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BBE,UEHHE 

1989 ro,n; HatiaJICH Heop,n;HHapHo. BnepBbie 

3a MHOrHe ro,n;bi coaemaHHe K oMHTeTa 
llOJIHOMOliHbiX llpe,n;CTaBHTeJieH COCTOHJIOCb 

17 - 18 HHBapH, a He B MapTe, KaK 06biliHO. 

llOCJie perneHHH pH,n;a Tpa,ll;H~HOHHbiX BOnpo
COB Kllll B CBH3H C HCTetieHHeM CpOKa nOJIHO· 

MOtiHH ,n;HpeKTopa H BH~e-,n;HpeKTopoa OHHH 

H36pan HOBylO ,ll;HpeK~HlO H Ha3HatiHJI aKa,n;e
MHKa AH CCCP H.H.Eoronw6oaa n otieTHhiM 

,n;HpeKTopoM OHHH cpoKOM Ha 5 neT, Bbipa3HB 

eMy rny6oKyJO 6naro,n;apHOCTb 3a MHoro

neTHJOJO H nJIO,!J;OTBOpHylO pa6oTy Ha nocTy 

,n;HpeKTopa HHCTHTyTa. 

,llpyraH xapaKTepHaH oco6eHHOCTb 3Toro 

ro,n;a - Mhi npHcTynHJIH K no,n;roTOBKe npoeKTa 

nHTHJieTHero nnaua pa3BHTHH OHHH Ha 1991 -

1995 rr. B ocHoay npoeKTa nHTHJieTHero 

nnaua 3aJIO:>KeHa HaytiHaH npo_rpaMMa, Bhmon

HeHHe KOTopoii no3BOJIHT HucTHTYTY no,n;

HHTLCH Ha KatiecTBeHHO HOBbiH ypoBeHb npoae

,n;eHHH cpyH,n;aMeHTaJibHbiX HCCJie,!J;OBaHHH no

cpe,n;CTBOM KOH~eHTp~HH yCHJIHH yqeHbiX Ha 

HaH6onee nepcneKTHBHhiX HanpaaneHHHx, liTO 

npe,n;nonaraeT 3aKpbiTHe ueKOTOpbiX TeM H 
6a30BbiX ycTauoaoK. O,n;HoapeMeHHO c aonpo

caMH 3aKpbiTHH pH,n;a HaytiHbiX Hanp aBJieHHH 

o6cy:>K,!J;aeTCH npo6JieMa CTpOHTeJibCTBa B )ly6-

He HOBOrO ycKOpHTeJihHOrO KOMnJieKCa -

3JieKTpoH-n03HTpOHHoro HaKonHTeJ'm. Coopy- · 

:>KeHHe TaKOrO KOMnJieKCa OTKpOeT HOBbie 

B03MO:>KHOCTH B pa6oTax no cpH3HKe 3JieMeH

TapHbiX tiaCTH~, aTOMHOrO H,ll;pa, cpH3HKe 

KOH,!J;eHCHpOBaHHbiX Cpe,n; H perneHHH IIlHpO

KOrO cneKTpa npHKJia,!J;HbiX 3a,!J;all. 

Eme o,n;Ha oco6eHHOCTL 1989 ro,n;a -

3TO pocTKH HOBOH noJIHTHKH, npoao,n;HMOH 

a CTpaHax-yqacTHH~ax OHHH, KOTOpLxe MoryT 

3aMeTHO nOBJIHHTb Ha BeCb yKJia,!J; :>KH3HH 

HHCTHTyTa, Ha coaeprneHCTBOBaHHe ero HaytiHo

TeXHHtiecKoro noTeH~Hana H pa3BHTHe ero 

CO~HaJibHOH ccpepbl. 
qTO KacaeTCH HaH60Jiee Ba:>KHbiX HTOrOB 

BblllOJIHeHHH nporpaMMbl HaytiHO·HCCJie,!J;OBa-
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TeJILCKoii ,n;eHTeJILHOCTH OHHH 3a 1989 ro,n;, 

TO MO:>KHO OTMeTHTb CJie,n;yJOmee. 
Pa6oThi npoao,n;HJIHCL no 39 HaytiHLIM 

HanpaBJieHHHM, BKJilOllaJOmHM 91 TeMy. llo 
BCeM TeMaM ocymeCTBJIHJIOCb IIlHpOKOe CO

Tpy,n;HHtieCTBO C HaytiHbiMH ~eHTpaMH CTpaH
ytiaCTHH~ HHCTHTyTa, a no 23 TeMaM - c Me:>K

,n;yHapo,n;HhiMH H Ha~HOHaJibHbiMH HaytiHhiMH 
opraHH3a~HHMH ,n;pyrHX CTpaH. rnaBHbie npHO

pHTeThl HMeJIH pa60Tbl: "Pa3pa60TKa H HCCJie

,!J;OBaHHe CBepxnpOBO,!J;HmHX CHCTeM C Mar

HHTHbiM nOJieM, cpopMHpyeMbiM :>KeJie30M" 

(npoeKT "HyKJIOTpOH"), "Pa3BHTHe H COBep

rneHCTBOBaHHe KOMnneKca HBP-2", "Pa3BH

THe ,n;eHCTBYlOmHX ycKOpHTeJieH H C03,!1;aHHe 

~KJIOTpOHHoro KOMnneKca Y-400 + Y-400M", 

"Pa3BHTHe cpe,n;CTB BblliHCJIHTeJibHOH TeXHHKH 

H MaTeMaTHtiecKoro o6ecnetieHHH 6a30Bhix 

BhitiHCJIHTeJibHhiX MaiilHH. Co3,n;auHe H pa3-

BHTHe CeTH 3BM H TepMHHaJIOB". 

C 1984 ro,n;a B OHHH aKTHBHO IIlJIH pa60Thi 

no no,n;rOTOBKe 3KCnepHMeHTa ,llEJI<l>lf Ha 

3JieKTpoH-n03HTpOHHOM Konnaii,n;epe LEP 

:U:EPHa. B aarycTe Ha LEP 6Lm npoae,n;eH 

npo6HbiH ceaHc no Ha6opy cTaTHCTHKH. Ceii

qac y:>~<e ony6nHKOBaHhi nepaLxe cpH3HtieCKHe 

,n;auHLie o Macce H rnHpHHe zo -6o3oHa. BLmon

HeHHhie H3MepeHHH n03BOJIHJIH BnepBbie Onpe

,n;eJIHTb (B paMKaX CTaH,ll;apTHOH MO,!J;eJIH) 

liHCJIO nOKOJieHHH JierKHX HeHTpHHO. 3TOT 

pe3yJibTaT, nonytieHHhlli Konna6opa~Heii cpH-

3HKOB OHHH H :U:EPHa, HMeeT cpyH,n;aMeHTaJib

Hoe 3HatieHHe ,!J;JIH COBpeMeHHOH cpH3HKH. 
B Jia6opaTopHH BhiCOKHX 3HeprHii CMOH

THpoaau OKTaHT (1/8 llaCTb) KOJIL~a HYKJIO

TpOHa (,n;JIHHOH 6onee 30 M) , KOTOpbiH OXJia:>K
,n;eH ,n;o TeMnepaTyphi 4,7 K H HCnhiTaH B pe

:>KHMe 3anHTKH 3JieMeHTOB pa60tiHM TOKOM. 

B coaMeCTHOM 3KcnepHMeHTe cpH3HKOB 

Jia6opaTopHH H,n;epHbiX npo6neM OHHH -

H<t>B3 - HHHH<l> MrY H3MepeHa oTHOCHTeJib

HaH aepoHTHOCTL o6pa30BaHHH ynbTpapenHTH

BHCTCKHX aTOMOB n03HTpOHHH B pacna,n;e 



1r 0 + r + A2 e. Pa6oTa rrpOBO.ZJ;HJiaCL Ha ycKo

pHTeJie J1<1>B3 (llpOTBHHO) rrpH B3aHMO,ne:H

CTBHH IIpOTOHOB C 3HeprHeH 70 r3B C BHyTpeH

HeH MHUJeHLIO H3 yrnepo,na. 

CepHR coBMecTHbiX 3KcrrepHMeHTOB Jia-

6opaTopHH .fl,nepHbiX pea~HH 011HI1 H r AHI1JI 

BLinOJIHeHa B H~oHanLHo:H na6opaTopHH 

rAHI1JI (KaH, <l>paH~H.fl). B peaK~H.fiX B3aHMO

)l;eHCTBH.fl HOHOB KaJib~.fl C .fl.ZJ;paMH HHKeJI.fl 

H TaHTaJia CHHTe3HpOBaHbi HOBbie HeHTpOHO

H36biTOI.IHbie HyKJIH.ZJ;bi, orrpe,neJieHbi pa,nHyCbi 

pa)l;HOaKTHBHbiX .fl.ZJ;ep, YCTaHOBJieHbi HOBbie 

<lJu3nqecKne 3aKoHoMepHOCTH. B pe3yJILTaTe 

pa3BHTH.fl .fl.ZJ;epHbiX MeTO.ZJ;OB .ZJ;JI.fl IIpOH3BO.ZJ;

CTBa TpeKOBbiX MeM6paH C HOBbiMH CTpyK

TypHbiMH H XHMHqeCKHMH CBOHCTBaMH IIOJiy

qeHbi MeM6paHbi (R,nepHbie cPHJILTpbi) Ha 

ocHoBe rrporrHJieHa. 

Ha peaKTope 11EP-2 MeTo,noM yrrpyroro 

H Heyrrpyroro pacce.fiHH.fl HeHTpOHOB HCCJie

)l;OBaJIHCb CTpyKTypa, aTOMHa.fl H MarHHTHa.fl 

)l;HHaMHKa BbiCOKOTeMrrepaTypHbiX CBepxrrpo

BO.ZJ;HHKOB pa3JIHI.IHbiX KOMII03H~OHHbiX CO

CTaBOB . MeTo,noM He:HTpOHHo:H .nn<PpaK~H B 

peaJILHOM BpeMeHH BbiiiOJIHeHbi OpHrHHaJib-

Hbie H CCJie,ZJ;OBaHH.fl rrpo~ecca cPOPMHpOBaHH.fl 

csepxrrp oBo,n.fii.IJ;HX CTPYKTYP B BHCMYTOBbiX 

KepaMHKax. 

B UBK 011HI1 BBe,neHbi B 3KcrmyaT~ 

3BM V AX.-8350 H p. V AX-Il - OCHOBa rpa<l:>H

qecKoro ~eHTpa o6I.Qero Ha3HaqeHHR, a TaJOKe 

3BM EC-1037 rro.n yrrpasneHHeM orrep~OH

HOH cnc TeMbi BHPTYaJILHbix MarnnH; oHa BKJIIO

qeHa B JIOKaJibHYIO ceTL JINET. BbiiiOJIHeHbi 

pa60Tbi IIO 06oe,ZJ;HHeHHIO JIOKaJibHOH BbiqHC

JIHTeJILH OH ceTH JINET 11HCTHTYTa C Me)f(.ZJ;y

Hapo,nHOH rno6anbHOH ceTLIO : .[ly6Ha - opra

HH3~H CTpaH-yqacTHH~ 011HI1 H UEPHa. 

Ba)I(HbiM MeporrpHRTHeM, CB.fl3aHHbiM c 

KOH~eHTp~HeH cPHHaHCHpOBaHH.fl Hayi.IHOH rrpo

rpaMMbi 011HI1 Ha rrepcrreKTHBHbiX Harrpasne

HH.flx, .fiBHJIOCb BHe,npeHHe HOBOH CHCTeMbi 

• IIJiaHHPOBaHH.fl H cPHHaHCHpOBaHH.fl HI1P, qTo 

.ZJ;aJIO B 0 3MO:>KHOCTb OIIpe,neJIHTb IIpHOpHTeTbi 

H 3aHHTepeCOBaHHOCTb CTpaH-yqacTHH~ B Hayq

HbiX TeM ax. P.R,n TeM, He IIOJiyqHBUJHX .ZJ;OCTa

TOqHOH cPHHaHCOBOH rro.n,nep:>KKH, B IIJiaH 

1990 r o ,na BKJIIOqeHbi C COKpai.QeHHeM cPHHaH

CHpOBaHH.fl. ilpH 3TOM 6biJIH yqTeHbi TalOKe 

peKOMeH,n~HH KOHCyJILTaTHBHOH KOMHCCHH 

JJ;npeK~JI OH.RH, H36paHHaH Ha HHBapCKOH ceCCHH KoMHTeTa n onHOMO'IHbiX llpe1lCTaBHTeneif. .IlnpeKTOp -
aKau:teMHK .IJ; .KHw (BP) , B~e .. AHpeKropa - np<><Peccop A .H .CucaK.RH (CCCP), npo<t>eccop ,U .36epT (r.UP) • 
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3KCnepTOB no HaytrnOH nonHTHKe 0J1JU1, 

C03)l.aHHOH no HHHQHaTHBe )l.HpeKQHH lfHCTH

TyTa. L(n.fl pa60Thl B KOMHCCHH 6bmH npHrna

llleHhl BH)l.Hhle yqeHhie H3 pa3nHtrnhiX HayqHhiX 

QeHTpOB, He HMeJOI.UHe np.HMOH 3aHHTepeco

BaHHOCTH B coaMeCTHhiX pa6oTax c Olf.Hlf. 

MHeHHe KOMHCCHH H )l.HpeKQHH e)l.HHO: He-

~oUwJ 

06XO)l.HMO 3aKpbiTb He TOnbKO HeCKOnbKO 

HenepcneKTHBHhiX HaytrnhiX TeM, HO TaK:JKe 

HanpaaneHHH H 6a30BhiX ycTaHOBOK, qTo6hi 

cKOHQeHTpHpoaaTb ycHnHH yqeHhix 11HCTHTyTa 

Ha HaH6onee aKTyanbHhiX npo6neMax coape

MeHHOH <l>H3HKH C yqeTOM HHTepeCOB CTpaH

yqacTHHQ Olf.Hl1. 

.[(.KHIII 

.[(HpeKTOp 06'be)l.HHeHHOrO HHCTHTyTa 

.fl)l.epHhiX Hccne.u.oBaHHH 



PYKOBOAHlllME 
M KOHCYnbTATMBHbiE 
OPrAHbl OMHM . . 

. . 



)lE.RTEJihHOCTb PYKOBO)l.RlllMX 
M KOHCYJibTATMBHbiX OPrAHOB OM.RM 

17 - 18 .smaap.a 1989 r. B }J;y6He npoxonH
JIO coaew;aHHe KoMHTeTa IloJIHOMOlJHhiX Ilpen
CTaBHTeneu npaBHTeJihCTB rocynapcTB-QJieHOB 
06oenHHeHHOrO HHC'I'HTYTa .anepHbiX HCCJieno
BaHHH. KoMHTeT IloJIHOMOlJHhiX IlpeACTaBHTe
neu OTMeTHJI ycneUIHOe BbinOJIHeHHe B 1988 r. 
HaMetieHHOH nporpaMMbl HaytiHO-HCCJie,L\OBa
TeJibCKHX pa6oT C noJiytieHHeM BIDKHI>IX pe3yJih
TaTOB KaK $yH.n;aMeHTaJibHOrO, TaK H npHKJia,D;
HOrO xapaKTepa. 

KIIII yTaepnHJI nJiaH HaytiHhrx HCcnenoaa
HHH H Me:>K,D;yHapo,D;Horo coTpynHHtiecTBa Ha 
1989 r., nJiaHhi npoaeneHHH HaytiHhiX coaei.Qa
HHH H KOMaH,D;HpoBaHHH cne~HaJIHCTOB 011HH 
Ha Me:>K,D;yHaponHhie H H~OHaJibHbie KOH$e
peH~HH, COBew;aHHH, lliKOJibl B 1989 r., npH-
3HI!JI Heo6xonHMbiM Bbi,D;eJI.RTh, HatiHHaH C 
1990 r., Ha Me:>K,D;yHaponHoe COTpynHHtie
CTBO 5% CpenCTB OT OCHOBHOH ne.aTeJibHOCTH, 
HaMeTHJI rJiaBHbie HanpaBJieHHH neHTeJibHOCTH 
06oenHHeHHOrO HHCTHTyTa B 1989 r., B 
COOTBeTCTBHH C HaytiHbiMH 3anatiaMH, no
CTaBJieHHbiMH 65 ceccHen YtieHoro coaeTa 
O:IDII1. 

}J;HpeK~HH O:IDII1 6biJIO nopytieHo nonroTo
BHTh npoeKT ll.RTHJieTHero nJiaHa pa3BHTHH 11H
CTHTyTa Ha 1991 - 1995 rr. H npencTaBHTb 
ero Ha paCCMOTpeHHe HaytiHO-KOOp,D;HH~

OHHbiX COBeTOB· H 66 ceCCHH YtieHbro COBeTa • 
011.RI1. 

KoMHTeT IloJIHOMOtiHbrx IlpencTaBHTeneu 
ono6pHJI pa6oTy <l>HHaHCOBOro KOMHTeTa H 
KoHTpOJibHOH KOMHCCHH no paCCMOTpeHHIO H 
aHaJIH3Y $HHaHCOBO-X03HHCTBeHHOH n e.RTeJih
HOCTH J1HCTHTyTa H npyrHX $HHaHCOBbiX BO
npOCOB. Bbm yTaep:>K,D;eH oTtieT O:IDII1 o6 Hc
noJIHeHHH 6ron)l(eTa 3a 1987 r., npHH.RTO K cae
neHHIO C006w;eHHe nHpe~HH 11HCTHTyTa 06 HC
llOJIHeHHH 6ron)l(eTa 011.RI1 3a 1988 r. YTaep)l(
neHbi 6ron)l(eT 011HI1 Ha 1989 r., n oneabre 
B3HOCbl rocynapCTB-QJieHOB 11HCTHTyTa, nJiaH 
KanHTaJibHoro crpoHTeJihCTBa. KIIII cornacHJI
c.R C npe,D;JIO)I(eHHeM 0 nonOJIHHTeJihHOM $HHaH-
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CHpOBaHHH nepBOOtiepenHbiX 3KCnepHMeHTOB 
Ha YHK nyTeM ~eJieBbiX nocraaoK crpaHaMH
YtiaCTHH~aMH MaTepHanoa H o6opynoaaHH.R, He
o6xonHMhiX ,D;JI.fl C03naHHH KOHKpeTHbiX 3KCne
pHMeHTaJibHbiX yCTaHOBOK, npe,D;CTaBJI.fiiOW:HX 
OC06brH HHTepec nJI.R 3THX CTpaH. 

KoMHTeT IloJIHOMOtiHhiX IlpencTasHTeJieu 
npHH.fiJI llOCTaHOBJieHHe: 

1. B CB.R3H c HCTetieHHeM cpoKa noJIHOMo
tiHH nHpeKTopa 06oenHHeHHOrO HHCTHTyTa 
.R,D;epHbiX HccnenoaaHHH aKa.n;eMHKa H.H.Boro
nro6oaa KoMHTeT IloJIHOMOtiHbiX IlpencTaBHTe
neu H36pan nHpeKTOpOM 011.RI1 aKa,D;eMHKa 
}J;.KHrna CpOKOM Ha TpH rona B COOTBeTCTBHH 
co cTaThen 20 Ycraaa 011.RI1. 

KoMHTeT IloJIHOMOtiHhiX IlpencTasHTeneu 
Bbtpa3HJI aKa.n;eMHKY H.H.Boronro6oay rny-
6oKyro 6naronapHOCTh 3a MHoroJieTHIOIO H 
rmonoTBOpHyiO pa6oTy Ha noczy nHpeKTOpa 
06oenHHeHHOrO HHCTHTYTa .RnepHbiX HCCJie
noBaHHH. 

2. B CB.R3H c HCTetieHHeM cpoKa noJIHOMO
tiHH BH~e-nHpeKTOpOB 06'be,D;HHeHHOrO HHCTH
TYTa .R,D;epHbiX HccnenoBaHHH QJieHa-KoppecnoH
neHTa qCAH M.rMHTpo H npo<t>eccopa :3.:3HT
panhro KoMHTeT IloJIHOMOtiHhiX IlpencTaBHTe
neu H36pan BH~e-nHpeKTopaMH 11HCTHTYTa 
npo<t>eccopa A.H.CHcaK.RHa H npo<t>eccopa 
}J;.:36ePTa CpOKOM Ha TpH rona B COOTBeTCTBHH 
co cTaTheH 20 Ycrasa 011.RI1 H npoTOKOJIOM 
KIIII OT 11-12 .RHBap.R 1972 r. 

KoMHTeT IloJIHOMOtiHbiX IlpencTasHTeJieu 
Bbtpa3HJI 6naronapHOCTh QJieHy-KoppecnoH.n;eH
Ty qCAH M.rMHTpo H npo<t>eccopy :3.:3HTpanh
ro 3a ycnernHyro pa6oTy Ha nocrax BH~e-nHpeK
Topoa 06oe,D;HHeHHOrO HHCTHTyTa .R,D;epHbiX HC
CJie,D;OBaHHH. 

3. Ha ocHoBaHHH IloJIO)I(eHH.R o nepcoHane 
011.R11 (n.IX) KoMHTeT IloJIHOMOtiHbrx Ilpen
CTaBHTeneu Ha3HatiHJI aKa.n;eMHKa H.H.Boronro-
6oaa notieTHbiM nHpeKTopoM 06oenHHeHHoro 
HHCTHTYTa .R,D;epHbiX HCCJienoBaHHH CpOKOM Ha 
5 JieT. 



B OKT116pe B )ly6He COCTORnOCb 38CeA8HHe KoacynbTa

THBHOH KOMHCCHH no Hay'IHOH nonHTHKe 0J1.RJ1, op

raHH30B8HHOe no HHHUHaTHBe AHpeKUHH J1HCTHTYT8 
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19 - 22 HIOHH s CMoJieHHQe (qCCP) co
CTOHJiaCb 66 cecCH.a Y11eHoro coseTa 011JII1. 
YlleHbiH coseT 3acnywan HH<l>opMaQHIO o pa-
6oTe HayliHO-KOOp.ll;HHaQHOHHbiX COSeTOS no 
HaiipaBJieHHHM H nopyqHJI .ll;HpeKQHH 11H
CTHTYTa npe.ncTaBHTb K oceHHeH: cecCHH HKC 
CBOH npe,D;JIO:>KeHHH no HOSOMy nopH,D;KY 
IVIaHHpOBaHHH, yqeTa, OTlleTHOCTH H <l>HHaHCH
poBaHHH HOSbiX TeM H npoeKTOS, npaaaM H 
o6H3aHHOCTHM pyKoso,nHTeneH: TeM H npo
eKToB. 

HayliHo-Koop,nHHaQHOHHhiM coseTaM no 
HaiipaBJieHHHM nopylleHO no,nroTOSHTb C yqe
TOM npoeKTa nHTHJieTHero nJiaHa pa3SHTHH 
OIDU1 B 1991 - 1995 rT. cnHCOK npoeKTos, 
peaJIH3aQHH KOTOpbiX HaliHHaeTCH S :3TOH nHTH
JieTKe, a TaK:>Ke 6onee nocne.nosaTeJibHO npopa
OOTaTb Ha oqepe,nHhiX ceccH.ax sonpoc o <l>HHal:I
CHpoaaHHH TeM nJiaHa Ha 1990 r. C YlleTOM HMe
IOII.UfXCH KOHKpeTHbiX npe,D;JIO:>KeHHH CTpaH

YllaCTHHQ. 
BHQe-,nHpeKTopa 11HcTHTYTa npo<Peccop 

A.H.CHcaKHH H 11JleH-KoppecnoH,D;eHT qcAH 
M.rMHTpo shiCTYnHJIH c ,noKJia,naMH o npoeKTe 
np06JieMHO-TeMaTH11eCKOrO nJiaHa HayliHO-HC
CJie,D;OBaTeJibCKHX pa60T H Me)K,D;yHapO,D;HOro 
coTpy,nHHqecTsa OM:.HM: Ha 1990 ro,n. YlleHhiH 
COBeT nopyliHJI ,D;HpeKQHH 11HCTHTYTa nepepa
OOTaTb CTPYKTYPY nnaHa c ylleTOM <PopMHposa
HHH J1CB3. npoeKT nJiaHa peWeHO npe,D;CTaBHTb 
Ha paCCMOTpeHHe HayliHO-KOOp,D;HHaQHOHHbiM 
COBeTaM no HanpaaJieHHHM, <l>HHaHCOSOMy KO
MHTeTy H 67 ceccHH YlleHoro coseTa. YlleHhiH 
COBeT o,no6pHJI npoeKTbl nJiaHOS COSei.QaHHH 
OH.RH H KOMaH,D;HposaHHH cneQHanHCTos 
liHCTHTyTa Ha Me)K,D;yHapO,D;Hhie H HaQHOHaJib

Hble KOH<l>epeHQHH, COSei.QaHHH, WKOJibl S 
1990 r. 

~peKTop l1:HCTHTyTa aKa,D;eMHK ,[{.KHW 
npe,D;CTaBHJI HH<l>opMaQHIO 0 npoeKTe nHTH
JieTHero nJiaHa pa3SHTHH 011.Hl1 Ha 1991 -
1995 rr. CoseT npHHHJI K cse,neHHIO npe.n
JIO)f(eHHH S npoeKT H nopyliHJI ,D;HpeKQHH 
npo.non:>KHTb pa6oTy no yToliHeHHro nepso
HallaJibHOro sapHaHTa. PeKoMeH,D;osaHo 
opraHH30BaTb pa6oTy no SbiHSJieHHIO 3a
HHTepecOSaHHOCTH cneQHaJIHCTOS CTpaH
YifllCTHHQ B nporpaMMax H npoeKTax no.n
roTaBJIHsaeMoro nnaHa. 

~ 66 ceccHH Y'leHoro coBeTa OH.RH npoxo.c;Hna B CMone· 
~ HHUe no.c; BpaTHCJiaBmi (qCCP) 

Y lleHhiH coseT npocHJI nonHOM011HhiX npe.n
CTaBHTeneH: CTpaH-yllaCTHHQ ycTaHOSHTb 6ro.n
:>KeT OM:.HM: Ha nHTHJieTKy 1991 - 1995 rr., 
npHHHMaH SO SHHMaHHe HH<l>JIHQHOHHbie npo
QeCChi, S o6'beMe 300 MJIH py6. (s QeHaX 
1989 r.) • .[{HpeKQHH 11HCTHTyTa npe,D;JIO:>KeHO 
no,nr OTOSHTb H SKJIIOliHTb S nporpaMMy 67 Cec
CHH YlleHoro coseTa ,noKJia,D;hi o HanpaaneHHHX 
pa3s HTHH ycKopHTeJILHOH 6a3hi OM:.HM:, HaMe
qeHHhiX s npoeKTe nHTHJieTHero nnaHa: HeH:T

poHH~npoTOHHOH <t>a6pHKe,cynepHyKJIOTpOHe 
C 3JieKTpOHHbiM KOJibQOM, Me30HHOM H HeHT

pOHHOM reHepaTopax. 
Y 11eHhrH coseT npocHJI ,D;HpeKQHIO 11HCTHTY

Ta H3Y11HTb sonpoc o so3MO:>KHOCTH ysenH
lleHHH npHTOKa Ka,D;pOS MOJIO)l;biX cneQHa
JIHCTOS H SHeCTH CSOH npe,D;JIO:>KeHHH Ha CJie
,nyiOI.QeH ceccHH CoseTa, a TaK:>Ke no.n,nep
:>KaJI H,D;ero co3,D;aHHH yqe6Ho-Hay11Horo QeHTpa 

npH OM:.HM:. 
H a ceccHH cocTOHJIHCb sLr6ophi Ha .non:>KHo

CTH ,D;HpeKTopa H 3aMecTHTeJieH ,D;HpeKTOpOS 
na6opaTopHH OM:.HM:. YlleHbiH coseT yTsep.nHJI 
peweHHe :>KIOpH o npHcy)K,D;eHHH npeMHH OM:.HM: 
3a JIYliWHe pa60Thi, SblllOJIHeHHhie S 1988 r. 
YTsep)K,D;eHO TaK:>Ke HOSOe "nono:>KeHHe 0 
nop.a.nKe npHcy:>K,D;eHH.a e:>Kero,nHbiX npe
MHH 06'be,D;HHeHHOrO HHCTHTyTa H,D;epHbiX HC
CJie,D;OSaHHH". 

B cs.a3H c npe,ncTaaneHHhiMH Ha ceC'cHH .no
KJia,naMH Y11eHhiH coseT npHHHJI cne.nyroi.QHe 
peweHH.a: 

1. no ,D;OKJia,D;y aKa,D;eMHKa A.H.CKpHH
CKOr o - npe,D;JIO:>KeHO H3Y11HTb S CTpaHaX
yqacTHHQaX H s OM:.HM: Qenecoo6pa3HOCTb co-
3,D;aHHH HaKOnHTeJIH n03HTpOHOS H 3JieKTpOHOS 
H HCTOliHHKa CHHXpOTpOHHOrO H3Jiy11eHHH KaK 
O,D;HOrO H3 sapHaHTOS pa3SHTHH 3KCnepHMeH
TaJibHOH 6a3hl 011.Hl1. 

2 . no ,D;OKJia,ny npo<t>eccopa B.A.MaTsee
sa - npH3HaHO H006XO,D;HMbiM ,D;aJibHeHwee 
paCWHpeHHe Hay11Horo COTpy,D;HHlleCTsa 011.Hl1 
c M:.HM: AH CCCP. 

3 . no ,D;OKJia,D;y npo<t>eccopa M:.A.ronyTSH
Ha - OTMelleHa nepcneKTHSHOCTb MeTO,D;HKH 
nony npOSO,D;HHKOSbiX KOOp,D;HHaTHhiX ,D;eTeK
TOpos, peKoMeH,D;osaHo ,D;HpeKQHH OM:.HM: oKa-
3aTh no.n,nep:>KKY S C03)l;aHHH 6a3hl ee pa3SHTHH 
S l1:HCTHTyTe. 

4 . no ,D;OKJia,D;Y 11JleHa-KoppecnOH)l;eHTa 
AH CCCP ,[{.B.IllHpKosa - o.no6peHo npe.nno
:>KeHHe no C03,D;aHHIO KOMnbiOTepHOH ceTH ,D;JIH 
011.Hl1 H HHCTHTYTOS CTpaH-yllaCTHHQ Ha OCHOSe 
KOCMHlleCKHX cnyTHHKOS CSH3H. 
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BTOP AH CECCI1H HAYqHQ-KOOP,ni1HAI.li10HHbiX COBETOB 

CECCI1JI 
HAYqHO-KOOP ,ni1HAU:110HHOrO CO BET A 
no <l>I1311KE BbiCOKI1X 8HEPr111l, 
4-7 anpeJIH 

PaccMoTpeB oTqeT o BhinOJIHeHHH perneHIDi 
npe,n;LI,D;ytneH ceccHH, HKC npocHJI .n;HpeKUHH 
na6opaTopHH npH nnaHHpoBaHHH pa6oT yqJiThi
BaTb no)KeJiaHH.fl CTpaH-yqaCTHHQ 0 pacnpe,n;eJie
HHH cPHHaHCOBhiX pecypcoB no TeMaM. HKC 
npe,n;JIO)KHJI o6paTHTbC.fl K KoMHTeTY nonHo
MO~hiX npe,n;cTaBHTeJieH c npocL6oH o6 yBeJIH
qeHHH lliTaTHOH qJiCJieHHOCTH 011JII1 C QeJibiO 
npHeMa MOJIO,IJ;hlX cneQHaJIHCTOB ,IJ;JI.fl pa60Thl 
no CaMhiM aKTYaJibHhiM HanpaBJieHH.fiM, B OC0-
6eHHOCTH B 06JiaCTH cPH3HKH BhiCOKHX 3HeprHH. 

HKC peKoMeH.n;oBan .n;HpeKQHH ycKopHTb <Pop
MHpoBaHHe JICB8. 

Ha 3ace.n;aHH.fiX HKC 3acnyrnaHhi oTqeThi o 
COCTO.fiHHH ,IJ;eJI no BhinOJIHeHHIO Teeymero 
nJiaHa H npe,n;JIO)KeHH.fl B HOBhlli n.fiTHJieTHHH 
(1991 - 1995 rr.) nJiaH Hay~o-Hccne.n;oBa

TeJibCKHX pa60T H C03,IJ;aHH.fl 68.30BhlX yCTaHO
BOK. OpraHH30BaHhi CTeH.n;OBhie oTqeThi, o63op
Hh!e OTqeThl, 3aCJIYlliaHhl ,IJ;OKJia.IJ;hl no OT,IJ;eJib
HhiM TeMaM: "no3HTpoHHH", PI1CK, ,nEJI<l>l1, 

"Mo.n;epHH3aQHH CHHxpo<Pa3oTpoHa H ero pa6o
Ta Ha cPH3HqeCKHH 3KCnepHMeHT", "Xo,n; pa6oT 
no coopy)KeHHIO HYKJIOTpoHa". 

HKC o6cy.n;HJI npoeKThi "11ccne.n;oBaHH.fl 

CnHH03aBHCHMhiX KBapKOBhiX CTPYKTYPHhiX 
cPYHKUHH npOTOHa H HeHTpOHa B 3KCnepHMeHTe 
Ha MIOOHHOM nyqKe ycKopHTeJIH SPS (l.lEPH) " 
H "YHHBepCaJibHhiH KaJIOpHMeTpHqecKHH ,n;e
TeKTOp ". PaccMoTpeH npo6neMHo-TeMaTHqe
CKHH nJiaH Ha 1990 r., 3acnyrnaHa HHcPOpMaQH.fl 
3aMeCTHTeJIH .n;HpeKTopa 11<l>B8 iipo<Peccopa • 
H.E.TIOpHHa no Bonpocy neperoBopoB rKA8 
CCCP H llEPHa o KoonepaQHH B coopy)KeHHH 
YCKOpHTeJibHhlX ycTaHOBOK. 

CECCI1H 

HAYqHO-KOOP ,ni1HAI.li10HHOrO CO BETA 
no <l>I1311KE HI13KI1X 
11 nPOME)I(YTOqHbJX 8HEPr111l, 

11 - 13 anpenH 

CecCHH OTKphmacb o6cy)K.IJ;eHHeM oTqeTa o Bhi
nonHeHHH perneHIDi nepBOH ceccHH H K C. Pac
CMOTpeHo npe,n;Jio)KeHHe pa6oqero opraHa HKC 

12 

0 nop.fi.IJ;Ke 3KCnepTH3hl TeM H npoeKTOB H npH
H.fiTO perneHHe npOBeCTH no 3TOH MeTO,IJ;HKe 
3KCnepTH3Y BCeX npe,n;JIO)KeHHH Jia6opaTOpHH B 
npoeKT n.fiTHJieTHero nnaHa 011HI1 Ha 1991 -
1995 rr. 

B cooTBeTCTBHH c perneHHeM nepBOH ceccHH 
HKC npoBe.n;eHo o6cy)K.IJ;eHHe coCTOHHHH Hccne
,n;oBaHHH H nepcneKTHB HX yrny6JieHHH B 06Jia
CTH HeHTpOHHOH cPH3HKH, cPH3HKH TH)KeJihiX HO
HOB, a TaK)Ke Ha npOTOHHbiX nyqKaX npoMe~
TO~hiX 3HeprHH. PaccMoTpeH xo.n; pa6oT no co
BeprneHCTBOBaHHIO cPa30TpOHa, a TaK)Ke npe,n;
JIO)KeHHH 06 H3MeHeHHHX npo6JieMHO-TeMaTHqe
CKOrO nJiaHa 011JIJ1 Ha 1990 r. 

0CHOBHOe BHHMaHHe Ha BTOpOH CecCHH 
HKC 6Lmo y.n;eneHo o6cy)K.IJ;eHHIO npe,n;no)Ke
HHH JIH<l>, JIHP, JIHn H .n;pyrnx no.n;pa3.n;eneHHH 
liHCTHTyTa 0 npoBe,IJ;eHHH Hay~hlX HCCJie,IJ;OBa
HHH B o6nacTH cPH3HKH HH3KHX H npoMe~Toq
HhiX 3H,eprHH B 1991 - 1995 rr., C03,IJ;aHHH H 
COBeprneHCTBOBaHHH 3KCnepHMeHTaJibHhiX H 6a-
30BbiX ycTaHOBOK. ELmo npHHHTO perneHHe o6 

opraHH3aQHH COBMeCTHhlX pa3pa60TOK H npo
Be,IJ;eHHH e,IJ;HHOH nOJIHTHKH B npHMeHeHHH ,n;e
TekTOpHOH TeXHHKH, 3JieKTpOHHKH, BhlqHCJIH
TeJibHOH TeXHHKH, a TaK)Ke 0 MeponpH.fiTHHX no 

nOBhillieHHIO 3cPcPeKTHBHOCTH 6a30BhiX ycTaHO
BOK 3THX Tpex na6opaTopHH. B perneHHH HKC 
OTMeqeHa He06XO,IJ;HMOCTb npH OTKpbiTHH HO
BhiX TeM H YTBep)K.IJ;eHHH npoeKTOB Ha 1991 -
1995 rr. yqJiThiBaTb 3aHHTepecoBaHHOCTb B HHX 
CTpaJi-yqaCTHHQ 011JI11, Bblpa)KeHHyiO B cPHHaH
COBOH no.n;.n;ep)KKe TeMhi HJIH npoeKTa. 

~eHhi HKC BHHMaTeJihHO 03HaKOMHJIHCb c 
nOCTynHBlliHMH npe,n;JIO)KeHHHMH 0 B03MO)K
HbiX HanpasneHHHX pa3BHTH.fl ycKopHTeJibHOH 
68.3hl 011JIJ1 H npHHHJIH perneHHe HHcPOpMHpO
BaTb qneHoB YqeHoro coBeTa H nonHoMo~hiX 
npe.IJ;CTaBHTeJieH CBOHX CTpaH 06 3THX npe.IJ;JIO
)KeHHHX. 

CECCHH 

HAYqHO-KOOP ,n:HHAU:HOHHOrO CO BET A 
no TEOPET:HqECK01l <l>I1311KE, 
18-19 anpena 

HKC 3acnyrnan .n;oKJia.n; npo<Peccopa B.r .Ka
.IJ;hillieBcKoro 0 npe,n;JIO)KeHH.fiX JIT<l> B nHTH
JieTHHH (1991 - 1995 rr.) nJiaH p8.3BHTH.fl 
011JIJ1 H o,n;o6pHJI OCHOBHhle HanpaBJieHHH pa- . 



6or.&I reopeTHKOB 11HCTHTyra. OTMeqeHo, ~o 
npH nJiaHHpOBaHHH TeOpeTHqecKHX HCCJie)l;OBa
HHH Heo6xo.o;HMO y.o;e.JIHTb oco6oe BHHMaHHe 
3KcnepHMeHTaJibHbiM nporpaMMaM O:HRI1. 

B IDITHJieTHHH nJiaH p83BHTH11 O:HRI1 npe.o;
JIO:>KeHo BHecTH npoeKT CeTH . nepCOHaJibHbiX 
KOMnbiOTepOB )l;JIH TeopeTHqecKHX pa6oT 
( CllEKTP ) • OrMeqeHo, ~o peanH3au;HR: no.o;o6-
Horo npoeKTa 3aMeTHO nOBbiCHT 3<f><f>eKTHB
HOCTb pa6oTbi TeopeTHKOB, BbiBe,IJ;eT ee Ha Ka
qecrBeHHO HOBbiH ypoBeHb. 

Ha ceccHH o.o;o6peHbi ocHoBH.&Ie H.o;eH co-
3AaHHR JIOKaJII>HbiX CeTeH, KOMnbiOTepHOH CBH-
3H H 3JieKTpoHHOH no~bl. PeKOMeH.o;osaHo npe

.o;ycMorpen <f>HHaHCHpoBaHHe 3THX pa60T H 
npo.o;oJI:>KHTb pa6oTy no no.o;KJiroqeHHIO OI1HI1 
K EBpODeHCKOH KOMIIbiOTepHOH CeTH C HCnOJib-
30BaHHeM CTaHU:HH KOCMHqecKoH: CBH3H. HKC • 
o6paTHJICH TaK:>Ke K cneiJ;HaJIHCTaM 3aHHTepe
COBaHHbiX na6opaTOpHH O:HRI1 c npoc.&6oH: 
npHHRT.& Mep.&I no no.o;roTOBKe y:>Ke B 1989 r. 
npoeKTa KOKOC no C03.o;aHHIO KOMIIbiO'tepHoH 
ceTH crpaH-yqaCTHHU: O:HRI1. HKC peKoMeH
.o;osan yCTaHOBHTb npHOpHTeTbi <f>HHaHCHpoBa
HHR o6-.&eKTOB 06IIJ;eHHCTf!TyTCKOrO Ha3Haqe
HHR, DOCTaBHB Ha nepsoe MecTO CHCTeMy 
3JieKTpOHHOH nO~bi, a Ha BTOpoe - HH<f>OpMa
IJ;HOHH0-6H6JIHOTe~biH IJ;eHTp. 

HKC 3acnywan HH<f>opMau;Hro o no.o;roros
Ke K IIIKoJie [(EPH - . OI1.HI1 B ronJiaH)l;HH. 
llpH3HaHO u;enecoo6p83HbiM npoBeCTH B 1990 r. 
CHJiaMH CDeiJ;HaJIHCTOB JITcl> H JICB3 Tpa,Il;HIJ;H
OHHyiO .o;JIR OI1HI1lliKony MOJIO,IJ;biX yqeH.&IX no 
<l>H3HKe BbiCOKHX 3HeprHH. 

B paMKax ceccHH HKC cocroHnoc.& o6cy:>K

.o;eHHe ceHcau;HoHHbiX pe3yJibTaToB no xono.o;

HOMY H.o;epHOMY CHHTe3Y. 

CECC:IDI 
HAyqHO-KOOP ,UI1HA[(I10HHOrO CO BET A 
no l1CCJIE,UOBAHI110 

KOH,UEHCHPOBAHHbiX CPE.U 
H)J.EPHbiMI1 METO,UAMI1, 
18-19 anpenH 

Ha 3ace.o;aHHR:X Hay~o-Koop.o;HHau;HoHHoro 
COBeTa 6biJIH paCCMOTpeHbi OTqeTbi 0 BbinOJIHe
HHH peweHHH: nepsoH: ceccHH HKC H 3acnywa
H.&I npe.o;no:>KeHHR: na6oparopHH: no npose
.o;eHHIO Hay~biX HCCJie)l;OBaHHH, a TaK:>Ke no 
C03,IJ;aHmo H COBepweHCTBOBaHHIO 3KCnepH
MeHTaJibHbiX H 6830BbiX YCTaHOBOK B 
B 1991 - 1995 rr., paccMoTpeH.&I sonpoc.&I 

Me:>K.o;yHapo.o;Horo Hay~o-TeXH~ecKoro co-
rpy.o;HHqecrsa. 

0TMeqeHbi 60JibWaR 3aHHTepecOBaHHOCTb 
CTpaH-y qacTHHIJ; 0l1JIJ1 B HCCJie,IJ;OBaHWIX KOH
.o;eHCHpOBaHHbiX cpe.o; H.o;epHbiMH MeTO)l;aMH H 
paCTyiiJ;HH HHTepec K COBMeCTHbiM pa.o;H0-
6HOJIOr HqecKHM HCcne.o;osaHHR:M. B CBH3H c 
3THM H KC o6paTHJI BHHMaHHe Ha Heo6xo.o;H
MOCTb ysen~eHHR: ~cna corpy.o;HHKOB O:HRI1, 
HanpaBJIHeMbiX Ha Me:>K.o;yHapO.o;Hbie KOH<f>e
peHIJ;HH no TeMaTHKe HKC, Ha o6ecneqeHHe 
na6oparopHH: 11H:CTHTyTa cospeMeHH.&IMH cpe.o;
crsaMH CBH3H H nepe.o;aqH HH<f>OpMaiJ;HH. 

H K C no.o;.o;ep:>Kan HHHIJ;HaTHBy pyKoso.o;
CTBa <f>HnHaJia MrY H .o;HpeKIJ;HH O:HRI1 no 
opraHH3aiJ;HH npH Ol1HI1 yqe6Ho-Hay~oro 

u;eHrpa H o6paTHJICH KO seeM qneHaM HKC c 

npoc.&6oi% npe.o;OCTaBHTh HH<f>OpMaiJ;HIO OT CBOHX 
CTpaH 0 B03MO:>KHOM KOJIHqecTBeHHOM COCTaBe 
cry.o;eHTOB H acnHpaHTOB no reMaTHKe HKC. 

H K C o6paTHJICH B .o;HpeKu;HIO O:HRI1 
c npoc.&6oH: ycKopHTb peweHHe sonpoca o 
npHo6p eTeHHH B paMKaX KOHTpaKTa Ha no
CTaBKy 3BM VAX-8350 6.&ICTpoH: Me:>KJia-
6oparopHoH: ceTH ETHERNET, KoropaR 
n03BOJIHT C03,IJ;aT.& e.o;HHyiO CHCTeMy COOpa, 
o6pa6oTKH H aHaJIH3a pe3yJI.&TaToB Hccne
.o;osaHHH B o6JiaCTH <f>H3HKH HH3KHX H 
npoMe:>JCYTO~biX 3HeprHH, <f>H3HKH KOH
.o;eHCHpOBaHHbiX Cpe.o;, a TaK:>Ke npH npose.i(eHHH 
reope-rHqecKHX Hccne.o;osaHHH:. HKC o6paTHJICH 

c npe.o;no:>KeHHeM K YqeHoMy cose-ry o6 
yBenHqeHHH <f>HHaHCOBOH )l;OJIH HCCJie,IJ;OBaHHH 
no reMaTHKe HKC .o;o 12% or o6IIJ;ero 6ro.o;:>KeTa 
Ol1HI1 .o;JIR o6ecneqeHHR: Hx npose.o;eHHH Ha 

MHpOBOM ypOBHe. 
ilpH3HaHO Heo6XO,IJ;HMbiM npH OTKpbiTHH 

HOBbiX TeM H YTBep:>K.o;eHHH npoeKTOB Ha 1991-

1995 r r. y~T.&IBaTb 3aHHrepecosaHHoCTb B HHX 
CTpaH-yqacTHHU: OI1HI1. 

CECC:HR 
HAYq HO-KOOP ,UI1HA[(l10HHOrO CO BET A 

no E,UI1HOA 
TEXH H:qECKOA ilOJII1TI1KE, 
25 - 27 anpenH 

Hay~o-Koop.o;HHaiJ;HOHHbiH coseT, o6cy.o;HB 
BbinOJIHeHHe peweHHH nepsoH: ceccHH HKC, 
npHHHJI K CBe,IJ;eHHIO o'rqeT 0 COCTOHHHH [(eHT
paJibHOrO BbiqHCJIHTeJibHOrO KOMnJieKCa ([(BK) , 
npH3HaJI He06XO)l;HMbiM npOBe,IJ;eHHe OCeHbiO 

1989 r. B 0l1HJ1 COBeiiJ;aHWI no HOBbiM CTaH-
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mtpraM :meKTpOHHOH annapaTyphi, peKoMe~mo
Ban ,D;HpeK~HRM OH.RH H JIBT A <f>opcHpoBaTh 
pa6oTLI no co3,D;aHHJO BHYTPHHHCTHTyTCKOH 
:meKTpOHHOH nO'IThi, KOMllbJOTepHOH CB.fi3H C 
3apy6e)KJ{h1MH HaylffihiMH ~eHTpaMH, paCCMOT
peB B03MO)KHOCTb HCnOJib30BaHIDI ;1:\JI.fl 3THX 
~eneH CKOpOCTHhiX JIHHHH KOCM~qecKOH CB.R3H. 
3acnyrnaB oTqeT o pa6oTe Acco~Ha~H noJib-
30BaTeneH: nepcoHaJibHhiX :3BM, HKC o,no6pHJI 
ee ,D;e.RTeJibHOCTb. 

HayllHo-Koop,D;HH~OHHhiH coBeT 3acny
rnan H o6cy,nHJI npe,D;Jio:>KeHHR (no TeMaTHKe 
HKC) B n.RTHJieTHHH rmaH. 

PeKOMeJmOBaHO ,D;HpeK~HH JIBT A no.nroTo
BHTb COrJiaCOBaHHbiH C Jia6opaTOpH.RMH H 
no,npa3,neneHH.RMH npoeKT pa3BHTHR UBK, H3-
MepmeJibHO-BhiqHcJIHTeJihHhix KOMnJieKCOB, 
BKJIJOqa.R co3,D;aHHe ceTH HX CB.R3H. H KC no.n

,nep:>KaJI KOOp,D;HH~JO pa6oT JI.Rll , JI.RP H 
JIH<l> no pa3pa60TKe H H3rOTOBJieHHJO ,D;eTeKTO
poB, aHaJIOrOBOH 3JieKTpOHHKH H Bbi6opy CTaH
,napTOB npH C03,D;aHHH MHOro,D;eTeKTOpHbiX CH
CTeM. ELIJIH npHH.RThi K cBe,neHHJO H peKOMeH
,D;OBaHhi K ,nanhHeH:rneH: npopa6oTKe npe.nno:>Ke

HH.R no YCKOpHTeJibHOH TeMaTHKe, HCCJie,D;OBa
HH.RM B 06JiaCTH ,D;03HMeTpHH H3Jiy qeHHH H 

<f>H3HKH 3ai!UiTbl .R,D;epHO-<f>H3HqecKHX yCTaHO
B~K 06'be,D;HHeHHOrO HHCTHTyTa .R,D;epHbiX HC

CJie,D;OBaHHH, a TaK:>Ke no Coopy:>KeHHJO H pa3BH· 
THJO o6'beKTOB o6~eHHCTHTyTCKOrO Ha3Ha
qeHH.R. 

HKC OTMeTHJI ycnernHoe ocBoeHH.e CTaH,D;ap
TOB FASTBUS H VME B CHCTeMax 3KcnepH
MeHTOB H pa3pa60TKY p.R,D;a MO,D;yJieH B 3THX 
CTaH,napTax B JIB:3, o.no6pHJI npoBe,neHHe pa6oT 
no pa3BHTHJO H BHe,npeHHJO MHoronpo~eccop
HhiX Bbi~CJIHTeJibHbiX YCTaHOBOK B CTaH,D;apre 

MULTIBUS-II. HKC npHH.RJI K cBe.neHHIO H pe
KOMeH,D;oBan npoBeCTH ,D;aJihHeHlllYIO no,nroTOB
Ky npe,D;JIO:>KeHHH no npHMeHeHHJO TpaHCllbiO
TepOB B CHCTeMaX c6opa Jl o6pa60TKH ,D;aHHbiX, 
B BhiCOKonpoH3BO,D;HTeJibHhiX MYJibTHnpo~ec

copHhiX rpa<f>HqecKHX pa6o~x CT~HRx. llo.n
.nep:>KaHo npe,D;JIO:>KeHHe paCCMOTpeTb B03MO:>K
HOCTb yqaCTH.R OH.RH B Me)f(,D;yHapo,D;HoH KOM
llhJOTepHoH: CeTH C HCnOJib30BaHHeM CnyTHHKO
BOH CB.fi3H. 

HKC npe,D;JIO:>KHJI Bhi.RCHHTh MHeHHe CTpaH
yqacrnH~ H na6opaTopHH: HHcrnryTa o ~eneco
o6pa3HOCTH co3,D;aHHR B OH.RH ~eHTpa CHHxpo
TpOHHoro H3nyqeHH.R. 

HKC npHH.RJI K cBe,neHHJO HH<f>opM~ o 
npe,D;Jio:>KeHH.RX CTpaH-yqacTHH~ OH.RH no pac
npe,neneHHJO <f>HHaHCOBbiX pecypCOB Me:>K,D;y Te
MaMH 1990 r. H npH3Han Heo6xo,nHMhiM y~Thi
BaTb HX 3aHHTepeCOBaHHOCTb, Bbipa:>KeHHYJO B 
<f>HHaHCOBOH no,D;,D;ep:>KKe, npH OTKpbiTHH HO
BbiX TeM H YTBep)f(,D;eHHH npoeKTOB Ha 1991 -
1995 rr. 

ELIJIH npHH.RThi npe,D;Jio:>KeHHR no H3MeHe
HHJO npo6neMHo-TeMaTHqecKoro rmaHa OH.RH 
Ha 1990 r. 

TPETh.R CECCH.R HAYqHO-KOOP,UHHAUHOHHhiX COBETOB 

CECCH.R 

HAYqHO-KOOP ,UHHAUHOHH0r9 CO BETA. 
llO <l>H3HKE HH3KHX 
H llPOME)I(YTOqHbiX :3HEPI'JIA;- \ 
21 - 23 HO.R6p.R j 

06cy,D;HB OTqeT 0 BhinOJIHeHHH perneHHH 

npe,nLI,D;y~eH: ceccHH, qneHbi HKC ; o.no6pHJIH 
oTqeT H nOBTOpHO o6paTHJIHCb K/ YqeHOMy CO
BeTy OH.RH c npocL6oH: npoB~·H pa3,neneHHe 
BaJIJOTHoro <t>o~ma Me)f(,D;y Hayrrno-Koop,nHH~
OHHhiMH COBeTaMH B COOTBeTCTBHH C ,D;OJieBhiM 
<f>HHaHCHpOBaHHeM. 

~eHhi HKC no.n.nep:>KaJIH B ocHOBHOM 
npoeKT npo6neMHo-TeMaTHqecKoro rmaHa Ha 
1990 r. llpH,D;aBa.R 6onLrnoe 3HaqeHHe npoBo

,D;HMOMY 3KcnepHMeHTy no HOBOMY no.nxo.ny 
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K rmaHHpOBaHHJO, HKC o6paTHJIC.R c npocb-

6oH: K AHpeK~H OH.RH npHH.RTh MepLI no 
COKp~eHHJO C 1991 r. <f>HHaHCHpOBaHIDI 
TeM C OTpH~aTeJibHbiM 6anaHCOM. 

HaH6onLrnee BHHMaHHe Ha 3ace,naHHH HKC 
6hiJIO y,neJieHO paCCMOTpeHHJO nepBoro BapH

aHTa npoeKTa nmHJieTHero rmaHa pa3BHTHR 
OH.RH Ha 1991 - 1995 rr. Ero KOHCTpyK

THBHOMy o6cy)f(,D;eHHJO cnoco6CTBOBaJIH peKO

MeJm~HH Tpex KOMHCCHH HKC no BonpocaM 
3<f><f>eKTHBHOCTH 6a30BbiX yCTaHOBOK, Bblpa-
60TKH e,D;HHOH nOJIHTHKH B npHMeHeHHH ,D;eTeK

THpyro~eH TeXHHKH, 3JieKTpOHHKH H Bbi~CJIH· 

TeJibHOH TeXHHKH, a TaK:>Ke no co3,D;aHHJO MYJib" 
TH,D;eTeKTOpHOH CHCTeMbi. 

~eHhi HKC no.n.nep:>KanH peKoMeJm~ o 

npeKpa~eHHH pa6oT no coopy:>KeHHJO JIHY-30. 



BbiJio nopyqeao ,n;HpeKWUIM JUIP, JUin, 
JIH<l> H JIT<l> paCCMOTpeTh nepcneKTHBbl 
HCCJie,D;OBaHHH B o6JiaCTH QlH3HKH qaCTHIJ;, 
R,nepHOH QlH3HKH H QlH3HKH KOH,D;eHCHpO
BaHHbiX COCTOmmH Ha :meKTpOHHbiX H HOH
HbiX HaKOnHTeJI.Rx, aa C-ray-¢a6pHKe, a raK
)f(e Ha HCTOqaHKe CHHXpOTpOIDIOrO H3JIYqe
HH.fl, B cs.R3H s 3THMH peweHH.RMH 6bmo 
peKOMeH,D;OBaHO paCCMOTpeTb npe,D;JIO)KeHH.fl 0 
B03MO)f(H0CTH nepeHeCeHH.R HCCJie,D;OBaHHH C 
Qla30Tpoaa H ycTaHOBKH HBP-30 aa ,npyrne 
6a30Bhie ycraaoBKH O:H}I:H H 3a npe,neJibi 
11HCTHTyTa, s qaCTHoCTH aa MocKoscKyro 
Me30IDiyiO Q>a6pHKY. 

B coOTBeTCTBHH c peweHHeM 66 ceccHH 
Yqeaoro cosera O:HB::H aa 3ace.naaiDlX HKC 
6hiJI COCTaBJieH CnHCOK H3 10 npoeKTOB, pea
JIH3au;H.II KOTOpbiX ,D;OJI)f(Ha HaqaTbC.II C 1991 r.: 
IJ;HKJIOTpOIDibiH KOMnJieKC T.R)f(eJibiX HOHOB 
Y-400 + Y-400M (3asepweHHe H pa3BHTHe), 
3QP·HCTO~K, "3spHKa", <l>OBOC-2, 
JIAKOMT:H (JIB:P), ,UPEH:H3- ,UEJIPEHE, 
nAPKC (JIH<l>), "HeiiTpHHo-2", B:CHAIIn-3, 
:HKC (JIB:ll). Bbm o.no6pea npoeKT P:H<l> s 
qaCTH, Kacaromeiica noBbiWeHH.R aa,ne)f(HOCTH H 
3QlQleKTHBHOCTH HCnOJib30BaHH.II yCTaHOBKH 
"<I>". Bbtpa6oTaHhi peKoMea.naiJ;HH no npoeKTY 
YrP A ( JIH <I>) , co3,naHHIO MHorou;enesoro My Jih
TH,D;eTeKTopaoro cneKTpoMerpa, npe,nJio)f(eHH
.RM npOeKTOB "HaKOnHTeJib" (Jif!P) H "HeHT· 
pOHHbiH HCTOqaHK BbiCOKOrO pa3peweHH.R" 
(JIH<l>). 

CECC:HB: 
HAYliHO-KOOP,ll:HHAU:HOHHOrO COBETA 
no <l>:H3:HKE BblCOK:HX 3HEPr:HA:, 
28 Hoa6pa - 1 ,neKa6pa 

OcHOBHOH sonpoc noBeCTKH ceccHH - pac
CMOTpeHHe npoeKTOB H npe,D;JIO)f(eHHH B n.R
THJieTHHH nJiaa O:HB::H Ha 1991 - 1995 rr. 
B pe3yJihTaTe aHaJIH3a peKoMea.nau;Hii HTC 
Jia6oparopHii H o6cy)l()];eHHH aa 3ace.n;aHHax 
HKC 6hiJIH Bbipa6oTaHhi npe,D;JIO)KeHH.R no npH
opHTeTaM. npoeKTaMH C HaH60JibWHM npHOpH· 
TeTOM OT JIB3 6bmH npH3HaHbl "CQ>epa", 
r:HBG, :HHECC- AJib<l>A. 

HKC npHH.RJI K cse,neHHIO, ~o 3anyCK HYK· 
JIOTpoHa MO)f(eT 6biTb aaqaT qepe3 ro.n nocJie 
3aBepWeHH.II QlHHaHCHpOBaHH.II B 06'beMe 
1,5 MJIH py6. HKC peKoMea.nosan nocJie 3a· 
nycKa HYKJIOTpoaa H Q>opMHpoBaHH.R ero nyq
KOB 3RKpbiTb CHHXpOQla30TpOH. 

no npoeKTaM JICB3 6hm YCTaHOBJieH CJie
,nyiOIIJ;HH nop.R,D;OK npHOpHTeTHOCTH 3KCnepH· 
MeHTos aa Y-70:· CB.U, P:HCK, C:HrMA -
AB:KC, M,UC, 3KC1IAPM, X:Hrrc. Cpe,D;H npo
eKros Ha YHK H B UEPHe nepsooqepe,n;HbiMH 
6hiJIH npH3HaHhi CMK, "Henzya", '.TJIIOoH", 
MAPC - MCli. npe,D;Jio)KeHo QlHHaHCHposaTh 
npoeKTbl "HeiiTpHHHbiH ,neTeKTop" H "MeqeHbie 
HeiirpHHo" s paMKax nporpaMMhi aa Y-70 H 
o6ecne~Th BbinOJIHeHHe pa6or no MaKeTHposa
HHIO H MO,D;eJIHposaHHIO no nporpaMMe YHK. 
O,no6peHo npe,nJIO)f(eHHe o6 yqacrHH B Mo,nep
HH3au;HH ycraaosKH ,UEJI<l>:H. HKC peKoMeH
.nosan npO,D;OJI)f(HTb no,nrOTOBKY BHOBb nocTy· 
nHBWHX npe,D;JIO)KeHHii. O,no6peHhi s u;eJioM Me
To,D;HqecKHe npoeKTbl nn.u, BA3A-4, ",llpeii
·QlOBbie KaMepbi" H npoeKTbi no ycKopHTeJib
aoii TeMaTHKe (nnK, "KpHOQlH3HKa", Bli
ctaHIJ;H.R , "MamHTbi YHK", ":HcToqaHK 
CBli"). 

CECC:HB: 
HAYliHO-KOQP,ll:HHAU:HOHHOrO COBETA 
no TEOPET:HtiECKOA: <l>:H3:HKE, 
4 - 5 ,neKa6pa 

CeccHa 3acJiywaJia ,noKJia,nbi A.H.CHcaKaaa 
"0 neps oaaqanbHOM sapHaHTe n.RTHJieTHet'o 
rmaaa pa3BHTH.R O:HB::H Ha 1991 - 1995 rr." H 
r .:H.KoJieposa "0 npoeKTe npo6JieMHO-TeMaTH· 
qecKoro rmaaa Ha 1990 r. H xo.ne 3KcnepHMeH· 
Ta no HOBOMy no,nxo,ny K nJiaHHpOBaHHlO H QlH· 
HaHCHpOBaHHlO". 0,no6pHB B OCHOBHOM npoeK
Tbi, HKC c.nenan 3aMeqaaH.R no npe,nJio)f(eHHIO 
o coopy)f(eHHH B O:HB::H C-Tay-Q>a6pHKH. no.n
qepKHYTO, ~o pewaromee 3HaqeaHe HMeiOT cpo
KH coopy)f(eHH.R yCTaHOBKH. 

HKC 3acJiywan .noKJia,n B.r .Ka,nbtwescKo
ro o npoeKTe npo6JieMHo-TeMaTHqecKoro rmaaa 
JIT<l> Ha 1990- 1993 rr. )lOKJia,D; OT ,D;HpeKu;HH 
JIT<l> 0 Me)l()];yHapo,D;HOM COTpy,D;HHqecTBe C,D;e· 
JiaJI C.,lly6HH~a. 3Toii )f(e TeMe 6bmo nocsa~ 
meHo BbicryrmeHHe B.:H.Orneseu;Koro, no3Ha· 
KOMHBwer o qneaos HKC c npe,D;JIO)KeHH.RMH 
HTC JIT<l>. OcaoBHhie noJio)f(eHH.R o6oHx .no· 
KJia,nos o.no6peHbi HKC. B ero peweaHe so
WJIH pe~oMeH,D;au;HH no ycKopeHHIO oQ>opM
JieHH.R Bble3,D;OB B KOMaH,D;HpOBKH, COBep
WeHCTBOBaH~ HX OnJIRTbi, yJiyqweHHlO CB.II· 
3H O:HB::H c 3apy6e)I(HbiMH aayqabJMH u;eHT
paMH H ,np. 

HKC peKoMea.nosan BKJIJOqHTb s n.RTHJieT· 
HHH rmaa pa3BHTH.R O:HB::H npoeKT CnEKTP. 
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0TMelleHO, liTO peaJIH3aQH.fl npoeKTa n03BOJIHT 
no,IVJ;ep)IQlTb BbiCOKHH ypoBeHb o6ecnetJeHHOCTH 
TeOpeTHKOB BbllJHCJIHTeJibHbiMH Cpe,D;CTBaMH. 
HKC peKoMeH,D;osan TaK:>Ke ycKopHTb C03,Zl;aHHe 
s ,ZJ;y6He yqe6Ho-HaytJHoro ueHTpa. 

CECCH.R 
HAYlJHO-KOP,ZJ;I1HAlli10HHOrO COBETA 
no 11CCJIE,ZJ;OBAHI110 
KOH.n;EHCHPOBAHHbiX CPE,ZJ; 

.R.n;EPHbiMH METOMMH, 
7-8 ,D;eKa6pH 

HKC 3acnyman H o6cy,D;HJI ,D;OKJia,D;hi ,D;HpeK

UHH 011.RI1 o nepsoHallaJihHOM sapHaHTe nJiaHa 
pa3BHTH.fl 0J1.RJ1 Ha 1991- 1995 rr., 0 HOBOM 
nO,Zl;XO,D;e K nJiaHHpOBaHHIO H !l>HHaHCHpOBaHHIO 
TeM c ytJeToM MHeHHH CTpaH-ytJaCTHHU· HKC pe
KOMeH,D;osan ,Zl;HpeKQHH 0J1.RJ1 npH yTBep:>K,D;e
HHH TeM H npoeKTOB, HalJHHaR C 1991 r., MaK· 
CHMaJibHO YliHThiBaTb npe,D;JIO:>KeHH.fl CTpaH· 
yqacTHHU no <PoH,D;y KOJIJia6opauHH: H no,IVJ;ep
:>KaJI no:>KeJiaHH.fl H3MeHeHH.fl H ynpOI.UeHH.fl nJia· 
HHpOBaHHH, OTlleTHOCTH H !l>HHaHCHpOBaHH.fl 
TeM H npoeKTOB. 

HKC BhiCKa3aJICH B noJih3Y npe,Zl;Jlo:>KeHHR 
0 C03,D;aHfm B 0J1.RJ1 :meKTpOH·n03HTpOHHOr O 
KOMnJieKCa H nO,D;llepKHYJI He06XO,Zl;HMOCTb 
BKJIIOlleHH.fl B npoeKT pa3pa60TKH :meKTpOH· 
HbiX HaKOnHTeJibHbiX KOJieU, He06XO,Zl;HMbiX 
,Zl;JI.fl npose,D;eHHJl HCCJie,Zl;OBaHHH KOH,D;eHCHp O· 
saHHhiX cpe,D;. 

npH o6cy:>K,IJ;eHHH ,Zl;OKJia,D;a o Me:>K,IJ;yHapo,D;
HOM coTpy,D;HHlleCTse HKC oTMeTHJI Heo6xo,D;H· 
MOCTh yseJIHlleHHH tJHCJia coTpy,D;HHKOB 011.RI1, 

HanpaBJI.R:eMhiX ,Zl;JI.fl COBMeCTHbiX. HCCJie,Zl;OBaHHH 
no KOH,Zl;eHCHpOBaHHbiM cpe,D;aM B CTpaHbl· 

YllaCTHHUbl H Ha Me:>K,IJ;yHapO,Zl;Hhle KOH!l>epeH
UHH no TeMarnKe HKC. 

BhiJIO npo,D;oJI:>KeHo HatJaToe Ha seceHHeH 
ceccHH HKC paccMoTpeHHe npoeKTOB H npe,n;
Jio:>KeHHH B nRTHJieTHHH nJiaH Ha 1991-1995rr ., 
nocTynHBmHx oT na6opaTopHH: 011.RI1. HKC OT· 
MeTHJI npHOpHTeTHOCTb pa3BHTH.fl peaKTOpa 

HBP-2, o,D;o6pHJI C03,D;aHHe HOBhiX cneKTpo 
MeTpos Ha peaKTope HBP-2, pa3BHTHe Hccne.n;o
saHHH KOH,D;eHCHpOBaHHbiX cpe,n; B JI.Rn (npoeKT 
MHTPA) , s JI.RP (npoeKT CKHT) , Hccne,D;os a
HHH B JI.Rn no pa,D;H06HOJIOrHH ( npoeKT "My 
TaHT") H Me,Zl;HQHHe (npoeKT "Me,D;nyliKH"); OT· 
MelleHa aKTYaJihHOCTb H O,D;06peHa nporpaMMa 
HCCJie,Zl;OBaHHH B paMKax 06I.UeHHCTHTYTCKOH Te
Mbl "BbiCOKOTeMnepaTypHaR CBepxnpOBO,Zl;H· 
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MOCTh ". B paMKax 3TOH TeMhi peKoMeH,D;OBaHo 
peanH30BaTb npoeKT "CoJIHToH". HKC npHHRJI 
pemeHHe o peanH3aQHH Ha OCHose caMo!l>HHaH· 
CHpOBaHH.fl npoeKTa "Pe30HaHC". 

HKC OTMeTHJI, liTo 3anpawHsaeMoe !l>HHaH· 
CHpOBaHHe npHH.R:TbiX npoeKTOB OnTHMaJibHO 
,Zl;JI.fl HX ycneiliHOH peaJIH3auHH, H o6paTHJIC.fl 
K YtJeHOMY coseTy c npoch6oH: ymep,D;HTh He
o6xo,D;HMoe !l>HHaHCHpOBaHHe HCCJie,Il;OBaHHH no 

Te~aTHKe COBeTa B pa3Mepe 12% OT o6I.Uero 
6ro,D;:>KeTa 011.R11 • 

Cne,D;yiOIUYIO ceccHIO HKC pemeHo npose
CTH B ,ZJ;pe3,D;eHe (r,ZJ;P). 

CECCI1.R 

HAYlJHO-KOOP,ZJ;I1HAlli10HHOrO COBETA 
no E,ZJ;HHOn 
TEXHI11JECKOn nOJIHTHKE, 
11-13 ,D;eKa6pH 

PaccMoTpes npe,D;JIO:>KeHHe ,D;HpeKUHH 011.RI1 
"0 nepsoHallaJibHOM sapHaHTe n.R:THJieTHero 
nJiaHa pa3BHTHR 011.RI1 Ha 1991 - 1995 rr.", 
HKC npe.n;JIO:>KHJI ytJecTb KpHTHtJecKHe 3aMetJa
HHR, BbiCKa3aHHbie B XO,D;e o6cy:>K,IJ;eHH.R:. 

BoJibiliOH HHTepec Bhi3BaJio npe,D;Jio:>KeHHe o 
C03,Zl;aHHH B 0J1.RJ1 e·e +.HaKOnHTeJibHOrO 

KOMnJieKCa (C-Tay-<l>a6pHKH C paCiliHpeHH· 
eM). HKC no,Zl;,Zl;ep)IQlJI ero H npocHJI ,D;H· 

peKUHIO 0J1.RJ1 !l>opcHpOBaTb pa3pa60TKY 
npoeKTa. 

O,D;HHM H3 rnasHhiX sonpocos s nosecTKe 
,Zl;H.fl 6biJIO paCCMOTpeHHe npe,D;JIO:>KeHHbiX npo

eKTOB Ha 1991 - 1995 rr. 113 14 npe,D;CTas
JieHHhiX npoeKTOB nepsooqepe,D;HhiMH npH-
3HaHhi: 

- KOKOC (3TOMY npoeKTY peKoMeH,D;oBaHo 
npHCBOHTb 06I.UeHHCTHryTCKHH CTaTyC H 
<f>opcHposaTh HatJano pa6oT) ; 

- ",lJ;eTeKTOpbi H306pa:>KeHHH" H nepBbiH 3Tan 
npoeKTa "CynepKoMnhiOTep"; 

- npoeKThi no ycKopHTeJibHOH TeMaTHKe OHMO, 
CB.fl3aHHhie C B3.fiTbiMH y:>Ke o6H3aTeJibCTBa· 
MH no co3,D;aHHIO YHK. 

PaccMoTpes 
na6opaTopHH: H 
!l>H3HlJecKHX 
A<I>HHA, HBK 

npoeKThi pa3BHTHR HBK 
3JieKTpoHHoro o6ecnetJeHHR 
3KcnepHMeHTOB HBK-2, 
JIH<I>, BA3A-4, CnEKTP, 

"lleHTp", "8neKTpOHHKa", HKC nopytiHJI pa-
6otJeMy opraHy nposecTH TexHHtJeceyro 3KC
nepTH3Y 3THX npoeKTOB H ,D;aTb peKOMeH,D;auHH 
K cne,D;yiOIUHM cecCHRM HKC no Hanpas
JieHHRM. 



Bhmo 3acnywaHo npeAJioJKeHHe o pa3BH· 

THH UBK ORHH. 0rMeTHB npHopHTeTHOCTh 

npe,D;no:>KeHIDI, HKC peKoMeH,IJ;oBaJI AHPeKwm 

JIBT A pa3AeJIHTh ero Ha OTAeJibHhie npoeKThi H 

npe,D;CTaBHTh 3TH npoeKTbl Ha C1IeAYIOI.UYIO Cec

CHIO HKC no eAHHOH TeXHID~ecKoH: nonHTHKe. 

HKC peKoMeH,IJ;osan npmmTh peweHHe no 

06'beKTaM 06I.UeHHCTI-fTYTCKOI'O Ha3HatleHIDI 

noCJie BhiRCHeHIDI <f>HHaHCOBhiX B03MOIKHOCTeH 

OH.RH B CJieAyiOI.UeH IUITHJieTKe H npocHJI AH· 

peK~HIO ORHH nepeA npHHHTHeM peweHHH: no 

3TOMY sonpocy nposecTH o6cy:>K,Z~;eHHe a na6o

paTo pHHX HHCTHTyTa. 

H a 3ace,IJ;aHHH HKC 6hiJI npHHHT K caeAe

HHIO nJiaH-I'pa<f>HK BHe,D;peHIDI ~eHTpa1IH30BaH· 

HOH BHyTpeHHeH: 3JieKTpoHHoH: not~Thi ORHH Ha 

TeXHID~eCKOH 6a3e 3BM UBK H ceTeH: THna 

JINE T H ETHERNET. 

3ACE~HHE ~HHAHCOBOrO KOMHTETA OH.RH 

14- 15 ,IJ;eKa6pH B )ly6He COCTOH110Cb Otle

pe,II;Hoe 3aCe,IJ;aHHe ~HHaHCOBOI'O KOMHTeTa 

OH.RH, Ha KoTopoM 6bma o,IJ;o6peHa pa6oT-a 

KOHTp01IbHOH KOMHCCHH 6 - 8 HIOHH, yTBepiK

AeHbi ee BhiBO,II;hl H npe,D;JIO:>KeHIDI. ~HaHCOBhiH 

KOMHTeT Bbipa3HJI o6ecnoKOeHHOCTh B CBH3H 

C TeM, liTO OT,IJ;eJibHhie CTpaHbi-ytlaCTHH~hl 

OH.RH He BHecJIH CBOH AOJieBhie B3HOChl. 

~HaHCOBhiH KOMHTeT peKoMeH,IJ;osan Ko

MHTecy llOJIHOMOtiHbiX llpe,D;CTaBHTeJieH yTBep

AHTh OTtleT o6 HcnoJIHeHHH 6IOA:>KeTa ORHH 

3a 1988 r. PacCMOTpeH AOK1IaA AHpe~HH 

"06 o~KH,I~;aeMoM HcnonHeHHH 6IOAJKeTa OH.RH 

3a 1989 r., o npoeKTe 6IOA:>KeTa Ha 1990 r., 

o npoeKTe KOHTponhHhiX ~H<I>P Ha 1991 r.". 

YTsep:>KAeHhi 6IOAJKeT HHcTHTYTa Ha 1990 r . 

C o6I.QeH cyMMOH paCXOAOB 50,5 MJIH py6. 

OHHH nocerHJIH ceKperapr. 
UK Knee o .,n.BaKnaaoa 
H MHHHCTP eeeP rr . .n.P.R-
6ea. Ha CHHMKe : 0 AOCTH· 
>KeHHRX Jl.fiP paCCKa3biBa· 
eT AHpeKTOp na6opaTOpHH 
npo<Peccop 10 .U. Oraaec.RH 

H AOJieBhie B3HOChl rocy,D;apcTB·ti1IeHOB HHCTH· 

'cyTa, a TaK:>Ke npe,D;CTaBJieHHhiH AHpeK~HeH 

nJiaH KQnHTaJihHOI'O CTpOHTeJihCTBa. 

0 6cy,II;HB AOKJia,IJ; AHpeK~HH "0 npoeKTe 

IDITHJieTHero nnaHa pa3BHTIDI ORHH Ha 1991-
1995 rr.", KoMHTeT peKoMeH,IJ;osan AHpeK~HH 

llpO,II;OJIIKHTb pa60TY Ha,IJ; npoeKTOM. llpH3HaHO 

~enecoo6pa3HbiM o6cy,IJ;HTb H yTBep,D;HTh KOHT· 

p01IbHhie ~H<f>pbi Ha 1991 r. H nHTHJieTKY 

1991 - 1995 1'1'. Ha COBei.UaHHH Kllll C ytlaCTH· 

eM t11IeHOB ~HHaHCOBOI'O KOMHTeTa B MapTe 

1990 r. 
~HHaHCOBhiH KOMHTeT o6cy,IJ;HJI HH<f>OpMa· 

~10 ,II;HpeK~HH 0 BHeceHHH H3MeHeHHH H AO· 

noJIHeHHH B llOJIOJKeHHe 0 nepCOHaJie • OH.RH 

H p eKoMeHAOBan KTITI paccMoTpeTh npe,D;no

:>KeHHhie H3MeHeHIDI H AOnOJIHeHIDI. 
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llPEMHH 

IlpeMH.R CoBeTa MHHHCYpOB CCCP 1989 r . 
npucy)K,D;eHa 60JibWOMY aBTOpci<OMY I<OJI
Jiei<THBY 3a pa3pa60TI<y H BHe,D;peHHe MeM6-
paHHoro MeTOAa MHI<pOQlHJibTpaQHH AJI.R 
nOArOTOBI<H OC06o tiHCTOH BOAbl B npOH3-

IIPEMHH OIDIH 

Ha conci<aHne npeMHH OUHH 3a 1988 r . 
6hmH Bb}ABHHYTbl JIYtiWHe HaytiHO-HCCJieAOBa
TeJibCI<He, HaytiHO-MeTOAHtleci<He H HaytiHo-TeX
HHtleCI<He pa6oThi, BbinOJIHeHHhie COTPYAHHI<a
MH lfuCTHTyTa. PeweHneM Yt~eHoro coBera 
OH.RH oT •19 HIDHH 1989 r. npucy)K,D;eHhi cne
AYIDI.QHe npeMHH: 

no HAYqHO-HCCllE~OBATEllbCKHM 
TEOPETHqECKHM PABOTAM 

IlepaaJl, npeMUR 
"CTpyi<rypa pe30HaHCHbiX 30H B HeJIH

HeHHbiX CHCTeMaX, 6JIH3I<HX I< HHTerpupy
eMbiM". 

ABTop B.K.MenbHHI<OB. 
BTO~ npeMUR 
"AHrapMOHHtleCI<aH MOAeJib BbiCOI<oTeMne

paTypHbiX CBepxnpOBOAHHI<OB' '. 
ABTophi: B.ll.AI<ceHoB, H.H.BoroJil06oB, 

C.ll.~pei<cnep, H.M.ITnai<HAa, C.<l>nax. 

no HAYqHO-HCCllE~OBATEllhCKHM · 
3KCnEPHMEHT AnhHhiM P ABOTAM 

IlepaaJi, npeM.UR 
"06Hapy:>KeHHe H H3ytleHHe C nOMOI.UblO 

peai<UHH (n, 21) ycHJieHHbiX 'Y-nepeXOAOB npH 
pacnMe I<OMnaYHA-COCTOHHHH Mep 4s-o6o
JIOtii<H". 
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BOACTBe H3AeJIHH MHI<po:mei<TpOHHI<H. B tiHC
ne naypeaTOB npeMHH ytleHhie OURH: r .H.<l>ne
poB, E.~ .Bopo6beB, A.IO.~bii<, B.A.IUe
roneB, P.:Q.OraHecHH, C.n.TperbHI<OBa, 
n.IO.Anenb. 

ABTOpbi: A.A.BorA3eJib, C.T.BoHeBa, 
B.A.XnTpoB, 3.B.BacHJibeBa, O.H.Enu3apoB, 
ll.A.ManoB, IO.n.nonoB, A.M.CyxoBo:H, 
IO.C . .R3BHQI<HH. 

.[£ae aTopbze npeMuu 
"He:HTpHHOpo)K,D;eHHe OtlapoBaHHbiX tlaCTHQ 

B ru6pUAHOM 3I<CnepuMeHTe E-564". 
ABTophi: IO.A.BaTycoB, C.A.BYHHTOB, 

O.M.Ky3HeQoB, B.B.llroi<oB, B.H.TperbHI<. 
''0co6eHHOCTH QeHTpaJibHbiX CTOJII<HOBeHHH 

Mep 1 2 C, 2 2 Ne u 2 4 Mg c TH:>KeJihiMH HApaMH 
npH HMnyJibcax 4,5 r3B/c". 

ABTopbi: · C.Boi<an, C.A.KpacHoB, K.~.Ton
CTOB, r .C.IIIa6paToBa, M.IIIyM6epa, A.III.ra:HTH
HOB, <l>.r.neneXHH, n.C3pAaM6a, M .H.TperbH
I<OBa, r.M.qepHOB. 

no HAYqHO-METO~IfqECKHM 
H HAYqHO-TEXHHqECKHM P ABOT AM 

IlepaaJl, npeMUR 
''TeopeTHtleci<He OCHOBbl MeTOAa onpeAeJie

HHH npOCTpaHCTBeHHO-BpeMeHHbiX xapai<TepH
CTHI< npoQecCOB MHO:>KecTBeHHOH reHepaUHH no 
I<OppeJIHQHHM tlaCTHQ C 6JIH3I<HMH HMnyJib
CaMH" (3a TeoperHtleci<ylO pa3pa60TI<Y MeTOAa). 

ABTOpbi: B.r.rpHWHH, r.H.KonhmOB, 
P.lleAHHQI<H, B.ll.llw6omHQ, M.H.noArO-
peQI<HH. 

.[£ae aTopbze npeMuu 
''llOI<aJibHaH BbltiHCJIHTeJibHaH CeTb 



SONET-2 Jia6opaTopHH HeH:TpOHHOH cpH3HKH 
OHRH". 

AaTopbi: A.B.AncpHMeHKOB, <l>.Ba~xa3e, 

n.E.rH3e, n.X.rH3e, O.H.EnH3apoa, r.nJKy
Koa, B.E.Pe3aea, B.M.CeaepbHHOB, r .A.CyxoM
JIHHOB, T . .D:.XpbiKHHa. 

"MeTO,D;HKa HCCJie,D;OBaHHH llOTOKa H,o;ep C 
Z > 50 ranaKTH'IecKHX KOCMHqecKHX nyqeH:". 

ABTOpbi: r .H . .D:oJIHBO-.D:o6poBOJibCKaH, 
B.n.nepeJibirHH, c.r .CTeueHKO, r .H.<l>nepoa. 

no HAYqHO-TEXHWIECKHM 
nPHKJIA.D:HhiM P ABOT AM 

Tpu aropbze npeMuu 

"0,D;HOBpeMeHHOe ycKopeHHe H BbffiO,D; 
,D;BYX nyqKQB B H30XpoHHbiX UHKJIOTpOHaX": 

ABTOpbi: B.BeH:rnoaeu, A.T.BacHJieHKo, 
A.A.rna30B, B.n . .D:MHTpHeBCKHH:, B.B.KonLra, 
M.Kp)f(HBaHeK, Jle KHeH TxaHh, 3.TpeH:6an, 
fi:.TyqeK, H.qHraK. 

"nonyqeHHe pa.o;l!o6HonorHqecKoro npena
paTa HO,D;a-123 Ha nyqKe 3JieKTpOHOB C 3HeprH
eH: 25 M3B". 

ABTOpbi: IO.Q.OraHecHH, r . .H.CTapo.o;y6, 
A.r.Benoa, r.B.ByKJiaHOB, H.3aapa, IO.C.Ko
poTKHH,r.H.<l>nepoa. 

"Hccne.o;oBaHHe caepxnpoao.o;HIUHX caoH:crn 
KOMll03HTHoro caepxnpoao.o;HHKa (Nb-Ti )-Cu ". 

As Tophi: H .M .Bna,o;HMHpoaa, B .M . .D:po6HH, 
E.H..Ll:bHqKoB, IO.B.KynHKOB, B.r.Jiynnoa, 
B.A.ManroK, A.A.CMHpHoB, 3.<1>Hrnep, <l>.Xoaa
Heu, H.C.Xyxapeaa. 

YqeHbiH coseT OH.HH Ha 67 ceccHH 
(9 - 11 HHBapH 1990 r.) llpHCY,D;HJI npeMHH 
OHRH 3a nyqrnHe pa6oThi, BbinOJIHeHHhie a 
1989 r.: 

no HAYqHO-HCCJIE.D:OBATEJibCKHM 
TEOPET:HqECKHM P ABOT AM 

Ilepaa.R. npeMI.J.R 

"KonneKTHBHbie caoH:cTaa 6biCTpoa pal.l.Ulro
I.I.tHXCH H,D;ep". 

ABTOpbi: A.B.HrHaTroK, H.KaacHJI, H.H.MH
xaH:noa, P .r .Ha3MHT,D;HHOB, B.B.narnKeaHq. 

Bropa.R. npeMI.J.R 

"3neKTPOHHbie acneKTbi TeopHH noaepXHo
CTHbiX HBJieHHH". 

ABTopbi: r.M.raapHJieHKO, P.Kap.o;eHac, 
E.TapaHKo, P.TapaHKO, B.K.<l>e.o;HHHH. ' 

no HAYqHO-HCCJIE.D:OBATEJibCKHM 
3KCllEPHMEHTAJibHhiM PABOTAM 

Ilepaa.R. npeMI.J.R 

"3 KcnepHMeHTaJibHbie HCCJie,D;OBaHHH ,l1;H

cppaKUHOHHOro aA-pacceHHHH, e He, t)-ne
pe3apH,D;KH H cpparMeHTaUHH peJIHTHBHCTCKHX 
H,o;ep 4 He, 3 He, d H nonHpH30BaHHbiX .o;eH:
TpoHoa". 

ABTopbr: B.r.A6neea, C.A.3anopo)Keu, 
A.n.Ko6yrnKHH, JI.HayMaHH, A.A.HoMocpHJioa, 
H.M. HCKYHOB, H.M.CHTHHK, E.A.CTpOKOB
CKHH, JI.H.CTpyHoB, B.H.Illapoa. 

Tp u aropbze npeMuu 

" H3MepeHHe CTpyKTypHbiX cpyHKUHH HyK
JIOHOB C BbiCOKOH CTaTHCTHqeCKOH TO~OCTblO 
H npoa~pKa KX.D: B rny6oKoHeynpyroM pac
ceHHHH MlOOHOB". 

AaTophr: A.r.Bono,o;LKo, B.H.reHqea, 
B.r.KpHBoXH)KHH, B.B.KyxTHH, C.HeMeqeK, 
H.A.r onyrnHH, H.A.CaaHH, H.B.CKaqKoB, 
r .H.CMHpHOB, P .Jle,D;HHUKH. 

''Hccne.o;oBaHHe B3aHMO,D;eHCTBHH aHTHnpO
TOHOB c H,o;paMH npH 3HeprHHx LEAR". 

AaTopbi: IO.A.BaTycoa, C.A.BYHHTOB, 
K.ryapaJib,D;O, <l>.HHKHTHY, r .llHpa,D;)KHHO, 
.D:.B .lloHTeKopao, A.M .Po)K,D;ecTBeHcKHH:, 
M.r.c ano)KHHKoa, B.H.TpeTbHK, H.B.<I>a-
noMKHH. 

" PeaKUHH (n,p) - HOBbiH KaHaJI H3yqeHHH 
KOMnayH,D;-COCTOHHHH H,o;ep''. 

AaTopbi: A . .D:.AHToHoB, IO.M.rne.o;eHoa, 
T.C.3aapoaa, M.ll.MHTpHKOB, IO.n.nonoa, 
X.PHr onh, B.H.CanauKHH:, B.r.rpHrnHH, <l>yHr 
BaH 3 yaH. 

IJO HAYqHO-METO.D:HqECKHM 
H HAYqHO-TEXH:HqECKHM PABOTAM 

Ilepaa.R. npeMI.J.R 

" MHllleHb C "3aMOpO)KeHHOH" llOJIHpH3aUH
eH: ,D;eHTpOHOB 06'beMOM 60 CM3 

". 

AaTophr: H.C.BopHcoa, M.IO.JIH6ypr, 
3.H.ByHHToaa, B.H.MaTacpoHoa, A.B.HeraHoa, 
IO.A.Ycoa . 

JI.ae aropbze npeMuu 

"Pa3pa6oTKa H HCCJie,D;OBaHHe CHCTeMbi aK-
CHaJibHOH HH)KeKUHH HOHOB B UHKJIOTpOH 
Y-200" . 

ABTQpbr: IO.B.BHHorpa.o;oa, B.H.rHKan, 
r .r .rynL6eKHH, A.A.EcppeMOB, .Ll:.H.Kanqea, 
H.B.Konecoa, B.B.KyTHep, B.H.MenbHHKOB, 
P.Q.OraHeCHH, B.A.qyrpeea. 
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"YcTaHOBKa CI1TMA - AHKC ,IJ;JIH HCCJie
,IJ;OBaHHH B3aHMO,IJ;eHCTBHH a,u;pOHOB C H,ll;paMH 
npH 40 r3B". 

ABTOpbi: A . B. BHwHeBCKHH, 11. A. ron yT
BHH, B.IO. Kap:>KaBHH, II. A. KyJIHHHti, r . B. MH
QeJILMaxep, A. A. Ho3,IJ;pHH, A. r. 0JILWeB
CKHM, )J.. A . CMOJIHH, P. Tone,u;o, B . C. Xa-
6apoB. 

IIO HAYtiHO-TEXHl11!ECKl1M 
IIPl1KJ1A)J.HbiM P ABOT AM 

Ilepea.Ft npeMUR 
"HeTpa,IJ;HQHOHHbiH MeTO,IJ; H3MepeHHH B 

KpHoreHHKe". 
ABTophi: A.l1.AneKceeB, 

B.B.)J.aHHJIOB, l1.C.MaMe,u;oB, 
10 .II.<l>HJIHnnoB. 

JI.ee eTopbze npeMuu 

B.l1.BaTHH, 
C.IO.CemoHHH, 

''Pa3pa6oTKa H,u;epHo-<f>H3H'IeCKHX MeTO,ll;OB 
aHaJIH3a (l1HAA, Hr AA H P<l>A) MH H3y1Je
HHH 3JieMeHTHOrO COCTaBa TBep,ll;biX rop101JHX 
HCKOnaeMbiX H nporpaMM HaKOUJieHHH H o6-

pa60TKH nonyqaeMOH raMMa-cneKTpOMeTpHtie
CKOH HH<f>opMaQHH''. 

ABTOpbi: H.CO,IJ;HOM, m.r3p6Hw, O.)J..Mac
JIOB, A.r.BenoB, B.EJKyt~Ko, K.A.raBpHJioB, 
X.XpHCTOB, A.<l>H,u;epKeBHtJ, E.JlJKypaBneBa. 

"CHcreMhi H Mo,u;ynH B CTaH,u;apTax VME 
H FASTBUS". 

ABTopbi: c.H.Ba3hmeB, n.r.E<t>HMoB, 
l1.<l>.KonnaKOB, B.C.KoponeB, A.C.HHKH<f>o
poB, A.H.IIap<f>eHOB, A.B.IIHJIHp, B.M.CnenHeB, 
B.A.CMHpHoB, E.XMeneBCKH. 

JlOOUf.pUTe/lbH.a.Fl npeMUJl 
"MeTO,IJ;bl lJHCJieHHOrO MO,IJ;eJIHpOBaHHH, 

KOMnJieKCbl nporpaMM H paCtJeTbl Ha 8BM 
MarHHTHbiX CHCTeM 3JieKTpo<f>H3HlJecKHX ycTa
HOBOK". 

ABTOpbi: E.II.)I(H,IJ;KOB, 8.A.AH:p.RH, 
II.r.AKHWHH, 3.B.BopHcoBCKaH, C.B.Bopo:>K
QOB, B.H.XopoMcKHH:, l1.A.llienaeB, l1.II.IO,u;HH, 
O.l1.10n,u;aweB. 
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HAY~HO· 
MCCnEAOBA EnbCKME 
PA60Tbl, 
BblnOnHEHHbiE 
nA60PATOPMRMM OMRM 
B 1989 rDAY 
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nABOPATOPIDI 
TEOPETHqECKOB ~M3MKM 

KBAHTOBA.R TEOPM.R llOJI.R 

H~eH HOBbiH MeXa.HH3M cnoHTa.HHo ro 

HapyweHHR N = 2 cynepcHMMeTpHH 11 1 • OH 
B03HHKaeT B HeMHHHMaJlbHOM B3aHMoneHCTBHH 

seKTopHbiX MYJibTHIIJieTOB H a.Ha.n:orHqeH M exa

HH3MY o'PaH:Q>epTH B N = 1 cynepcHMMeTpHH. 

fipOa.HaJIH3HpOB8.Hbl o6mHe B3aHMoneHCTBHR 

seKTOpHbiX N = 2 cynepMyJILTHnJieTOB. C n o

MO!QbiO npeo6pa30B8.HHH nya.n:bHOCTH yCTa.HaB

JIHBaeTC.fl TaK Ha3hmaeMoe C*-oTo6pa:>KeHHe 

cnenHaJlbHbiX K3nepoBbiX B cneQHaJibHbie rHnep

K3JiepOBbl H KBaTepHHOHHbie MHOroo6pa3HR. 

llpenno:>KeHo cynepnonesoe onHca.HHe N = 3 
H N = 4 secc-3yMHHOBCKHX cHrMa-MoneneH: 12 1

• 

llocTpoeHbi pacwHpeHHbie cynepcHMMeTpHq

Hbie KOHcpOpMHbie KBa.HTOBbie MeXa.HHKH H 

• 

pa3BHT reoMeTpHqecKHH: cynepnonesoH: non

xon K HHM 13 1• YcTa.HOBJieHo, qTo s cynep

CHMMMeTp~oH: MOneJIH IOKaBbl d = 4 H MO

nenH cp 4 (d = 2) cymecmyeT npH 6onbwHX 

KOHCTa.HTax CB.fi3H · cpa30BbiH nepexon, CB.fi-

38.HHbiH C HapyweHHeM CHMMeTpHH OCHOB

HOrO COCTO.fiHHR. 

llonyqeHhi H HccnenoBa.Hbi KXll-npasHJia 

cyMM nn11 Q>opMQ>aKTopa nHoHa s Q>opMaJIH3Me • 

HeJIOKaJlbHbiX KOHneHC8,TOB 14 
I. 

Ha ocHose Q>opMaJIH3Ma BHJibCOHOBCKHX 

neTenb peweHa npo6neMa cynaKOBCKHX 3cp

Q>eKTOB nn11 Q>opMQ>aKTopa KBapKa s KXn. 
Ilpenno:>KeHa o6ma11 KaJIH6posoqHaH Teo

PHR peJIHTHBHCTCKHx 6o30HHbiX H Q>epMHOH-

Me)I(JlYJ18POAHbiH CHMD03HYM DO H36p8HHbiM npo6neM8M CT8THCTH'IecKOH MeX&HHKH B ,lly6ae 
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• 

HbiX ,1:\HCKpeTHbiX CHCTeM C KHpa.JibHOH CHMMeT

pHeH H pacCMOTpeHa npo6neMa HX KBaHTOBa

HHR15 I, 

B paMKax noKaJihHOH KBaHTOBOH TeopHH 

(cso6oAHhiX) noneii: AaHa nonHaH KnaccH$H

KaQHH B03MO)KHbiX CTaTHCTHK TO)I(,ll;ecTBeHHbiX 

llaCTHQ. lloKa3aHO, tJTO TaKOBbiMH MOryT 6hiTb 

nHillb napa$epMH- H napa6o3e-CTaTHCTHKH KO

HeliHoro nop.H,I:\Ka H 6ecKOHetiHaH CTaTHCTHKa, 

KOTOpyro MO)KHO HHTepnpeTHpOBaTb KaK Knac

CH'IecKyiO 6onhQMaHOBCKYIO CTaTHCTHKy. 

llpOAOn»mJJHCb HCCne,I:\OBaHH.fl CnHHOBOH 

crpyKTyphi HyKnoHa. Ehmo noKa3aHO, tJTo AnH 

nonyqeHH.H npaBHJibHbiX ypaBHeHHH 3BOniOQHH 

He06XOAHMa nepeHopMHpOBKa aKCHaJibHOH aHO

MaJIHH, HaqHHaH C TpexneTneBbiX ,1:\HarpaMM 16 I, 

KOTOpa.H H 6bma Bnocne,I:\CTBHH 06Hapy:>KeHa 

.HBHO (A.HcenbMOM H J1oraHCOHOM). llonyqeHO 

npasHJio cyMM An.H CnHHoBoii: cTpyKTypHoH 

<i>YHKQHH $GTi)Ha 16 
I, KOTopoe B 6yAyi.QeM 

MO:>KeT 6hiTh nposepeHo Ha acrpeqHbiX e+ e-

nyqKax. 

HosbiM IllaroM B noHHMaHHH cnHHOBOH 

cTpyKTYPhi HBHJIOCh ycTaHOBneHHe CBH3H cnH

HOBOH cTpyKTYPhi c npo6neMoH Macchi 17'-Me3o

Ha (TaK Ha3hiBaeMOH U (1) -npo6neMOH) 17 1
• 

3TO npHBeno K COOTHOilleHHIO THna ronbA-

6eprepa TpeHMaHa Me)l(,ll;y KBapKOBhiM 

CO,I:\ep:>KaHHeM CnHHa H KOHCTaHTaMH B3aHMO

,I:\eHCTBH.fl 'T/ t -Me30Ha. ilOACTaHOBKa H3BecTHbiX 

KOHCTaHT B3aHM<1,Z:\eHCTBH.fl npHBOAHT K YTBep

)l(,ll;eHHIO 0 AOMHHHpyiOI.QeH ponH KBapKOBOrO 

BKJia,I:\a H 0 COKpai.QeHHH rniOOHHOrO H op6H

TaJibHOrO BKna,I:\OB . 

J1ccneAOBaHa KBaHTOBaH AHHaMHKa 3ap.H

:>KeHHhiX cTpyH so BHewHeM 3neKTpoMarHHT

HOM none H so BHewHeM Hea6enesoM none 

c Hea 6eneBhiMH 3apHAaMH. B 3neKTpoMarHHT

HOM none HaH.z:\eH 3HepreTHqecKHH: cneKTP 

CTpyHhl, HCCneAOBaHbl ycnoBHH CTa6HJibHOCTH 

(pa3p hiB CTPYHbi) H orpaHmeHHH Ha BHewHee 

none. B Hea6enesoM none HaHAeHhi ypasHeHH.H 

ABH:>KeHH.H H rpaHHtiHbie ycnoBHH, npHBeAeHo 

HX qac THoe peweHHe 18 1• 

H a ocHose nonesoH: TeopHH CTPYH B paM

Kax MeTOAa $yHKQHOHaJibHOro HHTerpHpOBa

HH.fl nonyqeHa AHHaMHqecKaJI OCHOBa ,1:\n.H 

TeopHH B3aHMOAeHCTBYIOI.QHX CTPYH MaHAenb

cTaMa . BhiHCHeHhi $H3HqecKHe npmHHhi pa

AHaJihHoro ABH:>KeHHH KBapKOB, CBH3aHHbiX 

CTpyH OH 19 I. 

J13yqeHa $a30Ba.H CTpyKTypa AByMepHOH 

O(N)-cHMMeTpHqHOH MOAeJIH g(t'- ) 2 KBaHTO

BOH TeopHH non.H. lloKa3aHO, qTo ecTb 

$a30Bhrn nepeXOA npH HeKOTOpOH g = gc. 
llpH g > gc HMeeT MeCTO CnOHTaHHOe Hapy

weHHe O(N)-cHMMeTpHH, npmeM "roJIACToy

HOBCK He" qacTHQbi O(N -1) -cHMMeTpHH o6na

AaiOT HeHyneBOH MaCCOH 
11 0 1

• 

Pe weHa npo6neMa OAH03HatiHoro KBaHTOBa

HHH AByMepHbiX aHOMaJibHbiX KaJIH6poBOtiHbiX 

TeopHH 1 1 1 
I. ilOCTpoeHO OnHCaHHe CB.fl3aHHbiX 

cocTOHHHH B K3)l; H KX)l; KaK penHTHBHCTCkHx 

6HJioK aJihHhiX noneH: H nonyqeHo o6o6meHHe 

KHpaJibHbiX narpaH:>KHaHOB ,1:\n.H T.H:>KenbiX KBap

KOHHeB I I 2 1• 

Y c TaHosneHa npHpoAa $a3oBhiX nepexoAOB 

B MO,I:\eJIH 1/>4 
TeOpHH non.H 11 3 1• 

<DEHOMEHOJIOr:I1H <DYH,UAMEHT AJibHhlX B3AI1MO )l;E:ACTBI1:A 

B MOAeJIH, yqmhiBaiOI.QeH csoH:crsa KX)l; Ha 

6onblllHX paCCTO.HHHHX, H3yqeHa B03MO)KHOCTb 

nepeaopoTa CnHHa B o6MeHe c BaKyyMHhiMH 

KBaHTOBbiMH qHcnaMH B t-KaHane 114 1• ilOKa-

3aHO, qTo KBapKOBbie neTnH H BKJia,I:\bl KBapK

aHTHKBapKOBbiX nap MOp.H npHBOA.HT K aMnnH

TyAe c nepesopoToM cnHHa, pacry.w;eH: KaK s 

npH BbiCOKHX 3HeprH.HX H $HKCHpOBaHHbiX 

nepeAaqax HMnynhca 11 5 1• 

B MOAeJIH Me30HHOH "wy6hi" aApoHa no

Ka3aHO, tJTo HYKJIOH H 6.3 3 -H3o6apa B s-Ka

Hane ;IJ;aiOT onpe,I:\en.HIOI.QHH BKna,I:\ B aMnnH

Ty,I:\bl C nepeaopOTOM CnHHa BbiCOK03Hepre

TH'IecKHX HYKJIOH-HyKJioHHhiX H Me3oH-HyK

noHHhiX 3KCKni03HBHbiX npoQecCOB Ha MaJibie 

yrnhi 116 1• 

llonyqeHbl COOTHOWeHH.H Me)l(,ll;y Bepo.HTHO

CTHMH nepeXOAOB HeHTpHHO (OCQHJin.HQHH), 

nposepKa KOTOpbiX Ha onhrre no3Bon.HeT noA

TBepA HTh rHnOTe3Y HepapXHH Mace HeHTpHHO, 

OCHO aHHYIO Ha MO,I:\en.HX BenHKOrO 06'beAH

HeHHH 11 7 1• 

llpOaHaJIH3HpOBaHa Ha OCHOBe rHnOTe3bl 

CMeW HBaHH.fl HeHTpHHO B03MO)KHOCTb 3KCne

pHMeHTOB no np.HMOH perHCTpa.QHH HeHTpHHO 

oT C o nHQa. lloKa3aHO, tJTO 3TH OnhiThi no3BO

n.Hro:r nposepHTb rHnOTe3y CMeWHBaHH.fl HeHT

pHHO , a TaK:>Ke rHnOTe3Y Cyi.QecTBOBaHH.fl CTe

pHJibHbiX HeHTpHHO 6e3 KaKHX 6hi TO HH 6biDO 

npe.nn ono:>KeHHii: o MOAenH ConHQa 11 8 1 • 

H a ocHoBe $eHoMeHonorHqecKHX npasHJI 

CYMM , BbiTeKaiOI.QHX H3 TeOpHH HapyWeHHbiX 
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YJUITapHbiX CHMMeTpHH H KBapKOBbiX MO~e

JieH MPOHOB, npoaHaJIH3HpoBaHbl MarHHTHbie 

MOMeHTbi 6apHOHOB H PMHaQHOHHbie nep exo

~bi Me)IQJ;y HH3WHMH 6apHOHHbiMH H M e30H· 

HbiMH pe3oHaHcaMH. licxo~Hbie npe~nono:lKe

HHR MR BbffiO~a npaBHJI CyMM BKJIIO'IlalOT yqeT 

pen.RTHBHCTCKHX 3<P<PeKTOB H MPOHHbiX no

npasoK H3·3a 06MeHHbiX Me30HHbiX TOKOB. 

Ilpe~JIO:lKeHO HOBOe npaBHJIO CYMM MR Mar

HHTHbiX MOMeHTOB rHnepoHOB 

(tt(l;+) -tt(l;-)] X 

[tt(l;+) +ttp:; - ) -6tt(A) +2tt(Z 0 )+2tt(Z -)1 + 

(tL {Z 0
) - tl (Z-) 1 X 

• [tt(l;+) +tt(l;-) + 6tt(A) -4tt(Z 0
) -4tt(Z- ) 1 =0, 

KOTOpoe, B OTJIHQHe OT BCeX ~pymx H3BecTHbiX 

B JIHTepazype, COrJiacyeTC.R C HOBbiMH HaHOO· 

Jiee TOQHbiMH 3KCnepHMeHTaJibHbiMH ~aHHbiMH 

~HAJJ. HosbiM pe3yJihTaToM, BbiTeKaiD~M 

H3 3TOrO COOTHOWeHHR, RBJI.ReTC.R n epBoe 

3KCnepHMeHTaJibHO 060CHOBaHHOe nO~TBep:lK

~eHHe 3JieKTpoMarHHTHoro Ak o -cMeWHBaHHR 

H onpe,z:~;eneHHe COOTBeTCTBYIOI.Ltero H e,z:J;Haro

HaJibHOrO MaTpHQHOro 3JieMeHTa Macco soro 

onepai opa (mAl;o = <A I m
3
.M.Il;

0 >) . Ilony· 

qeHHbie H3 ~aHHbiX MR 6apHOHOB OTHOW eHHR 

MarHHTHbiX MOMeHTOB KBapKOB tt(U)/tt (d) = 
1,80 ± 0,02 H tt(s)/tt(d) = 0,67 ± 0,02 

npHBO~.RT K COOTBeTCTBHIO C 3KCnepHMeHTOM 

omoweHHe WHPHH K*± -+ K± 'Y H K*0 -+ K0 'Y 

paCnMOB, QTO CJIY)KHT no~TBep)IQJ;eHHeM r HnO· 

Te3bi yHHBepcanbHOCTH KBapKOBbiX xap aKTe

pHCTHK B 6apHOHaX H Me30Hax. lfucJieHHOe 

3HaqeHHe omoweHHR tt(u)/tt(d) cornac y eTCR 

C rH6p~HOH MO~eJibiO, yQHTbffiaiDI.LteH ITHOH· 

Hbie nonpaBKH qepe3 JIOKaJibHOe B3aHMO~eHCT· 

BHe nHOHHOrO ITOJIR C KOHCTHzyeHTHbiMH 

(MaCCHBHbiMH) KBapKaMH H HCITOJih3YIOI.LteH 

ycnosHe PCAC Ha KBapKoBOM yposHe. 0 TMe

qeHo, QTO HaH60Jiee qyBCTBHTeJibHbiM TeCTOM 

cnpase~JIHBOCTH npasHJia HenpepbmHOCTH KBap

KOBbiX JIHHHH (npaBHJia 0Ky6o - U!Jeiira -

JiH3yKH) H BbiRBJieHHR 3cPcPeKTOB, CB.R3aHHbiX 

c HaJIHQHeM CTpaHHbiX KBapKoB B HyKJioHax, 

RBJI.ReTC.R onpe,z:~;eneHHe aHaJIOrOB MarHHTHbiX 

MOMeHTOB HYKJIOHOB H, B OC06eHHOCTH, H30· 

CKaJI.RpHbiX ~ep (~eHTOHOB, HanpHMep) ~JIR 

seKTopHoii qacTH HeiiTpaJibHoro cna6oro TOKa 

(T.e. onpe~eJieHHe xapaKTepHCTHK HeHTPaJib· 

Horo cna6oro "MarHeTH3Ma" HYKJIOHOB H 

~ep) /19 '· 
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Ilpe,z:J;JIO:lKeH MeTO~ aKCHaJibHO-BeKTOpHOH 

~OMHHaHTHOCTH CJia6biX B3aHMO~eHCTBHH H C 

ero noMOI.LtbiO onHCaHbi pacn~hl T-nenToHa, 

Ke4 H csoiicma a 1 -Me30Ha 12 0 1. 

IlpeMO:lKeH HOBbiH MeXaHH3M po)IQJ;eHHR 

T.R:lKeJibiX KBapKOBbiX apoMaTOB H BbiQHCJieH 

cneKTp QeTbipeXKBapKOBbiX Me30HOB 12 1 I. 

IlonyqeHbi xapaKTepHCTHKH o6'beMHoro H 

nosepXHocmoro noJI.RpoHOB ~penHxa, pa3BHTO 

1/N·pa3Jio:lKeHHe, H3yqeHa npo6neMa <Pa3osoro 

nepexo~a ITOJI.RpOHa B JIOKaJIH30BaHHOe COCTO.R· 

HHe'2 2 I • 

,ll;aHbi o~eHKH csepxy ~JIR 3HeprHH: CBR3H 

COCTORHHH aHOMaJibHOH QeTHOCTH BCeX· Me30· 

MOJieKyn. BnepBbie ~oKa3aHO cymeCTBOBaHHe 

CJia60CB.R3aHHbiX COCTORHHH B pdtt· H pttt· 

CHCTeMax12 3 1• 

,lJ;aHa cPOPMYJIHpOBKa np.RMOH H o6paTHOH 

3MaqH pacce.RHHR ~JIR yprumeHHH ~~eesa 

B MHa6aTHQecKoM no~xo~e. IlonyqeHa MHa-

6aTHQecKaR cPOPMYJIHpOBKa ypaBHeHHH ~a,n;

~eeBa C ~aJibHO~eHCTBYIOI.LtHM ITOTeH~OM, 

a TaK:lKe HHBapHaHTHaR H ITOJIHaR aMnJIHTY~bl 

pacce.RHHR B ~HITOJibHOM npe~CTaBJieHHH /2 4 I. 

BnepBbie ~aH noJIHbiH aHaJIH3 MaTpHQHOH 

CTPYKTYPhi ypaBHeHHH ~~eesa B Koop~HHaT

HOM npOCTpaHCTBe H yKa3aH HX MHa6aTHqe. 

CKHH npe~en. Ilpose~eHbi pacqeTbi cHcTeM 

e+ e- W , tttt C npHMeHeHHeM HOBbiX aJirO· 

pHTMOB 12 51 • 

B paMKax Hosoii nocTaHOBKH 3MaQH 

aToMa renH.R B Koop~HHaTax PMay co3~aHbi 

HOBbie anropHTMbi H nporpaMMbi ~JIR pacqe-

Ta cneKTpOB, BOJIHOBbiX cPYHKQHH H ~HITOJib· 

HhiX nepexo~oB B reJIHeno~o6HhiX CHCTeMax. 

YTOQHeHbi sapHaQHOHHhie H ~Ha6aTHQecKHe • 

pacqeTbi npHMeHHTeJibHO K Me30MOJieKyJiaM 

C aHOMaJibHOH QeTHOCTbiO 12 6 I. 

Pa3pa6oTaHa cxeMa peJIRTHBHCTCKoro pac

·qeTa cneKTpa pa,n;HaJibHbiX (H op6HTaJibHbiX 

C S = 0) B036y)IQJ;eHHH JierKHX Me30HOB. IlOKa-

3aHO xopowee cornacHe npe~CKa3aHHH c 3Kcne

pHMeHTaJibHbiMH ~aHHbiMH 3a HCKJIIOQeHHeM 

"JIHWHerO" pfw (1600)-BeKTOpHoro Me30HHO· 

ro pe3oHaHca, HMeiDmero, B03MO:lKHo, rH6p~

HYIO KBapK-rJIIOOHHYIO npHpo~y. 

Ilpe~JIO:lKeHa aHaJIHTHQecKaR MO~eJib cPOPM· 

<PaKTopa nHoHa, Haxo~I.LtaRCR B xopoweM co

rnacHH C 3KCnepHMeHTOM H TeopeTHQecKHMH 

npe~cKa3aHHRMH p-BOJIHbi H30CKaJI.RpHoii aM

nJIHTY~bi nHOH-nHOHHOrO pacce.RHHR B HecPH3H· 

qecKOH o6JiaCTH 12 7 1• 

liccne~oBaJIHCb TepMo~HHaMHQecKHe csoii

cma xpoMonJia3Mhi B SU(2)- H SU(3)-KanH6po-



B011HbiX TeopHJtX. B paMKax peweToliHoro no~
XOM 6&IJI8 BblliHCneHa TeMIIepaTypHa.R 38BHCH
MOCTb TepMO~HHaMHqecKHX Q>yH~HH (3Hep
rHH, ~asneHHJI, TeiiJIOeMKOCTH) , a T8K:>Ke TeM
nepaTypHa.R 3aBHCHMOCTb HX :meKTpH'leCKHX 
H Mai'HHTHbiX KOMIIOHeHT. flOKa38.HO, qTo B OK
pecTHOCTH ToqKH <Pa3osoro nepexo~a nose~e
HHe MarHHTHbiX H 3neKTpHqecKHX KOMnOHeHT 
pe3KO pa3n~eTCJI KaK ~n.11 SU(2)-, TaK H ~n.ll 

SU(3)-TeopHH12 11 
'· 

Hccn~osanac& cTpyKzypa saKyyMH&Ix KOH
Q>Hrypauilli B MO~enH ):(>Kop~:>KH - rn3WOy. 
BbiqHCJIJinHCh pacnpe~eneHHR H KoppemmHH 
Mai'HHTHbiX nOTOKOB B pa3nHliHbiX Q>a3ax12 9 1

• 

B SU(2)-KanH6pos_oliHo:H TeopHH Hccne~o
sanoc& nose~eHHe 3HeprHH B 3aBHCHMOCTH 
OT BHeWHerO XpOMOMai'HHTHOrO nonR KaK B 
cpa3e KOH$aHHMeHTa, TaK H B Q>a3e ~eKOHQ>aHH• 
MeHTa 13 01 • 

.[l)IR KyMynRTHBHore 3Q>Q>eKTa nocrpoeHa 
MO,IJ;enb 13 1 I Q>opMHpOBaHHJI "ropgqero" HC
TOIIHHKa KYMYnRTHBH&Ix qacrHn, onp~enRe
MaR napaMeTpaMH KX.U Ha 6on&wHx pacCToJI
HHRx. 

YcTaHOBneHo, qTo npHHnHn "MepHoro" 
cKeHnHHra cneKTpos Ky~ynRTHBHbiX ~poHOB 
He RBnReTCR YHHBepcan&HbiM. CKeiinHHr ~.II 
cneKTpa npOTOHOB MO:>KeT HCnbiTbiBaTh CHnhHOe 
HapyweHHe, qTO CB~eTenbCTByeT 0 BKn~e· 

HOBbiX cpH3H1lecKHX 06'beKTOB - TJI:>Ken&IX 6a-
. pHOHHbiX KnacTepos 13 2 1• 

Pa3BHT cnoco6 B&JqHCneHHR seKTop-noTeH
nHanos ~nR CT&nHOHapHbiX TOpo~anhHbiX TO
KOBbiX CHCTeM (KOHcpaHHMHPYIOU\HX MarHHT
HOe none). YKa3aHO Ha $H3H1lecKyiO pean&
HOCTh 3THX noTeHnHanOB H HX ~OnOnHHTenb-

. HOCTh no OTHOWeHHIO K MaKCBennOBCKHM 
nOJIJIM 13 3 

'· B paM~ax o6o61l\eHHOH raMHnh
TOHoao:H ~HHaMHKH ,ZJ;HpaKa ~OKa3aHa KanH-
6pOBOliHa.R HH:aapHaHTHOCTh 3TOH CTeneHH CB0-
60~bl aeKTop-noTeHnHana. 11MeHHO :na qacn 
BeKTOp-noTeHnHana OTBeTCTBeHHa 3a 3Q>Q>eKTbl 

ApoHoaa - BoMa H ao36y~eHHe TOKa a caepx
npoBOMU\eM KOn&ne, H8XOMU\eMCJI B none 

(~Horo) coneHo~a1341 • 
flpeMO:>KeHa O~OMepHa.R MO~enh KBaHTO

BbiX B3aHMO~eHCTBHH CnHHOB C ~ononHHTenh
HbiMH HHTerpanaMH ~BH:>KeHHJI, CO~ep:>Kall\a.R 

H3BecTH&Ie HHTerpHpyeMbie CHCTeMbl re:H3eH-
6epra H XoMeiiHa - illacTpH KaK np~enhH&Ie 
cnyqaH 13 51 • 

po~on:>KeHhi pacqeThi Ha6niO~aeMbiX aenH
liHH C yqeTOM 3neKTpocna6&IX p~HanHOHHbiX 
nonpa:aoK ~nR nponeccoa, H3yqaeM&IX Ha 
ycKopHTen.llx HERA H LEP. PacqeT&I ~nR 

LEP 1 3 6 1 aenHCb no nporpaMMe pa6oqero 
coaell\aHHR "Physics at LEP", npoxo~HBwero 
a U EPHe c JIHBapR no ceHT.116p& 1989 r., 
H CB1I3aHbl B OCHOBHOM C npo6neMOH npenH-
3HOHHOit npoaepKH 3neKTpocna6o:H TeopHH 
B o6nacTH Z-pe30HaHCa. PacqeThi ~n11 HERA13 7 1 

JIBnJIIOTCJI npo~On:>KeHHeM HCCne~OBaHHJI p~Ha

nHOHHbiX nonpaaoK ~nR nponeccoa rny6oKo
Heynpyroro eN-pacceRHHR. 

H ocHoae pa3BHToro MeTo~a KX,U-aHanH3a 
C nOMOil\hiO pa3JIO:>KeHHH no CHCTeMe opTOrO
HanhHbiX nonHHOMOB BbinOnHeHa nOJIHa.R Teo
peTHqecKa.R o6pa6oTKa ~aHHbiX Konna6opanHH 
BCDMS (3KcnepHMeHT NA-4), nonyqeHHhiX 
Ha BO~OpO~HOH MHWeHH, KOTOpaH BKniOqaeT 
yqeT KaK CHHrneTHOrO, TaK H HecHHrneTHbiX 
BKn~oa. AHanH3 B&monHeH c yqeToM BTOpbiX 
nopH~KOB TeopHH B03MYU\eHHH KX,U. ,Un.11 
:noro cnyqaH nonyqeHo AMS = (205+21) M~B. 

Onpe~eneHa Q>opMa KBapKOBbiX H rJIIOOHHhiX 

pacnpe~eneHH:H 13 8 
'· 

,ZJ;aHa HOBaH HHTepnpeTanHJ~ pe3yn&TaTOB 
EMC no H3MepeHHIO nonRpH3anHOHHOH CTPYK
TYPHOH <l>YHKnHH npoToHa KaK -npoRaneHHe no
nHpH3&nHH HHCTaHTOHHoro aaKyyMa. B pe3ynh
TaTe npOHCXO~HT COKpall\eHHe BKn~OB nOJIJI
pH38nHH BaKyyMHbiX KOH~eHCaTOB H MOpCKHX 
KBapKOB, H <l>aKTHtiecKH CnHH npOTOHa onpe
~eJIHeTCJI CnHHOM BaneHTHbiX KBapKOB 13 9 I . 

MATEMAT:HqECKHE llPOBREMW TEOPETHqECKOA ~H3HKH 

llpo~on:>KaJiac& pa3pa6oTKa TeopHH KBaHTO
BbiX BOnHOBO~OB 14 0 1

• floCTpoeHa MO~enh pe-
30HaHCHOrO pacceJIHHJI Ha KBaHTOBbiX npOBO
noKaX. PaccMoTpeHbi KOHTaKTH&Ie B3aHMo
~e:HCTBHR C HOCHTen.IIMH Ha KpHBbiX H noaepx
HOCTJIX H pen.IITHBHCTCKaH MO~enh 3<l><l>eKTa 
3en&~oa~. llonyqeHo o6paTHoe yTBep)IQJ;eHHe 
K TeopeMe KaTo - Po3eH6niOMa. PaccMoTpeHbi 

3<l>cpeKTbl KOHeliHOrO pa3Mepa B ~HMepHOH MO
~enH KpHCTannH3anHH14 1 I H ~pyrHe peweToq
Hbie Mo~enH. PaccMoTpeHbi KBaHTOBoe no~as
neHHe xaoca a aKcenepaTope ~epMH H cneKTp 
onepaTopa MOHO~pOMHH ~n.ll aTOMa BO~OPOM 
a BbiCOKoqacTOTHOM none, a TaK:>Ke cao:H
CTBa 6o3e-Ko~eHC&nHH, CnHH-6030HHbiX ra
MHnhTOHHaHOB H HeHpOHHbiX CeTeH. 
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Pll3BHBaeTcH coTpy .zunt'leCTBo <l>H3HKOB-TeopeTHKOB 
OHRH c KonneraMH H3 HHCTHTYTa nepcneKTHBHbiX 
HCcne,II;OBaHHH B ,[(y6nHHe (HpnaH,II;HH). Ha CHHMKe: 
,[()IC.IIyne,.:r . Topnac, B .B.3arpe6HOB ( nT<I>) • ,[()IC.nbiOHC 

lfCCJie,D;OBaHO BJIHHHHe ,D;HCKpeTHOH CHM

MeTpHH (THna Ca v• c4v) napaMeTpHqecKo ro 

CeMeHCTBa raMHJibTOHHaHOB C HeHHTerpHpy e

MbiM KJiaCCHqecKHM npe,D;eJIOM Ha cpyH K

QHIO pacnpe,D;eJieHHH co6crneHHbiX 3HaqeHHH. 

Ha npHMepax 3L-cHcTeMbi H KBaApynoJII>HbiX 

KOJie6aHHH .R,D;ep npo,D;eMOHCTpHpOBaH npaBHJib

HbiH OO,ll;XO,D; K CTaTHCTHKe co6CTBeHHbiX 

3HaqeHHH 14 2 f ( B OTJI~He OT TOrO, ~0 ,D;e-

Jianoci>, HanpHMep, 3acJiaBCKHM H Bopo6I>

eahiM). 

llpo6JieMe TOOOJIOrHqecKHX cpa3 H HX npo

.RBJieHHH B KBaHTOBOH MeXaHHKe H OOJI.RpH3a

QHOHHOH OITrHKe nOCB.Rill;eHbi ,D;Ba o63opa 14 3 I , 

B KOTOpbiX BnepBbie yTO~.ReTC.R npHOpHTeT 

pe3yJII>TaTOB C .M.PbiTOBa (1938 r . ) H B.B .Bna

AHMHpCKoro (1941 r.) B o6JiaCTH OOJI.RpH3a

QHOHHOH OOTHKH. 

llonyqeHa cpaKTOpH3aQH.R o6w;ero pellleHH.R 

JIHHeHHOH 3BOJIIOQHOHHOH 3a,D;a~ H Bbi,D;eJieHa 

qacTb, KOTOpa.R HMeeT TOOOJIOrHqecKHH xapaK

Tep. 3Ta qacTb o6o6w;aer cpa3y BeppH H cao,D;HT

c.a K HeH B a,D;Ha6arnqecKOM npH6JIH:IKeHHH 14 4 
f . 

TEOPH.R ATOMHOrO .R,UPA If .R,UEPHhiX PEAKUHA 

lloJiyqeHbl ypaBHeHH.R KBa3HqacTH~O-Q>O

HOHHOH MOAeJIH c yqeToM qacTH~O-,D;bipo~oro 

H qaCTH~o-qacTH~OrO B3aHMO,D;eHCTBHH 14 5 f. 

Pacc~TaHhi KBa,D;pynoJII>Hhie, oKTynoJII>Hbie H 

reKCa,D;eKanOJibHhie BH6paQHOHHhie COCTO.mm.R 

a 1 6 8 Er, 1 7 2 Yb, 1 7 8 Hf H ,D;pyrHx .R,D;pax H n o

JiyqeHo COrJiaCHe C 3KCnepHMeHTaJibHbiMH ,D;aH

HbiMH. lfccJie,D;oBaHO pacnpe,D;eneHHe E}..-cHJibi 

B ,D;ecpopMHpOBaHHbiX .R,D;pax H OOKa3aHO, ~0 

B p.R,D;e CJiyqaeB OHO OTJI~O OT CTaH,D;apTHOrO, 

c KoHQeHTpaQHe:H E}..-cHJibi He Ha nepaoM, a Ha 

BbiCOKOJie:IKaiQHX COCTO.RHH.RX. lfCCJie,D;OBaHO 
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BJIH.RHHe MYJibTHnoJII>HhiX B3aHMO,D;e:HcrnH:H c 

}.. ~ 5 Ha cMelllHBaHHe ,D;ByXHe:HTpOHHhiX co

CTO.RHHH, HMerow;Hx 6oJiblllHe K, c ,D;ayx

npoTOHHbiMH B qeTHo-qeTHbiX ,D;ecpopMHpO

BaHHbiX .R,D;pax. llOKa3aHO, ~0 B CJiyqa.ax 

6JIH30CTH 3HeprnH HCCJie,D;yeMbiX COCTO.RHHH 

c o,D;HHaKOBhiMH 3HaqeHH.RMH K1T HX cMe

lllHBaHHe BeJIHKO. llonyqeHO KaqecTBeHHO npa

BHJibHOe OnHCaHHe 3KCnepHMeHTaJibHbiX ,D;aH

HbiX no CMelllHBaHHIO COOTBeTCTByiDw;HX KOH

cpHrypaQHH B 176,1711Hf, 174Yb, 16BEr H 

15 sad. 



PacctJHTaHbi nap~HaJILHLie umpHHLI -y-pacna

Aa E2- H E4-rHraHTCKHX pe3oHaHCOB Ha HH3KO

ne>Ka~He cocTOHHHH B 9 0 Zr H 2 0 8 Pb. CAeJiaH 

o6uum BbiBOA 0 BIDKHOCTH ytJeTa CJIO)K}{biX 

KOHqmryp~HH AJI.II npaBHJibHOrO OllHCaHH.II 

pacnaAHhiX cso:HcTB BbiCOKOB036y)l(,ll;eHHhiX 

COCTO.IIHHH. lloKa3aHO, 'ITO HHTeHCHBHOCTb pac

naAa H30BeKTOpHbiX pe30HaHCOB CHJibHee, 'leM 

H30CKanHpHbiX. Pa3pa6oTaH MeTOA Bhi'IHCJieHHH 

napaMeTpOB raMHJibTOHHaHa MOAeJIH B3aHMO

AeHCTBYIO~X 6030HOB, OCHOBaHHOH Ha AH:Ha

MH'IeCKOH SU(6)-cHMMeTpHH1461 • 

HccneAOBaHO H30TOnH'IecKoe OTHorneHHe 

KOJIJieKTHBHbiX KBaApynOJibHbiX MaTpH'IHbiX 

3JieMeHTOB AJIH pHAa HAep Ha OCHOBe peaJIHCTH

tJeCKOrO NN-B3aHMoAe:HcmHH c noTe~HanaMH 

THna Pe:H:Aa H 6oHHCKoro. llonytJeHo xopowee 

COrJiaCHe C HOBbiMH 3KCnepHMeHTaJibHbiMH 

pe3yJILTaTaMH Heynpyroro npOTOHHOrO H nHOH

HOrO pacce.RHHH 14 71 • 

IloKa3aHO, 'ITO HeperynnpHoCTH B ABYX

KBaHTOBLIX nepeXOAaX, o6Hapy:>~<eHHbiX B 

(n, 'Y) -cneKTpax pHAa Ae<J>opMHpOBaHHbiX .RAep, 

CBH3aHbl C oco6eHHOCiHMH CTpyKTypbl npoMe

:>KYTO'IHbiX cocToHHH:H
14 8 

'· HccneAoBaHa spe

MeHHaH 3BOJIIO~HH BOJIHOBoro ItaKeTa BHYTPH 

llOA6apLepHOH o6JiaCTH. lloKa3aHO, 'ITO BpeMH 

Ha npOXO)I(,ll;eHHe 3aTpatJHBaeTC.II B OCHOBHOM 

B KOH~e 6apLepa14 9 1• 

HccneAOBaHa npHMeHHMOCTb pa3JIH'IHhiX 

Ha6opOB napaMeTpOB MOAeJIH :>KHAKOH KanJIH 

AJIH OllHCaHH.II 6apbepOB AeJieHHH HeHTpOHOAe

$H~HTHbiX HAep B pa:HoHe CBHH~a. PaccMoTpe

Hhi MaCCOBble H 3HepreTH'IeCKHe pacnpeAeJie

HH.II OCKOJIKOB AeJieHH.II HarpeTbiX HAep npH 

pa3JIH'IHbiX npeAllOJIO:>KeHHHX 0 MeXaHH3Me 

BH3KOCTK. YKa3aHhi seJIH'IHHhi, qyscTBHTeJIL

HLie K THny MeXaHH3Ma B.II3KOCTH 15 0 1• 

IIpoBeAeHo HCCJieAOBaHHe onHCaHHH ~ep

Ho:H KOJIJieKTHBHOH AHHaMHKH MeTOAOM MO

MeHTOB <I>YH~HH pacnpeAeneHHH BHrHepa. 

IIposeAeH aHaJIH3 pasHosecHbiX xapaKTe

pHCTHK 6biCTpOBpa~~XC.II HarpeTbiX .RAep 

B MOAeJIH aHH30TponHoro spa~aro~erocn oc

~nmopa/5 1 
'· 

HccneAOBaHO BJIHHHHe oco6eHHocTe:H o6o

notJetJHo:H cTpyKTyphi CTaJIKHBaro~Hxcn .RAep 

Ha nono:>~<eHHe MaKCHMyMa Maccosoro pacnpe

AeJieHHH npOAYKTOB peaK~HH C TH:>KeJibiMH 

HOHaMH. lloKa3aHO, 'ITO Ka'leCTBeHHOe pa3JIH

tJHe B 3aBHCHMOCTH llOJIO:>KeHHH MaKCHMyMa 

OT nOJIHOH KHHeTH'IeCKOH 3HeprHH npOAYKTOB 

peaK~H C HOHaMH ~HKa H aproHa, Ha6JIIOAae

MOe B 3KCnepHMeHTe, 06'bHCH.IIeTC.II KaK npO.IIB-

neHHe o6onotJetJHo:H CTPYKTYPhi B3aHMOAe:HcT

syro~x .RAep. 

H a ocHose o6o6~eHHoro 6o3oHHoro npeA

CTaBJieHHH XoncTe:HHa - llpHMaKoBa AJI.II 6H

<PepMHOHHhiX onepaTOpOB llOJiytJeHO MHKpO

CKOllH'IecKOe o60CHOBaHHe MOAeJIH B3aHMO

AeHCTBYIO~X 6o30HOB (MBB) • lloKa3aHO, 

KaK M O)K}{O o6o6~Tb raMHJILTOHHaH MBB. 

Ha:H:Ae cnoco6 BKJIIO'IeHHH B raMHJILTOHHaH 

Hap.RAy C · KOJIJieKTHBHbiMH KBaApynOJibHbiMH 

H ApyrH X CTeneHeH CB060Ahi 15 2 1• 

Hcc neAOBaHa ponb AaHCOHOBCKoro 6o3oH

Horo n peACTaBJieHH.II AJI.II peaJIH3~H KOJIJieK

THBHOH <J>epMHOHHOH anre6pbl Ha KOJIJieKTHB

HOM 6030HHOM npOCTpaHCTBe H npeAJIO:>KeHO 

o6o6~eHHe MeTOAa KHHa - BH~eHTa Ha cny

qa:H X OJICTeHH-npHMaKOBCKOrO npeACTaBJie
HH.II/5 3 I .. 

Ha npHMepe ABy~eHTposo:H o6onotJetJHo:H 

MOAeJIH H3ytJeHbl npOHBJieHH.II KBaHTOBOrO 

xaoca B CBOHCTBaX TH:>KeJibiX .RAep15 4 1• 

llpo BeAeHO HCCJieAOBaHHe 3apHAOB0-06MeH

HbiX peaK~HH C JierKHMH HOHaMH Ha HApax. 

lloKa3aHO, 'ITO COBMeCTHbiH aHaJIH3 ynpyroro 

pacce.RHH.II H 3ap.RAOB0-06MeHHbiX pea~HH 

ll03BOJI.ReT tJaCTH'IHO ycTpaHHTb HeOAH03Ha'I

HOCTb B Bhi6ope napaMeTpOB OllTH'IecKHX no

TeH~HaJIOB 15 5 I. 

llpOAOJI:>KeHO HCCJieAOBaHHe llOJIHpH3ai.WOH

HbiX 3<J><J>eKTOB B 3apHAOB0-06MeHHhiX peaK~

.IIX npH npOMe:>KYTO'IHbiX 3HeprHHX. lloKa3aHa 

npHH~HllHaJibHaH B03MO)K}{OCTb BbJAeJieHH.II B 

cneKTpax B036y)l(,ll;eHHH CnHH-AHllOJibHbiX pe-

30HaHC B. 

Ha OCHOBe MeTOAa cenapa6eJIH3a~H B3aH

MOAeHCTBH.II pa3BHT llOAXOA K OllHCaHHIO KOJie-

6aTeJibHb iX B036y)l(,ll;eHHH .RAepHOH nJIOTHOCTH 

B pea~H.IIX C T.II:>KeJibiMH HOHaMH. 

C llOMO~blO MeTOAa CB.II3H KaHaJIOB H C yqe

TOM nonHpH3~0HHhiX 3$$eKTOB B HAPO

HAepHOM noTeH~Hane o6'b.RcHeHo ycHJieHHe 

llOA6apbepHOrO CJIH.IIHH.II CJIO)K}{biX .RAep / 5 6 I. 

IIpeA JIO:>KeH HOBhiH MeTOA pactJeTa aMnnH

TYAhi (2 v 2t3) -pacnaAa 
15 7 

'· 

Ha OCHOBe YHHTapHoro llOAXOAa nonytJeHO 

KOJIH'IeCTBeHHOe OllHCaHHe nHOH-aTOMHbiX AaH

HbiX H A aHHbiX pacceHHH.II npH 3HeprHH HH:>Ke 

50 M3B AJIH .RAep
4 

He, 1 2 C, 1 6 0 c eAHHhiM 

Ha6opo napaMeTpos norno~eHHH 15 8 1• 

Ha:HA eHLI HHTerpanLHhie H cneKTpanLHhie 

npeACTaBJieHH.II onepaTOpOB HHTerpOAH$$epeH

~aJibHbiX TpeX'IaCTH'IHbiX ypaBHeHH:H 15 9 1 • 

llocTp OeHa MOAeJib C BhiAeJieHHeM ABH:>Ke

HH.II no A HCKpeTHOH nepeMeHHOH, HyMepyro~eH 
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• 

KaiUlJlbi HJIH nepHO,ll;bi, H )];aHa HOBaH HHTepn pe

TaQHR MHOrOKaHaJibHbiX H fiJIOXOBCKHX pellle
HHH/60/. 

PaccMoTpeHa CBH3h o.n;HotJaCTHliHbiX cTene

HeH: CBOfiO,D;bi C KOJiefiaHHRMH nJIOTHOCTH R,D;pa, 

KOTOpaH ,D;aeT OCHOBHOH MeXaHH3M 3aTyXaHHR 

B6JIH3H HeyCTOH'IHBOCTH16 1 1• 

BbitJHCJieHa senutJHHa pa3HOCTH C.n;BHrOB 

ypoBHeH: 3Hepruu KBaPTeTHoro u .n;y6JieTHo ro 

COCTORHHH pdJ..L-MOJieKyJibi (- 0,652 3B) 3a 

CtJeT CHJihHbiX B3aHMO,D;eHCTBHH. llpe,n;cKa3aHa 

TeMnepaTypHaH 3aBHCHMOCTh BbiXO,D;a raMMa

KBaHTOB H3 peaKUHH pdJ..L-+ 3 HeJ..L + v B o 6 na

CTH TeMnepaTyp - 500 K 
16 2 

'· 

fioKa3aHO, 'ITO aMnJIHTy,n;a <f>oTOpO)f()l;eHHH 

1r o -Me30HOB Ha HYKJIOHe, KOTOpaR cornacyeTCH 

c npe.n;cKa3aHHRMH PCAC-rnnoTe3bi u HH3 K0-

3HepreTutJecKHMH TeopeMaMu, .n;aer xopolllee 

onuca~~ue .D:aHHbiX no po)f()l;eHmo Ha n.n;pe, HO He 

cornacyercn c nocne.n;HHMH .n;aHHbiMH no p o:>K

.n;eHmo Ha cso6o.n;HoM HyKJioHe. H Hao6op oT, 

aMrmHTy.n;a, onuchiBarow;an .D:aHHhie .D:JIH HyKJio

Ha, He BOCnpOH3BO,ll;HT ,ll;aHHbiX ,ll;JIH H,D;pa 16 3 1. 

llpHtiHHbi TaKOH npoTHBopetiHBOCTH noKa He 

HCHbi. 

llpO,D;OJI:>KaJIHCh HCCJie,D;OBaHHR CBOHCTB He

o6hitiHI:¥X COCTOHHHH R,D;epHOH MaTepHH, B KJilO

llaH KBapK-rJilOOHHYlO nJia3MY, H HX B03M O:>K

HbiX npOHBJieHHH B H,D;epHbiX CTOJIKHOBeHHHX. 

ilOCTpOeHbi OCHOBbi TeOpHH CMelllaHHOrO K B apK

a,n;pOHHOrO COCTOHHHR H ,ll;aHbi OQeHKH Bepo RT

HOCTH B03HHKHOBeHHH 6-KBapKOBbiX KJiaCTe

pOB B 3aBHCHMOCTH OT TeMnepaTypbi H nJIOTHO

CTH R.n;epHoro s "ew;ecTBa. B paMKax o.n;HoM ep

HOH penHTHBHCTCKOH ru.n;po.n;HHaMHKH npo aHa

JIH3HPOBaHbi pa3JIHliHbie <f>opMbi ypaBHeHHR 

COCTOHHHH R,D;epHOH MaTepHH, BKJilOtJalOUJ;He 

B03MO:>KHbiH <f>a30BbiH nepexo.n; ,n;eKoH<f>aH:H

MeHTa. B npuno:>KeHHH K n.n;po-n.n;epHbiM .cTOJIK

HOBeHHRM 06Hapy:>KeHa lllHpOKaR 06JiaCTb 3Hep

rHH, r,n;e y,ll;eJihHaH 3HTpOnHH CHCTeMbi no

CTOHHHa, 'ITO MO:>KeT paCCMaTpHBaThCJI KaK 

curHa.n: .n;eKoH<I>aHHMeHTa 16 4 1• Ha ocH oBe 

pa3pa60TaHHOH paHee ,ll;HHaMHtJeCKOH M O,n;e

JIH KBapK-rJiroOHHbiX CTPYH B H.n;pax Ha npu

Mepe peaKQHH 0 + Au (200 r3B/HyKJIOH) 

noKa3aHO, 'ITO poJih B3aHMo,n;eH:cTBHH BTO

putiHbiX qacTHQ OT pacna.n;a CTPYH cyw;ecTBeH

HO MeHHeT Te OQeHKH ,ll;OCTHraeMOH nJIOT

HOCTH 3HeprHH, KOTOpbie 6bmH noJiytJeHbi 

paHee BI>epKeHOM Ha ocHoBe seci>Ma npo

CTOH Mo.n;enu 16 5 1• 

C QeJihlO H3ytJeHHR ,n;e<f>opMHpOBaHHH pe

aJibHbiX tJaCTHQ B R,D;epHOH cpe,n;e CMO,D;eJIHpO

BaHO rny6oKoHeynpyroe nenTOH-R,n;epHoe B3au

Mo.n;eH:cTBHe c yt~eToM nornow;eHHH u nepe

pacceRHHR BTOpHliHbiX tJaCTHQ B H,D;pe, 'ITO, 

KaK OKa38JIOCh, BeCbMa cyw;eCTBeHHO npH 

onucaHHH 3KcnepuMeHTOB <l>HAJI. BhlnOJIHe

Hbi npe.n;cKa3aTeJihHhie pact~eTbi KYMYJIHTHB

Hhix HYKJIOHOB, BKJilO'IaR HX KOppeJYIQHH 

C ,n;pyrHMH tJaCTHQaMH, BhmeTalOUJ;HMH H3 

n.n;pa'6 6 '· 

Pa3BHT caMocornacoBaHHbiH MeTo,n; yt~eTa 
Me30H006MeHHbiX TOKOB B rJiyfiOKOHeynpyroM 

pacceHHHH Ha R,D;paX H ycTaHOBJieHO, 'ITO OHH 

nOtJTH HanOJIOBHHY BOCCTaHaBJIHBalOT 3Hepre

TH'IecKoe npaBHJIO cyMM ,ll;JIH KBapKOBbiX 

pacnpe.n;eneHHH B n.n;pax, HapylllaeMoe H3-3a 

BHeMaccosocTu HyKJio~oB 16 7 1
• lloKa3aHo, 'ITO 

B3aHMO,D;eHCTBHe HYKJIOHOB B KOHeliHOM CO· 

CTORHHH BeChMa Ba:>KHO )l;JIH H3BJietJeHHH )l;OCTO

BepHOH HH<f>OpMaQHH 0 CTpyKrype H,D;ep Ha Ma

JibiX paCCTOHHHJIX npH aHaJIH3e peaKQHH 3JieK• 

Tpopacw;ermeHHR 16 8 1 • 

PacctJHTaHbi 3<f><f>eKTbi 3ana3,n;hiBaHHH B yn

pyroM eD-paCCeRHHH, KOTOpbie MOryT cyw;eCT

BeHHO, BnJIOTh )l;O nOJIHOH KOMneHCaQHH BKJia

,n;a napHbiX H P'TT'Y·TOKOB, BJIHJITh Ha nose,n;e

HHe MarnHTHoro <f>opM<f>aKTopa npu q2 

- 1 (r3B/c)
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B paMKax Mo,n;enu 6apuoHoB KaK Tonono

rut~ecKux COJIHTOHOB KHpaJibHOrO nOJIJI npe,n;

JIO:>KeH H HCCJie,D;OBaH HOBbiH aH3aQ pellle

IiHH, BnepBbie npHBe,D;lllHH K MaccaM, BeJIH· 

tJHHbi KOTOpbiX nponopQHOHaJibHbi 6apHOHHO

My tJHcny B. 3Tu Knaccut~ecKH cTa6HJihHhie 

pellleHHH c B .,;; 4 HMelOT Topou.n;a.n:~>Hyro cTpyK

TYPY. B Teopuu noRBJIRlOTCR TaK:>Ke aHoMa.n:h

Hhie COCTORHHR, KOTOpbie npe,n;JiaraeTCH HCKaTh 

B peaKQHJIX C OCTaHOBHBlllHMHCH aHTHnpOTO

HaMH Ha JiertiaHlllHX R,D;pax 17 0 I. 

METO,Ubl H llPHJIOIKEHIDI CTATHCTH tiECKOA MEXAHHKH 

Hccne.n;oBaHbi xapaKTepucTHKH tJaCTHQe

no.n;o6HhiX B036y)f()l;eHHH, o6yCJIOBJieHHbie 

HeJIHHeHHOCTblO B KBa3HO)l;HOMepHbiX M O,D;e

JIRX <f>u3HKH KOH.n;eHCHpOBaHHbiX cpe,n; (no-

30 

nueHhi, AB-noJIHMepbi, nonuaQeTHJieH, 

.UHK) t 7 1 '· 

UuKJI pa6oT no yt~eTy 3<f><f>eKTOB Termo-

3JieKTpOHHbiX KOppeJIHQHH B XeMHCop6QHH 



TeopeTH'IIecKHH ceMHHap no pll3BHTHJO HOBbJX MeTO.IlOB onucaHHR cnc;TeM c IJ>a30BhiMH nepexo.llaMH 

BO,D;OpO,D;OnO,IJ;06HhiX aTOMOB Ha noaepXHOCTH 

nepexo,IJ;HhiX MeTliJIJIOB no,IJ;hiTO)I(eH B pa6o

Te/721. 

lfccne,IJ;OBaHhi 3$$eKThi, o6ycnoaJieHHhie 

HaJIHtmeM HeJIH:HeH:Horo onTH'IIecKoro 3JieMeHTa 

B MHorocJIOHHhiX CTPYKTypax p8.3JIH'IIHOH reo

MeTpHH ( c$epH'IIecKOH, ~HJIHH,D;pH'IIecKOH, TO· 

pOH,D;aJILHOH) 173 1• 

:QliKJI pa60T no ,Il;HHaMHKe CHJihHOCKOppe

JIHpOBaHHhiX 3JieKTpOHHhiX B036y)K,ZJ;eHHH B no

JiynpOBO,Il;HHKax nO,Il;hiTO)I(eH B pa6oTe 17 4 1• 

BoJILllloe BHHMaHHe 6hmo y,IJ;eJieHo H3y

'lleHHIO MeXaHH3MOB BhiCOKOTeMnepaTypHOH 

caepxnpOBO,Il;HMOCTH (BTCil). Ilo,D;p06Ho npo

aHaJIH3HpOBaHa pOJib KHHeMaTH'IIecKoro H o6-

MeHHOrO B3aHMO,IJ;eHCTBHH B CHCTeMe 3JieKT· 

pOHOB C CHJILHOH Koppen~eH, r,IJ;e Ha OCHOBe 

C'tpomx npaBHJI CyMM 6hiJI ,Il;OK8.3aH d-BOJIHO· 

BOH xapaKTep cnapHBaHHH, HCKJIIO'IIaiOI.QHH KH· 

HeMaTH'IIeCKOe npHTH)I(eHHe17 51 • IlpO,Il;OJI)I(eHO 

H3y'lleHHe aHrapMOHH'IIecKOH MO,Il;eJIH BhiCO· 

KOTeMnepaTypHoro caepxnpoBO,IJ;iiHKa, r,IJ;e HC

cne,IJ;OBaHhi H30TOnH'IIecKHH 3$$eKT, CTpyK

TypHaH HeyCTOHtm:BOCTL Ha OCHOBe MO,Il;eJIH 

MHri<OH poT~HOHHOH MO,Il;hl H B03MO)I(HOCTb 

CHJibH OH CBH3H . B 3JieKTpOH-$OHOHHOH • MO,IJ;e

JIH17 6 1 • Pe3yJibTaThi 3THX Hccne,IJ;OBaHHH 6hiJIH 

npe,D;CTaBJieHhi B npHrJiallleHHhiX o63opHhiX 

,Il;OKJia,IJ;ax Ha 9-H EaponeHCKOH KOH$epeH~HH 

no K OH,IJ;eHCHpOBaHHhiM cpe,D;aM (HH~a, MaPT 

1989 r.), 2-H Me)K,ZJ;yHapo,D;HOH KOH$epeH~HH 
no MaTepHanaM H MeXaHH3MaM BTCII (CT3H

$op,D; , HIOJib 1989 r.). IlpoBe,IJ;eHo BhitmcneHHe 

KOHCTaHT 3JieKTpoH-$OHOHHoro B3aHMo,IJ;eHcT

BHH B pe,D;K03eMeJibHhiX H 6naropo,D;HbiX Me

TaJIJiax 17 7 1• PaccMoTpeHhi $nyKTy~HOHHhie 
nonpaBKH . ,Il;JIH MarHHTHOH BOCnpHHM'IHBOCTH 

B BTC O H npe,IJ;Jio)l(eH 3KcnepHMeHT ,IJ;JIH npo

aepKH TeOpHH. 

lfc cne,IJ;oBaHhi $a30Bhie nepexo,IJ;hi a cy

nepHOHHhiX npOBO,Il;HHKaX C BO,Il;OpO,D;HhiMH CBH· 

3HMH, Bhi'IIHCJieH cneKTp KOJie6aHHH pellleTKH 

O,Il;HOM epHhiX KB8.3HKpHCTaJIJIOB. IlpH HCCJie· 

,IJ;OBaHHH 3JieKTpoHHoro cneKTpa HeynopH,D;o

'lleHHhi X CHCTeM B 17 8 I Bhi'IIHCJieHa nJIOTHOCTb 

COCTOHHHH B MeTaJIJie B MarHHTHOM none. 

P M TeopeTH'IIeCKHX HCCJie,IJ;OBaHHH 6hiJI 

npoae,IJ;eH B CBH3H C 3KCnepHMeHTaMH no pac

CeHHmo HeH:TpOHOB Ha ycTaHOBKe lfBP-2 

il JIH<I> . B pa6oTe 17 9 1 npe,D;JIO)I(eHa Mo,IJ;eJib 
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,lJ,JI.R pacqeTa MaJioyrnosoro paccemum B aHH-
30TpOI1HbiX CHCTeMaX. 

lloCTpOeHa KBaHTOBa.R TeopH.R KOJIJieKTHB· 
HOH pe30HaHCHOH <tmyopecueHWIH B pe30Ha· 
rope c noTep.RMH. BnepBbie OnHCaHbi cneKTp 
H CTaTHCTHqecKHe CBOHCTBa nOJI.R ctmy opecueH-
UHH/SOI. ' 

lloCTpOeHa MHKpOCKOnHqecKa.R TeOpH.R CnH
HOBbiX peopHeHTauHOHHbiX nepexo.nos , y~Tbi
BlUOIUa.R cymecmosaHHe rerepo<t>a3HbiX co
CTO.RHHH18 1 1 • 

( 

Pa3pa6aTbiBaJIC.R sapHaHT MeTo.na <l>YHKUHO
HaJibHoro HHTerpana B npHMeHeHHH K MOAeJI.RM 
c B3aHMo,neiicTBHeM THna Xa66ap.na 18 2 1• 

Hccne.nosaHbi peweHH.R KHHeTHqecKoro 
ypasHeHH.R AJI.R TOHKHX ,nsyMepHbiX H TpexMep
HbiX MeTaJIJIHqecKHX nJieHOK C yqeTOM AH4>
<l>Y3HbiX rpaHH~biX ycnosHii H pacce.RHH.R Ha 
npHMec.Rx. BnepBbie nonyqeHo peweHHe ,nJIR 

Heo,nHopo,nHoro cny~ 16 3 
'· 

Hccne.nosaH C'neKTp so36y)l(,ll;eHHii reli3eH-
6eproscKoro aHTH<t>eppoMarHeTHKa 18 4 1• 

PA3BHTHE CETH llEPCOHAJibHhl X KOMllbiDTEPOB B JITCI» 

B 1989 ro.ny pa6oTbi no npoeKzy KPACT 
npOBOAHJIHCb no CJie,nyiOIUHM OCHOBHbiM Ha· 
npaBJieHH.RM: 
1. 3aKa3 H no.nroTOBKa o6opy.noBaHH.R AJI.R 

3KCnnyaTaUHH. 
2. Co3,naHHe H 3KcnnyaTauH.R Bhi~CJIHTeJI&Ho

ro ueHTpa (BI..O KPACT. 
3. Coa,naHHe JIOKaJihHOH ceTH nepcoHaJihHhiX 

KOMn&IOTepoB (llK) B JITCI». 
4. 3aKa3 H no.nroTOBKa MaTeMam qecKoro 

o6ecneqeHH.R ,lJ,JI.R llK c UeJibiO npose,neHH.R 
~CJieHHO·aHaJIHTHqecKHX Bhi~CJieHHH H rpa-.. 

ct>wiecKoro npe.ncrasneHH.R nonyqeHHhiX 
pe3yJI&TaTOB. 
0CHOBHhiMH AOCTH:lKeHH.RMH 3,necb .RBJI.RIOT

C.R: 
1. Pacnpe.neneHHa.R Bhi~CJIHTeJI&Ha.R MOIU-

HOCT& Ha llK B JITCI» COCTaBHJia npHMepHO 
30 MJIH onepauHii "seTCTOYHOB" c .nsoli
HOH TO~OCTbiO B CeKyH.ny (30 MJIH OBAT/c). 
,lLn.R cpasHeHH.R npHBe.neM 3,nec& B 3THX :lKe 
e,nHHHuaX BbiqHCJIHTeJI&HyiO 
EC-1061 (1,5 MJIH OBAT/c), 
(0,7 MJIH OBAT/C) : 

MOIUHOCTb 
CDC-6500 

Cen. nepcoHaJII>HblX KOMDI>IOTepos llJIJI Teop eTH'IeCKHX accneJlOB&HHH 



2. CyMMapH8J'I npoH3BO.D;HTeJibHOCTb BU: 
KP ACT, He HMeiOmero aHanoros B cTpaHax

yqacTH~ax, COCTaBHJia 13 MJIH OB.D;T/C, npH 

3TOM MaKCHMaJibH8J'I BbltJHCJIHTeJibHa.J{ MOJ.n· 

HOCTb Ha O.D;HOM fiK- 3 MJIH OB.D;T/C. 

3. 3anymeHa B 3KCnJiyaTaUHIO BbltJHCJIHTeJib

Ha.J{ CHCTeMa Ha 6a3e TpaHCnbiOTepa T800 

C npoH3BO.n;HTeJibHOCTbiO 2 MJIH OB.D;T/C. 

JIHTEPATYP A 

1. Ozueee14KUU B.H. - JltP, 1989, T.49, c.569. 
2. Isaev A.P., Ivanov E.A. - Mod.Phys.Lett., 1989, 

v.4, No.4, p.351. 
3. Ivanov E.A., Krivonos S.O., Leviant V.M. -J.Phys.A 

(Math.Gen.}, 1989, v.22, p.420. 
4. Muxailnoe C.B. , PaOIOWKUH A .B. - JltP, 1989, T.49, 

c.794. 
5. Filippov A.T., Isaev A.P.- Mod.Phys.Lett.A , 1989, 

v.4, No.22, p. 2167. 
6. Efremov A. V., Soffer J., Teryaev 0 . V. - Marseille 

Preprint CPT -89/P.2316, France, 1989. 
7. Efremov A. V., Soffer J. , Tornqvist N. - Marseille 

Preprint CPT -89/P.2303, France, 1989. 
8. HecrepeHKO B. B., Eap6awoe E.M., KowKapoe AJI. 

- OHJIH, P2-89-685,J(y6Ha, 1989; 
Nesterenko V. V., Barbashov B.M., Koshkarov A.L. 
- JINR, E2-89-788, Dubna, 1989; JoumPhys.A, 
1989, v.22, p.l673; Int.Joum.of Mod.Phys.A, 1989, 
v.4, No.JO, p.2627. 

9. Nesterenko V. V. - JINR, E2-89-788, Dubna, 
1989. 

10. Efimov G. V. - Int.Joum.of Mod.Phy s.A, 1989, v.4, 
p.4977. 

11. Ilieva N. - Int.Journ.of Mod.Phys.A, 1989, v.4, 
p.4567. 

12. Nguyen Suan Han, Pervushin V.N. - Fortsch.Phy
sik, 1989, v.37, p.611; 
Ktl/IUH06CKUU IO.JJ. u op. - JltP, 1989, T.49,c.l709. 

13. Efimov G. V., Gandbold G. - JINR, E2-89-729, 
Dubna, 1989. ( Hanpa611eHO e Int.Journ.of Mod. 
Phys.A). 

J4. FOIIOCKOK06 C.B. - JlfP, 1989, T.49, c.J427; 
Goloskokov S. V. - Preprint Bari TH-89/47, Bari, 
1989. 

15. Goloskokov S. V. - JINR, E2-89-731, E2-89-736, 
Dubna, 1989. 

16. Fo/IOCKoKoe C.B., Ky.newoe C.II., Cet~IOZUH O.B. 
- JlfP, 1989, T.50, C, 779. 

17. Bilenky S.M. - In: Proc.of Intern. Workshop on the 
Standard Model at Present and Future Energies, 
Budapest, 1989. 

4. 3aKynneHbi H BHe.D;peHbl HOBeHWHe npO

rpaMMHbie npo.n;yKTbi, TaKHe KaK : NDP

<I>opTpaH, microsoft windows .n;nH 32-6H

TOBbiX nK, pe.n;aKTOP TeKCTOB ChiWri

ter H .n;p. 3TH npo.n;yKTbi aKTHBHO HCnOJib· 

3YIOTCH He TOJibKO B na6opaTopHRx HH
CTHTy Ta, HO H B .n;pyrHX HHCTHTyTax CTpaH

yt~aCTHH~. 

18. Bilenky S.M. -In: Proc.of the XIII Intern.Sy mpo
sium A hrenshoop, 9-13 Oct.l989. 

19. Gerasimov S.B. - JINR , E2-88-122, Dubna, 1988. 
20. Bo11Koe M.K., HeaHoe JO.II., Ocunoe A.A. - Ilpe

npuHT OHJIH P2-89-770, J(y6Ha, 1989. (Hanpae
/leHo e JltP); 
Volkov M.K., Ivanov A.N., Nagy M., Troitskaya N.J. 
- Phy s.Lett.B, 1989, v.227, p.275. 

21. Dorokhov A.E., Kochelev N.l - JINR Preprints 
E2-89-507, E2-89-407, E2-89-235, Dubna, 1989. 

22. Smondyrev MA., Selyugin 0. V. - phys.stat.sol.(b), 
1989, v.l55, p.l55. 

23. Matveenko A . V. et al. - JINR E4-88-849, Dubna, 
1988. 

24. BuHU f4 KUu C.H., KaooMijee M.E., Cy3&Ko A .A .. 
- OHJIH, P4-89-268, J(y6Ha, 1989. (HanpaeAe-

• 
HO 6 JlfP). 

25. BuHUZ4 KUU C.H. u op. - OHJIH, P4-89-567, J(y6Ha, 
1989. (Hanpae11eHo e JltP) . 

26. A6paw Keeull A .F. u op. - OHJIH, Pll-89-427, 
J(y6Ha, 1989; 
Korobov V.I., Vinitsky S.I. - Phys.Lett.B, 1989, 
v.228, No.1, p.21. 

27. E&zKoecKuu E .B., Me1J4epRKoe B.A., MeU4epR
KOe J(.B. - . OHJIH, P2-89-494, J(y6Ha, 1989. 

28. Mitrjushkin V.K. - Pisa Univ.Preprint,July, 1989; 
Mitrjushkin V. K., Zadorozhny A.M. - Pisa Univ. 
Preprint,June, 1989. (HanpaelleHo e PhysLett B). 

29. Bornyakov V.G. - Z.fPhysik, 1989, v.42C, p.633. 
30. Ambjorn J. et al. - Phy s.Lett., 1989, v.225B, p.153. 
31. Ktl/IUHKUH E .H.,IIIMOHUHB.JJ.- OHJIH,P2-89-358, 

J(y6Ha, 1989. 

32. razapuH IO.tP., Ktl/IUHKUH E.H. u op. - Iluc&Ma 
e JK3TtP, 1989, T.49, e&m.8. 

33. J(y6oeuK B.M. - B c6.: KpaTKue coo6U4eHW1 
OHJIH, N°3(36}-89,J(y6Ha,l989, c.39. 

34. Dubovik V.M., Shabanov S. V. - Phys.Lett., 1989, 
JINR, E2-89-417, Dubna, 1989. 

35. Inozem tsev V.I. - JINR, E5-89-490, Dubna, 1989. 
36. Berends F.A. et al. - Preprints CERN-TH.5468/89, 

CERN 89-08, 1989, v.l, p.89. 

33 



• 

BohmM eta/. -PreprintsCERN-TH.5536/89, 1989, 
CERN 89-08, 1989, v.l, p.203; 
Kleiss R. ·et al. - Preprint CeRN 89-08, 1989, v.J, 
p.l .. 

37. Bardin D. Yu. et al. - Zeits.Phys.C, 1989, B42, 
S.679, Zeits.Phys.C, 1989, B.44, S.J49. 

38. Benvenuti A.C. et al. (BCDMS)- Phys.Lett., 1989, 
v.223B, p.490. 

39. Dorokhov A.E., Kochelev NJ. - JINR, E2-89-532, 

Dubna, J9se. ., 
40. Exner P., Seba P., Stovicek P. - Czech.J.Phys., 

1989, v.B39, p.JJBJ. 
41. Brankov J., Priezzhev V.B. - Physica, 1989, AJ59, 

p.386. 
42. Eo11oruH JO.JI. u op. - OHJIH, N-89-590, J!y6Ha, 

1989. ( Hanpa811eHo 8 Jlf/J). 
43. Derbov V.L. et al. - In: Topological Phases in 

Quanlum Theory (ed. Markovski B., Vinitsky S.1) 
- World Scientific, Singapore, 1989, p.JB; OHJIH, 
.1!4-89-221, J!y6Ha, 1989, c. 74. 

44. Markovski B.L., Dubovik V.M, Vinitsky S .1 - In: 
Topological Phases in Quantum Theory (ed. Mar
kovski B., Vinitsky S.1) World Scientific, Singapore, 
1989, p.93. 

45. Soloviev V.G., Shirikova N. Yu. - Z.PhysA. - At. 
Nucl., 1989, v.334, p.149; 
~oloviev V.G., Sushkov L. V. - JINR, E4-89-716, 
Dubna, 1989. 

46. BopoHo8 B.B., Ilupuc M., IloHoMape8 B./0. -
OHJIH, P4-89-179, }!y6Ha, 1989,· 
BopoHo8 B.B., Kapaoxo8 J(., Kbzplle8 F. - H38. 
AH CCCP, cep.rjju3., 1989, T.53, N° 11, c.2174. 

47. Antalik R. - JINR, E4-89-165, Dubna, 1989; 

JINR, E4-89-719, Dubna, 1989. 
48. DOHe8a C.T. U op. - Jlf/J, 1989, T.49, 8.4, c.944. 
49. 3axapbe8 E.H., 011bX08CKUU B.C., IIIUII08 B.M. 

- OHJIH, P4-89-289, J!y6Ha, 1989. 
50. Pashkevich V. V. - Nucl.Phys., 1989, v.A502, 

p.405. 
51. Jacak L., Nawrocka W., Nazmitdinov R.G. -

JINR, E4-89-630, Dubna, 1989. 
52. Ivanova S.P., Jolos R. V., Pedrosa R. - J. Phys.G, 

1989, v.15, p.55. 
53. Kuchta R. - Phys.Rev., 1989, v.C40,No.6,p.2960. 
54. Milek N., Norenberg W., Rozmej P. - GSI Preprint 

89-25, Darmstadt, 1989. 
55. Gareev F.A. et al. - Phys.Lett., 1989, v.B227, 

p.Jl5. 
56. IlepMRK08 B.Il., IIIU/108 B.M. - 3lJAJI, 1989, 

T.20, 8bzn.6. c.J396 . 
57. Simkovic Fh., Gmitro M. - JINR, E4-89-330, 

Dubna, 1989. 
58. Khankhasayev MKh. - Nucl.Phys., 1989, v.A505, 

p.1717. 

34 

( 

59. , Ilynbzwe8 B.B.- TMf/J, 1989, T.81, c.86. 
60. Zakhariev B.N., Zastavenko L.G. - Phys.Rev., 

1989, v.A39, p.5528. 
61. Pfitzner A., Munchov 1, Madler P. - Phys.Lett., 

1989, v.B218, p.295. 
62. Belyaev V.B., Wrzecionko J. - Preprint Bonn, 

HE-89-03; Bonn, 1989. ( Hanpa8/leHo 8 Phys. 
Rev.A). 

63. Kamalov S.S., Chumbalov A.A. - JINR, E4-89-559, 
Dubna, 1989. 

64. Bugaev K.A. et al. - Phys.Rev., 1989, v.D40, 
p.2903. 

65. Toneev V.D., Amelin N.S., Gudima K.K. - Report 
GSI-89-52, Darmstadt, 1989. 

66. E11ucee8 C.M, KaMf111b M. - B c6.: KpaTKue 
coo611.4eHUR OHJIH N°4(37)-89, }!y6Ha, 1989, 
c.JO. 

67. KanTapb JI.II., Turo8 A.H., YMHUK08 A./0. -
OHJIH, P2-89-564, }!y6Ha, 1989,· Jlf/J, 1990, 
T.51, 8bzn.3, c.864. 

68. rou A.A., Pe3HUK E.JI., Turo8 A.H., YMHU
K08 A./0. - OHJIH, P2-89-385, }!y6Ha, 1989. 

69. Burov V. V., Dostovalov V.N., Sus'kov S.E. -
JINR, E2-89-542, Dubna, 1989. 

70. HUKO/Iae8 B.A., TKa'le8 o.r. - B c6.: KpaTKUe 
coo611.4eHUJ1 OHJIH N° 1 (39)-89, }!y6Ha, 1989, 
c.28,· N°4(37)-89,}!y6Ha, !989, c.JB. 

71. Osipov V .A. et al. - phys. stat. sol. (b), 1989, 
v.J53, p.207; 
Osipov V.A., Bochnacka G., Fedyanin V.K. - . 
phys. stat. sol. (b), 1989, v.J55, p.K29. 

72. Taranko K. et al. - JINR, EJ7-89-570, Dubna, 
1989. (Hanpa811eHo 8 Surf Sci.). 

73. Uvarova L.A., Fedyanin V.K. - JINR, EJ7-89-596, 
Dubna, 1989. ( Hanpa8/leHO 8 xypHf111 "MaTeMa
TU'leCKoe Mooerzupo8aHue"). 

74. Heiner E. - phys. stat. sol. (b), 1989, v.151, p.645. 
75. Plakida N.M., Yushankhai V. Yu., Stasyuk 1 V. 

- Physica C, 1989, v.J60, p.BO. 
76. Plakida N.M. - Phys. Scripta, 1989, v. T29, p. 77. 
77. Skriver H. et al. - Phys.Rev.B, 1988, v.37, No.4, 

p.J706. Hanpa811eHO 8 Phys.Rev.B, 1989 . 
78. Hayn R., John W. - Zs. Phys.B., 1989, B. 76, S.289. 
79. KyH'leHKO A.B., C8erozopcKu }!.A., Cu8pUe8 H. 

- OHJIH, 14-89-6 08, }!y6Ha, 1989. 
80. Shumovsky A.S., Tran Kuang - J. Phys. France, 

1989, v.50, p.JJOJ. 
81. Bakasov A.A., Yukalov V.1 - Physica A, 1989, 

v.157, p.J203. 
82. Schumann R. - Phys.Letters A, 1989, v.J38, p.J51. 
83. Czervonko J. - JINR, EJ7-89-650, Dubna, 1989. 

(Hanpa8/leHo 8 Zeits.Phys. B). 
84. Ky3eMCKuu A.JI., Map8aKo8 }!. OHJIH, 

P 17-89-83 7, J!y6Ha, 1989. 



AKA,ZJ;EMHKY H.H.BOrOJIIOBOBY - 80 JIET 

21 aarycTa HCnOJIHHJIOCb 80 JieT Kpyn

HeifmeMy COBeTCKOM}' MaTeMaTHKy H $H-

3HKY-TeopeTHKY aKa.n;eMHKy HHKOJiaro HHKo

naesHqy Boromo6oay. 11M co3,D;aHhi <I>YHAa

MeHTaJihHbie Tpy,D;bl no HeJIHHeHHOH MexaHHKe, 

CTSTHCTHtiecKOH <f>H3HKe, KBaHTOBOH TeOpHH 

nOJI.R. 

HaytiHa.R o6r.uecTBeHHOCTh wHpoKo OTMe

THJia J06HJie:H H.H.Boromo6oaa. B ,[(y6He 

COCTO.RJIC.R V Me:>K,II;yHapO,D;HbiH CHMn03HYM 

DO H36paHHbiM npo6JieMaM CTSTHCTHtieCKOH 

Mexa.HHKH. B ero pa6oTe npHH.RJIH yt~aCTHe 

OKOJIO 150 yt~eHbiX H3 Be,D;yi.UHX HSYtiHbiX 

ueHTp oa cTpaH-yt~acTHHQ OHHH H ,D;pyrHx 

CTpaH. MHorHe ,D;OKJia.D;bi, npe,D;cTaBJieHHhie 

Ha CHMD03HyMe, .RBHJIHCb pa3BHTHeM <f>yH,D;a

MeHTaJibHbiX H,D;eH, npe,D;JIO:IKeHHbiX H pa3pa-

60TaHHbiX H.H.Boromo6oBhiM. 0HH oxaaThi

BaJIH aKTYaJibHhie np06JieMbi CTaTHCTHtieCKOH 

MexaHHKH, npHJIO:IKeHH.R ee MeTO,D;OB B ,D;pyrHX 

o6JISCT.RX $H3HKH, BOnpOCbl KBaHTOBOH TeOpHH 

DOJI.R , TeOpHH T.RrOTeHH.R, MaTeMaTHKH. 

K ro6HJieJO H.H.Boronro6oaa 6hiJIO TaK:IKe 

npHyp oqeHo Coaer.uaHHe no TeopHH coJIHTo

HOB npHJio:IKeHH.RM, opraHH30BaHHoe OHHH 
B .[(y6 He. 

Co cnosaMH npHBeTCTBHR H.H.Boromo6osy Ha TOP*ecTBeHHOM 3acemumH BhiCTynaeT npe3~meHT AKil.lleMHH HayK 
rpy3HHCKOH CCP 8Kil,lleMHK A . H. TasxeJIJm3e 



JIABOPATOPIDI 
BbiCOKHX 3HEPrHA 

rnaBHbiMH 3MallaMH Jla6opaTOpHH BblCO

KHX 3HeprHH B 1989 roAy, onpe,IJ;eneHHbiMH 

65 ceccHeH YlleHoro coseTa 011HI1 H K o r.m

TeTOM fiOJIHOMOliHblX fipe,IJ;CTaBHTeJieH CTpaH

yqacTHHU OHHI1, 6hiJIH npose,IJ;eHHe aKTYaJih

HbiX HCCJieAOBaHHH KBapKOBbiX CHCTeM 

B 3KCnepHMeHTax Ha CHHXpo$a30TpOHe, YCKO

pHTeJifiX 11<I>B8 H ApyrHx HayliHhiX ueHTpos, 

noArOTOBKa 3KcnepHMeHTOB Ha Y-70 H Y HK, 

pa60Tbl no C03AaHIUO CHCTeM HYKJIOTp OHa, 

o6ecneqeHHe 3$$eKTHBHOH pa60Tbl CHHXpO

$a30TpOHa Ha $H3H"IIecKHH 3KCnepHMeHT, pa-

60Tbl B o6JiaCTH npHKJia,IJ;HbiX HCCJieAOBaHHH. 

B 1989 r. B na6opaTopHH nonylleH PRA HOBbiX 

$H3HllecKHX pe3yJihTaTOB B 3KCnepHMeHTax 

Ha nyliKax yHHKaJihHbiX peJIRTHBHCTCKHX H no

JIRpH30BaHHbiX fi,IJ;ep CHHXpo$a30TpOHa, npH

BJieKWHX BHHMaHHe HayliHOH 06I.UeCTBeHHOCTH. 

fipoAOJI:>KaJiaCb o6pa60TKa 3KCnepHMeHTaJib

HOro MaTepHana, nonyqeHHoro Ha n y qKax 

Y-70 11<I>B8. IlpoH,ll;eHbi cyi.UeCTBeHHhie 3Tanhi 

no,IJ;rOTOBKH annapaTypbl H C03A~Hfl HOBbiX 

ycTaHOBOK AJIR 3KcnepHMeHTOB Ha Y -70 H 

YHK 11<I>B8, t!HHxpo$a3oTpoHe H HyKJio

TpoHe JIB8. 

Ha ycTaHOBKe ,UEJI<I>I1 (LEP, U:EPH) 

C yt~aCTHeM $H3HKOB JIB8 noJiylleHbl n epBbie 

HAYliH0-11CCJIE.UOBATEJihCKHE P ABOThl 

MEXAHI13M POJK,UEHH.R 

11 PACIIA,l(A qACTHIJ; 11 PE30HAHCOB. 

II011CK HOBbiX ~CT11U: 

1. CoTPYAHHllecTBOM B11C-2 nonyt~eHbi HO

Bble, OCHOBaHHble Ha 60JibWeH CTaTHCTHKe, 

AaHHble no noHcKy H H3YlleHIUO Y3KHX 6apHo· 

HHeB c OTPHUaTeJihHOH H nono:>KHTeJihHOH 

CTpaHHOCTbiO 12 I. 8KcnepHMeHT npOBOAHJICfl Ha 

nyt~Ke HeHTPOHOB cepnyXOBCKOrO ycKOp HTeJIR, 
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pe3yJihTaThi onpe,t:~;eneHHR Macchi zo -6o3oHa 

H liHCJia noKOJieHHH HeHTpHHO. 

B 3aBepwaiOIUYIO $a3y scTynHJIH pa6o

Tbi no C03AaHIUO HyKJioTpoHa. BbmonHeHbi 

nJiaHOBble pa60Tbl no MOAepHH3auHH CH

CTeM CHHXpO$a30TpOHa. PRA HHTepecHbiX 

pe3yJihTaTOB, B "rOM liHCJie HMeiOIUHX npH-

KJIMHOe 3HalleHHe, nony11eH npH . pa3pa-

6oTKax HOBbiX 06pa3UOB ,IJ;eTeKTOpOB, 

3JieKTpOHHOH annapaTyphi, KpHOreHHOH 

TeXHHKH. 

HayliHo-HccneAoBaTeJihCKaR AeRTeJihHocn. 

Jia6opaTOpHH BeJiaCb C yqaCTHeM cneUHaJIHCTOB 

H3 6onee 11eM 100 HayliHhiX opraHH3auHH 

cTpaH-yllaCTHHU 011.RI1, c npeACTaBHTeJibCTBOM 

BCeX KpynHeHWHX pecny6JIHKaHCKHX H perHO

HaJibHbiX ueHTpos CCCP B o6nacTH $H3HKH 

BbiCOKHX 3HeprHH H aToMHoro R:Apa. B pR:Ae 

3KCnepHMeHTOB pa60TaJIH $H3HKH CTpaH-He

yqacTHHU. 

Ba:>KHbiM 3TanoM 3a HCTeKWHH roA RBHJIHC& 

npopa6oTKa H o6cY:>K,IJ;eHHe nporpaMMbi Hccne

AOBaHHH Ha 1991-1995 rr. IlpeAJIO:>KeHHR: 

6biJIH ony6JIHKOBaHbl OTAeJibHblM c6opHH

KOM11 1 H npownH 3KcnepTH3Y KaK B OH.Rii, 

TaK H B HayliHbiX opraHH3auHfiX CTpaH

yqaCTHHU. 

• 
cpe,IJ;Hee 3HalleHHe HMnyJihCa HeHTpOHOB CO

CTaBJifiJIO "'40 r3B/c. 11cnOJib30BaJIHCb :>KHAKO

BOAOPOAHaR H RAepHbie (C, Al, Cu) MHWeHH. 

Pe3yJihTaTbi o6pa6oTKH "'2·107 H "'2,4·107 

B3aHMOAeHCTBHH HeHTpOHOB C BOAOPOAOM 

H R:,ll;paMH COOTBeTCTBeHHO npHBe,IJ;eHhl 

B Ta6n.l. BHAHO, liTO BO BCe:x. cneKTpax 3cPcPeK

THBHbiX Mace pa3JIHliHbiX COCTORHHH C OTpH

UaTeJibHOH H nOJIO:>KHTeJibHOH CTpaHHOCT&IO 

Ha6JIIOAaiOTCfl Y3KHe nHKH, KOTOpbie He fiBJI.R-



IOTCR KHHeMaTHQecKHM OTpiDKeHHeM KaKHX
nH60 pe30HaHCOB B ,npyrHX CHCTeMaX. 3TOT 
cpaKT MO)I(eT paCCMaTpHBaTbCR KaK CHJlbHOe 
yKa3aHHe Ha cy~eCTBOBaHHe 6apHOHHeB C OT
pHQaTenbHOH H nonO)KHTenbHOH CTpaHHOCTbiO. 
Cpe.nHee 3HaqeHHe Hx Macchi - (3053 ± 
± 3 ± 20) M3B/c2

, a wHpHHa MeHbwe 
(35 ± 5) M3B/c2

• HanHqHe Y3KHX cHrHanoa 
B CneKTpax ,nBIDK,nbi 3ap.fl)l(eHHhiX KOHeQHhiX 
cocTORHHH (A {m- H A p1r + ) caH,neTenbCTByeT, 
QTO H30TOllHQecKHH CllHH 6apHOHHR ~3/2. 

llpH aHanH3e yKa3aHHhiX BhiWe ,naHHhiX 
ocy~ecTan.anc.a TaK)I(e noHCK Y3Koro 6apHo
HHR co CKphiTO!! cTpaHHOCTbiO Met>. B cneKTpax 
Ap~ (+1r±), ApK" (+1r±) H K:ppK± npH 
6nH3KHX 3HaqeHHRX MaCChi Ha6n10,nanHCb Y3KHe 
Bhi6pOChi, KOTOphie YKa3hiBaiOT Ha cy~eCTBO
BaHHe Met>. Cpe.nHee 3HaqeHHe MaCChi - Met> = · 
= ( 3255 ± 3 ± 20) M3B/c2 

' WHpHHa - r ~ . 
~ (35 ± 5) M3B/c2 13 1• CeqeHHR po)l(,neHHR co-
6hiTHH, o6ycnaanHBaJO~x Ha6mo.naeMhie Bhi-
6pochi B KHHeMaTHQeCKOH o6naCTH HX perHCT
paQMH: XF > 0,2 H p.l ~ 1 r3B/c, COCTaBnRIOT 
0,3 + 1,0 MK6 Ha HYKnOH npH 90% ypOBHe 
,nOCTOBepHOCTH. 

KoHe'IHoe 
COCTOHHHe 

Aptr• 
Aptr -

Aptr•tr-} 
Aptr•tr+ 

~p11'+11'-} 
Aptr_tr_ 

AJ)11'-
Aptr• 

Cpenwu~ 

Macca, 
M3B/c2 

3059± 7± 20 
3042± 7± 20 

3062± 5±20 

3046± 5± 20 

3069±9±20 
3040±6± 20 

53± 15 
38±15 

28±8 

29±12 

72±22 
34±11 

Ta6aut~a 1 

qHCJIO 

KOM6., 

o6ycnaBn. 
BLI6poc 

92±33 
47±24 

43± 17 

71±36 

65±25 
47±20 

2. B pe3ynhTaTe aHanH3a 8,9 MnH nepaHq
HhiX C06biTHH, 3aperHCTpHpOBaHHhiX B HeHT
pOH-npoTOHHhiX B3aHMO,neHCTBHRX, 6hmH Bhi
,neneHhi co6hiTHR, co.nep)l(~e ~ K" -Me3oH
Hhie naphi 14 1

• B cneKTpe 3cpcpeKTHBHhiX Mace 
3THX Me30HOB Ha6n10,neH y3KHH nHK npH Macce 
C/>-Me3oHa (pHc. 1), npoae,neH aHanH3 cneKTpoa 
no npo.nonhHhiM H nonepeQHhiM HMnynhcaM 

3 
•10 ,_-r----.----.-----.--~ 

... 
u 

2. 

........ 1.75 
m ,., 
:::;; 
N 1.5 

........ 

-~ 1.25 
::f 
<( 

~ 1. 
lD 
:::;; 
0 
::..: 0 .75 

~ 
~ 0 .5 
:r 

0.25 

0. 
1. 1.02 1.04 1.06 1.08 

3alalEKH18HA~ MACCA K•K-, r3B/c2 

PHc. 1. CneKTpbl :J<t><t>eKTHBHbiX Mace rK- -Me30HOB, 
pereCTpepyeMbie cneKTpOMeTpoM BHC-2 

C/>-Me30HOB, KOTOphie annpOKCHMHpOBanHCb 
CTeneHHOH H 3KCllOHeHQManbHOH 3aBHCHMO
CTRMH: (1- X) N H exp (-B·P2

), COQ.TBeT-
T 

CTBeHHO. Haii,neHhi napaMeTphi N H B 3THX 
pacnpe.neneHHH: 

N = 4,28 ± 0,42 H B = (-3,02 ± 0,55) (r3B/c)- 2
, 

,nn.a Ha6niO,naeMOH KHHeMaTHQecKOH o6naCTH 
nepeMeHHhiX XF ~ 0,1 H p T ~ 1 r3B/c, a TaK
)I(e HHKni03HBHoe nonepeQHoe ceqeHHe C/>-Me3o
HOB B COllpOBO)I(,neHHH ,nayx 3ap.R)I(eHHhiX 
qacTHQ, KOTopoe OKa3anocb paaHhiM 

a (cf> + 2 IUlPOHa) = (45 ± 10) MK6 Ha HYKnOH. 

.Un.a cpaaHeHHR nonyqeHHhiX ,naHHhiX o ce
qeHHH pO)I(,neHHR C/>-Me30HOB C pe3ynbTaTaMH 
,npyrHX 3KCnepHMeHTOB 6hma c,nenaHa 3KCTpa
nonRQMR B nonHyiO KHHeMaTHqeceyJO o6nacTb 
-1 ~ x ~ 1. BenHQ'HHa nonHoro HHKni03HBHoro 
nonepeQHoro ceqeHHR po)l(,neHHR C/>-Me30HOB 
B HeHTpOH-BO,nopo,nHhiX B3aHMO,neHCTBHRX npH 
3HeprHH HeHTpOHOB 30 7 70 r3B OKa3hiBaeTCR 
paBHOH 

a (cP +X) = ( 220 ± 85) MK6 Ha HYKnOH 
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( OIIIH6Ka BKJIIOQaeT 35% CHCTeMaTHQecKyiO n o

rpelllHOCTL). CpasHeHHe 3Toro pe3ynLTaTa c pe-

3YnLTaTaMH ApyrHX pa6oT, BLmonHeHHhiX 
B nyqKax npOTOHOB, nOKa3biBaeT, QTO n011Hbie 

nonepeQHLie ceqeHHH po:>K,I~;eHHR t/>-Me30HOB 

B nyqKe HeHTpOHOB H npOTOHOB OAHHaKOBbl 

(s npeAenWf OlllH6oK). llapaMeTp N cneKTpa 
npO,I\01ILHbiX HMny1ILCOB t/>-Me30Ha yKa3biBaeT 

Ha TO, QTO t/>-Me30Hbl pO:>K,Il;aiOTCH B IJ;eHTpanL
HOH o6nacTH. 

3. Ha MaTepHanax c OAHOMeTposoH: BOAO
POAHOH ny3LIPLKosoH: KaMepbi BLmonHeHLI 

ABe pa60Tbl no nOHCKy H HCC1le,I\OBaHHIO 

Y3KHX AH6apHOHHbiX pe30HaHCOB. rpynnoH: 
IO.A.TpoHHa npoA01l)KanacL o6pa6oTKa MaTe
pHanos no peaKIJ;HRM np + pprr- , np + pprr- rr o , 

B KOTOpbiX npH aHa1IH3e cneKTpa Mace ABYX 
npoToHOB Ha6niOAanCH pHA y3KHx oco6eHHO

cTeH: npH 3HaqeHHRX Mace 1886; 1937; 1965; 
1980; 2017; 2050; 2083; 2107; 2237; 
2277 M3B/c2

• Bcero BbJAeneHo - 2·104 co-

6biTHH yKa3aHHbiX peaKIJ;HH npH HMnynLcax 

na,I\aiOIIJ;ero HeHTpOHa 1,43; 1,72; 2,23; 
3,83 r3B/c. llpeBbiilleHHe CHrHana HaA <t>oHOM 

COCTaB11HeT OT 3 AO 5 CTaH,I\apTHbiX OTKJIO

HeHHH . .BMecTe C TeM aHa1IH3 AaHHbiX no p eaK
IJ;HH np + pprr- , C nOnbiTKOH onHCaTL cneKTp 

3<P<PeKTHBHbiX Mace AByx npoTOHOB c noMo

IIJ;LIO f1la,I\KOH <l>YHKIJ;HH 6e3 npHBneqeHHH 

Y3KHX pe30HaHCOB, npHBen asTopos pa6o
TLI15 I K BbWOAY 0 BecbMa CH1IbHOH 3aBHCH

MOCTH pe3y1ILTaTOB OT pa31IHQHbiX MO,I\e1leH 

<t>oHOBbiX pacnpe,I\eneHHH. 06pa60TaHO AOn 011-
HHTe1ILHO TaK)Ke -8·103 co6biTHH peaKIJ;HH 

np + pprr- npH p =1,25 r3B/c, npOBOAHTCH 

HX aHa1IH3. 

CoTpyAHHQeCTBOM ,[(y6Ha - KolllHue -

MocKBa - T6HnHCH nposeAeH aHanH~ peaK
IJ;HH dp + ppn, H dp + prr+nn 16 1• MMny nLc 

AeHTpOHa COCTaB1IR11 3,33 r3B/c, CTaTHCTHKa 

no o6eHM peaKIJ;HHM -115 TbiC. C06biTHH. 

B pe3ynLTaTe o6Hapy)KeHLI Y3KHe (r -;S 
-;S 50 M3B) CTPYKTYPLI B o6nacTH Mace ABYX 

HyKJIOHOB ( CM. Ta6n. 2) . 

PeaKIJ;HH z M, r, 

M3B/c2 M3B/c2 

TaKHM o6pa3oM, noKa3aHO, QTO y3KHe 
CTpyKTypbl C BbiCOKOH CTaTHCTHQeCKOH 3Ha

QHMOCTLIO Ha61IIO,I\aiOTCH B o6naCTH Mace 

2010 + 2020 M3B/c2 H 2140 + 2150 M3B/c2
, 

npHQeM BO BCeX 3apHAOBbiX KOM6HHaiJ;HHX. 
AHanorHQHLie cTpyKTypLI 6LmH Ha6niOAeHLI 

paHee s 4 Hep-B3aHMOAeiicTBHHX Ha OAHOMeT

posoH: *HAKOBOAOPOAHOH KaMepe JIB3, a TaK· 
)Ke B ApyrHx 3KcnepHMeHTax. YKa3aHHLie 
COCTOHHHH cornacyiOTCH C npe,I\CKa3aHHHMH 

pOTaiJ;HOHHOH MO,I\e1IH. 

4. rpynnoH: B.A.Illax6a3HHa B KOHIJ;e 
1988 ro,I\a npH aHa1IH3e B3aHMOAeHCTBHH npo

TOHOB (P =10 r3B/c) C npOTOHOM o6Hapy)Ke
HO V o -co6biTHe, KOTOpoe no BHelllHHM npH3Ha

KaM H H3MepeHHbiM napaMeTpaM 6Lmo pacue

HeHo KaK KaHAHAaT B cTa6HnbHbiH H-AH6apHOH, 

npeTepneBillHH cna6Lm pacnaA. llpHMeHeHHe 

MeTOAOB MHOrOBeplllHHHOfO KHHeMaTHQeCKOfO 

aHanH3a c C03AaHHeM cneiJ;HanLHbiX nporpaMM 

no3B01IH1IO noKa3aTL, QTO H3 scex rHnoTe3 

o peaKIJ;HHX H pacnaAax, cnoco6HbiX HMHTHpo

BaTL 3TO C06biTHe, 11Bbi)KHBaeT" e,I\HHCTBeH
HaRI7 I: 

H + p + ~- , ~- + n +rr-. 

llpH 3TOM M
8 

= (2218 ± 12) M3B/c2 npH CTaH

AapTHOM OTK1IOHeHHH 12,0 M3B/c2 H norpern

HOCTH cpeAHero a = 2,8 M3B/c2 
• BpeMH npo

neTa qacTHIJ;bi AO pacnaAa oKa3anocb 

1,37·10- 1 0 c. Macca paHee o6Hapy*eHHoro 

KaHAHAaTa s· H-AH6apHoH cocTaBnHna (2175 ± 
± 15) M3B/c2

• CpeAHee no ABYM HaHAeH

HbiM C06biTHHM 3HaQeHHe MaCChi COCTaBJIHeT 

(2197 ± 9) M3B/c2
, a ceqeHHe o6pa30BaHHH 

H B p + c3 Hs on;eHHBaeTCH B 40 H6. 

5. Ha MaTepHanax AByxMeTposoH: *H.D:KO

BOAOPOAHOH KaMepLI "JliOAMHna" npO,ll;OJI)Ka

nocL H3yqeHHe MeXaHH3Ma aHTHHYKJIOH·Hy

K1IOHHbiX B3aHMO,I\eHCTBHH. llpoBe,ll;eHO CpaB

HeHHe pacnpeAeneHHH no npoA01lbHbiM H no

nepeqHLIM HMnynLcaM (X- H P; -pacnpe,ll;ene-

Ta6nuij(l 2 

(1 M, r, (1 

M3B/c2 M3B/c2 

dp + (pp) n 

dp + (pn)p 
dp + (nn)prr+ 

++ 
+ 
0 

2009 ± 15 16 ± 19 4,1 
5,1 
5,3 

2153 ± 15 7 ± 11 5,8 
2007 ± 10 8 ± 12 2128 ± 10 6 ± 9 4,3 
2027 ± 20 16 ± 18 2137 ± 20 17 ± 9 8,2 
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+ 
HHJ'I npOTOHOB H 7r- -Me30HOB, o6pa3yiOI.l.UiXCJ'I 

B pp- H pp-B3aHMO,neHCTBHJ'IX npH 6JIH3KHX 

3Hepnmx (22 + 24 r3B) lB./. Iloi<a3aHO, liTO: 

- X-pacnpe.neneHHR npoTOHOB B pp-B3aH

Mo,neiicTBHRX 6onee )KeCTKHe, npH 3TOM OTJIH

QHe oT pp-B3aHMo,neiicTBHH ysenHIJHBaeTCR 

C pOCTOM MHO)KecTBeHHOCTH 3apJI)KeHHhiX 

qacTHQ; 

- B C06hiTHJ'IX C MaJIOH MHO)KeCTBeHHOCTbiO 

cpe,nHHH nonepeQHblH HMnyJibC npOTOHOB 60Jib

IIIe, lleM B pp-B3aHMO,neHCTBHRX; 

- AJIR C06hiTHH C H,neHTH<I>HQHpOBaHHhiMH 

npOTOHaMH (c p 6 < 1,2 r3B/c) X- H P
2

-na . ,..., T 

pacnpe.neneHHR rr ± -Me30HOB HMeiOT 6onee 
)KecTI<HH xapai<Tep B pp-B3aHMO,neHCTBHJ'IX. 

IlepeQHCJieHHhie oco6eHHOCTH HeaHHHrHJIRI.UiOH

HhiX pp-npoQeCCOB He OnHChffiaiOTCJ'I I<Bapi<O

BOH <l>parMeHTaQHOHHOH LUND-Mo,neJihiO. • 

PaccMoTpeHhi MeTO,nHIJeCI<He sonpOChi H3-

MepeHHR H o6pa60TKH aHTH,neHTpOH-JI,nepHhiX 

B3aHMO,neHCTBHH 19 1
• 

HCCnEnOBAHHE ACHMIITOTHqECKHX 

CBO:ACTB MHO)I(ECTBEHHhiX IIPOUECCOB. 

KOPPERHUHOHHhiE HBREHHH 

1. Ilpe,nJIO)KeHHhie H Pa3BHBaeMhie B nB3 

MeTOAhl aHaJIH3a npOQeCCOB MHO)KeCTBeHHOrO 

pO)l(AeHHJ'I IJaCTHQ B a,npOHHhiX H R,nepHhiX 

CTOJII<HOBeHHJ'IX n03B01IJ'IIOT Bhipa3HTh CBOH

CTBa npoQecCOB <I>H3HI<H BhiCOKHX 3HeprHH 

qepe3 He60JibiiiOe QHCJIO peJIJITHBHCTCKH-HHBa

pHaHTHhiX napaMeTpOB, I<OTOphie y,naeTCJ'I 

o6"bJICHHTb Ha OCHOBe I<BaHTOBOH XpOMOAH

HaMHI<H. IlpH 3TOM 6e3pa3MepHhie peJIRTH

BHCTCI<H-HHBapHHaTHhie nOJIO)I(HTeJibHhie BeJIH

IJHHhl ( OTHOCHTeJihHhie 4-CI<OpOCTH) : 

(r.ne pi' pk - 4-HMnynhChi; mi, mk - MaCChi 

llaCTHQ i H k, yqacTBYIOI.l.UiX B peai<QHH I+ II+ 
+ 1 + 2 + 3 + ... ) , HCn01Ib3YIOTCJ'I B I<alleCTBe 

OCHOBHhiX nepeMeHHhiX, qepe3 I<OTOpble Bhlpa

)KaJOTCJ'I pacnpe,neneHHJ'I BepORTHOCTeH ( ceqe

HHR) npo"QecCOB: W ( ... bik' ..• ). 

B npocTpaucTBe napaMeTpOB bik oi<a3a

nocb B03MO)l(HhiM c<t>opMy11HpOBaTb Hei<OTO

phie o6I.l.Uie npHHQHnhi H npe,nci<a3aTh 3ai<oHo

MepHOCTH, xapai<TepH3YIOI.l.Uie CHJihHO B036y)K

,neHHYIO a,npOHHyiO H H.ZJ;epHyiO MaTepHIO, 

o6Hapy)l(l{Tb PRA HOBhiX RBJieHHH, B qacrnocTH, 

yHHB epcanhHOCTh qeThipexMepHhiX cTpyii a,npo

HOB H cyiQecTBOBaHHe 6apHOHHhiX I<JiaCTepOB, 

Tai<)Ke o6Jia,naiOI.l.UiX BecbMa HHTepecHblMH 

csoiic TBaMH. OcHOBHhie <I>H3HilecKHe pe3yJih

TaThi, a Tai<*e npoQe,nypa HcnoJib30BaHHR 

nepeM eHHhlX bik CYMMHpOBaHhl B pR,ne 0630-

pOB (eM., HanpHMep: Ban,nHH A.M., .UHAeH

I<O n .A. OHHH, P1-87-912, ny6Ha, 1987) 

o6cy)l(AaiOTCJ'I Ha I<pynHeHIIIHX Me)l(AyHapo,n

HhiX I<OH<I>epeHUHRX nocne,nHero speMeHH. 

B Tei<yiQeM ro.ny ony6JIHI<OBaH PM HOBhiX 

<I>H3HIJeci<HX H MeTOAHIJecKHX pe3y1IhTaTOB 

B paM I<ax 3Toro no.nxo,na. B pa6oTe
11 0 1 

npe.n

JIO)KeH a H pa3pa60TaHa MeTOAHI<a BbJAeJieHHR 

I<JiaCTepOB, o6pa3yiOI.l.UiXCJ'I B HeynpyrHX 

CTOJII<H<?BeHHJ'IX C HCn01Ib30BaHHeM npOCTpaH

CTBa HOpMHpOBaHHhiX I< OAHHai<OBOH Macce 

OTHOCHTeJihHhiX 4-CI<OpOCTeH, n03B01IJ'IIOIQaR 

BhJAeJIHTb I<JiaCTephi, COCTORI.l.Uie H3 IJaCTHQ 

pa3HOH MaCChi. ITo 3TOH MeTo,nHI<e npoauanH-

3Hpos au 3I<cnepHMeHTaJihHhrn MaTepHan no 

pC- H rr- C-B3aH!'.-IO,neHCTBHJ'IM (P p = 10 r3B/c, 

p rr- = 40 r3B/c)' a Tai<)f(e AaHHhie no pC-, dC-, 

aC- H CC-B3aHMO,neHCTBHJ'IM npH 4,2 r3B/c 

Ha HY I<JIOH, nonyqeHHhie c noMOIQbiO ,nsyx

MeTposoii nponauosoii I<aMephi. 0I<a3anoch, 

liTO B 3HaiJHTeJibHOH ,none C06hiTHH ( 30 + 60%) 

o6pa30 BaHHe BTOPHQHhiX qacTHQ ( npowHoB 

H 7r -M e30HOB) npOHCXOAHT qepe3 I<JiaCTephi, 

npHIIeM IJHCJIO Tai<HX B3aHMO,neHCTBHH paCTeT 

c ysenHIJeHHeM nepBHQHOH 3HeprHH. qepe3 

I<JiaCTephl o6pa3yeTCJ'I TaJ<)Ke '""'40% I<YMY

JIRTHBH hiX a.npoHOB. KnacTephi o6na,naiOT yHH

sepcanbHhiMH CBOHCTBaMH ,nnR pa31IHQHhiX 

THnOB B3aHMO,neHCTBHH H pa31IHQHhiX nepBHIJ

HhiX 3HeprHH I<ai< no xapai<TepHCTHI<aM HX 

o6pa30 BaHHR, Tal< H no OC06eHHOCTJ'IM HX 

pacna,na . 

Haii,neHo Hosoe no,nTsep)l(AeHHe npHMeHH

MOCTH npHHQHna aBTOMO,neJihHOCTH BTOpOrO 

po,na A 1IR OnHCaHHJ'I pacnpe,neneHHH npOTOH

HhiX I<JiacTepos H3 nC- H rr- C-B3aHMo,neiicT

BHH 11 1 1
• 3I<cnepHMeHTaJihHhlli MaTepHan no

nyqeH npH o6nylleHHH .nsyxMeTpOBOH npo

nauosoii ny3hlphi<OBOH I<aMephl HeHTpOHa

MH C H MnyJihCOM 7 r3B/c H rr- -Me30HaMH 

c HMny JibCOM 4 r3B/c. Pacnpe,neneHHe npo

TOHHhiX I<nacTepos no nepeMeHHOH ban• 

npe,nCTaBJIJ'IIOIQeH 4-CI<OpOCTb QeHTpa I<JiaCTepa 

OTHOCHTeJibHO R,npa-MHIIIeHH 1 OnHChiBaeTCJ'I 3a

BHCHMOCThiO 
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C napaMeTpOM n = 4, npHqeM 3HaqeHHe 3TOI'O 

napaMeTpa He 3aBHCHT HH OT THIIa B3aHMO

,neHCTBIDI, HH OT 4-cKOpOCTeH npOTOHOB B K JiaC

Tepe bk (.nnH bk < 0,05) • 

llpoBe.IJ;eH aHaJIH3 pa3MepOB o6JiaCTH H3JIY

qeHIDI cTpyH: a,npoHOB B 1r- p- H 1r- C-B3aHMO

.neH:cTBIDIX npH p 1T- = 40 J:'3B/c H 6apHOHHbiX 

KJiacTepos B CC-B3aHMo,neH:cmHRx npH · P = 

= 4,2 r9B/c Ha HYKJIOH 11 2 
I. 

CTpyH a.npoHOB H KJiacTepbi Bhi.IJ;eJI.RJIHCh 

peJI.RTHBHCTCKH-HHBapHaHTHbiM o6pa30M B n po

CTpaHCTBe bik, a pa3Mephi o6nacTH reHepaxnm 

HaxO,IUUIHCb MeTO.IJ;OM HHTepQ>epeHUHOHHbiX 

KOppeJI.RUHH. llOKa3aHO, qTO pa3Mepbl CTpyH: 

B 06JiaCTH Q>parMeHTaUHH nHOHa onpe.IJ;eJI.fllOTC.fl 

BeJIH~o.H r(tr-p) =(0,63 ± 0,09) Q>M. T a KoH: 

:>Ke pa3Mep HMeeT o6nacTb reHepaUHH nHOHOB 

H B e•e--aHHHI'HJI.RiniH (pHC. 2): r(e• e -)= 

=(0,65± 0,04) Q>M.HHTepQ>epeHUHOHHbie K Oppe

JI.RinfH nHOHOB B 3TOH o6JiaCTH He 3aBHC.RT 

TaK:>Ke oT Macchi .R,npa-MHllleHH (p HJIH C). 

,llJI.R Q>parMeHTaUHH MHllleHH 06JiaCTh 3M HC

CHH B pC-B3aHMO.IJ;eHCTBIDIX 3aMeTHO 60Jibllle. 

,llJI.R ueHTpaJII>HOH o6nacm nonyqeHo 3Haqe

HHe r = (1,38 ± 0,36) Q>M. Cpe.nHee 3HaqeHHe 

6hiCTp0Tbl .IJ;JI.fl nHOHOB H3 3TOH 06JiaCTH 6 JIH3-

KO K tfYJIJO B CHCTeMe UeHTpa HHepUHH 1T - p. 

BhiCTpOTHoe pacnpe.neneHHe HMeeT CHM MeT

pHqsyiO Q>opMy C .IJ;HCnepcHeH OKOJIO e.IJ;HHHUbl. 

Pa3Mepbi o6nacTH 3MHCCHH npoTOHOB B 6a

pHOHHhiX KJiacTepax, Bhi.IJ;eJieHHhiX B CC

B3aHMo,neH:cmHRx npH 4,2 r3B/c Ha HYKJIOH, 

COBna.IJ;aiOT B CHCTeMe nOKO.fl KJiaCTepa C pa3-

MepaMH .R.IJ;pa ymepo.na r ~ (2,5 ± 0,6) Q>M. 

06Hapy:>KeHHe KBa3HCTaUHOHapHbiX CO-

CTO.RHHH CHJibHOB036y:>K,IJ;eHHOH .R,nepHOH MaTe

pHH .RBJI.fleTC.fl O.IJ;HOH H3 UeHTPaJII>HbiX 3a,naq 

$H3HKH BbiCOKHX 3HeprHH. 3KcnepHMeHTaJib

Hbie .IJ;aHHhie no CC-B3aHMo.neH:cmHHM, no

nyqeHHhie Ha CHHXpOQ>a30TpOHe, nOKa3biBaiOT, 

~0 6apHOHHbie KJiaCTepbl B npOCTpaHCTBe 

4-cKopocTeH: MoryT 6biTb pe3yJII>TaTOM HaJIO:>Ke

HIDI MHOI'06apHOHHbiX pe30HaHCOB, T.e. HaJIO

:>K€1HIDI KBa3HCTaUHOHapHhiX cocTo.I'IHHH c 

TeMnepaTypoH: Tk ~ 135 M3B. 

2. llpO.IJ;OJI:>KaJIOCb HCCJie.IJ;OBaHHe H pa3BH

THe MeTO.IJ;a HHTepQ>epeHUHOHHbiX KOppeJI.RUHH. 

llpOaHaJIH3HpOBaH BOnpoc 0 CB.fi3H yrJIOBOI'O 

pacnpe,neJieHH.fl BeKTOpa pa3HOCTH HMnyJII>COB 

napbl TO:>K,IJ;ecTBeHHbiX nHOHOB C Q>opMOH 

o6nacTH H .IJ;JIHTeJII>HOCThiO npouecca reHepa

IniH H npe.nno:>KeHhi HOBbie npoue.nyphi, no3BO

JI.RlOIUHe npOBecTH aHaJIH3 3KCnepHMeHTaJibHbiX 

,naHHhiX 11 3 1• PaccMoTpeHhi TaK:>Ke MeTo.IJ;H

qecKHe BOnpOCbl, B03HHKaiOIUHe npH HCCJie

.IJ;OBaHHH .IJ;ByxqacTHqsbJX KOppeJI.RUHH npOTO

HOB C 6JIH3KHMH HMnyJII>CaMH 1 H npe.IJ;JIO:>KeH 

HOBbiH MeTO.IJ; yqeTa 3KCnepHMeHTaJII>HbiX ycJIO

BHH npH onpe.neneHHH pa3Mepos o6nacTH 

HCnyCKaHIDI npOTOHOB 11 4 
I. 

3. H3yqeHHe Koppen.RUHOHHhiX .RBJieHHH 

B KYMYJIHTHBHOM po:>K,D;eHHH qacTHU RBJIR

eTCR ecTecTBeHHbiM pa3BHTHeM nporpaMMbl . 

no HCCJie,IJ;OBaHHIO npe.D;eJibHOH Q>parMeHTauHH 

.R.IJ;ep H HMeeT UeJibiO noJiyqeHHe .IJ;OnOJIHHTeJib

HOH HHQ>opMaUHH o MexaHH3Me KYMYJIRTHB

HhiX npoueccos. B 3KcnepHMeHTe, BhmonHeH-

1.75 .------,----r----,------, r--- ---.----.------r------, 

R 

1.SO 

1.25 

1.00 

0.75 

0 

40 

a 
1T-- p, 40 IJB/c 

To= 0.63! 0.09 tPM 

0.5 1.0 1.5 0 
Q, 138/c 

6 

t 

e•e-, ~=29138 
To = 0.65:!: 0.04 tPM 

0.5 1.0 1.5 2.0 
u,r3B/c 

Pee. 2. KoppenauuoHHble 
pacnpe,o;eneeWI, nony<~eH· 

Hble ,lln.R nHOHOB H3 o6na· 
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HOM Ha ABYXIIJielleBOM MarHHTHOM cneKTpO
MeTpe .Z:U-ICK-3, H3yllanacb ABYXliRCTHliHaH 
HHKJII03HBHaH peaKJ.Ui.R 

I+II + 1+2+ ... ' 

r,D;e I - nepBHliHbie llaCTHW>I (p, d - c HM
nyn~>COM 8,9 P3B/c, a-llaCTHW>I c HMnynbCOM 
17,8 P3B/c); II - .R,D;pa-MHIIIeHH (6 Li, Pb ); 
1,2 - perHCTpHpyeMble yCTaHOBKOH BTO
pHliHbie llaCTHW>I ( 1T, p, d) 11 5 I. ,II;ByXllaCTHli
HaH Koppen.RQHOHHRH <I>YHKJ.Ui.R R2 , onpe,D;e
n.ReMaH KaK nonHoe Heynpyroe celleHHe a in 

B3aHMOAe:HcTBH.R llaCTH~ I H II, yMHo:>KeHHoe 
Ha OTHOIIIeHHe ,Zl;Ba:>K,Zl;bl HHKJII03HBHOrO Celle
HH.R po:>KAeHH.R llacTH~ E 1 E2 d2 a /dP1 dp2 B yKa-
3aHHOH peaKI.UiH K npOH3Be,D;eHHIO OAHOlla-. 
CTHliHbiX HHKJII03HBHbiX celleHHH E1 da/dP1• 

-+ 
E2 da /dp2 po:>KAeHH.R llaCTH~ 1 H 2, H3MepeHa 
,D;nH p1T- -cHCTeMbl B o6naCTH 3$<1:>eKTHBHbiX 
Mace, COOTBeTCTBYIOIUeH pO)K,Zl;eHHIO KyMyn.R
THBHbiX ~-H306ap (p = 500 M3B/c, yron Bbl
neTa - 90° ) . BenHliHHa R2 B 3TOH o6nacTH 
pasHa -1,5 ,D;n.R p1r+ -KOM6HHRI.UiH KaK B pPb-, 
TaK H B aPb-B3aHMOAeHcTBH.RX. B npe,D;nono
:>KeHHH, liTO CelleHHe pO)K,Zl;eHH.R ~ -H306ap, 
KaK H CelleHHe pO)K,Zl;eHH.R CTa6HnbHbiX KyMyn.R-
THBHbiX llaCTH~, 3KCnOHeHJ.UiaJlbHO 
OT KyMyn.RTHBHOrO liHCna: 

da 

3aBHCHT 

E--=- (A1 A 11 + ~ + ... ) - A~· exp (-x/0,14), 
dp 

nonylleHo orpaHHlleHHe Ha celleHHe po:>KAe
HH.R KyMynHTHBHbiX H3o6ap A~~ 1,5 AP 
( AP - KOHCTaHTa ,D;n.R po:>KAeHH.R npoTOHOB) . 

4. llpo,D;on:>Kanocb Hccne,D;OBaHHe A-3aBHCH
MOCTH HHKJII03HBHOrO pO)K,Zl;eHH.R 1T 0 -Me30HOB 
Ha ycTaHOBKe MACCEP. BnepBbie H3MepeHo 
HHBapHaHTHOe HHKJII03HBHOe CelleHHe peaKJ.UiH 
aC + 1T 0 + ... npH HMnyn~>ce 4,5 P3B/c Ha HyKJioH 
B 3aBHCHMOCTH oT KyMyn.RTHBHoro liHcna X 
H KBa,D;paTa nonepeliHoro HMnyn~>ca Pi 11 ·6 1

• 

3aaHCHMOCTb OT Pi napaMeTpH3yeTc.R <I>YHK-
QHe:H da /dpi - exp (a·pl) c napaMeTpoM 
a=(6,7±0,1) (P3B/c)- 2 B HHTepaane 
0 ~ Pi<: 0,32 H a= (10,4 ± 0,1) {P3B/c)- 2 

npH 0,32 ~Pi~ 0,82. 3aaHCHMOCTb oT X 
napaMeTpH3yeTc.R <I>YHKJ.UieH E da /dp -
- exp (-X/X0 ) c napaMeTpOM X 0 = 0,123 ± 
± 0,03, liTO cymecTBeHHO OTnHllaeTC.R OT 
AaHHbiX, nonylleHHbiX B BepKJIH (ClliA) An.R 
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Puc. 3. liHBapHaHTHbie HHKJII03HBHbie CelleHIUI o6pa· 

30BaHH.R 1T 0 -Me30HOB B 3aBHCHMOCTH OT CTeneHH . 
KyMyn.RTHBHOCTH 

peaKJ.UiH aC + 1T 0 + ... npH HMnynbce 2,9 P3B/c. 
C yaenHlleHHeM 3HeprHH HaKJIOH HHBapHaHT· 
HbiX CelleHHH yBenHliHBaeTC.R H npH6nH:>KaeTC.R 
K 3HatieHHIO, nonytieHHOMY B 3KCnepHMeHTax 

+ no Ky Myn.RTHBHOMy pO)K,Zl;eHHIO 1T- -Me30HOB 
(pHC. 3). 

5. Mccne,D;oBaHa 3aBHCHMOCTb cneKTpOB 
1T- -Me30HOB OT aTOMHOrO Beca .R,Zl;pa-CHap.R,Zl;a 
B pC-, dC-, aC- H CC-B3aHMOAeHCTBHHX npH 
HMnynbce 4,2 P3B/c Ha HyKJioH npH <I:>HKCHpo
BaHHbiX yrnax B HHTepaane 0° + 180° (B na6. 
CHCTeMe) 11 7 1

• Pa6oTa BhmonHHnaCb Ha MaTe
pHanax, nonylleHHbiX c noMOIUbiO ABYXMeTpo
ao:H nponaHOBOH ny3bipbKOBOH KaMepbi. lloKa-
3aHO, liTO cneKTpbi nHOHOB C KHHeTH\IeCKOH 
3HeprHe:H T Bbiiiie 0,1 P3B H yrnoM BbmeTa 

8na6 .> 10° 3KcnoHe~HaJibHO cna,D;aiOT c po
CTOM T H B yKa3aHHbiX THnax B3aHMOAeiicTBHH 
MOryT 6biTb annpOKCHMHpOBaHbl <I>YHKJ.UieH 
ainv = A ·e-T/To. 3Hat~eHHe napaMeTpa To 
B npe,D;enax 10 + 15% OIIIH60K He 3aBHCHT 
OT aTOMHOrO Beca .R,Zl;pa-cHap.RAa B COOTBeT· 
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CTBYIOI.UHX yrJIOBhiX HHTepBaJiax:, HaqHHaH 

c 8 6 > 20° . Pa3JIHqHe a <f>opMe cne~crpoa na . -
1T- -Me30HOB B pC- H .R,ll;pO-R,D;epHbiX B3aHMO-

,D;eHCTBH.RX Ha6JIIO,D;aeTC.R ,ll;JI.R 1T- -Me30HOB C Ma

JihiMH yrJiaMH HcnycKaHH.R. 3HaqeHH.R T 0 

y6hiBaiOT C yBeJIHqeHHeM (J na6 . H OT 20° 

,ll;O 130° H OCTaiOTC.R npaKTHqecKH nOCTO.RHHhi

MH Ha ypoBHe 50+ 60 M3B AJI.R (J na6 . > 1 30°. 

<l>opMa cneKTpOB 1T- -Me30HOB OKa3aJiaCh M aJIO 

qyBCTBHTeJihHOH K CTeneHH QeHTpaJibHOCTH 

CC-B3aHMOAeiicTBHH. 

CymecTBeHHhiM o6pa30M oT cTeneHH u eHT

paJihHOCTH CC-B3aHMOAeHCTBHH, KaK 3TO no

Ka3aHO B pa6oTe I 1 8 1
, 3aBHC.RT pacnpe,D;eJieHH.R 

npOTOHOB. 8TH 3KCnepHMeHTaJlhHhie <f>a KThl 

He onHChiBaiOTC.R KaCKa,D;HOH MO,D;eJihiO H CBH

,D;eTeJihCTBYIOT 0 npO.RBJieHHH B QeHTpaJihHhiX 

CC-cTOJIKHOBeHH.RX 3<f><f>eKTOB, He CBOA.RI.UHXC.R 

K coaoKynaoCTH HYKJIOH-HYKJIOHHhiX B3a HMO

,D;eHCTBHH c nocJieAyJOI.UHM nepepacce.RHHeM 

B CTaJIKHBaiOI.UHXC.R .R,D;pax:. 

6. .[(aHHhie no QeHTpaJihHhiM CTOJIKHOBe

HH.RM 6oJiee T.R:>KeJihiX, qeM yrJiepoA, .R,D;ep 

npH HMnyJihCe 4,1 r3B/c Ha HYKJIOH noJiy qeHhl 

MeTOAOM $oT03MYJihCHH 1 1 9 1
• AHaJIH3 c TOJIK

HOBeHiJH .a,D;ep HeoHa-22 c .RAPaMH Ar, Br 

nOKa3aJI, qTO AJI.R QeHTpaJihHhiX, ,ll;OJI.R KOTOpbiX 

COCTaBJI.ReT - 5,3% OT nOJIHOrO qHcJia B3aHMO

,D;eHCTBHH B $OT03MYJILCHH, Ha6JIIO,D;a!OTC.R 

pR,D; oco6eHHOCTeH (yBeJIHqeHHe MHO:>KeCTBeH

HOCTH BTOpHqahiX qaCTHU, <f>JIYKTYaQHH nJIOT

HOCTH peJI.RTHBHCTCKHX qacTHU no nceB,D;0-

6biCTpOTe, HaJIHqHe "oco6b1X" C06hiTHH, B KO

TOpbiX MHHHMaJlhHhiH yroJI BhilleTa p eJI.RTH

BHCTCKHX · qaCTHU (J > 7° ) , KOTOphie y K a3hi

BaiOT Ha npO.RBJieHHe KOJIJieKTHBHhiX n p ouec

COB a .RAPO-.a,D;epHhiX B3aHMOAeiicTBH.Rx. IIo

JiyqeHhi pe3yJILTaThl no HCCJie,D;OBaHHIO .Hey npy

rHX B3aHMO,D;eHCTBHH .R,D;ep KpeMHH.R C .R,D;paMH 

$OT03MyJihCHH npH HMnyJILCe 4,5 r3B/ c Ha 

HYKJIOHI2 0 I. 

7. Ha cneKTpoMeTpe. rHBC ,ll;JI.R ueHTpaJib

HhiX cToJIKHoaeHHH 
12 

C + 12 C, 19 F + 2 4 Mg, 
2 4 

Mg + 2 4 
Mg npH 3HeprHH 3 '7 r3B Ha H Y KJIOH 

noJiyqeHbi pacnpe,D;eJieHH.R no MHO:>KeCTB eHHO

CTH 1T- -Me30HOB H XapaKTepHCTHKH 3THX 

pacnpe,D;eJieHHH 12 1 1
• 8TH ,ll;aHHbie OCHOBaHbl 

Ha aHaJIH3e 1583, 1557 H 2745 C06biTHH COOT

BeTCTBeHHO . Ka:>K,ll;OMy H3 YKa3aHHbiX THnOB 

B3aHMOAeHCTBHH. Co6biTH.R oT6HpaJIHCh TpHr

repoM, JIOrHKa !<OTOpOrO COOTBeTCTBYeT 3anpe

Ty Ha BbmeT HYKJIOHOB-cneKTaTopoa .R,D;pa-
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cHapR,D;a a npe,D;enax: yrJia 2,4°. B cJiyqae 

MgMg-B3aHMOAeiicTBHH :>KeCTKOCTL no,D;aaJieHH.a 

HeynpyrHX CTOJIKHOBeHHH npH Bbi60pe QeHT

paJILHhiX COCTaBHJia 4x1 o- 4 
• 

8. Ha npoT.a:>KeHHH MHorHx JieT He ocJia6e

aaeT HHTepec K noBe,D;eHHIO BOJIHOBOH <f>yHK

UHH npocTeiirnero aTOMHoro R,D;pa- ,D;eHTpoHa 

Ha MaJibix paccTO.RHH.RX (MeHLrne 1 $M). BoJIL

IllHHCTBO nOCB.RmeHHbiX 3TOMy BOnpocy 3KCne

pHMeHTOB BbinOJIHeHo Ha cneKTpoMeTpax. Bo 

acex 3KcnepHMeHTax: Ha6JIIOAaeTc.R npeabiille

HHe qHcJia co6hiTHH HaA pacqeTaMH, npoae,D;eH

HbiMH HCXO,ll;.R H3 HCnOJIL3yeMbiX 06biqao BOJI

HOBbiX <f>YHKUHH ,D;eHTpOHa B o6JiaCTH HMnyJih

COB Bbiille 200 M3B/c B CHCTeMe nOKO.R .R,D;pa. 

B pa6oTe 
12 2 1

, BhinOJIHeHHoii c noMOIUbiO 

e,D;HHOH MeTO,ll;HKH ( O,ll;HOMeTpOBOH :>KH,ll;KOBO

AOPOAHOH KaMepbi), B ycJIOBH.Rx 4rr-reoMeTpHH 

HCCJie,D;OBaHbl peaKQHH np+ pprr- H dp+ ppprr-. 

Bbr6op 3THX peaKUHH ( c rr -Me3oHoM a KOHeq

HOM COCTO.RHHH) n03BOJI.ReT cymeCTBeHHO 

CHH3HTh BKJia,D; BHyTpHR,D;epHOrO norJiomeHH.R 

nHOHOB. ABTOpbi pa6oTbi npHillJIH K BbiBOAy, 

qTo npH KOppeKTHOH MeTO,ll;HKe OT6opa HYKJIO

HOB-cneKTaTOpOB HX HMnyJILCHbiH cneKTp MO

:>KeT 6biTh onHcaa anJIOTh AO 400 M3B/c c Hc

noJib30BaHHeM H3BeCTHbiX BOJIHOBbiX <f>yHK

QHH, H Ha ,ll;OJIIO 3K30THqeCKHX 3cP<f>eKTOB 

B 06JiaCTH 60JihlliHX HMnyJILCOB OCTaeTC.R 

-1% co6biTHH. 

9. lloJiyqeHbl ,ll;aHHbie no HMnyJILCHbiM 

H yrJIOBbiM pacnpe,D;eJieHH.RM 7T- -Me30HOB, 

o6pa3YIOI.UHXC.R B dC-B3aHMO,D;eHCTBH.RX npH 

3HeprHH HaJieTaJOmero ,D;eHTpOHa 1 r3B/HyK

JIOH12 
3 1

• IIpH npocMoTpe -10 TbiC. cTepeo

<f>oTocHHMKOB c ABYXMeTpoaoii ny3bipLKO

!JOH KaMepbl o6uapy:>KeHO OKOJIO 1800 C0-

6biTHH C po:>K,D;eHHeM 7T- -Me30Ha, H3 HHX 1524 

B3.RTbi AJI.R nocJieAyJOmero aHaJIH3a. BKJiaA 

co6biTHH c o6pa3oaaaHeM AByx rr- -Me3ouoa 

COCTaBJI.ReT - 2%. llOJIHOe HHKJII03HBHOe ceqe

HHe po:>K,D;eHH.R 7T- -Me30HOB: a1T- (dC) = (68,9 ± 

± 4,4) M6. Cpe,D;HHH HMnyJILC <prr-> = 
= (0,309 ± 0,004) r3B/c, cpe,ll;HHH yroJI 

<8 1T- > = (57 ± 1) 
0 

H cpe,D;HHH KOCHHYC 

<cos8rr-> = 0,473 ± 0,013. MaKCHMYM HM

nyJILcuoro pacnpe,D;eJieHH.R npHXOAHTC.R ua 

HHTepBaJI 0,1 + 0,3 r3B/c, B o6JiaCTh HMnym,

COB Prr- ;::: 700 M3B/c nona,D;aeT -2,6% co6bi

THH. Cpe,D;HHe HMnyJILCbi rr- -Me3oHoB, o6pa3o

BaHHbiX B dC- H dp-B3aHMO,D;eHCTBH.RX,npaKTH

qecKH He OTJIHqaJOTC.R. 



Pac. 4. B&JXO,Il H30Tona 
2 4 Na B 3&BHCHMOCTH OT 

DOJDIOH 3HeJ>rHH HaJieTIIJO· 

~ero R,llpa 
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D 
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20./ 
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10. Ilpo.nomKaJiaCh pa6oTa Me)K)l;yHapo.n

HOH Konna6opanHH ,Uy6Ha - J1eiirmHr - Map-

6ypr - CTpac6ypr no H3ylleHmo aHOMaJib

Horo B3aHMO,neHCTBHR peJIRTHBHCTCKHX cl>par

MeHTOB B RApO-R,nepHbiX coy,napeHHRX Ha 

nyt~Kax ycKopHTeneii CaKJie, ,Uy6HLI, BepKJIH 

HUEPHa. 

C HCnOJib30BaHHeM aKTHBa_nHOHHOH MeTO

AHKH H3ylleHO nose,neHHe BTOpHliHbiX llaCTHU 

H <i>parMeHTOB R,nep-CHapR,nOB, o6pa3yiOIUHXCR 

BO B3aHMO,neHCTBHRX a-llaCTHU, R,nep yrnepo

,na-12, HeOHa-20 H aproHa-40 C MHWeHRMH 

H3 Me,nH 12 4 1
• 

Ha pHc.4 npHae.neHhi OTHOWeHHR aKTHBHO

cTeH H30TOna HaTpHR-24 KaK <i>YHKUHH nOJIHOH 

3HeprHH HaJleTaiOIUHX R,nep. 

BLICOK03HepreTH'IHhie t~aCTHULI H <l>par-

MeHTbi, BbiJieTaiOIUHe B HHTepBaJie yrJIOB 

10 ~ 8 na6 . <; 45°, nO-BH,nHMOMy, npHBOART 

K 6onee BbiCOKOMY o6pa30BaHH10 H30TQna 

HaTpHR-24, lleM 3TO O:>KH]:\aeTCR no <t>eHOMe

HOJIOrH'IecKOH MOAeJIH. 

2'1. 
Cu(x,.Y) #a 

3D 50 70 !JO 

• 

,UnH o61>RCHeHHR 3<l><l>eKTa yaenHt~eHHR 

3KCnepHMeHTaJlbHbiX OTHOWeHHH BbiXOAOB H30-

TOna 2 4 
Na Heo6xo,nHMO npe.nnono:>KHTb npH

cyTCTBHe B cneKTpe JIH60 BTOpHliHbiX llaCTHU 

C 60JibW HMH nonepeliHbiMH HMnyJibCaMH, JIH60 

BKJia,na OT pacna,nOB HeH3BecTHbiX pe30HaHCOB, 

BHOCRIUHX 6oJibWHe yrJIOBble MOMeHTbl, JIH60 

pO)K)l;eHHe 3K30TH'IecKHX 061>eKTOB C BpeMe

HaMH )I(H3HH -10- 1 O C. 

11. BLmonHeHa cepHR pa6oT no H3ylleHHIO 

cl>parMeHT8.nHH R,npa MeTOAOM r-cneKTpOCKO· 

nHH. O npe.neneHhi 3apn,noBLie H MaccoBLie 

pacnpe,neneHH.fi R,nep-OCTaTKOB npH 06JiylleHHH 

MHWeHeH H3 aJIIOMHHH.fi, MaHJiapa H TaHTaJia 

R,npaMH yrnepo,na c 3HeprHeH 3,65·A r3B 

H npOTOHaMH 12 51
• lhMepeHbl CelleHHR pa,nHO· 

HYKJIHAOB, o6pa30BaHHhiX B peaKUHRx 
12 

C + 
+ 2 3 2 Th H 1 2 

C + 2 3 8 U npH TOH )l(e 3Hep

rHH12 6 1• J-f3yqeHO o6pa30BaHHe I 1 C B yrne

POAHbiX MHWeHnx, o6nyt~eHHbiX npoToHaMH, 

,neHTpOHaMH, R,npaMH renHR H yrnepo,na 12 7 I, 
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a TaiOKe nonyqeHbi AaHHbie no eeqeHHfiM o6-

P8.30BaHHR oeTaTO~biX Mep npH B3aHMO
AeHeTBHH AeHTpOHOB e 3HeprHeH 3,65·A'I'3B 
e MPaMH 9 3 Nd, 1 o s Ag, 1 s 9 Tb, 1 9 7 Au H 
207,2pbl28 I. 

12. BbiBeAeH PM eneAeTBHH H ecpopMyJIH

poBaHbi onpeAeJieHHbie npeAnOJIO)KeHHR: OTHO

eHTeJibHO oeo6eHHOeTeH B3aHMOAeHeTBHfl peJIR:

THBHeTeKHX qaeTHU, OeHOBaHHbie Ha np eAJIO
)KeHHOH paHee KOHUenUHH peJIR:THBHeTeKOH 

AJIHHbl. iloKa3aHO, qTo 3KBHnOTeHUHaJibHbie 

noBepXHOeTH peJIR:THBHeTeKOrO 3apR:Aa HMelOT 

cpopMy BblTRHYTOrO B HanpaBJieHHH ABH)KeHHR: 

3JIJIHneoHAa apaxueHHR 12 9 1
• BbieKa3aHO MHe

HHe13 ° I, qTo poeT AJIHHbl cpopMHpOBaHHR: 

n03HTpOHHfl o6yeJIOBJieH, B qaeTHOeTH, peJIR:
THBHeTeKHM yBeJIHqeHHeM ero npOAOJibHOrO 

pa3Mepa. 0TMeqaeTeR: 13 1 I, qTo nHOHHOe no

Jie H nOJie BeKTOpHblX Me30HOB peJIR:THBHeT

eKOrO HyKJIOHa BeAyT ee6R: no-p8.3HOMY. 

C pOeTOM 3HeprHH BKJIM BeKTOpHoro nOJIR: 

yBeJIH~BaeTeR, a npH 1;::: 1,6·102 ("t-nopeHu

cpaKTop) eTaHOBHTeR: AOMHHHpyroJUHM. B pe-

3yJI&TaTe MeHReTeR xapaKTep nepHcpepHqee

KHX H ueHTpaJI&HbiX eoyAapeHHH. PaeTyT 

eeqeH!fR: pO)I(AeHHR: W- H p -Me30HOB, O)KH

AaeTeR: eyxueeTBeHHbiH BKJIM enHHOBblX 

3cpcpeKTOB. 

TIOJI.RPI13AI.:U10HHhiE 11CCJIE,lJ;OBAHI1.R 

1. Ha yHHKaJI&HOM nyqKe noJIRpH30BaH

HbiX AeHTpOHOB eHHxpocpa30TpoHa eoTpyA

HHqeeTBOM "AJI&cpa" npOAOJI)KaJIHeb HeeJie

AOBaHHR: enHHOBOH eTpyKTypbl AeHTpOHa Ha 

MaJiblX paeeTORHHfiX. 113MepeHHR: TeH30p

HOH aHaJIH3Hpyroxueii enoeo6HoeTH ~eHTpoHa 

T2 o (k) B peaKUHH cpparMeHTaUHH noA Hy

JieBbiM yrJIOM BbieTpOeHHblX AeHTp OHOB 

e HMnyJI&eOM 9 I'3B/e npOABHHYTbl AO pe
KOPAHbiX 3HaqeHHH BHyTpeHHero HMn yJI&ea 

HYKJIOHOB B AeHTpoHe k ~ 700 M3B/e 13 2 1
• 

Ha nyqJ<e aeKTOpHo-noJIRPH30BaHHbiX AeHT

poHoa npoBeAeHbi nepabxe 3KenepHMeHTbi no 

onpeAeJieHHlO HMnyJI&eHOH 3aBHeHMOeTH ne

peAaqH nOJIR:pH3aUHH OT AeHTpOHa K npOTOHy

cpparMeHTY. 

2. 11eeJieAOBaHbl enHHOBbie 3cpcpeKTbl B Ky

MyJIRTHBHOM o6p8.30BaHHH npOTOHOB H AeHT

pOHOB B npOTOH-R:AepHblX B3aHMOAeHeTBHR:X 

npH 3HeprHRX 16 + 64 f'3B 13 3 1
• 3KenepHMeH-
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TaJihHbie AaHHbie nonyqeHbi e noMOIUblO eneK

TpOMeTpa KYMYJIRTHBHbiX MPOHOB (CKA). 

B yKa3aHHOH pa6oTe npHBeAeHbi 'pe3yJI&TaTbi 

o6pa60TKH nOJIHOH eTaTHeTHKH e AeMOHeTpa

UHeH 3aBHeHMOeTeH nOJIR:pH3auHH po)I(AeH
HbiX npOTOHOB OT HX HMnyJI&ea ( q), yrJia 

BbiJieTa H3 MHilleHH ( 8 ) , 3HeprHH npOTOHOB 

nyqJ<a (E) H OT aTOMHOrO HOMepa R:Apa

MHilleHH (A). B KaqecTae MHilleHeH HenoJI&-

30BaHbi R:Apa Be, C, Mo. 11aTepaan perHeTpaUHH 
no q: 505 < q < 1120 M3B/e - AJIR npoTo

HOB H 605 < q < 1220 M3B/e - AJIR AeHTpO

HOB. 3aBHeHMOeT& nonR:pH3aUHH oT E Bbi

pa)KeHa ena6o. Ha6JIJOAaeTeR: poeT nonRpH-

3aUHH OT (3,3 ± 2,1)% AO (12,0 ± 1)% e H3-
MeHeHHeM yrna 8 OT 158°- AO 95° . A-3aBH

eHMOeT& npOR:BJIR:eTeR: B yMeH&IlleHHH no

JIR:pH3auHH e pOeTOM aTOMHOrO HOMepa R:Apa

MHilleHH. 

3KCTIEPI1MEHT NA-4 

CoTPYAHHqeeTBOM EoJIOHbR - UEPH -

.[l;y6aa - Mroaxea - CaKJie BhinOJIHeH aHa

JIH3 eTpyKTypaoii cpyHKUHH npoToHa 
F2 (x, Q2 ) e BhieOKOH eTaTHeTHqecJ<oH Toq

HoeT&lO B 3KenepHMeHTax no rJiy60KOHe

ynpyroMy paeeeR:HHJO MJOOHOB aa BOAOPOA

HOH MHilleHH. TipoBeAeHo epaBHeHHe aapy

IlleHHH eKeHJIHHra B eTpyKTypaoii cpyHKUHH 

npOTOHa e npeAeKa3aHHR:MH nepTyp6aTHBHOH 

MOAeJIH KX,[(. Ha6JiroAaeTeR: npeaoexoAHOe 

eornaeHe 3KenepHMeHTaJI&HhiX pe3yJihTaTOB 

e qHeJieHHblMH peilleHHfiMH 3BOJilOUHOHHblX 

ypaBHeHHH B JIHAHpyroxueM H B eJieAyJOIUeM 

3a JIHAHPYlOIUHM nopR:AKaX TeopHH B03MY

xueHHH. 3TH AaHHhie HenOJib30BaHbl AJIR 

. onpeAeJieHHR Maei11Ta6aoro napaMeTpa A Mo

AeJIH KX,[( KaK B noAXOAe HecHHrJieTHoro no 
apOMaTy npH6JIH)KeHHR:, TaK H npH nOMOJ.UH 

eyMMbl nOJIHOrO eHHrJieTHOrO H HeeHHrJieT

HOrO no apoMaTy nOAXOAOB. Bhmonaeaa 

oueaKa rnrooHHoro paenpeAeJieHHR B npo
Toae13 4 1• 

3KCTIEPI1MEHT .[(EJI$11 

B paMKax eoaMeeTHoro 011.RI1 - UEPH 

3KenepHMeHTa eoTPYAHHKH na6opaTopHH aK
THBHO yqaeTBOBaJIH B npoBeAeHHH KOMnJieKe

HblX HenbiTaHHH H 3anyeKe MPOHHOrO KaJIO

pHMeTpa yeTaHOBKH .[(EJI$11 B nOA3eMHOM 



3aJie LEP [(EPHa. 3aseprnea nepBbiH ¢>H-

3HlleCKHH ceaac, B KOTOpOM 3aperHCTpH

pOBaHO OKOJIO 10 000 Z0 
-6030HOB. llep

Bble ¢>H3HllecKHe pe3yJihTaThi ony6nHKOBa-

Hbl B 

lllHpHHa 

HO H3 

pa6oTe13 5 1• Onpe,D;eneHbi Macca H 

Z0 
H liHCJIO IIOKOJieHHH HeHTpH

aHaJIH3a KOHeliHbiX a,D;pOHHbiX CO-

CTOHHHH. 

C03,D;AHHE HOBbiX ~KCllEPHMEHTAJibHbiX YCTAHOBOK, 

PA3BHTHE METO,D;HKH 

B 1989 r . npo,D;OJI)I(aJiaCb peanH3ai.UiH 

npOeKTOB C03,Il;aHHH 3KCnepHMeHTaJibHbiX ycTa

HOBOK ,Il;JIH pa60Tbl Ha nyt~Kax CHHXpo¢>a30-

TpOHa H ayKJioTpoaa, Y-70 H YHK H<l>B3, 

a TaK:lKe LEP [(EPHa. 

1. BoJihlllHM MeTO,IJ;HllecKHM ,IJ;OCTH:lKeHH

eM HBJIHeTCH pa3pa60TKa H H3rOTOBJieHHe 

nepBbiX o6pa30QOB MHKpOCTpHnOBbiX ,IJ;eTeK

TOpOB co CliHThiBaromeH: 3JieKTPOHHKOH. Pa3-

pa6oTKa 3THX ,IJ;eTe_KTOpOB BeJiaCb B paMKaX 

co3,IJ;aHHH aeprnHHHoro ,IJ;eTeKTopa YK,D; ,IJ;JIH 

YHK. Hccne,IJ;OBaHHH caoiicTB ,IJ;eTeKTopoa 

nOKa3aJIH HX COOTBeTCTBHe COBpeMeHHOMy 

MHpOBOMY ypOBHID. llpOCTpaHCTBeHHOe pa3-

perneHHe cocTaBJIH~ 3 MKM. H3tOTOBJie

HHe o6pa3QOB ocymecTBJIHJIOCb B COTpy,D;

HHlleCTBe C COBeTCKOH npOMbllllJieHHOCTbiO, 

OCBOHBilleH nepe,D;OBYIO TeXHOJIOrHIO C03-

,IJ;aHHH CaMhiX COBpeMeHHbiX KOOp,D;HHaT

HbiX ,IJ;eTeKTOpOB ,IJ;JIH ¢>H3HKH BbiCOKHX 

3HeprHH. 

2 . no npoeKTY " llapyc - HenTyH" Bbi6paa 

aapHaHT cTpyH:aoH: MHilleHH aenpephmaoro 

,IJ;eHCTBHH, pa3pa60TaHa He06XO,Il;HMaH ,IJ;OKy

MeHTaQHH, H3rOTOBJieHa H HCnhiTaHa Ha nyq

Kax CHHXpo¢>a30TpOHa napTHH nonynpoBO,IJ;HH

KOBbiX ,IJ;eTeKTOpOB, CMOHTHpOBaH cneKTpO

MeTpHllecKHH TpaKT. 

B pe3yJihTaTe H3yt~eHHH oco6eHHocTeii npo

Qecca HaKOnJieHHH aTOMapHOrO BO,D;OpO,D;a H 

BHeceHHH pH,D;a H3MeHeHHH B KOHCTpyK

QHIO 3JieMeHTOB CTpyHHOH MHilleHH nJIOT

HOCTb CTa6HJIH3HpOBaHHOrO aTOMapHOrO 

nOJIHpH30BaHHOrO BO,D;OpO,D;a nOBblllleHa Ha 

,IJ;Ba nopH,D;Ka H ,IJ;OCTHrJia -101 6 aT./CM
3

• 

3To n03BOJIHeT YAOBJieTBOPHTb Tpe6oaaHH

HM, npe,D;'bHBJIHeMbiM K napaMeTpaM MHille

HH B ycTaHOBKe "llapyc - HenTya". llpo

ae,IJ;eHhi TaK:lKe pa6oThi no co3,IJ;aHHIO "TermoH:" 

(TeMnepaTypa - 40 K) CTpyHHOH nonHpH-

30BaHHOH MHilleHH. 

3. C o6paa H HCDbiTaH aa nyt~Ke rr -Me30HOB 

c HMn yJibCOM 37,5 r3B/c cepnyxoBCKoro 

yCKOpHTeJIH a,D;pOHHbiH KaJIOpHMeTp KOMIIJJeK

ca "Met~eHbie aeH:TpHHo" 13 6 1
• B H3MepeHHHX 

HCnOJib30BaJiaCb MaTpHliHaH c60pKa H3 16 MO

,IJ;yJieH, Ka:lK,Il;hiH H3 KOTOpbiX npe,D;CTaBJIHeT 

co6oH: c6opKy CQHHTHJIJIHTop - :lKeJie3o pa3-

MepoM 15 x 15 x 142 cM3
• Hccne,IJ;OBaHhi 3a

BHCHMOCTH 3HepreTHllecKOrO H npOCTpaHCT

BeHHOrO pa3perneHHH OT TOliKH nona,IJ;aHHH 

qacTHQb l B KaJIOpHMeTp. llpoBe,IJ;eHhl HCnbiTa

HHH qepeHKOBCKOrO C'lertlHKa. llo,IJ;rOTOBJieHhl 

nporpaMMhi MO,IJ;enHpOBa.HHH pacna,IJ;OB K-Me-

30HOB ,IJ;JIH ,IJ;eTeKTOpOB · CTaHQHH Meqe~HH H 

HeHTpHHHOrO ,IJ;eTeKTOpa • . 

4. lloiiy_t~eHhi nepBbie ¢>oTorpa¢>liH c 6biCT

. poQHKJIHpy!OmeH: ny3bipbKoaoH: KaMepbJ -

aeprnHHHoro ,IJ;eTeKTopa cneKTpoMeTpa CB,D;. 

llpoBe,IJ;eHhl MOHTa:lK, BKJIIO'leHHe H H3Mepe

HHH Torrorpa¢>HH nonH MarHHTa MC-7 A. 

llpe,IJ;JIO:lKeH BapHaHT TpHrrepa ,IJ;JIH Bbi,IJ;e

JieHHH C06biTHH C oqapOBaHHbiMH llaCTHQa

MH 13 7 I . B OCHOBe MeTO,IJ;a Jie:lKHT H3BeCTHOe 

KHHeMaTHllecKOe COOTHOilleHHe Me)K,IJ;y MaC

COH p acna,IJ;aromeiicH qacTHQbi H KoaycoM 

pa3JieTa npo,D;yKTOB pacna,IJ;a ( t~eM 6onLrne 

Macca, · TeM 6onhrne cpe,D;HHH: yron BhiJieTa) • 

Mo,IJ;enHpoaaaHe co6hiTHH c oqapoBaHHhiMH 

llaCTHQaMH H peaJibHbiX C06biTHH npH 3HeprHH 

nyt~Ka 7 0 r3B, 3aperHCTpHpoBaHHbiX B ny-

3bipbKOBOH KaMepe "MHpa6enb", nOKa3aJIO, 

'ITO OTHOCHTeJibHaH ,IJ;OJIH C06biTHH C qapMOM 

B03pacTaeT 3a ct~eT TpHrrepa npHMepao 

a 20 pa3 . 

5 . 0 TJia:lKeH ycTOHliHBbiH pe:lKHM pa60Tbl 

YCTaHOB KH CllQH npH ¢>opMHpOBaHHH HM

nyJibCHOrO MarHHTHOrO nOJIH C HaiipH)KeHHO

CTblO - 3 0 Tn B o6'beMe 3,0 x 2,5 x 7 cM 3 13 8 1
• 

llpoB e,IJ;eao TPH MeTO,IJ;H'lecKHX ceaaca 

no o6JiylleHHIO ¢>oT03MYJibCHH B CHJibHOM 

MarHHTHOM none YCTaHOBKH CllQH nyliKa-
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3anycK 3KCnepnMeHTanhHOH yCTBHOBKH OlUUf "CneK
TpoMeTp C BepWHHHbiM ,lleTeKTOpOM" (CB,Ll) Ha nyt~Ke 
npoTOHOB Y-70 B lfll>B3 (TipoTBHHO) 
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MH npOTOHOB, R,IJ;ep yrnepO,Il;a H KHCJIOpO,Il;a 
c HMnyJihCOM ,ll;O 4,5 r3B/c Ha HYKJIOH. Pa3-
Mepb1 06Jiy'leHHbiX CTOnOK <f>oT03MYJibCHH: 
2,5 X 1,5 X 7 CM. 

Pa3pa6oTaH, H3rOTOBJieH H OTJiaJKeH Ha6op 
6JIOKOB )l;JIR CTa6HJIH3~H 3apR,IJ;HOrO HanpR
)KeHHR HaKOnHTeJIR 3HeprHH Ha ypOBHe Jiyq
rne1%1391. 

6. B Te'leHHe 1989 ro,IJ;a B JIB3 CMOHTHpO
BaHa nepBaR oqepe,IJ;b nepe,IJ;Hero ,IJ;eTeKTopa 
yCTaHOBKH "C<f>epa", BKJIIO'laiOI.UaR B ce6R 
12 nJIOCKOCTeH CUHHTHJIJIRUHOHHbiX rO,IJ;OCKO
nOB pa3MepaMH 1 X 1 M C 06I.UHM 'lHCJIOM 
CUHHTHJIJIRUHOHHbiX KaHaJIOB 320, npOCJIO
eHHbiX MIOOHHbiMH )KeJie3HbiMH norJIOTHTe
JIRMH; KOMnJieKC 3JieKTpOHHOH annapa
Typbi npHeMa, o6pa6oTKH H npe,IJ;cTasne
HHR ,IJ;aHHbiX B CTaH,IJ;apTe VME, F AST BUS 
H KAMAK, pacnoJio)KeHHbiH B 3KcnepHMeH
TaJihHbiX ,ll;OMHKax B KOpnyce ~ 250. 

3ToT KOMnJieKc annapaTypbi npe,IJ;nonara
eTcR HCnOJib30BaTb ,ll;JIR noJiy'leHHR OUeHOK 
BbiXO,IJ;a KYMYJIRTHBHhiX MIOOHHbiX nap, po)K
,IJ;eHHbiX B TR)KeJIOH MHUieHH peJIRTHBHCTCKH
MH ,IJ;eHTpOHaMH. 

B RHBape 1990 ro,IJ;a nJiaHHpyeTcR npo
Be,IJ;eHHe KaJIH6poso'lHoro ceaHca Ha npo
TOHHOM nyqKe, B KOTOpOM 6y,IJ;eT Ha6pa
Ha HH<f>OpM~R no onpe,IJ;eJieHHIO BbiXO,IJ;a 
MIOOHOB. 

7. Pa3pa6oTaHa cHcTeMa TeJieBH3HO~Ho

ro KOHTPOJIR c 3JieMeHTaMH 3JieKTpOHHoro 
npOCMOTpa co6biTHH Ha ycTaHOBKe rHBC, 
npose,IJ;eHhi HCCJie,IJ;OBaHHR no ycosep
rneHCTBOBaHHIO TpHrrepHOH CHCTeMbl ycTa
HOBKH. 

8. Co3,IJ;aHa 3KcnepHMeHTaJihHaR 30Ha B 
KOpnyce 1B ,ll;JIR yCTaHOBKH "llaMHp". llpose
,IJ;eH CeaHC no - H3y'leHHIO BbiXO,IJ;a aHOMaJibHbiX 
<f>parMeHTOB. 

9. llonyqeHhi ,IJ;ByMepHbie pacnpe,IJ;eJieHHH 
cpe,ll;HHX HOHH3~0HHbiX nOTepb B 3JieKTpO
MarHHTHbiX JIHBHRX, Bbl3biBaeMbiX ')'-KBaHTaMH 
c 3HeprHeH: E

1 
= 175, 1125, 2125, 3125 H 

3375 M3B B )KH,Il;KOM KCeHoHe 14 0 1• llpH 
3TOM HCnOJib30BaHbl 3KCnepHMeHTaJibHbie 
,ll;aHHbie C 180 M KCeHOHOBOH ny3blpbKOBOH 
KaMepbi. 

3JIEKTPOHI1KA, CHCTEMbl CBOP A 11 OBP ABOTKI1 MHHhlX, 
nPOrP~HOE OBECITEqEHHE 

1. · Pa3pa6aThiBaJIHCb annapaTypa H CH
CTeMhi B CTaH,IJ;apTax VME, F ASTBUS. PeanH-
30BaH BapHaHT CHCTeMbl c6opa ,ll;aHHbiX C HC
nOJib30BaHHeM Kpeii:Ta VME B Ka'lecTBe 
ynpasJIRIOI.Uero, 3BM "3JieKTpOHHKa-60" , o6e
cne'lHBaiOI.UeH c6op ,IJ;aHHbiX c BeTBH ;KA MAK 
no KaHaJiy npRMOro ,IJ;OCTyna, H ll3BM, 
pa6oTaromeH: B Ka'leCTBe nyJihTa ynpasneHHR 
H rpa<f>H'lecKOH CTaHUHH ,ll;JIR YCTaHOBKH 
"C<t>epa". 

Pa3pa6oTaHbi npHHUHnHaJihHhie cxeMhi pR,ll;a 
Mo,IJ;yneH: VME: HHTep<t>eH:ca MarHcTpaJIH VME 
c UIHHOH 3BM 1130T-1055C, KOHTpOJIJiepa 
H ,IJ;paiisepa sepTHKaJibHOH UIHHbi VM:g. 

CoseprneHCTBOBaJIHCb MeTO,IJ;HKa npoeKTH
poBaHHR C HCnOJib30BaHHeM KOMnbiOTepHbiX 
cpe,ll;CTB H TeXHOJIOrHR H3rOTOBJieHHR MO,IJ;y
JieH F ASTBUS . Co3,IJ;aH cTeH,IJ; ,IJ;JIR HaJia,IJ;KH 
Mo,IJ;yneH: F ASTBUS c ynpasneHHeM oT ll3BM 
"llpaseu-16". Pa3pa6oTaHbi H HaJiaJKeHhi HH
Tep<t>eH:c IBM PC - F ASTBUS, yHHBepcaJibHhrn · 
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HHTep<t>eH:c F ASTBUS, Mo,IJ;yJih HH,IJ;HKaUHH 
COCTORHHR UIHHbi, a TaK)Ke He06XO,Il;HMOe 
nporpaMMHoe o6ecne'leHHe. Ha ycTaHOBKe 
"C<f>epa" npoBe,IJ;eHbl CTeH,IJ;OBble HCnbiTaHHR 
cHcTeMbi F ASTBUS c npHMeHeHHeM pa3pa6o

.TaHHbiX Mo,IJ;yneH:, B qacTHOCTH 6biCTporo AUIT 
H 6biCTporo BUll npH ynpasJieHHH OT ll3BM 
"llpaseu-16". 113rOTOBJieH KpeiiT F ASTBUS 
C BeHTHJIRUHOHHOH naHeJibiO H Ha'laTa pa3pa-
60TKa MHOrOCJIOHHOH MarHCTpaJIH 3TOrO 
Kpeii:Ta. 

PaccMoTpeHbi CTPYKTYPHhie cxeMbi opra
HH3~H MHOronpoueccopHbiX CHCTeM H HX 
npHMeHeHHe B CHCTeMax c6opa, o6pa60TKH 
H aHaJIH3a ,ll;aHHbiX B <f>H3HKe 3JieMeHTapHbiX 
qacTHU 14 1 1

• ilo,IJ;rOTOBJieHO npe,ll;JIO)KeHHe no 
TpHrrepy BbiCOKoro ypoBHR yHHBepcaJibHoro 
KaJIOPHMeTpH'lecKoro ,IJ;eTeKTopa YHK Ha ocHo
se MHoronpoueccopHoii cHcTeMbi napannenh
HOH o6pa60TKH HH<f>opMauHH B CTaH,IJ;apTax 
FASTBUS H VME. 



H3MepmenJ.HO·Bbi'IHCnHTenJ.HbiH ueHTJ) nB3 

2. Co3.U.aH npocToH .R3hii< .U.JI.R 3anHcH, 
OpHeMa, Hai<ODJieHH.fl H npe.U.CTa13JieHH.fl .U.aHHbiX 
c KAMAK-Mo.u.yneii 8-6HTOBOH MHI<ponpm~ec
copHOH cHcTeMLI UJIAHll-270 . .fl3bii< y.u.oane
TBOp.ReT MHHHMaJibHbiM Tpe60BaHH.fiM .IJ.JI.fl pa-
60Tbl B peaJILHOM apeMeHH, HMeeT Y.IJ.06HbiH 
HHTepcpeHC C DOTpe6HTeJieM: MeHIO-pe.u.ai<TOp 
H OTJia.IJ.'IHI<; npe.IJ.yCMOTpeHa Tai<:IKe B03MO:IK
HOCTb Bbi30Ba DOTpe6HTeJibCI<HX DO.U.OporpaMM 
Ha AcceM6nepe H <l>opTpaHe 14 2 1

• 3To pernaeT 
3a.u.aqy cymecTBeHHoro coi<pameHH.fl apeMeHH, 
3aTpatiHBaeMOrO Ha TpaHCJI.fl~ H I<OMDO
HOBI<Y nporpaMM B CHCTeMe aBTOMaTH3ar(HH 
cnei<TpoMeTpa "A11Lcpa-3C". 

3. I13MepHTeJibHO-Bbi'IHCJIHTeJibHbiH I<OMD
Jiei<C JIB3 .o6ecnetiHJI 5500 qacoa pa6oTLI .II.JI.R 
DOJib30BaTeJieH, B TOM 'IHCJie 1200 'JaCOB 
B pe:IKHMe peaJILHOrO RpeMeHH C yCTaHOBI<a-

MH. 3 Ha'IHTeJibHbiM HTOrOM ro.u.a .fiBHJIOCb 
aae.u.eHHe a 3I<CDJiyaTa~HIO HOBOH 3BM 1130T-
1080. C 3TOH ~eJibiO BbiDOJIHeH 60JiblllOH 
06'beM pa60T DO OCHameHHIO ee COBpeMeHHbi
MH nai<eTaMH nporpaMM .IJ.JI.fl o6pa60TI<H HH
cpOpMar(HH H MO.IJ.eJIHpOBaHH.fl cpH3H'IeCI<HX 
npo~eccoa, a TOM tiHCJie CERN PROGAM 
LIBRAR Y, I<OMaH.U.bi VAX CERN, nai<eTbi 
HBOOK, ZEBRA, GEANT, HIGS H .u.p., rpa
cpHt~eci<a.R CHCTeMa GKS. Ha ocHoae nocTa
aneHHoro nai<eTa nporpaMM PAW aae.u.eHa 
B 3I<CDJiyaTmHIO rpacpHtieci<a.R pa6oqa.f1 CTaH
~.fl cpH3HI<a-aHaJIHTHI<a. P.R.u. nporpaMM no
CTasneli H o6HoaneH Ha 3BM EC-10055C. 
Co3.IJ.aH H aae.u.eH a pa6oTy nai<eT npo
rpaMM npe.u.cTasJieHH.R Ha rpacponocTpOHTe
ne DGF-1208 net~aTHhiX nnaT, cnpoei<TH
poaaHHhiX Ha ll8BM C DOMOmLIO CHCTeMbl 
SMART. 
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COBEPlliEHCTBOBAHME YCKOPHTEJihHOA BA3bl. 

PABOTA CmiXPO~A30TPOHA. C03,UAHHE HYKJIOTPOHA 

1. O,n;HHMH H3 BIDKHhiX B o6nacTH coaep
rneHCTBOBaHHH ycKOpHTeJibHO['O KOMnJieKCa 
JIB3 HBJIHIOTCH pa60Tbl no pa3BHTHIO H OCHa
lQeHHIO BToporo HanpaaneHHH Me,n;neHHoro 
BbiBO,IJ;a nyliKa (MB-2) H C03,ll;aHHIO KaHanOB 
B I<Opnyce lB. B 1988 r. Ha CHHXpo¢a30TpOHe 
6bin 3aBeprneH . MOHTIDK ycTpOHCTB, o6ecne
'IHBai01UHX ¢oKyCHpOBKY BbiBe,IJ;eHHOrO nyliKa 
Ha BTopoM HanpaaneHHH 14 3 1

• B 1989 r. npoae
,n;eHo HCCJie,IJ;OBaHHe pe)KHMOB BbiBO,IJ;a B ,IJ;Hana-

30He 3HeprHH 0;5 + 2,5 r3B/HYI<nOH. XapaKTep 
pacnpe,n;eneHHH MarHHTHoro nonH Ha y qacTKe 
¢bKyCHpOBKH o6ecneliHBaeT OUTHMaJibHbie 
ycnOBHH BbiBe,IJ;eHHOrO nyliKa ,ll;O 3HalleHHH 
HHAYKQHH rnaaHoro MarHHTHoro nonn B = 
= 0,55. Tn, IlpH 66nhiiiHX 3HalleHHHx npoHcxo

AHT YBeJIHllellHe pa3MepoB nyliKa Ha BbiXO,IJ;e 
YCKOpHTeJIH, O,IJ;HaKO ero TpaHCnOpTHpOBKa 
ocyrueCTBJIHeTCH 6e3 nOTepb ,ll;O 3HalleHHH HH· 
,n;yKr.um B~ = 0,8 Tn. 3<l)¢eKTHBHOCTb MB-2 
Bbipocna B 300 pa3. Co3,n;aHa aaToMaTH3Hpo
BaHHaH CHCTeMa KOHTponH napaMeTpoa MB-2 
H 6:bJS!Tporo BbiBO,IJ;a14 4 1

• _ 

. 3aKOHlleHbl MOHTIDK H. IOCTHpOBKa 3JieMeH

TOB MarHHTHOH OnTHKH CHCTeMbl . KaHanOB 
Ha MB-2 - npoae,n;eHa 9Tna.n;Ka KaHanoa 
~NQ 34, 37, 38, •40, 41 C nyliKaMH llaCTHQ. 
Be.n;eTCH o6nylleHHe 3KcnepHMeHTanbHbiX ycTa
HOBOK. OcyrueCTBJIHeTCH MOHTIDK aBTOMaTH-
3HpOBaHHOH CHCTeMbl KOHTpOJIH pa,n;Hai.IHOHHOH 
6e3onacHOCTH. Pa3pa6oTaHb~ npoeKThi H 3aKOH
lleH MOHTIDK noayrneK Ha KaHanax NQ 38 H NQ 40, 

o6ecneliHBaiOIUHX nornorueHHe nyliKOB qacTHQ 

C HHTeHCHBHOCTbiO ,ll;O 109 llaCTHQ/C. 
Pa3pa6oTaH, co3;D;aH, Hccne,n;oaaa J3 cTeH.n;o

BhiX ycnoBHHX H Ha KaHane MB-2 3KcnepHMeH
TanbHhiH BapHaHT annapaTypbl HOBOrO nOKO· 
JieHH~ ,ll;JIH H3MepeHHH npOCTpaHCTBeHHbiX 
xapaKTepHCTHK BbiBe,n;eHHOrO nyliKa npH HH3· 
KHX ypOBHHX HHTeHCHBHOCTH (10° + 106 qa
CTHQ/C14 51 ). B KalleCTBe ,n;eTeKTOpa HCnOJib· 

3yeTCH MHOronpOBOJIO'IHaH ( 30 X 30 HHTeH) 
nponopQHOHanbHaH KaMepa B QH¢pOBOM pe)KH

Me. Pn,n;oM c KaMepoii pa3Merueahi ycHnHTenH 
H ¢opMHpOBaTenH CHrHanOB, o6ecneliHBaiOIUHe 
nepe,n;aqy ,n;aHHhiX Ha paccTOHHHe 100 M. PerH

cTpaQHH ,ll;aHHbiX npOH3BO,ll;HTCH C nOMOlQbiO 
MO,IJ;ynH IIIeCTH,IJ;eCHTH 16-pa3pH,ll;HblX ClleTliH

KOB (rnHpHHa Mo,n;ynn - 1M). YnpaaneHHe 
pa60TOH ClleT'IHKOB H o6pa60TI<a HH¢ OpMa-
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QHH ocyruecTBJIHIOTCH MHI<po3BM MII-4 a KOH
CTPYKTHBe KAMAK, coaMecTHMOH c 3BM THna 
"3neKTpOHHKa-60". MII-4 B KalleCTBe nepH
¢epHHHOH 3BM BXO,ll;HT B COCTaB JIOKanbHOH 
BblllHCJIHTeJibHOH CeTH yCKOpHTeJibHOrO KOMn
neKca. lfH¢opM9.QHH t>To6proKaeTCH Ha 3Kpa
Hax TeneBH3HOHHblX MOHHTOpOB B MeCTe 
perHCTpaQHH ,ll;aHHblX H Ha QeHTpanbHOM nyJlb
Te ynpaaneHHH ycKopHTeneM . 

.[(nH a6COJIIOTHblX H3MepeHHH HHTeHCHB
HOC~H nyliKOB, BbiBO,ll;HMbiX H3 CHHXpo¢a-
30TpOHa, pa3pa60TaHa H BBe,n;eHa B ,n;efi
CTBHe CHCTeMa, HCnOJib3YIOIUaH B KalleCTBe 
,n;eTeKTOpa HOHH3aQHOHHbie KaMepbl, Hanon
HeHHbie aproHoM 14 6 1• AnnapaTypa no3BO
nneT npOBO,ll;HTb a6COJIIOTHbie • H3MepeHHH B 
,ll;Halla30He 105 + 101 2 O,ll;H03apH,ll;HblX llaCTHQ 

B QHI<ne. 
IJpO,ll;OJI)KanHCb pa60Tbl no OCHai.QeHHIO 

KaHanOB nyliKOB annapaTypoH H3MepHTenefi 
npo¢HneH H HHTeHCHBHOCTH. 

Ha nyJI.bTe ynpaaneHHH KaHanaMH B Kop
nyce NQ 205 aae,n;eHa a 3KcnnyaTaQHIO 3BM 
CM-2420. ·Co3,n;aHa 6H6nHoTeKa nporpaMM 
no o6pa6oTKe HH¢opMaQHH c OHK, QH¢po
BhiX nponopQHOHaJibHbiX KaMep (UIIK) H 
Koop,n;HHaTHhiX ycTpOHCTB. Co3,n;aH nynhT 
ynpaaneimn KaHanaMH B Kopnyce lB · Ha 6a3e 
3BM MEP A-60. 

CpaaHHTeJibHO HOBbiM HanpaaneHHeM B 

,IJ;HarHOCTHKe nyliKOB 3apH)KeHHblX llaCTHQ Ha 
yCKOpHTeJIHX HBJIHeTCH HCnOJib30BaHHe CH· 
cTeM Ha 6a3e II3C-cTpyKTyp. Onpo6oaaaHe 
MaKeTHOrO BapHaHTa CHCTeMbl ,ll;JIH KOHTpO· 
nH npo¢HnH BbiBe.n;eHHoro nyliKa noKa3ano, 
liTO o,n;HH H3 He,n;ocTaTKOB pa6oThi CTPYKTYP 
Il3C (npH6op C 3apH,IJ;OBOH CBH3b10) - Ha· 
JIHliHe TeMHOBbiX TOKOB, npHBO,ll;HlUHX K 

He,n;onyCTHMO BblCOKOMy ypOBHIO IllyMa. 
C QeJibiO yMeHbiiieHHH TeMHOBOrO TOI<a B 
II3C Heo6xo,n;HMO noHH)KaTb pa6oqyro TeM

nepaTypy cTpyKTYPhi. BhlnonHeHHhie 3Kcne
pHMeHTanbHhie HCCJie,IJ;OBaHHH nOKa3anH, liTO 
yMeHbiiieHHe TeMnepaTypbi OT 290 AO 
250 K CHH3HJIO TeMHOBOH TOK B 100 pa3 

npH Hcnonb30BaHHH II3C-MaTpHQhi THna 

MAB-1256 npoH3BO,IJ;CTBa ¢HpMbi "Teena" 
(qCCP) 14 7 I. 

B 1989 ro,n;y CHHXpo¢a30TpOH OTpa60TaJI 
Ha ¢H3HllecKHH 3KCnepHMeHT 34 7 5 llaCOB, 



0KTaHT ( 1/8 'I&CTh) Mar· 

HHTHOH CHCTeMhl HyKnO· 

TpOHa H& HCnhiT&Ten&HOM 

CTeH~e 

Ha COBepweHCTBOBaHHe CHCTeM yCKOpHTeJIR 

3aTpaqeHo 332 qaca. lloTpe6uTeJIRMH nyqKoB 

6bmH 20 rpynn $H3HKOB H3 Olf.Rlf, cTpaH

yqacTHHQ lfHCTHTyTa H .n;pyrHX CTpaH, npe.n;

CTaBJIRIOLI.J;HX 6onee COTIIH Hay~biX opraHH-

3aQHH B o6nacTH $H3HKH 3JieMeHTapHbiX 

qacTHQ H aTOMHOrO R,D;pa. 

2. Pa6oThi no co3.n;aHHIO cHcTeM HyKJio

TpOHa BCTynHJIH B 3aBepWaiOI.QYIO $a3y. 

Hau6onee RpKHM pe3ynhTaTOM 1989 r. RBH

nocb npoae.n;eHHe ucnhiTaHHH OKTaHTa Mar

HHTHOH cucTeMhi HYKJIOTpoHa. Ha cTeH.n;e 

NC1 9 6 hma CMOHTHpOBaHa O,D;Ha BOCbMaR 

qacTb n o nHoro KOJihQa, BKJIIOqaiOI.QaR 12 .n;H

nonbHbiX MarHHTOB, 4 KBa.n;pynOJibHbie 

JIHH3hi H 2 y3na aao.n;a :>KH.n;Koro reJIHR H 

TOKa. C ucTeMa ,D;JIHHOH 6onee 30 M 6bma 

oxniDK.n;eHa .n;o TeMnepaTypbi 4,7 K H HCnhi

TaHa B p e)l(HMe 3anHTKH MarHHTIIbiX 3JieMeH

TOB paqo quM TOKOM (J ~ 6 KA). lfcnbiTaHHR 

npownH ycnewHo, nporpaMMa He.n;eJihHoro 

ceaaca BbinOJIHeHa nonHOCTbiO. Ha $oTo

rpa$HH BH,D;eH 0 KTaHT MarHHTHOH CHCTeMbl 

HYKJIOTpOHa BO apeMR HCnbiTaHHH Ha CTeH,D;e 

N'1 9 B KOp nyce NC1 205 JIB3. 
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KpuoreHHbiH KOMDnt~KC , C03,[1.8HHbiH ,ll.JUI 3KCnn yaTauHH CBepxnpOBO,Il.HlllHX CHCTeM HyKnOTpOHa Ha OCHOBe ycra

HOBKH• KrY-1600/4 , 5 

3aaepllleHhl KOMnJieKCHhie CTeH,D;OBh ie HC

nhiTaHHH 6onee 80% ,D;HnOJibHhiX MafHHTOB , 

no,n;roTOBJieHhi MeXaHH11eCKHe y3Jihi K B a.n;py

nonbHhiX JIHH3 u MYJihTHnOJibHhiX KOpp eKTO

poa . 0nTHMH3HpOBaHa cpopMa 06MOTKH KBa,D;

pynOJibHOH JIHH3hl, BblllOJIHeHhl HCCJie,D;OBaHHH 

Bbi6paHHOfO BapHaHTa, H3fOTOBJieHO 6onee 

nOJIOBHHbl o6MOTOK KBa,n;pynoJibHbiX JIHH3. 

llpOlllJIH lllTaTHhie HCnhiTaHHH 15 fOTOBblX . 

JIHH3. B npo~ecce ucnhiTaHHH ,n;unon hHhix 

MarHHTOB npoae,n;eHbl ,D;OnOJIHHTeJibHbie 3 KCne

pHMeHTaJibHhie HCCJie,D;OBaHHH npo~eCCOB HX 

oxna)f()l.eHHH u oTorpeaa 
14 8 1, nony11eHb i ,n;aH

Hhie no CKOpOCTH pacnpOCTpaHeHHH HOp MaJib

HOH 30Hhi B o6MOTKe Cll-MarHHTa, H e o6xo

,n;HMbie ,D;JIH npoaepKH ,D;OCTaT011HOCTH c xeMhl 

3BaKya~HH 3HeprHH H3 MafHHTHOH CHCTeMbl 

HYKJIOTpoHa 
14 9 1

• 

Co3,n;aHhi MarHHTOMeTpH1!ecKaH annap aTypa 

H KOMnJieKT KaJIH6pOB011HblX ycTpOikTB K HeM 

,D;JIH HCCJie,D;OBaHHH CTa~HOHapHbiX HJIH M e,n;JieH

HOMeHHIOmHXCH MarHHTHbiX noneif B ,D;Hana-

30He 0,50 + 10 A/CM C OTHOCHTeJihHOH no

rpelllHOCTbiO He 6onee 1,5%
15 0 1 u npoae,n;eHbi 
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HCCJie,D;OBaHHH TOnorpacpHH OCTaT011HOfO Mar

HHTHOfO nOJIH B ,D;HnOJIHX HYKJIOTpOHa B ,D;BYX 

pe)f(HMax: 6e3 TOKa pa3MarHH11HBaHHH H npH 

pa3JIH11HhlX ero 3Ha11eHHHX. 

Ocyil,\ecTBJieHhi aHaJIHTH11eCKHe uccne,n;oaa

HHH 6eTaTpOHHoro .n;BH)f(eHHH 11aCTH~ B HyKJio

TpoHe so BTopoM npu6JIH)f(eHHH MeTo,n;oM Kphi

noaa - Boron106oaa. Pa3pa6oTaHa nporpaMMa 

H npOBe,D;eHO 11HCJieHHOe MO,D;eJIHpOBaHHe ,D;HHa

MHKH ny11Ka B peaJibHblX MarHHTHblX nOJIHX 

YCKOpHTeJIH I 5 1 I . 

CoaMecTHO c JIBT A BhinOJIHeHhi 11HCJieH

Hbie pac11eThi MarHHTHhiX noneii HHcpneK

TopHoro cenTyM-MarHHTa, MYJihTHnOJib

Horo KoppeKTopa u cenTyM-MarHHTa JlaM-

6epTCOHa. 

BoJibUIOH o6'heM pa6oT BhlllOJIHeH no cn

cTeMe KpnoreHHoro o6ecne11eHHH. CMOHTnpo

BaHhi u HaJia)f(eHhi Typ6o,n;eTaH.n;epHbie arpe

raThi .n;ayx KPYnHhiX O)f(H)f(HTeJieii renHH -

ycTaHOBOK KrY-1600/4,5, BHelllHHe renueabie 

KOMMYHHKa~HH, COe,D;HHHIOmHe KpHOreHHYJO 

CTaH~IO H 3,n;aHue KOMnpeccopHoii. Ocy

mecTBJieHbi npo6Hble nycKH CHCTeMbl. 



lfcnbiTaH B UOJIHOM AHHaMH'IecKOM pe:lKH

Me MO,nyJI.IU~H 'laCTOTbl KOMUJieKC o6opy,no

B8HHR ycKOpRIOI.QeH CTaH~. 

BbmonHeH nporoH ,nnHTeJILHOCTbiO 2000 q 

ycoseprneHCTBOBaHHbiX npeo6paaosaTeneH: To

Ka ,nJIR CHCTeMbl nHTaHHR MarHHTOB HYKJIO

TpOHa. 

Pa3pa6oTaHbi H qacTH'IHO H3rOTOBJieHbi 

:meMeHTbl CHCTeMbl BbiBO,na ny'IKa H3 HyKJIO

TpOHa: y3en 3JieKTpocTaTH'IecKoro cenTyMa, 

CeK~H MarHHTOB JlaM6epTCOHa, CeKCTynOJib

HaR JIHH3a. 

Co3,naHa JIOKaJibHaR Bbi'IHCJIHTeJILHaR CeTb 

(JIBC), COCTORI.QaR H3 O,nHHHa,n~aTH KOMUbiO

TepoB. JIBC BKJIIOIJaeT B ce6R ~eHTpaJibHYIO 

Bbi'IHCJIHTeJILHYIO MalllHHY CM-2420 u 3BM 

THna MEPA-685 u MEPA-60. Ha ee 6aae paasu

aaeTCR H3MepHTeJlbHO·Bbi'IHCJIHTeJlbHbiH KOMn

JieKC CHHxpo<f>a30TpoHa u co3,naeTCR ACY 

HyKJioTpoHa. B paMKax ceTH coa,naHbi H 3a

nyi.QeHhi nycKOBbie MHHHMYMbi no.ncncTeM 

HH:JKeKTopa u BbiBO,na ny11Ka ACY HYKJIOTpo

Ha. B ceaHcax pa6oTbi 3KcnepnMeHTaJILHoro 

CTeH,na N!! 9 3KCnJiyaTHpyeTCR OnbiTHbiH Ba

pHaHT annapaTyphi ,nJIR ynpasJieHHR ~KJIOM 

MarHHTHoro noJIR CTPYKTYPHLIX 3JieMeHTOB 

HYKJIOTpoHa. Pa3pa6oTaHa H Haxo,nuTcR B 

CTa,zJ,HH H3rOTOBJieHHR UOACHCTeMa ynpasJieHHR 

MYJILTHnOJibHhiMH KoppeKTopaMH MarHHTHO

ro nona. 

BhmonHeH pa.n rtpopa6oTOK u cTeH,nOBhiX 

HCCJie,nOBaHHH 3JieMeHTOB KpHoreHHOrO 3JieK-

IIPHKJIA,IJ;HhiE HCCJIE,UOBAHIDI. 

TpOHHo-nyqesoro HOHH3aTopa KPHOH. 3asep

rneHo C0 3AaHHe CTeH,na AJIR 0Tpa60TKH H HC

nbiTaHHH CHCTeMbl 3JieKTpOCTaTH'IecKOrO BBO,na 

ny11Ka B HyKJioTpoH. 

3. P accMOTpeHhi nyTH ,nanLHeH:rnero paa

BHTHR yCKOpHTeJibHOrO KOMnJieKCa Jia6opa

TOpHH I I 1 • llpH 3TOM 6JIH:JKaHUleH 3a,naqeii: 

RBJIReTCR pa3BHTHe HH)I(eK~OHHOrO KOMnJieK

ca HYKJIOTpoHa c ~eJILIO cymecTBeHHoro noBLI

rneHHR HHTeHCHBHOCTeH H o6ecneqeHHR 803-

MO)I(HOCTeH 3<f><f>eKTHBHOrO ycKopeHHR KaK 

HMeiOI.QHXCR ny'IKOB, TaK H ny'IKOB 6onee 

Tfl)l(eJihiX R,nep BnJIOTb ,no ypaHa. 

B p aMKax no,nroTOBKH TeXHH'IecKoro 3a,na

HHR Ha npoeKTHpOBaHHe cynepHyKJIOTpOHa 

npOaHaJIH3HpOBaHbl OCHOBHhie Tpe60BaHHR H 

orpaHH'IeHHR Ha napaMeTpbi CHCTeM yCTaHOBKH 

H coopy )l(eHHH. lloKa3aH0 15 2 
I , 'ITO B O,nHOM 

TOHHeJie C cynepHyKJIOTpOHOM XOpOUlO COB

Mei.QaeTCR JIHHeHHbiH ycKOpHTeJib-pe~HPKYJIR

TOp, cno co6HbiH o6ecne'IHTL HenpephiBHhiH ny

'IOK 3Jie KTpOHOB C 3HeprHeH 6onee 4 r3B 

u TOKOM 150 + 200 MKA. YcKopHTeJILHbiH 

KOMnneK c, pacnonararoi.QHH: nyqKaMH a,nep 

BnJIOTb ,no ypaHa C 3HeprueH: OT 6 ,no 60 r3B 

Ha HyKJIOH H ny'IKaMH 3JieKTpOHOB C yKa3aH

HhiMH Bh iUle napaMeTpaMH C B03MO)I(HOCTbiO 

npose,neHHR 3KCnepHMeHTOB KaK C <f>HKCHpO

BaHHhiMH MHllleHRMH, TaK H Ha BCTpe'IHbiX 

R,npo-R,nepHbiX H 3JieKTpOH-R,nepHhiX ny'IKax, 

aHaJIOrOB B MHpe He HMeeT. 

P ABOThl llO BhiCOKOTEMllEP ATYPHOR CBEPXTIPOBO,UHMOCTH 

1. Paapa6oTaH H uccne,nosaH Ha nyqKe 

HeihpoHos peaKTOpa HEP-2 MaKeT ,neTeK

Topa TenJIOBhiX HeHTpOHOB (A= 6A). )leTeK

TOp BbinOJIHeH Ha OCHOBe MHOrOnpOBOJIO'I

HOH nponop~OHaJILHOH KaMephi, co,nep:JKa

I.QeH: CMecb 
3 

H + c3 Hs no.n .nasneHHeM 

- 4 aTM. tJyBCTBHTeJibHaR nJIOI.QMb ,neTeKTOpa 

- 256 x 128 MM
2 

, npocTpaHcTBeHaoe pa3perne-

HHe - 2 MM ( FWHM), 3<f><f>eKTHBHOCTb perncT

p~u-80%. 

2. Pa3pa6oTKH asToMaTH3HpOBaHHhiX no3H

UHOHHO·'IYBCTBHTeJILHhiX ,neTeKTOpOB HOHH3H

PYIOI.QHX H3Jiy'leHHH: - Tpa,nu~oHHoe ,nna 

JIB9 HanpasJieHHe. KpaTKHH 0630p OCHOBHhiX 

HOBhiX c n cTeM ,naH B pa6oTe 15 3 1
• B qacTHocTH, 

HOBOH RBJIReTCR KOHCT];IYK~R ,neTeKTOpa Ha 

OCHOBe ll3C-MaTpH~I. TaKOH ,neTeKTOp MO)I(eT 

6LITL npu MeHeH AJIR CTPYKTYPHhiX uccne,nosa

HHH 6enK OB c noMOI.QbiO cHHxpoTpoHHoro 

H3Jiy'leHHR IS 4 I • 

3. Co3,naH MaKeT ,neTeKTopa ,nnR perncTpa

~H CHHXpOTpOHHOrO H3Jiy'leHHR, npe,nHaaHa

'leHHOrO n.JIR HCCJie,nOBaHHH 60JibUlHX MOJieKyJI 

6enKOB u supycos c noMOI.QbiO cHHxpoTpoH

Horo H3Jiy'leHHR. 

4. lf3M epeHLI 3aBHCHMOCTH I (t), R(T) u T c c 
o6pa3~0B KepaMHKH Bi - Sr - Ca - Cu - 0 

53 



Hosbrli: .o;eTeKTop MHrKoro peHTreHOBCKoro H31Iyqe

HHH, p83pa60T8HHbiH B nBS, npe.o;H83H&'IeH ,li;JIJI HCcne

,li;OBaHHJI 6enKOB H BHpyCOB 

AO H rrocne o6nyt~eHHR a B03Ayxe rrpH 300 K 
rrpoTOHaMH c 3HeprHe:H 650 M3B 15 5 1

• ,l(pyrHX 

orry6nHKOBaHHbiX AaHHbiX o PaAI-faizyiOHHOH 

CTOHKOCTH Bi-KepaMHK rroKa HeT. 0AHH 

H3 o6paa~oa rroKaaan PaAHaizyiOHHYIO CTOH

KOCTb nyqrny10, tleM CBOHCTBeHHaR HTTpHeBOH 

KepaMHKe. 
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JIABOPATOPIDI 
.R)lEPHhiX TIPOBJIEM 

B 1989 ro,11;y KorrrreKTHB Jla6opaTopHH 

R,D;epHbiX npo6rreM BbinOJIHHJI o6uiHpHbiH 

06'beM HaytJHO·HCCJie,ZJ;OBaTeJibCKHX H MeTO,ZJ;H· 

qecKHX pa60T B 06JiaCTH cpH3HKH 3JieMeHTap

HbiX qacTHQ Ha yCKOpHTeJIRX 11<1>B3 H ,D;pyrHX 

cpH3HqecKHX QeHTpOB, cpH3HKH HH3KHX H npo

Me)l(yTOtJHbiX 3HeprHH Ha cpa30TpOHe 011fll1, 

a TaK)I(e B o6rraCTH npHMeHeHHR nytlKOB 3apR

)I(eHHbiX qaCTHQ B 6HOJIOrHqecKHX HCCJie,ZJ;O· 

BaHHRX H ,ZJ;JIR JiyqeBOH TepanHH Ha Me,ZJ;HKO· 

6HOJIOrHqecKOM KOMnJieKCe Jlflfl 011fll1. 

Ha nyqKax ycKopHTeJIR Y-70 (11<I>B3) 

npOBO,ZJ;HJIHCb HCCJie,ZJ;OBaHHR no cpH3HKe Bbi· 

COKHX 3HeprHH H norryqeHbi HOBbie pe3yJib· 

TaTbi B 3KcnepHMeHTax Ha ycTaHOBKaX ''rH

nepoH", M.H:C-2, CHrMA - AfiKC, " ,UHMe3o-
• 

aTOMbi", IIP03A - IIOJIHPHMETP H "HeiiT-

pHHHbiH ,ZJ;eTeKTOp". 

CHcTeMaTH3HpOBaHHbie R,D;epHo-cn eKTpo-

cKonHqecKHe HCCJie,ZJ;OBaHHR CBOHCTB KOpOTKO

:>KHBYI.l.UiX pa,D;HOaKTHBHbiX HYKJIHAOB HaqaThi 

Ha 3KCnepHMeHTaJibHOM KOMnrreKce fiCHAflfl. 

Ha nyqKax cpa3oTpoHa npo,D;OJI)I(aJIOCb H3yqeHHe 

MeXaHH3Ma nHOH·R,D;epHbiX B3aHMO,ZJ;eHCTBHH, 

peaKQHH MIOOHHOrO KaTaJIH3a, HCCJie,ZJ;OBaHHe 

C noMOll.U>IO J,tSR-MeTO,ZJ;a o6pa3QOB BbiCOKO

TeMnepaTypHbiX caepxnpoao,ZJ;HHKOB H AP· 
3aMeTHbiM C06biTHeM B )I(H3HH rra6opa

TOpHH CTaJIH B 1989 r. 3anycK yCTaHOBKH 

,UEJI<I>l1 - pe3yJibTaT MHOrorreTHHX ycHJIHH 

6orrbUioro KOJIJieKTHBa· COTPYAHHKOB 11HcTH

TyTa, yqacTBOBaBUIHX B C03,ZJ;aHHH a,D;pOHHOrO 

KaJIOpHMeTpa ,ZJ;JIR Hee, Haqarro 3KCnepHMeHTOB 

Ha BCTpetJHhiX nyqKax ycKopHTeJIR LEP B 

UEPHe H norryqeHHe nepabiX cpyH,D;aMeHTarrb

HbiX pe3yJibTaToB, cyi.QeCTBeHHO yTOtJHHBUIHX 

mipaMeTpbi nHKa Z 0 -6030Ha H ,ZJ;aBUIHX orpa

HHqeHHe Ha qHCJIO nOKOJieHHH HeHTpHHO. 

Y cneUIHO BhmorrHeHa 3a,ZJ;aqa no H3ro
TOBJieHHro B 011fll1 3JieMeHTOB '}'-,ZJ;eTeKTOpa 

ycTaHOBKH OBEJIHKC AJIR coaMeCTHoro 

011fll1 - HH<I>H 3KcnepHMeHTa PS-201 no 

H3yqeHHIO B3aHMO,ZJ;eHCTBHH Me,ZJ;JieHHbiX aHTH

npOTOHOB. B HaCTORI.Qee apeMR ace 3JieMeHTbi 

-y-,ZJ;eTeKTopa oTnpaarreHbi a UEPH, H H,ZJ;eT 

MOHT~ 3KCnepHMeHTaJibHOH yCTaHOBKH. 

HAMBOJIEE BAiKHblE 3KCIIEPI1MEHTAJihHblE PE3YJibTATbl, 

llQJiyqEHHblE B 1989 r. 

IIPOBEPKA IIPE,UCKA3AHI13 

TEOPI111 3JIEKTPOCJIABOrO 

B3Al1MO,UE3CTBI1fl 11 KXn. 

<I>l1311KA JIErKHX KBAPKOB 

Ha 3JieKTPOHHo-no3HTpOHHOM Korrrraii,ZJ;e

pe LEP a UEPHe aae,ZJ;eHa B 3Kcnrry aTaQHIO 

yCTaHOBKa ,UEJI<I>l1, B COCTaB KOTOpOH BXO

,ZJ;HT a,D;pOHHbiH KaJIOpHMeTp, C03,ZJ;aHHbiH CO

Tpy,D;HHKaMH 011fll1, 11<1>B3 H ,D;pyr HX HH

CTHTYTOB. 
Ha ycTaHOBKe npoae,ZJ;eH ceaHc Ha6opa 

cTaTHCTHKH co6biTHH c Z-6o3oHaMH a HecKOJib
KHX TOqKax no 3HeprHH KOJIJiaH,D;epa OKOJIO 
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zo -nHKa. B pe3yJibTaTe o6pa60TKH HaKonrreH

HOH CTaTHCTHKH C06biTHH C a,D;pOHaMH B KO· 

HetJHOM COCTORHHH norryqeHbi 3HaqeHHR ,ZJ;JIJI 

MaCChi H UIHpHHbi Z-6o30Ha: Mz = (91,06 ± 

± 0,09CTaT. ± 0,045CHCT.> r3B H r z = (2,42 ± 
:t 0,21c ) r3B COOTBeTCTBeHHO. Pe3yJihTaTbi TaT. 
H3MepeHHH H annpOKCHMaQHH npe,D;CTaBJieHbi 

Ha pHc. 1. BbmorrHeHHhie H3MepeHHR no3BOJIH· 

JIH B paMKax CTaH,D;apTHOH MO,ZJ;eJIH BnepBbie 

onpe,D;eJIHTb tlHCJIO nOKOJieHHH JierKHX HeHTpH· 

HO nf = 2,4 ± 0,4CTaT. ± 0,5CHCT. (HJIH nf < 4 
Ha ypOBHe ,ZJ;OCTOBepHOCTH 60JibUie 98%) . 

florryqeHHbiH pe3yJihTaT HMeeT cpyH,D;aMeHTaJib· 
HOe 3HaqeHHe ,ZJ;JIR COBpeMeHHOH cpH3HKH /I I. 
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PHc.l. Pe3yJI&TaT&I H3MepeHHH u annpoKCHMIUUfH zo. 
nnKa, nony'leHH&Ie B 3KcnepHMeHTe .[{EJI ~ li a a e + e- -
KonnaH,aepe LEP B UEPHe 

Puc. 2. liasapnaHTH&Ie 
,D;Bil)KA&I nn<!l<!lepeaQnan&· 
Hhle ce'leHH.R F(xF, PT) 
npoQecCa HHKn103HBHOrO 
o6pa30BaHH.II HeHTpaJibHbiX 
K&OHOB B r A-B3aHMO,IleH
CTBH.IIX (A • Be, Cu, Pb). 
Cnnowable Kp3B&Ie - pe-
3yJI&TaT annpOKCHMaQHH 
3aBHCHMOCT&IO (1-xF)n 
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Ha KaHaJie penHTHBHCTCKHx no3HTPOHHea 
ycKopHTeJIH Y-70 (H<I>B8) B peaKnHH p +C .. 
.. A2e + ... npH 3HeprHH npOTOHOB 70 r3B 
no.n yrnoM 8,4 ° B na6opaTopHOH CHCTeMe 
H3MepeHo oTHoweHHe ynhTpapenHTHBHCTCKHX 
n03HTpOHHeB (A2e) K lJHCJIY 'Y·KBaHTOB B HH· 
TepaaJie HMnynhcoa 800 + 2000 M3B/c. Hcxo,nH 
H3 BeJIHtiHHhl 3TOrO OTHOWeHHH onpe,neneHa 
OTHOCHTeJihHaH BepOHTHOCTh Prr = (1,84 ± 
± 0,29) ·10- 9 caMoro pe,nKoro H3 Ha6mo.naB· 
WHXCH pacna,noa 3JieMeHTapHhiX qacl'Hn: 
7t 0 

.,. 1 + A2e . . 3HatJeHHe OTHOCHTeJihHOH aepo
HTHOCTH p 1T onpe,neJIHeTCH K03cPq>H!UieHTOM 
BHyTpeHHeH KOHBepCHH cPOTOHa B aTOM n03H· 
TpOHHH p A, BeJIHtrnHa KOTOporo, BnepBhie 
H3MepeHHaH B 3TOM 3KCnepHMeHTe 12 I, AJIH 
acex pa.nHalUiOHHhiX npoueccoa c 3HeprHeii 
'Y·KBaHTOB, MHoro 6onhwe:H, tJeM Macca A2e, 

nOCTOHHHa H paBHa p A = (0,92 ± 0,14) ·10- 9 • 

TipH o6pa6oTKe AaHHhiX, nonytJeHHhiX Ha 
ycKOpHTeJie Y-70 (lf<l>B8) B COBMeCTHOM 
OHHH - UEPH 3KcnepHMeHTe Ha ycTaHOBKe 
MHC-1 , npoae,neH napUHaJihHO·BOJIHOBOH aHa
JIH3 6o30HHhiX CHCTeM K-rr-rr•, KorepeHTHO 

P,= 0.15 r:JB c P,=D25 r:JB c P,-0.35 r3B c 

09 Xr 
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o6pa30BaHHbiX KaOHaMH npH 40 r3B Ha Hp;pax. 

llonyqeHo yKa3aHHe Ha cymecTBOBaHHe p;ayx 

BeKTOpHblX pe30HaHCOB C KBaHTOBblMH qHCJia

MH JP = 1 + npH 1280 H 1400 M3B/c2
, a TaK:>Ke 

nceB}J;OCKaJIHpHOrO pe30HaHCa JP = 0+ C M aCCOH 

1460 M3B/c2
, KOTOpblH HHTepnpeTHp yeTCH 

KaK pap;HaJibHO B036y)I()J;eHHOe COCTOHHHe 

KaOHa 13 1
• 

Ha ycTaHOBKe CHrMA - AHKC B H<l>B3 

npoaep;eHo Hccnep;oaaHHe npo~ecca pap;Ha~oH

Horo pacceRHHH rr- p + rr- P'Y npH HaqanhHOH 

3HeprHH 43 r3B B UIHpOKOH o6JiaCTH 3 H eprHH 

'Y-KBaHTOB W = 2 7 40 r3B H B }J;Han a30He 

nepep;aq npoToHy 0,2 < I tp I < 0,4 {r3 B/c) 
2

• 

llpH BbiCOKHX 3HeprHHX }J;aHHbie 0 6 3TOH 

3KCKJII03HBHOH peaK~HH noJiyqeHhl BnepBhie. 

H3MepeHHe HHTerpanbHhiX ceqeHHH 

a 1 = (12,0 ± l,lCTaT. ± 1,3CHCT) MK6 

}J;JIH 0,2 < I tp I < 0,8 {r3B/c) 
2 

H w > 2 r3B, 

a 2 = (0,31 ± 0,07 CTRT. ± 0,04CHCT) MK6 

}J;JIH 0,16< I tp I <0,4 {r3B/c) 
2 

H 32<w<4 0 r3B 

H }J;Hj>cpepeH~HaJibHbiX no W, tp H HHBapHaHT

HOH Macce TT'Y·CHCTeMhi ceqeHHH no3B OJIHJIO 

npoBeCTH CpaBHeHHe C pacqeTaMH, BbinOJIHeH

HblMH B paMKax HH3K03HepreTHqeCKOH Teope

Mbl Jloy H ee o6o6meHHH. lloKa3aHO , qTo 

TeopeMa Jloy npHMeHHMa }J;JIH OnHCaHHH 

npo~ecca pap;Ha~HOHHoro pacceHHHH n p H Bhi

coKHX HaqaJibHblX 3HeprHHX He TOJlbKO B npe

p;eJibHOM cnyqae w + 0, HO H B 6onee umpo

KoH: 06JiaCTH 3HeprHH 'Y·KBaHTOB 
14 1

• 

Ha ycTaHOBKe 'THnepoH" B H<l>B3 anep

Bhie HCCJie}J;OBaHO HHKJII03HBHOe o6pa30 BaHHe 

K
0

- H K*
0 

(892) -Me30HOB B K+ A-B3_aHM Op;eH:

CTBHHX (A= Be, Cu, Pb) I s 1• Ha pHc. 2 npep;

cTaBJieHhi HHBapHaHTHble }J;Ba)I(}J;bl }J;HQlcpepeH

~HaJibHbie ceqeHHH F(xF, PT) }J;JIH npo~ecca 

K+ A + K
0 

X npH 3HeprHH 11 r3B H HX a n npoK

CHMa~HH 3aBHCHMOCTbiO (1- XF )n. 3 TH p;aH

Hhie npep;cTaBJIHIOT cyi..QeCTBeHHhiH HHTepec 

}J;JIH KpHTHqecKOH npoaepKH pa3JIHqHbiX Teope

THqeCKHX CXeM B3aHMO}J;eHCTBHH ap;pOHOB C H}J;

paMH. 3KcnepHMeHTaJibHbie }J;aHHbie }J;JIH npo

~ecca K+ A + K
0 

X yp;oaJieTBOPHTeJihHO a ocnpo

H3BO}J;HTCH B paMKaX MO}J;eJIH KBapK-rJIIOOHHhiX 

CTpyH 16 1
• 

HoBbie pe3yJihTaThi nonyqeHhi npH o6pa-

6oTKe }J;aHHblX 3KCnepHMeHTa Ha ycTaHOBKe 

PHCK, B KOTopoM c noMOI..QhiO 5-MeTpoaoH: 
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CTpHMepHOH KaMepbl C yrJiepO}J;HhlMH MHUie

HHMH H KOHBepTOpaMH H3 CBHH~OBOrO CTeKJia 

H3yqaJIOCb po)I()J;eHHe MIOOHHblX nap MaJIOH 

Macchi (MJ.LJ.L < MJ/w) c nonepe~hiMH HM

nynhcaMH p .1. < 1,5 r3B/c B peaK~HH rr- C + 

+ J.L+ J.L- +X npH 38 r3B/c. llpHMOe Ha6JIIO}J;e

HHe pacnap;oa 11 + J.LJ.L'Y H 11' + J.LJ.L'Y B cneKTpe 

Mace J.LJ.L'Y, a TaK)I(e pacnap;oa p + J.LJ.L H 17+ J.LJ.L 

B cneKTpe Mace J.LJ.L no3BOJIHeT 3aKJiroqHTh, 

qTO 3TH pe30HaHChl HBJIHIOTCH }J;OMHHHpyiOI..QHM 

HCTO~HKOM (98 ± 7 ± 10)% }J;HMIOOHOB Ma

JIOH MaCChi (0,2 < MJ.LJ.L < 0,6 M3B/c2
), pO)I(

p;eHHhiX B o6nacTH XF ~ 0,4 17 1• 3ToT pe3yJih

TaT He COrJiacyeTCH C MO}J;eJibiO MHrKOH KBapK

aHTHKBapKOBOH aHHHrHJIH~HH }J;JIH po)I()J;eHHH 

npHMbiX }J;HMIOOHOB, a TaK:>Ke C }J;aHHhiMH 

npe}J;hl}J;YI..QHX 3KCnepHMeHTOB, B KOTOpbiX 

TOJlbR:O 30% po)I()J;eHHbiX }J;HMIOOHOB CBH3hiBa

JIOCb C pacnap;OM pe30HaHCOB, a 70% OTHO

CHJIOCb K npHMOMy o6pa30BaHHIO. 

Hccnep;oaaHHe BJIHHHHH apeMeHH cpopMH

poBaHHH YJibTpapeJIHTHBHCTCKoro aToMa no-

3HTPOHHH A 2 e Ha aepoHTHOCTb ero reHepa~HH 

noKa3aJIO, ~0 B peaK~HH QlOTOpO)I()J;eHHH 

A 2 e 3cpcpeKTHBHaH TOJII..QHHa MHUieHH, Ha KO

TopoH: reHepHpyiOTCH aTOMhi, 3aBHCHT OT 3Hep

rHH aToMa H npH 'Y-QlaKTopax -los npeaoc

xop;HT }J;JIHHY norJIOI..QeHHH CTa~HOHapHoro aTO

Ma B COTHH pa3 18 1• 06Hapy)l(eHHhlH 3cpcpeKT 

n03BOJIHeT noJiyqHTb C nOMOI..QbiO peaK~HH 

cpoTopo)l(p;eHHH HHTeHCHBHhie nyqKH A 2 e. 

llonyqeHhi o~eHKH napaMeTpoa v J.L + v r 
OC~JIJIH~HH Ha OCHOBe BbinOJIHeHHOrO aHaJIH-

3a }J;aHHhlX rH6pH}J;HOrO 3KCnepHMeHTa .E-564: 

L\m2 
< 4,6 3B2

, sin2 2e < 6,0-10- 2
• Bo3MO>K

HOCTb npHMOrO Ha6JIIO}J;eHHH T-JienTOHOB B 

3MYJibCHOHHOM BepUIHHHOM p;eTeKTOpe n03BO

JIHJia 3HaqHTeJibHO nOBblCHTb qyBCTBHTeJibHOCTb 

K napaMeTpaM oc~HJIJIH~H. PaccMOTpeHhi 

TaK)I(e nepcneKTHBbl HCnOJib30BaHHH H}J;epHOH 

QlOT03MYJibCHH }J;JIH V J.L + V T OC~HJIJIH~HH 19 1
• 

Pe3yJihTaThi npep;aapHTeJibHOH o6pa6oTKH 

}J;aHHhiX beam-dump 3KcnepHMeHTa no noHcKy 

"npHMhiX" HeHTpHHO OT pacnap;a oqapOBaHHbiX 

qacTH~, BhinOJIHeHHoro Ha ycKopHTeJie Y-70 
B H<l>B3, noKa3aJIH, qTo noJIHOe ceqeHHe o6pa-

30BaHHH oqapOBaHHblX qacTH~ npH B3aHMO}J;eH

CTBHH npOTOHOB C 3HeprHeH 7 0 r3B C HYKJIO

HaMH H}J;pa )l(eJie3a MeHbille 10 MK6/HyKJIOH. 

B H<I>B3 (TipoTBHHo) Ha Y-70 ngeT Ha6op cTaTHCTHKH ~ 
no H3yqeHHIO "npHMbiX" HeihpHHO Ha 3KCnepHMeH· , 
TaJibHOH YCTaHOBKe "HeeTpHHHbiH geTeKTOp" 
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HCCJIE,ll;OBAHlUI 
no .R,ll;EPHOfi CllEKTPOCKOlll111 
11 <l>I1311KE llPOME)J{YTOqHbiX 3HEPr H:A 

Ha 3KcnepHMeHTa.n:hHOM KOMnJieKce 
.RCHAllll-2 HallaThl CHCTeMaTHlleCKHe HCCJie.n;o
BaHHH pa.n;HOaKTHBHOrO pacna.n;a KOpOTKO:>KH
BY~X HYKJIHAOB pe.n;Ko3eMeJibHOH o6nacrH. · 
KoporKo:>KHsy~e HYKJIHAhi nonyqarorcH npH 
o6JiylleHHH BOJib<ppaMOBOH Tpy6llaTOH MHIIIeHH 
Ha BhiBe)l;eHHOM nyqKe npOTOHOB ¢>a30TpOHa 
OH.RH (EP = 660 M3B, I .n;o 2 MKA) . .R.n;pa
npo.n;yKThi peaKUHH rny6oKoro pacmenneHHH 
AHcPcPYHAHPYIOT H3 MHIIIeHH B noJIOCTb r py61>1 
H BhiTHrHBaJOTCH 3JieKTpHlleCKHM noJieM B 
3JieKTpoMarHHTHhiH Macc-cenaparop. CenapH
posaHHhie no MaCCaM HOHhl OCIDK)J.aJOTCH Ha 
JieHTY JieHTOnpOTH:>KHOrO ycTpOHCTBa H 3aTeM 
TpaHCnOpTHpyiOTCH K cneKTpOMeTpHlleCKHM 
ycraHOBKaM. 

,ll;JIH H3MepeHHH cneKTpOB pa.n;HOaKTHBHOrO 
H3JiylleHHH HCnOJih3YIOTCH pa3JIHIJHhie cneKTpO
MeTpHlleCKHe yCTaHOBKH, pa3MeiUeHHhie Ha 

lleThipex HOHOnpOBO)l;ax 3JieKTpOMarHHTHOrO 
Macc-cenaparopa (eM. pHc.3). YcTaHOBKa 
3Jir A Ha 6a3e nonynpoBOAHHKOBhiX .n;ereK
ropos npe.n;Ha3HalleHa )l;JIH Hccne.n;oBaHHH cneK
rpos 3JieKTpOHOB, n03HTpOHOB, 'Y-KBaHTOB H 
a-qaCTHIJ;, a TaK)Ke 6BICTpbiX H 3a,ll;ep)KaHHhiX 
rr- H er-cosna.n;eHHH. CneKTpOMeTp er-cosna
.n;eHHH MJIC Ha OCHOBe CBeTOCHJihHOrO Mar
HHTHO-JIHH30Boro cneKrpoMerpa c rpeyroJIL
HOH ¢>opMOH MarHHTHoro noJIH HCnOJih3yercR 
)l;JIH H3MepeHHH BpeMeH )KH3HH H,ll;epHhiX 
yposHeH s HaHoceKyH.n;HoM .n;Hana3oHe. MHoro
.n;ereKropHaH KOppeJIHIJ;HOHHaH yCTaHOBKa 
MYK no3BOJIHeT H3yllaTh ¢>yHKIJ;HH npocrpaH
crseHHOH KOppeJIHIJ;HH KaCKa)l;HhiX 'Y -Jiyqeij 
H, KpoMe roro, o.n;HHOIIHhie r-cneKTphi, cneK
rphl rr-cosna.n;eHHH. 

113MepeHHhiH /I 0 1 C nOMOIUblO ycTaHOBKH 
3Jir A a-cneKTp H3o6aphi A = 155 H .n;oqep
HHX H30TOnOB npe,ll;CTaBJieH Ha pHC.4.B cneKTpe 
Ha6JIIO,ll;aJOTCH JIHHHH C 3HeprHHMH 5191 K3B 
1 5 5 Yb (T = 1 7 c) 4462 K3B· 1 5 5 Tm 

I /2 ' ' • 
4012 K3B 1 5 5 Er, 4606 H 4517 K3B H30MepOB 

PHc.3. CxeMa pa3Me~eHHH yCTaHOBOK Ha 3KcnepHMeHT8JlbHOM KOMnneKce fiCHAllll·2: 1 - CQBMe~eHHaH cHcTeMa 
MHWeHH H HOHHoro HCTO'IHHKa Macc·cenapaTopa, 2 + 6 - y3n&I Macc-cenapaTopa, 7 - cHcTeMa DHTaHHH y3noB Mace· 
cenapa"topa, TP8KT 1 + 4 - HOHonpoBOA&I H pacnono:>KeHH&Ie Ha HHX 3KcnepHMeHT8JlbH&Ie ycTaHOBKH MYK, CllliH, 
3JirA, MATti 

~ 

CnHH 

D 
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PHc. 4. a-cneKTP H3o6apbi A= 155 u AO'IepHHX H30TO

nos , nonyqeHHbiH B 3KcnepHMeHTe Ha KOMnJieKce 

RCHATITI-2 

15 1 Ho H 4067 K3B 15 1 Dy. TioKa3aHO, tJTO 
o6a H30Mepa 1 5 1 Ho B03HHKaiOT JIHWb a pe-
3YJILTaTe a-pacmma H3oMepoa 1 5 5 Tm c rre
pHo,D;aMH rronypacrra,D;a (23 ± 3) c H (47 ± 6) c. 
Orrpe,D;eJieHa AOJIH a-pacrra,D;a o,D;Horo (11/2-) 
H3 H30Mepoa 1 5 5 Tm H yTotJHeHhi AOJIH a-BeT
BeH H30Mepoa 1 5 1 Ho. TipeAJIO:>KeHHhie cxeMhi 
a-pacrra,D;a H30Mepoa 1 5 5 Tm rrpHBe,D;eHhi Ha 

pHc.5. 
TipoAOJI:>KaJIOCb HCCJieAOBaHHe Ha cpa3oTpo

He OHHH 3HepreTHtJeCKOH 3aBHCHMOCTH ceqe
HHH pO)K)l;eHHH 1T+ -Me30HOB B COy,D;apeHHHX 
rrpOTOHOB C H,D;paMH (pHC.6). TioJiytJeHbl 

rrepBbie AaHHhie no yrnoaoli 3aBHCHMOCTH 
06Hapy:>KeHHOH paHee aHOMaJIHH B CetJeHHH 
pO:>K,D;eHHH IIHOHOB Ha H,D;pe Me,D;H IlpH 3HeprHH 
rrpoTOHOB 350 M3B 1 1 1 1

• 113MepeHHH 6bmH rrpo-

Pee. 5. CxeMa pacnaAa H30Mepoa 
1 55 Tm 

t55T eg ffiae 

i;' 
,f 

o· 
60.8uB ff/r 

o.o .. s t/z+ 147 
a5Tba2 

a 
3.0 

+ 
0-90° 

2.5 

:E 
~ 
til 

~ 
2.0 

1.5 

Tp, M3B 

6 

f X -125° 
5.0 0 -115° 

~ 
4.0 

~ 
til 
~ 

.3.0 

.3 0 

Tp, M3B 

PHc. 6. 3 asucnMocTb OTHOWeHHJI BbiXOAOB HH3K0-

3HepreTH'IeCKHX ( 20 + 60 M3B) H BbiCOK03HepreTH

qecKHX (60 + 100 M3B) IIHOHOB OT 3Hepi'HH naAaiO

lUHX npoTOHOB npH B3aHMOAeHCTBHH C .RAPaMH MeAH : 

a - AJIJI y r na 90° B na6opaTOpHOH CHCTeMe KOOpAH

HaT, 6 - A JIR yrnos 115° H 125° . CnnoWHaR nu
HHJI - pe3 yJlbT8T annpOKCHM!UlHH 3KCnepHMeHTaJib

HbiX 3Ha'leH HH CTeneHHOH li>YHKUHeH ( TO'IKH C T -
- 448 M3B H3 ~Pun HCKJIIO'IeHbi) p 

Be,D;eHhl IIOA TpeMH yrJiaMH: 90°, 115° H 125°. 

B KatJeCTBe o,D;Horo H3' B03MO:>KHhiX MeXaHH3-
MOB 06Hapy:>KeHHOrO HBJieHHH paCCMaTpHBaeT

CH o6pa30BaHHe pe30HaHCa CO CIIHHOM H tJeT-
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HOCTbiO 2+ H WHpHHOH 7 M3B H ero pacna,D, 
c HcnycKaHHeM ,nsyx nHOHOB 11 z 1• Pe30HaHC 
MOiKeT 6biTh o6ycnosneH so36yiK,ll;eHHeM D. D.
COCTOHHHH B H,D;pe. 

BhmOJIHeHhi 3KcnepHMeHTbi 11 3 1 no npo
. BepKe rHnOTe3bl 0 cymeCTBOBaHHH XOJIO,D;HOrO 
H,nepHOrO CHHTe3a, 6y,nTO 6bi o6HapyiKeHHOrO 
B HeKOTOpbiX 3apy6eiKHbiX Jia6opaTOpHHX 11 4 I. 

C 3TOH ~eJibiO B pa3JIH1ffibiX yCJIOBHHX npOBO
,D;HJICH 3JieKTPOJIH3 THiKeJIOH so,nbi Dz 0 H CMe
CH Dz 0 +Hz 0 (1 :1) c Pd- H Ti-KaTo,naMH, 
a TaKiKe HaChimeHHe 3THX MaTepHaJIOB ra30-
o6pa3HbiM ,neHTepHeM, npH 3TOM nJIOTHOCTb 
TOKa 3JieKTpOJIH3a BapbHpOBaJiaCb OT 1 ,D;O 
125 MA/cMz , TeMnepaTypa ra3oo6pa3Hor o .neii
TepHH - OT 77 .no 300 K, a ero .nasneHHe 
- OT 1 ,D;O 600 aTMOC<t>ep. lf,neHTH<I>HKa~HH 

npo~eccos H,nepHoro CHHTe3a ocymecTBJIHJiach 
nyTeM perHCTp~H HeHTpOHOB, MHrKHX H 
iKecTKHX 'Y-KBaHTOB H xapaKTepHCTHqecKOrO 
peHTreHOBCKOrO H3JiyqeHHH naJIJia,D,HH, o6y
CJIOBJieHHbiX peaK~HHMH 

d + d + 3 He + n + 3,27 M3B, (1) 

d + d + t + p + 4,03 M3B, (2) 
• 

p + d + 3 He + 1 + 5,5 M3B, (3) 

,D;JIH qero HcnoJih30BaJIHCh 6opoco.nepiKa!.QHe 
HeHTpOHHhie cqeHHKH CHM-14, a TaKiKe 
Si(Li)- H Ge(Li)-,neTeKTOpbi BbiCOKoro pa3-

peweHHH. 
KpoMe Toro, c nOMOmbiO 3JieKTpOJIH3epos 

cne~anhHO pa3pa6oTaHHOH KOHCTPYK~H ocy
mecTBJIHJIHCh nOHCKH HeTpHBHaJibHOrO KaHaJia 

peaK~HH 

d + d + 4 He+ (23 M3B) (4) 

PeaK~H YcnoBHH 3KcnepHMeHTa 

C HCnyCKaHHeM BbiCOK03HepreTHqeCKHX a
qaCTH~, ,D;JIH perHCTp~H KOTOpbiX HCnOJib30-
BaJIHCb nosepXHOCTHo-6apbepHbie Si-,neTeKTO
pbi, a TaKiKe TpeKOBbie ,neTeKTOpbi CR-39. 

HHiKe npe,ncTasJieHbi nonyqeHHhie B 3THX 
3KCnepHMeHTax Ha 90% ypOBHe ,D;OCTOBep
HOCTH O~eHKH CKOpOCTH peaK~H ( 1-4) 
B pacqeTe Ha O,D;HH ,neHTpOH, HaxO.D;HmHHCH 
s Pd H Ti npH Hx HaChimeHHH (eM. Ta6n.). 

113 npHBe,neHHbiX pe3yJihTaTOB CJie,nyeT, 
qTo ecJIH H cymeCTByeT "XOJIO,D;HbiH CHHTe3", 
TO CKOpOCTb ero HBHO He,D;OCTaTO'IHa ,D;JIH 
npaKTHqeCKOrO npHMeHeHHH B 3HepreTHKe. 

llo nporpaMMe COBMeCTHOrO QEPH -
011HI1 3KcnepHMeHTa PS-179 npo.noniKeHhi 
HCCJie,D;OBaHHH aHOMaJibHO 60JibWOrO BbiXO
,na A-rHnepoHoB a pA-aHHHrHJIH~H. I13MepeHhi 
HMnyJihCHbie H 6biCTpOTHbie cneKTpbi A -rHne
poHoB H K~-qacTH~, o6pa30BaHHbiX s p4 He
aHHHrHJIH~H npH 600 M3B/c, H onpe,neneHhi 
ceqeHHH HX poiK,ll;eHHH a(A) = (3,67±0,56) M6, 
a (K~) = (3,90 ± 0,53) M6. lloKa3aHO, qTO 
BH,D; 3THX CneKTpOB y,nOBJieTBOpHTeJibHO OnH
CbiBaeTCH B npe,nnOJIOiKeHHH 06 o6pa30Ba
HHH A -rHnepoHOB B npo~ecce nepepacceHHHH 
KaOHOB 11 5 I. 

I13MepeHO OTHOWeHHe ceqeHHH aHHHrHJIH

~H aHTHnpOTOHOB Ha HeHTpOHax H npOTOHax, 
CBH3aHHbiX B .fi,npe reJIHH-3, KOTOpOe OKa3a
JIOCb pasHhiM 0,47 ± 0,037. TaKaH senH~Ha 
3TOrO OTHOWeHHH CBH,D;eTeJibCTByeT 0 CHJib
HOH H3ocnHHOBOH 3aBHCHMOCTH aMnJIHTy,nhi 
aHTHHyKJIOH-HyKJIOHHOrO B3aHMO,D;eHCTBHH B 

BbiCWHX nap~aJibHbiX BOJIHax. 
Ha 3KcnepHMeHTaJihHOM KOMnJieKce 

MIOClli1H npo,noniKanHch Hccne,noBaHHH Bbico
KOTeMnepaTypH!>Ix CBepxnpOBO,D;HHKOB p.SR
MeTO,D;OM. 

no 
3asepweHa o6pa6oTKa pe3yJihTaTOB 

HCCJie,D;OBaHHIO 

PerHcTpHpyeMhie 
qaCTH~bl 

CBepxnpOBO,D;HHKOB 

Ta6tmt~a 

CKOpOCTb 
peaK~H (c- 1 ) 

(1,2) 
(3) 
(1) 
(1) 
(1) 
(4) 

3neKTpOJIH3 Dz 0 Ha Pd-KaTo,ne 
3neKTpOJIH3 Hz 0 + Dz 0 Ha Pd-KaTo,ne 
Pd (77 K) + ra3oo6pa3HbiH Dz 
3neKTPOJIH3 Dz 0 Ha Ti-KaTo,ne 

n,KX 
(5,5 M3B) 

n 
n 

<6·10- z s 

<1,2·10- z s 
<3·10- z s 
<4·10-z 5 

<7·10- 2 8 

<4·10-z 7 
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Ti (77 K) + ra3oo6pa3HbiH Dz 
3neKTpOJIH3 Dz 0 Ha Pd -KaTo,ne 

n 
(23 M3B) 



La2_x SrxCu04 
116 1 (X= 0; 0,01; 0,05; 0,07; 

0,10; 0,15; 0,25). llonrnep~eHo cymecTBO
BaHHe aHTHQleppoMarHHTHOrO ynopH,ll;oqeHHR 
B o6pa3uax c MaJibiM conep)l(aHHeM Sr (X = 
= 0 H 0,01) npH TeMnepaTypax HH)I(e 250 
H 170 K cooTBeTCTBeHHO. B o6pa3Qe c X c: 

= 0,05 Ha6monanoc& 3aMe,nneHHe Q>ny~cryaQHH 
JIOKaJibHbiX MarHHTHbi.X noneH HH*e 7 K, 
HO nepexona o6pa3Qa B aHTHQ>eppoMarHHTHoe 
COCTORHHe He 06Hapy)l(eHO BllnOTb AO TeMne
paTypbi 4,2 K. .ll:aHHhie nnR o6pa3Qa c X = 
= 0,07 no3BOnRIOT cnenaTb npennono*eHHe 
0 cymecTBOBaHHH CnHH-CTeKOnbHOrO COCTOR
HHR npH TeMnepaTypax HH)I(e 13 K. 06pa3Qbi 
c 6onee BhiCOKHM conep)KaHHeM Sr (X= 0,10; 
0,15 H 0,25) npH TeMnepaTypax HH)I(e -37 K 
HBXOARTCR B CBepxnpOBOARJ.UeM COCTORHHH. 
JVIR HHX H3MepeHbl TeMnepaTypHbie 3aBHCH
MOCTH rny6HH npOHHKHOBeHHR MarHHTHOrO 
DOJIR B CBepxnpOBOAHHK, a Ha OCHOBaHHH 
H3MepeHHR cpenHero MarHHTHoro nonR Ha 
MIOOHe H ero pacnpeneneHHR HccnenoBaHbi 
Heo6paTHMbie npoQeccbi B o6pa3Qe npH yBe
JIHqeHHH II yMeHbllleHHH BHeiiiHero no
JIR I17-191, 

BhmonHeHbi 
TeMnepaTypHoro 
ErBa2Cu307-o 117 I 

HCCneAOBaHHR BbiCOKO-
CBepxnpOBOAHHKa 

c Qen&IO nan&HeHIIIero 
~3yqeHHR BnHRHHR peAK03eMenbHbi.X 3neMeH
TOB (B AaHHOM cnyqae Er) Ha CBepxnpOBOAH
MOCTb KepaMHK THna 1-2-3. 06Hapy)l(eHO, 
liTO B o6nacTH TeMnepaTyp HH)I(e 20 K CKo
poCTb penaKCaQHH CnHHa MIOOHa AnR KepaMHKH 
ErBa2Cu30 7_ 0 oqeH& HH3Ka no cpaaHeHHK> 
CO CKOpOCTbiO penaKCaQHH AJIR paHee HCCne
,ll;OBaHHOrO o6pa3Qa HoBa2 Cu3 0 7 _ 0 . 3ToT Q>aKT 
MO)I(eT 6biTb 06'bRCHeH npennonO)I(eHHeM, qTo 
B COeAHHeHHRX THna 1-2-3 qacTOTa Q>nyK
TYBQHH MarHHTHbiX MoMeHTOB 3p6HR cymecT
aeHHo npeBbiiiiaeT qaCTOTY Q>nyKTyaQHH Mar
HHTHbiX MOMeHTOB rOnbMHR. 

:HccnenoBaHa TaK)Ke HOBaR KepaMHKa 
Bi-Sr-Ca-Cu-o 11 7 • 1 9 1, o6pa3eQ KOTopoH 
COCTORn H3 ABYX Qla3: OCHOBHaR Q>a3a 2212 

HMena TeMnepaTypy cBepxnpoBOARmero nepe
xona Tc = 80 K, H He6on&IIIaR npHMec& Q>a3bi 
2223 HMena Tc = 110 K. .[VIR TaKHX MHOrO
Qla3HbiX o6pa3QOB nOKa3aHa qyBCTBHTenbHOCTb 
JLSR-MeTona npH onpeneneHHH Manoro conep
)l(aHHR OAHOH H3 Q>a3. 

B BbiCOKOTeMnepaTypHbiX cBepxnpoBon-
HHKax YBa2 Cu3 0 7 _ 0 , HoBa2 Cu3 0 7 _ 0 , 
CdBa2Cu 30 7_ 0, NdBa2Cu30 7_ 0, 
EuBa2 Cu 30 7_ 0 H BiCa1 Sr2 Cu2 0 8 _ 0 H3Mepe
Ha12 ° I OTHOCHTenbHaR BepORTHOCTb 3axBaTa 
OTpHQaTenbHbi.X MIOOHOB KHCnOpoAOM, BenH~
Ha KOTopoH cocTaBnReT ,nnR Bcex o6pa3QOB 
6onee 20%. 

Pa3pa6oTaHa, H3roToBneHa H HCnhiTaHa Ha 
nyqKe Qla30TpOHa ycTaHOBKa nnR npoBeneHHR 
HCCneAOBaHHH C OTpHQaTenbHbiMH MIOOHaMH 
B ra3ax, B TOM qHcne H B BOAOpone, npH OTHO
CHTenbHO HH3KHX AaBneHHRX no J.t8R-MeTO
AHKe12 1 1• UeHTpaJibHOH qacT&IO ycTaHOBKH 
RBnReTCR ra30BaR MHIIIeHb C BbiCOK03QlQleK
THBHOH CHCTeMOH perHCTpaQHH OCTaHOBOK 
MIOOHOB B ra30BOM 06'beMe C nOMOJ.UbiO ABYX 
nonynpoBOAHHKOBhiX neTeKTopoB. CHcTeMa 
o~cTKH pa6oqero ra3a B MHIIIeHH o6ecne
~BaeT ero qHCTOTY Ha ypOBHe 0,01 ppm 
(10- 8

) AJIR Ne H 10 ppm (10- 5 ) AnR BO

AOPOAa. lf3MepeHHe HOHH3aQHOHHbi.X noTepb 
B nonynpOBOAHHKOBbi.X neTeKTopax n03BOnReT 
QlHKCHpOBaTb MeCTO OCTaHOBKH MIOOHa, a 3a
AaHHe HH)f(Hero H BepXHero noporoB - OTAe
nHTb OCTaHOBKH MIOOHOB B 3aAHeH CTeHKe 
MHIIIeHH H BO BTOpOM AeTeKTope OT OCTaHO
BOK B ra3e. llpH OnTHMaJibHOM Bbi6ope BCeX 
noporOB BnHRHHe OCTaHOBOK B CTeHKax yna
nOCb CBecTH K HecKOnbKHM npoQeHTaM. 

Ha C03AaHHOH ycTaHOBKe c ra30BOH MH
IIIeHbiO npH AaBneHHH 10 aTM BnepBbie H3Me
peHa OCTaTO~aR nonRpH3aQHR OTpHQaTenb
HbiX MIOOHOB B AeHTepHH 12 2 1• 3KcnepHMeH
TaJibHO nonyqeHHOe 3HaqeHHe HaqaJibHOH nonR
pH3aQHH dJ.t-aTOMa B 18-cOCTORHHH COCTaBnReT 
P IL = (7,2 ± 2,1) %, qTo cornacyeTCR c Teope
THqecKHMH pacqeTaMH. 

C03.ll:AH:HE H COBEPWEHCTBOBAHHE 3KCnEPHMEHTAJibHbiX YCTAHOBOK 

Ha ycTaHOBKe CHrMA - AHKC npoBe
,D;eHbi HCnbiTaHHR H KaJIH6pOBKa rOAOCKOnH
qecKOrO aAPOHHOrO KaJIOpHMeTpa THna "C3HA
BHq" )l(ene30 - CQHHTHnnRTOp B nyqKe anpo-

HOB, HMeiOJ.UHX 3HeprHH 5 + 40 r3B. Ero 
anepTypa - 2,5x1,6 M2, Bee- 30 TOHH. Kano
pHMeTp co6paH H3 aBTOHOMHbiX CeKQHH, CO
nep)l(aJ.UHX qeTbipe cqeTqHKa nonHoro norno-
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IUeHIDI C pa3MepaMH Ce'lleHIDI 20x20 CM. 3Hep

reTH'IIecKoe pa3peweHHe KaJIOpHMeTpa COCTaB· 

JI.ReT ~ 10%, a cpe.n;Hee npocTpaHCTBeHHoe 

pa3peweHHe ~ 2 CM npH 3HeprHH a,D;pOHOB 
40 r3B 12 3 

I. 0TKaJIH6pOBaHHhiH KaJIOpHMeTp 

HCnOJib30BaJIC.fl npH Ha6ope CTaTHCTHKH B HO· 

soH: KoH<t>nryp~u ycTaHOBKH, omnMH3Hpo

BaHHOH AJI.fl H3y'lleHIDI a,n;pOH·.RAepHhiX · npo
QecCOB C o6pa30BaHHeM MHOI'OKBapKOBhiX 
CHCTeM. 

BhmOJIHeH 6on&woH: o6'beM pa6oT no pe

KOHCTPYKI.\HH 30Hhi pa3MemeHH.R o6opy .n;ooa

HIDI H annapaTyphi ycTaHOBKH ''rurrepoH". 

B xo.n;e MOAH<l>HKal.\HH ycTaHOBKH yoeJIH'IIeH 
31130p Me~y BepXHeH H HH:>KHeH KaTyWKaMH 

3JieKTpoMarHHTa MC-12 c 50 .no 100 eM, 

A06aBJieHhl HOBbie AeTeKTOphl Ha 6 ThiC. KaHa

JIOB, 3aBepweHhl peKOHCTPYKI.\H.fl 14 nponop-
1.\HOHaJibHhiX KaMep pa3MepaMH 0,5 X 0,5 M 

H 1,0 X 1,0 M, 'llaCTH'IIHhiH peMOHT 6 nponop-

1.\HOHaJibHhiX KaMep pa3MepaMH 0,8 X 1,3 M 

H BhmOJIHeH MOHTIDK HOBOH 3JieKTpOHHKH 

Ha HHX. llocne pa3MemeHH.R KaMep Ha ycTa

HOBKe BOCeMb H3 HHX 6biJIH ycneWHO onpo-

npo,~~;omKaeTCJI C03,11;aHHe Y3JIOB yCTaHOBKH "HeiJTYH", 
KOTopu 6y,~~;eT pa6oTaTh Ha BHYTPeHHeM nyqKe YHK. 
Ha CHHMKe: 6noK ~,t~;poHHoro KanOpHMeTpa yCTaHOBKH 

64 

6oBaHhi Ha ny'IIKe Y-70. llpoae.n;eHhi MOHTIDK 

H KaJIH6pOBKa Ha ny'IIKe n03HTpOHOB JIHBHe-

801'0 'Y-AeTeKTOpa Ha 260 KaHaJIOB . .[LJIH 3KCne

pHMeHTOB no noncKy .n;u6apnoHOB c pa3.n;eneH
HhiM 1.\BeTOM H31'0TOBJieH BpeMHnpOJieTHbiH 

I'OAOCKOn C anepTypOH 1,0 X 1,2 M. 
3aKOH'IIeHbl pa3pa60TKa H HCnhiTaHHe OC· 

HOBHhlX Y3JIOB 6biCTpoAeHCTByiOIUeH CHCTeMhl 
c6opa AaHHhiX AJI.fl MHOI'OKaHaJibHhlX p;eTeK

TOpOB ycTaHOBKH, C03AaBaeMOH B paMKaX 
npoeKTa "rniOoH". 

Onpe.n;eneHo pa3peweHHe no 3Hepruu Cl.\HH
THJIJIHQHOHHOro KaJIOpHMeTpa THna )KHAKHH 

Cl.\HHTHJIJIHTOp nJIIOC aJIIOMHHHH AJIH aAPOHOB 

4~ 5~ 4~ 1~ 
- -- = ---==- H 3JieKTpOHOB - -- = --==-"· 

E . ,- E . I 
H v E8 e vEe 

llony'lleHHoe 3HepreTH'IIecKoe pa3peweHHe Ka

nopnMeTpa, CJiy)Kamero OAHOBpeMeHHO MH· 

WeHHOH 'llaCTbiO HeHTpHHHOI'O .n;eTeKTopa, He 

yCTynaeT napaMeTpaM KaJIOpHMeTpH'IIecKOH 'lla

CTH OAHOH H3 nyqwux 3apy6e)KHhiX ycTaHOBOK 

-CHARM-I (QEPH) . 

B xo.n;e nycKa annapaTyphi oepwHHHoro 

p;eTeKTOpa AJIH HCCJieAOBaHHH pep;KHX pacna

AOB K-Me30HOB Ha KaHane 4A ycKopHTenH 

Y-70 ycTaHOBJieHhi 20 .n;peH:<t>oBbiX KaMep 

H 72-KaHaJibHbiH 'llepeHKOBCKHH cneKTpOMeTp 

nonHoro nornomeHHH. llpooe.n;eHhi npe.n;aapu

TeJibHbie H3MepeHHH xapaKTepHCTHK p;eTeKTO· 

pOB Ha ny'IIKe 3apH)KeHHbiX 'llaCTHQ. 

llpoAOJI)KaeTcH no.n;roTOBKa Y3JIOB Mar

HHTHoro cneKTpOMeTpa ycTaHOBKH "HenTyH": 

C03AaHbl 24 nJIOCKOCTH nponopQHOHaJibHbiX 

KaMep pa3MepaMH 1412 X 980 MM H npuo6-

peTeHa HaKaMepHa.R 3JieKTpOHHKa K HHM 

(15 TbiC. KaHaJIOB). 3aoepwaeTCH C03Aa

HHe MarHHTa M2 no.n;BH)I(Horo cneKTpoMeTpa

nonapHMeTpa H Ha'llaThi pa6oThi no H3rOTOB

JieHHIO wupoKoanepTypHoro MarHHTa M3. 

Hccne.n;oBaHa B03MO)I(HOCTh ucnoJI&30BaHHH 

noJiynpOBOAHHKOBOI'O MHKpOCTpHnOBOI'? p;e
TeKTOpa C pe3HCTHBHbiM CJIOeM B KalleCTBe 

nepaoro Koop.n;nHaTHoro .n;eTeKTopa cneKTpo

MeTpa. BhmonHeHhi pa6oThi no Mo.n;enupo

BaHHIO ycJIOBHH Bbipa60TKH TpHrrepa Bbl· 

.n;eneHHH ynpyroro pp-pacce.RHHH B MarHHT

HOM cneKTpOMeTpe B o6JiaCTH 3HeprHH 

- 400 r3B 12 4 
I, pa3pa60TaHbl 3JieKTpOHH~ 

CXeMa TpHrrepa TpeT&ero ypOBH.fl H MeTOAHKH 

KOHTpOJIH npneMa AaHHbiX OT npOUOpl.\HO· 

HaJibHbiX KaMep. 

3aaepweHa no.n;roTOBKa npoeKTa Knt~epa 

ycTaHOBKH YK,lJ;. BhmonHeHhi MeTOAH'IIecKHe 



Cne~HaJIHCTbi JI.Rll npHHR

JIH aKTHBHOe yqacnte B C03-

AaHHH H 3anycKe YCTaHOB

KH C OOJIRpH30BaHHOH MH

WeH&IO Ha ycKopHTene Kap

noaa yHHBepcHTeTa B llpare 

pa60Thi, nO~TBep)f()I.aiOIQHe B03M0)10{0CTb HC-

nonh30BaHH.R OTetleCTBeHHhiX MaTepHanOB 

npH npOH3BO~CTBe nnaCTHKOBhiX npOBOnOli

HbiX ~eTeKTOpOB. llo~rOTOBneH npoeKT pa3-

BHTH.R yt~aCTKa Qll no npOH3BO~CTBY H HC

llbiTaHH.RM nnacxHKOBhiX nposonoliHhiX ~e

TeKTopoB, a TaK:>Ke cosMeCTHO .c U11<1>11 (By

~aneniT) pa3pa6oTaHO npe~o:>KeHHe KOHTpaK

Ta Ha H3roTosneHHe B U11<1>11 H nocTas-

KY B OIUU1 o6opyAOBaHH.R ~nR TaKoro 

yt~aCTKa . 

B 3K cnepHMeHTe Ha ycKopHTene Kapnpsa 

YHHBepCHTeTa B llpare npOH3Be~eH KOMnneKC

HhiH 3 anycK yCTaHOBKH C non.RpH30BaHHOH 

npOTOHH OH MHIIIeHhiO ~n.R H3MepeHH.R non.R

pH3aQHH H K03<f><f>HQHeHTa KOppen.RQHH non.R

pH3aQHH B ynpyroM np-pacce.RHHH npH 3Hep

rHH 16 M 3B. 

C03,D;AHI1E HOBbiX ,D;ETEKT11PYIOIU11X 11 3JIEKTPOHHbiX CI1CTEM 

Pa3pa6oTaHa Mo~enh cnoHCToro :meKTpo

MarHHTHoro KanOpHMeTpa C KCeHOHOBhiM Ha

nonHeHHeM, npe~Ha3Hat~eHHoro ~nR Hcnonh-

30BaHH.R B QeHTpanbHOH llaCTH nepe~Hero 

KanopHMeTpa cneKTpoMeTpa MAPC. KanopH

MeTp TaKOrO THna xapaKTepH3yeTC.R BbiCOKOH 

p~HaQHOHHOH CTOHKOCTbiO, CTa6HnbHOCTbiO 

XapaKTepHCTHK H y~OBneTBOpHTenbHhiM 3Hep

reTHtlecKHM H KOOp~HHaTHbiM pa3peiiieHHeM. 

3asepiiieHbl HCllbiTaHH.R MO~enH Ha nyt~Ke 

3neKTpOHOB Y -7 0 C HMnynhCaMH OT 3 ~0 
26 r3B/c. 

Co3~aH H Hccne~OBaH MaKeT ~peu<f>oso:H 

KaMepbl Ha OCHOBe HOBOH TeXHOnOrHH. llpe~

nonaraeTC.R, liTO 3Ta TeXHonorH.R no3BOnHT 

co3~aBaTh KPYnHhie ~peu<f>oshie KaMepbi (pa3-

MepoM ~0 4 M) C BhiCOKOH HMe)I(HOCTbiO 

H KOOp~HHaTHOH TOliHOCTbiO (0,1 + 0,2 MM) 

B MaCCOB OM npOH3BO~CTBe. 

llpOBe~eHhl HCCne~OBaHH.R B03MO)I(HOCTH 

C03~aHH.R BepiiiHHHOrO ~eTeKTopa Ha OCHOBe 

naBHHHblX ClleTliHKOB H npe~nO:>KeH BapHaHT Ta

KOrO ~eTeKTOpa 12 51
• lloKa3aHO, liTO npHHQH

nHanhHbi X npen.RTCTBHH ~nR C03~aHH.R npeQH3H-
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OHHOrO KOOp,D;HHaTHoro ,D;eTeKTOpa Ha OeHOBe 
JlaBHHHblX e'lleT'IHKOB HeT, a ero O:>~G~.naeMbie na
paMeTpbl nOJIHOeTblO eOOTBeTeTBYIOT Tpe6osa
HWIM, npe,D;'bHBJIHeMbiM K BepWHHHblM ,n;eTeK· 
TOpaM AJIH HeeJie,D;OBaHWI <f>H3HKH b-KBapKOB 
Ha yeKOpHTeJIHX e <f>HKeHpOBaHHOH MHWeHbiO. 

Ha yeKopmene JIH.R~ AH CCCP ase.n;eHa 
B 3KennyaT~ yeTaHOBKa AJIH H3MepeHHH 
BeKTOpHOH aHaJIH3Hpyro~eH enoeo6HOeTH B 
peaKUHH 1f+ d + 2p Ha nOJIHpH30BaHHOH ,n;eHT
pOHHOH MHWeHH. 

· IlpOBO,D;HJIHeb pa60Tbl no e03AaHHIO anna
paTypbl H nporpaMMHoro o6ecne'lleHHH AJIH 
aBTOMaTH3aUHH npose,n;eHWI aHaJIH3a 3Kene
flHMeHTaJibHblX AaHHbiX, noJiyqaeMblX B <l?H3H· 
'llecKHX Heene.n;oBaHHHX. Pa3pa6oTaHO 13 HO· 
BblX 3JieKTpOHHblX 6JIOKOB B eTaH.n;apTe 
KAMAK 12 6 1

, B HX 'IIHene: 

- npeo6pa30BaTeJib speMH - KOA e HHTep
nOJIHTOpOM ,n;nH onopHoH: qaeTOThi 200 Mru, 
UeHa KaHaJia - 100 ne, MaKeHMaJibHblH H3· 
MepHeMblH HHTepBaJI - 5 MKe, 'IHeJIO eHrHaJIOB 
eTOn- 15 12 7 I; 

OntHMH3AUHR CHCTEM ~A30TPOHA 

- HeTO'IIHHK nHTaHHH e HanpH:>KeHHeM ,D;O 
2,5 KB, TOKOM 2 MA, BbieOKOH eTa6HJibHOeTbiO 
H yposHeM nynheauuH: MeHee 100 MB Ha rpa.n;ye 
UenbeHH 12 8 1

; 

- MHKponporpaMMHbiH yHHBepeaJibHbiH 
MHoroKaHaJihHbiH aHaJIH3aTop H ,n;pyrHe. Bee 
pa3pa6oTaHHhie 6noKH eHa6:>KeHhi Heo6xo.n;H
MbiM nporpaMMHhiM o6ecne'lleHHeM. 

Hana:>KeHbi H nepe.n;aHhi AJIH 3KennyaTa
UHH B Hay'IIH0-3KenepHMeHTaJibHble OT,D;eJibl 
490 3JieKTpOHHblX 6JIOKOB, H3rOTOBJieHHblX 
B OnhiTHOM npOH3Bo,n;eTBe OH.RH no pa3pa-
6oTKaM HHOA<I>3 JI.RII. 

Bae,n;eHhi a 3KenyaT~ ,n;Be 3BM THna 
v AX-11{730 (li30T-1055 H CM-1700). 
OeaoeHo HX 6a3HeHoe nporpaMMHoe o6ecne
'lleHHe. li3rOTOBJieHO yeTpOHeTBO eBH3H 3THX 
3BM e 3KenepHMeHTaJibHOH annapaTypoH: B 
eTaH.n;paTe KAMAK. 

CoCTaaJieHo TeXHH'IIecKoe 3aAaHHe H no.n;
roTosneH npoeKT JIOKaJibHOH eeTH 3BM THna 
ETHERNET, KOTOpaH 6y.n;eT oxsaThiBaTh see 
OeHOBHble Jia6opaTOpHble nOMemeHHH. 

C UEJihiO IIOBblWEHHR 3~~EKTHBHOCTH ErO 3KCIIJIY ATAUHH. 
HCCJIE.UOBAHHR B OBJIACTH YCKOPHTEJihHOR TEXHHKH 

3aaepWeHO H3rOTOBJieHHe 3JieMeHTOB eH
eTeMbl 3JieKTpOeTaTH'IIecKOrO BbiBO,D;a H npo
se,n;eHbl BbieOKOBOJibTHbie HenbiTaHHH rOJIOB· 
HOH qaeTH 3JieKTpoeTaTH'IIecKoro .n;e<f>neKTopa. 
li3rOTOBJieH H HenbiTaH npH pa6oTe Ha reHepa-

3neKTpOCTaTHqeCKIUI CHCTeMa BbiBO,ll& IJY'IK.& cp&30TpOHa • 
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Top paeTH:>KKH <PYHKUHOHaJihHhiH 6noK, o6eene
'IHBaiOIUHH ynpaaneHHe paeTH:>KKOH OT II3BM, 
e naKeTOM nporpaMM AJIH TecTHpOBaHHH H 
ynpaBJieHHH <f>yH,D;aMeHTaJibHblM reHepaTOpOM. 
CMOHTHpoBaHhi ,n;aT'IIHKH BH6poKOHTpomi Ha 



BHyTpeHHHX onopax BapHaTOpa (B ,ZJ;OnOJJHeHHe 

K ,ZJ;aTIIHKaM Ha BHelllHHX onopax). 06o6meHbl 

Ha6JJIO,ZJ;eHH.R 3a BH6panH.RMH onop H H3HOCOM 

nO,ZJ;IllHnHHKOB BapHaTopa H Bbipa60TaHbl HeKO

TOpbie KpHTepHH ,ll;JJ.R BH6pO,D;HarHOCTHKH CO

CTO.RHH.fl BapHaTopa12 9 I. ABTOMaTH3HpOBaH 

11PMKJI.A.I.(HblE MCCJIE,Il;OBAHIDI 

Ha Me,ZJ;HKo-6HonorHqecKoM KoMnneKce 

JI.Rll OM.RM npo,D;OJJ)I(MHC.b pa6oTbi no onpe

,ZJ;eneHHIO !I>H3HKO-TeXHHqecKHX ycJJOBHH npo

Be,ZJ;eHH.R KJJHHHqecKHX HCCJJe,ZJ;OBaHHH no JJeqe

HHIO OHKOJJOrHqecKHX 60JJ.bHbiX Ha TepaneB

THqecKHX nyqKax qaCTHQ !l>a30TpOHa. 

lloJJHoMacwTa6H&IH ~-reHepaTop npoToTHna AeihpoH
Horo QHKJIOTPOHa ,Il I.J; -1 

C'beM HH!I>OpMaQHH C JJaMeJJ.bHOH HOHH38.UHOH

HOH K a Mepbi ( C BbiBO,ZJ;OM Ha fi3BM) ,ll;JJ.R 

H3MepeHH.R npocTp~cTseHHoro pacnpe,D;eJJeHHR 

nyqKa B rOJJOBHOH qacTH npOTOHHOrO KaHana. 

B CHCTeMy ,ZJ;HarHOCTHKH BKJJIOqeHhi BTopHIIH0-

3MHCCHOHHbie ,ZJ;aTqHKH nyqKa - npo!I>HJJO

MeTpbl Ha . Bbme,ZJ;eHHOM H BHyTpeHHeM nyq

Kax 13 0 I . C HX nOMOI.UbiO npoBe,ZJ;eHO HCCJJe,ZJ;O

BaHHe n poQecca ycKopeHH.R H Bhmo,ZJ;a nyqKa. 

CMOHTHpOBaH H Hana)KeH ,ZJ;HO,ZJ;Hhm sapHaHT 

CHCTeMb l 3JJeKTpOnHTaHH.R TOKOBOH CeKQHH 

KaHana BhiBO,ZJ;a nyqKa ( 11 KA, cTa6HJJLHOCTb 

H BeJJHIIHHa nyJJ.bCanHH MeH.bllle qeM 5·10- 4
). 

llonyqeHbl nyqKH nOJJO:lKHTeJJ.bHbiX nHOHOB H3 

Me30HH OrO KaHana C HMnyJJ.bCaMH 130, 200 
H 300 M3B/c. 

B 1989 ro,ZJ;y· !l>a3oTpoH npopa6oTan Ha 

!I>H3Hqec KHH 3KCnepHMeHT 3967 qaCOB npH 

ro,ZJ;OBOM nnaHe 3370 qacos. 

B pacqeTHO-TeopeTHqecKHX pa6oTax no 

CHJJ.bHOTOIIHbiM QHKJJOTpOHaM-HH:>KeKTopaM no

Ka3aHa npHHQHnHaJJ.bHaR B03MO)KHOCT.b pa3pa-

60TKH ,ZJ;eHTpOHHOro QHKJJOTpOHa-HH:>KeKTopa 

npH c pe,D;HeH HHTeHCHBHOCTH nyqKa. ,ll;O 

10 MA 131 1
• 

Pacc MOTpeHhi sonpocbi co3,ZJ;aHH.R ,ZJ;Byx

nyqesor o HeHTPOHHoro reHepaTopa ( d, t ), (a, d) 
Ha OCHOBe ,ZJ;BYX YCKOpeHHbiX nonyTHhiX 

nyqKoB, noKa3aHa npHHQHnHanLHaR B03-

MO)KHOCT.b nonyqeHH.R HanpaBJJeHHbiX HeHT

pOHHbiX nyqKOB C HHTeHCHBHOCT.biO 101 1 + 
+ 1012 HeHTp./c

13 2 1
• 

,Il;nR QHKJJOTpOHHbiX YCTaHOBOK, Ha KOTO

pbiX H apa6aTbiBaiOTC.R Me,ZJ;HQHHCKHe H30TOnhl, 

npe,ll;JJO:>KeH MeXaHH3M OTKJJOHeHHR nyqKa Ha 

BHyTpe HIOIO MHilleH.b, n03BOJJRIOI.UHH pacnpe

,ll;eJJ.RTb HHTeHCHBHOCT.b nyqKa no nosepXHOCTH 

o6nyqaeMOH MHilleHH C QeJJ.biO nOBblllleHH.R 

cpe,D;Her o TOKa 13 3 1• 

Pa3p a6oTaHa MeTO,ZJ;HKa H no,ZJ;roTosneHa 

annapazypa ,ll;JJ.R o6nyqeHHR Ha npoTOHHOM 

nyqKe OHKOJJOrHqecKHX 60JJ.bHbiX C OnyXO

JJ.RMH nHmeso,ZJ;a. BhmonHeHhi TonoMeTpHqec

KHe H3MepeHH.R H !l>aHTOMHbie HCUbiTaHH.R 

,ll;JJ.R npoBe,ZJ;eHH.R KJJHHHqecKHX HCCJJe,ZJ;OBaHHH. 
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no nporpaMMe PHTM B JIRn nposonHTCH Hccneno

B8HHH MyTareHHOrO H K&HQeporeHHOrO B03,!leHCTBHH 

KOpnycKynHpHbiX H3nyt~eHHH Ha )I(HBbie OpraHH3Mbl 

)l)x.H IIpOTOHHbiX IIY'lKOB C 6onhiiiHMH IIOn.HMH 

o6nytJ:eHH.H (,nHaMeTpoM .no 20 eM) rrpos e,neHhi 

cpH3HKO·,IJ;03HMeTpH'leCKHe H3MepeHH.H 
13 4 

I H 

no.riytJ:eHbi rny6HHHhie ,no3Hhie pacrrpe,neneHH.H 

H H30,IJ;03Hble KapTbl B ropH30HTanbHOH H Bep

THKanhHOH IInOCKOCT.HX. 

llpose,neHa cepH.H pa,nHo6HonorHtJ:ecKHx 

3KCIIepHMeHTOB Ha IIY'lKaX rrpOTOHOB C 6onh

IIIHMH IIOn.HMH o6ny'leHH.H, OTpHI~aTenhHbiX 

IIH-Me30HOB H HeHTpOHOB BbiCOKHX 3H eprHH 
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,IJ;n.H OIIpe,neneHH.H OTHOCHTenbHOH 6HonorH'leC

KOH 3cpcpeKTHBHOCTH 3THX rry'lKOB. BLmon

HeHbi ,neTanbHhie H3MepeHH.H COCTaBa HHTeH

CHBHbiX ~e30HHbiX IIY'lKOB, nonyqaeMhiX Ha 

BbiXO,IJ;e IIH-Me30HHOH nHH3bl, B 3aBHCHMOCTH 

OT HMnynhCa, 3HaKa 3ap.H,na 'laCTHQ H THIIa 

MHIIIeHH. llonytJ:eHhl H HCCne,IJ;OBaHbl xapaK

TepHCTHKH IIY'lKa "rroaepXHOCTHbiX" /).+

Me30HOB. 

B Hccne.noaaHHHX 'laCTOThi o6pa30BaHHH 

IIp.HMbiX MyTaQHH y KneTOK CanhMOHennhi 

(TeCT 3:iiJ:Mca) npH ,neHCTBHH H3nytJ:eHHH ll!HpO

Koro ,IJ;Hana3oHa nHHeHHOH nepe,na'lH 3HeprHH 

( J1ll3) BbiHBneHbl 3aBHCHMOCTH OT ,Il;03bl 

nHHeHHO-KBa,npaTH'lHoro THna. XapaKTep 3THX 

3aBHCHMOCTeH He MeH.HeTCH C ysenH'leHHeM 

J1ll3. YcTaHoaneHo, liTO 3aBHCHMOCTh oT

HOCHTenhHOH reHeTH'lecKOH 3cpcpeKTHBHOCTH 

H3nytJ:eHHH oT J1ll3 orrHChiBaeTcH KpHao:H 

C noKanLHbiM MaKCHMyMOM B o6naCTH 

20 K3B/MKM. AHanH3 nonytJ:eHHhiX pe3ynL

TaTOB CBH,neTenhCTByeT 06 HH,IJ;YKQHH B re

HeTH'leCKOM annapaTe IIOBpe)f(,IJ;eHHH, BbiXO,Il; 

KOTOpbiX yBenH'lHBaeTCH C pOCTOM J1ll3. 

TaKHe rrospe)f(,Il;eHHH c 6onLIIIe:H aepoHTHO

CThiO 3aKpennHIOTCH B MyT~HH 13 5 I. 

B 3KcnepHMeHTax Ha KneTKax MneKOIIH

TaiOI.UHX Bbi.HBneHhl 3aKOHOMepHOCTH HH,IJ;YK· 

QHH a6eppaQHH XpOMOCOM H MO,D;HcpHKaQHH 

HX Bhixona HHrH6HTopaMH CHHTe3a AHK 

IlpH ,IJ;eHCTBHH H3ny'leHHH, pa3nH'laiOIUHXCH 

IIO J1ll3 ('Y-KBaHThi, HOHbl renHH, 6epHnnHH 

H yrnepo.na). 11cxo,nH H3 MoneKynHpHo-6Hono

rH'leCKHX npe,nCTaBneHHH 06 o6pa30BaHHH 

H penapmHH HHAYQHPOBaHHhiX pa.n;HaQHe:H 

nsyXHHTeBhiX pa3phmoa AHK ,IJ;aHa HHTep

npeTaQH.H nonytJ:eHHhiX pe3ynLTaToB Ha Ka

qecTBeHHOM ypOBHe. llpHMeHeHHe 3TOrO IIO,Il;-

• xona Il03BOnHnO ,naTb KOppeKTHYIO OQeHKY 

3Ha'leHHH OTHOCHTenhHOH 6HonorH'leCKOH 3<f>· 

cpeKTHBHOCTH nnOTHOHOHH3HpyiOI.UHX H3nyqe

HHH npH ,neHCTBHH HHrH6HTOpOB CHHTe3a 

AHKI3 5 ~. 

113y'leHHe KOppenHQHH rnHKOnHTH'lecKmi 

aKTHBHOCTH H pH-'lyBCTBHTenbHOCTH KneTOK 

C 3cpcpeKTHBHOCTbiO rHneprnHKeMHH KaK Te

parreBTH'leCKOrO cpe,ncTBa 6Lmo npoae,IJ;eHo 

Ha pH,D;e 3KcnepHMeHTanhHhiX onyxone:H *H

BOTHhiX. Ha OCHOBaHHH aHanH3a nonytJ:eHHbiX 

pe3ynLTaTOB npe,D;nO)f(eHO HCIIOnh30BaTh pH

'lYBCTBHTenhHOCTb KneTOK B KatJ:eCTBe O,IJ;HOrO 

H3 napaMeTpOB, II03BOnHIOl.UHX npOrH03HpO

BaTb TeparreBTHtJ:ecKoe .ne:HcTBHe rHneprnHKe

MHH Ha 3noKatJ:ecTBeHHhie onyxonH 13 6 1
• 
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JIABOPATOPIUI 
Jl,ll;EPHhl X PEAKUHH 

B 1989 ro,ZJ;y OCHOBHbie yCHJIH.H KOnneKTH
Ba Jla6opaTOpHH .H,D;epHbiX peaKUHH 6binH 
cocpe,D;oTotieHhi Ha pa6oTax no H3yt~eHHIO 

CBOHCTB H30TOnOB TpaHcypaHOBbiX 3neMeHTOB 
H MeXaHH3Ma .HAepHbiX peaKUHH, CHHTe3y 
H HCcne,ZJ;OBaHHIO CBOHCTB HeHTpOHOH36hiTOti
HbiX H30TOnOB nerKHX 3neMeHTOB. A KTHBHO 
BenHCb pa60Tbl no npHKna,ZJ;HOH TeMaTHKe. 
CoaeprneHCTaoaanach pa6oTa ycKopuTeneii: 
Ha Y -400 nonytieHbl HHTeHCHBHble nytiKH 

HAyqHO-MCCJIE.UOBATEJThCKHE P ABOThl 

CMHTE3 " MCCJIE.UOBAHME CBOACTB 
M30TOTIOB TH>KEJihiX MOHOB 

1. Hccne,ZJ;oaanacb c noMOIUbiO ycTaHOBKH 
XHTITM Ha UHKnOTpoHe Y -400 B03MO)KHOCTb 
HenpepbiBHOrO XHMHtieCKOrO Bbi,D;eneHH.H 
2 6 1 Ku (T

1 12 - 1 MHH) H3 npOAYKTOB o6ny
tieHH.H MHrneHH 2 4 8 Cm HOHaMH 1 8 0. PaAHO
HyKnHAhi TpaHcnopTHpOBanHCb OT MHllieHH AO 
HaxOA.HmeHC.H Ha paCCTORHHH 10 M XHMHtieC
KOH pa3AenHTenbHOH annapaTyphi c noMOIUbiO 

Cm1Te3 HOBbiX XHMH'IeCKHX 

3neMeHTOB - O,llHO H3 rnaB

HbiX HayqHbiX HanpaBneHHH 

JUIP. Ha CHHMKe : yqaCTHHKH 

3KcnepuMeHTa no 3Kcnpecc-

HoMy aHanH3y CBOHCTB 

ypaHCaKTHHH,ll;HbiX 3ne-

MeHTOB 
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nHTH.H, aproHa, UHPKOHHR; AeMOHTHpOBaH 
ycKopHTenb Y-300 H HatiaT MOHTll)K ycKopHTe
n.H Y-400M. Pa3BHBanocb Me)f()J;yHapo,D;Hoe 
COTPYAHHtiecTao c HHCTHTYTaMH cTpaH-yt~acT

HHU OM.RM. Tipoae,ZJ;eHbi 3KcnepuMeHThi a Ha
UHOHanbHOH na6opaTOPHH r AHMJI ( <I>paHUH.H) 
H liHCTHTyTe raHa - Meiimep (3ana,ZJ;HhiH 
BepnHH) no CHHTe3y H uccneAOBaHHIO caoiicTa 
HOBbiX HeHTpOHOH36biTOtiHbiX H30TOnOB ner
KHX 3neMeHTOB. 

a3p030nhHOH CTpyH (KCl + Ar) 3a apeM.H 
OKOnO 5 C C 3$$eKTHBHOCTbiO 85%. flocne 
nepeao,ZJ;a a3po3oneii a :>KHAKYIO $a3y (0,2 M 
HF) pacTaop nocne,ZJ;oBaTenbHO nponycKanH 
·tiepe3 TpH KOnOHKH, 3anOnHeHHhie HOH006-
MeHHbiMH cMonaMH. Ha nepaoii, KaTHOHo
o6MeHHOH KOnOHKe paCTBOp OtiHmaJIH OT 
TpaHCrUxyTOHHeBbiX 3neMeHTOB 1 o6pa3yiOmHXC.H 
B .HAepHbiX peaKUH.HX, C $aKTOpaMH OtiHCTKH 
105 

- 106 
• BTopa.H, aHHOHoo6MeHHa.H KonoHKa 

cny:>KHna ,ZJ;n.H H3anet~eHH.H 2 6 1 Ku, a Ha TpeTLeii, 



0 
cym 

PHc. 1. HaKonneHHe - pacnll,ll; 2 5 3 Fm KaK npo.o;yKTa 
pacnll,ll;a 2 6 1 Ku. CnnowHon KpHBOH noK&38Hhi JlaHHbie 
pac'leTa 

KaTHOH006MeHHOH,yrraarrHBanH npOAYKTbl ero 

pacnaAa. :HAeHTHQmKaumo 2 6 1 Ku npoBOAHITH 

nyTeM perHcTp<mHH a-pacnaAa 2 5 3 Es (T 
1 12 = 

= 20 cyT ) , KOTOp},JIH CMbiBanH C TpeTbeH 

KOITOHKH BMecTe C 2 53 Fm (T
1 12 

= 3 cyT). 

Pe3yrrLTaThi H3MepeHHH npOAYKTOB CMhiBa 

C TpeTbeH KOITOHKH npeACTaBrreHbl Ha pHC.1. 

flepBOHaqanbHOe yaerrHqeHHe a-aKTHBHOCTH C 

Ea = 6,63 M3B CBH3aHO c HaKonrreHHeM 2 5 3 Es 
3a cqeT (3 -pacnaAa 2 5 3 Fm. llocrreAyromee 

yMeHbllleHHe aKTHBHOCTH BO BpeMeHH COOT

BeTCTByeT nepHOAY norrypacnaAa 2 5 3 Es. B pe-

PHc. 2. 3aBHCHMOCTh .o;ecH
TH'IHoro norapu<PMa nepuo
.o;a nonypacnll,ll;a OT Hary
panhHoro norapu<PMa npo
HHI{aeMocTH KynOHOBCKOrO 
6apbe~a .o;n~~ 3MHCCHH 

4 
He, 

12 C, 4Ne, 28 Mg H3 THJKe
nhiX H,~~;ep. Ilpe,o;cTaBneHhi 
BCe HyKnH,Ilhi, B KOTOpbiX 
K H8CTOHUleMy BpeMeHH 
p83HhiMH uccne.o;oaaTenHMH 

3KCnepHMeHT8n~HO 06Ha~fi 
JKeH KnacTepHhiH pacnll,ll; 

30 

20 

3YITbTaTe BnepBbie noKa3aHO, qTO B paCTBO

pax H F KypqaTOBHH o6pa3yeT ycToHtrnBhie 

aHHOHHbie KOMnrreKCbi, aHanOrH~bie Q>TOpHA

HbiM K OMrrrreKcaM Zr H Hf - 3rreMeHTaM 

IV rpy nnhr nepHOAHtleCKOH cHcTeMhi. MeTOA 

OTKpbiBaeT B03MO)KHOCTb norryqeHHH KOITH

qeCTBeHHblX AaHHhiX o caoHcTaax KypqaTOBHH 

B pacTa opax. B noM 3KcnepHMeHTe 3aperHcT

pHpOBaHO noqTH B 100 pa3 60ITbllle aTOMOB 

Ku, qeM Q paHHHX HCCITeAOBaHHHX no XHMHH 

pacTao poa Ku 1 1 1
• 

2. IhyqeH paAHOaKTHBHhiH pacnaA 2 3 6 Pu 

c Hcny cKaHHeM HyKJioHHoro KJiacTepa 2 8 Mg. 

llpH HccrreAOBaHHH 2 3 6 Pu B TeqeHHe 689 cy

TOK 3 perHCTpHpOBaHO 2 TpeKa, o6pa30BaH

HbiX HApaMH MarHHH c 3HeprHeH 70 M3B. 

BepoHTHOCTL TaKoro pacnaAa no OTHOllleHHIO 

K Bep OHTHOCTH anLQ>a-pacnaAa COCTaBITHeT 

2·10- 1 4 . llorryqeHHbie AaHHbie xopolllo yKJia

AhiBaiOTCH B CHCTeMaTHKY nepHOAOB norry

paCnaAa, noKa3aHHyro Ha pHc.2. Ha HeM npeA

CTaBrreHa 3aBHCHMOCTb rrorapHQ>MOB napUHanb

HblX n epHOAOB norrypacnaAa OT rrorapHQ>Ma 

npOHHUaeMOCTH 6apbepOB. llpeACTaBITeHHaH CH

CTeMaTHKa (aHanOrH~a CHCTeMaTHKe reHre

pa - H 3TTorra) n03BOrrHeT Ha ocHOBaHHH y:>Ke 

HMeiOIUHXCH AaHHbiX AOCTaTO~O HaAe)KHO 

oueHHBaTb napUHanLHbie nepHOAhi KJiacTepHoro . 
pacnaAa eme He H3yqeHHbiX B 3TOM OTHO-

llleHHH qeTHo-qeTHbiX HAep. 

I I I 

c,Ra 
o Th 

• Pa 

0 u 

X Pu 

-Ln I PI 
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3. ilpO,D;OJI:>Ka.JIHCb HCCJie,D;OBa.HHH TpeKOB 

ra.JiaKTH'IecKHX KOCMH'IeCKHX ny'leH (rKJI) 
B KpHCTa.JIJiax OJIHBHHa H3 MeTeOpHTOB . ilpo

Be,D;eHa KOHTpOnHpyeMaH perpecCHH ( OT:>KHr) 

TpeKOB H,D;ep 
2 3 8 

U C 3HeprHeH - 30 H 

-70 M3B/HyKnoH H TpeKoB H,D;ep 2 0 8 Pb 

c 3HeprHeH 17,2 M3B/HyKnoH B KpHc Tarrnax 

OJIHBHHa, o6ny'leHHbiX COOTBeTCTBeHHO Ha 

B3Ba.JiaKe H YHHnaKe. OT)I(Hr npoB O,D;HnCH 

npH TeMnepaType 450° C B Te'leHHe 32 '1 . 

CpaaHeHHe pacnpe,D;eneHHH ,D;JIHH· TpeKo B H,D;ep 

rKJI B KpHCTa.JIJiax H pacnpe,D;eneHHH ,D;JIHH 

TpeKoB H,D;ep 
2 3 8 U H 2 0 8 Pb (pHc. 3a,6 ) no,D;

TBep)l()l;aeT npe,D;TIOJIO:>KeHHe, Bbl,ll;BHHyTo e B pa-

6oTe 13 1
, o6 3<P<PeKTe Ha6nro,D;eHHH H,D;ep rpyn

Tibi TOpHH - ypa.Ha B COCTaBe rKJI 14 I. 

4. Ha KHHeMaTH'IeCKOM cenapaTop e " Ba

CHJIHca" HCCJie,D;OBa.JIOCb TIOBe,D;eHHe Ce'leHHH 

(x, n) -peaKQHH B o6naCTH KOMnayH,D;-H,D;ep 

Puc. 3. Pacnpep;eneHue p;nHH TPeKOB ap;ep r KJI (a) 
U TpeKOB R:p;ep 2 3 8 U U 2 

O If Pb ( 6) B KpHCTannax 
onusuHa U3 MeTeopuTa Map&anaxTH, OTO)I()I(eHHbiX 
npu T = 450°C s Te'leHue 32 q 

200 NTp. IOO 
80 

6 

2 o s Pb 2 3s U 

' ' 

LTP ' M KM 

roo 200 
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lgG1 ~' 
' ',, 

'I 

85 90 95 100 1osz 

Puc. 4 . Ce'!eHUH o6pa30BaHUH HeHTpOHop;e<t>uUHTHbiX 
U30TOnOB aKTHHH)J;OB U At B peaKUHHX C UOHaMU 
2 4 Mg, 2 2 N e u 1 6 .1 8 0 

C 85.,;;; Z.,;;; 100 B 3aBHCHMOCTH OT aTOMHOrO 

HOMepa KOMnayH,D;-H,D;pa Z H MaCC-aCHMMeT

pHH KOM6HH~HH Ha.JieTaiOII.lHH HOH - H,D;pO 

MHUleHH. J1ccne,D;OBa.HHH npOBO,D;HJIHCb C ycKO

peHHbiMH HOHaMH 1 6 0, 
2 0 

Ne, 
2 2 

Ne, 
2 4 

Mg, 

2 6 Mg, 4 o Ar H 4 o Ca. 

06naCTb KOMnayH,D;-H,D;ep C 85.,;;; Z < 100 

HBJIHeTCH nepeXO,D;HOH TIO OTHOllieHHIO K Ta

KOMY Ba:>KHOMY <t>aKTOpy, KaK ,D;enHMOCTb 

H,D;pa. B 3TOH o6nacTH HeHTpOHO,D;e<PHIJ;HTHbiX 

H,D;ep npOHCXO,ll;HT yMeHbllieHHe )I(H,ll;KOKanenb

HOrO 6apbepa ,D;eneHHH OT - 10 M3B ,D;JIH HeHT

poHo,D;e<PHIJ;HTHbiX H30Tonoa Po-At ,D;O 2,5 M3B 

,D;JIH TaKHX :>Ke H30Tonoa Pu-Am, c 'leM CBH3a

HO pe3KOe yMeHbllieHHe Ce'leHHH (x, n) -peaK

IJ;HH: oT ,D;eCHTKOB MHnnH6apH ,D;nR Po-At 

,D;o ,D;oneli MHKpo6apHa ,D;JIH U-Pu. Eme 

O,D;Ha oco6eHHOCTb TIOBe,D;eHHH Ce'leHHH (x, n)
peaKIJ;HH B 3TOH o6naCTH - CHnbHOe yMeHb

rneHHe ce'leHHH (Ha ,D;Ba - TpH nopH,D;Ka) 

npH nepexo,D;e OT KOMnayH,D;-H,D;ep c Z = 89-90 

K KOMnayH,D;-H,D;paM c Z"" 92. Pe3KOe H3-

MeHeHHe TIOBe,D;eHHH Ce'leHHH (pHc.4) npH 

nepexo,D;e oT Th-Pa K U-Np ,D;aeT B03MO:>K

HOCTb npe,D;TIOJIO:>KHTb CyiiJ;eCTBOBa.HHe pa3-

JIH'IHH B MeXa.HH3Max o6pa30Ba.HHH npo

AYKTOB TIOJIHOrO CJIHHHHH B o6naCTHX ,D;O 

H nocne Th-U. 



lhyqeHHbie .[(aHHhie, nonyqeHHhie 

H,n;pa Ha cenapaTope "BacHJIHca" 

Ea,K3B la 

22 1Np 7680 ± 15 ~75 

2 3 opu 7055 ± 20 100 

2 2 4pa 7460 ± 10 25 ± 3 
7555 ± 10 75 ± 3 

2 23Th 7290 ± 10 41 ± 5 
7320 ± 10 29 ± 5 
7350 ± 15 20 ± 5 
7390 ± 15 10 ± 4 

221 Th 7730 ± 10 6 
8150 ± 10 53 
8265 ± 10 4 
8375 ± 10 11 
8470 ± 10 26 

.[(JIH KOMnayH.n;-H,II;ep C 92 ~ Z ~ 100 HCCJie
,Il;OBaJICH 3cpcpeKT 3aBHCHMOCTH ceqeHHH o6pa-
30BaHHH npo,n;yKTOB llOJIHOrO CJIHHHHH OT 
Macc-acHMMeTpHH so axo,n;HoM KaHane. Ceqe
HHH a·6pa30BaHHH KOMnayH.n;-H,n;ep 2 4 4 •2 4 5 Fm 
B peaKQHHX C HOHaMH 16 0 OKa3aJIHCb B 20-
50 pa3 60Jibllle, qeM npH HCllOJib30BaHHH 
HOHOB 4 0 Ar, qTQ HaxO,II;HTCH B pe3KOM npOTH
BOpeq.H.H C llOJIO:IKeHHeM MO,II;eJIH, B KOTOpOH 
OTHOllleHHe ceqeHHH onpe,n;eJIHeTCH TOJibKO 
reoMeTp.HqeCKHMH cpaKTOpaMH H COCTaBJIHeT 
BeJI.Hq.HHy -3-4. 

B peaK~HHX 2 0 9 Bi + 2 2 Ne H 2 0 8 Pb + 2 6 Mg 
anepBbie 6bmH H3MepeHhi xapaKTep.HCTHKH 
pacna,n;a H30Tonoa 2 2 7 Np H 2 3 0 Pu cooTBeT
CTBeHHO. .[(JIH HecKOJihKHX H30Tonoa Pa H Th 
6bmH yTo~eHhi xapaKTep.HCTHKH a-pacna,z:~;a 

(eM. Ta6n.1). 
B peaK~HH 2 0 9 Bi + 2 2 Ne o6Hapy:~KeH Y3KHH 

MaKCHMYM B ,Il;.HcpcpepeH~HaJibHOM ceqeHHH 
o6pa30BaHHH HyKJIH.n;a 2 1 1 Bi no,n; yrnoM 0° 
npH 3HeprHH nyqKa, 6JIH3KOH K KYJIOHOB
CKOMy 6apbepy. AHaJIOrH~aH CTpyKTypa npH
cyTCTByeT TaK:IKe B ,II;HcpcpepeH~HaJibHOM 

ceqeHHH o6pa30BaHHH 2 1 5 At. Ha6n10,n;aeMhiH 
3cpcpeKT, llO-BH,II;HMOMy, o6ycJIOBJieH ' peaK
QHHMH nepe,n;aq.H HAPY MHllleHH ,n;ayx HeHT-

Ta6nut~a 1 

Ta6nH~hie 3HaqeHHH 

Ea,K3B la Tl/2'MC 

7490 ± 10 100 950 ± 150 

7285 ± 10 60 ± 10 660 ± 10 
7315 ± 10 40 ± 10 

7733 ± 8 6 1,68 
8145 ± 5 56 
8472 ± 5 38 

poHOB HJIH KJiacTepa 6 He (2n +a) npH Ma
JibiX npm~eJihHbiX napaMeTpax 6oM6ap,n;H
pyJOI.Qero HOHa H nocne,n;yJOI.QHM Bhme'f"oM 
H.n;pa-npo,n;yKTa no,n; yrnoM 0° K HanpaaneHHIO 
nyqKa. 

H3YqEHHE MEXAHH3MA 
.R,[(EPHhiX PEAKUHfl 

1. a ~HKJioTpoHe Y-400 npo,n;oJI:IKaJIHCb 
3KCnep.HMeHTbl no H3yqeHHIO H,II;ep JierKHX 
3JieMeHTOB Ha rpaHH~e HYKJIOHHOH cTa6HJib
HOCTH. llCCJie,II;OBaJIHCb OCHOBHbie H KBa3H
CTa~HOHapHbie COCTOHHHH B H30TOnax 
5 •6 •

7 
•
8 

•
9 He 15 

•
6 1

• H30TOnbi 5 
'
6 ' 7 He H3yqanHCb 

B peaK~HH 9 Be + 1 1 B npH 3HeprHHX 1 1 B 
11 + 17 M 3B/HyKJioH, a TaK:IKe B peaK~HH 
9 Be+ 1 8 0 npH 3HeprHH 1 8 0 16 M3B/HyKJioH. 
Ha6JIIO,II;aJIHCb OCHOBHbie H B036y)f(.II;eHHbie 
COCTOHHHH B H,II;pax 6 ' 8 He, a TaK:IKe KBa3H
CTmHO~apHbie COCTOHHHH B HApax 5 

'
7 

'
9 He. 

B peaK~HH 9 Be + 1 8 0 c qyacTBHTeJihHOCTbiO 
~10 H6/cp HCCJie,IJ;OBaHa l!Ta6HJibHOCTb H,II;pa 
1 0 He. Pe3yJibTaTOB, ca.H,n;eTeJibCTBYIOI.QHX o cy
I.QeCTBOBaHHH Bbi,II;eJieHHbiX COCTOHHHH, He 
6bmo nonyqeHo. 
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2. Ha ycKopHTene VICSI (3ana,n;Hbrn 
EepnHH) npoae.n;eH COBMeCTHbiH (JUIP -

11HCTHTYT raHa - MeifTHep) 3KcnepHMeHT 

no 06Hapy:1KeHHIO pe30HaHCOB B CHCTeMaX 
3 n, 5 H H Hccne.n;oaaHHIO B036y)l(,l.l;eHHl>IX co

CTOHHHH 4 H. 3KcnepHMeHT npoao,nHnCH Ha 
nyqKe HOHOB 1 3 C c 3HeprHHMH 380 M3B Ha 

TpHTHeBOH H ,neifTepHeBOH MHIIIeHHX, H3rO
TOBneHHbiX B R.RP Qlf.Hlf . .[{nH perHCTpaiUiH 

npo,nyKTOB H,nepHbiX peaKU:HH HCnOnb30Banacb 

YCTaHOBKa Ha 6a3e MarHHTHOrO aHanH3aTOpa 

Q3D, KOTOpaH n03BOnHna H3MepHTb cneKTpbl 
• 0 

no.n; yrnoM 0 . YpoaeHL qyacTBHTenLHOCTH 

,ll;aHHbiX 3KCnepHMeHTOB ,D;OCTHr BeJIHqHHbl 

-10- 3 2 cM2 . IIonyqeHHhie pe3ynLTaTbi no3BO

nHnH nonyqHTb HOBYIO HH<PopMau;HIO o caoif

CTBax CHCTeM 3 n, 4 H, 5 H. 

Puc. 5. 0THoweHHe TeopeTH'IeCKHX nepuo,o;oe nony
pacnii)J;a K 3KCDepHMeHTan&HbiM 3Ha'leHIUIM/ 1 SIB 3aBH· 
CHMOCTH OT Maccoeoro 'IRena A H30Tona 

100r-------------------------------~ 

10 

! 
t: 
CJ 
:.: 
(0) 

E-< --Po 
0 
II) 

"' E-< 
I 1 

f ,.f 
'! 

X • -0,46 a •1,9 

,01 I I I I 

10 20 30 •o 50 

A 
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MarHHTHhiH cneKTpoMeTp 
MTIC-144 ,o;nH H,D;eHTHcPHKa
QHH npo,t~.yKTOB H,D;epHbiX 
peaKLtHH Ha nyqKe TJDKe
n&IX HOHOB LtHKnOTpOHa 
Y-400; H,D;eT no,o;roTOBKa 
K 3KCnepHMeHTY 

3. IIpo.non:~KanHCb coaMeCTHbie 3KcnepH
MeHTbi n.HP - r AHHn (<l>paHu;HH) no Hccne

,ll;OBaHHIO CTa6HnbHOCTH H CBOHCTB HeHTpOHO· 

H36biTO~biX H,nep, o6pa3yi0Iu;HXCH B peaK

U:HHX <flparMeHTau;HH 4 8 Ca npH 3HeprHHX 
44 H 55 M3B/HyKnoH 17 ' 8 1

• Cenapau;HH H H,neH

TH<f>HKallHH npo,nyKTOB ocymecTBnHnacL c no

MOiu;biO MarHHTHoro cneKTpoMeTpa LISE, .ne

TeKTHpyiOru;aH CHCTeMa KOTOpOrO ,naeT B03· 

MO:IKHOCTb HCCne,noBaTb (3 -3a,n;ep:IKaHHYIO HeHT· 

poHHYIO 3MHCCHIO. TaK, B peaKu;HH 1 8 1 Ta + 
+ 4 8 Ca (55 M3B/HyKnoH) anepBbie H3MepeHbi 
nepHO,nbi T 112 H aepoHTHOCTH HeifTpOHHOH 
3MHCCHH Pn .nnR H,D;ep 2 o C, 4 o ,4 1 ,4 2 pH 4 3,4 4 S. 

IIpoae,neHo cpaaHeHHe nonyqeHHbiX pe3ym.
TaToB C TeopeTHqeCKHMH npe,ncKa3aH~HMH, 

pHC. 5 19 1• 

11ccne.noaaHo anHHHHe oTHoiiieHHH N/ Z 
MHIIIeHH Ha BbiXO,ll; HeHTpOHOH36biTO~biX H,nep. 

C 3TOH u;enbiO npoaepHnCH BbiXO,ll; H30TOnOB 

OT yrnepo.na .no <f>Topa .nnH MHIIIeHeif 9 Be, 
6 4 Ni, 1 8 1 Ta. 3KcnepHMeHTbi noKa3anH, qTo 

,nnR nonyqeHHH . HeHTpOHOH36biTO~biX H,nep, 

o6pa3yi0Iu;HXCH B peaKU:HHX <flparMeHTau;HH, 

nyqiiie HCnOnb30BaTb TaHTanOBYIO MHIIIeHb. 

B peaKU:HH 1 8 1 Ta + 4 8 Ca anepBbie CHHTe3H
pOBaHbi H,D;pa 3 2 Ne. C HcnonL30BaHHeM H3ro

TOBneHHOH B R.HP MHIIIeHH H3 HeHTpOHO

H36biTO~OrO H30Tona 6 4 Ni 6bmH TaK:~Ke 
anepBbie CHHTe3HpoBaHbi H,npa 4 2 Si, 4 5 •4 6 P, 
4 8 •

4 7 S H 5 1 Cl (pHc.6) . Ha ycTaHOBKe SPEG 

6binH BnepBbie H3MepeHbl MaCChi HeHTpOHO

H36biTO~biX H,D;ep 2 9 •3 0 Ne, 3 1
-

3 3 Na, 3 4 Mg, 
3 6 - 3 8 Al, 3 s - 4 o Si, 3 9 - 4 3 p. To~OCTb B H3Me-

peHHHX MaCC B 3TOM 3KCnepHMeHTe COCTaB· 

nReT BenHqHHy -100 K3B. 

4. Ha U:HKnOTpoHe Y-400 npoao,nHnHCb 

HCCne,D;OBaHHH C BTOpH~biMH nyqKaMH pa,nHO· 
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PHc. 6. B&Ixo.n npo,nyKTOB s peaKQHH $parMeHT&QHH 
48 Ca (44 M3B/ayKnoa) + 64 Ni s :JasncHMocru oT Z 
u speMeHH nponeTa. Uu$paMH o6o3Ha11eHbl sneps&Ie 
CHHTe3upOBaHHbie HyKnH,Itbi 

aKTHBHbiX Hp;ep - H30TOIIOB reJIHH H nHTHH. 

C 3TOH QenbiO 6bm H3yqeH BbiXO,!J; nerKHX 

pap;uoaKTHBHbiX H,ll;ep 6 He - 9 Li B pa3nHqHbJX 

peaKQHHX c noHaMH 1 1 B (20. M3B/HyKnoH). 

flOKa3aHO, qTQ OIITHMMbHOH peaKQHeH p;nH 

rronyqeHHH BTOpHqHbiX rryqKOB HOHOB 6 He, 
8 He, 8 Li u 9 Li HBnHnacL peaKQHH c uoHaMH 
1 1 B Ha ToncTo:H MHIIIeHH H3 Ta, rronHOCTLIO 

rrornoiQaroiQe:H HOHbi 6opa. .[VIH cerrapaQHH 

3THX qaCTHQ HCIIOnb30BanaCh CHCTeMa CHH:JKe-

PHc. 7. OTHoweaue ceqeauii ynpyroro pacce.RHH.R .11,nep 
6 He K pe3ep$op,noscKoMy B 3aBHCHMOCTH OT yrna 
pacce.RHH.R Ha .~~.~tpax cepe6pa 

10 

6 He (55 M3B) + Ag 

8 
~r. 

10-~m=~~m=~m=~~~~ 

6 8 10 12 14 16 18 
Jla6. yron, rpap;ycLI 

HHH H TpaHCIIOpTHpOBKH Bbme,ll;eHHOrO rryqKa 

TH)f(enLxx HOHOB H3 ycKopHTeJIH Y-400. C ee 

rroMOIQbiO 6hmH c<J>opMHpOBaHbi rryqKu 6 He, 
8 He, 8 Li u 9 Li u rrpoBe,ll;eHbi 3KcrrepHMeHTbi 

rro H3y qeHmo yrrpyroro pacce.HHHH H,ll;ep 6 He, 
8 He H 9 Li. PerucTpaQHH Hp;ep ocyiQeCTBnHnacL 

c rroMOIQLIO rronuMepa CR-39 . Ha puc.7 rrpep;

cTaaneHo OTHOIIIeHue ceqeHHH yrrpyroro pac

ceHHHH Hp;ep 6 He K pe3ep<J>opp;oacKoMy 

B 3aBHCHMOCTH OT yrna pacceHHHH • 

5. Ha p;ayx rrneqeaoM apeMHrrponeTHOM 

CIIeKTp OMeTpe yCTaHOBKH .ll:3MAC rrpoBe,!J;eHbl 

3KCIIep HMeHTbl IIO H3yqeHHIO MaCCOBbiX H 3Hep

reTHqeCKHX pacrrpep;eneHHH OCKOnKOB p;eneHHH 

B036y)f(,ll;eHHbiX H,ll;ep p;nH 3HaqeHHH rrapaMeTpa 

p;enHMOCTH X= 0,7 + 0 ,92 B CHnLHoacuM

MeTpHqHf>JX KOM6HHaQHHX HOH - MHllleHh 

At/Ai < 10. 
fl nyqeHHaH CHCTeMaTHKa MaCCOBbiX H 

3HepreTuqecKHX pacrrpep;eneHHH xopoiiio corna

cyeTcH C TeopeTHqeCKHMH pacqeTaMH IIO AH$

$y3HOHHOH MO,ll;eJIH ( CIInOlllHaH KpHBaH Ha 

MHWeHHbiH y3en H CT8pTOBbiH ,neTeKTOp B KaMepe 
pacce.RHH.R yCTaHOBKH ,ll3MAC 
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Puc. 8. 3aaucuMOCTb 3KcnepuMeHTaJihHhiX nuc nepcuH: 

M&CCOBbiX (a) U 3HepreTU1JeCKUX (6) pacnpeneneHUH 

OCKOntcOB (a~, a~) OT napaMeTpa nenuMOCTU X. 
• - HaCTOfi~QaH pa6oTa. CnnowHaH nHHUfl - p e3ynL

T&Thi pac1JeTa no nu<lJ<lJy3UOHHOH MO)J;enu, nysKTHp

HaH nHHHfl npoBe)J;eHa 11epe3 TO'IKU, COOTBeTCTByJOIQHe 

KB83H)J;eneHUIO 

pHc.8a) H II03BOJUieT O~eHHTb BeJIHlJHHY B apHa

~H MaCC-aCHMMeTpHtJHOH ,ne<PopMa~HH, IIpH 

,nerreHHH .a,nep rrpoTe:Karoi.QeH qepe3 CTa,nHJO 

rronHoro cnHHHHH. 

AHanH3 rronytJeHHOH 3aBHCHMOCTH a~(x) 
II03BOnHn OT,D;eJIHTb peaK~HH IIOnHoro CnHH

HH.fl ( CIInOillHaH KpHBaH) OT KBa3~eneHH.fl 

(IIYHKTHpHa.a), KOTOpoe B OCHOBHOM rrpo

HBnHeTC.fl a o6nacTH AcN > 250 rrpH oTH Ollle

HHH At/ Ai < 10, H o~eHHTb apeMeHa K Ba3H

.neneHHH H ,neneHH.fl tJepe3 COCTaBHOe .a,npo 

(pHC. 8a,6) • 

Ha ycTaHOBKe .Zl3MAC rrpoae,neHbi 3 Kcrre

pHMeHTbi IIO OIIpe,nerreHHlO BnHHHHH yrn OBO

ro MOMeHTa Ha BeJIHlJHHY IIOnHOH K HHeTH

tJeCKOH 3HeprHH B pea:K~HHX (HI, f) ,nn.a ,D;Ha

IIa30Ha At/Ai = 4 + 20 rrpH pa3nHtJHbiX 3Hep

rR:.ax HaneTaroi.Qero HOHa. 

6. llpo,nomKanHCb 3KCIIepHMeHTbl IIO H3Me

peHHlO CIIe:KTpOB BbiCOK03HepreTHtJeCKH X 'Y-
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Puc. 9 . CneKTPhl 'Y-KBaHTOB, U3MepeHHhlx B coBnane

Huu C a-'I&CTU~aMU, 3&perUCTpUpOBaHHbiMU non yrnaMU 

0° ( 0 ) u 140° (•) B peaK~uu Sn + 20
Ne npu 3HeprHH 

UOHOB 164 M3B 

KBaHTOB B pa3nHtJHbiX KaHanax pea:K~HH 

Sn + 2 0 N e rrpH 3HeprHH 6oM6ap,nHpyroi.QHx 

HOHOB 164 H 196 M3B. 06Hapy)f(eHa cyi.QeCT

BeHHaH pa3HH~a B 'Y-CIIe:KTpax, H3MepeHHbiX 

B COBIIa,D;eHHH C 3ap.a)f(eHHbiMH tJaCTH~aMH 

IIOA rrepe,D;HHMH H 3a,D;HHMH yrnaMH, OTHO

CHTenhHO HarrprumeHH.fl IIYtJKa HOHOB, pHc.9. 

3TOT 3<P<PeKT MQ)f(eT 6biTb HHTeprrpeTHpOBaH 

KaK 3aBHCHMOCTb paci.QerrneHH.fl rHraHTCKOrO 

pe30HaHCa OT yrna IIOBOpOTa .a,nepHOH MOne
Kynhi, o6pa3yeMOH .a,npaMH MHllleHH H 6oM-

6ap,nHpyJOI.Qero HOHa I 1 0 1
• 

. 7. C ~enblO Bbl.f!BneHH.fl 3<P<PeKTa ~eHT

po6e)f(HOH <PparMeHTa~HH 6bmH rrpoae,neHhi 

3KCIIepHMeHTbl IIO H3ytJeHHlO 3MHCCHH .a,nep 

ner:KHX 3neMeHTOB B ,nayx peaK~H.ax, xa

pa:KTepHCTHKH KOTOpbiX rrpe,nCTaBneHbl B 

Ta6n.2 111 1
• 

EhmH H3MepeHbi 3HepreTHtJeCKHe crreKTpbi 

H yrnoBbie pacrrpe,nerreHH.a nerKHx 3neMeH

TOB. B 3HepreTHtJecKHX crreKTpax Bhi,neneHhi 

tJaCTH, o6ycnoaneHHbie 3MHCCHeH H3 B036y)f(

,neHHOrO cocTaaa .a,npa HnH pacrra,noM ABOHHOH 

.a,nepHOH CHCTeMbi, B yrnOBbiX pacrrpe,neneHH

HX - CHMMeTpHtJHbie B C.~.M. KOMIIOHeHTbl. Ce

tJeHH.fl o6pa30BaHH.fl ner:KHX 3neMeHTOB C yKa-

3aHHbiMH CBOHCTBaMH, HOpMHpOBaHHbie Ha 

C~HTHnnfi~UOHHbie neTeKTOpbi yCTaHOBKU n3r AC 
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NQ PeaKU11H CocTaBHoe 

peaKU1111 HAPO 

1 2 32Th+ 12 c 2 ~~ Cm 

2 1 81 Ta + s 2 Cr 2 ~ ~ B k 

ceqeHI1H o6pa30BaHI1H COCTaBHOrO H,D;p a 11 np11-

Be,D;eHHhie K OAHHaKOBOH 3Hepr1111 B 0 36yJK,ll;e

HI1H, npe,D;cTaarreHhi Ha p11c.10. 0 6paruaeT 

Ha ce6H BH11MaHI1e 6orrhllloe pa3rr11q11e ceqeHI1H 

o6pa30BaHI1H rrerKI1X 3JieMeHTOB B 3TI1X peaK

UHHX. ,lJ;JIH cephl, XJIOpa, KpeMHI1H pa3JII1ql1e 

AOCTI1raeT qeThipex TIOPHAKOB. Pa3JII1q l1e B ce

qeHI1HX TPYAHO o6'bHCHI1Tb B paMKax cyruecT

BYIDIUHX MO,D;eJieH TIOJIHOrO CJII1HHI1H H,D;ep. 

KaK 113BeCTHO, pacna,n; cocTaBHoro HApa He 

3aBI1CI1T oT cnoco6a ero o6pa30BaHI1H . CocTaB

Hhie H,D;pa B 3TI1X peaKU11HX 11MeiOT COCe,D;HI1e 

aTOMHhie HOMepa, HO 3aMeTHO pa3JII1qaiOTCH 

qi1CJIOM HeHTpOHOB. ,lJ;JIH BhiHCHeHI1H BJII1HHI1H 

3TOrO <t>aKTOpa BhiXOA JierKI1X 3JieMeHTOB 

6~rr 113MepeH B peaKU1111 1 9 7 A u + 
4 0 Ar, 

B KOTOpOH COCTaBHOe HAPO 2 3 7 Bk 11MeeT Ha 

qeTbipe HeHTpOHa 60Jibllle, qeM B peaKUI111 
18 1 Ta + 52 Cr. CooTBeTCTBYIDIU11e AaH Hhie np11-

BeAeHhi TaKJKe Ha p11c.10. lb HI1X CJie,D;yeT, 

PHc. 10. HopMHpOBaHHbie ce'leHHH o6pa30B aHHH ner
KHX 3neMeHTOB 
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18 

Ta6nw-1a 2 

E~M EB03 h BKJia,n; OT 

M3B M3B MaKe ueHTpo6e:>KHoii 

¢>parMeHTaul111 

167 145 65 HeT 

291 130 65 AOJDKeH 6biTb 

qTQ Bap11au1111 HeHTpOHOB B peaKUI1HX C 110HaMI1 
1 2 C 11 5 2 Cr BPHA rr11 MoryT TaK pe3KO no

BJII1HTb Ha BhiXOA H,D;ep rrerKI1X 3JieMeHTOB. 

Ilo-BHA11MOMy, Ha6rrro,D;aeMoe pa3JII1qlfe o6y

crroarreHo npoueccoM ueHTpo6e:>KHoii ¢>par

MeHTaul111 - pacna,n;oM ABOHHoii HAepHoii 

CI1CTeMbl Ha TIYTI1 K COCTaBHOMY HAPY 113 

npoMeJKyTo~hiX KOH¢>11rypau11ii. UeHTpo6eJK

HaH ¢>parMeHTaU11H AOJI:>KHa TipOHBI1TbCH BO 

BTOpOH peaKU1111, HO ee He MOJKeT 6biTb B nep

BOH, B KOTopoii 6hma 3aperl1cTp11pOBaHa 

3MI1CCI1H rrerKI1X H,D;ep 113 B036yJKAeHHOrO 

COCTaBHOrO H,D;pa. Bo BTOpOH peaKU1111 AOMH· 

HI1PYIDIUHH BKJia,n; B 11x o6pa30BaHI1e AaeT 

UeHTpo6eJKHaH ¢>parMeHTaui1H, npe,D;IIIeCTBYIO· 

IUaH ¢>opM11pOBaHI110 COCTaBHOrO H,D;pa. 

8. IJpO,ll;OJDKaJII1Cb 3KCnep11MeHThl TIO 113yqe

HI110 13-3ana3AhiBaiOIUero AerreHI1H yrrbTpaHeiir

poHoAe<P11U11THhix 1130TOTIOB ,D;OaKTI1H11AHhiX 

H,D;ep 11 2 I . 3Haqi1TeJihHbiH 3¢>¢>eKT 3aTia3AhiBalO· 

ruero ,D;erreHI1H 6hm o6HapyJKeH B peaKUHH 
1 4 7 Sm + 4 5 Sc, rAe np11 A03e o6rryqeHHH 

2,3 ·101 8 qacT11U 4 5 Sn 3aperl1cTp11pOBaHO OKO

rro 140 co6hiTI1H AeJieHI1H c T 112 :::::: 0,4c. 

AKTI1BHOCTb 3ana3,D;hiBaiOIUero ,D;eJieHI1H C TIO· 

xoJKI1M nep110AOM norrypacna,n;a 11 B 2-3 pa3a 

MeHbllli1M BhiXOAOM Ha6JIIOAaJiaCh TaKJKe B 

peaKU1111 1 4 4 
Sm + 4 8 Ti. CoaoKynHOCTb nony

qeHHhiX 3Kcnep11MeHTaJibHhiX AaHHhiX .n;aer 

OCHOBaHI1H TIOJiaraTb, qTo B o6e11x peaKQHHX 

npOHBJIHeTCH O,D;Ha 11 Ta JKe OCKOJIO~aH aK

TI1BHOCTb, o6ycJIOBJieHHaH 13 -3ana3,D;biBalOI.l.UIM 

AerreHI1eM B uenoqKe 

1 8 8 Bi 
13+ ( E C) 

1s 8 Pb. 
0,3-0,4 c 

TaKI1M o6pa3oM, noKa3aHO, qTo o6HapyJKeHHOe 

paHee 11 3 1 3ana3AhiBaiOIUee ,D;erreHI1e B uenoqKe 

13+ ( E C) 1 8 o Hg 
180Tl 0,9c 



-He e.n;HHCTBeHHhiH npHMep (3-3ana3.n;hmarome

ro .n;eneHHR B .n;aHHOH o6nacTH. 

9. HatiaTa pa6oTa no Hccne.n;oBaHHIO 

CBOHCTB BbiCOKocnHHOBoro H30Mepa 1 7 8 m Hf 

(I= 16). Ilpe.n;nonaraeTcR nposecTH 3KcnepH

MeHTbi no H3MepeHHIO ero 3apR.n;oBoro pa.n;Hy

ca H R.n;epHbiX MOMeHTOB C HCnOJib30BaHHeM 

MeTo.n;a pe30HaHCHOH Jia3epHOH qmyopecQeH

QHH, a TaK:>Ke no onpe.n;eneHHIO napaMeTpos 

pOTaQHOHHOH nOJIOCbi, nOCTpOeHHOH Ha H30-

MepHOM COCTORHHH, C nOMOmbiO KYJIOHOB

CKOrO B036y:>K.n;eHHR R.n;ep-H30MepOB TR:>KeJibi

MHHOHaMH. 

Hccne.n;oBaHhi cne.n;yromHe peaKQHH nony

tieHHR R.n;ep 1 7 8 m Hf B 6oJiblllHX KOJIHtieCTBax 

(.n;o 101 4 R.D;ep) ,!J,JIR npOBe.D;eHHR 3THX 3KCne

pHMeHTOB: 

1 7 6 Yb(a, 2n)1 7 8 m Hf, Ea = 27-45 M3B, 

i 8 1 Ta (p, a) 178m Hf, ~ = 30 M3B, 

17s Lu(a, p)178mHf, Ea = 36 M3B. 

H3MepeHhi cetieHHR peaKQHH, H3oMepHbie 

OTHOllleHHR, onpe.n;eneHbi yCJIOBHR noJiytieHHR 

H30Mepa 1 7 8 m Hf, OTpa60TaHa MeTO.D;HKa XH

MH'IIeCKOro Bhr.n;eneHHR Hf H3 o6nytieHHhix 

MHllleHeH. 

10. Ilpe.n;JIO:>KeH HOBbiH MeTO,lJ; H3MepeHHR 

OnTHtieCKHX pe30HaHCOB aTOMOB C KOpOTKO

:>KHBYmHMH R.n;paMH. MeTO,lJ; OCHOBaH Ha RBJie

HHH CBeTOHH.D;YQHpOBaHHOrO .n;pe'H<t>a aTOMOB, 

3aKJIIO'IIaiOmeMCR B TOM, 'liTO B036y:>K.n;eHHbie 

na3epHbiM H3JiytieHHeM aTOMhi ysenHtiHBaiOTCR 

B pa3Mepax H n03TOMy .D;HcPcPYH.n;HpyiOT B ra3e 

Me.n;JieHHee. 3TO n03BOJIReT OT.D;eJIHTb HX OT 

HeB036y:>K.n;eHHbiX aTOMOB H HanpaBHTb K .n;e

TeKTOpy R.n;epHOrO H3JiytieHHR. Ilpe.n;JIO:>KeHHbiH 

PA3PABOTKH B OBRACTH YCKOPHTERER 

1. Ha QHKJIOTpoHe Y-400 ycKopeHhi, Bhme

.n;eHhi H npOTpaCCHpOBaHbi Ha y.n;aneHHYIO cPH3H

tieCKYIO MHllleHb HOHbi 7 Li c 3HeprHRMH 8, 10, 

12 M3B/HyKJIOH H HHTeHCHBHOCThiO 1·1014 c-1, 

HOHbi Arc 3HeprHeH 15 M3B/HyKJIOH H HHTeH

CHBHOCThiO 1·1011 c- 1 , HOHbi Zr C 3HeprHeH 

4,5 M3B/HyKJioH H HHTeHCHBHOCThiO 101 0 c- 1 • 

't'3Kcn• 
c 

1021~--~--~----~--~--~----~~ 
10-21 10-17 1015 

'trEOP • C 

Puc. 11. Cpru3HeHHe 3KcnepHMeHTan&HP onpe,n;eneHH&Ix 
3Ha'leHHH BpeMeHH )I(H3HH CHJlbHOB036Y'fC.D;eHHbiX .R.D;ep 
c pac'leTOM npu B&t6ope TeMnepaTyp&I no <PopMyne 
T(U) = 1,94 (U/A) 1 13 . To'IKH cooTBeTCTBytOT cne,~~;yt<>
IUHM 3K CnepHMeHTanbHbiM MeTO,Il;aM: • - 3$$eKT 
TeHeH:, D - (K- X) -H3Jiy'leHne BaKaHCHH, 0 - yrno
soe pacnpe.~~;eneHne npo,~~;yKTOB peaKQHH, D. - MHO
)I(eCTBeHHOCTb npe,~~;pa3Ban&H&Ix HYKJIOHOB 

MeTO,lJ; MO:>KHO HCnOJib30BaTh )J;JIR OnTH'IIe~KHX 

H3MepeHHH 3apR,l1;0BbiX pa.n;HyCOB H R.n;epHbiX 

MOMeHTOB KOpOTKO:>KHBYmHX H30TOnOB H H30-

MepoB 114 I. 

11. B ro.n;osoM OTtieTe OHHH 3a 1988 r. 

CHCTeMaTHKa BpeMeHH :>KH3HH CHJibHOB036y:>K

.n;eHHbiX R.n;ep npe.n;CTaBJieHa B HCKa:>KeHHOM, 

no BHHe COCTaBHTeJIR, BH.D;e. B CBR3H B 3THM 

B HaCTORmeM OTtieTe OHa npHBO.n;HTCR BHOBb 

(pHC. 11) 6e3 HCKa:>KeHHH no OTHOllleHHIO 

K OpHrHHaJIY 
1 1 5 1

• 

IlytiKH 3THX HOHOB npe.D;Ha3HatieHbi )J;JIR paClllH

peHHR _ B 03MO:>KHOCTeH npoBe.n;eHHR cPH3H'IIecKHX 

3KCnepH MeHTOB. 

2. H a QHKJIOTpoH:e Y-200 co3.n;aH BHelllHHH 

HH:>KeKTOp C .n;yrOBbiM HCTOtffiHKOM MHOr0-

3apR.D;Hb iX HOHOB 11 6 1
• Ha pHc.12 npe.n;cTasne-
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PHc. 12. OcHOBH&Ie 3neMeHTDI HH)l(eKTopa. 1 - HOHHhiH 

HCTO'IHHK, 2 - 3neKTpOMai'HHT, 3 - TpHnneT KBa.Apy

non&HhiX nHH3, 4 - 6noK ~HarHOCTHKH, 5 - MarHHT· 

HIUI nHH3a, 6 - aHanH3Hpy10nurii MarHHT, 7 - BaKyyM· 

H&Iii: Hacoc 

Hbl OCHOBHbie CHCTeMbl HH:lKeKTOpa • .[J;m i Ayro

BOrO HCTOtffiHKa, HaxO,D;.RI..QerOC.R llOA B blCOKO

BOJibTHbiM llOTeHQHaJIOM, pa3pa60TaHa H C03,D;a

Ha MOI..UHa.R cxeMa HMnyJibCHoro nHTaHH.R. Ocy

mecTBJieH Q>H3HqecKHH nycK HH:lKei<Topa . llony

qeHbi H yCKOpeHbl nyqKH HOHOB reJIH.R H yrne

pO,D;a (A/ Z = 4) • 3KcnepHMeHTaJibHO Hccne,D;o

BaHO BJIH.RHHe npOCTpaHCTBeHHOrO 3ap .R,D;a Ha 

K03Jt>Q>HQHeHT TpaHCMHCCHH KaHana B HeiiiHeH 

HH:lKeKQHH npH HHTeHCHBHOCT.RX AO 1 o- J A. 

3. HaqaTbl HCCJie,D;OBaHH.R MaKeTa HOHHOrO 

HCTOtffiHKa C 3JieKTpOHHO-QHKJIOTpOHHbi M pe30-

HaHCOM (ECR) Ha qacTOTe 2,45 r rn 11 7 1 

C QeJiblO H3yqeHH.R B03MO:lKHOCTH llOJiyqeHH.R 

nyqKQB MHOr03ap.R,D;HbiX HOHOB JierK HX 3Jie-

80 
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PHC. 13. CneKTP HOHOB a30Ta. u3Kcn. = 5 KB 

MeHTOB C OTHOWeHHeM MaCChi K 3ap.RAy B ,D;Ha

na30He A/ Z = 2 + 5 AJI.R H3oxpoHHoro QHI<Jio

TpoHa Y-200 c cHcTeMoH BHewHeH HH:lKeKQHH. 

Ha pHc.13 npHBeAeHo 3ap.RAOBoe pacnpe,D;e

neHHe H ll0Ka3aHa B03MO:lKHOCTb llOJiyqeHH.R 

HOHOB N3 + B TaKOM CBl.J-pa3p.RAe npH AaBJie

HHH 5 ·10- 6 Topp H MOI..QHOCTH 160 BT. 

4. llpoBe,D;eHbl HCCJie,D;OBaHH.R pa3JieTa H 

Apeii<l>a Jia3epHoH nna3Mbi B nonepetnloM 

MarHHTHOM none c QeJiblO C03AaHH.R na3epHoro 

HCTOtffiHKa HOHOB AJI.R QHKJIOTpOHa 11 8 ' 1 9 
I. 

llpH pa3JieTe na3epHOH nna3Mbi npH ycno

BHH {3 > 1 ({3 - OTHOWeHHe ra30KHHeTHqeCKO

ro AaBJieHH.R nna3Mbl K MarHHTHOMY AaBJie

HHIO) 06Hapy:lKeHO CeJieKTHBHOe B03,D;eHCTBHe 

HOBhiH THO HOHHOrO HCTOII· 

HHKa Ha OCHOBe 3neKYpOH• 

HO-I.UfKnOTpOHHOrO pe30· 

HaHCa 



MoHTil)l( HOBOI"O UHKnOTpO· 

Ha Y-400M 

MarHHTHOrO nonR Ha HOHhl B 3aBHCHMOCTH 

OT HX 3apR,I~;a, 'ITO MO)I(eT npHBO,ll;HTb K CMe· 

I.UeHHIO HOHOB C BbiCOKOHHTeHCHBHhiMH 3apR,I1;

HOCTRMH H3 ronOBHOH llaCTH B ~eHTpanbHhie 

o6nacTH nna3Mhi. {]pH pa3neTe nna3Mhi npH 

~ "" 1 pe3KO yMeHbUiaeTCR KHHeTHlleCKaR 3Hep

fHR HOHHoro KOMnoHeHTa H3-3a nepepacnpe

,D;eneHHR 3HeprHH npH nonnpH3a~H nna3Mhi, 

a CaMa niTa3Ma MO)I(eT pacnpOCTpaHRTbCR B 

CITyllae {3 < < 1 B BH,ne HecKOITbKHX nna3MeH

HbiX cryCTKOB. 

lfccne,nosaHhi 3HepreTHllecKHe, npocTpaH

CTBeHHhie, CTPYKTYPHhie xapaKTepHCTHKH no

nRpH30BaHHOH na3epHOH niTa3Mhl npH pa3ne

Te c {3 < 1. YcTaHosneHo, liTO nna3MeHHhiH 

cryCTOK BO BpeMR pa3neTa TOpM03HTCR. 

Cyi.QecTsyeT o6nacTb npoxo)l(,ll;eHHR nna3Mhi, 

3a KOTOpOH CITe,ll;yJOT HecTa6HnbHOCTb H "pac

na,n" nna3MeHHoro crycTKa. 

5. fipose,neHbl HCCne,nOBaHHR 3<f><f>eKTHB· 

HOCTH HCnOITb30BaHHR pa6ollero Bei.QeCTBa npH 

nonylleHHH H YCKOpeHHH nyliKOB HOHOB pe,n

KHX H pa,nuoaKTHBHhiX H30TOnOB H3 ,nyro

BOrO HCTOtiHHKa HOHOB H HCTOtJHHKa HOHOB 

C 3neKTpOHHO-~KnOTpOHHhiM pe30HaHCOM 

(ECR) 12 01
• 

lfccne,nOBaHHR H OnhiT HCnOITb30BaHHR ,ny

fOBOrO (PIG) H ECR HOHHhiX HCTOtiHHKOB 

Ha ~KITOTpOHax nOKa3hiBaiOT (pHc.14), liTO 

npo6neMbl 3<f><f>eKTHBHOrO nonylleHHR H yCKO

peHHR nyliKOB B UIHpOKOM ,ll;Hana30He Mace 

MoryT 6biTh ycnelllHO pellleHhi. 

6. Ilpo.non)l(anHcb pa6oThi no co3,naHHIO 

~HKnOTpOHHOrO KOMnneKca TR)I(eiTbiX HOHOB 

Y-400 + Y -400M. B 1989 ro.ny BhmonHeH 

,neMOHTa)l( ~KnOTpoHa Y-300. Ha 6a3e ero 

3ITeKTpOM arHHTa C03,ll;aH 3ITeKTpOMarHHT ~H

KITOTpOH a Y-400M. 3aMeHeHbl KOHHllecKHe 

noniOCHbie HaKOHetiHHKH Ha ~HnHH,ll;pHllecKHe 

,ll;HaMeTpOM 400 CM, YBeiTHlleHO CelleHHe 3neK

TpOMarHHTa, ysenHlleHO liHCITO BHTKOB OCHQB

HOH o6M OTKH H ycTaHosneHhi cnHpanbHhie 

CeKTOpbi. 3neKTpOMarHHT HCnhiTaH, H HallaTa 

no,nrOTOB Ka K MarHHTHbiM H3MepeHHRM. IJo,n

rOTOBITeH a BaKyyMHaR KaMepa K MOHTBJKY, 

H HallaTa no,nrOTOBKa pe30HaTOpOB K BaKyyM

HhiM HC hiTaHHRM. 

Pee. 14. C pasHeHHe 3IP!l>eKTHBHOCTeH ucnon&30BaHHH 

HeKoTop&xx pa6o'IHx semecTB B .c;yrosoM e ECR 

HCTOqHHKax HOHOB 

E;s \7- PIG 

10° 
Q-ECR 

@ 
10"1 

fl.~ 10-2 

10-3 
@ 

~ ~ 10_, 

10-s 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

A; z 
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HAyqHO-llPHKJIA,UHhiE P ABOThl 

1. Hccne)J.OBaJIOCb BJIH.RHHe o6n ylleHH.R 

T.R)f(eJihiMH HOHaMH Ne H Ar Ha H3M eHeHHe 

xapaKTepHCTHK BHyTpeHHero TpeHH.R H M O)J.YJI.R 

IOHra liHCTOH Me)J.H npH H3MeHeHHH TeMnepa

TYPhi o6pa3UOB B HHTepaaJie 20- 360° C. 
lloKa3auo, liTO o6nylleHHe He H3MeH.ReT 3Ha

lleHHe TeMnepaTypbl peKpHCTaJIJIH3aUHH, pas

HOe BO Bcex CJIYlla.RX 14o-150° C ( p Hc.15). 

3TO 03HallaeT, liTO llpH Bbi)J.eJieHHH 3HeprHH 

B TpeKe HOHa, npOXO)J..RIUero llepe3 M aTepHaJI, 

TeMnepaTypa B TpeKe He npeBhilllaeT 150° C. 
3TO B03MO)f(HO, eCJIH npH npOXO)f()J.eHH H llepe3 

BeiUeCTBO 3HeprH.R HOHa nepe)J.aeTC.R B OCHOB

HOM 3JieKTpOHHOH CHCTeMe, B pe3yJihTaTe 

qero npOHCXO)J.HT 6biCTpa.R )J.HCCHllaUH.R 

3HeprHH. 

1211 
dE/EO, 

o;o 100 

00 

60 

40 
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0 50 100 1!50 200 250 JOO ~ 400 
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Puc. 15. 3aaucuMOCTh Monynn IOHra oT TeMnepaTy
phi: 1 - Heo6nytJeHHhiH o6pa3eQ, 2 - o6pa3eQ, o6ny
tJeHHhiH uoHaMu Ne c 3Heprueii 233 M3B no no3hi 
2·10 18 UOH/cM

2 

2. C llOMOIUbiO 3cpcpeKTa TeHe H H3Me-

peHa nospe)f()J.arorua.R cnoco6HoCTb H OHOB Xe 

(0,9 M3B/HyKJIOH) npH B03)1.eHCT~HH H a MOHO

KpHCTaJIJibl aJIMa3a H GaP. 3aBHCHMOCTH Bhi

xo)J.a B TeHeBOM MHHHMyMe Xr OT cpJIIOeHCa 

HOHOB cp, nonylleHHbie )J.JI.R aJIMa3a, )J.aHbi Ha 

pHc.16. Pa)J.HaUHOHHa.R CTOHKOCTb aJIM a3a, He

CMOTp.R Ha ero )J.H3JieKTpHlleCKHe CBOHCTBa, 

oKa3aJiaCh no nop.RJ1.KY BeJIHliHHhi TOH )f(e, 

liTO H y llOJiyllpOBO)J.HHKOB. L(JI.R llOJiy npOBO)J.

HHKOBbiX MOHOKpHCTaJIJIOB Si, GaP, Ge no

spe)f()J.aiOIUa.R cnoco6HOCTb (!!ixr/!!icp ) HOHOB 

CHCTeMaTH3HpOBaHa B 3aBHCHMOCTH OT y)J.eJib

HbiX llOTepb 3HeprHH HOHOB dE/dX ( pHC.17). 
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Puc. 16. CTeneHh noapeJK.D;eHun MOHOKpuCTanna anMa-
3a KaK $yHKQUH <tJmoeHCa UOHOB 4 

OAr C 3HeprueH 
25 M3B (a) u 129 Xe c 3Heprueii 122 M3B (6), nony
'leHHan nyTeM U3MepeHHH -napaMeTpOB TeHeBOrO 
MUHUMyMa <11 0> npu perHCTpaQHH nnep OTna'IH 
(yrnepon) paccenHun non yrnoM 74° K ny'IKY 

Puc. 17. CHcTeMaTuKa noape)l(naH>IQeH cnoco6HOCTH 
no napaMeTpy 3JleKTpOHHhiX 3HepreTU'IeCKUX noTeph 
npu B03neHCTBUU TH)I(eJlhiX UOHOB Ha MOHOKpUCTaJJJlhl 
Si (•), GaP (D) H Ge (0 ) 
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Y6biBaHHe cTerreHH rrospe)K,neHHH ,nJIH HOHOB 

Xe o6'b.HCH.HeTc.H BKmoqeHHeM MeXaHH3Ma as

TOpeKpHCTaJIJIH3ai(HH Bei.J.J;eCTBa rrpH BbiCO

KOM 3HeprOBbi,ll;eJieHHH B,ll;OJib TpeKOB HO

HOB 12 I ,2 2 I. 

3. IIpo,nOJI)KaJIHCb pa60Thi rro u3yqeHHIO 

rrose,neHHH 30JIOTa, rmaTHHhi u ,npyrux T.H)Ke

JibiX MHKp03JieMeHTOB B pa3JIH~biX 3KCTpaK

QHOHHbiX H cop6~HOHHbiX CHCTeMax. 11ccJie,ll;O

BaHa 3KCTpaK~HH Au, Hg, Zn, Pb u As TBep

,ll;biMH 3KCTpareHTaMH Ha OCHOBe TpH6yTHJI

Q>oc¢aTa. Orrpe,neneHbi orrTHMaJibHhie ycnoBHH 

H ,ll;aHbl peKOMeH,ll;ai(HH flO CeJieKTHBHOMY 

Bbi,neneHHIO 30JIOTa rrpu H,nepHo-¢u3uqecKoM 

aHaJIH3e rrpupO,ll;HbiX o6'beKTOB (py,ll;bl, BO,ll;bl) . 

Pa3pa6oTaHhi MeTO,ll;HKH 3KCTpaK~OHHo-peHT

reHo¢nyopec~eHTHoro aHaJIH3a rrpupo,nHhiX 

o6neKToB Ha co,nep:Ji(aHue 30JIOTa u p.H,ll;a 

,npyrHX T.fi)KeJibiX 3JieMeHTOB C qyBCTBHTeJib

HOCTblO 10- 6 %12 3 1
• Pa3pa6oTaHbi MeTo,nHKH 

HHBepCHOHHO-BOJibTaMrrepoMeTpHqeCKOrO Ofl

pe,neJieHH.H O,ll;HO- H TpeXBaJieHTHOrO TaJI

JIH.HI2 4 1. 

11ccne,noBaHO rrose,neHue rrnaTHHhi, upu,nu.H 

H 30JIOTa B fiJia3MOXHMHqecKHX rrpo~eccax 

B YCJIOBH.HX HeHTpaJibHOH, OKHCJIHTeJibHOH 

u soccTaHOBHTeJihHOH CBq·rrJia3Mbi. IIpe.nno

)f(eHhi MeTO,ll;HKH fiJia3MOXHMHqeCKOrO Bbl,ll;e

JieHH.H fiJiaTHHbl H HpH,ll;H.H H3 pa3JIH~biX 

ripHpO,ll;HbiX o6pa3~0B 12 5 
I. 

11CCJie,ll;OBaHbl ¢opMbl MHrpai(HH 30JIOTa 

B TepManhHhix so,nax. BrrepBbie rroKa3aHo, 

qTo rrpH paCCMOTpeHHH MHrpai(HH 30JIOTa 

B 30He rurrepreHe3a Heo6xo,nHMO yquThiBaTh 

B03MO)KHOCTb · KOMriJieKC006pa30BaHH.H 30JIOTa 

C Ha¢TeHOBbiMH KHCJIOTaMH
12 6 1

• 

4. Benucb uccne,noBaHHH B o6nacTH .H,ll;ep

HbiX MeM6paH (.H,nepHbiX ¢HJibTpOB) flO CJie

,nyiOI.J.J;HM Tpa,ll;H~HOHHbiM HarrpaBJieHH.HM: pa3-

pa60TKa HOBbiX BH,ll;OB H,ll;epHbiX MeM6paH, 

HCCJie,ll;OBaHHe B03,ll;eiicTBH.H yCKOpeHHbiX MHO

r03ap.H,ll;HbiX HOHOB Ha rronuMephi u cTpyKTy

py TpeKa, rrpHMeHeHHe H,ll;epHbiX MeM6paH 

,ll;JI.H perneHH.H pa3JIH~biX rrpaKTHqeCKHX 

3a,naq. 

IIonyqeHbi .H,nepHhie MeM6paHbi Ha ocHoBe 

nonunporrHJieHa MaTepuana C BbiCOKOH 

XHMHqeCKOH CTOHKOCTbiO, HCCJie,ll;OBaHbl HX 

OCHOBHhie CTPYKTYPHbie rrapaMeTpbi
12 7 1

• Pa3-

pa6oTaHbi MeTO,ll;HKH H3rOTOBJieHH.H aCHMMeT

pH~biX H KOMfi03H~OHHbiX .H,nepHbiX MeM-

6paH C fiOBbillleHHOH rrpOHH~aeMOCTblO ,ll;JI.H 

)KH,ll;KHX u ra3oo6pa3HbiX cpe,n. 11ccne.nosaH 

rrpo~ecc pa,nua~HOHHOH rrpHBHBOqHOH MO,nH¢H

Kai(HH fiOJIH3THJieHTepe¢TaJiaTHbiX (IJ3T<l>) 

.H,ll;epHbiX MeM6paH, qTo fi03BOJI.HeT 3a,ll;aHHbiM 

o6pa3oM H3MeH.HTb ux CBOHCTBa. IIonyqeHhi 

fiO,ll;p06Hbie ,ll;aliHbie 0 3aKOHOMepHOCT.HX rrpu

BHBOqHOH fiOJIHMepH3a~HH CTHpOJia Ha IJ3T<l>

MeM6paHbi, HCCJie,ll;OBaHa KHHeTHKa rrpo~ecca 

rrpHBHBK H fiOCJie o6JiyqeHH.H B B03,nyxe H B 

BaKyyM e
12 11 1

• 

06o 6I.J.J;eHbi rrocne,nHue 3KcrrepuMeHTarthHbie 

,naHHbie 06 o6pa30BaHHH TpaBHMbiX TpeKOB 

B fiOJIH Mepax. fiOKa3aHO, qTo pa3Mep 30Hbl 

HapyrneH HH, OCTaBJI.HeMbiX MHOr03ap.H,ll;HbiM 

HOHOM rrpu rrpOXO)K,ll;eHHH qepe3 fiOJIHMep, 

CJia6o 3aBHCHT OT BH,ll;a fiOJIHMepa, qTo MO)KeT 

6biTb 0 6 'b.HCHeHO B paMKaX MO,ll;eJIH "HOHHt>rO 

B3pbiBa" . · IIpe,nJIO)KeH MexaHH3M, o6n.HCHHIO

I.J.J;HH ¢ o pMHpOBaHHe cep,n~eBHHbl H o60JIOqKH 

TpeKa, pa3JIHqaiOI.J.J;HXC.H xapaKTepOM KOHeq

HbiX pa,nua~HOHHO-XHMHqeCKHX 3¢¢eK

TOB129 1. 

J1CCJie,ll;OBaHbl 3aKOHOMepHOCTH ,ne¢opMH

pOBaHH.H .H,ll;epHhiX II3T<l>-MeM6paH • .[{JIH aHaJIH-

3a 3KCrre pHMeHTaJibHbiX pe3yJibTaTOB rrpHMeHeH 

Mexa~~uqecKHH rro,nxo.n An<PeR, orruchiBaiOI.J.J;HH 

peJiaKCa~HOHHOe ,ne¢opMHpOBaHHe fiOJIHMe

pOB. IIonyqeHo aHaJIHTuqecKoe Bbipa)KeHue, 

y,ll;OBJieTBOpHTeJibHO OfiHCbiBaiOI.J.J;ee fiOBe,ne

HHe H,nepHbiX MeM6paH B lllHpOKOM ,nua.rra-

30He TeMrrepaTyp u pa,nuycoB rrop MeM-

6paHhi1 3 ° 1 • 

IIpos e,neHbi ucrrbiTaHHH H,nepHbiX MeM6paH 

B CHCTeMax oqHCTKH B03,ll;ylllHbiX cpe,n rrpo

H3BO,ll;CTBeHHbiX rroMei.J.J;eHHH. IIpe,nJio)KeH HO

BhiH rro ,nxo.n rrpu co3,naHHH qucTbiX rrpou3-

BO,ll;CTBeHHbiX fiOMei.J.J;eHHH KJiaCCa 10 H Bbl

llle. IJp OaHaJIH3HpOBaHa B03MO)KHOCTh opra

HH3a~H CBepXTOHKOH oqHCTKH B03,nyxa 

H,nepHbiM H MeM6paHaMu B cucTeMe SMIF 

(Standard Mechanical Interface) cospe-

MeHHOrO MHKp03JieKTpOHHOrO rrpOH3BO,ll;-

CTBa
13 1 1

• 

J1CCJie,ll;OBaHa B03MO)KHOCTb JAMM06HJIH3a

~H MH~eJIHaJihHoro rpu6a Aspergillus clavatus 

B MeM6 paHHOM 6uopeaKTope, co,nep)Kai.J.J;eM 

.H,ll;epHyiO MeM6paHy. fiOKa3aHO, qTo HMM0-

6HJIH3a~H KJieTOK MH~eJIHaJibHbiX rpu60B 

B ,naHH.OM 6uopeaKTope no3BOJIHeT yBenuquTb 

CpOKH rrpo,nyKTHBHOrO ¢yHK~HOHHpOBaHH.H 

KJieTOK H H36e)KaTb rrpo~e,nypbl OT,ll;eJieHH.H 

6uoMacc bi OT KYJihTypanbHOH )KH,ll;KOCTH, qTo 

rrpHBO,ll;HT K ynyqrneHHIO TeXHOJIOrHqeCKHX 

xapaKTep ucTHK rrpo~ecca 13 2 1
• 

83 



3KCDEPHMEHT AJibHAH ADDAP ATYP A 

1. Ha nyqKe Tfi:>KeJlhiX HOHOB QHKTIOTpOHa 

Y -400 BBe,neHa B 3KCIIJiyaTaQHIO HOBafl Kpyn

Hafl YCTaHOBKa AJIH 3KCnepHMeHTOB n o CHHTe-

3y TpaHCaKTHHH,nHhiX H,nep H R,nep, CHJibHO 

y,naneHHhiX OT 06JiaCTH (3-CTa6HJibHOCTH, -

ra3oHanOJIHeHHhiH MarHHTHhiH cenapaTop npo

AYKTOB peaKQHH nOJIHOrO CJIHRHHH 13 
J 

1
• C HC

noJib30BaHHeM H,nepHbiX peaKQHH ecTD y+ 4 0 Ar, 
ecTW+22Ne, t9'Au+22Ne, 206,207 , 2ospb+ 

+ 4 0 Ar H 2 3 6 U + 4 0 Ar npose,neHhi K OMnJieKc

Hhie HCCJie,nOBaHHH xapaKTepHCTHK cen apaTOpa. 

BhmOJIHeH TaK~e o6umpHhlli UHKTI onhiTOB 

no H3yqeHHIO paBHOBecHhiX 3apHAOB R,nep 

OTnaqH B ra3e. llOKa3aHO, ~0 AJIH p eaKQHH, 

npoTeKalOI..QHX no,n ,neHCTBHeM HOHOB 4 0 Ar, 
3cpcpeKTHBHOCTb C06HpaHHH H,nep OT,naqH Ha 

IIJIOIUaAb pa3MepoM 30x120 MM
2 

B cpo KaJibHOH 

nJIOCKOCTH cenapaTopa AOCTHraeT 4 o-60%, 

a K03cpcpHQHeHTbl O~CTKH OT nepBH~OrO 

nyqKa 6oM6ap,nHpylOIUHX qaCTHQ H OT MHIIIeHe

no,no6HbiX npo,nyKTOB COCTaBJIHIOT H e MeHee 

1015 H 105 COOTBeTCTBeHHO. B p eaKQHRX, 

Bhi3hiBaeMhiX HOHaMH 2 2 Ne, yrJIOBhie pac

npe,neneHHH npo,nyKTOB nOJIHOrO CJIHRHHH 

6oiiee IIIHpOKHe, qeM B peaKQHRX C 4 0 Ar, 
O,nHaKO H B 3TOM CJiyqae 3cpcpeKTHBHOCTb 

C06HpaHHH H,nep OT,naqH AOCTHraeT 10% 

npH CTOJib :>Ke BhiCOKHX cpaKTOpa x no-

J1o~rOTOBK& ymmepcan&HOrO MHWeHHOro yCTpOHCTBa 
C opHnDiam.HOH CHCTeMOH OXJla:JK~eHHII BpaiUaiOIUeHCII 
MHWeHH K 3KCnepHMeHTY 

,nasJieHHR nepsH~oro nyqKa H MHIIIeHeno

no6HhiX npo,nyKTOB. Pe3yJibTaThi BhmOJIHeH

HhiX MOAeJibHbiX 3KCnepHMeHTOB AalOT OCHO

BaHHH CqHTaTb, qTo C npHMeHeHHeM COBpe

MeHHhiX ,neTeKTHpylOIUHX CHCTeM raso-

BnoK nonynpoBO,IJ,HHKOBhiX ~eTeKTopoB, per HCTPHPYJOmHH npo~yKThi R)l.epHbiX peaKUHH B <l>oKan&HOH nnocKOCTH 
ra30HanonHeHHoro cenapaTopa 
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Ha HCilhiT&TeJibHOM CT~e 
)'CT8HOBKH Cl>OBOC 

HaTIOJIHeHHhiH cenapaTOp MO)KeT 3cpcpeKTHB
HO HCDOJib30BaThC11 ,D;JI.fl CHHTe3a H H3y
tJeHH11 CBOHCTB HOBhiX .R,nep B ycJIOBH.RX 6bi
CTpo,neHCTBH11 -1 MKC H liYBCTBHTeJihHOCTH 
no cetJeHmo o6pa30BaHH.R Ha ypoBHe 
10- 35 -10- 36 CM2 • 

2. llpoBe,neHhi MeTo,nHtJecKHe pa6oThi no 
ycosepweHCTBOBaH.HIO .nsyxrmetJeBoro BpeM.R
nponeTHoro cneKTpoMeTpa ycTaHOBKH 
,ll3MAC. Co3,naHhi ,nBa no3HUHOHHO-lJYBCTBH
TeJILHhix MHOronpOBOJIOlJHbiX JlaBHHHbiX ClJeT
lJHKa (TiqJIC). B pe3yJI~>TaTe Hx HcnoJih30Ba
HH.R B KatJeCTBe ,neTeKTOpOB 6onee tJeM 
B 50 pa3 B03pOCJia 06ma11 3cpcpeKTHBHOCTb 
perHCTpaUHH KOppenHpOBaHHhiX npo,nyKTOB 
peaKQHH. 

OcHOBHhie xapaKTepHCTHKH cneKTpoMeTpa 
npHBe,neHhl B Ta6JI.3 H Ha pHc.18. 

BpeMeHHoe pa3peweHHe, He 
llponeTHa.R 6a3a, MM 
Koop.nHHaTHoe pa3peweHHe D. x, D. y , MM 
llpe,neJihl H3MepeHH11 yrJIOB pa3JieTa npo,nyKTOB: 

B DJIOCKOCTH peaKQHH 8 (OT 20° ,D;O 165°) 
BHe DJIOCKOCTH rp 

ToliHOCTL H3MepeHH.R yrnos 
TenecHhiH yron o,nHoro rmeqa dil, Mcp 

Maccosoe pa3peweHHe, a.e.M. 

X 

J_!N:I. 
• )-4 2.5 YN 

IS II 
PHc. 18. X-Y ,ttHarpaMMa, nonyqeHH8Jl c noMOIIV>JO 

TitiJIC npH yCTaHOBKe nepe,ll HHM COOTBeTCTByJOI.Uero 

wa6noaa 

Ta6nuija 3 

250 
395 

1,5 

±20° 
±7,3° 

0,2° 

185 
± 1,5 
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3. llpO,D;OJI:>Ka.JIHCb pa60Tbl no C03,!J;aHHIO 

BbiCOKOtJyBCTBHTeJlbHOrO MaCC-CneKTpOMeTpa 

nH,UHA. EbiJIH npoBe,D;eHbl 3KcnepHMeH Tbl no 

H3MepeHHIO cpOHOBbiX xapaKTepHCTHK MaCC

cneKTpOMeTpa C Jia3epHbiM HCTOlJHHKOM HOHOB. 

llpH pa6oTe c O,D;H03apH,D;HbiMH HOHaMH Ta 

OTHOCHTeJlbHaH tJyBCTBHTeJlbHOCTb aHa.JIH3a 

B ,D;Hana3oHe Mace A > 200 cocTaBJIHeT 

10- 9 aT/aT. Ehmo noKa3aHO, tJTO orpaHHtJeHHe 

tJYBCTBHTeJlbHOCTH B 3TOM CJiyqae o6yCJIOBJieHO 

BTOpHtiHbiMH npOQeCCaMH npH B3aHMO,D;eH CTBHH 

Jia3epHOH nrra3Mbl C BHyTpeHHeH noBepXHOCTbiO 

HCTOlJHHKa. 
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JIABOPATOP.H.H 
HEMTPOHHOM ~.H3.HK.H 

B 1989 r. rmumoH: 3a,rt;atieH: KonneKTHBa 

Jla6opaTOpHH HeHTpOHHOH cpH3HKH 6bmO npo

Be,!J.eHHe 3KCnepHMeHTOB no HCCne,!J.OBaHHIO 

KOH,!J.eHCHpOBaHHbiX cpe,!J. H CBOHCTB aTOMHbiX 
H,!J.ep Ha HMnynbCHbiX HCTO'lHHKaX HeHTpOHOB, 

B OC06eHHOCTH CBOHCTB BbiCOKOTeMnepaTyp
HbiX CB~pxnpOBO,!J.HHKOB. C nOMOI.qbiO nomipH-

30BaHHbiX H HenonHpH30BaHHbiX HeHTpOHOB 

H3ytianacb CTPYKTypa H .D.HHaMHKa KOH,!J.eHcH
poBaHHbiX cpe,!J., B TOM 'lHCJie KpHCTanflbi, 

MarHHTHbie COe,!J.HHeHHH, nonH3neKTpOnHTbl 

H cpa30Bbre nepexonhr. 11ccnenosanHCb caoH:

CTBa aTOMHbiX H,!J.ep C nOMOI.qbiO HeHTpO

HOB H cpyH.D.aMeHTanbHbie xapaKTepHCTHKH 

HeHTpOHa. 

IliHpOKO BenHCb pa60Tbl no nycKy HOBbiX 

cneKTpOMeTpOB, COBeprneHCTBOBaHHIO cyme

CTBYIOmHX YCTaHOBOK H pa3pa60TKe HOBbiX 

npoeKTOB ,!J.flH peaKTOpa J1EP-2. 

Eonbrnoe BHHMaHHe ynemmocb coaeprneH

CTBOBaHHIO 6a30BbiX ycTaHOBOK Jla6opaTOpHH. 

PeaKTop 11EP-2 Ha o6ecnetieHHe cpH3HtiecKHx 

3KcnepHMeHTOB OTpa6oTan 6onee 26 00 qacoa 

Ha MOmHOCTH 2 MBT, onHoapeMeHHO BenHcb 
HCCJie,!J.OBaHHH Ha ,!J.eCHTH nytiKaX H nHeBMO-

HAYliH0-11CCJIE)lOBATEJihCKHE P AEOThl 

<I>l1311KA KOH)lEHCI1POBAHHhiX CPE)l 

1. Ha peaKTope 11EP-2 H HeHTpoHHOM HC

TOtiHHKe ISIS (Jia6opaTOpHH Pe3ep cpopna -

3nnneToHa, BeJIHKo6pHTaHHH) · c noMOIIU>IO 

Heynpyroro HeKorepeHTHoro pacceHHHH HeHT
poHOB onpeneneHbi napaMeTpbr KpHCTanJIHtiec

KHX 3fleKTpHtiecKHX noJieH B BbiCOKOTeMne

paTypHbiX caepxnpoBO.D.HHKax YBa2 Cu3 0 7 _ 6 
H La2_x Srx CuO 4_ 6 , nonHpOBaHHbiX TYJIHeM. 

06Hapy:>KeHO yMeHbllleHHe lllHpHHbl flHHHH 

nepeXO,!J.OB Me)I(,!J.y ypOBHHMH KpHCTannHtieC-
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TpaHcnopTHOH ycTaHOBKe, 6bmH 3aBeprneHbl 

TeXHHtieCKHH npoeKT KpHoreHHOrO 3aMe,IJ.nH· 

TenH H pa6oqee npoeKTHpOBaHHe nO,!J.BH:>KHOrO 

oTpa:>KaTenH TI0-2PM, HatiaTo H3roToBneHHe 

ero y3noa. HatiaTa pa3pa6oTKa npoeKTa HCTO'I· 

HHKa HeHTpOHOB BbiCOKoro pa3perneHHH. B H3· 

MepHTenbHO-Bbl'lHCJIHTenbHOM QeHTpe Jla6opa· 

TopHH 3anymeHa 3BM J.LV AX-II H noKanbHaH 
ceTb Ethernet. 

TipHKna,rt;Hbie HCCJie,!J.OBaHHH 6billH cocpe

,!J.OTO'leHbl B OCHOBHOM Ha pa3pa60TKe H OCBOe· 
HHH HOBbiX MeTO,!J.HK Hepa3pylllaiDII.{ero 3ne· 

MeHTHOrO aHanH3a H C03,!J.aHHH HOBbiX npH60· 

pOB Ha OCHOBe CKBH,!J.OB, pa60TaiDII.{HX npH 

TeMnepaType :>KH,!J.Koro a3oTa. 

KpynHhiM co6biTHeM HBHnOCb nposeneHHe 

B )ly6He Me)I(,!J.yHaponHoro ceMHHapa no Bbi· 
COKOTeMnepaTypHOH CBepxnpOBO,!J.HMOCTH C 

yqacTHeM 200 ytieHbiX H3 26 CTpaH. 

Tiponon:>Kanocb aKTHBHoe HaytiHoe coTpy.r~· 

HHtieCTBO C HHCTHTyTaMH CTpaH-ytiaCTHHI.l 
011HJ1, a TaK:>Ke J1HCTHTyTOM Jlay3 - JlaH)I(e

BeHa (rpeHo6nb, <l>paHQHH) H Jia6opaTO· 

pHeH: Pe3epcpopna - 3nnneToHa (BenHKO· 

6pHTaHHH). 

Koro nonH, o6ycnoaneHHoe OTKpbiTHeM 3Hep

reTHtieCKOH menH npH nepexone B caepxnpo

BO.D.Hmee COCTOHHHe (pHc.1). Ha ypOBHe 

TOtiHOCTH 3KCnepHMeHTa 6bma C,!J.enaHa OQeHKa 

,!J.flH BenH'lHHbl 3HepreTH'leCKOH menH: 2.::\ (0)) 

> 14,2 M3B. AHanH3 TeMnepaTypHOH 3aBHCH· 

MOCTH lllHpHH flHHHH nepeXO,!J.OB ,!J.flH o6pa3Il8 

B HeCBepxnpOBO,!J.HII.{eM COCTOHHHH n03BOJIHJI 

OQeHHTb TaK:>Ke KOHCTaHTY, xapaKTepH3yiOmyiO 

CHnY B3aHMO,!J.eHCTBHH Me)I(,!J.y 30HHbiMH H JIQ

KanH30BaHHbiMH 3ne:~<TpOHaMH p ' = 0,025 ± 
± 0,005 11 1

• 
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PHc. 1. TeMnepaTypHIUI 311BHCHMOCTh WHPHH nepe
xonoa Me)l(,ll;y ypoBHHMH KpncrannuqecKoro nonH 
B BhiCOKOTeMnepaTypHOM CBepxnpOBO,IlHHKe 
Tm0,1 Y 0,9Ba2cu3o0 9 . npu nepe,r:r;aqax 3Hepruu 

14,2 M3B H 11,8 M3B (ToqKn) . CnnolliHIUI nHHHH -
pacqeTHIUI KpHBIUI B npe,r:r;nonO)I(eHHH OTCYTCTBHH 
caepxnposo,r:r;H~ero nepexo,r:r;a 

Y CTaHOBKa C ,ll8~KOM 
CKBH,Il ,llnH H3MepeHHH 
MarHHTHoro MOMeHTa. Ha 
CHHMKe : H .M .llnaKH,Ila, 
B.Jl.AKceHoB u B.B.Ba
CHn&eB o6CY*,IlaiOT TeXHH
qecKHe napaMeTpbi HOBOrO 
npn6opa 

2. M e-ro,ZJ;oM HeHTpOHorpaqnm B peanhHOM 
MaCWTa6e BpeMeHH HCCJie,ZJ;OBaHa peaKI.Ui.R CHH
Te3a KepaMHKH YBa2 Cu30x H3 Y 2 0 3 , BaC03 
H Cu0 12 1

• ,lJ;H<l>paKUHOHHhie cneKTpbi B HHTep
sane Me:>KIIJIOCKOCTHbiX paccTORHHH 1,5 A ~ 
~ dh kl ~ 20 A H3MepRJIHCh HenpephmHo a Te
qeHHe 15 qacOB C BpeMeHHbiM WarOM 5 MHH. 
Bhmo o6Hapy)l(eHo, uo B pe)I(HMe nocTeneH
HOro HarpeBaHHR CMeCH OT 20° C ,Zl;O 940° C 
peaKUHR npoTeKana B TPH CTa.D:HH: pacna,ZJ; 
HCXO,Zl;HbiX Be~eCTB, o6pa30BaHHe H pacna,ZJ; 
npoMe)l(yTo~hiX <l>a3, o6pa30BaHHe KOHe~oro 
npo.D:yKTa (pHc.2a,6). KoHe~hrn npo.D:yKT -
TeTparoHanhHaR <l>a3a YBa% Cu3 Ox B03HHKaeT 
npH TeMnepaType T;;, 870 C. KHHeTHKa ero 
o6pa30BaHHR COOTBeTCTByeT peaKUHH, H,ZJ;y~eH 
Ha rpaHH~e pa3,ZJ;ena <l>a3 . YcTaHOBJieHo, qTo 

· npH OXJiaJK,ZJ;eHHH o6pa3~a .D:O 160° C, nocne 
3aBepweHHR npo~ecca CHHTe3a, npOHCXO,Zl;HT 
nepexo,ZJ; B poM6HqecKyro <l>a3y, a co,ZJ;ep)l(aHHe 
KHCJiopo,ZJ;a B ~enoqKax Cu - 0 nocTeneHHO 
B03pacTaeT ,Zl;O -0,7 aTOMa Ha Rqeii:Ky. 

3. CosMeCTHO c 11HCTHTyToM $H3HKH (Tipa
ra) npoBe,ZJ;eHo HeH:TpoHorpa<l>HqecKoe Hccne
.D:OBaHHe MO,ZJ;YJIHpOBaHHOH CTpyKTypbi CBepx
npOBO,Zl;HHKa Bi2 (Sr, Ca)3 Cu20 8 +'Y ' · 3KcnepH
MeHTbi npOBO,Zl;HJIHCb B WHpOl<OH o6JiaCTH 
o6paTHOr O npOCTpaHCTBa C nOMOmblO BpeMR
npOJieTHOrO HeHTpOHHOrO .D:H$paKTOMeTpa" C 
O,Zl;HOKOOp,Zl;HHaTHbiM n03H~HOHHo-qyBCTBH

TeJihHbiM .D:eTeKTopoM. Mo.D:yJIRUHR cTpyKTYPhi 
6bma yTo~eHa no Ha6opy .D:H<l>paK~HOHHbiX 
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Pac. 2a. 3aomol.UUI eo apeMeHH ~H$paKllHOHHoro nHKa 

c d = 11,95 A a xo.~e CHHTe3a coe~HHeHH.R Y Ba2Cu30x· 

ropH30HTIUihHa.R OCh COOTBeTCTByeT Me)KllnOCKOCTHhiM 

paccTO.RHH.RM OT 2 ~o 17 A .. Och apeMeHH yxo~HT 
arny6h pacyaKa. B~oJih aee pacnoJIO)KeH hi 30 ~H
$paKUHOHHhiX cneKTpOB, Ka)K~hiH H3 KOTOphiX H3Me

peH B Te•IE!HHe 5 MHHYT 

peq>neKCOB, nonyqeHHbiX OT MOHO,ll;OMeHHO· 
ro 6noKa pa3MepaMH 1,5 x 1,0 x 0,03 MM. 
YcraHoaneHa coH3MepHMaH Mo,n;ynH~HH c ne

PJfOAOM 4,75-a, qro ,n;aer caepxperneTKy 
19a x b x c (a = 5,397 A, b = 5,401 A, c = 
= 30,716 A) H CHMMeTpmo · Pnaa. OcHOBHOH 

qeproH: crpyKTYPhi HBJIHeTCH nepHo,n;HqecKoe 
BHe,n;peHHe ,n;ononHHTeJibHhiX pH,n;oa aTOMOB 
KHcnopo,n;a B nnocKoCTH BiO, qr o Bhi3hi
BaeT 6oJihlllHe MOAYJIHI.J;HH acex cnoea crpyK
ryphi'3 1• 

06pa60TK8 ~aHHhiX, llOJiy'leHHhiX B 3KCn epHMeHT8X 

no ~$paKQHH HeHTpOHOB B peiUihHOM M8CIIITa6e 

BpeMeHH Ha ~H$p8KTOMeTpe ,ll;H-2 
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Pac. 26. 3aaacHMOCTh HHTeHCHBHOCTH ~a<PpaKUHOH· 

HhiX llHKOB OT BpeMeHH ~JI.II HeKOTOphiX COe~HHeHHH, 

o6pa3YIOIUHXC.II B XO~e CHHTe3a BhiCOKOTeMnepaTyp· 

aoro caepxnpoBO~HHKa YBa2Cu30x. B~ahl TpH eTa· 

~HH peaKQHH : H8'11UihHa.R - paCUM HCXO~HhiX KOMIIO· 

HeHT CMeCH, npOMe)KyTO'IHa.R - o6pa30BaHHe IIpOMe-

. )KyTO'IHhiX IIpO~YKTOB H KOHe'IHa.R - $OpMHp0BaHHe 

CTpyKTyphl 1-2-3. .IlJI.R KOHe'IHOH CTMHH IIOKa3aHa 

3BOJIIOUH.II HHTeHCHBHOCTH ~Byx ~H$paKllHOHHhiX IIH· 

KOB (103) H (100) 

4. CoaMeCTHO c YIHCTHTYTOM KpHcranno
rpaq:mH AH CCCP npo,n;omKaJIHCh pa6oTbi no 
HCCJie,D;OBaHHIO 3aMemeHHH Me,D;H Ha )KeJie30 
B caepxnpoao,n;HHKe YBa2Cu30x. Bhma HC· 
nonh30BaHa H30TonHqecKaR cMech, o6orameH
HaR Ha 95% 5 7 Fe. 3ro no3BOJIHJIO 6onee ro~o 

onpe,n;eJIHTb BepOHTHOCTH nona,n;aHHH aTOMOB 
FeB Y3Jihi Cu- 1 (u;enoqKH Cu- 0) H Cu- 2 
(nnocKOCTH Cu - 0 2 ). 0Ka3anocb, qro annor& 

,n;o KOHI.J;eHTpau;HH: )KeJie3a Xo ""' 0,1 ero co,n;ep
)KaHHe B no3HI.J;HHX Cu - 2 6JIH3KO K Hymo. 

C ,ll;aJibHeHillHM pOCTOM KOHI.J;eHTpai.J;HH X = 
= Xo +~X "H36biTO~oe" KOJIHqecTBO )KeJie3a 
~x npHMepHo paaHoMepHo pacnpe,n;enHeTcH no 
y3JiaM Cu- 1 H Cu- 2 14 1• 

5. O.n;HoH: H3 HaH6onee aKTHBHO pa3BHBae
MhiX B HaCTOHmee BpeMH cpH3HqeCKHX H,n;eii 
HBJIHeTcH noHHTHe cppaKTaJihHOH crpyKryphl, 
pa3MepHOCTH. Mero,n; Manoyrnoaoro pacce.II
HHH HeHTpOHOB HBJIHeTCH MOmHbiM HHCTpy
MeHTOM ,D;JIH HCCJie,D;OBaHHH cppaKTaJihHbiX 
o6'heKTOB. B Jla6oparopHH anepBhie 6bUIB 

npoae,n;eHhi TaKHe 3KcnepHMeHThi Ha nopow
Kax KaJibi.I;HTOB H anaTHTOB. 06Hapy)l(eH01 

qro nOBepXHOCTb 3THX o6pa3I.J;OB HBJIHeTCII 
cppaKTaJihHOH, onpe,n;eneHa ee cppaKTaJihHall 
pa3MepHOCTb (pHC.3). 

flonyqeHHhie pe3yJihTaThl MOryT HMeTit 
cpyH,D;aMeHTaJibHOe 3HaqeHHe C TOqKH 3peHHJI 
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PHc. 3. 3aBHCHMOCTh HHTeHCHBHOCTH MaJioyrnosoro 
pacceHHHH Heii:TpOHOB OT nepeAaHHOrO HMnynhCa AflH 
nopOWKOB KaJihl.UiTOB ABYX THOOB. 06pa3e" 1 -
<tJpaKTaJihHaH pa3MepHOCTh nosepxaocTH D = 2,5, o6-
pa3e" 2 - D = 2,00 

nposepKH TeopeTHqecKHX npe,ncTaBneHHH o 
B3aHMO,neHCTBHH KOnnOH.IJ;OB, B TOM qHcne 

B npouecce <PnoTaUHH 15 1
• 

6. C noMOil.U>IO Manoyrnosoro pacceHHHH 
HeHTpOHOB HCCne,nOBaHbl o6pai.UeHHbie MH
uennhi B cHcTeMe AOT - 6eH30n - so.na. 
MeTo.noM sapHaUHH KOHTpacTa pacTBOpHTenH 
(cMecH H- H .ll- 6eH3ona) Ha:H.neHo, qTo 

o6"beM, npHXO.IJ;HIUHHCH Ha O.D:HY MOneKyny 
AOT B MHUenne, HeO)KHJJ:aHHO CHnbHO B03-
pacTaeT npH .no6asneHHH K "cyXHM" MHUen
naM He6onbiiioro KOnHqecTBa BOJJ:bi. Ha6nro
)J;aeMaH 3aBHCHMOCTb pa,nHyca HHepUHH MH
uennhi oT KOHTpacTa xoporno cornacyeTCH 
c o6I.UenpHHHTOH cxeMo:H CTPYKTypHo:H opra
HH3aUHH o6pai.UeHHbiX MHUenn, B TOM qHcne 
H .IJ;nH "cyXHX" MHUenn 16 1

• 

7. Cyi.UeCTBOBaBIIIaH .no He,nasHero spe
MeHH Mo,nenb CTPYKTYPhi nHnH.IJ;HbiX MeM-
6paH BXO.IJ;Hna B npOTHBOpeqHe C pH.IJ;OM 3KCne
pHMeHTanhHbiX <PaKTOB. B 1984 ro.ny B.r.Hs
KOBhiM (HE<I> AH CCCP) 6hma npe.nno:>KeHa 
KnB:CTepHaH MO)J;enb nHnH.IJ;HbiX MeM6paH 
(pHc.4). B npose,neHHbiX B nH<I> COBMecmo 
c HE<I> AH CCCP H MrY He:HTpoHorpa<PH
qecKHX Hccne,noBaHHHX o6Hapy:>KeHo B La
<Pa3e MeM6paH H3 .IJ;HnanbMHTOHn<Poc<PaTH
)J;HnXOnHHa HanHqHe "H36biTO~oro" pacceH-

PHc. 4. CxeMaTHqeeKaa KapTHHa pacnono>KeHHH Mone
Kyn s :>KHAKOM nHilH,!UfOM 6Hcnoe. KnacTepaaa Mo
Aenh MeM6paa 

HHH, KOTOpoe 6bmO HHTepnpeTHpOBaHO B paM
Kax KnacTepHOH MO.IJ;enH nHnH,nHOrO 6H
cnOH17 1• 

8. CosMeCTHO c coTpy,nHHKaMH Pe3ep
<PopAOBCKOH na6opaTOpHH (BenHK06pHTaHHH) 
H 11HCTHTyTa KpHCTannorpa<PHH AH CCCP 
npose.neHo Hccne,noBaHHe npoTOHHoro cynep
HOHHoro nposo,nHHKa CsHS04 MeTo,noM pe
naKcauHH cnHHa nono:>KHTenhHoro MIOOHa. Cy
nepHOHHhiH <Pa30BbiH nepeXO)J; 6bm 3aperHCT
pHpOBaH KaK no CKaqKy CKOpOCTH penaRca
UHH CnHHa MIOOHa, TaK H no TeMnepaTypHOMY 
H3MeHeHHIO napaMeTpa aCHMMeTpHH BhmeTa 
n03HTpOHOB. llonyqeHHhie .IJ;aHHbie nO.IJ;TBep
.IJ;HnH, qTo BbiCOKaH HOHHaH npOBO.IJ;HMOCTb 
B AaHHOM o6pa3ue o6ycnosneHa BbiCOKOH 
nO.IJ;BH:>KHOCTbiO npOTOHOB B cynepHOHHOH 

<Pa3e 18 1
• 

9. B cosMeCTHhiX c 11HcTHTyToM KpHcTan
norpa<PHH 3KCnepHMeHTaX no .D:H<PpaKUHH 
HeHTpOHOB nonyqeHbl HOBbie He06biqHbie 

pe3ynhTaThi no <Pa30BhiM nepexo.naM B KpH
cTanne Rb3 H(SeO 4 )2• 3ToT KpHCTann npH 
nOBhirneHHH TeMnepaTyphi .no 606 K H3Me
HHeT CBOH CBOHCTBa. Ha OCHOBaHHH paHee 
npoBe,neHHbiX 3KCnepHMeHTOB CqHTanOCb, 

qTo npH 3TOH TeMnepaType npOHCXO.IJ;HT <Pa30-
BbiH n epexo,n. O,nHaKo aHanH3 ,naHHbiX no 
HeHTpOHHOH .D:H<!lpaKUHH nOKa3an, qTo npH 
606 K npoHcxo,nHT He <Pa30Bhlli nepexo.n, 
a pa3nO:>KeHHe o6pa3Qa B COOTBeTCTBHH CO 
cxeMo:H 

2Rb3H(Se04 )2 -* 3Rb2Se04 + H 2 t +0 2t +Se02 t. 
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Col n I 

0 

PHC. 5. npoeKUH.R KpHCTannH'IeCKOH CTpyKTYPbl 
RbaH(Se04)2 B <Pa3e cocymecTBOBaHH.R co CTpyK· 
Typou Rb2Se04 (TeTpa3.t~pbi Rb2Se04 n oKa3aHbi 
:>!<HpHbiMH nHHH.RMH) 

llpH 3TOM MOHOKpHCTaJinH'IHOCTb HCCJie)l.yeMO

ro ~6pa3~a coxpaHHeTcH H B HeM cocy~eCTBy
lOT cTpyKTyphr Rb3 H(Se04 )2 H R b 2 Se04 
(pHC. 5) 

19 1
• 

<l>M3MKA H,UP A 

1. AKTHBHO npo)l.OJI:lKaJIHCb H3MepeHHH Me

TO)l.OM CyMMHpOBaHHH aMTIJIHTy)l. COBTia)l.alO

~HX HMTIYJibCOB HHTeHCHBHOCTeii )l.ByxKBaH

TOBhiX KaCKa)l.OB, 3aKaHtrn:BalO~HXCH H a HH3KO

Jie:lKa~X ypOBHHX. llorryqeHhl HOBbie )l.aHHhie 

o cxeMax pacna)l.a H3 peaK~HH ( n; 2 r) )l.JIH 

KOMnayH)l.-H)l.ep 146Nd, 174Yb, 187W / I0-12 1, 

a TaK:lKe npoBe)l.eHo conocTasrreHHe pacnpe

)l.erreHHH cyMM HHTeHCHBHOCTeH nep BH'IHbiX 

r-nepeXO)l.OB pa)l.Ha~HOHHOrO 3axBaTa HeHTpO

HOB c pacnpe)l.erreHHeM CHJihi <f>parMeHTa~H 

O)l.HOKBa3HqacTH'IHbiX COCTOHHHH )l,e<f>o pMHpO

BaHHOrO noTeH~Harra By)l.ca-CaKcOHa B 3aBH

CHMOCTH OT B036y)K)l.eHHH KOMTiay H)l.-H)l.ep 

165Dy,I75Yb, 179Hf/ 13 / . ilOKa3aHO, qTO 

pacqeTHOe TIOJIO:lKeHHe o6rraCTH MaKCHM aJibHOH 

KOH~eHTpa~H CHJibl <f>parMeHTHpyeM biX CO

CTOHHHH 510t, 52U, 501 t H 50U B npe)l.e

rrax HeCKOJibKHX COTeH K3B COBTia)l.aeT C TOH 

o6rraCTblO 3HeprHH B036y)K)l.eHHH pac CMaTpH-
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PHc. 6 . OTaoweaHe cyMMbi 3KcnepHMeHTanbHblx 
HHTeHCHBHOCTeH BCeX B03M0)f(HbiX ABYXKBaHTOBbiX 
KaCKa.[IOB Ha ypOBHH pOTaUHOHHbiX nonoc HH3KOne
)f(aiUHX coCTO.RHHH 1 6 5 Dy, 1 7 5 Yb, 1 7 9 Hf K TeopeTH· 
t~ecKHM KaK <l>YHKUH.R napaMeTpa Ur-cocTo.RHH.R, 
onpe.r~enmomero CTPYKTYPY HX KOHe'!Horo ypoBH.fl 

BaeMhiX H)l.ep, r)l,e Ha6JilO)l.aeTCH 3HaqHTeJibHOe 

ycHJieHHe HHTeHCHBHOCTH nepBH'IHbiX nepe

XO)l.OB (pHc.6). BhiCKa3aHo npe)l.norro:lKeHHe, 

qro Ha6rriD)l.aeMoe 3KcnepHMeHTaJibHOe ycHJie

HHe HHTeHCHBHOCTH nepBH'IHbiX nepeXO)l.OB 

o6yCJIOBJieHO HaJIHtrneM 3aMeTHbiX O)l.HOKBa3H

qacTH'IHbiX KOMTIOHeHT BOJIHOBbiX <f>yHKJUtii 

)l.Byx COCTOHHHH, CBH3aHHbiX nepBH'IHbiM ne

peXO)l.OM. 

2. Ha nyqKe HeiiTpoHoB 6ycTepa MBP-30 + 
+ JIY3-40 npoBe)l.eHhl HCCJie)l.OBaHHH a-pac

Tia)l.a BbiCOKOB036y)K)l.eHHbiX COCTOHHHH 
1 8 8 Os 11 4 

• 1 5 1
• C noMo~lO )l.ByxceK~HOHHOH 

HOHH3a~OHHOH KaMepbi C CeTKOH BnepBbie 

y)l.arrocb onpe)l.errHTb a-umpHHhi ABYX pe3o

HaHCOB c Eo = 9,47 3B H 12,7 3B, KOTOpbie 

PaBHHlOTCH (6,8 ± 1,0) -10- 9 3B H (2,0 ± 0,3). 

-10- 9 3B. .[{JIH HHTepBaJIOB 3HeprHH HeHTpO· 

HOB 38- 53, 53- 150 H 150- 302 3B norry

qeHhl cpe)l.HHe 3HaqeHHH a-umpHH H onpe)l.erre

Hhi Ha FIX OCHOBe a-qaCTH'IHbie CHJIOBbie <f>yHK

~H sa (B e)l,HHH~ax M3B- I -10- 2 ) 23 ± 14; 
8,6 ± 6,4 H 14 ± 12 COOTBeTCTBeHHO. 3KcnepH

MeHTaJibHhie 3HaqeHHH Sa HeCKOJibKO npeBbiiiia

lOT TeopeTHqeCKOe 3HaqeHHe Sa= 4,8, paCCliH· 

TaHHOe no MO)l.errH "qepHoro" H)l.pa. 
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HanBAKa.annapaTypht cneK

TpOMeTpHqecKoro KOM· 

MeKCa ,!VIR H3yQeHHJI npo

I{ecCOB npOTOHHOrO H a
paCDBAOB KOMDaYHA·CO· 

CTOJIHHH 

B peaKI.Um 3 5 Cl(n, p ) 3 5 S nonytJeHbi HOBbie 

AaHHbie 11 6 
I 0 npOTOHHbiX IIIHpHHax pe30HaH

COB npH :meprHHX 398 H 4249 3B: r p = 0,24 ± 
± 0,07 H 0,17 ± 0,10 3B COOTBeTCTBeHHO. 

3. AHanH3 cosoKynHOCTH )l.aHHbiX o xapaK

TepHCTHKax )l,eJieHHH )l.BYXKaHanbHbiX (no 

K= 1,2) pe30HaHCOB 2 3 5 U c J = 4- 11 7 1 no3Bo

JIHJI BbiHBHTb 3aKOHOMepHOCTH B flOBe)l,eHHH 

Ha6Jiro)l,aeMbiX B 3KCnepHMeHTax BeJIHtJHH ( K0-

3QlQlHQHeHTa aHH30TpOnHH pa3JieTa OCKOJIKOB, 

HX flOJIHbiX KHHeTHtJecKHX 3HeprHH, He3aBH

CHMbiX BbiXO)l,OB) , o6ycJIOBJieHHbie CTeneHblO 

OTKpbiTOCTH KaHana PAl' Ha pHc.7 noKa3aHa 

PHc. 7. KoppeJIRllHR <PnYKTYllUHH noJIHOH KHHe

THQeCKOH 3HeprHH C BeJIHQHHOH OTKphlTOCTH Ka-

Hana PAl 

0.5 

0.2 

0.1 

0.2 0.4 0.6 0.8 

P~, 

KOppeJIHI.UiH qmyKTyai.UiH nOJIHOH KHHeTH

tiecKOH 3HeprHH C BeJIHtiHHOH OTKpbiTOCTH 

KaHana PAl' 

Ha 6ycTepe 11BP-30 HccnenoBaHbi OTHO

CHTeJibH bie BbiXO)l,bl R MrHOBeHHbiX r-nyqeif 

)l,eJieHHH B pe30HaHCax 2 3 5 U H 2 3 7 Np B HHTep

Bane )1,0 110 3B )l,JIH ypaHa H 200 3B )l,JIH Hen

TYHHH 1 1 8 1• IlpH noMOII.Ui 6oJihiiioro :lKH)l.KOCT

Horo CQHHTHJIJIHI.UiOHHOrO )l,eTeKTOpa perH<:,;rpH

pOBanHCb 3 H 6onee 'Y-KBaHTa B COBna)l.eHHHX 

C HMny JibCaMH OT OCKOJIKOB )l,eJieHHH. Haif)l.e

HO, tJTO 3HatJeHHH R B pe30HaHcax 
2 3 5 U aHTH

Koppen HpyroT C MHO:lKeCTBeHHOCTHMH MrHOBeH

HbiX H eHTpOHOB )l,eJieHH.R V n, H3MepeHHbiMH 

B NBS (ClllA)' a MHO:lKeCTBeHHOCTb r~nyqeif 
B neps oii rpynne pe30HaHCOB 

2 3 7 
Np npH 

E Rl 40 3B 6onhiiie, tJeM )l,JIH pe30HaHCOB 
2 3 5 U, H COCTaBJI.ReT BeJIHtiHHY V 'Y Rl 9. 

4. pe)l,CTaBJIHlOIUYlO onpe)l,eJieHHbiH HHTe-

pec HHQlOpMaQHlO 06 "oTpHQaTeJibHbiX" HeHT

pOHHbiX pe30HaHCax (T.e. 0 B036y)K)l.eHHHX 

.R)l,ep HH:lKe 3HeprHH CBH3H HeHTpOHa) nony

tialOT H3 HHTerpanbHbiX CetieHHH HeHTpOHHbiX 

peaKQHH H TOJibKO )l,JIH S-pe30HaHCOB. 11ccne

)l,OBaHHH yrJIOBOH 3aBHCHMOCTH ynpyrorO pac

Ce.RHHH HeHTpOHOB B pe30HaHCHOH o6JiaCTH 

fl03BOJIHJIH BnepBbie B HeHTpOHHOH cneKTpO

CKOflHH OQeHHTb IIIHpHHbl OTpHQaTeJibHbiX p

pe30HaHCOB 11 9 
'
2 0 

I. 8TO C)l,eJiaHO )l,JIH pe30-

HaHCOB , COOTBeTCTBYlOII.UiX tJeTBepTOMy B03-

6y)K)l.eHHOMy cocTOHHHID 1 2 
B H BTOPOMY 

H tJeTB epTOMy COCTOHHHHM 1 0 
Be. 3HatieHHH 

IIIHpHH 6JIH3KH K TeopeTHtJeCKHM BHrHepOB

CKHM n penenaM. 
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IloArOTOBKa 3KCnepHMeHTa no HCCJieAOBaHHIO 4JnyK

TY8UHH BbiXOAa . OCKOJIKOB npH AeJieHHH 
2 3 5 U pe30-

HaHCHhiMH HeKrpOHaMH 

5. 113MepeHbi cnei<Tpbi -y-nylleii npH pa,n,Ha

UHOHHOM 3axBaTe TennOBbiX HeHTpOHOB B Be, 
1 1 B H C 12 1 1

• B Be H C Ha6mo.n;anHcb H3BecT- • 

Hbie nepexo.n;bi c 3HeprHeii Bbiille 1 M3B. 

8TH 3neMeHTbl HCITOnb30BanHCb B I<alleCTBe 

CTaH.n;apTa .n;nR onpe.n;eneHHH a6con roTHoro 

BbiXO,ll;a '}'-I<BaHTOB npH pacna,n,e I<OMnayH,ll;

COCTOHHHH 1 2 
B, B I<OTOpOM Ha6n ro.n;ancH 

TOnhi<O llpHMOH nepeXO,ll; B OCHOBHOe COCTOH

HHe C BbiXO,ll;OM 20 ± 8 '}'-I<BaHTOB Ha 100 

3aXBaTOB. 

6. B BhmonHeHHbiX TeopeTHlleCI<HX Hccne

.ll:OBaHHHx 12 2 I llOI<a3aHO, liTO 3I<CnepHM eHTanb

Hbie cnei<Tpoci<onHlleCI<He <f>ai<TOpbi I<n acTepoB 

HMeroT 6onbll1He Heonpe.n;eneHHOCTH B a 6conroT

HbiX BenHl!HHax, TOr.n;a I<ai< OTHOCHTenbHbie 
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CTPYI<TypHbie <f>ai<TOpbi 3anpeTa I<nacTepHoro 

pacna,n,a onpe.n;enHroTCH o.n;H03Hal!Ho. Heonpe

.neneHHOCTH CBH3aHbl C He,ll;OCTaTOl!HOH HH<f>op

Mai.J;HeH 0 COOTBeTCTBYWI.I.J;HX OllTHlleCI<HX llO

TeHI.J;Hanax. 

PaccMoTpeHa 12 3 1 CBR3b 3aceneHHH H30Me

poB C Hei<OTOpbiMH 3a,z:J,allaMH HCCne.n;OBaHHH 

<f>oTo- H 3nei<TpoH.n;epHbiX peai<u;Hii. OnHcaHa 

MO.n;enb paclleTOB 'Y-I<aCI<a,z:J,OB H pe3ynhTaTbl 

ee nposepi<H Ha npHMepe (n, 'Y) -peai<I.J;HH Ha 

TennOBbiX HeHTpOHax H ('Y, 'Y) m-peai<I.J;HH. Opo

Bepi<a noi<a3ana HanHl!He xopolllero corna

CHH c 3I<cnepHMeHTanhHbiMH .U.aHHbiMH. Pac

CMOTpeHa OTHOCHTenbHaR ponh B 3aceneHHH 

H30MepoB BI<na,z:J,OB pa3nHl!HbiX MynhTHITOnb

HOCTeH I<ai< B npou;eccax <f>oTonornomeHHH, 

Tal< H B 'Y-I<aCI<a,z:J,e. OonylleHO llO,IJ.TBep)I(,IJ.eHHe 

BbiCI<a3aHHoro paHee npe.u.nono)l(eHHH o B03-

MO)I(HOCTH HCITOnh30BaHHH peai<I.J;HH C 3ace

neHHeM BbiCOI<OCITHHOBbiX H30MepOB ,IJ.nR Bbl· 

.u.eneHHH E2-<f>oTonornomeHHH. 

,lJ;nR onHCaHHH Hyi<noHa B H.U.epHoM semecT

se npH OTnHliHOH OT HynH TeMnepaType T pa3-

BHTa Mo.u.enb I<HpanbHoro Mellli<a CBM 12 4 1
, 

BI<nrollaroii.J;aH TepMO,IJ.HHaMHlleCI<He <f>nyi<Tya

I.J;HH llHOHHOrO ITOnR, B3aHMO,IJ.eHCTByroii.J;ero 

C I<Bapi<aMH Ha llOBepXHOCTH Mellli<a. 0p:H 

6onhlllOH nnoTHOCTH H TeMnepaType H.U.epHoro 

semecTBa pacTeT cpe.u.Hee nHoHHoe none CBM 

H ero I<BaHTOBbie H TepMO,IJ.HHaMHlleci<He 

<f>nyi<Tyau;HH. Oo3TOMY oi<a3anocb Heo6xo.nn

MbiM pa3BHTb CBM, nocne.u.osaTenbHO BI<niO

llaromyro cymecTBeHHo HenHHeiiHoe B3aHMo,neii

CTBHe I<Bapi<oB c nHOHHbiM noneM CBM, I<aK 

I<naCCHlleCI<HM, Tal< H I<BaHTOBbiM 12 5 •2 6 I. 

11ccne.u.osaHo H3MeHeHHe Mellli<a-Hyi<noHa 

C pOCTOM TeMnepaTypbl H.U.epHOH cpe,l1.bl. 0Ka· 

3anocb, liTO H3·3a pacTa c TeMnepaTypoii Tep

MO.U.HHaMHlleCI<HX <f>nyi<Tyai.J;HH llHOHHOro ITOJIII 

cTaHOBHTCH HeB03MO)I(HbiM npH T > T c cy

mecTBOBaHHe Mellli<a-Hyi<noHa. B Tai<Hx ycno

BHHX H,l1.epHOe Beii.J;eCTBO He MO)I(eT COCTORTb 

nHillb H3 Hyi<nOHOB, H Cne.u.yeT Q)I(:H,IJ.aTb ITO

HBneHHH HHOH, HeHyi<nOHHOH <f>a3bl. 

,lJ;nR H,IJ.epHOrO Beii.J;eCTBa 06biliHOH llJIOT

HOCTH BblllOnHeHbl yTOl!HeHHbie paclleTbl pa3· 

MepoB Hyi<noHa, .u.nR llero Hcnonb30BaH 3<P<PeK

THBHbiH TpaHCnHI.J;HOHHO·HHBapHaHTHbiH narpaH· 

)I(HaH, llOCTpOeHHbiH Ha OCHOBaHHH HCXO.U.HOH 

CBM 12 7 1
. 

B pa6oTe 12 8 1 paccMoTpeHo anre6panqec

I<oe OllHCaHHe .U.HHaMHlleCI<OH .U.H<f>pai<Qllll HI 

MHOrOaTOMHbiX H.n;eanbHbiX I<pHCTannax ll no

I<a3aHO, liTO MarHHTHOe pacceHHHe Ha liCKIDKeH• 



HbiX 3JieKTpOHHbiX o60JIQ11KaX MO)KeT ,naTb 

06'bHCHeHHe aHOMaJibHOMy pacCeHHHIO Hefnpo

HOB, Ha6mo,neHHOMy paHee Ha MOHOKpH

CTaJIJie 1 8 6 W. 
BbiJIH c¢opMyrrHposaHbi H peweHbi ypas

HeHHH 12 9 I , onpe,neJIHIOinHe nepeHOC H3JiytieHHH 

B IIJIOCKHX Cpe,nax KOHetiHOH TOJimHHbl t~epe3 

OTpa)KeHHe H 3aTyXaHHe H3JiytieHHH B norry-

6ecKOHetiHOH cpe,ne. Hcnorrb30BaHHaR MeTo

,nHKa npHMeHHMa He TOJibKO K OAHOpO,nHbiM 

cpenaM, HO H AJIH 3a,naq TpaHcnopTHpOBKH 

B npOH3BOJibHbiX HeO,nHOpOAHbiX cpe,nax. 

METO,IU1qECKHE 

H ~PYrHE HCCflE~OBAHHH 

1. B 1989 ro.ny 6biJI 3asepweH ¢H3HtiecKHH 

nycK KpynHoro cneKTpOMeTpHtieCKOrO KOMn

JieKCa ~HH-2 Ha peaKTope HBP-2, co3nasae

Moro COBMeCTHO COTpy,ll;HHKaMH Cl>3J1 ( 06-

HHHCK) H OHHH 13 0 1
• KoMnrreKc ~HH-2 

ll03BOJIHeT npOBOAHTb HCCJieAOBaHHH aTOMHOH 

,ll;HHaMHKH semeCTB, HatiHHaR OT MeTaJIJIOB 

H cnrrasos H KOHtiaR 6HorrorHt~ecKHMH 

o6oeKTaMH. 

2. Ha 7 nyt~Ke peaKTopa HBP-2 Ha 100-MeT

posoH: 6a3e C 3epKaJibHbiMH HeHTpOHOBO,ll;aMH 

(,!J;JIHHOH no 80 MeTpOB Ka)K.ll:biH) ocymecTBJieH 

CneKTpoMeTp aeynpyroro 
pacceR:HHR: HeKrpOHOB 
HEPA-nP 

¢H3HtieCKHH nycK cneKTpoMeTpos HEP A-llP 

H HCBP. Ha cneKTpoMeTpe HEP A HatiaTbi 

HCCJieAOBaHHH ¢H3HtieCKHX xapaKTepHCTHK yc

TaHOBKH H Harra,notiHbie pa6oTbi c nyt~KOM. 

CneKTpoMeTp HCBP y)Ke Hat~arr HcnoJib3osaTh

cH AJIH TeKCTypHbiX 3a,naq H HCCJie,ll;OBaHHH 

pacceHHHH HeHTpOHOB B )KHAKOCTHX. 

3 . llpose,neHbl HCCJie,nOBaHHH OCHOBHblX 

xapaKTepHCTHK HMnyrrhCHOH . MarHHTHOH ycTa

HOBKH ,ll;JIH HeHTpOHOrpa¢HH MarHHTHbiX ¢a30-

BbiX COCTOHHHH, HHAyQHpyeMbiX MarHHTHbiM 

norreM 13 1 1• Ha ocHose norryt~eHHbiX Ha HBP-2 

3KCnepHMeHTaJibHbiX AaHHbiX no KHHeTHKe ¢a-

30BbiX n epexonos s aHTH¢eppoMarHeTHKax 

npe.nrro)KeH npoeKT .nonorrHeHHH cymecTsyro

mero cn eKTpoMeTpa CHHM-2 reHepaTopoM 

• npHMOyr OJibHbiX 
nOJIH 13 2 I • 

HMnyrrbCOB MarHHTHOrO 

4. C TOtiKH 3peHHH 3KCnepHMeHTa no MaJIO

yrJIOBOMy pacceHHHIO HeHTpOHOB paCCMOTpeHa 

3a,nat~a onpe.nerreHHH aHH30TpoiiHoro ¢opM

¢aKTopa ( CTpyKTypHoro ¢aKTOpa) MaKpO

MOJieKyJIHpHoro Krry6Ka )KH,ll;KOKpHCTaJIJIH

qecKOrO norrHMepa. lloKa3aHO, tiTO nosopoT 

npOH3BOJibHO OpHeHTHpOBaH~OrO o6pa3I.J;a H 

npose,neHHe H3MepeHHH npH Tpex pa3JIHtiHbiX 

yrrrax er o OpHeHTaQHH OTHOCHTeJibHO nyt~Ka 

n03BOJIHeT onpe,neJIHTb BCe KOMnOHeHTbi 'ieH-
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30pa, xapaKTepH3yromero cTpyKTypH biH <PaK

Top MaKpOMOJieKyJIHpHOrO KJiy6Ka, 11pH 110MO

IUH KOJibUeBoro .n;eTeKTOpa pacceHHH biX HeHT· 

poHOB, He o6na.n;aromero a3HMYTaJibHOH qys

CTBHTeJibHOCTbiO 13 3 
I. 

5. Pa3BHT qHcJieHHbiH MeTo.n; peweHHH 

ypasHeHHH TiayJIH ,D;JIH HeHTpOHa B KOHe~OH, 

HeO,D;HOpO,D;HO·HaMarHHqeHHOH cpe.n;e, C yqeTOM 

ee rpaHHU 13 4 1
• MeTo.n; 1103BOJIHeT e.n;HHbiM 

o6pa30M paccqHTaTb HHTeHCHBHOCTb H BeKTOp 

110JIHpH3aUHH OTp~eHHOrO 11yqKa H eHTpOHOB 

B WHpOKOM ,Il;HaiTa30He BeKTOpOB p acceHHHH 

HJIH K03<lJ<lJHUHeHTOB OTpaJKeHHH. C ero 110MO· 

IUbiO paccMoTpeH pH.n; KOHKpeTHbiX CTPYKTYP 

( <!Jeppo- H aHTH<!JeppoMarHHTHbie C11HpaJIH, 

,Il;JIHHHOI1epHO,Il;Hble COJIHTOHbl H .n;p.). 

6. C 110MO!Ubl0 16-CeKUHOHHOrO CUHHTHJI· 

JIHUl{OHHOrO .n;eTeKTOpa MHO:>KeCTBeH HOCTH "f· 
KBaHTOB "PoMawKa" H 3 He-cqeTqHKOB Ha 

500- H 1000-MeTpOBbiX 11pOJieTHbiX 6a3aX 

HMI1YJibCHOrO HCTO~HKa HeHTpOHOB lfBP-30 + 
+ flY3-40 H3MepeHbl <!JyHKUHH 110JIH OrO 11pO

rrycKaHHH H <!JyHKUHH CaMOHH,Il;HKaUHH B ce

qeHHH pa.n;HaUHOHHOrO 3axBaTa H eHTpOHOB 

,D;JIH 2 3 s U B WHpOKOM ,D;Ha11a30He 3HeprHH: 

0: 465 - 200 K3B 13 5 1
• 113MepeHHH <!JyHKUHH 

CaMOHH,Il;HKauHH B11epBbie 11pOBe,D;eHb l B 3aBH· 

CHMOCTH OT KpaTHOCTH H3JiyqaeMbl X "f·KBaH

TOB ,Il;JIH 60JibWHX TOJIIUHH (64 MM) <lJHJibTpOB 

H3 ypaHa (11po11ycKaHHe- 0,02). 

TionyqeHHbie 3KC11epHMeHTaJibHbi e ,Il;aHHbie 

1103BOJIHIOT yTo~HTb cpe.n;HHe pe3 0HaHCHbie 

HAyqHO-IIPI1Kfl.A,UHhiE P ABOThl 

1. Tipo.n;oJI:>KaJIHCb pa6oTbi 110 c osepweH

CTBOBaHHIO CKBH,Il;OB - KBaHTOBbiX HHTep<!Je

poMeTpOB Ha OCHOBe BbiCOKOTeM11epaTypHOH 

csepx11poso.n;Hmeii KepaMHKH. Co3.n;aH o.n;Ho

HH.z:IYKTHBHbiH pa.n;HOliriCTOTHbiH CKBH,D;, HMeiO

IUHH 11PH TeM11epaType :>KH.D;Koro a3o Ta qyscT

BHTeJibHOCTb K BHeWHeMy MarHHTHOMY 110JIIO 

""'10- 1 3 Tn/ru1 12 
• TaKaH qyscTBHTeJibHOCTb 

1103BOJIHJia 3aperHCTpHpOBaTb MarHHTOKap,D;HO· 

rpaMMY cep.n;ua qeJIOBeKa B peaJibHOM MaCWTa-

6e . speMeHH c pa3peweHHeM He x y:>Ke 10:1 

(pHc.8) 
14 0 

'
4 1 1

. Ha6nro.n;eHHH 110Ka 3aJIH, qTo 

11pH 3ai1HCH Kap,D;HOrpaMMbl OCHOBHOH rnyMO· 

BOH BKJia,D; BHOCHT He CaM CKBH,D;, a BapHaUl{H 
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xapaKTepHCTHKH HeHTpOHHbiX ceqeHHH H 

<!JaKTOpbi 6JIOKHpOBKH HeHTpOHHbiX pe30· 

HaHcos, Heo6xo.n;HMbie .n;JIH pacqeTa peaK

Topos. 

7. Tipo.n;oJI:>KaJIHCb Hccne.n;oBaHHH c ynhTpa

XOJIO.n;HbiMH HeiiTpoHaMH (YXH) • Bse.n;eHHbiH 

B 3KCI1JiyaTaUHIO HH3KOTeMI1epaTypHbiH HCTOq

HHK·KOHBepTOp YXH, OITHCaHHbiH a 13 6 1
, 110-

3BOJIHJI yseJIHqHTb 110TOK YXH a 15 pa3. 

Bbma pa3pa6oTaHa .n;syxrpy11110BaH TeopHH 

.n;H<P<PY3HH YXH 110 HeiiTpoHoso.n;aM 13 7 1
, KOTo

paH 1103BOJIHeT 011pe.n;eJIHTb BJIHHHHe 11080· 

pOTOB HeHTpOHOBO,D;a Ha 11p011yCKaHHe H OTpa

:>KeHHe HeHTpOHOBO,Il;HbiX CHCTeM, a TaK:>Ke 

06'bHCHHTb 3KC11epHMeHTaJibHO Ha6JIIO,D;aeMyiO 

acHMMeTpHIO cqeTa YXH Ha Bbixo.n;ax ,IJ;syx 

Hal1paBJieHHbiX 110,Il; pa3HbiMH yrJiaMH K MarH

CTpaJibHOMY KaHaJiy O,IJ;HHaKOBbiX BeTBeH pa3-

BeTBJieHHOrO HeHTpOHOBO,IJ;a. 

MeTo,IJ;oM, OCHOBaHHbiM Ha AH<P<PY3HH YXH 

a 11opornKax, 11pose,IJ;eHbi H3MepeHHH K03<lJqm

UHeHTa 110Tepb YXH 11pH HX oTpaJKeHHH or 

11osepXHOCTH cna6o11ornomaromHX semecrs -

rpa<lJHTa H 6epHJIJIHH 135 ' 3 9 1
• Ha o6e3ra:>KeH· 

HbiX 11opowKax B11epBbie 110JiyqeHbi 3KC11epH

MeHTaJibHbie ,Il;aHHble 110 11pHBe,IJ;eHHOMy K03qr 

<PHUHeHTY 110Tepb YXH 11 11pH KOMHaTHOH 

TeMI1epaType (11 = (3,5~~·.~) -10- 6 · ,D;JIH rpa!lJH

Ta H 11 = ( 4,4~ 1
1 

',~ ) ·10- 6 ,Il;JIH 6epHJIJIHH), 

xopowo cornacyromHecH c pacqeTaMH, ocuo

saHHbiMH Ha H3BeCTHbiX ceqeHHHX 3axBaTa 

H Hey11pyroro pacceHHHH HeHTpOHOB B 3THX 

semecTsax. 

MarHHTHOrO 110JIH 3eMJIH H 11pOMbllllJieHHble 

HaBO,Il;KH, ycTpaHeHHe KOTOpbiX 1103BOJIHT He 

TOJibKO ysepeHO perHCTpHpOBaTb 11pOCTpaH· 

CTBeHHO-BpeMeHHbie Kap,Il;HOrpaMMbi, HO H H3Y• 

qaTb Hx TOHKyro CTPYKTYPY, CBH3aHHYIO c naro

norHeii cep,IJ;e~OH ,IJ;eHTeJibHOCTH. 

2. PeHTreHOCTpyKTypHbie HCCJie,IJ;OBaHHII 

o6pa3UOB YBa2 Cu3 0 7 , o6nyqeHHbiX TH)I(eJilal· 

MH HOHaMH c 3HeprHeii ·~ 1 M3B/nyKJIOH, 

110Ka3aJIH, qTo 3aMeTHbie H3MeHeHHH CO,nep

)l(aHHH CBepX11pOBO,IJ;HIUeH <!Ja3bl 110HBJIHJOTCR 

11PH <PnroeHcax 10
1 4 

HOH/cM
2 , a 110JIHaH aMop

<PH3auHH o6pa3UOB 11pOHCX0,Il;HT 11pH !lJJIIOeHC8 
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Puc. 8. MarHHTOKapauorpaMMa cep.nua 'lenoseKa, H3MepeHH8Jl Mar HH;.TOMeTpoM Ha ocHose BTCil·cKBH,!la, pa6o· 
Taswero npu TeMnepaType >KH,!lKoro a30Ta 

101 5 HOH/CM2 (npH o6Jiy'lleHHH HOHaMH apro

Ha) 14 2 I. 0THOCHTeJibHO HH3KaR noBpe)f(}J;alO· 

l.UaR cnoco6HOCTb T.R:IKeJibiX HOHOB MO:IKeT 

6hiTb o6'b.RCHeHa peKpHCTaJIJIH3aiJ;HeH cpe-

Ahl BAOJlb TpeKa CHJlbHOHOHH3HpylOIIJ;eH 

'llaCTHIJ;bl. 

3. C nOMOIUblO aKTHBau;HOHHOI"O aHaJIH3a 

H3y'llaJIOCb BJIH.RHHe npOH3BO)l;CTB MHHepaJib· 

HbiX y,no6peHHH Ha 3ai"p.R3HeHHe OKpy)Kal()IIJ;eH 

cpe,nhi pe,nK03eMeJibHbiMH 3JleMeHTaMH. llony

'lleHbl )l;aHHbie 06 OCHOBHbiX HCTO'IIHHKax nhiJie

BbiX Bbi6poCOB B aTMOCcPepy, 0 KOHIJ;eHTpaiJ;HH 

HeKOTOpbiX 3JieMeHTOB-3arp.R3HHTeJieH B CeJib· 

CKOX03.RHCTBeHHbiX paCTeHH.RX, BOJIOCaX pa6o

'IIHX AaHHOI"O npOH3BOACTBa H HaCeJieHH.R npH

Jiei"alOIIJ;HX paHOHOB 
14 3 

'
4 4 1

• 

Il0,!1rOTOBK8 o6p83UOB Bbi· 
COKOTeMnepaTypHOH CBepx· 
DpOBO,!lllll.{eH KepaMHKH 

Cos MecTHO c UH<l>H BAH npose,neHhi aKTH

Bau;HOHH O-aHaJIHTH'IIecKHe pa60Tbl no onpe

,neneHHlO MHKponpHMeCeH B BbiCOKO'IIHCTbiX 

paCTBOp HTeJI.RX, HCnOJib3yeMbiX B nonynpOBOA· 

HHKOBbiX TeXHOJlOI"H.RX. qHCTOTa paCTBOpHTe

JieH cpaBHHBaJiaCb C 'IIHCTOTOH oco6o 'IIHCTOI"O 

KpeMHH.R. lloKa3aHO, 'liTO I"JlliBHbiMH 3ai"p.R3HH· 

TeJI.RMH MHKpOCXeM B HCnOJlb3yeMbiX paCTBO· 

pHTeJI.RX .RBJI.ReTC.R HaTpHH H :1KeJie3o 14 5 1
• . 

4. B 1989 r. cosMecTHo c BHHH3 npose.ne

Hhi HCn hiTaHHH .nsyx npH6opoB AJI.R onpe.nene

HHH 6 enKa B 3epHOBhiX KYJihTypax (npH6op 

A30T-1 } H B KOM6HKOpMaX H HX COCTaBJI.RlO· 

IIJ;Hx ( n pH6op A30T-2) • .[loKyMeHTau;H.a Ha o6a 

npH6op a no pe3yJihTaTaM HCllbiTaHHH 6hma ne

pe.n;aHa AJI.R H3I"OTOBJieHH.R OllbiTHbiX napTHH. 
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113MEPI1TEJibHO-Bblql1cJIIITEJibHbi A UEHTP 11 3JIEKTPOHHAR ATinAP ATYP A 

B H3MepHTeJibHOM ueuTpe (11U) JIH<l> 

3anymeua 32-pa3p.R,li,Ha.R 3BM p. VAX-II, I<O

Topa.R n03BOJI.ReT He TOJibi<O cymeCTBeHHO 

nOBbiCHTb npOH3BO,lJ,HTeJlbHOCTb UeHTpaJibHO

ro npoueccopa 11U, no H ysenH~Th eM

I<OCTh ,D,HCI<OBOH naM.RTH ua 1 rHra6aiiT. Ocy

mecTBJieua CB.R3h p.V AX-II c PDP-11/70 qe

pe3 JIOKaJihHYIO ceTb Ethernet. H a pa11ee 

C03,ll,aHHOH TepMHHaJibHOH CeTH ( 42 TepMH

HaJia, no,D,KJiroqenHhiX K PDP-11/70) peanH-

30BaH pe')KHM y,D,aneuuoro TepMHHaJia, qTo 

n03BOJIHeT nOJih30BaTeJIIO CeTH BbiXO,lJ,HTb Ha 

CB.R3b c p.V AX-II. 
flpO,li,OJI)KaJIOCb pa3BHTHe JIOKaJibHOH CeTH 

SONET-2, KOTOpa.R 6Lma BhiBe,D,eua B 3Kcne

pHMeHTaJihHhiH 3aJI peaKTOpa lfBP-2 C UeJibiO 

BKJIIOqeHH.R B Hee nepCOHaJibHbiX KOM nhiOTe-

pOB "flpaseu-16", BXO,D,ill.UHX B COCTaB 3I<Cne

pHMeHTaJibHbiX ycTaHOBOI< (HEPA-TIP, HCBP, 

CHHM-2). 

IIIHpOI<HM !l>poHTOM BeJIHCh pa6oThi no 

nepeso,D,y H3MepHTeJihHhiX Mo,D,yJieH ua nep

coHaJihHbie I<oMnhroTephi. Ha 8 cnei<TpoMeTpax 

y')Ke npose,D,eHbi nepBhie !I>H3Hqeci<He 3I<cne

pHMeHThi, 4 MO,D,YJI.R HaxO,D,.RTC.R B CTa,D,HH 

co3,D,aHH.R. BoJibllla.R pa6oTa npo,D,eJiaHa B nJia

ue MO,D,epHH3aUHH ,D,eTei<TOpHOH 3Jiei<TpOHHI<H 

H 6JIOI<OB aBTOMaTHI<H, B TOM qHCJie CTa6HJIH· 

3auHH H peryn,HpOBI<H TeMnepaTyp~>I, npepbiBa

TeJieii HeHTpOHHOrO nyqi<a, CHCTeMhl yrJIOBbiX 

nepeMemeuHii H ,D,p. Co3,D,aeTc.R 3Jiei<Tpouuoe 

o6opy,D,OBaHHe ,nJI.R HOBbiX HeHTpOHHbl~ H 

peHTreHOBCI<HX n03HUHOHHO-qyBCTBHTeJibHbiX 

,D,eTei<TOpOB. 

3anycK KOMnneKca H3 ABYX 3BM p.VAX-11 YBeJIHliHJJ Bbl'IHCnHTenhHYJO MO~OCTh HBU nH~ B 5 p83 

BA30BbiE YCT AHOBKI1 

BbiJIH npose,D,eHbi e')Kero,D,Hhie n JiaHOBbie 

H3MepeHH.R ,D,HHaMHqecKHX csoiicTB p eaKTopa 

HBP-2, KOTophie so MnoroM onpe,D,eJI.RIOT 

6e30naCHOCTb ero 3KCnJiyaTaUHH. .113M epeHHH 

noKa3aJIH, qTo xapaKTepHCTHKH peaKTo pa I<aK 

,lJ,HHaMHqeCKOH CHCTeMhl He H3MeHHJIHCb 3a 

nocne,D,HHH ro,D,. KpoMe Toro, B pe3y JihTaTe 

H3MepeHHH nonyqenhi c xoporneii TO~OCThiO 

,lJ,aHHhie 0 BJIH.RHHH paCXO,D,a TenJIOHOCHTeJI.R 

Ha ,li,HHaMHqeCI<He xapaKTepHCTHKH p eaKTO

pa (pHc.9). 
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Pa3pa6oTaHhi H peanH30BaHhi B BH,D,e npo

rpaMM ,nJI.R nepCOHaJibHOrO KOMnhiOTepa HOBbie 

MeTO,lJ,bl ,D,HarHOCTHI<H aHOMaJibHbiX COCTO.RHHH 

peaKTOpa no rnyMaM 3HeprHH HMnyJihCOB 

MOmHOCTH (pHc.10) • 

BLmonueu TeXHHqecl<HH npoei<T KpHoreu

uoro 3aMe,n.rrHTeJI.R, npose,D,euo MaKeTHpOBaHHe 

ero y3JIOB H HCCJie,D,OBaHH.R HX Hanp.R')KeHHOrO 

COCTO.RHH.R. flpOBO,lJ,HJIOCb npoeKTHpOBaHHe HO· 

soro no,D,BH')KHOro oTp~aTen.R TI0-2PM, uaqaTO 

H3roTosneuHe ero Y3JIOB. 



PHc. 9. HMnyn&CHaR xapaK
repHCTHKa o6paTHOH CB.II3H 
(PF B eAHHHQax peaKTHB
HOCTH I M.Ilx<) B peaKTope 
HBP-2; H3MepeHH.II 1989 r. 
1 - pa6oTa peaKTopa Ha 
MOlllHOCTH 2 MBT npu pac
XOAe H8TpH.II 90 M 3 fq, 
2, 3 H 4 - MOUUfOCTb 
0,8 MBT npu pacxoAax 
H&TpH.II 90, 70 H 50 M3 /q 
coomeTcTBeHHO. BpeM.R 
t - B ceKYHJ~;ax 

PF O 

-0.2 

-0.4 

-0.6 

-o.a 
-1~--~--~--~--~--~--~--~----

0 10 

3aaeprneH nepBbiH :nan co3,naHHR aaTo
MaTH3HpOBaHHOH CHCTeMhi ynpaarreHHR ( ACY) 
peaKTopa HBP-2, BKmoqruomHii pa3pa6oTKY 
cnei.UiarrHcTaMH U11<1>11 BAH TeXHHqecKoro 
npoeKTa. 

B 1989 r. ycTaHOBKa HBP-30 + JIY3-40 
oTpa6oTarra 3 QHKJia Ha <l:>H3HqecKHH 3Kcne
pHMeHT H 6bma OCTaHOBJieHa ,ll;JIR npoaepKH 

Puc. 10. CneKTp qmyKtyaQHH MOUUIOCTH peaKTopa HBP-2 

20 30 40 50 60 70 
t/0 .2 

COCTORHHR aKTHBHOH 30Hbl H 3aMeH 

.JIRTOpa pe~KTHBHOCTH, KOTOpbiH B 

hi Mo,ny-
bipa6oTarr 

caoii pecy pc. 

T no aT-
, o60CHO-

BhmorrHeH 6orrhrnoii o6'beM pa6o 
TecTai.UiH Tenrroabl.n;errnromHx c6opoK 
BaHHIO HX pa60TOCnOC06HOCTH, H3rOT 
H 6arraHCHpOBKe HOBOrO ,ll;HCKa 

OBJieHHIO 
OCHOBHOH 

no,nBH:>KHOH 30Hbl. 

• 

POWER PSD 
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JIABOPATOPiffi 
BhlqHCJIHTEJihHOff TEXHHKH 11 ABTOMATI13AU1111 . 

B 1989 rony B Jia6opaTopHH nonytiHJIH 
AaJibHeMrnee pa3BHTHe QeHTpaJibHbiM Bbi'!HCJIH
TeJibHbiM KOMnneKc OHJUf, noKaJibHhie cerH 
3BM H TepMHHaJIOB, a TaK:>Ke CHCTeMhl o6pa-
60TKH KaMepHbiX CHHMKOB. BbinOJIHeHbl pa6o
Thl, HanpaBJieHHbie Ha 3<P<PeKTHBHOe HellOJib-

30BaHHe nepcoHaJihHbiX 3BM. 11ccnenoBaHbi 
MeTO,!l;bl H C03,!l;aHbl nporpaMMbl pellleHHH 
HeJIHHeMHbiX 3a,!l;a'l MaTeMaTHtiecKOM <l>H3HKH 
B CBH3H C pa3pa60TKaMH, npOBO,!l;HMbiMH B 
011HI1. Co3MHhi KOMnneKCbi nporpaMM .D:JIH 
o6pa6oTKH 3KCnepHMeHTaJibHbiX ,!l;aHHbiX. 

PA3BI1T11E 11 3cl>cl>EKT11BHOE 11CllOJib30BAHI1E 
UEHTPAJihHOrO Bbl411CJII1TEJibHOrO KOMllJIEKCA, 
JIOKAJibHblX CETEH: 11 llEPCOHAJibHblX 3BM 

B 1989 rony sseneHbi B 3KCnnyaTaQHIO 
HOBa.H 6a30Ba.H 3BM EC-1037, npoQeccop Tene
o6pa6oTKH .D:aHHbiX EC-8371 (llT.U) H nHcKo
Ba.H noncHcTeMa nnH 3BM cepHH EC o6meu eM
KocrhiO 15,2 r6anT. c llOMOmhlO llT.U EC-1037 
BKJIIOlleHa B CeTb JINET. 

3anymeHbl B OllbiTHYIO 3KCnJiyaTaQHIO 3BM 
V AX-83 50 H .u VAX-II - ocHoBa rpa<PHtiecKoro 
l.(eHTpa o6mero Ha3HatieHHH. 3BM EC-1060 
BhmeneHa H3 3KCnnyaTaQHH. 

llocTasneH sapHaHT nporpaMMHoro o6ecne- . 
'leHHH ,!l;JIH pa60Tbl llOJib30BaTeJieM Ce'l'H JINET 

TepMHHaJibH&Ie ycrpoiicrsa 
3BM EC-1066 

c 3 BM EC-1037. Co3naHa nepsa.H oqepenL 
nporpaMMHoro o6ecnetieHHH KOMUJieKca 3BM 
EC-1 037 H EC-1061 ,!l;JIH <PYHKQHOHHpOBaHHH 
Ha o6m eu ,!l;HCKOBOM naM.HTH. 

Ha EC 3BM ocymecTsneH nepexon Ha pa-
6oTy llO,!l; ynpaBJieHHeM onepaQHOHHOM CHCTe
Mbl BHpTyaJibHbiX MalllHH (CBM). 3Ta CHCTeMa 
o6ecnetiHBaeT pa3BHTbie cpencTBa pa6oTbi B 
HHTepaKTHBHOM pe:>KHMe, ll03BOJI.HeT HCllOJib-
30BaTh 6onhrne pecypcos, npoBO.D:HTh cHCTeM
Hbie pa6oTbl H TecTHpOBaTb nepH<l>epHMHOe 
o6opynoBaHHe, . He Mellla.H noJih30BaTeJIHM. 
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3an 1lHCKosou naMRTH UBK OHHH 

IJo.n;o6HaH CHCTeMa HaxO)l;HTCH B 3KCIUiyaTa
UHH Ha 3BM cpHpMhi IBM a UEPHe, no3ToMy 
o6ecnetmsaeT cosMecTHMOCTb no nporpaMM
HOMY o6ecne'leHmo Me~y 011HH: H U EPHoM. 
Ilony'IHJio pa3BHTHe o6mecHCTeMHoe MaTeMa
TH'IecKoe o6ecne'leHHe 6a30BhiX 3BM. Bse.n;e
Hhi. B 3KCnnyaTaumo HOBhiH TpaHCIIHTOp C 
H3hiKa "C", HOBbie sepCHH naKeTOB nporpaMM, 
pa3pa6oTaHHbiX a UEPHe: GENLIB, PA CKLIB, 
ZEBRA, PATCHY, KERLIB, GEANT H .n;p. 

llyn&T ynpasneHHH 3BM EC-1037 
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)lnH CHC'FeMhl CBM sLmonHeHa a.n;arnauHH 
nporpaMMHoro o6ecne'leHHR MaTpHtiHoro npo
ueccopa EC-2706, rpacpH'IecKHX naKeTos H nep
so:H sepcHH 6H6JIHoTeKH nporpaMM o6mero 
Ha3Ha'leHHR "JJY6Ha". 

Ilo.n;roTOBJieHa sepcHR MaTeMaTH'IecKoro 
o6ecne'leHHH y3JIOB CeTH JINET, no3BOJIRIO
mero MHOrHM llOJib30BaTeJIHM B .n;eifTarpaMM
HOM pEPKHMe o6MeHHBaTbCH HHcpOpMauHeH C 

nepcoHaiihHOH 3BM, no.n;KJilO'IeHHOH K Y3JIY 



31CCn.rtyaTaijUR 6ll306blX 3/Le1CTpOHH0-6bl'lUC/lUTe/lbHblX MautUH 

ro.n:osoii 06mee none3- Cpe.n;HecyToq-
3BM nJiaH, q Hoe speMH cqeTa HOe nOJie3HOe TipHMeqaHHe 

3a ro.n:, q 

CDC-6500 7290 8065 

EC-1061 10550* 12895* 
EC-1060 10700* 7523* 

B3CM-6 7450* 7092* 

* KoMMep'leCKoe epeMR. 

H BhinOJIHHIOIUeH, HanpHMep, cpyHKUHH cep
Bepa 3JieKTpOHHOH nO~bl. )J.rrH OCBOeHHR H 
o6pa60TKH BapHaHTOB 06MeHa HHcpOpMau;H
eii: Me)K.IJ:y CeTblO JINET H BHelllHHMH ceTH
MH 3BM no.n;rOTOBJieH sapHaHT nporpaMM
HOrO .n;paiisepa .D:JIH peaJIH3aUHH B3aHMO.n;eHCT
BHR: TI3BM npH o6MeHe HHcpopMau;ueii no 
npasHJiaM npoTOKOJia TCP /IP. 

Pa3pa6oTaHa .n;oKyMeHTau;HR, Heo6xo.n;HMaH 
MR H3roTosneHHH Y3JIOB - aHaJioros ceTH 
JINET Ha 3JieMeHTHOH 6a3e cTpaH C3B. 

llpose.n;eHhi npo6Hbie ceaHCbi CBH3H qepe3 
cnymHKOBbiH KaHan .D:JIH .n:syx TI3BM c uc
no1Ih30BaHHeM cneuuaJibHhiX sepcuii y3nos 
JINET H ux nporpaMMHoro o6ecneqeHHH. 

Co3AaH sapHaHT nporpaMMHhiX HHCTpyMeH
T8.JihHhiX cpe.n;cTs AJIH cpopMHposaHHR apxusa 
noKyMeHTaUHH no nporpaMMHhiM npo.n;yKTaM 
MR TI3BM 011.HI1, npe.n;ycMaTpHBaJOIUHH 803-
MO)KHOCTb HCnOJib30BaHHH BHelllHeH naMHTH 
3BM THna EC. B nopH.n;Ke MO.IJ:HcpHKau;HH 

speMH, q 

21,9 BpeMH u;eHTpaJibHoro 
npoueccopa 

20,6 
16,9 Bhlse.n;eHa H3 3Kcnnya-

Tall;HH 9 HOH6pH 1989 r. 
21,3 Bbise.n;eHa H3 3Kcnnya-

Tall;HH 1 HOH6pH 1989 r. 

· 6H6JIH.OTeKH nporpaMMHbiX npo.n;yKTOB ee ap
XHB nonOJIHeH nporpaMMaMH Ha 60-TH .IJ:HC

KeTKaX. 
BhmonHeHa ou;eHKa BbJqucnHTeJihHOH MOIU

HOCTH nepCOHaJibHbiX 3BM, npose.n;eH 3anyCK 
H opraHH3oBaHa 3KCnnyaTau;HR nepsoii oqepe
AH CeTH TI3BM no npoeKTy KP ACT. 

Tipos e.n;eHo uccne.n:osaHHe sapHaHTOB co-
3AaHHR MHoronpou;eccopHbiX BbJqHCJIHTeJibHbiX 
CHCTeM .D:JIH napaJIJieJibHOH o6pa60TKH .IJ:aHHbiX 
B 3KCnepHMeHTaX no cpH3HKe BbiCOKHX 3HeprHH 
Ha OCHOBe MarHCTpaJihHO-MO.IJ:eJibHOH CHCTeMbl 
MULTIBUS-2. 

Tipe.D:Jio:>KeHhi anropHTM 3anonHeHHR H 
BbiBO.D:a Ha .D:HCnJieH TpaHCcpOpMHposaHHbiX 
napannenorpaMMOB, a TaK:>Ke nporpaMMHaH 
H annapaTHaH peanH3aUHR 3Toro anropHTMa 
Ha pa6oqei% CTaHUHH, nocrpoeHHoii Ha 6a3e 
TI3BM, rpacpuqecKoro npoueccopa H UBeT
Horo MOHHTOpa C BbiCOKHM pa3perneHH
eM/l- 3 I . 

HCllOJih30BAHI1E CHCTEM AHAJII1TI11IECKI1X BblliHCJIEHHfl HA 3BM 

B paMKax pa3BHTHH npHKJIMHoro npo
rpaMMHoro o6ecneqeHHR npoeKTOB KP ACT 
H CllEKTP peanH30BaHa cucTeMa nporpaMM 
DIRAC 14 1 AJIH aHaJIHTHqecKHX BhJqucneHHH c 
nonHHoMaMH, seKTopaMH H TeH3opaMH. Cu
CTeMa MO:>KeT 3cpcpeKTHBHO npHMeHHTbCH .IJ:JIH 
MHoroneTneshiX pacqeTos .n:uarpaMM <l>eiiHMaHa 
B KBaHTOBOH XpOMO.IJ:HHaMHKe, KBaHTOBOH 
:meKTpO.D:HHaMHKe H .n;pyrHX TeOpHRX. 0Ha 
xapaKTepH3yeTCH BhiCOKHM 6hiCTpo.n;eHCTBHeM 

H 3KOHOMHqHoCThlO npH pa6oTe Ha TI3BM, 
cosMecTHMhiX c PC IBM. 

Pa3pa6oTaH PM nporpaMM, cymecTseHHO 
paClllHpHIOIUHX B03MO)KHOCTH CHCTeMbl aHaJIH
TuqecKHX BhiqucneHHH REDUCE AJIH npHKJIM
HhiX 3a.n;aq, KOTOpbie Tpe6yJOT aHaJIHTuqecKOrO 
HCCJie.D:OBaHHH .D:HcpcpepeHll;HaJibHbiX ypasHeHHH. 

)J.rrH nporpaMMHoro o6ecneqeHHR TeopeTH
qecKHX pacqeTOB C03.IJ:aHbl nporpaMMbl HaXO:>K
.n;eHHR pellleHHH O.D:HOpO.n;HhiX .D:HcpcpepeHUH-
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aJibHhiX ypaBHeHHH BTOporo nop.H,ll,Ka C <t>aKTO

pH3yiOI.I.Uil\IIHC.fi onepaTopaMH Is I, a Ta K)I(e JIH

HeHHhiX ,ll,H<l><t>e peHUHaJibHhiX ypaBHeHHH CO 

CneKTpaJibHhiMH napaMeTpaMH ,· K03<t>qm u;HeHThl 

KOTOpbiX MO)I(HO Bbipa3HTb llepe3 3JIJIHllTHlle

CKHe <i>YHKI..J;HH 161 • 3TH nporpaMMh l MoryT 

6hiTb npHMeHeHhl ,ll,Jl.H aHaJIHTHlleCKOr O HCCJie

,ll,OBaHH.fi p.H,ll,a KBaHTOBO-MeXaHHlleCKI'IX MO,l],e

JieH. Pa3pa6oTaH pH,ll, anropHTMOB H npo

rpaMM17 1 8 1 ,ll,JIH aBTOMaTH3ai..J;HH n p osepKH 

Ha 3BM HHTerpupyeMOCTH, a TaK)I(e KJiaCCH

<i>HKai..J;HH C~CTeM HeJIHHeHHhiX 3BOJllOI..J;HOHHbiX 

ypasHeHHH, BCTpellaiOIUH XC.f! B pa3JIH'IHhiX no

rreBhiX MO,ll,eJI.HX. 

Co3,ll,aHhi arrropHTMhi u nporpaMMhi ,ll,JIH 

aHaJIHTHlleCKoro H CCJie,ll,OBaHHH perne HHH CH

CTeM ypasHeHHH, OllHChiBalOI.I.J.HX ,ll,HHaMHKY 

,ll,BH)I(eHH.H llaCTHU B MarHHTHhiX llOJI.fiX . IJpe,ll,

JIO)I(eH H peaJIH30BaH anropHTM llOCTpOeHHH 

B BH,ll,e CTeneHHOrO pH,ll,a perneHH.fi M O,l],eJibHO

ro HerrHHeiiHoro y pasHeHHH ,ll,BH)I(eHHH npo

TOHHhiX ny'IKOB B H eO,ll,HOpO,ll,HhiX MarHHT-

HhiX llOJI.fiX I..J;HKJIHllecKHX yCKOpHTerrefl19 I. 

Pa3pa6oTaH KOMnrreKc nporpaMM, peanH3YID

I.I.J.HX MeTO,ll, ycpe,ll,HeHHH KpbiJiosa - EororriD-

6osa B TpeTbeM npu6rru)l(eHHH ,ll,JIH nocTpoe

HHH ycpe,ll,HeHHhiX CHCTeM ypaBHeHHH ,ll,BH)I(e

HH.H 3apH)I(eHHhlX llaCTHU B MarHHTHOM none. 

B paMKax norryqeHHhiX ypaBHeHHH npose,ll,e

HO uccrre,ll,oBaHHe Ha 3BM ycTOH'IHBOCTH 6e

TaTpOHHhiX KOJie6aHHH B OKpeCTHOCTH HeJIH

HeHHhiX pe30HaHCOB npHMeHHTeJibHO K CJia6o

H CHJlbHO<!>OKYCHpyiDIUHM yCKOpHTe

JI.fiM /1 0 I I I I . 

Pa3pa6oTaHbi arrropHTM H nporpaMMa 

SPECTR 1 1 2 1 BhlliHCJieHHH cneKTpos pa3HOCT

HhiX CXeM, annpOKCHMHpyiOI.I.J.HX CHCTeMbl JIH· 

HeHHhiX ,ll,H<t><!>epeilu;HaJibHhiX ypaBHeHHH rH

nep60JIHllecKoro THna C llOCTO.HHHbiMH K03<l>· 

<i>HUHeHTaMH H O,ll,HOH npOCTpaHCTBeHHOH ne

peMeHHOH. IJporpaMMa ll03BOJIHeT aB· 

TOMaTH3HpOBaTb Ha 3BM HCCJie,ll,OBaHHe 

ycTOH'IHBOCTH pa3HOCTHbiX 3a,ll,all yKa3aHHoro 

Krracca. 

MATEMAT:HqECKOE OEECIJEqEHHE 3JIEKTPOHHhiX 3KCllEPHMEHTOB 

.[l.n.H nepBHliHOH o6pa60TKH ,ll,aHH hiX, pe

rHCTpHpyeMhiX MHOrOllaCTH'IHhiM cneK TpOMeT

pOM EHC-2, C03,ll,aHa cucTeMa EH30 H. 0Ha 

CO,ll,ep)I(HT, B llaCTHOCTH, nporpaMMhl ,ll,Jl.f! onpe

,ll,eJieHH.fi xapaKTepHCTHK yCTaHOBKH, p a Cn03Ha

BaHH.fi H onpe,ll,erreHH.fi napaMeTpOB C0 6hiTHH. 

3<P<t>eKTHBHOCTb HCllOJlb3yeMhiX ,ll,JI.f! p a Cll03Ha

BaHHH H BOCCTaHOBJieHH.fi MHOrOTpeKOB biX C0-

6biTHH nporpaMM B 1,5 -:- 2 pa3a npe shiiiiaeT 

J<t><t>eKTHBHOCTb arrbTepHaTHBHhiX. C ucTeMa 

EH30H ucnorrh3osanach ,ll,JIH o6pa6o TKH Ha 

EC-1061 u EC-1060 ,ll,ecHTKOB M HJIJIHOHOB 

MHOrOTpeKOBhiX C06biTHH, CB.fi3aHHhiX C 3KC

nepHMeHTaJibHhiMH HCCJle,ll,OBaHHHMH OllapOBaH

HhiX llaCTHU Ha npOTOHHOM CHHXp OTpOHe 

H<I>B3 (Cepnyxos). 

Co3,ll,aHa pacnpe,ll,erreHHaH cucTeMa cTaTH

CTHllecKoro aHaJIH3a ,ll,aHHhiX CTAP. 0 Ha opu

eHTHposaHa Ha COBMeCTHOe HCll_QJlb30BaHHe 

u;eHTpaJibHOH H nepCOHaJibHOH Bhi'IHCJIHTeJibHhiX 

MaiiiHH. <I>YHKUHeH u;eHTpaJibHOH 3BM K OJIJieK

THBHoro llOJlb30BaHH.fi .fiBJI.f!eTC.fi 06pa60TKa, 

no3TanHoe npeo6pa3oBaHue HH<t>opMau;u u, xpa

HHI.I.J.eHc.H Ha ,ll,HCKOBhiX H JieHTO'IHhiX <t>aHJiax, 

H <t>opMuposaHHe nocpe,ll,CTBOM naKeTa H BOOK 

cTaTHCTHlleCKOH 6a3hi ,ll,aHHhiX. TaKHM o6pa-
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30M, u;eHTpaJibHaH 3BM HCllOJib3YeTC.fi KaK 

<t>aHJIOBhiH npou;eccop H cpaBHHTeJibHO MO~

HhiH Bhi'IHCJIHTeJib C u;eHTpaJibHbiM TeXHHlle

CKHM H KpyrrrocyTO'IHhiM onepaTOpHbiM o6crry

)I(HBaHHeM. IJepCOHaJibHa.H 3BM npHMeH.HeTCH 

B cucTeMe CT AP ,ll,JIH CTaTHCTHllecKoro aHarrH-

3a, mtTepnpeTau;HH u rpa<t>ullecKoro npe,ll,cTas

rreHHH ,ll,aHHhiX . .[l.n.H nepeHOCa HH<t>opMai..J;HOH· 

HOH 6a3hi Me)l(,ll,y 3BM cymecTseHHo pa3HhiX 

THllOB ,ll,aHHhie npeo6pa3ylOTC.fi B MaiiiHHHO

He3aBHCHMyiO, M06HJibHYlO <t>opMy. Ilorryqae

MhiH s pe3yJihTaTe TaKoro npeo6pa3osaHHH 

<t>aHJI nepe,ll,aeTC.fi nocpe,ll,CTBOM KOMMYHHKaUH

OHHOH ceTH. B KallecTse UeHTpaJibHOH 3BM 

ucnorrh3YeTCH CDC-6500 H EC-1061, a s Ka

qecTse nepcoHaJibHhiX - II3BM THna IBM 

PC/AT. 

Ilpe,ll,JIO)I(eH H peanH3oBaH MeTo,ll, onpe,ll,e

rreHHH napaMeTpOB JIOKaJibHhiX CHCTeM KOOp

,ll,HHaT ,ll,HCKpeTHhiX ,ll,eTeKTOpOB, a TaK)I(e na

paMeTpOB ,ll,peH<!>OBhiX KaMep: CKOpOCTH ,ll,peif

<t>a, 3a,ll,ep)I(KH CTapTa ycTaHOBKH "HefiTpHH

HhiH ,ll,eTeKTOp" /I 3 - 1 6 1• 

CocTaBHOH llaCTbiO ycTaHOBKH 'TunepoH" 

u MHorux ,ll,pyrux cospeMeHHhiX ycTaHo

BOK .HBJIHeTC.fi JIHBHeBhiH ro,ll,OCKOnHlleCKHH 



AeTeKTOp ( Jir .l{) - KaJIOpHMeTp C .fllleHKaMH 

np.IIMoyronLHOH cpopMLI. HccneAOBaHa MOAeJih 

pacnpe)l;eJieHIDI 3Hepi'OBbi,D;eJieHIDI B .RlleHKax 

Jir.ZJ; H npe.AJIO)KeHo aHaJIHTHllecKoe perneHHe 

~allH llO)l;I'OHKH MO)l;eJibHO~O pacnpe)l;eJieHIDI 

x peanLHhiM AaHHhiM. CooTaercrayJOma.R npo

rpaMMa 6biJia BKJIIOlleHa B CHCTeMy MaTeMaTH

'IecKOI'O o6ecnelleHIDI yCTaHOBKH 'THnepoH" H 

no3BOJIHJia ycKopHTh o6pa6oTKY AaHHhiX a 8 
pa3 C llOBblllleHHeM Ha)l;e)I(HOCTH Ha 10%11 71 • 

Ha n p HMepe BOCCTaHOBJieHH.R KHHeMaTH

llecKHX napaMeTpOB TpeKOB yCTaHOBKH 

"rHnepoH" noKa3aHLI npeHMymecraa Hc-

noJIL30BaHIDI annapaTa cpaKTOpH30BaHHbiX 

npe,D;CTaBJieHHH HHcpOpMau;HOHHbiX MaTpHI.l; B 

CHCTeMax npH o6pa60TKe 3KCnepHMeHTaJib

HbiX AaHHLIX 11 11 1• BLmonHeHa ManTau;IDI 

AJI.R EC 3BM CHCTeMLI ynpaaneHIDI 6a-
3aMH )l;aHHbiX AJI.R cpH3HKH llaCTHI.l; 

BDMS2.2 1191 • 

PA3PABOTKA llPHKJIA.L(HblX METO.l{OB BblqHCJIEHHfl 

Pa3pa6oTaHLI H peanH30BaHLI a BRAe KOM

rmeKcoa nporpaMM HOBbie 3KOHOMHllHLie anro

piiTMhi pellleHIDI npOCTpaHCTBeHHbiX 3a)l;all 

Mai'HHTOCTaTHKH. .l{JI.R onpe.AeJieHIDI noJieH B 

Mai'HHTHbiX CHCTeMax, HMeiOmHX CeKTOpHyiO 

CHMMeTpHIO, pa3paOOTaH naKeT npHKJia)l;HbiX 

nporpaMM, OpHeHTHpOBaHHbiH Ha pacnpe)l;eJieH

IfYIO BbillHCJIHTeJILHYIO CHCTeMy EC-1061- MaT

pHIIHLIH npou;eccop EC-2706. PeanH30BaH na

paJIJieJibHbiH aJII'OpHTM pellleHH.R TpexMepHbiX 

06'beMHbiX HHTerpaJibHbiX ypaBHeHHH Mai'HHTO

CTaTHKH. .l{JI.R KOM6HHHpOBaHHOH nOCTaHOBKH 

3a)l;allH Mai'HHTOCTaTHKH pa3pa6oTaHbl aJII'OpHT

Mbi, OCHOBaHHbie Ha ]l;eKOMn03HI.l;HH o6JiaCTH, 

HenoJIHO-HeJIHHeHHOH nOCTaHOBKe AHcpcpepeH

UHaJibHbiX ypaaHeHHH H npHMeHeHHH 3cpcpeK

THBHbiX nepeo6ycnaanHBaJOmHx onepaTopoa. 

IlpOBe)l;eHo llHCJieHHOe MO)l;eJIHpOBaHHe Mai'HHT

HbiX cHcTeM ycTaHOBOK CllHH H KPHOH. 

0Tna,o;Ka MaTeMaTH'IecKoro 
o6ecne'leHrut HOBOH 3BM 
Jla6opaTopHH V AX·8350 

BLmon HeHo KallecTBeHHoe HCCJie,D;OBaHHe 

J;HnepCHHI'YJl.RpHbiX KBa3HnoTeHI.l;H8JlbHbiX 

ypaBHeHHH , onHCbiBaJOmHX B3aHMO]l;eHCTBHe 

KBapKOBbi X CHCTeM. llpe.AJIO)KeHbl 3KOHO

MHllHbie M eTO)l;bl llHCJieHHOI'O perneHIDI 3TOI'O 

KJiacca y p aaHeHHii H ero yTollHeHH.R nyTeM 

3KCTpanOJI.RI.l;HH no napaMeTpaM )l;HCKpeTHOI'O 

npe,ncTaBJieHIDI HCXOAHOH 3MallH. Pa3pa6oTaH 

KOMIIJieKC nporpaMM H npOBe,D;eHbl paClleTbl 

AJI.R OnHCaHH.R 3KCnepHMeHT8JlbHbiX AaHHbiX 

cneKTpOB Mace J/111- H -y-Me30HOB 12 0 1 • 

ilOCTp OeHbl HHTei'pHpyeMLie MO)l;eJIH cynep

CHMMeTpHllHbiX HeJIHHeHHbiX 3BOJIIOI.l;HOHHbiX 

ypaBHeHHH rnpe.AHHI'epOBCKOI'O H reii3eH6ep

I'OBCKOI'O THnoa. BLI.RBJieHbi nyTH HapyrneHIDI 

cynepcHMMeTpHH HCXOAHOH HeJIHHeiiHoii 3Ma

llH H CB.R3aHHbie C HHM cpa3bl B03MO)I(HbiX cpH-

3HllecKHX COCTO.RHHH. iloKa3aHO, liTO B CJiy

qae KOMna KTHOH cyneprpynnLI B03HHKaeT cpep-
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poMarHHTHOe ynop.tmoqeHHe H (HJIH) HeyCTOH· 

'IHBbiH KOH,lJ,eHCaT, B CHCTeMe C HeKOMITaKT· 

HOH cyneprpynnoii B03MO)KHO aHTHcl>eppo

MarHHTHoe COCTOHHHe H (HJIH) yCTOH'IHBbiH 

(6oromo60BCKHH) KOH,lJ,eHCaT, OTBeTCTBeHHbiH 

3a caepxTeKyqecTb. 

C nOMOIIU>IO BblqHCJIHTeJlbHOrO 3KCn epH

MeHTa o6Hapy:>KeHbl 6HcPYPKaQHH HOBOrO THITa 

B HeJIHHeHHOM ypaaHeHHH illp~HHrepa C Ha

KaqKOH, B KOTOpbiX H3 CT!mHOHapHbiX COJIH· 

TOHOB po~aroTCR nyJILCOHbi. Hccn~oaaHbi 

CBOHCTBa TOnOJIOruqecKHX COJIHTOHOB, B TOM 

qHCJie C TOn3ap.tmOM Q > 2 B ,ll;ByMep HbiX 

MO,UeJIRX MarHeTHKOB reif3eH6epra CO CTa6H

JIH3HpyiOI.QHMH qJieHaMH 121 - 2 3 1. 

Pa3pa6oTaHbi o6o6I.QeHHbie HbiOTOHOB CKHe 

HTepaQHOHHbie cxeMbi peweHHR 3a,ll;a~ pac

ceRHHR B nOCTaHOBKe ee KaK HeJIHHeHHOH rpa

HH~OH 3a,ll;a~ H a R-MaTpH~oM no,ll;x o,ll;e. 

B nocne,ll;HeM cnyqae npe,ll;Jlo:>KeHbi TaK:>Ke 

anropHTMbi peweHHR o6paTHOH 3a,ll;aqu a KJiac

ce 6aprMaHOBCKHX noTeHIIHaJIOB 12 4 - 2 5 1 • 

Pa3pa6oTaHo nporpaMMHoe o6ecneqeHHe H 

npOBe,ll;eHbl qHCJieHHbie HCCJI~OBaHHR H OBbiX 

nO,ll;XO,ll;OB K pacqeTY xapaKTepHCTHK Tpex

qaCT~biX CHCTeM B paMKaX ypaaH eHHH 

<l>a,ll;,ll;eeaa H B runepccl>ep~ecKoM aAHa6aTH

qecKoM npe,ll;cTaaneHHH12 6 1• B paMKax ypaa

HeHHii <l>a,ll;,ll;eeaa anepabie npoa~eH p acqeT 

CBR3aHHOrO COCTORHHR Me30MOJieKyJihl ttJ.L. 
PaccqHTaHhi xapaKTepHCTHKH Bo3 6y:>K-

,ll;eHHhiX COCTOHHHH H nepeXO,ll;OB B r eJIHH 

B MHOrOKaHaJibHOM rHITepccl>epuqecKOM a,ll;H

a6aT~ecKOM nO,ll;XO,ll;e H ~CJieHHO HCCJie

,ll;OBaHa TO~OCTb pacqeTOB B 3aBHCHMOCTH 

OT napaMeTpOB annpOKCHM~mHH. Tiony qeHO 

COBna,ll;eHHe Bbl~CJieHHbiX xapaKTepHCTHK C 

3KCnepHMeHTaJibHbiMH ,ll;aHHbiMH H HMeiOI.QH· 

MHCR TeopeT~ecKHMH pe3yJILTaTaMH B npe

,ll;enax OUlH60K, ~0 ,ll;OKa3biBaeT B.biCOKYIO 

3cPcPeKTHBHOCTb pa3pa6aThmaeMbiX anro

pHTMOB BCJie,ll;CTBHe HX 3KOHOM~OCTH H 

OBPABOTKA KAMEPHblX CHHMKOB 

,ll;JIR aHaJIH3a cPHJibMOBOH HHcPOPMaQHH, no

nyqeHHOH B 3KCnepHMeHTax no HCCJI~OBaHHIO 

HYKJIOH-.tmepHhiX B3aHMo,ll;eHCTBHH, 6Lm a co-

3.ll:aHa cne~HaJIH3HpOBaHHaR nporpaMMHaR CH· 

CTeMa, n03BOJIHBUlaR Cyi.QeCTBeHHO COKp aTHTb 

cpoKH o6pa6oTKH. BhiCoKoro TeMna npo~ec-
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6biCTpo,ll;eHCTBHR no cpaBHeHHIO C Cyi.QecTByiO· 

I.QHMH 12 7 1• 

Pa3pa6oTaHhi anropHTMbi H nporpaMMhi 

pacqeTOB 6ucl>ypKa~OHHbiX H KpHT~ecKHX 
pe:>KHMOB B HeKOTOpbiX HeJIHHeHHhiX MaTeMa

T~ecKHX MO,ll;eJIRX TOOpHH nOJIR. TipOBe,ll;eHhl 

pacqeThl xapaKTepHCTHK JIOKaJIH3a~HH H 6H

cPYPKa~ perneHHH B MO,ll;eJIRX ,ll;:>K03ecPCO· 

HOBCKHX nepeXO,ll;OB. BbiiTOJIHeHhl HCCJI~OBa

HHR TO~OCTH pa3pa6aThiBaeMhiX aJirOpHTMOB 

pacqeTOB 3BOJIIO~OHHbiX HeJIHHeHHhiX npo~ec

COB H xapaKTepHCTHK yCTOHqHBOCTH JIOKaJIH30· 

BaHHhiX peWeHHH B 3THX npo~eccax 12 8 1• Tipe,ll;

no:>KeHhi anropHTMhi H C03.ll:aHhi nporpaMMhi 

o6pai.QeHHR nOJIHHOMHaJibHhiX MaTpH~. 0HH 

6hiJIH peaJIH30BaHbl B naKeTe npHKJia,ll;HhiX 

nporpaMM ,ll;JIR OnHCaHHR ,ll;eTeKTOpOB ycTa

HOBKH DELPHI
12 9 

'· 

Co3,ll;aHa MoHTe-KapnoBCKaR MO,ll;eJib Me:>K"h

.tmepHoro KaCKa,ll;a, HMHTHpyiOI.QaR pa,ll;Ha~OH· 

Hble C60H B nonynpOBO,ll;HHKOBblX 3JieMeHTax, 

HaXO,ll;RI.QHXCR B nOJIRX BbiCOK03HepreT~ecKHX 

npoToHoB H .tmep. Ha npHMepe KpeMHHeaoii 

MHKpOCXeMbi, o6JiyqaeMOH npOTOHaMH H HOHa

MH yrnepo,ll;a C 3Heprueii 3,65 r3B/HYKJIOH, 

H3yqeHa BepORTHOCTb Bhl,ll;eJieHHR onp~eJieH· 

Horo KonuqecTBa Pa.ll:Ha~OHHOH 3HeprHH a ero 

OT,ll;eJibHOH RqeifKe H ee 3aBHCHMOCTb OT THna 

HOHH3Hpyroi.QeH KOMnOHeHTbi KaCKa,ll;HOH na

BHHbi. BLI~CJieHHaR TaKHM o6pa3oM aepoRT

HOCTb H 3KCnepHMeHTaJibHO H3MepeHHaR xa

paKTepHCTHKa qacTOTbl c6oeB RqeifKH B 3aBH· 

CHMOCTH OT BeJIHqHHbl Bhl,ll;eJIHBUleHCR B HeH 

3HeprHH n03BOJIRIOT O~eHHTb apeMeHHYIO 3aBH· 

CHMOCTb pa,ll;Ha~OHHbiX OTKa30B 3JieKTpOHHbiX 

yCTpOHCTB. 

TipoMo,ll;enHpoBaHbi Ha 3BM ycnoBHR cl>oHa 

HaB~eHHOH pa,ll;HOaKTHBHOCTH, B03HHKaiOI.QeH 

B KOHCTPYKTHBHhiX MaTepHaJiax H ,ll;eTeKTHpyro

I.QHX ycTpOHCTBaX, HCnOJib3yeMbiX Ha CnyTHH· 

KaX B OnhiTaX C BblCOK03HepreTHqecKHM KOC· 

MHqecKHM H3JiyqeHHeM 13 6 - 3 7 I. 

ca aHaJIH3a Y.ll:aJIOCb ,ll;OCT~b 3a cqeT KoMn

neKCHOH aBTOMaTH3a~HH BCex ero 3TaiTOB H 

ycTpaHeHHR npH~H aaapHHHblX OCTaHOBOB 

nporpaMM 13 0 1• 

TipH nOMOI.QH nonyaBTOMaTHqecKHX YCT· 

poiiCTB TIYOC-CAMET H3MepeHo 455300 TpeKo-



BhlX C06biTHH Ha CHHMKax C KaMep Jla6opaTO· 

pHH BbiCOKHX 3HeprHH H Jla6opaTOpHH .R,D;ep

HbiX npo6neM. 06ecnet~eH pecypc Ha CKaHH

pyromeM auToMaTe HPD s o6'beMe 2497 t~a

cos. Ha cnHpaJihHOM H3MepHTene o6pa6o-

HAYqHO-IIPHKJIA,lJ;HhiE P AEOThl 

BLmonHeHhi npHKJIMHbie pact~eThi pen.a

THBHCTCKHX nonpaBOK K ypoBHHM 3Hep

rHH CJia60CBH3aHHblX COCTOHHHH Me30-

MOJieKyJI dc4L H dt1-1, a T aK:lKe 3HatleHHH 

ypoBHeH 3HeprHH Me30MOJieKyJI C aHOMaJib

HOH tleTHOCTbJO B sapHauHoHHoM H a.n;Ha-
6aTHt~ecKoM no,IJ;xo,IJ;ax. Bhi'IHCJieHhi cKopocTH 

pe30HaHCHOrO o6pa30BaHHH Me30MOJie

KYJI /3 1- 3 4 '· 

Paapa6oTaHa MeTOAHKa H C03AaHhl npo

rpaMMhi H3MepeHHH llOJIYTOHOBblX H306pa:lKe-
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OBKH MHC. 

HHH B 3KcnepHMeHTe c TepMoHHAHKaTopoM. 

3 KCnJiyaTaQHH C03,1l;aHHbiX nporpaMM Be,IJ;eTCH 

Ha CHCTeMe A3JIT-M311. 

Hccne,IJ;oBaHhi MeTOAhi H C03AaHhi nporpaM
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HHKOJIAA HHKOJIAEBHq 
r OBOPYH 

1930-1989 

21 morrH 1989 r. B .[(y6ae nocrre TH:>Kerroii 

npO,ll;OJI:>KHTeJibHOH 6orre3HH CKOHtJa.JICH ,ll;Hpe K

TOp Jia6opaTOpHH BbltiHCJIHTeJibHOH TeXHHKH H 

aaToMaTH3ax.um 'IJieH-KoppecnoH,D;eHT AH C C CP 

HHKOJiaH HHKOJiaeBHtl roaopyH - KPYnHbiH 

yt~eHbiH B 06JiaCTH HHtPOpMaTHKH H aBTOMaTH· 

3HpOBaHHbiX CHCTeM, O,ll;HH H3 Be,D;yJUHX c n e 

~HaJIHCTOB no MaTeMaTHllecKOMY o6ecnelleHIDO 

3BM H MHOroMaiiiHHHbiX KOMllJieKCOB. 

H.H.roaopyH c 1958 r. pa6oTarr B OHH H. 

OH 6hm o,D;HHM H3 opraaH3aTopoB Jia6opaTo

pHH BblliHCJIHTeJibHOH TeXHHKH H aBTOMaTH3a· 

~HH, C 1968 r. HBJIHJICH 3aMecTHTeJieM ,ll;HpeK

TOpa Jia6opaTopHH. B ,D;eKa6pe 1988 r . H.H.r o

aopya 6hm H36paa ,D;HpeKTopoM JIBT A. 

HayliHaH ,D;e.HTerrhHOCTb H.H.roaopyaa ·6hm a 

CBH3aHa C IIIHpOKHM BHe;::I;peHHeM 3BM B npa K

THKy HayliHbiX HCCJie,D;OBaHHH. Ilo,D; ero pyK O· 

BO,D;CTBOM B OHHH 6hm co3,D;aH H norryliHJI 

pa3BHTHe H3MepHTeJibHO-BblliHCJIHTeJibHbiH K OM-

nrreKC KOJIJieKTHBHOrO nOJib30BaHHH, pa3pa6o

TaHbl CHCTeMbl nporpaMM MaTeMaTHlleCKOrO 

o6ecnet~eHHH 3BM H KPYnHhiX tPH3HlleCKHX 

yCTaaoBoK, AeiiCTayromHX aa rrHHHH c 3BM, 
BbiCOKOaBTOMaTH3HpOBaHHhie H3MepHTeJibHbie 

CHCTeMbl H CHCTeMbl MaTeMaTHllecKOH o6pa6oT

KH lPHJibMOBOH HH.tPOpMa~HH, C03,ll;aHbl HHlPOP

Ma~OHHO-nOHCKOBbie CHCTeMbl. 

H.H.roaopya HBJIHJICH 'IJieaoM 6ropo OT,D;e

rreHHH HHtPOpMaTHKH, BbltiHCJIHTeJibHOH TeXHH· 

KH H aBTOMaTH3~HH AH CCCP, B03rrraarrHJI 

MaTeMaTmecKyro ceK~ CoaeTa no aaToMaTH-

3a~HH HayliHbiX HCCJie,D;OBaHHH npH Ilpe3H,ll;H· 

yMe AH CCCP, 6hm npe,D;ce.n;aTerreM nocToHH

HOH pa6ot~eii rpynnhi no ,D;BycTopoHHeMy co

TPYAHHllecTay AH CCCP H AH r .UP "Pa3BHTHe 

H HCnOJib30BaHHe nporpaMMHO-annapaTHOrO 

o6ecnet~eHHH MOIUHOH BhiliHCJIHTerrhHOH TeXHH

KH", 'IJieHOM pe,D;KOJIJierHH pH,D;a COBeTCKHX H 

3apy6e:>KHbiX :>Kypaarroa • 
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OBmEHHCTHTYTCKOE 
HAyqHO-METO)lHqECKOE OT)lEJIEHHE 

0CHOBHble yCHnH.fl KonneKTHBa 06~eHH

CTHTYTCKOrO Hay'IHO-MeTO.ZJ;HllecKOrO OT.ZJ;ene

HH.fl 6LmH HanpasneHhi Ha Hccne.nosaHH.fl no 

HOBbiM MeTO.ZJ;aM yCKOpeHH.H, Ha HCCne.ZJ;OBaHH.fl, 

CB.fl3aHHhle C C03.ZJ;aHHeM OT,nenbHbiX CHCTeM 

YCKOpHTenbHO-HaKOnHTenbHOrO KOMnneKCa B 

J1<l>B3 (llpOTBHHO), H MeTO.ZJ;HllecKHe pa3"pa-

6oTKH no C03.ZJ;aHHIO KOOp.ZJ;HHaTHbiX .ZJ;eTeKTOpOB. 

HCCJIE,UOBAHHH 

no HOBhiM METO,UAM YCKOPEHHH 

PeanLHhiM nyt~KaM nHHeHHbiX HH.D:YKUHOH

HhiX ycKopmene:H B npouecce TpaHcnopTHpos

KH B npo,nonbHOM MarHHTHOM none, KaK npa

BHnO, npHcy~H nonepetiHhle Kone6aHHH H no

nepe'IHhiH .npe:H<f>, 'ITO noBhilllaeT Tpe6osaHH.fl 

K CHCTeMaM KOppeKQHH nyt~KOB npH HX HH

)I(eKQHH so BHelllHHe ycTpo:HcTBa. EhmH npe.n

no)l(eHhi, C03.ZJ;aHbl H HCCne.ZJ;OBaHhl CHCTeMhl 

KoppeKQHH nono)l(eHH.fl nyt~Ka 3neKTpOHOB 

PHc. 1. Pe3yn&TaT B03,llencr

BHH Ha D}"'OK KOppeKTO

pOB nonoJKeHHR:: a - Kop

peKTOpbi BhiKmOqeHhi, 6-
BKnmqeHhi . 

a 

ycK opHTeJIH CHJIYH,U-20 nonepeqHbiM MarHHT

Hhi M noneM C npOT.fl)l(eHHOCTblO, KpaTHOH ,nJIH

He nonynepHo.na nonepe~hiX Kone6aHHH IJY'I

Ka, H KOppeKI.UiH 3MHTTaHCa C nOMO~blO Ba

p HaUHH MarHHTHOrO nOJIH B o6naCTH 3MHCCHH 

nyt~Ka Ha KaTo,ne. CHcTeMa KoppeKQHH nono
)l(eHHH nyt~Ka BbiiTOnHeHa Ha 68.3e ITaCCHBHOH 

CeK QHH HH.D:YKTOpOB ycKopHTen.fl, o6opy,no

BaHHOH KaTylllKaMH nonepeliHOro MarHHTHOrO 

nonH, HaMOTaHHbiMH Ha <f>eppHTOBbie cep,neq

HHKH HH.D:YKTopoB. Bhi6Hpa.H napaMeTpbi CH

creM KOppeKQHH H <f>oKyCHpOBKH, MO)I(HO 

ocy~ecTBHTb O.ZJ;HOBpeMeHHYIO MHHHMH3aQHIO 

nonepe~hiX CMe~eHHH H KOrepeHTHbiX yrnoB 

nyt~Ka .Q;O 3HalleHHH 1 MM H 10 Mpa,n COOTBeT

CTB eHHO. Bo3,ne:HcTBHe Ha nyt~oK KoppeKTopos 

He H3MeH.HeT 3MHTTaHCHbiX xapaKTepHCTHK 

ny t~Ka 1 1 1 • Ha ycraHoBKe KYTH-20 peanroo

BaH MarHHTOMeTpHllecKHH MeTO.ZJ; ltOHTpOn.fl 

,nHH aMH'IeCKHX xapaKTepHCTHK TOKa KOnbQe

BOr O nyt~Ka 3neKTpoHoB. MeTo.n oCHoBaH Ha 

H3M epeHHH pa,nHanbHOH KOMnoHeHTbl KBa3H-

6 

CM 
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CTaTHqecKoro MarHHTHOrO ITOJI.II, o6p8.30BaHHO

ro cynepno3H~eii BHewnero nonH MarHHTHOH 

CHCTeMbi, <l>opMHpyiOUleH 3JieKTpOHHOe K OJib

QO, H C06CTBeHHOrO ITOJIH KOJibl~ 3JieKTpOHOB 

C TOKOM 100 + 200 A B ycTaHOBHBWeMCH pe

)l(HMe ( 6e3 KOMnpecCHH 3JieKTpOHHOrO K OJib

Qa). B H3Mepmene HcnoJih3yeTcH aBToMa TH-

3HpoBaHHhiH HMITyJibCHbiH XOJIJIOBCKHH Man m

TOMeTp MHX.-3. TipH6op n03BOJIHeT npoBo~HTb 

H3MepeHHH B TeqeHHe o~oro QHKJia <t>opMHpo

BaHHH KOJibQa B Tpex C,IUJHHyTbiX Ha 40 MKC 

MOMeHTaX BpeMeHH, ~0 ~eT B03MO)K}{OCTb 

HCCJie]l;OBaTb ~HHaMHqecKHe xapaKTepHCTH KH 

3JieKTpOHHOrO KOJibQa 3a nepBbie 150 M KC 

nocne HH)I(eKQHH. CyMM_apnaH norpewnocTb H3-

MepeHHH TOKa KOJibQeBoro nyqKa :meKTpO

HOB - 15%. 0CHOBHbie norpeWHOCTH H3Mepe

HHH Bbi3BaHbl HeonpeJJ:eJieHHOCTbiO ITOJIO)I(eH HH 

QeHTpa Mace nyqKa OTHOCHTeJibHO ~T~Ka 

Xonna. Pe3yJibTaTbi cornacyiOTCH c H3Mepe

HHHMH, ITOJiyqeHHbiMH C ITOMOUlbiO MarHHTO

HH~YKQHOHHbiX ~aT~KOB TOKa HHTerpHp yiO

Ulero THna 12 1
• 

P8.3pa6oTaH H H3roToBJieH cneKTpOM eTp 

BaKyyMHoro ynhTpa<I>HOJieTa c ~eTeKTopoM 

H3 c6opKH MHKpOKaHaJibHbiX ITJiaCTHH ( Toq

HOCTb ycTaHOBKH ~HHbi BOJIHbi ± 1 A , .n;Hcn ep

CHH - 1.{) A /MM, pa6oqHif BaKyyM -1 o- 8 Top p; 

.n;Hana3oH .n;nHH BOJIH 300 + 2000 A) . Ha y c Ko

pmene KYT.H:-20 npoBeJJ:eHhi HCCJie.n;oBaHHH H3-

nyqenHH HOHHOH KOMITOHeHTbl KOJibQa. 3a<i>HK

CHpOBaHO H3JiyqeHHe B o6JiaCTH ,ll;JIHH B OJIH 
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500 + 2000 A, onpe.n;eneno cneKTpaJibHoe 

pacnpe.n;eneHHe, B pa3HbiX pe)l(HMax C)l(aTHH 

na6JIIO,ll;aeTCH pa3HbiH xapaKTep cneKTpOB. 

B pe)I(HMe C)l(aTHH .n;o pa.n;eyca 4 eM npHcyT

CTByiOT HOHbl TpeTbeH 3ap~oCTH. J1HTeH

CHBHOCTb H3nyqeHHH HOHOB pa3HOH 3apH.n;

HOCTH B 3aBHCHMOCTH OT qHCJia 3JieKTpOHOB 

B KOJibQe HOCHT KBa,n;paT~biH xapaKTep. 

06Hapy)l(eHbl ITOTepH HOHOB npH HX HaKOITJie

HHH, KOTOpbie HOCHT noporOBbiH xapaKTep ITO 

ITJIOTHOCTH 3JieKTpOHOB H yKJia,ll;biBaiOTCII B Me

XaHH3M ITOHBJieHHH pa,ll;HaJibHOH ,ll;HITOJibHOH 

neycToifqHBoCTH. Bhi6op n-TpaeKTopHH no3BO

JIHeT yMeHbWHTb ITOTepH HOHOB H CTa6HJIH3H

pOBaTb npouecc HaKOITJieHHH 13 I. 

B Mo,n;H<i>HUHpoBannoH: ceKQHH JIHY B pe-

3YJihTaTe yBeJIHqeHHH MOUlHOCTH MO,ll;yJIHTOpa 

B 1,5 pa3a (,n;o 7,5 rBT), npHMeHeHHH COrJia

CYIOUlHX ycTpOHCTB H HCITOJib30BaHHH 3KpaHH

pOBKH nepMaJIJIOeBbiX cep,n;eqHHKOB OT HM

ITyJibCHOrO MarHHTHoro nonH cyMMapnoe na

npH)I(eHHe yBeJIHqeno B 2,5 pa3a (.n;o 1,7 + 
+ 1,8 MB) npH ToKe nyqKa 1,3 + 1,5 KA. 

.[(JIHTeJibHOCTb ITJiaTO HanpH)I(eHHH COCTaBJIHeT 

-60 HC. 113MepeHHaH MaKCHMaJihHaH 3HeprHH 

ycKopeHHbiX B CeKQHH 3JieKTpOHOB COCTaB

JIHeT 1,5 M3B, nonyqennaH MaKCHMaJibHaH 

MOUlHOCTb B nyqKe - 2 rBT, MaKCHMaJibHaH 

HanpH)I(eHHOCTb 3JieKTpHqecKOrO ITOJIH B pe)I(Jii

Me ycKopeHHH -10 KB/cM 141 . Ha 3TOH ceKQHH 

JIJ1Y B pe)I(HMe, KOr.n;a MOUlHOCTb nyqKa CO

CTaBJIHJia 300 MBT, 6hmH npoBe.n;eHbi HCCJie-

YCTilHOBKa AnH 3KCnepH

MeHTOB no penHTHBHCT· 

CKOH caq-3neKTpOHHKe Ha 

6a3e flHY 



,D;OBaHIDI qepeHKOBCKHX peJIHTHBHCTCKHX JIBB 

8-MHJIJIHMeTposoro ,D;Hana3oHa. B 3KcnepHMeH

Te nonytJeHO noroHHoe ycHJieHHe BOJIHbi 

1,5 ,D;B/CM, CTpyKTypa noJIH H nOJIHpH3ai.J;HH 

BbiXO,D;HOrO H3JiytJeHHH COOTBeTCTBOBaJIH 

"tJHCTo:H" BOJIHe E 0 1 • IlpH ,D;JIHTeJihHOCTH CBq

CHrnana, paBHOH 30 HC, MaKCHMaJihHaH 

MOII.J;HOCTh H3JiytJeHHH cocTaBJIHJia 30 MBT 

npH Ko3<l><l>Hu;HeHTe ycHJieHHH 35 ,D;B H KII.U 

-10% / S I. 

PABOThl, 

CBH3AHHhiE C C03,UAHI1EM YHK 

IJpO,D;OJI)KaJIOCh ·COBepiiieHCTBOBaHHe Mar

HHTOMeTpHtiOCKOH annapaTypbi. Pa3pa6oTaH 

HMnyJihCHbiH XOJIJIOBCKHH MarHHTOMeTp, II0-

3BOJIHIOmHH H3MepHTh B ,ll;aHHbiX TOtJKaX npo

CTpaHCTBa TpH OpTOrOHaJihHbiX COCTaBJIHIOmHX 

H, CJie,D;OBaTeJihHO, BeJIHtiHHY MO,D;YJIH BeKTOpa 

MarHHTHOH HH,D;YKUHH OTHOCHTeJihHO Bbi6paH

HbiX onopHbiX <l>Hryp. MarHHTHbie ocH Tpex 

,D;aTtJHKOB Xonna B npo6HHKe opHeHTHposaHbi 

OTHOCHTeJibHO ,D;pyr ,D;pyra H BHeiiiHHX OnOpHbiX 

TIJIOCKOCTeH C norpeiiiHOCThlO JIYtiiiie yrJIOBOH 

MHHYTbi. IlorpernHOCTh perHcTpau;HH opToro

HaJihHbiX COCTaBJIHIOmHX BeKTOpa MarHHTHOH 

HH,D;yKI.J;HH B Ka)K,ll;OM H3 no,n.n;Hana30HOB 

(0-0,02; 0,2; 2 Tn) MO)KeT ,D;OCTHraTh TOtJ

HOCTH 0,2% . B npH6ope HCnOJih30BaH OpHrH

HaJihHbiH TpeXKOMnOHeHTHbiH XOJIJIOBCKHH 

npo6HHK C pa3MepaMH 10x1Qx25 MM H B03-

MO:>KHOCThlO TepMOCTa6HJIH3ai.J;HH ,D;aTtJHKOB 

Xonna. BnoKH, BXO,D;HmHe B cocTaB MarHHTO

MeTpa, BbiTIOJIHeHhi B CTaH,D;apTe KAMAK. 

MarHHToMeTp MO)KeT pa6oTaTh KaK B pyq

HOM, TaK H B aBTOMaTHtJOCKOM pe)KHMaX. 

IJpH pa6oTe MarHHTOMeTpa B aBTOMaTHtiOCKOM 

pe)KHMe npou;ecc H3MepeHHH aBTOMaTH3HpOBaH 

noJIHOCThlO: OT MOMeHTa YCTaHOBKH npo6HH

Ka KaK B npOCTpaHCTBe, TaK H BO speMeHH ,ll;O 

Bhmo,D;a proynhTaTOB H3MepeHHH B e,D;HHHu;ax 

MarHHTHOH HMYKUHH B BH,D;e Ta6JIHI.J; H I.J;BeT

HbiX rpa¢>HKOB no Ka)K,ll;OH H3 oce:H 16
' 

7 1
• 

.[I;JIH CHCTeMbl no,D;aBJieHIDI HatJaJibHbiX 6eTa

TpOHHbiX Kone6aHHH I cTyneHH YHK pa3pa6o

TaH H co3,D;aH reHepaTop, o6ecnetJHBaiOmHii 

O,D;H0060pOTHbiH pe)KHM pa60Thl 3TOH CHCTe

Mbl. IJpe,D;BapHTeJihHO 3apH)KeHHaH ¢>opMHpyiO

maH JIHHIDI pa3pH)KaeTCH KaK COCpe,D;OTOtJeH

HaH eMKOCTh ,ll;O ypOBHH, COOTBeTCTByiOmero 

noKa3aHIDIM ,D;aTtiHKa nOJIO)KeHIDI, 3a BpeMH, 

He npeBhiiiiaiOmee 50 MKC (speMH o6opoTa 

200 

150 
100 

so 
0 

0 1 2 3 4 5 t,~kc 

PHc . 2. Ocl,\HllllOrpaMMbi HMnyllbCOB ToKa B o6MOTKe 

y.z:~apHOrO MarHHTa. lloKa3aH ,[lOnyCTHMbiH HHTepBall 

nyn b Cal\HH Ha nnaTo 

ny Ka COCTaBJIHeT OKOJIO 70 MKC). 11MnyJihC 

TOK a nepe,D;aeTCH B y,D;apHbiH MarHHT no ,ll;JIHH

HOM y 17 -OMHoMy ¢>H,D;epy. CTeH,D;OBbie 3Kcne

pHM eHTbi noKa3aJIH, liTO npe,D;JIO)KeHHaH cxeMa 

reHepaTopa n03BOJIHeT ¢>opMHpOBaTh C Heo6-

XO,D;HMOH TOtJHOCThlO ( ± 3 % ) HMnyJihC TOKa, 

HMeiOmHH Tpe6yeMbie aMTIJIHTy,D;Hbie H BpeMeH

Hbie napaMeTpbi 18 1 • 

C I.J;eJihlO HCCJie,D;OBaHIDI ,D;HHaMHKH Tennone

pe,D;atJH K HOpMaJibHOMY H CBepXTeeytieMy 

reJIHIO pa3pa6oTaHa He HMeiDmaH aHanoros 

CHCTeMa no,D;atiH TenJIOBOH Harpy3KH Ha yrne

pO,D;Hble nneHKH. Ee OTJIHtiHTeJihHhi~K qepTa

MH HBJIHIOTCH: B03MO:>KHOCTb CTa6HJIH3ai.J;HH 

MOII.J;HOCTH ,ll;)I(OyJieBa TeTIJIOBbi,D;eJieHHH B yrne

pO,D;HOH nneHKe H pa3,D;eJibHOe TIHTaHHe He

CKOJihKHX (,D;O 6) TIJieHOK C nporpaMMHpye

MbiM H ¢>opMaMH TeTIJIOBbiX HMnyJihCOB 19 I. 

Co3,D;aHa 6biCTpo,D;e:HcTsyiOmaH CHCTeMa c6opa 

H 0 6pa60TKH 3KCnepHMeHTaJihHbiX ,ll;aHHbiX. 

IJpo se,D;eHO 3KCnepHMeHTaJihHOe HCCJie,D;OBaHHe 

HOCTai.J;HOHapHbiX TenJIOBbiX npOI.J;OCCOB, npoTe

KaiOmHX Ha rpaHHI.J;e pa3,D;ena "Tsep,D;oe Teno -
)KH,D;KHH renH:H" no,D; B03,D;e:HcTBHeM Tennosoro 

B03M ymeHHH. Pe3yJihTaThi ,D;eMoHcTpHpyiOT cy

m ecTBeHHoe BJIHHHHe ,D;JIHTeJibHOCTH nepe,D;Hero 

¢>po HTa HMnyJihCa MOII.J;HOCTH Ha npou;ecc Ten

JIOn epe,D;atJH. B tJaCTHOCTH, o6Hapy)KeH HOBhiH 

pe)KHM, Ha3BaHHbiH KBa3HCTai.J;HOHapHOH HyKJie

au;HeH. YcTaHOBJieH yHHBepcanbHbiH xapaKTep 

KapTbl pe)KHMOB HeCTai.J;HOHapHOH Tennonepe,D;a

tiH : Ilpe,D;Jio)KeH MeTo,D; TOtJHoro pactJeTa rpaHHU 

pe)KHMOB, a TaK)Ke HOBaH MO,D;H¢>HKai.J;HH KapTbl 

pe)KHMOB. Pe3yJihTaThi MoryT 6hiTh acnoJib30-

BaHb i ,ll;JIH a,D;eKBaTHOrO MO,D;eJIHpOBaHIDI pa6o

Tbl CBepxnpOBO,ll;HHKa B yCJIOBIDIX HMnyJihCHbiX 

TenJIOBbi,D;eJieHHH 1 1 0 I. 
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I1 poAOJI:>KaJIHCb Hccne.o;oaa.HIDI rH.D;po,D.HHa

MHllecKHX XapaKTepHCTHK AByxcpa3HbiX nOT O

KOB remm. B npoae.o;eHHhiX 3KcnepHMeHTax 

o6Hapy)KeHo cymecTBeHHoe BJIHHHHe CTPYKTY

pbi noTOKa AByxcpa3Horo renHH Ha AHHaMHKy 

Termonepe.o;allH. YcTa.HoBJieHo, liTO npH A HC

nepcHo-KOJib~eaoM pe)KHMe TelleHHH r enHH 

BpeMH pa3pyUieHIDI HHTeHCHBHbiX MOA TenJIO

nepe.D;allH, HJIH, ApyrHMH cnoaaMH, apeMH 

KpH3HCa, o6paTHO nponop~HOHaJibHO nJIOTHO

CTH Tennoaoro noToKa. I1oKa3a.HO, liTO n pH 

nepexo,D;e K 3MYJibCHOHHOMY pe:>KHMY Te qe

HIDI AHHaMHllecKHe xapaKTepHCTHKH 3HallHTeJib

HO H3MeHHIOTCH • .[(JIH onHCa.HIDl npo~ecca T en

JIOnepe,o;allH B 3TOM cny11ae npeAJio)KeHa 3<l>cpeK

THBHaH MO.D;eJib /I 1 I. 

TeopeTHllecKH H 3KcnepHMeHTaJibHO noK a-

3aHo, liTO OAHa H3 OCHOBHbiX xapaKTepHCTHK 

KpHoreHHbiX CHCTeM - HCTHHHOe 06'beMHoe 

napOCO,D;ep)Ka.HHe - cymecTBeHHO 3aBHCHT OT 

reoMeTpHH KaHana H MaCCOBOH CKOpOCTH. 

3To peAKO YllHTbiBaeTCH B 3KcnepHMeHTaJib

HbiX pa6oTaX H MO)KeT npHBOAHTb K HeKo p

peKTHbiM proyJibTaTaM • .[(JIH o6ecnelleHHH Dbi

COKOH TOllHOCTH HCnOJib30BaH BbiCOKOllaCTOT-

B&I'IHCmrren&HhiH ueHTp OHMO 
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PHc. 3. IlpoKa'IHOH KpHo
cTaT C BhiCOKO'IBCTOTHhiM 
naT'IHKOM napoconeplKBHHR 
H y'laCTKOM .IlJIR perHCTpa
UHH CTpyKTyphi DOTOKB 
,IlByx<l>a3Horo renHR B Ka
Hane Kpyrnoro nonepe'IHO
ro ce'leHHR 

HbiH MeTOA, KOrAa KOHTpOJib napoco,D;ep)Ka.HIDJ 

ocymecTBJIHeTCH no CABHry pe30HaHCHOH lla

CTOTbl KOHTypa, B KOTOpbiH BKJIIOlleHa CHrHaJib

HaH eMKOCTb AaTllHKa. IlpH 3TOM ycTpa.HeHbi He

onpe.D;eJieHHOCTH rHApOAHHaMHllecKoro xapaK

Tepa. Pa3pa6oTa.Hbi AaTllHKH c Ka.HanaMH Kpyr

noro H KOJib~eaoro celleHHH, KOTopbie npoCTbi 

no KOHCTpyK~HH H Ha,D;e)KHbi. .[(JIH reJIHH HX 

pa60llaH xapaKTepHCTHKa npaKTHllecKH JIHHeH

Ha, a KanH6poaKa npeAeJibHO npocTa. IloMHMO 

OCHOBHOH cpyHK~HH 3TH AaTllHKH MOrYT npHMe

HHTbCH AJIH HeTpa.D;~OHHOro KOHTpOJIH cpe,o;

HeHHTerpaJibHOH TeMnepazypbl nOTOKa, nJIOTHO

CTH H pacxo.D;a 11 2 , 1 3 1• 

PABOThl 110 MET0)1.11KE 
11 PEJI.HT11BI1CTCK03 H)J.EPHO:A <1>11311KE 

Ha OCHoBe pa3pa60TaHHOH pa.Hee IO.A.Hey
HeHKO MeTOAHKH peUieHa 3a.D;alla onpe.D;eJieHIDI 

KOOp.D;HHaT BepUIHH B3aHMOAeHCTBIDI 6ro BOC

CTaHOBJieHHH npHMOJIHHeHHbiX TpaeKTOpHH. 

Ha pHc. 4 H3o6pa)KeHa aepUIHHHaH cpyHK~IDI 

AJIH CMO,D;eJIHpOBa.HHOrO C06biTHH. IlOJIO)KeHHe 
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PHe. 4. BepwHHHIUI cilYHK~ KOop.o;HHaT B3aHMO.o;eH:

CTBH11. B npaBOM BepXHeM yrny exeMaTHlleeKH DOK8-

38Hbl TpaeKTOpHH '18eTHQ, perHCTpHpyeM&Ie B BH.o;e 

OTe'leTOB K00p.D;HH8T .ll;eTeKTOpOB. llapaMeTpbi TpaeK

TOpHH He BOeeTaHaBmfBaiOTeR npH onpe.o;eneHHH nono

)l(eHHR rno6an&Horo MaKeHMyMa BepWHHHOH clJYHKQHH 

( KOOp.o;HH8T nepBH'IHOro B38HMO.D;eHCTBH11) 

rno6anbHOrO MaKCHMyMa COOTBeTCTByeT KOOp
,D;HHaTaM nepBHtffiOrO B3aHMO,D;eHCTBHH 11 4 1

• 

.AHanH3 ,D;aHHbiX 3KcnepHMeHTa no cppar
MeHT~HH H,nep 1 9 F c HMnynLCOM 4 r3B/c 
Ha H,D;epHbiX MHIIIeHHX, !lpOBe,neHHOrO Ha CHHX
pOcpa30TpOHe JIB3 rpynnoH: H3 OHMO, yKa3hi
aaeT Ha B03MO:>KHOCTb cyw;eCTBOBaHHH Mexa
HH3Ma xono,nHoro ,npo6neHHH HaneTruow;ero pe-
1IHTHBHCTCKoro H,npa, KOr,na 3HaqHTe1IbHO H3Me
HHeTCH ero 3ap.H,n. 06pa30BaBIIIHHCH B cneKT
pe CHrHanOB qepeHKOBCKOrO cqeTqHKa OT 
cpparMeHTOB H,nep 1 9 F c ManbiM 3apH,noM 
(OT 1 ,D;O 4) O,D;HH, cyMMapHbiH nHK annpOKCH-
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,npo6neHHH. YpoaeHL ,nocToaepHOCTH npH an
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HOpManLHhiM pacnpe,neneHHeM Ha 4 nopH,D;Ka 
6on IIIe, qeM npH annpoKCHMa~H ero raycco
BhiM pacnpe,neneHHeM . .lJ;eTeKTHpOBaHHe cpOHO· 
BbiX C06biTHH np01IeTa OCK01IKOB H,npa·MHIIIeHH 
HCK1IIOqanOCb I 1 5 I, 

PABOThl, CB.R3AHHhiE 
C B COKOTEMllEPATYPHOA 
CBEPXllPOBO,ZJ;HMOCTbiD 

H a ycTaHOBKe ,nnH reHep~H CH1IbHOToq
HbiX HOHHbiX H 31leKTpOHHbiX nyqKOB npoBe
,neHhl 3KCnepHMeHTbl no o6nyqeHHIO 3THMH qa
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HCC1le,D;OBaHHH 3KCnepHMeHTanbHO o6HapyiKeH 
HOBhiH THn BaKyyMHOH KOH,D;eHC~H - HM· 
nynLCHaH B3pbiBHaH HOHHaH BaKyyMHaH KOH· 
,neHc~H, coqeTruow;aH o,nHoapeMeHHO napoaoe 
OCa">K,neHHe H HOHHYIO 6oM6ap,D;HpOBKy, onpe
,neneHbl ycnoBHH ee pa6oTocnoco6HOCTH11"6 • 1 7 1• 

llonyqeHbl H HCC1le,D;OBaHbl nneHKH 
Y-Ba-Cu-0 co caepxnpoao,nHw;eH: cpa30H Ha no,n-
1IO">KKax H3 THTaHaTa CTpOHQHH, a TaK">Ke nneH
KH H KpeMHHeBbiX no,nnOiKKax C 6ycpepHbiM 
cnoeM H3 OKHCH QHPKOHHH. Cll-nneHKH o6na
,nruoT HaqanLHOH TeMnepaTypoH: nepexo,na 

Teo = 90-95 K H KOHetffiOH Tee= 75 K. illH
pHHa nepexo,na H3MeHHnacb B npe,nenax ~ T = 

e 
= 7+9Kt1S,19t . 
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.. 
HAYqHQ-TEXHHqECKOE 
COTPY,llHHqECTBO 

Me:>I<;nYJiapo.~n~oe H aytiHo-TeXHHllecKoe co
TPYJniH'IecTBo OHRlf HMeeT 6oJibrnoe 3HaqeHHe 
AJI.fl BhiiTOJlHeHH.fl HaytiHO·HCCJle,II;OBaTeJibCKHX 
pa6oT, npe,n;ycMoTpeHHhiX IIpo6neMHo-TeMaTH
qecKHM nnaHoM OHRlf. 

0CHOBHhie HTOrH 1989 r. no Me)K)l;yHapOA· 
HOMY HaytiHo-TeXHHllecKoMY coTpy.~n~HllecTsy: 

- npOBe,IJ;eHhl COBMecTHbie HCCJle,Il;OBaHH.fl 
no 91 TeMe C HaytiHhiMH ~eHTpaMH CTpaH
yqaCTHJm, B TOM qHCJle no 23 TeMaM C Me)K)l;y
HapOJnibiMH H Ha~HOHaJibHbiMH opraHH3~H.R:MH 

ApyrHX CTpaH; 
- AJIH perneHH.R: sonpocos HaytiHo-TeXHHlle

CKoro coTPY.IniHllecTBa H yqaCTH.R: B HaytiHhiX 
COBemaHH.R:X H KOHcpepeH~H.fiX KOMaHJnipOBaHO 
B CTpaHbi·Y%CTHJmbl OKOJlO 750 cne~HaJIHCTOB, 
B APYI"He CTpaHbl - 243 COTPYJniHKa Olf.Hlf; 

- AJIH coaMeCTHhiX pa6oT, KOHCYJILTa~IDi H 
coBemaHIDi H3 CTpaH-y%CTHJm npHHmo 6onee 
1500 Cne~HaJIHCTOB, H3 HayqHbiX ~eHTpOB 

ApyrHX CTpaH H Me)K)l;yHapOJnibiX opraHH3a
~HH -184 yqeHbiX; 

- npose.n;eHo 6 KPYnHhiX Me)K)l;yHapOJnihiX 
KOHcpepeH~HH, a TaK:>Ke 37 HayqHbiX H HayqHo
opraHH3a~HOHHhiX COBeiiUiHHH. 

COTPY,llHifqECTBO 
C HAYqHhiMlf UEHTP AMYl 
CTP AH-YqACTHlfU Olf.Hlf 

HaytiHa.R: nporpaMMa Olf.Hlf BhiiTOJIH.R:JlaCL 
c 6onee qeM 300 3aHHTepecosaHHhiMH opraHH-
3~H.R:MH cTpaH-Y%CTHJm. Oco6oe MecTo 
3Aecb 3aHHMaeT lfHCTHTYT cpH3HKH BbiCOKHX 
3HeprHH (IIpoTBHHo, CCCP) , Ha ycKopH
Tene KOTOporo B 1989 rOAY pa60TaJIO He
CKOJlbKO 3KCnepHMeHTaJibHbiX yCTaHOBOK 
Olf.Hlf, B ,lly6He npoBoAHJiaCb pa3pa6oTKa 
npe,n;no:>KeHHH no cpH3HqecKoH nporpaMMe 
Hccne,n;oBaHHH Ha scTpetiHhiX nyqKax YH K 
(lf<l>B3) H C03AaHHe p.R:Aa Y3JIOB AJIH 3Toro 
KOMnJieKca. 
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Jla6opaTopUJJ TeopeTU'4eC"KOU rjJU3U"KU. Jia-
6opaTopH.R: sena ycnernHoe coTPYAHHllecTBO co 
BCeMH BeAymHMH cpH3HqecKHMH ~eHTpaMH, a 
TaK:>Ke CO MHOrHMH HHCTHTYTaMH CTpaH-y%CT· 
H~ Olf.Hlf. 0Kono 270 yqeHhiX npHH.R:JlH yqa
CTHe B pa6oTax TeopeTHKOB 06'beAHHeHHOrO 
HHCTHTyTa, 6onee 70 H3 HHX pa60TaJIH B JIT<l> 
AJIHTeJibHOe BpeM.R:, 

TeopH.R: 3JieMeHTapHhiX %CT~ H CTPYKTY
pa TeopHH nonR - OAHO H3 Tpan~HOHHbiX 
HanpaBJleHHH HCCJle,Il;OBaHHH JIT<l>. B 1989 r. 
B COTPYJniHllecTBe C cpH3HKaMH <l>lf qCAH 
(IIpara) nonyqeHbi HOBbie pe3YJ1PTaThi no onH

CaHHIO pacnanos K-Me3oHoB. CosMecTHo c 
YHHBepCHTeTOM HM. ryM60JlbATa (BepJIHH) 
npe,n;no:>KeH o6IUHH Meron nonyqeHH.R: ypasHe
HHH TaK Ha3hiBaeMoro BTopHtiHoro aH3a~ 

BeTe B KBaHTOBhiX HHTerpHpyeMhiX MonenRx. 
<l>H3HKH H3 HPB, r.uP, CCCP H qccp nponon
)KaJIH pa6oThi no TeMaTHKe 3KcnepHMeHToB Ha 
ycKopHTene HERA (raM6ypr, <l>Pr) • 3asep
rneH ~HKJl pa60T C yqacTHeM cne~HaJIHCTOB 

qccp no pa3BHTHIO enHHoro rno6anLHoro non
xona npH nocTpoeHHH peanHCTHllecKHX Mone
neH 3JieKTpoMarHHTHOH CTPYKTYPhi. 

3a HCCJle,Il;OBaHH.fl no TeopHH aTOMHOrO 
.R:Apa npeMHH BonrapcKoH aKaneMHH HayK 
H CocpHHCKoro yHHBepcHTera no cpH3HKe 
''AKaneMHK reoprH Han:>KaKOB" YAOCTOeH 
~HKJl pa60T "lfCCJle,Il;OBaHHe HeKOJIJleKTHBHbiX 
B036y)K)l;eHHhiX coCToRHIDi ccpepHllecKHX .R:Aep 
npH HH3KHX H BbiCOKHX 3HeprH.R:X B036y)K)l;e
HH.R:", BhiiTOJIHeHHhiH A.lf.BnosHHhiM H coTpyn
HHKaMH lf.Hlf.H3 BAH B.AHnpeHqeshiM H 
q,CTo.R:HOBhiM. KonneKTHBHhiM MOAeJI.R:M .R:Apa 
6hm nocs.R:w;eH ~HKJI neK~ P .B.,ll:>Konoca H 
M.MHxaHJioBOH (lf.Hlf.H3 BAH) Ha Me)K)l;y
HaPOAHOH lliKOJle no .R:AepHOH cpH3HKe 
(BapHa). 

B o6nacTH TeopHH KoH,ZJ;eHCHpOBaHHoro co
CTOHHH.fl BeiiJ;ecTBa COBMecTHO C lfHCTHTYTOM 
cpH3HKH YHHBepcHTera HM. MapHH KropH 
(Jlro6JIHH) BeJIHCb pa60Tbl no BhltiHCJleHHJO 



IIJIOTHOCTH COCTO.RHHH KB8.3HllaCTHQ B MeTaJI

.TiaX. IIIHpoKoe COTPYAHH'IecTBO senocb c yt~e

HbiMH H3 HPB, r,ru>, Pn, qccp no TeopHH HH3-

Kopa3MepHblX CHCTeM (d = 1,2), HeJIHHeHHhiM 

llaCTHQenOA06HblM B036y:>K,D;eHHRM B KBa3HOA

HOMepHblX MO,ll;eJIHX TeopHH KOH,IJ;eHCHpOBaH

HOI'O COCTO.RHHR, omHKe MHOrOCJIOHHblX CH

CTeM C HeJIHHeHHhiM 3JieMeHTOM, AeJIOKaJIH3a

Will B KB8.3HOAHOMepHbiX nonynpOBOAHHKax, 

TeopHH nepeHoca a nonynpoBOAHHKax. 11ccne

AOBaHHR aToMHoH: CTPYKTYPhi aMop<f>HhiX MaTe

pHanos rrpOBOAHJIHCb COBMecTHO C 11HCTHTy

TOM <f>H3HKH (llpara). CosMeCTHO C Ky6HH

CKHMH H nOJibCKHMH <f>H3HKaMH npO,D;OJI)KeHbi 

HCCJie,ll;OBaHHR HBJieHHR XeMOCop6QHH H pOJIH 

3<f><f>eKTOB Me)K3JieKTpOHHbiX KOppeJIHQHH. 

Jia6opaTOpu.n abzcoKux anepzuu. CoTPYA· 

HH'IecTBO JIB3 C HayliHO-HCCJie,IJ;OBaTeJibCKHMH 

opraHH3aQHRMH CTpaH-yllaCTHHQ 011.RI1 BeJIOCh 

no 22 TeMaM llpo6neMHO-TeMaTHllecKoro IIJiaHa 

OH.RI1 H o6eciiet~HJio so3Mo)KHocTb noCTaHos

KH H BhliiOJIHeHHR aKTYaJibHblX KOHKypeHTO

CIJS)C06HhiX 3KCnepHMeHTOB B o6JiaCTH peJIH

THBHCTCKOH H,IJ;epHOH <f>H3HKH H <f>H3HKH 3Jie

MeHTapHblX llaCTHQ, peUieHHe CJIO)KHblX HayllHO

MeTO,ll;HllecKHX 3a,IJ;all B o6JiaCTH KpHoreHHOH 

H yCKOpHTeJibHOH TeXHHKH, BhliiOJIHeHHe HO

BhiX COBpeMeHHbiX p8.3pa60TOK B MHKp03JieKT

poHHKe H BhlllHCJIHTeJlbHOH TeXHHKe. 

B pmynhTaTe o6pa6oTKH H aHanH3a <f>HJih

Mosoro MaTepHaJia, noJiylleHHoro B ,Uy6He Ha 

ycTaHOBKax TTIK-2M, ri1BC, 1-MeTpOBOH )KH,ll;

KOBOAOPOAHOH KaMepe H a HAepHhiX <f>oTo-

3MYJibCHHX, yCTaHOBJieHbl HeH3BeCTHbie paHee 

3aKOHOMepHOCTH H,ll;po-H,ll;epHblX B3aHMO,U,eH

CTBHH rrpH BhiCOKHX 3HeprHHx. Bonee 50% 

3KCnepHMeHTaJibHblX ,IJ;aHHhlX o6pa6aThiBaJIOCb 

Henocpe,D;CTBeHHO B HHCTHryTax HPB' BP' r )lP' 

MHP, Pll, PyMbiHHH, CCCP H qccP. 

llpo,D;OJI)KaJIHCb COBMecTHhie HCCJie,ll;OBaHHR 

no H3ylleHHIO CBOHCTB OllapOBaHHhlX llaCTHQ H 

Y3KHX 6apHoHHhiX pe30HaHcoa. B 11<1>B3 

AH r)lP (UoH:TeH) H <1>11 qCAH (llpara) npo

BOAHJICH aHaJIH3 ,IJ;aHHblX o6 HHKJII03HBHOM 

po)I(AeHHH 1/> • K+~ a HeH:TpoH-npoTOHHhiX 

B3aHMO,IJ;eHCTBHRX, nO,IJ;rOTOBKa rry6JIHKaQHH 0 

po)I(AeHHH A~-6apHOHOB H noHcKy D 
0 

-Me30HOB. 

B U11<1>11 BAH (ByAaneUIT) nposeAeH npo

<f>HJiaKTH'IecKHH peMOHT 4 TpexKOOp,IJ;HHaT

HblX rrponopQHOHaJibHblX KaMep pa3MepOM 

1x2 M. 

B coTpyAHHlleCTse c HHCTHTYTaMH HPB, 

r)lP H Pn pa3BHBaJiaCb reoMerpHR ABYXIIJie-

qesoH: ycTaHOBKH "Anb<f>a-nonHc" AJIH Hccne

AOBaHHR BblCOKOB036y:>K,D;eHHbiX COCTO.RHHH 

MaJIOHYKJIOHHhiX CHCTeM H nOJIHpH3aQHOHHhiX 

3<f>!l>eK TOB. B 1989 r. AHpeKQHeH: UH.R11 (Poc

CeHAOPlP) Harpa:>K,D;eHbl llolleTHhiMH AHIIJIOMa

MH 1 7 llJieHOB KOJIJia6opaQHH "AJih<f>a" 3a Jiyll

UIHe p e3yJibTaThl HCCJie,IJ;OBaHHH B o6JiaCTH <f>H-

3HKH aTOMHOrO H,ll;pa, noJiylleHHhie B paMKax 

COTPYAHHllecTBa c AH r )lP. 

Cn eQHaJIHCThi Pn, PyMhiHHH H qccp aKTHB

Ho yt~aCTByroT B C03AaHHH KpyiiHeHllieH: 3Kcne

pHMeHTaJibHOH yCTaHOBKH JIB3 - cneKTpOMeT

pa C <l>EPA. B JloA3HHCKOM yHHBepcHTere p8.3-

pa6oTaH MOAYJih HHTeJIJieKTYaJibHOro KOHTpOJI

Jiepa a CTaH,D;apTe KAMAK AJIH CBH3H c nepco

HaJibHhiM KOMIIbroTepoM. CoTPYAHHKaMH 11<1> 

BTITI1 (BapUiasa) noAroTOBJieHa lPH3H'IecKaH 

nporp aMMa AJIH npoeKTa pa3BHTHH ycTaHOBKH 

C<l>EPA, a cneQHaJIHCTbl H.R<l> qCAH (P)Ke)K) 

H U 11<1> (Byxapecr) co3AaJIH, cooTsercTBeHHo, 

MoAeJIHpyromHe nporpaMMhi npoueccos KYMY

JIHTHBHoro o6pa30BaHHR BeKTOpHblX Me30HOB 

H p o :>K,D;eHHH MIOOHHbiX nap. MOAeJIHpOBaHHe 

QeHTp aJibHOrO ,IJ;eTeKTopa BhinOJIHeHO B 

ByxapecTCKOM yHHBepcHTere, 3<f><f>eKTHB-

HOCTh perHCTpau~m H pa3peUieHHR AJIH ne

peAHero AeTeKTopa onpeAeneHa a 11.R<l> qCAH 

(P)Ke)K). 

B ecbMa pe3yJibTaTHBHaH cosMecTHaH AeH

TeJihHOCTh ocymeCTBJIHeTCH Me:>K,D;y JIBa H HH

CTHTy TaMH CTpaH-yllaCTHHQ no pa3BHTHIO MHK

ponpoQecCopHblX annapaTHhiX cpe,D;CTB H MaTe

MaTHllecKoro o6ecnelleHHR CHCTeM perHCTPaQHH 

H o6pa6otKH AaHHhiX. UJIAHTI BAH (Co<f>HR) 

yt~acTsyeT a pa6oTe no co3AaHHIO Me:>K,D;yHa

poAHoH: BblllHCJIHTeJibHOH CHCTeMhl napanJieJih

HOrO,IJ;eHCTBHR (rrpoeKT KOMTIAC) .OT UJIAHTI 

nonyt~eHhi: rraKer nporpaMMhi ABEL AJIH 3BM 

THrra IBM PC, o6ecnet~HBaromllii noAroTOBKY 

KOAHPOBOK nporpaMMHpyeMhiX norHlleCKHX 

MaTp HQ; TpaHCJIHTOp llaCKaJib AJIH MHKponpo

QecCopHblX CHcTeM MC 68020. <l>HpMoH: 

TIOJIOH (Pll) no,IJ;roToBJieHbi ABa KpeH:Ta 

VME c MarHcTpanbro, TOllKaMH noAKJirolleHHR 

HCTOllHHKOB IIHTaHHR H COrJiaCOBaTeJIHMH JlH

HHH MarHcTpanr-~:. B 11.R<I> qcAH (P)Ke)K) co-

3AaH JiaMHHaTOp AJIH HaHeceHHR cyxoro lPOTO

pe3HCTa, n03BOJIHIOmHH H3rOTOBJIHTb nellaTHbie 

IIJiaThl UIHpHHOH . AO 600 MM (B llaCTHOCTH, 

nnaThi F ASTBUS). CosMecTHo c BU HMAT 

AH r)lP (BepJIHH) pa3pa6oTaHbl nporpaMM

Hbie Cpe,D;CTBa AJIH o6pa6oTKH 3KCnepHMeH

TaJibHOH HH<f>OpMaQHH C HCnOJib30BaHHeM MaT

pHliHOrO npoueccopa MAMO. 
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Jla6oparopwt ROepHblX npo6neM.. B Jia6o
paTopHH llpOBO,IJ;HJIHCb COBMecTHbie Hay 'IHhie 
HCCJie,IJ;OBaHIDI H pa3pa60TKH no 25 TeMaM 
llpo6neMHo-TeMaTHqecKoro nnaHa c 6onee qeM 
80 HHCTHTYTaMH H opraHH3ai.UUIMH CTpaH
yqaCTHHU 011HI1. 

B paMKax nporpaMMbi .RCHAllll KOJIJieK
THB coTpy,IJ;HHKoa H3 HPB, BP, r .n;P, K H.n;P, 
Pll, PyMhmHH, CCCP H liCCP npo,n;oJI)IQlJI pa-
6oThi no H3yqeHHJO XHM~ecKHX CBOHCTB pa
,IJ;HOaKTHBHbiX 3JieMeHTOB H HX COe,IJ;HHeHHH. 
HanpaaneHo TPH ,n;oKJia,IJ;a Ha Me)K,Il;yHapo,IJ;Hoe 
COBe~aHHe no R,n;epHOH cneKTpOCKOnHH H cPOP
Me aTOMHhiX R,n;ep. CoaMeCTHo c HH:>KeHepaMH 
H3 llOJibWH 3aBepwaeTC.R MOHTa:>K yCTaHOBKH 
KOBP A ,IJ;JI.R Hapa6oTKH pa,n;HOaKTHBHhiX H3o
Tonoa Ha cl>a3oTpoHe Jl.Rll. 

CoaMecmo c cPH3HKaMH H3 HPB, BP, CCCP 
H l!CCP npo,n;OJI)IQlJIHCb HCCJie,IJ;OBaHH.R a,n;poHH-
3aUHH KBapKOB H rJIIOOHOB B a,n;pOH-.R,n;epHbiX 
B3aHMO,IJ;eHCTBH.RX, npOBO,IJ;HJiaCh BCeCTOpoHH.R.R 
o6pa6oTKa 3KcnepHMeHTaJibHoro MaTepHaJia. 

06oe,IJ;HHeHHe ycHJIHH: napTHepoa H3 HPB, 
CPB, CCCP H tiCCP a pa3pa6oTKe H C03,IJ;aHHH 
yCTaHOBKH MAPC ,IJ;JI.R HCCJie,IJ;OBaHHH Ha YHK 
no cPH3HKe T.R:>KeJibiX KBapKOB H 6oJibWHX p T, 

a TaK:>Ke B anpo6HpOBaHHH C03,n;aaaeMoH: anna
parypw B 3KcnepHMeHTax Ha Y-70 B cocTaae 

cneKTpOMeTpa ''rHnepOH", ,IJ;aJIO B03MO:>KHOCTb 
nonyqHTb OKOHqaTeJibHbie 3KCnepHMeHTaJibHhie 
,IJ;aHHbie o xapaKTepHCTHKax npouecca K + A + 

+ K 0 X (A= Be, Cu, Pb) npH 11,2 r3B. 
no TeMe llOJI3KC Ha ycKopHTeJie KapJioBa 

YHHBepcHTeTa (llpara) npoae,n;eHo H3MepeHHe 
noJI.RpH3aUHH H K03cPcPHUHeHTa KOppeJI.RQHH 
noJI.RpH3aUHH B ynpyroM np-pacce.RHHH npH 
HH3KHX 3HeprHRx. Pa3pa6oTaH npoeKT co3,n;a
HHR yCTaHOBKH ,IJ;JI.R 3KCnepHMeHTOB C nOJI.R
pH30BaHHbiMH MHWeH.RMH Ha noJI.RpH30BaHHbiX 
nyqKax YHK c QeJiblO H3yqeHHR CnHHOBhiX 3cP
cl>eKTOB npH B3aHMO,IJ;eHCTBHH qaCTHQ C 3Hep
rH.RMH ,n;o 2 T3B. 

CoBMeCTHo c ylleHhiMH H3 HPB, Pll H CCCP 
npo,n;OJI)KaJIOCb C03,IJ;aHHe y3JIOB yCTaHOBKH ,IJ;JI.R 
HCCJie,IJ;OBaHIDI nOJI.RpH3aQHOHHbiX .RBJieHHH B 
a,n;poH-a,IJ;pOHHbiX H a,n;pOH-.R,IJ;epHbiX B3aHMO,IJ;eH
CTBH.RX Ha BHYTPeHHeM nyqKe YHK (npoeKT 
"llapyc - HemyH"). Pa3pa6oTaH npoeKT npo
rpaMMhi 3KCnepHMeHTOB Ha yCTaHOBKe. 

llpo,n;oJI:>KaeTC.R COTpy,n;H~eCTBO C 11A3 
HM. H.B.KypqaToaa (MocKBa) no C03,IJ;aHHlO 
yCTaHOBKH "Mro-cnHH" ,IJ;JI.R npOBe,IJ;eHIDI J.LS.R-
3KCnepHMeHTOB Ha cPa30TpOHe Jl.Rll. 

C KapnoBhiM yHHBepcHTeTOM H Cl>H tiCAH 
(llpara) HaqaTbl COBMeCTHhle pa60Tbl no HC
CJie,IJ;OBaHHlO BbiCOKOTeMnepaTypHbiX CBepx-

HHcnrryT TpaJlHUHOHHO noAAep)KHBaeT cB.R3H c Hay'IHLIMH QeHTpaMH crpaH·Heyt~aCTHHQ 011HH. Ha CHHMKe: YcMaH 
MaHra A.~aMy (Hurep), A.A.ConHLIWKHH, l!xOTy Jian KaTxaT (HHI:J:H.R), MaxMyA A6Annnnax (HpaK) B Jia6opa· 
TOpHH .RJJ;epHbiX npo6neM 
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.D:enerauHR AKMeMHH uayK 
r,n:P so rnase c npe:nmeu
TOM AH r .D:P 8KMeMHKOM 
B.IIIenepoM so speMJI noce
IUeHHR na6opaTopun OH.RH 

npoao,D;HHKOB. :H3yqeHbi TeMneparypHbie 3aBH· 

CHMOCTH rny6HHbi npOHHKHOBeHHR MarHHTHO· 

ro non.H. 

ITpH aKTHBHOM y%CTHH cne~aJIHCTOB H3 

r,UP, PIT, CCCP H qccp B npoeKTe P:HTM 

H3yqeH BbiXOA np.HMbiX H o6paTHbiX MYT~HH: 

npH pa,D;Ha~HOHHOM B03,D;eHCTBHH Ha . KJieTKH 

npoKapHoT (6aKTepHH pa3JIH~biX wTaMMOB), 

HH31IIHX 3yKapHOT (rannoHAHbie APO)I()I(H) H 

KJieTKH MJieKonHTaiDI.QHX a KyJILType. YcTa

HoaneHo BJIHRHHe pa3JIH~biX nyTeH: penapa~HH 

pa,D;Ha~HOHHbiX noape)I(,D;eHHH Ha MYT~HOHHbiH 

npo~ecc. 

• Jla6oparopUR. .R.oepHblX peaKI./-UU. Me)I(,D;y

Hapo,D;Hoe Hay~o-TeXHHqecKoe COTPYAHHqecTao 

C HHCTHTyTaMH H opraHH3a~HHMH CTpaH-y%CT· 

H~ OUH:H npoao,D;HJIOCL a paMKax 7 TeM 

ITpo6neMHo-TeMaTHqecKoro rmaHa Hay~o-Hc

cne,D;oBaTeJILCKHX pa6oT. 

B COBMOCTHbiX pa6oTax no CHHTe3y H H3Y· 

qeHHID caoH:CTB TpaHcypaHOBbiX 3JieMeHToa, a 

TaK)I(e no nOHCKy CBepXT.H)I(eJibiX 3JieMeHTOB B 

npHpo,D;HbiX o6pa3~ yqacTaoaanH Hay~hre 

opraHH3a~HH HPB, BP, r,UP, KH,UP, Ky6bi, 

MHP, PIT, PyMhiHHH, CCCP H qccP. CoaMecT

Ho c <flH3HKaMH UH<l> qcAH (~e)l() npoaeAe

Hbi H3MepeHIDI cneKTpOB - KBaHTOB ,D;eJieHIDI 
2 5 2 Cf c HcnonL30BaHHeM yCTaHOBKH MYK c 

ceMLID Ge(Li)-AeTeKTopaMH, H3roToaneHHbiMH 

B P)l(e)l(e. rpynnoH: U:H<l>:H BAH (By,D;anewT) 

npe,D;CTaBJieHbi ABa AeTeKTopa He:iiTpoHoa Ha oc

Hoae c~HHTHJIJIHPYIDI.QHX CTeKoJI 6 Li c 3JieKT

poHHKOH ,D;JI.H 3KCnepHMeHTOB no H3yqeHHIO 

yrJIOBbiX pacnpe,D;e.JieHHH HeifipOHOB B peaK· 

~HH 1 0 Be(p, n'Y) 1 0 B. 

Cne~HaJIHCTaMH Jia6opaTopHH BMeCTe c yqe

HbiMH H3 r .UP' PIT, CCCP H <l>paH~H pa3pa6o

TaH HOBbiH MeTO,D; HenpepbiBHOrO Bbi,D;eJieHIDI 

KypqaTOBIDI (Z = 104) H3 CMecH pa,D;HOJIYKJIH· 

,D;OB, o6pa3yiDI.QHXC.H B peaK~IDIX C TIDKe.JlbiMH 

HOHaMH. 

B COTPYAHHqecTae c Hay~hiMH ~eHTpaMH 

r,UP, BP , PIT, CPB, CCCP H qCCP aeJIHCb• pa-

6oTbi n o HCCJie,D;OBaHHIO MeXaHH3Ma B3aHMO· 

,D;eHCTBH.H T.H)I(eJibiX HOHOB C .H,D;paMH, no CHHTe-

3Y H H3y qeHHIO CBOHCTB nerqaifWHX He:ifipOHO· 

H36biTO~biX .H,D;ep, ,D;e.JleHHIO CHJibHOB036y)I(

,D;eHHbiX COCTaBHbiX CHCTeM. 

BCTy nHJio B 3aBepwaroi.QYID <Pa3y H3rOTOB· 

JieHHe AeTaneH: yCTaHOBKH "<l>o6oc" Ha Ba3e 

pa3BHTHR BAH (Co<PHR). lhroToaneHbi ~H

JIHHAp~ecKa.H H KOHHqecKa.H onopbi ycTa

HOBKH, Kopnyca KaMep, yCTpOHCTBa Kperme

HIDI C~HHTHJIJIR~HOHHbiX ,D;eTeKTOpOB H <1>3IJ:, 
MHWeHHbiH Y3e.JI. B r.UP npO,D;OJI)IQUIHCb pa3-

pa6oTKa H H3rOTOBJieHHe :meKTpOHHbiX 

6JIOKOB ,D;JIR 6p3rroBCKHX HOHH3a~OH· 

HbiX KaMep H JiaBHHHbiX nJIOCKO-napaJIJie.JibHbiX 

CqeTqHKOB, pa3pa60TaHa MeTO,D;HKa perHCTpa

~HH n p o,D;yKTOB pacna,D;a C HCnOJib30BaHHeM 

JlaBHHHbiX cqeTqHKOB. 

CoaMecTHo c HHCTHTyTaMH HPB npoao,D;H

nocb HCCJie,D;OBaHHe <flOTO.H,D;epHbiX peaK~HH Ha 

MHKpoTpoHe. li3MepeHbi ceqeHHR H <flpa~HH 

B036y)I(,D;eHIDI peaK~HH ('Y, a). C yqeHbiMH H3 

MHP n p oae,D;eHbi pa6oTbi no aHanH3y yrneH: B 

MeCTopo)I(,D;eHHRX MHP, a TaK)I(e aHaJIH3 o6pa3-
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• 

QOB Ha CO,D;ep)fQU{He Bpe,D;HbJX B 3KOJIOr HqecKOM 
OTHOWeHHH 3JieMeHToB (Cl, S, Cd, Hg) H 
3JieMeHTOB, npHrO,IJ;HbiX ,lJ;JUI HCnOJib30BaHIDI 
(Y, Ga, Ge, Ir, U). 

TipH y%CTHH cneQHaJIHCTOB H3 HPB, PTI, 
f',lU', qccp C03,D;aeTC.fl QHKJIOTpoHHbiH KOMn· 
neKc Y-400 + Y-400M; pa3pa6aThmaeTC.fl QHK
JIOTpoH Y-250, KOTOphtii npe,D;Ha3HaqeH ,D;JI.fl 
cyw;ecTBeHHOH MO,D;epHH3aQHH 3KCnepHMeH
TaJibHOH 6a3bl no .fi,D;epHOH <lJH3HKe B CTpaHax
Y%CTHHQaX OMHH; C03,IJ.aJOTC.fl MHKpoTpoHbi 
,D;JI.fl MHP, HPB H. Ky6bi. B coTpy,D;HmecTse 
c yqeHbiMH H3 r.n;P, BP H qccP co3AaeTc.fl 
3QP·HCTOqHHK HOHOB C 3JieKTpOHHO·QHKJIO
TpOHHbiM pe30HaHCOM. 

Pa3pa60TaHa nporpaMMa COBMecTHbiX HC· 
CJie.D;OBaHHH "TeXHoJioriDI .fi,D;epHblX <lJHJibTpOB 
H HX npOMblWJieHHOe HCnOJib30BaHHe B qCCP". 

Jla6oparopUR HeurpoHHou ifjuau1eu. Me)K)J;y
Hapo,D;Hoe Hay~o-TeXHmecKoe coTpy,D;Hm ecrso 
Jla6opaTOplm ocyw;ecTBJI.fiJIOCb B COOTBeTCTBHH 
c 6 TeMaMH Tipo6neMHo-TeMaTmecKoro nnaHa 
OMHH. 

CosMecTHo c YHHBepcHTeTOM HM. Kapna 
MapKca (JleiinQHr) npo,D;OJI)J(WJOCb H3yqeHHe 
CTpyKTypHOH opraHH3aQHH JIHnH,lJ;HbiX MeM6-
paH. Ha ocHose nonyqeHHhiX HempoHHhiX 
-biX C,D;eJiaHO o60CHOBaHHe KJiaCTepHOH MO· 
,D;eJIH JIHnH,D;HOrO 6HCJIO.fl. 

C yqacTHeM COTPYAHHKOB YHHBepcHTeTa 
(I' anne) MeTO,D;OM Manoyrnosoro pacce.RHIDI 
yCTaHOBJieHhi oco6eHHOCTH npoQecca pacna,D;a 
TpoifHoro cnnasa anroMHHHH - Me,D;b - MarHHH. 
3THM )l(e MeTO,D;OM COBMecTHO C <l>H qCAH 
(flpara) HCCJie.D;OBaJIHCb )I(H,lJ;KOKpHCTaJIJIHqe

CKHe noJIHMephi. Tipose,D;eHo HempoHor pa<lJH
qecKoe yTo~eHHe CTpyKTypbl MOHOKp.HCTaJIJia 
BHCMyTOBOH KepaMHKH. llOCTpoeHa CTpy KTyp
Ha.fl MO,D;eJib HecOH3MepHMOH <lJa3hl. 3asepweH 
QHKJI pa60T no HCCJie,D;OBaHHIO <1Ja30BbiX ,tiHa
rpaMM )I(H,lJ;KOKpHCTaJIJIHqecKHX sew;ecTB, npo
BO,D;HMbiX COBMeCTHO C MH<I> (KpaKOB) C yqa
CTHeM <1JH3HKOB H3 YHHBepcHTeTa HM. A .MHQ
KeBH% (TI03HaHb) . MeTO,D;OM ,D;H<lJpaKQHH H He
ynpyroro pacce.RHIDI HempoHOB H3yqeHhi <lJa3o
Bbie nepeXO,D;bl B COJI.fiX nHpH,D;HHa. 

Tipo,D;OJI)I(eHhi 3KcnepHMeHThi Ha yHHKaJib
HOH ycraHosKe BhiCOKoro ,D;aBJieHIDI, C03AaH
HoH noJibCKHMH cneQHaJIHCTaMH, Ha H BP-2. 
C nOMOUJ;biO ,D;H<lJpaKQHH HeifTpOHOB npose
,D;eHbi HCCJie.D;OBaHIDI qeTbipexxnopHCToro yrne
po,D;a npH AaBJieHHH AO 400 MTia a TeMnepa
TypHoM HHTepsane 80-300 K. 
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CosMeCTHO c H<I> BTIH (Bapwasa) npo
Be.D;eH crpyKTypHhm HempoHorpa<lJmecKHif 
aHaJIH3 CBepXnpOBO,D;.fiUJ;HX KpHCTaJIJIOB 

YBa2 (Cu1 _xFexh 0 6 +c5 B WHPOKOM ,D;Hana3oHe 
KOHQeHTpaQHH )l(eJie3a. Onpe.u;eneHa crpyKTypa 
KpHCTaJIJia H BepO.fiTHOCTb 3aMew;eHH.fl Me,D;H 
)l(eJie30M. 

Jla6opaTOpUR BblllUC/lUT€/lbHOU T€XHU'ICU U 
aeroMaruaaijuu. B 1989 r. J1a6opaTopiDI co

TPYAHH%Jla c pa3JI~hiMH opraHH3aQH.fiMH 
crpaH-y%CTHHQ OMHH no 17 TeMaM Tipo6neM
HO-TeMaTmecKoro nJiaHa HayqHO-HCCJie.D;OBa
TeJibCKHX pa6oT H Me)K)J;YHapo,D;Horo COTPYA
HmecTsa. 

Ha 3BM AH I',lJ;P (UomeH) H UH<I>H BAH 
(ByAanewT) a,D;anTHposaHa sepc~m nporpaM
Mbi peKOHCTpyKQHH H KHHeMaTmecKoro aHa
JIH3a C06hiTHH, perHCTpHpyeMbiX yCTaHOBKOH 
"HempHHHhm ,D;eTeKTop". Be,D;eTC.fl o6pa6oT
Ka 3KcnepHMeHTaJibHhiX AaHHhiX BEAMDUMP 
3KCn03HQHH. Tipe,D;BapHTeJibHbJe pe3yJII>TaTbl 
AOJIO)I(eHhi Ha pa6oqeM cosew;aHHH a H<I>B3 
AH I',lJ;P. Ha 3BM H<I>B3 a,D;arnHpOBaH sapH
aHT pacnpe,D;eJieHHOH rpa<lJmecKOH CHCTeMbl 
HPHC. 

CosMeCTHo c COTPYAHHKaMH YHHBepcHTeTa 
HM. TI.H.Illa<tJapHKa (KowHQe) nposo,D;HJIHCb 
pa6oThi no a,D;arnaQHH rpa<lJmecKHX cpe.u;crs 
naKeTa GEANT-3 Ha 3BM EC-1061 H "Tipa
seQ-16" ,D;Jl.fl peWeHIDI 3a,D;aq MO,D;eJIHpOBaHH.fl 
ycraHoBKH MAPC/MCq H no pa3pa60TKe 3KC
nePTHhiX CHCTeM npHMeHHTeJibHO K 3a,D;aqaM 
a o6naCTH <1JH3HKH BhiCOKHX 3HeprHH. Ha%Thi 
pa60Tbl COBMeCTHO C QeHTpOM HH<lJOpMaTHKH 
AH MHP no C03,D;aHHIO pa6oqero MeCTa noni>-
30BaTeJI.fl 3BM Ha 6a3e nepCOHaJibHbiX KOMnbiO· 
Tepos. 

llO,D;rOTOBJleHO TeXHmecKOe 3a,D;aHHe Ha 
· pa3pa6oTKy TpHrrepa BbiCOKoro ypOBH.fl (TBY) 

,lJ;JUI YK,lJ;, cocrasneHa CTPYKTyPHa.R cxeMa 
TBY Ha ocHose CTaHAaPTa MULTIBUS-2 H oA
HonnaTHhiX 32-pa3p.fi,D;HbiX 3BM "3JieKTpo
HHKa-32". B pa3pa6oTKax crapTosoro KOMn
neKTa MULTIBUS-2 H ero nporpaMMHoro 
o6ecneqeHIDI npHHHMaiOT y%CTHe HTK AH CAH 
(BpaTHCJiasa), UHHH AH I',Z:(P (PocceH,D;op<lJ) 
H UH<I>H BAH (ByAanewT). 

B JIBT A cosMecTHo co cneQHaJIHCTaMH 
KOM6HHaTa K.Qeifc (:AeHa) BbinOJIHeHbl pa6o
Tbl no C03,D;aHHIO H HCCJie.D;OBaHHIO TeJieBH3HOH· 
HbiX H3MepHTeJibHblX yCTpOHCTB Ha npH6opax 
c 3ap.RAOBOH CB.fl3biO (TI3C). B OMHH senacb 
pa3pa6oTKa 3JieKTpoHHKH, Ha KOM6HHaTe 



K.Ue:Hc - orrrHtleci<HX Y3JIOB. B proynLTaTe co
TPYAHHtlecTBa 6LmH pa3pa6oTaHLI H H3rOTOB
neHLI: 

-'TB-CHCTeMa ,I:VUI H3MepHTeJILHOrO CTeHAa, 
npe.n;Ha3HaqeHHoro AJI.R HCCJieAOBaHH.R TI3C
MaTPHQ Ha I<OM6HHaTe K.IJ;e:Hc; 

- yCTpo:HcTBO Ha JIHHe:HI<e TI3C AJI.R onpe
,n;eneHH.R pa3pewarome:H cnoco6HOCTH ronorpa
qmqecJ<HX peweToi<. 

CoaMeCTHo c lUUfT U8<I>lf CAH, CBTlli H 
YHHBepcHTeTOM HM. KoMeHCI<oro (BpaTHCJia
aa) pa3pa6oTaH P.RA anropHTMOB H nporpaMM 
QH<f>poBOH o6pa6oTI<H H306piDKeHHH, perHCTpH
pyeMLIX TB-I<aMepo:H Ha MaTpHue TI3C, no.n;
I<moqeHHo:H I< nepCOHaJILHOH 8BM. 

Pa6oTLI B o6naCTH MaWHHHOH rpa<f>HI<H 
BeJIHCL COBMecTHO c lf<l>B8 AH r.n;P (Uo:HTeH) 
H UHTI AH r.n;P (BepJIHH). 3aaepweHo co- . 

3AaHHe rpa<f>HqecJ<o:H CHCTeMLI Ha 6a3e TI8BM, 
rpa<f>Htleci<oro npoueccopa H UBeTHoro MOHH
Topa. B paMI<ax COTPYAHHtlecTaa Me:>KAy Olf.Hlf 
H HA8 (Caepi<) .z:vm pa3BHTH.R TepMHHaJILHo:H 
CeTH HA8 I< 8BM CYBER 6Lm noAI<JiroqeH 

MYJILTHnnei<cop TepMHHanoa, H3rOTOBJieHHLIH 
coaMecTHo Olf.Hlf H HA8 no AOI<yMeHTaQHH 
Olf.Hlf. Hana,n;I<a H no,n;I<JiroqeHHe MYJILTHnnei<
copa npoae.n;eHLI cneuHanHCTaMH JIBT A Olf.Hlf 
H lfA8. 

TipH yqaCTHH BHlflfTIAC (Moci<aa) aae,n;e
Ha HOBa.R CHCTeMa CB.R3H C HaQHOHaJILHbiM 
QeHTpOM aBTOMaTH3HpOBaHHOro 06MeHa HH
<f>opMaQHeH, UO n03BOJIHJIO npe,D;OCTaBHTL 
noJIL3oBaTeJI.RM Olf.fllf_ 6onLwe B03MO)KHOCTe:H 

,I:VUI CB.R3H C 3apy6e)KHLIMH HH<f>OpMaQHOHHO
Bbi~CJIHTeJILHbiMH UeHTpaMH. 

Ha OCHOBe pa3pa60TaHHLIX B JIBTA Olf.Hlf 
MOHTe-I<apJIOBCI<HX MeTOAOB MO,D;eJIHpOBaHH.R 
B3aHMOAeHCTBH.R H3nyqeHH.R C Bell(ecTBOM COB
MecTHO c Mlf<l>lf (Moci<aa) co3.n;aHa MeTOAHI<a 
pacqeTa H nporH03HpoBaHH.R qHCJia pa.n;HaQHOH
HLIX noBpe)l(,ll;eHHH ( C60eB) 3JieMeHTOB MHI<p0-
3Jiei<TpOHHbiX CXeM Ha CnyTHHI<aX. 

06UieUHCTUTYTC"KOe HayllHO-MeTOOUileC"KOe 

oTC}eneHue. OHMO ocymecTBJI.RJio Hay~o-TeXHH

qecJ<oe COTPYAHHtlecTBO c Hay~LIMH UeHTpaMH 
HPB, BP, r.lJ;P, PTI, PyMLIHHH, CCCP H qCCP no 

9 TeMaM Tipo6neMHo-TeMaTHtleci<oro nnaHa. 
CoaMecTHo co cneUHaJIHCTaMH lfucTHTyTa 

pa.n;HoTeXHHI<H H 3Jiei<TpOHHI<H' (Tipara) H 
npe,n;npH.RTHH "Teena" npOBOAHJIHCb pa60Tbl no 
OCBOeHHIO TeXHOJIOrHH H o6opy,n;OBaHH.R AJI.R 
pa3pa6oTI<H H npOH3BOACTBa nonynpOBOAHHI<O
BbiX ,n;eTei<Topoa B OHMO. 

TipoBOAHJIHCb COBMeCTHbie pa60Tbl C lf<l>B8 
(IJ;o:HTeH) no C03AaHHIO I<OOp,n;HHaTHOro ,n;eTei<
TOpa MIOOHHOrO cnei<TpOMeTpa AJI.R I<OMnJiei<
Ca "MeqeHLie HeHTpHHo", c lf.H<l> qcAH (P:>Ke:>K) 
no C03AaHHIO npeQH3HOHHOH MarHHTOMeTpHqe
CI<OH annapaTypLI. lf3rOTOBJieHHe 6JIOI<OB anna
paTypLI npOH3BOAHJIOCL B OHMO, a Hx Ha
na,n;I<a ocymecTBJI.RJiacL Ha cneuHanH3HpOBaH
HLIX CTeH,n;ax lf.fl <l>. 

B COTPYAHHqecTae c TexHHqeci<HM yHHBep
CHTeTOM ()J;pe3,D;eH) 6LmH npoBe,n;eHbl 3I<CnepH
MeHTbl no H3MepeHHIO TennonpOBOAHOCTH o6-
pa3QOB AH3Jiei<TpHqeci<oro MaTepHana CT-1000 
B ,n;Hana3oHe T = 2 + 10 K. 8TH pa6oTLI npo
BOAHJIHCL C UeJILIO C03AaHH.R ,n;aT~I<a CI<OJib
:>KeHH.R <f>a3 AByx<f>a3HbiX nOTOI<OB reJIH.R. 

B paMI<ax Hccne,n;oBaHH.R MeTo,n;oa reHepa
UHH CBq-MOIUHOCTH c noMOI.l.(biO CHJILHOToq
Horo 3Jiei<TpOHHOrO nyqJ<a npOBOAHJIHCb pa6o
Tbl co cneuHanHcTaMH Co<f>HHCI<oro yHHBep
CHTeTa. CoaMeCTHO c yqeHLIMH TY (,lJ;pe3,n;eH) 

aenacL pa3pa6oTI<a TeH30MeTpHqecJ<o:H annapa
TypLI AJI.R a.n;re3aTopa, pa6oTaromero B pe:>KH
Me AJIHTeJILHOrO y,n;ep:>KaHH.R I<OJieQ, npoBe
,n;eHLI pa6oTLI no nporpaMMHOMy o6ecneqe
HHIO pacqeTOB 3ap.RAOBbiX pacnpe,n;eJieHHH HO
HOB pa3JIH~biX 3JieMeHTOB B 8IJ;P-HCTO~HI<aX 

C yqeTOM npouecCOB MHOrOI<paTHOH HOHH3a

UHH H nepe3ap.R,D;I<H. rpynna HH:>KeHepOB H3 
TY (,lJ;pe3,n;eH) aena a OHMO HaJiaAI<Y OTJ;leJIL
HLIX CHCTeM cnei<TpoMeTpa KK,lJ;C. 

CoaMecTHO c lf.HTI ( Caepi<) HaqaTa no.n;ro
TOBI<a TeXHHqeci<oro 3aAaHH.R Ha pa3pa6oTI<y 
yCI<OpHTeJI.R 3Jiei<TpOHOB AJI.R 3I<OJIOrHqeCI<HX 

uene:H, a Tai<:>Ke ero OTAeJILHLIX y3JIOB: reHepa
Topa YCI<Op.FIIOI.l.(ero Hanp.R:>KeHH.R, HCTO~HI<a 
3Jiei<TpOHOB, I<aHaJia TpaHCnOpTHpOBI<H nyqJ<a, 
CHCTeMLI BbiBOAa nyqJ<a B aTMOC<f>epy. 

Co cneuHanHCTaMH TY (,lJ;pe3.n;eH) npoao
AHJiacL 0Tpa60TI<a MeTOAa cnei<TpOCI<OnHH Bbi
COI<Q.TeMnepaTypHbiX CBepxnpOBOAHHI<OB Ha 
nyqJ<e CHHXpOTpOHHOrO H3JiyqeHH.FI HH<f>pai<pac
HOrO AHana30Ha, no,n;rOTOBJieHLI o6pa3Ubl C 
BTCTI AJI.R npoae.n;eHH.R nepaooqepe,n;HLIX 3I<C
nepHMeHTOB. CoBMeCTHO co cneuHanHcTaMH H3 
<l>H3Hqeci<oro HHCTHTyTa <l>lf qCAH (Tipara) 

6LmH npoBe,D;eHLI HCCJie,D;OBaHIJ.R H OT60p I<pH
CTaJIJIHqeCI<HX ,n;eTei<TOpOB HH<f>pai<paCHOrO H3-
JiyqeHH.R C QeJILIO HCnOJib30BaHH.R HX AJI.FI lfK

cnei<Tp OCI<OnHH o6pa3UOB c BTCTI. B 8nei<Tpo
TeXHH'Ieci<oM HHCTHTyTe U8<I>lf CAH (BpaTH
cnaaa) COTPYAHHI<aMH OHMO 6Lma npoae,n;eHa 
no.n;roTOBI<a <f>oTOJIHTorpa<f>Hqeci<HX Macoi< AJI.R 
H3MepeHH.R napaMeTpoa nneHOI< H3 BTCTI-I<epa-
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MHKH. Tipoae,IJ,eHbi 3KcnepHMeHThi no nonyqe
HHIO nneHOK HTTPHH - 6apHii - Me,IJ,h, H3Mepe
Ha KpHTHqecKaR nnOTHOCTh TOKa H TeMnepa
Typa nepexo,IJ,a HTTPHH - 6apHii - Me.IJ.h - KHC
nopo.D., Hccne,IJ,OBaHa HX Mop¢1onorHH. 

HAYtiHhiE COBEIUAHI1H 

B 1989 ro.D.y 011Hl1 opraHH30Ban H npoaen 
IIIecTh KpynHhiX Me)f(,II,yHapO,II,HhiX coaemaHHH. 

C 29 MaR no 3 HIOHH a BexHHe (tiCCP) 
QlfHif COBMeCTHO C lfHCTHTyTOM R,IJ,epHOH ¢IH-
3HKH tiCAH (P:>Ke:>K) 6hinO opraHH30BaHO 
II Me)f(,II,yHapo.D.Hoe coaemaHHe no UHKnoTpo
HaM H HX npHMeHeHHIO. Ha CoaemaHHH o6cy:>K
.IJ.anHCh BonpOCbl COBpeMeHHOrO COCTORHHR 
UHKnoTpOHHhiX MeTO.IJ.OB ycKopeHHR. Cneu;Ha
nHCThi paCCMOTpenH npo6neMhl 3KCnny aTaQHH 
H ,IJ,anhHeHIIIero pa3BHTHR QHKnoTpOHOB , BKnlO
qaf! aKTyanhHhie BOnpOCbl HX HCnOnh30BaHHR 
npH peiiieHHH ¢IH3HqecKHX H npHKna,IJ,HhiX 
3a,IJ,aq. 

B HIOHe a ,[J;y6He cocroHnach Me)f(,II,y Hapo.D.

HaR KoH¢lepeHu;HR no H36paHHhiM aonpocaM 
crpyKTyphi H.D.pa, Ha KOTopoii 6hlno 3acnyiiiaHo 
OKOnO 40 ,IJ,OKna,IJ,OB, OTpa:>KalOIUHX KaK COCTO-

RHHe TeopHH, TaK H HOBeHIIIHe 3KCnepHMeH
TanbHbie .IJ.aHHhie no crpyKType R,IJ,pa. B KoH<Pe
peHu;HH yqaCTBOBanO 200 cneu;HanHCTOB H3 
CTpaH-yqaCTHHQ OlfHif, lfTanHH, <l>paHQHH, 
<1> Pr, KaHa.IJ.bi, HH,IJ,epnaH,IJ,oa, CiliA , lllae
UHH, HnoHHH. 

XI lliKona UEPH- 011Hl1 no ¢IH3HKe npo
XO,IJ,Hna B 3rMOH,IJ,-aHH-3ee (HH,IJ,epnaH,II,hi) • 
B pa6oTe lliKonhi npHHHno yqacrHe no 50 Mo
no,IJ,hiX ¢IH3HKOB-3KCnepHMeHTaTOpOB KaK H3 
CTpaH-yqacTHHU OlfHif, TaK H H3 CTpaH-yqaCT

HHQ UEPHa. OcHoBHhiM HanpaaneHHeM lliKonhi 
RBnRnOCh 03HaKOMneHHe MOnO,IJ,biX ¢IH3HKOB C 
pa3n~hiMH acneKTaMH ¢IH3HKH BbiCOKHX 
3HeprHif H oco6eHHO TeOpeT~ecKOH ¢IH3HKH. 
Ha lliKone 6hmo npoqmaHo oKono 30 neKI.J;Hii. 

B Haqane HIOnH a ,[J;y6He 6bm npoae.neH 
Me)f(,II,yHapo.IJ.HbiH ceMHHap no BhiCOKOTeMqepa
TypHoii CBepxnpOBO,IJ,HMOCTH, B KOTOpOM npH
HHnO yqacrHe 6onee 150 yqeHhiX H3 011Hl1, 

CTpaH-yqacTHHU H .D.pyrHX CTpaH. Ha ceM~ape 
o6cy)f(,II,anHCh aonpochi, CBH3aHHhie c 3KcnepH
MeHTanhHhiMH H TeOpeTHqecKHMH pa6oTaMH no 
HCCne,IJ,OBaHHIO BhiCOKOTeMnepaTypHOH CBepx
npoBO,IJ,HMOCTH H,II,epHO-¢IH3HqecKHMH MeTO,IJ,a
MH. Bhmo npe,ncraaneHo oKono 30 .D.OKna.D.OB 
H 50 opHrHHanhHhiX coo6meHHH. 

MelKAYHapOAHaH KOH<lJepeHQHR no H36paHHbiM BOnpocaM CTpyKTypbl HApa. Ha BOnpOCbi OTBe'laeT AOKTOp 

II.ci>.BopTHHbOH (11TanHH) 
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Ha M~yHapo.llHOM ceMHHape no B&ICOKOTeMnepaTypHoii: caepxnpoBO.llHMOCTH 
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C 22 no 24 aarycTa a ,[{y6He npos onHJicH 
V Me)I(,Il;yHapOnHbiH CHMn03HYM no H36paH
"HhiM npo6neMaM CTaTHCTHtlecKOH Mexa.HHKH, 
KOTOpbiH 6bm npHypOlleH K 80-neTHIO aKane
MHKa H.H.Boromo6osa. B nporpaMMe CHMno-
3HyMa - o6cy)I(,Il;eHHe aKTyani>HhiX npo6neM 
H nepcneKTHB CTaTHCTHtlecKOH MeXaHHKH, a 
TaKlKe coapeMeHHhiX npo6neM TeopeTHtlecKoH: 
H MaTeMaTHtlecKOH <f>H3HKH, B peilleHHH KOTO· 
pbiX H .H.Boromo6oa npHHHMaeT HenocpencT
aeHHoe yt~aCTHe. B pa6oTe CHMno3HyMa yt~aCT
aoaanH oKono 150 yt~eHbiX H3 OHHH, CTpaH
YllaCTHHI.\, a TaK:JKe KHP, Beni>rHH, HHnepnaH
nos, HTanHH H ct>Pr. 

U:enbro nposeneHHOH a .[J;y6He a 
Hat~ane oKTH6pH Me)I(,Il;yHaponHOH mKonhi
ceMHHapa no <f>H3HKe TH:JKenhiX HOHOB HBHJIOCb 
03HaKOMneHHe yt~aCTHHKOB · C HOBeHillHMH 
noCTH:JKeHHHMH H nepcneKTHBaMH 3KC· 
nepHMeHTMbHbiX H TeOpeTHtleCKHX HCCneno
BaHHH B o6naCTH <f>H3HKH TH:JKenbiX HOHOB. 
B pa6oTe ceMHHapa npHHHno yt~aCTHe oKono 
200 llenoaeK, B TOM liHCne cnel.\HM HCTbl 

H3 CTpaH-yt~aCTHHI.\ OHHH, a TaK:JKe H3 CTpaH
Heyt~acTHHI.\. 

Boni>moe 3HalleHHe nn11 nMTenbHOCTH 
OHHH HMeiOT pa6ot~He coaei.QaHHH. B Tet~e

HHe rona 6hmo npoa~eHo 25 TaKHX coaema
HHH, a TOM t~Hcne no 3KcnepHMeHTaM Ha cneKT
poMeTpax BHC-2, ".A.m.<f>a", Cct>EPA, CHrMA
AHKC, MHC, 'THnepoH", no HCCn~oBaHHHM 
MeXaHH3MOB BbiCOKOTeMnepaTypHOH CBepx
nposonHMOCTH, no HCCn~OBaHHHM KOHneHCH· 
poaaHHhiX cpen Ha peaKTope HBP-2, no CTaH
napTaM 3neKTpOHHKH B <f>H3HKe BbiCOKHX 
3HeprHH H ,!l;pyrHe. 

B OKTH6pe 6hmo nposeneHo Coaema
HHe KoHCyni>TaTHBHOH KOMHCCHH no Hayq
HOH nonHTHKe OHHH, Ha KOTopoe 6hmH 
npHrnameHhi ae,!l;yi.QHe yt~eHbie H3 U:EPHa, 
CCCP, BP, r,np H KHTaH. I..lenb Coaei.QaHHH
Bbipa6oTKa peKOMeH,!l;al.\HH OTHOCHTenbHO 
HaH6onee KOHKypeHTocnoco6HhiX H nepcneK
THBHhiX nnH OHHH HccnenosaTeni>cKHX npo
rpaMM H HayliHhiX HanpaaneHHH Ha 6nH:JKaHlliee 
nHTHJieTHe. 

Y11acp1HKH Me:lK.nyaapo,IU{oro coueu.uuum no TeopHH conHTOHOB H npHJio)f(eHWIM 
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• 
B. pa6oTe Me)KJ:lyHapO.IlHOH WKOnbi·CeMHHapa DO !lJH3HKe T.R)I(enbiX HOHOB npHHHM8nH yqacTHe OKOnO 200 CDeUHa· 

nHCTOB H3 p83nHqsbiX H8yqHbiX QeHTpoB 

125 



~ 

• 

YliACTHE OH.RH 

B ME:>KWHAPO,lJ;HhiX l1 HAUHOHAJlhHhiX 
KOH<I>EPEHUH.RX 

B 1989 ro,D;y OH.RH I<OMaH,D;Hpoaan B cTpa
Hhi-yqaCTHHUhi 159 cneUHaJIHCTOB ,D;JIH yqaCTHH 
B 53 Me:>K,IJ;yHapO,D;HbiX H HaUHOHaJibHhiX I<OH

<t>epeHUHJIX. 
Cpe,D;H I<oH<t>epeHUHH HeMano Tpa,D;HUHOH

HhiX, B I<OTOpbiX OH.RH yqacTBYeT y:>Ke MHoro 
neT. 3To CoaeLUaHHe no <l>H3HI<e H TeXHHI<e 
HH3I<HX TeMnepaTyp B rayccme (r.lJ;P) , 3HM
HHH IIII<OJia no TeOpeTHQecJ<OH <l>H3HI<e B Kap
naqe (Pll) , Me:>K,IJ;yHapo,D;HaH IIII<ona no <l>H-
3HI<e B 3ai<onaHe (Pll) , Me:>K,IJ;yHap o,D;HaH 

I<oH<t>epeHUHH no CTPYI<Type a,D;pOHOB B CMone
HHUe (qCCP) , Me:>K,IJ;yHapO,D;HaH IIII<OJia "Ho

Bbie ,Zl;OCTH:>KeHHH B I<BaHTOBOH <l>H3HI<e" B 
Bpaiiioae (PyMhiHHH), Me:>K,IJ;yHapo,D;HaH IIII<O

na no <l>H3HI<e aTOMHoro H,D;pa, HeHTpOHHOH 
<l>H3HI<e H H,D;epHoH: 3HepreTHI<e B BapHe 

(HPB) , CHMn03HyM no npHMeHeHmo MHI<po

I<OMnhiOTepoa H MHI<ponpoueccopoa B By,D;a
neiiiTe (BP) . 

111 cneUHaJIHCTOB 06'be,D;HHeHHOro HH

CTHTyTa H,D;epHbiX HCCJie,D;OBaHHH npHHHJIH yqa

CTHe B 58 Me:>K,IJ;yHapO,D;HbiX I<OH<l>epeHUHHX, 

CHMnC3HyMax H IIII<OJiaX B 19 CTpaHaX, He 
HBJIHIDLUHXCH QJieHaMH OH.RH. 

K QHCJiy I<PYnHhiX I<oH<t>epeHuHH: 3Toro 
ro,D;a MO:>KHO OTHecTH Me:>K,IJ;yHapo,D;HyiD I<OH
<t>epeHumo no <l>H3HI<e BbiCOI<HX 3Hepr HH B 

licnaHHH, Me:>K,IJ;yHapo,D;HhiH CHMno3HYM no nen
TOH-<l>oTOHHhiM B3aHMO,D;eHCTBHHM B CiliA, 

Me:>K,IJ;yHapoAHYID I<OH<t>epeHumo no H,D;epHoH: 
<l>H3HI<e B Bpa3HJIHH, Me:>K,IJ;yHapo,D;Hhie I<oH<t>e
peHUHH "50-JieTHe HCCJie,D;OBaHHH ,D;eJieHHH 
H,D;pa" B 3ana,D;HoM BepJIHHe H CiliA, H auHo

HaJILHYID I<OH<!>epeHUHIO no yCI<OpHTeJIHM 3apH
:>KeHHbiX qacTHU B CliiA, Me:>K,IJ;yHapo,D;HyiD I<OH

<t>epeHumo no yci<OpHTeJIHM BbiCOI<HX 3HeprHH 

B .RnoHHH, Me:>K,IJ;yHapo,D;HyiD I<OH<t>epeHumo no 
UHI<JIOTpOHaM H HX npHMeHeHHIO B 3ana,D;HOM. 

BepnHHe, EaponeH:ceyiO I<OH<t>epeHumo no 
I<oH,D;eHcHpoBaHHhiM cpe,D;aM so <I>paHUHH, M e:>K

,D;yHapo,D;HYID I<OH<l>epeHUHIO no BbiCOI<OTeMne
parypHbiM CBepxnpOBO,D;HHI<aM, MaTepHaJiaM H 

MeXaHH3MaM caepxnpoao,D;HMOCTH a CiliA H 

MHOrHe ,D;pyrHe. liTOrH 3THX I<OH<!>epeHUHH ' 

H noJiyQeHHaH HH<!>OpMaUHH B 60JibiiiHHCTBe 
cnyqaea o6cy:>K,IJ;anHCb Ha na6opaTopHbiX HJIH 

o6rueHHCTHTyTci<HX ceMHHapax. 
E:>Kero,D;Ho cneuHanHCThi OH.RH npHHHMaiOT 

YQaCTHe B pa3JIHQHbiX IIII<OJiaX no <l>H3HI<e, 
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npoBO,D;HMbiX B CTpaHaX-HeyQaCTHI{Uax.B 1989 r. 
B I<aQeCTBe Jiei<TOpOB Bhle3:>KaJIH: ,lJ;.B.IIIHp

I<OB - B Henan Ha JleTHIOIO IIII<ony no <l>H3HI<e 
H A • .li;.KoaaneHI<O - B C<I>PIO Ha XXV Me:>K

eyHapo,D;HyiD IIII<OJIY no <l>H3HI<e 3JieMeHTapHbiX 
QaCTHU. 

PH,D; yqeHbiX OH.RH HBJIHIOTCH QJieHaMH 
Me:>K,IJ;yHapo,D;HhiX HayQHhiX opraHH3auHH:. B CBH-
3H c 3THM B 3aCe,D;aHHH Me:>K,IJ;yHapo,D;Horo I<o

MHTeTa no 6y,D;yLUHM yci<opHTeJIHM (li<I>KA) 
npHHHJI yqacrHe AHpei<Top OH.RH aJ<a,D;eMHI< 
.li;.KHIII, B 3ace,D;aHHH pa6oqeH: rpynnhi HK<I>A 
no 3I<cnepHMeHTaJILHOH annapaType - H.A.ro

JIYTBHH, B COBeLUaHHHX KOMHTeTa no H,D;epHOH 
<l>H3HI<e EaponeH:ci<oro o6ruecTBa - IO.Q.Ora
HecHH. 

CB.R3l1 

C HAYliHhiMH UEHTP AMH CTP AH, 

HE .RBJ1.RIOIUHXC.R yqACTHHUAMH OH.RH, 
l1 ME)J(,lJ;YHAPO,lJ;HhiMH 

OPr AHI13AUH.RMH 

B 1989 ro,D;y OH.RH BhinOJIHHJI coaMeCT

Hbie pa60Tbi H no,D;Aep:>KHBaJI Tpa,D;HUHOHHbie 
I<OHTai<Tbl C HayQHO-HCCJie,D;OBaTeJibCI<HMH opra
HH3aUHHMH CTpaH-HeyqaCTHHU OH.RH. 

HaH6onee npo,D;OTBopHhiM 3TO coTpyAHHQe
CTBO 6hmo c EaponeH:ci<HM UeHTpoM H,D;epHbiX 
Hccne,D;OBaHHH. CneuHanHCThi OH.RH yqacrao
BaJIH B 3aBepiiieHHH MOHTa:>Ka H I<OMnJiei<C

HOH Hana,D;I<e o6opy,D;oBaHHH ycTaHOBI<H 
DELPHI. Ba:>KHbiM AOCTH:>KeHHeM I<onna6opa
UHH HBJIHeTCH npoae,D;eHHe nepBbiX pa60QHX 

CeaHCOB Ha nyqJ<ax yCI<OpHTeJibHOrO I<OMnJiei<
ca LEP H nonyqeHHe nepBbiX pmynLTaToB o 
Macce H IIIHpHHe HeH:TpanLHoro npoMe:>KYToq

Horo 6030Ha, yCTaHOBJieHHe QHCJia DOI<OJieHHH 

nemOHOB H I<Bapi<OB, oueHI<a QHCJia THnOB HeHT
pHHo. BonLIIIoH: BI<Jia,D; a <l>H3HQeci<yiD npo
rpaMMy Ha LEP BHecnH H TeopeTHI<H ,lJ;y6Hhi. 

llpoae,D;eHhi npeUH3HOHHhie pacQeThi npouecca 
+ -e e -aHHHrHJIHUHH, H3YQeHbi B03MO:>KHbie CJie,D;-

CTBHH ,D;JIH napaMeTpOB CTaH,D;apTHOH TeOpHH. 

B OH.RH 6bm co3AaH nai<eT nporpaMM 

ZBIZON, I<OTOpbiH HCDOJih3YeTCH 3I<CnepHMeH
TaTopaMH Ha LEP npH aHanH3e AaHHhiX. 

B coTpy,D;HHQecTae c HTaJILHHCI<HMH <l>H3H

I<aMH no TeMe "liCCJie,D;OBaHHe B3aHMO,D;eHCT

BHH aHTHHYI<JIOHOB C H,D;paMH . Ha yCI<OpHTeJie 
LEAR (npoei<T OBEJ1l1KC, 3I<CnepHMeHTbi 

PS-179 H PS-201 B UEPHe)" no,D;rOTOBJieHhi 
TpH ny6JIHI<aUHH, B I<OTOpbiX npe,D;CTaBJieHhl 



pe3yJThTaTbl H3Y"IIeHHR paCCeHHHR aHTHnpOTO
HOB Ha renHH-4 H renHH-3. Ha yCTaHOBKe 

CHrMA-AHKC Ha ycKopHTene H<I>B3 (llpoT
BHHo) cosMecTHo c yqeHbiMH H3 HHH<I> (MH

rraH) npose,n;eHo HccrreAOBaHHe npo~ecca pa
AHa~HOHHoro pacceHHHR nHOHOB Ha npoTOHaX 

npH 43 r3B B UIHpOKOH o6rraCTH 3HeprHii 
'Y-KBaHTOB. ,ll;aHHhie o6 3TOH 3KCKJII03HBHOH 

peaK~HH npH BbiCOKHX 3HeprHRX norry"lleHbl 
snepBhie. 

Eorree aKTHBHO pa3sepeyrroch coTpyAHHtle

CTBo no TeMaM "Mro-cnHH" H APEC c HCCJieAo

BaTemcKHMH rpynnaMH 11HCTHTYTa HM. ll.Ille

pepa (Illse~apHR) . 3Aecb C03AaHa annapaTy

pa AJI.fl npose,n;eHHR J.LSR-3KCnepHMeHTOB. 
Ha OCHOBe paClleTOB, npoBeAeHHbiX B pa6o

TaX no TeMe "HeiiTpHHo" (.ll:y6Ha- <l>paH~HR

HPE), yserrH"IIeHa B 5-10 pa3 TpaHcMHCCHR 
3JieKTpocTaTH"IIecKHX cneKTpOMeTpoB B Opc3 

H ,ll;y6He. B paMKax npoToKorra o COTPYAHHlle

CTBe Me)KJI;y JUIP OHHH H Ha~OHaJihHhiM 

~eHTpoM no <j)H3HKe T.fl)l(eJibiX HOHOB r AHHJI 

( <l>paH~H.fl) npoAOJI)IQlJIHCb 3KCnepHMeHTbl no 

CHHTe3y H HCCJieAOBaHHIO CBOHCTB HeHTpOHO
H36biTO"IIHbiX .fiAep JierKHX 3JieMeHTOB. l13y

"lleHbl CBOHCTBa paCITaAa OKOJIO 30 HOBbiX H30-
TOnOB. 

B 1989 roAy nOAroTOBJieHhi H npoBeAeHhi 

nepBbie COBMeCTHbie 3KCnepHMeHTbl no CHHTe-

3y H H3y"lleHHIO csoiiCTB MYJihTHHempoHHhix 

CHCTeM H T.fl)l(eJibiX H30TOnOB BOAOPOAa Ha yc

KOpHTeJie B 11HCTHTyTe .fiAepHbiX HCCJie,II;OBaHHH 

HM. r aHa - MeiiTHep (3anaAHhiH EeprrHH) c 

HCnOJTh30BaHHeM TpHTHeBOH MHWeHH, H3rOTOB
JleHHOH B .ll:y6He. 

llpoAOJI)I(eHbi pa6oThi B paMKax COTPYAHH
llecTBa c J1a6opaTopHeii Pesep<jlopAa - 3nnrr

TOHa (BeJIHK06pHTaHHR) Ha HeHTpOHHOM HC
TO"IIHHKe ISIS. 11ToroM 3THX HccrreAOBaHHH 

.fiBHJIHCb 4 iiy6JIHKa~H. C noMOI.QbiO Heynpyro
ro HeKorepeHTHoro pacce.RHHR HeiiTpoHOB on

peAeJieHhi napaMeTpbl KpHCTaJIJIH"IIecKHX ~JieKT
pH"IIecKHX norreii B BbiCOKOTeMnepaTypHbiX 
csepxnpoBOA.fii.QHX KepaMHKax Y -Ba-Cu, 

La-Sr-Cu , AOnnHpOBaHHhiX TYJIHeM H Tep6HeM. 
l13y"llaJIHCb TaK)I(e CHCTeMbl C T.fl)l(eJibiMH <j}ep

MHOHaMH.-

HallaTo COTPYAHHlleCTso OHHH c <j)H3H
KaMH MHt~HraHcKoro yHHBepcHTeTa (CIIIA) 

no npoeKTy "HenTyH", BKJIIOllaroi.Qee npo

rpaMMy HCCJle,II;OBaHHH no CITHHOBOH <j}H3HKe 

aAPOHOB H C03AaHHe CTPYHHhiX norr.RpH30BaH
HbiX MHWeHeH Ha BHyTpeHHeM nyt~Ke yCKOpH

TeJibHOr o KOMnJieKca YHK (llpoTBHHO) • llpo

BOA.fiTC.fl pa60Tbl no C03AaHHIO TenJIOH CTpyH

HOH nOJI.flpH30BaHHOH MHWeHH, HCCJieAOBaHHIO 

npo~ecCOB HaKOnJieHH.fl nOJI.fiPH30BaHHOrO aTO

MapHor o BOAOPOAa B MarHHTHOH JIOBYWKe, 

B ,Uy6He 6&ma opraHH30BaHa BhiCTaBKa npu6opoB H o6opy.n;oBaHHJI , pa3pa6oTaHH&Ix liHCTHTYTOM H3MepnTen&HOii: 
H Bhi'IHC1IHTen&Hoii: TeXHHKH UeHTpan&Horo HHCTHTyTa $H3H'IeCKHX uccne,n;oBaHHH BAH, BeHrepcKHM KoonepaTH· 
BOMMEr AMHKPO u 3ana.n;HorepMaHCKoii: <l>npMoii: "BH1I&,n; Jleii:Tu" 
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3KcnepHMeHT DELPHI - nepBhrn KonnaimepHhiH 3KC
nepHMeHT, B KOTOpoM yqaCTByeT OH.RH 
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.... 

npoeKTHpOBaHHlO CHCTeMhl J.lHpKymUUiH re
JlH.fl-3 Ha OCHOBe repMeTH'IHbiX HaCOCOB np OH3-
BO.IJ;CTBa r .[(P. Pa3pa6oTaH npoeKT H npOBO
.IJ;HTC.fl no.IJ;rOTOBKa COBMecTHOro 3KCnepHMeHTa 
no noJiylleHHlO H H3ylleHH10 CBOHCTB H30TOnOB 
106 3JleMeHTa Ha ra3oaanoJIHeHHOM cenapaTo
pe JIHP OHHH c rpynnoii <flH3HKOB H3 JlHBep
MopcKoii HaJ.lHOHaJibHOH na6opaTOpHH (ClliA). 

OHHH no.n.nep:>KHBaeT CB.fi3H H npoBO.IJ;HT 
o6MeH ytJeHhiMH c HacTHTyToM <flH3HKH, YHH
BepcHTeTOM B Eenrpa.ne H YaHBepcHTeTOM B 
THTorpa.ne (C<I>PIO); c lfHCTHTYTOM H.E opa 
B Konearareae (.[(aHHH); Me:lK,Il;yaapo.IJ;HhiM 
J.leHTpoM <PH3HKH B TpHecTe H HHcl:HTyTOM 
<PH3HKH B TIH3e (HTanHH), a TaK:>Ke c aaytJHhi- · 
MH J.leHTpaMH p.fi.IJ;a .IJ;pyrHX CTpaH. 

3KCKYPCHH B OHHH 

B 1989 ro.ny B 06'be.IJ;HHeHHOM HHCTHTYTe 
.fi.IJ;epHbiX HCCJle,IJ;OBaHHH 6biJ10 npHH.HTO 70 3KC
KypcHOHHhiX rpynn o6~eH lJHCJleHHOCTbiO 
1813 qenoBeK. 

C ,IJ;e.RTeJlbHOCTbiO Jia6opaTOpHH H HX DJlaHa
MH Ha 6y.IJ;y~ee 03HaKOMHJ1HCb .IJ;eJieral.lHH 
rocy.napCTBeHHOrO areHCTBa no aTOMHOH 
3HeprHH H KOMHCCHH TeXHHlleCKOrO npo
rpecca Pecny6nHKH Tion&IIIa, .neneral.lH.fl 
lfHCTHTYTa .fi.IJ;epHbiX HCCJle,IJ;OBaHHH H .fi.IJ;epHOH 
3HepreTHKH EAH, .neneraJ.lH.fl AH r .[(P' .ne
neraJ.lH.fl KOHI.lepaa "Teena" lJCCP, CTY.IJ;eHThi 
pa3JIHlJHhiX BY30B cTpaa-ytJaCTHHJ.l OHHH H 
MHOrHe .IJ;pyrHe. 

B asrycTe lly6Hy nocenma ,~~;enera~HH y<~eHbix K H P, B03rnasnHeMaH noqeTHbiM AHpeKTopoM liHCTHTYTa aTOMHOH 
3HeprHH KHP npo<t>eccopoM BaH f'aH&'IaHOM. H a CHHMKe : A .A.Ky3He~os, BaH f'aH&'IaH, M .H: .Conos&eB, llHHb 
lla<~:>Kao 
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CI1PABKA 

0 pa3BHTHH Me~yHapOAHOrO COTPYAHHtleCTBa H CBH3eH 06'be,D;HHeHHOrO HHCTHTyTa 

R:,D;epHbiX HCCJie,D;OBaHHH 3a nepHO,D; 1965-1989 rr. 

N! 
n/n 

BHA COTPYAHHt~ecTBa 1965 1970 1975 1980 1985 

1. KonHt~eCTBO KOMaHAHPOBOK 

cneQHaJIHCTOB H3 CTpaH-ytlaCTHHU 

B 011JU1 (6e3 cosemaHHH, 

HO C yt~eTOM npHe3,D;OB 

no KOHTpaKTaM) 203 446 1026 1216 1469 
2. KoJIHtlecTBO KOMaHAHPOBOK 

cneuHaJIHCTOB OURH 
B CTpaHbi-ytlaCTHHQbl 171 287 474 558 600 

3. KoJIHtleCTBO Hayt~HbiX, MeTOAHtleCKHx 

H HaytiHO-OpraHH3aQHOHHbiX 

cosemaHHH OHHH 19 28 42 40 49 
4. KoJIHtleCTBO KOMaH,nHposoK 

Ha Me:lK,nyHapOAHbie KOH¢>epeHQHH 

H B Hayt~Hble QeHTpbi CTpaH-

Heyt~aCTHHU 69 166 131 109 119 
5. KoJIHtleCTBO npHe3,nOB cneuHaJIHCTOB 

H3 CTpaH-Heyt~aCTHHU 27 176 226 93 144 
6. KonHt~ecTBO CTHneH,nHaToB OHHH 8 11 7 3 

*Ee3 y11era Bble300B no Bbl30Bil.ll-t IlolliWMO'IHblX !Ipeocraaureneu crpaH-y'laCTHU/4 OHJIH. 

llEPEqEHb 

HaytiHbiX H HaytiHO-OpraHH3aQHOHHbiX COBei.UaHHH, 

npOBe,D;eHHbiX 06'be,D;HHeHHbiM HHCTHTYTOM H,nepHbiX H CCJie,nOBaHHfi B 1989 ro,ny 

N~ 

n/n 

HaHMeHOBaHHe BpeMH 

npose,neHHH 

MecTo 

npose,neHHH 

I. CoaeU~aHUR, Konr;Pepenq.uu, WKO.nbz u cuMn03UYMbZ 

1. Me~yHapo,nHoe cosemaHHe no 

QHKJIOTpOHaM H HX npHMeHeHHIO 

2. Me~yHapo,nHaH KOH¢>epeHQHH no 

H36paHHbiM sonpocaM CTPYKTYPbi 

H,D;pa 

3. XI IllKoJia UEPH- OHHH no ¢>H3HKe 

4. Me~yHapo,nHbiH ceMHHap 

''MeXaHH3Mbl BbiCOKOTeMnepaTypHOH 

CBepxnpOBOAHMOCTH'' 

5. V Me~yHapo,nHbiH CHMn03HYM 

no H36paHHbiM npo6neMaM 

CTaTHCTHtleCKOH MeXaHHKH 

6. Me~yHapo,nHaH lllKOJia-ceMHHap 

no ¢>H3HKe TH:lKeJibiX HOHOB 

29 MaH-

3 HIOHH BexHHe, qccp 

20-24 HIOHH ,lly6Ha 

25 HIOHH- 3rMOHA-aHH-3ee, 

8 HIOJIH HHAepnaH,nbi 

28 HIOHH-

1 HIOJIH ,lly6Ha 

22 - 24 asr ycTa ,lly6Ha 

4-12 OKTH6pH ,lly6Ha 

- - ~-~~----------

1988 1989 

1218 1519 

554* 798 

42 43 

178 244 

255 305 
7 13 

KoJIHt~eCTBO 

yt~aCTHHKOB 

80 

200 
120 

150 

150 

200 
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II. Pa6oque coaeU~aHU.R. 

1. Cosemrume no MYJihTHHeihpoHHhiM 
CHCTeMaM 24 - 26 HHBapH ,Uy6Ha 50 

-2. CosemaHHe no Hccne,nosaHmo 
MeXaHH3Ma HeynpyrHX CTOJIKHOBeHHH 
peJIHTHBHCTCKHX H,IJ;ep MeTO,IJ;OM 31 HHBapH.-
H,nepHbiX ¢>oT03MYJibCHH 2 <t>espanH ,Uy6Ha 30 

3. CosemaHHe no Hccne,noBaHHHM 
no npoeKTY "A.rrb¢>a" HeHyKJIOHHbiX 
CTeneHeH CB060,IJ;bl JierKHX H,nep 
H HX pa3BHTHIO 14-16 MapTa ,Uy6Ha 50 

4. GosemaHHe no Hccne,no'BaHHHM 
Ha ycTaHOBKe E:HC-2 • 21-23 Mapm ,Uy6Ha 50 

5. 3ace,naHHe cosMeCTHoro HaytJHoro 
KOMHTeTa OUH:H - UEPH 15-16 MaR ,Uy6Ha 25 

6. CosemaHHe no Hccne,noBaHHHM 
Ha ycTaHOBKe C<I>EP A 16-18 MaR ,Uy6Ha 50 

7. CosemaHHe no Hccne,noBaHHHM Ha 
2-MeTpOBOH nponaHOBOH KaMepe 23-25 MaR ,Uy6Ha 50 

8. CosemaHHe no Hccne,nosaHmo 
B3aHMO,IJ;eHCTBHH JierKHX PeJIH- 30 MaR-
THBHCTCKHX H,ll;ep C npOTOHaMH 1 HlOHH ,Uy6Ha 25 

9. CosemaHHe no Mo,nH<t>HKanHH 
reHeTHlleCKOrO ,IJ;~HCTBHH H3JiytleHHH 
pa3HbiX ¢>H3HllecKHX xapaKTepHCTHK 13-15 HlOHH ,Uy6Ha 50 

10. CosemaHHe no npo6neMe . 
Hccne,noBaHHH CP-3¢>¢>eKTOB B pacna-
,nax 6biOTH-Me30HOB, po)K,AeHHbiX 

<t>oToHaMH yJILTpaBbiCOKHx 3HeprHii 
HaYHK 4-7 HlOJIH ,Uy6Ha 70 

11. CosemaHHe no TeopHH coJIHTOHOB 
H npHJIO:>KeHHHM 25 - 27 asrycTa ,Uy6Ha 65 

12. CosemaHHe no Hccne,noBaHHHM 

. Ha yCTaHOBKe r:HEC 12 - 14 CeHTH6pH ArrMa-ATa, CCCP 50 
13. CosemaHHe no HeiiTpHHHOMy 

,neTeKTopy 25 - 30 CeHTH6pH UoiiTeH, r ,UP 35 
14. CosemaHHe no npoeKTY 

"llapyc-HernyH" 26 - 28 ?eHTH6pH ,Uy6Ha 40 
15. 3ace,naHHe KoHcyJihTaTHBHOH 

KOMHCCHH no HaytJHOH 
noJIHTHKe O:HH:H 14 - 16 OKTH6pH ,Uy6Ha 25 

16. CosemaHHe no 3KcnepHMeHTaM 
Ha cneKTpoMeTpe ''rHnepoH" 24 - 26 OKTH6pH ,Uy6Ha 50 

17. CosemaHHe 3KcnepToB no CTaH,napTaM 
3JieKTpOHHKH B ¢>H3HKe BbiCOKHX 31 OKTH6pH-

3HeprHH 2 HOH6pH ,Uy6Ha 70 

18. CosemaHHe no Hccne,noBaHHHM Ha 
ycTaHOBKe C:HrMA-AHKC 14-16 HOH6pH ,Uy6Ha 45 

19. CosemaHHe no Hccne,noBaHHHM 
Ha cneKTpoMeTpe PUCK 14-16 HOH6pH ,Uy6Ha 45 

20. CosemaHHe no Hccne,nosaHmo 
KOrepeHTHOrO o6pa30BaHHH 6030HHbiX 
CHCTeM Ha ycTaHOBKe M:HC 14 - 16 -HOH6pH ,Uy6Ha 45 
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21. Cosei.QaHHe IIO Hccne,D;OBaHmo 
KOH,D;eHCHpOBaHHblX Cpe,D; Ha 

peaKTOpe 11BP-2 
22. Cosei.QaHHe IIO 3KCIIepHMeHTaM 

Ha ycTaHOBKe APEC 

4 - 6 ,D;eKa6pn ,D;y6Ha 

19- 21 ,D;eKa6pn ,D;y6Ha 

III. HayllHo-opzaHu3af.#UOHHbZe coeeU#JHUR 

1. KoMHTeT llonHOMOliHbiX llpe,D;CTaBH· 
TeneH CTpaH- yt~aCTHHU 011.HI1 

·2. HKC IIO <f>H3HKe BbiCOKHX 3HeprHii 
3 .. HKC IIO <f>H3HKe HH3KHX 

H IIpOMe:IKyTO'llHbiX 3HeprHH 
4. HKC IIO TeopeTHqecKoH <f>H3HKe 
5. HKC IIO Hccne,D;OBaHHJO KOH,D;eHCH· 

pOBaHHbiX cpe,D; R,ll;epHbiMH MeTO,D;aMH 

6. HKC IIO e,D;HHOH TeXHHqecKoH 
IIOnHTHKe 

7. Cosei.QaHHe KOHTpOnbHOH KOMHCCHH 

<l>HHaHCOBOrO KOMHTeTa 
8. 66 ceccHn YqeHoro coseTa 011.HI1 

9. HKC IIO <PH3HKe HH3KHX 3HeprHii 
10. HKC IIO <f>H3HKe BbiCOKHX 3HeprHH 

11. HKC IIO TeopeTHqecKOH <f>H3HKe 

12. HKC IIO Hccne,D;OBaHHJO KOH,D;eHCHpo

BaHHbiX cpe,D; n,D;epHbiMH MeTO,D;aMH 
13. HKC IIO e,D;HHOH TeXHHqecKOH 

IIOnHTHKe 
14. 3ace,D;aHHe <l>HHaHCOBOrO KOMHTeTa 

llEPEliEHh 

17 - 19 nHBapn ,D;y6Ha 
4-7 arrpenn ,D;y6Ha 

11-13 aiipenn ,D;y6Ha 
18-19 aiipenn ,D;y6Ha 

18-19 a penn ,D;y6Ha 

25-27 a penn ,D;y6Ha 

6-8 HIOHn ,D;y6Ha 
19-23 HIOHn CMoneHHUe, liCCP 
21-23 Hon6pn ,D;y6Ha 
28 HOn6pH -

1-,D;eKa6pn ,D;y6Ha 
4-5 ,D;eKa6pn ,D;y6Ha 

7-8 ,D;eK 6pn ,D;y6Ha 

11 - 13 ,D;eKa6pn ,D;y6Ha 
14-15 ,D;eKa6pH ,D;y6Ha 

KOH<f>epeHUHH, COBei.QaHHH, lllKOn, B KOTOpbiX IIpHHHManH yqacTHe 

CIIeUHanHCTbi 06'be,D;HHeHHOrO HHCTHTyTa n,D;epHbiX HC ne,D;OBaHHH B 1989 ro,D;y 

~ 

II/II 

Mec-ro 

IIpose,D;eHHn 

BpeMn 

IIpose,D;eHHn 

I. B CTpaHax-yllaCTHUijax 

1. 18 Cosei.QaHHe IIO <f>H3HKe H TeXHHKe 
HH3KHX TeMIIepaTyp 

2. Me)K.ll;yHapo,D;HbiH CHMII03HYM IIO 

BbiCOKOTeMIIepaTypHOH CBepx

IIpOBO,UHMOCTH 

3. 5 3HMHnn lllKOna IIO 6ecKOHeliHO· 
MepHbiM CTOXaCTHqecKHM CHCTeMaM 

4. Me:lKAYHaPOAHaR lllKOna "PaccenHHe 
HeHTpOHOB B KOH,D;eHCHpOBaHHblX 

cpeAax" 
5. 25 3HMHnn lllKOna IIO TeopeTHqecKOH 

<f>H3HKe 

r ,LI;P, rayccHr 16-20 RHBapn 

23 - 27 RHBapn 

r,LJ;P, reop reHTanb 23-28 RHBapn 

r ,LI;P, IIITaAT BeneH 

Pecrry6nHKa 

llonhllla, K apiiaq 

23 - 27 RHBapn 

20 <f>espann -

4 MapTa 

50 

40 

80 
120 

120 
100 

100 

80 

20 . 

100 
120 

120 

100 

100 

-so 
20 

KonHqecTso 
yqaCTHHKOB 

4 

2 

1 

3 

2 
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6. 2 Me)f(,ll;yHapo,n;HhiH CHMII03HYM 
IIO HH<f>OpMB.WfOHHOH TeXHHKe r .[(P, .[(pe3,n;eH 1-3 MapTa 1 

7. BeceHHRR wKona rro H,D;epHo:H <PH3HKe r .UP, Xonh~ay 27-31 MapTa 5 
8. 21 Me)l(,n;yHapo,n;HhiH CHMII03HYM r .uP, 

"<l>H3HKa pa,n;Hal.l;HOHHOH 3ruu;HTbi" B a,n; lliaH.n;ay 3-7 arrpenR 3 
9. 19 Me)f(,ll;yHapo,n;HhiH CHMII03HYM rro 

3JleKTpOHHOH cTpyKType TBep,n;hiX Ten r .nP, Xonh~ay 9 - 13 arrpenR 2 
10. Me)f(,ll;yHapo.n;HaR wKona rro <f>H3HKe Pecrry6nHKa 

llonhwa, 3aKorraHe 16 - 30 arrpenR 2 
11. 20 BeceHHHH CHMII03HYM rro r .uP, 

<f>H3HKe BbiCOKHX 3HeprHH K op,n;o6aHr 17-21 arrpenR 1 
12. 33 CeMHHap rro TeopeTHqecKOH 

<f>H3HKe r .UP, Jle:Hrru;Hr 3-5MaR 2 
13. Pa6oqee COBell.l;aHHe IIO MO,n;epHH38.WfH 

MHKpOIIOJlOCKOBOrO BepWHHHOrO Pecrry6nHKa 
,n;eTeKTOpa .[(EJI<l>l1 llonbwa, KpaKOB 5-9MaR 1 

14. Pa6oqee coaeiu;aHHe "TeopHR BhiCOKo-
TeMrrepaTypHOH CBepXIIpOBO,D;HMOCTH" r .UP, Jle:Hrru;Hr 8-12 MaR 1 

15. 13 CHMII03HYM IIO MHKpO-
3JleKTpOHHKe r .[(P, <l>paHK<f>ypT 8-12 MaR ·1 

16. Pa6oqee coaeiu;aHHe rro H,D;epHbiM Pecrry6nHKa 
MeM6paHaM H HX IIpHMeHeHHIO ilOJlbWa, 
B HapO,D;HOM X03RHCTBe B enhcKo BRna 15-19 MaR 6 , 

17. 4 KoH<f>epeHU:HR rro MawHHHo:H 
rpa<f>HKe l.JCCP, CMoneHHu;e 15-18 MaR 2 

18. Me)f(,ll;yHapo,n;HaR WKona 
''llporpaMMHpOBaHHe-89'' HPB, BapHa 20-30 MaR 3 

19. lliKOJla IIO ,D;HHaMHqecKHM CHCTeMaM l.JCCP, 
M o,n;pa llHecKH 29 MaR - 3 HIOHR 1 

20. 9 Me)l(,n;yHapo,n;HhiH CHMII03HYM 
IIO TeOpHH aTOMHOrO R,n;pa HPB, rlOneqHu;a 29 MaR - 3 HIOHR 4 

21. 12 BapWaBCKHH CHMII03HYM IIO Pecrry6nHKa 
<f>H3HKe 3JleMeHTapHblX qacTHU: llonbwa, Ka3HMe)l( 29 MaR - 2 HIDHR 3 

22. Me)f(,ll;yHapo,n;HhiH ceMHHap "TeopHR 
H rrpHMeHeHHe HCKyccTBeHHoro 
HHTeJIJleKTa" HPB, Co3orron 29 MaR - 2 HIOHR 1 

23. 19 KpaKOBCKaR WKOJla IIO Teope- Pecrry6nHKa 
THqecKOH <f>H3HKe ilOJlbWa, 3aKOIIaHe 2 - 12 HIOHR 2 

24. KoH<f>epeHu;HR rro 3pro,n;HqecKOH Pecrry6nHKa 

TeOpHH llonbwa, Bpou;naa 19-25 HIOHR 1 
25. Me)f(,ll;yHapo,n;HaR KoH<f>epeHu;HR 

"1136paHHbie BOIIpOCbl KBaHTOBOH 
TeOpHH IIOJlR H MaTeMaTHqecKOH 

<f>H3HKH" l.JCCP, J1H6nHu;e 26-30 HIOHR 2 
26. KoH<f>epeHu;HR "XHMHR TBep.n;oro l.JCCP, 

Tena" llap,n;y6Hu;e 26-30 HIOHR 1 

27. Pa6oqee coaeiu;aHHe "CTaH,n;apTHaR B eHrepcKaR 

Mo,n;enb rrpH 3HeprHRx cymecTBYIDiu;HX Pecrry6nHKa, 27 HIOHR-
H 6y,n;yiu;HX yCKOpHTeJieH" B y,n;arrewT 1 HlOJlR 2 

28. Me)f(,ll;yHapo.n;HhiH CHMII03HYM 
IIO 3KCIIepHMeHTaM H MeTO,D;aM 27 HIOHR-
B <f>H3HKe BbiCOKHX 3HeprHH l.JCCP, BexHHe 1 HlOJlR 10 

29. 26 Me)f(,ll;yHapo,n;HhiH KoniioKBHYM 

IIO CIIeKTpOCKOIIHH HPB,Co<f>HR 2-9 HlOJlR 3 
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30. 4 Me)I(,IJ;yHapOAHWI KOHcl>epeHI.\IDI 

no AHcl>cl>epeHI.\HaJlbHbiM ypa.BHeHH.RM 
H HX npHJIO)I(eHH.RM HPB, Pyce 13- 18 a.srycTa 3 

31. 8 Me)I()J;yHapOAHWI KoHct>epeHI.\H.R no 
CBepXTOHKHM B3aHMOAeHCTBH.RM qccP, llpara 14 - 19 a.srycTa 19 

32. 7 qexocnOBal.\KWI KOHcl>epeHI.\H.R 

no AHcl>cl>epeHI.\HaJlbHblM ypaBHeHH.RM 
(EQADIFF'7) qccP, IT para 21-25 a.srycTa 1 

33. Me)I(,IJ;yHapoAHhiH CHMn03HyM BeHrepcKWI 

no 6HoTeXHonorHH Pecny6nHKa, 

Ban:aToHcennaK 4 - 8 ceHT.R6p.R 1 

34. Me)I(,IJ;yHapOAHWI KOHcl>epeHI.\H.R no BeHrepcKa.R 

npHMeHeHH.RM 3cl>cl>eKTa Mecc6ay3pa Pecny6nHKa, 

ByAaneiiiT 4 - 8 ceHT.R6p.R 1 

35. 3 Me)I(,IJ;yHapOAHWI KOHcl>epeHI.\H.R 
no MOAHcl>HKal.\HH MaTepHaJIOB 

HMnynhCaMH 3HeprHH H nyt~KaMH 

llaCTHI.\ r ,llP, ,llpe3AeH 4 - 8 ceHT.R6p.R 1 

36. Me)I(,IJ;yHapoAHOe coBell.\aHHe no 

MeM6paHaM H MeM6paHHbiM Pecny6nHKa 

pa3AenHTenbHhiM npOI.\ecCaM llonbiiia, TopyHb 5 - 8 ceHT.R6p.R 3 

37. Me)I(,IJ;yHapOAHWI KOHcl>epeHI.\H.R 

no onTHKe r ,llP, A:eHa 21- 26 a.srycTa 2 

38. 2 EBponeHCKWI KOHcl>epeHI.\IDI 28 a.srycTa-

no KBaHTOBOH 3neKTpOHHKe r ,llP, ,llpe3AeH 1 ceHT.R6p.R 2 

39. 2 IIIKona no aHaJIH3Y MaTepHan:oB 28 a.srycTa-

Ha nyt~Kax HOHOB r ,llP, A:eHa 2 ceHT.R6p.R 1 

40. 8 KoHct>epeHI.\H.R no )I(HAKHM Pecny6nHKa 28 a.srycTa -

KpHCTaJinaM llonbiiia, KpaKOB 1 ceHT.R6p.R 5 

41. Me)I(,IJ;yHapOAHWI IIIKona "HoBbie PyMhiHIDI, 29 a.srycTa -

AOCTHmeHH.R B KBaHTOBOH cl>H3HKe" BpaiiiOB 9 ceHT.R6p.R 3 

42. Me)I(,ZJ;yHapoAHWIIIIKona no MaKpo-

CKOnHlleCKHM KBaHTOBhiM .RBneHH.RM qccP, CMoneHHI.\e 18 - 22 ceHT.R6p.R 2 

43. KoHct>epeHI.\H.R no HHTerpan:bHhiM 

ypa.BHeHH.RM H o6paTHbiM 3aAallaM HPB, BapHa 18 - 23 ceHT.R6p.R 3 

44. 10 IIIKona no KorepeHTHOH onTHKe Pecny6nHKa 

llonbiiia, Y CTpOH 18 - 27 ceHT.R6p.R 1 
45. 13 Me)I(,IJ;yHapoAHWI IIIKona no Pecny6nHKa 

TeopeTHlleCKOH cl>H3HKe llonbiiia, IUHpK 19 - 26 ceHT.R6p.R 1 

46. 8 IIIKona "BhiliHCnHTenhHWI TeXHHKa qccP, 

B cl>H3HKe" CKaJICKH ,llByp 19 - 28 ceHT.R6p.R 9 
4 7. 6 Me)I(,IJ;yHapOAHWI IIIKOna 

"BaKyyM, 3neKTpOHHWI 

H HOHHWI TeXHOnOrH.R" HPB, BapHa 20 - 26 ceHT.R6p.R 1 

48. Me)I(,IJ;yHapOAHWI KOHcl>epeHI.\H.R qccP, 

"CTpyKTypa aAPOHOB-89" CMoneHHI.\e 25 - 29 ceHT.R6p.R 7 

49. 9 Me)I(,ZJ;yHapoAHWIIIIKona no cl>H3HKe 

aTOMHOrO .RApa, HeHTpOHHOH cl>H3HKe 28 ceHT.R6p.R -

H .RAepHOH 3HepreTHKe HPB, BapH~ 7 OKT.R6p.R 5 

50. 23 Me)I(,IJ;yHapoAHhiH CHMno3HYM 

no TOOpHH 3neMeHTapHbiX llaCTHI.\ r ,llP, ApeHcx oon 9- 14 OKT.R6p.R 2 
51. 3 Me)I(,IJ;yHapOAHhiH CHMno3HYM no 

MynbTHMHKponpOI.\eCCOpHbiM r.nP, 
CHCTeMaM III TpaJib3YHA 16 - 20 OKT.R6p.R 1 
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52. 6 CHMn03HYM no npHMeHeHHIO BeHrepcKaH 
MHKpOKOMnbiOTepoB H MHKpO- Pecny6JIHKa, 
npou;eccopoa Ey,nanelllT 17-19 OKTHfipH 4 

53. CoaeLIJ;aHHe cneu;HaJIHCTOB aKMeMHH 

HayK COIJ;HaJIHCTHtlecKHX CTpaH no TeMe 
12.6 MHorocTopoHHero cOTPYAHHt~ecTaa qccP, CMoneHHu;e 23 - 27 OKTHfipH 1 

II. B crpaHax-HeyllaCTHUt~ax 

1. V Me)K):(yHapo,nHaR KOH<PepeHIJ;H.fl 
no npOBOJIOtiHbiM KaMepaM AacTpHH, BeHa 13 -17 <PeapanH 6 

2. IX EaponeifcKaR KOH<PepeHIJ;HH n 
KOH,UeHCHpOBaHHbiM Cpe,ll;aM <l>paHD;HH, HHu;u;a 6-9 MapTa 5 

3. Pa6ot~ee coaeLIJ;aHHe no <PYHAaMeH-
TaJibHOH <PH3HKe C Me,ll;JieHHbiMH <l>paHD;H.fl, 

HeHTpOHaMH rpeHo6Jib 7-12 MapTa 1 
4. 3ace,naHHe KoMHTeTa no H,ll;epHoH <I>Pr, 

<PH3HKe E<l>O, noceLIJ;eHHe reM .IJ:apMlllTMT 10-16 MapTa 1 
5. 3ace,r:(aHHe oprKOMHTeTa illKOJibl illaeifu;apHH, 

UEPH- Olffllf no <PH3HKe :>KeHeaa 11-14 MapTa 2 

6. KoH<PepeHIJ;HH no ycKopHTeJIHM 
3apH:1KeHHbiX tlaCTHIJ; CillA, qHKaro 20-24 MapTa 1 

7. Me)K):(yHapo,ll;HaH KoH<PepeHIJ;HH 3anMHhiH 

"50-neTHe HCCJie,ll;OBaHHH R,ll;pa" EepnHH 3-7 anpenH 5 

8. Me)K):(yHapo,nHhiH CHMn03HYM 
no KOMnhiOTepH3aiJ;HH B <PH3HKe BenHKo6pHTaHHH, 

• BbiCOKHX 3HeprHif 0Kccpop,ll; 9-15 anpenH 2 

9. TeMaTHt~ecKoe coaeLIJ;aHHe no rHnep-

fiOJIHtleCKOH reoMeTpHH H 

3prO,r:(HtleCKOH TeopHH lfTaJIHH, TpHecT 17 - 28 anpenH 1 

10. Me)K):(yHapo,nHaR KoH<PepeHIJ;HH CillA, 

"50 neT neneHHH H,ll;pa" reifTepc6epr 26 - 28 anpenH 3 

11.Koop,nHHaiJ;HOHHOeCOBeLIJ;aHHe 
MAr AT3 no Me)K):(yHapo,nHoMy 

CJIHtleHHIO cpe,nCTB HH,r:(HBHAYaJibHOrO 

,r:(03HMeTpHtleCKOrO KOHTpOJI.fl AacTpHH, BeHa 24 - 29 anpenH 1 

12. XII Me)K):(yHapo,nHaR KoH<PepeHu;HH 3anMHbiH 

no IJ;HKJIOTpOHaM H HX npHMeHeHHIO EepnHH 8-12 MaR 3 

13. Me)K):(yHapo,nHaH KOH<PepeHu;HH. no 

H36paHHbiM npo6neMaM <l>paHD;H.fl, 

CHMnJieKTHtleCKOH reoMeTpHH Mapcenh 15-19 MaR 1 

14. Me:~K,nyHapo,nHhiH CHMn03HYM no 
CJiafihiM H 3JieKTpOMarHHTHbiM KaHa)l;a, 

B3aHMO,r:(eHCTBH.fiM MoHpeanb 15-19 MaR 4 

15. XVII CoaeLIJ;aHHe coTpy,nHHKOB 

no CBH3H c lfHlfC AacTpHH, BeHa 16-19 MaR 1 

16. Me)K):(yHapo,nHhiH CHMn03HYM no 

B3aHMO,r:(eHCTBHIO 6biCTpbiX T.fi:IKeJibiX 

HOHOB C BeLIJ;eCTBOM <l>paHD;HH, KaH 16-19 MaR 1 

17. JleTH.fl.fl lllKOJia no <PH3HKe Henan, KaTMaHAY 20-24 MaR 1 

18. Me)K):(yHapo,nHaR KoH<PepeHIJ;HH n o 

CP-HecoxpaHeHHIO B <PH3HKe t~aCTHIJ; <l>paHD;H.fl, 

H aCTpO<PH3HKe illaTo-ne-Enya 22-26 MaR 3 
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19. Me)I(,D;yHapo.n;HaR KoH¢lepeHl.Uf.R :HcnaHH.R, 

"JI.n;epHoe ypaBHeHHe COCTO.RHH.R" reHHCKOJia 21 MaR - 3 HIOH.R 1 

20. Me)I(,D;yHapo.n;HaR KOH¢lepeHl.Uf.R 

"KOMIIbiOTepbl H MaTeMaTHKa" · CIIlA, KeM6pH.n;)l( 12 - 16 HIOH.R 2 

21. XXIII Me)I(,D;yHapo.n;HaR KOH¢lepeHUH.R 

no .R.n;epHbiX cna6hiM npo~eccaM 

H .R.n;epHOH CTpyKType .RnoHH.R, OcaKa 12- 16 HIOH.R 2 

22. XI A.n;pHaTHtJecKoe coaemaHHe Cci>PIO, 

no tPH3HKe tJaCTH~ ,[{y6pOBHHK 12 - 22 HIOH.R 2 

23. II IllKona :HKci>A no annapaType 

B tPH3HKe tJaCTH~ liTaJIH.R, TpHecT 12 - 23 HIOH.R 2 

24. XII Me)I(,D;yHapo.n;Ha.R KOH¢lepeH~H.R 

no npo6JieMaM MaJIOtJaCTHtJHbiX KaHa.n;a, 

CHCTeM B tPH3HKe BaHKyaep 2-8 HIOJI.R 4 

25. V Me)l(.n;yHapo,o;Hoe pa6ot~ee coaema-

HHe no HeJIHHeHHbiM 3BOJIIO~HOHHbiM 

ypaBHeHH.RM H .D;HHaMHtJecKHM rpe~H.R, 

CHCTeMaM KoJIHM6pH 3 - 16 HIOJI.R 2 

26. Me)I(,D;yHapo.n;HaR KoH¢lepeHl.Uf.R no Cci>PIO, 

.RBJieHH.RM B HOHH3HpOBaHHbiX Cpe.n;ax Benrpa.n 10 - 14 HIOJI.R 2 

27. Me)I(,D;yHapo.n;HaR KOH¢lepeH~H.R 

no HOHHbiM HCTOtJHHKaM CIIlA, BepKJIH 10 - 14 HIOJI.R 2 

28. XII Me)I(,D;yHapo.n;HaR KoH¢lepeH~H.R 

no BbiCOKHM .D;aBJieHH.RM B HayKe 

H TeXHOJIOrHH ci>Pr, lla.nep6opH 17 - 21 HIOJI.R 2 

29. Me)I(,D;yHapo.n;Ha.R KOH¢lepeHl.Uf.R no 

cynepMeM6paHaM H tPH3HKe 

B (2 + 1)-H3MepeHH.RX liTaJIH.R, TpHecT 17 - 21 HIOJI.R 1 

30. Me)I(,D;yHapo.n;HaR KoH¢lepeHl.Uf.R no 

BhiCOKOTeMnepaTypHbiM caepxnpoao.n-

HHKaM, MaTepHaJiaM H MeXaHH3MaM 

CBepxnpOBO.D;HMOCTH CIIlA, CTeH¢lop .n 24 - 28 HIOJI.R 5 

31. Me)I(,D;yHapo.n;Ha.R KOH¢lepeHl.Uf.R no CIIlA, 

KpHoreHHKe H KpHOreHHbiM CIIlA, 

MaTepHaJiaM Jloc-AH.n)l(eJie 24 - 28 HIOJI.R 2 

32. Pa6ot~ee coaemaHHe no tPH3HKe 30 HIOJI.R-

KOH.D;eHCHpOBaHHbiX Cpe.n; liTaJIH.R, TpHe T 5 OKT.R6p.R 3 

33. 52 KoH¢lepeHl.Uf.R MeTeopHTHoro 

o6mecTBa AacTpH.R, BeHa 1-4 aarycTa 1 

34. Me)I(,D;yHapo.n;HhiH cHMno3HYM no 

JienTOH-tPOTOHHbiM B3aHMO.D;eHCTBH.RM CIIlA, CTeH¢1op.n 7 - 12 aarycTa 2 

35. reHepanbHa.R accaM6Jie.R :HIOllAK Illae~H.R, JlyH.n; 8 -15 aarycTa 1 
36. V Hop.n;Ht~ecKoe coaemaHHe no HopaerH.R, 

.R.n;epHOH tPH3HKe KonepBHK 11-15 aarycTa 1 

37. Me)I(,D;yHapo.n;HaR KoH¢lepeHI.Ui.R no 

BbiCOKOTeMnepaTypHOH CBepx- cr>Pr, 

npOBO.D;HMOCTH Ba.n BHH.n;cxenM 13 - 26 aarycTa 1 

38. 3ace.n;aHHe :HKci>A H pa6ot~en rpynnhi .RnoHH.R, 

:HKci>A no annapaType UyKy6a 14-19 aarycTa 2 

39. Me)I(,D;yHapo.n;Hoe pa6ot~ee coaemaHHe 

"B pHTaHCKHH HHCTHTYT no tPH3HKe BenHKo6pHTaHH.R, 20 aarycTa-

BhiCOKHX 3HeprHH, 1989 r." ,UapeM 10 ceHT.R6p.R 2 

40. Me)I(,D;yHapo.n;Ha.R KOH¢lepeH~H.R no cr>Pr, 

tPH3HKe tPOHOHOB "Cl>OHOHbi-89" reH.n;eJib6epr 21-25 aarycTa 1 
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41. Me)K,li;YJiapo,nHaH KOH<l>epeHr.um Bpa3HJIHR, 
no R,nepHOH cPH3HKe CaH-Ilayny 21-25 aBrycTa 3 

42. Me)K,ll;yHapo,nHaH KoH<l>epeHI.Ui.fl no flnoHHR, 
ycKOpHTen.RM BbiCOKHX 3HeprHH UyKy6a 22 - 26 aBrycTa 2 

43. Me)K,li;YJiapo,nHaR KOH<l>epeHI.Ui.fl no q,pr, 28 aBrycTa-
cerHeTo3neKTpHqecTay Caap6proKeH 2 CeHT.R6p.R 1 

44. XV CHMn03HYM no MHKponpOI~ecco-
paM H MHKpOnporpaMMHpOBaHHIO 
' 'EBpOMHKpo-89" q,pr, KenhH 4 - 8 ceHT.R6p.R 2 

45. Me)K,ll;yHapo,nHaR KOHcl>epeHI.Ui.fl no lfcnaHHR, 
cPH3HKe BbiCOKHX 3HeprHH Ma.npH.n 6-13 ceHT.R6p.R 4 

46. Me)K,ll;yHapo,nHhiH ceMHHap 
" KAMAK-89" KHP, IleKHH 6 - 8 ceHT.R6p.R 1 

4 7. I EaponeHCKaH KoH<PepeHI.Ui.fl no 
yCKOpHTen.fiM B npHKna,ll;HbiX HCCne-
,ll;OBaHH.fiX H TeXHOnOrHH q,pr, q,paHKcPYPT 5 - 9 ceHT.R6p.R 1 

48. Me)K,ll;yHapo,nHbiH ceMHHap no BenHKo6pHTaHHR, 
KBaHTOBOH rpaBHT~HH KeM6pH,n:>K 17 - 23 ceHT.R6p.R 1 

49. III EaponeHCKaR KoH<l>epeHI.Ui.fl no IllaeHuapHR, 
KOnnOH,ll;HblM H Me:>KcPa3HbiM HayKaM Ba3enb 19 - 22 ceHTR6p.R 2 

50. Me)K,ll;yHapo,nHaH KOHcl>epeHI.Ui.fl no 
BbiCOKOTeMnepaTypHOH CBepx- BenHKo6pHTaHH.fl, 
npOBO,ll;HMOCTH BHpMHHreM 19- 21 ceHT.R6p.R 1 

51. XXV Me)K,ll;yHapo,nHaH Il.IKona 
no cPH3HKe 3neMeHTapHbiX qacTHU Cq,PIO, KynapH 23 - 30 ceHT.R6p.R 1 

52. CoaeiUaHHe Konna6opauHH BOPEKC liTanHR, PHM 24 CeHT.R6p.R - 6 OKT.R6p.R 1 

53. C~BeiUaHHe no cPH3HqecKOH nporpaM-
Me H 3KCnepHMeHTaM Ha cynep-
Konnm.nepe CIIIA, .ll:annac 2-6 OKT.R6p.R 1 

54. CoaeiUaHHe rpeqecKHX H coaeTcKHx 
yqeHhiX no <l>Hnoco<PcKHM npo6neMaM 
HayKH rpeUH.fl, A<l>HHbl 2-8 OKT.R6p.R 1 

55. Coe3,n AMepHKaHCKOH acCOI.Uial.UiH 
no HCCne,nOBaHHIO MHKpOa3p030neH CIIIA, CnapKc 8 - 12 OKT.R6p.R 1 

56. 3ace,naHHe KoMHTeTa no .R,nepHoH 
cPH3HKe Eq,o, noceiUeHHe Hay~hiX 

UeHTpOB q,pr, .lJ:apMil.ITa,ll;T 3-11 HO.R6p.R 1 
57 . V KoHrpecc acCOI.Uia!.UiH 6HoMe.nHUHH-

CKOH cPH3HKH~ 3ace,naHHe pe,nKonnerHH 28 HO.R6p.R -

:>KYPHMa "q,H3HKa B Me,ll;HUHHe" liTanHi, Heanonb 1 ,neKa6p.R 1 

58. Me)K,li;YJiapo,nHaH KOHcPepeHI.Ui.fl 
"KoHuenTyMbHhie OCHOBaHH.fl 28 ,neKa6p.R1989 r.-
KBaHTOBOH TeopHH" liH.nHR, .D:enH 2 RHBap.R1990 r. 1 



06mEMHCTMTYTCKME 
cnY1K6bl 



OT,:UEJI 
PA,UHAUHOHHOA BE30llACHOCTH 
H P A,UHAUHOHHbiX HCCJIE,:UOBAHHA 

CoTpy,IUIHKH OT,D;ena B 1989 ro.n;y KOHTpO
nHpOBanH ypOBHH HOHH3Hpy10~HX H3nyqeJfHH, 
co.n;ep)K8HHe pa.n;HoayKnH.n;OB B oKpy)l(aiO~eii 

cpe.n;e, HopMbi H npaaHna pa6oTbi c HCToqaH
KaMH HOHH3Hpy10~HX H3nyqeHlfH, BbinOnHHnH 
TaK)I(e pR.n; Hayqao-MeTO,D;JfqecKHX pa6oT. 

Pa.n;H~HOHHbiH KOHTPOnb ocyi.QecTBnRncR 
Ha cne.n;y10~HX R,D;epHo-<f>H3HqecKHX yCTaHOB- ' 
Kax 011JU1: 

- HMnynhcHoM peaKTope HEP-30, KaK a 
6yCTepHOM pe)I(HMe, TaK H npH OCTaHOBneHHOM 
peaKTope c u;em.10 BbiRBneHHR pa3repMeTH3H
poaaaaoro Tennoahi,D;enRIO~ero 3neMeHTa ; 

- HMnynhCHOM peaKTope HEP-2 co cpe.n;

Heii Mo~ocTbiO .n;o 2 MBT; 
- CHHXpo<f>a30TpOHe B pe)I(HMe yCKOp eHHR 

npoTOHOB H penR:THBHCTCKHX R.n;ep C 3HeprHeH 

,!1;0 HecKOnbKHX r3B/HyKnoH; 
- <f>a30TpoHe B pe)I(HMe yCKOpeHHR H Bbi

BO,D;a nyqKoB npoTOHOB c 3HeprHeii.n;o 660 M 3B; 
- u;HKnoTpoHax Y-200 H Y-400 B pe

)I(HMai ycKOpeHHR HOHOB C 3HeprHRMH ,!1;0 

20 M3B/HyKnoH; 
_:_ MHKpoTpoHe MT -25 Ha 3HeprHID 3neKTpo

HOB 25 M3B; 
- CHnbHOTOqabiX YCKOpHTenRX 3neKTp OHOB 

aa 3HeprHH oT HecKonhKHX K3B .n;o 16 M 3B; 
- .n;pyrHX HCTOqHHKaX HOHH3Hpy10~HX H3-

nyqeHHH. 
11TorH KOHTpOnR pa.n;Hau;HOHHOH o6cTa

HOBKH H HH,D;HBH.n;yanhHbiX ,!1;03 BHelliHero 06-
nyqeHHR nepcoHana a 3oaax pa.n;Hau;HOHHoro 
B03,D;eHCTBHR nOKa3anH, ~0 ro,D;OBOH ypoaeHh 
o6nyqeHHR nepcoHana H HaceneHHR He npe
BbiCHn HH npe.n;enhHO ,D;OnyCTHMbiX ,!1;03, HH 
npe.n;enoa .n;o3. K KOHu;y 1989 ro.n;a aa HHAH
BH.n;yanhHOM ,D;03HMeTpHqecKOM KOHTpon e B 
OHHH cocToRno 2564 qenoaeKa, H3 HHX 181 

COTPYAHHK, npHKOMaH.n;HpOBaHHbiH K OHHH 
H3 CTOpOHHHX opraaH3aiJ;HH. ro.n;OBaR ,D;03a 
o6nyqeHHR y 98,9% coTpy.n;HHKOB, pa6oTaiO
~ B pa,D;Hau;HOHHO-Bpe.n;HbiX ycnoBHRX Tpy.n;a, 
He npeBbiCHna 15 M3B (1,5 63p), ~0 HH)I(e 
pernaMeHTHpOBaHHOH aenHqHHbl. )lo3a o6nyqe
HHR B OKpy)l(aiO~eH cpe.n;e OT R,D;epHo-<f>H3H
qecKHX yCTaHOBOK OHHH He npeBbilliaeT B ro
po.n;e Tpex npou;eHTOB OT npHpO.n;HOH ,!1;03bl pa
.n;Hau;HH; pa.n;HoaKTHBHOCTb BHelliHeH cpe,D;bl B 
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paiioae pacnono)l(eHHR OHHH o6ycnoaneHa aa
nHqJieM B HeH ecTeCTBeHHbiX pa,D;HOaKTHBHbiX 
3neMeHTOB H npO,D;yKTOB rno6anbHbiX Bhina
.n;eHHH, Ha ~OHe KOTOpbiX BKna,D; pa60Tbl ycTa
HOBOK 11HcTHTyTa B 3arpR3HeHHoCTh OKPY)I(aiO
~eii cpe.n;bi He o6Hapy)l(eH. 

C u;enbiO pa3BHTHR H coaeprneacmoaaaHR 
cpe.n;cm pa.n;Hau;HOHHoro KOHTPOnR pa3pa6oTaH 
H BBe,D;eH B OnbiTHYIO 3KCnnyaTau;HIO YHH<f>HIJ;H
pOBaHHbiH MO,D;Ynb nepBHqaoji o6pa60TKH ,D;aH
HbiX aBTOMaTH3HpOBaHHOH CHCTeMhl pa,D;HaiJ;H
OHHOrO KOHTpOnR (ACPK) <f>a30TpOHa 11 I. 

KaqecTaeHHO Hoaoe nporpaMMHoe o6ecneqeHHe 
ACPK peanH3oaaao Ha 6a3e nepcoHanhHoro 
KOMnbiOTepa "Ilpaaeu;-16" 12 I. Ha OCHOBe npH-
6opoB <f>HpMbi Harshaw 2000-A, 2000-B H 
"IJpaaeu;-16" C03,D;aHa CHCTeMa ,D;nR CHRTHR, 
XpaHeHHR H o6pa60TKH KpHBbiX BbiCBeqJfBa
HHR TepMOniOMHHecu;eHTHbiX ,D;eTeKTOpOB, 
npe.n;Ha3HaqeHHbiX .n;nR HH,D;HBH,IJ;yanhHOrO KOHT
pOnR ,!1;03 H3nyqeHHH; naKeT nporpaMM pa3pa-
60TaH H peanH30BaH Ha aepcHH Turbo 
Pascal 5.013 1• 

B o6naCTH pa.n;Hau;HOHHbiX Hccne.n;oammii 
3aaeprneH nan pa3pa6oTKH MeTo.n;HKH pacqe
Ta HCTOqHHKOB BTOpHqaoro H3nyqeHHR H 3a
~HTbl Ha BbiCOK03HepreTHqabiX ycKopHTe
nRx14-6 '· BhlnonHeHa npe.n;aapHTenhHaR ou;eaKa 

Heo6xo.n;HMOH 3a~HTbi ayKnoTpoHa. Ilpo.n;on
)fQl]laCh pa3pa60TKa MeTO,D;HKH H3MepeHHR 
cneKTpanbHbiX pacnpe.n;eneHHH HeHTpOHOB Bbi
COKOH 3HeprHH H onpe.n;eneHHR onepau;HOHHbiX 
,l1;03HMeTpJiqecKHX BenJiqHH B nonRX H3nyqeHHR 
~ 3a~HTaMH ycKopmeneii 17

- 9 1• Pa3pa6oTa

Hbi peKoMeH.n;au;HH no .n;ononHHTenbHOH 3a~H
Te Ha QHKnoTpoHe Y-400 M Ha ocHoae C03AaH
HOH a OPEHPH <f>eaoMeaonorHqecKOH Mo.n;e
nH /l 0 I. IJpoae.n;eH pR,D; 3KCnepHMeHTOB B 

o6naCTH pa.n;HaiJ;HOHHbiX HCCne,D;OBaHHH. 
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OIIbiTHOE llPOH3BO)lCTBO 

B 1989 ro,n;y KOJIJieKTHB OnhiTHoro npoH3-

ao,n;cTBa BhinOJIHHJI no 3aKa3aM na6opaTopHH 

lfHCTHTyTa 60JihWOH 06'beM pa6oT no MO,n;ep

HH3aUHH 6a30BhiX yCTaHOBOK, C03,D;aHH10 3KCne

pHMeHTaJihHOrO o6opy,n;oBaHHR, H3rOTOBJieHH10 

pa,D;H03JieKTpOHHOH H ,n;eTeKTHPYIOI.UeH anna

paTyphi. 

llpo,n;oJI)I(8JIHC.b pa6oThi no co3.n;aHmo y3JIOB 

ycKopHTeJIH HYKJIOTPOH co caepxnpoao,D;HI.Ueif 

MarHHTHOH CHCTeMOH (JIB3). BhiJIO H3rOTOB· 

JleHO 4 MarHHTa JlaM6ePTCOHa, 30 KBa,n;pynOJI.b· 

H.biX JIHH3, 64 no,n;aecKH ,D;JIH JIHH3, 5 nHKanHhiX 

CTaHUHH H CTaHUHR Ha6JIIO,D;eHHR, 70 KOJIJieKTO

poa npHMoro H o6paTHoro noToKa reJIHR, 

25 a30THhiX JIOByWeK, 12 MarHHTHhiX JIHH3, 

OCHaCTKa ,D;JIH npOH3BO,D;CTBa CBepXnpOBO)J.R

mHX o6MOTOK JIHH3. 

B Om.ITHOM npOH3BO.O:CTBe OHHH 

8. Timoshenko G.N., Krylov A.R. - J/NR Preprint 
E16-89.S9, Dubna, 1989. 

9. A leinikov V.E., Krylov A.R., Timoshenko G.N. -
JINR Preprint E16-89-668,Dubna, 1989. 

10. E ecKp08HOJl JI.r., KoMo'IK08 MM. - B KH.: 
3aU4UTQ OT HeUT[JOH08, ZeHepupye.MblX UOHQMU. 
Tpyobz XI Bceco103Hozo co8eU4aHWI no ycKopuTe
/IJIM 3apJIJICeHHbiX 'laCTUf4. OH.J/H, E9-89-52, Ey6Ha, 
1989, T.2, c.382. 

,UJlH ycKopHTeJIH Y-400M (JI.RP) H3roToB

neHo 2 KapKaca .n;yaHTa, KoMrmeKT ,n;eTaneif 

HOHHh~X HCTOliHHKOB H KOMnJieKT ,D;eTaJieH H 

Y3JIOB ,D;JIH BaKyyMHOH CHCTeMhl. ,UJlH 3TOH :>Ke 

Jia6opaTopHH Bhinyi.UeHO 2 KOMrmeKTa y3JIOB 

MHK pOTpOHa H 30 KOMnJieKToB ,D;eTaJieH 

CKaHepa. 

fipo,D;OJI:>KaeTCH BhinyCK llaKeTOB 6aJIOK H 

CToeK MamHToao,n;a ycTaHOBKH MAPC. 

HatmTo npoH3ao.n;cTBO KazyweK MarHHTa ycTa

HOBK H ITAPYC, H3rOTOBJieH MarHHTO

npoa o,n; ycTaHOBKH "HenTyH" H PM y3JIOB 

M arHHTa ,D;JIH npoTOTHna ycKOpHTeJIH ,[(Q-1 
(JI.RIT). 

Yf3rOTOBJieHhl 2 paMhl ,D;JIH nO,D;BfDKHOrO 

oTpa:>KaTeJIH peaKTopa HBP-2 H y3Jihi ueHTpani.

Hoif 3aiUHThi HEPA (JIH<I>). 3aaepweHa pa6oTa 
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no H3rOTOBJieHHIO CHCTeM 3epKaJI, OnTHllecKHX 

CHCTeM, Y3JIOB IIHeBMOynpaBJieHHH, CTOJIOB H3· 

MepHTeJibHhlX H CTOJIOB onepaTopa AJIR npo

CMOTpOBO·H3MepHTeJihHhiX ycTaHOBOK A HCT 

(JIBTA). 

llo 3aKa3aM Jia6opaTOpHH H3rOTOBJieHO 36 
nponopQHOHaJibHhiX KaMep. .L\JIR KOMnJieKCa 

"MeqeHhie HelfrpHHo" (OHMO) CMOHTHpoBaHo 

11 KOOPAHHaTHhiX noJiynJIOCKOCTeH H3 Apeii-

• 

-

$OBhlX Tpy6oK H 6onee 400 paAH03JieKTpOH· 

HhiX 6noKOB. B yeqeaHe roAa na6opaTopHH 

lfHCTHTyTa nOJIY~H 590 pa3JIH~hiX HCTOq

HHKOB nHTaHHH PaAH03JieKTpOHHOH annapazy

phi, 6onee 2300 6noKos s CTaH,D;apTe KAMAK. 

H3rOTOBJieHhi nepshie o6pa3Qhi KOHCTPYKTH

sos s CTaJIAapTe EBPOMEXAHHKA H OnhiT

Hhie 3K3eMnJIRphl MHOrOCJIOHHhiX neqaTHhlX 

nJiaT HecKOJihKHX THnOB • 



HAY~HAR MH$0PMA~MR 



H3~TEnhCKH9 OT~En 

B 1989 r. H3,llaTeJihCKHH oT.n;en OH.RH Bhi
nycTHJI B CBeT 914 HaHMeHOBaHHH C006ll(eHHH 

H npenpHHTOB OH.RH. H3.n;aHo 238 cnyiKe6HhiX 

MaTepHaTIOB. 
BhiUIJIH H3 ne'IB.TH 16 c6opHHKOB Tpy.n;oB 

pa3JIHIIHhiX KOH$epeHUHH, lllKOJI H COBemaHHH, 
opraHH30BaHHhiX OH.R11. Cpe.n;H HHx: Tpy.n;hi 

MeiK.D;yHapo.n;Horo .coBemaHIDI no. $H3HKe Bhi
coKHX 3HeprH:H, XIII MeiK.D;yHapo.n;Horo CHMno-

3eyMa no R.n;epHo:H 3JieKTpOHHKe, XI Bcecoro3-
Horo COBemaHIDI no yCKOpHTeJIRM 3apRiKeHHbiX 

'IB.CTHU, MeiK.D;yHapo.n;Ho:H UIKOJihi no BonpocaM 
npHMeHeHIDI 3BM B $H3H'!ecKHX HCCJie.D;OBa

HIDIX, CeMHHapa 'TpaBHTaUHOHHaR 3HepriDI 
H rpaBHTauHOHHhie BOJIHhi", pa6oqero COBe

maHIDI "CoBpeMeHHbie HanpaBJieHIDI B aK
THBaUHOHHOM aHaJIH3e B OH.RI1", Pa6o

qero COBeiUaHIDI no reHeTH'!ecKOMY .n;eHCTBHIO 

KopnycKynRpHhiX H3JIY'!eHHH, Pa6oqero co

BeiUaHIDI no pa3pa60TKe H C03.D;aHHIO H3-

JIY'Ia.TeJIR H .n;eTeKTOpa rpaBHTaUHOHHhiX BOJIH 
H .n;pyrHX. , 

B cepHH 6poUirop "ne~euHH .n;nR Mono.n;hiX 
y'!eHhiX" ony6JIHKOBaHhi JieKUHH C.A.KapaMR

Ha "HOBbie B03MOiKHOCTH onpe.n;eJieHIDI Bpe

MeHH iKH3HH B036yiK.D;eHHhiX R.D;ep B peaKUHRX 

c TRiKeJihiMH HoHaMH", B.r .MaxaH~>KoBa H .n;p. 

"Mo.n;eJib CKHpMa H coJIHTOHhi B $ H3HKe 

a.n;poHoB ", C.B.IIIa6aHoBa "CTpyKTypa $a3oBo

ro npoCTpaHCTBa B KaJIH6pOBO'!HhiX TeOpiDIX", 
$.M.fuBa "HeKOTOphie BOnpOChl peJIRTHBHCT

CKOH KBaHTOBOH MexaHHKH CHCTeM C 3a.D;aH
HhiM '!HCJIOM CTeneHeH CB060.D;hl". 

B 1989 r. H3.n;aHo 6 c6opHHKOB "KpaTKHX 

coo6meHH:H OH.RI1", B KOTophiX ony6JIHKOBa

HO 40 CTaTeH, co.n;epiKall(HX OpHrHHaJihHbie 

Hay'!Hhle, Hay'!HO-TeXHH'!ecKHe, MeTO.D;HtiecKHe 

H npHKJia.n;Hbie pe3yJihTaThl. 

ilpo.D;OJiiKaJICR BhlfiYCK HH$OpMaUHOHHOrO 
6ronnereHR "HoBOCTH OH.RI1", KOTOpbiH npH

o6peraer BCe 60JihlllYIO nOriyJIRpHOCTb B Kpy

rax Hay'!HOH o6mecTBeHHOCTH. 

B pe.n;aKUHH ifCYpHanoB, Ha pa3JIH'!Hhie 

KOH$epeHUHH, CHMn03HYMhl H T • .n;., npOBO.D;HB

UIHecR KaK B CTpaHaX-y'!aCTHHUllX, TaK H 

B .n;pyrHX CTpaHax, H3.D;aTeJibCKHM OT.D;eJIOM 

6hiJIO HanpaBJieHO 1260 CTaTeH H .D;OKJia.D;OB, 

co.n;epiKamHX Pe3YJihTaThi pa6oT Y'~eHhiX 

~6Hbl. 

CTaThH coTpy.n;HHKOB OH.RH ny6nHKOBa

JIHCh B TaKHX ifCYpHaJiax, KaK ")l(ypHaJI 3KCne-
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pHMeHTaJihHOH H . TeopeTH'!ecKOH $H3HKH", 

"TeopeTHllecKaR H MaTeMaTHllecKaR $H3HKa", 

"ilpH60pbl H TeXHHKa 3KCnepHMeHTa", ".R.n;ep

HaR $H3HKa", "$H3HKa 3JieMeHTapHbiX 'la.CTHU 

H aTOMHOrO R.n;pa", "CBepxnpOBO.D;HMOCTh: 
$H3HKa, XHMIDI, TeXHHKa", "Journal of Phy-

-sics", "Physics Letters", "Zeitschrift fiir Phy
sik", "Nuclear Physics", "Nuclear Instruments 

and Methods", "Europhysics Letters" H .n;p. 

B 44 CTPaJibi MHpa pacchiJiaJIHCh ny6JIHKa
UHH ~y6Hhl. B 1989 r. B cnHCKe paccbiJIKH 
ny6nHKaUH:H OH.RH noRBHJIOCh 17 HOBhiX 
a.n;pecoB. 

B aay'!Ho-TeXHHllecKyro 6H6JIHOTeKy 06'Le
.D;HHeHHoro HHCTHTyTa R.D;epHbiX HCCJie.D;OBa

HHH B 1989 r. noczynHJio B nopR.D;Ke o6MeHa 

11256 ny6JIHKauHH H3 44 CTpaH, B TOM '!HCJie 

2415 H3 UEPHa. B nopR.n;Ke o6Meaa iKe B HTB 

6ecnnaTHO noczynaer 114 HaHMeHOBaHHH Hayq
HhiX ifCYpHaJIOB H3 23 CTpaH. 

OnepaTHBHoMy HH$OpMHpOBaHHIO '!HTaTe

ne:H Hay'!HO-TeXHH'!eCKOH 6H6JIHOTeKH 0 HOBhiX 

nocryrmeHIDIX cnyiKaT Bhinyc~eaeMhie H3.n;aTeJih

CKHM oT.n;enoM 3KCnpecc-6ronnereHH HTB H na

TeHTHoro OT.D;eJia. YBH.n;eJI CBeT Tpa.D;HUHOHHhiH 

eiKero.n;HbiH "BH6JIHOrpa$HllecKHH yKa3aTeJib 

pa6oT COTpy.n;HHKOB OH.RH 3a 1988 r." H 

"OT'!eT o .n;eRTeJihHOCTH OH.RI1 3a 1988 r.". 

fu.n;aa c6opHHK "0TKpbiTIDI H H3o6peTeHIDI 

COTPYAHHKOB OH.RI13a 1985-86 rr.". 

HoshiH <t>oTonpm.leccop H3A8TeJibCKoro OT.n:ena AJIH 
H3rOTOBJieHHH ne'laTHhiX <l>opM 



1-:h,miTeJibCKHM OT.D;eJIOM BbinOJIHHnHCb 
l\1HOrOliHCneHHbie 3aKa3bi na6opaTOpHH Ha KCe
poKOnHpOBaHHe . 

.l(.m:l o6pa6oTKH 3KCnepHMeHTanbHOH HH
<l>opMaUHH H .D;pyrHX IJ;eJieH OTnellaTaHO CBbiWe 
600 TbiC.Rll pa3nHliHbiX 6naHKOB. 

HAYqHO-TEXH1¥1ECKAH EHEJIHOTEKA 

B 1989 r. t~Hcno liHTaTeneii HayliHo-TeXHH
llecKoH 6H6nHOTeKH H ee <i>HnHanOB COCTaBHnO 
4900 t~enoseK. KonmecTso Bhi.D;aHHoH 3a ro.D; 
nHTepaTypbi H npOCMOTpeHHOH Ha BbiCTaBKaX 
HOBbiX nocTynneHHH COCTaBHnO 322 TbiC.flliH 
3K3eMnn.RpOB. no 3a.RBKaM liHTaTeJieH nonylle- · 
HO no Me:>K6H6nHOTeliHOMY a6oHeMeHzy (MBA) 
2130 Ha3BaHHH. BhmonHeHo 6onee 600 3a
HBOK, noCTynHBWHX H3 6H6nHoTeK CCCP. 

no BCeM HCTOliHHKaM KOMnneKTOBaHH.fl 
(nOKYnKa, no.D;nHCKa, KHHr006MeH) B 1989 r. 
noCTynHno 6onee 19 TbiCHll 3K3eMnnHpos 
KHHr, npenpHHTOB, nepHO.D;HllecKHX H3.D;aHHH, B 
TOM liHCne 9 TbiC.flll Ha HHOCTpaHHbiX .fl3biKaX. 
npo.D;on:>Kanacb pa6oTa no OliHCTKe <PoH.D;a oT 
yCTapesweii nmepazypbi. 

Ha 1 .RHsapH 1990 r. 6H6nHoTeliHbiH <PoHA 
COCTaBHn OKOnO 410 TbiC.flll 3K3eMnn.RpOB, H3 
HHX 6onee 168 TbiC.flll - Ha HHOCTpaHHbiX 
H3biKax. 

IlATEHTHhiA OT,lJ;EJI 

BhmoJIHeHo cshxwe 4,5 TbiCHll 3aKa3os Ha 
nepenneTHhie pa6oThi. 

nonHrpa<l>Ht~ecKa.R 6a3a OT.D;ena nononHH
nacb HOBhiM cospeMeHHhiM nponeccopoM .D;nH 

H3rOTOBneHHH nellaTHbiX <l>opM Ha 6eccepe6-
p.RHOH ocHose <l>HpMbi ITEK. 

B e noCTynHBwHe H3.D;aHHH csoespeMeHHO 
o6pa6aTbiBanHCb H OTpa:>KanHCb B IJ;eHTpanbHOM 
KaTanore H B KaTanorax <l>HnHanos. KaTanorH 
nonoJIHHnHCb 15424 KapTOliKaMH, TeMaTHlle
CKHe KapToTeKH - 22395 KapTot~KaMH. KapTo
TeKa ny6nHKaiJ;HH COTpy.D;HHKOB liHCTHzyTa no
nOJIHHnaCb 4100 KapTOliKaMH. 

n o.D;rOTOBneH K nellaTH C HCnOnb30BaHHeM 
nepcoHanhHOH 3BM "npaseu-16" "YKa3aTenb 
pa6oT coTpy.D;HHKOB OH.RH 3a 1988 ro.D;". 
E:>KeHe,D;enbHO BhinycKanHCb 3Kcnpecc-610n
neTeHH "KHHrH", "npenpHHTbi", "CTaTbH" 
(156 HOMepoB), CO.D;ep:>KaiiJ;He HH<l>OpMa

IJ;HIO 0 HOBbiX ny6nHKaiJ;HHX (24287 Ha
HMeHOBaHHH). E)KeHe.D;eJibHO o6Hosn.RnHCb Bbi
CTaBKH HOBbiX noczynneHHH KHHr, npenpHH
TOB, Ha KOTOpbiX npe,D;CTaBneHO 8037 HaHMe
HOBaHHH. 

B HTE opraHH30BaHo 7 TeMaTHllecKHX Bhi
CTaBoK . 

3AIUHTA H HCnOJib30BAHHE H30EPETEHHA 

nonyt~eHo nono:>KHTenbHhiX peweHHH no 3a.RBKaM 
Ha H3o6peTeHHH 

Hcnonb30BaHo H3o6peTeHHH 

PAUHOHAJIH3ATOPCKHE nPE)J;JIO~EHHH 

Hcnonb30BaHo pan;HoHanH3aTopcKHX H3o6peTeHHH 

aKOHOMHllecKHH 3<l><l>eKT OT HCnOnb30BaHH.fl H306peTeHHH 
H paD;HOHanH3aTOpCKHX npe,n;no:>KeHHH (TbiC. py6.) 

1989 r. 

47 

20 

300 

200,8 

1958-1989 rr. 

1252 

576 

14394 

3401,8 
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AAMMHMCTPATMBHO· . 
X03HMCTBEHHAH 
AEHTEnbHOCTb 

. . 

• --
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KA,UPbl 

lhicneHHocTb coTPYAHHKOB 06t.tmHHeHHoro 
HHCTHTYTa .fi,ZJ;epHLIX HCCJleAOBaHHH Ha 31 Ae
Ka6p1i 1989 rOAa COCTaBHJia 7292 'leJIOBeKa. 

Pacnpe.neneHHe no KaTeropMM noKa3aHo 
B Ta6JIHI~e. 

B 06'beAHHeHHOM HHCTHTyTe MepHLIX Hc
cne,n;oBaHHH pa6oTaiOT 6 aKaAeMHKOB: A.M.B an
AHH, H.H.Boromo6os, ,U.KHw, B.M.TiomeKop
so, r.H.<l>nepoB, lf.M.<l>paHK; 6 tmeHOB-KOP· 
pecnoHAeHTOB aKaAeMHH HayK: M.rMm po, 
B.TI.,lhKenenos, lf.3sapa, M.r .Mei.QepHKOB, 
P.M.-A. MHp-KacHMOB, ,U.B.ffiHpKos; 3 AO~eH
Ta, 190 AOKTOpOB HayK, 642 KaHAHAaTa HayK. 

B 1989 roAY npHHmo 777· qenos eK: 
- Hay'IHLIX pa60THHKOB - 263 

KaTeropM pa6oTHHKOB 

- HH)KeHepos 
- TeXHHKOB H MaCTepOB 
-pa6otmx 
-yqeHHKOB 
- CJiy)IOli.QHX 
- MnaAwero o6cny)KHBaJOI.Qero 

-183 
- 22 
-257 

5 
34 

nepcoHana - 13 
YsoneHo H3 Olf.Rlf 3a TOT )Ke nepHoA B CB11-

3H C OKOH'IaHHeM CpOKa pa60TLI H no ApyrHM 
npmHHaM 844 11enoseKa. B Te'leHHe roAa npH
CBOeHLI yqeHLie 3BaHH1i npo<Peccopa 2 COTPYA
HHKaM, CTapwero Hay'IH:oro COTPYAHHKa - 2, 
MJiaAWero Hayqu:oro COTPYAHHKa- 5. 

3ai.QHTHJlH KaHAHAaTCKHe AHCCepTa~H 32 
COTPYAHHKa, AOKTOpCKHe- 5. 

qHCJleHHOCTb 

B na6opaTopMx B npoH3BOACTBeHHLIX scero 
H YnpaBneHHH 

Hay'IHLie pa6oTHHKH 1392 
lfH)KeHepLI 1645 
TeXHHKH H MaCTepa 130 
Pa6o11He 1774 
YlleHHKH 5 
Cny)IOli.QHe 269 
MnaAWHH o6cny)KHBaJOI.QHH nepcoHan 4 

lfToro: 5219 

148 

noApa3AeJieHH11X 

2 
265 
136 

1418 
6 

182 
64 

2073 

1394 
1910 

266 
3192 

11 
451 

68 

7292 

HOBI>IH )KHJIOH AOM Ha 
ynHUe llepBOMaHCKOH 



~HHAHCOBAH ~EHTEnbHOCTb 

KoMHTeT llo.JIHOMOtJHbiX • llpe,ll;CTaBHTeneii 

npaaHTeJibCTB rocy,ll;apcTB-'llJieHOB OHHH MH 

npoae,n;eHH.H HaytJHO-HCCJie,ll;OBaTeJibCKHX pa60T, 

KanHTaJibHOrO CTpOHTeJibCTBa H ,ll;pyrHX Mepo

npH.HTHH, CB.H3aHHbiX C ,ll;e.HTeJibHOCTbiO lfHCTH

TYTa, Ha 1989 r. accHrHoBan 49,8 MJIH. py6. 

llonyqeHO UeHTpaJIH30BaHO 0,6 M.JIH, py6. 

~aKTHqecKHe paCXO,ll;bl 3a ro,ll; COCTaBHJIH 

48,6 M.JIH. py6., HJIH 97,6% no OTHOilleHHIO K 

ro,ll;OBbiM aCCHrHOBaHH.HM. 

HaHMeHOBaHHe pa3,ll;enoa 

I. MMHHHCTpaTHBHo-ynpaaneHqecKHe 

H X03.HHCTBeHHbie paCXO,ll;bl 

II. Pacxo,ll;bi Ha HaytJHo-Hccne,ll;oBaTeJibCKYIO 

,ll;e.aTeJibHOCTb 

Ihoro no OCHOBHOH ,ll;e.HTenhHOCTH 

III. KanHTaJihHbie BJIO)KeHH.H Ha CTpOHTeJibCTBO 

HaytJHO-HCCJie,ll;OBaTeJibCKHX 

H ,ll;pyrHX 06DeKTOB 

Bcero 

3asepweHo CTpOHrem.crso 
nepsoro )f(HJioro AOMa 
M:>KK "Co103" 

llpo6JieMHO-TeMaT~ecKHH nJiaH HaytJHO-HC

CJie,ll;OBaTeJibCKHX pa6oT 06De,ll;HHeHHOrO HH

CTmyTa .H,ll;epHbiX HCCJie,ll;OBaHHH 3a 1989 r. 

BbinO.JIHeH B noJIHOM 06DeMe, B CMeTHOH 

CTOHM OCTH H no HOMeHKJiaType. <l>aKT~ecKHe 

paCXO,ll;bl COCTaBHJIH 34,5 MJIH. py6., HJIH 96,5% 
K CMeTHOH CTOHMOCTH. ~OCTHrHyTa 3KOHOMHH 

1,3 M JIH. py6. 

P acnpe,n;eneHHe 6IO,ll;)KeTa no pa3,ll;enaM npH

ae,n;eH o B Ta6nHQe: 

ACCHrHOBaHH.H <l>aKTHqeCKHe 

Haro,ll; , paCXO,ll;bi3a % K nJiaHy 

MJIH, p y 6: ro,ll;, M.JIH. py6. 

8,1 8,1 1QO,O 

27,7 26,4 95,3 

35,8 34,5 96,5 

14,0 14,1 100,3 
• 

49,8 48,6 97,6 

\' . 
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KAllliTAJThHOE CTPOIITEJihCTBO 

3aTpaThl Ha KamrranbHOe CTpOHTeJibCTBO 

Hay'llHO-HCCne,noBaTeJihCKHX H .D;pyrHX 06'beK

TOB nnaHHpOBanHCb B CyMMe 14 MHnnHOHOB 

CTpyKTypa KaiiHTanhHhiX ano:lKeHHH 

Bcero KanHTanhHhiX ano:lKeHHH, 

B TOM QHCne: 

1. CTpoHTenLHO-MOHTa:lKHhie pa6oThi 

2. 06opy.D;OBaHHe H HHBeHTapb 

3. fipoeKTHO-H3hlCKaTeJibCKHe H np. 38.TpaThl 

BBO,Il; B ,D;eHCTBHe OCHOBHhiX cpe,D;CTB (cpOH,D;OB) 

llPOH3BO~CTBEHHAR ~EHTEJihHOCTb 

B COCTaB 06'be,D;HHeHHOrO HHCTHTyTa H,D;ep

HhlX fiCCne,nOBaHHH BXO,Il;HT npOH3BO,D;CTBeHHhie, 

acnoMQraTeJibHhie H o6cny)f(HBaromHe no.D;pa3-

TioKa3aTeJIH 

1. 06'beM roTOBOH npo.D;yKUHH, 

BhliTOnHeHHhlX pa6oT H OKa3aHHhlX ycnyr , 

MnH. py6. 

2. Pe3y nLTaThi cpHHaHCOBo-xo3HHCTBeHHOH 

,D;eHTeJlbHOCTH, MnH. py6. 

3. 3aTpaThl Ha O,D;HH py6nb rOTOBOH npo.D;yK QHH, 

BhiiTOnHeHHhlX pa60T 

H OKa3aHHhlX ycnyr ( KOIT.) 

4. liHcneHHOCTb pa6oTaromHx 

py6neii. BLmonHeHHe ro,D;_oaoro nnaHa Ka

IIHTanLHoro CTpOHTeJibCTBa ITOKa3aHO B Ta6-

nHI~e: 

ro,D;OBOH <I>aKTHQecKoe 

ITnaH, BhinOnHeHHe, % BhinOnHeHHH 

MnH. py6. MnH. py6. 

14,0 14,1 100,3 
2,4 1,9 79,2 

10,2 11,3 110,8 
1,4 0,9 64,3 

12,4 16,0 129,0 

,D;eJieHHH. ~eHTeJlbHOCTb 3THX ITO,Il;pa3,D;eneHHH 3a 

1989 ro,D; xapaKTepH3yeTCH OCHOBHhlMH ITOKa-

38.TeJIHMH, npHBe,neHHhlMH B Ta6nHI~e: 

ro,D;OBOH 

ITnaH 

17,3 

0,7 

96,0 
2256 

<l>aR:TfiQecKoe 

BhiiTOnHeHHe 

17,8 

1,6 

91,0 
2085 




