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BBE,[(EHHE 

IlOCJie~Hue HecKOJihKO JieT 6blJIH ~JISI Ofu,e~u
HeHHOro HHCTHTyTa MepHbiX HCCJie~OBaHHJi ~aJieKO 

He npocrhiMH. KoJIJieKTHB 11HCTHTyTa ~eJiaJI Bee, 

<ITOObl coxpaHHTb HaytJHbiH nOTeHIJ,HaJI, Harne HH

TeJIJieKTYaJibHOe 6oraTCTBO. Jl,eSITeJibHOCTb 011.5111 H 

nO CeH ~eHb SIBJISieTCSI OCHOBHbiM HHTerpupyiOUJ,HM 

<fJaKTOpoM B o6be~HHeHHH ytJeHbiX pa3HbiX CTpaH, 

'ITO OCOOeHHO Ba::>KHO B Harne BpeMSI, KOr~a B03HHKa

lOT «IJ,eHTpOOe::>KHble» CHJibl. 

<!>H3H'IeCKaSI nporpaMMa 11HCTHTyTa npoBO~H
JiaCb no 34 HaytJHhiM npo6JieMaM. Ilo npor paM

Me npoeKTHpoBaHHSI HaKOnHTeJibHOro KOMnJieKCa 

3JieKTpoHOB, n03HTpoHOB H HOHOB B 011.5111 Ha 3a

KJil01JHTeJibHOH CTa~HH pa3pa60TKH HaXO~SITCSI KOH

IJ,enTyaJibHble npoeKTbl OCHOBHbiX o6neKTOB KOMll

JieKCa. 

3aBeprneHbl c6opKa, 3JieKTpH11eCKHH MOHTa::>K H 

HaJia~Ka BCeX CHCTeM nepBOro KBa~paHTa MarHHTHOH 

CHCTeMbl HYKJIOTpoHa, B KaMepe llOJiytJeH BaKyyM 

8 · 1 o-8 Topp. 

113roTOBJieH KpuoreHHhiH 3aMe~JIHTeJih 11EP-2 u 

CTeH~ ~JI.SI ero HCnhiTaHHH. 

IlpoBe~eHa pa3pa6oTKa 6a3oBoro BapuaHTa ce

TeBoro nporpaMMHOro o6ecne11eHHS1 MSI Me~y
Hapo~Hoiii KOMllblOTepHOH CeTH C HCllOJib30Ba

HHeM cnyTHHKOBOH CB.SI3H Ha 6a3e 011.5111 u CKC 

<<.ll,y6Ha>>. 

28 ~eKa6p.SI rocy~apcTBeHHa.SI KOMHCCHSI llO~nH
CaJia aKT 0 npHeMKe B 3KCnJiyaTaiJ,HlO H30XpOHHOro 

IJ,HKJIOTpoHa Y -400M. 
EhiJIH npoBe~eHhl aKTYaJihHhie TeopeTHtJecKue 

HCCJie~OBaHHSI B OOJiaCTH <fJyH~aMeHTaJibHbiX B3aH

MO~eHCTBHH, aTOMHOro Mpa, MaTeMaTH'IeCKOH 4Ju-

3HKH, peJISITHBHCTCKOH MepHOH ¢lH3HKH, KO~eHCH
poBaHHOro COCTO.SIHH.SI Bem,eCTBa, BbiCOKOTeMnepa

TypHOH CBepxnpOBO~HMOCTH. 

,LI,HpeKTOP Oli.Sil1 aKaAeMHK ,LJ,.KHw H o~-tu.e-AHpeKTopa npo!jleccop A.H.C~-tcaKSIH H npo!jleccop ,LJ,.36epT 6eceAyiOT c roCTeM ,LJ,y6Hbi -

npo!jleccopoM X.ll.,LI,IOppoM H3 YHHoepcHTeTa HM. M .llJiaHKa (MIOHxeH, <l>PO 

4 



B Mae COCTOSIJIOCb O'lepe,nHoe 3ace,naHHe KOMHCCHH no coTpy,nHH'IeCTsy OIUU1 - UEPH 

Ha ycTaHOBKe ,UEJI<l>H (LEP, l.J,EPH) npo~oJJ
xaeTCSI Ha6op cTaTHCTHKH B o6JJaCTH '?}) -pe3oHaHca. 
IlpoBe~eHo npeu;H3HOHHoe cKaHHpoBaHHe Z-nHKa c 
HCnOJJb30BaHHeM a~poHHhiX H JJenTOHHhiX MO~ pac
n~a, <i>HTHpoBaHHe npoBO~HJJOCb nO MO~eJJH, pa3pa
OOTaHHOH c yqacTHeM <l>H3HKOB Ofu.e~HHeHHoro HH
CTHTyTa. 

Ha ycKopHTeJJe Y-70 HHCTHTyTa <l>H3HKH BhiCO
KHX 3Hepmif (IlpoTBHHO) npO~OJJ)KaJJaCb peaJJH3a
I.I;HSI 3KCnepHMeHTaJJbHOH nporpaMMhl .Ha ycTaHOB
KaX MHC-2, CB.U, KMH, 3KCl.JAPM, «HeifTpHH
HhiH ~eTeKTOP>>, fJIIOOH. 

Ha nepBOH O'Iepe~H ycTaHOBKH C<I>EPA npo
Be~eHhl H3MepeHHSI A-3aBHCHMOCTH Bhlxo~a KYMY
JISITHBHhiX Jr- -Me30HOB npH <l>parMeHTali;HH peJJSITH

BHCTCKHX ~eHTpoHOB nO~ yrJJOM, 6JJH3KHM K 0o, Ha 
~ax. BBe~eHa B cTpoH 4:rc-ycTaHOBKa <l>A3A, npe~
Ha3Ha'leHHaSI ~JISI HcCJJe~oBaHHSI npou;ecca MYJibTH
<l>parMeHTaiJ;HH B ~po-~epHhiX B3aHMO~eHCTBHSIX 
Ha ny'IKax CHHxpo<i>a3oTpoHa OH5IH. 

B COBMeCTHOM OH5IH- rAHHJI 3KCnepHMeH
Te BnepBhle HCCJJe~oBaHo ynpyroe pacceSIHHe II Li. 
C HCnOJlb30BaHHeM KHHeMaTH'leCKOfO CenapaTOpa 
«BaCHJIHCa» Ha li;HKJIOTpoHe Y -400 H3y'leH mHpoKHH 
CneKTp peaKII;HH, npHBO~SIIli;HX K KOMnay~-~aM C 
83 s z s 94. 

BnepBbie npoBe~eHhl HCCJJe~oBaHHSI 3BK H O)Ke-
3JJeKTPOHOB KpHnTOHa B 3KCnepHMeHTaX no H3Mepe
HHIO MaCChi aHTHHeii:TpHHO. 

B paMKax «.Uy6HeHCKOH KpeMHHeBOH nporpaM
Mhl>>, ofu.e~HHSIIOm,eif MHome rpynnhl H3 CHr, CiliA 
H 3ana~Hoif EBponhl, pa3pa6oTaHa H H3fOTOBJie
Ha nhiTHaSI napTHSI KaJJOpHMeTpH'IeCKHX pa~HaiJ;H
OHHO CTOHKHX KpeMHHeBbiX ~eTeKTOpoB. 

IloJJy'leH p~ HOBhiX pe3yJJhTaTOB no H3y'le
HHIO CTPYKTYPhl H ~HHaMHKH BhiCOKOTeMnepaTyp
HhiX CBepxnpoBO~HHKOB. 

C 1991 ro~a Ha'laJJ CBOIO pa6oTy Y'le6Ho-Hayq
HhiH u;eHTP MrY u MH<l>H npu OH5IH. CTy~eHThl 
YHIJ, npHHSIJJH yqacTue B pa6oTe mKOJJ H KOH<l>epeH
u;uif , OpraHH3yeMhiX ~JJSI MOJJO~hiX y'leHhiX; Bhle3)Ka
JIH a JJeTHIOIO cTa)f(HpOBKY B CiliA. 

fJJaBHhiM noJJHTH'leCKHM co6hiTHeM npome~

mero ro~a 6b1Jlo BCTynJJeHue B Hamy Me~yHapo~
HYIO opraHH3ao;uiO EeJJapycu, PoccHH, YKpaHHhl. 
PoccuSI KaK cTpaHa MeCTOHaxo~eHHSI OH5IH B3SIJJa 
Ha ce6SI Bce COOTBeTCTBYIO~I~;He OOSI3aTeJJhCTBa u c~e
JiaJJa nepBhiH ~eHe)f(HhiH B3HOC B 6JO~)KeT HHCTH
TyTa, KOTOpbiH HecKOJlbKO CTa6HJJH3HpoBaJJ o6cTa
HOBKy. 

BTophiM cy~I~;ecTBeHHhiM MOMeHTOM SIBHJJOCb 
no~nucaHHe CorJJameHHSI Me~y OH5IH H <l>e~e-
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paJihHhiM MHHHCTepCTBOM HCCJie~OBaHHH H TeXHOJIO

I'HH (<l>M11T) <I>Pf <<0 COTpy~HHtiecTBe H HCnOJih 30-

BaHHH ycTaHOBOK 01.f.SII1>>. 
Hy)I(HO TaK)I(e OTMeTHTh, liTO B 1991 ro~y 

Qfu,e~HHeHHhiH HHCTHTYT 6hiJI npHH5IT B KatieCT

Be Ha6JIIO~aTeJI5I B EBponeHCKHH KOMHTeT no 6y

~YID;HM yCKOpHTeJI5IM - OpraHH3ai.J;HIO, KOOp~H

HHpyiOID;YIO eBponeHCKHe nporpaMMhl no ¢H3HKe 

BhiCOKHX 3Heprnil. PaHee 11HCTHTYT 6hiJI npHH5IT B 

tiJieHhi EBponeilcKoro ¢H3H'lecKoro o6m;eCTBa u tiJie

Hhl P APE - opraHH3au;uu no noMep)I(Ke u ytiaCTHIO 

VC0() u~ 

• 

B C03~aHHH BhiCOKOKa'leCTBeHHOH eBponeHCKOH KOM

nhiOTepHOH KOMMYHHKai.J;HH ~JI51 HaytiHhiX HCCJie~o

BaHHH. 

B3aHMO~eilcTBHe c MHpOBOH HayKoil - o~HH H3 

OCHOBHhiX apryMeHTOB B HaytiHOM nOHCKe. Tpa~H

I.l;HH Me~yHapo~HOH HHTerpai.J;HH B l.fHCTHTyTe nO

npe)I(HeMy CHJihHhl. B HHX 3a.n:or Hamux 6y~yii.J;HX 
~OCTH)I(eHHH, 3a.n:or pea.n:n3au;uu KoHu;enu;uu pa3BH

TH51 H peopraHH3ai.J;HH Qfu,e~HHeHHOT'O HHCTHTyTa 

MepHhiX HCCJie~OBaHHH KaK Me~yHapo~HOT'O u;eHT

pa <J>y~aMeHTaJihHhiX HCCJie~OBaHHH • 

.ll,.Kum 

.ll,upeKTOp Qfu,e~HHeHHOT'O HHCTHTyTa 

MepHhiX HCCJie~OBaHHH 
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~E~TEHbHOCTbPYKOBO~~~MX 
M KOHCYHbTATMBHbiX OPrAHOB OM~M 

COBEIIJ;AHH5l KOMI·ITETA llOJIHOMQqHbiX llPEJI:CTABHTEJIEil OH5lH 

5-6 MapTa 8 ,l(y6He npOXO)J.J.iJIO COBe lli,3HJ.1e 

KoMHTeTa lloJIHOMO'IHhiX llpe)J.cTaBJ.1TeJiei1 npasH

TeJihCTB roCy)J.apCTB - 'IJieHOB 06'he)J.J.1HeHHOrO 

J.1HCTJ.1TyTa .si)J.epHbiX J.1CCJie)J.OB3HJ.1H. 

3aCJiywas )J.OKJia)J. )J.HpeKTopa 01151:11 aKa)J.eMH

Ka JI:.KHwa 0 )J.e.sJTeJibHOCTH 11HCTHTyTa B 1986-

1990 rr., o 3a)J.a'Iax Ha 1991 r. H o nporpaMMe pa3BH

TH.si 01151:11 Ha noCJie)J.yiO:w;He ro)J.hl, KoMHTeT I1on

HOMO'IHhiX f1pe)J.CTaBHTeJieH npHH.sJJI p eweHHe 

O)J.06pHTb pa6oTy 11HCTHTyTa flO BbinOJJHeHHIO nJiaHa 

Hay'IHO-HCCJie)J.OBaTeJihCKHX pa60T H Me~AyHapOA
HOro COTPYAHH'IeCTBa B 1986-1990 rr. DhiJIH y TBep

)K)J.eHhl peweHH.sJ 68 H 69 ceccHH: Y'IeHoro coseTa 

0115111, nJiaH Hay'IHO-HCCJie)J.OBaTeJibCKHX p a 60T H 

Me~A~HapOAHOro COTPYAHH'IeCTBa Ha 1991 r . , nna

Hhl npose)J.eHH.sJ Hay'IHbiX cosemaHHH, nJiaHhi KO

MaHAHpoBaHH.sJ Cnen;HaJIJ.1CTOB 0115111 Ha KOHcf>epeH

IJ;HH, CHMll03HYMbl J.1 WKOJibl B 1991 r. 

8 Ka'IeCTse rJiaBHhiX 3aAa'I 11HCTHTyTa s 1991 r. 

KI1I1 onpe)J.eJIHJI CJieAyiO:w;He: 

- AaJihHeH:wee pa3BHTHe cospeMeHHbiX Teope

TH'IeCKHX H 3KCnepHMeHTaJibHbiX HCCJie)J.OBaHJ.1H 8 

o6JiaCTH <f>H3HKH aTOMHoro .siApa, KOHAeHCHp osaH

HhiX COCTO.sJHHH, 8 TOM 'IHCJie BbiCOKOTeMnepa

TypHbiX CBepxnpOBO)J.HHKOB, <f>H3HKJ.13JieMeHTa pHbiX 

'IaCTHIJ; C HCDOJib30BaHJ.1eM 6a30BbiX ycTaHOBOK 

0115111, ycKOpHTeJieH 11<1>83, l..J,EPHa B COOTBeT

CTBHH C 33)1.3'IaMH, flOCT3BJieHHbiMH 8 pewe HH.sJX 

69 ceccHH YlieHoro coseTa 0115111; 

- MOHTa~ H nycKoHaJiaAO'IHhie pa6oThl no HYK

JIOTpoHy, llO)J.roTOBKa nepB004epe)J.HbiX 3KCn epH

MeHTOB Ha HYKJIOTpoHe; 

- pa3BHTJ.1e H COBepweHCTBOBaHHe CJ.iCTeM pe

aKTOpa 11EP-2; 

- paOOTbi no 3anycKy IJ;HKJIOTpOHa Y -400 M H 

C03)J.aHHIO ycTaHOBKJ.i <I>OEOC; nO)J.roTOBKa pa6 o4e

ro npoeKTa HaKOflHTeJibHOro KOMnJieKca T.sJ~eJibiX 

HOHOB K4-K10; 

- pa3BHTHe H 3<f><f>eKTHBHOe HCDOJib30Ba HHe 

HH<f>OpMaiJ;HOHHO-Bbi'IHCJIHTeJibHOH HH<f>pacTpyKTy

pbi 0115111; 
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- yqaCTHe B pa3pa60TKe H C03)J.aHHH COBMeCTHO 

c 11<1>83 CHCTeM YHK H no)J.roTOBKa nepsoo4epeA

HhiX 3KCnepHMeHTOB Ha HeM; 

- pa60Tbl B o6JiaCTH npHKJia)J.HbiX HCCJie)J.OBa

HHH; 

- 3<f><f>eKTJ.1BHOe J.1CllOJib30BaHHe 6a30BbiX ycTa

HOBOK, llOBbiWeHHe HX 3KOHOMJ.1'IHOCTH H TeXHH'Ie

CKOro COBepweHCTBa, MeTO)J.H'IeCKHe pa3pa60TKH. 

KoMHTeT I1oJIHOM04HhiX I1peACTaBHTeJiel1 npH

HSIJI K CBe)J.eHHIO npe)J.CTaBJieHHYIO nporpaMMY pa3-

BHTH.sJ 0115111. 

KoMHTeT corJiacHJIC.sJ c peweHH.sJMH YlleHoro co

seTa H peKOMeHAaU.H.sJMH COBeJUaHH.sJ <f>wHaHCOBbiX 

opraHOB CTpaH-y'laCTHHU. 0115111 0 He06XO)J.HMOCTH 

COCT3BJieHH.sJ 6IO)J.~eTa 0115[11 B CB060)J.HO KOHBep

THpyeMOH BaJIIOTe. 

C y'leToM CJIO~HswerocSI TPYAHOro <t>wHaHco

soro llOJIO~eHHSI )J.HpeKLJ.HH 11HCTHTyTa nopy4eHO 

npO)J.OJI~HTb llOHCK nyTeH BbiXO)J.a J.13 3TOH CHTya

U.HH H )J.OJIO~HTb 0 ero pe3yJihTaTaX Ha BHe04epe)J.

HOM cosemaHHH KI1I1 • .li,HpeKU.HSI 0115111 AOJI~Ha 

TaK~e npe)J.CTaBHTb f10JIHOM04HbiM f1pe)J.CTaBHTe

JISIM )1.0 KOHU.a HIOH.sJ nJiaH-rpa<f>HK H CMeTy )J.Jl.sJ Bbi

nOJIHeHH.sJ npHHSITbiX 0115111 )1.0 KOHLJ.a 1991 r. 06SI-

3aTeJibCTB no npOBe)J.eHHIO 3KCnepHMeHTOB B l..J,EPHe 

H 11<1>83. 

KI1I1 OAo6pHJI npose)J.eHHe npoeKTHhiX pa6oT no 

KOMnJieKcy HaKOllHTeJieH 3JieKTpOHOB, ll03HTpOHOB, 

HOHOB H no HeHTpOHHOMY HCTO'IHHKY BbiCOKOro pa3-

peweHHSI. f1pH 3TOM yKa3aJI, 4TO pa3pa60TKa HOBbiX 

npOeKTOB )J.OJI~Ha BKJII04aTb B ce6SI HX BCeCTOpOH

HIOIO Hay4HYIO H <t>wHaHcosyro 3KcnepTH3y. YTBep

AHJI OT'IeT 0115111 06 HCnOJIHeHHH 6IO)J.~eTa 3a 

1989 r., flpOTOKOJI 3aCe)J.aHH51 <I>HHaHCOBOro KOMHTe

Ta OT 13-14 )J.eKa6pSI 1990 r. 

KoMHTeT npHH.siJI K cse)J.eHwiO wH<f>opMaU.HIO o6 

HCnOJIHeHHH 6IO)J.~eTa 3a 1990 r., peWHJI, 4TO 610)1.

~eT 0115111 Ha 1991 H 1992 rr. npe)J.CTaBJISieTC51 B 

)J.OJIJiapax ClllA. Ka~)J.oe rocyAapcTBo - 4JieH 

0115111 B ycTaHOBJieHHbie CpOKH OnJia'IHBaeT CBOH 

)J.OJieBbie 83HOCbl B CB060)J.HO KOHBepTHpyeMOH BaJIIO

Te HJIH 4aCTH4HO nyTeM nOCTaBOK TOBapoB H OKa3a-
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Ha BHeoqepeAHOM cooew.aHHH Knn npaoHTeJibCTB rocyAapcTB- 'IJieHo OIUUI, npoxOAHBweM a ,ny6He c I 0 no 13 AeKa6pll 

HH.Sl yCJiyr B COOTBeTCTBHH C 3aSIBKaMH 0115111 flO u;e

HaM MHpoBOro pbiHKa. 

ohUI npHHSIT BpeMeHHO 6IO.Q)f(eT 06be.QHHeHHOro 

HHCTHTyTa Ha 1991 r. c o6II.~;eH: cyMMOH pacxo.QoB 

32,4 MJIH • .QOJIJiapoB. YTBep)f(.QeHhl .QOJieBhle B3HOCbl 

rocy.QapCTB-'LlleHOB 11HCTHTyTa. YTBep)f(.QeH npe.Q

crasJieHHbiH .QHpeKI.~;HeH nJiaH KallHTaJibHOro CTpoH

TeJibCTBa Ha 1991 r. 
KoMHTeT IloJIHOM04HbiX Ilpe.QCTaBHTeJieH: no

CliHTaJI Heo6xo.QHMbiM yBeJIH4HTb cpe.QHIOIO 3apa-

6oTHYIO nJiaTy coTpy.QHHKOB 11HCTHTyTa He MeHee 

4 eM Ha 18-20%, B TOM 4HCJie 3a C4eT npHpocTa 3a

p aOOTHOH nJiaTbl- Ha 8,5% H 3a C4eT COKpaii.~;eHHSI 
4 HCJieHHOCTH- Ha 10%. 

Bhlpa)f(aSI 3aHHTepecosaHHOCTb B coxpaHeHHH H 

p a 3BHTHH 0115111 KaK Me)f(.QyHapo.QHOH Hay4HOH Op

r a HH3al.I;HH, Y4HThiBaSI yxy.QmaiOw;HeCSI yCJIOBHSI 

<f>YHKI.I;HOHHpoBaHHSI 11HCTHTyTa Ha TeppHTOpHH 

CCCP, KoMHTeT IloJIHOM04HbiX Ilpe.QcTaBHTeJieH: 

n pocHJI IloJIHOM04Horo Ilpe.QCTaBHTeJISI CCCP B 
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011.5111 o6paTHThC51 K BhiCIIleMy pyKoso~CTBY cTpaHhi 

C npOCb6oH 0 npHH51THH CpOt!HbiX Mep B pellleHHH 

sonpocos, CB513aHHbiX c yCJioBH51MH ::>KH3HH H ~e51-

TeJihHOCTH HHTepHai.J;HOHaJibHOro KOJIJieK THBa CO

Tpy~HHKOB 3TOH Me::>K~yHapo~HOH opraHH33I.J;HH Ha 

TeppHTopHH CCCP. 

3aCJiylllaB H o6cy~HB HHQJopMau;Hro npc~ce~aTe
JI51 Pa6otieH: rpynnhi no nepecMoTpy H no~roTOBKe 

KOHu;eni.J;HH H HOBbiX OCHOBHbiX HOpMaTHBHblX 3KTOB 

0115111 npo<Peccopa T.PycKosa, KoMHTeT lloJIHO

M01.fHbiX f1pe~CT3BHTeJieH npHH51JI K CBe~eHHJO ~e51-

TeJibHOCTb Pa6otieH: rpynnhl. 0TMetieHa Heo6xo~H
MOCTb Bbipa6oTKH MeX3HH3M3 qmH3HCHpOB3HH51 ~e

.SITeJibHOCTH 11HCTHTyTa, n03BOJI51JOID,ero npH 

COXpaHeHHH ~OJICBOro yqaCTIHI, H3p51~Y C BKJI3~0M B 

HHQJpaCTPYKTypy, OCyiD,eCTBJI51Tb QJHH3HCHpOB3HHC 

nporpaMM H npoeKTOB H ~3JOID,ero, T3KHM o6pa30M, 

B03MO::>KHOCTh Y1.fHThiBaTh KaK HaytiHyro 3aHHTepeco

saHHOCTb CTpaH, T3K H HX 3KOHOMHt!eCKHC 803MO::>K

HOCTH. Pa6otieH: rpynne nopytieHo no~roTOBHTb 
OKOH1.f3TeJibHbiH npOCKT HOpMaTHBHbiX aKT0 8 H KOH

u;eni.J;HH pa3BHTH51 11HCTHTyTa H Hanpa8HTb ero Ha 

paCCMOTpeHHe f10JIHOMOt!HbiM f1pe;rJ.CT3BHTCJI51M ro

cy~apCTB- 1.fJieHOB OI15111 He no3;rJ.Hee HJOJI51 1991 r. 

10-13 .LJ.eKa6pSI B .LJ:y6He COCTOSIJlOCb BHeOl!e-

pe.LJ.HOe cosew.aHJ.1e KOMJ.1TeTa llOJJHOMO'-IHhtx 

llpe.LJ.CT3BJ.1TeJJeH npaBI1TeJlbCTB rocy .LJ.3 p CTB 

'-IJieHOB 06'he.LJ.I1HeHHOrO J.1HCTJ.1TyTa SI.LJ.epHbiX J.1C

CJJe.LJ.OB3HHJ1. 

B pa6oTe cosemaHH51 np11H51JU1 y4aCTI1e 8 KaYe

CTBe H36JIJO~aTeJICH npe~CT3BI1TeJII1 <f>e~epaTI1BHOH 
Pecny6JIHKH fepMaHI1H, A3ep6aH:n::>KaHcKoH: P ecny6-

JIHKH, Pecny6JIHKH ApMeHI151, Pecny6JII1KH EeJia

pych, Pecny6JIHKH fpy3H51, Pecny6JIHKI1 Ka3axcTaH, 

JlaTBHHCKOH Pecny6JIHKI1, JI11TOBCKOH Pecny 6JIHKI1, 

Pecny6JIHK11 MoJinosa, Pocc11HCKOH <DeJlc pau,HI1, 

YKpaHHhi H Pecny6miKH Y36eKI1CTaH. 

KoMHTeT lloJIHOMOYHbiX llpeJlCTas~ITeJie H: pac

CMOTpeJI 33518JieHI151 npa811TCJibCT8 Pocc11HCKOi1 <De

nepau,HH, YKpa11Hbi, EeJiapyc11 o6 11x ::>KCJiilH HI1 np11-

coe~HHHThC51 K CorJiaweHI1JQ o6 opraHI133U,I111 

0115111 OT 26 MapTa 1956 r. 11 np113HaHI111 YcTa8a 

0115111 H CJli1HOfJiaCHO npHH51JI 3TH pecny6 JIJ1KI1 R 

YHCJIO rocy~apCT8 - t!JICH08 06bCJli1HCHHOf0 11HCTI1-

TyTa 51~CpHbiX 11CCJIC.!l083HI1H. 

KoMHTeT llOJIHOMOYHbiX n PC.UCT3811TCJI CH np11-

H51JI K cseJleHI1JQ 11HQJOpMaU,11JQ Jl11peKTopa OVI5H1 

aKaneMHKa ,n:. K11wa o JlC5ITCJihHOCTI1 JlHPCKU,11 11 VI HC

THTyTa B 1991 r . 

EbiJJO np11H5ITO npeJlJIO::>KeHHe Jli1PCKU,I1H o6 yc

TaH08JieHHI1 JlJI51 COTPYAH11K08 VIHCTHTyTa, pa6oTa

JQID,Hx B HOpMaJibHbiX YCJI081151X TpyJla, 8R0Jl i1 MOH R 

CTpaHe MeCTOHaxo>KJlCHI151 OVI51VI nponoJI>KHTeJih

HOCTI1 pa60YCH HCJlCJIH 8 KOJII1YCCT8C 40 Y(ICOR. f1p11-

3HaHa npHeMJICMOH 8binJiaTa CJli1HORpCMCHH OfO no

C06H51 COTPYJlHHKaM, HC3a811CI1MO OT HOpM CTpaHbi 

10 

ux rpa::>K~aHcTsa, ysoJieHHbiM H3 0115111 noCJie 

1.01.92 r. no COKpall(eHHJO IJlTaTOB, B pa3Mepe 3-6 
MCC5It!HbiX OKJia~OB, C ytieTOM CTa::>Ka pa60Tbl B 

0115111. BpeMeHHO (Ha 1991-1992 rr.) CH51Tbi orpa

HHtieHH51 Ha pa3Mep nepcoHaJihHhiX Ha~6asoK, ycTa

HaBJIHsaeMbiX coTpy~HHKaM 11HCTHTyTa. 

.ll:HpeKU,HH 01151VI npe~Jio::>KeHo ycTaHOBHTh no

p51~0K 065133TeJibHOro 33KJIJOYeHH51 CpOt!HblX Tpy~o

BbiX norosopos npo~OJI::>KHTCJibHOCTbJQ ~o Tpex JieT c 

BHOBb npHHHMaCMbiMH Ha pa60TY HaytiHbiMH pa60T

HHKaMH u cneu,uaJIHCTaMH. PeKoMeH~osaHo npuMe

H51Tb npaKTHKY 3aKJIJ04CHH51 cpotiHbiX Tpy~oBbiX ~o

rosopos TaK::>Ke co cneu,HaJIHCTaMH, nepeso~HMhtMH 

Ha ~pyryJQ pa6oTy, K3K npaBHJIO, C YCT3HOBJieHHCM 

nepcoHaJibHOH Ha~6asKH K 3apnnaTe. Tpynosbte OT

HoweHH51 C JIHU,3MH, ~OCTHflllHMH neHCHOHHOI'O 803-

paCTa, BKJIJ04351 pa60T3l0ll(HX B H3CT051Ill,CC speM51 

COTPYAHHKOB (::>KeHll(I1H- noCJie 55 neT, MY::>KllHH

ITOCJie 60 JICT), OQJOpMJI51Tb TOJibKO Ha yCJIOBHSIX 

cpollHOro TPYA080ro noro8opa. 

KoM11TCT ITonHOMOtJ.HhtX f1pe~cTa8HTeneH: no

cTaHOBHJI C03~3Tb 3KCnepTHyJQ KOMHCCHJQ ~JI51 ITO;rJ.

I'OT08KH npoeKTOB HOpM3THBHbiX ~OKYMCHTOB, OIT

pe~eJI511Qll(HX npaBOBbJe OCH08bl HCnOJib3083HH51 HH

TeJIJICKTY3JibHOH co6CT8eHHOCTH OVI51VI 11 

Ha;rJ.eJieHHSI OVI51VI npasaM11 co6cT8CHHHKa, a TaK::>Ke 

o6pa3083Tb KoMHCCHJQ no Bbi6opaM ~HpeKu,HH 
01151VI, KOTopoii nopy4aeTC51 nonroTOBHTb npenJio

>KeHH51 K otJ.epenHoMy cosemaHHJQ Knn. 

Ha C08C1U3HHI1 6biJI 3acJiywaH 11 o6cy>~<neH ~o
KJJan Pa6oYeH: rpynnbi KIT IT no nepecMoTpy 11 nonro

T08Ke KOHU,enU,HH 11 HOBbiX HOpM3TI18HbiX 3KTOR 

OVI51VI. f1p11H51Tbr 3a ocHosy KoHu,enu,H51 pa3811TI151H 

peopr3HI133I.J;lll1 06ne~11HCHHOfO 11HCTHTYT3 51~ep

Hb!X HCCJIC;r1.083HI1H KaK MC>K~yHapOLIHOro u,eHTpa 

QJYHLiaMCHTaJibHbiX 11CCJICLI08aHHH (CM 11-5505) 11 

npeLIJIO)KCHHbiH Pa6oYei1 rpynnoH: npoeKT H080H pe

L13KU,HH YcTa8a OVI51VI <CM 11-5541). 
ITpoeKT f1oJIO)J(CHI151 o nepcoHane OVI51VI nopy

YeHo .[10pa60T3Tb 8MCCTC C npOeKTOM HOpMaTI18HOro 

JlOKyMeHTa no Accou,11au,1111 ncpcoHaJia OVI51VI 11 c 

• yYeTOM 8biCKa33HHbiX 33MCYaHI1H npe~CT3811Tb 3TH 

LIOKyMeHTbl .UJISI paCCMOTpCHI151 Ha OYepe~HOM C08e

W3HI111 Knn. 

Pa6oYei1 rpynne Knn cosMeCTHO c Jl11peKu,H

ei1 VIHCTI1TyTa nopyYCHO no~roT0811Tb 8peMeHHOe 

CorJiaweHI1C MC>K~Y OVI51VI 11 npa811TeJibCTBOM 

CTpaHbl MCCTOHaXO>K~eHI151 VIHCTI1TYT3 11 nepCLI no~

nHC3HHCM COrJiaCOB(ITb ero C f10JIHOM04HbiMH f1pe~

CTaBI1TCJI5IMH. 

<f>I1HaHCOBOMY KOMI1TCTY nopy4CHO no~roTOBHTb 

~JISt BKJIJQ4CHI151 s YcTa8 OT~CJibHbiH QJHHaHCOBhiH 

npOTOKOJI, CO~Cp)J(all(I1H np11HU,I1nbl QJOpMHp0B(IHI151 

6JQ~>KCTa VIHCTHTyTa c y4eToM cro pa3611BKH no 

CTaTb51M paCXOJlOR 11 nOp51JlOK QJHH3HC11p0B(IHI151 

OVI51 VI CTpaHaMH-y4aCTHHUaMH. 

B TC4CHHC 1992 roJla pcwcHo pcaJII1308aTh CHC

TCMY u,eJicsoro QJ11HaHC11posaHI151 Hanpa8JICHI1H 11 
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npoeKTOB, y'IHThiBaSI npu 3TOM cneu.u<t>uKy pa6oThl B 
o6JiaCTH TeopeTH'IeCKOH H 3KcnepHMeHTaJihHOH <t>u-
3HKH. ,lJ,JlSI 3TOI"O B KpaT'IaHmHe CpoKH npe~JIO)I(eHO 
npHHSITh ~oKyMeHT «llpaBa H OOSI3aHHOCTH pyKoBo
AHTeJieif TeM/npoeKTOB>>, KOTOphiH ~aCT IOp~H'Ie
CKYIO OCHOBY ~JISI cucTeMhl u,eneBoro <t>uHaHCHpoBa
HHSI. 

Knn npHHSIJI K cBe~eHHIO uH<i>opMau,uiO o no~
nHcaHHOM CorJiameHHH Me~y <l>M11T <l>Pr u 
Ol1.SII1 u, Y'IHThiBaSI H3MeHeHHSI B cOCTaBe rocy
AapcTB - 'IJleHOB 11HCTHTyTa, nocTaHOBHJI nepe
CMOTpeTb B COOTBeTCTBHH CO CTaTheH 14 Y CTaBa 
011:5111 mKaJIY ~oJieBoro yqacTHSI 3THX rocy~apcTB B 
pacxo~ax Ha CTpoHTeJibCTBO H CO~ep)l{aHHe 11HCTH
TyTa. 

KoMHTeT nocTaHOBHJI, 'ITO 610~)1{eT 0115111 Ha 
1992 ro~ He ~OJI)I(eH npeBhlmaT& ypoBHSI, onpe~e-

,_ CECCHH yqEHOrO COBETA OH51H 

8-l 0 RHBapg B .ll.y6He COCTOSIJiaCb 69 CeCCHR 
Y'fenoro coBeTa OH51H. YlleHhiH coseT o~o6pHJI Me
ponpHSITHSI ~HpeKU,HH 11HCTHTyTa no BhlnOJIHeHHIO 
pemeHHH 67 H 68 ceccuH: YlleHoro co:BeTa 0115111. 
CoseT C'IHTaeT o~Hoif H3 OCHOSHhlx 3a~aq shlnOJIHe
HHe pemeHHH 69 ceccuu YlleHoro coseTa o npoeKTe 
ITRTHJieTHero nJiaHa pa3SHTHSI 0115111 Ha 1991-
1995rr. (CM 11-5301, pa3~.V). 

BhiJIH paccM.oTpeHhl u o~o6peHhl peKoMe~a
U.HH Hay'IHO-Koop~uHau,uoHuoro coseTa no <Pn3HKe 
HH3KHX H npoMe)l{yTO'IHhiX 3HeprnH: H HKC no uc
CJie~oBaHHSIM Ko~eHcHpoBaHHhlx cpe~ MepHhiMH 
MeTO~aMH, CeCCHH KOTOphiX COCTOSIJIHCb B HOS16pe -
AeKa6pe 1990 r. O~o6peH ~OKJia~ ~upeKu,uu 11HCTH
TyTa 0 paOOTe C Ka~paMH - CneU,HaJIHCTaMH H3 
CTpaH-y'laCTHHI.l, 0115111. JJ:upeKU,HH npe~JIO)I(eHO 

npo~OJI)I{HTb paooTy no npHBJie'leHHIO MOJIO~biX Cne
ll,HaJIHCTOS. l.J:uCJieHHOCTb coTpy~HHKos mTaTa ~H
peKU,HH peKoMeH~OBaHo OCTasHTh Ha yposHe 1990 
ro~a. CoseT npHHSIJI K cse~eHHIO HH<i>opMau,uiO o6 
Y'le6Ho-Hay'IHOM u,eHTpe u npH3HaJI u,eJiecoo6pa3-
HhiM CO~eHCTSOSaTb KOMnJieKTOSaHHIO U,eHTpa CTy
AeHTaMH H3 CTpaH-y'laCTHHI.l, 0115111 H ~pyrnx 

CTpaH. 

Y'leHhiH coseT o6bSisHJI BbiOOphl Ha CJ1e~y10~ue 
AOJI)I(HOCTH: 

- 3aMeCTHTeJieH ~HpeKTOpa JlaoopaTOpHH HeH
TpoHHOH <i>H3HKH (2 BaKaHCHH). BhiOOphl COCTORTCR 
Ha 70 ceccuu YlleHoro coseTa s HIOHe 1991 r. 

- ~HpeKTOpos Jla6opaTOpHH TeopeTH'IeCKOH 
4>H3HKH H JlaoopaTOpHH ShiCOKHX 3HeprHH, 3aMeCTH
TeJieH ~HpeKTOpoS JlaoopaTOpHH ShiCOKHX 3Heprnu 
(2 SaKaHCHH), JlaoopaTOpHH csepXShiCOKHX 3Heprnu 
(1 BaKaHCHSI), Jla6opaTopuu MepHhiX npo6JieM 
(2 SaKaHCHH), Jla6opaTOpHH Shi'IHCJIHTeJihHOH TeX-

JieHHOro Ha 1991 ro~, H npe~ocTasHJI ~upeKU,HH npa
so OnepaTHSHOro H3MeHeHHR, pa3paOOTKH H SHe~pe
HHSI HOpMaTHSHhiX ~OKyMeHTOS, perJiaMeHTHpyiO
~HX ~eRTeJibHOCTb X03pac'leTHhiX npOH3SO~CTSeH
HhiX DO~pa3~eJieHHH 11HCTHTyTa, HanpasJieHHhiX Ha 
6oJI my10 npou3so~cTseHHYIO caMOCTOSITeJI&HOCTh. 

KoMHTeT lloJIHOMO'IHhiX llpe~cTasuTeneH: 3a
CJiymaJI HH<i>opMaU,HIO suu,e-~upeKTopa 0115111 npo
<t>eccopa A.H.CucaKSIHa o co3~aHHH s JJ:y6He Me)l{
~yHapo~Horo U,eHTpa pa3SHTHSI HayKH H TeXHOJIOrHH 
<<JJ:y6Ha>). ,lJ,upeKU,HH 11HCTHTyTa nopy'leHO o<t>op
MHTb coTpy~HH'IeCTso 0115111 u Me~yHapo~Horo 
U,eHTpa pa3SHTHSI HayKH H TeXHOJIOrHH Ha OCHOSe 
cneu,uaJI&Horo corJiameHHR c npasHTeJibCTSOM Poc
cuucKou <l>e~epaU,HH H npe~CTaSHTb COse~aHHIO 
Knn c y'leToM peKoMeH~au,uH: <l>uHaHcoBoro Ko
MHTeTa. 

HHKH u asToMaTH3au,uu (2 aaKaHcuu). Bhl6ophl 6y
~YT npose~eHhl Ha 71 ceccuu Y'leHoro coBeTa B SIHBa
pe 1992 r. 

Ha ceccuu o~o6peHa ~eSITeJihHOCTh ~upeKu,uu 
0115111 no Me)l{~yHapo~HOMY coTpy~HH'IeCTBY 11Hc
THTyTa s 1990 r. YTBep)l{~eH nJiaH npoBe~eHHSI Ha
Y'IHhlx COBe~aHHH 0115111 Ha 1991 r. llpHHSIT K CBe
~eHHIO nepe'leHb Me)l{~yHapo~HbiX H HaU,HQ1IaJibHhiX 
KOH<i>epeHU,HH, CHMD03HYMOS, COSelll,aHHH, WKOJI, B 
KOTOphiX nJiaHHpyeTCSI yqaCTHe CneU,HaJIHCTOS 
0115111 s 1991 r. 

Y'leHhiH coseT yTBep~HJI pemeHue )I{IOPH o npu
cy)l{~eHHH npeMHH 0115111 3a Jiy'lmHe paOOThl, Shi
DOJIHeHHhle s 1990 r. CoseT peKoMe~oBaJI ~upeK
u,uu 11HCTHTyTa npH npose~eHHH KOHKypca JIY'IWHX 
pa60T 0115111 npHrJiamaTb B Ka'leCTBe 'IJieHOS )I{IOpH 
He TOJihKO coTpy~HHKOB 0115111, HO u cneu,uaJIHCTOB 
H3 U,eHTpOS CTpaH-y'laCTHHI.l, H ~pyrnx CTpaH. 

Ha ceccuu YlleHoro coseTa 6hiJIH 3aCJiymaHhl ~o
KJia~hl ~HpeKTOpos Jia6opaTOpHH 11HCTHTyTa 00 OC
HOSHhiX HTOrax ShiDOJIHeHHSI Hay'IHOH nporpaMMhl B 
1986-1990 rr. u nJiaHax Ha 1991 r. O~o6peH&I oc
HOSHhle HTOrH Hay'IHO-HCCJie~osaTeJibCKOH ~eSITeJib
HOCTH Hay'IHhiX DO~pa3~eJieHHH 0115111 S 1986-
1990 rr. YTBep)l{~eH <<llpo6JieMHO-TeMaTH'IeCKHH 
nJiaH Hay'IHO-HCCJie~OSaTeJibCKHX paOOT H Me)l{~y
Hapo~HOro coTpy~HH'IeCTBa 0115111 Ha 1991 r.>>, co
cTasJieHHhiH C y'leTOM npe~JIO)I{eHHH CTpaH-y'laCT
HHII,. 0TMe'leHhl rJiaSHhle 3a~a'IH JiaoopaTOpHH 
01151 11 s 1991 r. 

3 aCJiymas ~OKJia~ ~HpeKTOpa 11HCTHTyTa aKa~e
MHKa ,ll,.Kuma, Y'leHhiH coseT npHHSIJI npe~cTaBJieH
HYIO s HeM nporpaMMY pa3SHTHSI 0115111 c y'leToM 
ShiCKa3aHHhiX 3aMe'laHHH 3a ocHosy u npe~JIO)I(HJI 

paCCMOTpeTb ee Ha O'lepe~HOM COBelll,aHHH KOMHTeTa 

ll 
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69 cecCHll Y'lleHoro coueTa OIUIH. C JIOKJJaJIOM «OcHOBHbre pe3yJJbTaTbl, noJJy'leHHbre u 3KcnepHMeHTe ):{EJI<I>H• nepe,11 'IJJeHaMH Y'lleHo
ro coueTa BbrCTynHJJ Y .AMaJJbJIH <UEPH) 

IloJIHOMO'IHbiX Ilpe~cTaBHTeJieii. CoBeT noMep)KaJI 
peKOMe~aiJ,HH COBem;aHHSI cPHHaHCOBbiX opraHOB 
CTpaH-y'IaCTHHIJ, 0115111 (11-12 ~eKa6pS1 1990 r.) 0 
HeOOXO~HMOCTH cPHHaHCHpoBaHHSI ~eSITeJibHOCTH 
11HCTHTyTa B CBOOo~HO KOHBepTHpyeMOH BaJIIOTe. 
Y'IHTbiBaSI CJIO)KHOe ¢uHaHcosoe noJIO)KeHue 11Hc
THTyTa, Y'IeHbiH COBeT npocHJI Knn paCCMOTpeTb 
sonpoc o Heo6xo~HMOCTH yseJIH'IeHHSI 6IO~)KeTa · 
011~11 Ha 30% (OT ypoBHSI H B IJ,eHaX 1990 r.) Ha'IH
HaSI C 1992 r. MSI C03~aHHSI KOHKypeHTOCnOCOOHOH 
Hay'IHOH 6a3bl H npH COCTaBJieHHH 6IO~)KeTa Ha 1992 
H nOCJie~yiO~He ro~bl npHHHMaTb 80 BHHMaHHe npo

HCXO~SI~YIO HHcPJISIIJ,HIO. 
Y'IeHHH coseT npe~JIO)KHJI ~upeKIJ,HH 06-J,e~u

HeHHoro HHCTHTyTa o6ecne'IHTb BblnOJIHeHue OOSI3a
TeJibCTB no npoBe~eHHIO 3KCnepHMeHTOB B 11<l>B3 
(IlpoTBHHO) H l.J,EPHe, npoBe~eHHe npoeKTHbiX pa
OOT no KOMDJieKcy HaKonHTeJieii 3JieKTpoHOB, no-
3HTpoHoB, HOHOB, no HeHTpoHHOMY HCTO'IHHKY Bbi
COKOro pa3pemeHHSI. IJ:upeKlJ,HSIM 011~11, JIB3 H 
JI~P peKOMe~osaHo o6ecne'IHTb 3aBepmeHne pa6oT 
no 3anycKy HYKJIOTpoHa u lJ,HKJIOTpoHa Y -400M B 
Ha'IaJie 1992 ro~a. B noJIHOM o6heMe ~OJI)KHO 6h1Tb 
o6ecne'leHo Q>uHaHcnpoBaHue npuopuTeTHbiX 6a3o
BHX yCTaHOBOK H nepBOO'Iepe~HbiX npoeKTOB 3KCne
pHMeHTaJibHillX yCTaHOBOK. 

Ha ceccuu 6HJia 3aCJiymaHa HHQ>opMaiJ,HSI o npo
eKTe npOOJieMHO-TeMaTH'IeCKOro DJiaHa 011~11 Ha 
1991 ro~ H HOBOM nO~XO~e K DJiaHHpoBaHHIO H cPH-

14 

HaHcuposaHHIO, a TaK)Ke o pa6oTe KoMnccuu no Bbl
pa6oTKe HOpMaTHBHbiX aKTOB. 

HaqaJio nOCJie~yiO~Hx SIHBapcKux ceccu:H Ylle
Horo COBeTa 011~11 6HJIO pemeHO nepeHeCTH Ha Tpe
THH BTOPHHK SIHBapSI Ka~oro ro~a. 

4-6 HIOHSI: B IJ:y6He COCTOSI:JiaCb 70 CeCCHSI: Y'le
HOfO coBeTa OH~H. YlleHbiH coBeT npHHSIJI K cBe~e
HHIO HHQ>opMalJ,HIO ~HpeKTOpa 11HCTHTyTa aKaAeMH
Ka II:.Kuma o pemeHHSIX KoMHTeTa IloJIHOMO'IHbiX 
Ilpe~CTaBHTeJieH Ha COBe~aHHH 5-6 MapTa 1991 r. 
CoBeT peKoMe~osan ~upeKIJ,HH 11HCTHTyTa npo~oJI
)KHTb paooTy nO BKJIIO'IeHHIO 011~11 B c¢epy ~eSI
TeJibHOCTH Me~yHapo~HbiX opraHH3alJ,HH (3K<I>A, 
MAfAT3, IOHECKO H ~p.). CoBeT npocHJI ~upeK
u;uiO 11HCTHTyTa ~aTh Ha 71 ceccuu YlleHoro coseTa 
nHQ>opMau;uiO o pa60Te Yqe6Ho-Hay'IHOro u;eHTpa u 
nepcneKTHBax ero pa3BHTHSI. 

Ilo ~OKJia~aM ~HpeKTOpOB JiaoopaTOpHH npHHSI
Tbl K CBe~eHHIO npoeKT «IlpOOJieMHO-TeMaTH'IeCKOro 
nJiaHa Hay'IHO-HCCJie~oBaTeJibCKHX paOOT H Me~y
Hapo~HOro COTpy~HH'IeCTBa 011~11 Ha 1992 ro~ (Te
Mbl nepBoro npuopuTeTa)>> u <<Ilpe~JIO)KeHHSI Jia-
6opaTopu:H B II Til HI1P H Me~yHapo~HOro COTpy~
HH'IeCTBa 011~11 Ha 1992 ro~». PeKoMe~osaHo 

BKJIIO'IHTb B 'IHCJIO TeM nepBOro npHOpHTeTa 'laCTb 
TeMaTHKH JlaoopaTOpHH TeopeTH'IeCKOH cPH3HKH. 



.l1.npeKD;HSIM J.1HCTHTyTa H Jia6opaTOpHH peKO

MeH):IOSaHO npO,l:IOJIX<HTb ,1:10 1 OKT516p51 3T0f0 ro,~:~a 
pa6oTy Ha,~:~ npoeKTOM TITTI-92 c y'-leTOM Tipo

rpaMMhl pa3SHTHSI 11HCTHTyTa (011.5111, 11-5460), 

3aMellaHHH YlleHoro coseTa 11 3aHHTepecosaHHOCTH 

opraHH3an;n:H cTpaH-yllaCTHHD;. CnncoK npHopH

TeTHbiX TeM o6cy,~:~HTh Ha HKC 11 KOMHCCHH H3 asTo

pnTeTHhiX ylleHbiX no npe,~:~JioX<eHHIO .z:~npeKD;HH 11H

CTHTyTa. CoseT npocnJI cTpaHhi-yllaCTHHD;bi AO 1 oK

T516p51 HanpaBHTb B AHpeKD;HIO 11HCTHTyTa CSOH 

3aMe'-laHHSI H npe):IJIOX<eHHSI B npOeKT fiJiaHa AJISI HX 

llOCJieAyiOID;ero paCCMOTpeHHSI <l>HHaHCOSbiM KOMH

TeTOM, HKC 11 YlleHbiM coseTOM. YlleHhiH coseT oT

MeTHJI, liTO 113 6IOAX<eTa 0115111 MOryT 6biTb ¢n

HaHCHposaHbl llOJIHOCTbiO TOJibKO TeMbl nepsoro 

npHopnTeTa. PeKoMeH.r~osaHo pyKoso.r~nTeJISIM TeM, 

AHpeKD;HSIM 0115111 11 Jia6opaTopHH AJISI noMep

X<aHHSI HCCJie):IOSaHHH, HMeiOUJ,HX SbiCOKYIO Ha

Y4HYIO 3Ha'-IHMOCTb, HcnoJih30BaTh B03MOX<HOCTH 

AOfiOJIHHTeJibHOfO BHe610):1X<eTHOfO ¢HHaHCHposa

HHSI (u,eJiesoe, BKJiaAbi COTPYAHH4aiOUJ,HX opraHH3a

u,Hi1). .l1.npeKU,HSIM Jia6opaTOpHH peKOMeHAOBaHO 

UIHpe npHMeHSITb MeX<Jia6opaTOpHble CBSI3H AJISI 6o

Jiee s¢¢eKTHSHOfO HCnOJib30BaHHSI o6opyAOSaHHSI H 

pecypcos. 

Y4eHhiH coseT npHHSIJI K cse.r~eHHIO HH¢op

Mau,HIO o AeSJTeJibHOCTH Pa6o4el1 rpynnbi Kflfl no 

Bbipa60TKe OCHOBHblX HOpMaTHSHbiX aKTOS 0J.15111 H 

shlpa3HJI 6JiaroAapHOCTh Pa6o4e:H rpynne " l.IJieHaM 

OprKOMHTeTa 3a npoAeJiaHHYIO pa6oTy. O,~:~o6peHbl 
ocHOSHhie noJIOX<eHHSI KoHn;enu;nn pa3sHTHSI H peop

raHH3au,u n 01151Yf KaK MeX<AyHapo.r~Horo n;eHTpa 

¢yH):IaM HTaJibHbiX HCCJie):IOSaHHH, pa3pa6oTaHHble 

Pa6o4ei1 rpynnou " OprKOMHTeTOM, OTMelleHo, liTO 

npn ee .r~opa6oTKe Heo6xo.r~nMo ylleCTb 3aMe'-laHHSI 

Y4eHoro coseTa. CoseT noMepX<aJI npocb6bi Pa-

6o4eil: rpy nnhi il a.z:~pec .z:~npeKD;HH 11HCTHTyTa: sHeCTH 

Ha paCCMOTpeHHC <l>HHaHCOSOfO KOMHTCTa 0115111 

npe.r~JioX< eHHYIO KoHn;enn;HIO ):IJISI sblpa6oTKH peKo

MeH.r~an;H il: no SOllpOCaM, SXO):ISIID;HM S ero KOM

rreTeHD;H ; OKa3aTb ITOMOID;b S ,1:10pa60TKC HOSOH pe

,~:~aKD;HH Y cTasa H IloJioX<eHHSI o nepcoHaJie 0115111 

Ha OCHOBe npe):IJIOX<eHHOH KOHD;ellD;HH H C ylle

TOM BbiCKa3aHHbiX 3aMellaHHH HanpaBHTb 3TH Ma

TepHaJibl B CTpaHbi-yllaCTHHD;bl B TelleHHe HIOJISI 

1991 ro,~:~a . 

Ha CeCCHH COCTOSIJIHCb Bbi60pbi Ha ):IOJIX<HOCTH. 

Ha ocHos aHHH pe3yJihTaTos TaliHoro roJiocosaHHSI 

Y4eHhiH coseT yTsep,~:~HJI 3aMecTHTeJISIMH AHpeKTopa 

JIH<l> Ka H):IH):IaTa ¢H3HKO-MaTeMaTHlleCKHX HayK 

H.HaTKaHu,a H rrpo¢eccopa IO.TI.Ilonosa cpoKOM Ha 

3 roAa. 

06bSisJieHbl BaKaHCHH Ha ,l:IOJIX<HOCTH 3aMeCTH

TCJieH A11peKTOpOB JIT<l> (1 saKaHCHSI) H JICB3 

(1 saKaHCHSI). Bbi6opbi cocTOSITCSI Ha 72 ceccHH Ylle

Horo cos Ta 011511i1 s HIOHe 1992 r. 

• 
3ACE.l1.AHI1SI <lH1HAHCOBOrO KOMI1TETA 0115111 

12-13 HIOHSI B .l1.y6He COCTOSIJIOCb BHC04epe.u

HOC 3aCCAaHHC <l>HHaHCOBOfO KOMHTCTa C y4aCTI1-

eM npeACTaBI1TeJieH ¢11HaHCOBbiX opraHOB CTpaH

y4aCTHI11.1, Ol15B1. 

<l>HHaHCOBbiH KOMI1TCT COrJiaCI1JIC51 C 6IOAX<eTOM 

06beAHHeHHOfO 11HCTI1TyTa SIACpHbiX 11CCJieAOBaHHH 

Ha 1991 fOA C o61I)eH cyMMOH paCXOAOB 27,5 MJIH. 

AOJIJiapos CWA. flp11 ¢opMI1posaHI1H 6IOAX<CTa YfH

CTI1TyTa Ha 1991 r. s AOJIJiapax CWA A11peKU,H51 11C

XOA11Jia 113 corJiacosaHHoro KoMI1TeTOM floJIHOM04-

HbiX flpeACTaBI1TeJieH 11 <l>11HaHCOBblM KOMI1TeTOM 

oeYbeMa ¢11HaHC11pOBaHI151 53,6 MJIH.py6JieH B u,eHaX 

1989 roAa. 

YTsepX<ACHhi AOJJCBhiC B3HOChl rocyAapcTs -

4JICHOB Ji1 HCTI1TyTa. 

YcTaHOBJJCHO, 4TO 4aCTh AOJJesoro B3Hoca MO

X<eT 6hiTb BHeCeHa rocy.r~apCTRaM11- 4JICHaMI1 Ji1HC

TI1TyTa nyTeM noCTaBOK MaTCp11aJJOB, o6opyAOBaHI151 

11 oKa3aHH51 ycJiyr no 3aHsKaM Oli1SIIi1. He MeHce 

20 % BHOCI1TC51 B CB060AHO KOHBCpT11pyeMOH RaJJIOTC 

AJJ51 o6ecne4CHI1st MC:>KAyHapOAHOro COTPYAH114CCT

sa, np1106pCTeHH51 MaTepHaJJOR 11 o6opyAOR(IHI151 R 

Apyr11x CTpaHax. KpoMc Toro, s cso60AHO KOHBCpT11-

pyeMoi1 B(IJIIOTC BHOC51TC51 CYMMhl, HC06XOA11MbiC All 51 

nepeso.r~a '-laCTH 3apa6oTHOH rrJiaTbi COTPYAHHKOB, He 

srsJISIIOll)Hxcsr rpaX<.r~aHaMH CCCP, s cTpaHy nocTo

srHHoro n OX<HBaHHSI. 

<1>11Ha HCOBbiH KOMHTeT COrJiaCHJICSI C npeAJIO

X<eHHbiM AHpeKU,HCH nopSIAKOM se,~:~eHHSI 6yxraJITep

CKOfO y'-leTa 11 OT4eTHOCTH npH ¢opM11pOSaHHH 610):1-

:>KeTa 011511i1 s AOJIJiapax CIIIA. 

<l>HHa HCOBbiH KOMHTeT eme pa3 llO):IllepKHYJI He

o6XOAHMOCTb nOBblliiCHHSI 3apa60THOH llJI3Tbl CO

TPYAHHKOB Oli1511i1 Ha 80-100% 6e3 coKpaUJ,eHHSI 

otTheMa H Y4HbiX 11CCJie.r~osaHHH. 
flo n o py4eHHIO 70 CeCCHH Y4eHOfO COBeTa AH

peKU,1151 HCTI1TyTa CACJJaJia C006UJ,eHHC <<0 KOHD;err-

1.1,1111 pa3BI1TI151 11 peopraHI13aU,HH 06beAHHeHHOfO 

11HCTHTyTa SIAepHbiX 11CCJie):IOBaHI1H KaK MeX<AyHa

POAHOfO CHTpa ¢YHAaMCHTaJibHbiX HCCJieAOBaHHH">>. 

KOMI1TeT np11HSIJI K CBeAeHHIO OCHOBHbie fiOJIOX<eHHSI 

npCAJIO)KCHHOH KOHU,enU,HH. 

9- L l IJ.eKa6pS1 s .LI.y6He npoxo.r~HJIO 3ace.uaHHe 

<l>HHaHconoro KOMHTeTa OMSIM, Ha KOTopoM 6bi

JJH paCCMOTpCHbl CJICAYI01IJI1e BOITpOCbl: HH¢op

MaU,HSI 0 AC51TCJihHOCTI1 ):IHpCKU,1111 11HCTHTyTa B 
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12 -13 HJOHII s )zy6He npoxOAI1JIO BHe04epeAHOe 3aCeAaHHe <l>HHaHcosoro KOMHTeTa OIUIH 

1991 roAy; o noAnHcaHHH ComaweHHSI MeX<Ay 

<l>M11T <l>Pr H 0Jf.SII1, 0 nepeCMOTpe WKaJibl AO

JieBhiX B3HOCOB B CBSI3H C npexpai.U;eHHeM l{JieHCTBa 

r.LJ:P B 0115111; HTOI'H pa60Thl KOHTpoJibHOR KOMHC

CHH 10-11 HJOHSI 1991 fOAa; 0 BhlnJiaTe llOCOOHH .CO

TPYAHHKaM, ysoJieHHhiM H3 11HCTHTyTa B CBSI3H c co

xpam;eHHeM IDTaTHOH quCJieHHOCTH. 

BhiJI 3aCJiymaH oTqeT AHpexu,uu o BhlnOJIHe

HHH peKOMeH.I~ai.J,HH <l>HHaHCOBOfO KOMHTeTa OT 13-
14 AeKa6pS1 1990 fOAa, 12-13 HJOHSI 1991 fOAa 

H npeAJIO:lKeHHH KOHTpoJibHOH KOMHCCHH OT lO
ll HJOHSI 1991 fOAa; HHcJ>opMai.J,HSI 0 npoeKTe 6IOA:ll<e-

16 

Ta Ha 1992 fOA H npeAJIO:lKeHHSI llO KOHTpoJibHbiM 

u,u¢paM 6JOA:lKeTa Ha 1993 roA. 

<DuHaHcoshiH: xoMHTeT pexoMeHAOBan: Knn 

~TBepAHTb OTqeT 0115111 3a 1990 fOA, npHHSIJI K CBe

AeHHIO nHcJ>opMau,uJO o ¢uHaHcosoH: AeSITeJihHOCTH 

0115111 B 1991 fOAY H npeAJIO:lKHJI nopyqHTb AHpex

I.J,HH pa3pa6oTaTh npoeKT 6JOA:lKeTa Ha 1992 fOA C 00-
I.U;eH CYMMOH paCXOAOB Ha ypoBHe 1991 fOAa. 

<l>uHaHCOBhiH KOMHTeT cqeJI HeOOXOAHMbiM o6-
pa30BaHHe 3KCnepTHOH rpynnhl H3 npeACTaBHTeJieH 

BCeX CTpaH- yqaCTHHI.J, 0115111 AJISI llOAfOTOBKH HO

BOH wxaJihl AOJieBhlx B3Hocos. 



ITPEMMM 

3onOTOH MeAanH H AHnROMa 0 npHCY~AeHHH 
npeMHH HM.fH66ca YAOCTOeH nolleTHbiH AHpeKTOp 
06beAHHeHHOI'O HHCTHTyTa 51AepHbiX HCcneAOBaHHH 
aKaAeMHK H .H.Eoromo6oB. 

IIPEMHH OH5IH 

Ha COHCKaHHe npeMHH OJ.15H13a 1991 roA 6hWH 
BbiABHHYTbl nylliiiHe HayllHO-HCcneAOBaTeJibCKHe, 
HayllHO-MeTOAH'leCKHe H HayllHO-TeXHH'leCKHe pa-
60Tbi, BblnonHeHHbie COTPYAHHKaMH 06beAHHeHHOro 
HHCTHTyTa. 

PeiiieHHeM Y '!eHOI'O CO BeTa 0 J.151 J.1 OT 18 SIHBap51 
1992 I'OAa npHCY~AeHbl CJieAyiOIUHe npeMHH: 

ITO HAYliHO-J.1CCJIEllOBATEJihCKJ.1M 
TEOPETJ.1l!ECKJ.1M PAEOTAM 

II epaaR npeMUR 

<<CTpyKTypa ¢a30BOI'O npOCTpaHCTBa B KanH6po
BO'lHbiX TeOpHSIX». 

ABTOphi: JI.B.ITpoxopos, C.B.llla6aHoB. 

Bmopa51. npeMUR 

«TeopHSI nonSipoHa B pe~HMax cna6ou H npoMe
~YTO'IHOH CBSI3H». 

AsTopbi: E.A.KoYeTOB, 0. B.Cen10nm, 
M.A. CMOHAbl pes. 

ITO HAYqHO-J.1CCJIE1I.OBATEJihCKJ.1M 
3KCITEPJ1MEHT AJihHhiM PAEOTAM 

II epaaR npeM uJt 

«3KcnepuMeHTanhHOe H3y'leHue AeneHHSI B03-
6y~eHHhiX SIAep B AHana3oHe Z 2/ A= -43». 

AsTOpbi: 3.M.Ko3ynuH, C.M.JlyKhSJHOB, 
l0 .3.ITeHHOH~KeBH'I ; B.C.CanaMaTHH, r.r. qy6a
p51H, M.r.MTKHC, B.H.OKonoBHY, A.51.PycaHoB, 
r.H.CMHpeHKHH, X.30AaH. 

B m opa5l npeMUR 

<<J.1ccneAOBaHHe o6pa3oBaHH51 KYMYn51THBHbiX 
aApOHOB B npOTOH-5{AepHbiX B3aHMOAeHCTBH51X npH 
:meprn51X OT 15 AO 65 r3B». 

ABTOpbl: J.1.M.EenSJeB, H.B.BnacoB, o.rr.raB
PHJ.UYK , )I.C.3onHH, B.<l>.TiepeceAOB, A.lO.Cy
xaHOB. 

ITO H A YliHO-MET01J.I1liECKJ.1M 
11 HAY liHO-TEXHJ.1liECKJ.1M PAEOTAM 

IJ epaa5l npeMUR 

<<C 3AaHHe BbiCOKOCllHHOBOH 5{AepHOH MHIIIeHH 
178m2 Hf». 

ABTOpbl: lO.U..OraHec51H, C.H.EoroMonoB, 
lll.EpuaHcoH, lO.IT.raHrpcKHii, E.ropcKH, 
r.H.J.1BaHOB, C.A.KapaM51H, E.H.MapKOB, 
H.B.DpoHHH, M.lOccouHya. • 

,l(ae amopbte npe.Muu 

«J.13MepeHHe BpeMeHH ~H3HH HeHTpoHa B rpa
BHTaiJ,HOHHOH nosywKe ynbTpaxonOAHbiX HeHT
pOHOB». 

AsTophl: B.IT.McPHMeHKos, BJ1.Jlyiii.HKOB, 
A.B.CTpenKoB, B.H.lllBeiJ,oB, B.B.HecBH~escKHH, 
A.IT.Cepe6poB, P.P.TanbAaeB, A.r.XapHTOHOB. 

<<CIJ,HHT~Sil.I,HOHHbiH cneKTpOMeTp HeHTpOHOB 
nonHOI'O nornomeHHSI>>. 

A sTopbi: B.IT.D.~enenoB, B.r.3HHOB, A.ll..Ko
HHH, JI.MapiJ,HIII, A.M.PyAeHKO, B.B.<l>HnhlleH
KOB. 

ITO H A YliHO-TEXHI.fliECKI.fM 
ITPJ.1KJIA1I.HhiM PAEOTAM 

II epaaR npeMUR 

<< JIIccneAOBaHHe MyTareHHOI'O AeHCTBHSI HOHH3H
PYIOIIII1X H3ny'leHHH c pa3HbiMH cPH3H'IeCKHMH xa
paKTepncTnKaMH». 

A TOphi: M.H.EoHes, C.Ko3y6eK, E.A.Kpaca
BHH, M .M.Orneseu,KaSJ, E.ToKapoB. 
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BmopaJL npeMUR 

«MOHHTOpHHr KpHOreHHhiX IIOTOKOB>>. 
ABTophl: A.l1.AneKcees, B.B.ll.aHHJIOB, 

l1.C.MaMeAoB, H.l1.Jie6eAeB, C.B.PoMaHos, 
IO.Il.<l>HJIHIIIIOB. 

lloo~pumeJZbHble npeMuu 

<<HOBble XHMH'IeCKHe H nJia3MOXHMH'IeCKHe Me
TOAhl KOHD;eHTpHpOBaHH51 30JIOTa, nJiaTHHhl H UpH
AH51 npH aHaJIH3e npHpOAHhiX o6heKTOB». 

AsTOpbi: r.H.<l>JiepoB, 
T.B.lliHmKHHa, B . .S.Uie6eAeB, 
C.B.lliHmKHH, )l(.llHM3r, 
T .I1.1l.po6HHa, lli.f3p6um. 

C.H.ll.MHTpHes, 
A.B.KpacHOB, 

E.JI.)I(ypasJiesa, 

«113y'leHHe npou;eccos o6pa3osaHH51 npOAYKTOB HC
rrapHTeJihHhiX peaKD;HH C Z > 83 B peaKD;H51X C TSI)Ke
JihiMH HOHaMH Ne, Mg, Ar H Ca». 

AsTOphl: A.H.AHAPees, LI..LI..EorAaHoB, 
A.B.EpeMHH, A.I1.Ka6a'leHKO, O.H.MaJihlmes, 
IO.A.My3hi\1Ka, E.l1.I1ycThiJihHHK, r.M.Tep
AKOIIh51H, B.l1.llerrHrHH. 



HAY~HO· 
MCCnEAOBATEnbCKME 
PA60Tbl, 
BblnOnHEHHbiE 
nA60PATOPMHMM OMHM 
B 1991 rOAY 

• 



JIABOPATOPll51 
TEOPETllqECKOti <l>ll3llKll 

TEOPif.SI $YH,[J:AMEHTAJibHbiX B3AHMO~~EHCTBH:A: 

Ilpu uccne~oBauuu CTPYKTYPhl <t>aaoBoro n p o

CTpaHCTBa B KaJIH6pOB01..JHhiX TeOpH51X DOJISI llOKa3a

HO, l..JTO HCKJIIOl..JeHHe HCcPH3Hl..JeCKHX nepeMeHHbiX 

npHBO~HT K H3MeHCHHIO 3HepreTH1..JeCKOro cneKTpa H 

KBaauKJiaccuqecKoro npu6nuX<eHHSI. HanpuMep, 

MeH51eTC51 cneKTp BHyTpeHHHX B036yX<,neHHH KBaH

TOBOro COJIHTOHa [ 1 ]. 

06o6m.euo Ha CJiy'laH CDHHOBbiX KBaHTOBbiX 

DOJieH B npocTpaHCTBe-BpeMeHH npOH3BOJlhHOH p a 3-

MepHOCTH npe~craBneuue <l>euuMaua ~JI51 npon a

raTopa cBo6o~uoro noJI51 B BHAe cyMMhl no cny

l..JaHHhiM DOJI51M. HaiiAeHHhiH CDHHOBbiH <t>aKTOp OKa-

3aJIC51 paBHhiM Tononom'leCKOMY 1..JJleuy Becca -

3yMHHO ...._ BuTTeua - HoBHKOBa u 51BJI51eTc51 'laCT

lihiM cnyqaeM uea6eneBou <t>aahl Beppu, B03HH

KaiOmeu npH H3MeHeHHH BOJIHOBOH cPYHKI.J.HH t.ta

CTHI.J.bl npH ee ~BHX<eHHH B~OJib CJiy'laHHOro n y

TH [2 ). 

<l>aaoBa51 CTPYKTypa H xapaKTep <t>aaoBoro n epe

xo~a H3y'leHhl B MO~eJIH g cp4 
KBaHTOBOH TeOpHH n o

Jl51 B npocTpaHCTBe Rd (d = 2,3,4) MeTO~aMH KaHO

HHl.JeCKOro KB3HTOBaHHSI, peuopMrpynnhl H cPYHKI.J.H

OHaJihHOro HHTerpHpOBaHH51. IJoKa3aHO, l.JTO MO~eJib 

npH d = 3,4 ODHCbiBaeT CHMMeTpHt.tHyiO CHCTCMY 

KaK npH MaJIOH [3], TaK H npH 60JihUIOH KOHCTaHTe 

CB513H, a npu d = 2,3 - <t>aaoBhiH nepexo~ n~pBoro 
po~a [4 ]. 

Pauee B JIT<l> 6biJIO noKaaauo, l.JTO peaynhTaT 

H3BeCTHOro 3KCnepuMeHTa eBpOneHCKOro MIOOHHOro 

COTPYAHHt.teCTBa (EMC) - paBeHCTBO nonuoro cn u

ua Bcex KBapKOB H auTHKBapKOB B uyKJioue uyn10 -

51BJI51CTC51 CJie~CTBHCM HaHBHOH napTOHHOH MO,neJIH~ 

Ha caMOM ~ene, B KXJl. peayJihTaT 3KcnepuMeHTa 

EMC MoX<eT 6btTh CJieACTBHeM KOMneucau.uu KBap

KOBoro H rJIIOOHHOro BKJia~OB. IJOJIHbiH BKJiaA KBap

KOB npH 3TOM MOX<eT 6b1Th CBSI3aH 06o6II.J.CHHbiM CO

OTHOUICHHeM roJib,n6eprepa - TpCHMaHa C KOHCTa H

TOH BaauMo~eucTBHSI roJI,ncToyuoBCKoro TJ '-Meaou a c 

uyKJIOHOM [5]. Teneph npeAJIOX<eu cnoco6 onpe,ne

JieHHSI 3TOH KOHCTaHTbl nyTCM H3MepeHHSI npo~OJih

HOH CDHHOBOH KOppeJI51I.J.HH B ynpyroM pd- HJIH dd
paCCCSIHHH [ 6 ]. 
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.il.JHI HaXOX<~eHH51 BKJia~a CTpaHHhiX KBapKOB B 

cnuu uyKJioua, KOTophlu ~OJIX<eu 6h1Tb 6on&IIIHM 

(OKOJIO 20% B CJiyqae OTCYTCTBH51 KOMneHCHpyiOID.e

ro rJIIOOHHOro BKJia~a), 6hiJIO npe~JIOX<eHO HCDOJib-

30BaTb nonyuuKJII03HBuoe rny6oKoueynpyroe pac

ce51uue c pemcrpau.ueu 6hlcTphlx K-MeaouoB. 

Ilpo.nonX<anac& paapa6oTKa uoBoro uanpaBJie

HH51 B nonynepTyp6aTHBHOH KX.U - KX.U c ueno

KaJibHhiMH KOH~eucaTaMH. B ueu BaKyyMHhle KBap

KOBble H rJIIOOHHble KOMeHCaThl paCCMaTpHBaiOTC51 

KaK HeKOTOphle y6&IBaiOII.J.He Ha xapaKTepHbiX a~
pOHHbiX MaCUJTa6ax cPYHKI.J.HH (HeJIOKaJibHhiH KOH

,neucaT), a He npoCTO KaK KOHCTaHTbl. 6hiJIH DOCT

poeHhl HOBble MO~eJIH TaKOro BaKyyMa H ycTa

HOBJieHO, 'ITO npH npH6JIHX<eHHH napaMeTpOB 

HeJIOKaJibHOCTH K napaMeTpaM HHCTaHTOHHOH X<H,Il

KOCTH BOJIHOBa51 cPYHKI.J.H51 DHOHa (TBHCTa 2) npu-

6JIHX<aeTCSI K acuMnTOTHt.JecKou [7 ]. B&tJI pa3BHT 

cPOpMaJIH3M ~JISI Onpe~eJieHHSI 3JieKTpOMarHHTHOro 

cPOPMcPaKTOpa JierKO-TSIX<eJibiX Me30HOB qQ B npe

,neJie mQ ~ oo [8]. YcTaHOBJieuo, l.JTO yuuBepcan&-

HhiH Isgur - Wise <t>opM<t>aKTOP ~JI51 TaKux cucTeM 

npSIMO CBSI3aH C KBapKOBbiM nponaraTOpOM B MHH

MOM BpeMeHH, TO eCTb onpe~eJI51eTCSI DOBe~eHHeM 

KBapKoBoro uenoKaJI&uoro KOMeucaTa. TaKHM o6-

paaoM, OTKpbiBaeTCSI B03MOX<HOCTb H3BJieKaTb xa

paKTepHCTHKH KX.il.-BaKyyMa uenocpe~CTBeuuo H3 

,3KCnepuMeHTa. 

IJpo,nOJIX<aJIHCb npHMeHeHHSI HaH~eHHOro B 

JIT<l> MeTO~a rapMOHH'IeCKOro cynepnpOCTpaHCT

Ba. 06uapyX<eHa 3aMel.JaTeJibHaSI aHaJIOmSI MeX<~Y 
mnepK3JiepOBbiMH CHrMa-MO~eJISIMH B rapMOHH'IeC

KOM cynepnpOCTpaHCTBe H raMHJlbTOHOBOH MexaHH

KOH [9]. 

floJiyl.JeHa HOBaSI cPOpMa AeHCTBHSI ~JISI cynepqa

CTHI.J.bl H cynepcTpyHbl, o6Jia~aiOmaSI KaK MHpOBOH, 

TaK H npOCTpaHCTBeHHO-BpeMeHHOH cynepcHMMeT

pHSIMH. B&tSlcueu CMbiCJI <t>epMHouuou Kanna-cuM

MeTpHH ~JISI d = 2 cynepllaCTHI.J.bl H d = 4 cynep

CTpyHbl [ 10 ]. 
flpe,nJIOX<eH HOBhiH no~xo~ K W-CHMMeTpH51M, 

OCHOBaHHhiH Ha HX HeJIHHeHHhiX peaJIH3ai.J.HSIX [ 11 ]. 



COTPYAHHKH JIT<I> npoaeJIH llHKJt pa6o•1ux couemaHHi1 c y••eHbiMH 113 repMaH ~~. Ha CHHMKe: ytJaCTHHKH cosemaHHSJ no TeopeTH'IeCKOH 
SJAepHOH <f>113HKe JIT<I> 0115U1- <I>Pf 

PaccMoTpeHa KJiaccH'lecKaSI ~HHaMHKa peJI.s~

THBHCTCKou CTpyHhl, Harpy)l(eHHOH MaCCaMH Ha 

KOH~aX (KBapKH). 3anHCaHbl ypaBHeHH.Sl ~BH)I(eHHSI 

B TepMHHaX reOMeTpH'leCKHX HHBapHaHTOB MHpO

BbiX TpaeKTOpHu MaccHBHhiX KOH~OB CTPYHhl, a 

HMeHHO: Hx KPHBH3Hhl H Kpy4eHHH. TaKHM o6pa3oM, 

~BH)I(eHHe Mace onpe~eJISieT BCIO MHpoByiO noBepx

HOCTh CTPYHhl. MHa'le roBopSI, cTpyHa BhiCTynaeT 

3~eCb K3K nepeHOC4HK B33HMO~eHCTBH.Sl Ha paCCTO.Sl

HHH Me~y ~BYM.Sl peJI.SITHBHCTCKHMH M3CCHBHbiMH 

43CTH~3MH 3H3JIOrH4HO 3JieKTpDM3rHHTHOMY DOJIIO, 

CBSI3biBaiO~eMy ~Ba 3ap.s~~a B no~xo~e YHJiepa H 

<l>enHMaHa [ 12 ]. OoJiy'leHhl HOBble KJiaccbl peweHHH 

ypaBHeHHH .siHra - MHJIJICa B R 4 ~JI.Sl npoH3BOJih

HOH KaJIH6poBO'IHOH rpynnbl. Ope~JIO)I(eH anre6pan-

4eCKHH MeTO~ DOCTpoeHH.Sl peweHHH ypaBHeHHSI .siH

ra - MHJIJica B npocTpaHCTBe npoH3BOJihHOH pa3-

MepHOCTH ( 13 ). 

OpoBe~eH HOBbiH TeopeTH4eCKHH aHaJIH3 3KCne

PHMeHTOB no pacna~y r -+ 3:n:v H onpe~eJieHHIO H3 

Hero accbi a
1
-Me3oHa. B pe3yJihTaTe corJiacoBaHhl 

3Kcnep nMeHTaJibHble ~aHHbie pa3JIH4HbiX rpynn 

(DELCO, MARK II, ARGUS, MAC> 0986), r~e 
Macca a

1
-Me3oHa onpe~emiJiaCh B wHpoKOM HHTep-

BaJie 3Heprnu 1046 M3B ~ m ~ 1194 M3B, " no

Jiy4eHo 3Ha4eHHe, 6JIH3KOe K BepxHeH rpaHH~e 
(14). 3TO 3Ha4eHHe 6JIH3KO H K pe3yJibTaTaM ODbi

TOB 1981 r., DOJiy4eHHbiM H3 pacce.SIHH.Sl :rt:N -+ 3:n:N. 
0oKa3a HO, KaK BJIH.SleT rJIIOOHHbiH KOH~eHCaT Ha na

paMeTp bi KBapKOBOH MO~eJIH THna HaM6y - MoHa 

- Jla3HHHO ( 15). (3Ta MO~eJib XOpDWO ODHCbiBaeT 

HH3K03HepreTH4eCKYIO <j>H3HKY a~poHOB). 

B KBapKOBou Mo~eJIH MewKOB Bhi~BHHyTa H~e.Sl o 

CB.Sl3H B03M0)1(HOro aHOMaJibHOro OOBe~eHH.Sl CDHH-

3aBHCHMOH CTPYKTYPHOH <I>YHK~HH ct(x) c HeKOTO-

pbiMH a)I(HbiMH OCOOeHHOCT.SIMH pp- H pp-paCCe.SIHH.Sl 

a~poHOB npH BbiCOKHX 3HeprH.SIX ( 16 ). 

B ~HHaMH4ecKou Mo~eJIH B3aHMo~eucTBH.Sl a~
poHOB C y4eTOM CHJibHbiX <j>OpM<j>aKTOpOB Bbll{HCJie-
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K8aHT08all onTHKa- OAHO H3 HanpaBJleHHH, pa38H8ai011\HXC5l 8 JIT<l>. Ha CHHMKe: 4JH3HKH OIUIH A.C.lllyM08CKHH H 6.C.HeraH08 8 

HHCTHryTe cneKTpOCKOnHH 3HaKOMliTCll C annaparypOH )J.JlSI HCCJieA08aHHH no K8aHT080H OnTHKe 

Hbl pa3JIH4Hble CllHHOBble KOppeJISIII,HOHHble 3cPcPeK

Thl B HYKJIOH-HYKJIOHHOM, HYKJIOH-aHTHHYKJIOHHOM 

H Me30H-HYKJIOHHOM ynpyroM pacCeSIHHH [ 17]. flo

Ka3aHa cym.eCTBeHHaSI pOJib BeUJ.eCTBeHHOH llaCTH 

aMUJIHTY~bi pacceSIHHSI. TI pe~cKa3aH PSIA HOBbiX 3<1>
<PeKTOB ~JISI llOBeAeHHSI llOJIS1pH3aii,HH, HaKJIOHa H 

OTHOWeHHSI Bem.eCTBeHHOH K MHHMOH l.laCTH aMUJIH

TYAbi pacceSIHHSI [ 18 ]. 

113 aHaJIH3a 3KcnepuMeHTaJibHbiX AaHHbiX 

<l>HAJI Ha OCHOBe llOJiy4eHHbiX paHee npaBHJI CYM M 

AJISI MarHHTHbiX MOMeHTOB 6apHOHOB HaHAeHO, "4 TO 

napaMeTpbi OTHoweHHSI «npuBeAeHHbiX>> D- u F
KOHCTaHT CBSI3H AJISI MarHHTHblX MOMeHTOB 3aMeTHO 

MeHbWe TaKOro OTHOWeHHSI ~JISI aKCHaJibHbiX KOH

CTaHT CJia6biX llOJiyJienTOHHblX pacna~OB 6apHOHOB. 

3TO pa3JIH4He HHTepnpeTHpOBaHO KaK ooyCJIOBJie H

HOe BJIHSIHHeM npuMeCH d-BOJIHbl B OCHOBHOM COCTO

SIHHH 6apuoHOB. Ou.eHxa AJISI BepOSITHOCTeH: npuMec

HbiX COCTOSIHHH CO CMeWaHHOH CHMMeTpHeH H d-BOJI

Hbl ( W M + W D !:!! 0, 2) B BOJIHOBOH cPYHKII,HH HyKJIOHa 

yJiy4waeT corJiacue Teopuu c 3KcnepuMeHTaJibHbiM H 

AaHHhiMH AJISI M1- u E2-aMnJIHTYA <PoTOB036y.)f(Ae

HHSI ~33 (1232) -pe3oHaHca. 

Ha OCHOBe peJISITHBH30BaHHOH KBapKOBOH MOAe

JIH, pa3pa6oTaHHOH B JIT<l>, paCCliHTaH cneKTp pa,LUi

aJibHbiX H op6HTaJibHbiX B036y~eHHH JierKHX Me30-
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HOB. TioJiylleHo xopowee corJiacue Me.)f(~y TeopueH: u 

3KCnepHMeHTOM (B 4aCTHOCTH, B JI5Jfl 0115111) ~JISI 
nCeB~OCKaJISipHbiX pe30HaHCOB [ 19 ). 

B paMKax Mo~eJiu KoH<I>anHMHpoBaHHbiX KBap

KOB (MKK) Bb14HCJieHbl llOJIS1pH3yeMOCTH llHOHOB 

H KaOHOB [20 ), WHpHHbl llOJiyJieUTOHHbiX pacna

~OB Ol.lapoBaHHbiX 6apHOHOB H WHpHHa pe~KOro pac

na~a K1-+ :rc0e 1e [21 ]. llpe~JIO.)f(eHo o6o6m.eHue 

MKK Ha TSI.)f(eJible KBapKH, u noJiy4eHbl <l>opM

<I>aKTOpbi llOJiyJiellTOHHbiX pacna~OB TSI.)f(eJibiX Me-

30HOB. 

flpHMeHeHHe MeTO~a, OCHOBaHHOro Ha aHaJIH

TH4HOCTH H YHHTapHOCTH, K :rt:rc-pacceSIHHIO B o6Jia

CT~ 3HepruH: BnJIOTb ~o 1,6 f3B npu y4eTe noporoB 

KK- u 7]7]-KaHaJIOB npnBeJIO K BbiBo~y, \.ITO H3 p~a 

o6cy~aeMbiX CKaJI.sipHbiX Me30HOB B 3KCnepHMeH

TaJibHbiX ~aHHbiX B~Hbl TOJibKO ~Ba: O~HH [ 0(S•) B 

06JiaCTH 1 f3B, npupo~a KOTOporo onpe~eJISieTCSI B 

3Ha4HTeJibHOH cTeneHH 4-KBapKOBOH KOMllOHeHTOH, 

u BTopoH: B o6JiaCTH 1500 M3B, ~JISI T04Horo onpe~e
JieHHSI napaMeTpoB KOTOporo Tpe6yeTCSI y4eT AOllOJI

HHTeJibHbiX KaHaJIOB [22 ). 

flpeAJIO.)f(eH MeTOA npe~CTaBJieHHSI cPYHKII,HO

HaJibHbiX HHTerpaJIOB B pe.)f(HMe CHJibHOH CBSI3H. Me

TO~ npHMeHeH K Bbll.IHCJieHHIO 3HeprHH llOJI.sipoHa 

npu OOJihwoH: KOHCTaHTe CBSI3H. TpeThe npu6JIH.)f(e-



HHe MeTO,Z:~a .z:~aeT OWH6Ky l · 10-4 
K TOI.J:HOMY pe3yJib

TaTy (23 ). 
BhmOJIHeHhi paci.J:eThi aMnJIHTYAhi xHrrc-xHrr

coscKoro B33HMOAeHCTBHSI c yi.J:eToM BhiCWHX no

PSJAKOB TeopHH B03MYlll.eHHii s paMKax cynep

CHMMeTpHI.J:HOro pacmHpeHHSI CT3H,Z:13pTHOH MO,l:leJIH 

3JieKTpoCJia6oro B33HMOAeiicTBHSI [24 ]. BhmOJIHeH 

KXLl. -3H3JIH3 A3HHbiX no o6pa3osaHHJO a.z:~poHos s 

e + e- -3HHHrHJISJII.HH KOJIJI36opaii.HH TASSO 11 

DELPHI. Tipose.r~eH cjJeHOMeHOJIOrHI.J:eCKHH 3H3JIH3 

SIBJieHHSI «nepeMe.)l(3eMOCTH>> (intermittency) B npo

ll,eCC3X MHO.)I(eCTBeHHOro pO.)I(,l:leHHSI ll3CTHII., KOTO

poe npe,Z:~CK33biB3JIOCb paHee, B TOM llHCJie B pa6o

T3X .z:~y6HeHCKI1X TeopeTHKOB, a B H3CTOSIIIJ.ee BpeMSI 

3KCnepHMeHT3JibHO 06Hapy.)l(eHO C llOMOlll.biO ycTa

HOBKH Ll.EJI<l>J.1 [25] H3 KOJIJiaii.z:~epe LEP s I.I,EPHe. 

PemeHa nocTasneHHaSI Jio63lleBCKHM 3a,Z:~al.la o 

,l:IBH.)I(eHHH llJI3HeTbl B YCJIOBHSIX OTKpbiTOH 11M reo- . 

MeTpHH. Han.r~eHhi rpaBHT3II.HOHHhiH noTeHu,HaJI 11 

narpaH.)I(HaH, op611Ta nJiaHeThi 11 nepHOA ee o6palll,e

HHSI BOKpyr U,eHTp3. 3TO pemeHHe MO.)I(eT 6hiTb no

JiylleHO 113 peJISITHBI1CTCKOH TeOp1111 rp3BI1T3ll,l111 B 

npe.z:~ene c ~ oo [26 ). 
f1oJiylleHbl onpe,l:ICJISIIOlli,HC COOTHOWeHHSI ,l:IJISI 

ypaBHeHHSI Sine-Gordon C 11CT04HI1KOM B cPH311-

llCCKI1X nepeMeHHbiX x, t. PemeHI1e 33!13411 Kom11 

,l:IJISI 3TOrD yp3BHeHI1SI CBe,l:leHO K pClliCHI110 npSIMOH 

11 o6paTHoii 3a,Z:~a4 pacceSJHHSI AJISI onepaTopa Ll,Hp3-

Ka. Haii.r~eHbi ycnosi1SI, np11 swnoJIHCHI111 KOTOpbiX 

3,l:ICCb 11MCCT MCCTO p0.)1(,l:ICHI1e 11 YHI14T0.)1(CHI1C COJII1-

TOHOB. 

C llOMOlll,bJO MCTO!l3 Onpe,Z:~eJISIIOlli.I1X COOTHO

lliCHI1H llOKa3aHO, 4TO ,l:IJISI MHOrDKOMllOHCHTHOrO HC

JI11HCHHOrD ypaRHeHI1SI llipC,Z:111Hrepa C 11CT04-

HI1KOM npHMCHI1M MCTO,l:l o6paTHOH 33!13411 pac

CCSIHI1SI. HeJII1Hei1HOCTb 3ROJIJOII.HOHHoro ypasHCHI1SI 

AJISJ .r~aHHhiX pacceSJHHSI yKa3b!BaeT Ha B03MO.)I(HOCTh 

X30TH4eCKOrD ,l:IBH.)I(eHHSI COJIHTOHOB, KOTOpaSI paHee 

HC BCTp CllaJI3Cb B npaKTHKe MCTO,l:la o6paTHOH 33,l:l3-

lll1 [27 1. 
f1pe,l:IJIO.)I(eHa peWCTOl.J:H3SI MO,l:leJib C HeorpaHH

l.J:CHHbiM l.J:HCJIOM KOMDOHCHT. 3Ta MO,Z:IeJib o6o6III.aeT 

113BeCTHbiC n-BCpWHHHbiC MO,Z:~eJIH, pemaeMbie MeTO

,l:IOM aH3aii.a EeTe. Bnepsbie 3THM MCTOAOM noJiyi.J:eHo 

TOI.J:HOC peWCHHC Ha orpaHHl.ICHHOH peWeTKC, KOTO

poe ,Z:13CT B03MO.)I(HOCTb B SIBHOM BH,l:IC llOJIYI.J:HTb 00-

npaBK K iepMOAHHaMHI.J:eCKHM cPYHKII.HSJM OT 3¢

cjJeKTO KOHellHOrD pa3MCpa (28 ). 

Bb!se.r~eHw TOI.J:Hhle ¢opMyJihl AJISJ o.r~Howarosoii: 
AHH3MHKI1 MO,l:ICJieH HCHpOHHblX CeTeH, OCHOB3HHbiX 

Ha MOA JIH TioTTca. Bhii.J:HCJieHhi napaMeTpbi, xapaK

Tep113Y IOIII.He CMKOCTb ll3MSITH T3KHX MO,l:leJieH (29 ). 
f1o CTpOeHbl npC,l:ICT3BJICHI1SI cjJa30BOrD npo

CTpaHCTB(! ,l:IJISI cnHHOB l /2, l, 3/2, 2. Ha 3TOM SJ3h1Ke 

COUOCT BJICHa KBaHTOBaSI TCOpHS! BCpOS!THOCTeH C 

KJiaccH 4 CCKoii. KoppeJISJTOP npoeKII.HH .r~syx cnHHOB 

B CHHrJICTHOM COCTOSIHI111 OTJIHI.J:3CTCSI OT ero B03-

M0.)1(H0rD KJiaCCI14CCKOro 3H3JIOra l.J:HCJICHHbJMH MH0-

.)1(11TCJI MH. f1oJiyllCHbl KBaHTOBbiC 3HaJIOrH Hepa

BCHCTBa Eenna [30 ]. 
Ll.a Ha HOB3SI a.z:~Ha6aTHllCCKaSI cjJOpMyJIHpoBK3 

npS!MOH 11 o6paTHOH 3a,l:l3l.J:I1 paCCCSIHHSI Tpex l.J:3CTI1II; 

B KJiaCCC 6biCTpoy6biBaJOUJ,HX llOTCHli,HaJIOB !lJISI 

ypasHCHHH <l>aMeesa c Y4CTOM scex npoll,eccos Bbl

me 11 H l1.)1(e Tpexi.J:aCT11I.J:Horo nopora [31 ]. 3Ta ¢op

MYJIHP BKa MO.)I(CT 6biTh noJie3Ha np11 nocTpoeHHH 

TpeXKJ!3CTCpHbiX MO,l:ICJICH 3K30TI1l.J:CCKHX (ftfCTCM 

[32]: 

dlfl ~ 5Hej12+ -+ 
4
He + n + fl , 

6He ~ 4He + n + n , 
11 Li -+ 

9Li + n + n 11 AP· 

TEOPMSI ATOMHOfO Sl)l.PA 11 Sl)l.EPHbiX PEAKIJ.MM 

B paMKax CJ:111Horo onHCaHI1SI 3JICKTp114CCKI1X 11 

M3rHI1THbiX B036y.)l(,l:ICHI1H KBa311ll3CTI14HO-cjJOHOH

HOH MOACJII1 SIAP3 pacC411T3Hbi 3JICKTPI14CCK11e AH

noJibHbie nepeXO,l:lbl 11 B116paU,110HHbiC COCTOSIHI1SI pSI

!13 pe,l:IK03CMCJibHbiX 11 Tp3HCyp3HOBbiX 3JICMCHTOB. 

f1oJiy4CHO XOpOlliCC Olli1CaHI1C 3KCnCpHMCHTaJibHbiX 

,l:I3HHbiX (33 ). 

f10K333HO, 4TO R CcjJCp114CCKI1X SI,l:lpax ,l:IJISI KOH

CTaHT CJia6oro B3ai1MO,l:ICHCTBI1SI BbinOJIHSieTCSI yCJIO

BHC I gAl gvl ~ 0. PaccMoTpcHo BJII1SIHHe cni1H-

KB3J:1pynoJihHbiX CI1JI Ha MarHI1THbie CBOHCTB3 CcjJCp11-

4CCKI1X SI,l:ICp. 

f10CTpOeHa MO,l:ICJ!b ,l:IJISI Olli1C3HI1SI HC4CTHO-HC-

4CTHbiX .r~e¢opM11posaHHbiX Sl.z:ICP c Y4CTOM KOJIJICK-

TI1BHbi X CTCDCHCH CB060,l:lbl n-p B3311MO,l:ICHCTBHSI HC-

4CTHbl 43CTI1ll, (34 ). 

J.1 cCJie.r~osaHa TOHKaSJ CTPYKTypa ce4CHHSI peaK

II.H11 
208Pb (y, n). Pac4CThi no3BOJISIJOT o6hSJCHHTb 

3KCnCp 11MCHTaJ!hHO H36JIJO,Z:~aCMbiC llO,l:ICTPYKTypbi. 

TioKa3a Ho, 4TO CTPYKTypa HH3KOJIC.)I(alll,ux KOJIJieK

TI1BHbi X COCTOSIHHH CTaJIKHBaJOlli.HXCSI Sl,l:ICp H K3HaJibl 

OAHO- ABYXHYKJIOHHhrx nepe.r~all onpe.r~eJI51JOT pa3-

JIH411e B pacna,Z:~HbiX CBOHCTB3X COCT3BHOrD SJApa 

(35 ). . p3MK3X MO,l:ICJIH KHpaJibHbiX COJIHTOHOB HC

CJICAO 3Hbl CBOHCTBa M3JI06apHOHHbiX CHCTCM: B03-

6y.)l(,l:ICHHhiC COCTOSIHI1SI, KJ!3CTCp1133ll,l151, cjJOpMa J!Cr

K11X Sl.li,Cp. 

Y Ka33HHhie sonpOCbi CTPYKTYPhi CJIO.)I(HbiX SJACP 

!l.OKJI3!J.biBaJ!I1Cb 11 o6Cy.)l(,l:laJII1Cb Ha pS!,l:IC MC.)I(.z:lyHa-
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3<j><j>eKTI1BHbiH ):IHnOJibHbiH MOMeHT nepeXO,!IOB Me>K):Iy HpaCT-n O

Ji~CaMH OTpHI.(aTeJibHOH 11 nOJIO>KHTeJibHOH 4eTHOCTH B 11,1:1 pe 
2 ~a. BepTHKaJibHbre JIHHHH - pe3ynbTaTbr, nony'leHHbre 

R.Kulessa, H.R.Wollersheim. TpeyronbHHKH - Tpa,nHI.(HOHHOe 

OnHCaHHe C ytJeTOM KOpHOJIHCOBa CMeWHBaHH!I COCTO!IHHH. O p !!

Ma!l JII1HI1!1 COOTBeTCTByeT TeOpHH, B KOTOpOH ,nonycKaCTC!I HHTe p

<j>epeHI.lH!I ):IHnOJibHbiX 3JieKTpH•IeCKOfO 11 TOpOH):IHOfO MOMeHTOB, 

HO He Y4TeHo KOpHOJIHCOBO CMeWHBaHHe. Koa,npaTbl- omtcaHHe, 

):IOnyCKaiOll.lee HHTep<j>epeHI.(HIO yKa3aHHbiX MOMeHTOB npH y•t eTe 

KOpHOJIHCOBa CMeWHBaHH!I 

• 

pOAHbiX KOH<j>epeHIJ,HH H CCMHHapOB, B TOM 41.fCJie Ha 

MC)f(AyHapOAHOM COBCll.l,aHHH no TCOpHH aTOMHbi X 

SIACp H Ha COBCTCKO-repMaHCKOM CCMHHape, npoxo 

AHBIIIHX B JIT<l> B anpeJie H HIOHC 1991 ro,na. 

llpOAOJI)f(CHbl HCCJIC,llOBaHHSI <j>OpMbl l.f CnCKTp a 

KOJIJICKTHBHblX B036y)f(,llCHHH Bpall.l,aiOIIII.fXCSI SJ,nep . 

HOBbiM B HHX SIBJISieTCSI BbiSICHCHHe pOJIH CTeneH e H 

CB060Abi Sl,npa - HHbiX, 4CM Tpa,nHIJ,HOHHO o6Cy)f(Aa -

10ll.I,HCCSI cTeneHH cso60Ahi .ne<t>opMaiJ,HI.f SJAepHoi1 n o 

sepxHOCTH. 0CHOBaHHCM TaKOro nOI.fCKa SIBJISIIOTCSI 

pe3yJihTaTbl 3KCnepHMCHTOB, BbinOJIHCHHbllt B 

CTpacc6ypre c y4aCTHeM <f>paHIJ,Y3CKHX y4eHhi X 

(36 ). 3TH pe3yJihTaTbl n03BOJISIIOT npeAnOJIO)f(HT b 

aKTHBHoe y4aCTHe B <t>opMHposaHHH KOJIJieKTHBHhi X 

COCTOSIHHH npH HI13KHX 3HCprHSIX B036y)f(,llCHHSI HC

KOTOpbiX sr,nep TOKOBbiX MO,ll, fCHCpHpy!Oll.I,HX TOpO

HAHbiC MOMeHThi. Hosoe yKa3aHHe Ha 3TO noJiy4eHo 

npH aHaJIH3C sepOSITHOCTCH ,llHnOJibHbiX 3JICKTp114 C

CKHX B036y)f(,neHHH B sr,npe 
226

Ra. 3TO sr,npo o6.ria,naeT 

,llOCTaT04HO CTa6HJibHOH ,ne<f>opMaiJ,HCH, 11 ero cneKT p 

JICfKO OllHCaTb B paMKaX, YCT3HOBJICHHbiX ,llJISI n o 

,no6HbiX CJiy4aes TeopeTH4CCKHX cxeM. B To )f(e spc 

MSI ,llHllOJibHbiC nepeXO,llbl B 
226

Ra, 113MepeHHbi C 

R.Ku1essa, H.R.Wollersheim, MO)f(HO omSJCHHTh , 

TOJihKO AOnycTHB y4aCTHe B onepaTope nepexot~a 

CJiaraeMbiX, JIHHCHHO 33BHCSill.I,HX OT 3HCprHH HCny 

CK3CMOro y-KBaHTa. HMeHHO TaKaSI cTpyKTypa one -
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paTOpa nepeXOAa COOTBeTCTBYCT HHTep<j>epeHIJ,HH 

,llHllOJibHOro 3JICKTpH4CCKOro H AHllOJibHOro TOpO

HAHOro (H/ HJIH MarHHTHOro KBaApynOJibHOro) MO

MCHTOB • 

HoBbie pe3yJihTaThl noJiy4eHhi B TeopHH peaK

IJ,HH CJIHSIHHSI. llpose,neHHbiH B paMKaX KOJIJiaoopa

IJ,HH JI.y6Ha - Opc3 TeopeTH4eCKHH aHaJIH3 no3BO

JIHJI ycTaHOBHTb sa)f(HYJO poJih «0>> - 3BYKOBhrx Ko

Jie6aHHH B MeXaHH3Me A3HHOH peaKIJ,HH. 0HH MOryT 

Cyiii,eCTBCHHO nOBJIHSITb Ha )f(CCTKOCTb CHCTCMbi, CO

CTOSill.I,CH H3 ABYX CTOJIKHYBIIIHXCSI HOHOB, a TaK)f(C Ha 

ee AHCCHll3THBHbiC xapaKTCpHCTHKH. 

llpH HCCJieAOBaHHH KOJIJICKTHBHbiX CBOHCTB 

3JICKTpOHHOH MaTepHH B aTOMaX nOJiy4eHbl OIJ,CHKH 

3HeprnH B036y)f(ACHHSI «3TOMHbiX rnraHTCKHX pe30-

HaHCOB>> - rHnoTeTH4eCKHX aHaJioros SJAepHbiX rH

raHTCKHX pe30H3HCOB, a TaK)f(C npOACJiaH aHaJIH3 

B03M0)f(H0CTH HX 3KCnepHMCHTaJibHOro 06Hapy)f(e

HHSI B peaKIJ,HH HCHTpOHHOro paCCCSIHHSI. 

B COTPYAHH4ecTse c TeopeTHKaMH H3 ViHCTHTyTa 

11M. raHa 11 MeHTHCp B EepJIHHe Ha4aTa peaJIH3aiJ,HSI 

60JibiiiOro npOCKTa no 113Y4CHHIO ,llHHaMHKH ACJie

HHSI, B 4aCTHOCTH ,llCJICHI1SI mnepSIACp. lloKa3aHa 

CHJihHaSJ 3aBHCHMOCTh npHJIHnaHHSI A-4aCTHIJ,bi K 

JICrKOMY OCKOJIKY OT CKOpOCTI1 CXJIOnbiBaHHSI IIICHKH 

SJApa s npo1.1,ecce .neJieHHSI. 

Ba)f(HYIO pOJib B HCCJIC,llOBaHHSIX HrpaJIO COTpy,n

HI14CCTBO c APYfHMH Jia6opaTopHSIMI1 ViHCTHTyTa 

(Jl5Jll, JlBTA), J.1HCTI1TYTOM Sl,llCpHOH <j>H3HKH 

AH Y3CCP, a TaK)f(e KOJIJia6opaiJ,HSJ KaK c <f>paHIJ,y3-

CKHMI1 y4eHbiMI1 113 UeHTpa SJACPHOH cneKTpocKo

nHH 11 CnCKTpOMCTpl.fH MaCC (Qpce) 11 J.1HCTI1TyTa 

SJAepHbtx HayK <rpeHo6Jih), TaK H c HeMeiJ,KHMH y4e

HhiMH H3 ViHCTHTyTa HM. raHa 11 MeHTHep. 

J.1CCJICAOBaJII.fCb CBOHCTBa JICrKHX H oco6eHHO 

JierKHX Hei1TpoHOH36biT04HbiX SJ,nep 6He, 
11 Li, 3KC

nepHMCHTaJihHaSJ HH<j>opMaiJ,HSJ o Heo6hi4HhiX csol.f

CTsax KOTOpbiX noJiy4eHa B noCJie,nHee spcMSJ. Pa3-

pa6oTaHa TpCX43CTH4H3SI MO,llCJib ,llJISI OnHC3HHSI HX 

csoiicTB. Mo.neJih no3BOJISJCT omtChiB3Tb pacnpe,neJie

HHe SI,llCpHOrO RCUJ,CCTBa 11 ncpeXO,llHbiC nJIOTHOCTI1. 

Pa6dTocnoco6HOCTh Mo,neJIH 6hrJia nposepeHa np11 

OnHC3HHI1 p33JIH4HbiX npOIJ,CCCOB: CI1JibHbiX, 3JICKT

pOM3fHHTHbiX, CJI36biX - 11 ,naJia y,nOBJICTBOp11TCJib

HbiC pe3yJibT3Tbl. llpc,nnOJiaraeTCSI J.1CnOJib30B3Tb 

Mo,neJih ,nJisr HCCJie.nosaHHSJ CTPYKTYPhi SJAep, KO

Topbre MO)t(HO paCCM3TpHB3Tb K3K TpCX4aCTH4HbJC 

CHCTCMbl j3J j. 

Pa3RHT HOBbiH no.nxo.n ,nJISI onHcaHHSI SI,ncpHbiX 

peaKIJ,HH, H.llYUJ,HX C R036y)t(,nCHHCM ACJibTa-H306ap

HhiX cTencHei1 cso6o,nhi [ 37 1. OH no3BOJISJeT H3BJie

K3Tb 113 3KCnepHMCHT3JibHbiX ,naHHbiX p33,llCJibHO 

HH<j>opMaiJ,HJO o KHHeMaTHKC peaKIJ,HH H o CTPYKType 

st,nep. Y CTaHOBJICH MCXaHI.f3M 3apSI,llOB0-06MCHHbiX 

npOU,CCCOB, Bbl3biBCICMbiX a,npOHaMH 11 JICrKHMH 

HOHaMH (npw npOMC)t(YT04HbiX KI1HCTH4CCKI1X 3Hep

fHSIX). lloKa3aHo, 4TO npo1.1,ecc HACT Ha nepw<f>epww 

sr.npa. 



11CCJie~OBaHa 3BOJIIOI..J;H51 ~BOHHOH 51~epHOH CH

CTeMbl, o6pa3yiOII..J;eHC51 npH CJIH51HHH 51~ep. Ilpe~
JIO~eHO oOb51CHeHHe 3KCnepHMeHTaJibHO 06Ha

py~eHHOro 3HaliHTeJibHOro ycHJieHH51 BhiXO~a Jier

KHX 51~ep B peaKI..J;H51X C OTHOCHTeJibHO T51~eJihiMH 

HaJieTaiOII..J;HMH llaCTHI..J;aMH [38 ]. PaclleThl noKa3a

JIH, liTO ~HHaMHlleCKa51 CB513b OTHOCHTeJibHO ~BH~e

HH51 Mep c HYKJIOHHblM o6MeHoM Be~eT K HeycToH:

liHBOCTH CHJibHO aCHMMeTpHliHblX KOH<Jmrypai..J;HH 

~BOHHOH MepHOH CHCTeMbl H yCHJieHHIO BbiXO~a Jier

KHX 51~ep. 

IJpe~JIO~eH MeTO~ nOCTpOeHH51 KOJIJieKTHBHOro 

raMHJibTOHHaHa, OnHCbiBaiOru;ero my60KOHeynpyme 

CTOJIKHOBeHH51 Mep H ~eJieHHe (39 ). 0CHOBOH ~JI51 

nOCTpOeHH51 TaKOro raMHJibTOHHaHa 51BJISieTC51 cpep

MHOHHbiH MHKpOCKOnHlleCKHH raMHJibTOHHaH CaMO

ro o6m.ero BH~a. TaKHM o6pa3oM, Bee xapaKTepHCTH

KH KOJIJieKTHBHOro raMHJibTOHHaHa onpe~eJI51IOTCSI 

MHKpOCKOnHlleCKH. 

IloJiylleHbi HOBbie pe3yJihTaThl no MeTo~y 6o-

30HHOro npe~CTaBJieHH51 raMHJibTOHHaHa MHOro

cpepMHOHHOH CHCTeMhi, COCTOSIII..J;eH 113 4eTHOro 

liHCJia npoToHOB 11 HeHTPOHOB. Pac4eThl, Bbi

noJIHeHHhie Ha OCHOBe HOBblX pa3paOOTOK, 

OOKa3aJII1 , 4TO MO~eJib B3aHMO~eHCTBYIOII..J;HX 6030-

HOB, on11paiOru;a51CSI Ha ~11HaM11llecKyiO SU(6)-CHM

MeTpHIO, SIBJISieTCSI BOOJIHe y~OBJieTBOp11TeJihHbiM 

np116JIH~eHHeM npH onHCaHI111 CTPYKTyphi 4eTHO

lleTHhiX Sl~ep. 

HaH:~eHo otThSicHeHHe HeperyJISipHOCTeH: s cneK

Tpax poTai..J;HOHHbiX B036y~~eHHH He4eTHhiX HeaK

CHaJibHhiX Sl~ep . Ilpe~Jio~eHa npocTaSI Tpexnapa

MeTpHllecKaSI cpopMyJia ~JISI OOHCaHHSI poTaiJ,110HHbiX 

CneKTpDB He4eTHbiX Sl~ep. 

PaccMoTpeHa B03MO~HOCTh 3KcnepHMeHTa Ha 

<l>-cpa6p11KaX ~JISI H3y4eHH51 T51~eJibiX H30TOOOB BO

~OpO~a 5•6H, po~~aiOII..J;HXCSI B peaKIJ,I1SIX o6pa30Ba

HHSI JierKHX mnepSI~ep 6·7Li (K-, .n:+) 6~H ( 40 ]. 

IlOKa3aHa CI1JlbHaSI 4YBCTBHTeJibHOCTb peaKI..J;HH 
14

C (y, .n:-) 14
N K MaJibiM 6eCCOHHOBbiM KOMUO-

gs. 

HeHTaM aMnJIHTY~hi 3JieMeHTapHoro npou,ecca Ha 

HeH:TpoHe. Ilpe~JiaraeTCSI HCCJie~osaTh 3TOT npou;ecc 

3KCnep11MeHTaJibHO ( 41 ). 

.Il:JISI aHaJIH3a CTPYKTYPHhiX cpyHKI..J;HH H3 rJiy6o

KOHeynpyrHx peaKu;HH: Ha Sl~pax pa3pa6oTaH Teope-

THKO-nOJieBOH nO~XO~ C ylleTOM BJIH51HH51 MepHhlX 

3cpcpeKTOB. Ha 3TOH 6a3e 113 ~aHHhiX NMC-KoJIJia6o

pau;HH n oJiylleHa cTpyKTypHaSI cpyHKI..J;H51 HeH:TpoHa, 

KOTOpa51 He HapymaeT npaBHJI CYMM napTOHHOH MO

~eJIH, Ka K 3TO noJiyllaJIOCb npH o6pa6oTKe 6e3 Y'leTa 

Sl~epHbiX 3cpcpeKTOB [ 42 ]. B paMKax pacmHpeHHOH 

CKHpM110 HHOH MO~eJIH nOJiylleHhl H30MepHhle KOH

cpHrypai..J;HI1 aJibcpano~OOHbiX oObeKTOB B CTpyKType 

meCTH6a pHOHHhiX CHCTeM, HCCJie~oBaHa CTpyKTypa 

T51~eJihiX KHpaJibHblX COJIHTOHOB, CO~ep~aUJ;HX aH

TH6apHOHhl ( 43 ) • .LJ:JI51 pp-CTOJIKHOBeHHH HCCJie~OBa
HO B paMKax Mo~eJII1 NJL po~eHHe seKTOpHhiX Me-

30HOB B npe~nOJIO~eHHH 0 pa3HhiX 3HalleHH51X KOH

CTaHT CB513H B Me30HHOM H ~HKBapKOBhiX CeKTOpax H 

Bbl51BJieHa Ba~Ha51 pOJib ~HarpaMM C npoMe~yTOli

HbiMI1 CKaJI5lpHbiMH ~HKBapKaMH [ 44 ]. B paMKax AH

HaMHlleCKoH: KBapK-rJIIOOHHOH MO~eJIH CTpyH, pa3-

BHTOH JIT<l> ~JI51 5lAPQ-SI~epHhiX CTOJIKHOBeHHH, 

otThSICHeHhl noCJie~HHe ~aHHhle 113 BpyKX3BeHa no 

MHO~eCTBeHHOMY po~eHHIO llaCTI1I..J;, a TaK~e C~e

JiaHbl npe~CKa3aHH5l CneKTpDB OpDTOHOB H Me30HOB 

~JISI u.e TpaJibHhlx Pb-Pb CTOJIKHOBeHHH npH 3Hep

m5lx y c KOp11TeJI5l l],EPHa, KOTOphle MOryT 6h1Tb B 

CJiy4ae oopa30BaHH5l UJIOTHOH 6apHOHHOH MaTepHH 

[ 45 ]. n pe~JIO~eHa MO~eJib 51~epHOH MaTepHH, YliH

TbiBaiOII..J;aSI COCyii..J;eCTBOBaHHe B3aHMO~eHCTBYIOIIJ;HX 

KBapKOB, rJIIOOHOB H a~pOHOB, KOTOpa5l XOpDlliO CO

rJiacyeTCSI C pe3yJihTaTaMH liHCJieHHhlX paClleTOB 

KX.LJ: Ha pemeTKe [ 46 ]. IloKa3aHo, liTO YlleT Me3oH

HhiX 06M eHHhiX TOKOB B ynpyroM cpopM<j>aKTOpe ~eH
TpOHa n noJIS1p113ai..J;HH npH OOJiblliHX nepe~aHHhiX 

HMOYJibCaX npHBO~HT K CHH~eHHIO BKJia~a meCTH

KBapKOBOH npHMeCH B BOJIHOBOH cpyHKI..J;HH ~eHTpoHa 

~00,2 - 1% [47]. 

Ha ocHoBe mnoTe3bl o6 o6pa3oBaHHH B npoMe

~YTOliHOM COCT05lHHI1 (npH CTOJIKHOBeHH5lX peJISITH

BI1CTCK X Sl~ep) KaK rop5llleH KBapK-rJIIOOHHOH nJia3-

Mbl, TaK H TSI~eJIOrD 6apHOHHOro KJiaCTepa, COCT051-

ru;ero H3 CTPYKTYPHhiX KBapKos, H c ylleToM ~aHHhiX 

no MHO~eCTBeHHOMY po~eHHIO noJiylleHa OI..J;eHKa 

HHTepBaJia OJIOTHOCTeH H TeMnepaTyp ( 48 ), npH KO

TOpbiX a~pOHHOe Beii..J;eCTBO MO~eT CyiiJ;eCTBOBaTb B 

BH~e MaTepH11 113 CTPJKTYPHhiX KBapKos: 

0,17cp -J ~Pq ~IS cpM-; 0,08 r3B ~ Tq ~ 
~ 0,25 f 3B. 

METO.LJ:bl ll llPHJlO)I(EHHSI CTATHCTllqECKOM MEXAHHKM 

BoJiblllHHCTBO peaJII1CTH4eCKHX CHCTeM cTaTH

CTHlleCKOH MeXaHHKH ~OCTaT04HO CJIO~HO H Tpe6y

eT ~JI5l 0011CaHHSI npHMeHeHHSI TOHKHX Ma

TeMaTH4eCKHX MeTo~os. MeTO~hl KaJiu6poso4HOH 

TeOpH11 HCOOJib30BaJIHCb ~JISI OOHCaHI1SI ~HCJIOKa

IJ,HH s HeJII1HeHHhiX Tsep~biX TeJiax J49]. 1/ N-pa3-

JIO~eHHe npHMeHSIJIOCb K 11CCJie~OBaHHIO OOJI5lpDHa 

<l>peJIHXa [50]. BhiJI TaK~e npe~Jio~eH HOBhiH 

MeTO~, Ha3BaHHbiH MeTO~OM aBTOMO~eJibHhiX npH-

6JIH~eHHH, KOTOphiH 003BOJISieT C BhiCOKOH TOliHO

CTbiO 0 0 11CbiBaTb CI1JlbHOB3ai1MO~eHCTBYIOUJ;I1e CHC

TeMbl (5 1]. 
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flocTpoeHa <f>eHOMeHOJIOrH'IeCKaSI TeOpHSI 

crpyKTypHbiX H MarHHTHbiX <f>a30Bb1X nepeXO)l,OB B 

KynpaTaX JiaHTaHa, BhlSIBJieHa HX B3aHMOCBSI3b C )l,e

¢opMaU:HSIMH KpHCTaJIJia. Ha OCHOBe MHKpocKOnH

'IeCKOH MO)l,eJIH onpe)l,eJieHhl <f>eHOMeHOJIOrH'IeCKHe 

KOHCTaHTbl H paCCMOTpeHO BJIHSIHHe crpyKTypHbiX 

nepeXO)l,OB Ha CBepxnpoBO)l,HMOCTb (52). 
Pa3pa6oTaH pSIA MO)l.eJieii )l.JISI onucaHHSI sJieKT

poHHOro cneKTpa B CHCTeMaX C CHJibHOH KOppeJISI:. 

U:HeH, H npoBe)l,eHO Bbi'IHCJieHHe ITJIOTHOCTH 3JieKT

poHHbiX cocTOSIHHH [53]. Ha ocHose Hosou MOAeJIH 

HCCJie)l,OBaH cneKTp B036y.)K)l.eHHH )l.blpKH C y'IeTOM 

CHJibHbiX KOppeJISIIJ:HH Ha aHTH<f>eppOMarHHTHOM <f>o

He [54]. 
MeTO)l.OM peHopMrpynnhl )l.JISI KOHe'IHhiX cucTeM 

HCCJie)l,OBaHhl <f>a30Bbie nepeXO)l,bl B pSI)l.e CTaTHCTH

'IeCKHX MO)l,eJieH H )l,OKa3aHa s<f><f>eKTHBHOCTb H n po

CTOTa 3TOI'O MeTO)l,a (55). 
Bhi'IHCJieH ¢opM¢axTop noJIHMepHOH u:enu H 

)l,aH aHaJIH3 3KCnepHMeHTOB no MaJIOYI'JIOBOMY 

PA3BHTHE CETH II3BM 

OpraHH30BaHa CBSI3b 'Iepe3 BU. KPACT c Me)K

AYHapo)l.HbiMH Hay'IHhlMH n:eHTpaMH. 

TiepeO£HaiiJ;eH napx TIK B JIT<l>. 

HEKOTOPbiE ACIIEKTbl COTPY.LJ:HlfqECTBA 

Pa3BHBaeTCSI Hosoe HanpasJieHue - KBaHTOBaSI 

KOppeJISIIJ:HOHHaSI cneKTpoCKOnHSI KOH)l,eHCHpOBaH

HbiX cpe)l.. B JIT<l> ucCJie)l.oBaHHSI no KBaHTOBoii on 

THKe Be)l,yTCSI B nOCJie)l,HHe I'O)l,hl C y'IaCnfeM y'IeHbiX 

BbeTHaMa, fepMaHHH, MoHroJIHH, TioJibiiiH, cyse

peHHhiX rocyAapcTB CHr. HeAaBHO 6b1Jlo noxa3aHo, 

'ITO HOBble KBaHTOBhle COCTOSIHHSI CBeTa MOryT pbiTb 

HCnOJib30BaHbl )l,JISI noJiy4eHHSI HH¢opMaU:HH 0 KBaH

TOBbiX CBOHCTBaX B036y)K)l,eHHH B cpe)l.aX npH )l,OCT." 

TO'IHO HH3KHX TeMnepaTypax . 

Y'IeHhle JIT<l> COTPYAHH4aJOT TaK)Ke c ceKTOpoM 

csepxHH3KHX TeMnepaTyp JICB3 OJ.UIJ1 u l1HCTH

TYTOM cnexTpocxonuu. Ceii'Iac o6cy)l<)l.aeTcSI B03-

MO)I<HOCTb C03)l,aHHSI ycTaHOBKH Ha OCHOBe yHHKaJI b

HOI'O cnexTpoMeTpa l1C Axa)l,eMHH Hayx u xpuocTa

Ta C OnTH'IeCKHMH BBO)l,aMH. Y CTaHOBOK TaKOI'O po)l.a 

B MHpe ei.U;e HeT. 

B HJOHe B Ol151l1 B Te4eHue 10 )l,Heii npoxo)l,HJIO 

Hay4HOe COBei.U;aHHe y4eHbiX JIT$ 11 TeopeTHKOB H3 

U:eHTpoB <l>Pf no TpeM OCHOBHbiM HanpaBJieHHSIM 11C

CJie)l,OBaHHSI JIT(I>: <f>I13HKa 3JieMeHTapHbiX 4aCTHU: 11 

KBaHTOBaSI TeOpHSI nOJISI , SI)l.epHaSI <f>H3HKa, TeOp11 S1 

KOHAeHcuposaHHhlx cpe)l. . Y)l<e TpaAHU:HOHHO, Ha-
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pacCeSIHHIO HeHTpoHOB B 3THX CHCTeMaX, npoBO

)l,HMbiX B Jla6opaTOpHH HeHTpOHHOH <f>H3HKH 

Ol151l1. 
Ha OCHOBe MeTO)l.a MO)l.eJibHhiX raMHJibTOHHaHoB 

paCC'IHTaHhl <f>H3H'IeCKHe xapaKTepHCTHKH XeMO

COp6U:HH BO BCeH OOJiaCTH noKpbiTHH H HHTerpaJIOB 

nepeKpbiBaHHSI (56). 
Ha ocHoBe pac'IeTa cTaTHCTH'IecKOH cyMMhl no 

MeTOAY MoHTe-KapJio nocrpoeHo ypaBHeHHe cocro

SIHHSI BeiiJ;eCTBa. flpe)l.JIO)I<eHa MO)l,eJib )l,JISI pac'IeTa 

TepMOAHHaMH'Iecxux csoucrs H napaMeTpoB ¢a3o

Bhlx paBHOBeCHH CHCTeM )I<H)l,KOCTb- nap, )I<H)l,KOCTb 

- TBep)l,Oe TeJIO, H noKa3aHO, 'ITO B 3TOH CXeMe ne

peXO)l,bl scer)l,a nepsoro po)l.a [57]. 
J.1cCJie)l,OBaHhl <f>a30Bhle CBOHCTBa noJieH, reHe

pupyeMhlX B pa3JIH4HhlX HeJIHHeHHbiX OnTH'IeCKHX 

npou:eccax [58]. 
HaH)l.eHbi rpaHHU:hl H3MeHeHHH 'IaCTOThl, TeMne

paTyphl, BpeMeHH H HaKa4KH, )l,OnycKaiOI.U;He C)l<aTHe 

CBeTa B napaMeTpH4eCKOM yCHJIHTeJie (59). 

YcTaHOBJieHhl naxeThl nporpaMM 'IHCJieHHO-aHa-

JIHTH'Iecxux Bbi'IHCJieHHH: MATHEMATICA, 

REDUCE u MACSYMA. 

npHMep, COTPYAHH4eCTBO npo¢eccopos B.XOJIJIHKa 

u P.PJOKJia H3 MJOHxeHa c rpynnou .LJ:.IO.Eap)l.HHa 

no nposepxe CTaH)l.apTHOH MO)l,eJIH 3JieKTpoCJia6hlx 

B3aHMO)l.eHcTBHH, 
1 

COTPYAHH4eCTBO npo¢eccopa 

B .3aH)l,xaca (oOHH) c B.E.EeJISieBhiM no TeopHH Ma

JI04aCTH4HhiX CI1CTeM. 

J!wcOKHH ypoBeHb 11 HOBH3HY HCCJie)l.OBaHHH B 

JIT<l> OTMe4aJIH npo¢eccopa X.XopHep u X.ll,oiii H3 

reu)l,eJib6epra, A.<l>scCJiep H3 Tt06HHI'eHa, H.KeJI

Jiep H3 PereHc6ypra. llpo¢. X.PoJIJIHHK H3 EoHHCKO

ro yHusepcuTeTa npe)l.JIO)I<HJI Hay'IHO-opraHH3au:u

OHHYJO nporpaMMY )l.aJibHeiiiiiero COTPYAHH'IecTBa, 

Ha3sas ee <<flporpaMMa feii3eH6epr- JlaHAay>>. Pe-

3YJibTaThl coser.u.aHHSI aKa)l.eMHK H.H.EoroJit06os 

ou:eHHJI KaK secbMa nepcneKTHBHble. 

B Mae s Ol151l1 npoxo)l.HJIO Me)l<)l.yHapo)l.HOe pa-

6o4ee coser.u.aHue no npo6JieMaM npoeKTa coopy)l<e

HHSI B Ol151l1 c-Tay ¢a6puxu. flo nporpaMMe ucCJie

AOBaHHH Ha 3TOH ycTaHOBKe BbiCTynHJI npo¢eccop 

C.M.EnJieHbKHH <JIT<l>). Pe4b IIIJia o6 ucCJie)l,osa

""" CBOHCTB KBapKOB 11 JienTOHOB BTOporo H TpeTbe-
1'0 nOKOJieHHH . .lJ:oKJia)l,'IHK OU:eHHJI nporpaMMY KaK 

nepcneKTHBHYIO MHHHMaJibHO Ha 20 JieT. OpHrH-



HaJibHhle ~oKJia~bl npe~CTaBHJIH B.H.llepsymuu, 
B.Kammc, IO.JI.Ka.n:uuoscKun <JITCl>). 

B Mae s 011.5111 npoxo~uJia Tpa~uu;uouuaR 

12 Me:>K,!I.yuapo~uaR mKoJia 011.5111- UEPH no ¢u-
3HKe c y'laCTHeM 6oJiee 100 ¢u3HKOB H3 15 CTpau. Ha 
ueu JICKIJ;HH o CJia6hlx B3auMo~eucTBHRX npo4HTaJI 
npo<t>eccop C.M.BHJieHbKHH (JIT<l>). PR~OM ~ucKyc
cuu PYKOBO~HJIH A.B.E¢peMOB 11 r.Kop4CMCKI1H 
(JIT<l>). 

CoTpy~HHKI1 JIT<l> np11HI1MaJiu y'laCTHe s Me)K

~yuapo~uoM pa6o4eM cosew.au1111 no CTPYKType ~eu
Tpoua npu BbiCOKHX 3Hepr11SlX (1110Hb, JIB3, ll,y6ua) 
11 Me:>K,!I.yuapo~uou mKoJie-ceMuuape no peJISlTI1BI1-
CTCKOH ~epuou ~uuaMuKe (ceuT.R6pb, BJia~I1BO
CTOK), Ha KOTOpbiX COTpy~HHKI1 JITCl> C~CJI3JII1 7 
npHrJI3WCHHbiX ~OKJia~OB, noJiy4HBWI1X BbiCOKYJO 
ou;euKy cneu;uaJII1CTOB. KpoMe yy:eublx cTpau-yy:acT
H11IJ; 0115111 s 3THX cosew.au11Slx yy:acTsosaJio 6oJiee 
30 cneu;uaJIHCTOB 113 uayY:HbiX u;euTpos 11Tanuit:, 
Cl>pauu;uu, repMaHHI1, 51nOHI111, ClllA 11 ~pyrux 

CTpau, paCCMOTpCHbl 3KTYaJibHbiC BOnpOCbl, CBSl33H
HbiC C 11CCJIC~OB3HI1CM HCHYKJIOHHbiX CTeneHCH CBO
OO~bl, s TOM 411CJie no TCMIIJiauy JITCl>. Cosew.auue 
no ~CHTpoHy pe3JOMHpOBaJIO, 4TO y 0115111 CCTb B03-
M0)KH0CTb KOHKypupoBaTb C KpynHCHWHMH MHpO
BbiMH Sl~CpHb1MI1 IJ;CHTpaMI1. 
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JIABOPATOPM51 
BbiCOKMX 3HEPrMti 

fJiaBHhiMH 3a~a'!aMH Jla6opaTOpHH BbiCOKHX 

:meprnii, onpe~eJieHHhiMH peweHHSIMH 69 ceccHH 

Y'!eHoro cosen Ol15U1, SIBJISIJIHCb CJie~yiOJIJ;He : 

MOHTa.)KHhle H nyCKOHaJia~O'!Hhle pa60Tbl _no HyK

JIOTpOHy; MO~eJIHpOBaHHe OT~eJibHbiX Y3JIOB HH

.)KeKD,HOHHOI'O KOMnJieKca; npoBe~eHHe aKTYaJibHbiX 

HCCJie~OB3HHH KBapKOBhiX CHCTeM Ha CHHXpo¢a-· 

30TpOHe, a TaK.)Ke Ha yCKOpHTeJISIX ~pyrnx Hayq

HhiX D,eHTpoB; nO~I'OTOBKa nepBOO'!epe~HhiX 3KCne

pHMeHTOB Ha HyKJioTpoHe; npHKJia~Hhle HCCJie~o

saHHSI. 

KoJIJieKTHB JIB3 ycneuiHo cnpaBHJICSI c nocTas

JieHHhiMH 3a~a'!aMH . 3asepweH npOeKT «PeKOHCT

pyKD,HSI MarHHTHOH CHCTeMbl CHHXpo¢a30TpOH3 Ha 

csepxnposo~SIJIJ;YIO - HYKJIOTpOH>>. IlpoeKT 6hiJI 

YTBep.)K~eH B ~eKa6pe 1986 ro~a H B COOTBeTCTBHH C 

paCC'!HT3HHhiM Ha 5 JieT llJI3HOM-rpa¢HKOM npe~yc

M3TpHB3JI H3I'OTOBJieHHe H MOHT3.)K OCHOBHbiX CHC

TeM HOBOI'O CBepxnpOBO~SIJIJ;ero YCKOpHTeJISI peJISITH

BHCTCKHX SI~ep . 

B 1991 r. BblllOJIHeHbl He TOJlbKO MOHT3.)KHhle , HO 

T3K.)Ke 6oJiblliOH o6heM nyCKOHaJia~O'!HbiX pa60T H 

OCyJIJ;eCTBJieH BBO~ B ~eHCTBHe pSI~a CHCTeM HYKJIO

TpOHa. 

Cl>H3H'!eCKHe HCCJie~OBaHHSI KOHD,eHTpHpOBa

JIHCb B paMK3X ~BYX KpynHbiX Hay'!HbiX nporpaMM: 

- l1cCJie~OB3HHe MHO.)KeCTBeHHblX npOD,eCCOB B 

yCJIOBHSIX 4.n-reOMeTpHH; 

- l1CCJie~OB3HHe HeHyKJIOHHbiX CTeneHeH CB0-

60~hl H CllHHOBbiX :;,¢¢eKTOB B M3JIOHYKJIOHHbiX CHC

TeMaX. 

HAYqHO-HCCJIE,[I,OBATEJihCKHE PAEOTbl 

CBOtlCTBA 4ACTI1U l1 PE30HAHCOB. 

110l1CK HOBhiX 4ACTI1U 

l1 MYJibTl1KBAPKOBhlX COCT0.51Hl1tl 

l. B npo11,eccax o6pa3osaHHSI ¢-Me3oHoB npose

pSIJIHCh TOHKHe 3¢¢eKTbl B npOSIBJieHHH npaBI1JI3 

OZI ~JISI KBapKos. 3KcnepHMeHT BhinOJIHeH c no

MOJIJ;biO ycTaHOBKH El1C-2 Ha cepnyxoscKOM ycKo

pHTeJie B ny'!Ke HeihpOHOB CO Cpe~HHM 11MllYJibCOM 

3 KcnepHMeHTbi no nepBOH H3 3THX nporpaMM 

BblllOJIHSIJIHCb B OCHOBHOM Ha ny'!KaX peJISITHBHCT

CKHX SI~ep CHHXpo¢a30TpOHa C HMnyJibCOM ~0 

4,5 r::~B/ c Ha HYKJIOH, a no BTOpOH - Ha ny'!Kax 

BeKTOp HO- H TeH30pHO-nOJISipH30BaHHhiX ~eHTpo

HOB, peKOp~Hhle 3HeprHH KOTOphiX nOJiy'!eHhl Ha 

~y6HeHCKOM yCKOpHTeJibHOM KOMllJleKCe. 

B p e3yJihTaTe o6pa6oTKH MaTepHaJIOB 3KcnepH

MeHTOB El1C-2 H CKA a l1<l>B3 noJiy'!eHhl HOBble 

¢H3H•JeCKHe ~aHHbie. 

CoTpy~HHKH Jla6opaTopHH BhiCOKHX ::~Heprnii 
y'!aCTBOBaJIH B 3KCnepHMeHTe ,[I,EJI<l>l1 Ha KOMllJleK

ce LEP <UEPH)' B pa6oTax no nporpaMMe sse 
(CiliA ) , a KOJIJia6opaD,HH W ASA Ha ycKopHTeJie 

CELSIUS (lllseD,HSI) H ~p. 

B cosMeCTHhiX 3KCnepHMeHTax Ha CHHxpo

¢a30T OHe, o6pa60TKe ~aHHhiX, ¢H3H'!eCKOM aHa

JIH3e JIH¢opM3ll,HH, MeTO~H'!eCKHX H TeXHH'!eCKHX 

pa3pa6 oTKax B JIB3 npHHHMaiOT yqacrHe OKOJIO 

500 c n eD,HaJIHCTOB H3 6oJiee '!eM 120 Hay'!HhlX Op

raHH3a ll,HH 23 CTpaH. 3HepreTH'!ecKHH ~Hana30H 
ny'!KOB yCKOpHTeJibHOI'O KOMnJieKCa CHHXpo¢a-

30TpOH - HyKJioTpoH <3,5+6 r::~B/HyKJioH) no3so

JISieT HCCJie~OBaTb HaH60Jiee CJIO.)l(HYIO H HaHMe

Hee p a3pa60T3HHYIO o6JiaCTb ¢H3HKH CHJibHhiX 

B3aHMO~eHCTBHH - xpOMO~HHaMHKY 6oJIJ>IDHX pac

CTOSIHHH. Hay'!HaSI 3Ha'!HMOCTb HOBhiX 3KcnepHMeH

TaJibH IX ~aHHbiX B 3TOM HHTepBaJie 3Hepmif COXpa

HHTCSI H noCJie BBO~a B ~eHCTBHe yCKOpHTeJieH H KOJI

Jiaif~epos peJISITHBHCTCKHX HOHOB CBepXBhiCOKHX 

3Hepm ii. 

40 f3 I c . Haii~eHo, '!TO c sepoSITHOCThiO 67 ± 12% 

¢ - Me30 H o6pa3yeTCSI (Ha BO~OpO~HOH MHllleHH) 

cosMecTHO co cTpaHHbiMH '!aCTHD,aMH A-rHnepoHOM 

HJIH K - Me30HOM c ce'!eHHeM (53±9) MK6. ,[I,JISI ~soii

Horo o 6pa3osaHHSI ¢-Me30HOB onpe~eJieHo ce'!eHHe 

(15± 9 ) MK6. 

C BMeCTHOe o6pa30B3HHe ¢-Me30HOB CO CTpaH

HblMI1 '!aCTHI1,3MH n03BOJIHJIO Bbi6paTb pa3pe-
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meHHYIO no npaBHJIY OZI ~HarpaMMY po)l()l;eHH.SI 

rf>-Me30HOB H3 ~BYX CTpaHHhlX <<MOpCKHX» KBap

KOB (1 ). 

2. Ha ycTaHOBKe BHC-2 s Toil )Ke cxeMe o6-

JiyqeHH~ Ha6JIIO~aJIOCb o6pa30BaHHe oqapOBaHHO

ro CTpaHHOI'O 6apHOHa :::: H3 npe~CKa3aHHhlX :::: , 

:::~, Q~ no KBapKOBOH MO~eJIH. PaHee 3TOT 6a- · 

pHOH Ha6JIIO~aJIC~ TOJibKO npH oqeHb BhlCOKHX 

3Heprn~X ny4Ka (HeCKOJibKO COTeH rnra3JieKTpOH

BOJibT). Ou:eHKH ero MaCChi ~aJIH 3Ha4eHHt; 

M = (2440 ± 20) MsB c pacna~oM no Mo~aM 
:::+-+ A 0n+n+ K- H-+ ~On+n+ K-. 

c 

IloJiy4eHHOe 3Ha4eHHe MaCChi :::: -6apHOHa XO

pomo corJiacyeTc~ co 3Ha4eHH~MH Mace paHee 

Ha~eHHbiX :::: -6apHOHOB B ~pyrnx 3KCnepHMeH-

Tax [2 ]. 

3. Ha MaTepHaJiax o6Jiy4eHHSI 2-MeTposoii npo

naHoBOH ny3hlpbKOBOH KaMephl JIB3 npOTOHaMH C 

HMnyJibCaM 10 rsB/c Ha~eHO C06biTHe, HHTep

npeTHpyeMoe KaK BHYTPHMepHaSI KOHBepcHSI npe~

cKa3aHHoro cTa6HJibHOro A-~H6apHoHa (1 = 1/2, 

B = 2, S = -3) B TPH A-rnnepoHa. C noMOIQbiO 

MHOroBepillHHHOI'O KHHeMaTH4eCKOro aHaJIH3a onpe

~eJieHa Macca A-~H6apHoHa, KOTopaSI oKa3aJiach 

paBHOH (2480 ± 33) MsB. Ilo ~BYM TeopeTH4e

CKHM MO~eJISIM Macca O)KH~aJiaCb paBHOH 2366 H 

2472 MsB [3 ]. 

,Upyroe o6Hapy)KeHHoe co6biTHe HHTepnpeTH

pyeTCSI KaK npSIMOe Ha6JIIO~eHHe pacna~a ~H6apHO
Ha H (B = ], S = - 2) no KaHaJIY cJia6oro B3aHMo

~eHCTBHSI H-+ ~-p c _noCJie~yiOIJJ;HM pacna~oM 

~--+ rm-. Macca H oKa3aJiach pasHoi1 

(2409±11) MsB H 6JIH3KOH K npe~cKa3aHHOH Macce 

2370 MsB (MO~eJib CKHpMHOHHOro THna). Ilo~C4H

TaHHaSI no 3Ha4eHHSIM Ce4eHHH aJibTepHaTHBHbiX 

<I>H3H4eCKHX npon:eCCOB OU:eHKa BepoSITHOCTH JJO)K

HOH HHTepnpeTaU:HH 3TOI'O Co6hiTHSI COCTaBJISieT 
-10-7 [4 ]. . 

4. B COBMeCTHOM IJ.EPH - 0115111 3KCnepH

MeHTe .UEJI<l>H Ha KOMUJieKce LEP npo~OJI)Ka

JIHCh H3y4eHHe H aHaJIH3 HH<J>opMaU:HH no o6pa-

30BaHHIO, csoHCTBaM 11 pacna~aM ZJ -6o3oHa. H a 

OOJibmoH cTaTHCTHKe nonyqeHhi ~aHHhie no Mac

ce H illHpHHe: M(ZJ) = (91,177 ± 0,022) rsB, 

r(ZJ) = (2,465 ± 0,02) rsB. Ce4eHHe o6pa30Ba

HHSI z}J C a~pOHHbiM pacna,nOM COCTaBJJSieT 

a= (41,84 ± 0,45) H6. 

Onpe,neJieHhl TaK)Ke speMeHa )KH3HH B-a.n~o
Ha 11 T-JiemoHa: t(BJ = (1,28 ± 0,10) ·10- 1 c ; 

t(r) = (314±25) · 10- 1 c [5 ]. IloJiy4eHa sepxHSISJ 

ou:eHKa MaCChi 43CTHU:bl XHrrca M(XJ) :5 38 r3B 

[6 ]. 
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ACI1MIITOTI1~ECKI1ECBO~CTBA 
CHJibHO B03BY)I(,UEHHO~ 
.51,UEPHO~ MATEPHH. 

<l>A30BbiE IIEPEXO,Ubl 

B noCJie~HHe ro~hl <I>H3HKa peJISITHBHCTCKHX 

MepHbiX CTOJIKHOBeHHH 3aHHMaeT JIH,nHpyiOm;ee no

JIO)KeHHe B HCCJie~OBaTeJibCKHX nporpaMMaX Ha 

KpynHeHillHX yCKOpHTeJibHhlX KOMUJieKCaX. 

Bo3pacraiOIQHH HHTepec KaK <I>H3HKOB-MepiQHKOB, 
TaK H cneU:HaJIHCTOB, 3aHHMaiOIQHXCSI <J>H3HKOH 4aC

THIJ: B 3TOH o6JiaCTH, CBSI3aH rJiaBHbiM o6pa30M C TeM, 

4TO peJISITHBHCTCK3SI SI~epHaSI <I>H3HK3 ~aeT npaKTH-

4eCKH e~HHCTBeHHYIO B03M0)KH0CTb H3y4eHHSI U:Be

Ta. KoHe4HOH u:eJibiO 3THX HCCJie~osaHHH SIBJISieTcSI 

OnHCaHHe CBOHCTB aTOMHbiX Mep H SI~epHbiX 

peaKIJ:HH npH BbiCOKHX 3HeprHSIX Ha OCHOBe <J>y~a
MeHTaJibHbiX XpoMO~HHaMH4eCKHX B3aHMO~eHCTBHH 

KBapKOB H rJJIOOHOB. BoJihmoe KOJIH4eCTBO pa60T 

no 3TOH TeMe MOTHBHpOBaHO TaK)Ke Ha~e)K~aMH 

noJiy4HTb H HCCJie,noBaTb COCTOSIHHSI CHJibHO B03-

6y)K~eHHOH SI~epHOH MaTepHH, BKJII04aiOIJJ;He ~e
KOH<J>aHHMeHT U:BeTHbiX 3apSI~OB H <J>a30BbiH ne

pexo,n: a,npOHH3SI MaTepHSI - KBapK-rJIIOOHHaSI 

UJia3Ma. 

Pac4eThl s paMKax KX.U Ha pemeTKe npe~cKa-

3hiBaiOT B03M0)KH0CTb noJJy4eHHSI T3KHX COCTOSIHHH 

B peJISITHBHCTCKHX MepHbiX CTOJIKHOBeHHSIX. 

11CCJie~OBaHHSI, BblllOJIHeHHhle Ha nyqKaX CHHX

po<J>a30TpoHa npH sHeprnSix Mpa-cHapSI~a .no 3,5-

4 rsB/HyKJIOH, nOKa3aJIH, 4TO B 3TOH o6JiaCTH npo

TOH-HeHTpOHH3SI MO,neJih 3TOMHOI'O S!~pa He,nOCTa

T04Ha .llJISI OnHC3HHSI Ha6JIIO~aeMbiX CneKTpOB 11 

xapaKTepHCTHK BTOpH4HbiX 43CTHIJ:. 

B 1991 ro.ny s Jla6opaTopHH BhiCOKHX 3HeprHH 

npo.noJI)KaJIOCh H3y4eHHe HaH6onee xapaKTepHbiX 

npou:eCCOB H OC06eHHOCTeH pO)K~eHHSI 43CTHU: B 

peJISITHBHCTCKHX a,npOH- H SI,npO-SI,nepHblX CTOJIKHO

BeHHSIX, Tpe6yiOIJJ;HX .llJISI CBOero OnHC3HHSI y4e

Ta U:BeTOBbiX, KBapKOBbiX CTeneHeH CB060~bl, KOJJ

JieKTHBHbiX MeXaHH3MOB B33HMO~eHCTBHSI, B 4aCT

HOCTH, po)l()l;eHHe KYMYJISITHBHhiX qacTHU:, 

<J>opMHposaHHe a.npoHHbiX CTPYH 11 6apHOHHhiX KJia

CTepos 11 ,np. 

I. IloJiy4eHbi 6onee CTaTHCTH4eCKH o6ecne4eH

Hhie ,naHHhle no H3y4eHHIO cneKTpOB s<J><J>eKTHB

HbiX Mace HYKJJOHHhiX KJJacTepos, o6pa3yiOIJJ;HXCSJ so 

B33HMO,neHCTBHSIX npOTOHOB, ,neHTpOHOB, SI~ep reJIHSI 

11 yrnepo.na c SI~paMH yrnepo.na npH HMnynhce 

4,2 A. r3B/c [7 ]. 11cnOJib30BaJIHCb .naHHbie, no

JJy4eHHhie C nOMOIJJ;biO 2-MeTpOBOH nponaHOBOH ny-

3blpbKOBOH KaMepbl, o6m;aSJ CT3THCTHKa KOTOpblX B 

3HaJIH3e COCT3BJJSIJJa -104 C06hiTHH ~JISI K3)K_n0ro TH

na peaKU:HH. IlpOTOHHhie KJJaCTepbi Bbl~eJJSIJIHCb pe

JISITHBHCTCKH-HHBapHaHTHbiM MeTO.IlOM B npOCTpaH

CTBe OTHOCHTeJibHbiX 4-CKOpOCTeH bik; 

t 

~ 

I 
( 
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PHc. I . CneKTpbl 3QJQJeKTHBHbiX Mace npoTOHHbiX KJiacTepos, o6pa3osaHHbiX s p-, d-, He-, CC-s3aHMOAei1cTBHS!X npH HMnynbCe 

4,2 A· r3B/c c pa3Jiwmoi1 MHO)I{eCTseHHOCTbiO npoToHos: np = 2; np = 3 

b. = -(.!!J_- pkl2 = -(u- u )2 
k I. k ' 

I mi mk 

r,~:~e pi' pk - lieTbipeXHMDYJibCbi, mi' mk - MaCChi 

paCCMaTpHBaeMblX liaCTHll, i H k. npou,e,~:~ypa Bbl):leJie

HHSI CTpy:H H KJiaCTepOB B 3TOM npOCTpaHCTBe DO,!:Ipo6-

HO ODHCaHa B o63ope (8]. LIHCJIO KJiaCTepoB C 

MHO)KeCTBeHHOCTbiO npOTOHOB np = 2+6 BO BCeX pe-

aKU,HSIX COCTaBHJIO 2090, 1813, 1020, 549, 253 COOT

BeTCTBeHHO. CneKTpbi 3<P<PeKTHBHbiX Mace 

KJiaCTepOB C MHO)KeCTBeHHOCTbiO npOTOHOB np = 2 H 

nP = 3 noKa3aHhl Ha pHc.l. TeMnepaTypa KJiacTepos 

60-70 M3B. .li,eTaJihHbiH aHaJIH3 Hx xapaKTepHCTHK 

noKa3aJI, liTO s ,~:~aHHOM CJiyliae Ha6JIJO):IaJOTCSI HYK

JIOHHhle pe30HaHCHble COCTOSIHHSI C IIIHpHHaMH OT He

CKOJibKHX Mera3JieKTpOHBOJibT ,!:10 HeCKOJibKHX 

,!:leCSITKOB Mera3JieKTpOHBOJibT, liTO COOTBeTCTByeT 

speMeHH Hx )KH3HH T- h/f :=:: 10-22 c. XapaKTep 

yrJIOBOro pacnpe,!:leJieHHSI npOTOHOB B CHCTeMe DOKOSI 

KJiaCTepoB OTHOCHTeJibHO HanpaBJieHHSI HX ,!:IBH)Ke

HHSI B Jia6opaTOpHOH CHCTeMe llOKa3aJI, liTO 3TH pe30-

HaHCHble COCTOSIHHSI MOryT HMeTb OTJIHliHbiH OT HYJISI 

CDHH. 

2. npO):IOJI)KeHO H3ylieHHe aBTOMO,!:IeJibHbiX 

CBOHCTB B3aHMO,!:IeHCTBHH a,!:lpOHOB H SI,!:Iep BbiCOKHX 

3Hepmi1. Ha ocHose aHaJIH3a s npocTpaHcTse 4-cKo

pocTe:H bik noKa3aHo, liTO pacnpe,~:~eJieHHSI liaCTHU. s 

CTpySIX, o6pa30BaHHbiX B pp-CTOJIKHOBeHHSIX npH 

3HeprHH CTOJIKHOBeHHSI . v's = 1,8 T3B (3Kcne-

pHMeHT <l>HAJI), DO):I06Hbl Ha6JIIO):IeHHblM paHee B 

71:-p-, n: -C-, pp-, vN-B3aHMO,!:IeHCTBHSIX npH aHaJIH-

3e 3KC epHMeHTaJibHbiX ,!:laHHbiX DY3b1pbKOBbiX Ka

Mep Ka K Ol15ll1, TaK H CiliA npH HMnynhce OT 40,1:10 

200 f3B /c Ha HYKJIOH. npH 3TOM napaMeTp m, onpe

,~:~eJISIIOill,HH HaKJIOH pacnpe,~:~eJieHHH, OKa3bljiJaeTC.si 

paBHbiM m :=:: 3,0 (pHc.2). 

3. J13ylieHbl HaKJIOHbl HHBapHaHTHbiX CDeKTpOB 

nonepeliHbiX HMnyJihCOB n- -Me30HOB, Hcnym;eHHbiX 

s Heynpymx (d, a, C)+ (C,Ta)-B3aHMo,~:~ei1cTBHSIX 

npH 4,2 f3B/ c Ha HYKJIOH [9]. nonylieHbl BeJIHliH

Hbl TeMnepaTyp OTpHU,aTeJibHbiX DHOHOB B pa3-

HbiX 0 6 JiaCT.siX 6hiCTpOT • .lJ,JI.si CTOJIKHOBeHHH C SI,!:~poM 

yrnepo,~:~a npH nepexo,~:~e H3 o6nacTH <PparMeHTa

U,HH K U,eHTpaJibHOH o6JiaCTH 6biCTpOT TeMnepaTypa 

DHOHOB CyiiJ,eCTBeHHO yseJIHliHBaeTC.si (OT 60 ,!:10 

110 M 3B). B cneKTpe nonepeliHbiX HMnyJihCOB n-
Me30HOB, o6pa30BaHHbiX B Heynpymx B3aHMO,!:IeHCT

BHSIX Sl,!:lep C TSI)KeJIOH TaHTaJIOBOH MHllleHbiO, npH

cyTCTBYIOT ,!:IBa HaKJIOHa. 3HalieHHe nepBOH TeMne

paTypbl (:=::40 M3B) ocTaeTCSI npH6JIH3HTeJibHO 

DOCTOSIHHbiM BO BCeM HHTepBaJie 6biCTpOT, a DOBe,!:le

HHe BTOpOH DO):I06HO Ha6JIIO,!:IaeMOMY B CTOJIKHOBe

HHSIX n erKHX SI,!:Iep (MeHSieTCSI oT 70 ,~:~o 110 M3B). 

3KCnep HMeHTaJibHble pe3yJibTaTbl CpaBHHBaiOTCSI C 

paClieTa MH, BbiDOJIHeHHbiMH B paMKaX MO,!:IeJIH 

KsapK- rJIIOOHHbiX cTpyH. Mo,~:~enh s OCHOBHOM y,~:~os

neTsopHTeJibHO ODHCbiBaeT 3KCnepHMeHTaJibHble 

,!:laHHbie . J1CKJIIOlieHHe COCTaBJISieT U,eHTpaJibHaSI o6-
JiaCTb 6 hiCTpOT, B KOTOpOH Ha6JIIO,!:IaeTC.si npeBhliiie-
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HHe l.J:HCJia llHOHOB C 60JibiiiHMH p .L llO CpaBHeHHIO C 

pact.J:eTOM. 

4. l13yt.J:eHbl HHBapHaHTHbie Cet.J:eHHSI BbiXO~a 

:rc.,- -Me3QHOB H npOTOHOB B 3aBHCHMOCTH OT KHHeTH

t.J:eCKOH 3HeprnH npH qmKCHpOBaHHbiX yrJiaX B HH

TepBaJie OT 0 ~0 180° ~JISI pC- H pTa-B3aHMO~eiiCT
BHH npH 10 f3Bic. IloKa3aHo, t.J:TO Q>opMa cneKTpo s 

n- -Me30HOB H npOTOHOB CJia6o 3aBHCHT OT aTOMHO 

Beca MPa-MHIIIeHH, Hal.J:HHaSI c e = 60°. Ilpe~CTaJS 

JieHbl TaK)I(e yrJIOBble 3aBHCHMOCTH CelleHHH BbiXO~a 

n- -Me30HOB H npoTOHOB. CelleHHe BbiXO~a n- -Me3o 

HOB pacTeT nponopu,HOHaJibHO A 213 
npH MaJibiX y r

Jiax, a B HHTepBaJie 8 > 50o - nponopU,HOHaJibHO 

aTOMHOMY secy MPa-MHrneHH. Ce1.1eH11e Bbixo~a 

npOTOHOB HMeeT pa3JIHliHYIO 3aBHCHMOCTb OT A B 

pa3HbiX yrJIOBbiX HHTepsaJiax: 'OT A 0•6 
npH M8JibiX 

ymax ~0 A I •5 
npH e ;::: 110 0 <l>opMa cneKTPOB n- - Me-

30HOB H npOTOHOB H3 pC- pTa-B3aHMO~eHCTBHH n p H 

10 f3BI C CpaBHHBaeTCSI C COOTBeTCTBYIOlli,HMH x a

paKTepHCTHKaMH 1.1aCTHU. H3 n-C-co6hiTHH n p H 

40 f3Bic [10 ]. 

B pa6oTe [ 11 ] npe~cTaBJieHbl HHBapHaHTHble c e

lleHHSI BbiXO~a n- -Me30HOB B 3aBHCHMOCTH OT HX 

KHHeTHl.J:eCKOH 3HeprnH npH QJHKCHpoBaHHbiX yrJiaX 

B HHTepsaJie OT 0 ~o 180° ~JISI dTa-, aTa- H C T a

B3aHMO~e:HcTBHH npH 4,2 f3BI c Ha HYKJIOH. IloKa3a

HO, l.J:TO Q>opMa CneKTpoB llHOHOB npH 3HeprHH Bbi llle 

0,1 f3B H yrJiaX HCnyCKaHHSI 8 > 20o He 3aBHCHT OT 

THna SI.D;pa-cHapSI~a B npe.D;eJiax -10% norpewHo

CTeii. VlcCJie~OBaHbl 3aBHCHMOCTH Ce4eHHH BbiXO~a 

n- -Me30HOB llpH QJHKCHpOBaHHbiX yrJiaX OT aTOM

HbiX secos CTaJIKHBaiOlli,HXCSI SI.D;ep. B Ka)I(.ZJ;OM yrn o-
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BOM HHTepsaJie 3aBHCHMOCTb de? I dQ oT aTOMHOro 

seca MPa-cHapSI~a MO)I(eT 6b1Tb annpoKCHMHposaHa 

CTeneHHOH QJYHKU,HeH (A a) .D;JISI B3aHMO.D;eHCTBHH KaK 

Ha JierKOH, TaK H Ha TSI)I(eJIOH MHllleHSIX. IJapaMeTp 

a 6JIH30K K e.D;HHHU,e npH MaJibiX yrJiaX H yMeHblUa

eTCSI ~0 ==-2/3 npH yrJiaX 8 2!: 130°. IlpH CTeneHHOH 

3aBHCHMOCTH de? I dQ oT aTOMHOro seca SI.D;pa-MHrne

HH (Aar) napaMeTp a B03pacTaeT OT 0,6 B HHTepsa-
r r 

11e8 !S; 10° ~oa ==- 1 ~JISI8 > 90°. 
T 

5. B SI.D;epHbix B3aHMO.D;eiicTBHSIX, B KOTOpbiX xo

TSI 6bi llaCTb BTOPHliHbiX llaCTHU. o6pa3yeTcSI 1.1epe3 

KJiaCTepbl ( 12], Ha6JIIO.D;aJICSI 3<PQ>eKT ycHJieHHSI .D;H

HaMH4eCKHX QJJIYKTyau,Hii nJIOTHOCTH BTOPHliHbiX 

llaCTHu,. AHaJIH3 npoBO.D;HJICSI Ha MaTepHaJiax n-C-, 
pC-, pTa-, (p, a, He, C)C- H CTa-B3aHMO.D;ei1cTBHH 

npH. nepBH4HOM HMllYJibCe 40, 10 H 4,2 f3Bic Ha 

HYKJJOH cooTBeTCTBeHHO. KJiaCTepbi Bbi.D;eJISIJIHCb s 

npOCTpaHCTBe HOpMHpOBaHHbiX K O.D;HHaKOBOH Macce 

, m omk 
OTHOCHTeJibHbiX 4eTblpeXCKOpOCTeH b.k (-1

-
2
-) bok' 

I m I 
0 

r~e b1k = -(u1 - uk)
2 

onpe.D;eJieHo paHee B n.1, a 

m0 - aTOMHaSI e.D;HHHU,a MaCChi. 

60 113MepeHbi HMnynhCHhie H yrJIOBhie pacnpe~e
neHHSI A-llaCTHU. B u,eHTpaJibHbiX (Mg+Mg)-CTOJIK

HOBeHHSIX npH HMllYJibCe 4,3 f3BI C Ha HYKJIOH [ 13]. 

3KcnepHMeHTaJibHhie ~aHHhie 6biJIH noJiylleHbi c no

MOlll,biO CneKTpOMeTpa CO CTpHMepHOH KaMepoH B 

MarHHTHOM llOJJe (yCTaHOBKa f.l15C). LJ.JISI aHaJIH3a 

6biJIO OT06paHO -2 ° 10
4 

CJiy4aeB U,eHTpaJibHbiX B3aH-



MOAeHCTBHH SIAep MarHHSI H BbiAeJieHO 2240 V 0-co-
6hiTHH, H3 KOTOpbiX 933 C06hiTHSI rapaHTHpOBaHhl 

KaK pacnaA A-llaCTHll,hl. lloJiy'leHHoe B U.HTHpyeMoif 

pa6oTe yrJiosoe pacnpeAeJieHHe A-llaCTHU. B CHCTeMe 

u.eHTpa Mace CTaJIKHBaiO~HXCSI HYKJIOHOB OTJIH'laeT

CSI OT H30TpOnHOro, XOTSI no cpaBHeHHIO C ll,eHTpaJib

HbiMH CC-cTOJIKHOBeHHSIMH npH ~no:H )Ke 3HeprHH 

SIBJISieTCSI 6oJiee nOJIOmM. llpoaHaJIH3HpOBaHa MHO

)KeCTBeHHOCTb A-'laCTHU.. llHCJIO co6hiTHH c pO)f(Ae

HHeM ABYX A-llaCTHU. cocTaBHJIO -4,2% OT co6hiTHH 

c OAHOH A-'laCTHU.eif, 'ITO HeCKOJihKO npeshlmaeT 

paC'leTHYIO BeJIH'lHHY, HO He MO)KeT CJiy)KHTb CTaTH

CTH'leCKH o6ecne'leHHbiM yKa3aHHeM Ha ¢opMHpO

BaHHe B AaHHOM 3KcnepHMeHTe HCTO'lHHKa A-qac

THU. C nOBbilleHHOH MHO)KeCTBeHHOCTblO. 

7. llpOBeAeHO H3y'leHHe MeXaHH3Ma ¢parMeH

Tall,HH HaJieTaiO~Hx SIAep Ne H Si c HMnyJihC<?M 

4 r3B/c/HyKJI. Ha SIApax ¢oT03MYJibCHH [14). llOA

TBep)f(AeHO HaJIH4He MeXaHH3Ma ¢parMeHTaiJ;HH: 

a) C nOJIHhiM paCiu;enJieHHeM SIAep AO OAH03apSIA

HhiX H ABYX3apSIAHhiX ¢parMeHTos; 

6) C COXpaHeHHeM OAHOro MHOro3apSIAHOro 

¢parMeHTa C Z > 3. 
BhiSIBJieH eiiJ;e OAHH MexaHH3M - ¢parMeHTa

U.HSI c o6pa3oBaHHeM ABYX MHOro3apSIAHhiX ¢par

MeHTOB (o6a C Z > 3) 3a C4eT KBa3HAeJieHHSI B03-

6y)f(AeHHOro cneKTaTopa oT HaJieTaiOIIJ;ero Mpa. 

Bo36y)f(AeHHhiH cneKTaTop o6pa3yeTCSI s nepH¢epH-

4eCKOM B3aHMOACHCTBHH HaJieTaiOIIJ;ero SIApa C SIA

pOM ¢oT03MYJibCHH. 

C nOMOIIJ;biO OAHOMeTpOBOH )KHAKOBOAOPOAHOH 

ny3hlpbKOBOH KaMepbi AJISI 6onee nerKoro HaJieTaiO

IIJ;ero SIApa - KHCJIOPOAa c HMnyJibCOM 3, 1 f3B/ c Ha 

HYKJIOH BhiSICHeHo [ 15 ), 4TO npeo6naAaeT MexaHH3M 

paCIIJ;enJieHHSI Ha HeCKOJibKO ABYX3apSIAHbiX ¢par

MeHTOB. 

8. llpOAOJI)KaJICSI aHaJIH3 MaTepHaJIOB 3KCnepH

MeHTa Ha ycTaHOBKe <t>OTOH - MACCEP no HC

cneAosaHHIO A-3aBHCHMOCTH HHKJII03HBHoro pO)f(Ae

HHSI.n0-Me30HOB ( 16 ). 
BnepBbie H3MepeHhi HHKJII03HBHhie ce4CHHSI o6-

pa3osaHHSI .n°-Me30HOB B CTOJIKHOBeHHSIX peJISITH

BHCTCKHX SIAep c SIApaMH s peaKu,HSix: 1) aC -+ .n° X; 
2) aCu-+ .n°X; 3) CC-+ .n°X; 4) pCu-+ .n°X. llpH 

HMnynbce 4,5 f3B/c Ha HYKJIOH s 3aBHCHMOCTH 

OT KYMYJISITHBHoro 4HCJia X s AHana3oHe 

0, 7 ::5 X ::5 1 ,8 11 KBaApaTa nonepe4HOro HMnyJibCa 

B AHana30He 0 ::5 p 1 ::5 0,8 HHB3pH3HTHOe HHKJII0-

3HBHOe Ce4eHHe napaMeTpH3yeTCSI ¢YHKU,HCH 

Eda/dp-exp(-X/X0). )lJISI napaMeTpa X
0

, xa-

paKTepn3yiOIIJ;ero KBapK-napTOHHYIO CTPYKTYPHYIO 

¢YHKU.HIO SIApa, HaHAeHbl 3Ha4eHHSI AJISI peaKU,1111 

(l) X
0 

= 0,128±0,003; AJISI peaKu,HH (3) X0 = 
= 0,151 ±0,005. 

.[l,JISI peaKIJ;HH (l) H (3) H3MepeHa 3aBHCHMOCTb 

ce4eHHSI o6pa3osaHHSI .n°-Me3oHOB OT 'lHCJia HyKJio

HOB B HaJieTaiOIIJ;eM SlApe. 3Ha'leHHe CTeneHH m B na

paMeTpH3all,HH Eda I dp- A'; cocTaBJISieT m = 
= 1,2±0,1 npH X-1 H AOCTHraeT 3Ha'leHHSI m = 
= 2,4±0,2 npH X= 1,7. 3ToT ¢aKT yKa3hiBaeT Ha 

6 0 u 

TO, 4TO B 0 pa30BaHHH .7r -Me30HOB B 3TOH KH-

HeM TH'leCKOH o6JiaCTH yqaCTBYIOT ABa H 6oJiee HyK

JIOHOB. 

)lJISI peaKIJ;HH (1) H (2) H3MepeHa 3aBHCHMOCTb 

ce4eHHSI o6pa3oBaHHSI .n°-Me3oHoB oT 'lHCJia HYKJIO

HOB B SIApe-MHIIIeHH. 3Ha'leHHe CTeneHH n B napa

MeTp H3aU.HH Eda/ dp- A~ cocTaBJISieT n = 0,4 npH 

X= 1,0 H n = 0,3 npH X= 1,7. 3TOT pe3yJihTaT 

yKa3biBaeT Ha TO, 'ITO 6hiCTpbie .n°-Me30Hhl, Ha6JIIO

AaeMbie s 3KcnepHMeHTe, reHepHpyiOTCSI B nepH¢e

pH1ICCKHX B3aHMOAeHCTBHSIX. 3TOT pe3yJihTaT COrJia

cyeTCSI C npeACKa3aHHSIMH KBapK-napTOHHOH MOAeJIH 

SIAep . 

• B ny'lKe SIAep 
7Li c HMnyJihCOM 21 r3B/c npo

BeAeHbl H3MepeHHSI Ce'leHHH H3MeHeHHSI 3apSJ:Aa H 

ce4eHHH nepe3apSIAKH 
7Li -+ 

7
Be Ha MHmeHSIX C, Al, 

Cu, P b 11 CH [ 17). 3KcnepHMeHT BhlllOJIHeH Ha ycTa

HOBK e fl1BC. lloJiy'leHHbie AaHHbie no Ce'leHHSIM 

nepe3apSIAKH yKa3hiBaiOT Ha 6oJiee CHJibHYIO, 'leM 

AJISI nepu¢epH1ICCKHX CTOJIKHOBCHHH, 3aBHCHMOCTb 

oT aTOMHoro seca SIApa-MHIIICHH. TaKHM o6pa30M, 

3TOT pe3yJibTaT MO)KHO paCCMaTpHBaTb KaK HOBOC 

He3a BHCHMoe yKa3aHue Ha cyiiJ;eCTBCHHYIO P.,PJih KOJI

neKTHBHhrx 3¢¢eKTOB B npou;eccax nepe3apSJ:AKH 

SIACP Ha SIApax. 

10. llpeAJIO)KeH MeTOA H3y'leHHSI llJIOTHOCTH 

SIACPHOH MaTepHH c noMOIIJ;hiO aApOHOB BhiCOKHX 

3Hep mH: [ 18 ). B Ka4eCTBe ¢H3H4ecKoH: ocHOBhl Me

TOAa HCOOJib30BaHa 3aBHCHMOCTb HHTCHCHBHOCTH HC

nycKaHHSI HYKJIOHOB SIAep-MHIIIeHeH: OT «TOJIIII.HHhl» 

CJIOSI SIACPHOH MaTepHH, npeOAOJieHHOH HYKJIOHOM. 

KaK ACMOHCTpaU,HSI npHMCHHMOCTH MCTOAa B pa6oTe 

npHBCACHO pacnpeACJICHHe nJIOTHOCTH MaTepHH B 

SlApe aTOMa KCCHOHa. 

11. llpCAJIO)KCH HOBbiH 3KCnepHMeHTaJibHbiH 

OOAXOA AJISI OOHCKa H HCCJICAOBaHHSI O'lapOBaHHbiX 

SIACP (A), o6pa3oBaHHhix npH B3aHMOACHCTBHH TSI-

)KCJi biX peJISITHBHCTCKHX SIACP c 6onee JierKHMH SIApa

Mii [ 19 ). llpeAnonaraeTCSI, 4TO A7 -6apHOH, o6pa3o-

sasumi1cSI B OAHOM 113 MHOrHX HYKJIOH-HYKJIOHHbiX 

B3a!1MOAei1cTBHH s o6nacTH nepeKpbiTHSI SIACP H 3a

MCAJIHBUII1HCSI B BeW.CCTBC llOBbllliCHHOH OJIOTHOCTH, 

MO)K T 6biTb 3aXBa4CH ¢parMCHTOM-COCKTaTOpOM 

HaneTaiOw.ero SIApa c o6pa3osaHHeM 04aposaHHOro 

SIApa . O)KHAaeTCSI, 4TO npH 3TOM BhiXOA A,-SIACP 6y-

ACT 3Ha411TCJibHO Bblllle, 4CM B pA-B3aHMOACHCTBH

SIX, a HX pacnaAHhle npo6em AOCT3T04HO 60JihlliHMH 
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PHc. 3. 3asHCI1MOCTb ce<teHI1!1 !1,!1epHoi1 Q>parMeHTaLJ.I111 !l,!lpa KI1C

nopo.na Ha CB11HU.Osoi1 Ml1rneHI1 s .!111anaaoHe ::lHeprH i1 
2+200 r3B/HyKJIOH 

AJISI TOI'O, 'IT06bi: HCllOJib30B3Tb AOBOJibHO TOJICThl e 

MHUieHH (HeCKOJibKO MM) ; npHMeHSITb UeTeKTOpbl 

AJISI oT6opa Tp11rrepoM cJiy'laes Ac-pacnaAOB (TOH-

KI1e KpeMHI1eBbie cTp11nbi); pemcTp11posaTb A -pac-
• c 

~3Ahl B B3KYYMHOH ll0JIOCTI1, 'IT06bi ycTp3HI1Tb cPOH 

oT B3ai1MOAeiicTBI1H. ITposeAeHHOe paccMoTpeHI1e H 

npeAB3p11TeJibHbie OU,eHKI1 llOK33biB3IOT, 'ITO npeA

JiaraeMbie 3KcnepHMeHTbi MoryT 6h1Tb ocymecTsne

Hbi B SIAepHhiX ny'IKax SPS (Il,EPH) 11 6y.nymero 

RHIC (EHJI). 

12. CosMeCTHO c Y HI1BepC11TeToM B 311reHe (fep

MaHHSI) MeTOAOM llJI3CTI1KOBbiX TpeKOBhlX ljeTeKTO

pOB llOJiy'leHa 33B11CI1MOCTb Ce4eHI151 <IJparMeHT3U.HH 

SIAep KHCJIOPOAa B A113ll330He 3Hepri1H OT 2,3 llO 

200 f3B Ha CBI1Hu,osoii M11UieHI1. CTonKI1 nJiaCTI1Ko

BhiX AeTeKTopos Tl1na CR-39 6hiJII1 o6Jiy4eHhi Sinpa 

MI1 KI1CJIOpoAa Ha ycKop11TeJISIX AGS, SPS 11 Ha CHHX

po¢a3oTpoHe B ,Uy6He. 06pa60TK3 llJI3CTI1KOB 11 113-

MepeHHSI npoi13BOllHJII1Cb Ha 3BTOM3TI1311pOB3HHOH 

CI1CTeMe rpynnoii npo¢. B.XeiiHpnxa B 3nreHe. ITo 

Jiy'leHHaSI 33BI1CI1MOCTb Ce4eHI151 nOK33hiB~eT, 4TO 

BhiXOll Ha pe)KHM npeAeJibHOH <IJparMeHT3U,H11 C y4e

TOM 3JieKTpOMarHI1THOH A11CCOU,113U,11H SIApa KHCJIO

poAa npoHCXOA11T np11 3Hepnm 6onee 2 f3B/HyKJlOH 

(p11c.3). 

13. ITpoAOJl)K3JlOCh HCCJieAOBaHI1e oco6eHHOCTeii 

SIApo-SIAepHblX B3311MOUeHCTBI1H MeTOljOM y-cneKT

pOCKOlll111 HaBeUeHHOH 3KTI1BHOCTI1 B CeKU,110H H

poB3HHOH TOJlCTOH MeAHOH MI1UieHI1, 06Jly4CHHOH 

SIApaMI1 yrJiepoAa, 11 TBepAOTeJibHbiX AeTeKTopa x . 

11cCJie.nosaHHSI seJII1Cb B COTPYllHH4eCTBe c YmiBep-
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CHTeToM B Map6ypre (fepMaHI151), U,5111 (CTpac-

6ypr, <l>paHU.1151), a TaK)Ke YHHBepcnTeTOM B Tecca

JIOHI1Kax (fpeU,1151). 

11CCJIE.UOBAHI1E HEHYKJIOHHhiX 

CTEITEHE:tl CBOBO,Uhl 

11 CITI1HOBhiX 3<l><l>EKTOB 

B MAJIOHYKJIOHHhiX CI1CTEMAX 

OcHOBHhiM o6beKTOM HCCJieAoBaHHH B paMKax 

3TOH nporpaMMbi SIBJISieTcSI CTPYKTypa Jierqaflmero 

SIApa - AeHTpOHa Ha Me)KHYKJIOHHbiX paCCTOSIHHSIX, 

MeHbilli1X pa3Mepa HYKJIOHa. Oco6y10 npnsJieKa

TeJibHOCTb AJISI 3KCnep11MeHTaTOpOB, 11HTepecy

IOILI.11XCSI 3TOH npo6JieMOH, npe,nCT3BJISIIOT llY4KH 

BeKTOpHO- 11 TeH30pHO-nOJI51pH30B3HHhiX AeHTpOHOB 

c 11MnyJibCOM AO 4,5 f3B/ c Ha HYKJIOH. Ha ny'IKax 

peJI51THBI1CTCKI1X llOJI51pH30BaHHblX ,nefiTpOHOB CHHX

po<IJa30TpOHa pa6oTaiOT ycTaHOBKH 11HECC -

AJih<l>A, C510, AHOMAJIOH , onHoMeTposaSI )KHll

KOBOAOPOAHaSI ny3bipbKOBa51 KaMepa. CneKTpoMeTp 

,UI1CK 11CllOJib3yeTCSillJISI noJiy4eHH51 AaHHbiX Ha He

nOJI51p1130BaHHbiX ny4Kax npoTOHOB 11 ACHTPOHOB. 

B 1991 roAy s ,Uy6He coCJOSIJIOCb Me)KAyHapoA

Hoe cosemaHHe no CTPYKType AeiiTpoHa «Deutron 

Workshop-91», B KoTopoM np11HSIJII1 y4aCTI1e 80 cne

U.113JII1CTOB 113 CTpaH-y4aCTH11U. 0115111, a T3K)Ke 113 

ClliA 11 <l>paHU.1111. 

1. B paMKax Kosap11aHTHoro nonxoAa B nepe

MeHHbiX CBCTOBOro KOHyca B 11MllYJlbCHOM np116JII1-

)KeHI111 paCCMOTpeHbl nOJI51pH3aU,110HHbie xapaKTep11-

CTI1KI1 npou,ecca p + d '"* (h, p) + X [20 ]. Bbi411CJie

Hbi 11MnyJibCHbie 3aBHCI1MOCTH TCH30pHOH 

aHaJlH3HpyiOILI.eii cnoco6HOCTH T 20 3Toro npou,ecca. 

l1CCJleljOBaHa 33BI1CHMOCTb 3THX BeJlH4HH OT Bhi6opa 

peJISITHBHCTCKOH BOJIHOBOH cPYHKU,HH nefiTpOHa B o6-

Jl3CTH AHHaMH4eCKOrO yCHJieHI151 D-BOJlHbl H 11M

nyJibCa HaJieTaiOmero npoToHa . IToKa3aHo, 4TO co

BMCC.THbie 3KCnep11MeHT3JlbHble AaHHbie 0 3aBI1CHMO

CTH T 20 11 K03cP¢Hu,HeHTa nepeAa411 noJISip113aU,11H K 

OT 11MllYJibCa nanaiOmero npOTOHa B o6JiaCTI1 A11H3-

MI14eCKOro ycHneHHSI D-BOJlHhi no3BOJISIT 6onee T04-

HO BhiSICHHTb pOJib HMnyJibCHoro np116Jli1)KeHI151 11 

MexaHH3Ma ycHneHHSI Bbixona nHOHOB. 

2. B pa6oTe ]21 ] paccMOTpeHbi BTOpH4Hbie 3¢

<PeKThl AJlSI pa3Bana ne~npoHa B npou,eccax pd'"*ppn 
c BhiJieTOM npoTOHOB non yrnoM 180°. Pac4eTbi npo

BeneHbi c y4eTOM nsoifHoro nepepacceSIHHSI 11 B3aH

MOAeiicTBHSI. B KOHe4HOM COCTOSIHI111 KaK nonpaBKI1 

K HMnyJibCHOMY npH6JIH)KCHHIO c nJIOCKJ.1MH BOJI

HaMH. ITpencTasneHHhiH MeTon Y4HThiBaeT onHo

RpeMeHHO 3HeprocoxpaHSI.IOI.l.IYJO 4aCTb J.1 nOJlJOCHYIO 

4aCTb cBo6o.nHoro HYKJlOHHOro nponaraTopa. EhiJlH 

HCnOJlh30BaHhi nsyxHyKnOHHaSI. nap11)KCKaSI BOJIHO-



rpynna AJlh<J:>A npOBO):II-IT 11CCJle):IOBaHI151 Ha ny4KaX n OJJ!!p1130BaHHbiX ):le HTpOHOB C11HX p OQJa30Tp OHa • 

Ba51 ¢>yHKll,H51 ~eHTpoHa H HMeiOI.Il,HeC51 ~aHHbie no 

HYK)IOH-HYKJIOHHOMY pacce51HHIO. Pe3yJihTaThi cpaB

HHBaiOTC51 c HHK)II03HBHhlMH ceY:eHH51MH H(d, p)X H 

TeH30pHOH acHMMeTpHeli T 20 npn KHHeTHY:eCKOH 

::IHeprHH ~eHTpOHa 1,25 H 2,1 f3B/ C. 

3. H~CJie~oBaHhi xapaKTepHCTHKH peaKu.mi 

dp-+ dn+n, dp-+ dpn+n- H np-+ dn+n- npH HM

nyJihCe 1, 7 f3B/ c Ha HYKJIOH, noJiyY:eHHhre npH o6-

pa6oTKe CHHMKOB C O~HOMeTpOBOH BO~OpO~HOH ny-

3hlpbKOBOH KaMephr JIB3 OH.5IH [22 ]. IlpoaHaJIH3H

poBaHhl pa3Hble MeXaHH3Mbl p0)f(~eHH51 n H 

o6pa30BaHH51 ~eHTpOHa B KOHeY:HOM COCT051HHH. IlpH 

cpaBHeHHH xapaKTepHCTHK dp- H np-B3aHMO~eHCT

BHH Bhl~eJieHhl KorepeHTHoe po~eHHe n Ha ~eliTpo

He H npOll,eCCbi 6apHOHHOrD o6MeHa B ~eHTpOHHbiX 
peaKll,H51X. 

4. IJpoBe~eHa MO~epHH3aU.H51 ycTaHOBKH 

AJib<I>A ~JI51 H3MepeHHH K03¢>¢>HU.HeHTa nepe~aY:H 
BeKTOpHOH llOJI51pH3aU.HH OT ~eHTpOHa K npOTOHy. 

Bee 3JieMeHThl ycTaHOBKH onpo6oBaHhi Ha nyY:Ke. 

Jl,JI51 npo~0JI)KeHH51 3THX HCCJie~OBaHHH c¢>opMH-

poBa JIOCb HOBoe coTpy~HHY:eCTBO <fjH3HKOB H3 HH

CTHTYTOB BoJirapHH, PoccHH, CIIIA, YKpaHHbi , 

<l>pa Hll,HH H fepMaHHH. IJo~roTOBJieH ofu,e~HHeH
HbiH npOeKT no HCCJie~OBaHHIO nOJI51pH3aU.HOHHblX 

xapa KTepHCTHK ynpyroro dp-pacce51HH51 Ha ycKopH

TeJih HOM KOMnJieKCe CHHXpo¢>a30TpOH - HYKJIOTpOH 

B JIB 3 OH.5IH H B Jla6opaTopHH SA TURNE (CaKJie, 

<f>pa HU.H51). 

5. Ocylll,eCTBJieH oY:epe~Hoii 3Tan no~roTOBKH K 

3KCn epHMeHTaM 110 H3MepeHHIO !!.a L' !!.aT Ha nyY:-

KaX noJI51pH30BaHHbiX HeHTpouoB. BhmOJIHeHhr MOH

Ta)f(Hhle pa60Tbl no C03~aHHIO KaHaJia KBa3HMO

HOXp OMaTHY:eCKHX HeihpOHOB B KOpn.205 JIB3. 

Ilp Be~eH npo6HhlH ceaHc Ha ny'IKe HenOJI51pH30-

BaHHbiX ~eHTpOHOB, llO~TBep~HBIIIHH npoeKTHble 

Oll,e KH B03MO)f(HOH HHTeHCHBHOCTH TaKOro nyY:Ka B 

JIB3 . 

6. Ha yCTaHOBKe JI,HCK H3yY:eHhl A-3aBHCHMO

CTH ceY:eHHH po)f(~eHH51 KYMYJI51THBHhrx Y:aCTHU. 

(n± , K±, p) B nyY:Kax nepBHY:HbiX npoTOHOB H 5l~ep. 
Bo Bcex nepBHY:HbiX nyY:Kax (p, d, a, C) o6Ha-
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py)KeHhl npO.SIBJieHIHI HH~HBH~YaJibHbiX OC06eHHO

CTeH _smep H30TOllOB HHKeJI.si, l.l;HHKa H OJIOBa . 

BnepBhle 3KcnepHMeHTaJihHO o6Hapy)KeHa KoppeJI5I

U:H.sr BeJIH'IHH Cel.JeHHH llOJIO)KHTeJibHO 3ap.sr)KeHHbi X 

'IaCTHI.l; C llJIOTHOCTbiO 3ap.sr~OBhiX pacnpe~eJieHHH 

aTOMHhiX _smep. 

LI.PYBiE PAEOThi 

B pa6oTe [23] o6cy)K~aeTc.sr cpopMynHpOBKa Teo 

pHH OTHOCHTeJibHOCTH B HeeBKJIH~OBOM npOCTpaHCT

Be, onpe~eJI.sreMOM MeT;Hl.JeCKOH QJOpMOH BH~a 
dr2 = dx 1 dx 2 + dx 3 dx . 0TMel.JaeTC.si, 'ITO B l.JaCT

HOM CJiyl.Jae llJIOCKOI'O npOCTpaHCTBa HOBble nepc 

MeHHhle X 
1 = t - Z H X z = I + Z CYTb Henocpe~CT

BeHHO Ha6JIIO~aeMhie BeJIHl.JHHhl B JIOKaJ.J;HOHHOM 

OllbiTe, CJiy)KaiD;eM ~JI.si onpe~eJieHH.si llOH.siTHH O~HO

BpeMeHHOCTH H paCCTO.siHH.si. Tiepexo~ K HHM 3Hal.JH

TeJibHO ynpom;aeT (cneu;HaJihHhle) npeo6pa3oBaHH .sr 

JiopeHu;a, TeopeMy <<CJIO)KeHH.si» cKopoCTeif H T.~. B 

o6meM CJiy'lae TaKa.sr npocTa.sr KapTHHa He HMeeT Me -

eTa. O~HaKo s paMKax paccMaTpHBaeMoro no~xo~a 

ynpomaeTC.si 3anHCb ypaBHeHH.si Jl.HpaKa H Bblpa)Ke

HH.si ~JI.si llJIOTHOCTH llOTOKa BepO.siTHOCTH, CB.si3b CllH

HOpOB C 4-BeKTOpaMH H ~p. 

Paccl.JHTaHhl pacnpe~eJieHH.sr noTeHu;Han:OB 

3JieKTpH'IeCKOI'O llOJI.si ~JI.si COBOKYllHOCTH nap H3 

~BH)KYJUHXC.sl OTpHJ.J;aTeJibHOI'O H llOKO.siW.eroc.sr llOJIO

)KHTeJihHOI'O 3ap.sr~OB, pacce.srHHe Me)K~y KOTOpbiMH 

MaJIO [24]. 

B pa6oTe [25] paccMaTpHBaiOTc.sr ~Be cpopMyJIH

poBKH pen.srTHBHCTCKOH TepMO~HHaMHKH. B paMKax 

nepBoHa'laJihHOii: cpopMyJIHpOBKH TinaHKa- 3ii:HUI

TeifHa npH nepexo~e K ~BH)Kym;eifc.sr CHCTeMe OTCl.Je

Ta TellJIOBa.sr 3HeprH.si H TeMnepaTypa yMeHhlllaiOTC.si, 

npocTpaHCTBeHHhiH o6heM coKpam;aeTc.sr, HopMan:h

Hoe ~aBJieHHe He MeH.sreTc.sr. Cor nacHo aJihTepHaTHB

HOH OTTOBCKOH QJOPMYJIHpOBKe TenJIOBa.sr 3Heprn.sr H 

TeMnepaTypa, HanpoTHB, B03pacTaiOT. B paMKax )Ke 

JIOKaJ.J;HOHHOH QJOpMyJIHpOBKH (COOTBeTCTByiOm;eif 

OTTOBCKOMY no~xo~y) nony'laeTc.sr yBeJIHl.JeHHe 

o6heMa. 

3KCTIEPHMEHTAJihHhiE YCTAHOBKH. METOJl.HKA. 

TIO,[(rOTOBKA TIEPBQQqEPE,[(HbiX 3KCllEP l1MEHTOB HA HYKJIOTPOHE 

• 
Co3~aHHe ycTaHOBKH C<I>EPA. 06m;a.sr cxew a 

HOBoro 4.n:-cneKTpoMeTpa C<D EPA ):(JI.sr HCCJie):(osa 

HH.sr Ha nyqxax HYKJIOTpoHa noxa3aHa Ha pHc.4. B 

1991 ro~y 3aBepUieHO C03):(aHHe nepBOH O'lepe,Z:I H 

ycTaHOBKH, BKJII04arom;eif B ce6.sr nepe~HHH cneK

TpoMeTp. 

fipoBe~eHbl HCCJie~OBaHH.si npOTOTHna 3JICKTpO

MarHHTHOI'O KaJIOpHMeTpa CO CllCKTpOCMel.l.l,alOI.l.I,11M H 

BOJIOKHaMH ~JI.sr CbeMa cseTa [26 ]. Kan:op11MeTp11ll e

cKHe MO~YJIH npe~CTaBJI.siJIH C060H <<CaH~BI1'l» H3 

CBHHU.OBhiX H CU.I1HTHJIJI.siU.HOHHhiX nJiaCTHH. Bonox 

Ha 6hiJIH nponym;eHbi CKB03b npocsepneHHbie nep 

neH):(HKyn.srpHo nnaCTI1HaM OTBepcTH.sr. KanopHMCTP 

HCCJie):(OBaJIC.si Ha ny4KaX a~pOHOB, MIOOHOB 11 3JJeKT

pOHOB B ~Hana30He 3Hepmif OT 0,5 ):(0 4,5 rsB. Cpe):( 

Hee 3HepreTH'leCKOe pa3pCUieHI1e ~Jl.sl 3JICKTpOHOB 

llOJiy'leHO Ha ypOBHC 11,4% /v'£. C 11CllOJlb30BaHu 

eM ~ByX pa3JIH'IHbiX MeTO~OB BOCCTaHOBJICHbl KOOp 

):(11HaThl J.J;CHTpa 3JICKTpOMarHI1THOI'O Jli1BH.sl. Jl.n .sr 
JIY'llliCI'O aJirop11TMa 6biJIO llOJiy'leHO K00p):(HH3THOC 

pa3peUieHHe, paBHOe 3, 9 MM. Jl.onOJIHI1TCJlbHO 6biJ1 11 

11CCJIC~OBaHbl CBeTOBbiXO):(, O):(HOpO):(HOCTb CBCTOC60 -

pa 11 (.n:-e)-pa3~eJICHHe ~Jl.si 3TOfO KaJIOp11MCTpa . 

Y COBepUieHCTBOBaHa CI1CTeMa c6opa ~aHHbiX. 

Tipose):(CHO HCCJIC):(OBaHHe npo~OJlbHOfO pa3Bn 

TI1.sl 3JieKTpOHHO-QJOTOHHblX JII1BHeH, C03):(3BaCMbi X 

QJOTOHaMH c 3Hepr11eif 200-3500 M3B [27]. fiOK " -

3aHo, 'ITO npO):(OJibHOe pacnpe,Z:ICJieHHC HOHH3au;wo~ -
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HblX llOTCpb B JIHBH.siX, Bbipa)KeHHOe l!epe3 OTHOCH

TeJibHYIO rny611HY tft, r~e l- cpe~H.si.si rny611Ha JIHB

H.si, He 3aswc11T OT 3Hepm11 E nepBH'lHoro cpoToHa 
y 

np11 E ~ 500 MsB H t > 0, I St. C~enaH BbiBO):( o Hop-
Y 

MaJibHOM pacnpC,Z:ICJJeHI1H rny611Hbl JII1BH.sl (, Ha KO

TOpOH, B cpe~HeM, Bbi~eJI.sreTCSI ~OJI.si A 110HI13au;H

OHHbiX llOTepb JIHBH.si. 06Hapy)KeHbl KOpOTKO~eHCT

BYIOiu;He Koppensru;I1H s npo~oJibHOM pacnpe~eneHHH 

HOHH3aJ.J;HOHHbiX llOTCpb 11H):(I1BH~yaJibHbiX JII1BHeH, 

KOTOpbie MO)KHO 11CllOJib30BaTb .[IJI.si llOBbllliCH11.si TO'l

HOCTH onpc.ueJieHI1SI 3Hepr11H BbiCOK03HepreTH'le

CKI1X y-KBaHTOB. 

fipose~eHbi H3MepeHwsr A-3aBHCI1MOCTI1 Bbixo~a 

KYMYJJ.siTHBHbiXn- -Me3oHos, pO)K.[IeHHbiX npw cppar

MeHTau;wH pCJJ.siTHBHCTCKI1X ):(CHTpOHOB B6JJI1311 0• H 

X1 = 1, Ha nepe.nHeM cneKTpoMeTpe C<l>EPA. fioKa-

3aTeJJb cTeneHH A-3aBHCI1MOCTI1 ce'leHH.sr ¢parMeH

Tau;11H .neifTpOHOB c HMllYJibCOM 4,5 rsB/ A B KYMY

JISITHBHbiC nwoHbi H3MCpcH Ha sr~pax C, AI, Cu, Pbs 

HHTepsanc KYMYJJSITHBHoro 'li1CJia 0,8-1 ,2. Ero 

CpC~H.si.si BCJII1'li1Ha B 3TOM HHTepBaJIC pasHa 

0,27±0,09, 'ITO yKa3bisaeT Ha Ka'leCTBeHHOe OTJII1-

'IHC 3aBHCHMOCTH Ce4eHH.si OT aTOMHOro BCCa Sl~pa

MHWCHH, ycTaHOBJICHHOH ~JI.si Ce4eHI1.si pO)K~eHHSI 

KYMYJJ.siTHBHhlX nl1oHos 51JparMeHTau;ww .sr~pa-MI1Uie

HH, f.[IC H36JIIO.[IaCTC5l 3aBHCHMOCTb o6heMHOfO THna. 



C cpEPA_ 

PHc. 4. 06w.a11 cxeMa ycTaHOBKH Cct>EPA: 1 - csepxnposOASIUJ.HH coneHOHA c JKeJie3HhiM 3aMhiKareneM,2- u.eHTpanbHRSI ApeHQxJBaSI 

KRMepa, 3- 3llAHSISI ApeHQxJBRSI KRMepa, 4- nepeAHSISI nponOpU.HOHaJihHRSI KaMepa, 5- U.HJIHHI\pHtteCKHH CU.HHTHJIJISIU.HOHHblH I'OAO

CKOn, 6- MIOOHHblH CIJ.HHTHJIJISIU.HOHHblH 1'0)\0CKOn, 7 - U.HJIHHApHtteCKHH ttepeHKOBCKHH I'OAOCKOn, 8 - nepe}\HHH H 3aAHHH ttepeH

KOBCKHe 1'0)\0CKOnbl, 9- 3JieKTpOMarHHTHhle KaJIOpHMeTpbl, 10- nepeAHHH H 3RAHHH CU.HHTHJIJISIU.HOHHhle 1'0)\0CKOnhl, 11 - nponop

U.HOHaJihHhle KRMephl, 12- CU.HHTHJIJISIU.HOHHhle 1'0)\0CKOnhl, 13- ra30BbiH ttepeHKOBCKHH CtteTtJHK, 14- AHnOJibHbiH MRrHHT, 15-

MHilleHH, 16 - nyttKOBbiH nOrJIOTHTeJih, 17 - MIOOHHbiH (jJHJibTp 

C6opKa CU.HHTHJIJISIU.HOHHOro rDAOCKona ycTaHOBKH Cct>EPA 
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Co3.ll,aHHe ycTaHOBKH CJIOH. Ilposo.li,HJIHCh 

3KCDCpHMCHTbl H COBepmeHCTBOBaHHC annapaTyp bl 

nepsoii: Ol!epe.li,H ycTaHOBKH, o6ecnel!HBaiOmeii: cjJop 

MHposaHHe MarHHTHOI'O DOJI51 C Hanp51:>KCHHOCTblO 

-30 TJI s o6heMe 2,5x1,5x10 eM. Bse.11,eHo s .li,CHCT

sne HOBOC ycTpOHCTBO 3anycKa KOMMyTaTOpOB Mera 

aMDCpHbiX TOKOB - MOUJ;HbiX BaKyyMHhiX pa3pSl.li,HH

KOB, cjJopMHpyiOIIJ.CC HMDYJihChl C aMDJIHTY.li,OH Ha :

np51:>KCHH51 .11,0 10 xB, TOKOM -1 KA H .li,JIHTCJihHOCThiO 

HMDYJihCa -30 MKC [28 ]. YcTpoii:cTso raJihBaHHl!e 

CKH pa3B513aHO, HC C03.ll,aCT nOMCX .ll,pyrHM 3JICKTpOH

HbiM CXCMaM, OTJIHl!aCTC51 Ha.li,C:>KHOCTblO H 6e30nac 

HOCTblO B 3KCnJiyaTaU:HH. 

BhiDOJIHeHa cepH51 pacl!eTos c u:eJihiO onTI1MH3a 

U.HH COJICHOH.ll,a, cjJOpMHpyiOUJ;Cf'O CI1JlbHOC MarHHT

HOC DOJIC C DOBhlillCHHOH O.li,HOpO.li,HOCThlO B pa60l!CM 

o6heMe, B TOM l!HCJIC 11 C YliCTOM HCJIHHCHHOH .li,HcjJ

cjJy3HH HMDYJihCHOfO MarHHTHOrO nOJISl B npOBO.li,HHK 

[29 ]. Onpe.ll,eJieH pecypc HMnyJihCHoro coJieHOI1.ll,a s 

pa3JIHl!HhiX pC:>KHMaX pa60Tbl H DOKa3aHO (30), liTO 

npn yposHe noJI51 50 T JI OH cnoco6eH Bhi.ll,ep:>K11BaTh 

-200 U:HKJIOB 6e3 cyrn;eCTBCHHbiX DJiaCTHl!CCKI1X .li,C

cjJopMaU:HH. 

Pa3pa6oTaHo H 113rOTOBJICHO yCTpoii:cTso AJ151 

BblpC3aHH51 nyl!Ka .li,JIHTCJlbHOCTblO 30-50 MKC B Ka 

HaJie 6wcTporo BhiBOAa 113 ycKOp11TCJISI AJISI o6ecne 

l!CHH51 ODTHMaJibHbiX YCJIOBI1H 06Jiyl!CHI1Sl cjJOT0 -

3MYJibCHH. 
• 

Pa3pa6oTxa ycTaHOBKH .li,JUI aKcnepHMeHTOB Ha 

sHyTpeHHeM ny'!Ke HYKJJOTpoHa. BhmoJJHeHa KOH

CTpyKTopcKasr npopa6oTKa CTaHU:H11 sHyTpeHHI1X 

MHIDCHCH B O.li,HOM 113 np51MOJ1HHCHHbTX npOMC:>KyT

KOB MarHHTHOH CI1CTCMbl HYKJIOTpOHa. f10Af'OTOBJI C

Ha llaCTb annapaTypbl CDCKTpOMCTpa. 

llOmlpl13aiJ:HOHHaR MeTO.li,HKa 11 KpHOreHHble 

MHUieHH. PeKOHCTpynposaHa ycTaHOBKa ATOM-H, 

npOBC.li,CHa cepHSl 3KCnepHMCHTOB, B pC3YJibTa

TC KOTOpbiX Ha BbiXO.li,C HI13KOTCMnepaTypHOH 51l!CH

KI1 (T = 0,35 K) 3aperncTpnposaH HMnyJihCHhiH 

aTOMapHbiH nyl!OK BO.li,OpO.ll,a C 11HTCHCHBHOCTblO 

(3+5) ·1014 
aT./HMn. (31 ]. 

IJpe.ll,npHHHMaiOTCSl MCpbl no nOHH:>KCHHIO TCM

nepaTypbl 51l!CHKI1 .11,0 0,25-0,3 K 11 yJiyl!mCHHIO no

KpbiTHSI ee CBCpXTCKYliCH nJICHKOH 
4
He. 

f1pO.li,OJI:>KaJIHCb pa60Tbl no C03.ll,aHHIO <<TCDJIOH» 

cTpyii:Hoii: non51pH3osaHHoii: MHmeHH AJJ51 .ll,eii:Te

pH51 C pa3.li,CJICHHCM nyl!Ka no CDHHOBhiM COCTOSI

HI1SIM B rpa.11,11CHTHOM nOJIC lliCCTI1nOJJIOCHbiX Mar

HHTOB. 

)],JISI COBMCCTHOI'O 3KCnepHMCHTa Ha ycTaHOBKaX 

MHECC - AJib<l>A 11 AHOMAJIOH cnpoeKnlpo

saHa, 113fOTOBJICHa 11 11CDbiTaHa Kp110fCHHaSI Ml1-

lliCHb AJI11HOH 1 M 11 A11aMeTpoM 60 MM. BHyTpeH

HI1H COCYA MI1IIICHI1 113f'OTOBJICH 113 JiaBCaHOBOH 

nJICHKI1 TOJIUJ;I1HOI1 120 MKM, BaKyyMHbTH KO:>KYX-

113 neHOnJiaCTa C TOJIUJ;I1HOH CTCHKI1 10 MM. Ml1-

lliCHb 11MCCT CCKLI,I10HHYIO KOHCTPYKU:11IO, D03BO

JISIIOIIIYIO BO BpCM51 3KCD0311LI,I111 3aDOJIHSITb :>K11.11,

KI1M BOAOPOAOM pa3JII14HbiC CCKU:1111 11 TaKI1M o6pa-

30M MCH51Tb AJ1i'IHY MI1IIICHH: 100, 300, 600 11JII1 

1000 MM. )],JISI AOCTH:>KCHI151 XOpOIIICrO 1130JISIL1,110H

HOrO BaKyyMa np11 60J1bllii1X DOBCpXHOCTSIX DCHO

DJiaCTOBOro BaKyyMHOfO KO:>Kyxa 11 TOHKOCTCHHOro 

BHYTPCHHero cocyAa s saKyyMHOM o6heMe MHIIICHI1 

pa3MClliCH npOT04HbiH a6cop6u,HOHHbiH BaKyyMHbiH 

Hacoc. 

Ben11ch pa3pa6oTKH, 113rOTOBJICHHe 11 3Kcnnya

TaU,1151 KpHorcHHbiX MHIIIeHei1 AJJ51 APYrHx 3KCnepH

MCHTOB <C<l>EPA, J],l;fCK, BIIK-100). 

3JIEKTPOHMKA. Cl1CTEMbl 06PA60TKI1 Jl,AHHbiX 

1. Ilpo.li,OJI:>Kamtcb pa3pa6oTKa MOAynei1 VM E , 

<l>ACT6AC, KAMAK 11 s Apymx CTaHAapTax AJI SI 

cneKTpoMeTpos C<l>EPA, f116C, <l>OP6l1C, s t~acT

HOCTI1, pa3pa60TaHhl 6-pa3p51AHaSI naMSITb B CTaH

.ll,apTC <l>ACT6AC Ha 6-cnoii:Hoii: nJiaTe ; 6ycjJepH a 51 

naMRTb B CTaH.ll,apTe <l>ACTEAC CMKOCTblO 32x32 K ; 

YHI1BepcaJihHhlH IIIHpoKOJlHana30HHbiH reHcpaTop n o 

110 Mfu:; 8-KaHaJibHbiH cjJopMHposaTCJib JlJISI · cu,H H

THJIJISIU:HOHHOro fO)lOCKOna; nporpaMMaTOp · C npo 

rpaMMHbiM o6ecnel!CHI1CM JlJ151 KO,!ll1pOBaHI151 naM51T I1 . 

B pa6oTe (32 J onHCaH 6noK CHCTCMHoro KOHT

poJIJiepa rnHHhi VME Tuna 8.01 . B ero cocTas sxo 

JlSIT fCHCpaTOp TaKTOBbiX CHrHaJIOB, CXCMa KOHT

poJIS! OIIIH6KI1 11 KOHTpOJI51 BpCMCHI1 D051BJICHI151 Cl1 f 

HaJIOB U:HKJia VM E, rcHepaTop c11rHana c6poca 11 

y3eJI ap61npau,1111 3anpocos. Ap611Tpa~ npoROJli1TC51 
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Ha np11op11TCTHOH ocHosc. MOAYJib oco6cHHO noJJc-

3eH np11 11CDOJlb30BaHI111 B CI1CTCMC HCCKOJlbKHX npO

LI,CCCOpHbiX yCTpOHCTB. PacnoJiaraCTC51 CHCTCMHbiH 

KOHTponnep s ncpsoii: no3HU,HI1 Kpei1Ta VME. 

YCTpoii:cTso conp51:>KCHI151 KaHana M11Kpo-3BM 

Tl1na <<LSI-II>> c IIIHHOH VME (THn 11.02), KOHCT

PYKUHSI KOToporo YAOBJICTBOp51CT cneu,HcjJHKau,HH 

VME pe)laKU,HH Cl, on11caHo s !33]. MoJlyJib 11.02 

~IBJISICTCSI ynpaBJISIIOlliHM MOJlyJICM (MASTER) rnH

Hbi VME 11 nacci1BHbiM <SLAVE) - KaHaJia MHKpo-

3BM . CxcMHbiC y3Jibi, OTBCTCTBCHHhiC 3a BbiDOJIHc

HI1C npoToKona llii1Hbr BME, nOMCP:>KHBaiOT pa6oTy 

C 24-pa3p51JlHbiM a)lpCCOM, J6-pa3pS!JlHblM CJIOBOM 

)laHHhiX, 6-pa3p51JlHbiM KO)lOM MOJlHcPHKaTOpa a.ll,pC

Ca 11 co RCCMI1 C11rHaJI<lMH ynpasJICHHSI. OcylliCCTBJISI

cTC51 ncpC,!la4a 8- 11 J6-pa3p51JlHbiX CJIOB Jl(IHHbiX 



(A24:D(08) (EO) H A24:D16) H Janpoc mHHbi VME B 

peX<HMax RWD H ROR. Mo,n:yJib co.n:epX<HT pemcTp 

CTaTyca H ynpaBJieHHSI, pemCTpbi a,n:peca H MO.U:H<t>H

KaTOpa a,n:peca I.UHHbi VME H perHcTp o6MeHa ):laH

HhiMH. A,n:peca 3THX perHCTpoB HaXO):ISITCSI B OOJiaCTH 

sepxHHX 8 K6aih naMSITH MHKpo-3BM. Mo):lyJib pa-

6oTaeT no nporpaMMe MHKpo-3BM. B Ka'-lecTBe 6a-

3osoro a):lpeca Bbi6paH 1661008. Mo):lyJib BhlnOJIHSieT 

CTaH):IapTHbiH npoTOKOJI npepbiBaHHSI C nepe):la'-leH 

O):IHOro BeKTOpa npepbiBaHHSI, KOTOpbiH paBeH 2708. 

Mo):lyJib ll.02 MoX<eT pa6oTaTb B cHcTeMax c6opa 

):laHHhiX Ha JIHHHH C MHKpo-3BM THna <<l.Sl-11>>, 

<<3JieKTpoHHKa-60>> H «MEPA-60>>. 

PA3BHTHE YCKOPHTEJibHOH BA3bl 

COOPY)I(EHI1E HYKJIOTPOHA 

3asepi.UaJIOCb H3rQTOBJieHHe ::lJieMeHTOB H CHC

TeM HYKJIOTpoHa, npOBO,U:HJIHCb HX HCfibiTaHHSI, MOB

TaX< H HaJia):IKa B TOHHeJie. 

llepBbiH KBa,n:paHT yCKOpHTeJISI fiO):IrQTOBJieH K 

npoBO):IKe nyl.IKa,CMOHTHpOBaHbi H OThiOCTHpoBaHbl 

MamHTHO-KpHocTaTHbie 6JIOKH II KBa):lpaHTa, ocHoB-

2. B pa6oTe [34] onucaH HOBbiH MeTOJ:I mu<t>pa

U:HH H Onpe):leJieHHSI MHOX<eCTBeHHOCTH CHffiaJIOB, 

3aperHCTpHpoBaHHbiX B ):IByMepHbiX ):leTeKTOpaX. 

JI.aHHbi H MeTO):I 6a3HpyeTCSI Ha TeOpHH aJire6pauqe

CKOro KO):IHpoBaHHSI H fi03BOJISieT OfiTHMH3HpOBaTb 

KOJIH'-IeCTBO Heo6xo):IHMbiX JIOrH'-IeCKHX cxeM. Koop

J:IHHaThl H MHOX<eCTBeHHOCTb cpa6oTaBI.UHX fi03HU:H

OHHO-l.IYBCTBHTeJibHbiX ):leTeKTOpOB Onpe):leJISIIOTCSI 

napaJIJieJibHO H 6e3 HCfiOJib30BaHHSI CHHXpOHMfiYJib

COB. IT pHBO):IHTCSI CXeMa napaJIJieJibHOro mu<tJpaTO

pa, CO,n:epX<alllero 49 BXO):IOB ,U:JISI MHOX<eCTBeHHOCTH 

CHrHaJIOB t = 2. 

Hoe o6opyJ:~oBaHue IV KBaJ:~paHTa pa3MellleHo B TOH

HeJie. 

llpoBe):leHO MO):IeJIHpOBaHHe ,U:BHX<eHHSI '-laCTHU: B 

peaJibHbiX MarHHTHbiX nOJISIX HYKJIOTpoHa, yTO'-IHe

Hbi xapaKTepucTHKH MYJibTHnOJibHbiX KoppeKTupy

IOIIIHX MarHHTOB. OpraHH30BaHa 6a3a ):laHHbiX HYK

JIOTpoHa, B KOTOpyiO BKJIIO'-IeHbl napaMeTpbi CHCTeM 

ycKopuTeJISI, pe3yJibTaTbi MarHHTHblx H3MepeHuif, 

reo):le31t '-lecKHe ):laHHbie. 

• 
06w,Hi1 BH,ll CBepxnpOBO,llliUJ,CH M3rHHTHOH CHCTCMbl HYKJIOTpOHa B pai10HC HHlKCKU.HH ny4K3 
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J.13MepHTeJJbHbiH MOAYJJb p e >KHMOB M3rHHTHOfO nOJIII ):IHnOJie H H JIHII3 IIYKJI0Tp0113 B 3aJi e KOpn . l (CJieBa 11a ClniMKe DH):llla '13CTb M3rlniT3 

CHHXpO<jJ330TpOH3) 

TpaKT HH)!(eKU.HH ny4Ka OT JIHueiiuoro ycKo pH

TeJI.sl JIY -20 6bJJI OTJJa)!(eH C nyl!KOM. 3¢¢eKTI1B

HOCTb TpaHCnOpTHpOBKH nyl!Ka npOTOHOB K 11H¢JJ eK

TOpHOMY MarHHTY oKa3aJiach 6JIH3KOH K 100%. Hu

¢JieKTOpHbiH MarHHT C CHCTeMOH llHTaHHSJ, 3alli,HTbl, 

ynpaBJieHHSJ 11 KOHTpOJISJ CMOHTHpOBaH H OTJia)KeH . 

H~myKU.HSJ MarHHTHoro noJISJ s ero pa6o4eM 3a3ope 

B. :$ 0,6 TJI, pacceSJuuoe noJJe 3a cenTyMOM f:Ie n pe-

' 
BhllllaeT 0,5% OT B .. 

l 

BTOpbiM Ba)!(HbiM 3JieMeHTOM CHCTeMbl BBOAa 

ny'IKa s uyKJIOTpou SJBJI.siiOTCSJ uu¢JJeKTopub1e n JJa

CTHHhi. 3TOT y3eJI TaK)!(e noAroTOBJJeu K pa6oTe. Pa

OO'Iee uanp.s~)!(euue MO)!(eT 6hiTb Bhi6pauo s AHan a3o

ue 10+50 KB, speMSJ CHSJTHSJ (oTCeliKH) uanpSJ)!(CHHSJ 

ue npeBhllllaeT 60 uc. 

CucTeMa Kpuoreuuoro o6ecne4eHHSJ uyKJJOTpo

ua ua 6a3e ABYX O)!(H)!(HTeJihHhiX ycTauosoK Tuna 

KrY -1600/4,5 noJIHOCTbiO OTJia)!(eua u onpo6os aua 

B pa60Te COBMeCTHO C CHCTeMOH TpaucnopTHpoBKH 

)!(J1AKOro reJIH.sl s uyKJJOTpou [35,36 ). )l(uAKHJ.i re

JIHH BBeAeH B KOJlblJ.O yCKOpHTeJJSJ. 

l1cTO'IHHKH nHTaHHSJ CTPYKTypubiX 3JJeMeuTos 

MarHHTHOH CHCTeMbJ, CHCTeMbl HX 3alli,HTbl, Kp110-
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rCHHaSI TepMOMCTpHSI B 160 T04KaX (MarHI1Tbl, JII1H-

3bl 11 Ap.) BBCACHbl B AeHCTBHC. 

Kouu.euTpaTop AaHHbiX uyKJJOTpoua pa3Melli,CH 

s u.euTpe Kopn.l. B 3TOM noMelli,CHHH ycTauosJieHbi 

TPH 3BM KJJacca MEPA-685, BKJII04CHHhie s JIO

KaJihHYIO Bbi'IHCJIHTCJibHYIO CeTb ycKOpHTeJJbHOl'O 

KOMnJieKca, u annapaTypa perucTpau.uu u ynpasJJe

HHSJ. 

DepsaSJ 04epeAb CHCTCMbi no3BOJISJeT pewaTb 

CJICAY!Olli,HC OCHOBHbie 3aAa4H: 

- KOHTpOJib H ynpaBJJCHHe 11CT04HHKaMH llHTaHHSJ 

(HH¢JJCKTOpHbiH MarHHT, HH¢JieKTOpHbiC nJJaCTHHbl, 

CTPYKTYPHbiC 3JICMCHTbi); 

- H3Mepeuue TCMnepaTypbi 3JJeMeHTOB uyKJIOTpoua 

(B llOJIHOM o6bCMC HC06XOA11MO -1000 KaHaJJOB); 

- 113MCpeHHe npOCTpaHCTBCHHbiX xapaKTepHCTHK 

ny4Ka Ha OCHOBC MHOronpOBOJIO'IHbiX KOJIJICKTOpHbiX 

AaT4HKos; 

- KOHTPOJih paAnau.uouuoii o6cTauosKH. 

H3Mepeuue HHTeucusuocTH ny'IKOB (nopor 

-10
8 

OAH03ap.s1AHbiX llaCTHU.) H ¢opMb1 HMllYJJbCa 

6yACT OCylli,CCTBJISJTbCSJ Ha nepBOM o6opOTe AHCTaH

U,HOHHO ynpasJJSJCMbiMH U.HJIHHApaMu <DapaACSJ. Yc-



T3HOBJICHbl B KOJlhll;C T3K)I(C M3fHHTOHHAYKI.~;HOH

HhiC, M3rHHTOMO~YJISII.I;HOHHbiC H Cll;HHTHJIJISII.I;HOH

HblC ~3Tl.JHKH. 

Qqepe~HbiM KpynHbiM :nanoM nycKoHana~oli

HbiX pa6oT 6y~yT HCnhiTaHHSI I KBa~paHTa HYKJIOTpo

Ha CllYliKOM. 

PA3Bl1Tl1E 

l1H)l(EKI.I,l10HHOfO KOMflJIEKCA 

flpOBC~CHbl paCl.JCTbl H pa3pa60T3Hbl TCXHHl.JC

CKHC 33~3HHSI Ha npOCKTHpOB3HHC CHHXpOTpOHa-6y

CTepa, o6II.~;aSI KOHI.I;Cllll;HSI KOTOpOro OUHC3H3 B pa6o

TC [37 ). 
Ha HCTOl.IHHKe KPHOH-C B cTeH~OBhiX 3Kcne

pHMCHTax QTpa60T3Hbi pC)I(HMbl nOJIYliCHHSI HOHOB 

+!BAr H +I 4S, . yCKOpCHHC KOTOpb!X H3 CHHXpO<jJ330-

TpOHC 11 HYKJIOTpoHe npe~cTaBJISieT HHTepec .LIJISI pSI.: 

,1:13 <jJH3H'!CCKHX rpynn C ll;CJihlO Cp3BHCHHSI 3KCnepH

MCHT3JlbHbiX ,LI3HHhiX npH 3HCprHH 3,5+6 f3B/HyK

JJOH c ,~:~aHHbiMH npH 6onee swcoKoii 3HeprnH Ha AGS 

(EpyKXCHBCH, CiliA) H SPS (l.I,EPH). 

Pa60Tbl no nOBbiiJJCHHIO HHTCHCHBHOCTI1 ny4KOB 

HOHOB 6bJJJH npOBC)J,CHbl H H3 JI33CpHOM HCT04HHKC 

HOHOB. 

PAEOTA Cl1HXPO<l>A30TPOHA 

Yb-33 pe3KOrO CHH>KCHI1SI <jJHH3HCHpOB3HI1SI 

BpCMSI pa60Tbl H3 <jJH3H4CCKI1H 3KCnepHMCHT 6bJJJO 

coKpam;eHo AO 1100 '!acos. B 3THX npe,~:~enax 6biJII1 

o6eCOC4CHbl ny4K3MH )J,CHTpOHOB, Sl,ll,Cp reJIHSl, yrJie

pO,L13, <jJTopa ycTaHOBKH <l>A3A, KACflMti, D.MCK, 

fl1EC, C<l>EPA, C510, AJib<DA, AHOMAJIOH, 

CJIOH, TM. 

Ha 3THX 11 ,~:~pymx ycTaHOBKax s JIB3 pa6oTaiOT 

KpynHbie MC>K.LiyHapO.LIHbie COTPY.LIHH4CCTsa ¢11311-

KOB H3 6onee 4CM I 00 Hay4HbiX opraHM33IJHH 23 
CTpaH. 

UPHKJIAD.HhlEPAEOThl 

Hccne.n.osaHHSI BTCn. B paMKax npoeKTa 

COJIMTOH npoRC)J,CH KOMnJieKc H3MCpCHHH ::meKT

poMarHHTHbiX xapaKTCpHCTI1K CCp1111 o6p33IJOB 

BTCfl-KcpaMI1K [41]. 
flO,LirQTOBJJCHa annapaTypa 11 11CCJJCAOB3Hbl 

BOJJbT-3MOCpHbiC xapaKTCp11CTI1KH o6pa3IJOB B 113MC

HSIIOIIJ;CMCSI M3rHHTHOM OOJJC (COBMCCTHO CO COCIJI13-

Jll1CT3MH 113 113 (Bapwasa) 11 Co<jJHHCKoro YHI1RCp

CHTeTa). 

f1 POAOJJ>K3Jll1Cb 11CCJJ CAOB3HI1SI BJ11151HHSI 06JJy4C

HHSI T5l>KCJlblMI1 110H3MI1 · H3 KpHTI1llCCKI1C TOKI1 

H a ycKopHTCJihHOM KOMnJieKce BeJIHCh pa6o

Tbl n o OCH3IIJ;CHHIO K3HaJIOB TpaHCUOpTHpOBKH nyq

KOB ,LIU3fHOCTH4CCKOH annapaTypoJi H pa3BHTHIO CH

CTCMbl KOHTpOJISI pa,LIH3ll;HOHHOH 6e30ll3CHOCTH. 

Ll.JISI HCCJIC~OB3HHSI npoCTpaHCTBCHHbiX xapaK

TCpHCTHK pa3pa60T3H3 H npOIIIJJ3 3KCnepHMCHTaJih

HYIO posepKy Ha BbiBe~eHHOM nyl.IKe MCP CHCTeMa 

H3 OCHOBC OXJIR)I()J,3CMOH ~0 TCMnepaTyphi )I(~KOro 

330T3 f13C-MaTpHI.I;bl (38 ). 

B pa60Te [39] onHcaH KpHoreHHbiH Hacoc ~JISI 

o6ecne 4CHHSI 6e3M3CJISIHOH OTK31.JKH JIHHCHHOro yc

KOpHTCJISI. KpHoHacoc no3BOJIHJI ynyllmHTh saKyyM 

BHYTPH KO)I(yxa pe3oHaTopa JIY -20 c 2,5 · 10-6 
Topp 

,~:~o 6 · 10- 7 
Topp. 3To cymecTBCHHo ~JISI pe)I(HMa yc

KopeHH SI Ha JIY -20 TSI)I(CJihiX MCP npH pa6oTe c HYK

JJOTPOHOM. 

D.PYf ME PAEOTbi 

flO Y C KOPl1TEJibHOtl TEMATHKE 

J13y'!CH 06MCH 3HCprHCH MC)I(~y npOJICTHbiMH 

3JJCKT oHaMH CHJibHOTOl.IHoro penSJTHBHCTCKoro 

3JJCKT OHHOro nyl.IK3 H npo~OJlbHbiMH 3JICKTpOMar

HI1THbi MI1 BOJIH3MH. 06Hapy)I(CH 3<jJ<jJCKT H3MCHCHHSI 

3H3K3 3Hepr1111 ny4Ka C BOJJHOH npH poCTC 3MIIJJifTY

,Libl BOJJHbi B npo:u;ecce pe30H3HCHOro ~OnJICpoBCKOro 

B33HMO~CHCTBHSI (PLl,8) ny4K3 C nonyTHbiMH BOJIHa

MH (M C.LIJJCHHOH 11 6wcTpoi1). Me~neHHaSI BOJJHa c 

60JiblliOH 3MnJJI1TY.LIOH MO)I(CT CT3Tb BOJIHOH ~ nOJIO

)I(J1TCJJ bHOH 3HCprHCH, 6biCTp3Sl - C OTpHI.1;3TCJlbHOH 

3Hepruei1. Bo scTpe4Hoi1 npo~OJibHOii BOJIHe, ¢a3o

saSI CKOpOCTb KOTOpOH HanpaBJJCHa H3BCTpeqy CKO

pOCTH 3JJCKTpOHOB ny4K3, HCJIHHCHHbiC npOI.I;CCCbl 

yci1JJI1Ba!OT TOpMo>KeHI1e ny'!Ka, 3HepmSI ny4Ka c 

BOJJHO " BCCr~a nOJJ0)1(HTCJJbH3. f1 pH 3TOM ~JISI CI1Jib

HOT04HOrO ny'!Ka (r - 10 KA) nepe~asaeMaSI noJJJO 

MOIIJ;HOCTb (MOIIJ;HOCTb TOpMO>KCHHSl ny'!Ka) MO)I(CT 

,~:~ocn1raTb 109 
BT H 6onee [40 ]. 

BTCn . flposeAeHbi ceaHCbi Ha ny'!Kax HOHOB aproHa 

c 3Hep 11ei1 15 M3B/ HYKJIOH 11 KpHnToHa c 3HeprHei1 

3+5 M38/HyKJJOH C MOHOKpHCT3JJJJ3MH Ha OCHOBC 

BI1CMyTa [42 ). flOK333HO, 4TO o6JJy'!CHI1C HOH3MI1 

aproHa npHBO~HT K B03p3CT3HI110 B ~CCSITKI1 pa3 KpH

TI14CCKOH OJJOTHOCTH TOKa. 

K o op.n.HHaTHbie .n.eTeKTOpbi. McnbiTaH ,~:~syMep

HbiH ,LICTCKTOp BbiCOKOro pa3pClliCHHSI .[I,Jl51 HCCJIC.[I,O

BaHHH 6 CJJKOB C OOMOIIJ;biO CHHXpOTpOHHOro H3JJY4C

HHSI. HCJJO 3JJCMCHTOB pa3pCWCHHSI AH<fJpaKIJHOH-
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• 

B JIB3 pa3pa60TaHbl HOBble 113MepHTeJibHble CHCTeMbl Ha OCHOBe KOOp,!111HaTHbiX )1eTeKTOpOB )1JISI npHKJia)1HbiX 11CCJle)10BaHHH 

HOH KapTHHhl 

-1,5x10
6 

co6./c. 

-500x500, 6hiCTpO,lleHCTBHe 

B 3KcnepHMeHTax Ha ny'!Ke HeiiTpOHOB pea KTO

pa MHcDH HCnOJih3yeTCSI.liBYMepHbiH .r~eTeKTOP Ten

JIOBhiX HeHTpoHOB .liJISI HCCJie,lloBaHHH CTPYKTYPhl o6-

pa3U.OB BTCII. 

qyBCTBHTeJihHbiH pa3Mep J ):leTeKTOpa 

256x130MM, 3<l><l>eKTHBHOCTb perHCTpai..J.HH Heihpo

HOB <A = 6 A> 70%, npOCTpaHcTBeHHOe pa3pem eHHe 

-1,6 MM. 

IlpOXO,liHT OllbiTHYIO 3KCnJiyaTai..J.HIO O,liHOMep

HbiH peHTreHOBCKHH ,lleTeKTOp ,liJISI HCCJie,liOBaHHH 

.z:IHHaMHKH CTPYKTYPhl B yCJIOBHSIX 6hlcTponpoTe

KaiO:m;Hx npou.eccoB (HanpHMep, npH cropaHHH o6-

pa3u.a). 

YcTpoiicTsa, npH6ophi, 3JieMeHThl. Ilpe.r~Jio)KeH 
JIHHeHHhiH pe3oHaHCHhiH ycKopHTeJih .liJISI HOHHOH 

HMnJiaHTaU.HH - HMnJiaHTep. B 3TOM ycKopu TeJie 

Bee HOHhl c q/ A > 0,02 (q- 3apSI,ll, A - Macc oBoe 
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JIABOPATOPll5l 
CBEPXBbiCOKllX 3HEPrllfi 

fJJaBHbiMH 3a,llal!aMH Jla6opaTOpHH CBepXBblCO

KHX 3HepmH B 1991 I'O.!lY 6hiJJH: llO,lli'OTOBKa nep BO

Ollepe,llHbiX sKcnepHMeHTOB ua YHK, pa3BHTHe Me

TOAHKH, pa3pa6oTKa H co3,llaHHe cHcTeM YHK, p ea

JJH3ai.J,HR 3KCnepHMeHTaJJbHOH nporpaMMbl Ha 

ycKOpHTeJie Y -70 B COOTBeTCTBHH C pauee npHHSITbi

MH B 06he,llHHeHHOM HHCTHTyTe pemeHHSIMH, COrJia

meHHSIMH MeX<Ay 01151:11 H 11<l>B3 (TipoTBHHO); H3y

lleHHe noBe,lleHHR cnHHOBblX CTPYKTypu&Ix <f>yuKI.J,HH 

uyKJJOHOB H RAep B U.EPHe. 

MCCJIE,[(OBAHIUI B OBJIACTM «<>M3MKM 3 JIEMEHTAPHbiX qACTMU: 

IIO)J,fOTOBKA 3KCIIEP11MEHTOB HA YHK 

3xcnepHMeHT Ha ycTaHOBKe HETITYH. 3Ta 

yCTaHOBKa 6yAeT pa60TaTb Ha BHyTpeuueM n y l!Ke 

YHK H nepBOH ual!HeT <f>yuKI.J,HOHHpoBaT& ua Ten

JJOM BapuauTe yCKOpHTeJJSI. 0TJJH'IHTeJJhHaSI Oco6 eu

HOCTb ycTaHOBKH COCTOHT B HCllOJib30BaHHH CTp yH

HOH noJJRPH30Bauuou BOAOPOAHOH (p t H d t ) M Hme

HH, KOTOpaR C03,llaeTC5I B COTPYAHH'IeCTBe ylleHbiX 

01151:11 H MHliHraucKoro yuHBepcHTeTa (ClllA) . 

IlporpaMMa nepBOOllepe,llHblX HCCJie,llOBa HHH 

B3aHMO,lleHCTBHH pp t , pd t BKJIIO'IaeT H3MepeHH e: 

- aCHMMeTpHH 3MHCCHH a,llpOHOB, <f>OTOHOB H 

JJenTOHOB; 

- CllHHOBblX KOppeJJSII.J,HH Me)l(,lly 43CTHI.J,aM H B 

HallaJibHOM H KOHe'IHOM COCTOSIHHSIX, auaJJH3 Mexa

HH3Ma nepe,lla'IH cnHHa ua KoucnnyeuTHOM ypo sue 

(pO)I(,lleHHe rHnepOHOB H BeKTOpHblX MC30HOB); 

- acHMMeTpHH 11 napaMeTpa nosopoTa CnHua s 

ynpymx H AH<f>paKI.J,HOHHbiX npou:eccax. 

B 1991 r. npo,llOJJ)I(aJJoc& C03AaHHe cTpyuuo1i no

JJRpH30Bauuou BO.!lOPOAHOH 11 ,lleHTepHeBOH M m ue

HH B uay'IHO-HCCJie,llOBaTeJJbCKOM KpHOreHHOM OT,llC

JJe JIB3. IlpHHI.J,Hn ee .!leHCTBI151 COCTOI1T B ,llHCCO

I.J,Hai.J,HI1 BO.!lOPO.!la H 2 ~ 2H c noCJie.!lyJO IJ.J.I1M 

<f>opMHpOBaHHeM llOJJ51pi130BaHHOI'O aTOMap HOI'O 

ny'IKa a rpaAI1eHTHOM MarHI1THOM 11 BlJ-none. 3a

seprneuo KOHCTpy11posau11e M11rneu11, Ha4aTo e e 113-

roTOBJJeHI1e. IlpOCKTHaSI flJJOTHOCTb 3TOMap HOI'O 

ny4Ka-MHrneu.H coCTaBJJ51eT 5 · E+ ll aToMos/ c M3, a 

CBCTHMOCTb - I . E + 31 CM- 2 . c- I . 

B Ml1liHraucKoM yu11sepc11TeTe (CiliA) 11 s JIB3 

Ha CTeH,llaX npOAOJJ)I(aCTC51 COBMCCTHa51 pa6oTa n o C0-

3,llaHHIO CTpyuuoH: noJJS1p.H3osauuoi1 M11rneu11, s oc-
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HOBe ,lleHCTBHSI KOTOpOH JJe)I(HT npHHI.J,Hll HaKOnJie

HHSI 3TOMOB B MarHHTHOH JIOBYWKC npH TeMnepaTy

pe 0,4•C C llOCJie,llyiOIJ.J.HM HX BbiBO,llOM rpa,llHeHTHbJM 

MarHHTHbiM HJIH BlJ-noJJeM. 113 npoaeAeHHbiX cTeu

AOBbiX HCCJie,llOBaHHH BH,llHO, 4TO, OCHOBbiBa51Cb Ha 

3TOM npHHI.J,Hne, MO)I(HO llOJIYliHTb llJIOTHOCTb aTO

MapHOI'O ny'IKa 1 · E + 13 aToMos/ cM
3

• B uacTORIJ.J.ee 

speM51 C03,llaeTC51 npOTOTHn 3TOH MHllieHH. 

IlpO,ll0JJ)I(aeTC51 OTpa60TKa TeXHOJJOrHH 11 H3ro

TOBJJCHHe OllbiTHbiX napn!H llOJJynpOBO,llHHKOBbiX 

ACTeKTopos. 3aseprnaeTC51 c6opKa nponopi.J,HOHaJJ&

HbiX KaMep, 113I'OTOBJICHO 50 CI.J,HHTHJIJISII.I,HOHHbiX 

ClleT'IHKOB K CI.J,HHTHJIJISII.J,110HHOMY CllCKTpOMCTpy. 

0TAeJJ&H&Ie roTOBhie y3JJbi ycTaHOBKH HcnoJJh3Y

JOTC51 ,llJISI MeTO,ll.HlleCKI1X 11 <f>H3HlleCKHX 11CCJie,llOBa

HI1H ua CHHxpo<f>a3oTpoue 01151:11 I 1 ,21. 

3xcnepHMeHT fi1HEC. fn6p11,llHbiH HeHTp11H

HhiH cneKTpOMCTp (fl.fHEC) C03,ll3eTCSI B J1<l>B3 np11 

yuacTHH JICB3 KaK MHorou:enesa51 yu11aepcaJJhHaSI 

ycTaHOBKa ,llJISI HCHTpi1HHbiX 11CCJie,llOBaHHH B <<beam

damp» 3KCnep11MeHTC 11 B ny4Ke MIOOHHbiX HCHTp11-

HO y3Koro cneKTpa ua YHK. 

B <f>l1311'lCCKYJO nporpaMMY npoexTa BXOA11T ua-

6JJJO.!lCHI1e 11 11CCJJC,llOBaHI1C CBOHCTB T-HCHTp11HO, 

nposepKa CTaHAapTHOH MOACJJI1, 113MCpeHI1C K11paJib

HbiX KOHCTaHT CBSI311 U-, d-, S-, C-, b-KBapKOB, 113y

'lCHI1C KOHC4HbiX 3ApOHHhiX COCT051HHH 11 ,llp. 

B 1991 r. ua uei1Tpi1HHOM Kauane Y-70 6hiJJ 

CMOHT11pOBaH pa3pa6oTaHHbiH B JICB3 npOTOTI1ll 

MIOOHHOI'O 11,llCHTH<f>.HKaTOpa yCT3HOBKI1 fl.fHEC. 

Co3AaHa CHCTCMa ero ra3osoro o6ecne'leHHSI, a TaK

)I(C nporpaMMbl MO,llCJJHpOBaHI1SI C06biTHH. 

3xcnepHMeHT «CsepxnpoBO.!lRW.HH TopoH-

.!laJJbHhiH cneKTpoMeTp>) (CTOPC). Pa3pa6oTauo 

npeAJJ0)1(CHI1C, B KOTOpOM nJJaH11pyeTCSI 11CCJJC,llOB3Tb 
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-
rJiyOOKOHeynpyroe B3aHMO~eJfcTBHe MIOOHOB Ha 

npoToHax, ~eiiTpoHax u TSDKeJihlx SI~pax Ha Y H K c 

u;en&IO npeu;H3HOHHoro H3MepeHHSI HYKJIOHHhiX 

CTPYKTYPHhlx <PYHKI.I;HH F 1 H F2, nonytteHHSI napTOH-

HhiX pacnpe~eJieHHH, H3MepeHHSI KOHCTaHThl CHJib

HOI'O B3aHMO~eHCTBHSI as c TOttHOCThiO nyttme 1 %. B 

3KcnepuMeHTe 6y~yT ~eTaJihHO nposepeHhl KXLI, u 

npe~cKa3aHHSI Teopuu 6on&moro o6he~uHeHHSI. P ea

JIH3au;uSI npoeKTa ll03BOJIHT noJiyttHTh TOlJHhle ~aH

Hhle no CTPYKTYPHOH <PYHKU:HH R =aLloT, cpas-

HHTh ux c npe~cKa3aHHSIMH KXLI. no pacnpe~eneHHIO 

rJIIOOHOB, no pa3HOCTH Ff- F2n, nonyttHTh HH¢ op-

Mai.I;HIO 00 aCHMMeTpHH Me)K~y KOMllOHeHTaMH MO

pSI, BhlnOJIHHTh TeeT ~JISI HecuHrneTHOH CTPYKTYPHOH 

<i>YHKI.I;HH, C~eJiaTh TOttHyiO nposepKy CTaH~apTHOH 
MO~eJIH, pemHTh PM ~pyrux npo6neM cospeMeHHOH 

<i>H3HKH 3JieMeHTapHhiX ttaCTHI.I;. 

0CHOBY 3KCnepHMeHTaJihHOH yCTaHOBKH COCTaB

JISIIOT: 

- CBepxnpOBO~SIIII;HH TOpOH~aJihHhiH B03~ym

HhiH MarHHT; 

- CHCTeMa KOOp~HHaTHhiX ~eTeKTOpOB ~JISI H3-

MepeHHSI TpaeKTOpHH MIOOHOB; 

- TpHrrepHaSI CHCTeMa; 

- I'O~OCKOnHtteCKaSI CHCTeMa ~JISI MOHHTOpHpO-

BaHHSI nyttKa. 

B 1991 r. BhlnOJIHeHhl pactteT&I noneii csepxnpo

BO~Sim;ero TOpOH~aJihHOI'O cneKTpOMeTpa, C~eJiaHhl 

OI.I;eHKH HMnyJihCHOI'O pa3pemeHHSI CneKTpOMeTpa. 

3KCllEPl:IMEHTAJibHA51 llPOrPAMMA H A YCKOPMTEJIE Y-70 l:I<I»B3 

B 1991 ro~y B nyttKax ycKopHTeJISI Y-70 n poso

~HJIHCh pa6oThl no 3anycKy u Ha6opy ~aHHhiX Ha tte

Thlpex ycTaHOBKax: «CneKTpOMeTp C BepiiiHHHhiM 

~eTeKTOpOM» (CB.li,), 3KCl!APM, «MarHHTHhiH HC

KpOBOH cneKTpoMeTp-2>> (MHC-2, npoeKT M.li,C ) H 

«KOMnJieKC MetteHhiX HeHTpHHO» (KMH). 

3KcnepuMeHT CB.li,. B 1991 r. ycTaHOBKa CBLI. 

6h1Jla llO.IlHOCThiO llO~I'OTOBJieHa ~JISI HCCJie,l:IOBaHHSI 

po~eHHSI ttaCTHI.I; C OTKphiTbiM OttapOBaHHeM, 6hiJIH 

BhlnOJIHeHbl pa60Thl nO COBepiiieHCTBOBaHHIO cneKT

poMeTpa. BKJIIOtteHue cucTeM&I Koop~uHaTHhiX no

nynpoBO.z:IHHKOB&Ix ,l:leTeKTOpOB B TpHrrep ll03BOJIHJIO 

JIOKaJIH30BaTb C BhiCOKOH TOlJHOCThiO KOOp~HHaThl 

nyttKOBOH ttacTHU:hl BHYTPH pa6o4ero o6heMa n y-

3hiphKOBOH KaMephl H o6ecne4HTh BhiCOK03<P<PeK

THBHhiH OT60p C06hiTHH B3aHMO,l:leHCTBHH no Bhi6hi

BaHHIO 4aCTHI.I; H3 ny4Ka. 

Ot:~HospeMeHHO nposot:~HJICSI aHaJIH3 aHTHt:~eH:T

poH-MepHhlx B3aHMO~eHCTBHH no noJiy4eHHbiM pa

Hee MaTepuanaM Ha ycTaHOBKe «.JliO.z:IMHJia». Haii.z:~e

HO, 4TO OTHOIIIeHHSI Ce4eHHH o6pa30BaHHSI ' Hd fT

paJibHhiX cTpaHHhiX 4aCTHU: R = a( A) I a( X]) B 

aHT~eHTpOH-SI~epHbiX B3aHMO~eHCTBHSIX npH pd = 
= 12 r3Bic COCTaBJISIIOT: R(dd) = 1,13 ± 0 ,25, 

R(d C)= 1,40 ± 0,27, R(d Pb) = 1,46 ± 0 , 13. 

floJiy4eHHhle 3Ha4eHHSI _Ha nOpSI,l:IOK npeBhiiiialOT 

.r~aHHhle, nony4eHHhie B NN-B3aHMOt:~eH:cTBHSIX, 3TO 

He o6&SICHSieTCSI B paMKax OOhi4HhiX KacKa.z:IHhiX 

Mo~eneii. Pe3yJihTaThi ony6JIHKOBaHhi B pa6oTax 

[3-6]. 

3KcnepuMeHT 3KcqAPM. CoTPY.z:IHH4eCTBOM 

EHC-2 3asepiiieH MOHTa)K ocHoBHhiX 3JieMeHTOB 

cneKTpoMeTpa 3KCIIAPM Ha KaHane 5H B HonoH: 

3KcnepuMeHTaJihHOH 30He ycKopuTeJISI Y-70. B cooT

seTCTBHH C llJI3HOM nyCKOHaJia,l:I04HhiX pa60T npOBe

,l:leHO TPH ceaHca ero 3KCn03HU:HH B ny4Ke HeiiT-

46 

pOHOB, BbiBe,l:leHHhiX no~ HyJieBhiM yrJIOM OTHOCH

TeJihHO paBHOBeCHOH op6HThl .z:IBH)KeHHSI npOTOHOB B 

ycKopuTeJie. CneKTpoMeTp no.r~roTOBJieH K c~aqe B 

3KCnJiyaTai.I;HIO. 

flpO,l:IOJI)KeH <PH3H4eCKHH aHaJIH3 67. I 06 HeHT

poH-BO.z:IOPO.z:IHhiX H HeHTpOH-SI,l:lepHhiX B3aHMO,l:leHCT

BHH, 3aperucTpupoBaHHhiX B 3KcnepuMeHTe EHC-2: 

a) flony4eHhl 6onee noJIHhie ~aHHhle o cymecT

sosaHHH y3KHX 6apuoHHeB X(3100) u X(3250). Ha-

6niO~eHo 14 KOHe4HhiX COCTOSIHHH, B TOM 4HCJie CO

CTOSIHHSI C 3K30TH4eCKHMH KBaHTOBbiMH 4HCJiaMH. 

6) BnepBbie B O.z:IHOM 3KcnepuMeHTe nony4eH 

IIIHPOKHH Ha6op .r~aHHhiX no a~pOHHOMY pO)K.z:leHHIO 

<p-Me30HOB Ha BO,l:IOpO,l:le H SI,l:lepHbiX MHIIIeHSIX. flO,l:I

TBep)K,l:leHO npaBHJIO 0Ky6o - l.J,BeHra - J.1H3YKH B 

npou;eccax accou;uaTHBHoro pO)K.z:leHHSI <p-Me3oHOB u 

CTpaHHbiX 4aCTHI.I;. floJiy4eHO TaK)Ke yKa3aHHe Ha 

HapyiiieHHe ::noro npaBuna B npou;eccax napHoro 

pO)K,l:leHHSI <p-Me30HOB. 

B) BnepBhle B paMKax O.z:IHOro 3KcnepuMeHTa Ha-

6nio~eHo H HCCJie,l:IOBaHO a~pOHHOe po~eHHe IIIHpo

KOro Ha6opa 04apoBaHHbiX H CTpaHH0-04apOB3HHbiX 

6apHoHoB: A+ L 0 L++ H :::+. flpu 3TOM He TOJihKO 
c ' c' c c 

nO,l:ITBep)K,l:leHO Cyi.UeCTBOBaHHe CTpaHH0-04apoBaH

HOro 6apHOHa ::::, yKa3aHHe Ha KOTOphiH 6hiJIO nO-

Jiy4eHO noKa TOJibKO B 3KcnepHMeHTax E-400 

<FNAL), WA62 <CERN) u CLEO <SLAC), HO H o6-

Hapy)KeHhl HOBbie KaHaJihl ero pacna.z:~a. 

CornacoBaHbi yCJIOBHSI yqacTHSI COTPY.z:IHHKOB 

JICB3 Ol1.SB1 B 3KcnepHMeHTe NA-48 no T04HOMY 

H3MepeHHlO OTHOIIIeHHSI napaMeTpa £
1 /E, xapaKTe

pH3YIOI.Uero «npSIMOe>> CP-HapyiiieHue B pacna~ax 

HeHTpaJihHblX KaOHOB. flpoBe~eHhl OpraHH3ai..I,HOH

Hbie MeponpHSITHSI nO o6ecne4eHHIO 3TOI'O 3KCnepH

MeHTa He06XO,l:IHMhiMH MaTepHaJiaMH, npOH3BO,l:IH

MblMH B CHr. Ha4aTbl MeTO.z:IH4ecKne pa3pa6oTKH 



.)KHAKOKpHnTOHOBOro KaJIOpHMeTpa BbiCOKOro pa3pe
weHHSI . 

llpoAOJI.)KeHhl paOOThl no OnTHMH33U.HH HCCJie
AOB3HHSI CP-uecoxpaueHHSI s pacnaAax B-Me3ouos. 

O o noJiyqeHHbiM pe3yJI&T3T3M ony6JIHKOB3Hbl 
paooTbl [7-12). 

3 KcnepHMeHT MAC (ycTaHOBICa MHC-2). Pa
uee npH H3y'l{eHHH KOrepeHTHOro 00p330B3HH9 00-
30HHbiX CHCTeM nHOH3MH C HMnyJibCOM 40 r3B/c Ha 
pa3JIH'I{HbiX 5fApax ua ycrauosKe MI1C 6biJIH o6ua

py.)KeHbl HOBble pe30H3HCHble COCT09HH9 nHOH3. 

K HacTogw;eMy speMeHH noJiy'I{HJIH 3Kcne

pHMeHTaJI&Hoe nOATBep.)KAeHHe ABa paAHaJI&HO

so36y.)KAeHHhiX COCT09HH9 nHOHa: C M 3Jc = 
= 1240 ± 30 M3B H c M3Jc = 1770 ± 30 M3B. 

B 1991 roAy Ha ycKopHTeJie 11 <I> B3 6b1Jlo npose

AeHo ABa ceaHca Ha ycraHOBKe MI1C-2 no HCCJieAo
saHHIO KbrepeHTHOro o6pa30BaHH9 TpexnHOHHblX 
CHCTe c yqacrHeM OTPHU.aTeJI&Ho 3apg.)KeHHOH JIH
AHpyiOw;eu qaCTHIJ.bl H AJI9 aHaJIH3a B03M0.)KHbiX 
rH6pHAHbiX COCT09HHH 1-+, 2-+, 1 - +. 

3aKOH'I{eH Haoop AaHHbiX AJI9 HCCneAOBaHH9 KO
repeHTHOro o6pa3osaHH9 TpexnHOHHhiX co6hiTHH c 
3Q>¢eKTHBHOH MaCCOH MeH&We 1 r3B. 

llpoAOJI.)KaJiaC& HaCTpoHKa TpHrrepa C HCnOJib30-

BaHHeM AeC9THCJIOHHOH KpeMHHeBOH MHWeHH H 6hi

CTporo npou.eccopa c BbiAeJieHHeM nepeAaHuoro HM

nyJI&ca B paHOHe BTOporo AHcl>paKU.HOHHOro M3K
CHMyMa. 

0 6pa6oTaHo uecKoJI&Ko ThiC9'1{ COObiTHit AHcl>
paKU.HOHHOH AHCCOIJ.H3U.HH nHOHOB Ha MP3X yrJiepo
A3 C nOJIO.)KHTeJibHOH JIHAHPYIOUJ;eH '1{3CTHU.eH. 

Pe3yJI&TaThl HCCJieAOB3HHH ony6JIHKosaHhl spa-
6oTax [13-17). 

3 KcnepHMeHT «KOMnJieKC Me'leHbiX HetiTpHHO» 
(KMH ). B 3KcnepHMeHTe KMH C03AaeTC9 nyqoJC 

Me'l{eHbiX V - H V -HeHTpHHO Ha OCHOBe BOCCT3HOBJie-
e I' 

HH9 KHHeMaTHKH K;3- H K:2-pacnMOB. llJiaHHpyeT-

cg WHpoK39 nporpaMMa no HeHTpHHHOH ci>H3HKe H 
noHCK CP-HapyweHH9 s pacnaAax 3apg)JCeHHhiX Ka

OHos. B 1991 roAy AOCTHrHYT 3aMeTHhiH nporpecc 
s C03A3HHH H 3anycKe KMH. B ceaucax Ha Y -70 
3apem CTpHpoB3Hbl nepsble HeHTpHHHhle c00b1TH9 B 
)JCHAKOaproHOBOM KaJIOPHMeTpe BAPC, ua6paHa 
CT3THCTHK3, HeOOXOAHM39 AJijl pa3BHTHSI yCTaHOB

KH H nporpaMMHOro o6ecneqeHHji 3KCnepHMeHT3. 

B 0115111 BhlnOJIHeHhl pa6oThl no C03A3HHIO MIOOHHO

ro cneKTpoMeTpa, WHpoKoanePTYPHOro qepeHKOB
CKOro C'l{eT'I{HK3 H aApoHHOro KaJIOpHMeTpa nOJIHOro 
nOrJIOUJ;eHH9 AJI9 CT3HIJ.HH Me'l{eHHSI. Ocyw;eCTBJieH 
MOHT3.)K H HaJIMKa AeTeKTOpoB (Apeit:cl>oBbiX Tpy6) 

MIOOHHOro CneKTpoMeTpa, H3roTOBJieHbl BCe OnTH'Ie-

PecJlpH)!(epaTOp .li.JIII HcCJJe,AoB&HHII ,AeiiTepHpoBaHHblll OOp83LtOB 

non11pH30BaHHO" MHWCHH (:nccnepHMCHT NA-47) 
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Co6hiTHe, 3aperncTpHp08aHHOe 8 6biCTPOU.HKJJHPYIOII.\el1 >KHJIK080JIOPOJIHOI1 KaMepe yCTaH08KH CB)l ( 15-Kpamoe y8enH'IeHHe) . BTO

pHt~Hall 38e3Jia npeJinOnO>KHTenbHO C8!13aHa C pacnaJIOM 0 '1ap08aHHOH 'laCTHU.bl, pO>KJieHHOH 8 nep8H'IHOM p-p 83aHMOJieHCT8HH npH 

:meprnH 70 fJB 

CKHe ~eTaJl.H 'lepeHKOBCKOI"O ClJeTlJHKa; CMOHTHpo
BaHO 250 Mo~yneif (<<C3~BHlJeH>> Fe-c~HHTHJIJI~To
phl) a~poHHOro Kan.opHMeTpa. 11ccne~osaHhl xapaK
TepHCTHKH c6opKH MO~yJieH Ha nylJKe OTpH~aTeJib
HhiX llHOHOB 40 f3B. 

3KCllEPI1MEHT CMK 
B l.(EPHE- 11CCJIEUOBAHI1E 
Clli1H03ABI1CI1MhiX KBAPKOBhiX 
CTPYKTYPHhiX <I>YHKI..(I1~ llPOTOHA 
11 HE"A:TPOHA 

B 3KcnepHMeHTe CMK ua MIOOHHOM ny'IKe SPS 
B l.(EPHe Bnepshle HCCJie~yiOTC~ CllHH03aBHCHMble 
KBapKOBhle CTPYKTYPHhle <i>YHK~HH npoTOHa u ueifT-
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poua. Pean.u3a~u10 npoeKTa ocym;ecTBJI~eT Me)K~y
uapo~uoe COTpy~HHlJeCTBO, B KOTOpoe BXO~~T 25 Ha
YlJHbiX ~eHTpos. 

B 1991 r. uaqanc~ ua6op 3KcnepuMeHTaJihHhlx 
.r:~aHHhiX no rny6oKoueynpyroMy pacce~HHIO non~pu-
30BaHHhiX MIOOHOB Ha llOJI~pH30BaHHbiX ,l:leHTpoHaX. 
B COCTaB ycTaHOBKH BOWJia nepsa~ O'lepe~h MIOOH
HOI"O .r:~eTeKTopa Ol1.Sil1. B 0115111 ocym;ecTBJieH cuu
Te3 onhiTHhiX o6pa3~0B pa6olJero sem;ecTBa non~pu-
30BaHHOH MHWeHH. Pa3pa6oTaH HOBbiH MeTO.LI Bbl
lJHCJieHH~ llOJI~pH3a~HH llO pe3yJihTaTaM H3MepeHHH 
SIMP-curnan.a. Co3~aH pe<t>pu)KepaTop pacTsopeuu~ 
.[IJI~ npose,[leHH~ H3MepeHH~ llOJI~pH3a~HH OllbiTHbiX 
o6pa3~os. BhlnOJIHeHhl H3Mepeuu~ non~pu3a~HH so
.r:~opo.r:~a u .r:~eifTepHifco.r:~ep)KaD.J;HX o6pa3~0B. Pe3yJih
TaThl 6y,1:1yT HCll0Jlb30BaHbl ~Jl~ pa3BHTH~ TeXHOJIO-



rHH C03AaHHSI ueihepHpOBaHHbiX MaTCp11aJIOB UJISI 

nOJISipH30B3HHbiX MI1WCHCH. 

B COOTBCTCTBI1H C npOTOKOJIOM COTPYAH114CCTB3 C 

U,EPHoM no 3KcnepHMCHTY eMK B OnbiTHOM npo-

113BOACTBe OfTheAHHeuuoro 11HCTI1TyTa 113rDTOBJieuo 

63 MOAYJISI ApeiiQ:>osbiX Tpy6 AJISI KOOPA11HaTnoro AC

TCKTopa MIOOHOB 11 KOMnJJCKT 3JICKTpOHI1KI1. Heo6-

XOAHMbiC AJJSI 3anycKa nepBOH 04CpCA11 MIOOHHOro 

ACTCKTOpa 36 MOAYJICH nepeBC3CHbl B ll,EPH, CMOH-

11eeJIELI,OBAHJ151 

J1 PA3PAEOTKJ1 

B OEJIAeTJ1 

nPOBOJIQqHbiX LI,ETEKTOPOB 

MHHH-upe.:tQ:>oBbJe KaMepbl. 3asepweua pa3pa-

6oTKa MI1H11-ApeiiQ:>oBOH K3MCpbl C BHCWHI1MI1 pa3-

MCp3MI1 1300x 1000 MM. eo3AaH CTCHA AJJSI 11CCJJe

AOBaHI151 npOCTp3HCTBCHHOro pa3pCWCHI1SI K3MCpbi, 

COCTOSill.I,HH 113 MOHI1TOpa Ha OCHOBC CLJ,11HTI1JIJISIU,11-

0HHbiX C4CT4HKOB 11 APCHQ:>OBbiX Tpy6. 

MHKpocTpHnOBbJH ra30BbJH c'leT'JHK (MCrC). 

v13roTOBJJCH onblTHbiH o6pa3eu, Mere pa3MCpOM 

50x50 MM. Mere SIBJISICTCSI OAHHM 113 BCpOSITHbiX 

K3HAHL\3TOB H3 npHMCHCHI1C B K3'1CCTBC TpCKOBOrO 

):ICTCKTOpa B COCT3BC 6yuyW.11X YCT3HOBOK Ha cynep

KOJJJJai1uepax. eTpyKTypa Mere 113rDTOBJJCHa ua 

CTCKJIC C nOMOll.J,biO JII1TOrpaQ:>1111 C warOM Cl1fH3Jib

HbiX nOJJOC 200 MKM . J.1CCJJCAOB3Hbl OCHOBHbiC xapaK

TCp11CTI1K11 C4CT411K3 C nOMOU(biO X-JJy'ICH C 3HCp

rHCH5,9 K3B 11 8 K3B [22] . 

JlaBCaHOBble Tpy6KI1 (JIT). JIT OTHOCSITCSI T3K

)I(C K 411CJJY H31160JJCC BCpOSITHbiX KaHA11AaTOB Ha 11C

nOJJb30B3HHC B cocTase 6yAym11x ycTauosoK. B JJa-

6opaTOp11H pa3pa6oTaHa TCXHOJIOrHSI 113rDTOBJICHHSI 

JIT 113 3JJIOMHHH3HpOB3HHOro JJ3BCaHa AH3MCTpOM 

60JJbWC 6 MM 11 AJJHHOH AO 3 M , BbinOJIHSIIOTCSI MCT0-

):1114CCKI1C 11CCJIC):IOB3HI1SI xapaKTCpHCTHK JJ3BCaHO

BbiX Tpy6oK pa3JJH4HblX Tl-tnOR. 

MeTOD. onpeueJJeHHSI BTopo.:t KOOPAHHaTbJ c 

!J.pei1¢oBOH Tpy6bJ. OnbiT C03!1.3HI1SI upeiiQ:>OBbiX 

Tpy6 B 3KCnCpHMCHT3X <<MCYCHbiC HCHTp11HO» B 

J.1CllB3 (DpoTBI1no) 11 SMe s LI,EPHc 6biJJI1CnOJJb30-

sau D.JJSI pa3pa6oTKH MCTOAa onpeucJJCHHSI BTopoi1 

KOOPA11H3Tbl BAOJJb CHrH3JibHOH npOROJIOKI1 no pa3-

HOCTH BpCMCH pacnpOCTp3HCHI1SI OlrHaJJa B Tpy6e. 

Pa3pa6oTau cooTRCTCTBYIOmHii 3JJCKTpOHHbii1 6JJoK, 

pa6oTa!Oll.J,HH B CTapT-CTOIIORhiM pC)I(HMC 11 II03BOJJSI

IOUJ,HH onpcueJJSITb BTopyiO KOOpAHHaTy. DpouoJJ)i(a

IOTCSI HCCJJCAOBaHI1SI npOCTpaHCTBCHHOro pa3pCWC

HI151 no BTopoii KOOPA11HaTc ua peaJJbHOM MOAYJJC c 

noMOUJ,biO paAI10aKTI1Rnoro 11CT04HI1Ka 
1 06R u. 

T11pOBaHbl Ha ycTaHOBKC 11 np11HSITbl B 3KCnJiyaTa

LJ,I110. eo3AaHa H OTJJa)l(eua s peaJibHOM pe)I(HMe ua-

6opa Aa HbiX CHCTCMa On-line rrporpaMM AJJSI MIOOH

HOro ACTCKTOpa. 

Dp11 3ueprn11 100 f3B 3aperncrp11posauo -10
6, 

np11 3Hep nm 208 f3B - 0,4 · 10
6 

co6biTHH rJiy6oxo

ueynpyro ro paCCCSIHI1SI MIOOHOB. 

Pe3y JJbTaTbi pa6oT orry6JJHKosaubl B pa6oTax 

[18-21 ]. 

P A3P A E OTKA, 

e03LI,AH HE 

HHeeJIEP,OBAHHE 

DOJIY POBOLI,HHKOBhlX 

LI,ETEKTOPOB <DDLI,) 

LI,JJSI 113Y4CHHSI B03M0)1(H0CTH C03AaHHSI 3JICKTpO

M3fHHT biX 11 aApOHHbiX KaJIOpHMCTpOB Ha OCHOBC 

noJJynpOBOAHHKOBbiX ACTCKTOpOB: 

- p a3pa6oTaHa TOnOJJOrHSI, TCXHOJIOrHSI 11MII

JJaHTHp B3HHbiX IIJJauapHbiX ACTCKTOpOB BbiCOKOOM

HOrO KpCMHHSI H H3rDTOBJICHa rrapTI1SI 113 450 ACTCK

TOpOB ( 2 0x20x0,4 MM); 

- ):ICTCKTOpbl HCnbiTaHbi Ha AOJJroBpCMCHHYIO 

CT3611JJbHOCTb, 113MCpCHbl 11X 3JJCKTpOQ:>113114CCKI1C 

xapaKTCp11CTHKH (I-V), <e-V); !J.E [23,24 ]. • 

B p e3yJJhTaTe usyx LJ,11KJIOB o6Jiy'4eHI1SI ueTeK

Topos 6 biCTpb!MI1 HCihpoHaMH Ha peaKTOpe H3MC

peH K03Q:>Q:>HU,HCHT paul1aLJ,I10HHbiX nOBpC)I(ACHI1H 

ACTCKTOp OB, 113rDTOBJJCHHbiX 113 pa3HbiX MaTCpHaJJOB 

<Fz-n-Si -Wacker (CllPf>; Fz-n-Si-KAL1.76 <CeeP)) 

11 OIIpC.QCJJCH pecypc 11X pa60Tbl B yCJIOBHSIX pa

,Q11aU,110HHbiX noJJeii. Ll.eTeKTOpbi o6Jiy'4CHbi uo Q:>JIIO

euca 8· 1013 CM- 2• 

LI,JJ SI 11CCJJCAOBaHI151 B03M0)1(HOCTI1 C03AaHHSI rrpe

LJ,lf3110HHbiX TpCKOBbiX LICTCKTOpOB Ha OCHOBC KpCM

HHCBOH A peiiQ:>osoii KaMepbi: 

- n pOBC):ICHO M3TCM3TH'4CCKOC MO):ICJIHpoBaHHC 

.QpeiiQ:>o biX CTPYKTYP pa3uoii TonoJJorHI1 [25]; 

- pa3pa60T3Ha TOnOJJOrHSI HCCKOJibKI1X B3p113H

TOB Si-u peiiQ:>osoii KaMepbi, H3roTOBJICHbl Q:>oTowa6-

JJOHbi; 

- CAYTCSI MCTOA11'4CCKHC pa60Tbl no C03A3HI110 

cTeHAa LIJJSI HCnbiTaHHii o6pa3u,os Si-ApefiQ:>oson xa

MCpbi. 

LI,JJ'SI C03A3HHSI B JieB3 TCXHOJIOrH'ICCKOH 6a3bl 

no pa3 a60TKC, H3rDTOBJICHI110 11 11CCJIC):IOB3HI110 

OObiTHbi X DDLI,: 

- CMOHTHpOB3Ha OtCTCM3 nOJIY'4CHI1SI CBCpX411-

CTOH BOA bl (pH O ~ 18 MOM CM); 
2 

- 33BCpwaCTCSI MOHT3)1( repM030HbJ; 
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_.....-:-

- H,IJ,eT MOHTa)l( TeXHOJIOrH4eCKOI'O OOOp y,IJ,OBa

HHSI B repM030He (TeXHOXHMHSI, QJOTOJIHTOrpaQJHSI, 

.IJ.HQJ¢y3HOHHble ycTaHOBKH); 

- Be,IJ,yTCSI HCCJie,IJ,OBaHHSI napaMeTpoB HOH

HOI'O ny4Ka Ha HOBOM yCKOpHTeJie-HMUJiaHTaTOpe 

«Be3yBHH-1» . 

PA3PABOTKA METO.LI.OB M CMCTEM Y C KOPEHMSI 

B cooTBeTCTBHH c cosMeCTuoii 011.5111- 11<1>B3 

nporpaMMOH HCCJie,IJ,OBaHHH BeJIHCb pa3paOOTKH y3-

JIOB H cucTeM YHK. 

Pa3pa6oTaua H OTJia)l(eHa cxeMa HMnyJihCHoro 

reHepaTopa CHCTeMbl nO,IJ,aBJieHHSI OCTaT04HbiX KOJie-

6aHHH nyttKa I cTyneHH YHK, ,IJ,onycKaJOl.l.l,aSI pa6oTy 

KaK B pe)I(HMe O,IJ,HOoOOpOTHOI'O nO,IJ,aBJieHHSI, TaK H B 

CJiyqae HeOOXO,IJ,HMOCTH MHOI'OOOOpoTHOI'O n O,IJ,aBJie

HHSI (26). 00 pe3yJihTaTaM HCnbiTaHHSI n p OOHOI'O 

sapHaHTa no,IJ,roTOBJieHa KOHCTPYKTopcKaSI .IJ.OKy

MeHTaU.HSI H Ha4aTO H3I'OTOBJieHHe CepHH H3 5 reHe

paTOpDB. 113I'OTOBJieH MaKeT WHpOKOnOJIOCHOI'O yCH

JIHTeJISI )l,JISI CHCTeMbl no,IJ,aBJieHHSI pe3HCTHBHOH He

yCTOH'lHBOCTH. MaKeT o6ecne4HBaeT napa~eTpbl, 
Y.IJ.OBJieTBOpSIJOl.l.I,He TexHH4eCKOMY 3a,IJ,aHHJO. 

0pOBe,IJ,eH U,HKJI paC4eTOB no Bbi60pj THna 

QJHJibTpoB, o6ecne4HBa!Ol.l.I,HX YCTOH4HBYIO pa6oTy B 

pe)I(HMe oopaTHOH CBSI3H CHCTeMbl nO,IJ,aBJieHHSI no

nepe4Hb1X KOJie6auHii ny4Ka YHK-1 [27]. B pe-

3YJibTaTe 3THX HCCJie,IJ,OBaHHH no npe,IJ,JIO)I(eHHIO 

lJ,EPHa B JICB3 pa3pa6oTaHbl cnoco6 no,IJ,aBJieHHSI 

nonepe4HbiX KOJie6aHHH B LHC H B03MO)I(HaSI KOHCT

PYKU.HSI KHKepuoii cucTeMbl 3Toro ycKopHTeJISI [28]. 

nJISI noJiy4eHHSI HeOOXO,IJ,HMOH aMUJIHTY.IJ.HO

BpeMeHHOH ,IJ,HarpaMMbi HanpSI)I(eHHSI ua ycKopSIJO

l.l.l,eH CTPYKType ycKopuTeJlSI Y-70 ucCJie,IJ,osaJiacb 

CXeMa CHCTeMbl KOMMyTaU,HH .IJ.BYX Bq-reHepaTOpoB 

cTaHU.HH neperpynnupoBKH ny4Ka (COO) YHK Ha 

o6l.l.l,yJO uarpy3KY. B ocuosy cxeMHOro peweHHSI 6bl

na noJIO)I(eHa cxeMa auTeHHOro nepeKJIJ04aTeJISI c 

naCCHBHbiM 3a)I(HraHHeM Bq-pa3pSI,IJ,a. npe,IJ,BapH

TeJibHbie 3KCnepHMeHTbl C Bq-reHepaTOpoM noKa3a

JIH npHHU,HnHaJibHYIO paOOTOCUOCOOHOCTb CXeMbl ne

peKJIJ04aTeJISI. B cooTBeTCTBHH c peaJibHbiMH yCJio-

MoHTalf: cryneHH OKOH4aTeJJbHOro oxna>KAeHwJ pecjJpH>K epaTopa npOH3BOAHTeJibHOCTbiO 20 BT npH I ,8 K 
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BH51MH pa60Thl Cllll Y -70 HCCJIC.!J.OB3JIC51 M3KCT CHC

TCMbl KOMMYT3U:HH B J1<l>B3 Ha M3KCTC Bq-reuepa

TOpa. B pe3yJihTaTe C.ll.CJiaH BbiBO.ll., liTO uaH6onee 

npHCMJICMbiM 51BJI51CTC51 B3pH3HT nOCTpOCHH51 CHCTC

Mhl Bq-nHT3HH51 Cllll 6e3 CHCTCMhl KOMMYT3U:HH. 

C U:eJiblO COBCpiDCHCTBOB3HH51 TCXHOJIOrHH C0-

3.!J.3HH51 CBepxnpOBO.!J.51~HX pe30H3TOpOB (COP) Cpa-

60liHM CJIOCM B BH.!J.C nJICHKH CBCpxnpOBO.!J.HHK3 H3 

HCCYW.CH TCnJIOnpOBO.!J.51W.CH nOBCpXHOCTH 6biJIH 

noJiyliCHhl H HCCJIC.!J.OB3Hbl nJICHKH H3 HH06H51 H3 

KpCMHHCBbiX nO.!J.Jl0)KK3X. 3oua H3nbiJICHH51 6biJI3 

oKpy)KeHa KpHonaHCJiblO. Onpe.!J.eJICHbi xapaKTep

Hhle KpHTHliCCKHC napaMCTpbi nOJIYliCHHbiX nJICHOK, 

H3MCpCH3 rJiy6HH3 npOHHKHOBCHH51 M3rHHTHOro no

JI51 B HH06HCBbiC nJICHKH MCTO.!J.OM 0Tp3)KCHH51 nOJISI

pH30B3HHhiX HCHTpOHOB [29 ]. 

Pa3pa60T3H H C03.!J.3H CTCH.ll. .ll.JISI HCCJIC.ll.OB3HH51 

CT3THliCCKHX xapaKTCpHCTHK CBCpxnpOBO.!J.51W.HX 

TOHKHX nJICHOK. 

llpH C03.!J.3HHH JIHHCHHbiX KOJIJI3H.!J.CpOB, B li3CT

HOCTH BJI3nn, ocuosuoif npo6neMoif, onpe.!J.CJISIIO

w.eif 3KOHOMHliCCKHC H cpH3HliCCKHC napaMCTpbi CHC

TCMhl, SIBJISICTCSI C03.!J.3HHC ODTHM3JlbHbiX YCKOpSIIO

W.HX CTPYKTYP H HCTOl!HHKOB BbiCOK043CTOTHOH 

MOW.HOCTH. B na6opaTopHH seJIHCb pa6oTbi no C03Aa

HH10 B3pH3HT3 pCJISITHBHCTCKOro KJIHCTpOHa, a T3K

)f(C reuepaTOpa Ha OCHOBC JI33Cpa Ha CB060.!J.HbiX 

3JICKTpouax (J1C3>. Bbi6paua cxeMa 11 Bhmonueu 

p3CliCT JlC3-yCHJIHTCJISI (reuepaTOpa). llpOBC)l.CHa 

KOHCTpyKTHBH3SI npopa60TK3 JIC3, H3fOTOBJICHbl H 

ucnbiTaHbi OT.lJ.CJibHhie y3Jibi ycTaHOBKH, 3aKaHl!HBa

CTCSI H3roTOBJICHHC CHCTCM DHT3HHSI. BbinOJIHCHbl 

TCOpCTHliCCKHC HCCJIC)l.OB3HHSI no JIC3 [30 ). 

KpHocpH3H4CCKHe HCCJICAOBaHJHI s na6opaTo

pHH, CBSI33HHbiC B OCHOBHOM C pCUICHHCM npo6JICM 

llPI1KflAAHhlEHCCflEAOBAHH~ 

B o6nacTH npHKJI3JJ.HhiX KpHocpH3H4CCKHX HC

CJICAOBaHHH pa6oTa BCJI3Cb B ABYX HanpaBJICHHSIX, 

OAHO H3 KOTOpblX - paCWHpCHHC o6JI3CTH npHMCHC

HHSI BbiCOK043CTOTHbiX AaTliHKOB CDJIOUIHOCTH DOTO

Ka. noJiyliCHbl 06H3ACX<HB3101ll,HC pe3yJibTaTbl npH 

pa60TC Ha CMCCSIX HCcpTH H BO.!J.bl [361, KOTOpbiC npe-

06JI3A310T B HCcpTCA06biB310W.CH npOMbiUIJICHHOCTH H 

CHCTCM3X KOMMCp4CCKOro OTnycKa HCcpTenpo)l.yK

TOB. J1Cllb!T3HHSI ll0K333JIH, 4TO norpCWHOCTb 113MC

pCHHSI .ll.OJIH ~ BO.!J.bl B. HCcpTI1 MOX<CT COCT3BJIS!Tb 2,5% 

AJISI CblpOH HCcpTH, KOrAa 2% < ~ < 98%. ECJIH CHC

TCMa npHMCH51CTCSI AJISI OnpC.!J.CJICHHSI TOproBOH HCcp

TH, y KOTOpOH ~ < 5%, norpCUIHOCTb H3MCpCHHH HC 

npCBbiUI3CT 0,5%. 

Ll,pyroe HanpaBJICHHC npHKJI3.lJ.HbiX HCCJICAO

B3HHH CBSI33HO C 06CCllC4CHHCM TCllJIOBOfO peX<HMa 

pa60Tbl COBpCMCHHbiX MHKpOCXCM C cy6MHKpOHHO~i 

C03.ll.3HH SI yCKOpHTCJibHhiX CHCTCM, HMCIOT B 3H3liH

TeJibHO • cTeneuu cpyu.!J.aMeHTaJihHhiH xapaKTep. P51A 

pa3pa60 TOK MO)KCT H3HTH npHMCHCHHC B npHKJI3.ll.

HbiX 06JI3CT51X. 

B p aMKax TCMhl «HcCJICAOBaHHe KpHocpH3Hlle

CKHX n pOU:CCCOB B CHCTCM3X, KpHOCT3THpyCMhiX 

CBCpXTCKYliHM reJIHCM» npO.!J.OJI)KaJIHCb pa60Tbi no 

npo6neMe reuepau;HH H KOJIJianca uopMaJihHOif 30-

Hbi B cs epxnpoBO.!J.HHKax. H3yllaJiacb .lJ.HHaMHKa soc

CTaHOBJICHHSI HHTCHCHBHbiX MO.!J. TCDJIOnCpC.!J.3liH K 

H3CbiW.CHHOMY CBCpXTCKYliCMY rCJIHIO nOCJIC OT

KJIIOliCHH51 HCTOliHHK3 TCnJIOBOro B03MYW.CHH51. 

YcTaH sneuo, liTO .lJ.JIHTCJibHOCTb npou:ecca penaK

cau;HH 6yCJIOBJICHa: H3 2/3 CTCnCHblO yCTOHliHBO

CTH p CX<HM3 nJICHOliHOro KHnCHHSI, .!J.OCTHrHYTOro 

K MOM CHTY OKOHli3HH51 HMnyJibC3 MOW.HOCTH; Ha 

1 I 5 y p osueM TeMnepaTypbi ofu.eMa csepxTeKylle

ro reJI 51; H3 1/6 BCJIHliHHOH .ll.OCTynuoro rCJIHIO 

ofu.eMa y .nosepxuocTH Tennonepe.!J.aliH. 06uapy)Ke

uo, liT BpCM51 pCJI3KC3U:HH MO)KCT 6biTb npO.!J.OJI

)KHTCJib HCC JIH60 B HOpM3JlbHOM, JIH60 B CBCpXTCKy-

4CM fC..1HH B 33BHCHMOCTH OT KOM6HH3U:HH 3KCnCpH

MCHTaJibHbiX napaMeTpos [31 ]. CpasueuHe 

AHHaMn KH penaKcau:HoHHhiX npou:eccos B He-II H 

He-l C HACTCJibCTBYCT 06 HX 06W.HOCTH H BMCCTC C 

TCM o n pHHU:HnHaJibHbiX pa3JIHliH51X B U:eJIOM P51AC 

JJ.CT3JICH [32]. 

0 )l.H3 113 npHHU:HnHaJibHbiX 33.ll.3ll .!J.Jl51 CHCTCM, 

KpHOCT3THpyCMbiX C llOMOW.blO .!J.Byxcpa3HbiX DOTO

KOB H3CbiW.CHHOfO CBCpXTCKYliCro reJIH51, COCTOHT B 

pa3pa6 o TKe cpe.!J.CTB KOHTPOJISI napoCOACP)K3HH51 no

TOKa H KOppCKTHOH K3JIH6pOBKH .lJ.3TliHKOB H«'H3MC

pHTCJib HOH annapaTyphi. Pa3pa6oTaua opHrHHaJib

uaSI M CTO.!J.HK3 K3JIH6pOBKH BbiCOK043CTOTHbiX .!J.3T

l!HKOB n apOCOACpX<3HHSI [33-35). 

TCXHOJIOfHCH. 33.!1.343 COCTOHT B o6ecnCliCHHH OT-

60.!1.3 TenJia c nJIOTHOCTbiO noToKa q > 200 KBT/M 

Ha a3oTHOM yposue (77 K). B pa6oTe [37] npe.qJio

X<CH n pOCTOH cnoco6 OTBO.ll.a YACJlbHbiX TCllJIOBbiX 

noTOKOB -700 KBT/M
2 

11 Bbime c nOMOW.blO HaTeKalO

w.ew CT PYH liHCToro )KH.lJ.KOro a3oTa, npuseACHhl pe

KoMeH.nau:HH llO Bbi6opy OnTHM3JlbHblX rCOMCTpHliC

CKHX p 3 3MCpOB OXJI3X<.!J.310W.CH CHCTCMbl. 

3 JICKTpOHHO-KOJibU:CBOH HOHH33TOp (ER1S) 

.[(JISI HCCJIC.LJ.OB3HHH B 06JI3CTH <IJH3HKH MHOro3apSI.LJ.

HbiX HOHos. C u:enbiO co3.qaHHSI ycTaHoBKH ERIS 

npOBOA HJI3Cb peKOHCTpyKU:HSI HMCIOW.CHCSI yCT3HOB

KH K Y TJ1-20. Pa3pa6oTaua cxeMa nHTaHHSI nM

nyJibCHow MarHHTHOH CHCTCMbl ,[(JISI ¢opMHpOB3HHSI 

ABYX U.HKJIOB CX<3THSI - y,nepX<3HHSI 3JICKTpOHHbiX 

KOJICU.. npoBC,[(CHbl 11CllbiTaHHSI, npH KOTOpblX ,[(0-

CTHrH y Thl napaMCTpbl 11MnyJibCOB TOKa KaTyweK 
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MarHHTHOH CHCTeMbi, 6JIH3KHe K paCl.JeTHbiM. J13Me

pKJIOCb xapaKTepHCTHl.JeCKOe peHTreHOBCKOe H3Jiy-

1.JeHHe H3 3JieKTpOHHoro KOJibi.J:a. IloJiyl.JeHhi Ka- H 

K,B-JIHHHH cneKTPOB KceHoHa H KpHnTOHa. O n pe)l.e

JIKJIC51 a6COJIIOTHbiH BbiXOil. H3Jiy1.JeHH51. 

BhlnOJIHKJIHCb pacl.JeTHO-TeopeTHl.JeCKHe p a6oThi 

B o6JiaCTH ¢H3HKH MHOro3ap51)l.HbiX HOHOB H p a3pa-

6oTKH TeOpHH HCTOl.JHHKOB MHOro3ap51)l.HbiX HOHOB. 

Ha ocHoBe TeopHH yAepX<aHH51 nJia3Mbi B OTKp biTbiX 

MarHHTHbiX JIOBYIIIKaX Onpeil,eJieHbl OCHOBHble COO

C06bi H YCJIOBH51 llOJiy1.JeHH51 MHOro3ap51il,HbiX HOHOB B 

HCTOl.JHHKaX Ha 3JieKTpOHHO-I.J:HKJIOTpOHHOM pe30-

HaHCe (ECRIS). B COBMeCTHbiX HCCJie)l.OBaHH 51X C 
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BHKTOPAREKCEEBHqCBHPH~OB 

1931-1991 

5 MapTa 1991 r. yweJI 113 )f(I13HI1 Bbi.[IaiOW,I1HC~ 

y4eHhiH - npo¢eccop BI1KTOP A.neKceeBI14 Cs11p11-

.z:~os, aBTOp .z:IBYX H3Y4HbiX OTKpbiTI1H, JiaypeaT focy

.z:~apCTBeHHOH npeMI111 CCCP. 

B.A.Cs11p11.z:10B nocJie OKOH4aHI1~ JleHI1Hrpa.z:~

CKoro llOJII1TeXHI14eCKOro 11HCTI1TyTa B 1954 r. 6biJI 

HanpasJieH s .Uy6Hy s Jia6opaTop1110 B.11.BeKcJiepa, 

snoCJie.[ICTBI111 sowe.z:~wy10 B cocTaB 0115111. OH 6biJI 

113 TeX 3HTY3113CTOB-nepsonpOXO.[IU.eB, C 11MeH3MI1 

KOTOpbiX CB~33HO CT3HOBJieHI1e H3Y4HbiX HanpaBJie

HI1H, onpe.z:~eJII1BWI1X JI11U.O l1HCTI1TyTa. TaJiaHT 

B.A.Cs11p11.[10Ba KaK 3Kcnep11MeHTaTopa npo~BI1JIC~ c 

nepBbiX JieT ero pa6oThi. B.A.Cs11p11.z:10B npe.[IJIO)f(I1JI 

p~.[l 11.[1eH, KOTOpbie JierJII1 B OCHOBY HOBOro MeTO.[I3 

11CCJie.[IOB3HI1~ .[111QJp3KU.110HHbiX npou.eCCOB. 

B Ha4aJie 60-x ro.z:~os no.z:~ ero pyKOBO.[ICTBOM Me

TOll 6biJI peaJII130B3H Ha CI1HXpOQJ330TpOHe 0115111 

np1111CCJie.[IOB3HI111 ynpyroro pacCeliHI1ll npOTOHOB Ha 

npOTOH3X B He.[IOCTynHOH paHee 3KCnep11MeHT3TO

paM o6JiaCTI1 MaJibiX yrJIOB. ConocTaBJieHI1e pe3yJih

T3TOB C paC4eT3MI1 no .[111CnepC110HHbiM COOTHOWeHI1-

~M n03BOJII1JIO nposep11Tb BbinOJIHI1MOCTb OCHOBOnO

JiaraiOW,11X np11HU.11nos KB3HTOBOH Teop1111 noJI~ -

JIOpeHU.-11HB3p113HTHOCTI1, M11Kponp11411HHOCTI1, 

yHJna pHOCTI1. 

TeM )f(e MeTO.[IOM MHOroKpaTHbiX npoXO)f(.[leHI1H 

TOHKOH MI1WeHI1 B 1968- 1969 rr. H3 TOJibKO 4TO 33-

nyw,eHHOM CepnyXOBCKOM yCKOp11TeJie 6hiJII1 no

Jiy4eHbl nepsbie .z:~ocTosepHbie .z:~aHHbie o cy)f(eHI111 

KOHyca B ynpyroM npOTOH-npOTOHHOM paCCCSIHI111 Ha 

M3Jibie y rJibi. B.A.Cs11p11.[10BY c KOJIJieraMI1 YllaJIOCb 

onpe.z:~eJII1Tb B3)f(HeHIJ111H napaMeTp - H3KJIOH Tpa

eKTOp11 llOJIIOC3 llOMepaH4yKa • 

B 3TI1X onhiTax snepsbie s npaKTI1Ke QJ113114e

CKoro 3 KCnep11MeHT3 6biJI3 pa3pa60T3Ha· H 33.[1eHCT

BOB3H3 ra30B3~ (B0.[10p0.[1H3~ 11 .[leHTep11eBa~) MI1-

WeHb-CTpy~. Cei14ac 11CnOJib30BaHue TOHKHX 1myT

peHHI1X nJieH04HbiX H ra30BbiX MHWeHeH CTaJIO 

KJI3CCI14 eCKOH MeTO.[II1KOH, KOTOpa~ np11MeH~eTC~ Ha 

BCeX Kp ynHbiX U.HKJIH'IeCKHX yCKOp11TeJI~X MHpa. 

Cpe.z:111 csoux KOJIJier B.A.Csupu.z:~os 6biJI asTo

p11TeTo npe)f(.z:~e scero KaK reHepaTop 11.[1ei1. OH 

npe.[IJI0)!(11JI npHHU.11ll CeKU.HOHHpOB3HH~ 4epeHKOB

CKOro C eT4HK3 .[IJI~ 11.[1eHTHQJHK3U.HI1 6blCTpbiX MHO

ro3ap~.[IHbiX cjJparMeHTOB ~.[lpa. 3TOT npu6op 6blJI 

np11MeHeH .[IJI~ ll011CKa aHOMaJIOHOB - 'IaCTHU. C He0-

6bi4HO BbiCOKHM ce4eHHeM B3311MO.[Iei1cTBH~. MHo

rl1e TeXHI14eCKI1e 11 MeTO.[II14eCKI1e pa3pa60TKH no 

nporpaMMe C03.[13H11~ YHK HHHU.H11posaHbl np11 ero 

Henocpe.z:~cTseHHOM y4aCTI111. AKTHBHa~ noMep)f(Ka 

B.A.Cs11p11AOBbiM HOBbiX Hay'IHbiX npoeKTOB, ero 

CTpeMJi eHI1e 11CXO.[II1Tb np11 OU.eHKe 113 o6heKTI1BHOH 

3H3 411 MOCTI1, a He 113 JIH'IHOCTHOro Bl1.[1eHH~ 6blJIH 

.[IOCTOH 0 OU.eHeHbl Hay'!HOH o6w,eCTBeHHOCTbiO. 

11HTeJIJII1reHTHOCTb B.A.Cs11pu.z:~osa, Hay'!Ha~ 

.[I06poc BeCTHOCTb npOHI13biB3JIH BeCb CTHJib ero 

)f(I13HI:I 11 .z:~e~TeJibHOCTI1. OH 6hiJI Hei13MeHHO ysa)f(H

TeJieH JIIOA~M, Heno.[l.[leJibHO CKpoMeH, YMCJI npo

w,aTb CJI360CTI1, He nepeKJI3.[1biB3JI T~)f(eCTb OTBeTCT

BeHHOCTI1 Ha .[1pyri1X, 6biJI H3.[1e)f(HblM .z:~pyroM. 
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...... 

JIABOPATOPI151 
5I,II;EPHhiX IIPOBJIEM 

IlporpaMMa uay'!HbiX HCCJieAOB3HHH Jia6opa

TOpHH B 1991 ro.Ay Onpe.AeJI.IL/I3Cb CJie.AyiOUJ;HMH 

33A3'!3MH: pa3pa60TK3 npoeKTOB YCKOpHTeJibHO-Ha

KOnHTeJibHOro KOMIIJieKCa Ha BCTpe'!HbiX ::meK TpOH

n03HTpOHHbiX ny'!Kax (c-Tay ¢a6pHKa) H y m iBep

canbuoro AeTeKTopa; pa3pa6oTKa <j)H3H'IecKo:H npo

rpaMMbl HCCJieAOB3HHH Ha H3KOnHTeJI51X HOHOB, 

3JieKTpOHOB H n03HTpOHOB; npOBe.AeHHe 3KCnepH

MeHTaJibHbiX HCCJieAOB3HHH Ha BCTpeliHbiX n y 'IK3X 

Jl3IJ, yCKOpHTeJie Y -70; nOAroTOBKa 3KCnepHMeH

TOB no nporpaMMe HCCJieAoBauu:H ua YHK; a TaK)I(e 

3KCnepHMeHT3JibHble HCCJieAOB3HH51 B 06JiaCn l qm-
3HKH HH3KHX H npOMe)l(yTO'IHbiX 3HeprHH Ha <j)a30-

TpoHe Ol1.SB1 H ycKopnTeJI51X APYrHX ¢n3HllecKHX 

qeHTpOB, npOBeAeHHe 6HOJIOrHlleCKHX H KJIHHH'Ie

CKHX HCCJieAOB3HHH Ha MeAHK0-6HOJIOrH'ICCKOM 

KOMIIJieKCe Jia6opaTOpHH. 

Bbi~IOJIHeHHbiH o6beM uaylluo-ucCJieAOBa TeJib

cKHX H MeTOAHlleCKHX pa60T AaJI B03M0)1(HOCT b no

JIYliHTb no Ka~oMy H3 uanpaBneuu:H p51A 3H3liH

TeJibHbiX 3KCnepHMeHTaJibHbiX pe3yJibT3TOB. 

J1uTeHCHBHO BeJIHCb pa60Tbl no H3KOnHTeJibHO

MY KOMIIJieKcy. Bhmonueubl TexHHK0-3KOHOMHlle

CKHe paclleTbl no npoeKTY c-Tay ¢a6pnKH, onp eAe

neubi OCHOBHble xapaKTepHCTHKH JIHHeHHOro YCKO

pHTeJI51. PaccliHTau BapHaHT MaruuTuoii CTPYKTYPbi 

C-Tay <j)a6pHKH H npopa60T3H npoeKT B3KYY MHOH 

CHCTeMbl. OnpeAeJieHbi nepsoo'!epeAHhie <j)H3Hlle

CKHe 3KcnepHMeHTbl ua c-Tay ¢a6pHKe. Bb16pau a o6-

w;a51 cxeMa AeTeKTopa u ocuosubiX ero y3JIOB. 

Ha ycTaHOBKe .UEJI <1> l1 s 1991 r. nonylleuo oKo

no 300 TbiC51'! ue:HTpaJibHbiX Z-6o3ouos. 3To n o 3BO

JIHJIO OnpeAeJIHTb C BbiCOKOH TO'IHOCTbiO T3KHe n apa

MeTpbi CT3HA3pTHOH MOAeJIH, K3K liHCJIO THnOB Jier

KHX HeHTpHHO, 3H34eHHe yrJia CJia6oro CMeUIHB3HHSI 

Sin
2 () , KOHCT3HT3 CHJibHOf'O B33HMOAeHCTBH51 a Ha w s 

zO-nHKe H T.A. 

B 3KcnepHMeuTax ua ycKopHTene Y-70 s J1 <1> B3 

3aKOH'Ieuo AeTaJibHOe H3ylleHHe KynouoscKoro 

B33HMOAeHCTBI151 B CHCTeMe nOJJO)I(HTeJJbHbiX H OTpH

qaTeJJbHbiX nHOHOB Ha yCT3HOBKe «Il03HTpOHHih>, 

H3ylleHO o6pa30B3HHe '!3CTHq C 60JibUIHM none pe'!

HbiM HMnyJibCOM pT B n- n-s3aHMO,Aei1cTBHSIX npH 

38 f3B/c ua ycTauosKe CJ1fMA-ASIKC, 3asepUieua 

o6paOOTK3 A3HHbiX B 3KCnepHMeHTC Ha «HCHTp HH-
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HOM AeTeKTOpe>> no nOHCKY «np51MbiX>> HeHTpHHO OT 

pacnaAOB O'IaposaHHbiX '!3CTHq H nOHCKY JierKHX 

XHITCOBCKHX 6030HOB. 

BBeAeHa B cTpo:H 4n-ycTauosKa <l>A3A, npeA

ua3uaqeuua51 AJI51 ucCJieAOBaHH51 npoqecca MYJibTH

¢parMeuTaquu B 51Ap0-51AepHbiX B33HMOAeHCTBH51X 

ua nyliKax CHHxpo¢a3oTpoua OUSIH. 

IlpOA0J1)1(3JIHCb HCCJieAOB3HH51 Ha ¢>a30TpOHC 

Ol15Il1. IlposeAeua nepBa51 cepH51 3KCnepHMCHTOB 

no nOHCKY KOHBepCHH MIOOHHH-3HTHMIOOHHH, C no

MOIIJ;biO ycTauoBKH APEC nonylleua oqeuKa sepx-
" + + + -ueH rpauHqbi BepoS!THOCTH pacnaAa n -+ e e p. v 

+ + + -
H 3aKOH'!euo H3ylleHHe pacnaAa n -+ e e e v. 

B ncCJieAoBaHH51X no TeMe <<He:HTpHH0-2» 3asep

Uieu MCTOAHlleCKHH 3Tan 3KCnepHMCHTOB no H3Me

peHHIO 6eT3-HCHTpHHHbiX, CnHH-HCHTpHHHbiX H MIO

OH-HCHTpHHHbiX yrJJOBbiX KOppeJI51qHH B ,8-pacna,Ae, 

noucKy 6e3ue:HTpHuuoro 2f3-pacna,Aa 11 «TSI)I(CJibiX» 

HeHTpHHO. 

Ilo nporpaMMC HCCJJC,AOB3HHH MIO-K3TaJIH33 33-

BCpllleHa o6pa60TK3 3KCnepHMeHT3 no H3MepeHHIO 

TCMnepaTypHOH 33BHCHMOCTH CKOpOCTH o6pa30B3-

HH51 pdp.-MC30MOJieKyJJ. 

IlpOBCACHbl o6pa60TK3 H 3H3JIH3 ,A3HHbiX no 113-

MCpCHHIO p.SR-MCTO,AOM rny6HHbl npOHHKHOBCHHSI 

MarHHTHOf'O nOJ151 H TeMnepaTypHOH 33BHCHMOCTH 

AJISI CCpHH Bb!COKOTCMnepaTypHbiX CBepxnpOBO,AHH

KOB Ha 6a3e Bi C pa3JJH'!HOH KOHqCHTp3UHCH HOCHTC

.JlCH 33PS!Aa. 

illHpOKHM ¢>pOHTOM BCJIHCb paOOTbl nO MO

,ACpHH33UHH H COBeplliCHCTBOB3HHIO cyrn;eCTBYIOUJ;HX 

YCT3HOBOK H C03,A3HHIO annapaTypbl HOBOf'O nOKO

JJeHHSI. 

Hosbte HHTepecubie pe3yJJbT3Tbi nonylleHbi no 

H3Y4HO-npHKJI3,AHOH TCM3THKC B 06JlaCTH HCIIOJib30-

B3HHSI nyliKOB 33pS!)I(CHHbiX 43CTHq B MCAHK0-6HO

J10rH4eCKHX HCCJle,AOB3HHSIX. 

IlpO,A0J1)1(310T HHTCHCHBHO paCUIHpS!TbCSI MC)I(

AyHapO,AHbiC KOHTaKTbt 11 COTPYAHHlleCTBO cneuHa

JlHCTOB na6opaTopHH c se,Ayrn;HMH 3ana,Auoesponei1-

CKHMH H 3MepHK3HCKHMH H3Y4Hb!MH qeHTp3MH. 

IlpOBC,ACHbl nepBbie 3KCII03HqHH H IIOJJY'iCHbl nep

BbiC HHTepeCHbJC pe3yJibT3Tbl Ha yCT3HOBKe 

OEEJ1J1KC ua ny'!Ke aunmpoTOHOB ycKOpHTeJISI 

LEAR B U,EPH. IlpH Y43CTHH ¢H3HKOB JI5III H343T 



Ha6op CTaTHCTHKH B COBMCCTHOM 3KCnCpHMCHTC 

Y771 (<l>HAJI) no <jJH3HKe B-Me30HOB s pp-B3aHMO

.neikTBHSIX npH 800 f3B/c. lloJIHOCThlO 3aBepmeHa 

no,nroTOBKa annapaTyphl H Ha'laT Ha6op CTaTHCTHKH 

3KcnepHMCHTa WA91 Ha cneKTpoMeTpe OMEfA s 

Il.EPH no nOHCKY H HCCJICAOBaHHIO 3K30TH'ICCKHX 

«HC qq-MC30HOB» B pp-paCCCSIHHH npH 3HCprHH 

450 f3B.ll,JISI npose,neHHSI cosMeCTHO c PSI 3KcnepH

MCHTa no nOHCKy OCIJ;HJIJISIIJ;HH MlOOHHH-aHTHMIOO-

HHH: H3roTOBJieHa H nocTasJieHa s PSI 6oJihmaSI n;H

JIHHAPH CCKaSI nponopiJ;HOHaJibHaSI KaMepa. llpOH3-

BCACH 3a nyCK ycTaHOBKH no npOH3BOACTBY a3pore

JISI s E p aTHCJiase s coBMCCTHOH pa6oTe c EpaTH

CJiaBCKHM yHHsepcHTCToM. HecKOJihKO cosMCCTHhiX 

3KCnCpH\f.CHTOB npOBOASITCSI BO <l>paHIJ;HH Ha yCKO

pHTCJIC ATURNE (CaKJie). CosMeCTHoc LAL (Op

ec, <l>pa HIJ;HSI) BC)lCTCSI npOCKTHpOBaHHC YCKOpH

TeJibHOJ"O KOMllJICKCa. 

PABOThl DO C03.ll:AHMIO OPOEKTA HAKOOMTEJihHOfO KOMITJIEKCA 
3JIEKTPOHOB, 003MTPOHOB 11 MOHOB 

IIo nporpaMMe npoeKTHposaHHSI s 011.5111 HaKo

nHTCJihHoro KOMnJICKCa 3JICKTpOHOB, n03HTpOHOB H 

HOHOB Ha 3aBepmaiO~CH CTa)lHH HaXOASITCSI KOHIJ;Cn

TyaJihHhiC npOCKTbl OCHOBHbiX 06bCKTOB KOMllJICKCa. 

YcTaHOBJICHhi CBSI311 c ocHOBHhiMI1 COTPYAH11'1aiO~I1-

MI1 opraHI13aiJ;I1SIMI1, s TOM '111CJie c 11.51 <I> CO P AH 

(HosoCH6HpCK) 11 11T3<1> (MocKsa). Onpe,neJieHa 

o6~aSI KOMnOHOBKa KOMnJICKCa Ha TCpp11TOp1111 

Jl.5IIJ, HaHACHhl o6~11e CTp011TCJihHhiC peWCHI1SI, 

nOJIY4CHbl npe,nsapHTCJibHbiC CTOI1MOCTHbiC OIJ;CHKI1. 

B JI.5III B COTPYAH114CCTBC c JIBT A 11 CTOpOH

HI1MI1 OpraHI13aU.I1SIMI1 BCACTCSI pa3pa60TKa npOCKTa 

c-Tay <Pa6p11KI1. B ycKOp11TCJihHOH 4aCTI1 npoeKTa 

113Y4CH sap11aHT <jJa6p11KI1, BKJII043l0~11H B CC6SI 11H

)KCKTOpHbiH KOMllJICKC 11 ycKOp11TeJibHOC KOJibll;O. 

Onpe,neJICHhi CTPYKTypHaSI cxeMa, napaMeTphi 11 

np11HIJ.I1ni13JibHbiC TCXHI14CCKI1C pCWCHI1SI nO OCHOB

HbiM Y3JiaM 11H)KCKTOpHOfO KOMllJICKCa B OAHOCryCT

KOBOM pe)KI1Me 11H)KCKU.1111. Bhi6paH 11 pacc1.111TaH sa

p11aHT MarHI1THOH CTPYKTYPhi ocHOBHoro KOJihU.a s 

CXCMC CTOJIKHOBCHI1SI <<nJIOCKI1X ny4KOB>>. IJpopa6o

T3Ha OnTI1Ka MCCTa BCTpC411, Y43CTK3 BCpT11K3JlhHOH 

pa3BOAK11 ny4KOB, llOBOpOTHbiX y4aCTKOB, MCCT 11H

)KCKU.I111 11 ycTaHOBKH B4-cTaHU.11H. IIapaMeTphi Bhi-

6paHHoi1 MarHHTHOi1 CTPYKTYPhi nepe,naHbi B LAL 
(0pC3, <l>paHU.HSI) AJISI COBMCCTHOfO cpaBHI1TCJlhHOfO 

113Y4CHI1SI. Be,neTCSI pa6oTa no <jJopM11posaHI1IO HI13-

KO<jJOHOBhiX ycJIOBI1H B MCCTC BCTpC411 ny4KOB. Ba

KYYMHaSI CI1CTCMa 11 3JICMCHThi MarHI1THoi1 CTPYKTy

pbi npopa6oTaHhi Ha yposHe 3CKI13Horo npoeKTa. Co

cTasneHo TCXHI1'1CCKOC 3a,naHI1C Ha npOCKTI1pOBaHI1C 

.nsyx sap11aHTOB CHCTCMhi B4-HCT04HI1KOB AJISI 3a

ni1TKI1 pe3oHaTopos. Bhl6paHhi ocHOBHhiC napaMeT

phl pe3oHaTopos. IIpoeKTHhie MaTepHaJihl o6cy)K.na

JII1Ch Ha pa6o4eM cose~aHI111 s ll,y6He (Mai1 1991 r.) 

[ 1 I, Ha AMepHKaHcKoi1 HaU.110HaJihHOii KOH<jJepeH

U.1111 (CaH-<I>paHU.11CKO, M3H 199J r.) ( 2 ]11 B yCKOp11-

TCJlbHOH na6opaTop1111 LAL (Opce). 

B JI.5III Bhlpa6oTaH sap11aHT nepsoo4epe,nHhiX 

<jJH3114CCKI1X 3KcnepHMCHTOB Ha c-Tay <Pa6pHKC. Bhi-

6paHa o6~a11 cxeMa YHI1sepcaJihHOro .ncTeKTopa 11 

ero y3JIOB. Co3,naHbl pa6o1.111e rpynnhi 11 pa3pa6oTaHhi 

3CKI13Hhle · 11 TCXHI1'1CCKHe npoeKThl y3JIOB ,neTCKTO

pa, BKJII04aSI 3JICKTPOHI1Ky. Bech KOMnJICKc npo-

6JieM, CBSI3aHHbiX C npOCKTOM C-Tay <jJa6pHKH 

011.5111, n o,npo6Ho o6cy)I(JlaJICSI s Mae 1991 r. B ll,y6-

He Ha M C)K)lyHapO)lHOM pa604CM COBC~aHHH. 3a

KJil04CHbi npOTOKOJibl 0 BhlnOJIHCHHH COBMCCTHbiX 

Hay4HO-M CTOJlH4CCKHX pa6oT c 11.51<1> CO PAH (Ho

socl1611pcK), YHI1BepcHTCTOM HM.KOMCHCKoro (Epa

TI1CJiasa , 4C<I>P), KopHCJihCKI1M yHHBepcHTCTOM 

(11TaKa, CiliA). B KE o6be,nHHCHHSI «11)KopcKHH: 3a

so.n» 3aBCpiDCHO 3CKH3HOC npOCKTHpOBaHHC Kpyn

HCHIDCH ,neTaJII1 ,neTCKTopa - )KeJIC3Horo SlpMa npo-

6e)KHOH CI1CTCMhi. Co3,naHa nepsaSI oqepe,nh KOM

nhiOTepHoro KOMnJICKCa, Ha KOTOpoM a,nanT11pOBaHI:>I 

nporpaMMbi MO)lCJIHpOBaHHSI, MaUIHHHOH rpa<jJHKH, 

BblllOJlHCHbl npo6HhiC paC4CThl MOACJIHpOBaHH; ,ne

TCKTOpa C-Tay <jJa6pHKI1. 

KaK 113BCCTHO, s 1993 r. s 11cCJie,nosaTCJihCKOM 

U.CHTpe (l0JII1X, <I>Pf) 6y,neT 3any~eH HaKOnHTeJib 

110HOB C 3HCpr11CH (nO npOTOHaM) ,llO 2,5 f3B H OX

Jia)K,IlaCMbiM ny4KOM (COSY). Y4aCTHe B no,nroToB

Ke <jJI13H CCKOH nporpaMMbl HCCJIC)lOBaHHSI Ha 3TOM 

yCKOp11TCJIC npe,nCTaBJISICT AJISI 011.5111 OC06hiH HHTC

pec. Y CKOpHTCJlb SIBJlSICTCSI CHHXpoTpOHOM HOBOJ"O 

llOKOJlCH SI, H 0)KI1)l3CMOC BbiCOKOC Ka4CCTBO ero 

ny4KOB 03BOJII1T nposo,nHTh Ha ero BHYTPCHHCM 

ny4KC PSIA HCCJIC)lOBaHHH Ha HC)lOCTynHOM paHCC 

yposHe. O ,nHaKo e~e 6oJiee sa)KHO, 4TO pa6oTa Ha

wux <jJH3HKOB Ha 3TOM yCKOpHTeJIC n03BOJIHT COXpa

HI1Tb Hay 4HO-TCXHH'ICCKHH nOTCHIJ;HaJI, HaKOnJICH

HbiH B Ol1.5IJ1 B o6JiaCTH <jJI13HKH npoMe)KyT04HhiX 

3HCprHH , Ha MHpOBOM ypOBHC, CBOCBpCMCHHO o6ec

llC411T 3<jJ<jJCKTI1BHYIO pa6oTy Ha HaKOnHTCJihHOM 

KOMnJICKCC K4-K10. 

C 3TOH U.CJlblO B 1991 r. <jJH3HKH Jia6opaTOpHH 

aKTI1BHO y4aCTsosaJIH s pa3pa6oTKe .nsyx npoeKTOB 

11ccne.nosaH11i1 Ha COSY: 

I> IIpe,nJIO)KCHa nporpaMMa HCCJie,nosaHHSI Bhi

COKOI1Mny JihCHoi1 CTPYKTYPhi .nei1TpoHa s peaKU.HH 

pa3sana .nei1TpOHOB npoToHaMH Ha BHYTPCHHCM ny4-

Ke HaKo 11TCJISI. Hosi13Ha npe,nJIO)KCHHSI onpe,neJISI

eTCSI 11Cll Jlb30BaHHCM He 113Y4CHHOH paHCC KOJ1Jll1-
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HeapHOH KHHeMaTHKH (COBIIa~eHHe rrpOTOHOB , HCny

CKaeMhiX ITO~ yrJiaMH 0 H 180°), IIIHpOKOrD HH

TepBaJia Hal!aJihHbiX :meprHH H nOJISipH3aU:HH o6eHX 

tiaCTHU: (npOTOHa H ~eHTpOHa) B Hal!aJihHOM COCTOSI

HHH (3 ). 
2) CoBMeCTHO c qm3HKaMH I1:.SH1 (lOnux) , 

JU151<l> (faTtiHHa), ll,M5IM (PocceH~op¢) no~ro
TOBJieHa nporpaMMa uccne~oBaHHSI no~noporosoro 

po)K~eHHSI 3apSI)KeHHhiX K-Me30HOB B rrpoTOH-SI~ep

HbiX coy~apeHHSIX [ 4 ]. HoBH3Ha rrpe~JIO)KeH HSI co

CTOHT B B03M0)KH0CTH H3MepeHHSI ~HQJQJepeHIJ:HaJib

HbiX CetieHHH reHepaU:HH KaOHOB H HX KOppeJIIIU:HH C 

BbiXO~OM rrpOTOHOB H ~eii:TpOHOB. (PaHee B no~no

poroBOH o6JiaCTH 6hiJIH H3MepeHhl JIHIIIb IIOJIHhie Ce

tieHHSI.) 

YKa3aHHbie nporpaMMhi SIBJISIIOTCSI QJH3Hl!eCKHM 

o60CHOBaHHeM ~JISI C03~aHHSI axpoMaTHl!eCKOro Mar-

HHTHOro cneKTpOMeTpa Ha BHyTpeHHeM ITY'!Ke HaKO

IIHTeJISI c oxJia)K~aeMbiM rrytiKOM [5 ). CrreKTpoMeTp 

TaKOro po~a He06XO~HM BBH~Y TOro, liTO OH II03BOJISI

eT HCIIOJib30BaTb HOBbie B03M0)KHOCTH, npe~OCTaB

JISieMbie HaKOnHTeJieM C OXJia)K~aeMhiM nyl!KOM. 

ComacosaHo c M51Cl> (lOnux) H3roTOBJieHHe H 

COBMeCTHOe HCIIhiTaHHe OnhiTHOro MO~YJISI 6biCTpbiX 

rrpOIIOpU:HOHaJibHbiX KaMep ~JISI 3KCnepHMeHTOB Ha 

BHyTpeHHeM rryl!Ke HaKOIIHTeJISI. ITo~roTOBJieH rrpo

eKT TeXHOJIOrHl!eCKOro yqacTKa <<A3poreJih». IJpOH3-

Be~eH QJH3Hl!eCKHH 3arryCK ycTaHOBKH H OTpa6oTaHa 

TeXHOJIOrHSI npoH3BO~CTBa a3porem1 B EpaTHCJiase B 

cosMeCTHOH pa6oTe c EpaTHCJiascKHM yHusepcuTe

TOM. ITonytieHhi nepBbie o6pa3U:hi a3poreJISI. CKoHCT

pyuposaH H Onpo6oBaH Ha rrytiKaX MIOOHOB H 3JieKT

pOHOB QJa30TpOHa J15JIJ Cl!eTl!HK C a3poreJibHbiM pa

~HaTOpOM. 

llPOBE.ll,EHME 3KCITEPMMEHT AJibHbiX MCCJIE)J,OBAHMM 

HA BCTPEqHbiX nYqKAX LEP, YCKOPM TEJIE Y -70. 
llO)J,rOTOBKA 3KCllEPMMEHTOB no ITPOrPAMME MCCJIE.ll,OBAHMM HA YHK 

CyMMapHaSI cTaTHCTHKa nonyl!eHHbiX Ha ycTa

HOBKe .[(EJ1Cl>J1 co6hiTHH C o6pa30BaHHCM HCHTpaJib

HbiX Z-6030HOB COCTaBJISICT 6onee 400 TbJC., '!TO II0-

3BOJIHJ[O IIOJIY4HTb HOBbie pe3yJibT3Tbl B o 6JiaCTI1 

npeU,H3HOHHOH npOBCpKH «MI1HI1M3JibHOif>> CTaH

~apTHOH MO~eJIH, B Onpe~eJieHHI1 ee rrapaMeTpOB 

(6 ), IIOHCKe HOBbiX l!aCTHU. (7 ), aHaJIH3C pacnpe~e

JieHHH no MHO)KeCTBeHHOCTI1 B a~pOHHbiX pacnaaax 

Z-6o30HOB [8 ), nposepKe npe~cKa3aHI1H KBa HTOBOH 

XpOMO~HHaMHKH, BKJII04351 onpe~eJieHHe KOHCT3HTbl 

CHJibHOro B3aHMO~eHCTBHSI as 11 TpexrJIIOOHHOH Bep-

IIIHHbl (9), H3yl!eHHH pacna~OB TSI)KCJlbiX KBapKOB 

[10 I H T .~. 

C ytieTOM oco6oro HHTepeca K TeopHSIM seJIHKoro 

o6be~HHeHHSI 3JICKTpOCJ136biX 11 CHJibHbiX B3ai1MO

~eHCTBHH B KOJ1Jla6opau,HH 6onhwoe BHHMaHHe 

y~eJISIJIOCb HC3aBHCHMhiM 3KCnep11MeHTaJihHbiM MC

TO~aM Orrpe~eJieHHSI KOHCT3HTbl CI1JihHOrO B3311MO

~eHCTBHSI as. B 4aCTHOCTH, onpeaeneHHe 3TOH seJIH-

l!HHhi npOH3BO~HJIOCb KOJIJia6opau.HeH 113 a HaJIH3a 

a~pOHHhiX pacnpe~eneHI1H oT pacna~a HCHTpaJi hHOro 

Z-6o3oHa. I13yl!aJiach 3aBI1CHMOCTh a
5 

OT Mac wTa6-

Horo ¢aKTopa ,u2 I M i, xapaKTep113YIO~aSI 4YBCTBH

TeJihHOCTh K BhiCIIIHM no a KX.[( nonpasKaM s asyx s 
sepcuSix yqeTa 3QJQJeKTOB a~pOHI13aU,H11 nap TOHos: 

JETSET7.2 PS 11 JETSET7.2 ME (p11c. l). 0 KOH4a

TeJihHbiH pe3yJlhTaT a sCM 2 ) = 0, 112±0,007 Haxo-

JlHTCSI B XOpOIIIeM COrJiaCI111 C OIIpCJlCJieHHSIM H 3TOH 

KOHCTaHTbl ~pyri1MI1 MCTOJlaMH B .[(EJ1Cl>J1 11 Apyri1X 

KOJIJia6opau.HSIX LE P . 
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ITo TeMe «I1CCJie~oBaHHe Ha rryl!KaX HefiTpHHO H 

3HTHHei1TpHHO Ha yCKOpHTeJie J1Cl>B3>> 33BCpiiieHa 

o6pa6oTKa ~aHHbiX s 3KcnepHMeHTe no noHcKy 

<<npSIMbiX>> HefiTpHHO OT pacna~a 043pOB3HHbiX tiaC

THU: MeTO~OM IIOJIHOrD norJIO~eHHSI npOTOHHOrD 

rrytiKa c 3HeprHei1 70 f3B )KCJle3oM (beam dump). 

CHrHaJI oT <<npSIMbiX» 3JleKTPOHHbiX HCHTpHHO 11 aH

THHei1TpHHO He o6Hapy)KeH. BepxHSISI rpaHHU:a ce4e

HH51 pmK~CHHSI 04apOBaHHbiX l!3CTHU. B rrpOTOH-HyK

JIOHHbiX B33HMO~eHCTBHSIX npH 3HCprHH 70 f3B pas

Ha OCC $ 2,4 MK6/HyKJIOH. 3TOT pe3yJlbTaT 

cy~eCTBCHHO HH)I(C pe3yJlbT3T3, IIOJiyl!eHHOrD paHee 

Ha cneKTpoMeTpe EVIC, 11 He npoTHsope4HT npe~

cKa3aHH51M KB3HTOBOH XpOMO~HH3MHKH [11 ] . 

3aKOH4CHa o6pa60TKa ~aHHhiX C U,CJlblO IIOHCKa 

.11erKHX Hei1TpaJihHhiX 6o3oHoB X11rrca s npoTOH

SI~epHbiX B3aHMO~CHCTBHSIX np11 3Hepr1111 70 f3B. 

ITo11cK ocy~ecTBJISIJICSI no asyM KaHaJlaM pacnaaa 

H0
-+ e+ e- 11 ~-+ yy nyTeM aHaJIH3a 113011HposaH

HbiX 3JICKTpoMarHI1THbiX J111BHei1 s Hei1Tp11HHOM ae

TeKTope. B paMKax MI1H11M3JlbHOH scpCHH CTaHaapT

HOH MOJlCJ111 3Kcnep11MCHT 11CKJII04aeT cy~ecTsosa

HI1e 6o30HOB X11rrca B 11HTepsane Mace OT 1 ao 
80 M3B [12). 

B MI1HI1MaJihHOM cynepc11MMCTpHl!HOM sap11aH

TC pacw11pCHI1SI CT3HA3PTHOH MOACJII1 (MSSM) cy

~eCTBYIOT asa Ay6neTa 6o30HOB X11rrca, KOTOpbte 

o6pa3yiOT Tp11 HCHTpaJihHbiC CK3JIS!pHbiC 11 IICCBJlO

CK3JIS!pHbiC 4aCTI1LI,bl. .[(Be 113 HHX - OAH3 CKaJIS!pHaSI 

H 11 oaHa ncesaocKaJISipHaSI A - MoryT 6hJTb nerKI1-

MI1. B pe3yJII>TaTc aHaJII13a 21 co6biTI1SI c 3JICKTpo

MarHHTHbiMI1 JII1BHSIMI1, 6C3 MIOOHa 11 C 3HCpr11CH 3Jl-
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2 I M~ 

pOHOB MCHblllC 1 ,5 r3B Cl1rHaJI OT CJia6o B3ai1MOACH

CTBYJO~I1X nerKI1X cKaJISipHbiX 11 nceBAOCKaJISipHbiX 

4aCT11U., pacnaAaJO~HXCSI Ha e + e-- 11JII1 yy-napbi, He 

6biJI o6Hapy.>KeH. 

3KcnepHMCHT AaCT CJICAYJO~I1C OrpaHI14CHI1SI Ha 

MaCCbl JICrKI1X CK3JIS1pHblX 11 nCCBAOCKaJISipHbiX 4aC

TI1U, (Ha 95% ypOBHC AOCTOBCpHOCTI1): m
5 

< 

< 120 M38 AJISI T
5
. = 10-IO C, m < 80 M38 AJISI 

ps 
T = 4 · 10-ll C. 

ps 

flOJIY4CHbl orpaHH4CHI1SI Ha MaCChi aKCI10HOB 

AJISI ABYX HHTepsanos napaMeTpa X = v/v 1, onpe-

ACJISIJO~ero OTHOlllCHI1C BCJII1411H BaKyyMHOro O.>KI1-

AaHHSI AJISI ABYX Ay6neTOB XHrrca (s cTaHAapTHOH 

MOACJIH X= 0): AJISI X< 1 0,2 < mA < 11,0 M3B; 

AJISI X> 1 0,2 < mA < 3,2 M3B. 

BbmOJIHCHa cepHSI pa6oT no npo6neMe cynep

SIACP H o6cy.>KACHbi nepcneKTI1Bbi A3JibHCHlllHX HC

CJICAOBaHI1H Ha ACHCTBYI0~11x 11 npoeKT11pyeMbtX 

ycKopi1TCJISIX [ 13 1. 

floAroTOBJICHbl npeAJIO.>KCHI1SI no noHcKy ocu,I1JI-

JISIU,I1H HCHTp11HO ve ~ v x Ha ycKopHTCJie Y -70 

11<1>83 (flpOTBI1HO) 11 OCU,11JIJISIU,11H V ~ V 11 V ~ V It T t' T 

Ha SPS-450 UEPH ()KeHesa) 1141. 

Ha ycTaHOBKe <<rHnepoH>> noAroTOBJICH 11 ocy

~eCTBJISICTCSI HOBbiH U,11KJI 11CCJICAOB3HI1SI pacnaAOB 

K+ .,. .n: + .n:O.n:O· .n: + .n:Oy· .n;O.n:O, + v· .n:O, +y . .n: + .n:O.n:Oy· 
' t (; t L t ' 

.n:+yyy. B 1991 r. Ha6paHa 6oJihlllasr (10
7 

Tp11rrepoB) 

cTaTI1CTI1Ka. B 3TOH cep1111 onhlTOB cyw,ecTBCHHO 

yTo4HSieTCSI BKJiaA CTPYKTypHoro H3JIY4CHI1SI, poJih 

paA11aU,HOHHbiX nonpaBOK, nposepSICTCSI npaBHJIO 

t::.T = 1/2. B PSIAC CJiyl!aes 6yAeT noJiyl!eHa peKOPA

HaSI cTaTHCTI1Ka, liTO KapAHHaJihHO yTOl!HHT H3BCCT

Hbte BCJII1411Hbl. flpCAYCMOTpCH D011CK HOBbiX CXCM 

pacnaAa . 803MO.>KCH DOI1CK 4pC3Bbil!aHHO PCAKHX 

pacnaAOB C ,U - MC30HaMH npH o6ecnel!CHHH ycTaHOB

KH ,U-11ACHTHcPI1KaTOpOM. 

flo npoeKTY MLIC, BKJIJOl!aSI Me.>KAyHapoA-

Hoe COTPYAHHl!CCTBO <UEPH, HH<l>H, <l>HAJI, 

CCK), BbinOJIHeHo npeAsapHTCJibHoe MOACJIHposa

HHe 11HKJIJ0311BHoro po.>KACHHSI B-Me30HOB s pp-CTOJI

KHOBeH SIX npH 3 T38 ( 15) H DOJIYl!CHbl OU,CHKH TCX

HH4CCKI1X napaMeTpos cneKTpoMeTpa MLIC. 

Ll,JISI COBMCCTHOro <l>HAJI - Jl.Sifl 3KCDCp11MCH

Ta E771 no cPI1311Ke B-MC30HOB B nyl!Ke npoTOHOB c 

3Hepr11CH 800 r3B BbiDOJIHCHO MOACJIHpOBaHHC Bbi

XOAOB 11 yCJIOBI1H pemcTpau,uu B-Me30HOB. AHaJII1-

TH4CCKH 11 3KCnepHMCHTaJibHO HCCJICAOBaHa 3JICKT

p114CCK3 SI npo3pa4HOCTb npOBOJIOl!HblX CCTOK AJISI ra-

30pa3pSJAHbiX ACTCKTOpoB l!aCTHU,. Y CTaHOBJICHbl 

ODTI1MaJibHbiC yCJIOBI1SI AOCTI1.>KCHHSI MaKCHMaJibHOH 

(100%) npo3p34HOCTI1 (16). 

B co s MeCTHOM c UEPH 3KcnepuMeHTe WA91 no 

DOI1CKY H 11CCJICAOBaHI1JO <<HC QQ-MC30HOB» B U,CHT

paJibHbiX pp-B33HMOACHCTBI1SIX np11 450 r3B COTPYA

HI1KI1 JI.Si fl np11HI1M3JIH y4aCTI1e B H3roTOBJICHHI1 an-
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P11c. 2. PacnpeAeJJeHHe nap :n: + :n:- no npOAOJJbHOH cocrannsuo

l.l.\ei1 QL OTHOCHTeJibHOI'O HMnyJJbCa Q. I'J.ICTOrpaMMa- 3KCnepH-

MeHTaJJbHble A3HHble, CnJJOWH3SI KpHB3SI - paC'IeT C y'leTOM Ky

JIOHOBCKOI'O B33HMOAeHCTBHSI, nyHKTHpH3SI JIHHHSI- pacnpeAeJJe

HHe nap 6e3 y'leTa KYJJOHOBCKOI'O B33HMOAeHCTBHSI 
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P11c. 3. KoppeJJSII..(HOHHaSI ¢YHKl.IHSI R(Q) o6pa3osaHH SI nap 
+ -:n: :n: 

napaTyphl s UEPH, ocHameHHH raMMa-KaJiopHMeT

pa (QJibfA) ~eTeKTOpaMH 113 Jl51I1, Ha6ope CTa

THCTHKH. 

B 1991 r. s cosMeCTHOM 11<l>B3, 0115111, 11<1> AH 

fpy3HH, 11H<l>H (MHJiaH) 3Kcnep11MeHTe Cl1 f MA

A51KC 3aBeprneHa 3Kcnep11MeHTaJihHaSI nporpa MMa 

no 11CCJie~osaHHIO pe~KHX npou,eccos c o6pa3osa

HI1eM tJaCTHU. c OOJihllli1MI1 pt 11 KoppeJISIU,11H 3TI1X 

l.JaCT11U. BO B3ai1MO~eHCTBI1SIX a~pOHOB C Sl~paMI1 

I 17-19 ). 3aKOHl.JeHa o6pa6oTKa 11H<PopMaU,1111 no 
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no11cKy ~116apHOHHhiX pe3oHaHcos s o6JiaCTH ¢par

MeHTaiJ.HH MHilleHH C HCnycKaHHeM CI1MMeTp11l.JHhiX 

nap tJaCTHU. s nBe-s3aHMo~elicTBHSIX npw 11MnyJibce 

43 f3B/c [18 ]. YcTaHOBJieHa sepxmu1 rpaHwu,a Ha 

cymeCTBOBaHHe ~116apHOHOB B o6JiaCTI1 MaCC 

2,5+4,1 f3B/c2 B Jr±d-peaKU,HSIX . .ll.JISI n-Be-B3aH

MO~eHCTBI1H OHa HaXO~I1TCSI B ~Hana30He 

0,4+24,2 MK6 B 3aBI1CHMOCTI1 OT MO~bl pacna~a, 

3Hal.JeHHSI MaCChi H lllHpHHbl pe30HaHCa. IloJiyl.JeH

Hbie ~aHHble nO o6pa30BaHHIO ~H6apHOHHbiX pe-

30HaHCOB, H30TpOllHO pacna~aiOIII,HXCSI Ha ~Ba npo

TOHa, n03BOJISIIOT OU,eHHTb BKJia~ 3THX npou,eCCOB 

B noJIHOe Heynpyroe cetJeHwe n -Me30HOB Ha SI~pe 

Be npw HMnyJihce 43 f3B/ c: B ~wana3oHe Mace 

2,5+4, 1 f3B/ c
2 

3TOT BKJia~ He npeBbilllaeT 

-(0,5+8,5) ·10-S. IloJiyl.JeHbl BbiXO~bl 3apSI.)l(eHHbiX 

n- -, K- -Me30HOB, npoTOHOB H aHTHnpoTOHOB ~JISI 

7 < p < 12,5 f3B/c H 0,03 < p; < 0,3 (f3B/c)
2

. 

l13yl.JeHhi 11MnyJihCHbie pacnpe~eJieHHSI ripoTOHOB H 

aHTHnpOTOHOB H HX OTHOliieHI1SI B yKa3aHHbiX KHHe

MaTHl.JeCK11X o6JiaCTSIX [19 ). 

3asepllleHO H3MepeHI1e ¢HJibMOBOrD MaTep11aJia 

no 3Kcnep11MeHTY PSI (6oJiee 10 ThiC. co6biTI1H). 

Do~roTOBJieH MaTepwaJI 11 nposo~HTCSI aHaJIH3 no 

113ytJeHHIO KJ 11 A 0 conpoBO.)l(~eHHSI 1-l + 1-l- -nap H 11C-
s 

CJie~OBaHI1SI MeXaHI13MOB p0.)l(~eHI1SI J /1/J l.JaCTHU, B 

n-C-B3aHMO~eHCTBI1SIX np11 38 f3B/c (20 ). 

B 3Kcnep11MeHTax no no11cKy 11 113ytJeHHIO CBSI-

3aHHbiX Me30H-Me30HHbiX 11 fJIIOOH-rJIIOOHHbiX CO

CTOSIHHH HCCJie~osaH 3¢¢eKT KYJIOHOBCKoro B3ai1MO

Aei1cTBI1SI Me.)l(AY Jr+- 11 Jr- -Me30HaMI1, p0.)l(AeH

HbiM11 s (p-Ta) -B3a11MO~ei1cTBI1SIX np11 3Hepm11 

npoTOHOB 70 f3B. 3¢¢eKT KYJIOHOBCKOro B3ai1MO

AeHCTBI1SI np11BOA11T K 6hiCTpOMY yseJIHl.JeHI110 BbiXO

Aa Jr + Jr- -Iiap C yMeHhllleHI1eM OTHOCI1TeJibHOro 11M

nyJihCa (B c.u,.11.) napbi Q OT 6 M3B/c AO HYJISI [21 I 
(p11C.2 11 3) . 

IloJiy4eHbl nepBbie pe3yJihT3Tbl no nOI1CKY A11-

Me30aTOMOB, o6pa30BaHHbiX Jr+- 11 Jr- -Me30HaMI1 

('A2:n:). ATOMbi reHep11posaJII1Cb npoTOHaMI1 c 3Hep-

rwei1 70 f3B, B3311MOAeHCTBOB3Blll11MI1 C TOJICTOH 

(d = 10 MKM) 11 TOHKOH (d = l ,4 MKM) TaHTaJIOBbi

MI1 Ml1llleHSIMI1. OcymecTBJISIJICSI no11cK ni10HHhiX 

nap, B03HI1K3101UI1X np11 pa3BaJie aTOMOB B TOJICTOH 

TaHTaJionoii Ml1llleHI1. XapaKTepHoH 4epToi1 TaKI1X 

nap SIBJISieTCSI MaJIOe 3Ha4eHI1e OTHOCI1TeJibHOro HM

nyJihCa Q s c.u,.11. napbi <Q !': 2 M3B/c). Pa3pelllaiO

maSI CnOC06HOCTb ycTaHOBKI1 no OTHOCI1TeJibHOMY 

11MnyJihcy pasHSIJiaCh ~Q :::::: l ,6 M3B/ c. Ha TOJICTOH 

Ml1llleHI1 3aperi1CTp11pOBaHO 1136bJT04HOe 411CJIO nH

OHHbiX nap C M3JibiMH OTHOCI1TeJibHbiMI1 11MnyJihCa

MH <Q !': 2 M3B/c): N = 116±37. 0TcyTCTBI1C H3-

6hiTKa nap Ha TOHKOH MHllleHI1 (N = 16±36) 11 pac-

4eTbl 0.)1(11AaeMOro 4HCJia aTOMOB nOK33biB310T, 4TO 

Hai160Jiee BepOSITHbiH MeX3HI13M B03HI1KHOBeHHSI 113-



YcTaHOBKa <1>A3A. Ha CHI1MKe: npo<jJeccop X .011WJiep, AOKTopa <l>.J111nc 11 P .6apT (<l>Pr), npo<jJeccop 3.Hop6eK (ClllA) 11 npo<jJeccop 
B.A.KapHayxoo • 

6hiTO'IHhiX nap- reHepaiJ;HSI aTOMO~ B (p-Ta)-B3aH

MOAeHCTBHSIX C nOCJieAyiOID;HM pa3BaJIOM aTOMOB B 

TaHTaJIOBOH MHmeHH. 

Ha ycKopuTeJie JUUI<l> (faT'IHHa) no nporpaM

Me «.[(u6apHOH» B npou;ecce H3y'IeHHSI nOJIS1pH3aiJ;H

OHHhiX 3<1xt>eKTOB B aApoH-aApoHHhiX B3aHMOAeHCT
BHSIX npoBeAeHhl H3MepeHHSI aHaJIH3Hpy10m;eif CnO
COOHOCTH B peaKu;uu .n:+ d-+ 2p npu 3Ha'IeHHSIX 

3Heprnu nuoHOB 350, 400 u 450 MJB. Ilpu 3HeprnS1x 

350 u 400 MJB aHaTIH3Hpy10m;aSI cnoco6HOCTh He oT

JIH'IaeTCSI OT pe3yJihTaToB, noJiy'IeHHhlx npu 6oJiee 

HH3KHX JueprnSix Ha ycKopuTeJie PSI. 0AHaKo npu 

nepexoAe K 3Heprnu 450 MJB Ha6JIIOAaeTCSI pe3KHH 

poeT auanu3upy10m;eif cnoco6HocTu, npaKTH'IeCKH 

AO ee KHHeMaTH'IeCKOro npeAeJia 2/3. IJpeAnOJiara
eTCSI, 'ITO TaKOH J<t><l>eKT MO)I(eT 6b1Tb CBSI3aH C oopa-

30BaHHeM AH6apuoHHoro pe3ouauca B 1G
4
-cocroSI

uuu pp-CHCTeMhl (22). 

Ha ycKopuTeJie SATURNE-2 (CaKJie) ua'IaTo 

ucCJieAOBauue ynpyroro np-pacceSIHHSI B uuTepBane 

3Heprnif 0 ,8+2, 7 f3B AJISI onpeAeJieHHSI aMUJIHTYAhl 

NN-pacce.SIHH.SI u ucCJieAOBauu.SI oco6eHuocTeif Juep

reTn'IecKoif 3aBHCHMOCTH nOJIS1pH3aiJ;HOHHhiX napa-

MeTIJ<?B B OKpeCTHOCTH 3Ha'IeHHSI 3HeprnH 2,1 f3B, 

OTBe'IaiOrn;ero AH6apuouuoMy pe3oHaucy B NN-cu
CTeMe. 113MepeHhl nOJI.SipH3aiJ;HOHHhle napaMeTphl 

A00 0 u A 000 , KoppeJISIIJ;HSI noJI.s~pu3au;uif A
00 

, na

paM~Tphl DO:On H KOnnO npu 0,88, 0,91 H 0,94 f3B 
[23). 113MepeHhl nOJI.SipH3aiJ;HOHHhle napaMeTphl B 

ynpyroM pp-pacceSIHHH npH nSITH 3Ha'IeHH.SIX 3Hep
rHH (1960 , 1980, 2000, 2020, 2040 MJB) c IJ;eJibiO 
nOHCKa 3HOMaJIHH B 3HepreTH'IeCKOH 3aBHCHMOCTH 

3THX napaMeTpoB B o6JiaCTu Jueprnif 2,0+2, 1 fJB, 

CBSI3aHHbiX C oopa30BaHHeM AH6apHOHHOro pe30-

uauca. 

B KOJIJia6opau;uu <l>A3A COTPYAHHKaMH JI.SIII 

COBMeCTHO C 11A3 HM.Kyp'IaTOBa, 11.SI<l> (KpaKOB), 

11.SI<l> TY (,[(apMmTaAT) u U:11.S111 (PocceUAo.P<P> co-

3Aaua 4.n:- yCTaHOBKa <l>A3A, npeAHa3Ha'IeHHa.SI AJI.SI 

HCCJieAOB HHSI MeXaHH3Ma MHO)I(eCTBeHHOH 3MHCCHH 
Q>parMeHTOB npoMe)l(yTO'IHOH MaCChi cneKTaTOpa 

Mumeuu B MPO-.SIAepHhiX coyAapeHH.SIX npu npoMe
)I(YTO'IHO • u BhiCOKOH Jueprnu. Kouequoif u;eJihiO 

pa6oThl Sl JISieTCSI noJiyqeuue uuQ>opMau;uu o6 ypaB

ueuuu COCTO.SIHHSI SIAepHoro Bem;ecTBa npu TeMnepa

Typax BUJIOTb AO KpHTH'IeCKOH Tc = 15-17 MJB u o 
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P11c. 4. J1:syMepH3SI M3Tp111.{3 ,liJISI COBna,neHI1H cj>parMeHTOB 80 

speMHnponeTHOM Tp11ITepe (TQF) 11 003111.{110HHO-'IYBCTBHTenb

HOH K3Mepe yCT3HOBKI1 «l>A3A. llo OCI1 Op,n11H3T- M3CCOBoe '111C

no Tp11ITepHOI'O cj>parMeHT3, 00 OCI1 a6ci.{I1CC - OTHOCI1TenbH3SI 

cKopocTb cj>·parMeHTOB • .D:n11 TOF-1 (a) 'leTKo paa,nenHJOTCII ,nsa 

Knacca co6b1TI1H: ,neneHI1e (A=S0-100) 11 cj>parMeHT31.{1111 . J1:n11 

TOF-5 (6) perncTpal.{l111,neneHI111 KI1HeMaTI1'1eCKI1 aanpell.{eHa 

B03MO.>KHbiX <t>a30BbiX nepeXOAaX THna «Kp3KHHI'>> H 

«.>KHAKOCTb - ra3>>. Y CTaHOBKa COCTOHT H3 AeTeKTO

pa MHO.>KeCTBeHHOCTH <t>parMeHTOB (64 C~HHTHJIJHI

~HOHHbiX ct~eT'IHKa c DJieHO'IHbiMH CsJ (Tl)), 5 spe

MSinpoJieTHbiX TeJieCKOnOB <t>parMeHTOB H n03H~HOH

HO-'IYBCTBHTeJibHOH Jiasuuuoli KaMepbl. UepsbiH 

pa6o'IHH ceauc c ycrauosKoH <l>A3A ua ny'IKe cuux

po<t>a3oTpoua 0115111 ycnemuo nposeAeH B ceHTS16pe 

1991 r. Upu B3aHMOAeHCTBHH peJISITHBHCTCKHX SIAep 
4He u Au 3apemcrpuposauo OKOJIO 350 TbiC. co6bi

THH, Ka.>KAOe H3 KOTOpbiX OnHCbiBaeTCSI 135 napaMeT

paMH. lloJiy'leHa HH<i>opMa~HSI 00 3HepreTH4eCKHX H 

MaCCOBbiX CneKTpax <t>parMeHTOB, HX MHO.>KeCTBeH

HOCTH, 0 pacnpeAeJieHHSIX no OTHOCHTeJibHbiM CKOpo

CTSIM u yrJIOBbiX KoppeJISI~HSIX. Ha puc.4 noKa3au 

ABYXMepHbiH DJIOT. llpu ucnoJI&3osauuu TeJiecKona 

N!!1 (puc.4,a) 'leTKO BbiAeJISIIOTCSI ABa KJiacca co6bi

THH: AeJleHHe (Maccosble 'IHCJia 50-1 00) u <t>par

MeuTa~uSI. Upu ucnoJI&3osauuu TeJiecKona NQ5 
(puc.4,6) KHHeMaTH'IecKne yCJIOBHSI ncKJIIO'IaiOT pe

rncTpa~uro AeJieHHSI, 6oJI&maSI'IaCT& co61>1THH oTBe

'laeT <t>parMeuTa~uu [24 ]. 

HCCJIE,ll;OBAHIUI DO <I>H3HKE HH3KHX H UPOME)KYTOqHbiX 3HEPrHA 

B Te'leuue 1991 r. ua rry'IKe «nosepxuOCTHbiX>> 

MIOOHOB <t>a30TpoHa Jl51ll o6&eAHHeHHOH rpynnOH 

JIIUI<l> - 0115111 pa3pa60Taua nocrauosKa 3Kcne
pnMeuTa no nOHCKY KOHBepcHH MIOOHHH - aHTHMIO

OHHH u rrposeAeHa nepsaSI cepuSI H3Mepeuuli sepoSIT

HOCTH 3Toro npo~ecca. 

JKCnepHMeHTaJibHaSI YCTaHOBKa (pHC.5) COCTO
HT H3 TpaKTa ny'IKa «nOBepXHOCTHbiX» MIOOHOB (1), 
MHIDeHHOro yCTpoHCTBa (2) C B03MO.>KHOCTbiO aHaJIH-

3a ,uSR-CHrHaJia MIOOHHSI, MarHHTHOro cneKTpoMeT

pa (3). Pa60Ta npoBOAHJiac& ua ny'IKe «nosepxuocr

HbiX>> MIOOHOB <t>a30TpoHa C HMnyJibCOM 22 ~f38/c 
(!l.P/ P"" 6%, ci<sa.>KHOCTb ny'IKa 75%). llaAaiO

w;uli ny'IOK MIOOHOB 3aMeAJISIJICSI H OCTaHaBJIHBaJI
CSI B MeJIKOAHCnepcuoM nopomKe Si0

2 
c TOPM03-

uoli TOJIIIJ;HHOH 10 Mr/ CM2
, rAe o6pa30BbiBaJICSI MIOO

HHH, AH<t><l>YHAHPYIOI.U;HH C 'TenJIOBbiMH CKOpOCTSIMH 
B saKyyMuyro o6JiaCTb (o6JiaCT& M-M nepexoAa: 

BHA A-A). llOCJie npoxo.>KAeHHSI saKyyMuoro oKua 

H3 Al TOJIIIJ;HHOH 100 MKM n03HTpoHb1 HJIH 3JieKTpo-
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Hbl (u-e)-pacnaAa c 3Hepmeli B HHTepsane 

30+52,8 M3B ua6JIIOAaJIHCb c noMOID;biO 'leTblpex 

rrponop~HOHaJibHbiX KaMep. illHpoKoanepTypHbiH 
cneKTpoMeTpU'IeCKHH MarHHT C nOJieM B ~eHTpe Mar-

• HHTa 2,23 Krc OTKJIOHSIJI oopa30BaBmHeCSI OT pac
naAa MIOOHa 3JieKTp0Hbl H n03HTpoHb1 B npoTH
BOnOJIO.>KHble uanpasJieHHSI. C~HHTHJIJISI~HOHHbiH 

ct~eT'IHK c
5

, pacnoJio.>KeHHbiH 3a KaMepoH UK4, 

<i>opMHpoBaJI speMeHHOH CHrHaJI pemCTpnpyeMOro 

co6biTHSI. BxoASIID;He MIOOHbl perncTpnposanuc& 

C4eT4HKOM C I C nJiaCTH4eCKHM C~HHTHJIJISITOpoM 

TOJIIIJ;HHOH 60 MKM H OCTaHaBJIHBaJIHCb B nopom

Ke Si0
2 

. .l1,JISI Ka.>KAoro co6biTHSI pemcrpuposanac& 

T04Ka npocrpaucTBa saKyyMHOH o6JiaCTu s6JIH3H 

MHmeuu, KyAa npoAH<t><l>YHAHpoBaJI MIOOHHH AO MO
MeHTa pacnaAa MIOOHa, H HHTepBaJI BpeMeHH 

Me.>KAy MOMeHTOM ocrauoBKH MIOoua u MOMeHTOM 

perncTpa~uu no3nTpoua B cneKTpoMeTpe. BbiXOA 

MIOOHHSI B BaKyyM OnpeAeJISIJICSI H3 aHaJIH3a Bpe

MeHHOro pacnpeAeJieHHSI n03HTpoHOB (u-e)-pacna

Aa AJISI pa3JIH4Hb1X 4aCTeH BaKyyMHOH OOJiaCTH. 
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PHC. 5. CxeMa 3KCnepHMeHTaJJbHOH ycTaHOBKH no nOHCKy KOHBepC1111 MIOOHHH-a HTHMIOOHHH Ha !jJa30TpOHe 

B TelleHHe 1991 r . Ha nyliKe <<nosepxHOCTHbiX» 

MIOOHOB QJa30TpOHa J15J:fl HCCJJCAOBaHbl napaMeTpbl 

nylJKa «flOBCpXHOCTHbiX» MIOOHOB, H3YlJCHbl QJOHO

BbiC yCJJOBHSI s 3KcnepHMCHTe, HCCJJCAOBaHa se

pOSITHOCTh BhiXOAa MIOOHHSI H3 nopowKa Si0
2 

B sa

KyyM. 

TipeABapHTCJihHhiH aHaJIH3 AaHHhiX, noJiylleH

HhiX B nepBOH cepHH H3MepeHHH BCpOSITHOCTH KOH

BCpCHH MIOOHHH-aHTHMIOOHHH Ha QJa30TpOHe, AJISI 

BCJIHlJHHhl WM AaeT 3HalJeHHe WM < 3,6 • 10-6 

(GMM < 0,38 GF), '-ITO, KaK BHAHO H3 npHBCACHHhlx 

BbllllC AaHHbiX, cpaBHHMO C pe3yJihTaTaMH, nOJIY'-ICH

HbiMH paHee Ha MC30HHbiX <j:Ja6pHKaX. 

B CJJCAYIOweM rDAY nJiaHHpyeTCSI nposecTH BTO

PYIO _cepHIO H3MepeHHH sepoSITHOCTH KOHBepcHH 

M-M . .llJISI 3Toro B HaCTOSiwee speMSI npoBOAHTCSI 

MOACPHH3aU.HSI TpaKTa ny'-IKa <<nosepxHOCTHhiX» 

MIOOHOB AJISI YBCJIH'-ICHHSI HHTCHCHBHOCTH H flJIOTHO

CTH OCTaHOBOK MIOOHOB B MHWCHH. 

B 1991 rDAY B paMKax npoeKTa J1KC npOAOJI

)i(aJIHCb CHCTCMaTH'-ICCKHC HCCJJCAOBaHHSI ,U-aTOMHbiX 

11 ,u-MoJieKyJISipHbiX npou.eccos B lJHCTOM ACHTepuu. 

lJ.eJibiO pa60Tbl 6hiJIO H3MepeHHC TCMnepaTypHOH3a

BHCHMOCTH CKOpOCTl1 o6pa30BaHHSI MC30MOJICKYJI 

dd,u pa3ACJihHO AJISI Ka)I(AOro cocTOSIHHSI CTC dft
aToMa co cnHHOM F = 3/2 " F = 1/2 0.312 "A. 1 12>. 
Bcero 6hiJIO BhinOJIHCHO 8 ocHOBHhiX 3KCn03HU.Hi1 c 

ACHTCpHCM B TCMnepaTypHOM AHana30HC OT 22 

()I(HAKHH ACHTepHii) AO 205 K. Hai~AeHHhle B pe-

3YJihTaTe aHaJIH3a 3Hal.J:CHHSI BeJIH'-I:HH A.312 H ~l/2 
npHBCACHbl Ha pHC.6 • .llJIS13aBHCHMOCTHAlfiT) HMC

CT MCCTO XOpowee COrJiaCHC AaHHbiX KaK C H3-

MepeHHSIMH rpynnhl BeHa-PSI [25 ], BhlnOJIHCHHbiMH 

c ACHTepu eM MaJIOH nJIOTHOCTH (¢ = 0,04), TaK H c 

TeopeTH'-ICCKHMH pac4eTaMH [26 ). B CJJyqae A.312 (T) 

Ha6JIIOAa CTCSI HCKOTOpoe paCXO)I(ACHHC flOJIY'-I:CHHbiX 

pe3yJihTa TOB KaK C paC'-I:CTaMH Ha OCHOBC <<TpaAH

U.HOHHOif>> MOACJIH BecMaHa, TaK "c AaHHhiMH BeHa

PSI. Tio Jiy4eHHhie AaHHhie 3aMeTHO HH)I(e onTH

MaJihHoH. 3aBHCHMOCTH AJ/J (T), ycTaHOBJICHHOH 

rpynnoii BeHa-PSI. 06a Ha6opa 3KcnepnMeHTaJib

HhiX Aa HbiX npH BbiCOKOH (f/J = 1) H HH3KOH 

<¢ < 0,1 ) nJIOTHOCTH ACHTepnSI yAaeTCSI corJiacosaTh 

MC)I(AY co6oii B paMKax TeopHH, Y4HThiBa!Om.ei1 3a

BHCHMOCTh A.312 OT flJIOTHOCTH 3a Cl.J:CT YAapHOro ywH

peHHSI p C30HaHca. 3TO fl03BOJISICT CACJiaTb 3aKJII04C

HHC 0 B03M0)1(H0M Cylll,eCTBOBaHHH 3QJQJCKTa nJIOTHO

CTH B o6pa30BaHHH MIOOHHbiX MOJICKYJI dd,U H3 

BCpXHCro CflHHOBOro COCTOSIHHSI d,u-aTOMa. 

TioJiy lleHHble s pe3yJihTaTe aHaJIH3a AaHHhiX 

3HalJCHH SI CKOpoCTH nepeXOAOBAd MC)I(Ay COCT09:HHSI

MH CTC d,u-aTOMOB F = 3/2-+ F = 1/2 npHBeAe

HhJ Hap c.6. Pe3yJihTaThl noA.d xopowo corJiacyiOTCSI 

C 3KCnep HMCHTaJibHblMH pe3yJihTaTaMH, flOJIYlJCH

HhlMH A PYrHMH rpynnaMH npH MaJioii nJIOTHOCTH, 
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P11c. 6. H3MepeHHbie 3aBHCHMOCTH A.3n<T> 11 A.u2<T> <•> . 
CnnowHbie KpHBbie - pac4eTbi Ha ocHose MO,!IenH B ecMaHa, 

WTpHXOBble - Bbi4HCneHHll C y4eTOM ywHpeHHll pe30HaHCa 

H nJioxo cor;mcyiOTCSI c pac4eTaMH. Heo6 xo.nu

Mo OTMCTHTb, l.[TO OC06eHHOCTH nOCT3HOBKH li,3H

HOfO 3KCnepHMCHT3 H xapaKTep 33BHCHM OCTH 

A.ddp. = A.312 + A. 1 12 OT suepmH d.u-aTOMOB o6y CJiaB-

JIHBaiOT yHHKaJibHYIO B03MO)KHOCTb ou;enKH c Kopo

CTH HX TCpMaJIH331.1;HH, HCXOli,SI H3 BpCMCHH 33J{Cp)K

KH H34aJI3 HeHTpOHHOfO BpeMeHHOfO CneKTpa t OT-
• M 

uocuTeJibHO MoMenTa ocTaHOBKH Mrooua t . 
MO 

3H34CHHe t onpeJ{eJISIJIOCb H3 CneKTpa «MrHOBeH-
lttO 

HbiX>> MC30pCHTrCHOBCKHX y-KB3HTOB OT 3TOMHOfO 

33XB3T3 MIOOHOB B CTCHK3X MHIIICHH. CpaBH CHHe 

nOJiyqeHHOH pa3HOCTH (t - t ) C pac4eTHbiM Bpe-no .wY 

MCHCM npOJieTa HeHTpOHOB OT MHIIICHH li,O ll,eTeKTOpa 

npHBOli,HT K 33KJII04CHHIO, 'ITO BpeMSI TCpM3JIH33U:HH 

d.u-aTOMOB B Ae:HTepHH B naiiiHX yCJIOBHSIX (¢ = 1) 

ue npeBhlmaeT 2 uc. 3To corJiacyeTCSI c pac4eTaMH 

CC4eHHSI d.tt + d (27]. 

B COBMCCTHOM 0J.151J.1-J.1H<l>H (J.1TaJIHSI) 3KC

nepHMCHTe OEEJIJ.1KC no HCCJieAoBaHHIO B33 HMO

ACHCTBHH anTHnpoTouos c uyKJIOHaMH H SIApaMH ua 

LEAR <U.EPH) noJiy4eHbi HOBbie pe3yJibT3Tbi n o HC

CJieAOBaHHIO peaKu;H:H TionTeKopso- peAKHX p eaK

u;u:H 3HHHrHJISII.I;HH, 3anpei..U.eHHbiX H3 CB060li,HOM 

nyKJioue, no pa3peiiieHHbiX npH auuurHJISIU:HH ua 

uyKJioue, CBSI3auuoM B SIApe. TipHMepoM TaKHX npo

u;eccos MOryT CJIY)KHTb peaKU:HH, rll,e B KOHC4HOM CO

CTOSIHHH o6pa3yeTCSI TOJibKO Oli,HH M e30H: 

p + d-+ M + N. 

Bnepsble ua cyi..U.eCTBosauHe TaKHX npou;eccos 

6biJio yKa3ano E.M.TionTeKopso B 1956 r. B HaCTOSI

mee BpeMSI HHTepec K H3y4eHHIO peaKU:HH TioH

TCKOpBO o6yCJIOBJieH HX BbiCOKOH 4YBCTBHTeJibHO

CTbiO K nOBCli,CHHIO BOJIHOBOH ¢YHKU:HH SIJ{pa H BHAY 
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MNN-¢opM¢aKTopoB npH 6oJibillHX nepell,aHHbiX 

HMnyJibcax. 

B sKcnepHMCHTe OEEJIHKC noJiy4ena peKOPA

uo 60Jiblll3SI CT3THCTHK3 nO peaKI.I;HH 

p + d -+ n- + p H onpeneJieua ee sepoSITHOCTb AJISI 

3HHHrHJISII.I;HH OCT3HOBHBillHXCSI aHTHnpOTOHOB: 

W = (9,6±1,7) ·10-6. TioJiy4eHbl yKa3aHHSI ua ua-

6JIIOAeHHe peaKI.I;HH p + d -+ p- + p, KOTOpaSI TO)Ke 

npHH3li,JIC)KHT K KJiaccy peaKU:HH TIOHTeKOpBO. Tio

CJieli,OBaTeJibHOC H3Yl.[CHHC TaKHX npou;eCCOB npen

CT3BJISieTCSI BeCbMa HHTepeCHbiM li,JISI nOJIY4CHHSI HO

BbiX CBeli,CHHH 0 nOBCll,eHHH BOJIHOBOH <IJyHKU:HH Slll,

pa H3 MaJibiX paCCTOSIHHSIX (28 ]. TipHMC4aTeJibHO TO, 

'ITO BCSI CTaTHCTHK3 no peaKI.I;HSIM TIOHTeKOpBO 6biJia 

o6pa6oTaHa B Jl,y6ue . C nOMOI..U.biO KJiaCTepa KOMnbiO

TepOB VAX JIBT A-JI5ITI. 

B 1991 r., no npeli,JIO)KeHHIO Ay6ueHCKOH rpynnbi 

OEEJII1KC, 6biJI nposeneu ceauc no H3y4eHHIO po)K

AeHHSI <l>-Me30HOB B auuurHJISIU:HH Ha AeHTepHH AJISI 

nposepKH ll,aHHbiX 0 3Ha4HTCJibHOM HapyiiiCHHH 

npaBHJia 0Ky6o - Use:Hra - J.1H3YKH B 3TOM npo

u;ecce. EbiJI pa3pa6oTaH cneu;HaJibHbiH TpHrrep, no-

3BOJISIIOIIJ;HH s¢¢eKTHBHO Bbill,eJISITb peaKU:HH C o6-

pa30B3HHeM <l>-Me3ona. B pe3yJibTaTe ceauca, npo

BeAenuoro B HOSI6pe, Ha6paHO 1,2 MJIH. C06biTHH 

3HHHrHJISIU:HH, KOTOpbiC perneHHeM KOJIJI36opau;HH 

OTll,aHbl li,JISI o6pa60TKH B 0J.15Jl1. 06pa60TKa ll,a)Ke 

ue60JihlllOH 4aCTH HMeJOI..U.HXCSI li,3HHbiX n03BOJIHJI3 

nOJIY'IHTb CT3THCTHKY <l>-Me30HOB, npeBhilllaJOI..U.YIO 

MHpOByiO. 

B HCCJieAOBaHHSIX no TeMe «He:HTpHH0-2» no

Jiy4eHhi nepBbie pe3yJibTaThl 3KCnepHMCHTOB ITO H3-

MepeHHIO yrJIOBbiX KOppeJISIU:HH B{:l-pacnall,e, nOHCKY 

6e3ne:HTpuuuoro 2/3-pacnaAa H «TSI)KCJihiX» ueH:TpH

HO. BnepBbie nposell,eHhi HcCJieAOBaHHSI 3BK H O)Ke

::>JieKTpouos 83Kr, HCnOJib3YCMOrO li,JISI KaJIH6pOBKH B 

3KCnepHMCHTaX no H3MepCHHIO MaCChi aHTHHeHTpH

HO H3 {3-cneKTpa ra3oo6pa3noro TPHTHSI. Pa3pa6oTa

Ha MCTOli,HK3 nOJIY'ICHHSI TOHKHX HCT04HHKOB MCTO

AOM HcnapeHHSI - KOHAeHcau;HH B saKyyMe. MoAep

HH3HposaHa ¢oKycHpyJOutaSI CHCTeMa ESA-50. 

YseJIH'IeHa ::>¢¢eKTHBHOCTb cneKTpoMeTpa B ABa pa-

3a. Pa3pa6oTaHa HOBaSI MeTOAHKa HCCJieAOBaHHSI 

CnHH-HeHTpHHHOH KOppeJISIU:HH. J.13MepeH TCCHO 

CBSI33HHbiH CO CnHpaJibHOCTbiO 3JICKTpOHHOro HeHT

pHHO K03¢¢HU:HCHT CnHH-HCHTpHHHOH KOppeJISIU:HH 

B s pacnaAe 
56

Co (B = -0,83+0, 12). Onpell,eJieu 

M3fHHTHbiH MOMCHT S!ll,pa 56Co. J.1cCJieli,OBaHa {3-HCH

TpHHHaSI KOppeJISIU:HSI B pacnall,e 
24

Na. TioJiy4eHO 

OrpaHH4CHHC Ha npHMCCb <IJepMHCBCKOro M3Tp114-

HOro ::>JICMCHTa IMFI 2/IMGTI 2 ~ 0,25AJIS13Toro 

{3-pacnall,a. 

Pa3pa6oTaHa opHrHHaJibHaSI MOACJib TOpMO)Ke

HHSI HOHOB 0Tll,a411 B KpHCTaJIJIH4eCKOH pCWCTKe. 

Pa3pa60T3H3 HOBaSI MeTOli,HK3 HCCJieli,OBaHHSI CITHH

HCHTpHHHOH KOppeJISIU:HH B fl- -3aXBaTe 
28

Si. 



06pa6oTKa nepsbiX 3KcnepHMeHTanbHbiX pe3ynbT3TOB, nony'leHHhiX Ha ycTaHOBKe OEiEJIHKC s UEPHe 

3asepmeuo co3~auue cneKTpoMeTpa ~JISI noucKa 
1,p-pacna~a. llpose~euo HCCJie~osauue ct>ouoshlx u 
CneKTpoMeTpH'IeCKHX xapaKTepHCTHK TeJieCKOna H3 
16 HPGe-~eTeKTOpos. 0T06pau MaTepHaJI ~JISI aK
THBHoii 3aiiVfTbl. I13MepeHHSI 6y~yT npOBO~HTbCSI B 
Mo~aue (<l>paun:ust). 

Pa3pa6oTaua TexHoJiorust H3roTOBJieHHSI KOaK
CHaJihHhlx ~eTeKTOpoB. l13roTOBJieH noJiynpoBO~HH
KOBbiH CneKTpoMeTp Me'leHHSI ~JISI 3KCnepHMeHTa 
WASA (Celsius). 

B 1991 r. npo~omKaJIHCh HCCJie~osaHHSI no TeMe 
«Me30H» npon;ecCOB po)l(~eHHSI nHOHOB B npoTOH
MepHbiX COy~apeHHSIX H nOrJIOrueHHSI nHOHOB HH3-
KHX 3Hepmii SI~paMH. Pe3yJihTaThl o6pa6oTKH H3Me
peuuii ua Mpax Me~H H raJIJIHSI no~TBep~aiOT pa
uee o6uapy)l(eHHYIO pe30HaHCHYIO OCOOeHHOCTb B 
3HepreTH'IeCKOH 3aBHCHI\10CTH ~H<t><l>epeHn;HaJihHbiX 
Ce'leHHH npH 3HepmH na~alOruHX npoTOHOB 
350 M3B. 3To SIBJieHHe npo~OJI)l(aeT npHBJieKaTh 
BHHMaHHe H HHH.U:HHpyeT nocTaHOBKY HOBbiX Onbi
TOB. B 3KcnepuMeHTe c yqacrueM coTpy~HHKOB JI.sill 
B Jloc-AJiaMOCCKOH Ha.U:HOHaJibHOH Jia6opaTOpHH B 
CiliA nposo~HTCSI noucK y3KHX CTPYKTYP npu BbiCO
KHX 3HepreTH'IeCKHX so36y~eHHSIX Mpa. B cepe~u
ue 1992 r. 6y~eT npose~eH OCHOBHOH 450-lJaCOBOH 
ceauc H3Mepeuuii ua ycTaHosKe BGO-ball. 

.Um1 u3y'leHHSI norJiorueHHSI n+ -Me30HOB nP'ose

~eH 300-'lacosoii ceaHc H3MepeHHH npo.u:ecca 
n+ + d-+ p + p npu 3Hepmstx 25-40 M3B Ha yc
KopuTeJie s faT'IHHe. llpe~sapuTeJihHhle ~aHHhle ua 
puc.7 csu~eTeJihCTBYIOT o HaJIH'IHH y3KOH aHOMaJIHH 
B 3HepreTH'IeCKOH 3aBHCHMOCTH nOJIHOro Ce'leHHSI 
npo.u:ecca npu 3Hepruu nuoHoB 30 M3B. Ha6JIIO~eu
HaSI aHOMaJIHSI He npe~CKa3hiBaeTCSI cyrueCTBYIOW.H
MH TeopeTH'IeCKHMH MO~eJISIMH H n03TOMY Bbl3biBaeT 
6oJihiiiO " HHTepec. 

CosMeCTHO c MI1<l>I1 6b1Jlo npose~eHo HCCJie~o
saHue peaK.U:HH p + 9Be -+ 

8He + X npu 3Hepruu 
npoTOHOB I f3B. llepshle pe3yJihTaThl 3TOH pa6oThl 
yKa3biBalOT Ha npostsJieHHe Bbl6usaHHSI: H3 MPa sup
TYaJihHOH H3o6aphl l:l + + [29 ]. 

B 1991 r. 6b1Jlo no~roTOBJieHo npe~JIO)l(eHue no 
npose~ HHIO COBMeCTHOro Jl.slll - Jl.siP 3KCnepH~ 
MeHTa nO po~eHHIO 3apSI)l(eHHbiX nHOHOB B Sl~po
SI~epHbiX COy~apeHHSIX npH OKOJIOnoporoBbiX 3Hep
fHSIX Ha ycKopuTeJie Y - 400M. 

Ha ycTaHOBKe APEC 3aKOH'IeHa o6pa6oTKa 
~aHHhiX u Haii~eHo 8 COOhiTHH pe~Koro pa~uau,u
OHHOro pacna~a nuoHa n+-+ e+ve+ e-. lloKa3aHo, 

'ITO Ha6JIIO~eHHhle co6hiTHSI o6yCJIOBJieHhl s OCHOB
HOM HaJIH'IHeM CTPYKTYPhl nuoHa. Onpe~eJieHo 
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YCTaHOBKa APEC. llO.Z\f'OTOBKa annaparypbl K nposeAemuo H3MepeHHH npoueccos poJKAeHH!I o npoTOH- IIJiepHbiX coyAapeHH!IX 
• 

at, a.e. 

1T+ + d + p + p 

0.8 

I lf I l t 0.7 

0.61 i 
L. 

i6 28 30 32 34 36 38 40 
T 1T, M3B 

PHC. 7. 3HepreTH'!eCKa!l 3aBHCHMOCTb nOJIHOI'O Ce'leHH!I 
1t + d -+ pp: 0 - nony'leHHble pe3yJibTaTbl, o - AaHHble H3 pa

OOTbl B .Ritchie et al. Phys.Rev. , 1981, C24, p.552 

3HaqeHHe nap~HaRbHOH sepo~THOCTH pacn~a, 

o6ycnosneHHoe HanHqHeM CTPYKTypN, R = 
=(4,6±1,6±0,7)·10-lO (30). Ha OCHOBe HH<J>op-
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Ma~HH, nonyqeHHOH B 3KCnepHMeHTe no llOHCKY 
pacna~a p-+ 3e, c~enaHa o~eHKa sepxHeH rpa
HH~N OTHOCHTMbHOH Bepo~THOCTH ·pacna~a n+ ~ 
~ p- + 2e+ + v. · j-la~eHHoe aHaqeHHe R < 
< 1,6·10-6 B 5 paa ynyqmaeT c~enaHHYIO paHee 
o~eHKY [31 ]. Be~eTCR MO~enHpoBaHHe npo~eccos, 
KOTOpble npe~nonaraeTc~ HayqaTb B 6nH)I(aHmee 
BpeM~ (n+ -p+ve+e-, n+ -p-ve+e+, ,8-pacnaA 

nHOHa) cosMeCTHO c <f>H3HKaMH YITanHH, Illse8~a
pHH, CiliA, llonbmH, rpy3HH, .6enapycH. 

Ha ycKopHTene SATURNE (CaKne, <l>paH~H~) 
c yqacTHeM COTPYAHHKOB JI51ll Ha CTaTHCTHKe 108 

1]-Me30HOB, o6pa30B3HHbiX B peaK~HH p + d ~ 
- 3He + 1], H3MepeHa OTHOCHTMbH3~ Bepo~THOCTb 
peaK~HH 1] - 2p. 0Ha paBHa ( 4,6±0,6±0,2) ·10-6. 

llonyqeHa HOBa~ npe~BapHTMbHa~ o~eHKa Bepo~T
HOCTH pacnaAa W (17 ~ 2n) < 10-4. 

Ha KOMnneKce 51CHAllll HccneAOBaH a-pacnaA 
HeCKORbKHX HYKR~OB, BKRIOqa~ KOpoTKO)I(HBYID;He 
H30Mepb1 156Lu C T 112 = (179± 13) H (730± 150) MC 
(32 ). 06Hapy)l(eH HOBNH H30Mep 157Lu 
(T112 = (9,6±0,8) c) [33 ]. Ha6niOAaROCb onycKa-

HHe COCTO~HH~ h1 1/2 B Mpe 157Lu, H 3TOT <f>aKT CB~-
3NBaeTC~ c yBenHqeHHeM 3HepmH cnapHBaHH~ npH 



3anoJIHeHHH npoTOHHOH o6oJIO'IKH h11 12 no Mepe 

YAaJieHH51 OT noJiochl,8-cTa6HJihHOCTH. Ha6JIIO,!:(aJiach 

B ~a-y)-coBna,!:(eHH51X TOHKa51 CTPYKTypa a-cneKTpa 
15 

Tm; noHCK TOHKOH CTPYKTYPH npoBe,!:(eH ,!:(JI51 a
pacna,!:(a 

155Tm. II pH pacna,!:(e 
147

Dy H3MepeH cneKTP 

3ana3,!:(hiBaiOm,Hx npoTOHOB. IIpH noMom;H ycTaHo

BOK 3Jir A, YMKC H MYK H3MepeHhl cneKTphl y-Jiy

'le:H H yy-t-COBna,!:(eHHH npH pacna,!:(e 
157•15

9yb H 

npe,!:(JIO.)KeHhl Hx cxeMhl pacna,!:(a [34 ]. 

IIpoBe,!:(eHhl 3KcnepHMeHThl no noHCKY a-pacna

,!:(a H30TonoB c N = 88, noJiy'leHo yKa3aHHe Ha Ha-

C03,ll;AHME M COBEPillEHCTBOBAHME 

6JIIO,!:(eHHe MaJIOHHTeHCHBHOIO pacna,!:(a 
156Er 

(J = 10- 6 % Ha pacna,!:() [35 ]. B off-line pe.)KHMe 
a 

Ha ycraH BKe MYK H3Y'IaJIHCh ymoBhle KoppeJI51-

IJ;HH y-nepexo,!:(OB npH pacna,!:(e 
151

Tb H 
165

Tm. 

BhlnO.'IHeHhl HCCJie,!:(oBaHH51 no pa,!:(HOXHMHH py

TeHH51 H a CTaTa. I13MepeHhl cPYHKIJ;HH B036y.)K,!:(eHH51 

peaKIJ;HH npoTOHOB C o6pa30BaHHeM 
97Ru, 

99m,96•95T c c 3Hepme:H 100 MsB H HH.)Ke c MeTaJIJIH

'IeCKHM 
99

Tc. IJoKa3aHO, 'ITO Ha <l>a30TpoHe Jl5J:IJ 

MO.)KHO n oJiy'laTh CKOpoCTb o6pa30BaHH51 
97Ru ,!:(0 

6 MKH/MKA.'1 .[36 ]. 

KPYIIHbiX 3KCIIEPMMEHT AJibHbiX YCT AHOBOK 

B pa6oTax no co3t~;aHHIO MarHHTHhiX cHCTeM 

YHK HCCJie,!:(OBaJIOCh BJIH51HHe CHCTeMaTH'IeCKHX H 

CJiy'laHHhiX HeJIHHeHHOCTeH BTOporo H TpeTbero no

p51.l:(Ka nOJI51 ,!:(HDOJieH Ha tJ;HHaMH'IeCKHe xapaKTepH

CTHKH I cTyneHH YHK. IIpose,!:(eHHhle pac'leThl not~;

TBep.)K,!:(aiOT B03MO.)KHOCTb KOMneHCaiJ;HH cym,eCTBy

IOW,eH CHCTeMOH CeKCTynOJibHOH KOppeKIJ;HH DOJIHOH 

xpoMaTH'IHOCTH ycKopHTeJI51. Pa36poc qacToT, Bhi-

3BaHHhiH KBat~;paTH'IHOH HeJIHHeHHOCTbiO H CHCTe

MOH KoppeKIJ;HH xpoMaTH'IHOCTH, corJiacHo npoH3Be

t~;eHHhiM OIJ;eHKaM, He npeBhiCHT 0,009, 'ITO MeHbille 

ycraHOBJieHHOro ,!:(OnycKa. Ct~;BHr 'laCTOT ,!:(JI51 'laCTHIJ; 

c pasHosecHhiM HMnyJihCOM, Bhi3BaHHhiH Ky6H'Ie

CKo:H HeJIHHeHHOCTbiO DOJI51 tl;HDOJieH, KOMUeHCHpy

eTC51 C TO'IHOCTbiO tl;O 0,004, 'ITO He npeBhlmaeT t~;Ony

CKa. JJ:JI51 'laCTHI.l; C HepaBHOBeCHbiM HMDYJibCOM OCTa

eTC51 HeCKOMneHCHpOBaHHblH pa36poc 'laCTOT, He 

npeBhlillaiOW,HH, OtJ;HaKO, 0,009, 'ITO TaK.)Ke B npet~;e

JiaX ycTaHOBJieHHOIO ,!:(J151 Ky6H'IeCKOH HeJIHHeHHO

CTH ,!:(OnycKa. Pac'leThi noKa3hiBaiOT, '!TO ,!:(HHaMH'Ie

CKa51 H JIHHeHHa51 anepTyphl ycKOpHTeJISI yt~;OBJieTBO

pHTeJibHhl, O,!:(HaKO CJie,!:(yeT 3aMeTHTh, '!TO B 

HCCJie,!:(oBaHH51X He Y'IHThiBaJIOCh HCKa.)KeHHe pasHo

BecHo:H Op6HThl. 3TO MO.)KeT CHH3HTb 3Ha'leHHe JIH

HeHHOH H ,!:(HHaMH'!eCKOH anepTyphl Ha MaKCHMaJib-

HYIO BeJIH '!HHY HecKoppeKTHpoBaHHOro OTKJIOHeHH51 

op6HThl 4 MM. KpoMe Toro, He y'IHTbiBaJIOCh BJIH51HHe 

HeJIHHeH OCTeH 6oJiee BhiCOKHX nOp51,!:(KOB (37 ). 

113IOTOBJieH H nepe,!:(aH 11<l>B3 no ,!:(OIOBOpy aB

TOMaTH'IeCKHH illHpoKO,!:(Hana30HHbiH 51.l:(epHb1H Mar

HHTOMeTp C BepXHHM npet~;eJIOM H3Mep51eMOIO nOJI51 

6 TJI. Pa3pa6oTaHa npHHIJ;HnHaJihHa51 cxeMa .l:(Byx

KOMnoHeHTHOro XOJIJIOBCKOIO MarHHTOMeTpa B COOT

BeTCTBHH c 3at~;aHHeM 11 <I> B3 (norpemHOCTh He 6oJiee 

10-
3 

H T .,!:(.). Pa3pa6oTaHa npHHIJ;HnHaJihHa51 cxeMa 

illHpoKO,!:(Hana30HHOIO 51,!:(epHOIO MarHHTOMeTpa C 

6biCTpb1M nOHCKOM CHrHaJia 5J:MP. IlpoBO,!:(HTC51 HC

CJie,!:(OBaHH e CXeMhl H OnTHMH3aiJ;H51 ee xapaKTepH

CTHK. O.)KH,!:(aeMhle napaMeTphi: ,!:(Hana30H H3Mep51e

MhiX noJie:H 0,1+6 TJI, MaKCHMaJihHOe speM51 noHCKa 

pe3oHaHc -5 c. Pa3pa6oTaHhl npHHIJ;HnHaJihHhle 

CXeMhl 3Ji eKTpOHHOH 'laCTH ycTpOHCTBa ,!:(JI51 H3Mepe

HH51 DOJIO.)KeHH51 llJJOCKOCTH MarHHTOMeTpH'IeCKOIO 

MO,!:(YJISI OTHOCHTeJihHO ropH30HTa B COOTBeTCTBHH C 

Tpe6oBaHH51MH TeXHH'IeCKOIO 3a,!:(aHH5111<l>B3 H 3Ta

JIOHHOIO H3MepHTeJISI DOCT051HHOIO TOKa. B COOTBeT

CTBHH C TeX3at~;aHHeM 11<l>B3 tJ;Hana30H H3Mep51eMhiX 

TOKOB 0, 3+6 KA, norpemHOCTh- 5 ·10-5. 113roTOB

JieHhl OCH BHhle Y3Jihl MaKeTa 3TaJIOHHOIO H3MepHTe

JI51 TOKa H ocym,ecTBJieHa ero c6opKa [38 ]. 

C03J1:AHI1E ,ll;ETEKTMPYIOIIJ.I1X 11 3JIEKTPOHHbiX CI1CTEM 

JJ:JISI ycTaHOBKH <<rHnepOH» C03,!:(aH CTeH,!:( ,!:(JISI Te

CTHpoBaHH51 H peMOHTa KOHTpOJIJiepoB THDa 2700 CH

CTeMhl C'!HThiBaHHSI ,!:(aHHhiX C nponOpll;HOHaJihHhiX 

KaMep LeCroy (PI COS 2), H3roTOBJieHhl 8 ITJJaT ,!:(JISI 

6JIOKOB 3JieKTpOHHKH «Bbi,!:(eJieHHe 2 3apSI.)KeHHblX 

'!aCTHI.l;» Ha 4 UJIOCKOCTSIX MeTpoBbiX nponOpll;HO

HaJibHbiX KaMep, 2 KOHTpOJIJiepa o6pa60TKH npepbi

BaHHH ,!:(JISI CHCTeMbl c6opa ,!:(aHHhiX H PM CJiy::>Ke6HhiX 

6JIOKOB: p a3BeTBHTeJIH CHrHaJIOB, npeo6pa30BaTeJIH 

ypoBHeH ,!:(JI51 CHCTeMhl c6opa t~;aHHhiX. 

IIo n poeKTY Mqc H3roTOBJieHhl Y3Jihl rJiaBHoro 

3JieKTpoM arHHTa. Pa3pa6oTaHa H ocBoeHa TexHo

JIOrH51 npOH3BO,!:(CTBa cnareTTH-KaJIOpHMeTpa HOBOIO 

llOKOJieHJi51 Ha OCHOBe CKJieHKH npo<t>HJIHpoBaHHbiX 

CBHHIJ;OBhiX ITJJaCTHH H CIJ;HHTHJIJI51ll;HOHHhiX BOJIO

KOH. Co3,!:(aH 6JioK 10xl0x35 CM cnareTTH-KaJIOpH-
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llo npteKT)' <I>PE)J, B JUIO C03AaiOTCQ 6biCTPOAeHCTBYIOU\He nponopu_HOHaJibHble KaMepbl. Ha CHHMKe: MOMeHT C60pKH y3K03a30pHOH OK 

MeTpa (CBHHeU, + 6000 CU,HHTHJIJISIU,HOHHbiX BOJIO

KOH). Pa3peiiieHHe BbiCOKoe: a/ E = 9,3 • E -o.s + 
+ 1,25(%). 3asepiiieHbl HCCJieAOBaHHSI 3aTyXaHHSI 

CBeTa B 6onee lleM 60 o6pa3U,aX CU,HHTHJIJISIU,HOHHbiX 

BOJIOKOH H OToopaHbl JIYliiiiHe AJISI H3I'OTOBJieHHSI 

KpynHhiX MOAyJieii. Ha ocHoBaHHH 3Toro C03AaH 

npoTOTHll CnareTTH-KaJIOpHMeTpa, KOTOpbiH HCObi

TaH B M<l>B3 H npoxOAHT HCnhiTaHHSI s U,EPH . 

BeAeTCSI pa3pa6oTKa aJihTepHaTHBHbiX THnos 

KanopHMeTpos. Co3AaHa H HCCJieAOBaHa [39] Ha 

nyliKe MOAeJib ra30BOI'O HOHH3aU,HOHHOI'O KaJIOpH

MeTpa (Pb-Xe). TipH 3HeprnH 26 f3B/c pa3peiiieHHe 

00 3HeprHH 3JieKTpoHOB 3, 15%. Jl.OCTHrHyTO npo

CTpaHCTBeHHOe pa3peiiieHHe KOOPAHHaThl ocw JIHBHSI 

0,8 MM. iloJiylleHHble pe3yJihTaTbl 6yAyT HCllOJlb30-

BaHbl AJISI KaJiopHMeTpHH B ny1.1Kax llaCTHU. T 3B-AH

ana3oHa B yCJioBHSIX oco6o BhiCOKoro paAHau,u oHHoro 

<PoHa. Pa3pa6oTaHhl 3CKH3Hhie TexHHlleCKHe npoeK

Tbl KOHCTPYKU.HH 3JieKTpoMarHHTHOro H aApoHHOro 

KanopHMeTpos Mqc. 

B MH<l>H (TIH3a) coTPYAHHKaMH JI51.TI p a 3pa6o

TaHa MeTOAHKa H3MepeHHSI YJibTpaMaJihlx KOJIH"l!ecTB 

CBeTa OT OJiaCTHHbl - C3HABHlla «a6cop6ep -CU,HH

THJIJISIT0p» KaJIOpHMeTpa (0, 1 <f>OT03JieKTpoHa). 3TO 

OTKpbiJIO B03MOX<HOCTb, HCOOJlb3YSI AaHHbie TOJlbKO C 
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OAHOH OJiaCTHHbl, H36eX<aTb C03AaHHSI OOJIHOMaCUI

Ta6HbiX KaJIOpHMeTpOB AJISI OU,eHKH ero napaMeTpOB. 

MeTOAHKa BHeApeHa AJISI HCCJieAOBaHHSI 6-MeTpoBbiX 

,u-c4eTliHKOB CDF (Ha KOJIJiaiiAepe <l>HAJI) • .LI.e

TaJihHO H3ylleHO 3aTyxaHHe CBeTa B AJIHHHbiX CU,HH

THJIJISIU,HOHHbiX ClleTliHKaX H3 OOJIHCTHpOJia H 

PMMA H H3MepeHhl cseTOBhiXOAhi OT llaCTHU. c MHHH

MaJihHOH HOHH3aU,HeH ( 40 ). Jti3I'OTOBJieHbl 6JIOKH 

0,35x0,8 MM YHHKaJibHbiX TOHKOCTeHHbiX ( 100 MKM) 

APeii<f>osblx TPY6oK AHaMeTpOM 10 MM H3 Al-nascaHa 

AJISI KOOPAHHaTHbiX AeTeKTOpoB (straw tubes). 0X<H

AaeMoe pa3peUieHHe- JIYliiiie 50 MKM. B pe3yJihTa

Te HCObiTaHHH Ha nyliKe npoTOTHOOB Straw tubes 

(10x15 CM) 6hiJIO AOCTHrHyTO pa3peiiieHHe JIYliiiie 

100 MKM, OOHapyX<eHO, liTO Tpy6KH AepX<aT 7 aTM, 

APeii<f>osaSI xapaKTepHCTHKa JIHHeiiHa, HMeeTCSI <Po

To3Q>¢eKT Ha nosepxHOCTH Al-<PoToKaTOAa B BHAH

MOH o6nacTH cneKTpa H noKa3aHo, liTO 3aTeMHeHHe 

KaMep paCIIIHpS!eT OJiaTO ClleTHOH xapaKTepHCTHKH 

AO 1,5 KB. TipeAnonaraeTCSI C03AaTh OJIOCKHe H u,H

JIHHAPHlleCKHe <<KOBpbl>> H3 Tpy6oK AJIHHOH 4-6 M. 

fipeAJIOX<eHa H HCCJieAOBaHa B03MOX<HOCTb HCOOJlb-

30BaHHSI pJtlq-AeTeKTOpoB B TpHrrepe. 3asepiiieHO 

HCCJieAOBaHHe HOBOI'O THna <1>3Y -2MKTI -100. TioJiy

lleHa AOOPOTHOCTb N = 15, Bhlpa6oTaHhl peKoMeH-



~3ll,HH no nporpaMMe npo~OJDKeHH51 pa3pa60TOK 

plfq-AeTeKTopos ~JI5~ onhiTOB B ny'lKax TsB-~nana-

30Ha [41 ]. 3asepmeHo HCCJie~osaHHe napaMeTpoB 

BpeM5~-npoeKIJ;HOHHOH KaMephl C nOMOlll;blO Jl33epa 

[42 ]. 

B cosMecTHOM c <j>H3HKaMH IIIsellu;apnn, <I>Pr, 

CiliA, Iloni>mH H fpy3HH 3KcnepHMeHTe no noHcKy 

KOHBepcHH MIOOHHH-3HTHMIOOHHH (Ha ypOBHe OTHO

CHTeJibHOH sepoRTHOCTH R < I0- 11) H3roTOBJieH H ' 

nocTasneH s PSI noJIHhiH KOMITJieKT 3JieKTpoHHKH 

nponOpiJ,HOHaJibHhiX KaMep Ha 3000 KaHaJIOB, BKJIIO

'laSI 6JIOKH ynpaBJieHHR H BhiBO~a, ~JISI YCT3HOBKH 

SINDRUM; ncnhiTaHa 6oni>ma5~ IJ,HJIHH~pnqecKaR 
nponOpll,HOHaJibH3SI KaMepa (~HaMeTp 640 MM, ~JIH

Ha 800 MM, 'lHCJIO npoBOJIO'leK 1024, 'lHCJIO CTpHnOB 

636); HaJI3)KeH, HCnhiTaH H CMOHTHpoBaH Ha pa6o

'leM MeCTe BeCb KOMITJieKC nOCTaBJieHHOH annapaTy

phl; npoBeAeH nepBhiH HaJia~O'lHhiH ceaHC Ha ny'lKe 

MJOOHOB Me30HHOH <t>a6pHKH PSI. 

ITo npoeKTY <I>PE.ll ~JISI oxpaHHOH CHCTeMI>I yc
TaHOBKH liiCTPA-M H3roTOBJieHO 64 qepeHKOBCKHX 

cneKTpoMeTpa nonHoro nornomeHHSI pa3MepaMH 

200x200x400 MM. CneKTpOMeTphl yKOMnJieKTOBaHhl 

3JieKTPOHHKOH. Ha'laT MOHTa)K AeTeKTopos Ha KaHa

ne 4A ycKopnTeJISI Y -70. 3asepmeHa pa3pa6oTKa oc

HOBHhiX KOMnOHeHT MaTeMaTH'leCKOro o6ecne'leHHSI 

PA3BUTUE KOMIIJIEKCA <I>A30TPOHA. 

ycTaHOBKH liiCTPA-M. .llonOJIHHTeJibHO K ITJiaHy 

H3roTOBJieHO 16 nponOpiJ,HOHaJibHhiX KaMep pa3Me

paMH 500x500 MM H 700x700 MM • .lln2 3KcnepHMeH

Ta Ha ycK pHTeJie SATURNE <CaKJie) co6paHhl 12 

6hiCTpo~eifcTBYIOlll;HX nponOpll,HOHaJibHhiX KaMep. 

.llJI51 KaMep H3roTOBJieHO 256 KaHaJIOB CneiJ,HaJIH3H

poB3HHOH KaMepHOH 3JieKTpoHHKH. KaMephl H Ka

MepHa2 3JieKTpoHHKa npomJIH ycneiDHhle CTe~OBHe 

ncnhiTaHH51 s CaKJie H PSI. 

IlpoBeAeHa pa6oTa no ynyqmeHHJO Ko::xJ>qm

u;neHTa npoBOAKH HOHOB B Macc-cenapaTOpe 

51CHAIII1-2 H HOHHhiX TpaKTax. YcosepmeHCTBosa

Ha ~Ham CTHKa ny'lKOB. CosMeCTHO c YMKC (JIJ06-

JIHH) C03~3H ITJI33MeHHhiH HCTO'lHHK HOBOro THna H 

Ha HeM npose~eHhl MeTO~H'lecKHe HCCJie~OBaHH51. 

Ero HCnOJib30B3HHe COBMeCTHO C MHIDeHblO H3 Kap-

6~a ypaHa OTKphlBaeT HOBble B03MO)KH0CTH B no-

• ny'leHHH H lfCCJie~osaHHH PMa KOpoTKO)KHBym;nx 

HyKJI~O [ 43 ). 

Co6p H Jia3epHhiH cneKTpoMeTp c o~HHM H3 8 

KaHaJIOB pemcTpau;nn <t>oTOHOB. CosMeCTHO c 

liiCAH C 3AaH H OTJia)KeH 3JieKTpoHHhiH 6JIOK nepe

CTpoHKH AJIHHhl BOJIHhl. IlpoBeAeHhl MeTOAH'leCKHe 

pa60Thl n H3CTpOHKe Jl33epoB H npoBOAKe Jia3epHO

ro H3JIY eHHSI B CneKTpOMeTpe. Ilo OnTH'lecKHM 
cneKTpaM ISI , IS3Eu H3MepeHbl xapaKTepHCTHKH Jia-

3epa JI)J(lf-504 [ 44 ]. 

PA3PA60TKA U MO.D:EJIUPOBAHUE YCKOPUTEJIEM IJ,UK JIOTPOHHOrO TIHIA 

Ha <j>a3oTpoHe Olil51l1 sse~eHa B 3KcnnyaTau;HJO 

aBTOMaTH3HpOBaHHaSI CHCTeMa KOHTpOnSI H ycTaHOB

KH TOKOB MarHHTHbiX :meMeHTOB TpaKTOB ny'lKOB 

[ 45 ). 3anymeH OnbiTHbiH o6pa3eu; AHOAHOro BblnpSI

MHTeJISI Ha 12,5 KAI 12 B AnSI nHTaHHSI ocHOBHOH o6-

MOTKH )KeJie3HO-TOKOBOro KaHana [ 46 ). 0Tna)KeHa H 

BBe~eHa B 3KCnJiyaTaiJ;HIO B pe)KHMe on-line CHCTeMa 

H3MepeHHSI npo<j>HJISI ny'lKa B paHOHe BbiBOAHOro OK

Ra <j>a3oTpoHa. IlposeAeH 3KcnepHMeHT no H3y'le-

, HHIO BJIH51HHSI BaKyyMa Ha H3'l3JibHOM Y43CTKe 

TpaHCnOpTHpoBKH BbiBeAeHHOro npoTOHHOro ny'lKa. 

D:onOJIHHTeJibHbiH BaKyyMonpOBOA OT YCKOpHTeJISI 

AO 4-MeTposoll cTeHhl (AJIHHOH -8,5 M) yseJIH'lHBaeT 

KOs<t><l>Hu;HeHT npoXO)I(AeHHSI ny'lK3 C 92 ~0 98% no 

KaHany IX H c 84 AO 94% no XI I KaHany, 'lTO yMeHb

maeT noTepn B rnasHOM 3aJie s 2- 3 pa3a. Pa3pa6oTa

Hbl H nposepeHbl 3KCnepHMeHTaJibHO ~Ba HOBbiX CnO

COOa onpeAeneHHSI paBHOBeCHOH <j>a3bl B <j>a3oTpoHe 

(47 ). IlpoBeAeHbl nepsble HCCJieAOBaHHSI H Ha'laTO 

HCnOJib30BaHHe MeTOA3 <j>a30BOro CMeiiJ;eHHSI ~nSI 

paCT51)KKH ny'lKa. Ilony'leH CTa6HJibHbiH paCTSIHy

TbiH ny'lOK HHTeHCHBHOCTblO 2 MKA, 3aMeTHO yMeHb

meHa HeOAHOpoAHOCTb BbiBeAeHHOro paCTSIHYTOro 

ny'lKa [ 48 ]. PeanH30BaHa H BBeAeHa B 3KCITJiyaTa

IJ,HJO CXeMa «YKOpO'leHHOH>> (~0 60% OT BpeMeHH 

IJ,HKJia) paCT5l)KKH ny'lKa cneu;HaJibHO AJI51 3KcnepH

MeHTa M A KC. 

Y nyqmeHbl xapaKTepHCTHKH ny'lKOB <j>a30Tpo

Ha. C nOMOIIJ;blO AOnOJIHHTeJibHOH MarHHTHOH CHCTe

Mbl pacmnpeHbl B03MO)KHOCTH nony'leHH51 cenapHpo

saHHbiX Me30HHhiX ny'lKOB. .llJI51 3KCnepHMeHTa 

MAKC nony'leH cenapnposaHHhiH ny'lOK «nosepx

HOCTHhiX>> MIOOHOB C HMnyJibCOM 29 M3Bic, HHTeH

CHBHOCTblO I 05 I c H OTHomeHHeM e +I f..l + - 1; y~soe
Ha HHTeHCHBHOCTb ny'lKa MIOOHOB C HMnyJibCOM 

125 MsB i c H yny'lmeHa reoMeTpHSI ny'lKa Ha MHme

HH ~nSI HCCJie~OB3HH51 peaKIJ;HH MJO-KaTaJIH3a; Ha yc

TaHOBKY <<MJO-CnHH» OCyiiJ;eCTBJieHa TpaHCnOpTH

pOBKa fiY'lKOB nOJIO)KHTeJibHhiX MIOOHOB C HMnyJib

COM 125 MsBic H HHTeHCHBHOCTbJO 1,5·105 c- 1 Ha 

1 MKA n poTOHHOro ny'lKa; B HH3K$HOBOH na6opa

TOpHH c noMOIIJ;bJO TpaKTa II noJiy'leHH 3JieKTpoH

Hhle H n 3HTpoHHhle ny'lKH B ~nana3oHe HMnyJibCOB 

30-350 M3Bic c HHTeHCHBHOCTblO (105-106) c- 1 

Ha 1 MKA ny'lKa npoTOHOB. 
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MarnHTHall CHCTeMa Mil nonylleHHII cenapHposaHHOro nyliKa «nosepxHOCTHbJX» Me30HOB H ycTaHOBKa MAKC Mil noHcKa nepexo.na 
MIOOHHH-3HTHMIOOHHH 

B o6JiaCTH pa3pa6oTKH u MO~eJiuposaHH51 ycKo
pHTeJieH: U:HKJIOTpOHHOro THna npoBe~eHhl HCCJie~O
BaHHSI no YTO\.IHeHHIO napaMeTpOB MarHHTHOH CHC
TeMbl, CHCTeMbl 3a~HTbl Cn-o6MOTKH H KpHOreHHO

ro o6ecne\.leHHSI MarHHTa LI.U. -1 [ 49 ]. Co3~aH cTeH~ 
H npoBe~eHhl HCnhiTaHHSI CHCTeMhl H3MepeHHSI H pe
mCTpaiJ:HH napaMeTpOB ~Byxtf>a3HOro reJIHSI (CHCTe
Ma KPHOIIOTOK). npose~eH MOHTa.)K H BaKyyM

Hhle HCnhiTaHHSI ropH30HTaJibHbiX JIHHHH a30THbiX 

IIPMKJIA.ll:HbiE MCCJIE.ll:OBAHUSI 

KoJIJia6opau:ueH: 0H.SIJ1 - HA3 (MocKBa) -

PSI (BHJIJIHHreH, IIIseH:u:apuSI) - <l>H qcAH <npa

ra, qc<l>P) - K<l>A (IOJiux, repMaHHSI) Ha tf>a3oT

poHe JI.Sin flSR-MeTO~OM npose~eHO H3MepeHHe 

rJiy6uH npoHHKHOBeHHSI MarHHTHOro noJISI Aab (0) H 

ux TeMnepaTypHhiX 3aBHCHMOCTen Aab(T) ~JISI cepuu 

BbiCOKOTeMnepaTypHbiX CBepxnpoBO~HHKOB Ha OCHO

Be Bi c pa3JIH\.IHOH KOHU:eHTpau:ueH: HOCHTeJieH 3apSI

~a [51]: (Bi2_xPb)Sr2CaCu20 8+o (x = 0,00; 0,15; 

0,30; 0,67), Bi2Sr2(Ca1_zYz)Cu20 8+o (z = 0,00; 

0,10; 0,20; 0,30; 0,40; 0,45). H3MeHeHHe KOHU:eHT-
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KOMMYHHKau:uH:. H3roTOBJieHo o6opy~oBaHHe ~JISI 
TeXHOJIOrH\.IeCKOro yl.laCTKa no HaMOTKe H nponHTKe 
CeKU:HH CBepxnpoBO~SIIIJ:HX o6MOTOK. 3aKOH\.IeHa 

pa3pa6oTKa a30THoro 3KpaHa csepxnposo~SI~ero 
CeKTOpHOro MarHHTa [50). qepTe.)KH HanpaBJieHhl B 
on OH5IH. HcCJie~oBaHhl xapaKTepHCTHKH ~e.llbTa-
3JieKTpo~a. H3roTOBJieH H HaJia.)KeH BbiCOKO\.IaCTOT
HbiH reHepaTOp. 3aKOH\.IeHhl pa6o4He l.lepTe.)KH ~JISI 
MarHHTa ycKOpHTeJISI Y -120K (Ky6a). 

pau:uu HOCHTeJieH: 3apMa B o6pa3u:ax ~OCTHraJIOCb 
nyTeM 3aMe~eHHSI ~BYXBaJieHTHOro KaJibiJ:HSI 
(Ca2+) TpexBaJieHTHbiM HTTpHeM (Y3+) HJIH Tpex

BaJieHTHOro BHCMyTa (Bi3+) ~BYXBaJieHTHbiM CBHH
IJ:OM (Pb2+). 

JI'J~OHOBCKaSI rJiy6uHa npoHHKHOBeHHSI A(O) 
SIBJISieTCSI O~HHM H3 HaH6oJiee Ba.)J(HbiX napaMeTpoB, 
xapaKTepH3YIO~HX CBepxnpoBO~HHK, TaK KaK OHa 
onpe~eJISieTCSI 3<j>q>eKTHBHOH MaCCOH m• H KOHU:eHT
pau:ueif n HOCHTe.lleH 3apSI~a, npHHHMaiO~HX yl.la

CTHe B o6pa3oBaHHH KynepoBCKHX nap (A 2 - m • Ins)· 



TeMnepaTypHaSI 3aBHCHMOCTh A.(T) no3BOJISieT C):~e

JiaTh BbiOOp Me:>KJJ.Y TeopeTH'leCKHMH MO)l.eJISIMH, 

Yl.IHThiBaiOI.QHMH pa3JIH'-1Hhle MexaHH3Mhl o6pa3oBa

HHSI KynepOBCKHX nap. J1MeiOTCSI H JJ.pyrne B03MO:>K

HOCTH nposepKH TeopeTH'leCKHX MO)l.eJieH. TaK, B 

paOOTe (52] B pe3yJihTaTe aHaJIH3a 3KCnepHMeH

TaJibHbiX JJ.aHHhix JJ.JISI pSIJJ.a BhiCOKOTeMnepaTypHhiX 

CBepxnpOBO)l.HHKOB 6hiJIO npe)l.JIO:>KeHO CJie)l.yiOrn;ee 

COOTHOilleHHe Me:>KJJ.Y Aab(O) H TeMnepaTypou CBepx-

npOBO)l.SIID;ero nepexo)l.a: T - 1 I A. 2b(O) - n I m •. Ta-c a s 
KOe COOTHOilleHHe MO:>KeT O)I{H)J.aThCSI B TeOpeTH'le

CKHX MOJJ.eJISIX, OTJIH'-IHhiX OT TeopHH EKIII B npH-

6JIH:>KeHHH CJia6ou CBSI3H. 

AHaJIH3 3KcnepHMeHTaJihHhiX JJ.aHHhiX, no-

Jiyl.leHHhiX ,uSR-MeTOJJ.OM JJ.JISI yKa3aHHhiX Bhiiiie coe

JJ.HHeHHH Ha ocHose Bi, noKa3aJI, '-ITO TeMnepaTyp

Hhle 3aBHCHMOCTH Aab(T) BO BCeX HCCJie)l.OBaHHbiX o6-

pa3u;ax HaHJIY'-IIIIHM o6pa30M OllHCbiBaiOTCSI B 

paMKax o6bi'-IHOH TeopHH EKIII B npH6JIH:>KeHHH CJia-

6oH: CBSI3H. Pe3yJibTaThi conocTaBJieHHSI A.ab(O) H Tc 

llOK33hiB3IOT 3Hal.IHTeJibHOe OTKJIOHeHHe OT COOTHO

IIIeHHSI Tc- IIA.;b(O). obiJIO TaK:>Ke HaH:JJ.eHo, '-ITO 

llJIOTHOCTb n
5 

CBepxnpOBOASIIIIHX HOCHTeJieH 3apSIAa 

HenponOpU:HOHaJibHa, BOnpeKH O:>KHAaHHSIM, 3cPcPCK

THBHOH saJieHTHOCTH aTgMos MCAH AJISI o6pa3u:os c 

OOJihiiiHM coAep:>KaHHeM CBHHU:a TaKoe noseAeHHe 
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JIABOPATOPll5l 
5l,Il;EPHbiX PEAKI(llH 

B 1991 ro~y ITPHHSIT B 3KCITJiyaTau;mo ycKopH

TCJib Ml.l,-400, ITOJiyl.ICHhi ITYl.IKH HOHOB reJIHSI, yrJie

po~a H KHCJiopo~a c 3Heprneii OT 5 ~o 40 M3B/H. 

B l.I,Oll 0115111 H 11A3 (EyxapecT) se~eTcSI H3ro

TOBJieHHe 3JICMCHTOB KaHaJIOB ITYl.J:KOB ~JISI YCKOpH

TCJISI Ml.l, -400. 

Y JIYl.J:UICHhl MOHOXpOMaTHl.J:HOCTb H ITOBbiUICHa 

HHTeHCHBHOCTh ITYl.J:Ka 1.1aCTHD; ycKOPHTeJISI Y-400. 

Ha yCKOPHTCJIC Y-200 ITOJiyl.J:eH ITyl.IOK HOHOB 
4
He H3 BHCUIHIOIO MHUICHb C HHTCHCHBHOCTblO 

3 · 1014 
HOH/ C, yCKOpHTCJib OTpa6oTaJI Ha 3KCIIepH

MCHT ITO HaKOITJICHHIO Sl~ep 178
IDHf 1500 l.J:aCOB, Ha

KOnJICHO 2 · 1014 Sl~ep H30Mepa ra<fJHHSI. 

3asepUieH TCXHHl.J:CCKHH ITpOCKT HaKOITHTC.IIbHO

ro KOMITJieKca K4-K10. 

llpose~eH D;HKJI pa6oT no CHHTC3y H H3Yl.J:CHHIO 

CBOHCTB pa~HOaKTHBHOro pacrra~a HOBbiX H30TOITOB 

TSDKC.IIb!X 3JICMCHTOB, no HCCJIC~OBaHHIO MCXaHH3Ma 

HAYqH0-11CCJIEJJ.OBATEJibCKI1E PAEOTbl 

Cl1HTE3 11l1CCJIEJJ.OBAHI1E CBOtiCTB 

l130TOllOB T5DKEJihlX 3JIEMEHTOB 

1. Ha KHHeMaTH'-ICCKOM cerrapaTOpe BACI1JII1CA 

[ 1 I ua BhiBe~eHHhiX rry1.1Kax D;HKJIOTpoHa Y -400 

JI5{p HCCJIC~OBaHO BOCCMHa~u;aTb peaKD;HH, rrpHBO

Alllli.HX K KOMITayH~-S!ApaM C 83 < Z < 94 (2). J1c

CJIC~OBaJI3Ch CTYITCH'-IaTaSI 3aBHCHMOCTb )Kli~KOKa

IlC.IIbHbiX 6apbCpOB ~CJICHHll ~Jill Sl~Cp OT~a'-IH B 

o6nacTH Th-Pu [2-6]. .UaHHhie, nony'-leHHhie s 

3KCnepHMCHTaX ~Jill MaKCHMYMOB CC'-ICHHH o6pa30-

B3HHll (HI, Xn)-peaKD;HH, npe~CT3BJICHbl Ha pHc.l. 

B 1991 r. ~Jill npose~eHHSI 3KcrrepHMCHTOB ITO

Tpe6osaJIOCh 620 43COB pa60Tbl yCKOpHTC.IIll Y -400. 

l1CCJIC~OBaHHSI npOBOAHJIHCb C IlY4K3MH yCKOpCH-

HhiX TSI)KCJihiX Houos 
20

Ne, 
22

Ne, 
24

Mg, 
26

Mg, 
27 

AI, 
40 

Ar H 
4
°Ca. llony'-leHhi cne~yiOmHc pe3yJihTaThi: 

a) lloJiy'-ICHbl <fJyHKI.l;HH B036y)K~CHHll ~Jill o6pa-

30BaHHll H30TOITOB 102 3JICMCHTa c A = 252+254 s 

peaKD;HSIX CJIHliHHSI 
22

N C + 236U H 
26

Mg + 232
Th 

(2,3). llpOBC~CHO cpaBHCHHC 3KCilCpHMCHT3JihHbiX 

Sl~CpHbiX peaKD;HH, CHHTC3Y H HCCJIC~OBaHHIO 

CBOHCTB HCHTpoHOH36hlT01.J:HbiX H30TOITOB JICI'KHX 

3JICMCHT•)B. AKTHBHO BCJIHCb pa60Tbl ITO ITpHKJia~HOH 
TCMaTHK ::!. ll pOBC~CHbl COBMCCTHbiC 3KCITCpHMCHTbl B 

Hau;HOH<UihHOH Jia6opaTopHH r AHHJI H 11HCTHTyTe 

raHa - MaHTHCp (<I>Pr) ITO CHHTC3Y H HCCJie~OBa

HHIO CBOHCTB HOBbiX HCHTpOHOH36hiT01.J:HbiX H30TO

ITOB JICrKI.fX 3JICMCHTOB. 3asepUiaiOTCSl pa60Tbl ITO C0-

3~aHHIO ra30BOI'O 4.n-CITCKTpOMCTpa MHO)KCCTBCH

HhlX co6biTHH <I>OEOC (COBMCCTHO c y1.1eHhiMH H3 

l.l,l15111, Pocce~op¢, <I>Pr, H Ea3hi pa3BHTHSI: EAH, 

Co¢HSI, 3oJirapHSI). 

B 1991 ro~y Hay'-IH0-3KCITepHMCHTaJihHhle H Me

TO~Hl.J:CCJ~He pa60Tbl Jia6opaTOpHH OTMCl.J:CHbl l.J:C

TblpbMSI rrpeMHSIMH Qfu,e~HHCHHOI'O HHCTHTyTa. llo 

OCHOBHblM HaiTpaBJICHHSIM HCCJIC~OBaHHH Jia6opa

TOpHCH (Jbi.IIO ITpOBC~CHO TpH MC)K~yHapo~HbiX CHM

IT03HyMa. 

a,MK6 
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qHCJIO HCHTpOHOB 

PHC. I. CIICTeMaTHKa MUKCHMYMOB Ce'leHHH o6pa30BaHH!I Xn-pe

UKI..\HH. Kpy>KKH H TpeyrOJJhHHKH HCOOJih30BUHhl )J,JI!I npe):ICTaBJie

HHSI 1\aiiii!>IX, OOJIY'IeHHhiX )J,JI!I KOMnayH):I-!11\ep C pa3JIH4HhiMH 

aTOMHhiMII HOMepaMH. 
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~aHHblX C pac'-leTaMH 00 CT3THCTHl.J.eCKOH MCI~eJIH. 

06Hapy)KeHO 3H31.J.HTeJihHOe OO~aBJieHHe K3Ha.'la HC

napeHH.SI 4 HeiiTpOHOB. Ilpose~eHo cpasHeHHe c 3KC

nepHMeHTaJihHhlMH ~aHHhiMH ~JISI 6oJiee 3CH VIMeT

pH'-IHblX peaKIJ;HH. IJoJiyl.J.eHHbie ~aHHhle 003BOJISIIOT 

C~eJI3Th OOTHMHCTHl.J.eCKHe OIJ;eHKH ~JISI Cel.J.eHJISI o6-

pa30B3HHSI 3JieMeHTOB C Z ;?!: 105 B peaKIJ;HSIX C HOHa

MH 
22N e 11 

26Mg. 
6) Pa3pa6oTaHa MeTo~HKa onpe~eJieHHSI fiaphe

pos ~eJieHHSI ~JISI Sl~ep -- npo~yKTOB HCnapcHHSI C 

CHJihHblM HeHTPOHHblM ~e¢HIJ;HTOM. l1cCJie~OI-aJI3Ch 

0TJIH1.J.310IIJ;3SICSI OT TeopeTHl.J.eCKOfO npe~CKaoaHHSI, 

06Hapy)KeHH3SI paHee 33BHCHMOCTh OT Z )KH~ KOKa

neJihHblX 6aphepOB ~eJieHHSI ~JISI Sl~ep OT~31.J.l1 B o6Jia

CTH Th-Pu. B npou;ecce 3KcnepHMeHTOB CHHTt:3Hpo

BaHo 3 HOBhiX l130TOna U [ 4--6 ). 

2. IJpo~OJI)K3JIHCh HCCJie~OB3HHSI pacna~a Sl~ep C 

HcnycKaHHeM KJiaCTepos. MccJie~osaJIOCh HcuycKa

HHe SI~pa 34Si H3 
242

Cm. l13oTOn 
242

Cm 6h:JI no

Jiy'-leH npH o6Jiyl.J.eHHH 
241 

Am HeH:TpoHaMH Ha peaK

Tope B J1A3 HM. l1.B.Kyp'-13TOBa. IJoCJie XHMH'IeCKO

ro pa3~eJieHHSI H3 2,26 Mr 
242

Cm 6hiJI npHf010BJieH 

HCTOl.J.HHK llJIOIIJ;a~hiO -300 CM
2

• 

Pac'-leTHaSI sepoSITHOCTh KJiacTepHoro p< cna~a 
242

Cm COOTBeTCTByeT HCnycKaHHIO H3 O~HH K.laCTe:f 

-1015 
a-l.J.3CTHIJ; H -108 

OCKOJIKOB ~CJICHHSI Ha 1 CM • 

B Ka'-leCTse TpeKosoro ~eTCKTopa 6hrJio Bbl6p3HO 

lPOCtP<M'HOC CTCKJIO, C nOMOIQbiO KOTOporo HO:>KHO 

6blJIO 3apemCTpHpOB3Tb KJI3CTCpbi 
34Si Ha ¢oHC a

l.J.3CTHIJ; C CYMM3pHbiM nOTOKOM ~0 -10
15 

CM-
2

. 

K HaCTOSIIQCMY speMeHH noJiy'-leH sepxHH ~ npe

~eJI OTHomeHHSI sepoSITHOCTH KJI3CTepHoro p<Lcna~3 
242

Cm K a-pacna~y -8 ·10- 17 [7 ,8 ]. 

3. CosMeCTHO c l15lel> (AJIMa-ATa), Cl>3I-I (06-

HHHCK), PM (C3HKT-IleTep6ypr), Ul15111 <PxceH

~op¢) nOJIYl.J.CHbi HOBbiC ~3HHbie no ~HH3MHKC ~C

JICHHSI B036y:>K~CHHbiX SI~Cp B ~Hana30HC 3TOMHbiX 

HOMCpOB Z = 50+ 104. J1CCJIC~OB3HO BJIHSIHHC yr JJO

BOfO MOMCHTa H 3HeprHH B036y:>K~CHHSI f!3 >13CCO

Bhle H 3HCprCTHl.J.eCKHC pacnpe~CJJCHHSI 00 OJJKOB 

npH ~eJJeHHH B036y:>K~CHHbiX COCT3BHbiX SI~Cp 
204,206p0 H 26°Ku, K3)K~0C H3 KOTOpbiX noJiy -ICHO B 

6 ( 4) pa3JIHl.J.HbiX no BXO~HOH aCHMMCTpHH pt:aKIJ;H

SIX, B lliHpOKOM ~Hana30He 3HCprHH HOHOB. 3KcnepH

MeHTaJihHhie 33BHCHMOCTH KHHeTHl.J.eCKOH 3HeprHH 

OCKOJJKOB ~eJieHHSI, 3HeprCTHl.J.eCKOH H M3•:COBOH 

~HCnepCHH OT 3HeprHH B036y:>K~eHHSI If yr.lOBOfO 

MOMeHTa np03H3JIH3HpOB3Hbl B paMK3X CT3TH·:THYC

CKOH H ~HHaMHl.J.CCKOH TeopHif ~CJJCHHSI. P360T3 no

JIY'-IHJI3 nepsy10 npeMHIO 0115111 33 1991 ro~ r o p33-

~eJiy H3Yl.J.HO-HCCJJC~OB3TeJihCKHX 3KCnCpHMeHT3Jib

HbiX p360T. 

4. C nOMOIQbiO p3HCe p33p360T3HH0f0 HCT0~3 
HenpepbiBHOfO 3KCnpeCCHOfO XHMHYCCKOfO BI·I~CJJC-
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P11c. 2. TepMoxpoMaTOrpaMMa OKCHXJIOPHAOB BOJib<jJpaMa 11 xpo

Ma B nOTOKe ra3a, CO):Iep)!{alll,eM napbl T110HI1JIXJI0p11l\a. faMMa

cneKTpOCKOn11''leCK11e 113MepeHHII; 
174• 176w 11 

49cr 

HHSI 104-ro 3JICMeHT3 H3 npo~yKTOB Sl~epHbiX pe3K

IJ;HH B BO~HhiX p3CTBopax [9) (eM. OT'-ICT 33 1989 ro~) 

H3Yl.J.CHO llOBC~CHHe 104-ro 3JieMCHT3 B p3CTBOpe 

¢oc¢opHOH KHC.HOTbi. flo~TBCp:>K~CHO ero XHMH

l.J.CCKOC cxo~CTBO c ra¢HHCM. MeTo~ 6hiJI ycneuiHo 

Onpo60B3H H ~JISI rOMOJJOfOB 105-ro H 106-ro 3JJC

MCHT3 -- T3HT3JJ3 l1 BOJibtPp3M3, ero 6hiCTpO~CHCT
BHC yseJIH'-IeHo. B CI1CTeMax c nJiaBl1KOBOH, ¢oc¢op

HOH H rn;aseJiesoii Kl1CJJOT3M11, r~e 3Tl1 3JICMCHThi o6-

pa3yiOT 3Hl10HHbiC KOMnJieKChi, yAaJIOCh BhiACJil1Th H 

H~eHTl1tPl1I . .(l1pOB3Tb KOpOTKO:>KHBYIQHC l130TOllbi 
I5I-I61Hf, I66-I69T3 11 163-167w. HeKoTophre 113 

H11X 11MCIOT 0Cp110~bl llOJiyp3Cll3A3 BCero HCCKOJibKO 

ccKyHA. 113yY3JJCSI PSIA Apymx XI1Ml14CCKI1x p33AC

JJI1TCJJhHhiX cpeA c u;eJihiO no~6op3 H3116oJiee nepc

neKTI1BHhiX CI1CTCM ~-1SI o6Hapy:>KCHI1SI TOHK11X p33-

JII1411H B csoi1CTB3X Hf" Ku. 

5. B npou;eccc MCTOA11YCCKOH noArOTOBKI1 K Xl1-

MI14CCKOH H~CHT11lP11K3IJ;I1l1 3JICMCHT3 106 MCTO~OM 

f330BOH TCpMOXpOM3TOrp3tPl111 f3JIOfCH11AOB npOBC

ACH IJ;l1KJJ 3KCllCp11MCHTOB H3 ny4KC Y -400 C KOpOT

KO:>Kl1BYIQHMl1 1130TOll3MI1 BOJib¢p3M3, MOJJl16ACHa 11 

XpOM3-- XI1MI1YCCKI1MH fOMOJJOf3MI1 3JJCMCHT3 106. 

BnepBbiC BMCCTO KCI K3K MaTep113JJ3 <r3CTHn; np11 

33p030JJbHOM TP3HcnopTc npOAYKTOB SIACPHhiX pc3K

U11i1 ycnCWHO 11COOJJb30B3JJI1Cb XJJOp11A 11 H11Tp3T 3M

MOHI1SI, BbiXOA npOAYKTOB np11 Tp3HCOOpT11pOBKC H3 

p3CCTOSIHI1C -5 M AOCTHr3JJ 90%. B Xl1Ml14CCKoi1 CI1-

CTCMc, COOC06CTBYIOIIICH o6p330B3HHIO OKCHXJJ0p11-

AOB, 1130TOnbi W 11 Cr o6p33YIOT OA11H TCpMoxpoM3-

Torp3¢114CCKI1H 011K np11 TCMnCp3Typc 160oC, 4TO 

SIBJISICTCSI OTYCT JJI1BOH X3p3KTCp11CTl1KOH 3JJCMCHTOB 
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PHc. 3. BenH•mHa cpe,uHcKua,upaTwtHoro pa,uHyca pa3nH•IHbtx SI,uep n 3aBHCHMOCTH oT 3HatteHHSI H3ocnuHa (ttepHbte TpeyrOJJbHHKH -

pe3yJJbTaTbt pa6oTbt [II]) 

VI rpynnhi nepuo~HllcCKOH CHCTCMhi, eM. puc. 2. 0T

pa6oTaHhi yCJioBHSI OT~cJICHHSI 3JICMCHTOB III, VI H V 
rpynn [10 ]. 

6. 3aKOHllcHa pa6oTa, H yTBep)J(~CH OTllcT MC)J(

~yHapo~HOH KOMHCCHH IUPAP (Me)J(~yHapo~HhiH 

co103 liHCTOH H npHKJia~HOH qm3HKH) H IUPAC 
(Me)J(~yHapO~HhiH COI03 llllCTOH H npHKJia~HOH XH

MHH) no~ npe~ce~aTCJlhCTBOM npo¢. LI,.BHJIKHHCO

Ha (BeJIHKo6pHTaHHSI). KoMHCCHSI paccMoTpeJia pa-

6oThi pa3JIHliHhiX HCCJIC~OBaTCJlhCKIIX Jia6opaTOpiiH, 

npCTCH~YIO~IIX Ha npHOpHTCT B OTKpb!Tllii HOBhiX 

3JICMcHTOB. KoMuccuci1 6hiJIH yCTaHOBJICHhi KpH

TcpHII, KOTOpblMII OHa pyKOBO,ll,CTBOBaJiaCb npH 

paCCMOTpCHHII HCCJIC~OBaHHH no OTKpbiTHIO 3JICMCH

TOB 101-109. 
B HCKOTOpbiX CJ1Yli351X KOMHCCH51 nOCliiiTaJia, 

liTO OTKpb!THC 51BHJIOCh COBMCCTHbiM ~OCTll)J(CHHCM 

ABYX Jia6opaTOpllH, pe3yJibTaTOM HCKOTOporo npo

u,ecca HaKonJieHHSI A3HHbiX o cy~ecTsosaHIIII 3Jie

MCHTa II ero xapaKTCpHCTHK3X, a HC CAHHOBpC

MCHHhiM aKTOM. B ~pymx cJiylla51x npH3HaHo, liTO 

OTKpbiTIIC 3JICMCHTa CACJiaHO II HaAC)J(HO AOKa-

3aHO Hc3aBHCHMO B AByx Jia6opaTopH51X npaKnt

'ICCKII OAHOBpCMCHHO, n03TOMY 3aCJiyra OTKpbiTHSI 

AOJI)J(Ha 6biTb pa3ACJ1CHa MC)J(AY 3THMH Jia6opa

TOpH51MII. 

0TKpb!THC 3JICMCHTa l 02 npH3H3HO KOMHCCHCH 

li,CJIHKOM H HCKJIIO'IHTCJlbHO 3a Ll,y6HOH. 

3Jit:MCHT 103 6hiJI OTKpblT COBMCCTHO Ll,y6HOH ll 

EepKJIH. 

3Jit:MCHT 104 6biJI OTKpb!T O~HOBpCMCHHO'if HC-

3aBHClll<10 s Ll,y6He (xHMH'ICCKa51H30JISIIJ,H51) H s Eep

KJIH (<jJJI3H'ICCKHC 3KCnepHMCHTbi). 

3Jit:MCHT 105 6hiJI OTKpbiT OAHOBpcMCHHO ll HC-

3aBIIClll-10 s Ll,y6He H s EepKJIH. 

3m:McHT 106 6biJI OTKpbiT rpynnoil: H3 EepKJIH s 

COTPYAHII'ICCTBe c JIHJI (JlHsepMop). 

3JII:McHT 107 6hlJI OTKpbiT B Ll,apMIUTa~TC (GSI). 
3Jit:MCHT 108 6hiJI OTKpbiT Ll,apMIUTa~TOM H Ll,y6-

HOH, HeCKOJihKO 6oJihiiia51 3acJiyra npH3HaHa 3a GSI. 
3JII:MCHT 109 OTKpblT B Ll,apMIIITaATC. 

TaJ>:IIM o6pa3oM, KOMIICCHSI BHJIKHHCOHa npH-

3HaJia :;a Ll,y6HOH HC33BHCHMOC OTKpblTHC 3JICMCH

TOB 1 0~ , 104 II 105 H BKJiaA B OTKpblTHC 3JICMCHTOB 

l 03 H I 08, TO ecTh npHopHTcT s OTKPhiTHH n51TH H3 

BOCbMH 3JICMCHTOB ( 102-1 09), nOJIY4CHHbiX 3a 30 
JICT Ha yCKOpHTCJISIX TSI)J(CJlblX HOHOB, H CnCIJ,HaJibHO 

OTMCTHJia Ba)J(HOCTb MCTOAa «XOJIOAHOro CHHTC3a>> 

51ACp, ra3pa6oTaHHOro B Li,y6He AJI51 CHHTC3a 3JIC

MCHTOB I 06 H Bb!IIIC. 

3a rpynnoii H3 EepKJIH npii3HaHhi JacJiyrH s OT

KpbiTHH liCTblpCX 3JICMCHTOB, 3a rpynnOH B Ll,apM

IIITaATC - B Tpex. 

I u ) AP II I up AC YTBCPAHJIII OT4.CT KOMHCCIIH. 

KOMHCCH51 y6cAHJiaCb B TOM, liTO HCCJICAOBa

HH51 HC CBOAIIJIIICh TOJlbKO K OTKpb!THIO 3JICMCHTOB. 

0HII npCACTaBJISIIOT U,CJIYIO nJIOAOTBOpHyiO o6JiaCTh 
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r 
I 

~epHOH QlH3HKH, B KOTOpOH 6hlJI IIOJIY'lCH :C 1KCIIC

pHMCHTaJihHhiH MaTepHaJI HCKJIIO'lHTCJihHOH 3Ha'lH

MOCTH. 

CBOACTBA3K30THqECKHX~~EP 
H H3YqEHHE MEXAHH3MA 

~~EPHhiX PEAKI.J,HA 

1. IlpOBO~HJIHCh HCCJIC~OBaHH51 CBOHCTB 51~pa 

II Li, B KOTOpOM o6Hapy)KCHO raJIO H3 ~Byx HCHTpO

HOB. HcCJie~osaHHe 3Toro R~pa rrposo~HJIOCh no rrpo

rpaMMe H3Y'lCHH51 CBOHCTB 3K30TH'lCCKHX 51~Cp CO

BMCCTHO c Hau;HoHaJihHhiM u;eHTPOM f.A HHJI 

(c:l>paHU.H51) H HacTHTYTOM faHa - MaiiTHep 1. Bep

JIHHe (c:l>Pf). B 3KCrrepHMCHTax, rrpose~eHHHX Ha 

rry'lKaX T51)KCJihlX HOHOB B fAHHJI, 6hiJIH H3)'lCHhl 

IIOJIHhiC CC'lCHH51 peaKLJ;HH IIOTJIOIII.CHH51 3K30TH'lC

CKHX R~ep ~JI51 H3o6apos c A = 10 ~o A = 1 ~. H3 

3THX ~aHHhiX IIOJIY'lCHO 3Ha'lCHHC cpe~HCKBa~pa

TH'lHOTO pa~Hyca 110TJI0111.CHH51 pa3JIH'lHhiX 51t;ep r~ 
(pHC.3) (11 ). 3TH ~aHHhlC yKa3hiBaiOT, '!TO TaKHC 

CHJihHOHCHTpOHOH36biTO'lHhiC 51~pa JIHTH51, 6 ~pHJI
JIH51, 6opa HMCIOT aHOMaJihHO BhiCOKOC 3Ha'lCHfiC r~. 

~JI51 IIOJIY'lCHH51 6onee ~eTaJihHOH HH<j}OpMal\HH 0 

TaKHX 51~pax, B 'laCTHOCTH OIIpC~CJICH1151 HX II :)TCH-

£ 

0&. 
b 

10 
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0.01 
0 

11 Li (29 M3B/ A) + 2sSi 

I J i- I I -~ f I I ~-~ 1'1 

I I I I I 

5 1 0 15 20 
eo 

PHC. 4. npe)lBapHTCJibHbiC pe3yJibTUThl H3Meperm~ ce•reu~ i1 yn

pyroro pacceSJHHSI SlllCP 
11 Li Ha KpeMHHH (cnJrOIUIJall KpHHa~ -

pC3YJibTaTbl paC•ICTa 110 CTaTHCTH'ICCKOH MO)lCJIH C II a paM :TpOM 

v R- O,S2 Vrold H v,m- llOTCifl(HaJI By )lea- CaKCOHU) 
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~~po 

SHe 

9Li 

llLi 

12Be 

13B 

TJ/ 2 3Kcrr. (Me) 

124,5±0,2 

181,8±0,4 

8,0± 1,0 

13,1 ±0,5 

17,0±0,4 

Ta6.lluu,a 1 

Wfl, p fl 3KCII. (%) 

P0 = 87,0±1,1 

P 1 = 12, 7±2,6 

P0 = 86,6±0,9 

pi = 13,3±3,4 

P0 = 45,9±4,6 

pi = 29,4±2,6 

P2 = 15,2±3,0 

P3 =5,1±3,0 

W,1 = 94±9 

W
11 

< 0,08% 

W
11 

< 0,03% 

u;11anos, pacnpe~eneHH51 HYKJIOHOB, ~u<j)<j)y3HOCTH, 

IIpOBO~HJIOCh HCCJIC~OBaHHC HX ynpyroro paCCCSIHHSI 

s ~y6He H fAHHJI I 12 ]. Ha puc. 4 noKa3aHhi npet:~
sapHTCJihHhie pe3yJihTaThl IIO H3Y'lCHHIO CC'lCHHSI 

ynpyroro pacceRHHSI Sit:~ep 1 1 Li Ha KpeMHHH. ITo

ny4eHHhiC pe3yJihTaThl 6biJI11 o6pa6oTaHbl C HCIIOJib-

30BaHHCM OIIT114CCKOH MOtiCJIH. 3KCIICpHMCHTbl IIO 

yrrpyroMy paCCCSIHHIO :JK30TH4CCKHX 51t1Cp H HX o6pa-

60TKa npot:~OJI)KaiOTCSI t(Jl51 6oJibUIHX yrnos. 

Ha ycKopuTene Y -400 JI~P nony4eH MOHoxpo

MaTH4CCKHH IIY40K T51)KCJlbiX HOHOB C pa3pCIIICHHCM 

!1£- 200 K3B, pHC. 5, H C ero IIOMOIII.h!O Ha4aTbl HC

CJ1Ct(OB3Hl151 MSITKOH MOt(bl ruraHTCKOTO pe30H3HC3 

t~JISI Sit:~pa 11 Li s peaKu,uu 
14

C ( 
11 

B, 
1 40> 1 1 

Li. ITo

ny4eHHhrif IICpBblH pC3t'lhTaT CBHt(CTCJibCTBYCT 0 cy

III.CCTBOB3Hl111 B Slt(pe t Li HCCKOJlbKHX mraHTCKHX 

pe3oHaHcos. B HaCTOSIIII.CC speMSI Ht~eT ti3JibHCHIIIui1 

Ha6op CTaTHCTHKH B :JTOH peaKU,HH, a TaK)KC Ha4aT 

3KcnepHMCHT s l1HcTuTyTc faHa - MaiiTHep no so3-

6y)KtiCHHIO mraHTCKHX pC30HaHCOB B Slt(pC It Li B pe

aKU,HH tiBOHHOH nepe3apS1t(KH 
11

B(
14

C, 
14Q) 11 Li. 

ITposet~cHbi 3KcnepHMCHThi no u3y4eHHIO scpOSITHO

CTH HCHTpOHHOTO pacnat~a Slt(Cp TCJIHSI, JIHTHSI 11 6e

pUJIJlfiSI C HCnOJlb30BaHHCM 4Jr-HCHTpOHHOro t(CTCK

Topa (yCTaHOBKa TETPA). EbrJlu H3MepeHhi nepuo

tlhi nonypacnat~a H BCpOSITHOCTH {3-3at:~Cp)K3HHOH 

HCHTpOHHOH ::>MHccuu u3oTonos sHe, 
9Li, 11 Li, 12

Be 

H 
13B 1131. 

ITony4CHHhiC 3H3'ICHHSI T 112 u sepoSITHOCTH f3-
33t1CP)K3HHOH HCHTpOHHOH :JMHCCHH IIpHBCtiCHbl B 

Ta6nuu.c I' ft(C wll - IIOJIHaSI BCpOSITHOCTh HCIIYCKa-

HHSI H6ITpOHOB, a p - BCpOSITHOCTh HCIIYCK3HI1SI ~~-
ll JJ 

33tiCP)K3HHblX HCHTPOHOB. 

1 
i 
~ 



500 

400 

100 

Ynpyroe pacceSIHHe 
11 B +Au 
E= 185,4 M3B 

8=4 

· -200 K3B 

Q +ro.,--r-r-rTT-r;rrro.,-rr-rTT-M,..,..,.,..qarj"'T"'rT+t"'T"t I I I I f I I I I 1 I I I I f I I I I I I I I I J 

0 50 100 150 200 250 300 

HoMep KaHaJICJ 

PH c. 5. CneKTP pacceiiHHbiX 4acniL(, no;Iy4eHHbiH c HCilOJib30BaHHeM cneKTpoMeTpa MCTI-144 

2. MeTO.r\OM pe3oHaHcHoii: Jia3epHoii: qmyopec

u;eHIJ,HHH3MepeHhi li30TOnlll.J.CCKHC C,I:\BHrH B OnTHl.J.C

CKHX cneKTpax aTOMOB Hf. llyl.J.OK aTOMOB Hf 6hiJI 

nOJIYllCH npH B03,1:\CHCTBHH Ha HCCJIC.r\YCMhiH o6pa3CIJ, 

MOII.J;Hb!M HMnyJihCHhiM JI33CpHbiM H3JIY4CHHCM. 

H3MepSISI H30TOnHl.J.CCKHe C.r\BHrH, onpe,I:\CJISIJIH 

pa3HOCTH 33pSI,I:\0BhiX pa,I:\HYCOB COCC.}:\HHX H30TOnOB 

Hf B ,1:\HanaJoHe MaccoBhiX 4HCCJI 174-180. B 3TOH 

o6JiaCTH R,I:\Cp napaMCTp KB3,1:\pynOJihHOH ,1:\C~OpMa
I..J;Hll ,1:\0CTHraeT MaKCHMyMa npu A = 176, a 3aTeM 

yMeHhwaeTCSI, puc. 6a. 3To MO)KCT BJIHSITh Ha H3MC

HCHHe 3apRAOBhiX paAHYCOB c pocTOM A, puc. 66 

(B6JIH3H A H30Tona c MaKCHMaJihHOH ,1:\C~OpMaiJ,Heii:). 
0AH3KO npOBCACHHbiC H3MCpCHHR nOK333JIH, 4TO 

pa3HOCTH 33pRAOBbiX pa,I:\HYCOB OCT310TCR npaKTH4C

CKH O,I:\HH3KOBbiMH BO BCCM HCCJICAYCMOM AH3n330HC 

RACP (pHC. 6B) ( 14 ). llO-BHAHMOMY, HMCIOTCR ~aK

TOpbi, CTa6HJIH3HpyiOUJ,HC 33PRAOBhiC paAHYCbi RACP 

npH H3MCHCHHH HX AC~OpM3IJ,Hll. 

3. llpOBC,I:\CHbl pa60Tbl nO C03A3HHIO Bb!COKOCDH

HOBOH SIACPHOH MHWCHH H3 AOJII'O)KHBYII.J;CI'O H30MC-

pa 178m2 Hf I :rr = 16 + T = 31 ron 3KcnepHMCH-, ' I/2 ,..... 

Thl no A3HHOH TCMC npOBOARTCR COBMCCTHO C 0pc3 

(<l>paHIJ,HR) " )J,apMwTaATOM (<l>Pf). B )J,y6He Bbi-

102 104 106 108 N 
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PHC. 6. 3aBHCHMOCTb OT •mc,1a HCHTpOHOB napaMeTpa JICQJOpMa

L(HH lljjpa (I) H pa31l0CTH 3ap11):10BbiX pa):IHyCOB (6), paCC1111TaH

IIhlX 110 Kan•:JibHOH MOJICJIH H H3MCpC11HbiX Ha Ollh!TC (B) 
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YcT~HOBKa )l.3MAC-H, HacTpoi1Ka cneKTpoMeTpa pacna):la BbiCOKOBo36y>K):IeHHbiX !l):lepHbiX CHCTeM 

DOJIHeHbl H3MepeHHSI ¢YHKU:HH B036y)l(AeHHSI paAHO

aKTHBHbiX H30TOUOB ra¢HHSI B HeCKOJlbKHX peaKU:H

SIX [15, 16 ]. Ha puc. 7 u 8 B Ka'IeCTBe npuMepos no

Ka3aHhl ¢YHKU:HH B036y)l(AeHHSI AJISI peaKU:HH 
4He + 176Yb H 12C + 170£r. flepBaSI H3 peaKU:HH Bbi-

6~aHa KaK ODTHMaJibHaSI AJISI UOJiyqeHHSI H30Mepa 
1 8~ Hf no BeJiuquHaM a6coJIIOTHOro BbiXOAa u H30-

MepHoro OTHOWeHHSI. 

,lLnSI yMeHbilleHHSI BbiXOAa JierKHX H30TODOB 

ra¢HHSI HCDOJlb30BaJICSI o6oralll,eHHbiH H30TOD 
176y},, noJiyqeHHbiH B KOJiuqeCTBe 1 r H·a Macc-cena- • 

paTope «Paris» B O~c3. flpuMecb APyrux H30Tonos 

HTTep6HSI, KpOMe I 6Yb, OU:eHHBaeTCSI Ha ypOBHe 

5·10-6 r/r. J.b o6oralll,eHHoro 176Yb u3roTOBJieHa 

U:HKJIOTpoHHaSI MHWeHb, npOBeAeHO ee AJIHTeJibHOe 

o6JiyqeHHe Ha U:HKJIOTpoHe Y-200 uoHaMH 4He c HH

TeHCHBHOCThiO -100 MKA. B pe3yJihTaTe HaKonJieHo 

3·1014 SIAep 178~ Hf, npuqeM 6e3 npuMeceH: JierKHX 

H30Tonos ra¢HHSI c A ::s 176. 

Pa3pa6oTaHa MeTOAHKa u npoBeAeHo xuMuqe

CKoe BbiAeJieHHe ra¢HHSI 113 MHWeHH, OCHOBaHHOe 

Ha CeJieKTHBHOH 3KCTpaKU:HOHHOH XpOMaTorpa¢HH 

H3 paCTBOpOB a30THOH KHCJIOTbl Ha KOJIOHKe C 

OKHCbiO TpH-H-OKTHJI¢oc¢uHa (TO<l>O) Ha Wofatite 

EP-60. Ko3¢¢uu:ueHT oqucTKH ra¢HHSI OT peAK03e

MeJI&HbiX 3JieMeHTOB npeBbiWaJI 107 n pH BbiXOAe 
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80-90%. Pa3pa6oTaH cnoco6 H3roTOBJieHHSI MHwe

Heii nyTeM HaHeCeHHSI ra¢HHSI Ha yroJibHble DOAJIO)l(

KH MeTOAOM 3JieKTpOKaDHJIJIS1pHOro HaUbiJleHHSI 

[17 ]. 

CoBMeCTHO c rpynnoH:, pa6oTaiOlll,eH B GSI 
(.lJ,apMWTaAT), BeJiaCb DOAroTOBKa K HCCJieAOBaHHIO 

H30Mepa 178m2 Hf MeTOAOM KYJIOHOBCKoro B036y)l(Ae

HHSI Ha nyqKe HOHOB 208Pb npH HCDOJlb30BaHHH MHO

roAeTeKTOpHblX raMMa-cneKTpOMeTpuqeCKHX yCTa

HOBOK. 

fl pOBOAHJICSI aHaJIH3 ( 18 ) B03MO)l(HOCTeH HCCJie

AOBaHHSI SIAepHbiX peaKU:HH C JierKHMH qaCTHU:a

MH Ha BbiCOKOCDHHOBOH MHWeHH 178n~ Hf. Ha pHc. 9 

AJISI npuMepa noKa3aHa cxeMa OAHOH H3 TaKHX peaK

u:uH: - Heynpyroro paCCeSIHHSI TeDJIOBbiX HeHTpO

HOB. BHAHO, qTo npu 3axsaTe HeiiTpoHa SJApoM 
178n~ Hf MoryT 3aceJISITbCSI 3K30TuqecKue HeiiTpoH

Hhle pe30HaHCbl CO CDHHaMH 31/2 H 33/2. flpH pac

naAe 3THX pe30HaHCOB AOJI)l(eH o6pa30BbiBaTbCSI Bbi

COKOCDHHOBbiH H30Mep 179m2Hf, /:n: = 25/2-, 

T 112 = 25, 1 AHSI. Bo3MO)l(HO TaK)l(e ucnycKaHHe 

HeHTpOHOB C 3HeprHeH 6oJI&WeH, qeM HCXOAHaSI, TO 

eCTb <<YCKOpeHHe HeHTpOHOB» B 3KCnepHMeHTe C Ten

JIOBbiMH HeHTpoHaMH. TaKHM o6pa30M, BnepB&Ie Mo

ryT 6hiTb DOJiyqeHbl CBeAeHHSI 0 DJIOTHOCTH BhiCOKO-
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P11c. 7. liHCJIO SIACP paA~tOaKTI1DIIhtx H30Tonoo ra<jJHI1SI s 3ani1CH

MOCTH OT :mepr1111 HOHOD 
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(96% o6orameHH!I) 

P11c. 9. CxeMa Heynpyroro pacce!lmt!l 

11 p3):(Ha1.1110HH0f0 33XB3Ta TCIIJIODbiX 

IICi:fTpOHOB Ha DbiCOKOCmiiiOIIOM ft30-

Mepe 178m2 Hf . 
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P11c . 8 . 1~yHK\'7'~ B036y>t<):(CHI1SI p3):(110aKTI1BHbiX npOAYKTO~B pe

aKI.\1111 C + Er. PeaKI.\11!1 (a , On) COOTBCTCTBYCT BbiXOAY 1130-

Mepa 178m2 Hf 

25,1 ~H. 
25/T 1,106 M3B 
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[}ill] 

@ 

~ 

T11z ((1) 
T11z ( n) 

P11c. lO.l13MepeHHble sepO!ITHOCTHH nepHOI\bl Hei1TpoHHOro pacna11a wu1 1111ep 44s .., 47 Cl no3BOJI5110T oocnpOH3BeCTH cxeMy HyKneocHH

Teaa so BceneHHOH 11 Ha6niOAaeMhle aHOMMbHhle OTHorneHHII coAeplKaHHII 
48

ca/
46

ca s MeTeOpHTe A.riJieHAe (nepHOA nonypacna11a 
-5 3 T 1 /2(/3) - 3KcnepHMeHT HJIH npeACKa3aHHe QRPA-MOAenH; T 112 (n) AJIII nnOTHOCTH Hei1TpOHOB 5 ·I 0 MOJib/CM ) 

CllHHOBbiX HellTpOHHbiX pe30HaHCOB H 0 pOJIH 3anpe

Ta no KBaHTOBOMY l.J.HCJIY K s .s~.u.epHbiX peaKU:H.IIX. 

4. C HCnOJih30BaHHeM cneKTpoMeTpa LIZE H 

GANIL s cosMeCTHOM 3KcnepHMeHTe HHCTHTYTOB 

Kernchemie (Mains) - GANIL (Caen) - CEN 

(Bordeaux) - lEA (Bucharest) - IPN (Orsay) -

LPS (Caen) - MPI (Garching) - JINR (Dubna) -

University (Lund) - Astrophysics (Karvard ) npo-

Be,LieHO HCCJie,LIOBaHHe BpeMeHH )I(H3HH .LIJIR /3-pacna

,Lia H sepo.s~THOCTH /3-3ana3.LihiBaJOmei1 Hei1TpOHHOH 

3MHccHH .LIJISI 3K30TH4ecKHx SI,Liep 44s " 45
-

47 ct 
[ 19 ). 3TH H30TOnbl HMeiOT OC06biH HHTepec .LIJISI 3CT

po¢H3H4eCKHX HCCJie,LIOB3HHH 11 H3y4eHHSI npHpO

.Libl KOppeJIHpOBaJ;IHbiX 1130TOnH4CCKHX aHOM3JIHH 

Ca-Ti-Cr so BKJIJ04eHHSI.X s MeTeopHT AJIJieH.Lie 

(pHC. JO). 

PA3PABOTKl1 B OBJIACTM YCKOPHTEJIEM l13KCOEPl1MEHTAJihHOH AOOAPATYPhl 

1. Ha U:HKJIOTpoHe Y -400 Ha4aThi pa6oTbi no ne

peso.u.y ero B pe)I(HM HH)I(eKTOpa U:HKJIOTpOHHOro 

KOMnJieKca T.ll)l(eJihiX HOHOB Y -400 + MU -400. Opo

se.u.eHa peKOHCTPYKU:HR U:eHTpaJibHOH HOHHO-OnTH

l.J.eCKOH CHCTeMbl U:HKJIOTpOHa Y -400 .ll.JIR yCKOpeHHSI 

Ha 6-H rapMOHHKe ny4KOB HOHOB C 3Hepmei1 0,5-

2,6 M3B/HyKJIOH, KOTOpbie 3aTeM 6y.u.yT BbiBO.ll.HTb

CSI H TpaHcnopTHposaThCSI .LIO U:HKJIOTpoHa MU-400. 

B pe3yJibTaTe nycKoHaJia.LI04HbiX pa6oT c Hos oi1 u:eH

TpaJibHOH OllTHKOH Ha U:HKJIOTpOHe Y -400 y cKopeHbl 

CJie,LiylOIUHe HOHbi: 
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THn HoHa 

20Nel+ 

40Ar2+ 

84Kr4+,5+ 

129,131 ,I32xe4+ ,5+ ,6+ . 7+ .s+ 

209Bi7+ 

3HeprHSI, 

M3B/ HYKJIOH 

1,6 

I ,6 

1,5-2,4 

0,6-2,5 

0,7 

.il,JISI BbiBO.LI3 3THX YCKOpCHHbiX HOHOB pa3pa6o

T3H3 KOHCTPYKU:HSI CHCTCMbl BblBO,Lia H H343TO ee 113-

roTOBJieHHe. 

Opose,LieHbi HCCJIC.LIOB3HI1SI 11 pa3pa6oTKH no no

BbiUieHHIO 3¢¢eKTHBHOCTH HCnOJib30BaHHSI pa60411X 

BCLU,CCTB npH noJiy4CHHH 11 YCKOpCHHH H3 I.J:I1KJIOTpO

He Y -400 ny4KOB 110HOB pC,LIKHX 1130TOnOB. C U:CJibiO 

nOBbiUICHHSI HHTeHCHBHOCTH ny4Ka pa3pa60T3H3 

TCXHOJIOri1SI 11 npOBC,LieHbl 3KCnepHMCHTbl no COBCp

WCHCTBOB3HI110 paCnbiJISICMbiX :)JieKTpO,LIOB 113 o6ora

LU,CHHbiX 3JICMCHTOB Ha o6pa3U:3X TJ.o!T3H3 11 XpOM3 33 

C4CT BOCCT3HOBJICHHSI OKI1CH MeTaJIJIOB 3THX 3JieMeH

TOB K3JibU:HeM. 

2. Ha U:HKJIOTpoHe Y-200 npoAOJI)I(3JII1Cb pa6oTbi 

no noJiy4eHI110 H30MCpa 178mHf B peaKU,11H 
176

Yb(a, 2n~ 178111 Hf 11 1130TOna 
237

Pu B peaKU,11H 
235

U(a, 2n) 37 Pu. 

.il,JISI HapaOOTKH HC06XO,LII1MbiX KOJIH4CCTB yKa-

33HHbiX 1130TOnOB nOTpC60B3JIOCb YBCJII1411Tb HHTeH-



3aaepweH MOHTaJK LJ.I1KJIOTpoHa THJKeJibiX 110HOB MU-400 

Y'laCTHI1K11 no)lni1CaHI1!1 AKTa np11eMO'IHOi1 rocy)lapCTaeHHOi1 KOMI1CCI111 o np11eMK a 3KcnnyaTau_mo 1130xpOHHOro LJ.I1KJIOTpOHa TSIJK&JibiX 

110HOB MU-400 
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HCTO'IHHK MH01'03apSIAHbiX HOHOD MU-400 

CH8HOCTb HOHHOI"O ny'IKa Ha <f>H3H'IeCKOH MHllleHH AO 

100 MKA (3 · 1014 
11aCTHU: 8 ceKYHAY) • .Il;m1 noJiylfe

HHSI TaKHX ny'IK08 npo8eAeHO yCOBepllleHCTBOBaHHe 

ra30pa3p~HOI"O HCTO'IHHKa C KaTOAOM npSIMOI"O Ha

KaJia, pa60'ra10w;ero 8 HMnyJibCHOM pe;>KHMe. CpoK 

CJiy;>K6bl HOHHOI"O HCTO'IHHKa onpeAeJISieTCSI BpeMe

HeM ;>KH3HH npSIMOHaKaJibHOI"O KaTOAa H COCTaBJISieT 

8 cpeAHeM 16 11aco8. B aacToSim;ee BpeMSI BeAyTCSI pa

OOTbl no YBeJIHlfeHHIO cpoKa CJiy;>K6bl HCTO'IHHKa. Co-

8MeCTao C JlSIIJ pa3pa6oTaH OnbiTHbiH Bap HaHT HC

TO'IHHKa HOHOB C nOJibiM KaTOAOM AJISI U,HKJIOTpOHa 

Y-200. 

3. B aa11aJie 1991 roAa 3aBepiDeH MOHTa;>K y3-

JIOB H CHCTeM HOBOI"O H30XpOHHOI"O U,HKJIOTpoHa 

MU:-400 H aa11aTa ux HaJiaAKa. B pe3yJihTaTe aa

JiaAKH OTAeJihHbiX CHCTeM yCKOpHTeJISI H npOBeAe

HHSI KOMnJieKCHbiX nyCKOHaJiaAO'IHbiX pa6 oT B Mae 
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1991 I"OAa 6biJI noJiylfeH BHyTpeHHHH ny'IOK ycKO

peHHbiX OAH03ap51AHbiX HOHOB reJIHSI C :meprueif 

31 MsB/ayKJioH. Bo BTopo:H noJIOBHHe roAa npoBo

AHJiaCh OTpaOOTKa pe;>KHMOB yCKOpeHHSI CJieAyiOID;HX 

HOHOB: 

Tun noaa A/Z 3aeprHSI, 

MsB/ayKJioH 
4Hel+ 4 31 
t2c3+ 4 31 
14N3+ 4,67 26 
20Ne2+ 10 5,4 
14N4+ 3,5 40 

Ha U.HKJIOTpoae MU: -400 HCnOJih3yeTCSI BePTH

KaJibHbiH AYI"OBOH HCTO'IHHK HOHOB, KOTOpbiH yco

BepllleHCTBOBaH C U:eJiblO CHH;>KeHHSI paCXOAa ra3a H 

yBeJIHlfeHHSI cpoKa ero CJiy)l(6bl. IloJiylfeHHble napa-



MeTpbi DY'-IKOB YCKOpeHHbiX HOHOB COOTBeTCTBYIOT 

npoeKTY H CBJmeTe.JibCTBYIOT 0 npaBHJibHOCTH Bbl-

6paHHbiX pemeHHH, y~oBJieTBOp.siiOID;HX TeXHHl.le

CKHM yCJIOBH.siM. 

B KOHIJ;e 1991 ro~a rocy~apCTBeHHa.si KOMHCCH.si 

npHH.siJia IJ;HKJIOTPOH MU.-400 B 3KCnJiyaTau;uro. 

B 1992 ro~y Ha IJ;HKJIOTpoHe MU. -400 6y~yT npo

BO~HTbC.si CJie~yiOm;He paOOThl: 

- OTpaOOTKa pe)KHMOB ycKopeHH.si pa3JIH'-IHbiX 

HOHOB; 

- BbiBO~ DY'-IKa ycKopeHHbiX HOHOB H3 IJ;HKJIO

TpoHa (BbiDOJIHeH pacl.leT H DpOeKT CHCTeMbl BbiBO~a 

H Ha'laTO ee H3I"OTOBJieHHe); 

- yBe.JIH'IeHHe MOIIJ;HOCTH BhiCOKO'IacTOTHoro 

reHepaTopa; 

- nepeBO~ CHCTeMbl 3JieKTpOnHTaHH.si OCHOB

HOH H KoppeKTHpyiOm;Hx o6MOTOK 3JieKTpoMarHH

Ta Ha HCTO'IHHKH DHTaHH.si DOBbiiDeHHOH CTa6HJib

HOCTH; 

- C03~aHHe 6HOJIOrH'IeCKOH 3aiiJ;HTbi; 

- C03~aHHe KaHaJIOB BHeiDHHX ny'-IKOB (o6opy-

~OBaHHe KaHaJIOB uaroTaBJIHBaeTc.si B PyMhiHHH u B 

OnbiTHOM npoH3BO~CTBe 0115111); 
- C03~aHHe aBTOMaTH3HpOBaHHOH CHCTeMbl 

ynpaBJieHH.si (npoeKT paapa6oTaH B 1991 ro~y). 

4. Jl:JI.si 3IJ.P-HCTO'IHHKa Ha \laCTOTe 14,5 ffu; 

pa3paOOTaH H C03~aH reKCanOJib OpHrHHaJibHOH KOH-

CTeHn MOlleJIH 3UP-HCT04HHKOB HOHOB 
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Z,MM 

PHc. II. PacnpeneneHHe MarHHTHOro nOJill ononb ocH reKcanOJill 

Ha pa3JIH'IHbiX panHycax 

cTpyKu;u u [20 ]. B peayJihTaTe npoBe~eHHbiX Mar

HHTHbiX H3MepeHHH DOJiy'leHO, '-ITO Be.JIH'-IHHa Mar

HHTHOH HH~YKIJ;HH Ha DOBepXHOCTH MarHHTa npeBbl

maeT 1 T, a Heo~Hopo~HOCTb MO~YJI.si MarHHTHOro 

DOJI.si B 3aBHCHMOCTH OT a3HMyTaJibHOI"O yrJia He npe

BhlmaeT 3%. Ha puc. 11 noKaaaHo pacnpe~eJieHHe 

pa~HaJibHOH KOMDOHeHTbl MarHHTHOro DOJI.si B~OJib 

ocu reKcanoJI.si Ha paaJIH'IHhiX pa~uycax. 
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P11c. 12. Tonorpa4J1111 MarHI1THOro nOJI!I s npOAOJihHOM ce4eHI111 11CT04HI1Ka 

Ta6.tluu,a 2. 0cH08Hble napaMempbl KOAeu, K4 u K 10 

KoJihiJ;O 

Bpmax• T·M 

IJepHMeTp, M 

AKcenTaHc 

E, .n·MM·Mpa~ 

!:J.p/p,% 

3JieK'ti)OHHOe OXJia)l(~eHHe 

EMaKc' K3B 

~JIHHa,M 

f3rop/ f3sepT' M 

~HaMeTp KaTo~a 

/MaKe' A 

Y cKopsnow;ee Bll -HanpsDKeHHe 

4aCTOTa' M ru; 
UB4' K3B 

4HCJIO BlJ-cTaHIJ,Hil 

BaKyyM, Pa 

YcraHOBJieHHaSI MOID;HOCTh1 MBA 

C HCllOJib30BaHHeM MeTO~a o6heMHbiX HHTer

paJibHhiX ypaBHeHHH [21] npoBe~eHhl pac4eThl Tpex

MeTpoBoil KOH<jmrypall,HH MarHHTHOI'O OOJISI, KOTO
phle 003BOJISIIOT Onpe~eJIHTb OOJIO)I(eHHe pe30HaHC
HOH 30Hhl B JIIOOOM H3 ce4eHHH HOHH3aiJ,HOHHOH 
KaMephl (pHC. 12), a TaK)I(e OOCTpOHTb TpexMepHyiO 

KapTHHY pacnpe~eJieHHSI MO~YJISI MarHHTHOI'O llOJISI B 
paooqeif o6JiacTH, HarJISI~Ho oTpa)l(aiOm;yiO oco6eH
HOCTH MarHHTHOH CHCTeMhl HOHHOI'O HCT04HHKa. 

IlpoBe~eHo Pa6o4ee coBem;aHHe no HCT04HHKY 
HOHOB C 3JieKTpOHHO-IJ,HKJIOTpOHHbiM pe30HaHCOM 
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K4 K10 

4 10 

86 146 

50 25 

1,0 2,0 

100 250 

3 3 

5,6/5,8 10,6/6,9 

3 3 

1 3 

0,5-3,4 0,3-2,1 

14 56 

4 

10-8 10-8 

2 7 3 2 

(3l.J,P) (22], Ha KOTOpOM 6bJJIH npe~CTaBJieHhl pe-
3YJibTaTbl pa3pa60TOK B JI.sJP pa3JIH4HbJX CHCTeM HC

T04HHKa. 

5. BbmOJIHeHa pa6oTa Ha~ TexHH4ecKHM npe~
JIO)I(eHHeM HaKonuTeJihHoro KOMnJieKca K4-K 10, BO
rne~rnaSI B COCTaB CTpOHTeJibHOI'O TeXHH4eCKOI'O npo
eKTa 3Toro coopy)l(eHHSI. TexHH4eCKoe npe~JIO)I(e

HHe co~ep)I(HT 12 pa3~eJioB. KoMnJieKc (puc. 13) 

BKJII04aeT ~Ba HaKonuTeJihHbiX KOJibiJ,a K4 
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PHc. 13. CxeMa ttaKomrrenbttom KOMnneKca K4-Kl 0. nnau H oepn1KaJJbflbtH pa3pea 3AafiH!I KOMnneKca 

Ta6.11.uu,a 3. KJLio•teabte xapaKmepucmwcu ny•tKoa H.aKonumeAbH.ozo KOMnAeKca K4-KJO 

ny4KH £MaKe !).E/E CseTHMOCTb 

M 3B/u KJI 
C-l . CM- 2 

Pa,AwoaKTHBHhie HOHbi: 

HertTpouuo-In6hiT04Hbie 8He, 11 Li, 16C, 46 Ar" AP· 600 10-5-10-6 1023_1030 

HertTpouuo-Ae¢wu.I1THbie 7Be, 11 C, 22Na, 56Ni, 62Zn 11 AP· 1000 10-5-10-6 1024_1030 

CTa6HJibHbiC HOHbi: 

7u_s6Kr 

136Xe-23su 

npoTOHbl 

(Bp = 4 TM) 11 K 10 (Bp = 14 TM), KauaJI 11H-
max max 

.)l<eKU.HH ny4Ka U.HKJIOTpoua MU.-400 s KOJibLJ.O K4 11 

cenapwpy10llJ.I1H KaHaJI, npC,AH33Ha4CHHhiH ,AJISI Bbl

,AeJieHHSI BTOp114HbiX pa,AHOaKTHBHbiX ny4KOB 11 11H

.)I<eKU.H11 BTOpH4HbiX 11 nCpB11'lHblX ny4KOB B KOJibll.O 

K10. OcuoBHhie napaMcTpbt uaKOni1TCJibHbiX KOJICU. 

850 10-4-10- 5 1029_1031 

600 10-5 1028_1029 

2200 10-5 1032 

,AaHbl B Ta6JIHU.e 2. TiapaMeTpbl ny4KOB npe,ACTaBJie

Hbl B Ta6JIHLJ.C 3 . .ll.o ,AeCSITH ¢H3H4CCKHX yCTaHOBOK 

MOryT 11CnOJib30BaTb HOHbl HaKODHTCJlbHOro KOMD

JICKCa c n p11MeueuweM KaK BHyTpeuuHx MHllleuew, 

T3K 11 MI1WCHCH Ha KaHaJiaX BbiBC,ACHHbiX ny4KOB. 

PaccMoTpeHhi MCTO,Abi reuepau.Hw , uaKonneHHSI 

11 oxna)K,ACHHSI ny4KOB pa,AHoaKTHBHbiX SI,Aep. Pac-
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d8 

Cl>OEOC 

d3 
Fd d4 

d5 
d6 

ll,eTeKTOp 

C4HT3Hbl CXeMbl KOJICU: H KaHaJIOB B3KYYMHOH CHCTC

Mbl H CHCTeMbi ,nHarnoCTHKH. Pa3pa6oTaHhi o6rmte 

CXCMbl fiHT3HHSI B lJ -CHCTCMbl, CHCTCMbl 3JICKTpOHHO

ro OXJ13X<,nCHHSI, BaKyyMa, A113fHOCTI1KI1, CHCTeMhl 

ynpaBJieHI1SI KOMITJICKC3 11 pa,n113U:110HHOI'O KOHTpO

JISI. flo BCCM CI1CTeMaM Onpe,neJieH COCT3B o6o py,nosa

HHSI H npose.nenhr npe.nsap11TeJibHhre neperosophl c 

fiOTeHU:HaJibHblM11 H3I'OTOBHTeJISIMI1 (BKJII043 SI CTp0-

11TeJibCTBO 3A3HI1SI). ll,aHhl OU:eHKH CTOHMOCTI1 npo

eKTa H npe,nJio)KeHHSI no pacn11can11JO pa6oT no ero 

coopy)KeHHIO, a T3K)Ke 11CCJie,nOB3TCJlbCKI1X . pa60T, 

CBSI33HHbiX C npe,nsapHTe.TJ-bHOH npopa60TKO~i HaH60-

Jiee OTBeTCTBeHHbrx y3JIOB. 

OcuosuaSI u:eJib npoeKTa - noJiy4euwe npe

U:H3HOHHhiX ny4KOB pa,nH03KTHBHbiX HOHOJI C M3C

COBblMH 411CJiaMH A < 100 s ,nHana3oHe 3uc pn111 OT 

KYJIOHOBCKoro 6aphepa .no uecKOJibKH X coTeH 

M3B/uyKJIOH. 

84 

T s2 sl 

P11c . 14. KoH<jJHrypar~H~ cenapHpyrorl(ero KaHaJia c )1eTeK

THPYIOll\HMH n1cTeMaMH. sl 11 s2 - MarHHnr CKaHHposa

HH~ no yrJiy nepB11411biM ny•~KOM Cuo 20' ). dl, d2, d7 11 d8 

- aHaJIH3HpyiOll\11e MafHHTbl (25' ), d3-d6 - K0ppeKTI1-
py10ll\11e MarHHTbl (7 ,5' ), Q !-Q4- KBa)lpynOJibHble JIHH-

3bl, T- MHWeHb, Fd- npoMe)l(yTo•urbiH J1HCnepcHOHHbri1 
<jJoKyc, Fa~~ Fa ' - axpoMaTH•reCKHe <jJoKycr.r 

TexHH4ecKoe npeJlJIO;lKCHI1e H3,nauo s 011511-1 B 

BH)lC OT4CTa (23), KOTOpblH pa30CJ13H B CTp3Hbi

Y43CTH11U:bl 011.5111, a T3K)KC npe,ncTasJieH ua 

paCCMOTpCHHC MC)K)lyHapO,nHOH rpynnbl 3KCnCpTOB. 

0CHOBHbiC nOJIO)KCHHSI npoeKTa ny6mtKOB3Jli1Cb 

[24] 11 6hJJIH JlOJIO)KCHbJ ua nSITH Me)K_nyuapo,nublx 

KOHclJepeHIJ:HSIX. 

6. n pOBCJleHbl pa60Tbl no npoeKT11pOB3HI110 H 

pa3pa60TKC TeXHH4CCKOH Jl0KYMCHT3U:1111 no C03)l3-

HI110 CBCTOCHJlbHOfO BbiCOKOpa3pClll3101.1..1CfO cenapH

PYJOI.l..lero KauaJia JlJJSI noJJy4CHHSI BTOp114HbiX ny4-

KOB paJlHOaKTHBHbiX SJ,nep ua U:HKJJOTpoue MU-400 

[25). Kou4J11rypau:11S1 ccnapaTopa noKa3aHa Ha 

p11c. 14. Ha4aTo H3fOTOBJJeHHC 3JJeKTPOMarHI1THOro 

o6opyJlOBaHHSI JlJISI cenapaTopa H MOHT3)K BblCOKO

CT3611JlbHbiX, C nporpaMMHbiM ynpaBJICHHCM, 11CT04-

HHKOB nHTaHHSI MarHHTOB. Be,neTCSI pa3pa6oTKa sa

KYYMHbJX KaMep MarHHTOB npHeMuoro ycTpOHCTBa 11 
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P11c. 15. MaccOBbte 11 3HepreTH4eCKHe cneKTpbl, nony•JeHHbJe Ha H3MepHTeJJbHOM MOJiyJJe ycTaHOBKH <l>OliOC 

CHCTeMhl ~HarHOCTHKH DY4Ka pa~HOaKTHBHhiX smep. 

CenapaTop HMeeT CJie~yiO~ue pac'!eTHhle napaMeT

phl: MarnHTHaSI :>KeCTKOCTb 4,5 T.M, TeJieCHhiH yroJI 

6,4 Mcp, aKcenTaHc no HMDYJibCY ±6% H pa3pemaiO

~aSI cnoco6HocTb -4000. 

7. ITpo~oJI:>KaJioch co3~aHHe ycTaHOBKH 

<l>QBQC . I13I'OTOBJieHbl ODhiTHhle 3K3eMOJIS1phl ~e

TeKTOpoB. Co6paHhl ~se KOM6HHau;uu «JiaBHHHhiH 

C4eT4H K + HOHH3aiJ;HOHHaSI KaMepa>>, KOTOpble HC

OblTaHhl C HCOOJib30BaHHeM ny4Ka HOHOB yCKOpHTe-

MoHTaJK ra3oooro cneKTpoMeTpa MHOJKeCTBeHHbJX co6biTHi1 ycTaHOBKH <l>OliO C 
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JUI Y -400. l1cnhlTaHbl 6noKH AeTeKTOpHoii 3JieKTpo

HHKH, llOJiylleHHble H3 J1CCJieAOBaTeJibCKOI'O I.J,eHTpa 

(PocCeHAOP<i>), MOAeJihHaSI ra30BaKyyMHaSI CHCTeMa 

H C03AaHHble B JiaoopaTOpHH 3JieKTpoHHble 6 JIOKH, 

BKJIIO'laSI TpHrrep nepsoro ypoBHSI. LI.OCTHrHYTbi 

npoeKTHble napaMeTpbi AeTeKTopos [26] u HallaTo 

HX cepHHHOe H3l'OTOBJieHHe. I1oJiylleHHble Ha CTeHAe 

AaHHN:e (pHC. 15) HCllOJib30BaJIHCb npH pa3pa 60TKe 

nporpaMM CHMY JISII.J,HH u o6pa6oTKH AaHHbiX. B Ka qe

CTBe OCHOBbl nporpaMMHOro o6ecnelleHHSI c6 o pa u 

oopaOOTKH AaHHbiX llOCTaBJieHbl Ha 3BM M HKpO

V AX naKeTbl HOOPSY u OLYMP, noJiylleHHble H3 

l1HCTHTyTa raHa- MaHTHep (BepJIHH). LI.JISI AeTeK

THpoBaHHSI JierKHX 3apSI)KeHHbiX llaCTHI.I, Ha llYliKe 

HAYqHQ-IIPHKJIA)l.HbiE PABOTbl 

1. IlpoBOAHJIHCb HCCJieAOBaHHSI no BJIHSIHHIO 

B03AeHCTBHSI TSI)KeJibiX HOHOB C 3HeprHSIM H OT 

1 M3B/ a.e.M. AO 5 M3B/ a.e.M. ua MeTaJIJihi, cnJiaBbi 

(28 ), AH3JieKTpHlleCKHe H llOJiynpOBOAHHKOBbie MO

HOKpHCTaJIJibl (29 ], BbiCOKOTeMnepaTypHble CBepx

npoBOAHHKH, a TaK)Ke Ha llOJiynpOBOAHHKOBhie npH

OOpN: [30 ]. 
BN:JIH C03AaHbl asToMaTH3Hposauuble ycTanos

KH AJI~ OOJiylleHHSI oopa3I.J,OB llOJiynpOBOAHHKOBbiX 

MOHOKpHCTaJIJIOB H BbiCOKOTeMnepaTypHbiX CBepx

npoBOAHHKOB C H3MepeHHeM HX OCHOBHbiX x apaK

TepHCTHK HenocpeACTBeHHO s npo1.1,ecce o 6nyqe

HHSI TSI)KeJibiMH HOHaMH. C HCllOJib30BaHHeM 3TOI'O 

o6opyAOBaHHSI nonylleHbi A030Bhie 3aBHCHMOCTH 

H3MeHeHHSI BeJIHliHHbl 3JieKTpOCOllpoTHBJieHU SI o6-

pa3I.J,OB H TeMnepaTypbi csepxnpoBOASIII.J,ero n epexo

Aa BTCII AJISI HOHOB c pa3JIHliHhiMH MaccaMu (oT 
11 

B 

AO 
84

Kr). 

Ll.nSI H3ylleHHSI pacnpeAeJieHHSI Ae¢eKTOB p aAHa

I.J,HOHHOro npoHCXO)KAeHHSI BAOJib npo6era TSI)KeJihiX 

HOHOB C03AaHa 3Q:>Q:>eKTHBHaSI MeTOJJ;HKa, npeACTaB

JISIIOII.J,aSI co6oii: auanor MeToAa <<Cross ·sec tion>>, 

KOTOpaSI JJ;aeT B03M0)KH0CTb Ha6JIIOJJ;aTh BCIO JJ;eQ:>eKT

HYIO o6naCTh s o6ny'IeHHhiX o6pa31.1,ax npH 3JieKT

poHHO-MHKpocKonuqecKux HCCJieAOBaHHSIX Ha npo

CBeT OOJiylleHHbiX oopa3I.J,OB (28 ]. 
fipoBeAeHbl pa60Tbl nO H3y'IeHHIO CTeneHH pa

AHai.J,HOHHOI'O ynpoqneHHSI MeAH H CTaJIH X 18 H 1 OT c 

npHMeHeHHeM MeTOJJ;a H3MepeHHSI MHKpOTBep JJ;OCTH 

H peHTreHOCTpyKTypuoro aHaJIH3a. IloJiy'IeHbl JJ;0-

30Bhle 3aBHCHMOCTH npHpOCTa MHKpOTBep,tiOCTH H 

H3MeHeHHSI napaMeTpOB pemeTKH, Ha OCHOBe KOTO

pN:X CAeJiaHhl OI.J,eHKH «paJJ;uyca TpeKa» HOHOB OT II B 

AO 
40

Ar. 

Cyii.J,eCTsyiOII.I,He TeopeTnKo-pac'IeTHhle MeTOJJ;hi 

BlllliHCJieHHSI BeJIH'IHH KaK ynpyrHX, TaK H Heynpy

rHX llOTepb 3HeprHH TSI)KeJibiX 3apSI)KeHHbiX \Ia CTHI.I, B 

KOHAeHCHpoBaHHbiX CpeAaX AaiOT JIHliib npH6JJ H)KeH-
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uoHos ycKopHTeJISI Y-200 ucnbiTbiBaJIHCh pa3JIH'I

Hble KOM6HHai.J,HH CI.I,HHTHJIJISITOp + ¢oTOYMHO)KH

TeJib. Ha MexaHH'leCKOH qacTH ycTaHOBKH <l>OBOC s 

3KcnepuMeHTaJihHOM 3aJie I.J,HKJIOTpoHa Mll, -400 Ha

llaTa c6opKa ra30BhiX u saKyyMHblX KOMMYHHKai.J,HH. 

MoHTa)K 3JieKTPHlleCKOH qacTH ynpasneHHSI ra3osa

KYYMHOH cucTeMOH nposoAHTCSI s 3JieKTpoTexHH'Ie

CKOM OTJJ;eJie JiaoopaTOpHH. BbiJIO C03AaHO OCHOBHOe 

nporpaMMHOe o6ecnelleHHe AJISI annapaTyphl s CTaH

JJ;apTe BME H nposeJJ;eHbl HCnhiTaTeJihHble pa6oThl ua 

nyl!Ke ycKopHTeJISI VIKSI (HMI, BepJIHH). B anpene 

1991 roAa nposeJJ;eHo Paooqee coseii.J,aHHe no npeJJ;

JIO)KeHHSIM COBMeCTHbiX 3KCnepHMeHTOB Ha ycTaHOB

Ke <l>OBOC [27 ]. 

Hhie 3Ha'IeHHSI, 'ITO npHBOAHT K OTKJIOHeHHSIM OT 

3KcnepuMeHTaJihHO onpeAeJieHHblX seJIH'IHH. B TO 

)Ke BpeMSI JJ;JISI npoBeJJ;eHHSI HOHHOI'O JierHpOBaHHSI C 

I.J,eJibiO C03JJ;aHHSI rny6HHHbiX HOHHO-JierHpoBaHHbiX 

CJIOeB (B OCOOeHHOCTH B noJiynpoBOJJ;HHKOBbiX MOHO

KpHCTaJIJiaX) Tpe6yeTCSI 3Ha\IeHHe 3TOH BeJIH'IHHbl C 

BbiCOKOH CTeneHbiO TO'IHOCTH. Il03TOMY 6biJIH onpe

AeJieHhi 3KcnepHMeHTaJihHO npo6eru pSIAa TSI)KeJihiX 

HOHOB C pa3JIHl!HbiMH 3apSIAaMH SIJJ;ep H 3HeprHH B 

LiF, GaAs, Si, Ge u p51JJ;e JJ;pyrux [29 ]. IlposeAeHo 

cpasHeHHe 3KcnepuMeHTaJihHO onpeJJ;eJieHHhiX BeJIH

'IHH npoeKTHBHOro npo6era c pac4eTHbiM. IloKa3a

uo, 'ITO HaH60JibliiHe pa3JIH'IHSI HMeiOT MeCTO npH 

06JJy'IeHHH MaTepHaJIOB C MaJibiMH Z SIApa HOHaMH 

TSI)KeJiee 40 Ar. 

LI.JI51 MOAeJIHpOBaHH51 B03AeHCTBH51 KOCMH'IeCKO

ro H3Jiy'IeHHSI Ha nOJiynpOBOJJ;HHKOBhie npH60pb1 

(60JJbliiHe HHTerpaJibHhie MHKpOCXeMbl H T.A.) C03-

AaHa asToMaTH3HposauuaSI ycTaHosKa, no3BOJISI~

II.J,aSI npOH3BOAHTb onpoc COCTOSIHHSI MHKpOCXeMbl 

npH ee 06Jiy'IeHHH TSI)KeJibiMH HOHaMH ( 30 ]. 

2. CosMeCTHO c Harwell Laboratory (0Kc¢opA, 

BenuKo6puTaHH51) nposeAeHhl pa6oThl no nonyqe

HHIO oco6o 'IHCTOI'O H30TOna 
237

Pu, KOTOpbiH 6naro

JJ;apSI CBOHM SIAepHO-cPH3H'IeCKHM CBOHCTBaM 

(T112 = 45,3 cyTOK, Ec (99%), a (0,0033%)) SIBJI51-

eTCSI eAHHCTBeHHhiM H3 H30Tonos nnyTOHHSI, YAOB

JieTBOp51~1I.l,HM MeAHI.J,HHCKHM Tpe6osaHHSIM AJJSI 

H3y'IeHHSI ero MeTa60JIH3Ma B opraHH3Me 'IeJIOBeKa. 

PaAHOHYKJIHA 
237

Pu nony4aJIH s peaKI.J,HH 
235U(4

He, 2n) 237
Pu ua ycKopuTene Y-200 JI.SIP 

(3HepmSI a-qacTHI.J, 24,5 M3B, I= 75-100 MKA). 

B Ka4eCTBe MHmeuu ucnOJih30BaJIH o6orall.l,eHHhiH 

n3oTon 
235u c 'IHcToToif 99,99%. Bb!AeJieHHhlif 

H3 o6ny'IeHHOH MHliieHH paJJ;HOHYKJIHA 
237

Pu 6biJI 

AOllOJJHHTeJihHO paAHOXHMH'IeCKH H H30TOnHO O'IH-



m;eu ua 3JieKTpoMarHHTHOM Macc-cenapaTope 

5ICHATITI Jl5ITI. TioJiy'leH npenapaT c OTHowenHeM 

aKTHBHOCTeif Bq/ Bq H3oTonos 
236•23

7·
23

8Pu 

2·10-7:1:(~5 ·10-7), 'ITO cym,eCTBeHHO npeBbiWaeT 

'lHCTOTY npenapaTOB, paHee HCnOJib3yeMbiX B pa6o

TaX no H3y'leHHIO MeTa6oJIH3Ma Pu. IlpenapaT npo

meJI KOHTPOJibHYIO nposepKy B Jla6opaTopHH AEA 

Enviroment Energy (AHrJIHSI) H noJiy'lHJI noJIOX<H

TeJibHYIO OD;eHKY Cnen;HaJIHCTOB KaK HaH60Jiee 'lHC

ThiH H3 npenapaTOB 
237

Pu, noJiy'leHHbiX ua ceroLJ.HSI 

B pa3JIH'lHbiX SILJ.epHO-cPH3H'leCKHX n;eHTpax. 

3. Tipo.o.oJIX<eHbi pa6oTbi no H3y'leHHIO nose.o.e

HHSI nJiaTHHOBbiX MeTaJIJIOB B 3KCTpaKD;HOHHbiX CHC

TeMaX C TBepLJ.biMH 3KCTpareHTaMH Ha OCHOBe cPOC

<I>opopraHH'leCKHX COeLJ.HHeHHH H 4eTBepTH'lHbiX aM

MOHHeBbiX OCHOBaHHH. Y CTaHOBJieHbl YCJIOBHSI 

KOJIH'IecTseuuoro H ceJieKTHBHOro BbiLJ.eJieHHSI Au H 

Pt H3 pacTsopos CJIOX<Horo cocTasa [31). Ha ocuosa

HHH nOJiy'leHHbiX pe3yJibTaTOB npeLJ.JIOX<eHbl MeTO

LJ.HKH aHaJIH3a o6pa3U,OB CJIOX<HOro COCTaBa Ha COLJ.ep

;)KaHHe Au H Pt, BKJII04aiOm;He Hx nJia3MOXHMH4e

CKoe pa3JIOX<eHHe (32,33 ), 3KCTpaKU,HOHHOe 

BbJAeJieHHe HCCJieLJ.yeMbiX 3JieMeHTOB H HX onpeLJ.eJie

HHe HeHTpOHHO-aKTHBaU,HOHHbiM H peHTreHOcPJIYO

pecu,eHTHbiM MeTOLJ.aMH (34). 

4. May4euo 3KCTpaKu,Houuoe Kouu,euTpHposa

HHe Pt 11 Au H3 XJIOPHLJ.HbiX pacTBopos H nyJihn 

BCKpbiTHSI TBepLJ.blMH 3KCTpareHTaMH Ha OCHOBe 

HOAHAa TeTpaoKTHJiaMMOHHSI, TO<t:>O H TE<ll. Onpe

.o.eJieHbi ODTHMaJibHbie YCJIOBHSI CeJieKTHBHOrQ H KO

JIH4eCTBeHHOro BbiLJ.eJieHHSI Pt H Au. Tipe.o.JioX<eHhi 

MeTOLJ.HKH, OCHOBaHHbie Ha KOHU,eHTpHpOBaHHH Pt H 

Au TB3KCaMH c noCJie.o.yiOmHM auaJIH30M uei1T

pouuo-aKTHsau,HOHHbiM MeTOLJ.OM (35). 

lJ.HKJI pa60T, nOCBSII.I.J.eHHbiH auaJIH3Y 30JIOTa H 

nJiaTHHOCOLJ.ep)l(ai.I.J.HX o6pa3U,OB, OTMe4eH DOOI.I..I.pH

TeJibHOH npeMHeii 0 M51 M aa 1991 ro.o.. 

5. MaMepeHhi pa.o.Hau,HOHHO-XHMH4eCKHe Bhrxo

LJ.bi npH o6Jiy4CHHH HOHaMH 
11

B, 
20

Ne, 
4
°Ca, 

52
Cr H 

.o.pymx BOLJ.HbiX pacTsopos cyJih¢aTa X<ene3a (II) 11 

(BnCpBbie) 3TaHOJlbHOro paCTBOpa KpaCHTeJISI MaJia

XHTOBbiH 3eJieHbiH [36 ). OnbiTbi npoBOLJ.HJIHCb ua 

cneu,HaJibHO C03AaHHOH AJI51 3THX u,eneii ycTaHOBKe 

Ha ny4Ke Y -400, o6ecne4HBaiOmdi TO'lHYIO A03H

MeTpHIO. TaKHM o6pa30M, snepsbie cTaJia .o.ocrynuoii 

AJISI H3y4eHH51 o6JiaCTb CTOJib 60JibUII1X JIHBHeBblX 

DOTepb 3HeprHH, KOrAa 4aCTI1ll,bl o6pa3yiOT B )I(HLJ.KO

CTH nJIOTHbie TpeKH. Cpasueu11e KOJIH4eCTBeHHbiX 

AaHHbiX C paC4CTOM SIBHTCSI cepbe3HOH nposepKOH 

cymecTByiOmHx TeopHH pa.o.HOJIH3a. Ha ocHoBaHHH 

DOJiy4eHHbiX pC3YJibTaTOB paCTBOp KpaC11TCJ151 npeA

CTaBJISieTCSI nepcneKTHBHbiM XHMH4CCKHM A03HMeT

pOM AJISI ny4KOB TSI)I(CJibiX 11ouos (pHc. 16). Ha4aTbi 

OUbiTbl no Onpe.o.eJICHHIO BbiXOAOB paAHKaJIOB 8 no-

0.0. 
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P11c. 16. 0THOCHTeJJbHb1).fa11113~0HHble Bb1X0/1bl (onTHqecKall 

nJJOTHOCTb paCTsopos) Fe 11 MG s 33BI1ti1MOCTI1 OT HHTerpanb

HOH /103bl o6nyqeHH!I pacTsopos HOH3MI1 
1 B c :meprnei:t 96 MsB 

JIHMepHbiX nJieHKax npH o6Jiy'leHHH ua TOH X<e 

ycTaHOBKe. 

6. llpose.o.eHbl 3KCnepHMeHTbl no HCnOJib30Ba

HHIO TpeKOBOH MeTOLJ.HKH H3MepeHHSI COLJ.epX<aHHSI 

TOpHSI B npHpOLJ.HbiX o6pa3U,aX. llpH Onpe.o.eJieHHH 

COLJ.epX<a HHSI TOpHSI B o6pa3D;aX H KaJIH6pOBaHHbiX 

cTau.o.apTax HcnoJib3osaJIHCb A-KBaHThl c 3Heprueft 

18 H 20 M3B. LI,JISI 3Hepruft A-KBaHTOB B HHTepsaJie 

OT 6 AO 23,5 M3B onpe.o.eJieHbl OTHOWeHHSI DJIOTHO

CTeH TpeKOB ocKOJIKOB .o.eJieHHSI Nul NTh' reuepHpy-

eMbix B TOJICTblX MeTaJIJIH4eCKHX nJiaCTHHaX 3THX 

3JieMeHTOB, a TaKX<e Hx COJISIX. BeJIH4HHa OTHome

HHSI 113MeHSIJiaCb OT 1, 7 AO 3,2, AOCTHraSI MaKCHMyMa 

s o6JiaCTH rHraHTCKoro pe3oHaHca ( 14-16 M3B). 

Co.o.ep)l(a HHe TOpHSI B i<aJIH6posaHHbiX cTaHLJ.apTax H 

o6pa3u,a x KOHKpeu,Hil, onpe.o.eJieHnoe s 3JieMeHTax, 

B npe.o.eJiaX OWH60K COrJiacyeTCSI C H3BeCTHbiMH LJ.aH

HbiMH. BKna.o. OT MHKponpHMeceft ypaua onpe.o.eJISIJI

CSI C UOMOI.I.J.biO TenJIOBblX HeHTpOHOB. 

flpOBeLJ.eHbl 113MepeHHSI COLJ.epX<aHHSI TOpHSI B 

no4sax 11 MaTepHaJiax KOHCTPYKD;HH ua yposue qys

CTBHTeJI HOCTH 10-S-10-7 r/r (37,38). 

7. fl peLJ.JIO)I(eHa H HCDbiTaHa MeTOLJ.HKa onpe.o.e

JieHHSI co.o.ep)l(aHHSI H npoCTpaucTBeuuoro pacnpe.o.e

neuHSI 3JieMeHTa Bi s o6pa3u,ax. MeTOLJ.HKa cocTOHT s 

06Jiy4eHHH o6pa3U,OB, COLJ.epX<ai.I.J.HX BHCMyT, YCKO

peHHbiM SILJ.paMH reJIHSI HJIH H30TOnOB BOLJ.OpoLJ.a H 

noCJie.o.y iOmeH- pemcTpau,HH uase.o.euuoft a-aKTHB

HOCTH Ko poTKO)I(HBYI.I.J.HX H30Tonos SILJ.ep At-Po c no-
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MOID;biO a-'lyBCTBHTeJibHbiX llOJIHMepoB (HHTp aT HJIH 

au;eTaT U:eJIJIIOJI03hi, CR -39), npuJio::>~<eHHhlx K o6Jiy-

4eHHhiM o6pa3IJ;aM Ha HeCKOJibKO \JaCOB (HJIH CyTOK). 

IJyscTBHTeJihHOCTh MeTOAa - 10-6 
r/r Bi, npo

CTpancTBeuuoe pa3peweuHe- 10-15 MKM. 

8. TipOBOAHJIHCb HCCJieAOBaHHSI B 06JiaCTH TeX

HOJIOrHH llOJiy4eHHSI TpeKOBbiX MeM6paH H3 HOBbiX 

MaTepuanos, H3y'laJIHCh Mexann3Mhi npo iJ,eccos 

<J>opMHpOBaHHSI H TpaBJieHHSI TpeKOB TSIX<eJibiX 

HOHOB B llOJIHMepax. 

HcCJieAOBaH npou:ecc TpaBJieHHSI nop B H3oTaK

TH'IeCKOM llOJIHllpOllHJieHe B cy6MHKpOHHOM AHana-

30He pa3MepOB. Jl.JISI H3y4eHHSI paAHaJibHOH CTpyK

Typhl TpeKa HCllOJib30BaHhl KOHAYKTOMeTpH4eCKHH 

MeTOA H 3JieKTpOHHaSI MHKpOCKOllHSI. TipOBeAeHHbie 

napaJIJieJihHO 3KcnepHMeHThl no onpeAeJieHnlO reJib

cppaKU:HH B llOJIHnponHJieHe, 06Jiy'leHHOM TSI X<eJibJ

MH HOHaMH, ll03BOJIHJIH CAeJiaTb BbiBOA 0 HeOAHOPOA

HOM pacnpeAeJieHHH aKTOB pa3pbiBOB H CIIIHBOK MaK

pou;eneH noJIHMepa B TpeKax [39 ]. 
TipoBeAeHa cepHSI pa6oT C n;eJihiO BbiSICHeHHSI Me

xaHH3Ma CeHCH6HJIH3aiJ;HH TpeKOB B llOJIH3THJieHTe-
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I 

JIABOPATOPH.5I 
HEMTPOHHOM <I>H3 HKH 

Jla6opaTOpH51 npoBO~HT Hay'!HbiC HCCJIC~OBaHHSI 
B OCHOBHOM no TpeM HanpaBJICHH51M: <J>H3HK3 KOH

~CHCHpoBaHHbiX cpe~ Ha 51~epHbiX peaKTopax, HeHT

poHHaSI ~epHaSI <J>H3HKa H npHKJia~HbiC HCCJIC~OBa

HH51. Ba30BbiMH ycTaHoBKaMH ~JI51 3THX pa6oT SIBJISI

IOTC51 HMnyJibCHbiH peaKTOP Ha 6blcTpbiX HeHTpoHax 

HBP-2 H 6ycTep HBP-30 c JIHHeHHbiM ycKopHTeJieM 

3JICKTpoHOB JIY3-40. 

HcCJie~oBaHHSI no <l>H3HKe KO~eHcHpoBaHHbiX 

cpe~ Ha HBP-2 6biJIH Ha'laTbi B 1983 r.HMnyJihCHbiH 

HeHTpoHHbiH HCTO'!HHK npeBocxo~HT no 51p KOCTH 

crau:HoHapHbie peaKTOpbi H o6ecne'IHBaeT c y ii1eCT

BeHHO 6oJiee 3<l><l>eKTHBHoe HcnoJib30BaHHe HeHTpo

HOB nyTeM npHMCHCHHSI BpCM51npOJICTHOH MCTO~H

KH, 'ITO n03BOJl51CT 3Ha'!HTeJibHO COKpaTHTb npO~OJI

)KHTCJlbHOCTb 3KCnepHMCHTOB no H3Y'!CHHIO 33KOHa 

pacce~HH51. PacceSIHHe HeHTpoHos s KOH~eHcHpo

BaHHbiX cpe~ax n03BOJISICT H3y'!aTb 60JibWHHCTBO 

pa3~eJIOB <l>H3HKH TBep~oro TCJia, M3rHCTH3M, <J>H3H

KY )K~KOCTCH, CTCKOJI, nOJIHMCpOB, <J>H3HKO- XHMH

'!CCKHC CBOHCTBa KOJIJIOH~HbiX CHCTCM, paCTBOpOB, 

MOJieKyJI51pHOH 6HoJiorHH , MHHepanornH H ~p. Me)K

~HCU:HIIJIHHapHbiH xapaKTep HCCJie~OB3HHH T p e6yeT 

WHpoKOH KOOnepaU:HH YliCHbiX pa3HbiX CIICU:HaJibHO

CTCH, BJia~CIOIIIHX CJIO)KHbiMH MCTO~aMH IIO~roTOBKH 

00p33U:OB, HX H3Y4CHHSI H HHTepnpeTaU:HH p e3yJib

TaTOB. 

PeaKTop HBP-2 npe~ocTaBJISieT HCCJi e~osa

TeJISIM peKOp~HO 60JibWHe IIOTOKH HeHTpOHOB B liiH

poKOM ~Hana30He ~JIHH BOJIH II pH yMepeHHbM pa3pe

WeHHH, 'ITO II03BOJISieT pa3BHBaTb Te HCCJie~OBaHitSI, 

~Jl51 KOTOpbiX pewaiOIIIYIO pOJib HrpaiOT 60JiblllHe HH

TeHCHBHOCTH. K HHM OTHOCSITCSI MaTepHaJibi, ~OCTyn

Hble B MHJIJIHrpaMMOBbiX KOJIH4eCTBaX (6HOJIOrH4e

CKHe o6pa3U:bi) , paCTBOpbi C HH3KOH KOHU:eHTp aLJ,HeH 

paCTBOpeHHOro KOMIIOHeHTa, CHCTeMbl C MaJibiM OT

HOillCHHeM 3<J><l>eKT/<l>oH. BbiOOp Hay4HOH n p orpaM

Mbl onpe~eJI51CTCSI cneu.H<J>HKOH pa3BHBaeMbiX B 

JIH<l> MCTO~OB, TaKHX KaK MaJioyrJIOBOe H tt eynpy

roe paCCeSIHHe, pe<J>JieKTOMeTpHSI, HCCJie~OB3HHSI B 

peaJibHOM MaCillTa6e speMeHH, AH<J>paKU:HSI Bb!COKO

ro pa3pellleHHSI. 

l 'fciiOJlb3yeMble MeTOAHKH HaLJ,eJieHbl Ha n pHMC

HeHHe B CJie~yiOll.l,ltX HanpaBJieHHSIX: 

- MHKpocKOIIH4eCKHe CBOHCTBa BbiCOKOTeMne

paTypHbiX CBepxnpoBOAHHKOB; 

90 

- MHKpOCKOnH'!eCKHC CBOiicTBa peaJibHbiX KpH

CTaJIJIOB; 

- CTPYKTypa, ~HHaMHKa H <l>a30Bble npespaiLJ,e

HH51 B pa3ynop~O'!eHHbiX CHCTCMaX; 

- ~HH3MHKa KBaHTOBbiX )KH~KOCTCH; 

- CBOHCTBa Bell.l,eCTBa B 3KCTpeMaJibHbiX yCJIO-

BHSIX; 

- crpyKTypa 11 ~HHaMHKa CJIO)KHbiX sell.l,eCTB 11 

COe~HHeHHH; 

- KHHeTHKa <Pa30BbiX npespall.l,eHHH, TsepAO

TeJibHbiX peaKU:HH, p~aKCaU:HOHHbiX npOLJ,eCCOB; 

- <J>H3HKa IIOBepXHOCTeH, <J>paKTaJibHbiX xapaK

TepHCTHK Me)K<J>33HbiX rpaHHU:, CBOHCTB a~cop6eH
TOB, IIOBepXHOCTHOro MarHeTH3Ma; 

- TeKCTypa, 3JieMeHTHbiH COCTaB, pa~HaLJ,HOH

HaSI CTOHKOCTb H .D;pyrHe CBOHCTBa npaKTH'!eCKit 

Ba)KHbiX MaTepHaJIOB. 

Ha HBP-30 + JIY3-40 TpaAHU.HOHHO nposo~SIT

CSI HCCJie~OB3HHSI Sl~ep C IIOMOll.l,biO HeHTpOHOB, Ha

npaBJieHHbie Ha ~eTaJibHOe H3y4eHHe BbiCOKOB03-

6y)K~eHHbiX KOMIIayH~- It npeAKOMnayH~-COCTOSI

HitH It IIOJiy4eHHe HX HOBbiX, He lt3BeCTHbiX paHee 

xapaKTepHCTHK. 3TO - 113MepeHHe MarHHTHbiX MO

MeHTOB H cpe.D;HeKB3.D;p3TH4eCKHX paAHYCOB KOMIIa

YHA-SIAep, H3y'!eHHe pacna~a pe30H3HCHbiX COCTOSI

HHH c BbiJieToM y - 4aCTHU., npoTOHOB H a-4aCTHU., He

coxpaHeHHSI 4eTHOCTI1 B p-BOJIHOBbiX HeHTPOHHbiX 

pe3oHaHcax. Bo scex 3THX HanpasJieHHSIX Jia6opaTo

pHSI SIBHJI3Cb IIHOHepOM 11 IIpOAOJI)K3eT y~ep)KHBaTh 

'BeAyll.l,ee IIOJIO)KeHI1e B M11pe. 

B na6opaTopH11 umpoKo HCCJieAyiOTCSI xapaKTe

pHCTHKH paAH3LJ,HOHHOro pacnaAa 11 AeJieHHSI B OT

AeJibHbiX pe3oHaHcax , ABa)KJJ;hi AH<l><l>epeHLJ,HaJibHbie 

ce4eHHSI pacceSIHHSI HeHTpOHOB. Bee 3TO no3BOJIHJIO 

IIOJIY4HTb Op11rHHaJibHYIO 11H<J>OpMaLJ,HIO 0 KOMIIa

YHA- 11 npeAKOMnayHA-COCTOSIHHSIX SI~ep H 3aKOHO

MepHoCTSIX Hx pacnaAa (nose.D;eHI1e CHJIOBbiX <l>YHK

U.HH .D;JISI y-4aCTHLJ,, BJIHSIHI1e TeMnepaTypbl Sl~pa Ha 

<J>opMy mraHTCKOro pe30HaHca, pacll.l,enneHHe HeHT

poHHhiX p-BOJIHOBbiX CI1JIOBbiX <J>yHKLI,ItH It T .JJ; . ). 

EoJihliii1HCTBO 3TI1X HanpasneHHH BOliiJIO s npo

rpaMMY HCCJie.D;OB3HHH Ha HOBOM cneKTpOMeTpe pe-

30H3HCHbiX HeHTpoHOB B Jloc-AJiaMOCe, KOTOpb!H Ha

YaJI <J>yHKLI,ItOH1tpOB3Tb B 1988 r. Y CTaHOBKa B JlOC

AJiaMOCC 06JI3A3CT CBCTOCI1JIOH H3 IIOpSI.D;OK BblliiC, 

YeM HEP-30. 0.D;HaKo HaJII1411e B JlH<l> liiHpoKoro 



Kpyra BhiCOKOKBaJIH<t>HD;HpOBaHHhiX CIICD;HaJIHCTOB, 

pa3paOOTaBIDHX OpHrHHaJibHhiC MCTOAhl HCCJICAOBa

HHH, H IIJiaHHpyeMaSI peKoHcTpyKn;HSI 6ycTepa (AJIH

TeJibHOCTb HMIIYJibCa 0,4 MKC H BhiXOA 1015 
H/ C) II0-

3BOJISIIOT paCC'IHThiBaTb Ha ycrremHyiO KOHKypeH

ll;HIO c Jioc-anaMoccKoH H APYrHMH HCHTpOHHbiMH 

Jia6opaTOpHSIMH B o6JiaCTH CBCTOCHJibHOH HCHTpOH

HOH CIICKTpOCKOIIHH SIACp. 

IlpHKJiaAHhiC HCCJICAOBaHHSI CB.SI3aHhl rJiaBHbiM 

o6pa30M C C03AaHHCM H BHCApCHHCM B rrpaKTHKY 

rrpHOOpoB Ha OCHOBC CBCpXIIpOBOA.SIIIJ,HX KBaHTOBhiX 

HHTeP<t>epoMeTpoB (CKBHAOB). B rrOCJICAHHe roAhl 

YAaJIOCb C03AaTb CKBHA H3 BbiCOKOTCMIIepaTypHOro 

CBepxrrpoBOAHHKa C peKOPAHhiMH rrapaMCTpaMH ITO 

'~YBCTBHTCJibHOCTH. B o6JiaCTH rrpHKJiaAHhiX HCCJie-

AOBaHHH TaK)I(e aKTHBHO pa3BHBaiOTCSI MCTOAhl HeH

TpOHHoro H peHTreH-<t>JIIOOpCCD;CHTHOro aHaJIH3a AJI.SI 
peweHH.SI 3KOJIOm4eCKHx, TexHoJiom'leCKHX H APY

mx 3aAa4. 

H a y4Hhle HCCJICAOBaHHSI na6opaTopHSI BCACT B 

IDHpOKOH KOOrrepaU.HH C HHCTHTyTaMH CTpaH-yl.J:a

CTHHD; 0115111, a TaK)I(C Jla6opaTOpHCH Pe3ep<!>op

,Aa - 3 IIIIJICTOHa (BeJIHKo6pHTaHHSI) , 11HCTHTYTOM 

Jlay3 - JlaH)I(CBCHa H Jla6opaTOpHCH JleoHa 

opHJIJII03Ha (<l>paHD;HSI), Jloc-aJiaMOCCKOH Jia6o

paTOpH CH ·(CiliA), PeaKTopHOH na6opaTopHeH B 

fapxHHre (<l>Pf) H APYrHMH u;eHTpaMH crpaH-He

yqacTHHn;. 

H w)l(e rrpHBCACHbl ocHOBHhle pe3yJihTaThl pa6oT, 

BbiiiOJIHCHHbiX B Jia6opaTOpHH B 1991 r. 

llCCJIE.IJ.OBAHli.SI KOH.IJ.EHCllPOBAHHbiX Cl'E.IJ. METO.IJ.OM PACCE.SIHIUI HE:A:TPOHOB 

Pa6oThi no 3TOH TeMaTHKe npoBOAHJIHCb s oc

HOBHOM Ha wecTH rry4Kax peaKTopa 11EP-2, ocHa

w,eHHbiX 8 CnCKTpOMCTpaMH. B 3aBHCHMOCTH OT MC

TOAa aHaJIH3a paCCCSIHHSI HCHTpOHOB MO)I(HO BbiAC

JIHTb CJICAYIOIIIHC HarrpaBJICHH.SI: 

- AH<t>paKD;HOHHbiC HCCJICAOBaHHSI Ha CnCKTpO

MCTpax .II.H-2, HCBP u CHI1M-2; 

MaJioyrJiosoe pacceSIHHe ueH:TpOHOB 

MYPH; 

- oTpa)l(eHue noJISipH3osaHHbiX HCHTpoHos -

CIIH; 

- HCHTpOHHaSI CIICKTpOCKOnHSI Ha CnCKTpOMCT

pax .lli1H, K,llCOf-M u HEPA-IIP AJISI HCCJICAOBa

HHH Heynpyroro pacce.SIHH.SI ueH:Tpouos. 

Jlu<t>paKD;HOHHbJC 11CCJICAOBaHHSI KpHCTaJIJIOB Ha 

peaKTope 11EP-2 BCAYTCSI no HCCKOJibKHM HarrpasJie

HHSIM: CTPYKTYPHhte 3KcnepHMCHTbt Ha MOHO- H no

JIHKpHCTaJIJiax, <t>a30BbiC nepeXOAbl B cerHCT03Jia

CTHKaX H cynepHOHHKaX, <t>a30BblC nepeXOAbl B CHJib

HbiX HMnyJihCHbiX MarHHTHbiX noJI.SIX, CTPYKTypa 

JIHnHAHbiX MCM6paH, nepeXOAHbiC npOU.CCChl B KpH

CTaJIJiaX. B OCHOBHOM 3TO Tpa,AHU.HOHHhiC ,AJISI JIH<l> 

TCMbl, no KOTOpbiM CJIO)I(HJIOCh np04HOC COTPY.AHH-

4CCTBO c APYrHMH KpHcTaJIJiorpa<t>H4CCKHMH H Tsep

AOTCJihHhiMH Jia6opaTOpHSIMH. 

Ilo,Apo6Hhie HCCJICAOBaHH.SI CTPYKTYPHhiX 3<P
<t>eKTOB, CBSJ3aHHbiX C 3aMCIIICHHCM MCAH Ha )I(CJ!C-

30 H HHKCJih, npose,AeHbt na YBa2Cu
3

0
7

. ,llJISI yse

JIH4CHHSI 3<P<t>eKTa 3aMCil.J.CHHSI 11, COOTBCTCTBCHHO , 

Ha,AC)I(HOCTH 113BJICKaCMOH 113 AH<t>paKU.HOHHbiX ,AaH

HbiX HH<t>OpMaiJ.HH, np11MCH.SIJI0Cb 1130TOnHOC KOHT

paCTHpoBaHHC CTPYKTYPhl c noMOil.J.hiO 
57

Fe H 
58 Ni 

[ l ). XapaKTepHbiH AH<t>paKU.HOHHhiH cneKTp ooKa-

3aH Ha pHC. l. ,llaHHhlC 3THX pa60T nO,ATBCp,A11JIH 

y)l(e nOSIBHBWI1CCSI COMHCHHSI B TOM, 4TO 3aMCil.J.CHHC 

MCAH Ha Apyme 3d-MeTaJIJibl np11BOAHT K 6biCTpOH 

,Aerpa,AaU.HH CBepxnpOBOAS11l.J.11X CBOHCTB, CCJ111 OHO 

HACT s rrJIOCKOCT.SIX Cu02• DbiJIO rroKa3aHo, 'ITO KaK 

HHKCJib , TaK H )I(CJIC30 (IIpH KOHD;CHTpaD;HSIX ~ 10%) 

aKTHBHO BHCAPSIIOTCSI s IIJIOCKOCTb Cu02, OAHaKo 

yMeHbiDCHHe T c rrpw 3TOM MeHee pe3Koe, 4CM, Ha

rrpwMe p, B CJiy4ae 3aMCW.CHHSI MC,AH Ha Ko6aJibT, 

KOTOphrH rro.SIBJISICTCSI TOJibKO s u;erro4Kax CuO. 3To 

03Ha4a CT, 'ITO, IIOMHMO MCCTa BHC,ApCHHSI rrpHMCC

HbiX a TOMOB, Ba)I(HYIO pOJib HrpaiOT Apyme, 4HCTO 

CTpyKTypHbiC acrreKTbi, B 4aCTHOCTH, BeJIH4HHhl 

AJIHH CBSI3CH. 

.II.JISJ KepaMHK Yl23 rrposeAeHa cepuSI 3Kcnepu

MCHTOB no AH<t><PY3HH KHCJIOpo,Aa IIpH pa3JIH4HbiX 

pe)I(HMax o6pa6oTKH o6pa3u;os: oXJia)I(AeHHH c pa3-

froH: CKOpOCTbiO, OT)I(Hre rrpH IIOCTO.SIHHOH TCMIIepa

Type, M C,AJICHHOM Harpese (2,3 ). 0Ka3aJIOCb, 4TO OA

HOMCpHaSI MO,ACJih AH<t><l>Y3HH AOCTaTO'IHO XOpOIDO 

OIIHCbt BaeT nOBCACHHe KHCJIOPOAa. IJony'ICHbl Oll;CH

KH BCJIH4HHbl K03<t><t>HD;HCHTOB AH<t><l>Y3HH AJISI 3THX 

pC)I(HMOB. 

C p aBHHTeJibHO HosoH: TeMoH: AH<t>paKD;HOHHhiX 

HCCJICAOBamtH: Ha peaKTope 11EP-2 SIBJISIIOTC.SI 3Kcrre

pHMCHThi B peaJihHOM BpCMCHH ( 4 ). C IIOMOIIIbiO 3TO

ro MCTOAa noJiy4eH U.CJibiH P.SIA HHTepeCHbiX pe3yJib

TaTOB. l/f3 3KCnepHMCHTOB , BbiiiOJIHCHHhiX B IIOCJICA

HCC peMSJ, OTMCTHM HCCJICAOBaHHSI <t>a30BblX 

nepex AOB B pa3JIH4Hb1X COCAHHCHHSIX: r"APHAC TH

TaHa 15), wrruHeJIH CuLi0,2 V 0,2Fe1 ,60 4 (puc.2), 3a

KaJieH HOM npH BbiCOKOM ,AaBJICHHH TSI)I(eJIOM JlbAC 

0 20 (6 ]. Pa3BHTaSI B JIH<l> MCTOAHKa II03BOJISICT Be

CTH 3K CnepHMCHT C BpCMCHHbiM pa3pCWCHHCM, IIOKa 

He AOCTynHhiM Ha Apyrux HCT04HHKax HCHTpoHOB. B 

nepe4 11CJICHHbiX BblWC HCCJIC,AOBaHH.SIX AH<t>paKU.H

OHHhl CnCKTpbl 113MCpSIJIHCb 3a BpCMSI OT 30 C ,AO 

5 MI1H . 3TI1 pa60Tbl 6biJIH npOBCACHbl Ha AH<t>paKTO

MeTpe JlH-2, KOTOpbiH B HaCTOSIIIICC BpCMSI .SIBJISICTCSI 

C3MblM CBCTOCHJibHblM H 3<P<t>eKTI1BHbiM CnCKTpO

MCTpOM Ha peaKTope 11EP-2. 
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PHc. 2. HeliiTpOHHbiC ~Hc:)>paKl.li-IOHHble npoc:)>HJJH o o6nac-rH nHKa <311) Ky6wtecKolil c:)>aJbl CuLi0 ,2 v0,2Fe 1,6o 4, H3McpeHHbte npH Ha

rpeoe 00p33Ll3 OT 120' C (COOTDCTCTByCT fl3 1taJTy opeMCHHOH WKaJtbt) ~0 5J0' C H IIOCJICAYIOLLlCI'O OXJ!alKACIIHll ~0 nepBOHa4aJTbHOH TCM 

neparypbt. BpCMSI H3MCpCHHSI O~HOI'O cnCKTpa 80 C. 8 HHTCpB3J!C HOMCpOB CfiCKT~OB OT 180 ~0 200 npOHCXO~HT nepexo~ H3 TCTpai'OH3Jib

HOH <fla3bl B Ky6H4CCKYIO H oopaTHO 

TeKcTypHbiH J:IH<f>paKTOMeTp HCBP, pac nono

)l(eHHhiH Ha 100M npoJJeTHOH 6a3e, no CBeTOCHJie Ha 

nopSIJ:IOK ycTynaeT LI.H-2, HO 6naro):lapSl JIY 4 llleMy 

pa3pellleHHJO (B 3 pa3a) no3BOJJSleT 04eHh 3<P<t>eK-
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THBHO HCCJJe]:IOBaTh TeKCTypbi CJJO)I(Hb!X MaTepHaJIOB 

c HH3KOH KpHCTaJIJIH4eCKOH CHMMeTpHeH:. Ha J:IH<t>

paKTOMeTpe 6hiJIH npOBe]:leHbl HCCJie]:IOBaHHSl TeK

CTyp ):IJISl pa3JIH4Hb!X reOJJOrH4eCKHX o6pa3U,OB [ 7 ,8). 
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P11c. 3. CxeMa ¢ypbe-JIH¢paKTOMeTpa BbiCOKoro pa3peweHHSI, C03JiasaeMoro Ha l1liP-2: 1 - 3aMe)I.IIHTeJib , 2 - MexaHI1'1eCKHH ¢11JlbTp 

HeHTpOHOB, 3 - KOJibl(eBOH K0p11J10p J1liP-2, 4 - BcnOMOraTeJibHblH HeHTpOHOBOJI, 5 - KOJIJIHMaTOp, 6 -BTOpoH MexaHH'IecKHH 

¢11JlbTp,7 -<lJypbe-npepbiBaTeJib, 8- 113011iYTblH HeHTpOHOBOJI, 9- JleTeKTOpbl BbiCOKOI'Q pa3peweHHSI, 10- JleTeKTOpbl HI13KOI'O pa3-

peweHHSI 

B ny6JIHKaU:HSIX npowe~wero ro~a oTpa)l(eHhl 

TaK)I(e ycHJIHSI coTpy~HHKOB na6opaTopHH no cosep

weHCTBOBaHHIO ~elicTBYlOIQHX H C03~3HHIO HOBbiX 

J:IHcl>paKTOMeTpoB. TaK, B pa6oTax [9, 10) paccMaT

pusaiOTCSI BOllpocbi, CBSI33HHble C BBO,l:IOM B ,l:leHCTBHe 

HOBOI'O HeHTpoHHOI'O cl>ypbe-,l:IHcl>paKTOMeTpa C pa3-

pewaiOIQeH cnoco6HOCThiO Ha yposHe 0,05% 

(pHc.3). 

CneKTpoMeTp Manoyrnosoro pacceSIHHSI HeiiTpo

HOB MYPH SIBJISieTCSI sechMa cseTOCHJihHbiM HH

crpyMeHTOM, ll03BOJISIIOIQHM HCCJie,l:IOBaTb MaJible ce

'leHHSI paCCeSIHHSI B H30TpollHbiX pacceHB3TeJISIX. 

OcHOBHaSI aKTHBHOCTh 6biJia HanpasJieHa Ha noHCKH 

HOBbiX npHMeHeHHH ::non XOpOWO H3BeCTHOH TeX

HHKH. B TpoHHbiX MHU:eJIJISipHbiX cecTeMax AOT

so.r~a-6eH3oJI H AOT -so.r~a-.r~eKaH 6hiJIH ecCJie.r~osa
Hhl B03MO)I(HOCTH npHMeHeHHSI TaK H33biBaeMOH 

BHyTpeHHeH B3pH3U:HH KOHTpacTa, a TaK)I(e 6bi

JIH npO,l:IOJI)I(eHbl HCCJie~OBaHHSI cl>eHOMeHa «pbiXJIO

CTH>> OOpaiQeHHbiX MHU:eJIJI npH MaJIOM CO,l:lep)l(aHHH 

BO,l:lbl ( 11 ). 

YfcCJie,l:IOBaHHSI BO~HhlX paCTBOpoB TpH6JIOK-CO

llOJIHMepHbiX MHU:eJIJI, BblllOJIHeHHbie B WHpOKOM 

,l:IHana30He KOHIJ:eHTpaU:HH 11 TeMnepaTyp, ll03BOJIH

JIH JKcnepeMeHTaJihHO onpe.r~eJIHTh u:enhlif PSI.rl xa

paKTepHCTHK 3TOH CI1CTeMbl, B TOM '111CJie pa3Mepb1 11 

CTeneHb Ha6yxaHHSI rH~poci>OOHOI'O SI~pa MHU:eJIJibl 

(pec.4). Bee nony'leHHhle peayJihTaThl SIBJISIIOTCSI so 

MHOI'OM HOBbiMH H Tpe6yiOT onpe,l:leJieHHbiX yCHJIHH 

,l:IJISI 11X aHaJIH3a C TO'IKH 3peHHSI npe~CTaBJieHHH 0 

Q>H3H'IeCKOH XHMI1H paCTBOpoB. 

BpeMSinponeTHhiH cneKTpoMeTp c noJISipeaosaH

HbiMH HeifTpoHaMH CIIH oKa3aJICSI sechMa Jcl>cl>eK

THBHhiM HHCTpyMeHTOM ,l:IJISI HCCJie~oBaHHH CBOHCTB 

llOBepXHOCTeH TOHKHX OJieHOK C llOMOIQblO MeTO,l:IOB 

peci>JieKTOMeTpHH. Yf3 llOJiy'leHHhiX pe3yJihTaTOB 

HaHOOJibWHH HHTepec npe~CT3BJISieT 3aBHCI1MOCTb 

rny6HHbl npoHHKHOBeHI1SI MarHHTHOI'O llOJISI B CBepx

npoBO~SIIQeM HHOOHH OT TO:JIIQHHbl HHOOHeBoH nneH-

KH (pHC.5). 06Hapy)l(eHHaSI 3aBHCHMOCTb - BeChMa 

CHJibHaSI (43, 90 H 145 HM ~JISI MaCCHBHOI'O 00pa3U:a H 

OJieHOK TOJIIQHHOH 700 H 255 HM COOTBeTCTBeHHO) H 

llOKa He HMelOT y~OBJieTBOpHTeJibHOI'O TeOpeTH'Ie

CKOI'O o6-hSICHeHHSI. 

B M eTOJ:IH'IecKoM oTHoiiieHHH 6oJihiiiOH HHTepec 

npe.r~cTaBJISIIOT noHCKH <<HeoTpa)l(aJOIQero aepKaJia» 

- 3JieMCHTa, Ba)I(HOI'O ~JISI llOCTpOeHHSI llOJIS1pH3aTO

pa TeOJIOBbiX HeHTpOHOB C BbiCOKOH CTeneHblO llOJISI

pH3aU:HH OTpa)l(eHHbiX HCHTpOHOB B WHpoKOM ~Ha

na30He ~JIHH BOJIH. IIepshle onbiTbl c norJioiQaiOmH

MH CJIOSIMH Ha ocHose TOHKHX OJieHOK OOPMOB . 
THTaHa H BaHa,l:IHSI llOK33blBalOT, 'ITO Ha 3TOM DYTH 

B03MO)I(HO cyiQeCTBeHHoe ynyt~IIIeHHe Ka'leCTsa no

JISipH3YIOIQHX 3epKaJI ( 12,13 ). 

CaMocTOSITeJihHhiH HHTepec npe~cTaBJISIIOT B03-

MO)I(HOCTH HCCJie~OBaHHSI OpOIJ:eCCOB CTapeHHSI TOH

KHX OJieHOK, npo~eMOHCTpHpOBaHHble Ha npHMepe 

TOHKOH ( 163 HM) nneHKH THTaHa. ABTopaM y~aJIOCb 
onpe,l:leJIHTb, 'ITO Ha llOBepXHOCTH THTaHa 3a 2 He

,l:leJIH oop aayeTCSI OKHCHaSI OJieHKa TOJIIQHHOH BCero 

9 HM, KOTOpaSI cnyCTSI ~Ba ro~a YBeJIH'IHBaeTCSI ~0 
12 HM (14 ). 

.LJ.sa cneKTpoMeTpa «npSIMOH reOMeTpHH» .LJ.YfH-

2I1Yf 11 .LJ.YIH-2I1P c ~BOHHbiM aHaJIH30M 3HepmH 

HeHTpOHOB DO BpeMeHH npOJieTa COBMeiQeHbl Ha 0,!:1-

HOM KaHane YIEP-2 Ha paccTOSIHHSIX 20 H 95 MOT pe

aKTopa. Ha 6onee cBeTOCHJihHOM cneKTpoMeTpe 

.LJ.YfH-2I1Yf npo~OJI)I(aJIHCb 3KCnepHMeHTbl no Heyn

pyroMy KBa3HynpyroMy pacceSIHHlO HeHTpoHOB Ha 

)I(H~KOM reJIHH, )I(MKHX MeTaJIJiaX H a~COp6HpoBaH

HOH so.r~e . YlaMepeHHSI cl>oHOHHblX cneKTpoB V -0, 

V-N, .Ta V xN 4 npo~OJI)I(aiOT HCCJie~oBaHHSI ~HHa
MHKH p e weTKH TBep~biX paCTBOpoB a30Ta H KHCJIO

pO,l:la s eTaJIJiax. YlcCJie~osaHa TeMnepaTypHaSI aa

BHCHMOCTh llJIOTHOCTH ci>OHOHHhiX COCTOSIHHH ~JISI 

Th02' u o2 H ZrHxu0,32 (x = 1,6 H 1,84) npH TeM

nepaTypa x OT KOMHaTHbiX .r~o -1300 K. Ha cneKTpo

MeTpe .LI.HH-2IIP npose~eHa nepaaSI cepHSI H3Mepe-
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CHCTeMa Q>opMHpooaHHll Hei1TpoHHOro ny 4Ka nepoo.::t 04epe;:~H 

<f>ypbe-):IHQ>paKTOMeTpa BbiCOKOI'O pa3peweHI1SI 

HHH no pacceRHHIO ueifTpouos c na~arolll,eH 3Hep
meif E0 = 200 M3B ua )f(H~KOM r eJIHH nj:m T = 4,2 u 

1,4 K. 3TH H3MepeuuSJ: npo~OJI )f(aJOT ucCJie~osauuSJ: 
6o3e-Ko~eucaTa H cneKTpa 3JieMeHTapuhlx so36y)f(
~euuif B )f(~KOM r eJIHH npu 6oJibWHx nepe~a1.1ax MO
MeHTa H XOpomeM 3HepreTH1.feCKOM pa3peWCHHH. 

Bse~eu B 3KCnJiyaTa~HlO HOBhiH cneKTpoMeTp 
~JISI ueynpyroro u KBa3uy npyroro pacceSIHHSI udiT
pouos HEPA-TIP, pacnoJIO)f(eHHhiH ua paccTOSIHHH 
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PHC. 4. Kp11TI14eCKaSI KOHI..IeHTpal.ll1ll o6pa30BaHHSI MHI..IeJI.Il B 33-
BHCHMOCTH OT TeMneparypbl ,!VIll BO):IHOro paCTBOpa PluroniC L64 

109 M OT peaKTopa H paOOTaiOIII,HH no npHH~Hny 00-
paTHOH reoMeTpuu. AuaJIH3 3uepruu pacceRHHhiX 
HeHTpoHOB C nOMOIII,biO OTpa)f(eHHSI Ha yroJI 175• OT 
MOHOKpHCTaJIJIOB Cu (111) no3BOJIReT ucCJie~osaTb 
KBa3uynpyroe pacceRHHe c pa3pemeuueM 
£ 0 = 50 MK3B B ~OBOJibHO WHpoKOM ~Hana30He ne-

pe~al.fH HMnyJihca (0,5-5) A-: Tipose~eHhl nepsHe 
3KCnepHMeHTH nO HCCJie~OBaHHlO CTOXaCTHl.feCKHX 
peopHeHTa~HH MOJieKyJI B )f(~KHX KpHCTaJIJiaX. 
TipuMeueuue 6epHJIJiuesoro Q>uJibTpa ~JISI auaJiu-
3a 3uepmu o6Jia~aeT OOJihmoif cseTOCHJIOH u xopo
muM pa3pemeuueM ~JISI OOJibWHX nepe~a11 3uepmif 
50 ~ E ~ 500 M3B. 3THM cnoco6oM onpe~eJieHH 

nap~HaJibHble DJIOTHOCTH KOJie6aHHH aTOMOB Me~H H 
KHCJiopo~a s YBa2cu;o6+x (x = 0,95 u 0,25) ua oc-

uose H3MepeuuSJ: cneKTpos ueynpyroro pacceSJ:HHSI 
HeHTpoHOB MSI pa3HbiX H30TOnOB Me~H (65Cu H 
63Cu), o6Jia~aJOIII,HX pa3JIH1.fHhiMH cel.feHHSIMH pac
ceRHHSI uenTpouos. 113MepeuuSJ: cneKTpoB NH4C1 u 
H 20 ~JISI T = 290 u 80 K npu ~asJieHHSIX ~o 10 K6ap 
noKa3aJIH, l.fTO MeTo~ 6epHJIJiuesoro Q>HJibTpa ua 
cneKTpoMeTpe HEPA-TIP o6Jia~aeT ~OCTaTO'IHOH 
CBeTOCHJIOH H pa3peweuHeM ~JISI HCCJie~OBaHHSI Q>o
HOHHbiX CneKTpoB B 3aBHCHMOCTH OT ~aBJieHHSI. 

Ha cneKTpoMeTpe K.LI:COr-M, pa6oTa10111,eM 
TaK)f(e no npHH~Hny oopaTHOH reOMeTpHH, aHaJIH3 
pacCeSIHHbiX HeHTpoHOB npoBO~HTCSI C llOMOIII,biO nH
pOJIHTHl.feCKOro rpaQ>HTa, ycTaHOBJieHHOro 3a 6epHJI
JIHeBhiMH Q>HJibTpaMu. IIpoJieTuaR 6a3a 29 M oT pe
aKTopa H aHaJIH3 paCCeSIHHbiX HeHTpoHOB C pa3pewe
HHeM E = 0,6 M3B no3BOJISIJOT MeKTHBHO 
ucCJie~osaTb ueynpyroe pacceSJ:uue B ~uana3oue ne
pe~al.fu 3Hepruu 0+200 M3B ~JISI o6pa3~0B, ue co~ep
)f(aiii,HX BO~Opo~ HJIH CO~ep)f(aiii,HX ero B HeOOJibWHX 
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PHC. 5. 0THOWeHHe OTpalKaiOweii CnOC06HOCTH HH06HeBOH !lJieHKH AJISI HeHTpOHOB /; npOTHBOnOJJOlKHblMH nOJJS1p113a~HSIMH (R-OTHOWe

HHe) B 3aBHCHMOCTH OT HOpMaJJbHOH KOMnOHeHTbl AJIHHbl BOJJHbl HeHTpOHa: (+) - !lJieHKa TOJIII..IHHOH 255 HM; ( 0 ) - nJJtHKa TOJIII..IH

HOH 700 HM; (-) - TeopeTH<IeCKHH paC'IeT C y'leTOM CTeneHH n0~1SipH3aLJ.HH nyq~a 11 pa3peweHHSI CneKTpOMeTpa; (-- -) - paC'IeT AJISI 

rny6HHbl npOHHKHOBeHHSI M3rHHTHOrQ nOJJSI B nJJeHKY, paBHOH 50 HM 

KOJIH\.ICCTBaX, \.ITO HMCCT MCCTO B CJiyl.laC CllCKTpO

CKOllHH aJlCOp6HpOBaHHhiX MOJICKyJI. IlpOBCJlCHO 

cpaBHHTeJibHOC H3Yl.ICHHC KOJie6aTCJibHhiX CllCKTpOB 

AJISI Ha6opa AHCUCpCHbiX KpCMHC3CMOB (CHJIHKai'CJib, 

33pOI'CJib, a3pOCHJib H CHJIOXpOM), COJlCp)Kalll;HX aA

COp6HpoBaHHYIO BOAY· B pe3yJihTaTe aHaJIH3a AaH

Hhlx BhiAeJICHbl CllCKTpbl aACOp6HpOBaHHOH, HJIH 

YACp)KaHHoH:, BOAhi s HCCJICAYCMhiX o6pa3u,ax . 3TH 

CllCKTphl CHJibHO pa3JIH4aiOTCSI, yKa3biBaSI Ha pa3HbiC 

KOHq>HrypaU,HH aACOp6HpOBaHHbiX U,CHTpOB B HCCJIC

AYCMhiX KpCMHC3eMax. 3KcnepHMCHTaJibHbiC pe-

3YJihTaThi cpaBHHB310TCSI C KBaHTOBO-XHMH4CCKHMH 

paC4CTaMH B CaMOCOI'JiaCOBaHHOM KJiaCTCpHOM npH-

6JIH)KCHHH, \.ITO ll03BOJISICT ACJiaTb BbiBOAbl 0 no

JIHMOp<f>H3MC JlHCnepCHbiX KpCMHC3CMOB B 3aBHCH

MOCTH OT TCXHOJIOI'HH HX H3I'OTOBJICHHSI [ 15, 16 ). 

B noCJICJlHHe I'OAhi ocHOBHOH 3aAa4eii Ha cneKT

poMeTpe K,li,COr-M SIBJISIIOTCSI HCCJICAOBaHHSI B03-

6y~CHHH Kp11CTaJIJIH4CCKOI'O llOJISI B CnJiaBaX 11 

COCAHHCHHSIX, COACp)Kalll;I1X PCAK03CMCJibHbiC 3JIC

MCHThl. 3a OT4CTHbiH nep110A npOAOJI)KCHbi 11CCJICAO

B3HI1SI Mai'HHTHbiX B036y)KACHHH B CHCTCMaX C TSI)KC

JlbiMH ¢epMHOHaMH CeCu
4
AI, CeCu

4
Ga 11 CeCu

2
Si

2 
Cephe3Hoii 3aAa'teii np11 3TOM SIBJISICTCSI npaBHJih

HbiH yl.leT ¢oHOHHhiX cneKTpos, KOTOphie AJISI 3THX 

CHCTCM BHOCSIT cym;eCTBCHHbiH BKJI3A B CllCKTpbi HC

ynpyroro pacceSIHHSI HCHTpOHOB. ,ll.JISI 3Toro OAHO

speMeHHO H3MCpSIIOTCSI CllCKTpbl CTCXHOMCTpHl.IC

CKHX JiaHTaHOBbiX o6pa3u,os LaCu
4
A1, LaCu

4
Ga, 

LaCu
2
Si

2
, KOTOpbiC HC 11MCIOT M3I'HHTHOI'O paCCCSI

HHSI. XapaKTepHoii 4CpToii MarHI1THOro pacceSIHHSI 

AJISI TSI)KCJIO<f>epMI10HHbiX COCA11HCHHH, COACP)K3lll;I1X 

U,CpHH, SIBJISICTCSI TOJlbKO OAHH nepeXOA Kp11CT3JIJII1-

4CCKOI'O llOJISI, HMCIOlll;HH <f>opMy JIOpCHU,HaHa C AO

BOJibHO IIIHpOKHM 3HCprCTI14CCKI1M pacnpCACJICHI1-
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PHC. 6. B peMSinpOJJeTHbiH CneKTp MarHHTHOrQ BKJJaJja B Heynpyroe 

pacceliHHe HeiiTpoHoo Ha NdzCu04: TO'IKH- 3KcnepHMeHT; JJH

HH!I - e3yJJbTaT paC•IeTa Ha OCHOBaH11H HaHJteHHbi.X napaMeTpOB 

KpHCTaJJJJH<IeCKOro 3JJeKTpH4eCKoro nOJJll; a - T - 10 K; 6 -

T-SO K 

CM, H HHTCHCHBHbiH BKJiaA KBa3Hynpyroro MarHHT

HOI'O p aCCCSIHHSI C TaK)Ke WHpOKHM pacnpCAeJICHHeM 

B BHAC <f>YHKLI,HH JlopeHu,a . 
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J.13y4eHHe napaMeTpOB KpHCT3JIJIHl.J:eCKOI'O 

3JieKTpH4eCKOI'O ITOJISI (K30) B MeTaJIJIHl.J:eCKHX COe

~HHeHHSIX pe~K03eMeJibHbiX :meMeHTOB 6hiJIO npO

~OJI)I(eHO ~JISI CeMeHCTBa H30CTPYKTypHbiX COe~HHe

HHH Re
0

,
05

Y
0

,95Ni2 (Re = Nd, Pr, Tb, Tm, E r, Dy, 

Ho). B 3TOM CJiyl.fae MarnHTHbJe P3M CHJJhHO pa3-

6asJieHhl HeMarHHTHbiMH aTOMaMH HTTpHSI, H B3aH

MO~eHCTBHe 4/-3JieKTpouuoi1: o6oJI04KH c K3n MO)I(

uo H3y4aTb B 6oJiee l.J:HCTOM BH~e. 
J.1cCJie~osauue nepexo~os K3n s Nd2C u0 4 s 

3aBHCHMOCTH OT TeMnepaTypbl B ~Hana30He 

10+300 K no3BOJIHJIO Bbi~eJIHTh nepexo~bi c so36y)l(

~euublx yposuei1: (puc.6). MnTepnpeTaU.HSI p e3yJih

TaToB npOBO~HJI3Cb C yl.feTOM CMeiiTHBaHHSI OCHOBHO

l'O H nepsoro so36y)l(~euuoro MYJJbTHnJJeTos, 'ITO 

snepBbie IT03BOJIHJIO uapSI~Y c xopornHM onucauHeM 

3KcnepuMeHTaJihHbiX ~aHHhiX no ueynpyroMy pacce

SIHHIO HeHTpOHOB ITOJIY4HTb KOJIHl.JeCTBeHHbiC OITHC3-

HHSI pe3yJibTaTOB H3MepeHHH MarHHTHOH BOCripHHM

l.J:HBOCTH. 

CoTpy~nHKH JIH<l> yl.JaCTBOBaJIH TaK)I(e s cos

MeCTHhiX HCCJie~OBaHHSIX, npOBO~HMbiX Ha HM

ITYJibCHOM HCTOl.J:HHKe uei1:Tpouos ISIS s Jla6o

paTopHH Pe3ep¢op~a - 3nnJieTona (RAL) s Aur-

HEMTPOHHA51 51,l],EPHA51 <l>M3J.1KA 

B paMKax 3TOH TeMaTHKH s Jia6opaTopln f npo

~OJI)I(aJIHCh HCCJIC~OBaHHSI cPH3HKH HeHTpOHa KaK 

3JICMeHTapHOH l.J:aCTHU.bi, HapyrneHHSI npOCTpaHCT

BeHHOH l.J:CTHOCTH npH B3aHMO~CHCTBHH Me~JJCHHblX 

uei1:TpouoB c SI~paMH, pa3JIH4HhiX KaHaJios pacna~a 

uei1:TpOHHhiX pe3ouaucos, MexaHH3Ma B3aHMO.llei1cT

BHSI HeHTpOHOB C SI~paMH. 3TH pa60Tbl npOBO~HJIHCb 
K3K Ha CBeTOCHJlbHOM HeHTpOHHOM CllCKTpOMeTpe no 

speMeHH npOJICTa Ha OCHOBC 6ycTepa YfEP-30, T3K H 

B COBMeCTHbiX HCCJie~OB3HHSIX Ha HCT04HHK3X HCHT

poHOB ~pymx HHCTHTYTOB (JlYf5l$, faT'IHHa; Yf5IYf, 

KHes; Jloc-AJiaMoc, CiliA). 

Opose~eu anaJIH3 cospeMeuuoro cocToSIHHSI 

OU.CHOK aMnJIHTY~bl pacceSIHHSI HCHTpOH-3JICKTpOH, 

a TaK)I(e HeHTpOHHOH ITOJJSipH3YCMOCTH npH B33HMO

~eHCTBHH C TSI)I(CJlbiMH SI~paMH (CBHHU.a H BHCMyTa) 

[ 17 ]. AsTOpbi npHxo~SIT K BbiBo~y, 'ITO pa3JJH4He 

aMnJIHTY~ n, e-pacceSIHHSI, nony'leHHbiX rpyn naMH 

lly6nhi H IOnuxa, KoTopbie npHBOASIT K pa3JJH4atO-, 
IIJ:HMCSI OU.CHKaM CpCAHCKBa~paTH4HOI'O 33pSIAOBOI'O 

pa~uyca uei1:Tpoua (+0,12(2) cPM H -0,11 (2) cPM), 

ooyCJIOBJICHO pa3JJH4HOH MaTCM3TH4CCKOH o6pa60T

KOH 3KcnepuMeHTaJibHbiX AaHHbiX. B 43CTHOCTH, cy

w:ecTsennhiMH OKa3blB310TCSI nonpaBKH Ha MHHMYIO 

l.J3CTb )l.JIHHbl paCCCSIHHSI npH H3BJIC4CHHH K03cP

cPHU.HeHTa ITOJISipH3YCMOCTH HeHTpOHa H3 3KCITC

pHMCHTaJibHbiX ~aHHbiX no noJIHhiM uei1TpOHHbiM ce

l.JCHHSIM. 
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JIHH. Ha cneKTpoMeTpax ueynpyroro pacceSIHHSI 

(HET u MARl) ucCJieAOBaJiacb TeMnepaTypuaSI Ja

BHCHMOCTh lliHpHHbl nepeXO)l.OB K30 B COCIJ.HHCHHH 

Y0,9Tm0,1Ba2Cu306+x (x = 0,1 H 0,9). noJiyl.J:eH

Hble pe3yJihTaTbl yKa3biBaiOT Ha cPOPMHpOBaHHe IIJ:C

JIH B CflCKTpe CITHHOBbiX B036y)l(~eHHH npH TCMnepa

Type npuMepuo ua 20 K BbiiiTe T c· J.1cnoJib3YSI pe

KOPAHOe pa3perneuue cneKTpoMeTpa HET npH 

BbiCOKHX nepe)l.a'laX 3HeprHH, HCCJie)l.OBaHbl Me)I(

MYJibTHITJieTHbiC nepeXOiJ.bl B CHCTCMC C TSI)I(eJJbiMH 

¢epMuouaMH CeA1
3

. Pacm:enJieuue nepBoro B03-

6y)l(~euuoro MYJibTHrrJJeTa s K3n oKa3aJIOCb s TPH 

pa3a 60JiblliC paCW:CITJICHHSI OCHOBHOI'O MYJJbTHITJIC

Ta, 'ITO CBH~eTeJibCTByeT 0 3H34HTCJibHOM BKJJa)l.e 

3JICKTpOHOB npOBOIJ.HMOCTH B ITOTeHU.HaJI KpHCTaJI

JIH'IeCKOI'O noJISI. Ha cneKTpoMeTpe KBa3Hynpyroro 

pacceSIHHSI IRIS uccJieAosaJiacb peopueuTaU.HOHHaSI 

AHHaMHKa rpynnbi NH
4 

npH ¢opMHposaHHH AH

nOJibHOro CTeKJJa s cucTeMe K 1_/NH4)x H 2P04 

(x = 0,4 H 0, 9). <I>opMnposauHe .llOMenuoi1 CTPYKTy

pbi npH ¢a30BbiX nepexo.llax s cerueT03JJeKTpH4e

CKOM KpHCT3JIJie LiKSQ 
4 

HCCJie.llOBaHO Ha .llH¢JpaKTO

MeTpeSXD. 

0oCJie OKOH43HHSI peKOHCTPYKU.HH YCT3HOBKH 

riOJJS1pH3aU.HH pe30H3HCHblX HCHTpOHOB 0QJI5IHA 

ee cseTOCHJia so3pocna s 10 pa3. Ha new npO.llOJI)Ka

JJHCb ITOHCKH HapyrneHHH npoCTpaHCTBeHHOH l.JeTHO

Cnl s p-BOJIHOBbiX uei1TpOHHbiX pe3onaucax. EbiJIH 

o6cJie.llosaHbi pe3ouaucbi E0 = 9,6 .::~B (Rb) H E0 = 
= 7,0 " 21,9 .::~B ( 

113
Cd) [ 18 1. 3¢¢eKT uapyrneuuSI 

4eTHOCTH o6uapy)KCH TOJlbKO B pe30H3HCe 7 3B 
113Cct: p = ( -9,8 ± 3,0) · 10-3. YfnTepeceu 3HaK 

3cPcPCKTa. 00.llTBCp)K.ll3CTCSI 3aKOHOMCpHOCTb 3cP

¢JeKT3 .llJISI pa3HbiX Sl.llCp, 'ITO fOBOpHT 0 CnpaBC.llJIH

.BOCTH COBpCMCHHbiX npe.llCTaBJJCHHH 0 MCXaHH3Me 

HapyweHHSI npOCTpaHCTBCHHOH 4CTHOCTH. 

CoTPYAHHKH JIHct> y'lacTsosaJIH s nO.lll'OTOBKe 

annapaTypbl H npOBC.llCHHH 3KCnepHMCHT3 riO H3y4e

HHIO HapyweHHSI npOCTp3HCTBCHHOH 4CTHOCTH B pa

)l.HaU.HOHHOM 33XB3TC pe30H3HCHbiX ITOJJS1pH30B3H

HbiX uei1Tpouos ua uei1TpounoM cneKTpoMeTpe 

LANSCE s Jloc-AllaMoce <CWA). Oo.llTBCP)I(.llCHo 

riOCJIC.llHCC 3H34CHHC BCJIH4HHbl HapyweHHSI npo

CTp3HCTBCHHOH 4CTHOCTH B Jl3HT3HC H ITOJ1~4CH HO

BbiH pe3yJibTaT s pe3onaucc 
11 

Sn(n, y) 

E0 = 1,33::JB: (1,1±0,2) · 10-2. ,l],ng pe3onaucos c 

E0 = 26,4 H 34,0 3B ITOJIY4CHbl TOJlbKO sepxHHe 

OU.CHKH. 

YfcnoJib30sauHe pauce pa3pa6oTaHHhrx npou.e

AYP o6pa6oTKH .llaHHhrx o (y-y)-cosnaACHHSIX s CJiy-



'laC lSSGd fl03BOJIHJIO ycTaHOBHTh [ 19] HaJIH'.J.HC 

3H34HTeJibHOro yCHJICHHSI HC MCHCC 4CM B 5 pa3 (OT

HOCHTeJihHO o6ID,enpHHSITOro MOACJibHOro paC'ICTa) 

HHTCHCHBHOCTCH K3CKaAOB, 3HeprHSI nepBH'IHOro ne

pexo.na KOTOpbiX JIC)KHT B HHTCpBaJie 2+3 M3B 

(pHC. 7). 0TKJIOHCHHC T3KOro M3CWTa6a 3KCnepH

MCHT3JlbHbiX HHTCHCHBHOCTCH OT npCACK333HHH CTa

THCTHl.J.CCKOH TCOpHH B .neQ:>opMHpOBaHHOM Sl./lpC npH 

3HeprHH ero so36y)KACHHSI BhiWe 5 M3B paHee HH

KeM He Ha6JIIOA3JI0Ch. 

C llOMOID,hiO MHOroCCKU:HOHHOro 4.7t-ACTCKTOpa 

y-KBaHTOB Ha 6a3e CIJ:HHTHJIJISITopos NaJ (TI) 6hiJIH 

HCCJICAOBaHhl cPJIYKTY3U:HH MHO)KCCTBCHHOCTH y-

KBaHTOB B OTACJibHbiX pC30H3HC3X 
147Sm B o6JiaCTH 

3HeprHH OT 15 AO 900 38. 0oKa3aHa 4CTKaSI KOppe

JISIIJ:HSI CflCKTpa MHO)KCCTBCHHOCTH pe30H3HCa C ero 

CflHHOM, l.J.TO fl03BOJIHJIO OnpCACJIHTb CflHHbl 90 pe30-

H3HCOB (pHC.8). 

J1cCJie.nosaHHSI pacceSIHHSI HCHTPOHOB c 3HepruSI

MH 1+300 K3B Ha ra3oo6pa3HhiX o6pa3u:ax KpHnToHa 

H KCCHOHa fl03BOJIHJIH llOJIY4HTh A3HHhiC 0 HCHTpOH

HhiX CHJIOBhiX cPYHKU:HSIX S t'/2 H S
3
1
12 H BKJI3A3X .na-

JICKHX yposHeH R0
00 

H R t. 113MepeHHSIMH Ha KpHn

TOHe yTO'IHSICTCSI xo.n KpHBOH R 
1 
(A) npH A = 70-

90, r.ne Ha6JIIOAaCTCSI 3HOM3JlbHhiH 3HaK CABHra 

¢a3hi HCHTpOHHOH p-BOJIHhi [20 ]. 
Opo.noJI)KaJIHCh HcCJie.nosaHHSI peaKU:HH (n, p) H 

(n, a ) H3 CTa6HJibHbiX H paAHOaKTHBHbiX SIJlpax. 

CosMeCTHO c cPH3HKaMH 115111 AH YKpaHHhi H3Me

pCHhi TCllJIOBhiC CC'1CHHSI Ha pC./lKHX H30TOnax 

36Ar(n,a) 33Su 50V(n, p) 50Ti [21 ]. 
CosMeCTHO c COTPYAHHKaMH HeCKOJihKHx yHH

sepcHTCTOB B 0CKHHC pa3pa6oTaHa MCTOJlHKa H npo-

al 
~ 40 r-
X 

"' : 3.8 -
I ••.•• ! •:•r· ·+t +rHr 

;>.. 
,.Q 

ti 3.6 r- • 
0 • ... • f 

,.Q 

~ = al 
:s: 
u 
X 
Q.) 
Eo< =· ::::;: 

3.5 

2.5 

1.5 

0.5 

, ... 
' ' ' ' 

2.5 4.5 6.5 · 
3HeprHSI 

PHC. 7. 3 KCnepHMeHTaJJbHbiC 3Ha4eHHII HHTeHCHBHOCTH K3CK3)l0B 

(rHCTO aMMbl) H HX MO)leJJbHbiH CTaTHCTH4eCKHH p3C4eT (JJHHH!I 

C KpCCTIIKaMH) AJIII ISSGd B 3aBHCHMOCTH OT 3Hepn1H nepBH4HOro 

nepexo)la KacKa)la 

BCACH I npo6HhiC HCCJICAOB3HH.II. CnCKTpOB 33p.II.)KCH

Hb1X LJ a CTHU: s peaKU:H.II.X c 6hiCTphiMH HCHTpoHaMH. 

00JIY' ICHHbiC pe3yJihT3Tbl ll03BOJIHJIH ycosepmCHCT

BOB3Tb ABYXCCKU:HOHHYIO HOHH33U:HOHHYIO KaMepy C 

U:CJihiO aHaJIH3a 4aCTHU: no 3HCprHH H npo6ery. 

C flOMOlll,hiO pCrHCTp3U:HH xapaKTCpHbiX y-JIH

HHH B OCKOJIK3X ACJICHHSI HCCJICAOB3H BbiXOA OCKOJI

KOB .neneHHSI s pSI.ne Heit:TpOHHhiX pe3oHaHcos 
239Pu 

a 
4.0 

f - 3.8 

t tt t 
• + 3.6 t 

X 

• • • ~· t I t' • ~·· t t t H. f = ••••• ~ 3.4 r- ... ••• + t• + 
( 3.4 

ti • • t •• + f t+ Q.) 

j 3.2 ~ 3.2 ..... 
0 

= ~ 3.0 I l l l l I I I 3.0 
0 100 200 300 400 500 600 700 800 0 10 20 

3HeprH.II. HelhpoHOB, 3B LfHCJIO 

pe30H3HCOB 

PHc. 8. 3Kcnep~•MeHTaJJbHbiC cpe~umc Jlla••cmn• w•M MIIO>KCCTneiiiiOCTH y-Koa iiTOn J.lJ111 
147 Sm: a) o 3an~ICHMOcn• OT 3HeprHH Hei1TpoHoo; 

6) pacnpe)lenemle pe30HaiiCOU 110 MIIO>KCCTDCIIIIOCHI C IUai'OM 0,05 
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Maccosoe lJ:HCJio 

P11c. 9. CpaBHeHHe MaCCOBOH 3~BI1CI1MOCTI1 OTHOCHTenhHOrQ Bbi

XOAa OCKOflKOB B AeneHI1J.1 
23 Pu pe30HaHCHbiMH HeHTpOHaMH 

(KBaApaTHKH) c AaHHhiMH no AeneHHI{) 
235u (TO'IKH) 

OT 0,2 ,~:~o 230 38. Ha6Jiro,~:~eHa oco6eHHOCTb s Maceo

soH: 33BHCHMOCTH OTHOCHTCJibHOro BbiX0,/:13 OCK OJIKOB 

B pe30H3HC3X, H.z:IYIIJ,3SI B npOTHBO¢a3e C ,1:13HHbiMH 

XaM6rna 11 ,~:~p • .z:IJISI aHaJiorHlJ:HoH: 3aBHCI1MOCTH s 
235u 

[22 ] (pHc. 9). MeTO.z:IOM B3BCIIIHBaHHSI noJiylJ:eHhi 

CpC,Z:IHHC napaMCTpbi MHO::>KCCTBCHHOCTI1 y-KB3HTOB 

,Z:ICJICHHSI NY= 7,26±0,19, Etot = (6,68±0,1 2 ) M38 

11 cpe~Hsrsr 3Hepmsr e = (0,92±0,03) M38. y 

IlpOBC,Z:ICHbl MO,Z:ICJibHbiC OU.CHKH xapaKTCp HCTHK 

,Z:IeJICHHSI 
235U H 

239
Pu B o6JiaCTH Hl13KI1X 3H eprHH 

[22 ) • .LJ:JISI CpC,Z:IHHX xapaKTCpHCTHK (n, y/)-np OIJ.CCCa 

llOJIYlJ:CHbl CJIC.z:IYIOliii1C 3H31.J:CHHSI: 1) JlJISI p e30H3H-

TEOPETHqECKHEHCCflE.LJ:OBAHM~ 

TeopeTHlJ:CCKI1e 11CCJie,~:~osaHHSI KOH.z:ICHC11posaH

HbiX cpe,~:~ s fla6opaTopH11 HCHTPOHHO~ ¢ 113HKI1 

BCJII1Cb rJiaBHbiM o6pa30M B TpCX H3llp3BJICHI1SIX: MC

X3HI13Mbl 8TCIT, cTeKJiono,~:~o6Hoe nose,~:~eHI1e so 

BHCIIIHI1X M3rHHTHbiX llOJISIX 11 B11XpCB3SI CTpyKTy

pa 11 .z:I::>K03e¢coHoscKI1e CTPYKTYPhi Ha ocHose 

8TCIT. 

8 paMKax MOACJII1 csepxnposo,~:~sriiJ,ero CTCKJia 

y,~:~aJIOCb noJiylJ:I1Tb xopornee on11caH11e KaK pasHo

seCHblx (MarHI1TH3SI ¢a30B3SI ,1:1113rpaMM3), T3 K 11 HC

paBHOBCCHbiX (AOJiroBpCMCHH3SI peJI3KC3IJ.I1SI 33XB3-

lJ:CHHOro M3rHI1THOro OOTOKa) CBOHCTB BbiCOKOTCM

nepaTypHblX CBepxnpOBO,Z:IHHKOB [26,27 ). 

8 paMKax 3ToH: ::>Ke MO.z:ICJII1 [28 ] pacc4 11T3Hhi 

BOJibT-aMnepHbiC xapaKTCp11CTI1KI1 . IlOK333HO, 4TO 

HCJIHHCHH3SI CTCOCHH3SI 8AX B 8TCTI SIBJI5ICTCSI 

CJIC,Z:ICTBHCM o6pa30B3HHSI 3D-CTCKJIOOO,A06HOro CO

CTOSIHHSI. KpoMC TOro, T3KOC COCTOSIHI1C MO::>KCT np11-

98 

cos 235u c 1lt = 4- r "N = <O 42±0 10> M38 
yf yf ' ' ' 

ryfEyf = (410±120) 38
2

; 2) ,Z:IJISI pe30H3HCOB 
239

Pu 

+ - -
c 1lt = 1 - ry1Ny1 = o,5±0,5> M38, ry1Ey1 = 

= (2150±650) 38
2. IlOK33aHO, lJ:TO Ha6JIIO,Z:13CMbiC B 

3KCnepHMCHTC ¢JIYKTyaiJ.HH B xapaKTCpHCTHKaX 

llOJIHOro ,Z:IeJICHHSI B pe30HaHCaX 
235U C J lT. = 4- MO

ryT 6hiTb OObSICHCHbl MO,Z:ICJiblO MHOrQMO,Z:13JibHOro 

(multimode) ,~:~eJieHH51 c ylJ:eToM (n, y.f)-npou.ecca. 

8 Jia6opaTopHH se,~:~yTcsr pa6oThl no coopy::>KeHHIO 

HosoH: 3KcnepHMCHTaJihHOH ycTaHOBKH (YfP A) , 

npC,Z:IH33HalJ:CHHOH ,Z:IJISI onpC,Z:ICJICHHSI K03¢¢HIJ.HCHT3 

OOJISipH3YCMOCTH an HClhpOHa nyTCM npCIJ.H3HOH-

HbiX H3MepeHHH yrJIOBhiX pacnpe,~:~eJieHHH HCHTpo

HOB, paCCCHBaCMbiX T5I::>KCJibiMH 51,/:lpaMH. IJorpeiii

HOCTb H3MCpCHHSI OTHOCHTCJibHOH aCHMMCTpHH pac

CCSIHHSI Bnepe,Z:I-H333,1:1 HC ,Z:IOJI::>KH3 npCBbiiii3Tb 

(2-3) ·10-4, lJ:TO ll03BOJIHT CHH3HTb norpCIIIHOCTb 

!1an ,1:10 ~3·10- 43 
cM

3. KpoMe H3MepeHHSian' ycTa-

HOBKa MO::>KCT HCOOJib30B3TbC51 AJI51 OOHCKa JICrKHX 

CK3JIS1pHbiX 43CTHU. - nepeHOC411KOB B33HMO,Z:ICHCT

BHSI; OOHCKa 11 113Y4CHH51 CMCIII3HHbiX (s + d)-pe30-

H3HCOB; onpe,~:~eJICHI151 CMCCCH COHHOBbiX K3H3JIOB B 

p-pe3oHaHcax; Hepa3pyiiialOIIJ,ero aHaJIH3a o6pa3u.os 

Ha np11CYTCTBHC B HI1X BO,Z:10p0)l3. 

PaccMoTpeH H npe,~:~Jio::>KeH sap11aHT npepbiBaTe

JISI-MOHoxpoMaTopa ,AJISI xoJIOAHhiX HCHTpOHOB Ha oc

Hose H3MCHCHHSI MaJIOYrJIOBOrO paCCCSIHI151 H3M3rHH-

4CHHOH 11 pa3M3rHH4CHHOH ¢oJibrH 113 ¢eppOM3rHC

TI1K3 [24 ). 

PaccYHTaH sap11aHT «Heynpyroro» a,~:~ua6aTH
qecKoro CllHH-¢JIHOOepa ,Z:IJISI XOJIO,Z:IHbiX HCHTpO

HOB [25 ). 

so,~:~HTb K Jiorap11¢MI14CCKOH 8AX 11 ::>¢¢eKTaM na-

• MSITI1 (29 ). 

'VlccJie,~:~osaHI1e HOBbiX s11xpeshiX ¢a3 s 8TCTI c 

noMOJ..UblO o6o6meHHOro np116JII1::>KCHI1S1 EeTe nposo

A11JIOCb B pa60TC (30 ). IlOK333HO, 4TO BKJI3,1:1 B CT3TI1-

CTI14CCKY10 CYMMY OT CTOJIKHOBCHI1SI B11XpeH npeo6-

JI3,1:13CT H3Jl BKJI3)l0M OT <<OCpenyTaHHbiX>> BHXpCH. 

06 3TOM CBH,Z:ICTCJibCTBYCT TOT ¢aKT, 'ITO np11 YBCJII1-

4CHI111 TOJII.IJ;I1Hhl o6pa3U.3 TCOJIOCMKOCTh 113MCH5ICTC51 

HC3H34HTCJihHO. 

J.13BCCTHO, lJTO ¢JIYKTyau,HH ¢a3hl BOJIHOBOH 

¢YHKLI,HI1 KynepOBCKHX nap MOryT Bhl3biB3Tb ,~:~o6a

B04HOC 3JICKTpOCTaTH4CCKOC B3311MO,Z:ICHCTBHC Ma

JihiX csepxnpOBO,Z:15IJ..UHX rpaHyJI. 3TO B3311MO,Z:ICHCT

BI1C MO::>KCT BOCCT3HOBI1Tb HOpM3JibHOC COCTOSIHI1C 

np11 OOHI1::>KCHI111 TCMnepaTypbi, KOr,Aa ero 3HCprHS1 

CpaBHI1M3 C 3HCprHCH ,Z:I::>K03e¢COHOBCKOH CB51311 MC::>K

.z:IY rpaHyJiaMH. B pa6oTe [ 31 I noKa3aHo, 4TO KBaH-



TOBhiH xapaKTep .Z:PK03e<PcoHOBCKHX OCII;HJIJISITOpoB B 

nepHOAH'leCKOM llOTeH.U:HaJie npHBOAHT K BOCCT3HOB

JieHHIO HOpMa.llbHOro COCTOSIHHSI. 

TeopeTH'leCKHe HcCJieAoBaHHSI B OTAeJie S~Aep

HOH <I>H3HKH na6opaTopHH pa3BHBa.nHCh B Tpex Ha

npasneHHSIX: csoii:CTBa SIApa, aHa.nH3 npo.u:eccos Ae

JieHHSI B Heii:TpoHHhiX pe3oHaHcax, csoil:crsa ynhTpa

xoJIOAHhiX HeHTpoHOB. 

Jl,JISI aHa.nH3a npo.u:eccos AeJieHHSI, HHAY.U:Hpo

saHHhiX pe30H3HCHhiMH HeHTpoHaMH, npeAJIOX<eHa 

MOAeJih, B KOTOpoH AeJieHHe BO BCeX pe30H3HC3X 

npoHCXOAHT llO OAHHM H TeM X<e K3HaJI3M, liHCJIO KO

TOphiX onpeAeJISieTCSI CllHHOM H xapaKTepH3yeTCSI 

npoeKn;HeH CllHHa Ha OCb KOMnayHA-SIApa. BKJI3A X<e 

3THX K3HaJIOB OT pe30H3HCa K pe30H3HCy MeHSieTCSI 

CJIYli3HHhiM o6pa30M (32 ). ilOK333HO, liTO 3MllJIHTy

Ahl <l>nyKTyan;Hil yrnosoil: aHH30TponHH noJIHOH KH-

llPHKJIA.D:HbiE HCCJIE.D:OBAHH51 

U:eHTp TSIX<eCTH npHKJI3AHbiX HCCJieAOB3HHH Jia-

6opaTOpHH B 1991 r. JieX<aJI B 06JiaCTH H3y'leHHSI Bbi

COKOTeMnepaTypHbiX CBepxnpoBOAHHKOB (BTCTI) , 

HeTH'leCKOH 3HepmH H BhiXOAa OCKOJIKOB XOpomo CO

rJiaCyiOTCSI c 3KcnepHMeHTaJihHhiMH A3HHhiMH. 

.li,JISI npen;H3HOHHOro onpeAeJieHHSI BpeMeHH 

X<H3HH HeHTpoHa HeOOXOAHMO on;eHHTb BeJIH'lHHY 

rpaBHT3.U:HOHHOH norpemHOCTH, CBSI33HHYIO C llOTe

pSIMH n pH coyAapeHHH YJibTpaxoJIOAHhiX Heii:TpoHoB 

CO CTeHK3MH. lJHCJieHHbiH 3HaJIH3 llOK33biB3eT (33 ), 
liTO n o rpemHOCTb 33 ClieT rpaBHT3.U:HOHHhiX 3<fxl>eK

TOB MOX<eT 6b1Tb onpeAeJISIIOW.eH B 3KCnepHMeHTe. 

.li:JISI y'leTa BepoSITHOCTH llOTepb npH COyAapeHHH 

YXH co cTeHKaMH pa3pa6oTaH o6w.Hil MeTOA onHca

HHSI ~BJieHHH TpaHCllOpTHpoBKH BOJIH H li3CTH.U: B 

npoH3BOJibHbiX cpeAaX (34 ), COrJiaCHO KOTOpoMy 

ni06aSI cpeAa MOX<eT 6hlTh pacw.enneHa B ni06oil: TOli

Ke Ha OTAeJibHble CJIOH. 3TOT MeTOA ll03BOJIHJI H3HTH 

3aMK YThle BhlpaX<eHHSI AJISI aMnJIHTYA oTpaX<eHHSI H 

npOll} CK3HHSI. 

C03A3 HSI CKBHAOB, paOOT3101I(HX npH 330THbiX TeM

nepaTypax, H pa3p300TK3X Ha HX OCHOBe BbiCOKO

liYBCTBHTeJibHbiX H3MepHTeJihHbiX CHCTeM. llpH 3TOM 

YCTaHOHKa )l.JISI HCCJie):IOB3HHSI MeCTOnOJ!O>KeHHSI npHMeCeH B KpHCT3J!JlH'IeCKH X o6pa3L(3X nyTeM K3H3J!Hp083HHSI HOHOH HH3KHX :lfleprHH 
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3KpaHHpoBaHHa!l KOMHaTa ,lVISI 3KpaH11pOBKI1 BbiCOKO'IYBCTBI1TeJibHblX ):laT'II1KOB MarHI1THOI'O nOJISI-CKB11):10B np11 npOBe):leHI111 TOHKI1X 

6HOMarHI1THbiX 113MepeHI1H 
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~pu1 HCCJieAOBaHHH BTCII HcnoJih30BaJIHCb mHpoKHe 

3KCnepHMeHTaJibHble B03MO)I(H0CTH Jia6opaTOpHH H 

Ofu.eAHHeHHoro HHCTHTyTa s u;enoM - HeHTpOHHaSI 

H peHTreHoBcKaSI AHQ>paKTOMeTpHSI,MeTOAHKH ERD 

(Elastic Recoil Detection), PIXE (Particle Induced 

X-Ray Emission) H RBS (Rutherford Back 

Scattering), s TOM 'lHCJie, s yCJIOBHSIX KaHaJIHposa

HHSI, Ha 3JieKTpocTaTH'leCKOM reHepaTOpe 3r-5, 00-
Jiy'leHHe TSI)I(eJibiMH HOHaMH H BblCOK03HepreTH'le

CKHMH 'laCTHD;aMH. EblJia pa3pa6oTaHa speMSlnpo

JieTHaSI MeTOAHKa H3MepeHHSI cPOT03JieKTpOHHblX 

cneKTpoB BTCII npH o6Jiy'leHHH Jia3epHblMH HM

nyJihcaMH HaHOCeKyHAHOI"' AHana30Ha. 

IJJIOAOTBOpHaSI HAeSI HCllOJib30BaHHSI KepaMH'le

CKHX KOHTaKTOB AJISI BTCil-CKBHAOB no3BOJIHJia ne

peH:TH K C03AaHHIO 'lYBCTBHTeJibHbiX raJibBaHOMeT

pOB H MarHeTOMeTpOB. Ha OCHOBe npOBeAeHHblX HC

CJieAOBaHHH CAeJiaH BblBOA 0 B03MO)I(HOCTH 

npHMeHeHHSI BTCI1-3KpaHoB, pa6oTaiOID;HX npH· 

TeMnepaType )l(lfAKOI"' a30Ta. 1131"0TOBJieH OllbiTHbiH 

o6pa3eu; 3KpaHa H3 KepaMHKH YBa
2
Cu

3
0 7_x [35 ]. 

C HcnoJih30BaHHeM TpaAHD;HOHHoro HH3KOTeM

nepaTypHoro CKBHAa C03AaH H3MepHTeJib MarHHTHOH 

BOCllpHHM'lHBOCTH C pa3pemeHHeM DO MarHHTHOMY 

MOMeHTY 10-
12

A · M
2 

[36]. 

C llOMOID;biO MeTOAHK, pa3pa6oTaHHbiX Ha 3JieK

TpoCTaTH'leCKOM yCKOpHTeJie 3r-5, npOBOAHJIHCb 

HCCJieAOBaHHSI npHnOBepXHOCTHbiX CJIOeB MCTaJIJIH-

EA30BbiE YCTAHOBKM 

YIEP-2 

CospeMeHHhie napaMeTpbl peaKTopa YIEP-2 H 

ero 3KCnepHMCHTaJibHbiC 6a3bl OnHCaHbl B [ 43 ). 3a 

1991 r. Ha cPH3H'lCCKHH 3KCnepHMCHT peaKTOp OTpa-

6oTaJI 2550 4acos s 10 nJiaHOBbiX U.HKJiax. B pa6oTe s 

TC4CHHC CC30Ha 6biJIO 3aHSITO 11 3KCnepHMCHTaJib

HbiX KaHaJIOB. B Ta6JI.1 npHBCACHbi napaMeTpbi pe

aKTopa YIEP-2 s OT4CTHOM nepHOAe. 

C OKTS16pS1 1987 r. Ha peaKTOpe pa6oTaeT BTOpOH 

noABH)I(HbiH oTpa)J(aTeJib II0-2, KOTOpbiH 3aMeHHJI 

Ha WTaTHOM MCCTC nepBbiH llOABH)J(HblH OTpa)l(aTCJib 

IJQ-1, OTpa6oTaBWHH 13211 4aCOB C MOMCHTa nycKa 

peaKTopa. Pa3peweHHbiH pecypc pa6oTbi II0-2 -

18000 qacos. K I HIOJISI 1991 r. Hapa6oTKa II0-2 co

CTaBHJla 12166 4acos. Pa3peweHHbiH ~JIIOeHc no 

U.CHTPY JlOnaCTH n0-2 - 6,7 · 10
25 

H/M . Hapa6o

TaHHbiH cPJIIOCHC COCTaBHJl 4,38 · 1025 
H/ M

2
. 

Ha peaKTope npo,AOJI)I(aJIH peryJISlpHo nposo

.AHTb ,AHarHOCTHKY TCKYID;CI"' COCTOSIHHSI 00 wyMaM 

ero napaMeTpOB, a TaK)J(C 6hiJla BbJOOJIHCHa C))(Cf'O,A

HaSI <<IlporpaMMa H3MepeHHH MOIUHOCTHOI"' 3cPcPCK

Ta peaKTHBHOCTH peaKTOpa 11EP-2>>. 

4CCKHX CTCKOJI, cyneppemeTOK, 3JieMeHTOB MHKpo-

3JICKTpOHHKH, HMIIJiaHTHpOBaHHbiX o6pa3D;OB, 00-

JiynpoBOAHHKOB H T.A., COrJiaCHO KOHTpaKTaM, 3a

KJIIO'lCHHblM C HHCTHTyTaMH CTpaH-y'laCTHHD; 

[37,38 ]. 

EoJihmoH: o6beM pa6oT BhlnOJIHeH s OT'leTHOM 

I"'AY C llOMOID;biO HeHTpOHHOI"' aKTHBaD;HOHHOI"' 

aHaJIH3a. CIOAa somJIH sonpochl oxpaHhl oKpy)l(aiO

ID;eH: CPCAbl, B tiaCTHOCTH, H3y'leHHC BJIH.SlHH.Sl MHHe

pa.ribHbiX YAo6peHHH Ha 3arp.Sl3HeHHe cpeAH [39 ] H 

pacnpe):leJieHH.Sl OCHOBHbiX H CJie):IOBblX 3JieMeHTOB, 

BKJIIO'la SI TOKCH'leCKHe, s 3epHOBbiX KYJihTypax p.Sl):la 

CeJibCKOX03SIHCTBCHHbiX paHOHOB CTpaHbl [ 40 ). 

IJp oBe):leH aHaJIH3 CO):ICp)l(aHHSI ypaHa H TOpHSI B 

PSIAe MaTepHanos H y3JIOB pa3pa6aThisaeMoro c yqa

CTHeM 011.SII1 OOJibmoro HeiiTpHHHoro AeTeKTopa. 

AHanH 3 noKa3an, 'lTO 3TH 3JieMeHTbl co):lep)l(aTC.Sl s 

KOJIH'leCTBax, npeshlmaiOID;HX AOnycTHMhle AJI.Sl HH3-

KoQ>oHoshlx ):ICTCKTOpOB Ha 3-4 ITOp.Sl):IKa. 

3aKOH'lCH D;HKJI pa60T ITO H3Y'lCHHIO pacnpe):le

JICHHSI p.Sl):la 3JieMeHTOB s reoJiorH'leCKHX CTPYKTypax 

HeQ>TSIHblX paH:oHOB Ky6hi [41,42 ]. IlocKOJibKY, KaK 

llOKa3aJI aHaJIH3, 3a 500-700 M ):10 ITO.SlBJieHH.Sl HecP

TSIHblX IIJiaCTOB 3Ha'lHTeJibHO llOBbllliaCTC.Sl CO):ICp)l(a

HHe p C):IK03CMeJibHblX 3JICMCHTOB (P33), npe):IJiara

CTCSI HCITOJib30BaTb MfHOBCHHble y-KBaHTill pa):IHaD;H

OHHOI"' 3axsaTa HeH:TpoHos s P33 npH aHaJIH3e 

pe3yJihTaTos HeiiTpOHHoro KapoTa)l(a. 

Ta6JLuu,a 1. flapaMempbtpemcmopaHEP-2 
a om•temHOM nepuoae 

I. C p eAHSISI MOID;HOCTh, MBT 2 

2. IlHKOBaSI MOJUHOCTb, MBT 1500 

3. IloJiywHpHHa HMITYJihca 6hiCTphlx 

HCHTpOHOB, MKC 215 

4. IlJIOTHOCTb nOTOKa TCITJIOBbiX 

HCiiTpoHos,H/cM2 ·c 

- cpe,AHSISI Ha ITOBCpXHOCTH 5·1012 

n JIOCKOI"' 3aMC):IJIHTeJISI 

- nHKOBaSI TaM )I(C 4 ·10
15 

- nHKOBaSI Ha OOBCpXHOCTH 

r p e6eH4aTOI"' 3aMC,AJIHTCJISI 1016 

5. q a cToTa HMnyJihCOB, c- 1 5 

HOBb iE PA3PAEOTKYI HA l1EP-2 

A amoMamu3upoaaHHa>t cucmeMa U3MepeHuii u 
ynpaaJLeliU>L (ACHY) HEP-2. Ilpo,AOJI)I(aJIHCb pa6o

Tbl n o COBepweHCTBOBaHHIO CHCTCM KOHTpOJISI H yn

paBJICHHSI peaKTOpa l1EP-2. lJ,eJib paOOTbl - ITOBbi

WCHHe Ha):IC)I(HOCTH KOHTpOJISI 3a COCTOSIHHCM peaK

Tapa H CHCTCM ero HH))(CHCpHOI"' o6ecne'leHHSI, a 
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PHc. 10. CxeMa C03AasaeMoro Ha HEP-2 KpHOreHHOro TnepAOMe

TaHosoro 3aMewnneJI!I Hei1TpoHos 

TaKX<6- llOBhliiiCHHC HHcPOpMaU:HOHHbiX B03MOX<HO

CTCR cHcTeMbi npH HCnOJib30BaHHH cospeM eHHhiX 

TCXHHliCCKHX CPCACTB. 8 1990 r. B l.l,eHTpaJibHOM 11H

CTI1TYTC cPH3HI.J:CCKHX HCCJICAOBaHI1H (8eHr epCKaSI 

Pecny6JIHKa, EyAaneiiiT) 6biJI pa3pa6oTaH <<CI1cTeM

HhiH nJiaH ACHY HEP-2» (TeXHHI.J:ecKoe npeAJIOX<e

HHe llO C03AaHHIO aBTOMaTI1311pOBaHHOH CI1CTCMbl 113-

MepeHHH AJISI peaKTopa HEP-2). flocJie nposeAeHI1SI 

B CCCP 3KcnepT113hl. «CI1CTCMHOro nJiaHa» 11 corJia

cosaHHSI OCHOBHbiX TCXHI1\.fCCKI1X peweHHH B 1110HC 

1990 r. MCX<AY 0H5JH 11 8/n <<MeTp11MnCKC>> 6 biJ1 33-

KJIIOI.J:CH KOHTpaKT Ha nOCTa8KY nepBOH \.faCTI1 o6opy

AOBaHHSI ACHY HEP-2 - c11cTCMhi KOHTPOJISI Tex

HoJiomi.J:eCKHx napaMeTpos. 

flocTaBKH 3TOro o6opyAOB3HI1SI 6hiJII1 3a KOH\.fC

Hhl B Mae 1991 r. K KOHU:Y roAa 3aKOHI.J:CH MOHT3X< 

OOoPYAOBaHHSI H Hai.J:aTa ero OnbiTHaSI 3KCnJiya TaU:11SI 

- npoBCACHHC 113MepeHI1H napaJIJICJ!bHO CO IllTaT

HhiM OOoPYAOBaHI1CM. 

OnhiTHaSI 3KCnJiyaTaU:11SI o6ecnel.fl1saeT 80 3MO)((

HOCTb aAanTal.(HH nepCOHaJia K HOBbiM TCXHI1 \.fCCK11M 

cpeACTBaM, a TaKX<e pa3pa6oTKY nporpaMM, o 6ecne

I.J:HBaiOil.(HX llpCACTaBJICHI1C 11HcPOpM3U:1111 B Hai160-

JICC YAOOHOM B11Ae. B noJIHhiH o6beM ACI1Y 11EP-2 

HapSIAY C nOCTaBJICHHbiM o6opyll08aHI1CM llJISI KOHT

pOJISI TCXHOJIOri1I.J:CCKI1X napaMCTpOB 8X0lli1T o6opy

AOBaHHC AJISI KOHTpoJISI COCTOSIHI1SI peaKTOpa 11 o6o

PYllOBaHHC, o6ecnei.J:I1BaiOmee 8binOJIHCHI1e Heo6xo

lli1MhiX JI0rl1l.J:CCKI1X onepaU:11H 8 CI1CTCMC 

ynpaBJICHI1SI 11 3all.(I1Tbl peaKTOpa. 
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KpuozeHftbtii 3a.Mea.nume.nb. B 3asepiiiaiOlli.YIO 

CTaA1110 BCTYll11JII1 pa60Thi no KpHoreHHOMY 3aMCA

J111TCJIIO (K3) AJISI Tpex nyi.J:KOB peaKTopa 11EP-2 

(nyi.J:KI1 4, 5 11 6). KoHCTPYKU:HSI K3 noKa3aHa Ha 

pHc.l 0. 3aMeAJISIIOil.(ei1 cpeAOH AJISI Hei1TpOHOB SIBJISI

eTCSI MCTaH B TBCPAOM COCTOSIHI1H npH TCMnepaTy

pe OKOJIO 20 K, ero oxJiaX<ACHHe ocyll.(eCTBJISICTCSI ra-

3oo6pa3HhlM re1111eM np11 T = 10-15 K. 0X<UAae

MbiH 3cPcPCKT - YBCJIHI.J:CHI1C B 10 pa3 llOTOKa 

XOJIOAHhlX HCHTpOHOB B HanpaBJICHI111 Tpex nyi.J:KOB 

peaKTOpa. 3a OTI.J:CTHhlH nep110A nOJIHOCThiO 3asep

IllCHbl npoeKTHhie 11 KOHCTPYKTOPCKI1e pa6oThl, 113ro

TOBJieHa MCTaHOrCJII1CBaSI KaMepa - OCHOBHOH Y3CJI 

K3. flposeAeHhi ee saKyyMHhle 11CnbiTaHHSI. HcCJie

AOBaHo HanpSIX<CHHO-ACcPOPMHpOBaHHOC COCTOSIHI1C 

MCTaHOBOH KaMepbi B IllHpOKOM 11HTCpBaJIC TCMnepa

Typ snJIOTb AO pa6ol.f11X (20 K) MeTOAaMI1 TeH30MeT

pH11. 3asepweHO 113roTOBJICHI1C CTCHAa AJISI XOJIOA

HhlX 11CllbiTaHHH K3, HaJiaX<eHa HOBaSI KpHOreHHO

reJII1CBaSI ycTaHOBKa C 803MOX<HOCTbiO nOJIYI.J:CHHSI 

X<HAKOro reJIHSI. Hai.J:aTo npo113BOACTBO X<HAKOro re

JIHSI AJISI cPI13HI.J:CCKI1X 3KCnepHMCHTOB, npoBOAHMhiX 

s JIH<l>. BeAyTcSI noAroT0811TCJibHbie pa6oTbi no <<XO

JIOAHOMY» nycKy K3 Ha CTCHAC. 

floaau:;tatbLU ompa)l(ame.nb fl0-2PM. flpOAOJI

X<aJII1Cb pa60Tbl no C03AaHI110 nOAB11X<HOro OTpaX<a

TCJISI TI0-2PM, s KOTopoM peaJII13YIOTCSI reTeporeH

Hhie cTpyKTYPhi poTopo8 113 HI1KCJISI co 8CTpel.fHhiM 

AB11X<CHI1CM OCH08HOrO 11 BCllOMOraTCJihHOro 00-

ABHX<HblX OTpaX<aTCJICH. 113roT08JICHO 3Ha\.fi1TCJib

HOC KOJII1I.J:CCTBO Y3JIOB H080H M3Illi1Hbl: B 1990-

1991 rr. 6biJIO yAeJieHo 6oJibwoe BHI1MaHI1e o6ocHo

saHI110 npO\.fHOCTI1 HI1KCJIC8biX pOTOp08. 

11EP-30 + JIY3-40 

YcTaH08Ka 11EP-30 + JIY3-40 nocJie peMOHTa 

6hiJia 8BCllCHa 8 3KCnJiyaTaU:1110 21 1110HSI 1990 r. 3a 

OT4CTHblH nep110ll OTpa6oTaHO 9 U:I1KJ108. VfHcf>OpMa-

• U:I1SI 0 napaMCTpax ycTaH08KI1 np11BCACHa B Ta6JI.2. 

B 1991 r. s KEJIH<l> 8binOJIHeHa pa3pa6oTKa Ho

soi1 Ml.fWCHH l.f3 TaHTaJia AJISI 11 EP-30. 3To no3BOJII1T 

6oJiee 3cPcPCKTI18HO 11CllOJ!b30BaTb cPOTOHCHTpoHbl 

Ml.flliCHI1 B aKTJ.fBHOH 30HC 11 pa8HOMCpHO pacnpe

llCJIHTb TCllJ108blllCJICHI1SI 8 TCllJ108biACJISIIOlli,11X 3JIC

MCHT3X, paCnOJIO>KCHHbiX 80Kpyr KaHaJia MI1IllC

HI1. Ho8aSI MI1WCHb H3rOT08JieHa 11 npoxOA11T 11Cnbi

T3HI1SI. 

flpoeKm HPEH. VfcTOlJHI1K pe3oHaHCHbiX Hei1T

poH08 11 PEH, npenJiaraeMbiH 83aMeH nei1cTBYIOlll.e

ro 8 JIH<l> 0115111 ypaH-nJiyTOHI1e8oro 6ycTepa 

11 EP-30, SIBJISieTCSI nOAKPI1TI1\.fCCKoi1 pa3MHOX<aiO

mei1 MI1IllCHbiO l.f3 BbiCOK006oralli,CHHOro ypaHa Ha 

6a3C MOlli.HOro J111HCHHOro yCKOp11TCJISI 3JICKTpoH08 

JIY3-100. flpoeKTI1PYCMbiH 11CTOtJHI1K c 11HTCHCI18-



CTeHJI JI,JISI HCnbiTaAHH KpHOreHHOI'O 3aMeJI,JIHTeJI!I HfiP-2, HaCTpOHKa CHCTeM UH)I{eHepHOI'O o6ecne4eHHSI 

Tatin.u~a 2. n apa.Mempbl ycmaH08KU HEP-30 • 

3uepm51 :=mexTpouoB, M3B 

,ll,JIHTeJibHOCTb HMnyJibCa, MKC 

qaCTOTa, c- 1 

llHKOBbiH TOK, A 

Cpe~uuif TOK, MKA 

Cpe~H5151 Mow;uocTb 3JI.nyqxa, xBT 

MaTepnaJI Mnmeuu 

YMumxeuue 

,ll,JIHTeJibHOCTb HMny JibCa 

HeHTpoHOB, MKC 

Cpe~HSI51 TeUJioBaSI Mow;uocTb, xBT 

Cpe~H5151 nuTeucnBHOCTb, u/ c 

32 

1,6 

100 

0,4 
64 
2 
BOJII>Q>paM 

200 

4,2 
10 

3,6 ·1014 

HOCTblO HeHTpoHOB ~0 2 ·1015 HeHTp./ C, ~JIHTeJibHO
CTblO HeHTpoHHOH BCnhlillKH Meuee 1 MKC H 'IaCTOTOH 

nOBTOpeHH51 BCnhiiiieK He OOJiee 200 ru: npe~Ha3Ha
'IaeTC51 M51 Mepuo-<I>H3H'IeCKHX HCCJie~OBaHHH Me

TO~OM BpeMeHH npoJieTa H no CBOeMy Ka'IeCTBY Ha 

~Ba nop51~Ka npeBocxo~HT MBP-30. TipoeKT MPEH 

BeAeTCSI no ABYM napaJIJieJibHhiM uanpaBJieHH51M: 

pa3pa6oTKa HOBoro ycxopnTeJISI JIY3-100 H pa3pa-

6oTxa ypaHOBOH pa3MHO)KaJOw;eif MHilleHH. 

1. Y cxopuTe.n:b 3JieKTpouoB JIY3-1 00 

llpoBeAeHhl xouu:enTyaJibHhle pa3pa6oTKH ycxo

pnTeJISI 3JieKTpouoB ua 6eryw;eu BOJIHe c napaMeTpa
MH: MOID;HOCTb nyqxa 10 xBT, 3Hepm51 3JieKTpoHOB 

150 M 3B, AJIHTeJibHOCTb 3JiexTpouuoro HMnyJibCa 

0,3 MKC, 'IaCTOTa nOBTOpeHH51 HMnyJibCOB 200 fu;. 
lloKa3aHa B03MO)KH0CTb npaKTH'IeCKOH peaJIH3aU:HH 

Tpe6yeMhiX napaMeTpoB, ou:eueua CTOHMOCTb ycxo

pnTeJISI, HaMe'IeHhl pa3paOOT'IHKH TeXHH'IeCK0£'0 

npoeKTa H H3£'0TOBHTeJIH. 

2. Pa3MHO)KaJOw;aR Mnmeub MPEH 

llpoBeAeHbl KOHU:enTyaJibHhle pa3paOOTKH 10 
BapuauToB xoucrpyxu:uu ypauoBOH pa3MHO)KaJOw;e:H 

MHill HH C HeHTpoHHO-<I>H3H'IeCKHMH H TeUJIOI'IfA
paBJIH'IeCKHMH OOocHOBaHHSIMH, Ha OCHOB3HHH KO

TOpbiX Bhl6pau BapuauT xoucTpyxu:uu ~JI513CKH3Horo 
npoeKTHpoBaHHSI ycTaHOBKH MPEH. 
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Pa3pa6oTaH 3CKH3HhiH npoeKT ycTaHOBKH 
HPEH c ycKopHTe.rreM 3JieKTPOHOB Ha 3Hepmro 

150 M3B H MO~HOCThiO ny'IKa 10 KBT. B Ka'!ecTBe 

~e.JISIID;eroc51 MaTepHaJia Bb16paH ypaH-MOJIH6~eHO
BbiH ciiJiaB 90% -ro o6oram;eHH51 no ypaHy-235 KoH

BepTopoM CJiy~aT ecTecTBeHHhiH ypaH H PTYTh. AK
THBHaSI 30Ha OXJia~aeTC51 npHHY~HTeJibHbiM nOTO
KOM B03~yxa, KOHBepTOp - 3a C'leT eCTeCTBeHHOH 

:U:HPKYJISID;HH PTYTH. Pa6oqee 3Ha'leHHe K03$$ Hn;H
eHTa pa3MHO)KeHHSI- 14. 

B pe)KHMe cTan;HoHapHoro 6ycTepa MOW:HOCTh 

aKTHBHOH 30Hbl OKOJIO 20 KBT, HHTeHCHBHOCTb 

1015 HeHTp./c, ~JIHTeJibHOCTb BCnhlWKH 6hiCTpbiX 

HeHTpoHOB 0,4 MKC, nOCT051HHbiH BO BpeMeHH $OH 

3ana3~hiBaiO~HX HeHTpOHOB paBeH 10%. 

KoHCTPYK:U:HSI pa3MHO)KaiO~eif MHmeHH ~ony

CKaeT MO~H$HKaD;HIO Ha pe)KHM C MOAYJISIIJ;HeH 

peaKTHBHOCTH: MO~YJISITOpoM CJIY)KHT nOABHX<HbiH 

H3MEPHTEJibHO-BblqHCJIHTEJibHblll U:EHTP 

Cemu 3BM. B Te'leHue 1991 r. npoBOAHJIOCb 

H3y'leHHe B03M0)KHOCTH HCnOJib30BaHHSI npOMbiW

JieHHbiX 6JIOKOB 3JieKTpOHHKH, OnTH'IeCKHX Ka6e.rreif 

OTe'!eCTBeHHOro npoH3BOACTBa B COCTaBe CeTH 

Ethernet $HpMhl DEC. B pe3yJihTaTe 6b1Jlo oTo6paHo 
'q)H THna 3JieKTpOHHbiX 6JIOKOB H TpH THna OIITH'Ie

CKHX Ka6e.rreif. 3TH KOMnOHeHTbl 6hmH BKJIIO'!eHbl B 

JIOKaJibHYIO CeTb AJI51 HCnbiTaHH51, npopa6oTaJIH B CO

CTaBe CeTH O~HH MeC51IJ;. J1x napaMeTpbi OKa3aJIHCb 

He Xy)Ke aHaJIOrH'IHbiX 3anaAHbiX ycTpoiicTB. 

ilpo~OJI)KaJIHCb pa60Tbl no pa3BHTHIO JIBC 

SO NET, B TOM 'IHCJie H nporpaMMHOro o6ecne'!eHHSI 
Ha6a3e ilK: 

- C03AaHO nporpaMMHOe o6ecne'leHHe AJISI HH

TepaKTHBHOro AOCTyna K AHpeKTOpHSIM H $ aifJiaM 

cepBHCa C aooHeHTCKOro ilK; 

- C03AaHa 6H6JIHOTeKa npon;eAyp AJISI Sl3biKa 

CH, o6ecne'IHBarom;aSI YAaJieHHhiH AOCTyn K" <t>ai1JiaM 
(3Ta 6H6JIHOTeKa SIBJISieTCSI OCHOBOH AJISI peaJIH3aiJ;HH 
pacnpeAeJieHHbiX CHCTeM aBTOMaTH3aiJ;HH Ha 6a3e 

annapaTHhiX cpe~cTB ceTH SONET-2). 

3BM u,eHmpaJLbHOW npOL~eccopa. Il,eHTpaJih

HhiH npon;eccop B cocTase 3BM PDP-II /70 " AByx 
3 BM f.l VAX-I I pa6oTan YAOBJieTsopHTeJihHO B Te'le

HHe Ce30Ha paooT peaKTOpOB JIH<l>. ilpo,tiOJIX<aJIOCb 

pa3BHTHe TepMHHaJihHOH ceTH 3BM PDP-1I /70, 

f.J.V AX-11. B I991 roAy 6oJiee mupoKo CTaJia HCIIOJih-

30BaThCSI HHCTHTYTCKaSI CeTh JINET B CBSI3H C BBO

AOM B 3KCIIJiyaTaiJ;HIO MaTeMaTH'IeCKOro o6ecne4e
HHSI «3JieKTpOHHaSI IIO'!Ta». 

C/Ju3u<tec1Cue ycmaH061CU. B I990-I991 rr. npo

AOJI)KaJICSI npon;ecc nepeBOAa H3MepHTeJibHbiX MOAy-
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'!eThlpeXJIOnaCTHbiH OTpa)KaTeJib HeHTpoHOB, Bpa

m;aiOID;HHCSI co cKopocThiO 3000 o6./MHH. B 3TOM pe

X<HMe MO~HOCTb aKTHBHOH 30Hbl COCTaBJISieT 50 KBT 

npH pa3MHO)KeHHH 36; HHTeHCHBHOCTb HCnycKaHH51 

HeHTpOHOB 2·1015 HeHTp./c npH 'laCTOTe 200 Ill. 
H AJIHTeJibHOCTH BCIIbiWKH 0, 9 MKC. Cl>OH 3ana3~bi
BaiOID;HX HeifTpoHOB, ycpeAHeHHbiH no BpeMeHH, pa

BeH II,8%. 

3CKH3Hb1H npoeKT BKJIIO'IaeT HeHTpoHHO-$H3H

'IeCKHe H TeiiJIOrHApaBJIH'IeCKHe pac'leTbl aKTHBHOH 

30Hhl u KOHBepTopa, KOHCTPYKU:HIO TeiiJIOBbiAeJISIIO
m;ux 3JieMeHTOB H c6opOK aKTHBHOH 30Hbl, npHHD;H

IIHaJibHyiO KOHCTpyKD;HIO ypaH-pTyTHOro KOHBepTO

pa C aBTOHOMHbiM KOHTypOM ecTeCTBeHHOH D;HpKy

JISIIJ;HH pTyTH, KOHCTPYK:U:HIO oTpa)KaTe.rreif u 

3aMeAJIHTeJieu HeifTpOHOB, KOHCTPYKU:HIO pa3ABH)K

Hoif pa~HaiJ;HOHHOH 3aiD;HTbl. 

JieH $H3H'!eCKHX ycTaHOBOK JIHCl> Ha nepCOHaJibHhle 

KOMnhiOTephl PC/XT,AT, a TaK)Ke MOAepHH3an;uu 

annapaTyphl u nporpaMMHOro o6ecne'leHHSI $H3H'Ie

CKHX ycTaHOBOK, y)Ke pa6oTarom;Hx c ilK. Ha HeifT

poHHhiX ny'IKax peaKTopa HEP-2 3anym;eHa nepsaSI 

oqepeAh ycTaHOBKH TEKCT, ycTaHosJieHhl nepco

HaJihHhie KOMnhiOTephi PC/ AT -286 Ha ycTaHOBKax 

Ll.l1Cl>P AH, CilH-I; 3asepmaeTCSI MOAH$HKaD;HSI $H-
3H4eCKHX ycTaHosoK HEPA-ilP, CHHM-2, LI.H-2 

[44], Ll.ilil, HCBP, KLI.COf; noJIHOCThiO 3asepme

Hhl pa6oThi Ha ycTaHOBKe AJISI 3KcnepuMeHTOB c YXH 

( 45); BeAyTCSI nOAroTOBHTeJibHble pa60Tbl K MOHTa

)Ky ycTaHOBOK Cl>LI.BP Ha IISITOM ny'!Ke. 

LI.JISI yJiy'lmeHHSI Ka'leCTBa HeifTpOHHhiX ny'IKOB 

Ha peaKTope HEP-2 s AOIIOJIHeHue K y)Ke cym;eCTsy

IOW:HM 3anym;eHbl B 3KCIIJiyaTaiJ;HIO CHCTeMbl $a3H

pOBKH npepbiBaHHSI HeHTpoHHOro ny'!Ka Ha IISITOM 

(yCTaHOBKa Cl>LI.BP) "ceAhMOM (ycTaHOBKa HEPA
ilP) ny'IKax HEP-2. 

Ha Hei1TpoHHhiX ny'IKax peaKTopa HEP-30 3a

sepmeHhi pa60Tbl ITO MOAH$HKaiJ;HH H nepeBOAY Ha 

nepcoHaJihHhle KOMnhiOTephi H3MepuTeJihHbiX MOAY

nel1 yCTaHOBOK il0JI51HA, ilOHCK; BBeAeH B 3KC

IIJiyaTan;HIO H3MepuTenhHhiH MOAYJlh AH<t>paKTOMeT

pa LI.H-3; 3anym;eH KOMIIJieKc annapaTyphl KAMAK 

+PC/ AT -386 ycTaHOBKH KAHAP AJISI H3y'leHHSI pe
aKn;ul1 (n, 2y). 

3JLeKmpoHHbte cucmeMbt u 6JLOICU. LI.JISI ynpasne

HHSI TepMOCTaTaMH C03AaH KOMIIJieKC 3JieKTpOHHbiX 
yCTpOHCTB H HX nporpaMMHOe o6ecne'leHHe: MHKpO

npon;eCCOpHbiH KOHTpoJIJiep s cTaHAapTe KAMAK; 

nporpaMMHpyeMbiH peryJISITop TeMnepaTyphl c KJia

BHWHhiM ynpaBJleHHeM; KOMMyTaTOp CBSI3H TepMH-



HaJia C 3BTOM3TH3HpoB3HHhiMH MHKponpou.eccopHhi
MH CHCTCM3MH • .II.aHHhiC ycTpoHCTBa HCnOJib3YIOTCSI 
Ha YCT3HOBK3X .II.H-2 H .n.nn, a T3K)KC Ha yCTaHOBKC 
.IVUI uarorosJieuuSI o6paau.os BTCn s H30«l>TI1 
JIH «<> 0115111. 

Coa~au KOMnJieKc 6hlcrpoH: ::meKTpoHHKH MSI 
MHKpocCKIJ.HOHHOH nJIYTOHHCBOH KaMephl MSI 3KC
nepHMCHTOB no H3Y'ICHHIO peaKIJ.HH (n, y, /). 

Paapa6oTau p~ HOBhlx 6JioKoB B cra~aPTe 
KAMAK: 611oK Ko~uposaHHSI speMeHHhiX cneKTpoB 
Ha 16 BXO~OB C ~OnOJIHHTeJibHhiMH 4>YHKU.HOHaJib
HhiMH B03M0)KH0CTSIMH; 6JIOK 3BTOM3TH33U.HH nyCKa 
H OCT3HOBKH H3MCpHTeJibHOIO MO~yJI.sr; yCTpoHCTBO 
KO~HpoBaHH.SI HOMepa ~eTCKTOpa [ 46 ); cneKTpoMeT
pH'ICCKHC AU:n ua 1 K u 8K Kauanos c 11acroToH: 
200M~. 

llpozpa.MM.Hoe o6ecne~teHue. Paapa6oTaua npo
rpaMMa ~JISI aHaJIH3a H oopa6oTKH O~HOMCpHhiX 
cneKTpoB Ha nK C HCnOJib30BaHHCM rpa4>H'IecKO
ro pe)KHMa. nporpaMMa opueuTuposaua B nep
BYIO o11epe~b ua o6pa6oTKY ~aHHhiX 3KcnepuMeH
TOB no 4>H3HKC ~eJICHHSI H nponyCKaHH.SI (nOKa
HaJibHOIO H no rpynnaM). nporpaMMa BKJIIO'!aeT 
3JICMCHTapHhiC 4>YHKIJ.HH CJIO)KCHHSI, Bbi'!HTaHHSI, 
YMHO)KCHH.SI H T.n. O~HOMCpHhiX cneKTpoB, 4>YHKIJ.HH 
reuepau.uu 4>oua no pa3JIH'!HhiM MO~eJISIM, 4>YHK
IJ.HH, CnCIJ.H4>H'!CCKHC ~JISI yKa3aHHOIO THna 3KCne
pHMCHTOB. 
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JIABOPATOPll.si 
BhlqllCHllTEHbHORTEXHllKll 
M ABTOMATll3Al(llll 

B 1991 ro.o;y s Jia6opaTopHH Bhll.J.HCJIHTCJibHOH 

TCXHHKH H aBTOMaTH3a~HH IIOJiyl.J.HJIH pa3BHTHC 

CpC,ll;CTBa BHCIIIHCH CB513H HHQJOpMa~HOHHO-Bhll.J.HC

JIHTeJibHOH HHQJpacTpyKTYPbi 11HCTHTyTa. Co3,o;aHhi 

HOBbie H MO,ll;CpHH3HpOBaHbi HMCBIIIHCCSI rraKCTbl CHC

TCMHbiX H IIpHKJia)J;HbiX nporpaMM 6a30BhiX H nep

COHaJibHbiX 3BM. BhlnOJIHCHhi pa6oTbi no pa3BH

THIO H 3QJQJCKTHBHOMY HCIIOJih30BaHHIO CHCTCM o6pa-

60TKH KaMepHhiX CHHMKOB. J1CCJIC)J;OBaHhi MCTO)J;hl H 

C03,!1;aHbi KOMIIJICKChi rrporpaMM )J;JHI pemeHHY 3a
,o;al.J., B03HHKaiOII.I;HX B MaTeMaTHl.J.CCKHX MO)J;eJIYX 

QJH3HKif B CBY3H C pa3pa60TKaMH, IIpOBO)J;HMhiMH B 

06he,o;HHeHHOM HHCTHTyTe. Pa3pa6oTaHhi 1:1 BHe,o;pe

Hbi KOMIIJICKCbl rrporpaMM )J;JIY MO)J;eJIHpOBaHHY QJH-

3Hl.J.CCKHX ycTaHOBOK H aHaJIH3a 3KCIICpHMCHTaJib
HbiX ,o;aHHhiX. 

PA3BI1THE HH<DOPMAl(HOHHO-BhlqlfCJli1TEJlhHO.fi HH<DPACTPYKTYPhl HHCTHTYTA 

CPEJJ,CTBA TIEPEJJ,A lJH HH<DOPMAUH11 

Co3,o;aHa o6UieHHCTHTYTCKa51 CHCTeMa 3JICKT

poHHOH IIOl.J.Tbl Ha 6a3e ~eHTpaJibHOro IIOl.J.TOBO

ro cepsepa (PC-386 C onepa~I:IOHHOH CI:ICTCMOH Tl:l

na UNIX), ,o;oCTynHoro noJih30BaTeJI5IM c pa6ol.J.HX 

MCCT H CB513aHHOro KOMMYTHpyeMOH JIHHHCH C 

MeX<,o;yHapo,o;HhiMH ceTSIMH RELCOMIEUNET. 

Qfu,e,o;HHCHbl JIOKaJibHbiC CCTH 011.5J]1 H I15J:<D 

(HOBOCH6HpCK) 4Cpe3 Bbi)J;CJICHHblC KaHaJihi CB513H 

c rJio6aJihHOH ceThiO IASNET Ha OC!JOBe HCIIOJih-
30BaHH51 npoTOKOJia BhrcoKoro ypoBHSI DECNET on 

top of X.25. 
Pa3pa6oTaHa nJiaTa CB513H TI3BM c KaHaJIOM 

EC 3BM, Ha ee ocHose C03AaHa nporpaMMa nepc

ChiJIKH HHQJopMau,HH MCX<AY EC 38M H TI38M co 

CKopocThiO 100 K 6all:T I c I 1 ]. 

CI1CTEMHOE H TIPHKJIAJJ,HOE 

TIPOfPAMMHOE OBECTIElJEHHE 3BM U8K 

8se,o;eHa B 3KcnJiyaTau,HIO HOBa51 sepCHSI 
C8M 4.4 Ha MHOroMawHHHOM KOMnJieKce EC 3BM. 
Co3AaHa nporpaMMa-AHCneT4ep AJIR OAHOBpeMeHHo
ro HCIIOJib30BaHHSI MaTpH4HblX npO~CCCOpOB HC

CKOJibKHMI:I noJih30BaTeJI51MH. BHeApeHa Ha u,eHT

paJihHOM V AX-KJiacTcpe Hosasr Bepc11SI 6H6JIHOTCKI1 

CTaH,o;apTHblX nporpaMM U,EPH. 

Mo.o;epHH3HpoBaHhi 11 3a,o;eHCTBOBaHhi Ha u,eHT

paJihHhiX 38M VAX rpaQJ114CCKI1e 11HTepaKTHBHhre 

naKeTbi PAW, MAD, GARFIELD 11 .o;p., Ha 38M 

ftVAX - rraKCThi nma GKS 1:1 CGI )J;JISI pa6oThl c 

onepa~HOHHOH CHCTeMoH: UL TRIX, AJISI rrepcoHaJib

HhiX 3BM THna PC-3861 486 a.o;anTHposaHa 6H6JIH

oTeKa U,EPH. Co3,o;aHa nporpaMMHaY CHCTeMa co

nposoX<,o;eHHSI 61:16JIHOTCKH QJH3Hl.J.CCKHX IIPOIJ>3MM 

CPC Ha KOMIIJieKce V AX-flY AX-PC [2-4 ]. 

KOMITJIEKC PABOlJI1X 

H fPA<DI1lJECKI1X CTAHU,I1ti 

Co3,o;aHa rrepsasr oqepe,o;h KOMrrJieKca pa6ol.J.HX H 

rpaQJH4CCKHX CTaH~HH Ha 6a3e nepCOHaJibHbiX KOM

IIbiOTCpOB PC-3861486 KOHTPACT I CMHC. Ocy

UICCTBJJeHa CBSI3h 3JieMeHTOB KOMnJieKca c EC 3BM 

11 VAX- KJiacTepoM U,8K. Ha KOMrrJieKce BHe,o;peHbi 

ceTesoe nporpaMMHOe o6ecne4eHHe, MHorooKOHHhle 

cHcTeMhi X-Windows, 6H6JIHOTCKH nporpaMM o6w;e

ro Ha3Ha4eHHsr, CHCTCMhl ynpaBJICHHSI CTPYKTypaMH 

AaHHhiX. Ha PC-3861 486 KOMnJieKca no.o; ynpasJie

HHeM on epau,HOHHhiX CHCTeM MS DOS H UNIX a.o;an

THposaHbi H IIOCT3BJICHbl IIOCJIC,ll;HHC BCpCHH II3KCTOB 

CTaTHCTHl.J.CCKOro 3HaJIH3a 3KCIICpHMCHTaJibHbiX 

,o;aHHblX 11 rpaQJH4CCKOro npC.ll,CTaBJICHHSI pe3yJibTa
TOB, CHCTCMbl npOCKTHpOBaHHSI 3KCIICpHMCHTaJih

HblX YCT3HOBOK 11 MO,ll;CJIHpOB3HHSI QJH3Hl.J.CCKHX IIpO

LI,CCCOB (JEANT, HBOOK, GKS, PAW, MAD, 

HIGZ, PLOT, JETSET 6.3, LEPTO 11 .o;p.). 

Pa3pa6oTaH rpaQJH4CCKHH 11HTepQJeHc 3a,o;aHH51 

H343JlhHblX npH6JJHX<CHI:IH .ll,JISI 11TCp3LI,HOHHOro 

npou,ecca peweHHSI: pa.!J,HaJihHoro ypasHeHHSI lllpe

AHHrepa. 

107 



3BM 

EC-1037 (A) 
EC-1037 (B)* 
EC-1066 (A) 
EC-1066 (B) 
CDC-6500 
VAX-8350 

3KCnJLyamaU,UJL 6a306blX 3JLeKmpOHIW-6bl'tUCJLUmeJLb1tblX MQlUUH 

u npocMompoeo-u3MepumeJLbHOU annapamypbt. 

3KcnJLyamau,un 6a:J06blX 3BM 

06m;ee noJie3noe KoMMeptJecKoe Cpe~HHH npou.euT 
BpeM51 ClJeTa BpeM51,lJ 3arpy3KH 
3a ro~ 1 tJ u.euT. npou.eccoQa 

7856 2028 31 
6916 870 19 
7388 6841 65 
7249 5790 61 
7857 4489 
7679 15662** 

*EC-1037 (B) pa6oTaeT Ha JJHHHH c HPD s MOHOn OJJhHOM pe>KHMe 

••no 3BM VAX -8350 yKa3aHo cyMMapHoe speM!I IIBYX npoueccopos 

Cpe~uee BpeM51 
Me~y nepe3arpy3-
KaMH 0C1 lJ 

72 
28 
42 
40 

/1 CnOJLb306QHUe ICOMMep<teCKOZO epeMeHU JLa6opamopUJLMU f1Hcmumyma 

Jla6opaTOPH51 JIB3 JI.sifl JIT<l> JIBTA JICB3 JI.siP JIH<l> 
3BM 

EC3BM 2360 4518 633 3936 2535 1453 72 
CDC-6500 1546 569 532 458 616 109 195 
VAX-8350 2853 5800 147 2785 880 94 208 

0611\;HHCTHT)'TCKa!l CHCTeMa 3JJeKTpOHHOt1 flO'lTbl Ha 6a3e UeHTpallbHOI'O nO'lTOBOI'O cepBHCa JINR CB!I3aHa KOMMYTHpyeMOH JIHHHei1 

c Me>KIIYHapo/IHbiMH ceT!IMH RELCOM/EUNET 
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IlnaTa CBSI311, Ha OCHOBe KOTOpOH C03):1aHa nporpaMMa nepeCbUIKI111H<j:lOpMal(lll1 Me>KAY EC 38M 11 ll38M 

BhlnOJIHeHHble pa6oTbl ~aiOT B03MO)KHOCTb Hc
noJih30BaTh IJ3BM B Kat.IeCTBe OTHOCHTeJibHO He~o
pornx rpa<I>Ht.IeCKHX pa601IHX CTaHI.J;HH, a TaK)Ke IT0-
3BOJIHJIH o6ecnet.IHTb ~ocTyn oT II3BM K pecypcaM 
I.J;eHTpaJibHbiX MaWHH H paCITOJIO)KeHHbiM B HX BHeW
HeH naM~TH 6H6JIHOTeKaM, ~OKyMeHTai.J;HH H apXH
BaM TeKCTOB nporpaMMHbiX npo~yKTOB. 

B 1991 ro~y 6biJIO H3MepeHo 368 TbiC~t.I TpeKOB 
Ha CHCTeMe IIYOC-CAMET-EC-1033 H 13,3 Tbl
c~q co6biTHH Ha ycTaHOBKe HPD Ha JIHHHH c 3BM 
CDC- 1604A u EC-1 037. 06ecnetieH npocMoTp 
CHHM KOB CBU Ha CTOJiax XEBAC, no~roTOBJieHbi 
KaHaJibi Ha CTOJie EIIC-7 5 ~JI~ npocMoTpa CJIHMKOB 
fHH EC (CKAT). 

MATEMATifqECKOE OBECIJEqEHME 3JIEKTPOHHbiX 3KCIIEPMMEHTOB 

CIIEIJ:MAJihHhiE IIPOfP AMMbl 

IJo~roTOBJieHa CHCTeMa MaTeMaTHlJeCKOro OOeC
netieHH~ onepaTHBHOro KOHTpOJIR 3KCnepHMeHTOB 
Ha 6a3e II3BM IBM PC-386. Co3~aHHaR cucTeMa 
nporpaMM npHMeHeHa B peaJibHbiX yCJIOBHRX npoBe
~eHHR ITYCKOHaJia~Ot.IHbiX ceaHCOB Ha ycTaHOBKe 
3KCqAPM. CoBMeCTHO c coTpy~HHKaMH JICB3 
pa3pa6oTaHa H nocTaBJieHa Ha V AX-8350, EC-1066, 
IBM Pc-386/ 486 nporpaMMa GEATORS - npo
rpaMMa MO~eJiupoBaHHR rJiy6oKoHeynpyroro pacce
~HH~ MIOOHOB Ha CBepxnpOBO~RIIJ,eM TOpoH~aJibHOM 
cneKTpoMeTpe STORS. 

PACIIPEL(EJIEHHA51 
fPACl>UqECKA51 CI1CTEMA 

Co3~aHHble a~anTHBHhle rpa<l>ut.IeCKHe cpe~crsa 
CHCTeMhl MO~eJIHpOBaHHR HCITOJib3YIOTCR KaK YHH-

<t>uu;upoBaHHbiH rpa<I>HlleCKHH 6a3HC CHCTeM J1PJ1C 
u PAW. Mo~epHH3upoBaHa cHcTeMa UNICOM ~JIR 
3MYJIRI.J;HH rpa<l>utiecKoro ~HcnJie~. HoBaR pacnpe~e
JieHHaR rpa<I>HlleCKaR CHCTeMa IT03BOJIReT peaJIH30-
BaTb ITOTeHI.J;HaJibHble B03MO)KHOCTH HMeiOID;HXCR 
3JieMeHTOB KOMITbiOTepHO-KOMMYHHKai.J;HOHHOH HH
<I>paCTpyKTypbi OOO.e~HHeHHoro HHCTHTyTa: u;eHT
paJibHbie 3BM, ceTb CB~3H JINET, nepCOHaJibHble 
3BM pa3HbiX THITOB. 

Co3~aHa nporpaMMa KMESON - nporpaMMa 
MO~eJIHpoBaHHR 3KCnepHMeHTa ITO llO~noporoBOMY 
po~eHHIO K+ -Me30HOB Ha ycKopHTeJie COSY (fep
MaHHR). 

HOBbiE METOL(bl 11 MOL(EJIH 

Pa3pa6oTaHbl cTaTHCTHtieCKHe MeTO~bl aHaJIH3a 
3KCnepHMeHTaJibHbiX ~aHHbiX Ha OCHOBe HOBOH He
napaMeTpHlleCKOH cTaTHCTHKH W(n,3) [47 ]. Ilpe~-
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KoMnJieKc Hay'IHO-TexHwieCKHx pa6o'IHX CTaHI.-1!111 11 cKopocTHbiX HHTepaKTHBHbiX CHCTeM rpa<j>H<JecKoro ):IHanora KOHTPACT /CHHC 

Ha OCifOBe nepCOHaJibHbiX KOMnbiOTepOB 

JIO)J(eHa MaTeMaTH'IeCKaSI MOAeJib, nOCTpoCH eAH

HbiH (j>yHK:U,HOHaJI, H3 YCJIOBHSI MHHHMyMa KOTOporo 

OnpeAeJI.siiOTCSI napaMeTpbl MHOroJiy'leBOro H MHOro

BepWHHHOro co6hiTHSI. MeTOA o6JiaAaeT nos hlweH

Hoii TO'IHOCTbiO H 3<jxpeKTHBHOCTbiO o6paOOTKH C0-

6biTHH CJIO)J(HOH TOnOJIOI'HH. C npHMeHeHHeM pa3pa-

6oTaHHOro aJiropHTMa npOBeACHO MOAeJIHpoBaHHC 

3KcnepHMeHTa no HCCJieAOBaHHIO CP-Hecoxp aHeHHSI 

[5-7]. Pa3pa6oTaHhl MOAeJih aBTOMaTH3Hpo saHHo

ro pa6o'lero MecTa B pacnpeAeJieHHOH CHCTeMe o6pa-

6oTKH 3KCnepHMeHTaJibHbiX AaHHbiX, Ha3HalJeHHe H 

crpyKTypa nporpaMMHOro o6ecne'leHHSI, H Ha'laTa 

ero peaJIH3au;HSI Ha 6a3e ll3BM THna IBM A T-286. 

Co3AaH PM nporpaMMHbiX noMO~HHKOB HCCJieAoBa

TeJISI, n03BOJI.siiOIIJ;HX ou;eHHBaTb BbllJHCJIHTeJibHble 

pecypchl, Heo6xoAHMhle AJISI o6pa6oTKH AaHHhiX 

KpynHoMacwTa6Hblx 3JieKTpoHHbiX 3KcnepHM eHTos, 

a TaK)J(e MOAeJIHpoBaTb npou;ecc B pe)J(HMC o(j>(j>

JiaHH o6pa60TKH AaHHbiX H (j>opMyJIHpOBaTb Tpe6o

BaHHSI K npoH3BOAHTeJibHOCTH 3BM, HOCHTeJISIM HH

(j>opMai.J;HH H CeT.siM nepeAalJH AaHHbiX. Ha OCHOBe 

pa3pa6oTaHHOH MeTOAHKH peaJIH30BaHa npou;eAypa 

opraHH3au;HH Maccosoii o6pa6oTKH AaHHbiX c no

MOIIJ;biO APM, OCHOBaHHaSI Ha HCnOJib30BaHHH KOH

u;enu;HH 6a3bl AaHHbiX (8-11 ). 
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llOArQTOBJieH 0030p no HCnOJib30BaHHIO CHCTeM 

6a3 AaHHbiX B 3KCnepHMeHTaJibHOH (j>H3HKe Bbi

COKHX 3HeprnH ( 48 ), nOArQTOBJieHa cpeAa AJI.si 

npHMeHeHH.si TaKOro nOAXOAa npH pa3paOOTKe npo

rpaMM MOAeJIHpoBaHH.si COBpeMeHHbiX 3JieKTpoH

HbiX 3KCnepHMeHTOB B OOJiaCTH (j>H3HKH BbiCOKHX 

3HeprHH. 

3asepmeHa paOOTa no C03AaHHIO aJiropHTMOB H 

nporpaMM o6pa60TKH AaHHbiX C BepmHHHOro AeTeK-

• Topa 3KcnepHMeHTaJibHOH ycTaHOBKH MIJC-MAPC c 

(j>HKCHpoBaHHOH MHWeHbiO. llo H3MepeHHbiM CJieAaM 

MHOroTpeKOBbiX C06biTHH TpeOOBaJIOCb BOCCTaHO

BHTb no np.siMOJIHHeHHbiM TpeKaM KOOPAHHaTbl Bep

WHH peAKHX pacnaAOB c o6pa3oBaHHeM KOPOTKO)J(H

sy~Hx 'laCTHu; (THna B- H D-Me30HOB). BJiaroAapx 

OpHrHHaJibHOMY nOAXOAY 6biJI pa3pa6oTaH HaAe)J(

HbiH aJiropHTM, ycneWHO nposepeHHbiH Ha MOAeJib

HbiX co6biTH.siX. B npou;ecce 3TOH pa6oThl 6b1Jlo Bbl.siC

ReHO, 'ITO AHCKpeTHa.si npHpOAa TpeKOBbiX AaHHbiX, 

nocrynaiO~HX C 3JieKTpoHHbiX AeTeKTOpoB, He n0-

3BOJI.sieT HCnOJib30BaTb OAHO H3 Ba)J(HeHWHX nOJIO

)J(eHHH 0 (j>H3H'IeCKHX H3MepeHH.siX, Jie)J(a~ee B OC

HOBe npHMeHeHH.si HaHOOJiee 'laCTO HCnOJib3yeMOro B 

o6pa6oTKe MeTOAa HaHMeHhWHX KBaApaTos. Pel!b 

HAeT 0 npeAnOJIO)J(eHHH, 'ITO BCe H3MepeHH.si He3aBH

CHMbl H HOpMaJibHO pacnpeAeJieHbl. 0AHaKO AaHHble, 



ITOJiy'laCMhiC B AHCKpCTHhiX ACTCKTOpax, 3aBHCHMbl 

H pacnpeAeJICHbl pasuoMepuo. Cneu;HaJihHOe HCCJie

AOBaHHe, npOBCACHHOe B 3TOH CB~3H, IT03BOJIHJIO 

pa3pa6oTaTb HOBbiH aJiropHTM peKOHCTpyKIJ;HH KaK 

npSIMbiX, TaK H KpyroBbiX TpCKOB B AHCKpCTHhiX AC

TCKTOpax. liHCJICHHbiH aHaJIH3 Ha OCHOBC napaMeT

pOB ycTaHOBKH APEC noATBepAHJI TeopeTH'IeCKHe 

ou;eHKH . Kpyrosoif xapaKTep TpeKOB IJ;HJIHHAPH'Ie

CKoro cneKTpoMeTpa APEC noTpe6osaJI TaK)Ke npo

secTH c paBHI1TeJibHOC HCCJICll,OBaHHC pa3JIH'!HbiX MC

TO,l:IOB n oAroHKH oKpy.)f(HOCTH HJIH ee AYrH. Pe3yJib

TaThl IT03BOJIHJIH, B 'laCTHOCTH, HaHTH CCpbC3HhiC 

H3bSIHbl B BCCbMa nonyJISipHOM CpCAH cPH3HKOB MCTO

AC Kpa y ¢opAa [12-15]. 

PA3PAEOTKA TIPHKJIA,[(HbiX METO,[(OB BbJqlfCJIEHH :A 

411CJIEHHhlti METO.ll, 

KOHTJ1HY AJihHOfO 11HTEfP11POBAHJ1.5I 

Pa3pa6oTaH HOBbiH MeTOA '!HCJieuuoro pemeHH~ 
KpaeBOH 3all,a'IH AJISI AHcPcPCPCHIJ;HaJibHbiX ypaBHC

HHH THna lllpeAHHrepa B Rn. MeTOA ocuosaH ua • 

npCACTaBJICHHH MHODOMCpHOH cPYHKIJ;H11 fp11Ha B 811-

AC KpaTHOro KOHTI1HyaJibHOro 11HTCrpaJia 11 Ha 11C

ITOJib30BaHHH npell,JIO.)I(CHHbiX np116JIH.)f(CHHbiX ¢op

MYJI AJISI TaKI1X HHTerpaJIOB . .ll,oKa3aHa CXOA11MOCTb 

np116JIH.)I(CHHH K TO'!HOMY 3Ha4CHHIO, OIJ;CHCH OCTa

TOlJHbiH lJJICH ¢opMyJI • .ll,aHHbiH MCTOA CBOA11T 11C

XOAHYIO A11cP¢epeHIJ;11aJibHYIO 3all,a4y K KBall,paTy

paM, IT03BOJISICT H36e.)f(aTb HaJII1lJHSI CHHfYJISlpHOCTH 

B HyJie, HC Tpe6yeT npe,~:~sap11TCJibHOH ,1:111CKpCTI13a-

1.1;11H npOCTpaHCTBa H BpCMCHH ( 16). 

MO.ll,EJI11POBAHY1E Y1 METO.ll,hl PAC4ETOB 

<l>113114ECKY1X DPOU,ECCOB 

C ITOMOI.QblO 4HCJICHHOro 3KCITCpHMCHTa HaH,l:ICH 

aHaJIOr Tpa,l:IHIJ;HOHHbiX npe,l:ICTaBJICH11H all,Ha6aTI14C

CKOH TeopH11 ,l:IB11.)f(eHI1SI 3axsa4CHHbiX 'laCT11U: 6oJib

woif 3Hepr1111 [ 17 ]. Dp11 ::>TOM 11CnOJib30BaJII1Cb no

HSITI1Sl BC.riYLQCH JII1HI111, MarHHTHOro MOMCHTa 11 KO

Hyca ITOTCpb. 

DocTpOeHa MO,l:ICJib O,l:IH03JICKTpOHHOro COJII1TO

Ha, OITI1CblBalOJl.laSI KOppeJIHpOBaHHbiH nepeHOC 

3JICKTp11'1ecKoro 3apSI,~:~a B ,~:~syMepHbiX Macc11sax 

csepxMaJibiX TYHHCJibHbiX nepexo,~:~os . DoJiy4eHbi 

aCI1MITTOTI14CCKI1C cPOPMYJibl ,l:IJISl Bbi4HCJICHI1Sl nopo

ra KYJIOHOBCKOH 6JioKaAbi, napaMeTpos HCJII1HCHHoro 

y4aCTKa BOJlbT-aMnepHOH xapaKTCp11CTHKI1, 3Hep

fHI1 OAH03JICKTpoHHoro COJII1TOHa 11 ,~:~p. AcHMnTOTH-

4CCKI1e ¢opMyJibi xopomo corJiacyroTcsr c pe3yJihTa

TaMH 4HCJICHHbiX 3KCnep11MCHTOB. 4HCJICHHO 11CCJIC

AOBaHbl yCJIOBI1Sl CYil.ICCTBOBaHHSI KOppeJIHpOBaHHOro 

OAH03JICKTpoHHoro TYHHCJIHposauHsr s ,~:~syMepHbiX 

CHCTCMaX ( 18 ). 
DoKa3aHo, 4TO s OTJIH411C oT KJiaCCH4CCKOH 11 

KBaHTOBOH 4aCTI1IJ;, CK3TbiB310LQHXCSI C ITOTCHU:11aJib

HOro CKJIOHa, KBaHTOBbJC BOJIHbl Ha peWCTKC 33nHpa

lOTCSI B CBSI33HHbiX COCTOSIHHSIX Ha ITOTCHIJ;113JibHOM 

XOJIMC. DOCTpOCHa T04HO pewaeMaSI MO,l:ICJih, KOTO-

paSI npOSICHSICT HCKOTOphle CITCIJ;HcPH'!CCKHC CBOHCTBa 

MC.)f(Ka HaJibHOro ):IB11.)f(CHHSI ( 19). 
B n epshle AOKa3aHbi Heo6xo,~:~HMhle H AOCTaTO'!

Hbie YCJIOBHSI YCTOH411BOCTI1 B npOCTpaHCTBC C ITO

Jiy6eCKOHC'!HbiX pa3HOCTHhlx Kpaeshlx 3a.n,aq o6IIJ;ero 

BH.ll,a. D OJIY'!CHbl TO'!HhiC ITO nop~AKY OIJ;CHKH HC

yCTOH 11BOCTI1. KJil04CBbiM MOMCHTOM AOKa3aTeJib

CTBa Sl JISICTCSI ITOCTpOCHHC HOpMaJibHOH cPoPMbl pe-

30JibBCHTbl. Do cpaBHCHHIO CO CJiy'laCM runep6oJIH-

4CCKI1X CHCTCM KBa3H.)f(0pll,aHOBa HOpMaJibHaSI 

cPOpMa pe30JibBCHTHOH MaTpHIJ;hl HMCCT 6oJiee CJIO.)I(

HYIO CTPYKTYPY. 11MeeTc~ noJIHaSI auanoruSI noCTpo

eHHOH a HaJIHTHlJCCKOH KBa311.)1(0pll,aHOBOH HOpMaJib

HOH ¢ o pMbl C H3BCCTHOH HOpMaJibHOH )KOp.ll,aHOBOH 

cPOPMO H ):IJISI ITOCTOSIHHblX MaTpHIJ; • .ll,OKa3aTeJibCTBO 

COll,Cp.)f(HT aJiropHTM nposepKH yCTOH'!HBOCTH, KOTO

pbiH MO.)f(CT 6biTb peaJII130BaH Ha 38M C npHMCHCHH

eM CHCTCM aHaJIHTH'!CCK11X BbllJHCJICHHH (20 ) . 

MO.ll, E JIHPOBAHHE 

11 PA3 PAEOTKA AJifOPHTMOB 

11 DPO fPAMM .ll,JI.5I PACliETA 

MAfHHTHhiX DOJIEti 

• 

Pa3pa6oTaH MCTO.ll, 11 C03AaH KOMITJICKC npo

rpaMM paC4CTa TpCXMCpHbiX MarHHTOCTaTHlJCCKHX 

noJiei1 B m6pHAHOH nocTaHOBKe. BbmOJIHCHbl pac'le

Tbi 11 OITTHMH3aU:HSl napaMeTpOB MarHHTHbiX 3JICMCH

TOB 6yCTepa HYKJIOTpOHa, paC4CT MarHHTHOH CHCTe

Mbl ECR-ucT04HHKa [50]. 

MATEMAT114ECKOEMO.ll,EJI11POBAH11E 

51.ll,EP hlX DPOU,ECCOB 

DPY1 B hiCOKHX 3HEPf11.5IX 

H ocuose KBaHTOBbiX 3BOJIIOU:HOHHbiX ypasue

H11H ):IJI SI OTKpbiTbiX CHCTCM pa3pa6oTaH MCT0,/:1 MOAC

JIHpOBa HHSl all,pOH-a,l:lpOHHbiX B3ai1MO,l:ICHCTBHH npH 

csepxBbiCOKHX 3HeprHSIX. YT04HCHhl ¢parMeHTaU:HH 

):IJISI ,~:~y aJibHOH napTOHHOH MO,l:ICJIH a.n,pOH-a,l:lpoHHbiX 

B3aHMo,~:~ei1cTsHi1 . DyTeM y4eTa B3aHMOACHCTBHH 

nap K<ICKaAHhiX 4aCT11U: ycosepmeHCTBosaua npo

rpaMMa , MO,l:ICJIHPYIOJl.laSI B3aHMO,l:ICHCTBHSI HOHOB C 
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~ApaMH. B paMKax peA)KCBCKoro nOAXOAa YtiTCHhl 

s<txPeKThl ueynpyroii: 3KpauHpOBKH. Ha ocuo se Kac

KaAHO-HcnapHTenhuoii: MOAenH c ytieTOM n peKOM

nayUAHhiX npon;eCCOB H BhiCOK03HepreTHl!CCKOI'O AC

JICHH~ H3ytieuo o6pa3osauHe MCPHhiX ¢parMeHTOB 

[21-23 ]. ,UJISI 3KCnepHMCHTOB C apceHHA-r aJIJIHC

BhiMH AeTCKTopaMH Bhlnonueuhl cpaBHHTeiThHhle 

pactieThl o6pa3oBaHHSI paAHan;HOHHhiX Ae¢eKTOB B 

CJio~x KpeMHHSI H apceHHAa raJIJIHSI noA ACHCTBHeM 

npoTOHOB H HOHOB. IIpoBeAeHhi pactieThl npo u;eccos 

BTCII. Bhlnonueuo MaTeMaTHtiecKoe MO):(enHpo

BauHe HaBCACHHOI'O raMMa-H3JIYtiCHHSI B KOH

CTpyKII;HOHHbiX MaTepHaJiaX KOCMH'!CCKHX annapa

TOB. HcCJieAOBauo BJIHSIHHe nerKOAeiTSI~HXCSI MCP 

nJIYTOHHSI Ha xapaKTCpHCTHKH 3JICKTpOS1ACPHOI'O pe

aKTOpa C HaTpHCBhiM TCllJIOHOCHTCJICM [24 ] . C llO

MO~blO MaTpHtiHOI'O npou;eccopa HCCJICAOBaHhl TOllO

JIOrHl!CCKHC CBOHCTBa llOJICBOH SU (2)-KaJIH6 poB01!

HOH MOAenH ua pemeTKax. DhiJIH paccMoTpeubi 

B03MO)KHOCTH HCllOJib30BaHHSI napaJIJICJlbHOI'O npo

rpaMMHpOBaHHSI H MaTpHtiHOI'O npou;eccopa AJISI MO

ACJIHpoBaHHSI aApOH- H HOH-MCPHbiX B3aHMOACHCT

BHH [25 ]. 

l.J:HCJIEHHhiE l1CCJIE,UOBAHH51 

CIIEKTP AJihHhiX 3A,UA l.J: 

TEOPETHl.J:ECKO"ti <lll13HKH 

HcCJieAOBaHhl yCJioBHSI CXOAHMOCTH HTep au;Hou

HhiX CXCM pelllCHHSI HeiTHHCHHbiX ypaBHCHHH B 6a

HaXOBOM npOCTpaHCTBC, llOJIYl!CHHbiX Ha OCHOBC MO

AHcPHKaii;HH uenpepbiBuoro auanora MeToAa H hiOTO

ua. IIocTpoeuhl pa3HOCTHhle cxeMhi H cxeMhi 

CnJiaHH-KOJIJIOKaii;HH llOBblillCHHOrO llOPSIAKa TO'!HO

CTH Ha KBa3HpaBHOMCpHblX CCTKaX B MHOI'OKa

HaJibHOH 3aAatie pacceSIHHSI. ,Uauo o6ocuosau ue an
ropHTMa OllPCACJICHHSI HTepan;HOHHOI'O napa MeTpa, 

OOCCllCl!HBaiOIII;CI'O YCTOH'!HBYIO CXOAHMOCTh HTepa

II;HH [26,27 ). 

Ha 6a3e BhmonueHHhiX TeopeTntieCKHX HCCJieAo

sauHH: pa3pa6oTaHhi naKeThi npHKJiaAHhiX.npo rpaMM 

AJISI pemeHHSI 3aAatiH paCCCSIHHSI CHCTCMbl paAHaJib

HhiX ypaBHCHHH lllpeAHHrepa, a TaK)KC.ll:JISI p emeHHSI 

3aAatiH ua co6cTBeHI!hle 3HalleHHSI HHTerpo-.n:u¢¢e

peuu;HaJibHOro ypasueHHSI. Pa3pa6oTau naKeT npo

rpaMM pemeHHSI KBaHTOBO-MCXaHHllCCKOH 3a,n:allH 

ABYX II;CHTpOB, BKJIIOllaSI AHCKpCTHbiH H Hen pephiB

HbiH cneKTphl. IIaKeThi a.n:anTHposaHhi 1;1a 3BM PC 

AT-386/486 H 3BM IJ,BK [28,29 ). 

B .n:syxyposuesoM npn6JIH)KCHHH BblllOJIHCHbi 

paCllCTbl CCllCHHH paCCCSIHHSI MC30aTOMOB Ha SI,n:pax 

.n:eH:TepHSI H TPHTHSI. IIpose.n:euo Mo.n:enuposau ue ne

pexo.n:a KBa3HCTaii;HOHapHOI'O COCTOSIHHSI B CJia 60CBSI-

3aHHOC COCTOSIHHC MC30MOJICKYJibl dlf.l (L = I, 
v = 1). CosMeCTHO c JI5Hl no.n:roTosneu aTnac ceLJe

HHH pacceSIHHSI Me3oaTOMOB. IIpose.n:eubi p acLJeThi 
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pe3ouaucuhlx cocTOSIHHH (e--H) -pacceSIHHSI MeTo

AOM 3KCTpanoJISIII;HH no KOHCTaHTe CBSI3H [30 ]. Pa3-

pa6oTauuble Bbll!HCJIHTeiTbHhlC CXCMhl H aJII'OpHTMbl 

peaJIH30BaHhl B BHAC CllCII;HaJihHbiX naKCTOB npo

rpaMM ua PC-386 AJISI pemeHHSI ypasueuHH: lllpe

AHHrepa - ,UaH:coua H EeTe - CoJinHTepa. IIpose

.n:euhl paclleThl xapaKTepHCTHK :rc-, K-, D-Me3ouos B 

paMKaX MOAeiTH KBaHTOBOH XpOMOAHHaMHKH C llO

TCHII;HaJIOM, BKJIIO'laiOIII;HM OCII;HJIJISITOpHhiH H KYJIO

HOBCKHH l[JICHhl [31-33 ]. 

Co3AaHhl HOBble BhltiHCJIHTenhHhle cxeMhl H npo

rpaMMhl pemeHHSI ypaBHCHHH TCOpHH llOJISipOHa. 

IIpoBeAeHhi pacllCThi napaMeTpos caMocornacosau

uoH: MOAeiTH llOJISipOHa H MO.ll:CJIH COJihBaTHpOBaHHOI'O 

sneKTpoua [34-36 ]. 

Pa3pa6oTaHhl anropHTMhl pemeHHSI noJIHHOMH

aJibHbiX H 6HJIHHCHHblX CHCTCM ypaBHCHHH [ 49] B 

paMKaX pacmHpCHHSI npOCTpaHCTBa KOMllJICKCHhiX 

l!HCen B KBaHTOBOH MCXaHHKC [51 ). 

HCIIOJib30BAHHECHCTEM 

AHAJIHTHl.J:ECKHX Bbll.J:HCJIEHH"ti HA 3BM 

AJiropHTMbl nposepKH HHTerpupyeMOCTH KBa3H

JIHHCHHhiX 3BOJIIOII;HOHHhiX CHCTCM H llOCTpOCHHSI HX 

BbiClllHX CHMMCTpHH JIH - DCKJIYHAa 6biJIH o6o6~e
Hbl Ha CJiyllaH BblpO)!(ACHHOH rJiaBHOH MaTpHII;bl H 

peaJIH30BaHhl B BHAC nporpaMMHOl'O naKeTa, HanH

CaHHOI'O Ha Sl3blKC aHaJIHTHllCCKHX BblllHCJICHHH 

REDUCE. 3To no3BOJIHJIO 3HallHTCJibHO pacumpHTb 

06JiaCTb npHMCHCHHSI pauee pa3pa6oTaHHhiX KOMllb

IOTCpHbiX MCTO.D:OB aBTOMaTHllCCKOI'O aHaJIH3a CHM

MCTpHHHhlX CBOHCTB H HHTerpHpyeMOCTH HCJIHHCH

HhlX 3BOJIIOII;HOHHbiX ypasueunii:. Opu uaJIHllHH npo

H3BOJibHbiX llHCJIOBhiX napaMCTpOB B HCXOAHOH 

CHCTCMC YCJIOBHSI HHTerpupyeMOCTH C llOMO~blO Bbl

meyKa3aHHOl'O naKeTa npeo6pa3yiOTCSI B 3KBHBa

JTCHTHYIO CHCTCMY HCJIHHCHHbiX anre6paHllCCKHX 

ypaBHCHHH Ha 3TH napaMCTpbl . ,UJISI HCCJICAOBaHHSI 

H pemeHHSI nonyLJaeMbiX anre6paHllCCKHX ypasue-

• HHH pa3pa6oTaH ApyroH naKeT, OnHpaiO~HHCSI Ha 

TCXHHKy 6a3HCOB rpe6uepa, HMCIOlliHH caMOCTOSI

TCJihHOe 3HaLJCHHC H npHMCHHMbiH K HCJTHHCHHbiM 

anre6paHLJCCKHM CHCTeMaM o6~ero BH,n:a. 06a yKa-

3aHHbiX naKeTa o6pa3yiOT KOMnJieKc nporpaMM AJTSI 

HCCJICAOBaHHSI HHTCrpHpyeMOCTH 11 llOCTpOCHHSI CHM

MCTpHH Jl11 - EeKJIYHAa AJTSI KBa3HJIHHeiiHhiX sso

JIIO:n;HoHHbiX ypasueu11i1 [37-39 ). B Knacce anre6p 

Jl11 llOJIYLJCHO llOJIHOC pemeHHC CHCTCMbl KOMMyTa

II;HOHHbiX cooTuomeuHii ypasueHHSI YonKBHCTa -

3cTa6pyKa. TaKHe pemeHHSI s BI1Ae anre6p Jlu npeA

CTaBJISIIOT 60JiblliOH HHTCpec AJISI aHaJIH3a o6mHX 

CBOHCTB 11 pelliCHHSI HCJIHHCHHbiX AH¢¢epeHII;HaJib

HbiX ypasueHHH. IIoJIHhrH ua6op peweu11i1 nonyLJeH 

C llOMOlllblO pauee C03AaHHOH nporpaMMbl Ha Sl3bi

KC REDUCE, peaJIH3YIOmei1 opMmHaJibHhie anro

pHTMbi. 



Ha .113b1Ke REDUCE C03AaHa nporpaMMa npeA

crasneHH.II pa3JIH4HhiX seTseii anre6paH4CCKHX 

cPYHKIJ;HH B OKpCCTHOCTH 3aAaHHOH T04KH BCTBJICHH.II 

B BHAC OOOOIIJ,CHHhlX CTCllCHHbiX p.IIAOB, TaK Ha3hlBa

CMhlX P.IIAOB llbiOH30 [40,41 ]. 

Pa3pa6oTaH anropHTM BhlBOAa ycpeAHCHHhiX 

ypaBHCHHH AJI.II OTKJIOHCHH.II 4aCTHIJ;hl OT paBHOBCC

HOH TpaexTopHH B IJ:HKJIH4ecxoM ycxopuTene B oxpe

CTHOCTH pe30HaHCOB. llpOBCACHO HCCJICAOBaHHC 

ypaBHCHHH [52]. 

PA3B11T11E HAYqHoro HAllPABJIEH1151 

«HEJI11HE:tiHA51 Cl>113J.1KA» 

Pa3BHT MCTOA nocTpoeHH.II MHorocoJIHTOHHhiX 

peweHHH (1 + 1)-MepHbiX HCJIHHCHHhlX ypaBHCHHH 

Tuna ypasHeHHH lllpeAHHrepa H D,upaxa. Ha ero 

OCHOBC llOCTpOeH HOBbiH KJiaCC ABYXCOJIHTOHHbiX pe-· 

weHHH 6uoHHoro Tuna, o6JiaAaiOIIJ,HX BHYTPCHHeii 

ocu;HJIJI.IITOpHoii cTeneHhiO cso60Ahi. TaKue pewe

HH.II npCACTaBJI.IIIOT HHTepec, HanpHMep, AJI.II OUH

CaHH.II pacnpocTpaHCHH.II Jia3epHoro nyqa B ABYXMO-

HAYqHQ-llPl1KJ1AD,HbiE PA60Thl 

C u;eJihiO coxpaHeHH.II nporpaMMHoro o6ecne4e

HH.II, HaKOUJICHHOro 3a AJIHTCJihHhiH nepHOA pa60Thi, 

C03AaHa YHHBepcaJihHaSI 64-pa3pS!AHaSI 3BM C WHH

HOH opraHH3aiJ;HCH, 3MYJIHpyiOIUaSI CHCTCMY KOMaHA 

63CM-6 H 3JlbEPYC-6. 

CHCTCMa KOMaHA AODOJIHeHa CUHCKOM HOBbiX 

KOMaHA H pcaJIH30BaHa C llOMOIUbiO MHKponpor

paMM. B apxHTCKTYPY npou.eccopa BBCACH Ter, 4TO 
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llp CAJIO)[(CHa o6m;a.11 MeTOJJ.HKa llOCTpOeHH.II HH
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JlaHAay - JlHcPIIIHIJ;a, BKJII04a.ll cyrrepCHMMCTpH4-

HhlC BepCHH H30TpOHHOH MOACJIH re:H3eH6epra C 

KBaApaTH4HOH H Ky6u4ecxo:H CB.II3hiO. KanH6poso4-

H0-3KBHBaJieHTHhle BCpCHH 3THX MOACJICH, ITOMHMO 

H3BCCTHbiX, COACp)[(aT MHOroKOMllOHCHTHhlC BCpCHH 

MOACJIH XHpOTbl H HYIII- KJJ.<l>. 

n o cTpOeHbl N 2
-coJIHTOHHhle peweHH.II ypasHe

HHH .ll,esu - CTIOapTcoHa. OnHcaHa aHaJIHTH4CCKH 

H B BHAC KOMITbiOTCpHOro cPHJihMa JJ.HHaMHKa (2 + 1)

MCpHbiX COJIHTOHOB, BKJII04aiOID;a.ll rrpOIJ;CCCbl HX HC

ynpyroro coyAapeHHSJ, CJIHSIHHSI H pacrraAa, po~e

HHSI H YHH4TO)[(CHH.II, a TaK)[(C yCKOpCHHSI OTAeJih

HbiX COJIHTOHOB. 

lloJiy4CHO HOBOC T04HOC peiiiCHHC ypaBHCHHH 

AHHaMHKPI peJISITHBHCTCKoii CTPYHhl c MaccaMH Ha 
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ll03BOJISICT OCYIIJ,CCTBJISITb ITOCJIOBHYIO 3aiiJ,HTY rraM.II
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MElKAYHAPO.O.HbiE 
CBR3M 
M HAY~HOE 
COTPYA.HM~ECTBO 



HAYqHQ-TEXHMqECKOE 
COTPY ,[(HMqECTBO 

Me)f(AyHapOAHOe Hay'lHO-TexHH'lecKoe COTPYA

HH'leCTBo 0tTheAHHeHHOIO HHCTHTyTa 5[AepHhiX HC

CJieAOBaHHH HMeeT Ba)f(HOe 3Ha'leHHe IlpH BhiiiOJIHe

HHH Hay'lHO-HCCJieAOBaTeJibCKHX paOOT, rrpeAyCMOT

peHHhiX IJpo6JieMHO-TeMaTH'leCKHM IIJiaHOM 

0115111. 

0CHOBHhle HTOrH 1991 IOAa 110 Me)f(AyHa poAHO

MY Hay'lHO-TeXHH'leCKOMY COTPYAHH'leCTBY xapaK

TepuayiOT CJieAyiOm;ue AaHHhle: 

- IIpoBeAeHhl COBMeCTHhle HCCJieAOBaHH 51 C Ha

YllHhiMH u;eHTpaMu cTpaH-y'laCTHHu;, a TaK)f(e Me)f(

AYHapoAHhlMH u HaD;HOHaJihHhiMH opraHuaau;u51MH 

Apymx cTpaH no 34 Hay'lHhiM rrpo6JieMaM, BKJIIO'la

IOm;HM 105 TeM; 

- AJI51 pemeHH51 Borrpocos COTPYAHH'leCTBa u 

y'laCTH51 B Hay'lHhiX COBem;aHH51X H KOHtPep eHD;H51X 

OtTh~AHHeHHhiH HHCTHTYT KoMaHAHPOBa.n: 1 195 crre

u;ua.n:uCToB; 

- AJI51 COBMeCTHhiX paOOT, KOHCYJihTaD;HH H CO

Bem;aHHH B 0115111 6hiJIO rrpHH51TO 1219 CIIeD;HaJIH

CTOB; 

- opraHH3oBaHo u rrpoBeAeHo 10 KpyrrHhlx 

Me)f(AyHapoAHhiX KOHtPepeHD;HH1 25 pa60'lHX H 11 

Hay'lHO-OpraHH3aD;HOHHhlX COBeiD;aHHH. 

JI:upeKD;H51 Olf.SII1 aKTHBHO peampoBa.n:a Ha ua

MeHeHH51, rrpoHCXOA51III;He B CTpaHaX-y'laCTHHD;aX 

11HCTHTyTa, IlhlTaJiaCh HaRTH HaHOOJiee OIITHMaJih

Hhle yCJIOBH51 Hay'lHhiX KOHTaKTOB H AOCTOHHOIO 

rrpeACTaBHTeJihCTBa CIIeD;HaJIHCTOB 0115111 B MHpo

BOM COAPY)f(eCTBe <t>uauKoB. 

B Te'leHue roAa 6h1Jlu rrpoAOJI)f(eHhl ycHJIH51 B 

yCTaHOBJieHHH IIOCT051HHhlX Hay'lHhlX KOHTaKTOB Ha 

BaauMOBhliOAHo:H ocHoBe c MArAT3, 11K<l>A, EBpo

rre:HcKHM <t>uauqecKHM o6m;eCTBOM, UEPHoM, Tpu

ecTOM. K Ba)f(HOMY AOCTH)f(eHHIO 0115111 CJieAyeT OT

HecTH aaKJIIO'leHue CorJiameHH51 c <l>eAepa.n:hHhlM 

MHHHCTepCTBOM HCCJieAOBaHHH H TeXHOJIOrHH <l>Pr, 

rAe B crreu;ua.n:hHOM ITpHJIO)f(eHHH oroBopeHo, 'ITO 

«HHTepec HeMeD;KOH CTOpOHhl cym;eCTByeT K CJieAyiO

I.D;HM HarrpaBJieHH51M HCCJieAOBaHHH B 0115111; Teope

TH'leCKa51 tPH3HKa, rrpH paCmHpeHHH B3aHMHOIO 00-
MeHa y'leHbiMH; HCIIOJih30BaHHe HeifTpoHHOIO HC

TO'lHHKa 11BP-2 OpHeHTHpOBO'lHO AO 2000 IOAa; 

tPH3HKa T51)f(eJihlX HOHOB, B OCOOeHHOCTH rrpoeKTHpy

eMhle HaKOIIHTeJihHhle KOJihD;a AJI51 T51)f(eJihlX HOHOB 

K 4-K 10, rrpu yCJIOBHH, 'ITO OHH B IIJiaHupyeMhle cpo

KH, 'lepe3 6 JieT, 6yAyT IOTOBhl K rrpOBeAeHHIO 3KCIIe

pHMeHTOB>>. 

B MapTe .[{y6Hy nocenwa Aeneral\1111 seHrepCKI1x y4eHbiX so rnase c nonHOM04HbiM npeACTaBI1TeneM BeHrepcKoi1 Pecny6ni1KI1 s OIUUI. 
3K3AeMI1KOM H.JiaHI'OM. Ha CHI1MKe: BCTpe4a A11peKL\1111 QJ.ij{J.i C BeHrepCK11MI1 4J11311KaM11 
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Cnpa61ca o pa3eumuu M.e:IICiJyHapoiJHozo compyiJHu<tecmea OHJ/H e 1991 zoiJy no Aa6opamopuRM 

IlpueM s Ol1.SU1 IlpueM s OUSH1 KoMa~uposaHue 

Ha cpoK 6oJiee Ha CpOK AO B CTpaHhl-y'laCTHHD;hl 

3 MeC51D;eB 3 Mec5Iu;es• H Apyrue CTpaHhl 

JIB3 14 101 171 
JI.siii 33 136 236 

JIT<I> 9 143 177 

JIH<I> 21 165 177 
JI.siP 19 154 176 
JIBTA 11 54 15 
JICB3 6 42 117 
OPBu PM 10 3 
YrrpasJieHue u rrpou3BOA- 3 78 63 
CTBeHHhle IIO)J,pa3)J,eJieHH51 

l1Toro 116 883 1195 
*lie3 ytteTa cne~HllJUICTOB, npHHHMaBlliHX yttaCTHe o cooew.aHH!IX OIUIH 

Pa3BHBaJIOCh COTPYAHH'leCTBO c Hay'lHhiMH u;eH

TpaMu KuTaSI, 'leMy s HeMaJioH: crerreHlf crroco6-

CTBOBaJIO IIO)J,IIHCaHHe JieTOM IIpOIIIJIOI"O I"O)J,a IIpOTO

KOJia o COTPYAHH'lecTBe Me)KAY 06-heAHHeHHhiM HH

CTHTYTOM H l1HCTHTYTOM COBpeMeHHOH <ilH3HKH 

AKaAeMHH HayK KHP. 

C n;eJibiO ycTaHOBJieHHSI Henocpe.ll,CTBeHHhiX 

KOHTaKTOB u AaJihHeifmero pa3BHTHSI COTPYAHH'leCT

sa, a TaK)Ke CO.ll,eHCTBHSI B03MO)KHOMY BCTyiiJieHHIO 

pecrry6JIHK 6hlsmero CoseTcKoro Coro3a B 'lJieHhl 

Ol1.sl l1 AHpeKn;HSI rroceTHJia PSIA He3aBHCHMhiX rocy

AapcTB CHr. 

llpooO,!IHMbie o OHSIH HCcJie,llooaHHSI Bbi3bioaiOT 6onblliOH HHTepec y MHpooofi o6w.ecToeHHOCTH. Ha CHHMKe: c KOppecnOH,lleHTOM Q>paH-

~Y3CKoro JKypHana «3Kcnpecc,. 6ece,11yeT ,!IHpeKTOP JIB3 aKa,lleMHK A.M.IiaJI,!IHH • 
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29 HIOJJII llpe3H.!IHYM Bepx08HOro Co8eTa PC<l>CP npHH!IJJ nocTaHOBJJeHHe o C03A3HHH 8 )J,y6He MeJKAYH3POAHOro u.eHTpa pa38HTH!I Ha
YKH H TexHOJJOrnH «}1,y6Ha». B )J,y6He no6bl8aJJH npeACTa8HTeJJH Bepxo8HOro Co8eTa PC<t>CP, Co8eTa MHHHCTp08 PoccHH. Ha CHHMKe: 
AHpeKTop JI.Sill npo<jleccop U .BbiJJOB 3H3KOMHT Aenerau.u10 Co8eTa MHHHCTpoo PC<l>CP c na6opaTopHeH 

C 21 no 26 HIOJJ!I o OlUIH HaXO,!IHJJaCb ,!lenerau.HH KHTaHCKHx y'leHbiX H3 HHCTHryTa C08peMeHHOH <jJH3HKH AH KHP (JiaH'lJKOy) 80 rJJa8e 
c AHpeKTOpoM l1HCTHryTa npo<jleccopoM BeH liao8eHOM. rocn-1 noceTHJJH JISill, JIH<t>, nOApOOHO 03HaKOMHJJHCb c Hay'lHOH nporpaMMOH 
JISIP. Ha CHHMKe: ,!IHpeKTop JISIP npo<jleccop IO.U .OraHeCIIH o6cyJKAaeT 80npocbl 803MOJKHOro cOTPYAHH'leCT8a c KOJIJJeraMH H3 KHP 
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25-28 HIOHSI B )ly6He npOXO,!IHJJO MelK,!IyHapO,!IHOe COBell\3HHe no nepcneKTHBHblM HCT04HHK3M He~ITpOHOB. Ha CHHMKe: Y43CTHHKH 

coneu.(aHHSI )l.M.KapneHTep (CiliA), lO.A.CTaBHCCKHH (CCCP), B.JI .AKleHon (0J.1.SU1) 6ece,~~yJOT c npe3H,!IeHTOM AMepHKaHCKOro 

SI,!IepHOl'O 0011\eCTBa p .JIOHl'OM (BTOpOH CI:Ipana) 

B HIOHe B )ly6He COTpy,!IHHKH JIT<I> npOBeJJH I.J.HKJI pa604HX COBell\3HHH C y4eHblMH 113 <I>Pr: no TeOpl111 SJJeMeHTapHblX 43CTI1ij, no TeO

peTH4eCKOH SI,!IepHOH cPI13HKe, no TeOp1111 KOH,!IeHCHpOB3HHblX cpe):l. Ha CHH \1 Ke: A11peKTOp JIT<I> npocjJ. B . r.Ka):lbiWeBCKHH 6ece,11yeT C 

rpynnoi\ cPH3HKOB - Y43CTHHKOB COBell\3HHH 
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CoTpy~HHt.teCTBO 0115111 co cTpaHaMH-yt.tacTHH

u;aMH H CTpaHaMH-Heyt.taCTHHD;aMH BeJIOCb C y t.teTOM 

npHOpHTeTHOCTH pa3JIHt.IHbiX HanpaBJieHHH Hayt.tHOH 

~e.SITeJlbHOCTH. 

KaK Bcer~a, HaH6oJiee aKTHBHbiMH napTHepaMH 

011.SII1 B npoBe~eHHH COBMeCTHbiX Hayt.tHbiX HCCJie

~OBaHHH H B opraHH3aD;HH Me)l(~yHapo~HOro COTpy~

HHt.IeCTBa 6biJIH Hayt.tHble D;eHTpbl rocy~apcTB_ , BXO

~HBIIIHX B cocTaB CoBeTcKoro Cmo3a. 3To, npe~e 

BCero, 11<l>B3 (IlpoTBHHO), Ha yCKOpHTeJie KOTOpo

ro Be~yTC.SI HCCJie~OBaHH.SI <J>yH~aMeHTaJibHbiX 

CBOHCTB ::meMeHTapHbiX t.taCTHD;, pa6oTbl no pe.n:.SITH

BHCTCKOH .SI~epHOH <J>H3HKe C nOMOIIJ;blO annapaTypbi 

0115111, COBMeCTHble MeTO~Ht.teCKHe HCCJie~OBaHH.SI. 

HAYqHbiE COBEI.U.AHIUI 

B 1991 ro~y 0115111 opraHH30BaJI H npoBeJI ~e

C.SITb KpynHbiX Me)l(~yHapo~Hbix coBern;aHHH. 

C 5 no 8 Ma.SI B A.rrymTe (KpbiM) npoxo~HJia Tpa

~HD;HOHHa.SI Me~yHapo~HaSI mKoJia 011SII1 -

U:EPH no <J>H3HKe. 3TO ~BeHa~u;aTaSI B cepHH COB

MeCTHbiX IIIKOJI, OpraHH3yeMbiX nOOt.tepe~HO 06be

~HHeHHbiM HHCTHTYTOM AAepHbiX HCCJie~OBaHHH H 

EBponeH:cKOH opraHH3an;HeH: AAepHbiX HCCJie~osa-

B 1991 ro~y 11Cl>B3 yt.taCTBOBaJI B COBMeCTHbiX HC

CJie~OBaHHSIX no 57 TeMaM H3 105, npe~yCMOTpeH
HbiX IIpo6JieMHO-TeMaTHt.tecKHM DJiaHOM. 11HCTHTYT 

aTOMHOH 3HepmH HM.I1.B.Kypt.taTOBa (MOCKBa) H 

JI1151<l> (raTt.tHHa) npoBO~HJIH COBMeCTHble C 0115111 

HCCJie~OBaHH.SI no 42 TeMaM, 11T3<l> (MOCKBa) -no 

39, 115111 (TpoHD;K) - no 32, <l>11AH (MocKBa) -

no 30. CJie~yeT OTMeTHTb coTpy~HHt.teCTBO c Cl>311 

(06HHHCK) B HCCJie~OBaHHSIX no HeHTpoHHOH <J>H3H

Ke, Hl11151<l> MrY B pa6oTax no MepHoH: <I>H3HKe, 

coTpy~HHt.teCTBo c MI1<1>11,MrY, ~ymMH poccHH:

cKHMH yHHBepcHTeTaMH. CoxpaHHJIHCb xopomHe 

CBSI3H c Hayt.tHbiMH u;eHTpaMH YKpaHHbl (11T<l>, 

115111 (KHeB), Cl>TI1 (XapbKOB)) H EeJiapycH. 

HHH. U:e.n:b IIIKOJibl - 03HaKOMJieHHe MOJIO~biX yt.te

HbiX H3 CTpaH-yt.taCTHHD; 0115111 H U:EPHa C pa3JIHt.I

HbiMH acneKTaMH COBpeMeHHOro COCTO.SIHH.SI <I>H3HKH 

BbiCOKHX 3HepmH:. B pa6oTe mKOJibl npHH.SIJIH yt.ta

CTHe 6o11ee 100 <I>H3HKOB H3 15 cTpaH. B Kat.tecTBe 

JieKTopos H pyKOBO~HTe.n:eH: ~HcKyccHH: 6biJIH npH

rJiarneHbi Be~yiiJ;He cneD;HaJIHCTbi CTpaH-yt.taCTHHIJ; 

0115111 H U:EPHa. Cneu;HaJibHaSI cTe~oBaSI ceKIJ;HSI 

Y'laCTHHKH cooell(aHHSI no HCCJieJIOBaHH!IM Ha ycTaHOBKe «Hei1TpHHHbiH JleTeKTOp,., KOTopa!! npoxOJIHJia o )l.y6He 15-17 !!Hoap!! 
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lioJJee 100 <jJI1311KOB 113 15 CTpaH np11HSIJ111 y4aCTI1e s TpaA111.1110HHOi1 lliKOJJe H5U1- UEPH, cocToSiswei1cSI s Mae n A.nywTe (Kpb!M) 
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n03BOJIHJia MOJiO~biM qlH3HKaM paCCKa3aTb 0 CBOeH 
ucCJie~oBaTeJihCKOH pa6oTe. AHKeTupoBaHue, npo

Be~eHHOe cpe~H CJiywaTeJieH, nOKa3aJIO, liTO OCHOB

HOH peJyJihTaT WKOJihi ~oCTHrHyT: nonoJIHHJICSI 6a

ra)K 3HaHHH, OKpellJIH CTapbie HayliHI».e CBSI3H, nO.SI

BHJIHCb HOBble 3HaKOMble - KOJIJierH. 

06J,e~HHeHHbiH HHCTHTYT ~epHblX HCCJie~OBa
HHH npu noMep)KKe 11HCTHTyTa pa~uo::meKTpoHHKH 

AH CCCP (MocKsa) , 11HCTHTyTa aBTOMaTuJau;uu u 

3JieKTpoMeTpuu CO AH CCCP (HoBocu6upcK), 11H

CTHTyTa Q>H3HKH BblCOKHX 3HeprHH (IJpoTBHHO), 
HayliHo-npouJBO~CTBeHHOro OT~eJieHH.SI AH CCCP 

(JieHHHrpa~) u 3aBo~a HayliHoro npu6opocTpoeHHSI 

(qepHoroJIOBKa) npoBeJI B .LJ.y6He c 14 no 17 MaS! 

CHMn03HYM <<JJieKTpOHHaSI annapaTypa B Q>H3HKe». 

IlporpaMMa cuMnOJHyMa 6hiJia HanpaBJieHa Ha opra

HHJau;uJO ~HCKyCCHH H WHpoKHH OOMeH MHeHHSI~H 
no CJie~yJOID;HM acneKTaM TeopeTHlleCKHX H 3KCne

pHMeHTaJibHbiX ucCJie~oBaHu8: npuMeHeHue HOBhiX 

TeXHOJIOrHH ~JI.SI C03~aHH.SI 3JieKTpOHHOH annapaTy

pbl perucTpau;uu u o6pa6oTKH AaHHbiX (noJiy3aKa3-

Hhle CBI1C, cpeACTBa onTo3JieKTpoHHKH 11 T.l(.); HO
Bble CTaUAapTbl 3JieKTpOHHKH; 3JieKTpOHHaSI annapa
Typa AJISI CneKTpOMeTpOB 3JieMeHTapHbiX llaCTHIJ; Ha 

KpynHeHIIIHX KOJIJiaH~epax MHpa. B pa6oTe CHMn0-
3HyMa npHH.SIJIH yllaCTHe OKOJIO 120 ylleHblX H3 pa3-

J1HliHbiX CTpaH. 

.LJ.JIS! oocy~eHH.SI np06JieM, CBSI3aHHbiX C npoeK
TOM coopy)KeHH.SI B 0115111 C-Tay Q>a6pHKH, 28-
31 asr B .LJ.y6He 6blJ1o npoBeAeHo Me~yHapoAHOe 
COBe rn;aHHe «HaKOnHTeJibHblH KOMllJieKC 0115111 -

c-Tay <t>a6puKa». 3TO He nepsoe coBew;aHHe s MHpe, 

llOCB.SIIIJ;eHHOe npooJieMaM Q>a6pHK BOOOIIJ;e, C-Tay 

<t>a6puK, · B llaCTHOCTH. Ho 3TO, no-BHAHMOMY, nep

Boe coBew.aHue, Ha KOTopoM OAHOBpeMeHHO pac
cMaTpHBaJIHCh nporpaMMbl HCCJiel(OBaHHH, npoeKTbi 
yCKOpHTeJieH H l(eTeKTOpOB BCeX Tpex Q>a6pHK CO

BMeCTHO. CoBew.aHue OTKpblJI AHpeKTop 0115111 aKa

AeMnK .LJ..Kuw. B CBOeM BbiCTyllJieHHH OH OTMeTHJI, 

liTO HayliHaSI u;eJiecoo6pa3HOCTh coopy)KeHH.SI ycTa

HOBKH !!.ll.y6He 6blJ1a paccMOTpeHa H OA06peHa Ha Ja

ce~aHHH COBeTa Me~yHapOl(HblX 3KCnepTOB 0115111. 
3any CK TaKOH COBpeMeHHOH MaWHHbl B .LJ.y6He no-

3BOJIHJI 6hl cyw.ecTBeHHO nOBblCHTb HayliHblH H TeX

HOJIOrHlleCKHH yposeHb scero 11HCTHTyTa, npHBJiellb 

K 0 115111 BHHMaHue MHpoBoro coo6w.ecrBa ylleHhlX 
11, s nepByJO Ollepel(h, MOJIOAe)KH. BbicTynuBwuu c 
o630pHbiM AOKJial(OM BHIJ;e-l(HpeKTOp 0115111 npo-

C I no 5 OKT116p11 o KpbiMY npoxot~HJia Me>KtiYHapot~HaH Kou<jJepeHI.(HII no :JK30nl4eCKHM lltlpaM, opraHH30BaHHal! Jia6opaTOpHei1 l!tlep

HbiX peaKI.(HH. Ha CHHMKe : Y43CTHHKH KOHQJepeUI.(HH 
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15-17 OKT116p11 o .lly6He npox0,1111no Cooell.laH11e no cooMeCTHOMY 0115111- YH11oepc11TeT Ynncana (llloeu.Hll) - 11T3<l> (MocKoa) 

3KcnepHMeHry «WASA». Ha CHHMKe: pyKOBO,!IHTenH Konna6opal\HI1 C.KynaH,!Iep, 11 .B .llyoHno, li .A .Mopo3oo 

Q>eccop A.H.CHcaKSIH paccKa3aJI o nJiauax coopy

.)KeHHSI B 0115111 HOBOro KOMnJieKCa 6a30BbiX ycTa

HOBO;, KOTOpbiH }J,OJI.)KeH o6ecnelJ:HTb nepcneKTHBY 

uct.lle}J,osauHH: s TpaAHU:HOHHbiX AJISI 11ucTHTy Ta ua

npaBJieHHSIX: <j>H3HKe :meMeHTapHbiX lJ:aCTHI.I, , SI}J,ep

HOH <j>H3HKe, <j>H3HKe KOH}J,eHCHpoBaHHblx cpeA, a 

TaK.)Ke B03M0.)KH0CTb pa3BHTH51 npHKJia}J,HbiX HCCJie
}J,OBaHHH. 

Cosern;auHe 6b1Jlo OlJ:eHh HHQ>opMaTHBHbl\1: , cno

co6CTsosaJio ycTaHOBJieHHIO KOHTaKTOB Me.)K}J,y pa3-

JIH1.J:Hb1MH HaylJ:HbiMH IJ;eHTpaMH, }J,aJIO B03M0.)KH0CTb 

npoBeCTH 3KCnepTHYIO OIJ;eHKY pa3JIH1.J:HbiX }J,eTaJieH 

npoeKTa. 

Me.)K}J,yuapo}J,Hoe cosew.aHHe «PeuopMrpyn na-91» 

npoXO}J,HJIO B Jla6opaTOpHH TeopeTHlJ:eCKOH <j>H3HKH 

c 3 no 6 ceHT516p.s~. B HeM npHHSIJIH yqacTHe OKO

JIO 100 ylJ:eHbiX H Cnen;HaJIHCTOB H3 0 115111 H 

lJ,EPHa, a TaK.)Ke H3 HaylJ:HbiX n;eHTpoB <l>paH

U:HH, BeJIHKo6pHTaHHH, ll.anHH, <I>Pr, 113paHJI.s~, 
11H}J,HH, 11TaJIHH, OOJiblliH, <l>HHJISIH}J,HH H C CCP. 

0oseCTK3 }J,HSI BKJIJOlJ:aJia CJie}J,yJOIIJ;He npo6JieMbi: 

KBaHTOBa51 TeOpH51 nOJISI, KpHTHlJ:eCKHe RBJieHHSI, 

Typ6yJieHTHOCTb, nJI33Ma, nOJIHMepbl, }J,HHaMHlJ:e

CKHe CHCTeMbl, xaoc, nepKOJI51IJ;H51, aCTpo<j>H3HKa H 

PM APYrHX. 

B ll.y6ue 9-14 ceuT.s~6p.s~ npoxo}J,HJI M e.)K}J,y

uapo}J.HbiH CHMno3HYM no npo6JieMaM MOAYJihHbiX 

11BC H ceTeii. B pa6oTe CHMnoaHyMa npHHMH 

ylJ:aCTHe Be}J,yrn;He CneiJ;HaJIHCTbl Hayl.J:Hb!X IJ;eHTpOB 
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Esponbl, CIIIA, KpynHhie 3apy6e.)l<Hbie qmpMbi. B 

nporpaMMY CHMn03HyMa BXO}J,HJIH CJie}J,yJOrn;He BOn

pOCbi : npHMeHeHHe KOMnbJOTepOB B npon;ecce H3Me

peHH51 H ynpaBJieHHSI HaylJ:HbiMH H TeXHOJIOrHlJ:eCKH

MH o6neKTaMH, c6op H pe}J.yKIJ;HSI nOTOKOB }J,aHHbiX, 

MHoronpou:eccopHhie CHCTeMhi H pacnpe}J,eJieuua.s~ 

o6paOOTKa }J,aHHbiX. 

V Me.)K}J,yuapoAHhiH CHMnoaHyM no 3JieKTpouuo

JiylJ:eBbiM HCTOlJ:HHKaM H HX npHMeHeHHIO npoXO}J,HJI 

s 1J.y6ue 24-27 ceuT.s~6pR. B ero pa6oTe npHHMH 

yqacTHe yqeuble H3 cTpau-yqacTHHU: 0115111. 

B ll.y6ue c 30 ceHT516p.s~ no 4 OKT516p.s~ npoxo-

• AHJI Me.)K}J,yuapo}J.HbiH ceMHHap «0po6JieMbi KBaHTO

soH: onTHKH». Ha ceMHHape o6cy.)KA3JIHCh HCTOlJ:

HHKH HeKJiaCCHlJ:eCKOro CBeTa, CneKTpOCKOnHSI KOH

}J,eHCHpOBaHHbiX COCTOSIHHH sern;eCTBa C nOMOIIJ;biO 

HeKJiaCCHlJ:eCKOro CBeTa, MeTO}J,bl o6paOOTKH H ne

pe}J,31.J:H HHQ>opM3IJ;HH C nOMOIIJ;biO HeKJiaCCHlJ:eCKO

ro CBeTa, 3JieKTpO}J,HH3MHKa B pe30HaTOpe, nepcneK

THBbl KBaHTOBOH OnTHKH H CMe.)l<Hbie npo6JieMbl <j>H-

3HKH. 

Me.)K}J,yuapo}J,Ha51 KouQ>epeuu:u.s~ no 3K30TH1.J:e

CKHM 51}J,paM, opraHH30BaHHaSI Jl51P 0115111, npoXO

}J,HJia s KpbiMY c 1 no 5 OKT516p.s~. B KOH<j>epeun;HH 

npHHHM3JIO ylJ:aCTHe OKOJIO 130 ylfeHbiX, B TOM lfHCJie 

6oJiee 30- H3 cTpau-ueylJ:aCTHHU: 0115111: EeJibrHH, 

rpeiJ;HH, 11TaJIHH, <l>HHJISIH}J,HH, <l>paHIJ;HH, <l>Pr, 

51nOHHH. 0HH o6cy}J,HJIH aKTY3JibHble npooJieMbl 



C 2 no !5 SIHBllpSI 8 )l,y6He npOXOAHJJ3 MelKAYH3pOAH3SI WKOJJ3 IOHbiX HCCJJeAOBaTeJJeH «)l,H3JJOr», 8 pa60Te KOTOpOH npHHHMaJJH Y43CTHe 

ytJeHHKH CTapwHx KJJacco8 Eonrap1111, nonbWH, BeHrpHH 11 CHr 

S~AepHOH <f>H3HKH - HCCJleAOBaHHSI CBOHCTB S~Aep y 

rpaHHI.I, S~AepHOH cTa6HJihHOCTH. Ha KOH<f>epeHI.I,HH 

<f>H3HKH AOJIO)I(HJIH nOCJieAHHe pe3yJihTaThl 3KcnepH

MeHTOB, npoBeAeHHbiX COBMeCTHO y'leHbiMH JI5J:p H 

pS~Aa BeAyll.I,HX Hay'lHhlx l.l,eHTpoB. BbiJlH o6cy)I(AeHhi 

HOBble nepcneKTHBHble npOeKTbl llOJiy'leHHSI ny'lKOB 

paAHOaKTHBHbiX S~Aep, B TOM 'lHCJle H npoeKT HaKO

llHTeJibHOI'O KOMllJleKCa TSI)I(eJibiX HOHOB. B 3aKJIIO

'leHHe Hay'lHOH nporpaMMbl COCTOSIJlOCb o6cy)I(AeHHe 

KOHKpeTHbiX COBMeCTHbiX 3KCnepHMeHTOB no H3y'le-

yqACTHE OH.siH B ME)I()l;YHAPO)J.HbiX 

H HAD;HOHAJibHbiX KOH<l>EPEHI.J.H.siX 

B 1991 I'OAY y'leHhle H cnel.I,HaJIHCThl 06beAH

HeHHOro HHCTHTyTa S~AepHbiX HCCJleAOBaHHH y'laCT

BOBaJIH B 197 Me~yHapOAHbiX H Hal.I,HOHaJibHbiX 

KOH<f>epeHI.I,HSIX. 

HaH6oJiee KpynHhle AeJieral.I,HH npeACTaBJISIJlH 

11HCTHTYT Ha Me~yHapoAHOH KOH<f>epeHI.I,HH no 

KOMllbiOTepaM B <f>H3HKe BbiCOKHX 3HepmH (5J:no

HHSI, ~yKy6a), XXIX BeceHHen mKoJie no SIAepHOH 

HHIO CBOifcTB SIAep y rpaHHI.I, CTa6HJibHOCTH C npeA

CTaBHTeJISIMH BeAyll.I,HX l.l,eHTpOB MHpa: fAHl.fJI, 

CAPA (Cl>paHI.I,HSI), Pl1KEH (51nOHHSI), rcl1 (<l>Pf) 

HApyrHMH. 

12-14 HOS16pS1 B ll,y6He npoxoAHJI CHMn03HYM 

no HCCJieAOBaHHIO KOHAeHCHpoBaHHbiX cpeA SIAepHbi

MH MeTOAaMH. 3TOT CHMn03HYM npoBOAHTCSI e)l(e

I'OAHO, OH npHBJleKaeT BHHMaHHe BeAyll.I,HX Cnel.I,Ha

JlHCTOB MHOmX Hay'lHbiX l.l,eHTpOB. 

<f>H3HKe (fepMaHHSI, XoJihl.l,xay), CoBell.l,aHHH no 

S~AepHOH cneKTpocKonHH H CTPYKType aTOMHOro M

pa (BeJiapych, MHHCK), Hal.I,HOHaJihHOH KoH<f>epeH

l.I,HH n o ycKopHTeJISIM 'laCTHI.I, (CiliA, CaH-<l>paH

l.I,HCKO), Me~yHapoAHOH KoH<f>epeHI.I,HH no MPQ

S~AepHhiM CTOJIKHOBeHHSIM (.SinoHHSI, KaHaA3aBa), 

V CeMHHape no HCCJieAOBaHHIO npo1.1,eccoB <f>parMeH

Tal.I,HH peJISITHBHCTCKHX S~Aep C MeAHbiMH MHilleHSI-
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MH (repMaHH.si, Jleii:nu;ar), XIV CeMHHape n o <t>a3H

Ke Bbi:COKHX 3HeprHH H TeOpHH nOJISI (POCCHSI, llpo

TBHHO), Me~yHapo~HOM ceMHHape no HYKJIOH-aH

THHYKJIOHHbi:M B3aHMo~eii:CTBHSIM <PoccaSI, MocK

Ba), Me~yHapo~HOM JienTOH-<i>oTOHHOM 

CHMn03HyMe H EBponeii:CKOH KOH<t>epeHD;HH no <t>a-

3HKe Bbi:COKHX 3Hepi'HH (lllBeii:n;apH.si, )l(eHeBa) , 

Me~yHapo~Hoii: KOH<t>epeHD;HH no pacceSIHHIO Heii:

TpoHOB (BeJiaKo6paTaHHSI, 0Kc<t>op~), III lliKoJie-

3KCKYPCHH B OH.SIH 

B 1991 r. B 0115111 6w10 npHH.siTO 23 3KCKypcH

OHHbl:e rpynnbl o61ll;eii: 'IHCJieHHOCTbiO 448 tteJioBeK. 

C ~e.siTeJibHOCTblO Jia6opaTOpHH H HX llJiaHaMH 

Ha 6y~ylll;ee 03HaKoMHJIHCb ~eJierau:aa MHHHCTepcT

Ba HayKH a TexHoJIOI'HH IOx<Hoii: Kopea, COTPYAHHKH 

CeMHHape nO aBTOrpa<t>HH H TBep~OTeJibHhiM TpeKO

Bbi:M AeTeKTOpaM H HX npHMeHeHHIO (YKpaHHa, 

O~ecca), Me~yHapOAHOii mKoJie-ceMHHape «PeJISI

THBHCTCKaSI Sl~epHaSI ~HH3MHK3» (POCCH.si, BJia~HBO

CTOK) , II Pa6otteM coBelll;aHHH no HCnOJib30BaHHIO 

pacCeSIHHSI Heii:TpOHOB B <i>H3HKe TBepAOI'O TeJia (Poc

CHSI, raTttHHa), CeMHHape no HCCJie~oBaHHIO 

KO~eHCHpoB3HHhiX Cpe~ .sJAepHhiMH MeTOA3MH 

(<l>paHD;HSI, CaKJie). 

rocKOMHTeTa no HayKe H TeXHHKe KHP, .li.HpeKTO

paTa aTOMHoro HCCJieAOBaTeJibCKoro n;eHTpa B EoM-

6ee (11~HSI), CTy~eHTbl H3 repM3HHH, y'leHhle H3 

<l>paHU:HH H IIIBeii:u:apHH1 BeJIHKo6paTaHHH H CiliA, 

H3 MHOrHx APYrHx cTpaH MHpa. 

CryAeHTbll13 PeaKTOpHoro u.eHTpa HMnepHa.nb-KOJilleAlKa (BeJIHK06p11TaHI111) nposeJII1 'laCTb cso11x JleTHHX KaHHKYJI s ,Izy6He. Ha CHHM

Ke: 3KCKypc1111 s OIUIH, Ha Kpbrwe 3A3HI1!1 HliP-2 JIH<l> 

• 
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Ilepe'leHb H3Y'IHbiX H H3Y'IHO-OpraHH3aQHOHHbiX COBei.J..J.3HHH, 
npoBeJJ.eHHbiX 06'beJJ.HHeHHbiM HHCTHTYTOM .IIJJ.epHbiX HCCJleJJ.OB3HHH B 1991 fO.II.Y 

N!!N!! HaHMCHOBaHHe cosem;aHH.II BpeMSI MeCTo KOJIH'IeCTBO 
n/n npoBCJJ.CHH.II npoBCJJ.CHH.II Y113CTHHKOB 

I. Coee14a1tusz, ua:OAbl u cuMn03UYMbl 

1. XII liiKoJia OJ.f.SII1 - L(EPH no tPH3HKe S-18 Ma.ll AJiymTa 1SO 
2. Me)KJI.yHapoJJ.HhiH CHMn03HYM 14-17 Ma.ll LI.y6Ha 120 

no :meKTpOHHOH annapaType B tPH3HKC 
3. Me)KJI.yHapoJJ.Hoe cosem;aHHe <<HaKonHTCJib- 29Ma.ll - · JJ.y6Ha 100 

HbiH KOMnJICKC 0115[11- C-Tay <t>a6pHKa» 1 HIO .II 
4. Me)KJI.yHapOJJ.HOe cosem;aHHe 3-6 CCHT.116p.11 JJ.y6Ha 120 

«PeHopMrpynna-91» 
s. Me)KJI.yHapoJJ.HhiH cHMno3HYM 9-14 CCHT.116p.11 JJ.y6Ha 120 

no npo6JieMaM MOAYJihHhiX L(BC H ceTeH: 
24-28 ce~T.116p.11 6. V MeX<JJ.yHapOJJ.HbiH CHMn03HYM no 3JICKTpoH- JJ.y6Ha 60 

HO-JIY'ICBbiM HCTO'IHHKaM H HX npHMCHCHH.II~ 
7. Hay'IHO-TeXHH'IecKoe cosem;aHHe 30 CCHT.116p.11 - JJ.y6Ha 70 

«fJpo6JieMa paJJ.HaiJ.HOHHOH 6e3onaCHOCTH 3 OKT.116p.11 
npH nHJIOTHpyeMOM noJieTe K Mapcy» 

8. Me)KJI.yHapoJJ.HhiH ceMHHap 30 CCHT.116p.11 - JJ.y6Ha 70 
<<flpo6JICMbl KBaHTOBOH OnTHKH» 3 OKT.116p.11 

9. MeX<JJ.yHapoJJ.Hoe coseiiJ.aHHe 1-S OKT.116p.11 CesaCTonoJib 100 
no MaJIOHYKJIOHHbiM CHCTCMaM 

10. V MeX<JJ.yHapOJJ.HhiH CHMn03HYM no cospeMeH- 21-26 OKT.116p.11 JJ.y6Ha 160 
HbiM annapaTypHbiM MCTOJJ.aM HCCJICAOBaHHH 
KHHCTHKH 3JICKTpOHHblX npOIJ.CCCOB 

11. CHMn03HYM no HCCJICAOBaHH.IIM KOHJJ.CHCHpo- 12-) 4 H0.116p.11 JJ.y6Ha 1SO 
BaHHbiX CpCJJ. SIJJ.CpHblMH MCTOJJ.aMH 

II. Pa6o•tue coee14a1tusz 

I. CoseiiJ.aHHe no HCCJICJJ.OBaHHSIM ua ycTaHOBKe lS-17 SIHBapSI JJ.y6ua so 
<<HdiTpHHHhiH ACTCKTOp» 

2. CoseiiJ.aHHe no peaKIJ.HSIM CJIHSIHHSI CJIOX<HhiX 1S-17 SIHBap.ll JJ.y6Ha so 
SIJJ.Cp H CHHTC3y TSIX<CJibiX HYKJIHJJ.OB 

3. CoseiiJ.aHHe no 3KcnepuMeHTaM 22-24 SIHBapSI JJ.y6Ha so 
ua cneKTpoMeTpe fl1ITEPOH 

4. CoseiiJ.aHHe no HCTO'IHHKY uouos 29-31 SIHBapSI JJ.y6Ha so 
C 3JICKTpOHHO-IJ.HKJIOTpOHHblM pe30HaHCOM 

s. CoseiiJ.aHHe no nporpaMMe uccJICJJ.OBaHHH 26-28 <t>espaJISI JJ.y6Ha 40 
CTOJIKHOBCHHH peJISITHBHCTCKHX SIJJ.Cp C no-
MOIIJ.hiO tPoT03MYJihCHH ua ycTaHOBKe CJIOH 

6. CoseiiJ.aHHe no HCCJICAOBaHHIO SIJJ.ep 12-14 MapTa LI.y6Ha so 
C nOMOIIJ.biO HCHtpOHOB 

7. Cosew.auue no 3KcnepHMCHTaM ua ycTaHOBKe 26-28 MapTa JJ.y6Ha so 
El1C-2M 

8. CHMn03HyM-BhiCTasKa <t>upMhi Cl1MEHC 13-17 anpeJISI JJ.y6Ha 40 
9. CoseiiJ.aHHe no ycTaHOBKe CULl. 14-16 MaSI JJ.y6Ha 40 

10. 3aCCJJ.aHHC MCX<JJ.yHapOJJ.HOro KOMHTCTa 27-28 MaSI JJ.y6Ha 30 
no HaKOnHTCJihHOMY KOMnJICKCY 0J15[J1 
(BKJII04aSI C-Tay <t>a6pHKy) 

11. Pa6o4ee coseiiJ.auue no Teopuu 3JieMeHTap- 10-12 HIOHSI Jl.y6ua 40 
ublx 4acTun. <JIT<I> Ol1.Sil1 - <I>Pn 

12. CoseiiJ.aHHe no nporpaMMe HCCJICAOBaHHSI 11-13 HIOHSI JJ.y6ua so 
CTPYKTYPhi ACHTpOHa npH BbiCOKHX 3HeprHSIX 
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NQNQ HaHMeHoBaHHe coBeiiJ,aHH51 BpeM51 MecTO KoJIHtJeCTBO 

n/n npoBe~eHH51 npoBe~eHH51 ytJaCTHHKOB 

13. Pa6otJee coBeiiJ,aHHe no TeopeTHtJecKo:H 13-15 HIOH51 .IJ.y6Ha 40 
MCPHOH <f>H3HKe (JITCI> 011.SUII - Cl>Pf) 

14. Pa6otJee coBeiiJ,aHHe no TeopHH KOH~eHcHpo- 18-20 HIOH51 .IJ.y6Ha 40 
BaHHhiX cpe~ (JIT<l> 011.5!11- <l>Pf) 

15. CoBeiiJ,aHHe no <f>H3HKe ~eJieHH51 15-21 HIOH51 CMoJieHHn;e 60 
16. CoBeiiJ,aHHe no nepcneKTHBHhiM HCTO'-iHHKaM 25-28 HIOH51 .ll.y6Ha 50 

HCHTpOHOB 
17. CoBeiiJ,aHHe no coTpy~HHlJeCTBY c IJ.EPHoM 18-19 HIOJI51 .IJ.y6Ha 20 
18. CoBeiiJ,aHHe no <f>H3H'IeCKHM 3KcnepHMCHTaM 17-19 CCHT516p51 .II.y6Ha 50 

Ha KOMDJICKCe <<MC'ICHbiC HCHTpHHO» 
19. CoBeiiJ,aHHe coTpy~HH'IecTBa 1-3 OKT516p51 AJIMa-ATa 50 

PI1CK - Cl1fMA- A.siKC 
20. CoBeiiJ,aHHe no COBMeCTHOMY 011.5!11 - 15-17 OKT516p51 .IJ.y6Ha 45 

YnncaJia -11T3Cl> 3KcnepHMCHTY «WASA>> 
21. CoBeiiJ,aHHe no npo6JieMe rJiy6oKOBOAHOH 2-7 Jl.CKa6p51 .IJ.y6Ha 50 

perHCTpan;HH HeiiTpHHO (KOJIJia6opau;H51 
«Ea:HKaJI») 

22. CoBeiiJ,aHHe no HCCJICAOBaHHSIM Ha ycTaHOBKe 17-19 ~eKa6p51 .IJ.y6Ha 50 
CCI>EPA 

Ill. Hay•tHo-opzaHu3au,umtHbte co6eU{aHUJL 

1. 69 ceccH51 YlleHoro coBeTa 011.5!11 8-10 51HBap51 .ll.y6Ha 100 
2. II CoBeiiJ,aHHe pa6o'le:H rpynnhi Knn 29-31 51HBap51 .IJ.y6Ha 50 
3. KoMHTeT I1oJIHOMO'IHhiX ITpe~cTaBHTene:H 5-7 MapTa .IJ.y6Ha 80 ... 

CTpaH-ytJaCTHHIJ; 0 11.5! 1/1 
4. 3ace~aHHC Cl>HH3HCOBOro KOMHTCTa 23-25 anpeJI51 D,y6Ha 20 
5. 3ace~aHHC KOMHCCHH nO npaBOBbiM 3KT3M 22-24 M3SI .IJ.y6Ha 50 
6. 70 ceccH51 YlleHoro coBeTa 0111.5!111 4-6 HIOHSI .IJ.y6Ha 100 
7. 3ace~aHHC KOHTpOJibHOH KOMHCCHH 10-11 HIOH51 .ll.y6Ha 20 

<l>HHaHCOBOrQ KOMHTCTa 
8. 3ace~aHHC Cl>HH3HCOBOro KOMHTCTa 12-14 HIOH51 .ll.y6Ha 20 
9. KoMHTeT I1oJIHOMO'IHhlx DpeJ:~cTaBHTCJiei1 1 0-14 AeKa6p51 D,y6Ha 120 

npaBHTCJibCTB rocyJ:~apCTB- liJICHOB 0 1/1.5!1/1 
10. 3ace~aHHC Cl>HH3HCOBOro KOMHTCTa I 0-12 LICKa6p51 .IJ.y6Ha 20 

llepe'leHb KOH<f>epeHU.HH, CHMn0311YMOB, COBeUJ,aHHHH UJKOJI, 
B KOTOpblX npHHHMaJIH y'laCTHe Cneu.HaJIHCThl 

06'be)].HHeHHOrO HHCTHTyTa Sl)].epHbiX HCCJJe)].OBaHHH B 1991 ro)].y 

NQNQ HaHMeHoBaHHe coBeiiJ,aHHSI MecTo BpeMSI KoJJH'ICCTBO 
n/n npOBC)].CHI1SI npoBe~eHHSI Y43CTHHKOB 

1. CoBeiiJ,aHHe no CBOHCTBaM HJ:~ep 11 SILICPHhiX ABCTpHSI, 21-25 SIHBapSI 4 
B036y~eHHH X11pmerr 

2. Me~ynapoAHaSI Kon<f>epeHn;HSI no paJ:;ceSI- IIIHAHSI, EoM6ei1 21-25 SIHBapSI 3 
HHIO HeiiTpOHOB 

3. II lllKOJia no <f>H3HKe 11 TCXHOJIOrHH Jia3epoB IIITaJJHSI, Tp11ecT 21 SIHBapSI -
11 OnTH'ICCKHX BOJIOKOH IS <f>eB paJJ SI 

4. CoBemanHe KOJIJJa6opau;1111 CWA, D,aJJJiac 24-26 SIHBapSI 
3MI1AKT /TEXAC 

5. Me)I(J:~yHapo~HaSI mKoJia no pacceSIHHIO HCHT- fepMaHHSI, 4-8 <f>eBpaJISI 3 
poHOB TIOpMCLIOP<f> 
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Nl1Nl1 HaHMenoBanHe coBem;anH.!I MecTo BpeM.!I KoJIH'IeCTBO 
n/n npoBeJ:(eHH.!I npoBeJ:(eHH.!I Y113CTHHKOB 

6. Pa6o11ee coBem;anHe no noJiynpoBOJ:(HHKOBhiM CiliA, OK-PHJ:()K 15-25 <l>eBpaJI.!I 5 
KpeMHHeBbiM J:(eTeKTOpaM 

7. XXVII 3HMH.!I.!I mKoJia no TeopeTH'IeCKOH <l>H- lloJibma, Kapna11 18 <t>eBpaJI.!I- 2 
3HKe 1 MapTa 

8. 3HMH.!I.!I WKOJI3 nO CBepX6biCTpbiM .!IBJieHH.!IM 11TaJI .11, TpHecT 18 <t>eBpaJI.!I - 1 
B <l>H3HKe 8 M3pTa 

9. III Me)KJ:(ynapo):(noe coBem;anHe no ueiiTpHH- l1Tan .11, Bene- 26-28 <l>eBpaJI.!I 1 
HbiM TeJieCKOnaM IJ;H.!I 

10. Me)KJ:(ynapo):(noe coBem;anHe «DYAYUJ,He ua- Cl>paH IJ;H.!I, 4-16 MapTa 1 
npaBJieHH.!I B .!IJ:(epuou <l>H3HKe c 4n-J:(eTeKTH- CTpac6ypr 
pyiOUJ,HMH CHCTeM3MH HOBOI'O nOKOJieHH.!I>> 

11. CoBem;anHe no KpHCTaJIJiorpa<i>HH fepM3HH.!I, 10-13MaPTa 2 
M10uxeu 

12. Me)KJ:(ynapot:~naSI Kon¢epenn;HSI no KOMnhiO- 5lnonH.!I, lJ,yKy6a 11-15 MapTa 7 
TepaM B <l>H3HKe BbiCOKHX 3HeprHH 

13. XXI CHMno3HYM no 3JieKTpouuou CTpyKType fepM3HHSI, 11-15 MapTa 1 
TBept:~oro TeJia fayCCHr 

14. I EBponeikKaSI Kon<t>epenn;H.!I no nopomKo- fepM3HH.!I, 14-16 MapTa 2 
BOH t:~H<i>paKIJ;HH M10nxeu 

15. CoBem;anHe EBponeiicKoro coBeTa no Sit:~ep- BeJIHKo6pHTa- 17-21 MapTa 
non <l>H3HKe HHSI, L(apec6epH 

16. XXVI Me)Kt:~ynapot:~na.!l Kon¢epenn;H.!I Cl>paH l.I;HSI, 17-23 MapTa 1 
nO B33HMOt:(eHCTBHIO 3t:(pOHOB npH BbiCOKHX J1e3-ApK 
3HeprHSIX 

17. CoBem;anHe KOJIJia6opan;Hn no COTPYAHH'IeCT- IIIBeii u;apH.!I, 24-27 MapTa 1 
BY B o6JiaCTH cnHnoBon QJH3HKH ./KeneBa 

18. XXIX BeceuuSISI IIIKOJia no Sit:~epuoH: <l>H3HKe fepM HHSI, 7-12 anpeJI.!I 7 
XoJihn;xay 

19. XI reuepaJibH3SI KOH<i>epeHIJ;HSI no <l>H3HKe BeJIHKo6pHTa- 7-12 anpeJI.!I •2 
KOHt:(eHCHpOB3HHbiX cpet:~ HH.!I, 3 KCeTep 

20. XXIII Me)Kt:(ynapOAHhiH CI1Mn0311YM fepM HH.!I, 8-12 anpe11.11 1 
no <i>H3HKC pat:~11aU.110HHOH 33W.HTbl fayCCHr 

21. Kou¢epenu.HSI no QJ113HKe Slt:(pa H 43CTHIJ; BeJIHKo6p11Ta- 8-12 anpeJI.!I 3 
HHSI, JlHBepnyJih 

22. Pa6o4ee cosem;an11e no QJH311Ke H t:~eTeKTO- 11T3JlH.!I, 9-12 anpeJI.!I 4 
paM Cl>-QJa6pHKH Cl>paCK3TH 

23. XXVI 3aKonancKaSI IIIKOJia no QJH3HKe lloJihiiia, 13-21 anpeJISI 1 
3aKo aue 

24. BecenHSISI IIIKoJia H Pa6o4ee cosem;an11e no 11TaJlHSI, TpHecT 15-26 anpeJISI 3 
Tcop1111 CTpyu 

25. Cosem;anHe no Sit:~epuoii cneKTpocKonHH EeJiapych, 16-19 anpeJISI 24 
H CTPYKType aToMuoro Sit:~pa MHHCK 

26. l.I,epeMOHHSI H CHMn03HYM B 4eCTb 33-JieTHSI lllseliu;apHSI, 22-23 anpen.11 1 
H3Y11HbiX 11CCJICJ:(OB3HHH Ha ycKOpHTeJie ./Keuesa 
l.I,EPH 

27. lilKOJ13 «.[(11H3MH4eCKHe CHCTeMbl H Typ6y- YKpaHna, 29 anpe11.11- 3 
JieHTHOCTb>> Kau. BeJIH 10 M3SI 

28. Me)Kt:~ynapot:~HhiH CI1Mn03HYM no auaJIOrHSIM HHt:~epJiaHAhl, 1-4 M3SI 
B OnTHKe H MHKp03JICKTpOHI1KC 3HH)l,XOBCH 

29. CHMn03HYM no KBaHTOBOH QJH3HKe ill Be " 1.1;3 pHSI, 2-3 M3SI 
./Keuesa 

30. Pa6o4ee cosem;anHc «At:lponhi-9 i>> YKpaHna, 5-12 M3SI 2 
HoshiH CseT 

31. Hau;HonaJibHaSI Kon¢epenu.HSI no ycKopHTe- ClllA , 6-9 MaSI 5 
JlSIM 43CTHIJ; Can-Cl>panu.HcKo 
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NQNQ HaHMCHosaHHe cosern.aHHSI MecTo BpeMSI KOJIHlJCCTBO 
n/n npose,n:eHHSI npose,n:eHHSI yqaCTHHKOB 

32. V KoH¢epeHIJ;HSI no SI,n:epHhiM aHaJIHTH'Ie- repMaHHSI, 10-17 MaS! 2 
CKHM MeTO,n:aM }],pe3,n:CH 

33. MeX<,n:yHapo,n:HaSI KoH¢epeHIJ;HSI <OI.n:epHhie repMaHHSI, 11-18 MaS! 5 
,n:aHHhlC .ll:JISI HayKH H TCXHOJIOrHH>> IOJIHX 

34. Cosern.aHHe pa3pa6oT'IHKOB H nOJih3osaTeJieif PoccHSI, 14-17 MaS! 4 
nporpaMMHhlX cpe,n:cTs s o6JiaCTH ycKopHTe- I1pOTBHHO 
JICH H TCXHHKH 

35. KoH¢epeHIJ;HSI <<CospeMCHHhie npo6JICMhi YKpaHHa, 14-17 MaS! 2 
CTaTHCTH'ICCKOH <fJH3HKH» XaphKOB 

36. CHMno3HYM no KOHTpOJIIO H ,n:HarHOCTHKe CiliA, 19-24 MaS! 
SI,n:CpHhlX peaKTOpOB raTJIHH6ypr 

37. MeX<.n;yHapo,n:HhiH CHMn03HYM no CJia6oH: qexo-CJIOBaKHSI, 20-24 MaS! 2 
csepxnposo,n:HMOCTH CMOJICHHIJ;C 

38. MeX<,n:yHapo,n:Hoe cosern.aHHe BeHrpuSI, 20-24 MaS! 3 
nO pa,n:HaiJ;HOHHbiM 3<fJ<fJeKTaM B MCTaJIJiaX Iliuo¢oK 

39. IV MeX<,n:yHapo,n:HaSI wKoJia no annapaType vhaJIHSI, TpHCCT 20-31 MaS! 3 
B <fJH3HKC 3JICMCHTapHbiX 'IaCTHIJ; 

40. KoHCYJihTaTHBHOe coselll,aHHe coTpy,n:HHKos AscTpHSI, BeHa 21-24 MaS! 2 
no csSI3H c l1 H 11 C MAr A T3 

41. MeX<,n:yHapo,n:HaSilliKOJia EoJirapHSI, 21-28 MaS! 2 
«I1porpaMMHposaHHe-91 >> Co¢HSI 

42. 3ace,n:aHue KoMHTeTa no SI,n:epHoif ¢H3HKe repMaHHSI, 22-24 MaS! 
E<l>O }],apMlliTa,n:T 

43. MeX<,n:yHapo,n:HaSI KoH¢epeHIJ;HSI no ynpyroMy vfTaJIHSI, 0.3Jih6a 22-25 MaS! 2 
H ,n:H<fJpaKIJ;HOHHOMY paCCCSIHHIO 

44. Hay'IHo-npaKTH'ICCKaSI KoH¢epeHu;HSI PoccHSI (TaTap- 22-24 MaS! . 
eTa H), Ka3aHh 

45. KoH¢epeHIJ;HSI no o6IIJ;HM sonpocaM ¢ H3HKH CiliA, TycoH 24-29 MaS! 
lJaCTHIJ; H Sl,n:CpHOH <fJH3HKH 

46. CuMn03HYM no ¢H3HKe 3JICMCHTapHbiX YfTaJIHSI, 26-31 MaS! 
'IaCTHIJ; o.Kanpu 

47. EsponeifcKHH CHMn03HYM <<BOCTOK- 3 ana.n:>> <l>HHJISIH.ll:HSI, 26-31 MaS! 
nO HOBbiM TCXHOJIOrHSIM XeJibCHHKH 

48. II MeX<,n:yHapo,n:HaSI KoH¢epeHIJ;HSI KuTaif, I1eKHH 27-31 MaS! 
no HCCJICAOBaHHSIM H npHMCHCHHIO 
pe,n:K03CMCJibHbiX 3JICMCHTOB 

49. XXI CoseiiJ;aHHe no ¢H3HKe s3aHMo,n:efl cTBHSI PoccHSI, MocKsa 27-29 MaS! 3 
3apSIX<CHHbiX 'IaCTHU: t: KpHCTaJIJiaMH 

so. IliKOJia-CCMHHap no 6HOMOJICKYJISIP.HOMY J'occHSI, MocKsa 27-31 MaS! 
KOMnhiOTHHI'Y 

51. I MeX<,n:yHapo,n:HaSI KOH¢epeHIJ;HSI, PoccHSI, MocKsa 27-31 MaS! 18 
nOCBSIID.CHHaSI A.Jl.Caxaposy 

52. Coselll,aHHe no ¢oToSI,n:epHbiM peaKIJ;HSIM EonrapHSI, 28-30 MaS! 2 
I1JIOB)lHB 

53. IliKOJia no TCOpCTHlJCCKOH Sl,n:CpHOH <fJH3HKC PoccHSI, Tseph 28 MaS! - 6 HIOHSI 3 
(6/ o <<Bonra») 

54. III MeX<,n:yHapo.n:HaSI KoH¢epeHIJ;HSI EonrapHSI, BapHa 30 MaS! - 4 HIOHSI 
no 3JICKTpOHHO-JIY'ICBblM TCXHOJIOrHSI 

55. CHMn03HYM no 'IHCTbiM TCXHOJIOrHSIM <l>HHJISIH)lHSI, 31 MaS! - 5 HIOHSI 2 
PosaHHCMH 

56. MeX<,n:yHapo,n:HaSI KOH¢epeHU:HSI no aTO\fHhiM <l>HHJISIH.ll:HSI, 3-7 HIOHSI 
H Sl.ll:CpHbiM KJiaCTCpaM TypKy 

51. MeX<,n:yHapo,n:Hoe coselll,aHHe <l>paHU:HSI, 3-7 HIOHSI 2 
«.sl.n:epHaSI ¢opMa H SI,n:epHaSI CTPYKTypa KapX<e3 
npH HH3KHX 3HCprHSIX B036yX<,n:CHHSI>> 
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NQNQ HauMeuosauue cose~aHHSI MecTo BpeMSJ KonuqeCTBO 

n/n npose~eHHSI npose~eHHSI yqaCTHHKOB 

58. Me)J(~yuapo~Hoe cose~auue no nuouaM vfcnaHHSI, 3-8 HIOHSI 

BMpax fiCHbHCKOJia 

59. 3ace~aHue EsponeikKoro KOMHTeTa Ilise:Hu.a puSI, 5-12 HIOHSI 

no 6y~y~HM YCKOpHTCJISIM )l(eHesa 

60. Me)J(~yHapo~HaSJ KOHQJepeuu.uSJ .5InOHHSI , 1 0-14 HIOHSI 9 
no Sl~pO-MCPHhiM CTOJIKHOBCHHSIM KaHa~3asa 

61. Me~yHapo~HaSJ KOHQJepeHIJ,HSI VITaJIHSI , 10-15 HIOHSI 3 
no MCXaHH3MaM Sl~CpHbiX peaKIJ,HH BapeHHa 

62. KoH<jlepeHIJ,HSI <<Dynamical Days» fepMaHHSI, 1 0-1 7 HIOHSI 1 
Bepnuu 

63. Me)J(~yuapo~uaSJ KOHQJepeHIJ,HSI CiliA, 11-14 HIOHSI 2 
no KpuoreuuKe u KpuoreHHhiM MaTepuanaM, XaHTCBHJIJl 

BbiCTaBKa «KpuoreHHKa-91» 

64. III Pa~uoxuMutJ:ecKoe coselll,auue PoccuSJ, ToMeK 11-15 HIOHSI 1 

65. Me)J(~yuapo~HhiH cuMn03HYM fepMaHHSI, 15-17 HIOHSI 1 
«KnaCTepbi B a~pouax u Sl~pax>> T106uu reK 

66. Me)J(~yuapo~uaSJ lliKOJia no aTOMHoii vhaJIHSI , 3pH'IC 1-30 HIOHSI 1 
H MOJICKYJISlpHOH CnCKTpOCKOnHH 

67. Me)J(~yuapo~HaSJ lliKona no SJ~epuoii QJH3HKe HcnaHHSI, 17-29 HIOHSI 2 
norpaHH'IHbiX 06JiaCTCH Jla Pa611pa 

68. Me)J(~yuapo~HaSJ Kou¢epeHIJ,HSI no BhiCOKO- fepMaHHSI, 17-26 HIOHSI 1 
TCMnepaTypHOH CBCpXnpOBO~HMOCTH 3an.EepJIHH 

69. Me)J(~yHapo~HhiH ceMHHap fepMaHHSI, 18-21 HIOHSI 
nO MarHHTHbiM H3MCpCHHSIM Ll,apMIIITa~T 

70. Pa6o4ee coselll,aHHe no pacceSJHHIO CiliA, 18-21 HIOHSI 4 
HCHTPOHOB EpyKXCHBCH 

71. Me)l(~yHapo~Hoe coselll,aHHe no HCJIHHdtHhiM JthaJIHSI , 19-29 HIOHSI 2 
3BOJIIOU.HOHHbiM ypaBHCHHSIM faJlJIHnOJIH 

72. Me)J(~yuapo~uaSJ Kou¢epeHU.HSJ <l>paHll,HSI, 20-22 HIOHSI 1 
<<<l>H3HKa CTOJIKHOBCHHH» KonMap 

73. 3ace~aHHe pe~KOJIJieruH )l(ypuaJia JtfTaJIHSI , feHySI 24-26 HIOHSI 

<<<l>H3HKa B MC~HU.HHC>> 
74. 12 Me)J(~yuapo~HaSJ Kou¢epeHU.HSI PocCHSI , CaHKT- 24-28 HIOHSI 6 

no MarHHTHOH TCXHOJIOrHH TieTep6ypr 

75. Me)l(~yHapoAHaSJ KoH<jlepeuu.HSJ fepMa HSI, 24-28 HIOHSI 
«PaAHall,HOHHbiC 3QJQJCKTbl B H30JISITOpaX» BeiiMap 

76. Me)l(AyHapoAHaSJ KOH<jlepeHU.HSI fepMa HSI, 24-28 HIOHSI 3 
«PeaJihHOC BpCMSJ-91 » IOJIHX 

77. 3aCCAaHHC Y4CHOro COBCTa fAHl1JI, <l>paHu. SJ, KaH 24 HIOHSI-
3aCCAaHHC KOMHCCHH no Ha3BaHHSIM 15 HIOJISI 
TpaHCypaHOBbiX 3JICMCHTOB 

78. II CeMHHap no cerHeT03JICKTPH4CCTBY PoccHSJ , 27 HIOHSI-

KpacHOS!pCK 1 HIOJISI 
79. VII AApuaTH4ecKaSJ KOH<jlepeHIJ,HSI IOrocJiasuSJ, 27 HIOHSI- 2 

no SJACPHOH QJH3HKe O.DpHOHH 2 HIOJISI 
80. Me)l(AyHapoAHaSJ lliKOJia <l>paHll,HSI, 1-26 HIOJISI 

<<llaCTHU.bl B 90-x roAaX» Jle3ylll 
81. V CeMHHap no HCCJICAOBaHHIO npou.eccos fCpMaHHSI, 2-5 HIOJISI 5 

QJparMCHTall,HH pCJISITHBHCTCKHX Sll\Cp JleiimiHr 
C MC~HbiMH MHlliCHSIMH 

82. Me)J(~yHapOAHhlH CHMn03HYM PocCHSI , TiepMb 6-14 HIOJISI 
no rHAPOMCXaHHKC H TCnJIOMaCconepeHocy 

83. Me)l(AyHapo~HhiH KOHrpecc KaHa~a , 7-12 HIOJISI 
no paAHall,HOHHbiM HCCJICAOBaHHSIM TopoHTO 
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N!!N!! HauMeHosaHue cosemaHml MecTo BpeMSI KoJIH'tecrso 
n/n npose~eHHSI npose~eHHSI Y'laCTHHKOB 

84. Me~yHapo~HaSI KoH<t>epeHU:HSI <<l13y 'leHue <DpaHU:HSI, 7-13 HIOJISI 
nosepXHOCTH H KOJIJIOH~OB>> KoMnbeH 

85. XIV CeMHHap no <l>H3HKe BbiCOKHX 3HepruH: PoccuSI, 8-12 HIOJISI 17 
H TeOpHH nOJISI flpOTBHHO 

86. Pa6o ... ee cosemaHue no CJia6hlM J-iTaJIHSI, 8-12 HIOJISI 
B3aHMO~eHCTBHSIM JlaKBHJia 

87. Me~yHapo~HhlH ceMHHap no HYKJIOH- PoccuSI, MocKsa 8-13 HIOJISI 8 
aHTHHYKJIOHHhlM B3aHMO~eHCTBHSIM 

88. Me~yHapo~HbiH CHMn03HYM no CHMBOJib- fepMaHHSI,BOHH 14-18 HIOJISI 
HbiM H aHaJIHTH'IeCKHM Bbi'IHCJieHHSIM 

89. MeX<~yHapo~HbiH cuMn03HYM fepMaHHSI, IS -17 HIOJISI 2 
<<KJiacTephl B a~poHax H Sl~pax>> TI06HHreH 

90. 2 MeX<~yHapo~HbiH BurHepoBCKHH fepMaHHSI, 15-20 HIOJISI 4 
CHMn03HYM foCJiap 

91. MeX<~yHapo~HaSI KOH<t>epeHU:HSI no BbiCOKO- 5fnOHHSI, 22-26 HIOJISI 4 
TeMnepaTypHbiM CBepxnpOBO~HHKaM KaHa~3asa 

92. fop~OHOBCKaSI KOH<t>epeHil;HSI ClllA, THJITOH 22-26 HIOJISI 2 
no Sl~epHOH <i>H3HKe 

93. Pa6o'lee cosemaHue no npo6JieMaM vfTaJIHSI, 23-24 HIOJISI 7 
noJiynpOBO~HHKOBbiX ~eTeKTOpOB <l>JiopeHil;HSI 

94. 3ace~aHHe J.1K<DA lllseH:u;apuSI, 25-27 HIOJISI 
)KeHesa 

95. MeX<~yHapo~HbiH JienTOH-<t>oTOHHbiH lllseH:u;apHSI, 25 HIOJISI- 8 
CHMno3HYM 11 EsponeH:cKaSI KoH<t>epeHU:HSI )KeHesa 1 asryCTa 
nO <l>H3HKe BhlCOKHX 3HepruH 

96. Pa6o'lee coBemaHue no CTPYKType HYKJIOHa . ClllA, CH3TJI 27 HIOJISI-
15 ceHTS16pS1 

97. KoH<t>epeHU:HSI «CHMBOJIH'IecKaSI ~uHaMuKa CWA, 29 HIOJISI-
u ee npuMeHeHHe» HbiO-XeH:seH 2 asryCTa 

98. X MeX<~yHapo~HbiH KOHrpecc fepMaHHSI, 30 HIOJISI- 4 
no MaTeMaTu'leCKOH <i>H3HKe Jleiinu;Hr 9 asryCTa 

99. Pa6o ... ee cosemaHHe no npoeKTY ClllA, EepKJIH 2-16 asryCTa 
<<COJieHOH~aJibHbiH ~eTeKTOp>> 

100. EsponeiicKaSI KoH<t>epeHU:HSI no CTPYKType a.n- H H.nepJJaHJlbi, 5-10 asrycTa 
poHOB H 3JJeKTpOCJJa6biM B3aHMO,!{eHCTBHSIM AMcTep.naM 

101. lllKOJia no SIJ{epHOH <i>H3HKe lllBeU,HSI, 12-23 asryCTa 
<DaJibCTep6y 

102. Me~yHapo.nHhie KypCbi 11 lllKoJJa no KOHTH- vhaJJHSI, TpHeCT 16 asrycTa- 4 
HYaJibHOMy uHTerpuposaHuro 6 ceHTS16pS1 

103. Me~yHapo.nHaSI wKoJJa <<<DH3HKa fpeu,HSI, flopTo 18-31 asrycTa 
H MaTepHaJJOBe)leHHe BbiCOKOTeMnepaTypHbiX Kappac 
CBepxnpOBO~HHKOB» 

104. MeX<~yHapo~HaSI KOH<t>epeHU:HSI no ny4KaM EeJJbfHSI, 19-21 asrycTa 4 
paJ{HOaKTHBHbiX SIJ{ep JlyseH-JJSI-Hes 

105. MeX<.nyHapo.nHaSI KoH¢epeHU:HSI fepM3HHSI, 19-23 asrycTa 
<<MOJlH¢HKaU,HSI MaTepHaJJOB HMllYJibC3MH Ll,pe3.neH 
3HeprHH H ny'IKaMH 4aCTHU:>> 

106. MeX<.nyHapo.nHhiH KOJIJJOKBHYM «LI,H¢ ¢epeH- BeHrpHSI, 21-24 asrycTa 3 
Il;HaJibHble ypaBHeHHSI H npHJJOX<eHHSI» Ey~anewT 

107. CoBew;aHue «3<t><t>eKTHBHbie TeopHH nOJJSI BeHrpHSI, 22-26 asrycTa 
B CTaH.napTHOH MOJ{eJJH» Ll,o6oroKe 

108. MeX<~yHapo~HaSI KOH<t>epeHU,HSI no wexaHH3- CiliA, 25-31 asryCTa 
MaM Sl~pO-SIJ{epHbiX CTOJJKHOBeHHH HbiO-HopK 

109. MeX<.nyHapo~HhiH KOHrpecc 51noHHSI, MaKy- 25-31 asrycTa 
nO aHaJIHTH4eCKHM HayKaM xap11-Mecce 
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N9N9 HauMeHosaHue cosellJ,aHHSI MecTo BpeMSI KOJIH'lCCTBO 

n/n npoBC,I:(CHHSI rrpOBC,I:(CHHSI Y'l3CTHHKOB 

110. MeX<J:(yHapO,I:(HaSI KOH¢lepeHD;HSI no Teopuu qexo-CJIOB3KHSI, 26-30 asrycTa 2 
BCpoSITHOCTH H M3TCM3TH'lCCKOH CT3THCTHKC EpaTHCJiasa 

111. MeX<J:(yHapo):(HaSI KOH¢lepeHn;HSI McnaHHSI, 26-31 asryCTa 1 
no ,I:(H¢>¢lepeHD;H3JibHbiM ypaBHCHHSIM EapceJioHa 

112. XXII Me)K,I:(yHapo,I:(HaSIIIIKOJia no SI,I:(epHoii IlOJiblll3, IlSICKH 26 asrycTa- 2 
cpH3HKC 5 CCHTSI6pSI 

113. MeX<J:(yHapo,I:(HaSI IIIKOJia «Hoshle HanpasJie- PyMbiHHSI, 26asrycTa- 2 
HHSI B TCOpCTH'lCCKOH H 3KCnepHMCHTaJibHOH Ilpe):(eaJI 7 CCHTSI6pSI 
SI,I:(CpHOH cpH3HKC» 

114. Me)K,I:(yHa po):(HaSI KOH¢lepeHU:HSI BeJIHKo6puTa- 27-30 asrycTa 5 
no pacceSIHHIO HeiiTpOHOB HHSI, 0 KCcpOp,I:( 

115. V MeX<J:(yHapo):(HbiH cuMn03HYM qexo-CJIOB3KHSI, 1-6 CCHTSI6pSI 2 
«MC30Hbl H JICrKHC SI,I:(p3>> II para 

116. MeX<J:(yHapo):(HaSI KOH¢lepeHU:HSI BeJIHK 6puTa- 1-7 CCHTSI6pSI 1 
no MarHCTH3MY HHSI, 3 J:(HH6ypr 

117. MeX<J:(yHapo,I:(HaSIIIIKOJia <<<DH3HKa BbiCOKHX PoccuSI , CaHKT- 1-15 CCHTSI6pSI 2 
3HeprHH H CT3H,I:(3pTH3SI MO,I:(CJib» IleTep6ypr 

118. MeX<J:(yHapo,I:(HaSI KOH¢lepeHU:HSI no MeTo,I:(aM repM3HHSI, 2-7 CCHTSI6pSI 1 
,I:(CKOMn03HU:HH o6JI3CTCH JlaM6pexT 

119. XII KoH¢lepeHU:HSI E<DO no SIJ:(epHbiM ¢>opMaM BeHrp SI, 2-7 CCHTSI6pSI 3 
EaJiaT H¢l10pe):( 

I20. MeX<J:(yHapoAHaSI KOH¢lepeHU:HSI no 3JICKTpo- .5InoH SI, CeH- 2-13 CCHTSI6pSI 4 
MarHHTHbiM cenapaTopaM; CHMn03HYM ):(au, BaKOIIIH 
no Jl33epaM B SI,I:(CpHOH ¢lH3HKC 

I21. IV CeMHHap no cnHHOBbiM SIB;lCHHSIM B ¢lH3H- PoccHSI , 2-6 CCHTSI6pSI 4 
KC BbiCOKHX 3HeprHH flpOTBHHO 

122. III lliKoJia-ceMHHap no asTorpa¢>uH H TBep,I:(o- YKpaHHa, 5-11 CCHTSI6pSI 6 
TCJibHbiM TpCKOBbiM ACTCKTOpaM SI,I:(Cp H HX 0J:(ecca • 
npHMCHCHHIO 

I23. MCX<AyHapO,I:(HaSI OCCHHSISI IIIKOJia llexo-CJIOB3KHSI, 8-13 CCHTSI6pSI 2 
no SIJ:(CpHOH ¢lH3HKC Ca3asa 

I24. MeX<AyHapo):(HaSI KOH¢lepeHU:HSI «MpoHHaSI qexo-CJioBaKHSI, 9-13 CCHTSI6pSI 
MaTepHSI B 3KCTpCMaJibHbiX .YCJIOBHSIX>> EexH e 

I25. MeX<AyHapoAHbiH CHMn03HYM no ¢lH3HKe IIexo-CJiosaKHSI, 9-13 CCHTSI6pSI 1 
BbiCOKHX 3Hepmi1 (fEKCAM -91) EexH e 

I26. CeMHHap <<flpo6neMbi C03,I:(aHHSI noJiynpoBOA- PoccHSI , 9-13 CCHTSI6pSI 1 
HHKOBhiX npH6opos, MC H pa,I:(H03JICKTpoH- fleTp 3aBO,I:(CK 
HOH annapaTypw Ha HX OCHOBC>> 

I27. EsponeiicKaSI KOHcpepeHU:HSI 11TaJIHSI, o.3Jib6a 9-14 CCHTSI6pSI 
nO MaJI04aCTH'lHbiM CHCTCM3M 

I28. MeX<J:(yHapOAHaSI IIIKOJia no ~HHaMH'leCKHM 11TaJIHSI, TpuecT 9-27 CCHTSI6pSI 1 
CHCTCM3M 

I29. MeX<AyHapOAHaSI KoH¢lepeHU:HSI no SIJ:(epHoii lliBCI.l;HSI, JlyH,I:( 1 0-I2 CCHTSI6pSI 1 
cpH3HKC Ha HaKOnHTCJibHbiX KOJlbU:aX 

I30. MeX<J:(yHapoAHoe cosellJ,aHHe floJibiiia, I 0-13 CCHTSI6pSI 
nO KpHTH4CCKHM TOKaM 3a6opy s 

I31. IX JleTHSISI IIIKOJia no Bbi4HCJIHTCJibHbiM IIexo-CnosaKHSI, I 0-20 CCHTSI6pSI 2 
MCTO,I:(aM B cpH3HKC CKaJibCKH D.syp 

132. MeX<AyHapo):(HOe cosemaHHe ApMCHHSI, I2-25 CCHTSI6pSI 3 
nO TCOpCTH4CCKO~ ¢lH3HKC Hop-AM6epA 

133. lliKOJia no yCKOpHTCJlbHOH TCXHHKC HHAepnaHAhi, 15-27 CCHTSI6pSI 
Hop):(BHKep-
XoyA 
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N«1N«1 HaHMeHosaHHe cosem;aHHSI MecTo BpeMSI KOJIH'ICCTBO 

n/n npose~eHHSI npose~eHHSI y'laCTHHKOB 

134. Me.)K~yHapo~HaSI KOHQJepeHIJ,HSI ABcTpHSI, BeHa 16-20 CCHTSI6pSI 2 

nO COBpCMCHHbiM HanpaBJICHHSIM 

B aKTHBaiJ,HOHHOM aHaJIH3C 

135. V illKOJia-CCMHHap nO QJH3HKC YKpaHHa, 16-22 CCHTSI6pSI 

CCrHCT03JiaCTHKOB Y.)Kropo~ 

136. Me.)K~yHapo~HaSI mKoJia-ceMHHap PoccHSI, 16-25 CCHTSI6pSI 11 

«PeJISITHBHCTCKa51 51~CpHaSI ~HHaMHKa» BJia~HsocToK 

137. Me.)K~yHapo~Ha51 KOHQJepeHIJ,H51 1.Jexo-CJIOB3KHSI, 16-20 CCHTSI6p51 4 

<<CTpyKTyp3 3~pOHOB-91 >> CT3p3 JlecH3 

138. Espone:ifcK3SI KOHQJepeHIJ,H51 <l>p3HIJ,H51, E pecT 18-21 CCHT516pSI 

no (e,2e)-peaKIJ,H51M 

139. Me.)K~YH3po~Ha51 mKOJI3 no 51~epHoi.f QJH3HKe 11T3JIH51, 3pH4C 20-29 CCHTSI6pSI 2 

140. Me.)K~yHapo~H351 KOHQJepeHIJ,HSI Pocc1151, 21-28 CCHT516pSI 3 

<<KpHOrCHHKa-91>> D3JI3mHx3 

141. IV Cosem;aHHe no HCnOJih30B3HHIO T51.)KCJihiX fepMaHH51, 23-25 CCHTSI6pSI 2 

3ap51.)KCHHbiX 'l3CTHI1, B 6HOJIOrHH H MC~Hll,HHC Ll,3pMmT3~T 
142. XXV Me.)K~YH3po~HhiH CI1Mno3HYM fepM3HI151, f33CH 23-26 CCHTSI6pSI 2 

no TeopHH 3JICMCHT3pHbiX 'l3CTHIJ, 

143. Cosem;3HHe 3KcnepTOB no noJISipH30B3HHhiM fepM3H1151, 23-26 CCHTSI6p51 

ra30BbiM MHIIICHSIM fei.f~CJih6epr 
Ha H3KOnHTCJibHbiX KOJ1b11,3X 

144. KoH¢epeHIJ,H51 no KOMnhiOTepHoMy fepM3HI151, 23-27 CCHTSI6pSI 

o6ecnC4CHHIO KpynHOM3CllT36HbiX H3 Y4Hb!X K3pncpy3 

HCCJIC~OBaHHH 

145. XXI Me.)K~YH3po~HhiH CI1Mn0311YM K11T3i1, Yx3Hh 23-27 CCHTSI6pSI 

no MHOI'043CTH4HOH ~11H3MHKC 

146. • KoH¢epeHIJ,H51 no ¢eHoMeHonorHH 4 3CTI111, v1T3Jll151, Tp11CCT 23-27 CCHTSI6pSI 2 
147. III Esponei.fcK351 B3KYYMHaSI KOHQJepeHIJ.I1SI AscTp11SI, BeH3 23-27 CCHTSI6pSI I 
148. Me.)K~YH3po~Hhii.f CHMn0311YM no Teop eTI14C- fepM3HI151, 25-28 CCHTSI6pSI I 

CKOH H npHKJI3~Hoi.f nJI33MOXHMI111 M3i.fHIJ, 

149. 3 CeMHHap- cosem;3HHe Pocci1SI, 24-28 CCHTSI6pSI 

«TeopH51 HCJIHHCHHbiX BOJlH» Kani1H11Hrp3~ 
150. Me.)K~YH3po~H3SI KOHQJepeHIJ,11SI Pocci1SI, C3HKT- 24-27 CCHTSI6pSI 

no KOrCpCHTHOH 11 HCJ111HCHHOH OnTI1KC TieTep6ypr 

I 51. V Esponei.fcKaSI KOHQJepeHIJ,HSI fepM3H1151, 25-28 CCHTS16pSI 

nO KOJIJIOI1~Hb!M 11 MC)I(Ql33Hb!M H3YK3 M M3HHIJ, 

152. 8 Me.)KOTp3CJiesaSI mKOJI3 no QJ11311Ke p3~113- YKp3HH3, 29 CCHTS16pSI -

IJ,HOHHbiX nospe.)K~CHHH TBCp~oro TCJ13 X3pbKOB 6 OKTS16pSI 
I 53. IV Me.)K~YH3po~H3SI KOHQJepeHIJ,11SI. • fepM3HI151, 30 CCHTSI6pS1 - 3 

no 11CT04HHK3M HOHOB 6CHCX3HH 4 OKTS16pSI 
154. Me.)K~yHapo~Hoe cosem;aHHe «lliHpoKoMacw- Eenapych, 30 CCHTS16pSI - 15 

T36HOC npHMCHCHI1C nonynpOBO~HI1KOBbiX MHHCK 4 OKTS16pSI 

~CTCKTOpOB B QJH311KC BbiCOKI1X 3HeprHH» 

155. KoH¢epeHIJ,H51 no peHTreHoBCKHM ~eTeKTopaM <l>p3HlJ.HSI, Occya 30 CCHTS16pSI -

4 OKTSI6pSI 
156. Pa6o4ee cosem;3HHe no coTpy~HH'lCCTsy K333XCT3H, 1-3 OKTS16pSI 8 

AnM3-AT3 

I 51. VII CeMHH3p no BhiCOK043CTOTHOi.f PoccHSI, ToMeK 1-3 OKTSI6pSI 
3JICKTpoHHKC 

158. illKOJI3-CCMHH3p <<HCJ111HCHHbiC 33~3411 Y36CKI1CT3H, 2-9 OKTS16pSI 

M3TCM3TH4CCKOH QJH311KH 11 HX npHJlO)I(CHHSI» CaMapK3H~ 
159. IV CHMn03HYM no TCnJionepeJl34e fepM3HI1SI, 5-12 OKTS16pSI 

B KpHOrCHHbiX CHCTCM3X K3pncpp 
160. illKoJia MOJlO~hlx y'leHbiX <<KB3HTosa SI PoccHSI, 5-13 OKTS16pSI 2 

TCOpi151 nOJISI 11 QJH311K3 BbiCOKHX 3HCprH H>> Jl333pescKoe 
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NgNg HaHMeuosauHe cosew.aum1 MecTo BpeM.si KoJIH'-ICCTBO 
n/n npOBCJJ;CHH.si npOBCJJ;CHH.si y'-laCTHHKOB 

161. Me)I(JJ;yuapo.IJ;uoe cosew.auHe AsCTpH.si , Beua 7-9 OKT.si6p.si 1 
no HCnOJib30BaHHIO CHCTCM MOHHTOpHHra 
H JJ;HarHOCTHKH peaKTOpOB 

162. Me)I(JJ;yuapOJJ;HaSI Kou¢epeuu;H.si no TeopHH vfTaJIH.si , qC3CHa 7-10 OKT.si6p.si 1 
EeJIJia 

163. Kou¢epeuu;H.si <<TpaucnhiOTepubie CHCTCMbi PoccH.si, 8-12 OKT.si6p.si 2 
H HX npHMCHCHHC» 3seuHropo.IJ; 

164. Kou¢epeuu;H.si <<CospeMeHHhle uanpasJieHHSI ClllA, OK-PHJJ;)I( 14-15 OKT.si6p.si 1 
B <fJH3HKC TSI)I(eJibiX HOHOB>> 

165. Me)I(JJ;yuapo.IJ;uaSI Kou¢epeuu;H.si no KaJiopH- J1TaJIH.si, 14-18 OKT.si6p.si 2 
MeTpHH B ¢H3HKe BhiCOKHx ::meprnH: o. KanpH 

166. Hayquo-TeXHH'!ecKa.si Kou¢epeuu;H.si <<XOJIOJJ; PoccHSI, CauKT- 14-18 OKT.si6p.si 1 
- uapOJJ;HOMY X03.siHCTBy» IleTep6ypr 

167. IV EsponeH:cKaSI Kou¢epeuu;H.si no npHMeue- BeurpH.si, 14-18 OKT.si6p.si 2 
HHIO auaJIH3a nOBCpXHOCTH H rpaHHIJ; pa3JJ;CJia By.IJ;aneruT 

168. X Kou¢epeuu;HSI no nocTOSIHHbiM MarHHTaM PoccHSI, C)'3JJ;aJih 14-18 OKTSI6p.si 4 
169. X Me)I(JJ;yuapo.IJ;uaSI mKoJia EoJirapHSI, Bapua 14-19 OKT.si6pSI 2 

no SIJJ;epuoH: ¢H3HKe, ueH:TpouuoM: ¢H3HKe 
H SIJJ;CpHOH 3HeprCTHKC 

170. IllKoJia MOJIOJJ;blX y'leHhiX <<3KcnepHMCHTaJih- PoccH.si, 14-22 OKT.si6p.si 5 
HaS! <fJH3HKa BbiCOKHX 3HCprHH» Jla3apescKoe 

171. CHMno3HYM «<l>H3HKa H TCXHHKa MM- YKpaHua, CTa- 15-18 OKT.si6p.si 1 
H CYEMM-pa.IJ;HOBOJIH» pbiH CaJITOB 

172. Kou¢epeuu;HSI no ou-JiaM:u SIJJ;epuoM: ClllA, OK-PHJJ;)I( 16-19 OKT.si6p.si 
OpHCHTali;HH 

173. Hay'!HhiH ceMHHap, nocBSIW.CHHhiH 60-JieTHIO fepMaHHSI, 22-24 OKT.si6pSI 
npo¢. II. KHHJie Ll,apMIIITa.IJ;T 

174. II Pa6o'lee cosew.auHe no HcnoJib30BaHHIO PoccH.si, f aT'!HHa 22-24 OKT.si6p.si 13 
pacceSIHHSI uei1Tpouos 
B <fJJ13HKC TBCp.IJ;Oro TCJia 

175. Cosew.auHe no cTau.IJ;apTy <<<l>h10'lep6ac>> lllseM:u;a pHS!, 27 OKTSI6p.si - 1 
)l(euesa 1 HO.si6p.si 

176. lliKOJia-CCMi1Hap <<IlOJiynpOBOJJ;HHKOBbiC JlaTBH.si, 2-6 HO.si6p.si 2 
ACTCKTOpbl B HOHH3Hpy10IIJ,HX H3JIY'!CHHSIX» IOpMaJia 

177. XXI Me)I(JJ;yuapOJJ;HbiH CHMn03HYM fepMaH Sl, 4-8 HOSI6p.si 2 
no SIJJ;CpHOH <fJH3HKC fayCCHr 

178. 3ace.IJ;aHHe KoMHTeTa fepMaHH.si, 4-11 HO.si6p.si 1 
no SIJJ;epuoM: ¢H3HKe E<l>O Ll,apMIIITa.IJ;T 

179. Hayquo-TeXH114CCKaSI Kou¢epeuu;11SI <<Vl3Me- PoccHSI, CauKT- 11-13 HOSI6p.si 
pHTCJibHbiC HH<fJOpMaU,HOHHbiC CHCTCMbl>> rieTep6ypr 

180. Me)I(JJ;yuapo.IJ;HaSI Kou¢epeuu,HSI ClllA, 11-15 HO.si6p.si 2 
<<KBapKOBaSI MaTepHSI-91>> faTJIHH6ypr 

181. IX Kou¢epeuu,11S1 no 3KCTpaKU,HH PoccH.si, AJJ;Jiep 12-15 HOSI6p.si 4 
182. Me)I(JJ;yuapo.IJ;uoe cosem.auHe KOJIJia6opau,HH ClllA, Ll,aJIJiac 20 HOSI6pSI - 2 

<<COJICHOHJJ;3JibHbiH JJ;CTCKTOp» 5 JJ;eKa6p.si 
183. Kou¢epeuu;HSI no pa.IJ;oH-MOHHTOpHury 11TaJIHSI, TpHecT 25 HOSI6p.si- 2 

6 JJ;CKa6pSI 
184. IV Cosew.auHe no HCnOJib30BaHHIO SIJJ;epuo- KaJaxcT u, 26-28 HO.si6p.si 6 

<fJH3H4CCKHX MCTOJJ;OB B OXpaue OKpy)l(aiOIIJ,CH AJiMa-ATa 
cpe.IJ;bl 

185. X Cosew.auHe no 3JICKTpocTaTH4CCKHM PoccHSI, 0 6HHHCK 26-28 HOSI6p.si 2 
YCKOpHTCJISIM 

186. Me)I(JJ;yuapo.IJ;uoe cosew.auHe <l>paHIJ;H SI , 28 HOS16pS1 -
no o6I,>aTHbiM 3a.IJ;a4aM MouneJibe 3 JJ;CKa6pst 
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NQNQ HauMeHoBaHue cosew;aHH.II Mecro BpeM.II KoJiuqecrso 

n/n npoBeAeHH.II npoBeAeHH.II yqacTHHKOB 

187. MeX<AyHapoAHhiH ceMHHap Poccu.s~, MocKsa 2-5AeKa6p.s~ 3 
«3JieKTpOMarHHTHhle B3aHMOAeHCTBH.II .IIAep 
npH MaJibiX H cpeAHHX :meprH.IIX>> 

188. II Cosew;aHue no TpeKOBhiM MeM6paHaM TioJihma, 2-6 AeKa6p.s~ 
H HX npHMeHeHHIO EeJibCKO-E.s~Jia 

189. lliKOJia <<AllTOMaTH3ai.J;H.II HCCJieAOBaHHH Poccu.s~, 06HHHCK 2-7 AeKa6p.s~ 
KOHCTpyHpOBaHH.II H npOH3BOACTBa>> 

190. XXIV MeX<AyHapOAHOe cosew;aHue TioJihma, TopyHh 3-6AeKa6p.s~ 

no MaTeMaTuqecKopu <f>u3HKe 
191. KoH<f>epeHu;H.II naM.IITH B.reu3eH6epra fepMaHH.II, 9-12 AeKa6p.s~ 

Jleum.J,Hr 
192. MeX<AyHapoAHhiH CHMn03HYM SlnOHH.II, 9-12 AeKa6p.s~ 2 

no runep.IIAepHOH <f>u3HKe lliHMOpa 
193. CeMHHap no HCCJieAOBaHHIO <l>paHI.J;H.II, CaKJie 9-14 AeKa6p.s~ 7 

KOHAeHCHpOBaHHbiX cpeA .IIAepHbiMH 
MeTOAaMH 

194. EsponeifcKHH KOHrpecc <l>paHI.J;H.II, . 9-13 AeKa6p.s~ 
<<)KeHIIJ;HHa H MaTeMaTHKa>> MapceJib 

195. 3aceAaHHe YqeHoro coseTa UEPH; Illseuu;apu.s~, 14-21 AeKa6p.s~ 3 
COBeii.J,aHHe nO OpraHH3ai.J;HH lliKOJI no <f>H3HKe )KeHesa 

196. Pa6oqee coseii.J,aHHe no cosMecTHoMy Illseuu;apu.s~, 16-18 AeKa6p.s~ 3 
3KcnepuMeHTY CMK )KeHesa 

197. KoH<f>epeHU.H.II no <f>u3HKe BeJIHKo6puTa- 16-19 AeKa6p.s~ 
KOHAeHCHpOBaHHbiX cpeA H MaTepuaJIOB HH.II, EHpMHHreM 

CnpasKa o pa3BHTHH MeX<AyHapOJJ.Horo coTpy JJ.HH"'eCTBa H CBH3eif 
06beJJ.HHeHHOrO HHCTHTyTa .IIJJ.epHbiX HCCJJeJJ.OBaHHH B nepHOJJ. 1965-1991 rr. 

1965 1970 1975 1980 1985 1989 1990 1991 

1. KoJiuqecTBO KoMaHAHPOBOK cneu;uaJIH- 203 446 1026 1216 1469 1519 1058 580* 
CTOB H3 cTpaH-yqacTHHI.J; s OJ1.5ll1 (6e3 
yqeTa npue3AOB Ha cosew;aHHH OHSIJ1) 

2. KoJiuqecTBO KOMaHAHPOBOK cneu;HaJIH- 171 287 474 558 600 798** 778** 669** 
CTOB OJ1.5IJ1 s cTpaHhi-y4aCTHHI.J;hi 

3. KoJIHqecTBO Hay4HhiX, MeTOAH4eCKHX 19 28 42 40 49 43 44 37 
H HayqHO-OpraHH3ai.J;HOHHbiX 
cosew;aHHH OV:ISIH 

4. KoJIHqecTBO KOMaHAHPOBOK Ha Me>I<Ay- 69 166 131 109 119 244 437 526 
HapoAHhie KOH<f>epeHI.J;HH H B Hay4Hble 
u;eHTpbl CTpaH-Hey4aCTHHI.J; 

5. KoJIH4eCTBO IIpHe3AOB CIIei.J;HaJIHCTOB 27 176 226 93 144 305 563 479 
H3 CTpaH-HeyqaCTHHI.J; 

6. KoJIH4eCTBO CTHneHAHaTOB OHSIH - 8 11 7 3 13 16 14 

* - nm:a3aHO 06mee K0fli14CCTBO KOMall,1111pOBOK (,110 3 MCC.) CnCU11aJII1CTOU 113 CTpau-y•taCTIII1l.l 11 <J>I'(' 

** - 6e3 yYeTa BhiC3.1\0B no Bbt3ooaM nonuoMo• HbiX npct \CTani1TeJtei1 CTpatt-y•mcntl11\ OH~H . U 1991 t"I"JJIY uoKa3atto o6u~ce 

K0fli14CCTBO KOMaH,1111pODOK B CTpaHbl-y4aCT1111l.lbl 11 <l>P f 
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06~EMHCTMTYTCKME 
CIYI6bl 



OTAEITPAAM~HOHHOHBE30TIACHOCTH 
M PAA~HOHHbiX HCCJIEAOBAHHH 

CoTpy~HHKH OT~eJia B 1991 ro~y KOHTPOJIHposa

JIH ypoBHH HOHH3HpylOIIJ;HX H3Jiy4eHHH, CO~epX<a

HHe pa~HOHYKJIH~os B OKPYX<aiom;eH: cpe~e, HOpMbi H 

npaBHJI3 paOOTbl C HCT04HHK3MH HOHH3Hp ylOID;HX 

H3Jiy4eHHH, a T3KX<e BbinOJIHHJIH p51~ H3Y4HO-MeTO

~H4eCKHX pa60T. 

PaiJuau,uoHHbLU ICOHmpoJLb ocyw;ecTBJ151JICSI Ha 

CJie~yiOIIJ;HX 51~epHO-¢H3H'feCKHX YCT3 HOBK3X 

011.5111: 

- HMIIYJibCHOM peaKTope 115P-30 npH cpe~HeH: 

TenJiosoH: MOIIJ;HOCTH 10 KBT; 

- HMIIYJibCHOM peaKTope 115P-2 co cpe~HeH: 

TenJiosoH: MOIIJ;HOCTblO ~o 2 MBT; 

- CHHXpo¢a30TpOHe B peX<HMe YCKOpeHH51 npo

TOHOB H peJI51THBHCTCKHX ~ep C 3HeprHeli ~0 He

CKOJlbKHX f3B/HyKJlOH; 

- ¢a30TpOHe B peX<HMe yCKOpeHH51 H BbiB0~3 

rry4Ka npoTOHOB c 3HepmeH: ~o 660 M3B; 

- IJ;HKJIOTpOH3X Y-200 H Y -400 B p eX<HM3X 

YCKOpeHHSI H BbiBOA3 HOHOB C ::meprH SIMH AO 

20 M3B/HyKJioH; 

.- MHKpoTpoHe MT-25 H3 3HeprniO 3JieKTPOHOB 

25 M3B; 

- CHJibHOT04HbiX yCKOpHTeJlSIX 3JieKTp OHOB H3 

3HepmH OT HeCKOJibKHX K3B AO 16 M3B; 

- IlpH IlpOBe}:leHHH p360T C p3~H03KTHBHbiMH 
Bem;eCTs3MH H ~pyrHMH HCT04HHK3MH HOHH 3HpyiO

lll,HX H3Jiy4eHHH. 

IJpoBe]:leHbl nepBbie H3MepeHHSI p3~H3IJ;HOHHOH 

OOcT3HOBKH BOKpyr Hosoro IJ;HKJIOTpOH3 M U. -400 B 

peX<HMe YCKOpeHHSI Sl}:lep reJlHSI ~0 3HeprHH 

30 M3B/HyKJIOH. 

11TOrH KOHTpOJISI p3~H3IJ;HOHHOH 06CT3 HOBKI1 11 

11H~HBH~Y3JibHbiX A03 BHelliHero 06JlyY:eHI1SI nepCO

HaJI3 B 30H3X pa~H3IJ;HOHHOI'O B03~eHCTBI1SI IIOK333-

JIH, 'ITO ro~osoH: yposeHb o6ny4eHHSI rrepcoH3Jl3 H 

HaCeJieHHSI He rrpeBbiCHJI HH rrpeAeJlbHO ~OIIYCTHMbiX 

A03, HH rrpeAeJIOB A03. K KOHIJ;Y 1991 ro~3 H3 HHAH

BH~YaJibHOM ~o3HMeTpH'IeCKOM KOHTpone s 011.SH1 

COCTOSIJIO 2479 4eJIOBeK, H3 HHX 170 COTPYAHHKOB, 

IIpHKOM3H~HpOB3HHbiX K 011.5111 H3 CTOpOHHHX opra

HH33IJ;HH. ro~OBaSI ~033 o6Jiyl.JeHHSI y 100 % COTPYA

HHKOB, p300T3lOlliHX B pa~H3ll;HOHHO-Bpe}:lHhiX yCJlO

BHSIX Tpy~a, He rrpeBhlCHJI3 15 M3B ( 1,5 63p) , .'ITO HI1-

X<e pern3MeHTHposaHHOii senH'II1Hbi. C peAHSISI 

3¢q,eKTI1BH3SI ~033 06Jly4eHHSI B OKpyX<3IOID;eH cpe

~e OT Sl~epHO-¢H3H4eCKHX YCT3HOBOK 11HCTI1TYT3 

COCT3BJIS!eT OKOJlO 0,02 M3B B I'OA Ha OAHOrO X<HTeJlSI 
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ropoA3, 'ITO He rrpeshlmaeT ABYX rrpou;eHTOB OT rrpH

POAHOH A03hl paAH3IJ;HH; p3~HoaKTHBHOCTb BHemHeH: 

cpeAhl B paH:oHe pacrroJioX<eHH51 011.5111 no pe3yJihT3-

TaM KOHTpOJISI II04Bbl, paCTHTeJibHOCTH H BO~bl ooyc

JIOBJieHa HaJIHl.JHeM B HeH ecTeCTBeHHhlX pa~H03K

THBHbiX 3JieMeHTOB H npOAYKTOB rJio6aJibHhlX Bhlrra

AeHHH, Ha ¢oHe KOTOpbiX BKJiaA pa60Thl YCT3HOBOK 

11HCTHTyTa B 3arpS13HeHHOCTb OKpyX<3IOID;eH cpe}:lbl 

He o6HapyX<eH. 

C u,eJLbfO pa3aumuJL u coaeputeH.cmaoaaH.uJL 
cpeiJcma paiJuoaiCmUOHOZO KOHmpOJLJl MOAepHH-

3HpOB3Ha aBTOM3TH3HpOB3HH3SI CHCTeM3 p3AH3-

IJ;HOHHOI'O KOHTpOJISI (ACPK) CHHxpo¢a30TpOH3 C 

3aMeHOH 43CTH K3H3JlOB pemcTpan;HH HeHTpO

HOB Ha cospeMeHHbie. CAaH B orrhiTHYlO 3KcrrnyaT3-

IJ;HlO rrycKosoH: MHHHMYM ACPK Ha IJ;HKJIOTpoHe 

MU,-400. 

B o6JLacmu paiJuau,uoH.HbLX uccJLeiJoaaH.uu rrpo

BeAeHbi KOMIIJieKCHbie H3MepeHHSI X3p3KTepHCTI1K 

OIIOpHbiX IIOJieH raMMa-HeHTpoHHOI'O H3Jly4eHHSI CO

BMeCTHO c COTPYAHHK3MH 11Cl>B3 11 11.51 (CsepK, 

TIP). Ilony4HJ1H A3JibHei1rnee pa3BI1THe MeTOAbi 

CIIeKTpOMeTp11H HeHTpOHOB lliHpOKOI'O 3HepreTHY:e

CKOI'O AHarr33oHa [ 1 ]. BbiiiOJIHeH 3HaJIH3 ABOHHbiX 

AH¢¢epeHIJ;H3JibHbiX CeY:eHHH o6pa30B3HHSI HeHTpO

HOB H rrpOTOHOB B S!ApO-S!AepHbiX B3311MOAeHCTBHSIX, 

KOTOpbie OIIHC3Hbl B aH3JlHTI14eCKOH ¢opMe C n;eJlbiO 

IIpOrH03HpOB3HHSI paAH3IJ;HOHHOH o6CT3HOBKI1 H 33-

llJHTbl H3 ycKopHTeJlSIX T51X<eJibiX HOHOB [2]. CncTe

MaTH3HposaHbi pe3yJlbT3Tbl MHOI'OJleTHHX H3Mepe

HHH P3AHan;HOHHOi1 o6cTaHOBKH s 1I.y6He; BbiSIBJleH 

BKJ13A p33JlH4HbiX HCT04:HI1KOB B CYMMapHbiH yrnep6 

3AOPOBbiO X<HTeJieH. 11CT04:HHKH HOHH3HpyiOllJHX 

H3JlyY:eHI1H 0115111 BHOCSIT OKOJlO Y:eTbipex npon;eH

TOB OT cyMM3pHoi1 3¢¢eKTHBHOH A03bi rrpnpOAHbiX 11 

MeAHIJ;HHCKHX HCTOY:HHKOB H3JlyY:e.HHH; BpeA OT HHX 

MHOI'O MeHbllie BpeAa OT KypeHHSI CHrapeT (3]. 

JII1TEPATYPA 

1. AJLetlHuKoa B.£. u iJp. - 0115111, P16-91-177, 
,lf,y61W, 1991. 

2. KOMO•tiCOO M.M. - 0115111, P16-91-107, ,lf,y6-
l!a, 1991. 

3. KOMO•tKOa M.M. - 0115111, P16-91-459, ,lf,y6-
lta, 1991. 



OIIbiTHOE IIPOH3BO,ll;CTBO 

TpyAHOCTH c ~HHaHcHpoBaHHeM AeRTeRbHOCTH 

VlHCTHTyTa npHBMH B 1991 «lAY K pe3KOMY COKpa

~eHHIO KORH"lleCTBa 3aKa3oB B OnhiTHoe npoH3BOA

CTBO OT RaoopaTOpHH H Apymx nOApa3AMeHHH 

011.5111. 

n o 3aKa3aM Jla6opaTOpHH BbiCOKHX 3HepmH 6hi

RO H3I'OTOBReHO 2 yllaCTKa BbiBOAa nyl!Ka, no 3 yqa

CTKa RHH3 «<1>>> H <<LJ.» H nOACTaBKa ARR RHH3. TeM Ca

MbiM 3aBepmeHbl pa6oThl no H3I'OTOBReHHIO Y3ROB 

HYKROTpoHa. 

B l.(exe onbiTHOro npOH3B0/1CTBa OH.SIH Ha'!aJI pa6oTaTb ropH30HT3JibHO- pacTO'IHOH craHOK nOBbl

weHHOH TO'IHOCTH «W-160,. (llC<l>P). Ha CHHMKe: COTPYI1HHKH uon- Y'l3CTHI1KH c6opKH CT3HK3 

@IHDDR 
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npo;(OJI)I(aJIHCb pa6oThl no BhmycKy y3nos MSI 

ycKopHTeJISI Y -400M (JlSIP). nblJio H3roTOBJieHo 4 

KOMITJieKTa MO~HblX OKoHe'IHblX KacKa;(OB B II-reHe

paTopa, ;(eTaJIH BO;(OOXJia)l(;(eHHSI, 2 MarHHTOITpOBO

;(a H 6 KaTymeK ;(JISI MarHHTOB .[l;-35 . .[I;JISI ycTa HOBKH 

<l>OEOC, C03;(asaeMoH: s 3TOH )l(e na6opaTopl m, H3-

roTOBJieHhi MaJiblH IT03HD;HOHHO-'IYBCTBHTeJibHbiH 

C'leT'IHK, ra30BO-BaKyyMHaSI CHCTeMa, KOJibD;O C CeT

KOH <l>pHma, ;(ep)l(aTeJib, pemeTKa H ;(p. 

no 3aKa3aM 0T;(eJia npHKJia;(HOH Sl;(epHOH li>H-

3HKH HaJia)l(eHo npoH3BO;(CTBO y3nos pa3JIH'IHhiX 

!PHJihTPYIO~Hx ycraHOBOK. Bhlny~eHo 12 O;(HO

rraTpoHHbiX H 7 TpexnaTpOHHblX ycTaHOBOK ;(JISI 

!PHJibTpa:u;HH )I(H;(KOCTH, 20 li>HJibTpO;(ep)l(aTCJieH H 

150 ycTaHOBOK C li>HJibTpyiO~eH ITOBepXHOCTbiO 

100cM
2• 

.[I;JISI Jla6opaTOpHH HeHTpoHHOH li>H3HKH 6hiJIH 

H3I"OTOBJieHbi 6 MO;(yJieH ;(OMHKa 3KCnepHM eHTa

TOpa; 3aiD;HTa pa36opHaSI, TeJie)I(Ka, ITJiaT!PopMa 

H ;(Ba TpaHCMHCCHOHHbiX BaJia ;(JISI ITO;(BH)I(HOro OT-
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pa)l(aTeJISI. 3asepmeHhi pa6oThl no y3JiaM HeH:Tpo

HOBO;(a. 

no 3aKa3y JICB3 6blJIO H3I"OTOBJieHO 63 MO;(YJISI 

;(peH:IPoBbiX TpyOOK, a ;(JISI JIB3 - 4 nponop:u;HO

HaJibHble KaMepbl. 

B HeCKOJibKO pa3 coKpaTHJICSI BhlnycK 6noKOB 

P3A H KOHCTPYKTHBOB ;(JISI HHx. EblJio H3roToBJie

HO OKOJIO 1150 illT. ITJiaT ne'laTHOI"O MOHTa)l(a, 570 

SI'IeeK KAMAK, 32 CTOHKH no;( KpeH:Tbi KAMAK, 23 

KpeH:Ta C HCTO'IHHKOM ITHTaHHSI H BeHroJIOKOM, 316 

6noKOB KAMAK H 24 npH6opa noHH)I(eHHSI HanpSI

)I(eHHSI. 

B o6nacTH pa3BHTHSI TexHOJIOm'leCKHX H npoH3-

BO;(CTBeHHbiX B03MO)I(HOCTeH: OnbiTHOro npoH3BO;(

CTBa 3HaLJ:HTeJibHbiM !PaKTOM SIBJISieTCSI MOHTa)l( H 

BBO;( B 3KCDJiyaTaD;HIO 60JibillOI"O paCTO'IHOI"O CTaHKa 

«W-160» npoH3BO;(CTBa IIC<l>P. npHMeLJ:aTeJibHO To, 

'ITO snepsble see pa6oTbl 6blJIH BbiiTOJIHeHhl cne:u;Ha

JIHCTaMH OnbiTHOro npoH3BO;(CTBa 6e3 npHBJieLJ:eHHSI 

cne:u;HaJIHCTOB H3 IIC<l>P. 



HAY~HAR M H~OPMA~MR 

• 



H3M TR71bCKHH OT,li.FJI 

B 1991 I"OAY H3A3TeJibCKHH OTAeJI 0 11.5111 Bbl

nyCTHJI B CBeT 602 H3HMeHOB3HH51 CoOOIIJ;eHHH H 

npenpHHTOB 011.5111. 113A3HO 219 CJiy)Ke6HbiX MaTe

pHaJIOB. 

BhiiiiJIH H3 nel.faTH 14 c6opHHKOB TPYAOB pa3-

JIHI.fHbiX KOH<f>epeHU,HH, IIIKOJI H COBeiiJ;aHHH, Opra

HH30B3HHbiX 011.5111, 6yKJieTOB o6 011.5111. CpeAH 

HHx: ABYXTOMHHK TPYAOB VI Me)KAyHapoAHOH IIIKO

Jibl no HeiiTpoHHOH <f>u3HKe; TpyAbl III c eMHHapa 

«fpaBHT3U,HOHH351 :mepmx H rpaBHT3U,HOHHble BOJI

Hbl»; Me~yHapoAHOH IIIKOJibl «Cl>H3HK3 CJia6biX 

B33HMOAencTBHH npH HH3KHX 3Hepruxx»; IX Me)K

AYHapoAHOro coseiD.aHHx no npo6JieMaM KBaHTosoH: 

TeOpHH nOJIX. 

B 1991 roAy H3AaHo 5 c6opHHKOB "KpaTKHx co

o6IIJ;eHun 011.5111", B KOTOpbiX ony6JIHKOB3HO 30 
CTaTeH, COAep)K31II.HX OpHrHH3JlbHble H3YI.fHble, Ha-

Yl.fHO-TexHHI.fecKHe, MeTOAHt.JeCKHe H npHKJI3AHhle 

pe3y JlbT3Tbl. 

llpoAOJI)KaJICX BblnycK HH<f>opMaU,HOHHOro 6IOJI

JieTeH51 "HOBOCTH 011.5111", KOTOpbiH npHOOpeTaeT 

see OOJibiiiYIO nonyJixpHOCTb B Kpyrax Hayl.fHOH o6-

IIJ;eCTBeHHOCTH. BhlllleJI B cseT cneu,uanbHbiH BhlnycK 

6roJIJieTeHx, nocsxiiJ;eHHbiH COTPYAHHI.feCTBY yl.feHbiX 

Jla6opaTOpHH TeopeTHI.feCKOH <f>H3HKH C <f>H3HK3MH 

u3 <I>Pr. 
B peAaKu,uu )KypHanoB, Ha pa3JIH1.JHble KOH<f>e

peHu,uu, CHMn03HYMb1, COBeiiJ;3HH51 H IIIKOJibl, npoBO

AHBIIIHeCX KaK B cTpaHax-yl.faCTHHu,ax, TaK u B APY

rux CTpaHaX, H3A3TeJibCKHM OTAeJIOM 6biJIO HanpaB

JieHO 6oJiee 700 craTen H AOKJiaAOB, coAep)KaiiJ;HX 

pe3yJibT3Tbl pa6oT yl.feHbiX ,lJ,y6Hbl. CTaTbH COTPYA

HHKOB 011.5111 ny6JIHKOBaJIHCb B T3KHX )KypHaJiaX, 

K3K ")KypHaJI 3KCnepHMeHTaJibHOH H TeopeTHI.fe-

B 1991 roJzy 8 H3AaTeJibCKOM OTAene 6blJJ OC80eH KOMnbiOTepHbiH Ha6op, 11 PliA H3AaHHi1- «OTt~eT o AeliTeJJbHOCTH OKSUiaa 1990 roA~. 
•KpaTKHe coo6~eHHll OIUIH~. 610JJJJeTeHH «H080CTH~, 6yKJJeT o6 OIUIH- 6biJJ Ha6paH Ha KOMnbiOTepe 8 nporpaMMe BeHrypa. 

Ha CHHMKe: 8 Ha6opHOM OTAeJJeHHH H3AaTeJJbCKOI'O OTAeJJa 
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CKOH <fJH3HKH", "TeopeTH4ecKaSI H MaTeMaTH4ecKaSI 

ci>H3HKa", "npH60pb1 H TeXHHKa 3KCnepHMeHTa", 

".$JJ.(epHaSI <fJH3HKa", "<l>H3HKa 3JieMeHTapHbiX 4aC

THU. H aTOMHOI'O SIJ.(pa", "CsepxnpOBOJ.(HMOCTb: <fJH-

3HKa, XHMHSI, TeXHHKa", "Journal of Physics", 

"Physics Letters", "Zeitschrift fur Physik", 

"Nuclear Physics", "Nuclear Instruments and 

Methods", "Europhysics Letters" HAP· 

B 44 cTpaHbi MHpa pacchiJiaJIHCh ny6JIHKaU.HH 

06heJ.(HHeHHOI'O HHCTHTyTa. 8 1991 I'OAY B CllH

CKe paCCbiJIKH ny6JIHKaU.HH nOSIBHJIOCb 4 HOBbiX aJ_(

peca. 

B Hay4HO-TexHH4eCKYIO 6H6JIHOTeKy 06heAH

HeHHoro HHCTHTyTa B 1991 r. llOCTYllHJIO B nopSIJ.(Ke 

o6MeHa 11986 ny6JIHKau.H.i1 H3 44 cTpaH, B TOM 4HCJie 

2801- H3 U,EPHa. B nopSI:J.(Ke o6MeHa )J(e B HTE 6ec-

HAyqHO-TEXHllqECKMI BMBJlliOTEKA 

B 1991 roAy 411CJIO 411TaTeJiel1 Hay4HO-TexHI14e

CKOH 6116JII10TeKI1 11 ee qmJII1aJios cocTaBI1JIO 4573 
4eJioseKa. KoJII14ecTso BhiAaHHOH 3a roA JII1TepaTy

pbi 11 npOCMOTpeHHOH Ha BbiCTaBKaX HOBbiX nOCTyn

JieHI1H COCTaBI1JIO 6oJiee 210 TbiC. 3K3. no 3a5lBKaM 

411TaTeJieH nOJiy4eHO no Me)J(6116JII10Te4HOMY a6o

HeMeHTY (MEA) 1545 Ha11MeHosaHI1H. BhmOJIHeHo 

6oJiee 250 411TaTeJihCKI1X 3aSIBOK, noCTynHBllli1X 113 

6116J111oTeK APYrHx ropoAOB. 

no BCeM 11CT04HI1KaM KOMnJieKTOBaHI1SI (nO

KynKa , nOJ.(ni1CKa, KHI1I'006MeH) B 1991 I'OAY no

CTyni1JIO OKOJIO 15 TbiCSI4 3K3eMnJIS1pOB KHHr, npe

np11HTOB, nepHOJ.(H4eCKHX 113J.(aHI1H, B TOM 411CJie 

9 ThiCSI4 Ha HHOCTpaHHbiX Sl3hiKax. DpoAOJI)J(aJiaCb 

pa6oTa no 04HCTKe <PoHAa OT ycrapesrne.i1 JIHTe

paTyphi. 

Ha 1 SIHBapSI 1991 roAa 6116JII10Te4Hbi.i1 <PoHA co

CTaBHJI OKOJIO 410 TbiCSI4 3K3eMnJIS1pOB, 113 HI1X 6oJiee 

160 TbiCSI4- Ha HHOCTpaHHbiX Sl3biKaX. 

Bee nocrynHBlllHe H3AaHHSI csoespeMeHHO o6pa -

6aThiBaJIHCh H OTpa)J(aJII1Cb B U.eHTpaJibHOM KaTaJiore 

H B KaTaJiorax <fJI1JIHaJIOB. KaTaJiorH nonoJIHHJII1Cb 

1437 5 KapTOtiKaMH Ha HOBbie llOCTynJICHHSI, 113'MITO 

6oJiee 16 TbiCSI4 KapT04CK. 

DonOJIHHJIHCb HOBblMH ny6JIHKaU.HSIMH TeMaTI1-

4eCKHe KapTOTeKI1, J.(06aBJICHO 19310 KapT04eK. 

KapToTeKa ny6JIHKaU.H.i1 COTPYAHHKOB 11HCTI1TyTa 

nonOJIHHJiaCb 3110 KapT04KaMH . 

DOJ.(I'OTOBJICH C npHMeHCH11eM nepCOHaJibHOH 

3BM H H3J.(aH "YKa3aTeJih pa6oT COTPYAHHKOB 

011.5111 3a 1 990 roA" . 

E)J(eHeAe.JlbHO BhmycKaJIHCb 3Kcnpecc-6IOJIJieTe

HH "KHHrH", "CTaThH", "n penpHHThi". Bhinyi.LI.eHo 

nJiaTHO llOCTynaeT _130 HaHMCHOBaHHH Hay4HblX 

)J(ypHaJIOB H3 38 CTpaH. 

O nepaTHBHOMY HH<fJopMHposaHHlO 4HTaTeJieH: 

Hay4 HO-TeXHH4eCKOH 6H6JIHOTCKH 0 HOBbiX nocTyn

JieHHSIX CJiy)J(aT BblllYCKaeMblC H3J.(aTeJibCKHM OTJ_(C

JIOM 3Kcnpecc-6roJIJieTeHH HTB H naTeHTHoro oT,o;e

Jia. Y BH.D;eJI CBCT Tpa.D;HU:HOHHbiH C)J(CfO.D;HbiH "BH6-

JIHOr pa<fJH4eCKHH yKa3aTeJib pa6oT coTpy,o;HHKOB 

OJ.151 l13a 1990 r." H "0T4eT o ,o;eSITeJibHOCTH OJ.151J.1 

3a 1990 r.". 

l13J.(aTeJibCKHM OT.D;eJIOM BblllOJIHSIJIHCb MHOro-

4HCJICHHble 3aKa3bl Jia6opaTOpHH Ha KCepoKOllHpo

BaHHC. LI,JISI o6pa60TKH 3KCnepHMeHTaJibHOH HH<fJop

MaU:IfH H Apymx u:eJieH: oTne4aTaHo OKOJIO 260 ThiCSI4 

pa3JIH4Hblx 6JiaHKos. BHnoJIHeHo oKoJio 3 THCSI4 3a

Ka3os Ha nepenJieTHhie pa6oT~. 

156 OMCpOB, BKJII04HBillHX HH<fJOpMaU:HlO 0 21023 
Ha3B HHSIX. 

E )J(eHe,o;eJibHO o6HoBJISIJIHCb BhiCTaBKH HOBhiX 

llOCTy nJieHHH KHHr, npenpHHTOB, Ha KOTOpbiX npe,o;

CTaBJieHO 12047 HaHMeHOBaHHH. 

E hiJIO opraHH3oBaHo nSITb TeMaTH4CCKHX BbiCTa-

BOK. 

OEM EH 113LI,AHJ.151Ml1 

B cero 3a 1991 roA s Hay4HO-TexHH4ecKyro 6H6-

JIHoTeKy 0115111 nocrynHJIO B nopS~.D;Ke o6MeHa 

1198 ny6JIHKaU.HH 113 44 CTpaH, B TOM 4HCJie H3 

U,EPH - 2801. B nopSI,o;Ke o6MeHa B HTB 6ecnJiaT

HO llOCTynaiOT Hay4Hbie )J(ypHaJibl 113 38 CTpaH (130 
Ha3Ba HHH) . 

K oHKpeTHoe KOJIH4eCTBO nocTynJieHHH noKa3bl

saeT CJIC.D;YIOI.LI.aSI Ta6JIHU.a: 

HaHMeHosaHHe OpenpHHThi )l(ypHaJibl KHHrH 

CTQaH 

CmpaHbt-y•tacmHUU,bL 

EoJira p11S1 3 
BeHrp HSI 37 4 1 
OoJih llla 90 1 2 
PyMhiHHSI 22 3 
CHr 3054 19 31 
l.Jex - CJIOB3KHSI 7 9 

Bcero: 3282 42 34 
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HaHMeHoBaHHe flperrpHHThl )l(ypH<l.llbl KHHrH HaHMeHoBaHHe flperrpHHThl )l(ypHanhl KHHrH 
CT aH CTQaH 

~pyzue cmpaH.bt KoJiyM6H51 12 
u .MexiJynapoiJH.bte opzaHU3al{UU Kope51 2 

MAfAT3 - 1 27 

ABcTpanH51 52 - - MeKCHKa 7 
ABcTpH51 38 - - HHAepJiaHAhl 49 
ApreHTHHa 2 - - HopBerH51 12 
BeJihrH51 22 - - llopTyraJIH51 5 

Bpa3HJIH51 72 - - CIIlA 2165 7 26 

BeJIHKo6pHTaHH51 202 - - Typi.J;H51 2 
fepMaHH51 949 7 13 <l>HHJI51HAH51 61 
fpeu;H5I 6 - - <l>paHI.J;H51 525 3 2 

,lJ,aHH51 8 - - lilBeHu;apH51 155 

lhpaHJib 19 - - U:EPH 2801 6 19 

11HAH51 56 5 - lilBei.J;H51 68 
11 pJiaHAH51 18 - - I0roCJiaBH51 - 2 
11CJiaHAH51 1 - - IOAP 6 1 
11crraHH51 107 - - .51rrOHH51 699 3 18 
11TanH51 489 1 5 Bcero: 8704 38 111 
KaHaAa 126 - - 06mee 
KHTaH 40 1 1 KOJIHlleCTBO: 11986 

ITA TEHTHbiH OT~EJI 

3AIU11TA PAU:110HAJI113ATOPCK11E llPE,ll,JI0)1(EH11.sl 

floJiylleHO IIOJIO)I(HTeJibHbiX peweHHH nq 3a51BKaM Ha.H306peTeHH51 

11COOJlb30BaHO H306peTeHHH B yCTaHOBKaX 011.5111 

1111CllOJih30BAH11E 1130BPETEH11ti 

11cnOJib30BaHO B 011.5111 pai.J;HOHaJIH3aTOpCKHX npeAJIO)I(eHHH 

3KOHOMHlleCKHH 3¢¢eKT OT HCOOJlb30BaHH51 H306peTeHHH 
H paiJ;HOHaJIH3aTOpCKHX npe.llJIO)I(eHHH (TbiC. py6) 
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AAMMHMCTPATM BHO· 
X03HMCTBEHHAH 
AEHTEnbHOCTb 



KA.[(Pbl 

tiuCJieuuocTb COTPYAHHKOB OtTheAHHeuuoro uu
CTHTyTa SIAepHbiX HCCJieAOB3HHH Ha 31 AeKa6pS1 
1991 I'OA3 COCT3BHJI3 6865 lleJIOBeK. 

PacnpeAeJieuue no KaTeropHSIM noKa3auo s Ta6-

JIHIJ.e. 
B OtTheAHHeHHOM HHCTHTyTe SIAepuhix ucCJie

AOBaHHH pa6oTaiOT 3 aKaAeMHKa: A.M .EaJIAHH, 
.[(.Kum, E.M.llouTeKopso; 7 l{Jieuos-Koppecnou
AeHTOB aKaAeMHH uayK: B.ll.J],)KeJienos, M.3sapa, 
B.r.KaAblmescKuii, M.r.MemepSIKos, P.M.A.Mup
KacuMos, IO.ll,.OrauecSIH, JJ,.B.lllupKos; 3 Aou.euTa; 
191 AOKTOp uayK; 618 K3HAHA3TOB uayK. 

B 1991 roAy s OM5H1 npHHSITO 580 lleJioseK: 
H3YliHbiX pa60THHKOB - 151 
cneu.uaJIHCTOB - 102 

KaTeropHSI pa6oTHHKOB 

paOO'IHX 
ylleHHKOB 
CJiy)Kamux 
MJiaAmero 
o6CJiy)KHBaiOmero 

302 
12 
6 

nepcoua11a - 7 
YsoJieuo 3a 3TOT nepHOA s CBSI3H c OKOH'IaHH

eM cpoKa pa6oThl H no APYrHM npHliHHaM 907 lle
JioseK. B Telleuue roAa npucsoeubl ylleHhle 3BaHHSI 
'IJieua-KoppecnouAeHTa aKaAeMHH uayK OAHOMY co
TPYAHHKY, npo¢eccopa - 11, CTapwero uay'IHO
ro COTPYAHHKa - 6, MJiaAmero uaylluoro COTPYA
HHKa- 6. 

3amHTHJIH K3HAHA3TCKHe AHCCePT3U.HH 8 CO
TPYAHHKOB, AOKTOpCKHe - 11. 

l.JHCJieHHOCTb 

Jl300p3TOpHSIX B np0113BOACTBeHHbiX scero 

H yngasJieHHH n0,1![!33,1!eJieHHSIX 

Haylluble pa6oTHHKH 1330 4 1334 
Cneu.uaJIHCTbl 1846 450 2296 
Pa6ollue 1704 1370 3074 
YlleHHKH 3 5 8 
CJiy)Kamue 27 79 106 . 
MJiaAmHH o6CJiy)KHBaiOmHH nepcouaJI 2 45 47 
I-1Toro 4912 1953 6865 
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<J>WHAHCOBA51 )1.E51TEJlbHOCTb 

KoMJiTCT DoJIHOMO'IHhiX DpeACTaBHTeJieif npa

BHTeJibCTB rocyAapCTB - 'IJICHOB 0115JJ1 AJI.II npose

ACHH.II Hay'IHO-HCCJICAOBaTCJibCKHX pa6oT, COOpy)f(e

HH.II 6a30BbiX ycTauosox " APYrHx 3aTpaT, CB.II3aH

HhiX C AC.IITCJibHOCTbiO J1HCTHTyTa, Ha 1991 T'OA 

yTBCPAHJI 610A)f(CT s cyMMe 29173,0 ThiC. AOJIJI. 

CiliA. <J>aKTH'ICCKHe pacXOAhi 3a roA cocTaBHJIH 

29173,0 TbiC. AOJIJI. CiliA, HJIH 100% no OTHOIIICHHIO 

K T'OAOBbiM aCCHrHOBaHH.IIM. 

D po6JieMHO-TeMaTH4CCKHH nJiaH uayquo-Hc

CJICAOBaTCJihCKHX paOOT 00bCAHHCHHOro HHCTHTyTa 

.IIACPHhiX HCCJICAOBaHHH 3a 1991 rQA BhlnOJIHCH B 

nOJIH M oObCMC KaK B CMCTHOH CTOHMOCTH, TaK H llO 

HOMe KJiaType. PacnpeAeJieHHe 610A)f(CTa no pa3Ae

JiaM n pHBCACHO B Ta6JIHI.J;C. 

K oJIH'ICCTBO BhlnOJIH.IICMhiX TCM B 1991 roAy 6hi

JIO 126 npOTHB 113 B 1990 rQAY. 

HaHMeuosaHHe pa3AeJia AccHrHoBaHH.II <J>aKTH'ICCKHC % K nJiaHy 

Ha T'OA, paCXOAbl 3a roA, 

MJIH. AOJIJI. C iliA MJIH. AOJIJI. CiliA 

I. AJ\MHHHCTp3THBHO-ynpaBJICH4CCKHC 

paCXOAbl 0,9 0,9 100% 

II. Hay4HO-npoH3BOACTBCHHa.ll 

AC.IITCJibHOCTb 23,9 23,9 100% 

J1TOT'O no OCHOBHOH AC.IITCJibHOCTH 24,8 24,8 100% 

Ill. Coopy)f(eHHe 6a30BhiX ycTaHosox 4,3 4,3 100% 

Bcero 29,1 29,1 100% 

HouoCTpOHKH .ll,y6ttbl 
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COOPYXEHHE BA30BbiX YCTAHOBOK 

3aTpaThl no CTpOHTeJihCTBY 6a30Bb1X y cTaHOBOK xapaKTepH3YIOTC51 CJieAyiOIIJ;HMH AaHHbiMH: 

CTpyKTypa KanHTaJihHhiX BJIO)I(eHHH foAOBOH nJiaH, <l>aKTH4eCKOe % K nJiaHy 

TbiC. AOJIJI. CiliA BblllOJIHeHHe, 

TbiC. AOJIJI. CiliA 

I. Bcero KanHTaJihHhiX BJIO)I(eHHH 4298,6 4316,4 100,4% 

B TOM 4HCJie: 

1. CTpOHTeJibHo-MOHTa)I(Hhle pa6oThl 1204,1 597,2 49,6% 

2. 06opyAOBaHHe 2406,4 2568,7 106,7% 

3. I1p04He pa60Tbl H 3aTpaThl 688,1 1150,5 167,2% 

II. BseAeHo B AeHCTBHe ocHOBHhiX cl>oHAOB 6432!5 4937!9 76 27% 

llPOH3BO.[(CTBEHHASI .[(ESITEJibHOCTb 

B COCTaB 06beAHHeHHOro HHCTHTyTa 5JAepHbiX HCCJieAOBaHHH BXOASIT npOH3BOACTBeHHbie, BCllOMOraTeJib

Hhle H 06CJiy)I(HBa!Oill,He llOApa3AeJieHH51 • .[(eSITeJibHOCTb 3THX llOApa3AeJieHHH xapaKTepH3yeTCSI OCHOBHbiMH 

llOKa3aTeJISIMH, npHBeAeHHbiMH B Ta6JIHU,e: 

II oKasa TeJIH fOAOBOH nJiaH <l>aKTH4eCKOe % BblllOJIHeHHSI 

BblllOJIHeHHe 

1. 06beM roTOBOH npOAYKU.HH, 

BblllOJIHeHHbiX pa60T H OKa3aHHbiX y CJiyr, 

MJIH.AOJIJI. CiliA 16,6 17,2 104,8% 

2. PesyJihTaT ci>HHaHcoso-xosSIIicTBeHHOH 

Ae51TeJihHOCTH, MJIH. AOJIJI. CiliA 0,4 1,9 475,0% 

3. 3aTpaThl Ha OAHH AOJIJiap BblllOJIHeHHbiX pa60T 

H OKa3aHHbiX yCJiyr (U,eHTbl) 0-98,6 0-93,3 

4. liHCJieHHOCTb .P_a60Ta!Oill,HX . 2161 1983 
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