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QeJIH 11 3a~aqJ1 

06'be~J1H8HHOrO 

J1HCTJ1TyTa 

H~epHbiX 

u 

J1CCJI8~0BaHJ1J1 

06'Le,IJ;HHeHHLIH HHCTHTYT .II,D;epHLIX HCCne,IJ;OBaHHH HMeeT CBOeH l.(enhJO: 

o6ecneqeuue coBMeCTHoro npoBe.IJ;eHHB TeopeTHl.fecxux H 3Kcnepu

MeHTanhHLIX HCCne,IJ;OBaUHH B o6naCTH .II.IJ;6p HOH 4JH3HKH y"'eHLIMH rocy

,IJ;apCTB - "'neHOB 11HCTHTyTa; 

co.IJ;e:HcTBHe pa3BHTHJO B.IJ;epuo:H 4Ju~HKH B rocy.IJ;apcTBax - qneuax 

11HCTHTyTa nyTeM 06MeHa ODLITOM H .IJ;OCTIDKeHH.IIMH B npOBe,IJ;eHHH 

TeopeTH"'eCKHX H 3KCnepHMeHTanhHLIX HC Cne,IJ;OBaHHH; 

DO.IJ;.IJ;ep)l(aHHe CB.II3H C 3aHHTepeCOBa HHLIMH Hal.(HOHanbHLIMH H 

Me)I(,IJ;yHapO.IJ;HLIMH Hay"'HO • HCCne.IJ;OBa Tenb CKHMH H .IJ;pyrHMH opraHH • 

3al.(H.IIMH B .IJ;ene pa3BHTH.II .II,IJ;epHOH 4JH3HI<;H H H3LICKaHH.II HOBLIX 

B03MO)I(HOCTeH MHpHOrO npHMeHeHH.II aTOM HOH 3HeprHH; 

CO,IJ;eRCTBHe BCeCTOpOHHeMy pa3BHTHJO TBOp"'eCKHX CDOC06HOCTeH 

uayquo-uccne.IJ;OBaTenbcKHX Ka.IJ;poB rocy,IJ;apcTB - qneuoB HucTHTyTa. 

Bce:H CBoe:H .IJ;eBTenhHOCThJO 11HCTHTYT 6y.IJ;eT co.IJ;eilcTBOBaTb uc

nonh30BaHHJO B.IJ;epuo:H 3Hepruu TOnhKO .IJ;nB MHPHLIX l.(ene:H ua 6naro 

Bcero qenoBel.feCTBa. 

:-
Ycnrae OH..JIH, ZAaea II 

• 
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H aBTOMATH3aUHH 

• 
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Bse,n;eHMe 

--

1977 rOA An.ll COTPYAHHKOB 06'LeAH

HeHHOrO HHCTHTyTa .IIAepHbiX HCCneAOBa

HHH, KaK H AnB Bcex TPYA.IIIl\HXC.II cTpaH -

ero yqacTHHU, npornen noA JHaKOM 6onL

rnoro 106Hne.11 - 60-neTH.II BenHKOH 0K

T.116pbCKOH COUHanHCTH'IeCKOH peBOniOUHH. 

HHTepHaUHOHanLHble KonneKTHBbl na6opa

TOpHH H llOApa3AeneHHH HHCTHTyTa OTMe

THnH :ny 3HaMeHaTenLHYIO AaTy ycnelliHbiM 

BblllOnHeHHeM Hay'IHbiX nnaHOB roAa H B3.11-

TbiX Ha ce6.11 B qecTL 106Hne.11 TPYAOBbiX 

o6.113aTenLCTB. 

B 06'LeAHHeHHOM HHCTHTyTe AOCTHr

HYTbl HOBble ycneXH B cl>YHAaMeHTanbHbiX 

HCCneAOBaHH.IIX, C03AaHHH HOBOH cl>HJH'IeC

KOH annapaTypbl, a TaK)I(e npHMeHeHHH 

peJynLTaTOB 3THX pa60T B CMe)I(HbiX o6-

naCT.IIX HayKH H TeXHHKH.* 

Teopemww HHcmumyma nony'IHnH Ho

Bble peJynbTaTbl npH HCCneAOBaHHH CTe

neHHbiX aBTOMOAenbHbiX aCHMllTOTHK H 

cpaBHeHHH HX C 3KCnepHMeHTanbHbiMH AaH

HbiMH B o6nacTH BbiCOKHX 3HeprHH. B paM

KaX KBaHTOBOH TeOpHH non.ll ccl>opMynHpo

BaHbl HHTerpanbHble npeACTaBneHH.II An.ll 

HHKni03HBHbiX pacnpeAeneHHH, AOllYCKai0-

11.\He KBapK-napTOHHYIO HHTepnpeTaUHIO. 

lloKaJaHa BOJMO)I(HOCTb onpeAeneHH.II AP06-

HOCTH HnH uenO'IHCneHHOCTH 3ap.IIAOB KBap

KOB B nnaHHpyeMbiX COBMeCTHbiX 3KCnepH

MeijTaX OHJIH- U.EPH no rny6oKoHeynpy

roMy pacce.IIHHIO MIOOHOB HyKnOHaMH. Pa3-

pa6oTaHa TeopeTH'IecKa.ll cxeMa cna6blx 

B3aHMOAeHCTBHH CO CMelliHBaHHeM T.ll)l(e

nbiX nenTOHOB, yKa3biBaiOIUa.ll Ha B03MO)I(

HOe CyiUeCTBOBaHHe pacnaAOB fJ. -+ e y H 

fJ. -+ 3e C BepO.IITHOCT.IIMH 10- 9 -:-10-l~ 
llocTpOeHa MOAenb rneCTHKBapKOBOH CHC

TeMbl - AH6apHOHa, yKa3biBaiOIUa.ll Ha B03-

• 

* llepeqeHL ny6nHKaUHH c peJynLTaTa
MH BblllOnHeH.HbiX B HHCTHTyTe Hay'IHbiX 
H Hay'IHO-MeTOAH'IeCKHX HCCneAOBaHHH co
Aep)I(HTC.II B 6H6nHOrpacl>H'IeCKOM yKaJaTe
ne pa6oT COTPYAHHKOB OHJIH Ja 1977 rOA . 



MO)I(Hhle npO.IIBJieHHJI KBapKOBbiX CTeneHeH 

CB060,IJ;hl npH onHCaHHH Jl,ll;epHbiX JIBJieHHH. 

B uccne.noaaHH.IIX TeopHH aTOMHoro JI,IJ;

pa ,!J;OCTHrHyT nporpecc npH noJiyMHKpo

CKOnHqeCKOM OnHCaHHH rHraHTCKHX pe3o

HaHCOB. PaccMoTpeHLI 3JieKTpuqecxue 

MYJILTHnonLHLie pe3oHaHchl B .ne~opMHpo
aaHHLIX H C~epHqeCKHX .ll,IJ;pax. ,[l,eTaJibHO 

pa3 pa6oTaHa TeopeTuqecKaH Mo.nenL AJ1.11 

onucaHHJI CTPYKTYPLI KOJIJieKTHBH3HpoaaH

HLIX COCTOJIHHH B 6biCTpOBpai.QaJOI.QHXCJI Jl,ll;

pax. B o6nacTH TeopHH KOH,IJ;eHcupoaaHHLIX 

cpe.n BhlnOJIHeHbl pa60Thl no H3yqeHHIO 

CTOXaCTHqecKHX npouecCOB B ,ll;HHaMHqec

KHX CHCTeMaX H npHMeHeHHIO MeTO,IJ;a~yHK

UHH rpHHa B CTaTHCTHqecKOH MexaHHKe o 

B 3KCnepuMeHmax Ha CUHXpo(/Ja30111pOHe 
BhlllOJIH.IIeTCJI 60JILWa.ll nporpaMMa HCCJie

,ll;OBaHHH B 06JiaCTH peJIJITHBHCTCKOH .II,IJ;ep

HOH ~H3HKH. C noMOI.QLIO cnexTpoMeTpa 

JI,IJ;ep oT.naqu H3yqeHa ~parMeHTaUH.II H.npa

MHWeHH yrnepo.na a nyqxax .neiiTpoHOB 

c HMnynLcaMH oT 1,1 .no 4,6 T3B/HYK/IOH 
H aJIL~a- qaCTHU C HMnyJILCOM 

2,5 F3B/HYKAOH. lbMepeHLI .nutl><PepeHuu

aJILHLie CeqeHHJI o6pa30BaHHJI H30TOnOB 

H, He , Li H Be . llonyqeH 6onLwoil 3Kcne

pHMeHTaJILHhiH Ma TepHaJI B on LIT aX no HC

cne.noaaHHJO o6pa3oaaHH.II KYMYJIHTHBHLIX 

qacTHU rr , K , P H ~parMeHTOB d , a H 

.npyrux /c KYMYJI.IITHBHLIM qucnoM 6onee 

1,5/ npH B3aHMO,IJ;eHCTBHH peJI.IITHBHCTCKHX 

npOTOHOB H ,IJ;eHTpOHOB C .II,IJ;paMH. ll3yqa

JIHCh pa3JIHqHhle .II,IJ;pa B ,IJ;Hana30He OT 

.neiiTepHH .no ypaHa, B 3KcnepHMeHTax 

HCnOJih30BaJiaCb ycTaHOBKa ",[l,HCK- 2". 
llpoae.neHLI uccne.noaaHHJI npoueccoa 

B3aHMO,IJ;eHCTBHJI aJib~a- qaCTHU CO CJIO)I(

HhiMH .II,IJ;paMH C nOMOI.QhiO ABYXMeTpOBOH 

CTpHMepHOH KaMe phi, a TaK)I(e ABYXJiyqe

BhiX B3aHMO,IJ;eHCTBHH JI,ll;ep reJIHJI- 4 B MeT

poaoil )I(H,IJ;Koao.nopo.nHoil xaMepe. 

C nOMO~hlO MeTpOBOH nponaHOBOH Ka

Mephl BblllOJIHeHbl HCCJie,IJ;OBaHHJI HHKJil03HB

HhiX xapaKTepHCTHK H MaCWTa6HO-HHBa-

• 

-.... 
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pHa HTHbiX CBOHCTB npoueCCOB MHO)I(eCT

BeHHOrO o6pa30BaHHJI 3ap.ll)KeHHbiX H HeiiT

paJibHbiX qaCTHU B CTOJIKHOBeHHJIX nHOHOB 

/HM nynLc 5 T3B/c/ c npoToHaMH H H.n
paM H. 

Ha CUHXpOijUK/10111pOHe 3aBepweHO H3y

qe He KOppeJIJIUHH nOJI.IlpH3aUHH B P P -
pacc e.IIHHH npH 3HeprHJIX 550, 610 H 

630 M3B, no3BOJIHBwee ycTpaHHTL cy

~e cTaoaaawyro Heo.nH03HaqHOCTL ~a3oBoro 
aHa JIH3a. OnLITLI aeJIHCL c noMOI.QhJO "3a

MOp O)I(eHHOH" nOJI.IlpH30BaHHOH MHWeHH. 

llpo Be,IJ;eHbl HCCJie,IJ;OBaHHJI HHKJII03HBHhiX 

cne K Tpoa H yrnoBLIX pacrrpe.neneHHH npo

TOH OB, HCnycKaeMbiX Ha3a,IJ; BO B3aHMO

,IJ;eH CTBHH npOTOHOB C .ll,IJ;paMH npH 3HeprHH 

640 M3B. 3TH uccne.noaaHH.Il no3BOJIJIIOT 

onpe ,IJ;eJIHTb TOqHOCTb OnHCaHHJI cneKTpOB 

B p a Mxax "H,IJ;epHoro cxeiiJIHHra". • 

Ha Me30HHLIX nyqxax ycxopHTeJIJI BLI

noJIH HeTcJI 60JihWOH UHKJI HCCJie,IJ;OBaHHH 

Me 3 0aTOMHhiX H Me30MOJieKyJI.IIpHbiX npo

UeC COB. YqeHLie ycTaHOBHJIH pe3oHaHCHLIH 

MexaHH3M o6pa30BaHHJI d d 11 - MOJieKyJibl 

H 0 pe,IJ;eJIHJIH C BhiCOKOH TOqHOCThlO 3Hep

rHJO CB.II3aHHOrO ypOBHJI B 3TOH CHCTeMe, 

ITO,ll;T Bep,IJ;HB TeopeTHqeCKHe npe,IJ;CKa3aHHJI. 

3TO OTKpbiBaeT ITYTH H3yqeHHJI TaKHX TOH

KHX 3~~eKTOB, KaK, HaiTpHMep, ITOJI.IIpH3a

UH.II BaKyyMa, nepeXBaT MIOOHOB OT BO,IJ;O

po,IJ;a K reJIHIO H ,ll;p. lloKa3aHa HOBaJI B03-

MO)KHOCTb H3yqeHHJI BO,IJ;OpO,ll;HbiX XHMH

qeCK HX CB.II3eH: 3KCnepHMeHTaJibHO 06Ha

py)l(e Ha CHJILHa.ll TeMnepaTypHa.ll 3aBHCH

MOC T b BepO.IITHOCTH 3aXBaTa nHOHOB npo

TOHa MH BO,IJ;hl, KOTOpa.ll 06~JICH.IIeTCJI pa3-

pbiBOM BO,ll;OpO,IJ;HbiX CBJI3eH, onpe,IJ;eJIJIIO~HX 

OCH BHLie ~H3HqeCKHe CBOHCTBa BO,ll;bl. 

LlllOJIHeHa 6oJILWa.ll nporpaMMa cneKT

pOCK OnHqecKHX HCCJie,IJ;OBaHHH HeHTpOHO

,IJ;e~HUHTHhiX .ll,ll;ep. 

Y qeHLie llHCTHTyTa npo.noJI)KaJIH caoH 

HCCJie ,IJ;OBaHHJI Ha np01110HHOM CUHXpompoHe 
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HHcmwnyma (/ju3UKU ebiCOKUX 3Hepzuil 
CepnyxoBe. C noMOU{biO cneKTpoMeTpa 

.lilfC- 2 Ha ny'IKe HeHTpOHOB C 3HeprHe 
50 F3B Be.u.eTcJI noHCK "oqapoBaHHblx " · 
qacTHU. llpu aHanHJe nony'leHHbiX 3Kcne 
PHMeHTanLHbiX .u.aHHbiX B CHCTeMe AK+ K -
o6Hapy*eHa oco6eHHOCTb c Maceo 
2790 M3B, WHPHHOH oKono 15 M3B H ce
'leHHeM o6pa30BaHHJI "'0,5 MK6. ~H3HKH 

16-TH na6opaTopuB: cTpaH-y'laCTHHU OlfJIM 

Ha OCHOBe MaTepHanOB o6ny'leHHJI .D.BYX 

MeTpoBoB: nponaHOBOH KaMepbi "-MeJoHa 
MH c 3HepraeB: 40 F3B BenH .u.eTanLHOe 
H3y'leHHe KoppenJIUHOHHbiX JIBneHHH B CHC 

TeMe .D.BYX nHOHOB H .D.BYX raMMa- KBaHTOB, 
HHTep~epeHUHH TO)I(,IJ.eCTBeHHbiX nHOHOB B 
"-c-BJaaMo.u.eB:cTBHJIX. Onpe.u.eneHbl, B 

'laCTHOCTH, pa3Mep 06naCTH o6pa30BaHHR 
BTOpH'IHbiX nHOHOB H ,IJ.nHTenbHOCTL 3TOrO 
npouecca-. Ha CHHMKax aKTOB pp -BJaHMo 
.u.eB:cTBHJI npu 3HeprHH 25 F3B, nony'leH

HbiX B .D.BYXMeTpOBOH BO.D.OPO.D.HOH KaMep e 
"JliO,IJ.MHna", HCCne,IJ.OBaHO HHKni03HBHOe H 
nonyHHKniOJHBHoe o6pa3oBaHHe p 

0 -MeJo 
HOB H ~++ -HJ06ap. flony'leHO yKa3aHHe Ha 
COBMeCTHOe o6pa30BaHHe H306ap ~++ H 
,S++. Ha nJITHMeTpOBOM cneKTPOMeTpe MlfC 
3aKOH'IeH Ha6op CTaTHCTH'IeCKOrO MaTe 
pHana ,IJ.nJI H3y'leHHJI ,IJ.H~paKUHOHHOH ,IJ.HC
COUHaUHH nHOHOB H KaOHOB, a TaK)I(e .D.PY 
rHX MHO)I(eCTBeHHbiX npoueCCOB Ha pa3 -
nH'IHLIX JI,IJ.pax. 06pa60TKa CHHMKOB Be,IJ.e T 

CJI B )l;y6He H EonOHbe /lfTanHJI/. ;L\n JI 
npoueccoB pacceJIHHJI nHOHOB c 3HeprHeB: 
40 F3B HaB:.u.eHbl cpe.D.HHe MHO)I(eCTBeH
HOCTH H pacnpe.u.eneHHJI no nceB.u.o6biCT 
poTaM. 

3aBepweH Ha6op CTaTHCTHKH B 3KCne 
pHMeHTaX Ha ycKopumeAe e Eamaeuu 
/CllJA/, KO'rOpble Be,IJ.yT COBMeCTHO yqe 
Hble OlfJllf H HYJI, no H3y'leHHIO ynpyru x 
H HeynpyrHX pp-, pd- H pHe - B3aHMO.D.ei 
CTBHH npu 3Heprau BnnoTi. .u.o 400 F3B . 
)l;aHHLie 06 3Hepr~TH'IeCKOH 3aBHCHMOCTH 
napaMeTpa HaKno'Ha ynpyroro pacceJIHHJI 

• 

YKa3biBaiOT Ha cy~eCTBOBaHHe pa3nH'IHbiX 
pe)I(HMOB Cy)l(eHHJI ,IJ.H~paKUHOHHOrO KOHyca 
npu 3HepraJix BbiWe 70 F3B. B o6nacTH 
6onbWHX He,IJ.OCTaiOU{HX MaCC npJIMbiM cpaB
HeHHeM pp- H pd -BJaHMo.u.eB:cTBHH nony
'leHa oueHKa ce'leHHJI ynpyroro pacceJIHHJI 
B036y)I(,IJ.eHHOrO COCTOJIHHJI Ha HyKnOHe: 
43±10 M6. B ~OT03MynLCHOHHOH KaMepe, 
o6ny'leHHOH ny'IKOM npOTOHOB C 3HeprHeH 
250 F3B, cpe.u.u 150 TbiC. aKTOB B3aHMo

.u.eB:cTBHH H,IJ.eHTH~HUHPOBaHO C06biTHe o6-
12 

paJoBaHHJI H pacna.u.a rHnepJI.u.pa A C . 

Ha yc KopumeAJIX mJIJKeAbiX uoHoe npoBe
,IJ.eHbl OnbiTbl no H3y'leHHIO 3aKOHOMepHO
CTeH pacna.u.a ,IJ.BOHHOH JI,IJ.epHOH CHCTeMbl, 
~op"MHPYIO~eB:cJI B rny6oKoHeynpyrux 
CTonKHoBeHHJIX cno)I(HbiX JI.D.ep. YcTaHoB

neHa 3Ha'IHTenLHaJI .D.HHaMH'IeCKaJI .u.e~op
MaUHJI TJI)I(enoro ~parMeHTa B npouecce 
rny6oKoHeynpyrux nepe.u.a'l. 3KcnepaMeH
TanLHO uccne.u.oBanocb .u.eneHHe cna6oBo3-
6Y*.D.eHHblx TJI)I(enbiX H CBepXTJI)I(enbiX JI,IJ.ep 
/Z?: 110/. llony'leHHble ,IJ.aHHble CBH,IJ.eTenL
CTBYIOT 0 npOJIBneHHH o6ono'le'IHbiX 3~eK
TOB npa .u.eneHHH TaKHX JI.D.ep . CHHTe3Hpo
BaHbl HOBble HeHTpOHO,IJ.e~HUHTHble H30TOnLI 
TJI)I(enbiX TpaHcypaHOBbiX 3neMeHTOB, HC
nbiTLIBaiO~He JanaJ.D.biBaiO~ee .u.eneHae; 
H3y'leHbl xapaKTepHCTHKH HX pa,IJ.HOaKTHB
HOrO pacna.u.a. 

• llpO,!J.On)l(anHCb pa60Tbl no nOHCKY 
CBepxT JI)I(enblx 3neMeHTOB B npHpo.u.e. B 3K
CnepHMeHTaX ,IJ.nJI perHCTpaUHH CnOHTaH
HOrO ,IJ.eneHHJI HCnOnb30BanaCb MeTO,IJ.HKa 
'IYBCTBHTenLHOCTblO ,11.0 10 · l 5 z/ 2. lfccne
,IJ.OBaHHe reOTepManbHbiX BO,IJ. ll03BOnHnO 
06Hapy)I(HTL B HHX aKTHBHOCTL CnOHTaHHO
ro .u.eneHHJI npHpo.u.Horo HyKna.u.a, KOTopaJI 
B 50 pa3 npeBbiWaeT JaperHCTpHpOBaHHYIO 
paHee B MeTeOpHTaX. 

Ha UMnyAbCHOM peaKmopeHEP-30npo
,IJ.OR)I(anacL 3KcnepHMeHTbl no uccne.u.oBa
HHIO CnHHOBOH 3aBHCHMOCTH HeHTpOHHbiX 



ceqeHHH MeTO~OM nponycKaHHB nonBpHJO
BaHHOrO HeHTpOHHOrO nyqKa /3HeprHB 
HeHTpOHOB ~0 100 K3B/ qepe3 nonBpH-
30BaHHhle B~epuhle Muweuu. Ilonyqeuo yKa
Jauue ua uanuque npoMe.>KyToquo:H cTpyK
TYPhl a 3TOH JaaucuMoCTH. IIpoae~eH noucK 
CBepxnnOTHhiX B~ep B aKTHBHOH 30He peaK
TOpa. KaK 6hlno ycTauoaneuo, aepoBTHOCTh 
B03HHKHOBeHHB TaKHX B~ep He MO.>KeT 6h1Th 
6onee 10·8 ua aKT ~eneHHB. 

Ilonyqeuo peKop~uoe apeMB xpaueHHB 
ynLTpaxono~HhiX ue:HTpOHOB I 645±25 ce
KYH~/ B onhiTax c uanhlneuueM 6epunnuB 
ua cTeHKH cocy~a B aaKyyMe. BpeMB xpa
HeHHB YXH HJMepBnocL KaK nocne uanhl
neHHB, TaK u uenocpe~cTBeHHO B npouecce 
uanhlneHHB paJnuquhlx MeTannoB. 11ccne
~oaanucL cao:HcTBa nepexo~uoro HJnyqe
HHB, a TaK)I(e HJnyqeuuB Baaunoaa- qepeu
KOBa a6nu3H ero nopora. C noMOIULIO 
CBepxnpOBO~Bwero KBaHTOBOrO MarHHTO
MeTpa B MaKpOCKOnuqeCKOM OnhiTe onpe-
~eneua aepxHBB 
3neKTpuqecKoro 

·22 /10 e.cM/. 

rpauuua 
MOMeHTa 

~unon~:.uoro 

3neKTpOHa 

B pa6omax no co30aHU10 u coeepweH
cmeoeaHU10 6a3oebiX ycmaHoeoK uau6onee 
KpynHLIM ~OCTH)I(eHHeM 6hln ci>HJHqeCKHH 
nyCK B CTaUHOHapHOM pe)I(HMe MOIUHOrO 
HMnyn~:.cuoro peaKTopa 111i P- 2. Ilo npo
rpaMMe nycKa Bhlnonueu KOMnneKc uccne
~oaauu:H napaMeTpoa peaKTopa. Ha npoTo
Tune KonneKTHBHoro ycKopuTenB Jaaepweu 
Ba)I(HhiH 3Tan pa6oT no coJ~auuro ycKopu
TenB TB)I(enLIX HOHOB - OCyiQeCTBneH yc
TQHqHBhiH pe)I(HM ycKopeHHB HOHOB a30Ta 
~o 3Hepruu 1,5 M3B/HYKA. npu HHTeucua-

11 
HOCTH ~0 5 ·10 UOH08/flUK/I, qTQ non-
HOCTLIO COOTBeTCTByeT pacqeTHhiM napa
MeTpaM. Ha CTpOHTenLCTBe UHKnOTpOHa 
~B YCKOpeHHB T B)l(enhiX HOHOB Y- 400 
npoae~eHhl npe~aapuTenLHhle MarHHTHhle 
HJMepeHHB u uaqanacL KOMnneKcHaB c6op
Ka ycKopuTenB. 

9 

Ha cuuxpocl>aJoTpoue c noMOIULIO co
J~auuoro B 011RI1 Kpuoreuuoro HCToquuKa 

uou oa "Kpuou" ycKopeHhl B~pa yrnepo~a 
~o 3Hepruu 60 F3B, aJOTa - 70 F3B, 
Kucnopo~a - 70 F3B, ueoua - 100 F3B. 
IIpo~on.>KanucL pa6oTLI no HJroToaneuuro 
H HCnhiTaHUIO y3nOB C03~aBaeMOrO B 011Jll1 
cun hHOToquoro cl>aJoTpoua . B peJynLTaTe 
YCOBepWeHCTBOBaHHB UHKnOTpOHa Y- 200 
pacrnupeH ~uana30H YCKOpBeMbiX HOHOB U 
aae~eua nnaauaB aapuauuB 3Hepruu Bhi
BO~HMhiX nyqKoB. CoJ~aHHhiH B ,D;y6ue uJo
xpoHHhiH UHKnOTpOH Y -120M nepeBe3eH 
B 11HCTHTYT B~epHOH ci>H3HKH qCAH /P)I(e)l(/, 
CMOHTHpOBaH U BBe~eH B ~eHCTBHe. 

CneuuanucThi 011RI1 npuuuMaiOT yqac
THe B pa3pa60TKe yCKOpHTenLHO-HaKOnu
TenbHOrO KOMnneKca 11HCTHTyTa ci>H3UKH 
BhiCOKHX 3Hepru:H /Cepnyxoa/. CoaMeCTHO 
C 11HCTHTYTOM aTOMHOH 3Hepruu 
UM. 11 .B.KypqaTOBa H ~p. B 011.HI1 qe~eT
CB npoeKTUpOBaHHe YCKOpHTenhHOro KOMn
neKca TB)I(enhiX UOHOB. 

C o30aHue Hoeou ¢u3u<~ecKou annapa
mypbl JauuMano 6on~:.woe MeCTO B ~eBTenh
HOC TH 11HCTHTyTa. O~ua H3 KpynHhiX yc
TauoaoK 011.HI1, ~eHCTBYIOIUHX Ha nyqKax 
Cepn yXOBCKOrO YCKOpHTenB, - MO~epHUJU

poBaHHhiH 6eccl>unhMOBhiH HCKpOBOH cneKT
poMeTp OTna)l(eH B KOMnneKce C 3BM 
EC-1040 u ucnhiTaH no nporpaMMe no
ucKa "oqapoaaHHhiX" qacTHU. 3aaepwaroTcB 
pa6 Thi no coJ~aHHIO 6on~:.woro cneKTpo
Me~pa PHCK, uaqancB MOHTa)l( ycTaHOBKH 
B 11<l>B3. 

P a3pa60TaHa CHCTeMa KOOp~UHaTHhiX 

nponopuuouanhHhiX u ~pe:Hcl>oBhiX KaMep 
paJn uquoro uaJuaqeuuB. 11ccne~oaaH uo
BhiH , Ha3BaHHhiH CUnLHOTQqHhiM, pe)I(UM 
pa6oThi 6on~:.wux npoaonoquhlx KaMep. 

C neuuanuCThi 011RI1 yqacTBYIOT B co
J~auuu Topou~an~:.uoro cneKTpoMeTpa 
KpynHeHWeH YCTaHOBKH ~nB COBMeCTHOrO 



HHmepHa!IUOHQAbHbiU KOAAeKIIIU6 y'leHbiX 06'beOUHe H · 
HOZO UHCIIIUIIIYIIIQ .ROepHbiX UCCAe006QHUU 6Ciflpei!IUA 
60·10 Z0006UIUHY BeAUKOU 0Km.R6pbCKOU COIIUQAUCIIIU · 
'lecKoil pe60AIOIIUU 3Ha'lumeAbHbiMU oocmUJKeHU.R M U 
6 UCC/Ie006QHUU fPYHOaMeHIIIQAbHbiX C60UCIII6 MUKPOM U· 
pa. Ha CHUMKe: nep6biU ceKpemapb py6HeHCKOZ O 
FK KIICC /O.C. Ky3He!I06 6py'laem oupeKIIUU OH.RH 
Ilo'lei/IHYIO ZpaMOIIIY 3a OOCIIIUJKeHue 6biCOKUX nOKa -
3a•eAeil 6 COIIUQAUCIIIU'IeCKOM Cope6H06QHUU. 



,l{upeK•op OH.RH aKaOeMUK H.H.EozoAio6oe npuH.RA 
y'lac•ue e coeMecmHOM mopxecmeeHHOM 3aceOaHuu 
l.(K Knee, BepxoeHozo eoeema eeeP u Bepxoe
Hozo eoeema Perr>eP, noce.RIIIeHHOM 60- u zo006UIUHe 
BeAUKOU 0K•.R6pbCKOU COIIUOAUC.U'IeCKOU pe60AIOIIUU. 

• 

llpeOcmaeumeAu OH.RH, zo
poOcKux opzaHU30IIUU, ee
mepaHoe KOMMYHUCIIIU'Iec
KOU napmuu eoeemcKozo 
eo103a u BeAuKou Ome'lecm
eeHHou eouHbl Ha mopxecm
eeHHOM MUIIIUHZe, noce.R
UieHHOM 106uAeiO BeAuKozo 
0KIII.R6p.R. 





3KcnepHMeHTa y'leHhiX OHJIH, I..(EPHa, 
cl>paHUHH, cl>Pr Ha 400· T3B ycKOPHTene 
I..(EPHa. B ~y6He 6bln H3rOTOBneH cep,D;e'l· 
HHK MarHHTa cneKTpOMeTpa BeCOM 6onee 
1600 TOHH. Pa3pa6oTaHid TpexMeTpOBide 
nponopuuoHanLHhle KaMephl, o6na.D;aiOIUHe 
pexop,D;HbiMH xapaKTepHCTHKaMH. H3 Heo6· 
XO,II;HMhiX 80 KaMep y)l(e H3rOTOBneHO 50. 

llpoBe,D;eH UHKn pa60T no C03,D;aHHIO H 
COBepweHCTBOBaHHIO npH60pOB H ycTpOHCTB 
KpHoreHHOH TeXHHKH. 0HH CB.R3aHhl C pa3· 
pa60TKaMH CBepxnpOBO,D;.IIIUHX MarHHTOB, 
YCOBepweHCTBOBaHHeM ycTaHOBKH "CnHH", 
C03,D;aHHeM renHeBOH CTpyiiHOH MHWeHH, 
KOTOpa.R HCnOnL30BanaCL B OnhiTaX Ha yc· 
KOpHTene B JiaTaBHH, H ,D;p. 

~n.R H,D;eHTHWHKaUHH npO,D;YKTOB ,D;eneHHJI 
B OnhiTaX Ha ny'IKaX T.ll)l(enldX HOHOB C no· 
MOIULIO BpeM.R· nponeTHOH MeTO,D;HKH H 
cneKTpOMeTpHH OCKOnKOB ,D;eneHH.II /'feTid· 
pexMepHblii aHanH3/ pa3pa6oTaH KOMnnexc 
.D;eTeKTHPYIOIUeii annapaTyphl. llpO,D;O~a

nBCL pa3pa6oTKH annapaTyphl .D;nB 3Kcne· 
pHMeHTOB Ha cTpO.RJUeMC.II peaxTope HJiP- 2. 

CneuuanHCThl OHJIH npo,D;o~anH pa3-
pa6oTKH, CBB3aHHhle c npHMeHeHHeM WH3H· 
'leCKOH MeTO,D;HKH ,D;nB npHKna,D;HhiX ueneii. 
CoaepweHCTBOBanHCL TexHonorHB H3ro
ToBneHH.II .II,D;epHhiX WHnLTpOB C HCnOnL30• 
BaHHeM pa3nH'IHhiX nonHMepHhiX MaTepHa· 
noa, MeTO.D;hl .R,D;epHo·<lJH3H'Iecxoro aHanu-

3a BeiUeCTBa. Pa3pa6oTaHa TexHonorHB 
npOH3BO,D;CTBa H30TOnOB HO,D;a-123 H Ty· 
nHJ1·167 Ha cHnLHOTO'IHhiX ycxopHTensx 
,D;n.ll ueneii pa,D;HO,D;HarHOCTHKH H pa,D;HOTe· 
panHH. Ha OCHOBe nponopUHOHanLHhiX Ka· 
Mep coJ.D;aH npu6op .D;nB H3y'leHH.R6Honoru-
qecKH aKTHBHhiX Be{UeCTB, Me'leHHhiX 
pa,D;HOaKTHBHhiMH H30TOnaMH, KOTOphlii 
npe,D;Ha3Ha'leH .D;n.ll ueneii MonexynspHoii 
6HOnOrHH H 6HOXHMHH. 

flpoOO/IJICQ/IOCb pa38U111Ue U3MepU111€Ab· 

HO· 8bi'IUC/IU111€/IbHOZO KOMnAeKCa HHC1f1U· 

111Y111a. ilOBhiWeHa 3cWJeKTHBHOCTh H paCWH· 

13 

peHid B03MO)I(HOCTH HCnOnL30BaHHJI 6a30· 
BhiX 3BM nocpe,D;CTBOM C03,D;aHHJI ceTH 
TepMHHanLHhiX ycTpoiicTB Ha CDC-6500 H 
pa3pa60TKH naKeTOB npHKna,D;HhiX nporpaMM 
,IJ;n.ll ,D;HCnneiiHOH CTaHUHH Ha Ji3CM ·6. llpo • 
Be,D;eHa aBTOHOMHa.R Hana,D;Ka ycTpOHCTB 
CBJI 3H KOHUeHTpaTopa TepMHHanOB /Ha 6a· 
3e E£·1010/ c 3BM 1i3CM·6, no.D;rOTOB· 
neHa H oTna)l(eHa 'laCTL nporpaMMHoro 
o6ecne'leH,-x.-

BenHcL pa6oTbl no pa3BHTHIO aBTOMa· 
TH'IeCKHX H nonyaBTOMaTH'IeCKHX CHCTeM 
,IJ;nJI o6pa60TKH KaMepHhiX CHHMKOB. Ha 
OCHOBe OnbiTa 3KCnnyaTaUHH YCOBepweH· 
CTBOBaHo MaTeMaTH'Iecxoe o6ecne'leHHe 
H3MepHTenLHoii CHCTeMhl aBTOMaTa HPD.D;n.R 
06pa60TKH CHHMKOB C n.RTHMeTpOBOrO Mar· 
HHTHOrO HCKpOBOrO cneKTpOMeTpa. 3aBep· 
WeHa OnhiTHaJI 3KCnnya TaUHJI ,D;BYX CTOnOB 
CAMET B pe)I(HMe nporpaMMHoro aBTo· 
conpoBo)I(,D;eHH.R. ~ns BBO,D;a ncnne.11 
BT - 340 B CHCTeMy cnupanLHoro H3Mepu
Ten .ll pa3pa6oTaHa annapaTypa H nporpaM· 
MHOe o6ecne'leHHe. 

JionLwoii o6'LeM npoBe,D;eHHhiX pa6oT 
61dn CBJI3aH C pa3BHTHeM H3MepHTenLHhiX 
UeHTpOB B na6opaTOpH.IIX HHCTHTyTa. 

AleJtCOyHapoOHOe HQY'IH0·1fleXHU'I€CKOe 

comp yoHu'lecmeo OHJIH nony'IHno ,D;anLHeii
We e pa3BHTHe. qHCnO HCCne,D;OBaTenLCKHX 
pa60T, npoBO,II;HMbiX HHCTHTYTOM COBMeCT· 
HO c WH3H'IeCKHMH ueHTpaMH CTpaH-y'lacT· 
HHU , ,D;OCTHrno 147, 'ITO COCTaBnJieT OKOnO 
90o/o Bceii Hay'IHoii nporpaMMhl OHJIH. 
Cpe,D;H Hau6onee Ba)I(HhiX HanpaBneHHii co
Tpy,D;HH'IeCTBa: COBMeCTHide HCCne,D;OBaHHJI 
MHOrHX HHCTHTYTOB Ha OCHOBe CHHMKOB 
C n y 3hlpLKOBhiX KaMep H KpynHhiX cneKT· 
poMeTpoB OHJIH, a TaK)I(e COBMeCTHoe 
C03,D;aHHe xpynHoii annapaTypbl: uuxnoTpo
HOB Y- 120M ,D;n.ll HJI cl> q CAH, Y • 400 ,D;nJI 
OHJIH H Y- 200IT .D;nB BapwaBcxoro Hayq
Horo ueHTpa, ycTaHOBOK "CnHH", "rune
poH" , PHCK, WH3H'Iecxoii annapaTyphl .D;nB 
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3KCnepHMeHTOB Ha CTpOHmeMCH peaKTOpe 
M:SP-2. 

06be~HHeHHhlH HHCTHTYT ycneWHO c o
Tpy~HHqan c EaponeicKHM ueHTpoM H~ep
Hhlx HCCne~oBaHHH, HaUHOHanhHOH ycKo· 
pHTenhHOH na6opaTopuei CiliA, cPHJuqec
KHMH UeHTpaMH cl>paHUHH, 11TanHH H ~p. 

: 

• 

B TeqeHHe ro~a 06be~HHeHHhlH HH· 
CTHTYT npoaen 46 Me)l(~yHapo~HbiX Hayq
HhlX, pa6oqux H HayqHo • opraHH3aUHOHHblX 
coBeiUaHHH. YqeHhle OMJIM npHHHnH yqac
THe B 67 Me)l(~yHapo~HhlX H HaUHOHanbHhlX 
HayqHblX KOHcPepeHUHHX H npoqux COBeJUa· 
HHHX, COCTOHBWHXCH B CTpaHax·yqacTHH· 
uax H ~pyrux cTpaHax. 

~~~~ 
H.H. :S oromo6oa 
~HpeKTOp 06be~HHeHHOrO HHCTHTyTa 
H~epHhlX HCcne~oBaHHH 

( 
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llpo6JI8MHO-
u 

TeMaTHqecKHH ITJiaH 

06be~HH8HHOrO 

HHCTHTyTa 

.H~epHbiX 
u 

HCCJI8~0BaHHH 

Ha 1977 ro~ 

: 

• 

Hay'IHall )le l!TeJibHOCT b 06beJJ.HHeHHoro HH

CTHTyTa ll)lepHbiX HCCJie)lOBaHHH npOBO)lHJiaCb 
B cooTBeTCTBHH c Opo6neMHo-TeMaTH'ieCKHM 

TIJiaHOM Hay'IHO- HCCJie)lOBa TeJibCKHX pa60T H 
Me)l()lyHapOJlHOrO Hay'IHO- TeXHH'ieCKOrO COTpy)l

HH'ieCTBa Jia6opaTOpHH HHCTHTyTa, YTBep)l()leH-

HbiM Y'ieHbiM coseToM OHJIH Ha ero XLI cec

CHH. 

Opu yTBep)I(JJ.eHHH nnaHa Y'ieHbiH coseT OTMe
THJI KaK Hau6onee Ba)I(Hbie cneJJ.YIOillHe Hanpasne

HHll . 

Jia6opaTopH.H 

TeopeTHqecKOH ¢H3HKH 

1. 8 06JiaCTH KBaHTOBOH TeOpHH TIOJlll 

H TeOpHH 3JleMeHTapHb!X 'iaCTHU: 
- HCCJie)loBaHHe rny6oKoHeynpyrHx npouec

COB C 60JibWHM nepe)laHHbiM HMTIYJibCOM; 
- H3y'ieHHe )lHHaMHKH KBapKOB H COCTaBHbiX 

KBapKOBblX MO)leJieH 3JleMeHTapHbiX 'iaCTHU; 
- uccne)loBaHHe YJibTpa¢uoneToBbiX acHMn

TOTHK H pa3pa60TKa MeTO)lHKH aHaJIHTH'ieCKHX 
Bbl'iHCJieHHH Ha 38M B TeOpHH TIOJlll H TeOpHH 

KOH)leHCHpOBaHHblX Cpe.a. 

2 . B o6nacTH pa3BHTHJI reopHH aTOMHoro 
Jl)lpa H Jl.!lepHb!X peaKUHH: 

- HJy'ieHHe CTPYKTYPbl R.aepHbiX cocTOliHHH 
C npoMe)l(yTO'iHOH H BbiCOKOH 3HeprHeH B036y)l(
)leHHJI; 

- pa3BHTHe TeOpHH B3aHMO.!leHCTBHJI 3JICKT
pOHOB H Jl.!lepHbiX 'iaCTHU C ll)lpaMH; 

- HCCJie.!lOBaHHJI TIO peJil!THBHCTCKOH Jl.!lepHOH 
cPH3HKe. 

JIJI X: 

3. PaJBHTHe TeopHH KOH.UeHCHpoBaHHbiX cpe.u . 

Jia6opaTopH.H 

BbiCOKHX :meprHH 

1. <I>H3H'ieCKHe HCCJie.!lOBaHHll Ha YCKOpHTe-

- HCCJle.!lOBaHHJI JaKOHOMepHOCTeH MHO)I(CCT 

BeHHOrO o6pa30BaHHJI 'iaCTHU C TIOMOillbiO .!lByx· 
MeTpOBOH nponaHOBOH ny3blpbKOBOH KaMepbi, Ka

Mepbl "JliOJJ.MHJia", MeTpOBOH BO.!lOPO.!lHOH TIY3blpb · 
KOBOH KaMepbl; TIOHCK HOBbiX 'iaCTHU C TIOMOillbl< 
ycTaHOBKH IiHC H cPOT03MYJibCHH; 

- HCCJie.UOBaHHe TIOBeJlCHHll aMTIJIHTY.!l 6HHap 
Hb!X peaKUHH C HCTIOJlb30BaHHeM MaTepHaJIDB n< 



77-p-, pp -, pd - H pHe -pacceJIHHIO B WHpOKOH 

o6nacTH JHeprHa OT 4 .no 500 FJB, noJJy1.feHHhJX 
C IIOMOil.lbi:O ycTaHOBKH "<l>OTOH" Ha CHHXpo¢aJo
TpOHe H s JKCIIepHMeHTax Ha ycxopHTene HYJI 

/liaTaBHJI/; 
- HCCJJe,nosaHHJI 110 peJJJITHBHCTCKOHJI,UepHOH 

¢lHJHKe C JIOMOil.lbi:O MaTepHaJJOB, IIOJJY'IeHHbiX Ha 
ycTaHosxax ")l.Hcx-2", "Anb¢a", CKM-200, 

ClleKTpOMeTpe JI,Uep OT,Ua'IH, .UBYXMeTpOBOH npo
llaHOBOH H MCTpOBOH )I(H,UKOBO,UOpO,UHOH lly JblpbKO

BhJX xaMepax; 
- HCCJJe,nosaHHC JJJeKTpOMarHHTHOHCTpyKTy

pbl JJJeMeHTapHbiX 1.faCTHU C HCIIOJibJOBaHHeM Ma
TepHaJJOB, IIOJJY1.feHHbiX B JKCIIepHMeHTC 110 77 - .,-_ 

H K-e- -paCCeJIHHI:O llpH BbJCOKOH JHeprHH. 

2. MeTO,UH'ICCKHe HCCJJe,UOBaHHJI: 
- paJBHTHe CHHXpo¢aJOTpOHa KaK peJJJITH-

BHCTCKOrO yCKOpHTeJJJI JI,Uep, ¢opMHpOBaHHe HH
)I(eKUHOHHOrO KOMIIJJeKCa; 

- yJJy1.fWeHHe Ka1.feCTBa IIY'IKOB CHHXpo¢aJO
TpOHa H HCTO'IHHKOB MHOrOJap.R,UHbiX HOHOB, 
paJBHTHe CHCTeMbl KaHaJJOB 1.faCTHU B KOpll. 205 

Ha OCHOBe Me,nJJeHHOrO BbiBO,na; 
- npose.neHHe npoeKTHbiX H Hccne.nosa TeJJb

CKHX pa60T 110 )l(eCTKO¢lOKyCHpy!Oil.leMy yc KOpH
TeJJI:O peJJJITHBHCTCKHX JI,Uep - HYKJJOTpOHy; 

- paJpa60TKa H BHe,npeHHe B JKCIIepHMeHT 

cospeMeHHOH JJJeKTpOHHKH H ,neTeKTOpOB, JallyCK 
EC-1040; 

- paJBHTHe KpHOreHHbiX CHCTeM, COJ,UaHHe 

CBepXIIpOBO,UJIIl.IHX MarHHTOB ,UJIJI YCKOpHTeJibHO
HaKOIIHTeJJbHOrO KOMIIJJeKCa H HyKJJOTpOHa. 

JIJIX: 

Jla6opaTopH» 

».aepHbiX rrpo6JieM 

1. <l>HJH'IeCKHe HCCJJe,UOBaHHJI Ha YCKOpHTe-

- HCJJe,UOBaHHe CTpyKTypbl 1.faCTHU,IIpOBepKa 
JaKOHOB COXpaHeHHJI H CHMMeTpHH BJaHMO,UeHCT

BHH; 
- HCCJJe,nosaHHe IIPOUeCCOB BJaHMO,UeHCTBHB 

MeJOHOB H llpOTOHOB C HYKJJOHaMH H JI,UpaMH, 
B TOM 'IHCJJe IIOHCK CBepXIIJIOTHbiX a TOMHbiX JI,Uep; 

- HCCJJe,UOBaHHe Me JOa TOMHbiX H Me 30-

MOJJeKyJJJipHbiX IIPOUeCCOB Ha MeJOHHbiX IIY'IKaX 
CHHXpOUHKJIOTpOHa, BKJII:01.faJI HJy'leHHe IIO,U-

6apbepHoro MeXaHHJMa .UH$¢JyJHH IIOJIO)I(HTeJJb
HbiX MI:OOHOB B MeTaJJJJaX; 

- HJy1.feHHe CBOHCTB Cpe,UHHX H TJI)I(eJJbiX JI,Uep 

B JKCJiepHMeHTaX 110 nporpaMMe JICHAllll, B 
TOM 'IHCJJe HJy1.feHHe yr JIOBbiX KOppeJJJIUHB HJ
JJy1.feHHH C IIOMOil.lbi:O llpOTOTHIIa ycTaHOBKH 
"CnHH"· 

- J~BepweHHe Ha6opa CTaTHCTHKH B HCCJJe
,UOBaHHJIX .UH¢paKUHOHHOB ,UHCCOUHaUHH IIHOHOB 

19 

--

H x a oHos Ha .R,npax c IIOMOil.lhi:O MHC H Ha'lano 
MaC COBOB o6pa60TKH JKCIIepHMeHTaJJbHOrO Ma

TepHaJJa; 
- IIOHCK HOBbiX HeCTa6HJJbHbiX 'laCTHU C KBaH

TOBbi M 'IHCJIOM "wapM" H CylleprHIIep¢parMeHTOB 
llpH BJaHMO,UeHCTBHH HeHTpHHO H llpOTOHOB Bbi
COK OB JHeprHH c .R,npaMH; 

- HCCJJe,UOBaHHe IIOJJJipHJaUHOHHbiX JIBJJeHHB 
B H Y KJJOH-HYKJJOHHOM H MeJOH-IIpOTOHHOM pac

ce .11 HJIX. 

2 . MeTO.UH'Iecxue uccne.nosaHHJI: 
- llpOBe,neHHe pa6oT 110 COJ,UaHHI:O HOBbiX yc

TaH sox I APEC, CllHH, rO)l.ECKI H a1111apaTyphl 
~JI JI,UepHO-cPHJH'IeCKHX H Me,UHK0-6HOJJOrH'Ie

CKHX HCCJJe,nosaHHB Ha YCTaHOBKe "<l>"; 
- paJpa60TKa COBpeMeHHOB JJJeKTpOHHOB 

a1111apaTyphl, B TOM 'IHCJJe B cTaH,napTe KAMAK, 
H OCHaweHHe e1:0 JKCIIepHMeHTOB, llpOBO,UHMbiX 
Ha CHHXPOUHKJIOTpOHe H 70- T3B CHHXpOTpOHe; 

OCBOe HHe 3BM EC-1040 H paCWHpeHHe HCIIOJJb
JOBaHHJI MaJJbiX 3BM ,UJJJI pa60Tbl Ha JIHHHH C 

JKCII e pHMeHTaJJbHOB a1111apa Typo a; 
- JasepweHHe pa6oT 110 coJ,naHHI:O yJnos yc

TaHo BKH PHCK H Ha'laJJo MOHTa)l(a ee s H<l>B3; 
- llpose.neHHe pa6oT 110 co J.UaHHI:O p.R,na xpyn

HhiX YJJJOB ycTaHOBKH "rHIIepoH" H OT JJa,nKa 

IIY'IKOBOH 1.faCTH ClleKTpOMeTpa; • 
- paJpa6oTKa 60JJbWOH "JaMOpO)I(eHHOH" 

IIOJIJI UHJOBaHHOH MHWeHH ,UJIJI IIOJJJipHJaUHOHHbiX 
JKCII e pHMeHTOB. 

3 . PaJpa6oTKH s o6nacTH ycxopHTeJJhHoa 
TeXHHKH: 

- o6eclle'leHHe pa60T 110 COJ,naHHI:O ycTaHOBKH 
"<l>", llpOBe,UeHHe MeXaHH1.feCKHX H pa,nHOTeXHH-
1.feCKH X HCIIbiTaHHH sapHaTopa 1.faCTOTbl; 

- paJpa60TKa H KOHCTpyHpOBaHHe CHCTeMbl 
JJJeKT pOCTaTH1.feCKOrO BbiBO,na IIY'IKa H CHCTeMbl 
ynpaB JJeHHJI ycTaHOBKOH, paJpa60TKa IIOJJJipHJO
BaHHOro HCTO'IHHKa HOHOB; 

- JallyCK yCKOpHTeJJJI Y- 120M B liHCTHTyTe 

.R,nep oa cPHJHKH l.JCAH; 
- llpOBe,UeHHe HCCJJe,UOBaTeJJbCKHX pa60T 

110 CyllepUHKJIOTpOHy. 

JI a6opa To pH» 

».aepHbiX peaKIJ,HH 

1. p a60Tbl 110 COJ,UaHHI:O YCKOpHTeJJJI T Jl)l(eJJhiX 
HOHOB Y-400. 

2. CHHTeJ H HJy'leHHe cPHJH'IeCKHX H XHMH'Ie
CKHX c solicTs csepxTJI)I(eJJbiX JJJeMeHTOB I Z = 
= 110 - 1161 Ha IIY'IKaX HOHOB KaJJbUHJI- 48. 

3. CHHTeJ H HJy'leHHe CBOHCTB TJI)I(eJJhiX HJO

TOIIOB TpaHcypaHOBbiX JJJeMeHTOB C 7. ~ 104. 
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4. lloacx csepxTJI)Kenblx 3neMeHTOB B npap o-
.n.e. 

5. CHHTe3 H H3y'leHHe CBOHCTB li.D.ep, y.n.aneH
HbiX OT nHHHH 6eTa-cTa6HnbHOCTH. 

6 . l!fJy'leHHe MexaHH3Ma B3aHMO.D.eHCTBifJI 
cno)I(HbJX li.D.ep. 

7. I1posepxa npHHUHnaanbHbiX sonpocos KBa H
TOBOH 3neKTPO.D.HHaMHKH B ycnOBHJIX CBepXCHn b
HbiX 3neKTpOMarHHTHbiX noneii, B03HHKaJOUlHX npH 
CTOnKHOBeHHH TJI)KenbiX li.D.ep. 

8 . llpaKTH'!ecxoe acnonbJOBaHHe TJI)Ken blx 
HOHOB .D.nll peweHHJI Hay'IHO·TeXHH'IeCKHX Ja.D.a'l 
c y'leTOM HHTepecos cTpaH- yqacTHHU OH:JIH:. 

9. Pa60Tbl, CBJI3aHHble C JanyCKOM UHKn o
TpOHa Y- 200ll .n.nll Bapwascxoro yHHBepcaTeTa. 

10. YnyqweHHe napaMeTpos uuxnoTpoHa 
Y-300. 

Jla6opaTopu ~ 

HeHTpOHHOH ~H3HKH 

1. 3asepweHHe no.n.roTOBKH a ocymecTsneHae 
<l>HJH'Iecxoro nycxa peaxTopa H:liP-2 /6e3 Ha T
puesoro KOHTypa oxna)K.n.eHHll/ H no.n.roTos xa 
K 3Hepr~TH'!ecxoMy nycxy H:liP-2; npose.n.eHHe 
3KCnepHMeHTanbHO-KOHCTpyKTOpCKHX pa3pa6 o
TOK no KOMnnexcy l!fi)P-2 C HH)KeKTOpOM JIH:Y - 30, 
KypHpOBaHHe CTpOHTenbHO- MOHTa)I(HbJX pa60T . 

2 . 3xcnepuMeHTanbHaJI nposepxa, npoeKTH
posaHHe, MaKeTHpOBaHHe, H3rOTOBneHHe H aa
na.n.xa oT.n.enbHbiX cacTeM ycxopaTenll JIH:Y- 30. 

3. l!fJrOTOBneHHe cl>HJH'IeCKOH annapaTy pbl 
nepBOH O'lepe.n.H .D.nll HCCne.n.oBaHHH Ha 11 I) P- 2. 

4. CoJ.n.aHHe nepsoii oqepe.n.u H3MepHTenLHo
Bbi'IHCnHTenLHoro ueHTpa H:liP-2 c uenbJO o6ec
ne'leHHJI nepBOO'Iepe.D.HbiX <l>H3H'IeCKHX 3KCnep a
MeHTOB K 3HepreTH'IeCKOMY nycxy l!fl) p- 2. 

5. l!fJy'leHHe aTOMHbiX li.D.ep C nOMOUlbiO HeH
TpOHOB H 3apli)KeHHbiX '!aCTHU. 

6. l!fJy'leHHe CBOHCTB ynbTpaxonO.D.HbiX HeH
TpOHOB H <l>YH.D.aMeHTanbHbiX CBOHCTB HeHTpOHa. 

7. l!fJy'leHHe KOH.D.eHCHpOBaHHbiX cpe.n., a TaK· 
)Ke CnO)I(HbJX COe.D.HHeHHH 6HOnOrH'IeCKHX 06'be KTOB 
C nOMOUlbiO HeHTpOHOB. 

8. llo.n.rOTOBKa H pa3BHTHe npHKna.D.HbiX HC
cne.n.oBaHHH. 

Jla6opaTopH~ 

BhlqHC~HTe~bHOH TeXHHKH 

H aBTOMaTHjaQHH 

1. PaJBHTHe H 34><l>eKTHBHoe acnonbJOBa HHe 
ueHTpanLHoro Bbi'IHCnHTenbHOro KOMnnexca: 

--

• 

- pa3pa6oTKa npoexTa ysena'!eHHJI naMJITH 
Ha MarHHTHbiX .n.acxax EC-5061 .D.nll 38M 
li3CM -6; 

- COJ.D.aHHe nepBOH O'lepe.D.H CeTH TepMHHanb
HbiX ycTpOHCTB Ha 6a3e ManOR 38M H 63CM-6; 

- npose.n.eHHe Ha 38M 63CM-6 MO.D.Hcl>HKa
UHH onepaUHOHHOH CHCTeMbl B CBJI3H C nO.D.KnJO'!e
HHeM TepMHHanoB H HX KOHUeHTpaTopa. 

2. PaJBHTHe H 34><l>eKTHBHOe acnonbJOBaHHe 
aBTOMaTH'IeCKHX H nonyaBTOMaTH'IeCKHX CHCTeM 
HJMepeHHH xaMepHbiX CHHMKOB I HPD, A3JIT. 
CH:,llYOC-CAMET-63CM-4/: 

- paJpa6oTxa Ha cnapanbHbiX HJMepaTenllx 
pe)KHMa cl>HnbTpaUHH .D.aHHbiX B peanbHOM BpeMeHH, 
pa3pa6oTxa annapaTypbl H nporpaMMHoro o6ec
ne'leHHll .D.nll aBTOMaTH3aUHH npOCMOTpa; 

- npoBe.D.eHHe Ha A3JIT- 2 MeTO.D.H'IeCKHX H3-
MepeHHH CHHMKOB C MI!IC. 

3. Pa3pa60TKa 
<;HCTeM o6pa60TKH 

- COJ.D.aHHe H 
o6ecne'!eHHll .n.nll 
H ''Anb¢a"; 

MeTO.D.OB pac'!eTa H COJ.D.aHHe 
3KCnepHMeHTanbHbiX .D.aHHbiX: 

pa3BHTHe MaTeMaTH'IeCKOrO 
ycTaHosox EH:C- 2, "ll>oToH" 

- npo.n.on)KeHHe pa6oT no coJ.n.aHHJO H paJsa
THJO CHCTeMbl nporpaMM MO.D.ynbHOH CTPYKTypbl, 
a TaK)Ke no MaTeMaTH'IeCKOMY o6ecne'!eHHJO ca
cTeMbi o6pa60TKH cneKTpOMeTpH'IeCKOH HH
cl>opMaUHH; 

- pa3pa60TKa H npHMeHeHHe HOBbiX MeTO.D.OB 
'IHCneHHOrO peweHHJI HenHHeHHbiX H KBa3HCTa
UHOHapHbiX <l>H3H'IeCKHX Ja.D.a'l; 

- pa3pa60TKa HOBblX anropHTMOB H pa3BHTHe 
6u6nuoTeKH nporpaMM peweHHJI Ja.D.a'l, CBJIJaH
HbiX C HCCne.n.osaHHJIMH, npOBO.IlHMbiMH B Jla6opa
TOpHH TeopeTH'IeCKOH cl>HJHKH. 

4. J.1ccne.D.OBaHHJI no penliTHBHCTCKOH li.D.epHOH 
!l>HJHKe H cl>HJHKe pe30HaHCOB: 

- HJy'leHue li.D.epHbiX npoueccos npu penliTH
BHCTCKHX 3HeprHJIX npH nOMOUlH MarHHTHOrO 
CUt:KTpOMeTpa C HCKpOBbiMH KaMepaMH H ycTa
HOBKH CKM- 200; 

- HJy'leHHe npoueccoa MHO)KeCTBeHHoro o6-
paJoBaHHJI '!aCTHU B nHOH- HyKnOHHbiX, HeHTpOH
UpOTOHHbiX H B UHOH- li.D.epHbiX B3aHMO.D.eHCTBHJIX 
npH BbiCOKHX JHeprHJIX. 

OT~e~ 

HOBbiX MeTO~OB 

ycKopeHH~ 

Y cxopeHHe T JI)Kenbix HOHOB B npoTOTHne YTH:. 



• 

HayqHo
Hcc~e~oaaTe~bCKHe 

paOOTbi, . 
BblllO~HeHHbie 

~a6opaTopHHMH OJ1HJ1 
B 1977 ro~y 
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Jla6opaTOpHH 
u 

TeopeTHqecKOH 
cpH3J1KJ1 

--

• 

B ucTeKUJeM ro.n;y uccne,n;oBaHHH, npo

BOAHMhie B COOTBeTCTBHH C npo6neMHO
TeMaTH'leCKHM nnaHOM, COCpe,D;OTO'lHnHCh 
Ha pa3pa60TKe TaKHX aKTyanhHhlX HanpaB
neHHH, KaK y,n;ep)l(aHHe KBapKOB - B KBaH
TOBo-noneBhlX H reoMeTpH'leCKHX acneK
Tax, npouecchi c 6onhUJHMH nepe,n;aHHhiMH 
HMnynhCaMH Ha H,IJ;paX H 3neMeHTapHblX 
tJ:aCTHI.I,aX, e,IJ;HHaH TeOpHH HH3KO- H BhiCOKO
B036y)I(,IJ;eHHhlX COCTOHHHH B H,IJ;paX, CTO
XaCTH'leCKHe npol.l,eCChl B ,IJ;HHaMH'leCKHX 

CHCTeMaX. 

CTpyKTypa Teopww rroAR 

Hccne,n;oBaHa cTpyKTypa cuHrynHpHo
CTH ¢yHKI.I,HH rpuHa B KBaHTOBOH TeOpHH 
nonH no KOHCTaHTe CBH3H B Hyne. 0CHOB
HOH npueM 3aKnroqaeTCH B ucnonh30BaHHH 
npe,n;cTaBneHHH ¢yHKI.I,HOHanhHOrO HHTer
pana u ero npu6nu)l(eHHoro Bhl'lHCneHHH 
MeTO,Il;OM nepeBana B ¢yHKI.I,HOHanhHOM npo
CTpaHCTBe. PaccMoTpeH Knacc nepeHop
MupyeMhiX u cynepnepeHopMupyeMhiX cKa
nHpHhiX MO,IJ;eneH H ycTaHOBneHO, 'ITO CHH
rynHpHOCTh HMeeT YHHBepcanhHhlH xapaK
Tep, He3aBHCHMO OT HanH'lHH paCXO,Il;HMO
CTeH. llonytJ:eHHhie Bblpa)l(eHHH npe,n;cTaBH
Mhl B BH.n;e cneKTpanhHoro HHTerpana no 
KOHCTaHTe CBH3H. CneKTpanhHaH ¢yHKI.I,HH 

HMeeT BH,IJ;: 

p (g ) - (- g fu exp (A /g ) . 

Pa3pa6oTaHhi 3¢¢eKTHBHhie MeTOAhi 
Bhl'lHCneHHH napaMeTpOB ypaBHeHHH pe
HOpMrpynnw. B pa3nH'1HhlX nepeHopMupo
BO'lHhiX no,n;xo,n;ax paCC'lHTaHhl TpeX- H 
'leThipexneTm!Bhie BKna,IJ;hl B ¢yHKI.I,HW renn
MaHHa-Jloy B Mo.n;enu ¢ 4 (4) . Hccne,n;oBaHhi 
annpOKCHMal.I,HH ¢yHKI.I,HH rMJI MeTO,Il;OM 

lla.n;e u Tia.n;e-liopenH. 

3aKOH'leHo uccne,n;oBaHHe uenuueB:uoro 
ypaBHeHHH ~aB:coHa ,n;nH nponaraTopa 
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:meKTpOHa B KOHe•lHOH KBaHTOBOH 3neKTp o

,!J,HHaMHKe. t{HcneHHbiMH MeTO,IJ,aMH / Ha 

3BM/ onpe.u.eneHa aHanHTH<iecKaJI cTpy K

Typa B KOMnneKCHOH nnOCKOCTH HMnynL Ca 

H yCTaHOBneHa HeaHanHTH'IHOCTh no K OH

CTaHTe CBJI3H "csepxnpoBO.IJ.H~ero THn a" 

aexp(-f). 
IloKa3aHO, 'ITO MeTO,!J, perynHpH3al(HH 

no pa3MepHOCTH MO~eT 6b1Th nonyqeH H3 

Tpe6oBaHHJI HHBapHaHTHOCTH npon;e,IJ,y pbl 

HHTerpHpOBaHHJI no BHyTpeHHHM HMnyn L

CaM ,IJ,HarpaMM Ot.HOCHTenbHO mo6biX n p e

o6pa30BaHHH CHMMeTpHH. 

B KBaHTOBOH 3neKTpO,IJ,HHaMHKe noKa

JaHo, 'ITO o6bl<iHaJI npoue.u.ypa oT6pac bl

saHHJI KBa,IJ,paTH<iHO paCXO,IJ,JII.UeHCJI qaCTH 

onepaTopa I co6cTseHHaJI 3HeprHH ciJoToHa/ 

HBnHeTCJI HenonHoii: ycnosHe paseHCTBa 

Hymo • OT6paCb1BaeMOH KBa,IJ,pa TH'IHO p ac

XO,IJ,JII.UeHCJI qacTH n03BOnJleT onpe.u.en HTb 

BenH'IHHY HenepeHOpMHpOBaHHOrO 3apH,IJ,a. 

AHanorH'IHaJI B03MO~HOCTb onpe.u.ene HHJI 

BenH'IHHbl KOHCTaHTbl CBJI3H HMeeTCJI BO 

BCeX MO,IJ,enJIX, r,IJ,e OTCYTCTByeT <ia CTb 

qneHOB nepeHOpMHpOBKH MaCChi, Han pH

Mep .u.nH noneii RHra- MHnnca. 

B KBaHTosoii TeopHH nonH cclJopMy nH

posaHbl H .u.eTanbHO H3y<ieHbl npe.u.cTas ne

HHJI ,IJ,nJI HHKni03HBHbiX pacnpe.u.eneHHj , KO

TOpble ,IJ,OnyCKalOT KBapJ<-napTOHHylO HH

TepnpeTaD;HIO. Ha OCHOBe 3THX npe,IJ,CT aB

neHHH H3y<ieHO noBe,IJ,eHHe ceqeHHH pa3n Hq

HbiX HHKnl03HBHbiX peaKD;HH B o6naCTH 6 o nb

WHX nepe,IJ,aHHbiX HMnynbCOB H C,IJ,en aHbl 

BbiBO,!J,bl 0 TeH,IJ,eHD;HJIX H3MeHeHHJI 3TOrO 

nose,IJ,eHHJI C npO,!J,B~eHHeM B o6naCTb BCe 

6onee ManbiX paccTOJIHHH. Pa3BHT MeTO.IJ. 

KBapKOBOrO C<ieTa ,IJ,nJI HHKlli03HBHblX npo

ueccos. 

B HenoKanLHoii KBaHTosoii TeopHH nonH 

.u.ocTHrHyT nporpecc B H3y<ieHHH npo6n eMbi 

CHnbHOH CBJ13H. EcnH "pa3Ma3aTb" CHHry

nHpHOCTH ciJyHKD;~H pacnpOCTpaHeHHJI qac

THD; Ha CBeTOSb~ KOHyce /T.e. ,IJ,OnyCTHTb 

Ha O<ieHb KOpOTKHX HHTepsanax B03MO~-

• 

HOCTb ,!J,B~eHHJI CO CBepXCBeTOBbiMH CKO

pOCTJIMH/, TO MO~HO CTpOrO MaTeMaTH

qecKH .u.oKa3aTb, 'ITO: a/ pH.D. TeopHH soJ

My~eHHH CXO,!J,HTCJI, 6/ ceqeHHJI pacceJI

HHJI KOHe'IHbl, B/ MO~HO nony'IHTb aCHMn

TOTHKY Ce<ieHHH B o6naCTH 60nblliHX KOH

CTaHT CBJ13H. 3TO nepBbiH npHMep ,!J,OKa-

3aTenbCTBa Cy~eCTBOBaHHJI HeTpHBHanbHOH 

'leTbipexMepHOH penJITHBHCTCKOH TeOpHH 

nonJI. 

B KBaHTOBOH TeOpHH nonH HCCne,IJ,OBa

nHCb rny6oKoHeynpyrHe nenToH-a.u.poHHble 

npon;eCCbl. PaCCMOTpeHbl MO,IJ,enH CO cnoH

TaHHbiM HapymeHHeM CHMMeTpHH, KOTOpbie 

anbTepHaTHBHbl KBaHTOBOH XpOMO,!J,HHaMH

Ke. B <iaCTHOCTH, B HHX HapymaeTCJI D;BeT

HaJI CHMMeTpHJI, rmoOHbl CTaHOBJITCJI Mac

CHBHblMH 6naro.u.apJI MeXaHH3MY XHrrca, 

nOJIBnJIIOTCJI CHnbHO-B3aHMO,IJ,eHCTBYIO~He 

cKanHpHble qacTHD;bl. 

Ilpo.u.on~anHCb Hccne.u.osaHHJI clJH3HKH 

ManbiX paCCTOJIHHH B KBaHTOBOH TeOpHH 

nonH KBapKoB. 0.IJ.HHM H3 sa~HbiX peJynL

TaTos JIBHnocb .u.oKa3aTenLCTBO cnpase.u.

nHBOCTH napTOHHOH KapTHHbl ,IJ,nJI ynpyrHX 

npoueccos c 6onLmoH: nepe.u.aqeii HMnynL

ca Ha npHMepe clJopMciJaKTOpa nHOHa. IloKa-

3aHO, 'ITO KBapKOBble npaBHna C<ieTa ,IJ,O~

Hbl MO.IJ.HciJHUHpOBaTbCJI 3aBHCHMOCTblO 3clJ

ciJeKTHBHOrO 3apH,IJ,a H T .H . "aHOManbHbiX 

.Pa3MepHOCTeii" OT nepe,IJ,a'IH Q 
2 

. 3TH pe

JynbTaTbl HaXO,!J,JITCJI B COrnaCHH C ,!J,HC

nepCHOHHbiM aHanH30M 3KCnepHMeHTanb

HbiX ,IJ,aHHblX 0 clJopMciJaKTOpe nHOHa npH 

BpeMeHHnO,IJ,06HblX H npOCTpaHCTBeHHo-no

,IJ,06HbiX 3Ha<ieHHJIX nepe,IJ,aHHOrO HMnynLCa 

Q 2 , KOTOpblH yKa3biBaeT Ha HanH'IHe HynH 

clJopMciJaKTOpa B npOCTpaHCTBeHHO- nO,IJ,06-

HOB o6nacTH H OTKnoHeHHe acHMnTOTHKH 

OT KBapKOBblX npaBHn C<ieTa. 

Ilpo.u.on~anacb pa6oTa no nocTpoeHHJO 

KBaHTOBOH TeOpHH nOnJI B HMnynbCHOM 

npocTpaHCTBe noctOJIHHOH KPHBH3Hbl. ~a

Ha KBa3HnOTeHD;HanbHaJI clJopMynHpOBKa Ja

,IJ,a'IH .D.BYX Ten. IlpH 3TOM noKa3aHO, 'ITO 



• 

pg.n; noTeHuuanoa, KaK HanpuMep KynoHoa

CKHH, He HMeeT oco6eHHOCTeH. Kaa3u

noTeHuuanLHoe ypaaHeHHe perneHo B npu-

6nu)f(eHHH BhiCOKHX 3HeprHH, H c.n;enaH pH.D; 

npe.n;cKa3aHHH o noae.n;eHHH ceqeHHH H Ha

KnoHe .n;u<lJpaKUHOHHOrO KOHyca B TeOpHH 

C <iJyH.n;aMeHTaJihHOH .D;JIHHOH. 

IIonyqeHhl ypaaHeHHH .n;BH)f(eHHH .I(n.a: 

cKan.a:pHoro H cnuHopHoro noneif B qeThl

pexMepHoM HeeBKJIH.D;OBOM HMnynhCHOM 

npocTpaHCTBe. B HOBOM <iJopManH3Me aa)f(

HYJO pOJih HrpaeT "HMnynhC BaKyyMa". 

Haif.n;eHHhle ypaBHeHH.H OCTalOTC.H HHBapu

aHTHhiMH npH npOCTpaHCTBeHHOM OTpa)f(e

HHH B TOM cnyqae, KOr .n;a O.D;HOBpeMeHHO 

npeo6pa3yeTc.a: HMnynhc aaKyyMa. 

B KBaHTOBOH Teopuu non.a: c <iJyH.n;a

MeHTaJihHOH .D;JIHHOH paCCMOTpeHa KBap

KOBaH COCTaBHa.H MO.D;eJih Me30HOB. IJony

qeHO y.n;oaneTaopuTenhHOe onucaHue Mace 

BeKTOPHhlX Me30HOB. Macca KBapKa B .n;aH

HOH cxeMe coana.n;aeT c MaKCHManhHOH 

MaccoH: KBaHTa, .n;onycTHMOH B paccMaT

puaaeMoM no.n;xo.n;e, T .e. MaccoH: "MaKcu

MOHa": 

b3 M::: ___n_-= ..j ~- 300 T3B Poe CuF 

/G F - KOHCTaHTa cl>epMH/. 

Bee 6onLrne yKpenn.a:eTCH MHeHue, qTo 

npH paCCMOTpeHHH KBapKOBhlX MO.n;eneif Mhl 

CTaJIKHBaeMCH C npHHUHnHaJihHO HOBhiM .HB

neHHeM. C O.D;HOH CTOpOHhl, KBapKH B3aHMO

.n;eHCTBYlOT noqTH KaK CB060.D;Hhle TOqeq

Hhie o6beKThi, a c .n;pyroif cTopoHhi, no

BH.D;HMOMY, He Cyll.{eCTBYlOT B CB060.D;HOM 

COCTOHHHH. IJ03TOMY uenag cepHH pa60T 

6biJia nOCBHJJ..{eHa nonhiTKaM nOCTpOeHHH 

MO.n;eneif y.n;ep)f(aHH.H KBapKOB. K HHM 

OTHOCHTCH: 

a/ HenoKanLHoe y.n;ep)f(aHue", npe.n;-

nonaraJOJJ..{ee OTCYTCTBHe MHHMOH qaCTH 

KBapKoaoro nponaraTopa H n~ae.n;eHHe 

b. - 1 I p
2 

B o6nacTH 6onLrnHx P /TaKoe 
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B 0 3M0)f(H0 TOJihKO B HeJIOKaJihHOH TeOpHH/. 

6/ PenHTHBHCTCKa.a: "cTpyHa", CBH3hl

a a JOJJ..{aH KBapKH B a.n;poHax. 3.n;ech y.n;aeTc.a: 

n o nyqHTh p.a:.n; TOqHhlX perneHHH .D;Jl.H KOHeq

HOH H nony6ecKoHeqHo:H cTpyH c ToqeqHLI

M H MaCCaMH Ha KOHUaX H HCCJie.D;OBaTh 

c n eKTp COCTO.HHHH. 

~~ Y.n;ep)f(aHHe KBapKOB Ha OCHOBe 

K BaHTOBaHHOrO npOCTpaHCTBa, npHBO.D;Hil.{ee 

K CXeMe y.n;ep)f(aHH.H, BeChMa pO.D;CTBeHHOH 

T e opuu penHTHBHCTCKOH CTPYHhi. 

r/ IJonhlTKH HCnOJih30BaHH.H .D;JIH OnH

CaHHH KBapKOB HCKJliOqHTeJihHOH KBaHTOBOH 

M e XaHHKH Ha OKTaHHOHaX . 

.n;j liOHCKH .D;HHaMHqecKOrO y.n;ep)f(aHH.H 

nyT eM pacrnupeHu.a: rpynn uaeToaoH: CHM

M e TpHH. 

ej lf3yqeHHe COJIHTOHHhlX perneHHH, Ha 

KO T Ophie TaK)f(e B03naraJOTCH HeKOTOphie 

Ha,D;e)f(,D;hl no y.n;ep)f(aHHJO KBapKOB OT BhiJie

TaH H.H. 

11ccne.n;oaanach 3a.n;aqa o MHHHManhHOH 

noa epXHOCTH, OnHChiBaiOIUeH peJI.HTHBHCT

CKOe B3aHMO.D;eHCTBHe .D;BYX Mace. IloKa3a

HO , qTO B HepeJIHTHBHCTCKOM npe.n;ene 3a

.n;aq a CBO.D;HTC.H K MeXaHHKe .D;BYX Mace 

C OTeHUHaJIOM B3aHMO.D;eHCTBH.H, nponop

UH HaJihHhiM paCCTO.HHHIO Me)f(,D;y MaCCaMH. 

TaKue noTeHuuanhl rnupoKo o6cy)f(.n;aJOTCH 

B CB.H3H C npo6neMOH y.n;ep)f(aHH.H KBapKOB. 

B e.n;HHOH Teopuu non.a: /a n-MepHOM 

cnyqae/ oKa3anoch B03MO)f(HhlM anre6pau

qecKH Bhipa3HTh ypaBHeHH.H liopHa -J1H<iJenh

.n;a qepe3 TeH3op KpyqeHH.a:, 3a.n;aaaeMhlH 

ypaBHeHH.HMH 3HHlliTeHHa . 

YcTaHoaneHo, qTo ypaaHeHHH .n;BH)f(e

HHH ToqeqHOrO 3ap.a:.n;a B HCKpHBJieHHOM 

npO CTpaHCTBe- BpeMeHH .HBHO 3aBHC.HT OT 

KpHBH3Hhl MHpa, qTo He06XO.D;HMO .IJ;JI.H o6ec

neqe HHH KOH<iJopMHOH HHBapHaHTHOCTH 

ypaB HeHHH .D;BH)f(eHH.H. 

PaccMaTpuaanuch KnaccuqecKHe .n;uHa

Muqe cKue CHCTeMhl C KennepOBCKOH CHM

MeTp HeH. IIoKa3aHo, qTo ace OHH o6na.n;a

JOT KnaccoM 3aMKHYThiX TpaeKTopu:H. Pac-
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CMOTpeH sonpoc o6 o~HOM cnoco6e MHHH

ManLHoro HapyrneHH.II JTOH "cTporo:H" Ken

neposcKo:H CHMMeTpHH H noKa3aHO, 'ITO npH 

3TOM B03HHKaeT npeQeCCH.JI neperenH.JI. 

Ilpo~on:>KanocL uccne~osaHHe anre6p1>1 

HeorpaHH"'eHHhlX onepaTOpOB B KBaHTOBOH 

TeOpHH H KBaHTOBOH MeXaHHKe . lihinO n o 

Ka3aHO cymecTBOBaHHe paJnH"'HhiX Meano s 

B anre6pax HeorpaHH"'eHHhiX onepaTopo s 

H pa3pa6oTaHhl MeTO~hl nOCTpOeHH.JI TaKH X 

u~eanos. 

C nOMO!QhiO MeTO~a KOHTHHyanhHOr O 

HHTerpuposaHH.II no 6unoKanLHhlM noneBM M 

nepeMeHHMM uccne~osanach Mo~enh ~sy 

MepHo:H KBaHToso:H xpoMO~HHaMHKH. Ha:H~eH 

JtPtPeKTHBHhlH 6HnOKanbHhlH narpaH:>KHa H . 

IloKa3MBaeTC.!I, 'ITO ~HKBapKH B paCCMaT 

pHBaeM(lH MO~enH He MOryT Cyll\eCTBOBaTb 

B CB060~HOM COCTO.JIHHH. 

CaoHCTBa CHMMeTp HH 

3A8M8HTapHhlX qaCT HQ 

B paMKax Mo~enu pen.RTHBHCTCKoro 

"'eTMpexMepHoro rapMOHH"'ecKoro ocQun

n.RTopa HCCne~OBaHhl pen.RTHBHCTCKHe 3 tP

tlJeKThl B KBapKOBhlX COCTaBHhlX CHCTeMa X. 

PaccMoTpeHM pa~HaQHOHHhle nepexo~LI 

BeKTOpHhlX Me30HOB B nceB~OCKan.RpHbie. 

Pen.RTHBHCTCKHe JtPtPeKThl npo.RBHnHcL.o c o-

6eHHO CHnhHO B pa~HaQHOHHhlX nepexo~ax 
HOBhlX J/r/J -Me30HOB H npHBenH K Cyll\e CT

BeHHOMy ysenH"'eHHIO CMeiiiHBaHH.!I COCTO.!I

HHH o6M"'HMX H "oqaposaHHLix" KsapKo B . 

IlO~Be~eHhl HTOrH HCCne~OBaHH.JI QBe T" 

HhlX CTeneHeH CB060~hl B tPH3HKe a~pOHOB 

/pa~uaQHOHHMe pacna~LI MeJOHOB, e +e-
aHHHrHn.RQH.R, rny6oKoHeynpyroe pacc e .R

HHe nenToHos Ha HyKnoHax/. liLm c~enaH 

BhlBO~ 0 TOM, 'ITO K ~aHHOMY MOMeHTY HH 

O~HH H3 npoBe~eHHhlX 3KCnepHMeHTOB He 

pernaeT o~H03Ha"'HO sonpoc o TOM, Qen o

"'HcneHHoe unu ~po6Hoe JHa"'eHHe HMe eT 

3ap.ll~ KBapKOB, o6pa3yiOIQHX HyKnOH. 

• 

Ilpasuna cyMM ~n.11 CTPYKTYPHLIX na

paMeTpOB Me30HOB, BbiTeKaiOIQHe H3 an

re6pbl TOKOB H PCAC, paccMoTpeHLI c 

TO"'KH 3peHH.JI COCTaBHOH KBapKOBOH MO

~enH. IloKa3aHO, 'ITO Tpe6oBaHH.!I COBMe

CTHMOCTH npasun CYMM H ~HHaMH"'eCKOH 

runoTe Jhl npu6nu:>KeHHoro BLmonHeHH.II 

PCAC ~n.11 KOHCTaHT sJaHMO~e:HcTBH.R Ksap

KOB C nCeB~OCKan.RpHhlMH Me30HaMH npu

BO~HT K MO~enH KBapKOBhiX neTneBhlX ~Har

paMM ~n.!I Bhi"'HCneHH.JI 3neKTpOMarHHTHhiX 

pa~uycos H CTPYKTYPHMX KOHCTaHT nony

nenTOHHhlx pacna~OB nHOHOB H KaOHOB. 

Pa~uyc nHoHa <r 2 > = 0,34 (/JM 2 xoporno 
7T 

cornacyeTc.R c JKcnepuMeHTOM no H3Me-

peHHIO 3Toro napaMeTpa s npoQecce "e -
pacceHHH.II I <r; > =0,33±0,06 (/JM 'l. BM

"'HcneHHLie CTPYKTYPHLie KOHCTaHThi K -
Me30HOB TaK:>Ke y~OBneTBOpHTenhHO co

rnacyiOTC.JI c HMeiOIQHMHC.II ~aHHLIMH. OT

Me"'eHo, 'ITO npe~nono:>KeHHe o "rno6anh

Ho:H" ~yanLHOCTH KBapKOBhiX neTneBLIX 

~arpaMM COOTBeTCTBYIOIQHM HHTerpanh

HLIM npasunaM cyMM ~n.11 cneKTpanLHLix 

tPYHKQHH TOKOB npHBO~HT K TO"'HOMY "3a

HyneHHIO" aKcuanLHOH CTPYKTYPHOH KOH

CTaHThi B " -t e v y -pacna~e. Ilo~qepKu

saeTc.R oco6a.11 "'YBCTBHTenhHOCTh 3TOrO 

napaMeTpa K ~eTan.RM KBapKOBOH ~HHaMHKH 

s TeopeTHKO- noneBMX H tlJeHoMeHonoruqec

KHX COCTaBHhlX MO~en.RX Me 30HOB. 

Ha ocHose JKcnepuMeHTanLHMX ~aHHLIX 

no peaKQHH P+ P -+ 2" noKaJaHo, 'ITO Ja

p.!I~OBa.!I "'eTHOCTh CHCTeMhl pp HMeHHO Ta

Ka.JI, KaKa.!I cne~yeT H3 ypaBHeHH.JI ~H

paKa. 

Ceif:qac, no-sH~HMOMy, Mano coMHe

saromuxcH B TOM, 'ITO tPYH~aMeHTanhHbie 

nOn.!I - 3TO KBapKH H nenTOHhl /XOT.!I, nOKa 

He.JICHO, CKOnbKO HX, KaKOBhl KBaHTOBble 

"'HCna/, a tPYH~aMeHTanhHhie nepeHOC"'HKH 

B3aHMO~eHCTBH.!I - 3TO rHnOTeTH"'eCKHe 

rnroOHhl H BeKTOpHhle 6030Hhl /B "'aCTHO

CTH, tPOTOH H TH:>KenLie 3ap.R:>KeHHbie 6030-

Hhl/. B JaHMo~e:HcTBHe :>Ke ux cTpOHTCH 

TaK, "'T06bi KOHCTaHTa B3aHMO~eHCTBH.!I 



BhlnOnHHna 6bi O.D:HOBpeMeHHO H ponb co
xpaHHIOtnerOCH Japx.na, Hano.no6ue Toro 
KaK 3TO npOHCXO.D:HT B KBaHTOBOH JneKTpo
.D:HHaMHKe, T.e. Ha 6a3e rpa.nueHTHblX H 
cyneprpa.nueHTHhlX CHMMeTpHH. bbina yc
TaHOBneHa CBH3b Me)I(.LJ:Y nHHeHHOH H Henu
HeHHOH peanuJa.UHHMH cynepCHMMeTpHH Ha 
cynepnonxx. 3TH peJynhTaThl noneJHhl npu 
aHanuJe CTPYKTYPhi cnoHTaHHO HapyweHHhlX 
cynepCHMMeTpH'IHhlX TeopHH. 

Mccne.noaaHa o.nuoMepuaB Mo.nenh cy
neprpaauTauuu. B TaKoH: Mo.nenu HBHO npo
Cfle)f(HBaeTCB CBH3b C nO.D:XO.LJ:OM noKaflbHOH 
CynepCHMMeTpHH, BhlBBneHbl npH'IHHbl He-
3aMhlKaHHH anre6phl y JipHHKa, 3yMHHO 
H .npyrux, u nonyqeHa JaMKHyTaB anre6pa 
npeo6pa30BaHHH B nO.D:XO.D:e, OCHOBaHHOM 
Ha cynepToKe. Mccne.noaaHa BOJMO)f(HOCTb 
UCnOnb30BaHHB HCKfliO'IHTeflbHhlX rpynn KaK 
CUMMeTpuH: e.nuuhlx Teopuu cna6oro, 
JneKTpOMarHUTHOrO H CHflbHOrO B3aHMO· 
.neii:CTBHH. 

83aHMO,IJ;8HCTBHe 

3~8M8HTapHhlX qaCTHQ 

llpo.non)f(eHhl uccne.noaauuB no HJyqe
HUIO npoueCCOB pacceHHHB npH BhlCOKUX 
3Hepruxx Ha 6onbwue yrnhl B paMKax 
KBaJunoTeHUHanbHOrO nO.LJ:XO.LJ:a. Ha OCHOBe 
npe.nnono)f(eHUB o HanH'IHH c.naura $aJ Me)f(
.ny HJOTonuqecKUMH aMnnuTy.naMH rr N -
paccexHuB T312 u T 112 y.nanocb nony
'iUTb xopowee onucaHue 3KcnepuMeHTanb
HbiX .D:aHHbiX no TT ± p -pacceBHHIO U npo
ueccy nepe3apH.LJ:KH rr-p ->rr

0 n. lloKaJaHo, 
'ITO c.naur $aJ Me)I(.LJ:Y aMnnuTy.naMH MO)f(eT 
6biTb Bhl6paH paBHhlM 90 ~H nonyqeHO CO
OTHOWeHue Me)I(.LJ:Y Ce'leHHHMH pacceBHHB, 
KOTOpoe XOpOWO BhlnOnHBeTCH npu 3Hep· 
run - 5 T3B. 

llpo.non)f(anucb uccne.noaaHHB npouec
coa ynpyroro pacceHHHB npu BbiCOKUX 3Hep· 
ruxx Ha Manble yrnbi. lloKa3aHo, 'ITO rna.n-

• 
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KHe Ka·aJunoTeuuuanhl rayccoaa Tuna no
JBOnBroT nony'IHTb cTaTHCTH'IecKu y.noa-
neTBOpUTenbHOe onucauue JKcnepuMeH· 
TanbHhlX .D:aHHbiX no npOTOH·npOTOHHOMy 
pacc eHHHIO a o6nacTH E L ~10 T3B u it I< 

2 -
~1,0 (F3B/c).llpoae.neHhl uccne.noaaHHH no 
HCnOflb30BaHUIO nOTeHUHanOB IOKaBCKOrO 
Tun .nnB uccne.noaaHux npoueccoa c 6onh
WHMH nepe.na'laMH uMnynbca. lloKaJaHo, 
'ITO noTeH.uuanbi 3Toro Tuna noJBOnBIOT 
onuca Tb .naHHhle no .nu<P<llepeuuuanbHhlM ce
'leHHBM pacceBHHB a o6nacTH 3HepruH: ISR 
anno Tb .no nepe.naq it 1-10 (F3B/c) 2 

Pa3pa6aTbiBaeTcB MeTO.D: .nnB uaxo)f(.ne
Hux cneKTpa H pa.nuanbHhlX BOflHOBhlX cPYHK· 
uuH: KBaJunoTeH.uuanbHhlX ypaaueuuH:, co
cTaaneHa nporpaMMa .nnB HaXO)I(.LJ:eHHB pe
weHHH C na.naiOI..[\HMH HnH paCTYIUHMH 6ec • 
KOHe'IHO nOTeHUHanaMH. 

Mccne.noaancB aonpoc o ponu KBapKo· 
BbiX CTeneHeil cao6o.nhl npu onucaHuH 'H.nep
HbiX BBneHHH. llOCTpOeHa U .neTanbHO HJy
'leHa MO.D:enb 6·KBapKOBOH CUCTeMbl C KBaH· 
TOBbl MH 'IHCnaMU .neif:TpOHa, yKa3hJBalOI..[\aB 
Ha HeU36e)f(HOCTb nOBBneHUH KpOMe npuMe. 
CU U306apHbiX COCTOBHHH B .neif:TpOHe TaK· 
)f(e U KOMnOHeHThl CO "cKphlTbiM UBeTOM". 

llpo.non)f(eHhl uccne.noaauux no npouc
XO)I(.LJ:eHHIO H 06'bBCHeHHIO CBOHCTB He6eCHhlX 
Ten a OCHOBaHHH Bhl.D:BUHYTOH paHee ru
noTe 3hl o6 a.npoHHOH npupo.ne caepxnnoT· 
uoro .noranaKTH'IecKoro aetnecTaa. Iihm 
npe.LJ:flO)f(eH HOBhlH MeXaHH3M npOHCXO)f(· 
.D:eHUJI ranaKTU'IeCKUX MarHHTHhlX noneif: 
3a C'leT .D:UnOnbHOrO MarHHTHOrO MOMeHTa 
caepxTH)f(enoro a.npoHa, a pe3ynbTaTe pac
na.na KOToporo $opMupyeTcx ranaKTHKa. 

llp e.nno)f(eHHhlH paHee HOBbiH THn no· 
Teuuuana Janupauux KBapKOB, KOTOphlil npu
aen K npe.LJ:CKaJaHHIO cytneCTBOBaHHH BeK· 
TOpHoil qacTU.Uhl c MaccoH: 1100 M3B, 6hm 
npuMeHeH K Bbi'IHcneHulO cneKTpa Mace 
B036Y)I(.LJ:eHuil p-, w-H q)-MeJOHOB. Benu· 
'iUHbl Haif:.neHHhlX 3Ha'leHHH Mace 6nU3KH 
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K MaC CaM OTKphiThiX B 1977 ro,IJ.y BO <l>pac

KaTH HOBhiX BeKTOpHLIX pe30HaHCOB B o6-

naCTH HH:>Ke 2 T3B. Pe3ouaucuax CTPYKTy

pa B o6nacTH 1100 M3B HHTepnpeTHpyeT

cx KaK COBMeCTHLIH BKna,IJ. pa,IJ.HanhHOrO 

B036y:>K,IJ.eHHH p -Me30Ha (p ' ) C MaCCOH 

1106 M3B H pa,IJ.HanLHoro B036Y:>K.IJ.eHHH 

uJ- Me3oHa (w )c Mac coil 1120 M3B. 

B KHpanLHOH TeopHH Bhi'·IHcneHLI pa

,!J.HaUHOHHLie pacna,IJ.hl rrMe30Ha, H HaH

,IJ.eHO TeopeTH'IeCKOe 06'hHCHeHHe no,IJ.aB

neHHH pacna,IJ.a ., .... 77+77- Y no cpaaueHHlO 

c pacna,IJ.oM ry->2 y. BLI'IHcneHLI TaK:>Ke pac

na,IJ.LI HOBLIX "oqapoaaHHLIX" 'laCTHU, npo 

Be,IJ.eHLI ,!J.OnOnHHTenhHLie HCCne,IJ.OBaHHH 34J-

4JeKTa aHoManLHoro noae,IJ.eHHH nonxpH 

JyeMOCTH nHOHa, nO,!J.TBep,IJ.HBWHe paHe e 

nony'leHH.Lie pe3ynLTaTLI. 

fipe,IJ.nO:>KeHa MHOrOKOMnOHeHTHaH MO 

,IJ.enh ,IJ.nH OnHCaHHH nonyHHKni03HBHhiX pe 

aKUHH npH 6onhWHX nonepe'IHhiX HMnynh 

cax 'laCTHULI-TpHrrepa. llpe,IJ.cKa3aHo cy 

~ecTaoaaHHe 3aKoHa no,IJ.o6HH nonyHHKnro -

3HBHoro pacnpe,IJ.eneHHH. llpe,IJ.cKa3aHHe no

ny'IHnO nO,!J.TBep:>K,IJ.eHHe B 3KCnepHMeHTax , 

BhlnOnHeHHLIX Ha 2-MeTpOBOH H 1-MeTpo 

BhiX ny3LIPLKOBLIX KaMepax OlUH:I. )];a u 

aHanH3 3aKOHa nO,IJ.06HH ,IJ.nH nonyHHKni03HB 

HhiX MHO:>KeCTBeHHhiX peaKUHH C TO'IKH ~pe 

HHH ero HenpOTHBOpe'IHBOCTH KBaHTOBOH 

TeopHH nonx. OueHHBanHCh nonpaBKH K 

aBTOMO,IJ.enhHOMY peWeHHIO ypaBHeHHH p e 

HOpMrpynnLI, KOTOphle npHBenH K yKa3aHHIO 

Ha Ba:>KHOCTh HCCne,IJ.OBaHHH OTHOWeHH H 

.5..!!_~22__ 
D (p) 

3TO OTHOWeHHe HCCne,IJ.OBanOCh 

3KCnepHMeHTanLHO H npHBeno K BLIBO.IJ.Y 

0 ManOCTH /B YCKOpHTenhHOM HHTepaane 

3HeprHH/ OTKnOHeHHH OT nonyHHKni03HB

HOrO 3aKOHa nO,IJ.06HH. llpoBe,IJ.eH aHan H3 

MHO:>KeCTBeHHhiX ,JlaCnpe,IJ.eneHHH, KOppen H-

0 

UHOHHhiX MOMeHTOB, 3apH,!J.OBO- HeHTpanh

HLIX KOppenHUHH, KOppenHUHH no MHO:>KeCT

BeHHOCTH Bnepe,IJ.- Ha3a,IJ. C TO'IKH 3peHH11 

npe,IJ.CKa3aHHH MO,IJ.enH ,!J.BYX MeXaHH3MOB, 

npe,IJ.no:>KeHHOH TeopeTHKaMH nT<I>. AHanH3 

noKaJan xopowee cornacHe 3THX npe,IJ.cKa-

3aHHH C 3KCnepHMeHTOM B o6naCTH 3HeprHH 

.IJ.O 2000 F3B, 'ITO no,IJ.TBep:>K,IJ.aeT rHnoTe-

3y 0 MHOrOKOMnOHeHTHOM xapaKTepe H 

KnacTepHOH cTpyKType MHO:>KecTBeHHLix 

npoueccoa. 

Ha ocuoae MeTO,IJ.a ,!J.HCnepCHOHHLIX 

COOTHOWeHHH npe,IJ.nO:>KeHa MO,IJ.enh aMnnH

Ty,IJ. a,IJ.pou-a,IJ.pouuoro pacceHHHH anepe.IJ., 

KOTOpaH n03BOnHeT ,IJ.enaTh npe,IJ.CKa3aHHH 

0 pOCTe nonHLIX Ce'leHHH ,!J.O 3HeprHH 40-

50 T3B. 3TH nporH03hi aa:>KHLI ,IJ.nH nnaHH

poaaHHH 3KCnepHMeHTOB Ha yCKOpHTenHX 

6y.IJ.y~ero /uanpHMep, YHK B Cepnyxoae/. 

B pa3HOCTHX :>Ke ce'leHHH qacTHU H aHTH

qacTHU MO,IJ.enh ,IJ.aeT 'leTKHe yKa3aHH11 Ha 

KBapKoayro CTPYKTYPY a,IJ.pOHOB. 

llpo,IJ.on:>KanocL pa3BHTHe H,IJ.eH o llJnyK

TyauHxx nnoTHOCTH H,IJ.epuoro ae~ecTBa . 

Ha OCHOBe KBaHTOBo-napTOHHOH MO,IJ.enH 

4JnyKTOHOB 6LinO ,IJ.aHO Ka'leCTBeHHOe 06'hHC

HeHHe nOnHpH3aUHH B KyMynHTHBHhiX npo

ueccax H npoueccax c 6onLWHMH p~ . TeM 
CaMhiM nony'leHO e~e O,!J.HO ,!J.OKa3aTenhCTBO 

B nonh3Y Cy~eCTBOBaHHH llJnyKTOHOB. 

• fipOBe,IJ.eHO Bhi'IHCneHHe pa,IJ.Ha:QHOHHLIX 

nonpaaoK K rny6oKoueynpyroMy p.- P - pac

CeHHHIO. 3TH paC'IeTLI BhlnOnHHnHCh B CBH-

3H C MIOOHHLIM 3KCnepHMeHTOM 011.Hl1-

I.J.EPH. B CBH3H c B03MO:>KHLIMH 3KcnepH

MeHTaMH no noHcKy P-He'leTHLIX 34!4leKTOB 

,IJ.eTanhHO paCC'IHTaH Ha OCHOBe napTOHHOH 

MO,IJ.enH BKna,IJ. ,IJ.ByXllJOTOHHOrO 06MeHa. 

bhinH paCCMOTpeHhl BOnpOChl 3KCnepHMeH

TanbHOH npOBepKH B036y:>K,IJ.eHH11 UBeTHhiX 

CTeneHeH CB060,IJ.hl a,IJ.pOHOB B peaKUHHX 

rny60KOHeynpyroro p.N-a3aHMO,IJ.eHCTBH11 

H 06pa30BaHH11 MHOrOMIOOHHhiX KOHe'IHhiX 

COCTOHHHH. 0TMe'leHa Ba:>KHOCTh pa3,IJ.ene-



HHH Ha6nroAaeMoro ceqeHHH o6pa3oBaHHH 
AHMIDOHHOrO COCTOHHHH Ha npOAOnbHYID H 
nonepeqHyro qacTb AnH npoaepKH o6paJo
aaHHH D;BeTHLIX MaCCHBHLIX 3apH)I(eHHLIX 
rnroOHOB, a TaK)I(e AnH HJyqeHHH AHHaMH
qecKoro npOHBneHHH HOBOrO MaCWTa6a 
Mace, CBH3aHHOrO C B036Y)I(AeHHeM HOBLIX 
TH)I(enLix KBapKoB. IIpeAnO)I(eHo JKcnep~
MeHTanbHO uccneAoBaTb aonpoc o ueno
qucneHHOCTH 3apHAa KBapKOB B OnLITaX no 
rny6oKoHeynpyroMy pacceHHHID, AnH qero 
He06XOAHMO HJyqaTb rny60KOHeynpyroe 
TOPM03Hoe HJnyqeHHe. IIpeAnO)I(eH Mexa
HH3M nOAaBneHHH p - HeqeTHLIX J4J4JeKTOB 
B T H)l(enLix a To Max. B CBH 3H c OH..HH
U.E PH- JKcnepHMeHTOM AeTanbHO paccMoT
peHLI P-HeqeTHLie 3414leKTLI B rny6oKoHe
ynpyroM pacceHHHH. 

C4JopMynupoaaHa penHTHBHCTCKaH AH
HaMuqecKaH MOAenb 4JaKTOpH3YIDIUHXCH 
KBapKOB, KOTOpaH KOnHqeCTBeHHO XOpOWO 
OnHCLIBaeT ynpyroe pacceHHHe aApOHOB Ha 
6onbwue yrnLI. IIonyqeHHOe B MOAenu BLI
pa)l(eHHe AnH acuMnTOTHKH ynpyroro 4JopM-
4JaKTOpa npOTOHa onpeAenHeT npaBHnbHOe 
noporoaoe noBeAeHHe cTpyKTYPHOH lbYHK
UHH, xopowo cornacyroiUeecH c JKcnepu
MeHTanbHLIMH AaHHLIMH no rny6oKOHeynpy
roMy e p -pacceHHHID. TaKHM o6pa30M, 
B MOAenH BLinOnHHeTCH COOTHOWeHHe )],pen
na- ..HHa- BecTa, CBH3LIBaiDIUee ynpyrue H 
Heynpyrue 4JopM4JaKTOpLI npOTOHa. )l,pyrHM 
Ba)I(HLIM peJynbTaTOM MOAenH HBnHeTCH TOT 
lilaKT, qTo nonyqeHHoe B Heil ceqeHHe pac
CeHHHH KBapKa Ha KBapKe npHBOAHT K xo
poweMy OnHCaHHID 3KCnepHMeHTanbHO 
Ha6nroAaeMoro pacnpeAeneHHH rr-Me30HOB 
no 60nbWHM nonepeqHLIM HMnynbCaM B HH
KniD3HBHOH peaKUHH p p -+rr 0 X . 

)l,eTanbHO HJyqeHa npo6neMa cMewuaa
HHH nenTOHOB. HccneAOBaHLI ocuunnHUHH 
HeHTpHHO H pacnaALI /1 -> e y H /1 -+ 3 e 
IIoKaJaHo, qTo aepoHTHOCTH JTHX pacnaAOB 
B TeOpHH CO CMeWHBaHHeM nenTOHOB MOryT 
6biTb 6nH3KHMH K 3KCnepHMeHTanbHLIM 
BepXHHM rpaHHD;aM. 

• 
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BbiqucneHLI ace ypoBHH JHeprHH 11 -
MeJoMoneKyn HJOTonoa BOAOPOAa. B MeJo
Mon eKyne d t11 o6Hapy)l(eHo cna6ocBH3aH
Hoe COCTOHHHe C 3HeprHeH CBH3H - 1 3B. 

BbiqucneHLI cKopocTH peJoHaHCHoro 
o6pa3oBaHHH 11 -MoneKyn dd11 H dt 11 .Bcny
qae d d 11 -MoneKyn AOCTHrHyTo xopowee 
cor na,cue c peJynbTaTaMH JKcnepHMeHTOB. 

CTpyKTypa 

aTOMHOf'O H,Lipa 

)l,anbHeilwee pa3BHTHe nonyquno nony
MHKpocKonuqecKoe onucaHHe CTPYKTYPLI 
c4Je puqecKHX H Ae4JopMHpOBaHHbiX HAep B 
wup oKoil o6nacTH JHeprHH B036Y)I(AeHHH. 
C4JopMynupoaaHLI ocHOBHLie nono)l(eHHH 
KBaJHqacTHqHo-4JoHOHHOH MOAenH, :P paM
KaX KOTOpOH HJyqanHCb MynbTHnOnbHLie 
ruraHTCKHe pe 30HaHCLI B c4JepuqecKHX 
HApa x. )l,o CHX nop ruraHTCKHe MynbTH
nonhHble pe30HaHCLI B CnO)I(HLIX HApax BLI
qucn HnHCb B OAH04JOHOHHOM npH6nH)I(eHHH. 
B Ta KoM npu6nH)I(eHHH JHepreTuqecKoe no
nO)I(eHHe pe30HaHCOB OnHCLIBanOCb rpy6o, 
a HX WHpHHbl npaBHnbHO onHCaTb B006IUe 
He YAaaanocb. B nocneAHHe rOAbl YAanocb 
paJBHTb ABYxlboHoHHoe npu6nH)I(eHHe AnH 
HCCn eAOBaHHH rHraHTCKHX pe30HaHCOB B 
c4JepuqecKHX HApax H nOAOHTH K OnHCaHHID 
WHp H ruraHTCKHX AHnOnbHbiX H KBaApy
nonbHbiX peJoHaHcoa. HaqaTo HJyqeHHe 
BnHHHHH XBOCTa rHraHTCKOrO AHnOnbHOrO 
peJOHaHCa Ha paAHaUHOHHble WHpHHbl HeHT
pOHH IX pe30HaHCOB B c4JepuqeCKHX HApax. 
IIoKaJaHo, qTo CTPYKTYPHLie oco6eHHOCTH 
El - pe30HaHca B paHOHe 3HeprHH CBH3H 
HeHTp OHa OKa3biBaiDT oqeHb CHnbHOe BnHH
HHe Ha napuuanbHble apeMeHa )I(HJHH HeiiT
POHHbiX pe30HaHCOB OTHOCHTenbHO y -pac
naAa. IIonyqeHo xopowee onucaHHe nap
uuanbHbiX cunoaLix lilYHKUHH AnH El - nepe
XOAOB H3 OCHOBHbiX COCTOHHHH qeTHo-qeT
HbiX HAep. 
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)J.JUI )J,e$opMHpOBaHHbiX .H)J,ep fibinH H3 y 

tJeHbl OCHOBHble 3aKOHOMepHOCTH $parMeH 

TaUHH O)J,HOKBa3H'IaCTH'IHbiX COCTO.HHHif. 

lloKa3ano, 'ITO BO MHorux cnytJa.Hx $par ~ 

MeHTaUH.H HMeeT OTKnOHeHHe OT nopeHuen 

CKOrO pacnpe)J.enenu.H. 

llpoBe)J,eHbl HCCne)J,OBaHH.H ruraHTCKE.X 

3neKTpuqecKux pe3oHancoB BbiCOKOH MYnb 

TunonbHOCTH B )J.e$opMHpOBaHHbiX .H)J,pax . 

lloKa3ano, 'ITO c yBenutJeHueM MynbTH 

nonbHOCTH o6naCTb nOKanu3aUHH pe30HaH 

COB pacwup.HeTcH. PacctJuTaHbi cetJeHH H 

B036y:lK)J,eHH.H ruraHTCKHX pe30HaHCOB B 

peaKUH.HX pacce.HHH.H 3neKTpOHOB H 6biC T 

pbiX npOTOHOB. llpO)J,OJI:lKanHCb pa60Tbl fl O 

HCCne)J,OBaHHIO CBOHCTB HH3KOne:lKaiUHX CO 

CTO.HHHH• cnO:lKHbiX .H)J,ep, B 'laCTHOCTH B3an 

MO)J,eHCTBH.H B KaHane qacTuua- qacTuu a 

H cneKTpOCKOllH'IeCKHX $aKTOpOB B peaK 

UH.HX O)J,HOHyKnOHHbiX nepe)J.a'l, 3$$eKTOB 

aHrapMOHH'IHOCTH H OCOfieHHOCTeH onu 

CaHH.H cpe)J.Hero nonH. 

B coTPYJJ.HHtJecTBe c U.lfJilf ;r )J. P I 
HHTeHCHBHO HaKannuBaiOTC.H H CHCTeMa T H -

3HPYIOTC.H )J,aHHbie 06 H30MepHH $opM bl 

BpaiUaiOIUHXCH HJJ.ep. CocyiUeCTBOBanue c o 

CTOHHHH C pa3HOH $opMOH B cneKTpe O)J,H O 

ro u Toro :lKe nepexo)J,noro .HJJ.pa JJ.OKa3aH o 

nyTeM conocTaBneHH.H pactJeToB 3Hepruu 

ypOBHeH C 3KCnepHMeHTOM B fiOnbWOM 'IHC

ne cnyqaeB. 3KcnepuMeHTanbHaH npoBepKa 

npe)J.CKa3aHHH, )J,aHHbiX Ha OCHOBe Teopu u, 

llO)J,TBep)J.Hna ee npaBHnbHOCTb. 

Pa3pa6oTaHa MHKpOCKOllH'IeCKa.H M O

)J,enb cneKTpa HJJ.ep npu 6onbwux yrnOBbiX 

MOMeHTaX. lloKa3aHa B03MO:lKHOCTb onuc a

HH.H C ee llOMOIUbiO npOCTeHWHX $H3H'IeCK HX 

cuTyauu:H. ITonytJeHbi nepBbie qucneHHbie 

pe3ynbTaTbl npu peanHCTH'IeCKHX 3HatJe

HH.HX napaMeTpO~ onpe)J,en.HIOIUHX raMHn b

TOHHaH .H)J,pa. 

• 

TeopH.H 

.H~epHbiX peaKQHH 

Ha ocHoBe cenapa6enu3auuu B3auMo

)J,eHCTBH.H nonytJeHbl HOBbie ypaBHeHH.H )J,nH 

OllHCaHH.H B3aHMO)J,eHCTBH.H TT - Me30HOB C 

nerKHMH HJJ.paMu, nyneBoe npu6nu:lKeHue 

KOTOpbiX COOTBeTCTByeT pacceHHHIO llHOHOB 

Ha $HKCHpOBaHHbiX uenTpax. llpe)J.nO:lKeHO 

MoneKynHpHoe TpexTenbnoe onucaHue HJJ.pa 

g Be Ha OCHOBe TO'IHbiX JJ.BYXUeHTpOBbiX 

$yHKUHH. qucneHHbiH pactJeT B nepBOM 

npu6nu:lKeHHH )],an cornacyiOIUeecH c 3K

cnepuMeHTanbHbiM 3HatJeHue 3Hepruu CBH-

3H nepBbiX JJ.BYX COCTO.HHHH. 

ITpe)J,no:lKeH MeTOJJ. ytJeTa o6onotJetJHOH 

CTPYKTypbl npoMe:lKyTO'IHOrO COCTOHHHH npu 

CTOnKHOBeHHH T H:lKenbiX HOHOB. Ha ero 

OCHOBe 06'bHCHeHbl KatJeCTBeHHbie xapaK

TepHCTHKH 3apH)J.OBbiX pacnpe)J,eneHHH npo

JJ.YKTOB peaKuuu. B pe3ynbTaTe pactJeTa 

BbiHCHeHO BnHHHHe B036y:lK)J,eHHH KOnneK

THBHbiX COCTOHHHH BO BXO)J,HOM KaHane Ha 

CetJeHHe peaKUHH nonnoro CnHHHHH H yn

pyroro pacceHHHH , OHO oueHuBaeTcH npu

MepHo B 300/o. 

YcnewHo pa3BHBaeTCH HOBOe HanpaB

neHue B HJJ.epHo:H Teopuu - H)J.epHaH TeopuH 

nonH. C llOMOIUbiO $yHKUHOHanbHOrO HH

TerpupoBaHHH BnepBble nonytJeH raMHnb

TOHHaH B )J,aHHOM llO)J,XO)J,e H )J,aHO 060CHO

BaHue )J,nH rpa$utJeCKHX npaBun Teopuu 

B03MyiUeHHH. TeopuH npuMeHeHa K onuca

HHIO aHOManbHbiX Q+ COCTOHHHH B H)J.pax, 

u noKa3aHo, _ 'ITO y:lKe nepBoe npu6nu:lKeHue 

no Teopuu B03MYIUeHu:H )J,aeT xopowue pe-

3ynbTaTbi. 

B o6naCTH $H3HKH T H:lKenbiX HOHUB 

C$OpMynupoBaHa MO)J,enb CnHHHHH H)J,ep, 

KOTOpaH ll03BOnuna CHCTeMaTH3HpOBaTb 

3KcnepuMeHTanbHbie )J.aHHbie. Ha ocHoBe 
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TeOpHH ITHHeHHOrO OTKITHKa npeAITO)I(eHa 

AHHaMH'IecxaH MOAenL npoueccoB rny6o

KOHeynpyrHX CTOITKHOBeHHH TH)I(eiThlX HO

HOB, n03BOITHBIJiaH eAHHbiM o6pa30M OnH

CaTb xapaKTepHCTHKH KaK peaKUHH rny-

60KOHeynpyrHX nepeAa'-1, TaK H npoueccoB 

KBa3HAeneHHH. 

B o6naCTH <iJH3HKH npoMe)l(yTO'IHbiX 

:meprHH: noxaJaHo, 'ITO B npoueccax paAHa

UHOHHoro 3aXBaTa nHOHOB nerKHMH HApaMH 

AOMHHHPYIOIUYIO ponL HrpaiOT KOnneKTHB

HLie COCTOHHHH HApa THna rHraHTCKHX pe-

30HaHCOB. Ha ocHoBe pe3oHaHcHoro xa

paKTepa npouecca yAanocL o6bHCHHTL 

rpocc- cTpyKTYPY cneKTpOB Bo36Y)I(AeHH!! 

HAep H npeACKa3aTb KBaHTOBbie 'IHCna pe-

30HaHCOB H Hx CTPYKTypy. lloxaJaHo, 'ITO 

BKnaA B 3TOT npouecc KaHana npHMoro 

MeXaHH3Ma 3aXBaTa nHOHOB COCTaBnHeT 

He 6onee '100/o. 

B o6nacTH HAepHoH: <iJH3HKH BLICOKHX 

3HeprHH npoBeAeHhl COnOCTaBneHHH C 

HMeiOIUHMHCH 3KCnepHMeHTanLHbiMH AaH

HbiMH npeACKa3aHHH KaCKaAHOH MOAenH He

ynpyroro B3aHMOAeiicTBHH ABYX HAep. Mo

AenL nocny)I(Hna OCHOBOH aHanH3a 3Kcne

PHMeHTOB no nOHCKY YAapHbiX BOITH, n03BO

nHna oueHHTL nnoTHOCTH HAepHoro BeiUecT

Ba, peanH3YIOIUHeCH npH UeHTpanLHbiX 

CTOITKHOBeHHHX HAep, H npocneAHTb npo

CTpaHCTBeHHO-BpeMeHHYIO 3BOITIOUHIO 30H 

C)l(aTHH. lloKa3aHO, 'ITO Bhl60p MeXaHH3Ma 

aApOH- HAepHOrO B3aHMOAeHCTBHH, CBH3aH

HOrO C o6pa30BaHHeM 6apHOHHbi:A KnaCTe

pOB, BeCbMa CHITbHO BITHHeT Ha yrnOBhle 

H 3HepreTH'IeCKHe pacnpeAeneHHH BTOpH'I

HbiX 'laCTHU B TaKHX peaKUHHX. 

ilpOAOIT)I(ana pa3BHBaTbCH HAeH 0 B03-

MO)I(HOM CYIUeCTBOBaHHH <iJnyKTOHOB B HA

pax .B CBH3H c aHanHJOM xyMynHTHBHhlX 

peaxuHH: H HAepHoro pacceHHHH 3neKTpo

HOB C O'leH.L 6onbiJIHMH nepeAa'laMH HM-
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n y nLca. YcTaHoBneHo, 'ITO <iJnyKTOHLI - 3TO 

M HOro6apHOHHhle COCTOHHHH B HApax, npo

HB ITHIOIUHe ce6H Ha ManLIX paCCTOHHHHX H 

o6ycnaBnHBaiOIUHe npHpOAY xopa cHn HYK

noH-HYKITOHHOrO B3aHMOAeHCTBHH. 

TeopH.H 

KOH~8HCHpOB3HHOrO 

COCTO.HHH.H 

B 3TOH o6nacTH 6LmH npoAOIT)I(eHhl 

pa6 0Tbl no HCCITeAOBaHHIO CTOXaCTH'IeC

KHX npoueCCOB B AHHaMH'IeCKHX CHCTeMaX. 

0HH OTKphlBaiOT UIHpOKHe B03MO)I(HOCTH 

AITH nony'leHHH H KOITH'IeCTBeHHOrO aHanH3a 

KHH eTH'IeCKHX ypaBHeHHH, OnHChlBaiOIUHX 

3BOITIOUHIO AHHaMH'IeCKHX CHCTeM. 

bbinH BhlnOnHeHhl HCCITeAOBaHHH, Tec

HO CBH3aHHbie C 3KCnepHMeHTanLHhl\iH pa-

6oTa MH, BeAYIUHMHCH B JIH<l>: aHanH3 Me-

XaHH 3MOB 

HeHT pOHOB; 

pac c eHHHH 

HarpeBaHHH ynLTpaxonOAHhlX 

HCCneAOBaHHH oco6eHHOCTeH 

HeHTpOHOB COeAHHeHHHMH C 

pa3n H'IHLIMH MarHHTHhlMH CTPYKTypaMH H 

MOne KynHpHbiMH KpHCTannaMH CO CITO)I(HOH 

3ne M eHTapHOH H'leHKOH, MeTannaMH H KpH

CTan naMH, npeTepneBaiOIUHMH CTPYKTyp

HLie <iJaJoBLie npeBpaiUeHHH. Ha'laThl pac

'leTLI no HHTepnpeTaUHH CneKTpOB Heyn

pyro ro pacceHHHH HeHTpOHOB BOAOPOACO

Aep)l(aiUHMH coeAHHeHHHMH. TeopeTH'Iec

KHe paC'IeTLI npOBOAHITHCb C y'leTOM H TeX 

B03 M 0)1(H0CTeH, KOTOphle nnaHHpyiOTCH B 

3Kcne pHMeHTax Ha H.E P- 2. AHanH3 AaH

HbiX IIO AH<iJpaKUHH MeAneHHhlX 3neKTpOHOB 

CHCT e MaMH "BOAOPOA Ha BOnL<iJpaMe" H 

"oKHC L yrnepoAa Ha HHKene" no3BOnHn 

CAena Tb BhlBOA, 'ITO B HHX HMeeT MeCTO 

AByM e pHbiH 4Ja30BhlH nepeXOA BTOporo po

Aa. 

B paMKaX TpaAHUHOHHOH TeMaTHKH HC

cneAOBaHHH CTPYKTYPHhlX 4Ja30BLIX nepe

XOAOB 3BBepUieHO paCCMOTpeHHe <iJnyKTya

UHOHHbiX 3<P<iJeKTOB B BH6pOHHOH MOAenH 
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cerHeT03J1eKTpHKOB, 3clxlJeKTOB CaMOCOr 

nacoBaHHoro ~OHOHHoro nonB H npoaHanu -

3HpOBaHM ycnoBHB B03HHKHOBeHHB cTpyx 

TypHoro ~a3oBoro nepexo,D,a B o6o6~eH 

HOH MO,D,eJ1H ,lJ.HKKe, OnHCblBaiO~eH B3aHMO

,D,eHCTBHe CBeTa C Be~eCTBOM, C HeCKOJlh

KHMH KOJ1e6a TeJlhHMMH CTeneHBMH CB060-

.IJ.hl. Ha<~aTM Hccne,D,oBaHHB no .D.HHaMHKe 

perneTKH C npHMeCBMH H ~a30BOMY nepe

XO.D.Y B cerHeTOMarHeTHKaX. 

llpoBe,D,eHM liCCJle,D,OBaHHJI no TeOpH H 

CHCTeM THna fiHHapHbiX CnJlaBOB H Mar 

HeTHKOB. llpoaHaJ1H3HpOBaHM TeMnepa 

TypHaB 3aBHCHMOCTh rpa,D,HeHTa 3J1eKT 

pH<ieCKOrO nOJ1B B CnJlaBaX, BJ1HJIHHe 3J1eKT 

poH-3J1eKTpOHHMX KOppeJIBUHH B HeynopB 

,D,O<ieHHMX fiHHapHMX CnJlaBaX Ha ycpe,D, 

HeHHhie .no KOH~HrypaUHJIM nOJ1Hhie H nap 

UHaJlhHhie nJIOTHOCTH COCTOBHHH. BM<IHC 

JleHhl 3clxlJeKTHBHMe HaMarHH<ieHHOCTh H 

BOCnpHHM<iHBOCTh, a TaK~e H3y<ieHa BO J 

MO~HOCTh ~eppoMarHHTHOrO ynopB,D,O<ie 

HHB B 3THX COe,D,HHeHHJIX. llpoaHaJ1H3Hpo 

BaHbl paBHOBeCHMe xapaKTepHCTHKH Mar 

HeTHKOB C Hereif3eH6eprOBCKHM o6MeHOM, 

:-

• 

aMOp~HMX MarHeTHKOB H CnHHOBMX CTe

KOJ1. llpO,D,O~eHbl HCCJle,D,OBaHHB pa3J1Hq

HhlX MeXaHH3MOB .IJ.HclxlJy3HH B MOHOKpHCTaJ1-

J1aX H CnJlaBaX H B03MO~HOCTeH HX H,D,eH

TH~HKaUHH B HeHTpOHHMX 3KCnepHMeHTaX, 

a TaK~e no o6o6~eHHMM MarHHTHMM CHM

MeTpHBM npHMeHHTeJlhHO K H,D,eHTH~HKa

UHH peanhHMX CTPYKTYP MarHeTHKOB 

/UBeTHMe rpynnM, ,D,HHaMH<ieCKHe CHMMeT

pHH/. 

~YH,D,aMeHTaJlhHaB npo6J1eMaTHKa CTa

THCTH<ieCKOH MeXaHHKH Harnna OTpa~eHHe 

B pa6oTax no H3y<~eHHIO MO,D,enu c Henonu

HOMHanhHMM B3aHMO,D,eHCTBHeM, HCnOJlh-

30BaHHIO MeTo,D,a nepeBana .D.JIB YTO<~He

HHB OUeHOK aCHMnTOTH<ieCKOH 6J1H30CTH 

CB060,D,HMX 3HeprHH B CnHHOBMX MO,D,eJ1HX, 

HCCJle,D,OBaHHIO MO,D,eJleH C Cy~eCTBeHHO 

CHHrynBpHMMH nOTeHUHaJlaMH, pa3BHTHIO 

HOBOrO aHaJ1HTH<ieCKOrO nO,D,XO,D,a B TeOpHH 

cnyqaifHMX 6ny~,D,aHHH 6e 3 caMonepeceqe

HHH ,D,J1H pa3J1H<IHMX ,D,ByMepHbiX perneTOK. 

llony<~eHM nepcneKTHBHMe pe3yJ1hTaTM no 

qacTHUeno,D,o6HMM I conHTOHHhiM/ cocTOH

HHBM B CHCTeMaX C 3KCHTOH-~OHOHHMM H 

3J1eKTpOH-~OHOHHMM B3aHMO,D,eHCTBHHMH. 



Y'leHI>IMU o•oeAa 11eopuu 3Ae.MeHIIapHI>IX ,.ac•u~ no
Ay'leHI>I HOBble pe3YAI>IIallbl npu UCCAe006aHUU CJie· 
neHHI>IX aemoMoOeAI>HI>IX acuMnmomuK u cpaeHeHuu 
UX C 3KCnepu.MeHmaAI>HI>IMU OaHHI>IMU 6 06AaCmU 61>1" 
COKUX 3Hepzuii. Ha CHUMKe: o6CyJICOeHue pe3yAbma
moe y oupeKmopa .Jla6opamopuu 'IAeHa- KoppecnoHOeH
ma AKaOe.Muu HayK CCCP ~.H.EAoxuH~eea. Coo6Uie
Hue oeAaem cmapwuii Hay'IHI>lii compyOHUK C .ll.KyAe
woe. 

'-- --------

BaJKH I>Ie uccAeooeaHUJJ e o6Aacmupa3eumuJJ npeocmae
AeHuii o cmpyKmype amoMHI>IX JJOep u meopuu JJOepHI>IX 
peaK~uii eeoymcJJ e omoeAe meopuu JJOpa. Ha cHUMKe: 
ce.MuHap omoeAa, pyKoeoouMI>Iii nporjJeccopoM B.T.Co
Aoe~oeei>JM. B1>1cmynaem nporjJeccop B.M. CmpymuHCKuii 
/HHcm umym JJOepHI>IX UCCAeooeaHuii AKaOe.MUU HayK 
YCCP/ . 



OOHUM u~ eaJKHbiX Hay'IHbiX tjopy,woe, opzaHu3oea H
HbiX 06'beOuHeHHbiM uHcmumymoM .110epHbiX uccAeoo
eaHuii, 6biA MexOyHapoOHbiU CUMn03UYM no U36pa H
HbiM eonpocaM cmamucmu'leCICOU MexaHuKu, Komop biU 
cocmo.IIAC.II e anpeA e 1977 zooa e J{y6He. BuOHble 
y'leHble HHcmumyma u p.110a Hay'IHbiX 14eHmpoe cmp aH
y'lacmHUII, a maKxe ClllA, EeAbzuu, <I>PT, HmaAuu 
U OpyZUX cmpaH, 603ZAG6A.IIIOU4Ue HGY'IHble WKOAbl 
6 tjyHOGMeHmGAbHbiX U npUKAGOHbiX HGnpaeAeHU.IIX 
cmumucmu'leCKOU MeXGHUKU, o6cyOUAU OCH06Hble npo-
6AeMbl 3mou o6Aacmu meopemu'lecKoii u ,wameMa mu
'leCKoii tPU3UKU. 

--
Bo epeM.II cuMn03UyMa ez o y'lacmHUKU nocemuAu 
cmp0.111J4UUC.II peaKmop HEP-2. 



• 
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Jla6opaTopl15I 

BbiCOKJ1X 
c..> 

3Heprl1J1 

8' 

• 

B na6opaTopHH npoBO.IJ.HnHch Hay'IHhle 

HCCne,IJ,OBaHHB B o6naCTH ~H3HKH JneMeH

TapHhiX 'laCTHU, penBTHBHCTCKOH B,IJ,epHOH 

~H3HKH, pa60Thl no C03,IJ,aHHlO HOBhiX npH-

6opOB ,IJ,nB ~H3H'IeCKHX JKCnepHMeHTOB, no 

COBepweHCTBOBaHHlO MeTO,!J,HKH npoBe,IJ,eHHB 

JKCnepHMeHTOB, no paCWHpeHHlO B03MO)f(

HOCTeH CHHXpO~a30TpOHa KaK penBTHBHCT

CKOrO ycKOPHTenx B.IJ.ep. Ba*HaB qacTL 

Hay'IHOH nporpaMMhl na6opaTopHH 6Lma 

CBB3aHa c JKcnepHMeHTaMH Ha cepnyxoa

CKOM YCKOpHTene H yCKOpHTene B JiaTa

BHH. Ha CHHXpo~a30TpOHe na6opaTOpHH 

6onbWHHCTBO JKCnepHMeHTOB npOBO,!J,HnOCh 

no nporpaMMe Hccne,IJ,oBaHHH a o6nacTH 

penBTHBHCTCKOH B,IJ,epHOH ~H3HKH. Ilpo,IJ,on

)f(anach pa3pa6oTKa npoeKTa ycKopHTenL

Horo KOMnneKCa TB)f(enhiX HOHOB. 

HayqHo-Hcc~e~osaTe~hCKHe 

pa6oTbi 

noaeAeHHe aMn~HTYA pacceHHHH 

B 3aBHCHMOCTH OT 3HeprHH 

B3aHMOAeHCTBYIDmHx qaCTHQ 

3aKoH~eH Ha6op cmamucmuKu a JKcne

PHMeHTe no H3y'leHHro ynpyroro PP-- H pd -
pacceBHHB B o6naCTH HHTep~epeHUHH Ky

nOHOBCKOrO H B,IJ,epHOrO pacceBHHB npH 

JHeprHBX 50-400 T3B Ha ycKopHTene 

HYJI /JiaTaBHB/. 113~epeHLI .IJ.H~epeH
UHanLHhle ce'leHHB d a I dt ynpyrHx npo

ueccoa npH 6 : 3Ha'leHHBX JHeprHH ,IJ,nx 

pp -pacceBHHB H aenH'IHHax It I = 
0,0005..:.0,03 I T3B/c/~ a TaK)f(e npH 

8 3Ha'leHHBX JHeprHH ,IJ,nB pd -pacceBHHB 
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H ueJIH'IHHax It I = 0,001-0,08 I F:JB/c/ 2. 
3auepWeH Ha6op CTaTHCTHKH B 3KCnepH· 
MeHTe no H3y'leHHIO ynpyroro pHe -pa c
ceJIHHJI Ha Man~a~e yrJILI c noMOilthiO rena e
uoii cTpyiiHoii MHWeHH. TipH 3HeprHH 40 
H 300 F3B nony'leHhl npe.nuapHTeJI&Hhle 
,IJ;aHHiale 0 3aBHCHMOCTH .IJ;HcWlepeHUHaJib
Horo ce'leHHJI OT ueJIH'IHHhl It I I puc. 1/, 
H3 KOTOphiX CJie,nyeT, 'ITO Cy)l(eHHe B ,nH<IJ· 
paKUHOHHOM KOHyce Ha6JIIO,naeTCJI. 3I<cne
pHMeHTaJI&Hhle .naHHhle o6 3HepreTH'IecKoii 
3aBHCHMOCTH napaMeTpa HaKJIOHa ynpy ro
ro pp-H pd -pacceJIHHJI TaK)I(e yKa3hiBaeT 
Ha pa3JIH'IHYIO CKOpOCTh Cy)l(eHHJI ,D;H<IJpaK· 
UHOHHhiX KOHYCOB npH 3HeprHJIX CBhiWe 
70 F3B, 'ITO npoTHBope'IHT npe.ncTauneHHIO 

d6 
dt 

~ot 

• 

0THOCHrEilblibll! EAMHMU.III 

PHe-PHe 

• • 
./ . . , .. 

.... . ,:._. .... ,. y' " 
•• • .. 

+, 
03 . 0 ,4 

10°
0 

o, 1 °·2 
' - t (rsejc) 2 

Puc. 1. 3aeucuMo<;•• ()uNepeHIIUOA•Hozo c e'leHU.JI 
ynpyzozo pHe - pdtce.JIHU.JI o• eeAU'IUH•I nepe()aHHOZO 
UMnyA•ca ltl npu 3Hepzuu 40 U 300 r 3B /no 
npe()eapu•eA•HwM ()aHHWM/. 

• 

0 ,IJ;OMHHHPYIOu.teM BKJia,ne noMepoHa 
/puc. 2/. ~JIJI ynpyroro pHe -pacceJIHHJI 
npH It I = 0,24 I F3B/c/ 2H 3HeprHJIX 40 
H 300 F3B npoJIBJIJieTCJI pa3HaJI rny6HHa 
rnay6epOBCKOro MHHHMyMa, 'ITO ecTeCT· 
BeHHO 06'bJICHHTh pa3JIH'IHOR BeJIH'IHHOB 
p .. ReA I ImA npH 3THX .nuyx 3HeprHJIX 
/ppN npa 3HeprHH 280 F3B MeHJieT 3HaK/. 

,.. 

"/ 12 
~ 
~ 
1.. 

~tO 

coz 

M·F'<tle't 
70' E 'it00f)l 
f1,.6,•S1tns 
flt,•0,56t0,05 
61,.•l,Of tO,O$ 

col EnA&. 

Puc. 2 . 3Hepze•u'lecKue 3aeucuMoc•u napaMe•poe 
HOK/IOHa ()u~paKIIUOHHWX KOHYC06 pp , pD , pHe , 
Hep , HeD ynpyzazo pacce.JIHU.JI, noAy'leHHwe U3 
onucaHU.JI 3KcnepuMeH•a/I•HWX ()aHHWx no ~opMyAe 
del / dt • F 2 (t) exp [ b ( s ) .t]. z()e F ( t ) - npou3ee-

• ()eHue (JopM(JoK•opoe e3auMo()euc•eYK>U#UX .Jr(}ep, b -
napaMe•p HOK/IOHO KOHYCO . 

3a 2 C€QHCQ pa60111bl HQ CUHXpO¢Q3o-

111pOHe C nOMOilthiO ycTaHOBKH "<I>OTOH" Ha 
uo.nopo,nHoii MHWeHH 3anacaHo Ha MarHHT
Hble JieHTbl 320 TbiC. pa60'IHX 3anyCKOB 

ycTaHOBKH H 40 TbiC. - Ha JI,IJ;epHbiX MHWe· 
HJIX npH HMnyJI&CaX 1T ·Me30HOB 3,3 H 
4,75 F:JB/c. 06pa6oTaHo 150 Tblc. pa6o
'1Hx 3anyCKOB yc'faHOBKH no Bbi,IJ;eJieHHIO 
H aHaJIH3y peaKUHH 17-p-+ n 17 ° B 06JiaCTH 
MaJILIX nepe.naHHblx HMnyn&cou 1 t 1 = 
= 0,01-0,3 I F3~/c/ ~TipH MaJILIX uena-



'IHHax It I o6Hapy)l(eH JaMeTHbiH MHHHMYM, 
yKa3biBalOII.{HH Ha cyll{eCTBeHHYIO ponb aM· 
nnHTY~M , C H3MeHeHHeM CUHpanbHOCTH 
/puc. 3/. 

50 

0 0,1 0,2 0,3 0,4 0,5 0,6 

-t, (f8B / c) 2 

Puc. 3 . tf!ui/JIPepeH~JUOAbHOe ce<~eHue peaK~JUU IT -p ~ 
~ n 11 ° I ; - oaHHble :JKcnepuMeHifa OH.RH/ . 

MexaHH3M po~~eHHH 

H pacna~a qacTHQ 

H pe30HaHCOB . 

IlpoooAJICeH aHa/lu3 pe3yAbmamoe noucKa 
ot~apoeaHHblX '-lacmull Ha MaTepHanax o6-
ny'leHH.II ycTaHOBKH .liHC Ha cepnyXOBCKOM 
YCKOpHTene ny'IKOM HeHTpOHOB C HMnynb
coM 45 F3B/c. 06pa6oTaHM npe~nona
raeMbie cnyqaH pacna~a HOBMX qacTHU A17+17~ 
AK +K-, AK + 17 -, A K --17 +. B cHcTeMe AK~o6-

uapy)l(eua . oco6eHHOCTb c Mac coil 
2790 M3B, wHpHnoil oKono 15 M3B H ce
qenHeM o6pa:JoBaHH.II -0,5 MK6 /puc. 4/. 

.. 

C\1 
u 
' a:l 
(1) 

~ 
~ -..;..,_ 

'§ 
~ 

10 

5 

10 

5 

39 

6) 

e) 

2.1 2.4 2.7 3.0 

2 
M3cp. , f 8B / c 

Puc. 4 . PacnpeoeAeHUJI :J'fteKIIUBHbiX Mace e cuc
•eMax /\IT+ IT-, II. K+K- , II. K IT-, II. K-IT+ , noAy<~eHHble 
c noMOIIIbiO ycmaHOBKU EHC-2 Ha cepnyxoecKoM yc
KopulfeAe . 

IIp oaHanH3HpoaaHbi 24 TbiC. 3Be3~, o6-
pa3oaanHwx B .ll~epHMX cPOT03MynbCH.IIX 
npoTo aMH c JHeprHeil 70 T3B H 77-MeJo
naMH c :meprHeil 60 T3B. Hail~eHbi 4 cny
qaJI, KOTOpMe MOryT 6MTb HHTepnpeTHpoaa
HM KaK nenTOHHMe pacna~bl HOBblX 'laCTHU 
C BpeMeHeM )I(H3HH -10· 14c H Ce'leHHeM HX 
o6paJ oBaHH.II B nepec'leTe Ha pN ·aJaHMo
~eilcTBH.II OKOnO 5 MK6. 



I"" 

I I 

lp 
':II 
I , I 

.. 

40 

3aKOHtteH Ha6op C1/lQ1/lUC1/lUKUB COBMecT 

HhiX OM.HM- CiliA- 3KcnepuMeHTax no H3y 

qeHHIO HeynpyrHX pp-, pd- H pHe- B3aHMO.

,IJ,eHCTBHH npu 3HeprHHX 40 -;.400 T3B Ha 

ycKopHTene HY JI Ilia TaBHHI. Ilonyqen H 

.IJ.H<iJ<lJepeHI.J;HaJihHhie ceqeHHH HHKJII03HBHhiX 

.IJ.H<iJpaKUHOHHhiX npoueccoB pp .... pX H pd->dX 

B o6nacTH He,IJ,ocTaiOIUHX Mace M ~ = 

0,1-o-5,0 T3B lhpu MaJihiX nepe,IJ,aHHhiX 

HMnynLcax It l = 0,005-0,06 I T3B/cl 2 

.IJ.JIH pp-u npH It \ = 0,025-o-0,17 IT3B/cl2 
,IJ,JIH pd -pacceHHHH. IloKa3aHO, qTo e CJIH 

paCCMaTpHBaTh ,IJ,eHTpOH KaK u;enoe, TO 

B 06JiaCTH (1 - X ) < 0,05 OTHOIIIeHHe ceq e

HHH .D.H<iJpaKUHOHHoro K ynpyroMy He 3 a

BHCHT OT co pTa MHIIIeHH I p HJIH d I B n p e

,IJ,enax 50/o, qTo xopoiiio cornacyeTCH c npe .IJ.

CTaBJieHHeM 0 <1JaKTOpH3yeMOM noMepoH e. 

IlpH C,PaBHeHHH pp- H p d - ceqeHHH n pH 

O,IJ,HOH 3HeprHH HaJieTaiOII.J;ero npOTOHa noKa-

3aHO, qTo 06II.J;HH XO,!J, 3aBHCHMOCTH OTH O

IIIeHHH 

R = ( _ct:Q: __ I _d__~~~) I ( _g_:_Q __ I ~~!!__ ) 
dt dx dt pp dtdx dt pd 

oT (1- x) I puc. 51 xopoiiio o6'hHCHHe T cx 

2,0ITII T 

1,8 r- It I =005 

I 6 L- • Po= 154 f 9 B I 
> I oP. C -

R 1,4C- ,- 372 f a B l e l ~ -
'·2 f:-?_t_L+~I-fJtJ' -
1,0 l ~ ? ~ ?~ -...., 
os~~L_ ______ L_ __ J_~L_~~~_LL_~ 

' 0,01 0,02 0,05 0 10 

1-X 

Puc. 5. 3aeucuMocmb omHoweHU.Ii HOpMupoea HHOZO 
Ce'leHU.Ii pp - pacce.IIHU.Ii K HOpMUpOBGHHOMY Ce'le HUIO 
pD - pacce.IIHU.Ii e o~paK~UOHH~u o6Aacmu om eeA u<~u
Hbl{l-x) , zoe 1-X= Mi / S-mp / S . 

.. 

pacCeHHHeM CHCTeMhl M2x Ha BTOpOM HyK

JIOHe ,IJ,eHTpOHa H BKJia,IJ,OM TT -Me30HHOrO 

o6MeHa B Heynpyroe pp-paccexHHe. Bnep

BOM npH6JIH)I(eHHH OI.J;eHeHO ceqeHHe ynpy

roro paccexHHH CHCTeMhi M 2 Ha HYKJIOHe, 
X 

paBHOe a = 43± 10 M6 . 
XN 

3a cqeT cyii.J;eCTBeHHoro ynyqiiieHHH yr-

noBoro pa3 peiiieHHH annapa TYPhi I .IJ.O 

0,8 Mpaol npH perHCTpai.J;HH qaCTHI.J;hl OT

,IJ,aqH y,IJ,aJIOCh Ha6JIIO,IJ,aTh .IJ.H<lJpaKI.J;HOHHOe 

B036y)I(,IJ,eHHe npOTOHa ,IJ,O ypOBHH MaCC 

1400, 1520 H 1680 M3B. 

CompyoHuKu 16 Aa6opamopuii cTpaH

yqacTHHU npO,IJ,OJI)I(aJIH BeCTH o6pa60TKY 

H aHaJIH3 B3aHMO,IJ,eHCTBHH OTpHn;a TeJihHhiX 

nHOHOB c HMnyJihCOM 40 T3B/c c npoTo

HaMH H x,IJ,paMH yrnepo,IJ,a Ha MaTepuane 

o6nyqeHHH .D.BYXMeTpOBOH nponaHOBOH Ka

Mephl B nyqKe cepnyXOBCKOrO YCKOpHTeJIH 

70 T3B. 11JyqeHhl Koppenxuuu no 6wcTpo

Te H pacnpe,IJ,eJieHHH no pa3HOCTH a3HMy

TaJihHhiX yrJIOB TT- Me 30HOB H3 rrC- B3aHMO

.IJ.e:HcTBHH. Onpe,IJ,eneH pa3Mep o6nacTH o6-

pa3oBaHHH BTopuqHhiX rr - Me30HOB R = 

= 14,5±1 ,01 C/JM H ,!J,JIHTeJihHOCTh npon;ecca 

HX o6pa3<>BaHHH r =l1,7±0,7lxl0 -23c.Mc

cne.IJ.OBaHHe TT- p -B3aHMO,IJ,eHCTBHH, B KO

TOphiX HMeiOTCH BTOpHqHhie TT- Me30Hhl C 

60JihiiiHMH nonepeqHhiMH HMnyJihCaMH p .L '> 

>0,8 T3B/c, noKa3aJIO, qTO no CBOHM xa

paKTepHCTHKaM TaKHe B3aHMO,IJ,eHCTBHH OT

JIHqaiOTCH OT OCTaJihHhlX B3aHMO,IJ,eHCTBHH 

H yKa3hiBaiOT Ha HaJIHqHe "CTpyu" nHOHOB, 

conpOBO)I(,IJ,aiOII.J;HX qaCTHI.J;hl C 60JihiiiHMH no

nepeqHhiMH HMnyJihCaMH. IlonyqeHhl H npo

aHaJIH3HpOBaHhl 3KCnepHMeHTaJihHhle ,IJ,aH

Hhle 0 ,IJ,ByxqacTHqHhlX KOppeJIHI.J;HOHHhlX 

<PYHKUHHX C H R ,IJ,JIH raMMa- KBaHTOB B 

HHKJII03HBHhiX H nOJIYHHKJII03HBHhiX rrC - pac

npe,IJ,eJieHHHX. IlOJiyqeHO, qTO ,!J,OJIH TT- Me-

30HOB, o6pa3yiOII.J;HXCH B pe3yJihTaTe pac

na,IJ,a p- , GJ- H f - Me30HOB, COCTaBJIHeT 

450/o OT nOJIHOrO qHCJia BCeX BTOpHqHhiX 

rr -Me30HOB. C,IJ,eJiaH BhiBO.D. o .IJ.OMHHHpyiO

II.J;e:H pOJIH pe30HaHCOB B H3yqeHHhiX npo-



IJ,eccax. l:13y'leHHe JaBHCHMOCTH JapJI~OBOH 

aCHMMeTpHH noKaJaJIO, 'ITO aCHMMeTpHJI 

yBeJIH'IHBae T CJI C pOCTOM nonepe'IHOrO HM

nym,ca BTOpH'IHbiX 'laCTHIJ,, 'ITO COrJiacyeT

CJI C KBapKOBbiM nO~XO~OM K 1T- P- B3aHMO

~eHCTBHIO. 

Ha MamepuaAax, noAy'leHHbiX npu o6Ay
'leHuu ycmaH06KU "JliOOMU/IQ "ny'IKOM aHTH

npOTOHOB c HMnynhCOM 23 T3B/c Ha cep

nyxoacKoM ycKopuTeJie, 6hiJIO Ha:H~eHo, 'ITO 

BeJIH'IHHa 3apJI~OBOH aCHMMeTpHH B nepe~

He:H H Ja~He:H nonyc$epax B c.u..M . pacTeT 

C yBeJIH'IeHHeM BeJIH'IHHbl p..)... H 3TOT pe-

3YJibTaT Ha6JIIO~aeTCJI B aHHHrHJIJIIJ,HOHHOM 

H HeaHHHrHJIJIIJ,HOHHOM KaHaJiaX. )J,JIJI nap 

TO)I(~eCTBeHHbiX 1T -Me30HOB Ha6JIIO~aJICJI 

3$$eKT HHTep$epeHIJ,HH, H3 aHaJIH3a KOTO

poro onpe~eneHa aeJIH'IHHa o6nacTH uc

nycKaHHJI rr -MeJOHOB R = /3,0±0,5/ cl>M 
H BpeMJI HX o6pa30BaHHJI r = 
= /3,1± 1,6/·1o-23c. 

Ha OCHOBe aHaJIH3a 14 TbiC. C06hiTHH 

H3y'leHO HHKJII03HBHOe H nOJiyHHKJII03HBHOe 

o6paJoBaHue p0 
-MeJOHOB H L'l++ -uJo6ap. 

Pacnpe~eneHue no npo~OJihHOH 6biCTpoTe 

noKaJbiBaeT, 'ITO p0 
- MeJoH o6paJyeTcJI 

npeHMymeCTBeHHO B IJ,eHTpaJibHOH 06JiaCTH 

/puc. 6/ . )J,JIJI o6paJoaaHHJI A++-uJo6apbi 

nony'leHo yKaJaHue Ha cymecTBeHHhiH BKJia~ 

o~HonuoHHoro o6MeHa c nornmu.eHHeM. Ha 

OCHOBe aHaJIH3a 2000 C06hiTHH noJiy'leHO 

yKaJaHHe Ha COBMeCTHOe o6pa30BaHHe HJ0-

6ap L'l++ u L\++. 

Pe3oHaHCHble nuKu e cneKmpax 3r/lr/JeK-
mueHbiX Mace AA/2336 M3B/ H Ap 
/2256 u 2128 M3B/, Ha:H~eHHbie npu o6pa-

6oTKe co6biTHH, nony'leHHhiX c noMom~>ID 

nponaHOBOH nyJblpbKOBOH KaMepbi, o6ny

'leHHOH ny'IKOM HeHTpOHOB CO cpe~HHM HM

nyJibCOM 7,0 T3B/c Ha CHHXpo$a30TpOHe, 

nonyqunu y~osneTaopuTeJihHoe o6bJICHeHHe 

B paMKaX MO~eJIH )J,)I(a$$e. 3MnHpH'IeCKH 

HaH~eHHOe npaBHJIO OT60pa ~JIJI cymeCTBO-

10. 
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-3 
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Puc. 6. 3a6ucuMoc•l> ce'leHu.ll o6pa3o6aHU.II p0
- Me3o

Ha • 6€AU'IUHI>I npOOOAI>HOU 61>tc•po•l>l 6 C.I#.M. 
peOKIIUU 6 p p - 63QUMOOeUC.6U.IIX npu UMnyAI> ce 
23 r 3B/c. 

BaHH JI a~pOHHbiX pe30HaHCOB no rHnep

JapR~Y Y ~ 1 HHTepnpeTHpyeTCJI KaK Heo6-

XO~ MOe YCJIOBHe cymeCTBOBaHHJI "KBap

KOB r o MeWKa" . BBH~Y HeHa6mo~aeMOCTH 

KBap K OB paJMepbi H 06beM "MeWKOB" ~OJI)I(

Hbl M aJIO JaBHCeTb OT npHpO~bl 06beKTOB 

/BHYT PH "MewKoa " /. 3To npuao~HT K TOMY, 

'ITO ~Byx- H MHOro6apHOHHble pe30HaHCbl 

~OJI)I(Hbl JIBJIJITbCJI CBepxnJIOTHbiMH 06beK

TaM C KOHe'IHbiM BpeMeHeM )I(H3HH, a He

paBe H CTBO y -::_ 1 MO)I(eT JIBJIJITbCJI Heo6xo

~HMbiM YCJIOBHeM 06pa30BaHHJI CBepxnJIOT

HOrO COCTOJIHHJI Jl~epHOB MaTepHH. 
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JlpoOO/lJICQ/lOCb U3y'leHue peaK~UU 

dp-.ppn C llOMOll{LIO MeTpOBOH :>KH,D;KOBO 

,D;OpO,D;HOH KaMepM, o6nyqeHHOH ,n;eiiTpOHa 

MH C HMnynLCOM 3,3 F3B/c Ha CHHXpo4Ja -

30TpOHe. Ha OCHOBe aHanH3a 50 TMC . 

C06LITHH nonyqeHM cneKTPM HyKnOHOB H 

rr -Me30HOB B IliHpOKOH o6naCTH nepe,n;aH

HMX HMnynLCOB. Ha6nro.n;anocL H3MeHeHHe 

HaKnoHa B pacnpe.n;eneHHHX HHBapHaHTHoro 

ceqeHHH f(T) B paiioHe T -0,03 F3B ,n;n H 

HYKllOHOB H rr -Me30HOB, r.n;e T -KHHeTH 

qecKaH 3HeprHH qaCTHU, JieTHll{HX B 3a,D;HIOIO 

nonyc4Jepy B CHCTeMe Haneralbll{ero .n;eiir 

poHa. IlonyqeHHMe ,n;aHHMe He npOTHBOpe 

qar o6pa3oBaHHro qacrH HyKnOHOB H rr 

Me30HOB c npoHaneHHeM KYMYllHTHBHor o 

34J4JeKTa. IlpH HCCne,n;oBaHHH peaKUHH 

dp _. pp(n), H,D;YIUeii c nepe3apH,n;Koii, n o -

Ka3aHo, .qro OKono 200/o cnyqaea a o6nac T H 

34J4JeKTHBHMX MaCC ( p p) MOryT fiMTL Ofi'LHC 

HeHM 34>4JeKTOM npoMe:>KyroqHOH /'! -H3 0 -

6apM. IlonyqeHo, qro np -nepe3apH,n;Ka B 

o6nacrH ManMx yrnoa H.n;er c nepeaoporo M 

CllHHa. 

Ilpu u3y'leHuu np- e3auMooeucmeuu, 3 a

perHcrpHpoaaHHMX C llOMOll{LIO MeTpOB OH 

:>KH,D;KOBO,D;OpO,D;HOH KaMepM B nyqKe HeB T

pOHOB Ha CHHXpo4Ja30TpOHe, onpe,n;eneH LI 

ceqeHHH pa3nHqHMX KaHanoB peaKUHB B 

nHTHnyqeaLix 3Be3.n;ax npH HMnynLc ax 

5,10±0,17 F3B/c. IloKa3aHo, qro B p e

aKUHH np-tpprr+rr·rr· npHHMnynLce 5,1 F3B /c 
C BepOHTHOCTLIO 95o/o npOHCXO,D;HT o6p a-

30BaHHe HyKnOHHLIX H306ap H HeT yKa3 a

HHH Ha o6pa30BaHHe 6030HHMX pe30HaHC OB. 

B KaHane np ... pprr+rr-rr-rr0 nonyqe Ho 

yKa3aHHe Ha o6pa3oBaHHe UJ
0
-Me3oHa c c e

qeHHeM a= 0,023±0,002 M6 /puc. 7/, 
HO OCHOBHYIO ,D;OlliO pO:>K,D;eHHLIX pe 30HaHCOB 

COCTaBnHeT H306apa /'!~1236). ,lJ,nH KaHa na 

np -. p n rr + rr +rr -rr - xapaKrepHo o6pa3 0 Ba

HHe HYKllOHHLIX H306ap /'!++(1236) H /'!-(1236) 
a 84o/o cnyqaea. CoaMeCTHOe o6pa3oaaHHe 

06eHX H306ap ll#OHCXO,D;HT B 10% cnyq a eB 

3Toro KaHana peaKUHH. 

• 

A w·· 6.,0. lOO o) Q:la•.= 94 /o 

:f'fn.= u 

•:J 
0 :J 

~ a) W
0
="5,4"/o i ~so~ ~ c:p,,_= 96,6 "/. 

S'!n. = ~.9 
0 
<; 
0 

::! iOO·-:::r 

so 

0 ~-~------~-~--~--~a~.a~3----~ •. o~5----~-~--~ 
Mr.•""·:r•' !if./c' 

Puc. 7. PacnpeoeAeHue 3(1tieKIIU6HI>IX Mace cuclleMI>I 
IT+ TT- 1T 0 U3 peQKI/UU np .. ppiT+ IT-IT-11° npu 
UMnyAI>Ce HeUIIPOH06 5,1 F3B/c; "a" - OAJI acex 
C061>111UU, "6" - nocAe 61>1'1UIIQHUJI AOJffHOU KOM6U· 
HQIIUU. 

HccAeooeaHbl yzAoeble u 3Hepzemu'lec
Kue pacnpeOe/leHUJI npOTOHOB, 3aperHCTpH

poBaHHLIX BO B3aHMO,D;eHCTBHHX llOllO:>KH

TeJILHLIX rr -Me30HOB C H,D;paMH KCeHOHa 

npH HMnynLce 2,34 F3B/c c noMOll{LIO 

llY3LlpLKOBOB KCeHOHOBOH KaMepLI Ha CHH

xpo4Ja30TpOHe. Ha ocHoBe aHanH3a 3Kcne

pHMeHranLHoro MaTepHana oueHeHa aenH

qHHa 4JyHKUHH f (P r' ) ,n;nH pacnpe,n;eneHHH 

llllOTHOCTH BepOHTHOCTH HMnynLCOB 

BHyTpHH,D;epHLIX HyKnOHOB H,D;pa KCeHOHa 

/puc. 8/. B o6nacTH PF~ 500 M3B/c4JyHK
UHH f(P F) y,n;oaneTBOpHTenLHO OllHCLIBa

eTCH 4JepMHeBCKHM pacnpe.n;eneHHeM. B o6-

nacrH PF = 500 -:-1000 M3B/c npoHBnHer

CH B OCHOBHOM BnHHHHe BTOpHqHMX BHyTpH

H,D;epHLIX B3aHMO,D;eHCTBHH npOTOHOB OT,n;a

qH . 
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Puc. 8. 3Ha'leHU.II tjyHKJIUU I( PF ) - uMnyAI>CHOZo 
pacnpeoeAeHU.II HYKAOH06 6Hy•pu .IIOpa KCeHOHa. An
npOKCUMOJIU.II 3KCnepuMeH•aAI>HI>IX OOHHI>IX npoeeoe
HO Kpueou c tjepMueecKUM pacnpeoeAeHueM /Kpu
ea.ll 2/. 'lyec•eu•eAI>HOC.I> annpOKCUMOJIUU OJ1eHU60" 
e•c.11 c noMOIIII>IO Kpueou 1, coo•ee•c•eYIOIIIeil peaK
""" C o6pa3060HUeM o• 4 00 J 30p.IIJiteHHI>IX 'IOC.UJI. 

3JieKTpOMaf'HHTHa.H 

cTpyKTypa 3JieMeHTapHwx qacTHQ 

Ymo~HeH 3AeKmpo.wazHumH&ru (JopM(JaK
mop TT - Me30HQ B 3KCITepHMeHTe ITO ITp.IIMOMy 

pacce.IIHHIO oTpuuaTenLHbiX rr -Me30HOB c 

HMnynLCOM 100 F3B/c Ha 3neKTpouax 

B )I(H,II;KOBO,D;OpO,D;HOH MHWeHH: rrr = 0,56± 
±0,04 M. llocne Mo,nepHH3aUHH cneKTpo

MeTpa C ITOMOIULIO CHCTeMbl H3 32 ,npeii:4lo

BbiX KaMep, H3rOTOBneHHbiX B JIB3, npo

Be,D;eHbl H3MepeHHJI H Ha6paHa CTaTHCTHKa 

no Kaou- 3lleKTpOHHOMY H llHOH- 3lleKTpOH

HOMY pacceHHHIO npu 3HeprHH 250 F3B. 
C llOMOIULIO TeX )l(e ,npeii:WOBbiX KaMep Ha 

YCKOpHTene B naTaBHH npoBe,D;eH 3KCnepu

MeHT npu 3HeprHH 250 F3B c uenLIO o6-

uapy*eHHJI 34l4leKTa KaHanupoBaHHJI qac

THU BbiCOKOH 3HeprHH. llonyqeHbl npe,nBa

pHTenLHble nonO)I(HTenLHble pe3ynLTaTbl. 
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PeJI.HTHBHCTCKa.H 

.H,ll;epHa.H <i>H3HKa 

H a cuuxpolba3oTpoue OH.HH ocyiUeCT

BnHe T CJI WHpOKaJI nporpaMMa 3KCITepHMeH

TOB B o6naCTH penJITHBHCTCKOH JI,D;epHOH 

WH3HKH. Hccne,noBaHue Be,neTCJI B 9 rpyn

nax WH3HKOB. 

H a ycmaHoeKe ",4ucK- 2" Ha6paH 6oA&
wou 3KcnepuMeHmaA&H&ru .wamepuaAno H3y

qeHHIO o6pa3oBaHHJI KyMynHTHBHbiX qacTHU. 

B nyq Kax npoToHoB H ,neii:TpOHOB c HMnynL

COM 8 ,6 F3B/c 3aperHCTpHpOBaHO 460 TbiC. 

B3aHM O,D;eHCTBHH Ha MHWeHJIX H3 14 JI,D;ep 

2 .. .. 
.. • He 

10
1 • .. .n •• .. .H • 

•• .. .. 
•• .. 

0)~ 10° •• " •• 
C'l •• • I • a:l • (1) • .. 
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'§10 ... 
.._, .. 

IOIICL -o-u 
w -2 

• .. 
10 • 

-3 t " 10 
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T11 ( MaB) f 
100 200 300 .400 500 600 

Puc. 9. 3Hepze•u'lecKa.ll 3aeucuMoc•~> uHeapuaH•
HI>IX Ce'leHUU o6pa3060HU.II noAOJICU.eAI>HI>IX TT- Me30" 
Hoe Ha Mu llleH.IIX H , D , He. 
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OT AeihepHJI AO ypaHa C o6pa30BaHHeM n HO

HOB, KaOHOB H npoTOHOB, a TaiOKe clJparM e H

TOB d , a H APYrHX C HMnynLCaMH OT 150 
AO 1800 M3B/c H KYMYJIJITHBHLIM qHcno M: 

6onLwe 1 ,5. lfJyqeHLI :mepreTHqecKHe BLI

XOALI nOJIO)I(HTeJILHOrO 1T -Me 30Ha Ha MHW e

HJIX H , D , He I puc. 91, npoToHa Ha MHW e

HJIX He H D, AeiiTpoHa Ha MHWeHHHe, yrn o

BLie JaBHCHMOCTH BhlXOAa nOJIO)I(HTeJILHLIX 

rr -Me JOHOH Ha MHWeHBX H , D , He. npoT o-

HOB Ha MHWeHBX D H He , AeiiTpOHOB Ha r e

JIHeBoi MHWeHH I puc. 101. 
Ha BApax- MHWeHBX C , Al , Cu , Pb n o

JiyqeHLI 3HepreTHqeCKHe JaBHCHMOCTH BLI

XOAa npOTOHOB, AeHTpOHOB H JIAep TpHTHJI, 

YAOBJieTBopxiOI.l{HX oT6opy qacTHII n pH 

KYMYJIJITHBHOM qHcne Q = 1,5 c- 5. )J,nB 3 T HX 

)l(e qaCTHII nonyqeHa JaBHCHMOCTL OT B e

JIHqHH!I JapxAa 11Apa- MHWeHH. 

2. 

10 

~10 
OJ.(J 

I 
co 
(T) 

I 

~ 0 

~10 
COlla... -c-o 

u..J -1 

10 

-2 

10 

Vv~ ttttt t • ' ..... 
' 00~ ',, 

oca..._',, ......................... 'tiH t 
..... :-.. '~ v 

'-......__ Vvvvv-_~ 
":::....... ·wv , .... , 

' ................... ~ 

', ,,-,!,,;,·~ 
........... " 9 

..... - ~ 

He,n .. p He ... d 
300 y • 

500 v 0 c 

60° 100° 1~0° 180° 
8p.d 

Puc. 10. YzAoea~aeucuMoc•• ewxoaa npo•oHoe Ha 
MUUH?H.IIX D , He • u OeUJIPOHOB HQ zeAUeeou MUUieHU 
6 KYMYA.II.UBHOU o6AQCIIIU UX o6pa306QHU.II. 

.. 

Ha noAy'leHHOM paHee MamepuaAe no 
ou¢paKijUOHHOMY pacceRHU~anLclJa-qaCTHII 
npH HMnynLce 4,5 F3B/HYKA. Ha npoToHax 

H BApax He , C , Al , Cu c noMOI.l{LIO yeT a

HOBKH "AnLclJa" Ha CHHXpoclJaJOTpOHe yToq

HeHLI AaHHLie no yrJIOBOMY pacnpeAeJieHHIO 

aJILclJa-qacTHII. 3TO nOJBOJIHJIO CAeJiaTL 

OIIeHKH ceqeHHH a tot , a eJ! H paAHYCOB 

aA-BJaHMOAeHCTBHH, onpeAeJIHTL a6co-

JIIOTHLie BeJIHqHHhl AHclJc~JepeHIIHaJILHLIX 

ceqeHHH pacceBHHB anLclJa-qaCTHII B AHclJ

paKIIHOHHOH 06JiaCTH H BeJIHqHHhl HaKJIOHOB 

AHclJpaKIIHOHHLIX KOHycoB I puc.ll H ma6Au
ijaj. 

CpaBHeHHe 3KcnepHMeHTanLHLIX AaH

HLIX 0 HaKJIOHaX KOHYCOB B pA- H a A - pac

cexHHJIX AJIB co6LITHH c 6onLWHMH It I> 
>0,1 I F3B/cl2 npHBOAHT K yKaJaHHIO, qTo 

a A -paccexHHe nyqwe HHTepnpeTHpoBaTL 

KaK KBaJHynpyroe paccexHHe <He Ha OT

AeJILHLIX HYKJIOHaX BApa, a Ha KJiaCTepax 

a HJIH d B JIApe • 
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Puc. 11 . )ludif6epeHJIUaAI>HOe ce'leHue do I dt OA.II 
ynpyzozo pacce.IIHU.II Ha .11opax aA•¢a-'lac•uij c uM
nyAI>COM 4,5 r3B/HYKA. 



M H:llieHh 

H2 
He 
c 
Al 
Cu 

Ta6Aufla 

11 HTepBan It'· ( raB I c )2 H aKnOH 

KOHyCa 

(raB/cr2 

0,0206 - 0,102 
0,0141 - 0,0656 
0,0088 - 0,0244 
0,0088 - 0,0244 
0,0088 - 0,0172 

32,1:!:_0,3 
10,2:!:_0,7 
37,9:!:_0,8 

97:t_5 
308:t_40 

IIpoBe.n;eH MOHTa)l( yeTaHOBKH "AnL<Pa" 
B BapHaHTe e TBep,D;biMH MHWeHHMH. B eeaH
eax Ha euHxpo<iJaJoTpoHe B rryqxax rrpoTo
HOB, penHTHBHeTeKHX ,D;eHTpOHOB H anL<iJa
qaeTHU Ha6paHo 1,4x106 eo6biTHil:paeeeH
HHH Ha H,D;pax C. Al. Cu. Pb B HHTepBane 
yrnoB 20 -'- 60 Mpao. 

C noMOIJibK> ycmaHoeKu "CneKmpoMemp 
JIOep omOa'IU" Ha eHHXpo<iJa30TpOHe Beene
,D;OBaHa <iJparMeHTaUHH H,D;pa- MHWeHH yrne
po.n;a. IIonyqeHLI .n;ucP<PepeHuuanLHLie eeqe
HHH o6pa3oBaHHH H30TorroB H , He , Li H 
Be B peaxuuu d + 11J rrpu HMrrynLeax .n;eil:
TepHH 1,1; 1,5; 1,9; 2,0; 2,4; 3,1; 3,7 
H 4,6 F3B/HYKA. I puc. 12/ H B peaxuuu 
a+ 12 C npu HMrrynLee 2,5 T3B/HYKA. rro.n; 
yrnoM 90° B na6opaTOpHOH eHeTeMe. 3K
cnepHMeHT rrpOBO,D;HneH Ha BHyTpeHHeH 
llOnH3THneHOBOH MHWeHH TOniUHHOH OT 1 
.n;o 5 MKM. BTopuqHble JapH)I(eHHLie qae
THULI perHeTpHpOBanHeb eHeTeMOH H3 f1E-E 
TeneCKOllOB, B eoeTaB KOTOpblX BXO,D;HnH 
KpeMHHeBble ,D;eTeKTOpbl e 3HepreTHqeeKHM 
pa3peweHHeM 50 -7-80 K3B. B .n;uarraJoHax 
KHHeTHqeeKOH 3HeprHH <iJparMeHTOB 5 -'-30 
H 30 -=-70 M3B erreKTpbi xopowo orrueLI
BaiOTeH JaBHeHMOeTbiO a. exp [- E / b ]. AHa
nH3 BenHqHH KOMITOHeHT 3HepreTuqecKoro 
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Puc. 12. HH6apuaH•Hwe ouNepeH14uaAr.Hr.1e ce'le

d 3o 
HUll 2En----.. 6biX0006 U30IIono6 Li u Be 6 3a6u-

d p" 
CUMoc•u 011 KUHeiiU'IeCKOU 3Hepzuu E tjpazMeHII06 

6 peaK14 u d+ 
12

C npu uMnyAr.ce oeii•poHo6 
4,6 r3B/ HYKA. I En - nOAHQ.II 3Hepzu.ll tjpazMeH.06/. 

erreKTpa B o6eux o6nacTHX eBH3aH e orrpe
.n;eneHHbiM MeXaHH3MOM o6pa30BaHHH <iJpar
MeHTOB. IIpu 3Hepruu rryqxa 6onLwe 
600 M 3B/HYKA. rrapaMeTp "l.l'' He 3aBHeHT 
OT 3Hepr HH, qTo yKa3biBaeT Ha ITpOHBneHHe 
"H,D;epHOH" MaewTa6HOH HHBapHaHTHOCTH. 
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Ha ocHoee aHa/lu3a .Mamepua11 oe 
B3aHMO~eHCTBHH anb~a-qacTHU C H~paMH 
Li , C , Ne , Al , Cu H Pb c noMOIUhlO 
ycTaHOBKH CKM- 200 B nyqKe anh4Ja- qa c·
THU c HMnymscoM 4,5 T3B/HYKII. noKa3a
HO no~o6ue TononoruqecKHX ceqeHHH po)l( 
~eHHH oTpuuaTenhHhlX nHOHOB anb~a-qac
THUaMH H B 3neMeHTapHhlX pp - B3aHMO~eii

CTBHHX B o6naCTH HMnynhCOB OT 4 ~0 

400 T:JB/c. Xopowo coBnanu 3aBHCHMo
CTH ~Hcnepcu:H pacnpe~eneHHH no MHo
)1(8CTBeHHOCTH oTpuuaTenhHO 3apH)I(eHHhlX 
qacTHU OT cpe~HeH MH0)1(8CTB8HHOCTH OT
PHUaTenhHhiX qacTHU ~nH aA- H pp -B3au
Mo~eiicTBHH /puc. 13/. W3yqeHhl xapaK
TepHCTHKH npouecca ~parMeHTaUHH anh~a
qacTHU Ha H~pe nHTHH H onpe~eneHhl c e
qeHHH pa3nHqHhlX KaHanoB 3Toro npouec
ca, OTMeqeH 60nhWOH BhlXO~ H30TOllOB 
3 • 3 

He H · H c ceqeHHeM a = 40±3 M6. 

2.6~ D_=V< n~>- <nj 
2'+ 
2.2 
2. 
1.8 
1.6 
1.4 

1.2 
1.0 
.a 
. 6 
.4 

-2 

o PP,P= 4 + 400 f aB le 
+~A, P=l7 ,8 f a B l e 

A:Ll ,C ,Ne ,AL,Cu;Pb 

<f"l-> 
0.2 0.4 0.6 0.8 tO 1.2 1.4 1.6 1.8 2.0 2.'2. 2.4 2.6 2.8 3.0 3.2 3.4 3.S 3.8 4.0 

Puc. 13. CpaeHeHue :JaeucuMocmu oucnepcuu D om 
cpeoHezo 'IUCAa OIIPUIIUIIeAbHbiX 'IUCIIIUII <n .. > - OJIJI 
aA -e:Jau.Mooeiicmeuii npu uMnyAbCe 4,5 T3B/ HYKA . 
u OAJI pp - e:Jau.Mooeiicm6uii 6 o611acmu 4 -'400 T :JB /c . 

llpoBe~eHO o6nyqeHHe ycTaHOBKB 
CKM-200 B nyqKe anh~a-qacTHU c HM
nynhCOM 4,5 TjtlJ/HYKII., nonyqeHo 33 ThlC. 
~OTOrpallJHH. 

" 

• , .. c-

• . .( 

H~yt.teH&I oeyxllyt.tee&le 63auMoOeii-
cmeuJI 4He+p npH HMnynhce 2,15 T3B/HYKII. 
C llOMOIUhlO MeTpOBOH )I(H~KOBO~OpO~HOH 

KaMephl Ha CHHXpo~a30TpOHe. Ynpyroe 
(4ne+P)·pacceHHHe xapaKTepH3yeTcH 6onL-
wo:H Benuquao:H aaKnoHa KOHyca b 
= 274±15 I T3B/c/"~a ~nH co6hlTHH c o6-
pa30BaHHeM O~HOrO llHOHa BenHqHHa bco
CTaBnHeT 11,4±1,9 /T3B/c/ 2jpuc. 14/. 
,lJ,nH peaKUHH C pa3BanOM :He Bhl~eneHhl 
co6hlTHH co cneKTaTopaMH He 8 unu n 8 .,lJ,nH 
BHpTyanhHOrO pacceHHHH p + 3He ... p + 3 He H 

>:S: 
:s: 
f--o 
:a 
r..n 
0 
u 
0 

1d~ 

r::: 
u 10

1 

:s: 

• 

0 

p 4 He- p4 He 

N =724 

p4He - •N 4 HeTT 

N=90 

b ' 2 7 4 ' 1 5 H ,Btc 1 
1 

::r 

+ '+-- \''+t /~ b.\L_ b ' ll .4t1.91f~B/c,.2 ~- ' -

10° 

0 0.1 0.2 
2 

J t I, (faB-le) 

I ........___ 

10 ' 

10' 

0.3 

Puc. 14. PacnpeoeAeHue 'IUCAa co6b111Uii 6 peaKIIUJIX 
4He + p .. 4He+p u 4He +P .. 4He+ N •, 6 :Jaeucu-

MOCIIIU 0111 6eJJU'IUHbl nepeoaHHozo uMnyJibCa I tl npu 
uMnyAbce .11oep zeAuJI 2,15 T:JB/HYKA . 



p n ~ n p onpeAeneHhl pacnpeAeneHH.II 

3HeprHH B C.U.M., xapaKTep KOTOpbiX o6yc

nOBneH cl>epMH- ABIDKeHHeM. IIapaMeTp 

acHMMeTpHH yrna TpeB:MaHa- JIHra JaBHCHT 

OT BenHqHHbl HMnynLca qacTHUhl-cneKTa

Topa, qTo He MO)I(eT 6b1Th 06'h.IICHeHO KHHe

MaTHqecKHM Jcl>cl>eKTOM. B ceaHce Ha 

CHHXpocl>aJOTpOHe nonyqeHO 65 TbiC. cl>OTO

rpacl>HH B nyqKe anLcl>a-qacTHU c HMnynL-· 

COM 3,5 T:JB/HYKA. 

B ceaHcax Ha cuHxpo{/Ja3ompoHe c no

MOIUhiO ABYXMeTpOBOH nponaHOBOH KaMe phi 

B nyqKax npOTOHOB, AeHTPOHOB, anLcl>a

qacTHU H .HAep yrnepoAa nonyqeHo 156 Tblc. 

cl>oTorpacl>HB: I puc. 151. OnpeAeneHa cpew 

H.ll.ll MHO)I(eCTBeHHOCTh OTPHUaTenLHbiX llHO

HOB, g -qacTHU H npOTOHOB B HHTepBane 

HMnynLCOB nyqKa oT 2 AO 5 F:JB/HYKA. 
IIpoBeAeH cpaBHHTenLHbiH aHanH3 H3MeHe

HH.II cpeAHHX MHO)I(eCTBeHHOCTeH B JaBHCH

MOCTH OT COpTa H 3HeprHH HaneTaiOIUero 

.HApa. HaB:AeHo, qTo yBenHqeHHe cpeAHeK 

MHO)I(eCTBeHHOCTH An.ll llHOHOB, g -qacTHU 

H 6biCTpbiX npOTOHOB npH nepeXOAe OT 

pW- K aW -BJaHMOAeHCTBH.IIM pa3nHqHo H 

MaKCHManLHO An.ll 6biCTpbiX npOTOHOB 

I puc. 161. OnpeAeneHo cpeAHee qHcno 

B3aHMOAeHCTBOBaBWHX HyKnOHOB np = 
= 2,7±0,1 B . aW -co6b1TH.IIX npH HMnynLCe 

4,2 T3B/HYKA. 
,ll.n.11 pa6oThl c Ma TepHanaMH, nonyqae

MLIMH C llOMOIUhiO ABYXMeTpOBOH nponaHO

BOB KaMepbl Ha CHHXpocl>a30TpOHe B nyqKaX 

pen.HTHBHCTCKHX .HAep, opraHH30BaHO co

TPYAHHqecTBO yqeHbiX 18 na6opaTOpHH 

HP.b, BHP, MHP, IIHP, qccP, CCCP. 

~ 
Puc. 15. CAy~au e3auMooeucmeu~ ~opa yzAepooa c 
3Hepzueu 50 r3B C nAaC.UHKOU U3 MaH•aAa, 3ape
zuc•pupoeaHHOZO e oeyxMelllpoeou nponaHoeou ny-
31>1PI>Koeou KaMepe . 
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Puc . 16. 3HepzellluttecKa.ll 3aeucu.woc111b poc111a OTJ Ho
IUeHu.ll cpeOHUX MHOJIC€CIII6€HHOCIII€U o6pa306QHUJI 6 1110" 
puttHbJX ttaCIIIUII npu nepexooe 0111 p W- K a W - e3a u.wo
oeucJJeUIO. 

C nOMOI/IbiO £jomo3MY/IbCUU, o6ny'leH· 
Hhix ny'IKOM .JI,D;ep yrnepo,D;a c 3Hepru eii 
50 F3B Ha CHHXPOcPaJOTpOHe, HCCne,D;OBa· 
nHch Heynpyrue BJaHMO.D;eiicTBHH yrnepo,D;
H,D;po. lloKaJaHO, 'ITO cpe,D;HHe MHO*e CT· 
BeHHOCTH, paCC'IHTaHHMe Ha O,!J;HH HyKnOH 
HaneTaro~ero H.D;pa, coana,D;aiOT c aHanoruq
HhiMH ,D;aHHMMH ,D;nH B3aHMO,D;eHCTBHH anLcPa • 
H,D;po H ,D;eiiTpoH- H,D;po. B 90G/o cnyqaea 
Ha6mo,D;aiOTCH JaPH*eHHMe cl>parMeHThi H,D;pa 
yrnepo,D;a. 06Hapy*eHO .D;HcPpaK~HOHHOe 
pac~enneHHe H)l;pa yrnepo,D;a Ha TPH anLcl>a
qacTH~M c aepoHTHOCThlO 2G/o. YrnoBLie 
pacnpe,D;eneHHH cl>parMeHTOB H.D;pa MHw eHH 
cna6o JaBHCHT ~ aTOMHoro HOMepa Hane
Taro~ero H,D;pa. 

• 

06pa60TKY C06MTHH Be,D;yT cPH3HKH 8 na-
6opaTopuii ,ll;y6HM, MocKBM, JleHHHrpa,D;a, 
TawKeHTa, liyxapecTa, BapwaaM H Ko
WH~e. 

CoBeprneHCTBOBaHHe 
<.> 

~eHCTBYIOJUHX 

H pa3pa60TKa HOBWX 

~H3HqeCKHX npH60pOB 

H ycTaHOBOK 

Pa3pa6omaHa u npowAa ucnbrmaHUJl ua 
CTeH,D;e nponop~HoHanLHaH KaMepa .D;nH 34>
cl>eKTHBHOH perHCTpa~HH .JI,D;ep paJMepOM 
50x60 MM 2 , pa6oTaromaH B pe*HMe HHJ· 
Koro ,D;aaneHH11 20 7 200 MM pm. em. Cne
~HanLHO pa3pa6oTaHHa11 perHcTpHpyro~a.JI 

3neKTpOHHa.JI annapaTypa noMorna o6ec
ne'IHTh peKOp,D;HOe npOCTpaHCTBeHHOe paJ· 
peweHHe • 40 MKM. 3HepreTH'IeCKOe paJ· 
peweHHe KaMepM ,D;nH anLcl>a-qacTH~ c 
3Heprueii 5,2 M3B cocTaBHno 17G/o. 

,lJ;nH COJ,D;aHHH paClliHpeHHOH CHCTeMM 
,D;HarHOCTHKH ny'IKa npH o6ny'leHHH YCTa· 
HOBKH "JIIO,D;MHna" Ha cepnyXOBCKOM YCKO" 
pHTene pa3pa60T8.HM, HCCne,D;OBaHM H BBe
,D;eHM B cTpoii 8 .D;BYXKOOp.D;HHaTHMX npo-
nop~HoHanLHMX KaMep paJMepoM 
50x50 MM 2 H 2 KaMepM pa3Meil,OM 
150x150 MM 2 . PerHcTpa~HH HHcl>opMa~HH 
C KaMep ocy~eCTBn.JieTC.JI C nOMO~blj) 
3neKTpOHHoii annapaTypM no 912 KaHa
naM. CucTeMa MaTeMaTH'IecKoro o6ecne
'leHHH coJ,D;aHa Ha 6aJe 3BM TPA-i H no-
3BOnHeT BMBO,!J;HTb Ha ,D;HCDneii H TeneTaiin 
npOcPHnH nyqKa DO ,D;BYM KOOp,D;HHaTaM B 
10 ce'leHHHX KaHana qacT.H~. B HecKonLKO 
pa3 COKpaTHnOCb BpeMH HaCTpOHKH KaHa
na 'laCTH~, H.D;yj.QHX Ha ycTaHOBKY "JIIO,!J;" 
MHna". ! 

Ha ocHoae nponop~HoHanLHMX KaMep 
coJ.D;aH npu6op ,D;~H HJy'leHHH 6uonoruqec-



KH aKTHBHhlX Be~eCTB, Me'leHHbiX pa.D;HO
aKTHBHhlMH H30TOllaMH, KOTOphlH npe.D;Ha3-
Ha'leH .LJ;nH HCllOnb30BaHHH B MOneKynHpHOH 
6uonorHH H 6HOXHMHH. Ilpu6op o6ecne
'IHBaeT H3MepeHHe npOCTpaHCTBeHHOrO 
pacnpe.D;eneHHH H30TOllOB Ha llOBepXHOCTH 
o6'beKTa /xpoMaTorpaMMbi/ pa3MepoM 
200x200 MM2c TO'IHOCTbiO 1 -'-2 MM. Cuc
TeMa llO.LJ;KniO'IeHa K 3BM , BH3yanbHaJi 
perucTpaQHH pacnpe.D;eneHHH .LJ;enaeTCH c 
llOMO~biO TeneBH30pa. lfMeeTCH B03MO:>K
HOCTb H.LJ;eHTH<lJHKaQHH H30TOllOB 3H , 14 C , 
32P B O.LJ;HOM QHKne H3MepeHHH. Ilpu6op 
o6ecne'IHBaeT CKOpOCTb 105 H3MepeHHH 3a 
CeKyH,LJ;y, 'IYBCTBHTenbHOCTb He Xy:>Ke 
10 nKu/cM~IlO CBOHM B03MO:>KHOCTHM H 
XapaKTepHCTHKaM npH60p 3Ha'IHTenbHO 
npeBOCXO.LJ;HT cy~eCTBYIOIQHe aHanorH'IHhle 
ycTpoilcTBa. 

,lfAJI a61110Ma111U3ai.IUU KOHIIIpOAJI U yn-
pa6AeHUJI giU3U~eCKUMU YCIIIaH06KaMU H 

,LJ;anbHeilwero pa3BHTHH cneKTpoMeTpon4Ju-
3HKH BhlCOKHX JHeprHH pa3pa60TaH H H3-
rOTOBneH pH.D; HOBhlX JneKTpOHHhlX 6nOKOB 
06~ee qucno pa3pa6oTaHHbiX 6noKon pa3-
HhlX THllOB .LJ;OBe.LJ;eHO .!1;0 120. 

Hana:>KeH HHTep<lJeH:c 3BM EC-1040, 
ll03BOnHIO~HH npHHHMaTb OT <lJH3H'IeCKHX 
cneKTpOMeTpOB .!1;0 100 TpHrrepOB 3a QHKn 
pa6oTbi ycKopuTenH. CoJ.LJ;aHbi cHcTeMhl Ha 
nHHHH c 3BM TPA-70.LJ:nH H3MepeHHH HH3-
KHX TeMnepaTyp npH OXna:>K,LJ;eHHH MarHH
TOB, .LJ;nH H3MepeHHH JHepreTH'IeCKHX no
Tepb B CBepxnpOBO.LJ;HHKaX. Ji3rOTOBneHa 
10-KaHanhHaH CHCTeMa ,LJ;nH H3MepeHHH Ma
nhlX ypOBHeH HHTeHCHBHOCTH QHpKynupyro
~ero llY'IKa H.D;ep B CHHXpo4Ja30TpOHe. 

Pa3pa6oTaHa MHKponpoueccopHaH cuc
TeMa Ha OCHOBe KOHTponnepa B CTaH.D;apTe 
KAMAK c MHKponpoueccopoM <lJupMbl liH
Ten.Ha'laTa JKcnnyaTaQHH 3BM EC-1040. 

B o6nacTH pa3pa6oTxH H coJ.LJ;aHHH 
CHCTeM 6hlCTpOH JneKTpOHHKH 3aBepWeH 
JTan nepexo.LJ;a Ha HHTerpanbHhle cxeMhl, 
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'IT npHBeno K ynyqweHHIO JKCnnyaTaQHOH
HbiX noKa3aTeneH: JneKTpOHHhiX 6noKOB. B 
o6nacTH MHoroKaHanbHhlX noruqecKHX y3-
nOB OT6opa H perHCTpaQHH CHrHanOB HaHO
ceKyH.LJ;Horo .LJ;Hana3oHa pa3pa6oTaHo 8 Tu
non 6nOKOB, Cpe.D;H KOTOpbiX: YHHBepcanb
HhlH rO.LJ;OCKOll- WH<lJpa TOp, 6biCTpO.D;eH
CTBYIO!QHH npoueccop ,LJ;nH OT6opa C06hlTHH 
B p eanbHOM BpeMeHH JKCnepHMeHTa, ycu
nHTenb- .LJ;HCKpHMHHa Top .LJ;nH .D;peH:<lJonhlx Ka
Mep . B o6nacTH npeo6pa3oBaHHH HH<lJopMa
QHH C03.LJ;aHO 4 6noKa, B TOM 'IHCne 16-
KaHanbHbiH npeo6pa3oBa Tenb aHanoronoH: 
HH<lJ pMaQHH B QH<lJpOBOH KO.D;, reHepaTOp 
HaH CeKyH.LJ;HbiX HMnynbCOB C ynpaBneHHeM 
OT 3 BM. )J;nH C'beMa HH<lJOpMaQHH C 4JH3H
'IeCKHX YCTaHOBOK C03.LJ;aHhl YCHnHTenb- . 
4Jop HpOBaTenb ,LJ;nH JneKTpOHHbiX YMHO:>KH
TeneH: , 4-KaHanbHbiH nHHeHHhlH npHeMHHK
YCHnHTenb CHrHanoB C y,LJ;aneHHhlX .D;aT'IH
KOB; pa3pa6oTaHa cneuuanH3HponaHHaH 
ru6pH.D;HaH HHTerpanbHaH cxeMa .LJ;nH pe
rHCTp aQHH HMllynbCOB :; nponopQHOHanbHhlX 
KaMe p . 

B o6Aacmu co3oaHUJI u coaepweHcmao
aaHUJI npu6opoa u ycmpoiicma KpuoreHHOH 
TeXHHKH npone.LJ;eHhl cne.LJ;yiOIQHe pa6oTbi: 

a / Co3.LJ;aHa renuenaH cTpyH:HaH MHWeHb 
MH n pone.LJ;eHHH JKcnepuMeHTa no pHe -
pacceHHHIO Ha ycKopHTene HYJI /1iaTa
BHH/. KonuqecTao renHH, o6pa3yiOIQeecH 
llpH p a 6oTe MHWeHH, COCTaBHnO 10-7z/cM2 
npH WHpHHe CTpyH 5 MM, 'ITO ,LJ;ano B03-
MO:>KHOCTb ycneWHO Ha6paTb CTaTHCTH'IeC
KHH .MaTepuan B JKcnepuMeHTe Ha ycKo
puTene . 

6/ )J;nH C03.LJ;aHHH CHCTeM KpHOCTaTHpo
BaHHH 60nbWHX 4JH3H'IeCKHX ycTaHOBOK HC-
cne.LJ;on aHa B03MO:>KHOCTb npHMeHeHHH 
renuen oro cTpyH:Horo Hacoca KaK Kpuo
reHHor o J:>KeKTopa .LJ;nH pa6oTbl cnepxnpo
BO.LJ;H~Hx MarHHTHhlX CHCTeM. 

B/ npH HCCne,LJ;OBaHHH BnHHHHH OpHeH
TaQHH nnOCKOH CBepxnpoBO.LJ;H~eH WHHhl Ha 
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noTepH :meprHH B HMnyJihCHO pa6oTaiOIQHX 

COJieHOH,IJ;aX 6hlJIO noKa3aHO, qTo npH OpH 

eHTa.QHH WHHhl napaJIJieJibHO MarHHTHOM Y 

nOJIIO COJieHOH,IJ;a CyiQeCTBeHHO yMeHbWaiOT 

C.II cyMMapHhle noTepH H ,IJ;erpa,D;a.QHB KpH 

THqecKoro TOKa npH CKOpOCT.IIX H3MeHeHH .II 

MarHHTHoro nonB ,IJ;O 7,8 T /c. liJyqeH hi 

3aBHCHMOCTH BeJIHqHHhl KpHTHqeCKOrO T O 

Ka OT ,IJ;HaMeTpa H3rH6a CBepxnpOBO,Il;BIQe B 

WHHhl H OT CTeneHH nJIOCKOB ,IJ;elPOpMa.QHH . 

Ha nyqKe B,IJ;ep c 3HeprHeB 8 T3Bnpoae 
,IJ;eHhi no,IJ;rOTOBHTeJihHhle pa60Thl H Be,IJ;e T 

C.II HCCJie,IJ;OBaHHe BJIH.IIHH.II pa,D;Ha.QHOHHOr O 

HarpeBa Ha BeJIHqHHY KpHTHqeCKOrO TOK a 

B CBepxnpOBO,Il;HHKaX. 

CoBeprneHCTBOBaHHe 

CHHXpO~a30TpOHa, pa60 Thl 

ITO rrpoeKTY HYKAOTpOHa 

lla cuHxpo¢a3ompoHe npoae,IJ;eHhlpa6 o

Thl no nOBhlWeHHIO 34><lleKTHBHOCTH ero H C

nOJih30BaHH.II ,Il;JI.II lPHJHqecKHX 3KCnepHMe H

TOB H COBepWeHCTBOBaHHIO ero napaMe T

pOB. 

3a cqeT BBO,IJ;a B 3KCnJiyaTa.QHlO CHC T e

Mhl npe.QH3HOHHOB CB.113H qaCTOThl C M a r

HHTHhlM noJieM, noJiyqeHH.II pacqeTHO~ a M

nJIHTY,IJ;hl yCKOp.IIIOIQero HanpB)I(eHH.II B JIH

HeBHOM YCKOpHTeJie JIY- 20, HCnOJih 30B a

HHB rpynnHpOBa TeJIB Ha BXO,IJ;e JIY- 2 0 H 

MO,IJ;YJIBTOpa 3HeprHH pa3rpynnHpOBaTe JIB 

nocne JIY- 20 H nocne nepeao,IJ;a ycKopeH HB 

qaCTH.Q Ha BTOpyro KpaTHOCTh qacTOThl o 6-

paiQeHH.II B03pOCJia HHTeHCHBHOCTh nyq Ka 

,IJ;eBTpOHOB ,!1;0 3x1011 a HMnyJihCe H nyq Ka 

aJihlPa-qacTH.Q ,!1;0 3x10 10a HMnyJihCe. 

llpoBe,IJ;eHhl ,IJ;JIHTeJihHhle HCnhlTaH H.II 

KpHoreHHOrO HCTOqHHKa HOHOB "KpHOH-1" 

Ha CHHxpolllaJoTpoHe. Y,IJ;anoch ycKop HTh 

B,D;pa yrnepo,IJ;a Jl.O 3HeprHH 60 T3B, B ,IJ;pa 

aJoTa ,IJ;o 3Hepr'iiH 70 T3B, B,D;pa KHCJio po-

• 

,IJ;a ,IJ;O 3HeprHH 80 T3B H B,D;pa HeoHa ,IJ;O 

3HeprHH 100 T3B. Ha nepaoM 3Tane pa-

6oThl "KpHoH-1" HHTeHCHBHOCTh B,IJ;ep yr

nepo,D;a B KaHane Me,IJ;JieHHoro BhiBO,IJ;a co

CTaBHJia 2,8x10
4 

B HMnyJihCe H B,IJ;ep KHC

JIOpO,D;a 5x10 3 a HMnyJILce. 3To noJBOJIH

Jio npOBeCTH 06JiyqeHHe ,IJ;BYXMeTpOBOB npo

naHOBOB KaMe phi, ycTaHOBKH CKM- 200 

H HeCKOJihKHX naqeK B,IJ;epHOB lPOT03MYJih

CHH. 

B aapHaHTe HCToqHHKa "KpHoH-2" ,IJ;o

CTHrHyT lilaKTOp HOHH3a.QHH 3x10
20

cM-
2 

npH 

3HeprHH 3JieKTpOHOB 6,5 K3B. Bnepahle 

nonyqeHhl B,IJ;pa Ar+1 8 H xe+37 . 

llpOBe,IJ;eH 3aKJilOqHTeJibHhlB 3Tan OTpa-

60TKH pe)I(HMa COBMeiQeHH.II Me,IJ;JieHHOrO 

H 6biCTporo BhlBO,Il;OB B O,Il;HOM .QHKJie 

pa60Thl YCKOpHTeJIB ,IJ;JI.II HX ,IJ;JIHTeJihHOrO 

npHMeHeHH.II. )lJIHTeJibHOCTh Me,IJ;JieHHOrO 

BhiBO,IJ;a ,Il;OBe,IJ;eHa ,!1;0 300 MC, a 6hlCTpOrO

,!1;0 600 MKC. ilOJiyqeH pe)I(HM, n03BOJIBIO

I.QHB npOH3BO,Il;HTh B O,Il;HOM .QHKJie 6hlCTphlH 

H Me,IJ;JieHHhlB BhlBO,Il;hl KaK npH O,Il;HOB, TaK 

H npH pa3HhiX 3HeprHBX yCKOp.lleMhlX qac

TH.Q. llpoae,IJ;eHhl 3KcnepHMeHThl no o6ny

qeHHIO lPHJHqecKHX YCTaHOBOK B COBMeiQeH

HOM pe)I(HMe. 

OcyiQeCTBJieH BhlBO,IJ; B,IJ;ep c 3HeprHeii 

400 M3B/HYK/I. ,IJ;JIB npoae,IJ;eHHB Hccne

,IJ;oBaHHB B 06JiaCTH JiyqeBOB TepanHH. 

Ilo npoeKmy JKecmKo(/JoKycupy10Uiezo 
YCKOpume/1~ peJIBTHBHCTCKHX B,D;ep HYKJIO

TpOHa npo,IJ;eJiaHhl cne,IJ;yiOIQHe pa6oThl. 

CoJ,IJ;aHa nepaa.11 oqepe,D;h cTeH,IJ;a ,IJ;JIB npo

Be,IJ;eHHB TenJIOlPHJHqecKHX HCCJie,IJ;OBaHHH 

MaJihlX HMnyJihCHhlX MarHHTOB, B KOTOpOM 

6y,IJ;yT HCnOJih30BaTbC.II reJIHeBhle KpHOCTa

Thl ,IJ;HaMeTpoM 150 H 300 MM. Be,D;eTcB 

c6opKa H HaJia,IJ;Ka CTeH,IJ;a ,Il;JI.II HCCJie,IJ;O

BaHH.II noTe ph B KOpOTKHX o6pa3.QaX CBepx

npOBO,Il;HHKOB. flpOBe,IJ;eHhl HCnhiTaHH.II 

CBepxnpOBO,Il;BIQero MarHHTa C ,IJ;HaMeTpOM 

250 MM H cep,D;eqHHKOM H3 )l(eJie3HhiX nJia

CTHH. Onpe,IJ;eJieHa BeJIHqHHa KpHTHqecKO

ro TOKa B CTaTHqecKOM H HMnyJihCHOM 



pe)I(HMaX, HJMepeHbl noTepH, CHBTa KapTa 
MarHHTHoro nons. CnpoeKTHpoBaHbl H HJ
roTosneHbl .D;Ba csepxnpoBO.D;BIUHX Maruu
Ta ,IJ;JIHHOH 400 MM C HCnOJibJOBaHHeM 
csepxnpoBO.D;Bll.{ero Ka6ens, HJroToBneu
uoro B na6opaTopuu. llpose,IJ;eHo ucnbiTa
HHe csepxnpoBO.D;Bll.{ero MarHHTa co cnnow
HbiM CTaJibHbiM cep,D;e'IHHKOM Ha none 
2,5 T c o6MOTKaMH KoppeKUHH. PaJpa-· 
6oTaHbl H HJroTOBJieHbl ,IJ;Be csepxnposo
.D;Bll.{He KBa,IJ;pynoJILHble JIHHJbl . UpoBe.D;eHbl 
HX HCnbiTaHHB H HJMepeHbl BeJIH'IHHbl KpH
TH'IeCKOrO TOKa, noTepH npH pa3JIH'IHOH 
,II;JIHTeJibHOCTH UHKJia nHTaHHB H rpa,D;HeHTa 
MarHHTHOrO nOJIB. 
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3KcnJiyaTaQM.H 

CMHXpo<!Ja30TpOHa 

3anJiaHHpOBaHHOe BpeMB pa60TW yc
KOpHTeJIB - 4149 'I&COB. 

Y CKOpHTeJib pa6oTaJI: 
a / ua 3KcnepuMeHTaJILHble uccne.D;o

sau B . no I!>HJBKe 3JieMeHT&pHbiX 'laCTBIJ 
B I!>BJHKe peJIBTBBBCTCKHX B,IJ;ep - 3288 qa
COB CO cpe,D;HeH BHTeHCBBHOCTbiO 3,3x1011 

ycKopeHHLIX npoTOHOB, 1,1x10 11 ,IJ;eii:Tpo
HOB, 6x109 anL4>a-qacTBU, 104 B.D;ep yrne
po.D;a Ja O.D;BH UBKJI ycKopuTens. 

6/ Ha COBepWeHCTBOB&HBe CBCTeM yc
KOpBTeJIB - 629 'laCOB. 



IlpoooAxaemcJI noucK "ot~apoeaHHI>Ix" t~acmu11 c no
MOU/1>10 ycmaH06KU JiHC- 2 HQ HeiimpOHHOM nyt~Ke 
cepnyxoecKozo ycKopumeAJI. 3KcnepuMeHm npoeooumcJI 
Ha AUHUU c 3BM EC-1 040. 
Bo epeMJI ot~epeoHozo ceaHca no Ha6opy cma muc
muKu: a/ 3AeKmpoHHaJI annapamypa ycmaHoeKu; 6/ 3a 
nyAbmoM ynpaeAeHuJI 3BM EC-1040. 

• 



llpo6epKa 
MOHIIIUJICa 

HbiX KUMep . 

HaOeJICHOCIIIU 
nponop~UOHUAb-

MooyAu <iepeHK06cKux 
C'ielll'iUK06 nOAHOZO nOZAO

UieHUA . 

B cea HCQX Ha CUHXpO!/Ja30IIIpOHe 6 ny'iKQX npOIIIOH06, 
peAAIIU6UCIIICKUX OeulllpOH06 U UAb!{Ja-'iaCIIIU~ Ha6paHO 
C6bi1Ue J MAH . C06biiiiUU pacceAHUA Ha AOpaX. 3Kcne
pUMeHIII 6eOeiiiCA 6 nOMOUibiO YCIIIQH06KU "AAb!/Ja ", 
pa6oma 10111eu Ha AUHuu c 3B M EC-1 OJ 0. 



,4AJI p.110a 3KCnepu.MeHmUAI>HI>IX ycmaH060K C030U HI>I 
OpUZUHUAI>Hr.Je KpUOZeHHI>Je MUUleHU. Ha CHU.MKe: Ha· 
6op KpuozeHHI>JX MUweHeil /g-H , He , D I OAJI 
ycmaHOBKU ",4ucK-2". 

,4AJI U3y'leHUJI 6UOAOZU'IeCKUX 06'beKm06, 
Me'leHHI>JX paouoaKmueHbiMU u3omonaMu, 
co3oaH npu6op Ha ocHoee nponopijuo
HaAr.Hoil KUMepr.J. 

:. l il 
.. lol ol_ -

• 

,4AJI UCCAe006UHUU, C6JI3UHHbiX C npoeK· 
moM JICecmKol/loKycupyiOJllezo ycKopumeAJI 
peAJimueucmcKux .11oep, co3oaH ceepx
npoeoOJIUIUU MUZHUm, npeOHU3HU'IeHHI>IU 
OAJI KUAU6p06KU OUm'IUK06 MUZHUmHOZO 
noAJI. HanpJIJICeHHocmr. noAJI cocmaeAJiem 
8 T npu HeooHopooHocmu J0-5. · 

OoHo u3 mepMuHaAr.Hr.Jx ycmpoucme 3BM 
CDC - 6500, o6ecne<~ueaiOUIUX nepeoa'ly 
npozpaMM U3 Jla6opamopuu er.JCoKux 
3Hepzuu Ha 6a3oeyl0 3BM. 



Ha CU HXpOI/Ja30IIIPOHe npoeeOeHbl OIIUiflellbHbJe UCnbJ
IfiQHU.II KpUOZeHHOZO UCIIIO'IHUKQ UOH06 H060ZO IIIUna 
"Kpuo u ", no360AU61Uezo ycKopumb .110pa yz11epooa, 
Q30ifla, KUCIIOpoOa U HeOHa 00 3Hepzuu 5 F36/HYKII. 
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Jia6opaTopM.H 
.H,LJ;epHbiX 

rrpo6JieM 

: 

• 

B 1977 ro,I\y OCHOBHble ycHnHJI KOnneK

THBa na6opaTOpHH 6hlnH HanpaBneHbl Ha 

BblllOnHeHHe 3KCnepHMeHTanhHbiX HCCne.

,I\OBaHHH B o6naCTH clJH3HKH 3neMeHTapHbiX 

qacTHI.I, H a TOMHOrO JI,I\pa Ha CHHXpOI.I,HKnO

TpoHe O.HR.H H npoTOHHOM CHHxpoTpoHe 

11<l>B3. OnbiTbl npoBO,I\HnHCh TaK)I(e Ha 

CHHXpOI.I,HKnOTpOHe l.J.EPHa H Me30HHOH clJa6-

pHKe SIN /l.J.ropHX, lliBeiiuapHJI/. 

B Hccne,I\oBaHHJIX, npoBO.I\HMbiX Ha 

CHHxpouHKnoTpoHe O.HR.H, 3aMeTHoe Mec

TO JaHJinH aonpochi HJyqeHHJI CTPYKTYPhl 

Bei.QecTBa c noMOI.QhiO Me30HOB. IIpoBO.I\H

nHCh MeTO,I\HqecKHe pa3pa60TKH, HanpaB

neHHble Ha C03,I\aHHe KpynHhiX 3KCnepHMeH

TanhHhiX ycTaHOBOK H pa3BHTHe HOBoii yc

KOpHTenhHOii TeXHHKH. BhlnonHJinHch pa-

6oThl no peKOHCTpyKI.J,HH CHHXpOI.I,HKnOTpo

Ha na6opa TOpHH B CHnhHOTOqHhiH clJa30-

TpOH. 

HayqHo-Hcc~e~osaTe~hCKHe 

pa6oTbi 

Mcc~e~oBaHHe 3aKoHoB coxpaHeHH», 

H3y4eHHe B3aHMO~eHCTBHH 

3~eMeHTapHWX 4aCTHQ 

c HYK~oHaMH H »~paMH 

Pa3pa6omaHa meopemu~ecKaR cxeMa 
C/IQ6blX 83QUMOOeucm8UU CO CMeUIHBaHHeM 

TJI)I(enhiX nenTOHOB. B ee OCHOBe ne)I(HT 

rHnoTe3a o rny6oKoii aHanorHH B cna6blx 

B3aHMOAeiicTBHJIX nenTOHOB H KBapKoB. Oc

HOBHhiM 3KCllepHMeHTanhHhiM cne,I\CTBHeM 

MO,I\enH JIBnJieTCJI B03MO)I(HOe HeCOXpaHe

HHe MIOOHHoro 3apJI.I\a B pacna,I\ax 11 -. e y 
H 11 ... 3e. 
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PaccqHTaHHhle 3HaqeHHH aepoHTHOCT eH 

3THX pacna)I.OB COCTaBJIHlOT 10"9 -7- 10 · 12 OT 

OCHOBHOrO pacna)l.a MlOOHa, qTo )I.OCTy rr

HO )I.JIH 3KCnepHMeHTaJibHOrO H3yqeHHH Ha 

Me30HHhlX llJa6pHKaX. 

3aaepweHa o6pa6oTKa .D.aHHhlX 3Kcn e

pnMeHTa IIO H3MepeHHlO K03lPlPHUHeHT OB 

KoppeJIHUHH nOJIHpH3aUHH C ~~ B ynpyro M 

pp-pacCeHHHH npH 3HeprHHX 550, 6 1 0 

H 630 M 3B. 3KcnepHMeHT npoae)l.eH c n o

MOIUhlO "3aMOpO)KeHHOH" nOJIHpH30BaHH OH 

MHWeHH. Pe3yJihTaThi o6pa6oTKH npHB e

)l.eHhi B ma6Auije. 
KaK BH.D.HO H3 Ta6JIHUhi, npH 3HaqeH HH 

yrna pacceHHHH 90° HaMeqaeTcH HeKoT o

phiH pOCT BeJIHqHHhl C ~~ (90°) C 3HeprHe H. 

B COBOKynHOCTH C paHee noJiyq~HIJ.hiMH 

)l.aHHhiMH 3TOT pe3yJihTaT CJIY)KHT yKa 3 a

HHeM Ha B03MO)KHOe CyiUeCTBOBaHHe M a K

CHMyMa B 3HepreTHqecKOH 3aBHCHMO CTH c:: (90°) npH 3HeprHHX 650 -7-700 M 3B, 
qTo CBH)I.eTeJihCTBOBaJIO 6hi 0 HeKOTOp OH 

aHOMaJIHH B npOTOH- npOTOHHhlX B3aHM O

)l.eHCTBHHX npH 3THX 3HeprHHX. 

BblnOAHeHbl UCCAe008UHWI UHKA103 U8-
HbiX xapaKmepucmuK H MacwTa6Ho- HHBa

pHaHTHhiX CBOHCTB npou;eCCOB MHO)KeCTBe H

HOrO o6pa30BaHHH 3apH)KeHHhiX H HeH T

paJihHbiX (y,n°,K0 ,A 0
) qacTHU B CTOJIK

HOBeHHHX nHOHOB npH 5 T3B/c C npOTOHa

MH H H)l.paMH. 

llonyqeHbl cpe)I.HHe MHO)KeCTBeHHO CTH 

EP 
Yron pacceHHIHI 41° 

B C &.!::::!:. 

550 M3B c pp 
nn 0, 54:!:,_0,05 

6 10 M38 c pp O, GO:t_0,05 nn 

630 M38 c pp 0, 44:!:._0,05 - nn -

• 

A 0- H K0
- qacTHU, .D.Hli>llJepeHUHaJibHhle HHK~-

3HBHbie ceqeHHH no nepeMeHHhlM X H P..L • 

Pe3yJihTaTw cpaaHeHw c 3KcnepHMeHTaJib

HhiMH )l.aHHhlMH B WHpOKOM HHTepBaJie 3Hep

rHH )I.JIH pa3JIHqHbiX THnOB HaJieTalOIUHX 

qacTHU. Haii.D.eHo,qToCTPYKTypHaHli>YHKUHH 

B 77- p - B3aHMO.D.eHCTBHHX .D.JIH A- runepo

HOB 06Hapy)KHBaeT npe)l.eJibHOe noBe)l.eHHe 

y)Ke npH 3HeprHH 5 T3B, TOr.D.a KaK .D.JIH 

KQ.Me30HOB nO)I.06HOe CBOHCTBO He npOHB

JIHeTCH. 

HccJie.D.oBaHa HHKJil03HBHaH peaKUHH 

77-p .... 77°X npH 5 T3B Ha CTaTHCTHKe 

oKoJio ThlcHqH 77° -Me30HOB. YcTaHOBJieHo, 

qTO 77° -Me30Hbl pO)K)I.alOTCH, B OCHOBHOM, 

B 06JiaCTH llJparMeHTaUHH nyqKa H B UeHT

paJihHOH o6nacTH. Ha6JIJO)I.aeTcH no.D.o6He 

a pacnpe.D.eJieHHHX no P U I< P II > .D.JIH 

77°-Me30HOB B HCCJie)l.yeMOH peaKUHH npH 

5 T 3B H 77-- Me 30HOB H3 pp - B3aHMO)I.eH

CTBHH B HHTepaane 3HeprHH 13 -7- 300 T3B 
/puc. 17/. 

B nepeMeHHhiX PII /<PI I> H <P....L > no

Ka3aHo, qTO llJopMa HeHHBapHaHTHhlX pac

npe)l.eJieHHH npO)I.OJibHbiX H nonepeqHhiX HM

nyJihCOB B peaKUHHX 77- P->l ~o l+nch+X npH 

6 T3B/c He 3aBHCHT OT 3HeprHH H MHO

)KeCTBeHHOCTH BTOpHqHbiX 3apH)KeHHbiX 

qacTHU. 3TOT pe3yJihTaT CBH)I.eTeJibCTByeT 

0 paCWHpeHHH rpaHHU BhiiiOJIHHMOCTH 

"cKeHJIHHra B cpe.D.HeM" KaK no 3HeprHH 

/5 .:.300 T3B/, TaK H no THnaM qacTHU 

/puc. 18/. 

Ta6AUI.#a 

69° 770 90° 

0,58:!:._0,04 0,53:!:._0,04 0,51:!:._0,04 

0,57:!:._0,04 0,57:t_0,04 0,57:t_0,04 

0,54:!:._0,04 0,60:t_0,04 0,66:!:._0,04 
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Puc. 17. PacnpeOeAe Hue npoOOAbHbiX uMnyAb C08 170
-

Me30H08 U3 peaK~uu 11.- P ~ 17° + X npu 5 F3B/c 
8 npeckma8AeHuu nepeMeHHbiX "cKeiiAuHza 8 cpeo
HeM" . Co8naoeHue c pp-oaHHbiMU npu 137-300 F3B/ c 
YK03bi80em HO He308UCUMOCmb r/JOpMbl pacnpeOeAeHU.II 
om 3Hepzuu u muna HOAemOIOJIIeii ~acmu~bl. 

1,0 
1fp-~+X 5 f 9B/c a ., 

0 0 ny"!efl 

~ to 2 ny"l a 

i v 4 ny"la 
• BCE: 

0,1 ~ 

~1 
~f%" '1 ~ro 

{*1} v 
0,01 

0,001 
1 t 

0 2 3 4 5 6 
fl /<FD 

Puc. 18. Pa c npeOeAeHu.ll nonepe~HbiX uMnyA bC0 8 r -
K8aHm08 U3 peaK~uu 11 - p -+y + n ch + X npu 5 F 3 B /c 
8 npeocma8AeHuu nepeMeHHbiX " c KeiiAuHza 8 cpeo 
HeM ". ,40HHble C8UOellleAbCm8yl0111 0 He308UCUM OCIIIU 
r/JopMbl pacnpeoeAeHUU Om MHOJKeC/118eHHO C/IIU 30p.IIJKeW 
HbiX ~OCI/IU~ . 

.. 59 

Ha ycmaHoeKe MHC e H(J>B3 noAHocmb10 
3ae epweH Ha6op cmamucmuKu. B o6me:H 

CJIO:>KHOCTH ITOJiy'leHO OKOJIO MHJIJIHOHa 

CTe p eo$ororpa$HH ~JIH HCCJie~OBaHHH ~H$
paK HOHHOH ~HCCOUHaUHH ITHOHOB H KaOHOB 

H ~pyrHX MHO:>KeCTBeHHhlX ITpOUeCCOB Ha 

pa3JIH'IHLIX H~pax. 113 3Toro 'IHCJia B 1977 r. 
6biJIO ITOJiyqeHO 470 TbiC. CTepeo$OTOrpa

$HH . BLIIIOJIHeH ~eMOHTa:>K o6opy~oBaHHH 
M11C Ha Me30HHOM KaHaJie 11<1>B3. 

H a ycrpo:Hcraax HPD B ,1l;y6He H lio

JIOHL e ITpOCKaHHpOBaHO COOTBeTCTBeHHO 40 
H 20 TbiC. CTepeo$OTOrpa$HH, 3aKOH'IeHbl 

pa6 rw ITO orJia~Ke ITporpaMM reoMerpu

qecK o:H peKOHCTPYKUHH TpeKOB . 

3 aKOH'IeHa 06pa60TKa pe3yJILTaTOB HC

CJie~OBaHHH MHO:>KeCTBeHHbiX ITpOUeCCOB ITpH 

pac c eHHHH ITHOHOB c HMITYJILCOM 40 T3B/c 
Ha p a3JIH'IHLIX H~pax . IIoJiy'leHLI cpe~HHe 

MHO:>KeCTBeHHOCTH H paciTpe~eJieHHH ITO 

ITCeB~o6LICTporaM ~JIH H~ep yrJiepo~a .. amo

MHHH H, Me~H H CBHHQa. HaH~eHHbie 3Haqe

HHH MHO:>KeCTBeHHOCTH COrJiaCylOTCH CO 

cJie~yromeH: A- 3aBHCHMOCTLIO: < n >-A 0 ·11 • 

IIoJiy 'leHLI ITepBLie pe 3YJILTa rw HCCJie~oaa

HHH KOrepeHTHOH ~HCCOUHaUHH ITHOHOB Ha 

H~pax KpeMHHH H Me~H. 

C ijeAb10 noUCKQ H06biX KOpOmKOJKUBy
~UX ~acmufl ITpoae~eHo o6Jiy'leHHe $oro-

3MYJIL CHH 061.J..{HM 06'beMOM 16 A Ha HeHT

pHHHOM ITY'IKecepiTyxoacKorocHHxporpoHa. 

B ITP uecce o6Jiy'leHHH ~JIH yKa3aHHH Mec

ra B 3aHMO~eHCTBHH HeHTpHHO B 3MYJibCHH 

H aH JIH3a BTOpH'IHbiX qaCTHU HCITOJib30BaH 

HCKp o aoH: ciTeKTpoMeTp 11T3<1>. Orpa6oraua 

MeTO~HKa ITOHCKa MHOrOJiy'leBhlX C06hlTHi 

B3aHMo~eHCTBHH HeHTpHHO C H~paMH 

B $OT 0 3MYJibCHH . 3aperHCTpHpOBaHO H ITpo

aHaJil13HpOBaHO aoceML co6LITHH. HH B o~

HOM H 3 BOCbMH CJiyqaeB He 06Hapy:>KeHO 

ITpH3 HaKOB paciTa~a KOpOTKO:>KHBYII.lHX 3a

pH:>Ke HHbiX HJIH HeHTpaJibHbiX 'laCTHU B OK

peCT H OCTH Ha paCCTOHHHH 1 MM OT BepiiiH

Hhl B 3aHMo~e:HcTBHH. Y~aercH u~eHTH$H

UHPOB aTb BeCbMa CJIO:>KHbie ITPOUeCCbl. ,lJ;Ba 
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C06biTHH HHTepnpeTHpylOTCH KaK napu oe 

pmK,IJ.euue K -MeJoua H ~- runepoua B pea K

I.J,HH 1/ + N - > fl- + K- + rr 0 ~ ~ +rr. 
J1 

H~epHa~ CTPYKTypa 

H MeXaHH3Mbi ~~ep H biX 

peaK IJ, HH 

Jlpu QHQAU3e C06bi111UU, 3aperHCTpH

poBaHHbiX B cPOT03MYllbCHOHHOH KaMepe, 

o6nyqeuuoii npoToHaMH 250 T3B B liaT a

BHH, cpe,IJ.H 150 TbiC. B3aHMO,IJ.eHCTBHH H,IJ.e H

THcPHUHPOBaHO C06biTHe o6pa30BaHHH H p a c-
12 

na,IJ.a runepH,IJ.pa AC /puc. 19/ . .Hcnon L-

Joaauue npOTOHOB BbiCOKOH 3HeprHH nOJB O

nuno onpe,IJ.enHTb JapH,IJ. runepH,IJ.pa MeT o-
• ,!J.OM H3MepeHHH JaBHCHMOCTH lllHpHHbl c n e-

,IJ.a oT ocTaToquoro npo6era. Haii,IJ.euu oe 

Juaqeuue JHeprHH CBH3H /\.- runepoua B H,IJ.

pe yrnepo,IJ.a cocTaBnHeT /11 ,14±0,5/ M 3B. 
ToquocTb onpe,IJ.eneuHH JHeprHH can JH 

ynyqllleHa B ,IJ.Ba paJa no cpaaueHHJO c 

3KCnepHMeHTaMH, BbiiTOllHeHHbiMH MeTO,IJ.OM 

onpe,IJ.eneHHH He,IJ.OCTaJOII.J,eH MaCChi. 

Puc. 19. Co6brllue o6pa3oeaHUJI u pacnaoa zunep11 opa 
\2c npu e3auMooejlpreuu npo•oHa 250 r3B c .RO

fXJM 6 !Po•o3MY/IbCUtl'! 

.. 

JlpoeeOeHbl U3MepeHUJi HQ CUHXpO~UK

AOTilpOHe H npe,IJ.BapHTellbHaH o6pa60TKa 

,IJ.aHHbiX peaKI.J,HH (p, 3 p), anepable ua6nro

,IJ.aBllleiicH B na6opaTOpHH. lfJMepeHHH npo

BO,!J.HllHCb Ha MO,IJ.epHHJHpOBaHHOH annapa

Type C O,!J.HOJHaquoii H,IJ.eHTHcPHKai.J,HeH Mace 

BCeX Tpex 6biCTpbiX qacTHI.J, B KOHeqHOM 

COCTOHHHH. IlpH 3TOM: 

a/ no,IJ.TBep)I(,IJ.eHbl nonyqeuuble pauee 

peJynLTaTbl, a KOTOpblx coo611.1,anocb o 

Ha6nJO,IJ.eHHH npHMOrO Bbi6HBaHHH napbl 

6biCTpbiX npOTOHOB B KHHeMaTHqeCKHX yc

llOBHHX KBa3HCB060,IJ.HOrO pacceHHHH npo

TOHa ,IJ.BYMH H,IJ.epHbiMH npOTOHaMH; 

6/ HJMepeuo pacnpe,IJ.eneuue no yrny 

pacKpbiTHH Bbi6HBaeMbiX Bnepe,ll. npOTOHOB; 

B/ HJMepeH cneKTp npOTOHOB, HCnyc

KaeMbiX uaJa,IJ.. 

3uaqeuue nonyqeuublx peJynLTaToB, B 

nepayro oqepe,IJ.b, onpe,IJ.enHeTcH TeM, qTo 

y,IJ.anocL HJyqHTb anonue onpe,IJ.eneHHbiH 

KaHan peaKI.J,HH, npHBO,!J.HII.J,HX K 3MHCCHH 

6biCTpbiX npOTOHOB B Ja,IJ.HIOIO nonyc$epy. 

MexaHHJM H JaKoHoMepuocTH TaKoii JMHC

CHH Bbl3biBalOT B HaCTOHII.J,ee BpeMH 60nb

lllOH HHTepec, uo no,IJ.aBnHJOII.J,ee 6onblllHH

cTBO 3KCnepHMeHTallbHbiX ,IJ.aHHbiX ,!J.O CHX 

nop HMeeT TOllbKO HHKlll03HBHbiH xapaKTep. 

Ilpu u3MepeHuu Aeeo- npaeou acuMMem
puu KBaJuynpyro~o pacceHHHH nonHfHJo

aauublx npOTOHOB 635 M 3B H,IJ.paMH 
2 C H 

160 o6Hapy)l(eHO H HCCne,IJ.OBaHO HBneHHe 

J$$eKTHBHOH nonHpHJai.J,HH H,IJ.epHbiX HYK

llOHOB. IloKaJaHO, qTo HJMepeHHaH JaBHCH

MOCTb aCHMMeTpHH OT npoeKI.J,HH HMnynLCa 

ocTaToquoro H,IJ.pa ua uanpaaneuue nyqKa 

KaqecTBeHHO 06'bHCHHeTCH ,IJ.BYMH npHqHua

MH: 

a/ JaBHCHMOCTblO aCHMMeTpHH OT 3Hep

rHH OTHOCHTellbHOrO ,!J.BH)I(eHHH na,IJ.aJOII.J,ero 

H H,IJ.epuoro npoTOHOB, HBmi'JOII.J,eiicH auano

roM COOTBeTCTBYJOII.J,eH JaBHCHMOCTH ,!J.llH 

CB060,IJ.HOrO pp-pacceHHHH; 

6/ 3cPcPeKTHBHOH nonHpHJai.J,HeH npOTO

HOB p - o6onoqeK ~,IJ.ep 12C u 160 . 



,.[(anhHeii:wee 3KcnepuMeHTanbHOe uc

cne~osaHue JIBneHHJI 34l4leKTHBHOH nonJI

puJauuu HyKnOHOB Jl~ep MHWeHH n03BOflHT 

nony'IHTb UeHHYIO HHWOpMaUHIO 0 COCTOJI

HHJIX Jl~epHbiX HYKflOHOB no op6uTanbHOMY 

H nonHOMY 

:lKeHHJI. 

3aeepweHbl U3MepeHUJI acuMMempuu 
8bVIema H 3HepreTH'IeCKHX cneKTpOB O~HO

JapJI~HblX qacTHU B ~uanaJoHe 3Hepruii: 

10 :- 50 M3B npu JaxsaTe oTpuuaTenbHblX 

MIOOHOB B Jl~pax. HcnonbJOBaHue npeuu-

3HOHHblX nponopuuoHanbHbiX KaMep ~nJI H3-

MepeHHJI HOHH3aUHOHHblX noTepb 3apJI:lKeH

HblX 'laCTHU H Bbl~eneHHJI OCTaHOBOK MIOO

HOB B TOHKHX MHWeHJIX B CO'IeTaHHH C 

6onbWHM cneKTpoMeTpoM Cs J noJso

nuno npOBeCTH H3MepeHHJI He TOflbKO B 

cepe H MarHHH, HO TaK:lKe B KHCnopo~e 

u yrnepoJI.e. llony'leHbl qeTKHe cneKTpbl 

npOTOHOB, ~eii:TpOHOB H TpHTOHOB, npH'IeM 

lboH oTcyTcTsyeT ~a:lKe npu yposHe 10·5 qac

THU Ha aKT 3aXBa Ta Ha 1 M 3B. llony'leH

Hble peJynbTaTbl y~osneTsopuTenhHO co

rnacyiOTCJI C TeopeTH'IeCKHMH paC'IeTaMH 

B npe~nono:lKeHHH BblneTa qacTuuspeJynb

TaTe pacna~a npe~paBHOBeCHblX KonneK

THBHblX COCTOJIHHH. 

Ha CUHXPOI.IUKAompoHe JJ.EPH c no

MOIUbiO annapaTypbl, C03~aHHOH B ,.[(y6He, 

nposo~unocb uccne~oBaHue o6Hapy:lKeHHo

ro B na6opaTOpHH 3414JeKTa yMeHbWeHHJI 

BpeMeHH :lKH3HH H30Mepa WOPMbl B npHCYT

CTBHH MIOOHa. 3TH OnbiTbl nO~TBep~HnH 

nOJIBneHHe CnOHTaHHO ~enJIIUeHCJI aKTHBHO

CTH C Tlf2 = 9 HC B Me30aTOMe ypaHa- 238. 
Hau6onee BepOJITHOe 06bJICHeHHe COCTOHT 

B TOM, 'ITO npH 6e3pa~HaUHOHHOM (2p-ls)
nepexo~e MIOOHa so36y:lK~aeTCJI cnoH

TaHHO ~enJIIUHHCJI H30Mep B ypaHe- 238. 
llpucyTCTBHe MIOOHa Ha Op6HTe H3MeHJieT 

KBa~pynonbHblH noTeHuuan Jl~pa, B peJynb

TaTe Bpe.~.iJI :lKH3HH yMeHbWaeTCJI C 200 

• 61 

~o 9 He. BepoJITHOCTb JaceneHHJI H30Mep

Horo COCTOJIHHJI npH 6e3pa~HaUHOHHOM Ja

XBa Te MIOOHa OKa3anaCb OKOnO 700/o, 'ITO 

B 10 3 -:- 10 4 
pa3 6onhwe, 'leM B Jl~epHbiX 

pea KUHJIX. B 3THX :lKe onblTax o6Hapy:lKeHo 

HOB oe JIBneHue - Ja~ep:lKaHHOe nocne oc

TaH OBKH MIOOHa ~eneHHe Jl~pa Me30aTOMa, 

npH KOTOpOM O~HOBpeMeHHO C OCKOnKaMH 

nOJIBhJieTCJI 6blCTpbiH 3neKTPOH. 3TOT 4JaKT 

HHT epnpeTupyeTCJI KaK ~eneHue, HH~yuu

pos aHHoe pacna~oM MIOOHa Ha op6uTe. 

IlpoOOAJICeH noucK ceepxnAomHbiX .ROep 
c n oMOIUbiO Macc-cenapaTopa. MeTo~ o6-

Hap y:lKeHHJI - ~eTeKTHpOBaHHe 6eTa- H raM

Ma - aKTHBHOCTH H30TOnOB C ~p06HblMH 3Ha

'leHHJIMH Maccosoro qucna, 'ITO, ~On:lKHO 

6blT b, Bbl3BaHO cymeCTBeHHblM OTflH'IHeM 

3H pruu CBJI3H csepxnnoTHblX B~ep no cpas

HeH HIO C HOpManbHblMH. llpOBO~HnO~b 06-

ny'leHHe TaHTanOBOH MHWeHH Ha BHyTpeH

He M ny'IKe npOTOHOB 10- T3B CHHXpo4Ja-

30T pOHa, JaTeM - Macc-cenapuposaHue u 

CKa HHpOBaHHe 6eTa-aKTHBHOCTH. JiblnH 

uccne~osaHbl cne~y10mue ~uanaJOHbi Mac

COB biX queen: 32 :;; A ~ 43, 65 -:;_ A ~ 85, 
105 ::;, A <;;,_ 140. AHoManbHble H30Tonbl He 

o6Hapy:lKeHbl Ha cne~yiOIUHX YPOBHBX OT 

BbiXO~a HOpMaflbHblX: ~nJI KanHJI - 3·10-4
, 

~nB py6H~HB - 10-2 , ~nJI Ue3HB - 3·10 - 3
• 

Pa3 pa6aTblBaeTcJI 6onee 'IYBCTBHTenbHaB 

MeTO~HKa. 

CneKTpocKomui 

HeATpOHO~e~HQHTHhlX ~~ep. 

Pa~HOXHMH~ 

Ha ycmaHoeKe CIIHH e nepeoM eapuaH
me Be~yTCB CHCTeMaTH'IeCKHe HCCne~o

BaH HB OpHeHTHpOBaHHblX B~ep nepeXO~HOH 
o6na CTH. llony'leHa HOBaB HHWOpMaUHB 0 

CTPY KType pa3nH'IHblX H30TOnOB Jl~ep Tep-

6HB , ra~onHHHB H ~HCnp03HB, B TOM 'IHCne 



62 

uccne~oBaHbi raMMa- nepexo~bl, onpe~ene
Hbl CnHHbl 3HepreTH'IeCKHX ypOBHeH, na
paMeTpbl CBepXTOHKOrO MarHHTHOrO H 
KBa~pynonbHoro pacmenneHHH, H3Mep eH 
MarHHTHbiH MOMeHT .ll~pa Tep6H.R-152. 

IJpo~OIDKaeTCJI MeTO~H'IeCKOe COBep 
WeHCTBOBaHHe H ~anbHeHwee OCHalQeHHe 
annapaTypoB: nepBoro BapuaHTa ycTaHoB
KH CIIHH. B peJynbTaTe 3THX pa6oT oc
HOBHOH ylen YCTaHOBKH - pe~pH*epaTop 
paCTBOpeHHJI 3He - 4He B HaCTOJllQee Bp e
MJI no CBOHM napaMeTpaM npeBOCXO~HT 

H3BeCTHble aHanorH. ,lJ;OCTHrHyTbl cne~yro
IUHe napaMeTpbi: BpeM.Il BBO~a o6pa3u;a B 
~eHCTBYIOIUHH pe~pH*epaTop - -15 MUH; 

BpeM.Il oxna*~eHHJI o6pa3u;a ~o pa6oq eB: 
TeMnepaTypbl 14 MK- oxono 3,5 '1; TeMn e
paTypa, ~OCTHraeMaJI B pa30BOM pe*HM 
HH*e 10 MK. 0Tpa6oTaHa MeTo~HKa H3Me
peHHH '"'TeMnepaTypbi C nOMOlUblO pa~HOaK
THBHbiX TepMoMeTpoB 57 Co(Fe) H 54 Mn(Fe), 
TO'IHOCTb onpe~eneHHJI TeMnepaTyp B ~Ha
na30He 10 720 MK cocTaBn.lleT 3 -:- 5o/o. ,ll;n.11 
no~rOTOBKH HCCne~yeMbiX o6pa3I.J;OB pa3pa-
6oTaHa cneuuanbHa.ll 6LicTpo~eB:cTBY10IUa.ll 
ne'lb, KOTOpa.ll n03BOITJleT npOBO~HTb nnaB
KY, ~H4><l!Y3H10, OT*Hr, naHKY H ~pyrue TeX
Honoruqecxue onepau;HH c paJnH'IHbiMH He
aKTHBHbiMH H aKTHBHbiMH MaTepHanaMH, 
BKnlO'Ia.ll MeTannbl. 

3aeepweH I.IUIUI pa6om no uccne~oBaHHIO 
HHTerpanbHblX H ~H4><l!epeHI.J;HaiTbHbiX B03My
lQeHHH yrnOBbiX KOppen.III.J;HH y-y -KaCKa~OB 
npH pacna~e HeCKOITbKHX H30TOnOB Jl~ep 
Tep6H.Il B MaTpuuax Fe H NL Onpe~eneHbl 
3Ha'leHHJI CBepXTOHKHX MarHHTHblX non eH 
H aiFe) H H0 iNi), a TaK*e JHa'leHH.Il g
~aKTopoB H MarHHTHbiX MOMeHTOB 3Hepr e
TH'IeCKHX ypoBHeB: HlOTonoB ra~onHHH.Il. 

06Hapy*eHO H30MepHOe COCTOJIHHe 11/2-B 
Tep6uu-151 c 3HeprueB: 99,5 K3B, H3Mep e
Hbi BpeMeHa *H3HH HH*HHX B036Y*~eHHbiX 
COCTOJIHHH. Ha OCHOBaHHH BblllOITHeHHbiX 
HCCne~oBaHHH C,lt<>HCTB B036Y*~eHHbiX c o
CTOJIHHH Jl~ep Tep6H.R-153, -155,-157 Bbl-

• 

cxaJaHo npe~nono*eHHe o cymecTBOBaHHH 
KaK C~epH'IeCKOH, TaK H ~e~OpMHpOBaHHbiX 
~opM B .11~pax nepexo~HOH o6nacTH. 

YcnewHo pa3eueaemc.R compyoHu'lecm
eo no npozpaMMe JICHAIIII- HPHC no uc
cne~oBaHuro CTPYKTYPbl .11~ep Ha 1- T3B 
CHHXPOUHKnoTpOHe B raT'IHHe. Oco6eH
HOCTb10 3THX OnbiTOB JIBITJleTCJI TO, 'ITO 
cneKTpOCKOnH.Il Jl~ep npOBO~HTCJI C HCnOnb-
30BaHHeM 3neKTpoMarHHTHoro cenapaTopa 
Ha ITHHHH C BbiBe~eHHbiM npOTOHHbiM nyq
KOM. 3TO n03BOITJleT H3y'laTb .ll~pa C O'leHb 
ManbiM nepuo~oM nonypacna~a - ~o 0,1 c, 
MaKCHMaiTbH.O y~aneHHbie OT ITHHHH 6eTa
CTa6HITbHOCTH. 3aaepweH UHKIT HCCne~oaa
HHH HlrOTOBneHHOro B JUIIJ BbiCOK034><l!eK
THBHOro HOHHOrO HCTO'IHHKa C noaepXHOCT
HOB HOHH3au;ueB:. Ero npHMeHeHHe noJaonu
no H3Y'IHTb anb~a-pacna~ H30TOnOB HTTep-
6HJI, TynnHJI, 3p6HJI, rOITbMHJIH06Hapy*HTb 
HecxonbKO HOBbiX anb~a-Hlny'laTeneB:. He
KOTOpbie H3 H3y'laBWHXCJI H30TOnOB y~a
neHbl OT ITHHHH 6eTa-cTa6HITbHOCTH Ha 18 
MaCCOBblX e~HHHI.J;. 

IloKa3aHa nepcneKmueHOCTIIb npou3eoo
cmea Ha Me30HHbiX rjja6puKax H, B qacTHo
CTH, Ha ycTaHOBKe "cf>" H30TOnOB l ~: 3J H 
16 'lrm~n.ll Me~uxo6uonoruqecxux ueneB:. On
pe~eneHbi onTHManbHble ycnOBH.Il HaKonne
Hil.ll B:o~a-123, o6pa3yromeroc.11 npu pacna~e 
xceHoHa-123. Bbl~eneHHbiH B ,ll;y6He 
uo~-123 npH3HaH Me~HUHHCKOH axa~eMueB: 
r ,ll;P I ,lJ;pe 3~eH/ ro~HbiM ~n.11 ueneB: pa~uo
~HarHOCTHKH. 

Me3oaTOMHwe 
H Me3oMo~eKy~HpHwe rrpoQeccw. 
H3y4eHHe CTPYK~ypw BemecTBa 

C ITOMOmbiD Me30HOB 
3aeepweHO 3KCnepUMeH1/IQ/lbHOe UCCAe-

008QHUe npouecca peJoHaHCHoro o6paJo
aaHH.Il Me3oMonexyn ddf-l. C 3TOH uenbro 
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Ha CHHXPOUHKJIOTpOHe BblllOJIHeHbl H3Mepe

HHH CKOpOCTH A ddj.i o6pa30BaHHH 3TOH 

CHCTeMbl B ra3006pa3HOM ~eHTepHH llpH 

~eBHTH 3Ha'leHHHX TeMrrepaTyp B HHTepaa

ne OT -150 ~o +100°C /puc. 20/. PeJynL

TaTbl H3MepeHHH llO~TBep~~aiDT rrpe~CKa-

3hiBaeMbiH TeOpHeH pe30HaHCHbiH MeXaHH3M 

o6pa3oBaHHH dd 11- - MoneKynLI. Haii~eHo 

MaKCHMaJibHOe 3Ha'leHHe CKOpOCTH .\. dd!L =· 
= /8,0±0,8/ ·10 5 1/c. C BhiCOKOH TO'I

HOCTbiD orrpe~eneHO llOJIO~eHHe MaKCHMy-

Ma a JaBHCHMOCTH A ddll- (T) : T MaKe. 
= /398±20/ K, 'ITO cooTBeTcTayeT peJo-

HaHcHoii 3HeprHH d 11 -aTOMOB fi, dJL 
= /0,051±0,003/ 3B, Ha OCHOBe KOTOpOH 

Haii~eHa 3HeprHH aepxHero CBH3aHHoro co

CTOHHHH MOJieKyJibl dd11 : &;d dJL = -2,16 3B. 
Ilony'leHHble ~aHHble HMeiDT 60JibUIOe 3Ha

'leHHe C TO'IKH 3peHHH: 

a/ Ollpe~eJieHHH 3HeprHH CBH3H B Me3o

MOJieKyJiaX C BbiCOKOH TO'IHOCTbiD, ~OCTa

TO'IHOH ~JIH orrpe~eneHHH BKJia~a B 3Ty 

005 o1 ecJif( 3B) 

1,0 

0,5 

200 400 600 800 
T e Mrrepa r y pa (K) 

Puc. 20. 3aeucuMoc•" cKopoc•u Add o• •eMnepa
•YP"' T c e/.IH . CnAOIIIHa.ll AUHU.II - •eo'lfe•u'tec~euu pac
'te• 6 n~eOnOAO..-eHUU pe30HQHCHOZO MeXaHU3MQ o6-
pa306QHU.II Me30MOAeKyA. lJepHiole IIIO'IKU • OQHHiole 
3KcnepuMeH•a OHRH. 
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3He p r uro, o6ycnoaneHHoro rronBpHJauueii 

aaKyyMa; 

6 / llOJiy'leHHH cepbe3HbiX apryMeHTOB 

B ll0 Jlb3Y cy~eCTBOBaHHH rrpe~CKa3biBae

MOrO Teopueii aHanorH'IHoro pe3oHaHCHoro 

Mexa HH3Ma o6pa30BaHHB CHCTeMbl dt J1 B 

CMe c u ~eiiTepHH H TPHTHH. BLmonHeHHble 

a OlU Uf pac'leTLI rroKa3biBaroT, 'ITO a 3TOM 

CJiyqae O~HH MIDOH MO~eT Bbl3BaTb ~0 

100 peaKUHH CHHTe3a t + d --> 
4

H e + n H 

ocao6o~HTL 3Hepruro ~o ~ayx F3B. 

IfoAy'leHO 3KCnepuMeH1TIQAbHOe OOKQ-
3ameAbCmeo OOMUHUp06QHUJI 06Hapy~eHHO
ro B OllbiTaX Ha CHHXpOUHKJIOTpOHe ll0~-

6apbe pHoro MeXaHH3Ma ~H<}xPy3HH llOJIO~H

TeJib HbiX MIDOHOB B pH~e MeTaJIJIOB B UIH

pOKO M ~Halla30He TeMrrepaTyp. lf3MepeH

Hble TeMrrera TYPHLie 3aBHCHMOCTH CKO

poeT H penaKcauuu crrHHa A (T) H TeMrrepa

TypH w e 3aBHCHMOCTH aepoHTHOCTH rrepe

CKOK OB !1 + -Me30Ha H3 O~HOH B'leHKH pe

DieTK H B ~pyryro r -l(T-1) llpHBe~eHbl Ha 

puc. 21 u 22. Ilpouecc ~u<}xPyJHH orrucbl-

1 - Q 
BaeT CH 3aBHCHMOCTbiD --=v • e _2 

T /L T 

r~e rrapaMeTphi v 
11 

H Q 
11 

orrpe~eneHLI H3 

orrLITa. Haii~eHHLie 3Ha'leHHH aenH'IHHbl v
11 

XOpOUIO COOTBeTCTBYIDT rHllOTe3e 0 ll0~-

6apb e pHOM MeXaHH3Me ~H<}xPy3HH MIDOHa 

a 3TH X MeTannax. 

3 KcrrepHMeHTanLHLie pe3yJILTaTLI no 

~H<iJEPY3HH MIDOHOB B BHCMyTe H aJIIDMHHHH 

I puc. 23/ cy~ecTBeHHO OTJIH'IaiDTCH OT 

aHaJI rH'IHblX pe3yJILTaTOB ~JIH ~pyrHX Me

TaJIJI B H Tpe6yroT ~JIH CBOero 06'hHCHeHHH 

y'leT HOBLIX MexaHH3MOB. O~HHM H3 B03-

MO:>KHblX 06'bHCHeHHH BBJIHeTCH llpOBBJieHHe 

B 3T X MeTannax llOKa He Ha6JIIO~aBUieHCH 

KOre eHTHOH ~H<}xPy3HH, B 3TOM CJiyqae 

MIDOH B006~e He JIOKaJIH30BaH B H'leHKe 

peDie T KH. 
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Puc. 21. TeMnepa•ypHI>Ie 306UCUMoc•u cKopoc•u pe
AOKCOIIUU A (T) cnuHa I'+- Me30HQ 6 pa3AU'IHI>IX Me· 
.aAAax. llAa6HWe Kpu6we npeoc•a6AJIIO• co6ou pac
'le•HI>Ie 306UCUMOC.U. 

IloKa3aHa nepcneKmueHocmb ucnoA b3o
eaHUJI Memooa cnuHoeou peAaKCaflUU nono

)K.HTenLHhlx MIOOHOB .ZJ.nH HCCne.ZJ.OBaHHH aH

TH4JeppoMarHHTHhiX 4Ja30BhiX nepeXO.D.OB. 

Jf3yqeHbl nepeXO.D.hl B aHTH4JeppoMarHHT

HOe COCTOHHHe B PH.ZJ.e pe.ZJ.K03eMenbHhiX 

MeTannoB /eBpODHH, HeO.D.HMe, npa3eO.D.HM e, 

ra.u.onHHHH H .u.p./. Onpe.u.eneHLI TeMnep a

Typhl 4Ja30BhiX nepeXO.ZJ.OB KOTOphle OKa3 a

nHCb 6nH3KHMH K 3HaqeHHHM, nonyqeHHhiM 

.u.pyrHMH MeTo.ZJ.aMH. B ra.u.onHHHH o6Hap y

)l(eH MarHHTHhiH,Ala30BhiH nepeXO.D., He Bhl-
u -HBneHHhiH .u.pyrHMH MeTO.D.aMH. 

• 
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Puc. 22. 3a6UCUMoc•u l l r=f(l / T) OAJI o~y3UU 
jl+- Me30HO 6 p.110e Me•aAA06. llp.IIMI>Ie AUHUU npeo-

-Q 
c•a6AJIIO• co6ou 3a6ucuMoc•~> 1/r •v 

11 
• eT c 

napaMe•paMu v11 u Q ll • nooo6paHHWMU no Me•ooy 
MOKCUMQAI>HOZO npa600n0006UJI. 

H3y~eHO 6AUJIHUe nooeuJICHOCNIU eooo
pooa B ru.u.pu.u.ax nepexo.ZJ.Hhlx MeTannoB 

Ha xapaKTep XHMHqeCKOH CBH3H MeTann

BO.ZJ.OPO.ZJ.. lloKa3aHO, qTO H3MeHeHHH DO.ZJ.

BH)I(HOCTH BO.D.OPO.D.a Ha .D.Ba DOPH.ZJ.Ka B rH.D.

pu.u.e TiH 1•65 H Ha .ZJ.BeHa.u.~aTL nopH.ZJ.KOB 

B PdH 0 67 • .u.ocTHraeMhle nyTeM H3MeHe-. . 
HHH TeMDepaTyphl, He BnHHIOT 3aMeTHbiM 

o6pa30M Ha CBH3b MeTann-BO.D.OPO.ZJ.. Pe-

3ynLTaThl 3TOH pa60Thl D03BOnHIOT HCKnJO

qHTb pacnpocTpaHeHHYIO B nuTepaType ru

noTe3y 0 npeHMyl..l.{eCTBeHHOM Cyl..l.{eCTBO

BaHHH BO.ZJ.OPO.ZJ.a B MeTannuqecKHX rH.ZJ.pH

.ZJ.aX B BH.D.e npoToHa H+- . 

3KcnepuMeHmaAbHO noKa3aHo, qTo 

CTPYKTypa cne:'J<TpoB Jl -Me3opeHTreHoB

cKoro H3nyqeHHH He 3aBHCHT OT CKOpOCTH 

.ZJ.BH)I(eHHH MOneKyn, nnOTHOCTH JneKTpo

HOB npOBO.ZJ.HMQCTH H nepeCTpOHKH KpH-
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Puc. 23. TeMnepa•ypHwe 3aeucuMoc•u cKopoc•u pe· 
IUJKCOfiUU A (T) cnuHa IL+. Me3oHa e Bi u AI. 

cTannH'IecKoi CTPYKTYPhl npH cl>aJOBhlX ne
pexo,IJ;ax nepsoro po,IJ;a. Ha :HOM OCHOBaHHH 
C,IJ;enaH BhlBO,!J; 0 npe,!I;DO'ITHTenLHOCTH pa
Hee npe,IJ;nmKeHHOH MO,IJ;enH "speMeHHOH 
.IIMLI", y'IHTLIBaJOll.leii snH.IIHHe cpe,IJ;LI Ha 
CDeKTp DpH DpOXO)K,IJ;eHHH MIOOHOM MeJo
aTOMHOrO KacKa,IJ;a, nepe,IJ; npe,IJ;cTasneHHJI· 
MH, OCHOBaHHbiMH Ha MeXaHH3MaX cl>op
MHpOBaHHJI cneKTpa, o6ycnosneHHLIX caMoii 
nepBOH CTa,IJ;HeH Me30aTOMa. 

IJpu UCCA€00BQHUU oenOAJipU3QijUU OT
pHn;aTenLHbiX MIOOHOB B OKHCnax 06Hapy
)KeHa "Me,IJ;neHHa.ll" ,IJ;enon.llpH3an;H.Il, o6yc
nosneHHa.ll npon;eccaMH penaKcan;HH cnHHa 
DpH B3aHMO,IJ;eHCTBHH C napaMarHHTHbiMH 
n;eHTpaMH. 

• 

HoBbie MeTO~bi 
... 

HCCJie~OBaHHH, 

KpyrrHbie 

3KCIIepHMeHTaJibHMe 

ycTaHOBKH, 3JieKTpOHHKa 
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Y cmaHOBAeH U UCCAeOOBaH HOBbiU 

CUAbHOmO'IHbiU peJICUM pa6ombl opeiltflOBbiX 

KaM ep, OTnH'IaiOll.lHHCJI OT H3BeCTHbiX ,!1;0 
:noro speMeHH nponopn;HoHanLHoro H reB:
repos cKoro pe)I(HMOB pa6oThl nposono'IHLIX 
KaMep. XapaKTepHoii oco6eHHOCTLIOHOBo
ro pe)I(HMa .IIBn.lleTc.ll BhlCOKa.ll JarpyJoq
Ha.ll cnoco6HOCTL KaMep, He ycTynafiPll.la.ll 
npon pli;HOHanLHhlM j,IJ;O 3-10 6 

UMn/c Ha 
1 M CHrHanLHOH DpOBOnOKH/ B CO'IeTaHHH 
c DO'ITH Ha ,IJ;Ba nop.ll,IJ;Ka 6onLweB: aMnnu
Ty,IJ;oii: HMDynLCa CHrHanoB. CHnLHOTO'IHhlH 
pe)I(HM npo.IIBn.lleTc.ll B KaMepax c 6onLwH· 
MH ,IJ;o6asKaMH MeTaHa H MeTHnan.ll /xopo
WHe peJynLTaTLI ,IJ;aeT cMecL aproH-Me
TaH· MeTHnanL B COOTHOWeHHH 50:33:17/ 
H c 6onee TonCThlMH, 'leM o6hl'IHO, cur
HanLHhlMH DpOBOnO'IKaMH /TOniii;HHOH 
50"'"10 0 MKM/. Pe)I(HM ycTOH'IHB B wu
poKoM ,IJ;HanaJoHe HanpJI)I(eHHH /3,5-=-4,5 KB/ 
/puc . 24/. 

C npaKTH'IeCKOH TO'IKH 3peHHJI HOBhlH 
pe)I(HM ,IJ;aeT p.ll,IJ; npeHMYll.leCTB. He orpa
HH'IHBa.ll 3arpy30'IHOH CDOC06HOCTH KaMe
phi, OH, 6naro,IJ;ap.ll 6onLweB: aMnnHTy,IJ;e 
cHrHanos, cyll.leCTBeHHO ysenH'IHBaeT ee 
DOMeX03all.lHll.leHHOCTL, D03BOn.lleT DpHMe· 
HJITL 6onee TeXHOnOrH'IHYIO CHrHanLHYIO 
nposonoKy /50 7100 MKM/. JionLwa.ll aM
nnuTy,IJ;a curHanoB D03BOn.lleT y,IJ;an.IITL ycu
nHTenu Ha 6onLwee paccTOJIHHe, 'ITO He
o6xo,IJ;HMO, HanpHMep, DpH COBMeCTHOH pa· 
6oTe co cTpHMepHhlMH KaMepaMH. KpoMe 
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Toro, ynpo~aiDTCH ycHnHTenH H cy~e cT

seHHO ocna6nHIDTCH Tpe6oBaHHH K CTa-

6HnLHOCTH HX nopora. 

HaqaTo coJ~aHHe 6onLrnHx TpexM eT

posLix ~peHcPOBblX KaMep ~nH yCTaHOBKH 

"Il03HTpOHHH", KOTOpbie 6y~yT pa6oT aTb 

B CHnbHOTO'IHOM pe:lKHMe. 

1000) 
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Puc. 24. 3aaucu,woc•~o cpeoHeu a.wnAu•yCII>I cuz HaAa o• HanpJJJICeHUJI nu•aHUJI KOMepl>l, W - OOAJI CUA I>HO· 
•o'IHI>IX UMnyAI>C06 . 

B 3aeepWQ10J4eU cmaouu HQXOO.Rmc.R pa-
6ombl no coJ~aHHID ycTaHOBKH PHCK, npe~

Ha3Ha'leHHOH ~nH HCCne~OBaHHH a~pOHHbiX 

B3aHMO~eHCTBHH Ha cepnyXOBCKOM y CKo

pHTene. B ~y6He npose~eHLI KOHTponL HaH 

C60pKa H HCnLITaHHH ycTaHOBKH, KOTOp bie 

noKa3anH, 'ITO C03~aHHLie y3nbl COOT B eT

CTBYIDT TeXHH'IeCKHM Tpe6oBaHHHM H M O

ryT 6LITL oTnpasneHLI B J1<l>B3. Ilonyqe HLI 

CTpHMepbl B 1,5- MeTpOBOH H 3- MeTpOBOH 

CTpHMepHbiX KaMepax. B HOH6pe 1977 ro~a 
Ha'laT MOHTa:lK YCTaHOBKH B IlpOTBHHO. 

BLmonHeHLI p~oTLI no <PopMHposaHHID 

nyqKa ~nH ycTclliosKH PHCK H H3MepeH HID 

• 

ero xapaKTepHCTHK, C 3TOH u:enLID Ha 

nyqKe pa3Me~eHa Heo6xo~HMaH annapa

Typa, npose~eH ceaHc pa6oTLI ycKopHTenH. 

BLmonHeHLI H3MepeHHR TonorpacPHH Mar

HHTHoro nonH nHTHMeTposoro :JneKTpo

MarHHTa YCTaHOBKH CIT -136 B 340000 
TO'IKax, 'ITO o6ecne'IHBaeT Heo6xo~HMYID 

TO'IHOCTb BOCCTaHOBneHHH HMnynLCOB qac

THU: no HX KpHBH3He. 

BblnOAHeH 6oAbwoil o6oeM pa6om no 
C030QHU10 Ha YCKOpHTene J1<l>B3 cneKTpo

MeTpH'IeCKOrO KOMnneKca "rHnepoH". 3a

seprneHLI pa60Tbl no peKOHCTPYKU:HH 200-
TOHHOrO cneKTpOMeTpH'IeCKOrO MarHHTa 

MC -12, npose~eHa nonHaH no~roTOBKa K 

H3MepeHHID TonorpacPHH MarHHTHoro nonH, 

CMOHTHpOBaH ~OMHK 3KCnepHMeHTaTOpa. 

3aseprneHa oTna~Ka ronoBHOH qacTH cneKT

poMeTpa C :lKH~KOBO~OpO~HOH MHilleHLID. 

Be~eTcH MOHTa:lK ~eTeKTopos BTOPH'IHLIX 

qaCTHU:. J13rOTaBnHBaiDTCH nponopl(HOHanb

Hble H HCKpOBbie KaMepLI ycTaHOBKH, CU:HH

THnnHI.(HOHHble ro~OCKOnbl H qepeHKOBCKHe 

C'leT'IHKH. 

YcnewHo pa3euea10mc.R pa6ombl no 
C030aHU10 ycmaHoeKu APEC, npe~Ha3Ha
'leHHOH ~nH HCCne~OBaHHH pe~KHX pacna

~OB MIDOHOB H nHOHOB H illHpOKOrO Kpyra 

3'8.~aq H~epHOH cPH3HKH Ha CHnbHOTO'IHOM 

<Pa3oTpoHe. Co3~aHLI ~Be U:HnHH~PH'IeCKHe 
nponopu:HoHanLHLie KaMepLI ~eTeKTopa Ja

pH:lKeHHLIX qacTHU: ycTaHOBKH. 113roTosneH 

nepBbiH KpeHT 3neKTpOHHKH nponOpU:HO

HanLHbiX KaMep Ha 1024 KaHana, B KOTO

pOM HCnonL3YIDTCH cneu:HanLHO pa3pa6o

TaHHLie 6onLWHe rH6pH~Hbie CXeMLI C Bbl

coKoH: cTeneHLID HHTerpau:HH. Ha'laTo H3-

roTosneHHe 150- TOHHOrO ' 3neKTpOMarHH

Ta ycTaHOBKH. 

Co3oaH KoMnAeKc ycmaHoeoK ~nH H3-

MepeHHH BpeMeH :lKH3HH B036y:lK~eHHbiX co-



CTO.!IHHH aTOMHbiX .!l,II.ep B ,II.Hana30He 
lo- 6 -o- 10 - 10c. B ycTaHoaKax ucnonhJo
aanucb MarHHTHO- nHH30BbiH 6eTa- cneKT
poMeTp, C~HHTHnn.!l~HOHHbie H nonynpOBO,II.
HHKOBble ,II.eTeKTOpbi. 

Co3oaHa tte1!lblpex- oemeK1!10pHaJl yc-

111QH081<Q ,II.n.!l H3MepeHH.!l y - y -yrnOBbiX 
KOppen.!l~HH. YcTaHOBKa COCTOHT H3 qe
Tbipex repMaHHH- nHTHeBbiX ,II.eTeKTOPOB, 
cneKTpoMeTpuqecKoH annapaTyphl,ycTpoif
cTBa CB.!l3H C ManoH 3BM H 6noKa aBTO
MaTHKH. AHanoro-~H~poable npeo6paJo
aaTenH H ycTpOHCTBO CB.!l3H BbiiTOnHeHbl 
B cTaH.IJ.apTe KAMAK. 

JlpOOOAJICQAQCb pa3pa6011li<Q 3Ael<mpoH

HOU annapamypbl H ocHa~eHHe ero 3Kcne
pHMeHTOB, npoBO.IJ.HMhiX Ha ycKopuTen.!lx. 
Pa3pa6oTaHo 20 HOBhiX 3neKTPOHHbiX 6no
KOB, B ocHOBHOM, B cTaH.IJ.apTe KAMAK, 
HJroTosneHo 6onee 450 6noKOB, 6onhWa.!l 
qacTb KOTOpbiX y~e HCITOnh3yeTC.!l B 3K
cnepHMeHTaX. llonyqun .IJ.anbHeifwee pa3-
BHTHe na6opaTOpHbiH ~eHTp HaKonneHH.!l 
H o6pa60TKH HH~OpMa~HH: OCBOeHa Mana.!l 
3BM KPC-4201 H onepa~HOHHa.!l cucTeMa 
OC .IJ.n.!l 3BM EC-1040. Ha 3BM 
EC-1040 Be.IJ.YTC.!l peryn.!lpHbie pacqeThi, 
MaUIHHa pa6oTaeT B ,II.Be CMeHbl 5 ,II.HeH 
B He.IJ.enro. 

YcKopHTeJIH 

3ap1DK8HHbiX 

qacTHQ 

BblnOAHeH I<OMnAeKc pa6om no co3oa
HWO CUAbH011lO'I.H020 (/Ja3011lpOHQ. 3aKOHqeH 
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MOHTa~; npoae,II.eHa Hana,II.Ka H ocymecT
BneHbi npo6Hhle BKnroqeHHJI MO,II.ynJITOpa 
Ha ,II.e HCTBYIO~eM CHHXpO~HKnOTPOHe. llpH 
pa6oTe MO,II.yn.!ITOpa Ha CHHXpO~HKnOTpOHe 
,II.OCTHrHyTO perynHpOBaHHe aMnnHTY.IJ.bi yc
KOp.!IIO~ero HaiTp.!l~eHH.!l Ha rny6HHY 
30-o-1 OOo/o B Ka~.IJ.OM H3 20 apeMeHHhiX 
HHTe Banos. 

B hiiiOnHeH MOHTa~ BhiCOKoqacTOTHoro 
reHe paTopa H CHCTeMbl CB.!l3H YCTaHOBKH 
"<I>" Ha MaKeTe pe30HaHCHOH CHCTeMbi yc
KOpHTen.!l. llonyqeHa ycToifquaa.!l pa6oTa 
reHe paTopa B pa6oqeM .IJ.HanaJoHe qacTOT 
C HepaBHOMepHOCTbiO HaiTpJI~eHH.!l Ha KpOM
Ke .IJ.YaHTa He 6onee ±lOo/o. Y CTpaHeHbi 
napa3HTHhle Kone6aHH.!l B cxeMe reHepa
Topa . HaH,II.eH aapHaHT CHCTeMbi CB.!l3H, 
o6ecnequsaro~HH onTHManhHbie ycnoBH.!l 
pa6oTbi reHepaTopa H nonyqeHHe MaKcH
Manb oro ycKop.!lro~ero Hanp.!l~eHH.!l. 

P a 3pa6oTaH TexHuqecKHH npoeKT. cuc
TeMbi 3neKTpOCTaTHqecKoro BbiBO,II.a nyq
Ka. poBe,II.eHO HCITbiTaHHe MO,II.enH CeK~HH 
~ene 3HO- TOKOBOrO KaHana ,II.n.!l CHCTeMbl 
BbiBO,II.a nyqKa H3 KaMepbl ycTaHOBKH "<I>", 
nony eHbi npoeKTHble napaMeTpbi. 3aKaH
qusaeTc.!l H3rOTOBneHHe ~ene3HO-TOKOBOH 
CeK~HH KaHana. llpoBe,II.eHO HCCne,II.OBaHHe 
HOBhiX .IJ.aTqHKOB Xonna ,L(X -612, pa3pa6o
TaH H OTna~eH ITpH60p ,II.n.!l H3MepeHH.!l 
MarHHTHoro non.11. 

E AbWUM oocmuJICeHueM KOAAeKmueoe 
OHJIH u HHcmumyma RoepHoii (Ju3UI<U lJexo

cAoe-at~Kou AH /PJICeJIC/ .!IBHnc.!l BBO.IJ. s 
,II.eHCTBHe B l1R<l> qCAH H30XpOHHOro ~HK
noTpoHa Y -120M c rny6oKOH perynupoa
KOH 3HeprHH, pa3pa6oTaHHoro H H3roTos
neHHor o B Ol1Rl1. l.J.HKnOTpoH HMeeT cnu
panhHYIO CTPYKTYPY MarHHTHoro non.11, oH 
noJao .!leT ycKop.!ITh npoTOHbl .IJ.O 3HeprHH 
40 M :JB, .IJ.eHTpOHhi - .IJ.O 20 M:JB, .!l.IJ.pa 
renH.!l - 3 - .IJ.O 40 M:JB H .!l.IJ.pa renuJI-4 -
.IJ.O 3H prHH 50 M :JB. 
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Pa6oTa CHHXpoQHK~OTpoHa .IWi!! Bu.n; pa6oTLI BpeMJI 
nn /B qacax/ 

N!!N!! Bu.n; pa6oTLI BpeMJI 2. PeMOHTHLie H MOH-

nn /B qacax/ 
Ofo Ta:>KHO- uana,n;o'IHLie 

pa6oTLI 2066 

1. 3annauupoBauuoe 3. OcTaHOBKH 

BpeMJI pa60TLI, 6394 100 B npa3,IJ;HH'IHLie 

B TOM 'IHCne: .D;HH 300 

a/ 3KcnepuMeu-
TanbHLie HC- HToro: 

cne.n;oBaHHJI no xaneu,11;apuoe 

ciiH3HKe 5650 88,4 BpeMJI 8760 

6/ uccne,JJ;oBaHHJI 4. Pa6oTa Me3ou-
OT,JJ;ena CHHXpo- uoro TpaKTa 2440 
UHKnOTpOHa 200 3,1 

B/ fiO,JJ;rOTOBKa 5 . Pa6oTa cucTeMLI 

K pa6oTe ciiH3H- "MarHHTHOH .. 
'lecxoB: annapa- paCTJI:>KKH" 2350 

TYPLI H Texuono-
ruqecKaJI no,JJ;- 6. Pa6oTa 

rOTOBKa npoTOHHoro 

YCKOpHTenJI 532 8,3 TpaKTa 534 

r/ 3KcnnyaTauuou- 7. Pa6oTa cucTeMLI 

HLie npOCTOH 12 0,2 "Bq-pacTJI:>KKH" 1134 

~ 

• 



bOAI>WOU 06oeM pa6om 61>1-
nOAHeH no C030QHUIO cneKil
po..wempU'IeCKOZO KOMnAeK
CQ "FunepoH" OAJI 3Kcne
pu..weHmo6 Ha cepnyxo6cKOM 
ycKopumeAe. Ha CHUMKe: 
MOHIIIQJIC UCKP061>1X KOMep. 

B H<Z>B3 OCyJ11eCil6AeH MOH
IIIOJIC ycmaH06KU "Ilp03Q ", 
npeoHa3HO'IeHHoii OAJI U3-
..wepeHUJI nOAJipU30J4UU 6 o6-
MeHHOM 11 P - pacceJIHUU. 

Ha HeiimpuHHOM ny'IKe yc
KopumeAJI H<Z>B3 npo6eoe
HO o6Ay'leHue ¢omo3MYAI>
cuii c ucnoAI>3o6aHue..w uc
Kpo6ozo cneKmpo..wempa 6 
Ka'lecm6e cucmeMI>I !4eAe
yKa3aHuii. On1>1m noom6ep
ouA nepcneKRIU6HOCRII> 3RIOU 
MeiiiOOUKU. 



B ,[(y6He ycnewHo npo6eOeHbl KOHmpoAbHaJJ c6opKa 
u ucnblmaHuJJ ycmaH06KU PHCK, npeoHa3Ha~eHHou OAJJ 
uccAeoo6aHuu aopoHHblX 63auMooeucm6uu Ha cepny
xo6cKoM ycKopumeAe. Ha~am MOHmaJK ycmaH06KU 6 
Ht/JB3. B co30aHuu oCH06HblX Y3A06 npuHuMaAu y~ac
mue cneijuaAucmbl OH.JJH u uHcmumymo6 r ,[(P. Ha cHuM
Kax: za306blu KOJICYX 6 npo14ecce c6opKu /cAe6a/; 
6blCOK060AbmHblu zeHepamop u cmpuMepHaJJ KaMepa 
ycmaH06KU /cnpa6a/; o6111uu 6UO cneKmpoMempa /6Hu-
3y/. 



Hoym U3MepeHu.R monozpa(Juu MazHumHozo noA.R. 



CoeMecmHo c HHcmumymoM MeOuKo- 6uoAozu'le cKux 
npo6AeM M3 CCCP ebmOAHeH 3KcnepuMeHm no u3y
'leHUIO C nOMOI/IbiO ompUIIQif€AbHbiX MIOOH06 U3M eHe
HUU 3A€M€HifHOZO COCmaea KOCmHOU mKaHU 'I€AO O€Ka, 
Hacmynuawux e pe3yAbmame OAumeAbHozo cocmo .IIHU.Ii 
H€n006UJICHOC.U. 

b/IOK CIIUHifU/1/I.IIIIUOHHbiX OemeKmOp06 ycmaH06KU "Ilu· 
OH ", C030aeaeMOU 0/1.11 UCC/I€006QHU.Ii npOII€CC06 pac· 
C€.11HU.Ii 17 • M€30H06 HU3KUX 3Hepzuu Ha .IIOpaX. 

IlpoOO/IJtCa/laCb pa3pa6omKa cucmeMbl 6AOK06 3AeKm
poHHou annapamyp1>1 OA.Ii ocHaUieHu.ll 3KcnepuMeHmoe, 
np0600UMbiX Ha YCKOpume/I.IIX. Ha CHUMKe: HaAaOKa 
annapamypbl OA.Ii ynpa6A€HU.Ii CUHXPOIIUKAOifpOHOM. 



Beoyi/ICJI pa60IIIbl no peKOHCIIIPYK~UU CUHXPO~UKAOI/Ipo
Ha 6 CUAbHOIIIO'IHbiU (ia30IIIpOH. Ha CHUM Ke: MOHIIIQJIC 

6biCOKO'IOCI/IOIIIHOZO zeHepamopa U CUCI/IeMbl C6JI3U 
YCIIIOH06KU "(/>" Ha MaKe/lie pe30HOHCHOU CUC1JfeMbl 

ycKopumeAJI. 

MooyAJimop ycmaHoaKu "tl>". 
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Jla6opaTOpMH 
H~epHbiX 

u peaKIJ;MM 

-=-

• 

OcHOBHhie ycunHJI KonneKTHBa na6opa

TOpHH B Te'leHHe HCTeKlllero ro.u.a 6binH 

HanpaaneHbl Ha nOHCK H CHHTe3 HOBhiX TJI

:>KenhiX H CBepXTJI:>KenhiX 3neMeHTOB, Ha 

pa60T~ no C03)J.aHHID HOBOrO YCKOpHTenJI 

Y-400 H ycoaepllleHCTBOBaHHe ycKopuTe

neil TJI:>KenhiX HOHOB Y-300 H Y-400. IIo

nyqunu .u.anhHeillllee pa3BHTHe pa6oT~ no 

HCnOnh30BaHHID ny'IKOB TJI:>Ken~X HOHOB )J.nJI 

pellleHHJI Hay'IHO- TeXHH'IeCKHX 3a)J.a'l H 

COBepllleHCTBOBaHHID MeTO)J.OB aKTHBal..{HOH

HOrO aHanuJa. 

HayqHo-Hcc~e~osaTe~hCKHe 

pa6oThi 
llOHCK 

csepxTH~enwx 3neMeHTOB 
B DpHpO~HhlX MBTepHanax 

lloc/le o6HapyJKeHUJI 1108020 U3/lyt~ame

/IJI CnOHTaHHOrO )J.eneHHJI B BellleCTBe He

KOTOphiX MeTeopHTOB B Ka'leCTBe cne.u.yro

lllero OCHOBHoro o6'heKTa uccne.u.oaaHHH 

6hina Bhi6paHa BO)J.a reoTepManhHhiX HCTO'I" 

HHKOB nonyocTpoaa qeneKeH, 6oraTaJI TJI

:>KenhiMH MeTannaMH. 0Kono 2000 M 3 pac

cona 6hino nponyllleHo qepe3 KOnOHKY c 

850 1<2 aHHOHO- 06MeHHOH CMOnhi. l13MepJI

~aCh aKTHBHOCTh CnOHTaHHOrO )J.eneHHJI 

CMOnhi H MHHepanhHhiX <iJpaKI..{HH, nony'leH

HhiX B peJynhTaTe CMhiBa co 170 1<2 uc

XO.U.HOH CMOnhi. 06lliHH 06beM paCTBOpa 

/cMeCb paJnH'IH~X KHCnOT/, 83 KOTOpOrO 

npoao.u.unoch oca:>K)J.eHue ru.u.pooKucu :>Ke

ne3a u ¢oc¢aTa :>KeneJa, cocTaanJin 

- 2500 A, o6lliHH aec cyxoro ocTaTKa 

- 5 1<2. 

)l.eTeKTHpOBaHHe aKTOB CnOHTaHHOrO 

.u.eneHHJI npOBO)J.HnOCh MeTO)J.OM perHCTpa

U:HH COBna.u.eHHH MrHOBeHHhiX HeHTpOHOB 

.u.eneHHJI. Pacnpe.D,eneHue Ha6nro.u.aeMhiX co-

6hiTHH no qucny JaperHCTpupoaaHHhiX HeHT

pOHOB noJBOnJinO CY.U.HTh 0 cpe)J.HeM 'IHCne 



• 



76 

MrHOBeHHhiX Heii:TpOHOB CllOHTaHHOrO ,ne ne • 

HH.ll v. H3MepeHHH npoao.nunucL c noMOI.QLIO 

Jl:BYX OJJ:HOTHllHLIX ycTaHOBOK, HMeiOI.QHX 

MaKCHManLHYIO 3lPlPeKTHBHOCTh perHC T p-a· 

llHH OJJ:HHO'IHLIX Heii:TpOHOB 380/o H 580/o. ,[l;n.ll 

HCKniO'IeHH.ll lPOHa, Bhl3hiBaeMOrO KOC M H" 

'leCKHMH ny'laMH, ycTaHOBKH llOMei.Qan HCh 

B COnHHYIO WaXTY Ha rny6HHY 1100 M 

BOJJ:HOrO 3KBHBaneHTa H Jai.QHI.QanHCh OT 

tgf, 

2 

KOCMH'IeCKHX MIOOHOB CHCTeMOH C'leT'IH" 0 

KOB reilrepa- MJOnnepa. 34JliJeKTHBHOCTh 

perHCTpa~HH aKTOB CllOHTaHHOrO ,neneH H.ll 

H3MeH.llnaCL OT 15 7300/o npH v 5" 2 JJ:O ·1 

-500/o H BLIWe npH v::.:_4.Pe3ynLTaTLI H 3" 

MepeHHH 9 K2 HaCLII.QeHHOH CMOnhl H 5 K2 

oca,nKoB npHBe,neHLI B ma6Autle. Co,nep:>Ka- -2 
HHe ypaHa B CMOne H oca,nKaX COCTaBn.llnO 

12731 ·10- 8
2/2 H -10-72/2 COOTBeTCT" 

BeHHO. <I>OH OT CllOHTaHHOrO ,neneHH.ll y p a· 

Ha I v '7. 1, 99 I He npeaLiwan 57 7 co6LIT HH 

B ro.n. 

,[J;aHHLie B Tpex nocne,nHHX CTpoK ax 

ma61ZUtlbl llOKa3LIBaiOT, 'ITO C06CTBeHH hlH 

lPOH ycTaHOBKH H lPOH OT B3aHMO,neHCTB HH 

KOCMH'IeCKHX MIOOHOB npeHe6pe:>KHMO M an 

B CpaBHeHHH C Ha6nro,naBWHMC.ll 3~eKTOM. 
Ha puc. 25 noKa3aHo pacnpe.neneHHe no 

2 J q .5 6 

n 

Puc. 25. Pacnpeoe/leHue co6btmuu no KpamHocm11M, 
noAy'leHHoe nymeM cyMMupoaaHu11 pe3y/lbmamoa 0/111 
HQCbiUjeHHOU CMO/Ibl U npoOyKM06 CMbi6Q npu :Jtfx/JeK
IIIU6HOCMU pezucmpa~UU OOUHO'IHbiX HeiimpOH06 27, 
38, 39 U 54~. ,4/111 CpQ6HeHU11 nOKQ3QHbl QHQ/IOZU'IHble 
pacnpeoeAeHUJI, no/ly'leHHbte a uoeHmU'IHbiX ycAoau11x 
0/111 u3omonoa 238 U(ii~I.99), 246 Cm(i/~2 . 96)U 
252 Ct(il E 3.756 ). 

Ta6Aut~a 

HaaMeHoBaHae Bee ( o/o) BpeMS! Yacno . co6wraA c KparHocrbiD 
o6pa3ua (Kr) ( il Hid n-2 ll=3 ll=4 ll >= 5 n,6 

HachrmeHHas:~ 

c rv: ona 9 27 88 31 10 1 0 0 

M!1HepanbH8H 
<jlp8KU11H, 38 10 28 14 1 0 1 
conep.>Kama>I 5 39 7 16 16 3 0 0 
170 Kr CMOnbi 54 6 23 10 3 1 0 

~OH - 27-54 200 0 0 0 0 0 

oprcreKno 10 27 50 0 0 0 0 0 

CBI1H8U 1~0 30 5 0 0 0 0 0 -

.. 



KpaTHOCTHM C06biTHH, npe~CTaBneHHbiX B 

ma6AUije. IlOMHMO 3KCnepHMeHTanLHbiX TO" 

qeK npe~cTaaneHbl pacqeTHble KPHBble pac

npe~eneHHH no KpaTHOCTHM 238U , 242 Cm H 

252 Cf. Pacnpe~eneHHH ~nH aKTHBHOCTH a 

CMOne H OCa~KaX, KaK BH~HO H3 pHCYHKa, 

Mano oTnHqaJOTCH oT KpHaoB: ~nH 2 52cr • 

1130TOn 252Cf B 3KCnepHMeHTaX He HCnOnL • 

JoaancH, no3TOMY TPY~Ho caHJaTL 34KtleKT, 

nonyqeHHbiH OT pa3nHqHbiX npo6 CMOllbl, 

c JarpHJHeHHeM 3THM H30TonoM. Bo3MO:>K· 

HOe 3arpH3HeHHe o6pa3UOB H30TOnaMH 

246 • 24Bcm H 24 9cr. KOTopble HcnonL· 

30BanHCb B KaqecTBe UHKllOTpOHHbiX MH· 

weHeB:, KOHTponHpoaanocL nyTeM H3Mepe

HHH anL~a-aKTHBHOCTH npo6. 3TO n03B0" 

nHnO ycTaHOBHTL, qTo npe~en ypOBHH ~OHa, 
o6ycnoaneHHoro JarpH3HeHHeM, He npe

Bblwan o~Horo ~eneHHH Ja 20 cyToK ~nH 

acex o6pa3UOB. 

113 nonyqeHHblx ~aHHbiX cne~yeT, qTo 

a Hccne~yeMbiX o6pa3uax, TaK :>Ke KaK H 

MeTeOpHTax, npHCYTCTBYIOT HeH3BeCTHble 

~onrO:>KHBY~He CnOHTaHHO ~enH~HeCH H~

pa. Mo:>KHO npe~nono:>KHTL, qTo OHH npH

Ha~ne:>KaT K o6nacTH CT3 . ,lJ;nH no~Taep:>K· 

~eHHH 3Toro npe~nono:>KeHHH Heo6xo~HMO 

npo~on:>Ka TL 3KcnepHMeHTLI no onpe~ene

HHIO xapaKTepHCTHK HOBOrO HyKnH~a: OCO. 

6eHHOCTeH CnOHTaHHOrO ~eneHHH, aTOMHO· 

ro HOMepa H Maccoaoro qHcna. 

Pa3pa6omaH He3aeucuMbHi MemooH~eH
TH~HKaUHH CBepXT H:>KenLIX 3neMeHTOB, He" 

qyBCTBHTenLHbiH K 3arpH3HeHHIO CBepx" 

MallbiMH KOnHqeCTBaMH TH:>KellbiX TpaHCypa· 

HOBbiX 3neMeHTOB. MeTo~ noJaonHeT H~eH· 

TH~HUHpoaaTL -108 aToMOB CT3 B cne

UHanLHO no~rOTOBneHHbiX o6pa3UaX. MHWe" 

HHX C HCnOllb30BaHHeM BbiHY:>K~eHHOrO ~e. 

neHHH no~ ~eHCTBHeM a·qaCTHU. ,lJ;nH 3TOH 

uenH npoae~eHo ycoaepweHCTBOBaHHe yc

KOPHTenH Y-200, ~ocTHrHyTa nnaaHaH aa

pHaUHH 3HeprHH B npe~enax 35o/o H nOBbl" 

• 77 

WeHa MOHOXpOMaTHqHOCTb nyqKa anL~a

qacTHU ~o ~eCHTbiX ~oneB: npoueHTa. 

H 3MepeHbl OAUHbl mpeKoeTH:>KenLix Koc

MHqe c KHX H~ep C Z > 50 B 520 MM
3

onH· 

BHHOB il3 MeTeopHTOB MapLHnaxTH, Hrn 

CTeilw H, JIHnoacKHH XyTop. IlonyqeHHble 

3Haqe HHH pacnpOCTpaHeHHOCTH H~ep B HH" 

Tepaa nax a TOMHbiX HOMepOB 50" 60, 
60·70 , 70·83, 90-92 y~oaneTBOpHTenL· 
HO c o rnaCyiOTCH C pacnpOCTpaHeHHOCTLID 

COOTB eTCTBYIOIUHX rpynn 3neMeHTOB 

B Con HeqHOH CHCTeMe. Y CTaHOBneHa HH:>K • 

HHH r paHHUa pacnpOCTpaHeHHOCTH H~ep C 

Z > 108 B ranaKTHqecKOM BeiUeCTBe Ha 

ypoB e - 2 •10-9 OT pacnpOCTpaHeHHOCTH 

H~ep rpynnbl :>KeneJa I puc. 26/ . Ilpoae~e
HO 0 pe~eneHHe ~OaTMOC~epHbiX pa3MepOB 

MeTe o pHTa JIHnOBCKHH XyTop, HMe10fuero 

B03pa cT /onpe~eneHHbiH pa~HaUHOHHbiM 

MeTO~OM/- 200 MllH.neT. 

N,. 
220 
160 

140 

120 

100 

80 

60 

40 

20 

300 500 

L ~ 260MKM 
61/ , 5Q0MM3 
N ' 2152T• 

Pu c . 2 6 . Pa c npe o e A e Hue OAUH c Aeooe .110ep c Z :.: 70 
U3 KO CM U'Ie C KUX A y 'l e U, noAy'leHHOe npu UCCAeOoea· 
HUU Kp UCIIIOAAOB OAUBUHO U3 MelfleOpUIIO MapbJIAQXIIIU. 
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CHHT83 
H HCCAe~OBaHHe CBOHCTB 

TpaHC~epMH8BhlX 9A8M8HTOB 

llpoeeoeHbl 3Kcnepu.MeHmbz, Hauen eH
Hhle Ha CHHTe3 H30TOnOB 108 JneMeHTa 

2 26 48 
B peaKUH.HX nonHoro cnH.HHH.H Ra + Ca . 
CBOBCTBa H30Tona 108 JneMeHTa /c que
noM HeBTpOHOB 163/, KOTOphlB MO>KeT 6b1Th 
nonyqeH B peaxuuu 226 Ra(48 Ca ,3n) , np e.n
cTaBn.HIOT 3HaqHTenLHhlB HHTepec, TaK KaK 
3TOT H30TOn .HBn.HeTC.H npOMe>KyToqHhlM 
Me>K,ny o6naCThiO H3BeCTHhlX HyKnH.D;OB C 
Zs 107 H .H,npaMH, npuHa,nne>KamHMH u o

BOB o6nacTH cTa6HnLHOCTH, c Z -114 H 
N -184. no oueHKaM, nepuo.n nonypacna.na 
3TOrO H30TOna OTHOCHTenLHO CnOHTaHHO
ro .neneHH.H .n;on>KeH 6hlTL - 1 c, nepu o.n 
an~:.<t>a- pacna.na -- 10 c. 

,U:n41 o6nyqeHHB BhlCOKOaKTHBHOB MH
WeHH H3 pa.n;H.H 6hlna H3roToBneHa cn e
uuanLHa.H ycTaHOBKa, npe.n;Ha3HaqeHHa.H .nn11 
pa60Thl Ha BHyTpeHHeM nyqxe UHKllOTpOHa 
Y- 300. ,U:eTeKTHpOBaHHe 108 JneMeHTa 
BenOCh KaK no CnOHTaHHOMY ,neneHHIO, TaK 
H no an~:.<t>a-pacna.ny 255 Fm, KOTOPLIB .HB
n.HeTC.H npo,nyKTOM uenoqxu an~:.<t>a-pac na

.noB 271 108. ,U:n11 3TOrO npOBO.D;HllOCh XHMH
qecKOe Bhl,neneHHe <t>paKUHH C f- Md , B 
KOTopoB: Benc.H noucx ant.<l>a- pacna.na255 F m. 
B pe3ynLTaTe o6nyqeHH.H MHWeHH H3 pa.n;H.H 
HoHaMH 48 Ca c JHeprueB: 233 M3B npu 
HHTerpanLHOM nOTOKe HOHOB 3· 10 15 HTOn
IJJ;HHe MHWeHH 150 MK2/CM 2 He 6I:.In0 o6-
Hapy>KeHO HH O.D;HOrO C06hlTH.H CnOHTaH
HOrO .n;eneHH.H C T V2 > 1,5 MC H He 6hln 
o6Hapy>KeH an~:.<t>a-pacna.n 2 55 Fm. Onp e
.neneHHa.H H3 3THX 3KCnepHMeHTOB Bep x
H.H.H rpaHuua .nn11 ceqeHHB o6pa3oBaHH.H 
paBHa - 10 -a~M 2,nng • CnOHTaHHOrO ,nen e
HH.H 271108 H - 3 -10"33c.M 2 - .D;JIJI an&clla
pacna,na. 

IIocxon&Ky no oueuxaM ceqeHHe pac
CMa TpHBaeMOB peaKJJ;HH He .D;On>KHO npe
BhlWaTL 1o -33c.M 2Heo6xo,nuMo noBLICHTL 
qyBCTBHTenLHOCT~ 3KCnepHMeHTOB B 

" 

10730 pa3. 3TH 3KcnepuMeHThl npe.nno
naraeTc.H BhlnOnHHTh Ha YCKOpHTene 

48 
Y -400, r,ne HHTeHCHBHOCTh HOHOB Ca 
.non>KHa 6hlTL ... 1014 tlacm./c. 

llpOOOAJICQAUCb 3KCnepU.MeH111bl no CHH
Te3y T.H>KenhlX H30TOnOB TpaHc<i>epMHeBbiX 
JneMeHTOB Ha 6a3e T.H>Kenhlx TpaHcypa
HOBhlX MHWeHeB /nnyTOHHB-244, 6epK
n~B:-249, KanucilopHHB-249/ H nyqKOB HO
HOB l6, 180, 22 Ne, ycxopeHHhlX Ha H3o-

A-..2 2 
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Pu c. 2 7. 3aeucu.woclllb ouc nepcuu :JHepzuu ocKoA· 
K06 "t npu CnOHIIIQHHOM OeAeHUU /'lepHble IIIO'IKU/ 
u oeAeHuu menA06biMU HeulllpoHaMu /ceemAble mq<~K~I 
0111 KYAOH06CKOZO napa.wempa HQ'IQAbHOZO JIOpa Z 2/ A 3. 
illmpux· nyHKIIIUpHOJI AUHUJI • 3061!_CUMOCIIIb

2 
cp~~HeU 

KUHeiiiU'IeCKOU 3Hepzuu OCKOAK06 E k 0111 Z l A I ' 



XpOHHOM UHKllOTpOHe Y- 200. I130TOII 
26 1 Ns .o6Hapy)I(CHHhiH B 011J111 B 1970rOJW 

rrpH o6nyqeHHH 243 Am HOHaMH 22 Ne 
Ha 3TOT pa3 6bln eHHTe3HpOBaH B peaKUHH 
249 Bk( 16 0 . 4n) 26 1 Ns e eeqeHHeM, a 
2 pa3a 6onhWHM, qeM B rrepaoM enyqae. 
Ero eaoiieTBa IT s. C 2 c/ uenHKOM eoarra
.naiOT e rrpe)I(HHMH .naHHhiMH. 

B pe3yAbmame uccAeooeaHu~ xapaKme
pucmuK .neneHHH oqeHh TH)I(enhiX H.nep Haii
.neHa HOBaH 3aBHeHMOeTh: perynHpHOe H 
He06blqHo eHnhHOe yBenHqeHHe !lJnyKTyaUHH 
3HeprHH OeKOllKOB .neneHHH e poeTOM qHe
na rrpOTOHOB Z B H.IJ:pe HllH KYllOHOBeKOrO 
rrapaMeTpa Z 2/ A 113 . CymeeTBYIOIUHe B Ha
eTOHIUee BpeMH TeOpHH MO.IJ:enH .neneHHH 
IIOKa He II03BOllHIOT HH KOnHqeeTBeHHO, HH 
.IJ:a)l(e KaqeeTBeHHO OIIHeaTh Ha6nro.naeMhiC 
3aKoHoMepHoeTH I puc. 27/. 

CHHTe3 

H H3yqeHHe CBOHCTB »Aep, 

YABAeHHhlX OT AHHHH 

6eTa-CTa6HAbHOCTH 

3KcnepUMeHmaAbHO UCCAeOo6aAOCb 3a
na30bl6ai0Uiee OeAeHue HeiiTpoHo.nell!HUHT
HhiX H30Torroa Am , 13k , E s H Md . 3TH 
H30TOIIhl 6binH IIOnyqeHhl B peaKUHHX e 
3
He , a TaK)I(C e HOHaMH 12C H 14N. 113-

MepeHhl BepOHTHOeTH 3aiia3.IJ:biBaiOIUero .ne
neHHH rrpu K -3axaaTe H.nep 23 4 Am/ T112 = 

= 2,6 MUH/' 
240

Bk I T 1/ 2 = 5 MUH/' 
244 E s I 1'112 = 35 c/, 246 E s I T 1/ 2 = 

= 7 MUH/, 250 Md I T 112 =50 c/. 3Haqe
HHH 3THX BepOHTHOeTeH II03BOllHIOT ey.IJ:HTh 
o !lJopMe 6aphepa .neneHHH HeHTpoHo.ne!lJu
UHTHhiX H.nep Pu , Cm , Cf H F'm. AHanH3 
BepOHTHOeTeH 3aiia3.IJ:biBaiOIUero .neneHHH, 
a TaK)I(e ijepHO.IJ:OB eiiOHTaHHOrO .neneHHH 

.. 79 

H ee eHHH o6pa30BaHHH yKa3aHHhiX H.IJ:ep 
IIOKa3an, qTO BhieOTa BHyTpeHHero 6apbe
pa OeTaeTeH IIOeTOHHHOH /- 6 M3B/ B 
.nuarra 3oHe Z = 90 -:- 100 H A= 230 -:-250, 
B TO BpeMH KaK BhieOTa BHCWHero 6apbepa 
rra.naeT e poeT OM Z. 

3aeepweHa o6pa6omKa pe3yAbmamoe ue
ene.noaaHHH eaoiieTB H3nyqaTeneii 3ana3-
.IJ:biBaiOIUHX IIPOTOHOB epe.IJ:H H30TOIIOB Ba 
/A= 117, 119, 121/. IlonyqeHhl .naHHhie 
o ae HqHHe ( Q 0 - B P) H eTpyKType euno
BhiX !lJyHKUHH f3 -paerra.na rrpH 3HeprHHX 
B036y )l(.neHHH - 3 -:- 6 M3B. IlpH ueene
.noaaHHH eaoiieTB H30Torra 116 Cs yeTa
HoaneHo eymeeTBOBaHHe y Hero .nayx H3o
MepHhiX eoeTOHHHH, pa3nHqaJOIUHXeH 110 
rrepu .naM nonypaerra.na H THIIY HerryeKae
MhiX rrpH paerra.ne 3arra3.IJ:hiBaiOIUHX qaeTHU. 

MexaHH3M 

B3BHMOAeHCTBH» 

T »)l(eAbiX HOHOB 

C »ApBMH 

H 3y•WAUCb 3aKoHoMepHocmu pacnaoa 
.IJ:BOHHOH H.nepHOH eHeTeMhi, !lJopMHPYIOIUeH
eH B rny60KOHeyrrpyrHX eTOllKHOBeHHHX 
eno)I(HhiX H.nep. B peaKUHHX 
107, 109Ag+ 40 Ar , 197 Au +40 Ar rrpH 

3Hepr HH 300 M3B, 197 Au + 20 Ne rrpH 
3Hepruu 110 M3B H 107 ·109 Ag + J l B rrpH 
3HeprHH 87 M3B 6LmH H3MepeHhl 3Hep
reTuqeeKue erreKTphi H eeqeHHH o6pa3o
BaHHH OKOllO 200 H30TOIIOB 3lleMeHTOB 
OT Li .no Cl .nnH yrna BhineTa 40 ° . 
B noene.nHHX .nayx peaKUHHX H3MepeHhl 
TaK)I(e 3neMeHTHhie yrnoBLie paenpe.ne
neHHH. 

IloKa3aHO, qTO Q qq-eHeTeMaTHKa, OIIH -
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Puc . 28. ,4udi¢epeH!4UOAbHble Ce'leHU.JI o6pa3060 H U.JI U30MOn06 3AeMeHiil06 om zeAU.JI 00 XAOpa U3 peOK!4UU 

10 1 o I09Ag+ 40Ar · npu :JHepzuu ' o6Ay'leHU.JI 285 M 3B u yzAe pezucmpaJ~uU 40 ° flo zopu30HIIOAbHoii ocu om· 

AOJICeHO 'IUCAO HeiimpOH06 U npOIIIOH06 6 U301110n e . ,4aHHble OA.JI U30mona zeAU.JI U !;Be nOAy'leHbl 3KCmpanOA.JI· 

JIUeU no QQQ - CUCIIIeMOIIUKe . 'lepHble llpeyZOA~H UKU nOK03bi~OIOIII CIII06UAbHble U301110nbl . 

CblBaiO~ag ceqeHHH o6pa30BaHHH H30TODOB 
B rny6oxoueynpyrux _pepeAaqax, Bhlnonug 
eTCH H B peaKIJ;HHX C HaH6onee TH)f(enblMH 
uoHaMH I puc. 28/. YcTaHoBneuo, qTo oT 
xnoueuue OT Q qq· CHCTeMa THKH CBH3aHO 
C BnHHHHeM BTOpHqHblX HAepHhiX npon;e c 
COB- HCnapeHHeM HyKnOHOB H a-qacTHU 
H3 B036Y)f(AeHHOro npOAYKTa. 

06uapy)f(eHO CHnhHOe BnHHHHe HAepHOH 
cTpyxTyphl nerx:IX <lJparMeHTOB rny6oxo -

• 

ueynpyrux nepeAaq ua xapaxTepucTHKH 
peaxuuB: /puc. 29/. 

BhiHBneua 3HaquTenhHaH AHHaMuqecxag 
Ae<lJopMan;ug TH)f(enoro <lJparMeHTa B rny6o
xoueynpyrux nepeAaqax . . ,ll,e<lJopMan;uH, 
o6ycnOBneHHaH 60nhWHM yrnOBhiM MOMeH
TOM ABOHHOH HAepHOH CHCTeMbl, AOCTHraeT 
Benuquubl - 3 I OTHoweuue 6onbwoB: u Ma
noB: nonyoceB: 3rinuncouAa BpameuuH, an
npoxcuMupyro~ero <lJopMy <lJparMeHTa/ . 



Hay~aAUCb cneKmpbl KUHemu~ecKux 

3Hepzuii H Mac coBble pacnpe,D;eJieHH.H npo

AYKTOB ,IJ;eneHH.H .H,D;ep c Z..:;.> 110. liLIJIH H3-

MepeHLI llOJIHa.H KHHeTH'IeCKa.H 3HeprH.H H 

ee ,IJ;HCllepCH.H B WHpOKOM ,IJ;Hana30He Z H 

A cocTaBHLIX .H,D;ep, a TaiOKe JaBHCHMOCTh 

llOJIHOH KHHeTH'IeCKOH 3HeprHH OT 3HeprHH 

B036y:>K,IJ;eHH.H COCTaBHOrO .H,IJ;pa H aCHMMeT

PHH pa3,IJ;eneHH.H. CHMMeTpH'IHLie Maceo-· 

Bble pacnpe,IJ;eJieHH.H OCKOJIKOB ,IJ;eJieHH.H llpH 

60JihWOH 3HeprHH B036y:>K,IJ;eHH.H CTaHOB.HTC.H 

aCHMMeTpH'IHLIMH npH yMeHLWeHHH 3Hep

rHH c MaKCHMYMOM B6JIH3H A- 2007 210 
I puc. 30/. 113MepeHHLie yrnoBLie pacnpe

,IJ;eJieHH.H npo,IJ;yKTOB c A- 200 7 210 HMeroT 

MaJieHLKYIO aHH30TpOllHIO B OTJIH'IHe OT 

rny60KOHeynpyrHX peaKIJ;HH, ,IJ;JI.H HHX 

TaK:>Ke He Ha6nro,IJ;aeTc.H no,IJ;'beM B 

ce'leHHH ,IJ;JI.H KacaTeJILHoro yrna 

pacce.HHH.H. TaKoe noBe,IJ;eHue ,IJ;JI.H 

Ne F 0 N 

0. 
10° 22• 

23 • "IS ' \ D 

• 81 

yrJIOBLIX pacnpe,IJ;eJieHHH COOTBeT-

CTByeT npo:u;eccy ,IJ;eJieHH.H /puc. 31/. 
CoB KynHOCTh 3KcnepuMeHTaJILHLIX pe-

3YJILT aToB ll03BOJI.HeT C,IJ;eJiaTh BLIBO,IJ; 0 

npO.HB JieHHH 060JIO'Ie'IHLIX 34Jcl>eKTOB npH 

,IJ;eJieHHH CJia60B036y:>K,IJ;eHHLIX COCTaBHLIX 

.H,D;ep c Z ~ 110. 
liLIJIH H3y'leHLI yrnoBLie pacnpe,D;ene-

HH.H ynpyro pacce.HHHLIX HOHOB 4 °Ca , 
14SCa 40Ar , 48Ti Ha MHWeHH H3 208 Pb . 
fioJiy 'leHHLie 3KCnepHMeHTaJihHble ,IJ;aHHLie 

aHaJIH 3HpOBaJIHCh B paMKaX llOJIYKJiaCcH

'IeCKOH MO,IJ;eJIH ynpyroro pacce.HHH.H, pa3-

HOCT h pa,IJ;HYCOB B3aHMO,IJ;eHCTBH.H ,IJ;JI.H• HO

HOB 
4° Ca H 48 Ca paBHa ~ R = /0,19± 

±0,0 3/ 4>M, 'ITO cornacyeTC.H co CTaH

,D;apT HhiM npupaiiJ;eHHeM pa,IJ;uyca ,IJ;JI.H Ja

BHCHMOCTH R - r O (AV1
3 +A ¥3 ), r,IJ;e A l H 

A2 MaCCLI HOHa H .H,D;ep MHWeHH COOT-

BeTC T BeHHO I puc. 32/. 
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Puc. 29. Qqq • CUCIII€MQIIIUKQ ou!P!PepeH!IUGAbHbiX C€'1€HUU o6pa 306GHUJI U301110n06 3A€M€HIII06 0111 AUIIIUJI 00 

XAOpa U3 peaKIIUU 40 AI+- 107. 109Ag npu 3Hepzuu 06Ay'I€HUJI 285 M3B U yzAe peZUCIIIpa!IUU 40°. llo OCU 

a6C!IUCC OIIIAOJKeHa 6€AU'IUHa ~q; (Ml + M2 )-(M 3+ M4J C Y'I€1/IOM n npa60K Ha HecnapeHHOCI/Ib H€UIIIpOH06 U npOIIIO· 

Hoe, nepeoaHHI>IX u3 .110pa 
40Ar .11opy cepe6pa . CoeAaHo ycp eoHeHue no oayM u3olllonaM cepe6pa. 
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Puc. 31 . YzAoeoe pacnpeoeAeHue npooyKmoe p ea KIIUU 
4 0 Ar+ 243Am e o6Aacmu Mace 70-110 npu 3Hep zuu 

UOH06 4 0Ar , paeHOU 222 M3B /'iepHble IIIO'iKU/ U 
300 M3B / ceemAble .to'iKu/. 

~Puc. 30. 3a6UCUMOCIIIb nOAHOU KUHeiiiU'ieCKOU 3Hep
., ZUU npOOYKIII06 peaKIIUU 2 43 Am + 40 Ar 0111 UX MQCCbl 

OAA 'iellblpex 3Hepzuii 6oM6apoupy10JI#UX uoHoe. 
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Puc. 32. 3a6UCUMOCIIIb OIIIHOlUeHUU ce'ieHUU ynpyzozo 
pacce.IIHU.II K c e'ieHUIO pe3eptjopooecKozo pacce.IIHU.II 
uoHoe 4°Ar 40ca 4Bca u 4&fJ Ha .110pax 2 08 Pb 011 
napaMempa d ~ D I (A l1 2 

+ A F3 
), xapaKI!IepU3YIOJI#ezO 

paCCIIIO.IIHUe HaU60AblUeZO C6AUJICeHU.II 63QUMOOeUCII· 
6YIOJI#UX .IIOep. 

J..byqeHHe 

cTpyKTYPbi .H,Lipa 

ClleKTpOMeTpHqecKHMH MeTO,[IaMH 

,4AJI U3y~eHHbiX paHee C nOMOUib10 Me

TTIOOa meHeu cocTaBHLIX HAep 
2 5° Cf , 2 56Fm u 

260 102 BblnOJIHeHbl pacl.feTLI WHpHH pacna

Aa H cel.feHHH (HI, xn) peaK.QHH /puc. 33/ 
B CTaTHCTHl.feCKOM nOAXOAe. 

IIpoBeAeHLI 3KcnepuMeHTLI no H3Mepe

HHIO BpeMeH )I(H3HH COCTaBHblX B:Aep C no

MOI.QLIO 3cPcPeKTa TeHeH npH 06Jiy1.feHHH MO

HOKpHCTaJIJia uo2 HOHaMH 27 Al H 3 He . 

PeaK.QHH 
23 8 U(2 7 Al.f) 6Lma H3y1.feHa Ha 

ycKopuTene Y- 300. IIonyl.feHHLie apeMeHa 

)I(H3HH AJIH COCTaBHOrO B:Apa C Z = 105 
paBHLI - /3 -:-5/-10'18c H npaKTHl.feCKH He 
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Puc. 33. 3aeucuMOCIIII> eeAU'IUHI>I ~X . xapaKIIIepu3yiO-
Uieii epeMJI JICU3HU COCIIIQ6HOZO JIOpa 6 peOKJIUU 
23 8 u (I 'b . xnl) , 0111 3Hepzuu eo3~YJICOeHuJI; "a " -

OAJI eceu peaKIIUU, "a" - OAJI nepeou c•yneHu ucna
pullleAI>HOZO KacKaoa. Cnpaea oaHo cpaeHeHue pac
t~ei!IHI>IX u 3KcnepuMeHIIIOAI>HI>IX eeAU'IUH Gx , xapaK
•epU3YIOU/UX cet~eHUJI (HI,xn) peOKJIUU. 

OTllH'IaiDTCR OT peJynLTaTOB, nony'leHHhlX 

,!VIR COCTaBHOrO R,IJ;pa C Z = 102. 

PeaKUHR 23SU ( ~ He, f) HJyqanacb 

Ha UHKnOTpOHe Y -120 11:JI<I>T lliyxapecTI. 

lloKa3aHO, 'ITO npH 3HeprHH B036Y*.D;eHHR 

-42 M3B BpeMR *H3HH COCTaBHOrO R.D;pa 

24 1Pu - -· 12,8±0,91- 10·17 c I puc. 341. 

3aaepweHa o6pa6omKa pe3yAbmamoa 3K

cnepHMeHTa no HJy'leHHro npouecca Jace

neHHR H pacna,IJ;a BhlCOKocnHHOBhlX ypoBHeil 

H30TOllOB 156Er H 
160

Er, o6pa3yiDIUHXCR 

B peaKUHH 12 0 • 124 Sn(40 Ar. 4n). lloKaJaHo, 

'ITO BpeMR JaceneHHH BhlCOKOCllHHOBbiX 

ypOBHeH CyiUeCTBeHHO yBenH'IHBaeTCR npH 
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--
nepexo,IJ;e OT ,IJ;ecPOPMHpOBaHHhlX R.D;ep K 06-

nacTH nepexo,IJ;HhlX R.D;ep. HecMOTpR Ha 

CyiUe CTBeHHOe H3MeHeHHe yrnOBOrO MO

MeHT a COCTaBHOrO R.D;pa, BpeM.H JaceneHHR 

ypOBHeH Mano 3aBHCHT OT 3HeprHH 60M-

6ap.D;HPYIDIUHX qacTHU I puc. 351. 
C llOMOIUbiD MarHHTHOrO CTieKTporpa<Pa 

CO CTyneH'IaThlMH nomocaMH IMCll-1441 

HCCn e,LtOBaHhl 3ap.H,IJ;0Bhle COCTORHHR HOHOB 

147 D y H 199p0 - npo.D;yKTOB R,IJ;epHhlX pe

aKUHH 113 Cd( 40Ar ,6n) 147Dy H 164Dy (4 0Ar ,5n) lffipp _ 

llonyqeHHhlH cpe,IJ;HHH 3apR,IJ; HOHOB 3Ha

'IHT e nhHO npeBbiWaeT paC'IeTHhlH, 'ITO 

o6'hRCHReTcR HanH'IHeM y R.D;ep Dy H Po 

CHllb HOKOHBepTHpOBaHHhlX HH3KOne*aiUHX 

N 

Q2 

Puc. 34 . Pe3yAblfiQifl npOCMOiflflQ lfi€He60.?0 MUHUMYMO, 
Ha6A IOoaeMo.?o a peaKIIUU 2' BU ( 3 He f) npu o6Ay
t~eHu MOHOKpUCIIIQAAQ UQ 2 UOHQMU 3He. 



84 

0.51 

14•2 

® 
0 10 t (10-12 

c) 

Puc . 35. Kpu6bte pacnaoa ypo6Heu no11ocbt ocH06 Hozo 
COCIIIOJIHUJI U301110na 156f':r . o6pa3yi0Ujf!ZOC.II 6 p e aK
IIUU l ~Osn ( 4IJ4r. 4 n 1 npu 3Hepzuu uoHo6 40 Ar, pa6-

Hoii: a/ 168 M:JB,b I 150 M:JB. 

OAHOqaCTHqHhlX ypOBHeH C 6onLlliHM B p e

MeHeM )I(HJHH: IQ-14c < T <Io-1 c. 06p a-• - 1/2-
30BaBrnHeCJI npH BHyTpeHHeH KOHBepCBH 

BaKaHCHH Ha HH)I(HHX 3neKTpOHHhlX o6ono q • 

KaX npHBOAJIT K 6LICTpOMY O)l(e- KaCKaA y, 

KOTOphlH yBenoqoBaeT cpeAHHH JapxA n o

HOB. ~OllOnHHTenLHaJI nepe3apJIAKa HOH OB 

Ha ~OnLre npHBOAHT K ocqeJHOBeHHID 3~

~eKTa I puc. 36/. 
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Puc . 36. 3ap.II006bte Rf.cnpeoeAeHU.II uoHo6 - npooy K-
11106 peaKIIUU lfi4 Oy( 0Ar .5n)199 Po . Henocpeocm6f! HHO 

6bi6UIIIbiX U3 MUIUf!HU /nyHKIIIUpHa.ll AUHU.II/, U npoOy K-
11106, npOIUf!OIUUX OOnOAHUIIIf!AbHYIO nepe3ap.IIOKy Ha 
yzAepOOHOU ~OAbZf!> YCIIIaH06Af!HHOU Ha paCCIIIOJI HUU 
5 CM 0111 MUIUf!HU /cnAq,J~~Ha.ll AUHU.II/. -

B pe3yAbmame npoeeoeHHbiX uccAeoo-
6aHUU K6a3UMO/IeKyAJipH020 U3/ly'leHUJI 
C llOMOI.l.\blO TBepAOTenLHhlX H raJOBhlX MH

rneHeH, a TaK*e HJyqeHHJI ero yrnoBoro 
pacnpeAeneHHJI nonHOCTLIO llOATBep)I(AeHa 

npeAnO)I(eHHaJI B ~y6He HHTepnpeTal(HJI 

BhlCOK03HepreTHqecKHX KOMllOHeHT KBa3H" 

MoneKynxpHhlX cneKTPOB. B 3KcnepnMeH

Tax c noHaMH Ge , Nb o La HaHAeHa 

CHnLHaJI aHH30TpOllHJI KBa3HMOneKynJlpHhlX 

cneKTpOB B o6naCTH MaKCHManLHOH 3Hep

rHH 2pa -nepeXOAOB /eM. puc. 37a,6/. 
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Puc . 37 a,6. 3a6UCUMOCIIIb aHU3omponuu 6biCOKO.JHep· 
Zf!IIIU'fHbiX KOMnOHf!HIII K6a3UMOAf!KYA.IIpHOZO U3Ay'le

HUJI, U3MepeHHOU npu CIIIOAKH06f!HU.IIX Ge • Ge /a/ 
u La+ Xe /6/, 0111 :JHepzuu peHmzeH06CKUX K6aH
III06. flOAOJICf!HUe nep6biX MaKCUMYM06 6 3111UX KpU6biX 
COOIII6f!IIICIII6Yf!lll MaKCUMaAbHOU 3Hepzuu 2po - nepe-

X0006, a 6IIIOPbiX - 1 sa - nepexooo6. 

• 



3KcnepHM8HTa~bHaH 
annapaTypa 
H HayqHQ-npHK~a,QHbie 
pa6oTbi 

Co30aH KOMMymamop KaHaAa eeoba/ 
6bi600a JJ.nH 3BM MHHCK-32, nOJBOnHIOll{HH 
nO)J.KnJOqaTL )J.O 12 aBTOHOMHhlX H3Mepu
TenLHhlX MOJJ.yne:H a cTaHJJ.apTe KAMAK. 
Pa3pa6oTaHLI CTauuuu BBOJJ.a/BLIBOJJ.a uu
ll>opMauuu c Kpe:HTa KAMAK B 3BM 
MHHCK-32. 

YcoaepweucTaoaaua annapaTypa JJ.n.li 
aBTOMaTH3aUHH 3KCnepHMeHTOB no nouc
Ky caepxTH:>Kenhlx JneMeHTOB a npupo)J.e, 
3HaqHTenLHO nOBhlCHBIIIaH )J.OCTOBepHOCTh 
perHCTpaUHH lPaKTOB CnOHTaHHOrO ,!J,eneHHH 
Ja cqeT yaenuqeuux qucna perucTpupye
MhlX napaMeTpOB, ynyqmeHHH Ha,!J,e:>KHOCTH 
H npaKTHqecKoro OTCYTCTBHH lPOHa. llJ
rOTOBneHO JJ.Ba KOMnneKTa uoao:H annapa
Typhl. 

PaJpa6oTaH KOMnneKc JJ.eTeKTHPYIOIUe:il 
annapaTypLI ,!J,nH H)J.eHTHlPHKaUHH npOJJ.YKTOB 
JJ.eneuux ua nyqKax ycKopeHHhlX TH:>Kenhlx 
HOHOB H anLlPa- qacTHU C nOMOIULIO apeMH
nponeTHOH MeTO)J.HKH H cneKTpOMeTpHH oc
KOnKOB ,!J,eneHHH jqeTLipexMepHhlH auanHJ/. 

IlpoOoAJtCaAucb pa6ombl no coeepweH
cmeoeaHwo HJJ.epuLIX <PunLTpoa. IloKaJaua 
B03MO:>KHOCTh H3rOTOBneHHH H,!J,epHhlX 
lPHnLTpOB Ha OCHOBe lPTOponnaCTOB, TpHa
UeTaTa uennronoJLI H JJ.pyrux nonuMepHLix 
MaTepuanOB. 06pa3Uhl H,!J,epHhiX lPHnLTpOB 
npOXO)J.HT HCnhlTaHHe H npoaepKy B opra
HH3aUHHX CoaeTCKoro CoroJa, CPB, MHP, 
HP E' r )l.P H qcc p' noKaJaua HX BhiCO
KaH 3lPlPeKTHBHOCTh. IlpOBO,!J,HTCH HCnhlTa
HHH OnhlTHhlX 06pa3UOB cepHHHLIX lPHnhT
PYIOIUHX ycTauoaoK, ocuaiUeHHhlX HJJ.epHLI
MH lPHnhTpaMH. 

• 85 

C uenLIO nOBhliiieHHH npOH3BO)J.HTenLHO
CTH lPHnLTPYIOIUHX ycTaHOBOK H3rOTOBneHO 
o6opy JJ.oaauue, noJaonxroll{ee o6nyqaTL Tx
:>KenhlMH HOHaMH 6onee IIIHpOKYJO nneHKY 
/300 MM, BMeCTO nneHKHIIIHpHHOH 150 MM, 
HCITO LJyeMOH pauee/ CO CKOpOCThlO ,!J,O 
1M/C. 

IlpoOoAJtCaAucb pa6ombl no coeepweH
cmeoeaHu~ HJJ.epuo-ll>HJHqecKHX MeTOJJ.OB 
auanu Ja: COJJJ.aunonynpoao)J.HHKOBhlHpeuT-
reHOBCKHH 
npoae)J.eua 

CneKTpOMeTp C OnTOCBH3hlO, 
MO,!J,epHH3aUHH MHKpOTpOHa 

COJ,!J,aH HOBLIH KOHBepTOp HeHTpOHOB, Bhl
nonueua pa3BOJJ.Ka nyqKoB JJ.nH n- u y-aK
THaauuu. Ha MHKpoTpoue pa3pa6oTaHhl Me
TOJJ.HKH Maccoaoro auanuJa paJnuquhlx o6-
paJuoa, COJJ.ep:>KaiUHX cneJJ.?BLie KonuqecT
aa 30nOTa H ypaua, C qyBCTBHTenLHOCTLIO 
-10 - ?2/2. .. 

C o30aHa ycmaHoeKa JJ.nx TpaucnopTu
poaKH npOJJ.YKTOB H)J.epHhlX peaKUHH OT MH
IIIeH , o6nyqaeMOH Ha BHyTpeHHeM nyqKe 
UHKnOTpOHa TH:>KenhlMH HOHaMH, B 3KCne
pHM HTanLHhle nOMell{eHHH, C nOMOll{hlO 
a3p030nLHOH CTpyH. 

Pa3pa6oTKH 

B 06AaCTH YCKOpHTeAeH 

C noMOU#b~ Oua(Jpa2MUPY10U#UX U#eAeU, 
ycTauoaneuHLIX a ycKopuTene Y- 200, no
nyqeuo yMeHLIIIeuue pa36poca uouoa no 
Juepruu JJ.O 0,40/o. OcyiUeCTBneuo nnaauoe 
pery nupoaauue Juepruu BhlBeJJ.eHHhlX nyq
KOB a npeJJ.enax 300/o 6eJ noTepu HHTeu
CHBHOCTH HOHOB. 

IlpoeeOeHapeKOHCmpyKijUR ijUKAOmpoHa 
Y- 300, cll>opMupoaauo MarHHTuoe none 
Ha ypOBHe 18,4 K3 /BMeCTO 16,7 K3/, 
BHYTPH aaKyyMuoro o6beMa ycTauoaneuhl 
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a3BMyTanhHhle B KOnLUeBhle TOKOBhle K a· 

TYWKH. IJOBhlWeHa Ha 200/o 3HeprBH BOH OB 

ua KouequoM pa.n;uyce ycKopeHHH. 3a c q eT 

CHH~eHHH 3apH.IJ;HOCTH DO.IJ;HHTa HHTeHCB~

HOCTh HOHOB B .IJ;Hana30He KanhUHH"HHKen H. 

IlpoeeoeH&I pa6om&l no noozomoe Ke UHK

noTpOHa Y ·400 K li>HJHqecKOMY nyCKy B 

1978 ro.n;y. Jf30XpOHHhlH UHKnOTpOH Y-40 0 

npe.n;HaJuaqeu .n;nH ycKopeHHH uouoa anno TL 

.!1;0 KCeHOHa, HHTeHCHBHOCTh BHyTpeHHero 

nyqKa HOHOB .IJ;nH qaCTHU C MaCCOH 20 -;-9 0 

cocTaBHT -l0 1 ~acmu~/c. IIpoae.n;eHhl npe.n 

aapuTenLHhle MarHHTHhle H3MepeHHH H B e · 

--

.IJ;yTCH pa60Thl DO KOMnneKCHOH . c6opKe 

ycKopBTenH. AuanH3HPYIDTCH pa3nuquhle 

BapHaHThl BOHHhiX HCTOqHHKOB .IJ;nH HOBOrO 

ycKopuTenH. IIepcneKTHBHhlM HBnHeTcH uc

ToquuK naJepuoro TBna, npuMeueuue Ko

Toporo D03BOnHT yCKOpHTh HaY ·400 BhlCO· 

K03apH.IJ;Hhle BOHhl BDnOTh .IJ;O ypaHa. 

0CH06Hbl€ fPU3U'I€CKU€ 3KCnepUM€HTflbl 
npOBO.IJ;HnHCh B HCTeKWeM ro.n;y Ha UHKno

TpOHaX Y • 300 H Y • 200, BpeMH pa60Thl 

KOTOphlX Ha li>BJHqeCKBe 3KCnepBMeHThl CO" 

CTaBHnO 4200 H 2400 qacOB COOTBeT· 

CTBeHHO. 

• 



CoopyxeHue Hoeozo U3o
xpoHHozo ~UKAompoHa 

Y-400 ecmynuAo e pewa10· 
IIIYIO t/Ja3y. 3aeepweHa 
KOMnAeKCHO.II C6opKa yc· 
KOpumeA.II U nOOZOIII06KQ K 
OKOH'IOIII€AbHbiM MOZHUIII" 
HbiM U3MepeHU.IIM. 



IlpeOAOJICeH U pa3pa6o•aH H061>1U MeiiiOO nouc Ka U 
UOeH•u¢UKQIIUU ceepXIII.RJICeAI>IX 3AeMeHIII06 no 61>1HyJIC
OeHHOMy oeAeHUIO .ROep Ha ny~Ke aAI>¢Q- ~acmu11 . 

BI>ICOKa.R ~yecmeumeAI>HOCIIII> pezucmpalluupeoKux aA~>
tfia- pacna006 OOCIIIl!UHYIIIQ Ha UOHU3QIIUOHHOU Ka..w epe 
C nAOUIOOI>IO 0,4 M . 

MoH•ax 61>1COKo3¢16eKmueHozo oemeKmopa Heumpo Hoe, 
ucnoAI>3ye..wozo OAR noucKoe ceepxm.RxeAI>IX 3AeM eH
•oe e npupooe. 

TpaccupoeKa ne~aiiiHI>IX nAam Ha 3BM 
TPA-1001 OAR U3Zomo eAeHu.R 3AeKmpoH 
HOU annapamyp1>1. 



Ilpo6ei:>eH IIUKA 3KcnepuMeHmo6 no u3y'ieHUIO oeAeHU.II 
cAa6o6o36yJKi:>eHHbiX .110ep. Co30aHa annapamypa OA.II 
KOppeA.IIIIUOHHbiX U3MepeHUU 3HepzemU'ieCKUX U yz
A06biX pacnpeoeAeHuu npooyKmo6 .11oepHbiX peaKIIUil 
C m.IIJICeAbiMU UOHOMU. 

22 oeKa6p.ll 1977 z . rocyoapcm6eHHbiU KoMumem C o-
6ema MuHucmpo6 CCCP no oeAaM u3o6pemeHuu u om
Kpblmuu 3apezucmpup060A OmKpblmue, COeAOHHOe 6 
OH.RH: zpynna y'ieHbiX cuHme3upo6aAa 106 3AeMeHm 
ma6AU11bl MeHOeAee6a. Ha CHUMKe: uoem noozomo 6Ka 
annapamypbl K 3KcnepuMeHmy. 

IlpoooAJICaiOmc.ll 3KcnepuMeHmbl no u3y'ieHUIO peHmze
H06CKozo U3Ay'ieHUJI m.IIJICeAbiX K603UMOAeKyA, KpamKo-
6peMeHHO 06pa3yiOU/UXC.II 6 CmOAKH06eHU.IIX m.IIJICeAbiX 
UOH06. 
Ha CHUMKe : noozomo6Ka annapamypbl K o'iepei:>HOMY 
3KcnepuMeHmy. 



B OHJ/H coeMeCIIHO c HJ/H AH YCCP 3any UieH 
MQZHUIIHbiU QHQAU30mop OAR cenapaijUU npoOy Km08 
ROepHbiX peaKIIUii, 8bl3bleaeMbiX mRJICeA&IMU uo aMu. 

.............. . .. sn''"l# 

iH_,..,._...,., 
C •••w • 
-~ -~ ·... 

JlpOOOAJICQAUCb pa6ombl no 
coeepweHcmeoeaHu~ Roep
Ho-ljiu3u<~ecKux Memoooe 
aHaAu3a . JlpoeeoeHa Mo· 
OepHU3QijUR MUKpompOHQ • 
co3oaH H08blii zpaljiumo-
8blii KOHeepmop HeiimpoHoe 
OAR npoeeOeHUR MQCC080ZO 
HeiimpOHHO·aKmU8QijUOHHOZO 
QHQAU3Q . 

Co30aH noAynpoeooHuKo· 
8blii peHmzeHoecKuii cneKm· 
poMemp c onmoceR3b~, 

npeoHa3Ha<~eHHblii OAR npo
eeoeHuR peHmzeHo{/iA~o
peclleHmHozo Maccoeozo 
QHQAU3Q pQ3AU'IHbiX zeo· 
AOZ~eCKUX o6pa3ij08. 



YCIIIOHOBKO 0/1.11 Henpepbi6HOU XUMU'IeCKOU o6pa6o•KU 
06/ly'leHHOU n/leHKU. 
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Jla6opaTopMH 
c.:> c.:> 

H811TpOHHOJ1 

cp11311KJ1 

• 

Ba:>~me:HUJBM ~ocTB)I(eHBeM na6opa TO

PBB B BCTeKUJeM ro~y HBBJICH <lJB3H'IeCKBH 

nycK lfli P- 2 - BMnynbcHoro peaKTopa ne

pao~aqecKoro ~e:HcTBHH Ha 6biCTpbix HeiiT

poHax. B cooTBeTCTBBB c npo6neMHo-Te

MaTB'IeCKBM nJiaHOM npo~OJI)I(aJIBCb Hayq

Hble BCCJie~OBaHBH B BeJiaCb no~rOTOBKa 

K JKcnepaMeHTaM Ha HliP-2. • IIo

Jiy'leHo peKop~Hoe apeMH xpaHeHBH yJibTpa

XOJIO~HbiX HeHTpOHOB B 'IHCTbl~ COCy~ax. 

06Hapy)l(eHa npOMe)l(yTO'IHaH CTpyKTypa B 

CnBHOBOH 3aBBCBMOCTH Ce'leHBH B3aBMO

~eHCTBBH nOJIHpH30BaHHbiX HeHTpOHOB C 

nonHpB30BaHHbiMB H~paMB. BbmonHeH UHKJI 

BCCJie~OBaHBH no B3y'leHBID CBOHCTB nepe

XO~HOrO B3Jiy'leHHH H B3Jiy'leHHH Baauno

aa- qepeHKOBa. llpoae~eHbl nOHCKOBbie pa-

60Tbl no 06Hapy)l(eHBID :meKTpH'IeCKOrO ~H

nOJibHOrO MOMeHTa 3JieKTpOHa H 06Hapy)l(e

HHID CBepxnJIOTHbiX H~ep B aKTHBHOH 30He 

peaKTopa. 

HayqHo-HccRe~oaaTeRhCKHe 

pa6oTbi 
CrrHHOBa~ 3aBHCHMOCTb 

HeATpOHHWX ceqeHHA ~Aep 

IlpoooAJICeHbl :nccnepuMeHmbl no accne

~OBaHHID CnHHOBOH 3aBHCHMOCTH HeHTpOH" 

HbiX Ce'leHHH MeTO~OM nponycKaHHH nOJIH

pH30BaHHbiX HeHTpOHOB C 3HeprHeH ~0 

100 K3B qepe3 nOJIHpH30BaHHbie H~epHbie 

MHUJeHH, noJiy'leHbl ~aHHbie ~JIH TYJIJIHH H 

npa3eo~HMa. Pe3yJibTaT ~JIH cnaH-cnHHo

aoro ce'leHHH u s s . onpe~enHeMoro Bbipa-

KH nJIIDC H MHHYC OTHOCHTCH K KaHaJiaM 

peaKUHH CO CnHHaMH l --rl/2 H: l - 1/2 . a Be

JIH'IHHa S HBJIHeTCH HeHTpOHHOH CHJIOBOH 

<l>YHKUHe:H , noKa3aH Ha puc. 38. IIonyqae

MaH OTCID~a ManaH aeJIH'IHHa / 4-7- 90/o/ 







3aA peaKmopa HEP-2. 3oecb Ha nepeoM 3mane ¢ u3u
'lecKozo nycKa npou3eoou11acb ycmaHoeKa men11 ebl
oeii.IIIOU/UX C60pOK / Kaccem/ C nAymOHUeM 6 KOp nyc 
peaKmopa . 3ma omeemcmeeHHa.ll onepOJ4U.II nompe6o
eaAa mUjamellbHOZO C0611100eHUJI Mep paOUOJ4UO HHOU 
6e3onacHocmu. AKKypamHo, mo'IHO pa6oma11u zpy nnbl 
30ZpyJICOIOUjUX U 003UMempu'leCKOZO KOHmpOIIJI. 





llycKy peaKmopa npeowecm-
606aA nepuoo Monmaxa 
peaKmopnozo o6opyoo6a· 
HU.II. Kopnyc peaKmopa 
8· Melllp06QJI 06YXCIIIeHHQJI 
mpy6a CAOJICHOZO npOfPUA./1 • 
ooAJKeH 6bllllb ycmaH06AeH 
C IIIO~HOCIIIb~ 00 OOAeu 
MUAAUMempa. 

llocAe ycmano6Ku Kopnyca 
peaKmopa na pa6o~ee Mec
mo 6biA npOU36eOeH MOHIIIQJIC 
noo6uxnozo ompaxameA.II, 
KOIIIOPbiU HQXOOUIIIC./1 6 zep· 
MeiiiU3UPY~UieM KOJKyxe. B 
wecmuzpannou ~acmu Kop
nyca peaKmopa 3aKA~~e

Ha QKIIIU6HQ.II 30HQ . 

74 menA06biOeA.II~UIUe Kac
cembl, COCIIIQ6AJI~UjUe QK· 
mu6HY~ 30HY, 6 npo14ecce 
3azpy3KU 6CIIIQ6A.IIAUCb 6 
onopHy~ pewemKy Kopny
ca. OmpaoomKa onepa14uu 
ycmaH06KU Kaccem npo6o· 
ouAacb Ha MaKeme Kopnyca 
peaKmopa, npeocma6AeHHOM 
HQ CHUMKe. 



bUOAOZU'teCKQJI 30UjUma peaKmopa / MOCCU6Hble 'ly 
ZYHHble u 6emoHHble 6AoKu/ npeooxpaHJiem nepcoHa A 
om paOU01114JJHHozo o6Ay'leHUJI . Bo eHympeHHeM KOA b 
!le 3aUjumbJ npoxoOJim KaHaAbl ebJeooa HeumpoH o e 
K 3KCnepu.MeHmOAbHblM ycmaH06KQM. Ha CHUMKOX : 
HQAOOKO JUU6ep06 - n006UXHblX 3QUjUmHblX 6AOKOO, 
nepeKpbl6010UjUX HeJimpOHHble ny'IKU. 



B 6oKce nooauJKHozo om
paJKameA.II uoem npoaepKa 
MexaHU3M06 nepeo nycKoM 
peaKmopa jauo u3 3aAa pe
aKmopa npu apeMeHHO CHJI· 
IJIOM AIOKe/. 

CneijUOAbHoe xpaHuAu~e 
menA06biOeA.IIIO~ux Kaccem 
peaKmopa. 

B nooaaAbHOM noMe~eHuu /14 Mempoa noo aKmuaHoli 
30 Holi/ Haxooumc.ll oucmaHijUOHHO ynpaaA.IIeMa.ll nepe
zp y30'IHa.ll MOIUUHO. Bo 6peM.II !/JU3U'IeCKOZO nycKa 
C ee nOMO~biO ycmaH06AU60AU 6 OKIJIU6HYIO 30HY 
He limpoHHble oemeKmopbl. 



Iloozomo6Ka K 3azpy3Ke 
6 QKIIU6HYIO 30HY UCIIO'I" 
HUKQ HeUIJijJOH06, UCnOAb" 
3yeMozo OAJI KaAu6po6KU 
peaKmU6HOCIIU. 

IlocAeOHUii 6U3YQAbHbiU oc· 
Momp menA06biOeAJIIOIIIeii 
c6opKu nepeo 3azpy3Koii 
6 peaKmop. .=-

BaxHeiiJUaJI 'IQCIJib ynpa6· 
AeHUJI peaKmOpOM • 3AeKII" 
poHHaJI annapamypa, pa3-
pa6omaHHaJI nOAbCKUMU 
cnei#UaAucmaMu U3 Ceep
Ka. Bo 6peMJI nycKa cuc
•eMa ynpa6AeHUJI 6biOep· 
JKQAQ 3K3QMeH. 



IlyAblfl ynpaeAeHUJI peaKmopoM HiiP- 2. IlocAe 3a
zpy3KU OKIIIU6HOU 30Hbl /maK H03bi60eMOU KpUIIIU'Iec
KOU c6opKu/ 30ecb cocpeoomot~UAUCb "zAa6Hble cu
Abl" nycKoeoii zpynnbl. H eom Ha npu6opax 3apezw!m
pupoeaH nep6biU KOHIIIpOAUpyeMbiU pa3ZOH peaKmo
pa - eCJib KpUJIU'IeCKOJI Maccaf 

Ilpu noce14eHuu nyAblfla ynpaeAeHuJI HiiP-2 oupeKmop 
HHcmumyma aKaOeMUK H.H.IiozoAI06oe pacnucaACJI a 
eaxmeHHOM JKypHaAe noo 3anucbl0 o oocmuJKeHuu peaK
mopoM KpUifiU'IeCKOZO COCifiOJIHUJI. 



102 

OTHOCHTellhHOH pa3HOCTH CHllOBhiX dJyHK-

u s+ -s- u 

UHH ----- CBH,D,eTellhCTByeT 0 cna6 o H 
<S > 

cnHHOBOH 3aBHCHMOCTH. O,D,HaKo .IJ.ll.!l 6onh 

WHHCTBa H,D,ep Ha6nw,D,aeTc.!l 3HepreTHqe c 

KHH xo,D, cnHH- cnHHOBoro ceqeHH.!I, yKa -

3hiBaffill.IHH Ha B03MO)I(HOe HanHqHe npo 

Me)l(yToqHQH CTPYKTyphi, KOTOpa.!l MO)I(e T 

6h1Th CB.!I3aHa C 3aBHC.!Ill.IHMH OT CllHH a 

BXO,D,HhlMH COCTO.!IHH.!IMH. 
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Puc . 3iJ . Cnuw cnUIW80e HeumpoHHOe :Jtjj¢eKmueHoe 
ce<~eHue " s s 8 3a8uCuMocmu om :JHepzuu HeiimpoH0 8 

En . :" 

YnbTpaxonoAHWe 
HeMTpOHhl 

BpeMJI xpaHeHUJI HeilmpoHOB B cocy,D,e 

C oqeHh qHCThlMH CTeHKaMH H3yqeHO B 

COBMeCTHOH pa6oTe C HH.H.AP B )l;HMHT

poarpa,D,e. YcTaHOBKa, cxeMaTHqecKH no

Ka3aHHa.!l Ha puc. 39, o6ecneqHaana HaH-

6onee 6naronpH.!ITHhle ycnoBH.!I ,D,n.!l xpa

HeHH.!I YXH HH3KHX 3HeprHH. H.ccne,D,yeMhie 

MaTepHanhl: Cu , Al , Be , . Bi - HaHocHnHch 

MeTO,D,OM paCllhineHH.!I B BaKyyMe Ha CTeH

KH cocy,D,a, He coo6ll.laBrneroc.!l c aTMo

cdJepoil. 

3TO ll03BOllHllO npoBeCTH B O,D,HHaKO

BhlX ycnoBH.!IX cpaaHeHHe apeMeHH xpa

HeHH.!I YXH .D.II.!I acex MaTepHanoB. PeKop,D,

HOe apeM.!I /645±25 c/ nonyqeHo .D.ll.!l 6e

pHnnH.!I I puc. 40/. 

Anh¢a-pacnaA 
pe30H8HCHWX COCTOBHHI BAep 

CuAoeaJI fPYHKtiUJI aAb(fia- pacnaoa a 3a

BHCHMOCTH OT 3HeprHH HeHTpOHOB, B03-

6y)I(,D,affill.IHX pe 30HaHCHhie COCTO.!IHH.!I 

h,CM E · 10-
038 

. 1 .. :.- ----r--
· ... " I 

N I hi -.:r• , 
~0 

'-- .. ............. ~ 

...--------' J (E) 

CM-2 

]1 -/ - ~ 

Puc . 39. CxeMa :JKCnepuMeHma u ycmaHOOKU OllJi xpa
HeHuJi YXH 8 'IUCmbiX cocyOax. Clle8a- uHmezpallbHbiU 
cneKmp HeiimpoH08 N 8 3a8ucuMocmu OM 8 &1co mbl ux 
noOoeMa, cnpa8a- Out/>¢epeHJ4UallbHbiU cneKmp J(El 8 
3a8ucuMocmu om :JHepzuu . 

.. 

I 
I 
L 

\ 



N 
8• 645 •25 ( 2000) _<, 
BL 439•17 

... 'r .. Pb 435 •23 ••e -' c .. 351 •17 
0 Zn 288 •17 > 
0 20 AI 230 *M 

1o L~--~~~-~~~--&o~o~--~~~-,o~o-o~--,2~oo~~woo~ 
STORA88 TIMe [sec) 

Puc . 40. BpeMJI xpaHeHUJI YXH 6 <~UCIIIbiX cocyoax 
CO ClleHKQMU U3 pa3AU'IHbiX MallepuaA06 . 

148 Sm, HCClle.IJ.OBaHa .IJ.O 3HeprHH 40 K3B 
MeTO.IJ.OM CKaH.IJ.HeBoro cPHllbTpa /E: 2 K3B/ 
Ha peaKTope H.HH AH YCCP H c noMOll.\hiO 

Heii:TpoHoB H3 peaKUHH 7 Li ( p, n ) - Ha 

yCKOpHTene 3r- 5. llpoBe.IJ.eHO cpaBHeHHe 

nony'leHHhiX peJynbTaToB /puc. 41/ c .IJ.aH

HhiMH H3 pe30HaHCHOH o6naCTH. 0IIIH6KH 

TO'IeK Y'IHTbiBaiOT orpaHH'IeHHoe que no pe-

30HaHCOB /UHcPpa OKOllO TO'IKH/. HHTepaan 

ycpe.IJ.HeHHH yKaJaH IIITPHXOBKOH, nyHKTH

poM noKaJaHo pac'leTHOe JHa'leHHe. Ha6nro

.IJ.aeTCH HBHOe yMeHbiiieHHe cpe.IJ.Hero 3Ha

'leHHH anhcl>a-mHpHHbl .IJ.llH HHTepaana 
0 -"- 100 3B. 

147 
Sm rn, o<J 

18 
---- - -----

14 
14 

10 

6 

Puc. 41. CuAo6a 'YHKuuJI aAbfPa- pacnaoa 
148

Sm a 
3Q6UCUMOCIIIU 0111 3Hepzuu HeiillpOH06, 6036yJKOQIOI/IUX 
pe30HQHCHble COC'IIOJIHUJI. 
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00HCKJ1 

CBepXDAOTHWX H~ep 

B aKTHBHOH 30He peaKTOpa 

IlonbiTIIKa o6HapyJICeHUJI ceepxnAOTIIHbiX 
JH)ep B .IJ.eneHHH BblnonHeHa Ha H.6 P- 30. 

06p a3.UOM, B KOTOpOM BencH ITOHCK CBepx

llllOTHbiX H.IJ.ep, HBllHllaCb BCH aKTHBHaH 

30Ha peaKTOpa /OKOllO 20 KZ nnyTOHHH/. 

3KCnepHMeHTallbHbiH MeTO.IJ. 6a3HpOBallCH 

Ha T eopeTH'IeCKOM npe.IJ.ITOllO)I(eHHH 0 60llb

IIIe 3HeprHH CBH3H CBepXllllOTHbiX H.IJ.ep 

B Cp aBHeHHH C HOpMallbHbiMH. fipOBO.IJ.HllCH 

noHCK HeH:TpOHOB c 3HeprueH: 40 -"-200 M3B 
H r a MMa-nyqeif: c 3HeprueH: Bbiiiie 30 M3B. 
Cn KTP HeHTPOHOB H3MepHnCH MeTO.IJ.OM 

N 

2IJO 

0 
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0 
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0 
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0 

0 

6' 
0 
q, 
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0 r9 
0 0 

0 

a9 

6 

,...-------, r9 oqs>'\, 
0 0 0 

'/?QS'Ort,o":,9 <9o'\9oo" 
0 

0 

4() fJJ t 
Puc . 42. CneKIIPbl Heii•poH06 oeAeHUJI U3 aKIIIU6HOii 
30Hbl peaKIIopa HiiP- 30 6 3a6UCUMOCIIU 0111 3Hepzuu, 
U3M epeHHble MeiiOOOM epeMeHU npoAella npu HWICHUX 
nopo zax no 3Hepzuu Heii•poH06 12 M3B /66epxy/ 
u 15 M3B /6HU3y/. 
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apeMeHH nponeTa c noMo~Lro nnacTHq ec
Koro CUHHTHnmnopa I puc. 421. IIonyq eH
Hax aepxHHH oueHKa BLIXO,IJ;a caepxnnoTHLIX 
Jl,!l;ep Ha ,IJ;eneHHe paBHa 10 - 6 .BLIXO,IJ;:>Ke CT· 
KHX raMMa • nyqeil BO BpeMJI BCnLIIIIKH p eaK· 
Topa H3Mepxncx c noMOI.ULJO KpHcTanna 
Nal c 3a,IJ;aHHLIM ,IJ;HCKPHMHHHPYJOI.UHM n o
poroM I puc. 431 . 0TcyTCTBHe Jd>d>eKTa n pH 
nopore 30 M3B ,IJ;ano cne,IJ;yJO~He oueHKH 
npe,IJ;enbHbiX aTOMHLIX KOHUeHTpan;HH CBep x • 
nnOTHbiX Jl,IJ;ep: 2·10-l :; 2.1o-8 H 5-1 0 - 7 

COOTBeTCTBeHHO B BO,!l;JIHOM 3aMe,IJ;nHTene, 
BOnLdJpaMOBOM OTpa:>KaTene H aKTHBHOH 30· 
He peaKTopa. 

N 

2fJ(X) 

KJOO 

Of-.-2. 

200 

0 

0 

a 

0 

0 o 0 o n 

(} 

100 1--
J -O-o-O-o- ~ o -~~ --o--o 0 o-o --o 

0 5 10 15 t 

Puc. 43. CneKIIpbl za.wJ.ca·Ay'leu a o ape.w11 u.wnyAi. co a 
MOUIHOCIIU peaKIIOpa HfiP· 30, U3M epeHHble C nopo· 
za.wu 10 M3B /aaepxy/ u 30 M3B / aHu3y/. 

raMMa-pacrra,[l 
HeATpOHHhlX pe30HaHCOB 

H3MepeHbl zaMMa- cneKmpbipa,IJ;HaUHOH · 
Horo 3aXBaTa HeHTpOHOB Ha o6orai.UeHHOH 
H30TOnHOH MHIIIeHH 50 V l0,25o/o B ecTeCT · 
BeHHOH CMeCHI ,IJ;nJI TennOBbiX H pe30HaHc · 
HLIX HeiiTpOHOB. IIonyqeHa cneKTpocKonH 
qecKaJI HHd>opMaUHH ,IJ;nx H,IJ;epHLIX ypoaHeil 

~ 

a) 

ID O.S 

~Sdp 
{2JI•1) 

.: 

t 

t:_ 
05 1.0 x 'C-1 

I, 
- E;l 

b) 
.: 

" 
1.0 0.5 0 o.s IDxKl -1 

~Sdp -· --- i? 

Puc. 44. flpuaeoeHHble uHmeHcuaHocmu (I 1 E: 3 
) u 

cneKIIpocKonu'lecKue t/laKIIOPbl OAJI ypoaH/u 5 1 V c 
3Hepzueu Ex oo 5 M3B: a/ menAoabJe HeumpoHbl, 
6/ pe30HOHCHble HeullpOHbl. 

5 1 V c 3HeprHe:H ,IJ;O 5 M3B. ConocTaane
HHe npHBe,IJ;eHHblX HHTeHCHBHOCTeH nepaHq· 
HLIX raMMa·nepeXO,!J;OB H cneKTpOCKOnH· 
qecKHX d>aKTopoa H3 dp -peaKUHH I puc. 441 
npHBeno K K03dJdJHUHeHTY KOppenHUHH 
p = 0,8. 

06Hapy:>KeHLI dJnyKTyan;HH 3aceneHHO
CTeH HH:>KHHX ypOBHeH Jl,IJ;pa 150 Sm lpeaK
UHJI 149 Sm(n y ) I, 3HaqHTenLHO npeBLIIIIaJO· 
I.UHe pacqeTHbie 3HaqeHHJI no CTaTHCTHqec· 
Koii: TeopHH. IIpHMep Jd>d>eKTa a OTHoiiieHHH 
3aceneHHOCTeH ,IJ;~yx ypOBHeH B 3aBHCH· 
MOCTH OT 3HeprHH HeHTpOHHblX pe30HaH· 
co a noKa3aH Ha puc. 45. 1Io,IJ;o6HLIH JdxbeKT, 

- 14~~Sm ycT.aHoaneHHLIH paHee TaK:>Ke ,IJ;nx • H 
l'i6,l?7Lu, B03MO:>KHO, CBJ13aH C dJparMeHTa

UHeH O,IJ;HoqacTHqHbiX S - COCTOJIHHH no KOM • 
nayH,IJ; • COCTOJIHHJIM Jl,!l;pa npH 3HeprHH CBJI· 
3H HeHTpOHa. 

HeATpOHHaa crreKTpocKorrHa 
He.[leJimQHxca a.z:~ep 

H3MepeHUJI nponycKaHuJI ·o6pa3ua ec
TeCTBeHHoro nanna,IJ;HJI npoae,IJ;eHLI c pa3-
peiiieHHeM 5 HC/ M B o6naCTH 3HeprHH HeHT • 
poHoB 407 1500 3B. Onpe,IJ;eneHLI napaMeT
phi Heii:TpOHHLix pe3oHaHcoa 105Pd . HaD:-

• 



0,07 

·-~ Q06 
_;., 

Q05 

0,5 

·-N 04 

' -
0,3 

' 
t 1 

i 

* 

10 

10 

t t, II 
'"~iF 

I 

I l J"=•-

20 30 40 En 

149Sm(n,tl 150Sm 

J~ =4-

* 
"' ~ 

J" = 3-

. • + 

20 30 40 En 

Puc. 45. OmHOUieHue 3QCeAeHHOCmeu oeyx AUHUU B 
za,w,wa- cne~rmpax oeaKIIUU 149sm (ny ) e pa3Hblx pe-
30HaHcax £ . 13-11 2+ coomeemcmeyem omHoweHuiO 
UHIIIeHCUBHOCIIIeu AUHUU 737 K3B U 334 K3B, [4+/12+-
439 K3B u 334 K3B. 

~eHLI 

MH H 

H 8° = 

cpe~Hee paccTOHHHe Me)l(~y ypoBHH

CHJIOBaH cPYHKUHH: D = 11,7±1,4 3B 
/0,64±0,11/ ·10-4• C HCDOJib30Ba-

HHeM H3BeCTHbiX 3Ha'leHHH CDHHOB pe3o

HaHCOB yCTaHOBJieHa He3aBHCHMOCTb HeHT

pOHHOH CHJIO~OH cPYHKUHH OT CDHHa C TO'I

HOCTblO 200/o. 

H.n:epHbie peaKQHH 

C 3apH~eHH~MH qacTKQaMH 

IlpRMOU paouaf#UOHHt.ru 3axeanr npoTo

HOB H~pOM 12C H3y'laJICJI B HHTepBaJie :mep

rHB: npoTOHOB 1 ,2±1 ,6 M3B. 113MepHJICH 

CDeKTp raMMa-H3~'1eHHJI, COOTBeTCTByiO

ll.lero nepexo~aM Ha ocHOBHoe H nepBoe 

B036y)l(~eHHOe COCTOJIHHe /2366 K3B/ JI~
pa 

13N. llony'leHHoe ce'leHHe JaxBa Ta Ha 

nepBbiH B036y)l(~eHHbiH ypoBeHL npHMepHO 

B ~Ba pa3a Bblllle pe3yJILTaTOB ~pyrHX aB

TOpOB I puc. 46/ . 06Hapy)l(eHo H3MeHeHHe 

• 105 

G ro--~----.-------.-------.-------~ 

0,3 

0, 2 

1200 1300 1400 150 0 1600 Ep 

Puc. 46. 3Hepzemu'lec Ka.ll 3aeucu.wocmb ce'leHu.ll np.ll
,wozo paOUUIIUOHHOZO 3UXBQIIIQ npOIIIOHOB .IIOpOM 12c C 
nepeXOOOM HQ nepeoe B036yxOeHHOe COCIIIOJIHUe .110· 
pa 13 N. 

cPOPMhl pe30HaHCHOH KOMDOHeHTbl cneKTpa 

B 3 a BHCHMOCTH OT 3HeprHH npOTOHOB. 

3Hepr eTH'IeCKaH 3aBHCHMOCTb pa3HOCTH 

Me)l(~y DOJIO)I(eHHeM UeHTpa TJI)I(eCTH pe3o

HaHC oB: qacTH cneKTpa H pac'leTHOH 3Hep

rHeB: nepexo~a Ha ypoBeHL 2366 K3B 
/puc . 47/ MO)I(eT yKa3biBaTb Ha DpOHBJie

HHe HHTepcl>epeHUHOHHbiX 3cPcPeKTOB B Jop

M03HOM cneKTpe. 

3a eepweHo uccAeooeaHue "cnuH-
r/JAuna " npH HeynpyroM pacceJIHHH nporo

HOB Ha MapraHue-24. 113MepHJIHCL yrno

Bble H 3HepreTH'IeCKHe 3aBHCHMOCTH ce

'leHH Heynpyroro pacceJIHHH d aId R H 

BepoHTHOCTH cnHH-cPJIHna S((;l) B ~Hana-
30He 3HeprHB: npoTOHOB 2,9-:- 3,7 M3B. llo

¥HMO CDHHOB H DOJIHbiX lliHpHH ypOBHeH 

14 

9 

4 

1200 1300 1400 Ep 

Puc. 4 7 IloeeOeHUe U3MeHeHUU B tjop,we pe30HUHCHOU 
~~MnOH eHIIIbl 1110pM03HOZO cneKmpa U3 peUKIIUU 

C ( p , y p ' ) 12 C B 3QBUCUMOCIIIU Om 3Hepzuu npomo-
HOB. 
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nonyqeHbl npOTOHHhie napn:HanhHhie IIIHpHHhl 
l po ,nnx nepexo,na Ha ypoBeHh 2 -J; paBHhie 
0,1; 1,4; 3,8; 13,2 H 0,2 K3B .nnx p e 3o
HaHcos 2,93; 2,98; 3,45; 3,64; H 3,68 M3B 
COOTBeTCTBeHHO. fipH o6pa60TKe 3KCnepu
MeHTanhHhiX ,naHHhiX yqHThiBanOCh B3aHM
HOe BnHXHHe HeCKOnhKHX pe30HaHCOB. 

B uccAeOoeaHuu U311y~eHWI BaeuAoea
CJepeHKoea H nepexo,nHoro H3nyqeHHX, B03-
6y:>K,naeMhiX 3neKTpoHaMH c 3Heprue:H: .no 
300 K3B B TOHKOH loKono 2 ,nnHH BOnH 
CBeTal CnlO.L{XHOH MHIIIeHH, H3yqeHO yrno
BOe pacnpe.neneHHe I puc. 481. .[(nx Ha
npasneHHOCTH qepeHKOBCKOrO H3nyqeHHX 
06IIJ:enpHHXTa <iJopMyna cos e= 11 f3 n . O.n
HaKO, cornacHo TeopHH,ocTpaxHanpasneH
HOCTh H3nyqeHHX B cnyqae TOHKOH MHIIIeHH 
,non:>KHa npespamaThCX B IIIHpoKoe yrnos oe 
pacnpe.AeneHHe no,n yrnOM e. He OllHChi
BaeMOe ,naHHOH <iJopMyno:H:. llonyqeHHax 3a
BHCHMOCTh MaKCHMyMa H3nyqeHHX OT 3Hep
rHH 3neKTPOHOB I puc. 491 noKa3ana, ~no 
3neMeHTapHax <iJopMyna lnyHKTHPI He npu
MeHHMa. Hu caMo H3nyqeHHe, HH ero Ma K-
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Puc. 48. YzAoe~o1e pacnpeoeAeHu.ll onlllu<~ecKozo u3 -
Ay<~eHU.II U3 fiOHKOU /j.. 04 MKM/ CAIOO.IIHOU MUIUeHU 
OA./1 pa3HI>IX 3Hepzuu 31f'e KflpoHoe. 
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Puc. 49. 3aeucuMOCfll> nozAoweHu./1 MaKcuMyMa on
fiU'IecKozo U3Ay'leHU.II 0111 3HepZUU 3AeKIIIpOH06: IIIO'IKU • 
3KcnepuMeH•; nyHKfiUP - pac<~em OA.II U3Ay<~eHu.ll Ba
euAoea- 'lepeHKoea no 1/JopMyAe, npueeoeHHou e fleK
cme; cnAoruHa.ll Kpuea.ll - pac<~efl no IIIO'IHOU 1/JopMyAe, 
Y'IUfii>I6010UieU nepexOOHOe U3Ay'leHue . 

CHMYM He HCqe3aiOT B6nH3H noporOBOH 
3HeprHH. 06bXCHeHHeM 3TOrO <iJaKTa XB
nxeTCX Hanuque nepexo,nHoro H3nyqeHHx, 
KOTOpoe MO:>KeT Ha6nro,naThCX npH n1060H 
CKOpOCTH qaCTHU:hl. 

OceoeH 3/leMeHmHMQ aHallu3 nosepx
HOCTe:H: MaTepuanos MeTo,noM ynpyroro 
pacceXHHX YCKOpeHHhiX HOHOB 3 He Ha 
YCKOpHTene 3 ['- 5. 3THM MeTOAOM BhlllOn
HeH MHKpOXHMHqecKHH aHanH3 TOHKHX 
nneHoK H.3 Nb- Ti • 

TeopJUI 

KOMrrayH~-COCTO~HHH ~~ep 

Cmamucmu~ecKoe onucaHue KOMnayH,n
cocTOXHHH x,nep nonyquno pa3BHTHe B UHK" 
ne pa6oT, nocsxiiJ:eHHhiX pacqeTy cpe.n
HHX BenHqHH MarHHTHbiX MOMeHTOB, MO
MeHTOB HHepUHH, KBa,npynonbHbiX MOMeH
TOB H H3MeHeHHH cpe,nHeKBa,npaTHqHoro 
pa.nuyca x,npa c pocTOM 3Hepruu so36y:>K
.neHHX BllnOTb ,no 3HeprHH CBX3H HeHTpo
Ha. 11cnonb30BaHbl MeTO.L{bl KBaHTOBOH TeO
pHH llOnX B 3a,naqe MHOrHX Ten npH TeM
nepaType T ;£ 0 c nocne.nosaTenbHbiM yqe
TOM CHnbHOrO B3aHMO,neHCTBHX HyKnOHOB. 

• 



Pe3ynhTaT ~nH cpe~uux 3naqeHHH g-$aK
Topoa HeHTpOHHhlX pe30HaHCOB pe~K03e

MenhHhiX H~ep (If "" 0,27) H HX cpe~He
KBa~paTHqHhiX $nyKTyan;HH ( J (!'J.g)2 "" 0,3 ) 
OKa3ancg B cornacuu c 3KcnepHMeHTanL
HhiMH ~aHHhiMH, BnepBhie nonyqeHHhiMH B 
llH~. llpe~cKa3anuoe H3Meneuue cpe~ue
KBa~paTuq~oro pa~Hyca H~ep o< r 2> 
~'"' 0,15 4JM npH B036y)l(~eHHH ~0 3HepniH 
HeHTpOHHhlX pe30HaHCOB Mano H npHMep
HO COOTBeTCTByeT 3~eKTY ~o6aaneHHH K 
H~py O~HOrO-~BYX HyKnOHOB. 

CoeAaHa nonblmKa o6HapyJKeHUJI 3neKT
puqecKoro ~unonhnoro MOMenTa 3neKTpo
ua B MaKpOCKOnHqeCKOM OnhiTe C HCnOnh-
30BaHHeM BhlCOKOqyBCTBHTenhHOrO CBepx
npOBO~Hl.I~erO KBaHTOBOrO MarHHTOMeTpa. 
fiOHBneHHe 3,LJ;M 3neKTpOHa de B03MO)I(H0 
npu uecoxpaneHHH npocTpancTaeuuou H 
apeMeHHOH qeTHOCTH. B 3TOM cnyqae npH 
nOMelll;eHHH aTOMOB C HeCnapeHHhlMH 3neKT
pouaMH a cunLnoe 3neKTpuqecKoe none€ 
~On)l(eH H3MeHHThCH MarHHTHhlH nOTOK 
B o6pa3n;e, T .K. B3aHMO~eucTBHe E = de f 

Be~eT K BhiCTpaHBaHHlO CnHHOB /H Cne~O
Ba TenhHO, MarHHTHhiX MOMeHTOB/. lf3Me
HeHHH MarHHTHOrO nOTOKa B o6pa3n;e B BH
~e Ta6neTKH H3 HHKenL-n;HHKOBOrO $eppu
Ta ue 6Lino o6uapy)l(euo. B pe3ynLTaTe 
~nH 3,LJ;M 3neKTpoua nonyqeua aepxugg 
ouenKa de< lo-22

3-CM. 

~~maMHKa 

KOH~eHCHpOBaHHhlX cpe~ 

H3y'leHue KpucmaAAU<~ecKux noAeiia ae
lll;eCTBaX C pe~K03eMenhHhiMH 3neMeHTaMH 
npo~on)l(eHo ua coe~uueuugx npa3eo~uMa 

C HHKeneM. 3TH COe~HHeHHH o6na~alOT 

reKcarouanhHOH cTpyKTypou a oTnuque oT 
Ky6uqecKou CTPYKTYPLI pauee H3yqennhix 
coe~uueuuu c anroMunueM. Bwnonuenhi H3-
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Mep eHilH ueynpyroro pacceHHHH ueii:Tpouoa 
ua PrNi 5 ua peaKTope lfli P- 30 Me To
~0 o6paTHOH reoMeTpHH. fipHMep cneKTpa, 
non yqeuuoro no~ yrnoM 60°~ng ~ayx 3Ha
qeuuu TeMnepaTyphi, noKa3aH ua puc. 50. 
B p e3ynLTaTe o6pa6oTKH ~aHHhiX nonyqe
ua c xeMa ypoaueu uoua Pr+3 a KpucTannu
qecKOM none B6nH3H OCHOBHOrO COCTOHHHH. 
Ocu o:Buoe H nepaoe B036y)l(~euuoe cocTog
HHH HBnHIOTCH CHHrneTaMH. Ha OCHOBe 
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Puc . 50. CneKIItpbl Heynpyzozo pacceJIHUJI HeillllpoHoe 
HO o6pa314e UHIIIepMeiii0/1/IU'IeCKOZO COeOUHeHUJI PrNi • . 
CnAOIUHble Kpuebte • ebtOeAeHHbiU eKAao napaMazHJ'm
Hozo pacceJIHUJI. 
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:noli cxeMbl ypoaHeii Bbi'IBcneHbl TeMnepa
TYPHble 3aBBCBMOCTB y~enhHOH TennoeM 
KOCTB B MarHBTHOH BOCnpBBM'IBBOCTB, CO
rnacyiOI.UBeCJI C B3BeCTHbiMB 3KCnepBMe" 
TanhHbiMB ~aHHbiMB. 

H3y'leHbl cneKmpbl KOAe6aHuii aTOMOB 
BO~Opo~a B COe~BHeHBJIX C TBTaHOM /~B 
rB~pB~ B ~B~eiiTepB~ TBTaHa/. AKyCTB'Ie c 
KaJI aeTBh cneKTpa uccne~oBaHa Ha cneKT 
poMeTpe xono~ijbiX HeiiTpOHOB HA3 
BM. Kyp'laToBa, a onTB'IecKaJI BeTBh - Ha 
cneKTpOMeTpe o6paTHOH reoMeTpBB peaK-
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Puc. 51 . Onrru'lecKaA 'IQCJib cneKJtpa KOAe6aHuu alloMoe 
e coeouHeHuu Till ~, 96 · _ -

Topa H.6P-30. Ha puc. 51 noKa3aHa on
TB'IecKaJI qacTh cneKTpa, nonyqeHHaJI ~nx 
coe~BHeHBJI TiH 1 ,96 npu HecKonhKBX 3Ha
'leHBJIX TeMnepaTypbl. BenB'IBHa e(E) 
nponopn;uoHanhHax ~Ba)l(~bl ~ucWJepeH
n;uanhHOMY ce'leHBIO paccexHBJI, ~aHa B 
OTHOCBTenhHbiX e~BHBD;aX. 06Hapy)l(eHa 
TOHKaJI CTpyKTypa OCHOBHOrO OnTB'IeCKOrO 
nBKa /3HeprBB 135 B 146 M3B/, He Me
HJIIOI.UaJICJI C TeMnepaTypoii. 3Ta CTpyK
Typa, KaK B 6onbWaJI WHpBHa nBKOB, 06yc
noaneHa ~ucnepcueii onTB'IeCKBX aeTaeii 
Kone6aHHH 3a c'leT B3aBMo~eiicTBBJI H- H 
ao~opo~HbiX aTOMOB. Bbi'IHcneHhi 3Ha'leHBJI 
CBnOBbiX nOCTOJIHHbiX, onpefenJIIOID;Be 3TO 
B3aBMO~eHCTBBe /0,785•10 zjc 2j BB3aB
MO~eHCTBHe Ti-H /0,662•10 5 zjc 2 j. 

~H~paKQHH HeHTpOHOB 

H3y'leHue ¢a3oebiX nepexoooe, HH~y
n;upoaaHHbiX HMnynhCHbiM MarHBTHbiM no
neM, npO~On)l(eHO B H3MepeHBJIX ~H~paK
D;BB HeHTpOHOB Ha MOHOKpHCTanne reMa
TBTa (a- Fe 20 g) .B ~ononHeHHe K BHTer

panhHOH BHTeHCBBHOCTB BCCne~OBanBCh 

TeMnepaTypHaJI 3aBBCBMOCTh B 3Hepre
TB'IeCKOe pacnpe~eneHHe o6Hapy)l(eHHoro 
paHee ~ononHBTenhHOro paccexHBJI HeiiT
poHOB B o6nacTH 3Ha'leHBH H B T, cooT-
BeTCTBYIOIUBX ·~a30BOMY nepexo~y 

I puc. 52/. CuHxpoHH3BpoaaHHbiH co 
BCnhJoWKOH peaKTOpa BMnynhC MarHHTHOrO 
nonx ~nHTenhHOCThiO oKono 1 MC noKa3aH 
TOnhKO Ha BepxHeM pBCYHKe, COOTBeTCT
BYIOI.UeM TeMnepaType 230 K. )l,ononHu
TenhHble Y3KBe nBKB paccexHHhiX HeiiT
PO HOB nOJIBnJIIOTCJI npB 3Ha'leHBJIX Mar
HBTHOrO nonJI, CyiD;eCTBeHHO npeBbiWaiOI.UHX 
none paBHOBeCBJI ~a3, paBHOe -25 K3. 
3To xaneHue, HanoMHHaroiD;ee noae~eHBe 

neperpeToii BO~bl, o6bJICHeHo ~acceJIHHeM 
HeiiTpoHOB Ha 3apo~hiwax Hoaoii ~a3bl. 
3KcnepBMeHTbl JIBnJIIOTCJI nepBbiMB Ha6nro
~eHBJIMB HaqanhHOH CTa~BB ~a30BbiX nepe
XO~OB. 

• 
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Puc. 52. AonoAHumeAbHble nuKu ou¢paK!IUOHHozo pac
ce.IIHU.II HeumpOHOB Ha Ze,\4QIIIUIIe 6 06Aacmu 3Ha~eHUU 
llj.wazHuiiHoe noAe/ u T l•e.wnepamypa/ e6Au3u pae

Hoeecu.ll fPa3. HHmeHcueHOCJib pacce.IIHU.II oaHa e 3a· 
eucu.wocmu 011 epeMeHu npoAeJia. 

HeATpOHHO-aKTHBaQHOHHhle 

HCCJI8.LJ:OBaHH11 

C ITOMO~biD HeATpOHOB 

PacnpeoeAeHue amoMoe 6opa B KpeM 
HHH H3y'leHO C HCllOllb30BaHHeM peaKI.(HH 
10

B (n. a) 7 Li . Bue.IJ.peuue 6opa B KpeMHHH 
ocymecTBneuo MeTO.D.OM uMnnauTal.(HH u o 
HOB lOB + C 3HeprHJIMH 10..:.80 K3B H 
HOHOB BF2 C 3HeprHeH 80 K3B. llony'leHbl 
)J,aHHbie 3aBHCHMOCTH KOllH'IeCTBa HMnnau 
THpOBaHHhlX HOHOB OT 3HeprHH HMnnaHTa 
l.(HH. Hccne.D.oBaHo BnHJIHHe ODKHra o6pa3 -
l.(OB ua pacnpe.IJ.eneuue a TOMOB 6opa. 

-·-

3KCTIJiyaTaiVUI, 
COBepmeHCTBOBaHHe 
H pa3BHTHe 
OCHOBHWX ycTaHOBOK 
H annapaTypbi 
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PeaKTop H ycKopHTeJIH 

B 1977 2. peaKmop HEP-30 npopa6o
Tan Ha 3KCnepHMeHT OKOnO 3100 'laCOB, 
H3 HHX 1570 'laCOB - B pe)I(HMe COBMeCT
HOH pa6oThl c HH)I(eKTopoM-ycKopuTeneM 
JIY3-40. Ocyll.(ecTBneH peMOHT ycKopgro
meil CeKI.(HH HH)I(eKTOpa,. He06XO)J.HMOCTb 
KOTOporo 6hlna Bbi3BaHa ecTeCTBeHHbiM 
H3HOCOM CeKI.(HH. fipoBe)J.eHHe peMOHTa B 
KopoTKHH cpoK o6ecnequno HeKoTopoe yae
nuqeuue apeMeHH pa6oThl HJiP-30 B 
CpaBHeHHH C nnaHOM. fiO)J.rOTOBneHa H BHe)J,
peHa uoaa11 MeTOJJ.HKa onpe.IJ.eneHHJI nu
KOBoro 3Ha'leHHJI peaKTHBHOCTH BO BpeMJI 
nycKa peaKTopa. 

YcKopuTenh 3r-5 npopa6oTan ua 3K
cnepuMeHT 4080 qacoB. 

H3MepHTeJibHO-BhlqHcJIHTeJibHhlA 

Q8HTp 

IlpoeKm ijeHmpaAbHozo npoijeccopa .D.nJI 
H3MepHTenbHO-Bhl'IHCllHTenbHOrO l.(eHT
pa HJiP-2 /HBU/ Ha OCHOBe .D.BYXMaWHH
HOH CHCTeMhl PDP-11/70 H PDP-11/ 20 
no.D.rOTOBneu, yraep)I(JJ.eH u npHHJIT K uc
nonueuuro. fiOMHMO MaWHH B COCTaB CHC
TeMhl BXOJJ.JIT TaK)I(e naMJITh /88 M6ai1T/ 
Ha MarHHTHhlX )J.HCKaX, HaKOllHTenH Ha Mar
HHTHhiX neuTax, .D.Hcnneu u JJ.pyrue auew
uue ycTpoilcTaa. CucTeMa HMeeT paJBHToe 
nporpaMMHoe o6ecneqeuue H coBMeCTHMa 
C ManhlMH 3BM l.(eHTpa. 
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B xooe pa6om no co3oaHU10 U3Mepu
meAbHbiX MOOy/leU no,D,rOTOBJieHbi H HCnbiTa

Hbl PH.D. ycTpoiicTB cneKTpoMeTpa )l;WH- 2. 

Bxo,D,Hble ycTpoiicTBa cneKTpoMeTpa no,D,

KJTIO'IeHbi K MaiiiHHe M -400. Ocyi.QeCTBJieHa 
CBH3b M -400 c PDP-11 / 20.Ha'IaTLI pa6oTbi 

no C03,D,aHHIO MO.D.YJIH ,D,JIH cneKTpOMeTpa 

ManoyrnoBoro pacceHHHH, Janyi.QeHa 3BM 
3JieKTpOHHKa- 100 B MHHHMaJibHOM KOMn

neKTe. 

B t~eAJIX aemoMamu3ai.IUU $H3H'IecKoro 

3KcnepHMeHTa pa3pa6oTaHbi: 

- aBTOHOMHaH CHCTeMa Ha 6a3e MHKpo

npoueccopa .D.JIH HH)I(eKTopa- 3)1(eKTopa yc

TaHOBKH ,D,JIH H3MepeHHH 3)l;M HeHTpOHa; 

- PH.D. 6noKoB H ycTpo:HcTB c ucnonL

JoBaHHeM MHKponpoueccopa .D.JIH KoppenH

I.lHOHHoro cneKTf'OMeTpa; 

PH.D. 6JIOKOB H CHCTeM ,D,JIH HeHTpOH

HOrO .D.H$paKTOMeTpa, B TOM 'IHCJie CHCTe

Ma c MHKponpoueccopoM .D.JIH ynpaBJieHHH 

rOHHOMeTpOM; 

- MaKeT 3JieKTpOHHOH 'IaCTH CHCTeMbi 

cl>aJHpoBaHHH ceneKTopoB .D.JIH WE P- 2. 

3/leKmpOHHble 6/IOKU,D,eTeKTOpHOH anna

paTypbi B cTaH,D,apTe KAMAK pa3pa6aTLI

BaJIHCb H C03,D,aBaJIHCb ,D,JIH HeCKOJibKHX 

3KCnepHMeHTOB, B TOM 'IHCJie ,D,JIH H3Mepe

HHH c nonHpH30BaHHbiMH HeiiTpoHaMH. 

TexHoAozu~ec~euu y~acmoK .D.JIH HJro

TOBJieHHH neqa THblX nJia T C,D,aH B 3KCnJiya

TaUHIO. WJroTOBJieHo 6onee 200 nna T pa3-

JIH'IHbiX pa3MepOB H HaHMeHOBaHHH. 

Coopy)f(eHHe 11BP-2 
H no~rOTOBKa ~H3HqecKHX ycTaHOBOK 

14 HOH6pH 1977 r. no pa3peiiieHHIO ro

cy,D,apCTBeHHOH npHeMO'IHOH KOMHCCHH ocy-

: 

I.Qe CTBJieH $H3H'IeCKHH nyCK peaKTOpa 

WE P- 2 B CTaUHOHapHOM pe)I(HMe. IIo npo

rpa MMe nyCKa BblllOJIHeH KOMnJieKC HCCJie

,D,OBaHHH pa3JIH'IHblX napaMeTpOB peaKTOpa, 

B TOM 'IHCJie 3$$eKTHBHOCTH aBapHHHOH 
Jai.QHTbl H nO,D,BH)I(HbiX OTpa)l(aTeJieH,BpeMe

HH )I(H3HH HeHTpOHOB B peaKTOpe, a6co

JTIOTHoro ypoBHH MOI.QHOCTH H pH.D.a ,D,pyrHx. 

IIpo,D,OJI)I(aJIHCb pa6oTbi no coJ,D,aHHIO HaT

pHe Boii CHCTeMbl OXJia)I(,D,eHH$1 peaKTOpa. 

B xo,D,e pa6oT no HJrOTOBJieHHIO HH)I(eK

Top a .D.JIH WE P- 2 npoiiinH cTeH.D.OBLie HcnLI

TaHHH B HWW3<1>A 6onLIIIHHCTBO ceKUHH 

HH)I(eKTOpHOrO yqaCTKa yCKOpHTenH 

JIH Y-30. CeKUHH no,D,rOTOBneHbi K oTnpaB

Ke B OWRW. 

IIpo,D,oJI)I(anocL HJrOTOBJieHHe $HJH'Iec

KHX ycTaHOBOK ,D,nH WE P- 2, B TOM 'IHcne 

ycTaHOBKH ,D,nH H3MepeHHH 3)l;M HeHTpOHa, 

HeHTpOHHOrO .D.H$paKTOMeTpa,cneKTpOMeT

pa Heynpyroro pacceHHHH ,D;WH-2 /coB

M e CTHO C <1>3W/ H ycTaHOBKH ManoyrJIOBO

r o pacceHHHH. WJroTaBJIHBancH HCTO'IHHK 

n HTaHHH Ha 300 K3B ,D,nH ycTaHOBKH "TpH

CTOM". COJ,D,aH H OCBOeH MHOrOHHTeBOH 

KOJibl.leBOH ,D,eTeKTOp HeHTpOHOB C 3 He 
o 6 ecne'IHBalOI.QHH 20- Kpa THbiH BbiHrpbiiii 

CBeTOCHnbi B 3KCnepHMeHTe no paCCeHHHIO 

Ha ManLie yrJILI. Ha'IaTo coJ,D,aHHe Tpex

OCHOrO rOHHOMeTpa ,D,nH HeHTpOHHOrO .D.H$

p a KTOMerpa. WJroToBneH nepBbiH o6pa3el.l 

KOOP.D.HHaTHo-qyBCTBHTenLHoro ,D,eTeKTOpa. 

P a 3pa6aTLIBancH npoeKT HMnynLcHoii Mar

HHTHOH ycTaHOBKH ,D,nH 3KCnepHMeHTOB Ha 

WliP- 2 . BenocL npoeKTHpoBaHHe Me.D.HKo-

6HonorH'IeCKoro KaHana ,D,nH WliP-2. Ha 

WI> P- 30 Janyi.QeH KaHan nHeBMono'ITLI c 

COOTBeTCTBYIOI.QeH H3MepHTenbHOH annapa

Ty poH ,D,nH no,D,rOTOBKH K Me,D,HK0-6Hono

r H'IeCKHM Hccne,D,oBaHHHM Ha WEP-2. 

• 



YclllaH06Ka OAR HanbiAeHUJI HUKeAJI Ha cmeKAO ucnoAb-
3yeiiiCJI npu U3ZOIII06AeHUU 3epKQAbHbiX HeiimpOH060-
006. 

MooepHU3UP06aH cneKIIIpoMemp MaAoyzAo6ozo pacceR
HUJI HeiimpOH06. AKCUQAbHO- CUJWJWempU'lHQJI zeoMem
pUJI cneKmpoJWempa no36oAuAa noOHJIIflb ezo 3tjx/JeK
IfiU6HOCiflb 6 20 pa3. Ha CHUJWKax: HQAQOKa JWexaHU3-
JWa cJWeHbl o6pa3ij06 /cAe6a/; ycmaH06Ka MHOZOHu
IIIJIHozo KOAbije60ZO OellleKIIIOpa 6 HeUIIIpOH0600/6HU-
3y/. 



j/,AJI U3Mepe11UJI CAQ6biX 
MQZIIUmllbiX nOAeU C030Q• 
llbl ceepxnpoeo011111Ue KeaH
moeble uHmep(iepoMempbl, 
o6AQOQIOU/Ue peKOPOIIbiMU 
xapaKmepucmuKaMu . Ha 
CIIUMKax: noozomoeKa an
napamypbl OAJI U3MepeHUJI 
3AeKmpu~eCK020 OUnOAb· 
11020 MOMellma 3AeKmpOIIQ 
jcnpaea/; o6pa31Jbl ceepx
npoeoOliU/UX K6QIIm06biX Ull" 
mep(iepoMempu~ecKux oam
~uKoe /ellu3y/. 

.,. 

IloozomoeKa K pa6ome ze
Aueeozo Kpuocmama OAJI 
OXAQJKOeiiUJI o6pa3ij06 Ull· 
mepMemaAAu~ecKux coeou
HeHuil peOK03eMeAbllbiX 
3AeMeHmoe, uccAeoyeMbiX 
11a H5P- 30 c noMOU/biO 
11eynpyzozo pacceliiiUJI 
Heilmpo11oe. 



COaH 6 3KCnAyamaijUIO XUMUKO- meXHOAOZU'IeCKUU y'lac

IIOK OA.II U3ZOIIIOBAeHU.II ne'lai/IHbiX nAam. 3mo n0360AU
AO Q61/IOMQIIU3Upoeal/lb npOijeCC U3ZOIIOBAeHU.II nAal/l 
U 3HQ'IUmeAbHO YAY'IWUIIb UX Ka'lecmeo. 
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Jia6opaTopH~ 
to> 

BbJqHCJIHTeJibHOH 

TeXHHKH 

H aBTOMaTH3aQHH 

• 

--

OcHOBHwe ycHnHH na6opaTOpHH 6wnH 

Ha npaaneHbl Ha pa3BHTHe H JqxpeKTHBHOe 

H CITOflb30BaHHe l{eHTpanbHOrO H3MepHTenb

H O :BhlqHCnHTenbHOrO KOMITneKca HHCTH

T y Ta, a TaK~e aBTOMaTHqecKHX H ITOny

a D TOMaTHqeCKHX CHCTeM ,D;flH o6pa60TKH 

K a MepHhlX CHHMKOB. 

<l>H3HKH na6opaTOpHH npHHHManH yqac

T H e B 3KCITepHMeHTanbHbiX HCCne,D;OBaHHHX 

Ha CHHxpodJaJoTpoHe OHRH H cepnyxoa

CK OM YCKOpHTene. 

Pa3pa6oTaHbi HOBbie MeTO,D;hi qHcneH

H o ro perneHHH HenHHeHHbiX dJHJHqeCKHX Ja

,D;a q B CBH3H C HCCne,D;OBaHHHMH, npOBO,D;H

M b iMH B OHRH. 

llpO,!J;O~anHCb pa60Thl ITO OITTHMH3a

l{H H CHCTeM nporpaMM o6pa60TKH KaMep

HhlX CHHMKOB, CITeKTpOMeTpHqecKHX ,D;aH

HbiX, a Tax~e nporpaMM ynpaaneHHH c no

M OIUhiO 3BM pa3H006pa3HhlMH 3KCnepH

M e HTanbHbiMH yCTaHOBKaMH. 

Pa3BHTHe H HcrroRh30BaHHe 

H3MepHT8RhHO

Bhr4HCRHT8RbHOrO 

K OMrrReKca OHHH 

PacrnHpeHHe KOH~Hrypa~HH 38M 

~e~TpaBbHOrO BhlqHCBHT8BbHOrO 

KOMIIBeKca 

ilOBblllieHa 3qxpeKTHBHOCTb H pac

lliHpeHhl B03MO~HOCTH HCITOflb30BaHHH 6a-

3 0 BbiX 3BM OHRH nocpe.ncTBOM coJ,D;aHHH 

Ce TH TepMHHanbHbiX ycTpOHCTB Ha 

CDC-- 650 0 H pa3pa6oTKH naxeToB npH

K Jia,D;HbiX nporpaMM ,D;flH ,!J;HCnneHHOH CTaH

U HH Ha E3CM -6. 
B paMKax nporpaMMhi coJ.naHHH ceTH 

T e pMHHanbHhlX yCTpOHCTB Ha 6a3e Mano:H 

3 B M H E3CM-6 ycTaHoaneua H oTna~eua 

3 B M EC-1010, npoao.nHnHcb TexuHqec

K H e pa6oTbi no peanHJaUHH nepao:H oqepe.nH 

Ce TH TepMHHanhHbiX yCTpOHCTB • 

• 
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3aKOH'IeHa Hana,nKa 6noKa conpJDKeHHB 
HMJI EC-5012 ,nn.11 3BM M-222 M H AH 
MHP. JinoK conpB)I(eHHB OTnpaaneH B M HP. 

Co3~aHHe H pa3BHTHe 

MaTeMaTHqecKoro o6ecneqeHHH 38M 

B onepaUHOHHYIO CHCTeMy )l;)l; -76 "Ha 
3BM Ji3CM -6 BKnJO'IeHbl H OTna)l(eHbl npo
rpaMMHble H3MeHeHHB, He06XO,D;HMble ,D;ll.ll 
peanu3aUHH annapaTa oTna,nKH 3a,naq qepe3 
TepMHHanbl, no,D;KnJO'IeHHble K Ji3CM - 6 no 
TenerpaciiHbiM KaHanaM . Ha KOHUeHTpaTo
pe /EC -1010/ no.nroToaneHbl H oTna)l(eHbl 
nporpaMMbl aHanH3a H TpaHCll.IIUHH OCHOB
HbiX pe,naKTOpCKHX KOMaH,D;, npe,nyCMOT
peHHbiX B3biKOM cucTeMbl HHTEPK OM, 
Bb16paHHbiM B Ka'leCTBe 6a30BOrO .113b1Ka 
nonb30BaTeneii TepMHHanoa 3BM Ji3C M-6 
H CDC-6500 . ,lJ;nB EC-1010 COCTaaneHbl 
nporpaMMbl pa6oTbl c ciJaiinaMH npH u cnon
HeHHH p.11,na KOMaH.n HHTEPKOMa. 

ITpoae,neHa 6onblllaB pa6oTa no pa 3BH
THIO H yHHciJHKaUHH 6u6nHOTeK nporpaMM 
o6mero Ha3Ha'leHHB ,nn.11 3BM Ji3C M -6, 
CDC-6500 H EC-1040 OHRH. C o 3,naH 
nporpaMMHbiH annapa T .nn.11 nepeHoca TeK
CTOBOH 6H6nHOTeKH C Ji3CM -6 Ha 
EC-1040. A.nanTHpoaaHo ,nn.11 EC- 1040 
H BKnJO;..eHO B ee 6H6nHOTeKy B paMKaX 
onepaUHOHHbiX CHCTeM OC H )l;OC BOCeMb
.necBT nporpaMM 6u6nuoTeKH o6mero Ha
lHa'leHHB Ji3CM -6, HanHCaHHbiX B OCHOB
HOM aaTopaMH H3 OHRH. 3aKOH'IeHo Hanon
HeHHe HHciJOpMaUHOHHOrO non.11 aBTOMaTH-
3HpOBaHHOH cnpaBO'IHOH CHCTeMbl no 6H6-
JIBoTeKaM nporpaMM. 

Co3~aHHe H pa3BHTHe cpe~cTa 

H M8TO~OB BH3ya~bHOH CBH3H 

c 38M 

·Pa3pa6oTaHbl a cTaH,napTe K A MAK 
,D;HcnneiiHhlii npoueccop H ciJYHKUHoHanbHble 

--
6nOKH /reHepaTOpbl BeKTOpOB, CHMBOllOB 
H T .,D;.j ,D;ll.ll ,D;HCnneB Ha 3anOMHHaiOll.leH 
Tpy6Ke. H3roToaneHo TpH onbiTHbiX o6-
pa3ua .nucnneea, ae,neTcB no.nroTOBKa K HX 
cepHHHOMy BblnycKy. 

B paMKax co3,naHHB MaTeMaTH'Iecxoro 
o6ecne'leHHB ,nn.11 y,naneHHOH .nucnneiiHoii 
cTaHUHH /Y,ll;C/ /puc. 53/ 3BM Ji3CM-6 
npoao.nunacb pa3pa6oTxa cucTeMbl no.nro
TOBKH nporpaMM C HCnOllb30BaHHeM anciJa
BHTHO-UHciJpoBbiX .nucnneea. Pa3pa6oTaHa 
o6ma.11 cxeMa cucTeMbl, KOTopaB npe.nnona
raeT npe.nocTaaneHHe nonb30BaTenro .nucn
neiiHoii CTaHUHH B03MO)I(HOCTeH pa60Tbl B 
HeCKOllbKHX pe)I(HMaX . ,lJ;anbHeHlllee pa3BH
THe nonyquno o6mee MaTeMaTH'IecKoe 
o6ecneqeHHe Y,ll;C. B qacTHOCTH, Ha 
Ji3CM -6 peanu3oaaH annapaT .nuanoroablx 
nepeMeHHbiX, KOTOpbiH 3Ha'IHTenbHO ynpo
CTHn ,nnB nonb30BaTenB nporpaMMHpoaaHHe 
.nuanoroablx 3a,naq Ha. B3b1Ke <I>OPTPAH. 
Pa3pa6oTaHbl nporpaMMbl pacqeTa a.nua6a
TH'IeCKOrO C)l(aTH.II 3neKTpOHHOrO KOllbUa 
c ucnonb3oaaHHeM Y,ll;C. 

3BM 

3KCTI~yaTaQHH 6a30BhlX 

3~8KTpOHHO-BblqHC~HT8~bHbiX 

MalliHH 

ro.no- 06mee Cpe,nHe- llucno 
BOB none3- CYTO'I- npo-
nnaH HOe Hoe no- nymeH-
/a t~ac/apeMB ne3Hoe HbiX 

c'leTa apeMB 3a,naq 
3a ro.n C'leTa 
/a t~ac/ /a t~ac/ 

Ji3CM -6 5800 7200 20,9 64561 

CDC-6500 6000 6950 173423 * 20,3 

/37203/ 

* B cKo6Kax y'a3aHo 'IHcno 3a,naq, o6pa-
6oTaHHbiX C TepMHHanoB. 



1i3CM-6 

CTaH.uapTHbie 
ycrpoiicTsa 
BBO.Ila- BbiBO.!la 

• 

JJ.ocry <iepe3 CHcTeMy "MYJlbTHTAHO" 

M- 6000 
16P. 16K 

fpa<lJM<i e CKHH 
JlHcnneii 

CIA fil A 

~ 
~052 
/ 

/ 

fpa<lJH<ieCKHH 
.uHcnneii 

TEKTRONIX 
611 

• 

EC-5012 

CHMBOJlbHbl~ 

.UHCnneii 

VT -340 

Puc. 53. l>AoK- cxe.wa yoaAeHHou oucnAeuHou caaHJIUU .63CM- 6. 
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Co3~aHHe H pa3BHTHe 
8BTOM8THQeCKHX 
H llO~yaBTOM8THQeCKHX 
CHCTeM o6pa60TKH 
KaMepHbiX CHHMKOB 

Pa3pa6oTaHLI KaHan eBJI3H 3BM 3neKT· 
pOHHKa-100 c TPA , ll03BOnJIJO~HH nepe
~aBaTL ~aHHLie B pe)KHMe npJIMOrO ~OeTy
na a naMBTL, a TaK)Ke 6nox aaTOMaTH'Iee
xoro H3MepeHHJI penepHLIX xpeeToB. Cx H
eTpyHpoaaH H H3rOTOBneH MaKeT H3MepH
TenLHOH CHeTeMLI ~nB CHJITHJI MaeOK Bep
WHH co6LITHH npH npocMoTpe. Pa3pa6oTaHo 
H oTna)KeHo nporpaMMHoe o6eene'leHHe ~nB 
~Hanora "onepaTop-3BM" B CHeTeMe 
"CnHpanLHOrO H3MepHTenJI" 
30BaHHeM ~HenneJI BT-340. 

c HenonL-

CKamtpyiO~HH aaToMaT HPD 

lhroToaneH H HacTpoeH KOMnneKT 6no
KOB, o6eene'IHBaiO~HX pe)KHM <iiHnLTpal.(HH 
~aHHLIX B npou;eeee H3MepeHHH H pe)KHM 
HMHTal.(HH ~eHCTBYIO~eH :meKTpOHHKH, a 
TaK)Ke nonHLIH KOMnneKT 3anaeHLIX 6nOKOB. 
Co3~aHLI H oTna)KeHLI ynpaanBIO~He npo
rpaMMLI TPA-1001 , o6ecne'iHBaJO~e 3TH 
pe)KHMLI, a TaK)Ke HCXO~HaJI aepCHJI npo
rpaMMHOrO KOMnnexca Ha 3BM CDC- 1604A 
~JI IPHnLTpau;HH ~aHHLIX B npou;eeee H3-
MepeHHJI eHHMKOB. 

Heene~oaaHa eTa6HnLHOeTL napaMeT
poa oTe'leTHOH eHeTeMLI HPD , B ynpaan BJO
~YIO nporpaMMY BBe~eH anropHTM aBT Ma
TH'IeeKOH KOppeKI.(HH KanH6pOBKH B npo
u;eee H3MepeHHH. Ilo~rOTOBneH H HenLITaH 
aapHaHT ynpaanBIO~eil nporpaMMLI 
~JI pa6oTLI e Jioaoii :meKTPOHHOH exeMoii 
HPD . 

--
Ilpoae~eHLI pa6oTLI no eoaepweHeTBO

BaHHIO H pa3BHTHIO anropHTMOB H nporpaMM 
~B o6eene'ieHHJI Ha~e)I(Horo KOHTponB xa
qeeTaa H3MepeHHH eHHMKOB e MHC OHJIH 
Henoepe~eTBeHHO B npou;eeee exaHHpoaa
HHJI . IlporpaMMLI KOHTpOnJI BKnJO'ieHLI B 
l.(HKn H3MepeHHJI H o6pa60TKH B CHeTeMaX 
)J.y6HLI H lionOHhH, r~e TaK)Ke Be~yTeJI 

H3MepeHHJI eHHMKOB e MHC. 

AaToMaT 

Ha 3~eKTpOHHO-~yqeBOH Tpy6Ke 

A3JIT-2 / 160 

Co3~aHa H oTna)KeHa B KOMnnexee e 
A3JIT- 2/160 qaeTL nporpaMM ynpaaneHHJI 
aBTOMaTOM H paen03HaBaHHJI eo6LITHH Ha 
eHHMKax e MHC OHJIH. Ilpoae~eHLI MeTo
~H'ieCKHe H3MepeHHJI, ll03BOnHBWHe Beene
~oaaTL eTpyKTYPY HH<ilopMau;HH Ha CHHMKax 
e MHC, no~o6paTL na.paMeTpLI BLI~a'IH 

o6pa6aTLIBaeMOH HH<iiOpMal.(HH Ha ~Henneif
MOHHTOp H ~Henneif-nyny. Pa3pa60TaH H 
H3rOTOBneH KOMMyTaTOp Ha 16 Hanpaane
HHH ~nB KaHana eBB3H ynpaanBJOII.(eH 3BM 
1i3CM-4 c aaToMaTOM A3JIT-2/160. 0~
HO H3 HanpaaneHHH KOMMyTaTopa CBJI3aHO 
e xaHanoM eaJI3H 1i3CM- 4 - CDC--6500. 

0poc~OTpOBO-H3MepHTe~bHbie 

npoeKTOpbi BnC-75 

Pa3pa6oTaHo, H3roToaneHo H HaeTpoe
Ho 7 6noxoa nynLTa CBJI3H onepaTop-npH-
6op- 3BM B eTaH~apTe KAMAK, MaKeT 
npoexTopa no~KnJO'ieH K 3BM TPA- 1001. 
3aaepweHa oTna~xa nporpaMM ynpaane
HHJI H3MepHTenLHhiMH KapeTKaMH H neHTO· 
npOT Jl)KHLIMH yeTpOHeTBaMH npoeKTOpa, 
pa3pa6oTaH H Heene~oaaH pe)KHM nporpaM
MHOro eonpoBO)K~eHHJI. CxoHCTpyHpoaaH H 
H3rOTOBneH 6nQK eBJI3H npoeKTOpa C 3BM 
TPA- 1001 Ha 3aao~e -H3rOTOBHTene 3a
aepweH BLinyex nepaoil napTHH H3 eeMH 



• 

npoeKTopos liiiC-75. CoJ.n;aH MaKeT H3Me- . 
puTenLHoro Mo.n;ynJI Ha 6a3e MaKeTa npoeK
Topa liiiC-75 H 3BM TPA-1001. 

nYOC-CAMET-B3CM -4 

3asepweHa onwTHaJI 3Kcnnya TaiJ;HJI .n;syx 
cTonos CAMET B pe:>KHMe np<_>rpaMMHOr<;> 
asToconposo:>K.n;eHHJI. Pa3pa6oTaHa ex Ma 
CBJI3H IIYOC- 3BM B cTaH.n;apTe KAMA K. 
3asepweH 3Tan OnLITHOH 3KCnnyaTaiJ;HH 
IIYOC B CTaH.n;apTe KAMAK. 

06pa60TKa CHHMKOB 
C TpeKOBhlX KaMep 

B 1977 ro.n;y o6pa6oTaHo: 
- npH nOMO~H nonyaBTOMaTHqecKHX 

ycTpoilcTB /IIYOC-CAMET/ - 320 Thlc Bq 
TpeKoB .n;nB 14 4JuJuqecKux rpynn OH.HH; 

- npH nOMOWH aBTOMaTHqecKHX CKaHH
PYIOWHX ycTpoilcTB I HPD , A3JIT - 1, 
CH- 1/ - 121,6 TblCBq co6wTHH Ha CHHM ax 
c pa3nHqHwx KaMep OH.HH. 

Pa3pa6oTKa MeTo~os 
pacqeTOB H C03~aHHe 
CHCTeM o6pa60TKH 
KaMepHbiX CHHMKOB 

CHcTeMa rrporpaMM o6pa6oTKH 
KaMepHbiX CHHMKOB 

Ha OCHOBe onLITHOH 3KCnnyaTaiJ;HH r eo
MeTpHqeCKHX nporpaMM MO.D;ynLHOH CTpy K
Typbl npOH3BO.D;HnaCb HX .D;Opa60TKa H n O)];-
6op KOHCTaHT, ucnonLJyeMwx B npou;e c ce 
peKOHCTPYKUHH. Pa3pa6oTaHa H nposepeHa 
Ha .D;BYX- H TpexnyqeBLIX C06LITHBX Me
TO,!l;HKa KHHeMaTuqeCKOH H.D;eHTH4JHKaiJ;HH 
co6LITHH c a-qacTun;aMH. CoJ.n;aH onLITHLIH 
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sapuaHT reoMeTpuqecKoil nporpaMMLI .n;nB 
MHC OH.HH, npe.n;Ha3HaqeHHLIH .n;nB peKoH
CTPYKUHH O,!l;HHOqHbJX TpeKOB, H3MepJleMblX 
Ha HPD _ Ilo.n;roTosneH sapuaHT nporpaMMbl 
rEOMCK, npe.n;Ha3HaqeHHblH .n;nB peKOH
CTPYKIJ;HH co6wTHB, 4JoTorpa4JupyeMLIX Tpe
MJI 06'beKTHBaMH. 

Pa3pa6oTaHa H peanu3oBaHa cucTeMa 
xpaHeHHB Ha .n;ucKax 3BM CDC-6500 6u6-
nuoTeKH nporpaMM o6pa6oTKH peJynLTa
TOB 06Mepa KaMepHbiX CHHMKOB, o6ecne
qusarowaB 34xlJeKTHBHOe HCnOnb30BaHHe 
nporpaMM H HX pa3BHTHe. 

Hccne.n;osaHLI pa3nHqHLie pe:>KHMbl 
pa60Tbl nporpaMM H Bbl6paH OnTHManLHbiH, 
o6ecnequsaro~uH: Hau6onee 34xtleKTHBHYJO 
pa6oTy 3BM H MHHHManLHble 3aTpaTbl 
speMeHH nepu4JepHBHblX npou;eccopos. 

CoJ.n;aHw H ucnwTaHLI B naKeTHOM pe
:>KHMe nporpaMMLI nposepKH peJynLTaTOB 
06Mepa KaMepHbiX CHHMKOB, n03BOnBJO~He 
aHanH3HpOBaTL KaqeCTBO. H3MepeHHH, Bbl
BCHBTb npupo.n;y OWH60K, OIJ;eHHBaTb qucno 
XOpOWO H3MepeHHblX C06LITHH, aBTOMaTH
qecKH npoH3BOAHTL c6opKy pa6oqux sa
puaHTOB nporpaMM nposepKH pe3ynLTaToB 
06Mepa CHHMKOB. 

Hcrro~b30BaHHe 38M 
Ha ~HHHH C 3KCIIepHMeHTa~bHhlMH 

ycTaHOBKaMH 

B paMKax co3oaHu.R MameMamu~ecKozo 
o6ecne~eHU.R cucmeM peaAbHozo epeMeHu 
)l;nB perHCTpaiJ;HH H o6pa60TKH HH4JOpMaiJ;HH 
B 3KCnepHMeHTaX no 4JH3HKe BbiCOKHX 3Hep
rHH pa3pa6oTaH KOMnneKc nporpaMM c6opa 
H HaKonneHHJI 3KCnepHMeHTanLHblX .n;aHHblX 
C ycTaHOBKH lilfC-2, ocyweCTBneH 3anyCK 
lilfC- 2 B pe:>KHMe Henocpe.n;CTBeHHOH CBJI3H 
c EC-1040. CoJ.n;aHa nporpaMMa Ha 3BM 
1i3CM -4 .n;nJI MO.n;enHpOBaHHB MeTO,!l;OM 
MoHTe- Kapno npoxo:>K.n;eHHB qacTHU B Mar
HHTHOM none, a TaK:>Ke nO.D;CHCTeMa .D;nB 
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HanaAKH MOAyneH: KAMAK B AHanoroa oM 
pe*HMe . 3aaepweHhl pa3pa60TKH llOACHC" 
TeMhl ynpaBneHHB pe*HMaMH YCTaHOBKH 
"<l>OTOH" H CHCTeMhl BHJyanLHOH HAeHTH· 
4JHKaU:HH C06hlTHH C HCllOllh30BaHHeM AHCll" 
neB Ha 3BM HP-2116!3. YcoaepweHCTBo
BaHa llOACHCTeMa CTaTHCTH'IeCKOH o6pa-
60TKH AaHHhlX C ycTaHOBKH "AnL4Ja" Ha 
3BM EC-1010. 

CoaMeCTHO c COTPYAHHKaMH ~EPHa 

paJpa6oTaHa cHcTeMa HBOOK 3 .0 , ucnon L

JyeMaB B paMKaX MaTeMaTH'IeCKOrO 66ec· 
ne'leHHB (NA-4) • 3KCnepHMeHTa AllB CTa • 

THCTH'IeCKOH o6pa60TKH AaHHhlX. COJAa Hhl 
nporpaMMhl H npoBeAeHhl pac'leThl -no TpHr

repHOH CHCTeMe (NA-4) - cneKTpOMe Tpa 
MB OT6opa OAHO • H AHMIOOHHhlX C06LITHH. 
PaJpa6oTaHhl H uccneAOBaHLI 6hlcTphle an
ropHTMhl pacnoJHaBaHHB co6hlTHH H onp e
AeneHHB HX reoMeTpH'IeCKHX H KHHeMaTH· 
qecKHX napaMeTpoa. CreHepupoaaHaABO· 
H'IHaB 6H6nHOTeKa, BKniO'IaiOIIJ;aB naKe Thl 
nporpaMM HBOOK , ZBOOK FFREAD H 
LINTRA . 

06pa6omKa cneKmpoe JIOepHbiX U3Ay
'leHuii. B 6u6nHoTeKy CHCTeMhl o6pa6oTKH 
cneKTpOB /COC/ BKlliO'IeHO 10 nporpaMM· 
HhlX MOAyneH AllB o6pa60TKH pa3llH'IHhlX 
cneKTpoa I y - cneKTPOB c 4JHKCHpoaaHHhlM 
nono*eHHeM nHKOB, y - cneKTpoa AnB e
neB aKTHBaU:HOHHOrO aHallH3a, CllO*HhlX 
y ·cneKTJ>OB, CpaBHeHHe paJnH'IHhlX y • 
cneKTpoa/, paJBHThl CHCTeMLI AUTOS H 

SIMP. PeanHJOBaHa BOJMO*HOCTL BB Aa 
HH4JopMau;HH B HOBhle 3BM Tuna EC. 

Pa3pa6oTaH KOMnneKc nporpaMMHLIX 
MOAyneH: Ha 3BM MHHCK-32 /JIJIP /, 
o6ecne'IHBaiOIIJ;HX npHeM H HaKonneHHe HH-

4JopMaU:HH c HJMepHTenLHoro MOAYnB Ha 
6aJe 3BM TPA-i . 

Pa3pa6omKa. npozpaMMHozo ynpaeAe
HUJI ycKopume/lJIMU. Ha CHHXpo4JaJOTpOHe 
OWJIW c noMOIIJ;LIO 3BM TPA- 1001 npo e-

AeHhl ceaHChl H3MepeHHB OCHOBHLIX napa
MeTpOB CHCTeMhl YCKOpHTenL·ny'IOK: yc
K'OpBIOIIJ;eH 'laCTOTLI, HHTeHCHBHOCTH, pa
AUanLHOrO nono*eHHB ny'IKa. BhlnonHeHo 
nporpaMMHOe TeCTHpOBaHHe CHCTeMhl KOp· 
peKU:HH ycKopBIOIIJ;eH: 'laCTOThl. )J;nB Ha
CTpOHKH H KOHTpOnB CHCTeMhl BhlBOAa 
CHHXpo4Ja30TpOHa C03AaHhl 6a30Bhle Ba· 
pHaHThl nporpaMM, He06XOAHMhle AllB KOHT· 
ponB KaHanOB BTOpH'IHhlX llY'IKOB 'laCTHIJ; 
c noMOIIJ;LIO 3BM EC-1010, B TOM 'IHcne 

MB npoaepKH 6y4JepHOH naMBTH H npo • 
llOPU:HOHanLHhlX KaMep, H3MepeHHB HHTeH· 
CHBHOCTH H yrnoaoro pacnpeAeneHHB qac
THIJ; B llY'IKe, a TaK*e llOCTpOeHHB llp04JHnB 
ny'IKa. 

Pa3pa6oTaHo, oTna*eHo H HCllhlTaHo 
nporpaMMHoe o6ecne'leHHe CHCTeMhl aBTo
MaTH3au;HH HCClleAOBaHHB napaMeTpOB nyq
KOB KOnneKTHBHOrOyCKOpHTenB,ll03BOllBIO· 
IIJ;He BeCTH c6op, o6pa60TKY, xpaHeHHe H 
BhlAa'ly HH4JOpMaiJ;HH 06 3KCnepHMeHTe. 

BBeAeHo B onhlTHYIO 3KcnnyaTau;HIO Ma
TeMaTH'IecKoe o6ecne'leHHe AHCnneH:Ho· 
4JopTpaHHOH CTaHU:HH Ha 6a3e 3BM M -6000 
B OHMY. 

Eec(JuAbMoea.R cucmeMa perHcTpau;HH 
H o6pa60TKH HH4J~pMaiJ;HH CO CTpHMepHhlX 
KaMep . Pa3pa6oTaHhl H H3roToaneHhl oc
HOBHLie Y3llhl TeneBH3HOHHOH CHCTeMhl 
KOHTponB /TCK/ CTpHMepHOH KaMephl yc· 
TaHOBKH PWCK, BKniO'IaB TeneBH3HOHHLie 
AaT'IHKH H AHcnneH:Hyro annapaTypy TCK. 
llpoBeAeHLI HCllhlTaHHB Ha MeTpOBOH MOAe
nH cTpHMepHoH: KaMephl ycTaHOBKH PWCK 
TeneBH3HOHHOrO AaT'IHKa Ha Tpy6Ke "Xan
HHKOH" B CO'IeTaHHH C 3lleKTpOCTaTH'IeCKHM 
3neKTpOHHO"OllTH'IeCKHM npeo6pa30BaTe· 
neM. WcnhlTaHo ycTpoH:cTBO JanoMHHaHHB 
TeneBH3HOHHhlX H306pa*eHHH Ha Tpy6Ke 
"JIHTOKOH". llony'leHHhle pe3yllLTaTLI CO· 
OTBeTCTBYIOT TeXHH'IeCKHM ycnOBHBM Ha 
TCK AnB cTpHMepHoH: KaMephl PWCK H 
APYrHx aHanor~'IHhlX KaMep. Pa3pa6oTaHa 
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TeneBH3HOHHaH KaMepa Ha OCHOBe rrpH6 o- . 

poB C 3apH)l.OBOH CBH3bl0 /CC.l(-MaTpHULI/ 

c 6noKaMH yrrpaBneHHH, o6ecrre'IHBaiOIUHMH 

B03MO~HOCTb perHCTpaUHH aMrrnHTY.IJ. 
BH)l.eOCHrHanOB H 3aiTHCb TeneBH3HOHHMX 

H3o6pa~eHHH B rraMHTL 3BM. Pa3pa6oTa

HLI anropHTMbl H rrporpaMMbl KanH6pOBKH 

TeneBH3HOHHOH ycTaHOBKH, a TaK~e C~a T HH 

HH<iJOpMaUHH H OUeHKH HOHH3aUHH TpeKOB 

ITO CHHMKaM CO CTpHMepHbiX KaMep. 

AlameMamu~ecKoe o6ecne~eHue cucme
Mbl aBTOMaTH3HpOBaHHOTO rrpoeKTHpOBaHHH 

rre'laTHLIX rrnaT Ha 6a3e 3BM E3CM - 6, 

CDC- 6500 H ManLIX 3BM. Pa3pa6oTa H 
H3MK OITHCaHHH norH'IeCKHX CXeMMO)l.yneii 

H)l.epHOH 3neKTpOHHKH, MeTO)l. H anropHT M 

MHOroypOBHeBOH KOMITOHOBKH, MHHHMH3 H 

PYIOIUeH 'IHcno MHKpocxeM, Heo6xo.IJ.HMhiX 

.D.nH JarronHeHHH HCXO.IJ.HOH cxeMM. CoJ)l.a H 

rrpoeKT CHCTeMLI HHTepaKTHBHOrO rrpoeKT -

poBaHHII Ha CDC- 6500 c ucrronLJOBaHH M 

rpa<iJuqecKHX .IJ.HcrrneeB. Pa3pa6oTaH 6McT 

pLIH anropHTM opToroHanLHOii Tpacc -

pOBKH. qaCTb rrporpaMM CHCTeMLI ycrreiiiHO 

llpHMeHHnacb )l.nH <iJHnbTpaUHH )l.aHHbiX CITH 

panLHOrO CKaHHpOBaHHH. IlpOBO)l.HnHCb p a -

60Tbl ITO C03)l.aHHIO H a)l.aiTTaUHH rrporpaMM 
Ha 3BM EC-1040, EC-1010 H TPA- 70 . 

HccJiep;osaHJUI 
u 

ITO peJIHTMBMCTCKOM 

H,D;epHOM <lJM3MKe 

M <lJM3MK8 pe30HaHCOB 

B uccAeooeaHWIX JtoepHblX npot~ecc e 
npH penHTHBHCTCKHX 3HeprHHX 3aBeprneHa 

o6pa60TKa 3KCnepHMeHTanLHbiX )l.aHHbiX 0 6 

HHKnl03HBHbiX CITeKTpax npOTOHOB H )l.eHTpO 

HOB, HCnyiUeHHbiX B dd- H )l.eHTpOH- H)l.epHbi X 

coy)l.apeHHHX npu 4,3; 6,3 H 8,9 T3B/c. 
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IloKaJaHo I puc. 54,55/, 'ITO HMrrynLCHMe 

CITeKTpM llpOTOHOB, HCITyiUeHHbiX B pe3ynb

TaTe pa3Bana )l.eHTpOHOB C HMnynLCOM 

6,3 T3B/c Ha H.IJ.pax BO.IJ.OPO.D.a, .D.eiiTepHH, 
yrnepo)l.a H BHCMyTa, H3MepeHHbie ITO)). yr

noM 103 Mpao, B OCHOBHOM Y.D.OBneTBOpH

TenLHO BOCllpOH3BO)l.HTCH B paMKaX MO)l.enH 

MHOrOKpaTHOrO .D.H<iJpaKUHOHHOropacceHHHH 

C yqeTOM penHTHBHCTCKOH .D.e<iJopMaUHH Bon

HOBOH <iJYHKUHH .D.eiiTpoHa. 06Hapy~eHHaH 
CTPYKTypa crreKTpoB .D.eiiTpoHoB, yrrpyro H 

KBaJuyrrpyro pacceHHHLIX Ha yron 103 Mpao 
B d d - COy)l.apeHHHX llpH yKa3aHHbiX Bblllie 

HMnynLcax, rrpe.IJ.CTaBnHeT co6oii HOBLIH 

06'beKT )l.nH rrpOBepKH rrpe)l.CKa3aHHH MO)l.enH 

MHOrOKpaTHOrO .IJ.H<iJpaKUHOHHOrO pacceH
HHH H n03BOnHeT C)l.enaTb onpe)l.eneHHMe 

3aKniO'IeHHH 0 MeXaHH3Me d d - pacceHHHH 

npH nepe)l.a'lax HMnynLca \t \ -

- 0,2 -:- 0,8 I T3B/c/ 2 . 

B peJynLTaTe o6pa6o't,KH 3KcrrepuMeH

TanLHLIX .D.aHHLIX c ycTaHoBKH CKM- 200 

o6Hapy~eHM oco6eHHOCTH B pacnpe.IJ.ene

HHHX no MHO~eCTBeHHOCTH OTPHUaTenLHbiX 

n - Me30HOB, o6pa30BaHHbiX B COy)l.apeHHHX 

a -qacTHU /uMrrynLc 17,9 T3B/c/ c H.IJ.paMH 

jo6pa6oTaHO 48 TbiCH'I TpeKOB/. 

C noMO~bK> ooHoMempoeou JICUOKoeooo
pooHoii KQMepbl COBMeCTHO C <iJH3HKaMH 

EyxapecTCKoro yHHBepcuTeTa orrpe.IJ.ene

HLI Ce'leHHH TT P- B3aHMO)l.eHCTBHH rrpH p n = 
= 5,1 F:JB/c, a TaK~e npoBe.IJ.eHo H3y'leHHe 

O)l.HOH aBTOMO)l.enLHOH 3aBHCHMOCTH B npo

uecce pa3Bana penHTHBHCTCKoro .D.eiiTpo

Ha npH P d = 3,46; 4,46; 7,66 H 10,2 T3B/c. 
Pa3pa6oTaHa MeTO.IJ.HKa aHanHJa peJynL

TaToB H3MepeHHH Ha CKaHHPYIOIUeM aBTO

MaTe HPD CHHMKOB c aKTaMH np-BJaHMo

.D.eiicTBHH llpH pa3nHlJHbiX 3HeprHHX. 

B rr- p -BJaHMO.D.eiicTBHHX rrpu 16 T3B/c 
o6Hapy~eH cnyqaif po~.D.eHHH := 0 -rune

poHa, orrpe.IJ.eneHo celJeHHe ero o6pa3oBa

HHH I a = 50 ± 1 i~ MK6/, H.IJ.eHTH<iJHUHPOBaH 
KaHan peaKUHH. IIpoBe)l.eHo H3y'leHHe po~
)l.eHHH C - - , S ~ -rHrrepOHOB B TT- p 
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.. Puc. 54. HMnyAr.cHwe cneKapw 6aopu~Hwx 
'111! npoaOH06 /C6eaAWe KPYXKU/ U oeuapOH06 
/~epHwe KpyxKu/ o• coyoapeHuu oeuapo
H06 c npoaOHQMU, oeuapOHQMU u AOpaMU 
yzAepoOa npu 6,3 F3B/c. Ilpa6aA IIIKaAa 
oaHocuacA K oeuapoHaM. ,4euapoHHr.ae nuKu 
6 dp- u dd- cneKapax o66eoeHw KPU6WMu 
oa pyKu. Ha cneKapax cnAOIIIHr.ae KPU6We -
pe3yAr.aaa 61>1~UCAeHUU, 61>1nOAHeHHI>IX 6 
paMKQX MOOeAU MHOZOKpaaHOZO OUtjpaK· 
I4UOHHOZO pacceAHUA. 

Puc. 55. HMnyAr.cHr.ae cneKapw 6aopu~Hr.ax 
oeuapOH06, 3apezucapup06QHHWX no() yz · 
AOM 103 Mpao 6 Aa6opaaopHou cucaeMe oa 
d d- coyoapeHuu npu 4,3; 6,3 u 8,9 F3B/c. 
UutjpaMu oaMe~eHr.a 6apuaHaw pac~eao6, 

61>1nOAHeHHI>IX 6 paMKQX MOOeAU MHOZOKpaa· 
HOZO outjpaK14UOHHOZO pacceAHUA. Hlapuxo· 
61>1MU KpU61>1MU nOKQ3QHW 6W~UCAeHHWe 

6KAQOW oa K6Q3UynpyZ Q,.ZO pacceAHUA 6 06· 
Aacau nuKo6, KUHeMaau~ecKu oa6e~a10a~~ux 
ynpyzoMy dd- pacceAHUIO. HMnyAI>CHr.ae 
nUKU, nOKQ3QHHI>Ie CnAOIIIHWMU KpU6WMU, 
cooa6eaca6yl0a nuKaM o• ynpyzozo dp 
pacceAHUA, YMHOJICeHHI>IM HQ MQCJMaa6HI>IU 
K03tPtPU14UeHa 0,3; OHU xapaKaepu3yiOa UM · 
nyAI>CHOe pa3pellleHue 3KCnepuMeHaQAI>HOU 
annapaaypr.a . 
~ 

Sea& =103 Mpaa 
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B3aHMO~eHCTBHRX npH pa3nH'IHhlX M H O

:>KeCTBeHHOCTRX. Bcero o6Hapy:>KeHo 46 2-
H 3 2+ -qacTHU, onpe~eneHhl ceqeHHR Hx 

pO:>K~eHHR B C06hlTHRX pa3nH'IHhlX MHO:>Ke CT

BeHHOCTeH. llo~TBep:>K~eHO, 'ITO, B O~nH

'IHe oT K-p -aJaHMo~eucTBHH, B rr P -
B3aHMO~eHCTBHRX B C.U.M. 2- -runep o

Hhl coxpaHRIOT HanpaaneHHe BhlneTa 6apu o

Ha. B rr- p-aJaHMo~eHcTBHRX npu 16 T3B/t 
K03!WJHUHeHT aCHMMeTpHH /Ha3a~- Bnepe~/ 
MR ::::. -qacTHU paBeH A = 0,56±0,1 2. 

06Hapy:>KeHO, 'ITO B 6onbWHHCTBe peaKU HH 

2- -H K+ -qacTHUhl BMecTe neTRT Ha3a~ 
B C.U.M. TT- P -a3aHMO~eHCTBHH, TOr~a 

KaK ~pyrue Me30Hhl HanpaaneHhl anepe~ 

HnH B cpe~HeM CHMMeTpH'IHO. 

Ha oeyxMempoeou nponaHoeou KaM epe 
nonyqeHhl ~aHHhle o6 o6pa3oBaHHH p

0
-, 

W- H f 0 -Me30HOB B HHKn103HBHhlX H non y

HHKni03HBHhlX B3aHMO~eHCTBHRX TT--Me 3 0-

HOB c npoToHaMH npu 3HeprHH 40 T3B/ c. 
llpo~on:>Kanocb H3y'leHHe o6pa3oBaHHR q a c

THU C 60nbWHMH nonepe'IHMMH HMnynLCa MH 

B rr- p -a3aHMO~eHcTBHRX npH 40 T3B/ c. 
lloKa3aHo, 'ITO c pocTOM PT yaenH'IHBa

eTCR 3apB~OBaB aCHMMeTpHB HCUyCKaHHB 

nHOHOB. Ha6nJO~aeMaB B aJHMyTanbH OH 

nnOCKOCTH KOppenBUHB B BhlneTe UHOH OB 

OTHOCHTenbHO qaCTHU C P T > 0,8 F3B/c 
MO:>KeT yKa3hlBaTb Ha HanH'IHe "CTpy H" 

UHOHOB, conpOBO:>K~aiOIUHX 'laCTHUhl C 6on b

WHMH nonepe'IHhlMH HMnynbCaMH. 

MeTO.Qbi 
<.> 

npHKJia,QHbiX BbltiHCJieHHH 

IIocmpoeH ycmou'luebJU npoijecc 'IH C

neHHOrO peweHHB o6paTHOH 3a~a'IH TeOp HH 

pacceBHHB /03P I MeTo~oM HLIOTOHa, c x o

~HMOCTb 3Toro npouecca o6ecnequaae T cB 

B WHpOKO~ o6naCTH HaqanbHMX npH6n H

:>KeHHH /rno6anLHaR cxo~HMOCTb/. ITon y

qeHhl ~OCTaTO'IHhle ycnOBHB Cyll.{eCTBOBa-

123 

HHB qacTHUeno~06HhlX peweHHH B MO~enH 

~PH~6epra-nu-CupnHHa. ITocTpoeH anro

PHTM qucneHHoro peweHHB H ~oKa3aHo 

Cyll.{eCTBOBaHHe peweHHH HenHHeHHOH Kpae

aou 3a~aqu, cBB3aHHOH c ypaBHeHHRMH 

qy-noy. llpoae~eHhl uccne~oBaHHR ycToH

'IHBOCTH pa3HOCTHbiX CXeM 3a~aq MaTe

MaTH'IeCKOH <ilH3HKH. ,lJ.aHO 060CHOBaHHe 

cxo~HMOCTH MeTo~a HbiOTOHa B 3a~aqe 

IIITypMa- nuyBHnnB. 

,l1oKa3aHa o6114a.R meopeMa o6 ycToH

'IHBOCTH "3apR:>KeHHhlX" CKanBpHhlX COnH

TOHOB B paMKaX penBTHBHCTCKH-HH

BapHaHTHhlX Mo~eneu TeopHH nonR. Bnep

awe HCCne~oBaHa Ha 3BM ~HHaMHKa CTOnK

HOBeHHB ~ByMepHhlX nynbCOHOB B paMKaX 

¢ 4 -TeopHH nonB. 06Hapy:>KeHhl ycTOH'IH-

BOCTb pa3nH'IHhlX nynbCOHOB no OTHOWe

HHIO K yrnOBhlM B03MYIUeHHBM H coxpaHe

HHe HX 'IHCna npH ~OC'li'aTO'IHO 60nbWHX 

OTHOCHTenbHhlX CKOpOCTBX. J1ccne~OBaHa 

ycTOH'IHBOCTb "JapR:>KeHHhlx" conHTOHOB 
6 

B paMKax ¢ 4 - a ¢ TeopHH nonR H noKa-

3aHO Cyll.{eCTBOBaHHe nonOC yCTOH'IHBO

CTH. ITony'leHhl H uccne~oaaHhl ycnoBHB 

Cyll.{eCTBOBaHHB MHOrOMepHhlX COnHTOHOB 

MB TeOpHH C nonHHOMHanbHhlMH narpaH

:>KHaHaMH. llony'leHO ypaBHeHHe, OUHChlBaiO

ll.{ee B3aHMO~eHCTBHe 3KCHTOHOB H <!lOHOHOB 

B O~HOMepHOM MOneKynBpHOM KpHCTanne, 

H HaH~eHhl COnHTOHHMe peweHHB 3TOrO 

ypaBHeHHB. 

Pa3pa6omaH pa3HocmHbJU aAzopumM Bhl

qucneHHB KOMnneKCHMX C06CTBeHHhlX 3Ha

'leHHH H C06CTBeHHMX <ilYHKUHH ypaBHeHHR 

lllpe~HHrepa c noTeHuuanoM CaKcoHa- By~

ca. llpe~no:>KeH cnoco6 6noqHoro nporpaM

MHpoBaHHB Ha ~OPTPAHe, Hcnonb3yeMhlH 

npH C03~aHHH HOBhlX nporpaMM ~nR pewe

HHB 3a~a'l, CBB3aHHhlX C HCCne~OBaHHRMH 

CBOHCTB cno:>KHhlx B~ep. CocTaaneHhl H oT

na:>KeHhl nporpaMMM Bhl'IHCneHHR CHHrynBp

HOrO HHTerpana C B~pQM KOWH, HCUOnb3yiO-
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ruBe KycoqHo-nHHeHHYIO H KycoqHo-KBa)l.pa

THqHyiO annpOKCHMaUHIO perynHpHOH q a CTH 

llO)l.hiHTerpanLHOH tiJyHKUHH. 

BbtnOAHeHbl pacttembl .D.nH MO.D.en HOH 

caMocornacoaaHHOH 3a)l.aqu, CBH3aHHOH c 

npoeKTHpOBaHHeM KOnneKTHBHOrO Y CKO

pHTenx, a TaiOKe pacqeTLI 3neKTpoMarHu't

HLIX noneil )l.nH CHHXpotiJa30TpOHa. YcTaH OB

neHO, qTo nepHO)l.HqeCKHe TpaeKTOpHH 

CHHxpotiJa3oTpoHa, pacnono)l(eHHLie B p a 6o

qei{ o6naCTH YCKOpHTenH H OTKnOHHIOlliH eCH 

OT Me)l.HaHHOH nnOCKOCTH YCKOpHTenx Ha 

paccTOHHHe I Z I » 1 CM, nyTeM xoppeK UHH 

MarHHTHoro nonx ycxopHTenx B npxMo nu

HeiiHLIX npOMe)l(yTKaX MOryT 6LITh " n pu-

6nH)I(eHLI" K Me)l.HaHHOH nnOCKOCTH T aK, 

qTo )l.nH nro6oil Toqxu TpaeKTOPHH I Z I< 1 eM. 

Pa3pa6oTaH anropHTM onucaHHOH a 1we 

OllTHMH3aUHH, COCTaBneHa nporpaMMa H 

BLinonHeHLI pacqeTLI Ha CDC-6500. 

Pa3pa6omaH Memo<) peweHHH 3a)l.aqu 

paccexHHH KaK 3a)l.aqu Ha co6cTBeHHLie 

3HaqeHHH. Ha OCHOBe npe)l.nO)I(eHHOrO Me

TO)l.a pa3pa6oTaHLI anropHTMLI H nporpa M

MLI .D.nH peweHHH px.D.a tiJH3Hqecxux 3 a )l.aq 

/Me 30MOneKynHpHaH tiJH3HKa, TeOpHH H)l.paj. 

Pa3pa6oTaHLI cneuuanLHLie aLiqucnHTe nL

Hble CXeMLI )l.nH peweHHH 3a)l.aq C )l.HCKp eT

HhiM H HenpepbiBHhiM ClleKTpaMH a6n H3H 

rpaHHUhl KOHTHHyyMa. IlonyqeHHhle pe3ynL

TaTLI ll03BOnJIIOT CTpOHTh anr.opHTMhl C 

.D.BYCTOpOHHeH CXO)l.HMOCTLIO K 3HeprHH CO

CTOHHHH KBaHTOBOMeXaHHqecKOH CHCTeM LI. 

Ilpe)l.nO)I(eH HOBhiH pe30HaHCHhiH MeXaHH 3M 

o6pa3oBaHHH Me3oMonexyn Ha ocHoae cpaa

HeHHH pacqeTHhiX H 3KCnepHMeHTanL hiX 

)l.aHHhlX )l.nH 3HeprHH CBH3H Me30MOneK yn. 

Pa3pa6omaHa Hoea~ KacKaOHa~Mo)l.enL 
)l.nH HCCne)l.OBaHHH MHOroqaCTHq hiX 

B3aHMO)l.eHCTBHH, yqHThiBaiOwaH BpeMeH-

HYIO KOOP.D.HHaTy. Co3)l.aHa cTaH)l.apTHax 

nporpaMMa pacqeTa BHYTPHH.IJ.epHLIX xac

Ka.D.OB Ha E3CM -6, npuro)l.Hax .D.nH H.D.epHo

tilH3HqecKHx H llpHKna)l.HhiX pacqeTOB llpH 

3HeprHHX, He npeBLIWaiOruHX HeCKOnhKHX 

T3B. Pa3pa6oTaHa onTHqecxax MO.D.enL yn

pyroro pacceHHHH H)l.ep C yqeTOM KynOHOB

CKHX 34JtiJeKTOB, COCTaBneHa CTaH)l.apTHaH 

nporpaMMa )l.nH pacqeToB Ha E3CM-6. 

BLinonHeHLI pacqeTLI B3aHMO.D.eilcTBHH 

6LICTphiX qacTHU C )l.enHruHMHCH Cpe)l.aMH 

C uenLIO H3yqeHHH pa3nHqHhiX 34JtiJeKTOB, 

BnHHIOlliHX Ha HaKOnneHHe nnyTOHHH B 06-

nyqaeMLIX MaTepHanax. 

BHeOpeHbl Ha CDC-6500 )l.Ba KOMIT-

nexca nporpaMM .D.nH aHanHTHqecxux npe

o6pa3oBaHHil: 

SCHOONSCHIP - CHCTeMa, npe.D.Ha3Ha

qeHHax )l.nH peweHHH 3a.IJJI.q tiJH3HKH BhlCOKHX 

3HeprHH, HBnHIOlliaHCH O)l.HOH H3 CaMLIX 

6LICTpO)l.eHCTBYIOlliHX CHCTeM; 

CLAM - cHcTeMa, npe.D.Ha3HaqeHHax 

)l.nH peWeHHH 3a)l.aq 06weH TeOpHH OTHOCH

TenLHOCTH. 

C uenLIO BhlqHcneHHH Ha 3BM HHTer

panOB weiiHMaHa Hccne)l.oBaHLI B03MO)I(Ho

CTH nporpaMMLI RIWIAD H ocaoeHa MeTo

.D.HKa BhlqHcneHHH 3THX HHTerpanOB, OCHO

BaHHaH Ha nonyqeHHH 4JaKTOpH30BaHHOrO 

annpOKCHMaHTa )l.nH llO)l.hlHTerpanLHOH 

tiJyHKUHH. 

ACY H vtnc ovtHM 
ACY. Pa3pa6oTaH npoeKT HCK /HH

tiJopMaUHOHHO- llOHCKOBaH CHCTeMa )l.nH pa-

60Thl C )l.OKyMeHTaMH KapTOTeqHOrO THna/. 

3aaepweHO C03)l.aHHe ee OCHOBHhiX 6nOKOB 

H HX Ollp060BaHHe )l.nH llO)l.CHCTeMLI Ka)l.

pOBOrO yqeTa ACY OHJIH. CHcTeMa HCK 

HBnHeTCH paCWHpeHHeM C03)l.aHHOH B 1975-

1976 rO)l.aX HHtiJOpMaUHOHHOH CHCTeMLI 

"Ka.IJ.pLI". 3aaepweHLI pa6oTLI no tiJopMHpo-
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BaHHIO H pe)J,aKTHpOBaHHIO CJIOBapH H CO· · 

3)1,aHHIO apXHBa, a TaK>Ke pa3pa6oTa Hbl 

BXOJJ.HOH HlbiK H HlhiK Janpoca H COCTa B· 

JieHbl COOTBeTCTBYIOIJ.{He nporpaMMhl. Ilp o

BO)J,HJIHCb pa60Thl flO MOJJ.epHH3aiiHH n p o • 

rpaMM no.n.cucTeMhl 6yxranTepcKoro y q e

Ta. CoJ.n.aHhl nporpaMMhl sso.n.a H Janu cu 

Ha MarHHTHblH JJ.HCK. 

BbiHOCHaJi cmaHIIUJI OAJi ou
cmaHt~UOHHoii naKemHoii o6-
pa6omKu 3aOa'l Ha 3BM 
CDC-6500 . 

HacmpoiiKa fPYHKIIUOHaAb· 
HbiX 6AOKd6 6 cmaHOapme 
KAMAK OAJi zpa/Pu'lecKozo 
OUCnAeJi HQ 3QnOMUHQIOU#€U 
3A€KiflpOHHO·Ay'le60U mpy6· 
Ke. 
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HIIC. PeaJIHJOBaH npouecc noucKa HH· 

dJopMaiiHH B )J,HaJIOrOBOM pe:>KHMe B paMKaX 

HIJC 011.HI1 Ha CDC- 6500 . IloJIHOCTLIO 

aBTOMaTH3HpOBaHa npoue.n.ypa dJopMyJIH· 

poBaHHH JanpOCOB npH llOMOIJ.{H )J,eCKpHn· 

TOpHOrO CJIOBapH CHCTeMbl, JJ.OCTyn K KO· 

TopoMy JHaquTeJILHO o6nerqeH. IlporpaM

Ma peaJIHJOBaHa Ha HlhiKe KOiiOJI. 



MameMamu<~ecKoe o6ecne
<~eHue Y ,ac no3eoARem one
pamue Ho Bbleooumb Ha 3KpaH 
CAOJIC'HYIO zpa(!u'leCKYIO UH-
1/JOpMOijUIO. 

Pa3pa6omaHo u omAaJIC'eHo npozpaMMHoe o6ecne<~eHue 
OAR ouaAoza onepamop - 3BM e cucmeMe "Cnup aAb
Hozo U3MepumeAll". Ha CHUMKe: U3MepumeAbHbiU KOMn
AeKC OAJI o6pa60mKU KaMepHbiX CHUMK06 HQ 6a3e 
"CH'c. 

.; 
JI06biWeHa 31/JI/JeKmUBHOCmb 
u pacwupeHbl eo3MOJIC'Hocmu 
UCnOAb306QHUJI 6a306biX 
3BM nocpeocmeoM co30a
HUll cemu mepMUHQAbHbiX 
ycmpoiicme Ha CDC- 6500 u 
pa3pa6omKu naKemoe npu
KAaOHbiX npozpaMM OAJI 
oucnAeiiHoii cmaHijUU Ha 
E3CM-6. Ha cHUMKe: yoa
AeHHall oucnAeiiHall cmaH
J4Ull /Y,4C/ Ha 6a3e 3BM 
M-600. 



.. 

06meHHCTHTYTCKHe 
OT~eJibl 
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OT,n:eJI 
HOBbiX 

M8TO,QOB 

ycKopeHl1H 

--

0CHOBHLie yCHnHH 0T,IJ,ena HOBLIX Me· 

TO,IJ,OB YCKOpeHHH 6LinH HanpaBneHLI Ha 

3aaepmeHHe 3anycKa npoTOTHna KonneK

THBHoro YCKOpHTenH TH~enLIX HOHOB H Ha 

opraHH3aiJ;HIO cepHHHOrO H3rOTOBneHHH H 

HCnbiTaHHH 6onLIIIHX nponopiJ;HOHanbHLIX Ka· 

Mep ,IJ,nH 3KCnepHMeHTa B QEPHe no H3y· 

qeHHIO HHKni03HBHoro rny6oKoHeynpyroro 

pacceHHHH MIOOHOB Ha BO,D,OpO,D,e H ,IJ,eH· 

TepHH. 

Pa6oTw no 3anycKy 

KO~~eKTHBHOrO YCKOpHTe~~ 

T~)f(8~biX HOHOB 

B ocy111ecmeAeHHOM peJKuMe pa6ombl 
KYTH HOHLI 3axaaTLIBaiOTCH 3neKTPOHHLIM 

KonL:u;oM B npo:u;ecce ero KOMnpecCHH H3 

ocTaToqHoro ra3a B K&Mepe. KaK noKa-

3anH pacqeTLI, ,IJ,nx Toro qTo6LI Ha KOHeq

HOH cTa,IJ,HH $opMHpoaaHHH 3neKTpoH·HoH

Horo KonL:u;a He HacTynana CTa,IJ,HH, 6nH3· 

KaH K 3apH,D,OBOH KOMneHCaiJ;HH, B KaMepe 

a,IJ,re3aTopa Heo6xo,IJ,HM BaKyyM BLime 

Io - 7 Top. 
B pe3ynLTaTe npoae,IJ,eHHLIX ycoaep

meHCTBOBaHHH BaKyyMHOH CHCTeMLI B He· 

nporpeaaeMoH: KaMepe a,IJ,re 3a Topa 6Lm no

nyqeH a30THbiH BaKyyM BnnOTb ,IJ,O 

2-10- 8Top. 

MazHumHaJI cucmeMa KYTH o6ecneqH

aaeT c~aTHe 3neKTPOHHLIX Konen; ,IJ,O Ko

HeqHoro pa,IJ,Hyca 2,8 CM, BbiBO,IJ, KOnen;, 

Harpy~eHHbiX HOHaMH, B o6naCTb nHHeHHO 

cna,IJ,aiOI:u;ero MarHHTHoro nonx H paBHOMep

Hoe ycKopeHHe npaKTHqecKH Ha aceH: ,IJ,nH

He coneHOH,IJ,a co cna,IJ,aiOIUHM MarHHTHLIM 

noneM. BLIBO,IJ, KOnL:u;a H3 nnOCKOCTH $op

MHpOBaHHH OCyi:u;eCTBnHeTCH nyTeM ,IJ,e$op· 

Ma:u;HH H nepeMemeHHH y,D,ep~HBaiOmeH: Mar

HHTHoH: HMbl B HanpaaneHHH, HOpManLHOM 

K Me,IJ,HaHHOH nnOCKOCTH CHCTeMbl, KOTO • 

pLie npoH3BO.IJ.HTCH 3a cqeT myHTHpoaaHHH 

\ 





. , 
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O~HOH H3 nocne~OBaTellLHO COe~HHeHHhlX 

KaTyWeK nocne~HeH CTyneHH C)l(aTHJI H 

yBenHqeHHJI TOKa B HeWyHTHpOBaHHOH K a· 

TyWKe. K MOMeHTY BhlBO~a TOKH B nocne~

HeH CTyneHH C)l(aTHJI H COlleHOH~e 6nH3 KH 

x aMnnHTY~HhlM JHaqeHHJIM . CneuHI}IHqe c

KH pacnpe~eneHHaJI llllOTHOCTb HaMOT KH 

no ~nHHe coneHoH~a o6ecneqHBaeT OTHo

CHTenLHhlH cna~ nonJI Ha 25 -;-300/o co cpe~~ 
HHM rpa~HeHTOM 50 -;-75 3/CM /Ha ypo B· 

He 15 K3/. 
Cor nacHo pacqeTy, B KYTH B03MO)I(Hhl 

~Ba OCHOBHhlX pe)I(HMa BhlBO~a. IlepB hlH 

pe)I(HM COOTBeTCTByeT COBlla~eHHIO aMllllH" 

TY~ MarHHTHhlX nonei nocne~Hei CTyne HH 

I - IV CTYIIeHb CllSTI!JI 

2 - YCKOPIIDit>UI COJieHOH.!I 
co cnanaxmHM n oJieM 

3 - MIIIUeHH 

4 - 4oTOnJISCTKHKa 
( CUIIHnJWITOp ) 

C)l(aTHJI H ycxopHIOll\ero coneHoH~a. IlpH 

3TOM ~ei}JopMaUHJI llOTeHUHallbHOH JIMhl Mar

HHTHOrO llOllJI, y~ep)I(HBaiOll\eH 3lleKTpOHHOe 

KOllbUO, llOllHOCTbiO JaKaHqHBaeTCJI llpH 

CMell\eHHH KOllLUa Ha 6 7 7 CM OT Me~HaH· 
Hoi nnocxocTH. Bo BTopoM pe)I(HMe aM

nnHTy~a MarHHTHoro nonJI coneHoH~a 6onL

we aMnnHTY~hl nonJI nocne~Hei cTyneHH 

C)l(aTHJI, H KOllbUO OCTaeTCJI B llOTeHUHallb" 

HOB JIMe BllllOTb )1;0 MOMeHTa BpeMeHH, 

KOrJJ;a B pe3yllLTaTe cna~a TOKa B 'COlleHOH· 

~e nonJI BhlpaBHHBaiOTCJI. 0cBo6o~eHHe 

KOllbUa OT llOTeHUHanLHOH JIMhl npOHCXO· 

~T TOllbKO Ha paCCTOJIHHH ' 16·17 CM OT 

Me~HaHHOH nnocxocTH. Pe)I(HMhl BLIBo~a 

5 - TOHKOCTeHHHII 
THTaHOBHII CTaKaH 

6 - 30H.Il 

7 - .BaKYYMf!WI KaMepa 

4 

p ac n OJio&eHHe 
MllllleHell Be9 

Puc. 56. Yc•aHoeKa OAA ucc.lleOoeaHUA pe•u.woe eweooa 3AeK•poHHo· uoHHI>IX KOAell e npomomune KYTH . 
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6~nH uccne~oaaH~ c uenLro 3KcnepHMe H

TanLHoro onpe~eneHH.Il ~HanaJoHa HJMep e

HH.Il napaMeTpOB MarHHTHOB CHCTeM~. 

YcmaHoeKa OA.R npoeeoeHU.R uccAeooea
HU.R CXeMaTH'I.feCKH npe~CTaBneHa Ha 

puc. 56. 3oH~ H3 TOHKOB npOBOllOKH 

/~n.ll CHH~eHH.Il B03My~eHHB non.ll/, nep e

MeJ.UaeM~B B~OnL OCH, ~aaan B03MO~HOCTb 
npH B~Ca~Ke Ha Hero 3lleKTpOHHOrO KOllL Ua 

nony'l.faTL KaK 3lleKTpH'I.feCKHe CHrHan~, 

nponopuuoHanLH~e 3ap.11~y KOnLua, TaK H 

TOPMOJHoe HJny'l.feHHe, perHcTpHpyeM oe 

CUHHTHllll.IIUHOHH~M ~eTeKTOpOM. )l;n.11 o n e

paTHBHOrO onpe~eneHH.Il reOMeTpH'I.feCK HX 

napaMeTpOB KOllLUa Ha KOHUe B~BO~HOrO 

naTpy6Ka 6~n yCTaHOBneH CTaKaH C T OH

KHMH CTeHKaMH /0,5 MM/, B~llOnHeHH~MH 
H3 THTaHa. )l;Ho CTaKaHa pacnonaranoc a 

KOHUe yqacTKa nHHeB:Ho cna~aJOJ.Uero n o n.11 

yCKOp.lllO~ero coneHOH~a Ha paCCTO.IIHHH 

77 CM OT Me~HaHHOH nnOCKOCTH. TaKHM 

o6paJoM, 6~n o6ecne'l.feH onepaTHBH~B: ~o

cTyn a o6nacTL ycKopeHH.Il 6e3 HapyweHH.Il 

BaKyyMa. TOHKOe ~HO CTaKaHa, npo3pa'l.fH Oe 

~n.ll B~COK03HepreTH'I.fH~X 3lleKTpOHOB H 

Y -KBaHTOB, ll03BOll.llllO nony'l.faTL aBTOrp a

~~ KOllLUa Ha ~OTOnnaCTHHKe,ycTaHOBneH
HOH Ha ~He CTaKaHa C Hapy~HOH CTOpO ~. 
unH Ha6nro~aTL BHJyanLHo KOnLueaoe cae

'l.feHHe CUHHTHllll.IITOpa, YCTaHOBneHH ro 

BMeCTO ~OTOnnaCTHHKH. 

,f{UHUMUKa 08UJIC€HUJI KOAb~a B~OnL CH 

Z B llOTeHUHanLHOH .liMe B paJH~X pe)KH

MaX B~BO~a HnnrocTpHpyeTC.Il pucyHKOM 57. 
To'l.fKaMH noKaJaH~ MOMeHT~ no.11ane H.ll 

CHrHana TOpM03HOrO y- HJny'l.feHH.Il llpH e

peMeJ.UeHHH JOH~a a~onL ocH Z. liLmo y c

TaHoaneHo, "'TO B nepBOM pe~HMe B~B ~a 

~.II WHpOKOrO ~HanaJOHa H3MeHeHH.Il ll ll.ll 

coneHoH~a, · a cne~oaaTenLHO H paJMep oa 

KOllLUa, OTCYTCTBOBano BllH.IIHHe pe30HaH ca 

"r =1. Ko.JJLUO ycKopgnocL B~onL OCH c o-

z 
(CM) 

20 

16 

12 

8 

6 

4 
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0 100 200 300 400 
t ( MKC) 

Puc. 57. ,4uHaMuKa oeuxeHUJI KOAbija Ha Ha'laAbHOM 
311ane ycKopeHUJI. 

neHoH~a 6e3 nonepe'l.fH~X cMeJ.UeHHB. Bo 

BTOpOM pe~HMe, KOr~a CTapT KOllLUa B 

pe~HM YCKOpeHH.Il npOHCXO~Hn Ha Z = 16 CM, 

Ha6nro~anocL anH.IIHHe peJoHaHca vr = 1 , 
"'TO Tpe6oaano npHH.IITH.Il ~ononHHTenLH~x 

Mep ~n.ll ueHTpHpOBaHH.Il KOllLUa OTHOCH

TenLHO npo~OllLHOH OCH. 

I13MepeHH.Il llOKaJanH B03MO~HOCTL BLI

BO~a H ycKopeHH.Il 3lleKTpOHHO-HOHHOrO 

KOllLUa B WHpOKOM ~HanaJOHe npoMe~y

TO'I.fH~X pe~HMOB C H3MeHeHHeM aenH'I.fHH~ 

llOll.ll H MOMeHTa WYHTHpOBaHH.Il KaTyWeK 

nocne~Heii cTyneHH c~aTH.Il. 

IlapaMeTp~ 3neKTpOHH~X KOneu B 3K-

cnepHMeHTaX DO YCKOpeHHIO HOHOB 

cne~YIOJ.UHMH: 'l.fHCllO 3neKTpOHOB 

6~nH 

Ne = 
=: 3 CM, = /1±0,3/· 10 1 ~pa~HYC KOllLUa R 

nonypaJMep~ Manoro ce'l.feHH.Il a r = a z = 
=0,2~· 0,15 CM, pen.IITHBHCTCKHB ~aKTOp B 

KOHUe C~a TH.Il y =: 40 .. 

Cne~ufPuKa KOAAeKmueHozo ycKopeHU.R 
MHOr03ap.ll~H~X HOHOB JaKniD'I.faeTC.Il B TOM, 
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qTo KOJ1HqecTBO H KOHeqHaB 3HeprHB yc~ 

KOpeHH~X HOHOB BBJ1BIDTCB BenHqHHaMH 

CBB3aHH~MH, npuqeM KOr~a Macca HOHHOB 

KOMllOHeHTbl KOJ1bJ.J;a ~Horo 60J1bllle M a CChi 

:JneKTpOHHOB KOMllOHeHTbl, YMHO)I(eHHO H Ha 

penBTHBHCTCKHB fl>aKTOp y , npOH3Be~eHHe 

KOHeqHOB 3HeprHH Ha KOJ1HqeCTBO H OHOB 

eCTb BeJ1HqHHa llOCTOBHHaB, onpe~enB MaB 

napaMeTpaMH ycxopHTenB. KpoMe Toro, 

3HeprHB HOHOB He MO)I(eT npeBblllla Tb He

KOTOpOB npe~eJ1bHOB BeJ1HqHHbl, onpe~e

J1BeMOB CllOC06HOCTbiD 3J1eKTpOHHOrO K Jib

n;a y~ep)I(HBaTL BHYTPH ce6B HOHbl npH 

yCKOpeHHH. )l;nB Tpex3apB~HbiX HOHOB a Jo

Ta, a HMeHHO TaKHe B OCHOBHOM o 6 pa-

3YIDTCB B 3J1eKTpOHHOM KOJ1bJ.J;e K MOM eH

TY ycxopeHHB, npu yxaJaHHLIX BLillle na

paMeTpax 3J1eKTpOHHOrO KOJ1LJ.J;a npe~eJ1bHO 

~OllyCTHMbiB llpHpOCT 3HeprHH COCTaBn BeT 

-3,0 M3B/HyKA.·M. 

,4A.R onpeoeAeHu.R napaMempoe y c xo

peHHOrO HOHHOrO nyqKa 6biJ1 HCllOJ1b3 BaH 

MeTo~ aKTHBaUHOHHoro aHanuJa. B O)I(H

~aeMoM ~HanaJOHe 3HeprHB HOHOB / Me

Hee 2 M3B/HYKA./ 6Lmo uenecoo6pa 3HO 

HCllOJ1b30BaTL MHllleHH TOJ1bKO H3 ner KHX 

3neMeHTOB. C uenLro nonyqeHHB HHfl>op Ma

UHH OT~eJ1bHO 06 3HeprHH H HHTeHCHB HO" 

CTH ycKopeHHbiX HOHOB HCllOJ1b30BaJ1HCb 

O~HOBpeMeHHO TpH MHllleHH H3 pa3nHq HbiX 

MaTepuanoB (2D , 9 ne , 12 C). ~aroruue 
Ha ycxopeHHLIX HOHax aJoTa B~epHLie p e ax

UHH C pa3J1HqHbiMH noporaMH. 

OcHOBHLie peaxn;HH &a BLI6paHHLIX MH

llleHBX cne~yroruue: 

1/ 14N+ 2D --> 
15 0 + n. 06pa3yiDIJ.J;HHCB 

150 B pe3yJ1LTaTe peaKJ.J;HH H30TOll H M eeT 

~+-aKTHBHOCTb C 3HeprHeB ll03HTpOHa 

1,7 M3B u nepuo~oM nonypacna~a -- 2 MUH. 
llopor peaxuuu cocTaBnBeT 0,5 M3B/HYKA. 

2/ 
14

N+
9 Be .... 1 flr+a+n . H3oTon

18
F H M eeT 

nepuo~ nonypacna~a 1 ,87t~ H ucnycxaeT npu 

pacna~e noJHTpoH c 3HeprueB: 0,6 M 3B. 
llopor peaxuuu - 0,8 M3B/HYKA. 

24 Na HMeeT 

B cneKTpe pacna~a y-nHHHID c 3Heprue:H 

1369 K3B u nepuo~oM nonypacna~a-15 t~ac. 
llopor peaxuuu - 1,4 M3B/HYKA. 

CeqeHHB 3THX peaxuu:H B JaBHCHMOCTH 

OT 3HeprHH HaneTaroruero HoHa xopolllo H3-

BeCTHLI. AHanHJ no6oqHbiX peaxuu:H noxa

Jan, qTO HX BJ1HBHHe Ha OCHOBHble pe3yJIL

TaTbl npeHe6pe)I(HMO Mano. 

TOHKHe MHllleHH HMeJ1H nonepeqHble 

paJMepLI - 20 MM H pacnonaranHcL Ha 

BHyTpeHHeH CTOpOHe ~Ha THTaHOBOrO UH

JIHH~pa, xax 3TO noxaJaHo Ha puc. 56. 
HJMepeHHe aKTHBHOCTH, HaBe~eHHOH B MH

llleHBX, npOH3BO~HJ10Cb C llOMOIJ.J;biD CJ.J;HH

THJ1J1BJ.J;HOHHOrO y -cnexTpoMeTpa. Kpu

CTann ~eTeKTopa, HMeroruu:H paJMepLr no

PB~Ka paJMepoB MHllleHeB:, pa3Meruancx 

BHYTPH THTaHOBOrO CTaKaHa BllJ10THYID K 

Hapy)I(HOB CTeHKe HanpOTHB Bhi6paHHOB MH

llleHH. 3TO ~aBano B03MO)I(HOCTb Henocpe~

CTBeHHO nocne o6nyqeHHB CHapy)I(H, 6e3 

HapyllleHHB BaKyyMa, npOBO~HTb H3MepeHHB 

Ha Ka)I(~OH MHllleHH He3aBHCHMO. Bxna~ 

COCe~HHX MHllleHeH H3- Ja H3MeHeHHB Te

necHoro yrna oxaJancB HecyruecTBeHHLIM. 

34>4JeKTHBHOCTb perHCTpaJ.J;HH ~eTeKTOpa 

6blna npoBepeHa B aHanoruqHhiX ycnoBHBX 

C llOMOIJ.J;biD Kanu6poBaHHbiX cneKTpOMeTpH

qeCKHX pa~HOaKTHBHbiX H30TOllOB H CO

CTaBHJia ~J1H y -KBaHTOB C 3HeprHeH 511 K3B 
~Ba C llOJ10BHHOH npon;eHTa. 

3KcnepuMeHmaAbHO ycmaHoeAeHHa.R 
C6JI3b Me)l(~y 3HeprHeH HOHOB aJOTa H Be

J1HqHHOH BaKyyMa B KaMepe, npH H3MeHe

HHH 3HeprHH OT 0;5 ~0 1,4 M3B/HYKA., 
cornacyeTcH c pacqeTOM. CornacHo on;eH

xaM, COBna~aiDIJ.J;HM ~JIH pa3J1HqHbiX MHllle

HeH C xopollleH TOqHOCTLID, HH)I(HHe rpaHH

Ubi HHTeHCHBHOCTH HOHOB COCTaBJ1HIDT 

/5±1/ -10
1 ~OHOB B UHKJ1e. 

Ha puc. SB.npHBe~eHLI peJynLTaTLI HJ

MepeHHH aKTHBHOCTH MHllleHH H3 ~eHTepHH 

npH pa3JIHqHbiX 3HaqeHHBX BaKyyMa B Ka-
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Puc . 58. 3a8UCUMOC/IIb QKIIIU8HOCIIIU MUIUeHU U3 Oe iime· 
pu.11 0111 oaeAeHU.II za308biX cMeceii. 

Mepe. llony'leHHaJI 3aBHCHMOCTb HHTe p

npeTHpyeTCJI cne)l.yiOil(HM o6pa3oM. llpu 

O'leHb ManLIX 3arpy3KaX 3neKTpOHH ro 

KOllLU:a HOHaMH /BaKyyM 2·10 - 8 Topj H OHbl 

He y)l.ep)I(HBaiOTCJI 3neKTpH'IeCKHM non eM 

KOllbU:a H He 3aXBaTbiBaiOTCJI B pe)I(HM y c· 

KopeHHH. llpu )l.aaneHHH -3 ·10-8 Top n p o

HCXO)l.HT OflTHManbHOe yCKOpeHHe. ~anee, 

C yaenH'IeHHeM 'IHCna YCKOpeHHbiX HOH OB 

COOTBeTCTBeHHO na)l.aeT HX 3HeprHH. 

YMeHbllieHHe 3HeprHH HOHOB 3Ha'IHTen HO 

CHllbHee BllHHeT Ha BhiXO)l. peaKU:HH B M H· 

rneHH, fl03TOMY aKTHBHOCTb MHllieHH, H e· 

CMOTp.ll Ha yaenH'IeHHe 'IHCna HOHOB, n a

)l.aeT. 11, HaKOHeU:, npH )l.aBneHHH B KaM e pe 

9·10-S Top 3HeprHH HOHOB CTaHOBHTCJI HH

)I(e noporoao:H )l.nH )l.aHHOH peaKU:HH. 

TaKoe npe,ll.CTaaneHHe Tpe6oaano n p o

aepKH, TaK KaK OTCYTCTBHe BbiXO)l.a pea K· 

U:HH B MHllieHH MO)I(HO fiLinO 06'bJICHHTb H 

TeM, 'ITO npH HH3KOM 3Ha'leHHH BaKyy Ma 

3a C'leT 6onLrnoro qucna HOHOB a Konh u:e 

MO)I(eT npOHCXO)l.HTb 3apH,ll.OBaH HeHTpan H· 

3aU:HH H HapyrnaTLCH ycnoaue ycTOH'IHa o

CTH .ll.BYXKOMflOHeHTHOrO KOllbU:a. llpH 3TOM 

MO)I(HO He Ha6nro)l.aTb yCKOpeHHJI B0061l(e. 

llo)l.o6HaH npoaepKa 6Lma npoae)l.e Ha 
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nyTeM qaCTH'IHOH 3arpy3KH KOllhU:a HOHaMH 

C MeHblliHM OTHOllieHHeM 3apH)l.a K Macce. 

Y CKOpHnHCb HOHbl a30Ta C )l.06aaneHHeM 

HOHOB 40 Ar H 129Xe, y KOTOpbiX OTHOWe· 

HHH Z / A COOTBeTCTBeHHO paBHbl 1/7 H 

1/10. 3aBHCHMOCTH BbiXO)l.a peaKU:HH OT 

cyMMapHoro )l.aaneHHH 3THX ra30B npe)l.

CTaaneHhl Ha puc. 58. YMeHLWeHHe )l.aane

HHH, COOTBeTCTBYIOil(HX noporOBOH 3Hep

rHH, HaXO)l.HTCJI B cornaCHH C MaCCOBblMH 

'IHCnaMH )l.OfiaBOK. 

113 3THX 3aBHCHMOCTeH TaK*e cne)l.yeT, 

'ITO HOHhl aprOHa H KCeHOHa YCKOPHIOTCJI 

COBMeCTHO C KOllbU:OM. 11 )l.eHCTBHTenLHO, 

fiLinO, B 'laCTHOCTH, 3aperHCTpHpOBaHO y -
H3ny'leHHe c 3Heprue:H 1293 K3B, KOTopoe 

COOTBeTCTBOBano
41 Ar, nonyqaarneMyCH B 

peaKU:HH 
40Ar -> 2 D -> 41Ar +P. llo OU:eHKaM, 

HHTeHCHBHOCTb HOHOB aprOHa COCTaBnHeT 

-2·1011 uoH08/~UKA, 'ITO COOTBeTCTByeT 

napu:uanLHOMY )l.aaneHHIO !l.proHa B KaMepe. 

Pa6oTbi 

no co3.n;amno 

60JibliiHX 

nponopQHOHaJibHhlX 

KaMep 

Pa3pa6oTaH KOOp)l.HHaTHhiH )l.eTeKTop -

6onLrnaH nponopu:uoHanLHaH KaMepa opuru

HanbHOH KOHCTPYKU:HH C nnoll(a)l.LIO 

/3x1 ,5/ M ~KaMepa HMeeT 704 CHrHanLHhle 

npoaono'IKH, HaTHHYTLie c rnaroM 2 MM, 

Me)l(3lleKTpO)l.HbiH 3a30p 7 MM, nonHyiO 

TOllll(HHY no ny'IKY 54 MM /0,64 z/cM2j. 
CaMono)l.)l.ep)I(HBaroll(aH npocTaH KOHCTpyK

U:HH o6ecne'IHBaeT H)l.eHTH'IHOCTb OT)l.enL

HbiX KaMep, 'ITO )l.Oll)I(HO fl03BOllHTb Ha)l.e)l( • 

HO onepupoaaTL c yHHKanLHhiM cneKTpo

MeTpoM C 061l(HM 'IHCllOM CHrHanbHbiX npo

BOllO'IeK 6onee 100 000. Koop)l.HHaTHhiH 
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AeTeKTop BblCOK03cWleKTHBHO perHcTpu

pyeT CJia60HOHH3HPYIOD.\He "laCTHUbl npH 3a

rpy3Ke 107 'laCTHU Ha KaMepy B CeKY HAY 

H HMeeT BblCOKOe BpeMeHHOe pa3peme HHe 

/MeHee 50 HC/, 'ITO D03BOJIJieT H36Hpa

TeJibHO H3y"laTb peAKHe C06blTHJI B y c no

BHJIX HHTeHCHBHOrO 4JoHa. 

KoMnneKCHble uccneAOBaHHJI H H3Me pe

HHJI cPH3H"leCKHX xapaKTepHCTHK 3THX KaM ep 

npoBeAeHbl Ha aBTOMaTH3HpOBaHHOM CT~HAe 

C DOMOIUbiO paAiiOaKTHBHblX HCTO'IHHK OB. 

IJOTOK 3JieKTpOHOB MOHHTOpHpOBaJICJI Te-

necKonoM H3 'leTblpex MaJiblX nponopu uo

HaJILHblX KaMep H CUHHTHJIJIJIUHOHHOrO C'leT

'IHKa. YnpasneHHe CKaHuposaHHeM ny"'Ka 

MOHHTOpHOH CHCTeMbl H H3MeHeHHeM pe)I(H

MOB pa60Tbl KaMepbl OCYIUeCTBJIJIJIOCb C 

/puc. 60/. He3cWleKTHBHOCTL KaMepbl 

BDJIOTb AO 3arpy30K 10
6

'1aCTHU Ha KaHaJI 

B CeKYHAY JIHHeHHO 3aBHCHT OT BeJIH'IHHbl 

3arpy3KH H COCTaBJIJieT 1~ npH 3arpy3Ke 

10~"laCTHU Ha KaHaJI B CeKYHAY· 

fipOCTOTa H TeXHOJIOrH'IHOCTb KOHCT

PYKUHH 60JibillHX KaMep D03BOJIHJia B KO

pOTKHH cpoK, BnepBble AJIJI HHCTHTYTOB 

CTpaH-y'laCTHHU OlUUf, C03AaTL Hay'IHO

MeTOAH"lecKyro 6a3y AJIJI HX cepHHHOro H3-

rOTOBJieHHJI. KoMnJieKc TexHonoruqecKoii 

( ,_% 
( ;::: 99,6% 

noMOIULIO 3 B M HP-2116 I3 . P e 3YJIL T a Tbl 80 +----Jf------L..---+-------_, 
HCCJieAOBaHHH C HaDOJIHeHHeM KaMep " M a

rH"leCKOH" ra30BOH CMeCLIO DOKa3aJIH, 'ITO 

napaMeTpbl KaMepbl JIBJIJIIOTCJI OAHHMH H3 60+-......._---+-----+--=:..-------t 
JIY'IillHX cpeAH AeTeKTOpOB TaKoro KJiac ca. 

CpeAH ocHOBHblx xapaKTepHCTHK npo

nopuuoHaJILHblX KaMep HY)I(HO OTMeTH Tb, 

'ITO DJiaTO 34J~eKTHBHOCTH DO HanpJI)I(eHHIO 

AOCTHraeT 800 B npH cpeAHeH HHTeHCHB

HOCTH WyMa B KOHUe DJiaTO -13 F!1/HU1/Ib 

/puc. 59/, npH 3TOM BeJIH'IHHa "TeMHOBOr o" 

ToKa He npesblmaeT 0,5 MKA. BpeMeHH oe 

pa3pemeHHe KaMepbl COCTaBJIJieT 30 HC 

£,% n w , 
fu/H 11 Tb 100 .--------:::w;~Oo-oo-9--o--o-; 

80 

40~~-~---+---~20 

20 ~ 

4,0 4,5 5,0 U, KB 

Puc. 59. 3aeucu.wocmb 31/HjeKmueHocmu f u cpeo Heii 
UHifleHCU6HOCifiU IUYMQ ll liJ Olfl Hanp.ll.liCeHU.II HQ 3Ae Km· 
pooax. 

40~~-T--+-~-4--r-~-T~r-~ 

0 50 100 

r =30 HC. 
CTp.MHH 

T HC 
CTp, 

Puc. 60. 3aeucu.woclllb 31/HPeK/IIueHoc•u £ 0111 OAUIIIeAb· 
HOCIIIU Clllpo6upy10UieZO UMnyAbCa, 6 /lle'ieHUe KO/IIopo• 
ZO C'IU/IIbl6QelfiC.II UHI/JOpMOJ4U.II C np060AO'ieK. 

OCHaCTKH H cneuHaJibHOrO 060PYAOBaHHJI 

H3roTOBJieH cosMecTHO c OnbiTHblM npouJ

BOACTBOM OH.HH. TexHonorH'IeCKHH UHKJI 

BKJIIO'IaeT H3rOTOBJieHHe KaMep, npOMe)l(y

TO"'Hble HCDblTaHHJI H H3MepeHHJI, a TaK)I(e 

HCCJieAOBaHHe KaMep Ha DY"'Ke 3JieKTpOHOB. 

B 1977 rOAY JasepmeHo HJroTOBJieHue, 

HCDblTaHHe H H3MepeHHe xapaKTepHCTHK 

39 nponOpUHOHaJibHblX KaMep H AOCTHrHyT 

pHTM H3rOTOBJieHHJI 3 KaMepbl B HeAeJIIO. 

Co3AaHHaJI Hay"'Ho-MeTOAH'IeCKaJI 6a3a 

MO)I(eT CJiy)I(HTb OCHOBOH AJIJI C03AaHHJI 

KpynHblX 3KCDep~MeHTaJILHblX ycTaHOBOK 

AJIJI cPH3H'IeCKHX HCCJieAOBaHHH. 





/Ipot/JUAOKIIIU'I€CKQJI pa601110 
Ha ZOAOBHOU 'IQCIIIU CH
JIYH,4a UHJICeKmopa 
3AeKmpoHoe YTH. 

Aozeaamop YTH cezoOHJI. 
Ha nepeoHeM nAaHe cnpa
ea - mpy6a opeu(Ja u KaMepa 
OHQAU3Q YCKOpeHHbiX UO· 
HOB. 

HOBbiU Z€Hepa1110p UHt/JAeK· 
111opa aozeaa111opa YTH. 

... 



liOOZ011106Ka pe30H01110PHO
MOOYAbHOU CUC1/IeMbl K 3K
cnepuMeH1/IOM 6 "KOAbl#e-
111pOHe". 

MoHmax cucmeMbJ 6bJcmpo
zo noAJI 6 H060M aoze3amo
pe MOOeAU KOAAeK111U6HOZO 
ycKopumeAJI. 

Hacmpau6a10mc.11 3AeKllpoH
Hble 6AOKU npei#U3UOHHOZO 
y- cneKmpoMempa OAJI ou
azHocmuKu npo11ecca uoHu-
30I#UU amoMo6 6 3AeKmpoH
HOM KOAbl#e. 
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OT~eJI 
(,.) 

pa~HaiJ;HOHHOH 

6e30TiaCHOCTH 

11 pa~11aiJ;110HHbiX 
(,.) 

11CCJI8~0BaH11H 

j(03U.Memput.teCKUU KOHmpO/Ib pa,n:Ha-

UHOHHOH o6cTaHOBKH coTpy,n:HHKH oT,n:ena 

BLillOnHBnH B6nH3H ,n:eHCTBYIOIUHX yCKOpH

Teneii, HMnynLCHoro peaKTopa HE P- 30 
H B llOMell.{eHHBX, r,n:e npOBO.D:BTCB pa60TLI 

C OTKpLITLIMH pa,n:HOaKTHBHLIMH Bell.{eCT

BaMH H aMnynHpOBaHHLIMH HCTO'IHHKaMH 

HOHH3HPYIOIUHX H3nyqeHHH. PeJynLTaTLI 

KOHTpOnB, 3a~HKCHpOBaHHLie 6onee 'leM B 

TLICB'Ie H3MepeHHH ypOBHeH H3nyqeHHH, 

noJaonHnH opraHH30BaTL 6eJonacHyJO pa-

6oTy nepcoHana. 

Oco6oe BliHMaHHe 6Lmo y,n:eneHo ,n:oJH

MeTpH'IeCKOMY KOHTpOniO npH npoae,n:eHHH 

pa60T, CBB3aHHLIX C no,n:rOTOBKOH H ~H3H

qeCKHM nycKoM peaKTopa HE P- 2, a TaK)I(e 

C BBO.D:HMLIM B 3KCnnyaTaUHIO HOBLIM 3KCne

pHMeHTanLHLIM KOpnycoM JIB3. 

BLinonHeH 3Ha'IHTenLHLIH o6'heM MOH

Ta)I(HLIX H Hana,n:O'IHLIX ""Pa60T no CHCTeMe 

CTaUHOHapHOrO .D:03HMeTpH'IeCKOrO KOHT

ponB HE P- 2. BHe,n:peHLI a npaKTHKY HOBLie 

Cpe,n:CTBa KOHTpOnB Jl:03 H3nyqeHHH Ha oc

HOBe aKTHBaUHOHHLIX, TpeKOBLIX H TepMO

nJOMHHeCUeHTHLIX ,n:eTeKTOpOB. 

H3MepeHHB KOHUeHTpaUHH pa,n:HoaKTHB

HLIX aemecTB B aoJ,n:yxe pa6o'IHX noMeme

HHii H c6pacLIBaeMLIX ao,n:ax noKa3anH, 

'ITO cpe,n:Hero,n:oaLie HX aenH'IHHLI He npe

BLilllaJOT ,n:onycTHMLIX ypoaHeii. KoHueH

TpaUHH pa,n:HOaKTHBHLIX Bell.{eCTB B OKpy

)l(aJOII.{eH OHRH cpe,n:e 6nH3KH K MHHHManL

HLIM. 

HHTerpanLHLIH KOHTpOnL .D:03LI OCHOB

HLIX BH.D:OB H3nyqeHHB, npOBO.D:HMLIH Ha rpa

HHUaX KOHTpOnHpyeMLIX 30H 6a30BLIX yc

TaHOBOK HHCTHTyTa, ll03BOnHn o6ecne~HTL 

OllTHManLHOe BpeMB HX pa60TLI C yqeTOM 

B03MO)I(HOCTH BhlllOnHeHHB CTpOHTenLHbiX 

pa60T B6nH3H KOpnyCOB 3THX ycTaHOBOK. 

K KOHUY 1977 ro,n:a ua HH.D:HBH,n:yanL

HOM .D:03HMeTpH'IeCKOM KOHTpone HaXO,n:H-
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JIOCb 2112 COTpy,D;HHKOB. 11x rpynnoBaH ,no- · 

3a COCTaBHJia 728,4 63p, npH'IeM y 93 ,8<1o 
KOHTpOJIHpyeMOrO nepCOHaJia HH,D;HBH.n;ya b

HaH ,D;03a 06Jiy'leHHH 3a ro,n; COCTaBH Jia 

BeJIH'IHHY MeHee 1,5 63p. 

Hay•mo- Memoou'lecKue pa6ombl npoa o'" 

.n;HJIHCb C :o;eJiblO HCCJie,D;OBaHHH xapaKT e

pHCTHK llOJieH H3Jiy'leHHH x.n;epHO-~H3H'Ie c

KHX ycTaHOBOK H npOBepKH a,n;eKBaTHOC TH 

llOKa3aHHH ,n;eTeKTOpOB H3Jiy'leHHH 3KB H

BaJieHTHOH ,D;03e H cneKTpy 'laCTHU B 3 T HX 

llOJIHX. IJoJiy'leHbi HOBbie ,n;aHHbie 06 3He p

reTH'IeCKOM pacnpe.n;eneHHH ~JIIOeHca H .no-

3LI HeHTpOHOB Ha 60JiblliHX paCCTOHHH HX 
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OT YCKOpHTeJieH npOTOHOB Ha BbiCOKHe 

3HeprHH. Ha ocHOBe 3THX .n;aHHbiX yToq

HeHa CTeneHb o6nyqeHHH HeHTpOHaMH nep

COHaJia H OT,D;eJibHbiX JIHU H3 HaCeJieHHH. 

YcTaHOBJieHa a.n;eKBaTHOCTL noKa3aHHH HH

.n;uau.n;yaJILHbiX ,D;03HMeTpOB HeHTpOHOB HaH-

6onee BepOHTHOH 3KBHBaJieHTHOH ,D;03e B 

pacceHHHbiX llOJIHX HeHTpOHOB 111iP- 30 H 

UHKJIOTpOHOB JUIP. 

Haqa Tbl uccne.n;oaaHHH .n;u~~epeH:o;HaJIL

HbiX xapaKTepHCTHK llOJIH npOTOHOB 3a 6e

TOHHOH 3alllHTOH CHHXPOUHKJIOTpOHa Ha 

3HeprHIO 680 M3B. 113MepeHLI yrnoBble 

pacnpe.n;eneHHH ~JIIOeHca npoTOHOB BbiCO

KOH 3Hepruu, BbiXO.n;HillHX H3 JawHTbi npu 

na.n;eHHH Ha Hee npoTOHHoro nyqKa, BLIBe

.n;eHHoro H3 ycKopuTenx. 



L(eHmpaAbHbiU 003UMempu'leCKUU nyAbm, HQ KOmopbiU 
nocmynaem uHtjopMaijuJI om ecex oam<tuKoe paoua ijuow 
HOZO KOHmpOAJI peaKmOpa. . 

\ 
.......... \ 
••••• 4 •••• ........... .••....... .. . . 

.. .. 
6t t6 .... 

Ilpu npoeeoeHuu tju3u<tec
Kozo nycKa peaKmopa 
HiiP-2 6oAbwoe eHuMaHue 
yoeAJIAOCb 003UMempU'IeC
KOMY KOHmpOAIO. Ha CHUM
KQX: noozomoeKa K U3Mepe
HUIO paOUQijUOHHbiX xapaK
mepucmuK ny'IKa HeumpoHoe 
peaKmopa. 

Co3oaHa cucmeMa Henpe
Pbi6Hozo KOHmpoAJI paouo
aKmueHocmu eo3oyxa, 6bl-
6pacbleaeMozo e amMoctje
py, a maKJICe e pa6o<tux no
MellleHUJIX peaKmopa. Ha 
CHUMKe: oam'IUKU 3QZpJI3-
HeHUJI 6030YWHOU cpeObl. 



lloeepot~HaJI ycmaHoeKa c Kaccema,wu HtlJK. 

KOHIIIpOAb cmeneHU ZQMMQ· 06Ay'leHUJI compyOHUK06 
HHcmumyma npoeooumc.11 c noMOfl#biO noeepot~HbiX yc
maHoeoK zaMMa- oo3uMempoe. Ha CHUMKe: noeepot~· 
HaJI ycmaHoeKa oo3UMempoe c npu6opoM llMP-1. 

CmeHo OAJI KaAu6poeKu Kaccem HtlJK. 
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PyKOBO.QHIIJ:He 
H KOHCYRbTaTHBHwe 
~pr~Hbi 

Me)K.QyHapo.QHbie 
CBH3H 
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~e.HT8JlbHOCTb 

PYKOBO,IJ;.H~HX 

• 

H KOHCYJihTaTHBHwx 
opraHOB 

X Ll ceccu.R Y'leHozo coaema 06'be
~HHeHHOrO HHCTHTyTa H~epHhlX HCCne~o

B8HHH COCTOHnaCL 11-14 HHBapH 1977 ro~a. 
llneHw Y'leHoro coaeTa Jacnywanu ~oK
na~ o awnonHeHHH peweHHil XXXIX H XL 
ceccuH:, OT'IeTw o HayqHo-uccne~oaaTenL
CKoil ~eHTenbHOCTH na6opaTOpHH B 1977 ro
~y, HH<ilOpMaiJ;HIO 0 peweHHHX yqeHbiX CO
BeTOB no TeopeTH'IeCKOH <ilH3HKe, <ilH3HKe 
BbiCOKHX H HH3KHX 3HeprHH, 0 Me)K~yHa
pO~HOM coTpy~HH'IeCTBe H CBH3HX OI1JHI 
B 1976 ro~y H nnaHax Ha 1977 ro~, o Ka~
pax Cneu;HanHCTOB H3 CTpaH-y'laCTHHIJ;. 

Y'leHLIH co BeT yTaep~Hn npo6neMHO
TeMaTH'IeCKHH nnaH Hay'IHO-HCCne~OBa

TenbCKHX pa60T H Me)K~yHapO~HOrO H8Y'IHO
TexHH'IecKoro coTpy~HH'IeCTBa OI1JII1 Ha 
1977 ro~. CoaeT onpe~enun rnaBHhle Ja
~aqu I1HCTHTyTa Ha 3TOT ro~, B 'IHCne 
KOTOphlX - pa60Thl no C03~8HHIO KpynHhlX 
6a30BbiX ycTaHOBOK: • <ilH3H'IeCKHH nyCK 
116 P- 2 H no~roTOBKa K ero JHepreTH'Iec
KOMY nycKy, coopy)KeHHe n;HKnoTpoua 
Y-400. 

Ha ceccuu 6Lm paccMoTpeu H o~o6peu 
rpa<PHK COOpy)KeHHH 06'beKTOB I1HCTHTyTa 
ua 197 6- 1980 ro~LI, JacnywaHLI uu<Pop
MaiJ;HH ~HpeKIJ;HH 0 pa6oTe no no~rOTOBKe 
npoeKTa nepcneKTHBHoro nnaua pa3BHTHH 
OCHOBHhlX uay'IHhlX HanpaaneHHH 0I1JII1 Ha 
1981-1990 ro~w. a TaK)Ke ~oKna~LI o uayq
HLIX HTOrax Me)K~yHapo~HOH KOH<ilepeHIJ;HH 
no H36paHHhlM aonpocaM cTpyKTypw H~pa 
B ~y6He H pa3pa60TKe YCKOpHTenLHO-ua
KOnHTenbHOrO KOMnneKca I1cl>B3, npe~no
)KeHHe I1A3 HM. I1.B.KypqaTOBa 0 C03~a
HHH YCKOpHTenLHOrO KOMnneKCa TH)KenbiX 
HOHOB. 

CocToHnHCb BLI6opbi ua ~On)KHOCTH ~H
peKTopoB H 3aMeCTHTeneil ~HpeKTOpOB na-
6opaTOpHH I1HCTHTyTa. 

KoMumem IloAHOMO'IHbiX Ilpeocmaaume
Aeu ua coaewaHHH 8-9 <PeapanH 1977 ro~a 
0~06pHn pa60Ty I1HCTHTyTa no BblllOnHeHHIO 
nnaua uayquo-uccne~oaaTenLCKHX pa6oT 
H Me)K~yuapo~Horo COTpy~HH'IeCTBa B 



.. 

1976 ro.n;y, perneHHH XL H XLI ce c cHB: 
YqeHoro coseTa no pe3yJILTaTaM Hayq
HhlX HCCJie,D;OBaHHH Jia6opaTOpHH, YTBep,D;HJI 
nJiaH HayqHo-HCCJie,D;OBaTeJibCKHX pa6 T H 
Me)I(,D;yHapO,D;HOrO COTpy,D;HHqeCTBa Ha 
1977 ro.n; H onpe,n;eJIHJI rnaBHLie 3a,n;aqH 
Ha 3TOT ro,n;. 

KoMHTeT yTsep,n;HJI rpa~HKH coopy)l(e
HHH o6'heKTOB OIUIH Ha 1976-1980 r o.n;i>I 
H ~HHaHCHposaHHH 3THX pa6oT. O.n;o6peHhl 
MeponpHHTHH ,D;HpeK~HH no no,n;rOTOBKe n ep
cneKTHBHOrO nJiaHa pa3BHTHH HayqHhlX Ha
npasneHHH OH.HH .n;o 1990 ro.n;a. ,[J;Hpe K~HH . 

HHCTHTyTa nopyqeHO npHHHTb Mephl no 
pa3BHTHIO B OH.HH pa6oT, CBH3aHHLI X c 
npoeKTHposaHHeM ycKopHTeJILHO-HaK nH
TeJILHoro KOMnJieKCa H<I>B3 H YCKOpHT Jib
HOrO KOMnJieKca TH)I(eJibiX HOHOB. 

KoMHTeT IIonHoMoqHLIX IIpe.n;cTaB Te
JieH YTBep,D;HJI npe,n;cTaBJieHHhlH ,D;HpeK~HeH 

HHCTHTyTa OTqeT 06 HCnOJIHeHHH 6JO,D;)I(eTa 
3a 197 5 ro,n; H npOTOKOJI <I>HHaHCOBOrO KO
MHTeTa OT 17-18 HOH6pH 1976 ro,n;a, npH
HHJI K cse,n;eHHIO coo6meHHe ,n;HpeK~HH OH .HH 
06 HCnOJIHeHHH 6JO,D;)I(eTa 3a 1976 ro.n;, YT
sep,n;HJI 6JO,n;)l(eT H nnaH KanHTaJILHoro 
CTpOHTeJibCTBa Ha 1977 ro,n;. 

XLII ceccuJI Y<~eHozo coeema / 14-
16 HIOHH 1977 ro.n;a/ paCCMOTpena npoeKT 
npo6neMHo-TeMaTHqecKoro nnaHaHayqHo
Hccne.n;osaTeJILCKHX pa6oT H Me)l(,n;yHap o.n;
Horo HayqHO-TeXHHqeCKOrO COTpy,D;HH
qecTBa Jia6opaTOpHH HHCTHTyTa Ha 
1978 ro,n;, perneHHH yqeHbiX COBeTOB no 
~H3HKe BhlCOKHX H HH3KHX 3HeprHH H HH
~OpMa~HIO o xo.n;e pa6oT no npoeKTHpoaa
HHIO YHK H YKTH. 

Ha ceccHH c ,n;oKna.n;aMH BLICTyn HJIH 
aKa.n;eMHK K.naHHyc - "HeKoTophle Hayq
Hhle H TexHHqecKHe pa6oTLI H<I>B3 AH · 
r,[J;P", npo~eccop E.KIOH- "063oppa6oT 
no H,D;epHOH ~H3HKe H ~H3HKe TBep,n;oro 
Tena U.H.Hll", npo~eccop IO.,[J;y6HHCKH -
"0 pa6oTe H3<1> CAH". 

CoseT yTsep.n;HJI perneHHe )I(IOpH o npH-
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cy)l(,n;eHHH npeMHH OH.HH 3a nyqrnHe pa6o
Thl, BhlnOJIHeHHbie B 1976 ro,n;y. 

XI ceccuJI Y<~eHozo coeema no meope
mu<~ecKou (Ju3uKe /7-9 .n;eKa6pH/ no.n;aena 
HTOr HayqHOH H HayqHo-opraHH3a~HOHHOH 
.n;eHTeJibHOCTH na6opaTOpHH TeopeTHqec
KOH ~H3HKH OH.HH 3a 1977 ro.n; H yTsep
,D;HJia nnaHhl HayqHoB: pa6oThl H Me)l(.n;yHapo.n;
Horo COTpy.n;HHqecTBa nT<I> OH.HH Ha 
1978 ro.n; . 

qJieHLI CoaeTa 3acnyrnanH oTqeThl o 
BhlnOJIHeHHH perneHHH X ceccHH CoaeTa, 
yqacTHH TeopeTHKOB OH.HH a Me)l(.n;yHa
pO,D;HhlX KOH~epeH~HHX, CHMn03HyMaX, lliKO
JiaX, ceMHHapax H HaMeTHJIH HayqHo-opra
HH3a~HOHHhle MeponpHHTHH Ha 1978 ro,n;. 

YqeHbiH COBeT OTMeTHJI 60JiblliHe ,n;o
CTH)I(eHHH B pa3pa60TKe aKTyaJibHbiX npo6-
JieM aTOMHOrO H,D;pa H KOH,D;eHCHpOBaHHhlX 
cocTOHHHH. ELmo 3acnyrnaHo coo6meHHe 
o xo.n;e pa6oT no co3,n;aiPHro npoeKTa ycKo
PHTeJILHo-HaKonHTeJILHoro KOMnJieKCa 
H<I>B3. 

Y<~eHbiU coeem no (Ju3uKe 8biCOKUX 3Hep
zuu B 1977 ro.n;y 3ace.n;an .n;sa)I(,D;LI. Ha 
XXIV ceccHH /17-19 MaH/ 6hlJIH 3acny

rnaHLI .n;oKna.n; o BLIITOJIHeHHH perneHHH XXI I I 
ceccHH YqeHoro coaeTa H HH~OpMa~HH 
o perneHHHx XLI ceccHH YqeHoro co
seTa OH.HH, oTqeTLI o .n;eHTeJILHOCTH cne
~HaJIH3HpOBaHHhlX KOMHTeTOB, HH~OpMa~HH 
o coTpy,n;HHqecTBe OH.HH c H<I>B3 H 3Kcne
PHMeHTaX, BhlnOJIHHeMhlX Ha cepnyXOBCKOM 
YCKOpHTeJie, no.n;rOTOBKe MeTO,D;HKH ycTa
HOBJieHHH npHopHTeTHOCTH 3KCnepHMeHTOB, 
npoao,n;HMhlX a OH.HH. 

06Cy)I(,D;aJIHCb H3MeHeHHH B TeMaTHqec
KHX nJiaHaX HayqHO- HCCJie,D;OBa TeJibCKHX pa-
6oT Jia6opaTOpHH BbiCOKHX 3HeprHH, H,D;ep

HhlX npo6JieM, BbJqHCJIHTeJibHOH TeXHHKH 
H aBTOMaTH3a~HH. 

PaccMoTpeHhl aonpochl HayqHoB: npo
rpaMMLI H COCTOHHHH ,D;eJI no COBMeCTHO
MY MIOOHHOMY 3KcnepHMeHTY OH.HH- U.E PH, 
o6 ycKopeHHH H,n;ep yrnepo.n;a, a3oTa, KHc-
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nopo,na H HeOHa Ha CHHXpocilaJOTpOHe 0J.1.Hlf 
C noMO~blO HCTO'IHHKa "KpHOH", pa6oTaX 
no Hccne.noaaHHIO npoueccoa c 6onLWHMH 
nepe,naHHbiMH HMnynhCaMH, o6pa60TKe 
cilHnhMOBOH HHcilopMaUHH B JIB T A H p.a.n 
,npyrHX. 

Ha XXV ceccHH /22-25 uo.a6p.a/ 6LmH 
npe,ncraaneHhl OT'IeThl o BhmonneHHH uayq
uo-Hccne.noaarenLCKHX pa6or B 1977 r o.ny 
H B CB.H3H C 3THM p.a,n ,!l;OKna,noB: "IlnaH 
HCnOnh30BaHH.H H pa3BHTH.H npOCMOTp BO
H3MepHTenbHOrO ueurpa JIB T A B rexy~eM 
n.HTHneTHH", "06 HCCne,noBaHHH P P- B3aH
Mo.neiicTBHH npH HMnynLce 23 F3B /c", 

"0 pa6oTaX no nOBbiWeHHIO HHTeHCHBHO
CTH ny'IKOB nerKHX .a,nep Ha CHHXpocila Jo
TpOHe", "0 HOBOM pe)I(HMe pa60Thl npoao
nO'IHhiX KaMep H pa6oTe JIJIIl no C03,!l;aHHIO 
.npeH:clloBhiX KaMep 6onLworo paJMepa " 
"MaTeMaTH'IeCKOe o6ecne'leHHe CHCTeMbl 
HJMepeHH.H CHHMKOB c MHC OHRH ua HPD" 
H ,np. bhlnH BHeCeHhl HeKOTOpble H3MeHeHH.H 
B nnaHhl Hccne.noaarenLcKHX pa6or ua 
1978 ro.n. 

Coaer o.no6pHn .ne.arenLHOCTh cneuHa
nH3HpoaaHHhiX KOMHTeTOB, o6cy,nHn CO
cro.auHe .nen no pa3pa6orxe npoexroa yc
KopHrenLHoro KOMnneKCa T .H)I(enbiX HOHOB 
OHRH H ycxopHrenLHO- uaxonHrenLHoro 
KOMnnexca H<I>B3, nnau Me)l(.nynapo.nn oro 
corpy,nHH'Iecraa OHRH no cilHJHKe BhiCOKHX 
:meprHH: ua 1978 ro.n. 

KoMHTeThl, Jace.nanH.a KOTOphiX npoxo
,nHnH 12-14 anpen.H H 18-20 OKT .H6p.H, 
paCCMaTpHBanH npoeKTbl HOBhiX 3KCnepH
MeHTOB, OT'IeTbl no npoeKTaM, BOnpOChl, 
CB.H3aHHhle c opraHHJauHeH: corpy,nHH'Iecr
aa OHRH H HHCTHTYTOB crpan-y'laCTHHU. 

KaMepHbiU KOMumem paccMorpen nna
Hhl HCnOnh30BaHH.H npOCMOTpOBOrO H H3-
MepHTenbHOrO o6opy,noBaHH.H B TeKy iUeM 
n.HTHneTHH, Jacnywan OT'IeT 0 BhlnOnHeHHH 
nnaHa o6pa60TKH cilHnbMOBOH HHcilOpMaUHH 
B 1977 ro.ny. Ha Jace.nanH.ax KOMHTera 
o6cy)I()J;anoch cocro.anHe nporpaMM o6-
pa6oTKH cilHnhMOBOH HHcilopMaUHH, p.H,!l; Me-

TO,!l;H'IeCKHX BOnpOCOB, CB.H3aHHhiX C 3KCn
nyaTaUHeH HPD. .bLmH Jacnywanbl .noxna
,!l;hi 0 COCTO.HHHH ,nen Ha KpynHhiX TpeKOBbiX 
ycrauoaxax OHRH: .nayxMerpoaoH: npo
nauoaoH: KaMepe, KaMepe "JIIO,nMHna", 
MHC, PHCK H .np. 

KoMHTer no JnexrpoHHhiM JKcnepH
MeHTaM, B p.a.ne cnyqaea coaMecruo c Ka
MepHhiM H <I>OT03MynhCHOHHhiM KOMHTeTa
MH, OCYIUeCTBn.Hn 3KCnepTH3Y HOBbiX npoeK
TOB. 

KoMHTeT Jacnywan p.a.n .noxna.noa o 
no,nrOTOBKe H XO,ne JneKTpOHHbiX 3KCnepH
Menroa ua ycrauoaxax: NA-4 , .bHC- 2, 
")l;HCK", "rHnepoH", "Il03HTpOHHH" H ,npy
rHX. 

f/>OT/l03MY/IbCUOHHbiU KOMUTileT/l 06Cy)l(,nan 
COCTO.HHHe ,nen C npOH3BO,!l;CTBOM .a,nepHbiX 
cilOT03MynhCHH H cneuHanhHbiX MHKpOCKO
noB, Jacnywan .noxna,nhl o cocro.HHHH .nen 
no no,nrOTOBKe HeHTpHHHOrO 3KCnepHMeH
Ta, 06 HCCne,noBaHH.HX B3aHMO,!l;eHCTBHH pe
n.aTHBHCTCKHX .a.nep. Ha Jace,naHH.ax xo
MHTera 06Cy)l(,nanHCb pa60Tbl no nOHCKy 
HOBbiX 'laCTHU. 

YtteHbiU coeem no (Ju3uKe HU3KUX 3Hep

zuu B 1977 ro.ny npoaen .nae ceccHH, ua 
xorophiX o.no6pHn OT'IeThl npe.nce.na ren.a 
Coaera o BhlnonneHHH peweHHH npe,nLI,ny
IUHX ceccHH:, a raK)I(e OT'IeTLI npe.nce.nare
neil cneuHanH3HpOBaHHbiX KOMHTeTOB 0 pa-
6oTe H peWeHH.HX KOMHTeTOB. Ha CeCCH.HX 
.neranhHO o6cy)l(,nanocb cocro.HHHe pa6or 
no coopy)l(eHHIO 6aJOBhiX ycrauoaox H.bP- 2 
H Y- 400, 6Lma Jacnywaua HHcilopMaUH.H 
06 HTOrax pa60Thl Me)l(,!l;yHapO,!l;HhiX KOH
cilepeHUHH H COBe~aHHH no TeMa THKe Co
aera c yqacrHeM .nenerauHH: crpan-yqacr
HHU OHRH, a raK)I(e opranHJOBaHHhiX OHRH 
B 1977 ro.ny. 

Ha XXIV ceccHH /24-26 Ma.a/ 6LmH 
paccMorpeHhl uayqua.a nporpaMMa H pe
JynhTaTbi BhinOnHeHH.H npo6neMHO-TeMa
TH'IeCKOrO nnaua OHMY, a TaK)I(e o6cy)l(
,neHbi npe,nnO)I(eHH.H pyKOBO,!l;CTBa OT,nena 
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06 B3MeHeHBBX npo6neMHO·TeMaTBqecKO· 
ro nnaua ua 1978 rOA B o6nacTB ~B3HKB 
HB3KBX 3HeprBH B CTpyKTYPhi .IIApa. 

Ha XXV ceccBB /29 uo.116p.11 - 2 AeKa6-
p.11/ qneHhi CoaeTa o6cyABnB peweHBe c o
aemaHB.II 3KCnepTOB no paCCMOTpeHBID 
npeAno:>KeHBH o npoeKTax YTH, 3acnywanB 
uayquhle AOKnaAhi o6 BTorax BhlnonueHB.II 
npo6neMuo-TeMaTBqecKoro nnaua JIH<I>. 

,lJ;BpeKnB.II JIH<I> BH~opMBpoaana CoBeT 
0 AOCTB:>KeHBB KpBTBqecKOH MaCChi npB 
c6opKe aKTBBHoil 30Hhi peaKTopa HBP - 2. 
Ha ceccBB 6hlnB o6cy:>KAeHhi oTqeThi AB
peKnBB na6opaTOpBB 0 BhlnOnHeHBB npo6-
neMHO·TeMaTBqecKoro nnaua 3a 1977 r OA 
B npeAnO:>KeHBJIX 06 B3MeHeHBBX B nnaHe 
ua 1978 roA, a TaK:>Ke npoeKT nnaua Me:>K
AYHapOAHoro COTPYAHBqecTBa B CBJI3eH Ha 
1978 rOA. 

KOMBTeThi no CTPYKType .IIApa, HeHT
pOHHOH ~B3BKe B ~B3BKe TJI:>KenhiX BOHOB 
C06BpanBCL Ha CBOB 3aCeAaHBJI ABa:>KAhi 
/5·7 anpen.ll B 26-28 OKT.116pB/. 

KoMumem no cmpyKmype .110pa o6CYABn 
XOA BhlnOnHeHBJI nnaHOB BCCneAOBaHBH B 
Me:>KAYHapOAHOro COTPYAHBqeCTBa no Te· 
MaTBKe KoMBTeTa. Ha laceAaHBBX 6blnB 
3acnywaHhi uayquhle AOKnaAhi o HaB6on ee 
Ba:>KHhiX pe3ynLTaTaX B BCCneAOBaHBJIX no 
nporpaMMaM JICHAilii B CYilii, B B3yqe
HBB .IIAepHhiX peaKnBH npB cpeAHBX B HB3-
KBX 3HeprBJIX, B pa6oTaX no MeABK0-6Bo
norBqecKOMY BCnOnL30BaHBID OTpBnaTenb· 
HhiX MIDOHOB B npBMeHeHBID B MeABnBHe 
HeKOTOphiX HeHTpOHOAe~BnBTHhiX B30TOnOB. 
KoMBTeT OTMeTBn ycnewuoe pa3BBTBe. c o
TPYAHBqecTBa JIJIII OHJIH c JIHJI<I> A H 
CCCP no nporpaMMe HPHC-JICHAilii, 
c QEPH B CHH no BccneAOBaHBID cTpyK
TYPhi .IIApa. lihlnB o6cy:>KAeHhi npoeKThi 
nyCKOBhiX MBHBMYMOB peKOHCTpyKnBB 
CBHXponBKJJOTpoua B ycTaHOBKB JICHAIIII-
2. KoMBTeT 03HaKOMBnc.ll c XOAOM Been e
AOBaHBH no pen.IITBBBCTCKOH .IIAepHOH ~B-
3BKe ua ciluxpo~a3oTpoue OHJIH, 3acny-
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wan TaK:>Ke coo6meHB.II o6 ycnewuoM pa3-
BBTBB pa60T no KOnneKTBBHOMY MeTOAY 
YCKOpeHBB B 3anycKy B30XpOHHOrO yCKOpB· 
Ten.11 Y-240 /HJIH AH YCCP, KBeB/. 
lihlna 06Cy:>KAeHa BH~OpManBJI 0 P.IIAe KOH· 
~epeunBil B coaeutaHBH no TeMaTBKe Ko
MBTeTa, B pa6oTe KOTOphiX npBHBManB 
yqacTBe npeACTaBBTenB OHJIH. 

KoMumem no HeumpoHHou ,Pu3uKe 3a
cnywan BH~OpManBID ABpeKnBB JIH<I> 0 Te
Kyuteil Ae.IITenbHOCTB na6opaTOpBB, 0 nOA· 
rOTOBKe K ~B3BqeCKOMY nycKy B XOAe 
nycKOBhiX pa6oT ua HBP-2, o6cy:>KAan co
CTOBHBe Aen no nOArOTOBKe nepaooqepeA· 
HhiX 3KcnepBMeHTOB ua HBP-2. qneHhi 
KOMBTeTa o6CYABnB npoeKT npo6neMHO· 
TeMaTBqecKoro nnaua JIH<I> ua 1978 roA 
B OA06pBnB BHeCeHHhle B3MeHeHBJI B yToq
HeHBJI, 3acnywanB P.IIA uayquhlx AOKnaAOB 
no TeMaTBKe JIH<I> B o6eyABnB HaB6onee 
BHTepecuble pe3ynLTaThi pa6oT no ueiiT
pouuoil ~B3BKe, BhlnOnHeHHhiX B BHCTBTy
TaX cTpau-yqacTHBn. C coo6meuBeM o6 
3TBX pa6oTaX BhiCTynBnB npeACTaBBTenB 
cTpau-yqacTHBn. 

KoMumem no fPU3UKe mJIJKeAr.Jx uoHoe 
o6CYABn AOKnaAhi 06 OCHOBHhiX HayqHhiX 
uanpaaneHB.IIX Jia6opaTopBB .IIAepHhiX pe
aKnBil. KoMBTeT 03HaKOMBnc.ll c pe3ynb
TaMB 3KCnepBMeHTOB no B3yqeHBIO 
CBOHCTB HOBOrO npBpOAHOrO CnOHTaHHO Ae
n.11meroc.11 uyKnBAa, nepcneKTBBaMB Beene
AOBaHBJI CBOHCTB .IIAep, .IIAepHhiX peaKnBH 
B aTOMHhiX CTOnKHOBeHBH B 3KCnepBMeH· 
TaX Ha nyqKe T .II:>KenbiX BOHOB, OA06pBn 
nporpaMMY JIJIP no noArOTOBKe nepao
oqepeAHhiX 3KCnepBMeHTOB Ha Y- 400 B 
pa3BBTBIO B3MepBTenbHOrO neHTpa. 

lihlnB paCCMOTpeHhi B3MeHeHBJI B npo6 • 
neMHO -TeMaTBqecKBX nnauax JIJIP B 
OHMY. Ha 3aceAaHBJIX KoMBTeTa 6hlna 
3acnywaua BH~opManB.II o6 BTorax P.IIAa 
KOH~epeHnBH B COBe~aHBH no TeMaTBKe 
KOMBTeTa. 
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KoMHTeT Jacnyrnan H o6cy~Hn ~ Kna
~hl o paJBHTHH ycKopHTenhHOH 6a3hi ~nx 
HCClle~OBaHHH no ~H3HKe TH*ellbiX HOHOB 
B OIUI.H, OTMeTHn ycnexH pa6oT no coo
PY*eHHIO OCHOBHhiX Y3llOB YCKOpHTenx 
Y-400 H 6onhrnoB: BKna~ cTpaH-yqacTHH~ 

B 3TH pa6oThi. OTMeqeHa 6onhrnax np oae
~eHHax pa6oTa no ynyqrneHHIO napaMeTpoa 
YCKOpHTenH Y- 200. 

OpeMJHf OHHH 
3a 1976 ro,[( 

Ha COHCKaHHe npeMHH 06be~HHeHHOrO 
HHCTHTyTa H~epHhiX HCCne~OBaHHH Ja 
1976 ro~ 6hlnH Bbi~BHHYThl nyqrnHe HayqHo
Hccne~oBaTenhCKHe TeopeTHqecKHe u JK
cnepHMeHTanhHhle, a TaK*e HayqHo- MeTo-

IlepeaJI npeMuJI: 
"llpo~eCCbl C 6onhlliHMH nepe~aHHbiMH 

HMnynhCaMH H MeTO~ KBapKOBOrO c qeTa". 
ABTOphl: C.B.ronocKoKoB, C.ll.K yne-

rnoa, B.A.MaTBeea, P .M.Mypa~HH, 

IlepeaJI npeMuJI: 
"Oc~HllllH~HH HeHTpHHO H CMelliHBaHHe 

nenTOHOB". 
ABTOphl: C.M.EHneHhKHH H E.M .lloH

TeKopao. 

/(ee emop&Je npeMuu: 
1. "3KcnepHMeHTallbHOe H TeopeTH

qeCKOe o6ocHoBaHHe HOBoro MeTo~a uc
cne~oBaHHH JneKTpoMarHHTHOH CTPYKTYPhl 
a~pOHOB BO BpeMeHHn0~06HOH o6naCTH ne-

Ha coaMeCTHOM Jace~aHHH Tpex Ko
MHTeTOB /27 OKTH6px/ 6blnH JacnyrnaHbl 
C006IUeHHH 0 He06XO~HMOCTH C03~aHHH KO
Op~HHa~HOHHOH KOMHCCHH no o6pa60TKe 
cneKTpOMeT~HqeCKOH H H~epHOH HH~OpMa
~HH, 0 COCTOHHHH ~en no npoeKTHpOBaHHIO 
YCKOpHTellhHOrO KOMnneKCa TH*ellbiX HO
HOB O.HR.H, a TaK*e HH~opMa~HH o px~e 
pa6oqHx coaemaHHH H KOH~epeH~HH. 

~HqecKHe H HayqHo-TexHuqecKHe pa6oThl, 
BhmonHeHHhle coTpy~HHKaMH fiHCTHTyTa. 

PerneHHeM YqeHoro coaeTa O.HR.H OT 
14-16 HIOnH 1977 ro~a npHCY*~eHhl cne-
~YIOIUHe npeMHH: • 

no Hayq~o -HCC~8AOBaT8~bCKHM 

TeopeTHqecKHM pa6oTaM 

M.A.CMOH~hipea, A.H. TaaxenH~Je. 
BmopaJI npeMUJI: 
"MeTo~ cynepnponaraTopa B cymecT

BeHHO HenHHeHHhiX TeOpHHX nonx". 
AaTop: M.K.BonKoB. 

no HayqHO-HCC~8AOBaT8~bCKHM 
3KCD8pHM8HTa~bHhlM pa6oTaM 

pe~aq H onpe~eneHHe 3THM MeTO~OM ~OpM
~aKTOpOB HYKllOHa H nHOHa". 

ABTOpbl: c.~.Eepe*HeB, T . ~.bllOXHH

~eBa, A.B.~eMhHHOB, A.B.Kyn~oa, 

B.ll.KypoqKHH, JI.JI.HeMeHOB, r . .H.CMHp
HOB, IO.C.Cypoa~ea, ~.r. TKe6yqaaa , 
~.M.Xa3HHC. 

2. ".Hccne~oBaHHe caoB:cTB He- ll". 
ABTOphl: JI.AneKcaH~poa, E. 6 .~oKy

KHH, B.A.3arpe6HoB, X.A.KoJnoa, 
B.A.llap~eHoB, B.6.llpHe3*eB, B.A.llyq
KOB. 



• 

Ilepea.R npeMu.R: 
"IlpOTOHHaJI ITOnHpH30BaHHaJI "3aMOpO

:>KeHHaJI" MHWeHL". 
ABTOPLI: H.C.IiopHCOB, 3.tf.liyHHTOB~, 

lO.cl>.KHceneB, B.H.MaTa<boHOB, li.C.H e
raHoB, lO.A.YcoB. 

j{ee emopble npeMuu: 
1. "Y C aHOBKa "JIIO,IJ,MHna" ,IJ,nJI 3KCne

pHMeHTOB B lfHCTHTyTe <iJH3HKH BLICOKHX 
3HeprHH B IlpOTBHHO". 

ABTOPLI: H.M. BHpHCOB, C.BLICKOlfHn, 
JI.Ii.ronoBaHoB, E.H.,[J;LHlfKOB, A.r .3enL-
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flo HayqHO-MeTO~HqecKHM 

H HayqHo-TeXHHqecKHM 

pa6oTaM 

,II,OBHlf, l0.,[1;.3epHHH, 3.B.Ko3y6CKHH, 
B.A.PycaKoB, B. T. TonMalfeB, E.II.YcTeH
Ko. 

2. "C03,IJ,aHHe MOmHoro HCTOlfHHKa 
MHOr03apJI,II,HbiX HOHOB TBep,II,o<iJa3HbiX Be
meCTB H nonylfeHHe HHTeHCHBHbiX nylfKOB 
pe,IJ,KHX H30TOITOB MeTannOB Ha300-caHTH
MeTpOBOM U.HKnoTpoHe OH.HH". 

ABTOPLI: lO.Q.OraHeCHH, IO.II. TpeTLH
KOB, B.M.IlnoTKO, A.A.IlneBe, li.H.Map
KOB, H.B.IlpOHHH, r .M.ConOBbeBa, 
A.H.HBaHeHKO, lO.C.KopoTKHH, c.r.qe6o
HeHKO. 

HTorn KOHKypca HayqHwx pa6oT 

MOAO~hlX yqeHhlX H CIT8QHaAHCTOB 

3a 1977 ro~ 
Ilepea.R npeMu.R: 
"IlpHMeHeHHe MeTo,IJ,a H.H.Iioronro6o

Ba /Mn./ ,IJ,nJI HCCne,IJ,OBaHHJI KBaHTOBO
CTaTHCTHlfeCKHX MO,IJ,eneH H ero 06o6me
HHJI". 

ABTOpLI: H.r.lipaHKOB, B.A.3arpe6-
HOB, A.M.Kyp6aToB, H.C. ToHlfeB, A.H. E p
MHnoB. 

Bmopa.R npeMu.R: 
"PaclfeT yCKOpHIOmeu CHCTeMLI KOnneK-

THBHOrO YCKOpHTenH T JI:>KenLIX HOHOB 
OH.HH". 

ABTOPLI: B.C.AneKcaH,IJ,poB, IO.H.An K
caxHH, H.lO.Ka3apHHOB, B.cl>.llleBU.OB. 

"QHKn pa6oT no MeTO.Il.HKe npoBonolf
HLIX KaMep". 

ABTOpLI: r.,IJ;.AneKceeB, H.A.KanHHH
Ha, B.B.KapnyxHH, B.B.KpyrnoB. 

Tpemb.R npeMu.R: 
",[J;HcnepcHJI 3HepreTHlfeCKHX pacnpe

,IJ,eneHHH OCKOnKOB ,IJ,eneHHJI cna60B036y:>K
,IJ,eHHbiX JI,IJ,ep: 3KCITepHMeHTanLHble ,IJ,aHHbie 
H TeopeTHlfeCKHe npe,II,CKa3aHHJ1". 

ABTOp: lO.A.Jia3apeB. 

"JIHHeHHbie H HenHHeHHbie peanH3aiJ.HH 
,II,HHaMHlfeCKHX CHMMeTpHH". 

ABTop: E .A.HBaHoB. 
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B UIOAe 1977 z. npucmynuA 
K 06.113QHHOCIII.IIM 6UIIe- Ou
peKmopa OHJIH noAbCKuu 
y'leHbiU nporjJeccop M. Co
euHcKu. Ha CHUMKe - ou
peKIIU.II HHcmumyma : npo
rjJeccop ,a.Kuw, aKaOeMuK 
H .H .5ozoAI06oe, npor/Jec
cop M.CoeuHcKu. 

Ha 42 ceccuu Y'leHozo coeema. C OOKAa
OOM "0 pa6ome HHcmumyma 3KcnepUMeH
IIaAbHOU r/Ju3uKu CAoeaiiKOU aKaOeMuu 
HayK 6blcmynae• npor/Jeccop IO.,ay6uH
CKU jqCCP/ . 



KoMumem IloAHOMO'IHblX Ilpeoc•aeumeAeii Ha coeeU~a
Huu 8- 9 (JeepaAJI ymeepouA 610oJ1Cem HHcmumyma, nAaH 
HQY'IHO- UCCAeiJoeameAbCKUX pa6om HQ 1977 ZOO U 
ZAQ6Hble 3QOQ'IU zooa. Ha CHUMKax: OOKAQ0bl6ae• 
zAaeH&lii UHJICeHep OH.IIH ooKmop mexHu'leCKUX HayK 
/O.H.,4eHUC06 jeeepxy/; IlOAHOMO'IHblU JlpeiJc•a
eumeAb r ,aP aKaiJeMUK K.JlaHuyc noonuc&Jeaem npo
moKoA coeeJIIaHUJI /cnpaea/. 

CompyiJHUKU HHcmumyma menAo npoeoou
AU HQ pOOUHY 'leXOCA06Q~KOZO y'leHOZO 
npo(Jeccopa q.111uMaHe /Ha CHUMKe cAe
ea/. OH oouH u3 eemepaHoe OH.IIH. 
B me'leHue nocAeOHux mpex Aem pa6omaA 
Ha nocmy eu~e- oupeKmopa HHcmumyma. 
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Me)l(~yHapo~Hbie 
CBH3J1 
H HayqHoe 
coTpy~HHqecTBO 

: 

• 

B 1977 roAy B cooTBeTCTBHH c YcTa

BOM 06beAHHeHHOrO HHCTHTyTa XAepHhlX 

HCCneAOBaHHH, llXTHneTHHM nnaHOM pa3BH

THX Olf.Hif Ha 1976-1980 rOAhl H rOAOBhlM 

npo6neMHO-TeMaTH'leCKHM nnaHOM Hayq

HO-HCCneAOBaTenbCKHX pa60T H Me~AyHa

POAHOrO COTPYAHH'leCTBa 06beAHHeHHhlH 

HHCTHTYT ocy~eCTBnxn IIIHpOKOe COTPYA

HH'leCTBO C HaylJHO-HCCneAOBaTenbCKHMH 

opraHH3aUHXMH CTpaH-y'laCTHHU lfHCTH

TyTa H ApyrHX CTpaH, a TaK~e Me~AyHa

POAHhlMH Hay'lHbiMH opraHHJaUHXMH. 

CoTpy ,n:H~PiecTso 

C HayqHhlMH Q€HTpBMH 

CTpBH-yqacTHHQ 

Me~AyHapoAHOe Hay'lHo-TexHH'lecKoe 

COTPYAHH'leCTBO OH.HH co cTpaHaMH

yqacTHHUaMH B 1977 rOAY ocy~eCTBnXnOCb 

B TaKHX llJopMaX, KaK: 

- COBMeCTHbie TeopeTH'leCKHe H 3K

cnepHMeHTanbHhle HCCneAOBaHHX H o6pa-

60TKa AaHHhlX; 

- yqacTHe B pa3pa6oTKe npu6opoa , 

annapaTyphl, C03AaHHH HOBhlX H yCOBep

IIIeHCTBOBaHHH AeHCTBYIO~HX 6a30BhlX yc

TaHOBOK; 

- pa3pa60TKa H OCBOeHHe nporpaMM 

MaTeMaTH'lecKoro o6ecne'leHux; 

- B3aHMHOe yqacTHe B Hay'IHhlX KOH

llJ~peHUHXX H COBe~aHHXX; 
- 'ITeHHe KypCOB neKUHH H OKa3aHHe 

pa3HOCTOpOHHeH Hay'IHO-TeXHH'IeCKOH no

MO~H H KOHCynhTaUHH. 

B COBMeCTHhlX HCCneAOBaHHXX llO llJu-

3HKe BhlCOKHX 3Hepruu yqacTBOBano Go
nee 900 cneuuanucToB H3 85 na6opaTo

puu cTpaH-y'laCTHHU. Ha Ka~AOH KpynHou 

lPH3H'IeCKOH ycTaHOBKe OH.HH ycneiiiHO pa-

6oTalOT 60nbiiiHe HHTepHaUHOHanbHbie Kon
neKTHBbl. TaK, 16 na6opaTopuu cTpaH

yqacTHHU llPOAO~anH o6pa60TKY H aHanH3 
B3aHMOAeHCTBHX OTpHUa TenhHbiX llHOHOB C 

npoToHaMH H XAPaMH yrnepoAa Ha MaTe-



puanax o6nyqeHHH ~ayxMeTpoaoB: npona
HOBOH KaMepLI B nyqKe ycKopuTenH H<I»B3 
/Cepnyxoa/. Ha MaTepuanax, nonyqeHHLIX 
npH o6nyqeHHH ycTaHOBKH "JliO~MHna" nyq • 
KOM aHTHnpOTOHOB Ha 3TOM )l(e YCKOpH· 
Tene, coaMeCTHLie uccne~oaaHHH ae~yT 

<I»H qCAH H Kapnoa YHHBepCHTeT /Ilpa· 
ra/, H3<1» H YHHBepcuTeT /Ko~u:ue/, 
HT3<1», <I»HAH, HHH.H<I» MrY /MocKBa/., 
TrY /T6unucu/, H<I»B3 I AnMa-ATa/. C no
MO~biO MarHHTHoro HCKpoaoro cneKTpo
MeTpa HJyqanHCb npo:o;eCCLI ~H~paKD;HOH" 
HOB ~ucco:uua:uuu nHOHOB Ha H~pax coa
MeCTHO c H.HH /CaepK/, yHHBepcHTeTa
MH B Bapwaae, JipaTucnaae, Mocicae. Ilpo
rpaMMa nOHCKa "oqapOBaHHLIX" qaCTH:U 
OCy~eCTBnHnaCb C nOMOID;biO ycTaHOBKH 
:SHC-2 Ha ycKopHTene H<I»B3 /Cepnyxoa/ 
a coTpy~HuqecTae c yqeHLIMH H3 H.HH.H3 
H BXTH /Co~HH/, IJ.H<I»H /Jiy~anewT/, 
H<I»B3 /IJ.oheH/, <I»H /Ilpara/, <I»HAH 
/MocKaa/ H T6unuccKoro rocyHHBepcu
TeTa. 

YqeHble OH.HH, BapwaacKoro H T6u
nuccKoro YHHBepCHTeTOB H <I»HAH /MocK· 
aaj npO~On)l(anH HJyqeHHe B3aHMO~eHCT· 
BHH ~eB:TpOHOB c npoToHaMH a 3KcnepHMeH
Tax Ha CHHXpO~a30TpOHe C nOMOID;biO MeT· 
poaoB: )I(H~Koao~opo~Hoii KaMepLI. B o6-
nacTH penHTHBHCTCKOH H~epHOH ~H3HKH 
B yHHBepcHTeTax CapaToaa, MocKBbi, Bap
waaLI npoao~uncH aHanHJ MaTepuanoa 
B3aHMO~eHCTBHH anb~a-qacTH:U C H~paMH, 
nonyqeHHLIX c ycTaHOBKH CKM- 200. Ha 
MeTpOBOH BO~OpO~HOH KaMepe ~H3HKH 
<I»HAH /MocKaa/, TrY /T6unucu/, YHH· 
aepcuTeTa B Kowu:u;e, H.HH /Bapwaaa/ 
HJyqanH ~ByxnyqeaLie B3aHMO~eHCTBHH re
nug-4 C npOTOHaMH. ,lJ;nH pa60TLI C Ma· 
TepuanaMH, nonyqaeMLIMH Ha ~ayxMeTpo
aoB: nponaHoaoB: KaMepe B nyqKax penH
THBHCTCKHX H~ep, opraHH30BaHO COTpy~
HHqeCTBO yqeHLix 18 na6opaTopuB:: HP:S, 
BHP, MHP, IIHP, qccP, CCCP. 8 na-
6opaTopuB: )l;y6HLI, MocKBbi, JleHHHrpa~a, 
TawKeHTa, JiyxapecTa, BapwaBbi H Ko-
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WH:Ue npOBO~HnH o6pa60TKY ~OT03MynbCHH, 
o6ny qeHHLIX nyqKoM H~ep yrnepo~a Ha 
CHHXpo~a30TpOHe. 

B xo~e BbmonHeHHH coaMeCTHLIX pa-
6oT nonyqeHLI HOBble peJynbTaTLI no po)l(· 
~eHHIO pe30HaHCOB H HHTep~epeHD;HH TO)I(· 
~eCTBeHHLIX qacTH:U, KOTOpLie BLI3BanH 
6onbWOH HHTepec Ha Me~yHapo~HOH KOH· 
~epeHp;HH no ~H3HKe BLICOKHX 3HeprHH H 
3neMeHTapHLIX qacTH:U a Jiy~anewTe. 

Hccne~oBaHHe pacceHHHH nHOHOB B re
nHH C nOMOID;biO CTpHMepuoro cneKTpOMeT
pa Ha CHHXPO:UHKnOTpOHe npOBO~HnOCb 

06'be~HHeHHLIM HHCTHTYTOM COBMeCTHO C 
H.HH .H3 /Co~HH/, YHuaepcuTeToM a 
IlnoB~HBe, HA<I» /:SyxapecT/, H.H<I» qcAH 
/P)I(e)l(/, YHHBepcuTeTaMH a T6unucu H 
Taw KeHTe. HayqHble :u;eHTPLI Jionra-
puu , MoHronuu, PyMLIHHH, CoaeTCKoro 
Co103a yqacTaoaanu a uccne~oaaHHHx 

peaK:UHH ~BOHHOH nepe 3apH~KH"; 3a-
XBa Ta Me30HOB H~paMH H pa~Ha:UHOHHOrO 
pac ceHHHH nuoHoB. B xo~e uccne~o

aa HH CBOHCTB HeHTpOHO~e~H:UHTHbiX H30 • 
TO OB, y~aneHHbiX OT nHHHH 6eTa • 
cTa6unbHOCTH, ocy~eCTBnHnacb nocTaa
Ka H30TOnOB noqTH BO BCe CTpaHLI· 
yqa cTHH:Ubl, a HCCne~OBaHHH npOBO~HnHCb 
no o6~eB: nporpaMMe. Pa~uoxuMuqecKHe 
HC ne~OBaHHH OCyiD;eCTBnHnHCb COBMeCTHO 
c HHCTHTyTaMH H yHuaepcuTeTaMH HP 1i, 
BHP, r,n;P, MHP, IIHP, CPP, qccP. 

B o6naCTH CHHTe3a Ha YCKOpHTenHX H 
nou cKa B npupo~e caepxTH)I(enblx H~ep 

H aTOMOB 3~eKTHBHO pa3BHBanOCb COTpy~
HiiqeCTBO C rpynnoH XHMHKOB H3 IJ.HJIH 
/P CCeH~Op~/ no pa3pa60TKe MeTO~HK BLI" 
~eneHHH ~paK:u;uB: caepxTH)I(enblx 3neMeH
TOB H3 o6nyqeHHbiX MHWeHeH. B pa6oTaX 
no nOHCKY CBepXTH)I(enbiX 3neMeHTOB B npu
po~e c ucnonbJOBaHHeM ~H3neKTpuqecKHX 
~eTeKTopoa ocyiD;eCTBnHnocb coTpy~HH" 

qe c Tao c MoHronbCKHM rocy~apcTBeHHLIM 
YHHBepCHTeTOM. IlpOCMOTpeHO 500 MMS 
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OnHBHHOB H3 pa3nHqHhlX MeTeOpHTOB. 110· 
nyqeHa sepxHRR rpaHHUa pacnpocTpaHeH
HOCTH RJJ.ep C Z 2:_ 108 Ha ypOBHe -2 ·1 0'"9 

OT pacnpocTpaHeHHOCTH RJJ.ep rpynnw * e
neJa. ITo peJynLTaTaM Hccne.D.OBaHHii np eJJ.· 
CTaBneH PR.IJ. COBMeCTHhlX .!J.OKnaJJ.OB Ha 
Me)I(JJ.YHapO.!J.HhlX KOH$epeHUHRX B )J;y6He, 
MocKse, IInoB.D.HBe H KeM6pHJJ.)f(e. H ayq
Hhle ueHTphl IIonLlllH, PyMMHHH, Cos eT
cKoro Coro3a yqacTsosanH B cosMeCTHhlX 
HCCneJJ.OBaHHRX B3aHMOJJ.eHCTBHR TR)f(en hlX 
HOHOB C RJJ.paMH. 

Ha ocHose lllHpoKoro COTPYJJ.HHqe c Tsa 
c na6opa TOPHRMH HP}), BHP, r )J;P, IIHP, 
CCCP, qccp s HHCTHTyTe nposo.D.Hn ocL 
HJyqeHHe CBOHCTB RJJ.ep C noMOIUbiD p e 3o· 
HaHCHhlX H nonRpH30BaHHhlX Heii:TpOHOB. 
Hccne.D.oBaHHR anL$a- H raMMa·pacna.D.OB 
KOMn~H.IJ."COCTORHHH RJJ.ep OCyiUeCTBnR· 
noeL na6opaTOpHRMH OH.HH cosMeCTHO c 
yHusepcuTeTaMH s Co$HH, IInoBJJ.HBe, Y naH
liaTope, Jlo.D.JH, lipaTHcnase, Ilpare, l.(lf.HH 
/PocceHJJ.op$/, HA<I> /liyxapecT/, H.H<I> 
/P)f(e)f(/, <l>lf CAH /lipaTHcnasa/, lf.Hlf 
/P)f(e)f(/, lf.Hlf /Kues/, lf.H<I> /TalllKeHT/. 
lfHCTHTYThl H YHHBepCHTeThl HP})' r ,D;P' 
IIHP' CPP' CCCP' qccp aKTHBHO COTPY.IJ." 
HHqanH c OH.HH s uccne.D.OBaHHHX no $HJH· 
Ke KOH.D.eHCHpOBaHHhlX cpe.!J. H MOneKyn gp
HOH 6HonorHH C noMOIUbiD HJJ.epHbiX Me TO· 
JJ.OB. Ha peaKTope H.H<I> qcAH /P)f(e)f(/ 
npose.D.eHhl cosMeCTHLie pa6oTLI no .D.tnanL· 
HOMY HCCne.D.OBaHHID .1J.H$paKUHH Me.D.neHHhlX 
HeHTpOHOB Ha MOHOKpHCTannax BOnh$paMa. 

3414leKTHBHO OCyiUeCTBnRnOCb Me)I(.IJ.Y" 
HapoJJ.HOe HayqHo·TexHuqecKoe COTPY.D.HH· 
qecTBO OH.HH co cTpaHaMu·yqacTHHUaMH 
H B o6naCTH pa3pa60TKH H C03JJ.aHHH HOBbiX 
ycTaHOBOK H annapaTypw, a TaK)f(e . cos ep
llleHCTBOBaHHH MeTO.IJ.HKH 3KCnepHMeHTa. 
B TeqeHHe nocne.D.HHX nHTH neT B OH.HH 
C03JJ.aeTCH YHHKanbHaH ycTaHOBKa • n RTH· 
MeTpOBLiii: MarHHTHhlii cneKTpoMeTp PHCK 
Ha 6a3e CTpHM~HOH KaMephl, n03BOnHID" 
IUHH H3MepHTb "TiepsHqHyro HOHH3aUHID pe • 

" 

nRTHBHCTCKHx qacTHU. Pa6oThl se.D.YTCH 
CHnaMH 60nhlllOrO HHTepHaUHOHanLHOrO 
KonneKTHBa yqeHwx H HH)f(eHepos OH.HH, 
a TaK)f(e llleCTH HCCneJJ.OBaTenLCKHX UeHT" 
pos cTpaH·yqacTHHU. HaqancH KoMnneKc· 
HhlH MOHTa)f( cneKTpOMeTpa Ha nyqKe yc
KOpHTenR B lf<I>B3 /Cepnyxos/. 

06neJJ.HHeHHe HJJ.epHoro npu6opocTpoe
HHH "IlonOH" Ha OCHOBe TeXHHqecKOH.!J.OKy· 
MeHTaUHH OH.HH nocTasuno annapaTypy 
JJ.nH perHcTpaUHH cHrHanos c nponopuuo
HanLHhlX KaMep Ha 2500 KaHanOB H cneKT • 
poMeTpuqecKyro annapaTypy Ha 80 KaHanos 
JJ.nH ycTaHOBOK liHC-2, C.HO, "JlroJJ.MHna". 

liOnblllHM HHTepHaUHOHanbHhlM KOnneK· 
THBOM yqeHhlX H HH)f(eHepOB )1.y6Hhl, lion
rapHH, PyMhlHHH, r )J.P H CCCP Be.D.yTCH 
pa60Tbl no C03JJ.aHHID BO.IJ.OPO.D.HOH CTpHMep
HOH KaMepLI swcoKoro .D.asneHHH 
;ro,D.ECK/. IIonyqeHw sa)f(Hhle peJynLTa
Thl B o6naCTH C03JJ.aHHH BhlCOKOBOnhTHhlX 
HMnynLCHhlX HCTOqHHKOB nHTaHHH, KOTOphle 
MOryT HaHTH npHMeHeHHe B pa3nHqHhlX 
OTpaCnHX HayKH H HapO.!J.HOrO X03HHCTBa 
CTpawyqacTHHU. Coopy)f(aeMwii B OH.HH 
cneKTpoMeTp AP EC .D.nH peanH3aUHH lllHpo
KOH nporpaMMbl HCCne.D.OBaHHH $yHJJ.aMeH· 
TanLHLIX csoii:cTB npoueccos cna6wx B3aH
MO.D.eHCTBHH Ha 6a30BOH ycTaHOBKe "<I>" 
/peKOHCTpyHpOBaHHhlH CHHXPOUHKnOTpOH/ 
flO CBOHM napaMeTpaM H B03MO)f(HOCTHM 
OTKphlBaeT TaK)f(e lllHpOKYID nepcneKTHBY 
H JJ.nH HJyqeHHH a.D.pOH·aJJ.pOHHbiX B3aHMO" 
.D.eiicTBHii. B ero C03JJ.aHHH yqacTsyroT cne
uuanHCTLI l.(lf<I>H /liy.D.anelllT/, yHHBepcu
TeToB s lipaTucnase H Baplllase. 

Pa6oTw no C03.D.aHHID ycTaHOBKH "CnHH" 
H npOBe.D.eHHID HCCne.D.OBaHHH C OpHeHTH • 
poBaHHbiMH paJJ.HOaKTHBHhlMH HJJ.paMH Be· 
.IJ.YTCH 06be.D.HHeHHhlM HHCTHTYTOM B Tee· 
HOM COTPY.IJ.HHqecTse c PH.IJ.OM HayqHLIX 
KonneKTHBOB HPli, IIHP, CPP, CCCP, 
qccP. 



B IUicl> B KpaKoBe pa3pa6oTaH npoeKT 

H H,!l.eT H3rOTOBJieHHe peaKUHOHHOH KaMepLI 

,!I.JI.II pa6oTLI Ha Y -400. Pa3pa6oTaHHLIH 

TaK:lKe B H.Hcl> KOMnJieKT 3JieKTpOHHOH an

napaTypLI .D.JI.II pa6oTLI Ha Y- 300 oTnpaa

JieH B ,LJ;y6Hy. B BapwaacKoM yHHBepcuTeTe 

JaaepwaeTC.II HJroTOBJieHHe KOOP.D.HHaTHO

'IYBCTBHTeJILHOH HOHH3aUHOHHOH KaMepLI, 

CyiUeCTBeHHO nOBLIWaiOIUeH 3<}l4JeKTHBHOCTh 

MarHHTHOrO aHaJIH3aTopa - KpynHOH YCTa

HOBKH, pa6oTaromeii Ha Y-300. OnLIT 

3KCllJiyaTaUHH 3TOH J<aMepLI nOCJIY:lKHT oc

HOBOH ,!I.JI.II npOeKTHpOBaHH.II COOTBeTCTByiO

IUeH CHCTeMLI Ha MarHHTHOM cnel<TpOMeT

pe .D.JI.II Y -400. CoaMeCTHO c 4Jii3HKaMH 

H3 r )l;P pa3pa60TaHO ,!I.Ba THna HOBLIX 

6LICTPLIX ,!l.eTeKTOpOB ,!I.JI.II perHCTpaUHH pac

Ce.IIHHLIX HOHOB, KOTOpLie 6LIJIH HCnLITaHLI 

Ha ny'IKe Y- 300. 

0.D.HO H3 Ba)I(HLIX HanpaaneHHH COTPY.D.

HH'IecTBa OHRH - pa3BHTHe H3MepuTeJIL

HO-BLI'IHCJIHTeJILHOrO KOMnJieKCa, C03,!1.a

HHe H pa3BHTHe aBTOMaTH'IeCKHX H nony

aBTOMaTH'IeCKHX CHCTeM o6pa60TKH Ka

MepHLIX CHHMKOB, pa3BHTHe MeTO,!I.OB HC· 

nOJIL30BaHH.II 3BM Ha JIHHHH C 3KCnepu

MeHTaJILHLIMH ycTaHOBKaMll. OpraHHJa

UHH roCy,!l.apCTB·'IJieHOB aKTHBHO yqacT

BYIOT B pa3pa60TKe CHCTeMLI BLI'IHCJIHTeJIL

HLIX MaWHH, C03,!1.aHHH H pa3BHTHH MaTe

MaTH'IeCKOrO o6ecne'leHH.II ,!I.JI.II 6a30BLIX 

BLI'IHCJIHTeJILHLIX MaWHH. HHCTHTYTLI BeHr

puu, r ,D;P' IlOJILWH, CoBeTCKoro COI03a 

34l4JeKTHBHO COTPY.D.HH'IaJIH c OHRH B uc

CJie.D.oBaHHH H C03,!1.aHHH H3MepHTeJILHOrO 

KOMnJieKCa ,!I.JI.II o6pa60TKH KaMepHLIX CHHM

KOB Ha 6a3e CKaHHPYIOIUHX ycTpOHCTB 

"CnupaJILHLIH H3MepHTeJIL". 

B CB.II3H c yqacTHeM OHRH B npoeKTax 

YHK H YKTH 6onLwoe JHa'leHHe HMeiOT 

COBMeCTHLie pa60TLI no HCCJie,!I.OBaHHIO .IIB

JieHH.II CBepxnpOBO,!I.HMOCTH H C03,!1.aHHIO 

CBepxnpOBO,!I..IIIUHX MarHHTOB. ,lJ;JI.II H3y'leHH.II 
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noT e pL .B MeJIKO,!I.HCnepCHLIX npOBO,!I.HHKaX 

npu nponycKaHHH nepeMeHHoro TOI<a B 

Hcl>TT /ColiJHH/ C03,!1.aH opHrHHaJILHLIH Ka

JIOPHMeTpH'IeCKHH npu6op. Ha npe,!I.OCTaB

JieHHLIX 06'Le,!I.HHeHHLIM HHCTHTYTOM 06-

paJuax B Hcl>HTCH /Bpounaa/ npoBO.D.HJIHCL 

H3Me peHH.II, CB.II3aHHLie C H3y'leHHeM pe-

3HCT HBHLIX caoiicTB caepxnpoBO.D.HHKa. 

B O H RH npoBe.D.eHLI ucnLITaHH.II 3JieKTpH

qeci< o ii npO'IHOCTH npH reJIHeBLIX TeMnepa

Typax o6pa3UOB 3Jiel<TpH'IeCKOH H30JI.IIUHH, 

H3rOT OBJieHHLIX B 3TH CAH /lipaTucna

aa/. 113 3TH CAH nony'leHLI ,!l.aHHLie no 

H3M peHH.IIM noTepL B o6pa3uax caepxnpo

BO.D.HIUero Ka6eJIH. ,D;n.11 H3MepeHH.II noTepL 

3Hep r HH B HMnyJILCHLIX CBepxnpOBO,!I..IIIUHX 

Mar HTaX 3JieKTpH'IeCKHM cnoco60M HC

nonL J yeTcH nony'leHHaH H3 qccP u yco

aepw eHCTBoBaHHaH B OHRH annapaTypa. 

CoJ ,!I.aHHLie B 3TH CAH xoJIJIOBCKHe 

Mar HTOMeTpLI /6onee 30/ .D.JI.II H3Mepe·

HH.II HMnyJILCHLIX MarHHTHLIX noJieH C TO'I· 

HOCT b iO 10-3 H nOCTO.IIHHLIX noJieH C TO'I· 

HocTh iO .D.O 2-Io-4 c ycnexoM . ucnoJILJo

aanuc L npu HJMepeHH.IIX B OHMY H nepe

,!l.aiOT C.II B Hcl>B3 ,!I.JI.II H3MepeHHH Ha CTeH,!I.aX 

YHK . 

B ucnoJIL30BaHHH pa3JIH'IHLIX nonuMep

HLIX Ma TepHaJIOB KaK OCHOBLI ,!I.JI.II .II,!I.epHLIX 

liJHJIL T pOB, a TaK)I(e B HCCJie,!I.OBaHHH pa,!I.Ha

UHOHH OrO B03,!1.eHCTBH.II T.II)I(eJILIX
0 

HOHOB Ha 

pa3JIH 'IHLie MaTepHaJILI C UeJihiO H3MeHeHH.II 

HX 4JH3HKO- XHMH'IeCKHX CBOHCTB Be,!l.yTC.II 

COBMeCTHLie pa60TLI C lJ.H.HH B PocceH

,!I.OpliJe , c lJ.HP PH B Jleiinuure H H.Hcl>T 

B li y xapecTe. Bo3MO)I(HOCTH raMMa- H 

HeB!P OHHOH aKTHBaUHH Ha MHKpOTpOHe HC

CJie,!l. BaJIHCh 06oe,!I.HHeHHLIM HHCTHTYTOM 

COBM e CTHO C IJOJIHTeXHH'IeCKHM HHCTHTy

TOM B Ilpare H Mel> CAH B lipaTHCJiaBe. 

IlpoH J Be.D.eHo cornacoaaHHe qepTe)l(eH Ha 

COBM e CTHOe H3rOTOBJieHHe MHKpOTpOHa ,!I.JI.II 

IlOJIHT eXHH'IeCKOrO HHCTHTyTa. B pa6oTaX 

no peHTreHoliJnroopecueHTHOMY aHaJIH3Y 

yqac T BOBaJIH npe,!l.cTaBHTeJIH yHHBepcHTe-

Ta YnaH·IiaTope, HRH B ,D;e6peueHe 
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H IUUUI3 B Coi}JHH. IlpoBo,n;HJIHCb coBMe c T

Hble c H<I>HH /liyxapecT/ pa6oTbl no a Ha
JIH3Y reOJIOrHqeCKHX 06~eKTOB Ha 30JIOTO 
C nOMO~blO raMMa- H HeHTpOHHOH aKTHBa

UHH Ha MHKpOTpOHe. 

IlpH yqacTHH coTpy,n;HHKOB HHBT B A H 
/liy.n;anewT/ coJ.n;aH KOMnJieKc annapaTy
pbi .D;JIH aBTOMaTH3HpOBaHHOrO npOH3BO.D; 
CTBa neqaTHbiX nnaT, pa3pa6aTblBaeTCH Ba 

pHaHT UeXOBOH MaWHHbl, KOTOpag non
HOCTblO aBTOMaTH3HpyeT npouecc H3rOTOB
JieHHH H KOHTpOJib neqa THbiX nna T. 

CoTpy.n;HHqecTBO co CTpaHaMH-yqacT
HHUaMH OH.HH B 1977 ro.n;y ocyll(eCTBJI JI
nocb no JIHHHH KaK COBepweHCTBOBaHHH 
.D;eHCTBYIO~HX YCKOpHTeJieH T H)KeJibiX HO
HOB, TaK H C03.D;aHHH yCKOpHTeJieH Y -40 0 

a Y-200II. CoTpy,n;HHKH H.HH /CBepK/ 
npHHHMlfJIH aKTHBHOe yqacTHe B pa6oTa X 
no WHMMHpOBaHHIO CeKTOpOB MarHHTa 
Y-400, B H3MepeHHHX MarHHTHoro non H 

UHKJIOTpoHa. B paJpa6oTKe KOHCTPYKUHH 
TOKOBbiX npo6HHKOB .D;JIH Y- 400 npHHHMa 
JIH yqacTHe cneuHaJIHCTbl UH.HH /PocceH 
.n;opl}l/ . liHCTHTYT H.D;epHOH I}JH3HKH H TeXHH 
KH /liyxapecT/ yqacTBOBaJI B pa3pa6oTKe 
OT.D;eJibHbiX y3JIOB Y-400 H CHCTeMbl MO
HHTOpHpOBaHHH BHeWHHX nyqKoB. B Bap 
waBCKOM yHHBepcHTeTe pa3pa6aTblBaJIHCb 
pa3JIHqHble CHCTeMbl H Y3Jibl UHKJIOTpOHa, 
coJ.n;aBaeMoro c noMO~biO OH.HH. Ilpo 
BO.D;HJiacb COBMeCTHaH C HJI<I> /BapwaBa / 
H H.HH /CBepK/ pa3pa6oTKa MarHHTHbiX 
aHaJIH3aTopoB .D;JIH MOHOXpOMaTH3aUHH 
nyqKOB TH)KeJibiX HOHOB Ha UHKJIOTpOHa X 
Y-400 H Y-200II. PaccMoTpeHLI npoeKTbi 
H pacqeTbl MarHHTHbiX MOHOXpOMaTOpOB 
nyqKOB YCKOpeHHbiX TH)KeJiblX HOHOB, Bbi 
nOJIHeHHbie B JIHHeHHOM npH6JIH)KeHHH B 
OH.HH a H.HH, cooTBeTCTBeHHO .n;nH H30 -
XpOHHbiX UHKJIOTpOHOB Y- 400 H Y- 2001I. 

B npe.n;hl.n;y~He ro.n;bl B OH.HH Bblnon 
HeH KOMnneKc pa6oT no ynyqweHHIO napa 
MeTpoB UHKJIOTpo~ Y-120 .D;JIH HHCTHTyTa 

, 

H,n;epHoil I}JHJHKH qcAH B P)Ke)Ke. <l>aK

THqeCKH C03.D;aH HOBbiH YCKOpHTeJib .D;JIH 
YCKOpeHHH nerKHX 3apg)KeHHbiX qaCTHU .D;O 
JHeprHH B HeCKOJibKO ,n;eCHTKOB ~3B, OT
BeqaiOIUHH Tpe60BaHHHM COBpeMeHHOH JK
cnepHMeHTaJibHOH H,n;epHOH I}JH3HKH. 
B 1977 ro.n;y 6onLwaH rpynna coTpy,n;HHKOB 
OH.HH BMecTe co cneuHanHcTaMH qccp 
yqacTBOBaJia B pa6oTaX no MOHTa)KY UHK
JIOTpOHa, HaCTpOHKe CHCTeM yCKOpHTeJIH, 
nycKo-Hana.n;oqHblX pa6oTax. 26 OKTH6pH 

1977 ro.n;a npoH3Be,n;eH JanycK H nonyqeHbl 
npoeKTHLie napaMeTpbl ycKopHTeJIH. Co
J,n;aHHe COBpeMeHHOrO yCKOpHTeJIH Ha 6a3e 
UHKJIOTpOHa Y -120 n03BOJIHeT qexoCJIOBau

KHM, a BMeCTe C HHMH H I}JH3HKaM .n;pyrHX 
cTpaH-yqacTHHU OH.HH npoBO.D;HTb WHPOKHH 
Kpyr aKTyaJibHblX HCCJie.D;OBaHHH no I}JHJH
Ke aTOMHOrO H.D;pa. 3TOT yCKOpHTeJib MO
)KeT CJIY)KHTb o6pa3UOM .D;JIH npoBe.n;eHHH 
peKOHCTPYKUHH cepHHHOrO yCKOpHTeJIH 
Y-120, HMeiOll(erOCH B pg,n;e HHCTHTYTOB 

CTpawyqacTHHU OH.HH. 

CoTpy.n;HHKaMH OH.HH BblnonHeHa pa-
6oTa no Hana.n;Ke HeiiTpOHHoro reHepaTopa 
B YJiaH-liaTope .D;JIH HCCJie.D;OBaHHH cnoH
TaHHO .D;eJIHll(HXCH H30MepOB /nOBbiWeHa 
HHTeHCHBHOCTb HeHTpOHOB, C.D;eJiaHa MO.n;y
JIHUHJI nyqKa/. B rocy.n;apCTBeHHOM HHH 
CTeKJia qcCP pa3pa6aTbiBaeTCH H C03.D;aeT
CH HeMeTaJIJIHqecKaJI KaMepa a.n;re3aTopa. 
B toJ,n;aHHH ACY .D;JIH ycKopHTeJIH TH)KeJibiX 
HOHOB C HCnOJib30BaHHeM COBpeMeHHbiX 
cpe,n;CTB BblqHCJIHTeJibHOH TeXHHKH H an
napaTypbl B cTaH.n;apTe KAMAK npHHHMaiOT 
yqacTHe cneuHaJIHCTbl H3 BHP H r ,D.P. 
AnnapaTypHaH qaCTb CHCTeMbl C03.D;aHa Ha 
ocHoBe npoeKTa, pa3pa6oTaHHoro B HHBT 
/liy.n;anewT/ no TeXHHqeCKOMY 3a.D;aHHIO 
OH.HH. IlporpaMMHoe o6ecneqeHHe ACY 
nOCTpOeHO C npHMeHeHHeM .D;HCKOBOH one

paUHOHHOH CHCTeMbl, pa3pa6oTaHHOH B UBT 
/UoiiTeH/ H a.n;anTHpoBaHHOH K ACY YTH. 
Ilpa yqacTHH coTpy.n;HHKOB TY /,ll.peJ.n;eH/ 
C03.D;aHa JKCnepHMeHTaJibHaH ycTaHOBKa 
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AJIJI H3MepeHHJI CTeneHH HOHH3al{HH aTOMOB· 
B JneKTPOHHOM KonLue YTH. 

B o6nacTH Heii:TpoHHOH cPH3HKH oc y
~ecTBnHnocL lliHpOKOe COTpy~HH'IeCTB CO 
aceMH cTpaHaMH-yqacTHHUaMH OHJIH •. Op
raHH3aUHH 3THX CTpaH yqaCTBOBanH B pa-
6oTaX no coJ~aHHIO HeKoTopLix yJnoa ~nJI 
cTpoH~erocJI a OHJIH peaKropa HI> P - 2 
H cPH3H'IeCKOH annapaTypLI ~nJI 3KCnepH
MeHTOB Ha HeM. C~aHo B 3KcnnyaTaUHIO 
HJroToaneHHOe B ITHP JneKTpOHHOe o6 o
py~oBaHHe CHCTeMLI ynpaBneHHJI H 3a~H
TLI HI> P- 2. )J.nH Hccne~oBaHHJI a TOMHoii 
H MarHHTHOH ~HHaMHKH KOH~eHCHpOBaH LIX 
Cpe~ B HHCTHTyTe Jl~epHOH cPH3HKH /Kpa
KOB/ H3rOTOBneH 6LICTphlH npepLIBaTenL 
HeiiTpOHHoro ny'IKa. llpH yqacTHH OHJIH 
peanH30BaHa CHCTeMa o6pa60TKH B H H
CTHTyTe Jl~epHLIX HCCne~OBaHHH /P)I(e)l(/ 
3KCnepHMeHTanLHOH HHcPOpMal{HH 0 peaK
l{HJIX JaxaaTa HeiiTpoHOB H~paMH. B llo~-

3HHCKOM yHHBepcHTeTe pa3pa6oTaH HOBLIH 
aapHaHT anLclla-~eTeKTopa ~nJI Hccne~oaa
HHJI anLclla- pacna~a Jl~ep nocne Jaxaa Ta 
HeHTPOHOB. 

HayqHhie cosemaHHJI Ol1JH1 

B 'IHcne npoae~eHHLIX 06oe~HHeHHLIM 
HHCTHTYTOM B 1977 ro~y 46 COBe~aHHH: 
6 KpynHLix Hay'IHLix, 18 pa6o'IHX H 22 Hay q
Ho-opraHH3aUHOHHLIX COBe~aHHJI, B KO TO
pLIX npHHJlllH yqaCTHe 1905 cnel{HanHCT B, 
B TOM 'IHCne 475 yqeHLIX H3 CTpaH-y'laCT
HHI.{ H 65 yqeHLIX H3 ~pyrHX CTpaH. 

HaH6onee Ba)I(HLIMH MeponpHHTHJIMH 
OHJIH 6LinH CHMn03HYM no H36paHl'lhiM 
npo6neMaM CTaTHCTH'IeCKOH MeXaHHKH , 
Me)l(~yHapo~HLiii CHMnOJHYM no Jl~epHoii 

JneKTpOHHKe, Me)l(~yHapo~HLIH CHMn03HYM 
no npo6neMaM Me30XHMHH, Me)l(~yHapo~
HaJI lliKOna MOllO~LIX yqeHLIX no cPH3HKe 
BLICOKHX 3HeprHH H penJITHBHCTCKOH Jl~e p 

HOB cPH3H~e. Coae~aHHe no nporpaMMHpo 
aaHHKi H MaTeMaTH'IeCKHM MeTO~aM peme -
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HHJI cPH3H'IeCKHX Ja~aq, Me)l(~yHapo~Hoe 

COBe~aHHe no B3aHMO~eHCTBHIO TJI)I(ellLIX 
HOHOB C Jl~paMH H CHHTe3y HOBLIX JneMeH
TOB, a TaK)I(e COBMeCTHaJI Me)l(~yHapO~HaJI 
mKona OHJIH- IJ,E PH. 

Ha CHMnOJHyMe no H36paHHLIM 
npo6neMaM CTa THCTH'IeCKOH MeXaHHKH BH~
HLie yqeHLie OHJIH H Hay'IHLIX ueHTpoa 
cTpaH-y'laCTHHU, CiliA, lienLrHH, <I>Pr, 
HTanHH H ~pyrHx cTpaH, aoJrnaanJIIO~He 
Hay'IHLie lliKOllhl KaK B cPYH~aMeHTallLHLIX, 

.TaK H npHKna~HLIX HanpaaneHHJIX CTaTHC
TH'IeCKOH MeXaHHKH, o6cy~HnH. OCHOBHLie 
npo6neMLI 3TOH cPYH~aMeHTanLHOH o6na
CTH TeOpeTH'IeCKOH H MaTeMaTH'IeCKOH cPH-
3HKH. 

Oqepe~Hoii, IX Me)l(~yHapo~HLIH CHM
noJHYM no Jl~epHOH JneKTpOHHKe, npoBe
~eHHLIH 06oe~HHeHHLIM HHCTHTYTOM CO
BMeCTHO c HJIHJI3 H H3 I>AH B Mae 
B BapHe /HPii/, onpe~enHn OCHOBHOe Ha
npaBneHHe ~anLHeiiwero pa3BHTHJI CHCTe
MLI KAMAK: BHe~peHHe MHKponpouecco
poa B MO~ynH H KOHTponnepLI CHCTeMLI 
KAMAK H coJ~aHHe CHCTeMLI c pacnpe
~eneHHLIM ynpaaneHHeM H pacnpe~eneH
HLIMH BLI'IHCllHTenLHLIMH MO~HOCTJIMH. H3 
80 ~OKna~OB Ha CHMn03HyMe 22 6LlnO 
npe~cTaaneHo OT OHJIH. 

B HIOHe B )J.y6He npoxo~Hno nepaoe 
Me)l(~yHapo~Hoe coae~aHHe - CHMn03HYM 
no npo6neMaM Me30HHOH XHMHH H Me3o
MOneKynHpHLIX npoueccoa B ae~ecTBe, no
CBH~eHHoe HOBOMY Hay'IHOMY Hanpaane
HHIO, KoTopoe B03HHKno a OHJIH KaK 
pa3BHTHe HCCne~OBaHHH no cPH3HKe 3ne
MeHTapHLIX 'laCTHI.{ H a TOMHOrO Jl~pa. 0HO 
no~aeno HTOrH Hccne~oaaHHH nocne~HHX 

neT a OHJIH, llHJI<I>, IJ,EPH, CHH, B ueHT
pax CiliA H KaHa~LI, CTHMynHpoaano o6-
cy)l(~eHHe, 06MeH HHcPOpMal{HeH H 06'Le~H
HeHHe yCHllHH pa3llH'IHLIX l{eHTpOB H na-
6opaTOpHH B pemeHHH 3a~aq Me30XHMHH 
H Me30MOneKynJlpHOH cPH3HKH. 
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B ceHTR6pe B ~y6ue 6Mno npoBe~euo 
CoBew;auue no nporpaMMHpoBaHHIO u Ma
TeMaTH'leCKHM MeTO~aM peWeHHR cllH3H'leC
KHX 3a~a'l, Ha KOTOpOM 6hlnO npe~CTaB
neHO 115 ~oxna~oB /no'ITH SOo/o OT OH.HH/, 
nOCBRW:eHHhlX MaTeMaTH'leCKHM MeT ~aM 
peweHHR cllH3H'leCKHX 3a~aq, nporpaMMH
poBaHHIO H Ma TeMa TH'leCKOMY o6ecneqe
HHIO 3BM, MO~ynbHOB CHCTe'Me nporpaMM 
06pa60TKH 3KCnepHMeHTanbHhlX ~aHHhlX. 

qacTLIO 6onj,woii pa6oThl OW.HW no 
no~rOTOBKe Hay'lHhlX Ka~pOB CTpau-y acT
HH:U RBnReTcR npoBe~euue e:>Kero~HhlX w xon 
no aKTyanLHhlM npo6neMaM cllu3HKH Jne
MeHTapHhlX 'laCTH:U H BhlCOKHX JHeprHB. 
Taxue wxonhl cnoco6cTBYIOT aKTHBHOMY 
pocTy npoclleccuouanLHOro ypoBHR Mono~hlx 
COTpy~HHKOB, WHpOKO H BCeCTOpOHH HH
cllopMHPYIOT HX 0 nocne~HHX ~OCTH:>KeHHRX 
H aKTyanLHhlX 3a~aqax cllH3HKH BhlCOKHX 
JHepruii. 

Qqepe~HaR, XI Me:>K~yuapo~HaR w xo
na MOnO~hlX y'leHhlX no cllH3HKe BhlCOKHX 
JHeprHB H penRTHBHCTCKOB R~epHOB cllu-
3HKe 6Mna opraHH30BaHa OW.HW B ceHTR6-
pe B roMene COBMeCTHO c 11<1> AH E CCP' 
roMenbCKHM YHHBepCHTeTOM H 11:HCTHTy
TOM MeXaHHKH MeTannononHMepHhlX CHC
TeM AH ECCP. CnywaTenRMH wxonhl 6M
nu 111 MOnO~hlX y'leHhlX H3 Hay'lHbiX :u;eHt
poB CTpau-yqacTHH:U. B xaqecTBe n eKTo
poB 6Mnu npurnaweHhl Be~yw:ue y euhle 
KpynHeHWHX COBeTCKHX uay'lHhlX :UeHTpOB, 
a TaK:>Ke HYJI u IleucunLBaucxoro yuu
BepcuTeTa /CiliA/, ~E311 ;raM6ypr, <l>Pr I 
u U.EPHa. ~nR rny6oxoro Hly'leHHR, c yqe
TOM nepcneKTHB pa3BHTHR cllH3HKH -BhlCO
KHX 3HeprHB, B Hay'IHYIO nporpaMMY 6hlnH 
BKniO'leHhl uau6onee aKTyanLHhle u yqe6-
uo-uucllopMaTHBHhle TeMhl. 

B OKTR6pe B ~y6ue 6Mno opra HJo
BaHo CoBew;auue JKcnepToB cTpau-yqacT
HH:U no npoeKTaM ycxopuTenLHoro KOMn
nexca TR:>KenhlX HOHOB, Ha KOTOpOM 6hlnH 
o6cy:>K~eHM 3 BapuauTa YKTW. 

Yt~acTHe OJ1HJ1 
B Hayt~HhlX COBe~aHJfHX 

~pyrHX ~Jf3Jfl.J8CKJfX Q8HTpOB 

B 1977 ro~y coTpy~HHKH 06~e~uueu
uoro HHCTHTyTa /531 'len./ yqaCTBOBanH 
B 79 KOHcllepeH:UHRX, CHMn03HyMaX H WKO
nax, npoBe~eHHhlX B cTpauax-yqacTHH:Uax, 
58 coTpy~HHKOB OW.HW npHHRnH yqacTue 
B 20 KOHcllepeH:UHRX, CHMn03HyMaX H WKO
nax B CTpauax-ueyqacTHH:Uax. 

lionLwaR ~enera:uuR y'leHhlX OW.HW 
yqacTBOBana B EBponeBCKOB KOHcllepeH:UHH 
no cllHJHKe qacTH:U B liy~anewTe. Ha xou
cllepeu:uuu OTMe'leHhl ycnewuMe pe JynL
TaThl pa6oT, BhlnonueHHhlX OW.HW B co
TPY~HH'leCTBe c clluJHKaMH liaTaBHH 
u U.EPHa. 

C HHTepeCOM 6hlnH npHHRThl ~OKna~hl 
OT OH.HW ua XX Me:>K~yuapo~HOM cneKTpo
cxonuqecKOM xonnoKBJ\YMe - VII Me:>K~y
uapo~uoii xoucllepeu:uuu no aTOMHOB cneKT
pocxonuu B II pare. KpoMe opuruuanLHhlX 
pe3ynLTaTOB 6hlnH npo~eMOHCTpHpOBaHhl 

xopowue B03MO:>KHOCTH B OW.HW ~nR Bhl
nonueHHR JKcnepuMeHTanLHhlX pa6oT B o6-
nacTH R~epHOB cneKTpOCKOnHH. 

CoTpy~HHKH WucTHTyTa BMecTe c 6on
rapcKHMH y'leHhlMH npO'lHTanH OCHOBHhle 
xypchl nex:uuii, no~y'lHBWHe Bhlcoxyro o:ueu
KY, ua I I I lllxone no cllHJHKe a TOMHoro 
R~pa, HeBTpOHHOB cllH3HKe H R~epHOB :mep
reTHKe B Bapue. 

Bee qneHhl ~enera:uuu OW.HW BhlCTy
nunu C ~OKna~aMH H npHHRnH aKTHBHOe 
y'laCTHe B ~HCKYCCHRX Ha KOHcllepeH:UHH 
"CTpyKTypa a~pOHOB-77" B lllTp6CKe- line
coB qccP. 

BecLMa Ba:>Kuoe 3Ha'leuue ~nR uayquoi 
nporpaMMhl OW.HW B o6nacTH penRTHBHCT
cxoii R~epHOB cllH3HKH HMeiOT TeopeTH'lec
KHe u JKcnepuMeHTanLHhle pa6oThl no 
B3aHMO~eBCTBHRM a~pou- R~po H R~po- R~

pO npH BhlCOKH:x JHeprHRX, COCTaBnRBWHe 
TeMaTHKy XV Me:>K~yuapo~uoii xoucllepeu
UHH no KOCMH'leCKHM ny'laM B IJnOB~HBe. 
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B .D.OKJla,IJ,ax OIUIM 6LinH paccMoTpe HLI 

aKTyaJlbHLie np06J1eMLI H3BJ1e'ieHHJI cilHJH

'ieCKOH HHcilOpMa:UHH H3 ,IJ,aHHLIX no a,IJ,pOH

JI)J.epHLIM B3aHMO,IJ,eHCTBHJIM H npo)J.eMOH-

cTpupoaaHo npeHMymeCTBO HOBOrO Ha-

npaaneHHB uccne,IJ,oBaHHB T B:>Keno:H H caep x

TJI:>KeJlOH KOMnOHeHTLI ranaKTH'ieCKHX K OC

MH'ieCKHX B,IJ,ep. 

KpynHeHWHM MeponpHBTHeM B o6n a

CTH B.IJ.epHoil cilHJHKH BBHnacb Me:>K.IJ.yHapo .IJ.

HaB KOHcilepeHIJ;HJI no CTpyKType B,IJ,pa B T o

KHO, Ha KOTopyro 6Lina HanpaaneHa npe .IJ.

cTaBHTenbHaB ,IJ,enera:u;HB OM.HM. Y'ieT o c

HOBHLIX pe3yJ1bTaTOB KOHcilepeHIJ;HH n03B O

J1JieT CKOppeKTHpOBaTb HCCJ1e)J.OBaTeJ1hCKHe 

nporpaMMLI. 

VII Me:>K.IJ.yHapo.IJ.HaB KOHcilepeHIJ;HJI no 

cilH3HKe BLICOKHX 3HeprHH H CTpyKType B ,IJ,

pa a I.J.ropuxe no,IJ,Bena HToru pa3BHTHB cllu-

3HKH BLICOKHX 3HeprHH Ja ,IJ,Ba ro,IJ,a, onp e

,IJ,eJ1HJ1a npHOpHTeTbl" npOBO,IJ,HMLIX B pa3J1H'I

HbiX :u;eHTpax HCCJle,IJ,OBaHHH, 03HaKOMHJ1a 

y'laCTHHKOB C HOBeHWHMH ,IJ,OCTH:>KeHHJIM H, 

)J.aJla B03MO:>KHOCTb CKOOp,IJ,HHHpOBaTb Ha

npaBJleHHJI uccne.D.OBaHHH. )J;enera TLI OM.HM 

C,IJ,eJ1aJ1H 0630pHLie ,IJ,OKJla,IJ,bl no peJIBTHBHCT

CKOH B,IJ,epHOH cilHJHKe H Me30XHMHH, a T a K

:>Ke BLICTynHJlH C 6 )J.OKJla)J.aMH Ha Ce K

UHOHHLIX Jacie)J.aHHJIX. 

Ha KoHcilepeHUHH eapone:Hcxux nonb J o

BaTene:H 3BM cilHPMLI CDC cOTPY.D.HHKH 

OM.HM npHHBJlH yqacTHe a o6cy:>K.IJ.eHHH 

,IJ,aHHLIX 0 pa3BHTHH KpynHLIX BLI'IHCJ1HTeJ1b

HLIX UeHTpOB, MaTeMaTH'ieCKOrO o6ecn e

'ieHHB, pa3pa60TOK HOBLIX ycTpOHCTB BHew 

HeH naMBTH C nOBLIWeHHOH nJIOTHOCT b W 

JanHCH. 

TeMaTHKa II Me:>K.IJ.YHapo.IJ.HOH neTHe il 

WKOJ1LI no npHMeHeHHW 3BM B cilH3HKe 

a Jlu6uue ;qccp 1 axnroqana cucTeMaT u-

3HpoaaHHoe H3J10:>KeHHe OnLITa KpynHeHW HX 

eaponeHCKHX cilH3H'ieCKHX UeHTpOB. JleK 

TOpbl OM-11M npo'IHTanu Ha wxone neKUHH 

no MaTeMaTH'iecxoMy o6ecne'leHHW rpacllu

qecxux ,IJ,H;'I.JlOrOBLIX CHCTeM H HX npHMeH e -
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HHro, a TaK:>Ke no annapaType B cTaH.IJ.apTe 

KAMAK. 

CoTpy~HHqecTBO H CB~3H 

C HayqHbiMH Q8HTpaMH CTpaH, 

He ~BJI~IOW:HXC~ yqacTHHQaM~ OJ1.HJ1 

B 1977 rO.D.Y OM.HM no.D..IJ.ep:>KHBan H 

paJBHBan wupoxoe COTPY.IJ.HH'ieCTBO 

c U.EPHoM H Hay'IHLIMH :u;eHTpaMH CiliA, 

lllae:Huapuu, <l>paHUHH, MTanuu, )J;aHHH, 

<I>HHJ1JIH,IJ,HH. AHr JlHH. <I> p r. MH.IJ.HH. 10 ro

CJlaBHH B cilopMe B3aHMHOrO y'iaCTHJI B 3K

cnepHMeHTaX H o6pa60TKe cilH3H'ieCKHX ,IJ,aH

HLIX, C03,1J,aHHJI annapaTypLI, 06MeHa MaTe

pHaJlaMH H npoBe,IJ,eHHJI KOHCYJlbTaUHH, 

yqaCTHJI B Hay'IHLIX KOHcilepeHUHBX H CeMH-

Hapax. • 

COTPY.IJ.HH'iecTao c U.EPHoM paJBHaa

nocb B TaKHX cilopMaX, KaK KOMaH,IJ,HpOBa

HHe Ha KOpOTKHe H )J.J1HTeJ1bHLie CpOKH, 06-

MeH ny6J1HKaUHBMH, B3aHMHOe y'iaCTHe B 

Hay'IHLIX KOHcilepeHUHBX H npoBe,IJ,eHHe co

BMeCTHLIX WKOJ1 ,IJ,JlJI MOJ10,1J,LIX y'ieHLIX. 

B Te'ieHue npe.IJ.bi.IJ.ymux Tpex neT ae

JlaCb no,IJ,rOTOBKa COBMeCTHLIX 3KCnepHMeH

TOB Ha MWOHHOM ny'iKe yCKOpHTeJlB I.J.EPHa 

c 3Heprue:H npoTOHOB 400 T3B c uenbro 

nony'ieHHB HOBLIX CBe,IJ,eHHH 0 CTpyKType 

HYKJ10HOB, nOHCKa HOBLIX 'iaCTHU, npoaep

KH coapeMeHHLIX Teopu:H CTPYKTYPLI MaTe

puB H YHHcilHUHpOBaHHLIX TeOpHH B3aHMO

,IJ,eHCTBHJI 'iaCTHU. B 1977 rO.D.Y B COOTBeT

CTBHH c cornaweHHeM o coopy:>KeHHH yJ

noa ycTaHOBKH HA-4 a OM.HM .IJ.OCPO'IHO 

6LIJ1H H3rOTOBJ1eHLI H OTnpaaneHLI B I.J.EP'H 

80 MO,IJ,yJleH Cep)J.e'IHHKa 3J1eKTpOMarHHTa 

o6mHM aecoM 1640 m. Hana:>KeHo H ycnewHo 

H,IJ,eT H3rOTOBJ1eHHe 80 nponopUHOHaJlbHLIX 

KaMep. 

3aaepweH Ha6op 6onLworo 3Kcnepu

MeHTaJ1bHOro MaTepHana B COBMeCTHOM 

C I.J.EPHoM 3KCnepHMeHTe no HCCJle,IJ,OBaHHW 
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npoueccoa .nullJpaxuuouuoil ,nuccouuauuu rr -

Me3oHOB H K -Me30HOB ua ycxopu Tene 
H<I>B3 /Cepnyxoa/ c ITOMOIUbiO ycTaHoB
KH MHC OH.HH. Ilonoauua ,naHHhiX 6y,neT 
H3MepeHa H o6pa6oTaHa B HTanb.ll CKHX 
uay'IHhiX ueuTpax. 

Y cneumo npo,noiDKanocL coTpy,nuu ecT
BO yqeHbiX 06'be,IJ;HHeHHOrO HHCTHTyTa H 
HauuouanLHOH ycxopuTenLHOH na6opato
puu HM. ' 3.<1>epMH. liMn Jaaepweu ua6op 
3KcnepuMeHTanLHoro MaTepuana H np ouJ
ao,nunucL o6pa6oTxa H auanu3 ,naHHLIX He
CKOnhKHX COBMeCTHbiX 3KCnepHMeHTOB. Pe
JynLTaThl 3THX pa6oT ,noxna,nblaanucb ua 
HaUHOHanbHbiX H Me>K,IJ;yHapO,D;HbiX KOHliJe
peHUH.HX H nonyqunu BhiCOKYIO oueuxy . Bo
npochl coTpy,nuuqecTBa ,nayx xpynueilwux 
Hay'IHbiX UeHTpOB 6blnH 06Cy>K,neHbl BO Bpe
M.H BH3HTa ,nupexTopa HYJI npollJe c copa 
P.BHnhCOHa B ,[(y6Hy B OKT.H6pe 1975 ro,na 
H OTBeTHOrO BH3HTa B Mae 1977 ro,na 
,nupexTopa OH.HH axa,neMHKa H.H. 1ioro
nro6oaa B liaTaBHIO. 

B o6nacTH liJHJHKH BhiCOKHX 3Hepruil 
Hay'IHO-TeXHH'IeCKOe COTpy,nHH'IeCTBO H 
CB.II3H C Hay'IHbiMH UeHTpaMH CTpau-ue
yqacTHHU OCYIUeCTBn.HnHCb TaK>Ke B liJopMe 
COBMeCTHOH o6pa60TKH 3KCnepHMeHTanL
HOH uullJopMauuu, nonyqeuuoil Ha ycTaHoa
xax OH.HH /MeTpoaa.H >KH,nxoao,nop o,nua.H 
xaMepa, ,nayxMeTpoaa.H nponauoaa.11 
H >KH,IJ;KOBO,IJ;OpO,nHa.H ny3hlpbKOBble KaMe
phi, .H,nepuble 4JoT03MynLcuu/. B o6pa6oT
xe CHHMKOB C MeTpOBOH >KH,IJ;KOBO,IJ;Op O,D;HOH 
KaMepbl none3HLIM 6blno yqacTHe 4Jpau
UY3CKHX cneuuanHCTOB, KOTOphle OTna,nHnH 
H BBenH B 3KCnnyaTaUHIO CHCTeMy npo
rpaMM o6pa60TKH ru,npa-reoKHH lia 3BM 
EC-1040, 'ITO noJaonuno 3«W!eKTHBHO npo
BO.IJ;HTL auanH3 3KCnepHMeHTanbHOrO Ma
Tepuana a ,[(y6ue u Kowuue. 

CneuuanHCThl <l>uun.HH.IJ;HH yqac TBYIOT 
B o6pa6oTxe u auanu3e 3KcnepuMe TanL
uoro MaTepuana C .IJ;BYXMeTpOBOH >KH,IJ;KO
BO,D;OpO,IJ;HOH KaMe phi "JliO,nMuna". C oTpy,n
HH'IeCTBO C HHCTHTYTOM Jlay3-JlaH>KeBeHa 

B rpeuo6ne OCyiUeCTBn.HnOCb nyTeM o6-
MeHa cneuuanucTaMH B o6nacTH ueiiTpou
HOH liJH3HKH. 

OcHOBHhle peJynLTaThl uayquo-Texuu
qecxoro coTpy,nuuqecTBa OH..HH Ja 1977 r. 
OTpa>KeHbl B cne,nyiOIUHX HTOrOBbiX ,nau
HbiX: 

- H3 06IUero 'IHCna 156 Hay'IHbiX TeM 
COBMeCTHO C Hay'IHO-HCCne,noBaTenbCKHMH 
opraHH3aUH.IIMH CTpaH-y'laCTHHU BbliTOn
H.IInOCb 147 TeM /ITO'ITH 95o/o/, C Hay'IHLI
MH ueHTpaMH ,npyrux cTpaH H Me>K,nyuapo.n
HhiMH OpraHH3aUH.IIMH - 19 TeM; 

- no aonpocaM uayquo- Texuuqe(;xoro 
coTpy,nHH'IeCTBa u ,nn.11 yqacTH.H B uay'IHhiX 
COBeiUaHH.IIX B CTpaHLI-y'laCTHHUbl KOMaH
,IJ;HpOBaHO 525 cneuuanucToB /370 - c uenLro 
BbliTOnHeHH.II COBMeCTHblX pa6oT H 155 -
,nn.H y'laCTH.II B Hay'IHblX KOHliJepeHUH.IIX, 
coBeiUaHH.HX H wxonax/; 

- H3 cTpau-yqacTHHU /xpoMe CCCP/ 
npHH.HTO 1078 yqeuhlx• u cneuuanucToB ,nn.11 
BbinOnHeHHJI COBMeCTHbiX pa60T, a TaK>Ke 
C uenbiO 06MeHa OllbiTOM H KOHCynLTaUHH; 

- npoBe,neHO 46 Hay'IHblX COBeiUaHHH; 
- B Hay'IHble UeHTpbl H Ha Me>K,IJ;yHa-

pO,D;Hble KOHliJepeHUHH B CTpaHax-ueyqacT
HHUaX uanpaaneuo 135 coTpy,nHHKOB OH.HH; 
H3 uayquo-Hccne,noaaTenLCKHX ueuTpoa H 
Me>K,nyuapO,IJ;HbiX opraHH3aUHH B 3THX CTpa
HaX npHH.IITO 235 y'leHbiX H cneuHanHCTOB, 
B TOM 'IHCne 9 CTHITeH,IJ;HaTOB H3 <I>HHn.HH
,IJ;HH, IOrocnaBHH, AacTpHH, APE H ,npyrHx 
CTpaH. 

3KcKypcHH B OMHM 
B 1977 ro,ny npo,noiDKanc.H npHeM 

B OH.HH .nenerauHil H 3KcxypcHOHHhiX rpynn. 
Bcero 6Lmo npHH.HTO 66 ,nenerauHil 
/1472 qenoaexa/, H3 HHX 62 rpynnLI 
/1441 qenoBeK/ H3 CTpaH-y'laCTHHU, 
4 rpynnhl /31 qenoaex/ H3 ,npyrHx 
CTpaH. 3KCKypcaHTbl 3HaKOMHnHCb C OCHOB
HbiMH HanpaBneHH.IIMH HCCne,noaaHHH H 3K
cnepHMeHTanbHbiMH ycTauoaxaMH HHCTH
TyTa. 
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IX MexoyHapoOHbiU cuMno3uyM no .ROepHou 3AeK•
poHuKe cocmo.RACJI 6 BapHe. B HeM npuHJIAU y'lacmue 
cneijUQAUC/IIbl OHJIH, a /IIQKJICe MHOZUX UHCIIIUIIIYI'I06 
ClllpaH- Y'IQC/IIHUij u p.ROa opyzux ClllpaH. CuMn03UYM 
6biA opzaHU306QH 06oeOUHeHHbiM UHCIIIUIIIYJIOM JIOep biX 
UCCAe006QHUU C06MeC/IIHO C HHCIIIUIIIYIIIOM JIOep biX 
UCCAe006QHUU U JIOepHOU 3Hepze111UKU U HHCIIIUIIIymoM 
3AeKIIIPOHUKU IJAH. 

Bo 6peM.R ceccuu KoMumema IloAHOMO'IHbiX Ilpeocma -
6UIIIeAeu y'laCIIIHUKu co6e~aHUJI nocemuAu Aa6opa•o 
puu HHCIIIUIIIYIIIQ U n03HQKOMUAUCb C pa6011QMU no 
C030QHUIO H06biX YCIIIQH060K. Ha CHUMKOX: I/OAHOMO'I " 
HbiU Ilpeocma6umeAb BHP aKaOeMUK )f.Ocmpo6CKU 
6 3aAe ycKopumeAJI Y-400 /cAe6a/; IloAHOMO'IHbiU 
IlpeOCIIIQ6UIIIeAb qccp aKaOeMUK H.KoJICeUIHUK OCMQ11-
pu6ae/ll y3Abl ycllaH06KU PHCK. 

qlleHbl Y'leHozo co6ellla 
OHHH 6 · Jla6opamopuu 
HeUmpOHHOU I/!U3UKU y UIQX
mbl peaKIIOpa HIJP-2. 



B OH.RH no6bi6QIIU 6UJ1e· 
npe3uOeHIII AKaoe.wuu HayK 
CCCP aKaoe.wuK A.A.Jio
zyHo6 U HQ~Q/IbHUK ynpa6-
/leHUR Focyc)apCIII6eHHOZO 
Ko.wumema no ucnollb306a
HUIO QIIIOMHOU 3Hepzuu npo
~eccopA.A.BaCU/Ibe6. )fu
peKmop .1Ia6opamopuu Heiim
poHHOii ~U3UKU QKQOeMUK 
H.M.tZ>paHK n03HaKOMUII 
zocmeii c xooo.w pa6om no 
coopyxeHUIO peaKIIIOpa 
HliP-2. 

)fy6Hy 6H06b noce~ru11 
f{pe36bi~QUHbiU U liOIIHO" 
MO~Hblii noco11 'lCCP 6 
CCCP .RH Fa6e/1Ka. 

-·-
20 ceHiu6pR 6 Bapwa6CKOM yHU6epcu•e
•e COCIIIOR/IOCb 6py~eHue OUn/IOMQ no
~eiiiHOZO OOKIIIOpa OUpeKIIIOpy 06oeOUHeH
HOZO UHCI/lUIIIYIIIQ ROepHbiX UCC/Ie006QHUU 
aKaoe.wuKy H.H.liozo11106o6y. 



Brropou zoo crrpaHou·y~acmHu~eu Olf~ 
.R6A.Rerrc.R Pecny6AuKa Ky6a. Ha CHUMKfl: 
IIoAHOMO~HbiU IIpeocma8umeAb Ky6w 
P.tl>paHKO IIapeAAaoa /8mopou cAeea/ 
3HQKOMUIIICJI C pa60111QMU, np0800UMbiMU 
e Jla6oparropuu 8bi~UcAurreAbHou rrex
HuKu u aelloMarru3a~uu. 

IIpo,Peccop H. CoO HOM epy~aem no~errHyKJ 
zpaMOIIY AH MHP u IIo~emHyKJ zpaMorry 
KoMuccuu no arroMHou 3Hepzuu npu Co
eerre MuHucmpo8 MHP zAa6HOMY 6yx
zaArrepy Olf~ K.Jf. Yrrpo6uHy. 

Orr uMeHu npa8urreAbCIIea lioAbCKou Ha
paOHou Pecny6AuKu 3aMeclllulleAb nocAa 
IIHP 8 CCCP E .muwKo 8py~aem "OpoeH 
3acAyzu KoMaHoopcKou cmeneHu" npo· 
ljeccopy B.li.,4Murrpue8CKOMy. 

MHOZOAerrHee Hay~HOe CO· 
IIIPYOHu~ecm8o C6JI3bl6aem 
!jU3UK08 OJf~ u Jfti>B3. 
Bo 8peM.R o~epeoHou 
ecmpe~u 8 1Ipom8UHO eu~e
oupeKmop OJf~ npo¢eccop 
,J{.Kuw U 3aMecmumeAb ou· 
peKmopa Jfti>B3 npo¢eccop 
B.A . .Rp6a o6cyoUAu 8onpo
Cbl 31/IOZO C0111pyOHU~eCIII8Q. 



06oeouHeHHblii uHcmumym .ROepHbiX uc
CAeooeaHuii coeMecmHo c EeponeiicKuM 
lleHmpOM .ROepHbiX UCCAe0060HUU, HH
cmumymoM I/JU3UKU MIOHXeHCKOZO YHU
eepcumema u l..(empoM .ROepHbiX uccAe
ooeaHuii e CaKAe noozomoeuA 3KCnepu
MeHmaAbHYIO ycmaHOBKY - mopouOaAbHbiU 
cneKmpoMemp OA.R coeMecmHbiX uccAe
ooeaHuii HO ny'IKe MIOOH06 YCKOpumeAJI 
Ha 400 T3B. Ha pa6o'leM coee~qaHuu 
6 UIOHe y'laCmHUKU COGMeCmHOZO 3KCne
pUMeHma n03HOKOMUAUCb C XOOOM pa6om 
no u3zomoeAeHuiO Y3Aoe cneKmpoMempa. 



Y~acmHuKu coee~aHu~ oc
MampueaiOm MOOyAu cep-
oe~HuKa mopouoaAbHozo 
MQZHUIIIQ 6 MQCIIIepcKUX 
OnblliiHOZO npOU3600Clii6Q 
OHJIH. 

Hoy111 3aeepraa10~ue pa6o
lllbl no U3ZOIII06AeHUIO no· 
CAeOHezo, 80- ZO MOOYA~ 
MQZHUJIIQ. MOHIIIQJIC MOOyAeU Ha MIOOH· 

HOM ny~Ke YCKOPUIIIeA~ 

J.lEPH /CHUMOK J.lEPH/. 

C111aHOK OA~ aei!IOMamu3u
poeaHHou HaMomKu pa6o~ux 
np060AOK 60AbiMUX npo· 
nOpJIUOHQAbHbiX I(QMep. 



B OmoeAe H06biX Memoooa 
ycKopeHu.ll HHcmumyma co-
30aH Hay•mo- MemoOu'lec
KUU KOMnAeKC no U3ZOIII06-
AeHUIO, UCnbiiiiQHUIO U U3-
MepeHUIO xapaKmepucmuK 
60AbiUUX KOOpOUHQIIIHbiX 
oemeKmopoa . Ha CHUM-
Kax: Q61110MQIIIU3Up06QHHbiU 
cmeHO OA.II ucnbrmaHuu 
u CH.IIIIIU.II xapaKmepu-
cmuK 60AbiUUX KOOpOUHam
HbiX oemeKmopoa /aHu3y/; 
o6cyxoeHue pe3yAbmamoa 
ucnbiiiiQHuu KaMepbl /cAe
aa/. 

B 3aAe c6opKu 6oAbruux nponOPIIUOHOAbHbiX KaMep 
OA.II coaMecmHozo 3KcnepuMeHIIIa UEPH- OH.IIH. 



B ,l(y6He co3oaHa npou3-
600CM6eHHa~ 6a3a ¢uAuaAa 
MeJICoyHapooHozo xo3~ii
cm6eHHozo o6oeouHeHu~ no 
~oepHOMY npu6opocmpoe
HUIO "HHmepamOMUHCmpy
MeHIII". 3oecb npou36o
oumc~ mexHu'lecKoe o6-
cAyJICu6aHue ~oepHoii an
napamypbl u npu6opo6, 6bl
nycKaeMbiX 6 BeHzpuu, 
F,l(P, IIoAbiUe, CCCP 
U qeXOCA060KUU. 

,l(OKAOObl compyOHUK06 KOM6UHama "Po6ompoH" /F,l(P/, 
npOU3600~UieZO 3BM, 6bi360AU OJICU6AeHHOe o6cyJIC· 
OeHue HO C06MeCIIIHOM C06eJIIOHUU 6 ,l(y6He. 

IIocoA tl>paHIIUU 6 CCCP JipiOHO oe Jlecc noceiiiUA 
6 Mae ,l(y6Hy u 03HaKoMuAc~ c Aa6opamopu~MU HH
CIIIUJiyllla u C06MecmHbiMU pa6ollaMu y'leHbiX OH JIH 
U tl>paHIIUU. 

B C6~3U C npa30H060HUeM HOIIUOHOAbHOZO npa30HUKa 
6oAzapCKOZO Hapo()a - j(H~ C60600bl COCIIIO~AC~ 6U3UIII 
6 OHJIH qpe36bl'laiiHozo u IIoAHOMO'IHOZo IIocAa 
HPli 6 CCCP ,l(uMumpa )J(yAe6a. IIocoA y'lacm6o6aA 
6 IIIOpJICeCIII60X no CAY'IOIO 31110ZO npa30HUKQ U OCMOIII· 
peA Aa6opamopuu HHcmumyma. 

H36ecmHbiU umaAuHcKuu ¢u3uK npo¢eccop r.IIupao
JICUHO 6H06b npuexaA 6 ,l(y6Hy oA~ npoooAJICeHu~ co6-
MeCIIIHbiX UCCAe0060HUU. 



.. 

Beoy~J~ue cne11uaAucmb1 OH.RH e o6Aacmu ycKopumeAb
Hoii mexHuKu npUHJIAU y'lacmue e o'lepeoHoii, X Mexoy~ 
HapOOHOU KOHr/JepeHIIUU no ycKopumeAJIM, cocmOJI6-
IUeUCJI e HHcmumyme r/Ju3UKU BbiCOKUX 3Hepzuii / Cep
nyxoe/ 6 UIOAe 1977 Z. Y'laCmHUKU KOHr/JepeHIIUU 
npeocmaeAJIAU 60 Hay'lHbiX 11eHmpoe U3 18 c mpaH 
MUpa. Hay'lHQJI npozpaMMQ KOHr/JepeHIIUU 6KAIO'lQAQ 
pliO eaxHeiiwux eonpocoe pa3eumu11 u ucnOAb 30ea
HUJI ycKopumeAeii 3apJIJKeHHbiX 'lacmu11 . l>biAU o6 cyx
oeHbl HOBble uoeu e o6Aacmu ycKopumeAbHoii mex HuKu: 
3AeKmpOHHOe OXAQJICOeHue, KOAAeKmU6Hble MemOO bl yc
KopeHUJI u m. o. 





B u10He 1977 zooa 6 J!y6He coc•o.RAC.JI MeJKoyHapoo
Hwil CUAW03UYM no npo6AeMQM Me30HHOU XUMUU 
U Me30MOAeKyA.RpHbiX npO!~eCC06 6 6ellleC1116e. 31110 
nep6oe MeJICOyHapoOHoe co6elllaHue, noc6.RIIIeHHOe Ho-
60MY HOY'lHOMY Hanpa6AeHUIO, n006eAO UIIIOZU UCCAe-
006QHUU nocAeOHUX Aelll 6 OH.JIH, JIH.Jlt/J, l.(EPH, CHH, 
6 11eH111pax CUIA u KaHaObl. 



Ha npoxoou61UeM 6 ,l{y6He pa6o'leM co-
6eU~aHuu 3Kcnepmo6 Co6ema 3KOHoMu
'lecKoii 63QUMOnOMOU#U no npo6AeMe 
"3AoKa'lecm6eHHble H06oo6pa3o6aHUJI" 
6b1Aa OmMe'leHa 60AbiUQJI poAb JIO€pHo
~U3U'I€CKUX Memooo6 6 perueHuu pJIOa 
60npOC06 M€0UIIUHbl U 6UOAOZUU. 

• 

MoAOOble y'leHble OH.JIH npuHJIAU y'lacmue 6 pa6ome 
3UMH€U IUKOAbl no ~U3UK€ JIOpa U 3A€M€HmapHbiX ac
mUII, cocmOJ16rueiicJI 6 3eAeHozopcKe /noo JleHuH zpa
OOM/. Cpeou npo~eccopo6 IUKOAbl 6biA pJIO 6€0Y U# UX 
y'leHbiX OH.JIH. 
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CflPABKA 

0 pa3BHTHH Me~AyHapOAHOrO COTPYAHHqecTBa H CBR3eH 

06be AHHeHHOrO HHCTHTyTa »AepHWX HCCneAOBaHHH 

3a nepHOA 1972-1977 rr. 

N2N2 BH.n: coTpy.n:HHqecTaa 1972 1973 1974 1975 1976 1977 
nn 

1. KonHqecTBO coaMeCTHbiX pa6oT 285 290 290 167 172 150 * 

2. KonHqecTBO KOMaH.n:HpoaoK cneuHaJIHC

TOB H3 CTpaH-yqacTHHU B ~y6Hy / 6 e3 

COBeiUaHHH/ 503 684 896 1026 1079 1078 

3. KonHqecTBO KOMaH.n:HpoaoK cneuHaJIHc

TOB 011.JII1 B CTpaHbi-yqacTHHUbl 431 417 426 474 508 525 

4. KoJIHqecTao HayqHMX, MeTO.D:HqecKHX H 

HayqHQ- opraHH3aUHOHHbiX COBeiUaHHH 

5. KoJIHqecTao KoMaH.n:HpoaoK Ha Me:>K.n:y

Hapo.n:Hbie KOH~iJepeHUHH H B Hay Hble 

UeHTpM CTpau-HeyqacTHHU 

6. KonHqecTBO npHeJ.n:os cneuHaJIHCT OB H3 

cTpau-ueyqacTHHU 

7. KOJIHqecTBO CTHneu.n:Ha TOB 011J111 

29 

132 

226 

15 

39 38 

140 112 

157 206 

17 8 

llpHMeqauHe: * B CBH3H c nepexo.n:oM ua TeMa THqecKoe nnauHpoaauHe 
uayquo-Hccne.n:osaTeJib CKHX pa6oT H Me:>K.n:yuapo.n:HbiX 
CBH3eH B 1975-1977 rr. yKa3aHO KOJIHqecTBO TeM, 
flO KOTOpblM BblllOJIHHIOT CH COBMeCTHbie pa60Tbl. 

42 39 46 

131 310 135 

250 321 226 

11 13 9 



173 

HayqHbiX COBei.QaHJ1i1, 

npoae~eHHWX 06be~HHeHHWM HHCTHTYTOM H~epHWX HCC~e~OBaHHI 

B 1977 ro~y 

BpeM.H MecTo KonuqecTBO 
HauMeHOBaHHe 

J . KOHfP€P€H!4U U, CUMn03UYMbl, UIKOIZbl 

1. CuMnOJHYM no H36paHHblM npo6neMaM 19-22 ,D;y6Ha 60 
CTaTHCTH'IeCKOH MeXaHHKH anpen.H 

2. IX Me)I(AyHapOAHblH CHMnOJHYM no 
.HAepHOH :meKTpOHHKe 5-9 Ma.H BapHa, HPJi 100 

3. Me)I(AYHapoAHblH CHMnOJHYM no npo -
6neMaM Me30XHMHH 

4. XI Me)I(AYHapoAHa.H wxona MOnOAbiX 
y'leHblX no 4lH3HKe BblCOKHX 3HeprHH 
H pen.HTHBHCTCKOH .HAepHOH 4lH3HKe 

5. CoBemaHHe no nporpaMMHpoBaHHIO H 
MaTeMaTH'IeCKHM MeTOAaM pellleHH.H 
4lH3H'IeCKHX JaAa'l 

6. Me)I(AyHapoAHOe coBemaHue no BJaH 
MOAeHCTBHIO T.H)I(ellblX HOHOB C .HApaM 
H CHHTe3y HOBblX 3neMeHTOB 

7 - 1 0 HIOH.H )l;y6Ha 

12-23 roMenb, 
ceHT.H6p.H CCCP 

20-23 ,Il;y6Ha 
ceHT.H6p.H 

13-16 
Aexa6p.H 

,Il;y6Ha 

I I. Pa6o~ue coee111aHUJ1 

7. CoBemaHHe no COBMeCTHOMy OIUIH -
I.J.EPH MIOOHHOMY 3KCnepHMeHTY 3-4 MapTa ,Il;y6Ha 

8. CoBemaHHe no uccne.n;oBaHHJO B3aHMO - 15-17 ,Il;y6Ha 
,n;eHCTBHH 6blCTpblX a,n;pOHOB C .H,D;paMH 4leBpan.H 

75 

100 

120 

100 

30 

20 
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HauMeHoBaHue 

9. CoBemaHue no o6pa6oTKe CHHMK B c 
ycTaHOBKH "JllO~MHJia" 

10. CoBemaHHe no ycTaHOBKe PI1CK 

11. CoBemaHue no 3KcnepuMeHTaM c Heii:T
paJILHhiMH KaoHaMH Ha ycTaHOBKe EI1C 

12. CoBemaHue no o6pa6oTKe CHHMKOB c 
MeTpOBOH BO~OpO~HOH ny3blpbKOBOH 
KaMe phi 

13. CoBemaHue no uccne~oBaHHHM Ha ~Byx
MeTpOBOH nponaHOBOH KaMepe 

14. CoBemaHue no COBMeCTHOMy OIU II1-
U.EPH MIOOHHOMY 3KCnepHMeHTY 

15. CoBemaHue no uccne~oBaHHIO B3aHMo
~eii:cTBHH peJIHTHBHCTCKHX H~ep C H~
paMH 

16. CoBemaHue no ycTaHoBKe CIII1H 

17. CoBemaHue no ycTaHOBKe Pl1CK 

18. CoBemaHHe no 3KcnepuMeHTaM c Heii:T
panhHhiMH KaoHaMH Ha ycTaHOBKe El1C 

19. CoBemaHue no uccne~oBaHHHM Ha 
~BYXMeTpOBOH nponaHOBOH KaMe p e 

20. CoBemaHue no coJ~aHHIO cBepxnpoBo
~Hmux 3JieMeHTOB MarHHTHOH OnTHKH 
~JIH <iJopMupoBaHHH ny'iKOB qacTH 

BpeMH MecTo KonuqecTBO 
npOBe~eHHHnpOBe~eHHH yqaCTHHKOB 

1-4 MapTa ~y6Ha 

15-17 MapTa ~y6Ha 

6-8 ~y6Ha 
an penH 

11-13 MaH ~y6Ha 

1-4 HIOHH ~y6Ha 

14-16 
HIOHH 

6-9 
CeHTHfipH 

13-15 
CeHTHfipH 

27-30 
CeHTHfipH 

4-6 
OKTHfipH 

4-6 
OKTHfipH 

~y6Ha 

II para, 
Y.CCP 

~y6Ha 

~y6Ha 

~y6Ha 

~y6Ha 

30 

40 

40 

30 

40 

30 

15 

40 

40 

40 

40 

15 
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BpeMH Mecro Konu'-leCTBO 
npOBe~eHHH npOBe~eHHH y'-laCTHHKOB 

21. CoaemaHue 3KCnepTOB crpaH-y'-lac r -
HHU OlUil1 no npoeKTaM MHoroJapH~ - 11-14 )l.y6Ha 50 
HOrO YCKOpHTenhHOrO KOMn.JieKCa OKTH6pH 

22. CoaemaHue no COBMeCTHOMY Ol1Rl1 - 12-15 )l.y6Ha 30 
IJ.EPH MIOOHHOMY 3KCnepuMeHTY OKTH6pH 

23. CoaemaHue no o6pa6orKe CHHMKOB C 1-3 )l.y6Ha 30 
yCTaHOBKH "JliO~MHna" HOH6pH 

24. CoaemaHue no o6pa6oTKe CHUMKOB C 
MeTpOBOH BO~OpO.I(HOH ny3hiphKOBOH 15-17 )l.y6Ha 15 
KaMe phi HOH6pH 

I I I. Hay,mo- opza Hu3atiU01Htble coee~J~aHWI 

25. XLI ceccuH Y'-leHoro coaera 011Rl1 

26. KoMuTeT llonuoMO'-IHhiX llpe~craau
reneil crpau- yqacTHHU Ol1Rl1 

27. KoMHTeT no crpyKrype H~pa 

28 . KoMHTeT no ueilrpouuoii lPHJHKe 

29. KOMHTeT no lPH3HKe TH)I(ellbJX HOHOB 

30. KaMepHbiH KOMHTeT 

31. KoMuTeT no JneKTpOHHbiM JKcnep -
\1eHTaM 

11-14 
HHBapH 

8-10 
!l>eapanH 

5-7 
an penH 

5-7 
anpenH 

5-7 
an penH 

12-14 
anpenH 

12-14 
anpenH 

)l.y6Ha 60 

)l.y6ua 60 

)l.y6Ha 30 

)l.y6ua 25 

)l.y6ua 25 

)l.y6ua 25 

)l.y6ua 25 
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BpeMJI MecTo KonuqecTBO 
,NgNg HauMeHoBaHHe npoBeAeHHJI npoBeAeHHJI y"laCTHHKOB 

32. <I>OT03MynLCHOHHLIH KOMHTeT 12-14 ,D;y6Ha 25 
anpenJI 

33. CeccHJI Y"leHoro COBeTa no 4>H3HKe 17-19 ,D;y6Ha 50 
BLICOKHX 3HeprHH MaJI 

34. CeccuJI Y"leHoro COBeTa no 4>H3HKe 24-26 ,lJ;y6Ha 50 
HH3KHX 3HeprHH MaJI 

35. KoHTponLHaJI KOMHCCHJI <I>HHaHCOBOr O 7-10 ,D;y6Ha 20 
KOMHTeTa HIOHJI 

36.XLIIceccuJI Y"leHoro coaeTa OM.HM 14-16 ,D;y6Ha 60 
HIOHJI 

37. KaMepHLiii KOMHTeT 18-20 ,D;y6Ha 30 
OKTJI6pJI 

38. <I>OT03MynLCHOHHLIH KOMHTeT . 18-20 ,D;y6Ha 25 
OKTJI6pJI 

39. KoMHTeT no 3nexTpOHHLIM 3Kcnepu- 18-20 ,D;y6Ha 25 

MeHTaM OKTJI6pJI 

40. KoMHTeT no cTpyxType JIApa 25-27 ,D;y6Ha 25 
OKTJI6pJI 

41. KoMHTeT no HeiiTpOHHOH 4>H3HKe 25-27 ,D;y6Ha 25 
OKTJI6pJI 

42. KoMHTeT no 4lHJHKe T Jl)l(enLIX HOHOB 25-27 ,lJ;y6Ha 25 
OKTJI6pJI 

43. <I>HHaHCOBLIH KOMHTeT 16-19 ,D;y6Ha 25 
HOJI6pJI 

44. CeccHJI Y"leHoro COBeTa no 4>H3HKe 22-24 ,D;y6Ha 50 
BLICOKHX 3HeprHH HOJI6pJI 

45. CeccHJI Y"leHoro COBeTa no 4>H3HKe 29 HOJI6pJI· ,lJ;y6Ha 50 
HH3KHX 3HeprHH 1 Aexa6pJI --46. CeccHJI Yqeuoro coaeTa no Teope TH- 7-9 ,D;y6Ha 40 
qecxoii 4>H3HKe Aexa6pJI 

• 
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OEPE'lEHb 

M8~~yHapO~HhlX H H8QHOH8RbHhlX KOH¢ep8HQHA, 

CHMn03HYMOB , COBemaHHA H lliKOR, 

B KOTOphlX npHHHMBRH yqacTH8 cn e QHBRHCThl 06be~HH8HHOrO HHCTHTYTB 

H~epHhlX HCCR8~0B8HHA B 1977 ro~y 

HaHMeHoBaHHe BpeMJI 
npoBe,neHHJI 

A. B cmpaHax - y'lacmHutlaX HHcmumyma 

1. CoBei.QaHHe no aBTOMaTH3a.U:HH 

2. V Bcecoi03HaJI wKona no HeynpyrHM 
B3aHMO.D:eHCTBHJIM npH BbiCOKHX 3Hep
rHJIX 

3. XVMe)l(,nyHapo,nHaJI 3HMHJIJI wKona no 
H,nepHOH li>H3HKe 

4. Pecny6nHKaHCKHH ceMHHap "ABTOMa
TH3al{HJI Hay'IHbiX HCCne,noBaHHH" 

5. lliKona no MeTO.IJ:H'IeCKHM BonpocaM pa
,nHa.U:HOHHOH li>H3HKH MeTannoB H cnna
BOB 

6. 3HMHJIJI WKOna no TeopeTH'IeCKOH li>H-
3HKe 

7. XXVII CoBei.QaHHe no H,nepHOH cneKTpo
CKOnHH H CTPYKType aTOMHOrO 11,npa 

8. CHMn03HYM cTpaH C3B "11ccne,noBaHHJI 
B o6nacTH nepepa6oTKH o6nyqeHHoro 
TonnHBa" 

9. lliKona l.J.I1RI1 no pacceJIHHIO HeHTpOHOB 

10. CHMn03HYM no MoneKynHpHoH 6Hono
rHH HMMOrno6ynHHOB 

16-21 JIHBapJI 

25 JIHBapH-
5 l!>eBpanH 

21 l!>eBpanH-
2 MapTa 

5-20 MapTa 

22-25 MapTa 

23 MapTa-
2 anpen11 

28 MapTa-
11 anpen11 

4-8 anpen11 

MecTo 
npoBe,neHHJI 

liy.nanewT, BHP 

liaKypHaHH, CCCP 

3aKonaHe, IIHP 

T6HnHcH, CCCP 

liaKypHaHH, CCCP 

Kapnaq, IIHP 

TawKeHT, CCCP 

KapnoBbi- Bapbi, 
qccP 

KneiiHxeHHepc.nopl!>, 
r,n;P 

Ilpara, qccP 
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HauMeHoBaHHe 

11. II Bcecoi03HaR KOH<lJepeH:UBR no MeM-
6paHHhiM MeTO,IJ;aM pa3,IJ;eneHHR CM eCeH 

12. IV KoH<lJepeH:UBR no HeHTPOHHOH <lJH3HKe 

13. Coaet:uaHHe no ,IJ;HarHOCTHKe noaepxHo
CTH HOHHbiMH nyqKaMH 

14. KoH<lJepeH:UBR Mono,IJ;LIX yqeHhiX no <Pu-
3HKe aTOMHOrO R,D;pa, 3neMeHTapHbiX 
qaCTB:U H KOH,IJ;eHCHpOBaHHOrOCOC TOR
HHR 

15. Coaet:uaHHe cne:uuanHCTOB cTpaH- qne
HOB C3B "TexHuqecKoe ucnonh30BaHHe 
CBepxnpOBO,II;HMOCTH" 

16. Me)I(,IJ;yHapo,D;HhiH CHMn03HYM no n epe
XO,IJ;HOMY H3nyqeHHIO qacTH:U BbiCOKHX 
3HeprHH 

17. I I I Bcecoro3Hoe coaet:uaHHe "Cn aabl 
pe,D;KHX MeTannoa c oco6LIMH <lJH3Hqec 
KHMH CBOHCTBaMH" 

18. Me)I(,IJ;yHapo,D;HhiH CHMno3HYM no B,D;ep
HOH Me,IJ;H:UHHe 

19. XVII MeTeopHTHa.!l KOH<lJepeH:UHB 

20. I Bcecoro3HhiH CHMn03HYM no Mo,IJ;ynL
HhiM HH<lJopMa:UBOHHO- BblqHcnHTenLHbiM 
CHCTeMaM 

21. Coaet:uaHHe no Teopuu MHorux qa cTH:U 
C CHnhHbiM B~aHMO,IJ;eHCTBHeM 

22. Me)I(,IJ;yHapo,D;HLIH KOHrpecc MaTeMaTu
KOB 

23. V Bcecoro3HLIH ceMHHap no nHHeHHhiM 
yCKOpHTenRM 

BpeMR 
npoae,IJ;eHHR 

12-14 anpenB 

18-22 anpenR 

18-27 anpenR 

21-22 anpenH 

3-6 MaR 

12-17 MaR 

16-18 MaR 

16-21 MaR 

24-27 MaR 

30 MaR
l HIOHR 

2-5 HIOHR 

2-12 HIOHR 

2-6 BIOHR 

MecTo 
npoae,IJ;eHHR 

Cy3,11;anL, CCCP 

Kuea, CCCP 

Y)l(ropo,D;, CCCP 

raTqHHa, CCCP 

,Uy6Ha, CCCP 

• 

EpeaaH, CCCP 

MocKBa, CCCP 

Kapnoabl- BapLI, qccP 

3aeHuropo,D;, CCCP 

MocKBa, CCCP 

BunLHroc, CCCP 

BapHa, HPli 

XapbKOB, CCCP 



• 

HauMeHoBaHHe 

24. Coae~aHue-ceMHHap "R-TexHonor HH 
nporpaMMHpOBaHHJI H cpe,n;CTBa ee 
aBTOMaTH3aU.HH RTKEC 3BM H RTK 
.63CM -6" 

25 . CeccHH HayqHoro coaeTa "3neKTpo
MarHHTHMe B3aHMO,IJ;e~CTBHJI a,n;pOHOB 
B pe30HaHCHO~ o6naCTH :meprH~" 

26. KoH4JepeHU.HH no aBTOMaTH3aU.HH Hayq
HMX HCClle,IJ;OBaHH~ Ha OCHOBe npHMe
HeHHJI 3BM 

27. Me)t(,n;yHapo.n;HaH KOH4JepeHU.HH "He~T

puHo-77" 

28. BceMHpHM~ 3neKTpoTeXHH'IeCKH~ 

KOHrpecc "HacTOHU\ee H 6y.nyll\ee 
3lleKTpOTeXHHKH" 

29. I I Bcecoi03HaH KoH4JepeHU.HH no nepe
xo,n;y "MeTann- .n;H3neKTPHK" 

30. II BeHrepcKaH KOH4JepeHU.HH no BLI
qucnuTenLHO~ TeXHHKe 

31. Me)t(,n;yHapo,n;HaH KOH4JepeHU.HH no H,n;ep
HMM peaKIJ,HJIM 

32. Me)t(,n;yHapo,n;HaH KoH4JepeHU.HH no 4Ju-
3HKe 3lleMeHTapHLIX 'laCTHU. 

33. KoH4JepeHU.HH cTpaH C3B no 4Ju3 Ke 
H TexHHKe HH3KHX TeMnepa TYP 

34. X Me)t(,n;yHapo,n;HaH KoH4JepeHU.HH no y c
KOPHTellJIM 3apJI)t(eHHLIX 'laCTHU. BMCO
KHX 3HeprH~ 

35. Me)t(,IJ;yHapo,n;HaJI KOH4JepeHU.HJI no KOC
MH'IeCKHM ny'laM 

36. JleTHJIJI WKOna no HCnOllL30BaHHIO 3 B M 
B 4JH3HKe 

BpeMH 
npoae,n;eHHH 

7-11 HIOHJI 

8-10 HIOHJI 

9-11 HIOHJI 

18- 24 HIOHJI 

21-25 HJOHJI 

22- 25 HIOHJI 

26 HIOHJI-
3 HIOllJI 

26 HIOHJI-
3 HIOllJI 

3-10 HlOllJI 

5-12 HlOllJI 

11 - 17 HlOllJI 

13-27 aarycTa 

19-29 aarycTa 

MecTo 
npoae.n;eHHJI 

Kuea, CCCP 

XapLKOB, CCCP 
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Hoaocu6upcK,CCCP 

IIpH3nL6pycLe, CCC P 

MocKlsa, CCCP 

JILBOB, CCCP 

.6y,n;anewT, BHP 

.Iiana ToH4JIOpe.n;, 
BHP 

.liy,n;anewT, BHP 

.liyxapecT, CPP 

Cepnyxoa, CCCP 

IInoa.n;HB, HP .6 

Jlu6nuu.e, qccp 
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H!!N2 HauMeHoBaHHe 

37. 8 Jace,naHHe KOMHCCHH C3B no HC
cne.noaaTenLCKHM peaKTopaM 

38. Me)l(,nyHapo,nHhlH KOHrpecc no aTOMHOH 
cneKTpOCKOnHH 

39. Me)l(,nyHapo,nHax KoHcl>epeH:UHH no Mar
HHTHOH TexHonorHH 

40. JleTHHH IIIKOna no x,nepHOH cPH3HKe 

41. BcecoJOJHax KOHcl>epeH:uHx "IlepcneK
THBhl H npo6neMbl pa3BHTHH BbJqHCnH
TenbHOH TeXHHKH" 

42. OceHHHH IIIKona no JneMeHTapHhiM qa c
TH:UaM 

43. KoHcl>epeH:UHH no 
cneKTpOCKOnHH 

Mecc6ay3pOBCKOH 

44. II BcecoJOJHhiH CHMnoJHYM no o6pa-
6oTKe cPHJHqecKOH HHcPOpMa:UHH 

45. BcecoJOJHhiH ceMHHap "KaoH- x,nepHoe 
B3aHMo,neiicTBHe H runepx.npa" 

46. IV Me)l(,nyHapo,nHax KoHcl>epeH:UHH .no 
cerHeToJneKTpuqecTBY 

47. Me)l(,nyHapo,nHLIH C,HMnoJHYM no Bhl
COKOCnHHOBbiM COCTOHHHHM H CTpyKTy
pe x,npa 

48. CHMnoJHYM no BJaHMo,neiicTBHIO HOHH-
3HPYIOU(HX H3nyqeHHH 

49. XXVC'LeJ,n nonLCKHx cPHJHKOB 

50. IV BcecoJOJHax KoHcl>epeH:UHH no Hc
nonhJOBaHHJQ.. BbJqHcnHTenbHbiX MaiiiHH -B cneKTpOCKOnHH MOneKyn 

• 

BpeMx 
npoae,neHHH 

28 aarycTa-
3 ceHTx6px 

29 aarycTa-
8 CeHTH6px 

29 aarycTa-
5 ceHTx6px 

30 aarycTa-
13 ceHTx6px 

2-10 ceHTx6px 

4-15 ceHTx6px 

5-10 ceHTx6px 

9-16 ceHTx6px 

12-15 ceHTx6px 

18-23 ceHTx6px 

18-26 ceHTx6px 

19-23 ceHT x6px 

19-23 ceHTx6px 

19-21 ceHTx6px 

MecTo 
npoae,neHHx 

,lJ;peJ,neH, 
r,n;P 

II para, 
qccP 

.DpaTHcnaaa, 
qccP 

MHKonaiiKH, 
IIHP 

Kuea, CCCP 

MaTpaci>JOpe.n, BHP 

.DyxapecT, CPP 

EpeaaH, CCCP 

3aeHHropo,n,CCCP 

JleHHHrpa.n, CCCP 

,lJ;peJ,neH, r ,lJ;P 

repa, r,n;P 

Bpoiwaa, IIHP 

HoaocH6HpcK,CCCP 



• 

HaHMeHoBaHue 

51. VII Me)l(,n;yHapo,n;Hax KOHI!>epeHUHX no 
a TOMHhiM CTOJIKHOBeHHJIM B TBep,D;OM 
Tene 

52. Bcecoi03Hax KoHI!>epeHuux" no lt>H 3HKe 
MarHHTHhiX JIBIIeHHH 

53. KoHI!>epeHu;Hx no aHaJIHTHl.fecKo:H XHMHH 
pa,D;HOaKTHBHhiX Ma TepHaJIOB 

54. lliKOJia no li>H3HKe pa,n;HaiJ;HOHHhiX noB
pe)I(,D;eHHH TBep.n;oro Tena 

55. V Bcecoi03Hax Hayl.fHo- TexHHl.fecKax 
KOHI!>epeHUHJI no npo6JieMaM MarHHTHhiX 
H3MepeHHH H MarHHTO-H3MepHTeJih o:H 
annapaTyphi 

56. KoHI!>epeHUHX MOIIO,D;hiX yl.feHhiX no ¢u-
3HKe aTOMHOrO Jl,D;pa, 3JieMeHTap hiX 
l.faCTHU H 6uo¢H3HKe 

57. Me)l(,n;yHapo.n;HhiH ceMHHap- BhiCTaBKa 
"MHHH 3BM H npH60phi ,D;JIJI x,n;epHhiX 
HCCIIe,D;OBaHHH" 

58 . lliKOJia no li>H3HKe 3JieMeHTapHhiX l.f c
THU 

59 . XI Bcecoi03Hax wKona no aBTOMaTH-
3aUHH Hayl.fHhiX HCCJie,D;OBaHHH 

60. Me)I(,D;yHapo,D;HhiH CHMn03HYM no CTpy K
Type a,n;pOHOB 

61. Me)l(,n;yHapo,n;HhiH CHMn03HYM no npo6-
neMe Tpex Ten 

62. CeMHHap no noBhiWeHHIO 3¢¢eKTHBHO
CTH 3BM li3CM -6 

63. lllKona no lt>H3HKe x.n;pa 

BpeMx 
npoBe.n;eHHX 

19-23 ceHTx6px 

20-23 ceHTx6px 

26-28 ceHTx6px 

26 ceHTx6px-
7 OKTX6px 

27-29 CeHTX6px 

27-30 ceHTx6px 

4-6 OKTX6px 

5-7 OKTX6px 

7-18 OKT x6px 

8-18 OKTX6px 

10-15 OKTJI6px 

10- 20 OKT x6px 

17-27 OKTJI6px 

MecTo 
npoBe.n;eHHX 

MocKBa, CCCP 

,ll;oHeUK, CCCP 

MocKBa, CCCP 

AnywTa, 
CCCP 
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.O:eHHHrpa.n;,CCCP 

EpeBaH, CCCP 

MocKBa, CCCP 

IIpHMOpCKO, HP li 

MHHCK, CCCP 

lllTp6cKe- IIneco, 
qccP 

IIoTc.n;aM, r ,ll;P 

Ea,n;-lllTyp, r ,JJ;P 

BapHa, HPE 
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HaHMeHoBaHHe 

64. Pa6oqee coae~aHHe no TexHonoruu 
nponopUHOHanLHLIX KaMep 

ceMHHap no . . 
MHOronpoueccopHLIM BhlqHCnHTenLHLIM 
MalliHHaM 

66. BcecoiOJHaH :KoH4JepeHUHH "Coaeplll H
CTBOBaHHe npoueccoa, MalliHH Hanna
paTOB XOnO.IJ;HnLHOH H KpHoreHHOH Tex
HHKH H KOH,D;HUHOHHpOBaHHJI B03,D;yxa" 

67. Coae~aHHe no ucnonLJOBaHHIO 3 M 
EC-1010 

68. Me)I(,D;yHapo,D;HLIH ceMHHap no MarHe
TH3MY 

69. II KoH4JepeHUHH no Mo,D;ynLHLIM c c
TeMaM ,D;nH c6opa H o6pa60TKH HHrP p
MaUHH 

70. KoH4JepeHUHH Mono,D;LIX yqeHLIX no cue
TeMaTHqecKOMy nporpaMMHpOBaHHIO 

71. VIBcecoiOJHoe coae~aHHe no rPH3HKe 
noaepXHOCTHLIX HBneHHH B nonynpOBO,ll;
HHKaX 

72. Me)I(,D;yHapo,D;HLIH CHMnoJHYM no 
B3aHMO,D;eHCTBHIO 6LICTpLIX HeHTp HOB 
C H,D;paMH 

73. CeMHHap no rPYHKUHHM Yonllla 

74. CeMHHap no KpHoreHHOH aaKyyMHoii 
TeXHHKe 

75. IV CeMHHap "Ilpo6neMLI nnaHupoaaHHH 
H ynpaaneHHH HayqHLIMH uccne,IJ;oaa
HHHMH" 

76. I I Bcecoi03HaH KoH4JepeHUHH no no
BepXHOCTHLIM HBneHHJIM B )I(H,!J;KO CT JIX 

BpeMH 
npoae,D;eHHH 

17-19 OKTH6pH 

20-22 OKTH6pH 

25- 27 OKT H6pH 

26- 30 OKT H6pH 

6-12 HOH6pH 

7-14 HOH6pH 

11-13 HOH6pH 

15-17 HOH6pH 

20-27 HOH6pH 

21-24 HOH6pH 

22-24 HOH6pH 

23-27 HOH6pH 

29 HOH6pH-

6 .IJ;eKa6pH 

MecTo 
npoae,D;eHHH 

3aeHHropo,D;,CCCP 

MoCKBa, CCCP 

TalliKeHT, CCCP 

PocToa-Ha-~oHy, 

CCCP 

Ce6Huu, r~P 
• 

Ilpara, qccP 

HOBOCH6HpCK, 
CCCP 

Kuea, CCCP 

rayccur' r ~p 

Pura, CCCP 

XapLKOB, CCCP 

MocKaa, CCCP 

JleHHHrpa.IJ;, 
CCCP 



• 

HaHMeuoaauue 

77. CeMHHap ua TeMy "llporpaMMa 3Kcn e
pHMeHTanLHhiX HCCne,IJ.OBaHHH Ha Me-
30HHOH $a6pHKe" 

78. llepBhiH Me)I(,IJ.yHapO.IJ.HbiH C"eMHHap no· 
HCnOilb30BaHHIO npOTOHHbiX nyqKOB B 
nyqeaoB: TepanHH 

79. IV CeMHHap "3neKTPOMarHHTHLie B3aH
MO.IJ.eHcTBHJI JI,IJ,ep npH MallbiX H cpe,IJ, 
HHX 3HeprHJIX" 

BpeMJI 
npoae.n.eHHJI 

6-9 ,IJ,eKa6pJI 

6-13 ,IJ,eKa6pJI 

13-15 ,IJ,eKa6pJI 

E. B cmpaHax - Hey~acmHU!4ax HHcmumyma 

1. 3ace,IJ,aHHe oprKOMHTeTa IliKOllbl 
U.EPH-OHRH 

2. HauuouanLHaJI KOH$epeHUHJI no ycKo 
puTenJIM qaCTHU 

3. IV Me)I(,IJ,yHapo.IJ.HLIH Kourpecc accouua 
UHH pa,IJ,HaUHOHHOH 3aiUHTbl 

4. Me)l(.n.yuapo,IJ,HaJI KOH$epeHUHJI no JI.IJ.ep 
uoB: 3HepreTHKe H ee TOnnHBHOMY UHKny 

5. Me)I(,IJ,yuapo,IJ,HaJI IliKona IJ.EPH -OH.Hl1 
no $H3HKe 

6 . Me)I(,IJ,yHapO,IJ,HhiH CHMn03HYM no MHKpo
XHMHqecKOH TeXHHKe 

7. Me)I(,IJ,yHapo.n.uaJI KOH$epeuuuJI no JI.IJ.ep
HhiM peaKUHJIM C TJI)I(ellblMH HOHaMH 

8. V Me)I(,IJ,yHapO,IJ,HbiH CeMHHap no HOHHO
aTOMHbiM CTOllKHOBeHHJIM 

7-12 MapTa 

15-23 MapTa 

23-30 anpenJI 

27 anpenJI-
16 MaJI 

21 MaJI -
4 HIOHJI 

22-29 MaJI 

29 MaJI-
8 HIOHJI 

10-25 HIOllJI 

MecTo 
npoae.n.eHHJI 
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3BeHuropo.n.,CCCP 

MocKaa, CCCP 

MocKaa, CCCP 

qHKaro, CiliA 

llapH)I(, cl>paHUHJI 

3anLu6ypr, 
ABCTPHJI 

Ha$nnuou, 
rpeUHJI 

)J,aaoc, 
IliaeB:uapHJI 

Xaap, 
IOrocnaBHJI 

)J,apMiliTa,IJ,T, 
ct>Pr 
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HaHMeHoBaHHe 

9. IV Me)I(,D;yHapo.nHaH KoHtlJepeHI.J;HH no 
cneKTpOCKOnHH H aHanHTHqecKOH XH
MHH 

10. VI KoHtlJepeHu;HH no aon.PocaM opr_a
HH3au;HH aBTOMaTH3HpOBaHHbiX HHtPOp
Mal.{HOHHO- nOHCKOBbiX CHCTeM 

11. CHMnO 3HYM no OCHOBaHHHM COBpeMeH
HOB tPH3HKH 

12. Me)I(,D;yHapo.D;HhiH CHMn03HYM no nen
TOHHhiM H tPOTOHHbiM B3aHMO,D;eHCTBH
HM 

13. VII Me)I(,D;yHapo.nHaH KoHtlJepeHu;llH no 
tPH3HKe BhiCOKHX 3HeprHH H cTpyKType 
H.D;pa 

14. Me)I(,D;yHapo.nHaH 
cTpyKType H.D;pa 

KOHtlJepeHI.{HH no 

15. VII Me)I(.D;yHapo.D;HhiH KOHrpecc n o aa
KYYMHOH TexHHKe 

16. Me)I(,D;yHapo.nHaH mKona no tPH3HK e 3ne
MeHTapHbiX qaCTHI.{ 

17. KoHtlJepeHu;HH 
tPHPMhi CDC 

nonhJoaaTeneu 3BM 

18. reHepanhHaH KOHtlJepeHI.{HH MAr AT3 

19. CoaemaHHe KOMHTeTa U.EPH-CCC P no 
coTpy.D;HHqecTay 

20. Me)I(,D;yHapo.D;HhiH CHMnOJHYM no Heyn
pyroMy pacceHHHIO HeHTpOHOB 

BpeMH 
npoae.neHHH 

17-28 HIOllH 

20-30 HIOllH 

11-20 aarycTa 

24 aarycTa-
2 CeHTH6pH 

28 aarycTa-
7 CeHTH6pH 

3-14 CeHTH6pH 

11-18 CeHTH6pH 

18 CeHTH6pH-
2 OKTH6pH 

24 CeHTH6pH-
5 OKTH6pH 

25 CeHTH6pH-
1 OKTH6pH 

3-8 OKTH6pH 

16-23 OKTH6pH 

MecTo 
npoae.neHHH 

EHpMHHreM, 
AHrnHH 

JlOH,D;OH, 
AHrnHH 

JloMa-KonH, 
<I>HHllHH,D;HH 

raM6ypr, 
<I>Pr 

lJ.IOpHX, 
ijlaeuu;apHH 

ToKHo, JlnoHHH 

BeHa, AacTpHH 

KynapH, 
IOrocnaBHH 

MoHTpe, 
lllaeuu;apHH 

BeHa, 
ABCTPHH 

)l(eHeaa,lllaeuu;apHH 

BeHa, AacTpHH 



• 
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l13,IJ;aTeJihCKJ1H 
OT,l1;8JI 

~ 

• 

B 1977 ro,ny HJ,na TenhCKHM oT,nenoM 

Bhlllyll{eHO 830 npenpHHTOB H C006IUeHHH. 

KonuqecTBO cny:lKe6HhiX MaTepuanoB co

cTaBJIHeT 272 HaHMeHOBaHHH. 06IUHH 06'heM 

BCeX H3,IJ;aHHH - 1350 yq. -HJ,IJ;aTeJihCKHX 

JIHCTOB. 
HJ,naHo 6 KpynHo~opMaTHWx c6opHu

KOB MaTepHaJIOB pa3JIH'IHhiX KOH~epeHUHH, 

lliKOJI H COBell{aHHH. Cpe,nH HHX HaH60Jih

lliHH HHTepec Bhi3BaJIH c6opHHKH Tpy,nOB 

Me:lK,nyHapo,nHoro CHMnOJHyMa no Me3oH

Hoi1 XHMHH, XVIII Me:lK,nyHapo,nHoii KOH~e

peHUHH no ~H3HKe BhiCOKHX 3Heprui1, Me:lK

,nyHapo,nHoii lliKOJihl MOJIO,IJ;hiX yqeHhiX no 

~H3HKe BhiCOKHX 3HeprHH. 

B TelfeHue ro,na B pe,naKUHH HaylfHhiX 

:lKypHaJIOB, Ha KOH~epeHUHH, COBell{aHHH, 

CHMnO 3HYMhl H lliKOJihl HanpaBJieHO 1158 

cTaTeii H ,noKna,noB, co,nep:lKamux peJynL

Ta Tbl BblllOJIHeHHhiX B 06'he,IJ;HHeHHOM HH

CTHTyTe HaylfHbiX H Hay'IHO- MeTO,IJ;HlfeCKHX 

uccne,noBaHHH. CTaThH coTpy,nHHKOB HH

CTHTyTa HanpaBJIHJIHCh npeHMyll{eCTBeHHO 

B cne,nyromue :lKypHaJihi cTpaH- yqacTHHU: 

"H3BeCTHH AH CCCP /cepuH ~HJuqecKaH/, 
B~, ITT3, A3, X3T~, XT~,Noo~oo~a, 
a H3 :lKypHaJIOB CTpaH, He HBJIHIOIUHXCH 

qJieHaMH OHBH, - B TaKue, KaK Nuclear 
Physics, Nuclear Instruments and Methods. 

lly6JIHKaUHH HHCTHTyTa perynHpHo 

paCChiJiaiOTCH B HHCTHTYThi, YHHBepCHTeThi, 

6H6JIHOTeKH 56 CTpaH MHpa no 825 a,npe

CaM. B 1977 ro,ny OTnpaBJieHO no OT,IJ;eJib

HbiM JanpocaM 1619 6polllrop. 

HHTepec K ny6nuKaUHHM HHCTHTyTa 

npO,II;OJI)KaeT paCTH, 0 lfeM CBH,IJ;eTeJihCT

BYIOT 42 HOBhiX a,npeca HaylfHhiX yqpe:lK

,neHHH, BKJIIOlfeHHhiX B cnHCOK paCChiJIKH 

npenpHHTOB H C006IUef!HH 11HCTHTyTa, H3 

KOTopwx 21 a,npec uaxo,nHTCH B CTpaHax

yqacTHHuax H 21 - B ,npyrux cTpaHax . 

B o6MeH Ha ny6nuKauuu OMBH Hay'IHO

TeXHHlfe CKaH 6H6JIHOTeKa nOJIY'IHJia 8138 

npenpHHTOB, OKOJIO 130 HaHMeHOBaHHH :lKyp

HaJIOB H 380 MOHOrpa~HH . 



• 

PerymipHo HJ,naBanHCb JKcrrpecc- 6ron

neTeHH HayqHo-TeXHHqeCKOH 6H6nHOTeKH 

H rra TeHTHoro oT .nena. BbiiiYilleH e)l(ero.n

HhlH 6u6nuorpa~uqecKHH yKaJaTenL pa6oT 

COTPY,D;HHKOB OWJIW. 
IlOMHMO rry6nHKaiJ;HH rrpeiipHHTOB, C0-

061lleHHH, c6opHHKOB, a TaK)I(e MaTepuanoB 

KoMHTeTa IlonHoMoqHbiX Ilpe,ncTaBHTeneH 

H yqeHhlX COBeTOB H3,D;aTeJibCKHM OT,D;eJroM 

187 

BhliiOJIHeHhl MHoroqucneHHhle JaKa3bi Ha 

K CepOKOIIHpOBaHHe. 3a ro,n H3rOTOBJieHO 

OK OJIO 250 ThlC . KOIIHH. 

BhlrronHBnHcb JaKaJhl Ha rreperrneT

Hhle pa6oThl - rreperrneTeHo rroqTH 5 TbiC. 

T OMOB. Ilo 3aKa3aM na6opaTOpHH H3ro

T OBneHO OKOJIO MHJIJIHOHa pa3nHqHbiX 6naH

K OB - ,D;JI.II o6pa60TKH 3KCIIepHMeHTaJibHOH 

HH~OpMaUHH H ,npyrux ueneH. 

• 
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HayqHo
TeXHJ1qecKa51 

6116JI110TeKa 

• 

B 1977 ro~y qHcno qHTa TeneH: HayqHo
TeXHHqeCKOH 6H6nHOTeKH H ee cPHnHanOB 
COCTaBHnO 5760 qenOBeK, B TOM qHcne 
OKOnO 800 - npH6b1BlliHX B KOMaH~HpOBKH . 

ITo cpaBHeHHIO c 197 6 ro~oM qHcno qHTa
TeneH: yBenHqHnocL Ha 110 qenoBeK. 06'heM 
nHTepaTypbl, Bbl~aHHOH 3a ro~ H npOCMOT
peHHOH Ha BbiCTaBKaX HOBbiX nOCTynneHHH, 
npeBLICHn 580 TbiC11'1 neqa THbiX e~HHHU. 

ITo 3aKa3aM qHTaTeneH: nonyqeHo no 
Me)I(6H6nHOTeqHOMY a6oHeMeHTY /M liA/ 
1890 Ha3BaHHH KHHr H )l(ypHanOB. B CBOIO 
oqepe~L, 6H6nHoTeKa OH.HH o6cny)I(Hna no 
MliA CBblllle 100 6H6nHoTeK CoBeTcKoro 
Col03a, BLmonHeHo 402 qHTaTenLCKHX Ja
JIBKH. 

llo BCeM HCTOqHHKaM KOMnneKTOBaHHJI 
/noxynxa, no~nHcKa, KHHroo6MeH/ B 1977 r. 
nonyqeHO OKOnO 19 TblCJlq neqa THbiX e~HHHU, 
B TOM qHcne 7666 Ha HHOCTpaHHbiX Jl3biKaX. 

Ha 31 ~exa6pH 1977 ro~a 6H6nHoTeqHLIH 
cPOH~ COCTaBHn 360 TblCJlq neqaTHbiX e~H
HHU, H3 HHX OKOnO 150 TbiCJlq Ha HHOCTpaH
HbiX Jl3biKaX. 

Bee nocTynHBlliHe H3~aHHJI cBoeBpe
MeHHO o6pa6aTbiBanHCb H OTpa)l(anHCb B 
CBO~HbiX KaTanorax I.J;eHTpanbHOH 6H6nHo
TeKH H ee cbHnHanoB. KapToTeKa ny6nHxa
UHH coTpy~HHKOB OH.HH nononHHnacL 5080 
KapToqKaMH, H3 HHX 3967 - Ha BHOBb ony6-
nHKOBaHHbie pa6oTLI. IIo~roToBneH H H3~aH 
YKa3aTenL pa6oT coTpy~HHKOB HHCTHTyTa 
Ja 1976 ro~. IIpoBe~eHa pa6oTa no oqHCTKe 
cPOH~a OT ycTapeBllleH H Mano HCnOnL3yeMOH 
nHTepaTypLI. 

E)l(eHe~enLHO BhlnycxanacL 3Kcnpecc
HHcbopMau;HJI 0 HOBbiX nOCTynneHHJIX: "KHH
rH", "IIpenpHHTbi", "CTaTLH". Bcero 3a 
npollle~lliHH ro~ BLmymeHo 156 HOMepoB 
TaKHX 3KCnpecc-610nneTeHeH, BKnJOqHBlliHX 
CBLillle 22 TLIC. Ha3BaHHH. HaneqaTaHo 
88 CnHCKOB Ha HOBbie )l(ypHanLI, nOCTynHB
lliHe B 6H6nHoTeKy. E)l(eHe~enLHO o6HoBnH
nHCL BbiCTaBKH HOBbiX nOCTynneHHH. 



B 1977 ro.ny 6H6nHorpa<i~HqecKHH oT,nen 
6H6JIHOTeKH no,nrOTOBHJI 6H6JIHOrpa<i~Hro 

Tpy,nOB ,!J;.I1.1iJIOXHHUeBa K ceMH,neCJITHJie • 
TRIO CO .IJ:HJI ero pO)I(,neHHJI. 

lihiJIO opraHH30BaHO 8 TeMaTHqe cKHX 
BhiCTaBOK JIHTepaTyphl K COBeiUaHHJIM H 
IllKOJiaM, npOXO.IJ:HBillHM B 11HCTHTyTe. 

Bcero Ja 1977 r. B HayqHo-TeXHHq ec
xyro 6H6JIHOTeKy 0115111 B llOpH,nKe 06MeHa 
llOCTYllHJIO 8138 ny6JIHKaUHH H3 41 CTpaHhl. 

KpoMe Toro, B nopH,nKe o6MeHa B 6H6-
JIHOTeKy 6ecnJiaTHO llOCTynaiOT Hay Hhle 
)l(ypHaJILI HJ 23 cTpaH /130 HaJBaHHH:/. 

KonHqecTBO nocTynneHHH HJ coaeTCKHX 
H JarpaHHqHhlx yqpe)l(,neHHH noKaJLIBaeT 
cne,nyiOmaH Ta6nHua: 

HaHMeHoaa- llpe- 0TTHC- )l(yp- KHH-
HHe C TpaHhl npHHThl KH HaJILI rH 

1 2 3 4 5 

CmpaH&I- y•wcmHU!Jbl OH.JIH 

lionrapHH 
BeHrpHH 
r,a;P 
KH,D;P 
llonLilla 
PyMbiHHJI 
CCCP 
qexocnoaa
KHH 

Bcero: 

3 
92 
52 

115 
63 

1751 

31 

2107 

8 
5 
4 
2 

205 7 
13 

31 31 

9 

236 79 

3 
2 

5 
20 

219 

2 

251 

,l{pyzue cmpaH&I u MeJKoyHapoOH&Ie 
opzaHU3Q!JUU 

ABCTpaJIHJI 
ABCTPHJI 

59 
22 

1 
5 35 

1 

lienLrHH 
lipa3HJIHJI 
BenHKo-
6pHTaHHH 
BeHecy3na 
rpeUHJI 
,!J;aHHJI 
EapaTOM 
3ana,nHhiH 
liepJIHH 
11JpaHJih 
11H.IJ:HJI 
11paH 
11pnaH,nHJI 
11cnaHHH 
11TaJIHJI 
KaHa,na 
MeKCHKa 
HH,n e pnaH,nhi 
HoaaH 
3enaH,nHJI 
HopaerHH 
flaKHCTaH 
llopTyraJIHH 
CHHranyp 
CiliA 
TypUHH 
«l>HHJIHH.IJ:HH 
cl>paHUHJI 
ct>Pr 
illaeH:uapHH 
U.EPH 
illBeUHJI 
IOrocnaBHH 
JlnOHHJI 

Bcero: 

06mee 
KOJIH· 
qeCTBO: 

2 

24 
67 

270 
1 
5 

41 
16 

35 
6 

92 
1 

7 
9 

330 
85 
31 
31 

2 
15 

4 
5 
2 

1530 
5 

49 
558 
723 

41 
956 
60 

5 
398 

5485 

7592 

3 

5 

14 
30 

122 

48 
121 

310 

4 

6 

1 

1 
2 

4 

1 

6 
1 
1 
2 
9 
1 
3 

7 

51 

546 130 

5 

1 

4 

3 

8 

2 
1 

56 

3 
1 

8 

2 
6 

129 

380 

189 
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lla TeHTHbiM 

OT,IJ;eJI 

• 

3a nepuo.n. 1977 

3aperHCTpH· 
poBaHo B CCCP 
OTKpbiTHH 1 

3a nepuo.n. 1977 

IIony'leHo 
nonO)KHTenh-
HhiX peweHHH 51 

11cnonh30BaHo 
H306peTeHHH 22 

• 

M 

1976-
1977 

4 

OpaBOBa.H 

oxpaHa 

OTKpbiTMM 

1958-
1977 

20 

3al.l.IMTa 

MCIIOJih30BaHM8 

M306peT8HMM 

1976- 1958-
1977 1977 

126 566 

55 268 

3a 1977 ro.n. BhlnymeHo 4 HOMepa 6ron
neTeHH "3aHBKH H H306peTeHHH", B KOTO· 
pbiX llOMell(eHhl aHHOTaUHH 84 nepBH'IHhlX 
3aHBOK Ha H306peTeHHH. 



3a nepuo.n 1977 

11cnoJIL-
30BaHO 
pau;uo-
HaJIHJa-
TOpCKHX 
npe,nJio-
)l(eHHH 574 

1. RaJieHHe 
o6pa30BaHHH 
pa.nuoaKTHBHoro 
H30Tona 
3JieMeHTa 
C aTOMHLIM 
HOMepOM 106 

.. 

1976 1958-
1976 

588 6989 

<1>.11.0. 

10. I.J..OraHecHH 
r .H.<I>Jiepoa 
IO.II.TpeTLHKOB 
A.C.I1JILHHOB 
A.r.,lJ.eMHH 
A.A.IIJieae 
C .II. TpeTLHKOBa 
10.3.lleHHOH)I(KeBH'I 
B. M .IIJIOTKO 
M .H.I1aaHoB 
H.A.,l].aHHJIOB 
IO.C.KopoTKHH 

191 

PaQHOHa~H3aTopcKHe 

rrpe,n:~o)!(eHH.H 

3a nepuo.n 1977 1976 1958-

3KoHOMH'Ie cKHii: 
34>4JeKT OT HC-
ITOJIL30BaHHH H306-
peTeHHH H pau;HOHa-
JIH3aTOpCKHX 
npe,nJIO)I(eHHH 
/B MbiC. py6./ 

1976 

75,0 86,7 1567,1 

• 

llepeqeHb 

OTKpbiTHH 

COTPY.z:t:HHKOB OHHH 

MecTo 
pa60TLI 
aBTOpOB 

CTpaHa
yqacTHHu;a 

N!! .nunJioMa 

011RI1,JIRP CCCP 194 
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HTorH KOHKypca 

"H3o6peTeHHH H paQHOHaJIH3a TOpCKHe rrpe,QJIO:>K8HHH 

OHHH-76" 

A. ·l1crroJib30BaHHbie H3o6peTeHH.H 
BmopaJI npeMuJI: 
"YcTpOHCTBO ~JUI H3MepeHHH I<pHTHqec

I<HX TOI<OB B I<opoTI<Hx o6pa3uax caeox npo-
BO~HHI<a", 

N2 511784. 
aBTOpCI<Oe CBH~eTeJihCTBO 

AaTopbl: A.r .3enL~oaHq, IO.A.lliHllloa. 

"3ai<opaqHBaiOIUHii MexaHH3M pe 3oua
Topa UHI<JIOTPOHa", aBTOpCI<Oe CBH~eTeJih
CTBO N2 489457. 

ABTOPLI: A. T .BacHneui<o, B.M.Cop oi<o. 

liOOIJipUme/lbHbZe npe.MUU: 
"YcTpOHCTBO ~JIH perHCTpaiJ;HH I<ac-

I<a~HhiX y -nepexo~OB", aBTOpCI<Oe CBH-
~eTeJihCTBO N2 518070. 

AaTopLI: C.W.OpMaH~)I(HeB, B.W.<I>oMH
HhiX,B .M .IJ.yni<o- CHTHHI<OB,M .W.<I>oMHHbiX. 

"nHHHH ~JIH ~OpMHpOBaHHH nepena~OB 

Hanp.R)I(eHHH", 3.BTOpCI<Oe CBH~eTeJihCTBO 

N2539372. 
ABTOpbl: P .B.XapLI030B, B.A.lliaeu. 

B l13o6peTeHH.H 
IIepeaJI npe.MuJI: 

"Y cTpoii:cTBO ~JIH H3yqeuHH pac a~oB 
H B3aHMO~eii:CTBHH • qaCTHU", aBTOp CI<Oe 
CBH~eTeJILCTBO N2 502350. 

ABTop: C.M.Kopeuqeui<o. 

BmopaJI npe.MuJI: 

"CHCTeMa BbiBO~a 3ap.R)I(eHHbiX qac
THU H3 UHI<JIHqeCI<OrO yCI<OpHTeJIH" , aB
TOpCI<Oe CBH~eTeJILCTBO N2 511802. 

ABTOpbl: C.li.BopO)I(UOB, B.B.K JILra. 

liOOIJipUme/lbHbZe npe.MUU: 
"YcTpOHCTBO B036y)l(~eHHH pe30HaTo

pa JIHHeHHOrO yCI<OpHTeJIH HOHOB", aBTOp
CI<Oe CBH~eTeJILCTBO N2 536628. 

ABTop: B.A.Ilonoa. 

"Cnoco6 onpe~eneHHH npo~HJIH H pac
npe~eneHHH llJIOTHOCTH nyqJ<a yCI<OpeHHbiX 
qaCTHU", aBTOpCI<Oe CBH~eTeJibCTBO 

N2 535014. 
AaTopLI: B.r .3Huoa, B.C. Porauoa. 

B. Pa~HOHaJIH3aTopcKHe rrpeAJIO~eHH.H 

,aee nepebze npe.Muu: 
"WMnJiaHTHpOBaHHbie repMaHHii -JIH-

THeBble ~eTei<TOpbi MaJibiX 06'heMOB". 
AaTopLI: B.r .Cau~yi<oBci<Hii, .H.IOp i<oa

CI<H • 

"Y nyqllleHHe 
pai<TepHCTHI< 
xrY-250/4,5". 

3I<CllJiya TaiJ;HOHHbiX xa
I<pHoreHHOH ycTaHOBI<H 

ABTOPLI: A.W.Areea, B.<l>.liypHHOB, 
IO.B.MypaTOB, B.W.IlpHuHqHHI<OB. 

BmopaJI npe.MuJI: 
IlpHcnoco6neuHe ~JIH pe 3I<H cTei<na". 
ABTOPLI: B.B.KopHHJIOB, B.Il.CLicoea. 

liOOIJipUme/lbHQJI npe.MUJI: 
"YcTpOHCTBO H3rOTOBJieHHH ynpaBJIHIO

IUHX JieHT ~JIH aBTOMaTa "A,[I;MAil". 

ABTOp: B. T.CH~OpOB. 



' r 
• 

AAMHHHCTpaTHBHO-
u 

X03.HHCTBeHHa.H 
Ae.HTeJibHOCTb 
. . 
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A,n;MHHHCTpaTHBHO-
(.) 

X03HHCTB8HHaH 

,IJ;8HT8JibHOCT~ 

Ka~pbi 

qHCneHHOCTb COTPYAHHKOB 06beAHHeH· 
HOrO HHCTHTyTa .IIAepHbiX HCCReAOBaHHH Ha 
31 AeKa6p.R 1977 roAa cocTasana 6600 qe
noseK. PacnpeAeneHHe no KaTeropH.RM no
Ka3aHo B Ta6na~e: 

KaTeropH.R 
pa60THHKOB 

Hay'IHDie 
COTPYAHHKH 

HH:>KeHepLl 

TexHHKH H 
Mac Tepa 

Pa6oqae 

Cny:>Ka~ae 

MnaAWHH 

qHCneHHOCTb 

B na6opa- B npo&3· Bcero 
TOpH.IIX H BOACTBeH· 
ynpasne - HDIX no A-
HHH pa3Aene-

HH.IIX 

923 923 

1371 170 1541 

302 136 438 

1720 1285 3005 

265 210 475 

o6cny:>KHsaro~HH 

nepcoHan 3 181 184 

Y'leHHKH 22 12 34 

HToro: 4606 1994 6600 

B 06beAHHeHHOM HHCTHTyTe .IIAepHLlX 
HCCReAOBaHHH pa6oTaiOT 4 aKaAeMHKa H 
9 qneHOB·KoppecnOHAeHTOB aKaAeMHH Ha· 
yK, 110 AOKTOpOB HayK H 432 KaHAHAaTa 
HayK. 



B 1977 ro~y npHHHTO 
HayqHLIX coTpy~HHKOB 
HH:>KeHepoB 
TeXHHKOB H MaCTepOB 
pa6oqHx 
yqeHHKOB 
CJiy:>Kall{HX 
MJia~wero o6cny:>KHBaiO-

• 

676 qeJIOBeK: . 
- 159 

94 
27 

- 253 
41 
51 

~ero nepcoHana 51 
YBoneHo H3 OIUIM Ja 3TOT :>Ke nepuo~ 

B CBH3H C OKOHqaHHeM CpOKa pa60Tbl H no 
~pyrHM npHqHHaM • 572 qeJIOBeKa. 

B TeqeHHe ro~a yqeHLIMH H HayqHo
TexHHqecKHMH coBeTaMH OMJIM H36paHLI 
Ha ~OJI)I(HOCTH Ha HOBble CpOKH 115 Hay q· 
HLIX coTpy~HHKOB. IlpHCBOeHLI yqeHLie JBa
HHH npo~eccopa 3 coTpy~HHKaM, Mna~
wero HayqHoro COTpy~HHKa - 36 H CTap
wero HayqHoro COTpy~HHKa - 5 COTpy~
HHKaM. 

B TeqeHHe 1977 ro~a Jall{HTHJIH KaH
~~aTCKHe ~HccepTaUHH 27 coTpy~HHKOB, 
~OKTOpCKHe - 5. 

cl>HHaHCOB a 5I 

,IJ;e5ITeJibHOC Tb 

~JIH npoBe~eHHH HayqHO·HCCJie~oBa· 

TeJibCKHX pa60T, KanHTaJibHOrO CTpOH· 
TeJibCTBa HayqHO·HCCJie~OBaTeJibCKHX H 
~pyrHx o6'beKTOB KoMHTeT IloJIHOMoqH x 
IIpe~cTaBHTeneil npaBHTeJibCTB rocy 
~apcTB-qJieHoB 06'be~HHeHHOrO HHCTHTyTa 
H~epHLIX HCCJie~OBaHHH Ha 1977 ro~ aCCH r 
HOBaJI 41 657 nlbiC. py6. 

<l>aKTHqecKHe pacxo~bi Ja 1977 r o~ 

COCTaBHJIH 40418 nlbiC. py6. HJIH 97 ,00/o no 
OTHOWeHHIO K rO~OBLIM aCCHrHOBaHHHM . 
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Pacnpe~eneHHe no paJ~enaM 6ro~:>KeTa 
npHBO~HTCH B ma6AU(#e: 

HaHMeHOBaHHe ro~OBLie <l>aKTH- B ~ 
paJ~enoB accHrHo- qecKoe K nna-

BaHHH BLinon- HY 
HeHHe 

/e mbac. py6./ 

1. Pacxo~LI Ha 
HayqHO·HCCJie· 
~OBaTeJibCKyro 

~eHTeJibHOCTb 21871 19974 91,3 

2. KanHTaJibHLie 
BJIO:>KeHHH Ha 
CTpOHTeJibCTBO 
HayqHO·HCCJie· 
~OBaTeJibCKHX 

H ~pyrHX 

• 

06'beKTOB 14757 15506 105,0 

3. A~MHHHCTpa
THBHo-ynpaB
neHqecKHe H 
X03HHCTBeH
Hbie pacxo~LI 

MToro: 

5029 4938 

41657 40418 

98,2 

97,0 

IInaH HayqHo·Hccne~oBaTeJibCKHX pa-
6oT /CMeTHaH CTOHMOCTb ycTaHOBJieHa B 
pa3Mepe 26900 nlbiC. py6.j BLinOJIHeH Ha 
100,00/o. <l>aKTHqeCKHe JaTpaTLI COCTaBH· 
JIH 24912 nlbiC. py6., HJIH 92,70/o OT CMeT
HOH CTOHMOCTH, ~OCTHrHyTa 3KOHOMHH 
1988 nlbiC. py6. 
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KamtTaJihHOe 

CTpOHT8JibCTBO 

3aTpaThl Ha KallHTanbHOe CTpOHTenb
CTBO HayqHO-HCCne~OBaTenbCKHX H ~pyrHX 
06beKTOB nnaHHpOBanHCb Ha 1977 ro~ B 
cyMMe 14757 m&zc. py6. BhmonHeHHe 
ro~oBoro nnaHa no oT~enhHhiM pa3~enaM 
KallHTanbHOrO CTpOHTenbCTBa OTpa*eHO B 
ma6Au{4e: 

CTpyKTypa ro~oBou 

KanHTanb- nnaH 
HOrO CTpOH-

<l»aKTH
qecKOe 

0/o Bbi 
nonHe -

BblllOn- HHH 

HeHHe 
/ e m&zc. py6./ 

Bcero Kanu-
• TanbHbiX 

BllO*eHHH 14757 

B TOM qucne: 

1. CTpOHTenh
HO-MOHTa*-
Hhie pa6oTbi 5090 

2. 06opy~oBa
HHe H HHBeH-
Tapb 9120 

3. Ilpoque Ka
llHTanbHbie 
pa6oThi H 3a
TpaTbi /B T.q . 
npoeKTHO
H3biCKaTenb
CKHe pa6o-
Thi/ 547 

BBo~ B ~eu
cTBHe OCHOB
HbiX cpe~CTB 
/~OH~OB/ 15544 

r 

15506 105,0 

4371 85 ,9 

10607 116,3 

528 96 ,5 

16039 103,0 

• 

0pOH3BO~CTB8HHaH 

~eHT8JibHOCTb 

~eHTellbHOCTb npOH3BO~CTBeHHhlX H 
~pyrux BcnoMoraTenhHhlX no~pa3~eneHHH, 
o6cny*HBaiO~HX na6opaTOpHH liHCTHTyTa, 
xapaKTepu3yeTCH 3a 1977 ro~ cne~yro~HMH 
OCHOBHhlMH llOKa3a TenHMH, npHBe~eHHhlMH 
B ma6AU{4e: 

IloKa3aTenu ro~OBOH cl»aKTH- 0/o Bhl-
nnaH 

1. 06beM rOTOBOH 
npo~yKUHH, Bhlnon
HeHHhlX pa60T H 
OKa3aHHhlX 
ycnyr 
/B TllbiC. py6.j 9436 

2. Pe3ynhTaThl 
~HHaHCOBO
X03HHCTBeH
HOB ~eHTenb
HOCTH /npH-
6hlnh/ 
/e m&zc. py6./ 221 

3. 3aTpaThl Ha 
O~HH py6nb 
roTOBOH 
npO~YKUHH, Bbl
nonHeHHhiX pa6oT 
H OKa3aHHhlX 
ycnyr 
B KOlleHKaX , 97,7 
B 0/o K o6beMy 2,3 

4. qHCneHHOCTb 
pa6oTaiO~Hx 1947 

qecKoe non
Bhlnon- HeHHH 
HeHHe 

9594 

1168 

87,8 
12,2 

1825 

101,7 



3oaHue 205 JIB3 noozo
moeAeHo K MOHmaJKy KaHa
A06 6bl6eOeHHbiX ny'IK06 
peA.IImueucmcKux .11oep. 

3aKa H'IU6aiOmc.ll o6U~ecmpoumeAbHble pa6ombl no Kop
nycy 134 JIBTA. 

YcKop umeAb Y-400 MOHmupyemc.ll e H060M 30aHuu 
JIJIP, Ha'lambl pa6ombl no omoeAKe 300HU.II. 



C KOJICObiM ZOOOM pacmem 'IUCAO xumeAeU j(y6Hbl, 
noAy'IU61UUX HOBble Keapmupbl. Ha CHUMKe: H06biU 
KeapmaA zopooa . 

• 

BeeoeHa a 3KCnAya•aJ~UfO HoeaJi KOMI/Jopma6eA bHaJi 
zoc•uHUJia· o6J~~exu•ue OAR compyoHuKoe HHcmumyma. 

l(eHmpaAbHblu exoo. Ka(Je. 



XoAA nepaozo 3//laxa. 

l.(eHI/IpoAI>HI>IU 6eCI/IU6JOAb. HHr. ep1>ep oayxMec•Hozo HOM epa. 


