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BBEAEHME 

.IJ:JI.R HHTepHaUHOHaJibHOrO KOJIJieKTHBa 06'be

,Il;HHeHHOrO HHCTHTyTa .R,Il;epHbiX HCCJie,IJ;OBaHHH 

1985 ro,n; 6biJI 3aBeprnaJOil.UfM ro,n;oM nporpaM

Mbi HaytJ:HbiX HCCJie,IJ;OBaHHH, onpe,n;eJieHHOH n.R

THJieTHHM nJiaHOM 011JII1 1981-1985 rr. Pe-

3YJibTaTOM YCHJIHH 3THX JieT .RBHJIOCb KatJ:eCT

BeHHOe o6HOBJieHHe 3KCnepHMeHTaJibHOH 6a3bl 

11HCTHTyTa. 

.IJ:oCTHrHyT Bbi,IJ;aiOil.UfHC.R pe3yJibTaT B <f>H3H

Ke H TeXHHKe peaKTOpOCTpOeHH.R, CB.R3aHHbiH 

C nycKOM H OCBOeHHeM peaKTOpa 11BP-2. llo 

CBOeH KOHCTpyKUHH OH He HMeeT aHaJIOrOB 

B MHpoBoH: npaKTHKe. B HacTo.Rw;ee BpeM.R 

peaKTop BbiBe.n;eH Ha MOW:HOCTh 2 MBT H,B t~acT-
HOCTH, noJiytJ:eH peKOp,Il;HbiH noTOK Ten-

JIOBbiX HeHTpOHOB H3 3aMe,IJ;JIHTeJI.R 

-10 lS HeHTpOH/ ( CM 2 • C) npH HMnyJibCHOH MOIIJ;

HOCTH 1500 MBT H cpe,n;HeH: MOIIJ;HOCTH 2 MBT. 

Ha 10 HeH:TpOHHbiX nyt~Kax peaKTopa noJIHhiM 

XO,Il;OM ae,n;yTC.R HCCJie,IJ;OBaHH.R Ha 11 3KCnepH

MeHTaJibHbiX ycTaHOBKaX. 

Y cneliiHO MO,Il;epHH3HpyeTC.R CHHXpo<f>a3o-

TpOH. 3HatJ:HTeJibHO pacumpeH Ha6op H HHTeH

CHBHOCTb YCKOp.ReMbiX peJI.RTHBHCTCKHX .R,n;ep 

BnJIOTb ,Il;O <f>Topa H KpeMHH.R; C nOMOIIJ;biO Jia-

3epHOrO HCTO\IHHKa HOBOH KOHCTpyKUHH y,n;a

JIOCb B CTO pa3 yBeJIH\IHTb HHTeHCHBHOCTb .R,n;ep 

yrnepo,n;a; nonytJ:eHbi yHHKaJibHbie nytJ:KH nOJI.R

pH30BaHHbiX ,n;eH:TpoHoB. BnepBbie B MHpOBOH 

npaKTHKe ocyw;ecTBJieH BbiBO,Il; nytJ:Ka tJ:aCTHU 

H3 KaMepbl YCKOpHTeJI.R C nOMOIIJ;biO H30rHyToro 

MOHOKpHCTanna KpeMHH.R. Oco6eHHO nepcneK

THBHhiMH .RBJI.RIOTC.R HCCJie,IJ;OBaHH.R CBepxnpOBO

,Il;.RIIJ;HX MarHHTHbiX CHCTeM, KOTORJ>Ie B CJiytJ:ae 

ycnexa n03BOJI.RT 3aMeHHTb MarHHT CHHXpo<f>a-

30TpOHa Ha CBepxnpOBO,Il;.RIIJ;ee KOJibUO H TeM 

CaMbiM yBeJIH\IHTb HHTeHCHBHOCTb H Ha6op yc

KOp.ReMbiX .R,n;ep. B HacTo.Rw;ee apeM.R co3,n;aHa 

caepxnpoao,n;.Rw;a.R cHcTeMa norpyiKHoro THna 

(ycTaHOBKa COI1H) , nonyt~eHa ycTOHtJ:HBa.R UHp

KYJI.RUH.R nyt~Ka npoTOHOB B TennoM pe:>KHMe. 

B 1985 ro,n;y 3aBepmeHa peKOHCTPYKUH.R 

CHHXpOUHKJIOTpOHa B <f>a30TpOH C npOCTpaHCT

BeHHOH aapHauHeH: MarHHTHoro non.R. B HacTo.R

w;ee BpeM.R HHTeHCHBHOCTb nytJ:Ka ycKopeHHbiX 
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npoToHoB c 3HeprHeH: 680 M3B cocTaBJI.ReT 

7 MKA. BbiBo.n; nytJ:Ka H3 KaMepbi ycKopHTeJI.R 

ocyw;eCTBJI.ReTC.R C 3<f><f>eKTHBHOCTbiO 6onee 50%. 

Ha nyt~Kax <f>a30TpoHa y:>Ke pa6oTaJOT 3KcnepH

MeHTaJihHbie ycTaHOBKH. 

3aaepmeHbi pa6oTbi no aao,n;y H3oxpoHHoro 

UHKJIOTpoHa Y-400 a 3KcnnyaTaUHOHHbiH pe:>KHM 

no npoeKTHOMY BapHaHTY. IllHpOKHM <f>poHTOM 

ae,n;yTC.R pa60Tbl no C03,Il;aHHIO UHKJIOTpOHa 

Y-400M. 

B o6nacTH HOBbiX MeTo,n;oa ycKopeHH.R co-

3,n;aHa H yCTOH\IHBO pa6oTaeT rOJIOBHa.R tJ:aCTb 

KQJIJieKTHBHOrO yCKOpHTeJI.R T.R:>KeJibiX HOHOB 

KYTH:-20. 

MHOrHe Ba:>KHble HCCJie,IJ;OBaHH.R MHHYBlliero 

ll.RTHJieTH.R CTaJIH HCTO\IHHKaMH <f>H3HtJ:eCKHX 

H,IJ;eH H <f>yH,IJ;aMeHTaJibHbiX ,Il;aHHbiX 0 npHpo,n;e 

MaTepHH, HalliJIH ycnelliHOe npHMeHeHHe B CMe:>K

HbiX 06JiaCT.RX HayKH H TeXHHKH. )loKa3aTeJ1bCT

BOM CJIY:>KHT TOT <f>aKT, \ITO tleTbipe pa60Tbi, Bbl· 

nOJIHeHHbie B 011.fii1, 3aperHCTpHpOBaHbl KaK 

OTKpbiTH.R, yt~eHbiM 11HCTHryTa npHCy:>K.n;eHbl ,IJ;Be 

rocy,n;apCTBeHHbie npeMHH CCCP B o6JiaCTH Hay

KH H TexHHKH H ,n;ae npeMHH CoaeTa MHHHCTpOB 

CCCP, Me,n;anH H npeMHH AKa,n;eMHH HayK CCCP. 

3a pa60Tbi, BblllOJIHeHHbie B .IJ:y6He, npHCy:>K,IJ;e

Hbl rocy,n;apCTBeHHa.R npeMH.R qccp HMeHH KJie

MeHTa roTBaJib,IJ;a H rocy,n;apCTBeHHa.R npeMH.R 

HPB HMeHH reoprH.R .D:HMHTpoaa. 

HoBbiX pe3yJihTaTOB ,n;o6HJIHCb TeopeTHKH 

11HCTHTyTa. Pa3BHT o6Il.UfH: B3rJI.R,n; Ha peHopMa

JIH3aUHOHHbie rpynnhi H3 pa3JIHtJ:HbiX o6nacTeH: 

<f>H3HKH. Ha ero ocHoae ycTaHOBJieHo po,n;cmo 

peHOpMrpynnbi H CTeneHHOH aBTOMO,IJ;eJibHOCTH. 

llocTpOeH p.R,Il; 3aMKHYTbiX MO,IJ;eJieH B TeOpHH 

nOJI.R, KOTOpbie nOCJiy:>KHJIH CTHMYJIOM ,Il;JI.R 

3KCnepHMeHTOB B nOHCKax HOBbiX MHpOBbiX 

KOHCTaHT. .IJ:oCTHrHyT nporpecc B H3ytJ:eHHH 

cynepCHMMeTpHtiHbiX TeOpHH. 3HatJ:HTeJibHOe 

\IHCJIO TeopeTHtJ:eCKHX pa60T HMeeT Henocpe,n;

CTBeHHbiij BbiXO,Il; Ha 3KCnepHMeHT. llo,n;po6HO 

HCCJie,IJ;OBaJIHCb B036y:>K.n;eHHbie COCTO.RHH.R Me-

30HOB. Opoae,n;eHbi pactJ:eTbi MHorotJ:HCJieHHbiX 

3<f><f>eKTOB <f>H3HKH HH3KHX 3HeprHH B MO,IJ;eJI.RX 

caepxnpoao,n;.Rw;ero THna, npe,IJ;Jio:>KeH HOBbiH 
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Mo.nenax 

I HOBbiH 

MexaHH3M pocTa noJIHbiX cet~eHHH. BcecTopo H

He pa3BHTa TeOpHH OC[(HJIJIRUHH MaCCHBHbiX 

HeHTpHHO H npe.nJIO:>KeHbl 3KCnepHMeHTbl no HX 

o6Hapy:>KeHmo. 

Y cneWHO pa3BHBaJiaC& KBa3HllaCTHliHO·Ql0· 

HOHHaH MO.IJ:eJI& R.npa, n03BOJIRIOW:aH Ha e.nHH OH 

MHKpOCKOnHllecKOH OCHOBe OnHCbiBaT& CBOHCT· 

Ba a.nep npH HH3KHX, cpe.IJ:HHX H BbiCOK HX 

3HeprHHx so36y:>K.IJ:eHHH. BbiRBJieHa npHHUH

nHaJI&Ho HOBaH pOJib Me30HHbiX H KBapKOBbiX 

cTeneHeH cso6o.nbi s R.npax. Co3.naHa MHKp o

CKOnHt~ecKaa TeOpHH npOXO:>K.IJ:eHHH 6biCTpb iX 

3apa:>KeHHbiX qacTHU 11epe3 KpHCTaJIJibi. Pan 

CTpOrHX pe3yJI&TaTOB noJiylleH B TeOpHH Qla30-

BbiX nepexo.nos. llpe.nno:>KeH HOBbiH no.nxo.n 

K OnHCaHHIO KHHeTHKH CHCTeM CBepXH3Jiyqa

TeJI&HOrO THna. 

.[(an&Heiiwee cyw;ecTseHHoe pa313HTHe non y-. 

liHJIH npe.IJ:CTaBJieHHH 06 aTOMHOM R.IJ:pe K a K 

o KBapK-rJIIOOHHOH cHcTeMe. Hccne.nosaHHe 

KYMYJIHTHBHoro po:>K.IJ:eHHH t~aCTHU B 3KcnepH

MeHTax Ha cHHxpoQ>a3oTpoHe npHseno K ycTa

HOBJieHmo HOBOH yHHBepcan&HOH xapaKTepH

CTHKH aTOMHOrO a.npa- ei'o KBapK-napTOHHOH 

CTPYKTYPHOH <PYHKUHH. llonyt~eHbi y6e.nHTeJI&

Hbie .IJ:OKa3aTeJibCTBa Cyl[(eCTBOBaHHH B H.IJ:pax 

MYJibTHKBapKOBbiX KOHQlHrypaUHH, CHJibHO OT

JIHllaiOI[(HXCH no csoeii crpyKType oT MYJibTH

KsapKOBbiX KOHQlHrypaUHH B CB060.IJ:HbiX HYK

JIOHaX H nerKHX a.npax. YcraHosneHa rpaHHUa 

npHMeHHMOCTH npOTOH-HeHTpOHHOH MO.IJ:eJIH 

a.npa. 

B cosMecTHoM OH.RH - UEPH 3Kcnep H

MeHTe NA-4 6bmH onpe.neneHbi cTpyKTYPHbie 

cpyHK[(HH HYKJIOHOB, aHaJIH3 KOTOpbiX .nan 

3HalleHHe MaCWTa6Horo napaMeTpa KBaHTOBOH 

XpOMO.IJ:HHaMHKH, a TaK:>Ke .IJ:OCTOBepHOe .IJ:OK a-

3aTeJibCTBO OTJIHIIHH CTpyKTypbl HYKJIOHa, CBR-

3aHHOrO B R.IJ:pe, OT CTpyKTypbi CB060.IJ:HOr O 

HyKJIOHa. 

HoBbie sa:>KHbie pe3yJI&TaTbi nonyt~eHbi 

B 3KCnepHMeHTax Ha nyt~Kax YCKOpHTeJIH 

11<1>B3 (llpoTBHHO) . HaH.neHa yHHBepcan&HOCTb 

xapaKTepHCTHK cTpyii t~aCTHU, o6pa3osaHHbi X 

B a.npOH·a.IJ:pOHHbiX H a.npOH-R.IJ:epHbiX B3aHMO

.neHCTBHHX. BnepBbie 3KcnepHMeHTaJibHO H3y 

t~eHbi B036y:>K.IJ:eHHbie COCTOHHHH 7T-Me30Ha. 

<l>yH.IJ:aMeHTaJibHbiM pe3yJI&TaTOM 3THX HCCJie.no 

BaHHH HBHJIOCb OTKpbiTHe .IJ:BYX HOBbiX COCTOH 

HHH 7T-Me3oHa, KOTOpbie npe.ncTaBJIHIOT co6o ii 

pa.IJ:HaJibHbie B036y:>K.IJ:eHHH CHCTeMbl KBapK 

aHTHKBapK H CJiy:>KaT npHMbiM .IJ:OKa3aTeJibCT

BOM COCTaBHOH CTpyKTypbi nerqaifwero a.npo

Ha. BnepBbie 6bm o6Hapy:>KeH npouecc ynpyro 

ro pacceHHHH 1T -Me30HOB Ha QlOTOHax: KOMn 

TOH-3QlQleKT Ha rr -Me3oHe. PaHee 3TOT 3QlQleK T 

6biD 3aperHCTpHpOBaH TOJibKO .IJ:JUI CTa6HJibHbiX 

qacTHU - 3JieKTpoHa H no3HTpoHa. Ba:>KHbiM p e-

3YJibTaTOM RBHJiaCb 3KCnepHMeHTaJibHaH npo

BepKa rHnOTe3bl KHpaJibHbiX aHOMaJIHH, KOTO

pyiO MO:>KHO paCCMaTpHBaTb KaK 3KCnepHMeH

TaJibHOe no.nTsep:>K.neHHe [(BeTHOH SU(3)-CHM

MeTpHH. B 3KcnepHMeHTe no Ha6nro.neHmo 

peJIRTHBHCTCKHX aTOMOB n03HTpOHHH onpe.ne

JieHa sepoRTHOCTb caMoro pe.nKoro H3 Ha6nro

.naswHXCR pacna.nos 3JieMeHTapHbiX t~aCTHU -

pacna.na rr
0 

-Me3oHa Ha aToM no3HTpOHHH 

H y-KBaHT. Onpe.neneHo 3Hat~eHHe sepxHeH 

rpaHHUbi sepoRTHOCTH pacna.na K 0 
--+ e + e -, 

KOTOpoe OKa3aJIOCb cyrn;eCTBeHHO HH:>Ke HMeB

werOCH paHee npe.nena. Hccne.nosaHHe nonapH-

3aUHH B o6MeHHOM nHOH-npOTOHHOM pacceR

HHH yKa3aJIO Ha He06XO.IJ:HMOCTb nepeCMOTpa 

cyrn;eCTBYIOIUHX TeopeTHlleCKHX npe.ncTaBJie

HHH. 

B 3KcnepHMeHTax, BbmonHeHHbiX B Jia6o

paTopHH R.IJ:epHbiX npo6neM, snepBbie onpe

.neneHbi OCHOBHbie KOHCTaHTbl 1J. -KaTaJIH3a 

peaK[(HH o6pa30BaHHR Me30MOJieKyJI .neifTe

pHH H TPHTHH. CKopocT& o6pa3oBaHHR Me3o

MoJieKyJI COOTBeTCTByeT Cpe.nHeMy BbiXO.IJ:Y 

100 HeHTpoHoB c 3HeprHeH 14 M3B 3a speMH 

:>KH3HH Ka:>K.IJ:OrO MIOOHa. 

.[(OCTHrHyT 3HaliHTeJibHbiH nporpecc B CHH

Te3e csepxTa:>KeJibiX 3JieMeHTOB, nonyt~eH pn.n 

HOBbiX H30TOnOB 3JieMeHTOB OT 104 .IJ:O 109. 
3KcnepHMeHTbl no H3ylleHHIO CBOHCTB H30TO

noB 106 H 108 3JieMeHTOB noKa3aJIH HX YCTOH

liHBOCTb OTHOCHTeJibHO CnOHfaHHOrO .neneHHH, 

liTO HBJIHeTCR npHMbiM 3KCnepHMeHTaJibHbiM 

yKa3aHHeM cyrn;eCTBOBaHHH o6JiaCTH CBepx

TR:>KeJibiX 3JieMeHTOB. C nOMOW:biO XHMHqecKHX 

MeTO.IJ:OB BnepBbie nonyqeHbl 3KCnepHMeHTaJib

Hbie .IJ:aHHbie 0 MeTaJIJIHqecKOH BaJieHTHOCTH 

Q>epMHR, MeH.neneBHR H 3JieMeHTa 102. HoBbie 

pe3yJI&TaTbi nonyqeHbi B pa6oTax no noHCKY 

csepxTa~eJibiX 3JieMeHTOB B npHpo.ne. llpoBe

.neH [(HKJI 3KCnepHMeHTOB, CBH3aHHbiX C HCCJie

.IJ:OBaHHeM HOBOrO THna pa.IJ:HOaKTHBHOrO pac

na.na TH:>KeJibiX R.nep - HcnycKaHHH TR:>KeJibiX 

KnacTepoB. BnepBbie o6Hapy:>KeHo cnoHTaHHoe 

HcnycKaHHe a.nep HeoHa. 3asepweHbi 3Kcne

pHMeHTbi no H3yqeHmo cneKTpoB cocTOHHHH 

BbiCOKOHOHH30BaHHbiX aTOMOB, B KOTOpbiX 

nonyqeHbl npHH[(HnHaJibHO HOBbie pe3yJI&TaTbl. 

B Jla6opaTopHH HeHTpOHHOH cPH3HKH Bnep

Bbie noJiyqeHO 3KCnepHMeHTaJibHOe .IJ:OKa3a

TeJibCTBO pe30HaHCHOH cTpyKTypbi 3¢¢eKTa 

HapyweHHH npOCTpaHCTBeHHOH qeTHOCTH npH 

B3aHMO.IJ:eHCTBHH nOJIHpH30BaHHbiX HeHTpOHOB 

c R.npaMH H npose.neHo no.npo6Hoe H3yt~eHHe 
3TOrO 3cPcPeKTa. 06Hapy:>KeH H HCCJie.noBaH 

3cPcPeKT CnHH-Op6HTaJibHOrO pacw;enneHHH 

p-BOJIHOBbiX HeHTpOHHbiX CHJIOBbiX cPYHKUHH. 

BnepBbie nonyqeHbi HOBbie HHTepecHbie pe-

3YJI&TaTbi no .IJ:HHaMHKe a.ncop6HpOBaHHOrO 

5 



so.nopo.na H ero coe.n;HHeHHH. Ha nytJKax 

peaKTopa HBP-2 · noJiytJeHo 6oJibiiiOe tJHCJIO 

HHTepecHbiX pe3yJILTaToa. Onpe.n;eneHbi pa3Me

pbi H IIJIOTHOCTb rH.n;paTHOH o60JIOlJKH nOJIH-

3JieKTpOJIHTOB. C nOMOII.\blO napaMarHHTHOrO 

pacceRHHR HeifTpOHOB onpe.n;eJieHa CTpyKTypa 

3JieKTpOHHbiX ypOBHeif pe.n;K03eMeJibHbiX HQ

HOB B MeTaJIJiaX. lloJiytJeHHbie CXeJYibl ypOBHeif 

n03BOJIRIOT nOJIHOCTblO 06"bRCHHTb MaKpOCKO

nHtJeCKHe CBOHCTBa pe.n;K03eMeJibHbiX HHTep

MeTaJIJIH.ZJ;OB. llpoae.n;eHbl KOMnJieKCHbie HCCJie

.ZJ;OBaHHR CTpyKTypbl H .ZJ;HHaMHKH KpHCTaJIJIOB. 

Ha KaHane yJihTpaxono.n;HhiX HeH:TpoHoB HBP-2 

BnepBbie 3KCnepHMeHTaJibHO nO.ZJ;TBep:>K,rJ:eHO 

npe.n;cKa3aHHe o6 yaeJIHtJeHHH K03<l>qmQHeHTa 

OTpa:lKeHHR HeifTpOHOB OT MaTepHaJIOB C 60Jib

IIIHM ceqeHHeM norJIOII.\eHHR. 

llpO,ll;OJI:lKaJI pa3BHBaTbCR u;eHTpaJibHbiH Bbl

lJHCJIHTeJibHbiH KoMnJieKc OHHH. B npoiiie.n;

IIIeH: nRTHJieTKe BBe.n;eHbl B 3KCIIJiyaTaQHIO 

H ocaoeHbi TPH HOBbie 6a30Bbie 3BM. Co3.n;aHa 

H .ZJ;OKyMeHTHpOBaHa e.n;HHaR .ZJ;JIR BCeX 6a30BbiX 

3BM liHCTHTyTa 6H6JIHOTeKa nporpaMM 0611.\e

ro Ha3HatJeHHR. PaciiiHpeHa TepMHHaJibHaR ceTb 

6a30BbiX 3BM. BoJihiiioif o61>eM pa6oT BbiiiOJI

HeH B o6JiaCTH C03.ZJ;aHHR CHCTeM nporpaMM 

o6pa60TKH 3KCnepHMeHTaJibHbiX .ZJ;aHHbiX 

H o6ecnetJeHHR KpyrrHbiX 3JieKTpOHHbiX 3KCrre

pHMeHTOB. ,llaJ'IbHeftmee pa3BHTHe IIOJIYlJHJIH 

aBTOMaTHtJeCKHe H IIOJiyaBTOMaTHtJeCKHe CHC

TeMbl o6pa60TI<H I<aMepHbiX CHHMI<OB. 

lliHpOKYIO H3BeCTHOCTb nonytJHJIH pa60Tbl, 

HanpaaneHHbie Ha pa3BHTHe coapeMeHHbiX 

3KCnepHMeHTaJibHbiX MeTO.ZJ;OB H3ytieHHR tJaCTHQ 

H R.ZJ;ep. 3TH HCCJie.ZJ;OBaHHR RBJIRIOTCR MeTO.ZJ;H

qeCKOH OCHOBOH HOBOrO nOKOJieHHR 3KCnepH

MeHTaJibHbiX ycTaHOBOK. HpKHM npHMepoM RB

JIHIOTCR pa6oTbi no co3.n;aHHIO a H<l>B3 KpyiiHo

MaciiiTa6Horo cneKTpoMeTpa "HeH:TpHHHbiH .ne

TeKTop", <l>H3HtJeCKHH nycK nepaoH: oqepe.n;H . 

KOTOpOrO COCTOHJICH B 1985 ro.n;y. PH.D; HOBbiX 

3KcnepHMeHTaJibHbiX ycTaHOBOK co3.n;aH .ZJ;JIR 

npoae.n;eHHR aKTYaJihHbiX HCCJie.ZJ;OBaHHH Ha 

peaKTope HBP-2, QHKJIOTpoHe Y-400, cHHxpo

<Pa3oTpoHe H <Pa3oTpoHe OHHH. BoJibiiiOH 

061>eM pa60T BbiiiOJIHeH no C03.ZJ;aHHIO npOTOTH

na a.D;pOHHOrO KaJIOpHMeTpa H nOTOlJHOH JIHHHH 

~~ 
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npOH3BO.ZJ;CTBa .n;peif<l>OBbiX Tpy6oK .ZJ;JIH COB

MeCTHOrO c UEPH 3KcnepHMeHTa .UEJI<l>H. 

BhiCOKHH ypoaeHb <l>yH.n;aMeHTaJibHbiX HC

cne.noaaHHH OHHH, BbiCOKHH HaytJHo-TeXHHtie

cKHH noTeHQHaJI CJiy:lKaT OCHOBOH .ZJ;JIR npoae

.n;eHHR npHKJia.ZJ;HbiX HCCJie.ZJ;OBaHHH, He06XO.ZJ;H

MbiX .ZJ;JIH peiiieHHR 3a.ZJ;aq B 06JiaCTH Me.ZJ;HQHHbi, 

6HOJIOrHH, 3KOJIOrHH, MaTepHaJIOBe.ZJ;eHHR, reo

JIOrHH H .n;pyrHX o6JiaCTeif. llpHMepaMH CJiy:lKaT 

pa3pa60TKa 3<l><l>eKTHBHbiX R.ZJ;epHbiX <l>HJibTpOB 

.ZJ;JIR MHKpO- H YJibTpa<l>HJibTpaQHH; C03.ZJ;aHHe 

KJIHHHKO-<l>H3HtJeCKOrO KOMnJieKCa .ZJ;JIR OHKO

JIOrHtJeCKHX HCCJie.ZJ;oBaHHH Ha <l>a30TpOHe, IIIH

pOKOe HCnOJib30BaHHe nytJKOB HeifTpOHOB pe

aKTOpa HBP-2, TH:lKeJii.IX HOHOB QHKJIOTpoHa 

Y-400 H 3JieKTpoHoa MHKpoTpoHa MT-22 .n;na 

pa.D;HaQHOHHOrO MaTepHaJIOBe.n;eHHR H aKTHBa

QHOHHOrO aHaJIH3a, pa3pa60TKa TeXHOJIOrHH 

noJiy'leHHR pa.n;Ho<iJapMau;eBTH'leCKHX npenapa

TOB, HCnbiTaHHR MeTO.ZJ;OB MarHHTHOH o6pa6oT

KH noceBHbiX KYJibTyp .ZJ;JIH nOBbiiiieHHR ypo

:lKaHHOCTH, C03.ZJ;aHHe HOBbiX aBTOMaTH3HpOBaH

HbiX npH60pOB Ha OCHOBe MHOronpOBOJIOlJHbiX 

KaMep .ZJ;JIR Hepa3pyiiiaroll.\ero 3Kcnpecc-aHaJIH-

3a 6HonorHtJecKHX CTPYKTYP· 

Pe3yJILTaThi nocne.r(HHX neT s o6nacTH <l>YH

.n;aMeHTaJibHbiX H npHKJia.ZJ;HbiX HCCJie.ZJ;OBaHHH, 

BbiiiOJIHeHHbiX a OHHH Ha ocHoae IIIHpoKoro 

Me:>K,rJ:yHapo.n;Horo coTpy.n;HHtJeCTBa, no.n;Taep:lK

.n;aroT rrpaBHJibHOCTb H36paHHbiX HaytJHbiX Ha

npaBJieHHH, IIOI<a3biBaiOT HX aKTYaJibHOCTb 

H nepcnei<THBHOCTb. 3TO OTMetJaJIOCb Ha COBe

I.UaHHH KoMHTeTa IlonHOMOtJHbiX Ilpe,ucTaBHTe

neH: npaBHTeJihCTB CTpaH-ytJaCTHHQ OHHH, yT

aep,uHaiiieM B 1985 ro,uy HOBbiH nRTHJieTHHH 

nmrn pa3BHTHH HHcTHTyTa. B pe3yJILTaTe coo

py:lKemm HOBbiX . H pa3BHTHR .n;eifCTBYIOII.\HX 

6a30BbiX H 3KCnepHMeHTaJibHbiX yCTaHOBOK 

a OHHH co3.n;aHbi Heo6xo.n;HMhie ycno-

BHR .ZJ;JIH npO.ZJ;OJI:lKeHHR H pa3BepTbiBaHHH 

B 1986-1990 rr. KOHKypeHTOCnOC06HbiX 

nporpaMM 3KCnepHMeHTaJibHbiX HCCJie.ZJ;OBaHHH 

KaK <l>YH.ZJ;aMeHTaJibHOrO, TaK H IIpHKJia.ZJ;Horo 

3HatJeHHH C HCnOJib30BaHHeM YHHKaJibHbiX nyq

KOB peJIHTHBHCTCKHX H nOJIHpH30BaHHbiX H.n;ep 

CHHXpo<l>a30TpOHa, BbiCOKOHHTeHCHBHbiX nyq

KOB HeifTpoHoB peaKTopa HBP-2, TH:lKeJibiX 

HOHOB H3oxpoHHoro QHKJIOTpoHa Y-400 H nyq

KOB <Pa30TpOHa. 

H.H.Boronro6os 

,UHpeKTOp 06"be.ZJ;HHeHHOrO HHCTHTyTa 

H.ZJ;epHbiX HCCJie.ZJ;OBaHHH 



PYKOBOAHlllME 
M KOHCYnbTATMBHbiE 
OPrAHbl OMHM . 

• 



AEHTEnbHOCTb PYKOBOAHIIlMX 
M KOHCYnb TATMBHbiX OPrAH DB OMHM 

LVII ceccHH YqeHoro cos eTa OH.RH npoxo
,n:Hna 15-17 HHBapH 1985 ro,n:a. llrreHbi YqeHoro 
coaeTa 3acnyrnanH HHcpopMaumo o BhinOJIHe
HHH perneHHH npe,n:hiAY~Hx (LV H LVI) cec
CHH, ,O:OKJiaAhl 06 HTOrax Me)I(,O:yHapO,O:HOrO 
coTpy,n:HHqecTaa H CBH3HX OHHH B 1984 ro,n:y 
H nnaHax Ha 1985 ro,n:, o Ka,n:pax cneUHaJIHCTOB 
H3 CTpaH-yqacTHHU. Ha ceccHH 6biJIH 3acnyrna-

3ace.o;rume Yt~eHoro coseTa OMHM, HHsapb 1985 r. 
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Hhi ,n:oKJiaAhi o pa6oTe ceKUHH CoaeTa H HX 
peKoMeH,n:auHHX no npoeKTY nHTHJieTHero nna
Ha pa3BHTHH OHHH Ha 1986-1990 rr., ,n:oKJia,n: 
o npoeKTe nHTHJieTHero 'rulaHa pa3BHTHH OHHH 
Ha CJie,n:yro~yro nHTHJieTKY H 0 pa3BHTHH 3KCne
pHMeHTaJibHOH 6a3bi OHHH. Bhma npoae,n:eHa 
,O:HCKyCCHH no npoeKTY nHTHJieTHero nJiaHa pa3-
BHTHH OHHH. 



Yt~eHhiH coseT o,D;o6pwn Hayt~Ho-wccne,D;oaa
TenbcKyro ,D;e.fiTenbHOCTb lfuCTHTyTa B 1984 r., 
yTaep.D:Hn npo6neMHo-TeMaTwt~ecKHH nnaH 
HayliHO·HCCne,D;OBaTenbCKHX pa60T If Me:>K,D;yHa
pO,ll;HOrO coTpy.D:HlflleCTBa 011JUI Ha 1985 r ., 
onpe,D;enwn BIDKHeiiume Hayt~Ho-wccne,D;oBaTenh
CI<He 3a,D;aliH na6opaTopwii H OHMY Ha 1985 r. 

Yt~eHhiH coseT yTaep.D:Hn B .D:On:>KHOCTH 3a
MeCTHTenH ,ll;HpeKTopa Jla6opaTOpHH TeopeTH
lleCKOH <f:>H3HKH - npo<f:>eccopoa B.A.Mern;epH
Koaa H B.r.Conoaheaa, Jia6opaTopww BhiCOKHX 
3Hepmii - npo<f:>eccopa A.A.Ky3Heuoaa, Jia6o
paTopHH HeHTpOHHOH <f:>H3HKH - KaH,D;H,ll;aTOB 
<f:>H3HKo-MaTeMaTHlleCKHx HayK IO.C.H3BHIIKO
ro w K.<l>enb.D:MaHHa, Jia6opaTopHH BhiliHcnw
TenbHOH TeXHHKH If aBTOMaTH3aiiHH - t~neHa

KoppecnOH,D;eHTa AH CCCP H.H.rosopyHa 
cpoKOM Ha TPH ro,D;a H Bhipa3Hn 6naro,D;apHOCTb 
,ll;OKTOpy <f:>H3HKO-MaTeMaTHlleCKHX HayK p .MH
XanbiiY 3a 6onblnyro pa6oTy Ha nocTy 3aMeCTH
TenH ,D;HpeKTopa JIH<l>. 

KoMHTeT llonHOMOliHhiX llpe,D;CTaBHTeneii 
npaBHTenhCTB rocy,D;apCTB-llneHOB 011HI1 Ha CO
Beii.J;aHHH 26-27 <f:>eapanH 1985 ro,D;a o,D;o6pwn 
pa6oTy lfuCTHTyTa no BhinOnHeHHIO llnaHa 
HayliHO-HCCne,D;OBaTenbCKHX pa60T If Me:>K,D;yHa
pO,D;HOrO coTpy.D:HlflleCTBa a 1981-1984 rr., 
yTaep,D;Hn perneHH.fl LVI H LVII ceccwii Yt~eHoro 
COBeTa 0 11HI1 no pe3ynbTaTaM HayliHhiX HCCne
,ll;OBaHHH, BhinOnHeHHhiX na6opaTOpHHMH If OT
,D;enaMH 11HcTHTyTa B 1984 ro,D;y, H nnaH Ha 
1985 r o.D:, npHHHThiH LVII ceccweii Yt~eHoro co
BeTa; yTaep,D;wn perneHH.fl LVII ceccww Yt~eHoro 
coaeTa no HToraM Me:>K,D;yHapo,D;Horo COTPY.D:HH
lleCTBa 0 11HI1 B 1984 ro,D;y H nnaHaM npoae
,D;eHH.fl Hayt~HhiX coaern;aHHH Ha 1985 ro.D:; 
llnaHhl KOMaH,D;HpOBaHH.fl cnelllfanHCTOB 011HI1 
Ha Me:>K,D;yHapO,D;Hbie If HaiiHOHanbHhie KOH<f:>e
peHIIHH, C.HMn03HYMhi, COBern;aHH.fl If lliKOnhi 
Ha 1985 ro.D:; perneHH.fl LVII ceccww Yt~eHoro 
COBeTa 0 Ka,D;pax cneuHanHCTOB H3 CTpaH
yqacTHHII 011HI1. 
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KoMHTeT TionHoMoqHbiX Tipe,n:cTaBHTeneii 

nocTaHOBHJI cqHTaTh rnaBHbiMH 3a,n:aqaM H HH

CTHTyTa B 1985 ro,n:y: 

- ,n:anhHeiirnee pa3BHTHe coapeMeHHbiX Teo

peTHqecKHX MeTO.D:OB cpH3HKH 3JI8MeHTapHbiX 

qacTH~ H aTOMHOfO H,n:pa, KOH)l;eHCHpOB aHHbiX 

COCTOHHHH, a TaKiKe npoae,n:eHHe 3KCnep HMeH

TaJibHbiX HCCJie)l;OBaHHH B 3THX HanpaaJieHH.fi:X 

Ha 6a30BbiX ycTaHOBKax OH.HH, ycKopHTenHx 

11(J)B3 H UEPHa a HaH6onee aKTyanhHb iX o6-

nacTHX COBpeMeHHOH 3KCnepHMeHTaJihHOH cpH· 

3HKH, Bl<JIIOqaH npHKJia)l;Hbie HCCJie)l;OBaHHH 

B COOTBeTCTBHH C 3a,n:aqaMH, nOCTaBJieHHbiMH 

.llHpeKTOP OMHM H oH oBoromo6os, rnaBHbiH ytJeHbiH 
ceKpeTap& AoHoCHcaKHH, llHpeKTop Jia6opaTopHH ueiiT
poHHOH Q,lH3HKH MoMocl>paHKo 

A/lMHHHCTpaTHBHbiH llHpeKTop OMHM IOoH o,lleHHCOB, 
3aMeCTHTeJI& a)lMHHHCTpaTHBHoro /lHpeKTopa H oToKap
Tawos, •meH YtJeHoro COBeTa r 0My3HOJ1b (r,llP) 0 
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,llHpeKTOp Jia6opaTOpHH H)lepHbiX peaK~HH r oH ocl>Jie
pOB H BH~e-nHpeKTop OMHM 3o3HTpan&ro (Ky6a) 0 

a perneHHHX LVII ceccHH YqeHoro coaeTa 

OH.HH; 

- npoae,n:eHHe pa6oT no Mo,n:epHH3aUHH 

CHCTeM CHHXpocpa30TpOHa: 

- npoae,n:eHHe pa6oT no peanH3aUHH 

KYTH-20; 

- yqacTHe B pa3pa60TKe COBMecTHO 

c 11(J)B3 oT,n:eJihHbiX CHCTeM npoeKTa YHK; 

- Haqano cpH3HqecKHX 3KCnepHMeHTOB Ha 

nyqKax cpa3oTpoHa OH.HH H 3aaeprneHHe coo

pyiKeHHH KOpnyca )l;JIH 3KCnepHMeHTaJibHOfO 

KoMnneKca .HCHATITI; 

- pa3BHTHe cpH3HqeCKHX HCCJie)l;OBaHHH Ha 

peaKTope HEP-2, co3.D:aHHe JIHY-30; 

- pa60Tbl B o6JiaCTH C03.D:aHHH H COBep

rneHCTBOBaHHH yCKOpHTeJieH THiKeJibiX HOHOB 

- ( KOMnJieKC Y -400 + Y -400M) , CHHTe3 H nOHC~ 
CBepXTHiKeJibiX 3JieMeHTOB; 

- pa3BHTHe H 3cpcpeKTHBHOe HCnOJib30BaHHe 

UBK; 

- ,n:anhHeiirnee pa3BHTHe H 6onee 3cpcpeK

THBHoe HCnOJib30BaHHe 0nhiTHOfO npOH3BO.D:· 

CTBa KaK Heo6XO)l;HMOe YCJIOBHe .D:JIH pa3BHTHH 

3K<;nepHMeHTaJihHOH 6a3hi OH.HH; 

- 3cpcpeKTHBHOe HCnOJib30BaHHe 6a30BbiX 

ycTaHOBOK, noBbiilieHHe HX 3KOHOMHqHoCTH 

H TexH~ecKoro coaeprneHcTaa. 

KoMHTeT yTaep,n:HJI npe,n:cTaaneHHbiH p;HpeK

UHeH 11HCTHTyTa OTqeT 06 HCnOJIHeHHH 6IO,n:iKeTa 

3a 1983 ro,n:, npOTOKOJI (J)HHaHCOBOfO KOMHTe

Ta OH.HH OT 13-14 HoH6pH 1984 ro.n:a, 3acny

rnan )l;OKJia)l; .D:HpeK~HH 06 HCnOJIHeHHH 6IO,n:iKe

Ta OH.HH 3a 1984 ro,n:. 



KoMHTeT yrnep.n;Hn IDITHneTHHH nmm pa3-
BHTIDI 011JII1 Ha 1986-1990 rr. H nopy'IIHn )l;H
peK~H 11HCTHTYTa Ha OCHOBe 3TOrO nnaHa pa3-
pa6oTaTb nnaH-rpaQlHK OCBOeHIDI KanHTMbHbiX 
BnO:>KeHHH Ha n.RTHneTKY, npe.n;ycMaTpHBaiOI.QHH 
O'llepe.IJ;HOCTb C03.IJ;aHIDI 6a30BbiX H 3KCnepHMeH
TanbHbiX ycTaHOBOK c y'lleTOM npHopHTeToB, 
H npe.IJ;CTaBHTb ero Ha paCCMOTpeHHe Cl>HHaHCO
BOrO KOMHTeTa, Y'lleHoro COBeTa H O'llepe.n;Horo 
cosemaHIDI KoMHTeTa llonHoMo'IIHbiX llpe.n;cTa
BHTene:H. 

Ha cosemaHHH c Hay'IIHbiMH .n;oKna.n;aMH Bbi
cTynHnH 'llneH-KoppecnoH.n;eHT AH CCCP 
H.H.rosopyH ("CocTo.RHHe H nepcneKTHBbi 
pa3BHTH.R H3MepHTenbHO-Bbi'IIHCnHTenbHbiX 
MomHocTeii OHHH") H npocl>eccop A.C3H.D:Y
necKy ("HOBbie BH.IJ;bl ecTeCTBeHHOH pa.IJ;HO
aKTHBHOCTH"). 

KoMHTeT llonHoMO'IIHbiX llpe.n;cTaBHTene:H 
Bbipa3Hn .IJ;HpeKUHH H BCeMy KOnneKTHBY 
Ofi'be.n;HHeHHoro HHCTHTYTa .R.n;epHbiX Hccne.n;o
BaHHH 6naro.n;apHOCTb 3a npo.n;enaHHyro pa6oTy 
B 1984 ro.n;y. 

LVIII cecciDI Y'lleHoro coseTa OHHH co
CTo.s:macb 30-31 Ma.R 1985 ro.n;a. CoseT o.n;o6pHn 
.n;e.RTenbHOCTb ceKUHH CoseTa no TeopeTHqe
CKOH cPH3HKe H no cPH3HKe BbiCOKHX H HH3KHX 
3HeprHH, yTsep.n;Hn perneHHe :>KJOPH o npHCY:>K
.n;eHHH npeMHH OHHH 3a nyqrnHe pa6oTbi, Bbi
nonHeHHbie B 1984 ro.n;y. llneHbi CoseTa o6cy
.D:HnH npoeKT npo6neMHo-TeMaTuqecKoro nnaHa 
HayqHo-nccne.n;osaTenbcKHX pa6pT H Me:>K.IJ;yHa
po.n;Horo coTpy.n;HHqecTsa OHHH Ha 1986 ro.n; 
u onpe.n;enHnH ocHoBHbie HayqHbie HanpasneHH.R 
na6opaTopHH H OHMY B 1986 ro.n;y. 

Ha ceccuu c HayqHbiM .n;oKna.n;oM "llpo
rpaMMa H nepcneKTHBbi HayqHbiX Hccne.n;osa
HHH Ha ycKopHTene Y-70 c 6ycTepoM H Ha 
YHK" BbicTynHn npocl>eccop H.E.TropHH. 

CoseT yTsep.n;Hn B .n;on:>KHOCTH 3aMeCTHTenH 
.IJ;HpeKTOpa Jia6opaTOpHH Bbi'I{HCnHTenbHOH Tex~ 
HHKH H aBTOMaTH3aUHH KaH.IJ;H.IJ;aTa cPH3HKO
MaTeMaTH'IIeCKHX HayK M.CyKa cpoKoM Ha TPH 
ro.n;a, npo.n;nHJI cpoK nonHoMoqHii 3aMeCTHTemo 
.n;HpeKTopa Jia6opaTopHH .R.n;epHbiX peaK~H 
npocl>eccopy X.3o.n;aHy Ha TpH ro.n;a H Bbipa3Hn 
6naro.n;apHOCTb .n;oKTopy 3 .Xocl>cl>MaHY 3a 6onb
rnyro nnO.IJ;OTBOpHyJO pa6oTy Ha nocTy 3aMeCTH
TenH .n;upeKTopa JIBT A. 

B 1985 ro.n;y 3ace.n;aHIDI k:OHCYilbTaTUBHbZX 
opzaHoB Hncruryra - ceK~H YqeHoro coseTa 
OHHH no TeopeTHqecKoii cPH3HKe, no cPH3HKe 
BbiCOKHX H cPH3HKe HH3KHX 3HeprHH - npOBO
.IJ;HnHCb .IJ;Ba:>K.IJ;bi: B Mae H HO.R6pe-.n;eKa6pe. 

YqacTHHKH neTHe:H ceccHH ceK~H CoseTa Ha 
csoHx 3ace.n;aHH.RX 3acnyrnanH P.R.D: HayqHbiX 
.IJ;OKna.IJ;OB 0 pa6oTax, BbinOnHeHHbiX B na6opa
TOpH.RX OHHH, oTqeTbi o pa6oTe cne~anH3H
poBaHHhiX KOMHTeTOB H 0 BbinOnHeHHH perne
HHH npe.n;bmyme:H ceccHH. 

22 cecciDI ceJ<ijuu Y~enozo coaera no reo
peru~ecJ<ou rjjU3Uk:e, COCTO.RBilla.RC.R 30 Ma.R, 
6bma nocB.RI.QeHa o6cy:>K.IJ;eHHJO HayqHbiX .n;oKna
.n;os o TeopeTHqecKHx acneKTax HayqHoii npo
rpaMMbi cosMeCTHbiX 3KcnepHMeHTOB OHHH 
c UEPH ()KeHesa) H Hci>B8 (llpoTBHHo). 
BbmH 3acnyrnaHbi cne.n;yroiUHe .n;oKna.n;bx: scTy
nHTenbHbiH .IJ;OKna.IJ; c.n;enan .[{.B.IIIHpKOB, 
"CTaH.IJ;apTHa.R MO.IJ;enb H B03MO:>KHOCTH 3KCne
pHMeHTa" (H.A.Camm), "CTaTyc TeopHH 
3neKTpocna6biX B3aHMO.IJ;eHCTBHH" (.[{.IO.Bap
.D:HH), "llpHHUHn ocna6neHIDI KOppen.RUHH 
Boronro6osa B KsapKoso:H cPH3HKe" (A.M.Ban
.D:HH) , " KBaHTOBa.R XpOMO.IJ;HHaMHKa H CTpyK
TypHbie cPYHKUHH H.n;ep" (A.B.Ecl>peMOB), 
"KX.[{-aHanH3 CTpyKTypHbiX cPYHKUHH HYKnO
HOB H cPOTOHa" (H.B.CKa'I{KOB), "llpo6neMa
THKa TeOpHH B3aHMO.IJ;eHCTBHH qaCTHU" 
(.[{.B.IIIHpKoB) . 0 no.n;roTOBKe IIIKonbi Mono

JJ:biX yqeHbiX OHHH - UEPH .n;ono:>KHn A.H.CH-
caK.RH, o no.n;roToBKe Me:>K.IJ;yHapo.n;Hoii rnKonbi 
no CTPYKTYpe .R.n;pa- B.B.BopoHos. • 

Ha 40 ceccHH ceKijUU Y~enozo coaera no 
rjj~u~ Bhl001<~ 3H~2U~ ~OW~Ill~ 
28 Ma.R, 6bmH 3acnyrnaHbi .n;oKna.IJ;bi o6 Hccne
JJ:OBaHIDIX, BbinOnHeHHbiX B JIB8, JIHll 
H JIBT A : "HoBbie pe3ynhTaTbi Hccne.n;osaHHH, 
C03.IJ;aHHe H pa3BHTHe 3KCnepHMeHTMbHbiX 
ycTaHOBOK Ha Y-70" (A.llpoKern), "8KcnepH
MeHTbi no rny6oKoHeynpyroMy nenToH-.R.IJ;ep
HoMy pacce.RHHJO H no.n;roTOBKa K Hccne.n;osa
HIDIM Ha BCTpeqHbiX nyqKax YHK" (ll.T.To.n;o
pos) , "Hccne.IJ;OBaHHe CTpyu a.n;pOHOB 
H MynbTHKBapKOBbiX COCTO.RHHH B 3KCnepH
MeHTaX JIB8" (B.r.rpHrnnH), "Hccne.n;osaHHe 
KHpanbHOH aHoManHH y ... 3 rr B npouecce o6-
pa3oBaHIDI nHOHHbiX nap nHOHaMH B KynoHOB
CKOM none .R.n;ep" (r.B.MHuenbMaxep) ,"8Kcne
pHMeHTanbHoe HCcne.IJ;OBaHHe B3aHMO.IJ;eHCTBHH 
aHTHnpOTOHOB C nerKHMH .R.IJ;paMH Ha yCKOpH
Tene L EAR B UEPHe" (H.B.ci>anoMKHH), 
"Bbi'I{HCnHTenbHbie acneKTbl KBaHTOBOH xpoMO
.IJ;HHaMHKH Ha perneTKe" (H.B.Maxan.n;HaHH). 

YqacTHHKH 40 ceccHH ceJ<ijUU Y~enozo coae
Ta no rjj uauJ<e nuaJ<ux anepzuu (29 Ma.R) o6-
cy.n;Hnn HayqHbie .IJ;OKna.IJ;bl 06 HCCne.n;oBaHH.RX, 
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3acenaHHe ceK~HH YtJeHoro coBeTa no <!>H3HKe HH3KHX 3HeprHH. BhlcTynaeT BH~e-nHpeKTop OMJIH A.C3H,Il;ynecKy 
(CPP). 

npoBe,n;eHHbiX B J1a6opaTOpHH H,ll;epHbiX peaK
QHH: "BbiJieT TH:>KeJibiX KJiaCTepoB" (IO.IT.raHr
pCKHH, C.IT.TpeThHKOBa), "IloHcK cBepxTH:>Ke
JibiX ::meMeHTOB B npHpo,n;e" (B.Il.IlepeJihirHH, 
C.H • .lJ:MHTpHeB), "CHHTe3 H Hccne,n;oBaHHe 
CBOHCTB H,n;ep JiertJ:aHWHX 3JieMeHTOB, pacnOJIO
:>KeHHbiX B6JIH3H rpaHHQbl H,n;epHOH CTa6HJib
HOCTH" (K.Eoptia), "11ccne.n;oBaHHe Ha ycTa
HOBKe .IJ:3MAC ,n;eJieHHH H,n;ep, o6pa3yiOmHXCH 
B peaKQHHX C TH:>KeJibiMH HOHaMH C 3HeprHeH 
B6JIH3H KYJIOHOBCKoro 6apbepa peaKQHH" 
(X.3o,n;aH), "UHKJIHtJ:eCKHH HMnJiaHTaTop TH

:>KeJibiX HOHOB (HU-100)" (P.U.OraHeCHH), 
"Pe3yJibTaTbl H nporpaMMa HCCJie,ll;OBaHHH Ha 
YCKOpHTeJIHX TH:>KeJibiX HOHOB J1a6opaTOpHH 
H.n;epHbiX peaKQHH" (r .H.<l>nepoB) , a TaK:>Ke 
HaytJ:HbiH ,ll;OKJia,ll; 0 COCTOHHHH pa6oT n o no,n;
rOTOBKe K HatJ:aJIY cpH3HtJ:eCKHX HCCJie,ll;OBaHHH 
Ha nytJ:KaX cpa30TpOHa, C KOTOpbiM BbiCTYnHJI 
K.H.rpoMOB. qJieHbl CeKQHH 3aCJIYWaJIH TaK:>Ke 
.n;oKJia.D:bi o6 HTorax pa6oTbi HaytJ:HhiX coBema
HHH H KOHcpepeHQHH no TeMaTHKe CeKQHH: 

12 

KoHcpepeHQHH MAr A T3 "PacceHHHe HeliTpo
HOB B 90-e ro,n;hi" (<I>Pr), Me:>K.n;yHapo.n;Horo 
COBei.UaHHH "CBOHCTBa H.n;ep H H,n;epHbie B03-
6y:>K.n;eHHH'' (ABCTpHH), XXXV CoBemaHHH 
no H,n;epHOH cneKTpocKonHH H cTpyKType 
aTOMHoro H,n;pa (CCCP), C KOTOpbiMH Bbi
CTynHJIH rr.rraxep, X.3o,n;aH H K.H.rpoMOB. 

0CHOBHOe BHHMaHHe ytJ:aCTHHKOB OCeHHeH 
ceccHH ceKQHH YtJ:eHoro coBeTa 6biJIO y,n;eneHo 
o6cy:>K,n;eHHIO OT'lleTOB 06 HCCJie,ll;OBaTeJibCKOH 
,n;eHTeJibHOCTH Jia6opaTOpHH 11HCTHTyTa B nHTH
JieTHH 1981-1985 rr. qJieHbi ceKQHH 3acnywa
JIH TaK:>Ke OT'lleTbl 0 pa6oTe cneQHaJIH3HpOBaH
HbiX KOMHTeTOB H 0 BbinOJIHeHHH peweHHH 
npe,n;hl,n;ymeli ceccHH ceKQHH. Ha 23 ceccHH 
ceK'LJUU Y~tenozo coaem no reoperu~tecKou 

fPU3UK€, KOTOpaR COCTOHJiaCb 4 ,n;eKa6pH, 6bi
JIH 3aCJIYWaHhl ,ll;OKJia,ll;bl no TeOpHH 3JieMeH
TapHbiX tJ:aCTHQ (.D:OKJia,ll;liHKH .IJ:.I1.Ka3aKOB, 
M.Eop,n;ar H C • .IJ:y6HHtJ:Ka) H HaytJ:Hhie ,n;oKJia,n;bi 
0 TeopeTHtJ:eCKHX acneKTax 3KCnepHMeHTaJib
HbiX HCCJie,ll;OBaHHH no cpH3HKe H,n;pa H TBep,n;O-



ro Tena (H.M.IJnaKH,ll;a, B • .D;.ToHeea, B.B.Ilarn
KeaHtJ:), a TaK:>Ke HH<f>opMauHH o KoH<f>epeH:QHH 
no aHanHTHtleCKHM BbltiHCneHHHM Ha 3BM 

H HX npHMeHeHmo B TeopeTHqecKOH <f>H3HKe 
(B.II.rep,nT) . CeK:QHH o.no6pHna npe,nno)KeH

HhiH ,D;HpeK:QHeH JITCl> IInaH HayqHO-HCCne,noaa
TenbCKOH pa6oThi Ha 1986 ro.n H no,nqepKHyna 
npHH~IIHanhHoe 3HaqeHHe ,nan6He:Hhiero pa3-
BHTIDI OCHOBHbiX TeopeTHqeCKHX HanpaaneHHH 
H Ba)KHOCTb yqaCTHH JITCl> B 3KCnepHMeHTanb
HbiX nporpaMMax OHJIH H ,npyrHx HayqHbiX 
I.(eHTpoa. Ha 41 ceccHH ce"KIJUU Yllenozo coeera 
no rjju3u1ee Bbzco"Kux anepzuu (3-5 ,D;eKa6p.R) 
c ,noKna,D;aMH o6 HTorax pa6oThi VI Me:>KAy
Hapo,D;Horo CHMn03HyMa no non.RpH3auHOHHbiM 
HBneHIDIM B H,D;epHOH <f>H3HKe (.flnOHH.R), 
Me:>K,D;yHapo,nHoro CHMno3HyMa no nenTOHHbiM 
H cpoTOHHbiM B3aHMO,D;eHCTBH.RM npH BbiCOKHX 
3HepriDix (.HnoHIDI), II Me:>KAyHapo,D;Ho:H KOH
cpepeH~H no .R,D;pO-.R,D;epHbiM CTORKHOBeHH.RM 
(IIIBei.(HH) BbiCTynHnH B.A.HHKHTHH, II.C.Hca
ea H B.A.KynaKoa. YqacTHHKH cocTo.Rarne:Hc.R 
26-28 HO.R6p.R 41 ceccHH ce"K!JUU Yllenozo coee
Ta no rjju3uKe HU3Kux anepzuu 3acnyrnanH 
,noKna,D;hi o6 HTorax pa6oThi II Me:>KAyHapoA
Ho:H KOH<f>epeHI.(HH no .R,D;po-.R,D;epHbiM CTORKHO
BeHIDIM (IllaeuH.R) , VII KoH<f>epeH~H Eapo
nelicKoro <f>H3HtJ:ecKoro o6I..I.(eCTaa no CHHTe3y 
H CTpyKType 3K30TlfqecKHX .R,D;ep H aTOMOB 

3aCe,!l;aHHe ll>HHaHCOBOrO KOMHTeTa 0l1Hl1, HOR:6pb 1985 r. 

(BonrapHH), Me:>KAyHapo,D;Ho:H lllKOnhi no 
CTPYKTy pe .R,D;pa (CCCP), Coaei..I.(aHHH no pac
ce.RHmo HeHTpOHOB B KOH,D;eHCHpOBaHHbiX cpe
,D;aX Ha 3KcnepHMeHTanbHbiX ycTaHoaKax HBP-2 
(CCCP), Me:>KAYHapo,D;Ho:H KoH<f>epeHUHH no 
MarHeTH3MY (CiliA) H Coaei..I.(aHHH no Hcnonb-
30BaHmo .R,D;epHbiX <f>HnbTpOB ,D;R.R pellleHH.R 
Hay~O-TeXHHqeCKHX H Hapo,D;HOX03.RHCTBeHHbiX 
3a,D;aq H pa,D;HauHOHHOMy MaTepHanOBe,D;eHHIO 
(CCCP), c KOTOpbiMH BbiCTynHnH B.B.BonKoB, 
B.H.IlycTbi.i:rbHHK, B.B.BopoHoa, IO.M.OcTaHe
aHq, E.A .ropeMbNKHH, B.A.IUeronea. Ha cec
CHH 61>1na TaK:>Ke o6cy:>K,D;eHa HH<f>opMa:UH.R 
o pa3pa6oTKe rrnaHa-rpa<f>HKa co3,naHH.R H pa3-
BHTHH 3KCnepHMeHTanbHbiX H 6a30BbiX ycTaHO
BOK H o6'beKTOB npOH3BO,D;CTBeHHOrO Ha3Ha
qeHHH OH.HH Ha 1986-1990 rr., c KOTOP.OH Bbi
cTynHn BH:Ue-,D;HpeKTop A.C3HAynecKy, H HH
<f>opMa:QHH 0 HOBOH UHKJIOTpOHHOH na6opaTo
pHH (.D;e6peueH, BHP) , c KOTopo:H BhiCTynHn 
T. Cl>eHern . 

3ace,D;aHHH cneijUG/lU3Up08GHHblX 1<0MUTe
T08 ceK~H YqeHoro coaeTa no <f>H3HKe Bbico
KHX 3HeprHH (<f>oT03MYRhCHOHHOrO, KaMepHO
ro H KOMHTeTa no 3ReKTpOHHbiM 3KCnepHMeH
TaM) H no <f>H3HKe HH3KHX 3HeprHH (KOMHTe
TOB no He:HTpOHHo:H <f>H3HKe, no cTpyKType 
.R,D;pa H no <f>H3HKe T.R)KeRbiX HOHOB) npOXO,D;H
nH a 1985 ro,ny ABa:>K,D;bi: a anpene H OKT.R6pe. 

• 
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Ha 3ace,ZJ;aHHRX KOMHTeTOB 6LmH 3aCJiywaHLI 

OT'IIeTbl 0 BhinOJIHeHHH peKoMeH,ZJ;IUlHH n p e,D;bl· 

AYIUHX cecCHH KOMHTeTOB, 0 XO,ZJ;e pa6o T no 

YTBep)K,I:(eHHLIM TeMaM H npoeKTaM, PM Hay'II

HhiX AOKJia,ZJ;OB. Ha aeceHHeH ceccHH K OMHTe

TOB o6cy)K,I:(eHLI npe,ZJ;Jio:>KeHHR na6opaTopHH 

B npoeKT npo6neMHo-TeMaTH'IIeCKoro nnaHa 

HayqHO-HCCJie,D;OBaTeJILCKHX pa6oT H M e)K)J;y

Hapo,D;Horo COTPYAHH'IIecTBa Ha 1986 · ro,ZJ;, 

14 

yTo'IHeHLI npHopHTeTLI .IJ.IDI coCTaaJieHHR 

npoeKTa nnaHa-rpacpHKa co3,ZJ;aHHR 3KcnepH

MeHTMLHhiX · yCTaHOBOK Ha CJie,D;YJOIUee IUITH· 

neme. Ha oceHHeH: ceccHH o6cy)K,ZJ;aJIHCL oT'IIe

TLI no 3aaepwaeMLIM B 1985 ro,11;y TeMaM, 

H3MeHeHHR B npoeKTe npo6JieMHo-TeMaTH'IIe

CKOrO nJiaHa Hay'IHO·HCCJie,ZJ;OB~TeJILCKHX pa60T 

H Me)K,I:(YHapo,D;Horo COTPYAHH'IIeCTaa Ha 

1986 ro,ZJ; no TeMaTHKe KOMHTeTOB. 
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- npeMIDI CoBeTa MHHHCTpOB CCCP B o6-
nacTH HayKH H TeXHHKH 3a 1985 ro,n npHCy)K
,neHa 3a pa3pa6oTKY Ha OCHOBe Me)K.IJ;yHapo,n
HOrO CTaH.D;apTa KAMAK H opraHH3anm<> npo
H3BO.D;CTBa annapaTypbi .D;JIH C03.D;aHIDI CHCTeM 
aBTOMaTH3aUHH HaytiHbiX H HayqHo-TeXHHqe
CKHX HCCJie.D;OBaHHH. (B qHCJie aBTOpOB: 
r.n.JKyKOB, 11.<l>.KonnaKoB, A.H.CHHaeB). . 

- 3onoToH: Me,nanblO BceMHpHoH: BhiCTaBKH 
.D;OCTH:>KeHHH MOJIO.D;biX H306peTaTeJieH Harpa)K
,neH B.B.OBqHHHHKOB. 

Ha coHCKaHHe npeMHH 06'be.n;HHeHHoro HH
CTHTyTa H,D;epHbiX HCCJie,D;OBaHHH 3a 1984 ro,n 
6hmH Bhi.D;BHHYTbl nyqnme Hay~o-HCCJie,D;OBa-
TeJibCKHe H 3KCnepHMeHTaJibHhie, 
MeTo.n;HqecKHe H Hay~o-TexHHqecKHe,a TaK:>Ke 
Hay~o-TeXHHqecKHe npHKJia.D;Hhie pa6oThi, Bhi
nonHeHHbie coTpy.n;HHKaMH 11HcTHTyTa. Pewe
HHeM YqeHoro COBeTa 011HI1 OT 30-31 MaR 
1985 ro.na npHcy)K.IJ;eHhi cne,nyiDmHe npeMHH: 

no HAYqH0-11CCJIE,[J;OBATEJibCKI1M 
TEOPETJ1qECKI1M P ABOT AM 

JlepaM npeMU.R. 
"KBaHTOBaH XpOMO,D;HHaMHKa H napTOHHbie 

npe,D;CTaBJieHIDI BO B3aHMO.D;eHCTBIDIX nenTOHOB 
C HyKJIOHaMH". 

ABTophi: B.A.Be,nHHKOB, 11.C.3naTeB, 
ro.n.I1BaHOB, n.C.I1caeB, C.I'.KoBaneHKo: 

J!ae 6Topbze npeMuu 
",[J;HHaMHqeCKaH TeOpiDI CBepXH3JiyqaTeJib

HbiX CHCTeM". 

ABTophi: H.H.BoroJII06oB (Mn.), <l>aM Jle 
KHeH, A.C.IllyMOBCKHH. 

"TopOH.D;Hhie MOMeHTbl KaK o6me~H3~e
CKHe napaMeTpbi". 

ABTophi: B.M.,[J;y6oBHK, JI.A.TocyHHH. 

nPEMMM 

no HAyqH0-11CCJIE,[J;OBATEJibCKI1M 
3KCnEP11MEHTAJibHhiM PABOTAM 

JlepaM npeMU.R. 
''J13yqeHHe 3JieKTpOMarHHTHbiX B3aHMO,D;eH

CTBHH nH-Me30HOB: o6Hapy:>KeHHe H HCCJie,no
BaHHe KOMnTOH-3~~eKTa Ha UH-Me30He H no
JIHpH3yeMOCTH fiHOHa, npoBepKa rHUOTe3hl KH
panbHbiX aHOMaJIHH". 

ABTophi: ,[J;.IO.Bap.n;HH, M.C.BHJieHLKHH, 
A.C .I'anbnepHH, IO.A. I'opHyliiKHH, n.A.KyJIH
H~, r .B.MHI.~eJibMaxep, A.I' .OJibliieBCKHH, 
B.H.nepByliiHH, H.Ce,nnaK, B.11.TpaBKHH. 

J!ae aTopble npeMuu 
''3KcnepHMeHTaJibHhie HCCJie,D;OBaHHH o6pa-

30BaHIDI H pa.D;HOaKTHBHOrO pacna,na H30T6UOB 
c z = 104-109". 

ABTophi: IO.U.OraHecHH, M.IOccoHya, 
A.r .,[J;eMHH, ro.n.XapHTOHOB, X.BpyxepT3aH
~ep, O.KoHCTaHTHHecKy, IO.C.KopoTKHH, 
c.n.TpeTbHKOBa, B.K.YTeHKOB, 11.B.Il1Hp0-
KOBCKHH. 

+ "Po)K.IJ;eHHe A c -6apHoHoB 
40-70 I'3B ·Ha H,npax yrnepo.na". 

ABTOphx: T.C.I'pHranawBHJIH, B.,[J;.KeKe-
JIH.D;3e, B .A.KynaKoB, M.<l>.JlHXaqeB,A.JI.Jll06H
MoB, X .HoBaK, A.npoKew, I'.I'.CynTaHoB, 
n.T .To.nopoB, E.A.qy,naKOB. 

no HAYqHO-METO,nl1qECKI1M 
11 HAYq HO-TEXHmECKI1M P ABOT AM 

Jlepaa.R. npeMU.R. 
''Jla3epHbiH HCTQqHHK MHOr03apH,D;HbiX HO

HOB CHHXpO~a30TpOHa Ha OCHOBe CO 2na3epa". 

ABTophx: IO.,[J;.Be3HorHX, A.I'.BoHq-OcMo
JIOBCKHH, A.I1.I'oBopoB, JI.n.3HHOBLeB, 
B.A.MoHqHHCKHH, 11.H.CeMeHIOliiKHH, n.r.ce
po6a6a, H.l1.qepHhiliieB. 
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_aae BTOpble npeMUU 
"MHoroMaWHHHbiH H3MepHTeJibHbiH QeHTp 

JIH<l>". 
.ABTopbi: B.A.Baroa, B.A.Bna,n;HMHpoa, 

O.H.EJIH3apoB, r.n.JKyKOB, r.H.3HMHH, 
H.M.CanaMaTHH, B.M.Ceaepb.RHOB, r .A.Cyxo
MJIHHOB, B.r.THwHH, B . .[{.IIIH6aea. 

"Pa3pa60TKa, C03.IJ;aHHe H 3anycK KpH
CTaJIJI-AHcl>paKQHOHHOrO cneKTpOMeTpa .IJ;JI.fl H3-
MepeHH.R xapaKTepHCTH'IecKoro peHTreHOBCKo
ro H3JiytleHH.R BbiCOK03ap.R.IJ;HbiX HOHOB " . 

.ABTopbi: B.BarHep, B.B • .[{YHHH, r.Kappaw, 
,[{.Kpe:H3enep, r.My3HOJib, r.MIOnnep, H .A .HeB
CKa.R, B.IllynbQe, r.m;opHaK. 

TIO HAYliHO-TEXHHliECKHM 
TIPHKJIA,[{HbiMPABOTAM 

IIepay10 npeMU10 OH.RH peweHo He npH
cy)l(,l].a Tb. 

lJeTblpe BTOpble npeMUU 
"KpHOCTaTHpOBaHHe CBepxnpOBO.IJ;.RIQHX .IJ;H

nOJibHbiX MarHHTOB YHK". 

18 

ABTopbi: H.C.MaMe,noB, B.M.MHKJI.ReB, 
B.H.Tip.RHHliHHKOB, H.B.Py6HH, CoH 3YH raH, 
IO.TI.<l>HJIHnnoB. 

"KaHaJibl .IJ;JI.fl o6nyt~eHH.R H nHeBMOTpaHC
nopTHa.R ycTaHOBKa Ha HBP-2". 

.ABTopbi: B.A.EpMaKoB, B.B.KopHHJIOB, 
B.M.Ha3apoa, T.M.OCTpoBHa.R, C.C.IlaBnoB, 
B.<l>. llepece.noa, 3.TieceKH, H.JI.CawHH, 
M.B.<l>poHTacheBa, T.,[{.XpbiKHHa. 

"Pa3pa60TKa H BHe,npeHHe MeTO.IJ;OB H an
napaTypbl .IJ;JI.fl npeQH3HOHHbiX HCCJie,IJ;OBaHHH 
npOCTpaHCTBeHHOH aTOMHOH CTpyKTypbl 6en
KOB" • 

.ABTopbi: IO.C.AHHCHMOB, M.E.AH.n;pHaHoaa, 
IO.B.3aHeBCKHH, A.B.HBaHoB, C.A.MoaqaH, 
B.,[{.TiewexoHoB, A.H.TionoB, ,[{.M.Xe:HKep, 
C.TI.liepHeHKo. 

"C03.IJ;aHHe H npHMeHeHHe CKaHHpyiOIQHX 
CHCTeM THna A3JIT-1 .n;JI.R .R.IJ;epHo-ci>H3H'IecKHx 
H npHKJia.D;HbiX 3a,n;aq". 

.ABTopbi: A.B.AJiaKo3, M.K.Bap~yK, 
M . .R.reM6ap:>KeacKH:H, 3 . .[{.rpHQKHB, E.M.JKMY
nHH, JI.,[{.KyqyrypHa.R, 3.,[{.JiarnHK, B .TI.Hay
MOB, JI.B.TyTbiWKHHa, B.H.IIIKYH.IJ;eHKOB. 
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MCCnEAOBATEnbCKME 
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nA60PATOPMH 
TEOPETM~ECKOM IIIM3MKM 

CBO:ACTBA CI1MMETPI111 
8JIEMEHT APHbiX qACTMU 
1111X B3AI1MO,[(E~CTBI1~ 

IlpOAOn:>KeHbl HCCneAOBaHIUI pacumpeHHblX 
cynepcHMMeTpHii. Bnepabre pa3BHTa RBHo HH
aapHaHTHaR TeOpiUI B03MymeHHH AnR paCWH
peHHOH TeopHH HHra - MHnnca (N = 2) H AnR 
B3aHMOAeHCTBHH N = 2 MaTepHaJibHbiX noneli. 
HaH:AeHbr nponaraTopbr H nonHOCTbJO c<l:>opMy
nHpOBaHbi npaaHna <l>eliHMaHa AnR rapMOHHlle
CKHX cynepnoneH:. Y nyt~weHbi AOKa3aTen~>cma 
KOHeliHOCTH KanHfipOBOliHblX lleTbipexMepHblX 
TeOpHH CO ClleWianbHbiM COCTaBOM MaTep.Hanb
HblX noneli, anepahre AaHbi npoCThre AoKa3a
TenbcTaa KOHeliHoCTH N = 4 ABYMepHbiX a
MOAeneH:. Hali:AeHhi o6meKoopAHHaTHaR r pynna 
H npeAllOTeHWianbi KOH<l:>OpMHOH N = 2 cynep
rpaBHTaQHH. Jlro6oe B3aHMOAeHCTBHe MaTepH
anbHbiX N = 2 cynepnoneli aeAeT K a -Mo
AenH, COOTBeTCTBYJOI.I.\eH rHnepK3nepoay MHO
roo6pa3Hl0 B ceKTope cKanRpHbiX noneli. 
Bo3HHKaeT HOBaR B03MO:>KHOCTb KnaccH<l:>HKa
WiH H 3<l:><l:>eKTHBHOrO HaxO)I(AeHIUI rHnepK3-
nepOBbiX MeTpHK. B Kat~ecTae nepabrx pe3ynh
TaToB npOCTbiM CaMOAeHCTBIUIM B rapMOHHlle
CKOM cynepnpocTpaHCTBe conocTaaneHhi MeT
pHKH Tay6 - HYT, Eryt~H - XancoHa H Kana-
6H HAP· / l, 2/. . 

T P,A 

20 

l13yt~eHhi caolicTaa cynepanre6pbr H anre6p 
JIH, HX CTPYKTYPHbie H o6pa3yJOmH:e cooTHo-
weHHH131. · 

11ccneAOBaHbi HCKnJOliHTenbHbie KBaHTOBbie 
MeXaHHKH. IlocTpOeHbi ypaaHeHIUI ABH:>KeHIUI 
B wpeAHHrepOBCKOH H reli:3eH6eprOBCKOH Kap
THHax. ,[(aHbi MaTpHliHbie npeACTaaneHIUI B Tep
MHHax aemecTaeHHbrx MaTpHQ 27x27. YpaaHe
HHH ABH:>KeHHH B HHX aBTOMaTHtleCKH npHHH
MaJOT raMHnbTOHOBY <l:>opMy 141. 

IlpeAno:>KeHo ace nernoHhi H KBapKH o6'be
AHHHTb B OAHO cnHHopHoe rHnepnone, no
cTpoeHHoe Ha CHCTeMe HeaCCOQHaTHBHblX llOCT
OKTOHHOHHbiX rHnepliHCen. IlORBneHHe llOCne
AOBaTenbHbiX llOKOneHHH nenTOHOB H KBapKOB 
yAaeTcR CBR3aTb c npoQeAypoH: YABoeHHH cHc
TeM rHnepliHCen. I1peACKa3biBaeTCR, liTO liHCnO 
llOKOneHHH He paBHO TpeM,H3BecTHbiM K AaH
HOMY MOMeHTY, a AOn:>KHO COCTaBnRTb no KpaH
HeH Mepe t~eTbrpe. C<l:>opMynHpoaaHa cnoHTaH
Ho-HapyweHHaR CHMMeTpHH nenTOHOB H KBap
KOB, H QBeTOBaR CHMMeTpHH KBapKOB Ofi'bRC
HReTCR KaK OCTaJOI.I.\aRCR HeHapyweHHOH llOA
rpynna SU(3) rpynllhr G2 aaToMop<l:>H3MOB 
llOCTOKTOHHOHHbiX rHnepliHCen /5/, 

Pnc.l. CxeMaTH'lecKoe H3o6paJKeHHe TOPOH.IlHbiX Mo

'MeHTOB B cpe.nax C 38pJI.IlaMH H .llHfiOnRMH. 

fP.A 

~- ~ 
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B 3a,JJ;alle Tpex Ten BBe,IJ;eHbi ecTecTBeHHhie 

nepeMeHHbie, KOTOJ}ble YCTaHaBJIHBaiOT CB.fl3b 

Me)K,ll;y TOpOH,ll;aJibHbiMH, ccpepOH,ll;aJibHbiMH 

H runepccpepHllecKHMH Koop,D;HHaTaMH. Ha oc

HOBe ,ll;HHaMHllecKOH rpyiiiibi 0 ( 4,2) aTOMa BO

,ll;OpO,D;a nocTpoeHa cxeMa TeopHH B03Myll.\eHHH 

,ll;JIII ITOJieH ITOJIHHOMHaJibHOrO BH,IJ;a H C03,IJ;aHa 

nporpaMMa Ha H3biKe aHaJIHTHllecKHX npeo6-

pa30BaHHH REDUCE 
161• 

Bse,IJ;eHbi aKCHaJibHhie TopoH,IJ;Hhie MoMeHThi 

Tf! , peaJIH3yiDII.\Hec11 Ha Topax KaK TOKOBhie 

B MHpe MarHHTHbiX 3apll,ll;OB (g) H KaK HHAYUH

pOBaH~e B cpe,D;ax C :meKTpHlleCKHMH ,ll;HITQ

JIIIMH (Q) HJIH MarHHTHbiMH ITOTOKaMH (pHC.1). 

qeTbipe ,ll;HITOJIII - ::meKTpHllecKHH Q, MarHHT-
~ ~ 

HhiH M H TopoH,D;Hhie - noJIHpHbiH T P H aK-

cuan:r:.HbiH T A - cocTaBJUUOT noJIHhiH BeKTop

H:r:.r:H 6a3HC ,ll;JIH nocTpoeHHH mo6oro Myn:r:.Tuno- • 

Jill B 3-rrpOCTpaHCTBe, HClleprrbmaH B03MO:>KHbie 

CBOHCTBa rrpH npOCTpaHCTBeHHO-BpeMeHHbiX OT

piDKeHHHX. B npHMeHeHHH K KJiaccucpHKauHH 

CBOHCTB KpHCTaJIJIHllecKHX CTPYKTYP cpe,D;H 

KJiaCCOB MarHHTHbiX CHMMeTpHH Bbl,ll;eJieHbl 31 

KJiacc, ,IJ;onycKaiOII.\HH cyll.\eCTBOBaHHe T P, H 43 

KJiacca, ,IJ;OnyCKaiOII.\HX Cyll.\ecTBOBaHHe rfA . 
Bhi,IJ;eneHbi KJiaccbi; cooTBeTCTBYJOII.\He liHCThiM 

TOpOHKaM - HOBbiM THrraM KOH,IJ;eHCHpOBaHHQ

ro COCTOIIHHII Bell.\eCTBa, ,ll;OITOJIHHTeJI:bHbiM 

K ,ll;H3JieKTpHKaM H MarHeTHKaM. C ITOMOII.\biO 

HOBbiX napaMeTpOB rropll,ll;Ka HaH,lJ;eH p11,ll; KOHK

peTHbiX 3cpcpeKToB. B qacmocTH, c noMOII.\biO 

MHKpOCKOrrHllecKOH MO,IJ;eJIH CHCTeMbl C BOJI

HOH 3apHAOBo:H nnoTHOCTH uccne,IJ;oBaH cpa3o

BhiH nepeXO,ll; B KpHCTaJIJie C o6pa30BaHHeM 

aKCHaJibHOrO TOpoH,ll;HOrO COCTOIIHHH, rrpOHB

JIHIOII.\erocH B BH,IJ;e Heo6hlliHbiX BeTBe:H noJIH

pHTOHOB 111. 

CTPYKTYP A TEOPHM llOJI.H 

MeTo,IJ;oM KOHTHHyan:r:.Horo HHTerpHpOBaHHH 

B cpa30BOM rrpOCTpaHCTBe BbinOJIHeHO KBaHTQ

BaHHe raMHJibTOHOBbiX CHCTeM CO CB11311MH 

caMoro o611.\ero BH,IJ;a: CB113H nepBoro H BTopo

ro po,D;a, HeCTauHOHapHbie, KaJIH6pOBOjffibie yc

JIOBHII HeHHBOJUOTHBHbl Me)K,ll;y C060H S/. 
Ha:H,ll;eHo ToliHoe BbipiDKeHHe AJIH .cTaTHlle

cKoro Me)l(KBapKoBoro noTeHuuana, reHepH

pyeMoro peJIHTHBHCTCKOH CTpyHOH. ,[(Jm 3TOro 

61>ma nocTpoeHa KBaHTOBaH TeopHH ·peJIHTH

BHCTCKOH CTpyHbl C 3aKpenneHHbiMH KOH~aMH 

BO BpeMeHHITO,IJ;06HOH KaJIH6pOBKe. 

fiOCTpOeHa MO,IJ;eJib cynepCHMMeTpHliHOH 

crpyHhi B HCKpHBneHHoM npocTpaHCTBe-Bpe

MeHH (rrpOCTpaHCTBe HeKOMrraKTHOH rpynnhi 

JlH), KOTOpaH ITOJIHOCThiO HHTerpHpyeMa, o6o6-

II.\aeT H3BecTHbie KopHH peJIHTHBHCTCKHX CTPYH 

H MO)l(eT 6biTb HCITOJib30BaHa ,ll;JI1I ITOCTpOeHHH 

HOBhiX AYaJII>HhiX aMITJIHTYA pacceHHHH a,I1;po

HoB191. 

Pew eHa o6pama~~ 3a,JJ;at~a ,ll;JIH onepaTopa 

5?.- 711 = 
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Ha o cHoBe 3THX pe3yJibTaToB HCCJie,IJ;oBaHHe 

pll,ll;a HeJIHHeHHbiX 3BOJIIOUHOHHbiX ypaBHeHHH, 

OITHCbi Baloii.\HX B3aHMO,IJ;eHCTBHe BOJIH Ha ITJIOC

KOCTH X, y CBe,IJ;eHO K HCCJie,IJ;OBaHHIO peweHHH 

JIHHeHHhiX HHTerpaJI:bHbiX ypaBHeHHH, B llaCTHO

CTH, K HCCJie,IJ;OBaHHIO CHCTeMbl JIHHeHHbiX aJI

re6paHllecKHX ypaBHeHHH. llonyt~eHhl IIBHhie 

BblpiDKeHHH ,ll;JIII WHpOKOrO KJiacca TOliHbiX 

peweHHH 3THX ypaBHeHHH 1101. 

Ha npHMepe HHTerpupyeMo:H MO,IJ;eJIH MarHe

THKa. re:H3eH6epra ITJ)OH3BOJibHOrO CnHHa AaHp 

,IJ;oKa3aTen:r:.cTBo caMoconpH)l(eHHo7!H Bcex pe

weHH:H ypaBHeHH:H aH3~a BeTe 
11

• Pa3BHTa 

JIOKaJibHaH KBaHTOBaH Te<1pHH ITOJIII, a,JJ;eKBaT

HaH r HrroTe3e M.A.MapKoBa o cyll.\eCTBOBaHHH 

llaCT~ npe,D;eJII>HOH MaCChi ( "MaK;HMO

HOB") 1 17 I. 

B p eJIHTHBHCTCKOM KoHcpHryp~HoHHoM 
npOCTp aHCTBe paCCMOTpeHO o6o611.\eHHe 3a,JJ;aliH 

0 rapM OHHlleCKOM OC~HJIJIIITOpe. lloTeHUHaJI 

B HepeJIHTHBHCTCKOM rrpe,D;eJie rrepeXO,ll;HT 

B 06bi liHbiH OC~HJIJIIITO~"~HbiH. ,ll;HHaMHllecKaH 

rpynna peJIHTHBHCTCKOrO OCUHJIJIIITOpa COBITa

,IJ;aeT C ,IJ;HHaMHlleCKOH rpynrrOH HepeJIHTHBHCT

CKOrO OC~JIIITOpa. fioJiylleHbl TOliHhie pewe

HHH,Bbl piDKaiOII.\HecH qepe3 ITOJIHHOMbl OT ,ll;HCK

peTHOH nepeMeHHOH (rrOJIHHOMbl llOJIJialleKa). 

3aBepweHhi uccne,IJ;oBaHHH no npo6neMe 

aKCHaJibHbiX aHOMaJIHH B cynepCHMMeTpHliHbiX 

KaJIH6p oBOliHhiX TeopHHX. YcTaHOBneHo, wo 

rrpOTHBOpeliHe Me)K,ll;y aKCHaJibHOH aHOMaJIHeH 

H aHOM aJIHe:H cynepToHa OTCYTCTBYeT. AHoMa

JIHH He p a3pyWaiOT cynepCHMMeTpHIO. 

llpe,D;JIO)l(eH MeTo,IJ; nocTpoeHHH yn:r:.Tpacpuo

neToBo-KoHeliHbiX KaJIH6pOBOliHbiX MO,IJ;eJieH 

KBaHT9B OH TeopHH noJIH c N = 1 cynepcHM

MeTpHe:H . llonyt~eHhi Heo6xo,IJ;HMbie H ,IJ;OCTa

TOliHhie YCJIOBHII KOHeliHOCTH TeOpHH BO BCeX 

nopll,ll;K ax TeopHH B03MYII.\eHH:H. llpe,D;naraeTcH 

peaJIHCTHlleCKaH KOHeliHaH N = 1 cynepcHM

MeTpHliHaH Mo,IJ;en:r:. BeJIHKoro o6'be,IJ;HHeHHH 

B3aHMO,IJ;eHCTBHH C KaJIH6poBOliHOH rpynno:H 

SU(5), TpeMH noKoneHHHMH KBapKOB H Heo6-

21 



B OKT.R6pe 1985 r. B AnywTe cocTo.Rnac& Me*.D.YHapo.D.Ha.R wKona no cTpyKType R.D.pa. OcHOBHYIO pa6oTy no ee 
opraHH3aUHH B3.fi1IH Ha ce6.11 COTPY.D.HHKH JIT<I> Ol1fll1. B pa6oTe WK01Ibi npHHJUIH y'laCTue 120 <f>n3HKOB, B TOM 
'IHCne npe.D.CTaBHTenu scex cTpaH-yqaCTHHU OI1fll1, a TaK*e llaHHH, I1Ta1IHH, CiliA, <I>Pr, <l>paHUHH. 
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XO,nHMhiMH XHrrCOBCKHMH MYJibTHnJieTaMH I 13( 
B <f>opMaJIH3Me BHJibCOHOBCKHX n eTeJib 

pa3pa60TaH HOBhiH no,nxo,n K HCCJie,noBaHHlO 
HH<f>paKpacHhiX acHMrnoTHK KX.D:, c noMOI.I.U>lO 
KOTOporo imepBbie ,noKa3aHf: I}PHMeHHMOCTb 
peHOpMrpynllhi K HX aHaJIH3Y 

26 
• 

BhmoJIHeHo Hccne.noBaHHe <f>a30BhiX ,nHar
paMM - war Ha nyTH K peweHmo Bonpoca 
o cyi.QeCTBOBaHHH KOHTHHYaJibHoro npe.nena 
peweTO'IIHOH TeOpHH H BhlliHCJieHmo MaCChi 
XHrrcoBcKoro 6o3oHa. BnepBhie KoppeKTHo 
nocTpoeHa noJIHaR <f>a30BaR ,nHarpaMMa SU (2)
xHrrc-KanH6poBotrimii TeopHH c pa3Mopo)KeH
HoH (peaJIHCTHtlecKHH CJIYllaH) pa,nHaJibHOH 
Mo,noii XHrrcoBcKoro non.R, TaK Ha3hiBaeMhiH 
CKan.RpHhiH ceKTop TeopHH BaiiH6epra -
CanaMa. H:ccne.noBaHa SU(3)-XHrrc- KaJIH6po
BotrHaR TeopH.R (cKan.RpHaR KX,[U. I1oKa3aHO, 
liTO <f>a3oBaR ,nHarpaMMa SU(3)-TeopHH non
HOCTblO aHaJIOrHtrHa <f>a30BOH ,nHarpaMMe 
SU(2)-TeopHH (pHc.2) 1 141. 

"= 0.15 --

2 

l\•0.05 

0 2 I. 6 ~ 

Puc. 2 . <I>a3oBaH )J;Harp&MMa SU(3)-cHMMeTp H'IHOH 

XHITC-KilJIH6pOBO'IHOH TeopHH. {3 = 6/ g ~ g- Kan:H6po

BO'IH8H KOHCTaHT&, A - KOHCTaHTa CKilJI.RpHOI'O C&Mo

)J;eHCTBHR, .m - "Macca" XHI'I'C-6030Ha ( m 2< 0 ) . nH

HHH 03H&'IaJOT <l>330Bbie nepexo)J;bi I po)J;a. · KoH QeBbie 

TO'IKH (Kpy)I(KH) - npe~J;nonaraeMhie <Pa30Bbie nepe

XO)J;bi II po~J;a . 

Ha OCHOBe HOBOrO MeTo,na BhlliHCJieHHH K0-
3<f><f>HUHeHTOB onepaTopHbiX pa3JIO)KeHHH nony
treHhl KX.D;-nonpasKH K napTOHHhiM npaBHJiaM 
cyMM .nJI.R rny6oKoHeynpyroro pacce.RHH.R 
H npaBHJiaM CYMM M.R Mace nerKHX KBap KOB. 
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<l>YH.ll;AMEHT AJibHhiE 
B3Al1MO.D;E:ACTBI1JI qACTHU 

Pa3pa6oTaH MeTo.n aHaJIH3a CTPYKTYPHhiX 
<f>YHKUHH .R,nep B paMKax KX.ll;. I1oKa3aHo, liTO 
KX.ll; npHBo.nm B .R,npax K .nonoJIHHTeJibHhiM 
KBapKOBhiM H rJilOOHHhiM nOJI.RM. I1pOaHaJIH-
3HpOBaHhl pa3JIH'Iffible MO,neJIH, npe,nJIO)KeHHhie 
M.R o6'b.RCHeHH.R · EMC-3<f><f>eKTa, H noKa3aHo, 
liTO 60JibWHHCTBO H3 HHX JIH60 HenoJIHhle, JIH6o 
npoTHBopetraT KX.ll; 1151. 

IlpoBe,neH UHKJI Hccne.noBaHHH no npo6ne
MaM HHTepnpeTauHH KYMYJI.RTHBHhiX 3<f><f>eK
TOB B pen.RTHBHCTCKOH .R,nepHOH <f>H3HKe. I1oKa-
3aHO, liTO 3TH 3<f><f>eKThl o6yCJIOBJieHhl He o_n
HHM, a HecKOJibKHMH MeXaHH3MaMH, peaJIH3YlO
I.QHMHC.R BHYTPH pa3JIH'IffihiX no BeJIHtrHHe 
npOCTpaHCTBeHHO-BpeMeHHhiX HHTepBaJIOB I 161• 

Pa3pa6oTaHa BHpToH-KBapKoBaR Mo.nenb a.n
poHHhiX B3aHMO,neHCTBHH npH HH3KHX 3Hep
rH.RX, B ee paMKax ,naHo e.nHHoe onHCaHHe 
60JibWHHCTBa HH3K03HepreTHlleCKHX 3<f><f>eKTOB 
a.npoHHoii <f>H3HKH. C.nenaH p.R,n pactreToB ,nn.R 
npOBO,nHMhiX H nJiaHHpyeMhiX 3KCnepHMeHTOB: 
H3MepeHHe xapaKTepHCTHK ,naJIHTUeBCKHX pac
lla,nOB, <f>oTopo)K,neHHe nHoHOB B KYJIOHOBCKOM 
none .R,npa, nOJI.RpH3yeMOCTb nHOHa, H3MepeHHe 
BpeMeHH )KH3HH pe,nKHX H 3K30THtlecKHX CO
CTO.RHHH, aHaJIH3 pacna.noB G-Me3oHa KaK rnro-
6ona, xapaKTepHCTHKH rr +rr--aToMa 11 7 I. 

Bhi.RCHeHa B~aR ponb nepexo.noB nceB,no
CKaJI.RpHhiX B aKCHaJibHo-BeKTOpHbie Me30Hhl 
B MO,neJIH KBapKOBhiX neTeJib. 0HH yMeHbWalO'I 
tiHCJIO npOH3BOJibHhiX napaMeTpOB B KBapKo
BOH Mo.n;enH H o6ecnetrHBaiOT rpa.nHeHmyro 
HHBapHaHTHOCTb. I10Ka3aHa B~OCTb HX ytreTa 
H B ,npyrHX Mo,nen.Rx. B CB.R3H c nnaHHpyeMhiM 
3KCnepHMeHTOM B Jla6opaTOpHH .R,nepHbiX 
npo6neM Ol1Jll1 onHCaHhi ,nHMe3oaTOMhi 

A2rrHAKrr' 

• BhmoJIHeH <f>eHoMeHonorHtlecKHii aHaJIH3. 
MarHHTHhiX MOMeHTOB 6apHOHOB. IlonytreHhl 
HOBbie HeJIHHeHHhie npaBHJia CYMM, KOTOpbie 
cornacylOTC.R C HOBeHWHMH npeUH3HOHHhiMH 
H3MepeHH.RMH MarHHTHhiX MOMeHTOB rHnepo
HOB. 

H:ccne.noBaHa poJib CnHHOBhiX 3<f><f>eKToB 
B npoueccax pacce.RHH.R a.npoHoB CBepxBhiCo
KHX 3HeprliH. .ll;aHhi npe,ncKa3aHH.R ,nJI.R noJI.R
pH3aUHH pp-pacce.RHH.R .no 3HeprHH 
Vs . = 200 r3B, a TaK)Ke noJIHhiX cetreHHH PP. 

- _,- 12cr1 
H pp-pacce.RHH.R .no 3HeprliH v s = 40 T3B · 

PaccMoTpeHa o6I.QaR CB.R3b Me)K,ny 3Kcne
pHMeHTaMH no noHCKY OCUHJIJI.fiUHH peaKTop
HhiX aHTHHeHTpHHO H OllhiTaMH no perHCTpa
UHH COJIHetiHbiX HeHTpHHO. I1oKa3aHO, B traCT
HOCTH, liTO, B CJiyqae, eCJIH B peaKTOpHbiX 



OilbiTax 6y,z:tyr o6HapY'fCeHhl OCI:(IfJI.TVIUHH 

C 6oJibWOH aMrum:Ty.zioH, K03cpcpHnHeHT OCJia6-

JieHIDI OOTOKa COJIHeliHbiX HeHTpHHO ,ZJ;OJI:>KeH 

ne:>KaTb B HHTepsane OT 1/4 .z:to 1/2/21/. 

B paMKax MHoroKoMnoHeHTHOH Mo.z:teJIH, 

npe.z:tJIO:>KeHHOH TeopeTHKaMH ,[{y6Hhl, npoBe,z:te

HO OnHCaHHe 6hiCTpOTHhiX cneKTpOB MHO:>KeCT· 

seHHoro po:>K,D;eHHR npH 3Hepnmx SPS-Konnaii

.z:tepa, ,ZJ;aHhl npe,z:tCKa3aHIDI ,ZJ;JIH CBepXBhiCOKHX 

3HeprHH. 

Pa3BHT KaJIH6posoliHo-HHsapHaHTHhiH cpop

MaJIH3M MH ODHCaHIDI B3aHMO,ZJ;eHCTBHH B He

a6eneBhiX TeopHR:x. C ero noMO~biO Hccne

.z:tOBaHO HHcppaKpaCHOe DOBe,z:teHHe 3JieKTpOH· 

Horo nponaraTopa B K3.U H KBapKa B KX.U 
123( 

l.fccne.z:tOBaH BOllpOC 0 B03MO:>KHOCTH KOC· 

seHHoro Ha6nro.z:teHHR Ha Z-¢la6pHKax xHrrcos

CKoro 6030Ha nocpe,z:tCTBOM H3MepeHIDI CBepX

TOHKOrO pa,D;H~OHHOrO C,ZJ;BHra napaMeTpOB 

M 
. 2 0 u 

z H Sin w CTaH,D;apTHOH TeopHH. 

IloKa3aHO, liTO TOliHOCTb, ,ZJ;OCTH:>KHMaH 

B CTaH,D;apTHOM CeaHCe CO BCTpeliHbiMH e +e-. 

nyliKaMH, 003BOJIHT DOJIYtiHTb O~eHKY Ha M'CCY. 

XHrrcoHa B HHTepsane OT 50 ,ZJ;O 1000 r3B 
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IIOCTpOeHa aCHMOTOTHllecKH KOppeKTHaH 

TeOpiDI MOJieKynHpHhiX COCTOHHHH B npo6neMe 

Tpex Ten. B TeopHH HaH,z:teH .z:tHHaMHllecKHH 

raMHJibTOHHaH 3a,z:taliH .z:tBYX ~eHTpOB, peweHa 

3a,z:talla .z:tBYX ~eHTpOB ,ZJ;.TVI Bp~aTeJihHhiX CO· 

CTOHHHH H npe,z:tJIO:>KeHa MO,ZJ;eJib KJiaCCHlleCKOrO 

pOTaTopa, KOTOpaH 6biJia npHMeHeHa ,ZJ;JIH paclle

Ta ~ "" 2 pe3oHaHca B tt p.- -cHcTeMe, nocTpoeHa 

TeopHR BopHa- OnneHreiiMepa .z:tJIH .z:tsyxaToM

HOH MoneKyJihi, nepecpopMynHpOBaHHaH 

B aCHMDTOTHlleCKH KOppeKTHOH cpopMe. 

CTPYKTYPA ATOMHOrO .H,UPA 

KBa3HllaCTHliHo-cpoHoHHaH Mo.z:tenh H.z:tpa 

(K<l>M.f.l) o6o6rn;eHa ,ZJ;JIH OnHCaHIDI WHpOKOro 

Kpyra HBJieHHH, B TOM liHCJie 3apH,D;OBo-06MeH

HhiX rHraHTCKHX pe30HaHCOB H H,D;epHhiX peaK

nHH C yllaCTHeM HYKJIOHOB H TH:>KeJihiX HOHOB. 

YcTaHosneHa CBH3h K<l>M.H c ,z:tpyrHMH H,D;ep

HhiMH MO,ZJ;eJIHMH. IIOKa3aHO cyrn;eCTBOBaHHe 

SU(6)-npe.z:tena raMHJibTOHHaHa K<l>M.H, liTO no-

3Bo.TVIeT DOJIYliHTb MHKpOCKOnHllecKHe Bhipa

:>KeHHR: .z:t.TVI napaMeTpoB xopowo H3BeCTHhiX 

B H.z:tepHOH cpH3HKe MO,ZJ;eJieH KBa,z:tpynOJibHhiX 

cpOHOHOB H B3aHMO.z:teHCTByiOrn;HX 6030HOB. 

,UJIH llaCTHOrO CJiyqaH paCCliHTaHhl 3HalleHIDI 

MaKCHMaJibHOrO liHCJia 6o30HOB H npOaHaJIH· 

3HpOBaHO BhiOOJIHeHHe orpaHHlleHHH, npHBO,ZJ;H· 

rn;Hx K SU ( 6 )-npe.z:teny 
1271 . Ilpose.z:teHo cono

cTasneHHe K<l>M.H c Mo.z:tenhro B3aHMo.z:teiicT

ByiOrn:HX 6030HOB H DOKa3aHO 
1281 , liTO B ,z:te

cpopMHpOBaHHhiX H,D;pax HMeeTCH Kap,z:tHHaJib· 

HOe p a3JIHliHe B OOHCaHHH pH.z:ta HepOT~HOHHhiX 

cocToHHHH B 3THX Mo.z:tenHx. HOBbie 3KcnepH

MeHTaJibHhie .z:taHHhie cornacyroTCH c paclleTaMH 

B K<l>M .H H npoTHBopellaT BhiBo.z:taM Mo.z:tenH 

B3aHMO,ZJ;eHCTBYIOrn;HX 6030HOB. 

B p aMKax K<l>M.H H3YllaJIHCb csoiicma HH3-

Kone:>K~HX COCTOHHHH H MarHHTHbie rHraHT· 

CKHe p e3oHaHChi 1291• 11ccne.z:toBaHhi oco6eHHO

CTH 3 K cnepHMeHTmHo o6HapY'JCeHHOH A-3a

BHCHMOCTH npHBe,z:teHHOH BepOHTHOCTH M2-ne

pexo,ZJ;OB B HelleTHhiX H30Tonax onosa. YlleT 

B3aHMO,ZJ;eHCTBIDI KBa3HHeHTpOHa C O,ZJ;HOcpOHOH· 

HhiMH COCTOHHHHMH npHBO,ZJ;HT K yMeHbWeHHIO 

npHBe,z:teHHhiX BepOHTHOCTeH B 3-4 pa3a DO 

cpasHeHHIO c o.z:tHollaCTHliHhiMH o~eHKaMH. Pe3-

KaH 3aBHCHMOCTb yKa3aHHhiX BeJIHliHH OT MaC

COBOrO liHCJia o6'bHCHeHa BJIHHHHeM 3cpcpeKTOB 

cnapHBaHHH. PaccliHTaHhi sepoHTHOCTH M2-ne

pexo.z:to B Me:>K,ZJ;y HH3KOJie:>Karn;HMH COCTOHHIDI· 

MH B H30Tonax Sb, Pm, Pr, Eu, Pb. IlpoaHanH-

3HpOBaHa CTpyKTypa B036y:>K,ZJ;eHHbiX COCTOH· 

HHH 165 Er H l46Gd. l13yqeHhi reKca.z:teKanonb

Hhie B 0 36y:>K,ZJ;eHHbie COCTOHHIDI B .z:tecpOpMHpO

BaHHhiX H,z:tpax. 

B p aMKax K<l>M.H Hccne.z:toBaHhi oco6eHHo

CTH pac npe,z:teJieHHR: CHJihl O,ZJ;HOllaCTHliHhiX HeHT· 

pOHHhiX COCTOHHHH npH 3HeprHHX B036y:>K,z:te

HIDI 7-1 2 M3B B H3oTonax Zr, Sn, Sm, Pb. 06-

Hapy:>KeHa CHJibHaH cpparMeHT~H pH,D;a no.z:t

o6onolleK, B TOM liHCJie C 60JibWHMH £, liTO 

cne,z:tyeT YliHThiBaTb npH aHaJIH3e 3KcnepHMeH

TaJibHbiX .z:taHHhix. PaccliHTaHa cpparMeHTanHH 

HeHTpOHHhiX H npOTOHHhiX DO.z:t060JIOlleK B M· 

pax pe)J;K03eMeJibHOH H TpaHcypaHOBOH o6na

CTeH. B hiliHcneHHe cpparMeHT~HH o6ecneliHsa

eT B03M O:>KHOCTb MHKpOCKOOHlleCKHX 6ecnapa

MeTpHlleCKHX paClleTOB HeHTpOHHhiX CHJIOBhiX 

<PYHKnJiH. BhiJIH paccliHTaHhi HeiiTpoHHhie 

CHJIOBhie cpyHKnHH ,ZJ;.TVI lleTHo-lleTHbiX H HelleT

HhiX H.z:tep pe.z:tK03eMeJibHOH o6JiaCTH, S· H p

HeHTpOHHhie CHJIOBbie cpyHK~ ,ZJ;JIH HelleTHbiX 

H30Tono B onosa c A = 117+125 • .UnH H30TO

nos OJIOBa ,ZJ;aHO 06'bHCHeHHe 3KCnepHMeHTaJib· 

HO YCTaHOBJieHHoro B JIH<l> 0J1.f.IJ1 CDHH·Op6H

TaJibHOrO pacw;enneHHR: 3p-BOJIHOBbiX HeHTpOH· 

HhiX CHJIOBhiX cpy_HKnHH. l.fccne.z:tOBaHa 3Hepre

THlleCKaH 3aBHCHMOCTb nap~HaJihHhiX HeHTpOH

HhiX CHJIOBhiX cpyHKnHH B 
205 • 209 Pb. IloKa-

3aHO, liTO CHJIOBbie cpyHK~HH 209
Pb HMeiOT 3a

MeTHbie DO,ZJ;CTpyKTyphi, KOTOphie npOHB.TVIIOT· 

CH B peaK~HH 208 Pb + n /30/. 

Pa3BHT nocne.z:toBaTenbHbiH MHKpocKonHlle

CKHH M eTo.z:t paclleTa Heynpyroro pacceHHHH 

HH3K03HepreTHlleCKHX npOTOHOB Ha CcpepHll& 

CKHX H.z:tpax C B036y:>K,ZJ;eHHeM CJIO:>KHhiX COCTOH· 

HHH, B KJIIOllaiOIIU,IX 6oJihwHe npHMecH ,z:tsyxcpo

HOHHhiX KOHcpHrypanJiH. IloKa3aHa Ba:>KHaH 

pOJib TeH30pHOrO B3aHMO.z:teHCTBHH ,ZJ;.TVI OnHCa-

25 



r 

HIDI Heynpyroro pacceHHHH npOTOHOB n p oMe

:>KY'fOliHOH 3HeprHH C B036y:>K,D;eHHeM COCTOH

HHH aHOMa.JibHOH lleTHOCTH B c¢lepHlleCKHX HA

pax. MHKpocKOnHlleCKH paccliHTaHbi AH¢l¢le

peH~a.JibHbie celleHIDI ynpyroro pacceHHIDI 

y-KBaHTOB Ha ,Il;HnOJibHbiX rHraHTCKHX pe30 HaH

cax ,IJ;JIH pH,D;a c<lJepHllecKHX H,D;ep. B paM Kax 

MHKpOCKOnHllecKOrO nO,IJ;XO,IJ;a, pa3BHTOrO _,Il;JIH 

H3ylleHIDI pacceHHIDI TH)KeJiblX HOHOB Ha c<iJe

pHlleCKHX H,D;pax, C XOpOllleH TOliHOCTblO BOC

npOH3Be,IJ;eH 60JiblllOH Ha6op 3KCnepHMeHT a.Jlb

HblX ,Il;aHHbiX. lloKa3aHO, liTO B 3THX peaK QIDIX 

MO)KHO Ha6JIIO,IJ;aTb HHTep<lJepeH~IO Me:>K,D;y Ky

JIOHOBCKHM H H,D;epHbiM B3aHMO,IJ;eHCTBIDIMI-I 

H npoHBJieHHe H,D;epHbiX CTPYKTYPHhiX 3 <lJ¢leK

TOB 1311. 
B coaMeCTHhiX HCcne,IJ;oBaHIDix JIT<I> O I:UH1 

H IJ;eHTpa H,nepHOH cneKTpOCKOnHH H M aCC

cneKTpoMeTpHH (Opce, <l>paH~H) noKa3aHO 

B03HHKHOBeHHe HeaKCHa.JlbHOH OKrynoJibHOH 

,ne<lJopMa~H B BbiCOKOCnHHOBhiX COCTOHHIDIX 

H,nep, Bbi3BaHHOe BhiCTpaHBai-IHeM BH6pa~OH
HOrO - yrnoaoro MOMeHTa a HanpaaneHHH apa

I..QeHIDI cpe,D;Hero noJIH 
132~ llpoHBJieHHeM o KTY

noJihHOH ,ne<lJopMaQHH HBJIHeTCH "rH6pH,nH3a

~H" HH)KaHlllHX poTaQHOHHblX nonoc K = o+ 
H K = 0 -. ConocTaaJieHHe cneKTpa H,npa 

232Th, )KeCTKOrO OTHOCHTeJihHO OKTynOJibHOH 

.ne¢lo{'JMa~H npH Ma.JihiX cnHHax, H 220 Ra, 

HBJIHIOI..QerOCH 3KCTpeMa.JibHO MHrKHM no OTHO

llleHHIO K TaKOH ,ne<lJopMa~H B OCHOBHOM Co

CTOHHHH, noKa3hiBaeT, liTO rH6pH,nH3~ no

JIOC K = 1 ± npH 6oJiblllHX cnHHax HBJIHeTCH 

o6I..QeH llepTOH MHOrHX H,nep ( CM. p HC .3) . 

E(MJB) 
5 

4 

3 

2 

1 

0~ 
0 10 

232Th 

20 

3o+ 

noRa 

1T 

1L+ f 15-

12•(.!3-

dh
,J 

a+ 
_3 

1 L 
2+ 

0 10 -20 I 

PHc.3. 3Heprun yposHeH: B 38BHCHMOCTH oT cnHHa B ~~~
pax 232Th H 220Ra. 
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0KTynOJibHaH Ae$OpMa~, Bbl3BaHHaH apai..Qe

HHeM, CBH3aHa C nepeCTpOHKOH BHyTpeHHeH 

CTpyKTyphl H,D;pa, B pe3yJihTaTe KOTOpOH OTHo

meHHe 3HepreTHtleCKHX HHTepBa.JIOB 

R 1T + = 2(E(I+l, K =0 ) -

1T + TT+ TT+ 
-E(I,K =0 ))/(E(l+2,K ·0 )-E(l,K =0) 

OKa3hiBaeTCH HeMOHOTOHHOH <iJyHKQHeH CnH

Ha I. 3KcnepHMeHTa.JlbHbie ,Il;aHHhle CBH,ne

TeJibCTBY~T 0 Ha.JIHliHH TaKHX H3MeHeHHH 

B CTpyKType H,D;pa (pHC.4). 

R 

5 
- 3KCn. 

pacoteT 
4 

2~0 
3 

2 

/,.,, ............... ..-___ .,. __ ---,..t'------.,---, ,....._, ............... 

OL---~--~----L---~--~----~ 
0 0,1 0,2 0,3 0,4 0,5 0.6 

ftw (M38) 

PHc.4. 3KcnepuMeHTanbHbie H TeopeTH'IeCKHe 3Ha'le-
HHII OTHOWeHHif 3HepreTH'IecKHX HHTepsanos 

R = 2 lill±.!l.::.IQ}. . 
E(I+ 2)- E(l) 

Ba)f(Hhie pe3yJihTaThi o 3aMhiKaHHH QenoliKH 

ypaBHeHHH, B03HHKalOLQHX npH BblliHCJieHHH 

MOMeHTOB KHHeTHtleCKOrO ypaaHeHIDJ no HM-

• nyJibCaM H KOOp,D;HHaTaM, noJiyqeHhl B pa6o

Te 
133~ TaKHe ypaaHeHIDJ HBJIHIOTCH OCHOBHbl~ 

MH B MaKpOCKOnlillecKOH MO,Il;eJIH KOJIJieKTHB

HOrO .D:BH)KeHIDI B H,D;pax, pa3pa6aThiBaeMOH 

aBTopaMH pa60Tbl 1331 B TelleHHe HecKOJibKHX 

nocne,IJ;HHX neT. 

l1HTepecHbie pe3yJibTaThi nonylleHhi npH 

H3ylleHHH 3apH,Il;OBo-06MeHHbiX pe30HaHCOB. 

B pa6oTax COTPYAHHKOB JIT<I> H YlleHhiX H3 

MA3 HM.M.B.KypllaTOaa (MocKaa) H 1:1HcTH

TYTa H.Bopa (KoneHrareH) pa3BHT HOBhiH 

no,IJ;XO,Il; B MHKpOCKOnHtlecKOM O~CaHHH 

CTPYKTYPhi 3apH,D;OBo-o6MeHHhiX ao36y)K.Il:eHHH 

H MeXaHH3Ma H,D;epHbiX peaKQHH npH HH3KHX 

H npoMe:>IcyTOliHbiX 3HepriDIX Ha.JleTaiOLQHX 

llaCTHQ, n03BOJIHIOLQHX BhlliHCJIHTb HHKJII03HB

Hble cneKTpbi BTOpHliHbiX llaCTHQ H npHMO 



CpaBHHBaTb HX C 3KCnepHMeHTanbHbiMH )J;aH
HbiMH I 341 . 

CymecTBeHHoe MecTo 3aHHMaiOT Hccrre.n;oBa

HHR npou;ecca .n;erreHHR H.n;ep I 3 5 < TeCHO CBH3aH

Hbie B pafioTaMH Jla6opaTOpHH H)J;epHbiX peaK

I.J;HH. B HacToHmee BpeMH pa3pa6oTaHa Ha.n;e:>K

HaH TeopHR .n;rrH pacqeTOB 6apbepoB .n;erreHHH 

"BpamruomHXCH" H "HarpeTbiX" H)J;ep, npHMe

HHlOmaHCH npH H3yqeHHH rpaHHI.J; H.n;epHOH 

CTafiHJibHOCTH. 

TEOPI1H HnEPHhiX PEAKU1111 

Ha ocHoBe Mo.n;errH, npe.n;rro:>KeHHOH paHee 

B JIT<l>, BhiiiOJIHeH pacqeT BKJia.n;a npHMbiX npo

u;eCCOB B ceqeHHe CJIHHHHR H norrylllHpHHy 

MaccoBoro pacnpe.n;erreHHR npo.n;yKTOB peaK-. 

I.J;HH 40 Ar + 165Ho; aHanH3 )J;aHHhiX yKa3hiBa

eT Ha B03MO:>KHOCTb peanH3ai.J;HH HOBOrO KaHa

na - KaHana npHMoro .n;erreHHR B xo.n;e 3TOH 

peaKI.J;HH. Pa3BHT MeTo.n; 3apH.n;OBhiX H Macco

BhiX pacnpe.n;erreHHH npo.n;yKTOB peaKI.J;HH MHO

roHyKJIOHHbiX nepe.n;aq, n03BOJIHIOmHH yqHTbi

BaTb BJIHHHHe 3QJQJeKTOB H.n;epHou CTPYKTYPhi. 

11ccrre.n;oaaHo BJIHRHHe o6MeHa HYKJIOHaMH Ha 

pa.n;HanbHYIO 3aBHCHMOCTb noTeHu;Hana B3aHMO

.n;eHCTBHR H.n;ep 136 1.0pe.n;cKa3aH H HCCJie)J;OBaH 

HOBbiH MeXaHH3M ("KaTanyrrbT") HCnycKaHHR 

HeHcnapHTeJibHbiX qacTHI.J; Ha KOHeqHOH CTa)J;HH 

rrry6oKoHeynpyrHX peaKI.J;HH. B KBaHToBo

rH.n;po.n;HHaMHqecKoM no.n;xo.n;e HCcrre.n;oaaHbi 

KOJiefiaHHR CQJepHqecKH-CHMMeTp~HOH H.n;ep

HOH nJIOTHOCTH. 

llorryqeHhl aCHMnTOTHqeCKHe Bbipa:>KeHHR 

H )J;aHO )J;OKa3aTeJibCTBO HeO)J;H03HaqHOH pa3pe

lllHMOCTH ypaaHeHHH <l>a.n;.n;eeaa B crryqae 3anH

pruomHx noTeHu;Hanoa. PellleHa o6paTHaH 3a.n;a

qa TeopHH pacceHHHR J;J:JIH o.n;Horo crryqa.JI .n;e

cl>opMHpOBaHHoro H.n;pa. MeTo.n;oM KoHeqHo

MepHhiX ailiipOKCHMai.J;HH onepaTopa KHHeTHqe

CKOH 3HeprHH 1371 pellleHbi 3a.n;aqH pacceHHHH 

H Ha CBH3aHHOe COCTOHHHe B CHCTeMe Tpex 

To:>K.n;eCTBeHHbiX 6o3oHoB. BhiHBJieHbi cneu;HQJH

qecKHe xapaKTepHCTHKH, onpe.n;errHIOmHe Mexa

HH3M KorepeHTHOrO QJOTOpO:>K.n;eHHR nHOHOB Ha 

rrerKHX H.n;pax. B paMKax o6o6meHHoro MeTo.n;a 

rHnepcQ>epHqecKHX QJYHKI.J;HH npoae.n;eH aHaJIH3 

HeHTpOHHOH H 3apH.n;OBOH nJIOTHOCTeH H.n;pa 
180 Ha ocHoae .n;aHHhiX no rr -t:. H rr --pacceHHHIO · 

B pe30HaHCHOH o6rraCTH I 381. 

nanbHeHlllee pa3BHTHe norryqHJia MO)J;eJib 

MHOrOKBapKOBbiX CHCTeM B H.n;pax C yqeTOM 

HX CHJibHOH CBH3H C HYKJIOHHbiM KaHanOM. 

Pa3pa6oTaHbi MeTO.D:hi yqeTa BKrra.n;a Me3oHHhiX 

OfiMeHHbiX TOKOB B QJOpMQJaKTOpbl rrerqaHlllHX 

H)J;ep. lloKa3aHO, qTO yqeT HX BKJia)J;a B QJOpM

cl>aKTOp .n;euTpOHa npHBO)J;HT K nepeHOpMHpOB-

Ke B KJia)J;a llleCTHKBapKOBbiX npHMeCeH, 

yMeHblllaH HX aepOHTHOCTb C 7-8% )];0 3%. 

06'bHCHeHO noBe)J;eHHe QJOpMQJaKTOpa reJIHH-3 

H Ha 3TOH OCHOBe npe.n;cKa3aHO noBe)J;eHHe 

QJOpM QJaKTopa TpHTHR I 391. 

H a OCHOBe TepMO)J;HHaMHqecKOH H KaCKa)J;

HOH Mo.n;errH o6'bHCHeHhi BhiXO.D:hi cTpaHHhiX 

qaCTHI.J; B H)J;pO-H)J;epHbiX CTOJIKHOBeHHRX npH 

3Hepr HRX ycKopHTerreu B EepKJIH H ny6He 

H )J;aHbi COOTBeTCTBYIOII.J;He npe.n;cKa3aHHH 

BIIJIOTb )];0 3HeprHH, r.n;e O:>KH.n;aeTCH npOHBJie

HHe K BapK-rJIIOOHHOH nrra3Mhl. lloKa3aHO, ~0 

BfiJIH3H nopora pO:>K)J;eHHH CTpaHHbiX qaCTHI.J; 

onpe.n;errHromyro porrh 
1 
,HffruoT .n;ByxqacTHqHhie 

KopperrHI.J;HH B H.n;pax • TioKa3aHO, qTo oco-

6eHHOCTH HeynpyrHX rrC·B3aHMO)J;eHCTBHH npH 

3Hepr HH 4 r3B MO:>KHO ofi'bHCHHTb, eCJIH npe.n;

nOJIO:>K~Tb HanHqHe B H)J;pe MHOrOKBapKOBbiX 

KOHQJHrypau;Hu 
1 41 ~ B paMKax yHHTapHoro Me

To.n;a OnHCaHHH nHOH-H)J;epHoro B3aHMO)J;eHCT

BHH n oKa3aHo, qTo c yqeToM KaHana norrrome

HHR M O:>KHO KOJIHqecTBeHHO OnHCaTb )J;aHHbie no 

ynpyr on¥
1 

pacceHHHIO nHoHoa Ha H.n;pax p-o6o-

rroqKH • 

CT A T I1CTI11IECKAH MEXAHI1KA 

11 EE OPI1JIO)J(EHI1H 

B <1>113 11KE KOHnEHCI1POBAHHOrO 

COCTO.HHI1H 

Pa3BHTHIO MaTeMaTHqecKHX acneKTOB Teo

pHH K OH)J;eHCHpOBaHHOrO COCTOHHHR nOCBHme

Hbl pa6 oTbi 143: BhmorrHeH u;HKJI Hccrre.n;oaaHHH 

no n p e.n;eJibHhiM rH66COBCKHM COCTOHHHRM 

H QJa30 BbiM nepexo.n;aM. llorryqeHhl HeKOTOpbie 

cTporHe pe3yJihTaThi B TeopHH Q>a3oBhix nepe

xo.n;oa 
1441 ( o6maH MaTeMaTHqecKaH CTPYKTY

pa ypaBHeHHR COCTOHHHH, OnHCaHHe KOppeJIH

I.J;HOHHbiX 3cPQJeKTOB) • 3aaepllleHbl HCCJie)J;OBa

HHR n o CTaTHCTHqeCKOH MeXaHHKe )J;JIHHHbiX 

nOJIHM epHbiX u;eneu B MO)J;eJIHX fiHOMeM6paH. 

Pa3BHThie paHee MeTO.D:hi norryqeHHR .n;HQ>Q>epeH

u;HanbHhix ypaBHeHHH )J;JIH KBa3HO)J;HOMepHbiX 

CHCTeM H HX HCCJie)J;OBaHHR OKa3anHCb 3QJQJeK

THBHbl MH )J;JIH onHCaHHR norrHai.J;eTHJieHa (CH)x. 

PH.n; p e3yrrbTaToa, norryqeHHhiX B HCTeKllleM 

ro.n;y, CyMMHpOBaH B I 451. 0TMeTHM, B qacTHO

CTH, qTo y.n;anOCb )J;OCTaToqHo .n;eTanbHO npoaHa

JIH3HpOBaTb <Pa30BhiH nepexo.n; B (CH) x npH 

H3MeHeHHH TeMnepaTypbl H, qTo OC06eHHO cy

meCTBeHHO )J;JIH npaKTHKH, rrerHpOBaHHH B Tep

MHHaX nepexo.n;a .n;H3JieKTpHK - MeTanrr. Teo

peTHqec KaH OI.J;eHKa o6rraCTH KOHI.J;eHTpai.J;HH 

npHMeCH (7+10)% xopolllo corrracyeTCH c He

.n;aBHHM H 3KCnepHMeHTanbHbiMH )J;aHHbiMH. 

3aa epllleH I.J;HKJI HCCJie)J;OBaHHH no KBaHTQ-

sou TeopHH rroKanH30BaHHhiX COCTOHHHH 
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B cpeppoMarHenm:ax 
146 1• Heo6xo,D;HMO OTMe

THTb, tfi'O nonytJeHhl aHanHTHtJeCKHe cpopM yJibl 

,ll;JI.fl KOrepeHTHhiX COCTOHHHH B rei1:3eH 6ep

rOBCKOH QenOtJKe, OnHCaHHe Ha .fl3hiKe K OTQ

pbi:X npHBO,ll;HT K paCI.QenneHHIO KOppen.HQHH 

B "cyi.QeCTBeHHO" HeH,D;eanbHOH CHCTeMe B 3aH

MO,D;eHCTBYIOI.QHX CITHHOB. 3aseprneH 6onb lllOH 

QHKJI HCCJie,D;OBaHHH no TeopHH MarHHT}{hiX 

H 3JieKTpOHHhiX CBOHCTB nepeXO,ll;HhiX H p e,D;K0-

3eMeJibHhiX MeTanJIOB, HX COe,D;HHeHHH H H eyno

pH,D;OtJeHHhiX cJJJiasos. B HeM co3,D;aHa nocn e,D;o

BaTeJibHaH MHKpOCKOnHtJeCKaH TeOpHH K Oppe

JI.fiQHOHHhiX 3cpcpeKTOB B 3THX Bei.QeCTBax, 

KOJIHlJeCTBeHHO o6Cy)K)l;eHbl oco6eHHOCTH H eHT

pOHHOrO pacce.HHH.fl npH KOHKypeHQHH K apTHH 

JIOKanH30BaHHhiX H ,D;eJIOKanH30BaHHhiX Mar

HHTHhiX MOMeHTOB, HeTpHBHanhHhie npOHBJie

HH.fl "npoMe)I(}'TOlJHOH BaneHTHOCTli". Jf3 nep

BhiX npHHQHnos c noMOI.QbiO cxeMhi BTopHtJHo

ro KBaHTOBaHHH H.H.Boron106osa H H.H.E oro

JII06osa (MII.) nonytJeH raMHJibTOHHaH ,D;JIH 

CHCTeMhi a,u;cop6eHT-a,u;cop6aT. qeTKO n p oaHa

JIH3HpoBaHhi npH6JIH:>KeHHH, npHBO,ll;.fii.QHe 

K UIHpOKO HCnOJib3yeMbiM raMHJibTOHHaHaM 

I13HHra, .AH,D;epcoHa, Xa66ap,D;a, "nonpa sKH" 

K HHM (a OHH 3atJaCTyiO BeCbMa cyi.QeCTB eHHhl 

H npHBO,ll;.fiT K KatJeCTBeHHOMY H KOJIHlJeCTBeH

HOMy H3MeHeHHIO OnHCaHH.H nosepXHOCTHhlX 

.fiBJieHHH). 3To, 6e3yCJIOBHO, npe,D;CTaB JIHeT 

OCHOBY ,ll;JI.fl nocTpOeHH.H MHKpOCKOnHtJeCKOH 

TeOpHH nosepXHOCTHhiX .fiBJieHHH. 

BhmonHeH QHKn Hccne,D;oBaHHH no ,D;HHaMH

Ke csepxH3nytJaTeJibHhiX na3epos 
14 7 1

• P a3BHT 

MeTO,ll; HepapXHH KHHeTHtJeCKHX ypaBH eHHH 

H Ha ero OCHOBe Hai1:)l;eHbl OCHOBHbie xap aKTe-

pHCTHKH CBepXH3JiytJaTeJibHhiX HMnyJibCOB. 
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nA60PATOPMR . 
BbiCOKMX 3HEPrMI 

YcmnUI KoJmeKTHBa Jla6opaTopHH BbiCOKHX 

3HeprHH KOHQeHTpHpOBaJIHCb Ha <f>yH,D;aM eH

TaJibHbiX HCCJie,D;OBaHIDIX CTpOeHIDI MaTepHH Ha 

KB~pK-rJIIOOHHOM ypOBHe, nOHCKax H YCTaHOB

JieHHH HOBbiX YHHBepCaJibHbiX 3aKOHOMep HO

CTeH <f>H3HKH MHKpOMHpa, Ha C03,Il;aHHH Heo6-

XO,Il;HMbiX ycnoaH:H npoae,D;eHHH 3KcnepHM eH

TOB ,Il;JIH HHTepHa.QHOHaJibHbiX KOJIJieKTHBOB 

<f>H3HKOB cTpaH-yt~acTHHn; OH:HH:. 

B 1985 r. a 3KCnepHMeHTax Ha CHHxpo <f>a-

30TpoHe OH:HH:, cHHxpoTpoHax H:<l>B3 

H UEPHa, a TaK:>Ke npH o6pa6oTKe paHee Ha

KonneHHo:H HH<f>OpMaiJ;HH noJiytJ:eH pH,D; HOB biX 

3HatJ:HTeJibHbiX <f>H3Hl.leCKHX pe3yJibTaTOB . 

BhlnonHeH 6oJihlllOH o6'beM pa6oT no co-

3,D;aHin<> a,D;pOHHoro KanopHMeTpa ycTaHOBKH 

,D;EJI<l>H:. 

B paMKax 3aaeplllarow;e:HcH nRTHJieTHe:H n po

rpaMMbi pa3BHTIDI OH:HH: a na6opaTo pHH 

BBe,D;eHbl B ,D;eHCTBHe HOBbie 3KCnepHMeHTaJib

Hble <f>H3HtJ:eCKHe YCTaHOBKH. 

CoaepllleHCTBoaancH BbitJ:HCJIHTeJibHhiH 

n;eHTp na6opaTopHH. Pa3BHBanacb MeTOAHKa 

3KcnepHMeHTa. PHA HOBhiX pa3pa6oToK a o6-

nacTH 3JieKTpOHHKH, ,D;eTeKTopOB H3JiytJ:eHHH 

H KpHoreHHKH HCnOJib30BaH KaK B <f>H3 HtJ:e

CKHX 3KCnepHMeHTax, TaK H ,Il;JIH npHIOI,a,D;HbiX 

n;ene:H. 

CHHxpo<f>a3oTpoH ycnf)IllHO 3KcnnyaTHpo

aancH, aenacb Mo,D;epHH3aiJ;IDI ero CHCTeM. 

BoJiblllHM ,D;OCTH:>KeHHeM HBJIHeTcH nonyt~eHHe 

B 3KCnnyaTaiJ;HOHHOM pe)KHMe nytJ:KOB p eJIH

THBHCTCKHX nOJIHpH30BaHHbiX ,D;eHTpOHOB C Bbi

COKOH cTeneHbiO noJIRpH3aiJ;HH H npoae,D;eHHe 

pa6ot~ero ceaHca no Ha6opy cTaT.HCTHKH. 

IlpOBO,Il;HJIHCb HCCJie,D;OBaHIDI MO,Il;eJIH CBepx

npOBO,IJ;RLIJ;ero CHHXpOTpOHa (CIJH:H) H noJIHO

MaCillTa6HbiX MarHHTHbiX 3JieMeHTOB ,Il;JIH 

"HyKJIOTpOHa" C MarHHTHbiM noJieM, <f>op MH

pyeMbiM :>KeJie3HbiMH cep,D;etJ:HHKaMH, - CHCTe

Mbl THna ",D;y6Ha". BhmonHeH 6oJiblllOH o 6 'beM 

pa6oT no npoeKTY peKOHCTpyKQHH MarHHT

HOH CHCTeMbl CHHXpo<f>a30TpOHa Ha caepxn po

BO,Il;HliJ;YIQ - "HyKJioTpOH". 
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HaytJ:Ho-Hccne,D;oaaTeJibCKaR ,D;eHTeJibHO~Tb 

J1a6opaTOpHH BbiCOKHX 3HeprHH ocyw;eCTBJIR

JiaCb B YCJIOBIDIX 3<f><f>eKTHBHOrO Me)K,Il;YHapo,D;

HOrO COTPYAHHtJ:eCTBa. 

HAyqHQ-H:CCJIE,D;OBATEJlhCKH:E P ABOTbl 

MEXAHH:3MPO~,D;EHH:H 

H: P ACIIA,D;A qACTHU H: PE30HAHCOB • 

IIOH:CK HOBbiX qACTHU 

1. Ha ycTaHOBKe BH:C-2 npoae,D;eHo ,D;Ba 

CeaHCa no Ha6opy CTaTHCTHKH Ha YCKOpHTeJie 

H:<l>B3 (IJpOTBHHO). 3anHCaHa HH<f>OpMaiJ;IDI 

0 B3aHMO,D;eHCTBIDIX HeHTpOHOB C H,D;paMH yr

nepo,D;a, aJIIOMHHIDI H Me,D;H B o6'beMe -16 MJIH. 

co6hiTHH. 

c.! 
C.> 1 

;!5: 

~ 
I.Q .... 

I 
J 
~ 

~ 

a K•l89011t- 6 ~189011!"1C 

JiHBapHilHTHilR Macca, r3B/c 
2 

PHc.l. CneK!P.bi HHBapnaHTHbiX Mace c aa6mop;aeMbiMH 

CHrHaJiaMH D0
- H n--Me30HOB B He:ifipoH-yrnepO)J;HbiX 

B31lHMO)J;eHCTBHHX. 

B pe3yJibTaTe aHaJIH3a -11,5 MJIH. nepBHtJ:

HbiX nC-B3aHMO,D;eHCTBHH npH 3HeprnH lieHT

poHOB 40-70 r3B Ha6JIIO,D;eHo po)K,Il;eHHe OtJ:a

pOBaHHbiX aHTH-D-Me30HOB B cneKTpax 3<f>

<f>eKTHBHbiX Mace 0° -+ K + ( 890) tr
H o- ... K+(890)11_17_ 11! KHHeMaTHtJ:eCKaR06-

JiaCTb perHCTpaiJ;HH aHTH-D-Me30HOB no HX 



npO,D;OJILHOMY HMnyJibCy orpaHHtleHa HHTepaa~ 
JIOM (60+30) f'3B/c H no nonepetiHoMy 
(1+0) f'3B/c. ,lJ;.TUI 3TOH o6JiaCTH onpe,D;eJieHbl 
napUHaJILHbie ceqeHIDI po:>K,D;eHIDI aHTH-D-Me3o
Hoa: 

= (0,9±0,3) MK6 H 

a(nC .. o- + ••• ) • BR(D--+ K+(890) rr-rr-)'"' 

,. (2,1±0,7) MK6. 

YcTaHoaneHo, ~o AH$$epeH:tzy~aJibHbie ceqeH~ 
OnHCbiBaiOTC.fl <PYHK:tzy~eH (1-Xf exp f-BpT) 
npH N ... 0,9±0,3±0,4 H B = (1,5±0,5) {r3B/c)-.2 

2. 11ccne.D;oBanHCb Y3KHe oco6eHHOCTH 
a cneKTpax 3$$eKTHBHbiX Mace, o6Hapy:>KeH
Hbie B np-B3aHMO,D;eHCTBHHX npH o6nyqeHHH 
O,li;HOMeTpOBOH :>KH,li;KOBO,li;OpO,li;HOH KaMepbi 
{)KBK) MOHOXpOMaTHqeCKHMH HeHTpOHaMH 
pa3HbiX 3HeprHii. YCTaHOBJieHo cymecTBOBaHHe 
pe30HaHCOB B 6q-, 4qq-, 2q2q-cHCTeMax Ha 
ypOBHe 6onee 5 CTaH,D;apTHbiX OTKJIOHeHHH. 
HRH6onee .RpKHH a HacTo.Rmee apeM.R 3$$eKT 
Ha6JIIO,D;eH B CHCTeMe ,D;BYX npOTOHOB B peaK
Izyi:H np-+ pp TT- W}H HMnyJILce HeHTpOHa 
Pn = 1,25 f'3B/c 12• ~ Pe3yJILTaThi o6pa6oTKH 
MaTepHaJIOB 3TOH peaKizyiH npHBe,D;eHbl 
a Ta6n.1, r,D;e noKa3aHbi 3$$eKTHBHbie Macchi 

Ta6nu'Lia 1 

M ± ~M* f' 9t<Cn±~r* a±&T** rp:3p 

1901±1 4,6±4,5 11,7±4,1 1,5 
1911±1 4,0±3,9 7,0±2,4 1,8 
1923±1 4,5±2,1 22,6±3,4 2,1 
1933±1 _2,7±1,6 19,2±3,4 2,5 
1942±1 6,6±5,3 26,7±5,6 2,8 
1959±2 3,3±2,1 7,0±3,2 3,3 
1968±2 3,5±3,3 4,1±2,9 3,5 
1979±1 4,8±2,5 15,8±3,9 3,8 

* M3B/c 2; 
** MK6. 

,D;BYX npOTOHOB, npH KOTOpbiX Ha6JIIO,ll;aiOTC.fl 
oco6eHHOCTH, 3KcnepHMeHTaJILHo nonyqeHHbie 
IIIHpHHbl Ha6JIIO,D;aeMbiX pe30HaHCOB, ceqeHIDI 
HX o6pa30BaHIDI H 3KCnepHMeHTaJihHOe pa3pe- . 
rneHHe no MaccaM 12 •31 . 

,lLrr.fl o6'b.fiCHeHHJI nOCJie,D;OBaTeJihHOCTH Ha-
6JIIO,D;aeMbiX oco6eHHOCTeii npe,D;JIO:>KeHa <PeHo
MeHonorHtiecKa.R MO,D;eJib apamaiOIUHXC.fl coe,D;H
HeHHbiX opHeHTHpoBaHHbiX CTPYH· Pe3yJI&TaTbi 
pacqeToB no 
Ha6nro,D;aeMhie 
pHC.2. 

120 

- 100 
~ 
~ 80 
"' 8 
~60 
~ 

40 

20 

MO,D;eJIH H 3KCnepHMeHTaJihHO 
oco6eHHOCTH noKa3aHbi Ha 

l.~l~ I.~Ob t.~~i 1.~70 

Mppm&A:•> 

l,t76 t,'lOO 1.n~ l.'i~t 1m tm 2.ozo 

Mpp\ra,/c') 

PHc.2. P cnpe,c;eneHne 3$$eKTHBHLIX Mace ,c;ayx npo
TOHOB a peaKQHH np-+ pprr- npn HMnynLce Heti:Tpoua 
Pn = 1,25 r3B/c (aepTHKMbHbie 1IHHHH - npe,IJ,CKa-
3aHWI MO,IJ;e1IH, nyHKTHp - $OHOBaR KpHBaR) . 

3. llpo,D;oJI:>KaJIC.fl noHcK CB.fl3aHHbiX AA-co
CTO.fiHHH H MYJihTHKaapKOBbiX pe3oHaHCHhiX 
COCTO.fiHHH Ap ' Ap TT 'A TT TT. AA. A.t\p BO B3aHMO
,D;eHCTBHHX npOTOHOB C HMnyJihCOM 11 l3B-/c 
c nponaHoM. 

4. Ha MaTepHanax o6nyqeHIDI o,D;HoMeTpo
BOH :>KBK .fi,D;paMH reJIIDI HCCJie,D;OBaHbl KOppe
JI.fiQHH nap HyKJioHoa no a3HMYTaJihHOMY yrny 
B peaKQIDIX 4 Hep -> dppn (npH HMnyJihCax 
8,6 H 13,5 f'3B/c) H 4 Hep -> pppn (npH HM
nyJihCe 13,5 f'3B/c). Ha6mo,D;anHCh 3HaqHTeJih
Hbie KoppeJI.fiUHH ,li;JI.fl C06biTHH, B KOTOpbiX 
caMbiH Me,D;JieHHbiH H3 HYKJIOHOB HMeeT HM
nyJihC 6oJiee 300 M3B/c (B CHCTeMe nOKO.fl 
.fl,ll;pa). 

,Urr.R peaK:tzy~H dp .... ppn npH HMnyn&ce 
3,3 f'3B/c, HCCJie,D;yeMOH 3TOH :>Ke rpynnoH, 
nO.fiBJieHHe MaKCHMYMOB B 3$$eKTHBHbiX 
Maccax .D;ayx npoTOHOB npH 2010 H 
2160 M 3B/c 2 o6'b.fiCH.fleTC.fl nornomeHHeM BHp
TYaJILHor o nHOHa Ha nape HYKJIOHOB 141. 

5. llpO,li;OJI:>KaJiaCh o6pa60TKa MaTepHaJIOB, 
nonyqeHHbiX npH o6nyqeHHH ABYXMeTpoaoii 
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:>KH,D;KOBO,D;OpO,ll;HOH ny3blpLKOBOH KaMepbi 
"Jho,D;MHJia" cenapHpOBaHHbiMH nyqKaMH aHTH
npOTOHOB, aHTH,D;eHTpOHOB H )l;eHTpOHOB cepny
XOBCKOrO yCKOpHTeJI.fl. Ha 6oJI:&llleH CTaTHCTH
Ke nonyqeH PM .D;aHHbiX no Hccne.n;oaaamo 
ynpyroro pp-pacce.RHIDI npH HMnyn:&ce 
22,4 r3B/c H xapaKTepHCTHKH MHO)KeCTBeH
HOCTH 3ap.R)KeHHbiX qaCTHU B iin- H nn-B3aHMO
)l;eHCTBIDIX H npoueccax M-aHHHrHJI.RUHH npH 
HMnyJI:&Ce 6,1 r3B/c 151 . 

PEJI.RT:HBHCTCKA.R 
.R)J.EPHA.R ~li3:HKA 

1. B 1984 r. aKa,D;eMHKOM A.M.BaJI,D;HHhiM 
6hiJIO ,ll;aHO ,HOBOe peJI.fiTHBHCTCKH-HHBapHaHT
HOe onpe,D;eneHHe CTpyH a,D;pOHOB B np OCT
paHCTBe OTHOCHTeJI:&HbiX 4-CKOpOCTeH, C no
MOIULlO KOTOporo 6biJI npOaHaJIH3HpOBaH 6on:&
lliOH MaTepHaJI no 77-C-B3aHMO)l;eHCTBIDIM npH 
HMnyn:&ce HaJieTaJOI.Uero 17 -Me30Ha 40 r3B/C 
(ABYXMeTpOBa.fl nponaHOBa.fl KaMepa) H noKa-
3aHa H,D;eHTHqHOCTL CTpyif, o6pa3ylOIUHXC.fl B o6-
JiaCTH <l>parMeHTaUHH KaK .R,D;pa yrnepo,D;a, TaK 
H 17 -Me30Ha. 

B 1985 r. 3TOT MeTOA 6hm npHMeHeH TaK)Ke 
K aHaJIH3Y lliHpOKOro KJiacca B3aHMO)l;eHCTBHH 

. 16 7/ 
B HHTepaane 3HeprHH OT 6 )l;O 205 r3B ' 
(Ta6n.2). 

li3 Ta6JIHUbl 2 BH)l;HO, ~0 )l;JI.fl o6pa60TKH 
HCnOJIL30BaJIHCL )l;aHHbie ( 06I.Ua.R CTaTHCTHKa 
220 TbiC. C06biTHH), nonyqeHHbie Ha p83JIHq
HbiX nyqKax, pa3JI~HbiX YCTaHOBK_ax 
H a pa3nHqHoe apeM.fl. B pe3yJI:&TaTe aHaJIH3a 
3THX ,ll;aHHbiX OKa3aJIOCL, qTo pacnpe,D;eJieHIDI 
a,D;poHoa ( 17-, Kg , A 0 

) no KBa,D;paTy qeThipex
MepHoH CKOpOCTH (bk) OTHOCHTeJI:&HO OCH 

CTpyH (pHC.3, 4) npH HMnyJI:&Ce p naO~ 
:2: 22 r3B/c He 3aBHC.fiT OT 3HeprHH H O)l;HHa
KOBbl )l;JI.fl a,D;pOHH3aQHH KBapKOBbiX H MHOro
KBapKOBbiX CHCTeM. 06Hapy)KeHHYlO YHHBep
CaJILHOCTL CTpyif MO)KHO HHTepnpeTHpOBaT:& 
KaK o'6yCJIOBJieHHYlO B3aHMO)l;eHCTBHeM uaeT
Horo 3ap.fl)l;a C BaKyyMOM 6e30THOCHTeJILHO 
K .n;pyrHM CBOHCTBaM CHCTeMhi, Hecyi.UeH 
UBeTHOH 3ap.fl)l; (KBapK HJIH )l;HKBapK). 

~~ CPPat.ll. .llllWCIII< 

• -n;.. 40 r,&lc 

.i\ o-n-c,4or~. 

•- pp. 20s r,Sic ~ -QUl. r\~'liCQ 

\ o-x-c. 40 r,&.k -
--- R"p, ItO r,&/c -
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f,K 

PHc.3. Pacnpe,lleJieHne 17--Me30HOB no b k B o6naCTn 
<l>parMeHTaQHH ny'IKa H MHWeHH ,llJIJI 17-p·, 17-C- H pp
B3aHMO,lleHCTBHH. 

Ta6n.uija 2 

N~N~ THn B3aHMO- P na6 CTaTHCTHKa YcTaaoaKa YcKopHTen:&, 
,D;eHCTBIDI {r3B/c) Hay'IHbiH ueHTp 

1 PP 205 5025 76 CM JKBK ~HAJJ 
2 17-c 40 8791 2MTIK CHHXpOTpoH li~B3 
3 17-P 40 17376 

_,_ _,,_ 
4 pp 22,4 44877 2M JKBK _,,_ 

''Jho.n;MHJia'' 
5 PP 12 72099 2M JKBK UEPH 

QEPH 
6 - 5,7 pp 68103 

_,,_ _,_ 

7 p (C 3H 8 ) 10 2732 2MTIK CHHXp~830TpoH 
pTa 

_,,_ 
1913 

_,_ 
Oli.Rii 
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j_ AN · o ,-c- 40 r3B/c 
FJ cf6K t tJ • ,-P - 40 r3B/c 

-fl,i' .. 
,., pr • 0 X pp - 22,4 r3B/c • ••• 

t 

... 
•t 

+ 

Puc.4. PacnpeAeneHHe 17- ·Me30HOB no bk a o6nacTH 
cPparMeHTilUHH MHWeHH AJ1J1 lfp-, ,-p- H rr-C-B38HMO· 
AeHCTBHH. 

3Ha11HTem.m.m HHTepec npeACTaBJVIeT Bhl· 

tiHCJieHHe B paMKax KX.D; 3THX pacnpe,D;eneHd 

KaK yHHBepcam.HbiX napaMeTpOB <PH3HKH CHJib

HbiX B3aHMO,ZJ;eHCTBHH. 

2. llpe,D;JIO)KeH HOBbiH peruiTHBHCTCKH·HHBa· 

pHaHTHbiH UO,ZJ;XO,ZJ; K HCCJieAOBaHHJO KOppe

JIJIUHOHHl>IX .fiBJieHHH B MHO)KecTBeHHbiX npo

~eccax H UOKa3aHO, QTO WHpOKO HCUOJIL3ye

Mbie MeTo,ZJ;bl Kopperu~~oHHoro aHaJIH3a (Ha

npHMep, B npOCTpaHCTBe 6biCTpOT) HenOCJie

AOBaTeJILHbi, T.K. He Y'JHTbiBaiOT CB.fl3eH KHHe

MaTH'lecKHX nepeMeHm.IX, o6ycnosneHHbiX 

tiHCTO reoMeTpHllecKHMH npeACTaBJieHH.fiMH. 

B pa6oTe/S/ B npOCTpaHCTBe OTHOCHTeJIJ>HbiX 

4-cKopocTeH: b ik nocTpoem.I Koppen.fiTOpbi ,ZJ;JVI 

JIJ06biX Tpex qacT~. 3TH KOpperuiTOpbi MoryT 

HCUOJib30BaTbC.fl He TOJibKO ,ZJ;JV1 HCCJie,ZJ;OBaHH.fl 

aCHMnTOTHK H nposepoK CJieACTBHH npHH~a 

OCJia6JieHH.fl KOpperul~, HO OHH y.D;06Hbl 

H ,ZJ;JI.fl HCCJie,ZJ;OBaHH.fl MaCCOBbiX cneKTpOB, 

UOHCKOB pe30HaHCOB H ,D;p. PaCCMOTpeHHbie 

KOpperuiTOpbi .fiBJVUOTC.fl cneKTpaMH MaCe BTQ

pHqsbiX qacT~, H3 KOTOpbiX BbNTeH <PoH 

cnyqaH:Hbix coBna.AeHHH:. 

Ha 3KcnepHMeHTam.HoM MaTepHane, nony

qeHHoM C UOMOUU.IO ,ZJ;ByxMeTpOBOH nporumo

BOH KaMepbi, o6nyqeHHoH: nyq:KoM IT-·Me3oHoB 

C HMnyJILCOM 40 r3B/c Ha cejmyXOBCKOM yc

KOpHTeJie, paCCMOTpeHbi KOHKpeTHbie npHMe· 

pbi npHMeHeHH.fl O,ZJ;HOMepHbiX KOpperuiTOpOB. 

Hccne.D;oBaJIHCb KoppeJI.fl~ Me)K)J;y BTOpH11Hbi· 

MH 3ap.fi)KeHHl>IMH UHOHaMH B peaK~ 

rr-+ 12 C ... ITt +IT: +X. 
Pa3JIHqm.Ie .D;ByxqacTH'IHbie KoppenRTOpbi 

nHOHOB H .fi,ZJ;ep, UOJiyqeHm.Ie H3 3KCnepHMeH· 

Ta, OKa3aJIHCb O,ZJ;HHaKOBbiMH, a B RCHMnTOTH· 

Ke - COBUa.AaiOilUIMH (pHC.5) • BeJIH'IHHa 

1000 
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• 
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• • • • 
' • • • • • 
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101 1000 

'- . 
PHc.5. llpHMep penRTHBHCTCKH·HHaapHaHTHoH OAHo
MepHOH KoppeniiUHOHHOH cPYHKUHH AnRIT- C-a3aHMo-

• 

KOppe~OHHOft cf»YHKIVIH C (bk) MOHOTOHHO 

H ,ZJ;OBOJibHO 6biCTpO y6biBaeT C pOCTOM bk (npH 

bi'k., 1 0 BeJIHtiHHI>I KOppeJI.fiTOpOB Ua.AaiOT ,ZJ;O 

-2+.3%). Kopperu~~oHHa.R ,ZJ;JIHHa B npocT

paHcme b ik ,ZJ;JVI MHO)KecTaeaaoro po)K)J;eHHR 

qac~ ,ZJ;ocTaToqao Mana: b~2 z 1+ 2. 

llpoBe,ZJ;eHHbiH aHaJIH3 UOKa3aJI, QTO npHH· 

~n ocna6neHH.fl Kopperu~~H: .fiBJI.fleTC.fl ,ZJ;ocTa

Toqao o6~eH H YJIHBepcaJILHOH CTaTHCTHllecKOH 

3aKOHOMepHOCTbiO, xapaKTepH3YIO~eH KBapK· 

rJIIOOHHYIO MaTepHIO. Oa, B qaCTHocTH, no3Bo

JI.fleT ysepeHHo nporHo3HpoaaTh pe3yJILTaTbi 

3KCnepHM eHTOB no CTOJIKHOBeHHIO .fiAPQ-R,D;pO 

npH BbiCOKHX 3HeprHRX. B To )Ke speM.R ,ZJ;R)Ke 

npH bik > 100 3aBHCHMOCTb O,ZJ;HOMepHoro KOp· 

peJI.fiTopa OT b ik He COBUa.AaeT C UOBeAeHHeM 

KOMMYTaTopa CB060,ZJ;HbiX UOJieH KBapKOB 

H rniOoHo a. B 3TOH CB.fi3H HCCJieAOBaHHe npeA· 

JIO)KeHHbiX KOppeJIRTOpOB npH npeAeJibHO Bbl· 

COKHX 3HeprHRX npe,D;CTaBJI.fleT 3HatiHTem.HhiH 

HHTepec. 

3. Ha cneKTpOMeTpe .D;HCK-2, o6opy.D;o-

BaHHOM BTOphiM cneKTpOMeTpHlleCKHM nne-
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'IOM, snepBbie nonyqeHbi 3KcnepHMeHTa.JlbHhie 
.n;a.HHbxe .n;JIH H3y'leHIDI pp-KoppeJI.RTopa B d Pb
H pPb-B3aHMo.n;e:HcTBIDIX. HHTerpaJibHhiH Kop
peJI.RTop oneHeH c norpewHOCThiO -15%, .n;Hcl>
<PepeHnHa.JlbHhie - - 5%. Hccne.n;osanocb TaK
:>Ke nose.n;eHHe BhiXo.n;os K+/K- Ha nerqa:HwHX 
.R.n;pax (.n;e:HTepH:H, reJIH:H). H3MepeHHe ce'leHHH 
po:>K.n;eHIDI KaOHOB BbmOJIHeHO C nor pew
HOCTbiO - 30%. 

4. Ha ycTaHOBKe CKA B Hel>B3 H3MepeHo 
OTHOWeHHe ( 1J) BblXO,IJ;OB KyMyJIHTHBHblX 
t7 ":.H rl -Me30HOB BO B3aHMO,IJ;eHCTBIDIX npOTO
HOB C 3HeprHeH OT 17 .n;o 63 r3B C .R,n;paMH 
MOJIH6.n;eHa1101 (pHc.6). Ilony'leHHoe 3Ha'leHHe 
1J .. 1 BnepBble 3KCnepHMeHTaJibHO no,IJ;TBep
.n;HJIO acHMrnoTH'IecKHH: xapaKTep nponecca 
npH E ~ 4 r3B. 

1i /1i .. 

1.2 

1,0 ~ - - - - - - - -4 -.- - - -.-.-.-.- -.- -

0.8 

0.6 

0.4 r t t 
02 

+ 

2 5 

p .. A -'7i±l1s9"-180"l 
~'1\ ~200M3B/c 

10 20 50 100 
Tp.r3B 

Puc. 6 . OTHoweaue BbiXO~OB KyMynJITHBHbiX tr ·Me3o

HOB BO B38HMO~eHCTBHIIX npOTOHOB C ~paMH M OnH6· 

~~Ha. 

5. C noMOmi>IO cneKTpoMeTpa "AJI~><Pa" 
B HHTepBaJie HMnyJibCOB (4,4 - 18,3) r 3B/c 
H3y'leHo nose.n;eHHe ce'leHHH: peaKnHH nepe3a
PMKH .R,n;ep reJIIDI-3 B TpHTOHbi Ha npoToHe 
H .R.n;pe yrnepo.n;a. B pe3yJibTaTe no.n;po6HbiX 
H TO'IHblX H3MepeHHH BnepBbie o6Hapy)KeHO, 
'ITO B nepe3ap.R,n;Ke Ha .R,n;pe npH BblCOKHX 
3HepriDix H MaJibiX nonepe'IHbiX HMnyJihcax: 

1) KaHan c BhiCOKHMH (-300 M3B) pe3o
HaHCHoro THna B036y:>K.n;eHIDIMH .R,n;epHOrO 
BemecTBa ,Il;OMHHHpyeT Ha,IJ; KaHaJiaMH, npHBQ
A.RinHMH K HH3KHM (-,n;ec.RTKH M3B) B036y:>K
.n;eHIDIM .R.n;pa; 

2) TaKHe BblCOKHe ,IJ;eJibTa-B036y:>K.n;eHIDI 
.R,n;epHOrO BemeCTBa HMeiOT KOJIJieKTHBHbxH 
xapaKTep. 3To npo.RBJIHeTC.R B cymecTBeHHOM 
OTJIH'IHH napaMeTpOB ,n;eJibTa-pe30HaHCHOr O nH
Ka ,IJ;JUI peaKnHH Ha .R.n;pe OT napaMeTpOB Ta
KOro nHKa ,IJ;JUI peaKnHH Ha CB060.n;HOM npo
TOHe, a TaK:>Ke cymecTseHHo 6oJII>WeM yposHe 
Ce'leHHH, 'leM O:>KH.n;aeTC.R H3 pac'leTOB n o MO
.n;eJIH rnay6epa/9/. 
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6. B ny11Ke .n;e:HTpoHoB c HMnyJibCOM 
9 r3B/c H3Y'IaJIOCb HHKJII03HBHOe o6pa30Ba
HHe 1J -Me30HOB. 3anHCaHO H npoaHaJIH3H
pOBaHO 500 TblC. CTepeoMarHHTorpa$HH peaK
nHH d + C ... TJ + X , B pe3yJI~>TaTe onpe.n;eneHhi 
napaMeTpbl AH$$epeHnHaJibHblX Ce'leHHH po:>K
.n;eHIDI 'f/0 B 3aBHCHMOCTH OT nonepe'IHOrO HM
nyJIJ>Ca p .L H MaCWTa6HOH nepeMeHHOH 
X /10/. 

F . 

da 
:.,- = A. exp(-Bp2 ) 
dp J. • 

.l. 

r.n;e A = (1928±340) MK6/ (r3B/c)2 , B = 
= (5,4±2,1) (r3B/c)-2; 

f(XF ) - (1-XF f, 

r.n;e n = 2,04±0,51. BnepBbie B 3THX OllhiTax 
Ha6JIIO.n;aJIHcb KYMYJIHTHBHhie TJ -Me30Hhi. 

06pa6oTKa MaTepHana, nonyqeHHoro paHee 
Ha yCTaHOBKe "WOTOH", .n;ana nepBble H noKa 
e,n;HHCTBeHHble pe3yJII>TaTbl no H3MepeHHI<J 
nOJIHOrO H AH$$epeHnHaJibHOrO Ce'leHHH peaK
nHH 17-p ... 77° ~0 (1232) npH HMnyJibCe 
3,3 r3B/c 111~ WHT 3KCnepHMeHTaJibHblX .n;aH
HblX 3aBHCHMOCTbiO da/dt = A(1-gct) exp(ct), 
r.n;e g - OTHOWeHHe BKJia,IJ;OB aMnJIHTYAbl pac
ce.RHIDI c nepesopoToM H 6e3 nepesopoTa cnH
Ha, t - nepe,n;aHHblH HMnyJibc, nOKa3aJI, 'ITO 
A = (65,7±2,3) MK6/ (r3B/c)2 , g = 3,7±0,2, 
c = (7 ,3±0,6) (r3B/c)-2. 

IloJIHoe ceqeHHe pea~<:nHH B npe.n;enax owH-
6oK' cornacyeTc.R c npe.n;cKa3aHHeM H30TOnH
qecKoH: HHBapHaHTHOCTH_. 

7. Ha MaTepHanax .n;syxMeTposoH: nponaHo-
soH: KaMepbi nony11eHhi HOBbie .n;aHHbie no 

u + 
CBOHC'l'BaM Tr -Me30HOB H qpOTOHOB B Heynpy-
rHX 17-C -B3aHMO,IJ;eHCTBIDIX npH HMnyJibCe 
.40 r3B/c C HCnyCKaHHeM H 6e3 HCnyCKaHIDI Ky
MYJI.RTHBHbiX nHoHoB H npoToHoB. Pa3JIH'IHH 
B nHOHHblX napnHaJibHblX K03$$HnHeHTax He
ynpyroCTH B 3THX C'l'OJIKHOBeHIDIX He o6Hapy
:>KeHo1121. 

PaccMoTpeHhi csoH:cTBa HHTep$epeHnHOH
HhiX KOppeJI.RnHH B CHCTeMe Tpex TO:>K,n;ecTBeH
HblX nHOHOB, reHepHpyeMbiX He3aBHCHMblMH 
O.n;HO'IaCTH'IHblMH HCTO'IHHKaMH, H ,IJ;aHbl COOT
HOWeHIDI, KOTOpbie MOrYT 6biTb HCnOJib30BaHhl 
npH o6pa6oTKe 3KcnepHMeHTa.JlbHhiX .n;aH
HhiX I l3/; paCCMOTpeHbl TaK:>Ke HeKOTOpbie 
CBOHCTBa HHTep$epeHnHOHHbiX KOppeimnHH 
O'leHb 6oJibWOrO 'IHCJia TO:>K.n;eCTBeHHblX nHo
HOB1141. 

IlpH H3y'leHHH KOppeJIHnHH no MHO:>KecT
BeHHOCTH BTOpH'IHblX 3ap.R:>KeHHblX 'laCTHn, 



po:>K,Z:teHHhiX a nepe.z:tH.eli H 3a,n;Heli nonyc<t>epax 

B C.Q.H. B IT-p -B3aHMO,tteHCTBIDIX npH HMnyJih

ce 40 r3B/c, noKa3aHcl15~ trro cpe,ttHHe MHC>

:>KecTaeHHOCTH B o6JiaCTH <l>parMeHTaQHH KBap

KOB H B OfiJiaCTH <l>parMeHTaQHH .z:tHKBapKOB 

npH6JIH3HTeJihHO paBH.RIOTCR: nOJIOBHHe cpe,ttHeH 

MHO)f(ecTBeHHOCTH "llaCTHQ B e + e --aHHHrHJIR:QHH 

H pp-B3aHMO,tteHCTBHR:X COOTBeTCTBeHHO. B HC

CJie.z:tOBaHHH R:,ttpo-R:,ttepHhiX B3aHMO.z:teHCTBHH Ha 

MaTepHanax .z:tBYXMeTpOBOH nponaHOBOH KaMe

phi nonyqeH PR:.z:t HOBhiX pe3yJihTaToa: 

- aHaJIH3 1500 co6hiTHH peaKQHH a+12C..._ 
-okp +X (p "' 4,2 r3B/HYKJI.) npH k ~ 2 noKa-

3aJI, tiTO BeJIH"IlHHa pa,n;Hyca 3MHCCHH npOTOHOB 

C 6JIH3KHMH HMnyJihCaMH yMeHhlllaeTCR: C poe

TOM HX HMnyJihCOB H pOCTOM HX nonepe"llHbiX 

HMnyJihCOB. ,[LriR: 6biCTpbiX npOTOHOB 

(p > 0,3 r3B/c) pa,n;eyc o6JiaCTH HCnyCKaHIDI 

CpaBHHM C pa.z:tHYCOM R:,ttpa 12 C, a .z:tJIR: Me,ttJieH

HhiX (p < 0,3 r3B/c) - 3Ha"llHTeJibHO 6oJih
IIIe /16/; 

- HCCJie.z:toaaHHe · o6pa3oBaHHH A -rHnepo

HOB H K~ -Me30HOB a Cp-, ueHTpaJihHhiX H MHo

roHyKJIOHHhiX CC-B3aHMO.z:telicTBHHX npH HM

nyni>ce 4,2 r3B/HyKJI. noKa3ano117 < "llTO B CC

B3aHMO.z:teHCTBIDIX c o6pa3oaaHHeM l'i- H K 0
-

qacTHU Ha6mo.z:taeTcR: a cpe.z:tHeM B - 1,3 pa3a 

6oJihlllaR: MHO)f(ecTBeHHOCTb 3apR:)f(eHHhiX qac

THQ, qeM so acex HeynpyrHX CC-a3auMo.z:telicT

BHR:X. ,[LriR: MHoroHyKJioHHhiX CC-a3auMo.z:telicT

BHH TaKoro 3<l><l>eKTa He o6Hapy)f(eHo; 

- npoae.neHhi oT6op H H3y"lleHHe ueHTpanh

HhiX CTa-B3aHMO.z:teHCTBHH npH p "'4,2 r3B/c 

C HCnOJih30BaHHeM KaCKa,D;HO-HCnapHTeJibHOH 

MO.z:teJIH. lloKa3aHO, trro pacxo:>K,Z:teHHe no Bhi

xo.z:ty nHOHOB Me:>K,Z:ty KaCKa,n;HOH MO.z:teJihiO 

H 3KCnepHMeHTOM R:BJIR:eTCR: CKOpee CJie,ttCTBH

eM TPY.z:tHOCTeli Mo.z:teJIH, qeM npoR:BJieHHeM 

3<l><l>eKTOB R:,ttepHoro C)f(aTIDI /18/. 

Ha OCHOBe aHaJIH3a 4303 HeynpyrHX B3im

MO.z:teHCTBHH R:,ttep HeoHa-22 C HMnyJihCOM 

90 r3B/c C R:,ttpaMH <l>oT03MYJihCHH H3y"lleHhl 

MHO)f(eCTBeHHOCTH H yrJIOBble xapaKTepHCTHKH 

tlaCTHQ B 3aBHCHMOCTH OT CTeneHH pa3pyllleHHH 

CTaJIKHBaiOIQHXCR: R:,ttep. lloKa3aHO, "llTO O.z:tHO 

H TO )f(e QHCJIO npOB3aHMO.z:teHCTBOBaBiliHX 

HYKJIOHOB HaJieTaiOIUHX R:,ttep HeoHa H yrnepo.z:ta 

OTBe"llaeT pa3JIH"IlHhlM napaMe~aM HX CTOJIKHO

BeHHR: C R:,ttpaMH MHilleHeli
119 

• 

8. rpynnOH cneKTpOMeTpa R:,ttep OT.z:ta"IIH Bhl

noJIHeHa pa6oTa no noHCKY aHOMaJIOHOB c ape

MeHeM )f(H3HH 5x1 0-8 cpe.z:tH <l>parMeHTOB R:,ttep 

KHCJIOpO.z:ta C HMnyJihCOM 4,5 r3B/HyKJI. MeTo

.z:tOM H3MepeHHH .z:tJIHHhi cao6o.z:tHoro npo6era 

Acp a KpeMHHH 
120! CoaoKynHOCTh .z:taHHhiX .z:tJIR: 

<t>parMeHToa c 3apR:.z:taMH Z "'3+7 noKa3hiBaeT, 

tiTO npHMech aHOMaJihHhiX <l>parMeHTOB 

C Acp"' 1 CM H Acp"' 3 CM cornacyeTCR: C HyJieM. 

lloJiy"lleHHaR: B 3TOM 3KCnepHMeHTe aepXHR:R: 

OQeHKa B03MO)f(HOH npHMeCH <l>parMeHTOB 

C .z:tp06HhiM 3apR:,ttOM OQeHHBaeTCR: KaK 

( 2 •10 - 4 OT "llHCJia HOpMaJihHhiX C 2 ~ Z ~ 7 

(pHc.7 ). 

I I I I I I I 

• 

" ~ 

r, 

~ 

= 

loO r- ~ J 
2 34 56 789 

3APRA <l)f>ArMEHTA 

PHc. 7. Pacnpe,D;eneHue npo.D;yKTOB <PparMeHTIUlHH R.D;ep 
KHCnOpO,D;a C HMnyn&COM 4,5 r3B/c Ha HyKnOH DO 33-
pR.D;y. 

9. B hmonHeH noHCK MeTacTa6HJihHhiX ~.z:tep 
C 3HeprHeH Bp36y:>K,Z:tElHIDI nopR:,ttKa HecKOJihKHX 

M3B Ha HYKJIOH, KoTophie MornH 6hi 6hrrh 

H30Mep aMH nJIOTHOCTH (caepXnJIOTHble R:,npa), 

H30Mep aMH <l>opMbi, JIH60 o6pa30BbiBaThCR: no 

HHhiM npH"IlHHaM. C 3TOH QeJibiO BO B3aHMO

.z:teHCTBIDIX R:,ttep KHCJIOpo.z:ta (1 r3B/HyKJI.) 

C MHilleHbiO H3 CBHHQa perHCTpHpOBaJIHCb npo

TOHhl C 3HeprHeH OT 5 .z:tO 25 M3B, KOTOphie H3-

JIY"IlaJIHCh 6hi npH nepexo.z:te ao36y:>K.rteHHoro 

R:,ttpa B HOpMaJihHOe COCTOR:HHe. 3KcnepHMeHT 

nOKa3aJI, tiTO aepOR:THOCTh TaKHX C06hiTHH 

B ,ttaHHhlX B3aHMO.z:teHCTBIDIX He npeBOCXO.z:tHT 

-10-6 (.z:tJIR: apeMeHH )f(H3HH (10-7 +1)c) 

H -10- 7 (.z:tJIR: BpeMeHH )f(H3HH (1~10)5c)f211. 

3KCllE PI1MEHT NA-4 

1. B o B3aHMo.z:telicTaHHx MIOOHOB npH 3Hep

rHH 200 r3B C yrnepo,ttHOH MHilleHhiO 6hmo 

Hali.z:teHO 17 co6hiTHH THna iJ. ±N _. 1.1. ± 1.1. ± ll ± X. 

0HH M OrYT fihiTh HHTepnpeTHpOBaHhl KaK npo

R:BJieHHe po:>K,Z:teHHH TR:)f(eJihiX KBapKoa. YcTa

HoaJieHhi aepXHHe npe.z:teJihi a 1,2% (90% ypo

BeHh .z:to cToaepHOCTH) .z:tJIR: D 0 -D 0 
-nepexo.z:toB 

JIH60,aJihTepHaTHBHO, 9 n6 (90% ypoaeHb .z:tO

CTOBepHOCTH) .z:tJIR: nonepe"llHoro ceqeHHH po)f(-
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,IJ;eHHH BB-naP. B rny6oKoHeynpyroM pacce.H
HMH MIOOHOB I 221 

2. TionyqeHhl HOBble ,Il;aHHbie no OTHOWeHH
.HM CTPYKTYPHhiX <l>YHKD;HH F2 (x, {/- ) ,Il;Jl.H 
rny6oKoHeynpyroro pacce.HHHH MIOOHOB Ha 
,IJ;eH:TepHH, a3oTe H :>Kene3e. CymecTBOBaHHe 
o6Hapy:>KeHHhiX paHee .H,D;epHLrx 3<P<l>eKTOB noA
Taep)K,Il;eHo C ynyqweHHOH CHCTeMaTHqeCKOH 
TO~OCTblO. )J;aHHbie• no OTHOWeHHIO CTpyKTyp
HbiX <i>YHKD;HH, nonyqeHHhiX Ha :>KeJie3HOH MH
weHH, K CTPYKTYPHLIM <l>YHKD;H.HM, nonyqeH
HhiM Ha ,IJ;eHTepHeBOH MHWeHH, nepeKpbiBaiOT 
KHHeMaTHqecKyro o6nacr& no nepeMeHHOH x 
0,20 ::;x ~0,70 H Haxo,IJ;.HTC.H B xopoweM corna
CHH C paHee nonyqeHHbiMH pe3yJI&TaTaMH. 

0THoweHHe CTPYKTYPHLIX <l>YHKD;HH a3oTa 
H ,IJ;eHTepHH nonyqeHo B KHHeMaTJ{qeCKOH 
o6JiaCTH 0,08;$ X :S,Q,70. 0Ka3aJIOCb, qTO npH 
X <0,3 3TO OTHOWeHHe CpaBHHMO C e,IJ;HHH· 
u;eH: /231. 

TIOJUIPH3AUHOH HbiE 
HCCJIE,UOBA HHH 

BonLWHM ycnexoM KonneKTHBa na6opaTo
pHH .HBHJIOCb npoBe,IJ;eHHe KOMnJieKCa MeTO
,IJ;HqecKHX H TeXHJ{qecKHX pa6oT no nonyqeHHIO 
B 3KCHJiyaTaD;HOHHOM pe)Kl{Me Ha CHHXpo<l>a3o
TpOHe nyqKOB nOJI.HpH30BaHHbiX peJI.HTHBHCT
CKHX ,IJ;eH:TpoHoB H npoae,IJ;eHHe pa6oqero ceaH
ca o6nyqeHHH ycTaHOBKH "An&<t>a-3C", cneKT
poMeTpa .H,D;ep OT,IJ;aqH.H O,Il;HOMeTpOBOH :>KH,Il;KO
BO,Il;OpO,Il;HOH KaMepbi HOBbiMH YHHKaJibHhiMH 
nyqKaMH. C u;en&ro o6ecneqeHHH 3THX pa6oT 
6bmH ycoaepweHCTBOBaHbl CHCTeMhl H3Mepe
HIDI non.HpH3au;MH HCTO~HKa "Tion.HpHc" . Ha 
BbiXO,IJ;e JIHHeHHoro ycKOpHTeJI.H JIY-20 BBe,IJ;eH 
B ,IJ;eHCTBHe nOJI.HpHMeTp C ,Il;HCTaHD;HOHHO
ynpaBJI.HeMbiMH MHWeH.HMH 3 He H 4 He. CTe
neHb nOJI.HpH3aD;HH nyqKa ,IJ;eHTpOHOB, ycKopeH
HOrO B JIY-20, H3MepeHHa.H C nOMOID;b«l 3TOrO 
ycTpOHCTBa, ,Il;OCTHrJia: BeKTOpHa.H - 0,4;- 0,5, 
TeH3opHa.H - 0,7+0,8. CneKTpoMeTp .H,D;ep oT
,IJ;aql{ 6Lm ,Il;OnOJIHeH BTOpbiM H3MepHTeJibHbiM 
nneqoM H HCnOJib30BaJIC.H B TOM ql{CJie ,Il;Jl.H 
H3MepeHHH BeKTOpHOH nOJI.HpH3aD;HH BHy TpeH
Hero nyqKa; a npou;ecce ycKopeHH.H 6Lm o no
Ka3aHo, qTO BllJIOTb ,Il;O MaKCHMaJibHOH 3Hep
rMH (5 r3B/HyKJI.) ,IJ;enon.HpH3au;HH,ZJ;eHTpOHOB 
npH ycKopeHIDf B CHHXpo<l>a30TpOHe npaKTHqe
CKH OTCYTCTByeT. 

Ha ycTaHOBKe "An&<t>a-3C" oTna:>KeHa MeTo
AHKa HCCJie,IJ;OBaHIDI ynpyroro dp-pacce.HHH.H 
Ha3a,IJ; H HCCJie,IJ;OBaHa B03MO:>KHOCTb HCnOJib30-
BaHIDI 3TOH peaKD;HH ,Il;Jl.H on;eHKH TeH30pHOH 
non.HpH3aD;HH BhiBe,IJ;eHHoro nyqKa. H3MepeHa 
CTeneHh TeH30pHOH nOJI.HpH3aD;IDf ,IJ;BYM.H MeTo-
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,IJ;aMH (nod ... p <t>parMeHTau;MH npH 0° H no yn
pyroMy dp-pacce.HHHIO Ha 180°), ,IJ;aBWHMH 
xopowo cornacyroiD;Hec.H pe3yJI&TaTLI. 

· BnepBbie B MHpe nonyqeHLI pe3yn&TaTLI no 
TeH30pHOH aHaJIH3HpyroiD;eH cnoco6HOCTH 
,IJ;eHTpoHa T 20 ( K) B peaKD;HH CTpHnnHHra 
BbiCTpOeHHbiX peir.HTHBHCTCKHX ,IJ;eHTpOHOB. 

C nOMOID;blO O,Il;HOMeTpOBOH :>KH,Il;KOBO,Il;Q
po,ZJ;HOH KaMepbi H3MepeHa BeKTOpHa.H nOJI.HpH-
3au;HH nyqKa ,IJ;eHTpOHOB B KaHane 6biCTporo 
BhiBO,IJ;a. TionyqeHHoe 3HaqeHHe Pz = 0,5±0,12 
xopowo cornacyeTc.H c pe3yJILTaTaMH, nonyqeH
HhiMH Ha cneKTpOMeTpe .H,D;ep OT,IJ;aqH. 

P A3BHTHE METO.UHKH 3KCllEP:HMEHTA 
H C03.UAHHE 3KCllEP:HMEHT AJihHbiX 

YCTAHOBOK 

1. BLmonHeH 6onLwoH: o6'beM pa6oT B paM
Kax npoeKTa .UEJI<I>H. Tipoae,IJ;eH D;HKJI MeTO,IJ;H
qecKHX HCCJie,IJ;OBaHHH, B pe3yJI&TaTe KOTOpbiX 
Bbi.HCHHJIHCb npl{qHHbl HeyCTOHqHBOH pa60Tbl 
CTpHMepHbiX Tpy6oK C 6oJibWOH pe3HCTHB
HOCThlO KaTo,IJ;a 7241 . 

Co3,IJ;aHa pa6oqa.H 30Ha Ha KaHane cHHXpo
<Pa3oTpoHa ,IJ;JI.H Hccne,IJ;oBaHHH npoTomna aA

poHHoro KanopHMeTpa. Tipoae,IJ;eHLI pa6oTLI no 
npoeKTHpOBaHHIO o6opy,D;OBaHIDI ,Il;Jl.H npoH3-
BO,Il;CTBa CTpHMepHbiX ,IJ;eTeKTopOB YCTaHOBKH 
,UEJI<I>H B OTI OHHH. 

Pa3BHThi nporpaMMhi ,IJ;JI.H Mo,IJ;eJIHpOBaHHH 
a,D;pOHHbiX KaCKa,IJ;OB B KaJIOpHMeTpe, pa3pa-
60TaHbl annapaTHLie cpe,D;CTBa xpaHeHHH <l>H3H
qecKoH: HH<i>opMaD;HH, nonyqeHHOH C npOTOTHna 
KanopHMeTpa /25/ . 

2. Bae,IJ;eHa a ,IJ;eH:cmHe HOBa.H KPYnHa.H <l>H-
3l{qeCKa.H ycTaHOBKa - rH6pH,ZJ;HbiH cneKTpo
MeTp Ha OCHOBe 60JibWOH CTpHMepHOH KaMepbi 
B MarHHTHOM none - YCTaHOBKa rHBC. Tiony
qeHO 6onee 30 TbiC. pa6oqHX CHHMKOB B nyq
Kax .H,D;ep yrnepo,D;a H <t>Topa. CoTpy.ZJ:HHqecTao 
npHcTynHJio K o6pa6oTKe nonyqeHHoro MaTe
pHana. 

3. Ha ycTaHOBKe "Pe3oHaHc" oTna:>KeHLI 
TpHrrepHbie CHCTeMhl ,Il;Jl.H HCCJie,IJ;OBaHH.H dp
B3aHMO,IJ;eHCTBHH c BhiXOAOM KYMYJIHTHBHLIX 
npoTOHOB H ,Il;Jl.H HCCJie,IJ;OBaHIDI noJI.HpH~aD;HH 

JlH,I!;HpyiOID;HX npOTOHOB C 60JibWHMH none
peqHbiMH HMnyJI&CaMH B pp-B3aHMO,IJ;eHCTBH.HX, 
npoae,IJ;eHLI pa6oTLI no co3,IJ;aHHIO K+-Me3oHHo
ro TpHrrepa c n;eJ1bro noHcKa wecTHKBapKOBhiX 
CTpaHHbiX ,IJ;H6apHOHOB. 



Paooq&JI 30Ha Mil HCCJie,llOBaHHJl npOTOTHIIa a,o;pOHHOrO KanopHMeTpa yCTaHOBKH ,LlEnci>l:f Ha KaHane CHHXpo$a30-
TpoHa. 

AnnapaTYpa Mil nccne,o;osaaHii: npoToTHIIa a,o;poaaoro 
KaJIOpHMeTpa. 

4 • .[(.rrR H3ytieHIDI BbiXO,D;OB OCTaTO'IHbiX 

R.n;ep - npo.n;yKTOB npH B3aHMo.n;eH:cTBHH HYK

JIOHOB H R,D;ep C R,D;paMH MHWeHeH - C03,D;aH 

annapaTypHo-nporpaMMHbiH KOMnJieKC, BKJIIO

qawJlU{H nonynpOBO,D;HHKOBble ,D;eTeKTOpbi, 

MHOrOKaHaJibHbie aHaJIH3aTOpbl B CTaH,D;apTe 

KAMAK Ha JIHHHH c 3BM, nporpaMMHoe 

o6ecnet~eHHe 1261 

5. H a H3MepHTeJibHO-Bblt{HCJIHTeJibHOM 

KOMnJieKCe Jia6opaTOpHH paCWHpeHa 6H6JIHQ

TeKa nporpaMM, nOCTaBJieHbi, B tiaCTHOCTH, 

naKeTbi nporpaMM HBOOK H <l>OPTPAH-77. 

Ha KOMrmeKce 3BM EC-1055M H EC-1040 

oTpa6oTaHO .n;JIR noJib30BaTeneH: 6onee 6700 q, 

B TOM tiHCJie 600 q B pe)I(HMe Ha JIHHHH CO 

cneKTpo MeTpaMH. 
BBe.n;eHhi B 3KcrmyaTa,nHID MarHHTOcPOHbi 

C Y.D:BOeHHOH fiJIOTHOCTblO 3anHCH, rpacl>ono

CTpOHTeJib ",[J:HrHrpacl> ". 
BLmo JIHeH pR.n; HOBbiX pa3pa6oTOK 3JieKT

poHHoH: annapaTypbl ,D;JIR CtiHTbiBaHIDI HHIDOp

Ma,nHH c nponopUHOHaJibHbiX KaMep 127 ~ co-

3,D;aHbi 6 biCTpo.n;eHCTBYIOI.:QHH cneu;HaJIH3HpOBaH

HbiH n p ou;eccop, Bbi,D;eJIRIOIIUfH co6biTHR no 
'IHCJIY n pRMbiX TpeKOB/ 2BI, H .n;pyraR annapaTy

pa .D:JIR cneKTpoMeTpa EI1C-2 1291. 

6. KpHoreHHo-Jiyt~eBoH: HOHH3aTop KPI10H-2 

HCfiOJib30BaJICR ,D;JIR HCCJie,D;OBaHHH B o6JiaCTH 
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Hcro'IHHK KPHOH H KPHCTann-AHcl>paKQHOHHJ.IH cneKTpoMeTp Hcnoni>30BilHhi MR H3MepeHJIJI cneKTpoa petl'fril
uoacKoro H3n}"leHHJl BhlCOK038pJIAHbiX HOHOB H H.D;ep • 

B COCTa&e H3MepHTenbHO-Bb111HC11HTenbHOI'O KOM OJieKca BBe,tJ;eHa CHCTeMa rpacl>H'IecKOI'O OT06pllliCeHHJl HHcl>op

MaQHH. 
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BH.Il YCT8HOBKH rHBC co CTOpOHhl reHepaTopa HMnyn&CHoro HanpR)I(eHH.fi. 

<f>H3HKH r.ny60KOHOHH3HpOBaHHblX aTOMOB. 

HcnoJIL3YR HCTOliHHK KPHOH-2 H repMaHHe
BhiH AeTeKTop c noBhiWeHHhiM pa3peweHHeM, 
anepBhie YAaJIOCb H3MepHTh cneKTpbi K-cepHH 
peHTreHoacKoro H3Jiy'lleHHR HOHOB Kr 35+ 

H Kr 36+ npH HX COyAapeHHH C noaepXHOCTbiO 

TBepAoro Tena. 

HccneAOBaHa B03MO)K}{OCTh C03AaHHR no3H
IViOHHo-'llyacTBHTeJI&HhiX AeTeKTopoa AM pe. 
rHCTpaqHH y-KBaHTOB C 3HeprHeH AO 
100+150 K3B, pa6oTaiOU\HX Ha CMecH 

Xe + CH4 npH BhiCOKOM AaBJieHHH 1301. iloKa-
3aHo, 'liTO nponopn;HOHaJibHhiH pe:>KHM orpa-

HH'IleH caepxy 3Ha'lleHHeM AaaneHHR 20 aT. 
B Tex cny'llaRX, KOrAa 3HepreTH'IleCKoe pa3pe
weHHe He RBJIReTCR onpeAeJIRIOIUHM napaMeT
pOM, B03MO)K}{a pa6oTa AeTeKTOpa B CaMoracR
IUeMCR CTpHMepHOM pe:>KHMe C K03cPcPHIJ;HeH
TOM nep eBOAa B CrC-pe:>KHM 80% co6biTHH npH 

AaBJieHHH B AHana30He OT 10 AO 30 aT. 
060CHOBaHO npHMeHeHHe ra30BbiX MHWe

HeH AJIR cTpHMepHhiX KaMep. Pa3pa6oTaHhi 
KOHCTpy KIJ;HH ABYX ra30BblX MHWeHeH: nOBhi
WeHHOrO AaBJieHHR, pacc'llHTaHHaR Ha BHYT
peHHee AaaneHHe 0,5 Mila, H noHH:>KeHHoro 
AaBJieHHR, paCC'IlHTaHHaR Ha pa6oTy npH BHeW
HeM H36biTO'IlHOM AaBJieHHH 0,1 Mila /Sl/. 
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COBEPlliEHCTBOBA HHE 

H P A3BHTHE YCKOPHTEJlbHOA B A3hl 

1. BhmonHeH 6onhiiiOH o6'beM pa6oT n o Mo

.n;epHH3a~HJi CHCTeM CHHXpOcPa30TpOHa K a K yc

KOpHTemi pen.RTHBHCTCKHX H non.RpH30BaHHbiX 

.R,D;ep, ynytJIIIeHmo KatJecTBa ero nytJKOB, n OBbi

IIIeHifiO 3KCnnyaTa~OHHOH Ha,D;e:>KHOCTH pa6o

Tbl ycKopHTenbHoro KoMnneKca. 

B 1985 r. nonytJeH p.R.n; pe3ynbTaToB n o no

BhiiiieHmo 3cPcPeKTHBHOCTH 3neKTpOHHO-nytJe

BOrO MeTO,D;a HOHH3a~HH. 

BnepBbie C nOMO~lO HOHH3aTopa C 3neKT

pOHHOH nyiiiKOH, BbiHeCeHHOH 11:3 MarHHTHOrO 

nonR, nonytJeH nytJoK .R.n;ep aproHa (Ag lS+ ). 

Co3.n;aHa TpeTb.R ot~epe.n;h MynhTHMHKpo npo

~eccopHoH: aBTOMaTH3HpOBaHHOH CHCTeMbl 

c6opa H npe.n;BapHTenbHOH o6pa6oTKH .n;aHHbiX 

c HOHH3aTopoB THna KPHOH Ha ocHoBe M HKpo-

3BM "MHKpo-8". Pa3pa6oTaH KOHTponnep .n;nR 
~BeTHbiX TeneMOHHTOpOB Ha OCHOBe BH,D;eonpo

~eccopa1321. 

• 
IIonyt~eHhi npoeKTHbie napaMeTpbi a M nnH

TYAhi ycKopRIDmero HanpR:>KeHHR H q acToT

Horo .n;Hana3oHa .n;n.R HaH6onee onTHManbHoro 

pe:>KHMa ycKopeHH.R tJaCTid~ B CHHXPOcPa3 0TpO

He H& BTOpOH KpaTHOCTH tJaCTOTbl o6pam eHH.R 

nytJKa (aMnnHTy.n;a (12+17) KB B qacTo THoM 

.n;HanasoHe (0,3+3) Mr~). BnepBhie n p aKTH

tJeCKH HCnOnb30BaH npHH~Hn IIIHpOTH Q-HM

nynbCHOH MO.D;yn.R~H .D;n.R ynpaBneHH.R TOKOM 

no.n;MarHHtJHBaHHR <PeppHTa B nepecTpaHBae

MOM no tJaCTOTe MOmHOM KOne6aTenbHOM KOH

Type YCKOp.RlOJ:neH CHCTeMbl. 

B nonHoM o6'beMe cMOHTHpOBaHhi ceK~HH 
KpHoreHHOH OTKatJKH B BaKyyMHOH K aMepe 

CHHXPOcPa30TpOHa. IJpoBe,D;eHbl HCITbiTaHH.R 

B pe:>KHMe aBTOHOMHOH 3anHBKH CHCTeMbl 

)KH.n;KHM renHeM oT cocy.n;oB ,ni.10apa. Ilony

tJeHo ynytJIIIeHHe BaKyyMa B KaMepe CHHXpO

<Pa30TpOHa c 2x10-6 .n;o 4x10 - 7 Topp B cpe.n;

HeM no KOnb~Y. IlpH pa6oTe C CHCTeMOH 

KpHOOTKatJKH HHTeHCHBHOCTb nyqKa .R,D;ep 

KpeMHH.R yBenHtJeHa B 2000 pas, H B Ka

Hane Me.n;neHHoro BhiBo.n;a coCTaBHna 

3x10 4 R.n;ep/~HKn. 
Ilpo.n;on:>KanHCb pa6oTbi no Hcnonh30BaHmo 

BOnOKOHHo-OnTHlleCKHX nHHHH CB.R3H B CHCTe

Max ,D;HarHOCTHKH HH:>Ke~HOHHOrO KOMnneKca 

CHHxpo<Pa3oTpoHa 133 • 341• 

BBe.n;eHbl B .n;eHCTBHe HOBbie KOHTponbHO

H3MepHTenbHbie CHCTeMbi, conp.R:>KeHHbie c Ma

nhiMH 3BM, liTO o6ecnetJHnO KatJecTBeHHbiH 

H y.n;o6HbiH KOHTpOnb HH:>KeKTHpyeMbiX H Bbi

Be,D;eHHbiX nytJKOB H pe:>KHMOB pa60Tbl yCKOpH

TenbHOrO KOMnneKca. HH<PopMa~HR oTo6pa

:>KaeTc.R Ha ~BeTHbiX MOHHTOpax H n03BOn.ReT 

nOBbiCHTb onepaTHBHOCTb HaCTpOHKH CHCTeM. 

Ynyt~IIIeHo KatieCTBO BhiBe.n;eHHbiX nytiKOB • 

3a CtieT HCnOnb30BaHH.R pe:>KHMa BbiBO,D;a 

H paCT.R)KKH nytiKa npH BbiKnlOtieHHOH BbiCOKO

tiaCTOTHOH CHCTeMe C o6paTHOH CB.R3bl0 no 

nyt~Ky rny6HHa HH3KOtiaCTOTHbiX nynbC~H 
aMnnHTY.D;bl BbiBe.n;eHHOrO nytiKa yMeHbllleHa 

Ha 40%. 3TO B HeCKOnbKO pa3 nOBbllllaeT 3cP

<PeKTHBHOCTb HCnOnb30BaHH.R nytJKOB cPH3H

tieCKHMH YCTaHOBKaMH. 

IIpoBe.n;eHHe KoMnneKca pa6oT no coBep

IIIeHCTBOBaHmo CHCTeM CHHXPOcPa30TpOHa o6ec

netJHnO cymecTBeHHoe paciiiHpeHHe .n;HanasoHa 

yCKOp.ReMbiX Ha CHHXPOcPa30TpOHe .R,D;ep, nOBbi

IIIeHHe HHTeHCHBHOCTH (Ta6n.3), COXpaHeHHe 

Ha,D;e:>KHOCTH pa6oTbl yCKOpHTenbHOrO KOMn

neKCa CHHXPOcPa30TpOHa Ha ypOBHe 94-95%. 

CeKUHH CHCTeMbl KpHoreHHOH OTK8'1KH B8KYYMHOH KaMepbi CHHXpo!l>aaoTpoHa Ha HCilbiTaHHHX. 
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BhiBOAHMhie 
H3 yci<:opHTeml 
'laCTH~hl 

p 

d 

dt 

n 

3He 
2 
4He 
2 

6Li 
3 
7Li 
3 

12c 
6 
160 
8 

19F 
9 

22Ne 
10 

24Mg 
12 
28si 

* p z = 0,53; p zz = -0,58. 

9,0 

8,2 

8,2 

9,0 

17,2 

16,4 

24,6 

23,9 

49,2 

65,6 

73,1 

81,0 

98,4 

114,8 

OrniDKeHhi pe:>KHMhi, no3BQn.RIOJ.IU{e TpaHc
nopTHpoaaTh no OCHOBHOMY I<:aHany Me,n;neH
HO~~ BhiBO,D;a nyqi<:H C HHTeHCHBHOCThiO ,D;O 
10 t~acT./~I<:n. Pa3pa6oTaH npoei<:T CHCTeMhi 
I<:aHanOB H HX aBTOMaTH3~HH Ha BTOpOM Ha
npaaneHHH Me.n;neHHoro BhiBo.n;a (2MB). Or
pa6oTaH pe:>KHM H nonyqeHhi pa6ot~He na
paMeTphi 2 MB B ,n;Hana3oHe 3HeprH:H 
(0,3+3,5) r3B/Hyi<:n. TeM caMhiM noi<:a3aHa 

B03MO:>KHOCTh pa60Thl CHHXpo<j;la30TpOHa 
B 3I<:CnnyaT~OHHOM pe:>KHMe I<:ai<: HCTO'I· 
HHI<:a ny'II<:OB .R,D;ep cpe,D;HHX 3HeprHH 
(0,3+0,5 r3B/Hyi<:n.). 

2. Ha Mo,n;enH caepxnpoao,n;.Rmero cHHxpo
TpoHa (CIIY.IH) HCCne,D;OBaHhl pe:>KHM HH:>Kei<:
~ H BI<:niO'IeHH.R BhiCOI<:O'IaCTOTHOH yci<:Op.RIO
me:H cTaH~H. BonhlllHM .n;ocTH:>KeHHeM .RBHnOCh 
nonyqeHHe ycToH'IHBOH ~PI<:Ymi~HH nyt~I<:a 

Ta6auq,a 3 

Y.IHTeHCHBHOCTh ('laCT./HMn.) 
1980r. 1985r. 

4x10 12 

1x10 12 

5x10 8 * 

1010 

2x10 10 

2x10
10 

5x10
10 

1,5xl08 

2x10 9 

5x10
8 

5x10 3 5x10
7 

1,5x10 7 

104 • 

105 

3x104 

npOTOHOB B Te'leHHe -100 MC B I<:aMepe 
CII.HHa 1351. BhlnonHeHhi pa3pa6oTI<:H no aa
TOMaTH3~ ynpaaneHH.R CHCTeM CII.HHa. 

3aaepllleHhl pa60Thl no C03,D;aHHIO CHCTeM 
I<:pHoreHHoro o6ecnet~eHH.R CII.HHa Ha 6a3e 
o:>KH:>KHTen.R KrY -1600 I 4,5. Y cnelllHo 3I<:cnnya
THpoaanach nepBa.R aBTOMaTH3HpOBaHHa.R CHC· 
TeMa y npaaneHH.R ycTaHOBI<:o:H KrY-1600/4,5. 
CoB~llleHCTBOBanHCh anropHTMhi lnpaane
HH.R 61 H 3neMeHThi annaparyphi 13 7 . 

B paMI<:ax pa6oT no npoei<:Ty "Hyi<:noTpoH" 
HCCne,n;OBaH o6pa3e~ 1,5 M ,D;HnOnhHOrO MarHH· 
Ta c o6MOTI<:OH H3 caepxnpoao.n;.Rmero I<:a6en.R 
Ha OCHOBe Me,D;HOH Tpy6I<:H. Co3,D;aH nonHO· 
MaClllTa6HhiH o6pa3e~ I<:Ba,n;pynonhHOH HHH3hl 
,n;n.R " HyKnoTpoHa". BhmonHeH p.R,n; no,n;roTo
BHTenhHhiX pa6oT no peanH3a~H npoei<:Ta 
"Hyi<:noTpOH". 
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C03J].aeTCH llBTOMaTH3HpOB8.HHaH CHCTeMa ynpaBn eHHH H KOHTpOnH napaMeTpOB CHHXpO$a30TpOHa, BKniO'UllO~aH 
pHA KOHTpOnbHO-H3MepHTen&HbiX DOACHCTeM Ha 6 a3e ManbiX 3BM. 

0ro6pameHHe A03HMeTpH'IeCKOH o6CTaHOBKH n p H pa-

6oTe CHHxpo$a3oTpoHa Ha 3Kpaue ~BeTHoro Tene".10HH

Topa. 

HAyqHO-TEXHHqECKHE 

llPHKJI.A,UHhiE P ABOThl 

CoaMeCTHO c 11MB AH CCCP paccMoTpeHa 

B03MO:>KHOCTb npHMeHeHIDI MHOrOCTyneHtJaTOH 

JiaBHHHOH KaMephi Ha JIHHHH C 3BM ,wiH aHaJIH-

3a pacnpe.n;eJieHIDI pa.n;HoaKTHBHocrn nocJie 

)l;ByMepHoro pa3)l;eJieHIDI CMeCH 6eJIKOB, MetJe

HbiX H30TOnOM HO.n;-125 ISS/. lloKa3aHO, tJTO 

YCTaHOBKa n03BOJIHeT 6oJiee tJeM B 100 pa3 

COKpaTHTh apeMH aHaJIH3a no cpaBHeHHIO C Tpa

)l;HUHOHHO HCnOJib3yeMOH pa.n;Horpaq>HeH H no

JIYtJHTb HHcpopMa~HIO 0 pacnpe.n;eJieHHH MeTKH 

no 6eJIKaM, He pa3pyrnaH npenapaTa. 

,llJIH )l;HcppaK~HOHHhiX 3KCnepHMeHTOB CQ-

3)l;aH aBTOMaTH3HpOBaHHhiH peHTreHOBCKHH .n;e

TeKTOp C BhiCOKOH O)l;HOpO)l;HOCTbiO lliHpHHbl 

KaHana. OcHoaoii .n;eTeKTopa HBJIHeTCH nJIOCKaH 

YCTaHOBKa AnH HeHTpOHHOH paJ].Horpa$HH Ha OCHOBe MHorocTyneH'I8TOH nllBHHHOH KaMepbi HH3KOro AaBneHHH. 
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MHOrOnpOBOnOtiHWI nponop~OH8JibHWI KaMe
pa pa3MepoM 480x460 MM rs91. 

,Ur!H perHCTp~H H3nyqeHHH TpHTHH C03,Aa
Hbl MHoronpoBonotiHaH nponop~HoHan&HaH 

H MHOrOCTyneHqaTaH naBHHHaH KaMepbi 
(MCJIK) , KOTOpbie MoryT 6hiTb HCnonh30BaHbl 
MH onpe,AeJieHHH pa,AHOXHMHqecKOH ~CTOTbl 
npenapaTOB. 00Ka3aHa B03M0)KHOCTb perHCTpa
~H H3JiyqeHHH TPHTHH MCJIK c TOHKHM 
(-100 MKr/CM2 ) BXO,AHbiM OKHOM/40/. 

CoBMecTHo c qexocnoBa~KHMH cneQHanH
cTaMH C03AaHa yCTaHOBKa AJIH HeHTpOHHOH 
PMHorpacpHH. B KaqecTBe ,AeTeKTopa TennoBhiX 
HeHTpOHOB HCUOJib3YeTCH MHorocTyneHqaTaH 
JlaBHHHaH KaMepa HH3KOrO AaBJieHHH C KOH
BepTepoM. HHcpopMaQHH c AeTeKTopa o6pa6a-

JIHTEP A TYP A 

1. Aleev A.N. et al. JINR, E1-85-662, Dubna, 1985. 
2. Eewnny K. H AP· O:IDIH, .LU-85-433, ,lly6Ha, 

1985. 
3. TpoRH IO.A. H AP· B c6.: KpaTKHe coo6w:eHHR 

OMHM, N-!13-85, ,lly6Ha, 1985, c.12. 
4. Glagolev V.V. et al. JINR, E1-85-18,Dubna, 1985. 
5. EanoHa E.B. H AP· O:IDIH, P1-85-854, ,lly6Ha, 

1985; EanoHa E.B. n AP· O:IDIH, P1-85-864, 
.Lly6Ha, 1985. 

6. Baldin A.M. et al. JINR, E1-85-415 , Dubna, 1985. 
7. EanAHH A.M. n AP· O:IDIH, P1-85-820, ,lly6Ha, 

1985. 
8. EanAHH A.M., .LlHAeHKo JI.A. B c6. : KpaTKne 

coo6w:eHHR OHHH, N~8-85, ,lly6Ha, 1985. 
9. ApXHIIoB B.B. H AP· O:IDIH, E2-1-85-849, ,lly6Ha, 

1985. 
10. EenaeB H.M. H AP· B c6. : KpaTKHe coo6w:eHHR 

OMHM, N~8-85, ,lly6Ha, 1985, c.29. 
11 . ApxHIIoB B.B. n AP· OHHH, P1-85-228, . .Lly6Ha, 

1985. 
12. EaaTap U. n AP· O:IDIH, P1-85-698, ,lly6Ha, 1985. 
13. IloAropeUKHH M.H. OHHH, P2-85-54, ,lly6Ha, 

1985. 
14. IloAropeuKmi M.H. OMHM, P2-85-240, ,lly6Ha, 

1985. 
15. rpHWHH B.r. HAP· OMHM, P2-85-259, ,lly6Ha, 

1985. 
16. Axa6a6aH H. H AP· O:IDIH, P1-85-639, ,lly6Ha, 

1985. 
17. ApMYTnmicKH ,ll.A. n AP· O:IDIH, P1-85-220, 

,lly6Ha, 1985. 
18. EonAea B. n AP· OHHH, P1-85-607, ,lly6Ha, 1985. 

TbiBaeTCH C nOMO~IO COBpeMeHHOH MHKp0-
3BM B CTaHAapTe KAMAK, H3o6piDKeHHe Hc
cne,AyeMoro o6'beKTa npeACTaBJIHeTCH Ha ~BeT
HOH TB-MoHHTop. llpocTpaHCTBeHHoe pa3pe
weHHe ,AeTeKTOpa .. 0,6 MM, qyBCTBHTeJibHOCTb 
K raMMa-cpoHy - 10 -s. 

3KCUnYATAUHRCHHXPO~A30TPOHA 

B 1985 rOAY CHHXpocpa30TpOH OTpa6oTaJI 

4003 acoB, H3 HHX: 
a) Ha cpH3HqecKHH 3KCnepHMeHT- 3192 q, 
6) Ha · COBepweHCTBOBaHHe CHCTeM YCKO

pHTeJIH H TeXHOJIOr~eCKYIO no,ArOTOBKy -
811 q, flyqKH yCKOpHTeJIH 6bmH HCUOJib30Ba
Hbl 20 r pynnaMH 3KCnepHMeHTaTOpOB. 

19. A3HMOB C.A. H AP· B c6.: KpaTKHe coo6w:eHHR 
OMHM, N~12-85, ,lly6Ha, 1985, c.16. 

20. ABAeH'IHKOB B.B. H AP· O:IDIH, P1-85-640, ,lly6Ha, 
1985. 

21. ABpaMeHKo C.A. n AP· O:IDIH, P1-85-340, ,lly6Ha, 
1985. 

22. Benvenuti A. et al. Phys.Lett., 1985, 158B, p.531. 
23. Bari G. et al. JINR, E1-85-747, Dubna, 1985. 
24. ronoBaTIOK B.M. HAP· O:IDIH, .Ll1-85-166, ,lly6Ha, 

1985. 
25. ry3HK 3 . H AP· OHHH, P13-85-530, ,lly6Ha, 

1985 . 
26. EyTueB B.C. H AP· OHHH, P1-85-438, ,lly6Ha, 

1985. 
27. qaH XLIY ,!lao, MoB'IaH C.A. O:IDIH, 13-85-375, 

,lly6Ha, 1985. 
28. KannHHHKOB B.A. H AP· OHHH, P10-85-252, .Lly6-

Ha, 1985. 
29. rycbKOB E .H. H AP· OHHH, 13-85-499, ,lly6Ha, 

1985. 
30. 3aHeBcKHH IO.B. n AP· OHHH, 13-85-614, ,lly6Ha, 

1985. . 
31. ronoBaHOB JI.E . O:IDIH, 13-85-479, ,lly6Ha, 1985. 
32 . .LlynHnKoB B.r. OHHH, P10-85-81 , ,lly6Ha, 1985. 
33. PoMaHOB IO.H. OHHH, 13-85-580, ,lly6Ha, 1985. 
34. PoMaHOB IO.H. OHHH, ,13-85-599, ,lly6Ha, 1985. 
35. IIIenaeB M.A. OMHM, P9-85-593, ,lly6Ha, 1985. 
36. AranoB H.H. OHHH, 8-85-111, ,lly6Ha, 1985. 
37. IlaJ><l>eHOB A.H., Ilunnap A.B. OHHH, P10-85-205, 

,lly6Ha, 1985. 
38. A6n ywyKypoBa r .r . H AP· OHHH, 18-85-129, 

,lly6Ha, 1985. 
39. AHncnMoB IO .C. H AP· OHHH, 18-85-101, ,lly6Ha, 

1985. 
40. A6n ywyKypoB ,ll.A. n AP· O:IDIH, 18-85-391, ,lly6-

Ha, 1985. 
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nA60PATOPMH 
HJJ.EPHbiX nP06nEM 

B 1985 ro,ny KOJIJieKTHB Jla6opaTopHH 
H,nepHbiX npo6neM BbiiiOnHHn 6onbiiiOH o6'beM 
HayqHO-HCCne,noBaTenbCKHX H MeTo,n~eCKHX 

pa6oT. 3aKoHqeHa peKOHCTPYKWfH 6a30BOH yc
TaHOBKH na6opaTOpHH - <f>a30TpOHa, 3aBep
IIIeHO C03,IJ;aHHe 3KCnepHMeHTaJibHbiX yCTaHO
BOK H HaqaTbl <f>H3HqecKHe HCCne,nOBaHHH Ha 
nyqKax <f>a3oTpoHa. 3asepiiieHo co3,naHHe 
H ocy~eCT:aneH 3arrycK 1 oqepe,n:H "HeliTpHH
Horo ,neTeKTopa" - KpyrmeliiiieH 3KcnepH
MeHTaJibHOH yCTaHOBKH 011HI1 B 11<1>B3 (IJpoT
BHHO) . B:ae,neH B CTpOH MarHHTHbiH HCKpOBOH 
cneKTpoMeTp MI1C-2. ITonyqeH pH,n BIDKHbiX 
HayqHbiX pe3ynhTaToB no npo:aepKe npe,ncKa-
3aHHH KBaHTOBOH XpOMO,IJ;HHaMHKH H H3yqe
Hmo K.eapKoBoH CTPYKTYPhi Me3oHoB. IIIHpoKo 
pa3BHBaJIOCb Me)K,IJ;YHapo,nHOe COTpy,nH~eCTBO 
KaK CO CTpaHaMH-yqacTHHQaMH 011HI1, TaK 
H co cTpaHaMH 3ana,n:HoH E:aponhi - qneHaMH 
UEPH. BhmonHeHa 6onhiiiaH pa6oTa no npo
rpaMMe 3KCnepHMeHTa ,[(EJI<I>I1 (IJ;EPH -
011HI1). 

PEKOHCTPYKU11H <I>A30TPOHA
EA30BOtl: YCT AHOBKI1 JIHIT 

B 1985 ro,ny 3aBepiiieHa peKoHCTPYKW~H 
6a30BOH yCTaHOBKH JIHIJ, KOTOpaH HpHBena 
K C03,IJ;aHH10 <f>a30TpOHa C npOCTpaHCTBeHHOH 
BapHaQHeH MarHHTHOrO nonH Ha 3Heprmo npo
TOHOB 680 M3B. 

Cne,nyeT OTMeTHTL, qTo <f>a3oTpoH 011HI1-
e,nHHCTBeHHbiH <f>a30TpOH C npOCTpaHCTBeHHOH 
BapHaQHeH MarHHTHOrO nonH. IJpH ero C03,IJ;a
HHH ocy~eCTBneH pH,n HOBbiX <f>H3HqeCKHX 
H KOHCTPYKTopcKHx pa3pa6oToK. TaK, HarrpH
Mep, :anepBbie npe,nno:>KeH H peanH30BaH TaK 
Ha3biBaeMbiH "6aMnOBbiH" pe:>KHM ycKopeHHH 

.. u 6 /11 qacTHQ B QeHTpaJibHOH 0 naCTH <f>a30TpOHa . 
BnepBbie B CCCP ocy~ecT:aneH pereHepaTHB
HbiH MeTO,IJ; BbiBO,na nyqKa C HCnOnb30BaHHeM 
:>Kene3oToKo:aoro KaHana 121. KoHCTPJ:KQHH 
BbiCOKoqaCTOTHOH CHCTeMbl <f>a30TpOHa 3/ no-
3BOnHna nonyqHTL ycKopHro~ee HarrpH:>KeHHe 
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c peKop,n:Holi aMIIJlHTy,noli 40 KB. ,[(ocTH:>KeHmo 
noro pe3ynLTaTa cnoco6cT:ao:aana pa3pa6oTKa 
CHCTeMbl a30THOrO OXJia)K,IJ;eHHH BbiCOKOBa
KyyMHbiX arperaTOB 6onLIIIOH npOH3BO,IJ;HTenb
HOCTH 141 . <l>a3oTpoH - nepBbiH B CCCP ycKo
pHTenL, o6opy,nOBaHHbiH aBTOMaTH3HpOBaHHOH 
CHCTeMOH ,IJ;03HMeTpHqecKoro KOHTpOnH / 5/ 

B HaCTOH~ee :apeMH HHTeHCHBHOCTL nyqKa 
ycKopeHHbiX npoTOHOB c 3HeprHeH 680 M3B 
cocTaBnHeT 7 MKA. BbiBo,n nyqKa H3 KaMepbi 
YCKOpHTenH OCy~eCTBnHeTCH C 3<f><f>eKTHB
HOCTbiO 6onee 50%, qTo o6ecneqH:aaeT y:aenH
qeHHe HHTeHCHBHOCTH BbiBe,IJ;eHHbiX nyqKOB 
B 25 pa3 no CpaBHeHHIO C TeM, ~0 6biJIO ,IJ;O 
peKoHCTpyKQHH ycKopHTenH. Ha rryqKax <f>a3o
TpoHa HaqaTbl <f>H3HqeCKHe HCCne,IJ;OBaHHH. 

ITPOBEPKA I1PE,11,CKA3AH11tl: 
KBAHTOBOtl: XPOM0,1J,MHAMI1KI1. 

<1>11311KA JIErKl1X KBAPKOB 

Ba:>KHhie pe3ynLTaThi 6bmH nonyqeHbi Ha 
cneKTpoMeTpe Cl1rMA-AHKC B 3KcnepHMeH
Tax, KOTOpbie npo:ao,n:HnHCL B ITpoTBHHo 
COBMeCTHO C <f>H3HKaMH H3 11<1>B3. 11ccne,noBa
nHCb npoQeccbi oKononoporo:aoro o6pa3oBa
HHH IIHOHHbiX nap nHOHaMH C 3HeprHeH 40 r3B . 
B KynoHOBCKOM none H,nep: 

77- + A --. 77- + 77° + A. 

Onpe,neneHo ceqeHHe TaKHx peaKWfH ,nnH H,nep 
C, Fe, AI B o6nacTH KynoHoBCKoro po)K,IJ;eHHH 
t < 1Q-3(r3B/c) 2 H MaJibiX HHBapHaHTHbiX 
Mace CHCTeMbl ( 77- 77°) • 3TO n03BOnHnO onpe-

,nenHTb KOHCTaHTy <f>yH,naMeHTaJibHOrO npoQeC
ca y .... 3 77 (eM. pHc.1). 0Ha oKa3anacL paBHOH 
F 317 = (13,0±0,9±1,3) r3B - 3 161. ITonyqeHHOe 
3KcnepHMeHTaJILHoe 3HaqeHHe xopoiiio corna
cyeTCH C TeopeTHqecKHM npe,ncKa3aHHeM 
F 

317 = (10,5±1,5) r3B - 3, KOTopoe 6biJIO c,ne
naHo B HH3K03HepreT~ecKoM npe,nene KX.D. 



~aaoTpoH OHRH. B~ co cTopoH&I B&Iso,o;a nyqKa. 

c KHpa.rrLHLIM narpruDKHa.HOM nma Becca -

3yMHHO - BHTTeHa c HcnonL30Ba.HHeM rHno

Te3LI KHpanLHLIX a.HOManHH, CB.fi3LIBai<nneH 

BMecTe aMnnHTY.D.LI nponeccoB y .... 3 tr H 11° .... 2 y. 
TaKHM o6pa30M, BnepBLie 6Lma 3KcnepH

MeHTanLHo npOBepeHa rHnOTe3a KHpa.JILHLIX 

a.HOMa.JIHH. llOCKOnLKY 3KCnepHMeHTa.JILHOe 

3HaqeHHe ,D,n.fl Fs17 cornacyeTc.R c TeopeTHQe

CKHM npH QHCne nBeTOB Nc = 3, TO fiOJtY

qeHHLIH 3KCnepHMeHTa.JILHLIH pe3ynLTaT MO:>KeT 

paCCMaTpHBaTLC.fl KaK nO,D,TBep:>K,D,eHHe nBeTHOH 

SU(3)-cHMMeTpHH. 

B 3KcnepHMeHTax Ha ycTa.HOBKe ''rHnepoH" 

H3YQa.JIC.fl OTHOCHTenLHLIH BLIXO,D, Tf -Me30HOB 

npH B3aHMO,D,eHCTBHH 11+- H K+-Me3oHoB c M
paMH npH 10 r3B/c 171. Ha pHc.2 nOKa3a.Ha 

3aBHCHMOCTL OTHOIIIeHIDI .D.H<!><!>epeHQHa.JILHLIX 

ceqeHHH: 

R(xF) = 

=~(K+d 
dx 

oT nepeM eHHoH x F TJ-Me3oHa. CnnoiiiHLie nH

HHH - p e3ynLTaT pacqeTa no MO,D,enH "cniDI

HIDI" K B apKOB B Tf ·Me30H 
181 

• llapaMeTp 

a CB.fl3a.H C yrnoM CMeiiiHBa.HIDI (} OKTeTHoro 

H CHHr neTHoro COCTO.fiHHH B Tf -Me3oHe: 

Tf = Tf 8 cos e- Tfl sin (} • EcnH npe,D,nono:>KHTL 

paBeHCTB O 3<P<!>eKTHBHLIX KOHCTa.HT "cniDIHIDI" 

gqq =~ ss , TO a = 0,42±0,04 (eM. pHC.2), 

QTO COOTBeTCTByeT (} = -(30±3)
0

• 0,D,HaKO H3 
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TpeKOBIUI IJ&CTb cneKTpoMerpa CHrMA-AHKC. Bon&wHe nponop QHoHan&H&Ie KaMepbi pa3pa6oT&Hbi H H3rOTOB· 
neHbl B OHMY. 

/ 

JT~ 
/ 

/ 
/ 

PHc.l. llHarpaMMa peaKQHH 11- + A-+ 11- + 11° +A B Ky· 
JIOHOBCKOM none .IIJlpa. 

30 

20 

10 

PHc.2. 3aBHCHMOCTb OTHOWeHH.II JlH<I><I>epeHQHanbHbiX 
ce'leHHH peaKQHH K+(d,1J)X H 11+(d,77)X oT XF. 
Cn.nowHbie nHHHH - pe3ym.T&Tbi lacqera no MOJlenH 
"CJIH.IIHH.II" KB&pKOB B "7·Me30H 18 

cnei<TpOCKOmm KBapKOB XOpOillO H3BeCTHO, 

QTO e "' - (17+18)
0

• ,UaHHbie, norryqeHHhie Ha 

ycTaHOB Ke 'THnepoH", MO)K}{O corrracoaaTb 

C BeJIHQHHOH () "'-18°, eCJIH npe,o;nOJIO)f(HTb, 

QTO 3 <f><f>eKTHBHbie KOHCTaHTbl "CJIH1IHIDI" 

o6hiQHbiX H CTpaHHbiX KBapKOB B 77-Me30H 

HaxO.D;HTCH . Me)K)l;y C060H B CJie.D;yiOI.QeM COOT

BeTCTBHH: gqq "' (1,8± 0,2) gss 
Ha o cHoae pe3yJihTaToB, norryqeHHbiX Ha 

YCTaHOB Ke ''rHnepoH" no H3MepeHHIO ceqeHHH 

rHnep3apH.D;OB0-06MeHHbiX peaK~HH, a TaK:>Ke 

BCeX OCTaJibHbiX H3BeCTHbiX ,ll;aHHbiX 0 npo~ec

cax 11+p -+ K+I+, K-p -+ 11 -I+, 6hm npoae.o;eH 

aHaJIH3 no pe,o;:>KeBCKOH MO.D;eJIH C yqeTOM BTO

pHQHbiX cf.niryJIHpHOCTeH. IJorryqeH HOBbiH noJI

HbiH Ha6 op nafaMeTpOB ,ll;JIH CTpaHHbiX pe,o;:>Ke

TpaeKTOpHH I g . 06Hapy:>KeHo HeJIHHeifHoe no

ae,o;eHHe l1JlaHapHoro crraraeMoro, QTO B Mo

.o;errH CTpyH H ~BeTHbiX Tpy6oK MO:>KeT HHTep

npeTHpOBaTbCH KaK yMeHbilleHHe K03cP<f>H~eH

Ta HaTH:>KeHIDI cTpyHhi no Mepe ee pacTH:>KeHIDI. 

lhyq eHHe B3aHMO.D;eHCTBHH 11- -Me30HOB 

C H.D;paM H yrrrepo,o;a B rry3blpbKOBOH KaMepe 

JUIII rrpH 3HeprHH 5 r3B no3BOJ1HJ10 onpe,o;e

JIHTb c eqeHIDI B3aHMO.D;eHCTBHH p -Me30HOB 

c BHyTp iDI.o;epHbiMH HYKJIOHaMH I 101. IloKa3a

Ho, QTO ceqeHHe p N -B3aHMo,o;eiicTBIDI npH 

3HepriDIX OKOJIO 5 r3B COCTaBJIHeT a "'25~~6 
H He 3aBHCHT OT OpHeHT~HH CrrHHa p -Me30Ha. 

8To y Taep)K)l;eHHe corrracyeTCH c npe,o;cKa3a

HIDIMH M O.D;eJIH a.D;AHTHBHbiX KBapKOB. 

Ha y cTaHOBKe 'THnepoH" norryqeHa HOBaH, 

CaMaH :>KeCTKaH B HaCTOHI.Qee BpeMH, BepXHHH 

rpaHH~a Ha aepoHTHOCTb 3anpemeHHoro CTaH

.o;apTHOH MO.D;eJibiO 3JieKTpOCJia6oro B3aHMO

,o;eHCTBIDI pacna.o;a K~ -+ e + e -
+ - -4 1111 

B.R. ( K ~ -+ e e ) s 1,1 · 10 90% C.L. 

Ha c neKTpoMeTpe MHC a 11<l>B8 coaMecTHo 

c cPH3HKaMH H3 INFN (11TaJIHH) H3YQaJIHCb 

npo~eCCbl KorepeHTHOrO po)K)l;eHIDI I1HOHHOH 

napbi H a H.D;pax B peaK~IDix 

11- +A -+ TT- +11+ + 11- +A 

npH 3HeprHH HaJieTaJOI.Qero 11-Me30Ha 40 r3B. 

<l>yH,o;aMeHTaJibHbiM pe3yJibTaTOM 3THX 3KC

nepHMeHTOB HBHJIOCb OTKpbiTHe .D;BYX HOBbiX 

COCTOHHHH 11 -Me30Ha, KOTOpbie npe.D;CTaBJIHIOT 

co6oif pa.D;HaJibHbie B036y)K)l;eHIDI CHCTeMbi 

KBapK aHTHKBapK. Y.o;arrocb BhiAeJIHTb 

TaK:>Ke pa,o;HarrbHhie ao36y)K)l;eHIDI A1-, A2-

H A3-Me3oHoB. 

8TH .D;aHHbie nOJIYQHJIH nOJIHOe nO.D;TBep:>K

,o;eHHe KaK B 3KCnepHMeHTax Ha yCKOpHTeJie 
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3neKTpOMarHHTHbiH KaJIOpHMeTp cneKTpOMeTpa 

••runepoH''. 

<llHAJI (ClliA) , TaK H B .D;pyrHX 3KCnepHMeH

Tax MHC, BLmoJIHeHHLIX c HcnoJIL30BaHHeM 

cosepweHHO HHoro MeTo,ZJ;H'IecKoro no,ZJ;Xo.D;a

KOr,ZJ;a B KaqeCTBe MHWeHH HCnOJib30BaJIC11 

MHorocnoiiHLIH KpeMHHeBLIH .D;eTeKTop. Pa3.D;e

neHHe Me)K,!J;y KorepeHTHLIMH H HeKorepeHT

HLIMH npou;eccaMH npOBO,ZJ;HJIOCb Ha OCHOBe 

H3MepeHHR 3HeprOBbi,ZJ;eJieHHR B MHWeHH-,ZJ;e

TeKTope112~ 3-ra 6onee qyscTsHTeJILHaR 3Kcne

pHMeHTaJILHaR MeTO,ZJ;HKa n03BOJIHJia ropa3,ZJ;O 

y6e,ZJ;HTeJILHee npo,D;eMOHCTpHpOBaTL pe30HaHC

Hbie CBOHCTBa COCTORHHH rr' (1240), rr" (1770), 

Al (1225) H A1, (1670). 

Ha ycTaHOBKe llP03A (JlHll - l1<llB8) 

BbinOJIHeHO WHpOKOe HCCJie,ZJ;OBaHHe nOJI11pH3a

IJ;HOHHbiX 3<l><l>eKTOB B 6oJILWOM qHcJie 3ap11-

,Il;OB0-06MeHHbiX npou;eCCOB npH B3aHMO,ZJ;eHCT

BHH IT--Me30HOB C npOTOHaMH npH 40 r3B/c. 

BLIJIH nonyqeHLI 3KcnepHMeHTaJILHLie AaHHLie 

no CJie.D;yiOIIJ;HM 6HHapHbiM peaKIJ;HRM: 

IT-+ p -+ 1T0 n 

-+ M0 n , r.D;e M0 = TJ , rJ' , f , cu • 

.... K~ A. 

Bo scex H3yqeHHLIX peaKD;HRX o6Hapy)l(eHo, 

qyo BeJIH~a nOJI11pH3au;HH CJIO)I(HbiM o6pa30M 

3aBHCHT oT nepe.D;aHHoro HMnynLca. KpoMe 

TOro, OKa3aJIOCL, qyo a3HMYTaJibHaR aCHMMeT

pHR npo.D;yKTOB peaKIJ;HH HMeeT ,ll;OBOJILHO 

3Ha~enLHyiO senHqHHy ,ZJ;a)f(e pff TaKoH: BLico

KoH: 3HeprHH, KaK 40 r3B/c
1 

(eM. pHc.3). 

B cosMecTHoM Ol1Hl1- UEPH 3KcnepHMeH

Te PS-179 no H3yqeaHIO B3aHMo.D;eiicTBHR aHTH

npoToHoB HH3KHX 3HeprHH: c RAPaMH o6Hapy

)l(eH HOBbiH <l>H3H'IeCKHH 3<l><l>eKT - OKa3aJIOCL, 

qyo aHTHnpOTOHLI c 3HeprHRMH T $ 200 M3B 

npaKTH'IEZK~ He pa3BaJIHBaiOT R,D;pa B peaKIJ;HRX 

THna A (P, P ' ) A'. CeqeHHe TaKHX peaKIJ;HH 

no.D;asneao Ha nopR,ZJ;oK no seJIH~e no cpas

HeHHIO C TaKHMH )l(e J;IPOD;ecCaMH B npOTOH-

R,ZJ;epHOM pacceRHHH I 141• · 

BecLMa Ba)I(HLIM .D;JIR npaBHJILHoro noHHMa

HHR npou;ecCOB o6pa30BaHHR KBapK-rJIIOOHHOH 

nJia3MLI RBHJIOCL H3MepeHHe ceqeHHR o6pa3o-
o 

BaHHR 1< 8 -Me3oaos. 0Ho noKa3ano, qyo npH 

aHHHrHJIRIJ;HH aHTHnpoTOHOB c RAPOM HeoHa-20 

He npOHCXO,ZJ;HT npe,D;CKa3LmaeMoe pR,D;OM MO

,ZJ;eJieH ysenHqeHHe ceqeHHR BLIXOAOB CTpaHHLIX 

qacTHIJ; no CpaBHeHHIO C 3JieMeHTapHbiM aKTOM 

NN -aHHHrHJIRIJ;HH I 151• 

l13yqeHHe B3aHMO,ZJ;eHCTBHR aHTHnpOTOHOB 

C HeOHOM H R,D;paMH B <l>oT03MYJILCHH n03BQ-

JO 
P:l. 

2.0 

2.0 

: 
2.0 

Pnc.3. 3 aBHCHMOCTh non.RpH3~H P oT nepe,~~;SHHoro 
HMnyn&ca I t I B pa3nH'IHhiX 6HHapH&Ix peaKUHJIX 

B38HMO,D;eHCTBH.II TT- -Me30HOB C HMDY11hCOM 40 r3B/c 

C BO,D;OpO,D;OM 1131. 

JIHJIO BnepBLie RBHbiM o6pa30M Bbi,ZJ;eJIHTL 

C06LITHR aHHHrHJIRIJ;HH aHTHnpOTOHa, KOTOpbie 

npoHcxo ,ZJ;RT Ha MaJILIX paccToRHHRX BHYTPH 

11,D;pa ( r ,ZJ;e R,ZJ;epHaR nJIOTHOCTL p ,ZJ;OCTHraeT 

3HaqeHHH: p ~ 0,75 Po). Paaee cqHTanocL, qyo 

aHHHrHJIRIJ;HR aHTHnpOTOHOB Ha CJIO)I(HbiX 11,ZJ;

pax npo HCXOAHT Ha nosepxHoCTH R.D;pa. Ha 

CaMOM ,ZJ;eJie OKa3aJIOCL, qyo sepORTHOCTL aH

HHrHJIRIJ;HH aHTHnpOTOHa BHYTPH R,D;p' Heo~a 

AOBOJILHO BeJIHKa H COCTaBJIReT -20% 
15

•
16 

• 

BLmo JIHeHo Hccne.D;oBaHHe o6pa3oBaHHR rH

nepR,ZJ;ep H nOHCK cynepR,D;e:p BO B3aHMO,ZJ;eHCT

BHRX n p OTOHOB C 3HeprHR~H 70 H 250 r3B 

c R,ZJ;paM H B <l>oTo3MYJILCHH 
171

• BnepsLxe on

pe.D;eneHLI sepoRTHOCTH o6pa30BaHHR rHnep

R.D;ep npH TaKHX 3HeprHRX H nonyqeHLI 3Haqe

HHR AJIR sepxae:H rpaHHIJ;LI BLIXOAa cynepR.D;ep: 

W $ 3 ,1 · 10 -& Ha o.D;Ho Heynpyroe B3aHMO

.D;eH:cTBHe npH Tp = 250 r3B H w ~ 3,1 ·10-
5 

npH Tp · = 70 r3B. 

BLmo JIHeH <l>a30BLIH aHaJIH3 ynpyroro 

rr± 4He-pacceRHHR npH 3HeprHRx (20-160) M3B 

C u;eJILIO o6Hapy)l(eHHR 3$<l>eKTOB HapyweHHR 

3apR,ll;OBOH I C~MMeTpHH B CHJILHbiX B3aHMO

,ZJ;eHCTBHRX 
18 

• TaKHe 3<l><l>eKTLI MoryT B03HH

KaTL 3a cqey pa3HOCTH Mace U- H d-KBapKOB 
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H npO.RBJI.RTbC.R npH pacce.RHHH 17+- H ,- -Me3o
HOB Ha .R,D;pax c HyneBhiM H3ocnHHoM. B pe-
3YJihTaTe TI~aTeJibHoro aHaJIH3a He o6Hapy )KeHo 
HHKaKoro CTaTHCTHtieCKH 3HatiHMOro pa3JIH"IJH.R 
Me)K}];y tiHCTO a,n;pOHHbiMH cPa30BbiMH C,IJ;BHra
MH, onpe.D;eneHHhiMH H3 17+4 He 11 77- 4He-pac
ce.RHH.R (eM. pwc.4). 

~ 
• E= o~'-o~' E = ~';'- ?~- I ' 

l Es E?s ~ 1 
I 

I r 1 ) 11

11 
1 

--
I 

1-1 1 
l 

0.1 

( 

1 
Ep +-) 

I I It 
01 

20 40 60 80 lOOT (M3B)20 40 60 80 T (M3B) 

Puc.4. Pa3uocrL ff =8~+~ -s<-~ Me)K,!J;Y 'IHCTo a)J;

ponnLrMH <Pa3aMH OH ,f : onpe!leneHHLIMH H3 auanu3a 
77+ H 77- 4He-pacce.FIHH.fl. B nplll30H t~aCTH pucyHKa 
DpHBe,!l;eHa COOTBeTCTBYIOil.la.FI pa3HOCTb ,!l;n.fl n apaMeT
pOB ueynpyrocTH 71 f = exp ( -2 (.I) H, f ) • 

• 

fipoBe,IJ;eH TeopeTHtiecKHH aHaJIH3 3BOJI10-
~HOHHbiX ypasHeHHH KXLJ: c ytieToM Ks apKo
BhiX Mace. PaccMoTpeHbi cPYHK~HH pacnpe.D;e
neHH.R ,IJ;Jl.R T.R)KeJihiX KBapKOB, KOTOpbie nony
tieHhi nyTeM tiHCJieHHOrO peweHH.R 3BOJDO~HOH
HbiX ypasHeHH:H KXLJ: c 3a.D:aHHhiMH HatiaJibHhi
MH yCJIOBH.RMH .IJ;JI.R nerKHX KBapKOB H rJIIOO
HOB. PaccMoTpeHa x-3aBHCHMOCTb cPYHK~HH 

pacnpe.D;eneHH.R; noKa3aHO, tiTo .IJ;JI.R T.R)KeJihiX 
KBapKOB WHpOKO HCJlOJlb3yeMa.R napaMeTpH3a
~.R BH,IJ;a X a (1 - x)P MO)KeT npHBOOTH K 3a
MeTHbiM (-10-15%) OTKJIOHeHH.RM OT npaBHJib
HbiX 3HatieHHH /l91. 

Pa3pa6aThiBanacb npe.D;no:>KeHHa.R TeopeTHKa
MH JUlfi MO,IJ;eJib ~eTOBbiX nepe3ap.R.D;OK B a,n;
pOH-.R,D;epHbiX coy.D;apeHH.Rx. PaccMoTpeH npo
~ecc no.IJ;noporosoro po)K}];eHH.R K +-Me3oHoB 
B pA-coy.D;apeHH.RX. 11HTepec K TaKHM peaK~H
.RM o6yCJIOBJieH TeM, "liTO po)K}];eHHe a,D;pOHOB Ha 
.R,D;pax npH 3HeprH.Rx HH)Ke nopora po)K}];eHH.R 
Ha BO.D;OpO.D;HOH MHWeHH MO)KHO paCCMaTpH
BaTb KaK npO.RBJieHHe HeKOTOpOrO KOJIJieK
THBHOrO .R.D;epHoro 3cP¢leKTa. Bhmo n oKa3a
HO /20/ , lftO TaKHe npo~eCCbi tJYBCTBHTeJibHbl 
K HaJIHtiillO . MHOrOKBapKOBbiX KOHcPHrypa~H 
B .R.D;pax. fionytieHO, "liTO npHMeCb 6q-COCTO.R
HHH B .IJ;e:HTpoHe He .IJ;OJI)f(Ha npeBbiWaTb 6%. 
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HCCJIELJ:OBAHIDI 
no HLJ:EPHO:A CllEKTPOCKOllHH 

llpose,IJ;eH nowcK K-3axBaTa Ha ypoBeHb 
c 3Heprwe:H -1000 K3B B 158Gd /21/. B pa6o
Te PaKxasaHa 6hmo yTsep)K}];eHwe o TOM, tiTO 
K-3axsaT Ha 3TOT yposeHb H,IJ;eT c 3Heprwe:H 
156±17 3B. 0.IJ;HaKo HCCJie,IJ;OBaHH.R /21/ noKa-
3aJIH, tiTO 3TO yTsep)K}];eHwe oww6otiHO. K-3ax
BaT Ha COOTBeTCTByromHH yposeHb 3HepreTH
tieCKH 3anpemeH. CymecTBOBaHHe TaKoro pac
na,n;a npe,D;CTaBJI.RJIO 6bi HCKJIIOtiHTeJibHO 60Jib
WOH HHTepec .IJ;JI.R onpe.D;eneHH.R Macchi He:HT
pHHo. 

06pa60TKa 3KCnepHMeHTaJibHOH HHcPOpMa
~H, nonytieHHo:H no nporpaMMe HPHC
HCHAnll no3sonwna nonytiHTb HOBbie apry
MeHThi B nOJib3Y MarHtiHOCTH .R.D;pa ra,D;OJIHHH.R 
1t~Gd82 , Ha "liTO yKa3hiBaeT o6Hapy)KeHHa.R 

B 3KCnepHMeHTax 6oJibWa.R BeJIHtiHHa 3Hepre
THtieCKOH meJIH y npOTOHHOH CHCTeMhi 
( /). p = 3440±60 K3B) , a TaK)Ke MaKCHMYM 

B BeJIHtiHHe 3HeprHH CB.R3H .IJ;BYX npOTOHOB, 
KOTOpbiH o6Hapy)KeH npH Z = 64 H N = 82 122( 

YcrauoaKa ,!l;n.FI uccne,!l;oaau8H .RJXep, opneHTHpoaauHLIX 
OpH HH3KHX TeMnepaTypax. 



lhyqa.Jiocb yrnosoe pacnpe.neneHHe y-ny
qeif, conposo)KJI;aroLUHX pacrra.n .R,nep l69yb, 

OpHeHTHpOBaHHblX IlpH HH3KHX TeMrrepaTypax 

B ra,noJIHHHH H :>KeJie3e. 06pa3eu 169YbGd 
rronyqa.Jic.fl H3 pacrra.na 169 LuGd, rrpHroToB
neHHor o rryTeM HMIIJiaHTaUHH H IIJiaBKH. 0Ka-

TexaonoruqecKHii: yqaCToK AJIH H3rOTOBJieHHH Apeii:<Pos&Ix KaMep s epwHHHoro AeTeKTopa ycTaHOBKH "Heii:TpHH
HhiH AeTeKTop". 
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3aJIOCb, tiTO CTeneHb OpHeHTal.\HH HTTep6IDI 
B )l(eJie3e ,n;ocTaTotrno aenHKa, Tor,n;a KaK 
B ra,n;OJIHHHH H,D;pa HTTep6ID1 He opHeHTHpyiOT
C.fl. no aHH30TpOnHH Y -nyqeji, conpOBO:>K,ll;aiO
~HX pacna,n; 169 YbFe, 6hmH onpe,n;eneHhi na
paMeTpbi CMeliiHBaHIDI MYJibTHnOJibHOCTeH ,IJ;JI.fl 
ceMH nepexo,n;oa 169 Tm f23/. 

C03,[(AHI1E KPYTIH hiX 
3KCnEPI1MEHTAJihHhiX YCTAHOBOK 

Co3,n;aHa KpynHeHllla.fl 3KcnepHMeHTaJib-
Ha.fl yCTaHOBKa Ol.f.fll.f B l.fcl>B3 - "HeHT
pHHHbiH ,n;eTeKTop". C,n;aHa a 3KcnnyaTanmo 
MarHHTHa.fl CHCTeMa YCTaHOBKH, COCTO.fl
~a.fl H3 52 KpynHoMaCliiTa6Hhrx MarHHTOB 
o6~eH MaCCOH 1000 TOHH. l.f3rOTOBJieH 3JieKT
poMarHHT ,n;JI.fl aepliiHHHoro ,n;eTeKTopa c o6'be
MOM MarHHTHOrO noJI.fl 130x120x60 CM. 06-
~a.fl Macca MarHHTa 56 TOHH. lf3rOTOBJieHO 
20 O,IJ;HOKOOp.n;HHaTHbiX llJIOCKOCTeH ,n;peiicpo
BbiX KaMep ,IJ;JI.fl CHCTeMbl QeneyKa3aHIDI aep
liiHHHOrO ,n;eTeKTopa. B ,n;eKa6pe ycneliiHO npo
ae,n;eH cpH3~ecKHH nycK nepaoii oqepe,n;H 
"HeiiTpHHHoro ,n;eTeKTopa". 3Ta ycTaHOBKa 
C03,IJ;aliji.JiaCb B COTpy,n;H~eCTBe C 11<l>B3 (npoT
BHHO)' OHMY, CH30, on 011.RI1, a TaK)I(e 
c yqacTHeM cpH3HKOB H3 r,np (11<l>B3, UoiiTeH) 
H BHP (U11<1>11, By,n;aneliiT) . 

Ha nyqKe ycKopHTeJI.fl l.fcl>B3 CMOHTHpOBa
Ha KpynHa.fl cpH3~ecKa.fl yCTaHOBKa - MarHHT
HbiH HCKpoaoii cneKTpoMeTp Ml.fC-2. n poae
,IJ;eHhi nepBbie nycKoHarra.n;otrnhie ceaHCbi. 

nonHOCTbiO no,n;rOTOBJieHa K HCCJie,IJ;OBaHH
.fiM Ha nyqKa,.~ cpa3oTpoHa 011.RI1 ycTaHOBKa 
APEC - cneKrpoMeTp pe.n;KHX co6hiTHH pacna
,n;a MIOOHOB. 3aperHCTpHpOBaHO OKOJIO 70 TbiC. 
MHOrOTpeKOBblX C06biTHH, Bbl3BaHHbiX KOCMH
qeCKHMH nyqaMH. C nOMO~biO 3TOrO MaTepHa
Jia onpe,n;eneHhi pa6oqHe xapaKlrepHCTHKH yc
TaHOBKH H OTJia)J(eHbl nporpaMMbl o6pa60TKH 
3KCnepHMeHTaJibHbiX ,IJ;aHHbiX. 

3aaepllleHO H3rOTOBJieHHe OCHOBHbiX Y3JIOB 
Macc-cenapaTopa KoMnneKca .RCHAnn-2, cHc
TeMbi HOHHbiX nyqKOB, 3JieKTpOnHTaHIDI, yn
paBJieHIDI H KOHTponH pa6oThi Macc-cenapa
Topa. Co3,n;aH nHH30BbiH 6eTa-cneKTpoMeTp ,n;nH 
onpe,n;eneHIDI apeMeHH )I(H3HH H,n;epHbiX ypoa
Heii. Co3,n;aHhi H HaJia)l(eHbi ,n;pyrHe ,n;eTeKTH
PYIO~He CHCTeMhi ,n;nH KoMnneKca .RCHAnn: 
MYK - MHoro,n;eTeKTopHaH ycTaHOBKa ,n;nH 
H3MepeHIDI KoppenHQHH, MATq - MarHHTHhiH 
aHaJIH3aTop TH)I(eJihiX qacTHQ H 3Jir A - y cTa
HOBKa ,IJ;JI.fl H3yqeHIDI cneKTpOB H COBna,n;eHHH 
H,n;epHbiX ( e- , y , a ) -H3JiyqeHHH. 
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MoHTil)K ,~~;eTeKTHpYJO~eH: 'laCTH ycTaHOBKH APEC. 

C03.[(AHI1E HOBbiX .[(ETEKTI1PYIOIUI1X 
11 3JIEKTPOHHbiX CI1CTEM 

nOBbiiiiEHHO:A: 3<l><l>EKTI1BHOCTI1 

B xo,n;e pa6oT no TeMe BAC pa3pa6oTaH 
HOBbiH MeTO,IJ; perHCTp~ CTBOJia 3JieKTpo
MarHHTHOrO JIHBH.fl C nOMO~biO liiHpOK03a-
30pHbiX ,n;peHcpOBbiX KaMep. ,[(OCTHrHYTO Bbl
COKOe npocTpaHCTBeHHOe pa3pellleHHe U B on
pe,n;eneHHH KOOp,IJ;HHaT ToqeK KOHBepCHH no-
3HTpOHOB. ,I:(n.fl n03HTpOHOB C 3HeprHeH 3 r3B 
H npH TOJI~e KOHBepTepa 3 pa,n;. AJIHHbl 6e3 
yqeTa yrnoaoii pacxo,n;HMOCTH nyqKa aenH
~a U COCTaBJI.fleT U = (1,9±0,1) MM/24/ • 
l.fcnOJib30BaHHe liiHpOK03a30pHbiX ,n;peiicpOBbiX 
KaMep c 6oJibliiOH ,n;nHHoii ,n;peiicpa noTpe6o
aarro co3AaHIDI npHHQHnHaJibHO HOBOH pe
rHcTpHpYffi~eii 3JieKTpOHHKH, TaK KaK ,I1;JI.fi 

onpe,n;eneHIDI Koop,n;HHaThi ocH 3JieKTpoMar
HHTHoro JIHBH.fl Heo6XO,IJ;HMO H3MepHTb pacnpe
,n;eneHHe 3ap.fi,IJ;a B JIHBHe H onpe,n;enHTh apeMeH
Hoe nOJIO)I(eHHe MaKCHMyMa 3apH,D;a. npHMOe 
pellleHHe 3TOH 3a,n;aqH - KBaHTOBaHHe CHrHa
na OT JIHBH.fl (t H - 300-800 HC) C cy~eCT
BeHHO MeHbliiHM (B 5-6 pa3), qeM ,11;JIHTeJib
HOCTb CHrHarra, nepHO,IJ;OM Bbi60pKH. ,[(JI.fl 3TOrO 
6bm pa3pa60TaH MOAYJib KBaHTOBaHIDI CHrHarra 
Ha ocHoBe 6biCTpo,n;eiicTBYffi~ero naparrnehb
Horo AUn 1251. 

l.fccne,n;oBaHhi 3cpcpeKThi noTepb caeToaoro 
H3JiyqeHIDI B ,n;eTeKTope C cpToponnaCTOBOH 
KIOBeTO' 3allOJIHeHHOH CQHHTHJIJI.fiTOpOM 
NE-213 ~61• TaKHe ,n;eTeKTOpbi liiHpoKo npH
MeH.fiiOTC.fl B npaKTHKe cpH3~eCKOrO 3KCnepH
MeHTa ,IJ;JI.fl perHCTpal.\HH H CneKTpOMeTpHH 
6biCTpbiX HeHTpOHOB. noKa3aHO, qTo 3cpcpeKT 
ocna6neHIDI caeToaoro H3nyqeHIDI ,n;JI.fl cpTopo
RJiacToaoii KIOBeThi 3HaqJiTeJibHO MeHbllle, qeM 
AJI.fl CTeKJI.fiHHOH KIOBeTbl C BHeliiHHM OTp~
TeJieM. nonyqeHo, tiTO .n;nHHa norno~eHIDI cae
Ta B CQHHTHJIJIHTope NE-213 cocTaanHeT 
A = 7-10 M, tiTo cy~eCTBeHHo OTJIHqaeTc.fl oT 

3HaqeHIDI A= 1,5 M, Haii.n;eHHoro paHee ,n;pyrH
MH aaTopaMH. nonyqeHHhie AaHHbie o npo3-
patrnocTH 3TOrO CQHHTHJIJI.fiTOpa CBH,IJ;eTeJibCT
BYIQT 0 TOM, tiTO OH C ycnexoM MO)I(eT 6hiTb 
HCnOJib30BaH B ,n;eTeKTOpax 60JibliiOrO pa3Mepa 
(-1M). 

npoBO,IJ;HJIHCb HCCJie,IJ;OBaHIDI no yc<,>Bep
llleHCTBOBaHHIO MeTO,IJ;HKH CTpHMepHbiX KaMep 
C QeJibiO ynyqllleHIDI HX npOCTpaHCTBeHHOrO 
pa3pellleHIDI. ,Un.fl 3TOrO HCnOJib30BaJIOCb Jia-
3epHoe OCBe~eHHe 06'beMa KaMepbl H nOBbillle
HHe ,n;aaneHIDI ra3a. PerHcTp~ H3o6pa)l(eHIDI 





Tpei<a npH Jia3epHOM OCBe~eHHH n03B OJIHeT 

A06HTbCR cy~ecTaeHHoro yMeHbWeHHH :me

MeHTOB H306pruKeHHH, a BbiCOI<Oe A aBJieHHe 

BeAeT I< yMeHbWeHHIO pa36poca CTpHMep OB OT 

HCTHHHOH TpaeKTOpHH B pe3yJibTaTe AHQ>Q>y3HH 

:mei<TpOHOB. lloJiylleHbl CJieAbi llaCTHU B Jia3ep

HOH CTpHMepHoH KaM~e, 3arronHeHHOH r enHeM 

npH AaBJieHHH 10 aTM 271. . 

Pa3pa6oTaHa MeTOAHI<a MaccoahiX KOHT

ponhHhiX HCIIbiTaHHH CTpHMepHbiX Tp y6oK, 

npeAHa3HalleHHbiX AJIH MPOHHoro K anopH

MeTpa 3I<CnepHMeHTa .lJ:EJI<I>.H. llpoBeAeHo HC

CJieAOBaHHe OCHOBHbiX xapai<TepHCTHK CT:RH

MepHbiX Tpy6oK pa3JIHliHOH KOHCTPYKUHH 
1 81

• 

Pa3pa6oTaH HOBbiH MeTOA CliHTbiBaHHH HHQ>op

MaQHH C npOBOJIOliHbiX KaMep - llep e3 pe-

3HCTHBHbiH KaTOA1291 • .lJ:aHHbiH MeTOA MO:>KeT 

6hiTb npHMeHeH B TpeKOBbiX AeTei<Topa x AJIH 

perHCTpaQHH OlleHb 60JibWOtO liHCJia tlaCTHQ, 

HanpHMep, Ha YHK. MeToAOM MoHTe-Kapno 

6hm HCCJieAOBaH 3~*eKT MepTBbiX 30H B KaJIO

pHMeTpe .lJ:EJI<I>H 3 1. Pe3yJihTaThi 3TOH pa6o

Tbi 6hmH ytiTeHbl npH Bbi6ope OKOHllaTeJibHOH 

KOHCTPYKUHH AeTei<Topoa. 
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llpoBeAeHbl MeTOAHlleCI<He HCCJieAOBaHHH 

3Jiei<TponiOMHHecueHTHhiX ApeH:Q>oahiX KaMep. 

0HH nOI<a3aJIH, liTO Tai<He KaMepbi o6JIMaiOT 

B ABa pa3a JIYliWHM BpeMeHHbiM pa3peweHHeM, 

lleM o6biliHbie ApeH:Q>oabie KaMepbi, H MoryT 

perHCTPHpOBaTb KJiaCTepbi nepBHliHOH HOHH-
3aQHH /31i'. 

BonhwaH pa6oTa ocy~ecTaneHa no co-

3AaHHIO HOBbiX 3Jiei<TpOHHbiX CHCTeM, o6ecne

liHBaiO~X npoBeAeHHe Q>H3HllecKHX 3I<CnepH

MeHTOB Ha AOJI:>KHOM COBpeMeHHOM TeXHHlle

CKOM ypoBHe. Pa3pa6oTaHbl HOBbie CHCTeMbi 

6JIOKOI;J HaHOCeKYHAHOrO AHana30Ha, CHCTeMbl 

cnei<TpOMeTpHlleCKHX 6JIOKOB AJIH aMIIJIHTYA

Horo, apeMeHHoro H MHoroMepHoro aHaJIH3a. 

Pa3pa6aThiBanacb annapaTypa AJIH npeAaapH

TenbHOH o6pa60TKH H HaKOIIJieHHH HHQ>opMa

UHH, a TaK:>Ke ee nepeAaliH Ha 3BM. lloArOTOB

neHo H nepeAaHO B 3KcnepHMeHTaJibHhie rpyn

Ilhi 450 3Jiei<TpOHHbiX 6JIOKOB B CTaHAapTe 

KAMAK H 43 6noi<a B CTaHAapTe BHIIIH.R. 

nPHKJIA,nHhiE HCCJIE.il:OBAHIUI 

B 1985 roAy 3aKOHlleHo C03AaHHe H noAro

TOBI<a I< 3KCIIJiyaTaQHH Tpex npOTOHHbiX, HeHT

pOHHOrO H 1T -Me30HHOrO KaHaJIOB KJIHHHK0-

6HOJIOrHlleCI<OrO KOMIIJiei<ca Jl.flll AJlH MeAH

Ko-6HOJIOrHlleCKHX H KJIHHHllecKHX HCCJieAOBa

HHH OHI<onorHtieCKHX 6onhHhiX. 

llpOAOJI)l(aJIHCb COBMeCTHbie HCCJieAOBaHHH 

c HA3 HM.H.B.KypllaToaa no Q>H3HI<e TaepAoro 

Tena C nOMO~IO 1-LSR -MeTOAa. fuyqanHCb Mar

HHTHbie Q>a30Bble nepeXOAbl, AHQ>Q>y3HH MIOO

HOB B MeTaJIJiax, CBepXIIpOBOAHHKH H aMopQ>

Hbie MeTanJihi. 3Q>Q>eKTHBHOCTb ll S R -MeToAa 

AJIH onpeAeneHHH KPHTHlleCKHX napaMeTpoa 

caepxnpoBOAHHI<a Nb3Al6bma rrpoAeMOHCTpH-

• poaaHa a pa6oTe 1321• CaoH:cma aMopQ>HbiX 

MeTannoa c noMo~biO ll SR-MeToAa HccneAoaa

nHcb Ha rrpHMepe Cu10 Zr 7
1831 • 06Hapy:>KeHo, 

liTO TeMnepaTypHaH 3aBHCHMOCTb CI<OpOCTH Ae

nOJIHpH3aQHH MIOOHOB B AH:aiia30He TeMnepa

Typ 10-300 K OAHHai<oaa KaK AJIH aMopQ>Horo, 

Tal< H AJIH KpHCTaJIJIHlleCI<OrO COCTOHHHH 

Cu 1o Zr 7• 3ToT pe3yJihTaT Mo:>KeT 03HallaTh, 

liTO aMopQ>HbiH CIIJiaB Cu 10 Zr 7 COCTOHT H3 

I<JiaCTepoB C pa3MepaMH B HeCKOJibKO KpHCTaJI

JIHlleCKHX HlleeK, aTOMHaH CTpyi<Typa KOTOpbiX 

MaJIO OTJIHllaeTCH OT aTOMHOH CTPY.I<Typbi 

KpHCTanJia. 

JiCIJhlTIUIHe CTpHMepHblX Tpy6oK &APOHHOrO K&nOpH· 

MeTpa YCTIUIOBKH ,UEJICllli. 



YcnewHo rrpoao,D;HTCH coaMeCTHhie pa6oThi 

c HHH AH YCCP (KHea) H H<l>B8 (llpoTBHHo) 

no H3ylleHHlO MeTO,ll;OB npOH3BO,ll;CTBa ~eHHbiX 

,D;JIH H,D;epHoH: Me,D;~HHbi PMHOHYKJIH,D;OB Ha 

yCKOpHTeJIHX Y-240 H JIHY-100 3THX HHCTHTy

TOB. H3MepeHhi BhiXO,D;hi H3oTonoa TaJIJIHH H3 

MHWeHeH npHpO,D;HOrO H o6or~eHHOrO CBHH

~a, KOTOpbie 06JiyllaJIHCb npOTOHaMH Ha YCKO

pHTeJie Y-240 HHH AH YCCP. lloKa3aHo, 

liTO B MHWeHH 
206

Pb (TOJIII.UIHa 2 ,6 rjcM
2 ) 

BbiXO,ll; ~eHHoro ,D;JIH H,D;epHOH Me,D;H~HHbl H30TQ

na 
201 Tl COCTaBJIHeT ( 4,1±0,5) MKH/MKA·ll 

1 341
. 

BhmonHeH 6onLwoH: ~HKJI PMH06HonorH

qecKHx HCCJie,D;OBaHHH no npoeKTY rEHOM. 

H3yllanHch oco6eHHOCTH ,D;eHCTBHH H3JiylleHHH 

c pa3HOH Jlll8 Ha .[{HK. C<l>opMynHpoaaHa 

6Ho<I>H3HIJeCKaH TeOpHH ,D;eHCTBHH HOHH3Hpyro

mHX H3JiylleHHH Ha )KHBbie KJieTKH 1351 . B oc

Hoae 3TOH TeopHH yqeT poJIH npHMbiX H 3H3H-
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nA60PATOPMR 
RAEPHbiX PEAK~MM 

B 1985 ro,ZJ;y OCHOBHbie ycHJUUI KOJIJieKTH

Ba Jla6opaTopHH .R,ZJ;epHbiX peaKQHH 6bmH 

CKOHQeHTpHpOBaHbi Ha pa6oTax no CHHTe3y 

HOBbiX TpaHCcPepMHeBbiX 3JleMeHTOB, nOHCKe 

CBepXTIDKeJibiX 3JieMeHTOB B npHpO,ll;e, Ha H3y

qeHHH MeXaHH3Ma .R,ll;epHbiX peaKQHH. Ilonyqe

Hbi HOBbie 3KCnepHMeHTaJibHbie ,ll;aHHbie 

o CBOHCTBax pa,ll;HoaKTHBHoro pacna,ZJ;a 107 

3JieMeHTa c Maccoii A = 261. 06Hapy:>KeH HO

BbiH BH,ll; pa,ll;HOaKTHBHOrO pacna,ZJ;a T.R:>KeJibiX 

.R,ll;ep C HCnyCKaHHeM HOHOB HeOHa. IlonyqeHa 

HHcl>opMaQH.R o Maccax .R,ZJ;epHo-HecTa6HJibHbiX 
H30TOnOB 6 H, 5H, 4H. 

B noJIHoM o61>eMe 3aaeprneHo c o 3,ZJ;aHHe 

YCTaHOBOK ,U3MAC, MC-A, KCM:, PM:I1C . B KO

poT~HH CpOK C03,ll;aH QHJ<JIHqecJ<HH HMIIJiaHTa

TOp M:U-100, npe,ZJ;Ha3HaqeHHbiH ,ll;Jl.fl npOH3BO,ll;· 

CTBa .R,ll;epHbiX cPHJibTpOB H pa3BHTH.fl HCCJie,ZJ;o

BaHHH no pa,ll;HaQHOHHOMY MaTepHanoBe,ZJ;eHHIO 

H BbiCOK03HepreT~ecKOH HMIIJiaHTaQHH. 3a

aepiileHbi pa6oTbi no BBOAY H3oxp oHHoro 

QHKJIOTpOHa Y -400 B 3KCIIJ1YaTaQHOHHbiH pe

:>KHM no npoeKTHoMy aapHaHTy. CornacHo Te

MaTHqecKoMy IIJiaHY na6opaTOpHH B 198 5 ro,ZJ;y 

ycKopHTeJIH oTpa6oTaJIH ,ZJ;JI.R npoae,ZJ;eHH.R Hayq

HbiX Hccne,ZJ;oBaHHH 7000 qacoa, H3 HHX Y -400-

3500 qacoa. 

HAyqH~M:CCJIE,UOBATEJlhCKM:EPABOT~ 

ITOM:CK B IlPM:PO,UE 

PE,UKI1X ATOMHbiX .fi,UEP 

11 .fi,UEPHbiX ITPEBP A IUEHM:R 

1. IlpO,ll;OJl:>KaJIHCb nOHCKH aHOMaJibHO IIpo

T.R:>KeHHbiX TpeKOB B OJIHBHHax BHe3eMHOrO 

npoHcxoiK,ZJ;eHH.R. K KoHey 1985 r. 6bm o o6Ha

py:>KeHo 10 TpeKOB, KOTOpbie, B03MO:>KHO, 

o6ycnoaneHbi caepxTIDKeJibiMH .R,ll;paMH ranaK

THqecKoro npoHcxoiK,ll;eHH.R (pHc.1). ,Un.R Bbi· 

.RBJieHH.R aHOMaJibHO npOT.R:>KeHHbiX TpeKOB 

npHMeH.ReTC.fl o6nyqeHHe OJIHBHHOB HOHaMH 

C Z ~ 28 qepe3 CHCTeMy meneH. ,UJul n p OCMOT· 

pa KpHCTaJIJIOB pa3pa60TaHbl TeJieBH3HOHHbrH 
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nonyaBTOMaT~eCKHH MHKpOCKOII, HCnOJib3Q

BaHHe KoToporo, 6naro,ZJ;ap.R 6onhrnoii rny6HHe 

cPOKyca H 3JieKTpoMeXaHHqecKOMY npHBo,ZJ;y 

nepeMemeHH.R Koop,ZJ;HHaTbi, no3BOJIHJio yaenH

qHTb CKOpOCTb npOCMOTpa KpHCTaJIJIOB. Ilpo

Be,ZJ;eHbi Mo,ZJ;eJibHbie 3KcnepHMeHTbi no o6ny
qeHmo KpHCTaJIJIOB OJIHBHHa HOHaMH 2 35 U 
c 3HeprH.RMH - 15 M3B/HyKJioH, nocne qero 

o6pa3Qbl o6JiyqaJIHCb 60JibiilHMH nOTOKaMH 

HeHTpOHOB -1021 HeHTp./cM2. TaKHe KpHCTaJI

Jlbi, CO,ZJ;ep:>KaiQHe O,ll;HOBpeMeHHO TpeKH OCTa
HOBHBIIlHXC.R .R,ll;ep 235tJ H TpeKH OCKOJIKOB 

,ZJ;eJieHH.R 3THX .R,ll;ep, 6y,ZJ;yT HCnOJib30BaTbC.fl IIpH 

pa3pa6oTKe MeTo,ZJ;a Ha6mo,ZJ;eHH.R co6hiTHH 

cnoHTaHHoro ,ZJ;eneHH.R caepxT.R:>KeJibiX .R,ll;ep Ha 

IlpO,ll;OJI:>KeHHH HH3K03HepreT~eCKHX yqaCTKOB 

aHOMaJibHbiX TpeKOB B OJlHBHHax H3 MeTeopH-
/1,2/ 

TOB • 

2. IlpoBe,ZJ;eH QHKJI 3KCnepHMeHTOB, CB.fl3aH· 

HbiX C HCCJie,ZJ;OBaHHeM HOBOrO THna pa,ll;HOaK

THBHOrO pacna,ZJ;a T.R:>KeJlbiX aTOMHbiX .R,ll;ep 
230 Th, 231Pa, 233U, 237 Np, 241Am - pac-

na,ZJ;a C HCnyCKaHHeM T.R:>KeJibiX KJiaCTepOB. 

PHc.l. MHKpo<l>oTorpa<l>HR npoTpasneHHoro KpHCTanna 
OnHBHHa, o6n)"leHHoro qepe3 cuCTeMy meneH: ycKopeu· 
HbiMH HOHaMH 59Ni. 



BnepBhie o6Hapy:>KeHo cnoHTaHHoe HcnycKaHHe 
n,n;ep HeoHa. B KalleCTBe ,n;eTeKTopos Hcnonh-
3osanc.H 170-MKM nonH3THneHTepeqnanaT, cno
co6HhiH perHCTpHpOBaTb HOHhl C y,nenbHOH 
HOHH3~eH 5-6 M3B· CM 2/Mr H Z > 6. ,[{n.H 
H,neHTH¢IHKai.J;HH KnacTepOB Ha 6onhlllOM ¢loHe 
a -llaCTHI.{ naBCaH o6nyllanCH HOHaMH OT 12 C 
.no 28Si c 3HeprHeii oT 1,6 .no 2,5 M3B/eyKnoH. 
Ha pHc.2 npe,ncTasneHLI pe3ynLTaTLI KanH6po
BOliHhiX H3MepeHHH BMeCTe C pe3ynLTaTaMH 
H3MepeHHH KnacTepOB 131. 

PHc.2. MHKpo«l>oTorpa$HR: cne,~~;a KnacTepa H OCKOJI· 
KOB ,IJ;eJieHHR: 233{] B JlaBCaHOBOM ,ll;eTeKTOpe npH yse
JlH'IeHHH B 600 pa3. BpeMR: TpaBneHHR: 3 'I B 10% 
NaOH npH 60°C. 

3. J1ccne.IJ;OBaHO HBneHHe 3MHCCHH TH:lKenhiX 
KnacTepoB H3 so36y:lK.IJ;eHHhiX H,nep 234 Pa 
H 236U, o6pa3yiOI.UHXCH npH o6nylleHHH 232Th 
a-llaCTHI.{aMH H ,neHTpOHaMH C 3HeprHeH 34 
H 17 M3B COOTBeTCTBeHHO . lloKa3aHO, liTO C ce
lleHHeM ~ 2 MK6 o6pa3yiOTCH ¢lparMeHTbl 
c A = 24 H He o6pa3yiOTCH c A = 28 
(a ~ 0 ,1 MK6) . llonyqeHLI sepxHHe rpaHHI.{hi 
celleHHii oT 3 ·10-2 .no 3 ·10-~K6 .nn.H conpH
X<eHHhiX TH:>KenLIX ¢lparMeHTOB. 0CHOBHaH .IJ;0-

24N 6 u JIH a, llO-BH.IJ;HMOMY, 0 ycnosneHa TpOH-
HhiM ,neneHHeM, a .IJ;n.H BepOHTHOCTH CHnhHO 
aCHMMeTpHtiHOrO .IJ;BOHHOrO ,neneHH.H nonylleH 

r / r <a lo-10/4/ npe.nen Knacrepa nonH. - • • 

4. 11ccne.nosanach 3MHCCHH 24Ne npH o6ny
lleHHH 232Th TOpM03HhiM H3nylleHHeM MHKpO
TpOHa B ,nHana3oHe 3HeprHii 18-28 M3B. 

lloKa3aHO, liTO 3¢l¢leKT Ha6nro,naeTCH 
npH E y > 21 M3B. CelleHHe peaKUHH 
232 Th (y, 24 Ne) npH E y = 28 M3B paBHO 
-1o-32cM 2. Cpe,nHHH KHHeTHtJecKa.H 3HeprHH 
KnacTepos 24 Ne cocTasnHeT ( 40±8) M3B, liTO 
noliTH s.nsoe HH:>Ke KynoHoBCKoro 6apLepa 
.IJ;n.H HX 3MHCCHH H3 H,npa 232 Th, liTO, nO-BH.IJ;H
MOMY, CBH.IJ;eTenLCTByeT o B03HHKHOBeHHH 
H.IJ;ep 24 Ne npH .neneHHH H.IJ;pa Ha TpH ocKon
Ka 75/ . 

CI1HTE3 1111CCJIE.UOBAHI1E 
CBO:ACTB 1130TOllOB 
HOBbiX 8JIEMEHTOB 

1. J13BeCTHO, liTO B peaKI.{HHX XOnO.IJ;Horo 
cnHHHHH il:,n;ep Pb HnH Bi c HoHaMH Ca, Ti, Cr, 
Fe celleHHe o6pa30BaHHH npo,n;yKTOB Hcnape
HHH KOMnayH,n-H,npa yMeHLlllaeTCH 6onee lleM 
B 10 5 pa3 npH ysenHtJeHHH Z OT 102 .IJ;O 109. 
8TOT 3¢l¢leKT MO:>KeT 6biTb o61>.HCHeH 3HaliH
TenhHhiM orpaHHlleHHeM o6pa3oBaHHH caMoro 
KOMnay H.n;-H,D;pa C pOCTOM ero aTOMHOrO HO
Mepa. 

)leHCTBHTenhHO, llOllhiTKH CHHTe3HpOBaTh 
110 H 111 3neMeHTbl B peaKI.{H.HX C HOHaMH 
Ni noKa3anH, liTO celleHHH HX o6pa3oBaHHH, 
no-BH.IJ;HMOMy, $10-36 cM 2. Mo:>KHo 6Lmo o:>KH
,n;aTL, liTO 6onee npe,nnOliTHTenbHOH OKa:lKtlTC.H 
peaKI.{HH 232 Th + 48 Ca. O,nHaKo npose.neHHa.H 
CepHH 3KCnepHMeHTOB llOKa3ana, liTO He Ha-
6nro,naeTCH ocKonKoB cnoHTaHHoro .neneHHH 
110 3neMeHTa, sepXHHH rpaHHUa < 5 ·10-36 cM 2 

TCD .IJ;n.H 1; 2 > 0,5 MC. 

2. llpose,neHhi 3KcnepHMeHThi no CHHTe3y 
H30TOllOB 108 3neMeHTa B peaKI.{HH 
249 Cf + 22 Ne. AToMLI oT,naliH BLI6HBanHch 
H3 TOHKOH MHllleHH, TOpM03HnHCh B ra3e 
H BMeCTe C llOTOKOM ra3a BhiHOCHnHCb H3 MH
llleHHOH KaMephi, nponycKanHCh llepe3 XHMH
lleCKHH ¢IHnhTp (KBapueBa.H BaTa H rpaHynhi 
CaO, Har peTLie .no 1000°C) H nona,nanH Ha no
sepXHOCTh ,neTeKTOpa a -llaCTHI.{. llOTOK HOHOB 
22 Ne c 3HeprHeii 125 M3B, npollle,nlllHX llepe3 
MHllleHL, cocTaBHn 6 ·10 16. PerHcTpan;HH a-llac
THU nposo.n;HnaCh Bo speMH o6nylleHHH. He 
6hinO 3aperHCTpHpOBaHO HH O.IJ;HOH a -llaCTHI.{hl 
c 3Hepr Heii > 8,5 M3B, 3TO cooTBeTCTsyeT 
npe.neny nonepeliHoro celleHHH 10-34 cM2 ,nnH 
peaKI.{HH o6pa30BaHHH a -aKTHBHhiX H30TO
llOB 108-ro 3neMeHTa c nepHo,noM nonypac
na.na 6onLllle 50 Me. 

3. llpose.neHLI H3MepeHHH nepHo.nos cnoH
TaHHoro ,neneHH.H H3 OCHOBHOrO H H30MepHoro 
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Pa60Tbl no CHHTe3y 110 :meMeHTa Be.D;yTC.II B na6opaTopHH B COTPYAHH'Iecme c ytteHbiMH H3 r.n;P, Ky6&I, PyMbiHHH, 
<I>pauQHH. 

cocToHHHH 25° Fm H 254 102, o6pa3yiDmHxcH 
B j,eaKUHRX 249Cf (4He, 3nt5° Fm H 
20 Pb ( 48Ca, 2n) 254102 . .[LrrH 2 ° Fm H3 oc-
Hoaooro COCTOHHHR llOJiytieHbl 3HatieHHR 
T112 = (5±1,5) • 10 7c H H3 H30MeTpHoro COCTO
HHHR Tu 2 > 1,5·10 7c; ,n;rrH 254102 norryt~eHhi 
3HatieHHR 3 • 104c H > 7 •10 2c COOTBeTCTBeHHO. 
HmKHHH rpaHHUa nepHo.n;oa norrypacna.n;a 3THX 
H30TOllOB H3 H30MepHOrO COCTOHHHR yKa3biBa
eT Ha 6orrhiiiOH ¢aKTop 3anpeTa .n;erreHHR .D:JIR 
B036y)f(]J;eHHbiX COCTOHHHH. 

113YtiEHI1E MEXAHI13MA 
B3AI1MO.UEnCTBIDI CJIOJKHbiX H.UEP 

1. B peaKUHH 11 B + ~e npH 3Hepnrn Ho
HOB 11 B, paBHOH 88 M3B, c noMOinblO MarHHT
Horo cneKTpoMeTpa MCIT-144 H3yqarrHch 3Hep
reTHtiecKHe cneKTpbi 14 0, 150, 160 c uerrhlO 
norryt~eHHR HH¢opMaUHH o .n;e<f>eKTe Mace co
npH)I(eHHhiX npo.n;yKTOB 6 H, 5H H 4H COOTBeT
CTBeHHO. Ha pHc.3 npe.n;cTaarreH 3HepreTHtie
CKHH cneKTp 140, H3MepeHHhiH B peaKUHH 
9Be ( 11B, 6H) 140. B cneKTpax 14 0 H 16 0 
Ha6JilO,Il;aJIHCb nHKH, COOTBeTCTBYlOinHe HecBH-
3aHHbiM COCTOHHHRM 6 H (E = (2,5±0,5 ) M3B, 
r = (1,0-t0,3) M3B) H 4H (E=(3,5±0,5 )M3B, 
r = (2,2±0,3) M3B). B 3HepreTHtieCKOM 
cneKTpe 150 nHKOB, COOTBeTCTBYlOinHX o6pa-
30BaHHIO HeCBH3aHHbiX COCTOHHHH 5H, He 
Ha6JilO,Il;aJIOCb / 6/. 
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PHc.3. :3HepreTH'IeCKHH CneKTp HOHOB 140 B peaKUHH 
9 Be ( 11 B, 14()) 6 H. <I>a3osoe npocTpaHcTso, cooTBeT· 
CTBYIOIUee Kauany (15()+3H+n+n+n), noKa3auo 

• WTpHXOBOH JIHHHeH. <l>a30BOe npOCTpaHCTBO, COOTBeT· 
CTBYIOIUee Kauany (14o + 5H + n), noKa3auo cnnow· 
HOH JIHHHeH. 

2. C noMOm:E.lO ycTaHOBKH ,U3MAC npo,n;orr
)l(aJIOCb HCCJie,Il;OBaHHe MaCCOBbiX pacnpe,n;erre
HHH H cneKTpoa KHHeTHtiecKHX 3HeprHH npo
.D:YKTOB peaK~H, B03HHKalOinHX npH o6rryqe
HHH HOHaMH 2Ne, 40Ar H 32S MHIIIeHeH H3 
2°8 Pb, 232 Th H 238U npH 3HeprHH a6JIH3H 
KyrroHoacKoro 6aphepa B3aHMo.n;elicTBHR. AHa
JIH3Hpoaarroch BJIHHHHe o6orrot~eK c ·z ~ 82 
H N - 126 Ha <f>opMHpOBaHHe MaccoBhiX 
H 3HepreTHtiecKHX pacnpe.n;erreHHH npo,n;yKTOB. 
B cneKTpax KHHeTHtiecKHX 3HeprHH npo,n;yK
ToB 06Hapy)l(eHbl ,Il;Be KOMllOHeHTbi, COOTBeT-



MarKHTHhiH cneKTpoMeTp MCll-144 ycraKOBKH ,ll3MAC. 

CTBYIOI.QHe ABYM THIIaM ,D;eJieHIDI - CHMMeTpHlJ

HOMY H acHMMeTpHtJHOMY. 

3. lhyqanoc& TpoiiHoe ,D;eneHHe B036y)K

AeHHbiX H,!J;ep C 3MHCCHeH 4He B peaKQIDIX 

160 (144 M3B) + 232Th H 12C (108 M3B) + 
+ 197 Au. HecMoTpH Ha To, tJTo rnaBHhiM HC

TOtJHHKOM paBHOBecHbiX a -lJaCTHQ HBJIHeTCH 

3MHCCIDI HX H3 COCTaBHOrO H,D;pa H H3 IIOJI

HOCTblO ycKopeHHbiX OCKOJIKOB, IIOKa3aHO, lJTO 

CYI.QeCTByroT a -tJaCTifi~I, 3HepreTI:ilJecKHe 

CIIeKTpbl H yrJIOBbie pacrrpe,D;eJieHIDI KOTOpbiX 

o6na,D;aroT CBOHCTBaMH, xapaKTepHbiMH AJIH 

3MHCCHH a -tJaCTHQ B TpoiiHoM ,D;eneHHH. MHo

)KeCTBeHHOCTb HX 3MHCCHH Ma = 0,005±0,002 
H 0,006±0,003 AJIH peaKQHH c Th H Au cy

I.QeCTBeHHO rrpeBhilllaeT 3HatJeHIDI, H3BeCTHbie 

,!J;JIH ,D;eJieHIDI CJia6o B036y)KAeHHbiX CHCTeM /7/. 

4. I13MepeHhi 3HepreTHtJeCKHe crreKTpbi 

H yrJIOBhie pacrrpe,D;eJieHIDI HeHTpOHOB, B03HH

KaiOI.QHX rrpH B3aHMOAeHCTBHH ycKopeHHhiX 

HOHOB yrnepo,D;a H HeoHa C 3HepriDIMH ,!1;0 

10 M3B/HyKJioH c HAPaMH 12c, 27Al, 56Fe, 

114Sn, 124Sn, 181Ta, 238U. 3HeprHH HeiiT

poHoB H3MepHJIHCb B ,!J;Haiia30He OT 2 ,!1;0 

40 M3B. llonytJeHHhie 3KcrrepHMeHTaJibHhie 

,!J;aHHbie II03BOJIHJIH C,D;eJiaTb BbiBOA 0 HaJIHlJHH 

paBHOBeCHOrO H rrpe,D;paBHOBeCHOro KOMIIOHeH-

Ta HeHTpOHHOH 3MHCCHH B KaJK,ll;OH H3 peaKQHH 

(pHc.4) . YrnoBhie pacrrpe,D;eneHIDI rrpe,D;paBHo

BecHhi X HefupOHOB pe3KO HarrpaBJieHhl Bile

peA H 3aBHCHT OT MaCChi H,D;pa MHllleHH I 81 • 
lloJiytJeHHbie ,!J;aHHhie HHTeprrpeTHpyiOTCH 

C TOlJKH 3peHIDI pa3JIHlJHbiX MO,D;eneii: Bpa

I.QaiOI.QeroCH ropHtJero IIHTHa, ABH»cyi.QerocH 

HCTOlJHHKa H ABYXCTa,D;HHHOH MO,D;eJIH. 

5 10 15 20 25 30 
E<Ac)MeB 

I'Hc.4. Tnnn•w,bze 3KepreTn'lecKne cneKTpbi Ke8TpoKoB 
B peaKI.UfH 2VN"e + 181Ta (npu 3KeprHH HOKOB 20Ne 
E =180 M3B), H3MepeKKbie non pa3KbiMH yrnaMn. 
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5. )l(eCTKBJI KOMnOHeHTa raMMa·H3nyt~eHHR 

6bma H3MepeHa B peaKQIDIX C TH)KenbiM H HO· 

HaMH 15 N, 22 Ne H 40 Ar npH 3HeprHRX HOHOB 

(5,5+10) M3B/HyKnoH. Ylcnom3oBanHch MH· 
rneHH 130Te, 150 Nd, 153Eu, 159Tb, 181Ta 

H 192os. )lnR ahmeneHHR KaHana peaK IJ;HH, 

npHBO.ll;RI..Qero K o6pa30BaHHIO COCTaBHOr O R.ll;· 

pa, H3MepeHHR npOBO.ll;HnHCh B COBna.n;eH;HH 

c KX-peHrreHoBCKHMH KBaHTaMH ocraro tiHbiX 

R,n;ep H ocKonKaMH .n;eneHHR. Ha6niO.n;anHch 

IllHpOKHe nHKH B o6naCTH 3HeprH:H r aMMa· 

KBaHTOB E y = (12+14) M3B a HcnapHrem

HOM KaHane peaKIJ;HH H a o6nacTH E y>1 6 M3B 

B KaHane .n;eneHHR. C.n;enaHhi npe.n;nono)KeHHR 

0 COOTBeTCTBHH 3THX nHKOB raMMa-pacna,n;y 

rHraHTCKHX .ll;HnOnhHbiX pe30HaHCOB, nOCTpoeH· 

HbiX Ha BbiCOKOB036y)K.ll;eHHbiX COCTORHHRX 
COCTaBHbiX fl.ll;ep H HaneTaiOI..QHX tiaCTHIJ; /g / . 

6. B peaKIJ;HRX 
232 

Th + 
13 

C (160 M 3B) , 
197Au+40Ar (330 M3B) H 181 T a + 

+ 52 
Cr (360 M3B) 6bmH npoae.n;eHhi KoppenR· 

IJ;HOHHbie 3KCnepHMeHTbl C perHCTpaiJ;HeH a ·tiaC· 

THIJ;bl H .ll;BYX OCKOnKOB ,n;eneHHfl. a ·tiaCTHIJ;bl 

perHCTpHpoBanHCh B nnOCKOCTH, o6pa3y eMOH 

HanpaaneHHRMH BbineTa OCKOnKOB ,n;en eHHfl 

H nepneH.ll;HKynRpHO K HeH. llonytieHHbie .ll;aH· 

Hble IU>3BOnfllOT pa3,n;enHTh BKna.ll; B o6pa30Ba-

HHe paBHOBeCHbiX a ·tiaCTHIJ; OT COCTaBHOrO 

R,n;pa, OCKOnKOB ,n;eneHHfl H Tfi)KenhiX npo,n;yK· 

TOB peaKIJ;HH nepe.n;atiH. 

7. Ha OCHOBe HCnapHTenhHOH MO,n;enH 6hinH 

npoae.n;eHbi pactieTbi cetieHHH o6pa3oaaHHR 

Knacrepoa npH pacna.n;e B036y)K.ll;eHHbiX cocraa

HbiX R,n;ep Z = 49, 65, 80, 97, o6pa3yiOI..QHXCR 

B peaKu;HRx Ag + 3 He a .n;Hana3oHe 3HeprHH: 

HOHOB 3 He OT 50 .ll;O 130 M3B B peaKIJ;HRX 
40Ar + (Ag, 154 Sm, Au) npH 3HeprHH HOHOB 
40 Ar, paaHoH: 336 M3B (pHc.5). Ha6n10.n;aercH 

xopornee cornacHe pe3ynhTaToB pactieTa a6co

niDTHbiX CetieHHH CO BCeH COBOKYnHOCTblO 

3KCnepHMeHTanhHbiX .ll;aHHbiX no BbiXO.ll;y paB· 

HOBeCHbiX KnacTepOB B IllHpOKOM .ll;Hana30He 

3HeprHH B036y)K.ll;eHHR, yrnOBbiX MOMeHTOB 

H Z 2 I A cocraaHhiX H.n;ep, 6e3 Hcnonh30BaHHH 

cao6o.n;HhiX napaMeTpoa HnH npHanetieHHR .n;o

nonHHTenhHbiX cPaKTOpOB, CBR3aHHbiX C Bepo

RTHOCTblO o6pa30BaHHR KnacTepOB B COCTaB· 

HbiX R,n;pax. 

8. Mero.n;oM 3<P<PeKTa reHeH: H3ytieHa peaK
IJ;HH 22Ne + 238 U C HCnOnh30BaHHeM MOHO· 

KpHcrannHtiecKoH: MHrneHH. C.n;enaH aHanH3 

apeMeHH nporeKaHHR peaKIJ;HH H nocrpoeHa 

CHCTeMaTHKa BpeMeHHOH ,n;nHTenhHOCTH B 3aBH· 

CHMOCTH OT CTaTHCTHtieCKOrO napaMeTpa 

YCTaHOBK& ,ll;Jlfl HCCJie,llOBaHHJl JKeCTKOH KOMDOHe H Tbl Y·KBaHTOB B peaKQHflX C Tfl:lKeJibiMH HOH&MH. 
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PHc.5. 3 aBHCHMOCT& noJIHoro ce'leHKR o6p1130BaHH.R 
KJI&CTepoB OT 3HeprHH HOHOB 3 He B Jia6opaTopHOH 
CHCTeMe B peaKQHH 3 He + Ag. To'IKH cooTBeTCTBytOT 
3KcnepHMeHTaJI&H&IM ~aHH&IM . KpHB&Ie - pe3yJI&TaT&I 
paC'IeTa no HCnapHTeJI&HOH MO~eJIH. 

P==-ln ~ exp(-B 1/T), r.n:e B 1 - 3Hepnrn aK

THBauHir i -ro KaHa.na pacrra.n:a ao36y)K)J;eHHoro 

Mpa, T - n.n:epHaH TeMrrepaTypa. IlonyqeHHaH 

CHCTeM aTHKa rrpe.n;cTaBJieHa Ha pHC.6 /10,11/. 

9. P a3pa6oTaHa MeTO.IJ:HKa 3KcrrpeccHoro ce

neKTHBHoro Bbi.IJ:eJieHHR 3JieMeHTa 108 KaK 

3KaOCM HR Ha rryqKe qHKJIOTpOHa, II03BOJIRIO

IQaH p erHCTpHpOBaTb CIIOHTaHHOe .n;eJieHHe 

H a.nh<}:la-H3JiyqeHHe H30TOIIOB c T11 2 > 0,05 c. 

qeTbipeXOKHCb 3JieMeHTa TpaHCIIOpTHpyeTCR 

CMeCbiO aprOH + KHCJIOpO.n; (1%) qepe3 XHMH

qecKHe QJHJibTpbi H OCa)K)J;aeTCR Ha CJIOe CBHHqa, 

HaiihilleHHOrO Ha IIOBepXHOCTh IIOJiyiipOBO.IJ:HH

KOBOrO .n;eTeKTopa. B pea~<:qHH 249Cf + 22 Ne 

.IJ:OCTHrH yTa qyBCTBHTeJibHOCTb o6Hapy)l(eHHR 

H30TOIIOB 108 3JieMeHTa ( O)I(H.IJ:aeMaH 3HeprHR 
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PHc.6. CHCTeMaTHKa ~JIHTeJI&HOCTH pacn~a cocTaBHoro .R~pa. To'IKH H cnnoWH&Ie JIHHHH- pe3yJI&TaT&I 3KcnepH
MeHTOB, WTpHXOBa.R JIHHWI - paC'IeT B CT&THCTH'IecKOH MO~eJIH. 3H&'IeHKR napaMeTpa p onpe~eJieH&l nyTeM Bbl
'IHCJieHH.R ~epHOH TeMnepaTyp&I B ~Byx BapHaHTax: a) T = 2,22 (U / A)l/3 H 6) T = 3,16 (U/ A)l / 2 . 
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a-tiaCTHU Bhiiiie 9 M3B) Ha ypoBHe 10-34 cM2. 

Ha ycTaHOBKe, cxeMaTHtieCKH noKa3aHHOH Ha 

pHC.7, 6bmH BblllOJIHeHhl 3KCnepHMeHTbl no 

nOHCKy CnOHTaHHO neJIHUUHXCH H30TOnOB 3JI& 

MeHTa 108 B nponyKTax HnepHOH peaK UHH 
235 u + 40 Ar. llonyt~eHa BepXHHH rpaHHUa 

cet~eHHH a sr ~ 2 ·10-35cM 2 npH T 112 > 0 ,5 c. 

10. Pa3pa6oTaHhi MeTonHKH HenpephiBHoro 

panHOXHMHtieCKOrO BbJneJieHHH KOpOTKO:>KH

BYIUHX H30TonoB W, Ta H Hf, nonyt~aeMbiX 
B HnepHbiX peaKUHHX C TH:>KeJibiMH HOHaMH. 

AToMhi oTnat~H, 3aTopMa:>KHBaJOIUHecH B no

ToKe a3oTa, conep:>KaiUero a3p030JihHhie t~ac

THtiKH KCl H ancop6HpOBaBIIIHecH Ha noBepx

HOCTH a3p030JIH, TpaHcnopTHpOBaJIHCb no Ka

nHJIJIHpy Ha paCCTOHHHe 40 M 3a- 7 c, npHtieM 

noTepH He npeBbiiiiaJIH 25%. qaCTHtiKH nor no

IUaJIHCh HenocpencTBeHHO B paCTBOpe, KOTQ

pbiH B nanhHeHIIIeM CJIY:>KHJI nJIH HOH006M eH

Horo HJIH 3KCTpaKUHOHHOrO pa3neJieHHH 3JI& 

MeHTOB, HenpepbffiHO - 3a CtieT HHTeHCHBHOrO 

KOHTaKTHpOBaHHH a3p030JieH C BOnHhiM p aCT

BOpOM npH HX COBMeCTHOM npOXO:>KneHHH 

tiepe3 HnepHbiH HJIH CTeKJIHHHbiH nopHCThiH 

$HJibTp HJIH nyTeM nepHonHtieCKOrO CMbiBa 

C $HJihTpa. 3$$eKTHBHOCTb H3BJietieHHH 

r 0c 
1000 

500 

~ 

r0c 

Sc 
Na 

I I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I I 
I I 
I I 
I l_, 
I 97 I 
1 Ru I 

I 
I 
l_.., 

I 
I 
l_..., 

I "-----.J 
I 

AsZn 40 
CrMn 

B pacTBop npeBhiiiiana 95%. MeTonHKH HB

JIHIOTCH peKopnHbiMH no MaJIOMY OTHOIIIeHHIO 

o6'beMOB :>KHnKOH H ra30BOH $a3, COCTaBJIHIO

IUeMy JIHillh - 1/1000. 
)l;JIH HneHTH$HKaUHH HeHTpOHone$HUHTHbiX 

HyKJIHnOB Heo6xonHMO OtiHIII,aTb $paKUHJO 

H3yt~aeMoro 3JieMeHTa oT cocenHHX, 6onee 

JierKHX 3JieMeHTOB, tiT06bi B HeH 3aTeM. perHCT

pHpOBaTh KpHBYIO pacnana MaTepHHCKOH aK

THBHOCTH H HaKOnJieHHe-pacnan notiepHeH. 

Bonh$paM BhineJIHJIH nyTeM nponycKaHHH 
aMMHatiHoro pacTBopa t~epe3 KOJIOHKy c cynh

<l>oKaTHOHHTOM, Ha KoTopoH: Ta, Hf H penKo3& 

MeJibHhie 3JieMeHThi norJIOIUaJIHCh 6onee tieM Ha 

99%. TaKHe :>Ke cTeneHH otiHCTKH 6hmH nocTHr

HYThi npH BhmeneHHH Ta HJIH Hf B npyrHx XH

MHtiecKHX CHCTeMax. 

Ha pHc.8 noKa3aH pacnan /
67 W, o6Hapy· 

:>KeHHoro BnepBhie B peaKUHH 
5
'td(20Ne,7n), 

H HaKonneHHe 167 Ta (HneHTH$HUHPOBaH H& 

3aBHCHMO B nponY.KTax npyroii peaKUHH) 

H paHee H3BecTHoro 
167 

Hf. BnepBbie nonyqeHhi 

H npyrHe H30TOllhi W, Ta H Hf c nepHonaMH 

nonypacnana MeHbiiie 1 MHH. 

MeTonHKa HMeeT 6hiCTponeH:cTBHe oKono 

20 C H MO:>KeT paCCMaTpHBaTbCH KaK nepBaH 
MoneJib BbineJieHHH H H3ytieHHH XHMHH BOnHbiX 

paCTBOpOB 3JieMeHTOB C Z = 104+106. 

40 

20 

I tet-t•los 

80 6r CM 
A3P030JibHhiR 

J~ (I I I I • I CIIHJibTP 

nYl.IOK:: )I ... cmo,UHHbiE .UETEKTOPbl JIABCAHOBbiE .UETEKTOPhl C Pb -
I SI~-BATA AKTHBHPOBAHH~ 

B03.UYX YrOJib 

PHc.7 . CxeMa ycTaHOBKH ,n;rrH Bhi,n;erreHHH cnoHTaHHO ,n;eJIHIUHXCH H30Tonoa 108 3JieMeHTa (KaK 3KaocMWI) H pac

npe,n;erreHHe H3BeCTHbiX 3JieMeHTOB B MO,II;eJibHOM OnbiTe. 
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a 

LgN 1.8 

II? W(J41 ,ti0,4; DB) 
1.2 T•lllt'71 

14 60 80 100 

10 6 

2.6 

u 187Ta (139,5t0,4 K3B) 
T •1,3:!:0,3 MHII 

100 200 300 

B 

2.8 

24 T::o 2,05:!: 0,05 MHII 

100 300 BpeMII, c 

PHc.S. KpHBu pacnaAa 167W, CHHTesHpoaBHHoro 
a peaKUHH 154Gd (20 Ne, 7n) (a) H KpHBhie H&KoiiJie
HHII167 Ta H167 Hf (6, a). 

PA3P ABOTKH B OBJIACTH YCKOPHTEJIEA 

1. B 1985 ro.n:y aap.Jmy c 3KcnnyaTaJ.lHeH 
ycxopHTeneif T.JI)I(eJihiX HoHoB (Bee ycxopHTe
JIH OTpa6oTanH Ha 3KCnepHMeHT 7000 '18.COB, 
B TOM qucne JlHKnOTpOH Y-400- 3500 llaCOB) 
DpO.D:OJDKaJIHCh pa6oTI>I no HX COBepweHCTBOBa-

·HHIO. 

Ha IlHKnOTpoHe Y-400 ocymecTBneHo ycxo
peHHe HOBI>IX THnOB HOHOB, OCHOBH&Ie napa
MeTpi>I KOTOpi>IX npHBe.D:eHbl B Ta6nuue. 

'fim HOHOB HHTeHCHBHOCTh, 3HeprH.R, 
qacT./c M3B/ayxn. 

12c2+ 1·10
18 

13,0 
44ca5+ 6·10 12 5,5 
59c05+ 5·1012 3,0 
90Zr 11+ 3·10 10 9,0 

C BBO.D:OM B CTpOH TpeX HOBI>IX KaHanOB 
B BOCTOQHOM HanpaBneHHH ·H ocy~ecTBneHHeM 
BbiBO.D:a nyqKa HOHOB B 3TOM HanpaBneHHH 3a
BepweHa MHoroneTHJI.JI pa6oTa no co3,n:aamo 
CHCTeMI>I TpaHCnopTHpOBKH nyi!KOB JlHKnOTpo
Ha Y-400 no 12 KaHanaM B .D:Byx aanpasneHH
JIX - 3ana,IUIOM H BOCTOQHOM. Ha HeKOTOpi>IX 

H3 3THX KaHMOB CMOHTHpOBaHbl, HMa)l(eHbl 
H Ha'lanH pa6oTaT& CTaJ.lHOHapHbie 3I<:CnepHMeH
TanbHI>Ie yCTaHOBKH. 

Ha UHKnOTpoae Y-400 ycnewao 3Kcnnya- · 
THPYJOTC.JI BbicoxoqacToTHbie reaepaTopbi 
"XpH30nHT", 3$$eKTHBHbie HCTOQHHKH MHOro-
3ap.R.D:HbiX HOHOB 1IJia3MeHHoro THna, CHCTeMa 
nonyqeHH.JI BaKyyMa Ha OCHOBe .D:H$$y3HOH· 
HbiX HaCOCOB C nOBYWKaMH, Oxnll)I(',AaeMbiMH 
)I(HJJ:KHM a30TOM, 3aBepweHbl pa60Tbl no HH.D:H· 
KaJ.lHH napaMeTpOB KaHMOB BbiBe,n:eHHbiX nyq
KOB Ha nym.Te ynpasneHH.R, BbmonaeHbi pa6o
TI>I no aBTOMaTH3HpOBaHHOH CHCTeMe KOHTpOnll 
napaMeTpOB HCTOIIHHKa MHOr03ap.JI.D:HbiX HOHOB 
Ha 6a3e MHKpo-8BM KM-001 H annapaTypbi 
KAMAK. TaKHM o6pa3oM, 3asepweHbi Bee 
pa60Tbl no C03.D:aHIDO H30XpOHHOrO JlHKnOTpo-

• Ha T.JI)I(eabiX HOHOB Y-400, OH BBe,n:eH 
B 3KCnny aTaJ.lHOHHbiH pe)I(HM H Ha ero nyqKaX 
Be.D:yYC.JI HayqH~>Ie H npHKna,n:Hbie Hccne,n:oBa
HH.JI. 

2. n p o,n:on)l(anHCh pa60Tbl no COBepWeHCT· 
BOBaHIDO HCTOIIHHKOB MHOr03ap.RJJ:HbiX HOHOB. 
Ha UHKnOTpOHHOM ,n:yroBOM HCTOIIHHKe 
C uen&IO H3ylleHH.JI OCHOBHbiX 3aBHCHMOCTeH 
BbiXO.D:a MHOr03apii.D:HbiX HOHOB OT napaMeTpoB 
pa3p.R,n:a H HX BnH.JIHH.JI Ha xapaKTepHCTHKH 
nna3Mbi 6bmH npoBe,n:eHbi H3MepeHH.R TeMne
paTypbi nna3MeHHbiX :meKTpoaos1 121. Ha Ma
KeTe na3epHoro HCTOIIHHKa 6binH npOBe,n:eHbl 
uccne,n:oBaHH.JI oco6eHHocTeif noBe,n:eHH.R • na-
3epaoif nna3Mbi B nonepe~~HoM MarHHTHOM no
ne, nonyqeHbi H ycxopeHbi Ha uuxnoTpoHe 
Y-200 HOHbi C 8+, Mg 6+, Si 7+, Ca 10+, Ti 12+, 
er+18 / 18/ (pHc.9). 

N, 
"""'· ....,. 

"c'" 

101 

10 JO 50 A 

PHc.9. 3asHCHMOCT& Komt'leCTaa ycKopHeM&IX aoHoa 
sa OJlHH HMnyn&c nasepa oT aToMHoro aeca MaTepaa
na MIUlleHH. 

3. n o npoeKyY JlHKnOTpOHHOrO KOMnneKCa 
T.JI)I(enbiX HOHOB Y-400 + Y-400M npo,n:on)l(a-
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H3oxpOHHbiH ~KnoTpOH T.IUKen&IX HOHOB Y-400 BBe,IJ,eH B 3KCnnyaT~OHHbiH pe)I(HM, OCH~eH pa3BeTBneHHOH 

CHCTeMOH KaHanOB BHeWHHX DytiKOB, aBTOMaTH3HpOBaHHOH CHCTeMOH KOHTpOn.R napaMeTpoB YCKOpHTen.R H HC· 

TO'IHHKa MHOr03ap.R,IJ,HbiX HOHOB. 

JIHCb pa60Tbl no pa6oqeMy npoeKTHpOB alUfiO 

Y3JIOB H Mo.n;enHposa.Hmo MarHHTHoro non.R 

H BbiCOKoqaCTOTHOH CHCTeMbl QHKJIOTpOHa 

Y-400M. B onhiTHOM npoH3Bo.n;cTse OlUH1 Ha

qaTo H3roTosneHHe 3JieMeHTOB ycHneHIDI H Ho

BhiX nOJDOCHbiX HaKOHe~HKOB 3JieKTpOM arHH

Ta, a TaK:>Ke BaKyyMHOH KaMephi. 

4. 3aseprneHo H3rOTosneHHe y3JIOB H CHC

TeM QHKJIHqecKoro HMnJiaHTaTopa HU-100, 

npe.n;Ha3HaqeHHoro .n;JI.R npose.n;eHIDI Ha n y qKax 

T.fi:>KeJibiX HOHOB npHKJia.n;HbiX HCCJie,IJ;OBaHHH, 

HMeiOI.UHX Ba:>KHOe HapO,Il;HOX03.fiHCTBeHHOe 3Ha

qeHHe ( KpynHOMaCillTa6Hoe npOH3BO,IJ;CTBO 

.fl.n;epHbiX cpHJibTpOB, HCCJie,IJ;OBaHIDl no p a.n;Ha

QHOHHOMY MaTepHaJIOBe.n;eHmo, BbiCOK03Hepre

THqHOH HoHHoH: HMnna.HTaQHH). OcymecTs neHa 

KOMnJieKCHa.fl HaJia,IJ;Ka OCHOBHbiX CHCTeM 

HMnJia.HTaTOpa (MarHHTHa.fl, BaKyyMHa.R, Bhi

COKoqacTOTHa.fl, HOHHhiH HCTOqHHK), H HX 

npoeKTHhie napaMeTphi peanH30Ba.Hhi. Tip ose

.n;eH 3anycK HU-100 H nonyqeHhi ycKopeHHbie 

.n;o KoHe~oH: 3HeprHH 1 M3B/HyKJioH nyqKH 

HOHOB 12 C2+ 16 0 3+ 22Ne 4+ 40Ar 7+ C HH-
' ' ' . 

TeHCHBHOCT.fiMH 9•10 13 5·10 13 1013 1 0 12c-1 
' ' ' 

cooTseTCTBeHHo. OcymecrsneH BhiBo.n; n y qKoB 

YCKOpeHHbiX HOHOB ,IJ;BYM.fl MeTo,IJ;aMH 

( 3JieKTpOCTaTHqecKHH .n;ecpneKTOp H MeTO,Il; o6-

,D;HpKH Ha TBep,D;biX MHilleHHX) C 3cpcpeK THB

HOCTbiO 40-50%. Ha KaHane BhiBe,IJ;eHHOrO nyq

Ka BeAeTC.fl HaJia,IJ;Ka o6nyqaTeJibHOH ycTa.HOBKH 

MH npoH3Bo.n;cTsa H.n;epHhiX cpHJibTpoa
114

•151. 
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HAYqHO-llPHKJI.A.UHblE P ABOTbl 

1. BhiJIH npo.n;on:>KeHbi Hccne.n;osa.HIDI pa

AHaQHOHHoH: nospe:>K,D;aeMOCTH MaTepHaJIOB. 

floKa3a.HO, qTO npH o6nyqeHHH T.fi:>KeJihiMH 

HOHaMH BOCnpOH3BO,Il;.fiTC.fl 3cpcpeKThi, Ha6JIIO

.n;aeMhie npH HeH:TpoHHOM o6nyqeHHH. B qacT

HOCTH, 6biJIO H3yqeHO pa,D;HaQHOHHOe ynpoq

HeHHe HHKeJI.fl H Me,IJ;H/16/ B 3aBHCHMOCTH OT 

.n;o3hi o6nyqeHIDI HOHaMH HeoHa. HHTepecHhiM 

pe3yJibTaTOM 3THX 3KCnepHMeHTOB .fiBJI.fleTC.fl 

TO, qTO CTeneHb ynpoqHeHIDI B OCHOBHOM 3a

BHCHT OT npHMecHOrO COCTaBa HCnhiTyeMOrO 

MaTepHaJia H He 3aBHCHT OT pacnpe,D;eJieHIDI 

pa,D;HaQHOHHbiX .n;ecpeKTOB no TOJII.UHHe o6pa3-

Qa. TionyqeHHhie ,IJ;aHHhie xoporno cornacyroTC.fl 

~ pe3yJibTaTaMH o6nyqeHIDI HeHTpOHaMH C 3Hep

rHeH 14 M3B. BJIIDIHHe npHMecHoro cocraaa· 

Ha ynpo~eHHe MaTepHana H3yqanocb Ha cnna

sax Ba.Ha,IJ;IDI, o6nyqeHHbiX T.fi:>KeJibiMH HOHaMH. 

floKa3a.HO, qTO pa3JIH~Ie .n;o6aBKH HTTpiDI, 

HH06H.fl, QHpKOHIDI npHBO,Il;.fiT JIH60 K ynpoq

HeHmo, JIH6o K pa3ynpo~eHmo MaTepHana 

B npoQecce nocnepa.n;HaQHOHHoro OT:>Km'a • .ll:a.H

HhiH pe3yJibTaT npe,D;CTaBJI.fleT HHTepec C ToqKH 

3peHIDI B03MO:>KHOCTeH HCnOJib30Ba.HIDI Ba.Ha

,IJ;HeBhiX CnJiaBOB ,Il;JI.fl nepBOH CTeHKH TepMO

.fi,Il;epHoro peaKTopa. 

2. 0Tpa6oTa.Ha TeXHonoriDI nonyqeHIDI pa

.n;HoaKTHBHoro npenapaTa 123 I a peaKQHH 

124 Xe (y, n) 123 Xe c nocne.n;yromHM pacna.n;oM 

.fi,Il;ep 
12

:Xe B HCKOMbiH npo.n;yKT. HCTO~HKOM 



B KpaT'IaHWHH CpOK B na6opaTopHH C03.D;IlH H 3anymeH ~HKnH'IeCKHH H M nnaHTaTop lfl..(-100. 

Y·KBaHTOB cny:>KHJIH 3JieKTpoHhi, ycKopennhre 
na MHKpoTpoue MT-22 .no 3HeprHH 21,5 M3B 
c HHTeHCHBHOCTbro nyqKa -25 MKA. ,[(ocTH· 
raeTCR BhiCOKaR pa,D;HOHYKJIH,D;HaR qHCTOTa npe
napaTa 123 I npH o6ora.I.QeHHH Kcenonoao:H MH· 
llleHH IIO H30TOIIY 124 Xe -10%. IlpOH3BO,D;H· 
TenbHOCTb 3Toro MeTo,na nonyqeniDI 123 I ,no
cnrraeT 0,20 MKH/MKA·q 1171 ,nnR 1 r H30TO· 
na 124 Xe. 

3 .. Ilpoao.n;HJiaCh pa3pa6oTKa H ycoaepiiieH
CTBOBaHHe MeTO)J;HK raMMa- H HeHTpOHHQ-aK-

THBaqHOHHOrO aHanH3a CO,D;ep:>KaHIDI 3JieMeHTOB 
B yrne H ,npyrHx reonorHqecKHX o6pa3~ax 

H3 MecTopo:>K,D;eHmi CCCP, EonrapHH, Ky6Lr, 
MonronHH H IlonhiiiH. 

4. Pa.3pa6oTaH HOBhiH MeTO,D; KOH~eHTpHpO
BaHHR 6naropo,nuhrx MeTaJIJioB .n;JIR ~ene:H aHa
JIH3a reon orHqecKHX o6pa3~0B. IloKa3aHO, qTo 
MeTO,D;OM B03rOHKH aHanH3HpyeMhiX 3JieMeH
TOB B ToKe B03,nyxa npH 1200°C H norno~e
HIDI Meiiiaro~HX JieTyqHX 3JieMeHTOB XHMHqe
CKHMH QlHJibTpaMH MO:>KHO Bhr,nenRTb Pt H Ir 
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Ha yCTaHOBKe Pl1:llC HCCneAYJOTCJI P&AHill.\HOHHble DOBpe)I()J;eHHJI M&TepHanOB DOA AeHCTBHeM TJDICenbiX HOHOB. 

H3 o6pa3~0B THna :>KeJie3HCTbiX JiaTepHTOB 
(pHc.lO) , cnaH~es, ynLTpaocHoBHLIX n opoA 
H THTaHoMarHeTHKOB. TepMoxpoMaTorpaQ>HQe
CKHe OnLITLIC pt, Ir, Os, Re, a TaK:>Ke c 3JieMeH
TaMH,C03,D;aiO~HMH QlOH npH HeHTpOHHo-aKTH· 
BB.llHOHHOM onpe,D;eneHHH (Sb, W, As, Gd, Se, 
Na), noKa3aJIH, QTO QlHJILTp H3 Al 20 3 (1200CC) 
3Q>Q>eKTHBHO oqH~aeT Pt H Ir oT Na, QlHJibTp H3 
Nb205 - OT Cd, QlHJibTp H3 Ti02 OT Sb H w. 
XHMHqecKHe QlHJILTpLI H3 MgO H Al 20 3 
(1000-1100°C) - HaH6onee 3QlQleKTHBHLie 
KonneKTopLI, norno~ruo~e Pt, Ir H np onyc
Kruo~e Br H Se. C noMO~biO HosoH: MeTo,D;HKH 
npoaHaJIH3HpOBaH Ha co,D;ep:>KaHHe 6naropo,D;
HLIX MeTannos PM o6pa3~0B yKa3aHHLIX TH
nos (HaBeCKH ,ll;O 5 r) C qyBCTBHTeJibHOCTblO 
onpe,D;eneHHH pt - (l0-7 +lO-B) r/r /18~ 
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5. IlOJIY'IHJIH ,ll;aJILHeH:wee pa3BHTHe pa6oTLI 
no HCCJie,D;OBaHHIO CBOHCTB R,D;epHLIX MeM6paH 
c MaJILIMH nopaMH H HX npHMeHeHmo s CHCTe
Max ra3osoro aHaJIH3a. 

Ha OCHOBe MeTO,D;a ra30,ll;HHaMHQecKoro 
KOHTponH R,D;epHLIX yJILTpaQ>HJILTPB.llHOHHLIX 
MeM6paH npOBe,D;eHO HCCJie,D;OBaHHe BKJia,D;a 
nosepXHOCTHLIX noTOKOB B CyMMapHbiH pac
XO,ll; ra3a. 3KcnepHMeHTLI npose,D;eHLI c He, 
N 2 , Kr, Xe 1191. ,Z:(ml Ka)K,ll;oro ra3a onpe,D;ene
HLI xapaKTepHCTHQecKHe napaMeTpbi nosepx
HocTHoH: ,D;HQlQlY3HH H nocTpOeHbl aruwoKCH· 
MailHOHHbie 3aBHCHMOCTH, Ha OCHOBe KOTOpbiX 
onpe,D;eJieHbl rpaH~bl npHMeHHMOCTH MeTO,IJ;a. 
HaH,ll;eHLI seJIHQHHbi noTeHWfaJILHoro 6apLepa 
B3aHMO,D;eHCTBH11 nOJIH3THJieHTepeQlTaJiaTa 
(MaTpH~I MeM6paHbi) C MOJleKYJiaMH yKa-



IIIHpoKoe pUBHTHe nonyqHJJH pa6oThl no H3rOToBneHJUO H accne.llOB&HJUO ll.ll8pllhlx MeM6pBH c M8JlbiMH nopaMH. 

2 4 .. 

' 2 3 4 .. 

PHc.10. 3aaacHMocn. B&I.lleneHHR Pt H Ir H3 xpoM~a 
H n&TepHT& OT Bp8MeHH npH H&rpeBBHHH .11.0 1150 C. 

31lHHhiX ra30B. ,llaHH:&Ie HCCJieAOBaHH.fl n03Bo
JI.fiiOT onpeAeJIHTI> nYTH noB:&IweHH.fl . ra3oce
neKTHBHOCTH .HAepH:&IX MeM6paH. 

06Hapy:>KeH 3$$eKT KanHnnRpHOH KOHT
paKUHH ".HAepH:&IX" nop ym.TpaMaJI:&IX pa3Me
poB. JbyqeHHe AaHHoro 3$$eKTa HMeeT 6om.
woe npHKriaAHoe 3HaqeHHe B CB.fi3H c npo6ne
MOH C03AaHH.fl .HAepH:&IX MeM6paH c nopaMH 
AHaMeTpOM MeHee 10 HM. OnpeAeJieHa rpaHH-

ua AeHCTBHR CHn KanHnnRpHOH KOHTpaKnuH 
B noJIH3THneHTepe$TaJiaTe. TipeAJIO:>KeHo HC
non:&3os an MeToA OAHHOliHoro HAepHoro Tpe
Ka AnR Aan:&HeHwero H3ytieHHR BJIHRHHR Ka

nHnnRpH:&IX CHn Ha yCTOHQHBOCT:& nopHCT:&IX 

CTPYKTYP 
1201 

• 

3KCTIEPHMEHTAJlhH.AH AllllAPATYPA 

1. H a Macc-cneKTpoMeTpe JII1,lli1A npose
AeH MOHTa:>K H 3anyCK MarHHTOOnTHQecKOH 
CHCTeM:&I, COCTO.fiJ.UeH H3 Tpex AHnOJI:&HbiX Mar
HHTOB CTI-184, ABYX KBaApynon:&H:&IX JIHH3 
MJI-14 H Tpex KBaApynon:&HbiX JIHH3 MJI-5. 

,lln.fl BCeX 3JieMeHTOB npOBeAeHbi H3MepeHHR 
MarHHTHbiX noneH. YcTaHOBJieHo, liTO ypoBHH 
HeOAHOPOAHOCTH MarHHTHOro nonR 3JieKTpo
MarHHTOB CTI-184 coCTaBnRIOT 10-4 no wHpH
He AOpo)I(KH, a BKJiaAhi BbiCWHX MYJI:&THnon:&
HbiX r apMOHHK B MarHHTHoe none KBaApy
nOJibHblX JIHH3 MJI-5 H MJI-14 He npeBbiWaiOT, 
COOTBeTCTBeHHO, BeJIHQHH 5 •10-S H 2 ·10-3no 

OTHOWeHHIO K rJiaBHOH KBaApynoJI:&HOH KOM
noHeHTe. CMOHTHpOBaHa H 3anymeHa CHCTeMa 
CTa6HnH3HpOBaHHOrO CHnOBOrO nHTaHH.fl Mar
HHTH:&IX 3JieMeHTOB C ypOBHeM CTa6HJIH3aqHH 
no TOKY 10-4• 

Pa3p a6oTaHa 3JieKTpOHHaH CHCTeMa cqeTa 
OTAeJibHblX HOHOB B $OKaJI:&HOH nJIOCKOCTH 
MaCc-cn eKTpOMeTpa Ha 6a3e MHKpOKaHaJI:&HblX 
nJiaCTHH C MHOr03JieMeHTHbiM AHOAOM. ,lloCTHr
HYTO n p oCTpaHCTBeHHoe pa3peweHHe -1 MM, 
cKopocT:& cqeTa - 250 Mru. CHcTeMa Bhmon
HeHa Ha ocHose 6noKoB KC-021 H KK-001. 
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2. Co3,naH H sse.nea B 3KcnnyaTaum<> .nsyx

nnet~esoii speMHnponeTHbiii cneKTpoMeTp ycTa

HOBKH ,1J;3MAC, COCTOHI.QHii H3 ABYX llO)l;BH:>K· 

HbiX ll03HUHOHHQ-tJYBCTBHTeJibHbiX nneti , Ka:>K· 

,noe H3 KOTOpbiX BKJIIOtiaeT B ce6H ,IJ;eTeKTOpbi 

Ha OCHOBe MHKpOKaHaJibHbiX nnaCTHH H JlaBHH· 

Hble CtieTtiHKH )l;JIH llOJiytieHHH BpeMeHHbiX OT· 

MeTOK, HOHH3auHOHHYIO KaMepy H cneUHaJib· 

Hbie .neTeKTOpbi ,nnH onpe.neneHHH MecTa nona

AaHHH tiaCTHU B ,neTeKTHpyroruee ycTpOiiCTBO. 

YcTaHOBKa no3BOJIHeT nposo,nHTb TOtiHYJO 

H,IJ;eHTH<pHKauHIO KOppenHpOBaHHbiX npo,nyK

TOB peaKUHii no Macce (M1 = ±1,5 a.e.M.) ,3a

PMY H npocTpaHCTBeHHOMY pacnpe.nen eHHIO. 
B KatieCTBe HJIJIIOCTpaUHH Ha pHc.11 npe.n
CTasneH BbiXO,IJ; npo,nyKTOB B p eaKUHH 
232 Th + 40 Ar (220 M3B) s 3aBHCHMOCTH oT 

MaCCbl H llOJIHOi% KHHeTHtiecKOii 3HeprHH 121( 

232Th + 40Ar 

PHc.ll. BbiXOA npOAYKTOB B peaKQHH 232Th + 40 Ar 
(220 M3B) B 3aBHCHMOCTH OT MaCChi H DOJlHOH KHHe
THQeCKOH 3HeprHH (IJK3). 

3. Co3,naHa H sse.neHa B 3KcnnyaTauHIO yc

TaHOBKa )l;JIH H3MepeHHH MaCC H,IJ;ep,o6p a3yiO

IUHXCH B ,nsyxtiaCTHtiHbiX peaKUHHX C TH:>KeJibl· 

MH HOHaMH. Macca H,IJ;pa H3BJieKaeTCH H3 3Hep

reTHtieCKOrO cneKTpa o,nHoro H3 napTHepos 

H3BeCTHOi% MaCCbl. Y CTaHOBKa BKJIIOtiaeT B ce6H 

MarHHTHbii% aHaJIH3aTop MCll-144, KaMep y pac

ceHHHH, KOJIJIHMaUHOHHYIO CHCTeMy, ll0 3HUH· 

OHHQ-tiYBCTBHTeJibHYJO HOHH3aUHOHHYIO KaMe
py, H3MepHTeJibHbii% Mo.nynb aa 6a3y CM-3. 

Ha pHc.12 npe,ncTasneH cneKTp H,IJ;ep 2c, o6-

pa3yiOI.QHXCH B peaKUHH 9Be ( 11B, 12C) 8 Li. 

68 

400 

q . 
0300 
X I :!l 

..; 

IIi 
Cli 

' 9 11 12 8 
Be+B- C+Li 

30 40 50 60 70 80 90 
KAHAfl 

PHc.12. 3HepreTHQeCKHH cneKTp RAe~ 12c, o6pa3yKJ· 
II.lHXCH B peaKQHH 9 Be ( 11 B, 12C) Li. CTpenKaMH 
06o3HaqeHbl D03HQHH, COOTBeTCTByKlll.lHe o6pa30BaHHIO 
.R.t{ep 8 Li B OCHOBHOM H ABYX B036}')K.t{eHHbiX COCTOH· 
HH.RX. 

TotiHOCTb onpe.neneHHH 3HeprHH cocTasnHeT 
BeJIHtiHHY - 0,33%, COOTBeTCTBeHHO TOtiHOCTb 

Onpe,neneHHH peaKUHH H MaCCbl 8Li COCTaBHJia 

BeJIHtiHHy-280 K3B/22/. 

4. Co3,naHa H sse.neHa B 3KcnnyaTauHIO 

ycTaHOBKa MC-A .nnH npose,neHHH Hccne.nosa

HHii Ha nytiKaX TH:>KeJibiX HOHOB UHKJIOTpOHa 

Y-400, npe,nHa3HatieHHaH ,IJ;JIH H3ytieHHH Mexa

HH3Ma B3aHMo.neiicTBHH cno:>KHbiX H,IJ;ep. YcTa

HOBKa, pa60TaiOIUaH Ha JIHHHH C yCKOpHTeJieM, 

ll03BOJIHeT npOBO)l;HTb MHOronapaMeTpHtiecKHe 

KOppeJIHUHOHHbie H3MepeHHH C perHCTpauHeii 

.no 6 napaMeTpos c onepaTHBHbiM npe,ncTasne

HHeM ,naHHbiX Ha ,nHcnnee 3BM CM-3. 

5. llpose,neHo Hccne.noBaHHe cneKTpoMeT

pHtiecKHX OC06eHHOCTei% perHCTpaUHH CHJibHQ

HOHH3HpyiOIUHX tiaCTHU !l>oTope3HCTOpHbiMH ,ne

TeKTOpaMH C CBq·CMemeHHeM. 3HepreTHtie

CKOe pa3peweaHe ,neTeKTopa c CBq·cMe

meHHeM npOBO)l;HJIOCb Ha nyqKax HOHOB 
14

N (110 M3B), 20 Ne (110 M3B), 40 Ar 
(220 M3B) H 132 Xe (120 M3B) H cocTas~ 
JIHeT -2,8% )l;JIH HOHOB Xe H 2% )l;JIH OCTaJibHbiX 

tiaCTHU. 

6. Co3,naH Manora6apHTHbiii KpHcTann-.nH

!l>paKUHOHHbii% cneKTpOMeTp (K,lJ;C) peHTre

HOBCKOro H3JiytieHHH, OpHeHTHpOBaHHbJii Ha 

aHanH3 Manbix KoaueaTpauHii pt (HJIH Au) 

B ecTecTBeHHbiX o6pa3Uax C tiYBCTBHTeJib· 

HOCTbiO - 1 o-6 r /r. Pa6otiee pa3peweHHe K,ll;C 
-30 3B Ha JIHHHH Ka Fe (6,4 K3B) H -80 3B 

Ha JIHHHH Lapt (9,4 K3B). 

7. Pa3pa6oTaH KOMnneKc annapaTypbi .nnH 
TpeX aBTOMaTH3HpOBaHHbiX H3MepHTeJibHbiX 

Mo,nyneii Ha 6a3e MHKpo-3BM H C03,IJ;aHbi: 



YcTaaoaKa MC-A npe,!lHil3Ha'leHa ,!lJIII HCCJie,!lOBaHHII MexaHH3Ma ll,!lepHbiX peaKI.UfH. 

- H3MepHTeJILHbiH MO,IJ;ynL ,ll;nH yCTaHOBKH 
.[{3MAC Ha MHKpo-3BM .[{BK-1, 

- H3MepHTenLHLIH MO,IJ;ynL ,IJ;nH ycTaHOBKH 
KCI1 Ha MHKpo-3BM "3neKTpOHHKa-60M", 

- MO.Il:Ynh CHCTeMbl aBTOMaTH3HpOBaHHOrO 
rrpoeKTHpOBaHHH rreqaTHbiX rrnaT Ha MHKp0-
3BM "3neKTpOHHKa-60M' '. 

Bee co3,IJ;aHHLie MO.Il:YnH ocHameHLI Heo6xo
,IJ;HMLIM rrporpaMMHLIM o6ecrreqeHHeM. 3aaep-

JIHTEP A TYP A 

1. 11epeJibU'HH B.l1. H ,!lp. B c6. : KpaTKHe coo6me
HHH OMRM, N~7-85, ,[(y6Ha, 1985, c.5. 

2. Perelygin V.P. et al. JINR, E7-85-245 , Dubna, 1985. 
3. TpeTbiiKOBa C.l1. H ,!lp. B c6. : KpaTKHe coo6me

HHII OMRM, N~7-85, ,[(y6Ha, 1985, c.23. 
4. OraaecRH 10.1..(. u ,!lp. B c6.: KpaTKHe coo6meHHII 

OMRM, N~12- 85, ,[(y6Ha, 1985, c.30. 
5. raarpCKHH 10.11. H ,!lp. OH.RH, P15-85-600, .[(y6Ha, 

1985. 
6 . Belozyorov A.V. et al . JINR, E7-85-966, Dubna, 

1985. 
7. CoanHCKH M. u ,!lp. OH.RH, P7-85-377, .[(y6Ha, 

1985. 
8. Ko3yJIHH 3.M. H AP· OMRM, P7-85-31, .[(y6Ha, 

1985. 
9. KaMaHHH B.B. H ,!lp. B c6. : KpaTKHe coo6meHHII 

OMRM, N~8-85, .[(y6Ha, 1985, c.18. 
10. KapaMIIH C.A. H AP· OMRM, P7-85-267, .[(y6Ha, 

1985. 
11 . Byrpoa B.H. H ,!lp. OH.RH, P7-85-902, ,[(y6Ha, 

1985. 

UieHbi . pa60Tbl IIO C03,Il;aHIDO H3MepHTenLHO
BbiqHCnHTenLHOrO ~eHTpa Y-400 • 

3 aaepUieHbl pa60Tbl IIO C03,Il;aHIDO aBTOMa
TH3Hp OBaHHOH CHCTeMbl KOHTpOnH IIapaMeT
poB Y-400 (ACKll Y-400) H Hoaoro rrynLTa 
yrrpaaneHHH. K CHCTeMe rro,IJ;KmoqeHLI ace 
3neMeHTbl pa3BO,Il;KH rryqKOB Ha 13 KaHanax. 
Co3,IJ;aHO cooTBeTCTByroi.Qee rrporpaMMHoe 
o6ecrreqeHHe ,IJ;nH MYnLTHMHKporrpo~eccopHoii 
CHCTeMbl. 

12. Bogomolov S.L. et al. In : Proc. XVII Int . Conf. on 
Phenomena in Ionized Gases. Budapest, 1985, 
vol.2, p.l 057. 

13. BbiKOBCKHH 10.A. H ,!lp. B c6.: Tpy,!lbi .[(eBHToro 
Bcecmo3Horo coBeiUaHHII no ycKopHTeJIIIM 3apR
)f(eHHbiX 'laCTHQ. OH.RH, .[(y6Ha; 1985, T.1, c.79. 

14. AH.!lpHIIHOB A.M. u ,!lp. OMRM, 9-85-532, .[(y6Ha, 
1985. 

15. AHnpHRHOB A.M. u AP· OMRM, 9-85-598, .[(y6Ha, 
1985. 

16. Xaaaa11aK K. u np. OMRM, P14-85-604, ,[(y6Ha, 
1985. 

17 . <l>nepoB r.H. H np. OMRM, 18-85-750, ,[(y6Ha, 
1985. 

18. )J(yiiKoa B.JI. u np. OMRM, 12-85-493, .[(y6Ha, 
1985. 

19. Oa 'IHHHHKoa B.B. u np. OMRM, 18-85-801, .[(y6Ha, 
1985. 

20. Anenb 11.10. H np. OMRM, 18-85-376, .[(y6Ha, 
1985. 

21. Bunn 3 . u np. OMRM, 13-85-754, .[(y6Ha, 1985. 
22. Beno3epoa A.B. H np. OMRM, 13-85-535, .[(y6Ha, 

1985. 
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flA60PATOPMR 
HEMTPOHHOM IIIM3MKM 

0CHOBHaR ,IJ;eJITeJII>HOCTb na6opaTOpHH HeHT
pOHHOH Q>H3HKH B 1985 ro,IJ;y 6biJia HanpaBJieHa 
Ha o6ecneqeHHe peryJIJipHoii 3KcnnyaT~HH 

HMnyJII>cHoro peaKTopa HEP-2, coopy :>KeHHe 
ycKopHTeJIJI-HH:>KeKTopa JIMY-30 H Ha npose
,IJ;eHHe HayqHbiX HCCJie,IJ;OBaHHH Ha peaKTopax 
HEP-2 H HEP-30. B TeqeHHe scero 3anJiaHHpo
BaHHoro nepHo,IJ;a 3KcnnyaT~ peaKTop 
HEP-2 o6ecne~san npose,IJ;eHHe 3KcnepHMeH
TOB. BbinOJIHeH 6oJibWOH 06'beM HCCJie,IJ;oBa
HHH cTpyKTypbi MeM6paH, CTPYKTYPbi noJIH-
3JieK'rpoJIHTOB, BHYTPHKpHcTanJIHqecKHx noneii 
B HHTepMeTaJIJIH,IJ;ax, Q>a30BbiX nepexo,IJ;oB 
B MOJieKyJIJipHbiX KOMnJieKCHbiX COe,IJ;HHeHHJIX, 
TeKCTyp reonor~ecKHX o6pa3UOB H p.R,D; 
,D;pyrHX, B TOM qHcJie npHKJia,IJ;HbiX, HCCJie,IJ;OBa
HHH. Pe3yJII>TaTbi npe,D;cTasneHbi H o6cY:>K,IJ;eHbi 
Ha Pa6oqeM COBeiUaHHH no HCCJie,IJ;OBaHHJO 
KOH,IJ;eHcHpOBaHHbiX cpe,D; Ha HEP-2 (,lly6Ha, 
OKT.R6pb 1985 r.) . BbinoJIHeHbi nepBbie 3Kcne
pHMeHTbi c yJII>Tpaxono,IJ;HbiMH HeiiTpoHaMH Ha 
KaHane YXH. PJI,IJ; HOBbiX pe3yJII>TaToB nonyqeH 
B H3yqeHHH CBOHCTB aTOMHbiX JI,D;ep C UOJI.II· 
pH30BaHHbiMH HeHTpOHaMH H B (n, ·Y )-, (n, a )
H (n, p )-peaKUHJIX. 

B xo,IJ;e npHKJIMHbiX pa6oT npos e,IJ;eHbi 
aHaJIH3bl Ha yCKOpHTeJie 3r-5 6onee 1500, 
Ha peaKTope HEP-2 - 2000 o6pa3UOB }J,JIH 

BbinOJIHeHHJI p.R,D;a reonor~ecKHX, 3KOJiorH
qecKHX H 6HOJIOrHqecKHX HCCJie,IJ;OBaHHH, npo
BO,IJ;HMbiX B COTpy,D;HHqecTBe C HHCTmyTaMH 
CCCP H ,D;pyrHX CTpaH-yqacTHHU OH.RH . 3Q>
Q>eKTHBHO 3KCnJiyaTHpOBaJICJI H pa3BHBaJICJI H3· 
MepHTeJII>HbiH ueHTp JIH<I>. Ha ycKopHTene 
nlfY-30 OCyiUeCTBJieHa npOBO,ll;Ka nyqKa 3JieKT
pOHOB qepe3 nepBbiH YCKOpHTeJII>HbiH y qaCTOK. 
lfHTeHCHBHOCTb nyqKa Ha BbiXO,IJ;e HH:>KeKTop
HOH ceKUHH ,IJ;oBe,IJ;eHa ,IJ;O npoeKTHoro 3Haqe
HHJI 200 A. 
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HAYtffiO-HCCJIE,IJ;OBATEJibCKI1E P AEOTbl 

YrJIOBhiE KOPPEJI.RU1111 
B p-BOJIHOBhiX PE30HAHCAX 

3asepweHo 3KcnepHMeHTaJibHoe H3yqeHHe 
3HepreT~ecKHX 3aBHCHMOCTeH nOJI11pH3aUHOH· 
HbiX H yrJIOBbiX KoppeJIJIUHH B peaKUHH 
117 Sn (n, y ) B oKpecTHOCTH p-BOJIHOBoro pe-
30HaHca 1,33 3B. Pa6oTa BbinoJIHeHa c UeJibiO 
onpe,D;eJieHHJI Tex pe30HaHCHbiX napaMeTpos 
(j-napUHaJibHOH HeHTpOHHOH WHpHHbl, nap

UHaJibHOH PMHaUHOHHOH WHpHHbi), KOTOpbie 
onpe,D;eJIJIIOT seJIH~y o6Hapy:>KeHHbiX paHee 
3Q>Q>eKTOB HapyweHHJI npoCTpaHCTBeHHOH qeT
HOCTH. 

,UJI11 raMMa-nyqeii np.RMoro nepexo,IJ;a 
(E YO = 9,3 M3B) npH 3axBaTe HenoJIJipH30· 

BaHHbiX HeiiTpoHoB c 3HeprHeii E s6JIH3H pe-
30HaHca 1,33 3B (pHC.1) H3MepeHa aCHMMeT
pH.II HX BbiXO,IJ;a OTHOCHTeJibHO sepTHKanbHOH 
nJIOCKOCTH, nepneH,IJ;HKYJIJIPHOH HMnyJibCy 
na,IJ;aiOIUHX HeHTpOHOB. 06Hapy:>KeHHbiH 3Q>
Q>eKT aCHMMeTpHH Bnepe,D;-Ha3a,IJ;, KaK noKa-

• 3aHO Ha pHc.2, ,ll;OCTHraeT 3Ha~TeJII>HOH se-
JIHqHHbi: OKOJIO 30% B MaKCHMyMax/11. . 

TeopeTHqecKHH aHaJIH3 /2/ 3Toro H npe
,IJ;bi,IJ;YIUero noJIJipH3aUHOHHOrO 3KCnepHMeHTOB 
nOKa3aJI, qTo 3Q>Q>eKTbl o6'bJICHJIIOTCJI HHTep
Q>epeHUHeH Ml H El y -nepexo,IJ;oB B peaKUHH, 
B036y)I(JleHHOH O,ll;HOBpeMeHHO S· H p-BOJIHO· 
BbiMH HeHTpOHaMH. 

(n,a )-, (n, p )- H (n, y )-PEAKU1111 

1. Ha PaJlHOaKTHBHbiX .R,D;pax-MHWeHJIX 
npO,ll;OJI:>KeHO H3yqeHHe HeHTpOHHbiX pe30HaHC· 

PeaKTopm.Ji:i 3an HBP-2. 
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0.1 1.0 10 E 

Pnc.l. .Un!J>!J>epeHQHaJI&Hoe ce'leHue o (()) peai<QHH 

117Sn(n, Yo) (oTH.e.llHHHQ&I) s 3aBHCHM OCTH oT 

3HeprHH He}ITpOHOB (3B): 1 - 0 ( 0= 90° ), 2 -

[o(45°) + o(135°)] /2. 

!'., 
0.~ 

IU 
(),2 

o.t 
• -0.~1 0.'1 Ql u \ \6 Ul. ,_, .!!._ l'- 'f. 

-0.2 
-IU 
-0.~ 

PHc.2. AcnMMeTpHH 

E=[ N(45°) -N(185°)]/[ N(45°)+ N(135°)] 

s peaKQHH 117sn (n, y0 ) s 3aBHCHMocTH o T 3Hepi'HII 

HeihpoHOB : TO'IKH - 3KCnepHMeHT, KpHBaH - paC'IeT 

C pe30HaHCHbiMH napaMeTpaMH, DO,llOrHaHHbiMH K 3KC· 

nepHMeHTy. 

HbiX ceqeHHH C BbiXO)J;OM 3ap.R:>KeHHbiX qacnru;. 
PeaK~H 4°K (n, p) H 4° K (n, a) H3MepeHbi 
C nOMO~biD .o;syxceKUHOHHOH HOHH3~0HHOH 
KaMepbi C CeTKOH, B KOTOpyro noMe~aJIHCb 
MHWeHH c co.o;ep:>KaHHeM 4° K, pasHbiM 
2,5 7 • 10 17 aT I eM 2• Tionyqeahi KaK aMnJIHTy.o;
Hhie, TaK H speM.RnponeTHhie cneKTphi, nocne.o;
HHe- B HHTepBaJie 3HeprH:H 0,01 3B- 6 K3B. 
,UJI.R pe30HaHCOB 1,13; 2,29; 3,06 H 5,18 K3B 
(pHc.3) onpe.o;eneHhi napaMeTphi gfn r. ;r 

H g fn fa /f. Y CTaHOBJieHO, qTo ceqeHH.R o6eHX 
peaK~H CJie.o;yroT 3aKOHl 1/v npH HH3KHX 
3HeprH.RX BnJIOTb .D;O 1 3B I 1. 

C fiOMO~biD aHaJIOrHqaoji MeTO.D;HKH H MH· 
WeHH C qHCJIOM aTOMOB 1 ,1· 1017 CM - 2 H3Me
peHO ae:HTpoaaoe ceqeaHe pea~HH 86 Cl(n,p) 
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tBc.3. BpeMHnponeTH&Ie cneKTp&I a -'laCTHQ s peai<QHH 

K (n, a): En- 3HeprHH HeHTpOHOB B 3B, n- HOMep 

KaHaJia aHaJIH38TOpa; TpH cneKTpa COOTBeTCTBYIDT 

TpeM p83HbiM 3H8'1eHHHM 3HeprHH a ·'18CTH~. 

npH 3HeprHH .o;o 10 K3B. Bnepsbie o6aapy)l(eHbi 
HeHTpOHHhie pe30HaHCbl Ha 3TOM .R.D;pe npH 
3HeprH.Rx 1,3; 3,5 H 8,2 K3B (pHc.4) c napa
MeTpaMH grn rp /f '"' 0,07±0,01; 0,08±0,03 
H 1,7± 0,3 3B COOTBeTCTBeHHO. CpasHeHHe pe-
3YJibTaTOB C .D;aHHbiMH .D;JI.R o6paTHOH peaKQHH 
sss (p, n)86 Cl noKa3ano xopowee cornacHe 
B 3HepreTHqeCKOH WKaJie o6eHX peaK~H 
H fi03BOJIHJIO fiOJiyqHTb OfeHKH npOTOHHbiX 
H HeHTP~!JHbiX WHpHH :: · TioKa3aHO, ~0 
peaK~H Cl (n, p) H Na (n, p) .o;oJI:>KHhi 
HrpaTb OCHOBHYID pOJib B npoueccax npeo6pa-
30BaHH.R pa.D;HOaKTHBHbiX .R.D;ep XJiopa-36 H HaT
pHR-22 BO BpeM.R B3pbiBa CBepXHOBbiX 
3Be3.o; 151 

2. Bhmonaea MHoroyposaesbiH aHaJIH3 Ten
nosoro ceqeaH.R paaee Hccne.o;osaaao:H peaK~H 
145 Nd (n, a ). TioKa3aHO, qTo HHTep$epeH~.R 
Tpex pe3oaaacos c Eo = -28,19; 4,35 
H 42,51 3B MO)I(eT o6'b.RCHHTb Ha6Jiro.o;aeMoe 
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PHc.4. BpeMRnponeTH&IH cneKTp BbiXOAa npoTOHOB 
B peaKUHH 86Cl (n, p)S8s; t- HOMep KaHana, ~<l>p&I 
HaA CTpeJJKaMH - 3HeprHR HeiiTpOHOB B K3B. 

pacxo:>K,Z~;eHHe Ha ,IJ;Ba nop.R,D;Ka BeJIHtlHHhi 

Me:>K,Il;y BepXHeH 3KCnepHMeHTaJibHOH o~eHKOH 

Ce'lleHH.R H o6bi'IIHO~ 6peHT-BHI'HepOBCKOH 

3KCTpanoJI~eH H3BeCTHbiX pe30HaHCOB B Teii

JIOBYJO TO'IIKY 
161• 

3. Ilpo,D;OJI:>KeHo H3yqeHHe ABYXKBaHTOBhix 

KacKa,IJ;OB, HAY~X 11epe3 npoMe:>KYTO'IIHhie 

ypoBHH .R,D;ep pe,D;K03eMeJibHOH o6nacTH, B03-

6y:>K,~J;ae~bie npH 3axBaTe HeHTpOHOB. Pa6oTa 

Be,IJ;eTC.R C ~eJibiO IIOJiyqeHH.R ,IJ;aHHbiX B IIO'IITH 

HeH3y'lleHHOH o6naCTH 3HeprHH B036y:>K,~J;eHH.R: 
2-5 M3B. 3KcnepHMeHThi c MHWeH.RMH 
17 4 Yb H 16 7 Er BbinOJIHeHhl C IIOMOI.qbiO 

CIIeKTpOMeTpa CYMM aMnJIHTYA COBna,IJ;aiOmHX 

HMIIYJibCOB c ABYM.R Ge(Li)-AeTeKTopaMH. IlpH

Mep nepBH'IIHbiX CyMMapHbiX CnEiKTpOB ,IJ;JI.R 

MHWeHH 3p6H.R noKa3aH Ha pHc.5, r,IJ;e xopowo 

Bbipa:>KeHHbie nHKH o6yCJIOBJieHbl O,IJ;HOBpeMeH

HOH perHCTp~eii OAHoro KBaHTa KaCKa,IJ;a 

B nepBOM, a ,D;pyroro- BO BTOpOM ,IJ;eTeKTOpe. 

06pa60TKa CIIeKTpOB C OT,Il;eJibHbiX ,IJ;eTeKTOpOB 

no3BOJIHJia, B cny11ae peaK~HH 167 Er (n, y ), 
IIOCTpOHTb CXeMy ypOBHeH 168Er B HHTepBane 

3HeprHH B036y:>K,Z~;eHH.R 1276-5797 K3B 17r. )lrr.R 

peaK~H 174 Yb (n, y) yCTaHOBJieHa KoppeJI.R

~ HHTeHCHBHOCTeH ABYXKBaHTOBbiX KaCKa

,IJ;OB CO CIIeKTpOCKOnH'IleCKHMH <f>aKTOpaMH 

peaK~H 176 Yb (d, t)175 Yb 181. 

N 

100) 

PHc.5. Cn eKTp cyMM aMDJJHTYA coBDaAaJO~x HMnym.
COB B peaK~H 16 7 Er (n, y ): n- HOMep KaHana aHanH-
3aTopa, ~<l>pbi- 3Hepi'HR I'aMMa·JJHHHH B K3B. 

4. B hmonHeH TeopeTHtlecKHH aHanH3 3<f>

<f>eKTOB HapyweHH.R 'lleTHOCTH B 3KCnepHMeH

TaJibHbiX HHTerpanbHhiX raMMa-cneKTpax peaK

~H (n, y ). IlonyqeHHhie 3Ha'lleHH.R MaTpH'IIHhiX 

3JieMeHTOB CJia6oro B3aHMO,IJ;eHCTBH.R CBH,IJ;e

TeJibCTBYIOT B IIOJib3Y KOMIIayi:I,IJ;-.R,D;epHOrO 

MeXaHH3Ma CMeWHBaHH.R 'lleTHOCTH/g/. 

Teop emqecKa.R Mo,IJ;eJib, pa3pa6oTaHHa.R pa

Hee B JIH<l> AJI.R onHCaHH.R anb<f>a-pacna,IJ;a, c yc

nexoM HCIIOJib30BaHa AJI.R pac11eTa cnoHTaHHoro 

pacna,IJ;a .R,IJ;eP. C HCnyCKaHHeM T.R:>KeJibiX 'llaCTH~, 

TaKHx, K aK 
14 

C, 
24 

Ne 
110: Pac11eT YAOBJieTBo

pHTeJihHO BOCIIpOH3BeJI 3KCIIepHMeHTanb"iibie 

3Ha'llf:lHH.R CIIeKTpOCKOnH'IleCKHX <f>aKTOpOB H HX 

3aBHCHM OCTb oT CTPYKTYPhi .R,D;ep H BhmeTaro

mero T.R:>Kenoro KJiacTepa. 

YJibTP A XOJIO.[{HbiE 

HE:ATPO Hbl 

1. Ha peaKTope HBP-2 npoBOAHJIHCb 3Kcne

pHMeHThi Ha KaHane yJibTpaxoJIOAHhiX aeiiTpo

HOB C HHTeHCHBHOCTbiO nyqKa 100 HeHTp./C. 

CxeMa K aHana c yKa3aHHeM OCHOBHbiX Y3JIOB 

npe,D;CTaBJieHa Ha pHc.6. KaHan AJIHHOH 9,6 M 

pa3Mei.QeH Ha ny11Ke N~ 3. Ero H30rHYTa.R 11acTb 

no3BOJI.ReT BhiBOAHTb KaK YXH, TaK H MeA

neHHhie HeHTpOHbl CO CKOpOCT.RMH ,IJ;O 100M/C. 

)lrr.R non y11eHH.R 'IIHCToro ny11Ka YXH K KaHany 

no,IJ;coe,IJ;HH.RIOTC.R yrnoBhie noBopoTbi. Onpe,D;e

neHbi rrporrycKaHHe KaHana, <f>opMa cneKTpa 

BbiXO,IJ;.RI.QHX HeHTpOHOB H ,D;pyrHe xapaKTepH

CTHKH/ll/. Ha KaHane YXH rrpoBe,IJ;eHo H3y

'lleHHe o Tpa:>KeHH.R yJibTpaxono,IJ;HhiX HempoHoB 

oT CHJibH O nornomaromux cpe,D;. Pa6oTa Bhmon

H.RJiacb c ~eJibiO npoBepKH TeopeTH'IleCKH 

npe,D;CKa3aHHOH B03MO:>KHOCTH yBeJIH'IleHH.R OT

pa:>KeHH.R c poCToM ce'lleHH.R nornomeHH.R (AJI.R 

6onbWHHCTBa nornomaromux cpe,D; xapaKTepHo 

o6paTHOe IIOBe,IJ;eHHe) • C IIOMOI.QbiO ycTpOHCT-
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PHc.6. Kaaan YJibTpaxono,D,HblX Hei'rrpoHoB Ha p eaKTope 
HBP-2. OcHOBHbie Y3Jibi : 1- &KTHBHilJI 3oHa peaKTopa, 
2 - 3aMeAJIHTeJib, 3 - KOHBepTep YXH, 4 - ,D;onon
HHTeJibHbiH 3aMe,D;JIHTeJib, 5 - H30rHyTbiH HeHrpOHO
BO.D;. OcTanbHbie o6o3Ha'leHHH eM. a I 12/ ~ 

sa, noKa3aHHoro Ha pu:c.7, H3Mepru:rc.R HHTer
pa.ribHhiH K03cpq>H[(HeHT OTpiDKeHH.fl HCCJie,nye
Moro o6pa3ua R s 3aBHCHMOCTH OT cpe,nHero 
3HaqeHH.R sepTHKaJibHOH KOMllOHeHTbl CKOpO
CTH YXH vz , KoTopa.R 6naro,nap.R rpasu:Ta
UHOHHoMy llOJilO MeH.RJiaCb C llOMOmbiO spame
HH.fl Tpoii:Hu:Ka. Pe3yJibTaTbi ,nn.R o 6pa3uos 

• 
Kaaan ynbTpaxono,IJ,HbiX Hei'rrpoHOB Ha nyt~Ke HBP-2. 
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PHc. 7. Y crpoiicrao .D;JIJI H3MepeHHJI Ko:J4>4>HQIIeHTa 
OTP&)I(eHHH YXH: 1 - KaHan YXH, 2 - TpoHHHK, 3 -
,D;eTeKTop, 4 - o6pa3eu;, 5 - nornoTHTeJib. 

ecTecTseHHoro Ka,nMHH u: H30Tona Ka,nMHH-113 
npu:se,neHbi Ha pu:c.S. Bu:,nHo, qTO WI.R ecrecT
seHHOH CMecH H30TOllOB, HMeiOmeii llOJIO)I(H· 
TeJibHYIO ,Il;JIHHY pacce.RHHH, xapaKTepHo yMeHb
meHu:e R c pocToM ceqeHHH nornomeHH.R Vt . 
flpH OTpH[(aTeJibHOH ,Il;JIHHe pacce.RHH.fl, KOTO· 
PYIO HMeeT 113Cd, Ko3cpcpu:[(HeHT oTpiDKeHH.R 
pacTeT c ysenu:qeHu:eM nornomeHH.R ( cnnom
Hbie KpHBbie Ha pu:c.86) /12/. 

lfHTerpa.ribHbie K03cpcpHUHeHTbl OTpiDKeHH.fl 
YXH H3MepeHhi ,naHHbiM MeTo,noM WI.R AI, Mg, 
Pb, Mo, Ti, V 1131• 
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Pue.8. 3asHeHMOeTb HHTerpanbHOrO K03!l>!l>n~eHTa 
OTpll)l(eHHJI YXH oT aeJIHliHHI>l ee11eHHH norJIOIUeHHH 

(B OTHOCHTeJII>HbiX eAHHHUax): a) ecTecTBef.HbiH Cd, 
6) K&AMHH-113, 1 - Vz = 4,06 Me~ ; 2 -
vz-= 3,65 Me-t, 3 - v = 3,40 Me- 4 -
V z = 2,9 Me-l. z 

2. llpOB~eHO TeOpeTHlleCI<Oe paCCMOTpe
HHe aonpoca TpaHcnopTHpOBI<H crycTI<OB YXH 
Me~y Hai<onHTeJII>HbiMH cocy.D;aMH c no
MOIIU>IO 3epi<aJibHbiX HeifrpOHOBO,Il;OB 1141

• 

HE:ATPOHHAR 
CllEKTPOCKOlliDI 

1. HempoHHI>Ie pe30HaHCbi, HX $opMa H no
no:lKeHHe 3aBHC11T OT BHeWHHX YCJIOBHH, B '118CT
HOCTH OT TeMnepaTypbi. )l;onnepOBCI<Oe YWH
peHHe pe30HaHCOB C pOCTOM TeMnepaTypbi -
,D;aBHO H3BecTHbiH $ai<T. 0.D;H8I<O TeMnepaTyp
Hbie CMei.QeHHH pe30HaHCOB B HeHTpOHHOH 
cnei<TpOCI<OnHH OCTaJIHCb npai<THtleCI<H HeHC
CJie,D;OBaHHbiMH BBHAY HX MaJIOCTH. llpe.D;CI<a-
3biBaeMbie 3Ha'lleHHH C,ll;BHrOB onpe,D;eJI1110TC11 
<PopMynoH: ~..:r=-(1/3A)M, (A - Maccoaoe 
'IIHCJIO 11,D;pa, M{ - pa3HOCTb cpe,D;HHX I<HHeTH-
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• 
'lleci<HX 3HeprHH 8TOMOB, COOTBeTCTBYIOI.Qa11 
pa3HOCTH TeMnepaTyp ~T ) H COCTaBJIHlOT 
BeJIH'IIHHY - 0,1 M3B npH THnH'IIHOM 3Ha'lleHHH 
wHpHHbi pe30HaHca 100 M3B. Ha peai<Tope 
HBP-30 a 1985 r. nony'lleHbi nepBbie pe3yn~>
TaTbi H3MepeHIIH TeMnepaTypHoro C.D;BHra Hem
poHHbiX pe3oHaHcoa 11,D;ep Dy, Rh H Ag. 3I<cne
pHMeHT COCT011JI B H3MepeHHH nponyCI<aHHH 
o6pa3u;oa npH TeMnepaTypax a .D;Hana3oHe 
294+667 K no MeTo.D;y apeMeHH nponeTa 
c nocne.D;yroLQHM aHaJIH30M noJio)KeHHH u;eHTpa 
TH:lKeCTH pe30HaHca HJIH ero $opMbi. Pe3yJII>
TaTbi, noi<a3aHHhie Ha pHc.9, HBJI11IOTCH nepBbiM 
ycne~HbiM Ha6nro.D;eHHeM TeMneyaTypHbiX 
C,ll;BHrOB HeKrpOHHbiX pe30HaHCOB I 15 • 

2. 3 aaepweH aHaJIH3 CHCTeMaTHtleci<Hx H3-
MepeHIIH AH$$epeHD;HaJibHbiX ce'lleHIIH pacceH
HHH HeKrpOHOB C 3HeprHHMH 1-400 I<3B Ha o6-
pa3D;ax Ti, Fe, Ni, Zn, Ge, Se, Zr, Mo, Rh, Ru, 
Pd, Te, Ta, W, Re. liHcneHHI>Ie .D;aHHbie o ceqe
HHHX H napaMeTpax HX pa3peweHHH no noJIH
HoMaM Jle)KaH,D;pa ony6nHI<OBaHbi a 1161. Pe-
3YJII>TaTbi HMeiOT 1<81< npHI<Jia.D;Hoe, Tal< H $yH
,D;aMeHTaJibHOe 3H8'11eHHe: BMecTe C .D;pyrHMH 
nonyqeHHbiMH ,ll;aHHbiMH OHH nO,D;TBep~aiOT 

HaJIH'IIHe CnHH-op6HTanbHoro paci.QenneHHH 
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PHc.9. 3aBHCHMOCTh TeMnepaTypHbiX c,nBnr oB pe3o
HaHCOB !!:. ET OT BeJIH'IHHbi !!:.'K/ A. 

B o6naCTH 3p-MaKCHMyMa HeHTpOHHOH CHnO
BOH <f>YHKQHH. 

rETEPO<l>A3HbiE COCTOHHIDI 
llAP AMArHETHKOB 

PacceHHHe HeHTpoHoB HBnHeTCH qyscTBH
Tem>HhiM HHCTpyMeHTOM HCCne,ll;OBaHHH reTepo
<f>a3HbiX COCT011HHH napaMarHHTHbiX cpe,ll;, xa
paKTepH3yeMhiX o6pasoBaHHeM MaKpoo6nac
Te:H. <f>eppoMarHHTHoro ynopHAoqeHHH B oc
HOBHOH napaMarHHTHOH <f>a3e. B 1985 r . 3asep
UI~Hhi cosMeCTHbie 3KcnepHMeHThi OHHH, 
Jl:HH<l> (ra~a) H HH<l> (qCCP) , npHMO AO
Ka3aBUIHe cyw;ecTBOBaHHe reTepo<f>a3Horo co
CTOHHHH B BOnb<f>paMe-186, yKa3aHHe Ha KO
TOpoe B03HHKnO B nepBbiX 3KCnepHMeHT~ 

JIH<l> no H3yqeH:mo ne-B3aHMO,Il;eHCTBH11 c no
MOUJ;biO ,ll;H<f>paKQHH HeHTpOHOB Ha MOHOKpH
CTanne 186 W, o6Hapy:>KHBUIHx AononHHTenb
Hoe pacceHHHe MarHHTHOH npHpOAhi. B 3Kcne
pHMeHTe HH<l> H3Mep~~nocb nonHpH3aQHOHHoe 
oTHoUieHHe AnH HeHTpOHHoro nyqKa nocne 
OTpiDKeHHH OT llnOCKOCTH . (110). MOHOKpH- · 
cranna 186 W. Bhma o6Hapy:lKeHa ,ll;enonHPH-
3aHHH, pasHa~~ no senHqHHe (2,9±0,5 ) %11 71. 
B 3KcnepHMeHTe JIHH<l> BhmonHHnCH nonHpH-
3aQHOHHhiH aHanH3 HeHTpOHOB, paCCeHHHhiX 
MOHOKpHCTannaMH 186W H ecTeCTBeHHOrO 
sonh<f>paMa Ha Manhie yrilhi. PesynhTaThi 
noKa3aHhi Ha pHc.10, rAe cnnoUIHaH KpH
BaH - HopManhHoe ( o6bJqHOe) · pacnpe,ll;ene
HHe non11pH3aQHH pacceHHHbiX HeHTpOHOB. 
3KcnepHMeHTanbHbie TOqKH ( KBa,ll;paThl) ,ll;n11 
oco6o qHcToro ecTecTBeHHoro sonb<f>paMa 
XOpOUIO no:lKaTC11 Ha 3TY KpHByiO . .[LJI11 HCCne
,ll;OBaHHOrO MOHOKpHCTanna 186 W, CO,Il;ep:lKa
w;ero (0,6±0,2)% npHMeCH Ko6anbTa (Tpey
ronhHHKH H Kpyrnhxe ToqKH), o6Hapy)KeHa 
,ll;enon11pH3aQHH HeHTpOHOB. 0Ha 6bma o6'b11C-
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PHc.lO. IIonHpu3aQHH HeiiTpoHoB, pacceHHHbiX Bonb
cl>paMoM Ha Manbie yrnbi B 3aBHCHMOCTH OT nepe,naH
HOrO HMnynbca 471 sin(}/>.: o - oco6o 'IHCThiH ec
TeCTBeHHbiH BOnbcl>paM;!!, , 0 - MOHOKpHCTannbi BOnJ>
cl>paMa-186. 

HeHa ,ll;ononHHTenbHhiM pacceHHHeM Ha q>eppo
MarHHTHhiX KnacTepax, B03HHKaJOUJ;HX BOKpyr 
MHKponpHMeCeH K06anbTa. C yqeTOM 11BneHHH 
reTepo<f>a3HOCTH H3 npe,ll;hlAYUJ;HX 3KCnepHMeH
TOB JIH<l> no AH<f>paKQHH HeHTpOHOB onpe,ll;e
neHa ,ll;nHHa HeHTpOH-3neKTpOHHOrO pacceHHHH 
ane = (-1,60±0,05)·10-16cMI18/. 

MAJIOYr JIOBOE 
P ACCEHHHE HE:ATPOHOB 

Ha peaKTope :HBP-2 npo,ll;on:lKeHo Hccne
AOBaHHe paCTBOpOB nonH3neKTpOnHTOB, npo
BO,Il;HMOe nocpeAc:rsoM H3MepeHliH pacceHHHH 
HeHTpoHoB Ha cneKTpoMeTpe Manoyrnosoro 
pacceHHHH COBMecTHO C l1HCTH'fYTOM MaKpo
MoneKynHpHOH XHMHH (qCCP) • llonH3neKTpo
nHT - 3TO ,ll;nHHHaH rH6Ka11 QenoqKa aTOMHbiX 
rpynn, cnoco6Ha~~ B onpeAeneHHhiX ycnoBHHX 
OT,Il;aTb B paCTBOp HOHbl H npHo6pecTH CBOHCT
Ba 3ap11)KeHHOH HHTH - nOnHHOHa. <l>opMy 
nonHHoHoB B pacTsope YA06Ho npe,ll;cTasnRTb 
B BH,Il;e rayccosa Kny6Ka, KOnHqecTBeHHbie 
XapaKTepHCTHKH KOTOporo ,ll;n11 pa3HhiX yc
nOBHH paCTBOpeHHH OCTaBanHCb HeBh111CHeH
HhiMH snnoTb AO nocne,ll;Hero speMeHH. 

B 1985 r. H3yqanHcb 6ecconesbie p~CTBopi>I 
O,ll;HOrO H3 nonH3neKTpOnHTOB - nonHMeTaKpH
nOBOH KHcnoThi. HeKoTophie 3KcnepHMeHTanh
Hbie KpHBbie pacceHHHH H onHcbmaroUJ;He HX 
<f>YHKQHH .[(e6a11 noKa3aHbi Ha pHc.11. 0AHHM 
H3 napaMeTpOB <f>yHKQHH .[(e6a11 6bm HCCne-
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PHc.11. KpHB&Ie pacceHHHH HeH'rpoHoB ,ll;nH pacTBopoB 
nOnHMeTaKpHnOBOH KHCnOTbl: cnnOWHaH KpHBaH -
<!>yHK~ .[(eOaH, ;l'O'IKH COOTBeTCTBYIOT napaMeTpaM 

. 3 0 l3,c (r/cM ) , Rz(A)'. paBH&IM: 

' 13= 0 c = 0,04 Rz = 44,7±0,5 

• /3.=1 c =0,04 Rz = 75,0±1,3 
6. 13= 1 C=0,02 Rz=71±4 
0 13 =1 c= 0,01 Rz= 70±8. 

.IJ;yeMbiH pa;::J;Hyc IDiep~:.um Rz, no.IJ;ne:>~cmmmli 
onpe.D;eJieHHIO B 3aBHCHMOCTH OT o6I.QeH KOH· 
QeHTpar.um C nOJIHMepa H CTeneHH HeHTpaJIH· 

3arum pacTaopoa 13. YcTaHOBJieHo, qTo paa
Mepbi nOJIHHOHOB yaeJilfqHBaJOTC.fl C yaeJIHqe
HHeM CTeneHH HeHTpaJIH3aUHH B IDITepaane 
0 < 13 < 0,5 H OCTalOTC.fl nOCTO.fiHHbiMH npH 
13 > 0,5. B .IJ;HanaaoHe KOHQeHTPaUHH 
C = 0,01-0,04 He Ha6JIIO.IJ;aeTC.fl 3aBHCHMOCTH 
pa;::J;eyca IDiepUHH nOJIHHOHa OT KOHQeHTpaQHH. 
PacwHpeHHe nonHHoHoB npH fJ > 0,2 o6'b.fiC
HeHo nO.fiBJieHHeM 3JieKTplfqeCKHX 3ap.fl,ll;OB Ha 
QenH. He nonyqeHo HHKaKHX yKa3aHHH Ha pe
ryJI.flpHoe ynopH.D;oqeHHe MoneKyn: MaKp9MQ
neKyJI&I B paCTBOpe OCTalOTC.fl KJiy6KaMH 191• 

B&moJIHeH coaMeCTHbiH aHaJIH3 3KcnepH
MeHToB no ManoyrJIOBOMY pacce.fiHHIO HeHT
pOHOB H raMMa-nyqeli, B peayn&TaTe KOToporo 
y.IJ;anoc& anepa&re .IJ;aTb KOJIHqecTaeHH&Ie xapaK
TepHCTHKH OT,D;eJibHOH QenH nOJIHHOHa H ero 
B3aHMo,D;eHCTBH.fl c pacTaopHTeneM. Ha pHc.12 
npe,D;CTaBJieHbi peayJibTaThi ,D;JI.fl pa;::J;eyca IDiep
r.um nonepe~oro ceqeHH.fl noJIHMepHoH Qe~. 
Ha6JIIO,D;aeM&Ie paanHqH.fl AJI.fl HempoHHoro 
H raMMa·H3JiyqeHHH o6'b.fiCHeHbl HaJilfqHeM 
TaK Haa&maeMoH rH,D;paTHoH o6onoqKH noJIH
HOHa - ynnoTHeHHOrO CJIO.fl BO,ll;bl TOJII.QHHOH 
3,5 .X. YcTaHOBJieHo, qTo nnoTHoCTb BOAhi 
B 3TOM CJIOe Ha 10% BbiWe, qeM B HOpMaJihHOH 
BO,D;e. <l>H31fqeCKOH llplfqiDIOH oco6oro COCTO.fi
HH.fl BO,ll;bl B6JIH3H nOJIHHOHa .fiBJI.fleTC.fl CHJihHOe 
3JieKTplfqecKoe none QenoqKH, KOTopoe He 
TOJibKO nOJI.fiPH3yeT, HO H YnJIOTH.fleT MOJie
KYJibi BO,ll;hl 12111 . 
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PHc.12. ~a,ll;paT&I PMHYCOB HHep~H nonepe'IHoro 
ce'leHHH nonHMepHoH: QenH, nonyqeHH&Ie no ,ll;aHH&IM 
Manoyrn oBoro pa~ceHHHH HeH'rpoHoB R~N H peHTre
HOBCKHX nyqeH: RCx B 3aBHCHMOCTH oT oTHOCHTen&HoH: 
BenH'IHH&I HOHH3aQHH MaKpOMOneKyn. 

<I>A30BhiE llEPEXO.[(hl 
B CYllEPHOHHhiX llPOBO,[(HHKAX 
H AMOP<I>HKAX 

1. CynepHOHHhie npoao,D;HHKH HCllbiThiBaJOT 
npH T > T c cpa30BhiH nepexo,D; B cocTo.fiHHe 
C oqeHb BbiCOKOH HOHHOH npOBO,ll;HMOCThiO. 
llpe,D;hiAYLUHe HeHTpOHHbie HCCJie,D;OBaHH.fl Ha 
peaKTope HBP-2 rH,D;pocyJibcpaToB Qe3H.fl npo
,D;eMoHCTpHpoaanH, qTo nepexo,D; conpoao)I(,D;a
eTc.fl nepeCTpOHKOH KpHCTaJIJIHqecKOH peweT
KH. B 1985 ro,D;y npoae,D;eH&I H3MepeHH.fl c APY
rHM cynepHOHHbiM npOBO,ll;HHKOM - rH,D;pO
CeJieHaTOM Qe3H.fl CsHSe04 • 0AHoapeMeHHo 
H3MepHJIHCh cneKTpbi Heynpyroro pacce.fiHH.fl 
HeHTpOHOB ,D;JI.fl qeTbipex yrJIOB H cneKTp 
,D;HcppaKUHH no,D; O,ll;HHM yrJIOM B o6JiaCTH TeM
nepaTyp 110-405 K. .[(JIH Hccne,D;yeMoro o6-
pa3Qa T c = 398 K, o,D;HaKo, KaK noKa3anH 
3KCnepHMeHTbi, CneKTpbl (pHc.13) HaqlfHaJOT 
H3MeH.fiThC.fl y)l(e npH 360 K, a nocne OXJia)I(
AeHH.fl noJIHOCThiO He aoccTaHaBJIHBaJOTC.fl. Ta
KHM o6paaoM, nepexo,D; CHJihHO aaT.fiHYT no 
TeMnepaType, H B ,D;Hana3oHe 360-405 K cy
I.QeCTBYeT ,D;Byxcpa3Ha.fl CHCTeMa. 06Hapy)l(eHO 
CHJihHOe H3MeHeHHe IDITeHCHBHOCTH ynpyroH 
JIHHHH B 3aBHCHMOCTH OT TeMnepaTypbl 
(pHc.14 ), KOppenHpYIQI.Qee C 3aBHCHMOCThiO 

HOHHOH npoao,D;HMOCTH KpHcTanJia. Pa6oTa 
npOBO,D;HJiaCh COBMecTHO C lfHCTHTYTOM KpH
CTaJIJIOr pacpHH AH CCCP H .RrennoHCKHM yHH
aepcHTeToM(KpaKoB) /21( 
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PHc.13. BpeMHnponeTHbie cneKTpbi Heynpyr oro pac
ceR:HHH Heii'rpoHoB OT nopowKa CsHSe04 • 
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PHc.14. 3aancnMOCTb lg I 0 / I HHTeHCHBHOCTH ynpy
rou JIHHHH cneKTpa ~Jill CsHSe04 oT TeMnepaTypbi, 
CnnowHaR: JIHHHH - Ta )ICe 3aBHCHMOCTb ~Jill npoao~H
MOCTH lg (0 T). 
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2. Ha cneKTpoMeTpe KOP A B pe:>KHMe ynpy

roro pacce.RHHH BLinOJIHeHLI CTPYKTYPHLie 

HCCJie)l;OBaHHH cp8.30BLIX nepeXO)l;OB B opraHH

qeCKHX aMOpcpHLIX Bew;ecTBax - )l;eHTepHpO

BaHHLIX H30TonoMepax MBBA: .l1; 
0

, )1; 8 , .l1; 12 
H )1; 20 • 1-byllaJIHCL CTpyKTypHLie H3MeHeHHH 

B HHTepBaJie TeMnepaTyp 80-320 K B 3aBHCH

MOCTH OT npOI~e,ll;ypLI TepM006pa6oTKH H BJIIDI· 

HHH opHeHTHpyrow:ero MarHHTHoro noJI.R Ha 

CTPYKTYPY pa3JIHliHLIX cpa3. Pa6oTa BeJiacL 

coBMeCTHO c H<I>TT AH CCCP (MocKBa) , 

nmx (lleHHHrpa,ll;) H UH<I>H BAH (Bh)l;a

newT) • Pe3yJILTaTLI ony6JIHKOBaHLI B 22/ • 

.lJ;HHAMHKA 

KOH.lJ;EHCHPOBAHHbiX CPE.lJ; 

1. UeoJIHTLI, HcnoJIL3yeMLie KaK KaTaJIH3a

TopLI B HecpTenepepa6aTLmarow;eH npOMLIWJieH

HOCTH, aKTHBHO HCCJie)l;yiOTC.R B nOCJie)l;HHe 

rO)l;LI pa3JIHIIHLIMH MeTO)l;aMH, B TOM liHCJie 

H C npHMeHeHHeM HeHTpOHOB. lf3yqeHHe a)];· 

Cop6Ip1H yrJieBO,Il;OpO,Il;OB, B llaCTHOCTH KCH

JIOJia, n03BOJI.ReT nOJIYliHTL xapaKTepHCTHKH 

nopHCTOH CTPYKTYPLI ~eoJIHTOB H MeXaHH3Ma 

B3aHMO)l;eHCTBHH a,ll;COp6aTa C nOCJie)l;HHMH. 

Ha HBP-2 npoBe)l;eHLI H3MepeHHH Heynpyroro 

pacce.RHHH H ,ll;HcppaK~H HeHTpOHOB Ha ~eOJIH· 
Te THna NaX H ero Ko6aJILTOBOH MOAH<l>HKa

~ Na50 Co 18 (Al20 8 )85 (Si02 h07 x H 20,o6o3-

HallaeMoH KaK CoX. Ko6anLTOBLie HOHLI pac

noJiararoTc.R B 6oJILWHX nOJIOCT.RX KpHCTaJIJIH

qeCKOH CTpyKTypLI ~eOJIHTa H MOrYT CJIY:>KHTL 

~eHTpaMH a,ll;Cop6~~ MoJieKyJI KCHJIOJia. Hc

cJieAOBaJIHCL o6p8.3~I C pa3JIHIIHLIM liHCJIOM 

MOJieKyJI ( OT 6 )l;O 32) KCHJIOJia Ha OAHY 3Jie

MeHTai>HYIO .RlleHKY ~eOJIHTa. llpHMep 3Kcne

pHMeHTaJILHLIX cneKTpOB )l;aH Ha pHC.15. 

CneKTpLI B HMeiOT HeKoTopLie qepTLI 

CneKTpa KpHCTaJIJIHllecKOrO KCHJIOJia C, liTO 

MO:>KHO O)I(H)l;aTL npH pacnOJIO:>KeHHH MOJieJ<YJI 

Ha BHeWHeH noBepXHOCTH ~eOJIHTa B COOTBeT

CTBHH C ero CTpyKTypOH. llpH a,ll;COp6~H 
C MeHLWeH KOH~eHTp~eH (cneKTp A) Ha6JIIO

)l;aiOTC.R 60JILWHe pa3JIHIIH.R H B03HHKaeT 

HH3KOllaCTOTHa.R MO)l;a KOJie6aHHH npH 

V = 25 CM-l: BLI3BaHHa.R KOJie6aHHeM ABYX 

CB.R3aHHLIX MOJieKyJI KCHJIOJia, nona,ll;aiOUJ;HX 

Ha )l;Ba HOHa MeTaJIJia B 6oJILWOH nOJIOCTH. 

B HaTpHeBoM THne ~eoJIHTa na MOAa 3HaliH-
/ 28/ 

TeJILHO CJia6ee • 

2. llpoBe)l;eHLI H3MepeHHH Heynpyroro pac

ce.RHHH HeiiTpoHoB Ha o6pa3~ax Ce(Cu 1_x Nix) 5 
C ~eJILIO H3ylleHHH nepeXO)l;a B COCTO.RHHe 
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PHc.15 . CneKTp&I aeynpyroro pacceRHHJI aeifrpoHoB 
AJIJI QeOJIHTOB c MCop6HpOBaHH&IM KCHJionoM: CoX 
(JIHHHH 1), NaX (JIHHHH 2) u cneKTp TBepAoro Kpn
cTanna (BBepxy, B), a H 6 COOTBeTCTBYIOT o6pa3QaM 
C 16 H 32 MOneKynaMH KCHJIOna B 3neMeHTapHOH 
JlqenKe QeonnTa. 

c npoMe:>KyTotrnoii saneHTHOCTLIO. YcTa.Hosne
Ho, 'ITO nepeXOA OT COCTOHHHR peweTKH KOHAO 
B COe,D;HHeHHH CeCu5 K COCTORHHIO C npoMe
:>KyTOlffiOH saneHTHOCTbiO B CeNi 5 npH Henpe
pLIBHOM 3aMemeHHH Cu Ha Ni 1:3 pRAY 
Ce(Cu 1_xNix) 5 H,D;eT Henpep:&IBHLIM o6pa30M 
H COllpOBO)K)l;aeTC.fl yMeHLWeHHeM BKJia,D;a 
:meKTpOHOB npOBOAHMOCTH B y,D;eJILHYIO TenJIO
eMKOCTb npH pOCTe S-f rH6pH,D;H3llUHH / 24/ . 

3. BLmonHeHLI pacqeTHo-MeTOAHqecKHe pa-
6oTLI, llOCBHmeHHLie BLiqHCJieHHIO Q>yHK~HH 
pa3peweHHR HeiiTpoHHoro cneKTpoMeT~a s o6-
parnoii reoMeTpHH Ha peaKTope HBP-2 251H na
paMeTpoB noro cne~crpoMeTpa B ycnoBHRX 
H3yqeHHR CTPYKTYPHLIX Q>aKTopos aMopQ>HLIX 
MaTepHaJIOB /26/, 

CTPYKTYPhl, KI1HETI1KA, 
TEKCTYPbl 

1. B PRAY Q>eppHTOB Ba(TiCo )x Fe 12-2x 0 19 
C yBeJIHqeHHeM X Ha6JIIO,D;aeTC.fl ~eJlbiH pH)] 
KOH~eHTpaiJ;HOHHbiX H TeMnepaTypHbiX Q>a30-
BLIX nepexo,D;oB. MarHHTHhie CTPYKTYPLI 3THX 
coeAHHeHHH He,D;ocTaTotrno H3yqeHbi. Ha AHcl>
pa:KToMeTpe .IJ:H-2 pea~cropa HBP-2 npo-
se,D;eHo . HCCJle,D;OBa.HHe MarHHTHOH CTpyK-
Typbi Ba(TiCo) 2Fe 80 19 npH TeMnepaTypax 
4,2+290 K s cosMeCTHOH pa6oTe c 11HcTHTy
ToM Q>H3HKH BbiCOKHX ,D;asneHHH AH CCCP. 
.lJ:HQ>paK~OHHbie cneKTpbi OT MOHOKpHCTaJIJla 
pa3MepaMH 3x3x2 MM perHCTpHpOBaJIHCb O,D;HQ
KOOp,D;HHaTHbiM ll03H~HOHHo-qyBCTBHTeJILHbiM 

AeTe~cropoM . Oco6eHHOCTLIO AHQ>paK~oHHoH 
KapTHHhl OKa3aJIOCb Han~e CaTeJIJIHTOB 
(pHc.16), xapaKTepHbiX AJVI renHKOHAaJILHoro 
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PHc.16. .D:n<PpaKQHOHHbiH cneKTp oT o6pa3Qa 
Ba(TiCo) 2Fe.80 19 B paiioHe y3na (006). BHJlHbi ca
TennHTbl ( 0(}6 )-f H ( 006)-, HHTeHCHBHOCTb KOTOpblX 
MeHJieTCJI c TeMnepaTypoii. 

ynopH,D;oqeHHR CllHHOB no THny npOCTOH CnH
panH SS. BbiHBJieHo cocymeCTJ30Ba.HHe noli 
cTpyKTYPbi c KonnHHeapHoH a.HTHQ>eppoMar
HHTHoH. l13yqeHbl TeMnepaTypHaR 3aBHCHMOCTb 
nepHO,D;a CnHpaJIH B,D;OJlb OCH C KpHCTaJIJla 
H pH,D; ,D;pyrHX xapaKTepHCTHK MarHHTHOH 
CTPYKTYPbl 1271. 

79 



2. Ha .n;Hcl>paKToMeTpe .[(H-2 c no3H~HOHHO-
qyBCTBHTeJibHbiM ,n;eTeKTOpOM BbinOJIHeHbl 

3KcnepHMeHTbi c MYJibTHJiaMennnpHbiM H JIH

nH.n;HbiMH cTpyKTypaMH H3 .n;HnanbMHTOHnne

IJ;HTHHa H nHqHoro newnHHa. Ihyqanocb anHH

HHe cl>a3oaoro cocToHHHH 3THX crpyKTyp Ha 

KHHeTHKY Cop6~HH HMH BO,!l;bl. 8KcnepHMeHTbl 

COCTOHJIH .B H3MepeHHH 3aBHCHMOCTH O'r ape

MeHH HHTeHCHBHOCTeH ,!l;HcPpaKIJ;HOHHblX nHKOB 

H nepHo.n;a nocne pe3Ko:H cMeHhi ycnoa H:H Ha 

o6pa3~e. I13MeHeHHe ycnoaH:H 3aKmoq anocb 

B H3MeHeHHH BJIIDKHOCTH OKpyiKaBllleH o6pa-

3e~ cpe,n;hi. BpeMH ,n;ocTHJKeHHH 3 a,n;aHHo:H 

BJIIDKHOCTH He npeBbllllaJIO 1 MHH, xapaKTep

Hble apeMeHa npo~eCCOB cop6~HH, KaK BH,!l;HO 

Ha pHc.17,- HecKOJibKO MHHYT HJIH HeCK OJibKO 

,n;ecnTKOB MHHyT. BbiJIO noKa3aHo, qTo no-
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PHc.l 7 . Kpus&Ie KHHeTHKH npoQecca cop6QHH BOA&I 
Myn&THcnoRMH H3 AHnan&MHTounneQHTHHa c CsCl. 
illKana BpeMeHH H KOHCTaHTbl npoQeCCa B MHH. 

CTOHHHbie BpeMeHH H3yqeHHbiX npo~eCCOB 3a

BHCHT OT cPa30BOrO COCTOHHHH CTpyKTyp, 

a TaKJKe OT COCTOHHHH o6JiaCTH nOJIHpHbiX 

ron?BOK H yrneao,n;opo,n;HbiX ~ene:H JIHnH
,n;oa 28/. 

llpO,!l;OJIIKaJIHCb HCCJie,!l;OBaHHH TeKCTYP pa3-

JIHqHblX nOJIHKpHCTaJIJIHqecKHX o6pa3~0B Ha 

TeKCTypHOM ,!l;HcPpaK~OHHOM cneKTpOM eTpe 

HCBP peaKTopa 11BP-2 
291

. 
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HAyqHO-nPI1KJIA.[(HbiE P ABOTbl 

1. Ha 3JieKTpocTaT~ecKoM ycKopHTene 

npOTOHOB 8r-5 BbinOJIHHJIHCb pa,n;H~OHHOe 
o6nyqeHHe ( 1500 o6pa3~oa) H MHKpo3ne

MeHTHbiH aHaJIH3 no xapaKTepHCT~eCKOMY 

peHTreHoacKoMy H3JiyqeHmo. CoaMeCTHO c 11H
CTHTYTOM n,n;epHo:H cPH3HKH AH Ka3CCP npoae

.n;eHa pa6oTa no onpe,n;eneHmo npHMece:H 

B KpaCHOM cPOCcPope. MeTO,!l;, OCHOBaHHbiH 

Ha npOTOHHOM B036yiK,!l;eHHH, OKa3aJICH Ha 

nopH,!l;OK qyBCTBHTeJibHee MeTo,n;a B036yiK,!l;e

HHH nyqKOM peHTreHOBCKHX nyqe:i%. .[(JIH HJI

JIIOCTpau;HH Ha pHc.18 npHBe,n;eHbl THn~Hbie 
cneKTpbl xapaKTepHCTHqeCKOrO peHTreHOBCKO

ro H3nyqeHHH ,n;ayx o6pa3~0B cl>occt>opa pa3-

nHqHo:H CTeneHH qHCTOTbl. llpe,n;eJibHaH qyBCT

BHTeJibHOCTb MeTO,!l;a 10-6r/r / 30/. 
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PHc.l8. CneKTp xapaKTepHCTH'IecKoro peHTreHOBCKoro 
H3nytleHH.II ABYX o6pa3QOB ¢loc¢lopa pa3nH'IHOH quCTo
Tbl: a - <Poc<Pop npoM&IwneHHoro npoH3BOACTBa, 
6 - <Poc¢1op nocne cneQHan&HOH oqHCTKH. 

B coaMecTHo:H pa6oTe c lloqaeHHbi~ HH

CTHTyToM HM.B.B • .[(oKyqaeaa BACXHI1JI 

(MOCKBa) BbinOJIHeH MHKp03JxeMeHTHblH aHa

JIH3 110 o6pa3~oa noqa H pacTeHHH. Ony6JIH

KOBaHhi pe3yJibTaTbl HCCJie,!l;OBaHHH, nOJIOJKeH

HbiX B OCHOBY pa3pa6oTaHHOrO MeTo,n;a13l / . 



Ha ycKopHTene 3r-5 co3.n;aHa ycTaHOBKa 
,rum HCCJie,IJ;OBaHHH KpHCTaJIJIOB MeTO,Il;OM o6-
paTHOrO paCCeHHIDI HOHOB, npe,D;Ha3HaqeHHaH 
.n;JIH BbiHBJieHHH oco6eHHOCTeii pacnpe.n;eneHHH 
pa,D;HaQHOHHbiX pa3pyweHHH H onp~eJieHHH 
MeCTOnOJIO:>KeHHH·npHMeCHbiX aTOMOB 32/, 

2. Ha o6nyqaTeJibHbiX KaHanax HBP-2 npo
Be,D;eHbi pa6oTbi no ynyqweHmo xapaKTepH
CTHK ?lqKOB pe30HaHCHbiX H 6biCTpbiX HeHT
pOHOB 3•341• YcosepweHCTBOBaHa MeTO,D;HKa 
aKTHBaQHOHHbiX H3MepeHHH, B qacTHOCTH, 
B 3KCnnyaT~HIO BBe,IJ;eH H3MepHTeJibHbiH MO
.n;yJib ,ll;JIH 3JieMeHTHOrO aHaJIH3a H pa,D;H~HOH
HbiX Hccne.n;oBaHHH Ha HBP-2 1351• BhmonHeH 
aKTHBaQHOHHbiH aHaJIH3 2000 o6pa3n;os. B co
TPYAHHqecTse c HHCTHTYTaMH CCCP H ,D;pyrHX 
ci'paH-yqaCTHHD; OH.RH Hccne.n;osancH wHpoKHii • 
Kpyr 3a,D;aq B o6naCTH reonorHH, 3KonorHH 
H 6HOJIOrHH. 

H3yqeHhi MHrp~ no.n;3eMHbiX so.n; c no
MOIUbiO ·MeTOK CTa6HJibHOrO H30Tona 115 Jn 
H nose.n;eHHe JIIOMHHecn;eHTHbiX D;eHTpOB OK
paCKH MOHOKpHCTaJIJIOB a-Al20 3 (HCnOJih-
3yeMbiX B Jia3epHOH TeXHOJIOrHH) JWH o6ny
qeHHH HX 6hiCTpbiMH HeHTpOHaMH / 36/. 

B o6nacTH pa,D;Ho6HonorHH 3asepweH D;HKJI 
pa6oT no H3yqeHHIO 6HOJIOrHqecKoro .n;eHCTBHH 
6biCTpbiX HeHTpOHOB Ha KJieTKH MJieKonHTaiO
ID;HX, npOBO,ll;HBWHHCH no TpeM napaMeTpaM 
peaKD;HH KJieTOK Ha o6nyqeHHe: O.n;Ho- H ABYHH
TeBbie pa3pbiBbi KOMnJieKCOB .lJ:HK H BbDKH
BaeMOCTh/37•381. C.n;eJiaHbi Bhmo.n;hi o Mexa
HH3Me rH6eJIH KJieTOK npH o6nyqeHHH. 

3KCllJIY ATAUIDI, 
YCOBEPWEHCTBOBAHHE H PA3BHTHE 
OCHOBHblX YCTAHOBOK 
H AllllAP ATYPbl 

PEAKTOPbl 
H YCKOPHTEJIH 

1. PeaKTop HBP-2 B 1985 r. pa6oTan pery
JIHpHo H o6ecneqHJI ,D;JIH cpH3HtiecKHX 3KcnepH
MeHToB Ha 10 ileiiTpoHHbiX nyqKax H o6nyqa
TeJihHOM KaHane yCTaHOBKH "PeraTa" 2200 q 
npH MOID;HOCTH 2 MBT c qacToToH cne.n;oBaHHH 
HMnyJI&COB 5 c-1• Bse,D;eH B 3KcnnyaT~HIO 
HOBbiH H3MepHTeJihHbiH naBHJihOH 117/2 H XH
MHtiecKaH na6opaTopHH HBP-2. IlpoBe,D;eHo 
HCCJie,D;OBaHHe HenpepbiBHOrO KOHTpOJIH :>KH)l;

KOrO HaTpHH Ha npHMecH KHcnopo,D;a. OcsoeH 
OT6op npo6 HaTpHH B nepBOM KOHType. BeJIHCh 
HCCJie,D;OBaHIDI xapaKTepHCTHK peaKTopa, 
B qacTHOCTH Me,IJ;JieHHbiX 3cpcpeKTOB peaK-
THBHOCTH. YcTaHOBJieHo, 'ITO CKOpOCTb H3Me-

HeHHH peaKTHBHOCTH B nepBbie 3-4 CyT nocne 
BbiBo.n;a Ha MOID;HOCTh 2 MBT cocTaBJIHeT 
0,18 f3 3 rtfcyT (pHc.19). H3MeHeHHe peaKTHB
HOCTH 3a cqeT BbirOpaHIDI H,D;epHoro TOnJIHBa 
(0,4% K HaCTOHID;eMy BpeMeHH) noqTH He3a
MeTH0/39/, 
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Pnc.19. lbMeHeHne MOlllHOCTHoro a<P<PeKTa peaKTHB
HOCTH p X B ,IJ;OJUIX {Ja¢J B 3aBHCHMOCTH OT BpeMeHH. 
IIITpnx YHKTHpHaR nHHWI cooTaeTCTayeT cKopocTH 
H3MeHeHHR: peaKTHBHOCTH 0,18 fJ

3
q/cyT. 

BBe,D;eHa B 3KCnJiyaT~ HOBaH CHCTeMa 
CTa6HJIH3aD;HH, nOBbiCHBWaH B 10 pa3 TOtiHOCTh 
no.n;,D;ep :>KaHIDI o6opOTOB nO,D;BH:>KHOrO OTpa:>Ka
TeJIH. 

2. Ha HH:>KeKTope peaKTopa HBP-2 - yc
KOPHTene JIY3-40 - ocymecTsneHa 3aMeHa 
ycKopHTeJihHbiX ceKn;Hii. B npou;ecce 3TOH pa-
6oThi pa3BHTa MeTo,D;HKa XHMHtiecKoH H yn&Tpa-
3BYKOBOH oqHCTKH ,IJ;HacpparMHpOBaHHbiX BOJI
HOBO,Il;OB H BBe,D;eH B ,D;eHCTBHe CTeH,D; oqHCTKH. 
YcKopHTeJib sse,D;eH B 3KcnnyaT~HIO B IV 
KBapTane 1985 r. PeaKTop HBP-30 npopa6o
Tan Ha cpH3HtieCKHH 3KCnepHMeHT 2380 q, 

3. H a ycKopHTene JIHY-30 ocyiD;eCTsJieHo 
ycKopeHHe nyqKa 3JieKTpoHoB qepe3 sec& 
nepBbiH ycKopHTeJibHbiH yqaCTOK. 3HepriDI 
3JieKTpOHOB Ha BbiXO,D;e ,D;OCTHrna 7 M3B. 
ITpoBO,D;HJIHCh MOHTa:>K H Hana.n;Ka ceKD;HH 
BTopor o ycKopHTeJibHoro yqacTKa. ToK 3JieKT
poHoB Ha BbiXO,D;e HH:>KeKTOpHoro yqaCTKa 
(3Hepr HH 2,7 M3B) .n;ose,D;eH ,D;o npoeKrnoro 
3HaqeHHH 200 A. 

YcKopHTen& 3r-5 pa6oTan ,D;JIH o6ecneqe
HHH HaytiHo-npHKJia,IJ;HbiX HCCJie,IJ;OBaHHH B CO
OTBeTCTBHH C nJiaHOM. 
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3KCllEPHMEHTAJibHhiE 
YCTAHOBKI1 

BBe.n;eH B 3KCWiyaTa.I.\HID npeQH3HOHHblli 
AH$paKToMeTp c HAeaJihHbiMH KpHcTannaMH 
(ycTaHOBKa ,Il;l1<l>P AH) , npeAHa3Ha'lleHHhiH AJI.fl 
H3y'lleHIDI HefnpOHHQ-OllTH'lleCKHX .fiBJieHHH no 
MeTOAY BpeMeHH nponeTa. CxeMa ycTaHOBKH 
noKa3aHa Ha pHc.20. YcTaHOBKa pacnono:>KeHa 
Ha nponemo:H 6a3e 25,25 MAO nepBoro noBo
pomoro CTOJIHKa 6 C HAeaJibHbiM KpHCTaJIJIOM 
KpeMHH.R 8. 06pa3IJ;bi 13 pacnonaralOTC.fl Ha 
CTOJIHKe 7 C rOHHOMeTpH'llecKOH rOJIOBKOH 11 
nH6o HHTep$epoMeTpoM. Ha cooTBeTCTBYIO· 

PHc.20. CxeMa yCT&HOBKH ,Z:Ui4l~PAH. lloRCHeHHII 

a TeKCTe . 

CneKTpoMeTp ,Z:J;Ii4l~P AH npeAH83H&'IeH )1.1IJI u3yqeaHR aeihpoHHo-OIITH'IeCKHX JIBneaHH:. 

0AH& H3 HOBbiX yCT&HOBOK - cneKTpoMeTp D011JipH30BaHHbiX Ten1IOBbiX HeHTpOHOB no MeTO)J.y apeMeHH npo1IeT&. 
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I.QHX rmeqax 14 H 15 yCTaHOBJieHhi .D;eTeKTopbi 
HeihpoHoB c 3 He. 

IToJIHoe tiHcno ,IJ;e:HcTBYJOI.QHX cpH3H'leCKHX 
ycTaHOBOK Ha peaKTope HBP-2 B 198 5 ro.D;y 
,IJ;OCTHrJIO 11. KpaTKHe CBe,IJ;eHIDI o6 HX KOHCT

pyKQHH H napaMe~ax ony6JIHKOBaHbl B OT
,IJ;eJibHOM c6opHHKe 40/. 

113MEPMTEJihHO-Bbllll1CJIMTEJihHbi:A 
UEHTP 

1. B 1985 r. H3MepHTeJILHbiH u;eHTp cpyHK
u;HOHHpoaan 6ecnepe6o:HHo H o6ecne'lHJI 3JieKT
poHHo:H annapaTypoH H Cpe.D;CTBaMH Bbl'lHCJIH

TeJibHOH TeXHHKH BCe H3MepeHIDI, n p OBO,Il;HB

UIHec.R Ha peaKTopax MBP-2, MBP-30 H Ha yc

KopHTene 3r-5. CoaepmeHCTBOBaJIHCb H3MepH
TeJibHbie l'JIO,IJ;yJIH, B tiaCTHOCTH, nyTeM C0 3,Il;aHIDI 
ABYXMa1IIHHHbiX KOMWieKCOB /41,42/ cne-

I.J;HaJIH3HpOBaHHbiX H3MepHTeJibHo-Bbl'lHCJIH-
TeJibHbiX CHCTeM 14S,44 / , a TaK)Ke nocpe,Il;CTBOM 

ynyqmeHIDI npor,r.aMMHoro o6ecnetieHIDI .D;e:Hcr
BYJOI.QHX CHCTeM 45 •461. 

2. ITpo.D;OJI)KaJIHCL pa6oThi no co3,IJ;aHmo 
pa.D;H03JieKTpoHHo:H annapaTypbi .D;JI.R o6ecnetie
HIDI pa6oTLI 3KcnepHMeHTaJILHhiX ycTaHOBOK 
H no HX aaToMaTH3au;HH. Pa3pa6oTaH p.RA Ho
BbiX 6JIOKOB: cneu;npou;eccop ,Il;JI.fi BOCbMH
MepHbiX H3MepeHHH, 3allOMHHaiOI.QHe ycTpOHCT

Ba 32K X 16 6HT H 64K X 24 6HT CHCTeMbi cpa-
3HpOBKH ,Il;HCKOBOrO npepbiBaTeJI.R, 6JIOKH CTa-
6HJIH3au;HH o6opOTOB ,Il;BHraTeJI.R HMnyJibCHOrO 

peaKTopa, TepMOCTaTHpOBaHIDI o6pa3u;oa H PM 
.D;pyrHX. 

3. BeJIHcL pa6oThi no pa3BHTHIO noKanLHo:H 
ceTH MaJihiX 3BM. MamHHhi, no.D;KJIIOtieHHhie 
K CeTH, Ha'laJIH pa6oTaTb C u;eHTpaJILHbiM npo
u;eCCOpOM PDP-11/70 B pe)KHMe BHPTYaJILHoro 
TepMHHana. 

H3MepHTen&HbiH QeHTp na6opaTopHH. 3.~tec& co6upaeTCR HHcpopM&LtHJI co ucex cpH3H'IeCKHX yCT&HOBOK RHC%1. 

RHTEPATYPA 

1. AmpHMeHKOB B.n. H AP· B c6.: KpaTKHe coo6IQe
HWJ OIUIH, N~10-85, ,Uy6Ha, 1985, c.19. 

2. CllpaHK H.M., illapanou 3 .H. B c6.: KpaTKHe coo6-
IQeHWJ OIUIH, ~11-85, .Uy6Ha, 1985, c.5. 

3. rneAeHOB IO.M. H AP· OIUIH, P3-85-275, ,Uy6Ha, 
1985. 

4. rneAeHOB IO.M. H AP· OIUIH, P3-85-272 , ,Uy6Ha, 
1985. 

5. llonou IO .ll., PHron& X. OHHH, P15-85-497 , 
,Uy6Ha, 1985. 

84 

6. BTiopHH B.A. H AP· OIUIH, P4-85-453, ,Uy6Ha, 
1985. 

7. BacHn&eBa 3.B. H AP· OIUIH, P6-85-22, ,Uy6Ha, 
1985. 

8. nonoB IO.n. H AP· OIUIH, P3-85-7 4, ,Uy6Ha, 1985. 
9. BYHaKOB B.E. H AP· llpenpHHT RIUIC%1 ~ 1101, 

n., 1985. 
10. K&AMeHcKHii c.r. " AP· OHHH, P4-85-368, .Uy6-

Ha, 1985. 
11. ronHKOB B.B. H AP· OIUIH, P3-85-285, ,Uy6Ha, 

1985. 
12. ronHKOB B.B. H AP· B c6.:KpaTKHe coo6IQeHHJI 

OIUIH, ~9-85, ,Uy6Ha, 1985, c.26. 



13. roJIHKOB B.B. H ~p. OIDU1, P3-85-286, )ly6Ha, 
1985. 

14. Jly~KOB B.H., TapaH IO.B. O:IDIH, P3·85-429, 
)ly6Ha, 1985. 

15. 3~em. I<. H ~p. O:IDIH, P3-85-17, )ly6Ha, 1985. 
16. 3o I1H OK H ~p. O:IDIH, P3-85-133, )ly6Ha, 1985. 
17. AneKc~poB IO.A. H ~p. ITuc&Ma B >K3~, 1985, 

T.42, .c.200. · 
18. AneKc~poB IO.A. >K3T~. 1985, T.89, c.34. 
19. Be33a6oTHoB B.IO. u ~p. O:IDIH, P14-85-507, 

)ly6Ha, 1985. 
20. Be33a6oTHOB B.IO, u ~p. O:IDIH, P14-85-923, 

)ly6Ha, 1985. 
21. BenywKHH A.B. H ~p. OH.RH, P14-85-436, )ly6Ha, 

1985. 
22 . .llonraHoB B.I<. H ~p. O:IDIH, P14-85-486, )ly6Ha, 

1985. 
23. BparHH C.H. u ~p. O:IDIH, P14-85-633, ,lly6Ha, 

1985. 
24. Goremychkin E.A. et al. JINR, E14-85-789, Dubna, 

1985. 
25. Mione 3. H ~p: OH.RH, P3-85-279, )ly6Ha, 1985. 

26. MaTI.l B., Xonne Y. O:IDIH, P3-85-280, )ly6Ha, 
1985. 

27: Banarypos A.M. u ~p. OH.RH, P14-85-726, ,lly6Ha, 
1985. 

28. Banarypos A.M. u ~p. O:IDIH, P19-85-350, ,lly6Ha, 
1985. 

29. Feldman K. JINR, E14-85-284, Dubna, 1985. 

30 . .ll~opeHKO B.A. H ~p. O:IDIH, P14-85-601, ,lly6Ha, 
1985. 

31. Bon&waKoB B.A. H ~p. O:IDIH, P14-85-490, )ly6Ha, 
1985. 

32. Hn&xaMoB P.A. H ~p. OH.RH, P13-85-288, )ly6Ha, 
1985. 

33. Ha3apos B.M. H ~p. B c6.: KpaTKHe coo6meHH.fl 
O:IDIH, N~6-85, )ly6Ha, 1985, c.37. 

34. Ha3apoB B.M., ~poHTac&esa M.B. B KH.: .R~epHo
<J>u3H'IecKHe MeTO~hi 8H8nH38 B KOHTpone OKpy· 
>K810ll.leH cpe~. r~poMeTeOH3~aT, 1985, c.156. 

35. EpMaKOB B.A. u ~p. O:IDIH, 13-85-161, )ly6Ha, 
1985. 

36. MapThlHOBH'I E.~. H ~p. B KH. : JIIOMHHeCI.leHTHbie 
DpHeMHHKH H npeo6p830B8TenH HOHH3HPYJOll.lero 
H3ny'leHH.fl. "HayKa", Hoaocu6upcK, 1985, c.132. 

37. Jlanu~yc H.JI., Ha3apoB B.M., 3pl.lrpe6ep r. P~uo-
6uonorH.fl, 1985, T.25, c.249. 

38. Erzgraber G. et al. JINR, E19-85-626, Dubna, 
1985. 

39. AHaHbeB B.,ll. u ~p. OH.RH, P13-85-339, )ly6Ha, 
1985. 

40. OcTaHeBH'I IO.M. O:IDIH, P13-85-310, ,lly6Ha, 1985. 
41. An<J>ur.ieHKOB A.B. u ~p. B c6. aHHOT81.lHH XII 

Me~yHapo~Horo CHMD03HyMa no .fl~epHoii 3neKT
poHHKe. OH.RH, .ll13-85-359, ,lly6Ha, 1985, c.45. 

42. >KyKOB r.rr. TaM >Ke, c.32. 
43. Bapa6aw H.IT. u ~p. OH.RH, P10-85-713, )ly6Ha, 

1985. 
44. Bor~3enb A.A. H ~p. O:IDIH, P10-85-246, )ly6Ha, 

1985. 
45. BanyKa r., CanaM8THH H.M. O:IDIH, P10-85-281, 

)ly6Ha, 1985. 
46. AHTOHOB C.A. u ~p. OH.RH, 13-85-701, ,lly6Ha, 

1985. 

85 



nA60PATOPMH 
Bbi~MCnMTEnbHOI TEXHMKM M ABTOMATM3A~MM 

,lleHTeJibHOCTb Jia6opaTOpHH BblliHCJIHTeJib· 
Ho:H TeXHHKH H asToMaTH3~H a 1985 ro.n;y 
6bma HanpasneHa npe)K,D;e scero Ha o6ecneqe
l1He nposo.n;HMbiX a OH.RH TeopeT~ecKHX 
H 3KCnepHMeHTaJibHbiX HCCJie,D;OBaHHH pecyp
CaMH 8BM. BIDKHe:HwHMH MeponpHHTHHMH 
HBHJIHCb BBO,D; B 3KCnnyaT~ H OCBOOHHe 
8BM EC-1061, pacwHpeHHe TepMHHaJibHOH ce
TH 6a30BbiX 8BM H pa3BHTHe HX MaTeMaT~e
CKoro o6ecneqeHHH. fipo.n;OJI)I(RJIHCb pa6oTbi no 
3cpcpeKTHBHoMy HcnoJib30BaHHIO yCTpo:HCTs 
o6pa60TKH KaMepHbiX CHHMKOB, pa3pa60TKe 
MaTeMaT~eCKHX MeTO,D;OB H nporpaMM o6-
pa60TKH ,D;aHHbiX. 

PA3BHTHE 
H8~~EKTHBHOEHCfiOJib30BAHHE 

UEHTP AJibHOrO BbJqHCJIHTEJibHOrO 
KOMfiJIEKCA OH.RH 

1. Bso.n; B 3KcnnyaT~ Hoso:H MOII.UIO:H 
8BM EC-1061. )lJIH 3To:H MaWHHbi BbinoJIHeHa 
reHepauHH onep~OHHOH CHCTeMbi B pe)KJ{Me 
HcnoJib30BaHHH BHPTYaJihHo:H naMHTH o6'beMoM 
.n;o 16 M6a:HT. )lJIH pacwHpeHHH ao3MO:>KHOCTe:H 
onep~OHHOH CHCTeMbi npose.n;eHa a.n;anTRUHH 
MaTeMaT~ecKoro o6ecneqeHHH, sKJDOqaH Ho
Bbie BRpHaHTbi TpaHCJIHTOpOB C anropHTMHqe
CKHX H3biKOB, .n;Hanorosyro no.n;cHCTeMy TEPM 

UeHTpam.HbiH Bbl'IHcnHTeni>HbiH KoMnneKc OHHH. 3an 683oawx 3BM cepHH EC. 
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]1,1111 o6cJIY'fCHBaHIDI TepMHHaJIOB EC-1061, 
6H6JIHoTeKY nporpaMM o6mero Ha3Hat~eHIDI, 
fiO,llCHCTeMY perHCTp~H H yt~eTa nepMaHeHT
HhiX <l>aH.noB noJih30BaTene:H Ha BHewHe:H na
MRTH, nporpaMMhi yqeTa HCfiOJih30BaHIDI Ma· 

WHHHhiX pecypCOB, nporpaMMHhie CHCTeMhi 
]1,1111 npoBe,lleHIDI aHaJIHTHllecKHX BhiKJia.ZJ;OK Ha 
3BM. 

2. Pa3pa60TaHa H HaxO,llHTCII B CTa.ZJ;HH 
KOMnJieKCHOH Ha.Jia.ZJ;KH 16-paap.R,IU~all MHKpo-
3BM, C03,D;aHHall Ha OCHOBe COBpeMeHHOH 6a3hi 
6oJihWHX H CBepX6oJihWHX HHTerpaJihHhiX 
cxeM. MHKpo-3BM COCTOHT H3 Ha6opa <I>YHK· 
UHOHa.JihHO H KOHCTpyKTHBHO 3aKOHlleHHhiX 
MO.D;yJieH, C fiOMOJ.nhlO KOTOphiX MO:>KHO H3Me
HIITh apxHTeKTYPY yCTpo:HcTBa B 3aBHCHMOCTH 
OT pewaeMOH 3a.ZJ;aliH. MHKpo-3BM npe,llHa3Ha· 
lleHa ]1,1I1I HCfiOJih30B8HIDI B KallecTBT TepMH
HaJihHOrO KOHTponnepa 3BM EC-1061 11

. 

3. 3asepweHhi TeXHHlleCKHe pa6oThi no 
BKJilOlleHHlO 3BM EC-1060 B CHCTeMy KOJIJieK
THBHoro noJih30B8HHII Ha 6aae 3BM B3CM-6, 
CDC-6500 H KoHuempaTopa TepMHHaJIOB 
(3BM EC-1010), npoBe.n;eHa OTJia.ZJ;Ka npo
rpaMMHoro o6ecnet~eHIDI CB113H KoHuempaTopa 
c EC-1060. YKa3aHHa~~ CHCTeMa KonneKTHB
Horo fiOJih30B8HIDI UeJIHKOM BOWJia B COCTaB 
6onee o6me:H JIOKa.JihHOH BhlliHCJIHTeJihHOH 
ceTH OHRH. Ee TeXHHllecKo:H ocHoBo:H CTaJio 
nOCTaBJieHHoe nporpaMMHpyeMoe KOMMYTa
UHOHHoe o6opy.n;oBaHHe. Cen CTpoHTCII Ha 6aae 
KOaKCHaJihHoro Ka6eJIII (MOHOKaHaJia), K KO· 
TOpOMY llepe3 MHKponpoueccopHhie yCTpOHCT· 
Ba fiO,llKJilOllalOTCII a60HeHTCKHe CHCTeMbi (Tep
MHHaJihi, 3BM). ,lVm ynpaBJieHIDI CeThlO HC
nOJih3yeTCII MeTO,D; nepep;aliH 3CTa<l>eThi H Ba
pHaHT npoToKoJia HDLC. C noMOm&lO co3.n;aH-

Bonee ~~:eM s ADa pa3a pacWHpeHa TepMHHanbHIUI ceTJo 
6a30Bhlx 9BM c B&Ixo.ttoM Ha see na6opaTopHH OHHH. 

3KCIIJIY ATAQIDl BA30BbiX 3JIEKTPOHHO-BblqHCJIHTEJibHbiX MAIIIHH 

3BM 

B3CM-6 
CDC-6500 
EC-1060 

ro.n;OBOH 
nJiaH 
(B qacax) 

6000 
7000 
4739** 

06mee 
none3Hoe 
BpeMII 
ct~eTa 

3a ro.n; 
(B qacax) 

7087 
7371 
5114** 

* ~CJIO 3a.ZJ;all, nponymeHHhiX C TepMHHaJIOB. 
** 3a 10 MecHueB pa6oThi. 

Cpe.n;HeCYTOliHoe 
none3Hoe BpeMII 
ct~eTa 3a ro.n; 
(B qacax) 

20,7 
21 ,7 
18,1 

qHCJIO npony
meHHhiX 
3a.ZJ;all 

89759(23817)* 
165936(12533)* 

70870 
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3BM CDC-6500 pa6oner c OKTR6pR 1985 r. B H OBOM 3~aHHH JIBTA. 

HOI'O nporpaMMHOI'O o6ecnetJeHW! ,Zl;JI.fl K OMMY· 

HHK~OHHbiX Y3JIOB ceTH peanH30BaHa B03-

MO:>KHOCTb coe,D;HHeHW! JII06oro ceTeBoro noJib-

30BaTeJibCKoro TepMHHaJia C JII06o:H H3 BbllJHC

JIHTeJibHbiX MaWHH, BKJIIOtJeHHbiX B CeTb. 

YKa3aHHbie cpe,D;CTBa Mo:>KHo HcnoJib30BaTb 

H ,D;.U.fl Opi'aHH3ai:Ulli Me:>KMaWHHHbiX o 6 MeHOB 

HHcpopMa~e:H 12- 41• 

4. ,UJIH EC 8BM co3,D;aHa yqerna.R CHCTeMa, 

BKJIIOlJaiOID;a.fl B ce6.R llO,Zl;CHCTeMy pei'HCTpa~H 
CTaTHCTHtJeCKOH HHcpopM~H 0 pa6oTe 8BM 

H onep~HOHHOH CHCTeMbi (OC), napOJibHYIO 

llO,D;CHCTeMy ,D;OCTyna llOJib30BaTeJieH K Cpe,D;CT

BaM 8BM H OC, JIHMHTHYIO llO,Zl;CHCTeMy ytJeTa 

pacnpe,D;eneHW! MaWHHHoro BpeMeHH , npo

rpaMMY o~eHKH pecypcoB 8BM, HCllOJib30BaH

HbiX 3a,D;atJaMH, B e,D;HHH~ax KOMMeptieCKOI'O 

BpeMeHH, nporpaMMY CTaTHCTHtJecKHX pacqe

TOB pa60Tbl 8BM H OC H o~eHKH HX· n p OH3BO-

,Zl;HTeJibHOCTH, nporpaMMbi conpoBo)I(,Zl;eHWI 

H Be,D;eHWI apXHBa CTaTHCTHtJeCKHX ,D;aH-
HbiX /S-6/, 

PA3BHTHE H HCI10Jlh30B AHHE 

CHCTEM AHAJIHTWIE CKHX 

BbJqHCJIEHHO H A 3BM 

.[(anhHe:Hwee pa3BHTHe nonytrn.m~ npor paMM

Hhie Cpe,D;CTBa ,Zl;JI.fl aHaJIHTHlleCKHX BbllJHCJieHHH 

Ha 3BM UBK OHHH. Ha 8BM EC-1061 6bma 

BHe,D;peHa HOBa.fl BepCH.R npOI'paMMHOH CHCTe

Mbl REDUCE-3, npe,D;Ha3HatJeHHa.R ,D;JI.fl pewe

HWI WHpOKOI'O Kpyra cpyH,D;aMeHTaJibHbiX 

H npHKJia,D;HbiX 3a,D;atJ, H3ytJaeMhiX B OHHH. 
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Oco6oe BHHMaHHe y,D;en.RJiocb co3,D;aHHIO 

npHKJia,D;HbiX nporpaMM, pacwHp.RIOID;HX o6-

nacTb npHMeHHMOCTH .fl3biKOB aHaJIHTHtJeCKOI'O 

nporpaMMHpOBaHH.fl B cpH3HKe BbiCOKHX ::mep

I'HH, TeopeTHtJecKOH H MaTeMaTHtJecKOH cpH-

3HKe. 

B qacTHOCTH, ,D;JI.fl HaH6onee nonyn.RpHo:H 

B OHHH CHCTeMbi SCHOONSCHIP 6hmH pa3-

pa6oTaHbi OpHI'HHaJibHbie aJII'OpHTMbl H C03,D;a

Hbl nporpaMMbl, n03BOJI.fiiOID;He npOBO,Zl;HTb 

cne,D;YIQI.UHe oneparum: 

BbllJHCJieHHe CHMBOJibHbiX ,D;eTepMHHaH-

TOB; 

,D;HcpcpepeH~pOBaHHe Bblpa:>KeHHH, llOJIH

HOMHaJibHO 3aBHC.fiiD;HX OT TpHI'OHOMeTpHlle

CKHX cpyHK~~; 
ynporn;eHHe npOH3Be,D;eHHH MaTpH~ Ilay-

JIH; 

BbllJHCJieHHe O,D;HoneTJieBbiX cpeHHMaHOB

CKHX HHTei'paJIOB nponaraTopHOI'O THna. 

3TH nporpaMMbi, a TaK:>Ke p.R,Zl; nporpaMM 

Ha .R3biKe cHcTeM REDUCE-2,3 6bmH ofraHH-

30BaHbi B BH,D;e TeKCTOBbiX 6H6JIHOTeK /? · 

CHMBOJibHbie ·anropHTMbi KJiaccHcpHK~H 
HHTei'pHpyeMbiX HeJIHHeHHbiX 3BOJIIO~OHHbiX 

ypaBHeHHH 6biJIH o6o6rn;eHbl Ha CJIYtJaH CHCTeM 

ypaBHeHH:H 18•91. Ba:>KHoe 3HatJeHHe ,D;JI.fl Hccne

AOBaHH.R TaKHX ypaBHeHHH HMeeT aHaJIH3 HX 

CHMMeTpHH H B OC06eHHOCTH CHMMeTpHH 

J1H - BeKJIYH,D;a. ,UJI.R aBToMaTH3ai:Ulli aHaJIH

THtJeCKHX npeo6pa30BaHHH, CB.fl3aHHbiX C onpe

,D;eJieHHeM TaKHX CHMMeTpHH, 6biJI pa3pa60TaH 

YHHBepcanbHbiH naKeT Ha .fl3biKe aHaJIHTHtJe

CKHX BbllJHCJieHHH PL/1-FORMAC /10/. 

BbiCOKo3cpcpeKTHBHbiH cne~HaJIH3HpOBaH-
HbiH JlHcn-naKeT 6bm co3,D;aH AJ1.R npoBe,D;eHWI 



BCeH COBOKYIIHOCTH rpOM03AKHX aHaJIHT.Htie

CKHX BbiKJia;:J;OK B pa3pa6aTbiBaeMOH B JIT<l> 
BHpTOH-KBapKOBOH MOAeJIH 1111 

PM HOBbiX B3.)KHbiX pe3yJILTaToB 6bm rmny

t~eH B paMKaX pa6oT llO tiHCJieHHQ-aHaJIHTHtle

CKOMY MO,D;eJIHpOBaHmo peUieTOtiHbiX KaJIH6-

pOBOtiHbiX TeoplifH, llpOBO,ll;HMbiX COBMecTHO 

c Jia6opaTopHeH TeopeT.HtieCKOH $H3HKH. Bhmo 

npoBeAeHO ,D;eTaJibHOe KOJIHtleCTBeHHOe H Ka

qeCTBeHHOe HCCJie,D;OBaHHe $a30BbiX AHarpaMM 

XHrrc-KanH6poaot~HhiX TeopHH c U(l)-, SU(2)

H SU(3)-rpynnaMH KaJIH6poaot~HOH CHMMeT

pHH (CM.pHC.l) 

N 

A=o.os 

0 2 6 

PHc.l. ll>a30BaH AHarpaMMa SU(3) CHMMeTpuqHoH 

XHrrC·KaJIH6posoqHOH TeOpHH AJI.H pa3HbiX 3HaqeHHH 

KOHCTaHTbl CllMOAeHCTBH.H XHrrCOBCKOrO DOJI.H (JIHHHH 

COOTBeTCTBYIOT nepeXOAilM nepsoro pOAa, TOqKilMH 

o6o3HaqeH&I <f>a3oB&Ie nepexoA&I BToporo poAa). 

Ha ocHoBe cHcTeMbi REDUCE-3 pa3pa6o

TaHhi aJirOpHTMbl H nporpaMMbl ,ll;JI.FI aHaJIHTH

tleCKHX pact~eTOB MaTpHtiHbiX 3JieMeHTOB ra

MHJibTOHHaHa B anre6paHtleCKHX MO,D;eJI.FIX TeO

pHH aToMHoro .FI,D;pa, H 6bm npoH3aeneH PM 

BbltiHCJieHHH B paMKax MOAeJIH B3aHMO,D;eHCT

BYJOI.UHX BeKTOpHbiX 6030HOB C HapyUieHHOH 
U(6)-cHMMeTpHeli /15/. 

C03.UAHHE H P A3BHTHE 

CPE,UCTB H METO,UOB 

BH3Y AJihHOA CBH3H C 3BM 

PeUieHa 3a,n;aqa peaJIH3aQHH 3$$eKTHBHoro 

aJifOpHTMa 3anoJIHeHH.FI ~BeTHoro pacTpOBOrO 

AHCrme.FI c BhiCOKOH pa3peUiaromeli cnoco6-

HOCTbiO. Ha OCHOBe aHaJIH3a H CpaBHeHH.FI OC-

HOBHbiX XapaKTepHCTHK H3BecTHbiX K HaCTO.FI

I.UeMy BpeMeHH aJirOpHTMOB 3anoJIHeHH.FI KOH

TypOB 6bm Bhi6paH anropHTM Edge Flag KaK 

HaH6o nee 3$$eKTHBHbiH C TO'IKH 3peHH.FI 

MHKp onporpaMMHOH H annapaTHOH peaJIH3a~H 

B rpa$Ht~ecKoM npo~eccope pacTpoaoro AHCn

Jie.FI. Pa3pa6oTaHhi KOHKpeTHhie aepcHH anro

pHTMOB 3allOJIHeHH.FI MHOroyrOJibHHKOB H KO

HHtleCKHX cet~eHHH (pHC.2), a TaK:>Ke MHKpO-

CELL ARRAY 
Rct~t ion 

~~~\(~/ 
. . \ _, /" 

~/ 

-~---

<~~. <!/) .. fffi··· . 
. '• 

PHc.2, npuMepbl 3anOJIHeHH.H MHOroyrOJihHHKOB (a) 

H BpameHH.H H306pa)KeHHH ( 6) • 

nporpaMMbl H 3JieKTpOHHhie CXeMbl ,ll;JI.FI HX pea
JIH3a~HH/161. 
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llpO,Il;OJDKa.JlHCb pa60Tbl IIO pa3BHTHIO arrrra
paTypbl H rrporpaMMHoro o6ecrret~eHWI rpaci>H
qecKHX TepMHHanos HHTEP-80, HrT 
H HHTEP-85. B tJ:aCTHOCTH, ,n:n.R rpaci>Ht~ecKoro 
TepMHHana HHTEP-80 rrpoaHanH3HposaH orrhiT 
Bbi6opa H peanH3anHH Ha6opa rpa<t>HtJ:eCKHX 
<I>YHKqHH C yt~eToM Tpe6osaHHH rrpoeKTa 
Me:>K,n:yHapo,n:Horo rpaci>Ht~ecKoro CTa,H,n:apTa 
GKS l171. 

PA3BHTHE 
METO,LJ;OB HCllOJib30BAHIDI 3BM 

HA JIHHHH 
C 3KCllEPHMEHT AJih HblMH 

YCT AHOBKAMH OHHH 

3aaepmeHLI pa6oThi no co3,n:aHmo 6H6-
JIHoTeKH rrporpaMM o6pa6oTKH crreKTpoMeTpH
t~ecKoH HH<I>opMan;HH. BH6JIHoTeKa rrpe,n:Ha3Ha
tJ:eHa ,n:JI.fl o6pa60TKH IIOTOKOB arrrrapaTypHb~ 
crreKTpos H crreKTporro,n:o6HhiX pacrrpe,n:eneHHH, 
IIOJiylleHHbiX B <I>H3HtJ:eCKHX 3KCIIepHMeHTax. 
OHa co,n:ep:>IGIT 6onee 50 KOMIIJieKcos , o6ec
rret~Hsaro~x CJIO>ICHYIO o6pa60TKY pa3JIHliHbiX 
BH,n:OB crreKTpos, H rrporpaMMbi rrpe,n:sapHTeJIL
HoH o6pa6oTKH. BH6JIHOTeKa corrposo:>K,n:aeTc.fl 
HHci>OPManHOHHO-CIIpaBOliHOH CHCTeMOH. .BH6-
JIHOTeKa rrocTaaneHa Ha 3BM B 3CM-6 
H EC-1060 1181• Pa3pa6oTaH MeTo,n: H peanH3o
BaH anropHTM pemeHWI 3a,n:at~H orrpe,n:eneHWI 
rrapaMeTpOB CJIO'I<Hb~ 3KCIIOHeHqHaJibHbiX pac
rrpe,n:eneHHH, OIIHCbiBalO~X reHeTHlleCKH CB.fl-
3aHHbie pacrra,n:hi pa,n:HoHyKJIH.n;OB, B ycnosWix 
MaJIOH CTaTHCTHKH H HHcl>opMaiJ;HOHHOH HeiiOJI
HOTbl ,n:aHHhiX. Co3,n:aHa lWorpaMMa, peanH3YID
W:aH ,Il;aHHbiH anropHTM I 1 I. 

C03,LJ;AHHEHPA3BHTHE 
ABTOMATHliECKHX 

ll llOJIY ABTOMATllliECKHX CHCTEM 
OBP ABOTKH KAMEPHblX CHHMKOB 

1. Pa3pa6oTaHo H OTJIIDKeHo MaTeMaTHtJ:e
cKoe o6ecrret~eHHe H arrrrapaTypa CB.fi3H rrpH6o
pos llYOC H CAMET c 3BM EC-1033. CHcTe
Ma llYOC-cAMET EC-1033 sse,n:eHa s pa6o
qyw 3KcrrnyaTan;mo. B CHCTeMe rrapanneJILHO 
c H3MepeHWIMH Ha 3BM EC-1033 se,n:eTc.fl oT
na,n:Ka HOBb~ sepCHH orrepaquOHHOH CHCTeMbl 
H pa3pa6oTKa e,n:HHoH yrrpaaJI.fiiOw;eH rrporpaM
Mbi ,n:n.fl scex H3MepHTeJILHLIX rrpH6opos na6o
paTopHH. 

2. Co3,n:aHa arrrrapaTypa KaHana cs.fi3H ciiH
panLHoro H3MepHTen.fl H EC 3BM. llpose,n:eHa 
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aBTOHOMHWI HacTpoH:Ka. Pa3pa6oTaHa H oTna- . 
)l(eHa annapaTypa H nporpaMMHoe o6ecneqeHHe 
Ha CnHpaJibHOM H3MepHTene AJIR H3MepeHHH 
CHHMKOB C .IJ;BYXMeTpOBOH nponaHOBOH Ka
Mepbl H ycraHoBKH PHCK. To~oCTb H 3<l><l>eK
THBHOCTb o6pa60TKH y.IJ;OBJieTBOpHTeJibHbl 
H cosna,nmoT c .IJ;aHHbiMH TIYOC. HaqaTa o6pa-
6oTKa .IJ;aHHbiX c ycTaHOBKH PHCK. Pa3pa6oTaH 
KOMnneKc nporpaMM, o6ecne~BaiOII.UiH 
ynpaBneHHe <l>YHKUHOHaJibHbiMH Y3JIRMH 
A3nT-2/160 Ha nHHHH c 3BM CM-4, s ToM 
~CJie ynpaBJieHHe CKaHHpOBaHHeM, C'beMOM 
HH!}>opMRQHH H ee npeo6pa3oBaHHeM, ynpaB
neHHe .n;HcnneeM-MOHHTopoM. Co3,naHHbiH 
KOMnJieKC nporpaMM CJIY)I(HT MO.IJ;YJibHOH OC
HOBOH ,IJ;JIR C03,IJ;aHHR CHCTeM o6pa6oTKH Ka· 

MepHbiX CHHMKOB Ha A3nT-2/160 Ha JIHHHH 
c 3BM CM-4 1201. 

Pa3pa6oTaH anropHTM Bbi.IJ;eJieHHR 3JieMeH
TOB TpeKOB, OCHOBaHHbiH Ha aHaJIH3e reoMeTpH
qeCKHX xapaKTepHCTHK WTpHXOBbiX H306pR)I(e
HHH. ,llnR aHaJIH3a Hccne,nyeMWI KapTHHa pa3-
naraeTcR Ha 3JieMeHTapHbie JiqeH:KH no crpoKaM 
H cTon6uaM. Hccne.noBaHbi oco6eHHOCTH cxe
MOTeXHHqecKHx peweHHH 3JieKTpOHHOH anna
paTypbi, npe,D;Ha3HaqeHHOH ,IJ;JIR $HJibTpaQHH 
TpeKOB H $oHa Ha O,IJ;HOH CTpOKe H Ha nocne
,IJ;OBaTeJibHbiX crpoKax 1211 . 

Pa3pa6oTaH H peanH30BaH B CTaH.IJ;apTe 
KAMAK cneunpoueccop yrnosoro CKaHHpo
BaHHR, n03BOJIRIOII.UiH B peaJibHOM BpeMeHH 
nonyqaTb rHcTorpaMMy nnoTHoCTH yrnosoro 
pacnpe.neneHHR 6HHapHoro H3o6pR)I(eHHR no 
BeKTopy HanpaBJieHHH H3 3RpaHee 3a.IJ;aHHOH 
TOqKH (CM. pHc.3,4). 

PHc.3. Hcxo,llHoe TeCT-H3o6p~JKeaae. 

AnropHTM yrnosoro CKaHHpoBaHHR o6na
.naeT ycTOHqlfBOCTbiO B ycnoBHRX 6onbWHX 
wyMoB B Hcxo,n;HOM H3o6pR)I(eHHH. Bxo,n;Hbie 
cHrHanbi .IJ;JIR ,naHHoro cneunpoueccopa MoryT 
6biTb r eHepHpOBaHbl ycTpOHCTBOM, paCKJia
,IJ;biBRIOJ..UHM H306pR)I(eHHe no CTpOKRM H CTOJI6-
URM. Cneunpoueccop MO:>KeT 6biTh HcnoJib30BaH 
B KaqecTse CTaH.IJ;apTHoro 6noKa CHCTeM o6-
pa6oTKH H paCn03HaBaHHR 6HHapHbiX H306pa
)l(eHHH I 221. 

flpH nOMOII.Ui nonyaBTOMRTHqecKHX ycT
pOHCTB TIYOC-cAMET H3MepeHo 436 TbiC. 
TpeKOB C06biTHH Ha CHHMKRX C KaMep nB3 
H nHn. Ha CKaHHpyroJ..UeM aBTOMaTe HPD 
o6ecneqeH pecypc B o6'beMe 27 48 qacos wm 
npose,neHHR MRCCOBOH o6pa60TKH CHHMKOB, 
qTo n 03BOJIHJIO nOJIHOCTbiO y.IJ;OBJieTBOpHTb 
3WIBKH na6opaTOpHH Ha H3MepeHHe CHHMKOB 
c noMOJ..UbiO HPD. Ha A3nT-2/160 o6ecneqeH 
pecypc B o6'beMe 3260 qacos AJIR H3MepeHHR 
CHHMKOB c ycTaHOBOK MHC H PHCK. 

C03~AHHEHPA3BHTHE 
METO~OB H IIPOrP AMM OEP AEOTKH 
3KCTIEPHMEHTAJihHbiX ~AHHbiX 

B o6nacTH co3,naHHR H pa3BHTHR MeTo.nos 
H nporpaMM o6pa60TKH 3KCnepHMeHTaJibHbiX 
,IJ;aHHbiX OCHOBHOe BHHMaHHe y,neJIRJIOCb nOBbl· 
WeHHIO y pOBHR aBTOMRTH3RQHH npouecca MaTe
MRTHqeCKOH o6pa6oTKH $HJibMOBOH HH$OpMa
UHH KRK 3a cqeT COBepweHCTBOBaHHR MeTO,IJ;R 

Puc.4. r ncTorpaMMa yrnoBoro CKaHHpOBaHHR HCXOA· 
Horo TeCT-H3o6pll)f(eHHR, npHBe,~~;eHHoro Ha puc.3. 
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aHaJIH3a, TaK H 3a C'!eT pa3pa6oTKH npor paMM, 

n03BOJIHIOIUHX 3aMeHHTb 'IeJIOBeKa Bhi 'IHCJIH

TeJibHOH MalllHHOH npH BhiiiOJIHeHHH M HOrHX 

pyTHHHhiX onepan;Hii. B xo.n;e 3THX pa6oT 6hma 

C03,D;aHa H HCnhiTaHa MeTO,ll;HKa nporpaM MHOrO 

OT6opa <l>H3H'!eCKHX rHnoTe3 C y'!eTOM npOH3-

BO,ll;HMbiX npH npe.n;aapHTeJibHOM npOCMOTpe 

BH3YaJibHhiX ou;eHOK IIJIOTHOCTH no'!ep~eHHH 

TpeKoB. Pa3pa6oTaHa BbiCoKoaaToMaTH3Hpo

BaHHaH, YCTOH'IHBaH K BHelllHHM C60HM CHCTe

Ma MaTeMaTH'!eCKOH o6pa60TKH <l>HJib MOBOH 

HH<l>opMai.J;HH, o6ecne'IHaaromaH aaToM aTH'Ie

CKHii o6c'IeT ,D;aHHhiX no 3a,D;aHHhiM u;en o'IKaM 

nporpaMM c nporpaMMHhiM aHaJIH30M H pa3-

6opoM nonyqaeMhiX pe3yJihTaToB. Ilpo ae.n;eH

Hbie HCIIhiTaHHH noKa3aJIH 1 'ITO ee npHMeHeHHe 

o6ecne'IHBaeT CTa6HJibHYIO H npaKTH 'IeCKH 

6e3aBapHHHYIO o6pa60TKY 3KCnepHMeHTaJib

HhiX ,ll;aHHhiX, pe3KOe COKpameHHe (B ,D;eCHTKH 

pa3) 3aTpaT py'IHoro Tpy.n;a, yMeHbllleHH e cpo

KOB o6pa6oTKH a 3-4 pa3a. CHcTeMa p acc'IH

TaHa Ha nOJib30BaTeneif pa3JIH'IHOH KBaJIH<l>H

Kai.J;HH H Tpe6yeT MHHHMaJibHhiX YCHJIHH Ha ee 

ocaoeHHe r 231 • 

ITo pe3yJihTaTaM aHaJIH3a pa6oThi npo rpaMM 

reoMeTpH'!eCKOH peKOHCTpyKI.J;HH ycTaHOBJieHO, 

'ITO ycnernHoe npoxo:>K,D;eHHe npou;e.n;yphi 

TRACK-MATCH c 6onhrnoH: CTeneHbiO .n;ocTo-
• 

BepHOCTH rapaHTHpyeT npaBHJibHOCTb H3Mepe-

HHH. 3TO nocJiy:>KHJIO OCHOBOH ,D;JIH npHMeHeHHH 

npou;e.n;ypbi TRACK-MATCH B Ka'!eCTBe TecTa 

H3MepeHHH MaCOK C06biTHH. IloKa3aHO , 'ITO 

3a.n;aqa B03MOJKHOCTH yCTaHOBJieHHH B3aHMHO

O,D;H03Ha'IHOrO COOTBeTCTBHH Me:>K,D;y H30 6pa:>Ke

HHHMH TpeKOB Ha pa3HhiX npoeKI.J;HHX CBO,ll;HTCH 

K aHaJIH3Y COOTBeTCTBYIOmeif MaTpHI.J;bi CMeJK

HOCTH. 0rJIH'!He OT HYJIH ,D;eTepMHHaHTa MaTpH

I.J;hi CMeJKHOCTH HBJIHeTCH ,D;OCTaTO'IHhiM yCJIO

BHeM .n;nH Toro, 'IT06hi npou;e.n;ypa T R ACK

MATCH .n;orrycKana perneHHe 1 2 41 • 

BhmoJIHeHhi '!HcneHHhiii: aHaJIH3 H M o .n;H<l>H

Kau;HH ,ll;aHHhiX OI.J;eHOK ,D;JIH MO,D;eJieif, 6 JIH3KHX 

K 3a,D;a'IaM pacn03HaBaHHH 3JieMeHTOB TpeKOB 

'IaCTHI.J; • .1J.rrH CJIY'laH nOHBJieHHH TO'!eK pa36a

JlaHCHpOBKH npe,D;JIOJKeH cneu;HaJibHhiH MeTO,ll; 

CTbiO,D;eHTH3ai.J;HH BeKTopa OCTaTKOB H npoBe

,D;eHO TeopeTH'!eCKOe H Ka'IeCTBeHHO-rp a<l>H'Ie

CKOe HCCJie,D;OBaHHe 3TOro MeTO,D;a. IJo ny'!eH 

pH,D; npaKTH'IeCKHX peKOMeH,D;au;HH ,ll;JIH HC

nOJib30BaHHH po6aCTHhiX perpeCCHOHHbiX MeTo

,ll;OB a Macco~g~ o6pa6oTKe 3KcnepHMeHTaJib-

HhiX ,ll;aHHhiX • 

PaccMoTpeHa 3a.n;aqa onpe.n;eneHHH ,D;JIHHhi 

,ll;HCKpeTH3HpOBaHHOrO TpeKa npH H3Mep eHHHX 

HOHH3ai.J;HH TpeKOB B CTpHMepHhiX KaMepax. 

PerneHHe .n;aHHoH: 3a.n;a'IH Haii.n;eHo a p aMKax 
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,ll;HCKpeTHhiX CHCTeM o6cny:>KHBaHHH C KOHe'I

HhiM HJIH 6eCKOHe'IHhiM 'IHCJIOM o6CJIYJKHBaiO

IUHX KaHaJIOB 
1261

. 

HCCJIE.UOBAHIDI 

llOPEJIHTHBHCTCKOA 

H,UEPHO:A ~11311KE 
11 ~11311KE PE30HAHCOB 

C nOMOJnbiO MO,D;e~HH3HpOBaHHOrO MarHHT

HOrO cneKTpoMeTpa I 7 I Ha CHHXpo<l>a30TpOHe 

JIB3 3aaeprneHhi H3MepeHHH HMnyJihCHhiX 

cneKTpOB .n;eifTpOHOB H npOTOHOB, HCnymeH

HhiX no.n; yrJIOM 0,139 pa.n; BO B3aHMO,D;eHCTBH

HX .n;eifTpOHOB C HMnyJibCOM 9 r3B/c C H,D;paMH 

ao.n;opo.n;a, .n;eH:TepHH H yrnepo.n;a. CneKTphi BTO

pH'IHhiX .n;eifTpOHOB H3MepeHhi B HHTepaane 

OT 5,5 ,D;O 9 r3B/c, a cneKTphi npOTOHOB -

OT 3,3 .n;o 7,3 r3B/c. BbiCOKOHMnyJibCHaH 'IaCTb 

cneKTpa .n;eifTpOHOB OT (d-d)-coy.n;apeHHH Ka

'IeCTBeHHO OIIHChiBaeTCH B paMKaX MO,D;eJIH 

MHoroKpaTHoro HYKJIOH-HYKJIOHHoro pacceH

HHH. 

B ~neKTpax He.n;ocTaromHx Mace .n;nH npou;ec

coa dp -. dX H dd -. dX Ha6JIIO,ll;aiOTCH OC0-

6eHHOCTH pe30HaHCHOrO THna B o6JiaCTH 

M X = (1,4±1,7) r3B/c 2. 0HH HHTepnpeTH

PYIOTCH KaK npoHBJieHHe ao36y:>K,D;eHHH HYK

JIOHHhiX pe30HaHCOB B rny6oKOHeynpyroM 

pacceHHHH penHTHBHCTCKHX .n;eH:TpOHOB HYKJio

HaMH, npoHCXO,D;HmeM 6e3 pa3BaJia HaJieTaiO

mHX .n;eifTpOHOB. 

Cne:KTp npoToHoB oT peaKI.J;HH dp ... pX 

aHaJIH3HpOBaJICH C u;eJibiO nOHCKa o6pa30Ba

HHH .n;H6apHoHHhiX pe3oHaHCHhiX coCToHHHH:. 

B pacnpe.n;eneHHH He.n;ocTaiOIUHX Mace B o6na

CTH 3Ha'!eHHH 2,0 ~ Mx s 2,4 r3Bjc2 He 

• Ha6nro.n;aeTCH KaKHx-nH6o oco6eHHOCTeH:, yK~-
3hiBaiOIUHX Ha o6pa30BaHHe TaKHX COCTO.FIHHH. 

Ha OCHOBe H3MepeHHH C,D;eJiaHa ou;eHKa Bepx

Heif rpaHHI.l;hi Ce'IeHHH o6pa30BaHHH B03MOJK

HbiX B 3TOH o6naCTH Mace ,D;H6apHOHHhiX CO

CTOHHHH 1281• 

BhmoJIHeHo cTaTHCTH'IecKoe Mo.n;enHpoaa

HHe JIHBHeif 'IaCTHI.J;, nopO:>K,D;eHHhiX BbiCOK0-

3HepreTH'!eCKHM H3JiyqeHHeM B npOTHJKeHHhiX 

ra3006pa3HhiX H KOH,D;eHCHpOBaHHhiX Cpe,D;ax -

B aTMOC<l>epe, B MaTepHanax pa,D;Hau;HOHHOH 

3amHTbi 1 B Cpe.n;e ,D;eJIHIUHXCH aemeCTB . H T.,D;. 

Pa3pa6oTaHa nporpaMMa MOHTe-KapnoacKoro 

MO,D;eJIHpOBaHHH HeyrrpyrHX B3aHMO,D;eHCTBHH 

H,D;ep C H,D;paMH Ha OCHOBe rnay6epOBCKOrO 

no.n;xo.n;a. IlporpaMMa HCnOJib3YeTCH npH aHaJIH-

3e 3KCnepHMeHTaJibHhiX ,ll;aHHbiX no ( a- a)-



CTOnKHOBeHIDIM 11pH pen.FITHBHCTCKHX 3HeprH

.FIX. 

Pa3pa6oTa.Ha MaTeMaTH'IleCKa.FI MOAeni>, 110-

3Bon.FIIOJ.Ua.FI paCC'IlHTaTb 110TOKH .FIAepHO-aKTHB

HbiX 'llaCTHIJ;, B03HHKaiOJ.UHX B aTMOC<f>epe 110A 

BnH.FIHHeM KOCMH'IlecKoro H3ny'lleHH.FI, H 011pe

AenHTb ax 6HonorH'IlecKoe AeHCTBHe 11pH pa3-

nH'IlHbiX ycnOBIDIX. lfccneAOBa.H BKnaA MHOrO

KBapKOBbiX KOH<f>Hrypau;HH B HApax rrpH M

poH-.FIAepHbiX CTOnKHOBeHIDIX H H3y'lleHa B Ta

KHX CTOnKHOBeHIDIX ponb BTOpH'IlHbiX KaCKM

HbiX 'llaCTHIJ;, AH6apHOHHbiX COCTO.FIHHH H KBapK

rniOOHHbiX CTpyH 11pH pen.FITHBHCTCKHX 3Hep
rH.FIX /29-31/. 

P A3P ABOTKA IIPlfKJIA,UHbiX 

METO,UOB BbJqlfCJIEHlfA 

1. ilOCTpoeHbi 3KOHOMH'IlHbie HTepan;HOH

Hbie 11pou;ecci>I 'llHcneHHoro perneHIDI 3Ma'llH 

MarHHTOCTaTHKH An.FI <f>H3H'IleCKOH CHCTeMbi 

BaKyyM - cpeAa C OAHOpOAHbiMH MarHHTHbiMH 

CBOHCTBaMH B cnyqae Tpex 11pOCTpaHCTBeHHbiX 

rrepeMeHHbiX. PaccMoTpeHa 3KBHBaneHTHa.FI 

Kpaesa.FI 3Ma'lla B paMKax MeToAa cKan.FipHoro 

rroTeHQHana B o6nacTH, orpa.HH'IleHHOH 110Bepx

HOCTbiO 11apannene11H11eAa, n;HnHHApa HnH rnapa, 

CO C11eiJ;HMbHbiM KpaeBbiM ycnOBHeM HHTer

panbHOrO TH11a, 3Ma.HHbiM Ha 3TOH 110BepXHO

CTH. YcTa.HOBneHa CXOAHMOCTb HTepaiJ;HH An.FI 

scero B03MO)K}{Oro AHa11a3oHa H3MeHeHIDI 

MarHHTHOH 11pOHHIJ;aeMOCTH cpeAbi. 

lf3y'lleH B011pOC cymeCTBOBa.HH.FI CTaiJ;HOHap

HbiX perneHHH ypasHeHIDI, 011HCbiBaromero 11po

u:ecc pacrrpOCTpa.HeHIDI CBeTOBbiX 11Y'IlKOB 

B cpeAe c HaCbiJ.UeHHeM HenHHeHHoro 110Ka3a

Ten.FI 11penoMneHH.FI. MeToAaMH Ka'llecTBeHHOH 

TeOpHH 06biKHOBeHHbiX AH<f><f>epeHIJ;HMbHbiX 

ypasHeHHH AOKa3a.HO, 'llTO An.FI paccMaTpHsae

Moro ypasHeHIDI cymecTsyeT c<f>epH'IlecKH

cHMMeTpH'IlHI>Ie CTaiJ;HOHapHbie peiiieHH.FI 

6e3y3nOBbie H C 11pOH3BOnbHbiM 'llHCnOM y3-

nOB. Pa3pa6oTa.H PM anropHTMOB H 11po

rpaMM 'llHCneHHOrO MOAenHpOBa.HIDI o6paTHOH 

3aAa'llH MarHHTOCTaTHKH An.FI 6e3:>Kene3HbiX 

CBepX11pOBOA.FIJ.UHX MarHHTHbiX CHCTeM. llpoBe

AeH pac'lleT MarHHTHbiX 11oneH M.FI 11ocneA?Ba

Teni>Horo BKniO'IleHIDI AH11oneH H KBMPY110neH 

"HyKnoTpoHa". llony'lleHbi omHManbHbie 110 

PMY xapaKTepHCTHK KoH<t>Hrypan;HH AH110nb

HbiX H KBMPY110nbHbiX MarHHTOB An.FI CHHXpO

TpOHa Ha 3HeprHIO 1 ,5 r3B 110 11pOTOHaM 

( COBMecTHO C JIB:;)) • 

BhmonHeHbi 'llHcneHHbiH pac'lleT CTaQHoHap

Horo MarHHTHoro 11on.FI nHHeHHoro HHAYK-

IJ;HOHHOr o yCKOpHTen.FI JllfY -30 ( COBMeCTHO 

C JIH<I>) , a TaK:>Ke 'llHCneHHOe HCCneAOBaHHe 

HHTerpani>Horo KBa3H110TeHn;HanbHoro ypasHe

HIDI M .FI CB.FI3a.HHbiX COCTO.FIHHH CHCTeMbi ABYX 

6eCC11HHOBbiX 'llaCTHU: ( COBMeCTHO C JIT<I>) I 32- 3:tf 

2. M e ToAOM AHHaMH'IleCKHX rpy1111 H o6o6-

meHHbiX KOrepeHTHbiX COCTO.FIHHH HCCneAOBa.Ha 

KnaCCH'Ile CKa.FI H KBa.HTOBa.FI AHHaMHKa MOAeneH 

6o3e-ra3a C 6eCKOHe'llHOMepHbiMH anre6paMH 

CHMMeTp HH B TeOpHH C11HHOBbiX BOnH, 6o30H

HbiX MOA eneH .FIApa H TeopHH CBepxTeKy'lleCTH. 

ilOCTpoeHa 11CeBAOC11HHOBa.FI MOAenb aHTH

<f>eppoMarHeTHKa H ee He11pepbiBHbiH a.Hanor

HenHHeHHa.FI a -MOAenb Ha HeKOM11aKTHOM 

MHoroo6 pa3HH, HaHAeHbi COnHTOHHbie H C11HH

BOnHOBbie B036y:>KAeHIDI H HX KBa3HKnaCCH-

• qecKHe C11e.KTpbi. 

3. llp oBeAeHbi 'llHCneHHbie 3KC11epHMeHTbi 

H 110CTp oeHa TeopiDI 11pou;ecca o6pa30Ba.HH.FI 

COnHTOH OB 11pH paC11aAe MOHOXpOMaTH'IleCKOH 

sonHbi A n.FI ypasHeHH.FI KopTesera - Ae <l>pH3a. 

lf3y'lleHa raMHnbTOHOBa CTpyKTypa, COnHTOH0-

110A06Hbie B036y:>KAeHIDI H HX C11eKTpbi B MHO

rOKOM110 HeHTHbiX MarHOH-<f>OHOHHbiX CHCTe
MaX/35- 37/. 

Pa3pa 6oTa.Hbi HOBbie HTepau;HoHHbie cxeMbi 

'llHCneHHOrO peiiieHIDI MHOr011apaMeTpH'IleCKHX 

HenHHeHHbiX C11eKTpanbHbiX 3aAa'll An.FI HH

TerpOAH<f><f>epeHIJ;HMbHbiX 011epaTOpOB. QHH 

1103BOn.FIIOT HC110nb30BaTb MHOrOTO'Ile'llHbie Ce

TO'IlHbie a11rrpOKCHMaQHH o11epaTopos 110Bbi

rneHHOH TO'IlHOCTH 6e3 CyJ.UeCTBeHHOrO ycno:>K

HeHIDI anropHTMOB H ysenH'IleHH.FI pecypCOB 

3BM 11pH HX peanH3aiJ;HH 110 CpaBHeHHIO C 11pO

CTeHIIIHM H a11rrpOKCHMaU:H.FIMH. Co3Aa.Hbi anro

pHTMbi A0110nHHTeni>Horo yTo'llHeHIDI pe

rnel:tHH CHHryn.FipHbiX 3Ma'll 3KCTpa110n.Fin;HeH 110 

11apaMeTp aM AHCKpeTH3aiJ;HH. 

llpeAn O:>KeH HOBbiH MeTOA HTepan;HH Mb

TepHHpyiOJ.UHX 110A11pocTpa.HCTB M.FI perneHH.FI 

OAHoro Knacca TpexMepHbiX C11eKTpanbHbiX 3a

Aa'll, o6o 6maromHH MeToA rpy1111osoH penaK

caQHH H HC110nb3YIOJ.UHH 11pou;ecc YTO'IlHeHH.FI 

perneHHH Ha 110CneAOBaTenbHOCT.FIX BnO:>KeHHbiX 

CeTOK. 

4. B bmonHeH pac'lleT xapaKTepHCTHK cna6o

CB.FI3a.HHo ro COCTO.FIHIDI dtll-Me30MOneKynbi 

H yposHeH 3HeprHH Me3oMoneKyn.FipHbiX KOM11-

neKcos . B aAHa6aTH'IleCKOH 110CTa.HOBKe 3aAa'll 

C TO'IlHOCTbiO - 10 - 3 3B, Heo6XOAHMOH An.FI 

Bbi'IlHCneHIDI CKOpOCTeH H KHHeTHKH 11pon;eCCOB 

IL-KaTanH 3a H HHTep11peTaiJ;HH HOBeHIIIHX 3KC11e

pHMeHTOB. 

llonyt~eHbi C 110MOJ.UbiO MeTOAa HTepan;HH 

MbTepHHpyiOJ.UHX 110A11pOCTpa.HCTB 11peABapH-
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TeJibHbie, C TOtJHOCTblO -10-2 3B, 3HatJeHIDI 

ypOBHeM 3HeprHH HeKOTOpbiX Me30M OJieKyJI 

B TpexMepHOM nOCTaHOBKe 3a.D;atJH. 

llpoae,neHO tJHCJieHHOe HCCJie,r(OBaHHe TOtJeK 

6HcpypKauHH B npOT.fi:>KeHHbiX ,r(JK03ecpCOHOB

CKHX nepexo,nax KOHetJHOM ,lJ;JIHHbl C MHKpO

HeO,ll;HOpO,ll;HOCTJIMH. BbitJHcneHbi xap aKTepH

CTHKH OCHOBHOrO H tJeTbipeX B036y)I(J.I;eHHbiX 

COCTOJIHHM B onTHtJeCKOM MO,ll;eJIH n OJIHpo
Ha/38-42/. 

ACY 011JII1 

Pa3pa6oTaHa MeTo,nHKa H BbmonHeHbi pa6o

Tbi no co3,naHHIO nporpaMMHoro o6ecn etJeHHH 

,r(JIH perneHIDI 6onbrnoro KJiacca 3a.D;atJ ACY 

Ha EC 3BM. PeanH30BaHa He3aaHCHMOCTb 

nporpaMMHoro o6ecnetJeHIDI oT cHcTeM ynpaa

neHHH 6a3aMH ,naHHbiX, ocy~eCTBJIHeMaH ny
TeM HCnOJib30BaHIDI MeTO,r(a BHpTy aJibHbiX 

cpaiinoa. Co3,naHa e,nHHaH nporpaMMa aao.na

pe,naKTHpoaaHIDI BCeX THnOB ,r(OKyMeHTOB C HC

nOJib30BaHHeM HHTepnpeTauHH OnHCaHHH. 

BLmonHeH pH,n pa6oT no co3,naHHIO KoMn

neKca nporpaMM, o6ecnetJHBaiO~x p a3pa6oT

KY, OTJIMKY H ,noKyMeHTHpOBaHHe 6 onbrnHx 

CHCTeM, B tJaCTHOCTH, ycoaepllleHCTBOBaHa cpop-
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MaTHpyiO~aH nporpaMMa TEXT A, C03,ll;aHbi 

nporpaMMHbie cpe,ncTaa, pacrnHpHIO~e ao3-

MOJKHOCTH OT~a.D;KH nporpaMMbl Ha Jl3biKe 

Ko6on OC EC 
43

-
441 

· 

HAyqHO-IIPHKJl.A.IJ;HhiE P ABOThl 

Bae,neH a 3KcnnyaTaQHIO a MocKOBCKOM 

3HepreTHtJeCKOM HHCTHTyTe CKaHHpyiO~M aB

TOMaT - aHaJior CHCTeMbl A3J1T-2/160. Pa3-

pa6oTaHa H nepe,naHa 3aKa3tJHKY TeXHHtJecKaH 

,ll;OKyMeHTauHJI Ha ycTpOMCTBO Ol.lHcppOBKH HH

cpopMal.lHH Ha 9CHOBe ll3C-JIHHeMKH B npH

KJia.D;HbiX l.{eJIHX 
451 

• 

Hccne,noBaHbl xapaKTepHCTHKH ll3C-JIHHeeK 

a o6nacTH noporoaoii tJYBCTBHTeJibHOCTH. Pac

CMOTpeHbi nyTH yMeHbllleHHJI nopora tJyBCTBH

TeJibHOCTH Ha OCHOBe aHaJIOrOBOM KOMneHCa

l.lHH TeMHoaoro cHrHana. llpoae,neHo cpaaHeHHe 

caeTotJyacTBHTeJibHbiX H rnyMOBbiX caoiicTB 

HeKOTOpbiX THnOB cpoTOllJieHOK H ll3C-JIHHeeK. 
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OTAEn 
HOBbiX METOAOB YCKOPEHMH 

OcHOBHhie ycHmm KonneKTHBa OT.n:ena Ho
BbiX MeTO,ll;OB ycKopeHHH 6biDH HanpaaneHbi 
Ha peanH3aumo nporpaMMbi co3.n;aHHH ycKo
pHTenH-HH)KeKTopa TH)KeJibiX HOHOB, OCHOBaH
HOrO Ha KOJIJieKTHBHOM MeTo.n;e YCKOpeHHH 
(npoeKT KYTI1-20); Ha pa3BHTHe MeTo.n;HKH 
KOOp.n;HHaTHbiX .n;eTeKTOpOB H Ha 3aBep iiieHHe 
C03,ll;aHHH KOMITJieKca .n;peif<f>OBhiX KaMep ,ll;JIH 
yCTaHOBKH "HeifTpHHHhiH .n;eTeKTop"; Ha pa6o
Tbi, CBH3aHHbie C C03,ll;aHHeM YCKOpHTeJibHO
HaKOITHTeJibHOrO KOMITJieKca J1<l>B8. 

061UHH BH)l; nepsoii oqepe,n;u KYTH-20. 
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P ABOTbl ITO KOJIJIEKTI1BHOMY 
METO)lY YCKOPEHIDI 

KYT11-20 

YcKopmoi..UaH CHCTeMa :meKTpoHHo-HoHHhiX 
KOJieU (JIY8K-20) B KOJIJieKTHBHOM ycKopH
TeJie OCHOBaHa Ha HH.n;YKUHOHHOM cnoco6e 
ycKopeHHH H co.n;ep)KHT B ce6e <f>aKTHtleCKH 
.n;ae cHcTeMhi. llepaa.H o6ecnet~HBaeT npo.n;onb
Hoe o.n;Hopo.n;Hoe MarHHTHoe none c B z ~ 1 ,3 T 



H n03BOJIHeT no)U(ep:>KHBaTb pa,n;HyC KOJieQ 

nocToHHHbiM. BTopan o6ecne'IHBaeT HMnyJibC

Hoe ycKopnroiQee 3JieKTpH~~ecKoe noJie c aM

nJIHTy.n;oH: ,n;o 10 KB/cM. YcKopRIOIQan CHCTeMa 

co6HpaeTcn H3 cneQHaJibHO paspa6oTaHHbiX 

ceKQHH ,Il;JIHHOH 1,8 M, C03,Il;aiOIQHX HH.n;YKQHOH

Hoe npo,n;oJibHoe ycKopnroiQee noJie. BHyTpH 

CeKQHH BMOHTHpOBaHa CHCTeMa KaTyllleK, 

o6ecne'IHBaiOIQHX Tpe6yeMoe MarHHTHoe noJie. 

CeKQHH coe,n;HHHIOTCH nepexo,n;HbiMH KaMepa

MH, B KOTOpbiX pacnoJiaraiOTCH ycTpOHCTBa 

BaKyyMHOH OTKa'IKH H ,D;HarHOCTHKH 3JieKT

poHHQ-HOHHblX KOJieQ. 

MarHHTHaR CHCTeMa COCTOHT H3 KaTyllleK, 

pacnOJIO:>KeH~IX B HH.n;YKTOpax YCKOpHIOIQHX 

ceKQHH (72 KaTylllKH B Ka:>K,Il;OH CeKQHH), 

H KaTyllleK COrJiaCOBaHHR B nepeXO,Il;HblX Ka

Mepax ( 6 nap KaTyllleK B Ka)I(,Il;oH KaMepe) • • 

KpoMe Toro, HMeeTcn nepexo.n;Hbm yqacToK, 

corJiacyroiQHH: MarHHTHoe noJie BbiBo,n;Horo 

coJieHoH.n;a a,n;re3aTopa c noJieM nepBoH: ycKo

p.a:roiQeH: ceKQHH, co,n;ep:>KaiQeH: 8 nap KaTyllleK. 

MarHHTHaR cHcTeMa H3roTaBJIHBaJiacb c BbiCo

KoH: TO'IHOCTbiO, TaK, cpe,n;HeKBa,n;paTH'IiiaR OT

HOCHTeJibHaR OlllH6Ka TOKOB B KaTylllKax He 

,n;oJI:>KHa npeBbilllaTb 4 ·10 - 3, a B reoMeTpH'Ie

CKHX pa3Mepax KaTyllleK H paCCTOHHHRX Me:>K

,n;y HHMH- 10-2 111. KoHCTPYKQHR MarHHTHoH: 

CHCTeMbl n03BOJIHeT ccpopMHpOBaTb Be,n;yiQee 

MarHHTHOe noJie C BapHaQHeH OTHOCHTeJibHOrO 

1 aaz -3 -1 
rpa.D;HeHTa B: az~ 2 • 10 CM • B TaKHX yc-

2 

JIOBHHX B03MO:>KHO yCTOH'IHBOe ycKopeHHe 

3JieKTpoHHo-HoHHbiX KOJieQ. CHcTeMa 3anHTKH 

KaTyllleK Be,D;yiQero MarHHTHOrO nOJIH 

HMnyJibCHan, c peKynepaQHeH: 3HeprHH. 

CHc TeMa, co3.n;aroiQan HH.n;yKQHOHHoe 3JieKT

pH'IecK oe nOJie, COCTOHT H3 36 cep,n;e'IHHKOB 

B Ka:>K,Il;OH CeKQHH, HaMOTaHHblX H3 nepMaJIJIOe

BOH JieHTbi. IIepBH'IHaR o6MoTKa cep,n;e'IHHKOB 

nHTaeTcn MOIQHbiMH HMnyJibCHbiMH reHepaTo

paMH, B KOTOpbiX B Ka'lecTBe KOMMyTaTOpa 

HCnOJib3yeTCH THpaTpOH Trlf-2500/50, pa6o

TaiOIQHH B pe:>KHMe C 3a3eMJieHHOH CeTKOH, 'ITO 

n03BOJIHeT KOMMyTHpOBaTb TOK C aMITJIHTY,D;OH 

,Il;O 30 KA H HMeTb cpe,D;HIOIO MOIQHOCTb B HM

nyJibCe nopn,n;Ka coTEm MeraBaTT • .lJ:aJibHeH:lllee 

yBeJIH'IeHHe HMnyJibCHOH MOIQHOCTH ocyiQeCT

BJIHeTCH. nyTeM BpeMeHHOrO C:>KaTHR 3HeprHH 

C nOMOIQbiO cneQHaJibHblX HeJIHHeHHbiX nocJie

,Il;OBaTeJibHbiX MarHHTHbiX QeneH: C:>KaTHH. Bnep

Bbie TaKOH HMnyJibCHbiH reHepaTop npHMeHeH 

Ha ycK opHTeJinx C11JIYH.ll:-2 H CHJIYH.LJ:-20. 

reHepaTop cnoco6eH pa3BHBaTb TOK c aMnJIH

Ty.n;oH: ,n;o 100 KA npH Hanpn:>KeHHH 50 KB 

H o6ec ne'IHBaeT nHTaHHe o,n;HoH: ceKQHH. HecTa-

6HJibHOCTb H nyJibCaQHH Ha nJiaTo HMnyJibca 

ycKopRIOIQero Hanpn:>KeHHH He npeBbilllaiOT 1%. 

liep BaR O'lepe,n;b JIY8K-20 COCTOHT H3 Tpex 

ceKQHH (pHc.1) • MarHHTHoe noJie B HeH: H3-

MepRJI Cb C nOMOIQbiO pa3pa60TaHHOH aBTo-

5 

6600 

PHc.l. OrpyKTYPHIUI cxeMa nepaoii ot~epenu JIY3K-20: 1- KaMepa anre3aTopa, 2- KaTywKH Mai'HHTHoro nomt 
anre3aTopa, 3 - nsyxceK~OHH&IH coneHoun npenaapHTen&Horo ycKopeHHR, 4 - nepexonH&IH yt~aCToK, 5 - HHnyK
~HOHH&Ie ycKOPJDOIIlHe ceK~H, 6 - nepexonH&Ie KaMep&I, 7 - cornacyxomuii coneHoun, 8 - nuarHoCTH'IeCKIUI 
KaMepa. 
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MaTH3HpOBaHHOH CHCTeMbi, BbinOnHeHHOH Ha 

OCHOBe MHKponpoueccopHOH CHCTeMbl 

MHKAM H MarHHTOMeTpa Xonna MI1X-2M 
121

• 
I13MepeHIDI nOKa3aJIH, liTO se,nymee M arHHT· 

HOe none B nepBOH oqepe,nH JIY3K-20 COOT· 

BeTCTByeT npoeKTHbiM napaMeTpaM (pHC.2). 

~ 
"~ 
.25 B 

. 2 I C 
I z ,,. 

.21 1 • 

-~·~ .06 
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.o~r '10 9J) 110 !!! ,so /IIIII Ill V I AI' • =" 

PHc.2. HH,nyKQHR Be.ny!llero Marnmuoro n o.JIJI B z 

aaz • 
u rpiiJJ.HeHT nonR Tz , H3MepeHHbie B pmmue nepexo.n-

uoro yqacTKa. A - uaqano BToporo conenoH.na co cna· 
.1:\IUO!llHM noneM; B- uaqano nepexo,!U{oro yqacTKa; 
C - uaqano nepBOH ycKopRIO!lleH ceKQHH n Y3K-20. 
lh~peHHR npoBO.t\HnHCb Ha ypOBHe 20% OT HOMHHanb· 
uoro nonR. 

Bse,neHa B ,neiicTsHe cHcTeMa asTo MaTH3H

poBaHHoro ynpasneHIDI ronoBHOH qacTH ycKo

pHTenH TH)KeJibiX HOHOB KYTH-20. C npHMeHe

HHeM 3BM H MHKpo-3BM peweHbl 3a,D;aql-{ H3· 

MepeHIDI 66 napaMeTpOB, KOHTpOJIH COCTOHHIDI 

46 napaMeTpOB, CHHXpOHH3auHH TeXHOnOrHqe

CKHX CHCTeM YCKOpHTeJIH (56 ynpaBJIHeMbiX 

KaHaJIOB reHepaTOpOB BpeMeHHbiX HHTepBa

nOB) , CTa6HJIH3auHH BpeMeHHOrO non o:>KeHIDI 

ycKopmoi.UHx HMnynbcos nHTH ceKUHH ycKopH

TeJIH CHJIYH.ll:-20, HMnynbCOB HH<tm eKTopa 

H KOppeKTopa, OT06pa)KeHIDI HH<!>OpMauHH 06 

H3MepHeMbiX H KOHTpOJIHpyeMbiX napaMeTpax. 

B COCTaB nporpaMMHOrO o6ecneqeHIDI B KJIIOqe

Hbl npoue,nypbl OnTHMH3auHH pe)KHMOB pa60Tbl 

KYTH-20 nocpe,nCTBOM ynpasneHIDI reHepa

TopaMH BpeMeHHbiX HHTepBaJIOB CHHXpOHH3a

TOpa KYTH-20 131. 
Pa3pa6oTaHa H peanH30BaHa annapaTypa 

CTa6HJIH3auHH 3apH,nHbiX HanpH)KeHHH M OI.UHbiX 

TeXHonorl-{qeCKHX ycTpOHCTB. CHCTeMa COCTOHT 

H3 14 aBTOHOMHbiX KaHaJIOB, ynpaBJIHIOI.UHX 

H CTa6HJIH3HpYIOI.UHX C TO~OCTbiO 0,1% 3apH,n-
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Hble HanpH)KeHIDI Ha BCeX OCHOBHbiX yCTpoHCT· 

Bax • .ABToMaTH3HpOBaHHOe ynpasneHHe BCeH 

CHCTeMOH ocymeCTBJIHeTCH MHKponpoueccop

HbiM KOHTponnepoM KM 011 co cneUHaJibHO 

pa3pa6oTaHHbiM nporpaMMHbiM o6ecneqeHH
eM 741. 

Co3,naHbi H sse,neHbi B 3KcnnyaTauHIO TPH 

aBTOMaTH3HpOBaHHbiX pa60qi-{X MecTa 3KCne

pHMeHTaTopa Ha 6a3e nepH<t>epHHHbiX 3BM 

"3neKTpOHHKa-60", opHeHTHpOBaHHbiX Ha pe

weHHe 3a,naq ,D;HarHOCTHKH 3neKTpOHHbiX H HOH· 

HbiX nyqKOB H CHHXpOTpOHHOrO H3nyqeHIDI • 

ITpose,neHa HaJia,nKa nepsoii oqepe,nH 

JIY3K-20 c nyqKoM. Pa,neyc 3neKTpOHHbiX 

Koneu B JIY3K-20 ( 4,5+5) CM COOTBeTCTByeT 

npoeKTHbiM 3HaqeHIDIM H yposHIO MarHHTHoro 

nOJIH. 3a<l>HKCHpOBaHO ycKopeHHe 3neKTpOH· 

HbiX KOneu B 3neKTpl-{qeCKOM none JIY3K-20. 

I13MepeHHe CKOpOCTH 3neKTpOHHbiX Koneu 

npOBO,D;HJIOCb no BpeMHnponeTHOH MeTO,D;HKe 

C HCnOnb30BaHHeM CHHXpOTpOHHOrO H3nyqeHIDI 

3neKTpoHOB. BenHqHHa ycKopHIOI.Uero HanpH

:>KeHIDI 1,6 MB Ha ceKUHIO. 

TEOPETM:qECKHEPABOThl 

YKa3aH npHHUHnHaJibHO HOBbiH cnoco6 yc

KopeHIDI BCTpe~biX HOHHbiX nyqKOB B C)KH· 

MaiOI.UHXCH 3neKTpOHHbiX KOn&uax, B KOTOpOM 

op6HTaJibHaH yCTOHqHBOCTb HOHOB o6ecneqH

BaeTCH B OCHOBHOM 3neKTpHqecKHM noneM 

3neKTpOHHOrO KOnbl~a H, cne,noBaTeJibHO, He 3a· 

BHCHT OT HanpasneHIDI spameHIDI HOHO:S. ITpo

se,neHHbiH aHaJIH3 OCHOBHbiX <l>H31-{qecKHX npo

UecCOB H nonyqeHHbie orpaHI-{qeHHH Ha napa

MeTpbi yCKOpHeMbiX HOHOB no3BOJIHIOT Ha,ne

HTbCH Ha ,D;OCTH)KeHHe CBeTHMOCTH BCTpe~biX 

30 -2 -1 6 . 
HOHHbiX llyqKOB 10 CM C B 0 naCTH 3Hep-

rliH CTOnKHOBeHHH ,no 200 K3B/HYKJIOH. Me

TOA MO)KeT HaHTH npHMeHeHHe B <l>H3HKe aTOM· 

HbiX CTOnKHOBeHHH H cneKTpOCKOllHH/5/, 

C<l>OPMYJIHpoBaH cnoco6 OnHCaHIDI naMH

HapHbiX peJIHTHBHCTCKHX nOTOKOB npoCTpaHCT· 

BeHHOrO 3apH,na H Ha ero OCHOBe pa3pa6oTaH 

MeTo,n CHHTe3a penHTHBHCTCKHX nyweK ITHpca 

C <t>oKyCHPYIOI.UHM MarHHTHbiM noneM, BKJIIO· 

qaiOIUHH aHaJIH3 H ycTpaHeHHe c<t>epl-{qecKHX 

a6eppaUHH nyTeM no,ll6opa <t>opMbi 3MHTH

PYIOI.Ueii nosepXHOCTH 
161

. 3Ta pa6oTa aKTyan&

Ha B CBH3H C C03,D;aHHeM 3neKTpOHHbiX HCToq

HHKOB C MaJibiM 3MHTTaHCOM nyqKa ,nJIH nH· 
HeHHbiX HHAYKUHOHHbiX yCKOpHTeneif, KOTO· 



phle HCnOJI1>3YJOTCJI B KOJIJieKTHBHLIX yCKOpH· 

TeJIRX HOHOB 3JieKTpoHHhiMH KOJibUaMH, B HM· 

nym.cHLIX peaKTopax, wm reHepauHH 3JieKTpo

MarHHTHoro H3JiyqeHH.R. 

HOBblE METO,nWIECKHE PA3P ABOTKH 

HCCJIE,nOBAHHE HA YCTAHOBKE 
"AHOMAJIOH" BTOPWIHhlX .R,nEP 
C BHYTPEHHE:A MHIIIEHH 
CHHXPOC!>A30TPOHA 

llpH pe.JI.RTHBHCTCKHX 3HeprH.RX cpparMeHTbl 

~pa-cHap.R,D,a cocpeAOTOlleHbi B Y3KOM yrno

BOM KOHyce B HanpaBJieHHH HMfiYJibCa pOAH· 

TeJibCKOrO .R,D,pa H HMeiOT CKOpOCTb, 6JIH3KYIO 

K ero CKOpOCTH. 3TO o6cTOJITeJibCTBO OTKpbi· 

saeT YHHKaJibHYJO B03MO:>KHocn no cpopMHpo

BaHHIO nyqKOB HeCTa6HJibHbiX (B TOM liHCJie 

3K30THlleCKHX) Jl.t{ep H HCCJie.t{OBaHHIO HX 

CBOHCTB (cet~eHHJI B3aHMOAeHCTBHJI, 3JieKTpH· 

qecKHe H MatHHTHbie MOMeHTbi, cneKTpbi nepe

XOAOB HAp.). 

CMWXPOI3)Qn!POW 

B 1984 roAy KoHcpHrypauHR ycTaHOBKH 

"AHOM aJIOH" 6biJia H3MeHeHa (pHc.3) C UeJibiO 

HCCJie,t{OBaHHJI cpparMeHTOB Jl.t{ep, o6pa30BaH· 

HbiX B O BHyTpeHHeH MHWeHH CHHXpocpa3oTpo

Ha. TpaHcnopTHposxa BTopHliHbiX .RAep Ha yc

TaHOBKY ocyi.ueCTBJIJIJiaCb C nOMOIUbiO MarHHT

HOH OnTHKH KaHana MeAJieHHOro BbiBO,t{a. 

C!>parMeHTbl peJI.RTHBHCTCKHX .R,D,ep, o6pa30· 

BaBWHecJI npH B3aHMO,t{eHCTBHH nepBHliHOrO 

nyqKa C MHWeHbiO, npOXOAJIT B MarHHTHOM n:o

Jie ycx oplfieJI.R oxono 18 M . MarHHTHoe none 

CHHXpOcpa30TpoHa B 3TOM 3KCnepHMeHTe HC· 

nOJib3yeTCJI KaK npeUH3HOHHbiH MarHHTHbiH 

cneKTpoMeTp c pa3peweHHeM no HMnyn~>cy 

-10- _AJIJI TOliHOro H3MepeHH.R BeJIHliHHbl 

y y2 -1· (A/Z), rAe Y - peJI.RTHBHCTCKHH cpaK

TOp, a Z H A - 3ap.R,D, H Maccosoe liHCJIO cppar

MeHTa. llOCKOJibKY npH cpparMeHTauHH Jlwa

CHap.R,D,a CKOpOCTb, a CJie.t{OBaTeJibHO, H V Y • 1 
npaKTHllecKH He MeHJIIOTC.fl, MarHHTHhiH cenapa

TOp, n o cymeCTsy, pa3AeJI.ReT cpparMeHTbi no 

H30TOnHOMY COCTasy (no BeJIHliHHe A/Z). 

CocTas BTOpHliHbiX nyqxos, o6pa30BaHHbiX 

H3 19 F s Tpex pa3JIHIIHI>IX pe:>KHMax pa6oTbi yc

KopHTe.JI.fl, paCCliHTaHHLIX Ha BbiBOA H30TOnOB 

PHc.3. KoHcj)Hryp~ll yCTBHOBKH "AHoManoH" B ODhiTe no Hcc nellOBBHHJO BTopwgt&IX 1111ep, o6pa30B8HH&IX 

BO BHYTPeHHeH MHWeHH CHHXpOcj)UOTpoHa; S 1-4 - CUHHTHnniii.{HOHH&Ie C'leT'IHKH, C - TpH rOilOCKODH'IeCKHe 

DnOCKOCTH 'lepeHKOBCKHX C'leT'IHKOB, XUV 1_ 6 - TpeXKOOpllHH8TH&Ie nponopi.{HOH&n&H&Ie KaMep&I. 
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PHc.4. Pacnpe.u;eneaae cHrHanoa OT cpparMeHTOB 19F, 
3aperacrpapoaaHH&Ix yCT&HOBKOH "AHoManou " a pe
:>KHMe B&Iao.u;a, no KBa.u;paTy ax 3ap.R.u;a: a) 16 N, 
6) 14c, a) t2s. 
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a3oTa 16 N, yrnepo.n;a 14C H 6opa 12 B, npHae
.n;eH Ha pHc.4. llpHMecb coce.n;HHX H30Tonoa 
B nyttKe, paccttHTaHHOM Ha onpe.n;eneHHbiH 
HyKJIH)J;, OKa3biBaeTCH He3HatiHTeJibHOH. 3TO 
oco6eHHO xoporno BH)J;Ho Ha npHMepe H3oTo
noa a3oTa 16N (pHc.4a) H 17N (pe:>KHM BbiBO
.n;a 17 N 6JIH30K K pe:>KHMY BbiBo.n;a 12 B, 
pHc.4a). B pe)KHMe, npoMe~TotiHoM Me)K)J;y 
3THMH )J;BYMH (pHc.46), B KOTOpbiX MoryT Bbi
BO)J;HTbCH "XBOCTbi" B HMnyJibCHbiX pacnpe.n;e
JieHHHX 060HX H30TOllOB a30Ta, BbiXO)J; <Ppar
MeHTOB a30Ta Man. 

XapaKTepHaH aenHttHHa noToKa BTopHtiHbiX 
H.n;ep B KaHane Me)J;JieHHOrO BbiBO)J;a COCTaBJIHeT 
)J;JlH yrnepo.n;a 14C - 5 ·10-6 OT HHTeHCHBHOCTH 
BHyTpeHHero nyttKa B ycKopHTene. 

Hccne.n;oBaHHe cao:HCTB BTOpHtiHhiX H.n;ep, 
o6pa30BaHHbiX Ha BHYTpeHHeH MHllieHH CHHX
po<Pa30TpOHa, ll03BOJIHJIO H3MepHTb HMnyJibC
HOe pacnpe.n;eneHHe <PparMeHTOB H.n;pa-cHapH.n;a, 
.n;aTb OI~eHKY cetteHHH 3apH,11;0BO-o6MeHHOH 
peaK~H 19 F + H.n;po - 19 0 + X H aepxHe:H 
rpaHHI.J;hi o6pa30BaHHH H)J;ep c .n;po6HbiM 3apH
.n;oM (Z = 7,7). 

YCTPO:ACTBO ,l1)1fl KOHTPOJ1fl 
P A3MEPOB nYliKA 

PEJ1fiTHBHCTCKHX liACTHU 
H fl,llEP 

3aaeprneHa pa3pa6oTKa ycTpo:HcTaa )1;JIH 

KOHTponH pa3Mepoa nyqKa penHTHBHCTCKHx 
ttaCTHI.J; H H.n;ep, npe.n;Ha3HatteHHaH )1;JIH pa6oTbi 
Ha BTOpOM KaHane Me.n;JieHHOrO BbiBO)J;a 
CHHXpo<!>a30TpOHa J1B3. 0CHOBY ycTpOHCTBa 
COCTaBJIHeT KOM6HH~ )J;BYX nponop~o
HanbHbiX KaMep, pa3.n;eneHHhiX o6'beMoM HOHH-
3~0HHo:H KaMepbi, co6paHHbiX B O)J;HH naKeT. 
0.n;HOBpeMeHHO npOBO)J;HTCH H3MepeHHH npo
<!>HJIH nyqKa no Koop,nHHaTaM X H Y H a6co
JilOTHoro 3HatteHHH HHTeHCHBHOCTH nyqKa. Opo
nop~oHanhHhie KaMepbl pa60TaiOT B TOKOBOM 
pe)KHMe. llpoBe)J;eHbl HCllbiTaHHH nponop~O
HanbHbiX KaMep npH o6nytteHHH HX pa.n;HOaK
THBHbiM HCTOtiHHKOM 90Sr H B CeaHCax pa60Tbl 
C nyttKOM npOTOHOB npH HHTeHCHBHOCTH 
0,5 ·10 9 H (4+5) ·10 9 ttacT./c6poc. PerHcTpH
PYJOl.l.\aH 3JieKTpoHHKa HMeeT BXOAHYJO ttyBcT
BHTeJibHOCTb 0,5 • 10 - 9 A H 6biCTpo.n;e:HcraHe 
.$10 MC, tiTO ll03BOJIHeT npOBO)J;HTb H3MepeHHe 
npo<!>HJIH nyttKa HeCKOJibKO pa3 3a ~KJI yCKO
peHHH. 



3JieKTpOHHKa COITp.IDKeHa C ,ll;HaJIOrO-Bl>lliHC
JIHTeJibHbiM KOMIIJieKCOM .lJ:BK-1, OCHa~eHHbiM 
,ll;OCTaTOliHbiM ITaKeTOM ITporpaMM, IT03BOJIHIO
~M aBTOHOMHYIO pa6oTy BCero ycTpOHCTBa, 
3aiiHCb ,ll;aHHbiX Ha ,ll;HCK H o6pa6oTKY 3KCITepH
MeHTaJibHbiX .n;aHHhiX 171 . 

yqACTHE B C03.1J:AHHH 

YCT AHOBKH "HEliTPHHHbi11: .il:ETEKTOP" 

3aKOHlleHO H3rOTOBJieHHe BCeX 120 cepHH
HbiX ,n;peiicpOBbiX KaMep, 40 H3 KOTOpbiX 
CMOHTHpOBaHbl Ha HeHTpHHHOM KaHa.n:e B paM
HbiX MarHHTaX MHilleHHOH tiaCTH ycTaHOBKH 
"HeH:TpHHHbiH .n;eTeKTop", a paHee 36 KaMep
B MIOOHHOM CITeKTpoMeTpe. Co3,n;aHa 3JieKT
poHHKa perHCTp~HH H CliHTbiBaHHH HHcpop

M~H C ,n;peH:cpOBbiX KaMep, COCTOH~aH H3 
48 6JIOKOB H3MepeHHH BpeMeHH ,n;peH:cpa, 
192 6JIOKOB perHCTp~HH HOMepa KaHa.n:a, 
8 6JIOKOB 6hiCTpbiX pa3MHO:>KHTeJieH, 4 6JIOKOB 
yiTpaBJI.JieMoro reHepaTopa, 928 IIJiaT ycHJIHTe
neH:-cpopMHpoBaTeneH:. TaKHM o6pa3oM, o6~H: 
06'beM 3JieKTpOHHKH COCTaBJIHeT 3072 perHCT

pHpyro~ KaHa.n:a. KpoMe Toro, co3,D;aHbi 
CHCTeMbi: BbiCOKOBOJibTHOrO ITHTaHHH ,n;peH
cpOBbiX KaMep, HH3KOBOJibTHOro ITHTaHHH Ka
MepHOH 3JieKTpOHHKH, KOHTpOJIH pa60TOCITO
C06HOCTH HH3KOBOJibTHOrO H BbiCOKOBOJibTHO
ro IIHTaHHHISI.Ha ITYtiKe HeHTpHHO ITpOBe,D;eH 

KOMIIJieKCHbiH 3aiTyCK KOOp,D;HHaTHOrO ,n;eTeK
TOpa MIOOHHOrO CITeKTpOMeTpa. 

yqACTHE B IIPOBE.il:EHHH 
3KCllEPI1MEHTA NA-4 B QEPHe 

1985 ro,n; CTaJI 3aBeprnaro~M ,ll;JIH 3KCITe
pHMeHTaJibHOH ycTaHoBKH NA-4 B U:EPHe 
(ITepBbiH ceaHc Ha HeM: 6hm ITpoBe.n;eH e~e 

B 1978 ro.n;y). B 1985 ro.n;y Ha6paH 6onhrnoH: 
CTaTHCTHlleCKHH MaTepHa.n: ITO rrporpaMMe HC
CJie,D;OBaHHH ITpo~ecca rny6oKoHeyiTpyroro pac
ce.JIHHH MIOOHOB pa3HbiX 3HeprHH Ha :>KH,ll;KO
BO,ll;OpO,ll;HOH, :>KH,ll;KO,n;efuepHeBOH H :>KeJie3HOH 
MHrneHHx, a coTpy.n;HHKaMH OHHH 6hma 
o6eciTetieHa Ha,n;e:>KHa.JI pa6oTa Bcex Y3JIOB yc
TaHOBKH. 

C MOMeHTa CBOero C03,ll;aHHH YCTaHOBKa 
NA-4 pa6oTa.n:a tipe3BbillaHHo IIJio,n;oTBOpHo. 
Ha MarHHTHhie neHThi 3aiiHcaHo: 

- B OIIhiTax ITO rny6oKoHeyiTpyroMy pac
ce.JIHHIO MIOOHOB Ha yrnepo.n;e 40 MJIH. co6bi
THH rrpH 3HeprHHX 120, 200 H 280 r3B; 

- B OIIbiTax ITO H3MepeHHIO ITapaMeTpa 
B-aCHMMeTpHH 10 MJIH. C06biTHH ITpH 3HeprH-
HX 120 H 200 r3B; 

- B OIIbiTaX ITO H3MepeHHIO H,D;epHbiX 3cp
cpeKTOB rny6oKoHeyiTpyroro pacce.JIHHH MIOO

HOB Ha MHilleHHx (H 2, D 2, N 2• Fe) 2,4 MJIH. 
co6biTHH ITpH 3HeprHHX 100, 120 H 200 r3B; 

- B OIIbiTaX ITO pacce.JIHHIO Ha :>KH,ll;KOBO

,ll;OpO,ll.HOH MHilleHH 16 MJIH. C06biTHH ITpH 3Hep
rHH 2 8 0 r3B. 

3a BpeMH pa6oThi ycTaHOBKH NA-4 coTpy.n;
HHKaMH OHHH HaKoiiJieH 6oraTeH:rnHH: OIThiT 

pa60Tbl Ha O,ll;HOH H3 KpyiiHeHillHX 3KCITepHMeH
TaJibHbiX ycTaHoBoK MHpa. Co3,n;aHHa.JI aiTITapa
Typa 3cpcpeKTHBHO pa6oTa.n:a 60JibillYIO tiaCTb 
BpeMeHH ITpH HHTeHCHBHOCTH rrytiKa MIOOHOB 
(5+6) • 10 7llaCT./C6poc. llpH 3TOM 

- Cpe,n;Hee liHCJIO OTKa30B 3JieKTpOHHKH 
COCTaBHJIO 20 H3 60000 KaHaJIOB 3a 2 MeCH-
~a HeiTpepbiBHOH pa60Tbi; 

- cpe,n;Hee liHCJIO o6pb1BOB CHrHaJibHbiX 
ITpOBOJIOK B KaMepax COCTaBHJIO 3 H3 110000 
3a ro.n; pa6oThi ycTaHOBKH; 

- Cpe,D;HHH 3cpcpeKTHBHOCTb 160 ITpOITOp
~HOHaJibHbiX KaMep TOpOH,D;aJibHOrO CITeKTpO
MeTpa 3a Bee ro,n;hi pa6oThi 6bma Ha ypoBHe 
(98±1 ) %; 

- cpe,D;HHH 3cpcpeKTHBHOCTb 5 reKCarOHaJib
HbiX KaMep cppoHTaJihHoro CITeKTpoMeTpa 6hma 
Ha ypo BHe (95±1) %; 

- ,ll;OCTHrHyTa.JI TOliHOCTb IOCTHpOBKH 160 
ITpOITOp~HOHaJibHbiX KaMep TOpOH,ll;aJibHOrO 
ciTeKTp oMeTpa 6bma Ha ypoBHe ±0,2 MM. 

YcTaHOBJieHo TaK:>Ke, liTO rrpocTpaHCTBEIHHoe 
pa3perneHHe ITpoiTop~HoHa.n:bHbiX KaMep, ITpo
cnoeHHhiX :>KeJie3HbiMH ,ll;HCKaMH MarHHTa,yxy,n;

rnaeTCH Ha 20% ITO CpaBHeHHIO C reoMeTpHlle
CKHM p a3perneHHeM KaMephi, oiTpe.n;enHeMhiM 
rnarOM CHrHaJibHbiX ITpOBOJIOK 

P ABOT bl, CBH3AHHbiE 

C C03.1J:AHHEM YHK 

3aBeprneHo co3,D;aHHe Bq-reHepaTopa ITep
BOH oqepe.n;H CTaH~HH ITeperpyiTIIHpOBKH rrytiKa 
ITpoToHHoro CHHxpoTpoHa Y-70 Ha tiaCTOTY 
ycKopHro~ero ITOJIH YHK (200 Mr~). Bq-re
HepaTop , o6eciTetiHBaro~H: KBa3HHeiTpepbiB
HbiH p e:>KHM pa6oThl, ITOCTpoeH Ha 6a3e OKO
HetiHbiX KaCKa,D;OB THITOBOH TeJieBH3HOHHOH 
CTaH~H TB-50/15-III MOmHOCTbiO 25 KBT. 
.il:JIH ITOJiytieHHH MOmHOCTH 100 ~BT HCITOJib

. 30BaHO lleTbipe TaKHX KaCKa,D;a. fu MOmHOCTH 
CKJia,D;biBaiOTCH CHatia.n:a B ,D;BYX KBa,D;paTypHbiX 
MOCTaX Ha CBH3aHHbiX JIHHHHX H 3aTeM B BOJI
HOBO,ll;HOM MOCTe. llpe,n;BapHTeJibHbiH Bq-TpaKT 
H3rOTOBJieH Ha 6a3e ITOJIYKOMIIJieKTa ITepe,n;aT
liHKa H306pa:>KeHHH yKa3aHHOH CTaH~HH. llpo-
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KpuoreHHbiH KOMnneKC, npeAH83H&'IeHHbiH AJIR npoeeneHHJl HCCnenoeiUfHH xapaKTepHCTHK neyx<lJ83HbiX DOTOKOB 
.renHR npnMeHHTenbHO K 3&n&'laM YHK. 

rpaMMHpOBaiiHe aMnnHTY.D:bl H llaCTOTbl yCKO
p.HIOI:Uero Hanp.H:>KeHH.H H CHHXpOHH3~H pa6o

Tbl CTaH~ neperpyniiHpOBKH rryt~Ka C QHKJIOM 
ycKopeHH.H Y-70 ocymecTan.HIOTC.fl CHCTeMoH 
ManOMOI:UHOH 3neKTpOHHKH, BKJIIOllaiOI:UeH 3a
,ll;aiOI:UHH reHepaTop, CHCTeMy o6paTHOH CB.fi3H 
no nyt~Ky H CHCTeMy CHHXpoHH3~HH /lO/. 

llpoae,n;eH MOHTa:>K Bq-reHepaTopa Ha CHH
xpoTpOHe Y -7 0 H Hana,n;Ka ero CHCTeM B CO
CTaBe o6opy,n;OBaHH.fl nepBOH Ollepe,n;H CTaHQHH 

neperpyniiHpOBKH rryt~Ka. B HTore n o aonHo
BO.D:HOMY TpaKTY ,ll;nHHOH 140M ocymecTaneHa 
nepe,n;aqa Bq·MOI:UHOCTH 100 KBT K pe3oHaTop
HOH yCKOp.HIOI:UeH CHCTeMe, pacnono:>KeHHOH 
B pa6ot~eli 30He Ha KOnhQe ycKopHTen.H . BLmon
HeH rnaBHbiH 3Tan B C03,1l;aHHH CHCTeMhi, HMelO
meH Ba:>KHoe 3Hat~eHHe ,n;nH peanH3~HH npo
rpaMMhi no.n;roTOBKH Y-70 K pa6oTe B Kat~ecrne 
HH:>KeKTopa YHK. 

PAEOTbl 
no )J;BYX<l>A3HOMY rEJIHIO 

llpoae,n;eHHbiH aHanH3 3KCnepHMeHTanbHbiX 
,ll;aHHbiX, nonyt~eHHbiX Ha KpHoreHHbiX CTeH,n;ax, 
no3BOnHn 3aBepi1IHTb QHKJI HCCne,ll;OBaJIHH xa
paKTepHCTHK ropH30HTanbHbiX KaHanOB pa3-
nHliHOH reoMeTpHH npH BhiHy:>K.n;eHHOM TelleHHH 
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.n;ayx$a3Horo renH.H (a IliHpOKOM .n;Hana3oHe 
ero TepMO,Il;HHaMHlleCKHX COCTO.fiHHH) npH yc
nOBH.fiX, 6nH3KHX K a.n;Ha6amLIM. Ha ocHo
ae 3THX ,n;aHHLix pa3pa6oTaHhi peKoMeH,n;aQHH 
no C03.D:aHHIO CHCTeMLI KpHoreHHoro o6ecne
t~eHH.H MarHHTOB YHK c Hcnonb30BaHHeM .n;ayx
<Pa3HhiX nOTOKOB . renH.fl, 

)];n.H HCCne)l;OBaHH.fl 3aKOHOMepHOCTeH Ten
nonepe,n;aliH K noToKaM renH.H (a TOM t~Hcne 
,ll;Byx$a3HhiM) npH HMnynbCHbiX TennOBbiX 
Harpy3Kax C03,1l;aH 3KCnepHMeHTanbHhlH CTeH)l; 
TennOBOH MO,Il;enH CBepxnpOBO)l;.fii:Uero MarHH
Ta, B KOTOpOM TennOBbl,ll;en.HIOIQHH 3neMeHT 
H3 TOHKOH yrnepo.n;HoH nneHKH, HMHTHPYIOmHH 
pa6oTy caepxnpoao,n;Hmeli o6MoTKH MarHHTOB 
B ycnoaH.Hx HMnynbcHoro pa3orpeaa, HBn.HeTc.H 
O,ll;HOBpeMeHHO H ManOHHepQHOHHbiM HarpeBa
TeneM C nOCTO.fiHHOH BpeMeHH MeHee 1 MKC, 
H H3MepHTeneM TeMnepaTypbl noaepXHOCTH 
c qyacTaHTenbHOCTbiO 1600 OM/K. Tenn'oaLme
n.fiiO!QHH 3neMeHT noMerueH B ropH30HTanbHblH 

npoKaliHOH KpHOCTaT C a30THbiM H renHeBhlM 
TennOBblMH 3KpaHaMH. )J;n.H IIpOBe,ll;eHH.fl 3KCne
pHMeHTOB pa3pa60TaHO 3neKTpOHHOe '!6opy,n;o
BaHHe, OCHOBHbiM 3neMeHTOM KOTOpOrO cny
:>KHT ycHnHTenb MOI:UHOCTH, BhiiiOnHeHHhiH 
a CTaH.n;apTe KAMAK H pa6oTaiO!QHH B .n;ayx 
pe:>KHMax CTa6HnH3~ - Hanp.H:>KeHWI H MOIQ
HOCTH. llepe,n;HHH H 3a,ll;HHH $poHTbl HMrrynbCOB 



Ham.IJIHTeJihH&JI K&Mepa AJI.fl C03AaHH.fl TOHKonne
HO'IHhiX ycTpOHCTB, 

He npeBbiiiHllOT 10 MKC. J13MepeHJfffPOBO.ZJ;J'IT· 

c.R: Ha JIHHHH c 3BM MERA-60/45 • 

Pe3yJILTaThi nepBLIX Hccne,D;oBaHHH (pHc.5) 

noKa3aJIH, qTo npH npoqHX paBHLIX ycnoBHHX 

K03cpqm~eHT TenJIOOT,D;aqH a B HeCT~OHap
HOM pe)IGIMe 3HaqHTeJILHO Bbiiiie no cpaBHeHHIO 

CO CT~OHapHbiMH 3HaqeHHHMH (t ~ 1 MHH). 

Oco6eHHo 3TO cymecTBeHHO Ha HaqanLHLIX 

CTa,D;HHX npouecca ,D;JI.fl OTHOCHTeJibHO 60JILIIIHX 

PHc.5. 3 aBHCHMOCTh Ko3<P<P~eHTa TermooTAaqa a oT 
Maccosor o pacxoAHoro napocoAep)KaHH.fl x reJIH.R npu 
pa3JIHqftbiX 3aaqeaH.Rx speMeHH t H yAeJihHbiX Termo
BbiX noToKax q (P = 1,25 •10 5 ITa; m = 37 Kr/M 2 c). 
--- t • 40 MKC, - - - • t "" 1 MC, - • - • t • 8 MC, 
-••- t > 1 MHH. 

3HaqeHHH y,D;eJILHbiX TenJIOBbiX noTOKOB H M8C· 

COBbiX p aCXO,D;HbiX napoco,D;ep:>Ka.HHH /12/. 

ABTOMaTH3HpOBaHH8JI CHCTeMa c6opa H o6pa6oTKH 3KcnepHMeHTaJihHbiX AaHHhiX, nony>~aeMhiX aa KpaoreHHoM 
CTeHAe. 
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0TA8fl 

P8AM8~MOHHOM fi83008CHOCTM 
M P8AM8~MOHHbiX MCCfl.BAOB8HMM 

Pa6oTa COTPYAHHKOB 0TAeJia PaAHat.lHOHHOH 
6e3onacHocTn: n: PaAHauHOHHb~ n:ccneAOBaHHH 
B 1985 roAy 6hma HanpaaneHa Ha o6ecnetJeHn:e 
A03HMeTpHtJeCKOrO KOHTpOn.R Ha pa60tJHX Mec
Tax coTPYAHHKOB lfuCTHTYTa n: a oKpy>KaiOI.QeH 
cpeAe, pa3pa60TKY H BHeApeHn:e HOBb~ 
cpeACTB KOHTpOn.R, a TaK:>Ke Ha npoBeAeHHe 
PaAHat.lHOHHhiX n:ccneAOBaHHH B o6nacTH <f>n:3H
KH 3aLQHTbl H A03HMeTpHH HOHH3Hpy iOLQHX 
H3nytJeHHH OT .RAepHo-<f>H3HtJecKHX yCTaHOBOK 
OHHH. 

,!J;03HMe1'pHtJecKHH KOH1'pOm, ocyi.QecTBn.Rn
C.R Ha BCex AeHCTBYJOLQHX .RAepHo-<f>H3HtJecKHX 
ycTaHOBKax OI1HI1: 

- HMnynhCHOM 6biCTpOM peaKTope 
I1BF!30, pa6oTaiOI.QeM B 6ycTepHOM H peaKTOp
HOM pe:>KHMaX npH cpeAHeH MOLQHOCTH AO 
20 KBT; 

- HMnynhCHOM 6biCTpOM peaKTope 
HBP-2 npn: cpeAHeH MOLQHOCTH 2 MBT, 

- CHHXpo<f>a30TpOHe B pe:>KHMe ycKopeHH.R 
llpOTOHOB H peJI.RTHBHCTCKHX HAep C 3Heprn:eH 
HeCKOnhKO r3B/HYKnOH, 

- <f>a30TpOHe B pe:>KHMax HMaAKH H BbiBQ
Aa nytJKa npOTOHOB H3 BaKyyMHOH KaMepbl 
ycKopn:Ten.R, 

- u:n:KnoTpoHax Y-200, Y-300 n: Y-400 
B pe:>KHMe ycKopeHH.R HOHOB C 3f!ep rH.RMH 
AO 13 M3B/HYKnOH, 

- MHKpoTpoHe MT-22 Ha 3HeprHIO 3neKT
poHoB 22 M3B, 

- npoToTn:ne KYTH-20, CHJIYH,D;-20 
H JIHY-3000, 

- 3neKTpOCTaTHtJeCKOM reHepaTope 3r-5 
B pe:>KHMax ycKopeHH.R npOTOHOB H r e.nH.R-4 
AO 3HeprHH 3 M3B, 

- nHHeHHOM ycKopn:Tene 3neKTpOHOB 
JIHY-30 npn: 3HeprHH AO 8 M3B, a TaK:>Ke npn: 
npoaeAeHHH pa6oT c paAn:oaKTHBHhiMH ae
I.QeCTBaMH H ApyrHMH HCTOtJHHKaMH HOHH-
3HpyiOLQHX H3nytJeHHH. 

KoHTponh paAn:au:n:oHHOH o6cTaHOBKH n: HH
AHBHAYMhHh~ A03 nepcoHana B 30Hax paAHa
U:U:OHHOro B03AeHCTBH.R n03BOJIHJI opraHH3o-
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BaTh Ae.RTenbHOCTb nOAPa3AeJieHHH liHCTHTYTa 
TaK, tJT06hi roAOBOH ypoaeHh o6ny11eHH.R nep
coHana n: Hace.neHH.R He npeBbiCHn HH npe
AenhHO AOnyCTHMbiX A03, HH npeAenOB 
A03. K KOHu:y 1985 roAa Ha HHAHBHAY8Jil>HOM 
A03HMeTpHtJecKOM KOHTpone (I1,[{K) B 0I1HI1 
COCTO.RnO 2371 'lenoBeK. roAOBa.R A03a o6ny
'leHH.R COTPYAHHKOB, pa6oTaiOLQHX B PaAn:a· 
u;HOHHO BpeAHh~ ycnOBH.RX TpyAa, He npeBbi· 
cn:na 15 M3B (1,5 63p), 'ITO HH:>Ke pernaMeHTH· 
poBaHHOH BenH'IHHbl. ,!J;o3a o6nyqeHH.R B OKpy
>KaiOI.QeH cpeAe OT .RAepHo-<f>H3HtJecKHX YCT8HO· 
BOK lfuCTHTyTa COCTaBn.ReT npeHe6pe:>KHMO Ma· 

nyro BenHtJHHY no cpaaHeHHIO C npHpOAHOH 
A030H PaAHat.lHH; paAn:oaKTHBHOCTb BHewHeH: 
cpeAhi B paH:oHe pacnono:>KeHH.R Ol1HI1 o6yc
noaneHa HanHtJHeM a HeH ecTecTBeHHh~ PaAHo
aKTHBHh~ 3neMeHTOB, Ha <f>oHe KOTOpbiX 
BKnaA pa60Tbl yCTaHOBOK lfuCTmyTa B 3&rp.R3· 
HeHHOCTb oKpY:>KaJOI.QeH: cpeAbl He o6HapY:>KeH· 

B Te'leHHe 1985 roAa BHeApeHbl B npaKTHKY 
A03HMeTpHtJecKHX H3MepeHHH Ha CHHXpO<f>a3o
TpoHe JIB3 llOTOKOMep-A03HMeTp HeHTpOHOB 
BbiCOKOH 3Heprn:n:l1/ H AeTeKTOpbi cileAOB 
nospe:>KAeHHH C PaAHaTopaMH H3 TOpH.R, BHC· 
MyTa H 3onoTa. B npaKTn:Ky A03HMeTpHtJecKoro 
KOHTpOn.R BHeApeHbi anh6eAOA03HMeTpb1/21, 
TepMoniOMHHecu;eHTHbie A~eKTophi, npn:6ophl 

• An.R KOHTpon.R PaAHOaKTHBHoro HOAa Ha Bhi-
6poce B aTMoc<f>epy H3 peaKTopos HBP-2 
H HBP-30. 

B o6nacTH paAHau:HOHHbiX uccneAoBamui 
H3MepeHbi Bh~OA n: yrnosoe pacnpeAe.neHHe 
aApOHOB H3 TOnCTOH MeAHOH MHWeHH npH ee 
6oM6apAHpOBKe HAPaMH 4 He n: 1Pc c 3Hep
rn:eu 3,65 r3B/HYKnOH /S/. I13yqeHbi AH<f><f>e
peHu;n:am.Hhie no yrny Bh~OAhl 3apH:>KeHHhiX 
'laCTHu; I 41 H3 TOnCTOH CBHHu;OBOH MHWeHH, 
o6nyqaeMOH pe.n.RTHBHCTCKHMH npOTOHaMH 
n: .RApaMH 12 C. llony'leHhi paC'IeTHbie n: 3Kcne
pn:MeHTMbHhie pe3ymTaThl no npocrpaHCT
seHHo-speMeHHoMy pacnpeAeneHHIO MOiu;HOCTH 
A03bi OT HaBeAeHHOH PaAHOaKTHBHOCTH MeAHOH 
MHWeHH pa3MepaMH ~100x130 MM npH o6nyqe-



HHH ee Izy'IKOM npOTOHOB C 3HeprHeH 

3,65 r3B 151• 
I13MepeH OTHOCHTeJlbHhiH CBeTOBOH BhiXO,Il; 

TepMOJilOMHHeCQeHTHhiX ,ZJ;eTeKTOpOB H3 Q>To

pHCTOrO JIHTIDI T.Jl,IJ:-100 nocne o6nyt~eHIDI 

npoToHaMH c 3HeprHe:H oT 2 ,ZJ;o 9 M3B 161 , Bhi-
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OnbiTHoe npOM3BOACTBO 

B 1985 ro,IJ;y On&ITHoe npoH3BO,Il;CTBo, Ha
PMY c 3aaepmeHHeM H3roToaneHHH Y3JIOB 
,Il;JIR p.R,Il;a 6a30BhiX H 3KCnepHMeHTaJibHhiX 
ycTaHOBOK no 3aKa3aM na6opaTopHH H no,IJ;
pa3,IJ;eJieHHii J1HCTHTyTa, npHCTYnHJIO K H3ro
TOBJieHmo HOBhiX, 6onee coaepmeHHhiX H Tex
HHtleCKH CJIOiKHhiX yCTaHOBOK. 

lhroTooneHHe oaK;9yMHOH KaMep&I .z:vm Y-400M Ha 
6om>WOM KapycenhHOM CTaHKe. 
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3aaepillHJIHCb pa60Thl no H3rOTOBJieHmo pR
,IJ;a Y3JIOB MarHHTHOH CHCTeMbl "HeiiTpHHHoro 
,IJ;eTeKTopa" ,Il;JIR Jia6opaTopHH .R,Il;epHhiX npo6-
neM. B&mo H3roToBJieHo 11 $HJI&Tpoa norno
meHHH H 12 CeKJ:.lHH o6MOTOK MarHHTa. 

J.hrOTOBJieHO ycTpOHCTBO CMeHHhiX MHille
HeH ,Il;JIR $a3oTpoHa OHJIH. 

3aKOHtleHo H3roToaneHHe Y3JIOB ycTaHOBKH 
"BacHJIHca" no 3aKa3Y Jla6opaTopHH R,IJ;epH&Ix 
peaKI.UiH. J13rOTOBJieHbl 3JieKTpOMarHHT 
CII-184 H 3JieKTpoMarHHT MHKpoTpoHa. Ilpo-

, ,IJ;OJI:>KaJIOCb H3rOTOBJieHHe Y3JIOB ,Il;JIR ycKopH
TeJIR Y-400 (KoMnneKT 3anaCHhiX ,IJ;eTaneii 
HOHHbiX HCTOtiHHKOB, UHJIHH,Il;pOB <l>apa,IJ;eJI 
C nHeBMOnpHBO,Il;OM, aaeyyMHhiX IllH6epOB 
,Uy150). 

lhroTOBJieH&I nocne,IJ;HHe 10 y3JioB no,IJ;
BHiKHoro oTpa:>KaTenR ,Il;JIR peaKTopa HBP-2. 

OT,IJ;eJI HOBhiX MeTo,IJ;oa ycKopeHHH noJiytiHJI 
55 6on&mHX ,I1;peii$oa&IX KaMep (2x4 M) ,npe,IJ;
Ha3HatleHHhiX ,Il;JIR "HeiiTpHHHoro ,IJ;eTeKTopa", 
10 KOMnJieKTOB CHCTeM KpenneHHH ,Il;peH$0-
BhiX KaMep, a TaK:>Ke 5 ycKop.momHX ceKJ:.lHH 
H 5 CTOeK HMnyJibCHOH CHCTeMhl nHTaHWI Mar
HHTHbiX noJieH JIY3K-20. 

H3roTooneHHe OAHoro H3 y3noo Hoooro noABH*Horo 
oTpll)l(aTen.R AnR HBP-2. 



BaKyyMHO·KpHoCTaTH&Ie MOAYJJH ''HyKnoTpoHa''. 

Y11aCToK H3roTosneHHJl CTpHMepH&Ix Tpy6oK ,~~;nil &,D;pOHHoro KanopnMeTpa ycTaHOBKH .n;Encl>H. 
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llpoBe.n;eHa 6oJILWaH TeXHH~:~ecKaH u opra
HH3~oHHaH pa6oTa no OCBOeHHIO TeXHOJIOI'HH 
H H81:18TO cepHHHOe H3rOTOBJieHHe KpHOCT8TOB 
,IJ;HnOJILHoro MarHHTa "HyKJioTpoHa" ,IJ;JI.R Jla-
6opaTopHH BLICOKHX 3HeprHH, B 1985 r . Jia6o
paTOpH.R noJiy'lHJI8 16 KOMnJieKTOB KpHOCTa
TOB. 

3aBepWeHa, B OCHOBHOM, TeXHOJIOrHI:IecKaH 
no.n;rOTOBKa H H81:18TO H3rOTOBJieHHe .RpMa Mar
HHT8 .UU-1 (JI.Rll), ocroBa MarHuTa E8B 
u BaKyyMHoH: KaMepLI .n;JI.R Y-400M (JI.RP). 

3aaepweHLI pa6oTLI no co3,IJ;aHHIO yqacTKa 
,IJ;Jl.R H3rOTOBJieHH.R Tpy6~:~aTbiX ,IJ;eTeKTopOB yc
TaHOBKH ,UEJI<l>H. CMoHTHpoBaHo u onpo6oBa
Ho o6opy,D;OBaHHe ,IJ;JI.R H3rOTOBJieHH.R ,IJ;eTeKTQ
pOB, nonyqeHHoe H3 QEPHa. llonyqeHLI nepBLie 
nOJIHOM8CWTa6HLie o6pa3Ubl ,IJ;eTeKTOpOB. 

• 
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B 1985 ro.n;y na6opaTopHH u no.n;pa3.n;eneHH.R 
lfHCTHTYT8 TIOJiyqHJIH 6onee 500 pa3JIH1:1HbiX 
HCTOI:IHHKOB nHTaHH.R ,IJ;JI.R p8,ll;H03JieKTpOHHOH 
annapaeypLI, 6onee 1640 pa.n;uo3JieKTpoHHbiX 
6noKoB B CTaH,IJ;apTe KAMAK, 6onee 5000 .n;M2 
ne~:~aTHLIX nnaT. 

3aBepWHJIHCL pa60Tbl no MO,D;epHH3~H 
yqaCTKa ne'l8THbiX nJI8T H H8'laJIOCb OCBOeHHe 
6a30BOH TeXHOJIOrHH H3rOTOBJieHH.R ne'laTHbiX 
nJI8T no n03HTHBHOMY MeTO,IJ;y Ha BCeM KOMn
JieKCe TeXHonorH'lecKHX onep~H:. 

fipHH.RTa B npOMbiWJieHHYIO 3KCnJIY8T8UHIO 
no.n;cncTeMa ACY "CHa6)KeHue". 

Ha~:~aTa OnLITHaH 3KcnnyaTauH.R nucneT~:~ep

CKoro nyJILTa ,IJ;JI.R onepaTHBHoro nnaHupoBa
HH.R H ,IJ;HCnenepH3auHH npOH3BO,IJ;CTB8 • 



MElKJlY HAP OJlH biE 
CBH3M 
M HAY~HOE 

. . 

COTPY JJ.HM ~ECTBO 



MElKAYHAPOAHbiE CBR3M 
M HAY~HOE COTPYAHM~ECTBO 

Me)K,I(yHapo,n;Hoe HayqHo-TeXHHtlecK oe co

Tpy.n;HHqecTBO 0J1.RJ1 HMeeT 60JibUIOe 3HaqeHHe 

,n;.JUI BhmoJIHeHHH nporpaMMhi HayqHo-Hc cne,n;o

BaTenbcKHX pa6oT J1HCTHTyTa, npe,n;yCM OTpeH

HOH npo6neMHo-TeMaTHtlecKHM nnaHoM. 

OcHOBHhie HTorH 1985 ro,n;a no M e)K,I(yHa-

po,n;HoMy HayqHo-TeXHHtleCKOMY COTpy.n;HH-

qecTBy: 

- npose,n;eHhi cosMecTHhie Hccne,n;osaHHH 

no 109 TeMaM C HayqHbiMH u;eHTpaMH CTpaH

yqaCTHHU: H 19 TeMaM C Me)K,I(YHapO,ll;HbiMH 

H Hau;HOHaJibHhiMH opraHH3au;H.R:MH ,n;pyrHX 

CTpaH; 

- no sonpocaM HayqHo-TeXHHtlecKoro co

Tpy.n;HHtlecTsa H ,n;.JUI yqacTH.R: B Hay~hiX cose

maHH.R:x B CTpaHhr-yqacTHHIJ;hi (KpoMe CCCP) 
KOMaH,n;HpOBaHO 600 cneu;HaJIHCTOB, B ,n;pyrHe 

CTpaHbl - 48 cneu;HaJIHCTOB 0J1.RJ1; 
- ,ll;Jl.fl BhlllOJIHeHH.R: COBMecTHbiX pa6oT, 

o6MeHa OllhiTOM H KOHCYJibTau;HH H3 CTpaH

yqaCTHHU: npHH.R:TO 6onee 2000 cneu;HaJIHCTOB, 

H3 HayqHhiX u;eHTpOB ,n;pyrHX CTpaH H Me)K,I(y

HapO,ll;HhiX opraHH3au;HH- 146 cneu;HaJIHCTOB; 

- npose,n;eHhi 5 KpynHhiX Me)K,I(YHapo.n;HhiX 

KOHQ>epeHIJ;HH, a TaK>Ke 44 Hay~hiX H HayqHo

opraHH3au;HOHHhiX COBemaHH.R:. 

06cy)l(.neHHe BOnpOCOB Me)l(.nYHBPOAHOro HayqHo-TeXHH'IeCKoro COTPYAHH'IeCTBa Me)l(.ny nHP H CCCP B paMKallt 
OMJUi senyT npencenaTem. rocynapCTBeHHor o areHTCTBa no aTOMHOH 3HeprHH nHP M.CoBHHCKH, HaqanloHHK 
rnasHoro ynpasneHHSI rocynapcToeHHoro KOMHTeTa no ucnon~o3ooasmo aTOMHOH 3HeprHH CCCP A.A.Bacum.es 
H npencenaTenb rKA3 CCCP A.M.lleTpOCbSIHQ. 
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COTPY,lUI:HtiECTBO 
C HAYliHhiMH QEHTP AMH 
CTP AH-YliACTHHQ OHHH 

Hay'IHaR nporpaMMa OHHH BbinOJIHR:eTca 
B paMKax WHpOKOI'O Me)K,I];YJiapO,IUIOI'O CO
Tpy,IUIW{eCTBa, H s nepsyro o'llepeAb - c 6onee 
'lleM 350 HaY'II!biMH Opi'aHH3ailiDIMH CTpaH
yqacTH~. 3THM B 3Ha'IIHTeJibHOH CTeneHH o6yc
JIOBJieHbi ycneXH liHCTHTYTa s 1985 ro.ny s o6-
JiaCTH TeOpeTH'IIecKOH H 3KCnepHMeHTaJibHOH 
$H3HKH, B pa3BHTHH yCKOpHTeJibHOH H Bbi'IIHC
JIHTeJibHOH TeXHHKH, HaY'II!o-npHKJia,D;HbiX HC· 
CJie,D;OBaHHH. 

AKTHBHoe aay'IHo-TeXHH'IIecKoe coTpy,IUIH
qecTso ocy~eCTBJIR:eTca c HHCTHTyTaMH CoseT
cKoro Co103a, s 'llaCTHOCTH, c HHcTHTyTOM <I>H-
3HKH BbiCOKHX 3HeprHii (llpoTBHHo). B 1985 r. 
s H<I>B3 pa6oTaJIH 3KcnepHMeHTaJI&Hbie ycTa
HOBKH OHHH: BHC-2, 'THnepoa", "lloJIR:
pHMeTp-2", "llo3HTpOHHii-2", CKA, CHI'MA
AHKC. OHH pa6oTaJIH aa nyqKax ycKopHTeJIR: 
Y-70 oKoJio 40% speMeHH, BbiAeJIR:eMoro Ha 
HaY'IHYIO nporpaMMy. B COOTBeTCTBHH C npo6-
JieMHo-TeMaTH'IIecKHM nnaaoM s H<I>B3 cMoH
THposaaa HOBaR KpynaaR $H3H'IIeCKaR ycTa
HOBKa - MarHHTHbiH HCKposoii cneKTpoMeTp 
MHC-2. llposeAeH nepBbiH nycKoHana,no'IHbiH 
ceaac. BbiJIH npo.non:>KeHbi pa6oTbi no MOHTa:>KY 
H KOMnJieKCHOH HaJia,D;Ke YCTaHOBKH "HeiiT
pHHHbiH ,D;eTeKTop", a TaK:>Ke BbinOJIHR:JIHCb 
HCCJie,D;OBaHHR: H pa3pa6oTKH no OnTHMH3aqHH 
HeKoTopbiX CHCTeM YHK. 

Jla6opaTOpUR TeopeTUileCJ<:OU !JjU3UJ<:U. )lsa 
OT,D;eJia 3TOH Jia6opaTOpHH - OT)l;eJI TeopHH 3Jie
MeHTapHbiX 'llaCT~ H OT,D;eJI TeopHH aTOMHOI'O 
R:)l;pa H KOH,D;eHCHpOBaHHbiX CpeA - npOBO)l;R:T 
CBOH HCCJie,D;OBaHHR: B TecHOM KOHTaKTe C yqe
HbiMH H3 CTpaa-yqacmHu; HHcTHTYTa. Me)KJ];yHa
po.naoe COTpy,IUIH'IIecTBO OTPa3HJIOCb B 12 
fiYHKTax, B TOM 'IIHCJie 3 o6~eHHCTHTyTCKHX, 
HaY'II!o-TeMaTH'IIecKOI'O nJiaHa Jia6opaTOpHH, 
KOTOpbie o6'beAHHR:IOT YCHJIHR: OKOJIO 200 yqe
HbiX. 3TO $H3HKH H3 BeAY~ HaY'IHbiX u;eHT· 
pos HPB, BHP, CPB, r,llP, Pecny6JIHKH Ky6a, 
MHP, llHP, CPP, CCCP H tiCCP. 

CosMeCTHO c y'lleHbiMH HPB npo.non:>KeHbi 
HCCJie,D;OBaHHR: paCWHpeHHbiX cynepCHMMeT
pHH Ha ocaose sse.neaaoro s OHHH MeTo,na 
rapMoHH'IIecKoro cynepnpOCTPaHCTsa. llpose
,neHbi HCCJie,D;OBaHHR: $a30BOH CTpyKTypbi 
XHI'I'C·KaJIH6pOBO'IHbiX TeopHH Ha peweTKe 
C pa3JIH'IHbiMH rpynnaMH CHMMeTpHH, a TaK:>Ke 
pR,D;a npo6JieM KBaHTOBOH TeopHH noJIR:, B 'llaCT
HOCTH, TeopHH noJIR: C $YH,D;aMeHTaJibHOH 
,nJIHHoii. HaH,neabi ou;eaKH H3MeHeHHR noToKa 
3Hepi'HH I'paBHTflnHOHHOH BOJIHbi OT KpHCTaJI-

JIH'IIeCKOI'O H3Jiy'llaTeJIR: )l;JIR: pa3JIH'IHbiX sapHaH· 
TOB TeopHH. Pacc'IIHTaHbi ypoBHH 3HeprHH qac
THD;bi, B3aHMO,D;eHCTBYJO~eH C KBaHTOBbiM 6o-
30HHbiM noneM. OnHcaaa np01:~e.nypa KBaHTosa
HHR noJIR: B OKpeCTHOCTH HeTpHBHaJibHOI'O 
KJiaCCH'IIecKOI'O peWeHHR: B 'lleTbipexMepHOM 
npocTpaHcTse. 

Hccne.nosanac& CTpyKTypa cocToRHHH c<Pe
pH'IIecKHX H .ne<l>opMHposaHHbiX a,nep. Ycoaep
weacTs osaaa nporpaMMa no pac'lleTY <l>parMeH
TaqHH npOCTbiX KOMnoHeHT BOJIHOBbiX $yHK· 
D;HH c<t>epH'IIecKHX a,nep, co3,naaa nporpaMMa 
AJIR: Bbi'IIHCJieHHR 3HeprHH H CTPYKTYPbi co
CTORHHH o+ c Y'lleTOM .nsyx<l>oHOHHbiX KOH<I>H
rypau;HH, 'liTO n03BOJIHJIO COKpaTHTb speMR: pac
tieTOB Ha 3BM llpHMepHO Ha 100 qacos. 

Y'lleHbie BHP yqacTBYIOT s pa6oTax no npo6-
JieMaM COJIHe'IHbiX HeHTpHHO B CBeTe I'HnoTe3bi 
HeHTpHHHbiX OCD;HJIJIR:D;HH. 

AKTHBHoe COTPY.IUIHtiecTso nposo.nHT JIT<I> 
c y'lleHbiMH r ,llP. H3y'lleHbi MO,D;eJIH KBaHTOBOH 
TeopHH nona, pa3JIH'IIHbie npo6neMbi MaTeMaTH
t~ecKoH $H3HKH, HCCJie,D;OBaHbi 3JieKTpOCJia6bie 
nonpaBKH K 3JieKTpOH-n03HTpOHHOH aHHHI'HJIR:· 
D;HH. llonyqeHbi HOBbie TeopeTH'IIeCKHe pe3yJI&
TaTbi no OD;eHKe pOJIH 06MeHHbiX TOKOB 
B 06'bR:CHeHHH no,D;aBJieHHR: Mai'HHTHOI'O )l;H
nOJibHOI'O pe3oaaaca s peaKu;HH aeynpyroro 
pacceRHHR 3JieKTpoaos. Bbmcaeaa pon& wecTH
KsapKOBbiX npHMeCeH B AHHaMHKe KBapKOBo-
1'0 nepexo,na OT R:)l;epHOH MaTepHH K KBapKO
BOH. llpose.neao Hccne.nosaHHe ponH MHoro
KsapKosoii KoMnoHeHTbi s npou;eccax c peJIR:
THBHCTCKHMH R:)l;paMH. 

MHoronemee coTpy,IUIH'IIecTso CBR3bmaeT 
na6opaTopHIO c TeopeTHKaMH tiCCP. B 1985. r. 
npose,neHbl COBMeCTHbie HCCJie,D;OBaHHR: B o6Jia
CTH TeopHH cynepCHMMeTpHH, TeOpHH 3JieMeH
TapHbiX tiaCT~ H MaTeMaTH'IIecKOH $H3HKe. 
Pacc'IIHTaHbi AH<I><I>epeHu;Han&Hbie ce'lleHHR: H no
JIRpH31UliD1 )l;JIR B036y)KJ];eHHR: a,nepHbiX COCTOR· 
HHH c 6on&woii npHMeC&IO .nsyx<l>oHoHHOH 
KOMnOHeHTbi, a TaK:>Ke BbinOJIHeHbl paC'IIeTbl 
<l>opMbi H 6ap&epos .neneHHR: TR:>KeJibiX a,nep 
s WHPOKOH o6nacTH 3HeprHH so36y)KJ];eHHR:. 
Hccne.nyeTca MeXaHH3M B3aHMo,neiicTsHR Me3o
HOB c RAPOM. 

Pe3yJibTaTbi COBMeCTHbiX HCCJie,D;OBaHHH 
JIT<I> c yqeHbiMH H3 CTpaa-yt~acm~ OHHH, 
ony6JIHKOBaHHbie 6onee 'lleM s 120 aay'IHbiX 
pa6oTax 3a 1985 ro.n, yKa3bmaiOT Ha HX 3<l><l>eK
THBHOCTb H cnoco6CTBYIOT pa3BHTHIO TeopeTH
'IIeCKOH $H3HKH B 3THX CTpaHax. 

Jla6opaTOpUR 8blCOJ<:UX 3Hepzuu. illHpOKaR 
KoonepllilHR: na6opaTopHH c aay'IHo-Hccne.nosa
TeJI&CKHMH Opi'aHH3aD;HR:MH CTpaH-y'llaCTHHD; 
OHHH nposo,nHJiac& npaKTH'IIecKH no seeM 
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HanpasneHHHM npo6neMHo-TeMaTH11ecKor o nna
Ha Ha 1985 ro,A. 22 HayqHhie TeMhl JIBS, B TOM 
'IHCJie 2 o6meHHCTHTYTCKHe, BhiOOJIHJIJIHCh 
B coTPYAHH11ecTse c 102 opraHH3a.uHJIMH 10 co
UHaJIHCTHllecKHX CTpaH. OOO.e,AHHeHHhiMH rpyn
naMH ylleHhiX npOBe,AeH p.R)l; Q>yH,AaMeHTaJihHhiX 
Hccne,AoBaHHH Ha ycKopHTemtx OHHH, H<l>B8, 
UEPH. Pe3yJihTaThi 3THX HccneAOBaHHH. npeA
crasneHhi 6onee lleM B 146 ny6nHKau:m~x 
H B BRAe 24 AOKJia,AOB Ha Me~YHapo,AHhiX 
KOHQ>epeHUH.RX H CHM003eyMax. 

Bonhwa.R KOJIJia6opa.uHJ1 y11eHhiX pa6oTana 
B 3KcnepHMeHTax Ha ABYXMeTpOBOH nponaHo
BOH KaMepe. CosMecTHo c HHCTHTYTaMH HPB, 
BHP, r,UP, MHP, llHP, CPP, CCCP H tiCCP no
nylleHhi AaHHhie no KOppeJI.RUHOHHhiM Q>yHKUH· 
.RM KYMYJI.RTHBHhiX qacTH!l H aAPOHOB conpo
Bo~eHHH npH B3aHMO,AeHCTBHH npOTOHOB 
C yrnepO,AOM H TaHTaJIOM npH 3HeprHH 10 r3B. 
llpOBOA.RTC.R HCCJie,AOBaHIDI po~eHIDI B QeHT· 
panhHhiX H KYMYJIHTHBHhiX B3aHMOAeH:cTBH.Rx 
npOTOHOB, ,AeHTpOHOB1 .R)l;ep renHH, JIHTIDI, 
HeoHa H MarHIDI C yrnepO,AOM H TaHTaJIOM. 

B 3KcnepHMeHTax Ha ycTaHOBKe BHC-2 
B H<l>B8 (llpOTBHHO) COBMecTHO C yqeHhiMH 
H3 HPB' BHP' r ,UP' CCCP H tiCCP HCCJie,AOBaH 
Y3KHH 6apHOHHhiH pe3oHaHC - KaHAHAaT 
B n.RTHKBapKOBOe COCTO.RHHe: BnepBhie o6Ha
py~H pacna,A oqaposaHHoro .\~ Ha K 0, p, 
"+, "- ; snepBhie o6Hap}')KeHa KorepeHTHa.R 
AHCCOUHalliDI HeHTpOHOB B CHCTeMy .\0 

1 K 0 
1 

H H3ylleHbl xapaKTepHCTHKH po~eHIDI p.R)l;a 
rHnepoHOB. B UH<l>H_ BAH pa3pa6oTaHa TeXHo
nor~ H H3rOTOBJieHhl n.RTh TpeXKOOpMHaTHhiX 
nponopQHOHaJihHhiX KaMep AJI.R BHC-2, pa3pa-
6oTaHa cxeMa pewaromero ycTpoH:cTsa cneQ
npoQeccopa. 

B HccneAOBaHH.RX .R)l;epHhiX B3aHMOAeH:cr
BHH Ha ycTaHOBKe )].HCK COBMecTHO C HHCTH· 
TyTaMH HPB, llHP, CPP H CCCP nonyqeHhi Ao
Ka3aTeJihCTBa cymecrsoBaHHH B HApax MYJihTH
KBapKoBhiX COCTO.RHHH, CHJlhHO OTJIH11al0lllHXC.R 
no csoeH: crpyKzype OT HyKJioHa. 

Ha ycTaHOBKe "AnhQ>a-3C" cos MecTHo 
c yqeHhiMH H3 HPB' r ,UP' llHP H CCCP npose
,AeHbl 3KCn03HllHH Ha nyqKax peJI.RTHBHCTCKHX 
.R)l;ep reJIIDI-4 H noJI.RpH30BaHHhiX ,AeHTpOHOB1 
se,AeTc.R o6pa6oTKa AaHHhiX. CoTp YAHHKH 
UJIAHll BAH (CoQ>HH) co3AaJIH nporpaMMHoe 
o6ecnelleHHe 8BM ycTaHOBKH, BeAYT pa3pa6oT
KY 6noKoB 3JieKTpoHHKH AJI.R nosbiWeHHH 
CKOpOCTH Ha6opa 3KCnepHMeHTaJihHhiX ,AaH· 
HhiX. B UHHH (PocceHAopQ>) H3roTosneHhl 
MOAYJIH ro,AOCKona H MOHHTOpa 60JlhWHX HH· 
TeHCHBHOCTeH nyqKOB (JiaBHHHhie cqeT'IHKH 
AeneH:m~), xopowo noKa3aBWHe ce6H B 3Kcne
pHMeHTe. B npoQecce H3roTosneHHH HaxoA.RTC.R 
cneKTpOMeTpHllecKHe CllHHTHJIJI.RUHOHHbie ClleT· 
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tmKH H cqeT'IHKH AJI.R MOHHTopa nyqKa. B co
TPYAHH11eCTBe c :IDII1 (CBepK) H HH<l> (Kpa
KOB) H3rOTOBJieHbl 6 6JIOKOB MHOronpOBOJIOll· 
HhiX nponopQHOHaJihHhiX KaMep co cneUHaJih
HhiMH CHrHaJihHhiMH 3JieKTpo,AaMH. 

B C03,AaHHH HOBOH 3JieKTpoHHOH annapazy
phl H cpe,ACTB Bhi'IHCJIHTeJihHOH TeXHHKH yc
neWHO COTPYAHH11aiOT HayqHhie QeHTphl scex 
CTpaH-yqacTHHQ. CoBMecTHO c TY (Jlpe3AeH) 
H UHHPH ( JieH:OUHr) nepepa6oTaHhi 6H6JIHo
TeKH nporpaMM, o6ecnelleHa HX COBMecTH
MOCTh c .R3hiKOM Q>opTpaH-77. Pa3pa6oTaHo 
MaTo6ecneqeHHe npose,AeHHH 3KcnepHMeHTOB 
Ha JIHHHH c KOMnJieKcoM 8BM EC-1040 -
EC-1055M. B paMKax COTPYAHH11ecTBa c H.R<l> 
(llxeHh.RH) pa3pa6oTaHhl ,ABa THna "MYJihTH· 
nneKcopos Ha repKOHHhiX pene B CTaHAapTe 
KAMAK AJI.R CHCTeMhi asToMaTH3auHH MOAeJih
Horo csepxnposoA.Rmero cHHXpoTpoHa, co3Aa
Ha H OTJI~eHa CHCTeMa c6opa AaHHhiX AJl.R 
ycTaHOBKH "Pe3oHaHc". B HHll · (CsepK) H3-
roTosneHa 3JieKTpoHHKa AJI.R nponopUHOHaJih
HhiX KaMep npoeKTa "llapyc", H cosMecTHo 
c H<l> BllH H llOJIOH (Bapwasa) pa3pa6oTaH 
p.R)l; 3JieMeHTOB aBTOMaTH3Hp0BaHHOH CHCTeMhi 
CllHH. B H.R<l> (KpaKos) H UH<l> (Byxapecr) 
Be,AyTC.R pa60Thl no C03,AaHHIO npH6opoB AJI.R 
peweHIDI 3a,Aaq MOJieKyJI.RpHOH 6HOJIOrHH. 

PacwHp.ReTc.R COTPYAHH11ecTBo B o6naCTH 
pa3pa60TKH TeXHOJIOrHH H C03AaHIDI KpHoreH
HhiX ycTpOHCTB AJI.R .R)l;epHOH Q>H3HKH H YCKO· 
pHTeneH:. B 3THX pa6oTax yqaCTBYIOT HayqHhie 
opraHH3aUHH HPB, r,UP, llHP, CPP, CCCP 
H tiCCP. BhmonHeH MOHT~ MOAeJihHoro 
csepxnpoBOA.Rlllero cHHXpoTpoHa H HallaThi 
HaJia,AOtmhle pa60Tbl · B TenJIOM BapHaHTe. 

JJa6opaTOpWI .RoepHbiX npo6.n.eM. Me~Ha
poAHoe HayqHo-TeXHHllecKOe COTpyAHHllecTBO 
npOBOAHTC.R no 32 TeMaM, B TOM 'IHCJie 4 o6me
HHCTHTYTCKHM1 npo6neMHO·TeMaTH11ecKoro 
nJiaHa HayqHo-HCCJie,AOBaTeJihCKHX pa60T C 64 
HHCTHTYTaMH H opraHH3a.uHJIMH CTpaH-yqaCTHHll 
OHHH B o6nacTH Q>H3HKH BhiCOKHX, cpeAHHX 
H HH3KHX 3Heprd. 

B HccneAOBaHHHX, npoBOAHBWHXC.R Ha yc
TaHOBKe PHCK, yqaCTBOBaJIH yqeHhie HPB, 
BHP, r,UP, llHP, CCCP H tiCCP. B 1985 roAy 
OCHOBHhle YCHJIIDI KOJIJia60pauHH 6hiJIH Ha
npaBJieHbl Ha o6pa6oTKY 3KCnepHMeHTaJihHOH 
Q>HJihMOBOH HHQ>OpMauHH. AKTHBHOe yqacme 
3AeCh npHH.RJIH cneUHaJIHCThi H.RH.R3 BAH 
(CoQ>:m~), IJ;H<l>H BAH (ByAanewT), <l>H 
tiCAH H Kapnosa YHHBepcHTeTa (llpara). 

,lJ,JI.R ycTaHOBKH "HeH:TpHHHhm AeTeKTop", 
B C03AaHHH KOTOpOH yqaCTBYIOT cneUHaJIHCThl 
BHP, r,UP H CCCP, B H<l>B8 AH r,llP (IJ;oH:TeH) 



B~eTCR pa3pa6oTKa MaKeTa 3JieKTpOJIIOMHHec
UeHTHoro JIHBHesoro JXeTeKTopa. 

B I..Ui<l>H BAH (ByJXanewT) cnpoeKTHposa
Ha H H3rOTOBJieHa 3JieKTpOHHKa Ha 320 KaHa
JIOB JlJIR sepwHHaoro JleTeKTopa ycTaHOBKH 
CHrMA -.ARKC ( coTpyJXHHllecmo HPB, BHP, 
Ky6&I, -liCCP H CCCP) • CneUHaJIHCTbi rasaa
CKoro yaHBepcHTeTa pa3pa6aTLIBaiOT 3JieKTpo
HHKY CDeMa HHQ>opMaUHH Jl]IR )leTeKTOpOB 
cneKTpoMeTpa A.RKC. B yaHBepcHTeTe 
HM • .R.KOMeHCKOrO (BpaTHCJiaBa) H3rOTOBJieHa 
reKcaroHaJILHaR KaMepa, a TaiOKe npHo6peTeHLI 
JXBa rH)lp8BJIH11ecKHX UHJIHHJlpa JlJIR 3TOH yc
TaHOBKH. 

B HCCJieJXOBaHHRX 6HHapHbiX H MHoroqac
THliHbiX npoueccos c o6MeHOM rHnep38pRJXoM 
H o6pa30BaHHeM JienTOHHbiX nap Ha yCTaHOBKe 
"I'Imepoa" yqacmyroT yqeHLie HPB, ITHP, 
CPB, CCCP H liCCP. ,llnR JXpeH:Q>oBLIX KaMep 
3TOH yCTaHOBKH B yaHBepcHTeTe HM • .R.Ko
MeHcKoro (BpaTHcnasa), pa3pa6oTaHbi H H3ro
TOBJieHhi nnaTLI ycHJIHTeneH:-Q>opMHposaTeneH:, 
BeJlYTCR paOOTbi no KOHCTpyHpOBaHHIO JIHHHH 
38Jlep)f(eK. 

,lln.R 3KcnepHMeHToB no nporpaMMe 
.RCHAITIT c yqacTHeM cneuHanHcToB HPB, 
BHP, r ,UP, MHP, ITHP, CPP, CCCP H liCCP 
B H.RH BAH (.Ue6peuea) H3roTosnea 6eTa
cneKTpOMeTp THna "MHHH-aneJILCHH" H 3JieKT
pOHHaR annapaTypa, B qaCTHOCTH, "cHrHaJI
npoueccop". MoaromcKHe cneUHaJIHCTLI 
yqacTByroT B o6pa60TKe 3KCnepHMeHTaJILHbiX 
JlaHHbiX no nporpaMMe HPHC-.RCHAITIT. 
B H.R<l> (KpaKos) senocL H3roTosneaHe oT
JXemH&IX 6JIOKOB 8BTOM8THKH Jl]IR MaCC·Cena
paTopa KOMWieKca. B HHCTHTYTe Q>H3HKH 
nro6JIHHCKOrO yaHBepCHTeTa 38BepwaeTC.R H3· 
roTOBJieHHe HOHHOrO HCTOqaHKa nJI83MeHHoro 
THna, COTPYJXHHKH 3Toro HHCTHTYTa yqacmy
IOT TaiOKe B C03JlaHHH MarHHTHQ-JIHH30BOrO 
6eTa-cneKTpOMeTpa JlJI.R .RCHAITIT-2. 

CneUHaJIHCThi UH.RH H TY (,Upe3JleH) npH
HHMaJIH aKTHBHOe yqaCTHe B p83pa60TKe H CQ-
3JlaHHH CHCTeMLI ACY Q>83oTpoaa OH.RH. 
BOJibWOH BKJia)l BHeceH HMH B C03)laHHe npo
rpaMMHoro o6ecneqeaH.R 3TOH CHCTeMLI. 

B p83pa6oTKe TeXHonorHH H H3roTosneHHH 
noJiynpoBOJlHHKOBbiX )leTeKTOpOB Jl]I.R MHOrO
KpHCTaJIJIHllecKHX cneKTpOMeTpOB npHHHMaiOT 
yqacTHe cneUHaJIHCTLI HPB, KH,llP, ITHP, 
CPP, liCCP H CCCP. B H.RH.R3 BAH (CoQ>H.R) 
6hiJIH npOBe)leH&I npo6HLie BH~peHH.R HOHOB 
6opa H Q>ocQ>opa B KpeMHHii, 61>ma IioKa3aaa 
B03MO)f(H0CTL HCnOJib30BaHH.R HMnJiaHT8TOpa 
9Toro HHCTHTYTa JlJIR H3roTosneHH.R nonynpo
BOJlHHKOBbiX JXeTeKTopos. ,Un.R yCTaHOBKH no 
H3yqeHHIO yrJIOBbiX KOppeJI.RuHH raMM8·H3Jiy
qeHHH B H.R<l> liCAH (P)f(e)f() pa3pa6oTaHLI 

H H3roTosneHLI 7 Ge(Li)-JXeTeKTopos 6onLworo 
o6"LeMa. Ha np~npH.RTHH "Teena" (liCCP) 
aaqaTa p83pa6oTKa nepcneKTHBHoro THna Jl~ 
TeKTopoB H3JiyqeHHR MHKpOCTpHnOBbiX 
nonynpOBOJlHHKOBbiX )leTeKTOPOB. 

Jla6opaTOpUR JtOepHb'X peaKijUU. Me)I(Jly
aapoJXHoe aayqao-TeXHHllecKoe coTPYJXHHllecTBo 
npOBO,ll.HJIOCL B paMKax 10 TeM npo6JieMHQ
TeMaTH11ecKOrO nJiaHa Hayqao-HCCJie)lOBaTeJIL· 
CKHX pa6oT C HHCTHTYTaMH H opraHH38UH.fiMH 
cTpaa-yqacTHHU OH.RH. 

B pa6oTax no CHHTe3y TpaacQ>epMHeBLIX 
H CBepXT.R)I(eJibiX 3JieMeHTOB H nOHCKy B npH
po)le peJXKHX aTOMHbiX RJXep H RJXepHbiX npe
sp~eHHH yqacTBOBaJIH cneuHanHCTbi HPB, 
BHP, r,ru>, MHP, ITHP, CPP, CCCP H liCCP. 

B H.RIDI3 BAH (CoQ>H.R) 61>ma p83pa6oTaaa 
BbiCOKOqyscTBHTeJILHaR M8CC·CneKTpOMeTpH
qecKaR MeTOJlHKa 3JieMeHTHOrO aHaJIH38 Be
I.UeCTBa, C noMOI.ULIO KOTOpoH npOBO,ll.HJIOCL 
p83peweHHe no MaccaM 9JieMeHTOB, coJXep)f(8-
I.UHXC.R B npHpO)le. llpoH3BOJlHJIOCL Henocpe,D.
CTBeHHOe H3MepeHHe a-aKTHBHOCTH o6pa3UOB 
Ha BblCOKOqyBCTBHTeJibHbiX HOHH38UHOHHbiX 
KaMepax, a T8K)f(e BeJIOCL C03JlaHHe HOBOrO 
TepMOHOHH38UHOHHOrO HCTOqaHKa JlJI.R M8CC
cneKTpOMeTpa nH.UHA. B paMKax COTPYJlHH
qeCTBa c MoaroJILCKHM rocy.o.apcmeHHLIM 
yaHBepcHTeToM (Y naa-BaTop) npoBOJlHJIHCL 
nOHCKH CBepXT.R)I(eJibiX 3JieMeHTOB B npHpO,ll.· 
HLIX o6p83uax. B H.RIT (CsepK) p83pa6oTaa 
H HCnLITaH HOBbiH THn nponOpUHOHaJILHbiX 
cqeTqaKoB Heii:TpoHoB. TaM )f(e pa3pa6oTaH 
n03HUHOHHo-qyBCTBHTeJibHbiH cqe~K ,ll.JI.R 
"HeH:TpHHHoro JleTeKTopa". CosMecrno c YHH
sepcHTeTOM HM . .R.KoMeHCKOrO (BpaTHCJiasa) 
Be)lyTC.R H3MepeHH.R a ·8KTHBHOCTH pa3JIHqabiX 
o6pa3UOB. C 3TOH UeJILIO HCnOJIL3YeTC.R 60JIL· 
WaR HOHH3HpyiOI.UaR KaMepa YHHBepCHTeTa. 
B 1985 roJXy s liCCP H3MepeHo 23 o6p83ua 
nopOJlbi JlJI.R onp~eneHH.R 3arp.R3HeHHH TeXHo
reHHLIMH paJXHOaKTHBHbiMH HYKJIHJlaMH. 

B H3yqeHHH xapaKTepHCTHK RJXepHbiX peaK
UHH Me)I(Jly CJIO)I(HbiMH RJXpaMH COTPYJlHHllaiOT 
yqeHLie HPB, BHP, r ,UP, ITHP, CPP, CCCP 
HliCCP. 

B H.RH.R3 BAH (CoQ>H.R) senHCL MeTOJlH
qecKHe p83pa6oTKH JleTeKTHPYIOI.UeH CHCTeMbi 
Jl]I.R BbiCOK03Q>Q>eKTHBHOrO CUHHTHJIJI.RUHOHHO· 
ro cneKTpOMeTpa MHO)f(eCTBeHHbiX C06biTHH. 
B COTPYJlHHlleCTBe c UH.RH AH r ,UP H H.RH 
(CsepK) HaqaTbi neps&Ie Q>H3H11ecKHe 3KcnepH
MeHTLI Ha yCTaaosKe ,ll3MAC. MHorHe y3JILI 
3Toro cneKTpoMeTpa (nasHHHLie cqeTqaKH, 
n03HUHOHHO-qyBCTBHTeJibHbie HOHH38UHOHHbie 
KaMepbi , CTapTOBbie )leTeKTOpbi, KaMepa pac
ce.RHH.R H Jlp.) 61>IJIH H3roTosneHbi B UH.RH. 
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CoBMeCTHo pa3pa6oTaHo nporpaMMHoe o6ecne
qeHHe 3KcnepHMeHTOB. BoJiblllOH BKJIM BHec
JIH coTPYAHHKH HRH B HaJIMKY 3JieKTpoHHoii 
annapaTypbi H nporpaMMHoro o6ecnelleHWI. 
llOJibCKaJI CTOpOHa B3.fiJia Ha ce6.fl OCHOBHYIO 
llaCTb pa60T, CB.fl3aHHbiX C 06cJiy)KHBaHHeM 
3JieKTpoHHKH ycTaHOBKH MCA. BpeM.RnponeT
Ha.H CHCTeMa ycTaHOBKH MCA C03AaBanacb 
COBMecTHO C :QH<l> (ByxapeCT). . 

B 1985 ro,D;y 6biJIH 3aBepllleHbi 3KcnepHMeH
Tbi no H3MepeHHIO cneKTpa H yrnoBbiX pacnpe
,D;eJieHHii o:>~<e-3JieKTpoHoB npH Ne-Ne aTOMHOM 
CTOJIKHOBeHHH. Pa6oTbi npoBOAHJIHCb Ha 
3JieKTpOCTaTHllecKOM cneKTpoMeTpe 3 CA-21, 
co3,D;aHHOM B HRH BAH (By,D;anelllT) . 

CoBMecrno c YHHBepcHTeToM HM.Jl. 3TBeca 
(ByAanelllT) 3aBepllleHo coopy:>~<eHHe Ha nyqKe 
UHKJIOTpoHa Y-400 ycTaHOBKH PHOC H npoBe
,D;eHbi 3KcnepHMeHTbl no H3MepeHHIO ,D;030BOH 
3aBHCHMOCTH H3MeHeHWI npe,D;eJia TeKyllecTH 
HHKeJI.fl npH o6nyqeHHH HOHaMH HeoHa. B YHH
BepcHTeTe 6biJIO H3rOTOBJieHO 3JieKTpOHHOe 
o6opy,D;OBaHHe ,ll;JI.fl H3yqeHWI MeXaHHllecKHX 
CBOHCTB MaTepHaJIOB npH o6JiylleHHH T.fi:>KeJibl· 
MHHOHaMH. 

B pa3pa6oTKe H HCnOJib30BaHHH .fl,ll;epHo
$H3HllecKHX MeTO,ll;OB ,ll;JI.fl pellleHWI 3Mall 
B CMe:>KHbiX o6naCT.fiX HayKH ll TeXHHKH aKTHB
HOe YllaCTHe npHHHMaiOT cneUHaJIHCTbl r ,llP' 
Ky6'i,1, MHP, CPB, CPP, CCCP H tiCCP. 

Jla6opaTOpUR Heurpmmou !fjuawcu. HayliHo
TeXHHllecKoe coTpy,D;HH~~ecmo ocymecTBJI.fleTc.fl 
C 90 HHCTHTYTaMH H opraHH3aUH.fiMH CTpaH
yqacTHHU no 5 TeMaM npo6neMHo-TeMam llecKo
ro nJiaHa HayliHO-HCCJie,D;OBaTeJibCKHX pa60T 
OHRH. <I>opMbi COTPYAHHlleCTBa - pa3pa6oTKa 
H H3rOTOBJieHHe OT,D;eJibHbiX 3JieMeHTOB $H3Hlle
CKHX yCTaHOBOK, npe,D;OCTaBJieHHe o6pa3UOB 
H npH60pOB, o6pa60TKa 3KCnepHMeHTaJibHbiX 
pe3yJibTaToB H no,D;rOTOBKa ny6nHKaUHii. B HC
cne,D;oBaHWIX npHHHMaiOT yqaCTHe cneUHaJIHCTbl 
Bcex cTpaa-yqacTHHU HHCTHTyTa. 

B coBMecTHbiX pa6oTax OHRH - JIHR<I> 
AH CCCP Ha nyqKax yJibTpaxono,D;HbiX HeiiT
poHoB, B KoTopbiX yqacTBYJOT yqeHhie HRHR3 
BAH (Co$HH), npoBOA.fiTC.fi3KcnepHMeHTbi no 
o6Hapy:)KeHHIO 3JieKTpHllecKoro 3ap.R,D;a HeiiT
poHa. ,llJI.fl 3THX pa6oT H3 HPB 6bma nocTaBJie
Ha qacTb annapaTypbi. YlleHbie JlOA3HHCKoro 
YHHBepCHTeTa (llHP) yqaCTBYJOT B pa6oTax no 
HCCJie,D;OBaHHIO CBOHCTB KOMnayH,D;-COCTO.fiHHH 
.fl,ll;ep. OHH pa3pa6oTaJIH p.RA npH6opoB AJI.fl 
HCCJieAOBaHWI a -pacnMa. Ha ycTaHOBKe noJI.fl
pH30BaHHbiX Heii:TpOHOB CllH-1 OHRH H Heno
JI.flpH30BaHHbiX Heii:TpoHoB TKSN-400 B HR<I> 
(P:>Ke)J() npoBe,D;eHbl COBMeCTHbie 3KCnepHMeH
Tbl no HCCJie,D;OBaHHIO $eppoMarHHTHbiX KJiaC-
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TepOB B napaMarHHTHOH $a3e MOHOKpHCTaJIJia 
BOJib$paMa. ,llJIR cneKTpoMeTpa CllH-1 cne
UHaJIHCTbi H3 BTIII (Mar,D;e6ypr) roTOB.fiT AByx
AHCKOBbiH npepbmaTeJib HeHTpOHOB H CHCTeMY 
KOHTpOJI.fl CTa6HJIH3aUHH TeMnepaTYpbl o6pa3-
UOB. 

Ha $H3HlleCKHx ycTaHOBKax peaKTopa 
HBP-2 npoBOA.fiTC.fl Hccne,D;oBaHWI no $H3HKe 
KOH,D;eHCHpOBaHHbiX Cpe,D; C yqacTHeM cneUHa
JIHCTOB HPB ,BHP ,CPB,r ,llP, KH,llP, MHP, llHP, 
CPP, CCCP H 1ICCP. Ha cneKTpoMeTpe Heyn
pyroro pacce.RHWI Heii:TpoHoB K,llCOr-M yqe
HbiMH HR<I> (P:>~<e)J(), RrennoHcKoro yHHBep
CHTeTa (KpaKoB) H YHHBepcHTeTa B llo3HaHH 
HCCJie,D;OBaHa ,D;HHaMHKa p.fl,ll;a MOJieKyJI.flpHbiX 
KpHCTaJIJIOB · H cynepHOHHbiX npOBOAHHKOB. H3 
3THx opraHH3aUHH 6hiJIH nocTaBJieHbi B OHRH 
o6pa3Ubi KpHCTaJIJIOB. CneUHaJIHCTbi :QH<I>H 
BAH (By,D;anelllT) H YHHBepcHTeTa (JleiiUUHr) 
Ha ycTaHOBKe ManoyrnoBoro pacce.fiHWI HeiiT
poHOB BeAyT Hccne,D;oBaHWI cTpyKTypbi MH
uenn H 6HonorH~~ecKHx MeM6paa. PacTBOpbi 
MHUeJIJI 6biJIH no,D;roTOBJieHbi B :QH<I>H. Ha 
AH$paKToMeTpax ,llH-2 H KSN-2 HR<I> tiCAH 
(P)J(e:>K) npoBe,D;eHbl COBMeCTHhie CTpyKTypHbie 

HCCJie,D;OBaHWI $a30BbiX nepeXO,ll;OB B cynep
HOHHOM KpHCTaJIJie. )lJI.fl npoBe,D;eHWI 3THX 
pa6oT HR<I> tiCAH npe,D;oCTaBJI.fleT BhiCoKoKa
qecTBeHHbie repMaHHeBbie cneKTpoMeTpbi. 

B npoBOAHMhiX na6opaTopHeii Hayqao-npH
KJIMHbiX pa6oTax no HeHTpOHHO-aKTHBaUlfOH
HOMY aHaJIH3Y MHKp03JieMeHTOB Ha peaKTOpe 
HBP-2 H peHTreHo$JIIOopecueHTHOMY Ha reHe
paTope 3r-5 yqacTBYIOT yqeHhie BHP, CPB, 
r,llP, MHP, CPP H 1ICCP. B 3THX pa6oTax npo
BOAHTC.fl aHaJIH3 Ha CO,D;ep)J(aHHe pa3JIHliHbiX 
MHKp03JieMeHTOB MHOrHX COTeH o6pa3UOB H3 
cTpaa-yqacTHHU OHRH. 

CneUHaJIHCTaMH HPB, BHP, r,llP BHeceH 
cymecTBeHHbiH BKJIM B pa3BHTHe annapaTyp
HbiX H nporp~MHbiX cpe,D;CTB H3MepHTeJibHQ
BblliHCJIHTeJibHOrO UeHTpa Jia6opaTOpHH. 

Jla6opaTOpUR 6bZilUC/lUTe/lbHOU TeXHU"KU 
u aero.Maruaaijuu. B 1985 ro,D;y na6opaTopWI 
Bena COTPYAHHllecTBo c Hayqao-Hccne,D;oBa
TeJibCKHMH opraHH3aUJUIMH CTpaH-yqaCTHHU 
OHRH no 25 TeMaM, B ToM liHcne 2 o6meHH
CTHTYTCKHM, npo6JieMHo-TeMaTH:llecKoro nJiaHa 
HayliHQ-HCCJie,D;OBaTeJibCKHX pa6oT H Me)J(,ll;yHa
pO,D;HOrO coTPYAHHllecTBa. 

CoBMecrno co cneUHaJIHCTaMH H3 HPB, 
BHP. r ,llP, CPB, MHP. llHP, CPP ,. CCCP 
H 1JCCP ycnelllHO BhmOJIH.fiJiaCb O,D;Ha H3 rJiaB· 
HbiX 3Mall JIBT A - 3$$eKTHBHoe HCnOJib3o
BaHHe H pa3BHTHe :QeHTpaJibHOrO BhlliHCJIHTeJib· 
Horo KOMnJieKca. H3 HRHR3 BAH (Co$HH) 
6biJI nony11eH P.fiA nporpaMM no o6pa6oTKe 



cneKTpOMeTpWieCKOH HH<!>opMaQHH ,ll;JI.fl BKJIIO
'IIeHHR: B 6H6JIHOTeKy nporpaMM. IIpoao,ZJ;HJIHCb 
coaMeCTHbie pa6oTI>I c U1111PI1 (JieH:nUHr) no 
H3yqeHHIO reHeTWiecKH CBR:3aHHbiX pacna,n;oa 
pa.n;HoHyKJIH,ll;OB. U1111PI1 nepe,u;aH KoMnneKc 
nporpaMM aBTOMaTWiecKOH o6pa60TKH raMMa
cneKTpOB. B pa3pa6oTKe nporpaMM CHCTeMbi 
o6pa6oTKH cneKTpOMeTpH'IIecKOH HH<!>OpMaQHH 
npHHHMaJIH TaK:>Ke yqacTHe cneUHaJIHCTbi MHP. 

B BbmonHeHHH pa6oT no BHe.u;peHHIO H pa3-
BHTHIO CHCTeM aHaJIHTH'IIeCKHX Bbi'IIHCJieHHH Ha 
3BM ,ll;JI.fl perneHHR: 3a,n;aq npHKJia,ZJ;HOH MaTeMa
THKH H MaTeMaTHtiecKOH <I>H3HKH HCnOJib30Ba
Hbi nporpaMMI>I Ha R:3biKe CHCTeMbi REDUCE, 
nonyqeHHbie H3 U11<1>11 BAH (By,ZJ;anernT) H na
KeT nporpaMM Ha R:3biKax SCHOONSCHIP 
H REDUCE H3 11T<I> HUH11 (XaHoH:). Ha 6a3o
BbiX 3BM OURI1 EC-1060, EC-1061 aHe,ZJ;peHa 
nporpaMMHaR: CHCTeMa AMP-6, nony'lleHHaR: 
H3 YHHBepcHTeTa ( JieH:m~Hr) • CHcTeMa HanH
caHa Ha acceM6nepe, o6na,n;aeT 6onhrnoH: cKo
pocTbiO BbinOJIHeHHR: MaTpWIHbiX onepaQHH. 
B 11<1>II 'liCAH (IIpara) pa3pa6oTaH KoMnneKc 
nporpaMM ,ll;JI.fl aBTOMaTHtieCKOro nocTpOeHHR: 
ypaaHeHHH, OnHCbiBaiOIQHX Jiy'lleBI>Ie TpaeKTQ
pHH nJia3Mbi B YCTaHOBKaX THna TOKaMaK. 
Bl>I'IIHCJieHHR: H oTJia,n;Ka nporpaMM npoao,ZJ;H
JIHCb B 011JII1. 

3aaepUieHbi pa60Tbi no C03,ll;aHHIO BbiCOKO
aBTOMaTH3HpOBaHHOH CHCTeMbi MaTeMaTH'IJ:e
CKOH o6pa60TKH <I>HJibMOBOH HH<I>opMaQHH. 
B HHX aKTHBHoe yqacTHe npHHHMaJIH coTpy,ZJ;HH
KH <1>11 'liCAH, 113<1> CAH, YHHBepcHTeTa (Ko
UIHQe). 11cnOJib30BaHHe HaKonJieHHoro B 1JCCP 
Oni>ITa pa6oTl>I Ha 3BM cepHH EC no3BOJIHJIO 
COKpaTHTb BpeMR: nOCTaHOBKH 3THX 3a,II;a'IJ: Ha 
3BM EC-1061 c o,ZJ;Horo ro,ZJ;a ,ZJ;o Tpex MeCR:QeB. 

3aKOH'IJ:eHa KOMnJieKCHaR: OTJia,II;Ka rpa<!>H'IIe
CKOH cHcTeMI>I Ha ocHoae MYJibTHMHKponpo
QeccopHoro HHTenneKTYaJibHoro TepMHHana, 
KOTOpaR: OCyiQeCTBJIR:JiaCb COBMecTHO C HI1 
POBOTPOH (r,ZJ;P) H BU CAH (BpaTHcnaaa). 

IIpo,ZJ;OJI:>KaJIHCb coaMeCTHble co cneQHaJIH
CTaMH nO'IITH BCeX CTpaH-yqaCTHHQ pa60Tbi no 
pa3BHTHIO 'IJ:HCJieHHbiX H Ka'llecTBeHHbiX MeTo
,ll;OB H3y'lleHHR: HeJIHHeHHbiX 3a,II;a'll MaTeMaTHtie
CKOH <I>H3HKH. YHHBepcHTeT (JieH:nQHr) nepe
,ZJ;aJI OUR11 CHCTeMy nporpaMM ,ZJ;JIR: perneHHR: 
HeJIHHeHHl>IX ,ll;H<I><I>epeHUHaJibHbiX ypaaHeHHH, 
a 11<1>II 'liCAH (IIpara) - nporpaMMbi no npH
MeHeHHIO MeTo,ZJ;a 6I.ICTporo npeo6pa30BaHHR: 
<l>ypbe. CoaMecTHo c <I>H3HKaMH H3 HPB 3aaep
rneH 3Tan HCCJie,ZJ;OBaHHH no reHepaQHH COJIHTO
HOB B 3aMarHHtieHHbiX nJia3MeHHbiX BOJIHOBO
,ZJ;ax. 

0Toen HOBbJX MeT(x)oe ycJ<opeHWl.. 
B 1985 ro,ZJ;y oT,ZJ;eJI sen coTpy,ZJ;HWiecTao no 

9 TeMaM, B TOM 'IJ:HCJie 2 o6IQeHHCTHTYTCKHM, 
c Hay'IJ:HbiMH QeHTpaMH HPB' BHP' r ,ZJ;P' IIHP' 
CPP, CCCP H 'liCCP. 

HaH6onee aKTHBHO ocyiQeCTBJIR:JIHCb coa
MecTHI>Ie pa60Thi no C03,ll;aHHIO KOJIJieKTHBHOrO 
ycKopHTeJIR: KYTI1-20. CneQHaJIHCTbi BAH 
H Co<I>HH:cKoro yHHBepcHTeTa yqacTBOBaJIH 
B pa6oTax no nOBbiUieHHIO CTa6HJibHOCTH nyq
Ka H Ha,II;e:>KHOCTH CHJibHOTO'IIHOrO HCTO'IIHHKa 
3JieKTp OHOB, no pa3BHTHIO CHCTeMbi aBTOMaTH-
3HpOBaHHo'ro ynpaaneHHR: ycKopHTeneM. 

OcHoBHl>IM pe3yJihTaToM COTPYAHWiecTaa 
c U11<1>11 BAH (By,ZJ;anernT) B 1985 r. R:BJIR:eTcR: 
pa3pa6oTKa annapaTypHbiX H nporpaMMHbiX 
cpe,ZJ;CTB ,ZJ;JIR: JIOKaJibHOH ceTH 3BM KYT11-20. 
Co cneUHaJIHCTaMH TY (,ZJ;pe3,ZJ;eH) aen~cb 
COBMeCTHaR: pa3pa60TKa, H3rOTOBJieHHe H HC
nbiTaHHe -KaMepbi, KOpnyca CTaneJIR:, KaTyUIKH 
III cTy neHH c:>KaTHR:, coneHoH,ZJ;a H cHcTeMI>I 
OXJia:>K,ZJ;eHHR:. B U11JII1 (PocceH,ZJ;op<l>) 61>mH 
npo,ZJ;OJI)KeHbi pa6oTI>I no BHe,ZJ;peHHIO annapaTy
pbi ,ll;JI.fl ,ZJ;HarHOCTHKH 3JieKTpOHHbiX KOJieQ 
no TopM03HOMY H3Jiy'lleHHIO. B coaMeCTHbiX 
oni>ITax c U11<1> (ByxapecT) npoao,ZJ;HJiacb oT
pa6oTKa MeTO,ll;HKH H3MepeHHR: napaMeTpOB 
T.fi)KeJibiX HOHOB. 

B pa3pa6oTKe H co3,ZJ;aHHH Y3JIOB ,ZJ;JIR: YHK 
npOBO,ll;HJIHCb COBMeCTHbie pa60Tbi C lfHCTH
TYTOM 3JieKTpOHHKH BAH (Co<I>HR:) no co-
3,ZJ;aHHIO y3JIOB ,ZJ;HarHoCTH'IIeCKOH annapaTypbi 
,ZJ;JIR: onpe,ZJ;eneHH.fl HCTHHHoro o6neMa na:poco
,ZJ;ep)KaHHR: ,ZJ;ayx<Pa3Horo renHR:. B 311 CAH 
(BpaTHCJiaBa) no 3TOH TeMe BeJIHCb HCCJie,ZJ;O

BaHHR: Ha TenJIOBOH MO,ZJ;eJIH CBepxnpOBO,ll;.fi
IQero MarHHTa, TaM )Ke pa3pa6oTaHbi ,ZJ;eTeKTo
pbi OnTH'IJ:eCKOrO H3Jiy'll:eHHR:, KOTOpbie no CBO
HM xapaKTepHCTHKaM He ycTynaiOT JIY'IIUIHM 
MHpOBbiM o6pa3QaM. 

HAY'liHbiE COBEIUAHI1JI 

06ne,ZJ;HHeHHbiH HHCTHTYT R:,ll;epHbiX HCCJie,ZJ;O
BaHHH opraHH30BaJI H npoaen B 1985 ro,ZJ;y 
CaMOCTOR:TeJibHO HJIH COBMeCTHO C ,ll;pyrHMH 
Hay'IIHbiMH opraHH3aQHR:MH 5 KPYnHI>IX Me:>K,ZJ;y
Hapo,ZJ;Hl>IX COBeiQaHHH. 

C 24 no 28 HIOH.fl B BexHHe ('liCCP) npoUIJIO 
Me:>K,ZJ;yHapo,ZJ;Hoe coaeiQaHHe no UHKJIOTpoHaM 
H HX npHMeHeHHIO, opraHH30BaHHOe 011JII1 
COBMecTHO C 11JI<I> 1JCAH. B HeM npHHR:JIH 
y'llaCTHe 62 Hay'II:HbiX COTpy,ll;HHKa H3 COQHaJIH
CTHtleCKHX CTpaH, pa6oTaiOIQHX B 06JiaCTH pa3-
BHTHR: H npHMeHeHHR: QHKJIOTpOHHbiX YCTaHO
BOK. CoaeiQaHHe noKa3aJio, 'liTO ypoaeHb, 
MaCUITa6 Hay'IJ:Hl>IX HCCJie,ZJ;OBaHHH B COUHaJIH
CTHtleCKHX CTpaHax Ha QHKJIOTpOHHbiX nyqKax 
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Bonee 150 cneQHanHcToB H3 CTpaH-yqaCTHHQ OH .RH, a TllK*e yqeH&Ie H3 UEPHa H HTanHH npHHJlJIH yqaCTHe a pa-
6oTe XII Me)K,JJ,yHapo,llHoro cHMno3eyMa no R.z:tepHoH :meKTpoHHKe a mone 1985 r . .IloKna.z:t .z:tenaeT Ha'lan&HHK 
OT.z:tena nHcll r.n.)KyKOB • . 
cymecmeHHo B03poc, 'liTo cnoco6cTsyeT pa3-
BHTHJO J~,ZJ;epHO-<l>H3H'IleCKHX H npHKJia,z:ulbiX 
HCCneAOBaHHH B na6opaTOpiDIX CTpaH CO~HanH
CTH'IleCI<OrO COAPY:>KeCTBa. 

Co 2 no 6 mom~ a ,ny6He pa6oTan XII Me:>K
AYHaPOAHhiH CHMn03HYM no J~,ZJ;epHoH :m ei<Tpo
HHI<e, nOCBJII.UeHHbiH BOnpOCaM C03AaJ{HJ'I 
3nei<TpOHHOH armapaTypbi Ami HCClleAOBaHHH 
no <l>H3HI<e aToMHoro .I'I,D;pa H 3neMeHTapHbiX 
qacT~. B pa6oTe CHMno3eyMa yqacm osanH 
154 cneQHanHCTa. Ha 8 ceKQHRX CHMn03HyMa 
6hmO npeACTaBneHo 67 YCTHbiX H 32 CTeHAo
BbiX AOI<naAa. CpeAH pa6oTaswHX ceKQHH 6bx
nH: "MHoroMaWHHHbie CHCTeMbi, llOI<anLHbie 
CeTH Ami .fi,ZJ;epHbiX HCCneAOBaHHH", " 0 6IQHe 
BOnpOCbl HCnOnL30BaHHJ'I ManLIX H MHI<po-
3BM B <l>H3H'IlecKHX HCCneAOBaHIDIX" H ApyrHe. 
Ha CHMIT031fYMe 6bm OTMe'lleH B3aHMHbiH HH
Tepec CTpaH-y'llaCTH~ I< MaKCHManLHOMY pa3-
BHTHJO COTPYAHH'IleCTBa B o6nacm asToMaTH-
3aQHH <l>H3H'IleCKHX HCCneJJ:OBaHHH. 

C 1 no 14 ceHTR6pJI B Yp6HHo (HTanHR) 
npoxoAHna illi<ona OIUIH - :QEPH no <l>H3HI<e, 
Ha KOTOpOH MOllOAbiM yqeHbiM 6hmH npO'IlH
TaHLI QHI<Jibl neKQHH no cynepCHMMeTpHH, 
nernoH-aApOHHLIM B3aHMOAeHCTBHRM, cna6hiM 
H O'lleHL cna6hiM pacnaAaM, o6'LeAHHeHHbiM 
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TeOpHRM H KOCMOITOrHH, npOTOH-aHTHnpOTOH
HOMY KonnaHAepy H ApyrHM sonpocaM. 

Me:>KAyHapoAHoe cosemaHHe no aHMHTH'Ile
CKHM BLI'IlHCneHHJIM Ha 3BM H HX npHMeHe
HHlO B TeopeTH'IlecKOH <l>H3HI<e COCTORnOCL 
a .Uy6ae c 17 no 20 ceHTR6pR. B HeM npHHR
nH yqacTHe 120 qenoseK. OHo 6Lmo nocsRme
Ho 06cY:>KAeHHJO TaKHX BOnpOCOB, KaK npo
rpaMMHbie CHCTeMbl Ami aHMHTH'IlecKHX Bbl
'llHCneHHH Ha 3BM, J'l3biKH nporpaMMHpOBa
HHR B aHanHTH'IlecKHX npeo6pa30BaHIDIX H HX 
peanH3aQHH, anropHTMbi MR aHMHTH'IleciOiX 
npeo6pa3oBaHHH H ApyrHe. 

C 14 no 22 OKTJI6pR B AnywTe npOXOAHna 
Me:>KAYHaPOAHaR WI<ona no CTpyi<Type Mpa, 
nporpaMMa KOTOpOH OXBaThmana OCHOBHble 
HanpasneHHJI COBpeMeHHOH <l>H3HKH aTOMHOrO 
Mpa: CTPYKTYPa HH3Kone:>KaiQHx coCToJ'IHHH 
H MOAenH Mpa, pe3oHaHconoAo6Hbie CTPYI<Ty
pbi B Mpax npH npoMe:>KYTO'IlHbiX 3HepriDIX 
B036y)I(AeHHR, <l>H3HI<a I'HraHTCKHX pe30HaH
COB, cTpyi<zypa J~,ZJ;epHbiX coCTORHHH B o6naCTH 
HpaCT-nHHHH, HCcneAOBaHHe CTpyi<TypLI RApa 
B peaK~J'IX C TJI:>KenbiMH HOHaMH, HYKJIOHHbie 
H I<BapKOBbie CTeneHH CB060Abl B J~,ZJ;pax. 
B pa6oTe WI<OnLI npHHRnH yqacTHe 120 qeno
BeK. JleKQHH Ha WI<One 6bmH npO'IlHTaHhl BeAY-



• 
B ceHTR6pe 1985 r. a Yp6m10 (11TanHR) npoxo,llHna IX TP8ilH~OHHaR wKona KpynHenwux Me)l()lYH&POilHblX 
R,llepH&Ix ueHTpoe - 011.Rl1 H UEPH. 

LUHMH yqeHbiMH H3 011JU1, HPE, I' ,UP, llHP, 
CCCP, liCCP, ,I(aHHH, HTaJIHH, CiliA, <l>paHUHH 
H <DPI'. IIIKona ell\e pa3 no,D;Taep,D;Hna, liTO Teo
peTHilecKHe H 3KCnepHMeHTaJibHbie pa60Tbi, Be
,ll;YJUHeC.R B OH.RH, CKOHQeHTpHpoBaHbi Ha HaH-
6onee nepcneKTHBHbiX H aK-ryarrLHLix Hanpaa
neHH.RX COBpeMeHHOH .R,D;epHOH cPH3HKH. 

EonLwoe 3HaqeHHe M.R Hayqao:H ,D;e.RTenL
HOCTH OH.RH H pa3BHTH.R coTPYAHHQecTaa yqe
HbiX CTpaH-yQaCTHHQ HMenH pa6oqHe COBell\a
HH.R. B npownoM ro,D;y HX 6Lmo npoae,D;eHo 24, 
B TOM Qlicne no HCCne,D;OBaHH.RM Ha ,ll;BYXMeTpO
BOH nponaaoao:H KaMepe, 6ec$HnLMOBOM HC
KpoBoM cneKTpoMeTpe, ycTaHOBKe "I'HnepoH", 
no "He:HTpHHHOMY ,D;eTeKTopy", cneKTpOMeT
paM PHCK, MHC, I'HEC, CHI'MA-A.RKC, 
,I(HCK-3. Jla6opaTOpH.R HeHTpOHHOH cPH3HKH 
npoaena pa6oqee coBell\aHHe no pacce.RHmo 
HeHTpOHOB B KOH,D;eHCHpOBaHHbiX cpe,D;ax Ha 
3KcnepHMeHTaJibHbiX ycTaHOBKax HEP-2 
OH.RH. 

3KCKYPCHH B OH.RH 

B 1985 ro,D;y B 06'be,D;HHeHHOM HHCTHTYTe 
.R,D;epHbiX HCCne,D;OBaHHH 6Lma npHH.RTa 81 
3KCKypCHOHHa.R rpynna 0611\eH QHCneHHOCTbffi 
1074 qenoaeKa. C ,D;e.RTenLHOCTbffi OH.RH 03Ha
KOMHnHCb nocnbi HPE H liCCP; npecc-aTTawe 
noconbCTB 10 COI:(HaJIHCTHileCKHX CTpaH, aKKpe
,ll;HTOBaHHbie B MocKae; cneQHaJIHCTbi HaQHo
HaJibHbiX HayQHLIX QeHTpoa CPB, BHP, Ky6LI, 
CCCP, l1H.ll;HH; c-ry,D;eHTbi TeXHHileCKHX ay3oB 
I',UP, llHP, CCCP, liCCP; coTpy,D;HHKH Topr
npe,D;CTB, ,D;e.RTenH Kynb-rypbi. 

YtJACTHE B HAUHOHAJibHhiX 
H ME)I(,UYHAPO,UHhiX KOH<DEPEHUH.RX, 
CHMll0 3HYMAX,COBEmAHH.RX 
H IIIKOJIAX 

B 1985 ro,D;y ,D;HpeKQH.R OH.RH HanpaaHna 
CBOH ,D;eneral:(HH H OT,D;enbHbiX cnei:(HaJIHCTOB 
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0Kono 50 cneQHanHCTOB H3 uay'IHhiX ueHTpos cTpau·y'llacTHHU OH.RH co6pano B ,lly6ae pa6o'llee coseiUaune, ua 
KOTOpoM o6Cy)l(,llanHCb pe3ynhT8Tbi uccne,JJ,OBaHHH no nporpaMMe rEHQM ( OKTH6ph 1985 r . ) • 

• 

1lpe3Bbl'llaHHbiH H nonHOMO'IHbiH nocon HPB B CCCP ,llJKyneB (Ha CHHMKe B ueHTpe) Ha 3KCKypcHH B na6opaTo· 
pHH BbiCOKHx 3Hepruii. lloHCHeHHH ,JJ,aeT ,JJ,upeKTOp na6opaTopHH aKa,JJ,eMHK A.M.Ban,JJ,HH. 
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Ha 50 HaytJHhiX KOHcpepeHI.lHH, CHMn03HYMOB 
H WKOJI, KOTOpbie 6biJIH B BonrapHH, BeHr
PHH, r,UP, llOJibWe, PyMbiHHH, CCCP H qexo
CJIOBaKHH. Cpe.n;H HHx: KoHcpepeHI.lHR no cna-
6biM H CHJibHbiM B3aHMO,!J;eHCTBHRM H rpaBHTa-
1.\HH a MocKae, CoaemaHHe no R.n;ej>Holi cneKT
pocKonHH B JleHHHrpa,n;e, IIIKona no aBToMaTH-
3a[\HH HaytJHhiX Hccne.n;oBaHHH a HoaocH6HpcKe 
H MHOrHe .n;pyrHe. 

C 17 no 21 moHR a CMoneHHI.\e (qCCP) 
npoxo.n;HJI IV Me)K,ll;yHapo.n;HbiH CHMno3HYM no 
peaKI.\HHM, Bbi3BaHHbiM HeliTpoHaMH. B pa6oTe 
KOHCyJ1bTaTHBHOrO KOMHTeTa 3TOrO CHMn0-
3HyMa npHHHMaJI yt~aCTHe aKa,n;eMHK 
:H.M.<l>paHK. Ha CHMn03JiYM KOMaH,n;Hpoaanach 
.n;enera[\HH O:H.R:H Bo rnaae c npocpeccopoM 
B.r.ConoabeBbiM. B pa6oTe CHMno3HyMa npH
Hrum yt~aCTHe OKOJIO 70 cpH3HKOB H3 17 CTpaH. 
If3 15 npHrnaweHHbiX oprKOMHTeTOM ,!J;OKJia
,!J;OB 2 6biJIH OT O:H.R:H. 

Cnei.\HaJIHCTbi 06'be,n;HHeHHoro HHCTHTYTa 
npHHRJIH yt~aCTHe B 27 KOHcpepeH[\HHX B CTpa
Hax, He HBJIHIOmHXCH tJJieHaMH O:H.R:H. 

llpe.n;cTaBHTeJihHaR .n;ener~ BO rnaae 
c aKa,n;eMHKOM A.M.Ban.n;HHhiM yqacTaoaana 
a III Me)K,ll;yllapo.n;Holi KoHcpepeHI.\HH no H.n;po
R.n;epHbiM CTOJIKHOBeHHRM, npoXO,!J;HBWeH 
a BHc610 (IIIBei.\HR) c 10 no 14 moHR. B KoHcpe
peHI.\HH ytJaCTBOBaJIH 6onee 300 cne[\HaJIHCTOB 
H3 27 cTpaH. ,UoKJia,n; A.M.Ban.n;HHa H cTeH.n;o
Bhie coo6meHHR tJJieHoB .n;enera[\HH O:H.R:H 
6hiJIH BCTpetieHbl C 60J1bWHM HHTepecOM 
H Bbi3BaJIH O:>KHBJieHHble ,!J;HCKYCCHH. 

C HHTepecOM 6biJIH BOCnpHHRTbl ,!J;OKJI3,Zl;bl 
cne[\HaJIHCTOB JIH<l> O:H.R:H A.B .no noaa 
H 3.:H.IIIapanoaa, Bbie3)1GlBWHX B CIIIA Ha 
Me)K,ll;yHapo.n;HyiO KOHcpepeHI.\mo ".R.n;epHbie 
,!J;aHHble ,lJ;JIR cpyH.n;aMeHTaJibHbiX H npHKJI3,Zl;HbiX 

HayK", npoxo.n;HBWYIO B CaHTa-<l>e c 13 no 
17 MaR. 

Yt~aCTHe B 3THX H MHOrHX .n;pyrHX Me)K,ll;yHa
po.n;HbiX H Ha[\HOHaJibHbiX KOHcpepeH[\HHX cne
[\HaJIHCTOB O:H.R:H cnoco6cTBYeT yKpermeHmo 
Hayt~Horo npecTH)Ka O:H.R:H, nonyt~eHmo .n;eTanb
HOH HHcpopMai.\HH o cpcTORHHH H nepcneKTHBax 
pa3BHTHR R,n;epHo-cpH3HtJecKOH HayKH. 

CB.R3:H C HAyqHhiM:H 
:UEHTP AM:H CTP AH, 
HE .RBJI.RIOIU:HXC.R yqACTH:H:UAM:H O:H.R:H, 
:H ME)I(,UYHAPO,UHhiM:H OPr AH:H3A:U:H.RM:H 

O:H.R:H HMeeT Tpa,n;HUHOHHoe coTpy.n;HHtJecT
ao H CBH3H C HaytJHbiMH UeHTpaMH CTpaH
HeytJaCTHHU HHcTHTyTa. B 1985 ro.n;y O:H.R:H 

• BblllOJIHRJI . C HHMH 6onee 20 COBMeCTHbiX pa-
6oT. B noM coTpy.n;HHtJeCTae aa)I(Hoe MecTo 
3aHHMaeT :UEPH, c KOTOpbiM O:H.R:H HMeeT 
llJIO,!J;OTBOpHbie CBH3H y)Ke 25 JieT. 

B 1985 ro.n;y 6bm 3aKoHtJeH Ha6op cTa
THCTHKH no MIOOHHOMY 3KCnepHMeHTY B co
CTaBe Me)K,ll;yHapo.n;HOH KOJIJia6opa[\HH Bo
JIOHbH-:QEP&-,[(y6Ha-MIOHXeH-caKJie, npo
,!J;OJI)f(aBWeMyCH B TetJeHHe pR.n;a neT. Ha ycTa
HOBKe N A-4 B :UEPHe 6hmH nonyt~eHbi HOBbie 
,n;aHHbie o rny6oKoHeynpyroM pacceRHHH MIOO
HOB Ha BO,!J;Opo,n;e H ·.n;eHTepHH, Ha HOBOM Ka
tJeCTBeHHOM ypoBHe BblllOJIHeHbl HCCJie,!J;OBa.tJ:HR 
H,n;epHbiX 3¢>cpeKTOB B CTPYKTYPHbiX cpyHKUHHX 
HYKJIOHOB. :H.n;eT o6pa6oTKa orpoMHoro 3Kcne
pHMeHTaJihHoro MaTepHana. Pe3yJihTaTbi 3THX 
HCCJie,!J;OBaHHH HeO,!J;HOKpaTHO ,!J;OKJI3,Zl;biBaJIHCb 
Ha Me)K,li;YHapo,n;HbiX KOHcpepeH[\HRX, ny6JIHKO
BaJIHCb B HaytJHbiX ~pHanax H flOJIYtJHJIH Bbi
COKYIO oueHKY. 

Ha 3ace,~~;aHHH o,D;Horo H3 pa6o'IHx coae~aHHH OHHH- UEPH no no,~~;roToaKe K 3KcnepuMeHTY ,UEneliH 6&m o6-
CY'fCAeH pR.ll KOHKpeTH&IX aonpocoa COTPYAHH'Iecraa. ,Uy6Ha, ceHT.R6p& 1985 r. 
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BecHoH 1985 r . Ol1JUi nocenma )l,ener~.ll $paHQY3CKHX yqeHblX so rnase c AHpeKTopoM H~oHaJII>Horo HH· 
CTHTyra $H3HKH .ll)l.pa H $H3HKH 'laCTHU cllpaHUHH npo<tJeccopOM ll.fleMaHHOM (BTOpOH cnesa). Ha CHHMKe: o6-
Cy)KIJ.eHHe BODpOCOB COTPYAHH'leCTBa B fla6op aTopHH TeopeTH'leCKOH $H3HKH. 

TpaAHUHOHHbie Hay'IHbie CB.II3H cno)I(HJIHCh Me:>KAY $H3HKaMH OHRH H ,llapMWTa)J.Ta (cliPr). Ha CHHMKe (cnesa 
Hanpaso) : Ha'laJihHHK OT)l,eJia nHP IO.n.rasr pcKHH, )l,HpeKTOp nHP aKa)J.eMHK r.H.cllnepoB, 3aMeCTHTeJlh )l,HpeKTO· 
pa npo$eccop IO.Q.Orasec.RH, pyKoBOAHTeJih oTAena UeHTpa no HccneAOBaHH.IIM c T.II)KeJlbiMH HOHaMH (rCH) 
B .llapMWTa)J,Te npo$eccop P.BoK, Ha'laJihHHK Bbl'IHCJIHTeJlbHOro ueHTpa rcH X.XynH'l. 

CyruecTaeHHbiH BKna.,n; BHOC.RT coTpy,nHHKH 
YHHaepcHTeTa XenLCHHKH a o6pa6oTKY 3Kcne
pHMeHTanbHbiX MaTepHanoa c ,nayxMeTpoao:H 
ao,nopo,nHo:H KaMepbi "Jlro,nM~-~na". TaM npoae
,neH npOCMOTp MaTepHanOB, nonyqeHHbiX npH 
pa6oTe KaMepbl C BHyTpeHHeH TpeKOqyBCTBH-
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TenbHOH MHWeHbiO. llonyqeHHLie AaHHbie (OKo
no 1000 co6hiTHH) BKnJOqeHbi B aaan·H3 Tono
norl-fqecKHX ceqeHHH. 

B C<I»PIO B liHCTI-fTYTe <f>H3HKH npH YH~-fBep
CHTeTe (Benrpa.,n;), liHCTHTYTe <f>H3HKH H MaTe
MaTHKH (THTorpa.,n;), a TaiOKe a HH,zum B yHH-



sepcHTera.x llaH.zuu'apxa H BeHapeca npoBOAHJI
C.R npOCMOTp H H3MepeHHe CHHMKOB B38HMO· 
AeHCTBHH pe.ll.RTHBHCTCKHX ,RAep C nerKHMH 
H TJI)KenbiMH .R.D:paMH. 3TH 3KCnepHMeHTMbHbie 
AaHHbie nonyqeH&I Ha AByxMerposoii nponaHo
soii KaMepe JIBS OHRH. 

B UHRH ( CTpac6ypr, Cl>paHUH.R) ,nposoAHT
C.R nonHhiH UHKn o6pa6oTKH 8 He + p-B3aHMO
AeiicTBHH no HCcne.z:tOBaHH.RM Ha OAHOMeTpO
BOH BOAOPOAHOH KaMepe JIBS OHRH. Bcero 
y)Ke o6pa6oTaHo 12 ThiC. co6&rruii. B ,Zzy6Hy 
npeACTasneHhl npeASapHTen&H&Ie pe3ym.TaThi. 

)J.n.R HOBOH yCTaHOBKH MHC-2 H COBMecT
HbiX pa6oT Ha HeH H8UHOHanbHbiH HHCTHTyT 
.R.D:epHoii cpH3HKH HTanuH noCTasHJI CI.\HHTHnn.R-
1.\HOHHbie C11e1'11HKH H CBeTOBOAbl, OXpaHHbie. 
CHCTeMbl, Aec.RTHCnOHHyio MHWeHb H3 nony
npOBOAHHKOBbm ClleTliHKOB H npeAyCHJIHTenH 
KHHM. 

OH.RH npoAOn)Kan noMep)KHBaTh HayliH&Ie 
cs.R3H c HaytiHbiMH ueHTpaMu ci>Pr, HHcrHTY
ToM HHm:,ca Bopa (KoneHrareH), Me)I(AyHa
poAHbiM UeHTpOM no TeOpeTHllecKOH cpH3HKe 
(TpHeCT) H MHOrHMH ApyrHMH ueHTp8MH. 

B 198.5 roAy s OH.RH s&monHeH&I ocHos
H&Ie pa60Tbl no C03AaHHIO o6opyAOBaHH.R M.R 
MaCCOBOrO H3rOTOBneHH.R H HCfibiTaHHH AeTeK
TOpOB aAPOHHoro KanopuMeTpa ycTaHOBKH 
,lJ;EJICl>H, C03AasaeMOH M.R uccneAOBaHHH Ha 
BCTpeliHbm 3neKTpOH-n03HTpOHHbm ny11K8X 
LEP (UEPH). 

YcnewHo ocymecrsn.ReTC.R cosMeCTHbiH 3K
cnepuMeHT Ha ycTaHOBKe LEAR. llonyqeHo 
50 TbiC.R~ cpoTorpacpHH B38HMOAeHCTBHH aHTH· 
npOTOHOB C .R.D:PaMH renH.R-3, renu.R-4 H AeH
TepH.R. ,lJ;aHH&Ie o6pa6aT&maiOTC.R s UEPHe, 
OHRH H HHcTHTYTe cpH3HKH s TypHHe (HTa
nH.R) . Pe3ym>TaTbl npe.z:tcTasneH&I Ha pa3nH11H&Ie 
Me)KJJ,YH8poAHbie KOHcpepeHI.\HH BO Cl>paHI.\HH, 
AHrnuu H ClliA. 

CosMecTHo c UeHTpOM .R.D:epHoii cneKTpo
cKomm H Macc-cneKTpoMeTpHH (Opce, Cl>pau
UH.R) npOAOn)KMHCb pa60Tbl no H3ytleHHIO 
csoiiCTB HeiiTpHHo s PaAHOaKTHBHOM pacnaAe. 
llposeAeH aHanH3 OUeHOK MaCChi aHTHHeHTpHHO 
H3 6era-pacnaAa TpHTH.R, H3yqeH 3neKTpoHH&Iii 
38XB8T Tep6H.R-158 C uen&IO Bbi.RCHeHH.R B03-
MO)KHOCTeH ucnon&30BaHH.R 3Toro PaAHOHYK
nHAa An.R yT011HeHH.R MaCChi HeHTpHHO. 
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CllPABKA 
0 p83BMTMM MO*AYH8poAHoro COTPYAHM'IOCTB8 M CBR3eM 

061tOAMHeHHOro MHCTMTYT8 RAepHbiX MCCnOAOB8HMM 38 nepMOA 1965-1985 rr. 

If-If-
BHA coTPYAHHqeCTBa 

nn 

1. KonHqecTBo KOMaHAHpOBOK cne~Ha

nHCTOB H3 CTpaH-yqaCTHH~ B OHHH 
/oe3 COBe~aHHH, HO C yqeTOM 

npHe3AOB no KOHTpaKTaM/ 

2. KonHqecTBO KOMaHAHPOBOK 

cne~HanHCTOB OHHH B CTpaHbi

yqaCTHH~bi 

3. KonHqecTBo HayqHbiX, MeTOAHqe c KHX 

H HayqHo-opraHH3a~HOHHb~ COBe~aHHH 

4. KonHqeCTBO KOMaHAHPOBOK Ha Me~AYHa

pOAHbie KOH£l>epeH~HH H B HaY.qHbie 

~eHTPbl CTpaH-HeyqaCTHH~ 

5. KonHqecTBO npHe3AOB cne~HanHCTOB 

H3 CTpaH-HeyqaCTHH~ 

6. KonHqecTBo CTHneHAHaToB OHHH 
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1965 1970 

203 446 

1 71 287 

19 28 

69 166 

27 176 

8 

1975 1980 1985 

1026 1216 1469 

474 558 600 

42 40 49 

131 109 119 

226 93 144 

11 7 3 



nEPE'fEHb 
H&y'IHbiX Ill H8'f'IHO-opf8HM38U.MOHHbiX COB811UtHMM, 

npoB8A8HHbiX 06'b8AMH8HHbiM MHCTMyYTOM RA8PHbiX MCCn8AOB8HMM 

a1985 rOAy 

Ha3BaHHe coBe~aHHH 
BpeMH 
npoBeAeHHH 

MecTo 
npoBeAeHHH 

I. Coee~aHUR, WKOA~, cUMnosuyM~ 

I. Me~yHapOAHOe COBe~aHHe no ~HKJIO-
TpOHaM H HX npHMeHeHHW 

. 2. XII Me~yHapoAHbrn cHMn03HYM 
no HAepHOH 3JieKTPOHHKe 

3. IIIKoJia UEPH - OIDIH no cPH3HKe 

4. CoBe~aHHe no aHaJIHTHqeCKHM 
BbNHCJieHHHM Ha 3BM H HX npHMe
HeHHro B TeopeTHqeCKOH cPH3HKe 

5. Me~yHaPOAHaH WKOJia no CTPYKType 
aToMHoro HAPa 

II. Pa6ot~.ue 

6. CoBe~aHHe no HeHTPHHHOMY AeTeKTopy 

7. CoBe~aHHe no HCCJieAOBaHHHM Ha YCTa-
HoBKe PHCK 

8. CoBe~aHHe no HCCJieAOBaHHHM Heynpyi'HX 
aAPOH-R:AepHb!X CTOJIKHOBeHHH npH Bb!CO-
KHX 3HeprHHX MeTOAOM HAepHb~ cPOTO-
3MYJibCHH 

9. CoBe~aHHe no HCCJieAOBaHHHM Ha YCTa-
HOBKe BHC-2 

10. CoBe~aHHe no HCCJieAOBaHHHM Ha yCTaHOBKe 
"JlroAMHJ1a'' 

II. CoBe~aHHe no HCCJieAOBaHHHM Ha YCTaHOBKe 
f'HBC 

12. CoBe~aHHe no HCCJieAOBaHHHM Ha 2-MeTpO-
BOH nponaHOBOH KaMepe 

13. CoBe~aHHe no HCCJieAoBaHHHM Ha 1-MeTpOBOH 
BOAOPOAHOH nY3biPbKOBOH KaMepe 

14. CoBe~aHHe no KOJIJieKTHBHOMY yCKOpHTeJIW 
THJK~ HOHOB 

24-28 HWHH BeXHHe, tiCCP 

2-6 HroJIH ,[{y6Ha 

J-14 CeHTR:6pR: Yp6HHO' lfTaJIHH 

17-20 CeHTR:6pR: 

14-22 OKTH6PH A.rrymTa, CCCP 

co ee~aHuR 

22-24 HHBapR: IlpOTBHHO, CCCP 

29-31 HHBapR: ,[{y6Ha 

19-21 clleBpaJIH ,[{y6Ha 

19-21 MapTa ,[{y6Ha 

26-28 MapTa ,[{y6Ha 

23-25 anpeJIH ,[{y6Ha 

23-25 anpeJIH ,[{y6Ha 

2 1-23 MaR: ,[{y6Ha 

4-6 HWHH ,[{y6Ha 
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15. Cose~aHHe no npHMeHeHHID MHoronpo
sonoqHMX AeTeKTOPOB 

16. Cose~aHHe no paspa6oTKe H cosAaHHID 
HsnyqaTenH H AeTeKTOpa B rpaBHT8~HOH
HOM 9KCnepHMeHTe 

17. Cose~aHHe no HCCneAOBaHHHM Ha ycTaHOBKe 
BHC-2 

18. Cose~HHe no HccneAoBaHHHM Ha ycTaHOBKe 
CIIHH 

19. Cose~aHHe no nonynpoBOAHHKOB&~ 
AeTeKTopaM 

20. Cose~aHHe no pacceHHHID He~TpoHOB 
B KOHAeHCHpOB8HHhlX cpeAaX Ha 9KCnepH
MeHTanbHb~ ycTaHOBKax HBP-2 

21. Cose~aHHe no nporpaMMe rEHOM 

22. Cose~aHHe no HccneAoBaHHHM Ha 2-MeTpo
Bo~ nponaHoBo~ KaMepe 

23. Cose~aHHe no HCnonbsoBaHHID HAepHhlX 
~HnbTpOB AnH pemeHHH HayqHO-TeXHHqeCKHX 
H H8POAHOX09H~CTBeHHhlX 9aAaq H paAHa
~HOHHOMY MaTepHanoBeAeHHID 

24. Cose~aHHe no HccneAOBaHHHM KoppenH~OH
~ s~eKTOB B KYMYnHTHBHOM po~eHHH 

• qaCTH~ Ha YCT8HOBKe ~CK-3 

25. Cose~aHHe no HccneAoBaHHHM Ha cneKTpo
MeTpe "fHnepoH" 

26. Cose~aHHe no HCcneAoBaHHHM Ha ycTaHoBKe 
MHC 

27. Cose~aHHe no sKcnepHMeHTaM CHrMA-AHKC 

28. Cose~aHHe no COBMeCTHOMY OHHH - UEPH 
MIDOHHOMY 9KCnepHMeHTY 

29. Cose~aHHe no sKcnepHMeHTaM Ha ycTaHOBKe 
nEn~H 

18-20 HIDHH 

25-27 HIDHH 

10-12 CeHTH6pH 

11-1 6 CeHTH6pH 

24-26 CeHTH6pH 

1-3 OKTH6pH 

9-11 OKTH6PH 

15-17 OKTHt5pH 

16-18 OKTHt5pH 

29-31 OKTH6PH 

12-14 HOH6PH 

12-14 HOHt5pH 

14-16 HOH6PH 

19-21 HOHt5PH 

30 HOHt5pH-
1 AeKat5pH 

):lyt5Ha 

,Qyt5Ha 

.Qyt5Ha 

BeXHHe, lJCCP 

.Qyt5Ha 

):lyt5Ha 

):lyt5Ha 

.Qyt5Ha 

,Qyt5Ha 

):ly6Ha 

,Qy6Ha 

.Qyt5Ha 

):ly6Ha 

,Qyt5Ha 

.rlyt5Ha 

III. HayqHo-opeaHU3aijuOHH~e coee~aHUR 

30. 57 ceCCHH YqeHoro coseTa OHHH 15-17 HHB8PH ):lyt5Ha 

31. KoMHTeT ITonHoMoqHMX llpeACTaBHTene~ 
CTpaH-yqacTHH~ OHHH 26-28 ~espanH ):lyt5Ha 

32. KOMHTeT no CTpyKType HAP8 9-11 anpenH ,Qyt5Ha 

33. KoMHTeT no He~TpOHHO~ ~HSHKe 9-11 anpenH ):lyt5Ha · 

34. KOMHTeT no ~H9HKe TH~~ HOHOB 9-11 an penH ):ly<SHa 

35. KaMepHNA KOMHTeT 16-18 anpenH ):lyt5Ha 

36. ~OT09MynbCHOHHhlA KOMHTeT 16-18 anpenH ):lyt5Ha 
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37. KoMHTeT no sneKTPOH~ sKcnepHMeHTaM 

38. 58 ceCCHR Yqeaoro coseTa OHHH 
H ero ceK~ no ~9HKe B~COKHX 9HeprHA, 
~9HKe HH9KHX saeprHA H TeopeTHqeCKOA 
f!lH9HKe 

39. · Cose~HHe KoaTpon&aoA KOMHCCHH ~HHaH
cosoro KoMHTeTa 

40. KoMHTeT no HeATpOHHoA ~sHKe 

41. KaMep~ KOMHTeT 

42. KoMHTeT no sneKTPOH~ sKcnepHMeHTaM 

43. ~T09MynhCHOH~ KOMHTeT 

44. KOMHTeT no CTpyKType RAPa 

45. KOMHTeT no f!lH9HKe TRllte.JlhiX HOHOB 

46. 3aCeAaHHe ~HH8HCOBOrO KOMHTeTa 

47. CeK~R Yqeaoro coseTa OHHH no ~9HKe 
HH9KHX 3HeprHA 

48. CeK~R Yqeaoro coseTa OHHH no f!lHsHKe 
B~COKHX 9HeprHA 

49. CeK~R Yqeaoro coseTa OHHH no TeopeTH
qecKoA f!lHsHKe 

nEPE'IEHb 
MaQlYHI!pOAHWX II H*'"'*UitHWX ICOH.....,.. .... i, CMMnoatYMOB, 

COBt ..... MM II WICOII, B ICOTOploiX RpMHMMUM Y'IKI'Mt CRtqiiUIICTW 

Oth.uiiH .. HOrO IIHCTIIJTyTI RAtpHWX IICCIIIIAO ... IIM B 1986 rOAy 

•• 
nn 

HaHMeHoBaHHe 

I • VIII BcecoJOsllbiA CeMHHap 11MeTOAhJ pacqeTa 
sneKTPOHHO-OnTHqeCKHX CHCTeM11 

2. KoHf!lepeH~R nHSAelltHOCTh H xaqeCTBO 
nporpaMMHoro ol5ecneqeHHRn 

3. Me~yaapoAHaR DPCona no pacceRHHJO 
HeATPOHOB 

16-18 anpenR 

28 MaR
} HJOHR 

JJ-J3 HIOHR 

2-4 OKTR6pR 

22-24 OKTR6pR 

22-24 OKTR6pR 

22-24 OKTR6PR 

29-31 OKTR6PR 

29-31 OKTRt5PR 

'19-21 HOR6PR 

26-28 HORt5pR 

3-5 AeKa6pR 

4 AeKa6pR 

MecTo 
npOBeAeHHR 

CCCP, 
neHHHrpaA 

cccP, n&sos 

r.rt;P, 
WTSAT Benea 

.rt;y6aa 

.rt;yl5aa 

.rt;y6Ha 

.rt;y6Ha 

.rt;y6aa 

.rt;y6Ha 

.rt;y6Ha 

.rt;yt>Ha 

.rt;yt5Ha 

.rt;y6aa 

.rt;y6Ha 

.rt;y6Ha 

.rt;yl5aa 

BpeMR 
npOBeAeHHR 

22-24 RHBapR 

23-31 RHBapR 

28 RHBapR-
1 fllespanR 
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4. KoH~epeHQHH no sneKTpOHHKe H sneKTpOH
HbJM p;eTeKTOpaM 

5, 3HMHHH illKOna no TeopeTHqeCKO~ ~H3HKe 

6. CoBe~aHHe no ap;poHHOMY KanopHMeTpy 
,[{EJI<l>H 

7. I8 Me~yHapop;Hbrn cHMnosHyM 
no HH~OpMaQHOHHO~ TeXHHKe 

8. I6 BcecorosHaH mKona no KorepeHTHO~ 
onTHKe H ronorpa~HH 

9. I 7 Me~yHapop;Hbi~ CHMnosHYM "<l>HsHKa 
pap;HaQHOHHO~ 3a~Tbi11 

I 0. I3 Me~yHapo,o;HaH mKona no cpeppo
sneKTpHKaM 

11 • MelK,IJ;yHapop;HaH KOH~epeHQHH "MamHHHaH 
rpa~HKa-85" 

12. I6 CeMHHap no H.o;epHo~ ~H3HKe 

13. KoH~epeHQHH no cnaobJM H CHnbHbJM 
B3aHMOp;e~CTBHHM H rpaBHTaQHH 

I4. 20 illKona no H.o;epHo~ ~H3HKe 

15. CoBe~aHHe "HH~paKpacHoe noBep;eHHe 
B KBaHTOBO~ XpOMO,D;HHaMHKe11 

1b. I4 CHMnosHYM no sneKTPOHHbJM CTpyKTypaM 
MeTannoB H cnnaBoB 

17. 35 CoBe~aHHe no H.o;epHo~ cneKTpocKonHH 

I8. KoH~epeHQHH "IIpHMeHeHHe BbNHCnHTenbHO~ 
TeXHHKH B HayqHb~ HCCnep;oBaHHHX 
H C03AaHHH TeXHOJIOrHH nonyqeHHH 
3HaHH~11 

19. BcecorosHaH KOH~epeHQHH "CoBpeMeHHbie 
BOnpOCbi HH~OpMaTHKH, BbNHCJIHTenbHO~ 

TeXHHKH, aBTOMaTH3aQHH npOH3BO,D;CTBa 
H HayqHb~ HCCnep;OBaHH~11 

20. CHMnosHYM no ~H3HKe BhlCOKHX 9HeprH~ 

2I. 6 CHMnosHyM C3B no nepepaooTKe Hp;epHoro 
TOnJIHBa 

22. CeMHHap-coBe~aHHe "BaKYYM KX,lJ; 
H CTpyKTypa ap;pOHOB 11 

23. I9 KoH~epeHQHH no KpHCTannorpa~HH 

24, illKona MOnO,D;b~ yqeHb~ 11 KBaHTOBbie 
npOQeCCbi B HHTeHCHBHb~ nonHX11 

25. MelK,D;yHapop;HaH KOH~epeHQHH "HcnonbSOBaHHe 

tiCCP, 
CMoneHHQe 

IIHP, Kapnaq 

CCCP, IIpoTBHHO 

r.[(P, .[(pesp;eH 

CCCP, K~obmieB 

r.[(P, .[(pesp;eH 

r.[(P, 
rroHTepcoepr 

tiCCP, Ilpara 

CCCP, KHeB 

CCCP, MocKBa 

IIHP, 3aKonaHe 

cccP, ToHnHCH 

r.[(P, .[(pesp;eH 

CCCP, JleHHHrpap; 

CCCP, 
HoBocHoHpcK 

CCCP, MocKBa 

r.[(P, Kopp;ooaHr 

tiCCP, IIemTHHbi 

CCCP, TamKeHT 

r.[(P, PoCTOK 

CCCP, KHmHHeB 

qHCTb~ MaTepHanOB B HayKe H TeXHHKe11 r.[(P, .[(pesp;eH 

26. CeMHHap no TeopeTHqecKo~ ~HSHKe 
"JieiinQlir-BpoQnaB" 
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r.[(P, Jle~nQHr 

5-9 ~eBpanH 

I8 ~eBpanH-
2 MapTa 

I9-22 ~BpanH 

I9-2I ~eBpanH 

26 ~eBpanH-
7 MapTa 

I2-I5 MapTa 

I8-22 MapTa 

26-28 MapTa 

26-30 MapTa 

8-II anpenH 

I4-26 anpenH 

I5-I8 anpenH 

I5-I9 anpenH 

I6-I8 anpenH 

I7-20 anpenH 

2I-23 anpenH 

22-26 anpeJIH 

22-25 anpenH 

23-29 anpenH 

23-26 anpenH 

3-8 MaH 

6-9 MaH 

9-II MaH 



27. Bceco109Han mKona "IIonynpoBo,o;Hm<OBbie 
p;eTeKTOpb! B cPYH,!J;aMeHTanbHbiX 
H npHKnap;HbiX HCcnep;oBaHHHX11 

28. 3 lliKona-ceMHHap no cPH9HKe cerHeTo
gnacTHKOB 

29. CoBe~aHHe 11 flporpaMMHO-MaTeMaTHtieCKOe 
o6ecnetteHHe pa60Tbi c 6a9aMH n,o;epHbiX 
,o;aHHbiX11 

30. KoHcl>epeH~HH no BbNHCnHTenbHO~ Tex
HHKe "CM-8511 

31 • 7 Pa6ottH~ ceMHHap "IIpo~ecCbi c 6onbmHMH 
nonepettHb~H HMnynbcaMH B a,o;poHHbiX 
B9aHMop;e~CTBHHX11 

32. 9 Bceco109Hbi~ ceMHHap no nHHe~Hb~ 
yCKOPHTenHM gapH~eHHbiX ttaCTH~ 

33. KoHrpecc 6HocPH9HKOB 

34. 3 CeMHHap "TeopeTHKo-rpynnOBbie MeTo,!J;bi 
B cPH9HKe 11 

35. 8 CHMn09HyM no TeopHH gneMeHTapHbiX 
ttaCTH~ 

36. CeMHHap "34>cl>eKT ,[9Ko9ecl>coHa B HayKe 
H. TeXHHKe11 

37. Me~yHapo,o;Hhrn cHMn09HYM "Me9oHbi 
H nerKHe n,o;pa" 

38. BcecOI09HOe coBe~aHHe no cPH9HKe 
B9aHMO,!J;e~CTBHH gapH~eHHbiX ttaCTH~ 

C KpHCTannaMH 

39. X EBpone~CKH~ CHMn09HYM no ,o;HHaMHKe 
CHCTeM H9 HeCKOnbKHX Ten 

40. CeMHHap "Bo90Hbi H rH,o;pop;HHaMHKa 
B aTOMHbiX n,o;pax" 

41. Pa6ottee coBe~aHHe "B9aHMO,o;e~cTBHH 
ap;pOHOB npH Bb!COKHX :3HeprHHX11 

42. CeMHHap "3neKTpoMarHHTHbie B9aHMo
,o;e~cTBHH ap;pOHOB B pe90HaHCHO~ o6naCTH 
:3HeprH~" 

43. Pa6ottee coBe~aHHe "CynepcHMMeTpHn-85" 

44. KoHcl>epeH~HH-mKona MOnO,!J;biX yqeHbiX 
111l>H9HKO-TeXHHtieCKHe npo6neMbi HCnOnb-
90BaHHH CBepxnpOBO,!J;HMOCTH 
B :3HepreTHKe11 

45. CoBe~aHHe "HeHYKnOHHbie cTeneHH 
CB060p;bl11 

46. Bcecoi09Hoe coBe~aHHe-ceMHHap 
MOnO,!J;biX yqeHbiX 11,QHarHOCTHKa nOBepx
HOCTH HOHHb~H nyttKaMH11 

CCCP, PHra 

CCCP, XapbKOB 

CCCP, MocKBa 

TIHP, .Hp;BHCHH 

CCCP, IIpoTBHHO 

CCCP, XapbKOB 

HPB, BapHa 

CCCP, lOpMana 

IIHP, Ka9HMe~ 

CCCP, JKyKHH 

l!CCP, BexHHe 

CCCP, MocKBa 

BHP, 
BanaToHcl>IDpe,o; 

CCCP, O,o;ecca 

CCCP, KHeB 

CCCP, XapbKOB 

CCCP, XapbKoB 

. cccP, MocKBa 

CCCP, raTtiHHa 

CCCP, Y~ropo,o; 

13-18 MaH 

21-23 MaH 

21-23 MaH 

21-24 MaH 

21-23 MaH 

21-23 MaH 

22-29 MaH 

22-24 MaH 

27-31 MaH 

27-31 MaH 

27 Man-
I HIOHH 

28-30 MaH 

3-6 HIOHH 

4-6 HIOHH 

4-7 HIOHH 

4-6 HIOHH 

JJ-14 HIOHH 

17-21 HIOHH 

17-21 HIOHH 

17-22 HIOHH 
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47. 4 Me~yHapOA~ CHMnOSHYM no peaK
~HRM, BhlSBaHHhlM He~TpOHaMH 

48. 19 lliKona no aBToMaTHsa~HH HayqHhlX 
HCcneAOBaH~ 

49. 4 Me~yHapoAHaR KoH~epeH~HR no TeopHH 
BepORTHOCTe~ H MaTeMaT~eCKO~ 
CTaTHCTHKe 

50. Me~yHaPOAHbm CHMnOSHYM no ~HsHKe 
BhlCOKHX SHeprH~ 

51 • 1 7 Bceco10sHaR KOH~epeH~HR no .~sHKe 

MarHHTHb~ RBneHH~ 

52. BceCOIOSH~ CeMHHap, nOCBR~eH~ 
naMRTH aKaAeMHKa C.H.BepHoBa 

53. 17 Me~yHapoAHaR KOH~epeH~HR no RB
neHHRM B HOHH9HpOBaHHhlX ras ax 

54. 8 CeMHHap no ~HSHKe BbiCOKHX sHeprH~ 
H TeopHH nonR 

55. CHMnosHyM no TeopHH sneMeHTapHhlX 
qaCTH~ H COBpeMeHHhlM MeTOAaM 
MaTeMaTHqeCKO~ ~H3HKH 

56. 2 IDKona no cospeMeHHhlM npo6neMaM 
RAepHO~ ~H3HKH 

sr: 12 Me~yHapOAHaR AH~paK~HOHHaR 
KOH~epeH~HR 

58. ffiKona-ceMHHap "Hcnon&soBaHHe 
naKeToB nporpaMM AnR pemeHHR 
saAaq nHHe~Ho~ anre6p&r" 

59. 2 Me~yHaPOAHaR KOH~epeH~R no ~HsHKe 
~OHOHOB 

60. 12 KoH~epeH~R no KorepeHTHo~ 
H HenHHe~HO~ onTHKe 

61. KoH~epeH~HR no AH~peH~anbHhlM 
ypaBHeHHRM H HX npHMeHeH~ 

62. 19 EBponeHCKaR KOH~epeH~HR no paAHa-
~HOHHOH 6HOnOrHH 

63. 8 KoH~epeH~HR qexocnosa~KHX ~sHKOB 

64. Me~YHapoAHaR mKona no HAepHoH ~HSHKe 

65. Me~yHaPOAHaR mKona no cseoxTOHKHM 
B9aHMOAe~CTBHHM 

66. 7 KoH~epeH~HR no sneKTPOHHKe H saKYYM
HOH ~HSHKe 

67. Me~yHapoAHaH KOH~peH~HH "TeHAeH~HH 
B KBaHTOBOH xpoMOAHHaMHKe" 

68. KoH~epeH~HH no npHMeHeHHIO 3BM 
B aHanHTHqeCK~ pacqeTaX / KOMTIAHA-85/ 
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'ICCP, 
CMoneH~e 

CCCP, 
HOBOCHCSHpCK 

CCCP, BHnbHIOC 

'ICCP , JlHCSn~e 

CCCP, ,noHe~K 

CCCP, MocKsa 

BHP, BYAanemT 

CCCP, IlpoTBHHo 

'ICCP, AnmoBH~e 

Ky6a, faBaHa 

BHP, ConpoH 

CCCP, KHes 

. BHP, ByAanemT 

CCCP, MocKBa 

'ICCP, BpHo 

'ICCP, Ilpara 

'ICCP, BpaTHcnasa 

IIHP, MHKona~KH 

'ICCP, BeXHHe 

'ICCP, BpaTHcnaBa 

CPP, ByxapecT 

f,nF, 'AeHa 

18-21 HIOHR 

21-30 HIOHR 

24-29 HIOHR 

24-28 HIOHR 

24-27 HIOHR 

26-27 HIOHR 

8-)2 HIOJlR 

8-14 HIOJlR 

23-27 HIOJlR 

29 HIOJIR-
3 asrycTa 

20-24 asrycTa 

22-26 asrycTa 

26-31 aBrycTa 

26-29 aBrycTa 

26-30 asrycTa 

26-30 asrycTa 

27-30 asrycTa 

2-15 CeHTRt5PR 

2-J] CeHTH6pR 

3-6 ceHTH6pR 

3-6 CeHTR6PR 

9-14 CeHTH6PR 



69. 4 Bceco~sHaH KOH~epeHUHH no sa~Te 
OT HOHH9HP~~ HSnyqeHHH H~epHO
TeXHHQeCKHX yCTaHOBOK 

70. 3 CHMnosHyM "KpHoreHHble MeTOAbl 
B gneKTPOHHOH MHKPOCKOnHH11 

71 • ·7 Koa~epeHUHH Ero no CHHTesy H CTPYKType 
3K90THQeCKHX H~ep H aTOMOB 

72. Koa~pe~HH "MeTOAI>J H cpe~cTsa 
HSMepeHHA napaMeTpOB Mai'HHTHOI'O nonH11 

7 3. 6 Me~yaapo,o;aaH DIKona no Bf>ItlHCnHTenbaoA 
TeXHHKe B ~9HKe 

74. 5 Me~yaapo~HaH mKona no TeopHH 
sepOHTHOCTeA H MaTeMaTHQeCKOH 
CTaTHCTHKe 

75. KoH~epeHUHH no TeOpHH CHCTeM 
HeCKOnbKHX 'laCTHU C CHnbHbiM 
BSaHMO~eACTBHeM 

76. KoH~peHUHH cTpaa-qneaos C3B no ~sHKe 
H TeXHHKe HH9KHX TeMnepaTyp 

77. 7 M~yaapop;HaH mKona no ~HSHKe 
aTOMHOI'O H~a, HeATpOHHOH ~H9HKe 
H Hp;epHOH SHepreTHKe 

78. 5 C~esp; no TeopeTH'IeCKOH 
H npHKn~HOH MeXaHHKe 

79. CoseTcKo-nonbCKHH ceMHHap 
no aBTOMaTHSauHH Hayq~ 
HCcn~OBaHHH 

80. M~yHapo~HaH KOH~epeHUHH 
11CTPYKTypa ~poHos-85" 

81. 10 Bceco~sHaH KOH~epeHUHH no 
~H9HKe nonynpOBO,D;H~KOB 

82. 8 Koa~epeHUHH no ~HHaMHKe 
paspe~eHHNX rasos 

83. Me~yaapoAJ{biH ceMHHap "Manoyrnosble 
pacceHHHH peHTI'eHOBCKHX nyqeA 
H HeHTPOHOB 11 

84. 3 M~yaapo,o;HhiA CHMnosHYM "AsToMaTH
SauHH H Hay'IHOe npH60pOCTpOeHHe11 

85. 2 CoseTcKo-HTanbHHCKHA CHMnOSHYM 
no MaTeMaTH'IeCKHM npo~neMaM 
B CTaTHCTH'IeCKOH ~H9HKe11 

86. IIIKona MOno~ yqeHNX "KBaHTOBaH 
TeOpHH nOnH H ~H9HKa BhiCOKHX 
3Hepi'HH11 

87. 3 CeMHHap "BsaHMO~eAcTBHH qacTHU 
H Hp;ep BhiCOKHX 3Hepi'HH C H~PaMH11 

CCCP, ToMeK 

CCCP, II~Ho 

HPB, Bapaa 

CCCP, 
neHHHI'P~ 

lJCCP, Hoso MecTo 

HPB, Bapaa 

CCCP, KHes 

r,llP ' BepnHH 

HPB, BapHa 

HPB, Bapaa 

CCCP, KHes 

lJCCP, CMoneHHUe 

CCCP, MHHCK 

CCCP, MocKsa 

CCCP, II~Ho 

HPB, Bapaa 

CCCP, nbBOB 

CCCP, 
3BeHHI'OpO~ 

CCCP, TamKeHT 

10-12 ceHTH6pH 

11-13 CeHTH~PH 

15-19 CeHTH~PH 

17-19 ceHT116PH 

17-26 CeHTH~PH 

17-27 CeHTH~PH 

17-19 ceHTH~PH 

17-20 CeHTH~PH 

22-30 CeHTH6pH 

23-28 CeHTH6pH 

23-27 ceHTH6pH 

23-27 ceHTH~PH 

24-27 CeHTH~pH 

24-26 CeHTH~pH 

24-28 ceHTH6pH 

1-5 OKTH~pH 

30 CeHTH6pg-
11 OKTH6pH 

30 CeHTH~pg-
4 OKTH6pH 

15-17 OKTH6pH 
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88 o 8 KoH<PepeH~H.H MOJIOAbiX ytieHbiX 
no TeopeTHt!eCKOH <lJH3HKe 

89o 3 CHMnosHyM no cBeTOBOMY 3XO 
H KOrepeHTHOH cneKTPOCKOnHH 

90o CHMnosHyM "HHJibc Bop H HayKa 
XX BeKa11 

91o 4 Ko<PepeH~H.H 11)J;Hanor qenoBeK - 3BM" 

9 2 o 2 Me)l(p;yHapop;HbiH ceMHHap 
H pa6oqee COBe~aHHe no JIOKaJIH3a~HH 

B Heynop.H,ll;Ot!eHHbiX CHCTeMax 

93o KoH<lJepeH~H.H "BsaHMop;eHCTBH.H 
3JieKTPOMarHHTHb!X H3JiytieHHH 

94o 5 CHMnosHyM no MOAYJibHh~ MBC 

ITJia3MOH 11 

95o 7 BcecowsHoe coBe~aHHe no MeTop;aM 
MOHTe-KapJIO B Bhlt!HCJIHTeJibHOH 
MaTeMaTHKe H MaTeMaTHt!eCKOH <lJH3HKe 

96o 2 Me)l(,ll;yHapop;Ha.H ruKoJia no aBTOMaTHsa-
~HH HaytiHhiX HCCJiep;oBaHHH 

97o 4 CHMn03HYM no npHMeHeHHID 
MHKpOKOMnbiDTepOB H MHKponpo~eCCOpOB 

98o 3 Me)l(,ll;yHapop;Ha.H KOH<lJepeH~H.H 

no HH3KHM pap;HOaKTHBHOCT.HM 

99~ BcecowsHa.H mKona "ABTOMaTH3 ~H.H 
H 3<lJ<PeKTHBHOCTb HaytiHhiX 
HCCJie,ll;OBaHHH 11 

I 00 o 3 Me)l(,ll;yHapop;HbiH KOJIJIOKBHYM 
no KH6epHeTHKe 

I 0 I o CoBe~aHHe "BhitiHCJIHTeJibHbie 3Kcne
pHMeHThi B KBaHTOBOH TeOpHH nOJI.H 11 

I 02 o 6 KoH<PepeH~H.H "IIepcneKTHBHbie 
HanpaBJieHH.H pa3BHTH.H 3JieKTponpH6opo
CTpOeHH.H11 

I 03 o CeMHHap "P aspa6oTKa MHKP?npo~eccop.HhiX 
yCTpOHCTB Ha OCHOBe CeK~HOHHpOBaHHhiX 
MHKponpo~eccopoB11 

104o KoH<PepeH~H.H no cTaTHCTHtieCKOH 
<lJH3HKe 

I 05 o CeMHHap "MamHHHbie MeTOAbi p e meHH.H 
KpaeBbiX sap;aq" 

106o 15 CHMn03HYM no .Hp;epHOH <PH3HKe 

I 07 o Me)l(p;yHapop;HhiH CHMn03HYM no TeopHH 
3JieMeHTapHbiX tiaCTH~ 

108o BceMHpHa.H Bh!CTaBKa MOJIO,l¥>IX 
H3o6peTaTeneH 
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CCCP, KHeB 

CCCP, XapbKOB 

CCCP, Il~HO 

CCCP, KHeB 

HPB, IlpHMOPCKO 

CCCP, TamKeHT 

CCCP, KHmHHeB 

CCCP, 
HoBOCH6HpcK 

CCCP, Il~Ho 

BHP, Byp;anemT 

qccP, 
BpaTHCJiaBa 

CCCP, IlpoTBHHO 

f.QP, llJibMeHay 

CCCP, AnMa-ATa 

CCCP, 
JleHHHrpap; 

CCCP, BpecT 

f.QP, 3eppaH 

CCCP, PHra 

f.QP, fayccHr 

r.o;P' 
ApeHcxoon 

HPB, IlJIOB,ll;HB 

1-4 OKT.H6p.H 

1-7 OKT.H6p.H 

5-7 OKT.H6p.H 

1-4 OKT.H6p.H 

7-20 OKT.H6p.H 

8-10 OKT.H6p.H 

8-11 OKT.H6p.H 

9-11 OKT.H6p.H 

14-24 OKT.H6p.H 

15-17 OKT.H6p.H 

21-25 OKT.H6p.H 

21-31 OKT.H6p.H 

21-25 OKT.H6p.H 

21-25 OKT.H6p.H 

22-24 OKT.H6p.H 

23-27 OKT.H6p.H 

29 OKT.H6p.H-
I HO.H6p.H 

29-31 OKT.H6p.H 

I 1-15 HO.H6p.H 

17-22 HO.iJ6p.H 

26 OKT.H6p.H-
7 p;eKa6p.H 



1. KoHcl>epeH~HH MArAT3 "PacceHHHe 
HeHTpOHOB B 90-e rOp;bl11 

2. Me~yHapop;Hoe coBe~aHHe "CBOHCTBa 
Hp;ep H Hp;epHbiX B036~eHHH11 

3. M~p;yHapop;HaH KOHcl>epeH~HH 
no 3KcnepHMeHTanbHh~ MeTop;aM 
TeKCTypHoro aHanH3a 

4. 2 EBponeH:cKaH KOHcl>epeH~HH no aToMHoH: 
H MOneKynHpHOH cl>H3HKe 

5 • 3 MeiKp;yHapop;HbiH CHMn03HYM no npH6opaM 
,D;nH TOHKOCnOHHOH XpOMaTOrpacl>HH 

6. OprKOMHTeT WKOnbi MOnO,!J;biX yqeHbiX 
UEPH - OIDU1 

7. XI Ha~HOHanbHaH KoHcl>epeH~HH ClliA 
no HHiKeHepHb~ npo6neMaM ycKopHTeneH: 

8. Me~yHapop;HaH KOHcl>epeH~HH 
no Hp;epHb~ p;aHHbiM p;nH cl>yHp;aMeHTanbHbiX 
H npHKnap;HbiX HayK 

9. BTopaH Me~yHapop;HaH KOHcl>epeH~HH 
no Hp;po-Hp;epHb~ CTOnKHOBeHHHM 

10. IV Me~yHapop;HaH KOHcl>epeH~HH 
no MexaHH3MY Hp;epHbiX peaK~HH 

11. CHMn03HYM no OCHOBaM COBpeMeHHOH 
cl>H3HKH 

12. 3 Me~yHapop;Hoe coBe~aHHe "HenHHeH:Hbie 
3BOniO~HOHHble ypaBHeHHH H ,D;HHaMH'Ie
CKHe CHCTeMbi11 

13. KoHcl>epeH~HH no npHMeHeHHIO Bbi'IHCnH
TenbHoH: TeXHHKH B cl>H3HKe BbiCOKHX 
3HeprHH 

14. Me~yHapop;Hoe coBe~aHHe 
no cna6b~ B3aHMOp;eHCTBHHM 

15. CoBe~aHHe Ho6eneBCKHX naypeaToB 
no cl>H3HKe 

16. 7 MeiKp;yHapop;HaH KoHcl>epeH~HH 

no aHanH3Y Ha HOHHbiX fiY'IKaX 

17. Me~yHapop;HaH KoHcl>epeH~HH no cl>H3HKe 
BbiCOKHX 3HeprHH 

18. Me~yHapop;HaH KOHcl>epeH~HH no 
KpHoreHHoH: TexHHKe. M~yHapop;HaH 
KOHcl>epeH~H no KpHoreHHbiM MaTepHanaM 

19. 30 Me~yHapop;HbiH CHMn03HYM no MaKpo
MoneKynaM 

<l!Pf, Klrmx 

ABcTpHH, 
XHpwerr 

<l!Pf, 
KnaycTanb 

HHp;epnaH,D;bi, 
AMcTepp;aM 

<ll~r, B10p~6ypr 

11TanHH, Yp6HHo 

KaHap;a, 
BaHKyBep 

ClliA, CaHTa <lie 

11TanHH, BappeHa 

<IIHHnHHp;HH, 
tf03HCy 

11TanHH, 
fannHnon:ii 

HHp;epnaH,D;bi, 
AMcTepp;aM 

<IIHHnHH,D;HH , 
CaBOHnHHHa 

3an.BepnHH 

11TanHH, BapH 

ClliA, BocToH 

HHp;epnaHp;bi, 
raara 

14-18 HHBapH 

14-18 HHBapH 

25-29 MapTa 

15-20 anpenH 

16-20 anpenH 

5-12 MaH 

13-16 MaH 

13-17 MaH 

10-14 HIOHH 

10-16 HIOHH 

15-20 HIOHH 

24-28 HIOHH 

15-23 HIOHH 

30 HIOHH-
7 HIOnH 

6-13 HIOnH 

18-24 HIOnH 

12-16 aBrycTa 

17-31 aBrycTa 
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20. Me~yHaPOAHWH CHMDOSHYM no n e nToH
~OTOHHhlM BSaHMOAe~CTBHHM, SaCeAaHHe 
KoMHCCHH IDOIIAII H VI Me~yHapoAHb!A 
CHMDOSHYM no nonHpHSa~OHHhlM HBneHHHM 
B HAepHo~ ~HSHKe 

21. M~~yHapOAHaH KOH~epeH~HH 
no MarHeTHSMY 

22. IX Me~yHaPOAHaH KOH~epeH~H 
no MarHHTHO~ TexHonorHH 

23. Me~yHapoAHaH mKona no ~HSHKe qacTH~ 

24. 13 Me~yHapOAHaH KOH~epeH~HH 
no TBepAOTenhlM TpeKOBhlM AeTeKTOpaM 
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HnoHHH, KHoTo 

HnoHHH, OcaKa 

CWA, 
CaH-~aH~HCKO 

lllBe~~apHH, 

Ui<>PHX 

CCZIPIO, KynapH 

liT anHH' PHM 

19-24 asrycTa 

26-30 asrycTa 

26-30 asrycTa 

9-13 ceHTH6pH 

21 CeHTH6p.R-
5 OKTH6pH 

22-29 CeHTH6p.R 



HAY~HAR MH~OPMA~MR 

• 



M3AaTenbCKMM OTABn 

B H3p;aTerrLcKoM oTp;erre B 1985 roJ(y Bhi
rnrro H3 neqaTH 906 HaHMeHoBaHHH coo6m:eHHH 
H _npenpHHTOB 011fll1. I13,!J;aHO 246 Crry:>Ke6HhiX 
MaTepHarroa. YaH,!J;errH caeT 7 c6opHHKOB Tpy
p;oa pa3JIHqHhiX KOH<i>epeHI.J;HH, opraHH30BaH
HbiX 011HI1. Cpep;H HHX: "Tpyp;Lr V MeJK,IJ,yHa
pop;Horo coaern;aHHR no npo6rreMaM MaTeMaTH
qecKoro Mop;errHpoBaHHH, nporpaMMHpoaaHmo 
H MaTeMaTHqecKHM MeTop;aM", "Tpyp;Lr XII 
Me:>K.iiyHapop;Horo CHMn03HyMa no H,D;epHoH: 
3rreKTpoHHKe", "Tpyp;Lr III MeJK,IJ,yHapo,D;Horo 
CHMn03HyMa no H36paHHbiM npo6rreMaM CTa
THCTHqecKOH MeXaHHKH" H ,ll;p. 

Bee 6orrLrnyro norryrrHpHOCTh npHo6peTaroT 
"KpaTKHe coo6rn;eHHH 011fll1", 1.\eJib KOTo
pbiX - 03HaKOMJieHHe MHpOBOH HayqHOH 
o6rn;eCTBeHHOCTH C HaH6orree HHTepecHbiMH 
HayqHhiMH, HayqHo-TeXHHqeCKHMH, MElTO,!J;Hqe
CKHMH H npHKJia.D;HhiMH pe3yJILTaTaMI1!, norry
qeHHhiMH yqeHbiMH .Uy6Hbi. B 1985 rop;y Bbi
rnrro H3 neqaTH 8 TaKHx c6opHHKOB .. Bcero 3a 
HenOJIHbiX ,!J;Ba rop;a BbllllJIO 13 "Kp aTKHX 
coo6rn;eHHH 011HI1'' . 

B pep;aKI.\HH :>KYPHarroa, Ha pa3JIH~hie KOH
<t>epeHI.\HH, npOBO,!J;HBIIIHeCH KaK B CTpaHax
yqaCTHHI.\ax 011fll1, TaK H B ,u;pyrHX CTpaHaX, 
6biJIO HarrpaarreHO 1253 CTaTbH H ,!J;OKJia,Il\a, 
co.u;ep:>Karn;Hx pe3yJILTaThi pa6oT yqeHhiX )ly6-
Hbi, Bep;yiiJ;HXCH B COOTBeTCTBHH C npo6JieMHO
TeMaTHqecKHM nrraHoM 11HcTHTyTa, yTaepJK,IJ,eH
HbiM KoMHTeToM IlorrHoMoqHbiX Ilpep;cTaBHTe
rreH:. 

CTaThH ·-cOTPYAHHKOB 011HI1 ny6rrHKoaa.: 
JIHCb B TaKHX :>KYPHaJiax, KaK "JKypHaJI 3KCne
pHMeHTaJibHOH H TeopeT~ecKOH <l>H3HKH", 
"TeopeTHqecKaH H MaTeMaT~ecKaH <l>H3HKa", 
"IlpH6opbl H TeXHHKa 3KCnepHMeHTa", " fl,u;ep-
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HaH <l>H3HKa", "<I>H3HKa 3JieMeHTapHbiX qacTHI.\ 
H aTOMHoro H,ll;pa", "ATOMHaH 3HeprHR", 
"Journal of Physics", "Physics Letters", "Zeit
schrift ftir Physik", "Nuclear Physics", "Nuclear 
Instruments and Methods", "Solid State Com
munications" H .u;p. 

B 51 CTpaHy MHpa paccbiJiaJIHCh rry6rrHKa
I.\HH )ly6Hhl. B 1985 rop;y B CIIHCKe paCCbiJIKH 
ny6JIHKal.\HH 011fll1 nOHBHJIOCh 23 HOBbiX ap;
peca. 

B o6MeH Ha HH<l>opMa~ o pa6oTax, Bhi
norrHHeMbiX B )ly6He, HayqHo-TeXH~ecKaH 
6H6JIHOTeKa J1HCTHTyTa norryqHJia 10698 npe
npHHTOB, 133 HaHMeHOBaHHR :>KYPHaJIOB H 294 
MOHOrpa<i>HH H3 42 CTpaH i-.mpa. 

)lJIH onepaTHBHoro HH<i>OpMHpOBaHHR qHTa
TerreH: HayqHo-TeXH~ecKOH 6H6JIHOTeKH 0 HQ
BhiX nocrynrreHHHX npO,ll;OJI:>KaJICH BbiiiYCK 
3Kcnpecc-6rorrrreTeHeH: HTB H naTeHTHoro oTp;e
rra. Bhiiiierr a caeT e:>Kerop;HbiH 6H6rrHorpa<t>~e
CKHH YKa3aTeJib pa6oT COTpy.u;HHKOB 011fll1 

. 3a 1984 rop; H OTqeT 0 ,u;eHTeJibHOCTH 011fll1 
3a 1984 rop;. 

l13p;aTeJihCKHM OT,!J;eJIOM BbiiiOJIHHJIHCb 3aKa-
3bl rra6opaTopHH: Ha KcepoKoiiHpoBaHHe. 3a rop; 
H3rOTOBJieHO 6orree 465 TbiCHq KCepOKOnHH. 
BhmorrHeHo CBhiiiie 5 ThiCJiq 3aKa3oB Ha nepe
nrreTHbie pa6oThi. )lJIH o6pa6oTKH 3KcnepHMeH
TaJILHoH: HH<i>OpMal.\HH H p;pyrHX 1.\eJieH H3ro
TOBJieHO OKOJIO 600 TbiC. pa3JIH~biX 6JiaHKOB. 

B TPMHI.\HOHHOM KOHKypce MocKoacKoro 
npaarreHrur HTO norrHrpa<l>HH H H3,ll;aTeJibCTB 
Ha rryqiiiee o<t>opMrreHHe II HcnorrHeHHe neqaT
HoH: npOAYKI.\HH MeTO,Il;aMH H cpe,D;CTBaMH one
paTHBHOH nOJIHrpa<l>HH KOJIJieKTHB OT,ll;eJia 3a
HHJI npH30BOe MecTO 3a H3,lJ;aHHe pa60Tbl aKa
,u;eMHKa H.H.Bororrro6oaa "UBeTHbie KBapKH -
HOBaH cryneHb no3HaHHR MHKpOMHpa''. 



HaY~Ho·TeXHM~ecKaa 
tiMtinMDTBKa 

B 1985 ro.n:y q:ucno q:nTaTeneif HaytJHo-Tex

H:uqecKoif 6:u6JIHOTeKH H ee <l>HJIHaJIOB COCTa

BHJIO 6400 qeJIOBeK, B TOM qi{CJie CBbillie 600 
qenoaeK, np:u6biBUIHX B O.HHH B KoiViaH.n;:upoB

KH. Kon:uqecTBO Bbi.n;aHHOH 3a ro.n: JIHTepaTypbi 

H nppCMOTpeHHOH Ha BbiCTaBKax HOBbiX no

CTynJieHHH - 372 TbiCHllH 3K3eMnJIRpOB. no 

3a.RBKaM q:uTaTeneif nonyqeHo no Me)K6:u6n:uo

TetJHoMy a6oHeMeHTy (MEA) 2519 Ha3BaHHH 

KHHr :u ~pHanoa. BbmonHeHbi 923 q:nTaTeJib

cK:ue 3aJIBKH, nOCTynHBUIHe H3 6:u6JIHOTeK 

CoaeTcKoro Coro3a. 

no BCeM HCTOqHHKaM KOMUJieKTOBaHHH 

(noKynKa, no.n:n:ucKa, KHHroo6MeH) B 1985 r. 
nocTynHJIO OKOJIO 18 TbiCHll 3K3eMnJIHpOB 

KHHr, npenpHHTOB, nep:uo,n;:uqeCKHX H3,Il;aHHH, 

B TOM q:ucne 7734- Ha HHOCTpaHHbiX H3biKax. 

npo.n:omKanacb pa6oTa no oq:ucTKe <PoH.n;a 

oT ycTapearneii JIHTepaTyphi. 

Ha 1 HHBapH 1985 ro.n:a 6:u6n:uoTetJHhlli 

<t>oH,n; COCTaBJIReT 377 TbiCJiq 3K3eMUJIHpOB, 

H3 HHX OKOJIO 160 TbiCHq Ha HHOCTpaHHbiX H3bl

Kax. 

Bee nocTyn:uarn:ue H3.D:aHHH csoeapeMeHHo 

o6pa6aTblBaJIHCb H OTpa)KaJIHCb B L(eHTpaJibHOM 

KaTano re :u B KaTanorax <t>HJI:uanoa. 

IIon oJIHHJIHCb H<>BbiMH ny6n:uKaUHHMH Te

MaT:uqecK:ue KapTo'ieK:u: aae,n;eHo 24474 Kap

ToqK:u. KapToTeKa ny6n:uKaUHif coTpy,n;HHKOB 

11HCTHTyTa nonOJIHHJiaCb 2363 KapToqKaMH. 

IIo.n:roToaneH :u H3.D:aH "YKa3aTenh pa6oT coT

py.n;HHK OB O.H.fl.H 3a 1984 r." 
E)KeHe.n;eJ!bHO BhinyCKaJIHCb 3Kcnpecc: 6ron

neTeHH "KHHr:u", "IIpenpHHTbi", "CTaTbH", 

Bbinyi..L(eHO 156 HOMepoB, BKJIJOqHBlliHX HOBYJO 

HH<l>op MaL(HJO Ha 25 TbiC. Ha3BaHHH. 

E)KeHe.n;eJ!bHo o6HoBJIHJIHCb BbiCTaBKH Ho

BhiX n OCTynneHHH KHHr, npenpHHTOB, Ha KOTo

pbiX 6biJIO npe,n;CTaBJieHO 8832 HOBbiX Ha3Ba

HHH. 

EbiJIO opraHH30BaHO 15 TeMaT:uqecK:ux Bbi

CTaBoK JIHTepaTypbi. 
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DaTeHTHbiM oT ABI 

HTorH 1985 ro.D;a B o6nacrH H3o6peTaTeJIL
crsa H Pai.lHOHaJIH3~ xapaK'I'epH3YJOTCJI cne
AYJOll.UfMH .D;aHHbiMH: 

3 AIIUiTA 
H HCflOJib30BAHHE H30BPETEHH:R 

nonyqeHo nono
)IGITeJibHbiX peweHHii 
no 3aRBKaM 
Ha H306peTeHHJI 

HcnoJib30BaHO · 
co6CTBeHHbiX 
H306peTeHHH 
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1985 r. 1958-1985 rr. 

60 1041 

15 493 

PAUHOHAJIH3ATOPCKHE 
llPE.llJlO)KEHIDI 

1985 r. 1958-1985 rr. 

HcnoJIIt30BaHo 
Pai.lHOHaJIH3a1'0pcKHX 
npe.D;Jio>KeHHii 619 

3KOHOM~ecKHii 
3$$eK1' 01' HCDOJib-
30BaHHJI H3o6peTeHHii 
H PauHOHaJIH3aTop
cKHX Dpe.D;JIO>KeHHH 
(TbiC. py6.) 44,5 

12517 

2383,7 



AAMMHMCTPATM BHO· 
X03RMCTBEHHAR 
JJ.ERT~IbH OCTb 

• 



KA,ll;Pbl 

q~iCJieHHOCTb COTPYAIIHKOB OHJU1 Ha 
31 .n;eKa6pH 1985 ro.n;a COCTaBJIHeT 7388 tie-
JIOBeK. 

Pacnpe.n;eneHHe no KaTeropHHM noKa3aHO 
B Ta6nm~e: 

KaTeropHH qHCJieHHOCTb 
--
B na6opaT. B npOH3-
H ynpaan. BO,II;CTB. Bcero 

no.n;pa3.n;. 

Hayt~Hbie 

pa6oTHHKH 1176 - 1176 

HH)KeHephi 1743 260 2003 

TexHHKH 
H MaCTepa 192 154 346 

Pa6otiHe 1833 1466 3299 

Yt~eHHKH 3 9 12 

Cny~r.uHe 282 203 485 

MOil 6 61 67 

5235 2153 7388 

• 
B 06'be,IJ;HHeHHOM HHCTHTyTe H,D;epHblX HC-

CJie,IJ;OBaHHH pa6oTaroT 6 aKa.n;eMHKoa: H .H.Bo
roJI106oa, A.M.Ban.n;HH, B.M.IIoHTeKopao, 
H.Co.n;HOM, r.H.<I>nepoB, H.M.<I>paHK; 5 tiJieHOB
KoppecnoH.n;eHTOB aKa.n;eMHH HayK: H.H .roao
pyH, B.IT.,ll;)Kenenoa, H.3aapa, M.r .Mer.uepH
KOB, .[(.B.lliHpKOB; 155 ,II;OKTOpOB HayK , 571 
KaH,IJ;H,IJ;aT HayK. 

HaHMeHOBaHHe pa3.n;enoa 

I. A.n;MHHHCTpaTHBHQ-
ynpaaneHt~eCKHe 

H X03fiHCTBeHHbie paCXO,II;bl 

II. Pacxo.n;hi Ha HaytiHo-Hccne.n;oaa
TeJibCKYIO .n;eHTeJibHOCTb 

HToro no ocHOBHo:H 
.n;eHTeJibHOCTH 

III. KanmanhHbie BJIO)KeHHH 
Ha CTpOHTeJibCTBO HayqHO
HCCJie,IJ;OBaTeJibCKHX 
H .n;pyrHX 06'beKTOB 

Bcero: 
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B 1985 ro.n;y npHHHTo 837 t~enoaeK, H3 HHX: 
HaytiHbiX pa60THHKOB - 206, HH)KeHepOB -
161, TeXHHKOB H MaCTepOB- 63, pa60t1HX-
319, yt~eHHKOB - 14, CJIY~I.UHX- 64, MJia,IJ;-

1l1ero o6cny)KHBaJOI.Uero nepcoHana - 10. 
YaoneHo H3 OURH 3a 3TOT )Ke nepHo.n; 

B CBH3H C OKOHtlaHHeM CpOKa pa60Tbl H no .n;py
rHM npHtiHHaM - 809 t~enoaeK. 

B TetleHHe ro.n;a yt~eHbiMH H HaytiHo-TeXHH
qecKHMH coaeTaMH 06'be.n;HHeHHoro HHCTHTYTa 
H,D;epHbiX HCCJie,IJ;OBaHHH H36paHbl Ha ,II;OJI)KHO
CTH Ha HOBble CpOKH 164 HaytiHbiX COTpy.n;HHKa. 
3BaHHe npo<Peccopa npHcaoeHo H yrnep)K,II;eHo 
BAK o.n;HoMy coTpy.n;HHKY, 3BaHHe cTaprnero 
HaytiHoro coTpy.n;HHKa - 6, 3BaHHe Mna.n;rnero 
HaytiHOrO COTpy,D;HHKa- 32. 

B 1985 ro.n;y 3ai.UHTHJIH KaH.n;H.n;aTCKHe .n;Hc
cepTaqHH- 31, ,II;OKTOpCKHe- 9 COTpy,D;HHKOB. 

B 1985 ro.n;y coTpy.n;HHKH OURH Harpa)K,II;e
Hhi op.n;eHaMH H Me.n;aJIHMH CCCP: 

- Op,D;eHOM ,[(py)K6bl HapO,D;OB Harpa)K,II;eH 
tiJieH-Koppecm>H.n;eHT AH CCCP M.r.Mer.uepH
Koa; 

- op.n;eHaMH 0Tet~eCTBeHHo:H BOHHhi 1 H 2 
CTeneHH H I06HJieHHblMH Me,IJ;aJIHMH "40 JieT 
Ilo6e.n;bi coaeTcKoro Hapo.n;a B BenHKo:H OTe
qecTBeHHo:H ao:HHe 1941-1945 rr." Harpa)K,II;eH 
141 COTpy.n;HHK OH.RH; 

- Me.n;anbiO "BeTepaH Tpy.n;a" Harpa)KeHbi 
349 COTPY.n;HHKOB OH.RH. 

<I>HHAHCOBAH ,ll;E.RTEJibHOCTh 

KoMHTeT IloJIHoMotiHhiX Ilpe.n;cTaBHTene:H 
npaBHTeJibCTB rocy.n;apCTB-tiJieHOB 06'be,IJ;HHeH
HOrO HHCTHTYTa fi,II;epHbiX HCCJie,IJ;OBaHHH ,II;Jifl 

AccHrHOBaHHH 
Haro.n; 
(B MJIH.py6.) 

7,3 

23,2 

30,5 

16,0 

46,5 

<l>aKTHtleCKHe 
paCXO,II;bl 
(B MJIH.py6.) 

6,9 

22,6 

29,5 

16,8 

46,3 

% K nJiaHY 

94,3 . 

97,4 

96,7 

104,9 

99,5 



me: 

a,D;-

10. 
£0,1J; 

)y-

iH

'Ta 
10-

ca. 

npoae,D;eHIDI HayqHo-Hccne.D;oBaTeJibCKHX pa6oT, 

KanHTaJibHOrO CTpOHTeJibCTBa H .D;pyrHX Mepo

npiDITHH, CBH3aHHhiX C ,D;eHTeJibHOCTbiO lfHCTH

TyTa, Ha 1985 ro,D; aCCHrHOBaJI 46,5 MJIH.py6. 

<l>aKTHtleCI<:He paCXO,IJ;hl 3a ro,D; COCTaBHJIH 

46,3 MJIH.py6., HJIH 99,5% no OTHOIIIeHHIO 

K rO,IJ;OBhiM aCCHrHOBaHIDIM. 

llpo6JieMHo-TeMaTHtlecKHH nJiaH HayqHo-HC

CJie,IJ;OBaTeJibCKHX pa60T Ha 1985 rO,D; BhinOJIHeH 

B nOJIHOM o6'beMe, B CMeTHOH CTOHMOCTH H no 

H OMeHKJiaType. <l>aKTHtlecKHe paCXO,IJ;hl COCTa

B HJIH 29,5 MJIH.py6., HJIH 96,7% K CMeTHOH 

CTOHMOCTH, 

1 ,0 MJIH.py6. • 

3KOHOMIDI 

B conocTaaJieHHH c ro,D;OBbiMH accHrHoaa

HIDIMH pacnpe,D;eJieHHe <}>aKTHtleCKHX . paCXO,IJ;OB 

o pa3,D;eJiaM 610.D;:>KeTa noKa3aHo B Ta6nHJ:~e. 

ao KAHHT AJibHOE CTPOHTEJibCTBO 

ro 

ro 

rc
a. 
te-

3aTpaTbl Ha KanHTaJibHOe CTpOHTeJibCTBO 

HayqHo-HCCJie,D;oBaTeJibCKHX H .D;pyrHX o6~e1<:-

TOB nJiaHHpOBaJIOCb B CYMMe 16,0 MJIH.py6. 

B hmonHeHHe ro,D;oaoro nnaHa cocTaaHJio: 

:!H CTpyKTypa KanHTaJibHhiX BJio:>KeHHii 
R-

2 Bcero KanHTaJibHhiX BJIO:>KeHHH, 
~T B TOM tiHCJie: 
e-

1. CTpOHTeJihHO-MOHTa:>KHhie pa6oTbi 

2. 06opy.D;OBaHHe H HHBeHTapb 

bl 3. llpoeKTHo-H3hiCKaTeJihCKHe H npotl. 

BBO,IJ; B ,D;eHCTBHe OCHOBHhiX cpe,D;CTB 

(<}>OH,D;OB) 

'b 

:H llPOH3BOnCTBEHHAH 

1- nEHTEJihHOCTh 
R 

B cocTaae OHHH Haxo,D;HTCH npoH3BOACT

aeHHbie, acnoMoraTeJibHhie H o6cJiy)f(HBaiOILUie 

IIO,D;pa3,D;eJieHIDI. 

1. 06'beM rOTOBOH npo.D;yKQHH, BhinOJIHeHHbiX 

pa6oT H OKa3aHHhiX ycnyr 

B MJIH.py6. 

2. Pe3yJibTaThi <}>HHaHcoao-

X03HHCTBeHHOH ,D;eHTeJibHOCTH 

B MJIH.py6. 

3. 3aTpaThl Ha OAHH py6Jib rOTOBOH 

npo.D;yKQHH, BhmonHeHHhiX pa6oT 

H OKa3aHHbiX ycnyr 

4. lfiiCJieHHOCTb pa60TaiOILUiX 

ro.D;OBOH 

nJiaH 

(B M JIH.py6.) 

16,0 

3,4 

12,0 

0,6 

12,9 

<I>aKTHtlecKoe 

BhinOJIHeHHe 

(B MJIH.py6.) 

16,3 

2,1 

13,1 

1,1 

14,7 

% BhinOJI

HeHIDI 

101,8 

61,7 

108,9 

198,0 

114,0 

nenTeJibHOCTb 3THX no,D;pa3,D;eJieHHH 3a 

1985 ro,D; XapaKTepH3yeTCH OCHOBHhiMH noKa-

3aTeJIHMH, npHBe,D;eHHhiMH B Ta6JIHI~e: 

ro,IJ;OBOH 

nJiaH 

13,9 

0,4 

0-98,9 

2234 

<l>aKTHtleCKOe 

BhinOJIHeHHe 

14,3 

1,1 

0-94,5 

2123 

% BbinOJI-

HeHHH 

102,8 

141 




