOHaJibHbiX KOH$epeHQHH, 

CHMTI03HYMOB, COB~aHHH H IIIKOJI, 

B KOTOpbiX npHHHMaJIH yqaCTHe cneQHaJIHCTbl 06beAHHeHHOI'O HHCTHTyTa 

N!!N!! 
nn HaJBaHae coaemaHHJI 

».nepHbiX HCCJie,noBaHHH B 1979 ro,ny 

BpeMJI Mecro Konaqecrao 
npoae~eHHJI npoae~eHHJI yqacTHHKOB 

A. B cllfpaHax- y 'laCIIfHUflaX HHcllfullfyllfa 

1. XX BcecoroJHoe coaemaHae no cllaJHKe 
HH3KHX TeMnepaTyp 

2. Me)l(~yHapo~HblH KOJIJIOKBHYM "AKry -
aJILHLie npo6JieMLI Bbl'IHCJIHTeJILHOH 
TeXHHKH" 

3. E)l(eroMaJI Me)l(~yHapo~HaJI JHMHJI JI 
WKOJia no TeopeTH'IeCKOH $H3HKe "Co 
BpeMeHHble TeH~eHUHH B TeOpHH Ko~ 

~eHCHpOBaHHblX cpe~" 

MocKBa, 
CCCP 

)J,peJ~eH, 
r)J.P 

Kapnaq, IIHP 

23-26 
JIHBapJI 

3-10 
clleapaJIJI 

1 7 tl>eapaJIJI-
4 Mapra 

10 

2 

4 



Ha3saHHe cose~aHH.II 

4. XVII Me*~yHapo~Ha.R 3HMH.II.II wKona 
no Jl~epHOHciiH3HKe "CsepXTOHKHe B3aH
MO~eHCTBHJI B MeTannax H cnnasax". 

5. KoHcllepeHI.UI.II "CospeMeHHhle npo6neMbl 
MaTeMaTHqeCKOH ciiH3HKH H BblqHCJIH
TeJibHOH MaTeMaTHKH" 

6. HayqHo-TexHuqecKoe cose~aHHe 

"YnpaBJIJIIO~He BblqHCJIHTeJibHble KOMn
JieKCbl CM-3 H CM-4 s asToMaTH3H
posaHHhlx cucTeMax ynpasneHH.II Hayq
HbiX HCCJie~OBaHHH" 

7. I I 3HMH.II.R wKona no ciiH3HKe 3a~HTbi 

OT H3JiyqeHHH 

8. X BeceHHHH CHMn03HYM no ciiH3HKe 
BbiCOKHX :meprHH 

9. Cose~aHHe CTpaH - qneHoB C3B no 
TeXHOJIOrHqecKOH CBepxnpOBO~HMOCTH 

10. I I Cose~aHHe "MeTO~bl pa~uoaHanu-

3a" 

11. Bcecoi03HbiH ceMHHap "Oco6eHHOCTH 
6uonoruqecKoro ~eHCTBH.II ycKopeHHblX 
MHOr03ap.R~HbiX HOHOB H npOTOHOB" 

12. XI Bcecoi03Ha.R WKona no KorepeHTHOH 
onTHKe H ronorpaciiHH 

13. Bcecoi03Hoe COBe~aHHe no Jl~epHOH 

cneKTpOCKOnHH H CTpyKType a TOMHOro 
.R~pa 

14. IX Me*~YHapo~HbiH CHMn03HYM no 
:meKTpOHHOH cTpyKType MeTaJIJIOB H 
cnnasos 
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M ecTo BpeM.R KonuqecTBO 
np Be~eHHJI npoBe~eHHJI yqaCTHHKOB 

lienbcKo -li .11na, '19 cllespan.R-
11HP 2 MapTa 

M ocKsa, 
C CCP 

M ocKsa, 
C CCP 

r ayccur, r .L(P 

li epMcrpiOH, 
r .nP 

M ocKsa, 
CCCP 

.L(pe3~eH, r .L(P 

Ily~HHO, 

CCCP 

POCTOB 

19-21 
cllespan.R 

19-21 
cllespan.R 

26 cllespan.R-
2 MapTa 

12-16 MapTa 

16-21 
MapTa 

18-25 MapTa 

20-22 MapTa 

25 MapTa-
BenHKHB.,CCCP 1 anpen.11 

4 

16 

7 

J 

2 

1 

4 

2 

1 

Pura, CCCP 27-30 MapTa 31 

rayccHr, 1-8 1 
r.nP anpen.11 



.. 
154 

No.Ji!! 
nn HaJBaHHe cosemaHHR 

15. VI BcecoiOJHoe cosemaHHe no MeTo-
~aM MoHTe- Kapno a sblqHcnHTenLHoii: 
MaTeMaTHKe H MaTeMaTHqeCKOH 4JHJH
Ke 

16. XI I BcecoiOJHoe cosemaHHe no npH
MeHeHHIO peHTreHOBCKHX nyqeii: ~ITR HC
cne~osaHHR MaTepHanos 

17. BcecoiOJHbiH CHMnoJHYM "CTpyKTypa 
6HonorHqecKHX MaKpoMoneKyn" 

18. Me)l(~yHapo~HbiH ceMHHap no MaTeMa
THqecKoil H TeopeTHqeCKOH 4JH3HKe . 

19. Kypcbl li!HPMbl "P3HK KcepoKc" 

20. I I I EsponeilcKHii: CHMnoJHYM no R~ep
Hoil Me~HUHHe 

21. II Me)l(~yHapo~HbiH CHMnOJHYM no 
CTpyKType a~pOHOB H MHO)I(eCTBeHHO
MY po~eHHIO qacTHU 

22. VII O~eccKHil CHMnOJHYM no Te ope-
THqecKoil 4JHJHKe 

23. CeMHHap "3neKTpoMarHHTHble BJaH
MO~eilcTBHR a~pOHOB B peJOHaHCHOH 
o6nacTH 3HeprHil 

24. BcecoiOJHoe pa6oqee cosemaHHe 
")l;eHCTBHe 3ITeKTpOMarHHTHbiX noneii: 
Ha npocTeillllHe 6HonorHqecKHe c Hc
TeMbl H HX MO~enH" 

25. KoH4JepeHUHR Mono~biX yqeHLix no li!H
JHKe a TOMHOrO R~pa, 3ITeMeHTapHblX 
qaCTHU H KO~eHCHpOBaHHOrO COC TOR
HHR 

MecTo BpeMR KonHqecTBO 
npose~eHHR npose~eHHR yqacTHHKOB 

HosocH6HpcK, 11-13 
CCCP anpe.JJR 

3seHHropo~. 

CCCP 

3seHHropo~. 

CCCP 

Jleii:nuHr, 
r.n;P 

l>pHO, qCCP 

16-18 
anpenR 

20-22 
anpenR 

3-15 MaR 

6 MaR-
4 HIOHR 

Kapnosbl Bapbl, 15-18 MaR 
qccP 

KaJHMe)l(, 
IIHP 

O~ecca, 

CCCP 

XapLKOB, 
CCCP 

IlymHHO, 
CCCP 

raTqHHa, 
CCCP 

20-26 MaR 

28 MaR-
8 HIOHR 

30 MaR
l HIOHR 

21-23MaR 

22-30 MaR 

1 

2 

3 

2 

1 

1 

1 

1 

1 

1 

4 
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M ecTo BpeMH KonuqecTao 
Ha3aauue coaemauuH npoae~eHHH npoae~eHHH yqacTHHKOB 

26. X Coaemauue no dJu3HKe B3aHMo~eiicT
BHH 3apJI)I(eHHbiX 'laCTHU C KpHCTan
naMH 

27. BceCOl03HaJI KOHdJepeHUHJI no KOCMH
'IeCKHM ny'laM 

28. VI Bcecoi03HhlH ceMuuap no nuueii-
HbiM ycKopuTenHM 

29. Bcecoi03HaH KoudJepeHUHH "Texuono
rHH nporpaMMHpoaaHHH" 

30. CuMn03HYM no KonneKTHBHbiM ~BH)I(e

HHHM H~pa C 6onbliiOH aMnnHTY~OH 

31. Bcecoi03HaH KoudJepeuuuH "AaToMaTu-
3aUHH uay'IHhlX uccne~oaauuii ua oc
uoae npuMeueuuH 3BM" 

32. I I I Bcecoro3Hoe coaemauue no MHKpo
~03HMeTpHH 

33. BceCOl03HaJI KOHdJepeHUHJI no HOHHOMY 
o6Meuy 

34. I I Me)l(~yuapo~HbiH CHMn03HYM no pe
aKUHJIM, Bbl3bJBaeMhlM HeHTpOHaMH 

35. KoudJepeuuHH no HH3KOJHepreTH'IeCKHM 
YCKOpHTenJIM H HX HCnOnb30BaHHIO B 
npOMhliiineHHOCTH 

36. IIIKona-ceMHHap "3dJdJeKT ,ll;o)I(03edJco-

MocKaa, 
CCC P 

Epe au, 
CCC P 

Xap Koa, 
CCC P 

Kue , CCCP 

l>ana ToH, 
BH 

Hoa cu6upcK, 
CCC P 

MocKaa, 
CCC P 

MocKaa, 
CCC P 

CMoneuuue, 
qccP 

Jleuuurpa~. 

CCC P 

Kue a, CCCP 

28-30 MaH 

5-7 HIOHJI 

5-7 HIOHJI 

5-8 HIOHJI 

10-16 HIOHJI 

11-13 HIOHJI 

18-22 HIOHJI 

18-21 HIOHJI 

25 HIOHJI -
1 uronH 

26-28 HIOHJI 

27 HJOHJI-
Ha B HayKe H TeXHHKe" 3 HIOnR 

37. I I I Me)l(~yuapo~aH KoudJepeHUHH no 
MOl.QHbiM JneKTpOHHhlM H HOHHbiM nyq
KaM 

38. Me)l(~yuapo~hlH ceMHHap no npo6ne
MaM dJH3HKH BbiCOKHX 3HeprHH H TeO
pHH nonH 

Hoaocu6upcK, 
CCC P 

Cepnyxoa, 
CCC P 

3-6 uronH 

9-15 uronH 

6 

1 

2 

1 

6 

17 

6 

5 

2 

1 

1 

6 

30 
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Ho..JE 
nn HaJBaHHe coBeiQaHHB 

39. Me*.IJ;YHapo,IUiaB KoHcllepeHu;HB "MaTe
MaTH'IeCKHe acneKTW TeOpHH COnHTO
HOB" 

40. CeMHHap "rny6oKoBo,IUioe .neTeKTHpo
poaaHae MIOOHOB H HeiiTpHHO" 

41. VI KoHcllepeHu;HB qexocnoaau;KHX ella-
3HKOB 

42. KoHcllepeHIJ;HB coiJ;HanacTH'IecKHx c TpaH 
no npHMeHeHHIO )I(H,II;KHX KpHCTannoB 

43. Me)I(.IJ;yHapo.nHaB wKona no cTaTHCTH
'IecKoil cllHJHKe 

42. 12 EaponeilcKHH CHMnoJHYM cTaTac
THKOB 

43. XII JleTHBB WKona no B.IJ;epHoil clla-
3HKe 

44. JleTHBB WKOna no BW'IHCnHTeJlhHOH clla-
3HKe "U.acllpoawe MeTo.IJ;W B peweHHH 
cllH3H'IeCKHX 3a,IJ;a'l" 

45. Kypcw no 3BM TPA 

46. I I BcecoiOJHoe coaeiQaHHe ",IJ;aan o
roawe BW'IHCnHTenbHWe KOMnneKCbl -
,Il;HAJIOr -79" 

47. KoHcllepeHIJ;HB no npaMeHeHHIO nonBpa-
30BaHHWX HeHTpOHOB .IJ;nB HCCne,IJ;OBaHHB 
KOH,IJ;eHCHpOBaHHWX cpe,D; 

48. KoHcllepeHIJ;HB no ranepB.IJ;paM H cllHJHKe 
KaOHOB npH HH3KHX 3HeprHBX 

49. Kypcw no 3BM TPA 

50. KoHcllepeHIJ;HB no HeKoppeKTHO nocTaa
neHHWM 3a,IJ;a'laM 

MecTo BpeMB Kona'leCTBO 
npoBe,IJ;eHHB npoBe,IJ;eHHB y'laCTHHKOB 

JI.IJ;BH3HH, 
IIHP 

HpKyTCK, 
CCCP 

OcTpaaa, 
qccP 

l>y.nanewT, 
BHP 

l>pawoa, 
CPP 

BapHa, 
HPI> 

MHKonaiiKH, 
IIHP 

PO)I(HOB, 
qccP 

l>y.nanewT, 
BHP 

Cepnyxoa, 
CCCP 

3a6opoB, 
BHP 

Jl6nOHHa, 
IIHP 

l>y.nanewT, 
BHP 

<l>pyHJe, 
CCCP 

25 aarycTa-
2 CeHTB6pB 

3 

27-30 10 
aarycTa 

27-31 10 
aarycTa 

27 aarycTa- 1 
1 CeHTB6pB 

30 aarycTa- 6 
15 CeHTB6pB 

2-8 1 
CeHTB6pB 

2-16 
CeHTB6pB 

3-15 
CeHTB6pB 

3-17 
CeHTB6pB 

4-7 
CeHTB6pB 

9-13 
CeHTB6pB 

10-17 
CeHTB6pB 

17-29 
CeHTB6pB 

19-23 
CeHTB6pB 

4 

3 

2 

10 

1 

2 

2 

5 



Ha3BaHHe coaemaHHH 

51. IX Bcecoi03Hoe coaemaHHe no cerHe
T03JieKTpHqeCTBY 

52. KoH<iJepeHJ .. UIH MOJIO.IJ:biX yqeHbiX no 
aKTyaJibHbiM npo6neMaM coapeMeHHOH 
<iJH3HKH 

53. Bcecoi03HbiH ceMHHap HHHC 

54. I I lliKoJia no <iJH3HKe pa,nHaUHOHHbiX 
noape)l(,neHHH Taep.noro TeJia 

55. IV lliKoJia no <iJH3HKe a TOMHoro H,npa, 
HeHTpOHHOH <iJH3HKe H H,nepHOH 3Hep
reTHKe 

56. Me)l(,nyHapo,nHbiH CHMn03HYM "CTpyK
Typa a.npoHoa-79" 

57. Pa6oqee coaemaHHe no coaMeCTHOMY 
OHJIH-CCCP-IIHP-CIIIA HeH:TpHHHo
MY 3KcnepHMeHTY 

58. IX lliKoJia no H,nepHoH: <iJH3HKe 

59. Bcecoi03Hoe coaemaHHe no npo6neMaM 
KBaHTOBOH TeOpHH nOJIH H <iJH3HKH 3Jle
MeHTapHbiX qaCTHU 

60. IV CeMHHap no npo6neMaM noBblllle-
HHH 34J<PeKTHBHOCTH 3BM .63CM -6 

61. CoaeTcKo-noJibCKHH ceMHHap "He-
nOJib30BaHHe H pa3BHTHe annapaTypbl 
KAMAK .nnH aBTOMa TH3aUHH HayqHbiX 
HCCJie,noBaHHH" 

62. I BeHrepcKHH CHMn03HYM "MHKpo-
npoueccophl H Hx npHMeHeHHe" 
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M ecTo BpeMH KonHqecTao 
npoae,neHHH npoae.neHHH yqacTHHKOB 

PocToa-Ha
.D:oHy, CCCP 

EpeaaH, 
CCCP 

Epe aH, 
CCCP 

Anyw Ta, 
CCCP 

BapHa, 
HP.6 

Moy,npbl, 
qccP 

KpaKoa, 
IIHP 

.6yxapa, 
CCC P 

TalliKeHT, 
CCC P 

KoT T6yc, 
r.n;P 

JlbBOB, 
CCCP 

.6 y .nan e lilT, 
BHP 

24-26 4 
CeHTH6pH 

24-28 8 
CeHTH6pH 

24-30 4 
CeHTH6pH 

25 CeHTH6pH- 2 
4 OKTH6pH 

1-15 12 
OKTH6pH 

7-13 4 
OKTH6pH 

7-17 1 
OKTH6pH 

8-18 11 
OKTH6pH 

9-11 7 
OKTH6pH 

15-22 2 
OKTH6pH 

16-20 
OKTH6pH 

17-23 
OKTH6pH 

1 

9 
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Ho...H!! 
nn HaaMeHoBaHHe 

63. CHMnOJHYM "IIoHcHeHue npuHuuna pa-
6oTbl onepaTopcKoro nynLTa EC- 7069 
c EC 3BM 1040" 

64. IllKona·ceMHHap "MaTeMaTH'ieCKHe 
MeTOJJ:bl KBaHTOBOB CTaTHCTHKH" 

65 . CoBei.Ua.HHe no cucTeMaM aBTOMa TH· 
3aUHH Hay'IHbiX HCClle.D:OBaHHB Ha OC • 
HOBe HBK u annapa Typhl KAMAK 

66. I I KoH$epeHUHH "HJoTonLI B npapo
.D:e" 

67. KoH$epeHUHH no $H3HKe BbiCOKHx 3Hep
rll'il 

68. 3ace.D:aHae IIocToHHHOii KOMHCCHH C 3B 
no HCnOllb30BaHHIO aTOMHOB 3Hep rHH 

69. XVIII Me)KJJ:YHapo.D:HaH KOH$epeHUHH 
cTpaH - qneHoB C3B no $H3HKe u 
TeXHHKe HH3KHX TeMnepaTyp 

70. CeMHHap "TeopeTHKo-rpynnoBLie Me· 
TOJJ:bl B $H3HKe" 

71. III BcecoroJHaH Hay'IHO·TeXHH'iecKaH 
KOH$epeHUHH "<I>OTOMeTpHH H ee MeT· 
ponoraqecKoe o6ecne'ieHne " 

72. II BcecoroJHaH KOH$epeHUHH "IIep
cneKTHBhl H npo6neMbl pa3BHTHH Bbl" 
'IHCllHTellbHOB TeXHHKH 

73. IIneHyM Hay'IHoro coBeTa AH . CCCP 
no npo6neMaM ycKopaTenH JapH)KeH
HbiX 'laCTHU 

74. VI BcecoroJHoe coBemaHae no onhiTY 
3KCnnyaTaUHH H YCOBepweHCTBOBaHHIO 
3lleKTpOCTaTH'ieCKHX yCKOpHTeneii 

MecTo BpeMH 
npoBeJJ:eHHH npoBe.D:eHHH 

MOCKBa, 
CCCP 

liaKy, 
CCCP 

MocKBa, 
CCCP 

Jleiinuar, 
r.n.P 

ApeHcxonn, 
r.n.P 

JeneRa rypa, 
IIHP 

)l.pe 3JJ:eH, 
r.n.P 

3BeHHropoJJ:, 
CCCP 

MOCKBa, 
CCCP 

HOBOCH6HpCK, 
CCCP 

)l.y6Ha 

XapbKOB, 
CCCP 

18 OKTH6pg 

26 OKTH6pg· 
1 HOH6pH 

30-31 
OKTH6pH 

2-11 
HOH6pg 

12-16 
HOH6pg 

17-25 
HOH6pg 

19-23 
HOH6pg 

28-30 
HOH6pg 

2-6 
JJ:eKa6pH 

5-6 
JJ:eKa6pH 

6-7 
JJ:eKa6pH 

11-13 
JJ:eKa6pH 

KonuqecTBo 
y'iaCTHHKOB 

2 

1 

1 

1 

3 

1 

8 

27 

1 

1 

10 

5 

• 



HauMeHoBaHHe 

75. Pa6oqee coaei..QaHHe TeopeTHKOB, 3K-
cnepHMeHTaTopoa H ycKopHTeJibi..QH-
KOB no pp- nporpaMMe YHK 

M ecTo BpeMH 
npoae~eHHH npoae~eHHH 

C epnyxoa, 
C C CP 

17-18 
~eKa6pH 

159 

KonuqecTao 
yqacTHHKOB 

25 

E. B cmpaHax- Hey~acmH uijax HHcmumyma 

1. Me)l(~yHapo~Hoe pa6oqee coaei..QaHHe 
"CBOHCTBa H~ep H H~epHbiX B036y)l(~e
HHH" 

2. Hau:HoHaJILHaH KoH<t>epeHU:HH no ycKo
pHTeJIHM 

3. Me)l(~yHapoMaH lllKOJia no H~epHoii <t>u-
3HKe 

4. Coaei..QaHHe KOHCYJILTaTHBHOH rpynnLI 
MArAT3 

5. Top)l(eCTBeHHoe 3ace~aHHe B qecTL 
100-neTHH co ~HH po~eHHH A.3iiH
lllTeiiHa 

6. Me)l(~yHapOMbiH CHMno3HYM no <l>H3H
Ke H XHMHH ~eJieHHH 

7 . Me)l(~yHapo~HaH KoH<t>epeHU:HH "Jbep
HaH <l>H3HKa Ha 3JieKTpOHHbiX YCKOpH
TeJIHX " 

8. Me)l(~yHapoMaH KoH<t>epeHU:HH "HeiiT
pHHo-79" 

9. XVI EaponeilcKoe coaei..QaHHe no 
U:HKJIOTpOHaM 

10. III CeccHH coaeTcKo-aMepHKaHCKOH 
KOMRCCHH no COTpy~HHqecTBY 

11. Me)l(~yHapoMaH KoH<l>epeHU:HH no <l>H3H
Ke BblCOKHX 3HeprHH 

X Hplllerr, 
A BCTPHH 

14-28 
HHBapg 

1 

C aH-<I>paHU:HCKo, 11-14 MapTa 3 
C lllA 

3 puqe, 
J.-ITaJIHH 

T puecT, 
lfTaJIHH 

IlapH)I(, 
<l>paHU:HH 

IOn ux, <1> P r 

M HHU:, <I>Pr 

liepreH, 
H opaerHH 

B unnureH, 
Illaeuu:apuH 

lia TaBHH, 
C lllA 

)l( eHeBa, 
Illaeiiu:apHH 

26 MapTa-
6 anpenH 

6-13 MaH 

16-17 MaH 

14-18 MaH 

5-9 HIOHH 

18-22 HJOHH 

20-22 HJOHH 

26 HJOHH-
5 HIOJIH 

27 HIOHH-
4 HIOJIH 

2 

1 

1 

3 

2 

2 

2 

1 

6 
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Ho.JE 
nn HaHMeHoaaHHe 

12. X Me)KJJ.yHapOJJ.Ha.R KOH<lJepeHUHH no 
TBCp.IJ.biM TpeKOBLIM )].CTCKTOpaM 

13. VIII Me)KJJ.yHapo.IJ.Ha.R xoH<lJepeHUHH no 
<lJH3HKe BLICOKHX 3HeprHH H CTpyKType 
.IIJJ.pa 

14. Me)KJJ.yHapo.IJ.HLIH CHMnOJHYM no JIJ].ep-
HOB <l!HJHKe 

15. Me)KJJ.yHapo.IJ.Ha.ll KoH<lJepeHUHJI no MaTe-
MaTH'ICCKOH <lJHJHKe 

16. Me)KJJ.YHapo.IJ.Ha.ll KOH<lJepeHUHJI no 
3llCKTpOMarHHTaM H nenTOHHbiM BJaH-
MO;{CHCTBHJIM 

17. Me)KJJ.yHapo.IJ.Ha.ll KoH<lJepeHUHJI no Mar
HeTHJMY H Me)K)].yHapo)J.HaJI KOH<lJepeH
UHJI no pacce.IIHHIO HeHTpOHOB H MarHe
THJMY 

18. X Me)K)].yHapOJJ.HLIH CHMnoJHYM no xu
MHH rop.II'IHX aTOMOB 

19. Me)K)].yHapOJJ.HbiH CHMnOJHYM no n ep
cneKTHBHOMY H3Y'ICHH10 JIJ].Cp, y)].aneH
HLIX OT o6naCTH CTa6HnhHOCTH 

20. VI Me)KJJ.yHapo.IJ.Ha.ll xoH<lJepeHUH_x no 
aTOMHLIM MaCCaM 

21. Me)KJJ.yHapo.IJ.HaJI wxona no <l!HJHKe Bhi
coxux 3HeprHH 

22. KoH<lJepeHUHJI eaponeucxux nonLJoaa
Teneu 3BM <lJupMLI CDC 

23. Pa6oqee coaemaHHe no BOJMO)I(HOCTJIM 
H orpaHH'ICHHJIM yCKOpHTeneH H J].C
TeKTopoa H 3ace.IJ.aHHe KOMHTeTa HK<I»A 

24. Me)KJJ.yHapo.IJ.Ha.ll KoH<lJepeHUHJI no HJJ.ep
HhiM CC'ICHHJIM )].llJI TCXHOnOrH'ICCKHX 
Ja.IJ.a'l 

MecTo BpeM.R KonuqecTBO 
npoBe.IJ.eHHH npoBe.IJ.eHHH yqacTHHKOB 

JlHOH, 2-7 mon.R 
<llpaHUHH 

BaHxyaep, 13-17 aarycTa 
KaHa.IJ.a 

Jlroce'IHnh, 18-25 
lliBCUHJI aarycTa 

JloJaHHa, 27-31 
IllaeuuapHH aarycTa 

liaTaBHJI, 22 aarycTa-
ClliA 1 ceHTx6px 

MroHxeH, IOnux, 29 aarycTa-
<llPr 7 ceHTx6px 

Jia<lJ6opo, 2-7 ceHT x6px 
Benuxo6puTaHHJI 

Hawaunn, 
ClliA 

~CT-JlaHCHHr, 

ClliA 

Kynapu, 
C<llPIO 

raara, 
HHJJ.epnaHJJ.hi 

)l.ua6nep, 
lliaeuuapH.R 

Hoxcaunn, 

ClliA 

9-20 
CCHTJ16p.11 

16-28 
ceHTx6px 

20-27 
ceHT.116px 

25-27 
ceHTx6p.ll 

3-13 
OKT.116pJI 

21-29 
OKTH6p.ll 

1 

6 

1 

2 

2 

2 

2 

2 

2 

1 

2 

1 

1 
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l13,IJ;aTeJibCKHH 
OT,IJ;eJI 

J13,IJ.a TeJILCKHH OT ,IJ.eJI B 1979 ro.ny np o
.IJ.OJI)I(aJI ny6JIHKa.LJ;HIO Hay'IHLIX pa60T CO
TPY.IJ.HHKOB HHCTHTyTa. BwnymeHo B c aeT 
854 HaHMeHOBaHHJI 6pOWIOp - C006UleHHH 
H npenpHHTOB OHJIH. KonuqecTBO H3.IJ.aH
HLIX CJiy:>Ke6HLIX MaTepHaJIOB COCTaBHJIO 
271 HaHMeHOBaHHe. 06mu8 o6'LeM a c ex 
H3,IJ.aHHH 3Ha'IHTeJILHO npeBLIWaeT 100 0 
yqeTHO-H3,IJ.aTeJILCKHX JIHCTOB. 

Yau.nenu caeT 10 c6opHHKOB Tpy.noa 
COBell.l;aHHH H KOHii!epeH.LJ;HH, opraHH30BaH
HLIX 06'Le,IJ.HHeHHbiM HHCTHTYTOM. 

Hau6onLweB: nonynJipHoCTLIO 'IHTa Ten eB: 
noJIL30BaJIHCL: c6opHHK TPY.IJ.OB Me:>K,IJ.yHa
po.nHoro CHMn03HyMa no npo6neMaM Teo-
peTH'IeCKOH H MaTeMaTH'IeCKOH li!H3HKH, 
Tpy.nw V Me:>K.IJ.yHapo.nHoro ceMHHapa no 
npo6neMaM li!H3HKH BbiCOKHx 3Hepru8, T p y
.IJ.LI V Me:>K,IJ.yHapo.nHoro coaemaHHJI no He
noKaJILHLIM TeopHJIM noJIJI, Tpy.nw III c o
aemaHHJI no HCnOJIL30BaHHIO JI,IJ.epHo-li!H3H
qeCKHX MeTO,IJ.OB ,IJ.JIJI peweHHJI Hay'IHO-Tex
HH'IeCKHX H HapO,IJ.HOX03JIHCTBeHHLIX 3a,IJ.a 'l. 

B pe.naK.u;HH Hay'IHbiX :>KypHaJioB, Ha 
KOHii!epeH.LJ;HH, CHMn03HYMLI, WKOJILI B 
1979 ro.ny 6LIJio HanpaaneHo 1447 cTaTeB: 
H ,IJ.OKJia,IJ.OB, CO,IJ.ep:>Kall.I;HX pe3yJILTaTbl Teo
peTH'IeCKHX, 3KCnepHMeHTaJILHbiX H MeTo
,IJ.H'IeCKHX pa6oT, awnoJIHJieMwx B HHcTa
TyTe B COOTBeTCTBHH C ero npo6JieMHO
TeMaTH'IeCKHM nJiaHOM. 

CTaTLH coTPY.IJ.HHKOB ny6JIHKOBaJIHCL 
B TaKHX :>KypHaJiaX, KaK "I13BeCTHJI 

AH CCCP", "JICypuan 3KcnepuMeHTaJILHOH 

H TeopeTH'IeCKOH li!H3HKH", "TeopeTH'IeC
KaJI H MaTeMaTH'IeCKaJI li!H3HKa", "llpH6o
pLI H TeXHHKa 3KCnepHMeHTa", "JI.nepHaJI 
li!H3HKa", "ci>H3HKa 3JieM.eHTapHLIX 'laCTH.u; 
H a TOMHoro JI.IJ.pa", "Nuclear Physics •, "Nuclear 

Instruments and Methods~ '"Report on Mathematical 

Physics"." Acta Physica Polonica". "physica sta

tus solidi" a .np. 

B 56 cTpaH MHpa, 6onee 'leM no 1000 
a.npecaM, paCCLIJiaJIHCL ny6JIHKa.u;HH )J.y6-
HLI. 0KOJIO TpH,IJ..LJ;aTH HOBLIX a.npeCOB noJI
BHJIOCL B HHCTHTYTCKOM CnHCKe paCCLIJIKH 
ny6JIHKa.LJ;HH - H3,IJ.aTeJILCKHH OT,IJ.eJI no
CTOJIHHO noJiy'laeT HOBble npe.IJ.JIO:>KeHHJI 06 
06MeHe Hay'IHOH HHii!OpMa.u;HeH OT pa3JIH'I
HLIX Hay'IHLIX yqpe)I(.IJ.eHHH KaK CTpaH
y'laCTHHI.I; J1HCTHTyTa, TaK H ,IJ.pyrHX CTpaH. 

B o6MeH Ha HHii!opMa.u;HIO o pa6oTax, 
BLillOJIHJieMbiX B )J.y6He, Hay'IHO-TeXHH'Iec
KaJI 6H6JIHOTeKa 11HCTHTyTa nOJIY'IHJia 7955 
npenpHHTOB, 120 HaHMeHOBaHHH :>KypHaJIOB 
H 335 MOHOrpali!HH. 

)J.JIJI on epa THBHOrO HHii!OpMHpOBaHHJI 'IH
TaTeJieH Hay'IHO-TeXHH'IeCKOH 6H6JIHOTeKH 
0 HOBLIX nOCTynJieHHJIX npO.IJ.OJI)I(aJICJI BLI
nycK 3Kcnpecc-6IOJIJieTeHe8 HTJi H naTeHT
Horo oT.nena. Bwwen B caeT e:>Kero.IJ.HLIH 
6u6nuorpal!luqecKHH yKa3aTeJIL pa6oT co
TPY.IJ.HHKOB OHJIH ·3a 1978 ro.n, a TaK:>Ke 
c6opHHK "0TKpbiTHJI H H306peTeHHJI co
TPY.IJ.HHKOB OHJIH 3a 1976-78 rr.". 

KpoMe ny6JIHKa.u;uu npenpHHTOB, coo6-
meHHi, C60pHHKOB, a TaK:>Ke MaTepHaJIOB 
KoMHTeTa lloJIHOMO'IHLIX llpe.ncTaBHTeneB: 
H y'leHLIX COBeTOB H3,IJ.aTeJILCKHM OT,IJ.eJIOM 
BLinOJIHeHLI MHOrO'IHCJieHHLie 3aKa3LI Ha 
KCepOKOnHpOBaHHe. 3a rO,IJ. H3rOTOBJieHO 
CBLIWe 500 TLIC. KOnHH. 

BwnoJIHJIJIHCL 3aKa3LI Ha nepenneTHLle 
pa60Tbl - nepenJieTeHO 5,5 TLIC. TOMOB. 
)J.JIJI o6pa60TKH 3KCnepHMeHTaJILHOH HH
Ii!opMa.LJ;HH H ,IJ.pyrHX .u;eJieH H3rOTOBJieHO 
OKOJIO 900 TLIC. pa3JIB'IHLIX 6JiaHKOB. 
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HayqHo
TexHHqecKaH 
6H6JIHOTeKa 

B 1979 ro,D;y 'IHcno 'IHTaTeneii uay'IHo 
TexuuqecKoii 6H6JIHOTeKH H ee li>HJIHaJIOB 
COCTaBHJIO 6onee 6 TLICJI'I 'leJIOBeK, B TOM 
'IHCJie OKOJIO 800 'leJIOBeK, npH6LlBWHX B 
OIUIH B KOMaH,D;HpOBKH. KoJIH'IeCTBO Bbl 
MHHoii 3a ro,D; JIHTepaTypbl H npoCMOT 
peHHOH ua BLICTaBKaX HOBblX nocTynneHHH 
npeBLIWaeT 585 TLICJI'I ne'laTHLIX e,D;HHHD;. 

no JaKaJaM 'IHTaTeneii nonyqeuo no 
Me~6H6JIHOTe'IHOMY a6oHeMeHTY 1965 ua -
3BaHHH KHHr H ~ypHaJIOB. BLlnOJIHeHO 565 
'IHTa TeJILCKHX 3aJIBOK, nOCTynHBWHX H3 6H6 -
nuoTeK CoaeTcKoro CmoJa. 

no BCeM HCTO'IHHKaM KOMnJieKTOBaHHJI 
noKynKa, nO,D;DHCKa, KHHr006MeH ) B 

1979 ro,D;y nonyqeuo 18431 3K3eMnnBp, 
B TOM 'IHCJie 7532 Ha HHOCTpaHHblX Jl3blKaX. 
npoae,D;eua 6onLwaJI pa6oTa no O'IHCTKe 
4>ou,D;a OT ycTapeaweii H Mano HcnonL~ye 

Moii JIHTepaTypLl, cnucauo B npowe,D;weM 
ro,D;y 6onee 15 TLICJI'I 3K3eMnJIJipOB. 

Ha 1 JIHBaPJI 1980 ro,D;a 6u6nHoTe'IHLlii 
4>0HJ]; COCTaBJIJieT 367 TLICJI'I 3K3eMnJIJipOB, 
H3 HHX OKOJIO 150 TLICJI'I Ha HHOCTpaHHLIX 
JIJLIKax . 

Bee nocTynHBWHe H3,D;aHHJI CBOeBpeMeH
HO o6pa6aTLIBaJIHCL H OTpa~aJIHCL B .CBO,D;
HLIX KaTanorax o;eHTpaJILHOH 6H6JIHOTeKH 
u B KaTanorax 4>unuanoa. KapToTeKa ny6 -
JIHKa~Hii coTpy,D;HHKOB OHJIH nononuHna cL 
4577 KapTO'IKaMH. no,D;rOTOBJieH H C,D;aH 
B ne'laTL YKaJaTeJIL pa6oT coTpy,D;HHKOB 
HHCTHTyTa 3a 1978 ro,D; . 

E~eHe,D;eJILHO BLlnycKanacL 3Kcnpecc
uu4>opMa~HJI o HOBblX nocTynneHHJIX 6H6nu
oTeKH: "KHHrH", "npenpHHTbl", "CTaTLH". 
Bcero Ja npowe,D;wHii ro,D; Bhlnymeuo 156 
uoMepoa TaKHX 3Kcnpecc-6IOJIJieTeueii. Ha
ne'laTauo 96 cnucKoB ua HOBble ~ypuanbl, 
nocTynHBWHe B 6H6JIHOTeKy. E~eHe,D;eJIL

HO o6HOBJIJIJIHCL BblCTaBKH HOBblX nocTyn
JieHHH. 

JiLIJIO opraHHJoaauo 8 TeMaTH'IeCKHX 
BblCTaBOK JIHTepaTypLl K COBeJ.UaHHJIM, WKO
JiaM, npOXO,IJ;HBWHM B HHCTHTyTe, H K I06H
JieJIM Bbl,D;aiOIUHXCJI y'leHblX -4>H3HKOB. 

06MeH 

H3,1J;aHHmv1H 

Bcero Ja 1979 ro,D; B uayquo-TexuH
'IeCKYJO 6H6JIHOTeKy OHJIH nocTynHno B no
pJI,D;Ke 06MeHa 9026 ny6JIHKa~HH H3 
41 CTpaHLl, B TOM 'IHCJie 1170 H3 QEPHa. 

KpoMe Toro, B nopJIJ];Ke o6Meua B 6u6-
JIHOTeKy 6ecnnaTHO nocTynaiOT uay'IHLle 
~ypuaJibl H3 22 cTpau (121 uaJaauue ). 

KouKpeTuoe KOJIH'IeCTBO nocTynneuHii 
H3 CTpaH-y'laCTHH~ H ,D;pyrHX CTpaH llOKa-
3LlBaeT cne,D;YJOIUaJI ma6Aut~a : 

CmpaHbl- y'laC111HUflbl OH.HH: 

HauMeuoaa- npe- OTTHc- Xyp- KuH-
HHe CTpaHLl npHHTLl KH uanbl rH 

JionrapHJI 3 8 
BeurpHJI 120 8 5 
r,[J;P 89 8 4 4 
Ky6a 5 
nonLwa 51 187 7 7 
PyMLIHHJI 54 10 13 17 
qexocnoaa-
KHJI 21 20 8 4 
CCCP 2003 29 165 
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,l!pyzue cmpaH&I u MexoyHapoo H&Je opzaHu3aijuu: 

HauMeuoBa- llpe- 0TTHC- )l(yp- Kuu-
HHe CTpaHLI llpHHTLI l<H uanhi ru 

ABCTpanH.ll 65 1 
ABCTpH.ll 26 4 36 
EenbrH.ll 24 8 5 
Epa3HnH.ll 92 11 
BenuJ<o-
fipHTaHH.ll 296 45 1 
rpeUH.ll 1 
)l.aHH.ll 60 66 1 
EBpaTOM 12 35 1 5 
3ana.D.HLIH 
Eepnuu 30 20 1 
l13paunb 25 
YIH.D.H.ll 83 24 3 6 
HpnaH.D.H.ll 16 
Hcnauu.ll 9 
HTanH.ll 363 56 1 
Kaua.11.a 110 37 
MeKCHJ<a 5 3 

HToro H3 cTpau-yqacTHHU OHRH no
CTynuno 2346 npenpHHTOB, 233 OTTHCJ<a, 
74 HaHMeHOBaHH.ll *YPHanOB, 197 l<HHr; H3 

HauMeuoBa- llpe- 0TTHC- )l(yp- Kuu-

HHe CTpaHLI npHHTLI l<H uanLI ru 

HH.D.epnaH.D.LI 75 14 
HoBa.ll 
3e au.D.H.ll 3 
HopBerH.ll 10 10 
llaKHCTaH 3 
llopTyranH.ll 3 
Cuuranyp 1 
C lllA 1496 210 4 59 
TypUH.ll 8 1 
<I>HHn.liH.D.H.ll 59 1 
<l>paHUH.ll 420 95 4 6 
<I>Pr 605 50 9 7 
lllBeiiuapu.ll 46 2 
UEPH 1158 4 9 
lliBeUH.ll 68 6 
IOrocnaBH.ll 2 
IOA P 9 
Rn HH.ll 426 151 7 4 

.D.PYr HX CTpaH H Me*.D.YHapO.D.HbiX opraHH3a
UH- - 5609 npenpHHTOB, 838 OTTHCl<OB, 121 
HaHMeHOBaHHe *YPHanoB H 138 l<HHr. 
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llaTeHTHbiH 

OT~eJI 

1979 

3aperacTpaposaHo 
B CCCP OTKpbiTHH 3 

OpaBOBa ji 

oxpaHa OTKpblTHH 

1976-
1979 

8 

1958-
1979 

24 

B 1979 ro.ny JaperHcTpaposaHbi OT
Kpb1TH11: 

1. "JIBJieHHe 3JieKTpH'IeCKOH H Mar
HHTHOH noJI11PH3yeMOCTH 3JieMeHTapHbiX 
'laCTHU Ha npHMepe npOTOHa ". - )lan
JIOM N!l217. ABTOpbiOTKpbiTH11: A.M.IiaJIAHH, 
B.C.IiaparneHKOB, B.H.ronbAaHcKuii:, 
O.A.KapnyxuH, A.B.KyueHKO, B.B.llasnos
cKa11, B.A.lleTpyHbKHH. 

2. "llp11MOe Bbi6HBaHHe .neii:TpOHOB H3 
aTOMHbiX 11Aep 6biCTpbiMH npOTOHaM.H" . -
)lHnJIOM Ni!221. ABTOpbl OTKpb1TH11: JI.C.A )I(
rHpeii:, M.r .Memep11KOB, H.K.BJopos, 
B.ll.3penos, A.<l>.liia6yAHH, li.C.HeraHoB. 

3. "JI.nepHa11 npeueCCH11 Heii:TpOHOB". 
)lannoM N!l224. ABTOpbl OTKpbiTH11: 
M.H.llo.nropeuKaii:, B.r .liapblllieBcKHii: . . 

3amHTa 
l1 HCllOJlb30BaHHe 

H306peTeHHH 

1979 1976- 1958-
1979 1979 

llony'leHo 
fiOJIO)I(HTeJibHbiX 
perneHHii: 72 261 701 
HcnoJib30BaHo 
H306peTeHHH 27 120 331 

Pa~HoHaJIH3aTopcKHe 

npe.D:JIO)I(eHHji 

1979 

HcnoJib30BaHo 
paUHOHaJIH3aTOpCKHX 
npeAJIO)I(eHHii: 739 
3KOHOMH'IeCKHH 
3$$eKT OT HC
I10Jib30BaHH11 
H306peTeHHH 
H paUHOHaJIH-
3aTOpCKHX 
npeAJIO)I(eHHH 
( B 1/fbiC.py6.) 81,5 

1978 1958-
1979 

661 8389 

47,2 1695,8 



l 

AAMHHHCTpaTHBHO-
u 

X03aJ1CTB8HHaa 
,QeareJibHOCTh 
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qacneHHOCTL COTPYJJ.HHKOB 06'beJJ.HHeH 
Horo HHCTHTyTa BJJ.epHWX HCCJieJJ.OBaHHH B 

xoaue 1979 roJJ.a cocTaBHJia 6942 qenoBe 
xa, H3 HHX HayqHWX COTPYJJ.HHKOB - 992, 
HH~eHepHO·TeXHHqeCKHX pa60THHKOB 

2046. 
B 1979 rOJJ.Y B HHcTinyTe pa6oTaJIH 

qeTwpe axaJJ.eMaxa: H.H . .lioromo6oB, 

.li.M.lloHTeKOPBO, r .H.«<»nepoB, H.M.«<»paHK, 

WeCTL qJieHOB-KOppecnoHJJ.eHTOB aKaJJ.eMHH 
Hayx: A.M . .IiaJIJJ.HH, H.H.roBopya, 

B.ll.~enenoB, H.3Bapa, M.r.MeiQepBKOB, 
,lJ,.B.IIIHpKOB, 116 JJ.OKTOpOB HayK, 507 KaH · 

JJ.HJJ.aTOB Hayx. 
B 1979 roJJ.y npHHBTO B OHJIH 682 qe -

,lJ,JIB npOBeJJ.eHHB HayqHo·HCCJieJ].OBa · 

TeJILCKHX pa60T, KanHTaJILHOrO C TpOHTeJIL 

CTBa HayqHo-HCCJieJJ.OBaTeJILCKHX Ofi'beKTO 

H JJ.pyrHX MeponpHBTHH, CBB3aHHWX C JJ.eB · 
TeJILHOCTLJO HHCTHTyTa, KoMHTeT llonHo 

MoqHwx llpeJJ.CTaBHTeJieH npaBHTeJILCTB ro 

CyJ].apCTB·qJieHOB 06'beJJ.HHeHHOrO HHCTHTy 

Ta BJJ.epHWX HCCJieJ].OBaHHH Ha 1979 rOJJ. 

aCCHrHOBaJI 42 307 TWCBq py6JieH. 
WaKTHqecKHe paCXOJJ.W 3a 1979 rOJJ. CO 

CTaBHJIH 40 819 TWCBq py6JieH, HJIB 96,5~ 
no OTHOWeHHJO K rOJJ.OBWM accHrHOBaHHBM , 

OnpeJJ.eJieHHWX ycnexoB B pa6oTe JJ.O 
CTHrJIB npOH3BOJJ.CTBeHHWe H BCnOMOra 

TeJILHWe noJJ.paJJJ.eJieHHB, o6cny~H~~e 

Jla6opaTopaa HHCTHTyTa. 06'beM roToBoi 

Kap;pbi 

JIOBeKa, OCBOfio~eHO OT pa60Thl 3a 3TOT 

~e nepHOJJ. B CBB3H C OKOHqaHHeM CpOKa 

pa6oTw H no JJ.PYrHM npaqaHaM 556 COTPYJJ.
HHKOB. 

B TeqeHHe roJJ.a yqeHhlMH H HayqHo

TexHaqecKHMH coBeTaMH OHJIH H36paHhl 

Ha HOBhle CpOKH 150 HayqHhlX COTPYJJ.HHKOB. 
llpHCBOeHW yqeHhle 3BaHHB MJiaJ].Wero Ha· 

yqHoro COTPYJJ.HHKa 43, 3BaHHB cTapwero 

HayqHoro COTPYJJ.HHKa - 8, 3BaHHB npo!lJec

copa - 3 coTPYJJ.HHKaM. 

B 1979 rOJJ.Y xaHJJ.HJJ.aTcxae JJ.HccepTa

IUIH Ja~THJIH 20 COTPYJJ.HHKOB, JJ.OKTop
cxae - 7. 

~HHaHCOBa» ,D;e»Te~bHOCTb 
H KaTIHTa~bHOe CTpOHTe~bCTBO 

113 HHX Ha Hayqao- HCCJieJJ.OBa TeJILCKYJO JJ.eB

'feJILHOCTL 26932 ThlC.py6., Ha xanHTaJIL· 
HOeCTpOHTeJILCTBOHayqHO-HCCJieJ].OBaTeJIL· 

CKHX H JJ.pyrHX 06'beKTOB 13 887 ThlC.py6. 
llJiaH HayqHO-HCCJieJJ.OBaTeJILCKHX pa60T 

B 1979 rOJJ.Y BhlnOJIHeH Ha 100,0~, JJ.O• 
CTHrHyTa 3KOHOMHB 1098 ThlC.py6. llJiaH 
KanHTaJILHOrO CTpOHTeJILCTBa Hayqao-HC· 

CJieJ].OBaTeJILCKHX H JJ.pyrHX 06'beKTOB - Ha 

98,2,. BBeJ].eHO B J].eHCTBHe OCHOBHhlX 

CpeJJ.CTB Ha CYMMY 12 454 ThlC.py6., HJIH 
116,7~ K rOJJ.OBOMy nnaay. 

llpOH3BO,D;CTBeHHa» ,D;e»Te~bHOCTb 

npOJJ.YKllHH, BhlllOJIHeHHhlX pa60T H OKa3aH· 

HWX ycnyr COCTaBHJI B 1979 rOJJ.Y 10225 

TWCBq py6JieH, HJIH 101,7~ K rOJJ.OBOMY 
nnaHy. 
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