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BBEAEHME 

B 1984 ro.u.y muepH8.UHOHaJihHhiH KonneK

THB yqeHbiX 06ne)J.HHeHHOrO HHCTHTyTa H)J.ep

HhiX HCCJie)J.OBaHHH )J.06HJICH HOBhiX ycneXOB 

B IIIHpOKOH o6JiaCTH HCCJie)J.OBaHHH CTp yKTyphi 

3JieMeHTapHbiX qacTH~ H aTOMHOrO H)J.pa, H3y

qeHHH HX B3aHMO)J.eHCTBHH, pa3pa60TKe OpHrH

HaJibHhiX MeTO)J.HK npOBe)J.eHHH 3KCn epHMeH

TOB H aHaJIH3a pe3yJihTaTOB. Ycneumo Bhmon

HeHa HaMeqeHHaH nporpaMMa HayqHO-H CCJie)J.O

BaTeJibCKHX pa60T, noJiyqeHbi BIDKHbie pe3yJih

TaTbi KaK <i>YH)J.aMeHTaJibHOrO, TaK H n p HKJia)J.

HOrO xapaKTepa. 

TeopeTHKaMH 11HCTHTyTa BnepBbie HaH.U.eHa 

HBHO HHBapHaHTHaH <l:>opMyJIHpOBKa paCIIIH

peHHhiX cynepCHMMeTpHqHhiX TeOpHH B TepMH

Hax cynepnoneH: 6e3 CBH3eH:, KOTOpaH y npoma

eT ,j;i,OKa3aTeJibCTBO KOHeqHOCTH 3THX TeOpHH. 

B MeTo.u.e peHopMaJIH38.UHOHHOH rpynnh i npe.u.

JIO)f(eHa CXeMHO-HHBapHaHTHaH TeOpHH B03MY

meHHH H yKa3aH cnoco6 onpe.u.eneHHH MaCChi 

KBapKOB. Ha OCHOBe npe)J.JIO)f(eHHOrO HOBOro 

MexaHH3Ma, o6'hHCHHiomero poeT nonHhiX ce

qeHHH a.u.poH-a.u.poHHhiX npo~eccoB - " cnHHO

BOH AHHaMHKH", c.u.enaH pHA npe.u.cK a3aHHH 

nOJIHJ}H3a~OHHbiX 3<l:><l:>eKTOB. TipOBe)J,eH aHa

JIH3 ceqeHHH HHKJil03HBHhiX npo~eccoB npH 

6onhiiiHX nonepeqHhiX HMnynhcax, yKa3hiBalO

mHH Ha B03MO)f(HbUf pOCT qHCJia apOMaTOB 

KBapKOB (AO 8-10) npH 3HeprHHX KOJIJiaH)J.e

pa. B paMKax KBa3HqacTHqHo-4>oHoimo H: MO

.u.enH H.U.pa paccqHTaHa <l:>parMeHTa~H 3 apH.u.o

Bo-o6MeHHhiX rHraHTCKHX pe30HaHCOB B c<t>e

pHqecKHX H .u.e<t>opMHpOBaHHhiX HApax. Bhi

nonHeHhi HCCJie)J.OBaHHH, n03BOJIHBIIIHe npe.u.

CKa3aTb HOBbie BH)J.bi pa)J.HOaKTHBHOCTH, nony

qJ1BIIIHe 3KCnepHMeHTaJibHOe nO)J.TBep)f()J.eHHe 

no 14C; 24Ne-pa.u.HoaKTHBHOCTH. B o 6 nacTH 

TeOpHH KOH)J.eHCHpOBaHHOrO COCTOHHHH nony

qeHO TOqHoe peiiieHHe ypaaHeHHH )J.BH)f(eHHH 

AJIH TpexypoBHeBoro H3JiyqaTeJIH H n p e.u.cKa-

3aHo HBJieHHe <l:>oTOHHoro 3Xa. Bhm oiiHeH 

~KJI HCCJie)J.OBaHHH no TeOpHH reTepo<l:>a3HhiX 

COCTOHHHH B a)J.pOHHOH MaTepHH. 

PH.u. HOBhiX HHTepeCHhiX pe3yJihTaToB nony

qeH B 3KCnepHMeHTax Ha KpynHeHIIIHX y CKOpH-
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TenHx: cHHxpo<l:>a3oTpoHe OHHH, CHHxpoTpoHe 

H<l>B3 (TipoTBHHO), CHHxpoTpoHe UEPH ()Ke

HeBa). B Hccne.u.oBaHHHX no peJIHTHBHCTCKOH 

H)J.epHOH <l:>H3HKe nonyqeH KOJIHqeCTBeHHbiH 

KpHTepHH rpaHH~hi npHMeHHMOCTH npOTOH

HeHTpOHHOH MO)J.eJIH H)J.pa. 113MepeHa no.u.po6-

HaH A-3aBHCHMOCTh ceqeHHH KYMYJIHTHBHhiX 

TT -Me30HOB H noKa3aHO, qTO HMeeTCH pOCT Ce

qeHHH C yBeJIJ1qeHHeM aTOMHOrO HOMepa npH 

A < 30. nonyqeHbi HOBbie )J.aHHbie 0 CTPYKTyp

HhiX <i>YHK~HHX KYMYJIHTHBHhiX qacTH~ H a.u.po

HOB conpOBO)f()J,eHHH. J13 aCHMMeTpHH pacna.u.a 

OTHOCHTeJibHO nJIOCKOCTH po)f()J.eHHH ,\c no

Ka3aHa B03MO)f(HOCTb HCCJie)J.OBaHHH 3<l:>qleKTOB 

HapyiiieHHH npOCTpaHCTBeHHOH qeTHOCTH B pac

na.u.ax oqapoBaHHhiX qacTH~. 3aaepiiieHhi Hccne

AOBaHHH npo~ecca oKononoporoBoro o6pa3o

BaHHH nHOHHhiX nap nHoHaMH B KYJIOHOBCKOM 

none H)J.pa H 3KCnepHMeHTaJibHO )J.OKa3aHa 

cnpaBe)J.JIHBOCTh TeopeMhi KHpaJibHhiX aHOMa

JIHH, CBH3hiBaJOmeH: aMnJIHTYAhi npo~eCCOB 

y .. 3rr· H rr 0 
.. 2y. BhmOJIHeHhi npe~H3HOHHhie 

H3MepeHHH AH<l:><l:>epeH~HaJibHhiX ceqeHHH B pe

aK~HX rr + + p .. K + + ~ +, noKa3aBIIIHe, qTo 

B o6JiaCTH MaJibiX nepe)J.aHHhiX HMnyJibCOB 

( t < 0,1 r3B/c2 ) noBe.u.eHHe AH<l:><l:>epeH~Hanh
Hhix ceqeHHH, B OTJIHqHe OT npHHHTOrO, He HB

JIHeTCH 3KcnoHeH~HaJihHhiM. BnepBbie H3Me

peHa aCHMMeTpHH B HHKJII03HBHOM o6pa30Ba

HHH TT
0 

-Me30HOB B 77-p -B3aHMO)J.eHCTBHHX . 

Hccne.u.oBaH npo~ecc o6pa30BaHHH peJIHTH

BHCTCKHX n03HTpOHHeB H )].aHa O~eHKa OTHO

CHTeJibHOH BepOHTHOCTH CaMOH pe)J.KOH MO)J.hi 

pacna.u.a 77 ° -Me30Ha Hay -KBaHT H n03HTpOHHH 

( w -10 -~ ) . B MlOOH-H.U.epHOM 3KcnepHMeHTe 

NA-4 BnepBhie H3MepeHa HHTep<l:>epeH~HOHHaH 

CTpyKTypHaH <i>YH~HH B o6JiaCTH 3HaqeHHH 

KBa)J.paTa ne~e)J.aHHOrO 4-HMnyJibCa OT 40 )J.O 

180 {r3B/c) . B COBMeCTHOM c UEPH 3Kcne

pHMeHTe Ha ycKopHTene LEAR HaH.U.eHo Ba>K

Hoe KOCMOJIOrHqeCKOe orpaHHqeHHe Ha KOJIH

qecTBO aHTHBemecTBa B paHHeH BceneHHOH -

OTHOIIIeHHe qJ1cJia aHTHnpOTOHOB K npOTOHaM 

R < 10-3 . 



IXpOTpOHe 

,EPH ()Ke

IBHCTCKOH 

!CTBeHHhiH 

! npOTOH

a no,D;po6-

ITRTHBHhiX 

FI poeT ce

Mepa npH 

:!TpyKTyp

iU H a,D;po

H pacna,D;a 

IR Ac no

t<f><f>eKTOB 

CTH B pac

Hbl HCCJie

:> o6pa3o

moacKoM 

,ll;OKa3aHa 

X aHOMa

pouecCOB 

i3HOHHbie 

:mH B pe

IIHe, tJTO 

r~nyJibCOB 

>eHQHaJib

·o, HeRB

,Je H3Me

>6pa3oaa

!HCTBHRX. 

peJIRTH

Ka OTHO

::>H MO.ZU,I 

3HTpOHHH 

lpHMeHTe 

IUHOHHaR 

3HatJeHHH 

IT 40 AO 

H 3Kcne

:!Ho BIDK

'Ia KOJIH

eHHOH

pOTOHaM 

HoBhiMH HHTepecHbiMH pe3yJibTaTaMH o T

Met~eH MHHYBIIIHH roA H B o6nacTH <f>H3HKH 

HH3KHX 3HeprHH. B J1a6opaTopHH RAepHhTX 

npo6neM BhinOJIHeH 3KcnepHMeHT no onpe 

,D;eneHHIO CnHpaJibHOCTH HeHTpHHO B pacna,D;e 

pe30HaHCHO-B036y:>K,D;eHHOrO ypOBHR CaMapHR , 

pe3yJibTaTbi KOToporo cy~ecmeHHO nyt~Ille 

COrJiacyiOTCR C npe,D;nOJIO:>KeHHeM 0 noJIHOH 

JieBOH npO,ll;OJibHOH nOJIRpH3aUHH HeHTpHHO, 

t~eM paHee nonyqeHHhie B 3KcnepHMeHTax, 

npoae,D;eHHhix B CiliA H lllaeuHH. 

Ha HHTeHCHBHbiX nyt~Kax TR:>KeJibiX HOHOB 

THTaHa, XpOMa, :>KeJie3a H HHKeJIR UHKJIOTpOHa 

Y-400 npoae,neHhi 3KcnepHMeHThi no CHHTe3y 

TR:>KeJibiX 3JieMeHTOB C Z OT 106 ,ll;O 111. 

CHHTe3HpOBaHhi H30TOnhi 108 3JieMeHTa c Mac 

COBhiMH tJHCJiaMH 263-265. lloKa3aHO, tJTO BCe 

CHHTe3HpOBaHHbie R,D;pa HCnhiTbiB8.J9T a -pac 

na,D;, tJTO CBH,D;eTeJibCTByeT 0 BbiCOKOH R,ll;epHOH 

CTa6HJibHOCTH TpaHCKypt~aTOBHeBbiX 3JieMeH

TOB no OTHOilleHHIO K CnOHTaHHOMY ,D;eJieHHIO. 

llpO,ll;OJI:>KaJICR noHCK CBepXTR:>KeJibiX 3JieMeH 

TOB C HCnOJib30BaHHeM COp6UHH, 3KCTpaKQHH 

H ynbTpa<f>HJibTpaUHH B TepMaJibHhiX pacconax 

BaHKaJibCKOH pH<f>TOBOH 30Hhi H nonyocTpoaa 

qeneKeH. llpoae,D;eH UHKJI 3KcnepHMeHTOB n o 

H3ytJeHHIO 3apR,ll;OB0-06MeHHhiX peaKQHH C HC

nOJib30BaHHeM nytJKOB HOHOB a30Ta H yrnepo 

Aa; H3MepeH ,D;e<f>eKT MaCChi H30TOna reJIHR-9 . 

llonyqeHa HOBaR HH<f>OpMaQHR 0 MeXaHH3Me 

B3aHMO,D;eHCTBHR R,D;ep, xapaKTepHCTHKax ,D;eJie 

HHR TR:>KeJibiX R,D;ep BnJIOTb ,ll;O Z =108. 

lllHpOKHM <f>poHTOM BeJIHCb <f>H3HtleCKHe 

HCCJie,D;OBaHHR no H3yqeHHIO CTPYKTYPhi H AH 

HaMHKH KOH,D;eHCHpOBaHHbiX cpe,D; Ha nytJKaX 

peaKTopa HBP-2. BnepBbie Hccne,D;OBaHa 3aBH

CHMOCTb pa,D;Hyca HHepUHH nonepetiHOrO ceqe 

HHR MaKpOMOJieKyJI OT CTeneHH HOHH3aQHH 

B nOJIH3JieKTpOJIHTax. l13ytJeHHe <f>a30BbiX ,D;Har

paMM :>KH,ll;KHX KpHCTaJIJIOB B :>KH,ll;KOKpHCTaJI

JIHtJeCKOM H CTeKJIOBH,ll;HOM COCTORHHRX noKa -

3aJIO cy~ecmoBaHHe ABYX aeTBeH nocne,D;oaa 

TeJibHOCTH paBHOBecHbiX H HepaBHOBeCHbiX 

<f>a3, npe,D;CKa3hiBaeMbiX TeOpHeH HeCOH3MepH

MhiX <f>a30BhiX nepexo,D;OB. BhmonHeHbi BIDK

Hhie Hccne,D;OBaHHR CTPYKTYPhi, AHHaMHKH 

H oco6eHHOCTeH <f>a30BbiX nepeXO,ll;OB B cynep

HOHHOM npoBOAHHKe CsHSO 4 • llno,D;OTBOpHhi 

MH 6hiJIH HCCJie,D;OBaHHR, BhlllOJIHeHHbie Ha p e

aKTOpe HBP-30. l13yt~eHhi KoppeJIRUHH B yr

JIOBhiX pacnpe,D;eJieHHRX y -KBaHTOB npH 3 a 

XBaTe HeHTpOHOB B o6nacrn p-BOJIHOBbiX p e -

30HaHCOB R,D;ep, ,ll;JIR KOTOpbiX 6hiJIO paHee o6-

Hapy:>KeHO HeCOXpaHeHHe npOCTpaHCTBeHHOH 

t~eTHOCTH. E~e OAHO pe3oHaHcHoe HecoxpaHe

HHe npOCTpaHCTBeHHOH tJeTHOCTH o6Hapy:>KeHO 

B (n, p) -peaKUHH Ha xnope no,D; ,D;eHCTBHeM no

JIRpH30BaHHhiX TenJIOBbiX HeHTpOHOB peaKTOpa 

J111Fiel> (raTtJHHa). llpoae,D;eH HHTepeCHbiH 

3KcnepHMeHT Ha nyt~Ke yJibTpaxono,D;HhiX HeHT

poHOB 3Toro peaKTopa no o6Hapy:>KeHHIO B03-

MO:>KHoro 3apR,D;a HeHTpOHa - HCCJie,D;OBaJIOCb 

BJIHRHHe 3JieKTpHtieCKOrO noJIR Ha nyqoK 

ynhTpaxono,D;HhiX HeHTpoHOB. 

,lJ;aJibHeHillee pa3BHTHe H COBepllleHCTBOBa

HHe noJiytJHJia 3KCnepHMeHTaJibHaR 6a3a 11HCTH

TyTa. llpHHRT B 3KcnnyaTaUHIO peaKTop HBP-2 

Ha cpe,D;HeH MO~Hocrn 2 MBT a pe:>KHMax 5 
H 25 HMnyJibCOB B CeKyHAy. lloJiytJeHHhiH 

nOTOK TenJIOBbiX HeHTpOHOB B HMnyJibCe 

(10 lSH/cM 2 • c) RBJIReTCR peKOp,D;HbiM B MHpe 

cpe,D;H BCeX ,D;eHCTBYIO~X HeHTpOHHbiX HCTO'I

HHKOB. Ha ycKopHTene J111Y-30 nyt~oK 3JieKT

poHOB npoBe,D;eH qepe3 HH:>KeKTOpHbiH yqaCTOK 

H nepByiO YCKOpRIOIUYIO ceKQHIO. llonyqeH TOK 

-70 A npH 3HeprHH 3 M3B. Ha CHHXpo<f>a3o

TpoHe nOBbiilleHa HHTeHCHBHOCTb nyqKOB yc

KOpeHHbiX R,D;ep KHCJIOpO,D;a (AO 5 •10? 3a 

UHKJI), nonyqeHhi ycKopeHHhie R,D;pa <f>Topa 

H KpeMHHR. BnepBbie B MHpoaoH npaKTHKe 

ocymecmneH BhiBOA nyt~Ka CHHxpo<f>a3oTpoHa 

C nOMO~IO H30rHyTOrO MOHOKpHCTaJIJia. 3a

BepllleHa KOMnneKCHaR c6opKa caepxnpoao

M~ero MO,D;eJibHOrO CHHXpOTpOHa (Clli1H) 

H npOBe,D;eHbl HCnhiTaHHR B "TenJIOM" Ba

pHaHTe. CocTORJICR <f>H3Ht~eCKHH nycK <f>a3o

TpoHa - yCTaHOBKH "Cl>". llyt~oK npoTOHOB 

YCKOpeH 6e3 3aMeTHbiX noTepb ,ll;O KOHetlHOrO 

pa,D;Hyca npH 3HeprHH 680 ~bB. Ha UHKJio

TpoHe Y-400 nonyt~eHhi BhiCOKOHHTeHCHBHbie 

nyqKH HOHOB (BnJIOTb ,ll;O 6 .10 l3qaCT/C) B IllH· 

poKOM AHana3oHe ycKopReMbiX qacTHU. Ocy

~eCTBJieH KOMnJieKCHhiH 3anyCK rOJIOBHOH 

qacTH ycKOpHTeJIR KYTH-20 H nonyt~eHhi Ha 

BhiXO,D;e HOHhi c 3HeprHeH 2,5 M3B/HyKJioH. 

llpO,ll;OJI)KaJI pa3BHBaTbCR UeHTpaJibHbiH Bbl

tJHCJIHTeJibHbiH KOMnneKc 011HI1. BhlnonHeHbi 

pa60Tbl no YCTaHOBKe H MOHT~ HOBOH MO~
HOH 3BM EC-1061. 

BoJiblllOH o61oeM pa6oT BhmonHeH no co-

3AaHHIO HOBbiX <f>H3HtleCKHX YCTaHOBOK ,ll;JIR 

3KCnepHMeHTOB B 06JiaCTH <f>H3HKH BbiCOKHX 

H HH3KHX 3HeprHH. 3aaepllleH MOHTIDK Mar

H~THOH CHCTeMbl "HeHTpHHHOrO ,D;eTeKTOpa" 

Ha HeHTpHHHOM KaHane cepnyXOBCKOrO yc

KOpHTeJIR, BKJIIO'IaiO~eH 39 paMHbiX H 13 

KOJibUeBbiX MarHHTOB. llpOBe,D;eH <f>H3HtJeCKHH 

nycK ycTaHOBKH APEC, npeAHa3HatJeHHOH AJIR 
nOHCKa pe,D;KHX pacna,D;OB nHOHOB H MIOOHOB. 

Bae,D;eHhi B 3KcnnyaTaQHIO Ha nyqKax HBP-2 

cneKTpOMeTphi HCBP, CllH H ,IJ;Hel>PAH. Ha 

nyt~Kax TR:>KeJibiX HOHOB yCKOpHTeJIR Y -400 

HatJaThi 3KcnepHMeHThi Ha ycTaHOBKax ,IJ;3MAC, 

MC-A, PHllC. 

BbmonHeHhi npoeKrno-KoHcTpyKTopcKHe 

pa60Thi no no,D;rOTOBKe cepHHHoro npOH3-
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BO,D;CTBa B on Ol1HH CTpHMepHbiX ,neTeKTO

pOB ,nnH coaMecTHoro c UEPH 3KcnepHMeHTa 

.UEJI<I>l1 Ha BCTpeliHhiX nyt~Kax. Co3,naHa 6a3a 

,nJIH HCCJie,D;OBaHHH npOTOTHna a,npOHHOrO KaJIO

pHMeTPa ycTaHOBKH ,llEJI<l>Jf, pa3pa6oTaHa Me

TO,D;HKa HCnbiTaHHH CTpHMepHbiX ,neTeKTOpOB. 

B o6nacTH npHKJia,D;HhiX Hccne,noaaHHH Bhi

nonHeHbi HOBbie pa3pa60TKH no C03,D;aHHIO 

H BHe,npeHHIO 3<f><f>eKTHBHbiX H,D;epHbiX <f>HJibT

pOB. Co3,naHa ycTaHOBKa ,nnH 3Kcnpecc-aHa

JIH3a pa,nHoxpoMaTorpaMM 11 3JieKTpo<f>ope

rpaMM Ha OCHOBe MHOrOCTyneHllaTOH JiaBHHHOH 

KaMephi. B paMKax nporpaMMbi 'TeHoM" npo

aeAeHbi HCCJie,D;OBaHHH BJIHHHHH MarHHTHOrO 

nOJIH Ha 6H03JieKTpHlleCKYIO aKTHBHOCTb HeH

pOHOB. Bh1HBJieHo BJIHHHHe penapaUHH .UHK Ha 

BeJIHliHHY 6HOJIOrHlleCKOH 3<f><f>eKTHBHOCTH HO

HH3Hpy10lllHX H3Jiyt~eHHH. BhmonHeH 6onblllOH 

o6oeM Hccne.noaaHHH Ha nyt~Kax peaKTopa 

JfEP-2, HanpaaJieHHbiX Ha pellleHHe aKTYaJib

HbiX 3a,naq B o6nacTH reonorHH, 3KonorHH, 6Ho

norHH H Me,D;Hl.(HHbl. 

-#.~· 
• 
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,lleHTeJibHOCTb HHcTHTyTa ocymecTBJIHnacb 

B paMKax lllHpOKOrO Me)f(,II;yHapOAHOI'O Hayi.JHO

TeXHHlleCKOrO COTpy,nHHlleCTBa. ,llJIH npOBe,ll;e

HHH COBMeCTHbiX pa60T H yi.JaCTHH B COBema

HHHX ,lly6Hy noceTHJIO OKOJIO 2000 cnel.(Ha

JIHCTOB 113 MHOrHX CTpaH. ,llJIH 3THX )!(e l.(eJieH 

Bbie3)!(aJIH B cTpaHbi-yt~aCTHHUhi OH.HH 11 APY

rHe cTpaHbi 6onee 660 coTpy,nHHKOB HHCTHTY

Ta. lfHCTHTYT 6hiJI OpraHH3aTOpOM 4 KpynHbiX 

HayliHbiX 11 36 pa6ot~HX cosemaHHH. Cpe,nH HHX 

TaKHe, KaK VII Me)!(,nyHapo,nHoe cosemaHHe no 

npo6neMaM KBaHTOBOH TeopHH nOJIH, VII 
Me)!(,nyHapo,nHhiH ceMHHap no npo6neMaM <t>H-

3HKH BhiCOKHX 3HeprHH, III Me)!(,ll;yHapOAHhiH 

CHMn03HYM no H36paHHbiM npo6JieMaM CTa

THCTHI.JeCKOH MexaHHKH, Me)!(,nyHapOAHaH lllKO

na MOJIO,D;hiX yqeHbiX no npo6neMaM ycKopH

Teneu 3apH)!(eHHhiX I.JaCTHu;. YlleHbie OH.HH 

npHHHJIH yi.JaCTHe B pa6oTe 113 Me)!(,ll;yHapOA

HbiX H Hal.(HOHaJibHbiX KOH<f>epeHQHH, CHMn0-

3HYMOB H lllKOJI, COCTOHBlllHXCH B pa3JIHI.JHbiX 

CTpaHaX MHpa. 

H.H.Eoronro6os 

,llHpeKTOp 06oe,ll;HHeHHOrO HHCTHTyTa 

H,ll;epHbiX HCCJie,ll;OBaHHH 
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AEHTEnbHOCTb PYKOBOAHmMX 
M KOHCYnbTATMBHbiX OPrAHOB OMHM 

LV ceccMR Y'leHoro coaeTa OII'IAII'I npo xo,ll;HJia 

12-14 HHBapH 1984 ro,ll;a. I!J:IeHbi YtieHo ro coae-

Ta 3aCJIYlllaJIH HHcl>OpMaUHJO 0 BbinOJIHeHHH pe

llleHHH npe,ll;hiAYmHx ceccHH: (LUI H LIV), AO

KJia,ll;bi o6 HTorax Me)K,ll;yHapo,ll;Horo COTPYAHH

qecTBa H CBH3HX 0J1JIJ1 3a 1983 rO,ll; H nJiaHaX 

Ha 1984 ro}l;, 0 Ka,ll;pax cneUHa.JIHCTOB H 3 CTpaH-
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yqacTHHU, HHcl>OpMauHIO 0 npe,ll;Jla:>KeHHHX KO

MHCCHH no COBepllleHCTBOBaHHIO pa60Tbl ceK

UHH H cneUHa.JIH3HpoaaHHbiX KOMHTeTOB Ytie

Horo coaeTa. 

YtieHbiH coseT o}l;o6piDI HaytJHO-Hccne,ll;OBa

TeJibCKYID ,ll;eHTeJibHOCTb na6opaTopHH H OHMY 

HHcTHTyTa B 1983 ro,ll;y, yTaep,ll;HJI npo6neMHO-



:eHHHX KO
t60Tbl ceK
reToB Yt~e-

iiccne.n:oaa
H HOHMY 
p06JieMHO-

TeMarnqecKHH nmm Hayt~Ho-Hccne.n:oaaTeJib

cKHX pa6oT H Me:>K,n:yHapo,n:HOrO COTpy,n:HHt!eCT
Ba OHHH Ha 1984 ro.n:, onpe.n:enHJI Ba:>KHeHniHe 
Hayt~Ho-Hccne.n:oaaTeJibCKHe 3a,n:at~H na6opaTo
pHH H OHMY Ha 1984 ro.n:, a TaK:>Ke paccMoTpen 
npe,n:JIO:>KeHHH Jia6opaTOpHH B npoeKT nHTHJieT
Hero nnaHa pa3BHTHH OIUil1 Ha 1986-1990 r r . 

Yt~eHbiH coseT yTaep,n:HJI cpoKoM Ha TPH 
ro,n:a B .IJ.OJI:>KHOCTH 3aMeCTHTeJIH .U.HpeKTOpa 
J1a6opaTopHH H,n:epHbiX peaKI.\HH npoQ>eccopa 
IO.Q.OraHec.HHa. 

KoMMTeT nonHOMO'IHbiX npeACT8BMTeneM npaBH
TeJibCTB rocy.n:apcTB-l!JieHOB Ol1Hl1 Ha coae
~aHHH 20-21 MapTa o,n:o6pHJI pa6oTy J1HCTHTy 
Ta no BbinOJIHeHHIO nJiaHa Hayl!HO-HCCJie,n:oaa
TeJibCKHX pa6oT H Me:>K,n:yHapo,n:Horo COTpy,n:-

HHl!eCTBa B 1983 ro,n:y; YTBep,n:HJI pemeHHH 
LIV H LV ceccHH Yt~eHoro co seTa Ol1Hl1 no 
pe3yJibTaTaM HaytiHblX HCCJie,n:OBaHHH, BbinOJI
HeHHblX Jia6opaTOpHHMH H OT.U.eJiaMH l1HCTH
TyTa B 1983 ro,n:y; nJiaH HaytiHO-HCCJie,n:OBa
TeJibCKHX pa60T H Me:>K,n:yHapO.IJ.HOrO COTpy,n:
HHt!eCTBa Ha 1984 ro.n:, npHHHTbiH LV ceccHeil: 
Yt~eHoro co seTa; peweHHH LV ceccHH Yt~eHo
ro coaeTa no HToraM Me:>K,n:yHapo,n:Horo co
TPY.U.HHl!eCTBa Ol1Hl1 B 1983 ro.n:y, nnaHaM 
npoae,n:eHHH Hayl!HblX COBe~aHHH Ha 1984 ro,n: 
H Ka,n:paM cnel.\HaJIHCTOB H3 CTpaH-yt~aCTHHI.\ 

OHHl1. 

KoMHTeT flonHOMOtiHbiX llpe,n:cTaBHTeneif 
nocTaHOBHJI CtiHTaTb rnaaHbiMH 3a,n:at~aMH HH
CTHTyTa B 1984 ro,n:y: 

- .U.aJibHeil:wee pa3BHTHe coapeMeHHbiX Teo
peTHt~ecKHX MeTO.IJ.OB Q>H3HKH 3JieMeHTapHblX 
l!aCTHI.\ H aTOMHOrO .H,n:pa, KOH,n:eHCHpOBaHHblX 

3ace~aaHe KOMHTeTa nonHOMO'IHbiX llpe~CTaBHTeJieH 
cTpaa·ytJaCTHHU OHHH, MapT 1984 r. 
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COCTO.RHHH, a TaK)I(e npoBe,ll;eHHe 3KCnepHMeH
TanbHbiX HCCne,ll;OBaHHH B 3THX HanpaBneHH.RX 
Ha 6aaOBbiX ycraHOBKax OM.RM, ycKopHTen.ax 
M<l>B:3 H UEPHa B HaH6onee aKTyanbHbiX o6-
nacT.RX COBpeMeHHOH 3KCnepHMeHTanbHOH <f>H-
3HKH, BKmoqa.a npHKna.nHbie Hccne.noBaHH.R, 
B COOTBeTCTBHH C 3a,ll;aqaMH, nOCTaBneHHbiMH 
B peweHH.RX LV ceccHH YqeHoro coo eTa 
OM.RH; 

- npooe.neHHe pa6oT no Mo.nepHH3anHH 
CHCTeM CHHXpo<f>a30TpOHa; 

- npose.neHHe pa6oT no peanH3anHH 
KYTM-20; 

- paapa6oTKy npoeKTa TMC; 
- yqacTHe B paapa60TKe COBMeCTHO C 

M<l>B:3 OT,ll;enhHbiX CHCTeM npoeKTa YHK H no.n
roTOBKY npe,ll;nO)I(eHHH K 3KCnepHMeHTaM Ha 
HeM; 

- Haqano <f>H3HqeCKHX 3KCnepHMeHTOB Ha 
nyqKax ycTaHOBKH "<%>"; 

- npose.neHHe pa6oT no oso.ny peaKTopa 
MBP-2 B 3KcnnyaTanmo H paaBHTHe <f>H3Hqe
CKHX HCCne,ll;OBaHHH Ha HeM, C03,ll;aHHe n MY -30; 

- pa60Tbl B o6nacTH C03,ll;aHH.R H COBep
UleHCTBOBaHH.R yCKOpHTeneH T.R)I(enbiX HOHOB 
(KoMnneKc Y-400 + Y-400M); 

- pa3BHTHe H 3<f><f>eKTHBHOe HCnOnb30BaHHe 
UBK; 
~ ,ll;anbHeHmee pa3BHTHe Oil KaK He06XO,ll;H

MOe ycnooHe .nn.a cooepmeHCTBOBaHH.R 3Kcne
pHMeHTanbHOH 6aabi OM.RM; 

- 3<f><f>eKTHBHoe Hcnonb30BaHHe 6aaoBbiX 
ycTaHOBOK, nOBbiUleHHe HX 3KOHOMH~ocTH 

H TeXHHqeCKOrO COBepUleHCTBa. 
KoMHTeT yToep.nHn npe.ncTaBneHHbiH ,ll;HpeK

I.tHeii MHcTHzyTa o~eT o6 HcnonHeHHH 610,ll;)l(eTa 
3a 1982 rO,ll;, npOTOKOn <l>HHaHCOBOrO KOMHTe
Ta OMHM OT 15-16 Ho.a6p.a 1983 ro.na H 3acny
man coo6meHHe ,ll;Hpe~HH OM.RM o6 Hcnon
HeHHH 610,ll;)l(eTa MHcTHzyTa 3a 1983 ro.n. 

3acnymaB ,ll;OKna,ll; AHpeKI.tHH OM.RM "06 
OCHOBHbiX HanpaBneHH.RX H OpHeHT~pOBOqHblX 
KOHTpOnbHblX ~H<f>pax n.RTHneTHero MaRa pa3-
BHTH.R OM.RM Ha 1986-1990 ro.z:u,I", K oMHTeT 
IlonHOMO~biX Ilpe,ll;CTaBHTeneH nOCTaHOBHn 
npe,ll;CTaBHTb npOeKT nnaHa Ha paCCMOTpeHHe 
H ymep)l(,ll;eHHe coBei.UaHHIO KoMHTeTa fi'onHo
MOqHbiX Ilpe,ll;CTaBHTeneH B 1985 ro,ll;y. 

Ha cosemaHHH c HayqHbiM ,ll;OKna,ll;OM "Pe
n.RTHBHCTCKa.R .R,ll;epHa.R <f>H3HKa H KBaHTOBa.R 
XpOMO,ll;HHaMHKa Ha 6onbUlHX paCCTO.RHH.RX" 
BbiCTYnHn aKa.neMHK A.M.Ban,ll;HH. 

KoMHTeT IIonHoMo~biX Ilpe.ncTaBHTeneH: 
Bblpa3Hn ,ll;HpeKI.tHH H BCeMy KOnneKTHBy 

06'be,ll;HHeHHOrO HHCTHTyTa .R,ll;epHbiX HCCne,ll;O
BaHHH 6naro.napHOCTb 3a npo.nenaHHYIO pa6oTy 
B 1983 ro.ny. 
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LVI ceccMR Y'leHoro coaen OlltAIIt cocTo.anacb 
7-9 HIOH.R 1984 ro.na. YqeHbiH coseT o.no6pHn 
.ne.aTenbHOCTb ero ce~Hii no TeopeTHqecKoii 
<f>H3HKe, <f>H3HKe BbiCOKHX 3HeprHH H <f>H3HKe 
HH3KHX 3HeprHH H HX KOMHTeTOB, YTBep,ll;Hn 
pemeHHe )I(IOpH o npHcy)l(,ll;eHHH npeMHH OM.RM 

3a nyqmHe pa6oTbi 1983 ro.na. tineHbi YqeHoro 

COBeTa o6cy,ll;HnH npopa60TaHHbiH BapHaHT 
npoeKTa n.RTHneTHero nnaHa paaBHTH.R OM.fiM 
Ha 1986-1990 rO,ll;bl H O,ll;06pHnH ero OCHOBHbie 
HayqHbie HanpaBneHH.R, o6cy.nHnH npoeKT npo6-
neMHO-TeMaTHqecKoro nnaHa HayqHo-Hccne.no
BaTenbCKHX pa60T H Me)l(,ll;yHapO,ll;HOrO COTpy,ll;
HHqecTBa OM.fiM Ha 1985 ro.n H onpe.nenHnH oc
HOBHbie HayqHbie HanpaBneHH.R na6opaTOpHH 
H OHMY B 1985 ro.ny. 

Ha ceccHH c Hay~biMH .noKna.naMH BbiCTY
nHnH: aKa.neMHK M.M.<l>paHK "Bso.n B 3Kcnnya
Tai.tHIO peaKTopa MBP-2 H nepBbie pe3ynbTaTbi 
<f>H3HqeCKHX Hccne.nooaHHii" H aKa.neMHK AH 
f'CCP A.H.TaoxenH,ll;3e "Pa3BHTHe 3KcnepH
MeHTanbHOH 6a3bl H nporpaMMa HayqHbiX HC
cne,ll;OBaHHH M.RM AH CCCP". 

YqeHbiH coseT yToepAHn B .non)I(HOCTH 3a
MeCTHTen.R ,ll;HpeKTOpa na6opaTOpHH BbiCOKHX 
3HeprHH KaH,ll;H,ll;aTa <f>H3HKO-MaTeMaTHqecKHX 
HayK A.IlpoKema cpoKoM Ha TPH ro.na. 

B 1984 ro.ny 3ace)J;aHH.R J<OHcyabTaTUBHblX 
opzaHoe HHcTUTyTa - ceK~HH YqeHoro cooeTa 
OM.RM no TeopeTHqecKoii <I>H3HKe, no <f>H3HKe 

BbiCOKHX H <f>H3HKe HH3KHX 3HeprHH - npOBO
,ll;HnHCb TpH)I(,ll;bi: B .RHBape, HIOHe H HO.R6pe
,ll;eKa6pe. 

Ha .RHBapcKoH ceccHH ceK~HH o6cy)l(,ll;anHcb 
npe.nno)l(eHH.R na6opaTopHH B npoeKT n.RTH
neTHero nnaHa pa3BHTH.R OM.RM Ha 1986-
1990 rO,ll;bl B o6naCTH TeopeTHqecKOH <f>H3HKH, 
<f>H3HKH BbiCOKHX 3HeprHH, aT<?MHOrO .R,ll;pa 
H KoH.neHcHpOBaHHbiX cpen. KpoMe Toro, 6bmH 
3acnymaHbi o~eTbi o BbinOnHeHHH pemeHHH 
npe.z:u,I.nymeii ceccHH ce~HH H o~eTbi o pa6oTe 
cne~HanH3HpOBaHHbiX KOMHTeTOB. Ha XIX 
ceccHH ceJ<ijUU YlleHozo coeem OHJIH no Teo
peTullecJ<oii ifJuauJ<e (12 .RHBap.a) c .noKna.noM 
0 pa60Tax BeHrepCKHX TeOpeTHKOB B o6naCTH 
TeopHH KanH6pooo~biX noneii Ha pemeTKe Bbi
cTynHn .noKTop A.IlaTKOUl. Ha~bie .noKna.z:u,I 
Ha CecCHH C,ll;enanH KaH,ll;H,ll;aTbl <f>H3HKO-MaTe
MaTHqecKHX HayK ,U.IO.Bap,ll;HH, B.IO.IloHoMa
peo, C.B.f'onocKOKOB. Ha XXXVIII ceccHH 
ceJ<ijUU YlleHozo coeem OHJIH no ifJuauJ<e BbZ
coJ<ux 3Hepzuii (10 .RHBap.a) 6hmH 3acnymaHbi 
OTqeT 0 COCTO.RHHH o6pa60TKH <f>HnbMOBOH HH-
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<f>opMB.W~H B flBTA B 1983 ro,ny H nnaHe Ha 

1984 ro.D;, AOKna.D; o COTPYAHW~ecTBe OH.RH 

c H<l>B3 H OTtleT o .D;e.RTeJibHOCTH CH30 

B 1983 ro.D;y. 

Ha csoeif nerneif ceccuu qneHbi ceKQHH Co

seTa 3acnywanH pH.D; Hay'!HhiX .D;OKna.D;OB 

0 pa6oTax, BblllOJIHeHHbiX B na6opaTOpH.RX 

OIUIH, OTtleTbi o pa6oTe cneQHanH3HposaHHbiX 

KOMHTeTOB H 0 BblllOJIHeHHH peweHHH npe.D;bi

AYmeif ceccuu. B qacTHOCTH, Ha XX ceccHH 

ceKijUU YlleHozo coeem OHHH no TeopeTU'le
CKOU fPU3UKe, COCTO.RBWeHC.R 7 HIOH.R, 6hm 3a

CJIYWaH AOKna.D; npocpeccopa .IJ:.CTO.RHOBa o6 

HCcne.D;OBaHHR:X, npOBO.D;HMbiX 6onrapCKHMH 

TeopeTHKaMH, HayqHbie .D;OKna.D;bi npe.D;CTaBHJIH 

.D;OKTOpa cpH3HKO-MaTeMaTHlleCKHX HayK 

A.H.CucaKR:H, H.H.Muxaifnos, B.r .MaxaHbKOB. 

CeKQH.R o.D;o6puna HayqHhie AOKna.D;bi COTPYA

HHKOB OH.RH, npe.D;cTasneHHbie Ha Me)K,l];yHa

POAHYIO KOHcpepeHQHIO no cpH3HKe BhiCOKHX 

3HeprHH B fleHnQHre. C AOKna.D;OM 0 nO.D;rOTOB

Ke K :noif KOHcpepeHQHH BbiCTyiiHJI qneH-KOp

peCnOH.D;eHT AH CCCP .IJ:.B.IllupKoB. YqacTHH

KH XXXVIII ceccuu ceKijUU Yllehozo coeeTa 
no fPU3UKe 6blCOKUX 3Hep2UU (5 HIOHH) 3acny

WanH AOKna.D;bl 06 HCCJie.D;OBaHHHX, BblllOJIHeH

HbiX B fla6opaTOpHH BbiCOKHX 3HeprHH, fla6o

paTOpHH .R:.D;epHbiX npo6neM H fla6opaTOpHH 

aBTOMaTH3aQHH: Bbi'!HCJIHTeJibHO~ TeXHHKH H 

0 BBO.D;e B .D;eHCTBHe HOBOrO Tuna na3epHoro 

HCTO'!HHKa, 0 BbiBO.D;e nyqKa H3 CHHXpOcpa30-

TpOHa C nOMOmhiO H30rHyToro MOHOKpHCTan

Jia, o Ha6niO.D;eHHH ynbTpapen.R:THBHCTCKHX no-

3HTpOHHeB, 0 C03.D;aHHH non.R:pH30BaHHbiX .D;eHT

pOHHbiX MHWeHeH H 06 HCCJie.D;OBaHHR:X no C0-

3.D;aHHIO 6biCTpbiX anropHTMOB .D;nH pacn03Ha

BaHHH TpeKOB HOHH3HPYIOIUHX qacTHQ. Ha co

CTOR:Bweifc.R 6 HIOHH XXXVIII ceccuu ceKijUU 
YlleHozo coeeTa no rjJu3uKe HU3KUX aHepzuu 
06Cy)I(Jl;anHCb AOKna.D;bl 0 pa6oTax, BblllOJIHeH

HbiX B na6opaTOpHH HeHTpOHHOH cpH3HKH: 06 

HCCJie.D;OBaHHR:X KOppeJI.R:QHH B yrJIOBbiX pac

npe.D;eneHH.R:X raMMa-KBaHTOB npu 3axBaTe 

HeihpOHOB B p-pe30HaHcax; 0 Ha6JIIO.D;eHHH 

cnHH-op6uTanbHoro pacmenneHHH 3p-MaKCHMy

Ma HeliTpOHHOH CHJIOBOH cpyHKQHH; o6 HCCJie

AOBaHHH peaKQHH ( n , p) Ha Me.D;neHHbiX HeHTpO

Hax H nepcneKTHBax H3yqeHH.R: pe.D;KHX KaHanOB 

paCna.D;a KOMnayH,n-.R:.D;ep; 0 HeKOTOpbiX HOBbiX 

llpHMeHeHHR:X HeHTpOHOB B HCCJie.D;OBaHHH KOH

.D;eHCHpOBaHHbiX cpe.D;; 06 HCCJie.D;OBaHHH .D;HHa

MHKH KOH.D;eHCHpOBaHHbiX cpe.D; Ha peaKTopax. 

rnaBHOe BHHMaHHe qneHOB ceKQHH YqeHoro 

coseTa Ha ux oceHHeif ceccuu 6bmo y.D;eneHo 

o6cy:»CAeHHIO npoeKTa nHTHJieTHero nnaHa pa3-

BHTH.R OH.RH Ha 1986-1990 rr. B o6nacTH Teo

peTuqecKoH cpH3HKH, cpH3HKH BbiCOKHX 3Hep-

rHH , aTOMHOrO H.D;pa H KOH.D;eHCHpOBaHHbiX 

cpe.D;. Ha csoux 3ace.D;aHHR:X qneHbi ceKQHH 3a

cny wanu npe.D;nO)I(eHH.R na6opaTopuH: B npoeKT 

nHTHJieTHero nnaHa, o6cy.D;HJIH peKoMeH,naQHH 

CneQHanH3HpOBaHHbiX KOMHTeTOB no npoeKTaM 

3KCnepHMeHTanbHbiX YCTaHOBOK B npoeKT nna

Ha, a . TaK)I(e 3acnywanH OT'!eTbl 0 BblllOJIHeHHH 

pew eHHH npe.D;biAYmeH: ceccuu. Ha XXI ceccHH 

ceKijUU YlleHozo coeem no TeopeTU'lecKou rjJu-
3UKe (28 HO.R:6pH) C HayqHbiMH AOKna.D;aMH 

Bbi cTynHnH npocpeccop B.r .ConosbeB, KaHAH

AaTbi cpH3HKo-MaTeMaTuqecKHx HayK M.rMHT

po H H.roqes, AOKTopa cpH3HKo-MaTeMaTHqe

CKHX HayK 3.CoKaqeB H P.3.Kanrrow, KaH.D;HAaT 

cpH3HKO·MaTeMaTHlleCKHX HayK .IJ:.Yf.Ka3aKOB. 

Cec cu.R: OTMeTHJia ycnewHyiO pa6oTy KOJIJieKTH· 

Ba reopeTHKOB YIHCTHTyTa H noucy)I(Jl;eHHe pH

AY COTPYAHHKOB nT<I> HayqHbiX npeM,HH, 

a TaK)I(e BbiCOKHH ypoBeHb pe3yJibTaTOB, no

rryqeHHbiX TeopeTHKaMH OH.RH u cTpaH

yqacTHHQ npu pa3pa6oTKe Hau6orree aK

TyanbHbiX npo6JieM cpH3HKH 3JieMeHTapHbiX 

qaCTHQ, KBaHTOBOH TOOpHH nOJIH, cpH3H· 

KH aTOMHOrO H.D;pa, CTaTHCTHqeCKOH Me

XaHHKH H ee npHJIO)I(eHHH B cpH3HKe KOH,neH

CHp OBaHHOrO cocTO.RHHR:. Ha XXXIX ceccHH 

ceKijUU YlleHozo coaem OllHH no ifju3uKe ebz
coKux aHepzuu (27-29 HOH6p.R) 6bmH 3acrry

W aHbi AOKna.D;hi o XXII Me)K,l];yHapo.D;HoH KOH· 

cpep eHQHH no cpH3HKe BbiCOKHX 3HeprHH 

B neifriQHre H 0 X Me)K,l];yHapO.D;J:IOij KOHcpe

peHQHH 110 qacTHQaM H H.D;paM B reif.D;eJib· 

6ep re, CeKQH.R: OTMeTHJia 3HaqHTeJibHbiH BKna.D; 

O H .RH B Hay'!HYIO nporpaMMY 3THX KOHcpepeH

QHH. YqacTHHKH XXXIX ceccuu ceKijUU Ylle
Hozo coeeTa OHHH no ifju3uKe HU3Kux aHep
zuu ( 4-6 .D;eKa6pH) 3acrrywanu AOKna.D;bi o6 

HTo rax pa6oTbi Me)K,l];yHapo.D;Horo CHMn03HyMa 

no B036y)I(Jl;eHHbiM COCTO.R:HHR:M (n0.D;3b, 

n H P) , Me)I(JJ;yHapO.D;HOrO CHMn03HyMa no cpH-

3HK e T.R:)I(eJibiX HOHOB (.RnoHHR:), Me)K,l];yHa

po.D;Horo cosemaHHR: no 3KcnepuMeHTaM Ha 

nyqKax T.R:)I(eJibiX HOHOB (BapHa, HPE) .C Ha

yqHbiM AOKna.D;OM Ha CecCHH BbiCTynHJI npO· 

cpeccop A.C3H.D;yrrecKy. 

3ace.D;aHH.R cne~M8nM3MpoB8HHbiX t<OMMTeTOB 

ceK QHH YqeHoro , coseTa no cpH3HKe BhiCOKHX 

3HeprHH ( cpOT03MYJibCHOHHOrO KOMHTeTa, Ka

M epHOrO KOMHTeTa H KOMHTeTa no 3JieKTpOH· 

Hbi M 3KCnepHMeHTaM) H no cpH3HKe HH3KHX 

3HeprHH ( KOMHTeTa no HeHTpOHHOH cpH3HKe, 

KOMHTeTa no CTpyKType H.D;pa H KOMHTeTa no 

cpH3HKe T.R:)I(eJibiX HOHOB) npOXO.D;HJIH B 

1984 ro.D;y ABa)K,l];hi: B anperre H HO.R:6pe. Ha 

3aCe.D;aHH.R:X KOMHTeTOB 6hmH 3aCJIYWaHbl OT

qeTbl 0 BblllOJIHeHHH peKOMeH,naQHH npe.D;biAY-
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mHx ceccmi KOMHTeToB, o xo.u.e pa6oT no yr
sep:>K.u,eHHhiM TeMaM H npoeKTaM. Ha s eceHHeH 
CeCCHH 06CYJK.IJ.aJIHCb H3MeHeHIDI B npoeKTe 
npo6neMHO-TeMamqecKoro nnaHa HayqHo-Hc
cne.u.osaTenbcKHX pa6oT H Me)l(.IJ.yHapo.u,Horo 
COTpy.U,HHqecTBa Ha 1985 ro.u, no TeMaTHKe KO· 
MHTeTOB, npe.u,no:>KeHIDI HOBbiX 3KCn epHMeH
TOB, 6btnH 3acnymaHhi HayqHbie .U.OKna.u,bi H co
o6meHIDI o6 HTorax pa6oTbi HeKoTopbiX cose-

• 
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InaHHH H KOH$epeH~HH no TeMaTHKe KOMHTe
TOB. 0CHOBHOe BHHMaHHe Ha OCeHHeH ceCCHH 
KOMHTeTOB 6hmO y.u,eneHO paCCMOTpeHHIO npo- . 
eKTOB 3KCnepHMeHTaJlbHbiX ycTaHOBOK, npe.u,
naraeMbiX .u,nR peanH3~H B 1986-1990 rr., 
6hmH TaK:>Ke npe.u,cTasneHbi HayqHhie .u,oKna.u,bi 
H coo6meHHR o HaH6onee HHTepecHbiX Hccne.u.o
saHHRx, npOBO.U,HMbiX B CTpaHax-yqacTHH~ax 

011.RI1. 



O
Pr

A
H

Y
 

Yl
lP

AB
nE

H
H

H
 

O
B
o
E
~
H
E
H
H
O
r
O
 

H
H

CT
H

TY
TA

 
H
~
E
P
H
Y
X
 
H
C
c
n
E
~
O
B
A
H
H
R
 

K
O

M
H

TE
T 

llO
ill

iO
M

O
qH

hl
X

 
llP

EA
C

TA
B

H
TE

IT
Ef

i 

l
l
p
o
~

. 
A

.q
yn

T
3M

 
(
M
o
H
~
O
n
h
c
K
a
H
 

H
ap

oA
H

aH
 

P
ec

n
y

6
n

H
x

a)
 

l
l
p
o
~

. 
M

.C
oa

H
H

C
K

H
 

(l
lo

nb
cK

aH
 

H
ap

oA
H

aH
 

P
ec

n
y

6
n

H
x

a)
 

W
.O

na
pH

y 
(
C
o
~
H
a
n
H
C
T
H
4
e
c
x
a
H
 

P
ec

n
y

6
n

H
x

a 
Py

M
bi

H
H

H
) 

A
xa

A
eM

H
K

 
X

.X
pH

C
T

uB
 

(H
ap

O
A

H
aH

 
P

ec
n

y
6

n
H

x
a 
B
o
n
~
a
p
H
H
)
 

~
e
H
-
x
o
p
p

.
·
B
A
H
 
H

.n
a
H
~
 
(
B
e
H
~
e
p
c
x
a
H
 

H
ap

O
A

H
aH

 
P

ec
n

y
O

n
H

x
a)

 
A

K
aA

eM
H

K
 
H
~
y
e
H
 

B
aH

 
X

&
ey

 
(
C
o
~
H
a
n
H
C
T
H
4
e
c
x
a
H
 

P
ec

ny
6n

H
K

a 
B

&
eT

H
aM

) 
A

ox
T

op
 

$
.r

H
n&

6e
pT

 
(r

ep
M

aH
cK

aH
 

A
eM

ox
pa

T
H

4e
cK

aH
 

P
ec

n
y

6
n

H
x

a)
 

KH
M

 
re

H
 

qy
H

 
(K

op
ew

cK
aH

 
H

ap
O

A
H

o-
A

eM
O

K
Pa

T
H

4e
C

K
aH

 
P

ec
ny

6n
H

K
a)

 
O

.n
.K

a6
an

h
ep

o
 

(P
ec

ny
6n

H
K

a 
K

y6
a)

 

A
K

aA
eM

H
K

 
A
.
M
.
l
l
e
T
p
O
C
h
H
~
 
(
C
o
~
s
 

C
oa

eT
C

K
H

X
 
C
o
~
a
n
H
C
T
H
4
e
C
K
H
X
 

P
ec

ny
6n

H
K

) 
l
l
p
o
~
.
 

q.
ill

H
M

aH
e 

(
q
e
x
o
c
n
o
a
a
~
K
a
H
 
C
o
~
H
a
n
H
C
T
H
4
e
c
K
a
H
 

P
ec

n
y

6
n

H
x

a)
 

yq
EH

hl
A

 
C

O
B

ET
 

O
B

bE
A

H
H

EH
H

O
rO

 
H

H
C

TH
TY

TA
 

H
A

EP
H

hl
X

 
H

C
C

JE
A

O
B

A
H

H
A

 

IT
pe

A
C

eA
aT

en
h 

-
ax

aA
eM

H
K

 
H
.
H
.
n
o
~
o
n
~
6
o
a
 

n
p
o
~
e
c
c
o
p
 
3
.
3
H
T
p
a
n
b
~
O
 

n
p
o
~
e
c
c
o
p
 

A
.C

3H
A

yn
ec

xy
 

rn
aa

H
bl

i"
I 

yq
eH

bi
H

 
ce

x
p

eT
ap

b
 

-
A

O
K

TO
P 

<!
>H

sH
xo

-M
aT

eM
aT

H
4e

cx
H

x 
H

ay
x 

A
.H

 .C
H

ca
K

H
H

 

H
ap

O
A

H
aH

 
B
e
H
~
e
p
c
x
a
H
 

C
o
~
H
a
n
H
C
T
H
-

re
pM

aH
C

K
aH

 
K

op
ew

cx
aH

 
P

ec
n

y
6

n
H

F
a 

M
oH

rO
n

b
C

K
aH

 
ll

O
J

lb
C

K
a

H
 

C
o
~
H
a
n
H
C
T
H
-

P
ec

n
y

6
n

u
x

a 
H

ap
oA

H
aH

 
qe

cK
a.

R
 

A
eM

ox
pa

T
H

-
H

ap
O

A
H

O
-A

e-
K

y6
a 

H
ap

O
A

H
aH

 
H

ap
O

A
H

aH
 

t
~
e
c
K
a
R
 

B
o
n
~
a
p
H
H
 

P
ec

n
y

6
n

H
x

a 
P

ec
n

y
6

n
H

x
a 

q
ec

K
a

H
 

M
O

K
p

aT
H

t.
Je

C
K

aH
 

P
ec

ny
6n

H
K

a 
P

ec
n

y
6

n
H

x
a 

P
ec

n
y

6
n

H
x

a 
B

b
eT

H
a

M
 

P
ec

ny
6n

H
K

a 
P

ec
n

y
6n

H
K

a 
P

yM
bi

H
H

H
 

A
O

K
TO

P 
t
~
n
e
u
 

K
o

p
p

. 
BA

H 
K

a
H

A
H

,l
l,

a
T

 
np

o<
!J

ec
co

p 
KH

M
 

K
aa

H
 

BH
H

 
K

3H
A

H
A

aT
 

B
.A

an
x

cy
p

eH
 

ax
aA

eM
>W

< 
IT

AH
 

np
o<

P
ec

co
p 

¢
lH

3
Y

fl
·l

e
C

K
H

X
 

A
.B

ep
eH

H
 

<l
JH

3.
-M

aT
.H

ay
K

 
K

.-
r.

K
ay

H
 

K
aH

A
H

A
aT

 
<l

JH
3.

-M
aT

.H
ay

K
 

ax
aA

eM
H

K
 

AH
 

M
H

P 
P

.C
O

CH
O

BC
K

H
 

A
.I

la
p

6
 

11
ay

x 
4

J
le

H
-K

O
p

p
. 

BA
ll 

B
y 

C
ya

H
 

M
H

IIb
 

aK
ap

,e
M

H
K

 
<l

JH
s.

-
M

aT
. 

11
ay

x 
M

.n
eo

H
aP

A
 

H
.C

O
A

H
O

M
 

3K
aA

eM
H

K
 

JJ
A

H
 

n
p

o
$

ec
co

p
 

U
.S

oH
qe

a 
,(

.K
H

III
 

K
31

1A
H

A
3T

 
K

.n
aH

H
yc

 
KH

M
 

X
oH

 
C

eH
 

M
.M

en
H

aH
 

A
O

K
TO

p 
A

.X
pb

iH
K

eB
H

4 
H

. B
pb

iH
A

Y
III

 
np

o<
!J

ec
co

p 
n
p
o
~
e
c
c
o
p
 

X
H

M
.H

a
y

K
 

n
p
o
~
e
c
c
o
p
 

K
3H

A
H

A
aT

 
~
H
3
.
-
M
a
T
.
H
a
y
K
 

aK
aA

eM
H

K
 

llA
IJ

 
n

p
o

$
ec

co
p

 
l'(

.l
ll

en
ea

 
Il

.K
po

o 
A
a
H
~
 

B
y 

M
H

H
h 

r.
M

y3
H

O
fl

b 
T

e
x

n
.u

a
y

K
 

A
.T

ya
A

eH
A

O
Pl

l<
 

E.
H

H
H

K
 

r.
C

eM
eH

ec
K

y 
aK

aA
eM

H
K

 
H
~
y
e
H
 

Ba
11

 
B
b
i
O
H
~
 

C
oH

 
3y

H
 

ra
H

 
X

.X
pH

C
T

O
B

 
-
-
-

·-

~
H
H
a
H
C
O
B
b
i
H
 

K
O

r>
lH

T
e

T
 

ll
o 

OA
HO

M
Y 

n
p
e
A
C
T
a
B
H
T
e
n
~
 

O
T 

KI
U<

AO
H 

C
T
p
a
H
b
J
-
y
q
a
C
T
H
H
~
b
l
 

m
um

 

C
o
~
3
 

C
o

se
T

-
q
e
x
o
c
n
o
a
a
~
x
a
H
 

CK
H

X
 
C
o
~
H
a
-

C
r~
u
.
H
a
n
H
C
T
H
-

Jl
H

C
T

H
l.

le
C

K
H

X
 

q
ec

K
a

R
 

P
ec

ny
6n

H
K

 
P

ec
ny

6n
H

K
a 

A
O

K
TO

p 
T

eX
H

H
-

4
n

.-
x

o
p

p
.C

A
JI

 
q

eC
K

H
X

 
H

a
y

K
 

IO
.A

y6
H

H
C

K
H

 
A

.A
.B

ac
H

nh
eB

 
n
p
o
~
e
c
c
o
p
 

aK
aA

eM
H

K
 

fi
.T

yq
eK

 
A
.
A
.
n
o
~
y
H
o
a
 

np
o<

!J
ec

co
p 

n
p
o
~
e
c
c
o
p
 

q
.W

H
M

aH
e 

B
.K

.n
yx

hH
H

oa
 

C
e
K
~
H
H
 
Y
4
e
H
o
~
o
 

co
ae

T
a 

O
aH

H
 

C
e
x
~
i
i
,
.
-
-
y
i
{
e
f
i
o
r
o
c
c
n
,
e
T
a
 

O
H

H
H

 
n

o
 

T
eO

p
eT

H
l.

le
C

K
O

H
 
~
H
9
H
K
e
 

fl
pe

A
C

eA
aT

en
&

 
-

ax
aA

eM
H

K
 

H
.
H
.
B
o
1

·o
~
6
o
a
 

C
e
K
~
H
H
 
Y
4
e
H
o
~
o
 

co
se

T
.!

 
O

H
H

H
 

ll
O

 
<

i>
H

3
H

K
e

 
B

b
!C

O
K

H
X

 
:3

H
e

p
rH

H
 

ll
pe

A
C

eA
aT

en
h 

-
np

o<
!J

ec
co

p 
3
.
3
H
T
p
a
n
&
~
o
 

Y
4e

H
bi

H
 

ce
x

p
eT

ap
b

 
-

K
aH

A
H

A
aT

 
~
H
9
H
K
O
-
M
a
T
e
M
a
T
H
-

K
aM

ep
H

h
tf

f 
K

O
M

H
T

e
T

 

IT
pe

A
C

eA
aT

en
h 

-
K

aH
A

H
A

aT
 

<jJ
H3

 .
-M

aT
 •

 H
ay

K
' 

X
.K

aH
a3

H
PC

K
H

 

t.
te

C
K

H
X

 
H

a
y

K
 

M
.r

.w
aq

,p
aH

o
aa

 

K
oM

H
T

eT
 

n
o

 
3
J
l
e
K
T
p
O
H
H
b
~
 

3
K

C
n

ep
H

M
eH

T
a

M
 

fl
pe

A
''

eA
aT

en
b 

-
A

O
K

TO
p 

<j
JH

3.
 -M

aT
. H

ay
K

I 
P

.n
H

w
cT

e 

Y
4e

H
bi

H
 

ce
x

p
eT

ap
b

 
• 

K
aH

A
H

A
aT

 
~
H
3
H
K
O
-
M
3
T
e
M
3
T
H


tl
er

.K
H

X
 

H
a

y
K

 

M
.A

.C
M

O
H

A
bi

Pe
B 

• 
C

l>
O

T
0

3
M

Y
J

ib
C

H
O

H
H

b
1

H
 

K
O

M
H

T
e

T
 

Ko
>m

T
eT

 
n

o
 

H
el

iT
pO

H
H

ol
i 

<j
JH

SH
K

e 

up
eA

C
eA

aT
en

b 
-

K
aH

A
H

A
aT

 
<j

JH
3.

-M
aT

.H
3y

K
 

M
.X

al
iA

Y
K

 

~
P
e
A
C
e
A
a
T
e
n
h
 

-
np

o<
jJ

ec
co

p 
K
.
X
e
H
H
H
~
 

ll
O

 
~
H
3
H
K
e
 

H
H

3K
H

X
 

3
H

e
p

r
H

H
 

ll
pe

A
C

eA
aT

en
&

 
-

np
o<

!>
ec

co
p 
~
.
C
3
H
A
y
n
e
c
x
y
 

Y
4e

H
bi

H
 

ce
x

p
eT

ap
b

 
-

K
aH

A
H

A
3T

 
<!

JH
3H

K
O

-M
aT

eM
3T

H


q
eC

K
H

X
 

H
a

y
K

 

H
.K

.C
x

o
6

en
ea

 

K
O

M
H

Te
T 

n
o

 
C

T
PY

K
T

yp
e 

H
A

pa
 

K
oM

H
Te

T 
no

 
~
H
3
H
K
e
 

ll
pe

A
C

eA
aT

en
b 

-
A

O
K

TO
P 

T
H

)f
(e

Jl
b

iX
 

H
O

H
O

B
 

~
H
9
H
4
e
C
K
H
X
 

H
ay

K
 

fl
pe

A
C

eA
aT

en
&

 
-

n
p
o
~
e
c
c
o
p
 

B
.A

H
A

P
el

i4
ea

 
K

.-
r.

K
ay

H
 



n
a

6
0

p
8

T
O

P
H

H
 

T
e

o
p

e
T

H
'!

e
c
x
o

A
 

cj
>

H
3H

K
K

 

.l
lH

p
e

K
T

O
p

 

H
.H

.B
o

ro
m

o
6

o
e

 

H
c
c
n

e
i!

O
B

8
H

H
H

j 

-
C

B
O

A
C

T
B

 
C

H
M

M
e

T


p
K

K
 

a
n

e
M

e
H

T
8

p
H

b
iX

 

"1
8

C
T

H
U

; 

-
c
rp

y
x
ry

p
h

i 
re

o
p

H
H

 

no
ns

r;
 

-
B

3
8

H
M

O
I!

e
ll
c
T

B
H

ll
 

a
n

e
M

e
u

ra
p

H
b

iX
 t

ta
c


T
H

U
; 

-
T

e
O

p
H

H
 
8

T
O

M
H

O
I'

O
 

H
np

a;
 

-
T

e
O

p
H

H
 
H

l!
e

p
H

b
iX

 

p
e

8
K

U
H

J
I;

 

-
T

e
O

p
H

H
 
K

O
H

I!
e

H
C

H


p
O

B
8

H
H

b
iX

 
C

O
C

T
O

S
l

H
H

li
, 

n
8

6
0

p
8

T
O

P
H

H
 

B
b

J
C

O
K

H
X

 

a
u

e
p

rH
A

 

,l
lK

p
e

K
T

O
p

 

A
.M

,B
8

n
i!

H
H

 

11
 c

cn
en

o
ea

u
n

u
; 

-
C

T
p

y
K

T
y
p

b
l 

H
y
K



n
O

H
O

B
; 

-
C

H
n

b
H

b
tX

 
B

3
8

H
M

o


n
e

H
C

T
B

H
A

 
"1

8
C

T
H

U
; 

-
p

e
3

0
H

8
H

C
H

b
T

X
 

S
IB



n
e

H
H

ll
 

B
O

 B
3
8
H
M
~
 

a
e

H
C

T
B

H
S

IX
 \

:f
8

C
T

H
U

; 

-
a

n
e

K
T

p
O

M
8

I'
H

H
'I

'

H
h

iX
 
B

3
8

H
M

O
ll
9

A
C

T


B
H

A
j 

-
B

 
o

6
n

8
C

T
H

 
p

e
n

a


T
H

B
H

C
T

C
K

o
A

 
H

l!
e

p
H

O
H

 

cj
>

H
3

H
K

H
; 

-
M

e
T

O
I!

O
B

 Y
C

K
O

p
e



H
H

S
I 

":
1

8
C

T
H

U
. 

CI
'PY

K
TY

PA
 

O
B
o
E
~
H
E
H
H
O
r
O
 

HH
CT

HT
YT

A 
Ha

EP
HW

X 
H
C
c
n
E
~
O
B
A
H
H
R
 

• 
,
l
i
H
P
E
~
 

ll
a

p
e

x
T

o
p

 

B
a

u
e

-.
Q

a
p

e
&

T
o

p
 

B
a

u
e

-.
Q

a
p

e
&

T
o

p
 

A
.
l
l
M
H
H
H
C
T
p
a
T
B
B
H
~
A
 

.Q
H

p
e

x
T

o
p

 

H
.H

.B
o

ro
m

o
C

S
o

a
 

),
)H

T
p

a
J
ib

i'
O

 

A.
C:

J~
~,

qy
ne

cJ
Cy

 
II

.H
.,

ll
e

H
H

c
o

a
 

D
o
~
J
C
 

.Q
H

P
e

JC
T

O
p

a
 

D
o
N
O
~
 

A
H

P
B

IC
T

O
p

a
 

D
o
M
O
~
J
C
 

A
H

P
B

IC
T

O
p

a
 

rn
a

a
H

Y
A

 
y
q

e
H

W
A

 
c
e
~
e
p
e
T
a
p
•
 

1 
B

.n
.K

a
p

n
o

&
c
ii
i'
A

 1
 

H
.D

.T
e

p
e

X
H

H
 

A
.H

.P
O

M
8

H
O

B
 

A
.H

.C
M

C
a

J
C

II
H

 

n
8

6
0

p
8

T
O

P
H

H
 

H
.l

l&
p

H
b

iX
 

n
p

o
6

n
e

M
 

.l
lH

p
e

K
T

O
p

 

B
.n

 . .
ll
J
K

e
n

e
n

o
e

 

YJ
 C

C
n

e
ll

O
B

O
H

R
8

j 

-
C

H
il
b

H
b

iX
, 

c
n

a
f5

b
J
X

 

H
 

a
n

e
K

T
p

O
M

8
I'

H
H

T
H

b
" 

B
3

8
H

M
O

I!
&

li
C

T
B

B
A

 

'1
8

C
T

H
U

, 
C

T
P

Y
K

T
y
p

b
l 

'1
8

C
T

H
U

; 

-
ll

O
H

C
K

 
H

O
B

b
iX

 "
'O

C


T
H

U
; 

-
c
rp

y
x
T

y
p

b
i 

H
.Q

p
8

, 

-
H
.
l
l
e
p
H
~
c
n
e
x
T
p
o
-

C
K

O
D

H
'I

e
C

K
H

e
; 

-
M

9
3

0
X

H
M

H
"'

eC
K

H
9

t 

-
M

e
T

O
I!

O
B

 y
c
x
o

p
e

-

H
H

H
 '

1
8

C
T

H
U

, 

n
A

f\
I"

''!
'A

T'
I"

''r
!'f

!T
 

H
.Q

e
p

H
b

iX
 

p
e

8
K

U
B

A
 

.l
lH

p
e

x
T

o
p

 

r.
H

.c
l>

n
e

p
o

a
 

H
 c

c
n

e
i!

O
B

8
H

H
.A

: 

-
C

B
O

A
C

T
B

 
H

3
0

T
O

D
O

B
 

T
p

8
H

C
y
p

8
H

O
B

b
iX

 a
n

e


M
e

H
T

O
B

, 
ll
O

H
C

K
 

c
e

e
p

X
T

H
>

K
e

n
b

J
X

 a
n

e


M
e

H
ro

s
; 

-
C

B
O

IC
T

B
 
H

l!
&

p
, 

Y
ll
8

n
&

H
H

b
iX

 
O

T
 n

H


H
H

H
 
6

e
T

8
-C

T
8

6
H

n
h



H
O

C
T

H
; 

-
M

9
X

8
H

H
3

M
8

 
B

3
8

H


M
O

I!
e

A
C

T
B

H
H

 c
n

o
J
K



H
h

iX
 
sm

e
p

; 
-

P
8

1
!H

8
U

H
O

H
H

O
I'

O
 

B
0

3
1

!e
li
C

T
B

H
S

I 
T

H
>

K
e



n
h

J
X

 
H

O
H

O
B

 H
8

 p
8

3
-

n
H

'I
H

b
le

 
M

8
T

e
p

H
8

n
h

i.
 

Tl
!~
r'
in
~~
T0
'!
-'
!!
~ 

H
e

A
T

p
O

H
H

O
A

 

cj
JH

sH
JC

H
 

,l
lH

p
e

K
T

O
P

 

H
.
M
.
~
a
H
J
C
 

H
c
C

J
ie

.Q
o

B
a

H
H

S
I:

 

-
JI

.Q
e

p
 

M
e

T
O

.Q
a

M
H

 

H
i!

A
T

p
O

H
H

O
A

 

c
n

e
K

T
p

O
M

e
T

p
H

H
; 

-
ol
>y
t~
,t
~a
Me
HT
 a

n
b

H
h

iX
 

C
B

O
A

C
T

B
 

H
B

A
T

p
O

H
O

B
 

-
8

T
O

M
H

O
A

 
C

T
p

y
J
C



T
Y

P
h

l 
H

 
.Q

H
H

a
M

H
K

H
 

T
B

e
p

.Q
b

!X
 

T
e

n
 

H
 

JI
C

H
.Q

K
O

C
T

e
li;

 

-
p

e
a

K
L

\H
A

 
H

a
 

n
e

i'
K

H
X

 
J
I.

Q
P

8
X

, 

"
-
'
-
-
-
-
-
~
-
-
-
.
 
·-

-~
-

&
U

.V
V

}
"
W

 .
.
.
.
.
.
.
.
.
.
.
 

'-
' 
..

..
..

..
..

..
. 
-
. 

:n
a

T
e

n
b

H
O

A
 T

9
X

H
B

K
H

 

B
 

8
B

T
O

M
8

T
H

3
8

Q
B

B
 

.l
la

p
e

x
T

o
p

 

M
.r

 .M
e

ll
le

p
a

x
o

a
 

-
P

8
3

B
H

T
B

e
 B

 
a

x
c
n

n
y


a
T

8
U

H
H

 B
b

l'
IH

C
n

H
T

9
J
lb



H
O

rO
 K

O
M

D
n

e
K

ca
; 

-
C

0
3

ll
8

H
B

9
 
8

B
T

O
M

8
-

T
H

'I
9

C
K

H
X

 C
H

C
T

9
M

 
o

6
-

p
8

6
0

T
K

H
 

C
H

H
M

K
O

B
 C

 

T
p

e
X

O
B

b
lX

 K
8

M
e

p
; 

-
p

8
3

B
H

T
H

9
 
M

e
T

O
I!

O
B

 

H
C

D
O

ll
h

3
0

B
8

H
B

S
I 
3

6
M

 

H
8

 n
H

H
H

H
 C

 
c
j>

&
3

H
'I

9
C



K
H

M
H

 
Y

C
T

8
H

O
B

K
8

M
H

1 

a
x
c
n

e
p

H
M

e
H

T
8

n
h

H
b

i9
 

a
c
c
n

e
i!

O
B

8
H

H
S

I 
H

a
 y

c


K
O

P
H

T
en

sr
x;

 
-

p
8

3
B

H
T

H
e

 
H

 
D

p
H

M
e


H

e
H

H
e

 
M

8
T

e
M

8
T

H
'l
e

C


K
H

X
 
M

e
T

O
I!

O
B

 
p

e
W

e
H

H
S

I 

c
jl
H

3
H

'I
e

C
K

B
X

 3
8

1
!8

'1
, 

C
IC

H
B

 
H

a
y
q

ll
b

le
 

O
T

 

.Q
e

Jl
h

l 
H

 
H

H
cl

>
o

p
M

, 

cn
y:

w
;C

5h
l 

-
""

''T
.Q

e
n

 
H

O
B

b
iX

 

M
e

T
O

.Q
O

B
 

y
C

J
C

O


p
e

H
H

a
; 

-
o

t.
Q

e
n

 
p

a
.Q

H
a

-

1
.\

H
O

H
H

o
A

 
C

S
e

s
o



n
a

c
H

O
C

T
H

 
H

 
p

a


.Q
H

8
L

\H
O

H
H

h
iX

 
H

C


C
J
le

.Q
O

B
a

H
H

A
; 

·-
c
e

p
n

y
x
o

B
C

K
H

A
 

H
a

y
q

H
o

-a
K

c
n

e
p

H


M
e

H
T

a
n

&
H

b
iA

 
O

T


g
e

n
; 

-
H

a
y
q

li
b

iA
 

O
T

.Q
e

n
 

rn
a

B
H

o
ro

 
y
'l
e

H
o

rc
 

c
e

J
C

p
e

ra
p

a
; 

-
H

8
Y

'I
H

O
-T

e
x
H

H


'I
e

C
K

H
A

 
O

T
.Q

e
n

 

A
C

Y
; 

-
H

3
.Q

8
T

e
n

b
C

K
H

A
 

O
T

g
en

; 
-

H
3

Y
'I

H
O

-T
e

X
H

H


'I
e

C
K

a
J
I 

C
5

H
6

n
H

O
T

e
· 

K
a;

 
-

n
a

·re
H

T
H

bi
H

 
o

T


In
e

n
. 

A
II

M
li
H

J
IC

T
p

8
T

H
B

H
O

o
 

l
x
o
a
a
A
c
T
a
e
H
H
~
e
 

ln
o

!!
p

a
a

.Q
e

n
e

H
B

S
I 

-
""

'O
T

.1
1e

n 
M

e
lK

.Q
Y

H
a

· 

p
o

.l
lH

b
lX

 c
e

5
1

3
e

ll
, 

1-
01

'.1
1e

n 
x
a

.Q
p

o
a

, 

C
S

y
x
ra

n
T

e
p

a
a

, 

~-
n

n
a

 a
os

c>


n
p

O
B

3
B

. 
0

T
ll
e

n
1 

-
O

T
.Q

e
n

 o
p

r8
H

B


a
a

u
H

B
 

T
P

Y
.I

1
8

 

H
 
a

s
p

. 
n

n
a

T
h

i 1
 

-
o

ra
en

 K
S

D
H

T
. 

c
r
p
o
a
T
e
n
~
>
c
T
e
8
,
 

-
O

T
I!

e
n

 o
6

o
p

y


a
o

a
a

H
H

S
I,

 

·-
O

T
I!

e
n

 M
8

T
e

p
H

-

8
l
l
b
H
~
T
e
X
H
.
 

C
H

8
6

J
K

e
H

H
S

I,
 

-
c
e

x
p

e
T

8
p

H
8

T
, 

-
O

T
.Q

e
n

 
T

e
X

H
H

K
H

 

6
e

3
0

0
8

C
H

O
C

T
H

1 

-
O

T
I!

e
n

 
o

x
p

8
H

b
i,

 

-
S

J
lM

.-
x
ro

.o
ra

.e
n

. 

i1
lJ

V
.<

3
1

:)
U

M
'-

"I
.I

)t
:t

tt
.

H
b

l9
 

n
o

.Q
p

a
a

n
e



n
e

H
H

S
J 

O
T

.Q
e

n
 r

n
a

e
u

o
ro

 

~ae
pr

eT
BK

8,
 

O
D

b
lT

H
0

9
 n

p
o

-

3
B

O
ll
C

T
B

O
, 

8
B

T
O

X
0

3
H

A


,C
T

B
01

 
n

p
O

H
3

B
O

.Q
C

T


B
e

H
H

o
-T

e
X

H
H

'I
9

C


K
H

A
 
O

T
.Q

e
n

, 

p
e

M
O

H
T

H
o



IC
T

p
O

H
T

e
n

b
H

b
lA

 

(Y
'1

8
C

T
O

K
1 

-
O

T
I!

e
n

 T
e

X
H

H
'!

e
C

 

IK
O

A
 
C

B
H

3
H

, 

-
O

T
.Q

e
n

 

K
O

H
T

p
O

n
b

H
O



H
S

M
e

p
K

T
e

n
b

H
b

lX
 

n
p

H
C

S
o

p
o

s
. 

I 



- rocy,IJ;apCTBeHHaH npeMH.fi CCCP B o6-
JiaCTH HayKH H TeXHHKH 3a 1984 ro,IJ; npHCy:>K
AeHa UHKJIY pa6oT "MeTO,IJ; peHOpMaJIH3a
QHOHHOH rpynnbi B TeOpHH nonefi". (ABTOpbi: 
H.H.Boromo6os, A.A.JloryHOB H .U.B.Illup
KOB). 

- rocyAapCTBeHHaH npeMH.fi lJCCP HMeHH 
KneMeHTa roTBaJibAa B o6JiaCTH HayKH npH
CY:>KAeHa QHKJiy pa60T no HCCJieAOBaHHIO 
CBOHCTB aTOMHbiX HAep MeTOiJ:OM HIJ:epHOH 
opueHTaQHH npH csepxHH3KHX TeMnepaTypax. 
(B qucne asTopos: M.<l>HHrep). 

- 3onoTaH MeAaJih HMellli M.B.JloMOHoco
sa AH CCCP 3a 1984 roA npucy:>K,IJ;eHa aKaAe
MHKy H.H.Boron106osy 3a Bhi,IJ;aiOI.I.J;HecH ,IJ;o
CTH:>KeHHH B 06JiaCTH MaTeMaTHKH H TeopeTH
qeCKOH cpH3HKH. 

- 3oJIOTaH MeAaJih HMeHH M.A.JlaspeHTh
esa AH CCCP H npeMHH 3a 1983 roA npucy:>K
AeHa aKa,IJ;eMHKY H.H.Boron106osy 3a pa6oTy 
"0 CTOXaCTHlleCKHX npoueccax B ,!J;HHaMHlle
CKHX CHCTeMax". 

- OpeMHH CoseTa MHHHCTpos CCCP B o6-
nacTH HayKH H TeXHHKH npHCY:>KAeHa 3a pa3pa-

60TKY HOBOrO THna BaKQHHbl npOTHB KJiei.I.J;e
BOrO :muecpaJIHTa C nOBhiilleHHOH HMMYHOJIO
rHlleCKOH 3cpcpeKTHBHOCTbiO H BHeApeHHe npe
napaTa B cepHHHOe npOH3BOIJ:CTBO. (B llHCJie 
asTopoa: BJ1.Ky3Heuos). 

- OpeMHH KOMCOMOJia OoAMOCKOBbH B o6-
nacTH HayKH, TeXHHKH H npOH3BOiJ:CTBa npH
CY:>KIJ:eHa 3a QHKJI pa6oT no HCCJieAOBaHHIO HO
BhiX 3cpcpeKTOB, B03HHKaiOI.I.J;HX npH KaHaJIHpO
BaHHH qacTHU B KpHcTannax. ( B qucne asTo
pos: B.M.ronosaTIOK, HJ1.3HMHH, lii.A.THn
KHH). 

- OpAeHOM 0KTH6pbCKoi1 PesoJIIOUHH 
H opAeHOM "3se3Aa APY:>K6hi Hapo,IJ;OB" B 30-
JioTe (r.UP) Harpa:>K,IJ;eH aKaAeMHK H.H.Boro
JII06os. 

- CTeneHb noqeTHoro AOKTopa HayK Kap
noaa yHHBepcHTeTa B Opare (liCCP) npucy:>K
AeHa aKaiJ:eMHKY lii.M.<l>paHKy. 

nPEMMM M HArPAAbl 

TopJKeCTBeHHoe BpyqeHHe BbiCOKOH Harpa.n;bi - opneHa 
0KTH6p bCKOH PeBonro~HH aKa,n;eMHKY H.H.Boronro6o
BY (21 aBrycTa 1984 r.) . no nopyqeHHIO Tipe3~HyMa 
BepxOBHoro CoBeTa CCCP Harpa.n;y BpyqHn npencena
Tenb r cy.o;apCTBeHHOI'O KOMHTeTa no HCnOnb30BaHHIO 
aTOMHOH :meprHH CCCP A.M.TieTpOCbHH~. 

- OoqeTHhiM qneHOM AH ApMCCP H36paH 
aKaAeMHK H.H.Boron106oa. 

- MeAaJihiO "BeTepaH Tpy,IJ;a" Harpa:>KiJ:eHhi 
188 t:OTPYAHHKOB Olii.Hlil. 

Ha coucKaHHe npeMHH 06neAHHeHHoro wH
CTHTyTa H,IJ;epHbiX HCCJieiJ:OBaHHH 3a 1983 rOA 
OhiJIH BhliJ:BHHYThi JIYlllliHe HayqHo-uccneAOBa
TeJibCKHe TeopeTHlleCKHe H 3KCnepHMeHTaJib
Hbie, ayllHO-MeTOIJ:HlleCKHe H HayllHO-TeXHHlle
CKHe, a TaK:>Ke HayllHO-TeXHHlleCKHe npHKJiaA
Hbie pa6oThi, BhinOJIHeHHhie COTPYAHHKaMH 
liiHCTHTyTa. PellleHHeM YlleHoro coaeTa Olii.Hlil 
OT 7-9 HIOHH 1984 roAa npHCy:>K,IJ;eHbl CJieAyiO
I.I.J;He npeMHH: 

00 H A YliHO-HCCJIE.UOBATEJihCKHM 
TEOPETlilliECKHM P ABOT AM 

Jiep BaJI. npeMUR 
"MHO:>KeCTBeHHbie H HHKJI103HBHbie npouec

Cbl B TpexMepHOH cpopMyJIHpOBKe KBaHTOBOH 
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TeOpHH fiOJI.R" (:QHKJI pa60T 1971-1983 r r.). 
ABTOpbi: C.IIJ..Maapo,n;Hea, P.M.Mypa,n;.RH, 

B.H.CaapHH, A.H.CHcaK.RH, H.B.CKaqKoB, 
JI.A.CnenqeHKO. 

BTOpCZR npeMu.R. 
"MeTo,n; caMocornacoaaHHbiX <floHOHOB 

B TeopHH <f>aaoBbiX nepexo,n;oa". 
ABTOpbi: B.Jl.AKceHoa, 

H.M.flnaKH,n;a, C.CTaMeHKOBHq, 
X.KoHBeHT, 
T.lliHKJIOIII. 

no HAYliHO-HCCJIE)lOBATEJihCKHM 
3KCnEPHMEHT AJibHhiM P ABOT AM 

IlepaCZR npeMu.R. 
"H3MepeHHe <f>opM<f>aKTopoB TT- H K-Me-

30HOB B onbiTax no ynpyroMy TT-e H K-e -
pacce.RHHro' '. 

AaTopbi: )l.IO.Bap,n;HH, A.C.Bo,n;onb.RHOB, 
3.ry3HK, H.HoaH, B.A.KyJiaKOB, r.B.MH:QeJib
Maxep, T.C.HHrMaHOB, B.)l.P.R6nos, M.Typana, 
3.H.UbiraHoB. 

,aae 6TOpbze npeMuu 
"Ha6nro,n;eHHe cnHH-op6HTaJibHoro pacmen

JieHH.R rHraHTCKoro 3p-pe3oHaHca". 
ABTOpbi: B.A.Baroa, B.A.EpMaKOB, r.H.3H

MHH, 3o HH OK, B.r.HHKoneHKo, A.B.nonoa, 
r .C.CaMOCBaT. 

"Hccne,n;OBaHH.R MeXaHH3Ma XOJIO,lJ;HOrO 
CJIH.RHH.R H CTa6HJibHOCTb T.R:lKeJiblX .R,n;ep". 

ABTOpbi: r.r.rynb6eK.RH, A.r.)leMHH, 
r.H.HBaHOB, H.B.Konecoa, B.B.KyTHep, 
IO.U.OraHeC.RH, B.M.nnoTKO, c.n.TpeTb.RKOBa, 
B.K.YTeHKOB, H.B.lliHpOKOBCKHH. 

no HAYliHO-METO)lHliECKHM 
H HAYliHO-TEXHHliECKHM P ABOT AM 

IlepaCZR npeMUR 

"npe:QH3HOHHa.R cneKTpOMeTpH.R ,lJ;HCKpeT
HblX H3JiyqeHHH pa,n;HoaKTHBHbiX HYKJIH,!J;OB 
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C fiOMOIIIbiO llOJiynpOBO)J;HHKOBbiX ,n;eTeKTO
pOB". 

ABTOpbl: r.-IO.Ba:Hep, U.BbiDOB, B.M.ropo
:lKaHKHH, K.H.rpoMoa, B.r.KanHHHHKoa, 
A.<I>.Hoaropo,n;oa, B.n.OcHneHKo, B.r. llyMHH, 
IO.B.IOIIIKeaHq. 

.aae 6TOpbze npeMuu 
"Pa3pa60TKa H C03)J;aHHe CHCTeM a,n;re3a

TOpa KYTH-20". 
AaTOpbi: C.M.BHHCKHH, K.)lere, A.B.Ma:lKy

JIHH, B.H.MHpoHoB, B.n.CapaHnes, 3.THTTeJib, 
H.M.Xoxnoa, B.C.llisenoa, B.A.lliecTaKoa, 
A.C.IIJ.eyJIHH. 

"Pa3pa60TKa, C03,1J;aHHe H HCllOJib30BaHHe 
Ha nyqKax T.R:lKeJibiX HOHOB npe:QH3HOHHbiX 
cneKTpOMeTpOB )J;JI.R perHCTpa:QHH npo,n;yKTOB 
.R,n;epHbiX peaK:QHH". 

AaTophi: B.3a:H,n;enb, X.3o,n;aH, P.JI.Koaa
JIOB, C.M.JlyKh.RHOB, B.H.HocoKHH, IO.U.Ora
Hec.RH, 10.3.neHHOH:lKKeBHq, <I>.CTapH, 
B.)l.<l>poMM, K.)l.lliHJIJIHHr. 

no HAYliHO-TEXHHliECKHM 
nPHKJIA)lHhiM P ABOT AM 

IlepaCZR npeMUR 
"C:QHHTHJIJIFlTOpbi )J;JI.R npHKJia)J;HbiX HCCJie

)J;OBaHHH". 
As Tophi: H.r .ronyTBHHa, JI.HJKHnhnosa, 

E.H.MaTaeeaa, T.)l.nHJIHneHKO, o.r.Py6HHa. 

,aae 6TOpb!€ npeMUU 
"H3yqeHHe H3MeHeHHH co,n;ep:lKaHH.R pa,n;oHa 

B noqae H BO)J;e TpeKOBbiM MeTO)J;OM C :QeJibiO 
nporH03HpOBaHH.R 3eMJieTp.RCeHHH". 

AaTopbi: JI.B.)l:lKonoc, K.H. MepKHHa, 
B.A.noHOMapeHKO, c.n.TpeTb.RKOBa, r.H.<I>ne
poa. 

"HccJie,!J;OBaHHe TeKCTyp llOJIHKpHCTaJIJIHqe
CKHX TBep,n;biX TeJI C llOMOIIIbiO ,!J;H<flpaK:QHH 
HeHTpoHoa no MeTo,n;y apeMeHH nponeTa". 

AaTopbi: M.BaT:QJib, K.BanbTep, JI.n.)lpeK
cnep, B.MaT:Q, fi. To6HIII, K.<l>enh,n;MaHH,J1.<l>y3H
Tec, K.XeHHHr. 
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BA60PATOPMR 
TEOPETM~ECKOM IIIM3MKM 

CBO:ACTBA CI1MMETP I111 

3JIEMEHT APHhiX qACT 11U 

1111X B3AI1MO.[(E3CTB I13 

B paMKax KBapKoaoii MO.D;eJIH paccMOTp eHbi 

pa.n;HaJihHbie B036y)I(Jl;eHIDI JierKHX Me30 HOB. 

flpe.n;CKa3bmaeMbiH cneKTp B036y)I(Jl;eHHH c paa

HHBaeTCH C 3KCnepHMeHTaJihHO Ha6JIIO.D;aB lliH

MHCH peaoHaHCaMH. YcTaHOBJieHa aaaHCHM OCTh 

3HepreTHtJeCKHX ypOBHeH OT MaCChi KBap KOB 

("H30TOnHtJeCKHH C.D;BHr"), 061>HCHRIOIUaR 

6JIH3Koe pacnonmKeHHe p (1600)- H ¢(1680) 

-pe3oHaHcoa. AHanH3Hpoaanach B03MO)I(HOCTh 

TOrO, tJTO 1 (1440) -pe30HaHC MO)I(HO HHTep npe

THpOBaTh KaK O.D;HO H3 pa.D;HaJihHbiX B036y )K.IJ;e

HHH 17(549)- H 17'(958)-Me30HOB. YKa3aHO 

Ha HOO.D;H03HatJHOCTh B H.D;eHTHlPHKaUHH c n eKT

pa pa.D;HaJihHbiX B036y)I(Jl;eHHH JierKHX Me3 0HOB 

H npe.D;JIO)KeH nyTh 3KCnepHMeHTaJihHOH npo

BepKH cyw;eCTBOBaHHH HnH OTCYTCTBHH .n;o non

HHTenhHbiX ew;e He Ha6niO.D;aBillHXCH COCTOH

HHH, KOTOpbiH MO)KeT 6biTh ocyw;eCTBJieH 

B 3KcnepHMeHTax MI1C H 'THnepoH" JIHII111. 

B 1984 ro.n;y 6biJIH snepBbie Haii.n;eHbi HBHO 

HHBapHaHTHbie lPOpMynHpOBKH pacumpeHHbiX 

cynepcHMMeTpHtJHbiX TeopHH ( N = 2 TeopHH 

MaTepHani>HbiX noneii H cyneprpaBHTaUHH, 

N = 2 H N = 3 TeopHH HHra-MHnnca) B TepMH

Hax cynepnoneif BHe MaCCOBOH o6onotJK H, He 

orpaHHtJeHHbiX CBH3HMH 12 1 ) . TaKHe !l>o pMy

nHpoBKH HaCyiUHO He06XO.D;HMbl .n;JIH Bbl HBne

HHH 3aMetJaTenhHbiX CBOHCTB KOHetJHOCTH 3THX 

TeOpHH. B HX OCHOBe ne)KHT HOBOe nOHHTHe -

rapMOHHtJecKoro cynepnpocTpaHCTBa. Ero tJeT

HaR tJaCTh HMeeT 6onblllee tJHCno H3Mep eHHH, 

tJeM npocTpaHCTBO MHHKOBCKOrO, HO CBO,ll.HTCH 

K nocne.n;HeMy Ha ypaBHeHHHX .r:(BH)KeHHH. 

flocTpoeHa HeJIHHeHHaR peanH3aUHH cynep rpyn

nbi N = 1 cyneprpaBHTauHH H .n;aHo Mo.n;en&HO 

He3aBHCHMOe onHCaHHe CnOHTaHHO-Hapy llleH

HOH N = 1 cyneprpaaHTaUHH I S 1 • 

BhiHCHeH sonpoc o cTeneHH no.n;asneHHH no

TOKa HeHTpHHO OT ConHUa 3a CtJeT OCUHJIJIHUHH, 

ecnH B OnbiTaX C peaKTOpHbiMH HeHTpHHO Ha-

6JIIO.D;aiOTCH OCUHJIJIHUHH C MaJIOH aMnnHTy.D;OH. 
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floKa3aHO, tJTo oTHOCHTeJII>Hbie CP-tJeTHOCTH 

MaHOpaHOBCKHX HeHTpHHO MOryT 6hiTh onpe.n;e

JieHbl H3 .D;aHHbiX no 6e3HeHTpHHHOMY .n;BOHHO

MY 13-pacna.n;y l4l. 

Haii.n;eHo TOtJHoe pellleHHe 3a.D;atJH o .n;syMep

HOM aTOMe BO.D;Opo.n;a (2H) B 3JinHnTHtJeCKHX 

KOOp.D;HHaTax; HCCJie.D;OBaHbl nOJIHpHbiH H napa-

6onHtJeCKHH npe.n;enbi, ycTaHOBJieHa rpynna 

0 (3) CKpbiTOH CHMMeTpHH 2H B .n;HCKpeTHOM 

cneKTpe; HaH.D;eH 3JIJIHnTHtJeCKHH HHTerpan 

.D;BH)KeHHH B 2H H nocTpOeH 3nnHmHtJeCKHH 

6a3HC 2H B BH.D;e cynepn03HUHH ero nOJIHpHbiX 

H napa60JIHtJeCKHX 6a3HCOB llgl. 

CTPYKTYP A TEOPI111 IIOJIH 

Y CTaHOBJieHa CBH3b Me)K.IJ;y peHOpMrpynnOH 

B KBaHTOBOH TeOpHH nonH H lPYHKUHOHaJibHOH 

aBTOMO.D;eJibHOCTbiO B .n;pyrHX 06JiaCTHX lPH3H

KH. l13ytJeHa npo6JieMa CXeMHOH 3aBHCHMOCTH 

B KBaHTOBOH XpOMO.D;HHaMHKe. flpOBe.n;eH cpaB

HHTeJibHbiH aHaJIH3 CXeMHO-HHBapHaHTHOH Teo

pHH B03MyiUeHHH H .n;pyrHX nO.D;XO.D;OB Ha npH

Mepe pacna.n;os J/ t/t H T -qacTHU. Onpe.n;eneHbi 

HaH6onee sepoHTHbie 3HatJeHHH napaMeTpa A . 
.[(aHO o6o6w;eHHe CXeMHO-HHBapHaHTHOH TeO

pHH B03Myii.J;eHHH Ha cnyttaH HaJIHttHH Mace 

KBapKOB I 5 I . 

MeTo.n;oM 1/ N -pa3no)KeHHH Hc cne.n;oBaHbJ 

ypaBHeHHH aH3aua EeTe. Hal1.n;eHbi OTKJioHeHHH 

OT "cTpyHHOH" KapTHHbl B pellleHHHX 3THX 

ypaBHeHHH. YTOtJHeHa o6nacTb npHMeHHMOCTH 
v ' 6 I cTpyHHOH rHnoTe3hi · · • 

flpOBO.D;HnOCb HCCne.D;OBaHHe CBOHCTB HH

TerpHpyeMbiX KnaCCHtJeCKHX H KBaHTOBbiX 

cHcTeM qacTHU so BHelllHeM none. B KnaccH

tJeCKOM CJiytJae ycTaHOBJieHa CBH3b 3THX CHCTeM 

C HeJIHHeHHbiMH 3BOJIIOUHOHHbiMH ypaBHeHHH

MH, HHTerpHpyeMbiMH MeTO.D;OM o6paTHOH 3a

.n;atJH; B KBaHTOBOM - HaH.D;eH HeTpHBHaJibHbiH 

cneKTp HOBOH TOtJHO pelllaeMOH npo6neMbl 

N qacTHU so BHelllHeM none 17 I . 

YcTaHOBJieHo, tJTO B paclllHpeHHbiX cynep

CHMMeTpHtJHhiX KanH6pOBOtJHbiX TeOpHHX OT· 



cyTCTBYIOT KBaHTOBbie aHOMamm cynepCHM· 

MeTpHH. 3TO 03HallaeT, liTO KBaHTOBaR TeOpHR 

RBJIReTCR nepeHOpMHpyeMOH, YHHTapHOH H 

cynepcHMMeTpHliHOH H no.r:naep)K,D;aeT o6ocHo

aaHHOCTb CAeJiaHHoro paHee B JIT<l> yTaep)K.D;e

HHR 06 YJibTpa¢JHoJieTOBOH KOHeliHOCTH TaKHX 

TeopHH / 8/. 

ITpuae.D;eH IJ;HKJI HccJieAOBaHHH ¢a3oaou 

CTpyKTypbl XHrrc-KaJIH6pOBOliHbiX TeOpHH Ha 

perneTKe c rpynnaMH CHMMeTpHH Z n (n = 
= 2,3, ... ,10, 20, 100, 200, 300)' U(1) H su (2)' 

npHlleM pa.D;HaJibHaR MO.D;a XHI'I'COBCKOI'O nOJIR 

He 6hiJia 3aMopo)KeHa (peanHCTHlleCKJ.fH cny
llali). 

B llaCTHOCTH, AJIR SU (2) -CHMMeTpHliHOH 

TeopHH nOCTpOeHbl JIHHHH ¢Ja30BbiX nepeXOAOB 

1-ro po.D;a, pa3.D;eJIRIOrn;He ABe ¢a3hi: "xHrrcoa

cKyw" H "KoH¢aHHMeHTa". IToKa3aHO, liTO cy

mecTayeT TOliKa OKOHllaHHR JIHHHH ¢Ja30Bbtt 

nepeXO.D;OB,KOTOpaR RBJIReTCR KpHTHlleCKOH 

(T.e. TOliKOH ¢a3oaoro nepexo.D;a 2-ro po.D;a), 

aHaJIOI'HliHO TOMy, KaK 3TO HMeeT MeCTO Ha 

¢Ja30ROH ,D;HarpaMMe THna "ra3-)KH,ll;KOCTb· 

neA" 19 1 • 

IToKa3aHo, liTO HH¢paKpacHaR oco6eHHOCTb 

rJIIOOHHorc nponaraTopa He MO)KeT YAOBJieTBO

pHTb KBapKOBOMy KOH¢JaHHMeHTY, noHHMae

MOMy KaK O.D;HOBpeMeHHOe BhinOJIHeHHe ABYX 

Tpe60BaHHH: OTCYTCTBHR nOJIIOCa y ¢JyHKIJ;HH 

rpHHa KBapKa H o6pa30BaHHR pacTyrn;ero 

KBapK·aHTHKBapKOBOI'O noTeHIJ;HaJia npHTR)Ke

HHR. 

IToKa3aHo, liTO 6onee cna6aR HH¢paKpacHaR 

oco6eHHOCTb rJIIOOHHoro nponaraTopa THna 

,D;eJibTa-¢JyHKIJ;HH, COOTBeTCTBYIOIUaR HaJIHliHIO 

I'JIIOOHHOI'O KOH.D;eHCaTa, npHBOAHT K KBapKO

BOMy KOH¢JaHHMeHTY H B03HHKHOBeHHIO CTa-
v / 10/ 

6HJibHbiX a,D;pOHHbiX CBR3aHHbiX COCTORHHH • 

06Hapy)KeH B liHCJieHHOM 3KCnepHMeHTe HO· 

BbiH 3ifjifjeKT nynbCaijUU COJIHTOHa Ha npHTRI'H· 

aawmeu MHKpoHeo,D;HopoAHOCTH. ITpeAJIO)KeHa 

npOCTaR TeopeTHlleCKaR MO,D;eJib, OTIHCbiBaiOliJ;aR 

3TH nyJibCaiJ;HH, KOTOpbie MO)KHO Ha6JIIO,D;aTb 
/ 11 / 

a ,D;)K03e¢coHOBCKHX nepexo.D;ax • 

ITpeAJIO)KeHa KoaapHaHTHaR npou;e.D;ypa 

KBaHTOBaHHR B MO.D;eJIRX C HeTpHBHaJibHbiMH 

KJiaccHlleCKHMH perneHHRMH AJIR ABYMepHoro 

H lleTbipexMepHOI'O ( c¢JepHllf'CKH•CHMMeTpHll· 

Horo) cnyllaea. B MOAeJIH MernKoB BbiliHCJieHhi 

¢opM¢aKTOphi npou;eccoa 3JieKTpoMarHHTHoro 

pacceRHHR H OIJ;eHeH BKJia.D; nonpaBOK OT,D;aliH 

K pe3yJibTaTaM, noJiylleH~biM B npH6JIH)KeHHH 
rt-. v / 12· 

C'+'epHlleCKOH nOJIOCTH . 

3 aaeprneH u;HKJI pa6oT no Hccne,D;oaaHHIO 

HeCTaiJ;HOHapHbiX npou;ecCOB B KBaHTOBOH TeO

pHH, HTOI'OM KOTOporo RBJIReTCR MOHOrpa

¢lHR / 13 : B Hen npHBOAHTCR nocne.D;oaaTeJibHOe 

TIOCTpOeHHe TeOpHH HeCTa6HJibHbiX KBaHTOBbiX 

cHcTe M. C¢opMyJIHpoaaH MeTOA, no3BOJIRJO

rn;Hli onHCaTb Ba)f(HbiH KJiaCC 3BOJIIOIJ;HOHHhiX 

nonyr pynn npH nOMOIUH ¢JeHHMaHOBCKHX HH· 

Terpanoa, H npoae,D;eH no,D;po6HhiH pll36op Ma

TeMaTHlleCKHX CBOHCTB 3THX HHTerpaJIOB. 

3 aaepweH IJ;HKJI HCCJie,D;OBaHHH no KBaHTO· 

sou TeopHH c ¢YHAaMeHTaJibHOH Maccou, H3 

KOTOp oro CJie,D;yeT cyrn;eCTBOBaHHe ¢JepMHOH· 

HOH MaTepHH c 6oJibWHMH 3HalleHHRMH Mar

HHTHhiX H 3neKTpHlleCKHX .D;HnOJibHbiX MOMeH

TOB 1231 . 

Cl>YH,ll;AMEHTAJl~HbiE 
B3AI1MO,ll;E3CTBlUI qACT11U 

H a ocHoae Me:l\.aHH3Ma "cnHHOBOH .D;HHaMH

KH" C~bHbiX R'"laHMO,D;eHCTBHH npaBHJibHO 

06'bRCHeHO noBe,L.o,cHHe nOJIRpH3all;l1H pp-pacceR

HHR npH BhiCOKHX 3HeprHRX. )J;aHbl npe,D;CKa3a

HHR AJIR AH¢J¢JepeHIJ;HaJibHbiX CelleHHH npOTOH· 

aHTHn pOTOHHOI'O pacceRHHR npH 3HeprHRX 

Konn anp;epa Cl>HAJia (v's = 2 T3B), yKa3biBaJO

rn;He H a B03MO)KHOCTb AaJibHeliwero pOCTa AH¢· 

¢epeHu;HanbHhiX celleHHH npH It 1 _ 1 r3B 2114( 

B o JibWOH nporpecc AOCTHrHyT B noHHMRHHH 

CnHHOBbiX RBJieHHH AJIR JKeCTKHX npou;eCCOB 

a K X ,ll;. IToKa3aHO, liTO onHCaHHe nonRpH3au;HH 

ao3M O)KHO 3a ClleT Hoaou cTpyKTypHoli ¢YHK

IJ;HH ( KBapK-I'JIIOOHHOI'O KOppeJIRTOpa), yKa3aH 

nyTb ee BblliHCJieHHR / 25 6 /. • 

H a ocHoae aHaJIH3a KBaHTono-xpoMO.D;HHa

MHlleCKHX npaBHJI CYMM AJIR TpeXTOKOBOH 

KOpp eJIRIJ;HOHHOH ¢JyHKIJ;HH (ABYX aKCHaJibHbiX 

H OAHOI'O 3JieKTpOMarHHTHOI'O TOKOB) paCCliH· 

TaHo noae,D;eHHe F (Q2) B npocTpaHCTBeHHO-rr 
nO.D;0 6HOH o6JiaCTH Q 2 ,:S 1 r3B ( CM. pHcy-

HOK I . HauneHHoe 3HalleHHe 3JieKTpOMarHHTHO

ro pa.D;HYCll IIHOrla < r ;> = 0,66 ± 0,03 ¢JM XO· 

porno cornacyeTcR c nocneAliHMH 3KcnepHMeH

TaJib.rlhiMH AaHHbiMH / 16 / . 

1.0 

0,9 

0,8 

0,00 
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VII Me)K,ll;yHapo,r:ume coBeiUaHHe no npo6neMaM KBaH· 
TOBOH TeOpHH nom1 (20-25 anpen11, AJiywTa) QbiJIO 
OpraHH30BaHO no HHH~HaTHBe TeopeTHKOB Jly6Hbl. 
B pa6oTe coBeiUaHHH npHHHJIH y'lacTne 120 y'leHbiX 
H3 OHR:H, Hay'IHbiX ~eHTpOB cTpaH·y'laCTHH~ YIHCTH· 
TyTa, a TaK)Ke BennKo6pHTaHHH, liH,!!;epnaHAOB n illBe· 
~H. 



IlpoBOAHMbie 011Hl1 cosMeCTHO c M:HAH CCCP Me)l(· 

AYH8p0,11;Hbie CHMn03HYMbi no H36paHHbiM npo6neMaM 

CT8THCTHqecl<OH MeXaHHl<H CTaJIH Tpa,D;HQHOHHOH $op· 

MOH o6cy)l(,ll;eHIDI HaH6onee al<TYaJibHbiX npo6neM 

:non o6nacTH $H3Hl<H. III CHMn03HYM cocTO.RJlCJl 

22-26 asrycTa 1984 r. B ,[{y6He. BbiCOl<HH HayqHbiH 

yposeHL CHMn03HyMa onpe,D;en.RJIC.R 1<a1< ero nporpaM· 

MOH, T8l< H COCTaBOM yqaCTHHl<OB, MHOrHe H3 l<OTO· 

pbiX JlBJlJIIOTCJl npH3HaHHbiMH JlH,D;epaMH HayqHbiX 

HanpasneHHH, o6cy)l(,ll;aBWHXCJl Ha CHMn03HyMe. 



..---

Pa3pa6oTaH anropHTM BhiliHCJieHHH K03 cl>qm

QHeHTHhiX cPYHKQHH orrepaTOpHhiX pa3JIO:>Ke

HHH; c ero IIOMOJW>lO rrpoBeAeH paclleT rrorrpa

BOK K IIapTOHHhlM IIpaBHJiaM CyMM A]IH rny-

6oKoHeyrrpyroro pacce.HHHH / 25a / . 

B BHpTOH-KBapKOBOH MOAenu pa3pa6oTaH 

aJirOpHTM paClleTa KBapKOBhiX AHarpaM M C 

ylleTOM Mace aApOHOB, BhltiHCJieHa 6oJibllla.H 

llaCTb 3cPcPeKTOB HH3K03HepreTHlleCKOH M e30H· 

HOH cPH3HKH 
1241 -

B KBapKOBOH MOAenu cBepxrrpoBoA.Hw;ero 

THIIa OIIHCaHhl CHJibHhie H paAHaQHOHHhie p acrra

Ahl ABYX aKCHaJibHo-Be:KTopHhiX Me30HHhi X HO

HeToB ( 1 + + H 1 + - ) . ,llrrH paAHaQHOHHhlX pac

IIaAOB . CAeJiaH pHA rrpeAC:Ka3aHHH, B CHJibHhlX 

pacrraAax rronylleHo cornacue c 3:KcrrepHMeH

TaJibHhiMH AaHHbiMH / 22 / _ 

TiocTpoeH KHpaJibHhiH narpaH:>KHaH 6e3 CBO· 

60AHblX rrapaMeTpOB, l<OTOPbiH AaeT OIIHCaHHe 

ABYXllaCTHliHblX HeJieiiTOHHhiX paCIIaAOB CTpaH

HbiX 6apnoHOB B xopollleM cornacuu c 3 :Kcrre

puMeHTOM. 3Ta :KHpaJibHa.H TeOpH.H o6o6 w;eHa 

Ha HeJieiiTOHHbie paCIIaALI OllapOBaHHbiX 6a

pHOHOB. 

B HacToHw;ee BpeMH HeT YAOBJieTBOpHTenb

HbiX TeopeTHlleC:KHX MOAeJieH HeJieiiTOHHhiX 

paCIIaAOB 6apHOHOB, H l<HpaJibHhiH IIOAXOA MO· 

:>KeT CJIY:>KHTb AJIH rny60KOH, HO AOCTaTOliHO 

HaAe:>KHOH OQeH:KH MOA paCIIaAOB 6apHOHOB, 

B TOt.r liHCJie paciiaAOB, H3MepHeMblX B 31<CIIe

pHMeHTe BHC flB3 / 15 / . 

BrrepBbre B :KBap:K-HAepHoH: MOAenu c He

coxpaHeHHeM lleTHOCTH BblliHCJieHa IllHpHHa 

pacrraAa 
6 Li -+ ad, l<OTOpa.H HHTepecHa AJIH 

3l<CIIepHMeHTaJlbHOI'O H3ylleHHH. 

TionylleHHble HOBbie pe3yJibTaTbl B TeOpHH 

MYJibTHIIOJibHbiX pa3Jio:>KeHHH (B llaCTHOCTH, 

o6Hapy:>KeHue a:KCHaJibHoro TopoUAHoro MO

MeHTa) HMelOT orrpeAeJIHJOw;ee 3HalleHHe AJIH 

rrpeAC:Ka3aHH.H Qenoro PHAa 3cPcPeKTOB ( ct>a-

30BbiX rrepeXOAOB) B KOHAeHCHpOBaHHbiX cpe
Aax / 25 / -

BbrllncneHo celleHue HHl<Jil03HBHoro po:>KAe

HHH MHI'l<HX cPOTOHOB B IIpOTOH·IIpOTOHHblX 

coyAapeHH.HX. 

TipoBeAeH liHCJieHHbiH paclleT celleHHH rrpu 

3HeprHH H yrne pacceHHHH y -:KBaHTOB, COOT· 

BeTCTBYlOUJ;HX IIapaMeTpaM 3l<CIIepHMeHTaJlb

HOH ycTaHOBKH "Tio3HTpOHHH" B H:Cl>B8 ( TipoT

BHHO) 1 171. 
TionylleHo ypasHeHne illpeAUHrepa AJIH 

AByXaTOMHOH MOJieKyJibl C TOliHbiM pa3A eJie

HHeM 3Jie:KTpOHHblX,Bpaw;aTeJibHbiX H l<OJie6a

TeJibHbiX cTerreHeH: CBo60Abi rrpu YAaJieHHH 

OAHOI'O H3 HAep Ha 6eCKOHeliHOCTb, liTO II0-

3BOJIHeT HBHbiM o6pa30M yqeCTb cPH3HlleC:KHe 

rpaHHliHbie YCJIOBHH I 18/ . 
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TipoBeAeH aHaJIH3 3:KcrrepHMeHTaJII>HbiX AaH

HbiX IIO aApOH-aApOHHbiM B3aHMOAeHCTBH.HM 

IIpH BbiCOl<HX 3HeprH.HX BIIJIOTb AO 3HeprHH 

SPS-KoJIJiaiiAepa. OrrucaHo rroBeAeHHe rroJIHbiX 

celleHHH: H :~<oppeJI.HQHH BrrepeA-Ha3aA pacceHH

HbiX llaCTHQ, pacrnHpeHHe P J. -crre:KTpoB c poe

TOM MHO:>KeCTBeHHOCTH 3ap.H:>KeHHbiX llaCTHQ/20( 

TipoBeAeH aHaJIH3 celleHHH HHl<Jil03HBHbiX 

aAPOH-aApOHHhiX rrpoQeccoB rrpu 6oJII>lllHX 

P J. ,:KoTopbiH y:Ka3hiBaeT Ha B03MO)I(HbrH poeT 

C 3HeprHeH liHCJia THIIOB (apoMaTOB) :KBapl<OB 

AO 8-10 rrpu 3HeprH.Hx :KOJIJiaHAepa SPS 1211. 
TioArOTOBJieHa rrporpaMMa o6pa6oT:KH AaH

HbiX 3:KcrrepnMeHTa NA-4, II03BOJIHJOUJ;a.H cpas

HHBaTh AaHHbie 3TOH rpyiiilbl IIO CHHI'JieTHbiM 

CTpy:KTypHbiM cPYHl<QH.HM C rrpeAC:Ka3aHH.fiMH 

XpOMOAHHaMH:KH. TiporpaMMa HCIIOJih3yeT pa3-

JIO:>KeHHe IIO OpTOI'OHaJlbHblM MHOI'OliJieHaM 

.fi:K06H H II03BOJI.HeT YCTOHliHBbiM H 6e3MOAeJib

HbiM o6pa30M orrpeAeJIHTh rrapaMeTpbr KX,ll. 

CTPYKTYP A ATOMHOrO .R,llP A 

TipOAOJI:>KaJIOCb pa3BHTHe l<Ba3HllaCTHliHO· 

cPOHOHHOH MOAeJIH HApa 1261 (Kel>M.R). Pa3pa-

6oTaH MaTeMaTHlleC:KHH MeTOA 6onee TOliHOI'O 

OIIHCaHH.fl cl>parMeHTaQHH OAHOcPoHOHHblX CO· 

CTOHHHH, ct>opMHpyJOw;HX rHI'aHTC:KHe pe30HaH

Cbr. MeTOA OCHOBaH Ha HCIIOJib30BaHHH B ASyx
cPOHOHHbiX liJieHax BOJIHOBbiX cPYHKQHH y:>Ke 

cl>parMeHTHpOBaHHhiX O.nHOcPOHOHHhiX COCTOH

HHH. TionyqeHa B o6w;eM BRAe CHCTeMa ypasHe

HHH MOAeJIH AJI.H HelleTHbiX cct>epnllec:KHx HAep. 

YpasHeHH.H yqHTbiBaiOT 3cPcPe:KTbi aHrapMOHHli

HOCTH l<OJie6aHHH lleTHO-lleTHOI'O OCTOBa H IIO· 

IIpaB:KH, 06yCJIOBJieHHbie Tpe60BaHHeM BbiiiOJI· 

HeHH.H rrpHHQHrra Tiaynu. 

TipOAOJI:>KaJIHCb BbltiHCJieHH.H xapa:KTepHCTHl< 

ruraHTC:KHX pe3oHaHcoB /27 ~ H3yqeHa cl>parMeH

TaQHH CIIHH·AHIIOJibHblX .3apHAOB0·06MeHHblX 

<!OCTOHHHH B cct>epHllec:KHx .HApax. TioKa3aHO, 

liTO cl>parMeHTaQHH o,n~~oct>oHOHHbiX cocTOHHHH 

CHJII>Ha.H, H3 o6JiaCTH Ma:KCHMyMa pe30HaHCa 

B CTOpOHy 60JibillHX 3HeprHH YXOAHT 10-25% 
CHJibl. HccneAOBaHbl CIIHH-AHIIOJibHbie o-
H 1-·COCTO.HHH.fl lleTHO·lleTHblX cct>epHlleCKHX 

HAep H HX B036y:>KAeHHe B HeyrrpyrOM pac

CeHHHH 3JieKTpOHOB u rrpoTOHOB. BI>rHcHe

Ha Ba:>KHa.H pOJib B3aHMOAeHCTBHH CO CJIO:>K· 

HhiMH l<OHcPHrypaQH.HMH B pacrrpeAeJieHHH 

CHJibl TpaHCBepCaJibHOI'O 1- -pe30HaHCa, liTO 

II03BOJIHeT CAeJiaTb 3aKJilOlleHHe 0 MaJIOH Be

pOHTHOCTH ero 3KCIIepHMeHTaJlbHOI'O 06Hapy

:>KeHHH. B pe3yJihTaTe aHaJIH3a CTPYKTYPbi TO

KOBOH rrepexo,nHoH: IIJIOTHOCTH 2--cocToHHHH 

HAep 90 Zr , 2°8 Pb ycTaHOBJieHo, liTO B He-

yrrpyroM pacceHHHH 3Jie:KTpOHOB MO:>KHO 



Ha6mo.o;an npeHMyi.QecTBeHHoe Bo36y)l()l;eHHe 

noKa ei.Qe MaJioHccrre.o;oBaHHOH KPYTHJI&HOH 

MO)l;bl .a.o;epHoro )l;BH:>KeHH.R. .[{aHO onHCaHHe 

T> rHraHTCKHX .o;HnoJI&HbiX pe3oHaHCoB B .o;e

<t>opMHpOBaHHbiX .R)l;pax. 

fipO)l;OJI:>KaJIHCb paClleTbl <t>parMeHTauJ{H 0)];

HO- H ABYXKBa3HllaCTHliHbiX COCTO.RHHH / 28/ . 

llpoBe.o;eH aHaJIH3 <t>parMeHTauHH no.o;o6orrolleK 

npH nepexo.o;e oT c<t>epHlleCKHX .R)l;ep K .o;e<t>op

MHpOBaHHbiM Ha npHMepe H30TonoB Sm H Pm. 

Y CTaHOBJieHO pa3JI~He MeXaHH3MOB, Onpe.o;e

JI.RIOI.QHX <t>parMeHTaQHIO no.o;o6orrolleK B .a.o;

pax, OTJIHllaiOI.QHxc.a no .o;e<t>opMaUHH. HanH

liHe CTaT~eCKOH .o;e<t>opMaQHH B COlleTaHHH 

C B3aHMO)l;eHCTBHeM KBa3HllaCTHU C <t>oHOHaMH 

npHBOAHT K TOMY, liTO no.o;o6orroliKH c t ~ 2 
B .o;e<t>opMHpOBaHHbiX .R)l;pax <t>parMeHTHpOBa

Hbl cHJI&Hee, lleM B c<t>epHllecKHX. llpe.o;cKa3aHbi • 

norro:>KeHH.R H o6rracm rroKaJIH3auHH pe3o

HaHCHo-no.o;o6HbiX CTpyKTyp, CB.R3aHHbiX C B03-

6y:>K)l;eHHeM B peaKQHRX O)l;HOHYKJIOHHbiX ne

pe.o;all BbiCOKOJie:>Kai.QHX npOTOHHbiX H HeHTpOH

HbiX O)l;HOllaCTH~biX COCTO.RHHH B H30TOnax 
91 Nb H 91 Zr. Hccrre.o;oBaHO pacnpe.o;erreHH~ 
CHJibl ABYXKBa3HllaCT~HbiX COCTO.RHHH B p.a.o;e 

c<t>ep~ecKHX .R)l;ep. AHanH3 3KcnepHMeHTan&

HbiX )l;aHHbiX, noJiylleHHbiX B peaKQH.RX (p, t) 
H (a, 6

He), CBH)l;eTeJibCTByeT, liTO nHKH B ce

lleHH.RX COOTBeTCTBYIOT B036y)f()l;eHHIO BaJieHT

HO-)l;blpOliHbiX H ABYX)l;bipOliHbiX COCTO.RHHH. 

fipO)l;OJI:>KaJIH pa3BHBaTbC.R MeTO)l;bl HCCJie

)l;OBaHHR CTPYKTj_,Pbi .a.o;ep c noMOI.QbiO .a.o;ep

HbiX peaKUHil 
1 2 

• Pa3pa6oTaH MHKpocKonH

llecKHH MeTOA paclleTa ynpyrHX celleHHH peaK

UHH c T.R:>KeJibiMH HOHaMH. Hcnorr&30BaHHe 

K<l>M.R npH BbNHCJieHHH .a.o;epHbiX nrroTHOCTeH 

no3BOJIHJIO onHcan peaKQHH ynpyroro pacce.a

HHR HOHOB S Li, 12 C, 16 0 Ha MHllieH.RX 
58,60Ni, 90 zr, 124Sn , 142,144Nd, 208Pb.llpo-

Be.o;eHHbie TeopeTHlleCKHe HCCJie)l;OBaHHR )l;H

nOJibHOrO <t>oTopacce.RHHR Ha .a.o;pax o6rracTH 

CBHHUa nOKa3aJIH, liTO Ha6JIIO)l;aeMbie Ha 3KC

nepHMeHTe no.o;cTpyKTypbi B celleHHRX <t>oTo

pacce.RHHR 06'b.RCH.RIOTC.R HaJIHliHeM HH3KOJie

:>Kai.QHX )l;HnOJibHbiX nHrMH-pe30HaHCOB. 

B nocrre.o;Hee BpeM.a cyi.QeCTBeHHO pacrnH

pHrrHc& npe.o;CTaBJieHH.R 0 B03MO:>KHbiX THnax 

KOJIJieKTHBHOrO )l;BH:>KeHH.R B aTOMHbiX .R)l;pax 

H 0 xapaKTepe HX npO.RBJieHHH. fiO.RBHJIHCb 

)l;aHHble 0 Cyi.QeCTBOBaHHH .R)l;ep C OKTynOJib

HOH (rpyrneBHAHOH) .o;e<t>opMaQHeil, o HeaK

CHaJibHOH .o;e<t>opMaQHH .a.o;ep npH 60JiblliHX 

3HalleHH.RX yrJIOBOrO MOMeHTa, 0 BbiCTpaH

BaHHH BHyTpeHHHX yrJIOBbiX MOMeHTOB B Ha

'!paBJieHHH Bpai.QeHHR .a.o;ep H T • .o;. Borr&rna.a 

HH<t>opMaUH.R HaKonrreHa 0 3ap.RAOB0-06MeH

HbiX pe30HaHCHbiX B036y:>K)l;eHH.RX B peaKQH

.RX C a.o;pOHaMH, nHOHaMH H JierKHMH HOHaMH. 

11HTepn peTaQH.R 3 KCnepHMeHTaJibHbiX )l;aHHbiX 

B CBeTe npe.o;CTaBJieHHH 0 CTpyKType .R)l;pa 

6a3Hpy eTC.R Ha TeOpeTHlleCKHX MO)l;eJI.RX KOJI

rreKTHB HOrO )l;BH:>KeHH.R B aTOMHbiX .R)l;pax. 

Hccrre.o;oBaHHR no noil TeMe RBJIRIOTCR Tpa.o;H

UHOHHb iMH )l;JI.R OT)l;erra TeopHH aTOMHOrO .a.o;pa. 

B 1984 r. BbmorrHeHbi Hccrre.o;oBaHHR, noKa3bi

BaiOI.QHe, liTO BbiCTpaHBaHHe KBa3~aCTH~biX 

yrJIOBb iX MOMeHTOB MO:>KeT CJIY:>KHTb lleTKHM 

KpHTep HeM HaJIHliH.R OKTynOJibHOH .o;e<t>opMa

UHH /30 1. CoBMecTHbie Hccrre.o;oBaHH.a, B KOTo

pbiX n pHHHMaJIH yllaCTHe <l>H3HKH H3 OH.RH, 

r.[{P H <l>paHQHH, n03BOJIHJIH C)l;eJiaTb 3aKJIIOlle

HHe 0 HaJIHliHH OKTynOJibHOH .o;e<t>opMaUHH 

y .a.o;pa 119Raf3 1 1. B COBMeCTHbiX HCCJie)l;OBa

HHRX <l>H3HKOB OH.RH, HA3 HM.H.B.KypllaTo

Ba H H HcTHTyTa H.Bopa (.[{aHH.R) npoBe.o;eH 

MHKpOCKOn~eCKHH aHaJIH3 3ap.RAOB0-06MeH

HbiX p eai<uHH (p, n) Ha .a.o;pax 48 c~. 90 Zr , 
208pb npH 3HeprHH npOTOHOB B HHTepBane 

120-200 M3B H peaKUHH 
90Zr(6 Li,6 He) 90 Nb 

npH E6Li = 93 M3B, no3BOJIHBlliHH cyi.QeCTBeH

Ho yTOliHHTb xapaKTepHCTHKH 3<P<PeKTHBHbiX 

B3aHMO)l;eHCTBHH HyKJIOHOB H norryliHTb KOJIH

lleCTBeHHYIO OUeHKY 3<l><t>eKTa nepeHOpMHpOB

KH a K CHaJibHO-BeKTOpHbiX BeplliHH B .R)l;
pax / 32 / . 

TEOPH .R .RJJ;EPHhlX PEAKUHfi 

• 
Pa3p a6oTaHa TeopHR o6paTHOH 3a)l;aliH pac-

ce.RHHR, )l;JI.R KOTOpOH H3BeCTHbie nO)l;XO)l;bl 

rerr&<t>aH.o;a-JieBHTaHa-MaplleHKO H HbiOTOHa

Ca6an e .RBJI.RIOTC.R npe.o;err&HbiMH llaCTHbiMH 

CJIYllaRMH 133 1 • lloKa3aHO, liTO )l;JI.R O)l;HOrO 

KJiacca B3aHMO)l;eHCTBHH KOMnOHeHTa <l>a.o;.o;ee

Ba BOJIHOBOH <l>YHKUHH TpexllaCTHliHOH CHCTe

Mbl H MO:>KeT 6biTb o.o;H03Ha~o onpe.o;erreHa, 

ecrrH 3 a.o;an CTaH.o;apTHbie rpaHH~'hie ycrro
BH.R / 3 4 / • 

fipo Be)l;eH CHCTeMaTHlleCKHH aHaJIH3 BOJIHO

BbiX <l>YHKUHH .a.o;pa 6 Li. )J;rr.a ero CB.R3aHHbiX 

COCTO.RHHH nOKa3aHO, liTO TpexllaCTHliHaR MO

.o;eJib Li no3BOJI.ReT npaBHJibHO HHTepnpe

THpoBa T& 60JiblliYIO COBOKYnHOCTb 3JieKTpO

MarHHTHbiX )l;aHHbiX B lliHpOKOM HHTepBane 

nepe.o;aHHbiX HMnyrr&COB. 

llpe)l;JIO:>KeHa MOAH<t>HKaQH.R MeTO)l;a HCKa

:>KeHHbi X BOJIH, n03BOJI.RIOI.QaR ycnelliHO aHa

JIH3HpOBaTb npouecchi KorepeHTHoro <t>oTopo:>K

.o;eHH.R HeHTpaJibHhiX 17-Me30HOB Ha .a.o;pax. 3TO 

n03BOJIHJIO npoBeCTH e)l;HHhiH aHaJIH3 peaKUHH 

<t>oTopo :>K.o;eHH.R 3ap.a.o;oBoro TpHnrreTa nHo

HOB / 3 5 / . B 3a)l;alle HH3K03HepreTHllecKoro p'ac

ce.RHHR nHOHOB Ha rrerKHX .a.o;pax npoBe.o;eH 

ylleT 3 <P<t>eKTOB, CB.R3aHHhiX C pa3HOCTbiO MaCC 

3ap.R:>KeHHhiX H HeHTpaJibHhiX Me30HOB H 06Ha-
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py)l(eHO HX 3HatJHTeJibHOe BJIH.RHHe Ha x apaK

TepHCTHKH rr- 3He pacce.RHH.R. IloKa3aHo , tJTO 

rHITOTe3a 3HrepTa IT03BOJI.ReT KOJIHtJeCTBeHHO 

npaBHJibHO Mo.zuutmi..\HpoaaTb HMITYJibCHoe npH-

6JIH)I(eHHe He TOJlbKO ,ll;Jl.R O,ll;HOCTyneHtJaTbiX, 

HO H ,ll;Jl.R ,ll;ByXCTyiTeHtJaTbiX (HaiTpHMep, p a,n;Ha

I..UfOHHbiH p. -3axBaT) 3JieKTPOMarHHTHbiX npo-

1..\eCCOB Ha .R,n;pax. 

IJpoae,n;eHO HCCJie,ll;OBaHHe 3aBHCHM OCTH 

B3aHMO,ll;eHCTBH.R, BeJIHtJHHhl ITOTepb pa,n;HaJib

HOH KHHeTHtJecKOH 3HeprHH, rny6HHhi B3aHM

Horo npOHHKHOBeHH.R .R,n;ep OT BeJIHtJHHbl npH-

1..\eJibHOrO napaMeTpa B peaKI..\H.RX rny6oK oHe

ynpyrHx CTOJIKHOBeHHH T.R)I(eJibiX HOHOB. IJpe,n;

JIO)I(eHHbiH no,n;xo.n;, yt~HThiBarowHH "3¢>¢>eKT 

ITaM.RTH", n03BOJI.ReT 06'b.RCHHTb ,ll;O 70% n o Tepb 

pa,n;HaJibHOH KHHeTHtJeCKOH 3HeprHH. l.f3yqeHHe 

npol..\ecca MHoroHyKJIOHHhix nepe,n;aq noKa3a

no, tJTO yt~eT OCTaTOtJHOrO B3aHMO,ll;eHCTBH.R 

HYKJIOHOB B .R,n;pax no3BOJI.ReT cymecTBeHHO 
yMeHbWHTb paCXO)I(,ll;eHHe Me)l(,ll;y pe3yJibTaTaMH 

pactJeTa B O,ll;HOtJaCTHtJHOH MO,n;eJIH WHpHH 3ap.R

,ll;OBbiX pacnpe,n;eJieHHH npo,n;yKTOB peaKI..\HH 
H 3KCnepHMeHTaJibHbiMH ,ll;aHHbiMH / 36 / . 

Ilonyt~Hna ,n;anbHeHwee pa3BHTHe yHHTapHa.R 

TeOpH.R pacce.RHH.R nHOHOB HH3KOH 3HeprHH .R,ll;

paMH, tJTO n03BOJIHJIO OnHCaTb 3KCnepHMeHTbl 

no pacce.RHHIO nHOHOB Ha .R,n;pax s- H p-o6 ono

t~eK 3•4 He, 12 C, 16 0. HaH,n;eHo npocToe Bhi

pa)l(eHwe ,n;n.R onTHtJecKoro noTeHI..\HaJia BTopo

ro nop.R,n;Ka ,n;n.R rrd -aTOMa, tJTO .n;aeT B03M O)I(

HOCTh BeCbMa 3¢>~eKTHBHO HCCJie,ll;OBaTb CBOH
CTBa nocne,n;Hero 3 7 I . 

Ha OCHOBe KaCKa,ll;HOH MO,ll;eJIH noKa3aHO, 

tJTO ,!J;BYXtJaCTHtJHble KOppeJI.RI..\HH B .R,n;pax Hr

palOT onpe,n;eJI.RIOlliYIO pOJib B o6pa30BaHHH 

CTpaHHbiX tJaCTHI..\ B6JIH3H nopora HX p O)I(,ll;e

HH.R B npOI..\eCCax .R,ll;pO-.R,ll;epHbiX B3aHMO,ll;eHCT

BHH. IloKa3aHo, tJTO pacnpe,n;eneHHe no 3¢>¢>eK
THBHOH Macce (K +, K- )H (.\0

, A 0 ) nap MO)I(eT 

CJIY)I(HTb CHrHaJIOM ,ll;Jl.R 3KCnepHMeHTaJibHOrO 

06Hapy)l(eHH.R 3¢>¢>eKTa ,n;eKOH¢>aHHMeHTa a,n;po

HOB B .R,n;epHbiX B3aHMO,ll;eHCTBH.RX/ 38 / . · 

Ha ocHoBe npe,n;cTaaneHH.R o npHM ec.Rx 

MHOrOKBapKOBbiX CHCTeM B .R,n;pax ,n;aHO e,n;H

HOe OnHCaHHe 3KCnepHMeHTaJibHbiX ,n;aHHbl X no 

cet~eHH.RM a.n;poH-.R,n;epHbiX npoueccoa B K YMY

JI.RTHBHOH o6nacTH H ,n;aHHbiX no CTPYKTyp HhiM 

¢>YHKUH.RM .R,n;ep H3 rny6oKoHeynpyroro pac
ce.RHH.R nenTOHOB H HeHTpHHd391. YcTaHOBJieHa 

pewalOwa.R pOJib WeCTH- H ,n;eB.RTHKBllpKOBbiX 

JIHTEP A TYP A * 

1. repaCHMOB C.E., roaopKOB A.E., O H .HH, 

P2-84-565, .[(y6Ha, 1984. 

2. Galperin A.S., et al. JINR, .E2-84 -441, 

Dubna, 1984. 
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npHMeCeH B HHTepnpeTai..UfH ¢>opM¢>aKTOpa 
3He npH 6onbWHX nepe,n;aqax HMnynbca/40/. 

CT ATHCTHqECKA.H MEXAHHKA 
H EE ITPHJIO)KEHH.H 

B <I>H3HKE KOH.[(EHCHPOBAHHOrO 

COCTO.HHH.H 

Hccne,n;oaaHbi HepaaHoaecHbie ¢>a30Bbie ne

pexo,n;bi CBepXH3JiyqaTeJibHOrO THna. Ha OCHOBe 

no,n;xo,n;a, CB.R3aHHOro C BbiBO,ll;OM TOtJHOH 

HepapXHH KHHeTHtJeCKHX ypaBHeHHH ,ll;Jl.R ,ll;HHa

MHtJeCKHX CHCTeM, H3ytJeHa reHepaUH.R CBepXH3-

JiytJeHH.R a TpexypoaHeBhiX cHcTeMax. OnHcaHo 

3KCnepHMeHTaJibHO Ha6JIIO,ll;aeMOe .RBJieHHe 

KOHKypeHI..\HH HMITYJibCOB. IJpe,ll;CKa3aHO .RBJie-
HHe ¢>oTOHHOrO 3Xa / 4l/, . 

B TeopHH cynepHOHHhiX npoao,n;HHKOB H3Y

tJeHhi OC06eHHOCTH CTpyKTypHbiX ¢>a30BbiX 

nepexo,n;oa H npe,n;JIO)I(eH 3KcnepHMeHT Ha 

HEP-2. Pa3pa6oTaHa Mo.n;enb cTpyKTypHoro 

CTeKJia B cTpyKTypHo-HeycTOHtJHBhiX KpHCTaJI
nax1421 . BhmonHeH UHKJI Hccne,n;oaaHHH no 

TeOpHH reTepo¢>a3HbiX COCTO.RHHH B a,n;pOHHOH 

MaTepHH. IJo,n;p06HO npOaHaJIH3HpOBaHbl Tep
MO,ll;HHaMHtJeCKHe CBOHCTBa 3TOH MO,ll;eJIH/43/ . 

IlpO,ll;OJI)I(eHO HCCJie,ll;OBaHHe MO,ll;eJieH KOH,n;eH

CHpOBaHHhiX BeweCTB C nOMOlliblO MeTO,ll;a 

annpoKCHMHpylOWHX raMHJlbTOHHaHOB. yq. 

TeHO B3aHMHOe BJIH.RHHe 3JieKTpOH-,ll;bipOtJHOrO 

H KynepOBCKOrO cnapHBaHHH, a TaK)I(e 3KCH

TOHHOrO H CBepxnpOBO.n;.Rwero COCTO.RHHi/ 44~ 
MeTO,ll;hi peweHH.R HeJIHHeHHhiX 3a,n;aq npH

MeH.RJIHCb K OnHCaHHIO npOI..\eCCOB B 6HOnOJIH

Mepax, nonHaueTHJieHe, B KOTOphiX yt~eT He

JIHHeHHhiX B036y)l(,ll;eHHH (,n;oMeHHhiX CTeHOK, 

6HOHOB) Ba)l(eH ,ll;Jl.R HHTepnpeTauHH 3KCnepH
MeHTOB no pacce.RHHIO HeHTpOHOB 1451• Pac

CMOTpeHhi KOrepeHTHbie COCTO.RHH.R B KBaH

TOBOH CnHHOBOH uenotJKe, ,ll;Jl.R KOTOpOH y,n;a

JIOCb nOKa3aTb OTCyTCTBHe nHHHHHra COJIHTO

HOB BCJie,ll;CTBHe KBaHTOBbiX 3¢>¢>eKTOB /46 / • 

.[(OKa3aHO OTCyTCTBHe ¢>a30BbiX nepeXO,ll;OB ,ll;Jl.R 

MO,ll;eJIH BeTB.RWHXC.R nOJIHMepOB Ha KBa,n;paT
HOH peweTKe / 47/ , HHTepecHo, tJTO TeopeMa 

KHpxro¢>a, WHpOKO HCnOJib3yeMa.R B TeopHH 

3JieKTpHtJeCKHX 1..\eneH, npe,ll;CTaBJI.ReT 3¢>¢>eK

THBHbiH HHCTpyMeHT ,ll;JI.R nepetJHCJieHHH ,ll;H

MepHbiX KOH¢>HrypaUHH KaK Ha ,ll;ByMepHbiX, 

TaK H Ha TpexMepHbiX peweTKax. 

3. Ivanov E.A., Kapustnikov A.A. Phys.Lett., 

1984, 143B, p.379. 

4. Bilenky S.M., Pontecorvo B.M. JINR, 

E2-84-533, Dubna, 1984; Lett.Nuovo Cim., 

1984, vol.40, No.6, p.101. 

Bilenky S.M., Nedelcheva N., Petkov S. 



JINR, E2-84-201, Dubna, 1984; Nucl. 
Phys., 1984, B247, p.61. . 

5. Ka3aKOB ,ll,J1., IllHpKOB ,ll,.B. B c6.: KpaT
KHe coo6meHHR 0.11H.I1, NQ3-84, ,ll,y6Ha, 
1984, c.17. 

6. Vladimirov A.A. Phys.Lett., 1984, 105A, 
p.418. 
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1984. 
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IA60PATOPMR 
BbiCOKMX 3HEPrMM 

Y CHnHJi I<OnneKTHBa KOHQeHTpHpOBanHCb Ha 
Q>yH.n;aMeHTanbHbiX HCCne)l;OBaHHJiX CTpOeHHJi 
MaTepHH Ha I<BapK-rnJOOHHOM ypOBHe, nOCTa
HOBI<ax 3I<CnepHMeHTOB, BnH11JOI.UHX Ha no
CTpOeHHe TeOpHH CHnbHbiX. B3aHMO)l;eHCTBHH Ha 
OCHOBe I<BaHTOBOH XpOMO)l;HHaMHKH, Ha C03)l;a
HHH Heo6XO)l;HMbiX ycnOBHH npoae.n;eHHJi 3KC
nepHMeHTOB .n;n11 6onblliHX I<OnneKTHBOB Q>H3H
KOB cTpaH-yt~aCTHHQ OHJUi. 

B 1984 rony nonyt~HnH .n;anbHeHlllee pas
BHTHe npe,ll;CTaBneHHJi 06 aTOMHOM 11,1l;pe KaK 
0 I<BapK-rnJOOHHOH CHCTeMe, p11.n; HOBbiX 
3I<CnepHMeHTanbHbiX pe3ynbTaTOB nonyt~eH Ha 
CHHxpoQ>a3oTpoHe 011.RI1, CHHxpoTpoHax 
11<I>B3 H UEPHa. 

Bbiiit)nHeH 6onblliOH o6'beM pa6oT no co3.n;a-
HHJO a.n;pOHHOrO KanOpHMeTpa ycTaHOBKH 
.[{EJI<I>I1. 

HAYqHQ-11CCJIE.[{OBATEJibCKI1E P ABOTbl 

MEXAHI13MPO~.[{EHI1.R 

11 P ACllA.[{A qACT11U 11 PE30HAHCOB. 
llO:HCK HOBbiX qACT 11U 

1. Ha ycTaHOBI<e BI1C-2 npo.n;omKanocb uc
cne.n;oaaHHe ot~apoBaHHbiX A: -6apHOHOB, o6-

pa3yJOI.UHXC11 npH B3aHMO)l;eHCTBHH HeHTpOHOB 
C 3HeprHeH 40-70 r3B C pa3nHtiHbiMH MHllleHJi
MH. llpoae.n;eH 6e3MO)l;enbHbiH aHanH3 xapai<Te-

+ pHCTHK po:>K.n;eHH11 A c no ABYM KaHanaM p ac-
na.n;a: 

+ + - + 
1) Ac ->A 0 rr rr rr , 
2) A+c -> K0 prr+rr-. 
Haif.n;eHo, t~To HHBapHaHTHoe cet~eHHe, onu

CbiBaeMoe COOTHOllleHHeM 
E d3a / dp 3 - exp(-B·P )·(1-x)

0 

( p J. - nepneH)l;HI<yn11p~biH HMnynLc, x - MaClll-
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PaclliHpHnHcb B03MO:>KHOCTH BbltiHCnHTenb
Horo QeHTpa na6opaTopHH. Pasauaanacb MeTo
)l;HI<a 3KcnepHMeHTa, BhmonHeH PM paspa6o
TOK HOBOH 3neKTPOHHOH, .n;eTeKTHPYJOI.UeH 
H KpHoreHHOH annapaTypbi, B TOM tiHCne H )l;n11 

npHKna)l;HbiX Qeneft. 
CHHxpoQ>a3oTpOH ycnelliHO 3Kcnnyarnpo

aanc11 KaK yCI<OpHTenb pen11THBHCTCKHX H no
n11pH30BaHHbiX Ji,ll;ep, BenaCb MO.n;epHH3aQH11 
OT.n;enbHbiX ero CHCTeM. 

.Hccne.n;oaanucb caepxnpoBO)l;Jii.UHe 3neMeH
Tbi H CHCTeMbl C MarHHTHbiM noneM, Q>opMH
pyeMbiM :>Kene30M - CHCTeMbl THna ".[{y6Ha'; 
.n;n11 yci<opHTeneH. 

.[{e11TenbHOCTb Jla6opaTOpHH BbiCOKHX 3Hep
rHH ocymecTBnflnacb a ycnoBH11X 3Q>Q>eKTMBHO
ro Me:>K.n;yHapo.n;Horo COTPYAHHt~ecTaa. 

Ta6Ha11 nepeMeHHaJi) , HMeeT napaMeTpbi 
B = (2,5±0,6) {r3B/c)-1 H n =1,5±0,5

111 

BnepBbie Ha6nJO.n;anacb acHMMeTPH11 BbmeTa 
A 0 H p a pacna.n;ax A~ no KaHanaM (1) H ~2) 

OTHOCHTenbHO nnocKOCTH po)f()l;eHH11 A~ 1 1 
. 

BenHt~HHbi acHMMeTpHH cocTaBHnH A (A 0 )= 
= + (0,34±0,22) H A(p) = -(0,23;!:0,12). Ta
KHM o6pa30M, nonyqeHbl YI<a3aHH11 Ha TO, \ITO 
A~ po)f()l;aJOTC11 non11pH30BaHHbiMH. 

llonyqeHbi nepBbie cae.n;eHH11 o 3aBHCHMO
CTH cet~eHHH po)f()l;eHH11 A~ Ha npoToHax H M
pax yrnepo.n;a. lloi<asaHo, t~To .n;n11 X > 0,5 
a(n 12C) =a(np)·Ak,r.n;e k= 0,7±0,2. 

2. llpH aHanH3e npOTOH-nponaHOBbiX B3aH
MO)l;eHCTBHH o6Hapy:>KeHO C06biTHe, KOTOpoe 
HHTepnpeTHpOBaHO KaK pacna.n; no KaHany cna-
6hiX B3aHMO)l;eHCTBHH CB113aHHOrO llleCTHI<Bap
KOBOrO cocT011HH11 Ha I--runepoH H npoToH. 
Macca KaH.n;H.n;aTa B cTa6unbHbiH .n;u6apHoH 
(H-.n;urunepoH) pasHa (2170±1,3) M3Bjc2, 



apeM.a )KH3HH 0,676x1o-10 c, celleHHe o6pa3o
BaHH.R npOTOHaMH C HMnyJibCOM 11 r3B/c 
B nponaHe- 83 H6 / 3/. 

Ha 6oJibllleH: cTaTHCTHKe noATBep)I()J.eHbi 
paHee o6Hapy*eHHhie oco6eHHOCTH B cneKT
pax 3<f:><f:>e:KTHBHbiX MaCC CHCTeM C 3K30THlle

CKHMH KBaHTOBbiMH liHCJiaMH: Ap ' PP ' 
P77+ 77 + (077 -77-), 77 77 • 

3. llpoBeAeH aHaJIH3 MeXaHH3Ma pea:KnHH 
4Hep -+ ppp + (HeHTpaJibHbie llaCTH~I) npH 
HMnyJibCe 8,6 r3B/c / 4 / , lloKa3aHO, liTO pea:K
UH.R HAeT rnaBHhiM o6pa30M llepe3 ABYXKpaT
Hoe B3aHMOAeHCTBHe npoTOHa c HYKJIOHaMH 

.RApa 4 He, noJIHOe celleHHe atot = (10,29± 
± 0,19) M6, celleHHe nonHoro np.aMoro 6e3-
Me30HHoro pa3BaJia .RApa ~e: 4 . 
a dir ( Hep -+ pppnn) = ( 4,85±0,17) M6. 
0TMelleHO ycHJieHHe a3HMYTaJibHbiX KOppen.R
UHH npoTOHOB B peaKUHH c nepe3ap.RAKOH, liTO 
MO)I(eT CJiy)I(HTb YKa3aHHeM Ha He06XOAHMOCTb 

yqeTa B3aHMOAeiicTBHH, HAYinHX llepe3 ~3 • 3 -
H3o6apy B npOMe)l(yTO'IHOM COCTO.RHHH. 

4. Ha MaTepHanax ycTaHOBKH "nlOAMHJia" 
H3yqaJIHCb B3aHMOAeHCTBH.fl aHTHAeHTpOHOB 
C AeHTpOHaMH H npOTOHaMH npH HMnyJibCe 
12,2 r3B/c. 

Ha ocHoae aHaJIH3a -7500 dd-a3aHMOAeiicT
BHH onpeAeneHbi TononorHlleCKHe celleHH.R an , 
cpeAHHe MHO)I(eCTBeHHOCTH 3ap.R)I(eHHbiX llaC
THU <n >, OTHOllleHHe <n>/0 (0 - CTaHAapT
HOe OTKJIOHeHHe) , <f:>YHI<nH.fl _Koppen.RQHH f 2-
H KNO-pacnpeAeJieHHe AJI.R dd -B3aHMOAeH:c1-
BHH npH 12,2 r3B/c H nn -aHHHrHJI.RUHH npH 
6,1 r3B/c. L(JI.a nocJieAHero npouecca nonylle
Hbl 3HalleHH.R <n > = 4,67±0,05 H <n>/f> = 
= 2,20±0,04. B cnyqae MHoroHyKJIOHHhiX dd -
B3aHMOAeHCTBHH 3HalleHH.R < D > H < n> /0 Ha 
30% Bhillle I S! • llpoBeAeHa oueHKa HH)I(HeH 
rpaHHQbi CelleHH.R noJIHOH_ aHHHrHJI.RUHH aHTH
AeHTpOHa c AeHTPOHOM a g~ > 0,12 M6. 

Ha cTaTHCTHKe -81?._00 dp -co6hiTHH npoae
AeH aHaJIH3 ynpyrHX np -B3aHMOAeHCTBHH npH 
6,1 r3B/c B pea~<nHH dp -+ ppn. llOJIHOe Celle
HHe 3Toro KaHana pea~<nHH (10,4±0,7) M6 
H 3aBHCHMOCTb AH<f:><f:>epeHQHaJibHOrO CelleHH.R 
no KBaApaTy nepeAaHHoro HMnyJibca corna
cylOTC.R C paclleTaMH n~ MOAeJIH rnay6epa. )J;JI.R 
ynpyroro celleHH.R nn -B3aHMOAeHCTBHH Ha
KJIOH AH<f:>paKQHOHHOrO KOHyca b = 12,7±1,3 
B o6nacTH It! < 0,2 (r3B/c) 2 comacyeTc.a 
C BeJIHliHHOH napaMeTpa b AJI.R pp-B3aHMO
AeHCTBHH npH 6JIH3KHX 3HeprH.RX. 3TOT pe-
3YJibTaT He noATBep)I(AaeT Ha6JIIOAaBllleroc.a 
paHee OTJIHliH.fl BeJIH'IHHbl b (H3 AaHHbiX 
pp -B3aHMOAeHCTBHH), onpeAeneHHOH AJI.R pn -
B3aHMOAeHCTBHH /6/. 

PEn.RTHBHCTCKA.R 
.R,[lEPHA.R <I>H3HKA 

1. C<f:>opMyJIHpoBaH KpHTepHH:, BhiAeJI.RlO
InHH 0 6JiaCTb KHHeMaTHlleCKHX nepeMeHHhiX, 
B KOTOp OH aAPOHbl yTpaliHBalOT pOJib KBa3H
llaCTHU .RAepHOH MaTepHH: 

Pt pk 2 
b ik = -(- - -) > 5 

mi . mk - ' 

rAe p i - 4-HMnyJibCbi llaCTHU C MaCCOH m i , 
yllaCTBYIOLUHX B pea:KQHH / 7/ , Y CJIOBHe AJI.fl 

nepBHliHhiX llacmu bu I > 5 roaopHT o TOM, 
liTO 3Hep rH.R Ha HYKJIOH B3aHMOAeHCTBYIOLUHX 
.RAep AOJI)I(Ha npeBbilllaTb BeJIHliHHy 4 r3B, Ha
liHHa.R C KOTOpOH H HaCTynaeT npeAeJibHa.R 

• <f:>parMeH~UH.R. 

TaKHM o6pa3oM, KpHTepH.RMH, BhiAeJI.alO
LUHMH KBapKOBbie CTeneHH CB060Abl B KyMy
JI.RTHBHOM pO)I()J.eHHH llaCTHU, .RBJI.RIOTC.fl ABa 

ycJIOBH.R: hxi I > 5, X > 1. ( X - MaClllTa6Ha.a 
nepeMeHHa.R - OTHOllleHHe 3HeprHH pO)I(AeHHOH 
llaCTIIQhi K nepBHliHOH 3HeprHH). B o6nacTH 

0 -2 
1 < b i k < 5 npoHCXOAHT nepexoA OT npe-
o6JiaAaHH.R HYKJIOHHhiX K npeo6JiaAaHHIO 
KBapK-rJIIOOHHbiX CTeneHeH CB060Ahi B peJI.R
THBHCTCKHX .RAepHbiX CTOJIKHOBeHH.RX. 

2. 3 KcnepHMeHTaJibHbie AaHHbie AJI.R OTHO
llleHH.R BbiXOAOB K +;K--Me3oHoB a KyMyn.a-

100 

10 

1 "' r • 

' 
1 

K/, 

2 
X 

3 

PHc.l. OntocHTen&H&Ie BbiXO.llbl KyMyn.RTHBHbiX 77- H 

K·Me30HOB B npoTOH·.R,llepHbiX B38HMO,lleHCTBH.RX npu 

HMnym,ce H8neT810lUHX npOTOHOB 9 r3B/c. 
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THBHbiX npOTOH-H,D;epHbiX B3aHMO,D;eHCTBHHX 

(pHc.1) yKa3hiBaiOT Ha To, qTo pacnpe,D;eneHHe 

MOpCKHX KBapKOB B o6nacTH X > 1 OTJIHqaeT

CH OT pacnpe,D;eJieHHR no HMllYJibCy BaJieHTHbiX 

KBapKOB Ha KOHCTaHTy S(X) = (1/50) U(X) /8/. 

Ha MaTepHanax, nonyqeHHhiX c noMOI..UbiO 

ycTaHOBKH ,ll:HCK-2, onpe,D;eneHbi A-3aBHCHMO

CTH ceqeHHH KYMYJIHTHBHhiX nHOHOB npH 

X=1,3 H X= 2,1 (pHc.2a,6) B npoTOH-H,D;epHbiX 

B3aHMO,D;eHCTBHRX npH p = 9 r3B/c. BhmH 

BbinOJIHeHbl ,D;Be cepHH H3MepeHHH. llepBaR 

cooTBeTcTsosana HMnynhcy nHoHa 500 M 3B/ c 

H yrny 3MHCCHH 168°, BTOpaR - HMllYJibCY 

800 M3B/c H yrny 3MHCCHH 162°. B KaqecTae 

MHUieHeH HCllOJib30BaJIHCb . 

s I cepHw 
6Li· 7Li· Be C Mg· AI· Si· 54Fe· 

• , ' , ' ' ' , 1 

56
Fe· 

58
Fe· 

58 Ni 61 Ni 64Ni Cu 
' ' ' ' ' ' 

112Sn, 118 Sn, 124sn, 144sm, 154sm, 

186 W Pb U· 
' ' ' 

6 4 Zn, 
18 2 w, 

6 . 114 
so II cepHH: L1, Be, C, Al, Cu, Sn, 

124 
Sn, Sn, W. Pb. 

a 2A( X·t,3) 
6Pb 

-v -J...a.. - - - _uL ._~_ IJ I If' 1 - ---1---

f. 

o A 
50 400 450 200 

~ (X=2,i) 6 

~-~ _ _!_- -~ -- -++ 
l . 

0 
100 150 200 50 

PHc.2. A·3aBHCHMOCTH oTHoweHHR ceqeauif o 6pll3oaa
HHJI KYMYJUITHBHbiX DHOHOB B npOTOH·RJlepHbiX B3aH· 
MOAeHCTBH.RX npH p = 9 r3B/c; a) npH 3HaqeHHH 
X=l,3; 6) X= 2,1. 
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3aBHCHMOCTb OTHOUieHHH ceqeHHH Ha HYK

JIOH oT aTOMHoro seca H,D;pa npH X = 1,3, 

a HMeHRO poeT ceqeHHH c ysenHqeHHeM A, npH 

A :£; 30 OTJIHl!aeTCH OT 3aBHCHMOCTH, nonyqeH

HOH B CJIAK ,D;JIH X < 1, r.D;e c poCTOM A OT

HorneHHe ceqeHHH ( CTpyKTypHbiX QlYHKJ.UiH) 

yMeHbUiaeTCH. 3TO 06CTOHTeJibCTBO yKa3biBaeT 

Ha CMeHy MeXaHH3Ma B3aHMO,D;eHCTBHH npH ne

pexo,D;e B KYMYJIHTHBHYIO o6nacTb. Me)I()J.y TeM 

xapaKTep A-3aBHCHMOCTH OTHorneHHH ceqeHHii 

uA I uPb npH X = 2,1 ocTaJICH TaKHM )Ke, KaK 

H npH X = 1,3, HecMoTpH Ha yMeH&UieHHe a6co

JIIOTHhiX BeJIHl(HH ceqeHHH npHMepHO B 500 pa3. 

3. ll pe,D;JIO)KeHO peJIHTHBHCTCKH·HHBapHaHT

HOe OllHCaHHe MHO)KeCTBeHHbiX nponecCOB npH 

CTOJIKHOBeHHRX a,D;pOHOB H H,D;ep B npOCTpaHCT

Be OTHOCHTeJibHbiX 4-cKOpOCTeH b ik I 101 • Oc

HOBHaR nen~o nepexo.D;a K nepeMeHHbiM b ik 
BMeCTO 06bll(HbiX nepeMeHHbiX (HMllYJibCbl, 

3HeprHH) COCTOHT B TOM, l(TO npH bik >> 1 

QlYHKI.tHR pacnpe,D;eneHHR 

F (by II • b 11 • b 12 • •••• bill • b II 2 • ••• b12 • •••) • 
COOTBeTCTBYIOI..UaR HHBapHaHTHOMy ceqeHHIO 

o6pa30BaHHH n -qaCTHI.t, MOHOTOHHO H ,Zl;OCTa

TOl(HO 6biCTpO y6hiBaeT C pOCTOM b ik • 3TO 

• 
. §~ 
• 

~~ 
~z 

-) 

10 U....--'---'---'---'-~-'--....l 

0 10 20 30 
ck 

Puc.3. PacnpeAeneaue rr ·Me30HOB no aenuqHHe bk 
B crpyRX, o6pa3yiOILUfXCJI B fT-C ·B3aHMOAeHCTBHJIX 
npu p = 40 r3B/c: (e) - B o6naCTH cl»parMeHTUXHH 
MHWeHH, ( 0) - neTRIUHX no HanpaBneHHIO ABIDKeHHJI 
nepauqaoro rr- -Me3oHa. llpRMaR nHHHR - pe3yn&T&T 
annpOKCHM~ 3KCnOHeHQH&nbHOH 38BHCHMOCTH. 



CBOHCTBO MO)K}{O npe,D;CTaBHTb KaK npHHQHII 

ocna6neHHH KoppenHQHH, npe,D;Jio:>KeHHbiH 

H.H.Boromo6oa&IM B CTaTHCTHQeCKOH QlH3HKe. 

Ha 3TOH OCHOBe ,ll;aHO HOBOe peJIHTHBHCTCKH

HHBapnaHTHOe onpe,D;eJieHHe nOHHTHH CTpyH 

BTOpHQHbiX qaCTHQ BMeCTO Tpa,D;HQHOHHO

ro / 11 / c noMomLro nepeMeHHbiX "c<Pepucu

TH", "TpacT" u ,D;p. Ha puc.3 npuae,D;eHo pac

npe,D;eneHne rr- -Me30HOB no b k B cTpyHx, 

06pa3ylOIQHXCH B TT- C -B3aHMO,D;eJicTBHHX npH 

HMnyJibCe nHOHa 40 r3B/c. BH,D;HO, QTO pacnpe

,D;eJieHHH no nepeMeHHOH b k ,D;JIH o6eux 

CTpyH ( B 06JiaCTH QlparMeHTaQHH H,D;pa H B o6-

JiaCTH QlparMeHTaQHH TT- -Me30Ha) COBIIa,D;alOT 

B npe,D;enax 3KcnepnMeHTaJibHbiX ornu6oK. 

B o6nacTH b k 2: 4 pacnpe,D;eneHHH rr- -Me3o

HOB dN/ db k B o6eux CTpyHX OIIHCbiBaJOTCH 

3KcnoHeHQHaJILHOH <PYHKQHeH F(b k) = 

=A· exp(-~/ <bk >), co cpe,D;HHM 3HaqeHn

eM <b k > "" 4. 

4. 1-byqeHne xapaKTepncTHK K0 
-Me30HOB 

u A-runepoHOB, o6pa3yromuxcH B npoQeccax 

QlparMeHTaQHH KBapKOB H ,ll;HKBapKOB B 

rr-p- H KYMYJIHTHBHhiX rr- C -B3aHMO,D;eHCTBH

HX npH p = 40 r3B/c, nOKa3aJIO, QTO QlYHKQHH 

<PparMeHTaQHH KBapKOB B K0 -Me30Hbi u A -

runepOHbl nO,D;06Hbl QlYHKQHHM <JlparMeHTaQHH 

B e+- e- -aHHHrHJIHQHH (puc.4a,6). <l>yHKQHH 

QlparMeHTaQHH ,ll;HKBapKOB O,ll;HHaKOBbl )l;JIH 

rr-p- H KYMYJIHTHBHbiX rr-c -B3aHMO,D;eHCTBHH. 

TeM caMbiM noKa3aHa yHHBepcanbHOCTb <Ppar

MeHTaQHH KBapKOB H ,ll;HKBapKOB B MHrKHX 

u :>KecTKHx npoQeccax / 12-141. · 

Ha 2-MeTpoaoli fipOnaHoaoli KaMepe rrpo

.D:OJI:>KaJIOCb uccne,D;oaaHue caolicTB KYMYJIH

THBHhiX a,D;pOHOB ( IIpOTOHOB H nHOHOB) B pC

B3aHMO,D;eHCTBHHX npH 10 r3B/c 115 /. lhyqe

HHe 3aBHCHMOCTH HHBapHaHTHbiX HHKJil03HB

HbiX ceqeHHH ux o6pa30BaHHH oT KYMYJIHTHB

Horo QHCJia H aHaJIH3 cneKTpOB conyTCTBYlO

mux nHOHOB H npOTOHOB, HcrrymeHHbiX B 3a,D;

Hl0l0 IIOJiyc<Jlepy JI.C.K., npHBO,Il;HT K BbiBO.D:Y 

0 H83aBHCHMOCTH npOQ8CCOB HCIIyCKaHHH Ky

MYJIHTHBHbiX IIpOTOHOB H IIHOHOB. 

llpO,D;OJI:>KaJIOCb HCCJie,D;OBaHHe H,D;pO-H,D;ep

HbiX B3aHMO,Il;8HCTBHH npu HMnyJibCe HaJieTaJO

mero H,D;pa 4,2 r3B/c Ha HYKJIOH. B C +Ta-co

y,D;apeHHHX aHaJIH3HpOBaJIHCb xapaKTepHCTHKH 

npOTOHOB C HMnyJibCOM p ~ 0,7 r3B/c H He

KOTOpbie CBOHCTBa TT- -M830HOB B 3aBHCHMO· 

CTH oT KYMYJIHTHBHOH rrepeMeHHOH 1 161 • 
Hccne,D;oaanucb KoppenHQHOHHbie 3QlQleKThi 

B Heynpyrux B3aHMO,Il;8HCTBHHX H,D;ep d, 4He, 
C c H,D;paMH yrnepo,D;a u TaHTana. llonyqeHo 

yKa3aHHe Ha o6pa30BaHHe .D:HIIpOTOHHbiX pe3o

HaHCOB a QeHTpanbHbiX CC-B3aHMo,D;elicTBHHX. 

• rc"' .. 46,3 ras 
o3rpofl • &,'1rl8 
t. e• f!"<{i • ~,. r\8 

100 r. 
'"i 4$~ 
~ 10 ttn~ 

1 
~ ~~c. 

0,1 

X 1 • 2E'}-If 

• 

Pnc.4 . 3 8BHCHMOC'l'Jo HHB&pHUITIIbiX Ceo&etndi o6p&30B&

HHJI CTp8HHbiX 'I&CTHU (a - WJJI K0 
-Me30HOB, 6- WIR 

A -runepoaos) B p&311H'IHI>JX B3aHMOAeHCTBHJIX OT AO

nu 3HeprHH, YHOCHMOH HMH. 

llonyqeHbi OQeHKH TeMrrepaTyphi (T= 
: 200 M3B) H IIJIOTHOCTH (p/p0 : 2) B MHOro

HYKJIOHHbiX QeHTpaJI&HhiX CC-B3aHMO,D;eHcTBn

.HX. H a 6nro,D;ancH 3QlQleKT KoppenupoBaHHoro 

HCIIYCK aHHH rpyrrn TO)K)l;ecTBeHHbiX TT -M830· 

HOB, o 6ycnoaneHHbiH o6pa3oBaHHeM Myn&TH

H3o6ap HbiX COCTOHHHH B MHOrOHYKJIOHHbiX 

B3aHMO,D;eHCTBHHX H,D;ep /17/ • 

CpaBHHTeJI&HhiH aHaJIH3 Heyrrpyrux pC- , 
dC-, aO. H CC-B3aHMO,D;eHCTBHH IIOKa3aJI 1181, 

QTO u x o6mue xapaKTepncTHKH Y.D:OBJieTBO

pnTen&Ho OIIHCbiBaJOTCH B paMKax ,D;y6HeHCKO

ro Bap HaHTa KaCKa,D;HOH MO,Il;eJIH. 3Kcrrepu

M8HTaJibHbl8 ,D;aHHbl8 . 110 MHO:>KeCTB8HHOCTH 

H OTHOlll8HHHM HHKJil03HBHbiX ceqeHHH rr- -Me-

30HOB B dC-, aC- H CC-B3aHMO.D:8HCTBH.HX 
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npaBIDibHO BOCnpOH3BO,ll,HTCH MO,D,eJibiO M HOrO

KpaTHOrO pacceHHHH. XapaKTep 3aBHCH MOCTH 

HMnyJibCHbiX H yrJIOBbiX xapaKTepHCTHK 7T- -Me-

30HOB H npoTOHOB oT KYMYJIHTHBHOH nepe

MeHHOH O,ll,HHaKOB ,ll,JIH pa3HbiX THnOB CTaJI

KHBaiOIUHXCH H,D,ep H HMeeT no,n,o6HhiH B H,ll, ,ll,JIH 

nHOHOB H npOTOHOB 119 1 . 

ilpo,n,omKaJICH aHaJIH3 CTa-a3aHMo,n,eH:cTBHH 

c o6pa30BaHHeM A - H K 0 -tJaCTHU:. B 3THx co-

6hiTHHX Ha6JIIO,n,aeTCH B cpe,D,HeM B 1,5 pa3a 

60JibiilaH cpe,D,HHH MHO)KeCTBeHHOCTb 3ap H)KeH

HblX qacTHU:, tJeM ao acex HeynpyrHx CTa-co6hi

THHX. CymecmeHHoro yaeJIHtJeHHH B h ixo.n.a 

CTpaHHbiX tJaCTHU: OTHOCHTeJibHO BbiXO,D,a 7T -

Me30HOB no CpaBHeHHIO C COOTBeTCTBYIOIUHMH 

OTHOIIIeHHHMH ,ll,JIH HyKJIOH-HyKJIOHHblX B3aH

MO,D,eHCTBHH He o6Hapy)KeHO / 20 / . 

5. Ha ycTaHOBKe "Anbcpa" nonytJeHbi HO

Bbie ,n,aHHhie o cetJeHHH peaKIJ;HH nepe3ap H.D.KH 

reJIHH-3 B TPHTHH npH HMn ynbce 

p = 18,3 r3B/c, nO,ll,TBep,D,HBIIIHe C,D,eJiaHHb iH pa

Hee BhlBO,ll, 0 cymeCTBeHHOH pOJIH KOJIJie KTHB

HbiX 3cpcpeKTOB B peaKIJ;HH nepe3apH,ll,KH C B03-

6y)K,ll,eHHCM H306ap. 

6. Ha cneKTpoMeTpe H,n,ep oT,n,atJH Hcc ne.n.o

aanacb cpparMeHTaU:HH H,n,ep Be, C, Al, C u, Ag, 

Au a • nytJKe a -qaCTHU: c 3HeprHeH 3,33 r 3B/c. 

I13MepeHbl ,ll,BOHHbie ,ll,HcpcpepeHIJ;HaJibHbie CetJe

HHH o6pa30BaHHH H30TOnOB BO,ll,OpO,n,a H reJIHH 

B 06JiaCTH cpparMeHTaiJ;HH H,D,pa-MHIIIeHH no,n, 

yrJiaMH 45, 90, 135° • .[LnH OnHCaHHH ,D,aHHbiX 

pa3BHBaJiaCb TepMO,D,HHaMHtJeCKaH M O,D,eJib 

c .D.BH)KYIUfiMCH HCTOtrnHKOM BHYTPH H,n,pa. 

ilOKa3aHO, 'ITO B 06JiaCTH 3HeprHH cpparM eHTOB 

(Ecp) MeHbiiie 50 M3B cymecTaeHHhiH B KJia,n, 

BHOCHT MexaHH3M HCnapeHHH. ilpH paCCM OTpe

HHH OTHOIIIeHHH BhiXO,D,a 
3H1 K BhiXO.D.Y 

3He2 
06Hapy)KeHO, 'ITO OHO 60Jibiiie, tJeM OTHOIIIeHHe 

KOJIH'leCTBa HeHTpOHOB K KOJIHlJeCTBY n pOTO

HOB B HCnycKaiOIUeH cpparMeHTbl t!HCTeMe. 

AHaJIH3 cpyHKU:HH R = a 
3 

. /a 
3 

= R(E . ) no-
H1 •He2, <P' 

Ka3aJI, 'ITO cpparMeHThl 3H1 H 3 He2 "qyB CTBy

IOT" nonHoe KYJIOHOBCKoe none H,n,pa-MHIIIe
HH / 21/ • 

AHaJIH3 nonytJeHHhiX H HMeiOIUHXCH JIHTe

paTypHhiX ,D,aHHblX B paMKaX MO,D,eJIH CJIHna

HHH noKa3aJI, 'ITO o6JiaCTb cpopMHpOBaHHH 

cpparMeHTOB HMeeT pa3Mep -3,2 cpM H He 3a

BHCHT OT H,D,pa-MHIIIeHH H OT HaJieTaiOmero H,ll,
pa / 22 / . 

7. ilpoae,n,eHO o6JiytJeHHe cpOT03MYJibCHH 

( o6hi'IHhiX H C IIOBbiiiieHHOH KOHU:eHTp au;HeH 

H,n,ep CBHHU:a) H,D,paMH MarHHH H Kpe MHHH 

c HMnyJibCOM 4,5 r3B/c. Bbi,D,eJieHO 6one e 100 

30 

C06hiTHH nOJIHOrO pa3pyiiieHHH H,D,ep CBHHIJ;a. 

ilpH H3ytJeHHH B3aHMO,D,eHCTBHH peJIHTH

BHCTCKHX H,D,ep HeOHa-22 C H,D,paMH cpOT0-

3MyJibCHH nOKa3aHO, 'ITO K03cpcpHu;HeHT Heyn

pyroCTH B CJiyqae nOJIHOrO pa3pyiiieHHH TH)Ke

JlhiX H,D,ep cymeCTBeHHO 3aBHCHT OT MaCChi 

1,31 C\l 
QC\l 
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PHc.5 . 0THoweHHe CTPYKTYPHbiX <I>YHKUHH HyKnOHOB, 
nonyqeHHoe B 3KcnepHMeHTax no rny6oKoHeynpyro
My pacceHHHIO MIOOHOB c 3HepnteH 280 r3B : a) B onbJ· 
TaX C :>Kene3HOH H LleHTepHeBOH MHWeHHMH, 6) B onbl· 
TaX C a30THOH H LleHTepHeBOH MHWeHHMH. 



.R,npa-cHapsma npH OAHH8KOBOH aenHliHHe 3Hep
rHH Ha HyKnOH. nonyqeHO YKa3aHHe Ha npO.RB
neHHe 3Q><f>eKTa "OTCKOKa" <f>parMeHTOB .R,npa
CHap.R,na 1231 -

8. B coaMecTHoM OHJIH-UEPH 3KcnepH
MeHTe Ha ycTaHOBKe NA-4 no rny6oKoHeynpy
roMy pacce.RHHIO MIOOHOB C 3HeprHeH 280 r3B 
Ha R,nrax ,neuTepHR, a3oTa H )l(ene3a noKa3a
Ho / 24 • liTO OTHOllleHHe CTPYKTYPHhiX <I>YHKI.(HH 
HYKnOHOB, nonyt~eHHOe B onbiTax c )l(ene3HOH 
H ,neuTepHeBOH MHllleH.RMH, a TaK)I(e 830THOH 
H ,neuTepHeBOH MHllleH.RMH, M.R $HKCHpOBaH
HOrO 3Hat~eHHR MaClllTa6Hou nepeMeHHOH X He 
3aBHCHT OT KBa,l\paTa nepe,naHHOrO 4-HMnym,ca 
Q2 • Y6hiBaHHe OTHOllleHH.R cTpyKTYPHhiX <I>YHK
l.(HH c pocTOM X B npe,nenax 0,2 .s X ~ 0, 7 
H 50~ Q2 ~ 200 r3B/c 2 XOpOlllO OnHCblBaeTC.R 
nHHeHHbiM 3aKOHOM R = a + bX c napaMeTpa
MH: a= 1,16±0,03, b = -0,56± 0,08 M.R Fe/02 H 
a =1,10±0,04, b = 0,39±0,09 M.R N/02 
(pHc.5a,6) • 

JlnR cornacoBaHH.R (B o6nacTH X < 0,4) 
,l\8HHbiX no HCCne,nOBaHHIO OTHOllleHH.R CTpyK
TypHbiX <I>YHKI.(HH HYKnOHOB, nonyt~eHHhiX 

B rny60KOHeynpyrHX 3neKTpOH-.R,l\epHbiX 
H MIOOH-.RAepHbiX peaKI.(H.RX, npe,nno)l(eHo ·'21>-' 

Hcnonh30BaTb npH aHanH3e eA-pacce.RHH.R 3aBH
CHMOCTb OTHOllleHH.R CelleHHH npo,nonbHbiX 
CTL H nonepeliHbiX CTT BHpTyanbHbiX <f>OTOHOB 
OT aTOMHoro aeca .R,npa A B BH,ne: R(A) ~ 
,-: <£ I o T == aA113 c napaMeTpoM a = 0,08. 

PA3BHTHE METO,llHKH 3KCllEPHMEHTA 
H C03,llAHHE 3KCllEPHMEHT AJibHhiX 
YCTAHOBOK 

1. BbmonHeH 6onblllOH KOMnneKc pa6oT 
no C03AaHHIO 6a3bl M.R cepHHHOrO H3rOTOBne
HH.R H MeTOAHlleCKHX HCCne,noBaHHH ,neTeKTO
pOB a,npOHHOrO KanOpHMeTpa ycTaHOBKH 
.UEJI<I>H. 

llpoae,neHO MOAenHpOBaHHe pa3BHTH.R H no
rnomeHH.R .R,nepH0-3neKTpOMarHHTHbiX nHBHeH 
B )l(ene3e, H3ylleHbl HeKOTOpble XapaKTepHCTH
KH nnaCTHKOBblX CTpHMepHblX Tpy60K /26,27/. 

JlnR MeTOAHlleCKHX HCCne,nOBaHHH no npo
eKTY ,l],EJI<I>H anepBble B MHpOBOH ycKOpH
TenbHOH npaKTHKe Ha CHHXpo<f>a30TpOHe ocy
mecTBneH BhiBOA ycKopeHHoro nyt~Ka npoTo
HOB H3 BaKyyMHOH KaMepbl yCKOpHTen.R C no
MOUlbiO KpHcTannHt~ecKoro ,ne<f>neKTopa /28 / . 

0TKnoHeHHe nyt~Ka Ha yron - 35 Mpa,n o6ec
net~HBana nnaCTHHKa KpeMHH.R pa3MepaMH 
11x10x0,4 MM3, YCTaHOBneHHa.R B nepBOM 
np.RMOnHHeHHOM npOMe)l(yTKe YCKOpHTen.R 
(pHc.6) . 3<f><f>eKTHBHOCTb BbiDO,l\a COCTaBHna 
-10-4 H Onpe,nen.RnaCb B OCHOBHOM COOTHO
llleHHeM nonepet~HbiX pa3Mepoa nyqKa H KpH
CTanna. 

I(OI'f1I,IC 
16 

nEPBbl!':l !1Pf!MO
M1HE!':~Hbi~ riPOME)I(IITOK 

I 

I I 

____J~-4L---l------+t-

PHc.6 . C x eMa 3KcnepHMeHTa no BbiBOAY ny'IKa H3 

CHHXpOQ>a30TpOH8 C nOMOll.lbiO H30rHyTOrO MOHOKpH· 

cTanna: St-Ss- CUHHTHJIJifiiiHOHHbie c'leT'IHKH, Mt· 
M 3 - MarHHThi KaHana TpaHcnopTHpOBKH ny'IKa. 

2. Bae,neHa B 3KcnnyaTal.(HIO ycTaHOBKa 
"Pe30HaHc" - CTpHMepHa.R KaMepa C )I(H,l\KO
BOAOPOAHOH MHllleHbiO B MarHHTHOM none. 
Hat~aT Ha6op pa6ot~eu cTaTHCTHKH. 

3. llonHOCTbiO BBe,neHa B ,neHCTBHe HOBa.R 
3BM EC-1055M. 3BM EC-1040 H EC-1055 
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BaeneHa a 3KcnnyaTa~IO HoBan 3BM EC-1055 
a KOMnneKce c EC-1040. 

Co3naHa H HHTeHCHBHO HCnOnh3yeTCR nepBaH oqepenh 
TepMHHanhHOH ceTH KOMnneKca EC-1055/1040. 

06be)J;I-iHeHbi B BbitUofCJIHTeJibHbiH KOMIIJieKC, 

pa3pa6oTaHO cnei..J;HaJIH3HpOBaHHOe MaTeMaTH

tieCKOe o6ecnetieHHe. PacnmpeHa ceTb y.u;a

rreHHhiX TepMHHaJIOB, pa60TaiOI..UHX ·c KOMTI

JieKCOM EC-1040/1055M. 

BBe.rr;eHa B 3KcnrryaTau;Hro e.rr;HHaR yHHcPHUH

poBaHHaH cHcTeMa npoue.u;yp .rr;rrH EC 3BM. 

Pa3pa6oTaHhi KOMnrreKc annapaTy pHbiX 

cpe.rr;CTB, o6ecnetiHBaiOI..UHH TIO)J;KJIIOlleHHe 

3KcnepHMeHTaJibHhiX ycTaHOBOK K Bhi tiHCJIH

TeJibHOMY KOMTIJieKcy JIB3 qepe3 6y<t>epHyiO 

MHKpo-3BM "3rreKTpOHHKa-60", H YHHcPHUH

pOBaHHaR CHCTeMa nporpaMM c6opa )J;aHHbiX. 

4. )J.JIH yrryqureHHH xapaKTepHCTHK CTieKT

poMeTpa BHC-2 co3.rr;aHa cHcTeMa H.rr;eHTHcPHKa

UHH 3apH)f(eHHbiX BTOpHtiHbiX tiaCTHU, COCTOH

I..UaR H3 )J;Byx MHOrOKaHaJibHbiX noporOBbiX ra-

30BbiX tiepeHKOBCKHX CtieTtiHKOB (MTirtJC-1 
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H MTirtiC-2) c ' HanorrHeHHeM B03.rr;yxoM 

H <t>peOHOM-12 npH aTMOCcPepHOM )J;aBJieHHH. 

CtieTtiHK MTirtiC-1 1291 7 -KaHarrbHhiH, .u;rrHHa 

pa.rr;HaTopa 270 CM, HCTIOJib3YIOTCH TOHKHe 3JI

JIHTITHtieCKHe 3epKarra pa3MepaMH 70x1 7,5 CM2 

C pa.rr;HyCaMH KpHBH3Hbi 200 H 141 CM B )J;BYX 

B3aHMHO nepneH)J;HKYJIHpHbiX TIJIOCKOCTHX. 3<1>

cPeKTHBHOCTb perHCTpai..J;HH 3apH)f(eHHbiX tiaCTHU 

.u;rrH {3 > 0,9998 cocTaBJIHeT > 98%. CtieTtiHK 

Mnrqc=2 130114-KaHaJibHhiH, MHHa pa.u;HaTOpa 

150 CM, HCTIOJib3YIOTCH 14 TOHKHX c<t>epHtie

CKHX 3epKaJI C pa.rr;HyCOM KpHBH3Hbl 200 CM. 

3<P<PeKTHBHOCTb npH {3 2:_ 0,995 COCTaBJIHeT 

298%. 

5. B 1984 r. npo.rr;OJI)f(aJiacb pa3pa6oTKa 

H C03)J;aHHe 6JIOKOB 3JieKTpOHHOH annapaTypbl 

)J;JIH 3KCnepHMeHTaJibHbiX cPH3HtieCKHX yCTaHO

BOK. H3rOTOBJieHo, HaJia)f(eHo oKorro 200 6rro

KOB B CTaH.rr;apTe KAMAK. Mo.u;epHH3HpOBaHO 

o6opy.rr;OBaHHe )J;JIH H3rOTOBJieHHH netiaTHbiX 

nrraT. 

P ABOTbl TIO COBEPlllEHCTBOBAHHIO 

H PA3BHTHIO YCKOPHTEJlbHOA BA3bl 

1. Ha CHHxpo<Pa3oTpoHe BnepBbie ocyr..uecTB

rreHo ycKopeHHe H.rr;ep <t>Topa H KpeMHHH. Ho

Bbie nytiKH peJIHTHBHCTCKHX H.rr;ep HCTIOJib30Ba

Hbi B cPH3HtieCKHX 3KcnepHMeHTax. YcneurHo 

3KCTIJiyaTHpOBaJICH Jia3epHbiH HCTOtiHHK HO

HOB/3l/, o6ecnetiHBaR norryqeHHe nytiKOB Li , 
C, 0, F , Mg, Si. 

flpH HCCJie)J;OBaHHH pe)f(HMOB pa60Tbi Jia-

3epHOrO HCTOtiHHKa 06Hapy)f(eH TaK Ha3biBae

MbiH "KpaTepHbiH 3cPcPeKT", COCTOHI..I..J;HH B yBe

JIHtieHHH KOJIHtieCTBa HOHOB H TIOBbJUieHHH HX 

3apH.u;HOCTH TIOCJie o6pa30BaHHH B MHUieHHX 

KpaTepoB (pHc.7). PactieThi noKa3biBaroT, liTO 

TIJIOTHOCTb TIJia3Mbi B KpaTepe BbiUie KpHTHtie

CKOH (n Kp = 1019cM -3 ) , a TIOBbiUieHHe TeM

nepaTypbl 3KBHBaJieHTHO yBeJIHtieHHIO TIJIOTHO

CTH Ha TIOpH)J;OK BeJIHtiHHbl /32/. 

flepBaR Otiepe.rr;b CHCTeMbJ KpHoreHHOH OT

KatiKH BaKYYMHOH KaMepbl CHHXpOcPa30Tpo

Ha 1331 6hma Hcnorrb30BaHa B ceaHce ycKope

HHH H.rr;ep KpeMHHH. HHTeHCHBHOCTb ycKopeH-



MHoroKaHan&H&IH r8.3oB&IH noporoB&IH qepeHKOBCKHH C'leT'IHK cneKTpOMewa BHC-2. • 

Puc. 7. Cpe3 MHWeHH na3epHOro . HCTO'IHHK8 C KpaTe
pOM, o6pa30BaBWHMCR B pe3yn&TaTe ncnapeHWi: Me
Tanna. 

Horo rrytJKa H,D;ep rrpH 3TOM yaenHtJHBanac& 

ripHMep HO B ,D;eCHTb pa3. 

llpO,D;OmKaJIOCb COBepweHCTBOBaHHe HCTOlJ

HHKa ITOJIHpH30BaHHbiX ,D;eHTpOHOB "llOJIHpHC" 

H CHCTe M ITOJIHpHMeTPHH /34/ • Pa3pa6oTaHa 

arrrrapaTypa ,!1;JIH H3MepeHHH TeH30pHOH ITOJIHpH-

3aQHH. Co3,D;aH rroJIHpHMeTp ,D;JIH H3MepeHHH 

BeKTOpHOH H TeH30pHOH ITOJIHpH3aQHH ITOCJie 

JIHHeHHOrO YCKOpHTeJIH JIY-20 C HCITOJib30BaHH

eM pea KI.UfH yrrpyroro pacceHHHH rronHpH30-

BaHHhiX ,D;eHTpOHOB Ha H,D;pax 4 He H 
3 He. BeK

TOpHaH ITOJIHpH3aQHH ITYtJKa Ha BhiXO,D;e JIY -20 

COCTaBHJia 0,5, a TeH30pHaH- 0,6. 

llpO,D;OJI:>KaJIOCb COBepweHCTBOBaHHe 3JieKT

pOHHO-JiytJeBoro MeTO,D;a HOHH3aQHH: HOHH3a

TOp K P H:OH-2 rrepeae,D;eH B pe:>KHM pa6oThi 

C ITOCTOHHHbiM TOKOM 3JieKTpOHHOrO ITYtJKa 

ripH ITOBbilileHHOH 3HeprHH; BriepBbie ITOJiytJeH 

fiYlJOK H,D;ep KpHriTOHa; HCCJie,D;OBaHbl pa60tJHe 

xapaKTepHCTHKH HOHH3aTopa KPH:OH-3. 
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Ha HCTO'IHHKe nonHpH30B8HHbiX AeH:TpOHOB "TionRpHc" 
AOCTHrHYTa CTeneHb nOJIRpH3auHH nyqKa AeHTpOHOB 
nocne JIHHeH:Horo ycKopHTenR 6onee 50%. 

BhmOJIHHJIHCb pa6oTbi no coaepweHc Taoaa

HHIO HCTO'IHHKOB nHTaHH.fl CHCTeM CHH.Xpo<Pa-

30TpOHa H KaHaJIOB nyqKoB qacTHQ. H ana)KeHa 

H HCnbiTaHa HOBa.fl CHCTeMa nHTaHH.fl BbiBOJJ:HO· 

ro MarHHTa BToporo HanpaaneHHH Me,nneHHO

ro BbiBO,na ny'IKa H3 KaMepbi CHHXpo<l>a 30TpO· 

Ha, o6ecne'IHBaiO~a.fl TOK .no 7 KA c HaKJIOHOM 

nno~a,nKH .no 500 A. Pa3pa6oTaHa, CMOHTHpo

BaHa H HaJia)l{eHa CHCTeMa nHTaHH.fl Mar HHTOB 

B 3,naHHH 205 Ha OCHOBe napanJieJibHOrO BKJIIO· 

'leHHH THnOBbiX HCTO'IHHKOB, 'ITO n03BOJIHT 

yBeJIH'IHTb 'IHCJIO O,nHOBpeMeHHO pa60TaiO~HX 
KaHaJIOB. 

Pa3pa6oTaH pH,n HOBhiX :meKTpOHHbiX 6no

KOB ,nJIH CHCTeMbl yCKOpeHH.fl riyqKa Ha "2-H 

KpaTHOCTH 'laCTOTbl o6p~eHH.fl, COBep weHCT· 

BOBaJiaCb ,nHarHOCTH'IeCKa.fl annapaTypa H CH· 

CTeMbl KOHTpOJIH napaMeTpOB Ha JIHHHH C 3BM. 
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2. 3aaepweHa c6opKa caepxnpoBO.Il:.fli.Uero 

Mo,neJibHoro CHHxpoTpoHa CTII1H. TipoBo,nH

JIHCb KOMnJieKCHbie HCnbiTaHHH pa60Tbl ero 

CHCTeM B "TeruiOM" pe)KHMe C ny'IKOM. LI.JIH 

o6ecne'leHHH 3THX pa60T CMOHTHpOBaHO H Ha

Jia)KeHO o6opy.noaaHHe <PopHH)KeKTopa Ha 3Hep

rHIO npOTOHOB 750 K3B, ycTpOlfcTBa BBO,na 

ny'IKa B KaMepy YCKOpHTeJIH, HCTO'IHHKH 

CTa6HJibHOrO TOKa JJ:JIH nHTaHH.fl 3JleMeHTOB 

MarHHTHOH OnTHKH HH)KeKQHOHHOrO KaHana 

H MarHHTOB OCHOBHOrO KOJlbQa, C03,naHa anna

paTypa H nporpaMMHoe . o6ecne'leHHe aaToMa

TH3HpOBaHHOH CHCTeMbl KOHTpOJIH H ynpaBJie

HHH napaMeTpaMH nHTaiO~HX CHCTeM, a TaK)Ke 

pH,n Mo,nyneii annapaTypbi ,nHarHOCTHKH. l13ro

TOBJieH pH.n y3noB BbiCOKO'IacTomoH: ycKopHIO

~eii cHcTeMbi CTII1Ha. 

3. BenHCb npoeKTHbie H Hccne,noBaTenbcKHe 

pa6oTbi no C03JJ:aHHIO HyKJioTpoHa. B ,nayx 

ceaHCax KOMnJieKCHbiX HCnbiTaHHH MOJJ:H<i>H· 

UHPOBaHHoro 1,5-MeTpoaoro ,nHnOJibHoro Mar

HHTa onpe.neneHbi ero ocHOBHbie TeruiOBbie, 

MarHHTHble H 3JieKTpH'IeCKHe xapaKTepHCTHKH. 

l13rOTOBJieH CBepxnpOBOJJ:H~HH KBa,npynOJib 

npoKa'IHoro THna ,nnH perynHpHoro nepHo,na 

MarHHTHOH CHCTeMbl HYKJIOTpOHa, HCCJie,noBa

Hbl ero 3JieKTpH'IecKHe xapaKTepHCTHKH. Yco

BepweHCTBOBaHa MarHHTOMeTpH'IeCKa.fl annapa

Typa Ha 6a3e 3BM MERA-60/30. 

iloJiy'leHbl pe3yJibTaTbl no HCCJie,noBaHHHM 

pa3MepHOrO 3<P<PeKTa H 3<P<PeKTa 6JIH30CTH, 

B03HHKaiO~HX B KOMn03HTHbiX CBepxnpOBO.Il:· 

HHKax / 3 5, 36/ ,T.e. B CBepxnpOBOJJ:HHKax, Ce'le

HHe KOTOpbiX npe,nCTaBJIHeT C060H JJ:ByMepHyiO 

CHCTeMy qepe,nyiO~XCH 3JieMeHTOB CBepxnpo

BOJJ:H~ero H HOpMaJibHOrO MeTaJIJIOB. 

LI.JIH onpe.neneHH.fl norno~eHHoH: 3HeprHH 

(,no3bi) oT noTepb nyqKa B KOHCTPYKUHOHHbiX 

3JieMeHTax YCKOpHTeJIH, HaxO,n.fl~HXCH B nepe

MeHHbiX MarHHTHbiX nOJIHX H npH TeMnepaType 

)KHJJ:KOrO reJIHH, pa3pa60TaHbl MeTO,nHKa 

H KpHoreHHbiH KanOpHMeTpH'IeCKHH JJ:03HMeTp, 

H3MepeHbi pacnpe,neneHHH norno~eHHOH 3Hep

rHH B MaKeTe )KeJie3HOrO HpMa MarHHTa npH 

o6Jiy'leHHH ero npOTOHaMH C 3HeprHeH 2,5 r3B 

H ,neH:TpOHaMH C 3HeprHeH 7,3 r3B 137 I. 

Pacc'IHTaHhi onTHMaJihHhie no 3Hepro3aTpa

TaM pe)KHMbl KpHOreHHbiX reJIHeBbiX CHCTeM 

C CaTeJIJIHTHbiMH pe<i>pH)KepaTopaMH /38/. LI.JIH 

npOBe,neHH.fl CTeH,nOBbiX HCnbiTaHHH nOJIHO· 

MaCWTa6HbiX MarHHTOB HyKJIOTpOHa C03JJ:aH 

H Hccne,noBaH caTeJIJIHTHhiH pe<l>pH)KepaTop 



Ha MOAeJibHOM caepxnpoao,r:vi~eM CHHXpOTpOHe CIII1H BbmonHeHa npoao,nKa nyqKa npoTOHOB no KOnbQY yc
KOpHTenn B "TennoM" pe'lKHMe. Ha CHHMKe : BHA caepxy Ha ycKopHTenb CIII1H. 

C H36biTOliHbiM o6paTHbiM TIOTOKOM, o6Jia,n:aiO· 

IUHH HOMHHaJibHOH XOJIO,D;OnpOH3BO,D;HTeJib

HOCTbiO 50 BT 1391. Pa3pa6oTaH TaK:lKe pR,n; .n;py

rHx y3JIOB (TOKOBBOAhi, KOHTaKTHbie coe,D;H

HeHHR, KpenrreHHR) ,D;JIR MarHHTHOH CHCTeMbl 

HYKJIOTpoHa. 

HAYqHQ-TEXHI1qECKI1E 

IIPHKJIA,llHhiE P AB OTbl 

MHoronpoaorrotJHbie Koop,n;HHaTHbie ,n;eTeK

TOpbi B COlJeTaHHH C COBpeMeHHOH 3JieKTpOH

HOH H BbitJHCJIHTeJibHOH TeXHHKOH ycnenmo 

HCTIOJib3YIOTCR B KatJeCTBe ,n;eTeKTOpOB "H30-

6pa:lKeHHR" (3rreKTpOHHoro aHarrora peHTre

HOBCKOH nrreHKH) B pa3JIHlJHbiX 06JiaCTRX Hay-

KH H TeXHHKH. TaKHe CHCTeMbl ll03BOJIRIOT 

3HatJHT JlbHO yMeHblliHTb pa,n:H~HOHHbie Ha

rpy3KH -H o6ecnetJHTb npoae.n;eHHe Hccrre.n;oaa

HHH Ha K atJeCTBeHHO HOBOM ypOBHe /40,41/ • 

B 1 9 84 r. Jia6opaTopHR BbiCOKHX 3HeprHH 

011.Rl1 COBMeCTHO C 11HCTHTYTOM KpHCTaJIJIO

rpa¢HH AH CCCP 3aBeplliHJia C03AaHHe HOBO

ro, 6 o rree coaepllleHHoro peHrreHoBcKoro 

,n;H¢paK TOMeTpa KAP,ll;-4 Ha ocHoae .n;ByMep

Horo M HOronpOBOJIOlJHOrO ,n;eTeKTOpa H rOHHO

MeTpa. IlpH60p C03,D;aBaJICR AJIR AH¢pa~OH
HbiX 3 K CnepHMeHTOB C 6eJIKOBbiMH MOHOKpH

CTaJIJiaM H c nepHo.n;oM pellleTKH .n;o 250 A. 
Cpe,D;Hee KOJIHtJeCTBO perHcTpHp"yeMbiX ,n;H¢

paKI.UfOHHbiX OTpa:lKeHHH - 3 TbiC. B tJaC, yr
JIOBOe pa3pellleHHe ,n;H¢paKTOMeTpa O,!f. Ilo 

CBOeH n pOH3BO,D;HTeJibHOCTH npH60p npeBOCXO

,D;HT COB eTCKHe H 3apy6e:lKHbie AH¢paKTOMeTpbl 

aHaJIOrHtJHOrO Ha3HatJeHHR. 
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,.... 

PeHTreHOBCKHH AH<PpaKTOMeTp KAPll-4 B 11HCTHTyTe KpHcTannorpa<tJHH HM.A.B.llly6HHKOBa AH CCCP. 

CoaMecTHO c 3THM )!(e HHCTHTyToM co3,naH 
H HCCJie,noaaH O.D;HOMepHbiH KOOpAHHaTHbiH 
neT~Top ,nnR aaToMaTH3aUHH peHTreHOCTpyK
TypHhiX 3KCnepHMeHTOB llpH CBepXBbiCOKHX 
,naBJieHHRX. flonyqeHO KOOp.D;HHaTHOe pa3perne
HHe 100 MKM npH 3cpcpeKTHBHOCTH perHCTpa
UHH H3JiyqeHHR ( Ey = 8 K3B) OKOJIO 70%. 

3KCilflYATAUHHCHHXPO~A30TPOHA 

B 1984 r. CHHxpocpa3oTpoH pa6oTan 
4019 qacoa, H3 HHx: 

a) Ha cpH3HtleCKHH 3KCnepHMeHT 

flHTEP ATYPA * 

1. roaopyH H.H. H np. OHHH; 1-84-457, 
,Uy6Ha, 1984. 

2. Aneea A.H. H np. B c6.: KpaTKHe coo6me
HHR OHHH, N~ 1-84, ,Uy6Ha, 1984, c.13. 

3. Illax6a3RH E.A., KeqeqRH A.O. B c6.: 
KpaTKHe coo6meHHR OHHH, N~3-84, ,Uy6-
Ha, 1984, c.42. 

4. rnaronea B.B. H np. OHHH, 1-84-202, 
,Uy6Ha, 1984. 
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3081 qac (1142 qaca a pe)!(HMe ycKopeHHR 
llpOTOHOB H 2877 qaCOB - R.D;ep) C AOCTHrHy
TOH HHTeHCHBHOCThiO 10 12ne:iiTpoHoa, 2·109 

R.D;ep JIIHHR-7~ 5·108 yrnepo,na, 5·107 KHCJIO
po,na; 1,5·10 cpTopa, 105 MarHHR, 103 KpeM
HHR 3a O.D;HH UHKJI ycKopeHHR, 

6) Ha COBeprneHCTBOBaHHe CHCTeM YCKO· 
pHTeJIR- 522 qaca. 

Ha TexHonorHqecKyiO nonroTOBKY 3aTpa
qeHo 175 qaCOB. flpOCTOH ycKOpHTeJIR H3·3a 
OTKa3a o6opy.D;OBaHHR COCTaBRTIH 241 qac, 
T.e. 6% OT 3anJiaHHpOBaHHOrO BpeMeHH pa60Tbl 
YCKOpHTeJIR. 

flyqKH yCKOpHTeJIR 6biJIH HCllOJib30BaHbl 
20 rpynnaMH 3KcnepHMeHTaTopoa. 

5. Batyunya B.V. et al. JINR, E1-84-790, 
Dubna, 1984. 

6. EaTJOHR E.B. H np. OHHH, 1-84-776, ,Uy6-
Ha, 1984. 

7. Ean,nHH A.M. H np. OHHH, 1-84-185, ,Uy6-
Ha, 1984. 

8. Ean,nHH A.M. H ,np. B c6.: Tpy,nhr VII Me)!(.D;. 
CeMHHapa no npo6JieMaM cpH3HKH BbiCOKHX 
3HeprH:ii. OHHH, ,U1,2-84-599, ,Uy6Ha, 
1984, c.195. 

9. EoH,napea B.K. H np. B c6.: KpaTKHe co-



o6rueHHH OIUU1, N~ 4-84, ,Uy6Ha, 1984, c.5. 
10. Ea.rrnHH A.M., .UHneHKo JI.A. B c6.: Kpar

KHe coo6rueHHH OHHH, N~ 3-84, ,Uy6Ha, 
1984, c.5. 

11. AHreJios H. H np . OHHH, P1-84-624, ,Uy6-
Ha, 1984. 

12. rpHlllHH B.r. "np. OHHH, P1-84-79, .Uy6-
Ha, 1984. 

13. Didenko L.A. et al. JINR, E1-84-263, Dub
na, 1984. 

14. rpHlllHH B.r. " np. OHHH, P1-84-205, 
,Uy6Ha, 1984. 

15. AraKHJllHeB r .H. H np. OHHH, P1-84-235, 
,Uy6Ha, 1984. 

16. racnapHH A.ll. H np. OHHH, P1-84-327, 
,Uy6Ha, 1984. 

17. Agakishiev G.N. et al. JINR, E1-84-448, 
Dubna, 1984. 

18. AraKHJllHeB r.H. H np. OHHH,P1-84-35, 
,Uy6Ha, 1984. 

19. ApMymHifcKHif .u. H np. OHHH, P1-84-
328, ,Uy6Ha, 1984. 

20. ffosqes K. H np. OHHH, P1-84-271, ,Uy6-
Ha, 1984. 

21. Abashidze L.I. et al. JINR, E1-84-917, 
Dubna, 1984. 

22. AsneifqHKOB B.B. H np. OHHH, 1-84-491, 
,Uy6Ha, 1984. 

23. BoKa.rr C. H np. OHHH, P1-84-552, ,Uy6Ha, 
1984. 

24 . Benvenuti A. C. et al. JINR, E1-84-626, Dub
na, 1984. 

25. CaBHH H.A. , CMHpHOB r.H. B c6.: KpaTKHe 
coo6rueHHH OHHH, N~ 2-84, ,Uy6Ha, 1984, 
c.3. 

26 . BonomHHoa A.C. H np. OHHH, 1-84-350, 
,Uy6Ha, 1984. 

27. BononhHHOB A. C. H np. OHHH, .U1-84-405, 
,Uy6Ha, 1984. 

28. AaneifqHKOB B. B. H np. B c6.: KpaTKHe 
coo6rueHHH OHHH, N~ 1 -84, ,Uy6Ha, 1984, 
c.3. 

29. ryc~>Koa E.H. H np. OHHH, 13-84-373, 
,Uy6Ha, 1984. 

30. BoifqHJllHH M.H. H np. OHHH, 13-84-161 , 
,Uy6Ha, 1984. 

31. Ee3HorHx IO.,U. H np. OHHH, P9-84-246, 
,Uy6Ha, 1984. 

32. EoHq-OcMoJioacKHH A.r.,MoHqHHCKHH B.A. 
OHHH, P9-84-251, ,Uy6Ha, 1984. 

33. BacHJIHlllHH E .B. H np. Ol1Hl1, 9-84-281, 
,Uy6Ha, 1984. 

34. AsneifqHKOB B.B. H np. Ol1Hl1, 13-84-20, 
,Uy6Ha, 1984. 

35. BJianHMHposa H.M. H np. Ol1Hl1, P8-84-
261 , ,Uy6Ha, 1984. 

36. BJianHi'.mpoaa H.M. H np. OHHH, P8-84-80, 
,Uy6 a, 1984. 

37. ,Uau;Koa B.H. H np. OHHH, 16-84-677, 
,Uy6Ha, 1984. 

38. AHr eJIOB H.H. OHHH, 8-84-165, ,Uy6Ha, 
1984. 

39. ,UbHqKoB E.H. OHHH, P8-84-548, ,Uy6Ha, 
1984. 

40. A6nylllyKypoa ,U.A. H np. OHHH, 18-84-
182, ,Uy6Ha, 1984. 

41. A6nylllyKypoa ,U.A. H np. OHHH, P18-84-
75 , ,Uy6Ha, 1984. 

• 

* UHr HpyrorcH H36paHHbie pa6oTbi. 
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nA60PATOPMR 
RJJ.EPHbiX DP06nEM 

HayqHo-HccnenoBaTenbCKaR neRTen &HOCTb 
Jia6opaTopHH RAepHhiX npo6neM B 1984 rony 
pa3BHBanac& B ABYX rnaaHbiX HanpaaneHHRx: 

- ocymecTBnRnacb wHpoKaR nporp aMMa 
HayqHbiX HCCneAOBaHHii B o6naCTH $H3HKH Bbl· 
coKHX 3HeprHH: Ha ycKopHTene H<l>B3 B llpoT
BHHo, 

- 3aBepwanHCb pa60Tbl no peKOHCTpy~HH 
$a30TpOHa H nonroTOBKe HOBbiX 3KCnepHMeH
TanbHbiX ycTaHOBOK AnR HCCneAOBaHHH B o6na
CTH cpeAHHX 3HeprHH. 

<l>H3HKH Jia6opaTopHH RAepHbiX npo6neM 
yqacTBOBanH TaiOKe B coBMeCTHbiX OH.RH
UEPH 3KcnepHMeHTax NA-4 H P8-179. llpo
nomKanHcb pa6oTbi no C03AaHHIO annapaTyp&I 
AnR coBMecTHoro c UEPH 3KcnepHMeHTa 
.D:EJI<f>H. B&monHeH pRn pa6oT Ha ycKopHTene 
JIH.R<l> AH CCCP B raTqHHe. Pa3pa6aTbiBanHCb 
HOBbie MeTOAbl H 3neKTPOHHaR annapaTypa AnR 
RnepHo-$H3~ecKHX HccnenoBaHHH. B&monHeH 
pRA Ba)f(HhiX npHKnanH&Ix pa6oT. Jia6opaTopHR 
npHHHMana yqaCTHe B pa6oTax no C03AaHHIO 
ycKOpHTenbHO·HaKOnHTenbHOrO 
YHK. 

KOMnneKca 

Bee pa60Thi B&monHRnHCb npH aKTHBHOM 
COTPYAHHqecTBe C Hay'IHbiMH ueHTPaMH CTpaH· 
yqacTHHU OH.RH. 

Bon&WHM ycnexoM KonneKTHBa Jia6opaTO· 
pHH RAepHbiX npo6neM RBHnCR $H3pqecKHii 
nyCK yCTaHOBKH "<l>" - $a30TpOHa C npoCT· 
paHCTBeHHOH BapHauHeH MarHHTHOrO n onR. 

flyqoK npoTOHOB 6&m noBeneH no npenenbHOro 
panHyCa ycKopeHHR 270 CM, qTo COOTBeTCTByeT 
3HeprHH npoTOHOB 680 M3B. H3yqeHHe napa
MeTpoB nyqKa (pHc.1) no3BonHno cnenan Bbl· 
BOA o TOM, qTo noTepH qacrHU B npouecce yc
KopeHHR npaKTHqecKH OTCYTCTBYIOT. 

<l>H3HqeCKHH nycK YCKOpHTenR RBnReTCR 

Ba)f(HbiM 3TanOM B ero C03AaHHH, CBHAeTenbCT• 
BYIOI..UHM 0 npaBHnbHOCTH OCHOBHbiX KOHUen
UHH, 3ano)f(eHHhiX npH ero pa3pa6oTKe. Coo6-
meHHe o $H3HqecKOM nycKe 6&mo nono:>KeHo 
Ha IX Bcecoi03HOM coBei..QaHHH no ycKopHTe
nRM 3apR:>KeHHbiX qaCTHU, COCTORBWeMCR 
B .ll:y6He B OKTR6pe 1984 r. /1/. 
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B 1984 rony 6&m ocymecTBneH MOHTa)f( 
B KaMepe ycKopHTenR Bcex y3noB B&mona 
qacTHU: Bo36yAHTenR, pereHepaTopa H co6cT
BeHHO MarHHTHOrO KaHana, COCTORI..Qero H3 
qeTbipex ceKUHH H COOTBeTCTByiOI..QHX npo6HH· 
KOB. QqeHb TOHKOH, HCKniOqHTenbHO TPYAO· 
eMKOH H OTBeTCTBeHHOH pa60TOH RBHnOCb 
npoBeneHHe WHMMHpOBaHHR nonR Bcex 3ne
MeHTOB KaHana C TaKOH BbiCOKOH TOqHOCTbiO, 
KOTOpaR HCKniOqana 6&1 B03MO)f(HOCTb OTKnO
HeHHR BenHqHHbl MarHHTHOrO nonR OT Tpe-
6yeMoro Ha ypoBHe 10-4

• 

HapRAY c WHMMHpoBaHHeM nonR B paH:oHe 
YCTPOHCTB cHcTeM&I BbiBona qacTHU npoBeneHa 
nononHHTenbHaR KoppeKUHR nonR B ueHT· 
panbHOH o6naCTH ycKOpHTenR. 3TO CAenaHO 
B CBR3H C TeM, qTO 6hin HaHAeH cneuHanbHbiH 
$a30BbiH pe:>KHM B ueHTpanbHOH o6naCTH $a30· 
TpOHa C yBenHqeHHOH :>KecTKOCTbiO aKCHanbHO-

a 

::>AL]I!1~nbHOE nQflO}f(EHI-!E M~1WEH11 'CMI 

75 100 1so 200 250 no 
L. • •••••Jillll~···· ' l.. jl !llll~J,,,,,,,,.Ll.., 

~ t 6 
t • 

PHc.l. a) HMnyn•c~a~ HeiiTpoHHoro H l'llMM&-H31JY'fe

HHII, B03HHJC8101UHe npH B38HMOQ;eHCTBHH ycxopeHHO· 

ro nyqxa npoTOHOB c nepeMeiJllleMoH no P&llHYCY MH

weHhiO. BHllHO, 'ITO apeMJI B03HHKHOBeHHII HMnyn•ca 

npaaHn.HO CKOppenHpOBBHO C paCCTOJIHHeM llO MH· 

WeHH1 llMDnHTyll& CHI'Hana npllKTH'IecKH He MeHReTCR 

C poCTOM paCCTOJIHHII llO MHWeHH; 6) Cnellbl, OCTaB• 

neHHhle ycKOpeHHhiM DY'fKOM npoTOHOB Ha CTeKne. 



B M&pTe 1984 rona ocymecTsneH ¢lH3H'IeCKHH nycK ¢la30TpoHa OMHH - ycT&HOBKH "«%~". Ha KOHe'IHOM panuyce 
ycKopHTenH nony'leHbl npoTOHbl c 3HeprueH: 680 M3B. 

ro ,nBH)f(eHH.R / 2,3! . BhmonHeHbi 3KcnepHMeH
Thi no 3a6pocy nyt~Ka Ha MHUleHb B CHCTeMe 
BhiBo,na ero H3 KaMepbi ycKopHTen.R. Tionyqe
Ha npoeKTHa.R senHliHHa 3a6poca ny11Ka. 

OcymecTsneHbi MOHTa)f( H HaJia.D;Ka reHepa
Topos BbiCOKOH llaCTOTbl ,D;JI.fl CHCTeMbl BpeMeH
HOH pacT.R)f(KH nyt~Ka. 

HAYqH0-11CCJIE,!J;OBATEJibCKI1E P ABOThl 

HCCJIE,!J;OBAHHE 
B3AI1MO,!J;EACTBI1A 
3JIEMEHT APHhiX qACTHU 

1. B cosMeCTHOM c 11<I>B3 3KcnepHMeHTe 
CHrMA-AHKC 3aaeprneHbi HccnenosaHH.R npo
u;ecca oKononoporosoro o6pa30BaHH.R nHOH-
HhiX nap nHoHaMH B KYJIOHOBCKOM none 
.R,nep 141 • Onpe,neneHo cet~eHHe peaKI.J;HH 
rr- + (A, Z) -+ rr- + rr 0 + (A, Z) 

.lVI.R .R,nep C, Fe , Cu a o6nacTH KynoHOBCKoro 
po:>K,IJ;eHH.R t < 10-8 (r3B/c)2 H HHBapHaHT
HhiX Mace CHCTeMbi (17-17°) S < 10m2 Pe-

17' 
3YJibTaTbi noro 3KcnepHMeHTa xoporno corna-
cyroTc.R c o6menpHH.RThiM npe,nnono:>KeHHeM 
0 HaJIHliHH y KBapKOB Tpex I.J;BeTHbiX CTeneHeH 
CB060.D;bl (pHC.2) H TeM CaMbiM .RBJI.fllOTC.R 
He3aBHCHMOH nposepKOH 3TOro Q>yH,naMeHTaJib
HOro nocTyJiaTa KBaHTOBOH XpOMO,D;HHaMHKH. 
TIOMHM 3TOro 6hiJia 3KCnepHMeHTaJibHO npo
,neMOHCTpHpOBaHa cnpaBe,lVIHBOCTb B~OH 

TeopeMbl TeOpHH KHpaJibHbiX aHOMaJIHH, CB.R-
3biBalOrneH aMnJIHTYAhi npou;eccos y -.. 317 H 
17°-+ 2y npH HH3KHX 3HeprH.RX. 

2 . A HanH3 .D;aHHhiX, nonyt~eHHbiX a 3Kcne
pHMeHTe CHrMA-A.fiKC no H3yqeHHIO KoMn
TOH-3$Q>eKTa Ha rr-Me30He, n03BOJIHJI BnepBbie 
6e3MO,D;eJibHbiM o6pa30M onpe,neJIHTb BeJIHliHHY 
MarHHTHOH nOJI.RpH3yeMOCTH nHOHa {3 = 
(-7,1±2,8 ). l0-43cM3 l&l. Tionyt~eHa Ta::)f(e 
3KcnepHMeHTaJihHa.R ou;eHKa .lVI.R cyMMhi 3JieKT
pHt~eCKOH ta17) H MarHHTHOH (/317) nOJI.RpH3VeMO
CTH 17-Me30Ha a 17 + {317 = (1,4±3,1).10-43cM8 . 
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Plfc.2. 3aBHCHMOCTL Ce'leHHJI peaKitHH o6pll30BaHHJI 

nHOHHbiX nap B KynOHOBCKOM none .11,11;ep OT 3ap.ll,ll;a 

s.u;pa z. Pe3ym.Tan.I TeopetH'IeCKHX pac'leTOB MH 

pa3HOrO 'IHCna N C UBeTHbiX CTeneHeH CB060.D;bl KBap

KOB noKa3aHbl 38WTpHXOBaHHbiMH o6naCTJIMH. IlyHK· 

THpHOH nHHHeH noKa3aHa CHCTeMaTH'IeCKaH OWH6Ka 

AJIH Ce'leHHJI pO:lK,ll;eHHJI nHOHHbiX nap Ha 12c. IlpH 

HCcne.u;oBaHHH po:lK,ll;eHHJI nap B 77Al- H 77Fe -B3aHMO

.u;eHCTBHJIX CHCTeMaTH'IecKaH OWH6Ka H3MepeH HH MeHb

we CTaTHCTH'IeCKOH. 

3. 3aBepllleH aH3JIH3 pe30HaHCOB B CHCTeMe 
Tpe~ nHOHOB, o6pa3y:EOw;eiicH B npoueccax KO
repeHTHoro po)l()l;eHHH Ha H.n;pax: 
"-+A ... 77++77-+77-+A, 
npH 3HeprHH HaJieTa:EOw;ero 17 -Me30Ha 40 r3B. 
3KcnepHMeHT 6biJI BbinOJIHeH Ha cneKTpOMeT
pe MI1C coaMeCTHO c Q>H3HKaMH H3 INFN 
(J1TaJIHH). 

B pe3yJibTaTe Hccrre.n;oaaHHH 377 -cHcTeMbi 
BnepBbie 3KCnepHMeHT3JibHO H3ytJeH cneKTp 
ypOBHeH B036y)l()l;eHHH 1T -Me30Ha KaK no op-
6HT3JibHOMy, TaK H no pa.n;HaJibHOMy KBaHTOBO-

My tJHCJiy. <l>yH.n;aMeHTaJibHbiM pe3yJibTaTOM 
3THX HCCJie)l;OBaHHH HBJIHeTCH OTKpbiTHe .n;BYX 
HOBbiX COCTOHHHH 1T -Me30Ha, HBJIHIOII.J;HXCH 
pa.n;HaJibHbiMH B036y)l()l;eHHHMH KBapK-aHTH
KBapKOBOH CHCTeMbl H CJIY'J(aii.J;HX npHMbiM )];0· 

Ka3aTeJibCTBOM COCTaBHOH CTpyKTypbl rrerqaif. 
lllero a.n;poHa. He.n;aBHO 3TH pe3yrrLTaTbi norry
tJHJIH norrHoe no.n;Taep)l()l;eHHe B 3KcnepHMeH
Tax, BbmorrHeHHbiX Ha ycKopHTerre FNAL 
(ClllA, BaTaBHH). 

ilOMHMO 3TOrO 6biJIH norryt~eHbl yKa3aHHH 
Ha B03MO:>KHOe cyw;eCTBOBaHHe pe30HaHCHbiX 
COCTOHHHH, KOTOpbie COOTBeTCTBY:EOT pa.n;HaJib
HbiM ao36y:>K.n;eHHHM A1-, A2- H A3-Me3o
HOB ! 6! . Onpe.n;erreHbi lllHpHHbi H aepoHTHOCTH 
pacna.n;a A3-Me3oHa no TpeM KaHaJiaM f" , 
p17 H £17. 

B Ta6rr.1 npHae.n;eHbi napaMeTpbi pe3o
HaHCHbiX COCTOHHHH B CHCTeMe Tpex nHOHOB, 
06Hapy:>KeHHbiX B pe3yJibTaTe 3KCnepHMeHTOB 
Ha cneKTpoMeTpe MI1C. 

4. Ha ycTaHOBKe PHCK npoae.n;eHo CHCTe
MaTHt~ecKoe H3ytJeHHe MHO:>KeCTBeHHOCTeH 3a
pH:>KeHHbiX qacTHU, po)l()l;aeMbiX a "--, K--, P
B3aHMO)l;eHCTBHHX C H.n;paMH npH HMnyJibCe 
HaJieTa:EOII.J;HX tJaCTHU 40 r3B/c/8/ • 11ccrre.n;oaa
HHH BbinOJIHeHbl )l;JIH llleCTH H.n;ep C aTOMHbiMH 
HoMepaMH oT A =7 no A= 207 (pHc.3). Onpe
.n;erreHa 3aBHCHMOCTb cpe.n;HeH MHO:>KeCTBeHHO
CTH OTpHUaTeJibHbiX tJaCTHU OT cpe.n;Hero tJHCJia 
HeynpyrHX CTOJIKHOBeHHH HaJieTa:EOII.J;eH tJaCTH
Ubl B H.n;pe. 06Hapy:>KeHO, 'ITO MHO:>KeCTBeH
HOCTb Me.n;rreHHbiX H)l;eHTH<f>HUHpOBaHHbiX npo
TOHOB (p < 500 M3B/c) yaeJIHtJHBaeTCH C poe
TOM a'I'OMHOrO HOMepa KaK A 0,6 , TOr.n;a KaK 
)l;JIH 6biCTpbiX npOTOHOB 3Ta 3aBHCHMOCTb 
pacTeT KaK A 0 •4 • CHJibHaH A-3aBHCHMOCTb 

Ta61l.UZJa 1 

ilapaMeTpbi pe30HaHCHbiX cocTOHHHH, Ha6rr:EO.n;aeMbiX a npouecce "- + A ... "+ + "-+ "-+ A , 
Hccrre.n;oaaHHOM a 3KcnepHMeHTax Ha ycTaHOBKe MHC 16 •11 

CocTOHHHe JP Macca, M 3B/c 2 lllHpHHa, M3B KaHaJI pacna.n;a .UorrH pacna.n;a,% 

77' 0- 1240±30 360±120 f7T -100 
77" o- 1770±30 360±50 £17 100 
Al 1+ 1255±23 292±40 p17 98 
Al' 1+ 1670±90 300±100 p17 100 
A3 2-s 1624±21 304±22 f1T 60 

2-P 1622±35 404±108 p17 30 
~D 1693±28 330±90 f7T 10 

A3' 2- -1850 -300 f1T 
A2 2+ 1320 -100 p1T 
A2' 2+ 1750 - f1T 
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PHc.3. Cpe.llH.RJI MHO)l(eCTBeHH~CT& 3apJDKeHH&IX <Nch> 
H OTpHQ&Ten&HbiX q&CTHQ < N > B 3aBHCHMOCTH OT 

&TOMHOro HOMepa A. 

AJI.R MeAJieHHbiX qacTiu~ yKa3hiBaeT Ha onpe

Aen.aromyro ponb KaCKa,ll;HhiX npoueccoa a o6-

pa30BaHHH TaKHX llaCTHU. 3KcnepHMeHTaJib

Hbie pe3yJlbTaTbi no H3yt~eHHID Koppen.RUHH no 

MHO:>KeCTBeHHOCTH pen.RTHBHCTCKHX H MeAJieH

HbiX llaCTHU COrJiacyroTC.R C npe,ll;CKa3aHH.RMH 

MO,ll;eJieH pOiK,ll;eHH.R llaCTHU B He3aBHCHMbiX 

CTOJIKHOBeHH.Rx. HaiiAeHo yHHBepcanbHoe onH

CaHHe pacnpe,ll;eJieHH.R no MHO:>KeCTBeHHOCTH 

OTPHUaTeJibHhiX qacrnu a aAPOH-.RAepHbiX 

B3aHMO,ll;eHCTBH.RX C nOMOIIU>IO COOTHOllieHH.R, 

npHMeH.aameroc.a paHee AJI.R aHaJIH3a MHO:>KecT

aeHHOCTeii a PP- He+ e--coy,ll;apeHH.RX 191 • 

I 

BnepB bie 6hiJ1H H3MepeHbi nepBbie t~eTbipe 
HOpMHpOBaHHbiX MOMeHTa pacnpe,ll;eneHH.R no 

MHO:>KeCTBeHHOCTH OTpHUaTeJibHbiX 'laCTim ,ll;Jl.R 

mecTH .R,ll;ep (pHc.4) • 06Hapy:>KeH cna6bm poeT 

A 

PHc.4. ITepa&Ie HOpMHpOBaHH&Ie MOMeHT&I C"k pac

npe~eneHHR MHO)l(ecTBeHHOCTH OTpHQ&TenbHbiX qac

THU B 3aBH CHMOCTH OT &TOMHOrO HOMepa A. 

BeJIHliHHb l TpeTbero H lleTBepTOrO MOMeHTOB 

c yaenHt~eHHeM A, liTO CBH,ll;eTenhcrnyeT o He

KOTopoM HapymeHHH KNO-cKeHnHHra. 

J.f3yqeHbl xapaKTepHCTHKH TT-0- H ,-pb
B3aHMO,ll;eHCTBHH AJI.R C06biTHH, HMeiOI.UHX 

6on~>moii nonepeliHbiH HMnyn~>c (p J. > 1 r3B'/c) 

y qacTHUbi, BbiJleTaromeii a 3a,ll;HIOID nonyc<Pepy. 

llonyqeHbl yrJIOBbie H HMnyJihCHbie cneKTpbl, 

a TaK:>Ke pacnpe,ll;eneHH.R no 6biCTpoTaM H 3$

<PeKTHBHbiM MaCCaM BTOpHliHbiX 3ap.R:>KeHHbiX 

llaCT~ / lO/. llOKa3aH01 liTO MHO:>KeCTBeHHOCTh 

acex 3ap .a:>KeHHhiX qacTHU B co6hiTH.RX c 6onh

lliHMH p J. cymecrneHHO Bbime no cpasHeHHID 

22 <Ncn> • 8 <Np> 

18 ... 6 
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PHc.5. 3aaHCHMOCTb cpeAHHX MHO)l(eCTBeHHOCTen 3&pH)l(eHH&IX qaCTHQ < N ch>, OTpHQ&Ten&HbiX qaCTHu.< N-> H npo

TOHOB < N_p> oT cpe,llHero qHcna coy~apeaHif ii ~Jl co6&ITHif c 6on&W HMH pJ. (e) H ~nJI acex co6&ITHH (o), 6es Bbi

AeneHHJI oon&wux pJ. • 
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C 06bitffibiMH B3aHMO,ll;eHCTBHHMH, npHqeM 

C pOCTOM aTOMHOrO HOMepa H,ll;pa-MHW eHH 3TO 

pa3nHqHe yaenHqHaaeTCH (pHc.5) • Bo3M O:>KHhiM 

06'bHCHeHHeM 3THX Q>ai<TOB HBn.ReTCH y aenHqe

HHe 3Q>Q>ei<THBHOrO qHcna CTOni<HOBeHHH B pe

ai<~HX C 6onLWHMH p .l • 

.[ln.R noHHMaHHH npo~eccoa a,ll;pOHH3a~HH 

I<Bapi<OB HHTepeceH ' TOT Q>ai<T, qyo B 77-C
B3aHMO,ll;eHCTBHHX OI<Ono 25% H 15% qacnm 

c P.L .2: 1,5 P3B/c npoHCXOA.RT OT p acna,ll;OB 

p~ H f -Me30HOB COOTBeTCTBeHHO ( pHC.6). 

N 

100 
I 

:a ::r :s: 
~ 
~+so 
!-
:s: 
C.> 
0 :z: 
!-

u 
~-~,~-I' 

3 P3B/c 2 

0 T j I.P" I I 

2 0 1 

Pac.6. CneKTp 3$$eKTHBH&Ix Mace cacTeM&I (77 +77 -) 
AJI.II co6&ITHH c p .l > 1,5 r3B/c B 77- C·B3aHMO.D;eHCT· 
BH.IIX npH 40 r3B/c. 

5. Ha ycTaHOBI<e 'THnepoH" Bhm onHeHhi 

npe~H3HOHHbie H3MepeHHH ,ll;HQ>Q>epeH~HanbHO· 
ro ceqeHHH pea~HH 

11+ + p -+ K+ +I+ , 11+ + p-+ K+ + I+(1385) 

npH 3HeprHH HaneTaromero nHOHa 12 P3B 111 • 1~1 
Onpe,ll;eneHa no]\HPH3~HH I+ -rHnepoHa. Toq

Hhie H3MepeHHH AH<f>Q>epeH~HanbHbiX c eqeHHH 

3THX peai<~HH B o6naCTH ManbiX ne.pe,ll;aHHbiX 

HMnynLCOB (0 ~ t $.0,1 {r3B/c)2) noi<a3anH, 

qTo B ,ll;aHHOM HHTepaane nepe,ll;aHHbiX HMnynL

COB yMeHLWeHHe ceqeHHH He HBn.ReTCH 3I<CnO

HeH~HanbHbiM, I<ai< 06biqHo cqHTanOCb. 

6. TionyqeHhi nepBbie Q>H3Hqeci<He p e3ynLTa

Thi B COBMeCTHOM 3I<CnepHMeHTe Q>H3HI<OB 

JUITI 0J1JII1 H HTanb.RHCI<HX Q>H3HI<OB H3 yHH

aepCHTeTOB TypHHa, llaAyH H TiaaHH Ha yci<o

pHTene LEAR B UEPHe. B noM 3I<cnep HMeHTe 

H3yqanocb B3aHMO,ll;eHCTBHe aHTHnpOTOH OB HH3-

I<HX 3HeprHH C H,ll;paMH 4He H 20Ne. llo nyqeHO 

OI<OnO 100 TbiC. Q>oTorpaQ>HH p 4 He-B 3aHMO

,ll;eHCTBHH H 75 TbiC. Q>oTorpaQ>HH B3aHMO,ll;eHCT

BHH aHTHnpOTOHOB C HeOHOM. 3TH ,ll;aHHbie CO-
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CTaBnHIOT BCIO MHpOBYIO CTaTHCTHI<Y no B3aH

MO,ll;eHCTBHIO HH31<03HepreTHqeci<HX aHTHnpo

TOHOB c H,ll;paMH HeoHa H renHH. Onpe,ll;eneHhi 

ceqeHHH pa3nHqHbiX I<aHanOB aHHHrHnH~HH 

H pacnpe,ll;eneHHH no MHO:>KeCTBeHHOCTH npo

AYI<TOB aHHHrHnH~H 113• 141 . 3I<cnepHMeH

TanLHbie ,ll;aHHbie no p4
He -B3aHMO,ll;eHCTBHIO 6bi

nH HCnOnh30BaHbl ,ll;n.R onpe,ll;eneHHH Ba:>KHOrO 

I<OcMonorHqeci<oro orpaHHqeHHH Ha I<OnH

qecTBO aHTHaemecTaa a paHHeH BceneHHOH 

(a nepHOA 10
3 < t < 10 13 c OT Haqana pacum

peHHH). llonyqeHO, qyo OTHOWeHHe qHcna 

aHTHnpOTOHOB I< npOTOHaM COCTaBn.ReT 

R~ (0,771,1).10-3 • 

7. Ha ycTaHOBI<e "Tio3HTpOHHH" 3aaeprne

Ha pa6oTa no Ha6nro,ll;eHHIO pen.RTHBHCTCI<HX 

no3HTpOHHeB H )];aHa O~eHI<a OTHOCHTenLHOH 

BepOHTHOCTH pacna,ll;a 77 ° -Me30Ha Ha aTOM no-

3HTpOHHH H raMMa-I<BaHT W = (172) .10-9 1 1 5 ~ 
.[lnH cpaaHeHHH: HaH6onee pe,ll;I<HH H3 Ha6nro

AaBWHXCH paHee pacna,ll;OB 3neMeHTapHhiX 

qacTH~, pacna,ll; K L-+ p. + p. -, I!IMeeT OTHOCHTenL

HYIO BepOHTHOCTb W = (9,1 ± 1,9) . 10-9 • 

8. 3aaeprneHa o6pa6oTI<a AaHHhiX no H3Me

peHHIO nonHpH3a~H B peai<~H nepe3apHAI<H 

11- + p ... " 0 + n npH HMnynLce HaneTaromero 

rr-Me3oHa 40 P3B/c. PaHee 6bmH ony6nHI<oaa

Hhi pe3ynLTaThi, nonyqeHHbie 6e3 perHcTp~HH 
HeHTpOHOB OT)l;aqH (pHc.7a). TenepL nonyqeHhi 

AaHHhie no nonHpH3~H, I<Or,ll;a perHcTpHpoaa

nHcL I<ai< HeHTpOHbl OT)l;aqH, Tal< H 77° -Me30-

Hbl / 16~ 06Hapy:>KeHO, qTO 3aBHCHMOCTb nonH

pH3~H B 3TOH peai<~HH OT nepe,ll;aHHOrO HM

nynLCa HMeeT cno:>KHhiH xapai<Tep (pHc. 76) 

P,% 

~~j >I! t a 

::1 I I++ ·30 

-L O 

-t,frn/ cJ2 

P, •;. 

30 

20 6 
10 

0 

· 10 

· 20 

· 30 

Pac. 7. 3aBHCHMOCTb nonHpH3&1..{HH P B peaKI..{HH 
77-p -+ 77°n OT KBa,o.paTa nepe.c;aHHOrO 4-HMDYJibCa 
t npH HMDYJibCe HaJieTaJOmero nHOHa 40 r3B/c. 



H He MO)KeT 6hiTb 06'bHCHeHa B paMKax CTaH

.napTHbiX TeopenttJecKHx no.nxo.noa. 

J13MepeHa a3HMYTaJibHaR aCHMMeTpHH 

B peaKWtHX 77-p -+ cun H 77-p -+K0 +A B HHTep-

BaJie nepe,naHHbiX HMnyJihCOB 0,15 ~ t ~ 
~ 1,2 (r3B/c)2. ,UJIH peaKWtH (77 1> -+cun) cpe.n

Hee 3HatJeHHe aCHMMeTPHH B YKa3aHHOM HHTep

BaJie t COCTaBHJIO - (22±5) %. 
BnepBbie npoae.neHo H3MepeHne acnMMeT

pnH B peaK~HH HHKJil03HBHOrO o6pa30BaHHR 

77° -Me30HOB npH 40 r3B/c 77-p ... 77° +X no.n 

yrJIOM 90 ° B C.~.M. J1HTepecHbiM pe3yJibTaTOM 

3THX npe.naapHTeJihHbiX H3MepeHHH HBJIHeTCH 

TO, 'ITO B HHKJIJ03HBHOM npo~ecce 6bma 06Ha

py)KeHa OTJIH'IHaR OT HYJIH acHMMeTpHH, cpe.n

Hee 3HatJeHHe KOTopoli a HHTepaane nonepeq

HhiX HMnyJihCOB 1,2 ~ p.l ~ 2,2 r3B/c COCTaBH

JIO (10,0±3,4)% . 

9. 3aaepmeHo Hccne.noaaHHe KoppeJIHWfH 

3apH)KeHHbiX tJaCTH~, o6pa3yJOIIJ;HXCH npH no

rJIOIIJ;eHHH OCTaHOBHBlliHXCH 77- -Me30HOB B 

KpeMHHH /17/, 3KcnepHMeHT BbinOJIHeH CO

BMeCTHO C MJ1<l>J1 Ha ycKOpHTeJie J1J1H<l> 

B raT'IHHe. lloKa3aHO, 'ITO B CetJeHHe pO)K,neHHH 

CJIO)KHbiX tJaCTH~, HCnyCKaeMbiX H3 H,npa npH 

nornow;eHHH nHOHa, 3HalJHTeJibHbiH BKJia,n BHO

CHT KaK BTOpH'IHhie B3aHMO,neHCTBHR, TaK 

u nornow;eHHe nHoHa Ha TH)KeJibiX KJiacTepax. 

10. BhmonHeH aHaJIH3 15000 co6biTHH Heyn

pyroro B3aHMO,neHCTBHH 77- -Me30HOB C H,npa

MH yrnepo.na, npH HMnyJihCe HaJieTaJOIIJ;HX 

11 -Me30HOB 5 r3B/c, 3aperHCTpHpOBaHHbiX 

B o,nHOMeTpOBOH nponaHOBOH ny3blpbKOBOH 

KaMepe. J13yqeH BKJia,n OT,neJibHbiX MeXaHH3-

MOB peaK~HH B npo~ecc po)K,neHHH KYMYJIH

THBHhiX npOTOHOB, BhiJieTaJOIIJ;HX B 3a,nHJOJO 

nonyc<Pepy. Ha ocHoae cpaBHeHHH 3Kcnepn

MeHTaJibHhiX ,naHHbiX C pe3yJihTaTaMH pacqe

TOB, BbinOJIHeHHbiX B paMKax . KaCKa,nHO

HCnapHTeJibHOH MO,neJIH, noKa3aH01 'ITO ,nJIH 

KYMYJIHTHBHhiX npoTOHOB, HMeJOw;Hx 6oJiblliOH 

HMnyJibC ( p > 0,36 r3B/c) H BbmeTaJOIIJ;HX 

no.n 6oJI&lliHMH yrnaMn (coso, -l), aechMa 

cyw;ecTBeHHhiM (~50%) HBJIHeTcH nornow;e

HHe Me,nneHHhiX nnoHOB napoli BHYTPHH,nep

HhiX HYKJIOHOB (p11c.8) /18/. 

11. 3aaepmeHbi uccne.noaaHHH o6pa3oaa

HHH runepH,nep BO B3aHMO,neHCTBHHX npOTO

HOB C 3Hepruel{ 250 H 70 r3B C H,npaMH <PoTO- . 

3MYJibCHH 1191 , 

3aperHCTpHpOBaHO H npOaHaJIH3HpOBaHO 

oKono 100 Me3oHHhiX pacna.noa runepH.nep. 

lloKa3aHO, 'ITO tJaCTOTa Ha6JIJO,neHHH Me30HHbiX 

pacna,nOB runepH,nep OCTaeTCH nOCTOHHHOH 

B npe,neJiax OlliH60K H3MepeHHH B lliHpOKOM 

CosSp<0. ,-1.0) 

0,26 0,16 

Pac.S. 3asHCHMOC11> crpyKTypHbiX 4>YHKUHH KyMynH· 
:rHBH&Ix npoT.oaoa a peaKUHH 77- + 12c ... P+ x npa 
5 r3B/c OT HMnyn&ca npOTOHa. IIITpHXDYHKTHpHOH nH
HHeH DOKa3aHbl pe3yn&TaTbl paC'IeTa DO KaCKII,AHO· 
acnapHTenbHOH MO.c;ena c y'leToM nepepacceHHHH 
BHyTpHJI,!lepHbiX ayKnoaoa, DYHKTHP - y'leT pa3aana 
B036~eaaoro H,c;pa-ocraTKa, TO'Ie'IHOn nHHHen noKa-
3aH BKna.A MeXaHH3Ma nornomeaHH Me,c;neHH&IX 77 -Me· 
30HOB. CnnoiiiHaH nHHHH cooTaeTcTByeT pe3yn&TaTaM 
nonaoro pac'leTa. 

HHTepaane 3HeprHH 57250 r3B H COCTaBJIHeT 

(2,574,5) . 10-4 • Hccne.noaaHHH pacnpe.nene

HHH rHnepH.nep no 3apH.naM, a TaK)Ke 3Hepre

TH'IeCKHX H yrnoBbiX pacnpe.neneHHH runep

H,nep npH 3HeprHRX 25 H 250 r3B noKa3ruiH, 

'ITO 3TH pacnpe.neneHHR a npe.nenax omH60K 

He 3aBHCHT OT 3HeprHH nepBH'IHbiX npOTOHOB. 

0Kono 60% Me30HHhiX pacna.noa runepH.nep 

cocTaBJIH JOT pacna,n&I runepH.npa rennH 
4,5J{He. 

12. llpoae.neH aHaJIH3 ,naHHhiX, nonytJeH

Hhix Ha cneKTpoMeTpe MHC, no po)K,neHHJO 

IIHOHOB B pea~HH 77- + A -+ 77 - + X ,nnR 
H.nep C , Al , Cu, Pb npH HMnynLce HaneTaJO

w;ero n HOHa 40 r3B/c 720(lloJiytJeHhl HHKJIJ0-

3HBHbie c neKTpbl OTp~aTeJibHbiX nHOHOB B o6-

JiaCTH <PeHHMaHOBCKOH nepeMeHHOH 0,1 $X$ 
:;;0,9 H n onepetiHoro HMnyJibCa p T > 1 r3B/c. 

llOKa3aH0 1 'ITO npaKTH'IeCKH OTCYTCTByeT 3a

BHCHMOCTb HHKJil03HBHbiX pacnpe,neneHHH B o6-

JiaCTH <PparMeHT~HH HaJieTaJOIIJ;eH tJaCT~bl OT 

aTOMHor o HOMepa H,npa-MnmeHH. TaKoe )Ke OT

cyTCTBHe A-3aBHCHMOCTH o6Hap~eHo y aenu

'IHHhi n apaMeTpa HaKJIOHa HHKJil03HBHbiX pac

npe,neJieHHH no p 2. 3TH pe3yJILTaThi HaxO.nHT-
T u 

CR B npOTHBOpetiHH C npe,ncKa3aHHHMH npOCTOH 

MO,neJIH a,n.nHTHBHbiX KBapKOB. J13ytJeHa TaK)Ke 

peaKWtH 11 - + A ... p + X .nJIH npOTOHOB, Bhme

TaJOIIJ;HX . a 3a,nHJOJO nonyc<Pepy /20 I. 3ToT npo

~ecc 6biJI H3MepeH Ha H.npax C, Cu, Pb. lloKa-
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3aHO, liTO 3aBHCHMOCTb HHBapHaHTHbiX CelleHHH, 

a TaK)Ke napaMeTpbi HaKJIOHa HHKJII03HBHbiX 

cneKTPOB cna6o MeHHIOTCH npu yBenHlleHHH A. 

13. Pa3pa6aT&IBanac& npeAJIO)KeHHaH B na-

6opaTopHH MO)l;enb I..UleTOBOH nepe3 apH,D,KH 

B a,npoH-H,Il;epHbiX coy,ll;apeHHHX /21, 2 21. Pac

cMaTpHBanHc& npOI.~eCCbi, B KOTOpbiX HaneTaiO

~H a,npOH HCnhiTbiBaeT )l;ByKpaTHyiO ~BeTO

BYIO nepe3apH,Il;KY Ha pa3HbiX HyKJioHax H,ll;pa, 

liTO npHBO,IJ;HT K B036y)K)l;eHHIO ~BeTOBOI"O ,ll;H

non.R. Pacna.n I..UleTOBOH cTpyH&I MO)KeT npHBo

)l;HTb K BbmeTy O)l;HOI"O H3 HYKJIOHOB M HllieHH 

B 3a,IJ;HIOIO nonycQ>epy. BhlliHcneH BKJia)l; 3Toro 

MeXaHH3Ma B CelleHHe KyMynHTHBHOI"O npo~ec

ca p + d .... Pa + X,KOTOpbiH oKa3ancH 3HaliHTenb

HhiM B )KeCTKOH llaCTH HMnynbCHOI"O c neKTpa 

npoTOHOB, B&meTaro~x Ha3a,n Pa ~500 M3B/c. 

:Hccne,IJ;OBaH Bonpoc o6pa30BaHHH )l;H6 apHOH

HbiX pe30HaHCOB c pa3)l;eneHHhiM ~BeToM. B&I

liHCneH&I napaMeTpbi 3THX pe30HaHCOB (MaCChi 

-2,8; 3,4 r3B; rTOT = 200, 380 M3B ; ref= 

= 10-40 M3B) H nOKa3aHO, liTO OHH ,ll;On)KHbi 

npOHBnHTbCH B BH)l;e MaKCHMYMOB B HM nynbC

HOM cneKTPe KyMynHTHBHbiX npOTOHOB. 

PaccMOTpeH "MHI"KHii" MexaHH3M a,ll;pOHH3a

~H ~BeTHbiX CTQYH, KOTOpbiH npHBO)l;HT K TO

MY, liTO nap hi NN pO)K)l;aiOTCH H3 BaKy yMa He 

B TOliKe, a Ha OTHOCHTenbHOM paCCTOHHHH 

-1 (}>M B HX C.~.H. ilOKa3aHO, liTO npH pO)K,IJ;e

HHH nap&I B H,ll;epHoii cpe,ll;e llaCTH~hi B npo~ecce 

TYHHenHpOBaHHH H3 BaKyyMa He nornom aiOTCH. 

3To o6'hHCHHeTCH TeM, liTO npH TYHHen upoBa

HHH llaCTH~I llepe3 KOMnneKCHbiH noTeH~Hanb

HbiH 6apbep He npOHCXO,Il;HT CHnbHOI"O norno

meHHH no)]; 6ap&epoM /221. 3TOT Q>aKT HHTepe

ceH caM no ce6e H MO)KeT 6&ITb ucnon &30BaH 

B pa3nHliHbiX o6naCTHX, I")l;e pa60TaiOT 3Q>Q>eK

Tbi TYHHenHpOBaHHH. nonylleHO xopornee OnH

CaHHe aHoMan&Ho 6on&rnoii A-3aBHCHMOCTH 

o6pa30BaHHH Me)l;neHHbiX aHTHnpOTOH OB Ha 

H,ll;pax. 

B CBH3H c 6on&rnHM liHcnoM 3KcnepHMeH

TOB no HCCne,IJ;OBaHHIO CnHHOBbiX 3Q>Q>eKTOB 

npH npOMe)KyTOliHbiX H BbiCOKHX 3Hepi"HHX 

no,ll;po6Ho paccMoTpeH&I o6mue Bonpo c&I Q>e

HoMeHonorHH non.RpH3~HOHHbiX HBneHHH 

C ylleTOM penHTHBHCTCKHX 3Q>Q>eKTOB Bpame

HHH cnHHa 1231 • 

14. llpoBe)l;eHbi uccne,IJ;OBaHHH no H3 ylleHHIO 

BnHHHHH BbiClliHX TBHCTOBbiX nonpaBOK Ha Be

nHliHHY Sin 2 
(JW 

124 ~ ilOKa3aHO, liTO B HCCne)l;O

BaHHHX Ha ycTaHOBKe "HeiiTpHHHbiH ,IJ;eTeK

Top" MO)KeT 6biTb H3MepeHa nOCTOHHHaH 

KX.U A c TOliHOCTbiO )l;O 15-20%/24~ llpoBe

,IJ;eHbi paClleTbi o6pa30BaHHH OllapOB aHHbiX 
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IJaCTH~ BO B3aHMO)l;eHCTBHHX HeHTpHHO H a,n

pOHOB c HYKJIOHaMH 1241 • 

:HCCJIE,UOBAH:H.R CBOtlCTB 

ATOMHhiX .R,UEP 

1. BbmonHeHo H3Me~eHue cnupan&HOCTH 

HeiiTpHHO H3 pacna,na 1 2 m Eu no cTeneHH 

~pKynHpHOH nonHpH3~HH raMMa-KBaH-

TOB 1251. 3KcnepHMeHT 6bm HH~HHpOBaH TeM 

06CTOHTenbCTBOM, liTO npoBe,IJ;eHHbie B JI.flll 

HOBbie paclleTbi ~HpKynHpHOH nonHpH3~HH 

raMMa-KBaHTOB HY c ylleTOM TennoBoro )l;BH

)KeHHH aTOMOB H3nyllaTenH H nornOTHTenH, 

a TaK)Ke C ylleTOM B03MO)KHOH BepOHTHOCTH 

3neKTPOHHoro 3axBaTa c L- , M- H N-o6ono

lleK, ,IJ;anH o~eHKY ,IJ;nH BenHliHHbi H y = -0,93. 

llpe)KHHH TeopeTHlleCKaH o~eHKa ,IJ;nH H y 6bi

na nonylleHa 6e3 ylleTa ynoMHHYTbiX Bbirne 

3Q>Q>eKTOB H cocTaBnHna Hy= -0,84, liTO co

rnacoBbiBanoc& c pe3yn&TaTaMH 3KcnepHMeH

TanbHbiX pa6oT, BbmonHeHHbiX paHee B CiliA 

H IIIBe~HH (Ta6n.2) . 

C MeTO,IJ;HlleCKOH TOliKH 3peHHH HaCTOHmHH 

3KCnepHMeHT OTnHllanCH OT KJiaCCHlleCKOI"O 

OnbiTa ron)l;xa6epa TeM, liTO HCnOnb30BanCH 

Ge(Li)-,IJ;eTeKTOp 06'beMOM 100 CM 3 C BbiCO

KHM 3HepreTHlleCKHM pa3perneHHeM. l13Mepe

HHH npOBO,IJ;HnHCb B pe)KHMe MHOI"OKaHanbH0-

1"0 aMnnHTY,IJ;HOI"O aHanH3a, liTO n03BOnHnO 

Bbi,IJ;enHTb BCe Q>oHOBbie 3Q>Q>eKTbi, CBH3aHHbie 

KaK c pacceHHHeM B MaTepuanax, oKpy)KaJO

~x )l;eTeKTOp, TaK H C ecTeCTBeHHbiM pa,nHO

aKTHBHbiM Q>OHOM. 

.[laHHbie HaCTOHmero onbiTa npHBenu K cne

Ayromeii O~eHKe ~HpKyn.RpHOH nonHpH3~HH: 

Hy= -0,87±0,10, liTO cornacyeTcH c HOBOH Teo

peTHlleCKOH BenHliHHOH H y H c npe,ll;nono)Ke

HHeM 0 nonHOH neBOH npO,Il;OnbHOH nonHpH3a

~H HeHTpHHO. 

2. Ha ycTaHOBKe cn:HH npO,Il;On)KanHCb HC

cne,IJ;OBaHHH CBOHCTB H,ll;epHbiX cocTOHHHH 

H CBepXTOHKHX B3aHMO,Il;eHCTBHH B ,IJ;eQ>opMH

pOBaHHbiX H nepexo,IJ;HbiX H,ll;pax. MeTO)l;OM 

B03MymeHHbiX yrnOBbiX KOppenH~H npH HH3-

KHX TeMnepaTypax H3Ylla.JIHCb CBepXTOHKHe 

B3aHMO,IJ;eHCTBHH H,ll;ep 152Sm H 152Qd, BHe)l;

peHHbiX · B MaTpH~bi Fe , Co, Ni. Onpe,ll;eneHbi 

BenHliHHbl CBepXTOHKHX noneH, ,IJ;eHCTByromux 

Ha H,ll;pa Sm H Gd B 3THX MaTpH~ax. nonylleHbl 

HOBbie 3KCnepHMeHTanbHbie )l;aHHbie 0 CTpyK

Type nepexo)l;HbiX H,ll;ep caiViapHH, eBponHH 

H ra)l;OnHHHH, a TaK)Ke ,IJ;eQ>opMHpOBaHHbiX H,ll;ep 

HTTep6HH H niOTe~HH. l13ylleHO BnHHHHe B3aH

MO,IJ;eHCTBHH Kopuonuca Ha 3neKTpoMarHHTHbie 

CBOHCTBa apamaromuxcH nonoc B R,ll;pax urrep-



Ta6AUtiQ 2 

Teopemqeci<:He H 3KcnepHMeHTan&Hbie pe3yJI&TaTbi no onpe,D;eneHHJO ciiHpan&HOCTH HeHTpHHO 

~ ABTOpbi 

1 Goldhaber et al. 
2 Marklund, Page 
3 Palathingal 

4 CPE)l;HEE 

5 PACqET 

6 PACqET 

7 HacTo.ama.a pa6oTa 

YcTaHOBKa .llJJ.H H3MepeHH.H cnupan&HOCTH HeiiTpHHo 
H3 pacnana 152m Eu. 

ro,ZJ; J{eTeKTop Hy,% 

1958 NaJ(Tl) -(67±10) 
1958 NaJ(Tl) -(80±30) 
1970 NaJ(Tl) -(61±12) 

-(66±8) 

1958 -84 

1983 -93 

1983 Ge(Li) -(87±10) 

6H.a c HetreTHbiM MaccoBbiM QHCJIOM. B paMKax 
MO,ZJ;eJIH B3aHMO,ZJ;eHCTBYJOI.UHX 6030HOB npoae-
,ZJ;eHbl pacqeTbi 3HeprHH ypOBHeH H npHBe,neH-
HbiX aepO.RTHOCTeH 3Jiei<:TpOMarHHTHbiX nepe-
XO,ZJ;OB B .R,D;pax HTTep6HH H CaMapHH C QeTHbiM 
MaCCOBbiM QHCJIOM/26, 27-1 • 

3. llpoae,neH aHanH3 co6biTHH Heynpyroro 
pacce.RHHH IIHOHOB Ha RApe 8He npH 3HeprHH 
145 M 3B. Onpe,D;eneHbi aenHliHHbi ceqam:H 
nornom eHH.R nHoHa, KBa3Hynpyroro pacce.a
HHH, a TaK:lKe nonHoro ceqeHHH Heynpyroro 
B3aHMO,IJ;eHCTBHH. 113MepeHbi yrJIOBbie H HM
nyJibCHbie pacnpe,neneHHH BTOpHQHbiX qac
THQ / 28/ • 

4. CoaMeCTHO c COTPYAHHKaMH nT<I> 011.RI1 
npoae,ZJ;eH pacqeT 3HeprHii H cTpyKTypbi B03-
6y)K,IJ;eHHbiX ypOBHeH H30TOnOB 3p6H.R H TyJIHH. 
Ha OCHOBe KBa3HQaCTHQHO-$OHOHHOH MO,IJ;eJIH 
BbinOJIHeHbl paclleTbl 3HeprHH H CTpYKTypbi 
HepoTaQHOHHbiX cocTO.RHHH 3p6H.a c Ac:163, 
165, 167. B paMKax Mo,nenH He3aBHCHMbiX 
KBa3HllaCTHQ H KBa3HQaCTHQHO-$OHOHHOH MO
,ZJ;eJIH np oae,ZJ;eHbi paclleTbi 3HeprHH H cTpyKTy
pbi HepOTaQHOHHbiX COCTO.RHHH H30TOnOB Ty
JIH.R c A =163, 165, 167. B Hea,ZJ;Ha6aTHqecKoi\ 
BpamaTeJibHOH MO,ZJ;eJIH paCCliHTaHbi 3HeprHH 
ypoaHe:H apamaTen&HbiX nonoc cocTO.RHHH no
no:lKHTeJI&HOH H OTpHQaTeJibHOH qeTHOCTH, 
a TaK:lKe aMnJIHTY,ZJ;bl CMeiiiHBaHHH BpamaTeJib
HbiX nOJIOC ,IJ;JI.R HelleTHbiX H30TOnOB 3p6HH, 
TYJIH.R H ron&MH.R /29/. 
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B coTpy,n:uH'!eCTBe c 11HCTHTYTOM <l>H3HKH BbiCOKHX 

3HeprHH (TipOTBHHO), 11<l>B3 (LJ:oifieu) H LJ:I111>11 

(EynanewT) C03)laeTC11 KpyiDiaR 3KCnepHMeHTaJJb

HaR YCTaHOBKa )lJI11 HCCne)lOBaHHH B o6naCTH <l>H3H

KH Heii:TpHHO - "Heii:TpHHHbrH )leTeKTOp". Ha CHHM

Kax : 06WHH BHJl YCTaHOBKH Ha ueifipHHHOM KauaJJe 

11<l>B3 ; JlHCKOBbie MarHHTbl MlOOHHOro cneKTpOMeTpa 

''HeiiTpHHHOrO .D,eTeKTOpa''; MarHHTHaR o6onO'IK& H3 

39 paMHbiX MarHHTOB. 

• 



--
C03)lAHlfE 

KPYllHbiX 3KCllEPR.\fEHT AJibHbiX 

YCTAHOBOK, 

METO.UlftiECKlfE lfCCJIE)lOBAHUR, 

3J1EKTPOHlfKA 

1. Ocy~eCTBJieH MOHT9.)1( H HCnhiTaHHR :me

MeHTOB MarHHTHOH CHCTeMbl YCTaHOBKH "He:HT

pHHHbrH ,o;eTeKTop" B lf<l>B3 (IlpoTBHHO). Mar

HHTHaR CHCTeMa YCTaHOBKH, 06~H B ee KOTO

pOH COCTaBJIReT 1000 T, COCTOHT H3 M arHHTHOH 

o60JIOQKH, OKpy:IKalO~eH MHWeHHYIO qacTb, 

39 paMHbiX MarHHTOB H MlOOHHOrO cneKTpO

MeTPa, COCTOR~ero H3 13 KOJib.U:eBbl X MarHH

TOB. Bee 52 3JieKpoMarHHTa CMOHTHpOBaHbi 

H reO,D;e3HQeCKH OTblOCTHpOBaHbl. IlpH BKJllO

qeHHH 06MOTOK B036y)K,D;eHHR ,D;OCTHrHyTa 

npoeKTHaR MarHHTHaR HHAYKUHR 1,5 T . Ilpose

,o;eHbt CHJIOBbie HCllblTaHHR H MarHHTHble H3-

MepeHHR, B xo,o;e KOTOpbiX onpe,o;eneHbi pa6o

qHe napaMeTpbi MarHHTOB. CocTasneHa Tono

rpa<PHR MarHHTHOrO nOJIR B MarHHTOnpOBO,D;ax 

3JieKTPOMarHHTOB. 

MarHHTHaR cHcTeMa RBJIReTCR Ba:IKHbiM 

aBTOHOMHblM 3JieMeHTOM YCTaHOBKH. ,!VrR Ha

,o;e:IKHOH H 3$$eKTHBHOH per~cTpa.u;HH MIOOH

HOH KOMnOHeHTbl HeHTpHHHbiX B3aHMO,D;eHCT

BHH B "He:HTpHHHOM .o;eTeKTope" npe,o;ycMOT· 

peti He TOJlbKO Tpa,D;H.U:HOHHbrH MlOOHHblH 

cneKTPOMeTP, HO H MarHHTHaR o60JIOQKa, 

oxsaTbiBalO~aR MHWeHHYIO qacTb ycraHOBKH. 

Ee OCHOBHOe Ha3HaQeHHe COCTOHT B H3Mepe

HHH HMnyJibCOB MIOOHOB, BbiJieTalO~HX no,o; 

60JibWHMH yrJiaMH OTHOCHTeJibHO OCH ,D;eTeK

TOpa. lfHTerpaJibHaR 3$$eKTHBHOCTb perHCT· 

pa.u;HH MIOOHOB yCTaHOBKH C MarHHTHOH o6o

JIOQKOH COCTaBHT 75-90% BMeCTO 27% npH 

HaJIHQHH TOJibKO MlOOHHOrO cneKTpOMeTpa. 

2. BnepBbte B MHposo:H npaKmKe C03AaH 

,o;e:HTepHeBblH BapHaHT 3aMOp0:1KeHHOH MHWeHH 

AJIR ycTaHOBKH "IJpo3a". 06'beM MHWeHH" 

60 cM3 • B nonHOCTblO ,o;e:HTepHpoBaHHOM 

3THJieHrJIHKOJie nonyqeHa nOJIRpH3a.u;HR ,D;eHT

pOHOB 0,370 ±0,015 C BpeMeHeM penaKCa.u;HH 

300-500 qacos B MarHHTHOM none 0,42 T /30~ 

3. Ilposo,o;HJiacb 6onbwaR pa6oTa no no,o;

roTOBKe 3KCnepHMeHTaJibHblX YCTaHOB OK K H3· 

MepeHHRM Ha nyqKax $a3oTpolia. Ocy~ecT

BJieH $H3HQeCKHH 3anycK cneKTpoMeTp a APEC, 

npe,o;Ha3HaQeHHoro AJIR noHcKa pe,o;KHx pacna

AOB TT ·Me30HOB H MIOOHOB H HaQaTbi pa60Tbi 

Ha KOCMHQeCKHX nyqax. 

,!VrR 3KCnepHMeHTOB no HCCJie,D;OBaHHlO 

ll -KaTaJIH3a 6bma onpo6osaHa MHWeHb Bbtco

Koro ,D;aBJieHHR (600 aT ) H BbiCOKOH TeMne

paTypbi (600°C). Co3,o;aHa :IKHAKOTp HTHeBaR 
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CneK-rpOMeTp APEC no3BOll.ReT npoBO.O.HTh noncK 

pe,ll,KHX paCDil,llOB DHOHOB H MIOOHOB Ha ypOBHe l(J"'"12 
OT Bepo.RTHOCTH 06bi'IHOrO pacna.o.a. 

MHWeHb C BapHa.u;HeH TeMnepaTypbi B ,D;Hana30· 

He 20,6-40 K. CKoHcTpyHpoBaHHbiH KpHocTaT 

o6ecneqHsaeT cTa6HJibHOCTb TeMnepaTypbi 

±0,2 K B TeqeuHe AJIHTeJibHbiX 3Kcno3H.U:HH 

-300-400 qacos / 311. 

4. Pa3pa6oTaHa H onpo6osaua ua cTeu,o;e 

MeTO,D;HKa KOHTpOJIR CTpHMepHbiX ,o;eTeKTOpOB 

a,D;pOHHOrO KaJIOpHMeTpa ycTaHOBKH )lEJl<l>lf, 

Heo6xo,o;HMaR B npo.u:ecce Maccosoro npoH3· 

so,o;cma ,o;eTeKTopos. MeTOAHKa o,o;o6peua 

COTPYAHHQeCTBOM )J;EJI<l>lf, Ha ee OCHOBe Be

AYTCR pa3pa60TKa H C03AaHHe annapaTypbi 

KOHTpOJIR ,o;eTeKTOpOB AJIR yqaCTI<a npOH3· 

BOACTBa H HCnbiTaHHH B orr Olffllf. BblllOJIHeH 

KOMnJieKC pa60T no MaTeMaTHQeCKOMy MO,D;e

JIHpOBaHHIO a,o;pOHHOrO KaJIOpHMeTpa )J;EJI<l>lf 

C yqeTOM MarHHTHOrO nOJIR H oco6eHHOCTeH 

pa60Tbl ,o;eTeKTOpOB B CTpHMepHOM pe:IKH· 
Me/32/. 

5. Pa3pa6oTaua TexHonorHR H3rOTOBJieHHR 

H HCnbiTaHa OnbiTHaR napTHH AH$$y3HOHHO· 

,o;peH$OBbiX KpeMHHeBbiX H repMaHHeBbiX ,o;e

TeKTOpOB C TOHKHMH BXO,D;HbiMH OKHaMH. lfc

CJie,o;oBaHHR xapaKTepHCTHK nonynpOBO,D;HHKO· 

BbiX ,o;eTeKTOpOB (IJIJ)J;), H3rOTOBJieHHbiX no 

3TOH TeXHOJIOrHH, noKa3aJIH, QTO AH$cpy3HOH· 

Hble CJIOH y TaKHX ,D;eTei<TOpOB HMelOT TOJI~HY 

OT 5 ,o;o 10 MI<M (BMecTo 150-300 MI<M y IIII,ll;, 
H3rOTOBJieHHbiX no Tpa,D;HUHOHHOH TeXHOJIO· 

rHH), pe3I<He p-n nepexo,o;bi H xopowyw soc-



npmt3BOAHMOCTb OT AeTeKTOpa K AeTeKTOpy. 

,l],ocTHrHyThi ynyllrneHue apeMeHHoro H 3Hepre

THllecKoro pa3perneHHH H yBeJIHlleHHe npo6HB

Horo HanpmKeHHH. 

6. IJpoBeAeHO HCCJieAOBaHHe Q>yHKWfH OT

KJIHKa 3JieKTpOCTaTHlleCKOrO 6eTa-cneKTpOMeT-

pa c noMO~blO H30Tona 169Yb. BnepBbie 

3KCnepHMeHTaJibHO 06Hapy:>KeHbl 3Q>Q>eKThl 

AHCKpeTHhiX nOTepb 3HeprHH B 06JiaCTH 3Hep

rHH 3JieKTpOHOB ~10 K3B. IloKa3aHO, liTO 

co6cTBeHHoe pa3perneHue cneKTpoMeTpa co

CTaBJIHeT 1-2 3B, H liTO KallecTBo paAHoaKTHB

Horo HCTOliHHKa urpaeT onpeAeJI.HlO~YlO ponb 

npH pa3pa60TKe noCJieAOBaTeJibHOH MeTOAHKH 

npe~H3HOHHOH 6eTa-cneKTpOMeTpHH B o6JiaCTH 

1-50 K3B 
133 1

• 

7. Pa3pa6oTaHhi H ycnernHo npornnu ucnbiTa

HHH Ha nyqKe yCKOpHTeJIH l1<1>B3 ApeHQ>OBbie 

KaMepbl HOBOrO THna - lliHpOK03a30pHbie 

ApeiiQ>oBbie KaMepbi c Q>opMupylO~HMH none 

3JieKTpOAaMH Ha cTeKJioTeKcTOJIHTe /34/. TaKHe 

KaMephi C 6oJiblliOH AJIHHOH ApeiiQ>a npeAHa3Ha

lleHbl AJIH cy~ecTBeHHoro yMeHLilieHHH liHCJia 

HHQ>OpM~HOHHhiX KaHaJIOB npH COXpaHeHH.H 

BhiCOKOH TOliHOCTH KOOpAHHaTHOH perHCTpa

~HH. IloKa3aHO, liTO KaMepbl pa60TalOT C BbiCO

KOH 3Q>Q>eKTHBHOCTblO no seen nJIO~aAH, 
npocTpaHCTBeHHoe pa3perneHue npu AJIHHe 

ApeiiQ>a 40 MM COCTaBHJIO 0,25 MM. ,l],OCTHr

HyTa BhiCOKaR JIHHeHHOCTb B OTHOilieHHH 

"apeMH Apen<t>a - KOOpAHHaTa". KaMepa MO

:>KeT 6hiTb HCnOJib30BaHa B nOTOKax llaCT~ 

N _?10 5 • c-
1

• C noMO~blO 6e33JieKTPOAHOH 

ApeHQ>OBOH KaMepbi/3S/ H3MepHJIHCb KOOpAH

HaTbl OCeH 3JieKTpOMarHHTHhiX JIHBHeH. IloJiy

lleHO peKOpAHOe npOCTpaHCTBeHHOe pa3perne

HHe a = 1,95 MM AJIH 3HeprHH 3JieKTpOHOB 

3 r3B. 

8 . Pa3pa6oTaHhi 3JieKTpOHHhie cucTeMhi AJIH 

o6pa60TKH HHQ>OpM~HH, noJiyllaeMOH B Q>H3H

lleCKHX 3KCnepHMeHTax: 6hiCTpOAeHCTBYIO~He 
JIOrHlleCKHe ycTpOHCTBa AJIH OT6opa C06hiTHH, 

cxeMhi Ma:>KOpHTapHhiX coBnaAeHHH KJI 360 

Ha OCHOBe aHaJIOrOBOrO CJIO:>KeHH.R TOKOBhiX 

CHrHaJIOB, MHOroQ>yHK~HOHaJibHhiH pa3BeTBH

TeJib KJI 362, 6biCTphiH npo~eccop oT6opa llac

TH~ no HX paCXOAHMOCTH AJIH ycTaHOBKH 

Ml1C-2. IlpoBOAHJiacb pa3pa6oTKa KOMUJieKca 

3JieKTpOHHOH annapaTypbl AJIH cneKTpOMeTpH

l!eCKHX HCCJieAOBaHHH, a TaK:>Ke ~HQ>pOBbiX 

ycTpoH:cTB , pa6oTaJO~x c MaJihiMH 3BM. Ha

Jia:>KeHo u nepeAaHo B Q>H3Hl!ecKue rpynllhi 400 

3JieKTPOHHhiX 6noKOB a CTaHAapTe KAMAK 

H 68 6JIOK OB B CTaHAapTe BilliiHH. 

9. C nOMO~blO Q>ypbe-MHKpOCKOna noJiylle

Hhl OnTHlleCKH.e CHrHaJihl OT CJieAOB peJIHTH

BHCTCKHX HAep HeoHa B Q>oT03MYJibCHH. Pa3pe

rneHHe n o yr.Jiy OpHeHT~H CJieAa COCTaBJIHeT 

± 0,01°, TOliHOCTb onpeAeJieHH.R ~eHTPa T.H:>Ke

CTH H306pa:>KeHH..H TpeKa ±10 MKM/36/. HallaTa 

pa6oTa C Q>ypbe-MHKpOCKOnOM B noJiyaBTOMa

THlleCKOM pe:>KHMe C ynpaaJieHHeM ,I:U3H:>KeHH.R 

KapeToK c nynLTa u c 3anHCblO llepe3 3BM reo

MeTpHlleCKHX xapaKTepHCTHK CJieAa llaCT~I. 

PAEOTbl B OEJIACTl1 YCKOPl1TEJIEfl 

1. PeaJIH30BaHa CHCTeMa BhiBOAa nyliKa H3 

3JieKTpOHHOH MOAeJIH ~HKJIOTpOHa npH HaJIH

liHH BTOp OH rapMOHHKH YCKOpHIO~ero Bhi

COKOllaCTOTHOrO nOJIH. l1CCJieAOBaH pe:>KHM 

"flat-top" ycKopHTeJIH - ynyqrneHo pa3AeJie

HHe nyliK a Ha COCeAHHX op6HTax, peaJIH30BaH 

3Q>Q>eKT paCiliHpeHH.R op6HT B 3TOM pe:>KH
Me /37~ 

2. Pa3pa6oTaH: 3CKH3HhiH npoeKT ycTpoiicT

aa AJIH M arHHTHhiX H3MepeHHH B rneCTHMeTpO

BhiX AHn OJIHX YHK, BhinOJIHeHhi paclleThi no 

OnTHMH3a~HH KBaApaTHliHOH HeJIHHeHHOCTH 

AJIH MarHHTHOH cTpyKTyphi YHK. 

IIPl1KJIA ,l],HbiE l1CCJIE,l],OBAHl1H 

1. 3aaeprneHa lOCTHpOBKa BCeX HOHHO

OnTHlleCK HX 3JieMeHTOB Tpex npOTOHHbiX Ka

HaJIOB eAH~HHCKOrO Ha3HalleHHH Q>a30TpOHa 

Ol1Hl1. IlpoBeAeHhi aaKyyMHhie ucm.ITaHHH 

H HaJiaAKa aaKyyM-npoBOAOB. BhmOJIHeHhi 

MarHHTHbie H A03HMeTpHlleCKHe H3MepeHHH 138( 

2. C o aMeCTHO c Bcecol03HhiM OHKOJiorHlle

CKHM HayliHhiM ~eHTpOM AMH CCCP HallaThi 

pa60Thl n o H3ylleHHIO pOJIH ruiJOKCHH B AeHCT

BHH rJIIOK03HOH Harpy3KH Ha 06JiylleHHbie ony-
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Ha cPa30TpoHe OHHH 3aBepwaeTC.Ii C03JJ;aHHe K1IHHHKO

cPH3H'IecKoro KOMn1IeKCa JJ;1I.Ii pa60T B 061IaCTH OHK0-

1IOrHH. Ha CHHMKe: OJJ;Ha H3 MeJJ;H~HHCKHX Ka6HH 

KOMrmeKca. 

JIHTEP ATYP A * 

1. AIIeHHUKHH IO.r . H AP- LI.es.HToe Bcecoro3-
Hoe cose~aHHe no ycKopHTenHM 3ap.H
JKeHHhiX qacTHU. AHHOTaUHH ,l.(OKna,l.(OB. 
OHHH, P9-84-641, Ll.y6Ha, 1984, c.65. 

2. AneHHUKHH IO.r. H AP· OHHH, P9-8 4-152, 
Ll.y6Ha, 1984. 

3. BopoJKuos C.E. H AP· OHHH, P9-84-25, 
Ll.y6Ha, 1984. 

4. Antipov Yu.M. et al. JINR, E1-84-514, 
Dubna, 1984. 
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XOJieBhie KJieTKH. llpe,l.(BUpHTeJibHbie OnbiTbl 
noKa3aJJH, 'ITO rHnOKCH.fl yMeHblllaeT 11YBCTBH
TeJibHOCTb onyXOJieBbiX KJieTOK K o6nyqeHHIO 
H yseJIH'IHBaeT HX 11YBCTBHTeJ1bHOCTb K H36biT
KY rJIIOK03bi ' 39 1 . 

B pe3ynbTaTe o6nyqeHHH KneToK 6aKTepHM, 
APO)!OKeii H MneKonHTaiO~Hx ycKopeHHbiMH 
HOHaMH renHH, yrnepo,l.(a H neona c 3HeprHeii 
,l.(O 6 M3B/HYKJIOH nonyqenbi KpHBbie BbiJKHBa
HHH o6Jiy11eHHbiX OpraHH3MOB. lloKa3aHO, 'ITO 
3aBHCHMOCTb pa,l.(HO'IYBCTBHTenbHOCTH KneTOK 
MHKpoopraHH3MOB OT BeJIH'IHHbl JIHHeHHOH ne
pe,l.(a'IH 3HeprHH (Jlll3) H3nyqeuHii onpe,l.(en.H
eTc.H penapaUHOHHhiM reHOTHOOM KJieTOK 1 40 ~ 

llpO,l.(OJIJKaJIOCb H3yqeHHe BJIH.HHH.fl MarHHT
HOrO 3KpaHHpOBaHHR Ha CnOHTaHHYIO ¢>aro
npOAYKUHIO B J1H3oreHHOH CHCTeMe KHllleqHOH 
naJIOqKH. 06HapyJKeHO ,l.(OCTOBepHOe yMeHbllle
HHe ¢>aronpOAYKUHH B MarHHTHOM 3KpaHe 141< 
llpose,l.(eH aHaJIH3 ¢>aKTopos, onpe,l.(en.HIO~Hx 

xapaKTep KpHBbiX BhiJKHBaHHR 6aKTepHH npH 
,l.(eHCTBHH H3nyqeHHH c pa3HOH Jlll3. Co3,l.(aHa 
MO,l.(enb, yqHTbiBaiO~aR BJIH.fiHHe Ha ¢>opMy 
KpHBbiX BhiJKHBaHH.fl He TOJibKO ¢>H3HqecKHX 
xapaKTepHCTHK pa3HhiX THnOB H3nyqeHH.H, HO 
H 6HOJ10rHqeCKHX MexaHH3MOB / 42/. 

3. Ha CHHXpOUHKnOTpOHe JIH.H<I> (raT'IHHa) 
npose,l.(eHhl 3KCnepHMeHThl no H3yqeHHIO AH¢>
¢>Y3HH nonOJKHTenbHbiX MIOOHOB B MeTannax 
H HCCne,l.(OBaHHIO CBOHCTB CBepxnpOBO,l.(HHKOB. 
I13MepeHa 3aBHCHMOCTb OT TeMnepaTypbi Bpe
MeHH AH¢>¢>Y3HOHHbiX CKaqKOB nonOJKHTenb
HOrO MIOOHa B KpHCTaJine renHKOH,l.(aJibHO
ynop.H,l.(OqeHHOrO aHTH¢>eppoMarHeTHKa (AHC· 
npo3HH) s HHTepsane TeMnepaTyp 90-180 K. 
llOKa3aHO, qTO AH¢>¢>Y3H.fl MIOOHa B ,l.(HCnpo-
3HH HBn.HeTc.H no,l.(6ap&epHbiM npoueccoM 1 43< 

5. AHTHnOB IO.M. H AP· OHHH, P1-84-490, 
LI.y6Ha, 1984. 
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* UHTHPYJOTCR H36paaHbie pa6oTbi. 
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nA60PATOPMH 
HJJ.EPHbiX PEAK~MM 

B 1984 ro,ny OCHOBHbie YCHflH.fi KOnneKTHBa 
Jia6opaTOpHH .R,nepHbiX peaKI..(HH 6binH CKOH
QeHTpHpOBaHbi Ha pa6oTaX no CHHTe3y HOBbiX 
TpaHccpepMHeBhiX 3neMeHTOB, nOHCKe CBepx
T.RJKenbiX 3neMeHTOB B npHpo,ne, Ha H3yqeHHH 
MeXaHH3Ma anepHbiX peaKQHH. BonhiiiOe BHH
MaHHe y,nenHnOCb pa3BHTHIO npHKnaAHbiX HC
cne,nOBaHHH. CHHTe3HpOBaHhi H30TOnhi 108 
3fleMeHTa C MaCCOBbiMH qHcnaMH 263-265. 

,llsyxnneqesoH cneKTpoMeTp .ll3MAC 3anymeH 
e nonHOM o6'heMe. Ha noH ycTaHosKe H3yqeHbi 
3HepreTHqecKHe H MaccOBhie pacnpeneneHHH 
npo,nyKTOB pacnana cocTaBHhiX anep c Z = 108. 

BhmonHeH 6onbiiiOH o6'heM pa6oT no C03AaHHIO 
• 

HAYqHO-HCCJIE,llOBATEJihCKHE P ABOTbl 

CHHTE3 HHCCJIE.llOBAHHE 
CBOACTB H30 TOilOB 

TPAHC<l>EPMHEBblX 3JIEM EHTOB 

1. CTa6HnbHOCTb H30Tonos HaH6on ee THJKe
nbiX 3neMeHTOB onpenenaeTcH, KaK npasHno, 
cnOHTaHHblM neneHHeM HnH a -pacna,noM. B TO 
speMH KaK nepHOA nonypacnana anep OTHOCH
TenbHO a -pacnana onpenenaeTCH B ocHOBHOM· 
senHqHHOH 3HeprOBbiAeneHHH, KOTOpyro MOJK
HO OQeHHTb H3 CHCTeMaTHKH MaCC .R,nep, se
pOHTHOCTb CnOHTaHHOrO ,neneHH.fi T.RJKeflblX 
H,nep HCnhiTbiBaeT CHnbHble BapH~H B 3aBH
CHMOCTH OT Z H N , o6ycnosneHHbie BflH.RHHeM 
o6onoqeqHoH CTPYKTYPhi anep Ha BhiCOTY 
H cpopMy 6apbepa neneHHH. CsH,neTenbCTBOM 
3TOMY HBHnOCb pe3KOe H3MeHeH~e 3aBHCHMO· 
CTH nepHOAOB CnOHTaHHOrO ,neneHH.fi OT qHcna 

HeHTpOHOB npH nepexone OT Z = 102 K Z =l04. 
XoTH MH scex H3BeCTHbiX qeTHo-qeTHbiX H30-
Tonos KypqaTOBH.fi TsF « ~ , MH Bbi6opa 
MeTo,na CHHTe3a 3neMeHTOB c Z > 104 onpenene
HHe CBOHCTB H COOTHOIIIeHH.R OCHOBHbiX THnOB 
pacnana npe,n~Tasn.ReT nepsocTeneHHoe 3Haqe
HHe. 
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ycTaHOBOK JIH,ll:HA, KCH, XHIITH. Co3,naeTCH 
HOBbiH cneQHanH3HpOBaHHbiH QHKflHqeCKHH HM
nnaHTaTOp HU-100, KOTOpbiH nonJKeH cTaTh 
cepHHHOH ycTaHOBKOH, npe,n:Ha3HaqeHHOH AJIH 
npOH3BOACTBa .R,nepHbiX QlHflbTpOB H HCCJie,no
BaHHH no HOHHOH HMnnaHTaQHH H pa,n:HaQHOH
HOMy MaTepHanoseneHHIO. 3asepiiieHo co3,na
HHe npoeKTa QHKnOTpOHHOrO KOMnJieKCa 
Y-400- Y-400M. iloBbiiiieHa cTa6HnhHOCTb pa-
6oThi ycKopHTena Y-400 3a cqeT nepesona ero 
C BpeMeHHhlX CHCTeM o6ecneqeHH.R Ha nOCTOHH
Hhie. CornacHo TeMaTHqecKoMy nnaHy na6opa
TOpHH B 1984 r. YCKOpHTenH OTpa6oTanH AJIH 
nposeneHHH HayqHhix HccnenosaHHH 6900 qa
cos, H3 HHX Y-400- 3600 qacos . 

3KcnepHMeHThi no H3yqeHHIO CBOHCTB H30· 
Tonos 106 3neMeHTa c MaccoH A = 259, 260 
ltl 261 noKa3a.Jlltl, qTO OHH HBJIHKJTC.fi a -H3Jiyqa
Ten.RMH, T.e. BeCbMa YCTOHqHBbiMH OTHOCH· 
TenbHO cnoHTaHHoro neneHHH. 3To 3aKnroqeHHe 
oco6eHHO saJKHO nna qeTHo-qeTHoro anpa 
260 106 ( T 112 - 3 MC), a -pacna,n KOTOpOrO 
npHBOAHT K H30Tony 256 Ku ( T 11~ 6,7 MC), 

a 256 Ku cnoHTaHHO nenHTCH c sepoHTHOCTblO 
- 100%. 3HaqHTenbHhiH HHTepec npe,ncTaBJI.ReT 
onpeneneHHe csoHCTB 6onee THJKeJihiX HYKJIH
nos, s nepsyro oqepe,nb, 108 3JieMeHTa. l130TO
nhi 108 3neMeHTa 6hmH nonyqeHhi s peaKQHHX 

209Bi + 55Mn 11 207,208pb + 58 Fe / l,2i _H 3y. 

qeHHe 3THX peaKQHH npHBeJIO K cne,nyroll.lHM 
3aKnroqeHHHM o csoHcTsax H30Tonos 108 3Jie
MeHTa. qeTHO-HeqeTHbie H30TOllbl 263 108 H 
265 108 HCnhiThiBalOT a ~pacnan. BpeMeHHOe 
pacnpeneneHHe 20 cnyqaes cnoHTaHHoro 
neneHHH, Ha6nro,nasiiieroca s peaKI..(HHx 

2°7.208 Pb + 58 Fe , He oTnHqaeTCH s npenenax 
3KCnepHMeHTanbHOH TOqHOCTH OT TOrO, qTO pa
Hee Ha6nronanocb nna H30Tona 260 106. TaK 
KaK napuHanbHhiH nepHon nonypacnana c Bbi
neTOM a -qacTHUhi H30Tona 264108 no oueHKe 
paseH Ta ( 264 108) - 0,1 Me, qTo Ha naa no-



pH.Z:U<a Meahwe aa6monaJOmerocH nepHona 
CnOHTaHHOrO ,IJ;eJieHH.fl, TO MO:>KHO C,IJ;eJiaTh Bhl· 
BO,Il; 0 TOM, 'ITO H ,IJ;JI.fl 'leTHO-'IeTHOrO H30TOna 
264 108 OCHOBHhiM KaHaJIOM pacnana 6y.neT 
HBJI.fiThC.fl a -pacnan, a aa6monaeMoe cnoHTaH
aoe ,IJ;eJieHHe OTHOCHTC.fl K "sayqaTOMy npo
.D:YKTy" - H30Tony 256 Ku. TaKHM o6pa30M, 
KaK ,IJ;JI.fl H30TOna 260 106, TaK H H30TOna 
264108 .fi,IJ;epHaH CTa6HJihHOCTh onpe,IJ;eJI.fleTC.fl 

a-pacnanoM. Ha ocaose 3KcnepHMeHTaJihHhiX 
HJIH pacqeTHhiX seJIH'lHH ,IJ;JI.fl scex H3y'leHHhiX 
H30TOnOB MO)I(HO OUeHHTh napUHaJihHhiH ne
pHO,Il; nonypacnana ,IJ;JI.fl cnoHTaHHoro neneaHH. 
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PHc.l. :3KcnepHMeHTaJiwn.Ie aenlf1IHHI>J napQH8JJWioro 
nepao,aa nonypacna,aa ll,llep c Z > 90 no cnoHTaHHOMY 
AeneHHJO KaK cPYHKLUUI napaMerpa AeJIHMOCTH (a • 
qeTHO""'eTH&Je ll,llpa, 6 - He<~eTH&Je) • 

3TH ,Il;aHHbie, BMecTe C noJiy'leHHhiMH paHee /3/, 
npencTasneHhi aa pHc.l. KaK BH.D:HO H3 pHCYH
Ka, 3TH BeJIH'IHHhl ,IJ;JI.fl .fi,IJ;ep C Z = 104-109 OT· 

JIH'IaJOTC.fl aa Q>aKTop -1015 oT TsF•npencKa-
3aHHhiX KaneJibHOH MO,Il;eJibiO .fi,Il;ep. 3TOT Q>aKT 
nOKa3hiBaeT, 'ITO .fi,IJ;epHaH CTa6HJibHOCTb OTHO· 
cHTeJihHO cnoHTaHHoro neneaHH, onpeneneHHaH 
B 3TOH o6JiaCTH, CB.fl3aHa C cymecTBOBaHHeM 
"o6onoqe'IHoro" 6apbepa neneHH.fl. Pac'le
Thi I 41 nOKa3hmaJOT, 'ITO BhiCOTa H Q>opMa 
6apbepos r.feaHeTc.fl oqeah cna6o s HcCJienye
MOH o6n aCTH Z H N. llpo6neMa CHHTe3a H3o
Tonos 3JieMeHTOB c Z > 109 MeTonoM "xonon
aoro" CJIH.fiHH.fl .fi,Il;ep npencTasneaa aa pHc.2. 
BH.D:Ho, 'ITO ceqeaHe o6pa30BaHH.fl cocTasHhiX 
.fi,Il;ep p e3KO nanaeT, H n03TOMY qyscTBHTeJib· 
HOCTh n epBhiX 3KCnepHMeHTOB no CHHTe3y HYK· 
nHnos c ~ =111 s peaKUHH 209 Bi + 64Ni 6hma 
aenoCTa.TO'lHOH, 'lT06hi nenan KaKHe-JIH6o 3a
KJIIO'leHH.fl o csoH:crsax 111 3JieMeHTa. 

IN-1~ 
~ 
CJ -

f 

100 110 A 

PHc.2. 3 aaHCHMocn. ceqeHJdi peaxUHH (HI, n) OT 
&TOMHOrO HOMep& COCTUHOrO ll,llp&. 

B y CJiosHHX CHJihHoro naneHH.fl ceqeHHit: 

CJIHHHH.fl s peaKUHHX THna Pb + HI c pocToM 
nop.fi,Il;KOBOrO HOMepa HOHa He06XO,IJ;HMO BHOBh 
sepHYTbC.fl K B03MO:>KHOCT.fiM peaKUHH CJIH.fiHH.fl 
,IJ;JI..fl 6oJiee aCHMMeTpH'IHhiX CHCTeM,TaKHX, KaK 

2S2frh+ 48ca, 2Slpa+ 48ca, 233-essu + 48ca 
H T.,IJ;. 

2. B hinOJIHeHhi 3KcnepHMeHThi no cHHTe3y 
T..fl)f(eJihiX .H.nep s peaKUHHX 235,2ssu + 40 Ar 
H 232T h + 40 Ar c HcnoJI&30BaHHeM a3po30Jih-

63 



Horo TpaHcnopTa npOAYKTOB peaK~HH H pe

rHCTpa~H CllOHTaHHOrO ,IJ;eneHHR C nepHO,Il;OM 

Tu2> 1 c. llonyqeHbi npe,D;enhi ceqeHHH 

- (F 5) ·10-
36 

cM 2• BenHcb noHCKH ,IJ;oqepHHX 
H,D;ep,B03HHKaJOIUHX npH a -RaCna,IJ;e npOAYKTOB 
peaK~H nonHoro cnHHHHR 23~h ( 35CI, 2-3n) 
H 232 Th ( 37CI, 4-5n). llonyqeHa aepxmm rpa
HH~a Ha ypOBHe a_$ 5.10- 36cM 2, 

3. :H3yqanocb TepMoxpoMaTorpaqmqecKoe 

Bhi,IJ;eneHHe aTOMOB Os , Ir H Pt H3 npo,IJ;yKTOB 

H,IJ;epHbiX pea~HH Ha nyqKe TH:>KenbiX HOHOB. 

3TH npOAYKTbl HBnHJOTCH 6nH:>KaHlllHMH XHMH

qeCKHMH aHanoraMH 108, 109 H 110 3n eMeH

TOB. B onpe,D;eneHHhiX ycnoaHnx aHano r 108 

3neMeHTa - OCMHH o6pa3yeT qeTbipex oKHCb, 

KOTOpaR OCa:>K,IJ;aeTCH Ha KBap~eBOH K OnOHKe 

npH TeMnepaType - 80 °C, apeMR Bbi,IJ;eneHHH 

-1 c. :HpHAHH- aHanor 109 3neMeHTa o 6pa3y

eT ,IJ;Ba neTyQHX COe,IJ;HHeHHR - QeTbipeXOKHCb 

(oca:>K,IJ;aeTCH npH 80°C) H HpH,D;HeBylO KHCnO

TY (10°C), nnaTHHa - aHanor 110 3neMeHTa 

OCa:>K,IJ;aeTCH npH KOMHaTHOH TeMnepaType 

B BH,IJ;e nnaTHHOBOH KHCnOTbl 
151

. 

llO:HCK CBEPXTJDKEJihiX 3JIEME HTOB 

ripo,D;on:>KeHhi Hccne,IJ;oaaHHH no n oHcey 

CBepXTH:>KenbiX 3neMeHTOB B TepMMbHbiX BO

,IJ;ax EaH:KanbCKOH pH<l>ToaoH: 30Hhi. KoH~eHT
pHpoaaHHe MHKp03neMeHTOB - B03MO:>KHbiX 

aHanoroa caepxTn:>KenbiX 3neMeHTOB - npoao

AHnocb COp6~HeH Ha HOHHTax H MOpcpH3HpO

aaHHbiX BOnOKHaX, COOCa:>K,IJ;eHHeM C HeOpraHH

qeCKHMH H OpraHmecKHMH KOnneKTOpaMH, Me

TO,Il;OM ynhTpacpHnbTp~HH. J1ccne,IJ;OBaHHe o6-

pa3QOB H nonyqeHHbiX npH Hx nepep a6oTKe 

KOH~eHTpaTOB Ha CO,D;ep:>KaHHe CBepXTH:>KenbiX 

3neMeHTOB npOBO,IJ;HnOCb Ha HH3KOcpOHOBOM 

HeHTpOHHOM ,IJ;eTeKTope c 
3 

He-cqeTQHKaMH 

H Ha 6onblllHX nponop~HOHanbHbiX CQeTQHKax. 

AKTHBHOCTh cnoHTaHHoro ,IJ;eneHHR, npeBbi

rnaroman ¢>oHoayro, Ha6nro,IJ;anacb Ann OT,IJ;enh

HhiX o6pa3~0B cynhcpOKaTHOHHTOB H COOTBeT

CTBYIOI.UHX HM KOH~eHTpaTOB 161 . AHanH3 no

nyqeHHhiX pe3ynbTaTOB no3aon~-~n c,IJ;en aTb Bhi

BOA 06 06Hapy:>KeHHH B HCCne,IJ;yeMbiX rH,D;pO

TepMax Eaii:KruibCKOH pH¢>ToaoH: 30Hhi Hoaoro 

OTnHQHOrO OT ypaHa npHpO,D;HOrO CllOHTaHHO 

,IJ;ennmerocH 3neMeHTa; KOH~eHTp~HH HYKnH

AOB B ,IJ;aHHbiX BO,IJ;ax O~eHeHa -10- 16 r / r. 0Tpa-

6oTaHa MeTO,IJ;HKa Bbi,IJ;eneHHR H KOH~eHTpHpO

BaHHR aHanoroa caepxTH:>KenhiX 3neMeHTOB H3 

TepManbHhiX pacconoa, ocHoaaHHan Ha Hcnonb-

30BaHHH HOBOrO THna COp6eHTOB C npOCTpaHCT

BeHHO rno6ynHpHOH CTpyKTypOH, ll03BOnHJ0-

1UHX ,Il;OBeCTH cpaKTOpbl KOH~eHTpHDOBaHHH 
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aH~or~a 
10 -10 . 

caepxTH:>KenbiX 3neMeHTOB AO 

llpO,D;On:>KanHCb llOHCKH aHOManbHO npOTH

:>KeHHbiX TpeKOB B OnHBHHax BHe3eMHOrO npo

HCXO:>K,IJ;eHHR H3 MeTeOpHTOB. K KOH~Y 1984 r. 

06Hapy:>KeHO 8 aHOManbHO npOTH:>KeHHbiX Tpe-

KOB, KOTOpbie, B03MO:>KHO, o6ycnoaneHbl 

caepxTH:>KenhiMH H,D;paMH ranaKTHt~ecKoro 

npoHcxo:>K,IJ;eHHH. Pa3pa6oTaHa HOBan MeTo,IJ;HKa 

BbiRBneHHH aHOMMbHO npOTH:>KeHHbiX TpeKOB, 

nonHOCTblO 3aKnJOQeHHbiX B 06'beMe KpHCTan

nOB OnHBHHOB. J13rOTOBneHbl KOnnHMaTOpbl 

B BH,IJ;e CHCTeMbl meneH lllHpHHOH 30-40 MKM 

C lllarOM 200 MKM H llnOI.Ua,IJ;blO ,IJ;O 4 CM 2. C HX 

llOMOI.UblO KpHCTannhi onHBHHa o6nyQaJOTCH 

YCKOpeHHbiMH HOHaMH C Z ~ 30 Ha ~KnOTpOHe 

Y-400. llocne,IJ;yromee TpaaneHHe npHBOAHT 

K o6pa30BaHHIO CHCTeMbl meneH B KpHCTannax, 

t1TO no3aonneT 6onee t~eTKO ahmBnHTb aHo- ' 

MMbHO npOT!l:>KeHHbie TpeKH. 3Ta MeTO,IJ;HKa 

3aMeHHna npHMeHHBlllyJOCH paHee npo~e,D;ypy 

tlaCTHtiHOrO paCKMbiBaHHR KpHCTannOB na3ep

HbiM nyQKOM, OHa ll03BOnHeT B HeCKOnbKO pa3 

llO,IJ;HHTb npOH3BO,IJ;HTenhHOCTb npOCMOTpa KpH
CTMnOB. 

:H3YqEH:HE MEXAH:H3MA 

B3A:HMO.[{EfiCTBUR CJIO)I(HbiX .fi.[{EP 

1. Pea~HH xono,IJ;Horo cnHRHHH HAep, npH

BOAHIUHe K o6pa30BaHHIO COCTaBHbiX H,D;ep 

c 3HeprHeH ao36y:>KAeHHH E *=20-o-40 M3B, rnH

poKo HCnOnh3YlOTCH ,IJ;nH CHHTe3a 3neMeHTOB 

C Z > 100. llOCKOnhKY COCTaBHbie H,D;pa TH:>Ke

nhiX 3neMeHTOB HCllbiTbiBalOT B 3HaQHTenbHOH 

,IJ;one cnyqaea ,IJ;eneHHe, Hccne,IJ;oaaHHe Mexa

HH3Ma CnHRHHH H,D;ep MO:>KeT 6biTb npoae,IJ;eHO 

nyTeM H3MepeHHH COBlla,IJ;eHHH OCKOnKOB Bbi

Hy:>K,IJ;eHHOrO ,IJ;eneHHH. 0AHaKo o6pa30BaHHe 

ABYX ¢>parMeHTOB a BhiXOAHOM KaHane peaK

~HH MO:>KeT 6biTb o6ycnoaneHO pa3nHQHbiMH 

MexaHH3MaMH H,D;epHbiX pea~H, ll03TOMY He

o6XO,IJ;HMO ,IJ;eTanbHOe H3yt~eHHe MaCCOBhiX, 

3HepreTHtleCKHX H yrnOBhiX pacnpe,D;eneHHH 

ABYX KoppenHpoaaHHbiX ¢>parMeHTOB npo~ec
ca pacna,IJ;a COCTaBHOH CHCTeMbl. TaKOH B03-

MO:>KHOCTblO o6na,IJ;aeT AByxnneqeaoH: apeMR

nponeTHhiH cneKTpOMeTp ycTaHOBKH .[{3MACI'7( 

HMeromeH: apeMeHHoe pa3perneHHe -200 nc 

H 3HepreTHt~ecKoe -1%. B pe3ynLTaTe a6co

nJOTHoe Maccoaoe pa3perneHHe cocTaanHeT 

±1,5" a.e.M. H npaKTHtleCKH He 3aBHCHT OT MaC

Chi perHcTpHpyeMoro ocKOJIKa. :Hccne,IJ;oaa

nocb Maccoaoe pacnpe,D;eneHHe npOAYKTOB pe
aKUHH 22Ne -+ 249Cf 40 Ar + 232fh H 56 Fe + 

208 , 
+ Pb. 3TH KOM6HHa~HH Bbi6HpanHcb c ~eJibJO 
nonyqeHHH OAHOH H TOH :>Ke CHCTeMbi Z 1+ Z2 ~ 



=108 B ,o;Harr8.3oHe :meprHH EH/BKyn = 
= 1,0371,5, DpH MaCCOBOH aCHMMeTpHH BO 
BXO,Il;HOM KaHaJie - 0,58-;. 0,84 H 3HeprHH 
B036yX<.D;eHHR E * _ 45 7100 M3B. MaccOBhie 
pacnpe,o;eneHHR npo.o;yKTOB .D;JUI 3THX pea~HH 
npe.n;cTasneHbi Ha pHc.3,4. BH.o;Ho, liTO Q>opMa 
M&CCOBbiX pacnpe,o;eJieHHH CHJibHO 3aBHCHT OT 
napaMeTpa aCHMMeTpHH BXO.D;HOrO KaHaJia. 
B CJiyqae pea~HH 4~r + 232 Th c yMeH&Uie
HHeM 3HeprHH Maccosoe pacnpe.o;eneHHe CTaHO
BHTC.II lllHpe, KpOMe TOrO, DpO.IIBJI.IIeTC.II CTpyK
TYJ>a B BH.D;e MaKCHMyMa BbiXO.D;a DpH MaCCax 
npo.n;yKTOB A- 210 (cooTseTCTBeHHO y conp.ll
xceHHoro npo.o;yKTa Macca - 60). CTpyKTyp-

1• 10216 
21Ne (179 M3B) +

249
Cf 

5 
ECM /B =1,5 

4 

3 

2 

l 

2 

0~-L~~--~~~~--, 

'"
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l 
14 56Fe (357 M3B) + 208

Pb 

f2 CM/8=1,3 
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4 

2 ! 
0 
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A 

PHc.3 . Maccosbre pacnpeAeneHHH npOAYKTOB peaKUH}i 
DpH p&3JIH'IHbiX napaMe-rpax M&CCOBOH &CHMMeTpHH 
BXOAHoro K&HaJia ( EcM - KHHeTHllecKaR 3HeprHH 
B CHCTeMe QeHTpa Mace, B - KyJIOHOBCKHH 6apbep) • 

Hble Oco6eHHOCTH B MaCCOBOM pacnpe,o;eJieHHH 
paHee Ha6JIIO.D;aJIHCb DpH HCCJie.D;OBaHHH peaK
QHH 40Ar + 243 Am lSI, H OHH MOryT 6biTb 
06'b.IICHeHbl BJIH.IIHHeM 060JIOlleK C Z = 82 
H N = .126 Ha Q>opMHposaHHe Maccosoro pac
npe.o;eneHH.II. 

2. C OOMOUU.IO MarHHTHOrO COeKTpOMeTpa 
MCll-144 npoae.o;eHbi 3KcnepHMeHTbi no H3Me
peHHIO MaCChi .11.o;pa 

9 
He a pea~HH .o;aoiiHoii 

nepe3ap.ll,o;KH 9Be( 14c, 9 He) 14o. B 3HepreTH
qecKoM COeKTpe .II.D;ep 140 Ha6JIIO.D;aJIC.II OHK, 
COOTBeTCTBYIOIIUfH pe30HaHCHOMY COCTO.IIHHIO 

~ 
s: 
:X: 
s: 
~ 
Q) 

r: :s: 
C) 

0 

~ 
0 -
~~ 

1•102
! 144°At (302 M3B)+ 232 Th 

12 ECM/B=1,5 
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(•10) 12 

10 
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2 

0 

I 

I 

A 

PHc.4. Maccosb1e pacnpeAeneHHH npOAYKTOB peaK· 
QHH 40Ar + 232Th npH pa:mH'IHbiX 3HeprHHX B03-
6~eHHR COCT&BHOH CHCTeMbi R,JJ;ep. 
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BJle + n ( 9He). no nonmKeHmo nHKa onpe.neneH 
.neQ>eKT MaCChi 9 He, ~M (9He) - 43,7 M3B. 
llOK83aHO, liTO 3TO .a,npo HecTa6HnbHO OTHOCH
TenbHO HeHTpOHHoro pacna.na (En-2 M3B 191 , 
liTO B npe,nenax TOIIHOCTH 3KCnepHMeHTa COOT
BeTCTByeT 3HRlleHHIO, nonyqeHHOMY B 3KCnepH
MeHTax C 11- -Me30HaMH) . 

3. Paapa6oTaHa MeTO,nHKa perHcTparum 
)l(eCTKOH KOMllOHeHTbl raMMR -H3nyqeHHH B pe
aK~.RX Ha nyqKe T.fl)l(enbiX HOHOB, OCHOBaHHaH 
Ha HCllOnb30BaHHH B KallecTBe ,neTeKTOpOB 
raMMa-H3nylleHHH KpHcTannoa Nal 6on1>woro 
06'beMa, C 3Q>Q>eKTHBHOCTbiO perHCTp<mHH raM
Ma-nyqeH c 3HeprHeii -10 M3B OKono 1% H Bhi
COKOH nHHeHHOCThiO annoTI> .no 3HeprHii 
-20 M3B. l13MepeHbi cneKTpbi raMMa-H3nylle
HHH B pea~HHx 197 Au + 12 C , 197 Au + 16 0 
H 197 Au + 40 Ar npH 3HeprH.ax OT 5,5 .no 
9 M3B/HyKnoH. l13MepeHHH )l(eCTKOH KoMno
HeHThi raMMa-H3nyqeHHH npoae,neHbi B KaHanax 
,neneHHH H. HCnapeHHH HeHTpOHOB H3 COC1'aBHO
ro .a,npa. 06Hapy)l(eH 3Q>Q>eKT, KOTOpbiH MO)I(eT 
HHTepnpeTHpOBaTbCH KaK 3MHCCHH )l(eCTKOrO 
raMMa-H3nyqeHHH, npe.nwecTayroma.a o6pa3o
BaHHIO COCTaBHOrO .a,npa/10/. 

4. B peaK~x 181 Ta + 52Cr (360 M3B), 
232'fh + 14N (115 M3B) 6hmH H3MepeHbi 

-2 0 2 ... 
YC'f') 

0,9 

0,7 

a n ~ (5 I 1· 
o,s 

v JJ co 

. 

0,6 .II e 

-I 0 I - I 0 I 

. 

3HeprernllecKHe cne~Tpbi, yrnoBI>Ie pacnpe.ne
neHHH H cetreHHH o6pa30BaHHH a -tlaCTHU H .a,nep 
nerKHX 3neMeHTOB B HHTepaane yrnoa OT 10 .no 
165° a n.c.K. B 3a,nHeii nonycQ>epe <PofMa 
3HepreTHlleCKHx cneKTpoa, a a cnyqae 2cr 
H yrnoBbiX pacnpe.neneHHH nerKHx 3neMeHToB, 
cooTBeTcTayeT pacna.ny cocTaaHoro .a,npa. O.n
HaKo Ha6nro,naeTc.a paanHtrHe a Bhixo.ne nerKHX 
3neMeHTOB ,nn.a pea~HH C HOHaMH 1~ H 52Cr. 
B peaK~x c HOHaMH 14N BbiXo.n nerKHx 
3neMeHTOB B 3a,nHHX yrnax pe3KO na,naeT ,nnH 

.a,nep TH)I(enee KHcnopo,na, a TO apeMH KaK .nn.a 
peaK~H c HOHaMH 52 Cr cetreHHe o6paaoBaHHH 
nerKHX 3neMeHTOB cna6o H3MeH.aeTc.a c yaenH
treHHeM aTOMHoro HOMepa. BhiCK83hmaeTc.a 
npe,nnonO)I(eHHe, liTO OCHOBHOH BKna,n B o6pa-
30BaHHe nerKHX 3neMeHTOB a 3a,nHeH nonycQ>e
pe ,naeT pacna,n ,nBOHHOH .a,nepHOH CHCTeMbl. 

5. l13ylleH 3Q>Q>eKT TeHeH npH B3aHMO,neHCT
BHH TH)I(enhiX HOHOB C MOHOKpHCTannOM rep
MaHHH. B cnyqae o6nytreHHH Ge HOHaMH 20Ne 
( 102 M3B) 3aQ>HKCHpOBaHbl TeHeBbie MHHH
MYMbl B yrnOBOM pacnpe,neneHHH .a,nep OT,naliH 
ynpyroro H yMepeHHO Heynpyroro B3aHMO
,neHCTBHH. 06Hapy)l(eHO, liTO TeHeBbie MHHHMy
Mbl nocTeneHHO Hclle3aroT (pHc.5) no Mepe 
yMeHI>WeHHH yrna Ha6nro,neHHH () = 60-52 ° 
MHWeHeno.no6Horo npo,nyKTa. Cne.noaaTeni>Ho, 

-2 0 2 2 

I II I r 

~·~ . 
"' . 

lit 3 

-I 0 I -I 0 I 

't'. rpa,n. 

PHc.5. Ilpol}>HJIH oceBbiX < 111> (a-r) H rmocKocnu.Ix < 110 > (.ll-3) TeHeH MOHOKpHCTaJlJla Ge. HanpaaneHHe 
perHCTp81UIH Jl,ll;ep OT,Il8\IH COCTaBJJHeT C ny"'KOM yrJJhi 66, 59, 54, 52 ° ,llJlH CJJyqaeB a,6,B,r H 7 4, 68, 63, 58 ° ,llJlJI 
cnyqaeB ,ll,e,)K,3 COOTBeTCTBeHHO. 
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•acnpeAe
tQ H .RAep 
OT 10 AO 

! q,opMa 
rllae 52cr 
~MeHTOB, 

Apa. 0A
enerKHX 

n 52cr. 
, nerKHx 
a;aeT ~ 
KaKM.R 
L30BaHH.R 
c ysenn
:biBaeTc.R 
; B o6pa

!onyc<Pe
:ncTeMbi. 

fOAeHCT
:oM rep
MH 20Ne 
~ MHHH· 
I OTAaliH 
B3aHMO· 
<1HHHMy
!O Mepe 

60-52 ° 
lTenbHO, 

rpaBneHHe 
, 58 ° nn.11 

,II.JIHTenbHOCTb pea~HH Heynpyroro B3aHMO· 
AeHCTBH.R .RAep B03pacTaeT BnnOTb AO 3HalleHHH 
-10- 17 c c pocToM cTeneHn Heynpyrocrn n p o
Qecca, liTO 03HallaeT Ha6mo_neHne AOnro)KHBy
IQeH ASOHHOH .RAepHoH cncTeMbi ( KBa3HMon e
KYJibi) I ll/. 

6. B paMKax nporpaMMbi nccneAOBaHH.R 
HOH-aTOMHbiX CTOJIKHOBeHHH npOAOJI:>KaJIOCb 
H3ytleHHe 3HepreTHllecKHX cneKTpOB H yrJIOBbiX 
pacnpeAeneHHH O)l(e-3neKTpoHoB, H3JiyllaeMhiX 
B036y)I(AeHHbiMH aTOMaMH HeOHa, npH o6nylle
HHH pa3JIHliHbiMH T.R)I(enbiMH HOHaMH. 3KCnep H· 
MeHTbl npOBOAHJIHCb Ha YCKOpHTeJie Y -30 0 
C HCOOJib30BaHHeM 3JieKTpOCTaTHlleCKOr O 
cneKTpOMeTpa 3CA-21. 

TipoBeAeHa MeTOAUllecKa.a pa6oTa no y co
oepmeHCTBOBaHHJO TeXHHKH 3KCnepHMeHTa, liTO 
003BOJIHJIO DOBbiCHTb 3<P<PeKTHBHOCTb H3Mep H-. 
TeJibHOH annapaTypbi H ynyqUIHTb 3HepreTHlle-

3+ 
Ne (5,5HJB/a.e.")-Ne 

PHc.6. YllacTOK O)l(e-cnei<Tpa HeoHa, H3Mepe1111Wit 
c 3Hepre11f11ecKHM pupeweHHeM 1 H 3 3B. 

3 + 
Ne (5,5 M 3B/a.e.M.) ... Ne 

Jo,lS 

o,, I 

0,26 

o• so· 180. o· go• 1&0· 
us pp tlP -'PJ 1ZS PP (lp_ ZO) 

o.za 
0,19 

0,2! 

~ o." 
= :s: 
= !-< 
0 

.1 
I 

o• 90. rso· 90. 1so· 
t25 pp (•p- 2p ) 125 PP (tp-zo) 

PHc.7. YrnoBbie pacnpeneneHH.fl HHTeHCHBHOCTH HeKOTOpbiX O)l(e-nepexonoB HeoHa, B03HHK&JOUUIX npu ABYXKpaT-
HOH HOHH38QHH, npu 6oM6ap,llHpOBKe HOH&MH N e+3( 5,5 M3B/HyKnoH). 
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I 

cKoe pa3peweHHe cneKTpoMe-rpa c 3 TJ.O 1 3B 

(pHC.6). :3TO TJ.aJIO B03MO)IQ{OCTb n OJI}"IHTb 

6onee TJ.eTaJibHYIO H COTJ.ep:>KaTeJibHYIO HH<l>opMa
UHIO 0 npOilecCax CTOJIKHOBeHHR: H TJ.eB036y:>K
TJ.eHHR: aTOMOB·MHWeHeH. 

H3 aHaJIH3a o:>Ke-cneKTpOB, H3M epeHHbiX 
c 3HepreTHIIeCKHM pa3peweHHeM 1 3B, npH 
6oM6apTJ.HpOBKe HeoHa HOHaMH Ne+ 3 , Ne+l~ 
Ar+ 6 .,HMeiOlllHMH 3HeprHIO 5,5 • M3B/HyKJioH, 

,6biJIH onpeTJ.eJieHbi BepO.RTHOCTH o6pa30BaHIDI 

BaKaHCHH Ha pa3HblX (2s H 2p ) nOTJ.06 0JIOIIKax 
HeOHa B OTTJ.eJibHOCTH. 0Ka3aJIOCb, liTO 3TH Be

JIH~Hbl OTJIHqaiOTC.fl Ha 30-40%, liTO B n peTJ.eJiax 
3KCnepHMeHTaJlbHOH OWH6KH COrJiacyeTC.fl 

C paCIIeTaMH no npoCTOH TJ.BYXIIaCTHqHOH MOTJ.e

JIH. 06HapY:>J<:eH 3Q)cl>eKT, CB.R3aHHbiH c Bo36y:>K
TJ.eHHeM aTOMOB, npOHCXOTJ..fllllHM OTJ.HOBpeMeH
HO C HOHH3a11HeH, KOTOpbiH Tpe6yeT TJ.aJibHeH

wero HCCJieTJ.OBaHIDI. 
llposeTJ.eH TaK:>Ke noTJ.po6HbiH aHaJIH3 nep

BOH CaTeJIJIHTHOH rpynnbi O:>Ke-nepeXOTJ.OB, CB.fl· 

3aHHblX c TJ.ByxKpaTHOH HOHH3allHeH aTOMOB 

aeoaa, nposeTJ.eHa HX HTJ.eHTHcPHKallH.R H snep
Bbie H3MepeHbi yrJIOBbie pacnpeTJ.eneHHR: HH
TeHCHBHOCTH CaTeJIJIHTHblX JIHHHH, llaCTb KOTO· 

pbiX nOK83aHa Ha pHC. 7. 
llOJI}"leHHbie TJ.aHHbie Ba)IQ{bl TJ.JI.fl nOHHMa

HIDI npOileCCOB MHOrOKpaTHOH HOHH3aUHH 

H uonpOCOB, CB.fl3aHHblX CO CTpYKTYPOH BbiCO
KOHOHH3HpOBaHHblX aTOMOB, H MOryT CJIY:>KHTb 
KpHTepH.RMH npH nposepKe npaBHJibHOCTH 

HMeiOlllHXC.R TeopeTHqecKHX ngeTJ.CTaBJieHHii 
B 3TOH o6JiaCTH aTOMHOH cPH3HKH i'l2/ . 

PA3P ABOTKH B OBJIACTH YCKOPHTEJIEA 

1. llpOBOTJ.HJIHCb pa60Tbi no COBepw eHCTBO· 

BaHHIO ycKOpHTeJieH T.R:>KeJiblX HOHOB. Ha 

Ta6Auija 

llapaMeTpbi nyqKOB HOHOB, 
snepBbie ycKopeHHbiX aa ycKopHTeJie Y-400 

THn HOHOB 

27Al4+ 

59cQ6+ 
3484+ 

35Cl4+ 
37Cl4+ 

37cl5+ 

HHTeHCHBHOCTb, 

llacT./C 

5•1013 
2•1013 
3·1 o12 

1•1013 
6•1012 
3·1o12 

:3aeprH.R 

M3B/ HyKJI. 

12,5 
5 ,5 

7 ,0 
6 ,0 

6 ,1 
8,0 

IlHKJIOTpoHe Y-400 nony11eHbi nyqKH HOHOB, 

OCHOBHbie napaMeTpbi KOTOpblX npHBeTJ.eHbi 

B Ta6JIHile. 

2. C IleJibiO nOBbiWeHH.fl 3cPcPeKTHBHOCTH, 

HHTeHCHBHOCTH H pacwHpeHH.R TJ.Hana30Ha YCKO
p.ReMblX llaCTHil npoBeTJ.eH KOMnJieKC · Mepo
npH.RTHH no C03TJ.aHHIO HOBblX Y3JIOB H nepeBO

ll.Y OCHOBHblX CHCTeM YCKOpHTeJI.fl Ha nOCTO.fiH
Hbie cxeMbi: 

a) B 3KcnepHMeHTaJibHOM 3ane Y-400 CMOH

THposaHbi H BBeTJ.eHbl B 3KCnnyaTaUHIO 5 KaHa

JIOB BbiBeTJ.eHHblX nyiiKOB H3 o6opyTJ.OBaHH.fl, 
H3rOTOBJieuuoro B CPP no KOHTpaKTy. KaHaJibi 1 
OCHaW:eHbi 3JieMeHTaMH TJ.HarHOCTHKH. 

6) 3asepWeHa HaJlaTJ.Ka BbiCOKOilaCTOTHbiX 
reuepaTOpOB "XpH30JIHT". reuepaTOpbi BBeTJ.e
Hbl B 3KCnJiyaTallHIO Ha IlHKJIOTpOHe Y -400. 

B) Co3TJ.aH HOBbiH nyni>T ynpasneHH.fl Y-400, 
OCHOBY KOTOporo COCTaBJI.ReT aBTOMaTH3HpO

BaHHa.R CHCTeMa c6opa H npeTJ.CTaBJieHH.fl napa
MeTpOB ACKll Y-400 ua 6a3e Tpex MHKpo-:3BM 

KM-001 H annapaTypbi KAMAK. CxeMa ocHOB
HbiX Y3JIOB ycKopHTeJI.fl H KaHaJIOB TpaHcnopTH
poBKH DyllKa, a TaK:>Ke BC.fl HHcPOpMallH.R 0 3Ha
lleHH.fiX napaMeTpOB nHTaiOW:HX arperaTOB, Ha

np.R:>KeHHH Bq Ha TJ.YaHTax, 3HalleHH.RX BaKyyMa 
B CHCTeMax, nOJIO:>KeHHH BHyTpeHHHX npo6HH

KOB H TJ.pyrHX napaMeTpax OT06pa:>KaeTC.fl Ha 
3KpaHax IlBeTHblX H 11epH0--6eJiblX TeJieBH3HOH

HblX MOHHTOpOB. 

r) Ha UHKJIOTpoHe Y-300 ycKopeu H BhiBe

TJ.eH nyqOK' HOHOB 9 I3e c 3HeprHeH 12,2 M3B/ 
HYKJIOH c HHTeHCHBHOCTbiO 3-10 11 c - 1 ( npH 2% 

. COTJ.ep:>KaHHH H30TOna 9Be B pa6011eH CMeCH) . 

TJ.) Ha UHKJIOTpOHe Y -200 H3 Jla3T,Horo HC
TOilHHKa 6hmH YCKOpeHbi HOHbi 4 Ti + 12 H 
52cr 

13
+ C HHTeHCHBHOCTbiO 107 llaCT./HMn. npH 

TJ.JIHTeJibHOCTH HMnyni>ca 1710 MKc 1131 . 

3. Co3TJ.aH npoeKT UHKJIOTpouuoro KOMn
JieKca T.R:>KeJibiX HOHOB Y-400 - Y-400M. Ha 

MOTJ.eJIH 3JieKTpoMarHHTa Y-400M B MacmTa6e 
1:3 6bmo ccl>opMHpOBaHO MarHHTHOe none 
B TJ.Hana3oHe 16719,5 Krc, 6JIH3Koe K pacnpe-

TJ.eJieHHIO H30XpOHHOrO nOJI.fl, Heo6XOTJ.H-
MOe TJ.JI.fl yCKOpeHH.R HOHOB C 3HeprHeH 
100725 M3B/uyKJioH. Co3TJ.aHa MOTJ.eJib Bq-pe-

30HaTopa Y -400M B MacmTa6e 1:4 H npoBeTJ.e
Hbi H3Me~eHH.R OCHOBHblX napaMeTpOB Bq
CHCTeMbi 141. 

Ha QHKnoTpoHe Y-400 nonaocn.10 o6opy~oa&Ho 9 K&Hanoa BbiBe~eHHbiX nyqKoa aoaoa. Pa3ao.c;Ka nyqKoB H 3KC- ~ 
nepHMeHTaJII>Hble yCTaHOBKH pll3Merueabl aa ,c;ayx ypoaaax. r, 
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llynLT ynprumeHHR Y-400. 0TJia)KeHa H aae.c;eHa a 3KC· 

nnyaT3l.lHIO aBTOM3TH3HpOBaHHaR CHCTeMa K OHTpOJIJI 

napaMeTpOB YCKOpHTeJIR H KaHaJIOB TpaHCUOp THpOBKH 

ny'IKOB HOHOB . 

HAYliHO-IlPHKJIA,llHblE P AEOTbl 

1. ,llanbHeH:rnee pa3BHTHe nonyt~mm Hccne

,n;oaaHH.fl no pa.n;HauHOHHOMY MaTepHanoae,n;e

HHit C HCnOnb30BaHH8M nytiKOB T.fi:>KenbiX 

HOHOB, B KOTOpbiX H3ytialOTC.fl npOt!H OCTHbl8 

CBOHCTBa MaTepHaJIOB B ycnOBH.fiX B biCOKHX 

CKOpOCT8H o6pa30BaHH.fl pa,D;HB.UHOHHbiX ,n;e

<PeKTOB. J1poae,n;eHHbl8 OnhiTbl noKa3aJIH, t!TO 

npH O,li;HOBpeMeHHOM ,li;8HCTBHH M8XaHHti8CKHX 

HanpH:>K8HHH H o6nytieHH.fl 3a CpaBHHTenbHO KO

pOTKOe Bp8M.fl (HecKOnbKO tiaCOB) y,n;aeTC.fl 

nonytiHTb ,li;OCTaTOt!HO nonHylO HH<PopMa~HlO 06 

OC06eHHOCT.fiX ,n;e<PopMHpOBaHH.fl H p a3pyrne

HH.fl MaTepHanoa. B tiaCTHOCTH, Ha6nJO,D;aJIHCb 

3<P<PeKTbl yaenHti8HH.fl CKOpOCTH pa,D;HB.UHOHHOH 

non3ytieCTH (Ha H8CKOnbKO nopH,li;KOB), 3<P

<PeKTbl H3M8H8HH.fl <PopMbl KpHBbiX ,n;e<PopMa- . 

~H B HMnynbCHOM pe:>KHMe o6nytieHH.fl, 3Ha

t!HT8nbHOe yaenHtieHHe (a 2-3 pa3a) npe,n;ena 

TeKyt~ecTH. HapH,n;y c npaKTHtiecKo H: ~eH

HOCTblO ,ll;aHHbiX pe3ynbTaTOB, H3ytieHH e H3M8· 

H8HH.fl ¥eXaHHti8CKHX CBOHCTB MaTepHaJIOB no,n; 

o6nyt~eHHeM npe,n;cTasn.fleT HHTepec H ,D;n.fl ,n;anb

HeH:rnero pa3BHTH.fl <PH3HKH pa,D;HB.UHOHHbiX no-

Bp8:>K,li;8HHH 1151 . . 

HHTepecHbie pe3ynbTaThi nonyt~eHbi npH HC

cne,n;oBaHHH penaKCauHH HanpH:>KeHH.fl B npe,n;

aapHTenbHO Harpy:>KeHHOM o6paJ~e n o,n; B03-

,n;eH:cTBHeM HOHHoro o6nyt~eHH.fl. H3 ,D;aHHhiX no 

penaKCauHH HanpH:>KeHHH ( cna,n;y Harp y3KH CO 

BpeMeHeM) B aJilOMHHHH, o6nytiaeMOM HOHaMH 

12C, onpe,n;eneHa CKOpOCTb pa,n;HB.UHOHHOH non-

3ytieCTH H ee 3aBHCHMOCTb OT HatiaJibHOrO Ha-
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3KcnepHMeHTbi no pa.c;HRl.lHOHHOMY MaTepuanoae.c;e

HHIO ae.c;yTCR Ha ycTaHOBKe P.l1TIC, KOTOpaR nepe6a3H

poaaHa Ha ny'loK ycKOpHTeJIR Y-400. 

npH:>KeHH.fl H ycnoaHH: o6nyt~eHH.fl. Hccne,n;oaa

nocb noae.n;eHHe MaTepHana npH nocTO.fiHHOH 

cpe,n;HeH HHT8HCHBHOCTH nytiKa, npOXO,ll;.fiiUero 

tiepe3 o6pa3e~, H npH Mo,n;ynHpOBaHHOH HHT8H

CHBHOCTH (rny6HHa MO,n;yn.fi~H 50%, nepHO,ll; 

10 C) • IJonytieHHbie ,n;aHHbie CBH,ll;eTenbCTBYlOT 

06 yaenHti8HHH CKOpOCTH pa,D;HB.UHOHHOH non-

3Yt18CTH BO BTOpOM cnyt~ae (pHC.8). 

2. Onpe,n;eneHa cTeneHb noape:>K,ll;eHH.fl MOHo

KpHcTanna Ge T.fi:>KenhiMH HOHaMH. IIocTpoeHa 

CHCTeMaTHKa noape:>K,ll;alOIU8H ,li;03bl I O 2 HO

HOB (pHc.9). BH,n;Ho, tiTO npoH3a'e.n;eHHe 

K I 0 2 (r,n;e K - <PaKTOp, o6paTHO nponop-

~Ho'HanbHhiH .fl,ll;8pHbiM TOpM03HbiM noTepHM 

tiacT~hi a aemecTae) perynHpHo yMeHbrnaeT

C.fl C yaenHti8HH8M cpe,n;HeH rny6HHbl BbiXO,D;a 

tiacT~ H3 MOHOKpHcTanna <d>. KpoMe Taro, 

BhmaneHa 3aBHCHMOCTb pa,n;Ha~oHHOH cToH:

KOCTH OT oco6eHHOCT8H CTpyKTypbl MOHOKpH

CTanna. 3aMeTHOe pa3nHtiHe CTOHKOCTH MOHO

KpHCTaJIOB Ge H Ga p o6'bHCH.fleTC.fl H3MeHeHH

eM KOH~8HTpB.UHH HOCHTeneif 3apH)l,a no,n; 

,n;eH:crnHeM o6nytieHH.fl / 16 / _ 

3. B paMKax nporpaMMhi no C03,ll;aHHlO 

.fi,D;epHbiX <PHnbTpOB nOBbllll8HHOH npOH3BO)l,H

T8nbHOCTH npoBe,D;eHbl HCCne,D;OBaHH.fl CTpyKTy

pbl H caoH:cTB acHMMeTpHt!HhiX M:eM6paH 
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PHc.9. CHCTeMaTHKa nospe)I(,IJ,aKnueii .D.03bi TIDKenblx 

HOHOB. TO'IKH COOTBeTCTBYJOT MOHOKpHCT&nnaM: 0 -

W, x - UC? /).- GaP. 

C ynbTpaTOHKHM $HITbTpyJOI.QHM CITOeM I 17 I. 

Hccne.noaaHhi pasnHliHbie pe:>KHMhi ~HITbTp~ 
cycneH3HH naTeKcoa, impycoa H 6aKTepHH: lle

pe3 MeM6paHbl HOBOfO nma. ilOKa3aHO, liTO 

aCHMMeTpHliHble H,ll;epHbie ~HnbTpbl xapaKTepH-

3YIOTCH BbiCOKOH npOHH:UaeMOCTbiO H, B OTITH· 

liHe OT WHpOKO pacnpOCTpaHeHHblX a:ueTaTUen

ITIOIT03HblX MaTepHanOB THna "Bna,!J;Hnop" 

H "MHnnHnop",nerKo no,n;,n;aiOTCH pereHepa:uHH. 

4. ilpOBe,ll;eHO HCCITe,ll;OBaHHe pa,ll;Ha:uHOHHO· 

XHMHlleCJ(HX npo:ueCCOB, npOHCXO,IVII.QHX 

B nOITH3THITeHTepe~TanaTHblX nneHKax npH HX 

o6nylleHHH BblCOK03HepreTHtiHblMH TIDKeiTbiMH 

HOHaMH I 18/ . AKryanbHOCTb ,ll;aHHoro Hccne.no

BaHHH CBH3aHa C pa3pa60TKaMH H,ll;epHblX 

. MeM6paH C npe,ll;eiTbHO MaiTblMH ,ll;HaMeTpaMH 

nop H BbiCOKOH nopHCTOCTbiO. 06Hap)T)KeHO, 

liTO B cep.n:UeBHHe TpeKa THiKeiTOfO HOHa (,!J;Ha

MeTpOM HeCKOITbKO HaHOMeTpOB) npeo6na.na

eT npo:uecc .necTPYKUHH nonHMepa, liTO o6ecne

liHBaeT o6pa30BaHHe TpaBHMOfO KaHana B,ll;OITb 

TpaeKTOpHH HOHa. Ha 6onhWHX paccTOHHHHX OT 

TpaeKTOpHH HOHa (,!J;O ,ll;ecHTKOB HaHOMeTpOB) 

,ll;OMHHHpyeT npo:uecc CWHBaHHR MaKpOMOne

Kyn. 3TOT npo:uecc npHBO,ll;HT K yBeiTHlleHHIO 

MoneKynHpH()rO aeca nonH3THITeHTepe~TanaTa, 
llOBbiWeHHIO JKecTKOCTH llOITHMepHOH MaTpHUbl 

H CHHJKeHHIO CKOpOCTH XHMHlleCKOfO Tpaane

HHH. 

5 • .ll:anbHeH:wee pa3BHTHe nonyqHITH pa6oThi 

llO HCnOITb30BaHHIO H,ll;epHbiX MeM6paH B CHCTe

Max aHanH3a rasoBhiX cMeceH:
119•201 . Paspa6o

TaHhi KOHCTPYKUHH a3po.nHHaMHllecKoro raso

aHaiTH3aTopa MOCTHKOBOfO THna H :UH~pOBOfO 

,ll;H~~Y3HOHH0f0 fa30aHaiTH3aTopa C aBTOMaTH-

3HpOBaHHbiM ynpaaneHHeM Ha 6ase MHKpO· 

3BM "3neKTpOHHKa .ll:3-28"; npoae.neHa ce

pHR 3KCnepHMeHTOB no aHanH3Y 6HHapHblX 

cMeceH: rasoa. 

6. Co3.naHa H c.naHa a 3KcnnyaTaUHJO ycTa

HOBKa AJIH aKTHBa:uHOHHOfO aHaiTH3a o6pa3:UOB 

nyTeM o6nyqeHHR HX HeHTpoHaMH gb- Be -
HCTOliHHKa. YCTaHOBKa CHa6JKeHa pa,ll;Ha:uHOH· 

HOH 3ai.QHTOH, CHCTeMOH TpaHcnopTHpOBKH 

raMMa·HCTOllHHKa 124gb, CHCTeMOH 6nOKH· 

pOBKH H nHeBMOnOtiTOH AJIH TpaHCllOpTHpOBKH 

o6nylleHHbiX o6pas:uoa (pHc.10). llpoae.neH

Hhle H3MepeHHR npOCTpaHCTBeHHOfO pacnpe.ne

neHHR noneH: TennoBbiX H 3llHTennoBbiX HeiiT

poHoB noKa3aiTH, liTO B :UeHTpe o6nyqaTeiTbHOfO 

ycTpOHCTBa lliTOTHOCTb nOTOKa TennOBblX HeHT

pOHOB ,ll;OCTHraeT 1,5.10 4 H·CM-2c-l H 3nHTen

ITOBblX 5 • 10 
3 

H • CM-2 c -l Ha 1 KH raMMa-Hc

TOliHHKa 124gb H yMeHbwaeTCH B 2-:-3 pa3a 

K nepH~epHH. YcTaHOBKa paccliHTaHa Ha pa6o-
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PHc.10. 06ny'laTeJibHaH yCTaHOBKa Ha 61l3e cypbM.RHo-6epHJinnesoro HCTO'IHHKa. 1 - npnso.c; 38.IUHTHO·TpaHcnopT· 

HOH TeJielKKH, 2 - KphlWKa niOKa, 3 - npHBO,Il; HCTO'IHHKa 124gb, 4 - 6eTOHHaJI 38.IUHT8, 5 - KaHan M.R o6pa3QOB 

c 38.IUHTOH, 6 - 3amHTHO-TpaHcnopTHas Te.nelKKa, 7 - rpa<t>HT, 8 - KOHTenHep YKT 1B-220, 9 - 38UlHTHa.R .RMa, 

10- 6epnnnHH, 11- DHeBMODO'ITa. 

TY c HCTO'IHHKaMH aKTHBHOCTblO .n;o 500 K~ 
H MO:>KeT cny:>KHTb npOTOTHOOM OpH C0 3.D;aHHH 

aHanOrHliHbiX ycTaHOBOK B CTpaHax-yqa cTHHUax 

O:HHH. 

7. Ilpose,n;eHbi pa6oTbi, HanpasneHHbie Ha 

C03.D;aHHe HOBOH ycoseprneHCTBOBaHHOH KOH

CTPYKUHH Manora6apHTHoro ycKo pHTenR 

3neKTPOHOB - MHKpoTpoHa. Pa3pa6oTaHbi 

qepTe:>KH Ha pR.n; yJnos 6ecKaMepHoro MHKpo

TPOHa: MarHHT, KaTyrnKH, pe3oHaTop H .n;p. 

Pa3pa6oTaH H H3roTosneH HOBbiH 6noK ynpas

neHHR MHKpOTpOHa. 

8. Ilpo,n;on:>KanHCb pa3pa60TKH M eTO.D;OB 

HeHTpOHHO- H raMMa-aKTHBauHOHHOrO aHanH3a 

,n;nR onpe.n;eneHHR co.n;ep:>KaHHR 3neMeHTOB 

B pa3nHliHbiX 06"beKTax (reonorHlleCKHX, 3KO

norHlleCKHX, 6HonorHt~ecKHx) 121,221. 

9. C UenblO OOBbJllleHHR liYBCTBHTenbHOCTH 

aHanH3a 6naropo.n;HbiX MeTannos (Pt , Ir , Au) 
pa3pa60TaH COOC06 HX KOHUeHTpHpOB aHHR H3 

reonorHlleCKHX o6pa3UOB B03rOHKOH npH Bbl

COKOH TeMnepaType c npHMeHeHHeM q>n10cos 

H XHMHlleCKHX cpHnbTpOB .D;nR norn ol.I(eHHR 

O.n;HOBpeMeHHO B03rOHRlOI.I(HXCR neTyqHX 3ne

MeHTOB, MelllalOI.I(HX aHanH3y. IlpH HeHTPOHHO

aKTHBauHOHHOM aHanH3e nonyqeHHbiX npo6 

a6conlOTHaR liYBCTBHTenbHOCTb .D;OCTHr ana .D;nR 

Pt - 10 Hr, Ir - 0,1 He H Au -0,01 Hr. IlpH 

pa3pa6oTKe MeTo.n;a Hcnonb30BanHcb y-aKTHB

Hbie HYKnHAbi 188 Pt H 18BJr , K OTOpbie 

HMDnaHTHposanHcb BHYTPh 3epeH o6pa3UOB Ha 
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PH§.12. 3asHCHMOCTb cTeneHn Bbl,ll;e.neHH.R 188Pt H 

18 lr OT BpeMeHH HarpeBaHH.R. 



ycKopnTene T.fDKenbiX HOHOB. Ha puc.11,12 

npencTaaneHa cTeneHb Bbi,neneHHH 3THX HYKJIH

noa H3 XpOMHTa B 3aBHCHMOCTH OT TeMnepaTy

pbi H BpeMeHH HarpeBaHHH. 

10. J13rOTOBITeH npOTOTHn H npoae,neHO HC

nbiTaHHe ycTaHOBKH, npe,nHa3HalleHHOH .IJ;nH 

nonylleHHH KOpOTKO:>KHBy~ero pa,nuoaKTHBHO

ro H30Tona 1231 npu o6nylleHHH o6ora~eHHO
ro H30TOna 124Xe TOpM03HbiM H3ITylleHHeM 

MHKpOTpoHa MT-22. I1oKa3aHO, liTO 3a 8 llacoa 

o6JiylleHHH MO)IQ{O nonyllaTb H30TOn 123 I B KO

nut~eCTBe, ,IJ;OCTaTOtiHOM .IJ;nH ,IJ;HarHOCTHKH He

CKOJibKHX COTeH nauneHTOB. 

11. Pa3pa6oTaH npoeKT UHKJIHllecKoro HM-

MaHTaTOpa TH:lKeiTbiX HOHOB c 3HeprueH: 

1 M3B/HyKJioH, npe,nHa3HalleHHoro .nnH Maceo

sora n p OH3BO,IJ;CTBa H,nepHbiX cPHnbTpOB, a TaK

:lKe npoa e,neHHH uccne,noaaHHH no HOHHOH HM

nnaHTaUHH u pa.nuannoHHOMY MaTepuanoae.ne

HHIO. 

CMoHTnpoaaH u Hana:lKeH ::meKTpoMarHHT 

HMnnaHTaTopa, H3rOTOBITeHbl H CMOHTHpOBaHbl 

3ITeMeHTbl MarHHTHOH CTpyKTypbl ( nonlOCbi, 

ceKTOpbi). BbmonHeHbi pa6oThi no H3MepeHHIO 

H cPOpM HpOBaHHIO MarHHTHOrO nonH, o6ecne

liHBalO~ero ycTOHliHBoe u H3oxpoHHoe ycKope

Hne HOH OB ,IJ;O KOHetiHOH 3HeprHH. I1poae,neHbl 

MOHTa:lK H Hana,IJ;Ka BbiCOKOllaCTOTHOrO reHepa

TOpa H M nnaHTaTopa. BhiXO.IJ;HaH MO~OCTb re

HepaTop a npH HCllbiTaHHH Ha 3KBHBaneHTHYIO 

Harpy3K Y cocTaanHeT 25 KBT, liTO .nocTaTOliHO 

,nnH o6ecnelleHHH npoeKTHbiX 3HalleHHH: ,nyaHT

Horo HanpH:lKeHHH. l13rOTOBneHbl BaKyyMHaH 

KaMepa u pe3oHaTopbi HMnnaHTaTopa, npoao

.IJ;HTCH u x ucnhiTaHHH. Be,nyTcH pa6oTbi no H3ro

ToaneHHIO OCTanbHbiX Y3ITOB H CHCTeM. 

Co3A&eTCR aoahlii cneuuanH3HpOBaHHblii UHKJJH11ecKHii HMDnaHTarop HU-100, KOTophlii AOIDKeH CTan. cepHiiHoii 
YCTaHOBKoii AJIJI DpOH3BOACTBa SAepabiX $HJJr.TpOB H accneAOBaHHii no p&AH&UHOHHOMY MaTepaanoaeAeHHJO. 
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3KCllEPHMEHT AJibHA.R AllllAP ATYP A 

1. Ha Macc-cneKTpoMeTpe JIH.[{HA-M npo
BO.D;HJIHCb HCCJie.D;OBaJUm: MeXaHH3Ma pa60Tbl 
rra3epHoro HCTO'IHHKa H cpH3HqecKHx npouec
coa, orpaHHqHBaJO~HX npe.D;eJibHYJO qyaCTBH
TeJibHOCTb MaCc-cneKTpOMeTpa. C QeJiblO nOHH
:>KeHIDI cpoHa OT MOJieKyJIHpHbiX HOHOB 3a cqeT 
HCnOJib30BaHIDI nepe3apH:>KeHHOH KOMn OHeHTbl 
HOHHoro nyqKa pa3pa6oTaHa rra3epHaH nepe3a
PHAHaH MHIIIeHb Ha 6a3e rra3epa 113-25. llo.n;6o
poM pe:>KHMa pa6oTbi Jia3epa H ae~ecma MH
rneHH YAaJIOCb norryqHTb CTa6HJibHbiH BbiXO.D; 
nepe3apH:>KeHHOH KOMnOHeHTbl 2+-1+, 3+-1 + Ha 
ypOBHe ( 40-60) %. liMnyJibCHbiH x apaKTep 
pa60Tbl JITIM n03BOJIHeT yMeHbiiiHTb pacxo.n; 
Be~eCTBa H cy~ecTBeHHO yrryqiiiHTb BaKyyM
Hbie ycrroBHH B Macc-cneKTpoMeTpe. 

llpoae.n;eHbl HCCJie.D;OBaHHH no HCnOJib30Ba
HHJO Macc-cneKTpOMeTpa .D;JIH JIOKaJibl{OrO aHa
JIH3a cocTaaa o6pa3ua no rrry6HHe, a TaK:>Ke 
MHKponpHMeceH:, co.n;ep:>Ka~HXCH B noaepx
HOCTHOM CJIOe o6pa3Qa. .[{OCTHrHyTa OTHOCH
TeJibHaH qyBCTBHTeJibHOCTb 06Hapy:>KeHHH Ha 
ypOBHe 10-7 -lQ-B aTOM/aTOM, qTO 6JIH3KO 
K rrpe.n;erry .D;Jifi O.n;HOKaCKa,ZUIOH CHCTeMbi. 

2. H3yqeHbi Q:lH3HqeCKHe napaMeTpbi .n;eTeK
TOIJ'a y -KBaHTOB CnOHTaHHOrO .n;erreHIDI, pa6o
TaJO~ero B COBna.n;eHHH C CHrHarraMH HeHTpOH
HOrO .n;eTeKTopa c 56 3 He-cqe~HKaMH.CQHH
THJIJIHTOpbi H3 repMaHaTa BHCMyTa nOMe~a
JIHCb B qyBCTBHTeJibHbiH 06'beM HeHTp OHHOrO 
.D;eTeKTOpa, KOTOpbiH perHCTpHpOBaJI MrHOBeH
Hble HeHTpOHbl .n;erreHIDI C BepOHTHOCThlO 0,48. 
HcnoJib30BarrOcb 10 CUHHTHJIJIHTopoB, Ka:>K.D;biH 
.D;JIHHOH 14,2 CM, .D;HaMeTpOM 3 CM, KOTOpbie 
OKpy:>KarrH CO BCeX CTOpOH 06'beM .D;JIH o6pa3Qa 
.D;HaMeTpOM 6 CM, .D;JIHHOH 14 CM. 

Pa6oTa ycTaHOBKH H3yqarracb c noMO~bJO 
3aKpbiToro npenapaTa 252cr. 3rreK"rpoHHaH 
cxeMa, BKJIJOqaJO~aH MHKpo-3BM, a·erra 3anHCb 
HHcpOpMaQHH 0 Ka:>K.D;OM C06biTHH CnOHTaHHOrO 
.n;erreHHH (a.n;peca 3 He-cqeTqHKOB H CUHHTHJI
JIHTopoB, BpeMH perHCTpaQHH Ka:>K.D;OrO HeHTpO
Ha no OTHOIIIeHHJO K CTapTOBOMY CHrHarry OT 
Y -KBaHTOB, aMIIJIHTYAY CYMMapHoro CHrHarra 
OT CQHHTHJIJIHTOpOB) . 

li3MepeHa MHO:>KeCTBeHHOCTb Y -KBaHTOB 
.n;rrH cnoHTaHHoro .n;erreHHH 252 Cr. Cpe.n;Hee 
qHCJIO Y -KBaHTOB, perHCTpHpyeMbiX Ha O.D;HH 
pacna.n;, cocTaaHJio 4,75. Ha pHc.13 noKa3aH an
naparypHbiH cneKTp y-KBaHTOB. 

3. Pa3pa6oTaH KOMIIJieKc annapaTypbi H co-
3.D;aHa HOBaH ycTaHOBKa .D;JIH HH3KOcpOHOBOH 
rra6opaTopHH H<l>JI-200, npe.n;Ha3HaqeHHaH .D;JIH 
nOHCKa CnOHTaHHO-.D;eJIH~XCH CBepXTH:>KeJibiX 
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PHc.13. AnnapaTypHbiH cneKTp y -KBaHTOB, H3MepeH

HbiH B COBn&AeHHH O.UHOrO HeHTpOHa C 2,3,4 y ·KBaH· 

T8MH COOTBeTCTBeHHO. 

H.n;ep H H3yqeHHH B3aHMO.D;eHCTBHH KOCMHqe
CKHX MJOOHOB c MaTepHarroM o6p,a3ua. YcTa
HOBKa n03BOJIHeT perHCTpHpOBaTb MHO:>KeCT
BeHHOCTb HeHTpOHOB C 60JibiiiOH 3cpcpeKTHB
HOCTblO. .[{eTeKTHpyJO~aH qaCTb co.n;ep:>KHT .D;O 

3 
200 cqe~HKOB He, 10 <l>3Y AJIH perHcTpaQHH 
y-KBaHTOB H 48 <l>3Y .D;JIH perHCTpaQHH KOCMH
qecKHX H3JiyqeHHH. AnnapaTypHaH qacTb co.n;ep
:>KHT 64 6rroKa KAMAK, rrorHKa pa6oTbi KOTO
pbiX Hcnorrb3yeT CTaH.n;apT KOMTIJIEKC
KAMAK. B KaqecTae perHcTpaTopa Hcnorrb3Y
eTcH MHKpo-3BM MACAMAC c o6'beMOM 03Y 
50K6aH:T. 

4. OpraHH30BaHa CBH3b 3BM CM-3 H3MepH
TeJibHO-BbiqHCJIHTeJibHOro KOMnJieKCa C 3BM 
TPA-1140 H CM-4 H3MepHTeJibHOro ueHTpa 
Y-400. Co3.n;aH yHHBepcarrbHbiH H3MepHTeJibHbiH 
Mo.n;yrrb Ha 6a3e 3BM CM-4. PacrnHpeHa TepMH
HaJibHaH ceTb HU Y-400. B on OH.RH OCBOeHO 
npOH3BO.D;CTBO pa3pa60TaHHbiX B JI.RP 6JIOKOB 

H3MepHTen&HhiH QeHTp Y-400. 



YlfHBepcanbHoro cneKTpoMeTpHqecKoro ycwm
teml CY-4K H aMIUIHTy,n;Horo KO,n;Hpoa~Ka 

DA-24K B CTaH.n;apTe KAMAK. 

5. Hana:>KeHa ycTaHOBKa ,n;n.a H3MepeHIDi: 
J~AepHbi.X MOMeHTOB H pa3HOCTeH 3ap.a,n;OBbi.X 

PHc.14. CxeMa yCT8HOBKH wu1 H3MepeHHJI Jl,llepHbiX 

MOMeHTOB H pa3HOCTeH 38pJI,ll0BblX p8,D.HYCOB JIAep Ha 

nyqKe T.IDKeJlblX HOHOB C DOMOIUI>IO 1183epuoro H31IY

qeHHH. 
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nA60PATOPMH 
HEMTPOHHOM 'M3MKM 

B 1984 rOAY B na6opaTOpHH HeHTp OHHOH 
cpH3HKH npHHFIT B 3KCnJiyaTaUHIO p eaKTOp 
:HBP-2 Ha cpeAHew MOI.UHOCTH 2 MBT s pe)!(HMe 
5 HMnynbcos s ceKyHAY· )locTHrHyTo pe
KOPAHOe 3HaqeHHe HMnyJihCHoro noToKa 
10 16H/CM 2 c. PeaKTop HHTeHCHBHO n cnonb-
30BaJICH AJIH HCCJieAOBaHHH no cpH3HKe KOH
AeHCHpOBaHHbiX CpeA, B 96JiaCTH MOJieKyJIHp
HOH 6nonornn H AJIH perneHHH pHAa npHKJiaA
HhiX 3aAaq C nOMOI.UbiO HeHTpOHOB. I13y qaJIHCb 
CTpyKTypa nOJIH3JieKTpOJIHTOB, CTpyKTypa cer
HeT03JiaCTHKOB, cpa30Bble nepeXOAbl B cynep
HOHHbiX npOBOAHHKax H aMopcpHKax, TeKCTy
pbi noJIHKpHcTannnqecKHX MaTepnanos H APY
rne npo6neMbi. 

• 

HAyqHO-I1CCJIE)lOBATEJihCKI1E P ABOTbl 

HECOXPAHEHMEqET HOCTI1 
B HEfiTPOHHbiX PEAK UI1.HX 

I1ccJieAOBaHHe YCHJieHHH 3cpcpeKTOB Hapy
llleHHH npOCTpaHCTBeHHOH qeTHOCTH B nOJIHbiX 
ceqeHHHX B3aHMOAeHCTBHH pe30HaHCHbiX HeHT
pOHOB C HApaMH, npoBeAeHHOe B 1981-1982 rr. 
B ITH<I>, noATBepAHJIO TeopeTnqecKyro MOAeJib 
CMelllHBaHHH KOMnayHA-COCTOHHHH pa3HOH qeT
HOCTH. YcHJieHHhie 3cpcpeKThi, cornacHo MOAe
JIH, CJieAOBaJIO O)!(HAaTb H B HeHTpOHHbiX peaK
UHHX C 3apH)!(eHHbiMH qaCTHUaMH npH HaJIHqHH 
nOAXOAHI.UHX S- H p-BOJIHOBbiX pe30HaHCOB. 

3KcnepHMeHT no npoaepKe 3Toro npeAcKa-
3aHHH AJIH (n, p) -peaKUHH Ha 3 flci BbinOJIHeH 
B cosMeCTHOH pa6oTe rpynn ITH<I> OI1.HI1 
H ITI1.H<I> HM.B.II.KoHcTaHTHHOBa A KaAeMHH 
HayK CCCP Ha nyqKe nonepeqHo-nonHpH30BaH
HbiX TennoBbiX HeHTpOHOB peaKTopa BBP-M. 
IIpoTOHbi c 3HeprHew 0,6 M3B perHcTpHpoaa
JIHCb nponopUHOHaJibHOH KaMepOH C CeTKOH. 
B KaMepy noMei.Uanacb MHIIIeHb Ba C12 pa3Me
paMH 60x1100 MM 2. I13MepHJICH K03cpcpHI:(HeHT 
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Ha peaKTope :HBP-30 npOAOJI)!(aJIHCb Hayq
Hbie HCCJieAOBaHHH B aKTYaJibHbiX Hanpasne
HHHX HAepHOH cpH3HKH, TaKHX, KaK HeCOXpaHe
HHe qeTHOCTH B HeHTpOHHbiX peaKUHHX, (n, a) -
peaKUHH Ha paAHOaKTHBHbiX HApax, cneKTpo
CKOnHH p-BOJIHOBbiX HeHTpOHOB H pHA ApyrHx. 

IIposoAHnacb peKOHCTPYKUHH HH)!(eKTOpa 
peaKTopa :HBP-30 - ycKopHTeJIH ITY3-40. Ha 
YCKOpHTeJie Jl:HY-30 nyqoK 3JieKrpOHOB npo
BeAeH qepe3 HH)!(eKTOpHbiH yqacTOK, Ha BbiXOAe 
KOToporo nonyqeH TOK 140 A npH 3HeprHH 
3 M3B, H qepe3 10 ceKUHH nepsoro ycKopH
TeJibHoro yqacTKa (npH TOKe 25 A H 3HeprHH 
5,2 M3B). CosepiiieHCTBOBaJIHCb cncTeMbi 
H3MepHTeJibHOrO I:(eHTpa Jia6opaTOpHH. 

~CHMMeTpHH ap = (N - N) / (N + N), rAe N H 
N - qHcJia OTC'IIeTOB KaMepbi AJIH npoTHBono
JIO)!(HbiX HanpasJieHHH nOJIHpH3aUHH HeHTpO
HOB, KOTOpaH MeHHJiaCb K~ble 2,8 C. 06Ha
py)!(eHa p-He'lleTHaH aCHMMeTpHH HCnyCKaHHH 
npoTOHOB. IIocne BBeAeHHH nonpasKH Ha He
nonHyro nOJIHpH3al:(HIO H cpeAHHH KOCHHYC yrJia 
BhiJieTa npOTOHOB OTHOCHTeJibHO CnHHa HeHT
pOHa no.tJyqeH CJieAYIOI.UHH pe3yJibTaT: a = 

= -(1,5±0,3)·10-4
. p 

B XOAe 3KcnepHMeHTa 6biJI H3MepeH H co
xpaHHIOI.UHH qeTHOCTb 3cpcpeKT npaso-JieBOH 
aCHMMeTpHH BbiJieTa npOTOHOB B nJIOCKOCTH, 
nepneHAHKYJIHpHOH HanpasJieHHIO CnHHa HeHT
pOHa: a = -(2,6±0,4).10-4

• 

C HCnOJib30BaHHeM 3THX pe3yJibTaTOB H na
paMeTfOB CMeiiiHBaiOI.UHXCH S- H p-pe30HaHCOB 
B Cl 3 (npH 3HeprHHX E

8 
= -180 3B H Ep = 

= +398 3B) onpeAeneHa 3KcnepHMeHTaJibHaH 

B 1984 ro,~~;y HMnyJI&CHbJH peaKTOp Ha 6&ICTP&Ix aeiiT

pouax HBP-2 npHHRT B nocTORHHYJO ::tKcDJiyaTaQHJO aa 

cpe,~~;aeii MOIIVfOCTH 2 MBT • .UocTHrHyT peKop,II;HbiH no

TOK TeDJIOBbiX HeHTpOHOB C DOBepXHOCTH 3aMe,II;JlHTe

JlR B HMDYJlbCe 10 l6 HeHTp./cM2 c. 





o~eHKa MaTpRliHoro :meMeuTa Hapymruomero 

tleTHOCTh B3aRMO,D;eHCTBRH W sp == 0,1 3B / ll. 

Yr J10BblE KOPPEJ1HQIH1 

B p-BOJ1HOBbiX PE30HAHCAX 

liHTepnpeT~H 3KCnepRMeHTOB n o HeCOX

paHeHRIO tleTHOCTR BO B3aRMO,D;eHCTBRR pe30-

HaHCHbiX HeHTpOHOB C H,D;paMR cymec meHHO 

3aBRCRT OT cneKTpOMeTpRtleCKOH RH<f>OpMa

~RR, HanpRMep, OT napaMeTpOB [' . -nap-

( 

u nJ . ) 
~aJibHbiX no nOJIHOMY CnRHY HeRTp OHa J 
lllRpRH p-pe30HaHCOB • .[VIR nonyqeHRH nO,D;06-

HOH RH<i>opMa~RR Ha peaKTope HBP-3 0 Hat~a
TO R3y'leHRe KOppenH~RH B yrJIOBbiX pacnpe

,D;eJieHRHX raMMa-KBaHTOB npR 3axBaT e HeHT

pOHOB B p-pe30HaHCax H,D;ep, AJIH KOTOpbiX pa

Hee 6biJIR o6Hapy)l(eHbi 3<f><f>eKTbi Hap yrneHRH 

t~eTHOCTR. 

C nOMOll.lblO ,D;eTeKTOpa Nal (200x200 MM ~, 
ycTaHOBJieHHOrO no,D; yrJIOM 90° K nyqKy 

HeHTpOHOB, 6biJI R3MepeH BbiXOA raMMa-nyqeif 

c 3HeprRe:H 9,3 M3B a pea~RR 117sn (n, y ) 
B OKpeCTHOCTR p-BOJIHOBOrO pe30HaHCa 1,33 3B 

B 3aBRCRMOCTR OT 3HaKa nOJIHpR3a~R HeHT

pOHHOrO nyt~Ka, OpReHTRpOBaHHOH n epneH,D;R

KYJIHpHO nnocKOCTR peaK~RR. Pe3yJihTaTbi no

Ka3aHhi Ha pRC.1 B BR,D;e 3aBRCRMOCTR BeJIR'lRH 

10 Nl a 

N 

~ Nl 

z 

5 

1,33 N• 

- ·- ·- ·- ·- -- ./ _____ - --

~ 0~----L-------L-----~-------L----~-L--~ 
m 
~ 

~~ 

0.2 

0.1 

0.0 

-0.1 

6 

-0.21 ~6 2;01.~ 1f 17 1;2 I I 
so 70 a'o ' 

0.8 En 

90 100 t 

Pnc.l. llpaBo-neBaR acHMMeTpHH ucnycKaHHR Y·KB8H· 
TOB c Ef7: 9,3 M3B B p-BonHOBOM pe30HaHce 1,33 3B 
B R,llpe 1 7 Sn : a - 3KcnepnMeHTMbHbie cneKTpbi Bbi· 
xo.u;a y -nyqeif no.u; yrnoM 90 ° K nyqKy MR npoTHBono
no:>KHbiX HanpaBneHHH CnHH8 HeHTpOHa; 6 - 3$$eKT 
npaBO·neBOH 8CHMMeTpHH, npHBe.o;eHHbiH K 100% 
nonHpH38QHH HeHTpOHOB. 
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t + N t ~ 
N , N R f = ----:.- OT apeMeHR nponeTa 

u N+ + N t 
HeRTpOHOB. 0HR COOTBeTCTBYIOT nOHBJieHRIO 

npaBO·JieBOH aCRMMeTpRR BbiJieTa y -Jiyqeif, 

RMeJOme:H pe30HaHCHbiH xapaKTep. 3<f><f>eKT 

o6"I>HCHeH RHTep<f>epeH~e:H s- R p-BOJIH. Onpe

,D;eneHo 3HatleHRe OTHOCRTeJibHOH BeJIR'lRHbl 

aMllJIRTYAbl HeHTpOHHOH lllRpRHbl V~ 1!~ y[' n 

no KaHany C j = 1/2 AJIH pe30HaHCa 1,3;:J 3B 12< 

AJ1b<l>A-l1 rAMMA-PACIIA,Zlbl 

PE30HAHCHbiX COCTOHHH:ff H,ll;EP 

1. Hat~aTbi Rccne,D;OBaHRH pea~RR (n, a ) Ha 

pa,D;ROaKTRBHbiX R30TOnax npR pe30HaHCHbiX 

3HeprRHX HeiiTpOHOB. Bo3pacTauRe 3HeprRR 

CBH3R HeHTpOHa B CJiyqae HeHTpOHO,D;e<f>R~RT

HbiX HAep-MRllleHe:H se,D;eT K ysenRt~eHRJO 3Hep

rRR BbiJieTB.lOll.lRX 3apH)I(eHHbiX tlaCTR~, B03pa

CTaHRIO npoHR~aeMOCTR KynoHOBCKoro 6apbe

pa R, COOTBeTCTBeHHO, K pOCTy CetleHRH peaK

~H AO BeJIR'lRH, 6JIR3KRX K 3KCnepRMeHTaJib

HOMY nopory RX o6Hapy)l(eHRH. 

Oco6bie ycnoBRH pa6oThi c pa,D;RoaKTRBHbi· 

MR MRllleHHMR nOTpe60BaJIR C03,1l;aHRH HOBOrO 

aJib<f>a-cneKTpOMeTpa Ha HeHTpOHHOM nyt~Ke 

RMnyJibCHOrO peaKTOpa. reoMeTpRH 3KCnepR

MeHTa noKa3aHa Ha pRc.2. B BaKyyMHOH KaMe

pe pa3MemeHbl ,D;Ba nonynpOBO,Il;HRKOBbiX 

KpeMHReBbiX ,D;eTeKTOpa R )];0 4 MRllleHeH, yc

TaHaBJIRBaeMbiX no,D; pa3JIR'lHbiMR yrJiaMR 

K nyt~Ky HeHTpOHOB R Ha pa3JIRtiHbiX paCCTOH

HRHX OT MRllleHeH. 3HepreTR'leCKOe pa3pe

rneHRe ,D;eTeKTOpOB B pa60'lRX YCJIOBRHX Ha 

nyt~Ke HeHTpOHOB COCTaBJIHJIO 140 K3B. B Ka

qeCTBe ,D;eTeKTopa RcnoJib30Banacb TaK)I(e ABYX

ceK~OHHaH ROHR3~ROHHaH KaMepa. )];ByX

MepHaH RH<f>OpM~RH 06 3HeprRR perRCTpR

pyeMbiX qacTR~ no apeMeHR nponeTa He:HTpo

HOB 3allRCbiBaJiaCb Ha MarHRTHYIO JieHTy C no

MOlllblO R3MepRTeJibHOrO MOAYJIH Ha 6a3e Ma

JIOH 3BM. 

B nepsoM 3KcnepRMeHTe Rccne,D;osanacb 

peaK~H 6 5Zn ( n , a) ua MRrneHR Zn Cl2 , co

Aep)l(ame:H 10 15 pa,D;RoaKTRBHbiX HAep. Ilony

t~eHHhiH BpeMHnpoJieTHbiH cneKTp BbiXO,D;a 

a -'laCTR~ B a 0 -nepeXO,D;e Ha OCHOBHOe COCTOH

HRe H,D;pa-npOAYKTa npe,D;CTaBJieH Ha pRc.3 B BR

,D;e CllJIOlllHOH rRCTOrpaMMbl. IlyHKTRpOM 0603-

HatleH cneKTp cpoHa. KaK BRAHO R3 pRcyHKa, 

pe30HaHCbl OTCYTCTBYIOT. lf3 3KCnepRMeHTa 

nonyt~eHa aepxHHH o~eHKa ana (Tenn.) .S 2 6 
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he.2. reoMeTpWI 3KCnepHMeHTa no OOHCKy peaKQHH (n , a ) Ha pll,lXHOaKTHBHbiX R:,ll;pax, 1 - ,IJ;eTeKTOp&I, 2 -
aeple&Tem. MHWeHeH, 3 - CBHH~OBaR: 31lll.lHTa, 4 - KOnnHMaTOp. 

N 
10 

10 

so 

10 

JO 

500 200 100 50 40 30 20 En 

~~Znln , cd2
Ni 

Pllc:.3. CneKTp no apeMeHH nponeTa ,~~;nR: 65zn ( n,a0 ) 
peiKUHH Ha pa.nuoaKTHBHoH MHWeHH ZnCI2. En -
•eprHR HeKrpOHOB B 3B. 

Pllc.4. HenTpoHHo-omHlleCKaR: KaMepa ycTaHOBKH ,~~;nR: 

ODpe.QeJieHHR 3apR:,Il;a HeHYpOHa: 1 - BXO,Il;HOH HeHTpO

-Oll, 2 - ropH30HTan&Hbie 3epKana, 3 - BbiCOKO· 

IOIIIITHble :meKTpO,Il;bl, 4 - BepTHKanbHOe ~HnHH,Il;pHlle

CICGe 3epKanO, 5 - BXO,IJ;HaR:·BbiXO,Il;HaR: peweTKa, 

8,7 - CBeTOBO,IJ;bl OOTH'IecKOro KOHYpOnR:, 8,9 - Bbi

IOAHoH HeHTpOHOBO,IJ; H ,IJ;eTeKTOp. 

,II,JIH Tennoaoro ceqeHHH peaKIJ;HH, cornacyro
IUaHCH C aenH'iHHOH 2±0,15 6, H3MepeHHOH 
a Hnn (rpeHo6n&). ,UnH Ha6nro,neHHR ao3-
MO)KH&Ix pe30HaHCOB B 3TOH peaKIJ;HH Tpe-
6yeTCH yaenH'iHTb aKTHBHOCTb MHllleHH /1,/ . 

2. BbinonHeHbi H3MepeHHR: napu:Han&HbiX ce
'ieHHH (n, a 0 )- H (n, a 1)-peaKUHH Ha 67zn a yc
noBHHX 6onee BbiCOKoro pa3pellleHHH no 3Hep
rHH HeHTpOHOB ,II,JIH pe30HaHCOB B HHTepaane 
En = 200-4000 3B. IToiiy'ieHbi 3Ha'ieHHR: cnHHOB 
H napu:Han&HbiX lllHpHH. Pacc'iHTaHHoe H3 3THX 
.D:aHHbiX Tennoaoe ceqeHHe a(n, ~0 ) = 370 6 
CpaBHHBanOCb C 3KCITepHMeHTanbHOH ou;eHKOH 
.$ 10 6, 06Cy)K,D;eHbl B03MO)I(HbJe npH'IHHbl 3TO
ro pacxo)K)l;eHHR: 141 

3. ITpo.non)KanHc& H3MepeHHH .D:BYXKBaHTO
BbiX KaCKa.D;OB ( n , y )-peaKIJ;HH Ha pe,D;K03e
Men&HbiX H,npax. H3MepeHHR: c MHllleH&IO 

N [ OTH.e,n. ] 

• 
• 

IJ(M7c) 

Puc.5. CneKTp yn&Tpaxono,IJ;HbiX HeHTpOHOB Ha BbiXO,IJ;e 

YCTaHOBKH. 
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143Nd Ha TeiiJIOBbiX Hei:fTpOHax fi03BOn:IUIH OTI
pe,nenHTb HHTeHCHBHOCTH 39 nayxi<BaHTOBhiX 

I<aCI<aAOB, 3acenRIOIUHX 5 HH3I<One:>Ka~HX 

ypoaHe:H R,npa 144Nd. llocTpoeHa cxeMa ypoa
He:H MR HHTepaana 3HeprHH 1310-5725 I<3B 1 51 

YJibTP AXOJIO,UHhiE 
HEfiTPOHbl 

1. YnhTpaxono,nHbie HeHTpOHbi (YXH) HC
nonb3YIOTCR nnR HCCne,nOBaHHH CBOHCTB HeHT
pOHa I<ai< 3neMeHTapHo:H tJacTHIU>I. B na6opa
TopHH 3aBeprneHO C03AaHHe YCTaHOBI<H MR TIO
BbiilieHHR TOlJHOCTH Onpe,neneHHR B03MO:>KHOrO 
3apR,na HeHTpoHa qn npH noMo~H YXH. Oc
HOBHhiM npHHQHTIOM H3MepeHHR RBnR eTCR OT
I<nOHeHHe nytJI<a HeHTpOHOB (npH qn .,j 0) 
B 3nei<TpHtJeCI<OM none. 3TO OTI<nOHeHHe 
~X I<Ba,npaTHlJHO 3aBHCHT OT BpeMeHH t H n:I1-
HeHHO - OT aenHtJHHbi nonR E . . lloMHMO Toro, 
liTO ynbTpaxono,nHhie HeHTpOHbl Me,nneHHbie, HX 
nyTh B ycTaHOBI<e, noi<a3aHHbiH Ha p Hc.4, cne
QHanbHO YMHHReTCR 3a CtJeT MHOrOI<paTHbiX 
OTpa:>KeHHH OT ropH30HTanbHbiX 3epi<an, ocy
~eCTBnReMbiX npH <f>oi<yCHpOBI<e C TIOMO~biO 
BE!pTHI<anbHoro QHnHH,npHtJeci<oro , 3epi<ana. 
B pe3ynbTaTe He:HTpOHhi <Poi<ycHpyroTCR Ha Bhi
xonHo:H ~eneao:H perneTI<e. llpH coana,neHHH 
H306pa:>KeHHH ~ene:H BXOAHOH perneTI<H CO ~e

nRMH BbiXOAHOH nonyqaeTCR Mai<CHManbHbiH 

.. N(x)(Hemp./100 c) 

250 

5 10 15 20 25 ao 

ctJeT ,neTei<Topa N. CMe~eHHe H3o6pa:>KeHHH 
B HanpaaneHHH ropH30HTanbHOH I<OOpAHHaTbl 
X ocy~ecTBnReTCR noaopoTOM QHnHHApHtJe
ci<oro 3epi<ana. 'llyBCTBTenbHOCTb YCTaHOB
I<H onpe,nenReTCR Bblpa:>KeHHeM 8q = 

2 dN 
= 2 mv' __N_ /[ Et 2

- l,rne r-apeMR H3MepeHHR. 
r dx 

YcTaHOBI<a pa3Me~eHa H HCflhiTaHa Ha nyq-
I<e YXH peai<Topa BBP-M J111H<l> AH CCCP 
HM.B.ll.KoHCTaHTHHOBa. Cnei<Tp YXH Ha BbiXO
ne ycTaHOBI<H H I<pHBaR OTctJeTOB N(x), nony
tJeHHbie BO BpeMR HCflbiTaHHH, TIOI<a3aHbl Ha 
pHC.5 H 6. 06pe3aHHe cnei<Tpa npH 8 M/C COOT-
BeTCTByeT rpaHHlJHOH CI<OpOCTH CIIJiaBa 
58 Ni Mo , HaHeceHHoro Ha 3epi<ana so apeMR 

HCflbiTaHHH 6e3 nonR. llo AaHHbiM pHc.6 nony
tJeHO 3HatJeHHe O,nHOrO H3 OCHOBHbiX napaMeT
pOB ycTaHOBI<H - rpanHeHTa ctJeTa dN I dx = 

= 1255 CM- 1 . ,UpyrHe napaMeTpbi HMeiOT cne

nyroiUHe 3HatJeHHR: t 2 = 0,1744 c 2 ' E = 
= ± 10

4
B/cM, r = 2-106 c, N = 210 c-

1
. 

11TOrOBaR tJYBCTBHTenbHOCTb oq = 7-10-21qe 
Ha TIOpRAOI< Bbiille paHee AOCTHrHyTOH / 6 / 

2. Co3,naHhi H HcnhiTaHbi Ha He:HTpOHHOM 
nytJI<e <t>eppoMarHHTHhie 3aTBOpbi ,nnR ynpaa
neHHH nytJI<OM YXH. 3aTBOphi npe,ncTaanRIOT 
co6o:H cneQHanbHbie TOHI<ocnoHHbie nneHotJHbie 
<t>HnbTphi, HaHeceHHbie Ha I<peMHHeBbie IIJia
CTHHI<H. BpeMR nepeMarHHtJHBaHHR nneHoi< Me
Hee 10-9 C, fi03TOMY 3aTBOpbl RBnRIOTCR 
6biCTpO,neHCTBYIO~HMH. llpHMep I<pHBOH npo
nyCI<aHHR nytJI<a YXH 3aTaopoM noi<a3aH Ha 
pHC. 7. 3aTBOpbl MOryT 6hiTb HCTIOnb30BaHbl 

N ~-3 

t 

35 40 45 50 55 X(MM) 

PHc.6. KruiH6poBO'IHIUI KpHBIUI ycTaHOBKH .a.n.R: H3MepeHH.R: 3ap.R:p;a HeHTpoHa, nony'leHHIUI Ha ny'IKe HeHTpoHoB (a) 
H no OnTH'IecKOMy ,!1;8T'IHKY ( 6) • 
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:>IDKeHHH 
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Pllc.7. KpHBIUI nponycKaHHJI HeHTpOHos AJI.II 4-cnoiiao

ro $eppoMarHHTHOrO 38TBOpa B 38BHCHMOCTH OT Be· 

JIII'IHHbi npHnO)I(eHHoro non.11 H ( 3) . CTpenKH YK83bi· 

BIIOT aanpasneHHe H3MeHeHHJI non.11. 

BMecTO MeXaHHlleCKHX MO,ll;yJIRTOpOB B HeHT

pOHHOH KoppeJIRUHOHHOH cneKTpOMeTpHH Bbl· 
COKOrO pa3peweHHH H ,ll;JIR ,ll;pyrHX 3a,ll;all 17 I 

RJlEPHbiE KOHCT AHTbl, 
HE:ATPOHHA.R CIIEKTPOCKOIIM.R 

1. TipoBe,ll;eHbl H3MepeHHH AH<P<PepeHUHaJib· 
HbiX CelleHHH pacceHHHH HeHTpOHOB C 3HeprHH· 
MH 1-400 K3B ,ll;JIR H30TOOOB Ka,ll;MHH 106, 108, 
110, 112, 116. IloJiylleHbl S- H p-BOJIHOBbie 
HeHTpOHHbie CHJIOBbie <i>YHKUHH H napaMeTpbl 
OOTeHJ:UiaJibHOrO pacceHHHH ,ll;JIR KaHaJIOB 
C OOJIHbiM COHHOM HeHTpOHa j = 1/2 H 3/2. Ho
Bble pe3yJibTaTbl COrJiaCyiOTCR C ,ll;aHHbiMH ,ll;JIR 

COCe,ll;HHX R,ll;ep H nO,ll;TBep)l(,ll;aiOT HaJIHliHe COHH· 

op6HTaJibHOrO pacmenneHHH B p-BOJIHOBOH CH· 
u rt-. u /8/ 

JIOBOH 't'YHKUHH HeHTpOHOB . 

2. B&monHeH coaMeCTHbiH aHaJIH3 npoae
.neHH&Ix paaee B JIH<l> 3KCnepHMeHTOB no 
C8MOHH,ll;HKaUHH B peaKUHH ,ll;eJieHHR H no npo
nyCKaHHIO HeHTpOHOB qepe3 TOJICTbie CJIOH Ma
repHaJIOB, a TaK)Ke Ta6JIHliHbiX ,ll;aHHbiX 0 cpe,ll;
HHX ceqeHHRx MH 2 35u. AHanH3 ocaoaaH Ha 
no,ll;XOAe MoHTe-Kapno H Ha MO,ll;eJIHpOBaHHH 
pe30HaHCHOH CTpyKTypbl celleHHH B MHOrO
ypOBHeBOM npH6JIH)KeHHH. IlonylleHbl ynyq

WeHHbie oneHKH cpe,ll;HHX pe3oHaHCHbiX napa
Merpos 

235 u (ry,s 1 HAp.) H AaHhi peKoMea
.nawm AJIR npaKTHlleCKOrO HCOOJib30BaHHR npH 
COCTaBJieHHH rpynnOBbiX KOHCTaHT peaKTOp· 
HbiX MaTepHaJIOB /9 I. 

3. Onpo6oaaH MeTOA H3MepeHHR noJIHbiX ce
lleHHH R,ll;ep B HHTepaane 3HeprHH 20-1100 K3B 

Ha OY'fKe aeifTpoaoa cHcTeMhi HEP-30 + 
+ JIY3-40, npo<l>HJibTpOBaHHbiX qepe3 6JIOKH 
)l(eJie3a (24 CM) HJIH aJIIOMHHHH (50 CM). Ha 

pHc.S noKa3aH cneKTp, nonylleHHbiH c no
MOI.UbiO 2 JIHTHeBbiX CTeKOJI ¢12 CM B Ka
qecrae ,ll;eTeKTopa. HeifTpOHbi pa3HbiX 3Heprern
qecKHX ;r'pynn pa3,ll;eJIHIOTCH 00 BpeMeHH npone
Ta. 3To ynpomaeT nponeAYPY yqeTa <Poaa npH 
H3MepeHHH noJIHbiX celleHHH. Ha <PHJI&TpOBaH
HOM nyl!Ke OpOBe,ll;eHbl H3MepeHHH OOJIHbiX Ce
lleHHH H,ll;ep Mo H Cd • noKa3aBWHe pa6oTo
cnoco6aocTb HOBOH MeTOAHKH. 

N 

20000 

E 
• 

1.· 
• .. 

li: . .. 3000 • 1\ 

• 
PHc.8. CneKTp HeHTpoaos H3 peaKropa HBP-30, npony

llleHHbiX II>HnbTpOM )l(ene3a TOnlllHHOH 24 CM. K - HO· 

Mep KaHana BpeMeHHOrO 8H&nH38TOpa WHpHHOH 

0,5 MKC, QHII>pbl HilA DHKaMH - 3HeprH.II HeHTpOHOB 

B K3B. 

<l>A30BbiE IIEPEXO,Ubl 
B CYIIEPHOHHbiX IIPOBO,UHHKAX 
If AMOP<l>HKAX 

1. KpHCTaJIJibi rH,ll;po- H ,ll;eHTepocyn&<Para 
ue3HH (CsHS0 4 H CsDS0 4)npH TeMnepaTypax 
T2 = 330 K H T1 =414 K HCnhiTbiBaiOT <Pa30Bbie 
nepexo,ll;bi, npHlleM, KaK He,ll;aBHO ycTaHOBJieHo, 
npH T > T 1 npoBOAHMOCTb KpHCTaJIJia B03pa
cTaeT Ha 3-4 nopR,ll;Ka ( cynepHOHHOe COCTOR· 
HHe). Ha HEP-2 BbmonaeHo acecTopoaaee HC
cne,ll;OBaHHe <Pa30BbiX nepeXO,ll;OB B 3THX KpH· 
CTaJIJIRX. IloJiylleHbl KpHCTaJIJIOrpa<PHlleCKHe 
napaMeTpbi ,ll;JIR pa3HbiX <Pa3 1111. 

HeiiTpOHorpa<PHlleCKHe HCCJie,ll;oBaHHR c no
MOJ.UbiO cneKTpOMeTpa ,UH-2 11 21 OOKa3aJIH 
pe3KOe pa3JIHliHe B noBe,ll;eHHH MOHOKpHCTaJI· 
JIHlleCKHX H nOJIHKpHCTaJIJIHlleCKHX o6pa3UOB 
H CHJibHOe BJIHHHHe BJIR)I(HOCTH o6pa3UOB. ,Ue
TaJibHOe H3ylleHHe oco6eHHOCTeH nepeXO,ll;OB 

H pR,ll;a BHeWHHX <PaKTOpOB, BJIHRIOinHX Ha HHX, 
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300 CsHS04 T =415K 

200f jl Jc 29 · 70° [",. 29 · 30" 

100~~ 

0 j.-.: ~ 

300 r ~~ n. 
T =380K 

200 

_Jl ~ 

.~ 

2.6 3.0 3.2 3.6 4.0 4.4 5.2 7.0 7 4 

dtAJ 

• GIWI 

Puc.9 . llu<PpaKllHOHHbie cneKTpbi Jl1IR nopowKa 
CsHS04 a <Pa30BbiX COCTORHHRX I H II. 

Bbmonneno na cneKTpoMeTpe K.[(COr -2 MeTo
,noM yn,r,yroro H neynpyroro pacce.RHH.R neih
ponos 131 . O.nnospeMenno H3Mep.RnHCb 
cneKTpbl .D:H<f>paKUHH B reoMeTpHH Ha npo
nyCKaHHe ,nn.R yrnos 2 () = 30, 50, 70, 90° 
H cneKTpbi neynpyroro pacce.RHH.R B reoMeT
pHH Ha OTproKeHHe M.R yrnOB 80, 100, 120, 
140° . .[(n.R npHMepa na pHc.9 npHse,neHbi xa
pa!<TepHbie cneKTpbi ,nHQ>paKUHH ,nn.R Tpex <f>a3 
Cs HSO 4' a na pHc.10 - nonytJeHHbie pe3ynbTa
Tbi M.R nnOTHOCTH Q>OHOHHbiX COCTO.RHHH. llo
Ka3aHO, 'ITO <f>a30Bbie nepeXO,nbl CODpOBO)I():la
IOTC.R nepecTpOHKOH KpHCTannH'IeCKOH perneT
KH. 

2. AMop<f>Hbie sei.UeCTBa (aMop<f>HKH) aK
THBHO HCcne,nyiOTC.R B Q>H3HKe TBep,noro Tena 
B CB.R3H C nepcneKTHBaMH HX npaKTH'IeCKOro 
HCDOnb30BaHH.R. 0,nHH H3 THOOB 3THX Be-

' a ~ ~ ~ ~ n ~ ~ ~ m m ~ ~ ~ 
- w(M3B) 

PHc.lO. IlnoTHOcn. <PoHOHHhJX cocTOJIHHH G(cu) J],JIJI $83 I H II KpHCTanna CsHso 4. 



mecTB - aMopq:mKH MEEA H 3EEA, cocTOH

IUHe H3 ,IJ,JJHHHbiX MOJieKyJI, npOHBJIHIOT flOKa 

eme He,!J;OCTaTOlJHO H3ytJeHHbie OC06eHHOCTH 

B <Pa30BhiX nepexo,n;ax, o6me:H qepTo:H KOTOpbiX 

HBJIHeTCH O,!J;HOHanpaaJieHHOCTb: OHH npOHCXO· 

,!J;HT TOJibKO npH flOBbillleHHH TeMnepaTypbi • 

.[VIR TeMnepaTyp HIDKe T c <J>a3a OKa3biBaeTCH 

ycTOHlJHBOH, liTO C03,n;aeT y,n;o6CTBa ,IJ,JJH HCCJie

,!J;OBaHHH. Ha HEP-30 6hiJIH H3MepeHbi AH<l>paK

UHH H Heynpyroe pacceHHHe Ha o6pa3nax 

MEEA H 3EEA. CneKTpbi Heynpyroro pacceH

HHH ,IJ,JJH pa3HbiX <l>a3 3EEA flOKa3aHbl Ha 

pHc.ll. Ha pHc.12 npHBe]].eHbi cneKTpbi AH<l>-

PHc.ll. CneKTpbi Heynpyroro pacceHHWI Will pll3nH'I· 
HbiX <Pa3 aMop$nKa 3EEA. CnnoWHbie nHHHH -
KpHCTannuqecKaJI $1l3a, DYHKTHp - 6biCTp038MOpO· 
>KeHHbiH o6pa3eQ. 

30 3.4 3B 42 4.6 50 Sit 5BcJW 

A 3EEA 
2 T·11K 

0 

4 •t d•A./2sil9 
8•21.1" 

5 
2 

2E 3.0 3.4 38 

PHc.12. .Uu$paKQHOHHbie HeHTpOHHble cneKTpbl Will 
3BEA. A - 6wcrpo3aMopo>KeHHoe cocroHaue, E -
KpHCTannuqecKaJI $1l3a. 

paKUHH . Hccne}].OBaJIHCb HeMaTHtJecKaH cTeK

noo6pa3HaH H CTa6HJibHaH KpHCTaJIJIHlJeCKaH 

<J>a3bl. IJonyqeHbl nJIOTHOCTH <J>oHOHHbiX CO

CTOHHHH <J>a3, flOKa3aBlliHe OTKJIOHeHHe OT ,n;e-

6aeBCKOro noBe]].eHHH I 141_ 

CTPYKTYPbl, 
TEKCTYPbl 

1. M e TO}].OM AH<PpaKUHH HeHTpOHOB no ape

MeHH n p OJieTa C HCflOJib30BaHHeM ]].H<J>paKTO

MeTpa .UH-2 Ha HEP-2 Hccne}].OBaHa }].OMeHHaH 

cTpyKTy pa cerHero~macTHKa K.D 3(Se 0 3) 2 
B ]J.Hafla30He TeMnepaTYp oT -115° ]].O +15 ° C . 

IJpHMeHHJICH MeTO}]. }].BYXKOOp]J.HHaTHOH HeHT

pOHOrpa$HH C fl03HUHOHHO-QyBCTBHTeJibHbiM 

}].eTeKTop oM. Ha pHc.13 npe]].CTaBJieHo nony

tJeHHoe pacnpe]].eJieHHe HHTeHCHBHOCTH flHKOB 

CD 

N 93 r-·-r---+---+---+--4---~---+~ 
B r 

gz r--r---t~~~~--4---~---+--4 

91 --~/-~ 
t 'J S[>~ 

90 t--~ --+--+--l~f----

89 -~ --+-+---",.......,'--1---! 

88 

87 r--r---+---+---+--,_---r---r__, 
4.48 4. 58 4.68 4.48 4.58 4.68 

AlAI-

PHc.l3. Pacnpe.o;eneaue HHTeHCHBHOCTH .o;u<PpaK· 
QHOHHbiX OHKOB B y3ne (002) cerHeT03n8CTHK8 
KD 8(S o 8) 2 npu TeMnepaTypax: a) -52, 6) -1, B) +4, 
r) +~~c. 

B Y3Jie ( 0 02) o6paTHOH pellleTKH KpHCTaJIJia -

cerHeT03JiacmKa c T c = -10°C. Pacmenne

HHe IDiKOB CBH3aHO C flOHBJieHHeM B KpHCTaJIJie 

}].OMeHOB pa3Ho:H KoH<PHrypaUHH. Onpe]].eJieHhi 

xapaKTep HCTHKH ]].OMeHHOH CTpyKTypbi 1151. 
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2. Pa3pa60TaH MeTOA HCCJie,D;OBaHHR CTpyK
TYPhl 6HonorHqecKHX MeM6paH Ha HeihpoHHOM 
,D;HcppaKTOMeTpe ,UH-2, OTKpbmaJO~HH B03-
MO:>KHOCTH H3y'leHHR CTpyKTypHbiX nepecTpOeK 
npH B03,D;eHCTBHH Ha o6pa3eQ. llpoae,neHbl H3-
MepeHHR Ha MO,D;eJibHbiX MeM6paHax - o6pa3-
Qax MaCCOH 15 Mr, npH 3TOM BpeMR HaKOnJie
HHR ,D;OCTaTO'IHOH CTaTHCTHKH He npeBbllllaJIO 
2 qacOB I 161. 

3. Ha :HBP-2 Ha'laTbi TeKcTypHbie Hccne,noaa
HHR o6pa3QOB HH3KOH KpHCTaJIJIOrpacpH'IeCKOH 
CHMMeTpHH: reKCarOHaJibHbiX (Zr), TeTparo-
HaJibHbiX (Mn Al ) , TpHrOHaJibHbiX (Si 0 2 ) 

llonyqeHa 3KCnepHMeHTaJibHa.R HHcpOpMaQHR 
0 KHHeTHKe H3MeHeHHR CTpyKTypbi B npoQecce 
OT)I(Hra. I13MepeHo pacnpe,neneHHe opHeHTaQHH 
MHKpOKpHCTaJIJIOB KBapQa B rpaHyJIHTe H3 
CaKcoHcKoro MaccHBa, ,nruo~ee HHcpopMaQHIO 
o reonor~ecKHX npoQeccax ao apeMR o6pa3o
aaHHR ropHbiX nopo.n I 17 I. 

BHYTP:HKP:HCTAnlllfqECK:HE 
non.R 

:Hccne,noBaHHe 3JieKTpHqecKHX noneii, co-
3,naaaeMhiX B KpHCTaJIJiax HOHaMH p e,nK03e
MeJU,HbiX MeTaJIJIOB, nepeae,neHO Ha ny'IKH 
peaKTOpa lfBP-2. lfcXOAHbie 3KcnepHMeHTaJib
Hbie ,naHHbie o HeynpyroM MarHHTHOM pacceR
HHH HeHTpOHOB Ha ypOBHRX KpHCTaJIJIH'IeCKOrO 
nonR nonyqanucb Ha cneKTpoMeTpe no apeMe
HH nponeTa B o6paTHOH reoMeTpHH c 6epHJI-
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JIHeBbiM cpHJibTpOM H KpHCTaJIJIOM-aHaJIH3aTO
pOM. Ha puc.14 noKa3aHhi cneKTpbi AJIR H3Y
qaeMoro NdNi 5 H "cpoHoaoro" LaNi 5 o6pa3-
QOB. BHAHhi TPH nHKa MarHHTHoro npOHCXO:>K
,neHHR npu nepe,naqax 3Hepruu 1,4; 2,9 
H 14 M3B. llonyqeHbl napaMeTpbi KpHCTaJIJIH
qecKoro nonR 1181

. ( .AHanorHliHOe Hccne,noaa
HHe npoae,neHo Ha o6pa3Qe Ce Cu 5 

1191 ). 

,U:HHAM:HKA 
KOH,UEHC:HPOBAHHbiX CPE,U 

1. ,ll;HHaMHKa aTOMOB BO,D;Opo,na B KpHCTaJI
Jiax uccne,noaanacb Ha :HBP-2 Ha o6pa3Qe 
Zr H x - KOHCTPYKQHOHHOM MaTepuane peaK
TOpHOH TeXHHKH C QeJibiO YTO'IHeHHR ero KOJie-
6aTeJibHOrO cneKTpa. :HcnoJib30aanacb ycTa
HOBKa K,UCOr-2. llonyqeHHbie pe3yJibTaTbi AJIR 

cneKTpoa qacTOT, npe,ncTaaneHHbie Ha puc.15 
H 16, o6cy)I(AeHbl Ha OCHOBe MO,D;eJIH QeHTpaJib
HbiX CHJI H paHee ony6JIHKOBaHHbiX ,D;aHHbiX I20( 

2. BLmonHeHbi 3KcnepuMeHThi no Heynpyro
MY pacceRHHIO HeHTpoHoB Ha :>KHAKOM HaTpHH 
npu TeMnepaType 413 K 1211. llpoae,neH aHanH3 
nonyqeHHbiX ,naHHbiX C QeJibiO H3BJie'leHHR 
npOCTpaHCTBeHHO-BpeMeHHbiX KOppeJIRQHOH
HbiX cpYHKQHH pacceRHHR, ,D;aiO~HX CBe,neHHR 
0 napHOM B3aHMO,D;eHCTBHH B :>KH,D;KOM HaT
pHH 1221_ 

MAllOYrllOBOEPACCE.RH:HE 
TEllllOBhiX HE:ATPOHOB 

BhiCOKHH HeHTpOHHbiH noToK B ycTaHOBKe 
Manoyrnoaoro pacceRHHR Ha :HBP-2 no3BOJIHJI 
HCnOJib30BaTb B 3KCnepHMeHTax O'leHb MaJibie, 
MHJIJIHrpaMMOBbie KOJIH'IeCTBa o6pa3QOB. ,UJIR 
npHMepa Ha pHc.17 nOKa3aHbl rpa$HKH ruHbe 
Manoyrnoaoro ,nucpcpy3Horo pacceRHHR HeHT
poHoB AJIR paCTBOpa 70S pH60COM 6aKTepHH 
E.coli, Bbipa~eHHhiX Ha ,neiiTepupoBaHHOH cpe
,ne, ypaBHHBaiO~eH nJIOTHOCTH KOrepeHTHbiX 
aMnJIHTYA pacceRHHR 6eJIKOBOH H pu6oHyKJieH-
HOBOH KOMnOHeHT. 06'beM o6pa3Qa COCTaB-
JIRJI 0,6 MJI, KOHQeHTpaQHR pH60COM 
(2,474,8) Mr/MJI, apeMR H3MepeHHH 6 qacoa. 
Pe3yJibTaThi AJIR o6pa3QOB pa3JIH'IHOH ,neiiTepu-
3aQHH TeopeT~eCKH OnHCbiBaJOTCR nOCTORH
HbiM pa,nHyCOM HHepQHH, 'ITO ,D;OKa3biBaeT 

Puc.l4. CneKTpbi ueynpyroro pacceHHHJI ueihpouos 
AJIH HHTepMeTaJina NdNi 5, N - HOMep KaHaJia WHpH· 
HOH 128 MKC, f - nepe.n:aqa 3HeprHH B M3B, cnnow· 
Hall nHHHJI - pac'leTHbiH cneKTp, WTpHXOBaH - BKna.D: 
B pacceHHHe OT KpHCTaJinH'IeCKOrO nonH. 
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PHc. l 7. liHTeHcHBHOCTb ManoyrnoBoro AH<l><l>Y3Horo 
paCCt!JUUUI B 3aBHCHMOCTH OT KBa,u.paTa nepe,U.aHHOrO 
HMnyru.ca AJUi paCTBOpa 70S pH60COM 6aKTepHH 
E.coli . Pa3nlf'IH&Ie KpHB&Ie cooTBeTCTBYJOT o6pa3UaM 
pa3nH'IHOH CTeneHH ,u.enTepH3aUHH pacTBopa. 
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HeHTpOHHO-OUTHtJeCKYIO OAHOpO,nHOCTb HCcne

,noBaHHbiX pH6ocoM 1281. HatJaTbi H3MepeHHR 

Ha ,npyrHx Knaccax o6'beKToB - MH~ennax 
H MeM6paHax. 

HAyqHO-llPHKJIA,IJ;HblE P ABOTbl 

1. PaHee 6Lmo npo,neMOHCTpHpOBaHO, tJTO 

C03AaHHbiH B na6opaTOpHH KBaHTOBbiH CBepx

npOBO.Z:VIl~HH MarHHTOMeTp MO:>KHO HCnOnb30-

BaTb KaK BbiCOKOtJYBCTBHTenbHbiH MarHHTO

Kap,nHorpaQ>, AaiOllUIH ,nononHHTenbHYIO HH

QlOpM~HIO 0 ,neRTenbHOCTH cep,n~a qenoBeKa. 

B 1984 r. pa3pa6oTaHa H peanH30BaHa HOBaR 

MeTO,nHKa CHHTHH ~eTHbiX MarHHTOKap,nHO

KapT no 144 TOtJKaM, ,naro~aH ,nocTaTOtJHYIO 

HHQlOpMa~ro o cep,netJHOH naTonorHH /23/. 

MarHHTOMeTp Hcnon&30BancH H ,nnH QlH3HtJe

CKHX HCCne,nOBaHHH :meKTpHtieCKOH nonHpH-

3~HH B MeTannax, B03HHKaiO~eH npH HX Bpa

~eHHH 1241 . 

2. Ilpo,non:>KanHcb npHKna,nHLie Hccne.nosa

HHH Ha 3neKTpOCTaTHtJeCKOM YCKOpHTene npo

TOHOB C UOMOm&IO B036y:>K,neHWI B o6pa3~ax 
xapaKTepHCTHtJecKoro peHTreHOBCKoro H3nyqe-

1S 

" ~ 
I 

C:c: 

"" c c 

II 

500 

.,._ 
ll ~ 

"" 00 

""" II 

600 

- N C:c: 

" " 0 0 m m 
I I 

700 800 

N2 

PHc.l8. PeurreHOBCKHH cneKTp, nonyqeHH&IH npH Bo36y)K)leHHH xapaKTepHCTH'IecKoro H3nyqeHHJJ B KOCTH AHH0-
3aspa. 
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HHR. qaCTb 3THX pa6oT, CBR3aHHaR C onpenene
HHeM MHKp03neMeHTHOrO COCTaBa nOliB H pa
CTeHHH nnR 11HCTHTyTa npHKnaAHOH $H3HKH 
TarnKeHTCKoro rocynapcTBeHHoro yHHaepcH
TeTa, 3aaeprneHa. 

OnpeneneHo conep:>KaHHe 3neMeHTOB Ca, Sr, 
Ba, U B KOCTRX nHH03aapa (pHc.18) c uen1>10 
BbiRCHeHHR reoxHMHllecKHX npoueccoa, Bbi3bi
aai?~ HaKonneHHe ypaHa B 3TOM o6'beK
Te . BhlnonHeHbi HMeiOI.[(He Ba:>KHoe MeTOnH
llec:Koe 3HalleHHe H3MepeHHR celleHHH BbiXona 
xapaKTepHCTHlleCKoro H3nylleHHR AnR K- H L
o6onolleK npH B036Y:>KneHHH ero Ha 3neMeHTax 
22 < Z < 83 nyqKOM npOTOHOB H HOHOB 
4He/26/. 

3. B o6nacTH aKTHBa[(HOHHoro aHanH3a Ha 
peaKTope 11BP-2 ocyl.[(ecTaneH aHanH3 Ha co
nep:>KaHHe pa3nHliHhiX 3neMeHTOB a 2000 reo
norHlleCKHX, 3KOnOrHllecKHX, Me.D;H[(HHCKHX 

Bon&woH: o6'beM uccne,llOBBHHH MeTO,IlOM aKTHBa
IUIOHHoro aHanH3a M.R peweHH.R 38,11.811 B o6nacTH reo
noruu, 3Konoruu, 6uonorHH H Me,ll~bi BbmonHeH 
Ha IIHeBMOTpaHcnopTHOH ycTBHOBKe "PeraTa". Ha 
CHHMKax: nynbT ynpasneHH.R "PeraToH:"; rop.R11He Ka· 
Mep&I ,lln.R p83,1leneHH.R p8,11.H08KTHBHbiX o6pa3QOB. 

H np. o6pa3uax. llporpaMMa pa6oT ocyl.[(ecr
BnReTcR B TecHOM COTPYnHHlleCTBe c PHnOM 
HHCTHTYTOB CTpaH-yllaCTHH[( 011HI1. 

HallaTbi pa6oTbi no H3yqeHHIO Pa.nHauHOHHOH 
CTOHKOCTH MaTepHanOB npH o6nyqeHHH HX 
6biCTpbiMH HeHTpOHaMH. 3a rOAHt~HbW [(HKn pa-
60Tbl 11BP-2 o6nyqeHbl o6pa3[(bl 6eTOHOB H HX 
I<OMn03H[(HOHHbiX KOMnOHeHT. llpoae.n;eHa nac
nopTH3a[(HR KaHanOB no MOI.[(HOCTH .D;03bl 
H cne:KTpaM 6biCTpbiX H pe30HaHCHbiX HeHTpO
HOB. 

B o6nacTH pa,n~~o6HonorHH npoBOnHnHCb HC
cnenoaaHHR ponH HeKoTopbiX reHoB a penapa
UHH noape:>K.n;eHHH: ,I:{HK 6aKTepHH: E.coli H H3y
lleHHe aKTHBa[(HH 6HOCHHTe3a B pacTeHHRX npH 
o6nylleHHH HeHTpoHaMH. llonyqeHbi nepBbie pe-
3ynhTaTbi no B03.D;eHCTBHIO HeHTpOHOB H y-H3-
nylleHHR . Ha ,[{HK-MeM6paHHbie KOMnneKCbJ 
KneTOK KHTaHCKOrO XOMRliKa, y:Ka3bmaiOI.[(He 
Ha TO, liTO rH6enb KneTOK npH o6nyqeHHH HX 
6onblliHMH .D;03aMH B nyliKax 11BP-2 npOHCXO
.D;HT B 

1
ocHOBHOM H3-3a .QBYHHTeBbiX .pa3pbmOB 

,I:{HK 27/ 

3KCruiY AT AU11.R, 
COBEPWEHCTBOBAHI1E 11 PA3BHTHE 
OCHOBHblX YCTAHOBOK 
H AllllAP ATYPbl 

PEAKTOPbl 
H YCKOPHTEJ111 

1. B 1984 rony peaKTop HBP-2 npHHRT 
B 3KCnnyaTa[(HIO npH cpenHeH MOI.[(HOCTH 
2 MBT a pe:>KHMe 5 H 2i HMn./c. B pe:>KHMe 
5 HMn./C peaKTOp pa3BHBaeT MrHOBeHHyiO 
MOI.[(HOCTb 1350 MBT H reHepHpyeT BCnbllliKH 
AnHTenbHOCThiO 230 MKC. HMnynbCHbW noTOK 
COCTaBnReT peKOPnHYIO BenHliHHY 
10 16H/CM 2 c, liTO Ha nopRnOK npeBOCXO.n;HT 
noToK, n ocTHrHyThm paHee a HccnenoaaTenh
CKHX CTaUHOHapHbiX peaKTopax. B 1984 r. pe
aKTOp 11BP-2 npopa6oTan Ha $H3Hllec:KHH 
3KCnepHMeHT 2428 llaCOB /28/. 

2. PeaKTOp HBP-30 H ycKopHTenb-HH:>KeK
Top JIY3 -40 o6ecneliHnH ~~nepHo-$H3HllecKHe 
HCCne.n;OBaHHR B JIH<l> B COOTBeTCTBHH C' nna
HOBbiM 3aAaHHeM. 3aaepUlaiOTCR pa60Tbl no 
MO.n;epHH3a[(HH JIY3-40, C [(enbiO nOBbiUle
HHR MOI.[(HOCTH 6ycTepa, B XO.D;e KOTOpbiX 
CMOHTHpOBaHbl HOBbie YCKOpRIOI.[(He CeK[(HH 
JIY3-40. Bo3MO:>KHOCTH HH$opMauHOHHO-H3Me
pHTenbHOH CHCTeMbl 11BP-30 paCUlHpeHbl no
cpe.D;CTBOM BBe.D;eHH' perHCTpa[(HH napaMeTpOB 
BO BpeMR nyc:Ka I 29 . 

'1'1 



Ha C03AaB&eMOM a na6opaTopHH J!HHeHHOM HHAYKllHOHHOM ycKopuTene ::meKTpoHoa JIHY-30 ocyll.leCTaneHa 
npoaOAKa nyqKa 11epe3 HH:>KeKTOpHbiH H nepBbiH ycKoplliOI.l.IHH yqacToK. IlonyqeHa 3HeprH11 3neKTpOHOB 5,2 M3B 
DpH TOKe B HMnynbce 25 A. Ha CHHMKe : nynbT y np;mneHHJI JIHY-30 . 

3. ffpo,nomKaJIHCb pa60Tbl no MOHTa)l(y 
H HaJia,nKe ycKOpHIOIUHX ce~HH JIHHeHHOro 
HH.D:YKUHOHHOrO YCKOpHTeJIH 3JieKTpOHOB 
JU1Y-30. 3HeprHR YCKOpeHHbiX 3JieKTpOHOB 
Ha BbiXO,ne 1-ro YCKOpHTeJibHOrO yqacTKa JJ:O· 
CTHrJia 5,2 M3B. 

YcKOpHTeJib npoTOHOB sr-5 pa6oTarr .D:JIH 
o6ecneqeHHH HayqHo-npHKJiaJJ:HbiX Hccrre.noaa
HHH B COOTBeTCTBHH C nJiaHOM. 

3KCllEPMMEHT AJib HhiE 
YCTAHOBKH 

B 1984 ro.ny peryrrHpHo 3KcnrryaTHp oaarr
CH HeHTpOHHbiH .IJ;H$paKTOMeTp ,llH-2 (pHc.l9). 
lfccrre.u;oaaHbi OCHOBHbie napaMeTpbi .D:H$paK
TOMeTpa: nOTOK TenJIOBbiX HeHTpOHOB, cneKT
parrbHOe pacmenrreHHe KOTOpbiX noKa3aHO Ha 

pHc.20, .n"ocTHraeT 1,3- 10 7H/cM 2 c npH MOI.UHO
CTH 2 MBT, lllHpHHe HMnyrrbca TenrroBbiX HenT
poHoa 320 MKC; pa3pellleHHe 1% npH e = 80°, 
d = 5 A H 10% npH e = 10°, d = 60 A; Terrec
HbiH jrOJI O,lUIOKOOp,u;HHaTHOrO ,neTeKTOpa 
6-10- cp H .D:BYXKOOp.D:HHaTHOro- 3-10- 2 cp. 
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.zlH$paKTOMeTp npe,lUla3HaqeH AJIH HCCJie,noaa
HHH, Tpe6yiOIUHX perHCTp~HH B 6orrblllOM qHc
rre ToqeK o6paTHoro npocTpaHCTBa npH MaJibiX 
H cpe,nHHX nepe,naHHbiX HMnyJibCax 1301. 

OcymecTarreH MOHTa)l( ycTaHOBKH .lllf<DP AH 
.D:H$paKUHOHHOrO cneKTpOMeTpa C COBep

llleHHbiMH KpHCTarrrraMH. K nycKOBbiM pa6o
TaM no.nroToarreHa ycTaHOBKa CllH - cneKT-

. pOMeTp llOJIHpH30BaHHbiX TenJIOBbiX HeHTpO
HOB. HaqaTa 3KcnrryaT~HH ycTaHOBKH HCBP
HeHTpOHHOrO cneKTpOMeTpa BbiCOKOrO pa3-
pellleHHR, 3anymeHHoro a pa6oTy Ha nepaoM 
3Tane KaK TeKCTypHbiH cneKTpOMeTp. 

Ha nyqKe yrrbTpaxorro,lUlbiX HeHTpOHOB pe
aKTopa BBP-M (Jllf.R<D AH CCCP) aae,neHa 
B ,neHCTBHe C03,naHHaR B JIH<D HeHTpOHHO· 
OllTHqeCKaR ycTaHOBKa AJIH H3MepeHHH 3JieKT
pHqecKOrO 3apH,na HeHTpOHa C qyBCTBHTeJib· 
HOCTbiO 10-21 lSI_ 

Ha CeAbMOM KaHane HeHTpOHHbiX nyqKoa HBP-2 aae- ~ 
AeH B 3KCDny&T&llHIO COeKTPOMeTp BbiCOKOrO pa3pe· , 
weHHJI HCBP. 



Pnc.19. CxeMa KOHCTPYKUHH H 331UHT JlHij;>paKToMeTpa ,llH-2 Ha p eaKTope HBP-2. 1- aKTHBHilR 30Ha, 2 -6Hono
rn'leCKilR 3ai.UHTa peaKTOpa, 3 - 3epKanbHbiH HeHTpOHOBO.Il, 4 - 381UHTHilR Ce~, 5 - BHei.UIUIJI 6HOnOrHtlecKaR 
3ai.UHT81 6 - OCHOBaHHe JlHij;>paKTOMeTpa, 7 - y3en o6pa3US, 8 - JleTeKTOp. 

10 4 ..------------------::,• 

·-"' .· '· . \ • • • • • • 

q>(_A) 

2 4 8 16 

ft.,A-

Puc.20. CneKTpanbHOe pacnpeneneHne noroKa HeiiT
poHoB Ha BbiXOJle 3epKanbHOrO HeiiTpOHOBOJl& JlH!J;>paK· 
TOMeTpa )lH-2. 
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3a&epweHo co3ABHHe cneKTpOMeTpa nonRpH30B8HH&IX TenJIOBblX HeihpoHoB no MeTo.o;y speMeHH nponeTa -
YCTBHOBKH CTIH·l. 

H3MEPHTEJibHO-BhlqHCJIHTEJibHbla 
UEHTP 

1. llonHOCTbiO o6ecneqeHbl H3MepeHHR no 
seeM HanpaaneHHRM <f>H3HqecKHx Hccne.n;oaa
HHH, o,D;HoapeMeHHO npOBOAHBWHXCH Ha 

HBP-2, HBP-30, JIHY-30 H ar-5. c aao.n;oM 
a .n;eiicTBHe TPex HOBhix 3BM THna CM-4 a H3-
MepHTenbHOM ~eHTpe paCWHpHnCH napK'MaJibiX 
3BM. Pa6oTa rpa<f>onocTpOHTenH ")lHrHrpa<f>" 
nepeae.n;eHa B aBTOMaTH3HpOBaHHbiH pe)I(HM 
BbiBO,D;a cneKTpOMeTpHqecKOH HH<f>OpM~ 

c ~eHTpaJILHoro npo~eccopa 3BM PDP-11/70. 

2. llpO,D;On:>KaJIHCb pa60Tbl no pa3BHTHIO H3-
MepHTenbHOrO ~eHTpa B HanpaaneHHH C03,11;aHHH 

80 

MHoroMaWHHHOH ceTH 3BM. Bae.n;eHa B 3KC
ruiyaT~IO HOBaR onep~HOHHaR cHcTeMa RSX
llM C paCWHpeHHbiMH B03MO)K}{OCTHMH o6pa-
60TKH HH<f>opMa~HH. Coa~weHCTBOBaJiacL cHc
TeMa apxHBa~HH AaHHhiX 311. 0TniDKeHbi H ne
pe.n;aHhi B 3KCnnyaT~HIO ,D;nH no.n;rOTOBKH 
nporpaMMHoro o6ecneqeHHR ceTeBbie a.n;anTe
pbi - y3nOBbie 3neMeHTbl ceTeH 3BM. 

3. llpo.n;On)KaJIHCb pa60Tbl no C03,11;aHHIO 
pa,D;HOannapaTypbl HOBbiX YCTaHOBOK H MO,D;ep
HH3~H 3neKTpOHHKH .n;eHCTBYIOI.UHX cneKTpO
MeTpOB, BKnJOqaR HOBbie aMnnHTYAHbie KO,D;H
pOBI.UHKH. Co3AaH nporpaMMHpyeMbiH apeMeH
HOH KOAHPOBI.UHK 132/ Mo.n;epHH3HpoaaH 

' MHKponpo~eccopHbiH KOHTponnep H HeKOTO-
pbie .n;pyrHe y3nhi H3MepHTenbHbiX Mo.n;y
neii /33,34/. 
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nA60PATOPMH 
Bbi~MCnMTEnbHOM TEXHMKM M ABTOMATM3A~MM 

B 1984 ro,ny OCHOBHbie· YCHJIHH KOJIJieKTHBa 
na6opaTOpHH 6binH HanpaBJieHbl Ha pa3BHTHe 
H 3cPcPeKTHBHOe HCnOJib30BaHHe UeHTpaJibHOrO 
Bbi"IJHCJIHTeJibHOrO KOMllneKCa, ,IJ;aJibHeHWee 
pa3BHTHe TepMHHaJibHOH ceTH 6a30BbiX 3BM 
H yBeJIH\feHHe 6aHKa ,IJ;aHHbiX, pa3BHTHe MaTe
MaTHIJeCKOrO o6ecneqeHHH 6a30BbiX 3BM. Bbi
nonHeHbi pa6oTbi no 3aMeHe ynpaBnHIOutHX 

3BM B H3MepHTenbHbiX CHCTeMax llYOC
CAMET H A3JIT-2/160. llonylfHnH pa3BHTHe 
IJHCJieHHbie H KaiJeCTBeHHbie MeTO,nbl pemeHHH 
HeJIHHeHHbiX 3a,naq MaTeMaTH\feCKOH cPH3HKH 
B CBH3H C HCCJie,D;OBaHHHMH, npOBO,IJ;HMbiMH 
B 011.RI1. Co3,naHhi KOMnneKCbi nporpaMM o6-
pa6oTKH 3KCnepHMeHTaJibHbiX )J;aHHbiX. 

PA3BI1T11E 
11 3«<»«<»EKTI1BHOE 11CllOJih30BAHME 

UEHTP AJihHOrO BhlqMCJII1TEJihH OrO 
KOMllJIEKCA OM.RI1 

P A3BI1TI1E UEHTP AJihHOrO 
BbJqi1CJII1TEJibHOrO 

KOMllJIEKCA OM.RI1 

1. llpose.neHbi pa6oTbi no ycTaHOBKe H MOH
Ta)K}' HOBOH MOutHOH 3BM EC-1061. l13rOTOB· 
JieH H HaJiruKeH TepMHHaJibHbiH KOHTpOJIJiep Ha 
6a3e 16-pa3pH,nHoro MHKponpoueccopa, liTO no-
3BOJIHT no.ncoe.n;HHHTh K 3BM EC-1061.16 Tep
MHHaJIOB. 

B cocTaB onepaUHOHHOH CHcTeMbi EC-1060 
BKJIIO\feHa TpeThH BepCHH TpaHCJI.RTOpa C H3bl· 
Ka «<»OPTPAH-77. Bse,neHbi B 3KcnnyaTaUHIO 
.n;Ba naKeTa rpacPHtfecKHX nporpaMM, o6cny
:lKHBaJOutHX rpa<PonocTpOHTenb. Co3,naHbi npo
rpaMMbi, o6ecnetfHBaJOutHe noBbilll-ElHHe 3cPcPeK
THBHOCTH onepauHOHHOH CHCTeMbi ·H 6oJiee 
3KOHOMHOe HCll0Jib30BaHHe ,D;HCKOBOH naM.RTH. 
Mo.nepHH3HpoBaHbi 6H6JIHOTeKH nporpaMM 
o6mero Ha3HatfeHHH H co3,naHbi nporpaMMHbie 
cpe,ncTBa HX conposoiK,ZJ;eHHH. 

2. Ha 3BM CDC-6500 HaJiruKeH H c,naH 
B onbiTHYIO 3KcnnyaTauHIQ BTOpOH MYJibTH· 
nneKcop TepMHHaJIOB. Pa3pa6oTaH H c,naH 
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B OnbiTHYIO 3KCnnyaTaUHIO noJiynpOBO,IJ;HHKO· 
BbiH 6JIOK naMHTH. 

B COCTaB onepaUHOHHOH CHCTeMhi BKJIIO\feHa 
nporpaMMa, cyw;ecTBeHHO o6nerlfaJOuta.R npo
uecc OTJia,nKH 3a,naq nonb30BaTeneii. Bae.npeHbi 
HOBbie nporpaMMHbie cpe,ncTBa pacnpe.nene
HHH ,IJ;HCKOBOH naMHTH C UenbiO ee 3KOHOMHH. 
BaeceHbi H3MeHeHHH B onepauHOHHYIO cHcTeMy, 
o6ecnetfHBaJOw;He pa6oTy 3BM c .nononHHTenb
HbiMH TepMHHaJiaMH. 

3. Ha 3BM E3CM-6 3aBepweaa TeXHHtfeCKa.R 
HaJia,D;Ka BTOporo TepMHHaJibHOrO KOHTpOJIJie
pa, se,neTCH oTna.nKa MaTeMaTHtfecKoro o6ecne
qeHHH. 0nTHMH3HpOBaHa pa60Ta )J;HHaMHIJeCKOH 
cPaHJIOBOH no,nCHCTeMbi, ynpaBJIHIOuteH Be,ne
HHeM apXHBa nporpaMM H ,naHHbiX nOJib30BaTe
neH Ha MarHHTHbiX ,nHcKax H neHTax. Co3,naHbi 
nporpaMMbl aBTOMaTH3HpOBaHHOrO yqeTa lfHC· 
Jia 3a,naq, o6pa6aTbiBaeMblX C TepMHHaJIOB, 
H c6opa CTaTHCTH\feCKHX ,IJ;aHHbiX 06 HCnOJib30· 
BaHHH pecypcos E3CM-6 11-61 

BHE,UPEHI1E 11 11CllOJib30BAHI1E 
CI1CTEM AHAJII1TI1qECKI1X BbJq11CJIEHUA 

HA3BM 

Ha 3BM EC-1060 sae.npeaa nporpaMMa, no-
3BOJIHIOuta.R HcnoJib30BaTh cHcTeMy REDUCE-3 
B HHTepaKTHBHOM pe)I(HMe C OnTHMaJibHbiM 
liCnOJib30BaHHeM onepaTHBHOH naMHTH 3BM. 
PacumpeHbi B03MO)KHOCTH naKeTa nporpaMM 
MaTpHliHOH anre6pb1, OnTHMH3HpOBaHbl anro
pHTMbl BbNHCJieHHH onpe,nenHTeJieH H BHpTya
JIH3aUHH B CHCTeMe REDUCE-2. BbmonaeHbi 
no,nrOTOBHTenbHbie pa60Tbl no BHe,npeHHIO 
CHCTeMbi AMP H 6H6JIHoTeKH nporpaMM aa 
.R3biKe FORMAC Ha EC-1060. 

MeTo,noM Kpbmosa-EoroJIJ06osa Hccne.no
BaHO nose,neHHe 3ap.R)I(eHHOH tfaCTHUbl B UHKJIH· 
\fecKOM yCKOpHTeJie B OKpeCTHOCTH pe30HaHCa 
2 VZ - Vx = 1 C HCnOJib30BaHHeM CHCTeMbl 

REDUCE-2. 
C UenbiO pacwHpeHHH B03MO)I(HOCTeH 

CHCTeM SCHOONSCHIP Ha CDC-6500 H 
REDUCE-2 aa EC-1060 no.nroTosneaa nepBa.R 



aepcHH 6H6nHoTeK nporpaMM Ha H3hiKax 
cHcTeM SCHOONSCHIP ( 5 nporpaMM) 
H REDUCE-2 (10 nporpaMM). 

Co3,D;aHa nporpaMMa Ha H3hiKe PL/1 -
FORMAC ,D;nR KnaccH¢IHKanHH HenHHeHHhiX 
3BOniOQHOHHhiX ypaaHeHHH H BbinOnHeHa non
HaH KnaccH¢IHKanHH ypaaHeHHH THna KopTe
aera-,D;e BpH3a ce,D;bMOro H ,D;eBHToro nopHAKOB. 

Ha H3hiKe cHcTeMhi SCHOONSCHIP peanH-
30BaHa nporpaMMa MH OAHoneTneBbiX Bhi
qHcneHHH qeTbipex¢lepMHOHHOH aMnnHTYAbi 
pacceHHHH qacTHQ c HeHyneBbiMH MaccaMH 
H MH ,D;ByxneTileBhiX pacqeTOB B cynepcHM
MeTpHqHoH TeopHH npH N = 1. Ha HX ocHoae 
npoBe,D;eHO HCCne,D;OBaHHe aHOManHH B cynep
CHMMeTpHqHbiX TeopHHX HHra-MHnnca. 

B paMKax pa6oT no qHcneHHO-aHanHTHqe
cKoMy MO,D;enHpOBaHHIO KanH6poaoqHbiX TeO-

3asepw eHbl pa60Tbl DO YCTaHOBKe H MOHTil)I(Y HOBOH 

MO~Hoii 3BM EC-1061. C BBO.llOM ee s aKcnnyaTaumo 

o6~8JI DpOH3BO,llHTenbHOCTb Bbi'IHCnHTeJibHbiX MawHH, 

ycraHos neHH&IX s 3ane Kopnyca 134, .llOCTHI'HeT 3 MHn

nHOHOB onepllQHH s ceKYH.llY· Ha CHHMKax: ueHTpan&

HbiH npoueccop H BHeWHJUI DaMJITb Ha MarHHTHbiX 

,llHCK8X (200 M6aiiT). 

pHii Ha perneTKe npoae,D;eHo Hccne,D;OBaHHe 
¢la30BhiX nepexo,D;oB a SU(2) TeopHH co cKa
nHpHbi MH nonHMH MaTepHH. Pa3pa6oTaH anro
pHTM BblqHcneHHH 3¢l¢leKTHBHOrO noTeHQHana 
TaKOH TeOpHH MeTO,D;OM pa3no:>KeHHH CHnbHOH 
CBH3H H HaH,D;eH rnaBHbiH qneH p8.3nO:>KeHIDI. 
Co3,D;aHa nporpaMMa H npoae,D;eHbi pacqeTbi 
nponar aTopa cao60AHhiX ¢1epMHOHOB B ABY
MepHOH 3neKTpO,D;HHaMHKe. 

Pa3pa6oTaH anropHTM H C03,D;aHa nporpaMMa 
Ha H3hiKe cHcTeMbi REDUCE-2 MH aBTOMarn
qecKor o nonyqeHIDI ,D;HCnepCHOHHOrO COOTHO
rneHHH, onHChiBaromero nyqeBbie TpaeKTOpHH 
3neKTpOHHOH KOMnOHeHTbl nna3Mbl B 'CTa
HOBKax C TOpOH,D;anbHOH reoMeTpHeH /7-9 . 

3 aaeprneHa pa3pa6oTKa, H3roToaneHHe H Ha
na,D;Ka onhiTHoro o6pa3Qa ,D;HcnneH:Horo MOHH
Topa Ha 3anOMHHaiOI.QeH 3neKTpOHHO-nyqeBOH 
Tpy6Ke 6onLrnoro pa3Mepa. Pa3pa6oTaH 
6biCTpO,D;eHCTBYIOI.QHH apH¢IMeTHqecKHH npo
Qeccop Ha MHKponpoueccopHbiX ceKQHHX, 
npe,D;Ha3HaqeHHhiH MH npeo6pa3oBaHHH rpa
¢IHqecKHX o6'beKToB. Co3AaHO nporpaMMHoe 
o6ecneqeHHe rpa¢1HqecKoro TepMHHana 
HHTEP-80 Ha 8BM CM-4 /l0-11/. 
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3KCIIJIY AT AU11.R BA30BhiX 3JIEKTPOHHO-BhllJ11CJI11TEJihHhiX MAIII11H 

3BM ro,n:OBOH 0 6mee Cpe,n:HecyTOqaoe lJHCJIO npo-
IIJiaH non e3Hoe none:Jaoe BpeM.H cqeTa nyi.QeHHhiX 
(B qac.) speM.H cqeTa 3a ro.n: (B qac.) 3a,n:aq 

3a ro.n: {a qac.) 

EC-1060 
CDC-6500 
B3CM-6 

5500 
7000 
6000 

6167 
7386 
6900 

* lJHCJIO 3a,n:aq, nponyi.QeHHbiX C TepMHHaJIOB. 

P A3B11T11E METO,D;OB 
11Cll0Jlh30BAH11.R3BM 

HA JI11H1111 C 3KCllEP11MEHTAJihHhiM11 
YCTAHOBKAM11 0 11.R11 

1. Co3,n:aH HOBhrH sapHaHT nporpaMM MO
.n:enHpOBaHHH, pacn03HaBaHHH H Onpe,n:eJieHHH 
napaMeTpOB C06hiTHH, perHCTpHpyeMbiX 
cneKTpOMeTpOM B11C-2. Ilpe.n:no:lKeaa H s ae.n:
peaa 6onee Toqaa.H MaTeMaTHqecKa.H Mo.n:enb 
perHCTpaQHH C pasHOMepHbiM pacnpe,n:eJieHHeM 
owH6oK. Pli3pa6oTaHhi anropHTMhi H co3,n:aHa 
nporpaMMa onpe.n:eneHHH napaMeTpoB cn e.n:os 
qaCTHU, .D:BH:llCYI.QHXCH B TOpOH.D:aJibHOM MarHHT
HOM cneKTpOMeTpe C ,n:peH<I>OBbiMH KaMepa
MH /12/ . . 

IloJiyqHJIH pa3BHTHe H BKJIJOqeHbl B 6a30ByiO 
6H6JIHOTeKy 3KcnepHMeHTa NA-4 naKeThr npH
KJia,n:HhiX nporpaMM. Ha CDC-6500 nocTasneaa 
HOBa.H sepcHH rpa<I>HqecKoro naKeTa HPLOT. 
B paMKax naKeTa HBOOK C03.IJ:aHhi H aae.n:pe
Hhi aa 3BM EC-1060 nporpaMMhi <I>HTHpoBaHHH 
CTaTHCTHqecKHX pacnpe,n:eJieHHH C nOBhiWeHHOH 
TOqHOCTbiO. Ilo,n:rOTOBJieHbl H BHe,n:peHbl Ha 
3BM CDC-6500 H EC-1060 pa6oqHe sapHaHThi 
HOBOH BepCHH CHCTeMbl Be,n:eHHH TeKCTOBhiX 
6H6JIHOTeK PATCHY. 

2. Co3,naHo nporpaMMHOe o6ecneqeaHe 
H npose.n:eaa HaJia,n:Ka aosoro KOHTponnepa 
B CHCTeMe C'beMa HH<I>OpMaQHH C annapaTyphl 
KaHaJIOB BTOpHqHbiX nyqKOB qacTHU CHHXpo<l>a-
30TpOHa JIB3. Ilo.n:roTOBJieH naKeT nporpaMM 
.D:JIH aHaJIHTHqeCKOrO OnHCaHHH H pacqeTOB Ha 
3BM ycTpOHCTB C'beMa H C:lKaTHH HH<I>OpMaQHH, 
pa3pa6aThiBaeMhiX aa 6a3e anre6paH:qecKOH 
TeOpHH KO.D:HpOBaHHH. IlpoBe,n:eHbl CeaHCbl H3-
MepeHHH napaMeTpOB nyqKa yCKOpHTeJIH 
KYT11-20 no CHHxpoTpOHHOMY H TopM03HOMY 
H3JiyqeHHIO C HCnOJib30BaHHeM nporpaMMHOrO 
o6ecneqeHHH, no.n:roTOBJieaaoro aa 3 BM 
M-6000. Co3.D:aHhi u onpo6oBaHhi pa3JIHqHbie 
sapHaHThi nporpaMMHoro o6ecneqeau.H cucTe
Mhi H3MepeHHH H CTa6HJIH3aQHH MarHHTHOrO 
noJIH ycKopuTeJIH C11JIYH,ll-20 c Bhr,naqeH: HH-
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18 70733 (265529*) 
21 182182 (15928*) 
20 60960 (21000*) 

<t>opMaQHH aa 3KpaH .n:HciiJieH. Ha 3BM 
MERA-60, ynpasnHromeH: <I>YH~HoHHposa-
HHeM KpHCTaJIJI-.D:H<I>pa~HOHHOrO cneKTpO
MeTpa, nonyqHJI pa3BHTHe aa6op nporpaMM 
.D:JIH 3KCnepHMeHTOB no H3yqeHHIO cneKTpOB 
pa3Jlfl:qHhiX semecTB 113-141 

3. B 6u6JIHOTeKy cuCTeMhi o6pa6oTKH 
cneKTpOB Ha 3BM B3CM-6 BKJiroqea KOMIIJieKc 
nporpaMM o6pa6oTKH y -cneKTpoB .D:JIH 3a,n:aq 
aKTHBauuoaaoro aaanu3a. Be.n:yTcH pa6oTbi no 
a.n:anTaQHH 3Toro KOMIIJieKca aa 3BM EC-1060. 
3asepweao C03.D:aHHe KOMIIJieKca nporpaMM 
nonaoro aBTOMaTuqecKoro aHaJIH3a .n:syMep
HhiX .IJ:H<I>pa~HOHHbiX cneKTpOB C nOJIOCaMH 
nepeKphiBaiOI.QHXCH nHKOB. 3asepweHhi pa6o
Thi no a.n:anTaQHH aa B3CM-6 u EC-1060 aoso
ro KOMIIJieKca nporpaMM o6pa6oTKH cneKT
pos. B cuCTeMy o6pa6oTKH cneKTpoB aa 
B3CM-6 u EC-1060 BKJiroqeaa ua<t>opMa
uuoaao-cnpasoqaa.H cucTeMa, co.n:ep:lKai.Qa.H onu
CaHHH nporpaMM 115- 161. 

4. Pa3pa6oTaH TeJieBH3HOHHhlli .n:anuK 
H 3JleKTpOHHa.H annapaTypa TeJieBH3HOHHOH 
CHCTeMbl KOHTpOJIH (TCK) CTpHMepHOH KaMe
phi cneKTpOMeTpa r11BC. Ilpose,n:eHbl HCllhiTa
HHH TeJieBH3HOHHOrO ,n:anHKa Ha MaKeTe 
c'l'pHMepaoH: KaMepbi B JIB3. Pa3pa6oTaHa 
3JieKTpOHHa.H annapaTypa TCK ycTaHOBKH 
r11BC /17,18/ 

C03)lAH11E 11 P A3B11T11E 
ABTOMAT11lJECK11X 

11 IIOJIY ABTOMAT11lJECK11X C11CTEM 
OBP ABOTK11 KAMEPHbiX CHHMKOB 

1. Bse.n:eaa B 3KcrmyaTaQHIO HOBa.H sepcHH 
nporpaMMHoro o6ecneqeaHH cucTeMhi <I>HJibT
pauuu .IJ:aHHhiX B peaJibHOM MaCIIITa6e BpeMeHH 
H3MepeauH: aa HPD, qTo no3BOJIHeT coKpaTHTb 
qucJIO 3TanOB o6pa60TKH KaMepHbiX CHHMKOB. 
Pa3pa6oTaHa, OTJia:lKeHa u sse.n:eaa B 3Kcrmya
TaQHIO aepcu.H nporpaMMHoro o6ecneqeHHH, 



,l],aJOI.QaR B03MO:>KHOCTb H3MepeHH.R HOHH3aQHH. 
BbiDOJIHeHhi MeTO.D.HqecKHe H3MepeHH.R co6hi
THH c onHoMeTpOBOH H nayxMeTpOBOH aono
po.D.HbiX KaMep B pe:>KHMe qJHJibTpaQHH B peaJib
HOM MaCUITa6e BpeMeHH. lloJiyqHJIO pa3BHTHe 
nporpaMMHOe o6ecneqeHHe CHCTeMbl aBTOMaTH
qeCKOrO H3MepeHH.R CHHMKOB C yCTaHOBKH 
MliC. Pa3pa6oTaHbi anropHTMhi H c03.D.aHbi 
nporpaMMbi Bbi.D.eJieHH.R co6biTHH no pe3yJih
TaTaM <l>HJibTpaQHH TpeKOB B pe:>KHMe MHHH
MaJibHOrO ynpaaneHH.R 1191 . 

2. Co3naH nporpaMMHbiH KoMnneKc .D.JI.R o6-
pa6oTKH CHHMKOB C ycTaHOBKH PliCK Ha 
A8JIT-2/160. PeanH30BaHa HOBaR aepcH.R npo
rpaMMHoro KOMnJieKca ,l],JI.R H3MepeHH.R CHHM
KOB CO CJIO:>KHOH TOnOJIOrHeH. 3aaeprneHa 
KOMnJieKCHaR HaJia,l],Ka A8JIT-2/160 C ynpaa
JI.RJOI.QeH 8BM CM-4. 

BbmOJIHeHbi pa6oTbi no ycoaeprneHCTBOBa
HHJO H pa3BHTHIO BTOpOH oqepe,l1,H npOCMOT
pOBO-H3MepHTeJibHOH noncHcTeMbi EllC-75 + 
CM-4 + PliCK. llpoaeneHa onbiTHaR 3Kcnnya
TaQH.R BTOpOH oqepe,l],H nO,l],CHCTeMbl. llOJiyqHJIH 
pa3BHTHe nporpaMMbl H3MepeHH.R, KaJIH6pOBKH 
H TeCTHpOBaHH.R npoeKTOpa. 

3aaeprneHbl HCCJie,l],OBaHH.R 3JieKTpOHHbiX 
ycTpOHCTB OnbiTHOrO o6pa3Qa aBTOMaTH3HpO-

BaHHOH CHCTeMbl 
B <!>OT03MYJibCH.RX 
pa" 120 ,211_ 

o6pa60TKH H306pa:>KeHHH 
c "HeHTpHHHOrO ,l],eTeKTO-

3. llpoaeneHa HaJia.D.Ka OllbiTHoro o6pa3ua 
3JieKTp OHHOrO 6JIOKa nporpaMMHOrO aBTOCO
npOBO:>K,l],eHH.R npH6opa llYOC-KAMAK. Bbi
nonHeHbi pa6oTbi no OTJia.D.Ke H onpo6oaaHHJO 
nporpaMMHOro o6ecneqeHH.R CHCTeMbi llYOC
CAMET + EC-1033 B paMKax cHcTeMbi pa3-
neneHH.R apeMeHH. 

llpoaeneHbi MeTO.D.HqecKHe H3MepeHH.R 
5 TbiC. C06biTHH a p -3KCnepHMeHTa npH 
18 r3B /c Ha CnHpaJibHOM H3MepHTeJie (Cli). 

3aaeprneHbl nO,l],rOTOBHTeJibHbie pa60Tbl no 
aHenpeHHJO Ha Cli pe:>KHMa H3MepeHH.R co6bi
THH, 3aperHcTpHpOBaHHbiX B nayxMeTpOBOH 
nponaHoiioH KaMepe. llpo6Hbie H3MepeHH.R no
Ka3aJIH, qTO pa36poc master-ToqeK OTHOCHTeJib
HO ocH rpeKa B03pacTaeT He 6onee qeM Ha 
10-15% no CpaBHeHHIO C aHaJIOrHqHOH BeJIHqH
HOH .D.JI.R co6biTHH c aonoponHoH KaMepbi 1231. 

BbmonHeHbi pa6oTbi no c03.D.aHHJO Ha Cli 
35-MHJIJIHMeTpOBOrO KaHana ,l],JI.R H3MepeHHR 
CHHMKOB c ycTaHOBKH PliCK. lloKa3aHo, qTo 
Cli uen ecoo6pa3Ho HcnoJib30Ban. .D.JI.R H3Mepe
HH.R co6biTHH c ycTaHOBKH PliCK. YcoaeprneH-

,Ila.JI&HeHwee p83BHTHe DOJIY'IHJIH 8BTOM8THt!eCKHe H DOJIY8BTOM8TH'IecKHe CHCTeMbl o6pa60TKH KaMepHbiX CHHM

KOB. TpH ycrponcTaa IIYOC·CAMET, ocaaweHHbie TepMHHa.JiaMH, n o AKJIIO'IeHbi K 3BM EC-1033. 
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CTBOBaHa onepaUHOHHaR CHCTeMa ynpaBneHHH 
Cl1, 'ITO no3BOJIHeT HatiaTh pa6oTbi no noJJ.KJIIO
tieHHIO Cl1 K 3BM EC-1060. 

4. llpH nOMOIUH nonyaBTOMaTHtieCKHX ycT
pOHCTB nYOC-CAMET H3MepeHO 409 TbiC. Tpe
KOB CJIO:>KHblX C06biTHH Ha CHHMKaX C KaMep 
ITB3 H nHn. Ha C:KaHHpyiOIUeM aBTOMaTe 
HPD o6ecnetieH pecypc B o6"beMe 2275 qacoB 
J],JIH npoBeJ],eHHH MaCCOBOH o6pa60TKH CHHM
KOB, 'ITO n03BOJIHJIO nOJIHOCTblO ynOBJieTBO
pHTb 3aHBKH Jia6opaTOpHH Ha H3MepeHHe CHHM
KOB c noMOIUhiO HPD. Ha A3ITT-2 /160 o6ecne
tieH pecypc B o61>eMe 3200 qacoB JJ.JIH H:JMepe
HHH CHHMKOB c ycTaHOBOK MI1C H PI1CK. 

C03.UAHI1E 11 P A3BI1T11E METO,!lOB 
11 OPOrPAMM OEPAEOTK11 

3KCOEPI1MEHT AITbHbiX ,!lAH HbiX 

1. C UeJiblO nOBbiWeHHH ypOBHH aBTOMaTH-
3aUHH npouecca o6pa60TKH <t>HJibMOBOH HH
<t>opMaUHH C03naHa H peaJIH30BaHa Ha 3BM 
CDC-6500 ycTOH'IHBaR K BHeWHHM c6oHM 
CHCTeMa MaTeMaTHtieCKOH o6pa60TKH 3KCnepH
MeHTaJibHhiX J],aHHhiX. CHcTeMa o6ecnetiHBaeT 
aBTOMaTHtiecKyiO o6pa6oTKY co6biTHH no ue
notiKaM nporpaMM c npenBapHTeJibHhiM aHanH-
30M ~OJiytieHHblX pe3yJibTaTOB. C nOMOIUbiO 
C03naHHOH CHCTeMhl nporpaMM BbinOJIHHeTCH 
MaCCOBaR o6pa60T:Ka C06biTHH a p -3KCnepH
MeHTa.. Pa3pa6oTaH pHn nporpaMM, no3BOJIHIO
IUHX 3aMeHHTb qeJIOBe:Ka npH BbinOJIHeHHH one
paUHH, nonnaiOIUHXCH anropHTMH3aUHH. 

2. Pa3BHT MeTon MHoronapaMeTpHtiec:Koilf 
perynHpH3aUHH npH peweHHH JIHHeHHbiX He
KOppe:KTHbiX o6paTHblX 3a,naq B CBH3H C KHHe
MaTHtieCKHM aHaJIH30M npouecCOB B <t>H3H:Ke 
BbiCOKHX 3HeprHH H onpeneneHHeM CTpy KTyp
HbiX <l>YHKUHH anpoHOB. llonytiHJIH p a3BHTHe 
MeTonhi TeOpHH 6HJIHHeHHblX nHHaMHtieCKHX 
CHCTeM, a Ta:K:>Ke HX npHJIO:>KeHHH B TeOpHH 
pacceHHHH npH peweHHH peJIHTHBHCTCKHX 
KBa3HnOTeHUHaJibHbiX ypaBHeHHH / 24 / . 

11CCITE,!l0BA HI1.H 
llO PEIT.HTI1B11CTCKOH.H.UEPHOH <1>11311KE 

11 <1>11311KE PE30HAHCOB 

1. B paMKax HccnenoBaHHH KpaTHhiX HYK
noH-HYKJIOHHhiX pacceHHHH BO B3aHMOneHCT
BHHX npOTOHOB H aJib<t>a-tiaCTHU C HnpaMH npH 
peJIHTHBHCTCKHX 3HeprHHX BbinOJIHeHbl H3Me
peHHH cneKTpOB npOTOHOB C HMnyJibCOM 
6 r3B/ c, pacceHHHblX Ha yron 139 Mpa,n HaHn-
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pax Bonopona, neilfTepHH, yrnepona, MenH H 
BHCMyTa,a Ta:K:>Ke cneKTpOB BTOpHtiHblX qaCTHU, 
HCnyiUeHHblX BO B3aHMOnei:fcTBHHX aJib<t>a-qac
THU C HMnyJihCOM 18 r3B/ c C HnpaMH Bonopo
na, neilfTepHH H yrnepona. llpenBapHTeJibHbie 
pe3yJibTaThl HCCJienoBaHHH cneKT"POB BTOpH'I
HhiX npOTOHOB H neilfTpOHOB, HcnyiUeHHblX 
B peaKUHHX d + A .... p(d) + X non yrnoM 139 Mpan 
BO B3aHMOneilfCTBHHX neilfTpOHOB C HMnyJihCOM 

9 r3B/c C HnpaMH BOJ],Opona, neilfTepHH H yrm!
pona, nono:>KeHbi Ha XXII KoH<t>epeHUHH no <t>H-
3HKe BbiCOKHX 3HeprHH H COCTOHT B CJieJl,yiO

IUeM: 
- cneKTp neilfTpOHOB OT KBa3HynpyrorO 

neilfTpOH-neilfTpOHHoro pacceHHHH cornacyeTcH 
C pactieTaMH, OCHOBaHHbiMH Ha MOneJIH MHOrO
KpaTHOrO pacceHHHH; 

- npH nepenaqax HM"nynhCa OKOJIO 
1,5 (r3B/c) 2 npoueccbi KorepeHTHoro Me3oHo
o6pa3oBaHHH, B KOTOpblX HaJieTaiOIUHH neilfT
pOH OCTaeTCH B OCHOBHOM COCTOHHHH, HnyT 
C 3aMeTHOH BepOHTHOCTbiO, 'ITO yKa3hiBaeT Ha 
npHMeCb WeCTHKBapKOBblX KOH<t>HrypaUHH 

B neilfTpoHe; 
- cneKTpbl npOTOHOB OT pa3BaJia peJIHTH

BHCTCKHX neilfTpOHOB Ha Hnpax H3MepeHbl noq
TH no KHHeMaTHtieCKOH rpaHHUbl HX HCnycKa
HHH. TeopeTHtiec:KaH HHTepnpeTaUHH 3THX naH
HhiX MO:>KeT O:Ka3aTbCH HHTepeCHOH nJIH BblHC
HeHHH neTaneilf noBeJ],eHHH BOJIHOBOH <l>YHKUHH 
neilfTpOHa Ha MaJiblX paCCTOHHHHX. 

B cocTaB neTeKTHpyiOIUeilf annapaTyphi 
BXOnHOH BeTBH MarHHTHOrO cne:KTpOMeTpa 
BKJIIOtieHbl nponOpUHOHaJibHbie KaMepbl Ha 
1280 KaHaJIOB (pHc.1). BhmonHeHa pa3pa6oT
Ka <t>opMHpOBaTeJIH C KOMneHcauHeH BpeMeHH 
pacnpOCTpaHeHHH CBeTa B CUHHTHJIJIHUHOHHOM 
ctieTtiHKe. Pa3pa6oTaHO H H3rOTOBneHo ycTpoilf
CTBO BH3YaJibHOrO KOHTpOJIH 3a BpeMeHHOH 
npHBH3KOH annapaTypbl cneKTpOMeTpa K BbiBe
neHHOMY nytiKY Ha cHHxpo<t>a3oTpoHe ITB3 
011HI1 / 25-27 1 . 

2. llponon:>KeHhl pa60Tbl no Ha6opy naHHblX 
n p -B3aHMOneilfCTBHH C UeJiblO H3ytieHHH 3K30TH
tieCKHX pe30HaHCOB. I13MepeHO, npOaHaJIH3HpO
BaHO Ha 3BM H 3anHCaHO Ha neHTY CyMMapHblX 

pe3yJibTaTOB (DST) 5 TbiC. 5-nytieBbiX co6biTHH 
npH Po = 5,10 r3B/c H 3 TbiC. 3-nytieBhlX co6bi
THH npH Po = 1,25 r3B/c. nonytieHbl yKa3a
HHH Ha cymecTBOBaHHe y3Koro nHnHOHHoro 
pe3oHaHca c M = ( 400+410) M3B/c 2 npH H3Y
tieHHH cneKTpOB 3<P<t>e:KTHBHblX MaCC (77+77-) -
KOM6HHaUHH B. peaKUHHX np _. np 77 +7T

H np -> 77 + 17 -. llpOBeneHa MOnH<t>HKauHH npo
rpaMM reoMeTpHtieCKOH peKOHCTpyKUHH 
H HneHTH<t>HKauHH :KaHaJIOB peaKUHH Ha 3BM 
EC-1055. 
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3. BLmonHeH aHaJIH3 3KcnepHMeHTaJILHhiX 

,naHHblX no HeynpyrHM a,npOH-a,npOHHblM B3aH

MO,neHCTBIDIM. Y CTaHOBJieHO, 'ITO npH 3Hep rH

HX, 60JiblliHX HeCKOJibKHX COTeH M3B, B H,nep

HhiX peaKQIDIX MHO)KeCTBeHHOrO po)K.D:eHIDI 

Ba)KHyJO p011h HrpaeT pe30HaHC (). (1 2 36) 

(pHc.2). ,[(.rrH MO,nenHpOBaHHH BJIHHHHH 3 TOrO 

pe30HaHCa Bbl'IHCJieHbl .D:H<t><t>epeHQHaJlbHble 

H HHTerpaJibHbie Ce'leHHH ero o6pa30BaHHH 

B 11- N- H N- N -cTOJIKHOBeHHHX H ceqeHHH ero 

B3aHMO,neHCTBHH c HYKJIOHaMH. no 3KcnepH

MeHTaJlbHblM .D:aHHhlM OQeHeHa BepOHTHOCTb 

MHOrOKBapKOBblX KOH<i>HrypaQHH B H,npax. 

llyTeM MO,neJibHblX pac'leTOB Ha 3BM Bhi,nen eHa 

KHHeMaTH'IeCKaH 06JiaCTb HaH6onee BepOHTHO

ro o6Hapy)KeHHH 6-KBapKOBhiX cocTOHHHH. 

Ha OCHOBe KaCKa.D:HO-HCnapHTeJibHOH MO,neJIH 

H,nepHblX peaKQHH npH BbiCOKHX 3HepriDIX C0-

3.D:aH naKeT nporpaMM MH MO,neJIHpOBaHIDI 

H,nepHO-<l>H3H'IecKHX npOQeCCOB B ra3006 pa3-

HbiX H KOH,neHCHpOBaHHbiX cpe,nax no,n ,neHCT

BHeM ny'IKOB nerKHX H,nep. .[{OKa3aHa B b iCO

KaH 3<P<l>eKTHBHOCTb MeTO.D:OB CJIY'IaHHOrO 

6ny)K.D:aHIDI, HCnOJib3yeMhiX B TeopHH nepeHOCa 

H311y'leHHH, npH H3y'leHHH peUieTO'IHhiX M O,ne

neH TeOpHH nOJIH 
1 28 •291 . 

• PA3P ABOTKA 

llPHKJIA.[{HbiX METO,UOB BbJqHCJIEH AA 

1. l13y'leHO CyMMHpOBaHHe HHTerpaJIOB 

<l>ypbe KaK HeKoppeKTHO nOCTaBJieHHaH 3 a,na

qa no A .H .THxoHoay. YKa3aH KJiacc peryn HpH-

3HpyroiUHx onepaTopoa .nnn ee peUieHHH H .no

Ka3aHa YCTOH'IHBOCTb OTHOCHTeJibHO HeTO'IHO 

3a.D:aHHbiX HCXO.D:HbiX .D:aHHbiX. ilOKa3aHO, 'ITO 

MeTO.D:bl o6o6IQeHHOrO CyMMHpOBaHIDI HHTer

paJIOB <l>ypbe npHHa,nne)KaT KJiaccy peryn npH-

3HpyroiQHX MeTO.D:OB. 

llpoae,neHo TeopeTH'IecKoe Hccne.noacmHe 

o6naCTH ,nonyCTHMbiX Ha'laJibHbiX YCJIOBHH, npH 

KOTOphiX HenpepbiBHhlli aHaJior MeTo,na H Lro

TOHa CXO.D:HTCH K HCXO,nHOMY peUieHHlO H CCJie

,nyeMOrO ypaaHeHHH. ilOKa3aHO, 'ITO 06JiaCTb 

Ha'la.JibHhiX 3Ha'leHHH UIHpe, 'leM paHee C'IHTa-

110Cb. 

Pa3pa6oTaH cHcTeMaTH'IeCKHH no.nxo.n K Hc

cne.noBaHHJO peJIHTHBHCTCKHX KBa3HnOTeH

QHaJlbHhiX . pa,nHaJibHhiX ypaaHeHHH. lfaii,neHbl 

peUieHIDI C HyJieBbiMH rpaHH'IHbiMH 3Ha'leHHH

MH H peUieHHH AocTa .nnn cnyqan s -aonH. 

BLmonHeHhi Hccne.noaaHHH npH6JIH)KeHHhiX 

MeTO.D:OB HaxO)K.D:eHIDI Ha 3BM KOHTHHYaJibHhiX 

HHTerpaJIOB no ycnoBHOH Mepe BHHepa . .[{oKa-

3aHa TeOpeMa, n03BOJIHlOIQaH CBeCTH HaxO)K,ne

HHe HHTerpaJia C BeCOM K HHTerpHpOBaHHlO 

HCXO,nHOrO <i>YHKQHOHaJia 6e3 Beca. ilOCTpOeHbi 
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npH611H)KeHHbie <t>opMyJihl .D:JIH Bbi'IHCJieHIDI CO

OTBeTCTBYJOIUHX HHTerpaJIOB (pHc.3). 

Pa3pa6oTaH MHoroceTO'IHhiH aJiropHTM pe

UieHHH qacniOH npo6neMhi Ha co6cTBeHIIhie 

3Ha'leHIDI .nnn KJiacca MaTpHQ THna TenJIHQe

BhiX, Ha ero ocHoae peUieHa cneKTpaJibHaH 3a

,naqa .D:JIH KBa3HnOTeHQHaJlbHhiX rpaaHeHHH 

B HMnyJibCHOM npOCTpaHCTBe / 30-S4 . 

~a(t) 
a 

0~ 

0,1 

0 0,5 1,0 t 

6 
1'1) 

A=2 
s<G .A=,1 

1.0 ~ z ::: s:-~ 
).=-2 

0,9 

o,a
0
) ---:r- -- _ 

2 g 

PHc.3. a- rpai}>HKH 3aBHCHMOCTH seJJH'IHHhl (1 / g)a( tA 
onpe.ilemuomeH: l}>opMyny .llJJJI npH6nmteeaaoro Bbi· 

'IHCJJeHH.fl KOHTHHJ.aJJbHOrO HHTerpana DO YCJJOBHOH 

Mepe BHHepa I 32 . 6 - 3aBHCHMOCTb pe3yJJbTaTOB npH· 

&naceaaoro Bbi'IHCJJeHH.fl KOHTHHYaJJbHOro HHTerpana 

OT napaMeTpos A H g • 

2. MeTo,noM MoHTe-Kapno BhNHcneHhi rnro

OHHhie KOH,neHCaTbl .D:BYX THnOB B KBaHTOBOH 

XpOMO.D:HHaMHKe Ha peUieTKe B OTCyTCTBHe 

BHPTYaJibHhix <t>epMHOHHhiX nap / 35/ (pHc.4). 

PaccMoTpeHhi cneQH<l>H'Ieci<:He caoiicTaa HH

TerpHpyeMhiX CHCTeM C HeKOMnaKTHOH KaJIH6-

pOBO'IHOH rpynnoH, CBH3aHHble C HaJIH'IHeM 

KOH,neHCaTa ( 6eCKOHe'IHOrO 'IHCJia 6030HOB) 

B CHCTeMe. HeKoMnaKTHOCTb rpynnLI no3BOJIH

na B e,nHHOM no.nxo.ne paccMoTpeTL MHorope

UieTO'IHhie MarHHTHbie CHCTeMbl C pa3JIH'IHbiMH 

THnaMH B3aHMO,neHCTBHH B no,npeUieTKax. 
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PHc.4. Pe3yJII>T&Tbl pacqeTa M&Tpf.qHblX 3JieMeHTOB 

I'JIJOOHHbllt KOHAeHC&TOB THn& < Q > yKa3blBaJOT Ha 

CHJibHOe H&pyweHHe rHDOTe3bl <PaKTOpH3&UHH 

<a4>-<a2>2 /35/. 

CosMecTHO c JITcl> BhmonHeHbi Hccne]:(osa

HIDI CHCTeM C BblpO)K,ll;eHHbiMH narpaH)I(flaHaMH. 

,llOKa3aHO, 11TO narpaH)KeBbl CBR3H RBnRIOTCR 

HHBapHaHTHbiMH COOTHOWeHHRMH ]:(nR ypasHe

HHH 3iinepa. lloKa3aHO, liTO npasHna JI.,ll.WaA

]:(eesa nocrpoeHIDI KOHTHHyanhHoro HHTerpana 

c cHHrynRpHhiMH narpaH)I(flaHaMH cnpase]:(nH

Bbi npH RBHO 3aBHCR~X OT BpeMeHH KaJIH6-

pOBOliHbiX ycnOBIDIX /36/ 

Pa3pa6oTaHhi anropHTMhi, co3]:(aHhi npo

rpaMMhi H npoBe]:(eHbl HCcne]:(OBaHHR CBOHCTB 

HeO]:(HOMepHbiX COnHTOHOB B paMKax HenHHeH

HbiX MO]:(eneii TeopHH nonR. Hccne]:(OBaHhi 

rpynnOBble CBOHCTBa HeKOTOpbiX HenHHeHHbiX 

3BOniOWiOHHhiX ypasHeHHii. BhlnonHeH liHcneH

HhiH aHaJIH3 ]:(HCnepcHH 3neKTpOMarHHTHbiX 

BOnH B BOnHOBO]:(e, 3anOnHeHHOM nonynpo

BO]:(HHKOBOH nna3MOH (pHc.5)/37/. 
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PHc.5. 3aBHCHMOCTL qacTOTbl (u / rupe ·(cnnowHali JIH· 

HHii) H HHKpeMeHTa yjw pe OT CKOpOCTH U nerKHX HO· 

CHTeJieH B DOJiynpOBOJJ;HHKe /37 I , 

3. H ccne]:(oBaHhi tmcneHHbie anropHTMbi pe

weHHR rpaHHliHblX HHTerpanbHbiX ypaBHeHHH, 

cooTBeTCTBYIOIUHX 3a]:(atiaM ,llupuxne H Hei1:Ma

Ha ]:(nR ypaBHeHHR Jlannaca, B CBH3H C 3a]:(alla

MH Mar HHTOCTaTHKH. H3yt~eHbi cneKTpanhHbie 

CBOHCTB a B03HHKaiOIUHX MaTpHliHbiX onepaTO

pOB. llOCTpOeH 3KOHOMHliHbiH MeTOA peweHHH 

3aAati ,llHpuxne H Hei1:MaHa, Hcnonh3YIOIUHH 

6JIOliHYIO CTpyKTypy B03HHKaiOIUHX MaTpHI..J;. 

llpose]:(eHbi tiHcneHHbie paclleTbi BHewHei1: 3a]:(a

tiH Hei1:M aHa. 

H3ytieHbi MeTO]:(bi KoppeKUHH paBHOBe€Hoi1: 

Op6HTbl TH)KeJIOHOHHOrO CHHXpOTpOHa. llonyqe

HO Bbipa)KeHHe ]:(nH OTKnOHeHHR paBHOBeCHOH 

op6HTbi , ll03BOJIHIOW:ee CTpOHTb MeTOAbi KOp

peKI..J;HH op6HTbl nyTeM MHHHMH3ai..J;HH 3TOrO 

OTKnoH eHIDI B pa3JIHtiHbiX HOpMax. Pa3pa6o

TaHbi anropHTMbl H nporpaMMbl MH MO]:(eJIH

pOBaHHH 3aAatiH KOppeKI..J;HH op6HTbl Ha 3BM. 

llpoB e]:(eHO HCCne]:(OBaHHe BJIHRHHH pa36po

COB 3Q>Q>eKTHBHbiX ]:(nHH AHllOJibHbiX MarHHTOB 

CBepxnp OBO]:(HIUero CHHXpOTpOHa Ha 3HeprHIO 

npOTOHOB 1,5 r3B, a TaK)Ke 3Q>Q>eKTHBHhiX 

]:(nHH H rpaAHeHTOB KBa]:(pynOJibHbiX JIHH3 Ha 

nonepetiHbiH pa3Mep nyt~Ka H paclleTHYIO qacTo

TY 6eTaTpOHHhiX Kone6aHHH. lloKa3aHa B03-

MO)KHOCTb ynpaBJieHHR napaMeTpaMH nyqKa 

npH YCJIOBHH pa3]:(eJibHOrO nHTaHHH 3JieMeHTOB 

MarHHTHOH CHCTeMbl. 

Co3]:(aHa nporpaMMa peweHHH KBa3HnHHei1:

Horo ]:(HBepreHTHOrO ypaBHeHHH MarHHTOCTa

THKH B o6JiaCTRX CTyneHtiaTOH KOHQ>Hrypau;HH 

(MHoro ceTOtiHhiH anropHTM). Pa3pa6oTaH 3Q>

Q>eKTHB HhiH MeTO]:( peweHHR BHeWHeH 3a]:(aliH 

,llHpHxne ]:(nH ypaBHeHHH Jlannaca nyTeM BBe

]:(eHHH Ha BHeWHeH rpaHHI..J;e o6JiaCTH HCKyCCT-

BeHHbiX KpaeBbiX YCJIOBHH I 3S,39/ 

Bhm onHeHbi TeopeTHtiecKHe Hccne]:(OBaHHH 

no liHCn eHHbiM MeTO]:(aM H npoBe]:(eHbl MO]:(enb-
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Hble paClleTbl CBOHCTB .RAep H .fi)J.epHbiX peaK
~H. CoaMecTHO c JIT<l> npoBeAeHo liHCJieHHoe 
MOAeJIHpOBaHHe ABH:>KeHH.R cPJIJOKCOHOB B CHC
TeMe c MHKpoHeOAHOPOAHOCT.RMH. BhmonHeHbJ 
HCCJieAOBaHH.fl no TeXHOJIOrHH nporpaMMHpOBa
HH.fl I 40,411. 

4. OpoaeAeHbi HccneAOBaHH.fl B o6nacTH 
pa3pa60TKH liHCJieHHbiX MeTOAOB aHaJIH3a He
JlHHeHHbiX cneKTpaJibHbiX 3aAall B MaTeMaTHlle
CKHX MOAeJI.fiX MJOOHHOrO KaTaJIH3a H TeOpHH 
non.a. Pa3pa6oTaHbi anropHTMbi H BbinOJIHeHbi 
liHCJieHHbie HCCJieAOBaHH.fl yCTOHliHBOCTH H TO
qeK 6HQ:>ypK~H CTaTHlleCKHX CB.fl3aHHbiX CO
CTO.fiHHH cPJIJOKCOHOB B MOAeJIH A)I(03eQ:>coHOB
CKOrO nepeXOAa C KOJlb~eBOH MHKpOHeOAHO
pOAHOCTbJO ( COBMeCTHO C JIT<l>) . 

OpeAJio:>KeHbi MeTOA H anropHTM perneHH.fl 
cneKTPaJihHbiX 3aAall B ABYMepHbiX o6nacT.ax 
CJIO:>KHOH reoMeTpHH H C03AaH naKeT npHKJiaA
HbiX nporpaMM AJI.fl pact~eTa cneKTpa Kone6a
HHH B ocecHMMeTpHt~HbiX npoAOJibHO-oAHOpOA
HbiX pe30HaTOpax, BOJIHOBO,IJ.ax H nepHOAHlle
CKHX ycKOp.RJOil.(HX cTpyKTypax B pe:>KHMax 6e
rymnx H CTO.RqHX BOJIH. Co3AaH naKeT npo
rpaMM AJI.fl pact~eTa noneH: aKycTHt~ecKHx 

BOJIHOBOAOB. BbmonHeHhi HccneAOBaHH.R, pa3-
pa6oTaHbi anropHTMbi H nporpaMMbi H npoae
AeHbi pact~eTbi xapaKTepHCTHK cna6ocB.R3aHHbiX 
KOJie6'aTeJibHbiX COCTO.fiHHH dd p.- H dt p. -Me30-
MOJieKyJI C TOliHOCTbJO 10-3 3B, He06XOAHMOH 
AJI.fl BblliHCJieHH.R CKOpOCTeH pe30HaHCHOr O o6-
pa30BaHH.fl Me30MOJieKyJI H HHTepnpeTlll.(RH pe-
3YJibTaTOB HOBbiX 3KCnepHMeHTOB 1 42-44/. 
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HAYliHO-OPHKJIA.UHblE P ABOTbl 

1. Co3AaHa nepaa.a oqepeAb cHcTeMbi npoeK
THpOBa.HH.fl 3JleKTpOHHOH annapaTypbi Ha 6a3e 

. MHKpo-3BM THna ,[(B~-1. Pa3pa6oTaHa cne~Ha
JIH3HpOBaHHa.R onep~OHHa.R CHCTeMa, n03BO
Jl.fiJOil.(a.R nOBblCHTb npOH3BO,IJ.HTeJibHOCTb Tpy,II.a 
npoeKTHpOBil.(HKOB 3JleKTpOHHOH annapaTy
pbl /45/. 

2. Co3,IJ.aHbi, ,IJ.oKyMeHTHpoBaHbi H nepeAaHbi 
B OnbiTHYJO 3KCnJIYaT~HJO CHCTeMbl nporpaMM 
ACY, BKJIJOlla.R nporpaMMbi pact~eTa Ha 3BM 
EC-1060 noTpe6HOCTH B MaTepHanbHbiX ~eHHO
cT.ax B CB.fi3H C BbinYCKOM 3JleKTpOHHbiX 6JIO
KOB OnbiTHbiM npoH3BO.IJ.CTBOM OHJII1, a TaK
:>Ke nporpaMMbi aHaJIH3a Ha 3BM B3CM-6 HH
Q:>opM~H, KaCaJOil.(eHC.fl HayliHO-TeXHHlleCKHX 
ca.a3eH: 11HCTHTYTa. OonyliHJIH pa3BHTHe onepa
~HOHHbie CHCTeMbl, npHMeH.ReMbie AJI.fl 3aAall 
ACY 011HH, Ha 3BM EC-1060 H B3CM-6 1461

. 

3. 3aaeprneHbi pa6oTbi no C03.IJ.aHHJO anna
paTypbi CHCTeMbl A3JII1TA-EBA H Ha9aTbl pa-
6oTbl no KOMnJieKCHOH HaJiaAKe CHCTeMbl Ha 
JIHHHH c 3BM CM-4. Pa3pa6oTaHbi KOMnneKCbi 
nporpaMM AJI.fl H3MepeHH.R CHHMKOB C nOJiyTO
HOBOH HHQ:>opM~HeH:. Co3.IJ.aH ,IJ.HcnneH:-MoHH
TOp C aBTOHOMHOH naM.RTbJO H BbiCOKHM pa3-
perneHHeM. 
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OTAEfl 
HOBbiX METOAOB YCKOPEHMH 

Y CHJIH.R: KOJIJieKTHBa OT,ll.eJia HOBhiX MeTo

AOB yCKOpeHH.fi 6hmH HanpaBJieHhl Ha C03,ll.aHHe 

KOJIJieKTHBHOrO YCKOpHTeJI.R: T.fi)KeJihiX H OHOB 

KYTH-20, MeTOAHqecKHe pa3pa6oTKH ,ll.JI.R: Hc

CJie,ll.OBa.HH.R: BhlCOKOHOHH3HpOBa.HHhlX a TOMOB 

• 3AIIYCK rOJIOBHOfl l.JA CTH 

KYT H-20 

no nporpaMMe 3anycKa rOJIOBHOH qacTH 

KYTH-20 npoae,ll.eHhi ,ll.onoJIHHTeJibHhi e Hc

cne,ll.oBaHH.R: xapaKTepHCTHK nyqKa CHJIY H,[{a-

20, onpe,ll.eJI.R:IOIIUiX BeJIHqHHY HH)KeKTHp yeMO

ro TOI<a B a,ll.re3aTOp H CTa6HJibHOCTb nap aMeT

pOB HH)KeKTHpyeMoro nyqKa. ,[{JI.R: Bhl.fiBJieHH.fi 

CB.R:3eH pa3JIHqHhiX napaMeTpOB H 3aKOHOMep

HOCTeH QjopMHpOBa.HH.fi nyqKa 6hma C0 3,ll.aHa 

HHTepaKTHBHa.R: aBTOMaTH3HpOBa.HHa.R: CHCTeMa 

Ha 6a3e MHI<po-8BM MERA-60-10 H MHHH-8BM 

CM-4 H HcnoJib30Bau: naKeT npor paMM 

CMrP A <l>OP. Hccne,ll.oaau:H.R: no Ka3aJIH, qTo 

B OCHOBHOM HeCTa6HJibHOCTb xapaKTepH CTHK 

onpe,ll.eJI.R:eTc.R: KorepeHTHhiM cMel.I.\eHHeM nyq

Ka B yCKOpHTeJibHOM TpaKTe H CB1i3 a.HHOH 

C HHM HecTa6HJibHOCTbiO KOrepeHTHOrO yrJia 

nyqKa Ha BhlXO,ll.e H3 COJieHOH,ll.aJibHOrO M a rHHT

HOrO nOJI.R:. ,[{JI.R: CTa6HJIH3ai.UiH HH)KeKTHp yeMO

ro B a,ll.re3aTop nyqKa Heo6xo,ll.HMO yMeHb i.IIHTb 

HeCTa6HJibHOCTb MarHHTHOrO nOJI.fi H 3H eprHH 

nyqKa ,ll.O aeJIHqHHhl ± 0,05% 111 . C 3TOH 1.\eJibiO 

6hma pa3pa6oTau:a H aae,ll.eHa B ,ll.e:HcTBHe c co

OTBeTCTBYIOI.l.\HM nporpaMMHhiM o6ecneqeHHeM 

CHCTeMa CTa6HJIH3al.\HH 3ap.R:,ll.HOrO Hanp.R:)KeHH.fi 

MOAYJI.R:Topoa CHJIYH,[{a-20, no3BOJIH BI.Ila.R: 

yMeHbi.IIHTb aMllJIHTYAHYIO HeCTa6HJibHOCTb HM

nyJibCOB yCKOp.R:IOI.I.\ero Hanp.R:)KeHH.fi ,ll.O 
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H .R:,ll.pO-.R:,ll.epHhiX B3aHMO,ll.eHCTBHH, C03,ll.a.HHe 

MIOOHHOrO cneKTpOMeTpa "He:HTpHHHOrO ,ll.e

TeKTOpa", pa60Tbl, CB.fi3a.HHhie C C03,ll.aHHeM 

ycKOpHTeJibHO-HaKOllHTeJibHOro KOMllJieKca 

(YHK). 

± 0,03%. npoBO,ll.HJIHCb pa60Thl no C03,ll.a.HHIO 

CHCTeMhl CTa6HJIH3al.\HH MarHHTHhiX noJieH yc

KOpHTeJI.R:. no pe3yJibTaTaM npoBe,ll.eHHhiX HC

CJie,ll.OBa.HHH npOH3Be,ll.eHa MO,ll.epHH3~1i Kau:a

Jia TpaHcnopTHpOBKH nyqKa H3 CHJIYH,[{a-20 

B a,ll.re3aTOp, qTO no3BOJIHJIO yBeJIHqHTb aMnJIH

TYAY HH)KeKTHpyeMoro TOI<a ,ll.O 300 A. 

H3yqeHHe pe)KHMOB 3axBaTa nyqKa B a,ll.re3a

Top nOK8.3aJIO, qTO HHTeHCHBHOCTb yCTOHqHBOrO 

3aXBaTa orpa.HHqHBaeTC.fi B OCHOBHOM napaMeT

paMH HMnyJibCa reHepaTopa KOppeKTOpa. noc

Jie C03,ll.a.HH.fi H BBO,ll.a B ,ll.eHCTBHe HOBOrO reHe

paTopa KOppeKTopa I 21 HHTeHCHBHOCTb 3a:x;Ba-

• qeHHoro nyqKa yaenHqeHa AO (0,571,0). 1013/3~ 
,[{JI.R: yMeHbi.IIeHH.R: noTepb qaCTHI.\ npH C)Ka

THH 3JieKTpOHHbiX KOJiel.\ pa3pa60Ta.Ha CXeMa 

peryJIHpOBKH <f>opMhl TOI<a nepBOH CTyneHH 

C)KaTH.R:. MarHHTHa.R: CHCTeMa a,ll.re3aTopa o6ec

neqHaaeT <f>opMHpOBa.HHe 3JieKTpOHHhiX KOJiel.\ 

c napaMeTpaMH: R = 4,274,5 eM; a .::: = 273 MM, N
6 

.::: (576).10 12 IS/ r,z 

06mmi BHA ronoBHOH qacTH KYTH-20 H nepsou oqepe- ~ 
AH JIY3K. , 





11H)I(eKQHH TH)I(eJibiX HOHOB B 3JieKTpOHHOe 

KOJibUO MO)I(eT 6hiTb 3¢l¢leKTHBHa, eCJIH }J.aBJie

HHe ocTaTotJHoro ra3a B KaMepe a}J,re3aTop a He 

rrpeBbilllaeT (275). 10-
9

Topp. C UeJibiO no

BhillleHHH 3¢l¢leKTHBHOCTH BaKyyMHOH CHCTe

Mbl pa3pa60TaHa MeTO}J.HKa OtiHCTKH KaM epbl 

a}J.re3aTopa c noMOllJ;biO Tneromero pa3p HJJ.a. 

Ilonyt~eH npeJJ.eJibHhiH BaKyyM 5.10-9 T opp. 

113MepeHHe napaMeTpOB 3JieKTpOHHO-HOH

HOrO KOJibUa B MarHHTHOH ycKOpHIOI.UeH CHCTe

Me a}J.re3aTopa H "otiHmeHHoro" OT 3JieKTp OHOB 

KOJibUeBOrO nOTOKa HOHOB npOH3BO}J.HJIOCb 

aHanorHtJHO TOMY, KaK 3TO }J.enanocb Ha n p oTo

THne KYT11. BonblllHe H MaJibie pa3M epbi 

3JieKTpOHHOrO KOJibUa, a TaK)I(e ero nOJIO)I(eHHe 

OTHOCHTeJibHO OCH CHCTeMbl H3MepHJIHCb no 

aBTOrpa¢Jy, BbiCBetiHBaeMOMy :meKTpOHaMH Ha 

CUHHTHJIJIHTOpe. IJpO}J.OJibHaH CKOpOCTb K OJib

ua, a CJie}J.OBaTeJibHO, H 3HeprHH HOHOB, 3axBa

tieHHbiX B KOJibUO, onpe}J.eJIHJiaCb no a 3HMy

TaJibHOH npOTH)I(eHHOCTH aBTOrpa¢Ja nOCJie npo

JieTa KOJibUOM cneuHanbHbiX nornomaromHx 

nnacTHH. PaJJ.HaJibHbiH npo¢IHJib "otiHI.UeHHoro" 

nytiKa HOHOB, TpaeKTOpHH HOHHOrO nOTOK a Ha 

BbiXO}J.e H3 06JiaCTH C npO}J.OJibHbiM MarHHTHbiM 

noJieM H 3apH}J. ycKOpeHHbiX HOHOB OUeHHBa

JIHCb C nOMOI.UblO JiaMeJibHOrO }],aTtiHKa C pa

}J.HaJibHO pacnoJIO)f(eHHhiMH 3JieKTpoJJ.aMH . Ha-

JIHtiHe• yCKOpeHHbiX HOHOB }J.OnOJIHHTeJibHO 

KOHTpOJIHpOBaJIOCb aKTHBauHOHHOH M eTO}J.H-

KOH. 

IJepBbie 3KCnepHMeHTbl C HOHHbiM n y tiKOM 

nOKa3aJIH, liTO 3HeprHH HOHOB, H3MepeHHaH no 

paClllHpeHHIO HOHHOrO KOJibUa npH B biXO

}],e H3 MarHHTHOrO nOJIH, COCTaBJIHeT 2,4 ± 
± 0,5 M3B/HyKJioH; HHTeHCHBHOCTb HOHOB B 

10 
HMnyJibCe - (2+4) .10 . 3TH pe3yJib TaTbl 

nO}].TBep)I(}J.aiOTCH H C nOMOI.UblO JJ.pyrHX MeTO

}J.HK. 

KoMnneKCHbiH 3anycK ronoBHOH qacTH 

KYT:H-20 ocymecTBJIHeTCH c HcnoJib30BaHHeM 

MHOrOMalllHHHOH CHCTeMbl ynpaBJieHJui, p eanH-

3YIOI.UeH ¢IYHKUHH c6opa H OT06pa)l(eHHH HH

qlOpMauHH H KOHTpOJIH napaMeTpOB YCKOpHTe

JIH. CHcTeMa nocTpoeHa Ha 6a3e MHHH -3BM 

CM-4, MHKpo-3BM "3neKTpOHHKa-60" H an

napaTyphi KAMAK. IlporpaMMHoe o6ec neqe

HHe ueHTpaJibHOH MalllHHhi CM-4 nocTp oeHo 

C HCnOJib30BaHHeM CTaH}J.apTHbiX B03MO)I(H0-

CTeH onepauHoHHOH CHCTeMbi RSX-11M. Ilpo

rpaMMHOe o6ecnetieHHe nepH¢lepHHHhiX M OJJ.Y

neH: 3arpy)l(aeTCH H3 ueHTpaJibHOH MalllHHbl. 

.[(JIH HaCTpOHKH YCKOpHTeJIH H OnTHMH3auHH 

pe)I(HMOB C03}J.aHa H C}J.aHa B 3KCnJiyaTauHIO 6a-

30BaH 

Cpe}J.CTB 

CHCTeMa nporpaMMHO-TeXHHtie CKHX 

MHOrOMalllHHHOrO KOMnn eKca 

( "3JieKTpOHHKa-125", "3JieKTpOHHKa-60", 
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Ha 6a3e MHHH- If MHKpo-3BM C03A8.H yHHBepCaJJbHbiH 

MOAYJib nyn&Ta ynpasJieHWJ KYT.H-20, peanH3YJOIUHH 

<l>YHK~If c6opa, OTo6pa)f(eHWJ HH$OpMaUHH If KOHT
pOJI.R napaMeTpOB YCKOpHTeJI.R. 

CM-3) aBTOMaTH3auHn HaytiHhiX HccneJJ.OBaHHH. 

Ha CM-3 C03JJ.aHO CHcTeMHoe H npHKJia,n;Hoe 

nporpaMMHOe o6ecnetieHHe }J.JIH npoae}J.eHHH 

H3MepeHHH H o6pa60TKH pe3yJibTaTOB, nony

tieHHblX C KOMnJieKca }J.HarHOCTHtieCKOH annapa

Typbl KYT:H-20. CJJ.aH a 3KcnnyaTauHro TepMH

HaJibHbiH y3en OHMY Ha 6a3e MHKpo-3BM 

KM-001, o6ecnetiHBaiOI.UHH OJJ.HOBpeMeHHYIO ,r.a-

6oTy Tpex TepMHHaJIOB c 3BM CDC-6500 
41 

UBK 011H11. 

HOBblE MET0.[(11qECK11E P A3P ABOTK11 

YCT AHOBKA .[(JIH 11CCJIE.[(OBAH11H 

BblCOK03APH.[(HblX 110HOB 

KYT:H-20 HBJIHeTcH HCTOtiHHKOM BhiCoKo-

3apHJJ.HhiX TH)I(eJibiX HOHOB • .[(JIH HCCJie}J.OBaHHH 

ero xapaKTepHCTHK HY)I(Hbi, B qacTHOCTH, npH-

6opbi, n03BOJIHIOI.UHe onpe}J.eJIHTb CTeneHb HO

HH3auHH HOHHOH KOMnOHeHTbl 3JieKTpOHHO

HOHHOrO KOJibUa. KpOMe Toro, a,n;re3aTop 

KYT11 MO)I(eT 6hiTb HCTOtffiHKOM }J.JIH cneKTpo

cKonHtiecKHX HCCJie}J.OBaHHH BbiCO K03apH}J.HbiX 

TH)f(eJibiX HOHOB • .[(JIH npOBe}J.eHHH 3THX HCCJie

}J.OBaHHH C03}J.aH H BBe}J.eH B 3KCnnyaTauHIO 

aBTOMaTH3HpOBaHHbiH KpHCTaJIJI-JJ.H¢lpaKUHOH

HbiH cneK~~MeTp (K.[(C) B reoMeTpHH 

11oraHCCOHa . IlpHHUHn H3MepeHHH 3HeprHH 



H3Jiy'lleHHJI (E) OCHOBaH Ha 3aKOHe BynL<f>a
Bp3rra: 2d sine = n( he IE) • rAe d - nocTOJIH
Ha.R peweTKH KpHCTaJIJia-aHaJIH3aTopa, 0 -
yrOJI Me:>K,D;y llJIOCKOCTbiO H naAaJOI.UHM JIY'IIOM, 

n - nop.RAOK OTp8)KeHHR. MexaHHKo-onTH'IIe
CKa.R CHCTeMa ocymecTBJIJieT nosopoT KpH
CTaJIJia H TO'IIHYIO IOCTHpOBKY BXOAHOH H AeTeK
TOpHOH AHa<f>parM B AHana3oHe yrnos so<;;.e ~70°, 
IIIar nosopoTa KpHcTanna waroBbiM ABHraTe
JieM COCTaBJIReT 0,15". ,UJIJI H3MepeHHR yrJia 
nosopoTa KpHcTanna pa3pa6oTaH na3epHbiH 
HHTep<f>epoMeTp C MHHHMaJibHbiM WarOM H3Me
peHHJI 0,01". YnpasneHHe cneKTpoMeTpoM 
H aHaJIH3 pe3yJibTaTOB H3MepeHHH OCyl.[(eCTBJIJI
eTCJI c noMOl.[(biO 3BM MERA 60/30. 

N 

~ j\ n=: 
10000 

~·L "" ~~r I ... 
_j .\ 

J I 
I 

0 
1000 

500 

10000 ·-~0000 M.e. 

0 10000 20000 M.e. 

0 10000 20000 3 0000 M.e. 

Puc.l. CneKTp Ka 1 H Ka2 JIHHHH MOJIH6.lleHa a nop.R.ll· 
Kax OTpll)l(eHH.R n = 1,2,3. flo OCH X - yroJI B e)lHHH· 
uax waroeoro .llBHraTeJI.R (M.e.); no ocH y - KOJIH· 
qecmo co6&ITHH (N). 

ITpH 3KCnepHMeHTaJibHOH nposepKe pa60TO
cnoco6HOCTH K.D:C c KpHCTaJIJIOM-aHaJIH3aTo
poM Si 0 2 , opHeHTHpOBaHHbiM no KpHcTanno
rpa$H'IIecKoH: llJIOCKOCTH 1340, 6bmO YCTaHOB
JieHO, 'liTO TO'IIHOCTb nOBTOp.ReMOCTH yrJIOBOrO 
MaCWTa6a COCTaBJIRJia f'l. 0 ~ 2 11

, 3HepreTH'IIe
CKOe pa3peweHHe AJIR K a 1 -nHHHH MeAH 
(8,0478 K3B) B nepBOM nop.RAKe OTp8)KeHHJI 
COCTaBHJIO 4,6!: 0,2 3B. ITpoBeAeH aHaJIH3 cneKT
pa peHTreHOBCKOH Tpy6KH C MOJIH6AeHOBbiM 
aHOAOM B Tpex nop.RAKax OTp8)KeHHJI (pHc.1). 

ITo oueHKaM ycTaHOBKa MO:>KeT o6ecne'IIHTb 
pa3pew eHHe, AOCTaTo'IIHoe MR pa3AeneHHJI 
K-JIHHHH COCeAHHX 3apRAOBbiX COCTOJIHHH npH 
CTeneHH HOHH3ai.(HH I:? Z/2 AJIJI Z ~ 30. 

qEPEH KOBCKHA CITEKTPOMETP 3AP.R,ll;OB 
1111CCJIE.D:OBAHI1E B3AI1MO.D:EACTBI1H 
PEJIHT I1BI1CTCKI1X H.D:EPHbiX 
<l>PAf'M EHTOB 

ITpOAOJI:>KeHbl 3KCnepHMeHTbl B nJ'IIKax pe
JIJITHBHCTCKHX JIAep Ha yCTaHOBKe IS, C03AaH
HOH Ha OCHOBe npeAJIO)I(eHHOrO B 011Jll1 MeTO
Aa HCCJieAOBaHHR RApO-JIAepHbiX B3aHMOAeHCT
BHH c H3MeHeHHeM 3apJIAa. ITpHHUHnHaJibHOH 
'llaCTbiO ycTaHOBKH (pHc.2) JIBJIJieTcR ")I(HBaJI" 
MHWeHb-AeTeKTOp H3 40 qepeHKOBCKHX C'lleT'IIH
KOB C paAHaTopaMH H3 nneKCHrnaca TOJII.[(HHOH 
no nyqKy 5,2 MM H <f>oTOYMHO)I(HTeJIJIMH THna 
<1>3Y-84. ITo ocH ny'IIKa c'lleT'IIHKH pacnoJio)l(eHbi 
C WarOM 6 MM, B nepneHAHKYJIRpHOH llJIOCKO
CTH OHH pa3BepHyTbl BeepOM C WarOM 25,7° 
H nepHOAOM 180°, o6pa3y.R 'IIYBCTBHTeJibHYIO 
06JiaCTb AHaMeTpOM 20 MM. lfHTeHCHBHOCTb 'lle
peHKOBCKOrO CBeTa peJIJITHBHCTCKOrO <f>par
MeHTa (P<l>) nponopUHOHaJibHa KBaApaTY 3ap.R
Aa <f>par MeHTa. CseT B paAHaTope HCllbiTbiBaeT 

PHc.2. C x eMa 3KcnepHMeHT8JlhHOH ycraHOBKH .llJl.R He· 
cJie.llOBaHH.R .R.llPO·.R)lepHbiX B3aHMO.lleii:cTBHH: Cl· 
C40 - " lKHBa.R" MHWeH&·.lleTeKTop; ITKl·fiK8- Tpex
KOOp.llHH&THble nponOpUHOH8JlbHbie KaMep&I; 81- 85-
TpHrrepHble CQHHTHJIJI.RUHOHHbie cqe~HKH. 

95 



nOJIHOe BHyTpeHHee OTpiDKeHHe, eCJIH OTKJIOHe

HHe <!>parMeHTa C HMnyJibCOM 4,2 r3B/c OT OCH 

nytJKa He npeBbilllaeT ± 2,5° • llOJIHOe BHYJ'peH

Hee OTpiDKeHHe CBeTa C03AaeT YCJIOBHH AJIH 

nOJIHOrO c6opa <!>OTOHOB tiepeHKOBCKOrO H3JIY· 

tJeHHH <!>parMeHTOB Ha <!>OTOKaTOAe <1>3Y, o6ec

netJHBaH OnTHMaJibHOe 3apHAOBOe pa3pellleHHe 

CtJeTtJHKOB. 

MHllleHL-AeTeKTop OKpy:>KeHa TpexKo opAH

HaTHhiMH nponOpi..\HOHaJibHbiMH KaMepaMH 

llK1-llK8 C MaJihiM KOJIHtJeCTBOM Beme cTBa, 

KOTOpbie H3MepHlOT C BbiCOKOH 3<P<Pe KTHB

HOCTblO (pHc.3) KOOpAHHaTbl H yrJibl n ytJKO· 

BbiX HAep H BTOpHtiHbiX tJaCTHI..\. 

H3MepeHHH npoBeAeHbi Ha nyt~Kax ycK opeH

HhiX HAep yrnepoAa, KHCJIOpOAa, <!>Topa, HeOHa 

H MarHHH. 3<P<PeKTHBHOCTh pa3AeneHHH HOp

MaJibHhiX <PparMeHTOB c npo6eroM 6onee 

3,5 CM HJIJIJOCTpHpyeTCH pHc.4. BHAHO, tJTO Bbl· 

AeJIHJOTCH <PparMeHThi AO 6opa BKJIJOtJHTeJibHO. 

XapaKTepHOH oco6eHHOCTbJO cneKTpoa HBJIHeT

cH CABHr MaKCHMYMOB pacnpeAeJieHHH B n paBO 

OTHOCHTeJibHO KBaApaTa 3apHAa <!>parMeHTa Ha 

179 eAHHHI..\. CABHr yaeJIHtJHaaeTCH c n p H6JIH

:>KeHHeM K TOtJKe po)I(AeHHH <PparMeHTa H C 

yMeHbllleHHeM ero 3apHAa Z , 3TO o6'bHCHHeTCH 

TeM, liTO CTaplllHH <!>parMeHT ( C HaH60JiblllHM 

3apH~M) conpOBO:>KAaeTCH, B OCHOBHOM, OA

H03apHAHhiMH 6hiCTpbiMH tJaCTHI..\aMH, KOTOpbiX 

TeM 6oJibllle, tJeM 6onbllle H3MeHeHHe 3apHAa 

C.l, 

I 
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PHc.3. 3$$eKTHBHOCTb perHCTpawm £ 11Aep Mg, Ne, 
C H 3JieKTpOHOB H WYMbl KaMepbl N W B 31lBHCH MOCTH 

OT BblCOKOro Hanp11)KeHH11 U KaMepbl. CTpeJIKilMH 

o603Hil'leHbl Hll'laJIO WlllTO AJI11 COOTBeTCTBY IOlUero 

31lp11Aa. 
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PHc.4. AMWIHTYAHhle pacnpeAeJieHH11, nonyqeaHb1e 

C qepeHKOBCK~' C'leT'IHKOB (B eAHHHUilX KB&ApllTil 

3ap11Aa) A1111 Mg ( zy) H ero <t>parMeHTOB c DJ!O· 

6eroM 6onee 3,5 eM BTOporo (Z~) H TpeT&ero (Z~) 
noKonealfH. UH$pllMH YKil31lHhi 3Ha'leHH11 31lp11AOB 

$parMeHTOB Z ( COOTBeTCTBHe Kll)KAOMY DHKY) , 

nytJKOBOrO HApa BO B3aHMOAeHCTBHH. ,llOMHHH

pOBaHHe CTaplllero <PparMeHTa HBJIHeTCH HHTe

peCHOH oco6eHHOCThJO _PeaKI..\HH pacmenneHHH 

HApa. ,llnH npol..\ecca 2~g = B+ ... cymecTByeT 

MHOrO 3apHAOBbiX KOM6HHai..\HH, KOTOpbie 

MOrJIH 6bi nOJIHOCTblO pa3Mb1Tb COOTBeTCTBYJO· 

I.UHH 6opy nHK Z 2 = 25. B AeHCTBHTeJibHOCTH 

(CM. pHc.4) Ha6JIJOAaeTCH JIHlllb MeA]JeHHOe Ha

paCTaHHe <PoHa conpoBO:>KAaJOI.UHX tJaCTHI..\ npH 

yMeHJ>llleHHH 3apHAa P<l> H TOJihKO B o6nacTH 

Z < 5 BbiAeJIHTb <PparMeHT HeB03MO:>KHO. 

Pe3yJIJ>TaTbi H3MepeHHH cpe.nHHx AJIHH HAep

Horo npo6era A P<l> 
24Mg H nyqKOBbiX HAep 

2~g, 16o H 12c a MHllleHH H3 nneKcHrnaca 

• (C
5

H8 0 2) C p = 1,18 r/CM S BMeCTe C BepOHT· 

HOCTHMH W pa31IHtJHhiX no 3apHAY ( 6e3 pa3· 

AeJieHHH no H30TOnaM) KaHaJIOB <PparMeHTa-

1..\HH npeACTaBJieHhl B Ta6JIHI..\e 
17 I. 

3aBHCHMOCTH OT 3apHAa BepOHTHOCTH Ka

HaJIOB HAepHbiX peaKnHi{ H cpeAHeH AJIHHbl 

HAepHoro npo6era <PparMeHTOB cornacyJOTCH 

c AaHHhiMH, nonyt~eHHbiMH npH 3HeprHH 

2 r3B/HYKJIOH Ha ycKOpHTeJie B BepKJIH. 

CpeAHHH AJIHHa npo6era A HAepHbiX <Ppar

MeHTOB C 3apHAOM Z B nneKCHrJiace AJIH 

B3aHMOAeiicrnHii, B KOTOpbiX 3apHA <PparMeH

Ta H3MeHHeTCH Ha BeJIHtJHHY L\Z ~ 1, nOKa3aHa 

Ha pHc.5 H . YAOBJiernopHTeJIJ>Ho annpoKCHMH

pyeTcH <PoPMYJIOH A = 52 • z-0•57 (TOtJHOCTb 



Ta6n,uija 

H,npo 24Mg 1a 0 12 0 

A (MM) 126+2 157±6 188±7 

~parMeHTbl Na Ne F 0 N c z ~ 5 

A (MM) 130±6 133±8 136±8 155±7 157±5 177±7 

w (%) 10,6±0,5 10,0±0,5 4,9±0,4 9,9±0,7 8,1±0,6 9,1±0,7 47,4±1,4 

annpOKCHM!lUHH 2,5% B ,ll;HaDa30He Z = 6+26, 
OTKJIOHeHHe ,ZVIR <t>parMeHTOB a30Ta MO:>KeT 
6biTh 06'LRCHeHO H30TOnHbiM COCTaBOM). 

BepoRTHOCTH <t>parMeHTanHH 2~g a H30To
Dbi 3JieMeHTOB C He"lleTHbiMH 3Ha"lleHHRMH Z 
( <t>Top, a30T) DO,Il;aBJieHbl no cpaaHeHHIO C 'leT· 
HbiMH 3JieMeHTaMH (yrnepo,n;, KHCJIOpO,D;, He
OH), I1o,no6Hoe RBJieHHe Ha6JIIO,D;aeTCR H ,IJ;JIR 

<t>parMeHT!lUHH HOHOB B 06JiaCTH HepeJIRTH
BHCTCKHX 3Heprllli. KaqecmeHHo 3aKoHoMep
HOCTh BbiXO,IJ;a <t>parMeHTOB B pea:KnHH C peJIR-

THBHCTCKHMH HOHaMH 24Mg COBna,naeT C npe,n;
CKa3aHHRMH MO,IJ;eJIH JlyKbRHOBa H THTOBa. 

~ . eM 

' 
25 

20 

15 

10 

5 

• C.O.Mg 

10 

1 
cpparMeHmbl 
~Z~1 

A Mg 

I 

15 20 z 

-

PHc.5. 3asucnMocn. cpe,11Heu ,llJIHHbi npo6era A nyq
KOB&IX J~,~J;ep H J~,~J;epHbiX cl>parMeHTOB OT 38pR.u;a Z , 
,llaHHble ,llJIR Fe, Ar H ox cl>parMeHTOB B3RTbl H3 pa-
6oTbl: Symons T.J.M. et al. Phys.Rev.Lett., 1984, 52, 
p.982. 

Hccn e,noBaHbi B3aHMo,neiicTBHR penRTHBHCT
CKHX <t>parMeHTOB MarHHR B HHTepBane npo6e
rOB 0,5 ~ f ,$. 3 CM, B KOTOpOM rpynnOH 

~pH,ZVIeH,nepa (CIIIA) B 1983 ro.n;y 6bmo o6Ha
py:>KeHo aHOMaJibHOe B3aHMO,IJ;eHCTBHe. I10Ka3a
H0/8/, 'ITO cpe.IJ;H cTapwHX no 3apR.IJ;y <t>par
MeHTOB (9 ~ Z ~ 11) ,IJ;OJIR aHOMaJIOHOB 
c npo6eroM A a - 1 CM, HMnynbCOM p 2: 
> 2 f"3B/c H nonepe"IIHbiM HMDYJibCOM, COOT
BeTCTBYIOIIJ;HM yrnaM ~ 2,5° , He npeBbiwaeT 
2% (pHC.6) • MeTO,IJ; HCCJie,IJ;OBaHHR R.IJ;pO-R,nep
HbiX B3aHMO,IJ;eHCTBHH C H3MeHeHHeM 3apR,n;a 
o6ecne"IIHBaeT TO"IIHOCTb OUeHKH BKJia,IJ;a aHO
MaJibHbiX B3aHMo,neiicmiiH c A a 1 CM nyq
we2%. 

Puc.6. 3 aBHCHMOCTJ. OTHOCHTen&HOH ,llJIHHbi CB060.U:HO· 
ro npo6era A (x) I A 0 OT pacCTORHHR x .u;o TO'IKH 
B3aHMOJ\eHCTBHR. • - .u;aHHble H3 pa6oT&I: Steven
son J .D. et al. Phys.Rev.Lett., 1984, 52, p.515; o - .u;aa
Hble /8/ , llpHBe,U:eHbi TaK)I(e paC'IeTHble 3aBHCHMOCTH 
co,u;ep)l(aHHR aHOManbHOH KOMOOHeHTbl a OT p83HOH 
,llJIHHbi npo6era A • 
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tiOilblla CTIW"MaatOUIMe 
niM.T 

CHrHanbHbiS' ~ 1 ,...., •' 1 
npoaonOKM 

ClAHot<oop.QMHaT-e ~ '- ~ 1 
ce•~~MM 

Z- K ... epa 

a 

- -1 
-- I 

-- I 
I 
I 
I 
I 
I 
I 

6 

_ __ J 0 

PHc. 7 . llponop~.tHOHaJI&H&Ie KaMep&l ,o;nR ycT aHOBKH 

CHTMA : a - TpexKoop,o;HHaTH&Ie ny'IKOB&Ie K a Mep&I ; 

6 - KaMepbl C MaJibiM KOJIH'IeCTBOM BeUleCTBa nO nyq

KY ; B - naHeJibHble KaMepbl. 
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KOOP,Z:U.fHATHbi:A ,UETEKTOP 
HA OCHOBE ITPOITOPI.UIOHAJibHbiX 

KAMEP 

3aseprneH BBO,n B 3KCIUiyaTll:UHJO KOOp,nH
HaTHOrO ,neTeKTopa Ha ocHoae nponopn;Ho
HaJihHbiX KaMep ,IJ,JI.R ycraHoaKH CHrMA
AHKC a H<l>B3 (ITpoTBHHO) c o6I.llHM KOJIH-

/9/ 
tieCTBOM npOBOJlOK 8200 . ,[{eTeKTOp npe,n-
CTaBJl.ReT co6oH: <l>YHKUHOHaJibHO 3aMKHYTYJO 
CHCTeMy, BKJlJOQaJOLD;yJO nponopD;HOHaJibHble 
KaMepbi, perHCTpHpyJOLD;yJO 3JleKTpOHHKY, pac
UOJlO'>KeHHYJO Ha KaMepax, 3JleKTpOHHKY yn
pasneHH.fl CQHTbiBaHHeM, HH3KOBOJlbTHOe nHTa
HHe ,IJ,JI.fl perHCTPHPYJOLD;eH 3JleKTPOHHKH H Bbi
COKOBOJlbTHOe ,IJ,JI.fl KaMep. B ,neTeKTope HC
fiOJlb30BaHO TpH THna nponOpD;HOHaJibHbiX Ka
Mep. ,Usa TpexKoop,nHHaTHhiX naKeTa (pHc.7a) 
nytiKOBbiX KaMep HMeJOT rnar CHrHaJlbHOH 
IUIOCKOCTH 1 MM. ,[{HaMeTp tiYBCTBHTeJibHOH 
o6nacTH 64 MM. TpH ,nayxKoop,nHHaTHhiX na
KeTa (pHC.76) nponopD;HOHaJibHbiX KaMep HMe
JOT rnar CHrHaJibHOH IUIOCKOCTH 2 MM H tiYBCT
BHTeJlbHYJO 06JlaCTb pa3MepOM 896x1280 MM 2• 
BhiCOKOBOJlhTHbie 3JleKTpO,nbi BhmonHeHbi H3 
HaT.RHYTOH TOHKOH aJIJOMHHHeBOH <t>onbrH. ra-
30BbiH o6'beM orpaHHtieH JlaBCaHOBOH rmeHKOH. 
tieTbipe naHeJibHbie l<aMepbi (pHc.7a) HMeJOT 
rnar CHrHaJibHOH IUIOCKOCTH 2 MM. Pa3Mep 
qyacTBHTeJibHOH o6nacTH 2816x1408 MM2. Me
xaHHtiecKOH OCHOBOH K~OH KaMepbl CJl~aT 
,nae ,nH3JleKTpHttec:KHe naHeJlH C COTOBbiM 
3anonHeHHeM. BhiCOKOBOJlhTHbie 3JieKTpO.nLI 
BhmonHeHbi a BH,ne npoao,n.Rmero noKpbiTH.fl 
Ha BHyTpeHHHX CTOpOHax llaHeJieH. 

ITpoae,neH p.R,n ceaHcoa Ha ycKopHTene Y-70 
:H<l>B3 no Ha6opy <l>H3HtteCKOH HH<l>opMaQHH. 
3anHCaHO B 06LD;eH CJlO:>KHOCTH OKOJlO 1 MJlH. 
co6biTHH. 

yqACTHE B C03,UAHHH 
11HEfiTPHHHoro .UETEKTOPA" 

ITpe,naapHTeJibHO HCnbiTaHHbie ,npeH:<t>oabie 

KaMepbl I l O/ CMOHTHpOBaHbl Ha HeHTpHHHOM 
KaHane ycKopHTen.R H<l>B3 coaMeCTHO co 
CH30 ( 36 ,npeH:<t>oBhiX KaMep ycTaHoaneHhi 
B 3a30pax ,nHCKOBbiX MarHHTOB MJOOHHOrO 
cneKTPOMeTpa), H npoae,neH 3anycK Ha JIHHHH 
c 3BM CM-4 3JleKTpOHHKH CtiHThiBaHH.fl HH<l>op
Mli:UHH H3 MJOOHHOH ttaCTH YCTaHOBKH C HCllOJlb-
30BaHHeM HCTOQHHKa llHTaHH.fl KpeHTOB, H3rO
TOBJleHHbiX a H<l>B3. Co3,naHo Heo6xo,nHMOe 
nporpaMMHOe o6ecnetieHHe. ilapaMeTpbl 



:meKTpOHHKH CliHThiBaHIDI HHcpOpMaQHH COOT
BeTCTBYIOT npoeKTHhiM. Co3,naHHaR cHcTeMa 
nHTaHH.fl KaMepHOH 3JieKTpOHHKH MIOOHHOH 
llaCTH cneKTPOMeTpa HMeeT noJie3HYIO MOIQ
HOCTb -1 KBT . .[(JI.R OCHaiQeHHR: MHIIIeHHOH llaC
rH yCTaHOBKH npo,nomKaJIOCb HCllhiTaHHe ,npeH
cpOBhiX KaMep H H3rOTOBJieHHe COOTBeTCTBYIO
IQeH 3JieKTPOHHKH. 

yqACTHE B IIPOBE)lEHHH 
3KCIIEPHMEHTA NA-4 B l.(EPHe 

llpo,nomKaJIC.fl Ha6op 3KCnepHMeHTaJibHhiX 
,naHHhiX B ceaHcax pa6oThi ycTaHOBKH NA-4 
Ha nyli.Ke MIOOHOB pa3HhiX 3HeprHH no npo
rpaMMe Hccne.nosaHH.fl npouecca rny6oKoHe
ynpyroro pacce.RHIDI MIOOHOB Ha MHIIIeH.RX 
(H 2 , D 2 , N 2, Fe). Ha MarHHTHhie neHThi 3anH
caHo 23,6 MHJIJIHOHa C06hiTHH npH 3HeprH.RX 
MIOOHOB 100, 120 H 200 r3B. BOJibiiiOH o6'beM 
pa6oT npo,nenaH no no,n.nep)l(aHHIO annapaTyphi 
KOOp,nHHaTHOrO ,neTeKTOpa B pa6olleM COCTO.fi
HHH H no o6ecnelleHHIQ Ha6opa 3KCnepHMeH
TaJibHhiX ,naHHhiX. B TelleHHe rona soccTaHOB
neHo 13 nponopQHOHaJibHhiX KaMep Topo
H,nan&Horo cneKTpoMeTpa H 2 KaMephi cppoH
TaJibHOH llaCTH. Bon&IIIaR llaCTb ceaHcos npo
xo,nHJia npH nOBhiiiieHHOH HHTeHCHBHOCTH nyli
Ka MIOOHOB BnJIOTb ,no ( 5.;- 6) · 10 ? llaCTHQ/ 
c6poc. B 3THX ycnoBH.RX Hccne.nosanac& pa6oTa 
reKCarOHaJibHhiX KaMep cppOHTaJibHOH llaCTH 
cneKTpOMeTpa, KOTOpbie ·CTO.RT B npHMOM 
nyliKe. YcTaHOBJieHo, liTO co speMeHeM so3pa
cTaeT TeMHOBOH TO K QeHTpaJibHOH 30Hhl KaMe
phi, no.nsepraiOIQeiicH HaH6onee CHJI&HOMY o6-
nylleHHIO nyliKOM, H npe,nno)l(eH cnoco6 ycTpa
HeHH.R He)l(eJiaTeJI&Horo 3cpcpeKTa. 
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3cpcpeKTHBHOCTb KaMep TOpOH,naJibHOrO 
cneKTPOMeTpa 6hma Ha npe)I(HeM yposHe 
(98 ±1) % no seen ,nnHHe crreKTpoMeTpa, 3cp
cpeKTHBHOCTb reKCarOHaJibHhiX KaMep cppOH
TaJibHOH llaCTH HeCKOJibKO HH)I(e - (95±1) %. 

PABOT bl, 
CB.R3A HHbiE C C03)lAHHEM YHK 

Ha OCHOBe nOJiylleHHhiX Ha CTeH,nax H MO,ne
JIHX 3KCnepHMeHTaJibHhiX ,naHHhiX pa3pa60Ta
Ha HH)I(eHepHaR MeTO,nHKa paclleTa rH,npaBJIH· 
llecKoro conpoTHBJieHH.R ropH30HTaJibHhiX Ka

Hanos npH ,nBH)I(eHHH no HHM .nsyxcpa3Horo 
reJIHH B a,nHa6aTHlleCKHX yCJIOBHHX C Tpe6ye
MhiMH napaMeTpaMH. Pa3pa6oTaHa MeTO,nHKa 
H C03,naH npH60p, n03BOJIHBIIIHe C TOliHOCTbiO 
MeHee 10% H3Mep.RTb HCTHHHOe o6'beMHOe 
napoco.nep)l(aHHe .nsyxcpa3Horo rroToKa renH.R. 
llpose,neH aHaJIH3 TenJIOBhiX pe)I(HMOB QeiiOliKH 
MarHHTOB YHK H noKa3aHhi rryTH onTHMH3a~HH , 
KOHCTPYKUHH csepxnposo,n.RIQHx MarHHTOB · 11.' 

Pa3pa6oTaH, co3,naH H npoiiien saKyyMHhie 
H KpHoreHHhle HCnhiTaHIDI KpHOCTaT C KaHaJia
MH, o6orpesaeMbiMH np03paliHOH TOKOnpOBO
,n.RIQeH nJieHKOH OKHCH OJIOBa, liTO n03BOJIHT 
npOBO,nHTb HCCJie,nOBaHIDI pe)I(HMOB TelleHH.fl 
,nByXcpa3HOrO reJIHH npH TenJIOBhiX Harpy3Kax 
.no 1000 BT/M 2 . 

llpOH3Be,neHa KOHTpOJibHaR HaJia,nKa CMOH
THpOBaHHOH s H<l>B3 Bq·cTaHQHH MOIUHOCT&IO 
100 KBT Ha llacToTe 200 Mru ,nn.R Y-70- HH
)I(eKx:_opa YHK, pe3yJI&TaThi KOTopoii csH.ne
TeJI&CTBYIOT o roTOBHOCTH Bq·CTaHQHH K npose
,neHHIO ,naJI&HeHIIIHX pa60T IIO C03,naHHIO CHCTe
Mhi nep ecTpOHKH llaCTOThi ,nnH YHK 1 121 . 
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DTAen 

P8AM8QMOHHOM liB3008CHOCTM 

M P8AM8QMOHHbiX MCCnBADB8HMM 

,lleRTenbHOCTh OT,nena pa,nH~HOHHOH 6e3o
nacHoCTH H pa,nH~HOHHblX HCCne,nOBaHHH 6bma 
HanpasneHa Ha o6ecnelleHHe rpynnosoro H HH
AHBH,nyanhHoro A03HMeTpHlleCKOrO KOHTpOnR 
(11,1lK) COTPYAHHKOB 11HCTHTyTa Ha pa60liHX 
MecTax H a oKpy:>Kawmeu cpe,ne, pa3pa6oTKY 
H BHe,npeHHe HOBblX cpe,nCTB lf,llK, a TaK:>Ke Ha 
npose,neHHe Hccne,nosaHHii B o6nacTH A03HMeT
pHH H cpH3HKH 3aiUHTbl Ha cymecTBYIOIUHX 
H npoeKTHpyeMblX R,nepHO-cpH3HlleCKHX ycTa
HOBJ<.aX 011JII1. 

AoaMMeTpM'Iect<MM t<oHTponb ocymecTBnRncR 
Ha BCeX ,neHCTBYIOIUHX R,nepHO-Q>H3HlleCKHX yc
TaHOBKax 011JII1: 

- HMnynhCHOM 6biCTpOM peaKTOpe 
11EP-30, pa60TalOIUeM B 6ycTepHOM H peaKTOp
HOM pe:>KHMax npH cpe,nHeH MOIUHOCTH AO 
20 KBT, 

- HMnynhCHOM 6blCTpOM peaKTOpe 11EP-2 
npH MOIUHOCTH ,no 2 MBT, 

- CHHXpocpa30TpOHe B pe:>KHMaX ycKOpeHHR 
npOTOHOB H penRTHBHCTCKHX R,nep, 

- QHKnoTpoHax Y-200, Y-300, Y-400 B pe
:>KHMax ycKopeHHR HOHOB C 3HeprHRMH He
CKOnbKO M3B Ha HyKnoH, 

- MHKpoTpoHe MT-22, 
- npoTOTHne KYT11-20, CI1J1YH,U-20 H 

J111Y-3000, 
- 3neKTpOCTaTHllecKOM reHepaTope 8r-5, 
- npH npose,neHHH pa60T C pa,nHOaKTHBHbl-

MH BeiUeCTBaMH H ,npyrHMH HCTOliHHKaMH HO
HH3Hpy10IUHX H3nylleHHH. 

K KOHQY 1984 r. Ha HHAHBH:AyanhHOM A03H
MeTpH:llecKoM KOHTpone B 011JII1 COCTORnO 
2342 llenoseKa. ro,nOBaR A03a o6nylleHHR co
TPYAHHKOB 11HcTHTyTa, pa6oTalOIUHX a pa,nHa
QHOHHO Bpe,nHblX ycnOBHRX Tpy,na, He npeBbiCH
na 13 M3B (1,5 63p), liTO HH:>Ke pernaMeHTHpO
BaHHOH senHliHHbl. ,llo3a o6nylleHHR B OKpy-
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:>Kawmeu cpe,ne oT R,nepHo-¢H3HllecKHx ycTa
HOBOK lfHCTHTyTa COCTaBnReT npeHe6pe:>KHMO 
Many10 BenHliHHY no cpasHeHHIO C npHpO,nHOH 
A030H pa,nHaQHH. 

Ha ocHOBaHHH pe3ynhTaTOB H3ylleHHR pa,nHa
QHOHHOH o6CTaHOBKH . Ha peaKTOpe 11EP-2 H3-
MeHeHbl pa,nH~HOHHbie . 30Hbl B TeXHOnorHlle
CKHX noMeiUeHHRX, liTO -n03BOnHnO opraHH30-
BaTb o6cny:>KHBaHHe o6opy.nosaHHR, Haxo,nRme
rocR B 3THX nOMemeHHRX, npH pa6oTe peaKTO
pa. BHe,npeHbi B npaKTHKY TepMonlOMHffeCQeHT
Hbie ,neTeKTOpbl HHAHBH,nyanbHOrO A03HMeTpH
lleCKOrO KOHTponR npoH3BOACTBa CCCP B Ka
lleCTBe asapHHHbiX A03HMeTpOB. llpo,non:>Kanacb 
MeTpOnorHllecKaR aTTeCT~HR cpe,nCTB 11,1lK; 
B KalleCTBe o6pa3QOBblX aTTeCTOB~bl "sceson
HOBOH" ClleTtJHK OBC-3M H MHoromaposou ,no-
3HMeTp HeHTpOHOB. 3asepmeHbl 3KCnepHMeH
TanbHbie · HCCne,nOBaHHR 3HepreTHlleCKOH 3aBH
CHMOCTH HeKOTOpblX HCnOnh3yeMblX B 011JII1 
A03HMeTpOB HeHTpOHOB. 

8 o6naCTM PBAMB~MOHHblx MCCJieAoaaHMM H3Me
_peHbi no MeTo,ny speMeHH nponeTa cneKTpbi 
HeHTpOHOB TOnCTOH Me,nHOH MHUleHH npH 6oM-
6ap,nHpOBKe R,npaMH yrnepo,na c 3HeprHeii 
3,65 r3B/HyKnOH no,n yrnaMH 71 H 105 ° I ll. 
PaccliHTaHbi H 3KcnepHMeHTanbHO onpe,neneHbi 
liYBCTBHTenbHOCTH K 6biCTpblM HeHTpOHaM 
OCJ1-,neTeKTopos c so,nopo,nco,nep:>KamHM pa
AH:aTopoM 12/ H pa3nHliHblX KOM6HH~HH 
TepMOnlOMHHeCQeHTHblX ,neTeKTOpOB C pa,nHa
TOpaMH l S I . llpose,neHbl CpaBHeHHR paCCliH· 
TaHHblX 3HalleHHH TOpM03HOH cnoco6HOCTH 
H CelleHHH 3aMe,nneHHR HOHOB C 3HeprHRMH 
.no 1,5 M3B/a.e.M. c 3KcnepHMeHTanbHbiMH 
,naHHbiMH 141

. llonylleHbi cpasHHTenbHbie ,no-
3HMeTpHlleCKHe xapaKTepHCTHKH HeKOTOpbiX 
THnOB TepMOnlOMHHecQeHTHblX ,neTeKTOpOB Ha 
OCHOBe cpTOpHCTOrO nHTHR I 51. 
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· OnbiTHoe npoM3BOACTBO 

B 1984 rOAY OnbiTHoe npoH3BOACTBO Bbi
nonHHJIO 6onbwoe KOnHlleCTBO 3aK8.30B na6o
paTopHH H nOApa3AeneHHH 11HCTHTyTa Ha pa3-
nHliHOe o6opyAOBaHHe M.R C03AaHH.R HOBbiX 
6a30BbiX H 3KcnepHMeHTanbHbiX ycTaHOBOK 
H 06'beKTOB KanHTMbHOrO CTpOHTenbCTBa. 

no 3aKa3aM J1a6opaTOpHii BbiCOKHX 3Hep
rHH 6bin0 H3rOTOBneHO 42 ce~HH KpHoreH
HOH OTKaliKH no nporpaMMe MOAepHH3!1UHH 
CHHXp0¢8.30TpOHa, 3aaepWeHO H3rOTOBneHHe 
y3nOB CBepxnpOBOA.RIUero CHHXpOTpOHa. 113rO
TOBneH aepxHHH nomoc MarHHTa cn-41; Hat~a

Tbi pa60Tbl no H3rOTOBneHHJO :KpHOCTaTa AH· 
nonbHoro caepxnpoBOA.RIUero MarHHTa An.R 
npoeKTa "HyKnOTpOH". 

,ll,n.R J1a6opaTopHH .RAepHbiX npo6neM 6bmo 
3a:KOHlleHO H3rOTOBneHHe 6no:Ka 6apa6aHOB 
yrnepOAHOro 3aMeMHTen.R H y3nOB npOTOH
HOrO :KaHana yCTaHOB:KH "<l>" - ¢a30TpOHa 
011.RI1 (MarHHT MC~4, :KaMepbi K MarHHTaM 
OM-1 H Cn-024, aaKyyM-npoBOA, KOMnne:KT 
:KaMep H 3arnywe:K) , H3roToaneHa . onTHlle
CKa.R ¢epMa H 3aaepweHO H3rOTOBneHHe .RpMa 
3ne:KTpoMarHHTa aepwHHHoro AeTe:KTopa. 

J1a6opaTopH.R .RAepHbiX pea~HH nonyt~Hna 
B 1984 rOAY 7 BbiCOKOBR:KYYMHbiX OT:KaliHbiX 
arperaTOB, 2 3ne:KTpoMarHHTa cn-184, :KOMn
ne:KT paM M.R MRWHHHoro 3ana, :KOMnne:KT 
BR:KYYMHOH apMaTypbi, 500 38J.IlHTHbiX 6n o:KOB 
H3 6opHpoaaHHOro nonH3THneHa H ylnbi yc
TaHOB:KH J111,ZJ,11A. 

no 3a:Ka3aM J1a6opaTOpHH HeHTpOHHOH ¢H-
3H:KH 6binH H3rOTOBneHbl 56 :KOpnycOB HHAY:K· 
TOpOB J111Y-30, MJOMHHHeBbiH AHC:K OAHOAHC· 
:Koaoro npepbiBaTen.R, y3nbi nOABH:>KHoro oTpa
maTen.R HBP-2. 

,ZJ,n.R 0TAena HOBbiX MeTOAOB ycKopeHH.R 
H3rOTOBneHO 3 yc:KOp.RJOlUHX ce~HH J1Y:3K-20, 
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,llan&HeAwee p&3BHTHe nony'IHJla OCHOBHIUI npOH3BOJl• 
CTBeHH&R 6&3a HHCTHTyTa. - On&ITHoe npoH3BOJlCTBO 
OH.RH. 3aaepweao cTpOHTen&CTBO 3Jl&HHR ~11 o6weii 
nnow&Jl&IO 6onee 8 T&IC. KB&Jlp&THhlX MeTpoB. Ha 
CHHMKax : cnecapHO-<:BapO"'HI>IA yqaCTOK; ' ran&B&HH'Ie· 
CKHA y"'&CTOK. '·' 



• 

MoHTII)K 6on&woro KapyceJI&Horo CTaHKa SKJ T63-140 
np0H3BO,Il;CTB8 t{CCP npose.o;eH COBMeCTHO COBeTCKHMH 

H qeXOCJIOBilUKHMH cne~HaJIHCT8MH . 

36 .o;pencpOBbiX KaMep "HeiiTpHHHOrO .IJ;eTeKTO

pa" H 10 KOMnJieKTOB CHCTeM HX KpenJieHIDI. 

na6opaTOpHH H no.npa3.o;erreHHH HHCTHTyTa 

B 1984 ro.o;y llOJiyqHJIH OKOJIO 1500 pa.D;HO· 

3JieKTpOHHhiX 6rroKOB B cTaH.o;apTe KAMAK, 
6orree 130 KpeHTOB C HCTQqHHKaMH llHTaHHH 

H BeHT6JIOKaMH, 6orree 400 pa3JIHqHbiX HCTQq

HHKOB llHTaHHH, OKOJIO 100 CTOeK H CTOeK

IIIKacpOB, 6orree 850 HqeeK H IIIaCCH .IJ;JIH 6JIO

KOB, OKOJIO 6500 .IJ;M 2 ITJiaT neqaTHOrO MOHTa

:lKa H .npyryro cTaH.napTHYJO annapaTypy. 

B 1984 ro.ny OnbiTHOe npoH3BO.IJ;CTBO - oc

HOBHaH npoH3so.ncTseHHaH 6a3a HHcTHTyTa

c.nerrarro 3HaqH:TeJibHblH Illar B pa3BHTHH CBOHX 

llpOH3BO.IJ;CTBeHHbiX H TeXHOJIOrHqecKHX 803-

MO)KHQCTeH: 

- 3aseprneHo CTpOHTeJibCTBO 3.IJ;aHHH N~ 11, 
H KOJIJieKTHB OnhiTHoro npoH3BO.IJ;CTBa npHcTy

ITHJI K OCBOeHHJO. TeXHOJIOrHqeCKOrO o6opy.o;o

BaHHH Ha JiaKOKpacoqHQM H rarrbBaHHqecKOM 

yqacTKax H CTaH~HH HenTparrH3~H. B pe3yJih

TaTe OCBOeHHH yrryqiiiHTCH KaqeCTBO OT.IJ;eJIQq

HbiX pa60T H3.IJ;eJIHH Ofl, yMeHbiiiHTCH 3arpH3-

HeHHe oKpy:~Karomeu cpe.o;bi ape.o;HhiMH semecT

BaMH. 

- TipHo6peTeHo H a OcHOBHOM CMOHTHpo

BaHO o6opy.IJ;OBaHHe .IJ;JIH MO.IJ;epHH3a~H yqacT

Ka neqaTHhiX nrraT, HaqaTo ero ocaoeHHe. 

Bue.npeHHe HOBOH TexHorrorHH H3roToarreHHH 

neqaTHbiX nJiaT B coqeTaHHH C aBTOMaTH3HpO

BaHHbiM H3rOTOBJieHHeM cpOTOIIIa6JIOHOB H 

nepcporreHT .IJ;JIH CBepJieHHH OTBepCTHH ll03BO

JIHT cymecTBeHHO llOBbiCHT~ HaCbimeHHOCTb 

MOHTa:lKa H KaqecTBO neqaTHbiX nJiaT, COKpaTHT 

CpOKH HX H3rOTOBJieHHH. 

- CMOHTHposau H c.nau B 3KCWiyaT~HJO 

6orrbiiiOH KapycerrbHbU':i CTaHOK SKJ . T63-140 
B 3.IJ;aHHH N~5 (n.RTI), C ITOMO~JO KOTOpOrO 

Y:lKe B 1985 ro.o;y nJiaHHpyeTCH H3rOTOBJieHHe 

pH.IJ;a KpynHOra6apHTHbiX H3.IJ;eJIHH .IJ;JIH Jia6o-

paTOpHH HHCTHTyTa. · 

YqacTOK AJI.R usroTOBJieHH.R 6oJI&WHX ,~~;pen$os&IX Ka

Mep (2x4 M) "HeihpnHHoro AeTeKTopa';. 

.• 
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- CoaeprneHCTBOBaJiacb TexHonorHH H3ro

TOBJieHH.R DpOBOJIOtiHbiX .n;eTeKTOpOB, tiTO D0-

3BOJIHJIO B 1984 ro.n;y HaJia,Il;HTb cep HHHOe 

DpOH3BOACTBO 60JibUlHX .n;peH<f>OBbiX KaMep 

(2x4 M) AJI.R "HeiiTpHHHoro .n;eTeKTop a". Be

.n;eTc.R coopy:>KeHHe noMemeHHH AJI.R pa3 Meme

HH.R npOH3BOACTBa CTpHMepHbiX Tpy6 tiaTbiX 

.n;eTeKTOpOB yCTaHOBKH LI,Efl<l>l.f. 

- HatiHHa.R co BTOpoii noJIOBHHhi 198 4 ro.n;a 

Be.IJ;eTC.R ODbiTHa.R 3KCDJiyaT~H.R DOACHCTeMbl 
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ACY-"CHa6:>KeHHe' '. 3HatiHTeJibHoe KOJIHtiecTBo 

yt~eTHO-OTtieTHOH AOKyMeHT~HH H onepaTHB

HOH HH<f>OpMai.UiH CJiy:>K6bi CHa6:>KeHH.R H _ Opra

HH3aQHH npOH3BOACTBa Qll DOJiytJalOT C 00-

MOIUblO 3BM • 

- 3aaeprneHa no.n;roTOBKa K nepexo.n;y Ha 

onepaTHBHOe DJiaHHpOBaHHe H AHCDeTtiepH3a

QHIO npOH3BOACTBa Ha 6a3e AHCDeTtiepCKOrO 

nyJibTa, KOTOpbiH D03BOJIHT DOBbiCHTb pHTMHti

HOCTb H DOJIHee HCDOJib30BaTb npOH3BOACTBeH

Hbie MOIUHOCTH. 



MElKJlY HAP OJJ.H biE 
CBR3M_ 
M HAYqHOE 
COTPY JlHMqECTBO 

• 



ME)I(JJ.YHAPOJJ.HbiE CBH3M 

M HAY~HOE COTPYJJ.HM~ECTBO 

Me:>KnyHaponHoe HayqHo-TexHH'IecKo e co

Tpy,D;HHlleCTBO OH.HH HMeeT 6onhwoe 3HalleHHe 

,11;1111 Bbin011HeHH11 nporpaMMbl HayliHO·HCCJie,D;O

BaTeJibCKHX pa6oT HHcTHTyTa, npenycM oTpeH

HOH npo6neMHO-TeMaTHtlecKHM nJiaHOM. 

OcHOBHbie HTOrH 1984 rona no Me:>K,D;yHa

ponHoMy HayliHO-TeXHHlleCKOMy COTpy,D;HHlleCT

By: 

- npoae,D;eHbl COBMeCTHble HCCJie,D;OBaHH11 

no 111 TeMaM C HayliHbiMH QeHTpaMH CTpaH

yqaCTHHU H 24 TeMaM C Me:>K,D;YHapO,D;HbiMH 

H HaQHOHaJibHbiMH opraHH3aQH11MH ,D;pyrHX 

CTpaH; 

- no aonpocaM HayliHO-TeXHHllecKo ro co

Tpy,D;HHlleCTBa H ,11;1111 yqaCTHR B HayliHbiX COBe

~aHfi11X a cTpaHbi-yqacTHHUbi (KpoMe C CCP) 

KOMaH,D;HpOBaHO 420 cneQHaJIHCTOB, B ,D;pyrHe 

cTpaHbi- 54 cneQHanHcTa OH.RH; 

- ,11;1111 BbinOJIHeHH11 COBMeCTHbiX pa6 0T, o6-

MeHa OnbiTOM H KOHCYJibTaQHH H3 CTpaH-yllaCT

HHU (KpoMe CCCP) npHIDJTO 1163 cneQHanH

CTa, H3 HayliHbiX QeHTpOB ,D;pyrHX CTpaH H Me:>K

,D;yHapO,D;HbiX opraHH3aQHH - 111 cneQHaJIH

CTOB; 

- npoaeneHbi 4 KpyiiHbiX Me:>K,D;yHap o,D;HbiX 

KOH<t>epeHQHH, a TaiOKe 36 HayliHbiX H HaytiHO

opraHH3aQHOHHblX coae~aHHH. 

COTPY.llHHliE CTBO 

C HAYliHhiMH UEHT P AMH 

CTPAH-YliACTHHU OH.RH 

Hayt~Ha11 nporpaMMa OH.RH BbinOJIH11eTC11 

a paMKax wHpoKoro Me:>K,D;yHapo,D;Ho ro co

Tpy,D;HHllecTaa, H a nepayJO ot~epe,D;b - c 6onee 

lleM 200 HayliHbiMH opraHH3aQH11.MH CTpaH

yqaCTHHQ. 3THM B 3HaliHTeJibHOH CTeneHH 

o6ycnoaneHbi ycnexH HHcTHTyTa a 198 4 rony 

B o6naCTH TeopeTHlleCKOH H 3KCnepHMeHTaJib· 

HOH <l>H3HKH, B pa3BHTHH ycKOpHTeJibHOH 

H BblliHCJIHTeJibHOH TeXHHKH, HayliHO-np HK11a,D;· 

HbiX HCCJie,D;OBaHHH. 

AKTHBHOe HayliHO-TeXHHlleCKOe COTpy,D;HH

lleCTBO ocy~eCTBJI11eTc11 c HHCTHTyTaMH CoseT-
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cKoro .CoJ03a, a qacTHOCTH, c HHCTHTYTOM <l>H-

3HKH BbiCOKHX 3HeprHH (llpOTBHHO) .B 1984 r. 

a H<I>B3 pa6oTanH 3KcnepHMeHTaJibHbie ycTa

HOBKH OH.RH: BHC-2, "JlJO,D;MHJia",'THnepoH", 

"llon11pHMeTp-2", PHCK, "llo3HTpOHHH:-2", 

CKA. 0HH oTpa6oTanH Ha nyt~Kax ycKopHTeJI11 

Y-70 6onee 40% apeMeHH, Bbmen11eMoro Ha 

Hayt~HyJO nporpaMMY. B cooTaeTCTBHH c npo6-

neMHO-TeMarnqecKHM nJiaHOM a H<I>B3 aenHCb 

pa6oTbi no MOHTa:>KY HOBbiX ycTaHOBOK MHC-2 

H "HeHTpHHHbiH ,D;eTeKTOp", a TalOKe Bbin011HR-

11HCb HCCJie,D;OBaHHR H pa3pa60TKH. no OnTHMH-

3aQHH HeKoTopbiX cHcTeM YHK. 

Jla6opaTOpWl TeopeTUI.leCKOU fPU3U'KU. .llaa 

OT,D;eJia 3TOH na6opaTOpHH - OT,D;eJI TeOpHH 

3JieM~HTapHbiX llaCTHU H . OT,D;eJI TeOpHH aTOMHO

ro 11,11;pa H KOH,D;eHcHpOBaHHbiX cpen - npoao

,D;11T CBOH HCCJie,D;OBaHH11 B TeCHOM KOHTaKTe 

C ylleHbiMH H3 CTpaH-yllaCTHHU HHCTHTyTa. 

Me:>K,D;yHapo,D;Hoe coTpy,D;HHlleCTBO oTpa3H1IOCh 

B 9 nyHKTax Hayt~Ho-TeMarnqecKoro nnaHa na-

6opaTopHH, KOTOpbie 06'be,D;HH11JOT yCHJIHR 6o

nee 200 yqeHbiX. 3TO <l>H3HKH H3 Be,D;yiQHX Ha

ytiHbiX ueHTpoa HPB, BHP, CPB, r.llP, MHP, 

llHP, CPP H l!CCP. 

CoaMeCTHO c yt~eHbiMH HPB npoaeneHbi Hc

cnenoaaHHR no H3ylleHHJO HeJIHHeHHbiX HHTer

pHpyeMbiX ypaBHeHHH B TeOpHH pe1111THBHCJ'

CKOH cTpyHhi, · HccnenoaaHHe aHanHrnt~eCKHX 

CBOHCTB MO,D;eJieH 6HHapHbiX peaKQHH pacna,D;OB 

Me30HOB B MO,D;eJIH C lleTblpeXKBapKOBbiM 

B3aHMO,D;eHCTBHeM, H3ylleHHe MO,D;eJieH TeOpHH 

no1111 Ha peweTKe, nonyt~eHbi HOBbie pe3yJihTa

Tbi no cynepcHMMeTpH'IHblM TeOpHRM H KBaH

TOBOH TeopHH no1111 c <l>YH,D;aMeHTaJibHOH ,D;JIH

HOH. llponon:>KeHbi pa6oTbi no H3yqeHmo oc

HOBHbiX 3aKOHOMepHOCTeH <t>parMeHTaQHH 

MaJIOKBa3HtlaCTHliHblX KOMnOHeHT BOJIHOBbiX 

<l>YHKQHH 11,D;epHbiX COCT011HHH, no HCCJie,D;oBa

HHJO MHOrOKBapKOBOH CTpyKTypbl 11,11;ep. 

Yt~eHbie BHP yqacrnyJOT a peweHHH 3a,D;aliH 

Tpex TeJI, B HCCJie,D;OBaHHRX no TpexllaCTHliHOH 

MO,D;eJIH nHOH-11,D;epHOrO B3aHMO,D;eHCTBH11. 



AKTHBHoe coTpy,IJ.HHqecTBo nposo,IJ.HT JIT<I> 

c yqeHbiMH r.uP. CoBMeCTHbie HCCJie,IJ.oBaHHR: 

HaJipaBJieHbl Ha H3yqeHHe MO,IJ.eJieH KBaHTOBOH 

TeopHH nOJIR: H KBaHTOBOH XpOMO,!J.HHaMHKH. 

Tpa,IJ.HI.UfOHHbiM HarrpasneHHeM 3,IJ.ecb R:BJIHeTcR: 

H3yqeHHe KHpaJibHbiX MO,IJ.eJieH KBaHTOBOH TeO

pHH nOJIR:. llpOBO,!J.R:TCR: HCCJie,IJ.OBaHHR: B036y:lK

,IJ.eHHR: rHraHTCKHX pe30HaHCOB B CJIO)I(HbiX 

R:,!I.pax, KOJIJieKTHBHblX COCTOR:HHH C BhiCOKHM 

CnHHOM, MHOrOKBapKOBhiX CHCTeM B a,!I.pOH

R:,IJ.epHhiX CTOJIKHOBeHHR:X. Be,IJ.eTcR: pa3pa6oTKa 

MeTO,!J.OB OnHCaHHR: rJiy60KOHeynpyrHX CTOJIK

HOBeHHH TR:)KeJihiX HOHOB. 

MHoroneTHee coTpy,IJ.HHqecTBO CBR:3hiBaeT 

na6opaTopmo c TeopeTHKaMH qccP. B nporne,IJ.

rneM ro,IJ.y npose,IJ.eHhi Hccne,IJ.OBaHHR: no TeopHH 

nOJIR: C cPYH,IJ.aMeHTaJibHOH ,!J.JIHHOH, no HeJIO

KaJibHOH MO,!J.eJIH KBapKOB, H3yqeHHIO Mexa- • 

HH3Ma B3aHMO,IJ.eHCTBHR: Me30HOB C R:,!I.paMH 

H TeOpHH BhiCOKOCnHHOBbiX COCTOR:HHH B aTOM

HhiX R:,!I.pax. 

Pa6oThi yqeHbiX H3 cTpaH-yqacTHHU no 3THM 

HarrpasneHHR:M, ony6nHKoBaHHhie 6onee qeM 

B 120 HayqHhiX pa6oTax, cnoco6cTBYIOT 3a

KpeJIJieHHIO npHopHTeTa OMJH1 B Ba)I(HeiirnHx 

HanpaBJieHHR:X TeOpeTHqecKOH cPH3HKH. 

Jla6oparopu.R ebzco~<ux 3Hepzuu. IllHpoKaH 

KOOnepauHR: Jia6opaTOpHH C Hayqno-HCCJie,IJ.O

BaTeJibCKHMH opraHH3aUHR:MH CTpaH-yqaCTHHU 

OHHH nposo,IJ.HJiach npaKTHqecKH no seeM 

HanpasneHHR:M npo6neMHO-TeMaTHqecKoro nna

Ha Ha 1984 ro,IJ.. 21 HayqHaR: TeMa JIB8 BhiJIOJI

HR:JiaCb B COTpy,!I.HHqeCTBe C 101 opraHH3aUHeH 

10 COUHaJIHCTHqeCKHX CTpaH. 06oe,IJ.HHeHHbiMH 

rpynnaMH yqeHbiX npose,IJ.eH pR:,!I. cpyH,IJ.aMeH

TaJihHhiX HCCJie,IJ.OBaHHH Ha ycKOpHTeJIR:X 

OHHH, H<I>B8, [(EPH. Pe3ynhTaThi 3THX Hccne

,IJ.OBaHHH npe,IJ.cTasJieHhi 6onee qeM B 140 ny6-

JIHK~R:x H B BH,IJ.e 69 ,!J.OKJla,IJ.OB Ha Me)K)J.yHa

pO,!I.HbiX KOHcPepeHUHR:X H CHMn03HyMaX. 

BonhrnaR: KOJIJia6op~R: yqeHbiX pa6oTana 

B 3KCnepHMeHTax Ha ,IJ.BYXMeTpOBOH nponaHO

BOH KaMepe. CosMeCTHO c HHCTHTyTaMH HPB, 

BHP, r,UP, MHP, llHP, CPP, CCCP H qccP 

noJiyqeHbl ,!J.aHHbie no KOppeJIR:UHOHHhiM cPYHK

I.UIR:M KYMYJIR:THBHhiX qacTHU H a,IJ.pOHOB conpo

BO)K)J.eHHR: npH B3aHMO,IJ.eHCTBHH npOTOHOB 

C yrnepO,!I.OM H TaHTaJIOM npH 3HeprHH 10 r3B. 

llpOBO)J.R:TCR: HCCJie,IJ.OBaHHH po)K)J.eHHR: CTpaH

HbiX qacTHU H HeHTpaJibHbiX nHOHOB B ueHT

paJibHbiX H KYMYJIR:THBHhiX B3aHMO,IJ.elicTBHR:X 

npOTOHOB, R:,IJ.ep reJIHR:, JIHTHR:, HeOHa H MarHHR: 

C BO,!I.OpO,!I.OM H TaHTaJIOM. 

B 3KcnepHMeHTax Ha ycTaHOBKe BHC-2 

B H<I>B8 (llpoTBHHO) cosMeCTHO c yqeHbiMH 

H3 HPB, BHP, r,UP, CPB, CCCP H qccp ycTa

HOBJieHbi 3aBHCHMOCTH ceqeHHR: po)K)J.eHHR: oqa-

pOBaHH OrO JIR:M6,IJ.a-6apHOHa OT aTOMHOrO HO

Mepa R:,IJ.pa-MHrneHH, nonyqeHbi yKa3aHHR: Ha 

cyw;ec TBOBaHHe acHMMeTpHH ero pacna,IJ.a, H3y

qeHbi CBOHCTBa Hosoro aHOMaJihHO Y3Koro 6a

pHOHHoro pe30HaHCa. B [(H<I>H BAH c,IJ.eJiaH 

OnhiTHhiH o6pa3eU TpeXKOOp,!I.HHaTHOH nponop

UHOHaJibHOH KaMepbi ,!J.JIR: 3TOH ycTaHOBKH. 

B Hccne,IJ.osaHHR:X R:,IJ.epHbiX B3aHMO,IJ.eiicT

BHH Ha ycTaHOBKe .[(HCK COBMeCTHO C HHCTHTy

TaMH HPB, llHP, CPP H CCCP nonyqeHbi ,IJ.O

Ka3aTeJibCTBa cyw;ecTBOBaHHH B R:,IJ.pax MYJihTH

KBapK OBhiX COCTOR:HHH, CHJibHO OTJIHqaiOW:HXCR: 

no cso eii cTpyKType OT HYKJIOHa. 

Ha ycTaHOBKe "Anb¢>a" B coTpy,!I.HHqecTBe 

yqeHbiX H3 HPB, r.n:P, llHP H CCCP o6Hapy)Ke

HO, q To ceqeHHe nepe3apR:,!I.KH R:,IJ.ep reJIHR:-3 

B TpHTHH onpe,IJ.eJIHeTCR: MeXaHH3MOM, npHBO

)J.R:w;HM R B036y)K)J.eHHIO ,IJ.eJibTa-H306apbi B R:)J.

pe-MHliieHH npH cyw;eCTBeHHOH pOJIH KOJIJieK

THBHbiX R:,IJ.epHbiX 3¢>cPeKTOB. CneuHanHCTbi 

[(JIAHll BAH BHecJIH 6oJibliiOH BKJia,IJ. B pa3BH

THe TeX HHqecKHX cpe,IJ.CTB YCTaHOBKH. C HX no

MOW:biO HHcPOpMai.UIR: C YCTaHOBKH CTaJia Bbi,IJ.a

BaTbCR: Ha ,IJ.BYX ,IJ.OnOJIHHTeJibHbiX UBeTHbiX 

,IJ.HCJIJieR:x, a TaK:lKe Ha useTHOM rpa¢>onocTpoH

Tene; npe,IJ.CTaBJieH B nOJib30BaHHe MO,IJ.YJib na

MR:TH ,!J.JIR: cBR:3H c 8BM EC-1010; BhmonHeHbi 

COOTBe TCTByiOw;He pa60Thl no nporpaMMHOMY 

o6ecneqeHHIO. B [(HHH (PocceH,IJ.op¢>) H3ro

TOBJieHbi MO,IJ.YJIH rO,IJ.OCKOna H MaKeT MOHH

TOpa 6 0JibliiHX HHTeHCHBHOCTeH nyqKOB, f<:OTO

pbie y c neliiHO HCnbiTaHbl Ha CHHXpo¢>a30TpOHe. 

B cosMeCTHhiX c yqeHhiMH MHP, llHP, CPP, 

qccP H CCCP 3KcnepHMeHTax no noHcKy 

aHOMaJIOHOB 3aKOHqeHbl npOCMOTp, H3MepeHHR: 

H aHaJIH3 ,!J.aHHbiX B CTOJIKHOBeHHR:X HeOHa-22 

c H,IJ.pa MH ¢>oT03MYJihCHH. Pe3yJihTaTbi ony6nH

KOBaHh i H )J.OJIO)KeHhl Ha Me)K)J.yHapO,!I.HbiX KOH

¢>epeHUHR:X. 

B c 03,IJ.aHHH HOBOH 3JieKTpOHHOH annapaTy

pbi H cpe,IJ.CTB BhiqHCJIHTeJibHOH TeXHHKH yc

neliiHO COTpy,!I.HHqaiOT HHCTHTYTbl BCeX CTpaH-

yqaCTHHU. CosMeCTHO c TY (,Upe3,IJ.eH) H 

[(HHPH ( JieiinuHr) ocyw;ecTsneH nepeso,IJ. 

nporpa MM c6opa H o6pa6oTKH 3KcnepHMeH

TaJihHh iX ,IJ.aHHhiX c 8BM EC-1040 Ha 8BM 

EC-105 5, pa3pa6oTaHa yHHcPHUHpOBaHHaR: cH

cTeMa rrporpaMM npHeMa ,IJ.aHHhiX c 3KcnepH

MeHTOB .UHCK H rHBC ,!J.JIR: EC 8BM. CoB

MeCTHO c HH<I> (llxeHbR:H) C03,IJ.aHa annapaTy

pa ,IJ.JIR: c6opa ,IJ.aHHhiX Ha ycTaHOBKe "Pe3o

HaHc". 

Pac rnHpR:eTCR: cOTPYAHHqecTBO B o6nacTH 

pa3pa6 0TKH TeXHOJIOrHH H C03,!J.aHHR: KpHOreH

HbiX ycTpOHCTB ,!J.JIR: R:,IJ.epHOH cPH3HKH H yCKO

pHTeJieH. B 3THX pa6oTax yqacTByiOT Hayq:Hbie 

opraHH3ai.UIH HPB, r,UP, llHP, CPP, CCCP 

H q c cP. BhmonHeH MOHTa)K Mo,IJ.enbHoro 
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caepxnpoBOARLUero CHHxpoTpoHa Clli1H H Ha
qaTbi HaJiaAOQHble pa60Tbl B TenJIOM BapHaHTe. 

CH B 3aBHCHMOCTH OT pe:>KHMOB OT:>KHra ,nJIR 

H3rOTOBJieHHR B 011.HH nonynpOBO.IUJHKOBbiX 
AeTeKTopoa peHrreHoBcKoro H raMMa·H3nyqe-

Jla6opaTOpUR .RoepHbZX npo611eM. M e)l(Ay- HHR. 

HapOAHOe HayQHo-TeXHHtJecKoe COTPY.IUJHtJeCTBO 
npOBOAHTCR no 30 TeMaM npo6neMHO·TeMaTH· 
qeCKOrO nJiaHa HayQHO·HCCJieAOBaTeJibCKHX pa-
60T C 44 HHCTHTYTaMH H OpraHH3ai.\HRMH CTpaH· 
yqaCTHHU 011.HI1 B o6JiaCTH <}:lH3HKH BbiCOKHX, 
cpeAHHX H HH3KHX 3HeprJlli. 

B HccneAOBaHHRX, npoBOAHMbiX Ha ycTaHOB· 
Ke PI1CK, yqacTBYIOT yqeHbie HPE, BHP, r,UP, 
llHP, qccP H CCCP. B 1984 rOAY OCHOBHbie 
ycHJIHR Konna6opaUHH 6hmH HanpaaneHbi Ha 
o6pa60TKY 3KCnepHMeHTaJibHOH <}:lHJibMOBOH 
HHQ:lopMaUHH. B HeH: npHHRJIH aKTHBHoe yqac
rne cneUHaJIHCTbi l1.HI1.H3 EAH (Co¢ HR), 
U11<DI1 BAH (EyAaneniT), 11<DB3 AH r,UP 
(UoH:TeH) , BaplllaBCKoro YHHsepcHTeTa, <DI1 
qcAH H Kapnoaa yHHBepcHTeTa (llpara) . 

,llJIR ycTaHOBKH "HeH:TpHHHbiH AeTeKTop" 
B U11<DI1 BAH pa3pa6oTaH H HCnhiTaH y npaa
nReMbiH HCTOQHHK BblCOKOrO HanpR:>KeHHR ,nJIR 

seplllHHHOrO AeTeKTOpa, B 11<DB3 (llOHTeH) 3a
sepllleHO H3rOTOBJieHHe AeTeKTOpa 3JieKTp OHOB 
H raMMa·KBaHTOB. 

B 11.H<D (KpaKos) H3rOTOBJieHbi 4 cHr HaJib· 
Hbie nJIOCKOCTH ApeH<}:lOBbiX KaMep, a B 113<D 
CAH • (KolllHUe) 3aseplllaiOTCR pa6oTbi n o H3· 
roTosneHHIO cneuHanbHbiX npoueccopoa 
(apH<}:lMeTHQeCKHX H JIOrHtJeCKHX) ,nJIR 6oJib· 
lllOH 6y<}:lepHOH naMRTH ycTaHOBKH 'THnepoH". 

,llnR 3KcnepHMeHTOB no nporp aMMe 
.HCHAnn a 11.HI1 BAH pa3pa6oTaH H HCnhiTaH 
cneKTpOMeTpHtJeCKHH ycHJIHTeJib ( CHrHan-npO· 
ueccop) , aenHCh pa6oThi no C03AaHHIO 6eTa
cneKTpoMeTpa THna "MHHH-anenbCHH". B paM· 
Kax 3TOH TeMbl nOJibCKHe H MOHrOJibCKHe cne

UHaJIHCTbl yqaCTBOBaJIH B 3KCnepHMeHTax Ha 
ycKopHTene JII1.H<D (raTQHHa), a Teop eTHtJe
CKHX pactJeTaX H o6pa60TKe 3KCnepHMeHTaJib· 

HOH HH<}:lopMaUHH. 
,llJIR HCCJieAOBaHHH Ha Me30HHbiX n yqKax 

ycTaHOBKH "<D" - ¢a30TpoHa 011.HI1 B T exHH· 
qecKOM yHHBepcHTeTe (,llpe3AeH) H3rOTOBJieHbi 
cneKTpOMeTpHtJeCKHH ycHJIHTeJib, npeAy CHJIH· 
TeJib C BblCOKHM BpeMeHHbiM pa3perneHHeM 
H tJeTbipe aHanOrOBbiX 6JIOKa, B 11<D.HT (Eyxa
pecT) HatJaTO MOAeJIHpOBaHHe KaMepbl AeJie

HHR, pa6oTaiOLUeH B JiaBHHHOM pe:>KHMe. 
B 11.HI1.H3 EAH H Co<}:lHHCKOM yHHBepcHTe

Te BeJIHCb pa60Tbl no COBepllleHCTBOBaHHIO 
TeXHOJIOrHH H3rOTOBJieHHR nonynpOBOAHHKO· 
BblX AeTeKTOpOB nyTeM BHeApeHHR HOHOB npH· 
MeCH B o6pa3l1bl, H3rOTOBJieHHbie B 0 11JII1. 
B Jlro6nHHCKOM yHHBepcHTeTe (llHP) n poao
AHJIHCb HCCJieAOBaHHR CBOHCTB 3aLUHTHbiX nne
HOK, a TaK:>Ke napaMeTpOB BHeApeHHOH n pHMe-
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Jla6opaTOpUR .RoepHbZX pea"KijUU. B pa6oTax 
no CHHTe3y TpaHc<}:lepMHeBbiX H CBepXTR:>KeJibiX 
3JieMeHTOB H nOHCKy B npHpOAe peAKHX aTOM· 
HbiX RAep H RAepHbiX npespaLUeHHij yqaCTBOBa· 
JIH cneuHanHCTbi HPE, BHP, r,UP, MHP, llHP, 
CPP, CCCP H qccP. CneuHanHcTaMH EonrapHH 
npOBOAHTCR HenocpeACTBeHHOe H3MepeHHe 
aJib<}:la-aKTHBHOCTH o6pa3UOB Ha BbiCOKOQYBCT· 
BHTeJibHbiX HOHH3aUHOHHhiX KaMepax B HPE, 
C03AaeTCR HOBbiH TepMOHOHH3aQHOHHbiH HC· 
TOQHHK AJIR Macc-cneKTpOMeTpa JI11,lli1A. 

CosMeCTHO c U1111PI1 AH r,UP (JleH:nUHr) 
BBeAeH B AeHCTBHe Jia3epHbiH HCTOQHHK ,nJIR 

3TOH ycTaHOBKH. B 11.HI1 (CaepK) aenach pa3· 
pa60TKa H C03AaHHe nponopUHOHaJibHbiX CQeT· 
QHKOB HeHTpOHOB. 

,llJIR 3KCnepHMeHTOB no H3MepeHHIO 3apRAO· 
BbiX paAHYCOB H RAepHbiX MOMeHTOB RAep 
HHCTHTYTbl qCCP nOCTaBHJIH na6opaTOpHH BCe 
OnTHQeCKHe CHCTeMbl (Ha60pbl JIHH3, 3epKan) 
,nJIR TpaHCnOpTHpOBKH Jia3epHOrO H3JiyqeHHR1 

a TaK:>Ke cneKTpOMeTP ,nJIR H3MepeHHR H KaJIH6· 
pOBKH ,nJIHHbl BOJIHbl OnTHQeCKOrO H3JiyqeHHR. 
B 3THX pa6oTax npHHHMaiOT aKTHBHOe yqacTHe 
coTPYAHHKH 11.HI1.H3 EAH, yHHsepcHTeTa 
(YnaH-EaTop) H cneuHanHCThi KH,llP. 

B paMKax COTPYAHHtJeCTBa no CHHTe3y 
H H3ytJeHHIO xapaKTepHCTHK paAHOaKTHBHoro 
pacnaAa H30TOnOB TpaHc<}:lepMHeBblX 3JieMeH
TOB HatJaTbi nepBbie 3KcnepHMeHTbi Ha ABYX· 
nneqeBOM BpeMRnpOJieTHOM cneKTpOMeTpe 
,ll3MAC. MHorHe Y3Jibi 3TOH ycTaHOBKH (na
BHHHbie CQeTQHKH, n03HUHOHHO·tJYBCTBHTeJib· 
Hbie HOHH3ai.\HOHHbie KaMepbi, CTapTOBbie Ae· 
TeKTOpbi H Ap.) 6hmH H3rOTOBJieHhi B U11.HI1 
AH r,UP. B 11.HI1 (CaepK) H3rOTOBJieHbi 

• n03HUHOHHO·tJYBCTBHTeJibHbie nonynpOBOAHH· 
KOBbie AeTeKTOpbi, B 11.HI1.H3 EAH npoBOAH· 
JIHCb HCnbiTaHHR AeTeKTOpOB raMMa·H3Jiyqe. 

HHR. 
llpoAon:>Kanocb coTpyAHHtJecTso c 11.HI1 

BAH. B na6opaTopHH Ha nyqKe UHKJIOTpoHa 
Y -300 ycnernHo pa6oTaeT 3anyLUeHHbiH 
B 1982 rOAY 3JieKTpOCTaTHQeCKHH cneKTpO· 
MeTp 3CA-21, RBJIRIOLUHHCR yHHKaJibHOH <}:lH3H· 
qeCKOH ycTaHOBKOH, npe.IUJa3HatJeHHOH ,nJIR no
nyqeHHR HH<}:lOpMai.\HH 0 MeXaHH3Me CTOJIKHO· 
BeHHR MHOr03apRAHbiX HOHOB C aTOMaMH. 

B COBMeCTHbiX pa6oTax no C03AaHHIO H CO· 
BepllleHCTBOBaHHIO aBTOMaTH3HpOBaHHbiX CHC· 
TeM UHKJIOTpOHa Y -400 npHHHMaiOT yqaCTHe 
cneuHanHCThi U11<DI1 BAH H BTA BAH, U11.HI1 



AH r.n;P, YHHBepCHTeTa (BapwaBa) H HHH 
(CsepK). 

COTPYAHHKH na6opaTopHH OKa3aJIH co,neH:
CTBHe H KOHCYJibT!lUHH npH C03,ZJ;aHHH B CTpa
Hax-yqacTHHUax 6a30BhiX ycTaHOBOK: UHKJIO
TpOHa Y-250 H MHKpOTpOHa B HPB, Manora6a
pHTHOrQ H30XpOHHOrO UHKJIOTpOHa (BHP), 
MHKpOTpOHa MT-17 (CPB); MHKpoTpoHa 
MT-22 (qCCP). 

Jla6oparopUR HeurpoHHOU ¢u3U'KU. Co
TpYAHHlleCTBO ocymecTBJI.ReTC.R C 90 HHCTHTY
TaMH CTpaH-yqacTHHU 011.HI1. Cl>opMbi coTpy.n
HHlleCTBa - npe,nCTaBJieHHe o6pa3UOB, OT,ZJ;eJib
HbiX 3JieMeHTOB 3KCnepHMeHTaJibHbiX YCTaHO
BOK H npH60pOB, o6pa60TKa 3KCnepHMeH
TaJibHbiX pe3yJibTaTOB H no,nrOTOBKa ny6JIH
KauHH. 

B .R,nepHo-$H3HqecKHx Hccne,noBaHH.Rx 
c Me,!J)leHHbiMH HYKJIOHaMH H H3yqeHHH $yH,na
MeHTaJibHhiX CBOHCTB HeHTpOHOB HaH6onee aK
THBHOe yqacTHe npHHHMaiOT yqeHbie HPB 
H qccP. B H.HI1.H3 BAH co3,naeTc.R .neTeKTop
Ha.R H 3JieKTpOHHa.R annaparypa cneKTpOMeTpa 
,!J)l.R HCCJie,ZJ;OBaHHH OCKOJIKOB ,ZJ;eJieHH.R ypaHa-
235, B llJIOB,ZJ;HBCKOM YHHBepCHTeTe H3rOTOB
JieHa HOHH311UHOHHa.R KaMepa, KOTOpa.R HCnOJib-
3yeTC.R B 3KCnepHMeHTax no 06Hapy:>KeHHIO 3$
$eKTOB HecOXpaHeHH.R npOCTpaHCTBeHHOH qeT
HOCTH. .D;JI.R YCTaHOBKH no H3yqeHHIO raMMa
KBaHTOB B peaKUHH ,ZJ;eJieHH.R .R,nep B Cl>li I.J;3Cl>l1 
(BpaTHCJiaBa) pa3pa60TaHbl H H3rOTOBJieHbl OC
HOBHbie y3Jihi KaMepbi .neneHH.R. Ha peaKTope 
H.HH (llpara) npose,neHbi COBMeCTHbie HCCJie
,ZJ;OBaHH.R peaKUHH (n t y) H ( n .• a ) Ha caMa
pHH-149. 

B peanH311UHH HayliHOH nporpaMMbi no Hc
CJie,noBaHHIO CBOHCTB KOH,neHCHpOBaHHbiX cpe,n 
C nOMOIUbiO HMnyJibCHbiX HCTOliHHKOB HeHTpO
HOB npHHHMaiOT yqacrHe cneuHanHCThi HPB, 
BHP, CPB, r.n;P, KH.D;P, MHP, llHP, CPP, 
CCCP H qccP. Ha cneKTpoMeTpe KOPA npH 
yqacTHH U:11Cl>l1 BAH H 11Cl>TT AH C~CP 3aBep
weHo HCCJie,ZJ;OBaHHe $a30BbiX ,ZJ;HarpaMM 
aMop$HbiX $OpM :>KH,ll;KHX KpHCTaJIJIOB. Y C
neWHO npo,non:>KaeTc.R coTpy,nHHqecTBO c BTIII 
(Mar.ne6ypr) B pa6oTax no co3,naHHIO cneKT
poMeTpa non.RpH30BaHHhiX HeH:TpOHOB CllH-1 
H c U:H.HH (PocceH,nop$) no co3,ZJ;aHHIO cneKT
poMeTpa ,!J)l.R TeKCTypHbiX HCCJie,ZJ;OBaHHH. .IJ;o 
70% MeXaHHqeCKHX y3JIOB 060HX cneKTpO
MeTpOB H3rOTOBJieHbl B r.n;P. B HCCJie,ZJ;OBaHH.RX 
DO ,ZJ;HHaMHKe MOJieKyJI.RpHbiX KpHCTaJIJIOB 
yqacTByiOT cneuHanHCTbi H.Hel> (KpaKos), Kpa
KOBCKoro YHHBepCHTeTa H YHHBepCHTeTa B llo-
3HaHH (llHP), 11K AH CCCP. 11.Hel> nocTaBHJI 
B Jia6opaTOpH10 MeTaJIJIOKOHCTpyKUHH ,!J)l.R yc
TaHOBKH 160 MeTpOB BaKyyMHOrO 3epKaJibHO-

ro HeHTpOHOBO,ZJ;a. CneUHaJIHCTbl HP.D; H nH 
(llpara) H 11.HI1 (CsepK) no pa3pa6oTaHHOH 
MeTO,ZJ;HKe npOBeJIH MeTpOJIOrHqecKHe H3Mepe
HH.R p a,ZJ;HilUHOHHOrO nOJI.R Me,ZJ;HK0-6HOJIOrHqe
CKOrO KaHana HBP-2. 

Jla6o paTOpUJI. 6blllUC/lUT€/lbHOU T€XHU'KU 

u aaToM aTU3aijuu. B 1984 ro.ny na6opaTopH.R 
BeJia COTpy,nHHqeCTBO C HayqHO-HCCJie,ZJ;OBaTeJib
CKHMH opraHH3auH.RMH cTpaH-yqacTHHU OH.HH 
no 24 TeMaM npo6neMHO-TeMaTHllecKoro nnaHa 
HayliHO-HCCJie,ZJ;OBaTeJibCKHX pa60T H Me:>K,nyHa
pO,ll;HOrO COTPY.nHHqecTBa. 

YcnewHo BhinOJIH.RJiacb o.u;Ha H3 rJiaBHhiX 
3a,naq JIBT A - pa3BHTHe H 3$$eKTHBHoe Hc
noJib30BaHHe I.J;eHTpaJibHOrO BbJqHCJIHTeJibHOrO 
KOMnJieKca. CosMeCTHO c U:11.HI1 (PocceH
.nop<P) 6b!JIH npose,neHbi pa6oTbi no C03,ZJ;aHHIO 
H pa3BHTHIO npor_paMM c6opa H o6pa60TKH 
CTaTHCTHlleCKOH HH$OpMauHH 0 KaqecTBe pa6o
Tbl o6opy.nosaHH.R, a TaK:>Ke pecypcax, noTpe6-
JI.ReMhiX nonb30BaTeJI.RMH 3BM. Bse,neHbi B 3K
cnnyaTaUHIO nepBbie sapHaHTbi nporpaMM, 
KOHTpOJIHpyiOIUHX pa6oTy C HH$OpMaUHOHHbi
MH MaCCHBaMH ( $aHJiaMH) DOJib30BaTeJieH, 
,ZJ;OCTyn K HHM H T.n. B 011.HI1 H3 I.J;I111PI1 
(JieH:nuHr) nepe,naH naKeT nporpaMM H3 o6-
mero MaTeMaTHqecKoro o6ecneqeHH.R EC 3BM 
,!J)l.R pa60Tbl C apH$MeTHKOH npOH3BOJibHOH 
TOliHOCTH, H3 BTIII (Kapn-MapKc-IIITa.u;T) nony
qeHa H BHe,npeHa Ha EC 3BM JIHCll-cHcTeyv~a. 
C yqacTHeM HHU: POBOTPOH (r.IJ;P) senacb 
pa3pa60TKa MOIUHOH rpa$HqecKOH CHCTeMbl. 
113rOTOBJieHbl: OnbiTHbiH o6pa3eU rpa$Hlle
CKOrO MOHHTOpa Ha 3anOMHHaiOIUeH 3JIT, 
KOMnJieKC 3JieKTpOHHbiX 6JIOKOB ynpaBJI.RIO
IUeH MHKponpoueccopHOH CHCTeMbi; MHKpO
nporpaMMHpyeMbiH apH$MeTHqecKHH npouec
cop. H H:U: POBOTPOH o6ecneliHJI nocTaBKY 
3HaqHTeJibHOH qaCTH KOMnJieKTYIOIUHX H3,ZJ;e
JIHH. B Hct>n qcAH BhmonHeHa pa3pa6oTKa 
anropHTMa H co3,naHa Ha ero ocHose nporpaM
Ma ,!J)l.R aHaJIHTHqecKOro nOCTpOeHH.R Ha 3BM 
.RBHOrO BH,ZJ;a CHCTeMbl .nH$$epeHUHaJibHbiX 
ypaBHeHHH. 

B o6n acTH co3,naHH.R H pa3BHTH.R aBTOMaTH-
3HposaHHbiX CHCTeM perHCTpaUHH H o6pa60TKH 
H306pa:>KeHHH cymecTBeHHbiH BKJia,ZJ; B pa3pa-
60TKY H HCllbiTaHHe Ha MaKeTe CTpHMepHOH 
KaMepbi TeJieBH3HOHHoro .nanHKa BHeCJIH cne
UHaJIHCTbi HHU: KOM6HHaTa K.U:eH:c ("AeHa), 
KOTOpbie H3roTOBHJIH H nepe,nanH JIBT A P.RA 
onTHqecKHX y3nos. IIIHpoKoe coTpy.nHHqecTBO 
s co3;naHHH annapaTyphi ,!J)l.R BllC ocymecTBJI.R
nocb c U:11Cl>l1 BAH (By,nanewT) H 11.HI1.H3 
BAH (Co$H.R), Ha 6a3e npH6opos llYOC
CAMET- c 11M AH MHP (YnaH-BaTop), 113Cl> 
CAH (K owHue) H Cl>11 qcAH (llpara), cKaHH-
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pyromeH cHcTeMbi A8JIT-2/160- c 11<1>B8 AH 
r.uP (QOHTeH)' U11<1>11 BAH (Ey.nanewT) 
H 111111T CAH (Epanrcnasa). 

B paMKax npo6neMbi co3,naHHH H p a3BHTHH 
nporpaMMHbiX cpe,n:CTB ,nJTH 3KCnepHMeHTOB Ha 
JTHHHH c 8BM TexHHtleCKHH yHHBepcHTeT 
(Ey.nanewT) nepe.nan 011HI1 KOMIIJTeKc npo
rpaMM ,nJTH o6pa60TKH raMMa-cneKTp OB ,ll;JTH 
u;eJTeH aKTHBau;HOHHOrO aHaJTH3a. C y qacTHeM 
coTpy,n:HHKOB U11<1>11 BAH co3.o;aH HOBbiH sa
pHaHT nporpaMM c6opa .D:aHHbiX H KOHTpOJTH 
cneKTpoMeTpa E:HC-2. 

Jla6opaTOpHeH Tpa.D:HUHOHHO npOBO.Il:RTCH 
HCCJTe,D;OBaHHR no MeTo,naM peweHHH HeKOTO
pbiX 3a,naq MaTeMaTHtleCKOH cPH3HKH. CosMecT
HO c 11HCTHTYTOM MaTeMaTHKH EAH no.nroTOB
neH HaytiHbiH o630p 06 yCTOH\IHBOCTH y e.o;HHeH
HbiX sonH. Cneu;HanHcTaMH 11<1>TI qcAH (llpa
ra) pa3pa6oTaH anropHTM H co3,naHa nporpaM
Ma ,nJTH HCCJTe,n:OBaHHH .D:HHaMHKH B3aHMO,neH
CTBHH COJTHTOHOB B paMKax ypaBHeHHH KopTe
Bera-,ne BpH3a. B Hccne.nosaHHHX no 3TOH TeMa
THKe npHHHMaJOT TaK:>Ke yt~aCTHe yt~eHbie BHP, 
CPB, r .UP, KH.UP, Ky6hi, MHP, TIHP H CPP. 
B Hccne.nosaHHHX no penHTHBHCTCKOH H,nepHOH 
Q>H3HKe Ha ycTaHOBKe MACTI:HK-2 6onhWOH 
BKna.n BHeCJTH cneu;HaJTHCThi TIHP. 

.[(JTH OnbiTOB no C03.0:aHHJO CHCTeMbl KpHO
reHHOrO o6ecnet~eHHH MarHHTOB YHK (11<1>B8, 
cct:P) B 11HI1H8 EAH (CoQ>HH) H3rOTOBJTeH 
yMHO:>KHTeJTh t~acTOThi .D:JJH csepxnpoBo.D:Rmero 
pe3oHaTopa. CosMeCTHO c 811 CAH (EpaTH
cnasa) H TY (.Upe3.o;eH) npose.neHbi pa6oThi, 
HanpaBJTeHHbie Ha C03,naHHe 3JTeMeHTOB TeiiJTO
BOH Mo.o;enH csepxnposo.D:Rmero MarHHTa YHK. 

Oroe;t Hoabzx Meroooa ycKopeHUJl. 
B 1984 ro.ny oT,nen sen coTpy,n:HHt~ecTBO no 
6 TeMaM c 10 Hayt~HhiMH u;eHTpaMH HPE , BHP, 
r.uP, CPP H qccP. 

HaH6onee aKTHBHO ocymecTBJT~Ocb co
Tpy,n:HHt~ecrso Ha rJTaBHOM HanpaBJTeHHH pa-
60T OHMY - C03.D:aHHH KOJTJTeKTHBHor o ycKo
pHTeJTH KYTI:f-20. TaK, B TexHHt~ecKOM yHH
sepcHTeTe (.[(pe3,neH) H3rOTOBJTeH CTeH,n ,nJTH 
HCCJTe,n:OBaHHR BaKyyMHbiX CBOHCTB MeTaJTJTOB, 
C03.D:aH pH.D: CHCTeM H y3JTOB C IJ;eJTblO n OBbiWe
HHH ::meKTpHtleCKOH H MeXaHHtleCKOH Ha,ne:>K
HOCTH a.nre3aTopa. B QI1HI1 (P<;>cceH,nopQ>) 
npose.neHa Mo.nepHH3aiJ;HR annapaTyphi .nnH 
,n:HarHOCTHKH 3JTeKTpOH-HOHHbiX KOJTeiJ;. 

B U11<1> (EyxapecT) npose.neHo o6nyt~eHHe HO
HaMH a30Ta H cepbl MHWeHeH H3 canQ>Hpa, 
onpe,neJTeHbl a6COJTJOTHbie BbiXO,nbl pa3HbiX Ka· 

HaJTOB peaKIJ;HH, \ITO n03BOJTHeT H3MepHTh 
3HeprHJO H HHTeHCHBHOCTb YCKOpeHHbiX Ha 
KYT:H-20 HOHOB. 
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HAYqHhiE COBEIIlAHI1H 011HI1 

B 1984 ro.ny O.HHI1 opraHH30BaJT t~eTbipe 

KpynHbie Me:>K,nyHapO.D:Hbie BCTpetiH yt~eHbiX: 

CosemaHHe no npo6neMaM KBaHTOBOH Teo
pHH nonH, CeMHHap no npo6neMaM Q>H3HKH 
BhiCOKHX 3HeprHH, CeMHHap no H36paHHhiM 
npo6JTeMaM CTaTHCTHtleCKOH MeXaHHKH H IIIKO
JTY MOJTO.D:hiX yqeHbiX no npo6JTeMaM YCKOpH
TeJTeH 3apH:>KeHHbiX tlaCTHIJ;. 

VII Me:>K.D:yHapo,n:Hoe cosemaHHe no npo6-
neMaM KBaHTOBOH TeOpHH nOJTH npOXO,Il;HJTO 
c 21 no 25 anpenH a AJTywTe. B pa6oTe co
semaHHH npHHHJTH yqacTHe OKOJTO 120 yt~eHbiX 
H3 CTpaH-ytlaCTHHU 11HcrnTyTa, a TaK:>Ke Be
JTHKo6pHTaHHH, HH.nepnaH.nos H IllseHu;apHH. 
B paMKax ocHOBHOH nporpaMMbi 6biJTO 3acny
WaHO H o6cy:>K,neHO 6onee 60 .D:OKJTa.D:OB, H3 
KOTOpbiX 11 HOCHJTH 0630pHbiH xapaKTep. 
B xo.ne cosemaHHH o6cy:>K,naJTHCh HaH6onee 
aKTYaJThHbie npo6neMhi cospeMeHHOH TeopHH 
nOJTH: MaTeMaTHtleCKHe npo6JTeMbl KBaHTOBOH 
TeOpHH nOJTH H KBaHTOBOH CTaTHCTHKH, KaJTH6-
pOBOtiHbie TeopHH H KX.U, o6'he.o;HHeHHbie Teo
pHH, KHpaJTbHbie TeOpHH H MO.D:eJTH KBapKOBOH 
CTPYKTYPhi a.npoHoB, aKCHOMaTHtleCKHH no.z:;;
xo.o; B KBaHTOBQH TeOpHH nOJTH, a TaK:>Ke 
H36paHHbie BOnpOCbl TeOpHH rpaBHTau;HH . 

B u;eHTpe BHHMaHHR VII Me:>K,nyHaponHoro 
CeMHHapa no npo6JTeMaM cPH3HKH BbiCOKHX 
3HeprHH, npose.neHHoro B .Uy6He c 19 no 
23 HJOHH, 6bmH MYJThTHKBapKOBbie .S3aHMo
,neHcTBHH H KBaHTOBaR XpOMO.D:HHaMHKa; 3Ha
tiHTeJTbHhiH HHTepec Bbi3BaJTH Kal< o6mHe BO
npOCbl TeOpHH, TaK H MO.D:eJTH, OC06eHHO MO,ne
JTH, TeCHO CBH3aHHbie C 3KCnepHMeHTOM. 
B ceMHHape npHHHJTH yqacTHe OKOJTO 200 
npe,ncTaBHTeneH 6onee 60 HaytiHhiX u;eHTpos 
H3 15 cTpaH, a ToM t~Hcne CiliA, <I>Pr, BenHKo-
6pHTaHHH, HnoHHH, HopserHH, TiopTyraJTHH. 
EbiJTO 3acnywaHo H o6cy:>K,neHo 89 .noKJTa,nos 
H coo6meHHH. 

C 22 no 26 asrycTa B .[(y6He IlpOXOAHJT 
III Me:>K.D:yHapo,n:HhiH CHMn03HYM no H36paH
HbiM npo6JTeMaM CTaTHCTHtleCKOH MeXaHHKH. 
Ha cHMn03HyMe o6cy:>K,naJTHCh npo6neMbi Q>a3o
BhiX nepeXO.D:OB H KpHTHtleCKHX RBJTeHHH, BO
npOCbl KHHeTHtleCKOH . TeOpHH, MO.Il:eJThHOI'O 
no,nxo,na H MaTeMaTHtleCKHX MeTO.Il:OB CTaTHC· 
THtleCKOH MeXaHHKH, TeOpHH HeJTHHeHHbiX npo
u;eCCOB B KOH,neHCHpOBaHHbiX cpe,nax, TeOpHH 
COJTHTOHOB, CMe:>KHbiX npo6JTeM KBaHTOBOH 
TeOpHH nOJTH, peJTHTHBHCTCKOH H,nepHOH cPH3H
KH H CTaTHCTHtleCKOH MeXaHHKH. B- pa6oTe 
CHMn03HyMa npHHRJTH yqacrne 120 cneu;Ha
JTHCTOB, B TOM tiHCJTe 37 - H3 Ol:ffll:f, 71 - H3 
CTpaH-ytlaCTHHU 011HI:f, 12 yt~eHbiX npe,n:CTaB
JTHJTH HaytiHbie u;eHTpbi AscTpaJTHH, BenHKo6pH-



XII Me:lK,Ilysapo,IlHbiH ceMHHap no npo6neMaM $H3HKH 

BbiCOKHX 3HeprHH npOXO,IlHn B ,ll;y6He C 19 no 23 HIOH.R 

1984 r. OcHOBHOH TeMoii ceMHHapa 6&ma KBapKOBa.R 

CTpyKTypa .R,Ilep H 3K30TH'IeCKHe MHOrOKBapKOBbte 

COCTO.RHH.R .R,IlepHOH MaTepHH. B pa6oTe CeMHHapa npH

H.RnH yqacTHe 6onee 200 yqeH&IX, npencTasn.RIO~Hx 
64 Hay'IHbiX JleHTpa H3 15 CTpaH MHpa. 

rau~m, .Uauuu, HciTaHHH, Hnumu, Hunepnau
noa, CillA u <l>pauQHH. Ha rrneuapHhiX 3acena
HHHX H 3aCe,ll;aHH.HX ,ll;BYX CeKQHH ( CTaTHCTH'IJe
CKOH MexaHHKH H reopuu conurouoa) 6hmo 
3aiJHTaHO 82 ,ll;OKna,n;a. 

Me)I()J;yHapo.n;ua.H lllKona Mono,ll;biX ytJeHbiX 
no ITpo6neMaM ycKopureneu 3ap.H:>KeHHhiX 
tiaCTHQ, ITpOllle,n;llla.H B ,Uy6ue c 11 ITO 20 ceu
t.H6pR, co6pana oKono 90 yqacTHHKOB. Hayq
Ha.H ITporpaMMa lllKOnhi BKniOtJana B ce6.H 
neKQHH ITO ITpo6neMaM ycKopeHH.H T.H:>KeJihiX 

uouoa, KOTOpbie ITpotJnH aenymue ciTeQHa
JIHCThi COQHanHCTH'IJeCKHX CTpaH, a TaK:>Ke 
Benbruu u <I>Pr. 

B 06'he.n;uueuuoM uucruryre crano rpanu
!.UiOHHhiM ITpoaeneuue pa6otJHX coaemauuu ITO 
ornenbHhiM uaytJHhiM uanpaaneHH.HM H Mero
nuqecKHM pa3pa6orKaM. TaKux coaemauuu 

B 1984 rony ITpoaeneuo 16. BITepBbie ITpoae
neuo Pa6o11ee coaemauue ITO uccnenoaaHH.HM 
KouneucupoaaunhiX cpen ua peaKrope HBP-2, 
a KoropoM ITpHHRJIH yqacrue 6onee 50 ciTe
QHanucroa. Ha coaemauuu 6bmo cnenauo 
OKono 30 noKna.n;oa H coo6meuuu. Pa6otJee 
coaemauue ITO 3KCITepHMentaM ua ITYtJKax 
T.H:>KenbiX HOHOB QHKnOTpOHa Y -400 COCTO.H
JIOCb B Bapue (HPB) . KpoMe roro, OH.HH 
ITpoaen 20 uayquo-oprauH3aQHOHHhiX coaema
HHH. 
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yqACT:HE B HAU:HOHAJibHhiX 
:H ME)I(,lJ;YHAPO.UHhiX KOH<PEPEH U:H.RX, 

C:HMll03:HYMAX,COBEmA H:H.RX 
:H IIIK OllAX 

B 1984 ro.D:y .D:HpeK~HR O:H.R:H HanpaaHna 
CBOH ,ll;eJier~HH H OT,ll;eJibHbiX cne~HaJIHCTOB 

Ha 91 KOH¢lepeH~lO, npOBO,ll;HBlllYlOCR B CTpa
Hax·ytJaCTHH~ax liHCTHTYTa. YtJaCTHe .D:ener~ii 
O:H.R:H a pa6oTe KoH¢>epe~HH no3BOJIHJIO 
,ll;OCTOHHO npe,ll;CTaBHTb Ha HHX HaytJHbie ,ll;OCTH· 
:>KeHHR ytJeHbiX lfHCTHTyTa, 3aKpenHTb npHOpH· 
TeT O:H.R:H B OT,ll;eJI&HbiX 3KcnepHMeHTaJibHbiX 
H TeopeTHlJecKHX HCCJie,ll;OBaHHRX, n 03HaKO· 
MHTbCR C HOBbiMH HaytJHbiMH H,ll;eRMH H COBpe
MeHHOH 3KCnepHMeHTaJibHOH MeTO,ll;HKOH, 
a TaK:>Ke O~eHHTb TeH,ll;eH~HH B pa3BHTHH pa3· 
JIHlJHbiX o6nacTeH HayKH. 

Hau6onee npe,ll;cTaBHTeJI&HbiM 6hmo y qacTHe 
06oe.D:HHeHHoro HHCTHTyTa a XXII M e:>K,ll;yHa
PO.D:HOH KoH¢>epeH~H no ¢>H3HKe BbiCOKHx 
3HeprHH B lleH~Hre (r,UP), Ha KOTOpylO 6bmH 
npe,ll;CTaBJieHbl pannopTepCKHH H o630pHbiH 
,ll;OKJia,ll;bl, a Ta:K:>Ke HecKOJibKO OpHrHHaJibHbiX 
coo6meHHH. 

.UoKJia.D:bi, npe.D:CTaBJieHHbie Ha M e:>K,ll;yHa
po,ll;HOM CHMn03HyMe no R,ll;epHOH cneKTpO· 
CKOnHH B ,Ue6pe~eHe (BHP), npO,ll;eMOHCTpHpO· 
BaJil4 .D:OCTH:>KeHHR O:H.R:H a ucc)le,ll;oBaHHRX 

R,ll;epHOH cTpyKTypbi B pea~HRX c nerKHMH 
H TR:>KeJibiMH HOHaMH. B pa6oTe CHMn03HyMa 
npHHRJIH ytJaCTHe OKOJIO 130 cne~aJIHCTOB, 
a TOM tJHcne 8 H3 O:H.R:H. llpe,ll;CTaBHTen& :HH
CTHTyTa BXO,ll;HJI Ta:K:>Ke B COCTaB Me:>K,ll;YHapO,ll;· 
HOrO KOMHTeTa COBeTHHKOB 3TOrO CHMn03Hy· 
Ma. 

CoTpy,ll;HHKH liHCTHTyTa yqacTaoaanH a IX 
EaponeHCKOH KOH¢lepeH~HH no KOCMHlJeCKHM 
nytJaM (Kolllu~e. qccP), a Me:>K,ll;yHapo,ll;HoM 
CHMn03HyMe no B036y:>K,ll;eHHbiM COCTORHHRM 
R,ll;ep (llO,ll;3b, llHP), B Me:>K,ll;yHapO,ll;HOH KOH· 
¢>epeH~HH no lJHCJieHitbiM MeTO,ll;aM H npHJIO:>Ke
HHRM ( Co¢>HR, HPB) . 

0Kono 300 ytJeHbiX H cne~anHCTOB O:H.R:H 
Bbie3:>KaJIH Ha Me:>K,ll;yHapO,ll;Hbie H H~HOHaJil>· 
Hbie KOH¢>epeH~HH, npoBO.D:HBlllHecR a CoaeT
CKOM CoJ03e. 3To - BcecoJ03Hoe cosemaHHe no 
R,ll;epHOH cneKTpOCKOnHH H CTpyKType aTOMHO· 
ro R.D:pa B AJIMa-ATe, BcecoJ03HbiH ceMHHap 
"qepeHKOBCKHe ,ll;eTeKTOpbi H HX npHMeHeHHe 
B HayKe H TexHHKe" B MocKae, IX Eaponeii
CKaR KOH¢lepeH~HR no np06JieMe HeCKOJibKHX 
Ten a T6HJIHCH, III Kona no ¢>H3HKe TR:>KeJibiX 
HOHOB B Y:>Kropo.D:e H ,ll;pyrHe . 

Cne~HaJIHCTbi 06oe,ll;HHeHHoro HHCTHTyTa 
npHHRJIH ytJaCTHe B 22 KOH¢lepeHUHRX B CTpa
Hax, He RBJIRJOmHxcR tJJieHaMH O:H.R:H, a TOM 
tJHcne B X Me:>K,ll;yHapo.D:HOH KoH¢>epeH~H no 

C 13 no 22 ceHT.116pn 1984 rolla B Y>KropoJle npoxOJlHna Bcecoi03Ha.ll wKona-ceMHHap no I!>H3HKe TJDKenbiX HO· 
HOB, opraHH30BaHHa.ll l1Hl1 AH YCCP. AKTHBHoe Y'laCTHe B pa6oTe wKonbi npHH.IIna npeJlCTasHTen&Ha.ll JlenerauH.II 
y'leHbiX H cneUHanHCTOB Ol1Hl1. 
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QHKJIOTpOHaM H HX npHMeHeHHIO (HCT-JlaH

CHHr, CiliA), CeMHHape no nepcneKTHBaM cpH.-

3HKH BbiCOKHX 3HeprHH (ToKHo), Me')l()l;yHa

POAHOH KOHcpepeHQHH no KpHoreHHOH TexHH

Ke (XeJibCHHKH), X Me:>KAyHapOAHOH KOHcpe

peHQHH no qacTHQaM H HApaM (reiiAeJib6epr, 
<I>Pr) •. 

YtiacTHe B KOHcpepeHQH.RX no3BOJI.ReT, Hap.R

AY c npHHRTHeM paQHOHaJibHbiX npaKTHtiecKHx 

perneHHH, 6onee TO~O H npaBHJibHO HaMeTHTb 
OCHo'BHbie CTpaTerHtieCKHe JIHHHH pa3BHTH.Fl 

TeopeTHtieCKHX H 3KCnepHMeHTaJibHbiX HCCJie

AOBaHHH B OH.RH. 

3KCKYPCHH B OH.RH 

' B 1984 rOAY B 06ne,ll;HHeHHOM HHCTHTyTe • 

.R,ll;epHbiX HCCJie,!J;OBaHHH 6biJIO npHH.RTO 98 

B HIOne 1984 ro)la ,Ily6Hy noceTHilH l.lpe3Bbi'IaHHbiH 

H ilOilHOMO'IHbiH nocon l.ICCP B CCCP M.3asa)lH11 

H nocon MHJlHH B CCCP, HHOCTpaHHbiH 'IJleH AH CCCP 
Hypyn XacaH, KOTop&Ie no6&IB811H s na6opaTopHRX 

OMRM H 03HaKOMH11HCb c BeJly~HMHCR s MHCTHTyTe 

HCCJleJlOBaHHRMH. Ha CHHMKax : noco11 l.ICCP B Jla6opa

TOpHH BbiCOKHX 3HeprHH ( CHHMOK BBepxy) ; DOCOJl 

MHJlHI'I B Jla6opaTOpHH HeHTpOHHOH Q>H3HKH ( CHHMOK 

BHH3y). 

3KCKy pCHOHHbiX rpynn 06J..QeH ~CJieHHOCTblO 
1450 qeJI., H3 HHX 92 rpynnbl H3 CTpaH-ytiaCT· 

HHQ H 6 - H3 .D;pyrHx cTpaH. Cpe.D;H npH6biBlllHX 

.D;JI.Fl 0 3HaKOMJieHH.Fl C HCTOpHeH HHCTHTyTa, 

OCHOBHbiMH HanpaaJieHH.RMH HayqHbiX HCCJie,!J;O

BaHHH H 3KCnepHMeHTaJibHbiMH YCTaHOBKaMH 

6biJIH nOCJibl qccP H HHAHH, .D;HnJIOMaTHtiecKHe 

pa6oTHHKH pHAa cTpaH, pyKOBOAHTeJIH H cne

QHaJIHCTbi KOMMeptieCKHX npe,ll;npH.RTHH rLJ.P, 

qccP, BenHKo6pHTaHHH, 6oJibllla.R rpynna Kop

pecnoH.D;eHTOB, aKKpe.D;HTOBaHHbiX B MocKse, 

CTy.D;eHTbl cpH3HtieCKHX H TeXHHtieCKHX cpaKyJib

TeTOB BbiClllHX yqe6HbiX 3aBe,!J;eHHH CTpaH

ytiaCTHHQ H .D;pyrHe. 

CB.R3H C HAYqHhiMH UEHTPAMH CTP AH, 

HE .RB JI.fiiOII.{HXC.R yqACTHHUAMH OH.RH, 

H ME)I(LJ.YHAPOLI.HhiMH OPr AHH3AUH.RMH 

OH.RH HMeeT TpaAHI.\HOHHoe coTpy.D;HHtiecT

so H CB.Fl3H C Hay~biMH 1.\eHTpaMH CTpaH-He

yqaCTHHI.\ HHcTHTyTa. B 1984 roAy OH.RH Bbi

noJIH.RJI C HHMH 6onee 20 GOBMeCTHbiX pa60T. 

B 3TOM COTPYAHHtieCTBe Ba:>KHoe MecTo 3aHHMa

eT UEPH, c KOTOpbiM OH.RH HMeeT nno.D;OTBop

Hbie CB.Fl3H y:>Ke OKOJIO 25 JieT. 

Kpy nHhiM no MaClllTa6y .RBJI.ReTc.R cosMecT

HbiH MlOOHHbiH 3KcnepHMeHT OH.RH-UEPH 

(NA-4). B OTtieTHOM rOAY 6hmH nonytieHbi AaH

Hbie n o HCCJie,!J;OBaHHIO .R,ll;epHbiX 3cpcpt!RTOB 

B cTpy KTypHbiX <l>YHKI.\HRX HYKJIOHOB. Pe3yJih
TaTbi 3THX HCCJie,!J;OBaHHH 6biJIH npe.D;CTaBJieHbl 

Ha X X II Me')l()l;yHapOAHOH • KOHcpepeHI.\HH no 

cpH3HKe BbiCOKHX 3HeprHH B JleHnl.\Hre. 

C 1 982 ro.qa OH.RH npoao.D;HT BMecTe 

C HTaJib.RHCKHMH yqeHbiMH 3KCnepHMeHT no 

HCCJie,IJ;OBaHHIO B3aHMO,ll;eHCTBH.Fl aHTHnpOTOHOB 

c nerKHMH .R.D;paMH Ha ycKopHTene LEAR 

UEPHa. B TetieHHe 1983-1984 reAOB 3.D;eCb npo

Be.D;eHbi 3KCn03Hl.\HH CTpHMepHOH KaMepbi 

B nytiK e aHTHnpOTOHOB. ilOJiytieHbl ,IJ;eC.RTKH 

TbiC.Flti cpOTOrpacpHH, KOTOpbie o6pa6aTbiBalOTC.Fl 

B LJ.y6He H HTanHH. llepBbie pe3yJibTaTbi no Bbi

XOAY r eJIH.R-3, no aHHHrHJIHI.\HH aHTHnpoTOHOB 

B .R.D;pax reJIH.R-4 .D;OJIO:>KeHbl Ha KOHcpepeHQHH 

B Jieiin QHre. 

· B 1 984 ro.D;y no,IJ;nHcaHo cornallleHHe Me:>KAY 

OH.RH H UEPH o6 yqacTHH HHCTHTyTa B Kpyn

HOMaClllTa6HoM 3KCnepHMeHTe .[{EJI<l>H Ha 

CTpO.RJ..QeMC.Fl 3JieKTpOH~n03HTpOHHOM KOJIJiaH

,ll;epe U EPHa LEP . B OnbiTHOM npoH3BOACTBe 

HHCTHTyTa HatiaJIOCb C03,!J;aHHe yqacTKa AJI.Fl 

MaCCOBOrO H3rOTOBJieHH.Fl H HaJia,!J;KH CTpHMep

HbiX .D;eTeKTOpOB a,ll;pOHHOrO KaJIOpHMeTpa yc
TaHOB KH LJ.EJI<l>H. 

C HTaJib.RHCKHMH ytieHbiMH H3 MHnaHa H Bo

JIOHhH, nocne ycnelllHoro 3asepllleHH.R pa6oTbi 
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B 06'be,!lHHeHHOM HHCTHTyre npO,!lOm~aeTC.II DO,!lrOTOBKa K KpynHOMY 3KCnepHMeHTy Ha BCTpe'IHhiX 3JieKTpoH· 
no3HTpOHHhiX ny'IKax ycKopHTeJI.R LEP B U EPHe (ycTaHOBKa .UEnci>.H). Ha CHHMKax : o6cYl!<AeHue sonpocos 
COTPY.!lHH'IeCTBa, nnaaos pa6oT no co3,!laHHJO B ,Uy6ae ,!leTeKTopos anpoaaoro KanopnMeTpa ,!lJI.R ycTaHOBKH 
.UEn<I>H: c npencTasnTen.RMH UEPHa. 

116 



Ha yCTaHOBKe M:HC, HaqaTa nowoTOBKa K HO
BbiM 3KCnepHMeHTaM Ha MlfC-2 B lf<I>B3 
(llpOTBHHO) . 

llpO.D;OmKaJIHCb COBMeCTHbie C :UeHTpOM 
a,nepHOH cneKTpOCKOnHH H Macc-cneKTpOMeT
pHH ( Opc3) pa60Tbi no HCCJieAOBaHHIO csoiicTB 
HeHTpHHO B pa.D;HOaKTHBHOM pacna,ne.B 1984 r. 
nposeiJ,eHbi HCCJie.D;OBaHIDI $YHKUHH OTKJIHKa 
Ha 3JieKTpOCTaTHqeC:KHX 6eTa-cneKTpOMeTpax, 
3aBepweHO MOAeJIHpOBaHHe 3KCnepHMeHTa no 
noHcKy ABOHHoro 6e3HeHTpHHHoro 6eTa-pac
na.D;a, npose.D;eHbi pa6oTbi no C03AaHHIO cneKT
poMeTpa peHTreH-raMMa COBna,neHHH. 

Cyi.QecmeHHbiH BKJia,n BHOCRT COTPYAHHKH 
yHHBepcHTeTa XenbCHHKH B o6pa60TJ<:Y 3Kcne
pHMeHTaJibHbiX MaTepHanos c ABYXMeTposoii 
QOAOPOAHOH KaMepbi "JliOAMHJia". TaM npose
AeH npOCMOTp MaTepHaJIOB, nonyqeHHbiX npH 
pa6oTe KaM~pbi C BHyTpeHHeH TpeKoqyBCTBH-

TeJibHOH MHWeHbiO. lloJiyqeHHbie AaHHbie 
(OKOJIO 1000 C06biTHH) BKJIJOqeHbi B aHaJIH3 

TOnOJIOJ'HqecKHX ceqeHHH. 

B C<I>PIO B lfHcTHTyTe $H3HKH npH yHHBep
CHTeTe (Benrpa,n), lfHCTHTyTe $H3HKH H MaTe
MaTHKH (THTOrpa,n), a TaiOKe B lfHAHH B YHH
sepCHTeTax 11aHAHrapxa H BeHapeca npoBOAHJI
cR npOCMOTp H H3MepeHHR CmtMKOB B3aHMO
.D;eHCTBHH peJIRTHBHCTCKHX R.D;ep C JierKHMH 
H TR)I(eJibiMH R.D;paMH. 

B :U.Rlf ( CTpac6ypr) npoBOAHJiaCb o6pa6oT
Ka 3KCnepHMeHTaJibHbiX AaHHbiX C OAHOMeTpO
BOH BOAOPOAHOH KaMepbl. B ,Uy6Hy npe.D;CTaB
JieHbi npe.D;BapHTeJibHbie pe3yJILTaTbi o6pa6oT
KH. 

lfHCTHTYT npO.D;OJI)I(aJI no.D;Aep)I(HBaTb Hayq
Hbie CBR3H C HayqHbiMH UeHTpaMH <I>Pr, lfHCTH
TYTOM HHJILca Bopa (KoneHrareH) , Me)l(,ll;yHa
POAHbiM · ueHTpOM no TeopeTHqecKoii $H3HKe 
(TpHeCT) H MHOI'HMH ApyrHMH IleHTpaMH. 
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CnPABKA 
o p83BMTMM MUCAYHIPOAHoro COTpYAHM'IecTaa M caRaei 

061t8AMH8HHOrO MHCTMyYT8 RA&pHitiX MCCft8AOB8HMM 38 n&PMOA 1972-1984 rr. 

lf-~'9 
BH~ coTpy~HHqecTBa 

nn 

I. KonHqecTBO KOMaH~HPOBOK 

cneQHanHCTOB H3 CTpaH

yqacTHHQ B OHRH (6e3 
COBe~aHHH, HO C yqeTOM 

npHe3~0B no KOHTpaKTaM) 

2. KonHqecTBO KOMaH~HPOBOK 

cneQHanHCTOB OHRH B CTpaHhl

yqacTHHQbl 

• 

3. KonHqecTBO HayqHb~, 
MeTO~HqeCKHX H HayqHo

opraHH33QHOHHbiX COBe~aHHH 

4. KonHqecTBO KOMaH~HPOBOK 

Ha Me)f(AyHapO~Hble KOH$epeH

~HH H B HayqHhle QeHTphl 

CTpaH-HeyqaCTHHQ 

5. KonHqecTBO npHe3~0B 

cneQHanHCTOB H3 CTpaH

HeyqacTHHQ 

6. KonHqecTBO CTHneH~aTOB 

OHRH 
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, 

1972 1974 

503 826 

431 426 

29 38 

132 .112 

226 206 

15 8 

1976 1978 1980 1982 1984 

1079 1010 1216 1284 1364 

508 502 558 486 554 

39 49 40 45 40 

130 I I I 109 117 108 

321 188 93 I I I 175 

13 9 7 7 5 



nEPE'tEHb 
HlyoiHitiX M HlyoiHG-OpriHM381UIOHHitiX COBI~MM, 

npGeiAIHHitiX Ofilo8AMH8HHitiM MHCTMTyYOM fiA8pHitiX Mccn8AOB8HMM 

a1984 fOAY 

HasaaHHe coae~aHHH BpeMH MecTo KonHt~ecTao 

yqaCTHHKOB 

I. Coeeup.HWl, UP(O/ltJt, CUMYZ03UYM1J1 

I. VII Me~yHapOAHOe coae~aHHe 
no npo6JieMaM KBaHTOBO~ TeOpHH 
nOJIH 

2. VII Me~yHapOAHhl~ ceMHHap 
no np06JieMaM ~HSHKH BhlCOKHX 
3HeprH~ 

3. III Me~yHaPOAH~ CHMnos~YM 
no HS6paHHhlM np06JieMaM CTaTHCTH
tleCKO~ MeXaHHKH 

4. Me~yHapOAHaH mKona MOJIOA&m yt~eHhlX 

no npo6neMaM ycKOPHTene~ sapH~eHHhlX 
t~acTH~ 

2I-25 anpeJIH AnymTa, CCCP 

I9-23 .HIOHH 

22-26 aarycTa ny6Ha 

II-20 CeHTH6pH ny6Ha 

I I. Pa6o~ue COBe!JlClHWl 

5. Coae~aHHe no He~TPHHHOMY AeTeKTOpy 

6. Coae~aHHe no HCCJieAOBaHHm HeynpyrHx 
HAePHhlX BSaHMOAe~CTBH~ npH BhlCOKHX 
9HeprHHX 

7. Coae~aHHe no 3KcnepHMeHTaM 
Ha cneKTPOMeTpe fHBC 

8. Coae~aHHe no HccneAOBaHHHM 
Ha yCTaHOBK-e 11JboAMHJia 11 

9. Coae~aHHe no HCCJieAOBaHHHM 
Ha 2-MeTpOBO~ nponaHOBO~ KaMepe 

IO. Coae~aHHe no coaMeCTHOMY OHHH-UEPH 
~OHHOMY 3KCnepHMeHTY 

II. Coae~aHHe no HCcJieAOBaHHHM 
Ha I-MeTpOBO~ BOAOPOAHO~ nyShlPhKOBO~ 

KaMepe 

I2. Coae~aHHe no 3KcnepHMeHTaM 
Ha ycTaHOBKe BHC-2 

I3. Coae~aHHe no npo6neMaM o6pasoaaHHH 
I'HnepHAep H noHCKY cynepHAep 
B npOTOH-HAePHhlX BSaHMOAe~CTBHHX 

I4. Coae~aHHe no 3KcnepHMeHTaM Ha nyt~Kax 

I7- I9 HHBapH 

I4- J6 ~eapa~H ny6Ha 

I3- I 5 MapTa ny6Ha 

27- 29 MapTa ny6Ha 

24-26 anpeJIH ny6Ha 

I6- I 7 MaH ny6Ha 

22-24 MaH ny6Ha 

22-24 MaH ny6Ha 

29-3 I MaH 

II9 

I86 

I20 

88 

62 

50 

45 

35 

50 

50 

28 

55 

30 

TH~eJlhlX HOHOB ~HKJIOTpoHa Y-400 I3- I9 ceHTH6pH BapHa, HPB 57 

IS. Coae~aHHe no HccneAOBaHHm 
KOHAeHCHpOBaHHb~ cpeA Ha HBP-2 25- 27 ceHTH6pH ny6Ha 52 

.. 
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16. CoBe~aHHe no HccnegoBaHHHM 
Ha 2-MeTpOBOH nponaHOBOH KaMepe 

17. CoBe~aHHe no nporpaMMe 
HCCnegoBaHHH Ha ycTaHOBKe ~CHATITI 

18. CoBe~aHHe no 3KcnepHMeHTaM 
Ha ycTaHOBKe BHC-2 

19. CoBe~aHHe no HccnegoBaHH~ 
KorepeHTHoro o6pasoBaHHH 
6osoHHbiX cHcTeM Ha ycTaHOBKe MHC 

20. CoBe~aHHe no nporpaMMe HccnegoBaHHH 
Ha ycTaHOBKe AHKC-CHrMA 

2-4 OKTH6pH 

2-4 OKTH6pH 

9-J) OKTH6pH 

23-25 OKTHeipH 

30 OKTH6pH
) HOH6pH 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

III. Ha~HO-OpcaHU3~UOHH~e COB~HUR 

21. 55 ceccHH YqeHoro coBeTa OH~H 
H ero CeKI.J;HH no cPH3HKe Bb!COKHX 
3HeprHH, cPH3HKe HH3KHX 3HeprHH 
H TeopeTHqeCKOH cPH3HKe 

22. KoMHTeT IlonHoMoqHbiX IlpegcTaBHTene:H 
cTpaH-yqacTHHI.J; OH~H 

23. KOMHTeT no CTPYKType Hgpa 

24. KoMHTeT no HeHTPOHHOH cPH3HKe 

25. KOMHTeT no cPH3HKe TH)J(enhiX HOHOB . 
26. KaMepHbiH KOMHTeT 

27. <l>OT03MynbCHOHHbiH KOMHTeT 

)0-14 HHBapH 

20-22 MapTa 

10-12 anpenH 

10-12 anpenH 

10-12 anpenH 

17-19 anpenH 

17-19 anpenH 

28. KoMHTeT no 3neKTPOHHbiM 3KcnepHMeHTaM · I 7-19 anpenH 

29. 56 ceccHH YqeHoro coBeTa O~H 
H ero ceKI.J;HH no cPH3HKe Bb!COKHX 
3HeprHH, cPH3HKe HH3KHX 3HeprHH 
H TeopeTHqeCKOH cPH3HKe 

30. CoBe~aHHe KoHTponbHOH KOMHCCHH 
<l>HHaHCOBOrO KOMHTeTa 

31. CoBe~aHHe <l>HHaHCOBoro KOMHTeTa 

32. KoMHTeT no CTPYKType Hgpa 

33. KoMHTeT no HeHTpOHHOH cPH3HKe 

34. KOMHTeT no cPH3HKe TH)J(enhiX HOHOB 

35. KaMepHbiH KOMHTeT 

36. <l>OT03MynbCHOHHbiH KOMHTeT 

37. KoMHTeT no 3neKTPOHHb~ 3KcnepHMeHTaM 

38. CeKI.J;HH YqeHoro coBeTa no cPH3HKe 
Bb!COKHX 3HeprHH 

39. CeKI.J;HH YqeHoro coBeTa O~H 
no TeopeTHqecKOH cPH3HKe 

40. CeKI.J;HH YqeHoro coBeTa O~H 
no cPH3HKe HH3KHX 3HeprHH 
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5-9 H~HH 

12-14 ~HH 

J3-J5 HOHeipH 

13-16 HOH6pH 

)3-15 HOH6pH 

13-15 HOH6pH 

19-23 HOHeipH 

20-23 HOHeipH 

19-23 HOH6pH 

27-29 HOHeipH 

28 HOHeipH 

4-6 geKaeipH 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

59 

56 

56 

45 

40 

140 

65 

30 

30 

30 

30 

30 

30 

136 

I 3 

25 

30 

30 

30 

30 

30 

30 

40 

22 
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nEPE'tEHb 
M'*AYH8poAHitiX M H8 .. MOH8JIItHitiX ICOHciJepeH .. MM, CMMR03MYMOB, 

COB81Q8HMM M WKOn, B ICOTOpltiX npMHMM8JIM Y'I8CTM8 CR&IlMBJIMCTitl 

061o&AMHeHHOrO MHCTMTYT8 AA&PHIIIX MCCJ18AOB8HMM B 1984 rOAY 

HaHMeHOBSHHe 
nn 

MecTo 
npoBe,n;eHHH 

BpeMH 
npoBe,n;eHHH 

HbH¢epeH~uu e cmpaHax-~acmHu~ 0~ 

I. IV BcecowsHNH ceMHHap no penn
THBHCTCKOH BhlCOKOtrSCTOTHOH 
9JieKTPOHHKe 

2. BcecowsHaH KOHI}lepeH~H "Mo~bie 
reHepaTOpbl H YCHJIHTeJIH HS peJIHTH-

CCCP, MocKBa 

BHCTCKHX sneKTpOHHbiX noToKax" CCCP, MocKBa 

3. Me~yaapo,n;aan IIIKOJia no pacceHHHW 
HeHTpOHOB 

4. XX 3HMHHH mKona no TeopeTHtrecKOH 

r,[(P, 
lliTap;T BeneH 

I}>HSHKe ITHP, Kapnatr 

5. CeMHHap no penHTHBHCTCKOH TeOPHH 
nonn BHP,Byp;anemT 

6. 16 Me~yaapop;Hblli CHMnOSHYM no 
I}>HSHKe pap;Ha~HOHHOH 3~Tbl r~P, ~pesp;eH 

7. VIII Me~yHapo,n;aan KOHI}lepeH~HH 
11 BbiCOKHH BaKyyM, rpaHH~I pasp;ena/ 
TOHKHe nJieHKH 11 r.[(P, ~esp;eH 

8. 13 CHMnOSHYM no $H3HKe H TeXHHKe 
HHSKHX TeMnepaTyp r,[(P, rayCCHr 

9. BcecowsHhlH CHMnOSHYM "Heo,n;aopo,n;- CCCP, 
Hble 9JieKTPOHHhle COCTOHHH.fl 11 HOBOCH6HpCK 

10. III Me~yaapo,n;Ha.fl KOHI}lepeH~HH 
no MeTO,D;HKe 9KCnepHMeHTOB 
Ha BCTpetrHhlX nytrKaX 

II. 3HMHHH mKona no I}>HSHKe n,n;pa 
H 9JieMeHTapHb~ trSCTH~ 

12. CoBe~aaue cne~HaJIHCTOB cTpaa
trJieHOB C3B no nepcneKTHBHhlM 
MO,D;YJibHhlM CHCTeMaM 

13. Me~yaapo,n;aan KOHI}lepeH~HH 
"OnTHKa-84" 

14. XIV Me~yaapop;Hblli CHMnoSHYM 
no 3JieKTpOHHOH CTPYKType 
MeTaJIJIOB H CnJISBOB 

CCCP, 
HOBOCH6HpCK 

CCCP, r aTtrHHa 

r,[(P, ~pesp;eH 

BHP, By,n;anemT 

r,[(P, rayccHr 

22-24 .fiHBapH 

24-26 HHBapH 

30 HHBap.fl-
3 l}leBpanH 

20 l}leBpann-
3 MapTa 

28 l}leBpann-
3 MapTa 

5-9 MapTa 

5-7 MapTa 

5-9 MapTa 

12-14 MapTa 

15-21 MapTa 

3- I I anpenH 

4-6 anpenn 

23-28 anpenn 

9-13 anpen.fl 

15. VII KoHI}lepeH~HH. "KpHoreHHKa-84" qccP,Bpa TncnaBa 10-12 anpenn 

KonHtreCTBO 
ytraCTHHKOB 

2 

2 

3 

2 

2 

5 
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16. 34 CoBe~aHHe no RgepHOH cneKTpo
CKOnHH H CTPYKType aTOMHOro Rgpa 

17. BcecoffisHaR KOH~epeH~HR 
11 KBapK-agpOHHble H MaJlO'IaCTH'Il-lble 
CHCTeMbl11 

18. II CHMnosHyM "HyxnoH-HYKJIOHHble 
H RgepHble B3aHMOgeHCTBHR npH 
npOMeJK)TTO'IHbiX 3HeprHRX11 

19. Pa6oqee coBe~aHHe "YpaBHeHHe 
JlaHgay-JlH~IIIHQa" 

20. TionbcKo-coBeTCKHH ceMHHap 
"AnnapaTypa KAMAK gnR aBTOMaTHSa~H 
HayqHb~ HCCJiegOBaHHH H ynpaBJieHHR 
npOH3BOgCTBOM II 

21 • Me~YHapogliaR KOH~epeH~R 
no RgepHOH cneKTpOCKOnHH 

22. CoBeTCKO-HTaJibRHCKHH CHMnosHyM 
no cna60H CBepxnpOBOgHMOCTH 

23. VI Bcecoffi3HbiH ceMHHap no ~HsHKe 
H TeXHHKe HHTeHCHBHb~ HCTO'IHHKOB 
HOHOB H HOHHb~ ny'IKOB 

24. BcecoffiSHbiH ceMHHap "KBapKH-84" 

25. VI TipH6aJITHHCKaR KOH~epeH~HR 
no coBpeMeHHb~ npo6neMaM gH~e

• peHQHaJibHOH reoMeTpHH H HX npH
JIO)KeHHRM 

26. VII BapmaBCKHH CHMnOSHYM no ~HSHKe 
3JieMeHTapHb~ 'laCTHQ 

27. CHMn03HYM no ~OTOXHMHH 

28. EBponeHcKaR KOHll!epeHQHR "~aSOBble 
nepeXOgbl H KPHTH'IeCKHe RBJieHHR 11 

29. V BcecoffiSHblH CHMnOSHYM no CHJibHo
TO'IHOH 3JieKTPOHHKe 

30. BcecoffisHoe coBe~aHHe "~oToRgepHble 
gaHHbie. AHanHs H npHMeHeH»e 11 

31. CHMn03HYM no KBaHTOBOH TeOpHH nOJIR 

32. V CeMHHap no TO'IHb~ HSMepeHHRM 
B RgepHOH cneKTpOCKOnHH 

33. XIV CoBe~aHHe no ~HSHKe BSaHMo
geHCTBHR sapR)KeHHb~ 'laCTHQ 
C KpHCTaJIJiaMH 

34. CHMnOSHYM, nocBR~eHHbiH naMHTH 
M.CKJIOgOBCKOH-KffipH 

35. III CeMHHap no npo6neMaM HH~opMa
THKH H ee npHMeHeHHR B ynpaBJieHHH 
H Hay'IHbiX HCCJiegoBaHHRX 
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CCCP, AnMa-ATa 

CCCP, AnMa-ATa 

CCCP, faT'IHHa 

CCCP, KHeB 

CCCP, T6HJIHCH 

BHP, ,lle6peQeH 

CCCP, MocKBa 

CCCP, KHeB 

CCCP, T6HJIHCH 

CCCP , T aJIJIHH 

TIHP, KasHMe)K 

'lJCCP, 3pyq 

f,llP, fepHpoge 

CCCP, 
HOBOCH6HpCK 

CCCP, MocKBa 

CCCP, MocKBa 

CCCP, HoBropog 

CCCP, MocKBa 

TIHP ' Jlffi6JIHH 

HPB, fene'IHQa 

17-20 anpenR 

23-29 anpenR 

23-26 anpeJIR 

24-26 anpenR 

24-26 anpeJIR 

14-18 MaR 

14-18 MaR 

14-17 MaR 

15-17 MaR 

17-19 MaR 

21-25 MaR 

21-24 MaR 

21-24 MaR 

22-24 MaR 

22-24 MaR 

23-31 MaR 

23-25 MaR 

28-30 MaR 

30 MaR
l HffiHR 

10-16 HffiHR 

37 

4 

I I 

2 

3 

8 

4 

18 

5 

2 

2 

3 

2 

6 

2 

3 

2 



36 0 VI p aooqHH ceMHHap "IIpouecCbl 
c oonbiiiHMH nonepeqH&MH HMTiynb
caMH B ap;pOHHbiX BSaHMOp;eHCTBHHX11 

3 7, Me>Kp;yHapop;HbiH CHMnOSHYM no BOSOyx<
p;eHHb~ COCTOHHHHM Hp;ep 

38. IV Paooqee coBem;aHHe "JKH,o;KoKpHcTan
nHqecKoe COCTOHHHe B OHOnOrHqecKHX 
CHCTeMaX H HX MOp;enHX11 

39. CoBeTcKo-~HHCKHH ceMHHap no Hcnonb
soBaHHID B 3HepreTHKe H 3neKTPOTeX
HHKe H3,IJ;enHH H3 CBepxnpOBO,IJ;Hm;HX 
MaTepHanOB H Mep;HbiX cnnaBOB 

40. 16 KOH~epeHUHH 11 BHOXHMHH-84 ti 

41. IX KoHrpecc Me>K,o;yHapop;HoH 
~ep;epaUHH no aBTOMaTH3aUHH 
ynpaBneHHH 

42. Me>K,o;yHapop;Hoe coBem;aHHe no npooneMaM 
KBaHTOBOH XpOMOp;HHaMHKH B BhlCOK0-
3HepreTHqeCKHX ap;pOHHbiX peaKUHHX 

43. BcecoiOsHaH KOH~epeHUHH "CoBpeMeHHble 
TeopeTHqecKHe H 3KcnepHMeHTanbHhle 
npooneMbi TeOpHH OTHOCHTenbHOC TH 
H rpaBHTaUHH11 

44. VIII CeMHHap no ~H3HKe BhlCOKHX 
3HeprHH H TeOpHH nonH 

45. BcecoiOSH&IH ceMHHap "l.lepeHKOBCKHe 
p;eTeKTOpbl H HX npHMeHeHHe B HayKe 
H TeXHHKe 11 

46. 27 CHMTIOSHYM no MaKpoMoneKynaM 

47. XXII Me>K,o;yHapo,o;HaH KOH~epeHUHH 
no ~H3HKe BbiCOKHX 3HeprHH 

48. IX EBponelicKaH KOH~epeHUHH 
no KOCMHqecKHM nyqaM 

49. XIII Me>K,o;yHapop;HaH KOH~epeHUHH 
no npHMeHeHHIO ,IJ;H~epeHUHanbHO
reoMeTpHqecKHX MeTO,IJ;OB B TeopeTH
qeCKOH ~H3HKe 

50. Me>K,o;yHapop;HaH KOH~epeHUHH "X-84" 

51. IX EBponelicKaH KOH~epeHUHH 
no npooneMe HecKOnbKHx Ten 

52. II CoBem;aHHe no HOH-aTOMHb~ 
C TOnKHOBeHHHM npH Bb!COKHX 3HeprHHX 

53. VI reHepanbHaH KOH~epeHUHH EBpo
neHCKOro ~H3Hqeci,OrO oom;eCTBa 

54. XVI Me>K,o;yHapop;HaH WKOna no Hp;epHoA 
~H3HKe 

55. 6 Me>K,o;yHapop;H&W CHMn03HYM no Bhl
qHcnHTenhHOH CTaTHCTHKe 

CCCP , IIpOTBHHO 

IIHP, Jlop;sb 

CCCP, IIYUI;HHO 

CCCP, MocKBa 

CCCP, MocKBa 

CCCP , MocKBa 

CCCP , IIpOTBHHO 

CCCP , MocKBa 

l.ICCP , Ilpara 

r,llP , JleAnUHr 

l.ICCP , KoiiiHue 

HPB , lliYMeH 

r,llP , JleHnUHr 

CCCP , T6HnHCH 

BHP , ,lle6peueH 

l.ICCP , IIpara 

IIHP , MHKonaHKH 

l.ICCP , IIpara 

12-14 HIDHH 

25-29 HIOHH 

25-27 HIOHH 

26-27 HIOHH 

28-29 HIDHH 

2-6 HIDnH 

2-7 HIOnH 

3-5 HKlnH 

9-15 HIDnH 

10-17 HIOnH 

16-19 HIOnH 

19-25 HIOnH 

20-25 aBrycTa 

20-25 aBrycTa 

20-25 aBrycTa 

25-31 aBrycTa 

28-30 aBrycTa 

27-31 aBrycTa 

27 aBrycTa-
9 ceHTHOpH 

27-31 aBrycTa 

• 

10 

4 

2 

5 

2 

3 

9 

11 

15 

2 

32 

3 

2 

2 

15 

4 
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56. Me~YHaPOAHaH KOH~epeH~H 
no qHcneHHb~ MeTOAaM H npHno~eHHHM 

57. Me~yHaPOAHaH WKOna no aTOMHb~ 
H HAePHb~ B3aHMOAeHCTBHHM 

HPB, Co~HH 

TH~enh~ HOHOB CPP, BpamoB 

58. III CHMno3HYM no ~H3HKe noBepxHocTH qccP, CMoneHH~e 

59. Me~yHaPOAHaH KOH~epeH~HH 
H coBe~aHHe pa6oqeH rpynnbi " BonHbi 
3aPHAOBOH nnOTHOCTH B TBePAbiX 
Tenax" BHP, ByAanemT 

60. III CoBeTcKo-HnOHCKHH CHMn03HYM 
no cerHeTo9neKTpHqecTBY 

61. Me~yHapOAHbiH CHMn03HYM no Xp OMaTo-

CCCP, 
HoBocHf:'SHPCK 

rpa~HH BHP, CereA 

62. XVIII illKona no aBTOMaTH3a~HH 
HayqHbiX HccneAOBaHHH CCCP, AnMa-ATa 

63. illKona no ~H3HKe TH~enbiX HOHOB CCCP, Y~ropOA 

64. IX CeMHHap "Ilpo6neMbi nOBbmieHHH 
9~~eKTHBHOCTH HCnOnb30BaHHH 3BM 
6onblliOH npoH3BOAHTenbHOCTH 11 CCCP, TaWKeHT 

65. VI Me~YHaPOAHbiH CHMn03HYM n o TeopHH 
HH~opMa~HH CCCP, TaWKeHT 

66. VIII KoH~epeH~H no coBpeMeHHb~ 
. npo6neMaM AH~epeH~HanbHOH 
reoMeTpHH CCCP, 0Aecca 

6 7. Me~yHaPOAHaH WKona "HenHHeHHbie 
HBneHHH B KOHAeHcHpoBaHHb~ c p eAax" HPB, BapHa 

68. XII Me~yHapOAHbiH CHMn03HYM no BHP, 
XHMHH ropftqHX aTOMOB 

69. XI Me~YHaPOAHhlH CHMno3HYM no 
9neKTpHqeCKOMy pa3pHAY H 9neKTpH
qeCKOH npoqHOCTH B BaKyyMe 

70. Me~yHapOAHaH KOH~epeH~HH 
11 CTpyKTypa aAPOHOB-84" 

BanaTOH~IOpeA 

r)U', BepnHH 

qccP, CMo.heHH~e 

27 aarycTa-
2 CeHTH6pH 

28 aBrycTa-
8 CeHTH6pH 

3-7 CeHTH6pH 

3-14 CeHTHf:'SpH 

9-14 CeHTH6pH 

10-14 CeHTH6pH 

13-22 CeHTH6pH 

13-22 CeHTH6pH 

17-21 CeHTH6pH 

18-22 CeHTH6pH 

20-21 CeHTH6pH 

21-30 CeHTH6pH 

23-28 CeHTH6pH 

24-28 CeHTH6pH 

24-28 ceHTH6pH 

71. III Pa6oqee coBe~aHHe no npeAenbHOH 
~parMeHTa~HH HAep CCCP, Hop-AM6epT 25-28 ceHTH6pH 

72. Bcecoi03HaH KOH~epeH~HH "JloKanbHbie 
BbiqHcnHTenhHbie ceTH11 

73. illKona-ceMHHap no KBaHTOBOH 
MeTponorHH 

7 4. Bcecoi03HbiH HayqHo-MeTOAHqecKHH 
ceMHHap "IIpo6neMbi HayqHo-TeXHHqe
cKoro aHanH3a 6aHKa AaHHbiX HHHC 
H nyTH nOBbmieHHH 9~eKTHBHOCTH 

ero Hcnonb30BaHHH 11 

75. II CeMHHap no cnHHOBb~ HBneHHHM 
B ~H3HKe BbiCOKHX 9HeprHH 
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CCCP, PHra 25-27 ceHTH6pH 

CCCP, JleHHHrpaA 1-5 OKTH6pH 

CCCP, TaWKeHT 2-4 OKTH6pH 

CCCP, IlpOTBHHO 8-10 OKTH6pH 

4 

4 

2 

2 

2 

5 

26 

4 

6 

3 

3 

2 

3 

3 

3 

3 

3 

9 



76. CHMnosHYM cTpaa-qneHOB C3B 
11 COCTO.R:HHe H•nepcneKTHBbJ paSBHTH.R: 
,o;eTeKTOPOB HOHHSHPYJO~X HSnyqeHHH11 

77. III BcecorosHbiH ceMHaap no o6pa6oTKe 

TIHP, BapmaBa 

~HsHqecKOH HH~pMaqKH CCCP , UaxKap;sop 

78. ·Me:lK,IJ;yaapO,IJ;HhlH CHMD09HYM no TeOpHH 
sneMeHTapHbJX qacTH~ 

79. III BcecorosHbiH ceMHHap no aBTo
MaTHSa~H HayqHbJX HCCnep;OBaHHH 
B .R:p;epHOH ~H9HKe H CMe~ 

r,llP, ApeHCXOOn 

o6nacT.R:X CCCP , T6HnHCH 

80. V Bcecorosaa.R: mKona "ABTOMaTH9a~.R: 
H 3~eKTHBHOCTb HayqHbJX HCCnep;oBa-
HHH11 • CCCP ' llpOTBHHO 

. 81 . III CeMHHap "KBaHTOBa.R: TeopH.R: 
rpaBHT~HH11 CCCP , MocKBa 

82. 23 Bcecorosaoe coBe~aHHe no ~HSHKe 
HH9KHX TeMnepaTyp 

83. Me:lK,IJ;YHapo,o;Ha.R: mKOna "ABToMaTHsa
~.R: H aayqaoe npH6opocTpoeHHe 11 

84. Me:lK,IJ;yaapo,o;abiH KOnnoKBHYM no HH~op
Ma~HOHHOH TeXHHKe H TeopeTHqecKOH 
::meKTPOTeXHHKe 

85. Bcecorosaa.R: KOH~epeH~.R: no HH~opMa
THKe 

86. COBMeCTHblH ceMHHap neiin~rcKoro 
H Bpo~aBcKoro yHHBepcHTeTOB 
no TeOpeTHqecKOH ~H9HKe 

87. 14 Me~yaapo,o;H&m CHMDOSHYM no aBTo
pa,o;Horpa~HH 

88. CHMnOSHYM no BonpocaM BSaHMo,o;eiicT
BH.R: 6bJCTPbJX HeHTpOHOB C .R:p;paMH 

89. Koa~epeH~H.R: no npoBo,o;.R:~M o,o;aoMep
HbJM CHCTeMaM 

90. 6 CeMHHap "3neKTPOMarHHTHhle 
B9aHMO,D;eHCTBH.R: .R:p;ep npH Man&~ 
H cpep;HHX 9HeprH.R:X11 

91. IX BcecorosHoe coBe~aHHe no ycKo
pHTen.R:M sap.R:~eHHb~ qacTH~ 

CCCP , TannHH 

HPB, Bapaa 

f,!J;P, RrlbMeHay 

CCCP , MocKBa 

fJlP, llelin~r 

f,!J;P , fleHn~Hr 

f,!J;P, fayccHr 

CCCP , MocKBa 

Jly6 a 

KoH¢epeH~uu e cmpaHax-He~acmH~ 

I. Me:lK,IJ;yaapo,o;aoe coBe~aHHe no .R:p;epHOH 
~HSHKe C T~enbJMH HOHaMH 

2. 3HMH.R:.R: mKOna no ~yap;aMeHTanbHOH 
.R:p;epHOH ~H9HKe 

3. IV EBponeHCKa.R: KOH~epeH~.R: no o6~ 
npo6neMaM ~H9HKH KOHp;eHCHpOBaHHb~ 
cpe,o; 

ABcTpH.R:, XHpmer 

11TanH.R:, TpHecT 

HH,o;e pnaH,o;bi, 
raar a 

8-12 OKT.R:6p.R: 

8-14 OKT.R:6p.R: 

21-27 OKT.R:6p.R: 

22-26 OKT.R:6p.R: 

22 OKT.R:6p.R:-
2 HO.R:6p.R: 

23-25 OKT.R:6p.R: 

23-25 OKT.R:6p.R: 

24-31 OKT.R:6p.R: 

29 OKT.R:6p.R:-
2 HO.R:6p.R: 

29 OKT.R:6p.R:
) HO.R:6p.R: 

12-23 HO.R:6p.R: 

19-23 HO.R:6p.R: 

19-23 HO.R:6p.R: 

3-7 ,o;eKa6p.R: 

16-)8 OKT.R:6p.R: 

16-21 .R:HBap.R: 

7 ~eBpan.R:-
30 MapTa 

19-23 MapTa 

7 

2 

9 

5 

5 

3 

2 

2 

3 

2 

18 

63 

2 
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4. Me~yHapOAHaH mKona no cyneprp asa
TaqHH 

5. KoH~epeHqHH no cna6b~ B3aHMo
AeHCTBHHM 

6. X Me~yHaPOAHaH KOH~epeHqHH 
no ~HKnOTpOHaM H HX npHMeHeHHID 

7. KoH~epeH~HH no nHHeHH~ ycKopHTe
nHM (JlliHAK-84) 

8. CeMHHap no nepcneKTHBaM ~H3HKH 
BbiCOKHX :meprHH (HKcllA) 

9. Me~yHaPOAHaH KOH~epeHqHH 
"P.eHTpHH0-84 11 

10. 14 KoH~epeHqHH no CToxacT~ecKHM 
npoqeccaM 

HTanHH, TpaecT 

HTanHH, BonOHbH 

ClliA, 
HcT-JlaHCHHr 

cllPr, 
,llapMmTaAT 

.HnoHHH, TOKHO 

cllPr, ,llopTMyHA 

lliBeqHH, 
reTe6opr 

II. Me~yHapOAHaH KOH~epeHqHH no ynbTpa
penHTHBHCTCKHM HApO-HAepHb~ B3aHMo- cllHHnHHAHH, 
AeHCTBHHM XenbCHHKH 

12. Me~yHapOAHaH KOH~epeH~HH no ~H3HKe BenHK06paTaHHH, 
rny6oKOHOHH3HposaHHbm aTOMOB 0Kc~OPA 

13. Me~yHapoAHaH KOH~epeH~HH no Kpao- cllHHnHHAHH, 
reHHOH TeXHHKe XenbCHHKH 

14. X Me~yHaPOAHaH KOH~epeH~HH cllPr, 
no qacTH~aM H HAPaM re~enb6epr 

15. lii Me~yHapOAHbiH KPHCTannorpa~H-
qecKHH KOHrpecc H COnyTCTB~~e 

KOH~epeH~HH 

16. Me~yHapOAHbm caMn03HYM no ~H3HKe 
TH)J{enbiX HOHOB 

17. X CHMn03HYM no MHKponpoqeccop aM 
H MHKponporpaMMHpOBaHHW 

I 8. Me~yHapOAHbiH CHMn03HYM 
no opaeHTa~HH HAep, YAaneHHbm 
OT nHHHH CTa6HnbHOCTH 

19. VI Me~yaapOA~ CHMn03HYM 
no CnHHOBOH ~H3HKe npH BbiCOKHX 
3HeprHHX 

20. 7 Me~yaapoAHaH KOH~epeaqHH 
no TeKCTypaM MaTepHanOB 

21. XX Me~yHapOAHaH . mKona no ~H3HKe 

3neMeHTapHbiX qacTaq 

22. Me~yHaPOAHaH KOH~epeHqHH 
no HAepHOH XHMHH H p~HOXHMHH 
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cllPr, raM6ypr 

.HnoHHH, TOKHO 

,llaHHH, 
KonearareH 

BenbrHH, 
JleseH 

cllpaHqHH, 
Mapcenb 

ronnaHAHH, 
HoopABHKepxoyT 

IOrocnaBHH, 
,lly6pOBHHK 

cllPr, JlHHAay 

3-29 anpenH 

22 anpenH-
5 MaR 

30 anpenH-
3 MaH 

7-11 MaH 

12-21 MaH 

10-16 HWHH 

10-19 HWHH 

17-21 HWHH 

30 HWHH-
6 HI<l11.!1 

30 HJOJIH-
3 asrycTa 

30 HJOJIH-
3 asrycTa 

9-24 asrycTa 

24-30 asrycTa 

26 asrycTa-
1 CeHTH6pH 

28 asrycTa-
1 ceHTH6p.!l 

I o- I I ceHTH6pH 

15-22 CeHTR6pH 

16-30 ceHTH6pH 

7-14 OKTR6pH 

3 

4 

2 

2 

2 

2 

4 

9 

4 

2 

3 

2 

2 

2 

4 



- HAY~HAH MH~OPMA~MH 



M3.o.aTenbCKMH oT.o.en 

lh,naTenhCKHH OT,nen B 1984 ro,ny BbinYCTHn 
B cseT 912 HaHMenosrumii 6pouuop- coo6me
HHH H rrperrpHHTOB 011fll1. KonHt~ecTBO H3AaH
HhiX cny:>Ke6HbiX MaTepHanOB COCTaBHnO 256 
HaHMeHOBaHHH. 06I..UHH o6"beM BCeX H3,naHHH-
1600,76 yt~eTHO-H3.IJ:aTenbCKHX nHCTOB. 

YsH.nenH cseT 11 c6opHHKOB Tpy.nos cose
I..UaHHH H KOHcPepeHUHH, opraHH30BaHHbiX 
06"be,nHHeHHbiM HHCTHTYTOM H 5 BbinYCKOB 
"KpaTKHX coo6meHHH Ol.ffll.f" - HOBOI'O rre
pHOAHtleCKOI'O c6opHHKa, rrpe,nHa3HatleHHOI'O 
,nnH cpOtiHbiX HaytiHbiX rry6nHKaUHH. 

B pe,naKUHH nayt~Hhix :>Kypnanos, ua Kon<Pe
peHUHH, CHMI103HYMbl B 1984 ro,ny HarrpasneHO 
1242 cTaThH H .noKna.na, co.nep:>Kai..UHX pe3ynh
TaTbi TeopeTHtleCKHX, 3KCIIepHMeHTanhHbiX 
H MeTOAHtleCKHX pa60T, BbinOnHHeMbiX B l.fH
CTHTyTe B COOTBeTCTBHH C ero IIpo6neMHO-Te-

• MaTHtleCKHM rrnaHOM. 
CTaTbH COTPYAHHKOB rry6nHKOBanHCb B Ta

KHX :>Kypuanax, KaK "I13BeCTHH AH CCCP", 
")l(ypHan 3KCIIepHMeHTanbHOH H TeopeTHtle
CKOH cPH3HKH", "TeopeTHt~ecKaH H MaTeMaTH
qecKaH cPH3HKa", "flpH60pbl H TeXHHKa 3KCIIe
pHMeHTa", "fl,nepHaH cPH3HKa", "<l>H3HKa 3ne
MeHTapHbiX tlaCTHU H aTOMHOI'O H,npa", " ATOM
HaH 3HeprHH", "Nuclear Physics", " Nuclear 
Instruments and Methods", "Reports on Mathe
matical Physics", "Journal of Physics" H .np. 

HaY~Ho·TeXHM~e cKaa 
oMonMoTeKa 

B 1984 ro.ny t~Hcno tiHTaTeneii uayqno-Tex
HHt~ecKoii 6H6nHOTeKH H ee cPHnHanOB COCTa
BHnO 6300 qenOBeK, B TOM tiHCne CBbiUie 800 
qenOBeK npH6biBUIHX B Ol.ffll.f B KOMaH,nHpOB
KH. KonHt~ecTBO Bbi,nauuoii 3a ro.n nHTepaTyphi 
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B 51 cTpaHy MHpa paccbmanHCh ny6nHKa
UHH ,lly6Hbl. 22 HOBbiX a,npeca IIOHBHnHCb 
B CIIHCKe paCCbinKH ny6nHKaUHH. 

B o6MeH ua HHcPOPMa!lHJO o pa6oTax, Bhi
nonnHeMbiX B ,Uy6ue, uayquo-TeXHHtleCKaH 
6H6nHoTeKa 11HCTHTyTa nonyt~Hna 10081 rrpe
npHHT, 132 HaHMeHOBaHHH :>KYPHanOB H 276 
MOHOrpacPHH. 

,llnH onepaTHBHOI'O HHcPOpMHpOBaHHH tiHTa
TeneH HaytiHO-TeXHHtleCKOH 6H6nHOTeKH 0 HO
BbiX nocTynneHHHX rrpo.non:>KancH BhmycK 
3Kcnpecc-6JOnneTeneii HTB H naTeHTHoro oT
.nena. BbiUien B cseT e:>Kero,nHbiH 6H6nHorpa<PH
qecKHii yKa3aTenh pa6oT coTpy,nHHKOB 011fll1 
3a 1983 ro,n H OTtleT 0 ,neHTenbHOCTH Ol.ffll.f 3a 
1983 ro.n. 

KpoMe ny6nHKa!lHH nperrpHHTOB, coo6me
HHH, c6opHHKOB, a TaK:>Ke MaTepHanoB KoMHTe
Ta flonHOMOtiHbiX flpe,nCTaBHTeneH H yt~eHbiX 
COBeTOB H3,naTenbCKHM OTAenOM BbinOnHeHbi 
MHOI'OtiHCneHHbie 3aKa3bl Ha KCepOKOIIHpOBa
HHe. 3a ro.n H3roTosneuo 6onee 465 ThiCHtl 
KcepOKOIIHH. 

BhmonnHnHcb 3aKa3bi na nepenneTHbie pa-
6oThi - nepenneTeHO OKOnO 5 TbiCHtl TOMOB. 
,llnH o6pa60TKH 3KCIIepHMeHTanbHOH HHcPOpMa
UHH H .npyrHx ueneii H3I'OTOBneuo 6onee MHn
nHoua pa3nHtiHbiX 6naHKOB. 

H IIpOCMOTpeHHOH Ha BbiCTaBKax HOBbiX IIO
CTynneHHH - 371 TbiCHtla 3K3eMnnHpOB. flo 
3aHBKaM tiHTaTeneii nonyt~eno no Me:>K6H6nHo
TetiHOMY a6oneMeHTY (MBA) 2082 Ha3BaHHH 
KHHr H :>Kypuanos. Bhmonueuo 1090 tiHTaTenh-



CKHX 38JIBOK, llOCTynHBWHX H3 6H6JIHOTeK 
CoaeTcKoro Coro3a. 

flo BCeM HCTOIIHHKaM KOMnJieKTOBaHH.fl 
(nOKynKa, llO,ll;llHCKa, KHHroo6MeH) B 1984 r. 
nocTynHJio 17567 3K3eMrm.RpOB KHHr, npe
npHHTOB, nepHOAH'llecKHX H3AaHHH, B TOM 'liHC
Jie 7963 .- Ha HHOCTpaHHbiX .fl3biKax. llpO,ll;OJI
)KaJiaCb pa6oTa no O'liHCTKe Q>oHAa oT ycTapes
weH: JIHTepaTypbi, ony6JIHKOBaHHbiX npenpHH
TOB, CnHCaHO 3a npoWe,ll;WHH rOA 14 TbiC.fl'll 
3K3eMnJI.RpOB. 

Ha 1 .RHBap.R 1985 ro.D:a 6H6JIHOTe'liHbiH 
Q>OHA COCTaBJI.ReT 385 TbiC.fl'll 3K3eMrm.RpOB, 
H3 HHX 159 TbiC.fl'll Ha HHOCTpaHHbiX .fl3biKax. 

Bee nocTynHBwHe H3AaHHR caoeapeMeHHO 
o6pa6aTbiBaJIHCb H OTp~aJIHCb B ~eHTpaJib
HOM KaTaJIOre H B KaTaJIOrax Q>HJIHaJIOB. 
BBe,ll;eHO OKOJIO 20 TbiC.fl'll KapTO'lleK Ha HOBbie 
llOCTynJieHH.R, H3'b.RTO 13 TbiC.fl'll KapTO'lleK Ha 
CnHCaHHYIO JIHTepaTypy H3 BCeX KaTaJIOrOB 
6H6JIHOTeKH. flonOJIHHJIHCb HOBbiMH ny6JIHKa
~MH TeMaTH'lleCKUe KapTOTeKH; BBe,ll;eHO 
32355 KapTo'lleK. KapToTeKa ny6nHK~H co
TPYAHHKOB l1HCTHTyTa nonoJIHHJiacb 3953 Kap
TO'liKaMH. llo,ll;rOTOBJieH H H3AaH "YKa3aTeJib 
pa6oT COTPYAHHKOB 0l1.Hl1 3a 1983 ro,ll;". 

B 1984 rOAY 6H6JIHOTeKoH: 6bm no,ll;rOTOB
JieH K ne'llaTH YKa3aTeJib TPYAOB aKaAeMHKa 
H.H.Boronro6oaa K 75-JieTHIO co AHR po)K.ll:e
HH.R. E)KeHeAeJibHO BhmycKaJIHCb 3Kcnpecc-
6roJIJieTeHH 0 HOBbiX llOCTY!IJieHH.RX 6H6JIHOTe
KH: "KHHrH", "llpenpHHTbi", "CTaTbH"; Bbiny
Ir(eHO 156 HOMepoB, BKJIIO'liHBWHX HOBYIO HH
Q>opM~HIO Ha 24083 Ha3BaHH.fl. 

E)KeHeAeJILHO o6HoBJI.RJIHCb BbiCTaBKH Ho
BbiX llOCTynJieHHH KHHr, npenpHHTOB, Ha KO
TOpbiX 6bmO npe,ll;CTaBJieHO 8230 HOBbiX Ha3Ba
HHH, nocTynHBwHx B 6H6JIHoTeKy. 

Bbmo opraHH30BaHO 12 TeMaTH'l!ecKHx Bhi
CTaBOK JIHTepaTypbi, B TOM 'liHCJie BbiCTaBKa 
K 75-neTHIO co AH.R po)K.ll:eHH.R H.H.Boronro-
6oaa. 

OBMEH l13.[(AHl1.HMl1 

Bcero 3a 1984 roA B Hay'liHO-TexHH'llecKyiO 
6H6JIHOTeKy Ol1.Hl1 nocTynHJIO B nopHAKe o6-
MeHa 10358 ny6JIHK~HH H3 45 CTpaH, B TOM 
'liHCJie H3 UEPHa-2170. B nop.RAKe o6MeHa 
B HTB 6ecrmaTHO nocTynaiOT Hay'liHbie )KypHa
Jibi H3 22 CTpaH (132 Ha3BaHH.R). 

KoHKpeTHOe KOJIH'lleCTBO nocTynneHHH no
Ka3biBaeT cne.D:yromru~ Ta6n~a: 

HaHMeHosaHHe 
CTpaHbi 

llpe- )l(yp-
npHHTbl HaJibi 

CTpaHbl-yr.wcTHUtlbl OHHH 

Bonrapu.R 
BeHrpH.R 
r.nP 
Ky6a 
MHP 
flOJibWa 
PyMbiHH.fl 
CCCP 
qeXOCJIOBaKHR 

158 
138 

1 
86 
53 

2366 
15 

2817 

8 
5 
4 
1 

10 
15 
32 
11 

86 

Jf.pyzue cTpaHbl 

KHHrH 

4 
3 

10 

7 
24 

130 
3 

181 

u MeJICoynapooHble opzanu3at~uu 

ABCTpaJIH.fl 
ABcTpH.R 
AJI)I(Hp 
APE 
BeJibrHR 
Bpa3HJIH.R 
BeJIHKo6pHTaHH.R 
BeHecy3Ji a 
rpe~H.fl 
.[(aHH.fl 
EapaTOM 
3ana,ll;HbiH BepJIHH 

l1HAH.fl 
l1paH 
l1pJiaHAH.fl 
l1CJiaHAH.R 
l1cnaHHH 
l1TaJIH.fl 
KaHa,ll;a 
KonyM6H.R 
MeKCHKa 
HHAepJiaHAbi 
HopserHR 

flopTyraJIHH 
CIIIA 

<l>HHJI.RHAH.R 
<l>paH~H.fl 
<I>Pr 

Illsei:f~a H.R 
UEPH 
Illae~H.R 

IOrocJiaBH.R 
HnoHH.R 

50 
43 

6 
19 
20 

255 
267 

11 
7 

71 

16 

61 
1 

18 
1 

41 
430 
185 

1 
5 

38 
21 

9 
1777 

95 
415 
769 

190 
2170 

60 

460 

7512 

06mee KOJIH'lleCTBO 10329 

1 
3 

5 

1 

1 
1 

5 

1 

6 

5 
7 

2 

1 
7 

46 

132 

37 

1 

1 

4 

1 
2 

1 

28 

2 
11 

11 

3 

102 

283 

129 



HaTeHTHbiM 

OTABn 

IlaTeHTHbiH OT,D;eJI npOBOAHJI CHCTeM aTH'Ie

CKyiO pa6oTy no BbU'IBJieHHIO C03,D;aHHbiX B XO

,D;e BbinOJIHeHlUI Hay'IHO-HCCJie,D;OBaTeJibCKHX 

pa60T H306peTeHHH H HX npaBOBOH OXpaHe, 

a TaK:>Ke perJiaMeHTHbie pa60Tbl B CBH3H C HC

nOJib30BaHHeM H306peTeHHH. 

IIP ABO BAH 3AIIl:HT A 
H: H:CI10flb30BAHME H:30BPETEHH:A: 

Ilonyt~eHo nono

:>KHTeJibHhiX 

peweHHH no 3aHB

KaM Ha H306pe

TeHHH 

licnOJib30BaHO 

H306peTeHHH 

130 

1984 r. 

60 

23 

1958-1984 rr. 

981 

486 

IlOBbiWeHHIO 3$$eKTHBHOCTH HayqHO-npo

H3BO,D;CTBeHHOH ,D;eHTeJlbHOCTH HHCTH'ryTa cno

C06CTBOBaJia pa60Ta B 06JiaCTH paqHOHaJIH3a

UHH, npOBO,D;HMaH naTeHTHbiM OT,D;eJIOM COB

MeCTHO C TeXHH'lecKHMH COBeTaMH no H306pe

TaTeJibCTBY H paqHOHaJIH3aqHH na6opaTOpHH 

H liHCTHTyTa. 

PAUH:OHAnH:3ATOPCKH:E 
IIPE,WIOJKEHH:H 

licnOJib30BaHO 

paqHOHaJIH3aTOpCKHX 

npeMO:>KeHHH 

3KOHOMH'lecKHH 

3$$eKT OT HC

nOJib30BaHHH 

H3o6peTeHHH 

H paqHOHaJIH3aTOp

CKHX npeAJIO:>KeHHH 

(TbiC.py6.) 

1984 r. 1958-1984 rr. 

583 11898 

14,5 •2339,2 



AAMMHMCTPATMBHO· 
X03HMCTBEHHAH 
AEHTEnbHOCTb . . 



K A .UPhl 

lJHcJJeHHOCTh coTpyAHHKOB Olf.Rlf Ha 31 .ne-
Ka6pR: 1984 ro,na COCTaBJJR:eT 7360 qeJJoBeK. 

Pacnpe.neneHHe no KaTeropHRM noKa3aHO 
B Ta6JJHI~e: 

KaTeropHR lJHCJJeHHOCTh 
pa60THHKOB 

s na6opaT. B npOH3· 
H ynpaBJJ. BO,nCTB. Bcero 

no,npaa.n. 

Ha}"IHbiX 
pa60THHKOB 1132 - 1132 

lhoKeHepOB 1665 251 1916 

TeXHHKOB, 
MacTepos 220 148 368 

Pa6oqHX 1888 1475 3363 

Cny:>Kall.(Hx 275 205 480 

Mn:a,nwero 
o6CJJy,K. 
nepcoHana 13 64 77 

YqeHHKOB 7 17 24 

Bce.ro: 5200 2160 7360 

B 06'he,nHHeHHOM HHCTHTyTe R:,nepHbiX HC
CJJe,nOBaHHH pa60T~T 5 aKa,neMHKOB: 
H.H.Boromo6os, A.M.Ban,nHH, B.M.lloHTeKop
so, r.H.Cl>nepos, lf.M.Cl>paHK; 5 qneHOB-KOp
pecnoH,neHTOB aKa,neMHH HayK: H.H.ros opyH, 

B.ll.,ll:>Kenenos, 11.3sapa, M.r .MemepnKos, 
)l.B.IIIHpKoB; 153 ,nOKTOpa HayK, 549 KaH,nH
,naTOB HayK. 

B 1984 ro.ny npHHRTO 850 qenoseK, H3 HHX: 
HayqHhiX pa60THHKOB - 223, HH)KeHepOB -
127, TeXHHKOB H MaCTepOB - 49, pa6oqHX -
336, yqeHHKOB - 29, CJJy:>KamHX - 72, MJJa,nWe
ro o6cny:>KHBawmero nepcoHana -14. 

YsoJJeHo H3 Olf.Rlf 3a 3TOT :>Ke nepHo,n 
B CBR:3H C OKOHqaHHeM CpOKa pa60Tbl H 110 
,npyrHM npHqHHaM- 851 qeJJoBeK. 

B TeqeHHe ro.na yqeHbiMH H Hay~o-TexHHqe
CKHMH . COBeTaMH 06'be,nHHeHHOrO HHCTHTYTa 
R:,nepHbiX HCCJJe,nOBaHHH H36paHbl Ha ,nOJJ:>KHO
CTH Ha HOBble CpOKH 143 HayqHbiX COTpy,nHH
Ka. 3BaHHe npo<f>eccopa npHCBOeHO 4 COTpy,n
HHKaM, 3BaHHe CTapwero Hay~OrO COTpy,nHH
Ka- 5, 3BaHHe MJJa,nwero HayqHoro coTpy,nHH
Ka- 21. 

B TeqeHHe 1984 ro.na 3all.(HTHJJH KaH,nH,naT
cKHe ,nHCCepTaQHH 27 COTpy,nHHKOB H ,nOKTOp
CKHe ,nHCCepT~HH - 9 COTpy,nHHKOB. 

ct>lfHAHCOBA.R .UE.RTEJThHOCTb 

KoMHTeT llonHOMoqHbiX llpe,ncTaBHTeJJeH 
npasHTeJJ&CTB rocy.napcTB-qJJeHoB 06'be,nHHeH
Horo HHCTHryTa R:,nepHbiX HCCJJe,nOBaHHH ,nJIR: 
npose,neHHR Hay~o-Hccne.nosaTeJJhCKHX pa6oT, 
KanHTaJihHOrO CTpOHTeJJhCTBa H ,npyrHX Mepo
npHR:THH, CBR:3aHHbiX C ,neR:TeJJhHOCThiO lfHCTH
ryTa, Ha 1984 ro.n accHrHoBan 48,9 MJJH.py6. 

Cl>aKTHqeCKHe paCXO,nbi 3a ro,n COCTaBHJJH 
48,6 MJJH.py6., HJJH 99,3% no OTHOWeHHIO K ro
,nOBbiM aCCHrHOBaHHRM. 

AccHrHOBaHHR Cl>aKT~eCKHe 

HaHMeHOBaHHe paa.nenos Ha r o.n paCXO,nbl % K nJiaHY 
(B MJJH.py6.) 3a ro.n 

(B MJJH.py6.) 

I. A,nMHHHCTpaTHBHO-
ynpasJJeHqecKHe 
H X03R:HCTBeHHbie paCXO,nbl 7,3 6,9 91,2 

II. Pacxo,nbi Ha Hay~o-HcCJJe,nosa-
TeJJhCKYIO ,neR:TeJJhHOCTh 22,9 22,1 96,6 

lfToro no OCHOBHOH 
,neR:TeJJhHOCTH 30,2 29,0 95,9 

III. KanHTaJihHbie BJJO:>KeHHR 
Ha CTpOHTeJJhCTBO 
HayqHo-Hccne.nosaTeJJhCKHX 
H ,npyrHX 06'heKTOB 18,7 19,6 104,9 

Bcero 48,9 48,6 99,3 
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Tipo6JieMHO-TeMamqecKHH IIJiaH HayqHO·HC· 
CJienoBaTeJibCKHX pa60T 3a 1984 ron BblllOJIHeH 
B nOJIHOM 06'beMe, B CMeTHOH CTOHMOCTH H no 
HOMeHKJiaType. <l>aKTHQecKHe paCXO,nbl COCTa
BHJIH 29,0 MJIH.py6., HJIH 95,9% K CMeTHOH 

KATIHTAJibHOE 
CTPOHTEJibCTBO 

3aTpaTbl Ha KanHTaJibHOe CTpOHTeJibCTBO 
HayqHO·HCCJienoBaTeJibCKHX H npyrHX o6'beK-

ronosoil 
CTPYKTYPa KanHTaJibHbiX BJIO)f(eHHH IIJiaH 

CTOHMOCTH, nocmrHyTa 3KOHOMHH 1,2 MJIH. 
py6. 

B conocTasJieHHH c ronosbiMH accHrHosa
HHHMH pacnpeneneHHe <PaKmqecKHx pacxonos 
no pa3nenaM 6IOn)f(eTa noKa3aHO B Ta6nHue. 

TOB IIJiaHHpOBaJIHCb B CYMMe 18,7 MJIH.py6. 
BbmOJIHeHHe ronosoro nnaHa cocTasHJio: 

<l>aKTHQecKoe % BblllOJIHe-
BblllOJIHeHHe HHH 

(B MJIH.py6) (B MJIH.py6.) 

Bcero KanHTaJibHbiX BJIO)f(eHHii, 
B TOM QHCJie: 

1. CTPOHTeJILHO-MOHTa)f(Hbie pa6oTbi 

2. 06opynoBaHHe H HHBeHTapb 

3. TipoeKTHO·H3biCKaTeJibCKHe 
H npoq, 

Bson B neHCTBHe OCHOBHbiX cpenCTB 
(<f>OH,nOB) 

TIPOH3BO~CTBEHHAH 
~EHTEJibHOCTb 

18,7 

3,3 

14,9 

0,5 

11,5 

B cocTase OlfHH HaxO,nHTCH npoH3soncT
BeHHLie, BCnOMOraTeJibHbie H 06CJI~aiOIUHe 
nonpa3neneHHH. 

19,6 104,9 

3,2 96,9 

15,6 104,6 

0,8 140,0 

18,3 159,6 

,lleHTeJILHOCTb 3THX nonpa3neneHHH 3a 
1984 ron xapaKTepH3yeTCH OCHOBHbiMH noKa-
3aTeJIHMH, npHBeneHHbiMH B Ta6JIHUe: 

ronosoil <l>aKTHQecKoe % BbinOiiHeHHH 
TioKa3aTeJIH IIJiaH BblllOJIHeHHe 

1. 06'beM rOTOBOH nponyKUHH, 
BblllOJIHeHHbiX pa60T 
H OKa3aHHbiX ycnyr B MJIH.py6. 13,0 13,6 104,5 

2. Pe3yJILTaTLI <f>HHaHcoso-
X03HHCTBeHHOH neHTeJibHOCTH 
B MJIH.py6. 0,4 1,0 

3. 3aTpaTbl Ha onHH py6Jib rOTOBOH 
nponyKUHH, BblllOJIHeHHbiX pa60T 
H OKa3aHHbiX ycnyr 0-99,6 0-92,9 

4. liHCJieHHOCTb pa60TaiOIUHX 2276 2153 
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