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BBE,[(EHlfE 

B COOTBeTCTBHH C KOHIJ;errn;HeH pa3BHTH51 

0¥151¥1, npHH51TOH Y11eHhiM coBeToM Ha 73 c eccuu, 

06he,!\HHeHHhiH HHCTHTYT B 1993 I"OAY pa6oTa.n: KaK 

KpyrrHhiH MHOI"OWiaHOBhiH Me~yHapo,!\HhiH Hayq

HhiH n;eHTp, B KOTOpoM HHTerpHpOBaHhl <J>yHAaMeH

TaJlbHhle uccJieAOBaHH51 CTPYKTYPhl MaTepHH, pa3pa-

6oTKH H rrpHMeHeHH51 HOBeHWHX TeXHOJIOrHH, 

YHHBepCHTeTCKOe o6pa30BaHHe B COOTBeTCTBYIOIIJ;HX 

o6JiaCT51X 3HaHHH. 

Yl.IHThiBax BhiCOKHH ypoBeHh H nepcn eKTHB

HOCTb HCCJie,!\OBaHHH B COl.leTaHHH C HerrpOCThiMH 

3KOHOMHl.leCKHMH yCJioBH51MH, VIHCTHTYT cocp eAOTO

l.IHJI YCHJIH51 Ha CJie,!\yiOIIJ;HX IlpHOpHTeTHhiX HarrpaB

JieHH51X ,!\e51TeJibHOCTH: HCCJie,!\OBaHH51X KOH,l\e HCHpO-

BaHHhiX cpe,!\ C IIOMOIIJ;biO HeHTpoHOB Ha peaKTOpe 

MBP-2; <j>H3HKe T51)KeJihlx HOHOB Ha ycKopuTenxx 

Y -400 H Y -400M; 3aBepmeHHH C03AaHH51 HYKJIOTpo

Ha H Hal.la.n:e ero 3KCWiyaTaiJ;HH; y11aCTHH B nporpaM

MaX no <j>H3HKe 1.1aCTHU: B l.I,EPH, MCl>B3 H APY

mx Hayl.IHhlx n;eHTpoB. 0¥151¥1 npoAOJI)J(HJI pa6oTy 

no opraHH3an;uu Ha 6a3e cym,ecTByrom;ero Y11e6Ho

Hay11Horo n;eHTpa accon;uan;HH «Me~yHapoAHhiH 

YHHBepcuTeT .ll:y6Ha». 

K OCHOBHhiM ,!\OCTH)KeHH51M 0¥151¥1 rrpome,!\mero 

1"0,!\a HY)KHO OTHeCTH BBO,!\ B ):\eHCTBHe CBepxrrpOB0,!\51-

m,ero ycKopHTeJix5J:Aep Ha BhiCOKHe 3Hepmu- HYK

JioTpoHa. YcnemHo npoBeAeHhl TPH ceaHca oXJia)K

AeHH51 KOJihn;a HYKJioTpoHa H onpo6oBaH pe)KHM 

8-10 HIOHll s ,rJ:y6He cocTOliJiac& 74 cecCHll Y'leHoro coseTa OHSIH. Ha CHHMKe: 'IJieH&I Y'leHoro coseTa OHSIH 
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,Uy6Ha, 30 smuap11 . lloJ~nHcaHHe npoTOKOJia 3llCeJ~aHHll KOOPJIHHa~HOHHOro KOMHT Ta OH51H- <I>MHT (<I>Pr> no BbinOJIHeHHIO Col'Jia

weHHll o COTPYJIHH'Iecrue H HCnOJib30BaHHH ycraHOBOK OH51H 

ycKopeHH51. BnepBhle noJiyt~eH, ycKopeH B JIHHCHHOM 

ycKopHTeJie H HHX<eKTHpoBaH B KaMepy HYKJIOTpoHa 

nyt~OK HOHOB KpHDTOHa. Hat~aThl HOBble 3KCne

pHMCHThl Ha BHyTpeHHeM nyt~Ke HYKJIOTpoHa KOJI

Jia6opau;H5IMH C<t>EPA, C510, DELTA. 

IloCJie ycnemHoro 3anycKa U:HKJIOTpoHa 

Y -4QQM B KOHU:C 1992 ro.n.a B MapTe 1993 ro.n.a Ha 

Y-400M c HCTO'IHHKOM PIG 6hiJI noJiyt~eH BHYT

peHHHH nyt~OK HOHOB C 3HepmeH OT 20 JJ.O 

50 M3B/HyKJioH. IlpoBe.n.eH nepBhiH <t>H3Ht~ecKHH 
3KCnepHMCHT C HCnOJib30BaHHCM 4n-cneKTpOMCTpa 

<I>OBOC no HCCJie.n.oBaHHIO TPOHHoro .n.eneHH51 51JJ.ep, 

BhlllOJIHCHHhiH Ha BhiBCJJ.CHHOM nyt~KC HOHOB JIH

TH51-7. Ha peKOPJJ.HhiX no HHTCHCHBHOCTH nyt~KaX 

HOHOB yCKOpHTeJI51 Y -400 Ha HOBOH yCTaHOBKC «ra-

30HanOJIHCHHhiH cneKTpOMeTp» CHHTC3HpOBaHhl T51-

X<eJihiC H30TOnhl 106 H 104 3JICMCHTOB, liTO npHBeJIO 

K OTKphiTHIO HOBOH OOJiaCTH CTa6HJibHOCTH CBCpXT51-

X<eJihiX MCP B6JIH3H HeHTpoHHOH o6oJIO'IKH c 

N = 162. 

OcyiQeCTBJieHa nepBa51 noCJie nycKa peaKTopa 

I1BP-2 (JJ.eC51Tb JleT Ha3aJJ.) .n.orpy3Ka peaKTOpa B 

CB513H c BhlropaHHeM TODJIHBa. B HCHTpoHHhiX HCCJie

.n.oBaHH51X Ha J1BP-2 OC06oe MCCTO 3aHHMaiOT 3KC

nepHMCHThl DO HeynpyroMy paCCC51HHIO XOJIOJJ.HhiX 

HCHTpoHOB Ha X<HJJ.KOM reJIHH-4. 3JJ.CCb BnepBhiC Ha-

6JIIOJJ.CHhl npou:ecchl pacce51HH51 HeHTpoHoB c 

npHo6peTeHHeM 3HepmH, T.e. pacce51HHe Ha cym;~cT
BYIOIQHX B reJIHH KOJIJieKTHBHhlx B036yX<JJ.eHH51X. 

B paMKax pa3BHTH51 HH<t>opMaU:HOHHO-Bhi'IHCJIH

TeJibHOH HH<t>pacTpyKTYPhl OI151I1 C03JJ.aH pacnpe.n.e

JieHHhiH UNIX-cepBep, 'ITO o6ecnet~HT Ha 6a3e 

CJJ.HHOro HHTep<t>eilca nOJib30BaTCJICH JIOKaJibHOH 

ceTH OI151I1 Bhi'IHCJIHTCJibHhiM, nporpaMMHhiM H 

<t>aHJIOBhiM cepBHCOM. 

Ha 3ace.n.aHHH KoMHTeTa IloJIHOMO'IHhiX Ilpe.n.

CTaBHTeJieH B COOTBeTCTBHH C HOBhiM Y CTaBOM 

OI151I1 6hiJI c<t>opMHpoBaH HOBhiH cocTaB Yt~eHoro 
COBeTa. llJieHaMH Yt~eHOro COBeTa CTaJIH He TOJibKO 

npeJJ.CTaBHTCJIH CTpaH-yt~aCTHHU:, Ha3Ha'ICHHhiC 

IlOJIHOMO'IHhiMH IlpeJJ.CTaBHTCJI51MH, HO H YliCHhiC H3 

.n.pymx CTpaH, HMCIOID;HC BhiCOKHH Me)KJI.yHapoJJ.HhiH 

aBTOpHTeT. 

C 1 51HBap51 1993 ro.n.a CJioBau;KaSI Pecny6JIHKa H 

llemcKaSI Pecny6JIHKa - rocy.n.apcTBa - 'IJICHhl 

OI151I1. B cooTBeTCTBHH c 3aSIBJieHH51MH npe.n.

CTaBHTeJICH CJioBaU:KOH H qemcKOH Pecny6JIHK OHH 

CTaJIH n paBonpeeMHHKaMH qc<t>P KaK 'IJICHa 

OI151I1. qHCJIO rocy.n.apcTB- t~JieHoB 06he.n.HHeHHO

ro HHCTHTyTa Tenepb paBHO 18. 

BaX<HhiM co6hiTHeM SIBHJIOCb no.n.nHcaHHe B <t>eB

pane CornameHHSI MeX<JJ.y OI151I1 H BeHrepcKOH 

AKa.n.eMHeH HayK o npo.n.oJIX<eHHH Hayt~Horo coTpy.n.

HHt~ecTBa Ha peaKTope I1BP-2 H U:HKJIOTpoHe Y-400 
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B paMKaX KOHKpeTHblX Hay'IHhiX npoeKTOB, npHH51-
ThiX B OH.siH. B anpen:e no~HcaHo CornameHHe o 
cOTpy~qecrue c KoMHTeTOM no aTOMHoii 3HepmH 
EmnTa. B HIOHe ~OCTHrHyTa ~orouopeHHOCTb o npo~
neHHH ~o 31 ~eKa6p51 1996 ro~a CornameHH51 o COT
PY~HH'IecTBe Me:JKJ(y OH.siH H 0e~epanbHhiM 
MHHHCTepcTBOM HCCJie~OBaHHH H TeXHOJIOrHH 0Pf. 

Bonbmoe BHHMaHHe ~HpeKII,H51 y~en:ua 

pa3BHTHIO OTHomeHHH OH.siH c PoccHeii- CTpaHoii 
MeCTOHaxo:lKJ(eHH51 l1HCTHTYTa. COCTOuacb BCTpeqa 
npe~CTaBHTen:eii ~HpeKII,HH OH.siH c nepBhiM BHUe
npeMhepoM npaBHTen:bCTBa PoccHH E.T.ra~apoM. 

B aaBepmaiOm;yiO CTMHIO nepemna pa6ara no no~ro
TOBKe cornameHH51 o COTPY~HH'IecTBe Me:JKJ(y 
PoccHeii H OH.siH. B HIOHe no~nHcaHo CornameHHe 
OH.siH c MHHHCTepCTBOM P0 no aTOMHOii 3HepmH, 
oroBopeHo y11aCTHe OH.siH B HeKOTOphlx rocy~apCT
BeHHhiX nporpaMMax PoccHH. 

B 1993 ro~y B OH.siH npHH51TO nonoJ~CeHHe o Ho
Boii CHCTeMe opraHH3ali,HH <PHHaHCHpoBaHH51 TeM H 
npoeKTOB. Ha11aT nepexo~ K CHCTeMe rpaHTOB M51 
peaJIH3ali,HH KOHKpeTHhiX Hay'IHhiX nporpaMM. p~ 

I. -----
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poccHHCKHx COTPY~HHKOB 06be~HHeHHoro HHCTHTy
Ta nony'IHJIH nepcoHaJihHhle rpaHThl <Po~a Copoca. 
0o~ INT AS (0o~ EBponeiicKoro coo6m;eCTBa no 
noMep:liCKe HayKH Ha TeppHTOpHH 6h1Bmero CCCP) 
npHCY~HJI 29 rpaHTOB npoeKTaM, B KOTOphiX yqaCT
BYeT OH.siH. 

B o6pam;eHHH rpynnhl lUleHOB Y 'leHoro couera 
OH.siH K npaBHTeJibCTBY PoccHH rouopHTC51: «He
CMOTp51 Ha OlleHb T51:liCeJIOe 3KOHOMH'IeCKOe nOJIO
:liCeHHe, ylleHhle lfHCTHTyTa ~OKa3aJIH CBOH CnOCOO
HOCTH, nOJiy'IHB 3aMellaTeJibHhle Hay'IHhle pe3yJib
TaThl. MHome KpynHhle opraHH3aUHH 3anMHOH 
EBponhl H AMepHKH J~Cen:aiOT cOTpy~HH'IaTh c 
OH.siH, OHH TaKJ~Ce paccMaTpHBaiOT l1HCTHTYT B Ka
llecTBe Ba:liCHOOO 3BeHa B3aHMO~eHCTBH51 CO MHOrHMH 
CTpaHaMH BOCTOliHOro pemoHa». 

3ro em;e paa no~TBep~aeT aaHHTepecoBaH
HOCTb y11eHhiX Be~ym;HX Hay'IHhiX <PH3HllecKHX 
UeHTpoB B COXpaHeHHH H yKpenneHHH Q6J,e~HHeH
HOro HHCTHTyTa ~epHhiX HCCJie~OBaHHH, a TaKXe 
npaBHJibHOCTb npoBO~HMOH Hay'IHOH nOJIHTHKH. 

B.f .KMhlmeBCKHH 
.lJ.HpeKTOp 06J,e~HHeHHOOO HHCTHTyTa 
~epHhiX HCCJie~oBaHHH 
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AE~TEHbHOCTbPYKOBOA~IQMX 
ll KOHCYHbTATMBHbiX OPrAHOB OM~M 

COBEW:AHHE KOMHTET.t\. IIOJIHOMOqHbiX IIPE,ZJ,CTABHTEJIE:R 

16-17 MapTa s ,ZJ,y6ue cocTO.IIJIOCb oqepe~uoe 
C08eiD;aHHe KOMHTeTa IlOJIHOMO'IHhiX IJpe~

CTa8HTeJieH npa8HTeJibCT8 rocy~apcTB -- 'IJieHOB 
OH.SIH. llpe~ce~aTeJieM 6hiJI H36paH ~upeKTop 
MHtTHTyTa MepHhiX ucCJie~osaHHH H MepHoH 3Hep
reTHKH BAH npo<Peccop M.BaHK08. 

Kllll paccMoTpeJI nHCbMa o noJIHOMO'IHSIX npe~
CTa8HTeJieH CJiosan;KoH u LiemcKOH Pecny6JIHK H 8 
COOTBeTCT8HH C 3aSIBJieHHSIMH npe~CTaBHTeJieH HX 
npa8HTeJibCTB npH3HaJI CJio8aKHIO H Llexuro npa-
80npeeMHHKaMH LiemcKOH H CJio8an;KoH <l>e~e

paTH8HOH Pecny6JIHKH KaK tUieHa OM.SIM, 8 cooT
seTCTBHH c 11eM 1 SIHBapSI 1993 r. CJio8an;KaSI Pec
ny6JitiKa H LiemcKaSI Pecny6JIHKa SIBJISIIOTCSI 
rocy~apcT8aMH- tUieHaMu OM.SIM. 

3acJiyma8 H o6cy~HB ~oKJia~ ~upeKTopa 
MHCTHTyTa 'IJieHa-Koppecno~eHTa PAH B.r.Ka~hl
mescKoro o ~eSITeJibHOCTH OM.SIM s 1992 r. H 3a~a
qax Ha 1993 r., Kllll o~o6pHJI pa6oTy MHCTHTyTa no 
BhlnOJIHeHHIO nJiaHa HayqHO-HCCJie~OBaTeJibCKHX 

pa6oT H Me~yHapo~Horo coTpy~HuqecTsa B 1992 r. 
H YT8ep~HJI pemeHHSI 72 H 73 ceccuH: YqeHoro cose
Ta, OTMeTHB ycnemHhiH XO~ peaJIH3aD;HH Me
ponpHSITHH ~upeKn;HH OM.SIM no 8hlnOJIHeHHIO 
pemeHHH Kllll 07-18 MapTa 1992 r.), Han;eJieH
HhiX Ha KOHD;eHTpaD;HIO pecypCOB B HeCKOJibKHX 
npHOpHTeTHhiX o6JiaCTSIX H nOBhlmeHHe 3<l>
<PeKTH8HOCTH ~eSITeJibHOCTH MHCTHTyTa s rJiaBHhiX 
HanpasJieHHSIX. 

Kllll yTBep~HJI B ~OJIX<HOCTSIX Ha cpoK ~o 

23 HIOHSI 1997 r.: 
- sun;e-~upeKTopos OM.SIM - aKMeMHKa 

PAMH A.H.CucaKSIHa, npo<Peccopa U:.BhiJiosa; 
- a~MHHHCTpaTHBHoro ~upeKTopa OM.SIM -

A.M.Jle6e~esa; 
- rJiasuoro HHX<eHepa OM.SIM - npo<Peccopa 

B.ll.CapaHn;esa; 
- rJia8Horo yqeHoro ceKpeTapSI OM.SIM -

KaH~~aTa <Pu3HKO-MaTeMaTuqecKux HayK H.A.Py
caKo8uqa. 

BhiJIH yTBep~eHhl npoTOKOJihl 3ace~aHHH 

<l>HHaHCOBOro KOMHTeTa OT 29-30 CeHTSI6pSI 1992 r. 
H 16-17 <Pe8paJISI 1993 r. YTsep~eH OT'IeT OM.SIH 
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o6 ucnoJIHeHHH 6ro~X<eTa 3a 1991 r. PaccMOTpeH 
sonpoc o ~eHeX<HOH KOMneHcan;uu BeHrepcKoH Pec
ny6JIHKe, 3aSIBHBmeH: o csoeM Bhlxo~e H3 OJii.SIM c 1 
SIHBapSI 1993 ro~a. 

Kllll npHHSIJI K cse~eHHIO HH<f>opMan;uro o6 
ucnoJIHeHHH 6ro~X<eTa OM.SIM 3a 1992 r., yTsep~HJI 
CKOppeKTHpoBaHHhle pa3Mephl ~OJieBhiX B3HOCOB Ha 
1992 r. YTBep~eH 6ro~X<eT OM.SIM Ha 1993 r. c 
o6ID;eH: cyMMOH pacxo~os 22 MJIH ~oJIJiapos CiliA. 

Kllll o6paTHJICSI K npaBHTeJibCTBaM rocy~apcTB 
- tUieHOB OM.SIM c npocb6oH: o noMepX<Ke Hay•moH:, 
TeXHH'IeCKOH H o6pa30BaTeJibHOH nporpaMMhl 
OM.SIM - yHHKaJibHOro Me~yHapo~Horo n;eHTpa 
<i>y~aMeHTaJibHhiX HCCJie~OBaHHH, HeCMOTpSI Ha TSI
X<eJihle 3KOHOMH'IeCKHe yCJIOBHSI B pMe cTpaH
yqacTHHn;. 

Kllll corJiaCHJICSI c npuMeHeHHeM B pac'leTax 
OCHOBHOH 'laCTH ~OJieBoro B3HOCa npHHD;Hna 
nponopn;HOHaJibHOCTH mKaJie OOH. .IJ:upeKn;HH 
MHCTHTyTa 6hiJio nopy11eHo o6paTHTbCSI B OOH ~JISI 
YTO'IHeHHSI illKaJihl B3HOCOB CTpaH-y'laCTHHD; B 610~
X<eT OOH. YTBep~eHhl KOHTPOJibHhle n;u<i>phl no 
6ro~X<eTy OM.SIM Ha 1994 ro~ B pa3Mepe 26 MJIH ~oJI
Jiapos CiliA. O~o6peHhl npe~JIOX<eHHhle npuHn;Hnhl 
opraHH3aD;HH H nOpMOK <i>HHaHCHpOBaHHSI HanpaB
JieHHH, TeM H npoeKTOB, npHHSIThle YlleHhiM coseroM 

. H <l>HHaHCOBhiM KOMHTeTOM. 
Ha 3ace~aHHH Kllll yTBep~eHo noJioX<eHHe o 

nepcoHaJie OM.SIM c y11eToM 3aMe'laHHH, BhiCKa3aH
HhiX B xo~e o6cy~eHHSI. O~o6peH npe~CTaBJieH
HhiH ~HpeKn;HeH nepelleHb HOpMaTHBHhiX ~OKyMeH
TOB OM.SIM . .IJ:upeKn;HH MHCTHTyTa nopy11eHo ~opa-
6oTaTb HeKOTOphle ~OKyMeHThl nepe'IHSI H pa3peme
HO no Mepe He06XO~HMOCTH BHOCHTb H3MeHeHHSI H 
~OnOJIHeHHSI B COCTaB H CO~epX<aHHe ~OKyMeHTOB 
nepe'IHSI. 

PaCCMOTpeB Bonpoc 0 BhiOOpax HOBOro COCTaBa 
YlleHoro coseTa OM.SIM, Kllll onpe~eJIHJI 'IHCJieH
HhiH cOCTaB YlleHoro coseTa- 41 tUieH. YTsep~eH 
cnucoK tUieHOB YlleHoro coseTa no pe3yJibTaTaM ro
JiocosaHHSI C nOJIHOMO'IHSIMH Ha 5 JieT. 

Kllll 3aCJiymaJI ~OKJIMhl aKMeMHKa P AH 
A.M.B~uHa o Hay'IHOH nporpaMMe Ha ycKopHTeJie 



AY6Ha, 17 MapTa . .[(HpeKJ.\Hll OIUIM "'TionHOMO'IHble TipeACTaBHTeJJH rocyAapcTB- 'IJieHOB MHCTHryTa 

B ,[(OMe MelKJIYHapoJIHbi.X COBell.\aHHH 

uyKJioTpoH H Ha'la.Jie 3KcnepHMeHTOB ua BHYT

peHHHX MHmeH.IIx; 'LlleHa-Koppecno~eHTa PAH 

IO.IJ,.OraHeC.IIHa o Hay'IHOH nporpaMMe Ha ycKo

pHTene MIJ,-400 H nepBoM 3KcnepHMeHTe Ha ycTa

HOBKe <llOBOC; npo<f>eccopa B.II.CapaHn;eBa o 

cocTO.IIHHH H pa3BHTHH 6a30BhiX ycTaHoBoK OtUIM 

H pa6oTax no npoeKTaM HOBhiX 6a30BhiX ycTa

HOBOK. 

KIIII OTMeTH.JI, 'ITO ~.JI.II pa3BHTH.II nepcneK

THBHhiX uanpaB.JieHHH HCC.Jie~oBaHHH B OM.siM onpe

~e.JI.II10ID;y10 po.Jib HrpaeT nOMep:lKaHHe H pa3BHTHe 

3KcnepHMeHTa.JibHOH 6a3hl MHCTHTyTa, o6ecne'leHHe 

npoAO.JI:lKeHH.II pa6oT no peanH3an;HH npoeKTa 

HCTO'IHHKa Heif:TpoHoB MPEH, C03AaHHe yHHKa.Jib

uoro KOMO.JieKCa HaKOnHTe.JieH ny'IKOB CTa6H.JibHhiX 

H paAHOaKTHBHhiX ~ep K4-K10. 

CECCHH yqEHOrO CO BET A OH.SIH 

12-14 JIHBapJI 8 )l.yfiue COCTOJIJI3Cb 73 CeCCHJI 

Y'lenoro coseTa OH.SIH. 
Y'leHbiH coBeT 3aC.Jiyman HH<f>opMaD;H10 

AHpeKD;HH MHCTHTyTa o BblnO.JIHeHHH pemeHHH 71 H 

72 ceccHH: Y'leHoro coseTa OM.siM H pemeHH.IIX ceH-

.ll,n.11 y cnemuoro pa3BHTH.II OAHOro H3 nepcn~

THBHhiX HanpaB.JieHHH B MHCTHTyTe KIIII C'IHTaeT 

HeOOXOAHMhiM Aa.JibHeif:my10 npopa60TKY npoeKTOB 

HaKonHTeneH: 3.JieKTPOHOB (c-r <t>a6pHKa, CM) H HX 

Me~yuapOAHY10 anpo6an;H10. Ocym;ecTB.JieHH10 

3THX npoeKTOB MO:lKeT CnOC06CTBOBaTb C03AaHHe 

Me~yHapoAHbiX KO.JI.Jia6opaD;HH HCCJieAOBaTeJieH 

3aHHTepeCOBaHHhiX CTpaH. 

IlO.JIHOMO'IHhle IJpeACTaBHTeJIH roCyAapCTB -

'LlleHOB OM.siM o6paTH.JIHCb K npaBHTeJibCTBY 

PoccHHCKOH <lleAepan;HH c npocb6oH: paccMOTpeTb 

Bonpoc o np~aHHH HHCTHTYTCKOH 'laCTH ropoAa 

.ll,y6Hhl CTaTyca apxHTeKTypuo-npHpOAHOro 3ano

BeAHHKa C B03MO:lKHOCTb10 C03AaHH.II 3AeCb JIHWb 

o6beKTOB Hay'IHOro, Hay'IHO-TeXHH'IeCKOro H o6pa-

30BaTe.JibHOro Ha3Ha'leHH51, HeOTAe.JIHMbiX OT Ae.II

TeJibHOCTH OM.siM. 

T516pbCKOro COBem;aHH51 <l>HHaHCOBOro KOMHTeTa. 

0Ao6peHbl OCHOBHble nOJIO:lKeHH.II KOHD;enD;HH 

pa3BHTH.II OM.siM KaK KpynHoro MHoroO.JiaHoBoro 

Me~yHapoAHOrQ HaytJ:HOro n;eHTpa, B KOTOpOM 

HHTerpHpoBaHhl <f>y~aMeHTa.JibHhle HCC.JieAOBaHH.II 
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CTPYKTYPhl MaTepnn, pa3pa60TKH H npnMeneHHSI uo
Be:Hmnx TexuoJiom:H H yunBepcnTeTcKoe o6pa3o
Banne B cooTBeTCTByiOm,Hx o6JiaCTSIX 3naun:H. 

CoBeT noW~;ep)f(aJI npe~JIO)f(eune ~npeKU:HH 

011.SU1 o npoBe~eHHH B paMKax Me~yuapo~uoro 

yunBepcHTeTa c 12 HIOJISI no 22 aBryCTa 1993 r. Kypca 
«.sl~epuaSI 6e3onacuocrb: ct>n3HtJecKne, Me~nKo-
6noJiomt~ecKne H 3KOJiomt~ecKHe npo6JieMbl (ypoKH 
lJ:epHOOhiJISI) >>. 

06 OCHOBHhiX HTOrax BhlnOJIHeHHSI nporpaMMhl 
uaytJHO-HCCJie~OBaTeJibCKHX pa6o'f H Me~yuapo~
HOfO COTPY~HHtJecTBa 3a 1992 r . H o uayquo:H npo
rpaMMe Jia6opaTOpHH 11HCTHTyTa Ha 1993 r. C~eJiaJIH 
~oKJia~hl ~OKTop ctJn3HKO-MaTeMaTntJeCKHX uayK 
B.B.BypoB, aKa~eMHK PAH A.M . B~nu, 

npoct>eccop l1.A.CaBHH, Ka~~aT ctJn3HKO-MaTe
MaTHtJecKnx uayK M.f.Cano)f(HHKOB, tJJien-Koppec
no~euT PAH IO.U,.OrauecSIH, npoQ>eccopa 
B.JI.AKcenoB n P.no3e. 

Yt~eHhiH COBeT O~OOpHJI OCHOBHhle HTOrH uayq
HO-HCCJie~OBaTeJibCKOH ~eSITeJibHOCTH 0 11.SH1 B 
1992 ro~y, onpe~eJIHJI rJiaBnhle uanpaBJieHHSI uayq
uou ~eSITeJibHOCTH Jia6opaTOpHH B 1993 ro~y. 
0TMeTHJI OOJihmou BKJI~, Bnecennhlif ceTeBhiMH 
CJiy)f(6aMn JIBTA, JI.sin, JIH'l>, JICB3, JIB3 n OTC 
B pa3BHTHe OOID,eHHCTHTYTCKOH CKOpocTHOH 
BhltJHCJIHTeJibHOH CeTH ETHERNET. 

no nuct>opMaU:HH npo<t>eccopa 11.M .fpaMeHHU:
KOIU o pe3yJihTaTax pa6oThl uayquo-Koop~nuau:n
ouuoro coBeTa 11ucrnTyTa ctJn3HKH BhiCOKHX 3Hepm8 
(0poTBHHO) Yt~eHhiH coBeT OTMeTHJI , liTO co3~aune 
ycKopnTeJibHO-HaKonnTeJibHoro KOMDJieKca 11'l>B3 
SIBJISieTCSI "'pe3Bhl"'aHHO Ba)f(HhiM 3TanOM B pa3BHTHH 
ctJy~aMeHTaJibHhiX ncCJie~oBaHHH B o6JiaCTH ct>n3H
KH BhiCOKHX 3Hepm8. Yt~eHhiH coBeT noW~;ep)f(aJI 
crpaTemiO 11CllB3 no co3~aHHIO YHK-1 (600 f3B) 
~o 1996 ro~a n YHK-II (3 T3B) ~o 2000 ro~a c co
xpaueuneM B03MO)f(HOCTH npo~OJI)f(aTh ~o n oro Bpe
Menn 3KcnepnMeHThl ua Y-70. 

fJiaBHhiH y"'eHhiH CeKpeTapb 11HCTHTyTa KaH
~~aT ctJn3HKO-MaTeMaTH"'eCKHX uayK H A.Pyca
KOBHtJ C~eJiaJI CoOOID,eHHe 0 npe~JIO)f(eHHSIX ~HpeK

IJ:HH no opraHH3aU:HH H nop~KY ctJnHaHCHpoBaHHSI 
uanpaBJiennif, TeM n npoeKTOB. Yt~eHhiH coBeT · 

o~o6pnJI npnuu:nnhl no~xo~a K oprann3au:nn n 
nop~KY ctJnuaHCHpoBaHHSI H peKOMe~OBaJI HX ~JISI 
nOCJie~yiOm,ero paCCMOTpeHHSI 'l>HHaHCOBhiM KOMH
TeTOM H YTBep~eHHSI KoMHTeTOM noJIHOMO"'HhiX 
npe~CTaBHTeJieH. Yt~eHhiH COBeT npe~JIO)f(HJI BBeCTH 
c 1 MaPTa 1993 r. BHyTpeuune cy6ct~eTa no uay"'HhiM 
HanpaBJieHHSIM, TeMaM H npoeKTaM. 

Yt~enhiH coBeT o~o6pHJI npe~CTaBJieHHbiH BHU:e
~npeKTopoM 06be~HHf:HHOfO HHCTHTyTa L(eHCTBH
TeJibHhiM tJJienoM P AI1H A. H. CncaKSIHOM LIOKJia~ o 
Ka~pax cneU:HaJIHCTOB 011.5111. 

0 Me~yuapo~HOM coTpy~unqecTBe H uanpaB
JieHHSIX ero ~aJibHeifmero pa3BHTHSI C~eJiaJI ~OKJia~ 
Bnu:e-~npeKTOp U,.BhiJIOB. Yt~eHhiH coBeT o~o6pHJI 

10 

~eSITeJibHOCTb ~HpeKU:HH 011.5111 no Me~yuapO~HO
MY coTpy~unt~ecTBy 11ncTnTyTa B 1992 TOLlY H yTBep
~HJI DJiaH npoBe~eHHSI uaytJHhiX COBeiD,aHHH 011.5111 
ua 1993 ro~. Ope~ce~aTeJIH uayquo-Koop~nuau:nou
HhiH coBeTOB A.H.CncaKSIH H l.I, .BhlJioB, 3aMeCTHTeJib 
npe~ce~aTeJISI HKC no TeopeTHtJeCKOH ctJn3HKe 
npoct>eccop E.O.)I(~KOB nuct>opMnpoBaJIH o pa60Te 
HKC no uanpaBJieHHSIM. Yt~eHhiH COBeT peKoMe~o
BaJI ~HpeKU:HSIM 11HCTHTyTa H Jia6opaTOpHH npHHSITb 
Mephl K BhlnOJineuniO pemeunif HKC. 

Yt~eHhiH COBeT peKoMe~oBaJI o6ecnetJHTb B 
1993 ro~y ct>nuaucnpoBaune npoeKTHhiX pa6oT, 
HCCJie~oBaHHH H npoBe~eune pa3pa6oTOK no ueifT
pounoMy HCTOtJHHKY 11PEH. 

C yt~eTOM pe3yJibTaTOB 3KcnePTH3bl ua-
KonnTeJibHOro KOMDJieKCa TSI)f(eJihiX HOHOB K4-K10 
H aKTYaJibHOCTH HaytJHOH nporpaMMhl npe~JIO)f(eHO 
paccMOTpeTb ua coBem,aunn Knn Bonpoc o uat~aJie 
pa60T no KOMDJieKcy K4-K10. 

Ope~JIO)f(eHO npo~OJI)f(HTb npopaOOTKY npoeKTa 
C-T ctJa6pHKH, nOL(fOTOBHTb MaTepHaJibl ~JISI ~aJib

HeifmeH Me~yuapo~HOH TeXHHtJeCKOH 3KCnepTH3bl 
c yt~eTOM o6cy~eHHSI ua Me)f(~yuapo~uoM coBe
m,aunn no C-T ctJa6pHKe, KOTOpoe COCTOHTCSI B LJ.y6ue 
B anpeJie 1993 ro~a. 

Ha ceccnn Yt~euoro coBeTa 6hlJIH npoBe~eubl Bhl-
6ophl ua ~OJI)f(HOCTH pyKoBo~nTeJieif Jia6opaTopnif 
11ncTnTyTa. Ha ocuoBaunn pe3yJihTaToB Taifuoro ro
JIOCOBaHHSI yTBep~eHbl ~HpeKTOpaMH (CpOKOM Ha 
4 ro~a): 

Jla6opaTopnn TeopeTnt~ecKoH ct>n3HKH - tJJieu 
Koppecno~euT PAH LJ..B.IllnpKoB; 

Jla6opaTOpHH BblCOKHX 3HepmH - aKa~eMHK 
PAH A.M.B~nu, 

Jla6opaTOpHH CBepXBbiCOKHX 3HepmH - npo
ctJeccop 11.A.CaBHH, 

Jla6opaTOpHH ~epHhiX peaKU:HH - tJJieH-KOp
pecno~eHT PAH IO.U,.OrauecSIH, 

3aMeCTHTeJISIMH L(HpeKTOpa Jla6opaTOpHH 
BhltJHCJIHTeJibHOH TeXHHKH H aBTOMaTH3aU:HH (cpo
KOM ua 3 ro~a): 

- Ka~~aT ctJH3HKO-MaTeMaTHtJeCKHX uayK 
B.B.KopeubKOB, 

- npoctJeccop l1.B.Oy3biHHH. 
K 74 ceccnn Yt~euoro coBeTa o6bSIBJieHhl Bhl6ophl 

Ha CJie~yiOm,He L(OJI)f(HOCTH: 
- ~HpeKTOpoB Jla6opaTOpHH ~epHbiX npo6JieM 

H Jla6opaTopnn ueifTpouuoif ct>n3HKH; 
- 3aMeCTHTeJieH ~HpeKTOpoB Jla6opaTOpHH 

TeopeTH"'eCKOH ctJn3HKH (2 BaKaucnn); Jla6opaTopnn 
BhiCOKHX 3HepmH (3 BaKaHCHH); Jla6opaTOpHH 
CBepXBhiCOKHX 3HepmH (3 BaKaHCHH); Jla6opaTOpHH 
~epHhiX peaKU:HH (2 BaKaHCHH). 

Yt~eHhiH coBeT 3aCJiymaJI ~oKJia~bl: npoctJeccopa 
B.H.OepBymnua <<CoTpy~unqecTBO no nporpaMMe 
<<feH3eH6epr - Jla~ay»: LJ.y6ua - PoCTOK - reu
L(eJIWepr», npo<t>eccopa O.XHHCMSIKH <<HOBble npH
MeHeHHSI MCTO~a oopaTHOfO BpeMeHH npoJieTa Ha 



peaKTope HBP-2» H npoct>eccopa H.B.Ily3hiHHHa 

«Ilpo6JieMhi HeJIHHeHHOH Bhi'IHCJIHTeJibHOH 

cPH3HKH>>. 

0Ao6peHhi IlpaBHJia npou.eAYPhi no Bhi6opaM py

KOBOAHTeJie:H Jia6opaTopu:H B OUSIH, npHHSITa K cBe

AeHHIO HHcPOpMaU,HSI 0 npoeKTe IlpaBHJI npou,eAyphi 

Ytreuoro coBeTa OUSIH. Ilo ct>opMHpoBaHHIO HOBoro 

cocTaBa Ytreuoro coBeTa OUSIH 6biJIO pemeuo npeA

CTaBHTb KoMHTeTy IloJIHOMOtrHhiX IlpeACTaBHTeJie:H 

cnucoK KaHAHAaTyp AJISI Bhi6opoB trJieHOB Ytreuoro 

coBeTa B cooTBeTCTBHH c YcTaBOM OUSIH. 

8-10 HIOH.SI B ,ZJ,y6He npoXO,!I;HJia 74 CeCCH.SI 

Ytreuoro coBeTa OIUIH. 

B npHHSITOM pemeHHH YtreHhiH coBeT nocTaBHJI 

CBOH OCHOBHhle 3aAatrH no onpeAeJieHHIO H OU,eHKe 

Haytruo:H nporpaMMbl HHCTHTyTa, 3aKpenJieHHIO 

penyTaU,HH OH51H KaK Me)f():lyHapOAHOro uaytruoro 

u,euTpa BhiCOKoro ypoBHSI H B3aHMOAeHCTBHIO c co-

3AaBaeMhiMH B HHCTHTyTe nporpaMMHbiMH Koucy Jib

TaTHBHhiMH KOMHTeTaMH. 

C 3TOH u,eJibiO YtreHhiH coBeT npeAnOJiaraeT pac

CMOTpeuue Ha CBOHX CeCCHSIX KpynHhiX HaytrHhiX 

npoeKTOB, Bblpa60TKY peKOMeUAaU,HH AHpeKU,HH 

OH51H H KIIII no pa60TaM B nepcneKTHBHhiX ua

npaBJieHHSIX uaytruo:H nporpaMMhl, a TaK)I(e no onpe

AeJieHHIO nOJIHOMO'IHH, COCTaBa H Kpyra 06SI3aHHO

CTeH nporpaMMHbiX KOHCYJibTaTHBHbiX KOMHTeTOB. 

YtreHhiH coBeT KOHCTaTHPOBaJI 3HatrHTeJihHhle 

pe3yJibTaThl, noJi:ytreHHhle B HCCJieAOBaHHSIX KOH

AeHCHpOBaHHbiX cpeA H B MeTOAHtreCKHX pa3pa6oT

KaX coBpeMeHHhiX AeTeKTopoB traCTHu,. C YAOBJie

TBopeuueM OTMetreHO HatraJIO pa60T Ha ycTaHOBKe 

<I>OBOC ua ycKopHTeJie Y -400M H ycnemHoe HCnhi

Tauue C nytrKOM CBepxnpOBOASIIIl,ero YCKOpHTeJISI -

HYKJIOTpoua. 

YtreHhiH coBeT npHHSIJI o61Il,He peKoMeHAaU.HH. 

3aCJiymaB AOKJiaA AHpeKTopa HHCTHTyTa trJie

ua-KoppecnoUAeHTa PAH B.r.KaAhlmeBcKoro, Ytre

HhiH COBeT peKOMeHAOBaJI coxpaHHTb Ha 1994 I"OA 

pacnpeAeJieHHe cPHHaHCHpoBaHHSI HanpaBJieHHH HC

CJieAOBaHHH, npHHSITOe Ha 72 CeCCHH (25-26 HIOHSI 

1992 r .). 

YtrHThiBaSI BhiCOKHH ypoBeHb H nepcneK

THBHOCTb pa6oT, npoBOAHMhiX B OH51H ua HBP-2, 

yCKOpHTeJISIX TSI)I(eJihiX HOHOB H yCKOpHTeJie 

peJISITHBHCTCKHX Mep, a TaK)I(e pa3pa60TKH HOBbiX 

MeTOAOB AeTeKTHpoBaHHSI traCTHU., YtreHhiH coBeT 

peKoMeHAOBaJI cocpeAOTOtrHTb ycHJIHSI Ha CJieAy

IOIJ:IHX npHOpHTeTHhiX HanpaBJieHHSIX: 

- HCCJieAOBaHHe KOUAeHCHpOBaHHbiX cpeA C 

noMOIJ:IbiO ue:HTpoHOB ua HBP-2; 

- cPH3HKa TSI)I(eJibiX HOHOB Ha yCKOpHTeJISIX 

Y-400 H Y-400M; 

- 3aBepmeuue C03AaHHSI HYKJIOTpoua H uatrano 

ero 3KCnJiyaTau,HH; 

- ytraCTHe B nporpaMMax no cPH3HKe tracTliu, B 

ll,EPH, H<I>B3, SSCL. 

B KatreCTBe OCHOBHbiX HanpaBJieHHH B OOJiaCTH 

C03AaHH.sJ H nJiaHHpoBaHHSI 6YAYIJ:IHX ycTaHOBOK 

OH51H Y treHhiH coBeT paccMaTpHBaeT: 

- pa3pa6oTKY npoeKTa HPEH H uatrano ero 

peaJIH3aU,HH; 

- H3ytreHHe B03MO)I(HOCTeH C03AaHHSI Me)f(,Liy

HapOAHbiX KOJIJia6opau,HH no npoeKTaM K4-K10 H 

c-r ct>a6pHKH. 

YtreHhiH coBeT o6paTHJICSI c npocb6o:H K IloJIHO

MOtrHhiM II pe.ACTaBHTeJISIM cTpaH-ytraCTHHU. cTa6u

JIH3HpoBaTh 3KOHOMHtreCKYIO CHTyau,HIO CBOeBpe

MeHHOH y nJiaTOH AOJieBbiX B3HOCOB B DOJIHOM o6be

Me. C oBeT o6paTHJIC.SI K IloJIHOMOtrHOMY 

IlpeACTaBHTeJIIO PoccHHCKOH Cl>eAepau,HH c npocb-

6o:H o6ecn etrHTb nOCTOSIHHOe HHAeKCHpOBaHHe B3HO

ca PoccHH c ytreToM HHcPJI.SIU.HH. 

YtreHhiH coBeT ctrHTaeT Ba)I(HbiM ycJIOBHeM yc-

• nemuoro pa.3BHTHSI OH51H pacmHpeuHe Me)f():lyua

POAHOro COTPYAHHtreCTBa He TOJibKO 3a CtreT MHOro

JieTHHX TpaAHil,HOHHbiX CBSI3eH CO CTpaHaMH

ytraCTHHU,aMH, HO H C npHBJietreHHeM HOBhiX CTpaH 

Ha OCHOBe trJieHCTBa, COrJiameHHH Ha npaBHTeJibCT

BeHHOM y pOBHe H AOI"OBOpOB Me)f(,Liy HaytrHhiMH U,eH

TpaMH. 

0TMetreHo ycnemuoe Hatrano peaJIH3au,HH o6pa-

30BaTeJihHOH nporpaMMhl OH51H H no,!J;Aep)l(aHo ee 

AOnOJIHHTeJibHoe cPHHaHCHpoBaHHe. CoBeT corna

CHJICSI C peAJIO)I(eHHeM AHpeKU,HH OpraHH30BaTb Ha 

6a3e cylll,eCTBYIOII:Iero Ytre6uo-Haytruoro u,euTpa ac

cou,Hau,Hio Me)f():lyuapoAHhiH yHHBepcHTeT «.IJ:y6Ha». 

YtreHhiH coBeT npHHSIJI K cBeAeHHIO AOK.IHlAhl 

npeACeAaTeJieH HaytrHO-KOOPAHHaU,HOHHhiX COBeTOB 

HHCTHTyTa. .no npeACTOSIIIl,ero BcecTopoHHero 

o6cy)f():leHHSI uaytrHhiX nporpaMM YtreHhiH coBeT 

npeAJIO)I(HJI AHpeKU,HH npHHSITb Heo6XOAHMhle Mepbl 

AJISI HX CBOeBpeMeHHOI"O BbiDOJIHeHHSI, npHtreM 3TO 

OTHOCHTCSI KaK K npHHSITHIO HOBbiX, TaK H K npOA

JieHHIO CpoKOB y)l(e peaJIH3yeMbiX npoeKTOB. 

BhiJI npHHSIT K cBeAeHHIO npoeKT «Ilpo6JieMHO

TeMaTutrecKoro nJiaHa HHP H MHTC ua 1994 I"OA» 

AJISI OOCy)f():leHHSI Ha CJieAyiOIIl,eH CeCCHH B KatreCTBe 

pa6otrero AOKyMeHTa, KOTOpbiH npeAnOJiaraeTCSI AO

nOJIHHTb. 

YtreHhiH coBeT npocHJI AHpeKU,HIO HHCTHTyTa 

npeACTaBHTb npeAJIO)I(eHHSI no nOJIHOMO'IHSIM, COC

TaBaM H 06Sl3aHHOCTSIM 6yAylll,HX nporpaMMHbiX 

KOHCYJibTaTHBHbiX KOMHTeTOB, KOTOpble AOJI)I(Hbl 3a

MeHHTb Cy ll:leCTBYIOIIl,He HaytrHO-KOOPAHHaU,HOHHble 

COBeTbl B COOTBeTCTBHH C AHCKyCCHeH, COCTOSIBIDeHCSI 

Ha YtreHOM COBeTe . .IJ:o C03AaHH.SI 3THX KOMHTeTOB 

CJieAyeT COXpaHHTb nOpSIAOK pa60Tbl HaytrHO-KO

OPAHHaU,HOHHbiX coBeTOB. 

YtreHbiH coBeT npocHJI AHpeKU,HIO HucTHTyTa 

npeACTaBHTb HOBbiH npoeKT npaBHJI npoU,eAyphl 

Ytreuoro coBeTa c ytreTOM BhiCKa3aHHhiX ua ceccHH 

3aMetraHifH H npeAJIO)I(eHHH. 

B CBSI3H c TSI)I(eJio:H ct>uuaHCOBOH 

YtreHhiH coBeT npocHJI AHpeKu,HIO 

CHTyau,HeH 

pery JISipHO 
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HH<i>opMHpoB3Th pyKOBO~HTeJieif rpynn H n poeKTOB 

o cocToSIHHH 610~X<eT3 OH.siH. 

B cooTBeTCTBHH c peKoMe~3u;Heif KoMHCCHH 

3KcnePTOB YlleHhiH coseT BHec H3MeHeHHSI B nopSI

~oK Bhi60poB 33MeCTHTeJieH ~HpeKTOpoB JI3 00p3-

TOpHH: «flpe~JIOX<eHHSI no K3~~3Typ3M H3 B3K3H

THble ~OJIX<HOCTH nocTyn310T npe~ce~3TeJIIO Y qeuo

ro coseT3 He no3~Hee, 'IeM 33 ~B3 MeCSI U.3 ~o 

Bb160poB, OT fiOJIHOMO'IHbiX flpe~CT3BHTeJieH CTp3H

Y'I3CTHHU., ~HpeKTOp3 JI36op3TOPHH, r~e HMeeTCSI 

B3K3HCHSI, 'IJleHOB YtieHoro coseT3, ~HpeKTOp3 H 

BHU.e-~HpeKTopos 0115111. YlleHhiH coseT OOSI33H 

p3CCMOTpeTh nHChMeHHOe HJIH ycTHOe MHeHHe 

~HpeKTop3 Jia6op3TopHH no K3~~aTyp3M e ro 33-

MeCTHTeJieH>>. 

YlleHhiH coseT T3HHhiM roJIOCOB3HHeM H36 paJI: 

H.A.Pyc3KOBH'I3 - ~HpeKTOpoM Jl36op3 TopH11 

~epHhiX npo6JieM, 

B.Jl.AKceuos3 - ~11peKTOpoM Jl36op3TOp11H 

HeHTpoHHOH ci>H3HKH - K3~0ro CpoKOM H3 5 JieT; 

3ACEJJ:AHHE <I>HHAHCOBOrO KOMHTE TA 

3ace,naHHe <l>HHaHcosoro KOMHTeTa OHSIH 

cocTOHJJOCh B JJ:y6He 16-17 <PespaJIH no.n n pe.nce

,naTeJJ~TBOM Y.SIKy6o:re (Pecny6nHKa llonhm a). 

<l>11HaHCOBbiH KOMI1TeT 33CJIYWaJI ~OKJI3~ ~HpeK
TOp3 011.5111 tiJieH3-Koppecno~eHT3 PAH B . f.K3-

~hlwescKoro o nporp3MMe p33BI1TI1SI 011.5111 11 nep

BhiX w3r3x no ee peaJIH33U.1111, H3np3BJieHHbiX H3 

KOHI.J;eHTp3I.J;I110 pecypcOB 11HCTHTYT3 B np110p HTeT

HbiX OOJI3CTSIX 11 nOBbiWeHI1e 3<P<t>eKTI1BHOCTH rJI3B

HhiX H3np3BJieHI1H ~eSITeJibHOCTI1 011.5111. 

<l>11H3HCOBbiH KOMI1TeT O~OOpHJI p360TY KOHT

pOJibHOH KOMI1CCHH 11 peKOMe~OBaJI KOMI1TeTy floJI

HOMO'IHbiX flpe~CT3BHTeJieH YTBep~11Tb OT'IeT 

011.5111 33 1991 ro~. 
<l>11H3HCOBhiH KOMI1TeT peKoMe~osaJI K oMI1-

TeTy flOJIHOMO'IHbiX flpe~CT3BI1TeJieH np11HSITb K 

CBe~eHI110 11H<i>opM3I.J;1110 ~11peKI.J;HI1 11HCTI1TYT3 00 
11CllOJIHeHI111 610~X<eT3 011.5111 33 1992 ro~ H yT

Bep~11Tb CKOppeKT11poB3HHYIO WKaJIY ~OJieBbiX B3HO

COB 33 1992 ro~. O~o6p11Th npe~JioX<eHHhle 

~HpeKI.J;11eH np11HI.J;11nhl <i>opM11poB3HI1SI 610~X<eT3 H3 

11.B.I1ccHHCKoro 11 A.I1.MaJI3XOB3 - 33-

MeCTHTeJISIMI1 ~HpeKTOp3 Jl300p3TOpHH BbiCOKHX 

3Heprnif, 

M.f.I1TKI1C3 11 I0.3.fleH110HX<KeBH'I3 - 33-

MeCTI1TeJISIMI1 ~HpeKTOp3 Jl300p3TOp1111 ~epHbiX 
pe3KI.J;11H - ~0 OKOH'I3HI1SI nOJIHOMO'IHH ~HpeKTOpoB 

COOTBeTCTBYIOillHX JI300p3TOp11H. 

06hSIBJieHbl Bbi60pb1 H3 ~OJIX<HOCTI1: 
33MeCTI1TeJieH ~HpeKTOp3 Jl360p3TOpHH ~ep

HbiX npOOJieM (3 B3K3HCHH); 

33MeCTHTeJieH ~HpeKTOp3 Jl360p3TOpH11 CBepx

BbiCOKI1X 3Heprnif (3 B3K3HCHI1); 

33MeCTHTeJISI ~HpeKTOp3 Jl360p3TOpHH ~epHbiX 
pe3KI.J;I1H ( 1 B3K3HCHSI) ; 

33MeCTI1TeJISI ~HpeKTOp3 Jl360p3TOpHH BbiCOKHX 

3HeprnH ( 1 B3K3HCI1SI) ; 

33MeCTHTeJieH ~HpeKTOp3 Jl360p3TOpH11 Teope

TI1'IeCKOH cPI13HKH (2 83K3HCI111). 

Bhl6ophl ~OJIX<Hhl cocTOSIThCSI H3 75 cecCHI1 Ylle

uoro coseT3. 

1993 ro~ 11 nopy'II1Tb ~11peKI.J;I111 11HCTI1TYT3 no~ro

T0811Tb M3Tep11aJihl no npoeKTY 610~X<eT3 H3 1993 ro~ 
c o6meif cyMMOH p3cxo~os 22 MJIH ~OJIJI3pos CiliA 

H3 yTsep~eu11e M3pTOBCKOH cecc11eif Kflfl. YT

sep~HTh ~OJieBble B3H0Cbl H3 1993 ro~, COrJI3CHTbCSI C 

KOHTpoJibHbiMH U.Hcl>p3MI1 no 610~X<eTy H3 1994 ro~ B 

. p33Mepe 26 MJIH ~OJIJI3pos CiliA. 

B CBSI311 c npeKp3weHI1eM 'IJieHCTB3 B OH.siH 

BeHrepcKoH Pecny6JIHKI1 (c 1.01.93) 6biJia co3~3H3 
p36o'I3SI rpynn3 ~JISI onpe~eJieHHSI p33Mep3 ~eHeX<

HOH KOMneHC3U.1111 BP. 

<l>11H3HCOBbiH KOMHTeT O~o6pHJI HOBble 

np11HU.I1nhl no~xo~3 K opr3HH33U.HH H nop~KY 

cPI1H3HCHpoB3HHSI H3Y'IHbiX H3np3BJieHHH, TeM 11 

npoeKTOB, noMepX<aJI pemeHHe YlleHoro coBeT3 o 

-BBe~eHHH C M3pT3 1993 r. BHyTpeHHHX cy6C'IeTOB no 

H3Y'IHbiM H3np3BJieHHSIM, TeM3M H npOeKT3M. 

<l>HH3HCOBbiH KOMHTeT COrJI3CHJICSI C npe~CT3B

JieHHbiM ~HpeKI.J;HeH nepe'IHeM HOpM3THBHbiX ~OKy

MeHTOB 0115111 H peKoMe~oBaJI Hx H3 yTsep~eHHe 

KIT IT. 

CECCHH HAYlJHO-KOOPJJ:HHAIJ.HOHHb iX COBETOB 

11 SIHBapSI COCTOHJiaCh 6 CeCCHSI H3y'IHO-KO-

op~11HaU,HOHHOrO COBeTa no TeOpeTH'IeCKOH 

cPH3HKe. 

H3y'IHO-Koop~HH3U.110HHhiH coseT 33c.nywaJI 

HeCKOJibKO HH<i>opM3I.J;HOHHbiX ~OKJI3~0B: 0 BhlnOJI-

14 

HeHHH peweHI1H 5 cecc11H, o peweHHSIX Kflfl, Yqe

uoro coseT3 H <l>HH3Hcosoro KOM11TeT3 0115111 B 

1992 ro~y; 0 no~roTOBKe K O'Iepe~HOH 3TTeCT3I.J;HH 

coTpy~HHKOB JIT<l> 11 o Me~yH3po~HOM coTpy~

HH'IecTBe JIT<l> 8 1992 ro~y. B pe3yJihT3Te COCTOSIB-



merocSI o6cy~eHHSI HKC cqe.n: Heo6xo~HMhiM 

oopaTHTbCSI K ~HpeKD;HH 0115111 C HeCKOJibKHMH 
npe~JIO)KeHHSIMH, KacaiOID;HMHCSI <f>HHaHCOBOH ~e.si

TeJibHOCTH. BblJIH BbiCKa3aHhl nO)KeJiaHHSI o sse
~eHHH B 1993 f. CyOC'IeTOB JiaOOpaTOpHH H TeM, 0 
peryJISipHOM HH<J>opMHpoBaHHH Jia6opaTOpHH 0 Te
Kym;eM pacnpe~eJieHHH <f>HHaHCHpoBaHHSI H 0 nepBO
oqepe~HOM BaJIIOTHOM <f>HHaHCHpoBaHHH no~nHCKH 
Ha Hayt~Hble )KypHaJibl B 1993 ro~y. 

HKC KOHCTaTHposan ycnemHoe pa3BHTHe Me)K

~yHapo~HhiX CBSI3eH JIT<I> B MHHyBmeM ro~y H OCOOO 
OTMeTHJI nepshle 3aMeTHhle ycnexH B peaJIH3aD;HH 
nporpaMMhl «feii3eH6epr - Jla~ay» no TeopeTH'Ie
CKoii <f>H3HKe. HKC npe~JIO)KHJI ~HpeKD;HH JITCl> 
H3hiCKaTb 'so3MO)KHOCTH ~JI.si onJiaThl t~aCTH TpaHc
nOPTHhlx paCXO~OB yt~eHhiX H3 CTpaH-y'laCTHHD; 
011.5111 Ha BH3HThl s JIT<I>. 

HKC Bblpa3HJI no)KeJiaHHe, t~To6bl pa6oTa H~ 
TeMaTH'IeCKHM nJiaHOM JIT<I> Ha 1994 ro~ 6blJia Ha
qaTa 3a6JiarospeMeHHO c o6ecnet~eHHeM B03MO)K

HOCTH paCCMOTpeHHSI BCeX npe~JIO)KeHHH B nJiaH no 
pa3~eJIY «TeopeTH'IeCKaSI <f>H3HKa>> Ha CJie~yiOID;eH 
ceccHH HKC. 

CeccHSI HKC npoxo~HJia B ~eHb 85-JieTHSI 
LI..11.1iJioXHHn;esa, nepsoro ~HpeKropa 011.5111. Be
qepHee 3aCe~aHHe CeCCHH 6blJIO nOCBSIID;eHO ero 

naMSITH. K yqacTHHKaM 3ace~aHHSI o6paTHJICSI 

AHpeKrop 011.5111 B.r.K~hlmescKHii. C ~oKJI~oM 
«<laMSITH Jl..l1. BJioXHHn;esa>> BhiCTynHJI npo<f>eccop 

B.M.Bap6amos. BhiJIH 3aCJiymaHbl ~oKJia~bl no PMY 
HanpaBJieHHH Hay'IHhiX pa60T, KOTOphle Be):lyTCSI B 
JITCl> B HaCTOSIID,ee BpeMSI. 

8 ceccHR Hay'IHO-Koop~HHau;HOHHoro coseTa 
no cPH3HKe BhiCOKHX :meprHH, 8-9 anpeJISI. 

HKC 3aCJiyman OT'IeT npe):lce~aTeJISI o BhlnOJI
HeHHH pemeHHH npe~~ym,e:H ceccHH, a TaK)Ke coo6-
m,eHHSI o pa6oTe Knn, Yt~eHoro coseTa, <I>HHaHco

soro KOMHTeTa 011.5111 B 1993 ro~y H 0 M:e~yHapo~
HOM coTpy~HHt~ecrse 011.5111 B o6JiaCTH <f>H3HKH 
BhiCOKHX ::mepmH. 

B CBSI3H c ycnemHhiM xo~oM BhlnOJIHeHHSI 3Kcne
puMeHTaJibHbiX nporpaMM 11HCTHTyTa Ha yCKOpH
TeJibHhiX KOMnJieKcax JIB3 011.5111, 11<1>B3, a TaK)Ke 

li,EPH, ucCJieAOBaTeJibCKHx n;eHTpoB CiliA H 
Apymx ycKopHTeJibHhiX Jia6oparopH:H MHpa HKC 

OTMeTHJI BhiCOKYIO 3Ha'IHMOCTb H aKTYaJibHOCTb 3THX 
nporpaMM H oopaTHJICSI C npoCbOOH K ~HpeKD;HH H 
pyKOBOASIID,HM opraHaM 11HCTHTyTa o6 yseJIH'IeHHH 
<t>HHaHCOBO-MaTepHaJibHOH nOMep)KKH HCCJie~O

BaHHH no <l>H3HKe BhiCOKHX 3HepmH H 3JieMeHTap
HhiX 'laCTHD;. 

HKC OTMeTHJI B CBOHX pemeHHSix, 'ITO nycKOBo:H 
o6beM paOOT no HOBOMY CBepxnpoBO~SIID,eMy yc
KOpHTeJIIO peJISITHBHCTCKHX Mep - HYKJIOTpoHy Bhl
noJIHeH B cpoK. 3TOT pe3yJibTaT SIBJISieTCSI KpynHhiM 
Hay'IHO-TeXHH'IeCKHM ~OCTH)KeHHeM H HMeeT Ba)K-

HOe 3Ha'leHHe ~JISI pa3BHTHSI COOcrBeHHOH HCCJie):IO
BaTeJibCKOH 6a3bl 011.5111. 

HKC peKoMe~oBaJI ~HpeKD;HH oKa3aTb BCeMep
Hoe CO~eHCTBHe JIB3 B ~anTaD;HH yCKOpHTeJISI K Ha
'laJIY pa60Thl ~JISI cPH3H'IeCKHX 3KCnepHMeHTOB Ha 
BHyTpeHHeH MHWeHH. 

no pe3yJibTaTaM, noJiy'leHHbiM B nOJIS1pH3a
D;HOHHhiX 3KCnepHMeHTaX Ha yCKOpHTeJibHOM KOMn
JieKCe JIB3, 'IJieHbl HKC peKoMe~oBaJIH noMep
)KaTb ~aJibHe:HmyiO peaJIH3aD;HIO nporpaMMhl. 

B CBSI3H c OT'IeToM no pa3pa6oTKe, C03AaHHIO u 
HCCJie~oBaHHIO oT~eJibHhlx CHCTeM YHK 11<1>B3 
HKC OTMeTHJI BhiCOKHH ypoBeHb pa3pa6oroK,npo
BO~HMbiX COTPY~HKaMH JICB3 s 3To:H o6JiaCTH 
TeXHHKH, B OCOOeHHOCTH nO CHCTeMe ~HarHOCTHKH 
CBepxnpoBO~SIID;HX MamHTOB, KpHOCTaTHpyeMbiX 
l\BYXcPa3HbiM reJIHeM, H no npaKTH'IeCKOMY npHMe
HeHHIO CBepxTeKyt~ero reJIHSI B CBepxnpoBO~SIID;HX 
yCKOpHTeJISIX. 

no OT'IeTy 0 ):leSITeJibHOCTH CH30 011.5111 HKC 
OTMeTHJI XOpoWHH ypoBeHb opraHH3aD;HOHHbiX 
pa6oT Ha ycTaHOBKax 011.5111. BMecre c TeM 'IJieHbl 
HKC o6paTHJIHCb K ~HpeKD;HH 011.5111 c xo~aTaiicT
BOM 0 npo~OJI)KeHHH pa60Thl no yKpenJieHHIO CTaTy
ca CH30 . HKC C'IHTaeT Heo6xo~HMbiM npHHSITb Me
phi no o6ecne11eHHIO CH30 cospeMeHHOH 6a3oBo:H 
3BM. 

Ha ceccHH 6blJIH 3aCJiymaHhl pa6oThl, npe~cTaB
JISieMble COTPY~HHKaMH 11HCTHTyTa Ha Me~yHa
po~HYIO eBponeHCKYIO KOH<f>epeHD;HIO no cPH3HKe 
BbiCOKHX 3HepmH (MapceJib, <l>paHD;HSI, ~IOJib 

1993 r.) . 

l.JJieHhl HKC 3aCJiymaJIH HH<i>opMaD;HIO o cocro
SIHHH ~e,"' C CeTeBhiM ooecnet~eHHeM B 011.5111 H peKO
Me~OBaJIH ~HpeKD;HH 11HCTHTyTa o6ecne'IHTb D;eHT
paJIH30BaHHOe <f>HHaHCHpoBaHHe ~JISI BTOpoH oqe
pe):IH CeTH ETHERNET. 

HKC npHHSIJI K cBe~eHHIO HH<i>opMaD;HIO o HOBOM 
nopMKe opraHH3an;HH H cPHHaHCHpoBaHHSI TeM H 
npoeKTOB B 11HCTHTyTe, nOMep)KaJI ero H npOCHJI 
):IHpeKD;HIO 011.5111 BBO~HTb ero nOCTeneHHO, Ha
'IHHaSI c TeKym;ero ro):la. 

6 ceccHR Hay'IHO-Koop~HHaD;HOHHoro coBeTa 
DO e~HHOH TeXHH'IeCKOH IIOJIHTHKe, 15 anpeJISI. 

Ha cecCHH 6hiJIH 3aCJiymaHhl HH<i>opMaD;HSI o 
pemeHHSIX 73 ceccHH Yt~eHoro coBeTa, <I>HHaHcoBoro 
KOMHTeTa, coBem;aHHSI Knn H OT'IeT o BhlnOJIHeHHH 
pemeHHH npe~~ym;e:H ceccHH. HKC npHHSIJI 
HH<J>opMaD;HIO K CBe~eHHIO. 

HKC cqe.n: n;eJiecoo6pa3HhiM coxpaHeHHe, B 
OCHOBHOM, ~eHCTByiOm;e:H CHCTeMhl npOBe~eHHSI 

HKC no HanpaBJieHHSIM, BKJIIO'Ia.si HKC no e):IHHOH 
TeXHH'ICCKOH noJIHTHKe, c OOSI3aTeJibHhiM paccMOT
peHHeM Ha HeM npoeKTOB 6a30BhiX yCTaHOBOK 
011.5111. 

HKC 3aCJiyman ):IOKJia~hl o HeKOTOphlx npu
KJia~HhiX HCCJIC~OBaHHSIX, npOBO):IHMhiX B 11HCTH-
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3ace,llaHHe HayqHo-TexHwlecKoro coseTa OIUII1 

TyTe: <<fpa<J>HliCCKaY: KOMnhiOTCpHaY: CTaHU,H Y: CO 

CKOpOCTHbiMH CpC)J.CTBaMH )J,HaJIOra B npHIOia)J,HbiX 

3aJJ.allax», «JiyqeBaY: TepanHY: Ha ny11Kax <Pa3o

TpoHa», «PaJJ.HOHYKJIHJJ.hl JJ.JIY: MCPHOH MCJJ.HU.HHhl», 

«KOOp)J.tiHaTHhiC )J,CTCKTOpbl pa)J.HOaKTHBHOro H 3Jiy

'ICHHY:» H «MarnHTope3oHaHCHhiH TOMorpa<J>». HKC 

peKoMCHJJ.OBaJI JJ.HpeKu,HY:M Jia6opaTOPHH H O I1:.SII1 

OKa3b1BaTh nOJJ.)J,Cp)l(KY 3THM pa6oTaM. 

flpH o6Cy)l()J.CHHH )J,OKJia)J,a 0 npOCKTC HH<J>op

MaU,HOHHOro o6ecne11eHHY: OfTheJJ.HHCHHoro HHCTHTy

Ta HKC OJJ.o6pHJI HanpaBJICHHe 3THX pa6oT H p eKo

MCHJJ.OBaJI JIBT A no)J.roTOBHTh H o<J>opMHTh n p oeKT 

)J,JIY: paCCMOTpCHHY: BOnpoca 06 OTKpbiTHH COOTBCTCT

BYIO~CH o6~eHHCTHTYTCKOH TCMhl nep BOro 

npHOpHTCTa. 

HKC OTMCTHJI, 'ITO npoH)J.eH BaX<HhiH 3Tan BBO

JJ.a B )J,CHCTBHC HYKJIOTpoHa: KOJihll,O nO.R:HOCTbiO 

OXJia)l()J,CHO )1,0 TCMnepaTyphl )l(H)I,KOro rCJIHY: , HH

)l(CKTHpOBaH H npoBe)J.eH no BCeMy nepHMeTpy 

ny'IOK. LJ:HpCKU,HH 011.5111 6bVIO peKOMCH)I,OBaHO 

noMep)l(aT& pa6oThl no JJ.aJI&HelimeMy 3anycKy HYK

JIOTpoHa )J,JIY: <J>H3H'ICCKHX 3KCnepHMCHTOB Ha BHyT

peHHCH MHillCHH. 

0TMC'ICHO ycnemHOC BhlnOJIHCHHC B 3a llJia

HHpOBaHHbiH CpOK KOMnJICKCa pa60T no OCBOCHHIO 

U,HKJIOTpoHa Y -400M, 3aBepmeHHIO nepBoro 3Tana 

BBO)J,a B 3KCllJiyaTaU,HIO ycTaHOBKH <l>OEOC H npo

BC)J.CHHIO Ha HeH nepBhiX 3KcnepHMCHTOB. HKC pe

KOMCHJJ.OBaJI )J.HpCKU,HH 011.5111 nOJJ.)J,Cp)l(aTb yCHJIHY:, 

HanpaBJICHHblC Ha nOJIHOC OCBOCHHC Y -4QQM, OKOH

llaTCJibHYIO )J.Opa60TKY ero 3KCnepHMCHTaJibHOro 

KOMllJICKCa. 

16 

8 ceccHY: Hay'IHO-KOOPJJ.HHaQHOHHoro coBeTa 

no <j>H3HKe HH3KHX H npoMeJKyTO'IHblX ::meprHH, 

22-24 anpeJIY:. 

Ha ceccHH 6biJIH 3aCJiymaHhl OT'ICT npeJJ.CCJJ.aTe

JIY: H HH<l>opMaU,HY: o pemeHHY:X coBe~aHHY: KITIT, 

YliCHOro COBCTa H <l>HHaHCOBOro KOMHTCTa B 1993 ro

AY· B paMKax HKC pa6oTaJIH ceKu,HH no TpeM Ha

npaBJICHHY:M: no MCPHOH <PH3HKe Ha HMnyJI&CHhiX 

HCTO'IHHKaX HCHTpOHOB, no <J>H3HKC TY:)l(eJibiX HOHOB 

H no <J>H3HKC npOMC)l(yTO'IHbiX 3HeprHH. 

HKC OTMCTHJI TY:)l(CJioe <PHHaHcoBoe noJIO)l(e

HHe C o6ecnC'ICHHCM nepBOOliCpC)J.HbiX 3KCnepHMCH

TOB no BCCM HanpaBJICHHY:M, npOCHJI YliCHbiH COBCT H 

)J.HpCKU,HIO 011.5111 npHJIO)l(HTb )J,OnOJIHHTCJibHhiC 

ycHJIHY: no cTa6HJIH3au,HH 3KOHOMH'ICCKOH CHTyau,HH 

B 011.5111. HKC nOMCP)l(aJI npe)J.JIO)l(CHHY: no 

opraHH3aU,HH H nopY:JJ.KY <J>HHaHCHpOBaHHY: HanpaB

JieHHH, TCM H npOCKTOB H o6paTHJICY: C npOCh60H K 

)J.HpCKU,HH 11HCTHTyTa peaJIH30BhiBaTh HX nOCTeneH

HO, Ha'IHHaY: C 1993 ro)J,a. 

Ha ceccHH 6biJI 3aCJiymaH JJ.OKJiaJJ. o nepBhiX 3KC

nepHMCHTax Ha ycTaHOBKe Cl>OEOC. HKC OTMCTHJI 

He06XO)J,HMOCTb pa3BHTHY: 6a30BOro yCKOpHTCJibHOro 

KOMllJieKca Y-400+Y-400M H pa6oT no co3JJ.aHHIO 

ECR -HCTO'IHHKa JJ.JIY: noJiylleHHY: peKOPJJ.HhiX napa

MeTpOB ny'IKOB cTa6HJihHhiX H paJJ.HOaKTHBHhiX MCP 

HH3KHX H CpCJJ.HHX 3HCprHH. 

HKC paccMoTpeJI cocTOY:HHe pa6oT no npoeKTY 

11PEH H o6paTHJICY: K JJ.HpeKu,HY:M JIHCl> H 011.5111 c 

npOCb60H B3Y:Tb nO)J, KOHTpOJib peaJIH3aU,HIO 3TOro 

npoeKTa H npeJJ.CTaBHTh K CJICJJ.YIO~eH: ceccHH HKC 

Oll,CHKH CTOHMOCTH npOCKTa, rpa<J>HK npOCKTHbiX 

pa60T H n03TanHOro <l>HHaHCHpOBaHHY:. 



3aCJiymaB ~oKJia~ no npoeKTY HaKonHTeJihHoro 
KOMDJieKca T.SDKeJihiX HOHOB K4-Kl0, HKC o~o6pHJI 
nporpaMMY HCCJie~oBaHHH no noJiyl!eHHIO MOID;HbiX 

HMnyJibCHbiX nyl!KOB HOHOB Ha ~aHHOM KOMDJieKCe. 

PaccMoTpeB Bonpoc o npoeKTe c-• ct>a6pHKH B 
OlUIVI, HKC o~~6pHJI ~e.siTeJihHOCTh no paapa60TKe 

npoeKTa H opraHH3aiJ,HH Me~yHapo~HOH KOJIJiaOO

paU,HH B ero paMKax. 

Ha aace~aHHSIX ceKu,Hil HKC no HanpaBJieHHSIM 

6biJIH 3aCJiymaHbl OTl!eTbl 0 CTaTyCe 6a30BbiX ycTa

HOBOK, 0 nporpaMMaX cPH3Hl!eCKHX HCCJie~OBaHHH no 

Ka~OMY HanpaBJieHHIO, 0 cPHHaHCHpoBaHHH nepBO
oqepe~HbiX 3KCnepHMCHTOB B 1993 ro~y. 

3aCJiymaHbl Hayl!HhiC ~OKJI~bl H HHcPopMaiJ,HSI 0 

COTPYAHHliCCTBe JHIII OIHIVI c u,eHTpaMH PSI 
(lllBeil:u,apHSI) H SATURNE (Cl>paHIJ,HSI). YliHThiBaSI 

Ba)KHOCTb nOJIYliCHHbiX pe3yJibTaTOB no npo6JieMe 

MIO-KaTaJIH3a H BhiCOKYIO nepcneKTHBHOCTb 3THX 

HCCJICAOBaHHil, HKC peKoMe~oBaJI ~aJihHeilmee ux 

pa3BHTHe Ha cl>a30TpoHe OVI.SU1 Ha ocHoBe mHpoKoil 

Me~yHapOAHOil KOJIJiaoopaiJ,HH C npHBJICliCHHCM 
HCTOliHHKOB <l>HHaHCHpOBaHHSI. 

C YliCTOM peKOMe~aiJ,Hil: CCKIJ,Hil: no HanpaB
JieHHJiiM HKC BhlpaooTaJI npe~JIO)KeHHlil B npo6JieM

Ho-TeMaTHl!eCKHil nJiaH OH.siH Ha 1994 roA H 

6JIH:li!Cail:mue 3 roAa. HKC nOMCPliCaJI TaKliCe AaJih

Heilmee pa3BHTHe paooT no noucKy peAKHx pacn~oB 
MIOOHa H nucHa Ha <t>aaoTpoHe OH.siH, peKoMe~o
san AHPeKIJ,HliiM JI.siii H OH.siH o6ecneliHTh pa6oTy 

<l>a30TpOHa Ha ypOBHe 300 liaCOB C <l>HHaHCH· 

posaHHeM H3 cTa6HJIH3aiJ,HOHHoro <t>o~a H APYrHX 
HCTOliHHKOB. HKC nOMCPliCaJI npeAJIOliCeHue 

AHpeKIJ,HH JI.siP 06 OTKpblTHH C 1994 r. HOBOil: TeMbl: 

«CHHTe3 H HCCJICAOBaHHC CBOilCTB TJilliCeJihiX ~ep». 

8 CeCCHi~ HayttHO·KOOPAHHa~HOHHOrO COBell'a 

no HCCJieAOBaHHIO KOHACHCHpOBaHHhiX CpeA SAep

HbiMH MeTOAaMH. 27-28 anpena. 

Ha ceccuu 6h1JIH 3aCJiymaHhl OTlieT npeACCAaTe

JISI HKC o BhlnOJIHeHHH pemeHuil 7 ceccuu H HH<t>op
MaiJ,Hlil o pemeHuax coseiiJ,aHHSI KIIII, YlieHoro co

seTa H cl>uHaHcosoro KOMHTeTa B 1993 l'OAY· HKC 

OTMeTHJI, liTO <l>HHaHCHpoBaHHC TCM nepsoro 

npuopuTeTa B 1992 l'OAY He OhlJIO o6ecnel!eHo B noJI
HOMo6beMe. 

Ha AaHHoil ceccuu 3aCeAaHHSI HKC npoBOAH

JIHCh DO ABYM CCKIJ,HSIM: «.s!ACpHaSI <l>H3HKa KO~CH
CHpOBaHHhiX cpeA» H «liCCJICAOBaHHSI no p~uo-
6uOJiomu Ha ycKopHTCJISIX H peaKTopax OH.siH». 

PaooTa 3THX CCKIJ,Hil npOXOAHJia COBMeCTHO C 38Ce

A8HHSIMH KoMHCCHH PoccuilcKoil AKaAeMHH HayK no 

HCCJieAOB8HHIO KO~CHCHpOBaHHhiX cpeA MeTOA8MH 
S~AepHoil <t>uaHKH H HayliHoro cos eTa P AH no npo6-

neMe «P8AH06HOJIOI'HSI» COOTBCTCTBeHHO. 

HKC nOMCPliCaJI opraHH3aiJ,HIO pa6oThi HKC no 

ceKIJ,HSIM H peKoMe~oBaJI Y'leHoMy coseTy u 

AHpeKIJ,HH Qli.sili opraHH30BaTh BpeMeHHhle npor

paMMHhiC KOMHTeTbl no H8Y'IHhiM HanpaBJieHHSIM H3 

aBTOpHTeTHbiX cneiJ,HaJIHCTOB, pa3pa6oTaTb nOJIO

)KeHHe 0 nporpaMMHbiX KOMHTeTaX H onpe~eJIHTb HX 

COCTaB. 

ITo ~OKJIMY ~upeKTopa JIH<l> B.JI.AKceHoBa 
HKC OTMeTHJI aKTYaJihHOCTh HCCJie~oBaHHH no 

cPH3HKe KO~eHCHpoBaHHhiX cpe~, npoBOAHMbiX Ha 

6a30BhiX ycTaHoBKax OVI.siVI, a TaK)Ke BhiCOKYJO 

aHaliHMOCTh noJiyl!eHHhiX peayJihTaTOB. YliHThiBaSI 

60JibillYIO 3aHHTepeCOBaHHOCTb <l>H3HKOB H3 CTpaH

yqaCTHHIJ, B peaJIH3aiJ,HH nporpaMM no cPH3HKC KOH

ACHCHpoBaHHNX cpeA, HKC o6paTHJICSI K AHpeKu,HH 

H pyKOBOASIID;HM opraHaM Ol1.sil1 c npocb6oil o6 

yBeJIHlieHHH <t>uHaHcoso-MaTepHaJihHOil H pecypc

Hoil nOMCP)KKH 3Toro HanpaBJICHHSI. HKC npe~Jio
X<HJI 3aBepmaeMble TCMhl «AKTHBaiJ,HOHHhlil aHaJIH3 

u p~uaiJ,HOHHhle ucCJie~oBaHHSI Ha HBP-2» u «lic

CJICAOBaHue KO~CHCHpOBaHHhiX CPCA C nOMOID;blO 

• pacceSIHHSI :Q:eii:TpOHOB» npOAJIHTb Ha 5 JieT. 

BhiJio 3aCJiymaHo 4 Hay'IHhiX AOKJiaAa no Te

MaTHKe H KC. 0TMe'leH BhiCOKHil ypoBeHb HCCJICAO

saHHil, npoBO~HMhiX C nOMOID;blO HCii:TpoHOB (JIHI%>), 

SR -MeTOAOM (JI.siil), no <l>H3HKe p~uau.uoHHhlx 
DOBpe~CHHil Ha ny'IKaX TSiliCeJihiX HOHOB (JI.s!P). 

HKC o6paTHJICSI K AHPCKIJ,HH OH.siVI c npochooil: 

OKa3aTh IJ,CJICBYIO <l>HH8HCOBYIO nOMCPliCKY H3 

peaepsa AHPCKIJ,HH OH.siH B npOBCACHHH B 1993 l'OAY 

MIOOHHhiX HCCJICAOB8HHil Ha <t>a30TpOHC JI.siil. 

B CBSI3H c pacmupeHHeM pa6oT no <l>H3HKe 

p~uau.uoHHhlx nospe~eHHil HKC npeAJIOliCHJI 
Y'leHoMy coseTy OH.siH yTBCPAHTh HOBoe Ha3BaHue 

TCMhl B CJICAYJOID;eil <t>opMyJIHpOBKe: «liCCJICAOBaHHC 
npOIJ,CCCOB B3aHMOAeii:CTBHSI TSIX<eJihiX HOHOB C KOH

ACHCHpOBaHHhiMH cpeAaMH. PaAHOaHaJIHTH'IeCKHe u 
p~HOH30TonHhle HCCJICAOBaHHSI Ha ycKopHTeJISIX 

JI.siP». 

HKC OTMCTHJI Ba)KHOCTh HCCJICAOBaHHil c 

nOMOID;hJO CHHXpOTpOHHOro H3JIY'ICHHSI 1 npOBCACH

HhiX B JICB3, H oopaTHJICSI K AHPCKIJ,HH JICB3 C 

npOChOOii DOMCpliCaTh 3TO HanpaBJICHHC H OKa3aTh 

nOMOID;h B OCHaiD;CHHH ycTaHOBKH BhlliHCJIHTCJihHOil: 

TCXHHKOit 

HKC 3aCJiyrnaJI H npHHSIJI «KoHu.eniJ,HIO 
pa3BHTHSI 6a3hl AJISI HCCJICAOBaHHil: C nOMOID;hlO HCilT

pOHOB B PoccHH», pemus npCAcTaBHTh ee Ha pac

CMOTpeHHe PAH, AH Bill, MHHHayKH H MuHaToMa 
Pel>, fK n o BhiCrneMy o6pa30BaHHIO B Ka'ICCTBe OCHO· 

Bhl AJISI coaAaHHSI IJ,eJiesoil: nporpaMMhi Poccuu «lic

CJICAOBaHHSI C nOMODJ;hlO HCii:TpoHOB». 

HKC BhlpaaHJI 6JiaroAaPHOCTh KoMHCCHH PAH 

no HCCJieAOBaHHIO KO~CHCHpOBaHHhiX CPCA MeTO

AaMH ~epHoil: <t>uaHKH H Hay'IHOMY coBeTy P AH no 

npooJieMe «PaAHOOHOJIOI'HSI» sa y'laCTHe B OOCy:li!C

ACHHSIX, npCACTaBJICHHhiC A0KJI8Ahl H noJie3Hhle 
npeAJIOX<.CHHSI no opraHH3aiJ,HH HCCJICAOBaHHil. 

HKC Bhlpa3HJI 6naroAaPHOCTh A.B.KyH'IeHKO aa 
paooTy B KalieCTBe y'leHoro ceKpeTapSI HKC H 

uaopaJI y'leHhiM ceKpeTapeM HKC Ka~HAaTa 
<t>uaHKO-MaTeMaTHlieCKHX HayK E.H.KopHHJIOBa. 

17 



CECCHH IIPOrPAMMHO-KOHCY JlbTA THBHbiX KOMHTETOB 

3ace,!J,aHHe oprKOMHTeTa IIporpaMMHO-KOH

cyJI&TaTHBHoro KOMHTeTa no <J>H3HKe BbiCOKHX 

:mepruii, 16-17 H0.116p.11. IIpe,li,Ce,!J,aTeJI& 

nJXXI>eccop A.H.CucaKJIH. 

B coOTBeTCTBHH c pemeHHJIMH 7 4 ceccuu Y lleHo

ro coae-ra 0Jii.SI11 oprKOMHTeT OporpaMMHO-KOH

cyJihTaTHBHOro KOMHTeTa (0KK) no <j>H3HKe Bbi

COKHX ::meprnH, c<J>opMHpoBaHHbiH ,li,HpeKU.HeH 

011SI11 H3 liHCJia cneu.HaJIHCTOB-3KcnePTOB, pac

CMOTpeJI CJie,!J,yiOIIl:He BOnpochl: Hay'IHYIO nporpaMMY 

11ncTHTyTa a o6JiaCTH <j>H3HKH 11aCTHU. H BbiCOKHX 

3Heprnii (HTOrH 1993 r. H nJiaHhl ua 1994 r.); COTPY.li.

HH'IeCTBO 0115111 c 11<l>B3, U:EPH H .li.PYrHMH Kpyn

HhiMH <j>H3Hl.leCKHMH U.eHTpaMH B OOJiaCTH <j>H3HKH 

BhiCOKHX 3Heprnii; noJIHOMO'IHSI, OOSI3aHHOCTH , npo

u.e,!J,ypnhle sonpochl BHOBb C03,!J,asaeMhiX nporpaMM

HhiX KOHCYJibTaTHBHhiX KOMHTeTOB H peKOMeH,!J,aU.HH 

no HX COCTaBy. 

3ace,!J,anue OTKphiJI npo<J>eccop A.H.CucaKSIH, 

npoHH<j>opMHpoBaBUIHH yllaCTHHKOB opraHH3a

U.HOHHOro KOMHTeTa o pemeHHSIX 8 ceccHH HKC, 

7 4 CeCCHH Y lleHOro COB eTa H ,!J,eSITeJibHOCTH 

,li,HpeKU.HH 11HCTHTyTa no ,!J,aJibHeHmeMy pa3BHTHIO 

Me)K,!J,yuapo,li,Horo COTPY.li.HH'IeCTaa a o6JiaCTH 

<j>H3HKH BbiCOKHX 3HeprHH. 

Py.Koao,!J,uTeJiu JIB3, JICB3 u JI51n .li.OJIO:lKHJIH 

co6paawHMCSI o uay'IHhiX nporpaMMax Jia6opa

Topuli, BhlnOJIHeHHhiX B 1993 rD,!J,y, H 0 nJiaHaX paOOT 

ua 1994 ro,!J,. 

OprKOMHTeT nKK OTMeTHJI, 'ITO B YCJIOBHSIX 

<j>HHaHCOB0-3KOHOMH'IeCKHX 3aTpy,li,HeHHH ,!J,OCTHr

HYThl aecbMa 3Ha'IHTeJibHhle pe3yJihTaThl npu 

peaJIH3aU.HH Hay'IHbiX nporpaMM, BhlnOJIHSieMbiX Ha 

6a3e 0115111 coaMecruo c 11<l>B3, U:EPH, SSCL H 

.li.PYrHMH HayliHhiMH U.eHTpaMH. 

OprKOMHTeT nKK O,li,OOpHJI npoeKT uay'IHOH 

nporpaMMhl ua ycKopuTeJie nyKJioTpoH, OT'IeThl Jia-

6oparopuu no pa6oTaM nepaoro npuopMTeTa 3a 

1993 rD,!J, H npoeKT npo6JieMHO-TeMaTH'IeCKOro nJia

Ha 11HCTHTyTa nO <j>H3HKe BbiCOKHX 3HeprHH Ha 

1994 r . 

KoMHTeT peKoMeH,!J,OBaJI npo,li,OJI:lKHTb Kou u.enT

pau.uJO yCHJIHH Ha yllaCTHH B nporpaMMaX no <j>H3HKe 

llaCTHU. ua HYKJIOTpoHe 0115111, ycKopHTeJISix 

11<l>B3, U:EPH H clleJI u.eJiecoo6pa3HhiM no,lJ,!J,ep:lKaTb 

yllaCTHe <j>H3HKOB 0115111 B 3KCnepHMeHTaX fEP

MEC, H-1 (DESY, fepMaHHSI) H CTAP (R HIC, 

CiliA). 

Oprauu3aU.HOHHhiH KOMHTeT no <j>opMupoaaHHIO 

OKK O,li,OOpHJI npoeKT «00JIO:lKeHHSI o OKK 0 115111>> 

C ylleTOM BhiCKa3aHHhiX nonpaBOK H 3aMellaHHH, 

peKOMeH,!J,OBaJI npe,li,CTaBHTb 3TOT BapHaHT n poeKTa 

,!J,JISI o6cy)K,!J,eHHSI B KOMHTeTaX no opraHH3aU.Hll OKK 

,ll,pyrnx Hay'IHbiX HanpaBJieHHH B 0115111 H ,!J,aJI CBOH 
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npe,li,JIO:lKeHHSI 0 COCTaBe 6y,!J,ylll:ero OKK no <j>H3HKe 

BbiCOKHX 3HeprHH. 

3ace,!J,aHHe oprKOMHTeTa IIporpaMMHO-KOH

cy JlbTaTHBHOrO KOMHTeTa . no <J>H3HKe HH3KHX H 

npoMeJKyTO'IHbiX :meprHH, 18-19 H0.116pS1. Ilpe,li,

Ce,!J,aTeJib - nJXXI>eccop I.J..BbiJIOB. 

OpraHH3aU.HOHHhiH KOMHTeT OporpaMMHO-KOH

cyJibTaTHBHoro KOMHTeTa (0KK) 0115111 no <j>H3HKe 

HH3KHX H npoMe:lKyTO'IHbiX 3HeprHH 6biJI c<j>op

MHpoBaH ,li,HpeKU.HeH B COOTBeTCTBHH C pemeHHSIMH 

74 ceccuu Yllenoro coaeTa H3 'IHCJia 3KcnePTOB

cneu.HaJIHCTOB no ,!J,aHHOH TeMaTHKe. 

Ha 3ace,!J,aHHSIX oprKOMHTeTa 6biJI 3aCJiymaH 

OTlleT npe,li,Ce,!J,aTeJISI 0 ,!J,eSITeJibHOCTH HayliHO-KO

Op,li,HHaiJ.HOHHbiX COBeTOB 3a BeCb nepHO,!J, HX Cylll:eCT

BOBaHHSI H uu<j>opMaU.HSI o pemeHHSIX 74 ceccuu Ylle

uoro coae-ra 0115111. Ha 3ace,!J,aHHH 6b1Jla TaK:lKe,!J,ana 

uu<j>opMaU.HSI o Me)K,!J,ynapo,!J,HOM coTPY.li.HHllecTae 

0115111 a o6JiaCTH <j>H3HKH HH3KHX H npoMe:lKyToli

HhiX 3Heprnu. 

OprKOMHTeTY 6b1Jla npe,li,CTaaJieua uay11naR 

nporpaMMa 11HCTHTyTa B OOJiaCTH <j>H3HKH TSI:lKeJihiX 

HOHOB, <j>H3HKH HH3KHX H npoMe:lKyTOliHbiX 3HeprHH 

H Sl,ll,epHOH <j>H3HKH Ha HMnyJibCHbiX HCTOliHHKaX 

uenTponoa. OprKOMHTeT O,!J,o6puJI OT'IeTbl no peaJIH-

3aU.HH uay11HOH nporpaMMhl a 1993 r no seeM TpeM 

HanpaBJieHHSIM H OTMeTHJI, 'ITO, HeCMOTpSI Ha <j>MHa

HCOBhle 3aTpy,li,HeHHSI, B 0115111 peaJIH30BaHa 3Ha11H

TeJibHaSI 11aCTh 3TOH nporpaMMbl. OpraHH3aU.HOHHbiH 

KOMHTeT peKOMeH,li,OBaJI ,li,HpeKU.HH 0115111 H ,!J,H

peKU.HSIM Jia6opaTOpHH COCpe,li,OTO'IHTb yCHJIHSI Ha 

peaJIH3aU.HH nJiaHOB nepBOOllepe,!J,HbiX 3KCnepHMeH

TOB H OKa3aTb MaKCHMaJibHYIO nO,lJ,!J,ep:lKKY B <j>HHaH

CHpoBaHHH TeM nepaoro npHOpHTeTa, B COOTBeTCT

BHH C 3THM llO,!J,rDTOBHTb npOeKT 0T0 Ha 1994 rD,!J, 

.li.JISI npe,li,CTaaJieHHSI YlleHoMy coae-ry 0115111. 

OprKOMHTeT OTMeTHJI ycnemuoe npoae,!J,enue 

·nepBhiX 3KCnepHMeHTOB Ha ny11Ke Y -40QM C HCllOJib-

30BaHHeM ycTaHOBKH <l>OEOC H C HHTepecoM 3acJiy

maJI HH<j>opMaiJ.HIO 0 COCTOSIHHH ,!J,eJI C BBO,li,OM B CTpOH 

nyKJIOTpona. 

3aCJiymaa uu<j>opMaU.HIO o nepcneKTHBax 

pa3BHTHSI COOcTBeHHOH 3KCnepHMeHTaJibHOH 6a3bl 

0115111 ,!J,JISI HayliHbiX HCCJie,!J,OBaHHH H 0 Be,ll,ylll:HXCSI 

,!J,aJibHeHWHX npopa60TKaX npoeKTOB 6a30BbiX ycTa

HOBOK: MOIIl:HOrD HCTOliHHKa pe30HaHCHbiX HeHTpO

HOB 11PEH, c-Tay <J>a6pHKH H HaKonHTeJibHoro KOM

nJieKca TSI:lKeJibiX uouoa K4-K10, oprKOMHTeT rro,!J,

llepKHYJI, 'ITO 3TH npoeKTbl ,!J,OJI:lKHbl 6hiTb ,!J,eTaJibHO 

paccMoTpeHbl OKK ua nepaou :lKe ero ceccuu . 

.Il,JISI 3Qxl>eKTHBHOro npoae,!J,eHHSI pa6oT no co-

3,!J,aHHIO H COBepmeHCTBOBaHHIO 6a30BbiX ycTaHOBOK 

H peaJIH3aU.HH KpynHhiX 3KCnepHMeHTaJibHbiX npo

eKTOB OprKOMHTeT npocHJI ,li,HpeKU.HIO 0115111 pac-



CMOTpeTh sonpoc o co3~aHHH Ha 6a3e OnhiTHOro 
npOH3BO~CTBa 0JUJI1 HayqHO-TeXHOJiomqeCKOI'O 
no~pa3~eJieHHSI 11HCTHTyTa, OCHa~eHHOI'O COBpe
MeHHhiM OOOpy~OBaHHeM. 

Ha ceccuu oprKOMHTeTa 6hiJI paccMoTpeH npoeKT 
<<Ilono::>KeHHSI o IIKK 011.SII1», npe~cTaBJieHHhiH 

~upeKu;ueH: 011.5111. B cooTBeTCTBHH c npose~eH
HhiMH o6cy~eHHSIMH Opi'KOMHTeT peKOMe~OBaJI 

o6pa3oBaTb B paMKax IIKK no <I>H3HKe HH3KHX H 
npoMe::>KyToqHhiX :mepmH: TPH ceKu;uu: no <Pu3HKe 
TSI::>KeJihiX HOHOB, <I>H3HKe HH3KHX H npoMe::>KyTOqHhiX 
:mepmH H MepHOH <I>H3HKe Ha HMnyJihCHhiX 
HCTOqHHKaX HeHTpDHOB; BHeCTH COOTBeTCTBYIO~He 
H3MeHeHHSI B npoeKT «Ilono::>KeHHSI o IIKK 011.5111». 

OprKOMHTeT peKoMe~oBaJI TaK::>Ke ~upeKn;HH 

011.5111 yqecTh npe~JIO::>KeHHSI no cocTasy IIKK, Bhl
cKa3aHHhle qneHaMH Opi'KOMHTeTa, ~JISI npe~CTaB

JieHHSI Ha yTBep~eHHe YqeHoMy coseTy 011.5111. 

3ace~aHHe oprKOMHTeTa IIporpaMMHO-KOH
cyJihTaTHBHoro KOMHTeTa no 6a30BbiM ycTaHOBKaM 
H e~HHOH TeXHHqeCKOH nOJIHTHKe, 26 HO.H6p.H. 
IIpe~ce~areJih - nJJO<Peccop A.H.CucaK.HH. 

BhiJI 3aCJiymaH oTqeT A.H.CucaKSIHa o BhlnOJI
HeHuH pemeHHH 6 ceccuu HKC no e~HHOH TexHuqe
cKoH: nOJIHTHKe H HH<I>opMaD;HSI 0 pemeHHSIX 74 
ceccuu YqeHoro coseTa 011.5111. 

C ~OKJI~OM 0 HayqHO-TeXHHqeCKOH nOJIHTHKe 
l.J,EPH H npo6JieMaM COTpy~HuqecTBa l.l,EPH -
011.5111 BhiCTynHJI pyKOBO~HTeJih oT~eJia noJih30Ba
TeJieH: l.I,EPH ~OKTop H.Kynh6epr. IIno~oTsopHoMy 
coTpy~HuqecTBy 011.5111 c l.I,EPH u ~pymMH Hayq
HhiMH u;eHTpaMH B o6nacTH co3~aHHSI ~eTeKTOpoB 
qacTuu; 6hiJI nocBSI~eH ~oKJia~ npo¢eccopa 11.A.ro
JIYTBHHa. IIo~TBep~eHue BhiCOKoro npo<Peccuo
HaJihHOro ypoBHSI cnen;HaJIHCTOB-yCKOpHTeJib~HKOB · 
011.5111 HaiDJIO OTpa::>KeHHe B ~OKJia~e 11.H.I1BaHOBa 
0 COCTOSIHHH ~eJI no pa3pa60TKe yCKOpHTeJibHhiX 
cucTeM ~JISI YHK u LHC. 

3aCJiymas oTqeThl o coopy::>KaeMhlx u npo
eKTHpyeMhiX B 1993 ro~y 6a30BhiX ycTaHOBKaX, 
OprKOMHTeT O~OOpHJI HX H OTMeTHJI BBO~ B ~eHCTBHe 
ycKopuTeJISI HYKJIOTpoH H npose~eHue nepshlx 3KC
nepuMeHTOB Ha 'Y -400M C HCnOJib30BaHHeM ycTa
HOBKH <l>OBOC, a TaK::>Ke ~aJibHeH:myro npopa60TKY 
npoeKTOB MO~HOI'O HCTOqHHKa pe30HaHCHhiX HeHT
poHOB 11PEH, C-'f <t>a6pHKH H HaKOnHTeJibHOI'O KOM
nJieKCa TSI::>KeJihiX HOHOB K4-K10, npoeKT HH<t>op
Mall;HOHHOI'O o6ecneqeHH.H 011.5111. BMecTe c TeM 6hi
JIO OTMeqeHO, qTo ycneiDHOMY C03~aHHIO HOBhiX 
ycTaHOBOK H pa3BHTHIO HH<t>pacTpyKTyphl npenSITCT-

. syeT He~OCTaTOqHoe <t>uHaHCHpOBaHHe 11HCTHTyTa. 
B paMKax 3ace~aHHSI oprKOMHTeTa snepshle B 

011.5111 COCTOSIJiaCb BCTpeqa <<3a KpyrJihiM CTOJIOM>> C 
yqaCTHeM npe~CTaBHTeJieH HayqHo-TeXHOJIOrH
qeCKHX D;eHTpOB H npOMhiiDJieHHbiX npe~npHSITHH 
.LJ:y6Hhl, MocKOBCKOH o6nacTH, ~pymx ropo~oB. Bhi
JIO OTMeqeHO, qTO Ha OCHOBe 3HaqHTeJibHOI'O OnhiTa 

011.5111 B Me~yHapo~HOM HayqHo-TeXHHqeCKOM 
coTpy~HuqecTse MO::>KHO B3aHMOBhlro~Ho ucnoJih3o
saTb BhiCOKHH nOTeHD;HaJI HayqHO-TeXHOJIOmqeCKHX 
n;eHTpo H npOMhiiDJieHHhiX npe~npHSITHH B C0-
3~aHHH HayKOeMKOH npo~yKD;HH. 

OprKOMHTeT peKoMe~osan YqeHoMy coseTy 
o6pa3oBaTh pa6oqyro rpynny cneu;uanucToB ~JISI 
03HaKOMJieHHSI C ypOBHeM H B03MO::>KHOCTSIMH ~pymx 
HHCTHTYTOB H npoMhiiDJieHHhiX npe~npHSITHH C 
D;eJibiO BhiSICHeHHSI HX B03MO::>KHOI'O yqaCTHSI B C0-
3~aHHH COBMeCTHO C 011.5111 HOBhiX KpynHhiX 
<I>H3HqeCKHX ycTaHOBOK C npHMeHeHHeM HOBeHIDHX 
TeXHOJI mH. 

OprKOMHTeT o~o6pHJI npoeKT «lloJio::>KeHHSI o 
IIKK 0 11.5111», yToqHHB HanpasJieHue ~e.HTeJihHOCTH 
~aHHoro IIKK B o6nacTH pa3BHTH.H u co3~aHHSI B 
011.5111 HOBhiX 6a30BhiX H KpynHhiX 3KCnepHMeH
TaJibHhiX ·ycTaHOBOK, a TaK::>Ke nO pa3BHTHIO 
OO~eHHCTHTYTCKHX MeTO~HqecKHX HCCJie~OBaHHH. 

OpraHH3au;uoHHhiH KOMHTeT o~o6pHJI npe~Jio
::>KeHHSI B npoeKT npo6neMHO-TeMaTuqecKoro IIJiaHa 
011.5111 a 1994 ro~, peKOMe~OBaJI OTKphiTb TeMy 
1-ro npuopuTeTa no HH<I>opMaD;HOHHOMY o6ecneqe
HHIO. Y ToqHHTh, nOCJie oKoHqaHHSI <l>oPMHpoBaHHSI 

IIKK, npou;e~ypy 3KcnePTH3hl H yTBep~eHHSI npo
eKTOB H TeM B 11HCTHTyTe, paCCMOTpeTb npe~JIO
::>KeHHe no npose~eHHIO B 1994 ro~y pa6oqero cose
~aHHSI «YCKOpHTeJIH H ~eTeKTOphl <I>H3HKH BhiCOKHX 
3HepmH H npoMhiiDJieHHOCTb». 

3ace~aHue oprKOMHTeTa IIporpaMMHO-KOH
cyJihTaTHBHoro KOMHTeTa no HCCJie~OBaHHIO KOH
~eHCHpoBaHHbiX cpe~ .H~epHbiMH MeTO~aMH. 30 HO
.H6p.H - 1 ~eKa6p.s~. IIpe~ce~aTeJI& - npo<t>eccop 
li,.BbiJIOB. 

B cooTBeTCTBHH c pemeHHeM 74 ceccuu YqeHoro 
coseTa oprKOMHTeT IIporpaMMHO-KOHCYJihTaTHBHO
ro KOMHTeTa (IIKK) 011.5111 no HCCJie~oBaHHIO KOH
~eHCHpoBaHHhiX cpe~ MepHhiMH MeTo~aMH, 

c<t>opMHpoBaHHhiH ~HpeKD;HeH 011.5111 H3 quCJia 
cnen;HaJIHCTOB-3KCnePTOB, paCCMOTpeJI CJie~yiO~He 
BOnpOChl: HayqHyiO nporpaMMY 11HCTHTyTa B 
o6JiaCTH <I>H3HKH KO~eHCHpoBaHHhiX cpe~ (HTOm 
1993 ro~a H IIJiaHhl Ha 1994 ro~); Me~yHapo~Hoe 
coTpy~HuqecTBO 011.5111 B o6nacTH <I>H3HKH KOH
~eHcuposaHHhlx cpe~; CTaTyC, nOJIHOMOqHSJ:, Kpyr 
00SI3aHHOCTeH, npou;e~ypy pa60Thl H peKOMe~aD;HH 
nO COCTaBy nporpaMMHO-KOHCYJibTaTHBHhiX KOMHTe
TOB. 

OprKOMHTeT peKoMe~oBaJI o6pa3oBaTb B paM
Kax IIK K no HCCJie~osaHHIO KO~eHcuposaHHhiX 

cpe~ M epHhiMH MeTo~aMH TPH ceKu;uu: «HeH:TpOH-
Hhle HCCJie~OBaHHSI 

«Pa~Ha HOHHaSI 
6HOJIOmSI». 

KO~eHCHpOBaHHhiX Cpe~>>; 

<I>H3HKa>>; «Pa~HaD;HOHHaSI 

OprKOMHTeT IIKK OTMeTHJI, qTo, HeCMOTpSI Ha 
<t>HHaHCOB0-3KOHOMHqecKHe 3aTpy~HeHHSI B 011.5111, 
peaJIH30BaHa 60JibiDaSI qaCTb HayqHOH nporpaMMhl B 
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COOTBeTCTBYIO~X OOJiaCT51X HCCJie~oBaHHH. 0 TMe
qeHa BbiCOKa51 HayqHa51 H npaKTH'IecKaR 3Ha'IHMOCTb 
peayJibTaTOB, nony'leHHbiX B OIHIH no TeMaTHKe 
KOMHTeTa. B o6naCTH <PH3HKH KO~eHcHposaHHbiX 
cpe~, PMHaU,HOHHbiX HCCJie~osaHHH, PMHaiJ,HOHHOH 
6Ho<PH3HKH H PMHOOHOJIOI'HH npose~eH p~ 
npHOpHTeTHbiX HCCJie~OBaHHH, npe~CTaBJIR IOIIJ,HX 
HHTepec ~R MHposoif Hay'IHOH o6m.ecrseHHOCTH. 

OprKOMHTeT o~o6pHJI OT'IeTbl o peanHaaiJ,HH Ha
Y'IHOH nporpaMMbl B 1993 ro~y no seeM TpeM Ha
npaBJieHHRM H peKoMe~osan ~HpeKU.HH OH.SIH H 
~HpeKU.HRM na6opaTopaif cocpe~OTO'IHTb ycHJIHR Ha 
peaJIH3aU,HH DJiaHOB nepBOO'Iepe~HbiX 3KCnepHMeH
TOB H OKa3aTb MaKCHMaJibHYIO nOMepJ~CKY B 
<I>HHaHCHpoBaHHH TeM nepsoro npHOpHTeTa. 

,lLng 3<P<PeKTHBHOro npose~eHH51 pa60T no co
a~aHHIO H COBepmeHCTBOBaHHIO 6a30BbiX yCTaHOBOK 
H peaJIH3aU,HH KpynHbiX 3KCnepHMeHTaJibHbiX npo
eKTOB oprKOMHTeT npocHJI ~HpeKu,HIO OH.SIH pac
CMOTpeTb BOnpoc 0 B03MOJICHOCTH OOpa30BaHHR Ha 
6aae OnHTHOro npoHaso~crsa liiHCTHTyTa Hay'IHO
TexHoJiomqecKoro no~paa~eneHH51, ocHam.eHHoro 
cospeMeHHbiM o6opy~oBaHHeM. 

OprKOMHTeT o6paTHJI BHHMaHae ~HpeKu,HH 
OH.SIH Ha seCbMa HH3KHH yposeHb 6IO~JICeTHoro 

<!>HHaHCHpoBaHHR p~a BaJICHbiX HCCJie~OBaHHH no 
PMHaiJ,HOHHbiM, PMHDaHaJIHTH'IecKHM H PMHOH3o
TOnHbiM npOOJieMaM Ha nyqKaX TR.lll:eJibiX HOHOB B 
JI.SIP. • 

OprKOMHTeT ~an cneu,HaJibHble peKoMe~aU.HH s 
o6nacra HeHTpoHHOH cneKTpocKonHH: C'IHTaR, 'ITO 
peaKTOp HBP-2 RBJIReTCR·yHHKaJibHbiM HHCTpyMeH
TOM H HaHOOJiee COBpeMeHHbiM HCTO'IHHKOM HeHTpo
HOB B MHpe H 'ITO Mtrro~ pacce51HHR HeHTpoHOB CTa
HOBHTC51 HHTepeCHbiM ~g y'leHbiX H CneU,HaJIHCTOB 
pa3Hb1X CTpaH, OT~aTb BbiCWHH npHOpHTeT BO BHyT
peHHeH noJIHTHKe OH.SIH o6ecne11eHHIO 6ecnepe-
6oifHOH pa60Tbl peaKTOpa HBP-2 H npHHRTHIO Mep 
no ero MO~epHH3aU,HH; nOMep.lll:aTb pa60Tb1 nO C03-
~aHHIO HCTO'IHHKa XOJIO~HbiX HeHTpoHOB. 

OprKOMHTeT OTMeTHJI, 'ITO eCJIH <PaHaHCOBHe 
aaTpy~HeHHR s OH.SII16y~yT OCTasaTbC51 Ha HbiHem
HeM ypoBHe, HHKaKHe HOBble npoeKTbl He ~OJI:lKHbl 
paccMaTpHsaTbC51. B TO J~Ce speMR JIH<I> ~OJIJ~CHa aa
sepmHTb pa60Tb1 no cneKTpoMe-rpy PE<I>JIEK C Ha 
BTOpoM ny11Ke HBP-2, a cneKTpoMeTp .D:H-12 
CHa6~HTb HOBbiMH ~eTeKTOpHbiMH KOJibU,aMH H nepe
MeCTHTb B 6onee Bblro~HYIO noaau,HIO. OprKOMHTeT 
peKOMe~OBaJI BKJIIO'IHTb ~OKJIMbl no COCTORHHIO 
~eJI Ha 3THX yCTaHOBKaX B nporpaMMY nepBOH pery
JI51pHOH ceccaH IIKK. 
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OprKOMHTeT no~qepKHYJI csou HHTepec K o6pa
aosaTeJibHOH nporpaMMe OH.SIH, peKoMe~osan 

~HpeKU,HH JiiHCTHTyTa yqeCTb npe~JIO:lKeHHR no COC
TaBy IIKK, BbiCKaaaHHble Ha aace~aHHH. 

3ace~aHHe opriCOMHTeTa llporpaMMHO-KOH
cy JlbTaTHBHOrO KOMHTeTa no TeOpeTH'IeCKOH 
<IJH3HKe, 2-3 ~eiCa6pR. llpe~ce~aTeJib - 'IJieH
x:oppecno~eHT PAH .IJ:.B.IIIHpx:oB. 

B cOCTaB oprKoMHTeTa, o6paaosaHHoro ~HpeK
u,Heif OH.SIH B COOTBeTCTBHH c pemeHHeM 74 ceccHH 
Y11eHoro cose-ra, 6biJIH BKJIIO'IeHbl 16 HasecTHbiX 
<PH3HKOB-TeopeTHKOB H3 AscrpHH, ApMeHHH, fep
MaHHH, liiTaJIHH, IIoJibmH, PoccHH, YKpaHH~>~, 

<l>paHII,HH, l.I,EPH H OH.SIH. 
B nepsblu ~eHb aace~aHHH 'IJieHaM oprKOMHTeTa 

6biJIH npe~CTaBJieHbl C:lKaTble 0030pb1 OCHOBHbiX Ha
npaBJieHHH HCCJie~OBaHHH, Be~yiiJ,HXC51 B JIT<l>, npo
eKT CIIEKTP H nporpaMMa «feuaeH6epr - JlaH
~ay» no TeopeTH'IeCKOH <!>H3HKe. LJ:JIR yqaCTHHKOB 
aace~aHHR OprKOMHTeTa 6b1Jla OpraHH30BaHa KOpoT
KaR 3KCKypcHR no Jla6opaTOpHH TeopeTH'IeCKOH 
<!>H3HKH C TeM, 'ITOObl noKa3aTb KOMnbiOTepHbiH 
u,eHTp JiaoopaTOpHH H CeTb nepcOHaJibHbiX KOMnbiO
TepoB CIIEKTP. 

BTOpoif ~eHb aace~aHHH 6biJI nocsRm.eu 
opraHH3aiJ,HOHHbiM sonpocaM . .D:HcKyccHR paasepuy
nacb npH OOcy~eHHH npoeKTa «llOJIO:lKeHHR 0 npor
paMMHbiX KOHCYJibTaTHBHbiX KOMHTeTaX 06be~H
HeHHOro HHCTHTyTa ~epHbiX HCCJie~OBaHHH». qJie
Hbl OprKOMHTeTa npHWJIH K OOIIJ,eMy MHeHHIO, 'ITO 
'IHCJIO 'IJieuos IIKK ~OJI:lKHO 6HTb ueseJIHKo, a 'IJie
Hbl IIKK OT OH.SIH ~OJI:lKHbl HMeTb TOJibKO cosem.a
TeJibHbiH ronoc. obiJio TaK:lKe BbiCKaaauo no:lKe
nauHe, 'ITOObl npe~ce~aTeJib IIKK H36HpaJIC51 'IJie
HaMH IIKK a ue 6biJI cOTpy~HHKOM OH.SIH. 

llo HTOraM pa60Tbl npHHRTO 3a51BJieHHe, B KOTO
poM Bblpa:lKeHa nOMep:lKKa DJiaHHpyeMbiM B JIT<l> 
HCCJie~OBaHH51M no TeMaM «llOJI51 H 'laCTHU,bl», 
«TeopHR ~pa, MHOrolfaCTH'IHble CHCTeMbl H ~epHa51 
~HHaMHKa», <<TeopH51 KO~eHCHpoBaHHbiX cpe~» H 
npoeKTy CIIEKTP, a TaK:lKe o6pam.euHe K ~apeKu,HH 
a Y11euoMy coseTy OH.SIH c npocb6ou MaKCHMaJibHO 
noMep:lKaTb 3TH HCCJie~osaHH51. KpoMe Toro, 
Opi'KOMHTeT npe~O:lKHJI CBOIO pe~aKU,HIO HeKOTOpbiX 
nyHKTOB «lloJio:lKeHHSI o IIKK OH.SIIil» H peKoMeH
~osan 6y~ym.eMy IIKK no Teope-raqecKou <t>HaHKe 
Ha'laTb CBOIO pa60Ty C ~eTaJibHOro aHaJIH3a Ha CBOHX 
CeCCHRX BCeX Be~yiD.HXCSI B JIT<l> TeopeTH'IeCKHX 
HCCJie~oBaHHH. 



IIPEMMM 

llpeMHH HMCHH r.H.<I>Jieposa npHCY:lKJJ.CHbl: 
33 ~HKJI pa6oT «PeaK~HH rJiy6oKOHeynpyrux 

nepeAaq- HOBhiH KJI3CC MepHhiX peaK~HH Me~y 
CJIO)I(HhiMH MpaMH» AOKTOpy <l>H3HKO-MaTe
M3THqeCKHX HayK B.B.BoJIKosy; 

33 6oJibWOH BKJI3A B pa3BHTHe HCCJieAOB3HHH B 
o6JiaCTH <l>H3HKH T.sJ)KeJihiX HOHOB, BKJIJOqa.sJ npo6Jie
My CHHTe3a TpaHCypaHOBhiX 3JieMeHTOB, AO
DOJIHHTeJibHa.sJ npeMH.sJ - qneHy-KoppeCDOMAeHTY 
PAH IO.IJ,.OraHec.s~Hy. 

llPEMHH OHYH 

no HAYqHO-lfCCJIE.D:OBATEJibCKMM 
TEOPETlfqECKMM PABOT AM 

,4ee nepeble npe.Muu 
«HOBble pa6oThl DO TeOpHH OTHOCHTeJibHOCTH H 

ee npHMeHeHHIO». 
Asrop: H.A.qepHHKOB. 
«napaCT3THCTHKH qaCTH~ H napaKB3HTOB3HHe 

noJieH>>. 
ABTop: A.B.rosopKoB. 

no HAYqHO-lfCCJIE.D:OBATEJibCKMM 
3KCnEPMMEHT AJibHbiM PABOT AM 

II epeas~. npe.MUJI. 
«06Hapy)KeHHe H HCCJieAOBaHHe CBepxsoJ6y)K

AeHHhiX 3TOMOB B MeMeHHhiX CTOJIKHOBeHH.sJX BhiCQ
K03apMHbiX HOHOB C DOBepXHOCTbiO TBepAOro TeJia». 

AsTophl: E . .D: . .D:oHei, B.Bamep, B.f . .D:yAHHKOB, 
B.B . .D:yHHH, C.B.Kap-ramos, B.ll.Osc.sJHHHKOB, 
f.A.TyTHH. 

,4ee emopble npe.Muu 
«lfCCJieAOB3HHe npo~eCCOB o6pa30BaHH51 MIOOH

HhiX nap npH B33HMOAeHCTBHH DHOHOB C 3Heprue:H 
· 38 f3B c MPaMH yrJiepoAa Ha ycraHOBKe PMCK 

Olf.Silf». 
Asrophl: A.B.BaHHHKOB, 3.B.KpyMmTe:HH, 

B.lf.IIeTpyxHH, H.H.XoBaHCKHH, r.A.llieJIKOB, 
A.K . .D:)KaBpHmBHJIH, T .A.JioMTaA3e, .SI.B3M, 
K.nHmKa, n.3aBaAa. 

JlaypeaT npeM1111 11M. f .H .<l>neposa AOKTOp cPI1311KO-MaTe
MaTH'IeCK11X HayK B .B .BonKos 

«ilOHCK <<Dp51MhiX>> HeHTpHHO, JierKHX 6o30HOB 
XHrrca H T.sJ)KeJihiX HeHTPHHO B npoTOHHOM beam
dump 3KCnepHMeHTe Ha HeHTpHHHOM AeTeKTOpe 
lf<l>B3 - Olf.Silf». 

ABTophl: JI.C.Bapa6am, IO.A.BaTycos, C.A.By
H.sJTOB, B .IO.BaJiyes, M.IO.Ka3apHHOB, O.JI.KnH
MOB, B.B.JIIOKOB, IO.A.He<t>eAbeB, B.A.IIonos, 
B.lf.CH.sJTKOB. 

ITO HAY qHO-METO,nlfqECKMM 
If HAYq HO-TEXHlfqECKMM PABOT AM 

II epeaR npe.MUJI. 

<<CB TOHMAY~HpoBaHHblH Ape:H<P aToMOB KaK 
3KCnepHMeHTaJibHhiH MeTOA B pe30HaHCHOH JI33ep-
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Hoii: cneKTpocKonHH H paaAe.n:eHHH paAHoaKTHBHhiX 
H30TODOB». 

ABrophl: IO.II.raHrpcKuii:, q.rpaAe'lHhl, 
fLM.EpMOJiaeB, c.r.3eMJIJIHOH, II.3yaaaH, 
B.H.MapKOB, r.B.MhlmHHCKHH, .SI.CJioBaK, T . TeT
ran, A.M.IIIanamH. 

,l(ee emopble npeMuu 

«<l>OBOC - 4n-AeTeKrop MHOJKecTBeHHhiX npo
AYKTOB JJAepHhlx peaKIUiii: c TJJJKeJihiMH HoHaMH. 
Paapa6oTKa cuCTeMhl AeTeKropoB». 

ABrophl: M.AHApamu, B.Bamep, B.M.Bac&Ko, 
X.-r.OPTJienn, 10.3.IleHHOHJKKeBH'l, r.PeHU;, 
O.B.CTpeKaJIOBCKHii:, A.C.<l>oMH'leB, K.-X.Xep6ax, 
r.r. qy6apJJH. 

«IIIHpoKoanePTYPHhlii: DOJIJJpHMeTP AJIJJ u aMe
peHHJJ BeKTOpHOH DOJIJJpH33IUIH 'l3CTHIJ, BhiCOKOH 
3HepmH». 

ABrophl: 10. T .BopayHoB, JI.B.ronosaHos, 
11.A.ronyTBHH, A.B.3apy6uH, JI.C.3oJIHH, B.B.Ile
pe.n:hlmH, B.A.CBHPHAOB, Il.A.CMOJIHH, JI.H.CTpy
HOB, A.Il.l.I,BHHeB. 

IIO HAYqHQ-TEXHI1qECKI1M 
IIPI1KJIAilHbiM PABOT AM 

f18p6QSL npeMUR 

«Heii:TpoHOrpacPH'lecKHH TeKCTypHhiH 3HaJIH3 H 
33A3'lH reocPH3HKH». 
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ABrophl: K.Ban&Tep, H.H.I1caKoB, 
A.H.HHKHTHH, Il.I1.HHKonaes, :A.Xaii:HHTU., K.Yn
neMaii:ep. 

BmopQSl npeMUR 

«11CCJieAOB3HHe DpoU,eCCOB cPoPMHpoB3HHJI H 
XHMH'lecKOro TpaBJieHHJI TpeKOB B DOJIHDponHJieHe H 
pa3pa00TK3 TpeKOBhiX MeM6paH Ha OCHOBe 
nonunponHJieHa». 

ABrophl: B.A.AnThiHOB, Il.IO.Ane.n:&, JI.I1.Kpa
seu,, B.I1.KyaHeiJ,OB, o.r.Ope.n:OBH'l. 

11 oow,puml!.ll.&Hble npeMuu 

«11cCJieAOBaHue MY JI&THcPparMeHTau,uu npu 
saaHMOAeiiCTBHH pe.n:JJTHBHCTCKHX JJAep 4He c Au c 
DOMOIIJ,biO 4n-yCTaHOBKH <l>A3A». 

ABrophl: C.Il.ABAees, B.A.KapHayxos, B.Kap11, 
B.Il.KyaHeu,os, JI.A.IleTpoB, O.B.Bo'lKapes, 
E.A.Kya&MHH, JI.B.qynKos, r.B.SIH&Kos. 

«CHCTeMaTH'lecKOe HCCJieAOB3HHe Ha cP330TpoHe 
JISJ:IJ 0115111 rny6HH npoHHKHOBeHH51 M3rHHTHOro 
DOJI51 B BhiCOKOTeMnepaTypHhle CBepxnpoBOAHHKH 
!JSR-MeTOAOM». 

ABrophl: B.r.rpe6uHHHK, B.H.IlymHos, 
B.A.)I(yKoB, A.B.Jiaaapes, B.r.On&mescKuii:, 
B.IO.IlOM51KYWHH, C.H.IIIHJIOB. 

«AlfaJIHTH'leCKHe MeTOAhl B TeopHH JiaaepoB. 11c
DOJib30B3HHe JIC3 AJ151 C03A3HH51 cP0TOHHOro KOJI
Jiaii:Aepa». 

ABrophl: E.JI.CaJIAHH, B.II.CapaHu,es, 
E.A.IIIHeii:AMHJIJiep, M.B.IOpKOB. 



HAY~HO· 
MCCnEAOBATEnbCKME 
PA60Tbl, 
BblnOnHEHHbiE 
nA60PATOPMRMM OMRM 
B 1993 rOJJ.Y 

_,._..._0---



JIABOPATOPlfSI 
TEOPETlfqECKOll <I>M3MKM 
MM. H.H.BOrOJIIOBOBA 

B 1993 ro~y B Jia6opaTOpHH npoBo~HJIHCb KCCJie

~oBaHH51 B OOJiaCTH KBaHTOBOH TeOpHH nOJI51,, TeopHH 

:=meMeHTapHhiX 'laCTHIJ;, MaTeMaTH'IeCKOH <iJH3HKH, 

TeopHH aTOMHOro Mpa, MepHhiX peaKIJ;HH , pe

JI51THBHCTCKOH MepHOH <iJH3HKH, TeOpHH KOH

~eHCHpoBaHHhiX cpe~. IJpo~OJI)KaJIHCb pa60Thl no 

IIOJISI H qACTHU:bl 

B uccJie~oBaHH51X no ICBaH.moBou meopuu no.li.R u 
CU.M.MempUSI..M {jJyH.iJa.MeH.mtVI.bH.blX (J3QU.MO
iJeucm8UU aKu;eHT 6hiJI c~eJiaH Ha pa3BHTHe 

pa3JIH11HhiX HenepTyp6aTHBHhiX MeTO~OB, n pHJIO

X<eHHJ\. H o6o6~eHHH cynepcHMMeTpHH, KBaHTOBhiX 

rpynn, TeOpHH CTpyH. 

IIocTpoeHa HOBa51 a6eJieBa KaJIH6poB011Ha51 

TeOpH51, BKJIIO'IaiO~a51 aHTHCHMMeTpH11Hble TeH30p

Hble nOJI51 MaTepHH. IJpoH3Be~eHO KBaHTOBaHHe 

CBo6o~HbiX noJieH: 3Toro THna, H pacc'IHTaH bl pe

HOpMrpynnOBhle <iJyHKIJ;HH. 06HapyX<eHO, 'ITO none

pe'IHhle cBo6o~Hhle BOJIHhl o6Jia~aiOT HyJieBoH: 3Hep

rHeH:, a aKCHaJibHO-BeKTOpHOe a6eJieBO KaJIH6po

BO'IHOe B3aHMO~eHCTBHe HMeeT aCHMnTOTH qeCKH 

cBo6o,nHoe noBe~eHHe B o~HoneTJieBoM n pK6JIH

X<eHHH (1 ]. 

Pa3pa60TaH HOBhiH HenepTyp6aTHBHhiH !'feTO~ -
BapHaiJ;HOHHa51 TeOpH51 B03MyW,eHHH - B KBaHTOBOH 

TeopHH nOJI51 . .Il.JI51 CKaJI51pHhiX TeOpHH nOKa3aHO, 'ITO 

cy~ecTByeT TaKoH: cnoco6 nocTpoeHH51 Bapuau;uoH

Horo <iJyHKIJ;HOHaJia, KOTOphiH npHBO~HT K CXO.n51w,e

MYC51 PMY Teopuu B03My~eHHH npu mo6hlx 3Ha'le

HH51X KOHCTaHThl CB513H. Pa3BHT HenepTyp6aTHBHhiH 

MeTO~ peaJIH3aiJ;HH npou;e~yphl nepeHOpMHpoBKH, H 

Bbi'IHCJieHhl peHOpMrpynnOBble <iJyHKIJ;HH,, XOpoWO 

COrJiaCyiOW,HeC51 C H3BeCTHhiMH nepTyp6aTHBHhiMH 

paC'IeTaMH [2 ]. 

IJpe~JIOX<eHa MO.L{eJib TOnOJIOrH'IeCKOH r p aBH

TaiJ;HH B paMKax no~xo~a PuMaHa - KapTaHa n pa3-

MepHOCTH D = 2,4k. 11cCJie~oBaHhl KJiaccuqecKHe 

peweHH51 H KBaHTOBaHHe Mo,neJIH B D = 2. HaH:~eHo 

TO'IHOe o6~ee KJiaCCH'IeCKOe peweHHe THna q epHOH 

~blphl B ~ByMepHOH TeOpHH [3 ]. 

24 

C03,l:{aHHIO CeTH . nepcOHaJibHhiX KOMnbiOTepoB. 

B Ilpo6JieMHO-TeMaTH'IeclcuH: I1JiaH 0115111 3TH 

HCCJie~OBaHH51 BXO~HJIH B HanpaBJieHHe «TeOpeTH'Ie

CKa51 <Pu3HKa» B B~e ~Byx TeM. COTpy,nHHKH Jia6o

paTOpHH y'laCTBOBaJIH TaKX<e B pa6oTax no WeCTH 

TeMaM ~pyrHX HanpaBJieHHH. 

IlOKa3aHO, 'ITO KBaHTOBaHHe rpaBHTaiJ;HH B pe

~yu;HpoBaHHOM npocTpaHCTBe yCTpaH51eT HeO~H0-

3Ha'IHOCTb ~HpaKOBCKOro KBaHTOBaHH51 Hero <lJH3H-

11eCKOH HHTepnpeTau;uu. B 'laCTHOCTH, B KBaHTOBoH: 

KOCMOJIOrHH 3TOT nO~XO~ Be~eT K OnHcaHHIO 3BOJIIO

IJ;HH BceJieHHOH KaK KOJIJieKTHBHOro B036y)I(.L{eHH51 

MeTpHKH, r~e BpeMeHeM 3BOJIIOIJ;HH 51BJI51eTC51 

npOH3BO~Ha51 no 3HeprHH OT pe,nyu;HpoBaHHOro 

~eHCTBHSI [ 4 ]. 
l13y'leHhl CBOHCTBa 3<fxt>eKTHBHoro nOTeHu;uana 

B CKaJI51pHoH: TeopHH B npocTpaHCTBe ~e CuTTepa npu 

KoHe'IHoH: TeMnepaType. YCTaHoBJieHo, 'ITO cnoH

TaHHO HapyweHHa51 ~HCKpeTHa51 CHMMeTpH51 BOCCTa

HaBJIHBaeTC51 npu TeMnepaType XoKHHra, eCJIH 

KPHBH3Ha npocrpaHCTBa ~OCTaTO'IHO BeJIHKa. IloKa-

3aHo, 'ITO Ha nOBepXHOCTH 6u<iJypKaiJ;HH ropH30HTa 

n051BJI51IOTC51 ~OnOJIHHTeJibHhle paCXO~HMOCTH, 'ITO 

iipHBO~HT K 3aBHCHMOCTH KOH<l>opMHOH aHOMaJIHH OT 

TeMnepaTyphl [5 ]. 

B peJISITHBHCTCKOH Teopuu T51roTeHHSI c ~BYM51 

a<P<iJHHHhiMH CB513HOCT51MH TO'IHO peweHhl 3a~a'l.ij 0 

BHeWHeM rpaBHTaiJ;HOHHOM nOJie COCpe~OTO'IeHHOH 

MaCChi, 0 ~BHX<eHHH nepHreJIH51 I1JiaHeThl H OTKJIO

HeHHH Jiyqa CBeTa B 3TOM noJie [6 ]. 

.Il.oKa3aHa HeB03MOX<HOCTb HapyweHH51 <iJepMH

H 6o3e-CTaTHCTHK B paMKaX HeJIOKaJibHOH TeOpHH, 

paCCMaTpHBaeMOH KaK npe~eJI TeOpHH KOHe'IHhiX 

napa<iJepMH- HJIH napa003e-CTaTHCTHK npH CTpeM

JieHHH HX nOpMKOB K 6eCKOHe'IHOCTH [7 ]. 

Ha OCHOBe HeJIHHeHHhiX peaJIH3au;uH: W-anre6p 

H cynepanre6p nOCTpoeHhl HOBble HHTerpupyeMhle 

uepapxuu: uepapxH51 N = 2 cynepcHMMeTpH11HhiX 

ypaBHeHHH EyccuHecKa H N = 4 cynepuepapxHSI 



Cooell\aHHe uay<~HbiX pyKo-

BO/IHTeJieH TeMaTI1'1eCKI1X rpynn 

KoPTeaera - ~e Bpuca. 06HapyxeH H uccne~oaaH 
elll.e O~HH HOBhiH KRaCC cynepCHMMeTpHliHbiX HHTe

rpHpyeMhiX CHCTeM: N = 2 cyneppacmupeHH51 a¢

¢HHHhiX KOH¢QpMHhiX MO~eneH To~a [8 ]. 

B paMKax TBHCTOpHo-rapMOHHllecKoro no~xo~a 

o6HapyxeHo, liTO cynepcHMMeTpHliHhle caMo~ya.Jih
Hhle Teopuu HMeiOT CTPYKTYPY «MaTpemKH»: peme

HH51 ypaBHeHHH C 6onee BbiCOKOH cynepcHMMeTpHeH 

3a~aiOTC51 pemeHH51MH ypaBHeHHH C 6onee HH3KOH 

cyrrepCHMMeTpHeH H, B KOHeliHOM ClleTe, 061ll.HM 

aHa.JIHTHlleCKHM rapMOHHlleCKHM npenOTeHU.HaROM 

6o30HHOro ceKTopa. 3To Ha6niO~eHue ~aeT 3¢

¢eKTHBHhiH CIIOCOO IIOCTpOeHH51 51BHbiX pemeHHH cy

nepcHMMeTpHliHhiX CaMO~Ya.JihHbiX ypaBHeHHH (9 ). 
I1 pe~noxeHa TBHCToponopo6Hax cynepnoneaax 

¢opMynupoaKa cynepcTpyH THna II c reTe

poTHlleCKHMH (2,0)- H (4,0)-cynepCHMMeTpH51MH Ha 

MHpOBOM RHCTe. I1oKa3aHO ee KRaCCHlleCKOe COOT

BeTCTBHe 06hlliHOMy OIIHCaHHIO. J1HTepeCHOH 

OTRHliHTMhHOH OCOOeHHOCTbiO HOBOH ¢QpMyRHpDB

KH 51BR51eTC51 TO, liTO TBHCTOpHhle nepeMeHHhle 6epyT 

Ha ce6x ponh cyneprpaauTaU.HOHHoro MYRhTHnneTa 

Ha MHpOBOM RHCTe, TaK liTO He B03HHKaeT Heo6-

XO~HMOCTH B ero He3aBHCHMOM BBe~eHHH ( 10 ). 

l13ylleHhl reoMeTpHx cynepMHoroo6pa3HH c He

lleTHhiMH cKo6KaMH I1yaccoHa (aHTHCKo6KaMH) H ee 

rrpHRoxeHHx: a) K MeTo~y KBaHTOBaHH51 EaTa.JIHHa -

BHRKOBhiCKOro (EB); 6) K TOliHOMY BhlliHCReHHIO HH

Terpa.JIOB IIO IIYTXM; B) K IIOCTpoeHHIO cynepcHM

MeTpHliHhiX MexaHHK. BhlxcHeH reoMeTpHlleCKHH 

CMhiCR npou.e~yphl BB-KBaHTOBaHH51 [ 11 ]. 

J1HTepeCHhle pe3yRhTaThl IIORylleHhl IIpH HCCRe

~OBaHHH HOBhiX KBaHTOBhiX CHMMeTpHH. Pa3pa6oTaH 

CHCTeMaTHlleCKHH MeTO~ IIOCTpoeHH51 anre6p 

HHBapHaHTHhiX BeKTOpHbiX IIOReH H ~H<txt>e

peHU.Ha.JibHhiX ¢opM Ha MaTpHliHhiX KBaHTOBbiX 

rpyrrnax [ 12 ]. Ha ocHoBe :noro MeTo~a rrpoae~eHa 

KJiaCCHqll1KaU.H51 BCeX B03MOXHbiX BHeiDHHX a.Jire6p 

HHBapHaHTHbiX ¢opM ~R51 KBaHTOBOH rpynnhl 

GL (N) [ 13 ]. l1pe~noxeH H anpo6upoaaH MeTO~ q 

nocTpoeHH51 KBa3HTpeyronhHhiX a.Jire6p Xon¢a 

(KBaHTOBbiX rpynn) THIIa <<KBaHTOBbiH ~y6Rh>>, HCX0-

~51 H3 M TPHliHhiX pemeHHH ypaaHeHH51 .51Hra -

EaKCTepa . Ha~eH HOBhiH HecTa~apTHhiH npuMep 

KBaHTOB 8 rpynnhl, xanxiO~HHC51 pemeHHeM 3a~aliH 

KBaHTOBaHH51 a.Jire6pbi JlH B~a (h,X) = 2x ( 14 ). 

1-hy eHbl naparpaccMaHOBhl a.Jire6phl KaK ecTe

CTBeHHhle o6o6~eHH51 rpaCCMaHOBhiX anre6p. 

I1puae~eHa o61ll.a51 KOHCTPYKU.H51 naparpaccMaHOBhiX 

a.Jire6p OT N nepeMeHHhiX ~nx npoH3BORhHoro N 
(15 ). I1oKa3aHO, liTO npH 3HalleHH51X IIOKa3aTeR51 

HHRhiiOTeHTHOCTH p + 1 = 3, 4, 6 3TH a.Jire6pb1 IIOliTH 

CTORh x e npoCThl, KaK o6biliHax anre6pa rpaccMaHa 

(r~e p + 1 = 2). I1ocTpoeH TaKxe o6~HH a.JiropHTM 

nonylleHH51 a.Jire6p c npOH3BORhHhiMH p H N. I1oKa-

3aHo, O~HaKO, liTO 3TOT a.JiropHTM He HCllepiibiBaeT 

BCeX B03MOXHhiX a.Jire6p, H npHBe~eH npHMep npo

CTeHmeH «HCKRIOliHTeRhHOH» a.Jire6phl npH p = 4, 

N = 4. P accMaTpuaaeMhle naparpaccMaHOBhl anre6-

phl C ycn eXOM HCIIORb3YIOTC51 ~R51 IIOCTpOeHH51 6ec

KOHeliHOMepHhiX npe~CTaBReHHH KOBapHaHTHbiX 

KBaHTOBhiX a.Jire6p C qn = 1 , a TaKxe ~R51 IIOCTpO

eHH51 n aparpaccMaHOBhiX pacmupeHHH anre6pb1 

Bupacopo [16 ]. 

ll,a.JibHeHmee pa3BHTHe nonyliHRH KJiaCCHllecKax 

H KBaHTOBax Teopuu penxTHBHCTCKOH CTPYHhl c Mac

caMH Ha KoHu.ax. Ha~eHhl HOBble pemeHH51 ~HHaMH

lleCKHX )'paBHeHHH ~BHXeHH51 ~R51 KBapKOB, CB513aH

HhiX CTPYHOH, a TepMHHax reoMeTpHlleCKHX HHBa

puaHTOB HX MHpOBbiX TpaeKTOpHH (KpHBH3H H 

KpylleHHH). 3HaHHe 3THX xapaKTepHCTHK II03BOR51eT 

IIORHOCTbiO BOCCTaHOBHTh MHpOByiO IIOBepXHOCTb 

CTPYHhl c MaccaMH Ha KOHu.ax [17 ]. Pa3BHT HOBhiH 

IIO~XO~ K HCCRe~OBaHHIO KJiaCCHlleCKOH ~HHaMHKH 
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peJISITHBHCTCKOH CTPYHhl c xeCTKOCTbJO [18 ]. l1c CJie

~osaJiaCb npoii,e~ypa KBa~pHpoBaHHSI nepBH'IHhiX 

CBSI3eH B o6o6IIJ,eHHOH raMHJibTOHOBOH ,Z:{HHaMHKe 

Ll,upaKa, OllHChiBaJOIIJ,eH CHCTeMhl CO CBSI3SIMH ( 19 ]. 
3TOT !l>opMaJIH3M mHpoKO HCll0Jib3YeTCSI npH HCCJie

~OBaHHH scex crpyHHhiX MO~eJieH. Ha KOHKpeTHOM 

npuMepe peJISITHBHCTCKOH 'laCTHIJ,hl c KPHBH3HOH H 

Kpyt~eHHeM noKa3aHO, 'ITO B OOWeM CJiy'lae KBa,npH

poBaHHe nepBH'IHhiX CBSI3eH MOJKeT npHBO~HTb K He

BepHOMY pe3yJibTaTy. 

C!l>opMyJiuposaH MeTo~ OCIJ,HJIJISITOpuoro npe~
CTaBJieHHSI (OR), OCHOBaHHhiH Ha ~ee OObe,Z:{HHeHHSI 

MeTo~a KaHOHH'IeCKHX npeo6pa30BaHHH C peHOpM

rpynnoH. B paMKax :rroro MeTo.na npose~euo HCCJie

~osaHHe CTPYKTYPhl Q>a30BhiX nepexo.nos no KOH

CTaHTe CBSI3H H TeMnepaType H CllOHTaHHOMY Hapy

meHHJO CHMMeTpHH B MO,Z:{eJISIX KBaHTOBOH TeOpHH 

noJISI s~a ¢d u (¢ 2)~ s CJiy'lae O(N)-cHMMeTp HH s 

npoCTpaucTsax D = 2,3,4. OR-MeTo~ npuMeHeH B 

KBaHTOBOH MeXaHHKe ~JISI Bhi'IHCJieHHSI cneKTpoB B 

KYJIOHOBCKHX TpexTeJibHhiX 3a~aqax [20 ]. OR-Me
TO~OM Bhi'IHCJieHa :meprHSI nOJISlpoHa B npocrpa HCT

Be pa3MepHocTH D npu npoH3BOJibHhiX KOHCTaHTax 

CBSI3H [21 ). 
B HCCJie~osaHHSIX no ¢u3uKe ~tacmu~ OOJibwoe 

BHHMaHHe y.neJISIJIOCb H3y'leHHJO CnHHOBhiX SIBJie HHH 

npu BhiCOKHX 3HeprnS1x. B KXLI,-Mo~eJIH ua OOJibiiiHX 

paCCTOSIHHSIX noKa3aHO, 'ITO 3Qxl>eKThl KBapK0 80rQ . 
MOpSI 8 aMnJIHTy~e C nepeBOpoTOM CnHHa KBapK-

QJoTOHHOro pacceSIHHSI npH nepe~aHHhiX HMnyJibCaX 

I tl - 0,3 f3B
2 

MOryT ~OCTHraTb 30-40% OT 8 KJia

~a ~HarpaMM C ~8yXrJIJOOHHhiM OOMeHOM, a JieCT

HH'IHhle rJIJOOHHhle rpaQJhl 8aJKHhl npu I tl - 1 f 3B
2

. 

B non o6JiaCTH nepe.naHHhiX HMnyJibC08 aMnJIHTY~hl 
C nepe80poTOM H 6e3 nepeBOpoTa CnHHa OKa3hl8a JOT

CSI OLIHOro nOpSIL(Ka (22 ]. 
ITpu8e.neuhl apryMeHThl 8 nOJib3Y Toro, 'ITO auo

MaJIHH, Ha6JIJO~aeMhle 80 83aHMO~eHCT8HH nOJIS1pH-

308aHHhiX 'laCTHIJ, npH 8hiCOKHX 3HeprHSIX, Sl8JISIJOT

CSI npoS18JieHHeM CJIOJKHOH CTpyKTyphl 8aKy yMa 

KXLI,; noKa3aHo, 'ITO cneu:uQ>uqecKaSI crpy~nypa 

83aHMO~eHCT8HSI QJepMHOHHhiX HyJie8hiX MO~ 8 n oJie 

HHCTaHTOHa n0380JISleT O~H08peMeHHO OObSICHHTb 

HapyweHHSI napTOHHhiX npa8HJI CYMM 3JIJIHCa -

Ll,xaiPQ>e H foTTQ>p~a, Ha6JIJO~aeMhle 8 3KCnepH

MeHTaX EMC H SMC [23 ). 
BaxHhiH nporpecc 61>111 ,nocTnmyT 8 noHHMa HHH 

co8MeCTHMOCTH ~aHHhiX EMC c npa8HJIOM c yMM 

fepacHM08a - LI,pe1111a - XupHa. IToKa3aHo [24 ], 
'ITO pe3KOe H3MeHeHHe 3HaKa 8 npa8HJie CYMM o6yc

JI08JieHO 8KJia~oM ynpyroro ep-pacceSIHHSI. ITpo~oJI

JKaJIOCb HCCJie~o8auue 8KJia~a CTPYKTYPHOH QJYHK

U:HH G
2 

8 rJiy6oKoueynpyroe pacceSIHHe ua npo.noJib-

HO-nOJIS1pH308aHHOH MHWeHH. Y CTaH08JieHO, 'ITO 

HMeHHO C HeH C8113aH MarHHTHhiH !l>opMQJa.<TOp 

!l>oTOpO~eHHSI L\ ( 1232) , OT8eTCT8eHHhiH 3a CMeHy 

3HaKa nep8oro MOMeHTa CTPYKTYPHOH QJYHKU:HH 
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npoToHa g
1
• Bhi'IHCJieHhl noJISlpH308aHHhle cTpyK

Typuhle QJYHKU:HH ueynpyroro pacceSIHHSI ua Mac

CH8HOM QJepMHOHe B nep80M nopMKe TeOpHH 803My-

IIJ,eHHH. J.1cCJie~08aHa Q2
-380JIJOU:HSI pacmupeHHhiX 

npaBHJI cyMM BypKapTa - KOTTHHreMa H repacH

M08a- Ll,peJIJia- Xupua. 

Co8MecrHo c KoJIJia6opau:ueu LI.EJI<l>l1 npo

~oJIJKHJIHCb noHCKH cnupaJibHOH CTPYKTYPhl a~poH

HhiX CTpyH, C8~eTeJibCTBYJOIIJ,eH 0 nOJIS1pH3aU:HH 

po~HTeJibCKHX KsapKoB (T.H. handedness). Pa3pa6o

TauuaSI He~aBHO MO~eJib ~JISI TeOpeTH'IeCKOH OIJ,eHKH 

BeJIH'IHHhl aHaJIH3HpyJOIIJ,eH CnOCOOHOCTH nOKa3bl-

8aeT, 'ITO 3TO 8eJIH'IHHa nOpMKa 10% (25 ]. 
3Ha'IHTeJibHhiH nporpecc ~OCTHrHYT 8 HCCJie~o-

8aHHH o~HHO'IHhiX acHMMeTpuu 8 KXLI., ocH08a KO

TOphlx 6h1Jla 3aJIOJKeHa 8 paHHHX pa60TaX. 3aKOH'Ie

Hhl H ony6JIHK08aHhl paC'IeTbl Jie80-npa8biX 

aCHMMeTpHH QJoTOH08 H a,npoHHbiX crpyu Ha none

pe'IHO-nOJIS1pH30BaHHOH MHIDeHH (26 ]. IloKa3aHO, 

'ITO nOCJie~HSISI HMeeT PM npenMyiiJ,eCT8 B o6JiaCTH 

MaJihlx 6hiCTpoT. Pe3yJibTaThl ucnOJib308aHhl 8 npe~

JioxeHHH RHIC Spin Collaboration. 

Ll,aJibHenmee pa3BHTHe noJiy'IHJIH pa60Thl no 

npHJIOJKeHHSIM npa8HJI CyMM.KXLl, C HeJIOKaJibHbiMH 

8aKyyMHhiMH Kou.neucaTaMH. B 'laCTHOCTH, Ha'laTo 

H3y'leuue !l>oPMQJaKTopa Fy•y• ... 1Co npu MaJIOH 

8HpTYaJibHOCTH o~uoro H3 QJOTOHOB [27 ,28 ]. Ha 

OCH08e ypaBHeHHSI peHOpMrpynnhl ~JISI BHJibCO

H08CKHX neTeJib noJiy'leHa acuMnTOTHKa Mpa 3BO

JIJOU:HH JlunaT08a - AJlbTepeJIJIH - flapH3H npH 

x .... 1, cnpase,nJIHBaSI so scex nopMKax Teopuu 803-

MyiiJ,eHHH (29 ]. IJpe~JIOJKeH MeTO~ CYMMHpoBaHHSI 

OOJibWHX nonpasoK K ce'leHHJO a,npoH-a~poHHoro 
paCCeSIHHSI, ooyCJIOBJieHHhiX BKJia~OM MSlrKHX rJIJOO

HOB. IlOKa3aHO, 'ITO aCHMllTOTHKa ynpyroro KBapK

K8apK080ro pacCeSIHHSI npH BhiCOKHX 3HeprHSIX H 

QJHKCHpoBaHHOH nepe~aqe HMnyJibCa onpe~eJISleTCSI 

8KJia~OM MSlrKHX rJIIOOH08. Cl>aKTOpH3aU:HSI 3THX 

8KJI~08 H HX 8bi'IHCJieHHe npH80~SIT K pe~JKHe8CKO

MY nose~eHHJO aMnJIHTY~hl [30 ]. 
B paMKax MHHHMaJibHOro cynepcHMMeTpH'IHOro 

o6o6IIJ,eHHSI CTau.napTHOH MO~eJIH (MCCM) H Teo

puu BeJIHKoro o6be~HHeHHSI npo8e~eHhl caMocorJia

C08aHHhiH peHOpMrpynn080H aHaJIH3 npe~CKa3aHHH 

TeOpHH H HX cpa8HeHHe C nOCJie~HHMH 3KCnepH

MeHTaJibHhiMH ~aHHhiMH. IloKa3aHo, 'ITO MCCM 

HaXO~HTCSI B y~08JieT80pHTeJibHOM COrJiaCHH CO 

8CeMH ~aHHhiMH, H noJiy'leHhl OrpaHH'IeHHSI Ha napa

MeTphl HapymeHHSI cynepcHMMeTpHH. IJpe~CKa3aHhl 

Macchi cynepnapTuepo8 OOhi'IHhiX 'laCTHU:, a TaKxe 

Macchi noJien Xurrca. Bee Macchi Haxo~SITCSI 8 HHTep-

8aJie ~o 1 T3B, a Jier'laHmHe qacTHU:hl, BKJIJO'IaSI 

XHrrcOBCKHH 0030H, OKa3hl8aJOTCSI ~OCTynHhiMH 

Ha6JIJO~eHHJO Ha yCKOpHTeJISIX 6JIHJKaHIIIero 6y~y
mero [31 ]. 

Ha ocuo8e TO'IHOro peweHHSI MaCCHBHhiX ypas

HeHHH peHOpMrpynnhl 8 K8aHT080H XpOMOLIHHaMHKe 
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npoH3Be~eu aKKypaTHhiH YlleT noporos po~eHHSI 

TSI::>KeJihiX KBapKOB B 3BOJIIOD;HH crpyKTypuhix <t>yuK

U:HH ::>KeCTKHX npou;eCCOB. lloKa3aHO, liTO CTaMapT

HbiH nO~XOA, OCHOBaHHhiH Ha 3<l><i>eKTHBHOM tJHCJie 

KBapKOBhiX apoMaTOB B noporoBOH o6JiaCTH, npH

BO~HT K 3aMeTHOH norpemHOCTH B 3BOJIIOU:HH 

3<t><i>eKTHBHOH KOHCTaHTbl CBS13H Ha O~H9neTJieBOM 

yposue [32 ]. llpoaHaJIH3Hposaua poJib noporoshlx 

3<t><i>eKTOB npH ~ByxneTJieBOH 3BOJIIOU:HH CHJibHOH 

KOHCTaHThi CBSI3H Ha MaCmTa6ax OT HeCKOJibKHX r3B 

~o Macchi M z· B 3TOH CBSI3H paccMaTpHsaeTCSI cooT-

BeTCTBHe COBpeMeHHhiX 3KCnepHMeHTaJibHbiX ~aH

HbiX no a s(M z) mnoTe3e cylll;eCTBOBaHHSI JierKoro 

rJIIOHHO [33 ). 

B cTaMapTuoH: TeopHH 3JieKTpoCJia6hix B3aHMO

~eH:cTBHH BhiDOJIHeH PM paclleTOB ~JISI 3KcnepHMeH

TOB ua ycKopHTeJISIX LEP-1, LEP-2 H HERA 

[34,35 ]. Co3~auuaSJ pauee nporpaMMa TERAD c yc

nexoM npHMeHSJeTCSI npH auaJIH3e nepBhiX 3Kcne

pHMeHTaJibHbiX ~aHHhiX, llOJiylleHHhiX C ~eTeKTOpoB 

ycKopHTeJISI HERA. llpe~JIO::>Keu HOBhiH Mero~ s~e

JieHHSI KaJIH6poBOliHO-HHBapHaHTHOro BKJia~a AHa

rpaMM TOpM03HOro H3JiylleHHSI H3 HallaJibHOro CO-

CTOSIHHSI B celleHHe npou:eccos e + e- _. w+ w-, ZZ, 
ZH. 06uapy::>Keu 3<t><l>eKT 3KpauHposaHHSI 3Toro 

BKJIMa npH BbiCOKHX 3HepmSIX, o6ecneliHBaiOIIl;HH 

npaBHJibHOe yuHTapuoe nose~eHHe celleHHSI c ylle

TOM pa~HaU:HOHHhiX nonpaBOK [36 ). 

CosMeCTHO c TeopeTHKaMH H3 TypHua H3ylla

JiaCb npo6JieMa COJIHeliHhiX HeHTpHHO. llOKa3aHO, 

liTO 6e3 KaKHX-JIH6o MO~eJibHhiX npe~DOJIO::>KeHHH H3 

6y~ylll;HX OllhiTOB no pemCTpau;HH HeHTpHHO OT 

CoJiuu:a MO::>KHO 6y~eT onpe~eJIHTb sepOSITHOCTb 

Bbi::>KHBaHHSI V H nOTOK HeHTpHHO OT pacna~a 8B, T.e. 
e 

npo6JieMbl CMemHBaHHSI HeHTpHHO H npo6JieMhl, CBSI-

3aHHhie c CoJIHU:eM, MO::>KHO pa3~eJIHTb. llpe~JIO::>Ke-

Hhl MeTO~hi npoBepKH Cylll;eCTBOBaHHSI CTHpHJibHhiX 

HeHTpHHO [37 ). 

BoJibruoH: U:HKJI HCCJie~oBaHHH BhinoJiueu B pe
.!LJlmuBucmC/I:oii. meopuu cBx3aHHbLX cocmoxHurl u 
pe30HaHC08 C npHJIO::>KeHHSIMH B CneKTpOCKOllHH a~

pOHOB. 

B peJISITHBHCTCKOH KBapKosoH: MO~eJIH c ylleTOM 

KOH<t>aHH eHTa Jiei'KHX KBapKOB ~aHO OllHCaHHe DO

JiyJieDTOHHhiX paCDMOB TSI::>KeJihiX Me30HOB H 6a

pHOHOB B npe~eJie 6eCKOHeliHbiX MaCC KBapKOB (npe

~eJI lbrypa - BaH:3e) . BhiliHCJieHhi a~pouittle 

<t>opM<l>aKTOphi, onHChiBaiOm;He nepexo~hi b _. c, 
b _. U, C _. S, C _. d, illHpHHhi pacna~OB H ~H<t><t>e

peHU:HaJib hie pacnpe~eJieHHSI. lbylleHhl cJie~CTBHSI 

CHMMeTpHH Jf3rypa - BaH:3e B MHpe TSI::>KeJibiX KBap

KOB. HcCJie~osaua 3aBHCHMOCTb <t>opM<l>aKTopos OT 

3HepmH CBSI3H, a TaK::>Ke BhlliHCJieHhl 1/ MQ-nO-

npaBKH [ 3 8 ). 

HuTep ecuhie pe3yJibTaThi noJiylleHhi B MO~eJISIX 

THna HaM6y- :A:oua-Jia3HHHO, B llaCTHOCTH BhiliHC-

JieHhi pac a~Hhie xapaKTepHCTHKH D- H n• -Me30-

HOB, o6uapy::>KeHa CTa6HJIH3HpyiOIIl;aSI poJib rJIIOOH

HOro KOH~eHCaTa npH H3MeHeHHSIX TeMnepaTyphl, 

~aHa HOBa SI HHTepnpeTaiJ:HSI HeKOTOphiX CKaJISipHbiX 

COCTOSIHHH [39 ). 

lloJiy eHhl HeJIOKaJibHble ypaBHeHHSI CllOHTaH

HOro uapyrneHHSI KHpaJibHOH CHMMeTpHH npH KOHeli

HOH TeMnepaType H 6apHOHHOH DJIOTHOCTH, H HCCJie

~OBaHhi HX npH6JIH::>KeHHhie pemeHHSI [ 40 ). 

llpe;~tJIO::>Keua Jiarpau::>Kesa <t>opMyJIHposKa o6o6-

IIl;euuoH: MO~eJIH HaM6y - :A:oua-Jia3HHHO c cena

pa6eJibHhiM B3aHMo~eH:CTBHeM. Mo~eJib xopomo soc

npoH3BO~HT OCHOBHhie napaMeTphi HH3K03Hep

reTHlleCK H: <l>H3HKH nHoua H uyKJioua: CJia6yiO 

KOHCTaHTY llHOHa /:rc, KOHCTaHTY pacna~a :n; _. yy, 

3JieKTpOMa rHHTHbiH pa~HYC r :rc' <t>opM<i>aKTOp llHO-
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Ha F/Ql) H KOHCTaHT)' nHOH-HYKJIOHHOro B3aHMQ

~CHCTBH.SI G1CNN [41 ]. 

PaccMOTpeH.bl B03MO.li::H.ble npmrsJieHH.H 3K30-

THllecKHx 6-KBapKOB.blX pC30HaHCOB B npol(eccaX 

TOPM03Horo H3JIYllCHH.H <txnoaos ayKJioHaMH. Ha 

3TOH OCHOBC npe~O.li::CH.bl HOB.blC CDocOO.bl ::JKCne

pHMCHTaJibHOro nOHCKa ~6apHOHH.blX pe30HaHCOB B 

pea~xpp ... ppy(2y) [42 ]. 3KcnepHMCHT y Ka3aH

aoro THDa npHH.SIT K nOCT3HOBKC Ha ¢alOTpoHC 

JI.siTI 0115111. COOTBeTCTByro~nee n~o.:.::eHHe o 

npose~eHHH COBMecTHoro 3KcnepHMeHTa aanpaBJie

HO T3K.li::C B nporpaMMH.blH KOMHTeT JIA MTI<l> 

(CiliA). 

B ~aaMHllecKoii: Mo~ena saaHMo~eiiCTBH.sr cm
poaos 6.blJIH nOJJylleH.bl npeAcKaaaHH.sr AJI.fl nose

~eHH.sr H3KJIOHa H ~pymx napaMeTpoB ~H4xi>e
peHL(HaJibH.blX CCllCHHH, KOTOp.ble COnOCTaBJICH.bl C 

nOCJI~HHMH ~aHH.blMH KOJIJiaOOpal(HH UA4 /2 s 

o6JiaCTH MaJI.blX nepe~aq HMnyJibCa H 3Hepm H s 

C.L(.M., paBHOH 541 f3B. TJnaTeJibH.blH 3HaJIH3 HOB.blX 

~aHH.blX KOJJJia6opal(HH U A4/2 noKa3.blBaeT, 'ITO OHH 

~aiOT cyJneCTBeHHO 6o.n&myro BeJIH'lHHY 

p = Re T(s,t)/lm (s, t), ae npoTHBOpe'la~nyro npe

~~ ~aHH.blM KOJIJiaOOpal(HH UA4. 11Mc iOTC.sr 

OnpeAeJieHH.ble OCHOBaHH.fl nOJJal'aTb, 'lTO 3TOT 3KC

nepHMeHT sneps.ble o6aapy.:.::asaeT B03Mo.:.::aoe cy

InecTBqBaHHe aMDJIHT)'~ c nepesoporoM cnaa a npH 

CBepXB.blCOKHX 3HeprH51X H B o6JiaCTH MaJI.blX n epe

~aq HMfiYJibCa [43 ]. 

Ha ocaose MHOroKaHan&Horo ¢a30soro aHaJIH3a 

ynpyroro pp-paCCC.SIHHSI H nepeaap~KH (pp _. nn) C 

yqCTOM S-, p- H d-BOJIH ~eJiaH B.blBO~ 0 CYW.eCTBO

BaHHH KB33H~CpHOro CBSI33HHOro COCTO.fiHHSI C Ma

JIOH 3Hepmeif CB.SI3H [ 44 ). TipeAJIO:liCCH CnOCOO 

OL(CHKH 3HCpi'HH C8j(3H KBa3H~CpHOro COCTO.fiHHSI Ha 

OCHOBC aHaJIHTH'lecKOH MO~eJIH aMDJIHTY~.bl paCCC.SI

HH.fl snepeA. 

B p~e pa6oT paccMOTpeH.bl TpexqaCTH'lH.ble 

CHCTCM.bl c KynoaoscKHM s3aHMo~eiiCTBHCM. Pa3pa-

6oTaHR.ble paaee MCTO~.bl npHMCHCH.bl K ODHcaHHIO 

HOB.blX 3K30THllecKHX TpCXllaCTHllH.blX CHCTCM -

3HTHDpoTOHH.blX MOJICKYJI.HpH.blX HOHOB [45 ). Tipe~
JIO.li::CH aos.blii no~xo~ K npo6JieMe KBa3anepece

qeaaif ~a6aTH'lecKHX nOTCHL(HaJibH.blX KpHB.blX: 

Ha npHMepe MC30MOJICKYJI.b1 df# noKa3aHO, llTO 

OCTp.ble nHKH B MaTpH'lH.blX 3JICMCHT3X a,AHa6a

TH'lecKHX nonpaBOK MOryT 6.blTb caMOCOrJiaCOBaHHO 

y6paH.bl TO'lH.blM OpTOroHaJibH.blM npeOOpa30BaHHCM 

[46 ). Tipo~OJI.li::CH.bl HCCJIC~OBaHH.SI MC.:.::6a3HCH.blX 

pa3JIO.li::CHHH B TOllHO pemaCM.blX 3a,AallaX KBaHTOBOH 

MCX3HHKH [47 ). 

Pe3yJI&TaT.bl npe~CTasneaa.blx B.blme pa6oT ~o
KJI~sanac& 83 MHOrollHCJICHH.blX KOHlPCPCHL(H.HX, 

COBCJnaHH51X, WKOJI3X, B TOM llHCJIC Ha Esponeii

CKOH Koa<PepeHL(HH no lPH3HKe B.blCOKHX 3Hepmii 

(Mapcen&, Cl>paHL(H"), Me~yaapo~HOM ·CHM

no3HyMe no JICnTOHH.blM H <lxn'oHH.blM B33HMO

~CHCTBHSIM (11TaKa, CiliA), 3 BameposcKOM CHM

no3HyMe (0Kc<Pop~. BenaKo6pHTaHH.H) [6,12,17, 

24-26,31,44 ]. 

TEOPH.sl ATOMHOrO AAPA, AAEPHbiX PEAKI(HR 
H PEJISITHBHCTCKA.sl AAEPHA.sl CJ)H3HKA 

11HTCHCHBH.blC HCCJIC~OBaHH.fl npo~OJJ.ll::aJIHCb B 

o6JiaCTH meopuu cmpyJCmypbl stOpa. Y~anoc& 

o6J..srCHHTb H3MIO~aeMoe 3KCnCpHMeHTaJibHO no~aB

JieHHe OCL(HJIJI51L(HH aap~OB.blX nepexo~HhiX DJIOT

HOCTeii: BO BHyTpeHHeii o6JiaCTH ~ep, n OCTpoHB 

npHMH.li::CHHe, B KOTOpoM KOppeJI.fll(HOHH.ble 34xi>eK

T.bl B OCHOBHOM COCTO.fiHHH ~pa Y1lHT.blBaiOTC51 6o.nee 

nOCJIC~OB3TeJibHO, 'lCM B T~HL(HOHHOM npH-

6JIH.li::CHHH CJiyqaii:aoii: ¢a3.bl [ 48 ]. B paMKax 

KBa3H1laCTHllHO-ctx>HOHHOH MO~eJIH ~pa OnHcaH.bl 

3KCnepHMCHTaJibH.blC ~aHH.blC 0 BCpo51THocTSIX 3JICK

TpoMai'HHTH.blX nepexo~os s 
168

Er H 
162

Dy [49 ] . Co

BMCCTHo c lPH3HKaMH H3 TexHH'lecKoro yaHsepcHTe

Ta s .D:apMmTa,ATe HCCJI~osaaa CTPYKTypa n poMe

.ll::yTOllH.blX COCTO.fiHHH npH <lxn'oso36y~CHHH 

H30MCpH.blX ypoBHCH B p~e ClPePH'lecKHX ~ep [50). 

Tipo~CMOHCTpHpoBaHO CHJibHOC BJIH.fiHHC mraHTCKO

ro yrnosoro pe3oHaHca aa 3JICKTpoMai'HHTH.ble xa-
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paKTCpHCTHKH HH3KOJIC.ll::aJnHX COCTO.SIHHH ~C-

<PopMHpoBaHH.blX ~ep [51). 

B cosMCCTH.blX c cOTpy~HHKaMH 11HCTHTyTa 

~epaoif lPH3HKH Ken&acKoro yHHBepcHTeTa pa6o

Tax npeAJIO.li::CHO HOBOC o6J..HCHCHHC 3<P<PCKTa pac

m,eDJICHH.fl no lleTHOCTH BpaJnaTCJibH.blX nOJIOC MOJIC

KYJI51pHOro THna s ~pax o6naCTH Ra H Th. TioKa3a

HO, llTO 3TO .SIBJICHHC CB.H3aHO C 3<P<PCKTOM 

TYHHCJIHposaHHsr qepe3 6ap&ep acHMMeTpHllHOH 

nosepXHOCTH H CC 3epKaJibHOro 0Tp3.li::CHH.SI [52). 

C<PopMy JIHposaa Mo~CJI&Ho-He3aBHCHM.blH MCTO~ 

H3BJIC'lCHH.SI HH<PopMal(HH 0 (K2) H3 3CKnCpHMCH

TaJibH.blX ~aHH.blx no seposrTHOCT.HM E2-nepexo~os s 

HC'leTH.blX ~pax C CHJibH.blM KOpHOJIHCOB.blM B3aHMO

~CHCTBHCM. Y~anoc& onacaTi> csoiiCTsa MYJibTHDJie

Ta «KBa,ApynOJibH.blH <PoHOH ® OKTynOJibH.blH <PoHOH 

® 1laCTHL(3•, HC~3BHO HCCJIC~OB3HHOro 3KCnepHMCH

TaTOpaMH 11HCTHTyTa ~epaoif lPH3HKH KCJI&HCKoro 

yHHsepcHTeTa [53]. 



IJpe~JIOJKeH HOBhiH llO~XO~ K npo6JieMe COOTHO

meHH51 peryJI51pHhiX H XaOTHqecKHX qePT ~HHaMHKH 

Mpa. TpMHD;HOHHO o~HHM H3 rJiaBHhiX KPHTepHeB 

xaOTH'IHOCTH llOBe~eHH51 KBaHTOBOH CHCTeMhl (H 

MPa B TOM 'IHCJie) C'IHTaeTC51 qx,pMa pacnpe~eJieHH51 
paCCT051HHH Me~y 6JIHJKaHmHMH ypOBH51MH B ~ep
HOM cneKTpe. AHaJIH3 :rroro sonpoca c TO'IKH 3peHH51 

HepapXHH KOMllOHeHT ~epHhiX BOJIHOBhiX lPYHKD;HH 

no HX CJIOJKHOCTH llOKa3aJI H3BeCTHYIO orpaHHqeH

HOCTb TaKOro KpHTepH51 [54]. 

IlpoBe~eHhl ~eTaJibHhle paC'IeThl Bepo51THOCTeH 

6eTa-nepexo~OB THna raMOBa - TeJIJiepa B c¢e

pH'IeCKHX HeHTpoHHO-H36biTOqHhiX ~pax, llOKa3aB

mHe BhiCOKYIO Ha~eJKHOCTb TeopeTHqeCKHX npe~CKa-

3aHHH [55]. 

JilccJie~oBaHhl CBOHCTBa mnoTeTHqecKHX 

TOpo~HhiX ~HllOJibHhiX B036y~eHHH [56], cyiD;eCT

BOBaHHe KOTOphiX CB5~3aHO C ynpyroCTbiO ~pa 

OTHOCHTeJibHO Kpyt~eHH51. 3TO CBOHCTBO ~epuoro 

Belll;eCTBa OTCyTCTByeT B mHpoKO H3BeCTHOH MO~eJIH 

JK~KOH KanJIH H 6hiJIO yt~TeHO B paMKax TaK Ha3hi

BaeMOH ~epHOH lPJIY~-~HHaMHKH. 

B pe3yJihTaTe H3yt~eHH51 MexaHH3MOB npou;ecca 

rrpHJIHnaHH51 A-mnepoua K OCKOJIKaM ~eJieHH51 

rnnep~pa 238U H paC'IeTa K03<jxpHD;HeHTOB npH

JIHnaHH51 Onpe~eJieHhl yCJIOBH51, npH KOTOphiX C 

IIOMOIIl;biO yKa3aHHOro npou;ecca MOJKHO llOJiyqHTb 

HOBYIO HHcPopMaD;HIO o ~HHaMHKe ~epuoro ~eJie
HH51 [57]. 

IloJiyt~eHhl HOBble pe3yJihTaThl B meopuu stiJpo

stiJepHblX e3auM.oiJeficmeufi. BHxpesoe ~BHJKeHHe B 

MepHhiX CHCTeMaX npoaHaJIH3HpoBaHO 6e3 HCllOJib-

30BaHH51 OOhi'IHhlx npH6JIHJKeHHH o MaJIOCTH 

aMnJIHTY~hl B036y~eHH51 HJIH npe~IIOJIOJKeHHH 0 

¢opMe nosepxHOCTH. OcuoBHhle ypasueHH51 ~~51 
OIIHCaHH51 HeJIHHeHHOro ~epuoro BHXp51 llOJiy'leHhl 

B paMKaX ~epHOH ~po~HHaMHKH [58]. C TO'IKH 

3peHH51 TeOpHH COJIHTOHOB paCCMOTpeHhl npOOJieMhl 

~HHaMH'IeCKOH HeCTa6HJibHOCTH H 51BJieHHe KJia

CTepH3aD;HH (o6pa30BaHHe CTa6HJibHhiX ¢parMeH

TOB). IlOKa3aHO, qTO OObeMHa51 HeCTa6HJibHOCTb MO

JKeT 6h1Tb conOCTaBJieua HeJIHHenHOCTH, a nosepx

HOCTHa51 ~HCnepcHhiM 'IJieHaM ypaBHeHHH 

~BHJKeHH51. IJoCTpOeHa npoCTa51 MO~eJib, HJIJIIOCTpH

py101Il;a51 51BJieHHe B3aHMHOH KOMneHCaD;HH o60HX 

THIIOB HeCTa6HJibHOCTH H KJiaCTepH3aD;HH B KOHe'I

HOM KaHaJie [59]. 

Pa3pa6oTaH opHmHaJibHhiH no~xo~ K H3yt~eHHIO 
~HHaMHKH npou;ecca CJIH51HH51 ~ep, OCHOBaHHhiH Ha 

TexHHKe MOMeHTOB ¢YHKD;HH BHmepa, H c ero 

IIOMOIIl;biO npo~eMOHCTpHpoBaHa B03MOJKHOCTb 

3KCnepHMeHTaJibHOro HCCJie~OBaHH51 BpeMeHHOH 

3BOJIIOD;HH peaKD;HH CJIH51HH51 ~ep [60 ]. 
Ha ocuose peJI51THBHCTCKoro KBa3HKJiaccHqec

Koro npH6JIHJKeHH51 pa3BHT MeTO~, ll03BOJI51101D;HH 

IIOJiyt~aTb y~06Hble ~1151 npaKTH'IeCKOro HCll0Jib30-

BaHH51 aHaJIHTH'IeCKHe BhlpaJKeHH51 ~1151 Ce'leHHH 

ynpyroro H KBa3Hynpyroro pacce51HH51 T51JKeJihlx 

HOHOB [6 1 ]. 
IJpoaHaJIH3H~BaHhl 3KCnepHMeHTaJibHhle ~aH

Hhle IIO ~eJieHHIO 09
Bi Ha BTOpH'IHhiX nyt~Kax 4•

6
He, 

H noJiyt~euo xopomee onHcaHHe Hx B paMKax MO

~eJIH, yqHThiBaiOIIl;eH CB513b KaHaJIOB [62 ]. 
IJOCTpoeHa MHKpocKOllHqeCKa51 MO~eJib, ll03BO

JI5110ID;a51 pacct~HTaTb pacnpe~eneuHe 3HepmH B03-

6y~eHHSI Me~y CTaJIKHBaiOID;HMHC5~ ~paMH. B OT

JIHt~He OT Tpa~HD;HOHHOH CXeMhl CTaTHCTH'IeCKOro 

paBHOBecH51 MO~eJib npe~CKa3hiBaeT, 'ITO 3Hepm51 

B036y~eHH51 ~oJIJKHa pacnpe~eJI5~TbC5~ Me~y 
~paMH IIpHMepHO llOpoBHY B COOTBeTCTBHH C HMe

IOID;HMHC51 3KCIIepHMeHTaJibHhiMH ~aHHhiMH [63 ]. 
IJpe~JIOJKeHa MO~eJib KOHKypeHD;HH KaHaJIOB 

llOJIHOro CJIH51HH51 H KBa3~eJieHH51 npH CTOJIKHO

BeHHH ~BYX MaCCHBHhiX ~ep, KOTOpa51 XOpomO 

• OllHChiBaeT 3KCnepHMeHTaJibHhle ~aHHhle 0 pacnpe

~eJieHHH npo~yKTOB HCllYCKaHH51 B peaKD;H51X 
100Mo + 100Mo H 

110
Pd + 1 

l<fpd [64 ]. 
IlpoBe~eH ¢eHOMeHOJIOrH'IeCKHH aHaJIH3 ynpy

roro pacce51HH51 sropHquoro nyqKa ~ep 11 Li c 

3HepmeH: 29 M3B/ A ua 
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Si, H noKa3aHo, 'ITO ~1151 
OOb51CHeHH51 3KCnepHMeHTaJibHhiX ~aHHhiX Ha~O 
npe~nOJIOJKHTb HeOOhl'laHHO 60JibmOe 3Ha'leHHe 

napaMeTp a ~H¢<PY3HOCTH peaJibHOH 'laCTH OllTH'IeC

KOro llOTCHD;HaJia, 'ITO, IIO-B~HMOMY, CB513aHO C cy

Ill;eCTBOBa HHeM OOJibmoro ueH:Tpouuoro rano B ~pe 
11Li [65 ]. 

B p a MKax no~rOTOBKH K 3KcnepHMeHTaM ua 

nyqKaX HOHOB npoMeJKyTOqHhiX 3Hepmif B Jla&;pa

TOpHH ~epHhiX peaKD;HH HM. r.H.<l>JiepoBa npo

aHaJIH3HpoBaHO ynpyroe paCCe51HHe B oopaTHOH 

KHHeMaTHKe ~ep Na ua ~pax c 3aMKHYTOH oOOJIO'I

KoH:N = 20 [66]. 
II po~oJIJKaJIHCb HCCJie~osaHH51 B o6JiaCTH 

meopemu tteC/I:ofi stiJepHofi rjJu3UICU npoMexymottHbLX 

u ebtCOICUX 3Hepzufi, r~e Tecuo nepenJieJIHCb npo6Jie

Mbl CTPYKTYPhl ~pa, ~epuhlx peaKu;HH: H ¢H3HKH 

'laCTHIJ;. 

Ha n pHMepe peaKD;HH nepe3ap~KH IIHOHOB H 

po~eHM. 51 17-Me30HOB B peaKD;H51X C 
3
He npo~e

MOHCTpHpoBaHa BaJKHOCTb ~BYX'IaCTH'IHOro Me

XaHH3Ma peaKD;HH [67 ]. 
B paMKax mnepc¢epHt~ecKoro no~xo~a pa3BHT 

MeTO~, ll03BOJI5110ID;HH KOppeKTHO pemHTb 3a~aqy 0 

Cylll;eCTBOBaHHH HH3KOJieJKaiD;HX pe30HaHCOB B 

CHCTeMe HeCKOJibKHX HeHTpoHOB H B~eJIHTb TaK Ha-

3hiBaeM e HCKyccrseHHhle pe3oHaHChl, nopo~ae

Mhle CTa~aPTHOH npou;e~ypou o6pe3aHH51 

nOTeHD;HaJibHOH MaTpHD;hl [68 ]. 
B MO~eJIH peJI51THBHCTCKoro rapMOHHt~ecKoro 

OCIJ;HJIJI51TOpa BblqHCJieHhl 3ap~OBhiH, MarHHTHhiH H 

aKCHaJibHhiH cPoPM¢aKrophl uyKJioHoB. C o~HHM 
no~rouoqHhiM napaMeTpoM y~aJIOCb ~OCTH'Ib xopo

mero COr JiaCH51 C 3KCnepHMeHTaJibHhiMH ~aHHbiMH B 

mHpOKOH OOJiaCTH nepe~aq HMIIYJibCa [69 ]. 
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da/dM, M6/r3B 

10-2 

E = 1,0r3B E = 2,1 r3B 

10-3 

10- 4 

10-5 

10-6 

10-7 

10-8 

······~-~---················ ... \ 

\ 
p/w 

t 

0,1 0 , 2 0,3 0,4 0,1 0,3 0,5 0,7 

M,r3B 

0,1 0,4 0,7 1,0 

PHC. J. 8KJJ8Abl p83JIH'IHbiX HCTO'IHHKOB AHJienTOHOB B cneKTp HHB8pH8HTHbiX MBCC B pN- B38HMOAeHCTBHH AJ!ll E = 1,0, 2,1, 4,9 r3B, 

pacC'IHT&HHbiH c y11eTOM 3KcnepHMeHT8JI&Horo DLS-cj!HJJ&Ypa 

Ha ocHose MO~eJIH 3<1$eKTHBH~>~x KHpa.JibHbiX 

JiarpaH.lKHaHOB pa3BHT HOBbiH BapHa~HOHHbiH MeTO~ 

H3y'leHH~ csoiiCTB nerKHx ~ep. B MeTO~e KOJI

JieKTHBitblx nepeMCHHbiX paCC'IHTaH 3<1$eKTHBHbiH 

KBaHTOBbiH raMHJibTOHHaH, HCCJIC~OBaHa C.lKHMae

MOCTb COJIHTOHHOH MaTepHH B ~epHOnO~OOHbiX COC

TO~HH~X H Bbi'IHCJICHbl 'laCTOTbl ~biXaTeJibHOH MO~bl 

JlCI"'aHWHX ~ep. llpoaHa.JIH3HpoBaHa npocrpa HCT

BCHHaR CTPYKTypa pacnpe~eneHH~ 6apHOHHOro 3a

p~a, H ncCJie~osaHa KJiaCTepHaR CTPYKTypa ne~ 

qaiimux ~ep [70 ]. 

11cCJie~osaH~>~ MexaHH3Mbl o6pa3oBaHHR n en

TOHHbiX nap B npoTOH-npoTOHHbiX H npoTOH

~CHTpoHHbiX CTOJIKHOBCHHRX npH npoMC)KYTO'IHbiX 

3Hepm.six. B~>~RCHeHo, 'ITO OOJibmoH: BKJI~ B ce'leHne 

OOpa30BaHHR ~HJienTOHOB B nporoH-nJ)OTOHHbiX 

CTOJIKHOBeHHRx ~aeT ropM03Hoe n3Jly'leHHe BHPTY

a.JibHbiX <l>o'roHOB H ~a.JIH~CBCKHC pacn~bl '1-M C30-

HOB, BKJI~ KOTOpbiX paHee C'IHTa.JICR HC3Ha 'IH

TeJibHbiM. TaKHM o6pa30M, c~enaH nepBbiH m a r B 

TEOPHSI KOHLJ:EHCHPOBAHHOrO COCTOSIHHSI 

B o6naCTH meopuu meepiJozo me.n.a npo~omt<eHo 

HCCJIC~OBaHHC 3JlCKTpoHHbiX H MarHHTHbiX CBOHCTB 

HOpMa.JibHOH cPa3bl BbiCOKOTCMnepaTypHbiX CBepx

npoBO~HHKOB, a TaK)I(C MCXaHH3MOB CBepxnpoBO~.si

m;ero cnapnsaHH.si B HHX. 

30 

H3Y'ICHHH B03M0)KH01'0 npoRBJICHHR KHpa.JibHOI'O 

lPa30BOI'O nepexo~a B peaK~HRX C TR)I(eJibiMH 

HOHaMH (71 ). 

Ha OCHOBe MO~HcPH~HpoBaHHOH MO~eJIH KBapK

rJIIOOHHbiX CTpyH, C nOMOID;biO KOTOpoH paCC'IHTbiBa

IOTCR CC'ICHHR «3JlCMCHTapHb1X» ~poH-~poHHhiX 

B3aHMO~CHCTBHH, pa3BHT KHHeTH'ICCKHH nO~XO~, 

n03BOJIRIOID;HH paCC'IHTbiBaTb CC'ICHH.51 B3aHMO

~eHCTBH.51 ~poHOB H ~ep C ~paMH npH npoMe)l(y

TO'IHbiX 3Hepm.six. Y~a.JIOCb c e~HHI>IX no3H~HH 

OnHcaTb CC'ICHH.51 OOpa30BaHH.51 '1-MC30HOB, CTpaH-

HbiX K+ -, K- -MC30HOB, aHTHnpoTOHOB, BKJIIO'Ia.si 

no~6apbepHble npo~ecc~>~ [72 ]. 
Pe3yJibTaTbl 3THX H ~pymx ncCJie~osaHHH 

~OKJl~biBa.JIHCb Ha Me~yHapo~HbiX KOHcPepeH~H.siX 
H,IUKOJiaX no ~epHOH cPH3HKC BO <l>pn6ypre (liJBeH

~apH.si), BapHe (6onrapn.si), CaHTopnHn (rpe~H.si), 

Xupmere (ABCTpH.si), 06HHHCKe (PocCH.51), ra.Jl Jleii

Ke (CiliA), LJ:y6He (CM., HanpHMep, (49,54,56, 

59,11 ]). 

B paMKax npe~JIO)I(CHHOH paHee cnHrJieT-Tpn

nJieTHoii MO~eJIH paCC'IHTaH 3JlCKTpoHHbiH cneKTp B 

napaMarHHTHoii cl>a3e BTCn -coe~nHeHHH H ~aHo 
o61..siCHCHHC p~a Ha6JIIO~aeMbiX B 3KCnepHMCHTC 

oco6eHHOCTeii 30HHoii CTPYKTYP~>~ Me~Ho-oKc~Hhlx 
BTCn [73 ]. Ha ocHoBe cPoHOHHoro MexaHH3Ma 



crrapHBaHH~ HOCHTeJieH B CHHrJieTHOH 30He 3TOH )Ke 

MO~eJIH IIOJiytieHa KOHD;eHTpaD;HOHHa~ 3aBHCHMOCTb 

TeMnepaTyphl cBepxnpoBo~~m;ero nepexo~a. KOTO

pa~ KatieCTBeHHO COrJiaCyeTC~ C 3KCnepHMeHTOM 

[74 ]. Bhlt~HCJiena mHpHHa ypoBHeH B KpHCTaJIJIH

qecKoM noJie ~JIR 4/-3JieKTpOHOB B COe~HHeHH~X 

Tm-YBCO, H npoBe~euo cpaBHeHHe c peayJihTaTaMH 

Heil:TpoHHbiX 3KCnepHMeHTOB (7 5 ). 
HcCJie~oBana o6o6~I~;enua~ MO~eJih Xa66ap~a c 

yt~eTOM Me)Ky3eJihHOro nphi)KKOBoro KYJIOHOBCKoro 

B3aHMO~eHCTBH~, H npoaHaJIH3HpoBaHhl yCJIOBH~, 

IIpH KOTOpbiX B paMKaX MO~eJIH B03HHKaeT CBepx

rrpoBO~~m;ee cnapHBaHHe 3JieKTpoHOB (76 ). 

B paMKax nporpaMMhl «reifaeu6epr-Jia~ay» 
6hiJIO npOBe~eHO HCCJie~OBaHHe ~HHaMHKH pemeTKH 

<lJyJIJiepHHOB (MxC60) Ha OCHOBe aurapMOHH'IeCKOH 

MO~eJIH ~JI~ JIH6poHOB H ~aHO om~CHeHHe ::xtxl>eKTOB 

CHJibHOH CB~3H 3a C'leT 3JieKTpoH-~ByX<jJoHOHHbiX 

npou;eCCOB B3aHMO~eHCTBH~ (77 ). 

Hayt~euo noBe~eHHe MaKpoMoJieKyJI~pHhiX 

KJiy6KOB B nOJIHMepHbiX )K~KOKpHCTaJIJIH'IeCKHX 
cpe~ax . .D:au pact~eT cet~eHH~ pacce~HH~ ueifTpoHOB, 

H IIpOBe~eHO CpaBHeHHe C 3KCnepHMeHTaJibHbiMH 

~aHHbiMH (78). 

B o6JiaCTH M.ameM.amu'tecKoii cjJu3UKU npo~oJI
.lKaJIHCb HCCJie~OBaHH~ 3BOJIIOD;HOHHbiX ypaBHeHHH 

~JI~ ~aHHhiX pacce~HH~ onepaTopa Illpe~Hnrepa c 

rrOTeHD;HaJIOM, y~oBJieTBop~IOID;HM ypaBHeHHIO Kop

TeBera - ~e BpHca c HCTO'IHHKOM. IloKaaauo, 'ITO 

3MaHHe HCTO'IHHKa B B~e HHTerpaJia «l>yphe nO COO

CTBeHHbiM <PYHKD;H~M nopo~arolll;ero onepaTopa 

II03BOJI~eT noJiy'IHTb npe~CTaBJieHHe, 3aBHC~IIl;ee 

TOJibKO OT ~aHHbiX pacce~HH~ H KO::xtxl>HD;HeHTOB 

<lJypbe-HCTO'IHHKa. 

TiocTpoeHhl o6o6m;eHHble npeo6paaoBaHH~ .ll:ap-

6y H oaprMaHa Ha OCHOBe MeTO~a oopaTHOH 3a~a'IH 
pacce~HHR B a~Ha6aTH'IeCKOM npe~CTaBJieHHH (79 ). 

06uapy)KeH HOBbiH KJiaCC pemeHHH ypaBHeHH~ 
.siura-MHJIJica B paaMepuocTH Bhlme t~eTblpex H 

rrpOH3BOJibHOH KaJIH6pOBO'IHOH rpynnhl (80 ). 

ilpo~OJI)KeHbl HCCJie~OBaHH~ npocTpaHCTBeHHOH 

CTPYKTYPhl caMoopraHH30Banuoro KPHTHt~ecKoro co

CTORHH~ . Ilpe~JIO)KeH HOBbiH MeTO~ TO'IHOro Bbi

'IHCJieHH~ Bepo~THOCTeH BbiCOT ~JI~ a6eJieBOH MO~e
JIH. Bhlt~HCJieHbl nonpaBKH KOHet~uoro o6heMa, H 

Ha~eHbl rpaHH'IHble KOppeJI~D;HH, n03BOJI~IOIII;He 

HaHTH npocrpaHCTBeHHble KpHTH'IeCKHe noKa3aTeJIH 

Ha OCHOBe npe~CKa3aHHH KOH<jJopMHOH TeOpHH no

JIR (81 ). 

B TO'IHO pemaeMoif KBaHTOBOH MO~eJIH aurap

MOHHt~ecKoro KpHCTaJIJia nOKa3aHO, 'ITO KBaHTOBble 

<lJJIYKTyan;HH COOTBeTCTBYIOT Hea6eJieBOH aJire6pe 

orrepaTOpOB, B OTJIHtiHe OT TeMnepaTypHbiX <i>JIYKTy

aD;HH, npHBO~~ID;HX K a6eJieBOH aJire6pe (82 ). 

ilpoBe~eHO HCCJie~OBaHHe CneKTpa B036y)K

~eHHH Ha~ aHTH<t>eppoMarHHTHhiM BaKyyMOM B TO'I

HO pemaeMOH MO~eJIH H30TpOnHOro MameTHKa reif-

aeu6epra c HeJIOKaJihHhiM o6MeHHhiM B3aHMO

~eHCTBHeM, onpe~eJieHhl KOH<i>OpMHhiH aapM H aHO

MaJibHhle pa3MepHOCTH onepaTOpoB COOTBeTCTByiO

m;eif ~ByMepHOH TeOpHH nOJI~ . Ilpe~JIO)KeH HOBbiH 

MeTo~ uaxo~eHH~ co6cTBeHHhiX BeKTOpoB MHoro

MepHhiX a naJioroB oneparopa JlaMe [83 ]. 

B HCCJie~oBaHH~x no cmamucmu'tecKoii M.e
xaliuKe p aapa6oTaHHhle pauee MeTO~hl onHcaHH~ 
KJiaCTepH3yiOIII;eHC~ MaTepHH npHMeHeHhl npH 

Bbi'IHCJieHHH . TepMO~HHaMH'IeCKHX xapaKTepHCTHK 

KaneJihH H MO~eJIH H npH paCCMOTpeHHH KBapK

rJIIOOHH if nJia3Mhl [84 ]. 

PaaBHBaJiach 3JieKTpo~HHaMHKa Topo~HhiX Mo

MeHTOB, Ha OCHOBe KOTOpoH 6biJIH pemeHbl KOHKpeT

Hhle 3a~a'IH KJiaCCH'IeCKOro H KBaHTOBOro 3JieKTpO

MameTH3Ma [85 ]. 

B o6JiaCTH <PH3HKH noJI~poHoB ua ocnoBe paaJio

)KeHHR n o OOpaTHbiM CTeneH~M pa3MepHOCTH npoCT

paHCTBa p aCC'IHTaHa 3<fxPeKTHBH3~ M3CC3 nOJI~poHa, 

HCCJie~oBaHa o6JiaCTh cTa6HJihHOCTH MYJihTHnoJI~
poHHhlx KJiaCTepoB (86 ) , nOCTpoeHO OCHOBHOe COCTO

~HHe ~JIR CHCTeMbl O~HOMepHbiX nOJI~pOHOB C yt~eTOM 

<t>epMH-CTaTHCTHKH. 

Pa3BHThl MeTO~hl HHTerpHpoBaHH~ no nyT~M 

~JI~ KOrepeHTHbiX COCTO~HHH C pa3JIH'IHbiMH rpyn

naMH CHMMeTpHH (87 ) • 

VICCJie~OBaHbl <i>H3H'IeCKHe xapaKTepHCTHKH yn

pymx cpe~ C TOnOJIOrH'IeCKHMH ~e<t>eKTaMH, npe~

CKa3aH HOBhiH MeXaHH3M pacce~HH~ 3JieKTpoHOB B 

KpHCTaJIJiaX C ~HCKJIHHaD;H~MH (88 ). VICCJie~OBaHO 

JIOBe~eHHe TenJIOeMKOCTH B peryJI~pHO pa36aBneH

HbiX H3HHroBCKHX <t>eppoMameTHK3X (89 ), nOCTpoe

HO rayCCOBO <t>epMHOHHOe npe~CTaBJieHHe ~JI~ CTaT-

CYMMbl MO~eJIH ~HMepoB Ha HeO~HOpO~HOH pe- . 

meTKe. 

Ilo TeMaTHKe KeaftmoeaR onmuKa npo~OJI)KeHo 
HCCJie~OBaHHe TenJIOBbiX H KBaHTOBbiX <i>JIYKTyaD;HH 

B TeOpHH CBeTOBOro nOJI~ H 003e-B036y~eHHH B 

KO~eHCHpOBaHHbiX cpe~ax • .ll:JI~ HeKJiaCCH'IeCKHX 

cocTo~HHH cBeTa npoBe~euo conocTaBJieHHe pacnpe

~eJieHHH nO KaHOHH'IeCKH-COnp~)KeHHbiM nepeMeH

HbiM 'IHCJIY <jJoTOHOB H <t>aae CBeTOBOro nOJI~ C yqe

TOM paaJIH 'IHhiX onpe~eJieHHH onepaTopa <Paahl [90 ]. 

PaccMoTp eua CB~3h Me~y KorepeHTHOCThiO KBaHTO

BhiX COCT ~HHH H30JIHpOBaHHOro 3TOM3 B pe30H3TO

pe (THna MarHHTHOH JIOBYIDKH) H CTaTHCTHKOH 

H3Jiyqael\fOro npH rrepexo~e Me~y 3THMH COCTO

RHHRMH CBeTa (91 ), 

.ll:JI~ p aBHOBeCHOH noJI~pHTOHHOH CHCTeMbl Me

TO~aMH K BaHTOBOH OnTHKH HCCJie~OBaHa CTaTHCTHKa 

<jJoHOHOB cyneprayCCOBhiH xapaKTep KOTOpOH npH 

HH3KHX ·TeMnepaTypax noKa3hiBaeT OOJihmyro pOJih 

KBaHTOBbiX <i>JIYKTyan;HH (92 ). IloKa3aHO, 'ITO 3JieK

TpOH-<i>OHOHHOe B3aHMO~eHCTBHe B MOJieKyJie 

<jJopMHpyeT ee OTKJIHK Ha BHemuee CBeTOBOe nOJie H 

Bbl3hiBaeT XaOTH3aD;HIO KOJie6aHHH 33 CtieT HH3KO'Ia

CTOTHOro ~e<t>opMaD;HOHHOro KOJie6aHH~ npH 3JieKT

poHHOM nepexo~e [93 ] . 
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Pe3yllbTaThl :n"Hx paror ~OKJI~amtc& Ha MHo
mx Koa<tJepe~n, cose~n, DIKOJiax, CpeJOt Ko
ropbiX 13 Espone:HCKrul Koa<lJepeHll,HSI no <l>H3HKe KOH-

~eHCHpoBaHHblX COCTOmDIH (Pereac6ypr, <I>Pf) H 

20 Me~po~rur Koa<lJepeHll,HSI no <l>H3HKe HH3-
KHX TeMnepaTyp (IO~:lKHH, CiliA) [74,78, 0,87,90]. 

PA3BHTHE CETH IIEPCOHAJibHbiX KOMIIbiOTEPOB 

B 1993 ro~y s paMKax npoeKTa CIIEKTP 6hUla 

npoBe~eHa JIOKaJibHaR CeTb nepcOHaJibHhiX KOMDbiO

TepoB c no~KJIIO"'eHHeM 60 IlK. B aacroRm;ee speMR 

cOTpy~HHKH na6oparopHH HMeiOT B03MO:lKHOCTb CBR-

3hiBaTbCR C Hay"'HhiMH U,eHTpaMH MHpa npSI MO C 

pa6o1.1ero MeCTa. 06m.aR pacnpe~eneaaag npoH3BO

~HTeJibHOCTb IlK COCTaBJIReT npHMepHO 120 MHJI

JIHOHOB onepal.I,HH C DJiaBaiOm;e:H 3anRTOH B CeKy~y. 
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1~ 1~ 19m 1989 

Y CTaHOBJieHhl HOBeHmHe CHCTeMhl "'HCJieHHO
aHaJIHTH"'ecKHX Bhi"'HCJieHHH MATHEMATICA 2.2, 
MAPLE 5.2, a TaK:lKe CHCTeMa REDUCE aa pa6o1.1e:H 
CTaHU.HH SUN SPARC STATION 2. Bae~peaa Bo
BaR ceresag CHCTeMa NICE no~ Windows 3.1, non
HOCTbiO cosMeCTHMaR c cer&IO UEPH. 11aCTa.n:
JIHposaaa 32-6HroBaR CHCTeMa Windows NT 3.1, 
coBMecTHMaR c TP~HU.HOHHhiMH onepau,HOHHhiMH 
CHCTeMaMH H nporpaMMHhiM ooecne"'eHHeM. 

1900 1991 1992 1993 

PHC. 2. 06~811 pacnpe]leJJeHH8SI npoH3BOJIHTeJibHOCTb Bbl'IHCJIHTeJJbHOfO KOMnJJeKca Jla6op8TOpHH TeOpeTH'IeCKOH cPH3HKH 

HEKOTOPbiE ACIIEKTbl COTPY,li;HHqECTBA 

JIT<I> aKTHBHO COTPY~HH"'aer co MHOI'HMH 
HHCTHTyTaMH H yaHsepcnTeraMH BonrapnH, 
llon&mn, CnosaKHH, llexHH n CTpaH CHr. B aacro
Rm.ee BpeMR B JiaoopaTOpHH no KOHTpaKTY paOOraeT 
65 qeJioseK, s TOM "'HCJie 49 H3 CTpaH CHr. Y"'eHhle 
H3 CTpaa-yqaCTHHU, 0115111 BHOCRT 3Ha"'HTeJibHhiH 
BKJI~ B HCCJie~OBaHHR, npoBO~HMhle B JiaoopaTOpHH. 

Ycnemao npo~om1caeT pa3BHBaTbCR cOTpy~

HH"'eCTBO C HCCJie~OBaTeJibCKHMH U,eHTpaMH fep
MaHHH no nporpaMMe «fe:H3ea6epr - Jla~ay» 
(IlfJI). B 1993 ro~y B LJ:y6ae B paMKax nrJI n pose
~eHO TpH COBMeCTHhiX paoo"'HX COBem;aHHR: «KXLJ: 
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npH KOHe"'HOH TeMnepaType. CBR3aHHhle COCTORHHR 
H ~epHaR ~HHaMHKa», «CynepcHMMeTpHR H KBaH
TOBhle rpynnhl», «TR:lKeJIO-JierKHe KBapKOBhle CB51-
3aHHhle COCT051HH51 H CHMMeTpHH». IlpH "'aCTH"'HOH 
<i>HHaHCOBOH DOMep:lKKe IlfJI B LJ:y6ae npomJIO 
6on&moe Me~yaapo~aoe cosem.aaHe <<Mero~hl 
CHMMeTpHH B <i>H3HKe», nOCB51IIJ.eHHOe naM51TH 
51 .A.CMopo~HHCKOro. B 1993 ro~y B paMKax nrJI 
peaJIH30BaHa CHCTeMa rpaHTOB - COBMeCTHillX npo
eKTOB. 19 npoeKTOB no KBaHTOBOH TeOpHH DOJI51, 
<l>H3HKe "'aCTHU,, TeOpHH ~pa H KO~eHCHpoBaHHhiM 
cpe~aM 6hUIH yTsep~eHhl YnpasJIRIOID;HM KOMHTe-



,Lzy6ua, 20 Mall. Y'laCTHHKH 

paOO'Iero COBell\aHHll tjJH3H

KOB-TeOpeTHKOB no nporpaM-

Me COTPYAHH'Iecraa «reH3eH-

6epr- JlaHAay» 

TOM (Steering Committee) OfJI (B COCTaB KOToporo 
BXO~SIT no TpH yt~eHhiX H3 JJ:y6Hhl H fepMaHHH) H no
JIY'IH.JIH <tmuaucoByiO noWJ;ep)I(Ky. B 1993 I'OAY B 
paMKaX OfJI nOAI'OTOBJieHO OKOJIO 40 COBMeCTHhiX 
ny6JIHKaU:HH (CM., HanpHMep, (4,34,36,39,40,52, 
53,57,67, 71,73]). Ha 1994 I'OA OA06peuo 29 COB
MeCTHhiX npoeKTOB, 7 COBe~aHHH (2 H3 HHX B fep
MaHHH) llOJiytiaT lPHHaHCOBYIO llOWJ;ep)I(KY OfJI. 

PM HCCJieAOBaHHH BhlllOJIHeH COBMeCTHO C CO
Tpy~HHKaMH OTAeJieHHH INFN (l-fTaJIHSI) B KaTa
HHH, HeanoJie, MH.Jiaue H Typuue; c ¢pauu:y3CKHMH 
¢u3HKaMH H3 HHCTHTYTOB IN2P3 B Opc3, Bop~o u 
fpeuo6Jie; c yt~eHhiMH H3 yuuBepcuTeTOB BeJihmH u 
CiliA [5,8, 18,24,28,29,30,37 ,48,60,82,86 ]. JJ:eiicT
BYeT Comameuue o COTPYAHHtieCTBe Me~y JIT<I> H 
Me~yuapOAHhiM u:euTpoM TeopeTH'IeCKOH ¢H3HKH 
B TpueCTe. 

OpoAOJI)I(aiOTCSI pa6oThl no o6pa6oTKe, Teope
THtieCKOMY aHaJIH3Y H HHTepnpeTaU:HH pe3yJihTaTOB 
3KcnepuMenTa JJ:EJI<I>11 B ll,EPH. Pa3pa6oTaHHhle 
pauee MeTOAhl anaJIH3a JienToH-aApOHHhiX npou:ec
coB npuMeHeHhl npu o6pa6oTKe nepBhiX AaHHhiX c 
AeTeKTopoB ycKopuTeJISJ: HERA B DESY. 

\ 

TpaAHU:HOHHO TeopeTHKH aKTHBHO yt~aCTBYIOT B 
OpraHH3aU:HH KOH!lJepeHU:HH, COBe~aHHH H illKOJI, 
npOBOAHMhiX 011.5111. 3uatiHTeJibHhiM C06hiTHeM 
npomeAmero roAa CTaJIO Me~yuapOAHOe coBe
~auue «BoroJII060BCKHe tiTeHHSI» (JJ:y6ua, 19-21 
aBrycTa) . B pa60Te coBe~aHHSI npHHSIJIH yt~acTue 
yt~eHHKH u coTpy~HHKH H.H.BoroJII06oBa, pa6oTa
IO~He B 0 11.5111 H B HaytiHhiX U:eHTpax MHOrHX CTpaH. 

Ha EBponelicKoH mKoJie no ¢n3HKe BhiCOKHx 
3HepmH (mKOJia l.I,EPH-011.5111), npOXOAHBmeH c 
14 no 24 ceHTS16pS1 B 3aKonaue, JieKTopaMH H pyKo
BO~HTeJI.IIMH AHCKycculi 6biJIH COTPYAHHKH Jia6opa
Topuu C.M.BH.JieHhKHH, ,n:.IO.Bap~uu H Jl:.I1.Ka3a
KOB. B JlbillOH BKJiaA BHeCJIH TeopeTHKH B 
oprauu3au:u10 u npoBeAenue 43 Me~yuapOAHOro 
coBe~auuSJ: no SJ:Aepuoli cneKTpocKonuu H CTPYKType 
aTOMHOI'O SIApa, Me~yuapoAHOI'O COBe~aHHSI «Jl:eH
Tpou-93:1>, Me~yuapoAHOH illKOJihi-CeMHHapa 
«MpoHbl H SJ:Apa H3 KXJJ:» (BJiaAHBOCTOK - Canno
po), pa6o 11ero COBe~aHHSI «KBaHTOBhle HeJIHHeHHhle 
SIBJieHHSI B OnTHKe H lPH3HKe KOUAeHCHpOBaHHhiX 
cpeA}>. 

0AHHM H3 HeMaJIOBa)I(HbiX nOKa3aTeJieH 3¢¢eK
THBHOCTH COTPYAHH'IeCTBa SIBJISieTCSI lPHHaHCOBaSI 
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noMep)KKa pa3JIH'IHblX <t>o~mos. B 1993 ro~y 9 npo
eKTOB C yqaCTHeM COTpy~HHKOB JIT<l> noJiy qHJIH 

rpaHTbl PoccHHCKoro <t>o~ma l!>y~maMeHTaJibHblX 
HCCJie~osaHHH. COTpy~HHKH Jia6opaTopHH conMecT
HO C esponeHCKHMH yqeHblMH no~aJIH 10 npoeKTOB 

Ha KOHKypc 11HT AC. 

B COOTBeTCTBHH c pemeHHeM 74 ceccHH Y qeHoro 

COBeTa 0115111 2-3 ~eKa6pSI 1993 r. B Jla6opaTQpHH 

TeopeTH'IeCKOH lPH3HKH HM. H.H.Borom o6osa 

COCTOSIJIHCb 3aCe~aHHSI OprKOMHTeTa f1porpa'dMHO

KOHCYJibTaTHBHOI"O KOMHTeTa no TeOpeTH'IeCKOH 

lPH3HKe. B cocras oprKOMHTeTa BOWJIH 16 H3BeCT

Hblx lPH3HKOB-TeopeTHKOB H3 ABCTpHH, ApMeHHH, 

fepMaHHH, 11TaJIHH, IloJibmH, PoccHH, YKpaHHbl, 

<l>paHu;HH, U:EPH H 0115111. OprKoMHTeTY 6blJIH 
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JIABOPATOPI15I 
BbiCOKMX 3HEPrl1i1 

B 1993 ro~y HCIIOJIHHJIOCh 40 JieT co speMeHH 

ocHosaHH.II Jia6opaTopHH BhiCOKHx 3HeprnH:. OcHosy 

HayliHOH rrporpaMMbl B HaCTO.IIm;ee BpeM.II COCTaBJI.II

IOT HCCJie~osaHH.II B3aHMO~eH:cTBHH peJI.IITHBHCTCKHX 

Mep. JKCIIepHMeHTbl HaiJ;eJieHbl Ha IIOHCK H H3y

lJeHHe KBapK-rJIIOOHHbiX CTeiieHeH CBOOo~bl B Mpax 

H CIIHHOBbiX :xP¢eKTOB Ha IIYliKaX YCKOpHTeJibHOro 

KOMIIJieKCa CHHXpo<t>a30TpoH - HYKJIOTpoH JIB3 ( 1 ) 

(pHc.1) H ~pyrnx <PH3HlleCKHX u;eHTpoB (SPS, RHIC, 

LHC). 

B Jia6opaTopHH BhiCOKHX 3HeprnH: sse~eH s 

~eHCTBHe rrepBbiH csepxrrpoBO~SIIIJ;HH ycKOpHTeJib 

Mep Ha BhiCOKHe 3HeprnH - HYKJIOTpoH. OH rro3so

JIHT rroJiyllaTh rryliKH peJI.IITHBHCTCKHx ~ep H MHoro-

3apAAHhiX HOHOB c 3HeprneH: ~0 6 r3B/HyKJIOH. Ha 

HOBOM yCKOpHTeJie 3aiiJiaHHpOBaHa illHpoKa.ll IIpO

rpaMMa HCCJie~OBaHHH, OCHOBHbiM HarrpaBJieHHeM 

50 M 

PHc. I. ll.naH ycKopHTeJJbHOI'O KOMnJJeKca JIB3 

KOTOpbiX .IIBJI.IIeTC.II H3ylleHHe oco6eHHOCTeH aTOM

HbiX ~ep, BbiXO~.IIIIl;HX 3a paMKH IlpoTOH-HeHTpOH

HOH MO~eJIH ~pa, H IIOCTpOeHHe <I>H3HlJeCKOH KaPTH

Hbl ~epHOH MaTepHH Ha Sl3b1Ke KBapKOB H rJIIOOHOB. 

HallaJIO 3THM HCCJie~osaHH.IIM 6b1Jlo rroJIO)I(eHo s 

1971 r. Ha ~y6HeHCKOM CHHXpo<l>a30TpoHe, KOr~a 
snepsble 6biJIH rroJiylleHhl rryliKH peJISITHBHCTCKHX 

~eH:TpOHOB. B 1994 r. rrpo~OJI)I(aTC.II pa6oTbl no KOMII

JieKcy Me~JieHHoro BhiBO~a nyliKa H3 KOJihu;a HYK

JIOTpOHa H IIJiaHHpyiOTC.II rrepBOOllepe~Hble <I>H-

3HlJeCKHe 3KCIIepHMeHTbl Ha BHyTpeHHeH MHIDeHH 

HYKJIOTpoHa. 

Bso~ s ~eH:crsHe HYKJIOTpoHa .IIBJI.IIeTC.II Kpyn

HbiM Ha ylJHO-TeXHHlJeCKHM ~OCTH)I(eHHeM KOJIJieK

THBa JIB 3. OH HMeeT sa)I(HeH:mee 3HalleHHe ~JI.II pa3-

BHTH.II HCCJie~OBaTeJibCKOH 6a3bl ylleHbiX H3 CTpaH

yqaCTHHIJ; 011.5111. 

0 0 ~ 
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CuHxpo¢a3oTpoH- 3HaMeHHThiH ycKopHTeJih, 

H HhiHe lPYHKD;HOHHpyiOID;HH,- no-npe)I<HeMy n pH

BJieKaeT lPH3HKOB BCero MHpa, 3aHHTepeCOBaHHhiX B 

pa6oTe Ha IIYl.fKaX pemiTHBHCTCKHX smep H IIOJI51.pH-

30BaHHhiX AeHTpOHOB [3 ]. AKTHBHa51. pa6oTa Ha n yq

Kax CTapOH MaiiiHHhl II03BOJIHT COXpaHHTb CJI0)1(HB

IIIeeC51. COOOII.J;eCTBO lPH3HKOB H pa3BHThle 3KCIIe

pHMeHTaJibHhle ycTaHOBKH K MOMeHTY IIOJIHOI'O 

BBOAa HYKJIOTpoHa. ITpu TaKoM nJiaBHOM nepex oAe 

IIOTeHI.J;HaJI HOBOI'O yCKOpHTeJI51. 6yAeT HCIIOJih30 BaH 

AJI51. HCCJieAOBaHHH C CaMOI'O Hal.faJia. 

PA3BHTHE YCKOPHTEJibHOH BA3bl 

HYKJIOTPOH • 

K KoHu;y 1992 r. KOJihi.J;O HYKJioTpoHa 6hiJIO n oJI

HOCThiO Co6paHO B TeXHOJIOml.feCKOM TOHHeJie CHH

xpo¢a30TpOHa H IIpOIIIJIO BaKyyMHhle HCnhiTaHH51.. 

OcHOBHOH 3aAal.feH B 1993 r. CTaJia pa6oTa no a Aan

Tau;uu YCKOpHTeJI51. - CJIO)I(HOI'O KpHOreHHOI'O K OMn

JieKCa - AJI51. pa60Thl C BHyTpeHHHM IIYl.fKOM. 

KoJihi.J;O HOBoro ycKopuTeJI51. HMeeT nepuM eTp 

251 MeTp H BeC OKOJIO 80 TOHH. MarnHTHYIO CHCTeMy 

CHHXpOTpOHa COCTaBJI5l.IOT 96 AHnOJibHhiX MarHHTOB 

H 64 KBa~ynOJibHhle JIHH3hl, KOTOphle OXJia)I(AaiOTC51. 

)I(HAKHM AByx¢a3HhiM reJIHeM. OcHOBY KpuoreHHO

ro KOMnJieKCa COCTaBJI51.IOT TpH 0)1(H)I(HTeJI51. THna 

KfY-1600/4,5 npoH3BOAHTeJihHOCThiO 500 JIHTpo B B 

1.1ac [2,7 ]. 

17 MapTa 6hiJIO Hal.faTO OXJia)I(AeHHe KOJihi.J;a . 3a 

100 l.faCOB BO BCeX 3JieMeHTaX 6hiJIH AOCTHrHy Thl 

TeMnepaTypa 4,5 K, BaKyyM B KaMepe ycKopuT eJI51. 

10-9-10 -I 0 Topp. HaAe)I(HOCTh pa6oThl cucTeMhl 

Kpuoo6ecnel.feHH51. cocTaBHJia CBhiiiie 98%. IToJiy

l.feHHhiH OnhiT n03BOJI51.eT paCCl.fHThiBaTh Ha COK pa

m;eHHe BpeMeHH OXJia)I(AeHH51. npHMepHO B ABa p a 3a. 

Li.HnOJIH H JIHH3hl 6hiJIH 3aiiHTaHhl nOCTO~HHhiM 
TOKOM 90 A. 3aTeM ny1.1oK AeHTpOHOB c sHepme:H 

5 MsB/HyKJioH 6hiJI HH)I(eKTHpoBaH B BaKyyMHYIO 

KaMepy HyKJioTpoHa, H Hal.faJiaCh pa6oTa no npoBOA

Ke ny1.1Ka. 26 MapTa 3aperucTpupoBaHhl nepBhie o 6o

poThl ny1.1Ka B KOJihu;e. B xoAe 3THX pa6oT B Tel.feHHe 

12 l.faCOB ycrreiiiHO npouina HCIIhiTaHH51. yCKOp51.IOID;a51. 

BhiCOKOl.faCTOTHa51. cTaHD;H51. npu Harrp51.)1(eHHH 8 KB, 

qacToTe 0,6 Mfu;. 

C 26 HIOH51. no 6 HIOJI51. COCT05l.JIC51. BTOpOH c eaHC 

pa6oThl Ha HYKJIOTpoHe. C caMoro Hal.faJia pa6 oThl 

6hiJia noJiyl.feHa yCTOHl.fHBa51. D;HpKy JI51.I.J;H51. n y l.fKa 

AeHTpOHOB rrpu 3Hepmu HH)I(eKI.J;HH 5 MsB/HyKJIOH 

H HHTeHCHBHOCTH OKOJIO 10
9 

B I.J;HKJI. ITocJie AO

noJIHHTeJihHOH HaCTpOHKH MarHHT-HOH CHCTeMhl Bpe

M51. I.J;HPKYJI51.I.J;HH npeBhiCHJIO 100 MC npH HHTeH

CHBHOCTH He MeHee 80% OT Hal.faJibHOH. 3aTeM 6 hiJIH 

38 

HcnbiT3TeJibHbiH CTeH/1 CHCTeM BbiB0/13 ny'IKOB 113 HYKJIOTpOHa 

OTJia)l(eHhl napaMeTpbi I.J;HKJIOB nHTaHH51. MarHHTOB H 

JIHH3 B AHHaMHl.feCKOM pe)I(HMe H HaCTpOeH pe)I(HM 

ycKopeHH51.. B cooTBeTCTBHH c nporpaMMOH ceaHca 

AOCTHrnyTa 3Hepm51. 200 MsB/HyKJIOH. ITapaMeTphl 

rryl.fKa He3aBHCHMO KOHTpOJIHpOBaJIHCb KaK nO nOKa-

3aHH51.M C nHKan-3JieKTPOAOB, TaK H no CBel.feHHIO OT 

B3aHMOAeHCTBH51. nyl.fKa C BeiD;eCTBOM BHyTpeHHHX 

MHIIIeHeH. 

• <l>H3Hl.feCKHe rpynnhl cneKTpoMeTpa Mep OTAa

l.fH H COTPYAHHl.feCTBa C<l> EPA BhiiiOJIHHJIH nepBhle 

H3MepeHH51. cneKTPOB BTOPHl.fHhiX qacTHI.J; OT Mep

HhiX peaKD;HH, Bhi3BaHHhiX yCKOpeHHhiMH AeHTpO

HaMH [4 ]. 

15 AeKa6p51. 3aBepiiiHJIC51. TpeTHH, AJIHBIIIHHC51. 

TpHHaAu;aTh cyToK, ceaHc aAanTau;uu HYKJIOTpoHa. 

3TOT ceaHC, TaK )l(e KaK H ABa npeAhiAYII.J;HX, OKa3aJI

C51. BechMa ycneiiiHhiM. OcHOBHhle u;eJIH nporpaMMhl 

pa6oThl AOCTHrHYThl. IToJiyl.feH p51.A HOBhiX pe3yJihTa

TOB no pe)I(HMaM pa6oThl HYKJIOTpoHa: 

• BnepBhle onpo6oBaH pe)I(HM HH)I(eKD;HH H ycKo

peHH51. smep yrnepoAa. B I.J;HKJie AJIHTeJihHOCThiO 

6oJiee 0,6 CeKyHAhl HHTeHCHBHOCTb YCKOpeHH0-

1'0 nyl.fKa COCTaBHJia 10
9 

smep/D;HKJI. 



• BnepBhle noJiy'leH, ycKopeH B JIHHeHHOM ycKo

PHTeJie H HH)I<eKTHpoBaH B KaMepy HyKJIOTpo-

Ha ny'lOK HOHOB 84Kr
29+. 

• Onpo6oBaHhl B pa6o11eM pe)I<HMe ~Be ycKOpSI

IOID;He cTaHIJ;HH. CoBMeCTHoe HX BKJIIO'leHHe 

o6ecne'lHBaeT pa6oTy npH TeMne Ha6opa 

3HepmH, 6JIH3KOH K npoeKTHOH. 

• OcHOBHoe BHHMaHHe 6hlllo y~eJieHo Tm;aTeJib

HOH npOBepKe H OTJia~Ke 3aiD;HT MarHHTOB H 

JIHH3, nHTaHHSI HX TOKOM H H3y'leHHIO 

pa3JIH'lHhiX pe)I<HMOB pa60Thl KpHOMarHHTHOH 

CHCTeMhl. 

• TI pome~mHH ceaHC em;e pa3 nOKa3aJI BhiCOKYIO 

Ha~e)I<HOCTb CHCTeMhl KpHOreHHOI'O o6ecne

'leHHSI HYKJIOTpOHa H, 'ITO O'leHb Ba)I<HO, noB

TOpSieMOCTb H BOCnpOH3BO~HMOCTb pe)I<HMOB 

HaCTpoHKH ~HHaMHKH ny'lKOB. 

lifTaK, B 1993 r. y~aJIOCb, npHBJieKaSI BHe6IO~- · 

)l<eTHhle cpe~cTBa, o6ecne'lHTb npoBe~eHHe Tpex ce

aHCOB pa6oThl Ha HyKJioTpoHe o6m;HM o6beMoM OKO

JIO 800 'laCOB H3 3anJiaHHpoBaHHhiX 2000. 'laCOB. 

BMecTe c TeM Hx pe3yJihTaThl no3BOJISIIOT cero~HSI 

BnOJIHe o6ocHoBaHHO DJiaHHpoBaTb B 1994 r. <PH-

3H'leCKHe 3KCnepHMeHThl Ha BHyTpeHHeH MHilleHH 

HyKJioTpoHa. 

HCCJIE.ll:OBATEJibCKHE PABOTbl 

MHO)l(ECTBEHHbiE TIPOIJ,ECCbi 

B COYJJ,APEHI151X PEJI51TI1BI1CTCKI1X 51JJ,EP 

COTpy~HH'leCTBO C<I>EPA. O~HHM H3 TBep~o 
ycTaHOBJieHHhiX CBOHCTB cneKTpoB BTOPHllHhiX 

qacTHI.J,, o6pa3oBaHHhiX npH <f>parMeHTan;HH Mep, 

SIBJISieTCSI nepexo~ K aCHMnTOTH'leCKOMY nOBe

~eHHIO, Ha'lHHaSI C 3HepmH coy~apeHHSI OKOJIO 

4 A f3B, npH KOTopo:R ~OCTHraeTCSI pa3HOCTb 6hiCT

pOT Me~y CTaJIKHBaiOm;HMHCSI MPaMH ~Y = 2. TipH 

3TOM HHBapHaHTHhle ~H<t><PepeHIJ;HaJibHhle Ce'leHHSI, 

npe~CTaBJieHHhle B 3aBHCHMOCTH OT peJISITHBHCTCKH

HHBapHaHTHhiX MaCmTa6HhiX nepeMeHHhiX, CTaHO

BSITCSI CJia6o3aBHCSIID;HMH OT 3HepmH COy~apeHHSI H 

THna CTaJIKHBaiOID;HXCSI a~pOHOB H Mep. 

KaPTHHa npe~eJibHOH <f>parMeHTan;HH ~OJI)I<Ha 
6b1Tb nO~BeprnyTa CHCTeMaTH'leCKOH npoBepKe B 

MPO-MepHhiX coy~apeHHSIX npH o~HOBpeMeHHOM 

H3MepeHHH MHO)I<eCTBeHHOCTH BTOpH'lHhiX 'laCTHIJ;. 

3TO ~aeT B03MO)I<HOCTb cpaBHHTb HHKJII03HBHhle 

cneKTphl BTOpH'lHhiX 'laCTHIJ; npH pa3JIH'lHhiX CTene

HSIX HeynpyroCTH peaKIJ;HH H npHCTynHTb K HHTep

npeTaiJ;HH npo:u;eccoB MPO-MepHhiX coy~apeHHH B 

TepMHHaX 'lHCJia npOB3aHMO~eHCTBOBaBWHX HyKJIO-

CI1HXPO <l>A30TPOH 

B SIHBapcKoM ceaHce pa6oThl Ha CHHxpo<i>a3oTpo

He BnepBhle 6hiJIH ycKopeHhl MPa cephl ~o 3HepmH 

3,65A f 3 B [6 ). lifCTO'lHHKOM Mep CJiy)I<HJI 3JieKT

pOHHO-Jiy 'leBOH HOHH3aTOp «KpHOH-C». lifHTeH

CHBHOCTb ny'lKa Ha BhiXO~e JIHHeHHOI'O yCKOpHTeJISI-

HH)I<eKTOpa COCTaBHJia (3+5) ·10
6 

Mep B ll;HKJI, a yc

KOpeHHOI'O ~0 MaKCHMaJibHOH 3HepmH- (3+4) ·10
3

. 

)J,JISI yMeHbilleHHSI nOTepb ny'lKa B KaMepe CHHXpO

<f>a30TpOHa HCnOJib30BaHa CHCTeMa KpHOreHHOH 

OTKa'lKH , OXJia~aeMaSI )I<HJl:KHM reJIHeM OT illTaTHO

ro renHeBoro O)I<H)I<HTeJISI HYKJIOTpoHa. <l>H3H'lecKaSI 

nporpaMMa ceaHca BKJIIO'laJia o6Jiy'leHHe DJiaCTHKO

BhiX TpeKOBhiX ~eTeKTOpOB B paMKaX COrJiameHHSI C 

YHHBepCHTeTOM B 3HreHe (<l>Pf), <PoT03MYJibCHOH

HhiX KaM ep, a TaK)I<e MHmeHeH ~JISI YHHBepcHTeTa B 

Map6ypre (<l>Pf). 

lifHTepec K ny'lKaM yCKOpHTeJibHOI'O KOMDJieKCa 

JIB3 B03pOC B 1993 r. H B CBSI3H C npopa60TKOH Mep

HO-<fJH3H'leCKHX acneKTOB 3JieKTPOMepHOI'O MeTo~a 

reHepaD;HH 3HepmH H TpaHCMyTaiJ;HH p~HO

aKTHBHhiX OTXO~OB [9 ). 063op 3KCnepHMeHTaJibHhiX 

pe3yJibTa TOB H KOHIJ;eniJ;HSI m6pHJl:HOH 3Hepron;eHT

paJIH <<YCKOpHTeJib + peaKTOp» ~aHhl B noCJie~HeH 

pa60Te po<f>. K.JJ,. ToJicToBa [8 ]. 

HOB, npH:u;eJibHOro napaMeTpa coy~apeHHSI H ~pymx 

napaMeTpoB, COOTHOCSIID;HXCSI C TeopeTH'leCKHMH MO

~eJISIMH. B 'laCTHOCTH, noJiy3KCKJII03HBHhiH no~xo~ 

~aeT ~OnOJIHHTeJibHYIO B03MO)I<HOCTb npoBepHTb 

H)l:eH 0 K BapKOBOH npHpO~e MeXaHH3Ma reHepaD;HH 

KYMYJISITHBHhiX .n-Me30HOB no 3KcnepHMeHTaJibHOH 

OIJ;eHKe ~JIHHhl <f>opMHpOBaHHSI nHOHOB HJIH napa

MeTpOB IJ;BeTOBOH npo3pallHOCTH MepHoH MaTepHH. 

3aBHCHMOCTb OT MPa-MHmeHH <f>parMeHTan;HH 

Mep yrJiepo~a c HMnyJibCOM 4,5A f3B/c 6hllla H3y

'leHa ~JISI nHOHOB, po~eHHhiX no~ HyJieBhiM yrJIOM 

c HMny JibCaMH Pz:rc-> 3 f3B/c, HJIH XI> 1 

(XI :::::: Pz:rc- I P beam)' Ha nepe~HeM cneKTpoMeTpe yc

TaHOBK C<l> EPA [ 10-12 ]. 3ro coOTBeTCTByeT 

npo:u;eccy, Kor~a 6oJiee 'leM o~HH HYKJIOH nepe~aeT 
CBOIO KHHeTH'leCKYIO 3HepmiO nHOHy. He Ha6JIIO~a
eTCSI 3H 'lHTeJibHhiX 3<fJ<f>eKTOB H3MeHeHHSI <f>opMhl 

cneKTpo B ~JISI CC-, CPb- H Cp-coy~apeHHH no OTHO

meHHIO K HHKJII03HBHhiM CneKTpaM, HeCMOTpSI Ha 

poeT MHO)I<eCTBeHHOCTH peaKIJ;HH (pHc.2). Bo3MO)I<

Ho, 3TO npOSIBJieHHe IJ;BeTOBOH np03pallHOCTH Sl~ep

HOH cpe~hl ~JISI KYMYJISITHBHhiX nHOHOB, npOH30-

me~mHx OT «CBepx6hiCTphiX» KBapKOB. 
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no;~l'OTOBKa :meKTpOMarHHTHOl'O KaJJOpHMeTpa C<f>EPA K 3KCnepHMeHry Ha BHyTpeHHeH MHWeHH HYKJIOTpOHa 

• 

C (4.5A GeVIc) + Pb -> 1t' (0° ) + nch + ... C (4 .5A GeVIc) + C -> 7t' (0° ) + nch + ... 
Pb I p cross section ratio C I p cross section ratio 
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Cumulative number, X1 Cumulative number, X1 

PHC. 2. 0THOWeHHe CneKTpOB nHOHOB OT QJparMeHTal\HH 11;1ep yrnepo;~a Ha CBHHL\e H yrnepo;~e K HHKJII03HBHOMY CneKTpy Ha MHWeHH H3 
oo;~opo;~a npw pa3JIHtiHbiX orpaHw'leHHIIX Ha )l{eCTKYIO 3ap11;~ooy10 MHO)I{eCToeHHOCTb peaKL\HH Nclt (PT > 600 M:1B/c JIJ!ll npoTOHOB) 
[ 12] . 3KcnepwMeHTaJJbHbie ;~aHHbie c nepe;~Hero cneKTpoMeTpa ycTaHOBKH C<l>EPA 

Bo speM.II HIOJihCKOro ceaHca rpynnaMH C<l>E PA 

H C.siO BhiDOJIHeHhi nepshle H3MepeHH.II npo~yKTOB 

MepHhiX peaK~H:H Ha BHyTpeHHe:H MHmeHH HYKJIOT

poHa (pHC.3). lly'IOK ~eHTpOHOB 6hiJI yCKOpeH ~0 
3HepmH 200 M3B/HyKJIOH (4,14 ), H C DOMOll.l,hiO 
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I:!.E-E MeTo~HKH 6hiJIH ~eHTH<l>H~HpoBaHhl 

BTOpH'IHhle DpoTOHhl H ~eHTpoHhl (pH C. 4). 
CoTpy~HH'leCTBOM C<l>EPA H rpynno:H 11.5!11 

P AH co3~aeTC.II MHOroKaHaJihHhiH 3JieKTpo

MamHTHhiH KaJIOpHMeTp Ha KOJih~e HyKJioTpoHa ~JI.II 



HyKJIOTpoH 

PHc.3. CxeMa pacnoJIOJKeHHll Ha BHYTpeHHeM ny'IKe HYKJIOTpoHa 

JIBYXWie'leBOI'O :meKTpoMal'HHTHOI'O KaJIOpHMeTpa H ft..E- E TeJie

CKOna 

H3ylieHH.si ::mepreTHlieCKHX 3aBHCHMOCTeH po~eHH.si 

nCeBAOCKa.JI.sipHhiX H BeKTOpHhiX Me30HOB B .sJ:Apo

.sJ:AepHhiX B3aHMOAeHCTBH.siX. llpeADOJiaraeTC.si 

HCCJieAOBaTb npou;eCChl, B KOTOphiX !lmyKTOHhi H3 

ABYX CTa.JIKHBaiOID;HXC.si .sJ:Aep HrpaiOT AOMHHHpyiO

m;yiO poJih (ABa~bl KYMYJI.siTHBHhiH 3$PeKT) 

(5,13 ), B liaCTHOCTH DOADOporoBOe o6pa30BaHHe 

J l tp-, p-, w-, rp-, n-, K-Me30HOB H JienTOHHhiX nap B 

.sJ:Apo-.sJ:AepHhiX COyAapeHH.siX. 

3KcnepuMeHT <I>OTOH-MACCEP. 06pa6oTa

Hb1 H npoaHa.JIH3HpoBaHhi 3KCnepHMeHTa.JibHhle AaH-

Hble no HHKJII03HBHOMY o6pa30BaHHIO .n:0-Me30HOB B 

peaKD;H.siX C + (C, Cu) -+ .n:0 +X npu HMDYJihCe 

4,5A fsB/c (pHC.5). lloJiylieHO HHBapHaHTHOe ce-

lieHHe HHKJII03HBHOro o6pa30BaHH.si .n:0-Me30HOB B 

3aBHCHMOCTH OT KYMY JI.siTHBHoro liHCJia X H none-

petiHoro HMnyJibca P J. ll,eJih HCCJieAOBaHuil: -

noJiytieHHe HOBOH HH4>opMau;HH o MexaHH3Me KYMY

JI.siTHBHOro sQxPeKTa B npou;eccax po~eHH.si aApOHOB 

B .sJ:Apo-.sJ:AepHhiX B3aHMOAeHCTBH.siX. Oco6eHHOCTbiO 

,l:laHHOH DOCTaHOBKH .siBJI.sieTC.si B03MO)KHOCTb H3Mepe-

HH.si B OAHOM 3KCnepHMeHTe .n:0-Me30HOB B illHpoKOM 

HHTepBa.n:e nonepeliHhiX HMnyJihCOB. )l,JI.si o6JiacTH 

<Pa3oBoro o6heMa E o~ 2 f3B, () o~ 16° (JI.c.) H3Me-n 1l 

peHbl HHBapHaHTHhle CelJeHH.si OOpa30BaHH.si .n:0-Me-

30HOB B 3aBHCHMOCTH OT P J H KYMYJI.siTHBHOro liHC-

Jia X B npeAeJiax 0,1 ~ P J~ 0,8 (f3B/c)
2 

u 

1,0 ~ X ~ 2,0. )l,JI.si yKaaaHHhiX HHTepBa.n:OB aaBu

CHMOCTb HHBapHaHTHOro CelJeHH.si OT aTOMHOH MaCChi 

.sJ:Apa-MHmeHH npeACTaBJieHa B BUAe a - A~. CpeA

Hee 3HalieHHe DOKa3aTeJI.si CTeneHH COCTaBJI.sieT 

1100 

.-1000 
rn ...... 
Q.) 900 
~ 
~ 
ctl 800 

..c 
(.) 

700 u 
Cl 
< 600 ---
~ 
<:1 500 . ' 

400 
0. 200 400 600 800 

E (ADC channels) 

PHc. 4. CneKTP ft..E-E BTOpH'IH&IX qacTHI.\ OT liJiepH&rx peaKI.\HH 

BO BHYTpeHHeH MHWeHH HYKJIOTpoHa (14] 

4000 

3000 

•::S ::s 
E2000 

~ 
u 
0 
~ 
u 
::s 
:T 

1000 

100 

1500 

/\

!1, 

. 

500 

r ' 

100 200 

700 900 

PHc. 5. C neKTP HHBapHaHTH&rx Mace nap y-KBaHTOB, 3a

perncTpHpoBaHH&IX B ymepoJI-yrnepoJIHbiX B3aHMOJieHCTBHliX 

npH 4,5 A r sB/ c. BHJieH OT'IeTJIHB&IH uKJiaJI OT pacnaJIOB n° -Mew

HOB. (06pa6oTKa JlaHHbiX C ycTaHOBKH <I>OTOH-MACCEP) 

n = 0,36 ±0,02. l.fa aHaJIH3a AaHHhiX AJI.si peaKD;HH 

C + AT -+ .n:0 + X H a + AT -+ .n:0 + X onpeAeJieHa 

3aBHCHMOCTb HHBapHaHTHOro CelieHH.si OT aTOMHOH 
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P11c . 6. EU\e OAHO co6biTHe , HHTepnpeTHpyeMoe KaK CTa611llbHbtH 

):1116ap110H H+ , 11):1eHT11Ql111.\11JJOBaHO Ha MaTepHa.ne C nponaHOBOH 

ny3btpbK080H KaMepbl 

Macchi ~pa-cHap~a. Ha6mo.Qaercsr CHJibHasr 3a

BHCHMOCTb CTeneHH m (a- A';, A
8 

=a, C) OT X: 

m !:!; 1,0 npu X - 1 H .QOCTHraeT 3Hal.leHHSI m · !:!; 2,0 

npHX= 1,9. 

lloHCK CTa6HJibHbiX JJ.H6apHOHOB. Ha MaTepu a

ne C ny3hlpbKOBOH nponaHOBOH K3Mepb1 OOHapy>Ke

HO em.e .QBa COOhiTHSI, co.Qep)Kam.ux KaH.QHJJ.aTOB B 

CT36HJibHble llOJIO)KHTeJibHble .QH6apHOHhl CO CTpa H

HOCTbiO S = -2 H M3CCOH OKOJIO (2392,6± 

±23,6) M3B/ c (pHc.6) . npo.QOJI)KHTeJibHOCT.H )KH3-

HH no MO.QaM CJia6oro pacna.Qa H+-+ p + .n:0 + A, 

A ... p + .n: - , H+ ... p + A, A ... p + .n:- COCT3BJISI IOT 

B 3THX C06biTHSIX 0,26 H 6onee 0,047 HC COOTBeTCT

BeHHO (21, 22 ). 

COTPYJJ.HH'ICCTBO rHBC. B 1993 r. Ha ycTaHOB

Ke fi1BC npo.QOJI)KaJIHCb HCCJie.QOB3HHSI B036y)K.Qe-

HHSI ~-H3o6aphl [19] B peaKu,HH Mg(t, 
3
He). BBHJJ.Y 
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P11c . 7. CneKTpbt npoAOJtbHbtx HMnyJtbC08 nHOH08 - P}. co 

CTp11MepHOH KaMepbt BUiC:.- 3KCnep11MeHT, X- paC'IeT J:l)lll 

po}l{):leHHll H306apbt Ha KBa311C800oJ:IHOM HYKJtOHe 8 ll):lpe Marn1111. 

3Heprnll C8ll311 6.-H3o6apbt 8 liJ:Ipe Mg Ol.\eHeHa 8 40 MJB [20] 

CJIO)KHOCTH npou,ecca Heo6xo.QHMO He TOJibKO Bhi

SIBHTb BCe B03M0)KHhle K3H3Jibl peaKU,HH, HO H OU,e

HHTb HHTeHCHBHOCTb K3)K.QOro. CTpHMepHaSI KaMepa 

fi1BC SIBJISieTCSI 4.n:-,QeTeKTOpOM, o6ecne4HB3IOIIJ.HM 

npeHMymeCTBO .QJISI pemeHHSI 3TOH npo6JieMbl -

llOJiy'leHHe HeHCK3)KeHHhiX ClleKTpoB 6e3 BBe,QeHH51 

MO.QeJibHO 33BHCHMbiX nonpaBOK. 

B [20] ou,eHeHa sepoSITHOCTb po)K.QeHH51 ~-H30-

6aphl Ha KB33HCBOOO.QHOM HYKJIOHe ~pa-MHmeHH . 
C 3TOH u,eJibiO cpaBHHBaJIHCb cneKTpbl npO.QOJibHhiX 

HMnyJibCOB nHOHOB, noJiy'leHHhle B 3KcnepHMeHTe H 

p3CC4HT3HHble B npe.QDOJIO)KeHHH KB33HCBOOOJ].HOrD 

po)K.QeHH51 ~-H3o6aphl. O)KHJJ.aJIOCb, 'lTO B KaHaJie c 

O.QHHM .n:- -Me30HOM (t + Mg-+ 3He + .n:- + ... ) 
KB33HCBo6o.QHble ~-H3003pb1 MOryT COCT3BHTb J].O 

90% . 0K33aJIOCb, O,QH3KO, 4TO B 3TOM K3HaJie (Bepo

SITHOCTb C3MOro K3HaJI3 C O.QHHM .7t- paBH3 

0,380±0,016) He 6oJiee 50% llHOHOB po)K.QeHbi pac

ll3.QOM KB33HCBo6o.QHOH H3o6apbi (pHc. 7). He

O)KHJJ.3HHO T3K)Ke H TO, l.lTO npasyiO 43CTb llHOHHOro 

Cnt!KTpa HeJib3SI OllHC3Tb H3BeCTHbiMH MeX3HH3M3MH 

peaKU,HH (npe.QB3pHTeJibHbiH pe3yJibT3T). 

CTPYKTYPA MAJIOHYKJIOHHbiX CI1CTEM 

Ha CHHxpo¢a3oTpoHe 0115111 B 1993 ro.Qy 6hiJio 

npoBe,QeHO J].B3 Ce3HC3 C ny4K3MH llOJIS1pH30B3HHhiX 

J].eHTpoHOB. 3KCnepHMeHTaJibHble HCCJie.QOB3HH51 H3 

DY4Ke BeKTOpHO H TeH30pHO llOJIS1pH30B3HHbiX J].eHT

poHOB npoBeJIH TPH rpynnhl ¢H3HKOB: KOJIJia6o

pau,H51 AJib<l>A (0115111 - Bonrapusr - PoccHsr -

YKpaHHa - CiliA), KOJIJia6opau,H51 AHOMAJIOH 

(0115111 - noJibma- POCCH51- 51noHHSI) H rpynna 

CMC MfY (Poccusr). Bnepsble HHTeHCHBHOCTb nyq-

Ka J].OCTHrJia 5 ·109 ,QeHTpoHOB B l.I,HKJI, 4TO 003-

,. 

----..... 



Tipo<j>eccop q.nep,!1pHcaT (CEliA <I>) o6cyJK,!1aeT npe)1uapHTeJibHbie pe3yJibT3Tbi c aHca Ha nonllpH30B3HHbiX )1ej:npoHax c ytiaCTHHK3MH 

KOJIJia6opal.\HH AJih<I>A H3 ClllA, PoccHH 11 YKpaHHbi 

BOJIHJIO Bbii10JIHHTb OCHOBHYIO l.JaCTb 3ai1JiaHHpOBaH
HbiX H3MepeuHH:. Yl.laCTHHKH 3KcrrepHMeHTOB H3 
CIIIA H 5lrronHH suecnH <t>HnaucosbiH: BKJia,Z:( B rrpo
se,Z:(eHHe 3THX H3MepeHHH, pa60Tbi I10,Z:(,Z:(ep)I(HBaJIHCb 
TaK)I(e PoccHHCKHM <t>oH,Z:(OM <t>yH,Z:(aMenTaJibHbiX 
HCCJie,Z:(OBaHHH. 

B ceuTSI6pe B LI,y6ue 6hiJI rrpose,Z:(eH Me)I(,Z:(yua
po.QHbiH CHMI103HYM <<LI,eH:Tpou-93>>, I10CBY:~eHHbiH 
HCCJie.QoBaHHIO CTPYKTYPbi .QeH:Tpoua ua MaJibiX Me)I(
HYKJIOHHbiX paccTOY:HHY:x. 

COTpy ,Z:(HH'IeCT80 AJib<I> A. KoJIJia6opau.HY: 
AJih<l>A 3aHHMaeTcY: HcCJie,Z:(osanHeM CTPYKTYPbi 
Jiei'KHX ji.Qep Ha MaJibiX paCCTOY:HHSIX, I',Z:(e HeHyKJIOH-

' Hble CTerreHH CB060.Qbi MOf'YT HrpaTb cy~eCTBeHHYIO 
pOJib (24,26,27 ). 1993 I'O,Z:( 6biJI, 8 OCHOBHOM, I10CBY:
m;eu H3yl.JeHHIO .QeHTpoua Ha I10JIY:pH30BaHHbiX ,Z:(eHT
poHHbiX rryl.IKax CHnxpo<t>a3oTpoua OI15II1 H 
SATURNE (CaKJie, <l>pauu.HY:) [25] B paMKax KOJI
na6opaii,HH cPH3HKOB H3 BonrapHH, I1crranHH, Kaua
.Qbi, PoccHH, CiliA, YKpaHHbi, <l>panii,HH. 

B Ll,y6ue 6biJIH ~3Mepeubi [23 ] auanH3HpyiO~He 
crroco6uocTH T 20 B yrrpyroM dp-pacceY:HHH na3a.Q, 

p(d,p)d, B ,Z:(Harra30He BHyTpeHHHX HMI1YJibCOB 
k = 0,35-:-{),8 f3B/c, H B peaKII,HH <t>parMeHTaii,HH 

.QeH:Tpoua ua 80.Qopo.Qe, p(d,p)X, 8 ,Z:(Harra3one 
k = 0«>,8 f3B/ c. B CaKJie 6biJio H3yl.leuo rro8e.QenHe 

T 20 H K03cPcPHU.HenTa rrepe,Z:(al.JH rronSipH3aU.HH oT 

,Z:(e:i.\:Tpoua K I1p0TOHY B peaKII,HH p(d,p)d I1pH 
MeHbiiiHX 3HeprHSIX. 

B HMITYJibCHOM rrpH6JIH)I(eHHH B rrpe,Z:(rrono
)l(eHHH o naJIHl.JHH s ,Z:(e:ihpoue TOJibKO S- H D-sonu 
YITOMSIHYTbie I10JIS1pH3aii,HOHHbie xapaKTepHCTHKH 
HMeiOT O,Z:(HHaKOBbie Bbipa)l(eHHSI ,Z:(JISI o6eHX peaK
II,HH. Cel.leHHe ,Z:(JISI peaKU.HH <t>parMenTaU.HH rrporrop
U.HOHaJihHO KBa,Z:(paTy BOJIHOBOH cPYHKII,HH ,Z:(eHTpoua 

<1>2, a ,Z:(JISI peaKU.HH yrrpyroro ,Z:(eH:Tpou-npoTouuoro 

pacceSIHHSI ua3a,Z:(- <1>4. 

3Hal.JeHHY: KBa,Z:(paTOB BOJIHOBbiX cPYHKII,HH ,Z:(eHT
poua, H3BJiel.JeHHbiX pauee H3 3KCrrepHMeHTaJibHbiX 
,Z:(aHHbiX no cel.leHHY:M peaKU.HH yrrpyroro pacceY:HHY: 
ua3a,Z:( (MHposhie ,Z:(annhle) H pa3sana ,Z:(eH:Tpoua 
(LI,y6ua) , xopoiiio cosrra,Z:(aiOT ):(pyr c ):(pyroM. 0):(naKo 
6onee l.IYBCTBHTeJibHbie I10JIY:pH3aii,HOHHbie xapaK
TepHCTHK I10Ka3biBaiOT 3aMeTHYIO pa3HHU.Y B I10Be
,Z:(eHHH ,Z:(JI Y: ,Z:(BYX yrrOMY:HYTbiX peaKII,HH (Ha cero,Z:(
HY:IIIHHH ):(eHb rroKa TOJibKO ,Z:(JIY: T 20) (pHc.8). EcnH 

,Z:(auuhle no T 20 B peaKU.HH <t>parMeuTaiJ.HH ua so,Z:(o

po):(e, TaK )l(e KaK H orry6nHKosauuble pauee ,Z:(auuble 
s peaKU.Hli ua yrnepo,Z:(e, rrpH 6oJibiiiHX k HMeiOT Teu
,Z:(eHU.HIO ITJiaBHOI'O BbiXO,Z:(a Ha aCHMI1TOTHKY, rrpe):(
CKa3aHHYIO B paMKax KXLI,, TO auanoml.luble ,Z:(annble 
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PHC. 8. )laHH&Ie COTPYAHH'IeCTaa AJib<J>A no TeH30pHOH 

aHaJIH3HpyiO~eH cnoco6HOCTH T 7IJ a peaK~HH AeHTJ)OH-npoTOH

HOro ynpyroro pacceiiHHII H838A p(d, p)d, nony'leHH&Ie a 1993 r. a 

Jly6He H CaKJie, H B peaK~HH 4JparMeHT8~HH AeHTJ)OH8 H8 BOAO

poAe p(d, p)X, nOJIY'IeHHble B OKTII6pe 1993 r . B Jly6He (25) . 
Cll.1IOWH811 JIHHHII - npeACK838HHII napHlKCKOro NN-n oTeH

~HaJia B HMnyJibCHOM npJoi6JIHlKeH·HH 

B peaK~HH ynpyroro dp-pacce51HH51 HMeiOT TOHKYIO 

CTPYKTYPY B ~HanaaoHe k- 0,2+0, 7 5 f3B/ c, H TOJI&

KO B HHTepBane k • 0, 75+0,8 f3B/c B03MO.lKH3 T3 .liCe 

Te~eH~H51, 'ITO H B peaK~HH !l>parMeHT3~HH. 06Ha

py.lKeHHhiH 3Qxl>eKT paHee He 6hiJI npe~CK333H. 

Bhlllo npo~OJI.lKeHo H3MepeHHe K03Qxt>H~HeHTa 

nepe~a'IH nOJI51pH33~HH OT ~eHTpoHa K nporoHy B 

peaK~HH !l>parMeHT3~HH ~eHTpoHa H3 yrnepo~e; 
BepXHHH npe~eJI no BHyTpeHHeMy HMnyn&ey no~H51T 

~o k = 0,58 r3B/ c. 

B npo~ecce npoBe~eHH51 ynoM51HYThlx 3Kcne

pHMeHTOB 6hiJIO ocy~eCTBJieHO npo6Hoe H3Mep eHHe 

T20 B Heynpyroii peaK~HH p(d,d')X no~ HyJieBhiM 

yrnoM B o6naCTH nepe~aq 3Hepmii, ~OCTaTO'IHhiX 

M51 po~eHH51 O~HOro HJIH ~BYX nHOHOB H B036y.lK

~eHH51 HYKJIOHHhlx peaoHaHcoB: ~ H N(1440>. 6h1Jla 

OOHapy.lKeHa 33MeTH351 'IYBCTBHTeJibHOCTb 3TOH 

peaK~HH K TeH30pHOH nOJI51pH33~HH ~eHTpoHa: ee 

3H3JIH3HPYI0~351 cnoco6HOCTb T 20- -0,4. . 
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B 1994 ro~y DJiaHHPYIOTC51: 

• H3MepeHH51 T 20 B peaK~HH ynpyroro dp-pacce-

51HH51 H33~ B OKpeCTHOCTH k:::::: 0,6 r3B/c (~JI51 

yroqHeHH51 TOHKOH CTPYKTYPhl) H npo~BH.lKe

HHe K peKOp~HhiM 3H3'1eHH51M BHyTpeHHero 

HMnyn&ea, ~0 k:::::: 0,9 r3B/c W51 no~TBep.lK
~eHH51 BhiXO~a H3 3CHMnTOTHKy); 

•HaMepeHH51 T20 B peaK~HH H(d,d')X c ~en&IO 

Bhi51CHeHH51 MeX3HH3M3 po~eHH51 pe30H3HCOB; 

• H3MepeHHe K03Qxi>H~HeHT3 nepe~a'IH nOJI51pH-

33~HH OT ~eHTpoHa K nporoHy B peaK~HH 

!l>parMeHT3~HH ~eHTpoHa C BhiXO~OM H3 3H3-

'IeHHe BHyTpeHHero HMnyn&ea, 6JIH3Ko ro K 

0,7 r3B/c. 

T2o 
0 

-0.5 

-1.0 

fSI 
.... ./. . . 

a~t-p(d)+x 
/ 

0-SACLAY-87 

I
t -ALPHA-88,90 

DUBNA: • -ANOt.IALON-~3 
0 -ANOt.lALON-94 

0.2 0.4 0.6 0.8 1.0 
k,GeV/c 

PHc. 9. Pe3yJI&TaT&I c ycraHOBKH AHOMAJIOH no T20 

Y cTaHOBKa AHOMAJIOH. KoJIJia6opa~H5l 
AHOMAJIOH npoBO~HT HCCJie~oBaHH51 cnHHOBOH 

CTPYKTYPhl ~eiiTpoHa B o6naCTH Kopa ~eiiTpoHa, T .e. 

npH 6on&mHx OTHOCHTeJI&HhiX HMny JI&cax HYKJIOHOB 

B ~eHTpoHe. J1cCJie~OB3HH5l 6a3HpyiOTC51 H3 HCnOJib-

30B3HHH ny'IK3 nOJI51pH30B3HHhiX ~e:HTpoHOB JIB3 C 

HMnyJibCOM ~0 9 r3B/c H mHpoKoanePTYPHOI'O 

non51pHMeTpa AHOMAJIOH ~JI5l H3MepeHH5l noJI5l- . 

pH33~HH npoTOHOB OT p33B3JI3 ~eHTpoHOB [28-32 ]. 

B 1993 r. 3aBepmeHa o6pa6oTKa ~aHHhiX no 

H3MepeHHIO K03Qxi>H~HeHT3 nepe~a'IH nOJI51pH33~HH 

K B peaK~H CTpHnnHHra peJI51THBHCTCKHX no

JI51pH30B3HHhiX ~eHTpoHOB npH BHyTpeHHHX HM

nyJI&eaX ~o k = 550 M3B/c (peKop~Hoe Ha cero~H5l 
aHa'leHHe k B 3KcnepHMeHTax TaKoro THna). CoBMe

CTHo C 51nOHCKOH rpynnOH H3 YHHBepcHTeTOB r.Haro5l 

H r.MHM33KH npoBeAeH CeaHC no H3MepeHHIO TeH-

30pHOH aHaJIH3HpyiO~eii cnoco6HOCTH T 20 3Toii 

peaK~HH Ha yrnepo~HOH MHmeHH. B H3MepeHHH T 20 

Y~aJIOCb npo~BHHYTbC5l ~0 k = 1 r3B/ c, 'ITO COOTBeT

CTByeT KHHeM3TH'IeCKOMY npeAeJiy B peaK~HH pac

Ce51HH5l AeHTpoHa Ha npoTOHe (npH 8,7 r3B/c) 

(pHc.9) . 

B HMnyJI&eHOM npH6JIH)KeHHH aHaJIH3 noBe

AeHH5l T 20 H " npH BhiCOKHX 3Ha'leHH5lX k no3BOJI5leT 

B~eJIHTb BKJI~ S- H D-COCT051HHH B BOJIHOByiO 

IPYHK~HIO AeHTpoHa (DWF) B o6nacTH Kopa H no

JIY'IHT& 3KCnepHMeHT3JibHYIO OCHOBY AJI51 pa3pa-

60TKH cnoco6oB yqeTa pen51THBHCTCKHX 3¢q>eKTOB a 

DWF. 0AHaKo, KaK noKa3hiBaeT cpaBHeHHe pe3yJI&

TaTOB p3C'IeTOB H 3KCnepHMeHT3, ynpo~eHHhle MO

AeJibHhle nOAXOAhl, OCHOB3HHhle Ha paCCMOTpeHHH 

TOJibKO cneKT3TOpHOfO MeX3HH3M3 H HrHOpHpyiO

~He B33HMOAeHCTBH51 B KOHe'IHOM COCT051HHH H 



KBapKOBhle cTeneHH CBOOOAhi, He B cocTO.siHHH ofu..src

HHTb noBeAeHHe CnHHOBhiX Ha6JIIOAaeMhiX npH 60Jib

illHX 3Ha'leHu.srx BHYTPHAeiiTpoHHhiX HMnyJihCOB. 

BoAopo.n.Ha.sr ny3hlpbKOBa.sr KaMepa. B Te'leHue 

1993 r. npoAOJI)I<aJIHCb o6pa60TKa H HaKOITJieHHe 

A3HHhiX no 3KCnepHMeHTY B ny11Ke BeKTOpHO 

noJI.srpuaoBaHHhlx Aeii:TpoHOB Ha ycTaHOBKe YIIK. 

IlpoBOAHJIC.sr aHaJIH3 peayJihTaTOB no Op-, Rep- u 

dp-3KcnepuMeHTaM (puc.10) [33,34 ]. CAeJiaHo 

Cp3BHeHHe TOnOJIOrHH BhiXOAa BTOpH11HhiX <!>parMeH

TOB B KHCJIOpoA-npOTOHHhiX B3aHMOAeHCTBH.siX C KaC

K3AHOH <t>parMeHTaiJ,HOHHO-HCnapHTeJibHOH MO

AeJibiO <K <I> 11M). Ha6JIIO.n.aiOTc.sr cyiiJ,eCTBeHHhle 

paCXO)I<AeHHSI, CBUAeTeJibCTBYIOIIJ,He 0 HeCOBepmeH

CTBe MOAeJIH. B TOM )l<e 3KcnepuMeHTe noJiy'leHhl Ho

Bble A3HHhle no OTHOCHTeJibHOMY BhiXOAY H30TOnOB 

JierKHX SIAep npH <!>parMeHTaiJ,HH SIApa KHCJIOPOAa. 

113y'laJIHCb AeHTpoH-AeHTpoHHhle H npoTOH

npoTOHHhle KOppeJISIIJ,HH BO B3aHMOAeHCTBHSIX SIAep 

reJIHSI c npoToHaMH [35 ]. CHJibHhle npocTpaHCTBeH

Hhle KOppeJISII.I,HH Me)I<Ay BhiJieTaiOIIJ,HMH npoTOHaMH 

npH MaJihiX OTHOCHTeJibHhiX HMnyJibCaX COrJiaCyiOT

CSI C TeOpeTH'IeCKHMH paC'IeTaMH B npeAnOJIO)I<eHHH 

ux ueaaBHCHMoro ucnycKaHHSI. XapaKTepHhle npocT

paHCTBeHHhle paaMephi rayccoBa HCTO'IHHKa coc-

TaBHJIH OKOJIO 0 ,0±0,2) <PM AJISI SIAPa 4He u 

(1 ,5±0,2) <i>M AJI.si SIApa 3He. 

YcTaHOBKa .LJ:HCK. IloJiy'leHhl npeABapHTeJib

Hhle peayJihTaThl o6pa6oTKH no HMnyJibCHhiM u yrJio-

BhiM cneKTpaM KYMYJISITHBHhiX n:+ -Me30HOB u npo

TOHOB B peaKIJ,HH pD -+ n: +X AJI.sr HMnyJibCOB HaJieTa

IOIIJ,ero npoTOHa k = 4,45 H k = 8,9 f::~B/c H yrJIOB p p 

pemcTpaiJ,HH () = 90° u () = 168° [36 ]. YCTaHOBJie

uo, 'ITO CKeHJIHHroBOe noBeAeHHe (He3aBHCHMOCTb 

napaMeTpa H3KJIOHa OT 3HepmH B nepeMeHHOH 

CTaBHHCKoro) po)I<AeHHSI BTOpH'IHhiX nuoHoB Ha 

SIApax Aeii:TepuSI B KYMYJISITHBHOH o6JiaCTH (X > 1) 
ua6JIIOAaeTCSI y)l<e npu HMnyJihCe Ha'laJibHOro npo

TOHa kp = 4,45 f::~B/c, 'ITO 3Ha'IHTeJibHO paHhme, 

'leM AJISI TSI)I<eJihiX SIAep. 

IlpoBepeHa mnOTeaa o <t>aKropuaaiJ,HH ce11eHHS1 

B nepeMeHHhiX X,() B KYMYJISITHBHOH o6JiaCTH. YcTa

HOBJieuo, 'ITO B 3THX nepeMeHHhiX HMeeTC.si npH6JIH

X<eHHaSI <t>aKTOpH3aiJ,HSI Ce'leHHSI, H OnpeAeJieH napa-

MeTp uaKJioHa <X> - 1 = 9,9±0,9. B HMnyJihCHOM 

cneKTpe n: + -Me30HOB npoiJ,ecca pD -+ n: + (90o)X npu 

kp = 4,45 r::~B/c o6Hapy)l<eH HanJihiB. IIpeAnOJiara-

eTCSI, 'ITO OH CBSI3aH C po)I<AeHHeM Ll-H300aphl. IJoJiy

'leH HMnyJihCHhiH cneKTp po)I<AeHHSI npoTOHOB B 

peaKIJ,HH pD-+ p(90o)X npu kp = 4,45 f::~B/c. 

CpaBHeHue c peayJihTaTaMH pac11eToB B paMKax 

peJISITHBHCTCKOro HMny JlbCHOro npH6JIH)I<eHHSI nOKa-

3aJIO, 'ITO cneKTaTOpHhiH MeXaHH3M AOMHHHpyeT B 

)l<eCTKOH 'laCTH cneKTpa (q > 0, 7 f::~B/ C) H cyiiJ,eCTBe-
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PHC. 10. IlOJIHall Q>pa!'MeHTai.IHll ll,llpa Q>TOpa Ha npoTOHe B 80,110-

po,IIHOH n y 3blpbKOBOH KaMepe 

HeH BKJia,!J. HeCneKTaTOpHOro MeXaHH3Ma B M.slrKOH 

11acTH cn eKTpa (q < 0, 7 r::~B/ c). 

PaccMoTpeH npoiJ,ecc rJiy6oKoHeynpyroro pacce

SIHHSI nOJIS1pH30BaHHhiX MIOOHOB Ha BeKTOpHO nOJISI

pH30BaHHhiX AeHTpoHaX B paMKaX KOBapHaHTHOro 

nOAXOAa B nepeMeHHhiX CBeTOBOro KOHyca (37-41 ). 

Ha OCHOBe peJISITHBHCTCKOH BOJIHOBOH <i>YHKIJ,HH 

AeHTpoHa c OAHHM HYKJIOHOM Ha MaccoBoH: oOOJIO'IKe 

Bhi'IHCJieHa cnuuaaBHCHMa.sr CTPYKTypHaSI <i>YHKIJ,HSI 

gf(x, Q 2). IlOKa3aHO, 'ITO 3$PeKT peJI.siTHBHCTCKOro 

<t>epMH:-ABH)I<eHHSI, OnHChiBaeMhiH OTHOmeHHeM 

CTPYKTYPHhiX <i>YHKIJ,HH R;>1 N = gf I I( B o6JiaCTH 

X= 10- 3+0,7, Q 2 = 1+80 (f3B/c) 2 COCTaBJISieT 

-9%. IloJiy'leHa OIJ,eHKa SIAepHoH nonpaBKH 

(oSB/ SBi- -11+16%) .!J.JISI HHTerpana BbepKeHa 

S Bi (x, Q 2). PeayJihTaThl pac11eTOB gf(x, Q 2) 
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CpaBHHBaiOTCSI C 3KCnepHMeHTaJibHhiMH ):laHHhiMH 

KoJIJia6opau;HH SMC. 06ocuoshlsaeTCR, 'ITO SI,Uep

HbiH 3Q>¢>eKT .uomKeH yt~HThiBaTbCSI npH HJBJiet~eHHH 

cnHHJaBHCHMOH CTPYKTypuoil ¢YHKU:HH ueiiTpoua 

g:(x, Q 2) HJ .uaHHhiX no gt H gf. PaccMo Tpeu 

npou;ecc rJiy6oKoueynpyroro pacceRHHSI JienTouos 

Ha HenOJIS1pH30BaHHOM ,UeHTpoHe B paMKaX KO

sapHaHTHOro nO):IXO):Ia B nepeMeHHhiX CBeTOBOro KO

uyca. B peJISITHBHCTCKOM HMnyJihCHOM npH6JIH)I(e-

HHH Bhi'IHCJieua CTPYKTypuaR ¢YHKU:HR F2D(x, Q 2). 

C HCnOJib30BaHHeM peJISITHBHCTCKOH ¢yHKIJ;HH ):leHT

pOHa H3 3KCnepHMeHTaJibHhiX ):laHHhiX no npoTOHy H 

;:~eiiTpouy HJBJiet~eua ueiiTpouuaR CTPYKTypHaR 

¢YHKU:HSI Ft(x, Q 2). TioKaJauo, 'ITO 3Qxt>eKT p eJIR

THBHCTCKoro ¢epMH-):IBH)I(eHHSI B ,UeHTpoHe ):IOCTHra

eT -6% npH X= 0,7. VIJBJietleHHaSI CTpyKTyp HaSI 

¢YHKIJ;HSI HeHTpoHa F2n(X , Q 2) HCnOJib30BaJiaCb ):IJISI 

nposepKH npasHJia cyMM foTT¢pHJ:~a . YcTauosJieHo, 

'ITO OCHOBHOH BKJia,U B HHTerpan fOTT¢pHJ:~a 

SG(X, Q 2) BHOCHT OOJiaCTb 60JiblliHX X H MaJibiX Q 2. 

C pocroM Q 2 
BeJIH'IHHa SG(x, Q 2) yMeHhlllaeTCR, 'ITO 

npoTHBOpetiHT npocTOH KBapK-napTOHHOH MO):IeJIH. 

Do;:~roTOBJieHO ):IOnOJIHeHHe K nOJIS1pH3aU.HOHHOH 

nporpaMMe nO HCG1e):IOBaHHIO Sl):lepHbiX XpoMO,UHHa

MH'IeCK!iX 3Qxl>eKTOB npH B3aHMO):IeHCT BHH 

nOJIS1pH30BaHHbiX npoTOHOB C Sl):lpaMH Ha COOpy)l(ae

MOM KOJIJiail;:~epe RHIC [42,43]. 

PA3BI1TI1E METO.lli1KI13KCTIEPI1MEHTA 

BHyTpeHmUI MHweHb HYKJIOTpoHa. JIHHeHHhiH 

yt~aCTOK HYKJIOTpoHa co cTaHu;Heil sHyTpeHHHX 

MHilleHeH npe;:~CTaBJISieT COOoH aBTOHOMHYIO ¢H-

3H'IeCKYIO ycTaHOBKy CO CBOeH He3aBHCHMOH CHCTe

MOH BaKyyMHOH OTKa'IKH. TipH 3TOM OHa MO)I(eT 

¢YHKIJ;HOHHpoBaTb H KaK 3JieMeHT HOHOnpoBO):Ia 

HYKJIOTpoHa, H He3aBHCHMO OT Hero npH BbiKJIIO'IeH

HOM ycKopHTeJie. He3aBHCHMaR saKyyMHaR oTKat~Ka 

H CbeMHaR KOHCTPYKU.HR cTaHU.HH no3BOJISIIOT ;:~ocTa

TO'IHO onepaTHBHO MeHSITb ¢YHKIJ;HOHaJibHble 803-

MO)I(HOCTH ::JTOH ycTaHOBKH, 6e3 B03):1eHCTBH SI Ha 

BaKyyMHYIO H KpHOreHHYIO CHCTeMbl OCTaJibHhiX 

yt~aCTKOB HYKJIOTpoHa. TipH 3TOM MOryT 6h1Tb ocy

~eCTBJieHhl MOHTa)l( Ot~epe,UHOH naPTHH MHiliCHeH 

HJIH o6pa3u;os, no;:~Jie)l(a~Hx o6Jiyt~eHHIO Ha s HyT

peHHeM nyt~Ke HYKJIOTpoHa, a TaK)I(e noJIHaR 3aM eHa 

CTaHIJ;HH ):IJISI ;:~pyroro ¢H3H'IeCKOro 3KCnepHMe HTa. 

TaKHM o6pa3oM, Ha ;:~aHHOH yCTaHOBKe B03MO)I(HO 

HCnOJib30BaHHe pa3JIH'IHbiX THnOB BHyTpeHHHX MH

IlleHeH (¢QJihroBhiX, HHTeBH):IHhiX, CTPYHHbiX, n yq

KOBbiX H )J.p.), HCObiTaHHe HOBbiX MeTO):IOB ):IHarHO

CTHKH nyt~Ka, a TaK)I(e npose;:~eHHe onpe.ueJieHHoro 

KJiaCCa 3KCnepHMeHTOB , aHaJIOrH'IHbiX npoBO):IH-
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MhiM Ha BbiBe,UeHHOM nyt~Ke B reoMeTpHH, 6JIH3KOH K 

4n-reoMeTpHH. 

CTaHIJ;HR sHyTpeHHHX MHilleHeil [ 14 ], HCnOJib-

3yeMaR s nepsoM 3KcnepHMeHTe ua HYKJIOTpoHe, 

BhlnOJIHeHa B BH):Ie J:IBYX nepeceKaiO~HXCSI IJ;HJIHH,U

poB HOHOOpoBO):Ia H IJ;HJIHH,Upa C TpeMSI MHilieHSIMH, 

HMeiO~ero OOJiblliHH ):IHaMeTp. ra6apHTbl CTaHIJ;HH, 

ee KOHCTPYKU:HR H TOJ1~HHa CTeHOK (0,5 MM) 

OnTHMH3HpoBaHhl ,UJISI pernCTpau;HH BTOpH'IHbiX 

'laCTHIJ; BHelliHHMH ):leTeKTOpaMH npH MaKCHMaJibHO 

B03MO)I(H0M TeJieCHOM yrJie H C MHHHMaJibHbiMH 

nOTepRMH. <l>oJibroshle MHmeHH H3 CH2 (ToJI~HHOH 

1,6 MKM), Cu (0,55 MKM) H Au (1, 7 MKM) no;:~sellle

Hbl Ha KBapu;eBhiX HHTSIX ):IHaMeTpOM 9 MKM B C-o6-

pa3HbiX paMKaX, JaKpeOJieHHbiX sepTHKaJibHO Ha 

spa~a10~eMCS1 c noMO~hiO marosoro .UBHraTeJIR 

CTOJIHKe. BhiBO.U scex paMOK c MHmeHRMH H3 HOHO

nposo;:~a, nOHCK HeOOXO,UHMOH ,UJISI 3KCnepHMeHTa 

MHilleHH, a TaK)I(e KOHTpOJib ee npOCTpaHCTBeHHOro 

nOJIO)I(eHHSI no OTHOilieHHIO K OCH HOHOnpOBO):Ia ocy

~eCTBJISIIOTCSI C nOMO~biO 3JieKTpOHHO-OnTH'IeCKOro 

yCTpoHCTBa, CBSI3aHHOro C OCbiO Bpa~eHHSI CTOJIHKa 

H 3JieKTpoHHOH CHCTeMOH ynpasJieHHSI ):IBHraTeJieM. 

3TO n03BOJISieT ):IHCTaHIJ;HOHHO H B HY)I(HbiH no OTHO

IlleHHIO K Hat~any IJ;HKJia yCKOpeHHSI HOHOB MOMeHT 

speMeHH BBO):IHTb MHilleHb B nyt~OK Ha KOHTpOJIH

pyeMble rJiy6HHY H speMSI 3KCn03HIJ;HH. 

JlJISI KOHTpoJISI HHTeHCHBHOCTH H speMeHH )I(H3-

HH t 'laCTH nyt~Ka, B3aHMO):IeHCTBYIO~eH C MHme

HbiO, B 3KCnepHMeHTe HCnOJib30BaJIOCb H3Jiyt~eHHe 

MaTepHaJia MHilleHH nO):I B03):1eHCTBHeM HOHOB. J..-13-
JIYtleHHe perncTpHpoBaJIOCb t~epe3 CMOTpOBOe OKHO 

¢QT03JieKTpoHHhiM yMHO)I(HTeJieM, a s saKyyMe -

BTOpHt~H0-3JieKTpoHHhiM YMHO)I(HTeJieM Ha 6a3e 

MHKpoKaHaJibHhiX OJiaCTHH (B3Y -7). IJoJiyt~eHHble 

ocu;HJIJiorpaMMhl oTpa)l(aiOT speMeHHYIO CTPYKTYPY 

nyt~Ka, a Cna):l HHTeHCHBHOCTH BO speMeHH XOpOiliO 

COrJiacyeTCSI C TeOpeTH'IeCKHMH OIJ;eHKaMH ):IJISI 

HCnOJib3yeMbiX MHilleHeH H 3HeprnH ,UeHTpOHOB (£ = 

= 100 M3B/HyKJI., tCH = 17 MC, tcu = 1 MC). TipH 
• 2 

OTJia;:~Ke pe)I(HMa ycKopeHHSI HYKJIOTpoHa (npH 

OTCYTCTBHH MHilleHeH B HOHOnpOBO,Ue) 3nH30,UH

'IeCKH Ha6JIIO,UaJIHCb CHrHaJibl HJJiyt~eHHSI, COOTBeT

CTBYIOiliHe nona,UaHHIO t~aCTH nyt~Ka Ha CTeHKY 

HqHonpOBO,Ua MHilleHHOH CTaHIJ;HH. 

HcTO'IHHK TIOJISIPHC. B 1993 r. npose.ueuo .usa 

paOO'IHX ceauca Ha CHHXpo¢a30TpOHe C HCTO'IHHKOM 

TIOJISIPI1C. Ka)I(,UoMy ceaHcy npe.ullleCTBOBaJia 

OOJiblllaR pa6oTa no c6opKe ycTaHOBKH. 06a ceaHca s 

TeXHH'IeCKOM OTHOilleHHH npOiliJIH XOpOiliO. Y CKO

peHHbiH nyt~OK OTJIH'IaJICSI CTa6HJibHOCTbiO, 

HHTeHCHBHOCTb B noCJie,UHeM ceaHCe ,UOCTHraJia 3Ha-

tleHHSI 5 · 10
9 

.ueiiTp./HMn. KoppeKIJ;HSI MarHHTHoro 

npo¢HJISI B 30He pe30HaTOpOB aTOMHbiX nepeXO,UOB C 

nOMO~biO CneiJ;HaJibHbiX 06MOTOK n03BOJISieT nOBbl

lllaTb 3Ha'leHHSI nOJIS1pH3aiJ;HH nyt~Ka Ha 15-20%. 



IJpo~OJI.)K3eTC51 H3fOTOBJieHHe H Be~eTC51 C60pKa Ha 

CTe~e Y3JIOB HOBOTO HOHH33TOpa ~JI51 HCTOqHHKa 

IIOJlSIPHC, ocHosaHHoro Ha 3apMoso- o6MeHHOH 

peaKD;HH. 

B $a3y 3KcnepHMeHTOB no 3KCTpaK:u;HH n yqKa 

rrepelliJia pa6oTa no noJiyqeHHIO y JibTpaxoJio~HhlX 
rroJI51pH30BaHHhiX aTOMOB so~opo~a. B PMe 3Kcne-

pHMeHTOB 33$HKCHpoB3H nOTOK :::::: 1017 3 TO

MOB/HMn. Co3~aH CTe~ ~JI51 H3yqeHH51 son pocos 

IIOJiyqeHH51 nOJI51pH30B3HHOTO 3TOM3pHOTO n yqKa 

BO~Opo~a B CJiyqae KpHOOTKaqKH ra3a KpHOnaHe

JI51MH (T == 4 K) B coqeTaHHH c Typ6oMexaH_HqecKo H 

CHCTeMoH OTKaqKH. HaqaThl 3KcnepHMeHThl no ~e

TeKTHpoBaHHIO nyqKa C D;eJibiO nOK333Tb, qTO 

KpHOreHHhiH THn HCTOqHHKa :u;eJieCoo6pa3eH He 

TOJibKO ~JI51 ~eHTepH51, K3K 3TO ~OK333HO Ha npHMep e 

IIOJlSIPHCa, Ho H ~JI51 so~opo~a . 

CBepxnposo~51~HH cneKTpoMeTpHqecKHH 

MarHHT. BhlnOJIHeHa cepH51 3KcnepHMeHTOB no 3a

rrycKy H HCnhiTaHH51M CBepxnpoB0~51ID;ero COJieHO~a 

CIIMC-1 ~JI51 cneKTpoMeTpa CCl>EPA. BHyTpeHHHH 

~H3MeTp HOBOTO COJieHO~a paBeH 700 MM, BHeiii

HHH - 1500 MM. J1:JIHH3 KpHOCTaTa - 350 MM. 

CBepxnposo~51ID;a51 o6MOTKa HMeeT CHCTeMy KOCBeH

Horo oXJia~eHH51. B MarHHT 3aso~HJIC51 TOK 640 A , 

qTO COOTBeTCTByeT H~YKD;HH B D;eHTpe COJieHO~a 

o;KoJio 1,3 TJI. IlpH TOKe 500 A MamHT pa60TaeT 

CTa6HJibHO. Pacxo~ .)K~KOTO reJIH51 COCT3RJI51JI npH

MepHO 10 JI/ qac. HcnhiTaHH51 noKa3aJIH npaBHJib 

HOCTb KOHCTPYKTOPCKHX perneHHH H pa6oTocnoco6-

HOCTb OCHOBHhiX Y3JIOB. IlpoB0~51TC51 ~OBO~Ka H 

HCIIhiTaHH51 3TOTO COJieHOH~a, n03BOJI51IOID;ero 

~OCTHraTb seJIHqHHhl noJI51 s :u;eHTpe 2 ,2 TJI. 

IIpo~OJI.)KaJiach pa3pa6oTKa ~pyroro, 6oJiee 

KpynHoro MarHHTa CIIMC-2 ~JI51 cneKTPOMeTpa 

CCl>EPA. YToqHeHhl ero reoMeTpHqecKHe napaMeT

phl H Tpe6osaHH51 K MamHTHOMY noJiro. IIpose~eHhl 

HcnbiTaHHe 3KCTpy3HOHHoro ycTpoHCTBa AJill 

H31'0TOBJieHHll C~HHTHJIJIIITOpoB MeTOAOM Bbi

TlllKKH paCIIJiaBJieHHOH MRCCbl 

CsepxnpoBOAli~HH coJieHOHA - OAHH H3 3JieMeHTOB ~eHTpaJibHO

ro AeTeKTopa cneKTpoMeTpa C<l>EPA 

pacqeTbJ IIO OnTHMH33D;HH reoMeTpHH, o6ecneqHB3-

IOID;eH M YHHMYM OCeBhiX CHJI. 

CQHIITHJIJI51QHOHHbie ~eTeKTOpbi. fpynnoli 

C Cl>EPA 3aseprneHa c6opKa 3KCTpy~epa ~JI51 noJiy

qeHH51 ~JIHHHbiX CD;HHTHJIJI51D;HOHHbiX nOJIOC BbiCO

KOH npo3p aqHoCTH. IloJiyqeHbi nep shle o6pa3:u;hl 

pa~H3TOpOB ~JI51 CD;HHTHJIJI51D;HOHHbiX cqeTqHKOB 
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MHoroKaHaJibHbiH ra30BbiH <IepeHKOBCKHH c<IeT<IHK 

6oJihiiiOH LJ;JIHHhi. HallaThl ux ucnhiTaHH~ Ha n yliKe 

LJ;eiiTpoHos cuHxpo¢a3oTpoHa. CIJ,HHTHJIJI~Tophl Ta

Koro THITa npeLJ;ITOJiaraeTC~ HCITOJih30B3Tb LJ;JI~ Bpe

M~llpOJieTHbiX LJ;eTeKTopos Ha ycTaHOBKe C<I>EPA, a 

TaK)I(e Ha ycKopuTeJie RHIC a 3KcnepuM eHTe 

PHENIX. HcnhiTaHhi CIJ,HHTHJIJI~TOphl u ¢oTOyM

HO)I(HTeJIH <1>3Y-87 LJ;JI~ 3KcnepuMeHTa NA-4 9 Ha 

nyliKe CHHxpo¢a30TpoHa H SPS (IJ;EPH) [1 5 , 16 ], 

LJ;OCTHI'HYTO BpeMeHHOe pa3perneHHe:::::: 70 ITC. 

KpeMHHeBhie JiaBHHHbie .ll.eTeKTOpbi. 

YllaCTHHKaMH 3KcnepuMeHTa C<I>EPA u COTPYAHH

KaMH rpynnhl KpeMHHeBbiX LJ;eTeKTOpOB B JIB3 npo

BeLJ;eHhl npeLJ;BapHTeJibHhle HCCJieLJ;OB3HH~· B03M0)1(

HOCTeH LJ;OCTH)I(eHH~ speMeHHOro pa3perneHH~ OKOJIO 

100 llC C KpeMHHeBhiMH JI3BHHHbiMH LJ;eTeKTOp3MH 

llJIOIII,aLJ;hiO 1x1 CM Ha HHJKOOMHOM p-KpeMHHH 

[17, 18 ]. llpeuMyiii,ecTBa TaKoro LJ;eTeKTopa , no 

CpaBHeHHIO C 06hlliHhiM, COCTO~T B 6oJiee HH3KOH IJ,e

He, ITOliTH a6cOJIIOTHOH paLJ;H3ll,HOHHOH CTOHKOCTH, 

He33BHCHMOCTH pa60Tbi OT M3I'HHTHOro ITOJI~ H B ITO-
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PHC. 11. 3aBHCHMOCTb KOJ<lxPHLIHeHTa ra30BOI'O ycHJieHHSI OT 

HHTeHCI1BHOCTH ny<IKa AJISI npoBOJIO'IHOH nponOpL\110HaJibHOH Ka

Mepbl (MWPC) H MHKpocTpHnOBOI'O JleTeKTopa (MSGC) 

TeHIJ,HaJibHOH B03M0)1(HOCTH pa3Meiii,eHH~ Ha KpeM

HHeBOH ITJI3CTHHe 3CCOIJ,HHpoB3HHOH 3JieKTpoHHKH. 

KaHaJIHpoBaHHe. C ITOMOIII,blO KOMllbiOTepHOro 

MOLJ;eJIHpOB3HH~ TpaeKTOpHH li3CTHIJ, B KpHCTaJIJie 

HCCJieLJ;OBaHa 3q,¢eKTHBHOCTb OTKJIOHeHH~ H30I'Hy

TblM MOHOKpHCTaJIJIOM KpeMHH~ Mep C M3KCHMaJib

HOH 3Hepmeii, npoeKTHP'YeMOH Ha HYKJIOTpoHe -

6 f3B/HyKJIOH. LJ:aH 3HaJIH3 pa3JIHliHhiX MeTOLJ;OB Ha

BeLJ;eHH~ li3CTHIJ, Ha LJ;e¢JieKTOp. LJ:mi BhiBOLJ;a nyliKa 

H3 HYKJIOTpOHa IJ,eJiecoo6pa3HO HCITOJib30B3Tb 

OLJ;HOBpeMeHHO JIOKaJibHOe HCK3)1(eHHe Op6HThl H 

nonepeliHYIO LJ;H¢¢Y3HIO li3CTHIJ,. I10K333HO, liTO 

yMeHbiiieHHe LJ;JIHHbi LJ;e¢JieKTOpa 11;0 1 CM ll03BOJIHT 

33MeTHO yseJIHliHTb 3¢¢eKTHBHOCTb BbiBOLJ;a 33 ClleT 

BKJI311;3 KpaTHbiX npOXO)I(LJ;eHHH li3CTHIJ, llepe3 LJ;e

¢JieKTOp nepeLJ; BbiBOLJ;OM [ 44-46 ). 

IJpoBeLJ;eHO KOMllbiOTepHOe MOLJ;eJIHpoB3HHe Bbl

ROLJ;a nyliK3 npoTOHOB C 3Hepme}i 120 f3B H30rHy

ThiM KpHCTaJIJIOM KpeMHH~ H3 ycKopHTeJI~ SPS 

(IJ;EPH). HaseLJ;eHue llaCTHIJ, Ha KpHCTaJIJI ocyiii,ecT

BJI~JIOCb B pe3yJibT3Te BBeLJ;eHHSI 6eJioro rnyMa, HHH

IJ,HHpyiOIII,ero nonepeliHYIO AH<P¢Y3HIO llaCTHIJ,. Pe-

3YJibT3Thl MOLJ;eJIHpoBaHH~ ITOK33aJIH, liTO npHtiHHOH 

B03HHKHOBeHH~ .!J.BYX M3KCHMYMOB B npo¢HJie BhiBe

LJ;eHHOro nytJKa B HanpaBJieHHH, nonepetJHOM H3m6y, 

~AAeTC~ napa3HTHbiH nonepetJHhiH H3m6 KpHCTaJIJia. 

LI:eTeKTOphl H306paxeHHH. B 1993 r. 3aseprneHa 

pa3pa60TK3 peHTreHOBCKOro LJ;ByMepHOrQ LJ;eTeKTOpa 

CO c¢epHlleCKHM BXOLJ;HhiM OKHOM H H3li3Thl B J1K 
P AH nepshle 3KcnepHMeHThi c 6eJIKOBhiMH MOHOKpH

CTaJIJiaMH. OcHOBHhle napaMeTphl LJ;eTeKTopa: liHCJIO 

pa3pernaeMhiX 3JieMeHTOB SOOxSOO, ¢oKycHoe 

paccTO~HHe 12 eM, TeJieCHhiH yroJI (6e3 napaJIJiaKca) 



60 paA, MaKCHMa.JlbHOe 6biCTPOAellCTBHe 106 coo./ C, 

:xl>¢eKTHBHOCTb pemCTpaD;HH H3Jiy'leHH51 7 5%. 
CosMeCTHO c l1HCTHTYTOM Jiay3 - JlaH)I(eBeHa 

(fpeHOOJib) pa3pa6oTaH H HCCJieAOBaH OAHOMepHbiH 

KOOPAHHaTHhiH AeTeKTOp Ha OCHOBe MHKpOCTpHnO

BOH CTPYKTyphl, HaHeceHHOH Ha cTeKJI51HHYIO DJia

CTHHy. HcCJieAOBaHhl pa3JIH'IHble MeTOAhl C'IHThiBa

HH51 HH<i>opMaD;HH, AeTeKTOp HaAe)I(HO pa6oTaeT npH 

3arpy3Kax OOJiee 106 c -l . CM- 2 (pHc.11). Ha OCHOBe 
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JIABOPATOPll5l 
CBEPXBbiCOKllX 3HEPrllM 

B 1993 roAy Ae51TeJihHOCTb JICB3 6h1Jla cocpe):lo

Toqeua B Tpex OCHOBHhiX HanpaBJieHH51X: 

- 3KcnepHMeHThl B o6JiaCTH ¢H3HKH qacTHU. 

Ha ):leHCTByiOID;HX yCKOpHTeJI51X Y -70 11<l>B3 H 

SPS U:EPH H no):lroTOBKa 3KcnepHMeHTOB ua 

HOBhiX y cKopHTeJI51X (YHK-600 H LHC U:EPH); 

- p a 3pa60TKa, C03):1aHHe H HCCJie):IOBaHHe ):le

TeKTOpOB qaCTHU,; 

- p a3pa60TKa, C03):1aHHe H HCCJie):IOBaHHe 

pa3JIHqHhiX yCKOpHTeJibHbiX CHCTeM. 

3KCIIEPHMEHTbl B OBJIACTH «1>113HKH qACTHU: 

<l>l13l1KA HA Y-70 

3KCqAPM. B 1993 roAy 6h1Jlo npoBe):leuo ABa 

ceauca 3KCll03HU,HH cneKTpOMeTpa 3KC1.JAPM ua 

yCKOpHTeJie Y -70, B KOTOphiX 3apemCTpHpOBaHO 

OKOJIO 120 MHJIJIHOHOB HeHTpOH-51AepHhiX B3aHMO

):IeHCTBHH. 0AHOBpeMeHHO B COOTBeTCTBHH C npoeK

TOM: 

- B COCTaB cneKTpOMeTpa BBe):leH, npOKaJIH6po

BaH H 3an ym;eH B 3KCnJiyaTaU,HIO 9 MOAYJibHhiH aA

pOHHhiH KaJIOpHMeTp ):11151 H3MepeHH51 3HepreTHqec

KOro cneKTpa nyqKa HeHTpOHOB; 

- CM OHTHpOBaH Ha KaHaJie, OTJia::>KeH H BKJIIO

qeu B COCTaB CneKTpOMeTpa 32-KaHaJibHhiH noporo

BhiH B03AYillHhiH qepeHKOBCKHH cqeTqHK AJI51 

H):leHTH¢HKaiJ,HH 3ap51::>KeHHhiX qaCTHIJ,; 

••• ,. 

)l;HpeKTop Jia6opaTopHH csepxsbiCOKHX 3Heprnfl npo4>eccop H.A.CasHH 11 rnasHbiH HH>KeHep OIUIH npoQ>eccop B .Il.CapaH!.(es s Hay'I

H0-3KcnepHMeHTaJibHOM OTAeJie JICB3 
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PHc.l . CneKTp&I 3¢q>eKTHBH&IX Mace, nonyqeHH&Ie Ha y cTaHOBKe 

3KCqA.PM: Jf>p:rc+:rc-- Ha6mOAaeM&IH llHK HHTepnpem pyeTCll 

KaK I\: 

- BKJUO'IeHa B COCTaB CITeKTpOMeTpa TpeXKO

op~HHaTHaR nponop~HOHanhHaR KaMepa pa3MepoM 

2x1 M
2 

C o6ID;HM 'IHCROM KaHaROB 2500; 

- pa3pa6oTaHa, co3~aHa H sse~eHa s 3Kcnnya

Ta~HIO HOBaR CHCTeMa c6opa ~aHHhiX yCTaHOBKH, 

BKRIO'IaiOm;aR B CBOH COCTaB 6hiCTpyro 6y¢ epHyiO 

naMRTb H TpeKOBhiH npo~eccop; CHCTeMa n03BORReT 

perHCTpHpoBaTb ~0 2500 H3yt~aeMhiX B3aHMO

~eHCTBHH 3a ~HI<R ycKOpHTMR; 

- pa3pa6oTaHa H BI<RIO'IeHa B COCTaB y'CTa HOBKH 

a~eKBaTHaR CHCTeMa HaKOITReHHR ~aHHhiX Ha 6a3e 

ycTpoli:CTB EXABYTE-8500. 

llpaKTH'IeCKH 3aBepmeHO C03~aHHe ycTaHOBKH 

3KCqAPM B nORHOM COOTBeTCTBHH C npoeKTOM B 

Hoso:H: 3KcnepHMeHTMhHOH 3oHe ycKopHTM51 Y -70. 

Co3~aH, pa3BHT H a~anTHposaH K oco6eHHOCT51M 

IBM PC KoMnneKc MaTeMaTH'IeCKHX nporpa MM no 

c6opy , HaKOITReHHIO, KOHTpoRIO, o6pa6oTKe H 

aHMH3Y 3KCnepHMeHTMbHOH HH¢opMa~HH C ycTa

HOBKH 3KCqAPM, a TaK::>Ke no MO~MHpoBaHHIO 

Hccne~yeMhiX npo~eccos . 

llo nporpaMMaM reoMeTpH'IeCKOH p eKOHCT

pyK~HH OOpa6oTaHa BC51 HH¢opMa~HR, HaKOITReH

HaR B 3KCnepHMeHTe, - OKORO 135 MHRRHOHOB 

B3aHMO~eHCTBHH. 
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Pwc.2. CneKTp&I 3¢q>eKTHBHbiX Mace, nonyqeHH&Ie Ha ycTaHOBKe 

3KCIIAPM: I\°K- :rc+ :rc- "Jf>pK :rc+ . Ha6JIIOAaeM&Ii1 nwK HHTep-

-+ npeTHpyeTCll KaK .:.c 

Ha ocHosaHHH aHMH3a 3KcnepHMeHTMhHOH 

HH¢opMa~HH C ycTaHOBKH 3KCqAPM nonyt~eHhl 

nepBhle MeTO~H'IeCKHe H ¢H3H'IeCKHe pe3yRhTaThl: 

- BOCCTaHOBReH 3HepreTH'IeCKHH cneKTp HeHT

poHOB nyqKa; 

- HCCRe~OBaHa B pa3RH'IHhiX pe::>KHMaX pa6oTa 

HOBhiX TpeXKOOp~HHaTHhiX nponop~HOHMbHhiX Ka

Mep; 

- pa3pa6oTaHhl anropHTMhl ~eHTH¢HKa~HH 
, 3ap51::>KeHHhiX 'laCTH~ C ITOMOIIJ;biO MHOroKaHMbHhiX 

noporoBhiX ra30BhiX qepeHKOBCKHX C'leT'IHKOB H 

H3y'leHhl HX OCHOBHhle xapaKTepHCTHKH; 

- B HeHTpoH-yrnepo~HhiX B3aHMO~eHCTBHRX 

Ha6nro~eHo po~eHHe mHpoKoro cneKTpa mnepo

HOB H mnepoHHhiX pe30HaHCOB CO CTpaHHOCTbiO OT -

1 ~0 -3 H HCCRe~OBaHhl HX xapaKTepHCTHKH; 

- Ha6nro~eHo po~eHHe oqaposaHHhiX 6a-

pHOHOB A: H E: (pHc.1 H 2); 

- nonyt~eHo yKa3aHHe Ha cy:m;eCTsosaHHe 

y3KHx pe3oHaHcos, pacna~aro:m;Hxc.s~ Ha CTpaHHhle 

'laCTH~hl, Ka~~aTOB B MHOrQKBapKOBhle CO

CT051HH51. 

Pe3yRhTaThl ony6nHKOBaHhl s cTaTh51X [1-4 ]. 

Pa6oThl nposo~HRHCh npH aKTHBHOM yt~aCTHH 
cepnyXOBCKOro Hay'IH0-3KCnepHMeHTMbHOro OT~e

na (CH30). 
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PHc. 3. a) HHTeHCHBHOCTb BOJIHbi o- S. COJIOWHOH KpHBOH noKa3aHbi pe3yJibTaTb !f>HTa no pewHaHCHOH !f>oPMYJie lipeiiTa- BHmepa, 

nyHKTHpHOH- Hepe30HaHCHblH lf>oH. 6) li3MeHeHHe lf>ll3bl BOJIHbl 0- S OTHOCHTeJI HO 0- p 

CB)l,. B 3KcnepuMeHTe CBLI. ou;eHeHa BepxHSISI 

rpaHuu;a ceqeHHSI po~eHHSI 3apSIJKeHHhiX D-Me3o-

HOB: o(D±) ~ 4,5 MK6. IlpoBeAeHa peKOHCTpyKIJ;HSI 

6hiCTporo <l>oropemcrparopa AJISI o6ecne'leHHSI ero 

paOOThl C '13CTOTOH 15 fu;. IlOAfOTOBJieHhl nporpaM

Mhl AJISI Bhi'IHCJieHHSI OnTH'IeCKHX KOHCT3HT H reo

MeTpH'IeCKOH peKOHCTPYKIJ;HH co6hiTHH, 3ape

rncTpHpoBaHHhlx B 6hiCTpOIJ;HKJIHpyiOm;eif ny3hlpb

KOBOH KaMepe. Pe3yJihT3Thl ony6JIHKOBaHhl B · 

pa6oTax [5-7]. 

M)l,C. ITo npoeKTY M)l,C npoBeAeH napu;Ha.nh

HO-BOJIHOBOH 3HaJIH3 B AHana30He 3QMPeKTHBHhiX 

Mace Tpex nHOHOB OT 600 AO 900 M3B. Pe3yJihT3Thl 

aHaJIH33 AJISI BOJIHhl 0-S npeACT3BJieHhl Ha pHC.3. 

H3MeHeHHe OTHOCHTeJibHOH lP33hl o-s-o-p Ha 110" 

H 6peHT-BHrHepoBCK3SI lPoPM3 M3CCOBOfO CneKTpa 

yKa3hiBaiOT Ha cym,ecTBOBaHue pe3oHaHca AJISI BOJI-

Hhl o-s c MaCCOH (749±30) M3B H mHpHHOH 

(32± 17) M3B [8], HHTepnpeTupyeMoro KaK nepBoe 

PMHaJihHO B036y~eHHoe cocTO.!lHHe nuoHa. 

KMH. B npou;ecce 3anycKa ycTaHOBKH <<KoM

ll.lleKc Me'leHhiX HeHTpHHO» (KMH) 3anym,eHa l-SI 

OllepeAb YCT3HOBKH B COCTaBe: CT3HIJ;HSI Me'leHHSI, 

HeiiTpHHHhiH AeTeKTOp - JKHAKOaproHOBhiH KaJIO

pHMeTp H HAeHTHlPHK3TOp MIOOHOB. 3apemCTpHpo

BaHhl nepshle COOhiTHSI - Heii:TpHHHhle B3aHMOAeif

CTBHSI B JKHAKOaproHOBOM KaJIOpHMeTpe. IJoJiy'leHbl 

nepBhle A3HHhle o pacnaAax 3apSIJKeHHhlx KaOHOB c 

U:eJibiO noucKa npSIMoro CP-HapymeHHSI (-106 co-

6hiTHH) . BeAyTCSI TeopeTH'IeCKHe ucCJieAoBaHHSI [9 ] 

no OOocHOB3HHIO 3TOro nOHCKa. 

<1>11311KA HA YHK-600 

HE TYH. ll.eJih npoeKTa HEIITYH COCTOHT B 

C03A3HHH ycTaHOBKH Ha BHyTpeHHeM ny'IKe YHK u 

HCCJieAOB3HHH C ee nOMOID,biO CnHHOBhiX 3QMPeKTOB 

BO B33HMOAeHCTBHSIX npoTOHOB C nOJI.!lpH30B3HHhiMH 

npoToHaMH u Aeii:TpoHaMH. B Ka'leCTBe MHmeHH 6y

AYT ucnoJib30BaHhl aroMapHhle ny'IKH c noJISipH3o

BaHHhiMH MPaMH. · 

Pem IOTCSI CJieAyiOm,ue lPH3H'IeCKHe 3Maqu: 

- H3y'leHue cnHHOBOH crpyKTYPhl noMepoHa; 

- H3y'leHue cnHHOBOH CTPYKTYPhl Aeii:TpoHa Ha 

MaJihiX paCCTOSIHHSIX. 

CoBMeCTHO c HHKO JIB3 pa3pa6aThiBaeTCSI 

CTpyifHaSI IIOJIS1pH30B3HH3SI BOAOpoAH3SI H AeifTepue

B3SI MHilleHH. IlpoAOJIJK3IOTC.!l COBMeCTHhle C MH'IH

raHCKHM yHHBepcHTeTOM CiliA HCCJieAOBaTeJihCKHe 

H KOHCTPYKTOpcKue pa60Thl no C03AaHHIO YJibTpaxo

JIOAHOH MHilleHH, AeHCTByiOm,eil: Ha npHHIJ;Hne Ha

KOllJleHH SI H TepMaJIH33IJ;HH 3TOMOB BOAOpoAa B 

MamHTHOH JIOBymKe npu TeMnepaType 0,3 K. YcT

poii:CTBO n03BOJIHT nOAHSITb llJIOTHOCTb nOJIS1pH30-

B3HHOfO BOAOpoAa Ha 2 nop.s~AK3. Li.JISI 3THX paOOT 

npuo6peTeH repMeTH'IHhiH arperaT nepeKa'IKH 

reJIHSI-3. OH Boii:AeT B cocTaB peq,puJKeparopa paCT

BopeHHSI reJIHSI-3 B reJIHH-4. 3THM BhlnOJIHeHO rJiaB

HOe OOSI3aTeJihCTBO OUSIH no KOMllJleKTau;uu 
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Kpuoreuuoil qacru ycraHOBKH HEITTYH. flo npoeK

TY HEITTYH 3asepmeHhl pa3pa60TKa H Ma
Keruposauue nonynposo~HHKOBhiX ~ereKropos c 
3JieKTpoHHKOH. H3nDTaBJIHBa~R cneKTpo
MerpuqecKHe TpaKThl. 

CosMeCTHO c <f>upMOH 3JIMA H3 3eneuorpa,qa 
Be~yTCR HCnhiTaHHR nOJIOCKOBhiX noJiynpoBO~HHKO
BhiX ~eTeKTOpoB (flflll.). 0HH n03BOJIRIOT KaiteCT
BeHHO y nyqmHTb KOHCTPYKU.HIO MaTpHJJ,hl rr nn. H 
nOBhiCHTb yrJIOBOe pa3pemeHHC cneKTpoMerpa. 
flpHOOpeTeHhl 4 npOOHhiX KpHCTaJIJia C qHCJIOM 
nOJIOC 30 Ha Ka~OM H3 HHX. Be~yTCR HX CTe~OBhle 

ucnhiTaHHR. flpo~omtcaeTCR H3nDTOBJieuue 6on &mHx 
CJJ,HHTHJIJIRJJ,HOHHhiX ~eTeKTOpoB H nponOpJJ,HOHaJib
HhiX KaMep. Co3~aeTCR MaTeMaTuqecKaR nporpaM
Ma, paOOraiO~aR B pe)I(HMe peaJibHOro BpeMeHH. 

B u.enRx OTpa60TKH MeTO~HKH 3KcnepHMeHTa no 
npoeKTY HEITTYH ua nonRpH30BaHHOM nyqKe 
JJ.HKJIOTpoua TRIUMF <Kaua,qa) H3MepRJIOCb pac
npe~eneuHe 3Qxt>eKTHBHOH MaCChi naphl npoTOHOB B 
peaKJJ.HRX pA-+ 2pX H pA-+ pdX. B Kaqecrse 

MHmeueil HcnoJI&30BaJIHCb DJieHKH CH2, AI, Cu, Ph. 
Oco6eHHOCTb ~auuoro onhiTa COCTOHT B H3MepeHHH 
anaJIH3HPYIO~eil cnoco6HOCTH peaKJJ.HH A(p , 2p) 

KaK <f>YHKJJ,HH 3Qxt>eKTHBHOH MaCChi m(pp). 3 ro MO

)I(eT ~aTb ~onoJIHHTeJibHhiH He3aBHCHMhiH KPHTepuil 
B nOHCKe pe30HaHCOB. fiOHCK ~HnpoTOHOB B npe~e
JiaX TO~HOCTH 3KCnepHMeHTa ~aJI OTpHJJ,aTeJibHhiH 
pe3yJI&TaT, BepXHRR rpaHHJJ,a ceqeHHR HX OOpa30-
BaHHR- 20 MK6. 

CosMeCTHO c JIT<I> BhlqHCJieua anaJIH3HPYIO~aR 
cnoco6uocr& peaKU.HH ~H<PpaKu.Honuou ~Hcco-

U.HaU.HH nOJIRpH30BaHHOro npoTOHa p + p -+ !{" + p, 

N" -+ N + :rc H auanornquo peaKJJ.HH e + p -+ N" + p 

[ 10 ]. floKa3ano, qro B o6naCTH H3o6ap N" pacna,q
Hhle qaCTHJJ,hl N H :rc HMCIOT JieBo-npaByiO aCHM

MeTpHIO 3MHCCHH, ~OCTHra10~y10 50-90% . Ha
JIHqHe TaKOH aCHMMeTpHH MO)I(eT CJiy)I(HTb OCHO

BaHHeM ~JIR nOCTaHOBKH COOTBeTCTBYIO~ero 

3KCnepHMeHTa Ha nOJIRpH30BaHHOM nyqKe nporo
HOB. On ~aCT cse~eHHR o MexaHH3Me poQeHHR uyK
JIOHHhiX H300ap H yroqHHT HX KBaHTOBhle qHCJia 
(H3o6aphl c Maccou Bhlme 1600 M3B HCCJie~osanhl 
DJIOXO). floJiyqeHHhiC pe3yJI&TaThl HMeiOT TaK)I(e 
npHKJI<l,qHOC 3HaqeuHe, TaK KaK paCCMaTpHBaCMhiH 
npou.ecc HMCeT 6on&moe ceqeuHe (a

101 
= 1 M6) H 

6on&myl0 aHaJIH3HPYIO~YIO cnoco6uocr&, ue 3aBH
CR~YIO OT 3HCprHH, H ero MO)I(HO HCnOJib30BaTh ~JIR 
6hiCTporo MOHHTOpHpoBaHHR nOJIRpH3aJJ,HH yCKOpRe
MOro nyqKa npoTOHOB. 

CTOPC. B paMKax pa3pa60TKH n poeKTa 
CTOPC (csepxnposo~R~HH Topo~aJibHhiH cneKT
poMeTp) BhlnOJIHCHhl pacqeThl no OnTHMH3aJJ,HH 
KOH<f>HrypaJJ,HH yCTaHOBKH ~JIR 3HeprHH MIOOHHOro 
nyqKa ua YHK-600. 
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II.E~TEJibHOCTbCEPfiYXOBCKOrO 
HAY1IH0-3KCITEPHMEHT AJibHOfO OT ll.EJIA 
<CH30) [11-13] 

Pa60Ta CH30 senac& B ocuosuoM s ~syx ua
npasneHHRx; 3TO: 

- nO~nDTOBKa H MonepHH3aJJ,HR 3KCnepHMCH
TaJibHhiX ycrauosoK OH~H H yqacrHe B ceaucax Hx 
paOOrhl Ha YCKOpHTeJie; 

- MeTO~HqCCKHe HCCJie~OBaHHR ~JIR HOBhiX npo
eKTOB. 

B 1993 r. 6hlJia npo~enaua 6on&maR pa60Ta no 
MO~epHH3aJJ,HH H 3KCDJiyaTaJJ,HH yCTaHOBKH 
3KC1IAPM (cM. Bhlme). Ycosepmeucrsosanhl 
KpHoreuuo-saKyyMHaR cHCTeMa ycrauoBKH CBLI., 
p~ Y3JIOB yCTaHOBKH rHITEPOH. 3asepmaeTCR 
MOHTa)l( BTOpoH oqepe~H MIOOHHOro CneKTpoMeTpa 
yCTaHOBKH «KOMDJieKC MeqeHhiX HeHTpHHO». flpose
~eH p~ 3HaqHTeJibHhiX paOOr no 3KCDJiyaTaJJ,HH H 
MO~epHH3aJJ,HH yCTaHOBOK «HeHTpHHHhiH ~CTeK

TOp», rHrrEPOH, rrP03A. 
CHJiaMH CH30 B 1993 ro~y nonuocT&IO sse~euo 

B 3KCDJiyaTaU.HIO na6opaTopuoe 3~auHe 395a c 
noJie3HOH DJIO~<l,qbiO 800 M2

. 

Mero~uqecKHe pa60Thl CH30 uamJIH oTpa
)l(eHHe B pa3~eJIC «.IJ.eTCKTOphl qaCTHJJ,». 

<I>H3HKA B l.J,EPH 

SMC-:ucnepHMeHT. fpynna COTpy~oB JICB3 
npHHHMaJia yqacrHe B ceaucax ua ycTaHOBKe SMC 
<NA-47) B MIOOHHOM nyqKe SPS l.J,EPH. B 1993 r. 
HCnOJib30BaJiaCb HOBaR nOJIRpH30BaHHaR MHillCHb. 
BenHCb o6pa60TKa H anaJIH3 ~aHHhiX, nonyqennhix B 
1992 r. Ha ~eHTepHeBOH nOJIRpH30BaHHOH MHilleHH H 
B 1993 r. Ha nOJIRpH30BaHHOH npoTOHHOH. 

B pe3yJI&TaTe snepsble nonyqenhl 3KcnepHMCH
TaJibHhle ~annhle o cnuno3asucR~eu CTPYKTypuou 

<f>YHKJJ,HH (g'{) ~eHTpoHa (pHC.4,5) Ha CTaTHCTHKC 

~ 3. 106 COOhiTHH [ 14 ]. 11cnOJib3YR pauee nonyqeu

Hhle ~aHHhle nO gt, H3BJieKJIH ~aHHhle no CnHH0-

3aBHCR~eH crpyKTypuou <PYHKJJ.HH ueuTpoHa (g:) 

[ 15 ]. CosMeCTHO c ~aHHhiMH, nonyqeHHhiMH ua npo
Touax, ouu yKa3hiBaiOT ua cornacHe c <f>y~aMeH
TaJibHhiM npaBHJIOM cyMM B&epKeua ~JIR cnHH0-
3aBHCR~Hx crpyKTypuhlx <PYHKJJ.HH. 

3asepmeua pa60Ta no anaJIH3Y CTPYKTypuou 
<f>yHKJJ,HH yrnepo~a B6JIH3H X = 1 no ~aHHhiM, nOJiy

qeHHhiM s 3KcnepHMeHTe NA-47 ua SPS l.J,EPH [16 ]. 
3ICcnepHMCHT NA-48. Cornacosaubl H no~nHca

Hhl OCHOBHhle ~OKyMeHThi, perJiaMCHTHPYIO~He ~eR
TeJibHOCTb cOTpy~uuqecrsa l.J,EPH - OH~H B npo
se~eHHH COBMeCTHhiX HCCJie~OBaHHH no TOqHOMY 
H3MepeHHIO CP-uapyma10~ero napaMeTpa e' B pac
n<max HeHTpaJibHhiX KaOHOB Ha ~Ba nHOHa. 
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PHc. 4. CnHH03liBHCsm~all Q>yHKLIHll J~eihpoHa xg'{(x) KaK Q>yHK

LIHll 6bepKeHOBCKOH nepeMeHHOH X . llOKa3liHbl TOJibKO 

craTwleCKHe oniH6KH. YpoBeHb CHCTeMaTH'IecKHX OWHOOK noKa-

3liH B BHJ~e O'lep'leHHOH OOJiaCTH 

B coOTseTCTBHH c OO.Sl3aTeJibCTBaMH OI1:.SII1 H 
COrJiaCOBaHHbiM rpa¢HKOM B Il,EPH noCTaBJieHO 
6onee 18 T KpHnTOHa BbiCOKOH 'IHCTOTbi ~JI.Sl )K~KO
KpHnTOHOBOro KaJIOpHMeTpa. J13roTOBJieHbi H nO
CTaBJieHbl B Il,EPH BbiCOKOnpe.U:H3HOHHble Mexa
HH'IeCKHe KOHCTPYK.U:HH - saKyyMHa.Sl KaMepa H 
60JibiDHe (~HaMeTpOM OKOJIO 3M) ¢aJibiD-KaMepbi. 

3asepmeHbi COBMeCTHble C Il,EPH pa3pa60TKH 
:meKTpoHHKH C'IHTbiBaHH.Sl C 6biCTporo )K~KO
KpHnTOHOBOro KaJIOpHMeTpa BbiCOKOro pa3pemeHH.Sl. 
Ha11aThl cosMeCTHhle c Il,EPH pa3pa6oTKH H co3~a
HHe CHCTeM o6ecne'leHH.Sl ¢YHK.U:HOHHpoBaHH.Sl 
)K~KOKpHnTOHOBOro KaJIOpHMeTpa. 

Ilpose~eHhl opraHH3a.U:HOHHhle pa6oThl no pa3-
Me~eHHIO 3aKa30B Ha H3roTOBJieHHe 60JibillOro . 
KpHOCTaTa ~JI.Sl nOJIHOMaCmTa6uoro )K~KOKpHnTO
HOBOro KaJIOpHMeTpa ua npe~npH.SlTH.SlX PoccHH npH 
yqacTHH JICB3. 

llo~rOTOBKa aKcnepHMeHTOB ua LHC (ATLAS, 
CMS). JICB3 npHHHMaeT yqacTHe s no~roTOBKe 
3KcnepHMeHTOB ua LHC no npoeKTaM ATLAS H 
CMS, .u:enh KOTOphlx - co3~auHe yuHsepcanbHbiX 
AeTeKTOpOB, OpHeHTHpOBaHHbiX Ha illHpoKHH CneKTp 
3aAa11 COBpeMeHHOH ¢H3HKH- nOHCK XHITC-'IaCTH.U:, 
H3MepeHHe MaCChi H H3y'leHHe pacna~OB t-KBapKa, 
H3MepeuHe CP-uapymaiO~Hx 3¢q,eKTOB s pacna~ax 
B-Me3ouos, 3KcnepHMeHTaJibHhle Hccne~osaHH.Sl s 
o6nacTH cynepcHMMeTpHH, noHCK uoshlx seKTOpHbiX 
6030HOB . 

.D:ETEKTOPbl qACTHIJ. 

Pa3pa6oTKa, co3~auHe H Hccne~osauHe ~e
TeKTopos 'laCTH.U: B Jla6opaTOpHH CBepXBbiCO-
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PHC. 5. J g'{(x) dx KaK !j>yHKLIHll HH)I{Hei'O npeJ~eJia HHTerpH-

pouaHHll .\m . 0wH6KH TOJibKO CTaTH'IeCKHe. TO'IKa 0 J~aeT 3Ha

'leHHe, 3KCTplfnOJIHpoBaHHoe K 60JibWHM X 

MeTO~H'IeCKHe HCCJie~osaHH.Sl no 3THM npoeK
TaM OnHCaHbi B pa3~eJie «LJ:eTeKTOpbi 'laCTH.U:>>. 

LJ:PYrHE 3KCIIEPHMEHTbl 

CoTpy~HHKH JICB3 npHHHMaiOT yqacTHe s npo
eKTe BOREXINO, .u:enh KOToporo- HCCJieAosauHe 
B3aHMO~eHCTBHH COJIHe'IHbiX HeHTpHHO H H3MepeHHe 
MarHHTHOro MOMeHTa HeHTpHHO (aHTHHeHTptiHO) 
[ 17-20 ]. HCCJI~osaHHe nposo~.Sl s na6oparopHH 
rpau-Cacco (11TaJIH.Sl). IlpeAnOJiaraeTC.Sl HCnOJib30-
BaTb BbiCOKOHHTeHCHBHbiH p~HOaKTHBHbiH HCTO'I
HHK aHTHHeHTpHHO H COJIHe'IHble HeHTpHHO. 11Ae.Sl 
H3MepeHH.Sl MarHHTHOro MOMeHTa HeHTpHHO npe~
JIO)KeHa s 011.5111. B 1993 ro~y senach noAroTosKa 
npoTOTHna ycTaHOBKH BOREXINO-CTF, ua KOTO
poi-i: 6y~yT OTpa6oTaHbi OCHOBHble npHH.U:HnHaJibHble 
BOnpOCbi , C03AaHH.Sl AeTeKTOpa, noCJie 11ero 6yAeT 
npHH.SlTO pemeHHe 0 nOCTaHOBKe 3KCnepHMeHTa. 

AHOMAJIOH. B cosMeCTHOM JICB3 - JIB3 
3KcnepHMeHTe ua CHHxpo¢a3oTpoue no npoeKTY 
AHOMAJIOH nony11eHhl HOBble 3KcnepHMeHTaJib
Hhle pe3yJihTaThl no nepe~aqe noJI.SlpH3a.U:HH s npo-

.u:ecce 12C(d, p)X no~ yrnoM oo [21 ]. 0TuomeuHe 

nOJI.SlpH3a.U:HH npOTOHa P p K nOJI.SlpH3a.U:HH ~eHTpoH-

HOro ny11Ka p d' IC = p / P d H3MepeHO BDJIOTb ~0 

suyTp~eHTpouuoro HMnynhca k = 550 M3B/c. 

KHX 3HeprHH npOBO~HJIOCb B HeCKOJibKHX Ha
npasJieHH.SlX. 
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PA3PA:SOTKI1 no nPOEKTY ATLAS 

JJ:eRTeJihHOCTb JICB3 no npoeKTY ATLAS pa3-
BHBaJiaCh s paMKax OT~eJihHbiX R&D npoeKTOB sHe
CKOJihKHX HanpaBJieHH.!IX: :lK~oaproHOBa51 H Cl.(HH
THJIJI51l.(HOHHa51 KaJIOpHMeTpH51, sepmHHHbiH ~eTeK
TOp H MIOOHHa51 CHCTeMa [22-24 ). 

no npoeKTy RD33 (Thin Gap Turbine- Type 
Calorimeter) s COOTBeTCTBHH c 00513aTeJibCTBaMH 

6biJIH BblnOJIHeHbl CJieAYIOIIUie pa60TIJI: 
- C03~aHa CHCTeMa nponopl.(HOHaJibHbiX KaMep 

C maroM HaMOTKH 1 MM ~51 KOHTJ>OJI.!il nOJIO:lKeHH51 
nyt~Ka npH TecTHpoBaHHH npoTOTHna :lKJmKoaproHO
BOro KaJIOpHMeTpa B Hl-3oHe SPS B UEPH. Cucre
Ma OTJia:a:eHa H HCnOJib3YeTC51 B 3KCnepHMeHTe. 
npose~eHbl pac'leTbl no MeTO~y MoHTe-Kapno ~51 
OnTHMaJibHOro pacnOJIO:lKeHH51 KaMep H ~eJiaHbl 

COOTBeTCTBYIOIIUie H3MeHeHH.!il B nporpaMMHOM o6ec
ne'leHHH; 

,.... 80 
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- CnpoeKTHpoBaH, H3TOTOBJieH H CMOHTHpoBaH 
B H l-30He BbiCOKOTO'IHbiH nO~BH:lKHOH CTOJI, Ha KO
TOpoM ceut~ac pa3Me~aiOTC51 KaMepbl H TpurrepHax 

annaparypa; 
- pa3paOOraHa WeCTHCJIOHH351 ne'I3TH351 DJI3Ta 

C'IHTbiBaHH.!il camaJios ~51 uosoro THna TGT-3JieK
TpoHHKH, B On Ol..f.SII..f H3TOTOBJieHa nepBa51 napTH51 

DJiaT, KOTOpble 6y~yT HCnOJib30BaHbl B 6JIH:lKaHmeM 
ceaHce s UEPH; 

- COBMeCTHO C JIHCl> npose~eH nepBbiH l.(HKJI 
Tecros ~Hal.(HOHHOH ycroif'IHBOCTH GaAs-3JieKT
poHHKH Ha peaKTOpe l..f:SP-2. no Mepe OOJiy'leHH51 

npe~yCHJIHTeJieH H yCHJIHTeJieH-$lpMHpoBaTeJieH B 
nyt~Ke HeifTpoHos c 3Hepmeu HecKOJihKO M3B npo
so~HJIHCh H3MepeHH51 BpeMeHHbiX H aMDJIHTy~HbiX 
xapaKTepHCTHK, nepexO~HOH <l>YHKI.(HH, ypoBH51 my
MOB H ~HHaMH'IecKOro ~Hana30Ha 3JieKTpoHHKH. 
npe~sapHTeJibHble pe3yJihTaTbl TeCTOB npHB0~51TC51 
Ha puc.6, r~e yKa3aHHble xapaKTepHCTHKH npe~-
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PHC. 6. PeayJJbT8Thl npoaepKH p8)tH8~HOHHOH CTOHKOCTH G aAs-3JJeKTpoHHKH TGT -KaJJOpHMeTpa. no Mepe H8KOOJJeHHli,II03bl Ha6JJIO,IIa

eTCll tyJKeHHe ,IIHHBMH'IeCKOI'O ,IIH80830H8 palion.I npe,llyCHJJHTeJJll H poeT UJYMOB 3JJeKTpOHHKH ~BOe DO CpBBHeHHIO C Ha '18JibHbiM ypoaHeM 
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CTaBJieHhl .[(JISI pa3HhiX ypOBHeH ITOJIHOro cPJIIOeHca H 

B 3aBHCHMOCTH OT BeJIHqHHhl BXO.[(HOro TOKa H Bpe

MeHH cPoPMHpoBaHHSI; 

- COTPY.z:IHHKH JICB3 npHHSIJIH yqacTHe B ceau

cax o6JiyqeHHSI npoTOTHna TGT -KaJiopHMeTpa B 

Hl-3oue SPS H B o6pa6oTKe .z:~aHHhiX. B KaqecTBe 

npHMepa ua pHc. 7 npHBe.z:~eua noJiyqeuuaSI B 3KC

nepHMeHTe 3aBHCHMOCTb OTKJIHKa KaJIOpHMeTpa OT 

3Hepnm HaJieTaiOIIJ;ero 3JieKTpoHa npH onpe.z:~eneu

HOM ITOJIOX<eHHH llpOTOTHITa OTHOCHTeJibHO OCH nyq

Ka. Be.z:~eTCSI MO.z:IMHpoBaHHe npoTOTHna X<H.[(Koapro

HOBoro a.[(poHHOro KaJIOpHMeTpa. 

ITo npoeKTy RD34 {Tile Calorimeter) pa3pa6a

ThiBaeTCSI ITO.[(BHX<HOH CTOJI .[(JISI pa3MeiiJ;eHHSI ITOJIHO

MaCmTa6HbiX MO.[(yJieH CIJ;HHTHJIJISIIJ;HOHHOI"O a.z:~poH
HOfO KaJIOpHMeTpa (BeCOM B .[(eCSITKH TOHH) B O.[(HOH 

H3 3KcnepHMeHTaJibHbiX 30H SPS. Haqano pa6oTbl 

C03.[(aBaeMOro o6opy.[(OBaHHSI .[(JISI 3KCnepHMeHTaJib

HbiX TeCTOB npoTOTHITOB ITJiaHHpyeTCSI B anpeJie 

1994 ro.z:~a. PaccMaTpHBaeTCSI B03MOX<HOCTb yqacTHSI 

B npOH3BO.[(CTBe CIJ;HHTHJIJISIIJ;HOHHbiX ITJiaCTHH H nac

CHBHOfO ITOrJIOTHTeJISI, B pa3pa60TKe 3JieKTpOHHKH 

.[(JISI a.[(pOHHOro KaJIOpHMeTpa H o6pa60TKe .[laHHbiX. 

ITo npoeKTY RD6 (Straw Tubes) npH yqaCTHH 

COTPY.z:IHHKOB Jia6opaTopHH pa3pa6aThiBaeTCSI npo

TOTHn BHyTpeHHero TpeKepa Ha OCHOBe ,[(eTeKTOpa 

nepeXO.[(HOro H3JiyqeHHSI, npOBO.[(HTCSI ero TeCTH

poBaHHe. 

Onpe.z:~eneHHhiH BKJIM c.z:~eJiaH TaKX<e B pa3pa

OOTKY MIOOHHOH cHCTeMhl ATLAS. B pSI.[Ie KOJIJia6o-: 

paU:HOHHhiX ny6JIHKaU:HH npe.[(CTaBJieHbl pe3yJibTa

Thl pacqeTOB 3arpy30K MIOOHHblX .[leTeKTOpOB OT 

pa3JIHqHbiX HCTOqHHKOB- pacna,[(OB b-, C- H t-KBap-

KOB, W- H Z-6030HOB, ITHOHOB H K-Me30HOB (22 ). 
.IJ:eTaJibHO H3yqeH BhiXO.[( BTOpHqHbiX qaCTHU: OT Bbi

COK03HepmqHbiX a.[lpOHHbiX JIHBHeH (hadron punch

through) (23 ). Vf3yqeua B03MOX<HOCTb HCITOJib30-

BaHHSI H 3MepeHHH TpeKOB BTOpHqHbiX qaCTHU: .[(JISI 

yJiyqmeHHSI npOCTpaHCTBeHHOI"O pa3pemeHHSI MIO

OHHOI"O ,[(eTeKTOpa (24 ). 
11HHIJ;HHpOBaHbl paOOTbl ITO a.z:~anTaiJ;HH npo

rpaMMHOI"O o6ecneqeHHSI ATLAS, KOTopoe B uacToSI

IIJ;ee BpeM SI.z:IOCTynuo ua SUN-KJiacTepe JICB3. 

PA3PABO TKI1 ITO ITPOEKTAM 

CMS 11 G EM [25-33] 

IIoJiy nposo,n;HHKOBbie KpeMHHeB&Ie .n;eTeKTOpbl. 

BbiJio HCCJie.[IOBaHo .[(Ba npoTOTHna cTpHnOBblx 

• KpeMHHeBbiK ,[(eTeKTOpoB pa3MepoM 6x6 CM
2 

H 

12x12 cM
2

, C03.[(aHHbiX B PoccHH. ITo.z:~o6uble .z:~eTeK
TOpbl B noCJie.z:~yiOIIJ;eM npe.z:~noJiaraeTcSI HCITOJib30-

BaTb B n pe.[(JIHBHeBOM ,[(eTeKTOpe K 3JieKTpoMar

HHTHOMY KaJIOpHMeTpy THITa «IDaWJibiK» ycTaHOBKH 

CMS ua LHC UEPH. CTpyKTypa 3JieKTpoMamHT

uoro KaJJOpHMeTpa C npe.[(JIHBHeBbiM .[leTeKTOpOM H 

pe3yJibTaTbl HCCJie.[(OBaHHSI ero xapaKTepHCTHK 

noKa3aHbl ua pHc.8. 

ITpo6JieMbl, CBSI3aHHble C npoH3BO.[(CTBOM H 

npHMeHeHHeM B 3KCnepHMeHTaX Ha yCKOpHTeJISIX 

60JibiDHX napTHH KpeMHHeBbiX .[leTeKTOpoB H3yqa

IOTCSI B M eTO.z:IHqecKoM 3KcnepHMeHTe UEPH RD-35. 
J1cCJie.[IOBaHHSI, npOBe.[(eHHble B JICB3 C .[(eTefTO

paMH, H 3I"OTOBJieHHbiMH pOCCHHCKOH npOMbiWJieH

HOCTbiO, llOKa3aJIH HX npHro.[(HOCTb .[(JISI pa60Tbl npH 

TGT Beam Test: E • Scan at (x = ·78 , y = O) 

5,95 1-----+-----+-----f-------+-----~ 

- 5,9 t-----+------+-----1-----+-----_.j 
~ .......... ......... ------------------ --------------------
; 5,85 t-----+-----'!F'-------1-----+-----_.j ! - ----- - ---- ·----- - - -------
1 5,1 t-----+·-_··_-·_:_·_··...:.-...:.··_-·.:._··_··-f· .:...··.:..:··.:..:··.:..:- ·.:!!-·!:..:·.:..:··.:..:··.:..:··.:..:· ~- .:..:··.:..:··.:..:··.:..:··.:..:··.:..:··.:..:··.:..:··.:..:·-~-----1 

r:: 

t5,75 t-----+-----+-----f-------+--------1 
• a: 

5,7 t------t-------+-----11-----+-----_.j 

5,15 t------+-------+-----11-----+-----_.j 
5,1 .__ ____ ..j_ ____ _...!, ____ __J:._ ____ .L_ ____ _J 

20 40 ~ 0 80 100 

E (GeV) 

• Ruponse ----- Meoo> .... ---- IAoan + 0.5% -- -- - -- • Mean • 0.5% I 

P11c. 7. 3asHCHMOCTb OTKJIHKa rrpoTOTHrra sneKTpoMarnHTHOro KanopHMeTpa OT SHepnm Hanen10~ero sneKTpOHa. BH/IHO, liTO TGT -KOH

I.~em.(Hll o6ecrrel!HBaeT 0/IHOpo/IHOCTb OTKJIHKa B rrpe)1eJiax 0,5% 
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PHc. 8. a) CTpyKrypa 3JJeKTpoMarnHTHOro KanopHMeTpa 6arneH

HOro THna C npeAJIHBHeBbiM AeTeKTOpOM, reOMeTp11l! KOTOporo 

H300p3)1(eHa B Kpyre . 6) BJJHSIHHe npeAJIHBHeBOI'O AeTeKTOpa H3 

3HepreTH"IeCKOe pa3perneHHe 3JieKTpOM3rHHTHOI'O K3JJOpHMeTpa: 

1 - pa3perneHHe c npeAJIHBHeBbiM AeTeKTopoM; 2 - pa3perneHHe 

co6cTBeHHO 3JJeKTpoMarnHTHoro KanopHMeTpa. a) ITpocTpaHCT

oeHHoe pa3pellleHHe nJJOCKOCTeH npeAJIHBHeBOI'O AeTeKTOpa K3K 

cj>yHKI.IHS13HeprnH nyqKa : 1 - nJJOCKOCTb a= (2,1/VE ffi 0,4) MM; 

2- nnocKOCTb a = (2,0/ VE €B 0,2) MM 

6oJibmHx pa~uau;uouublx 3arpy3Kax. Pa3pa60TKa 

~eTeKTopoB 3asepmeua. B uacTo.snn;ee speM.si H3ro
TaBJIHBaeTC.si BC.si IIaPTH.si. 

MIOOHHbie ~eTeKTOpbi. Pa3pa6o.fauhl u rrocTpoe

Hhl ~Ba IIOJIHOMaCmTa6HbiX MO~YJI.si MIOOHHhlX KaMep 

Ha OCHOBe ~pen:<i>OBhlX Tpy6 BhlCOKOro ~aBJieHH.si H 

rrpOIIOpD;HOHaJibHhlX KaMep C KaTO~HbiM C'IHTbi

BaHHeM no rrporpaMMe GEM. 3TH MO~YJIH 6biJIH 
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PHC. 9. IlpocTp3HCTBeHHoe pa3pellleHHe MOAYJISI, COCTOIIW.el'O 113 

KpyrnbiX ApeHcj>oBbiX Tpy6 AHaMeTpoM 50 MM, KaK cj>yHKUHII Aao

neHHII pa6o'leH r330BOH CMeCH C KOMnOHeHT3MH: 50% aproHa + 
50% MeTaHa 

HCCJie~oBaHhl B Jia6opaTopHH sse (elUA). KaMepbl 

6biJIH OCHaiD;eHhl :meKTpOHHKOH C'IHTbiBaHH.si, TaKX<e 

pa3pa60Tauuo:H u H3rorosJieuuo:H s O:VJ5IH. 
Ha o6oux sapuauTax ~eTeKTopos rroJiyqeuo 

peKop~uoe rrpocTpauCTseuuoe pa3pemeuue. Ha 
pHC.9 IIOKa3aHhl pe3yJibTaThl H3MepeHH.si IIpOCT{>aH

CTBeHHOrD pa3pemeHH.si ~pe:H¢oBhlX Tpy6. 

.ll,JI.si H3y'leHH.si BOIIpOCOB, CB.si3aHHbiX C ~JIHHOH 

CTpHIIOB, B .ll,y6ue 6biJI pa3pa6oTaH H HCCJie~OBaH 
IIpOTOTHII KaMepbi C KaTO~HbiM C'IHTbiBaHHeM 

~JIHHOH 3 M H mHpHHOH 30 CM, HMeiOID;HH 4 
qyscTBHTeJibHbiX CJIO.si. Ha 3TOM rrpoTOTHrre rrpu 

HCCJie~OBaHHH C KOCMH'leCKHMH 'laCTHD;aMH IIOJiy'le

HO rrpocTpaucTseuuoe pa3pemeuue Jiy'lme 80 MKM, 

OTpa6oTaHbl TeXHOJIOrH'leCKHe orrepaD;HH. 

IloCJie 3aKphlTH.si SSe (elUA) n;euTp T.siX<eCTH 

~CCJie~OBaHHH MIOOHHhlX ~eTeKTOpOB 6hiJI rrepeueceu 

ua 3KcrrepuMeHT eMS <U:EPH). 

B CMS MIOOHHhle KaMephl ~OJI)I(Hbl pa6oTaTb B 

CHJibHOM MamHTHOM rroJie (~o 4 T JI) . .ll,JI.si pemeHHSI 

IIp06JieM, CB.si3aHHhlX C pa60TOH B MarHHTHOM IIOJie, 

6b1Jla H3rOTOBJieHa 4-CJIOHHa.si KaMepa pa3MepoM 

0,5x0,5 M2 • .ll,JI.si uee 6b1Jla pa3pa60Taua H H3roTOBJie

ua 3JieKTpoHHKa C'IHTbiBaHH.si. B U:EPH B MeTo~utie

CKOM 3KcrrepuMeHTe RD-35 6h1Jlo rroJiytieuo peKop~
uoe rrpocTpaucTBeuuoe pa3pemeuue (a = 52 MKM) 

3THX KaMep H H3Mepeu yroJI Jlopeun;a B IIOJI.siX ~0 
3 T JI (puc.1 0). KaMe phi c KaTo~HhlM C'IHThiBauueM 

IlpHH.siThl B KatieCTBe OCHOBHbiX ~JI.si TOpll;OBbiX MlO

OHHhlX ~eTeKTOpOB. 

B paMKax MeTo~utiecKoro 3KcrrepuMeuTa RD-11 

KOJIJia6opau;uu EAST (Embedded Architecture for 

Second Level Trigger) pa3pa6oTaHhl 4 BbiCOKOCKopo-
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P11c. 10. TipocrpaHCTBeHHOe pll3peWeHHe MHOI'OllpoBOnO'IHOH npo

nOpi..\HOHa.JibHOH KaMepbl C KaTO,!IHbiM C'II1Tb1BaHHeM 11HQ>opMal..\1111 

(pa6o'la!ICMecb: 30% -aproH+50% -yrneKI1CnbiHra3+20 % 

'leTb1pexqrrop11CTbiH yrnepo,1:1) . a) Pa3peweHI1e KaK QJYHKI..\1111 yrna 

HaKJIOHa TpeKa 'laCTI11..\bl K Cl1rHa.JibHbiM npOBOJIO'!KaM np11 ycnoo1111: 

e - MarnHTHoe none B = 0 ; 6. - MarnHTHoe none B = 1,5 Tn ; 
0 - MarHHTHoe nMe B = 3,0 Tn; none HanpaBJJeHo nepneH,!II1KY

JI!ipHo CHrHa.JibHbiM npooMO'IKaM; 6) Pa3peweHI1e .!IJill TpeKoo no,1:1 

yrnOM <p = 0" B OTCYTCTBI1e MaTHI1THOI'O nOnll; B) llJJOT, xapaK

Tep113Yl011..\11H O,!IHOpo,!IHOCTb pa3peWeHI1ll no W11p11He KaMepbl 

CTHhlx HHTeJXl>eikuhlx WiaThl B CTa~maJ>Te HIPPI H 

H3roTOBJieHhl 11 6JIOKOB VME. 

HCCflE~OBAHHE~ETEKTOPOB 

HA KAllHflfl.siP AX 
C )I(H~KHM CIJ;HHTHflfl.siTOPOM 

CosMeCTHO c ll«l>B3 H KOJIJia6opau,Heii: 

CHORUS B IJ;EPH H3YllaJIHCb xapaKTepHCTHKH 

K3llHJIJI51poB pa3JIH'IHhiX ~HaMeTpoB, H3llOJIHeHHbiX 

CIJ,HHTHJIJI.sJTOpoM, H CpaBHHBaJIHCb C 3HaJIOI'H'IHbiMH 

xapaKTepHCTHK3MH llJI3CTM3CCOBhiX BOJIOKOH 

SCSF- 38 H Kuraray 3HF. lloKa3auo, 'ITO 6oJibma.sJ 

~JIHHa 33TYX3HH.sJ, 60JibWOH CBeTOBhiXO~, BhiCOK351 

pa~HaiJ,HOHHa.sJ CTOHKOCTb K3llHJIJI51pHb1X ~eTeKTOpoB 

ll03BOJI.sJIOT C03~3B3Tb ~eTeKTOphl C BhiCOKHM 

pa3perneHHeM ~JIHHOH 6oJiee ~BYX MeTpOB [34 ) . 

llpoBe~eHO MO~eJIHpOB3HHe ~JI.sJ Bhl.sJCHeHH.sJ B03-

MO)KHOCTeH HCllOJib30B3HH.sJ TpeKOBOI"O ~eTeKTOpa Ha 

OCHOBe K3llHJIJI51pOB C )K~KHM CIJ,HHTHJIJI.sJTOpoM B 

6y~yll.\HX 3KcnepHMeHTax ua KOJIJia~epax, pa3pa-

60Taua yuHsepcaJibHa.sJ nporpaMMa peKOHCTPYKU.HH 

co6hiTHH B TpeKOBhlx ~eTeKTopax ua ocuose BOJIOKOH 

~JI.sJ 3KCnepHMeHTOB Ha BCTpe'IHhiX ny'IKaX. 

llCCflE~OBAHll.sl ~ETEKTOPOB 

ME~flEHHhiX l!ACTlliJ; [35-38 1 

lf cCJie~OBaJIHCb xapaKTepHCTHKH ~eTeKTOpOB 

THna CIJ,HHTHJIJI.sJTOp + ¢oTO~HO~ (PhD) ~JI.sJ cneKT

poMeTpHH JierKHX 33p.sJ)KeHHbiX '13CTHIJ, llO npOeKTY 
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HEIITYH. ~eJib - co3~aHHe ~eTeKTopa c BbiCOKH
MH CneKTpoMeTpH'IeCKHMH CBGifcTBaMH Ha OCHOBe 
HOBbiX KpHCTaJIJIOB C 6b1CTpb1M speMeHeM Bbi
CBe'IHBaHH51. 

IJo~I'OTOBJieHbl H BblnOJIHeHhl ~Ba 3KCnepHMeHTa 
s YHHsepcHTeTe OCJio H TSL Uppsala ~JISI H3Me
peHHSI CBeTOBbiXO~a H ::mepreTH'IeCKOI'O pa3pemeHHSI 
KpHCTaJIJIOB Csi(Tl), Y AG (Ce), LSO (Ce), BGO H 
GSO(Ce) s KOM6HHaU:HH c <t>oTo~Ho~aMH S3590-05 H 
MSP3 s ~Hana3oHe 3HepmH: 3-20 M3B/ HYKJIOH ~JI51 
1He, 2He H 3He. Pe3yJihTaThl HCCJie~osaHHH noKa3a
Hbl Ha pHc.ll. 

PA3PABOTKA YCKOPHTEJibHbiX CHCTEM 

CMCTEMA IIO.ll:ABJIEHH.SI IIOIIEPEIIHhiX 
KOJIEBAHM:A: IIYIIKA B 1-:A: CTYIIEHM YHK 

3aKOH'IeHhl pact~eThl [39 ], Bhl6paHa cxeMa H 
Onpe~eJieHbl OCHOBHble a.i:IropHTMbl CHCTeMbl no~aB
JieHHSI KOJie6aHHH nyt~Ka npH HH)KeKU:HH s YHK. 
HaJia)KeH H HCnbiTaH nepsbiH HMnyJihCHhiH reHepa
Top. 3aKOH'IeHa pa3pa60TKa KOMnJieKTa 3JieKTpOH
HbiX 6JIOKOB ~JISI CHCTeMbl no~aBJieHHSI KOJie6aHHH 
nyt~Ka npH HH)KeKU:HH, H3I'OTOBJieHhl H HaJia)KeHbl 
6JIOKH 3JieKTpoHHKH ~JISI nepsoro reHepaTopa. Ilo~
ro.fosJieua annapaTypa H 3aKaHt~HsaeTCSI pa6oTa no 
C03~aHHIO nporpaMMHOI'O o6ecne'leHH51 llO~CHCTeMbl. 
CHHXpoHH3aU:HH. IJO~I'OTOBJieHO H HanpaBJieHO B 
l.l,EPH TeXHH'IeCKOe npe~JIO)KeHHe no pa3pa60TKe 

CucreMa nO,llliBJleHHll nonepe'I

HbiX KOJie6aHHH ny'!Ka 'laCTHI.\ 

,liJill yCKOpHTeJibHOrQ KOM

nneKCa H<l>B3 (llp<JTBHHO) 

Ha~eHHble MeTo~H'IeCKHe pemeHHSI no3BOJIHJIH 

cym;ecrseuuo yJiyt~mHTb H3BecTHoe s JIHTepaType 

3HepreTH'IeCKOe pa3pemeHHe ~eTeKTOpa «KpHCTaJIJI + 

+ PhD». KoM6HHaU:HSI Csl (Tl) + PhD no 3Hepre

TH'IeCKOMY pa3pemeHHIO (153 K3B ~JISI a-JIHHHH 

7,68 M3B) SIBJISieTCSI xopomeH: aJibTepHaTHBOH 

KpeMHHeBOMY nOJiynpoBO~HHKOBOMY ~eTeKTOpy. 

Jl:eTeKrop GSO (HJIH BGO) +PhD no pa~HaU:HOHHOH 

CTOHKOCTH [109(106) PM], MaKCHMaJibHO ~onycTH
MOH 3 rpy3Ke (2,5 · 104 (0,5 · 104) 1/ C] H 3HepreTH'Iec

KOMy pa3pemeHHIO .siBJI51eTCSI JIYllmHM MSI 3KC

nepm.teHTOB Ha HHTeHCHBHbiX nyqKaX. 

CHCTeMbl no~aBJieHHSI nonepe'IHbiX KOJie6aHHH 
nyt~K LHC. 

CTAHU,H.SI IIEPErPYIIIIMPOBKM IIYIIKA (CIIIl) 

B M<l>B3 ua pa3pa6oTaHHOM H. co3~aHHOM s 
JICB3 o6opy~osaHHH BII-cTaHU:HH neperpynnHpos
KH nyt~Ka Y-70 Ha qacToTe YHK npo~OJI)KaJIHCb HC
CJie~osaHHSI pa60TOCnOC06HOCTH JiaMn BhiXO~HOI'O 
KaCKa~a rY-101A B KOM6HHHpOBaHHOM pe)KHMe pa-
60Thl - HenpephiBHOM H HMnyJibCHOM. Jl:JlSI 3THX 
pa60T Ha nepBOM 3Tane HCnOJib3yeTCSI C03~aHHhiH B 
JICB3 MO~YJISITOp, napaMeTphl KOTOporo 6hiJIH pac
C'IHTaHbl ~JISI ~pyrHx JiaMn BhiXO~Horo KacKa~a. Ocy
m;ecTBJieH 3HepreTH'IeCKHH 3anyCK MaKeTa MO~YJI51-
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TeXHOJIOl'HtleCKHH KOMnJieKC ):1.1111 MOHT3}1{3 nponOpl\HOHaJih HblX 

KaMep c KaTOJ:IHbiM C'IHTbiB3HHeM ):IJISI 3KcnepHMeHTa CMS 

TOpa C HCnOJib30B3HHeM HOBOI'O BhiXO~HOI'O K3CKa~a 

Ha 3KTHBHYIO Harpy3KY. IloJiy'leHHhle napaMeTphl 

M3KeTa COOTBeTCTBYIOT TeXHH'IeCKOMY 33~3HHIO Ha 

MO~yJI~TOp H n03BOJI~T npHCTynHTb K nO~I'OTOBKe 

pa6o11ero sapHaHTa H ero peaJIH3an;HH B 1994 r. 

KJH1CTPOHHbi:A CBLJ-YCillll1TEJib 

JI,JI.SI BJI3IIII 

IIpose~eHhl HCCJie~osaHH~ ocHOBHblX xapaKTe

pHCTHK KJIHCTpoHa, pa3pa60TaHHOI'O H H3rOTOBJieH

HOI'O B JICB3. 11cCJie~osaHH~ nposo~HJIHCb Ha ny>~Ke 
H~YKIJ;HOHHOI'O yCKOpHTeJI~ Jll1Y -3000 ( 40 ). 

62 

Pe3yJibT3Thl HCCJie~osaHHH ~y6HeHcKoro sa

pHaHTa KJIHCTpoHa no3BOJI~IOT yTsep~aTb, 'ITO 

pa3pa60TaHHblH npH6op o6nMaeT BblCOKOH npo

nycKHOH cnoco6HOCTbiO. <I>oKycHpyiOm;a~ CHCTeMa 

KJIHCTpoHa, BblnOJIHeHHa~ Ha nOCTO~HHblX Mar

HHT3X, o6ecne'IHBaeT TpaHCnOJ>THpoBKY 3JieKTpoH

HblX ny>~KOB c HHTeHcHBHOCTbiO ~o 300 A, 'ITO ~JI~ 
CBLJ-npH6opoB ~Hana3oHa 14 rru. ~BJI~eTC~ Bbl

COKHM nOK333TeJieM. TeXHOJIOm~ H3I'OTOBJieHH~ 

CBLJ-KJIHCTpoHa, rpynnHpoBaTeJib, 3aMe~JI~IO~a~ 

CHCTeMa, KOHCTpyKIJ;H~ Harpy3KH COOTBeTCTBYIOT 

~aHHOMy KJI3CCY npHOOpoB C BblCOKHMH TpeOOBa

HH~MH K 3JieKTpH11eCKOH npo'IHOCTH (nop~Ka 

10 KB/cM). B pe3yJihTaTe HCCJie~osaHHH MO~HocT
HbiX xapaKTepHCTHK KJIHCTpoHa H OnTHMH33IJ;HH 

pe)KHMOB HX pa60Tbl B ~Hana30He '13CTOT 13900-
14100 Mrn; y~aJiocb ~OCTH'Ib pemcrpHpyeMoro 

ypoBH~ CBLJ-MOIII;HOCTH 30-100 MBT [41 ]. 

PA3PABOTKI1 B OBJIACTI1 C03JI:AHI1.SI 

Jll1HE:AHbiX KOJIJIA:AJI:EPOB BYJI:YIIJ,ErO 

O~HOH H3 KJIIO'IeBhiX npo6neM npH co3~aHHH 
JIHHeHHblX KOJIJia~epoB ~BJI~eTC~ HMe)KHOCTb H 

3KOHOMH'IHOCTb CHCTeMbl CBLJ::nHTaHH~ ycKop~IO

m;eH: CTPYKTypbl. B HCCJie~osaHH~x, nposo~HMbiX B 

JICB3 B 3TOM HanpaBJieHHH, HCnOJib3YeTC~ OnblT, 

H3KOIIJieHHblH B npon;ecce pa60T no KOJIJieKTHBHbiM 

MeTo~aM ycKopeHH~. Be~yTc~ HCCJie~osaHH~ c 

IJ;eJibiO pa3p300TKH peJI~THBHCTCKOI'O KJIHCTpoHa ~JI~ 
BJI3IIII, no noHcKy aJibTepHaTHBHhiX nyTeH: co3-

~aHH~ HCTO'IHHKOB CBLJ-nHTaHH~ ~JI~ JIHHeHHblx 

KOJIJia~epos. IIpe~JIO)KeH npHHn;HnHaJibHO HOBbiH 

no~xo~ K co3~aHHIO HCTO'IHHKa CBLJ-nHTaHH~ ~JI~ 

JIHHeHHblX KOJIJia~epos T3B-Horo ~Hana3oHa, 

6a3HpyiOIII;HHC~ Ha KB33HOnTH'IeCKOM no~XO~e H 

HCnOJib30B3HHH cP33HJ>OB3HHhiX pemeTOK ( 4 2 ). 
B pa3BHTHe ~eH co3~aHH~ cPOTOHHoro KOJI

na~epa 6y~y~ero C HCnOJib30B3HHeM oopaTHOI'O 

KOMnTOHOBCKOI'O pacce~HH~ JI33epHOI'O H3Jiy'leHH~ 

Ha ny11Kax JIHHeH:Horo KOJIJia~epa se~yTc~ pa3pa-

6oTKH C HCnOJib30B3HHeM TeXHOJIOrHH JIC3 (43,44 ). 
IIpe~JIO)KeHa ~syxKacKa~Ha~ cxeMa JIC3 ~JI~ 

cPoTOHHOro KOJIJia~epa Ha 3HepmiO 2x1 T3B. 

Y K33blB3eTC~ Ha npHHIJ;HnHaJibHYIO B03MOX<HOCTb 

C03~3HH~ cPoTOHHOI'O KOJIJia~epa Ha 6a3e Cy~eCT
BYIO~ero KoJIJia~epa SLC co cseTHMOCTbiO 

L 5!! 1034 cM-2 c-1[45,46]. 
rr 

PA3PABOTKA OTJI:EJibHbiX Cl1CTEM 

C-T <I>ABPI1Kl1 

CoTpy~HHKH na6opaTopHH npHHHMaJIH yqacrHe 

B pa3pa60TKe npHHIJ;HnOB H CHCTeM C-T ¢a6pHKH, B 

'13CTHOCTH, B pa3p300TKe CXeMbl MOHOXpoM3TH'IeC-



Koii c-r ¢a6pHKH c KOHeliHhiM yrJIOM nepecelieHH~. 

Pa3pa6oTaHa npHHU.HnHaJibHO HOBa~ cxeMa c-r ¢a6-

PHKH (47 ], ofu.e~HH~IOIII;a~ MOHOXpOMaTH3aiJ.HIO no 

::mepmH CTOJIKHOBeHH~ ::meKTpOHOB H n03HTpOHOB C 

rrepeCelieHHeM nyliKOB IIO~ KOHeliHhiM yrJIOM, liTO no 

CpaBHeHHIO CO CTa~apTHOH CXeMOH n03BOJI~eT: 

- IIO~H~Tb CBeTHMOCTb 3a ClieT BhiCOKOH liaCTO

Thi CJie):IOBaHH~ cryCTKOB; 

- rroshiCHTb BhiXOLI y3KHX pe3oHaHcos (J I tp, tp ') 
6naro):lap~ MOHOXpOMaTH3aiJ.HH (npH peaJIH3aU.HH 

«Kpa6»-nepecelieHH~). 
Ilpe):IJIO::>KeHHa~ cxeMa o6Jia):laeT TaK::>Ke p~oM 

TeXHHlieCKHX npeHMyiiJ;eCTB, B liaCTHOCTH, Tpe6yeT 

cyll:leCTBeHHO 6onee HH3KOro BII-Hanp~::>KeHH~, 
o6ecrreliHBaeT rrpHeMJieMoe speM~ ::>KH3HH liaCTHIJ.. 

B cs~3H c o6cy::>K):IaiOIIJ;HMC~ npoeKTOM c-r ¢a6-

PHKH B UEPH 6hiJI paccliHTaH sapHaHT [ 48 ] c 

rrpHH~ThiM B npoeKTe IJ:EPH nepHMeTpOM H 

KOH¢Hrypau.HeH yliaCTKa BCTpeliH. 

BhiJia pa3pa6oTaHa MarHHTHa~ CTPYKTypa noso

poTHhiX ):lyr, nepecTpaHsaeMa~ no 3MHTTaHcy B 

illHpOKOM ):IHana30He (OT 10 HM ~0 100 HM npH 

3HepmH nyliKa 2,2 f3B B OTCyTCTBHe ~OnOJIHHTeJib

HbiX BHITJiepOB H ):10 200 HM H Bblille npH HX BKJIIO

lieHHH) H ):IOnycKaiOm;a~ TeM CaMbiM HCnOJib30BaHHe 

KaK B CTaH):IapTHOH CXeMe, TaK H B CXeMaX C MOHO

XpOMaTH3aU.HeH ( 47,48 ]. liHCJieHHOe MO):IeJIH

poBaHHe ):leMOHCTpHpyeT xopomyiO yCTOHliHBOCTb 

J:IBH::>KeHH~ liaCTHU. B ~aHHOH CTPYKType H, cooTBeT

CTBeHHo, 60JibllOe BpeM~ HX ::>KH3HH. 

Ilpe):IJIO::>KeHa HOBa~ CXeMa HH::>KeKIJ.HOHHOro 

KOMIIJieKCa ( 49], HCnOJib3YIOIIJ;a~ B KalieCTBe ~paii

Bepa ):IJI~ HCTOliHHKa n03HTpOHOB CHJibHOTOliHhiH 

H~YKU.HOHHbiH yCKOpHTeJib-peiJ.HPKYJI~TOp, liTO 

APYfHE HCCJIEAOBAHH.SI 

PABOTbi B OBJIACTI1 

BhlCOKOTEMIIEPATYPHOA 

CBEPXIIPOBOA11MOCTI1 <BTCII) [55] 

JICB3 yliaCTByeT B pa6oTax no HCCJie~OBaHHIO 
BTCII B Tpex HanpasneHH~x: 

1) C03):1aHHe H HCCJie~OBaHHe 3JieKTpO¢H3H

qecKHX csoiicTB IIJieHOK BTCII; 

2) HCCJie~osaHHe BTCTI KaK Hosoro Knacca Ma

TepHaJioB ~JI~ CHJibHOTOliHOH 3JieKTpOHHKH; 

3) HCCJie):IOBaHHe cneKTpOB nponyCKaHH~ H 

oTpa::>KeHH~ nneHOK H MaccHBHhiX BTCTI Ma~epHa

nos B ):IJIHHHOBOJIHOBOM 11K-):IHana30He; H3ylieHHe 

HMnyJibCHOH ¢oTonpoBOJ:IHMOCTH BTCTI. 

BhiCOKOKalieCTBeHHhle IIJieHKH BTCTI MOryT 

6b1Tb IIOJiyqeHhi C npHMeHeHHeM pa3JIHliHOH TeXHH

KH BaKyyMHOro HanhiJieHH~ Ha MOHOKpHCTaJI-

n03BOJI5JeT c¢opMHpOBaTb no):lnHTbiBaiOIII;HH 

n03HTp HHhiH CryCTOK 3a O~HO cpa6aTb1BaHHe 

HCTOliHHKa H TeM caMhiM pe3KO ysenHliHTb 

npoH3B J:IHTeJibHOCTb KOMIIJieKca. Cym;ecrseHHO, 

qTo ):laHHa~ CXeMa He Tpe6yeT npHMeHeHH~ BbiCOKO

liaCTOTHbiX pe30HaHCHhiX JIHHeHHhiX yCKOpHTeJieH. 

11CCJIEAOBAHI1.SI KPI10CI>113111IECKI1X 

TIPOIJ:E CCOBBABYXCI>A3HOM 

11 CBEPXTEKYIIEM fEJII111 

Mo~epHH3HposaHa ycTaHOBKa ~JI5J HCCJie):loBa

HH~ x apaKTepHCTHK nOTOKOB ~Byx¢a3HOI'O HOp

MaJibHOI"O reJIH~ H CBepxTeKyliero reJIH~ (50,51 ]. 
B liaCTHOCTH, pa3pa6oTaHhi H co3):1aHhi KpHoreHHhle 

reJIHeBhle MamcTpaJIH Me~y renHeBhiM pe¢pH::>Ke

paTopoM KfY -500/4,5 H cTyneHbiO OKOHliaTeJibHoro 

oxJia~eHH~ ~o 1,8 K. AocTHmyTa xono):lonpoH3BO

~HTeJibHOCTb 30 BT npH 1 ,8 K H OKOJIO 5 BT npH 

1,2 K. YcTaHOBKa no3BOJI~eT TaK::>Ke o6ecneliHTb 

TenJIOBhle pe::>KHMhl csepxnposo~~m;Hx pe3oHaTopos 

npH KpHocTaTHposaHHH csepxTeKyliHM renHeM. Co-

3):1aH n pOTOliHhiH KpHOCTaT ~JI~ HCCJie):IOBaHH~ xa

paKTepHCTHK CBepxTeKylieH Typ6yJieHTHOCTH (52]. 
AJI~ 3KcnepHMeHTOB no TeiiJiosoH: H ~POLIHHa

MHlieCKOH Typ6yJIH3aU.HH CBepXTeKyliei"O reJIH~ C0-

3):1aH H3MepHTeJibHbiH KOMIIJieKC C 3JieKTpOHHbiM 

KOMMyTaTopoM CHrHaJIOB npH TeMnepaType 1 ,8 K 

(53,54 ], KOTOpbiH nO CBOHM napaMeTpaM He HMeeT 

aHaJioros. HaliaThi 3KcnepHMeHThi no caMo<j>oKy

CHpOBK HeJIHHeHHOH BOJIHhi BTOporo 3ByKa B He-ll. 

B u;enoM 3KcnepHMeHTaJibHbiH KOMIIJieKc He 

HMeeT aHaJIOI'OB B CTpaHaX-yliaCTHHIJ.aX 011.SJI1. 

JIHlieCKHe IIOJ:IJIO::>KKH H3 SrTi03, MgO, LaA103 H 

Mg02, HO TaKHe no~JIO::>KKH He Haxo~~T npHMeHeHH~ 

B MHKpO- H OnT03JieKTpoHHKe H3-3a BhiCOKOH 

CTOHMOCTH, MaJihiX pa3Mepos, 6oJibillHX CBII-no

Tepb H p~a ~pyrHx npHliHH. HaH6onee no~xo

~~m;HMH 3~eCb ~BJI~IOTC~ KpeMHHH H can¢Hp, HO 

nOCJie~HHe BCTynaiOT B XHMHlieCKHe peaKU.HH C 

BTCTI- MaTepHaJiaMH B npou.ecce co3~aHH~ nneHOK. 

3Ta n po6neMa MO::>KeT 6hiTb pa3pemeHa nyTeM o6pa-

30BaHH~ 6y¢epHOI'O CJIO~ Me~y no~JIO::>KKOH H 

BTCTI- IIJieHKOH. B pe3yJihTaTe cosMeCTHhiX c 311 

CAH (BpaTHCJiasa, CnosaKH~) 3KcnepHMeHTaJib

HhiX HCCJie~osaHHH 6hiJIH nonyqeHhi BTCII-IIJieHKH 

Ha nO):IJIO::>KKaX H3 KpeMHH~ H Can¢Hpa C 6y¢epHbiM 

CJIOeM H3 OKHCH U.HpKOHH~. B o60HX CJiyqa~x TOJI

III;HHa B TCTI-nneHOK cocTaBJI~Jia 100 HM, TOJIIII;HHa 

6y¢ep oro CJIO~ 70-100 HM. 
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HcCJie~osaHH~ BTCTI KaK Hosoro KJiacca Ma
TepHa.nos ):VI~ CHJibHOTO'IHOH 3JieKTJlOHHKH HOCHJIH 
npHKJIMHOH xapaKTep. B 3THX pa6oTax 6WIH onpe
~eneHH peXHMill OOJiytieHH~ HOHaMH Me~H, yrn epo
~a, peHH~ DJieHoK BTCTI THna 1-2-3 Ha noMOXKax 
H3 JiaTyHH H KpeMHH~, npH KOTOplllX B03MOXHO 
nonyt~eHHe pa3JIHtiHHx reoMeTpHtiecKHx crpyKTYP 
THna Mea~p. HcCJie~osaHa cxeMa LC-reHepaTopa c 
H~YKTHBHHM HaKOnHTeJieM 3HepmH H npepHBaTe
JieM roKa Ha ocHose BTCTI. TipeMo;~~~;eHa H pa3pa6o
TaHa MeTO~HKa HMnyJibCHOro H3MepeHH~ KpHTH
tiecKHX TOKOB BTCTI. Pa3pa6oTaHH H H3roTOBJieHH 
~sa HH3KOHMne~aHCHHX reHeparopa HMny JI&eHoro 
Hanp~xeHH~. 
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JIABOPATOPVI.si 
.si,[(EPHhiX TIPOBJIEM 

ITporpaMMa Hay'IHhlx H Hay'IHO-MeTO~H'IecxHx 

HCCJie~OB3HHH JiaoopaTOpHH B 1993 ro~y BKJIIO'IaJia B 

ce6~ ~e~TeJibHOCTb Ha 5 HanpaBJieHH~X B p aMK3X 

npo6JieMHO-TeMaTH'Iecxoro DJiaHa OHSIH*. 

HcCJie~OB3HH~ B 06JiaCTH <PH3HKH 3JieMeHTap

HhiX '13CTHIJ;, 3TOMHOro ~pa H KO~eHCHpoB3HHOro 

COCTO~HH~ npoBO~HJIHCb B mHpoKOM Me~yHa

po~HOM coTpy~HH'IecTBe Ha 6a30BhiX ycTaHoBxax 

OHSIH, H<l>B3, U:EPH, ITCH, Jloc-AnaMoca H T.~. 
Cpe~H HaH6oJiee BaxHhlx <PH3H'IecxHx pe3yJib

TaToB CJie~yeT B~eJIHTb noJiy'leHHe BITCH n epBhiX 

yK333HHH Ha ~OCTHXeHHe pexop~HOH (Ha ~Ba nop~

Ka Jiyqmeil:) BepxHeH rpaHHIJ;hl Bepo~THOCTH KOH

BepCHH MIOOHH~ B 3HTHMIOOHHH; H3MepeHHe Ha 

<Pa30TpoHe QHSIH KOHCT3HThl H~YIJ;HpoB3HHOro 
nceB~OCKaJI~pHOro B33HMO~eHCTBH~ B npon;eccax 33-

• 

XB3T3 MIOOH3 ~paMH KpeMHH~; ~OK333TeJibCTBO 

00p330B3HH~ 3TOMOB, COCTORID;HX H3 .1t" +- H .1t"- -Me30-

HOB (A2Jr), H ~OCTHXeHHe pexop~HOro 3H3'1eHH~ 

BepxHeH: rpaHHIJ;hl Bepo~THOCTH pacnMa JCl-+ e + e

B H'l>B3; o6HapyxeHHe B U:EPH 3Ha'IHTeJibHOro Ha

pymeHH~ npaBHJia OZI B aHHHrHJI~IJ;HH aHTHnpoTo

HOB Ha ~eHTepHH, 'ITO, DO-B~HMOMy, CB~33HO C 

HaJIH'IHeM CKphiTOH CTpaHHOCTH B npoTOHe; BCeCTO

poHHee H3y'leHHe Ha yCT3HOBKe 1I.EJI(%>H Ce'leHHH 

o6pa30B3HH~, BpeMeH XH3HH H MO~ pacna~a a~pO

HOB, co~epxam;Hx T~xeJihle c- H b-xBapxH, a Taxxe 

Onpe~eJieHHe KOHCT3HTbl CHJibHOro B33HMO~eHCTBH51 

as<Mz) H3 npen;u3HOHHOro KX1I.-aHaJIH3a <PyHxn;uH: 

<PparMeHT3IJ;HH KBapKOB B a~pOHbl. 

3KCIIEPHMEHTbl IIPH HH3KHX H IIPOME.X<YTQqHbiX 3HEPfHSIX 

3KCITEPHMEHTbl HA <l>A30TPOHE JI.siiT 

3aBepmeHa o6pa60Txa ~aHHhiX 3KcnepHMeHTa 

no llOHCKY KOHBepCHH MIOOHH~ B 3HTHMIOOHHH Ha 

nyqxe «llOBepXHOCTHhiX» MIOOHOB <Pa30TpoHa Jl.siiT, 

npoBO~HMOro o6be~HHeHHOH rpynnoH: ITH.sl<l> (faT

'IHHa) - Jl.siiT QH.siH. 

06m;ee 'IHCJIO MIOOHOB, npome~mHX qep e3 MH

meHb, paBHO 3,5 ·1011
• Co6hiTHH, CB~3aHHhiX c nepe

xo~oM MIOOHHH- aHTHMIOOHHH, He o6Hapyx eHo. 

ll.JI~ BepxHeH rpaHHIJ;hl Ha Bepo~THOCTb n pon;ec

ca KOHBepcHH MIOOHHH - 3HTHMIOOHHH DOJiy'leHO 

OKOH'I3TeJibHOe 3H3'1eHHe: 

WMM < 3,9·10-7 (90% CL). 

HoBoe 3Ha'leHHe ~JI~ KOHCTaHThl nepexo~a MIO

OHHH- aHTHMIOOHHH G MM He npeBhlmaeT 3Ha'leHH~ 

0,13Gp (90% CL) [1 ]. 

ll.JI~ HCCJie~OB3HH~ ,U-K3TaJIHTH'IeCKHX npou;ec

COB B CMeCH H30TODOB BO~Opo~a 6biJIH npoBe~eHbl 
ucnhiTaHH~ yCTaHOBKH TPHTOH, BKJIIO'IaiOm;eH: B 

ce6~ X~KOTpHTHeByiO MHmeHb, CHCTeMy ee ra30-

o6ecne'leHH~; ~eTeKTOphl nyqxa H Heii:TpoHOB noJI

Horo norJiom;eHu~; 3JiexTpoHuxy B~eJieHH~ ocra

HOBOK MIOOHOB B MHmeHH H B~eJieHH~ MHO-

• ron;HKJIOBhiX co6hiTHH MIO-KaTaJIH3a (Heii:TpoHOB c 

3HepmeH: 14, 1 M3B), 3JieKTpOHHKY H nporpaMM

HOe o6ecne'leHHe ~JI~ c6opa HH<PopMan;HH, ee 

perHCTp3D;HH, CX3TH~, KOHTpOJI~ H BH3Y3JIH-

33IJ;HH. 

CeaHChl Ha <Pa30TpoHe c ~eH:TepHeBhiM Hanon

HeHHeM MHmeHH DO~TBep~HJIH paOOTOCDOCOOHOCTb 

BCeX CHCTeM. ITpH npoBe~eHHH llpOOHOro CeaHca C 

TPHTHeM CTaJio ~cHo, 'ITO B~eJieHHe TPHTH~ cTaH

~aPTHhiM o6pa30M H ero llOCJie~yiOm;a~ O'IHCTKa OT 

llOCTOpoHHHX npHMeceH: Ha ypoBHe 1 o-7 OOJiee Tpy~
Ha~ 3a~a11a, 11eM npe~noJiaraJIOCb. 3To CB~3aHo c 

OOJibmHM co~epxaHHeM 3He OT pacnMa TPHTH51. 

*fiOJJHbiH OT'IeT Ha aHrmtHCKOM ll3b1Ke o6o BCex 3KCnepHMeHTax, npoBOAHMbiX B JJaOOpaTOpHH B 1993 roAy, COAeplKHTCll B 6pow10pe 
«Laboratory of Nuclear Problems. Annual report 1993,., 0 H.SUI94-l, ,ll.y6Ha, 1994. 
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Y CTaHOBKa MAKC Will noHCKa nepexo,!IOB MJOOHHi1 - aHTHMJOOHHi1 

B HaCT051~ee BpeM51 npopa6aTbiBaeTC51 HOBa51 CHCTe

Ma ra3oo6ecne1.!eHH51. 

,ll,JI51 H3y1.!eHH51 CTPYKTYPhl Bo36y)K~eHHhiX co

CT051HHH 51~ep nepexo~HOH pe~Ko3eMeJihHOH o6JiaCTH 

(N = 88-90) H BJIH51HH51 AAepHOH ~e<l>opMa~HH Ha 

sep051THOCTH nepexo~OB Ha KOMITJieKce .5ICHAIUI c 

ITOMO~biO CrreKTpoMeTpOB C ITOJiyrrpOBO~HHKOBhiMH 

~eTeKTopaMH H3MepeHhl cneKTphl y-Jiyqeu, 

3JieKTpOHOB BHyTpeHHeH KOHBepCHH, 6hiCTphiX H 3a

~ep)l(aHHbiX y-y- H y-e-COBrra~eHHH HeKOTOpbiX 

KOpOTKO)I(HBY~HX HYKJIH~OB. 

BnepBhle npe~JIO)KeHa cxeMa pacna~a 157Yb [2 ], 
BKJII01.!aiO~a51 PM HH3KOCITHHOBhiX COCT051HHH 

~~~Tm88 , B TOM 1.!HCJie I'OJIOBHhle ypoBHH HeKOTOpbiX 

ITOJIOC, B036y~eHHhiX B 3TOM Mpe B peaK~H51X C T51-

)l(eJihiMH HOHaMH. 

Cy~eCTBeHHO yT01.!HeHa cxeMa pacna~a 159vb 
(1, 4 MHH). Y CTaHOBJieHhl THllhl MY JlhTHITOJibHOCTeH 

pMa y-nepexo~oB, 1.!TO rr03BOJIHJIO onpe~eJIHTh 

KBaHTOBhle xapaKTepHCTHKH B036y~eHHhiX 

yposHeH: ~~~Tm90 [3 ]. 

,ll,JI51 pa3peiUeHH51 KpaHHe rrpOTHB~e1.!HBOH 

CHTya~HH C xapaKTepHCTHKaMH H30MepOB I 6Ho Bhi

ITOJIHeHhl ( 4 ) HCCJie~OBaHH51 pa~HOaKTHBHOI'O pac-

na~a M ep c A = 156. 113MepeH nepHo~ noJiypacna~a 

H30MepHoro nepexo~a 2 + -+ 5;: T v2 = (9 ,5 ± 1 ,5) c. 

fOTOBH TC51 MeTO~HKa Orrpe~eJieHH51 AAepHbiX MOMeH

TOB pe~Ko3eMeJihHhlx HYKJIH~OB (-109 
aTOMOB) c 

HCITOJib30BaHHeM pe30HaHCHOH Jia3epHOH cPJiyopec

~eH~Hll. JTHM MeTO~OM rrpe~rrOJiaraeTC51 H3MepHTb 

CITHH 156KHo. 

IIpose~eHhl MeTo~.H1.!eCKHe pa6oThl no no~roTOB
Ke 3Kcn epuMeHTa ~JI51 o6Hapy)KeHH51 M3-u3oMep

Horo nepexo~a c 3HepmeH: 39,7 K3B B 
152Eu Me~y 

cocTo51 H51MH c CHJihHo pa3JIH1.!aro~eH:c51 <l>opMoH:. Ha 

3JieKTpoCT3TH1.!eCKOM 6eTa-CrreKTpoMeTpe rrpoBe~e
Hhl CHCTeMaTH1.!eCKHe HCCJie~OB.aHH51 O)Ke-CrreKTpoB 

pAAa pe~Ko3eMeJihHhiX 3JieMeHTOB [5 ]. 

C eJibiO rrpe~H3HOHHOI'O onpe~eJieHH51 rpaHH1.!

HhiX 3H epmH: cneKTpoB ,8-pacna~a H Mace Hecra-

6HJibHbiX H30TOITOB C03~aHa HOBa51 MeTO~HKa o6pa-

60TKH CrreKTpoB IT03HTpOHOB, H3MepeHHhiX Ha CrreK

TpoMeTpe C ~eTeKTOpoM H3 CBepX1.!HCTOI'O repMaHH51. 

IlpH rrpe~eJieHHH 3KCrrepHMeHTaJihHhiX CrreKTpoB 

Y1.!HThl saeTC51 CJIO)KeHHe HMrryJihCOB norJio~eHH51 

rr03HTpoHOB B ~eTeKTope c HMrryJihCaMH OT aHHHru

JI51~HOHHoro H3Jiy1.!eHH51, a TaK)Ke o6paTHOe rrepe

paCCe.SJHHe IT03HTpoHOB B ~eTeKTOpe. fpaHH1.!Hble 
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PHc. 1. Y'laCTOK a-cneKTpa 
225 Ac, no.ny'leHHOro Ha MarnHT

HOM cneKTpoMeTpe C .IIBOHHOH 

<I><>KYCHpoBKOH. Pa3perneHHe Ha 

nHHHH a0 He Xy)l{e 6 K3B 

:meprHH n03HTpoHHhiX CneKTpoB onpe,neJISIIOTCSI Me

TO):(OM KIOpH-WIOTa. 

113MepeHHe rpaHH'IHhiX 3HepmH n03HTpoHHhiX 

CneKTpoB ):(JISI psr.na H30TOnOB C H3BeCTHhiMH 

3HepmsrMH ,8-pacna.na noxa3ano, 'ITO CHCTeMaTHt~ec

xa51 odiH6xa npose.neHHhiX H3MepeHHH He npeahlwa

eT 30-50 K3B B ):(Hana30He 3HepmH n03HTpoHOB ):(0 

7,2 M3B (6]. 

Pa3pa6oTaH MeTo.n noJiyt~eHHSI <<TOHKHX» HCTO'I

HHKOB a-H3Jiy4eHHSI 225Ac ):(JISI npeUH3HOHHOH a

cneKTpoMeTpHH: FWHM 5!! 5 x3B Ha JIHHHH 225 Ac 

5830 K3B (pHc.l). 

B paMxax 3KcnepHMeHTa no HCCJie.nosaHHIO a

pacna.na B OOJiaCTH pe,nK03eMeJibHhiX 3JieMeHTOB Ha

'laThl off-line HCCJie.nosaHHSI a-pacna.na 
225 

Ac 

<T v2 = 10 cyT) H .not~epHHX HYKJIH.nOB 221 Fr 

(4,8 MHH) H 217 At (32 MC). Ha OCHOBe l::f3Yt~eHHSI 
CneKTpoB y-Jiy'leH, COBna,naiOUJ.HX C JIHHHSIMH TOH

KOH cTpyxTyphl a-cnexTpoB 225 Ac H 221 Fr, nocTpoe

Hhl cxeMhl ypoaHen 221 Fr H 217 At (7 ). 

C UeJibiO 3KCnepHMeHTaJibHOro HCCJie):(OBaHHSI 

B03MO)KHOCTeH npoH3BO):(CTBa psr.na Ba)KHhiX ):(JISI Me

):(HUHHhl pa,nHOHYKJIH.nOB pa3pa6oTaHhl KOHCTpyK

UHH MHWeHeH H3 TeXHeUHSI H TaHTaJia, n03BOJISIIO

W.He «3aXBaThiBaTb» ):(0 80% BHyTpeHHero n poTOH

HOro nyqxa Q>a30TpoHa 0115111 H HCKJIIO'Ia iOW.He 

pa3orpes 3THX MeTaJIJIOB .no TeMnepaTyp~>~ WiaBJie

HHSI npH TeWIOBhl):(eJieHHH 3-4 xBT·CM-2• Onpe

,neJieHhl Cpe,nHHe BeJIH'IHHhl HapaOOTKH UeJieBhiX 

pa,nHOHYKJIH.nOB npH 3THX OOJiyt~eHHSIX B sr.nepHhiX 

peaxuHsrx 99Tc (p, 3n)97Ru, E = 48 M 3B H p 
181 Ta (p, 4n) 178W, E = 70 M3B. 0HH COCTaBHJIH 

p 
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,nJisr 97Ru so MKH/t~ (± 15%> H ,nJisr 178w 4,5 MKH/t~ 
(± 15%> [8 ]. 

npoae,neHhl nepBhle ycneWHhle 3KCnepHMeHThl 

nO ):(HCTHJIJISIUHH TeTpaOKCH,na pyTeHHSI H3 paCTBO

poB, CO,nep;~KaiD;HX BhiCOKHe KOHUeHTpaUHH TeXHe
UHeBOH KHCJIOThl. )],oKa3aHa npHHUHflHaJibHaSI 803-

MO;~KHOCTb MHoroxpaTHoro HOHOo6MeHHOro pa3,neJie

HHSI 225 Ac H S-1 0 Mr 229Th a UHTpaTHbiX pacTsopax 

6e3 nOTepb MaTepHHCKOro pa,nHOHYKJIH,na (aKTHHHe

BhiH reHepaTop). 

npoae,neH 3KCnepHMeHT no H3MepeHHIO HH,ny

UHpoBaHHOro nceB):(OCKaJISipHOro B3aHMO):(eHCTBHSI 

npH 3aXBaTe nOJIS1pH30BaHHhiX MIOOHOB sr.npaMH 28Si. 

11cCJie.nosanac& yrJiosasr xoppeJISIUHSI Me)KJ(y cnHHOM 

MIOOHa H HMnyJI&CaMH HeHTpHHO H y-KBaHTa. 113 

aHaJIH3a cneuHQ>Ht~eCKOH Q>opMbl y-JIHHHH 6biJIO 

nOJiy'leHO MO):(eJibHO-He3aBHCHMOe OTHOWeHHe 

·sr.nepHhiX aMWIHTY):( (9 ): 

M1(+2)/M1(-1) = 0,264±0,046, 

'ITO n03BOJISieT ,naTb OUeHKH Ha Q>yH,naMeHTaJibHOe 

OTHoweHHe Q>opMQ>axTopos g pig A. B ynpoiQeHHOH 

Mo,neJIH <Fujii- Primakoff)- KplgA = 8,1±1,6; B 

MO):(eJIH C yt~eTOM sr.nepHhiX MaTpH'IHhiX 3JieMeHTOB 

<Parthasarathy- Sridhar) - gp/ gA = 6,6±2,0 H B 

Mo.ne.nH, yt~HThiBaiOw.en noMHMO sr.nepHhiX MaTpHt~

Hhlx 3JieMeHTOB TaK)Ke peJI51THBHCTCKHe nonpaBKH 

(Parthasarathy- Sridhar),- Kpl gA = 2,3±2, l. 

Pe3yJibTaThl yxa3hiBaiOT Ha B03MO)KHOe no

.nasJieHHe nCeB):(OCKaJISipHOro B3aHMO,neHCTBHSI a,n

poHHOH cpe.nou (aonpexH mnoTe3e PCAC, ,na10w.eH: 

3Hat~eHHe gP/gA = 0,7) H Ha Heo6xo,nHMOCTb npose-



YcTaHOBKa Ailll H3MepeHHH ~HQxj>epeHI.J,H3JI&HbiX B03M)'lll,eHHH 

yrnos&IX yy-KoppenliiJ,HH 

AeHH51 AOIIOJIHHTeJihHhiX TeopeTHtieCKHX HCCJieAOBa

HHH, KOTOphle BHeCJIH 6bl 51CHOCTb B BOIIpoC 0 npH

MeHHMOCTH TeX HJIH HHhiX MOAeJieH. 

Tio nporpaMMe HCCJieAOBaHH51 KOHAeHCHpOBaH

HhiX cpeA fiSR (Muon Spin Rotation)-MeTOAOM Bhl

noJIHeHhl 3KCnepHMeHThl B AHana30He TeMnepaTyp 

10-240 K c oco6ot~HCThlM o6pa3u;OM CuO. llpH TeM

nepaTypax 227 K H 213 K 3apemcTpHpoBaHhl 

MamHTHble <l>a30Bhle nepeXOAhl. B <t>a3e COH3Me

PHMOCTH HHX<e 55 K Ha6moAaJIHCh t~eThlpe qacTOTbl 

JiapMOpoBCKOH npeu;eCCHH CIIHHa MIOOHa (pHC.2). C 

llOBblilleHHeM TeMnepaTypbl TpH H3 HHX HCtie3aiOT, 

tiTO MOX<HO o6hxcHHTb 6blcTphiM TYHHeJIHpoBaHHeM 

MIOOHa Me;>KAy ABYM51 3KBHBaJieHTHbiMH B KpHCTaJI

JIOrpa<tJHt~eCKOM CMbiCJie nopaMH [10 ). 

llpoBeAeHO HCCJieAOBaHHe MarHHTHbiX CBOHCTB 

KynpaTa Y2Cu20 5 B AHana3oHe TeMnepaTyp 4,2-

30 K [11 ]. KpoMe H3BeCTHoro <l>a3oBoro rrepexoAa 

npH 13 K o6HapyX<eHa oco6eHHOCTh B TeMrrepaTyp

Ho:H 3aBHCHMOCTH MarHHTHOro IIOJI51 Ha MIOOHe 

B6JIH3H TeMnepaTyphl 7,5 K, tiTO MOX<eT HHTep

npeTHpoBaTbC51 KaK AOIIOJIHHTeJibHbiH <tJa30BbiH 

nepeXOA, CB513aHHbiH C H3MeHeHHeM HanpaBJieHH51 

MarHHTHbiX MOMeHTOB HOHOB MeAH (pHC.3). 

BhlnOJIHeHhl 3KcnepHMeHThl B HyJieBOM MamHT

HOM IIOJie C aHTH<tJeppoMarHHTHbiM KepaMHtieCKHM 

o6pa3IJ;OM La2_ xSrxCuO 4 B AHana3oHe 'I'eMnepaTyp 

10-300 K. <l>yHKIJ;HH noJixpH3aiJ;HH cnHHa MIOOHa, 

IIOJiyt~eHHhle B HyJieBbiX IIOJISIX, 51BHO AeMOHCTpH

pyiOT HeHyJieByiO HatiaJibHYIO <l>a3y rrpeu;ecCHH 

¢ :::: - 0,35 paA. Bo3MOX<Hoe ofu.SicHeHHe 3TOMY -

Cy~eCTBOBaHHe JIOKaJibHbiX 

MarHHTHbiX IIOJieH Ha MIOOHe. 
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PHC. 3. JlOK3JibHbie UOJill Ha MIOOHe B Y 2Cu20 5 , nonyqeHHbie B 

ZF-flSR- 3KcnepHMeHTe 

3KCllEPl1MEHTbl 

HA BHE IIIHHX YCKOPl1TEJlSIX 

B 1993 rDAY rJiaBHOH 3aAat~e:H rpynrrhl, pa6oTa

ro~e:H B 3KcnepHMeHTe PS201 (OBELIX) B IJ.EPH, 

6hiJIO HCCJieAOBaHHe HapymeHHSI npaBHJia 0Ky6o

IJ.BeHra - l13yKH B aHHHrHJI51IJ;HH aHTHIIpoTOHOB Ha 

AeHTepHH. Ha cTaTHCTHKe L, 1 MHJIJIHOH co6hiTHH 

6hiJIH H3MepeHhl Bepo51THOCTH oopa30BaHHSI <l>- H W

Me30HOB B peaKIJ;HSIX aHHHrHJI51IJ;HH aHTHIIpOTOHOB B 

IIOKOe (pHC.4): 

p + d-+ :rc- + <l> + p, 

p + d-+ :rc- + w + p. 

3Hat~eHH51 BepoSITHOCTe:H onpeAeJieHhl B ABYX AHa

na3oHax HMIIYJihCOB npmoHa: B o6JiaCTH cneKTOpHbiX 
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PHc. 4. CneKTp HH&apHaHTHblX Mace 2K (a, 6) H 3.7r (a, r ) ,!1.1111 COObiTHH c HMnyJJbCOM npoTOHa p < 200 M3B/c (a, a) H p > 400 M3B/c 

(6, r) . CnnowHoH JJHHHeH noKaaaH pe3yJJbTaT annpoKCHMal.IHH 3KcnepHMeHT8JibHOro cneKTpa pe30HaHCHOH KJlHBOH H nnaBHbiM Qx>HOM 

nporouoB, r.Qe HMnyn&e p < 200 M3B/c, H .QJISI 

nporouoB c HMnyJI&eaMH p > 400 M3B/c. 

0Tuomeuue R 3THX BeJIH'IHH TaKoBo: 

R(<f11t- /w1t-) = (133±33)·10-3, p < 200 M 3B/c, 

(113±40)·10- 3, p>400 M 3B/c. 

3To 3Ha'IHTeJibHO OOJibme, 1.1eM CJie.Qy eT H3 

npaBHJia 0Ky6o - lJ,BeHra - Vf3yKH, eCJIH po)I(

.QeHHe <fi-Me30H3 OOyCJIOBJieHO CJI300H npHMeCbiO 

nerKHX KBapKOB B ero BOJIHOBOH cPYHKU.HH. B 3TOM 

CJiy1.1ae R = (0, 15+4,2) · 1 o- 3. 
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Cne.QyeT OTMeTHTb, 'ITO cTeneub uapymeHHSI 

npaBHJia 0Ky6o - lJ,BeHra - J.f3yKH B 3HTHllpOTOH

HOH aHHHrHJISIU.HH 3Ha'IHTeJibHO Bblme, qeM ua6mo

.QaJIOCb B 3KCnepHMeHT3X llO ltp- HJIH pp-pacCeSIHHIO. 

06b11.(H0 OTHOmeHHe R (<fiX/wX), ua~eHHOe B 

3THX 3KCnepHMeHT3X, .QOCTHraeT 3HaqeHHH 

R = (20+30) · 10-3. 

3TH pe3yJibT3Tbl .QOCT3T01.(H0 HeTpHBHaJibHbl, 

nOCKOJibKY cpe,QH npHl.(HH uapymeHHSI npaBHJia 0Ky-

6o - lJ,Beii:ra - l13yKH OOCy)I(.QaeTCSI H B03M0)1(

HOCTb 3H31.(HTeJibHOH npHMeCH CTp3HHbiX KBapKOB B 

HYKJIOHHOH BOJIHOBOH cPYHKU.HH. Tio3TOMY 3Kcnepu

MeHTaJibH3SI HHcPopM3U.HSI 0 po)I(.QeHHH <fi-Me30H3 B 
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PHC. 5. Pacnpe,lleJieHHll MIOOHHeB B BaKyyMe, B npocrpaHCTBe BHe MHWeHH B ::JKCnepHMeHTe llO llOHCKy KOHBepcHH MIOOHHll B IUITHMIO

OHHH Ha y cKOpHTeJie PSI 

aHTHnpoTOHHOH aHHHI'HJHIU,HH MO)I(eT HMeTb OTHO

meHHe K BeCbMa ¢yJmaMeHTaJibHhiM acneKTaM. 

crpyKTYPhl npoToHa. 

B pacnpe~e.neHHH no HHBapHaHTHOH Macce 4 

nHOHOB peaKU,HH 

p + d-+ ln- + 2n+ + p
5 

(cneKTarop) 

rpynnoii OBELIX Ha6mo~a.n:C.SI mHpoKHH nHK B 

o6nacTH, r~e paHee 6h1Jlo 3apemcrpHpoBaHo 

~(1480)-COCTOSIHHe, paCCMaTpHBaeMOe KaK KaJmH

~aT B I'JII060Jihl. IloCJie Bbi'IHTaHHSI KOM6HHaTOpHOI"O 

¢aHa noJiy'leHhl napaMeTphl nHKa, annpOKCH

MHpoBaHHOI"O HOpMa.TibHbiM pacnpe~e.JieHHeM: 

M = 1,487±0,002, a= (0,090±0,002) (f3B/c2). 

IlJiaHHpyeTCSI ~aJibHeHmee 3TOI"O 

COCTOSIHHSI. 

B paMKax 3KcnepHMeHTa no noHCKY KOHBepcHH 

MIOOHH.SI B aHTHMIOOHHH Ha ycKopHTe.ne Paul 

Scherrer Institut (IICI..f) H3roTOBJieHa, nocraBJieHa B 

IICI..f H HcnoJib30BaHa B 3KcnepHMeHTe HoBaSI cHcTe

Ma BbiBO~a HH¢OpMaU,HH H3 aHO~HbiX npoBOJIO'IeK 

cneKTpoMeTpa SINDRUM (10 6noKoB KAMAK). 

BpeMSI BbiBo~a HH¢opMau,HH cocraBHJIO -30 MKC. 

I1 Jiy'leH 3KCnepHMeHTaJibHbiH MaTepHaJI, no3-

BOJISIIO~HH onpe~e.JIHTb 3Qxl>eKTHBHOCTb pemcrpa

U,HH OT~eJibHhiX y3JIOB ycTaHOBKH H ou,eHHTb Bepx

HIOIO r paHHU.Y BepoSITHOCTH nepexO~OB MIOOHHH -

aHTHMIOOHHH. B MHmeHH 6h1Jlo OCTaHOBJieHo -1012 

MIOOHOB. Ilo caMOH KOHCepBaTHBHOH npe~BapHTe.Jib

HOH ou,eHKe, KOJIH'IeCTBo pemCTpHpyeMhlx pacn~oB 

MIOOHHeB B BaKyyMe COCTaBJISieT 3Ha'leHHe He MeHee 

10-4 Ha O~HY OCTaHOBKY MIOOHa B MHmeHH. IloJiy

'leHHhle ~aHHble n03BOJISIT C~e.JiaTb OU,eHKY BepoSIT

HOCTH nepexo~OB MIOOHHH - aHTHMIOOHHH Ha ypoB

He 1 0- S, 'ITO npHMepHO Ha 2 nop~Ka HH)I(e ycraHOB

JieHHOH paHee rpaHHU,hl. Ha pHc.S noKa3aHhl 

Ha6JIIO~eHHble pacnpe~e.neHHSI MIOOHHeB B BaKyyMe, 

B npOCTpaHCTBe BHe MHmeHH. 

.[I,JISI nO~I"OTOBKH 3KCnepHMeHTOB nO H3y'leHHIO 

KYMYJI.SITHBHOH ¢parMeHTaU,HH ~eiiTpoHa B 3KC

KJII03HBHOH nOJI.SipH3aU,HOHHOH nOCTaHOBKe H no~nO

poroBOI"O po~eHHSI KaoHoB Ha CHHxpoTpoHe COSY 

(KOJIJia6opau,HSI ZDF) npoBe~eHo KOMnbiOTepHoe 

MO~e.JIHpOBaHHe 3a~Hero ~eTeKTOpa H Bhi'IHCJieHbl 

ero O)l(~aeMhle napaMeTpbl [ 12 ]. l13roroBJieHhl 

CU,HHTHJIJISITOpbl ro~OCKOna, OnhiTHbiH MO~YJib ro~O

CKOna H CTeJm ~JISI KOHTpOJISI H HaCTpoHKH KaMep. 
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Co6paH B H)nHxe cTe~ ~n~ HCUHTaHH~ Mo~yn~ 
~peli:<j>osHx K~Mep. Mo~yn& ycTaHosneH Ha KOn&u:e 
CHHxpoTpoHa COSY, H Ha'laThl ero HCUhiTaHH~ npH 
pa6oTaiO~eM ycKopHTene. 

Ilpe~no)KeHa cxeMa nepe~Hero ~eTeKTopa, H 
npoBe~eH nepBHH 3Tan KOMllhiOTepHOro MO
~enHpOBaHH~. B Ka'leCTBe nposono'IHhlx KaMep ~e
TeKTOpa npHH~T HOBhiH THU 6biCTpbiX nponop
U:HOHMhHhiX KaMep. Pa3pa6oTaHo H npe~no)KeHo Ha 
paCCMOTpeHHe KOnna6opaU:HH ~Ba BapHaHTa CHCTe
Mhl CheMa HH<j>OpMaU:HH C npOBOnO'IHHX KaMep ycTa
HOBKH. fipoaHMH3HpOBaHH B03MO;lKHOCTH MOHH
TOpHpoBaHH~ CBeTHMOCTH H KOHTpOn~ nonO;lKeHH~ 

30HH B3aHMO~eHCTBH~ ny'IKa C MHmeHhiO [ 13 ]. 

I.J:en&IO Konna6opau:HH TGV H NEMO ~Bn~eTc~ 
H3MepeHHe 3<lxi>eKTHBHOH MaCCH MaHopaHOBCKOro 
HeHTpHHO Ha ypOBHe 0, 1 3B llOCpe~CTBOM H3y'leHH~ 
~BOHHhiX 6eTa-pacna~OB 2{32v H 2{30v 100Mo H ~pymx 
Mep. 

CneKTpoMeTphl TGV-1, NEM0-1 H ~EM0-2 
Haxo~~Tc~ B no~3eMHOH na6opaTopHH Frejus 
(Modane, <l>paHU:H~). 

TGV-1 cneKTpoMeTp cocTOHT H3 16 nnaHapHHX 
HPGe-~eTeKTOpoB H o6na~aeT BHCOKOH 3<l><PeKTHB
HOCT&IO, XOpOillHM 3HepreTH'leCKHM H BpeMeHHHM 
pa3pemeHHeM. OH Hcnon&3yeTc~ ~n~ H3MepeHH~ 
pa~HOaKTHBHhiX UpHMeCeH B <j>on&re 100Mo, ~n~ HC
cne~OBa~ 2{32v-pacnMa 100Mo H 2{3-pacna~os ~py
mx H30TOUOB, ~OCTYllHhiX nHillh B MMhiX o6&eMaX. 

B 1993 ro~y NEM0-2 cneKTpoMeTp pa60Tan s 
Te'leHHe 2485 qacos c u:en&IO H3y'leHH~ 2{3-pacna~a 

o6oram;eHHOro MOnH6~eHa 1 00Mo ( 172g, 95 % ). B 
pe3yn&TaTe ~n~ BenH'IHHhl BpeMeHH ;lKH3HH 6HnO 
nony'leH03Ha'leHHe 

T 1i2(2{32v)=(1,0±0,08) (stat.)±0,2 (syst.)·I019 neT. 
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Pa6o•mii MaKeT yCTaHOBKH JVIll 

HCCJJe~OBaHHll :'lJleKTpoH-HeHT

pHHHbiX yrJIOBbiX KOpj)e.Jilii.IHH B 

,8-pacna~e 

113MepeHbl TaK;lKe HH;lKHHe rpaHHU:H ~pymx MO~ 2{3-
pacna~a [14 ]. 

NEM0-2 ~Bn~eTc~ npoTOTHnoM 6on&moro 
cneKTpoMeTpa NEM0-3 [15 ], KOTOpHli: 6Hn pa3pa-
6oTaH B 1993 ro~y ~n~ Hccne~osaHH~ 10 Kr o6ora
~eHHOro 100Mo. B 3a~aqy JlSIII sxo~HT npoH3BO~CT
so 1200 nnaCTHKOBHX CU:HHTHnn~U:HOHHHX ~eTeKTO
pOB (20x20x10 cM3) ~n~ 3TOH ycTaHOBKH. B 1993 r. 
6HnH H3MepeHH 3HepreTH'leCKHe H BpeMeHHhle xa
paKTepHCTHKH TaKHX ~eTeKTOpoB [16 ]. 

Ha U:HKnoTpoHe Y -400M JlSIP ~eT no~roTOBKa 
3KCUepHMeHTa UO llO~OporoBOMY po~eHHIO UHOHOB 
H 3MHCCHH nerKHX 3ap~eHHhiX '!aCTHD: B CTOnKHO
BeHH~ T~;lKMhiX HOHOB npH 3Hep~X HH;lKe 60 M3B. 

Ha nepsoM 3Tane 3KcnepHMeHTMhHOH npo
rpaMMH 6HnH H3MepeHH ClleKTpH nerKHX 'laCTHU: 
(p, d, t), o6pa30BaHHhiX B pe3yn&TaTe CTOnKHOBe
HHH Mep 160 c AI H Au npH 3Hepm~x 210 H 
310 M3B. 

IIepsHe H3MepeHH~ noKa3MH, 'ITO 3KcnepH
MeHTM&Ha~ ycTaHOBKa ll03BOn~eT pemCTpHpoBaTb 
npoTOHH Ha'IHHa~ c 3HepmH ~o 150 M3B. PaHee B 
aHMOI'H'IHOH peaKU:HH y~aBMOCh H3Mep~Th npoTO
HH c 3Hepmeli: H:e 6onee 90 M3B. TaKHM o6pa3oM, 
llO~BHnaCb B03M0;lKHOCTh npoBO~HTh HCcne~OBaHH~ 
npH cym;ecTBeHHO 6onee HH3KHX (Ha 3-4 llOPMKa) 
3Ha'leHH~X Ce'leHHH 3THX npou:eCCOB [17 ]. 3TO CTMO 
B03M0;lKHHM 6naro~ap~ y~a'IHOMY CO'leTaHHIO BHCO
KOH HHTeHCHBHOCTH ny'IKa U:HKnOTpoHa Y -40QM H 
HeTPMHU:HOHHOH ~n~ <j>H3HKH T~;lKMhiX HOHOB 
TeXHHKH MHOrocnOHHhiX TMeCKOllOB. 

Ha ny'IKe nHOHOB LAMPP c noMOID;hiO 4n BGO

ball ~eTeKropa coTpy~HHKaMH JI51II B HHTepsane 
3Hepmli: 20-50 M3B BhlnonHeHH npeU:H3HOHHhle 
H3MepeHH~ ~H<P<i>epeHU:HMhHhiX H llOnHhiX Ce'!eHHH 
nornom;eHH~ nHOHOB MPaMH ~eli:TepH~ H yrnepo~a. 
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YcTaHOBKa JVIliHCCJieAOBaHHll nonllp113al.(HOHH&IX liBJieHHH np11 HI13KHX :meprnliX (II para, Kapnos yHHsepcHTeT) 

AaHHhle rro3BOJISIT OKOHtiaTeJihHO OTBentTb Ha Bon

poe 0 HaJIHlJHH pe30HaHCHODO IlOBe~eHHSI CetieHHSI 

IIOrJIO~eHHSI B 3TOH o6JiaCTH 3HeprHH. 

IJoJiytieH TaK)I(e IlOJIHhiH Ha6op ~aHHhiX ~JISI 
H3ytieHHSI 3HepreTH'leCKOH H MaCCOBOH 3aBHCHMOCTH 

~ByxrrpOTOHHOH KOMilOHeHThl CetieHHSI IlOrJIOID,eHHSI 

IIHOHOB B 06JiaCTH 3HeprHH HH)I(e L\-pe30HaHca, H Ha-

6paHa CTaTHCTHKa, 1103BOJISIIOID,a.SI OI.J;eHHTb BepOSIT

HOCTb IlpSIMODO pO)I(Jl:eHHSI HH3KOJie)l(aiD,HX COCTO

SIHHH rrHOHHhlx aTOMOB. 

B 3a~aqy 3KcrrepHMeHTa E-225 (LNS, Saclay) 

sxo~HJia rrposepKa cy~ecTBoBaHHSI CTPYKTYPhi B yrr

pyroM pp-pacCeSIHHH rrpH 3HepmSIX OKOJIO 2,1 f3B H 

BhlllOJIHeHHe IlOJIHODO OllhiTa B pn-KBa3HyrrpyroM 

pacCeSIHHH Me~y 1,1 H 2,7 f3B. 

C I.J;eJibiO ycTpaHeHHSI qx>Ha rrpH H3MepeHHH 

KBa3Hyrrpyroro pn-pacceRHHSI yCTaHoBJieH ~o

rroJIHHTeJibHhiH ro~OCKOil ~JISI perHCTpai.J;HH HeHTpO

HOB, liTO 3HatiHTeJibHO yJiytimHJio rroJiytiaeMhle 

pe3yJihTaThl H Hx HopMHpoBKY [18 ]. KpoMe Taro, 

6hiJIH O~HOBpeMeHHO 110JIS1pH30BaHhl ~Be MHilleHH B 

O~HOM KpHOCTaTe. JTO 6hiJI rrepBhiH TeCT HOBhiX Ma

TepHaJIOB 
6
LiD H 

6
LiH. IJpoBepeHa HOBaSI CHCTeMa 

IIOBOpoTa CllHHa MHilleHH B rrpo~OJibHOM HarrpaB

JieHHH, COCTOSIID,aSI H3 Tpex ~HllOJibHhiX H ~BYX COJie

HO~aJibHhiX MarHHTOB. 

0KOH'laTeJibHhiH BapHaHT pa60TOCI10COOHOH 

IIOJISipH30BaHHOH MHmeHH Ha OCHOBe 
6
LiD ~JISI pn-

3KCrrepHMeHTa 6y~eT DOTOB B 1994 ro~y. 

.lJ:JI rrpoBepKH C BhiCOKOH TO'lHOCTbiO HaJIHlJHSI 

CTPYKTYPhl B yrrpyroM pp-pacceRHHH B o6nacTH 

2,1 f3B HCI10Jib30BaHa 11poTOHHaSI 110JIS1pH30~aHHaSI 

MHmeH • B pe3yJibTaTe rrpSIMOro BOCCTaHOBJieHHSI 

aMI1JIHTy~, BhlllOJIHeHHODO ~JISI 3HepmH 2,1 f3B, 

IlOJiytieHhl ~Ba pemeHHSI , OTJIH'laiO~HeCSI 3HaKOM 

¢a3hl aMI1JIHTY~hl (19 ) . .lJ:aJibHeHmHe H3MepeHHSI C 

HOBOH CHCTeMOH IlOBOpOTa CllHHa 1103BOJISIT OT06paTb 

rrpaBHJibHOe pemeHHe H YJIYllillHTb TOlJHOCTb BOCCTa

HOBJieHH SI aMI1JIHTY~hi pp-paCCeSIHHSI. 

.lJ:JISI H3ytieHHSI CllHHOBOH 3aBHCHMOCTH aMI1JIH

TY~ np-p acceSIHHSI Ha rrytiKe rroJIS1pH30BaHHhiX HeH:T

poHOB K apJioBa yHHBepcHTeTa (Ilpara) rrpH 3HepmH 

16 M3B B JlSIII H3DOTOBJieHa rroJISipH30BaHHaSI 

MHmeH [20). 

0Ha HMeeT lPoPMY I.J;HJIH~pa C ~HaMeTpoM 
20 MM H ~JIHHOH 60 MM. IJpe~eJibHaSI 110JIS1pH3ai.J;HSI 

rrpOTOHOB, IlOJiytiaeMaSI ~HHaMHtieCKHM MeTO~OM, 

COCTaBJISieT :!! (95 ± 3)% H IlOMep)I(HBaeTCSI rrpH 

TeMrrepa Type OKOJIO 20 MK B y~ep)I(HBaiO~eM 

MarnHTHOM rroJie 0,37 TJI c 6oJihmoH: arreprypoH: 

~JISI p a cceRHHhiX tiaCTHI.J;. BpeMSI peJiaKcau;HH 

110JIS1pH3ai.J;HH B 3THX yCJIOBHSIX COCTaBJISieT 

-1000 q acoB. 

Ha MHmeHH H3MepeHa pa3HOCTb rroJIHhiX ce

tieHHH B lJHCThiX CllHHOBhiX COCTOSIHH.SIX L\af B 

1994 r. I1JiaHHpyeTCSI H3MepHTb «IlpO~OJibHYIO» pa3-

HOCTb CetieHHH L\al" 
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3KCIIEPHMEHTbl IIPH BbiCOKHX 3HEPrH~X 

3KCIIEPllMEHTbi B l.J,EPH 

KaK H3BeCTHo, DELPHI - :no ~eTeKTOP o6m;ero 

Ha3HalleHH51, pa6oTaiOm;HH Ha LEP H npe~Ha3Hal.leH
HhiH ~Jl51 H3yl.leHH51 <I>H3Hl.leCKHX 51BJieHHH . npH 

3Hepm51x po~eHH51 ZJ -6o3oHa. 

COTpy~HHKH OUSill yqacrBOBaJIH B ero co3-

~aHHH, OOecnel.leHHH 3KCITJiyaTaiJ,HH, B <I>H3Hl.leCKOM 

aHaJIH3e ~aHHhiX H pa3paOOTKe nporpaMM MO~H
<i>HKaiJ,HH ~aHHOI'O ~eTeKTOpa. 

0KOJIO 20000 CTpHMepHhiX TpyOOK npoH3Be~eHO 

B .ll.y6He ~Jl51 ~poHHOI'O KaJIOpHMeTpa, H B Ha CT051-

m;ee BpeM51 COTPY~HHKH Oll~ll o6ecnel.IHBaiOT HX 

H~e::>I<HOe <l>YHKIJ,HOHHpoBaHHe (21 ]. 

B 1993 ro~y <l>H3HKH Oll~ll npHHHMaJIH 

yl.laCTHe B BhlllOJIHeHHH rJio6aJibHOI'O aHaJIH3a B paM

KaX 3JieKTpocJiaOOH TOOpHH H npoBepKe CTa~apT-

p 

A em 
Um DC 

HOH MO~eJIH, npoBO~HJIH HCCJie~oBaHH51 BpeMeH 

)KH3HH HMO~ pacn~a B-Me30HOB C HCllOJib30BaHHeM 

J /'I'-Mel.leHH51 (23 ]. 

B o6JiaCTH HCCJie~oBaHH51 KBaHTOBOH xpo

MO~HHaMHKH OHH yl.laCTBOBaJIH B H3MepeHH51X 

<l>YHKIJ,HH <l>parMeHTaiJ,HH, onpe~eJieHHH KOHCTaHT 

CHJibHOro B3aHMO~eHCTBH51, llOHCKe 51BJieHHH 

llOJI51pH3aiJ,HH KBapKOB H H3MepeHHH <i>OToHHOH 

crpyKTYPHOH <l>YHKIJ,HH (22 ]. 

B paMKax nporpaMMhl MO~epHH3aiJ,HH DELPHI 

coTpy~HHKH Oll~ll yqacrBoBaJIH B co3~aHHH AO

noJIHHTMbHhiX MIOOHHhiX KaMep. BKJI~ .ll.y6Hhl -

3TO npoH3BO~CTBO ~eTeKTOpoB H pa3paOOTKa 3JieKT

poHHKH K HHM. 

B 1993 mAy KQJIJia6opau,HeH: DELPHI ony6-

JIHKOBaHo 13 CTaTeH B BeAyiD;HX <l>H3HlleCKHX )Kyp

HaJiaX. 

a 

A 

6 

SJJ 

PHc. 6. 3KcnepHMeHTll.1l&Hall ycrauoBKa .liJIII ua6mo,11eHHII (x+x- ) -aTOMOB. a) CxeMa Kaua.na: p - suyTpeHHHH npoTOHHbiH ny'IOK, 

Target- ycrpoHCTBO BBO,lla MHweHH, Col- KOJIJIHMaTOp, MS- MarHHTHall 31lll~HTa; 6) MarHHT H ,lleTeKTOpbl: M- nomoca MarnHTa, 
YC- &aKYYMHall KaMepa, DC- ,llpeHcJ>os&Ie Ka"Mep&I , H- c~HHTHJIJlli~HOHHhle ro,llocKon&J, S, s,.. - c~HHTHJIJlli~HOHH&Ie C'leT'IHKH, 

C - ra30sble qepeHKOBCKHe C'leT'IHKH, Absorber - norJIOTHTeJI& H3 qyryua, MC - MOHHTOPH&Je C'leT'IHKH 
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PHc. 7. 0THoweHHe 3KcnepHMeHTa.n&Horo pacnpe):le.rreHHll :rc + :rc-

nap no OTHOCHTeJ!bHOM)' HMnyn&ey K annpoKCHMHPYIOweMy pac

npe):leJieHHIO. HaJIH'IHe nap OT pa3BaJI3 TC + TC- -3TOMOB npHBO):IHT K 

OTKnOHeHHIO OTHOWeHH!I OT e):IHHH~bl B nepBblX J:IBYX K3HaJI3X 

flepshle pe3y JibTaThl 3KcnepHMeHTa W A -91 [24 ] 

no noHCKY ne-qq-Me3oHOB B npoToH-npoTOHHhiX 

B3aHMO~eHCTBHSIX npH 450 r3B/ C C nOMO~biO Q

cneKTpQMeTpa ~EPH no~TBep~HJIH HaJIH•IHe 

X(1450)- H X(1900)-Me3oHHhiX pe3oHaHCOB B 

1t+1t-1t+1t--KaHane npH 300 r3B/c. YKa3aHHSI Ha 

3TH CTPYKTYPhl snepshle noJiy'leHhl Ha MeHbmeil: 

CTaTHCTHKe B 3KcnepHMeHTe WA-76. 

COTpy~HHKH Jia6opaTOpHH OTBe'laiOT s 3TOM 

3KCnepHMeHTe 3a pa6oTy KaJIOpHMeTpa H3 CBHHIJ;O

BOI'O CTeKJia, CHCTeMy 3JieKTpQHHOI'O TpHrrepa H aJI

ropHTMhl peKOHCTpyKIJ;HH 3JieKTpoMai'HHTHhiX 

JIHBHeH. 

3aKOH'IeH Ha6op CTaTHCTHKH B 3KCnepHMeHTe 

WA-92 no H3MepeHHIO speMeHH )I(H3HH «npeneCT

HhiX» 'laCTHIJ; H Ce'leHHH HX ~poHHOI'O po~eHHSI. 

Ha6paHo OKOJIO 60 MHJIJIHOHOB co6hiTHH c D- H B
Me3oHaMH. Pa3pa6oTaHHaSJ: B JI.SIII CHCTeMa TpHrre

pa ~JISI 3JieKTpoMai'HHTHOI'O KaJIOpHMeTpa 6h1Jla yc

nemHO HCnOJib30BaHa npH OT6ope 3JieKTpoHOB H 

<i>o'roHoB c OOJibmHM nonepe'IHhiM HMny JibCOM. 

B 1993 ro~y npo~OJI)I(HJIHCb pa6oThl no co3-

~aHHIO yCTaHOBKH NOMAD (3KcnepHMeHT ~EPH 
WA-96) ~SJ: noHcKa ocu;HJIJISJ:IJ;HH v e v . 

/4 T 

flpoBe~eHO HCnhiTaHHe nepBOI'O MO~YJISI ~eTeK

TOpa nepexo~Horo H3Jiy'leHHSJ: Ha TeCTOBOM ny11Ke 

3JieKTpoHOB c 3Hepmeil: 10 r3B HaSPS ~EPH •. IIo

Jiy'leHO xopomee pa3~eJieHHe no aMIIJIHTy~e CHma

JIOB OT HOHH3aiJ;HOHHhiX nOTepb H nepexO~HOI'O 

H3Jiy'leHHSI. 

BhlnOJIHeH HOBhiH aHaJIH3 KHHeMaTH'IeCKHx 

KPHTepHeB [25 ] c IJ;eJibiO yMeHbmeHHSJ: !l>oHa H 

,l(pefl<l>oB&Ie K3Mepb1 ):ln!l 3KCnepHMeHTOB nO H3MepeHHIO BpeMeHH 

lKH3HH ):IHMe303TOMOB 

yseJIH'IeHHSJ: *PeKTHBHOCTH B~eJieHHSJ: a~poHHhiX 

MO~ pacna~a T-JienToHOB. B pe3yJibTaTe qyscTBH

TeJihHOCTh 3KCnepHMeHTa K OCIJ;HJIJISIIJ;HSIM V fL - V T 

yBeJIH'IeHa npHMepHO Ha 20%. 

Co3~aHo Hosoe nporpaMMHOe o6ecne'leHHe ~JISJ: 
MO~eJIHposaHHSJ: ycTaHOBKH HOMA)I, [26 ]. 

CoTpy~HHKaMH JISIIT H cPHJIHaJia HMM.SI<I> MrY 

B JJ:y6He ocym;eCTBJieHO Ha6JIIO~eHHe (272±49) aTO-

MOB, o6pa30BaHHhiX Jt+- H :n:- -Me30HaMH [27) Ha 

yCKOpHTeJie Y -70 B fipOTBHHO, H DOJiy'leHa OIJ;eHKa 

BpeMeHH )I(H3HH 3TOI'O aTOMa B OCHOBHOM COCTOSIHHH: 

• = (2,9~;. 1 ) · 10- 15 
c HJIH • > 0,3 · 10-

15 
c (c se

poSITHOCThiO 98%). ATOMhl o6pa30BhiBaJIHCh npH 

B3aHMO~eHCTBHH C TaHTaJIOBOH MHmeHbiO BHyTpeH

Hei'O ny'IKa npoTOHOB c 3Hepmeil: 70 r3B. Ha6JIIO-

~aJI~Cb naphl :n: +- H 1t- -Me30HOB OT pa3BaJia aTOMOB B 

TOM )l(e MHmeHH. 3KcnepHMeHTaJibHaSJ: yCTaHOBKa H 

noJiy'leHHhle pe3yJihTaThl npHBe~eHhl Ha pHC.6 H 7 . 

~EPH o~o6pHJI no~rOTOBJieHHOe coTpy~HHKaMH 
JI.SIIJ nHCbMO 0 HaMepeHHSIX, B KOTOpQM npe~JiaraeT

CSI H3MepHTb BpeMSJ: )I(H3HH :n:+Jt- -aTOMa C TO'IHO

CTbiO ny11me 10% ~JISJ: nposepKH npe~cKa3aHHH KX.LI: 
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npH HH3KHX :mepm51x. B COOTBeTCTBHH c 3THM COB
MeCTuo C KOJIJia6opauTaMH H3 L(EPH H uayliHhiX 
u:euTpoB 3ancmuoil EBponhl Be~eTC51 pa3pa6oTKa 
npoeKTa 3KcnepHMenTa ua PS L(EPH. 

B paMKax no~roTOBKH npoeKTa BhlnoJiueuhl pac
lleThl Bhlxo~oB H cneKTpoB ~HMe3oaTOMOB ua PS 
L(EPH, ~HHaMHKH B3aHMO~eHCTBH51 ~HMe3oaTOMOB C 
Bem;eCTBOM H paOOThl no H3I'OTOBJieHHIO nJiaT H BhiCO
KOBOJlbTHhiX 3JieKTpO~OB 34 ~peH<i>oBhiX KaMep. 

3KCIIEPI1MEHTbl 
HA YCKOPI1TEJIE B IIPOTBI1HO 

IlpoBe~eu ceauc o6JiylleHH51 ycTaHOBKH 
ri1IIEPOH B 11<l>B3 ua nyliKe 10 f3B/c. H a6pauo 

2,5 MJIH TpHrrepoB ~JI51 HcCJie~oBaHH51 pacna~oB K+

H JC>-Me30HOB. 

IlpH oopa60TKe C06hiTHH C ~-Me30HaMH Ha~e
HO HOBOe (28] 3HalleHHe BepxueH rpaHHIJ:hl Bepo51T

HOCTH pacna~a ~ -Me3oua ua 3JieKTpou-no3HTpoHHyiO 

napy: Br (~-+ e+ e-) < 2,8 ·10-6, liTO npHMepuo B 

TPH pa3a Jiy>mie HMeiOm;eroc51 MHpoBoro npe~ena. 

IloJiylleuo npe~BapHTeJihnoe 3HallenHe K03¢
¢Hn:HeHTa «g>> MaTpHliHOI'O 3JieMeHTa pacna~a 

K+ .... .rr+.rr0.rr0: g = 0,67±0,04, cornacy10m;eec51 co 

cpe~HeMHpOBhiM 3HalleHHeM g = 0,594±0,019. 

Ha ocuoBe co6pauublx pauee ~auuhlx onpe~ene
uo 3HallenHe 3JieMenTa MaTpHU:hl CKM [29] V = u.s 
= 0,2226±0,0024, liTO nO~TBep)K~aeT HaHJIYllillYIO 

H3 HMeBmHXC51 pauee ou:euoK: V = 0,2196±0,0023 u.s 
(PDG 1992), a TaK)Ke 3aKOHlleHO HCCJie~OBaHHe 

HHKJII03HBnoro o6pa3oBaHH51 JC>-Me3onoB B .rr +A- H s 

K+ p-B3aHMo~eHCTBH51X npH 11 f3B/ c [30 ]. 

Ha ueiiTpHHHOM ~eTeKTope 11<l>B3 - 0 115111 
HallaT HOBbiH 3KCnepHMeHT no nOHCKY V .. V e x 
OCU:HJIJl51U:HH. Ero npHHU:HnHaJibuoe OTJI~liHe 3a
KJI.IOllaeTC51 B HCnOJib30BaHHH HeHTpHHHOI'O KaHaJia C 
KOpOTKOH pacn<mHOH 6a30H- 12,6 M (BMeCTO 06hlli
HhiX 100-400 M). 3ro n03BOJI51eT B 3 pa3a 
yJiyllmHTb cym;ecTBYIOID;He npe~eJihl ua aMITJIHTY~Y 
OCIJ:HJIJl51IJ:HH V .. V npH npoxo~eHHH llepe3 e x 

MHilleHb 5 ·1018 npOTOHOB. 

IlpoBe~eu nepBhiH ceauc H3MeJ>eHHH ua 

CTaTHCTHKe 1,4·1018 npOTOHOB (30% OT ueo6-

XO~HMOI'O no npoeKTy). B~eneubl co6biTH51, coOT

BeTCTByiOm;He peaKU:HH V: + N-+ e± +X . .ll.anuhle 

aHaJIH3HpyiOTC51 C U:eJibiO nOHCKa OCU:HJIJl51U:HH. 
O~uoBpeMeuuo uallaTa o6pa6oTKa ~auuhlx no Kaua-

JiaM v + N .... f-l- + X H v + N .... f-l + + X ~JI51 
~ ~ 
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aHaJIH3a OTHOilleHH51 CelleHHH a(v )/a(v ) B HHTep-
~ ~ 

BaJiaX 3Hepmil 2-30 f3B. 

B 1993 ro~y npo~OJI)Keua o6pa6oTKa ~auuhlx c 
yCTaHOBKH IIP03A-M ~JI51 3KcnepHMenTa no H3Me
peHHIO aHaJIH3HpyiOID;eH CnOCOOHOCTH B peaKU:HH 

pp -+ .rr0 X npH 70 f3B. 

3KCIIEPI1MEHTbl 
HA CI1HXPO<l>A30TPOHE 0115111 

11cCJie~oBanHe MY JibTH¢parMenTaU:HH MHmeuH 
B Mpo-Mepuhlx coy~apeHH51X npH npoMe)KyTOliHhiX 

H BhiCOKHX 3Hepi'H51X npoB0~51TC51 C nOMOID;biO 4.rr

ycTaHOBKH <l>A3A Ha nyliKe peJI51THBHCTCKHX JierKHX 
Mep cHuxpo¢a3oTpoua 0115111. YcTanoBKa <I>A3A 
COCTOHT H3 ~eTeKTOpa MHO)KeCTBeHHOCTH ¢parMeH
TOB npoMe)KyTOliHOH MaCChi H n51TH TeJieCKOnOB. 

Pe3yJihTaThl H3ylleHH51 MYJibTH¢parMenTaU:HH 
MHmeuH npH coy~apenHH 4He 04,6 f3B) +Au 

npHB0~51T K CJie~yiOID;eMy 3aKJIIOlleHHIO: cpe~H5151 

MHO)KeCTBeHHOCTb ¢parMeHTOB paBHa 5,1 ± 0,8, 

liTO COOTBeTCTBYeT 3Hepi'HH B036y~eHH51 6oJiee 
1000 M3B; MaccoBhiH cneKTP ¢parMeHTOB onHChiBa-

eTC51 3aKOHOM A-T, r~e napaMeTp r npo51BJI51eT 

«KPHTHllecKoe noBe~euHe», npe~cKa3hiBaeMoe Mo~e
JI51MH C ¢a30BhiM nepeXO~OM )KH~KOCTb - ra3 
(pHC.8); B MOMeHT pa3BaJia MPO HMeeT nJIOTHOCTb, B 
3-5 pa3 MeHbillYIO HOpMaJibHOH, H BpeM51 )KH3HH 
Bo36y~euuoro cneKTaTopa MHmeuH ue npeBhlmaeT 
10-21 c. 

~ 105 
c 
:J 

-e 10' 
lU -
~ 
~ 103 

z 
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a+l97 Au 
3.6 GeV/n. 

• 
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PHc. 8. PacnpeJ~eJieHHe no MHOJKeCTseHHOCTH cj>parMeHTOB npo

MeJKyTO'IHOH MaCChi (3 s Z s 20) I H3MepeHHoe c noMOII.\biO 

yCTaHOBKH <J>A3A. llpeJ~CTaBJieHbl J~Ba KJiacca COObiTHH: 

MYJibTHcj>parMeHTa~Hll (KpyJKKHI IMF-TpHrrep) H J~eJieHHe (KBaJI

paTbi). KpHBbie nony'leHbi nyTeM «csepTKH,. pacnpe)leJieHHii, 

llOKa3aHHblX 80 BCTaBKel C MaTpH~eH OTKJIHKa yCTaHOBKH 
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PA3PABOTKA KPYIIHbiX cDH3lfqECKHX YCTAHOBOK 

B 1993 ro,qy Jia6opaTopHS1 npHHHMaJia yqacTue B 

pa3pa60TKe npOeKTa COJieHOH,qaJibHOI'O ,qeTeKTOpa 

(SDC) ,qJISI 3KCnepHMeHTOB Ha CBepxnpOBO,qSIII.J;eM 

cynepKOJIJiaif,qepe SSC. 

IIpu Henocpe,qCTBeHHOM yqacTHH coTpy,qHHKOB 

JHIII Ha npOH3BO,qCTBeHHOM OObe,qHHeHHH «ATOM

MaW» H3I'OTOBJieHbl ,qBa llOJIHOMaCmTa6HbiX 

npoTOTHna 6JIOKOB MIOOHHoro Barrel Toroid (MBT), 

Ka~biH: BecoM 90 TOHH. McnMTaHHSI noKa3aJIH, 'ITO 

3TH 6JIOKH y,qOBJieTBOpSIIOT BCeM Heo6xo,qHMbiM Tpe

OOBaHHSIM. 
Cneu;uaJIHCTbl JI.5III npHHSIJIH aKTHBHOe yqacTue 

B pa3pa60TKe CI.J;HHTHJIJISII.J;HOHHbiX ClJeTlJHKOB ,qJISI 

SDC H npoeKTa norJIOTHTeJISI u;eHTpaJibHOro a,qpoH

uoro KaJiopuMeTpa SDC B Fermilab (EaTaBHSI, 

CiliA). 0HH TaK)l(e yqacTBoBaJIH B Mo,qeJiuposaHHH 

<J>n3HlleCKHX npou;eccoB H TpurrepoB ,qJISI SSCL, B 

pa3pa60TKe MeTO,qa pe3HCTHBHOI'O ra30BOI'O 

ClleTlJHKa ,qJISI CHCTeMbl MIOOHHOI'O TpHrrepa, B 

npoH3BO,qCTBe H TeCTHpOBaHHH MHOI'O'laCTHlJHbiX 

nponOpi.J;HOHaJibHbiX KaMep. 

Jla6opaTOpHS1 aKTHBHO yqaCTByeT B KOJIJia6o

pai.J;HH ATLAS, KOTopaSI 6y,qeT npoBo,qHTb 3KC

nepuMeHTbl Ha 60JibillOM a,qpOHHOM KOJIJiaH,qepe 

(LHC B U:EPH) (puc.9). 

B u acTOSIIIJ;ee BpeMSI Be,qyTCSI coBMeCTHbie pa6o

Tbl c 11HCTHTYTOM MaKca IIJiaHKa B MIOHxeHe 

(MIIM). fJiaBHOH u;eJihiO B 1993 ro,qy 6b1Jla MIDOHHaSI 

CHCTeMa , BKJIIOlJaiOIIJ;aSI ,qeTeKTOpbi ,qJISI npeu;H-

)1,pei1<J>o all KaMepa Ha OCHOBe YHI1KanbHOH TeXHOnOrl111 <J>opMO
uaH11ll 6n KOB 113 naoCaHOBbiX Tpy60K 

Bonro)IOHCK. fpynna HHcneKTopoo Konna6opai..\HH Oli.SIH- SSCL (ClllA) co cnef..\HanHCTaMH «ATOMMarna,. y nepooi1 nnHTbi MarnHTa 

)lnll ycTaHOBKI1 SOC 
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ATLAS 

Detectors 

PHc. 9. ,lJ.eTeKTop ATLAS 

Hadron 

Inner 
Detector 

3HOHHOT'O H3MepeHH.!I KOOp~HHaT (~peif<tx>Bble 

Tpy6Ku BhiCOKoro ~as}leHH.H- HPDT>. 

Ha TecTOBOM ny'IKe SPS UEPH ucnhiTaHhl 
npoTOTHnhl ~eTeKTOpoB M.!l MIOOHHOH CHCTeMhl, 
H3roTOMeHHhle a .Ll.y6He u MUH. .LI.n11 MnH-~e
TeKropos B .Ll.y6He TaK.lKe pa3pa6oTaHa H CKOH
CTpyupoBaHa cneu.uanbHa.!l front-end :meKTpoHHKa 
(OKO}IO 700 KaHanos). Pe3y}lbTaThl ucnhiTaHnif oKa-
3anHCb ycnemHhiMH: M.!l npoTOTHna pa3MepoM 
1x1 M2 nO}ly'leHO npoCTpaHCTBeHHOe pa3pemeHHe 
50-60 MHKpoH. 

Ha HeiiTpoHHOM ny'IKe VIBP-30 HCC}le~osaHa 

3<P<t>eKTHBHOCTb TpyooK BhiCOKOT'O ~aB}leHH.!I M.!l 
pemCTpaU.HH HeHTpoHOB. 

CosMeCTHo c CaHKT-nerep6yprcKHM HHCTHTy
TOM TO'IHOH MeXaHHKH H OnTHKH pa3pa6oTaH H CKOH
CTpyHpoBaH nepBhiH npoTOTHn OnTH'IeCKOH CHCTeMbl 
npeU.H3HOHHOT'O onpe~eneHH.!I B3aHMHOT'O pacnO}lO
.lKeHH.!I ~ereKropos ycraHOBKH ATLAS. OH ucnhiTaH 
B HHCTHTyTe MaKca n}laHKa. . 

B 1993 ro~y pa3pa60Tau HH.lKeuepHhiH npoeKT T

qapM <t>a6pnKH OVI.SIH, BK)IJO'IaiO~Hif a ce611 :meKT
poMarHHTHhle H BaKyyMHYIO CHCTeMbl, CHCTeMhl 
HH.lKeKU.HH H nHTaHH.!I. npeMO.lKeHhl H paCCMOTpeHhl 
paMH'IHhle sapuaHThl sq-nHTaHH.!I. HcC}le~oBaHhl 

pa3}lH'IHhle Bq-}IHHHH nepe~a'l, yCMHTe}IH H T.~. 
BapuaHT, 6a3upy10~u:Hc.s~ ua K}IHCTpoHHOM 
ycMHTene MO~HOCTbiO OKO}IO 80 KB, 6bl}l Bhl6pau 
~}1.!1 ~anhue:Hme:H pa3pa6oTKH. 

KaK C}le~cTsue HHTepHau.uonanbuoif KO}l}la6o
pau.uu npeMO.lKeua sepcanbna.s~ (versatile) cxeMa T

qapM <t>a6pnKH, no3BO)l.HJO~a11 na'laTb c OOhi'IHOH 
CXeMbl $a6pHKH H HMeiO~a.H B03MO.lKHOCTb pea
}lH3aiJ.HH KaK crab-KpocCHHra, TaK H MOHOXpo
MaTH3aiJ.HH. 
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PHc. II. TeMneparypHall 3llBHCHMOCTb c&eTOBblXOAa DGO
KPHCTIIJIJIOB 

OcnoBHhle pe3y}lbTaThl pa3pa60TKH ycKopnTM.Il 
o6cy~anHCb ua II pa6o'leM cose~aHHH no T-'lapM 

4>a6pnKe OJ.1.SIJ.1 (anpenb 1993, .LI.y6ua), ua III pa6o
'leM COBe~aHHH no T-'lapM $a6pHKe (HIOHb 1993, 
HcnaHH.H) u ua Kon<t>epeuu.uu no ycKopHTM.IlM 
'laCTHU. (Maii 1993, BamHHITOH). 

.Ll.}l11 C03~aHH.!I KOMnaKTHOT'O :meKTpoMarHHTHO
T'O KanopuMerpa, cnoco6Horo pa6oTaTb a Ka'lecrse 
MOHHTOpa CBeTHMOCTH ~eTeKTOpa T-'lapM $a6pHKH, 

BhlnO}lHeHbl H3MepeHH.!I CBeTOBhiXO~a H BpeMeHHhiX 



cneKTpoB BGO-KpHCTaJIJIOB c ~o6asKaMH HTTep6mi, 

Tep6H51 H caMapH51o TaKHe KpHCTaJIJihl o6Jia~aiOT 
nOBhlilleHHOH pa~HaU:HOHHOH CTOHKOCTbiO H MeHb

illHM pacna~HhiM speMeHeM no epaspeHHIO c OOhi'I

HhiMH CU:HHTHJIJI51TopaMH THna Nal, Csl, BGOo Bee 

3TH KpHCTaJIJihl H3I"OTOBJieHbl B 11HCTHTyTe eHH

TeTH'IeeKHX MaTepHaJIOB (A.n:eKca~poB, PoeeH51) 0 

CneKTphl KpHCTaJIJIOB co~ep)KaT «6hleTpyiO» KOMno

HeHTY C paenMHhiM BpeMeHeM B HHTepBaJie 4-5 HC 

(pHco1 0) 0 TeMnepaTypHa51 3aBHeHMOCTb eBeTOBhiXO

~a HOBhiX KpHCTaJIJIOB TaK)Ke 6hiJia H3yt~eHa 
(pHc.ll)o 

KaK H3BeCTHO, o~HH H3 nepcneKTHBHhiX nyTeii 

pa3paOOTKH BpeM51npoJieTHhiX eHCTeM (T0F) 

COCTOHT B Henonb30BaHHH HCKpOBhiX et~eT'IHKOB C 

JIOKaJIH30BaHHbiM pa3pMOMo C BpeMeHHhiM pa3pe

meHHM OKOJIO 30 nC OHH ~aiOT 3-KpaTHOe 

yseJIH'IeHHe no MaKCHMaJibHOMY HMnyJihey npH. 

~eHTHcPHKaU:HH 'laCTHU:o 0CHOBHa51 3Ma'la COCT051-

Jia B pa3paOOTKe TaKHX HCKpOBhiX C'leT'IHKOB ~JI51 
MaCCOBOI"O npoH3BO~CTBao 

B 1993 ro~y TaKHe et~eT'IHKH enpoeKTHpoBaHhl 

B 01151l1 B TeeHOM eoTpy~HH'IeCTBe e l151<I> CO PAH 

(HosoeH6HpcK) 0 Bee MexaHHt~eeKHe 3JieMeHThl ~JI51 

nepBhiX e'leT'IHKOB 6biJIH npoH3Be~eHhl B .lJ.y6Heo 

Pa6oTbl no npoeKTY Ml1HfEH Ha~ ~eii:TpOHHhiM 
J.J;HKJIOTpoHHbiM KOMUJieKeOM Ha'laJIHeb e e03~aHH51 

PAnHOBHOnOrHqECKHE 

nOJIHOMaemTa6HbiX npoTOTHnOB O~HOI"O H3 'leThlpex 

eeKTOpoB eBepxnpOB0~51IJ.J;ero eeKTOpHOI"O MarHHTa H 

O~HOI"O H3 ~BYX yeKOp51IOID;HX pe30HaTOpoB J.J;HKJIO

TpoHa .lJ.IJ; -10 

11o CJie KOHTpoJibHOH e6opKH ocym;eeTBJieHa ~0-
paOOTKa OT~eJibHhiX 3JieMeHTOB eBepxnpoB0~51ID;ero 
MarHHTa: J.J;eHTpaJibHOH KOJIOHHhl, a30THOI"O 3KpaHa, 

eHeTeM no~BeeKH H IOeTHpoBKHo BBe~eHa B 3KeUJiya

TaU:HIO eHeTeMa ~HarHOCTHKH reJIHeBhiX nOTOKOB B 

eHCTeM e KpHoOOecne'leHH51o 

P a 3pa60TaH aBToMaTH'IeeKHii MepHhlii MarnH

TOMeTp ~JI51 H3MepeHH51 OOJibmHx MarHHTHhiX noJieil: 

(~o 6 T JI), xapaKTepHhiX ~JI51 CI1-MarHHTOBo l13ro

TOBJieHa OnhiTHa51 naPTH51o 

B Jia6opaTopHH Be~yTC51 pa6oThl no eo3~aHHIO 
ooopy~OBaHH51 ~JI51 npoH3BO~eTBa oopa3J.J;OB a3pore

JI51 OKlfeH KpeMHH51, HenOJib3yeMOI"O B t~epeHKOBeKHX 

e'leT'IHKaXo 

B 1993 ro~y enpoeKTHpoBaH aBTOKJiaB eMKOCTbiO 

1 JIHTP ~JI51 eymKH a3poren51, H 3aBepmaeTe51 ero 

H3rOTOBJieHHe B MaCTepcKHX 1151110 Co3~aHa xH

MHtJeeKa51 Jia6opaTOpH51, B KOTOpoH Be~yTe51 HeCJie

~OBaTeJibCKHe pa60Thl no OTpa60TKe TeXHOJIOrHH 

O'IHeTK H HeXO~HhiX MaTepHaJIOB H noJiytJeHHIO reJieH 

OKe~a KpeMHH51 H3 TeTpa3THJIOKeHJiaHa H TeTpa

MeTHJIOKeHJiaHao l13ytJaiOTe51 cf>aKTOphl, BJIH51IOID;He 

Ha Ka'leeTBO noJiyt~aeMhiX reneiio 

• 
H MEnHKO-BHOROrHqECKHE HCCnEnOBAHHSI 

B OT~eJie 6HCXPH3HKH 115111 HeCJie~oBaHH51 no Te

Me MYT AHT BeJIHeb B CJie~yiOm;Hx OCHOBHbiX Ha-
0 

npaBJieHH51X: H3yt~eHHe H~YKJ.J;HH reHHbiX MyTaU:HH 

H XpoMOeOMHhiX a6eppaD;HH y KJie~OK BbleillHX 

3yKapHOT npH ~eiieTBHH H3Jiyt~eHHH e pa3HOH 

JIHHeHHOH nepe~a'leH 3HepmH (11113); HeCJie~o

BaHHe 3aKOHOMepHOCTeH B03HHKHOBeHH51 enOHTaH

HhiX MyTaJ.J;HH y raUJIO~HhiX KJieTOK HH3illHX 

3yKapHOT; H3yt~eHHe 3aKOHOMepHOeTeH 3KenpeeeHH 

H~yu;H6enbHhiX reHoB SOS-eHCTeMhl KJieTOK npo

KapHOT npH ~eiieTBHH H3Jiyt~eHHH e pa3HOH 111130 

B 3KenepHMeHTax Ha KJieTKax MJieKonHTa

IOID;HX, 06Jiyt~eHHhiX qaeTHU:aMH e 11113 B ~Hana30He 
0,3-250 K3B/MKM, yeTaHOBJieHO, 'ITO 3aBHeHMOeTb 

OTHOeHTeJibHOH reHeTH'IeeKOH 3Qxi:JeKTHBHOCTH 

H3Jiyt~eHHH OT 11113 no H~YKJ.J;HH reHHhiX MyTaJ.J;HH 

yCToiit~HBOCTH KJieTOK K 6-THoryaHHHY onHehiBaeTe51 

KpHBoii e JIOKaJibHhiM MaKeHMYMOM B o6JiaCTH 

100 K3B/MKMo 3TH pe3yJibTaTbl eB~eTeJibCTBYIOT 0 

TOM, 'ITO ~aHHhiH KJiaee MyTaU:HH OTHOeHTe51 K My

TaJ.J;H51M MHKpoa6eppaHTHoro THnao Pa3pa6oTaHa HO

Ba51 TeeT-eHeTeMa ~JI51 H3yt~eHH51 3KenpeeeHH 

H~yn;H6eJibHhiX reHOB KJieTOK npOKapHOT npH 

~eHeTBHH nHK -TponHhiX areHTOB H HOHH3HpyiOID;HX 

H3JiytJeHHHo MeTO~ OeHOBaH Ha BKJIIOtJeHHH rpynnbl 

Lux-reHOB no~ KOHTPOJib npoMoTopa H~yu;H6eJib
HbiX r eHOBo l13ytJeHhl 3aKOHOMepHOeTH 3KenpeeeHH 

pMa H~yu;H6eJibHbiX reHOB npH o6JiytJeHHH KJieTOK 

yJibTpa cf>HoJieToM H y-KBaHTaMHo TeeT-eHeTeMa 

51BJI51eTe51 BeebMa nepcneKTHBHOH ~JI51 reHeTHtJeeKOI"O 

MOHHTOpHHra 3KOJIOrH'IeeKHX eHeTeM [31 )o 

.lJ.JI51 npoBe~eHH51 Ha 6a3e KJIHHHKO-cPH3HtJeeKOI"O 

KOMUJieKea 115111 0115111 Me~HK0-6HOJIOrH'IeeKHX 
HeCJie~OBaHHH no Jie'leHHIO OHKOJIOrH'IeeKHX 60Jib

HhiX p a3pa60TaHa MeTO~HKa, n03BOJI51IOID;a51 ocym;e

eTBJI51Tb Ha eB513H e 3BM O~HOBpeMeHHOe 

eKaHHpyiOm;ee OOJiytJeHHe illHpoKHMH npoTOHHhiMH 

nyt~KaMH OOJibmHx MHmeHeil: e yt~eToM H3MeHeHH51 

pa3MepoB nonepetJHoro eetJeHH51 H 3HepmH npoTOH

Horo nyt~Ka B Ka~OM CJIOeo 

3 a sepmeHO cf>opMHpoBaHHe Me~HJ.J;HHeKOI"O npo

TOHHOI"O nytJKa e 3Hepme:H: 70-100 M3B H pa3Me

poM n OJI51 OOJiy'leHH51 OKOJIO 1 eM, npe~Ha3HatJeHHOI"O 
~JI51 npoTOHHOH TepanHH onyxoJieil: rJia3ao 11oJiytJe

Hhl Bee HeOOXO~HMhle cPH3HK0-~03HMeTpHtJeeKHe xa

paKTepHeTHKH TaKOI"O nyt~Ka npH 3Hepm51X npOTO

HOB 7 0 , 85 H 100 M3B [32 ]o 
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TipoBe~eHo <t>paK:U:HOHHpoBaHHoe o6Jiyq eHHe 

Tpex 60JibHhiX paKOM meHKH MaTKH. 06m;ee q HCJIO 

OHKOJIOmqeCKHX 60JibHhiX, npome~lliHX Kypc 

<t>paKIJ:HOHHpOBaHHOI'O Jiyl.leBOI'O Jiel.leHH51 Ha 

Me~HIJ:HHCKHX npOTOHHhiX nyl.IKaX peKOHCT

pyHpOBaHHOI'O <t>a30TpOHa 0115111,-27. 

B 1993 ro~y B rCTII1 npo~OJI)KaJIHCb pa60Thl no 

npoeKTHpOBaHHIO pa~HOJIOrHl.leCKOI'O CTa:U:HOHapa Ha 

60 KOeK B .l1,y6He, Heo6xo~HMOI'O ~JI51 3Q><t>eKTHBHOI'O 

HCllOJib30BaHHSI KJIHHHKO-<l>H3Hl.leCKOI'O KOMllJieKCa, 
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JIAEOPATOPM.si 
.siLJ:EPHbiX PEAKQMM MM. r.H.<I>JIEPOBA 

B Map-re 1993 ro.z:.a H3 D;HKJIOTpoHa Y -400M 6hiJI 
BNBe.Z:.eH nyqoK HOHOB H C 3QxPeKTHBHOCTbiD 
-80+ 100% TpaHCnOP'fHpoBaH .Z:.O KOHeqHOH TOqKH

MeCTOnonoX<eHHSI yCTaHOBKH <l>OBOC. B .z:.eKa6pe 

npose.r.eH nepBNH 3KcnepHMeHT Ha 4n-cneKTpoMeT

pe <I>QBQC Ha BNBe.z:.eHHOM nyqKe HOHOB JIHTHSI C 

3HepmeH: 45 M3B/H. no H3yqeHHID TpoH:Horo .z:.e

neHHSI SI.z:.ep. 
OcHOBHNe pe3yJibTaThl B 1993 ro.z:.y non yqeHhl 

Ha ll;HKJIOTpoHe Y -400, KOTOphiH npopa60TaJI 
-4000 qacos. Ha D;HKJIOTpoHe Y-200 nyqKH HOHOB 
4He c MaKCHMaJibHOH 3HepmeH: 36 M3B H HHTeH

CHBHOCTbiD -50+ 100 MKA HCnOJib30BaJIHCb .Z:.JISI 

npoH3BO.Z:.CTBa H30Tonos H HaKonJieHHSI H3oMepa Hf. 

BpeMSI pa6oThl Y-200 cocTaBHJIO -1500 qacos. 3a

sepmHJiacb nepBaSI CTa.Z:.HSI COBMeCTHOro 3KC

nepHMeHTa JI.SIP H LLNL (JlHsepMop, CiliA) no 

CHHTe3y TSIX<eJihiX SI.z:.ep B6JIH3H OCTpoBa CTa6HJib-

HOCTH. TioCJie .Z:.JIHTeJibHOro o6nyqeHHSI 248Cm 

HOHaMH 22N e C HCnOJib30BaHHeM ycTaHOBKH «ra30-

HanOJIHeHHhiH cenapaTOp» CHHTe3HpoBaHhl .Z:.Ba HO

BhiX H30TOna 106 3JieMeHTa H HaH6onee TSIX<eJihiH 
H30Ton 3JieMeHTa 104. TionyqeHHhle pe3yJibTaThl 

yKa3biBaiDT Ha pe3KOe nOBblmeHHe CTa6HJibHOCTH 

SI.z:.ep s6JIH3H HeHTpOHHOH o6onoqKH N = 162. 

TI PO.Z:.OJIX<aJIHCb HCCJie.Z:.OBaHHSI MexaHH3Ma B3aH

MO.Z:.eHCTBHSI SI.z:.ep, .Z:.HHaMHKH .Z:.eJieHHSI TSIX<eJihiX 

SI.z:.ep, CTPYKTYPhl Bo36y~eHHhiX cocTOSIHHH 3K-

30THqecKHX SI.z:.ep. PSI.z:. cosMeCTHhiX 3KcnepHMeHTOB 

no 3TOH TeMaTHKe npose.r.eH Ha ycKopHTeJISIX Apymx 
D;eHTpoB nO <I>H3HKe TSIX<eJihiX HOHOB. AKTHBHO illJJH 

pa60Thl no npHKJia.Z:.HOH TeMaTHKe. B 1993 r. n a6opa

ropHSI opraHH30BaJia meCTb Me~yHapo.z:.HbiX COBe
JI:{aHHH no pa3JIHqHhiM HanpaBJieHHSIM .z:.eSITeJibHOCTH 

na6opaTopHH, B TOM qHCJie Me~yHapo.z:.Hyro mKo

ny-ceMHHap no <i>H3HKe TSIX<eJihiX HOHOB H BTopyro 

Me~yHapoAHYID KOH<i>epeHD;HID no .Z:.HHaMHKe .z:.e

JieHHSI SI.z:.ep. 

HayqH0-3KcnepHMeHTaJibHhle H HayqHo-npH

KJIMHhle pa60TN Jia6opaTOpHH B HCTeKmeM ro.z:.y 

OTMeqeHN TpeMSI npeMHSIMH OVI.SIVI. B KoH<t>epeHn;-

3ane Jl.SIP ycTaHOBJieH 6roCT OCHOBaTeJISI Jla6opa

TOpHH SI.z:.epHNX peaKD;HH aKa.z:.eMHKa r.H.<l>nepoBa 

pa6oTN CKYJibnTopa aKaAeMHKa r.r.qy6apSIHa. 
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CHHTE3 H HCCJIE)1,0BAHHE CBOifCTB H30TOUOB TSDK EJibiX 3JIEMEHTOB, 

H3YqEHHE MEXAHH3MA Y)1,EPHbiX PEAKU:Hif 

B anpeJie 1993 r. B paMKax KOJIJia6opau.uu )1,y6-

Ha - JluBepMop 3aBepmeH 3KcnepuMeHT, npuBe~

muu K OTKphlTHIO ABYX HOBhlX H30TOnOB 3JieMeHTa 

106 c A = 265 u 266. MumeHh 248Cm o6Jiy'laJiach 

HHTeHCHBHhlM nyl.IKOM HOHOB 22N e yCKOpHTeJISI 

Y -400. YApa OTAal.IH cenapupoBaJIHCb c noMOII.J.biO 

ra3oHanoJIHeHHoro cenapaTopa JI.siP, ~eHTHCPHKa
~HSI H30TOnOB npOH3BOAHJiaCb nyTeM perHCTpai.J.HH 

COBnaAeHHH a-pacnaAa Mep 106 3JieMeHTa C COOT

BeTCTBYIOII.J.HM CnOHTaHHbiM AeJieHHeM HJIH a-pacna

AOM AOl.lepHux Mep (puc.1). ITo 6 co6hiTHSIM a-SF 

KoppeJISII.J.HH 6biJio ~eHTnct>uu.upoBaHo SIAPO 266106 
KaK H3Jiy'laTeJih a-l.laCTHU. c 3Heprue:H E = (8,62 ± a 

± 0,06) M3B, npu 3TOM onpeAeJieH nepHOA cnoHTaH-

Horo AeJieHHSI H3oTona 262104 KaK T = 1 2 + 1 
•0 c SF ' -0,5 . 

LJ:JISI SIApa 265106 Ha6JIIOAeHbi l.leTbipe CJiyl.laSI (a-a)

KoppeJISII.J.HH. 3HepruSI a-pacnaAa onpeAeJieHa KaK 

Ea = (8,82 ± 0,06) M3B. 

CBoHCTBa paAHOaKTHBHoro pacnaAa 266106 yKa-

3hiBaiOT Ha CHJlbHOe yBeJIH'IeHHe CTa6HJibHOCTH SIApa 

no OTHOmeHHIO K CnOHTaHHOMY AeJieHHIO AJISI l.IHCJia 

HenTpoHoB N = 160 (no cpaBHeHHIO c N = 158), 'ITO 

nOATBep~aeT Cyii.J.eCTBOBaHHe npeACKa3aHHOH HO

BOH Aect>opMupoBaHHOH HeihpoHHOH o6oJIO'IKH c 

N = 162 [1 ]. 

B 1993 r. Ha KHHeMaTH'IeCKOM cenapaTope 

BACMJIMCA npOAOJI)KaJIOCb u3yl.leHue HOBbiX 3aKo

HoMepHocTe:H peaKI.J.HH nOJIHOro CJIHSIHHSI C TSI)KeJII>I-

1--- --Et=-44.0ilcV-------, 5n ,--n----, r--, 
I II II I 
L _ _j L _ _j L _ .J ;-------' }------' 

IOOilcV 
746ma 

a 8.1711cV 
60.21 

PHc. I . ,Usa H3 .r~ecliTH COObiTHH, CBll3aHHbiX c pacna.r~oM H30Tonoo 
265 106 H 

266 106, o6pa30BaHHbiX B peaKJ.IHH 
248Cm +22

Ne. 

JHeprnSI B036y)l{,[leHHll KOMnayH):I-ll,[lep 
270106 JI.IISI KaH.4iJIOB C 

HCnycKaHHeM 4 H 5 HeHTpOHOB nOKa3aHa Ha pHCYHKe 

06ll.leHHCTHTYTCKHH Hay'IHblH CeMHHap, nOCBllll.leHHblH naMliTH aKa,[leMHKa r .H .<f>nepOBa 
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YcTaHOBKa rHC, CMeHa MHllleHH 
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PHC. 2. 3aBHCHMOCTb Ce'leHHH HCnapeHHSI 5 HeHTpOHOB ( KpylKKH) 

H 6 HeHTpoHoo (KnanpaTbi) OT Z KOMnayHn-llnpa. 51npa Cf H Fm 
o6pa30BaHbl opeaKL\HliX C HOHaMH 

16
0,ll)lpa C Z = 102-106- B 

peaKL\HliX C HOHaMH 
22

Ne, 
26Mg, 27 AI. llJTpHXOB~HHali KpHBali 

npoueneHa <Iepe3 3KcnepHMeHTaJibHbie ce<IeHHll (HI, n ) , nony

<IeHHbie B peaKL\HSIX XOJIO)lHOI'O CJIHSIHHli 

MH HOHaMH B 06JiaCTH CHJibHO~em:n:n,HXC.SI smep C 

6onbmoH: 3HeprueH: so36y~eHH.SI (E •?:: 50 M 3B). B 

3KCnepHMeHTaX no CHHTe3y 102 3JieMeHTa H3Mepe

HM ceqeHH.SI o6pa30BaHH.SI .SI~ep nOCJie HCna peHH.SI 

84 

60JibiDOro quCJia HeHTpoHOB, BDJIOTb ~0 8, H o6uapy

::>KeHa BMCOKa.SI Bepo.SITHOCTb BM::>KHBaHH.SI smep, HMe

IOID;HX ::>K~KOKaneJibHMH 6apbep ~eJieHHSI, 6JIH3KHH 

K HYJIIO (puc.2). B npou;ecce 3KcnepHMeHTOB 

CHHTe3HpOBaHM H H3yqeHM ~Ba HOBMX H30TOna nJiy-

TOHHSI - 228
•
229Pu. CucTeMaTuqecKH H3yqeuM 

6apbepM ~eJieHHSI HeHTpOHO~e<l:>HIJ;HTHMX Sl~ep C 

82 ~ Z ?:: 92, noJiyqeHHMX B ~BeHa~n;aTH KOM6H

HaiJ;HSIX MHIDeHb - HOH. 

BMcoKa.SI qyscTBHTeJihHOCTh H ceneKTHBHOCTh 

KHHeMaTuqecKoro cenapaTOpa BACI1JII1CA ~JISI 

smep OT~aqH, o6pa3yiOID;HXCSI B aCHMMeTpHqHMX 

peaKD;HSIX nOJIHOro CJIHSIHHSI, n03BOJIHJia H3Mep.S1Tb 

.<l:>YHKIJ;HH B036y~eHHSI ~JISI npo~yKTOB peaKIJ;HH 

nOJIHOro CJIHSIHHSI C nOCJie~yiOIIJ;HM HCnapeHHeM 

HeHTpoHOB (OT 4 ~0 11) B ~Hana30He ceqeuHJi: OT 

10-26 ~0 10-33, qTO COCTaBJI.SieT CeMb nOp.SI~KOB no 

senuquue [2-6 ]. 

B KOJIJia6opan;HH JI51P - YuusepcHTeT Bau

~ep6HJITa (CiliA) - ORNL (0K-P~::>K, CiliA) -

11<1> (BpaTHCJiaBa) 6MJIO H3yqeuo CnOHTaHHOe ~eJie-

HHe 252Cf C HCnOJib30BaHHeM MeTO~a (y-y)-KOppe

JISID;HH Ha OK-p~::>KCKOM cneKTpOMeTpe, CO~ep::>Ka

w;eM 20 Ge-~eTeKTopos. 113yqeuM BhiXO~hl KoppenH

posaHHhiX nap B o6JiaCTH (Zr-Ce) H ~JISI H30TOnOB 

Ba-Mo (Z /Z = 42/56) . .IJ:auuMe, npe~cTaB-n TlllK 

JieHHMe B Ta6JI.1, BKJIIOqaiOT BMXO~M nap <l:>parMeH

TOB, COOTBeTCTBYIOIIJ;HX 3MHCCHH OT HYJISI ~0 8 H, no 

npe~BapHTeJibHMM ~aHHbiM, ~0 10 HeHTpoHOB (7-9 ]. 



Ta6Jtuu,a 1. OmH.ocumeJtbH.btii ebtxoo 
1CoppeJtupoeaH.H.bLX nap oc1COJt1Coe 

OJtSl Zn/ ZnvK = 42/56 

3,14 
<0,90) 

2,99 
(0,47) 

1,64 
<0,73) 

0,99 
<0,37) 

12,47 
(4,57) 

12,40 
(2,52) 

15,90 
(2,47) 

1,06 
(0,47) 

22,13 
(3,68) 

65,69 
(7,28) 

10,60 
(2,48) 

1,37 
(0,48) 

8,04 
(2,45) 

80,73 
(11,07) 

44,90 
(5,09) 

4,58 
(1,36) 

1,14 
(0,42) 

13,76 
(2,66) 

23,83 
(0,78) 

2,20 
(0,57) 

2,78 
(1, 73) 

4,0 
(0,87) 

3,35 
(1,17) 

BnepBhle BhlnoJiueua XHMH'IecKaSI ~eHTH

<t>uKaiJ.HSI :meMeuTa 106. B cpaBHHTeJihHhlx TepMox

poMarorpa<t>uqecKHX 3KCnepHMeHTaX C OKCHXJIO

p~aMH 3JieMeHTa 106 H BOJib<t>paMa Ha6JIID~aJIH 
BOCllpoH3BO~HMhle 30Hhl TpeKOB OCKOJIKOB CllOHTaH

HOro ~eJieHHSI 3JieMeHTa 106 B HHTepBaJie TeMnepa

Typ 150-250°C. 3TO CJIY.>KHT ~OKa3aTeJihCTBOM TO

ro, 'ITO OKCHXJIOP~ 3JieMeHTa 106 no~o6eu aua-

MI1WeHHbiH y3eJI AJill npoBe,!leHI1ll 11CCJ!e,!IOB3HI1H C JleT)"IHMfil CO

e,!I11HeHI1liMfil Tp3HC<f>epM11eBbiX :JJieMeHTOB 

JIOrH'IHOMY COe~HHeHHID BOJib<t>paMa. 3JieMeHThl 

104, 1 OS H aKTHHO~hl ue ~aiDT JieTy'IHX coe~uueuuii 

npH ~aHHhlX 3KCnepHMeHTaJibHhlX yCJIOBHSIX [10 ]. 
HcCJie~oBaJICSI KJiacTepHhlH pacna~ H30Tona 

236U. C HCllOJib30BaHHeM llOJIH3THJieHTepe<t>TaJiaT

HhlX TBep~OTeJihHhlX ~eTeKTOpOB 3apemCTpHpOBaHhl 

meCTh CJiyqaeB pacna~a 236U c 3MHccueii KJiacTepoB 

Mg. O u.euKa napu.HaJihHOro nepuo~a nO}Iypacna~a 

~aeT BeJIH'IHHY 1, 2 · 1020 
JieT, OTHOCHTeJibHa11 Bepo-

11THOCT llO OTHOilleHHID K a-pacna~y paBHa 

-10 -! 3 1/ a. 3KcnepHMeHThl BhlllOJIHeHbl C HCllOJib-

30BaHHeM o6pa3u.a, co~ep.>KaiiJ.ero 1296 Mr 
236u, nJio

~I~;a~hiD 360 cM
2

. H3oTonuqecKHH coCTaB o6pa3u.a: 

234U~ 10- 3 %, 235U~4,7·10- 2 %, 236U=99,845%, 

238U - 0,J.07%. 3KCll03HIJ.H11 npOBO~HJiaCh B Te

'leHHe 390 ~HeH. 
Ha aTo ucCJie~oBauue MaccoBhlX u 3Hep

reTHtJeCKHX pacnpe~eJieHHH OCKOJIKOB ~eJieHH11 CJia-

60B036y.>K~eHHhlX SI~ep B nepexo~uoii o6JiaCTH Rn -
Th B p eaKU.H11X c TSI.>KeJihlMH uouaMH. Pe3yJihTaThl 

nepBhlX 3KCnepHMeHTOB llOKa3blBaiDT, 'ITO ~)111 KOM-

nayH~-1!~ep 220Th H 
224Th npH 3HepmH B036y.>K

~eHH11 25 M3B pacnpe~eJieHH11 HMeiDT SipKo Bhlpa-

YcTaHOBKI1 XHnTH. 3KcnepHMeHT no xpoMaTorpa¢1111 ¢TO

p11,!1HbiX KOMnJieKCOB :JJieMeHTa I 04 
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PHC. 3. 3aBHCHMOCTb BbiX0/18 OT M8CCbl OCKOJIKOB /IJIII )leJieHHR 
KOMnayHII-IIIIp8 114Th, H3MepeHH8R B p83JIH'IHbiX :mepre
TH'IeCKHX HHTep88Jiax IIJIR IIBYX CeiiJIOBbiX 3Hepndi JI036y>K)IeHHR 
Sp = e;;N- B; a) nonHbJH BbiXOII OCKOJIKOB neneHHSJ; 6,a) BbJ
xon OCKOJIKOB )leJieHHR IIJIR IIBYX HHTep88JIOB nOJIHOH KHHeTH'IeC
KOH 3HepmH OCKOJIKOB: 6) - /IJIII Esp = 25, a) - IIJIII E,P = 18,7 

)KeHHhiH MHOroMO~aJJbHhiH xapaKTep, )'Ka 3hi83-

IO~HH na crpyKTypnhle oco6ennOCTH nOTeuu uanb

uou 3Hepmu ~e<t>opMauuu ~JISI 3THX ~ep (puc.3). 

11cCJie~o8aua cPYHKUHSI 8036yQeHHSI ~enenHSI 

~JISI peaKUHH 
209

Bi + 6He 8 cpa8HeHHH C 209Bi + 4He. 

B peaKUHH 
11 

B + Ta ua UHKJIOTpone Y -400 npu 

3nepmu 200 M3B o6pa3yeTCSI -300 ~ep 6He c 

3nepmeu -50 M3B. 8 3TOM CJiyqae 4He TaK:llte 

6paJJCSI K3K 8TOpH'1HhiH ny'IOK C HHTeHCH8HOCTblO 

-3+5 · 103 ~ep c 3nepmeu 54 M38. 3nepmSI H3Me

HSIJlaCh C nOMOW.biO aJJIOMHHHe8hiX norJIOTHTeJieH. 

Ha puc.4 npe~crasneua 3aBHCHMOCTb ce'leHHSI ~e-

neHHSI HOH3MH 6He H 4He OT 3HeprHH 8 C.l.(. M. l{JISI 
4
He HMeeTCSI COrJiaCHe C JIHTepaTypHhiMH ~aHHhiMH. 

Hau6onhmHH HHTepec npe~CTa8JISieT ua6JIIO~aiO-
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PHc. 4. <l>yHKLIHSJ ao36y>KIIeHHSJ neneHHR A/lep Bi HOHaMH 4He 
H

6He 

~eecSI 6onhmoe H3Meneuue nopora peaKUHH 

-15 M38 MeQy ~eneuueM no~ ~eHCT8HeM uouo8 
4He u 6He. KpoMe Toro, o6pa~aeT ua ce6SI 

8HHM3HHe Cy~eCTBeHHOe 803p3CT3HHe Ce'leHHSI ~e-

JieHHSI MSI peaKUHH 6He + 209Bi ( 11 ). 

Ha ocno8e 3KCnepuMeHTaJJbHhiX ~annhlx onpe

~enenhl npuse~ennhle 8epoSITHOCTH Kanano8 3ana3-

~hl8aiO~ero ~eneuuSI P {Jdf ~JISI nyKJI~08 188
Bi H 

196 At, KOTOphle paBHhl 3,4. 10-4 H 8,8 ·10-4 COOT-

8eTCT8eHHO. llpH COnOCTaBJieHHH nOJiy'leHHhiX 3H3-

'IeHHH p {Jdf C MO~eJibHhiMH paC'IeTaMH C~eJI3Hhl 

'IHCJiennhle ouenKH 6aphepo8 ~eneuuSI ~JISI nyKJIH

~08 188
Pb u 

196
Po. 8 Ta6n.2 npu8e~euo cpa8ueuue 

noJiy\leHHhiX 3Ha'leHHH )K~KOKaneJibHOH COCT3BJISI-

IO~eH 6apbepoB ~eJieHHSI ~JISI 188Pb H 196Po C pe-

3YJibT3T3MH HeKOTOphiX paC'IeT08 H C 8eJIH\IHH3MH, 

nOJiy'leHHhiMH H3 3HaJJH3a ~aHHhiX no Ce\leHHSIM 

o6pa308aHHSI 3THX uyKJI~08 8 peaKUHSIX nonuoro 

CJIHSIHHSI C TSI)KeJihiMH HOH3MH (12 ). 

Ta6n.uu,a 2. Cpa(JiteHue :JKcnepu.MeHma.n.bHbLX 

u meopemu!lec~eux 3Ha'leHuii OAR xuo~eo~eaneAbHOii 

cocmaeARIOU{eii 6apbepo8 OeAeHuR HyuuiJoe 
188Pb u 196p0 

HyK
JIH/Ibl 

uaPb 

J96Po 

B1w,M3B 

PaC'Ie'llible 3H8 'leHHII HaCTORLI..Iall pa6oTa 

aap.l aap.2 aap.3 aap.l aap.II 

11,1 10,0 9,4 8,4±0,9 7,0±0,6 

9,7 8,9 8,4 6,8±0,9 5,6±0,6 

Apyme 

I paOOTbl 

6,5±0,5 

7,1±0,5 

8 paMKaX CT3THCTH\IeCKOH TeOpHH pacn~a CO

CT38HhiX ~ep npe~JIO)Keua npocraSI napaMeTpu-

~ 



3a~H.!I, no3BOJIHBma.s~ noJiyqHTb xopomee onHcauHe 
BCeH COBOKynHOCTH HMeiO~HXC.!I 3KCnepHMeHTaJib
HbiX AaHHbiX 0 ceqeHH.!IX (HI, xn)-peaK~HH, Bb13bi
BaeMbiX HOHaMH Jiel"'e aproua AJI.!I COCTaBHbiX ~ep C 
Z > 100. lloKa3ano, qTo BeJIHqHua ceqenH.!I AJI.!I xn

peaK~HH B 3TOH o6JiaCTH ~ep onpeAeJI.!IeTC.!I ue 
TOJibKO OTHOmeHH.!IMH HCnapHTeJibHOH H AeJIHTeJib
HOH mHpHH F / F/AJI.!I Ka~OH CTyneHH HCnapHTeJib-

HOro KaCKaAa, HO H BeJIHqHHOH <<30Hbl Bbl:lKHBae
MOCTH» B KOH~e HCnapHTeJibHOI'O KaCKaAa, Hanp.!I
MYIO CB.!I3anuoH: c BeJIHqHuoH: 6apbepa AeJieHH.!I. 
CAeJiaHbl pacqeTbl ceqenHH 4n- H 5n-peaK~HH AJI.!I 
p~a KOM6HHa~HH HOH - MHilleHb, npHBOA.!I~HX K 
o6pa30BaHHIO H30TOfiOB T.!l:lKeJibiX Tpauc<PepMHeBbiX 
3JieMeHTOB (pHC.5) (13 ). 

CBO:ACTBA 3K30THqECKHX 5I,D,EP 

Ha ~HKJIOTppue Y -400 c noMO~biO MarHHT

uoro cneKTpoMeTpa MCll- 144 B peaK~HH 

14C( 11 B, 12N) 13Be H3Mepeua 3Hepm.!1 ocuoauoro H 

B036y~eHHblx COCTO.!IHHH 13Be (pHc.6). KaK pe-

3YJibTaT oopaOOTKH 3THX H3MepeHHH nOJiyqeua 

BeJI~Hua mass-excess, a TaK:lKe 3uepm.11 CB.!I3H ueH:

Tpoua B ~pe 13Be. lloKa3aHO, qTQ 3TO ~po He

CTa6HJibHO OTHOCHTeJibHO 3MHCCHH OAHOI'O HeHTpo-

1!10 

~ 
N 
t'! 

""' ~ 

8 
"' ........ 
" c 
;:) 
0 
v 100 

0 

~ 

~0 

-0.0 2.0 4.0 

103 

1(}4 • 4n, exp . 

"' 5n, exp. 
103 • 6n, exp. - 0 4n, calc. 

.0 102 
'V 5n, calc. c: - v 6n, calc. 

" 
101 ! 0 

v 
100 • v 8 

T 8 
10-1 0 i B 

c 0 0 
10-2 

100 104 108 z 112 

PHc. 5. 3 aaHCHMOCTb aenH'IIiHbJ MaKCHM)'Ma ce'leHHll (HI, xn)
peaKI..IHH OT Z KOMnayH,II-ll,llpa 

ua, T.K. Bn = -0,78 M3B; pauee 3Ta BeJIHqHua 

onpeAeJieua KaK Bn = -2,0 M3B. B ~pe 6He o6ua

py:lKeH y-nepexoA c 3HepmeH: 5,5 M3B, KOTOpbiH 

HHTepnpeTHpoBaH KaK M.!lrKa.!l MOAa AHfiOJibHOro 
pe30HaHca, CB.!I3aHHa.!l C OC~HJIJI.!I~HeH 2 HeHTpoHOB 

OTHOCHTeJibHO a-qaCTHquoro KOpa B ~pe 6He ( 14 ). 

B cosMeCTHOM 3KcnepHMeHTe, BblnoJiueuuoM 
Ha ycKOpHTeJie r AHHJI B KOJIJia6opa~HH JI51P -

1 4C( I 1 B. 12N) 13Be 

1!10 MeV 

4 .6 deg 

6.0 8.0 10.0 12.0 14 .0 
Eexc (I.CeV) 
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101 IOJ 1 0 ~ 107 

PHC. 7. 0THOCHTCJibHbiC BbiX0)1bl pa3JIH'IHbiX H30TOnOB OJIOBa 8 

peaKU.HH ¢parMCHTaiJ.HH 
112Sn 

rAHYIJI - BapmaBCKHH YHHBepcHTeT - 1151<1> 
(0pc3), B peaKU,HH <t>parMeHTaU,HH nyqKa pe~qaJ.I-

mero H30TOna 112Sn Ha6JIIO~eHhl C OTHOCHTeJibHO Bhi

COKHM BblXO~OM H30TOnbl OT IOSSn ~0 100Sn. LJ.JI2 

3THX ~ep H3MepeHbl y-nepexo~hl c u,eJihiO nony

qeHH2 HH<i>opMaU,HH OTHOCHTeJibHO raMOB-TeJIJie-

poBCKHX pe30HaHCOB B nO~OOHhiX ~pax. IlepBaSI 

~eHTH<i>HKaU,HSII02Sn H no~TBep~eHHe CyiiJ;eCTBO

BaHHSI IO!Sn OTKpbiBaeT HOBble B03M0)1(HOCTH ~JISI 
u3yqeHHS1 ~ep B6JIH3H Z = SO H N = SO (pHc. 7) 

[lS-16 ]. 

B mHpoKoH KOJIJia6opau,HH JI51P - 1151X 
YHHBepcHTeT MaHHU,a- rAHYIJI- 1151<1> (0pc3) 
H3MepeH napu,HaJibHhiH nepHo~,B-pacna~a H BepoSIT

HOCTb ,8-3ana3~hiBaiOIIJ;eH HeihpOHHOH 3MHCCHH 

oqeHb HeHTpOHOH36hiTOqHhiX ~ep 44S H 45 - 47Cl. 
3TH H30TOnhl, Jie)l(aiiJ;He B6JIH3H o6onoqKu N = 28, 

o6pa30BaHhl B peaKU,HSIX <t>parMeHTaU,HH 64Ni 

MHmeHH HoHaMH 48Ca c 3HeprneJ.I 60 M3B/HyKJIOH u 
B~eJieHhl C HCnOJib30BaHHeM (,8- n) -BpeMeHHbiX 

KOppeJISIU,HOHHblX H3MepeHHH. IloKa3aHO 6oJiee pe3-
KOe OCJia6JieHHe 060JIOqeqHblX 3<P<PeKTOB, CBSI3aH
HhiX c N = 28 npu y6hiBaHHH qHcJia aeHTpoaoB, no 

cpaBHeHHIO C 48Ca. LJ.aH aHaJIH3 B03MO)I(HhiX npHqHH 
aeo6hlqHoro OTHomeHH2 pacnpocTpaaeaaocTH 
48Ca/46Ca B ConHeqaoJ.I cucTeMe u Ca-Ni-Cr-aao

MaJIHH, aa6JIIO~eHHOH B EK-BKJIIOqeauSix MeTe
opHTa Allende [17 ]. 

HAKOIIJIEHHE H30MEPA 178Hf(/;>t" = 16+, T 112 = 31 ro)J.) 

H IIEPBbiE <DH3HqECKHE 3KCIIEPHM EHTbl 

B Teqeaue 1993 ro~a ~Ba ~oJiroBpeMeHHhiX ceaH
ca (B cyMMe -1200 qacoB nyqKa aa MHmeab) ocyiiJ;e
CTBJieao Ha U,HKJIOTpOHe Y-200 ~JISI noJiyqeHHSI ~ep 
ra<i>HHSI B H30MepHOM COCT02HHH. MHmeHb H3 pa3~e-

JieHHOI'O CBepxqHCTOI'O H30TOna 176Yb, noJiyqeHHOI'O 

aa Macc-cenapaTope, o6nyqaJiacb HoHaMH 4He c 
3HeprueH 36 M3B H HHTeHCHBHOCTbiO -100 MKA. 

BhiJIO aaKonJieHo -0,9 · 1015 ~ep B H30MepaoM co

CTOSIHHH H XHMHqeCKH OT~eJieHO OT U,HKJ10TpOHHOH 
MHmeau. Pa3pa6oTaHhl MeTO~hl npeu,H3HOHHOro 
XHMHqeCKOI'O B~eJieHH2 H MaCC-CenapaU,HH MHKpO
KOJIHqeCTB ra<i>HHSI. B paMKax Me~yHapo~HOH KOJI
na6opau,uu Jl51P - <<KypqaTOBCKHH HHCTHTYT» -
UeaTp ~epHoH cneKTpoMeTpHH H 1151<1> (0 pc3) -
reM (LJ.apMillTMT)- YHHBepcHTeT MaHHU,a - Te
xaCCKHH yHHBepcHTeT (LJ.aJIJiac) 6hiJI BhlnOJIHeH p~ 
3KCnepHMeHTOB no H3yqeHHIO 3JieKTpoMarHHTHOI'O H 

Mepaoro B3aHMO~eHCTBH2 c 178 m2Hf [18-19 ]. 

YlcCJie~oBaH 3<P<t>eKT 6noKHpoBKH ~JISI nepexo~a 
Ha BblCTpOeHHhle KBa3HHeHTpoHHhle Op6HThl 8 (p, t)
peaKU,HH. 3KCnepHMeHTaJibHOe OTHOilleHHe ceqeHH2 

R = a(16+ -+ 16+)/ a(O+ -+ o+) cornacyeTCSI c 

npe~CKa3aHHOH BeJIHqHHOH, nonyqeHHOH H3 H3BeCT-

88 

HOI'O ceqeHH2 (p, t)-peaKU,HH, H3MepeHHOH ~JI2 He
qeTHhiX H30TOnOB ra<t>HHSI (20 ). 

PeaKU.HSI pa~HaU.HOHHoro 3axBaTa aeHTpoaoa 
178m2Hf(n, y) 6blJia H3yqeHa B pe3oHaHcaoH o6nacTH 

3HeprnH aKTHBaU,HOHHOH MeTO~HKOH C HCnOJib30Ba
HHeM HeHTpOHHhiX <i>HJibTpOB. IlepBhiH (CHJibHhiH) 

pe30HaHC ~JISI H30Mepaoro COCTOSIHHSI 178m2Hf OOHa
py)l(eH npH KHHeTHqecKOH 3HeprHH HeHTpOHOB - S 3B. 

1130TOnHqeCKHe C~BHI'H B OnTHqeCKHX nepexo
~ax aTOMOB Hf 6blJIH H3Mepeabl MeTo~aMH BhiCOKO
pa3pemaiOIIJ;eH Jia3epHoH cneKTpocKonHH. Onpe~e
neHa pa3HHU,a 3ap~OBhiX pa~HyCOB H30TOnOB 
ra<t>au2 c MaccoBhiM quCJIOM A B HHTepBaJie 
A = 17 4-182 (puc.8). 06Hapy)l(eaa nJiaBHaSI 

3aBHCHMOCTb 3ap~OBOI'O pa~Hyca OT quCJia HeHTpO
HOB 6e3 H3JIOMa B6JIH3H MaKCHMaJibHOH KBa~pynOJib
HOH ~e<i>opMau,HH. YI3MeHeHue 3ap~oBoro pa~Hyca 

B H30MepHOM COCT02HHH 178m2Hf (/ = 16) no OT

HOmeHHIO K OCHOBHOMY COCT02HHIO OU,eHeHO KaK 

0,0S9(9) <i>M2, qTQ COOTBeTCTByeT yMeHbilleHHIO 3a
p~OBOI'O pa~Hyca B H30MepHOM COCTOSIHHH. 113 
CBepXTOHKOI'O pacnpe~eJieHHSI JIHHHH onpe~eJieHhl 

BeJIHqHHhl MarHHTHOro ~HnOJibHOrO H 3JieKTpHqec

KOI'O KBa~pynOJibHOro MOMeHTa ~liS! aeqeTHblX H30-
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PHC. 8. 3aBHCHMOCTb BeJIH'IHHbl 3llp11,li0B0l'O pa,liHyca H KB3,llpy

nOJJbHOH ,llecj>opMa~HH OT 'IHCJia HeHTpoHOB H30TOllOB Hf 

TonoB Hf H H30MepHoro coCT051HH51 
178m2Hf. Be

JIH'l:HHa KBa~pynOJibHOH ~e¢opMaU:HH B H30MepHOM 

COCT051HHH Ha 3% Bblme, 'I eM ~JI51 OCHOBHOro COCTO

SIHH51178Hf (21-22). 

C HCDOJib30BaHHeM 3¢¢eKTa CBeTOH~YU:H

poBaHHOI'O ~peif¢a, B03HHKaiOm;ero npH B03~eHCT

BHH Jia3epHOro H3Jiy'l:eHH51 Ha BeiD;eCTBO, npoBe~eHO 

pa3~eJieHHe H30TonoB 
22

Na H 
24

Na (puc.9). McCJie

~oBaHa 3aBHCHMOCTb 3TOro 3<l><i>eKTa OT COCTaBa 6y

¢epHOI'O ra3a, TeMnepaTypbl, ~aBJieHH51. 3<t><l>eKT 

CBeTOH~YU:HPOBaHHOro ~peu¢a B03HHKaeT npH 

1 0 

tJ' 0 

PHC. 9. 3 a BHCHMOCTb BeJIH'IHHbl K03<l><I>H~HeHT3 p33,lleJieHHSI H30-

T0ll0B 
22 

a H 
24

Na, B03HHK310~ero 6naro,llap11 3<l><l>eKTy CBeTO

HHJIY~HpOBaHHOl'O ,llpeif<IJa, OT WJHHbl 

HaJIH'l:HH 6y¢epHOI'O ra3a H CB513aH C TeM, 'l:TO B03-

6y~eHHble (3a C'l:eT B3aHMO~eHCTBH51 aTOMOB C 

MepHbiM H3Jiy'l:eHHeM) aTOMbl ~BH)I(YTC51 B O~HOM 

HanpaBJieHHH, B TO BpeM51 KaK He B036y~eHHble 

aTOMbl ~BH)I(YTC51 npeHMym;eCTBeHHO B npOTH!IODO

JIO)I(HOM . 3<t><l>eKT CBeTOH~YU:HpOBaHHOro ~peu<fJa B 

nOCJie~yiOID;eM MO)I(eT C ycneXOM HCDOJib30BaTbCSI 

~JI51 pa3~eJieHH51 H30TODOB B OCHOBHOM H B H30Mep-

HOM COCT051HH51X. JI:JI51 H30TODOB 
22

Na H 
24

Na DOJiy

'l:eH <fJaK TOp pa3~eJieHH51 -25 pa3 (23 ). 

PA3PABOTKM YCKOPMTEJIE"A: 11 3KCllEPMMEHTAJibH00 AllllAPATYPbl 

B MaPTe 1993 ro~a H3 U:HKJioTpoHa Y -400M Me

TO~OM o6~HPKH ocym;eCTBJieH BbiBO~ ny'l:Ka HOHOB, 

KOTOpbiH 6biJI TpaHCDOPTHpoBaH ~0 KOHe'IHOH TOll:

KH - MeCTODOJIO)I(eHH51 yCTaHOBKH Cl>QfiQC. 

3cP<t>eKTHBHOCTb TpaHCnOpTHpDBKH ny'IKa COCTaBJI51-

eT 80+ 100%. MMerom;uec51 ycTpoHcTBa no3BOJI51IOT 

CcPoKYCHpOBaTb ny'l:OK Ha MHmeHb, paCDOJIO)I(eHHYIO 

BHYTPH ycTaHOBKH Cl>OBOC B pa3Mep ~4 MM B 

l{HaMeTpe. Y CKOpHTeJib paOOTaeT B nyCKOBOM 

BapHaHTe C BHyTpeHHHM nJia3MeHHbiM HCTO'IHHKOM 

(PIG) . YcKopSIIOTC51 HOHbl oT 
4
Ne c 3Hepmeu OT 60 

AO 30 M3B/H. (Ta6JI.3). B OKT516pe H ~eKa6pe 
1993 ro~a nepBble ¢H3H'l:eCKHe 3KCnepHMeHTbl C 

HCDOJib30BaHHeM cneKTpoMeTpa Cl>QBQC BblllOJIHe-

Hbl Ha BbiBe~eHHOM ny'IKe HOHOB 
7Li C 3HepmeH 

-45 M 3B/H. Onpe~eJieHHble TPY~HOCTH ~JI51 npoBe

~eHH51 CneKTpOMeTpH'l:eCKHX 3KCnepHMeHTOB npe~

CTaBJI51eT ~biOTH-<fJaKTOp ny'IKa HOHOB 1: 10. JI:JISI 

DOBblilleHHSI 3<l><i>eKTHBHOCTH HCDOJib30BaHHSI yCKO

pHTeJI51 Ha U:HKJIOTpoHe Y-400M Heo6xo~HMO no

JIY'l:HTb HenpepbiBHbiH ny'IOK, ~JI51 qero B 1994 ro~y 
HY)I(HO C03~aTb KaHaJI BHemHeH HH)I(eKU:HH, CMOH

THpoBaTb 3I.J:P-HCTO'IHHK. 

B 1993 r. U:HKJIOTpoH Y -400 6biJI OCHOBHbiM 

yCKOpHT eJieM ~JI51 BblllOJIHeHH51 Hay'l:HOH nporpaMMbl 

Jl51P, n pH'IeM BpeM51 ny'IKa, HCDOJib3yeMOro B 3KC

nepHMeHTe, cocTaBHJIO 3915 11acoB. B Ta6JI.4 npe~

cTaBJieHbl OCHOBHble 3KCnepHMeHTbl, ocym;eCTBJieH

Hble Ha IJ:HKJIOTpoHe Y -400 B 1993 r. 
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3MMHTaHC ny'IKa HOHOB a30Ta C 3Hepmei1 34 M38, BbiBe~eHHOI"O 

H3 1..\HK'nOTpOHa Y -40QM (CHHMOK C 3KpaHa ~HCnJJell) 

lioH 

4Hel+ 

6Li+2 

7Li+2 

12c3+ 

14N3+ 

14N4+ 

14N5+ 

1603+ 

1604+ 

1605+ 

2oNe2+ 

20Ne4+ 

20Ne5+ 

20Ne6+ 

40Ar4+ 

40~+ 

Tatill.uu,a 3. U400M +PIG ( 1994) 

3Hepm11, lfHTeHCHBHOCTb 

M38/H. 

30 I ·1014 

50 1·1012 

44 6·1012 

30 2·1013 

26 2 · 1013 

40 2·1012 

60 6 · 1011 

15 2 · 1013 

30 3 · 1012 

48 2·1012 

6 5·1013 

20 5 ·1012 

30 3·1012 

46 1·1012 

6 2·1013 

10 I ·1013 

Tatill.uu,a 4. II epelf.eH.b ocH.08H.bLX a~ecnepuM.eH.mo8, 
npo8eiJeH.H.bLX H.a u,wuwmpoH.e Y-400 8 1993 zoay 

liOH 8peMII,'I 

1082+ 95 

1182+ 195 

12C2+ 70 

1602+ 310 

1803+ 240 

22Ne3+ 970 

2oNe3+ 300 

24Mg3+ 220 

27 Al3+ 190 

34s4+ 130 

40Ar6+ 120 

ssNi6+ 75 

s9c06+ 65 

84Kr7+ 610 

JI:pyme HOHbl 325 

IlOJJHoe BpeMII 3915 'I 
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lfHTeHCHBHOCTb 

2 · 1012 

2 · 1012 

4 · 1012 

q · 1012 

3 · 1012 

3 1012 

6 1012 

2 1012 

5 1012 

4 1012 

1012 

4 1011 

3 · 1011 

2 · 1011 

3KCnepHMeHT 

Jlenme 3K30TH'IeCKHe 11~pa, 

BTOpH'IHble pa~HOaKTHBHble ll~epHble ny'IKH 

H3y'leHHe ~eneHHII, 

XHMH'IeCKHH 3KcnepHMeHT Ha Z- I 04, I 06, 

CBOHCTBa 3K30TH'IeCKHX ll~ep 

CHHTe3 H30TOnos Z- I 02-104, 
H3y'leHHe B03~ei1CTBHII o6ny'leHHII Ha MaTepHaJJbl 

XHI\4H'IeCKHe csoiicrsa Z - I 04-1 05 

H3y'leHHe peaKI..\HH ropR'Iero CJJHIIHHII 

IlO~I"OTOBKa K CHHTe3y H30TOnOB Z - I 08 

H3y'leHHe ~eiiCTBHII o6ny'leHHII Ha MaTepHaJJbl 

K.naCTepHall pa~OaKTHBHOCTb 

TpeKOBble MeM6paHbl 



KaHan TpaHCnopntpOBKI1 BbiBeAeHHOI'O ny'!Ka 110HOB 113 yCKOp11TenSI Y -400M AO yCTaHOBKI1 <l>QiiQC 
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HOHHhiE HCTOqHHKH 

B anpeJie 1993 ro~a B cTeH.D;OBhiX ucnhiTaHH.SIX 

noJiyqeHhl nyqKH BhiCOK033p~HhiX HOHOB H3 

HCToqHHKa ECR THna DECRIS (Dubna Ion Source, 

14G HZ), pa3pa6oTaHHOro H co3~aHHoro B JlSIP B 

1991-1992 rr. 110HHhiH HCTOqHHK 6hiJI HCnhiT3H H3 

HOHax He, N, 0 H Ar [24 ]. Pe3yJihT3Thl 3TH X H3Me

peHHH npuBe~eHhl B Ta6JI.5. B o6JiaCTH JierKux HOHOB 

(~o N e BKJIIoquTeJihHO) HHTeHCHBHOCTH nyqKoB Bhl

coKo3ap~HhiX HOHOB H3XO~.SITC.SI H3 ypoBHe JiyqmHX 

HCTOqHHKOB 3TOro THna. .D,pyroH HCTOqHHK, 

paccqHT3HHhiH H3 peKOp~Hhle HHTeHCHBHOCTH nyq-

KOB HOHOB THna 36sl0+ H 48Ca
14+, C03~3eTC.SI no 

KOHTp3KTY H B KOJIJia6opa:U,HH C Jia6opaTOpHeH 

fAHI1JI. B 1993 ro~y BhlnOJIHeHO -30% n OJIHOro 

o6beMa pa6oT. 

Ta6JLu~a 5. BblxoiJ pa3JLU'I.HblX uonoe 
U3 3/..{P-ucmo'I.HUICa DECRIS 

e ::JJLe1Cmpu~tec~eux MICA 
npu nomen~uaJLe a~ecmpaiC~uu 10 ICE. 

,f{Ua.Memp 31CCmpa1C~UOHHOU U{eJLU 8 MM 

HoH/3ap11J1 4+ 5+ 6+ 7+ 8+ 9+ 11+ 

N 

0 

Ar 

Ar 

270 92 17 

160 87 26 

70 24 

120 110 70 15 

HCTQqHHK HOHOB C :meKTpoH

H0-1.\HKJIOTpoHHhiM pe30HaH

COM 

HAKOTIHTEJibHhlA KOMTIJIEKC T.SDKEJibiX HOHOB K4-K10 

Pa3pa60T3H3 HOB3.SI KOHU,en:U,H.SI C03~3HH.SI KOMn

JieKC3 K4-K10. OcHOBHOe BHHMaHHe y~eJI.SieTC.SI 

B03M0)1(H0CTH YCKOpeHH.SI pa~H03KTHBHhiX Sl~ep C 

A :5 50, u npe~JIO)I(eHhl TPH cTa~HH peaJIH3au,uu 

3Toro npoeKTa. 

a) Co3~aHue HH)I(eKU.HOHHoro KaHaJia MOHoxpo

MaTuqecKux nyqKoB 3K30THqecKHX .11~ep. K opoT

KO)I(HBYIIJ.He .11~pa c E-10+50 M3B/H. MOryT 6h1Th 
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noJiyqeHhl H3 U,HKJIOTpoHe Y -400M C HHTeHCHBHO

CThiO BIIJIOTh ~0 108 1/ C (~JI.SI npHMepa, ~pa 6He, 

9Li, 7
•
11

Be H T.~.). ToqHa.SI <tx>KycupoBKa nepBuqHo

ro nyqKa H3 npoH3BO~.SIIIJ.YIO MHWeHh H ~e6aHqHpoB
K3 HaHoceKyH.D;HOH CTPYKTYPhl BTOpHqHoro nyqKa 

n03BOJI.SIIOT noJiyqHTh ~JI.SI nyqKa p~H03KTHBHhiX 

~ep HH3KHH 3MHTT3HC (E ::= 15Jt * MM * Mp~) H 

pa36poc no 3Hepmu (tlE/ E = 2 ·10-3). 



flyJibT ynpaBJJeHHSil\HKJIOTpOHOM Y -400M 

6) Co3~aHHe HaKonHTeJibHOro KOJibU:a K4 

(B = 4 TJI · M) B cym;ecTByiOm;Hx noMem:eHH51X 
pmax 

Jia6opaTOpHH C B03MO)KHOCTbiO HaKOnJieHH51 1 0
2+ 108 

HOHOB 3K30TH'leCKHX ~ep C BpeMeHeM )KH3HH 

T112 > 10 Me Ha op6HTe KOJibU:a c B03MO)KHOCTbiO 

nJiaBHOH peryJIHpOBKH B illHpOKOH o6JiaCTH 3HepmH. 

Bo3MO)KHO ~OCTH)KeHHe BhiCOKoro KatieCTBa nytiKa 

(E :=:: O,bt * MM * Mpa~. M/ E = 10-
6). Bee 3TO 

n03BOJIHT B 3KCnepHMeHTaX C BHyTpeHHeH MHilleHbiO 

~OCTHraTb CBeTHMOCTH 1 0 22+ 1028 CM- 2c -I. 

s) TpeTb51 cTa~H51- co3~aHHe Jia6opaTopHH 3K-

30TH'leCKHx ny'IKOB Ha 6a3e ~Byx KOJieu: K4-K10. 

YCT AHOBKA «<I>OBOC» 

IIpo~OJI)KaJIHCb 3asepmarom:He pa6oThl no co3-

~aHHIO ycTaHOBKH <l>OBOC Ha nytiKe ycKopHTeJI51 

Y-400M. B ceHT516pe 1993 r. 6 H3MepHTeJibHhiX Mo

AYJieu, BKJIIO'laiOm;Hx nJIOCKonapaJIJieJibHhle C'leT

'lHKH H HOHH3aU:HOHHhle KaMephl, 6hiJIH YCTaHOBJie

Hbl Ha Cl>QBQC, H npoBe~eHhl H3MepeHH51 MaCCOBhiX 

H 3HepreTH'leCKHX pacnpe~eJieHHH OCKOJIKOB CnOH-

TaHHOro AeJieHH51 
244

Cm. Y CTaHOBKa pa60TaJia npH 

3arpy3Ke 10
6 

a-'laCTHU: Ha 1 COOhiTHe cnoHTaHHOro 

B 1993 r. 3aKOHl.leH TexHHl.leCKHH npoeKT 

MarHHTHOH CHCTeMhl KOJibU:a K 4, H BhlnOJIHeHC?_ 40% 

pa60T n O BaKyyMHOH CHCTeMe. vf:3roTOBJieH H HCnhi

TaH n p oTOTHn MamHTHOH CTPYH ~JI51 H3MepeHH51 

npo¢HJI51 ny1.1Ka HOHOB B KOJibU:e K4. ITo MO~eJIH 

npOTOTHna CHCTeMhl ::meKTpOHHOro OXJia)K~eHH51 

U:HPKYJIHpyiOm;ero nyl.IKa MHOro3ap~HhiX HOHOB pa-

60Thl BhlnOJIHeHhl Ha 80% noJIHOro o6beMa. Ha1.1aTo 

co3~aHHe nJia3MeHHOro HCTOl.IHHKa Ha ocHoBe C02-

Jia3epa Bo3MO)KHOCTb noJiyl.leHH51 BhiCOKOH HM

nyJibCHOH HHTeHCHBHOCTH nyl.IKa, Heo6xo~HMOH ~JI51 
HH)KeKU:HH B KOJibU:O K4, 6hiJia HCCJie~oBaHa Ha 

U:HKJIOTpOHe Y -400 Ha MO~eJIH HCTOl.IHHKa. 

~eJieHH SI , H 6hiJIO HaKOnJieHO 10
6 

C06hiTHH CnOHTaH

HOro ~eJieHH51, ~JI51 HCCJie~oBaHH51 CTPYKTYPhl Macco

Bbix pacnpe~eJieHHH xoJio~Horo ~eJieHH51. B OKT516pe 

H ~eKa6pe 12 H3MepHTeJibHhlx Mo~yJieu H 10 Csi

C'leTl.IHKOB 6hiJIH 3a~eHCTBOBaHbl, H npOBe~eHO ~Ba 

ceaHCa 06Jiyl.leHH51 
232Th MHilleHH HOHaMH 

7Li C 

3Hepmeu 43 M3B/H. ~JI51 HCCJie~osaHH51 npou:ecca 

TpOHHOro AeJieHH51 C BhiJieTOM JierKHX 3ap51)KeHHbiX 

'laCTHU:. Ha6paHo 10
8 

co6hiTHH, B KOTOphlx 3a-
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pemCTpHpoBaHO KaK MHHHMYM ~Ba OCKOJIKa ~e

JieHH51. Be~erc51 o6pa6oTKa Ha6paHHOH CTaTHCTHKH. 
B Jia6opaTOpHH co3~aeTC51 <!JparMeHT-cenapaTOp 

KOMBAC. CHCTeMa KOMBAC npe~CTaBJI51eT co-
6ou ~BOHHYIO axpoMaTH'IecKyro cenapapyromyro 
JIHHHIO C TpoHHOH <iJoKYCHpoBKOH ny'IKa HOHOB, KO
TOpa51 n03BOJISieT B~eJISITb C BhiCOKOH 3Qxl>eKTHBHO
CTbiO npo~yKThl ~epHhiX peaKI.I,HH, o6pa3yiOmHec51 
Ha Y -400M, H <iJopMHpoBaTb nyliOK p~HOaKTHBHhiX 
~ep. llpe~noJiaraercSI, liTO K KOHU.Y 1994 r. paOOrhl 
no H3roTOBJieHHIO y3JIOB H yCTaHOBKH <iJparMeHT-ce
napaTOpa Ha O~HOM H3 KaHaJIOB nyliKOB Y -400M 6y

~YT 3asepmeHhl. KoH<iJHrypal.I,H51 cenapaTOpa ~aHa B 
Ta6JI.6. 

llpoBe~eHO HCCJie~OBaHHe pa3pemeHHSI KpH
CTaJIJia Csi (TI) OOJibmelf nJioma~H (~HaMeTp 200 MM 

H TOJIIIUfHa 15 MM), COe~HHeHHOro nocpe~CTBOM nyc
TOTeJIOro CBeTOBO~a C <iJoroyMHO~HTeJieM <l>3Y-173, 
npH pemCTpal.I,HH <!JparMeHTOB JierKHX H npoMe~y
TOliHhiX MaCC BTOpHliHhiX npo~yKTOB Ha yCKOpHTe-

Jie Y-400 npa 3Hepma HOHOB 11 B(20 M3B/H.) H Ha 

fAHHJI npH 3Hepm51X HOHOB 180(63 M3B/H.) H 
36Ar<44 M3B/H.). B 3HepreTHllecKoM HHTepsaJie 
2+ 77 M3B/ H. noJiylleHo BhiCOKoe pa3pemeHHe OT 0, 7 

~0 6,2% B liE/ E M51 li3CTHI.I, C Z ~ 20. lloKa3aHa 

B03MO~HOCTb pa3~eJieHH51 li3CTHI.I, C Z = 1 + 7 MeTO

~OM aHaJIH3a <!JopMhl HMnyJibCa npH pemcTpau.aa 
BTOpHliHhiX li3CTHU. c <PHKCHpoBaHHOH 3Hepmelf. 
llo~OOHhiH KpHCTaJIJI CliHT3eTCSI H3HOOJiee npHeMJie
MhiM MSI C03~3HHSI oOOJIOliKH H3 Cl.I,HHTHJIJISITOpoB 
~JISI yCTaHOBKH Cl>OBOC (25 ). 

T atin.uu,a 6 

KoH<pHrypauHA ~Q, MCp ~p/p,% BP, Tn·M L,M 

M 1M2M3M4FdM5M6M1M8Fa 6,4 ±10 4360 14,5 

B3AHMOJJ:EACTBHE T5DKEJibiX HOHOB C BEIIJ.ECTBOM 

• 
P~aau.aoHHoe ynpoliHeHHe Zr-<PoJibr acCJie~o

BaHo npH o6JiylleHHH HOHaMH Ne H Ar c 3Hepmelf 

11,5 M3B/H. llJI51 cpaBHHTeJibHOro aHaJIH3a 3Qxt>eK

Ta ynpoliHeHHSI no~ ~eHCTBHeM T51~eJihiX HOHOB H 

HeHTpoHOB oop33l.l,hl T3K~e ooJiylleHhl Ha HMnyJibC

HOM peaKTope HBP-2 H «EBa>> B KpaKose. Ha pHc.10 

npe~CT3BJieHa ~030B3SI 33BHCHMOCTb npe~eJia TeKy-

+ - EWA 
120 - IFR-2 • 

o - Ne(s} 
a - Ne 

- Ar(s) • 
0 
~ 

::li 100 
w 
\1) 

~ 80 Q: 4 

u 
~ 

• \1) 60 
\1) 
IAJ .. 
Q: 

• • 
a a • • 

0 . 0 

0 • 
•• • 

10 ... 10 -J 10 -t 

.... 
V'l40 

~ 
> 20l 

o,o ... 

lleCTH MSI o6pa31.1,0B l.I,HpKOHHSI OT liHCJia CMemeHHH 
Ha aTOM M51 HOHOB H HeHTpoHOB. 

B~Ho, liTO o~HHaKOBhiH yposeHb pa~HaU.HOHHO
ro ynpoliHeHHSI ~OCTHraeTCSI npH MeHbWeH ~03e B 
CJiyllae OOJiylleHHSI HeifTpoH3MH. llpHliHHOH MO~eT 
CJiy~HTb pa3HHI.I,a B cneKTpax nepBHliHO-Bhi6HTblX 
3TOMdB, B CJiyllae HeHTpoHHOro 06JiylleHHSI OHH 6o
.llee ~eCTKHe. O~HaKo 6oJibmyro poJib Mo~eT TaK~e 

I 
I 

10 _, 
0 A ~ A G E 0 0 s E. OPA PHc. 10. 3aBHCHMOCTb npe11ena TeKy'lecm 11Jl!l o6pa3-

uoa LlHPKOHH!I OT 'IHCJJa CMell.\eHHH Ha aTOM npH 

OOJJyl!eHHH HOHaMH H HeHTpDHaMH 
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160.------------------------------------------, 

~ 80 
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o~~~~~~~~~~~~~~~~~~~~~~~~~~ 
20 40 60 80 140 I 0 

Filtration time 

PHC. 11. lfcCJJeiiOBaHHe 3aBHCHMOCTH CKOpocTH QJKJibTpa~HH OT BpeMeHH. KpHBble 1 H 2 OTHOCliTCll K QJKJibTpaM, nO.ny'leHHbiM Ha OCHOBe 

llJieHOK TOJIW.HHOH 1 0 H 20 MKM COOTBeTCTBeHHO 

HrpaTb Ce'leHHe o6pa30B3HHg: 3TOMOB CMe~eHHg:, KO

TOpoe B CJiyqae HeiiTpOHHOI'O 06Jiy'leHHg: H3MHOI'O 

HH)I(e, 'leM B HOHHOM. Bonee BbiCOKag: Il./IOTHOCTb 

CMe~eHHH B CJiyqae OOJiy'leHHg: HOH3MH MO)I(eT 

npHBOlJ.HTh K aHHHrHJISIU:HH Ae¢eKTOB H yMeHhmaTh 

H3MeHeHHe npell,eJia TeKy'leCTH. Jl:aHHhle HCCJieli,O

B3HHSI B3)1(Hbl C TO'IKH 3peHHSI IIOHCKa OIITHMaJibHbiX 

MaTepHaJIOB l(JISI nepBOH CTeHKH TepMOMepHOI'O 

peaKTOpa. 

HcCJiel(oBaHhl 6a3HCHhle CBOHCTBa TpeKOBhiX 

MeM6paH, noJiy'leHHbiX Ha OCHOBe nOJIH3THJieHTepe

QJTaJiaTHbiX (PETP) Il./IeHOK TOJI~HHOH 10 H 20 MKM. 

CpaBHHBaJIHCh ¢HJibTphl c AHaMeTpOM nop 0,2, 0,4 H 

1 MKM. C noMO~hiO «Conifer porometer>> H3MepeHbl 

CJiell,yiO~He xapaKTepHCTHKH: Il./IOTHOCTb H pa3Mep 

nop, HaJIO)I(eHHe nop H pacnpell,eneHHe nop no 

pali,Hycy. BbiJIH T3K)I(e HCCJieAOBaHhl npo'IHOCTh Ha 

pa3pb1B H CKOpOCTb npOXO)I(l(eHHSI ra3a HJIH 

)I(HlJ.KOCTH qepe3 MeM6paHhl o6oHx THnoB. MeM6pa

Hhl TOJI~HHOH 20 MKM npeBOCXOl(SIT MeM6paHhl 

TOJI~HHOH 10 MKM K3K nO ¢HJibTpyiO~HM Ka'leCT

BaM, T3K H no npO'IHOCTH (26] (pHC.11). 

B K OJIJia6opau:HH c rcH (,ll.apMmTal(T) pa3pa6o

T3H MeTOl( CeHCH6HJIH33U:HH TpeKOB, onpel(eJISIIO~HH 

CKOpoCTb Tp3BJieHHSil(eCTpyKTHpoB3HHOI'O M3TepHa

JI3. JKCTp3KU:Hg: OJIHI'OMepoB H3 nOJIH3THJieHTepe¢

TaJI3THbiX Il./IeHOK, OOJiy'leHHbiX HOH3MH KCeHOHa C 

3Hepme'H 11,4 MsB/H., HCCJieAOBaHa MeTOAaMH. YJih

Tpa¢HoJieTOBOH cneKTpOCKOnHH H reJih-npOHHK3IO

~eH x poMaTorpa¢HH. Onpell,eneHo, 'ITO U:HKJIH'Iec

KHe OJilfi'OMepbl SIBJISIIOTCSI rJI3BHOH KOMnOHeHTOH, 

3KCTparHpyeMOH npH nOMO~H l(HMeTHJI¢Qp

M3MHl(OB. Jl:HH3MHK3 3KCTp3KU:H~ COll,ep)I(HT 6hlCT

pyiO KOMnOHeHTY -2 MHH H Mel(JieHHYIO -100 MHH, 

CBSI33HHYIO C HaJIH'IHeM CKpbiTbiX TpeKOB B Ma

TepHaJie . BMecTe c TeM cKphiThle TpeKH CJiy)l(aT Ka

HaJiaMH l(JISI li,OCT3BKH paCTBOpa H 3KCTp3KU:HH 

OJIHI'OMepOB H3 MaTepHaJia. 11.3 nJieHKH 3KCTpa

mpyiOTCSI npoll,yKTbl pal(HOJIH33 C MOJieKyJISipHOH 

Macco'H BIL/IOTh AO 3000. IIonHaSI 3KCTpampyeMag: 

M3CCa l(JISI Ol(HOI'O TpeKa COBnal(aeT C o6heMOM TpeKa 

C 3CHMnTOTH'IeCKHM l(H3MeTpOM 3 HM (27-28 ]. 

IIOJIYqEHliE PA,ll.ll0li30TOIIHbiX IIPEIIAPATOB 

IIony'leHHe ynhTpaMaJihlX KOJIH'IeCTB pali,HO

aKTHBHhiX H30TOnOB l(JISI Mel(HK0-6HOJIOm'leCKHX 

HCCJiel(OB3HHH H MOHHTOpHHra npOBOl(HJIOCb Ha nyq-

K3X HOHOB 
4
He U:HKJIOTpoHa Y -200. B peaKU:HSIX 

235u (4He, xn) 17
6y\)(4He, 3n) H 

24
•
25

Mg(
4
He, pxn) 

nOJiy'leHhl CT3Hl(3pTHble H pal(HOXHMH'IeCKH 'IHCTble 

npenapaThl 
237

Pu, 
236

Pu, 
175Hf H 

26 AI. Pali,HOH30TO

nhl HCnOJib30B3Hbl B COBMeCTHbiX C Harwell Lab. 
(BeJIHK0 6pHT3HHSI) l(JISI H3y'leHHSI MeTa60JIH3M3 

sneMeHTOB B opraHH3Me qenoseKa. IIony'leHhl nep-
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Bhle pe3yJibT3Thl, CBJmeTeJibCTBYIO~He, 'ITO llOBe

~eHHe nJIYTOHH.si cy~eCTBeHHO OTJIH'IHO OT n pomo-

3HpyeMOI"O Ha OCHOBe ~aHHhiX, llOJiy'leHHhiX paHee C 

ucnOJib30BaHHeM a-npenapaTOB 
239

Pu. Oco6o 

'IHCThle npenapaThl 236Pu ( 238Pu < 10-5; 
239

Pu < 10-7) nJI3HHpyeTC.si HCllOJib30B3Tb B COB

MeCTHhiX pa6oTax c Pa~H03KOJIOrH'IeCKOH Jia6opa

Topueif YHHBepcHTeTa YTHX <CiliA) M.si p~H03KO
JIOrH'IeCKHX HCCJie~OB3HHH. 

,UJI.si n~H3BO~CTBa 'IHCTOro 
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AI ucnOJib3YeTC.si 

peaKUH.si 
2 •26
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JIABOPATOPI151 
HEllTPOHHOll <1>11311Kll MM. ll.M.<I>PAHKA 

Jla6opaTOpH.II HeHTpoHHOH <i>H3HKH B 1993 r. B 

paMKax llpo6neMHo-TeMaTHqecKoro nnaHa HayqHo

Hccne~osaTenhCKHX pa60T H Me)f()J;yHapo~Horo co

TPY~HHqecTBa OM51M caMOCTO.IITenhHO pa3pa6aThl

sana IlleCTh TeM H yqaCTBOB3n3 B BhlnOnHeHHH ~BYX 

o6m;eHHCTHTYTCKHX TeM. 

OcHOBHOH 6a30BOH ycTaHOBKOH ~n.11 pa6oT no Te

MaM «Mccne~OB3HH.II KO~eHCHpoB3HHhiX cpe~ C 

nOMOID;hiO pacCe.IIHH.II HeHTpoHOB», «Mccne~OB3HH.II 

BhiCOKOTeMnepaTypHOH CBepxnpOBO~HMOCTH» H 

<<Al<:THB3I.J;HOHHhiH 3H3nH3 H pa~H3I.J;HOHHhle HCcne

~OB3HH.II» .IIBn.IInC.II BhiCOKOnOTOqHhiH HMny nhCHhiH 

peaKTOP MEP-2, ycnernHa.II 3KcnnyaTai.J;H.II KoToporo 

npo~onX<aeTC.II yX<e 10 neT. JJ:n.11 coxpaHeHH.II 3a 

HEP-2 3asoesaHHOro MecTa cpe~H HaH6onee 3<1>
<PeKTHBHhiX HeHTpoHHhiX HCTOqHHKOB B MHpe 

BMOTh ~o XXI cToneTH.II B na6opaTopHH peanH3yeT

C.II TeMa «P33BHTHe H COBeprneHCTBOB3HHe KOMMeK

ca MEP-2». 

Hay"'HbiH ceMimap naMIITH H .M .<l>paHKa 

Pa6 0Thl no Heii:TpoHHOH MepHoif <l>H3HKe Bhl

nonHRnHCh B paMK3X TeM «M3yqeHHe q,y~aMeH

T3nhHhiX xapaKTepHCTHK HeHTpOHOB H .II~ep>> H <<MC
cne~OB3HHe CBOHCTB aTOMHhiX Mep c noMOID;hiO HeH

TpoHo » Ha HMnynhCHOM 6ycTepe MEP-30. 

Co3~anHe HOBoro HeHTpoHHOro HCToqHHKa MPEH, 

KOTOphiH np~eT Ha CMeHy MEP-30, npo~omKanOCh 

B COOT eTCTBHH C OOID;eHHCTHTYTCKOH TeMOH «Pa3pa

OOTK3 npoeKTOB MPEH, c-r-<Pa6pHKH H Ha

KonHTenhHOro KOMnneKca CM». 

ll OCHOBHhiM HanpasneHH.IIM HCcne~OB3HHH 

JIH<l> 6hlnO opraHH30B3HO 4 COBeiD;3HH.II, B TOM qHcne 

III Me)f()J;yHapo~Ha.II KOH<l>epeHI.J;H.II no Hccne~o

BaHHIO nOBepXHOCTH MeTO~OM pacce.IIHH.II HeHTpOHOB 

H peHTreHOBCKHX nyqeif H Me)f()J;yHapo~Hoe cose

m;aHHe no HapyrneHHIO npocTp3HCTBeHHOH qeTHOCTH 

H BpeMeHHOH HHB3pH3HTHOCTH B peaKI.J;H.IIX, Bhi3B3H

HhiX HeHTpoHaMH. 

97 



<I>H3HKA KOH.II.EHCHPOBAHHbiX CPE.II. 

3KCnepHMeHTaRbH~e pa6oT~. 3KcnepHMeHT~ 
no cPH3HKe KOI{JleHCHpoBaHH~X cpe~ B OCHOBHOM Be
~YTCSI Ha cneKTpoMeTpax peaKTopa HBP-2. B no
CJie~HHe ~Ba ro~a ~JISI aTTeCTaU.HH o6pa3U.OB H 
pemeHHSI HeKOTOp~X cneU.HaJJbHbiX 3~all ~0-

00RHHTeJibHO HC00Jib3Y~SI 3JieKTpocTaTHlleCKHH 
reHepaTOp 3f-5 H peHTreHOBCKHH ~H¢paKTOMeTp 
llPOH-4. 

B HaCTOSI~ee apeMSI Ha HBP-2 c~aH~ a perynSip
HYIO 3KcnnyaTaU.HIO 10 cneKTpoMcrpos: llH-2, 
~llBP,HCBP,CHHM,llH<I>PAH,MYPH , llHH , 

KllCOr-M, HEPA-nP, cnH-1 Ha BOCbMH nyliKax 
peaKTopa (Ta6n.l). B TelleHHe ro~a nonylleH~ HOBble 
pe3yJibT3T~ no BCeM OCHOBH~M H3YliHbiM HanpaB
JieHHSIM cPH3HKH KO~eHCHpoB3HHbiX Cpe~, pa3BHB3-
eMbiM B JIH~. 

ilpo~OmKaJJHCb 3KCnepHMeHTbl no H3ylleHHIO MQ
~YJIHpoBaHH~X crpyKTyp Bi-caepxnposo~HKOB [ l ). 

HMeHHo 3TH BTCn-coe~HHeHHSI aCJie~cTaHe CJio:lK

Hon 3JieKTpoHHOH KOHcPHrypau.HH HoHa Bi3+ npoSIB

JISIIOT Te~eHU.HIO K o6pa30B3HHIO CBepXCTpyKTyp, 

KOTOp~e MOrJIH 6bl npHBO~HTb K cPoPMHpoBaHHIO 
BTCil-caoncra. B 3KCnepHMeHTax, a~nonHeHH~x 

Ha ~H¢paKTOMeTpe JlH-2 Ha MOHO- H nORHKpH

crannax, H3Yli3RHCb COCT3Bbl: 

BiiSr, Ca)3Cu20 8+y' Bi2Sr3_xYxCu20 8+y H 

Bi2Sr 2Cu0 6+ y· obiJIO noKaJaHo, liTO ace cocTaBhl 

o6Hapy:lKHBaiOT MO~YJJSIIJ,HIO CTPYKTYPhl B~Onh OCH a 
3JieMeHTapHOH SllleHKH C nepHO~OM OT 4,25a ~0 

4, 7 Sa. obiJIH onpe~eneHbl CTPYKTYPhl 3THX co
e~HHeHHH H OOKa33HO, liTO CBepxnepHO~ o6yCJIOB

JieH ¢opMHpoBaHHeM u,enolleK Bin 0 n + 1 B~ORh ocH a. 

BcrpaHaaHHe ~onoJJHHTeJihHOro aToMa KHCJiopo~a 

(y) B 3TH u,enOliKH npHBO~HT K OOSIBJieHHIO BOJIH006-

Ta6Auu,a. HeiimpoHJtble cneKmpoMempbl Ha uMnyJLbCHOM peaKmope HEP-2 

CneKTpoMeTpbl 

I . JlJ14>paKTOMeTp no speMeHH 
nponeTa JlH- 2 

I . <l>ypbe· A11<1JpaKTOMeTp 
BbiCOKOI'O pa3peWCHHS! <l>JlBP 

3. )l11<1JpaKTOMCTp flO BpeMCHI1 
nponen JlH-12 

4. TeKcrypHbJH A11<1JpaKTOMeTp HCBP 

5. )l11<1JpaKTOMCTp C 11MrJYJibCHbiM 
MarnHTHbJM noneM CHHM 

6. )l11<1JpaKTOMCTp 
Ha 11ACaJ!bHbiX KpHCTMJiaX JlH<l>PAH 

7. CneKTpoMeTp MYPH 

8. CneKTpoMeTp npHMOH 
reOMCTp1111 )lHH 

9. CneKTpoMeTp o6paTHOH 
reoMeTp1111 K)lCOr 

I 0. CneKTpoMeTp BbJCOKoro 
paJpeweHI1H H EPA-nP 

II . CneKTpoMeTp 
nOJI!!p1130BaHHbiX HCHTpoHOB CnH-1 

12. He.:fTpoHHbJH 
pe<IJneKTOMeTp PE<l>JIEKC 
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npeAMCT HCCJICAOBaHHS! 

I. He.:fTpoHHaA AH<IJpaKUHH 

CTpyKrypa Kp11CTaJIJIOB 
<J>aJOBbiC nepeXOAbl 
nepeXOAHbiC npoueCCbl 

npel.lH3110HHbiH 
cTpyKrypHbJH aHanHJ 

CTpyKrypa Kp11cTaJIJIOB 
np11 AaBJICII I1SIX AO 2()() K6ap 

TeKcrypbl npoMbJWJICHHbJX 
113AeJI11H 11 ropHbiX nOpoA 

Marni1THaH CTpyKrypa 
np11 nOJIHX AO 15 T J1 

)li1HaMI14CCKaS! 1111<1JpaKI.li1SI 
HCHTpoHOB 

II . Manoyr,1osoe pacceHHI1e HCHTpoHOB 

HaAaTOMHaH cTpyKrypa 
Bell.ICCTBa : CTCKJ!a, paCTBOpbl, nOJ111MCpbl 

III . Heynpyroe pacceHHI1e HCHTpoHOB 

BOAOpoA B MCTaJIJiax, 
>KI111KI1H reJI11H 

Kp11CTaJIJI114CCKI1e nonH, 
<l>oHOHHbiC cneKTpbl 

MoneKynHpHaH 
CnCKTpDCKOni1H 

IV. He.:fTpoHHaH om11Ka 

Marni1THbiC HCOJ1H0poi1HOCTI1, 
llOMCHbl 

nosepxHOCTHbiC HBJICHI1H, 
BHyTpeHHI1C fiOJIII 

COTPYAHH'!CCTBO 

Pocc11H: HK, MrY, <l>TH, MHTXT, H<l>TT; 
<J>paHU11H, <l>Pr 11 AP· 

Pocc1111 : HK, MrY, nHS~<l>, H<l>T; 
Beni1Ko6pi1TaHI1H, <l>11HJIHHA11H,<l>Pr 

POCCI1SI : PHU KH, H<l>B)l; 
BeHrp11!!, <l>Pr 

Pocc1111 : H<l>3, MH<l>H, YnH; 
<t>Pr 

Pocc1111: HO<l>, MrY; 
lionrap11H, tiex11H 

Pocc11H: HO<l>; 
JlaTBHS! 

Pocc11H: Hli, MrY, MHTXT; 
BenHKo6p11TaHI1H, BeHrp11H, <l>paH11,11H, <l>Pr 

Pocc11H: <l>3H, HMET 

POCCI1H : PHU KH, HMET, H<l>TT; nonbwa 

Pocc11H : H<l>TT, HT3<l>; 
Beni1Ko6p11TaHI1H,nonbwa 

Pocc11S! : HO<l>. H<l>TT. nHS~<l>, YnH; 
nonbwa, <l>paHU11H, <l>Pr 

POCCI1H: nHSI<l>, YnH; 
BeHrp11!!, nonbwa, <l>Pf 
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P11c. I. 3aoHCHMOCTb Me)l(aTOMHOro paccTOSIHHSI Cu2-01 o Y123 

oT KOHI.(eHTpal.(HH x npHMeCH&Ix aTOMoo: Fe, Ni "' Co. Jl:JISI Yl23-

Cu/Fe npe.z~cTaBJieH&I TaK>Ke JIHTeparypH&Ie .z~aHH&Ie. Pa3Mep TO

tieK COOTBeTCTByeT Bem'I'IHHe nOrpelliHOCTeH 

pa3HOI'O HCKa)KeHHSI aTOMHhiX IIJIOCKOCTeH C aMIIJIH

TY~OH 0,2-0,4 A B~OJih ocH c. Vl3y'IeHHe TeMne

paTypHOH 3aBHCHMOCTH nepHO~a H 3MIIJIHTY~hl 

MO~YJISIU:HH llOKa3aJIO, 'ITO HX npSIM3SI CBSI3b CO 

csepxnposo~SI~HMH csoiicTBaMH Bi-coe~HHeHHH 

OTCYTCTByeT, HO HMeHHO OHH BO MHOI'OM onpe~eJISIIOT 

6aJiaHc 3apSI~a B ::meMeHTapHOH SI'IeiiKe. TaKHM 

o6pa30M, B 3THX 3KCnepHMeHT3X 6biJia pemeHa BeCb

Ma CJIO)I(HaSI CTPYKTypHaSI 3a~a'Ia, 'ITO no3BOJIHJIO 

cy~ecTBeHHO npoSICHHTh CHTyau:HIO c Bi-co

e~HHeHHSIMH. 

3asepmeH U:HKJI pa6oT no H3y'IeHHIO MamHT

HOH ¢a3osoH: ~HarpaMMhl BTCn -coe~HHeHHSI 

YBa2(Cu1_xFe)30 6+y B 33BHCHMOCTH OT KOHU:eHT-

paU:HH )KeJie3a X H CO~ep)K3HHSI KHCJIOpO~a y B ~Ha

na30He TeMnepaTyp OT 8 ~o 450 K [2 ]. 3KcnepH

MeHThl npOBO~HJIHCb Ha ,llH<lJpaKTOMeTpax JIH<l> H 

Jia6opaTopHH JleoHa EpHJIJII03Ha (CaKJie) H c 

noMO~hiO 3¢¢eKTa Mecc6ay3pa B HK PAH Ha 

o6pa3u:ax, o6ora~eHHhiX 1J30TonoM 57 Fe. JJ:ocTHmy

TaSI BhiCOK3SI KOHTpaCTHOCTb ll03BOJIHJI3 O~H03H3'IHO 

Onpe~eJIHTb BepOSITHOCTH 33Meru;eHHSI 3TOMOB Me~H 
Ha )KeJie30 H BhiSIBHTb xapaKTep H3MeHeHHSI Me)K

aTOMHbiX paccTOSIHHH (pHc.l). Onpe~eJieHa Mar

HHTHaSI ¢a30BaSI ~HarpaMMa COe~HHeHHSI. llo~

TBep)K,lleHa KOJIJIHHeapHaSI aHTH<lJeppOMarHHTHaSI 

CTPYKTypa, cy~ecTByiO~aSI npH KOHU:eHTpaU:HH Fe 

6oJihme 5%, c B03BpaTHhiM noBe,lleHHeM npH TeMne

paTypax HH)Ke 100 K. B o6JiaCTH KOHU:eHTpau:Hii )Ke

Jie3a 7-23% 06Hapy)KeHhl He0)KH~3HHO CHJibH3SI 

CBSI3b Me)K~y CllHHaMH )KeJie3a H Me~H, a TaK)Ke 

60JibillOH MarHHTHhiH MOMeHT, H~YU:HpyeMhiH B y3-

JiaX Cul. 

MeTo~oM ~H¢paKU:HH B peaJibHOM speMeHH H3y

'!eHo ¢opMHposaHHe BTCll-cHcTeMhl Bi(Pb)-Sr-
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= Ill 
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PHC. 2. T eMneparypHaSI 3aBHCHMOCTb HHTerpaJibHOH HHTeH

CHBHOCTH nHKa (002) ,!IJISI cf>a3 2201 H 2212 npH Harpeoa

HHH (KpHBbie I 11 3) H OXJia)l(,!leHHH (KpHBbie 2 H 4) COOT

BeTCTBeH 0 

Ca-Cu-0 [3 ]. BnepBhle y~aJIOCb Ha6JIIO~aTb npou:ec

Chl <lJopMHpOBaHHSI H ~eKOMll03HU:HH OCHOBHhiX ¢a3 

3TOH CHCTeMhl - 2201 H 2212 (pHC.2). lloKa3aHO, 

'ITO sa)KHYIO poJib B 3THX npou:eccax HrpaeT npoMe

)KYTO'IHaSI ¢a3a Sr1_xCaxCu02. Bhlme 850 oc Me-

xaHH3M ,lleKOMll03HU:HH BKJIIO'IaeT npou:ecc 'IaCTH'I

HOI'O IIJiaBJieHHSI. CTexHoMeTpHSI, noSIBJISIIO~aSICSI 
npH 'IaCTH'IHOM nnasneHHH ¢a3hl, onpe~emreT 

cTexHoMeTpHIO BTCll-¢a3hl, ¢opMHPYIO~eii<A~ npH 

Me~JieH HOM oxna)K,lleHHH cMecH. KopoTKHe speMeHa 

OT)I(Hra o6pa30BaBmeHCSI ¢a3hl ll03BOJISIIOT llO

JIY'IHTb 2212-¢a3y. Jl:JISI <lJopMHpOB3HHSI 2223-

¢a3bl, o6na~a10ru;eii 6oJihme:H T c' Heo6xo~HM cy~e-

CTBeHHO 6onee npo~OJI)KHTeJihHhiH OT)I(Hr. Pa6oTa 

BhlllOJI eHa COBMeCTHO C y'IeHhiMH H3 VlHCTHTyTa 

<iJH3HKH H TeXHOJIOmH MaTepHaJIOB (fiyxapeCT). 

Ha ~H¢paKTOMeTpe CHHM c 6onhmHM HM

nyJihCHhiM MarHHTHhiM llOJieM npoBe~eHhl HCCJie~o

BaHHSI aHTH<lJeppoMarHHTHOI'O COCTOSIHHSI B Hofe0
3

, 

HH~YU: poBaHHOI'O BHeillHHM MarHHTHhiM llOJieM. 

qyBCTBiiTeJibHOCTb H3MepeHHH MarHHTHOI'O MOMeH

Ta cocTaBJISIJia 0, l,uB Ha o~HH KaTHOH. Onpe~eneHa 

TeMnepaTypHaSI 33BHCHMOCTb <<aHTH<lJeppOMarHHT

HOH socnpHHM'IHBOCTH» B ,llHana3oHe OT 79 ~o 220 K. 

Onpe~eJieHa TaK)Ke seJIH'IHHa HeKOJIJIHHeapHoCTH 

aHTH<lJeppOMarHHTHOI'O ynOpSI~O'IeHHSI B no~pemeT
Ke )KeJie3a, KOTOpaSI COCTaBHJia OKOJIO 2%. 

Ha MaJioymosoM cneKTpoMeTpe MYPH snepshle 

npose~eHhl HCCJie~oBaHHSI MHIJ:eJIJISipHhiX CHCTeM npH 

BhiCOKHX ~pocraTH'IeCKHX ~asJieHHSIX. B pacrsope 

TeTpa,lleD:HJI.llHMeTHJI3MiiHOKC~a (C14-DMA0) B ,llHa

na30He ~asneHHH ~o 8 K6ap o6Hapy)KeH ¢a30BhiH 

nepexo~ , npH KOTOpOM U:HJIH~pH'IeCKHe MHU:eJIJihl C 

pa~Hyc M 18,5 A H ~JIHHOH 160 A nepexo~SIT B cocTo-
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P11c. 3. KpHB&Ie ,!IHCnepcHH lKH.ziKOro reJIHII-4 np11 TeMnepa-rype 
2,05K 

SIHHe c pa~HycoM 52 A. 3KcnepHMeHThl BhlnOJIHeHhl 

cosMeCTuo c cPH3HKaMH H3 BaH:poH:Ta (Cl>Pf). 

MeTo~oM ueynpyroro pacceSIHHSI u eH:Tpouos 

nOJiyqeHhl HOBble pe3yJibT3Thl nO H3yqeHHIO MOJie

KYJISipHOH ~HHaMHKH Ko~eucHpoBaHHhiX cpe~. 

Ha cneKTpoMeTpax Jl:l1H-2ITP H .D:l1H-2lll1, 

pa60T3IO~HX no npHH~Hny npSIMOH l'eOMeTpHH (MO

HOXpOM3TH33~HSI HeHTpOHOB, na~aiO~HX Ha o6pa-

3e~), B OCHOBHOM npo~OJI)I<aJIHCb HCCJie~OB3HHSI 

~HH3MHKH )I<~I<OfO reJIHSI, )I<~I<HX MeTaJIJIOB HMO-
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JieKyJISipHhiX )I<~KOCTeH, a T3K)I<e ~HH3MHKH CnJia

BOB H JIOI<aJibHhiX KOJie6aHHH npHMeCHhiX 3TOMOB BO

~Opo~a, 330T3 H KHCJIOpo~a B MeTaJIJI3X H CllJI3B3X. 

AK~eHT s HCCJie~osaHHH KBaHTOBhiX csoH:cTB 

)I<~KOfO reJIHSI-4 CMeCTHJICSI OT H3yqeHHSI pacnpe~e

JieHHSI 3TOMOB no HMnyJibC3M C nOMO~biO 3HaJIH33 

cneKTpOB HeHTpOHOB, pacCeSIHHhiX C 60JibillOH nepe

~aqeit: HMnyJibCa (HMnyJibCH3SI annpoKCHM3~HSI) , K 

~eTaJibHOMY H3yqeuHIO ~HcnepcHouuoH: KpHsoH: B03-

6y~eHHH B )I<~KOM reJIHH npH pa3JIHqHhiX TeMne

paTypax ( 4 ). Jl:JISI npose~eHHSI 3THX HCCJie~OB3HHH 
6hiJI OpraHH30B3H pe)I<HM pa60Thl CneKTpOMeTpa 

Jl:llH-2 npH uaqaJibHhiX 3HeprHSIX HeHTpoHOB OT 

2 M3B H HH)I<e. MaJihle 3uaqeuHSI uaqaJibHhlx 

3HepmH n03BOJIHJIH cy~eCTBeHHO yMeHbillHTb BJIIISI

HHe MHOrocPoHOHHOfO H MHOroKpaTHOfO pacCeSIHHSI 

HeHTpoHOB H yJiyqmHTb pa3pemeHHe ,llO BeJIHqHH OT 

50 ~0 }()() MK3B B 33BHCHMOCTH OT BOJIHOBOfO BeKTO

pa. floKa3aTeJieM ~OCTHrHYTOH BhiCOKOH qysCTBH

TeJibHOCTH SIBHJIOCb Ha6JIIO~eHHe nHKOB, CBSI33HHhiX 

C paCCeSIHHeM HeHTpoHOB )I<~KHM reJIHeM C npH

oopeTeHHeM 3HepmH, T.e. Ha cy~eCTBYIO~HX B )1<~
KOCTH so36y~eHHSIX. AHaJIH3 noJiyqeuuhlx 3aKouos 

pacCeSIHHSI (pHC.3) llOK33aJI, qTO cPoHOH-M3KCOH

poTOHHhiH nHK, HJI.H, TOquee fOBOpSI, DHK, cy~eCTBO

B3HHe KOTOporo Tpa~H~HOHHO CBSI3hiB3JIOCb C KB33H

qaCTH~3MH HJIH 3JieMeHT3pHhiMH B036y~eHHSIMH 

B reJIHH, HMeeT CJIO)I<HYIO MHOfOKOMDOHeHTHYIO 

crpyKTypy. <l>H3HqecKaSI npHpo~a 3TOH CTPYKTYPill 



3KcnepHMeHTaJibHbii1 3aJI peaKTopa HEP-2. Ha nepe;~HeM nnaHe: cneKTpOMeTp JJ:HH- 2 JIJISI Hccne;~osaHHH aTOMHOi1 CTPYKTYPbi 

H JIHHaMHKH KpHCTaJIJIH'JeCKHX H aMOp<jJHbiX TeJI 

yKJia~biBaeTCSI B paMKH HHTeHCHBHO pa3BHBaeMOH 

ceH:qac KOH:u;en:u;HH rpH<f><t>HHa - rnaH:~a. HaJIH'IHe 

CJIOX<HoH: CTPYKTYPhl 3aKoHa ~HcnepcHH B036yX<

r~euHH: B reJIHH o6hSICH51eTC51 O~HOBpeMeHHhlM cym;e

CTBOBaHHeM MO~ pa3JIH'IHOH npHpo~hl (HyJih-3BYKO

Bhle Kone6aHHSI, o~uonapHhle npo:u:ecchl THna KBa3H

qacTH:U:3-KBa3H~hlpKa H O~HOKBa3H'IaCTH'IHble 

KOJie6aHHSI). TeMnepaTypua51 3aBHCHMOCTh BKJia~oB 
K3X<~Oro H3 npo:u;eCCOB npHBO~HT K O'leHh CJIOX<HOH 

TeMnepaTypHOH 3aBHCHMOCTH B~a 3KCnepHMeH

TaJibHOro CneKTpa, HCKaX<eHHOro B~OOaBOK MHOro

<f>oHOHHhlM H MHOroKpaTHhlM pacceSIHHeM. ToJihKo 

cym;eCTBeHHOe yMeHbilleHHe MHOro<f>OHOHHOro H 

MHOroKpaTHOro pacCeSIHHH 3a C'leT HH3KOH Ha'laJib

HOH 3HepmH HeH:TpoHoB no3BOJIHJIO B~eJIHTh yKa-

3aHHhle Bhlme MO~hl . 

IlpoBe~eH ~eTaJibHbiH aHaJIH3 3KCnepHMeHTaJib

HbiX ~aHHbiX nO pacCe51HHIO Me~JieHHbiX HeHTpoHOB 

X<~KHM KaJIHeM B TeMnepaTypHOM HHTepBaJie 

340-550 K, B pe3yJihTaTe qero BnepBhle nonyqeua 

TeMnepaTypHa51 33BHCHMOCTb lJaCTOTHOro cneKTpa 

KOJie6aHHH aTOMOB paCllJiaBa H CB513aHHbiX C 3THM 

cneKTpOM ~pymx MHKpO~HHaMH'IeCKHX xapaK

TepHCTHK: 3BTOKOppeJI51:U:HOHHOH CKOpOCTHOH <f>YHK

:U:~, cpe~HeKBa~paTH'IHOH aMllJIHTY~hl KOJie6aHHH 

3TOMOB, ycpe~HeHHOH no HanpaBJieHHIO CHJIOBOH 

nOCTOSIHHOH MeX<aTOMHbiX B33HMO~eHCTBHH, a TaK

X<e H30XOpHOH TellJIOeMKOCTH, paCC'IHTaHHOH C yqe-

TOM a rapMOHH'IeCKHX 3<j><f>eKTOB. IloJiyqelfbl Xa

paKTep HCTHKH ~H<t><1>Y3HOHHhlX npo:u;eCCOB B X<H~KOM 

KaJIHH B yKa3aHHOM ~Hana3oHe TeMnepaTyp H npe~

CTaBJI HHe 0 MeXaHH3Me 3THX npo:u;eCCOB; HCCJie~O

BaHO COOTBeTCTBHe 3KCnepHMeHTaJihHhlX pe3yJibTa

TOB TeOpHH B3aHMO~eHCTBH51 MO~. YfcCJie~OBaHhl 

KOJIJieKTHBHble MO~bl B X<H~KOM KaJIHH, H Ha OCHOBe 

3THX ~aHHbiX paCC'IHTaHhl xapaKTepHCTHKH peJiaK

Ca:U:HOHHbiX npo:u;eCCOB B paCllJiaBe - BpeMeHa 

X<H3H H KPHTepHH ueMapKOBOCTH. 

IlpO~OJIX<eHO HCCJie~OBaHHe a30THCTbiX aycTe

HHTH X CTaJieH ~JISI onpe~eJieHH51 CHJIOBbiX nOCTOSIH

HbiX eX<aTOMHOro B3aHMO~eHCTBH51 (5 ]. IlpHMeCH 

a30Ta OKa3hlBaiOT CHJibHOe BJIHSIHHe Ha TBep~OCTb 

ayCTeHHTHbiX CTaJieH. YfCCJie~OBaHhl CneKTphl 'laCTOT 

aycTeHHTHhiX cnnaBoB Fe-Cr-Mn-Ni (f.c.c) c co

~epX<aHHeM a30Ta B ~Hana30He 0,06-0,5 BeCOBbiX 

npo:u:eHTa. 06uapyX<eHo, 'ITO ~JI51 cocTaBa Fe-18Cr-

10Mn- 16Ni BHe~peHHe a30Ta He npHBO~HT K H3Me

HeHHIO CHJIOBoro B3aHMo~eH:cTBH51 Me-Me H Me-N. 

IlpOBe~eHhl HCCJie~OBaHH51 CllJiaBOB ,8-<f>a3 BHe~

peHHSI TaN0•45 H TaN
0

•45H
0

,1. Ilonyqeubl ~aHHble 

06 3HepmSIX KOJie6aHHH aTOMOB a30Ta H BO~O

po~a KOHCTaHTaX CHJIOBOro B3aHMO~eHCTBHSI Me

TaJIJI - aTOM BHe~peHHSI. Ha npHMepe pacTBopa 

Ta V 
0

,
03

N
0

•
03 

H3y'lanoch 51BJieHHe «3axBaTa» BHe~-

peHHbi X aroMoB a3oTa npHMec51MH 3aMem;eHHSI Ta-V. 
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PHC . 4 . rpaQ>HKH o6o6meHHOH BH6p8UHOHHOH llJIOTHOCTH COCTO

SIHHH• G(w) IUI!I reKcaroH31JbHOro H 20-nbA8 lh , JibA8 o JaK31JeH

HOH Q>a3e BbiCOKoro AaaneHHII VI " a~~o~oJXI>Horo JibAa BbJCOKoii 

llJIOTHOCTH (hda) . To'IKH - cy~~o~~~o~apHbJH 3KcnepHMe HT31lbHbJH 

cneKTp, nyHKTHpHbJe KPHBbJe - TeopeTH'IeCKH pacc 'IHT8HHbJe 

BKJI8!lbl MHOro4><>HOHHOI'O HeHTpoHHOI'O paCCe!IHHSI , CllJIOUJHble 

KpHBble - O!lHoQ>oHOHHble cneKTpbl 

l1cCJie,llosauue CTPYKTYP~>~ npHMecuou JOHbl B cDJia

se Y00.03H 0.03 o6uapyJKusae-r, liTO KOJie6aHHSI 

BHe,llpeHHbiX aTOMOB BO,IlOpo,lla H KHCJIOpo,lla He COOT

BeTCTBYIOT paCDOJIO:lKeHHIO 3THX aTOMOB B U.eHTpe 

OKTa3,1lpHlleCKOH MeJKy3eJibHOH D03HU.HH Ky6HlleC

KOH pemeTKH HTTPHSI . 

J1CCJie,llOBaHHSI ,llHHaMHKH MOJieKyJISipHbiX KpHC

TaJIJIOB H <j>a30BbiX nepeXO,IlOB BbiDOJIHSIJIHCb Ha 

cneKTpoMe-rpe Heynpyroro pacceSIHHSI H E PA-TIP 

[6 ]. Ha CMemaHHbiX KPHCTaJIJiax K
1
_/N H

4
)xSCN 

npoBe,lleHO HCCJie,llOBaHHe TeMnepaTypHOH 3aBHCH

MOCTH CTaTHlleCKOro H ,llHHaMHlleCKOro 6ecn OpSI,IlKa 

aMMOHHeBOro H THOU.HOHaTOBOro HOHOB .B ,llHana30He 

TeMnepaTyp OT 10 K AO KOMHaTHOH H B IIIHpoKOM 

HHTepsane KOHU.eHTpau.uu aMMOHHSI [7 ]. B hiSIBJieHo 

HeCKOJlbKO <j>aJOBbiX nepeXOAOB, CBSI3aHHbiX C 

AHHaMHKOH aMMOHHes~>~x noHos: CTPYKTYPHhiH 

<t>aJOBbiH nepexoA THna nopSI,IloK - 6ecnopSI,IloK npu 

HH3KHX TeMnepaTypax )lJlSI X= 0,75, nepeXOA OT 

,llHHaMHlleCKOH peopHeHTaU.HH B <j>a3y DpoTOHHOro 

CTeKJia ,llJISI 0,3 <X< 0,75 H B <j>aJy DOliTH CBOOo,ll-
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PHC . 5. 38BHCHMOCTb KOHUeHTp81..\HH AeQ>eKTOB 8 nneHKe 

YBa2Cu30 7 TOJII.l.lHHOH 90 HM OT A03bl OOny'leHHSI HOH8MH 
4
He 

c 3Heprnei1 I M3B npH xaOTH'IHOM H TYHHenHpoaannoM o6ny
'leHHH 

HOH KBaHTOBOH poTaiJ.HH npu renueshlx TeMnepaTy

pax AJISI x < 0, 1. 
KoJie6aTeJibHbiH cneKTP JaKaJieHuoro aMoP<t>Ho

ro Jlb,lla BbiCOKOH DJIOTHOCTH (hda) , DOJiylleHHOro 

npu cJKaTHH reKcaroHaJibHoro JibAa Ih AO 13 K6ap 

npH 77 K, H3YllaJICSI C DOMOmbiO Heynpyroro HeKore

peHTHOro pacCeSIHHSI HeHTpoHOB B 3HepreTHlleCKOH 

o6JiaCTH OT 1 AO 120 M3B npu 80 K (puc.4) [8 ]. 
CneKTPhl JibAa Ih u JibAa s JaKaJieHHOH <j>aJe BhiCOKO

ro AaBJieHHSI VI 6biJIH TaKJKe HJMepeHhl AJISI cpas

HeHHSI. B TpaHCJISIU.HOHHOH JOHe cneKTpa <t>aJhl hda

JibAa nepBhiH DHK B OOJlaCTH aKyCTHlleCKHX MO)l 

CABHHYT Ha 2 M3B B CTOpoHy BhiCOKHX 3HeprnH, HOB 

JIH6paU.HOHHOH 30He CDeKTp DOKa3hiBaeT, liTO 

HH3K03HepreTHlleCKOe o6pe3aHHe 3TOH 30Hhl C,llBHra

eTCSI Ha 13 M3B B CTOpoHy HH3KHX 3HalleHHH nepe

,llaHHOH 3Heprnu npu cpasueuuu co JibAOM Ih. BhiJla 

Ha6JIIO,IleHa aHaJIOrHSI OCHOBHhiX OCOOeHHOCTeH cneK

TpoB hda-JibAa u JibAa VI, u, TaKHM o6pa3oM, 

AHHaMHKa 3THX <j>a3 Jlb,lla ,llOJIJKHa Onpe,lleJISITbCSI 

O,llHHaKOBbiMH aTOMHhiMH KOppeJISIIJ.HSIMH H CHJIO

BbiMH OOCTOSIHHhiMH. 

l1cCJieAoBaHHSI BTCTI-KepaMHKH Y123 
<T = 91 K) 6biJIH BhlnOJIHeHhl Ha cneKTpoMeTpe c 
noJISipHJosaHHhlx HenTpoHoB CTIH -1 [9 ]. B 3THX 

3KCnepHMeHTaX H3MepeHhl 3aBHCHMOCTH ,lleno

JIS1pH3aiJ.HH HeHTpoHHOro DYliKa OT TeMnepaTyphl H 

MarHHTHOro OOJISI. Jl.JIHHa BOJlHhl HeHTpOHOB BapbH-

poBaJiaCb OT 0,5 AO 15 A, a TeMnepaTypa OT 77 AO 

250 K. TioJiylleHa HOBaSI nH<t>opMau.uSI o pac

npeAeJieHHH MarHHTHOro nOJISI s o6pa3u.e. B llaCT

HOCTH, o6HapyJKeHo B03MOJKHoe npoSIBJieHne TaK Ha-



3NBaeMOH RHHHH ~enHHHHHra, KOTOpaR OT~enReT 

3axBaqeHHNe BHxpH OT cBo6o~Ho ~BH::>KYIIJ;HXCR. 

Ha ::meKTpocTaTHqecKoM ycKopHTene HOHOB 

3f-5 H3yqanCR MeXaHH3M pa~HaiJ,HOHHOro ~e¢eKTO

o6pa30BaHHR B MOHOKpHCTannHqeCKHX nneHKaX 

YBaCuO npH o6nyqeHHH HoHaMH renHR-4. 

3KcnepHMeHTMbHaR qaCTb HCcne~OBaHHH OnHCaHa 

B pa6oTe [10 ), OCHOBHOH TeMOH KOTOpOH 6NnO onpe

~eneHHe CTeneHH BRHRHHR BenHqHHbi ~03bi Ha CBOH

CTBa H3MepReMoro o6beKTa B npou,ecce H3MepeHHR. 

PaccMaTpHBanHCb ~Ba acneKTa: H3MeHeHHe pacnpe

~eneHHR 3ReMeHTOB no rny6HHe B nneHKe (npo¢HnH 

3ReMeHTOB) nO~ B03~eHCTBHeM aHMH3HpyiOIIJ;ero 

HOHHOro nyqKa H HapymeHHR KpHCTannHqeCKOH 

pemeTKH npH o6nyqeHHH BO BpeMR H3MepeHHR 

(pHc.5). IIonyqeHo, qTo ~nR nneHKH YBaCuO BKna~ 

HOHH3aiJ,HOHHOro MeXaHH3Ma COCTaBnReT 30-60% 

OT BKna~a CTORKHOBHTeRbHOro ~e¢eKT006pa30Ba

HHR. Mo~enHpoBaHHeM npou,ecca B3aHMo~eH:CTBHR 

HOHOB C aTOMaMH MHmeHH Ha~eHa cpe~HRR 3HepmR 

5 3B, HeOOXO~HMaR ~RR Heo6paTHMOro CMeiiJ;eHHR 

aToMa pemeTKH YBaCuO. 

Pa3BHTHe 3KcnepuMeHTanbHOH 6a3bi. C~aH B 

3KCnnyaTaiJ,HIO HeHTpOHHbiH ¢ypbe-~H¢paKTOMeTp 

BNCOKOro pa3pemeHHR (Cl>LI,BP). Ha HeM HaqaTbl 

perynRpHble ¢H3HqecKHe 3KcnepHMeHTbi. llccne~y

IOTCR cno::>KHbie CTPYKTYPhl BTCII-coe~HHeHHH, B 

TOM qHcne Y124, Hg-1212 H ~p., cynepnpoTOHHble 

npoBO~HHKH. BbiCOKaR pa3pemaroiiJ;aR cnoco6HOCTb 

~H¢paKTOMeTpa n03BORReT pa3nHqaTb CyiiJ;eCTBeHHO 

6onbme TOHKHX ~eTaneu CTPYKTypbi, qeM 3TO 6Nno 

B03MO::>KHO paHee Ha MBP-2. Ha Cl>LI,BP HaqaTa npor

paMMa npHKna~HbiX HCcne~OBaHHH. IlpOBe~eHbi COB

MeCTHbie C ¢H3HKaMH H3 Cl>Pf 3KCnepHMeHTbl no 

BHyTpeHHHM HanpR::>KeHHRM B MaCCHBHbiX H3~enHRX. 

Co3~aeTcR MeTo~HqecKaR 6a3a ~nR o~HOBpeMeHHOro 
H3MepeHHR ~e¢opMaiJ,HH B ~ByX B3aHMHO nepneH

~HKYRRpHbiX HanpasneHHRX (npoeKT HMLI,A) [11 ]. 

HaqaTbi 3KcnepHMeHTbi Ha ~H¢paKTOMeTpe 

LJ:H -12 C KaMepOH BbiCOKOro ~aBneHHR (anMa3Hbie 

HaKOBMbHH). Y::>Ke Ha MaKeTHOM BapHaHTe ~H¢paK

TOMeTpa BpeMR Haoopa CTaTHCTHKH OT OOpa3u,a o6be-

MOM 0,03 MM3 npH ~aBneHHH 80 K6ap COCTaBnReT 

oKono cyTOK (pHc.6). B npo6HbiX 3KcnepHMeHTax Ha 

reMaTHTe a-Fe20 3 npH ~aBJieHHH 45 K6ap no~TBep-

~eH ¢a30BbiH nepexo~ B HOBOe COCTORHHe C npoMe

::>KYTOqHbiM HanpaBneHHeM MarHHTHbiX MOMeHTOB. 

Ha ycTaHOBKe c HMnynbCHbiM MamHTHbiM 

noneM CHMM 3aBepmaeTcR pa6oTa no co3~aHHIO re

HepaTopa npRMOyronbHbiX HMnynbCOB nonR. 

HacTynHna 3aBepmaroiiJ;aR cTa~HR B co3~aHHH 

pe¢neKTOMeTpHqecKoro KOMnneKca «Pe¢neKc» Ha 

KaHane 9 MBP-2 [12 ]. 3anycK ycTaHOBOK <<Pe¢

neKc-1» (Ha nonRpH30BaHHbiX HeHTpOHaX) H «Pe¢

neKC-2» (Ha HenOnRpH30BaHHbiX HeHTpOHaX) n03BO

RHT CyiiJ;eCTBeHHO paCmHpHTb 3KCnepHMeHTaJibHYIO 

2000 
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nporpaMMY nO H3yqeHHIO nOBepXHOCTH H TOHKHX 

MarHHTHbiX H HeMarHHTHbiX nneHOK. 

Teo peTHqecKHe Hccne~oBaHHR. IlpoBe~eH aHa

nH3 TeMnepaTypHOH 3aBHCHMOCTH illHpHHbl RHHHH 

nepexo~oB Me~y /-ypoBHRMH HOHOB Tm, paciiJ;en

neHHbiX KpHCTannHqecKHM noneM B YBCO. IloKa3a

Ho, qTo OCHOBHOH BKna~ B ymHpeHH51 BHOC51T aHTH

¢eppOMarHHTHble ¢nyKTyau,HH B6RH3H r -TOqKH 30-

Hbl BpHJini03Ha, a TeMnepaTypHaR 3aBHCHMOCTb 

onpe~eJI51eTCR CTaTHqecKOH BOCllpHUMqHBOCTbiO [ 13 ). 

IlpoBe~eH aHanH3 BepxHero KPHTHqecKoro..nonR 

CBepxnpOBO~RIIJ;HX CBepxpemeTOK Ha OCHOBe Ba

Ha~HR H Me~H [14, 15). IloKa3aHO, qTo B CHnbHbiX 

MarHH1 HbiX nORRX Bcne~CTBHe yMeHbilleHHR Mar

HHTHOH ~RHHbl HOpMMbHbiH MeTann He BRHReT Ha 

pacnpe~eneHHe cBepxnpoBo~RIIJ;ero 3apo~blma B 

cBepxpemeTKe. 'liHcneHHoe pemeHHe ypaBHeHHR 

fHH36ypra - Jla~ay Haxo~HTC51 B xopomeM corna

CHH C 3KCnepHMeHTOM. 

IJpoBe~eH qHcneHHbiH aHMH3 CHnbHOB3aHMO

~eHCTBYIOIIJ;eH CHCTeMbl ¢oHOHOB C 3ReKTpOHOM. IJo

Ka3aH , qTo TOqHoe pemeHHe coBna~aeT c a~Ha6aTH
qecKHM nonRpOHOM XoncTeH:Ha. C Hcnonh30BaHHeM 

TOqHOH ~HaroHMH3aiJ,HH BblqHcneHa OnTHqecKaR 

npOBO~HMOCTb Ha KOHeqHOM KnaCTepe. 11oKa3aHO, 

qTo aHanHTHqecKoe Bblpa::>KeHHe ~JI51 nonRpoHa Ma

noro pa~Hyca npHMeHHMO TORbKO B npe~ene CHnb

HOH CBR3H. 

IlpoBe~eHO qHcneHHOe MO~enHpoBaHHe CHCTeMbi 

CaMOH36eraiOIIJ;HX IJ,HKnOB Ha KBa~paTHOH pemeTKe 

[16 ]. IloKa3aHo, qro pacnpe~eneHHe HyneH: 

CTaTHCTHqeCKOH CYMMbl HMeeT ¢opMy OBana. Ilony

qeHHOe 3HaqeHHe KpHTHqeCKOH TOqKH MO~enH 

6nH3KO K TOqHoMy 3HaqeHHIO T MO~enH l13HHra. 
c 

Ilpo6neMa BOCCTaHoBneHHR pacnpe~eneHH51 
BHyTpeHHHX MarHHTHbiX noneH no Ha6nro~aeMOH 

¢YHK HH ~enOnRpH3aiJ,HH nOnRpH30BaHHOro HeHT-
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pouuoro ny11Ka npu npoxo~euuu ero 11epe3 

MarHHTHYIO cpe~y SIBJISieTCSI BeChMa aKTYa.JlbHOH. 
Pa3BHT HOBbiH no~xo~ K Bbl'lHCJieHHIO 4>YHKU.HH ~e
noJISipH3au.uu, OCHOBaHHbiH Ha MO~eJIH CHJlbHOfO 

s3aHMO~eHCTBHSI. B npe~ene Ma.Jihlx ~"" BOJIH soc
npoH3BO~SITCSI pe3yJihTaThl Teopuu Xa.Jinepua -

XoncTeifua [17 ]. 
l.f3yqeuue 3epKa.JibHOfO OTpa;~KeHHSI HeHTpoHOB 

OT pa3JIH'lHbiX THnOB MYJibTHCJIOeB SIBJISieTCSI O~HOH 
H3 npaKTH'leCKH Ba:li<HbiX 3~aq KOHCTpyHpoBaHH51 
3epKa.JI ~JI51 ueihpouoso~os. Opose~eu 'lHCJieHHhiH 
aHa.JIH3 K03QxPHl.l,HeHTa OTpa:ll<eHH51 HeHTpoHOB OT 

HERTPOHHASI SI,L(EPHASI <I>U3UKA 

Peweuue o co3~auuu uosoro HMnynbCuoro 
HCTO'lHHKa pe30HaHCHbiX HeHTpoHOB l..fPEH H Ha'la
JIO pea.JIH3au.uu 3TOro npoeKTa CTHMynu posa.Jio 

aKTHBHYIO paOOry 4JH3HKOB-~eplllHKOB no MO
~epHH3al.l,HH Cyll.l,eCTBYIOlllHX H pa3paOOrKe HOBbiX 
MeTO~HK ~51 3KCnepHMeHTOB B Tp~Hl.l,HOHHbiX ~Jl51 

JI H <I> uanpasJieHH51X. 

OOCJie ~HTeJihHOH 3~ep:li<KH, CBSI3auuoif c ue

~OCTaTO'lHhiM 4JuuaucuposauueM, ua'la.Jiach nonuo
MacwTa6ua51 pea.JIH3aU.H51 npoeKTa YfP A ~51 H3Me
peuu.51 3JieKTpH'leCKOH nOJI51pH3yeMOCTH HeHTpoHa. 
Yf.3roTaBJIHBaeTC51 Kpynuora6apHTHa51 BaKyyMHa51 
KaMepa pacce51HH51 ~51 ycrauoBKH. MouTa:lK KaMephl 
B 3KCnepHMeHTa.JlbHOM naBHJibOHe H ee HCnbiTaHH51 
nnauupyiOTC51 ua Koueu. 1994 r. Y crauosKa ~OJI:li<Ha 
6h1Tb no~roTOBJieHa K nycKy l..fPEH. 

Mo~epnn3npyeTC51 ycrauosKa ~JI51 H3MepeHHSI 
3ana3~biBaiOIUHX HeHTpoHOB ~eJieHHSI Ha peaKTOpe 
l..fBP-2. B 'laCTHOCTH, H3roTOBJieu u MOHTn pyeTCSI 
HOBbiH npephiBaTeJih ua ny'lKe ueifTpouos. B 1994 r. 
6y~yT BblnOJIHeHbl H3MepeHHSI Ha OOpa3l.l,aX, H3fO
TOBJieHHbiX s Hl..fl..fAP. 

3asepweua MO~epHH3aU.H51 u KOMnJieKcuaSI ua
JI~Ka ycraHOBKH C BbiCTpoeHHOH ' y paHOBOH 

MHWeHhiO. Opose~eHbl nepsble MeTO~H'leCKHe H3Me
peHHSI (n, .1)-peaKU.HH ua ~pe 235U. YcrauosKa no~
roTosneua K ua6opy paooqeif craTHCTHKH s 1994 r. 
Pa6oTa BhlnonuReTCSI Me~yuapo~uoif KOJIJia6o
pau.ue8 Ql..f.SIYf. - <l>3l..f - l..fHCTHTYT Jlap - JlaH
:ll<eBeHa -lleni>QrrcKHH yuusepcuTeT. 

Co3~aeTCSI ycrauosKa ~~~ H3MepeuuSI P- ue'leT
uoif aCHMMeTpHH BbiJleTa raMMa-KBaHTOB H3 

peaKU.HH 10B(n , a)7Lt _. 7Li + y ua uuTeucusuoM 

ny'lKe TenJIOBbiX nOJI51pH30BaHHbiX HeHTpoHOB B 
faT'lHHe. l..f3MepeHHSI nJiaHHpyiOTCSI BO BTOpoH 
nOJIOBHHe 1994 r. 

Hoshle pe3yJihTaThl nony'leHhl no npo6neMe ua
pyweuu51 'leTHOCTH B peaKl.l,HSIX, Bbl3biBaeMbiX HeHT

poHaMH [20, 21 ]. TaK, c ~y6ueucKHM MOHOH30Ton-
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MHOroCJIOHHbiX crpyKTyp, o6pa3y10mux TaK ua3hiBa
eMyiO nOCJie~osaTeJibHOCTh CJIOB <I>u6oua'l'lH [18 ]. 

0oKa3aHO, 'ITO 6ecnop~OK KBa3HKpHCTaJIJIH'leCKO
ro THna B pacnOJIO:ll<eHHH MaTepHaJIOB 3epKaJI MO:ll<eT 
~aTb C~BHr rpaHHl.l,bl nOJIHOfO OTpa:ll<eHH51 HeHTpoHOB 
KaK s o6naCTh 6onhwnx, TaK u MaJihlx ~JIHH sonu. 

0oKa3aHa npHHl.l,HnHa.JibHaSI B03MO:lKHOCTb 

u~yu.uposauuoro 3JieKTPH'leCKHM noneM mrauT
cKoro o6paTuoro nhe3o3¢KPeKTa s TOHKHX BTCn
nneuKax c ~HCJIOKaU.HSIMH. Ha~euo, 'ITO BeJIH'lHHa 
3TOfO 3QxPeKTa 3aBHCHT KaK OT TOJIUlHHbl nJieHKH, 
TaK H OT 'lHCJia ~HCJIOKal.l,HH B o6pa3l.l,e ( 19 ). 

HbiM o6pa3l.l,OM IIJCd B COBMeCTHOM 3KCnepHMeHTe 

Jly6ua - feJih 6biJIH H3MepeHbl CnHHbl p-BOJIHOBbiX 
HeHTpoHHbiX pe30HaHCOB, OOHapy:ll<eHHbiX pauee 
4JH3HKaMH JIH<l>. 3aTeM C 3THM :ll<e o6pa3l.l,OM 6biJIH 
npose~eHbl H3MepeuuSI P-ue'leTHhiX 3¢KPeKTOB s 
nponyCKaHHH HeHTpoHOB Ha CBeTOCHJibHOM cneK
TpoMeTpe pe3ouaucuhlx ueifTpouos LANSCE s 

Jloc-AJiaMOCe. Ope~sapHTeJibHbiH aHaJIH3 nepBOH 
cepHH COBMeCTHbiX H3MepeHHH, npose~eHHbiH C cy

meCTBeHHbiM HCnOJib30BaHHeM ~aHHbiX 0 CnHHaX 
p-BOJIHOBbiX pe30HaHCOB, yKa3biBaeT, no-B~HMO
MY, ua OTCYTCTBHe 3HaKoso8 KorepeHTHOCTH P-ue
'leTHhiX 3QxPeKTOB, OOHapy:ll<eHHOH pauee ~JI51 ~ep 

TOpHSI H ypaua. 0JiaHHrreTCSI npO~OJI:ll<eHHe 3KCne
pHMeHTOB C o6pa3l.l,OM 3Cd BB~Y npHHl.l,HnHaJib
HOH sa:li<HOCTH 3HaKoso8 auoMa.JIHH s nouuMauuu 
npHpo~bl HapyweHHSI npocTpaHCTBeHHOH 'leTHOCTH B 

~pax. 

3asepweu nepBhiH 3Tan H3Mepeuu8 ua l..fBP-30 
(Ha Cnel.l,HaJibHO MO~epHH3HpoBaHHOH ycTaHOBKe 
OQJISIHA) ~enOJISipH3al.l,HH HeHTpoHOB B MO
HOKpHCTaJIJIH'leCKOM o6pa3u,e fOJibMHSI C BbiCTpoeH
HbiMH ~paMH, npoBO~HMbiX B paMKaX ~OJII"OBpeMeH
HOH nporpaMMbl KoJIJia6opau.uu JIH<I> -llhiOKCKHH 
YHHBepcHTeT - Jloc-AJiaMOCCKaSI Hal.l,HOHaJibHa51 

JiaoopaTOpHSI no H3y'leHHIO uapyweHHH speMeHHOH 
HHBapHaHTHOCTH B peaKl.l,H51X, Bbi3BaHHbiX HeHTpo

HaMH. AHann3 npose~eHHbiX B lly6ue 3KcnepuMeu
TOB yKa3hiBaeT ua cymecTBeuuyiO (~o 300%) yrno
syiO 3aBHCHMOCTb 3QxPeKTa ~enOJIS1pH3al.l,HH (pHC. 7), 
'ITO Tpe6yeT KOppeKTHpoBKH nJiaHHpyeMOH Me

TO~HKH H3MepeuuSI T-uetieTHOH DSITHBeKTopuoif 
KOppeJISil.l,HH CnHHOB HeHTpoHa H ~pa H HMnyJihCa 

HeHTpoHa. 
Ha l..fBP-30 ua ycTaHOBKe nOJISIHA c HCnOJib-

30BaHHeM peKop~uoro no Macce ( 1 ,5 Kr) nonSipH30-
sauuoro o6pa3u,a 139La H3Mepeuo ce11euue npony
CKaHH51 Ha nOJIS1pH30BaHHbiX HeHTpoHaX (pHC.8) 
(22 ). 0oJiy'leHa 3HepreTH'leCKaSI 3aBHCHMOCTb 

nOJISipH3al.l,HOHHOfO Ce'leHHSI, HeOOXO~HMa51 ~JISI 
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P11c . 7. YrnoBali33BHCHMOCTb 3QJQJeKTa nponycKaHH!I e, o6ycnos

n eHHa!l AenOJJ!!p11331.111eH Hei1Tp0HOB B MOH0Kp11CT3J1Jle rQJlbMI1!1 

n p11 p33Jli1'1HbiX Op11eHT3l.\11SIX ero C-OCI1 • 

aHanH3a P- H T-Het~eTHhlx a¢<PeKTOB, KOTOpble 

WiaHHpyeTC51 H3yt~aTb B ,Uy6He H faT'IHHe. 

B paMKax TeMhl HCCJieAoBaHHH cl>yHAaMeHTanb

HhiX CBOHCTB HeHTpOHa KOJJJia6opa:u;HeH JIH<l> -

IUi.SI<l> - BHHH3<D - TY (MroHxeH) - H.S.lH 
AH YKpaHHhl npoAOJDKeHo H3yt~eHHe npo6JieMhl 

3JieKTpHt~eCKOH nOJI51pH3yeMOCTH. AHanH3 noCJieA

HHX H3MepeHHH 3HepreTH'IeCKOH 3aBHCHMOCTH noJI

HOro Ce'leHH51 B3aHMOAeHCTBH51 HeHTpOHOB C 5J:ApoM 

H30TOna CBHHI.J;a 
208

Pb noKa3an, 'ITO KOa¢<i>H:u;HeHT 

3JieKTpH11eCKOH llOJI51pH3yeMOCTH HeHTpoHOB CHJibHO 

(BWIOTb AO H3MeHeHH51 3HaKa) 3aBHCHT OT Bhl6paH

HOH AJI51 pact~eToB aMITJIHTYAhl HeHTpoH-3JieKTpoH

Horo B3aHMOAeHCTBH51. IJOCKOJibKY H3BJiet~eHHhle H3 

pa3Hb1X 3KCnepHMeHTOB 3Ha'leHH51 3TOH aMITJIHTYAbl 

OTJIH'IaiOTC51 Ha HeCKOJibKO CTaHAaPTHbiX norpemHO

CTeH, TO He06XOAHMbl HOBble llOAXOAbl K AaHHOH 

npo6JieMe. 0AHH H3 HHX 3aKJIIO'IaeTC51 B npe3H

I.J;HOHHOM H3MepeHHH nOJIHOro Cet~eHH51 yKa3aHHOro 

H30TOna CBHHI.J;a Ha cPHJibTpOBaHHhiX nyt~KaX HeHT

pOHOB. 3TH H3MepeHH51 Hat~aThl Ha peaKTope H.s.IH 

AH YKpaHHhl B 1993 roAy. IIepBhle 3KcnepHMeHThl 

llOKa3anH AOCTH)I(HMOCTb Tpe6yeMOH TO'IHOCTH. 

B o6JiaCTH YJibTpaxoJIOAHhlx HeiiTpoHOB npoAOJI

)I(anHCb HCCJieAOBaHH51 BpeMeHH )I(H3HH HeHTpOHa. 

Pa3BHBaiOTC51 ABa HanpaBJieHH51: 3KcnepHMeHTbl Ha 

cTa:u;HoHapHOM peaKTope BBP-M B faTt~HHe H co3-

AaHHe ycTaHoBKH Ha HMnyJihCHoM peaKTope BHfP B 

BHHH3<1> (Ap3aMac). B nepBOM CJiyt~ae 3aKOHt~eHa 
MOAepHH3a:u;H51 ycTaHOBKH KOBIII-2, KOTopa51 noA

roTOBJieHa K 3KCnepHMeHTY , HO Hat~ano H3MepeHHH 

3aAep)I(HBaeTC51 H3-3a TPYAHOCTeH B 3anycKe HOBOro 

KaHana YXH Ha BBP-M. ITo BTopoMy HanpaBJieHHIO 

6biJI BhiDOJIHeH 6oJihmoii o6heM pa6oT no pa3pa6oTKe 

ycTaHOBKH HCIIHH AJI51 noJiyt~eHH51, H3BJiet~eHH51 H 

HCnOJih30BaHH51 cBepxWIOTHOro ra3a YXH. 0AHaKo B 

CB513H C nOBhiWeHHeM Tpe6oBaHHH K TeXHHKe 6e-

30llaCHOCTH Ha BHrP KoHcTpyKI.J;H51 ycTaHoBKH AOJI-
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P11c . 8. 3 QJQJeKT nponycKaHH!I E nonllp1130BaHHbiX Hei1TpOHOB lie

pea non p1130BaHHYJO MHllleHb naHTaHa. CseTJJbie KPY.)I{KH -

pe30H3HCbl 0,74 3B (
139La) 11 3,0 3B (

138La), KpeCTHK- pe30-

H3HC 0,78 3B e59Sm) 

)I(Ha 6b1Tb AOpa6oTaHa, 'ITO OTOABHraeT nepBble 

3KCnepHMeHTbl Ha 1995 r. 

,UJJ51 pemeHH51 npo6JieMhl aHOMaJibHOH yTe'IKH 

YXH H3 cocyAOB pa3pa6oTaHa aKTHBa:u;HoHHa51 Me

TOAHKa H3MepeHH51 cneKTpOB HeHTpOHOB, B03HHKa

IO~HX nocJie Heynpyroro B3aHMOAeHCTBH51 YXH c 

noBepx HOCTbiO MaTepHaJia cocyAa. MeTOAHKa onpo-

6oBaHa Ha KaHane YXH B faTt~HHe c MaTepH<OlaMH, 

HMeiO~HMH peKOPAHO HH3KHe K03ct>cPH:u;HeHTbl llO

rJIO~eHH51 ( 1 0-S -10-6 Ha OAHO CTOJIKHOBeHHe). 

CosMeCTHO c JIBT A BhlnOJIHeH 6oJibWOH o6heM 

pa6oT n o MaTeMaTH'IeCKOMY MOAeJJHpOBaHHIO 3KCne

pHMeHTa H cPYHKI.J;HOHHpoBaHH51 p5J:Aa y3JIOB ycTa

HOBKH, npeAHa3Ha'leHHOH AJI51 nepBOro np51MOro 

H3MepeHH51 aMITJIHTYAhl HeHTpoH-HeHTpOHHOro pac

Ce51HH51 Ha peaKTope BHrP [23 ]. 

P 51A HOBhiX pe3yJihTaTOB noJiyt~eH B TpaAH

I.J;HOHHOH HeHTpOHHOH cneKTpOCKOnHH. 

,UBy XKBaHTOBble raMMa-KaCKaAhl, H3MepeHHble 

B JIH<l> AJI51 ABaA:u;aTH 5J:Aep-MHWeHeH B HHTepBane 

Mace 114 < A < 18 7, npoaHaJIH3HpoBaHhl c :u;eJihiO 

Bhl51BJICHH51 HHTeHCHBHhiX raMMa-nepeXOAOB Me)I(Ay 

npH6JIH)I(eHHO 3KBHAHCTaHTHbiMH B036y)I(AeHHbiMH 

ypoBH51MH (pHc.9) [24 ]. CAeJiaH BhiBOA o B03MO)I(

HOM Cy~eCTBOBaHHH B T51)1(eJibiX 51Apax rpynn B03-

6y)I(AeHHH BH6pa:u;HOHHOro THna C xapaKTepHbiM 

3HepreTHt~ecKHM HHTepBanoM E = 500+800 K3B. 

,UJI51 llOATBep)I(AeHH51 AaHHOro 3aKJIIO'IeHH51 HeOO

XOAHMbl H3MepeHH51 B p5J:Ae HeHTpOHHhiX pe30HaH

COB, 'ITO Tpe6yeT 3Ha'IHTeJibHOro (H AOpOroCT051~e
ro) yBeJIHt~eHH51 cBeTOCHJihl cy~eCTByro~ero cneKT

poMeTp a. HeKoTophiH nporpecc B 3TOM HanpaBJICHHH 

0)1(HAaCTC51 B 1994 r. B CJiyt~ae nOJiyt~eHH51 HOBbiX 

raMMa- AeTeKTopoB, 3aKa3aHHhiX B KpaKoBe. 
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PHC. 9. 3BBHCHMOCTb a6cOJJIOTHOH HHTeHCHBHOCTH ABYXKBBHTO

BblX KBCKBAOB HB nepaoe BO:J6yJKAeHHoe COCTOIIHHe 
174Yb OT 

3HepntH BO:J6yJKAeHHII . PHMCKHMH ~HciJpBMH nOMe'leHtol BepoiiT

Hble rpynnbl 3KBHAHCT8HTHblX COCTOIIHHH 
• 

I13Mepena.lil peaKUHH 14N(n, p) 14C B lly6ne u 

Kuese [251 B HHTepsane 3nepmii ueiiTponoB 
0+ 144 K3B D03BOJJHJIH yTBep~aTb, 'ITO Si,Apo 14N 
.liiBJJ.IileTC.Iil CHJlbHhiM norJJOTHTeJJeM HeHTpoHOB, OHO B 
3Ha'IHTeJJbHOH Mepe onpe~eJJ.IileT npoH3BO~CTBO H30-
TOna 19F B S-npouecce nyKJJeocunTe3a. 

11CCJJe~osanae peaKUHH 26Al(n, p)26Mg u 
26Al(n, a)23Na B 3KcnepaMenTe lly6ua- Jloc-Ana

MOC npuso~HT K BhiBO~y o 6oJJee CHJI&HOM, t~eM npe~
noJJaranoc& pauee, pa3pymeuuu S~,Apa 26 Al ua npo
Me)l(yTo'lnhlx CT~H.IiiX HyKJJeOCHHTe3a, 'ITO Ba)I(HO 
Y'IHThiBaT& B nonpa&Kax K na6mo~eHH.IiiM na raMMa
TeJJecKonax. 

3aKOH'Iena o6pa60TKa [26 I ooJJ&moro UHKJJa 

H3MepeHHH peaKUHH 36Cl(n, p)36s, KrpaiOIIJ,eH KJJIO

'IeByiO poJJ& 8 npoH3BO~CTBe H3orona 36S, KOTOphlii, 
B CBOIO O'lepe~b, cym;eCTBeHHO BJJH.IileT Ha pa3BeTB
JJeHHe 6hiCTporo u Me~euuoro nyTeii nyKJJeocHnTe-
3a. l13Mepenue 3HepreTH'IecKOH 3aBHCHMOCTH ce
'leHH.Iil (puc.l 0) B mupoKoii o6JJaCTH 3nepmu neiiT
ponoB ~0 800 K3B) nOTpeOOBaJIO npHMeHeHH.Iil 
Mnoroyposuesoro MYJJ&THKanan&uoro ¢opMaJIH3Ma 
auana3a. Pacc'IHTanna.lil c y1.1eroM ~annblx [26 I cKo-

poCT& peaKUHH oopa30BaHH.Iil 36S OKa3aJiaC& (271 B 
~sa pa3a Men&me acnoJJ&3yeMoii pauee B pac'leTax, 
'ITO D03BOJJ.IileT H36aBHTbC.Iil OT cym;eCTBYIOW:HX Tpy~-
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PHc. II . CpaaHeHHe ce'leHHH AeJJeHHII a1AJJSI 
237

Np, H3MepeHHb!X 

a CaKJJe (nyHKTHpHaSI JJHHHSI) , Ha HefiTpoHax nOA3eMHOro s3pbl&a 

(WTpHXnyHJtTHpHBII JIHHMII), HB CBHH~OBOM Ky6e Y HH&epcHTeTa 

KHOTO ('lepHble TO'IKH) H B JIH$ (CnJJOWHBSI JIHHHSI) 

. HOCTeH B TeOpeTH'IecKOM ODHCaHHH S-npouecca HyK
JJeocHHTe3a. 

npose~eHhl nepBhle COBMeCTHble H3MepeHHSI 
(n, a)-peaKUHH ua HCTO'IHHKe neiiTponos B Kapn

cpy3 C ~HoaKTHBHhiM o6pa3UOM 36S, DO~roTOBJieH
HhiM B .lly6ue, C UeJJbiO pemeHH.Iil ~aBHeH npo6JJeMhl 
Heonpe~eJJeHHOCTH B CKOpoCTH HyKJJeOCHHTe3a, CBSI-
3aHHOH C 3THM H30TODOM cephl. 

Ha cneKTpoMeTpe l1BP-30 3aBepmenhl H3Mepe
HH.Iil H aHaJIH3 Ce'leHH.Iil ~eJJeHH.Iil HeHTpoHaMH H30TO
na 237Np, Ba)I(HOro B 3~a'le TpaHCMyTaUHH MHHOp
HhiX aKTHH~OB. noJJy'leHHhle pe3yJJ&TaThl 003BOJJH
JJH yCTpaHHT& cym:eCTBOBaBmee pauee npoTH
Bope'IHe Me~y ~aHHhiMH pa3nhlx rpynn (pHc.ll). 

BhlnOJJneuae OTMe'lennhlx Bhlme pa60T oKa3a
JJOC& B03MO)I(HhiM 6JJaro~ap.lil rpanTaM P<I><I>I1, BKJJa-



~Y KOJIJia6opaHTOB H3 llonhmH, qexHH, CnoBaKHH, 

CiliA H H~epna~oB. 
TeopeTH'ICCKHe HCCJie~oBaHHJI. lloKa3aHo, 'ITO 

Me30HHble (Jr, p H W) CTeneHH CB060~bl cym;eCTBeH

Hbl ~JIJI OnHCaHHJI Sl~epHOro Bem;eCTBa, OC06eHHO 

npH 6oJibmoH: IIJIOTHOCTH H TeMnepaType. Mccne

~oBaH [28] nJIOTHbiH ra3 npH TeMnepaType 

T"" (1+2) m . l13MeHeHHe CneKTpa nHOHOB B TaKOM 
1t 

ra3e no CpaBHeHHlO CO CneKTpOM CB060~HbiX nHOHOB 

COCTOHT B 3aMeHe MaCChi mlt ::xt><f>eKTHBHOH MaCCOH 

mn(T), pacTym;eH: c TeMnepaTypoH:. OcHOBHhle Tep

MO~HHaMH'IeCKHe BeJIH'IHHbl CHCTeMbl yMeHbillalOT

CSI DO cpaBHeHHlO C ~eaJibHbiM nHOHHbiM ra30M. 

OpHrnHaJibHhlH MeTO~ [29 ] pemeHHJ~ MHOro

llaCTH'IHOH 3a~al.IH npHMeHeH ~ HCCJie~OBaHHSI CH

CTeMbl TpeX HeHTpOHOB. 06Hapy)l(eHO H o6hJICHeHO SIB

JieHHe B03HHKHOBeHHSI HCKyCCTBeHHbiX pe30HaHCOB • 

KaK He¢H3H'IecKHX pemeHHif, OOyCJIOBJieHHbiX Orpa

HH'IeHHeM o6JiaCTH paccMaTpHBaeMoro npocrpaHCTBa. 

3THM CTaBHTCSI no~ COMHeHHe nOJIY'IeHHhlH paHee Bbi

BO~ 0 Cyiit;eCTBOBaHHH TpeXHeHTpoHHOro pe30HaHca. 

IIPHKJIA,ll,HbiE HCCJIE,[J,OBAHHSI 

AKTHBaQHOHHbiH aHaJIH3. 3aBepmeHa MeTo

~H'IecKaSI pa6oTa nO HCnOJib30BaHHlO MXOB H XBOH 

COCHbl ~JISI 6HOMOHHTOpHHra aTMOCclJepHbiX Bhlna

~eHHH C nOMOIIt;blO HHCTpyMeHTaJibHOro HeHTpoHHO

ro aKTHBaU:HOHHOro aHaJIH3a [35,36 ]. J1cnOJib30-

BaHHe peKOp~HOro nOTOKa pe30HaHCHbiX HeHTpOHOB 

OT peaKTopa MBP-2 no3BOJIHJIO pacmupHTb 'IHCJIO 

onpe~eJISieMhlX ::meMeHTOB ~o 40 (HanpHMep, B Hop

Bemu onpe~eJISieTCSI 20 3JieMeHTOB). Ha~e)I(HO onpe

~eJISIJOTCSI MeTaJIJibl OT BaHMH.SI ~0 ypaHa, BKJIJO'Ia.SI 

P33, a TaK)I(e PM HeMeTaJIJIH'IeCKHx 3JieMeHTOB. 

B 1993 ro~y 3Ta MeTO~HKa 6biJia ucnoJih30BaHa ~JI.SI 
H3yt~eHH.SI pacnpe~eJieHH.SI aTMoc¢epHhlX Bhlna~e

HHH B p.SI~e TO'IeK HopBemH H B 20 TO'IKax KoJibCKO

ro noJiyocTpoBa. B noCJie~HeM CJiy'lae 6hiJIH npoCJie

:lKeHhl BbiiiMeHH.SI, B TOM l.IHCJie HHKeJISI, OT HHKeJieBbiX 

3aBo~oB Ha paCCTO.SIHHH JJ;O 300 - 500 KM. Pa60Ta npo

BOJJ;HJiaCb COBMecTHO c YHHBepcHTeTOM B TpoHXeifMe H 

Ylt~CTHTyroM npo6JieM 3KonomH CeBepa P AH. 

B KOJIJia6opau;uH c VIHCTHTYTOM JIHToc¢ephl 

3eMJIH P AH 6biJIH npoBeJJ;eHbl KOMIIJieKCHble HCCJie

~oBaHHSI nO 3arp.S13HeHHlO TSI)I(eJibiMH MeTaJIJiaMH H 

P33 6acceifHa BepxHeH Bonm H 0KH • .ll,n.s~ MOHHTO

puHra HCnOJib30BaJIHCb BOJJ;a, JJ;OHHble OCaJJ;KH H T .~. 

BbiSIBJieH PM aHoMaJIHH no 3arpS13HeHHJO, B t~acT

HOCTH, O~HH H3 npHTOKOB 0KH CHJibHO 3arpS13HeH 

U:HpKOHHeM. 

HeihpoHHaJI pa~Horpa¢HJI. llpoBe~eHhl HcCJie

~oBaHH.SI nepeHOCa HOHOB raJJ;OJIHHHSI no MHKpO-

llpeJJ;JIO)I(eHa H npoBepeHa [30] pact~eTaMH ~eSI 
pe30HaHCHOro ycHJieHH.SI Ce'leHHH peaKU:HH nepe-

~a'IH H eHTpoHOB (Tuna (p-,u)+ 10
Be-. (t-,u)+ 8Be) 

MpaM, BXO~SIIIt;HM B COCTaB Me30MOJieKyJI. 

C n OMOIIt;blO OpHmHaJibHOro MHKpOCKOnH'IeCKO

ro MeTO~a OnHCaHH.SI KJiaCTepHOH paJJ;HOaKTHBHOCTH 

C~eJiaHhl nOJJ;p06Hble paC'IeTbl [31 ,32] BepOSITHOCTH 

3MHCCHH Mep yrJiepo~a , KHCJIOpOJJ;a H HeOHa )J;JI.SI 

o6JiaCTH )J;O'IepHHX Mep B6JIH3H JJ;Ba~bl MarH'IeCKO-

ro .SI~pa 100
Sn50. llonyt~eHHhle TeopeTH'IeCKHe npeJJ;

cKa3aHH.SI [31 ,32 ], OTJIH'IalOIIt;HeC.SI OT paHee CJJ;eJiaH

HbiX Ha meCTb H 6onee nOp.SIJJ;KOB, nOJJ;TBep~eHhl 
H3MepeHH.SIMH, npoBeJJ;eHHhlMH B JISIP OUSIM. 

Teo peTH'IecKoe ucCJieJJ;oBaHHe [33,34] 3¢¢eK

TOB CTPYKTYPhl Ha'laJibHhlX H KOHe'IHhlX SIJJ;ep B 

KJiacTep HoM pacnaJJ;e yKa3hiBaeT Ha ux 6onee CJIO)I(

HYJO npHpoJJ;y, 'I eM B aHanom'IHOM no MexaHH3MY a

pacnaJJ;e . B t~aCTHOCTH, ¢aKTOphl 3anpeTa KJiacrep

HOH PM HOaKTHBHOCTH He MOryT 6b1Tb o6h.s~cHeHhl 
TOJibKO npu yt~eTe CHHrJieTHOro cnapuBaHHSI HYK

JIOHOB. 

Tpem;H aM B 6eTOHaX. lloJiy'leHHhle pe3yJibTaTbl 

no3BOJIHJIH cJJ;eJiaTb BbiBOA o TOM, 'ITO Ha nyt~Ke NQ 11 

peaKTop a MBP-2 B03MO)I(Ho ucnoJih30BaHue Me ToJJ;a 

JJ;HHaMH'IeCKOH paJJ;HOrpaclJHH JJ;JI.SI H3y'leHHSI nepeHO

ca HOHOB raJJ;OJIHHH.SI, KaJJ;MHSI, aHaJIOroB KaJibU:H.SI, 

KaJIH.SI H HaTpH.SI, a TaK)I(e XJIOpa. 3TH pa60Tbl Bbl

nOJIH.SIJIHCb coBMeCTHO c VIHCTHTYTOM Hepa3pyma

JOm;ux M eTOJJ;OB KOHTPOJI.SI (Caap6pJOKKeH). B 1994 r. 

IIJiaHHpy eTC.SI COBMeCTHO C03JJ;aTb ycTaHOBKY JJ;JI.SI 

JJ;HHaMH'IeCKOH paJJ;HOrpaclJHH. 

Heih poHHoe JierHpoBaHHe KpeMHHJI. B 1993 r. 

3aBepmeHbl npoeKTHpOBaHHe, H3roTOBJieHHe H MOH

Ta)l( ycTaHOBKH JJ;JISI npoMbiiDJieHHOro (JJ;O 1500 Kr) 

JierHpOBaHHSI MOHOKpHCTaJIJIOB KpeMHHSI (MaKCH

MaJibHble pa3Mepb1 CJIHTKa 0127x370 MM) Ha nyt~Ke 

NQ3 pe KTopa MBP-2, Ha'laThl nycKOHaJiaJJ;O'IHble 

pa6oThl . llpoBeJJ;eHhl npo6Hhle ceaHChl o6Jiyt~eHHSI 
o6pa3IJ:OB KpeMHHSI npH MOIIt;HOCTH peaKTOpa 

100 KBT c u:eJiblO onpeJJ;eJieHH.SI 3KcnnyaTaU:HOHHhlX 

napaMeTpOB ycTaHOBKH. 

Pa~HaiJ:HOHHaJI CTOHKOCTb MaTepHaJIOB. ITo 

npeJJ;JIO)I(eHHlO cPH3HKOB H3 JICB3, IJ:EPH H Cl>Pf Ha 

peaKTop e MBP-2 Ha'laThl HCCJieJJ;oBaHH.SI paJJ;Ha

U:HOHHOH CTOHKOCTH pa3JIH'IHbiX JJ;eTeKTOpOB H 3JieK

TpOHHbi X CHCTeM, pa3pa6aTbiBaeMhlX JJ;JISI 3KCne

pHMeHTOB Ha HOBbiX MOIIt;HbiX aJJ;pOHHbiX KOJIJiaHJJ;e

pax. 0 6ny'leHHSI 3JieKTpOHHOH annapaTyphl Ha 

ocHoBe GaAs, BKJIJO'IaBmeH: 20 HH3KomyM.sim;Hx 

npeJJ;yCHJIHTeJieH H cPOPMHpOBaTeJieH, noKa3aJIH, 'ITO 
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xapaKTepHCTHKH arrrrapaTyphl H3'lHH3IOT H3MeHSITb
CSI rrpH ua6ope ¢11IOeuca 1014 u/cM2 H arrrrapaTypa 

BA30BbiE YCTAHOBKH 

HMllYJihCHhi"A: PEAKTOP HBP-2 

B 1993 r. HBP-2 rrpopa6oTaJI ua ¢H3H'leCKHH 
3KCIIepHMeHT 2348 'l3COB H3 IIJiaHOBhiX 2500 'l3COB. 

C H3'laJI3 3HepreTH'leCKOro IIYCKa peaKTOpa (KOHen; 
1980 r.) ~0 01.01.1994 Ha ¢H3H'leCKHH 3KCrrepHMeHT 
uapa60T3HO 26038 'l3COB. 06m;ee KOJIH'leCTBO cpa6a-

PerJiaMeHTHbie pa6oTbi no .r~orpy3Ke aKTHBHOH 30Hbi peaKTopa 
HiiP-2 
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OK33hiB3eTCSI IIOJIHOCTbiO uepaOOTOCIIOCOOHOH IIOCJie 
IIOJiy'leHHSI ¢JIIOeHca 1015 u/cM2• 

ThiB3HHH aBapHHHOH 33ID;HThl 33 3TOT nepHO~ COCTa
BHJIO 318, H3 HHX Herrpe~B~eHHhiX- 307. 

LI,JISI ueH:TpoHOB c 3uepmeH: E > 0,1 M3B IIJIOT

HOCTb IIOTOKa HeHTpoHOB Ha CTeHKY KOpnyca 

peaKTopa rrpH MOm;HOCTH 2 MBT cocTaBJISieT 

1,3 ·1014 H/CM2 ·c. llpH YK333HHOH Bhlme uapaOOTKe 

¢JI10euc ueH:TpoHoB ua Koprryce peaKTopa K 01.01.94· 

~OCTHr 1,22 · 1022 H/CM2. 

AKTHBHaR 30Ha. LI,JIHTeJibHaSI 3KciiJiyaTaD;HSI 
peaKTOpa npHBeJia K 'l3CTH'lHOMY BhlropaHHIO 
TOIIJIHBa H COOTBeTCTByiOm;eMy IIOHH)I(eHHIO one
paTHBHOro 3arraca peaKTHBHOCTH. C 19 ITO 23 HIOJI11 
1993 r. c~eJiaua rrepBa11 ~orpy3Ka aKTHBHOH 30Hhl 
peaKTopa. ¥13 30Hhl 6hiJia H3BJieqeua KacceTa-HMH
TaTop (6e3 TOIIJIHBa) H yCT3HOBJieHa ~1111 ~JIHTeJibHO
ro xpaueHHSI B crreu;xpaHHJIHm;e peaKTopa. Ha ee Me
cro IIOCTaBJieHa TeiiJIOB~eJI11IOIII;3SI c6opKa (TBC) 
CO CBe)I(HM TOIIJIHBOM H3 ~BYOKHCH IIJIYTOHHSI. llpo
Be~eHHhle IIOCJie ~Orpy3KH H3MepeHHSI IIOK33aJIH, 

'ITO 33II3C peaKTHBHOCTH IIOBhiCHJICSI Ha BeJIH'lHHY, 
~OCT3TO'lHYIO ~JISI o6ecrre'leHHSI IIJI3HOBOH 3Hepro
Bhlp300TKH B Te'leHHe 6 KaJie~apHhiX JieT npH pa6o
Te peaKTopa B rrpe)I(HeM pa6o11eM pe)I(HMe. 

Ll,orpy3K3 3KTHBHOH 30Hbl K3K pa6oTa, OTHOC11-
III;3SICSI K pa3PMY Mepuo-orracublx, ocym;ecTBJieua c 
co6JIIO~euHeM KOMIIJieKca ueo6xo~HMbiX oprauu-
3an;uouao-TexunqecKHX Mep MepuoH: u pa~ua

u;nouuoH: 6e30II3CHOCTH. llo OKOH'l3HHH rreperpy30tf

HhiX pa6oT ua peaKTope 6hiJia rrpoBe~eua o11epe~uag 
KOMHCCHOHH3SI IIpoBepKa COCTOSIHHSI MepHOH, 
pa~H3D;HOHHOH H TeXHH'leCKOH 6e30II3CHOCTH CO CTO
poHbl rocaTOMH3~30pa PocCHH, rrpu 3TOM He 6hiJIO 
3a¢HKCHpoB3HO K3KHX-JIHOO OTKJIOHeHHH H uapy
meHHH OT ycTaHOBJieHHhiX rrpe~eJIOB 6e30II3CHOH 
3KCIIJIY3T3D;HH. 

IlOABHXHbiH OTpaxaTeJib. C OKTS16pSI 1987 r. ua 
peaKTOpe pa60TaeT BTOpOH IIO~BH)I(HbiH OTp3)1(3TeJib 
ll0-2, KOTOphiH 33MeHHJI Ha IDT3THOM MeCTe nepBhiH 
IIO~BH)I(HhiH OTp3)1(3TeJib ll 0-1, 0Tpa60T3BIDHH 
13211 11acoB c MOMenTa rrycKa peaKTopa. Pa3pemeu

HbiH pecypc pa60Tbl ll0-2 - 19000 113COB. 
K 01.01.94 uapa60TK3 ll0-2 COCT3BHJia 18791 113-
COB. B CBSI3H C BblpaOOTKOH pecypca ll0-2 B 1994 r. 
6y~eT rrpon3Be~eua ero 3aMeua ua HOBbiH no~BH::>K
HhiH (pe3epBHbiH) OTp3)1(3TeJib n0-2P. HoBa11 Ma
IDHHa ll0-2P - IIOJIHbiH aHaJIOr cym;eCTBYIOID;eH C 
6oJiee pa3BHTOH CHCTeMOH KOHTpOJISI 33 IIOJIO)I(eHHeM 
Bpam;aiOIII;HXCSI poTOpoB. 



B 1993 r. H3I'OTOBJieHHe II0-2P B ocHOBHOM 3a

BepmeHo, Be~eTCSI noy3JIOBaSI c6opKa H ~opa6oTKa. 
BhlnOJIHeHa 6anaHCHpOBKa poTopoB. TeMn pa6oT no 

TI0-2P KaK B 1992 r., TaK H B 1993 r. c~ep)KHBaJICSI 
H3-3a He~OCTaTO'IHOI'O <iJHHaHCHpoBaHHSI. 

ABTOMaTH3HpoBaHHaR CHCTCMa H3MepeHHH H 

ynpaBJICHHR H.BP-2. B cooTBeTCTBHH c npoeKTOM 

CHCTeMa COCTOHT H3 Tpex nO~CHCTeM: 1) KOHTpOJib 

TexHoJiorH'IeCKHX napaMeTpOB (T); 2) KOHTPOJib co

CTOSIHHSI peaKTOpa H OTpa)KaTeJISI (R); 3) <iJopMH

poBaHHe aBapHHHhiX H ynpaBJISIIOID;HX CHrHaJIOB (L). 

IIocTaBKa H MOHTa)K H3MepHTeJibHOH annapaTy

phl no~cHCTeMhl T 6hiJIH ocym;ecTBJieHhl B 1991 r. 

B Te'leHHe ~Byx JieT no~cHcTeMa Haxo~HJiaCb B pa6o

Te. IlepHO~H'IeCKHH KOHTpOJib xapaKTepHCTHK noKa-

3aJI, 'ITO OHa pa60TaeT CTa6HJibHO. 

B 1992 r. noJiy'leHa annapaTypa no~CHCTeMbl R, 
BhlnOJIHeH ee MOHTa)K Ha pa6011eM MeCTe, npoBe~eHO' 

OnpOOOBaHHe C nO~KJIIO'IeHHeM peaJibHbiX CHrHaJIOB. 

B 1993 r. npoH3Be~eHa ~opa6oTKa nporpaMMHOro 

o6ecnet.IeHHSI C ~eJibiO yMeHbilleHHSI BpeMeHHhiX 3a

~ep::>KeK npH <iJopMHpOBaHHH CHrHaJIOB Ha c6poc 

aBapHHHOH 3am;HThl. B HacToRm;ee BpeMSI xapaKTe

pHCTHKH CHCTeMhl COOTBeTCTBYIOT TeXHHt.IeCKOMY 3a

~aHHIO. B 1994 r. H3MepHTeJibHhle KaHaJihl no~cHCTe
Mbl R ~OJI::>KHbl 6h1Tb onpo6oBaHhl npH o6KaTKe HOBO

ro no~BH::>KHOI'O OTpa::>KaTeJISI Ha CTeH~e. 

Ilo no~CHCTeMe L B 1993 r. 3aBepmeHhl npoeKT

Hhle pa6oThl H H3roTOBJieHo o6opy~oBaHHe. B 1994 r. 

~OJI::>KHhl 6h1Tb npoBe~eHhl pa6oThl no HaJia~Ke. Pa6o

Tbl B 3Hat.IHTeJibHOH Mepe C~ep::>KHBaJIHCb He~OCTa

TOt.IHOCTbiO <iJHH3HCHpOBaHHSI. 

KpHoreHHbiH 3aMe~JIHTCJib (K3). KaK coo6m;a

JIOCb B OTt.IeTe 3a 1992 r., B KOH~e 1992 r. ocym;eCTB

JieH ¢H3Ht.IeCKHH nycK 3aMe~JIHTeJISI Ha OCHOBe TBep

~OI'O MeTaHa. .BhiJio ~OCTHrnyTo cym;ecTBeHHoe 

yBeJIHt.IeHHe noToKa xoJio~HbiX HeHTpoHoB OT K3 no 

cpaBHeHHIO CO illT3THbiM BO~SIHbiM 3aMe~JIHTeJieM 

npH KOMHaTHOH TeMnepaType. 

B 1993 r. npo~oJI::>KaJIHCb pa60Tbl no ocBoeHHIO 

3aMe~JIHTeJISI. fJiaBHbiMH H3 HHX 6hiJIH HCCJie~O
B3HHSI noBe~eHHSI TBep~oro MeTaHa no~ o6Jiyt.~eHHeM 
B YCJIOBHSIX, 6JIH3KHX K yCJIOBHSIM pa6oThl KpHoreH

Horo MeTaHOBOI'O 3aMe~JIHTeJISI npH MOID;HOCTH 2 

MBT B Tet.~eHHe ~JIHTeJibHoro BpeMeHH. I..:(eJihiO pa6o

Tbl 6biJIO nOJiyt.IeHHe CJie~yiOID;HX KOJIH'IeCTBeHHbiX 

xapaKTepHCTHK: cTeneHH pacnyxaHHSI MeTaHa no~ 

OOJiyt.IeHHeM, CKOpOCTH HaKOnJieHHSI H BbiBe~eHHSI 
pa~HOJIHTHt.IeCKOI'O BO~Opo~a, CKOpOCTH peaK~HH 

pa~HKaJIOB. 

Ha cne~HaJihHO co3~aHHOH ycTaHOBKe YP AM 

6biJIH noJiyt.~eHhl CJie~yiOm;He pe3yJihTaTbl: 

-- Pa~Ha~HOHHoro pacnyxaHHSI MeTaHa B 

HHTepBaJie TeMnepaTyp 20--60 K npH o6Jiy'leHHH 

~JIHTeJibHOCTbiO ~0 4 cyTOK He Ha6JIIO~aJIOCb. 

-- Ha6JIIO~eHa CHJihHaSI TeMnepaTypHaSI 3aBH

CHMOCTb KHHeTHKH BbiXO~a BO~Opo~a H3 MeTaHa. 

MOHT3>K HOBOI'O MO)zyJJSITOpa peaKTHBHOCTH AJISI peaKTOpa-lfliP- 2 

IlpH T < 50 K ~H¢¢Y3HSI BO~opo~a 6hiJia He-

3Ha'IHTeJihHa. IlpH T > 55 K CKopocTb ~H<t><I>Y3HH 

6hiJia HaCTOJibKO BbiCOKa, t.ITO npH OTOrpeBaX MeTa

Ha, KOTOpble npo~OJI)KaJIHCb OKOJIO 10 MHH., pa~HO

JIHTHt.ICCKHH BO~OpO~ ycneBaJI BbiHTH H3 MeTaHa ~0 

TOI'O, K3K MeTaH nJI3BHJICSI. 

-- CnoHTaHHaSI 6blcTpaS1 peaK~HSI peKoM6HHa

~HH pa~HKaJIOB (PPP) B yCJIOBHSIX 3KCnepHMeHTa 

YP AM He Ha6Jiro~anach. PPP HHH~HHpoBanach npH 

~OCTaT t.IHO 6hiCTpOM HarpeBe OXJia~aiOm;ero reJIHSI 

Ha 3--5 K, ecJIH nepe~ 3THM o6Jiyt.~eHHe npo~on::>Ka
JIOCb HC MeHee 4 t.!3COB. 

H a ocHoBe aHaJIH3a ~aHHhlx ¢H3Ht.IecKoro nycKa 

H HCCJie~oBaHHH Ha ycTaHOBKe YPAM pa3pa6oTaHa 

nporpaMMa HCnbiTaHHSI K3 npH MOID;HOCTH peaKTopa 

~o 2 M BT. Ilo pe3yJihTaTaM HCnhiTaHHH K3 6y~yT 
Bb16paHbl OnTHMaJibHble pe)KHMbl ero pa60Tbl. 

HE:ATPOHHhiA BYCTEP HBP-30 + JIY3-40 

B 1993 r. 6ycTep npopa6oTaJI Ha ¢H3H'IeCKHH 

3KCnepHMeHT B mTaTHOM pe::>KHMe 10 ~HKJIOB o6m;eH: 

~JIHTeJibHOCTbiO 2480 '13COB. 
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B KOHU:e 1992 r. yCTaHOBKa liiEP-30 6w ta nepe
~aHa no~ KOHTpoJib rocaToMHa~3opa PoccHn . B CB51-
3H C BBe~eHHeM HOBhiX HOpMaTHBHO-TeXHHqeCKHX 
~oKyMeHTOB B TeqeHHe 1993 r. npo~enaHa 6oJihWa51 
pa6oTa no npHBe~eHHIO 6ycTepa B COOTBeTCTBHe C 
HOBhiMH Tpe6oBaHH51MH nO 6e30naCHOH 3KCIIJiya
TaU:HH. 

<l>HHaHCHpOBaHHe lilnP- 30 ocyw.eCTBJISI.IIOCb H3 
BHe6IO~)I(eTHhiX nocTynJieHHH B HayqHoe xo3pac
qeTHoe no~pa3~eJieHHe «PeaKTop liiEP-30». 

liiMIIYJihCHbi:A. liiCTOqHliiK 
PE30HAHCHbiX HE:A.TPOHOB liiPEH 

B MapTe 1993 r. KoMHTeT IloJIHOMOl.(HbJ X Ilpe~
CTaBHTeJielf Olii51lii npHH51JI peweHHe o co3~aHHH Ho
Boro HMnyJihCHOro HCTOl.{HHKa pe30HaHCHhiX HeHTpO
HOB (liiPEH) B JIH<l>. JTOMY peweHHIO npe~rneCTBO
BaJia 6oJihWa51 no~roTOBHTeJibHa51 pa6oTa no Bbl6opy 
HaH60Jiee nepcneKTHBHOro HCTOl.{HHKa BMeCTO 6yc
Tepa liiEP-30. nhiJIH onpe~eJieHhl npoeKTHbi e napa
MeTphl ~BYX OCHOBHhiX CHCTeM ycTaHOBKH - yCKO
pHTeJI51 3JieKTpOHOB H pa3MHO)I(aiOID;eH MHWeHH. 

B 1993 r. B liiHCTHTyTe 51~epHolf ¢H3HKH CO 
P AH (HoBocH6HpCK) BhlnOJIHeH 6oJihWOH o6heM 
pa6oT no co3~aHHIO pa6oqero npoeKTa ycKopHTeJI51 
3JieKTpOHOB. B CB513H c 6JIH3KHM 3aBepweHHeM 

npoeKTHpoBaHH51 6hiJIO npoBe~eHO ~eTaJibHOe pacrr
pe~eJieHHe pa6oT no co3~aHHIO JIHHaKa Me~y lil51<l> 
H Olii51lii, npHqeM OKOJIO 20% HopMo-qacoB BhiCOKOH 
TexHOJIOmH 6y~eT ocBaHBaThC51 B HoBocH6HpcKe, a 
OCTaJibHhle - B LJ:y6He. lii~eT nO~roTOBKa K 
no~nHCaHHIO cPHHaHCOBOro ~OroBOpa Ha npOBe~eHHe 
pa6oT B lii51lii. 

HaJia)l(eHo TecHoe B3aHMo~elfcTBHe co CT3H
¢op~CKHM yHHBepcHTeTOM (CIIlA) no BonpocaM co
opy)l(eHH51 JIHHaKa. B npoeKTe liiPEH B KaqecTBe 
HCTOl.{HHKOB CBq-MOID;HOCTH 6y~yT HCnOJib30BaTbCSI 
CaMhle COBpeMeHHble H CaMhie MOID;Hhle B MHpe 
KJIHCTpOHhl, H3roTaBJIHBaeMhle B CT3H¢op~e. Ilo~
roTOBJieHo H no~nHCaHO COOTBeTCTBYIOID;ee COrJia
weHHe Me~y LJ:enapTaMeHTOM 3HeprHH (USDQE) H 
Olii51lii. IloJiyqeHo pa3peweHHe H Bhlpa6oTaHa npor
paMMa ~eHCTBHH no BOnpocy nOCTaBKH KJIHCTpOHOB 
H KOMIIJieKTOB o6opy~OBaHH51 K HHM. IJepBhiH KJIHCT
pOH H o6opy~oBaHHe K HeMy oiiJiaqeHhl Olii.SH1. 

B Jia6opaTopHH o6pa3oBaH HOBhiH HayqHo-3KC
nepHMeHTaJihHhiH OT~eJI, 3a~aqelf KOTOpOro 51BJI51eT
C51 peaJIH3aU:H51 npoeKTa liiPEH. C u:eJihiO COKpa
ID;eHH51 CpOKOB npoeKTHpOBaHH51 H COOpy)l(eHHSI H 
yMeHhWeHH51 3aTpaT Ha peaJIH3aU:HIO o6pa3oBaHa 
KOOnepaU:H51 Me~y JIH<l> H HeKOTOpbiMH Jia6opa
TOpH51MH Olii.Silii. B JI51II npoB0~51TCSI pa3pa6oTKa H 
npoeKTHpOBaHHe cPOKYCHpyiOID;eH CHCTeMbl JIHHaKa 
H KaHaJia TpaHCnOpTHpOBKH nyqKa Ha MHWeHb. 

fipOeKTHbie pa60Tbl no C03):1aHHIO HCTO'IHHKa pe30HaHCHbiX HeHTpOHOB (HPEH) Ha 6aae ypaH-nJJyTOHHeBOI'O 6ycTepa l•lfiP-30 
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3~eCb Jt<e Be~eTC.sJ OOID;a.sJ KOMnOHOBKa JIHHaKa B cy
m;eCTByiOID;eM 3~aHHH. K pa3pa6oTKe 3JieKTpoHHOro 
HCTO'IHHKa ~JI.sJ JIHHaKa no~KJIIO'IeHhl cOTpy~HHKH 

JIB3 H JI.siii. K Hacro.s~m;eMy BpeMeHH 3aBepweH 
sapHaHT BePTHKaJibHOH KOMnOHOBKH 3JieKTpoHHOro 
HCTO'IHHKa H BhiCOKOBOJibTHOI"O nHTaHH.sJ ~JI.sJ Hero. 
B HOBOM OT~eJie se~yTC.sJ paOOThl no pa3pa6oTKe MO
~YJISITOpoB ~JI.sJ aMepuKaHCKHX KJIHCTpoHOB. O~HoB
peMeHHO CHJiaMH OT~eJia Ha'laThl npoeKTHhle H 3KC
nepHMeHTaJibHhle paOOThl no BhiOOpy 3JieMeHTOB 
CHCTeMhl ~Hai'HOCTHKH ny'IKa JIHHaKa. 

3aKJIIO'IeH ~oroBop c HHKH3T (MocKBa) Ha 
pa3paOOTKY TeXHH'IeCKOro npoeKTa MHWeHHOro 

KOMDJieKca yCTaHOBKH HPEH. C IIKHU: «PeKOHCT
PYKD;H.sJ>> (MocKBa) 3aKJIIO'IeH ~oroBop Ha pac'leTHO
TeXHH'IecKoe o6ocHOBaHHe pa3MHOJKaiOID;eH MHWeHH, 
o~HaKo H3-3a HecBoeBpeMeHHOH BhiDJiaThl aBaHca no 
~oroBopy co CTOpoHhl OH.siH BhlnOJIHeHHe ~oroBopa 
3~ep:ll<aHO Ha nOJiro~a. Co0TseTCTBeHHO, 3TO ~HHy
JIO BbiDOJIHeHHe pa60T B HHKH3T. c rcrrH (Moc
KBa) 3aKJIIO'IeH ~orosop Ha co~aHHe pa6ot~ero npoeK
Ta HPEH , BKJIIO'IaiOm;ero ~eMoHTaJK 6ycrepa HBP-30 
H pa3Mem;eHHe y3JioB Hosoro ycKopHTeJISI MeKTpoHOB 
H MHWeHH pa3MHOJKHTeJI.sJ HeHTpoHOB B cym;eCTBy
IOIQHX noMem;eHH.sJX. B HaCTOgm;HH MOMeHT B~C.sJ 
npoeKTHhle pa6oThl B TecHOM COTpy~'leCTBe C JIH <I>. 

H3MEPHTEJihHO-BblqHCJIHTEJibHhlR KOMIIJIEKC 

B 1993 r. 6hiJia BhiBe~eHa H3 3KCDJiyaTan;HH PDP 
11/70, npoCJiyJKHBWa.sJ JIH<I> 12 JieT. BBe~eHHe B 
3KCDJiyaTan;HIO n.sJTH SPARCstation-2 H ~Byx 

SPARCserver-2 no3BOJIHJIO yBeJIH'IHTb Bhi
'IHCJIHTeJibHhle B03MOJKHOCTH JIH<l>, C03~aTb HOBYIO 
CHCTeMy apXHBH3aD;HH (CBhiWe 6 r6aHT ~HCKOBOro 
npocrpaHCTBa, cMeHHble M.O. ~HCKH, MarHHTHhle 
JieHThl THna Exdbyte) H o6pa6oTKH 3KcnepHMeH
TaJibHhiX ~aHHhiX. 

KoMn&JOTepHail ceT&. II po~oJIJKaJIOCb pa3BHTHe 
HH<!>paCTpyKTYPhl ceTH Ethernet. Co3~aHhl TPH HO
Bhlx cerMeHTa B noMem;eHH.sJX peaKTopa HBP-2: 
o~HH B 3KcnepuMeHTaJibHOM 3aJie NQ 1 H ~Ba B Kopny
ce ynpaBJieHH.sJ peaKTopa. B HaCTo.s~m;ee BpeM.sJ KOM
n&IOTepHa.sJ CeTb JIH<I> ofu.e~HH.sJeT CBhiWe 100 nep
COHaJibHhiX 3BM H 3BM <!>H3H'IeCKHX ycTaHOBOK, 
nsrTb SPARCstation-2, ~Ba SPARCserver-2, ~Be 
MHKpo3BM VAX-II H 'leThlpe cTaHn;HH VME. 

li3MepHTeJibHble CHCTeMbl <!>H3H'IeCKHX yeT a
HOBOK. B 1993 r. npoBO~HJIHCb paOOThl no C03~aHHIO 
annapaTyphl H nporpaMMHoro o6ecnet~eHH.sJ ~JI.sJ 
H3MepHTeJibHhiX CHCTeM <!>H3H'IeCKHX ycTaHOBOK Ha 
peaKropax HBP-2 H HBP-30, B TOM 'IHCJie H B CTaH
~aPTe VME. 

Ha ~u<t>paKTOMeTpe <I>.D:BP coBepweHCTBoBa
JiaCb 3JieKTpoHHaSI annapaTypa MHOroKaHaJibHOro 
li-~eTeKTopa. Co3~aHa annapaTypa ~JISI 90• -ro ~e-
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JIAEOPATOPI151 
BhlqHCJIHTEJibHOfiTEXHHKH 
H ABTO MA Tl13AL(l1l1 

B cooTBeTCTBHH c pemeHHSIMH 73 ceccHH YqeHo
ro coBeTa OH.sllil B Jia6opaTopHH BhlqHCJIHTeJibHOH 
TeXHHKH H aBTOMaTH3aU:HH BblnOJIHeHbl pa60Tbl no 
pa3BHTHIO H 3<t><l>eKTHBHOMy HCnOJib30BaHHIO 
HH<i>opMaU:HOHHO-BblqHCJIHTeJihHOH HH<i>paCTYKTYPhl 
YIHCTHTyTa. Co3AaHbl HOBble H MOAepHH3HposaHhl 
HMeBmHeCSI naKeTbl CHCTeMHbiX H npHKJiaAHbiX 

nporpaMM AJISI 3BM pa3JIHqHbiX ypoBHen. Pa3pa6o
TaHbl MaTeMaTHqeCKHe MeTOAhl, aJiropHTMbl H C03Aa
Hbl KO IIJieKCbl nporpaMM o6pa60TKH <i>H3HqeCKOH 
HH<i>OpMaU:HH, MOAeJIHpOBaHHSI <l>H3HqeCKHX ycTaHO
BOK H aHaJIH3a 3KcnepHMeHTaJihHhiX AaHHhiX. Bhl
noJIHeHhl 3aKa3hl <l>H3HqecKHX rpynn no o6pa6oTKe 
KaMepHbiX CHHMKOB. 

PA3BHTHE HH <I>OPMA:U:HOHHO-BblqliCJIHTEJibHOH 
HH<I>PACTPYKTYPhlliHCTHTYTA 

CPE.ll.CTBA IIEPE.ll.A qlil HH<l>OPMAU:HH, 
PA3BHTHE BA30BbiX 3BM 

B cocTaBe u:eHTpaJihHoro BhlqHCJIHTeJihHoro 
KOMIIJieKCa BBeAeHbl B 3KCIIJiyaTaU:HIO 3BM 
CONVEX-C120 H TPH pa6oqHe cTaHU:HH THna SUN 
Spare. 

MamHHa EC 1061 BhiBeAeHa H3 3KCnJiyaTa
U:HH. Ha ocHoBe 3BM CONVEX-C120, SUN 
SPARC STATION II H p.VAX II C03AaH pac-

JJ:HpeKL\Hll JIBTA: KaH)IH
IIaT ¢H3HKO-MaTeMaTH
qecKHX HayK B.B.KopeHb
KOB, npo¢eccop P.Tio3e, 
npo¢eccop H .B.Tiy3biHHH 

npeAeJieHHhiH UNIX-cepBep. OcHOBHaSI 3aAaqa 
3Toro cepBepa : o6ecneqeHHe Ha 6a3e eAHHoro 
HHTep<t>euca B cpeAe UNIX noJih3oBaTeJien Jio
KaJihHoi{ CeTH 06heAHHeHHOro HHCTHTyTa Bbi
qHCJIHTeJibHbiM, nporpaMMHbiM H <t>aHJIOBbiM• Cep
BHCOM. 

IJpoBeAeHa qaCTHqHaSI MOAepHH3aiJ;HSI 06ID:e
HHCTHTYTCKHX KOMnbiOTepHbiX CeTeH JINET H 
ETERNET 3a cqeT noAKJIIOqeHHSI AOnOJIHHTeJihHhlx 
MamHH, B TOM qHCJie 3BM CONVEX, HecKOJihKHX 

113 



~eCXTKOB nepcOHaJibHhiX KOMnbiOTepoB H paOO•IHX 
CTaHI.J;HH. 

Ha11aJI ¢YHKD;HOHHposaTb B~eJieHHhiH KaHan: 
KOMnbiOTepHoH: CBX3H Ha MocKBY c nponycKHOH cno
co6HOCTbiO ~o 19,2 K6uT/c. KaHan: pa6oTaeT no 
Me~yHapo~HoMy npoToKoJiy TCP/IP H npe~ocTaB
JIXeT cpe~CTBa y~an:eHHOI'O BXO~a B 3BM (B TOM 
'IHCJie H 3apy6e)I<Hhle), o6MeHa ::meKTpoHHOH noll
roll, MaTepuan:aMH TeJieKOH¢epeHD;HH, ¢ aHJiaMH 
~aHHhiX H nporpaMMaMH. 

llpose~eHhl TeCTOBble ceaHChl ~JIX cnyTHHKOBOI'O 
KaHan:a, s~eJieHHoro o6be~HHeHHeM INT ELSA T 
~Jix CBX3H ceTeH: 0115111 c y3JIOM ceTH HEPNET s 
INFN (11TaJIHX) [1 ]. 

B COOTBeTCTBHH C npoeKTaMH C03~aHHX HH¢op
Mai.J;HOHHOH HH¢pacTpyKTyphl 0115111 ~JIX nOJib30Ba
TeJieH JIOKaJibHOH ceTH ARCNET pean:H30BaHa B03-
MO)KHOCTb BhiXO~a Ha 3BM I.J:BK, C03~aH hl 6a3bl 
~aHHhiX y'leTHOH H HOpMaTHBHO-CnpaBO'IHOH 
HH¢opMai.J;HH Ha MarHHTHhiX HOCHTeJIXX. B Hay'IHO
TeXHH'IeCKOH 6H6JIHOTeKe Ha 6a3e nepCOHaJibHbiX 
KOMnbiOTepos co3~aHbl pa6o11ue MecTa, o6ecne'IHBa
rom;ue pa6oTy noucKosoH: CHCTeMbl INIS; 6a3a ~aH
HhiX 6H6JIHOrpa¢H'IeCKOH HH¢0pMaD;HH OXBaThiBaeT 
nepHO~ nOCTynJieHHH KHHr, CTaTeH H npenpHHTOB, 
Ha'IHHax c 1987 ro~a. 

E)KeKBaPTaJibHO npOH3BO~HTcx nonoJIHeHHe 6a-
3bl ~iHHblx ¢H3HKH 'laCTHI.J; PPDS. 

3an 3BM CONVEX 
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CI1CTEMHOE 
11 llPI1KJIA)l,HOE llPOfPAMMHOE 
OEECllEIIEHI1E 3BM 

llOJIY'IHJIH pa3BHTHe 6H6JIHOTeKH nporpaMM 
o6m;ero Ha3Ha'leHHX Ha 3BM Tuna VAX, EC, 
CONVEX H PC. BhlnOJIHeHhl pa6oThl no BHe~peHHIO 
15-H: sepcHH 6u6JIHOTeKH NAG Ha EC 3BM, a~an
THpoBaHhl H BHe~peHhl 6u6JIHOTeKa «.ll:y6Ha» Ha 
3BM CONVEX H 6u6JIHOTeKH U:EPH (sepcHH 92s, 
93c, 93d) Ha EC, VAX H PC 3BM. 

llonOJIHHJIHCb HOBhiMH nporpaMMaMH 6H6JIHO
TeKH CPC. 

Pa3pa6oTaHa H sse~eHa B 3KCnJiyaTau;uiO npor
paMMHax HMCTpoHKa Ha~ onepau;HOHHOH CHCTeMOH 
VAX VMS ~Jix B3aHMo~eH:crsux B pe)KHMe MeHro c 
3BM VAX. OcsoeHa pa60Ta c pyccKo-JiaTHHCKHMH 
TeKCTaMH, a TaK)Ke CHCTeMOHe3aBHCHMhiH 3KpaHHhlH 
pe~aKTOp TeKCTOB ~Jix 3BM VAX, SUN u MHKpo
V AX c onepau;uoHHOH cucTeMoH: UL TRIX [2 ]. 

KOMllJIEKC PAEOIII1X 
11fPA~I11IECKI1XCTAHU:11R 

Ha KOMnJieKce pa6o11ux cTaHu;uH: KOHTPACT
CI1HC c coTpy~HHKaMH ~pyrnx Jia6opaTopuH: npo
BO~HJIHCb Hay'IHO-HCCJie~OBaTeJibCKHe paOOTbl no 
nporpaMMHOMy o6ecne11eHHIO px~a 3KCnepnMeHTOB 
(~OEOC, BACI1JII1CA, fHC, DISTO, MIIC, SDC, 



AJiama~H!I nporpaMMHOI'O o6ecne'leHH!I UEPH WJ!I UNIX-Ma
WHHOIUUI 

CMS). B xo~e Hx npose~eHH~ BhiiTOJIHeHo Mo
~enHposauHe tj>H3H'IeCKHX rrpou.eccos H 3KC
nepHMeHTaJibHhiX ycTaHOBOK; C03~aHhl aJII'OpHTMhl 
~JI~ o6pa60TKH 3KCnepHMeHTaJibHhiX ~aHHbiX H 
CHCTeMbl HX aHaJIH3a C HCITOJib30BaHHeM Cpe~CTB 

MamHHHOH rpatj>HKH; pa3pa60Tauo nporpaMMHOe 
o6ecne'leHHe ~JI~ CHCTeM c6opa HHti>opMaiJ.HH H KOH
TpOJISI 3a XO~OM 3KCnepHMeHTa. 

CosMeCTHO c coTpy~HHKaMH JI.SIP pa3pa6oTaHa 
MHOI'OOKOHHa~ ~HaJIOI'OBa~ o60JIO'IKa CHCTeMbl o6pa-
60TKH ~aHHhiX c ycTaHOBKH BACHJIHCA B cpe~e 
PAW. 

,lJjiSI aBTOMaTH3aU.HH tj>H3H'IeCKHX 3KCnepHMeH
TOB, BbiiTOJIHSieMbiX C HCITOJib30BaHHeM KHHeMaTH'Ie
CKOI'O cenapaTopa Mep oT~a'IH BACHJIHCA, co3~a
Ha CHCTeMa ynpaBJieHHSI 6a30H ~aHHbiX. lliHpoKHH 
cneKTp B03MO::>KHOCTeH, 3aJIO::>KeHHbiX B CHCTeMy, ~e-

JiaeT B03MO::>KHbiM ee npHMeHeHHe H B ~pymx 3KC
nepHMeHTaX B o6JiaCTH HH3KHx 3HepmH:. 3To CHCTe
Ma 3aMKHYTOI'O THITa C TpexypoBHeBOH apXHTeKTy
poH, OpHeHTHpoBaHHaSI Ha a6CTpaKTHbiH THIT ~aH
HbiX [3 ) . 

.ll,JISI ycTaHOBKH <I>OBQC HHTepaKTHBHaSI npor
paMMa o6pa6oTKH ~aHHbiX A THENE 6b1Jla nepeBe
~eHa c S13h1Ka RM-FORTRAN Ha NDP-FORTRAN, 
'ITO rro3BOJIHJIO cyiiJ.eCTBeHHO yJiy'lmHTb ee xapaK
TepHCTHKH~ 

flpe~JIO::>KeHhl HOBble nepeMeHHble, ll03BOJISI
IOIIJ.He npoBO~HTb 3<PQ>eKTHBHYIO CeJieKIJ.HIO C0-
6biTHH, co~ep::>KaiiJ.HX BTOPH'~HYIO BepmHHy. Hx 
npHMeHeHHe He Tpe6yeT npoBe~eHHSI ITOJIHOH reo
MeTpH'IeCKOH peKOHCTpyKU.HH C06hiTHSI C U.eJibiO 
noHCKa nepBH'IHOH H BTOPH'IHOH BepmHH. HcrroJib-
3oBaune HeHTpOHHOH CeTH ~JISI KJiaCCHtj>HKaU.HH C0-
6hiTHH B· npocTpaHCTBe 3THX nepeMeHHbiX ~eJiaeT 
~eHTHtj>HKaiJ.HIO CHrHaJibHbiX H ti>oHOBbiX C06biTHH 
npaKTH'IeCKH O~H03Ha'IHOH [ 4 ). 

3KC JIY AT AUH51 BA30BhiX 
3JIEKT POHHO-Bhll:IHCJIHTEJihHhiX MAIIIHH 
H fiPOCMOTPOBO-H3MEPHTEJihHO:A 
AITITA PA TYPhl 

3 aBepmeHO MeTO~H'IeCKOe HCCJie~OBaHHe CHCTe
Mbl H3MepeHHH CHHMKOB cneKTpoMeTpa MHC-2 Ha 
aBTOMaTe HPD. 

3 a 1993 ro~ Ha HPD H3Mepeuo 43,5 T~c. co-
6hiTHH c ycTaHOBOK YITK H MHC-2. Ha noJiyasTo
MaTH ecKoH: CHCTeMe ITYOC - CAMET H3MepeHo 
355,9 TbiC. TpeKOB c ycTaHOBOK rHBC, CB.ll. H 
C<I>EPA. 

Ta6JLuu,a ucnoJLb3oeaH.uSL 6a3oebLX 3BM noiJpa3iJeJLeH.UJLMU HH.cmumyma ( e ttacax) 

JIBTA IDITI JITct> JIB3 JICB3 lliiP JIHct> llpo•me Bcero 

KoMnJieKc EC 3BM 4182 2537 146 1276 8416 188 12 21 16778 
(EC-1066A,B; EC-1037A,B) 

VAJ{-8350-Knacrep 738 3717+1301* 540 3371 1468 134 115 1008 12392 

CBC-6500 418 12 385 1155 547 80 108 175 2880 

• BpeM!I 3KCnepHMeHTa DELPHI 

MATEMATHqECKOEOBECllEqEHHECHCTEM 
OBPABOTKH 3KCllEP:UMEHT AJibHbiX .ll,AHHbiX 

BoJihmoe BHHMaHHe B 1993 ro~y 6b1Jlo y~eneHo 

BOllpOCaM ITOBhiiDeHHSI 3<PQ>eKTHBHOCTH CHCTeM 

o6pa60TKH 3KcnepHMeHTaJibHhiX ~aHHbiX. Pa60Tbl B 

3TOH 06JiaCTH BeJIHCb ITO CJie~yiOIIJ.HM HanpaB

JieHHSIM: 

- co3~aHHe pacnpe~eJieHHbiX cHCTeM o6pa-
6oTKH 3KCnepHMeHTaJibHbiX ~aHHhiX; 

- ManTaiJ.H~ Tpa~HIJ.HOHHbiX . CHCTeM MaTe
MaTH eCKOH o6pa60TKH ~aHHbiX K B03MO::>KHOCTSIM 
6oJie MOIIJ.HbiX 3BM H ITOBhlmeHHe ypOBHSI aBTO
MaTH3aU.HH; 
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- BHeApeHHe :xt>¢eKTHBHhiX MeTOAOB H TeXHO

JIOI'HH o6pa6oTKH 3KCnepnMeHTaJibHhiX AaHHhiX 

¢H3HKH BhiCOKHX 3HeprHH B 3KCnepHMeHTaJibHhle 

HCCJieAOBaHHSI no ¢H3HKe HH3KHX H npoM e)KyTO'I

HhiX 3HepmH:; 

- pa3pa60TKa HOBhiX aJII"OpHTMOB H C03AaHHe 

Ha HX OCHOBe nporpaMM AJISI npHMeHeHHSI HeHpoH

HhiX CeTeH H KJieTO'IHhiX aBTOMaTOB npH n OHCKe H 

anaJIH3e co6hiTHH s 3JieKTpoHnhlx 3KcnepHM enTax. 

.ll,JISI 3KCnepHMeHTOB na ycTaHOBKe 3 K CqAPM 

C03AaHa CHCTeMa MaCCOBOH oopaOOTKH Aa HHhiX C 

npoH3BOAHTeJibHOCTbiO 2 · 10
6 

TpHITepoB B HeAeJIIO 

ua 6a3e KOMnJieKca EC 3BM, ycTpoHCTB naKon

JieHHSI AaHnhlx Exabyte-8500 H nepconaJibn oro KOM

nbiOTepa THna IBM, 'ITO no3BOJIHJIO B C)KaThle cpoKH 

npoBeCTH OOpaOOTKY AaHHhiX, noJiy'leHHhiX B 3KC

nepHMeHTe. 

ll pH peaJIH3aD;HH nporpaMMhl HCCJieAOBaHHH 

B3aHMOAeHCTBHH MaJIOHYKJIOHHhiX CHCTeM aBTO

MaTH3HpoBaHa AOCTaTO'IHO rpoM03AKaSI CHCTeMa Ma

TeMaTH'IeCKOH o6pa60TKH 3KCnepHMeHTOB C 

¢HJ1bMOBhiM CbeMOM HH¢QpMaD;HH, 'ITO n p HBeJIO K 

cy~ecTBeHHOMY yCKOpeHHIO nOJiy'leHHSI p e3yJibTa

TOB (5 ). llpeAJIO)KeHhl H peaJIH30BaHhl pa3JIH11Hhle 

aJiropHTMhl BOCCTaHOBJieHHSI HMnyJibCOB BTOpH11HhiX 

3apSI)KeHHhiX 'laCTHD;, pemCTpHpyeMhiX Mar HHTHhiM 

cneKTpoMeTpoM MACIIHK [6 ]. 

HpocTpancTseuuoe soccTanosJienHe TpeKos 

SIBJISieTCSI Ba)KHOH 'laCTbiO o6pa60TKH AaHHhiX B 

¢H3HKe BhiCOKHX 3HepmH. 0AHa H3 rJiaBHhiX nepe

meHHhiX npOOJieM nOSIBJISieTCSI Ha CTaAHH ofu,eAH

HeHHSI Z-KOOPAHHaT c XY-TpeKaMH (npo6JieMa Z

HAeHTH¢HKan;HH). .ll:JISI ee pemenHSI npeAJIO)Keuo 

HCnOJib30BaTb HH¢opMaD;HIO 0 nOJIHOM HaBeAeHHOM 

3apSIAe B AOnOJIHeHHe K H3BeCTHhiM CTaUAa pTHhiM 

MeTOAaM. Ha OCHOBe 3TOH HH¢QpMaD;HH CKOHCT

pyHpoBaHhl HOBble 3<fxt>eKTHBHhle aJII"OpHTMhl BOC

CTaHOBJieHHSI Z-KOOPAHHaThl. 3TH anropHTMhl npo

TeCTHposanhl ua peaJibHhiX p. -+ 3e- H :rc -+ 3ev-co-
6hiTHSix, noJiyqennhlx ua ycranoBKe APE9 [7 ]. 

Co3Aana po6acTHaSI pOTOpuaSI MOAeJib ueH:poHHOH 

CeTH AJISI o6pa60TKH AaHHhiX, nOJIYlleHHhlx n pH MO

AeJIHpoBaHHH pa6oThl cneKTpoMeTpa APEC. IIposeAe

Hhl HCCJieAOBaHHSI no OD;eHKe nOBeAeHHSI nocrp oeHHOH 

MOAeJIH B CJiy'lae 6oJibmOH MHO)KeCTBeHHOCTH TpeKOB B 

cOOhiTHSIX H BhiCOKOM ypoBHe myMOB [8, 9 ). 

PaccMOTpenhl MeTOAhl 1-ro H 2-ro nopSIAKa AJHI 

o6y11eHHSI MHOI"OCJIOHHOH HeHpoHHOH CeTH «feed

forward» THna. llpeAJIO)KeH aJII"OpHTM Ha OCHOBe 

o6o6~eHHSI MeTOAa HbiOTona H npoBeAeno ero cpas

uenHe c OOhi'IHhiM MeTOAOM <<back-propagation». no

Ka3ano, 'ITO npeAJIO)KeHHhiH anropHTM o6ecne11HBa

eT 6oJiee BhiCOKOe Ka'leCTBO o6y11eHHSI [10 ). 

llpoBeAeH cpaBHHTeJibHhiH aHaJIH3 MO~HOCTeii: 

MHOI"OMepHhiX KJiaCCH¢HKaTOpoB Ha OCHOBe HHTer

paJibHhiX uenapaMeTpH11eCKHX KPHTepHeB corJiaCHSI 

H MHOroCJIOHHhiX nepn;enTpoHOB AJISI CJiyqaeB, KOrAa 

aHaJIH3HpyeMhle pacnpeAeJieHHSI npeACTaBJISIIOT C0-

6oH: OAHOBpeMeHHhle H3MepeHHSI OAHHX H TeX )Ke 

¢H3H11eCKHX BeJIH11HH uecKOJibKHMH AeTeKTopaMH 

3KCnepHMeHTaJibHOH yCTaHOBKH. C nOMO~biO 11HC

JieHHOI"O 3KCnepHMeHTa noKa3aHO, 11TO MHOI"OCJIOH

HhiH nepu;enTpoH o6ecne11HBaeT MO~HOCTb, 6JIH3-

KYIO K npeAeJibHOH, eCJIH UAeHTH¢HKaD;HSI co6hiTHH 

npoBOAHTCSI B npocTpaHCTBe :xt>¢eKTHBHhiX nepe

MeHHhiX (11 ). 

llpeAJIO)KeH 6hiCTphiH, yCTOH11HBhiH K H3MepH

TeJibHhiM OmH6KaM H ¢Quy peKyppeHTHhiH aJiro

pHTM, peaJIH3yiO~HH CeMeHCTBO D;H¢pOBhiX aAan

THBHhiX ¢HJibTpoB, C H3BeCTHhiMH BeCOBhiMH 

¢YHKD;HSIMH - npoeKTHBHhiMH HHBapHaHTaMH. 

CJie)KeHHe no JIHneH:noMy HJIH KBaApaTH'IHOMY 

yqacrKy TpeKa BeAeTCSI ua ocuose MHK H c HCnOJib-

3osanHeM Hn¢opMan;HonuoH: o6paTnoH: CBSI3H. Ocuo

BaHHhle ua ¢yHAaMeHTaJibHhiX npHnn;Hnax aAan

THBHhle npoeKTHBHhle ¢HJibTphl MOryT npHMeHSITbCSI 

B aAeKBaTHhiX CHCTeMaX ynpaBJieHHSI npon;eCCaMH 

COOpa, o6pa60TKH H C)KaTHSI AaHHhiX, B TOM 11HCJie 

npH pemenHH TpeKOBhiX 3aAa11 AJISI mHpoKoro KJiacca 

AeTeKTOpoB H ua pa3JIH11HhiX yposHSIX o6pa60TKH co-

6hiTHH [12 ). 

Pa3pa6oTaHhl anropHTM H CTPYKTypa Bhi11HCJIH

TeJibHOH cpeAhl Ha 6a3e CHCTOJIH11eCKHX MaTpHD; B 

OAHOpoAHOH Bhi11HCJIHTeJibHOH cpeAe, peaJIH3YIO~He 

KOHBeHepuyro, 6biCTpyiO o6pa60TKY TpeKOBOH HH

¢QpMaD;HH, CHHMaeMOH C AeTeKTOpoB 3KCnepHMeH

TaJibHhiX yCTaHOBOK. llpeAJIO)KeHHaSI CHCTeMa KOH-

• seH:epuoH: o6pa6oTKH peaJIH3yeT noJinoe pacnapaJI

JieJIHBauHe Bhi11HCJIHTeJibHOI"O npon;ecca B MaCCHBe 

OAH06HTOBhiX npou;eccos H o6ecneqHsaeT pipe

processing C TaKTOM 25 HC H rJiy6HHOH B 40 TaKTOB B 

3aAa11aX TpHrmpoBaHHSI (¢HJibTpaD;HH) B peaJibHOM 

BpeMeHH B CHCTeMaX COOpa H o6pa60TKH AaHHhiX 

3KCnepHMeHTaJibHOH ¢H3HKH [ 13 ). 

PA3PABOTKA IIPHKJIA.IJ:HhiX METO.IJ:OB BhlqHCJIEHH:A 

Pa3pa6oTan MeTOA pac11eTa MamHTHhlx CHCTeM c 

MY JlbTHnOJibHOH CHMMeTpHeH B paMKaX HHTerpaJib

HOH nocTaHOBKH. llyTeM pa3JIO)KeHHSI noJISI s rap

MOHH'IeCKHH PSIA no a3HMYTY HCXOAHOe Tpen lepuoe 
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HHTerpaJibHOe ypaBHeHHe CBOAHTCSI K 6eCKOHe11HOH 

CHCTeMe AByMepHhiX HHTerpaJibHhiX ypaBHeHHH. J1c

CJieAOBaHhl BOnpochl cy~eCTBOBaHHSI H eAHHCTBeH

HOCTH pemeHHSI 3aAa11H MarHHTOCTaTHKH, a TaK)Ke 



yKJIOHeHH51 perneHH51 o6pe3aHHOH CHCTeMhi ypaB

HeHHH OT TO'IHoro. Co3~aH KOMnJieKc nporpaMM pac

qeTa MYJihTHnOJihHhix MarHHTHbiX CHCTeM, pea.n:H3y

rorn;Hx npe~JIO)J(eHHYIO MeTO~HKY [ 14 ]. 
PeaJIH30BaH KOMnJieKc nporpaMM ~JI51 HCCJie~o

B3HH51 ~ByMepHbiX H HeKOTOpOro KJI3CC3 TpexMep

HbiX M3rHHTHbiX CHCTeM H3 6a3e H3BeCTHbiX npO

rpaMM POISSON, RELAX3D H GFUN3D. B KOMn

JieKc BKJIIO'IeHbi T3K)J(e CHCTeMa llOMep)J(KH 

npHH51TH51 perneHHH (3KCnepTH351 CHCTeMa) ~JI51 

OllTHMaJibHOI'O Bbl60pa KOH<i>Hrypai.J.HH M3rHHTHOH 

CHCTeMbi, nporpaMM3 llOJIHHOMHaJibHOI'O npe~CT3B

JieHH51 KOMllOHeHT M3rHHTHOI'O ll0JI51 C I.J.eJibiO 

HCllOJib30B3HH51 ~)151 H3ylJeHH51 ~HH3MHKH 33p51)J(eH

HbiX qacTHI.J. H nporpaMMa KOBPAM - perneHHe 

o6paTHOH 33~31JH M3rHHTOCT3THKH ~)151 HeKOTOpOro 

KJI3CC3 6e3)J(eJie3HbiX M3rHHTHbiX CHCTeM (~ByMep
HbiH CJiyqaif). C llOMOIII;biO ~3HHOI'O KOMllJieKC3 

nporp3MM perneH p~ B3)J(HbiX npaKTH'IeCKHX 33~aq 

llO MO~epHH331.J.HH H yCOBeprneHCTBOB3HHIO 

MarHHTHbiX CHCTeM ycTaHOBOK 3KCqAPM, f¥1-
ilEPOH H KPHOH-C [15]. 

Pa3pa6oTaHhi acHMnTOTH'IeCKH onTHMaJihHhle 

nOCJie~oBaTeJibHble H napaJIJieJihHhle a.n:ropHTMhi 

peiiieHH51 KJI3CC3 3JIJIHllTH1JeCKHX KpaeBbiX 33~aq H3 

OCHOBe MeTO~OB rpaHHlJHbiX 3JieMeHTOB H ~eKOM

ll03HI.J.HH 06JI3CTH [16 ]. 
iloJiy'IeHbi HOBble npH6JIH)J(eHHble <i>opMyJibi 

~JI51 BbllJHCJieHH51 Kp3THbiX KOHTHHYaJibHbiX HHTer

paJIOB llO rayCCOBbiM MepaM B MHOI'O'I3CTHlJHbiX 33-

~31J3X KB3HTOBOH <i>H3HKH. VICCJie~OB3H3 CXO~H

MOCTb n pH6JIH)J(eHHH K TO'IHOMY 3H31JeHHIO. ilOCTpO

eHa M epa KOHTHHYaJibHOI'O HHTerpHpOB3HH51 1l ~By

MepHOA eBKJIH~OBOH KB3HTOBOH TeOpHH llOJI51 C 

llOJIHH MHaJibHbiMH B33HMO~eHCTBH51MH 6030HHbiX 

llOJieH. VICCJie~OB3H3 CB513b KOHTHHY3JibHbiX HHTer

paJIOB C perneHH51MH HeKOTOpbiX napa60JIH'IeCKHX H 

3JIJIHllTH'IeCKHX ~H<t><i>epeHI.J.H3JibHbiX ypaBHeHHH. 

ilpOBe~eHO lJHCJieHHOe HCCJie~OB3HHe MHOI'O

'I3CTH'IHbiX MO~eJieH KB3HTOBOH CT3THCTH1JeCKOH 

MexaHH KH (Mo~eJih KaJIO~)J(epo H ~p. ) . BhlnOJIHeHbi 

pac'IeThi 3HepmH CB513H HYKJIOHOB B 51~pax aTOMOB 

~eH:TepH51 H TPHTH51 [ 17, 18 ]. 
LI,JI51 npeo~oJieHH51 TPY~HOCTeu, nopo)J(~aeMhiX 

Heorpa HH'IeHHOCTbiO 3HepmH CHH3Y B llOJieBbiX 

TeOpH.IIX C BbiCIIIHMH npOH3BO~HbiMH, npe~JIO)J(eHO 

HCllOJib 30B3Tb MeX3HH'IeCKYIO 3H3.110rHIO, a HMeHHO 

TeopHIO THMorneHKO nonepe'IHhiX H3m6HhiX KOJie-

6aHHH 6a.n:oK H CTep)J(HeH. 3TO ll03BOJI51eT BBeCTH 

llOH51TH e «MeX3HH1JeCKOH» 3HepmH ~JI51 paCCM3TpH

B3eMbiX llOJieBbiX MO~eJieH, KOTOp351 33Be~OMO llOJIO

)J(HTeJi hHO onpe~eJieHa . TaKoH: no~xo~ MO)J(eT 6biTb 

npHMeH eH, no Kp3HHeH Mepe, K T3KHM llOJieBbiM 

MO~e.Ji:51M, KOTOpbie OllHCbiB310T 3<l><l>eKTHBHO npO

T51)J(eHHble JIOK3.1IH30B3HHble perneHH51 B 06bi'IHbiX 

noJieBhiX TeopH51X nepBoro nop51~Ka (BHxpeBhie 

HJIH CTPYHHhle perneHH51 B xHrrcoBCKHX MO~eJI51X H 

T.~ . ) [19]. 
P a 3pa6oTaHhi 3<l><l>eKTHBHhle HTepai.J.HOHHhle 

lJHCJieHHble a.n:ropHTMbi , COXp3H5110III;He B~ HCXO~-
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HhlX MaTpHll, B npou.ecce HTepall,HH, llOHCKa Ha 

3BM cneKTpa H COOCTBeHHhlX (KOpHeBhlX) BeKTOJX>B 

Tpex-, ll51TH-, CeMH.U:Hal'OHaJlbHhlX, 6JIO'IHO-Tpex

.O:Hal'OHaJlbHhlX, xecceu6eproshlx H, CJie.o:os aTeJibHO, 

KBaJl:paTHhlX OOm;ero Blf.ll:a MaTpHll, DJX>H3BOJlbHOH 

CTPYKTyphl. 

lloJiy'leHhl H CHCTeMaTH3HpoBaHhl M HOJKeCTBa 

npe.o:CTaBJieHHH 6JIO'IHO-TpeX.O:H31'0QaJlbHhlX 

MaTpHll,. llOCTpoeHhl reuepaTOphl TaKHX H H M oopaT

HhlX MaTpHll, H Jl:Jl51 HX Be.O:yiiJ,HX Yl'JlOBhlX M HHOJX>B. 

Co3.o:aua TeopH51 reueparopos np51Mhlx MeTO.O:OB .o:e

KOMn03HU.HOHHOro THDa 'IHCJieHHOI'O p emeHH51 

CHCTeM JIHHeHHhlX ypaBHeHHH C 6JIO'IHO-Tpe x.o:Haro

HaJlbHhlMH MaTpHll,aMH oom,ero BH.U:a (20 ). 
llpo.O:OJIJKaJIHCb paOOrhl DO yTO'IHeHHIO H .O:aJib

HeHmeMy pa3BHTHIO MOHTe-KapJIOBCKOH MO.O:eJIH 

pacnpocrpaHeHH51 BhlCOK03HepreTH'IecKOI'O H3Jly

'leHH51 B pa3JIH'IHhlX reTeporeHHhlX cpe.o:ax CO CJIOJK

HOH reoMeTpueu. Y11Teuo B3aHMo.o:eucrsue MeJK.Qy 

xacxa.o:HhlMH 'laCTHU.aMH so BHYTPH51Jl:epuoM xacxa

.o:e, 'ITO cym,eCTBeHHO CK33hlB3eTC51 Ha pe3y JibT3T3X 

paC'IeTOB C ny'IKaMH peJI51THBHCTCKHX 51Jl:e p, KOr.O:a 

'IHCJIO BHYTPH511l:epuhlx KaCKall:Hhlx 11aCTHU. BeJIHKO. 

Cpasueuue c 3KcnepuMeHTaJibHhlMH .o:a HHhlMH, 

DOJiy'leHHhlMH npH B33HMO.O:eHCTBHH 51Jl:epHhlX ny'I

KOB C $Yro3MYJibCHeH, DOK33aJIO 3H3'1HTeJibHOe 

yJiy11meuue cornacH51 pac1.1eros c onhlTOM. Auanu-

3Hposanuc& pa3JIH'IHhle sapuaHThl 3JieKTpo51Jl:epuoro 

6pHJ;IHHra, B 'laCTHOCTH, npH 3aMeHe MeTaJIJIH'IeCK0-

1'0 TenJIOHOCHTeJI51 Ha BO.O:Y. llo CpaBHeHHIO CO 

CBHHll,OBhlM TenJIOHOCHTeJieM CYMMapHhlH BhlXO.O: .o:e

Jl51IIJ,HXC51 H30TODOB H3MeH51eTCSI He3Ha'IHTeJibHO, B 

TO BpeMSI KaK pe3KO COKpam,aeTCSI 'IHCJIO BhlJleTa

IOIIJ,HX H3 MHWeHH HeHTJX>HOB, a TenJIOBhl.O:eJieHHe 

yseJIH'IHBaeTCH npHMepuo s.o:soe [21 , 22 ]. 
YfcCJie.O:OBaHhl yCJIOBH51 HHTerpupyeMOCTH Jl:JISI 

MHOronapaMeTpH'IeCKHX CeMeHCTB DOJIHHOMHaJlbHO

HeJIHHeHHhlX 3BOJIIOll,HOHHhlX ypaBHeHHH C npoH3-

HAYqHO-llPHKJIA,[(HbiE PABOTbl · 

YfcCJie.O:OBaHhl BJIH51HHSI yCJIOBHH c6opa CBeTa Ha 

napaMeTphl Cll,HHTHJIJI51ll,HOHHhlX C'leT'IHKOB. llpoBe

.o:eHhl H3MepeHHSI xapaKTepHCTHK C'leT'IHKa C np51MO

YI'OJibHhlM ruaCTHKOM, oKpyJKeHHhlM n oo'lepe.o:uo 

B03.0:YXOM, BO.O:OH H napa<tJHHOBhlM MaCJIOM , a TaK

JKe C'leT'IHKa C DJiaCTHKaMH B BH.U:e Tpan eiJ,eBH.U:

HhlX ruacTHH c yrJiaMH pacrpa OOKOBhlX rpa ueu 5,6; 
7,5 H 10". 
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BOJlbHhlMH napaMeTpaMH B Ka'leCTBe K03<P<PHU.HeH

TOB .O:H<P<t>epeHll,HaJlbHhlX MOHOMOB. 3TH yCJIOBH51 He

OOXOJl:HMhl Jl:Jl51 cym:ecrsosaHH51 Bhlcmux 3BOJIIO

ll.HOHHhlX CHMMeTPHH H 3axouos coxpaueHH51. Hx 

nposepKa JieJKHT B OCHOBe O.O:HOI'O H3 HaHOOJiee 3<1>
<tJeKTHBHhlX KpHTepHeB HHTerpupyeMOCTH, KOTOphlH 

npHMeHHM KaK .0:Jl51 O.O:HOKOMDOHeHTHhlX, TaK H Jl:JISI 

MHOI'OKOMDOHeHTHhlX KBa3HJIHHeHHhlX 3BOJIIOIJ,HOH

HhlX ypaBHeHHH C O.O:HOH npocTpaHCTBeHHOH nepe

MeHHOH. lloKa3aHO, 'ITO yCJIOBH51 HHTerpHpyeMOCTH, 

npe.o:CTaBJI5110IIJ,He CoOOH CHCTeMy llOJIHHOMHaJlbHhlX 

ypaBHeHHH Ha npoH3BOJlbHhle napaMeTphl, B CJiyqae 

3BOJIIOll,HOHHhlX ypaBHeHHH O.O:HOJX>.O:HOI'O paura 

OOJiall:aiOT HeTpHBHaJibHhlMH CBOHCTBaMH O.O:HOJX>A

HOCTH (23 ). 

Pa3pa6oTauhl anre6pau'leCKHe anropHTMhl H ua 

HX OCHOBe C03.0:aH HanHcaHHhlH Ha 513b1Ke aHaJIHTH

'IecKHX Bhl'IHCJieHHH REDUCE naxeT nporpaMM AJIH 

HCCJie.O:OBaHH51 H ynpom,eHHSI CHCTeM HeJIHHeHHhiX 

anre6paH'IeCKHX ypaBHeHHH OOm,ero Blf.ll:a. 3TOT 

naKeT 6hlJI HCDOJlb30BaH Jl:Jl51 npoBepKH H30MOp

<tJH3Ma KOHe'IHOMepHhlX anre6p JlH, B03HHKaiOIIJ,HX B 

pa3JIH'IHhlX 3aJl:a'laX TeOpeTH'IeCKOH H MaTeMaTH'Ie

CKOH <tJH3HKH (24 ). 

Pa3pa6oTau HOBhlH no.o:xo.o: K nocTpoeHHIO a.o:H

a6aTH'Iecxux ypaBHeHHH, ODHChlBaiOIIJ,HX Jl:HCKpeT

HhiH H HenpephiBHhlH cneKTphl Me30MOJieKyJI51pHbiX 

CHCTeM nocpe.O:CTBOM o6o6m,eHH51 DOH51TH51 3<P<PeK

THBHOH MaCChi (25 ). 

Peanu3osaua uosa11 HTepau.uouuaH cxeMa c 

O.O:HOBpeMeHHhiM Bhl'IHCJieHHeM onepaTopa, o6paT

HOI'O K npoH3BO.O:HOH HeJIHHeHHOH <tJyHKll,HH, HaH6o

Jiee 3<P<PeKTHBHa51 Jl:Jl51 BeKTOpHhlX Bhl'IHCJIHTeJibHbiX 

CHCTeM. llporpaMMa, peanH3YIOIIJ,a51 .o:aHHYIO CXeMy, 

ycnemuo npuMeHSieTC51 AJI51 pac11eTa xapaxTepHCTHK 

KBapKOB B MO.O:eJI51X C pa3JIH'IHhlMH THDaMH DOTeH

IJ,HaJIOB B3aHMO.O:eHCTBH51 (26 ). 

C ll,eJibiO H3y'leHHSI B03MOJKHOCTH HCDOJlb30-

BaHH51 MHKpoKaHaJibHOI'O <l>3Y -165-1 B CHCTeMaX 

H3MepeHH51 BpeMeHH npoJieTa 'laCTHll, npose.o:eHbl 

H3MepeHH51 xapaKTepHCTHK OCHaiiJ,eHHOI'O 3THM 

<l>3Y Cll,HHTHJIJI51ll,HOHHOI'O C'leT'IHKa pa3MepaMH 

580x50x25 MM. HcnhlTaH TaKJKe <I>3Y -165-1 B Ka'le

CTBe caMOCTOSITeJibHOI'O .O:eTeKTOpa MHHHMaJlbHO 

HOHH3Hpy10IIJ,HX 'laCTHU. (27 ). 
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yqEBHO-HAYqHblti IJ;EHTP 
0115111 

fJiaBHaSI 3;ma11a Ylle6Ho-HayliHOro n;eHTpa MrY 
u Ml1«1>11 npu OH.SII1 - ~aJibHeiimee pa3BHTHe 
y11e6Horo npon;ecca Ha 6a3e Ka<t>e~p 3THX BY30B. B 
1993 ro~y COCTOSIJIHCb 3am;HTbl ~HDJIOMHbiX paOOT 
nepBbiX BblnycKHHKOB YHIJ.. B BeceHHeM ceMeCTpe 
1993 ro~a OOyllaJIOCb 98 CTy~eHTOB, B OCeHHeM- 80. 
BhlnOJIHeHo 6 ~HDJIOMHbiX pa6oT B YHHBepcuTeTe 
.ll,aJIJiaca (CiliA). 

B paMKax nporpaMMbl Me~yHapo~Horo yHu
BepcnTeTa Ha 6a3e YHU. 6biJIH npoBe~eHbl Me~y
Hapo~Hble JieTHHe Kypcbl no p;muan;uoHHOH 6e3onac
HOCTH: «Pa~HaD;HOHHaSI 6e30naCHOCTb: <l>H3HlleCKHe, 
Me~HK0-6HOJIOmlleCKHe H 3KOJIOmlleCKHe acneKTbl. 
(YpoKH lJepHOObiJISI)». Kypcbl npuBJieKJiu OOJibmoe 
BHHMaHHe Cnen;HaJIHCTOB, a TaKX<e CTy~eHTOB H 
acnupaHTOB. K 3TOMY COObiTHIO 6biJia npuy po11eHa 
BblCTaBKa npu6opoB ~JISI ucCJie~oBaHHH i pac
CMaTpnBaBmeiicSI o6JiaCTu pMa Be~ym;ux <l>npM. 
CJiymaTeJIH noceTHJIH HoBoBopoHeX<CKYIO A3C H 
nOC"POSIHHO ~eHCTByiOm;yiO BbiCTaBKY annapaTypbl 
MuHaToMa B MocKBe. 

IlpoBe~eHue Me~yHapo~HbiX JieTHHX KypcoB 
CllOC06CTBOBaJIO pacmupeHHIO TeMaTHKH ooy lleHHSI H 
B03HHKHOBeHHIO HOBbiX Me~yHapo~HbiX KOHTaK
TOB. IloCJie npe~BapuTeJibHblX o6cy~eHHH npopa-
6aTbiBaiOTCSI ~OKyMeHTbl no OpraHH3aD;HH B .ll,y6He 
Ka<Pe~pbl IOHECKO - MArAT3 «P;muan;uoHHaSI 
6e3onaCHOCTb» H peryJISipHblX KypcOB no~ 3~0H 
MAfAT3 no roii X<e cnen;naJIH3an;uu. Ocym;eCTBJISI-
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eTCSI cOTpy~HHlleCTBO c yHnBepcuTeTaMH CiliA, 
«l>Pf, 6y~eT npo~OJIX<eHa JleTHSISI CTy~eHlleCKaSI 
npaKTHKa B IJ.EPH, nOMepX<HBaiOTCSI KOHTaKTbl C 
EBponeiicKHM <Pn3HlleCKHM o6m;eCTBOM H npe~
CTaBHTeJibCTBOM EC no BonpocaM o6MeHOB CTy~eH
TaMu-<Pn3HKaMH. 

B HaCTOSim;ee BpeMSI YHU. pa6oTaeT B o6JiaCTSix: 

<l>H3HKH 3JieMeHTapHb1X llaCTHD;- 6a30Bble Jia-
6opaTOpHH 0115111: JIB3, JICB3, JI51Il; 6a30Bble Ka
<t>e~pbl: Ka<t>e~pa <l>H3HKH 3JieMeHTapHb1X llaCTHD; 
MrY, Ka<Pe~pbl 7 u 40 Ml1«1>11; 

<l>n3HKH aTOMHoro MPa - 6a30Bble Jia6opa
ropuu 0115111: JI51P, JIH«l>; 6a30Bble Ka<Pe~pbl: Ka
<Pe~pa <Pn3HKH aTOMHoro MPa MrY, Ka<Pe~pa 11 
M11«l>11; 

MepHbiX MeTO~OB B <l>H3HKe KO~eHCHpoBaHHbiX 
cpe~ H BbiCOKOTeMnepaTypHOH CBepxnpoBO~HMOCTH 
- 6a3oBaSI Jia6oparopuSI 0115111 - JIH«l>; 6a3oBaSI 

Ka<t>e~pa- Ka<Pe~pa 25 Ml1«1>11; 

TeXHHlleCKOH <i>H3HKH - 6a30Bble Jia6oparopHH 
0115111: Jl51Il, JICB3, Jl51P; 6a30BblH <i>aKyJibTeT
<t>aKyJibTeT «A» Ml1«1>11; 

p;mHOOHOJIOmH - 6a30BaSI Jia6opaTOpHS1 -
JI51II; 6a3oBaSI Ka<Pe~pa- Ka<Pe~pa 1 M11«l>H. 

B 1993 r. pemeHneM YlleHoro coBeTa MocKoB
CKoro <Pn3HKO-TeXHHllecKoro HHCTHTyTa B YHU. 
OTKpblTa Ka<Pe~pa <i>H3HKH B3aHMO~eHCTBHSI llaCTHD; 
BblCOKHX 3HepmH. 

CJI)'waTe.nH Kypcos «YpoKH llepHo-
6&mll• B KJJHHHKO- Q>H3H'IeCKOM KOM

liJieKCe OIUIH 



MElKAYHAPDAHbiE 
CBH3M 
M HAY~HOE 
COTPYAHM~ ECTBO 



HAYqH 0-TEXHlfqECKO E 
COTPY,II:HlfqECTBO 

OcHOBHhle HTom 1993 roJJ;a no Me)K)J;yHapoJJ;HO

MY Hay'IHO-TexHH'IeCKOMY COTPYAHH'IeCTBY 06be

AHHeHHoro HHCTHTyTa SI)J;epHhiX HCCJie)J;OBaHHH xa

paKTepH3YIOT CJieJJ;yiOW:He JJ;aHHhle: 

- npOBeJJ;eHhl COBMeCTHhle HCCJieJJ;OBaHHSI C Ha

Y'IHhiMH u.eHTpaMH cTpaH-y'laCTHHU., a TaK)Ke Me)K

AYHapoJJ;HhiMH H HaU.HOHaJibHhiMH opraHH3aU.HSIMH 

JJ;pymx CTpaH no 29 TeMaM nepsoro npHopHTeTa H no 

34 TeMaM BTOpOro npHOpHTeTa; 

- JJ;JISI pemeHHSI sonpocos COTPYAHHt~ecTBa H 

yt~aCTHSI B Hay'IHhiX COBeW:aHHSIX H KOH<t>epCHU.HSIX 

06beJJ;HHeHHhiH HHCTHTYT KOMaH)J;HpOBaJI 1245 cne

U.HaJIHCTOB; 

- )J;JISI COBMeCTHhiX paOOT H KOHCYJibTaU.HH B 

01151116hiJIO npHHSITO 618 cneu.HaJIHCTOB; 

- 6oJiee 1000 cneU.HaJIHCTOB H3 CTpaH- y'laCT

HHU., '"a TaK:ll<e 510 H3 JJ;pyrHX CTpaH npHe3)KaJIH B 

0115111 )J;JISI y'laCTHSI B COBe~aHHSIX, KOH<t>epeHU.HSIX, 

UIKOJiax; 

- opraHH30BaHO H npOBeJJ;eHO 20 HaytiHhiX H 

Me)K)J;yHapO)J;HbiX KOH<t>epeHU.HH, 18 pa60tiHX H 16 

Hay'IHO-OpraHH3aU.HOHHbiX COBeW:aHHH; 

- B Jia6opaTOpHSIX 11HCTHTyTa pa60TaJIH 16 

CTHlleH)J;HaTOB. 

Me)K)J;yHapoJJ;Hoe COTPYAHH'IeCTBO 0115111 xa

paKTepH3yeTCSI TaK)Ke COOTBeTCTBYIO~HMH COrJia-
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meHHSIMH H JJ;OrosopaMH o COTPYAHH'IeCTBe, npose

JJ;eHHeM COBMeCTHhiX 3KCnepHMeHTOB Ha 6a30BhiX yc

TaHOBKaX <I>H3H'IeCKHX IJ.eHTpoB, noJiy'leHHeM Hayq

HhiX pe3yJibTaTOB, nOJJ;roTOBKOH o6~HX ny6JIH

KaiJ.HH, nOCTaBKOH o6opyJJ;OBaHHSI H TeXHOJIOI'HH )J;JISI 

3aHHTepecosaHHhlx cTopoH H MHOmM APYrHM. 

KoMHTeT l.J,EPH no MeTOAH'IeCKHM HCCJieJJ;o

BaHHSIM AJISI LHC(DRDC) Ha csoeM 3aceJJ;aHHH 

30 MapTa 1993 r. yTBepJJ;HJI npeJJ;JIO)KeHHe P-34 

«A Silicon Hadron Calorimeter Module Operated in 

a Strong Magnetic Field with VLSI Read-Out for 

LHC» c yqacTHeM 6oJibUIOH rpynnhl COTPYAHHKOB 

011.SlJ1. JTO npeJJ;JIO)KeHHe OpHeHTHpoBaHO Ha cyw:e

CTBeHHOe yqaCTHe B npoeKTe poCCHHCKOH npoMbiUI

JieHHOCTH, n03TOMy npH ero paCCMOTpeHHH npo

BO)J;HJIHCb MHOI"O'IHCJieHHhle 3KCnepTH3hl B03MO:lKHO

CTeH KaK 0115111, TaK H pa3JIH'IHhiX npeJJ;npHSITHH. 

YTsep)K)J;eHHe npeJJ;JIO:ll<eHHSI 03Ha'laeT noJIO:lKHTeJib

HYIO peaKU.HIO 3KcnepTOB H Hay'IHOH o6w:ecTBeH

HOCTH l.J,EPH. B npoeKTe yqacTBYIOT, KpoMe 

cneu.HaJIHCTOB l.J,EPH H 0115111, rpynnhl yt~eHhiX H3 

HHCTHTYTOB PoccHH, EeJiopyccHH, AscTpHH, 11Ta

JIHH, CiliA. 

22 MapTa 0115111 noceTHJI npe3H:AeHT rocyJJ;ap

CTBeHHoro areHTCTBa no aTOMHOH 3HeprHH Pec

ny6JIHKH IToJibUIH E.HesoJJ;HHtiaHCKH. B JJ;HpeKU.HH 

,[{y6Ha, 18 <f>espaJI!I . noAmtcamte 

CornarneHH!I MelKAY 06heAHHeH

HbiM HHCTHT)'TOM !IAepHbiX HCCJie

AOB3HHH H BeHI'epcKOH aKaAeMHeH 

H3YK 



22 MapTa OIUIH nocenm npe3H 

)1eHT rocy)1apCTBeHHOI'O areHTCTBa 

no aTOMHOH :IHeprnH P ecny6JIHKH 

IIon&wH nJXXI>eccop E .HeoOJ1HH

'IaHCKH. Ha CHHMKe: UOJibCKall )1e

Jiera~Hll B JlaOOpaTOpHH HeHTpoH

HOHcj>H3HKH 

l.fHCTHTyTa OH 6hiJI npHHSIT 1JJleHOM-KOppecnOJmeH
TOM PAH B.f.K<mhlmescKHM. CoCToSIJiac& 6ece~a o 
pa3BHTHH coTpy~HH'IecTsa MepHo-<t>H3HllecKHx 
~eHTpos TioJI&mH c 011.SII1. rocT& noceTHJI JIB3, 
JIH<l>, JI.SIP. 

12 anpeJISI B Ll,y6He Haxo~HJiac& napJiaMeHTCKO
npaBHTeJibCTBeHHaSI ~eneraD;HSI PoccHHCKOH <I>e~e

pa~HH so rJiase c aKa~eMHKOM B.TI.IIIopHHhiM. 
Ll,eJiera~HSI OCMOTpeJia HYKJIOTpOH, ~HKJIOTpOH 

Y -400M, 03HaKOMHJiaCh C pa6oTaMH Ha ycTaHOBKe 
<I>OBOC. CocToSIJiac& 6ece~a s ~HpeKD;HH 011.SII1. 

0fu.e)1HHeHHbiH HHCTHT)'T nOCeTHJI 

npe)1Ce)1aTeJib KOMHTeTa no HC

UOJib30BaHHIO aTOMHOH :!HeprnH B 

MHpHb~ ~enliX Pecny6JIHKH Eon

rapHH .SI..SIHeB. Ha CHHMKe: )1H

peKTOp Jla6opaTOpHH BbiCOKHX 

3Heprnii aKa]leMHK A.M.6aJIJ1HH 

3HaKOMHT SI .SIHesa c Hay'IHbiMH 

UJiaHaMH JiaOOpaTOpHH 

B anpeJie 06-&e~HHeHHhiH HHCTHTYT Sl~epH&Ix 
HcCJie~osaHHH noceTHJI npe~ce~aTeJI& KoMHTeTa no 
HCnOJI 30BaHHIO aTOMHOH 3HepmH B MHpHbiX ~eJISIX 
Pecny6JIHKH BoJirapHH .SI . .SIHes. OH scTpeTHJICSJ c 
~HpeK HeH l.fHCTHTyTa, 03HaKOMHJICSI C OCHOIJHhiMH 
HanpaBJieHHSIMH Hay'IHOH ~eSITeJihHOCTH JIB3, 
JI.SITI, JI.SIP, JIH<I>. 

1 HIOHSI 011.SII1 noceTHJia ~eJiera~HSJ no~ro
TOBHTeJI&Horo KOMHTeTa no o6pa30BaHHIO Me)I(Jiy
HapO~HOro Hay'IHO-TeXHH'IeCKOro ~eHTpa (MHTll.). 
U.eHTp co3~aeTCSI B MocKse Ha ocHose CorJiameHHSI 
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Me)K]ly PoccHeH, CiliA, .51noHHeH, a TaK)Ke EBpo

neHCKHM coo6mecTBOM no aTOMHOH :=meprHH H EBpo

neHCKHM 3KOHOMHqeCKHM C006lll,eCTBOM. f JiaBHaSI 

u,eJih cg3AaHHS1 MHTU. - npeAOTBpameHHe pacnpo

CTpaHeHHSI TeXHOJIOrHH H3roTOBJieHHSI opy)KHSI MaC

COBOro nopa)KeHHSI, a TaK)Ke COOTBeTCTBYIOlli,HX 

3HaHHH H OnhlTa. LJ:eJieraU,HSI npHCYTCTBOBaJia Ha 3a

Ce]laHHH YqeHoro coBeTa 011.5111, r]le npe]lce]laTeJih 

KOMHTeTa npo¢eccop r.IliBeHu,ep (CiliA) paccKa3aJI 

o 3aAaqax MHTU. H nopSIAKe B3aHMOAeHCTBHSI c HHM 

yqeHbiX H opraHH3aU,HH. 

UEPH. Cneu_HaJIHCTbi OIUIH Ha 

Y!CfibiTaTeJibHOM CTeH)Ie ycTaHOBKH 

ATLAS 
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CocTOliJICll BH3HT u OIUIH naype

aTa Ho6eneucxoi1 npeMHY! npo

cj>eccopa M .llluapu.a H npocj>ecco

pa }l..JioyeHCTaHHa Y13 fipyKXeH

oeHCKOH HaiJ.HOHaJibHOH Jia6opa

TOpY!Y! (CiliA) . Ha CHHMxe: rocTH 

B JlafiopaTOpY!Y! CBepXBbiCOKY!X 

:meprni1 

1 HIOHSI B LJ:y6He COCTOSIJiaCb BCTpeqa AHpeKU,HH 

06be]lHHeHHOro HHCTHTyTa Sl]lepHbiX HCCJie]lOBaHHH 

c MHHHCTpOM PoccHHCKOH <l>e]lepau.HH no aTOMHOH 

::meprHH npo¢eccopoM B.H.MHxaHJIOBbiM. 06cy)K

AaJIHCb BOnpoCbi pa3BHTHSI H yKpenJieHHSI CBSI3eH H 

COTPYAHHqeCTBa. B.H.MHxaM:JioB H AHpeKTOP 011.5111 

B.f.Ka]lblilleBCKHH nO]lnHCaJIH feHepaJibHOe COrJia

meHHe Me)KAY MHHaTOMOM PoccHH H 011.5111. 

MHHHCTp Bblpa3HJI YAOBJieTBopeHHe ypoBHeM pa-

6oT, BbiOOJIHSieMbiX B 011.5111, BbiCKa3aJICSI B OO]l

]lep)KKY HayqHbiX nporpaMM 11HCTHTyTa H CO-



TPY~HH'ICCTBa yqeHhlx 011.5111 c MHpOBhiMH Hayq

HhiMH IJ;CHTpaMH. 

B aBrycTe .ll,y6Hy noceTJma ~eJierau;H.si AKa

~eMHH HayK BbiCIIICH IIIKOJihl. fOCTH BCTpCTHJIHCb C 

~HpeKu;HeH 011.5111, no6hiBaJIH B Jia6opaTopHH HCHT

poHHOH <f>H3HKH, 03HaKOMHJIHCb c pa6oToH Ylle6Ho

Hay'IHOro u;eHTpa. Me~y AKa~eMHeH: HayK BhiCIIIeH: 

IIIKOJihl H 06he~HHCHHhiM HHCTHTYTOM MCPHhiX 

HCCJie~oBaHHH 6hiJIO no~nHcaHo CorJiaiiieHHe o co

TPY~HH'ICCTBe B o6JiacTH Hay'IHhiX HCCJie~oBaHHH B 

BbiCIIICH IIIKOJIC H 0 no~roTOBKC BbiCOKOKBaJIH

<t>Hu;HpoBaHHbiX CnCIJ;HaJIHCTOB. 

2 CCHT.si6p.si B Jl,y6He COCTO.siJiaCb BCTpeqa ~HpCK
TOpa 011.5111 B . f.KMbiiiiCBCKoro H BHu;e-~HpeKTopa 

.A.H.CHCaK.siHa C ilOJIHOMO'IHbiM llpe~CTaBHTCJICM 
. npaBHTCJibCTBa Pecny6JIHKH ApMeHHH B 011.5111 aKa-

~eMHKOM f.A.BapTaneT.siHOM. 06cy~aJIHCb BOnpo

Cbi Hay'IHoro coTpy~HH'ICCTBa, a TaK)I(e yqacTH.si 

ApMeHHH B <I>HHaHcHpoBaHHH 011.5111. 

HAYqHbiE COBElll.AHH.51 

B 1993 ro~y OJ.1.5IJ.1 opraHH30BaJI H npoBeJI BO

CCMb KpynHbiX Me~yHapO~HbiX COBCIIJ;aHHH. 

43 Me)l(~yHapo~Hoe coBeiii;aHHe no .s~~epHoH 

cneKTpocKonHH H CTPYKType aTOMHOro .s~~pa 

COCTO.siJIOCb B Jl,y6He 20-23 anpCJI.sl. B nporpaMMC 

B OKT.si6pe C BH3HTOM B 06J,e~HHCHHOM HHCTH

TYTC M CPHhiX HCCJie~oBaHHH Haxo~HJIHCb 'IJICH 

~HpeKIJ;HH BpyKxeH:BeHCKOH Hau;HoHaJihHOH Jia6opa

TOpHH, JiaypeaT Ho6eJieBCKOH npeMHH npo<t>eccop 

M.IliBap u; H Ha'laJibHHK OT~eJia AGS BHJI npo

<t>eccop .ll,.JioyeHcTaHH. B HaCTO.siiiJ;ee BpeM.si ~Be 

rpynnhl H3 Jla6opaTOpHH BbiCOKHX 3HCprHH H O~Ha 
rpynna H3 Jla6opaTOpHH CBCpXBbiCOKHX 3HeprHH 

011.5111 npO.siBHJIH HHTCpec K nporpaMMC HCCJIC~O

BaHHH Ha coopy)l(aCMOM B BHJI KOMnJieKce pemr

THBHCTCKoro KOJIJia~epa T.si)I(CJibiX HOHOB (RHIC), a 

TaK)I(C Ha KOJIJiaH~epe nOJI.slpH30BaHHbiX npOTOHOB. 

B nporp aMMe HCCJie~oBaHHH no cnHHOBOH <I>H3HKe 

Ha KOMUJieKce RHIC HCnOJih3YIOTC.si pe3yJihTaThi, 

nOJIY'ICHHbiC B Jla6opaTOpHH TCOpCTH'ICCKOH <I>H-

3HKH. B CBOIO oqepe~b, 3KcnepHMCHTaJihHhle HCCJie

~oBaHH.si MCXaHH3MOB, OTBC'IaiOIIJ;HX 3a <t>opMH

pOBaHHC CUHHa npOTOHa, 6y~yT CnOC06CTBOBaTb 

~aJihHCHIIIeMy pa3BHTHIO HCCJie~oBaHHH no CTPYKTy

pe HYKJIOHa B JIT<l>. 

COBCIIJ;aHHSI - npo6JICMbl <f>H3HKH aTOMHOro Sl~pa, a 

TaK)I(C <f>H3HKH HH3KHX H npOMC)I(yTO'IHbiX 3HeprHH, 

HMCIOIIJ;H C OTHOIIICHHC K CTPYKType aTOMHbiX Sl~ep: 

3KCnepHMCHTaJibHbiC HCCJIC~OBaHHSI CXCM 6eTa-pac

na~OB a TOMHbiX SI~Cp, HCCJIC~OBaHHC 3K30TH'IOCKHX 

)J.y6Ha, 20-23 anpeJil! . 43 Me:lK~yHapO~HOe COBe~aHHe 00 ll~epHOH CneKTpOCKOOHH H CTpyKrype aTOMHOI'O ll~pa 
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.LJ:y6Ha, 15 Mall. CJIYwaTeJJH Me)l{;zyHapoJ1HOi1 wKOJJbi-CeMHHapa no !j>H3HKe TSJ)KeJJbiX HOHOB 

Mep, rHraHTCKHX pe30H3HCOB H TeOpeTH'leCKHH 

3HaJIH3 pa3H006pa3HbiX npon;eCCOB B a TOMHbiX 

Mpax. TpaAHD;HOHHO Ha coBem;aHHH o6cy JKAaJIHCh 

BOnpocbl npHJIO)KeHH51 MeTOAOB MepHOH QJH3HKH B 

CMe)f(HbiX 06JiaCT51X H3YKH H TeXHHKH. 

C 4 no 7 Ma51 B LJ:y6He npoxOAHJIO MeJKAyHapoA

Hoe COBeiD;aHHe no HCCJieAOB3HHIO BpeMeHHOH 

HHBapHaHTHOCTH H HapyrueHH51 npOCTpaHCTBeHHOH 

'leTHOCTH B peaKD;H51X c HeiiTpoHaMH. B n p orpaMMY 

COBeiD;3HH51 6biJIH BKJIIO'leHbl CJieAyiOID;He TeMbl: Ha

pyrueHHe npoCTpaHCTBeHHOH 'leTHOCTH C K OMnayHA

MP3MH, npHJio)KeHHe noCJieAHHX TeopeTH'leCKHX 

H3blCK3HHH B 6yAyiD;HX 3KCnepHMeHT3X, HOBble 3KC

nepHMeHTaJlhHble B03MO)KHOCTH AJI51 H3y'leHH51 Ha

pyrueHHH CHMMeTpHH, HOBble 3KCnepHMeHTaJlhHble 

MeTOAHKH H HCCJieAOB3TeJihCK351 nporpaMMa AJI.II yc

T3HOBKH MPEH (JIH<l> 0115111). 
MeJKAyHapoAH351 ruKoJia-ceMHHap n o QJH3HKe 

T51)KeJibiX HOHOB COCT051J13Ch 10-15 M351 8 LJ:y6He. 

B Heii npHH51JIH yqacTHe OKOJIO 200 cnen;HaJIHCTOB H3 
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BeAyiD;HX H3Y'IHbiX D;eHTpOB MHpa. l.l,eJih IUKOJibl

CeMHHapa - 3H3KOMCTBO Y'l3CTHHKOB C noCJieAHHMH 

AOCTH)KeHH51MH H nepcneKTHB3MH 3KCnepHMeHTaJlh

HbiX H TeopeTH'leCKHX HCCJieAOB3HHH B OOJiaCTH 

QJH3HKH T51)KeJibiX HOHOB. OcHOBHble HanpaBJieHHSI 

Hay'IHOH nporpaMMbl: CHHTe3 H CBOHCTBa T51)1(eJihlX 

Mep, CHHTe3 H CBOHCTBa JierKHX 3K30TH'leCKHX SIAep, 

3KcnepuMeHTbl c PMHOaKTHBHbiMH ny'IKaMH, B3aH

MOAeiicTBH51 CJIO)I(HbiX Mep npu HH3KHX H npoMe)l(y

TO'IHbiX 3Hepm51x. BhlJIH 3aCJiyruaHbl AOKJiaAhl no 

Jia3epHOH CneKTpOCKOnHH, C03AaHHIO MHOroAeTeK

TOpHbiX ycTaHOBOK H pa3BHTHIO yCKOpHTeJihHOfO 

KOMIIJieKca OM.siM. 

1 HIOH51 B LJ:y6He nporueJI MeJKAyHapoAHhlH CHM

no3HYM «<l>H3HKa H AeTeKTOpbl Ha SSC». 06heAH

HeHHblH HHCTHTYT MepHbiX HCCJieAOB3HHH npoBe.JI 

ero COBMeCTHO C JlaoopaTOpHeH CBepxnpoBOASI~ero 
cynepKOJIJiaiiAepa (SSCL), CTpoHTeJihCTBO KOTOporo 

6biJIO Ha'laTO HeCKOJihKO JieT H333A B LJ:aJIJiace 

(CillA). 3TOT CHMn03HYM MO)KHO OTHeCTH K Kpyrr-



MeJK11}'H8poNJblH CHMn031fYM 
«Cl>H3HKa H ,~~eTeKTOpbi na SSO•. 
Ha CHHMKe: ,IIHpeKTOp JIB3 
aKa,lleMHK A .M.IiaJI,IIHH, MH
HHCTp PcJ> no 8TOMHOH :JHep
rnH npo<Peccop B.H .MnxaH.nos, 
,IIHpeKTOP OHSIH npo<Peccop 
B.r.KallbiwescKnH:, .IIHpeKTop 
SSCL npo<Peccop P .IllBHTTapc 
(CillA), sn~e-,IIHpeKTOP OHSIH 
npo<Peccop A.H.CncaKSIH, no
qeTHbiH ,IIHpeKTOp JUIII npo
cPeCCOp B . Il.~JKenenos, nayq
HbiH pyKOBO.IIHTenb HCI>B3 
(IlpoTBHHO) aKa,lleMHK A .A .Jio
rynos 

HeHIDHM Me~yHapo~HhiM BCTpe'laM cnen;Ha.JIHCTOB 

B OOJiaCTH <i>H3HKH BhiCOKHX ::mepmH. 

14-19 HIOH.si B LJ:y6ue cocro.siJIOCh Me~yua
po~uoe COBeiiJ;aHHe nO nporpaMMHpoBaHHIO H MaTe

MaTH'IeCKHM MeTO~aM pemeHH.si <i>H3H'IeCKHX 3a~a'l. 

llporpaMMa COBeiiJ;aHH.si BKJIIO'Ia.Jia pa6oTy B Tpex 

CeKJJ;H.siX: HH<i>opMaJJ;HOHHO-Bhi'IHCJIHTeJihHhle KOMn

JieKCbl H o6pa60TKa ~aHHblX; Bbl'IHCJIHTeJibHble Me

TO~hl B <i>H3HKe; MaTeMaTH'IeCKOe MO~eJIHpoBaHHe B 

3a~a ax <i>H3HKH. 

C 24 no 29 HIOH.si B LJ:y6ue nposo~HJiaCh III Me)f(

~yuapo~ua.s~ Kou<t>epeuu;u.s~ no HCCJie~osaHHIO no-

~y6Ha, 29 HIOHll. YqaCTHHKH MeJK,~~yH8po,IIHOH KOH<j>epeH~HH no HCCneAOB8HHIO nosepxHOCTH MeTOAOM paCCellHHll neH:TpoHOB H peHTre
HOBCKHX nyqei{ 
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BepXHOCTH MeTOAOM paCCe.IIHH.Il HeHTpOHOB H p CHTre

HOBCKHX JiyqeJ1. Ee npOBOAHJia Jia6opaTOpH.Il HeHT

pOHHOH ~H3HKH HM. 11.M.c:I>pauKa npu noMepX<Ke 

KoMHCCHH esponeHCKHX coo6~eCTB. B Kou~epeu
I.I;HH npHH.IIJIH yqaCTHe Cnei.I;HaJIHCTbl H3 11 CTpau, 

6biJIO 11'peACTaBJieHO 50 AOKJiaAOB H 40 CTeUAOBbiX CO

o6~eHHH. Ocuosua.11 TeMaTHKa Kou~epeuu;uu - uc

CJieAOBaHH.Il ~H3HKO-XHMHqeCKHX CBOHCTB TOHKHX 

nJieuoK H MuorocJIOHHbiX CTPYKTyp, noJiynp oBOA

HHKOB, nOJIHMepOB H 6HOJiomqeCKHX MaTepHaJIOB. 

}l,y6Ha, 11 t~eu6ps!. Y'laCTHHKH 

Me)l{t~yHapOt~HOI'O COBelllaHHll 
«Tli)KeJIO-JierKHe KBapKOBbie CBll-

3aHHbie COCTOliHHll H CHMMeTpHw•, 

npoaet~eHHOro a paMKax nporpaM
Mbi «reH3eH6epr - JlaHt~ay• 

14 CeHTS16p.11 B Ll.oMe Me)I(AyHapOAHbiX COBe

~aHHH 011.5111 COCTO.IIJIC.Il meCTOH TpeXCTOpOHHHH 

repMaHO-poCCHHCKO-yKpaHHCKHH CeMHHap no BbiCO

KOTeMnepaTypHOH csepxnpoBOAHMOCTH. CeMuuap 

6b1JI opraHH30BaH Jia6opaTOpHeH HeHTpOHHOH ~H-
3HKH HM. 11.M.Cl>pauKa B COOTBeTCTBHH C roCyAapCT

BeHHbiMH nporpaMMaMH Poccuu H YKpaHHbl no 

npo6JieMe BbiCOKOTeMnepaTypHOH CBepxnpOBOAH

MOCTH.Hayqua.ll nporpaMMa CeMHHapa OXBaThiBaJia 

IDHpOKHH cneKTp BOnpOCOB, KaCaiO~HXC.Il TeOpHH 

}l,y6Ha, 19-21 aarycTa . «lioromo6oacKHe 'ITeHHll»- Me)l{t~yHapot~Hoe coae111aHHe, nOCBllllleHHoe naMliTH aKat~eMHKa H .H.Iioromo6oaa 
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.IJ:y6na, 29 anpenll. 3aKmO'!HTenbHOe 

3aCeAaHHe Ha COBell.\aHHH nO C-T

<f>a6pHKe 

BTCII, noJiyl.J:eHH~ HOBhiX sem;ecTs, npHMeHeHH~ 

CBepxnpOBOA~ID;HX MaTepH<lJIOB, MexaHH3MOB pOCTa 

nJieHOK H KpHCTaJIJIOB, CTPYKTYPHhiX peJiaKcau,HoH

HhiX 3¢<PeKTOB, cP330BhiX nepeXOAOB B M31'HHTHhiX 

pemeTK3X, npHMeHeHH~ ~AepHO-cPH3Hl.J:eCKHX MeTO

AOB AJI~ H3yl.J:eHH~ BTCII. 

B 3aKonaHe 6JIH3 KpaKosa c 14 no 24 ceHT~6p~ 
6biJia nposeAeHa EsponeifcKa~ mKoJia no cPH3HKe 

BhiCOKHX :mepmif. TaKoe HaHMeHosaHHe HOCHT 

Teneph TpaAHU.HOHHa~ mKoJia U.EPH-01151:11. 0Ha 

npoBOAHJI3Cb COBMeCTHhiM Opi'KOMHTeTOM, KYA3 

BOWJIH npeACT3BHTeJIH IJ.EPH, 06heAHHeHHOI'O 

HHCTHTyTa MepHhiX HCCJieAOB3HHH H IIOJibCKHX Ha

Yl.J:HhiX u,eHTpos. IlporpaMMY WKOJihl cocTaBHJIH 

U,HKJibl JieKU,HH nO HOBeHWHM npo6JieMaM cPH3HKH 

BhiCOKJi X 3HepmH. KpoMe Toro , 6hiJIH npOl.J:HTaHhl 

cneu,HaJihHhle JieKU,HH no Hayl.J:HOH nporpaMMe 

U.EPH . 

.IJ:y6na, 18 ceHTll6pll . YllaCTHHKH Me>KAynapoAHOro CHMn03Hy Ma «.IJ:y6na . .D:efiTpon-93» 
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yqACTHE OH.siH B ME)I(,lJ;YHAPO.li,HbiX H HAU:HOHAJibHbiX KOHCl>EPEHU:H.siX 

B 1993 ro~y ytJeHhle H enen;HaJIHeThl 06he~H
HeHHOro HHeTHTyTa 9:~epHbiX HeeJie~OBaHHH yqaeT
BOBaJIH B 160 Me~yHapO~HbiX H HaiJ;HOHaJibHbiX 
KOH<f>epeHIJ;H9:X. 

HaH6oJiee KpynHble ~eJieran;HH npe~eTa QJI9:JIH 
I1HeTHTYT Ha Cosem:aHHH no CMS (PoeeH9:, 
MoeKBa), XII Cosem:aHHH no HenOJih30BaHHIO pae
ee9:HH9: HeHTpOHOB B <f>H3HKe KO~eHeHpOBaHHOro 
eoeT09:HH9: (PoeeH9:, EKaTepHH6ypr), feHepaJihHOH 
KOH<f>epeHIJ;HH 0T~eJieHH9: KO~eHeHpOBaHHbiX epe~ 
EsponeueKoro <f>H3HtJeeKoro o6m:eeTBa (<l>Pf , Pe
reHe6ypr), Pa6o11eM eosem:aHHH no npor paMMe 
HeeJie~OBaHHH e HenOJib30BaHHeM MHilleHH H3 H30-
Mepa ra<f>HH9: (<l>paHIJ;H9:, Opes), 3 Me::>K~yHapo~Hou 
KOH<f>epeHIJ;HH no nytJKaM pa~HOaKTHBHbiX ~ep 

<CIIIA, MeT JlaHeHHr), Me~yHapo~Hou KoH<Pe
peHn;HH <<KsapKosag: MaTepH9:-93» (llisen;H9: , Bep
JiaHr) ,Me~yHapO~HOH KOH<f>epeHIJ;HH «qaeTHIJ;bl H 
~pa» (I1TaJIH9:, nepy~::>Ka)' Me~yHapo~HOH KOH
<f>epeHIJ;HH «0y3blpbKOBa9: KaMepa H ee BKJia~ B 
<f>H3HKY 11aeTHIJ;» (lliseuu;apH9:, )l(eHesa), Me~y
Hapo~Ho:H KOH<f>epeHIJ;HH nO <f>H3HKe BbleOKHX 

fOC'FH OH.siH 

B TetJeHHe 1993 ro~a 06he~HHeHHblu HHeTHTYT 
noeeTHJIH HaytJHble ~eJieran;HH se~ym:Hx y tJeHhiX 
H3 <I>paHn;HH, U:EPH, IOAP, yHHBepeHTeTOB H Ha
YtJHhlx n;eHTpos CIIIA, BeJIHKo6pHTaHHH, fep
MaHHH, KHTa9:, <l>HHJI9:H~HH, I1~HH, H~epJiaH~os, 

napJiaMeHTeKO-npaBHTeJiheTBeHHa9: ~eJieraD;H9: 
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:meprnu (<l>paHn;H9:, MapeeJih), Me~yHapo~Hou 
illKOJie no ~epHOH <f>H3HKe (00Jibma, 0HaeKH), 
Me~yHapo~HOH KoH<f>epeHIJ;HH no npo6JieMe He
eKOJibKHX TeJI (H~epJia~bl, raara)' 28 Esponeu
eKOM eosem;aHHH nO IJ;HKJIOTpOHaM (<l>HHJI9:~H9:, 

IOs9:eKIOJI9:) , 3 BHrneposeKOM eHMn03HyMe (Be
JIHKo6pHTaHH9:, 0Ke<f>op~), <l>p~MaHOBeKOM Me::>K
~yHapo~HOM eeMHHape no rpaBHTaiJ;HH H KOeMO
JIOI'HH (PoeeH9:, CaHKT-0eTep6ypr), XVI CeMH
Hape no <f>H3HKe BbleOKHX 3Heprnu H KBaHTOBOH 
TeopHH no1111 (PoceH9:, OpoTBHHO), Me~yHapo~Hou 
KOH<f>epeHIJ;HH «CneKTpOeKOnH9: raMMa-JiytJeH 3a
XBaTa» (IIIseuu;apH9:, <l>pH6ypr), CeMHHape no 
enHHOBbiM 9:BJieHH9:M B <f>H3HKe BbleOKHX 3HeprHH 
(PoeeH9:, OpoTBHHO), KoH<f>epeHIJ;HH «<l>H3HKa Ha 
sHyTpeHHHx MHmeH9:X- HERA» <<I>Pr, faM6ypr), 
Me~yHapo~HOM eosem:aHHH no <f>H3HKe ~eJieHH9: 
(PoeeH9:, 06HHHeK), Me~yHapo~HOH mKoJie no 
g:~epHou, HenTpoHHou <f>H3HKe (PoeeH9:, CaHKT-ne
Tep6ypr), 3 Me~yHapo~HOH KoH<f>epeHn;HH no Tpe
KOBbiM MeM6paHaM H HX npHMeHeHHIO (00Jibilla, 
Bapmasa). 

PoeeHneKou <l>e~epan;HH, BpHTaHeKa9: npaBHTeJib
eTBeHHa9: KOMHeeH9: BNFL, tJJieHbl 6y~eeTara 
fepMaHHH eOBMeeTHO e npe~eTaBHTeJI9:MH <l>MJ1T H 
eoTpy~HHKaMH noeoJiheTBa <l>Pf B PoeeHH, ~eJie

ran;HH noeoJiheTB BeJIHKo6pHTaHHH H CIIIA B 
PoeeHH. 

.ll,y6Ha. rocTb OI-UIH no
con <l>Pr u Pocc1-111 rocno
AHH 0 . <!><>H Aep ra6JieHTL\ B 
Jla6opaTOpHH liAepHbiX 
peaKL\HH 



Cnp38K3 0 KOJIH'IeCT8e KOM3HJ].Hpo80K Cne~H3JIHCT08 CTpaH-y'laCTHH~ H J].pyrHX CTpaH 

8 061.eJ].HHeHHbiH HHCTHTYT JIJ].epHbiX HCCJieJ].083HHH 8 1993 fOJJ.Y 

Jia6oparopHR JIB3 mm JIT«ll JIH«ll JISIP JIBTA JICB3 Ynp. 
Crpaua (no~pa3~e.neuue) 

A3ep6a}m)KaH 2 1 
ApMeHHSI 2 
BoJirapHSI 11 5 6 3 7 4 3 10 
Ka3axcraH 1 
Ky6a 1 
MoHroJIHSI 10 1 3 1 4 5 
IloJihma 10 12 6 21 19 1 2 3 
PyMhiHHSI 6 6 1 5 4 1 6 
YKpaHHa 2 2 
qeXHSI 1 9 3 9 7 1 
CJioBaKHSI 4 2" 2 . 1 4 1 
BeHrpHSI 1 6 8 6 
fepMaHHSI 12 9 12 31 38 4 2 1 

06IIJ;ee KOJIH'IecTBO 

KOMaJmHpoBOK 

H3 crpaH-)"13CTHHU:, 59 45 37 77 94 17 13 20 
BempHH H repMaHHH 

ABcTpaJIHSI 1 1 
ABcTpHSI 3 2 1 
BeJibrHSI 1 1 3 
BeJIHKOOPHTaHHSI 1 4 4 2 4 
fpe~HSI 1 
EmneT 2 2 4 1 
3HM6a6Be 

IbpaHJJh 

HJmHSI 4 2 
HpaK 

HcnaHHSI 2 
HTaJIHSI 2 5 1 1 6 2 
KaHa~a 1 
KHP 4 7 1 
H~epJiaJmhl 1 2 4 
Hop8emSI 2 
CiliA 9 8 5 14 4 7 4 
TaH:BaHh 1 
Typ~HSI 2 
<l>HHJISIJmHSI 1 3 
<l>paH~HSI 5 17 11 7 9 1 4 1 
IIIBeH:~apHSI 2 3 1 4 6 
IIIBeU.HSI 3 1 
IOrocJiaBHSI 1 1 1 2 
IOAP 2 4 4 
IO)KHaSI KopeSI 2 1 
5JnOHHSI 8 6 

06IIJ;ee KOJIH'IeCTBO 

KOMaJmHpOBOK 42 35 51 36 43 15 16 18 
H3CTpaH-Heyq3CTHHll, 

Bcero: 101 80 88 113 137 32 29 38 

Hroro 

4 
2 

49 
1 
1 

24 
74 
29 

4 
30 
14 
21 

109 

362 

3 
7 
5 

15 
1 
9 
1 
1 
6 
1 
2 

17 
1 

12 
7 
2 

51 
1 
2 
5 

55 
16 
4 
5 

10 
3 

14 

256 

618 
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CnpaBKa o KOJJH'IecTBe KOMatmnpoBOK cne~..VtaJJHCTOB 

061.e.nnueHHOI'O HHCTHTyTa JI,nepHbiX HCCJJe,noBaHHH 

B CTpaHbl-y'laCTHHQbl H ,npyme CTpaHbl B 1993 fO,ny 

Crpaua Jia6oparopHR JIB3 JISIO JIT«l> JIH«l> JISIP JIBTA JICB3 OPBHPH Ynp. ABro- Hroro B T.'l. ua 
(DOApa:J.l{eJICHHe) xoolliiCTBO ltOH4!. 

BoJJrapug: 5 5 4 8 7 3 4 - 4 8 48 5 
BM~THaM - - - 1 - - - - - - 1 
Ky6a - - - - - - - - 3 - 3 
MOHI'OJIH9: 2 - 1 - 1 - - - 2 - 6 
iloJibma . 26 17 12 23 31 1 - 1 2 - 113 20 
PyMbiHH9: 5 2 - 3 6 1 9 - 2 1 29 3 
qeXH9: 5 37 3 7 13 - 4 - 1 8 78 6 
CJioBaKH9: 10 1 5 7 2 5 4 - - - 34 4 
BeHrpH9: 3 - 1 5 3 1 2 - 1 1 17 5 
fepMaHH9: 8 27 59 36 55 18 19 - 4 - 226 42 

06mee KOJIH'IecTBO 

KOMatmHJX>BOK 

B CTpaHbl-y'laCTHHU,bl, 64 89 85 90 118 29 42 1 19 18 555 85 
BeHrpHIO H repMaHHIO 

ABCTpH9: - - 5 3 1 - - 2 1 - 12 11 
AprenTHHa - - - - - - 1 - - - 1 1 
BenbmJI - - 3 2 6 - - - - - 11 4 
BennKo6pnTaHH9: 3 - 6 10 2 1 1 - 1 - 24 14 
fpeu,HJI 2 1 3 4 1 1 2 - 1 - 15 15 
llaHHJI - 1 1 1 - - - - - - 3 3 
EmueT - - - - 2 1 - - - - 3 
113paHJib - - - - 1 - - - 1 - 2 
HtmHJI 3 - - - - - - - - - 3 3 
HpaH - - - - 1 - - - - - 1 
11 pJiatmnJI - - 1 - - - - - - - 1 
HcnaHH9: - 1 2 - - - 1 - - - 4 2 
JiTaJIHJI 8 23 27 6 6 7 2 - 1 - 80 29 
KaHa.Qa - 1 6 - - 1 - - - - 8 
KHllP 1 - - 5 5 - 1 - - - 12 8 
MeKCHKa - - 3 - - - - - - - 3 3 
H~mepJiatmbl 2 - 4 - 2 1 1 - - - 10 10 
Hop&emg: - - 1 1 - 1 - - - 3 3 
ilopTyraJIHJI - 1 - - - - - - - - 1 1 
CiliA 6 22 10 4 . 11 1 14 - 5 - 73 30 
TaHJiatm - - 1 - - 1 - - - - 2 2 
TaifBaHb - - 1 - - - - - 1 - 2 
TypU,HJI 1 1 2 1 1 - - - - - 6 4 
<l>HHJIJifmHJI 15 1 - 1 7 - - - - 10 35 10 
<l>paHU,HJI 17 46 15 12 28 2 3 - 6 - 129 23 
lllseuu.apug 36 67 6 8 3 25 54 - 6 1 206 27 
lllseu,HJI 16 2 - - 1 - - - - - 19 5 
IOAP - - - 2 - - - - 1 - 3 
IOJKHaJI Kopeg - - - 2 - - - - - - 2 1 
IOI'OCJiaBHJI 1 - - - 2 - - - - - 3 1 
.sinoHHJI 4 2 2 3 1 - 1 - - - 13 8 

06mee KOJIH"'IeCTBO 

KOMatmHJX>BOK 115 169 99 65 81 42 82 2 24 11 690 218 
B CTpaHbi-HeyqaCTHHU,bl 

Bcero: 179 258 184 155 199 71 124 3 43 29 1245 303 
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IIepe'leHh Hay'IHbiX, pa6o'IHX H Hay'IHO-opraHH3aQHOHHhiX cosew.aHHH, 
npoBeJJ,eHHbiX 06'heJJ,HHeHHbiM HHCTHTYTOM RJJ,epHbiX HCCJieJJ,OBaHHH B 1993 roJJ,y 

HaHMeHoBaHHe MecTO BpeM.II 
cosem;aHH.II npose]:(eHH.II npose]:(eHH.II 

I. H ay~tltbLe coee14a1tu .R. 

Me)J(]:(yHapo]:(HOe cosem;aHHe .Uy6Ha 20-23 anpeJI.II 
no .ll]:(epHOH cneKTpocKonHH H CTPYKType .siJJ.pa 

Me)J(]:(yHapOAHOe cosem;aHHe no HHBapHaHTHOCTH .Uy6Ha 4-7 Ma.si 
o6pam;eHH.II speMeHH H HapymeHHIO npoCTpaHCTBeH-
HOH 'leTHOCTH s peaKD;H.siX c HeHTpoHaMH 

Me)J(]:(yHapoAHa.si mKoJia-ceMHHap .Uy6Ha 10-15 Ma.si 
no cPH3HKe T.sJ)J(eJibiX HOHOB 

Me)J(]:(yHapo]:(HOe cosem;aHHe c cPHPMOH .Uy6Ha 20-21 Ma.si 
<<BeJIHX MIOJIJiep» 

Me)J(]:(yHapoAHOe cosem;aHHe «<l>H3HKa Ha SSC» .Uy6Ha 1-4 HIOH51 

Me)J(]:(yHapOAHOe cosem;aHHe no nporpaMMHposaHHIO J1.y6Ha 14-19 HIOH51 
H MaTeMaTH'IeCKHM MeTO]:(aM pemeHH.II cPH3H'leCKHX 
aaAa'l 

Me)J(]:(yHapo]:(Hoe cosem;aHHe no cPH3HKe AeJieHH.si CMoJieHHn;e, 14-18 HIOH.sl 
CJiosaKH.si 

III Me)J(]:(yHapOAHa.ll KOH¢epeHD;H.si .Uy6Ha 24-29 HIOH51 
nO HCCJie]:(OBaHHIO nosepXHOCTH MeTO]:(OM pacce.IIHH.II 
HeHTpOHOB H peHTreHOBCKHX Jiy'leH 

Me)J(]:(yHapOAHOe cosem;aHHe no JiaaepHOH cPH3HKe CapaTOB- 27 HIOH.II-
MocKs a 4 HIOJI.II 

Me)J(]:(yHapoAHoe cosem;aHHe .Uy6Ha 6-1 0 HIOJI.sl 
«MeTO]:(bl CHMMeTpHH B cPH3HKe» 

Me)J(]:(yHapoAHhle Kypchl .Uy6Ha 12 HIOJI51-
<<Pa]:(Hai.J;HOHHa.si 6eaonaCHOCTb» 22 asrycTa 

Me)J(]:(yHapo]:(Ha.ll KoH¢epeHI.J;H.si «feo¢H3HKa .Uy6Ha 11-12 asrycra 
H cospeMeHHbiH MHP» 

Me)J(]:(yHapoAHOe cosem;aHHe, nocs.s~m;eHHoe J1.y6Ha 19-21 asrycTa 
naM.IITH H.H.BoroJII06osa 

Me)J(]:(yHapOAHOe cosem;aHHe «llMnyJihCHble .Uy6Ha 4-11 HIOJI51 
CBq-HCTO'lHHKH AJI.II JIHHeHHbiX Ko.imaHJJ,epoB» 

Me)J(]:(yHapo]:(HbiH ceMHHap no cynepnpoTOHHbiM .Uy6Ha 7-11 ceHT.si6p.s~ 
npOBO]:(HHKaM 

EsponeiicKa.ll mKOJia no cPH3HKe BbiCOKHX ::mepmif 3aKon He, 12-25 ceHT.si6p.s~ 
IloJihma 

Me)J(]:(yHapo]:(HbiH ceMHHap no BTCII (0l1.Sil1 - J1.y6Ha 14-18 ceHT.si6p.s~ 
<I>Pr- PoccH.II- YKpaHHa) 

Me)J(]:(yHapo]:(HbiH CHMn03HYM «.Uy6Ha . .UeiiTpoH-93» .Uy6Ha 14-18 ceHT.116p.s~ 

V Me)J(]:(yHapoAHOe cosem;aHHe no .si]:(epHo-cneKTpo- .Uy6Ha 21-25 ceHT.116p.s~ 
CKOnH'leCKHM HCCJie]:(OBaHH.siM CBepXTOHKHX B3aHMO-
]:(eHCTBHH 

Me)J(]:(yHapo]:(Hoe cosem;aHHe «IloJiy'leHHe BapHa, 11-16 OKT516p51 
BTOpH'IHbiX ny'IKOB pa]:(HOaKTHBHbiX .ll]:(ep BoJirapH.si 
TeXHHKOH ¢parMeHT-Cenapai.J;HH» 

KoJIH'leCTBO 
yqaCTHHKOB 

165 

120 

185 

100 

200 

130 

70 

120 

20 

103 

95 

65 

70 

80 

100 

120 

120 

100 

95 

70 
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HaHMeuosauHe Mecro BpeMSI KoJIHlleCTso 
COBeJI¥lHHSI npose~eHHSI npose~eHHSI y'laCTHHKOB 

II. Pa6o~ue cooe~aHuR 

Pa6ot~ee cosemauHe no ueifTpHHHOMY ~eTeKropy lly6ua 19-2} SIHBapSI 40 

Pa6ot~ee cosell\aHHe no TRD lly6ua 20-23 SIHBapSI 45 

Pa6ot~ee coBell\aHHe no c--r-cpa6pHKe lly6ua 27-29 anpenSI 45 

Pa6ot~ee cosemauHe no 3KcnepHMeHTY WA-91 lly6ua 5-8 MaSI 30 

Pa6ot~eecosemauHeKoJIJia6opa~HH«EaifKan• lly6ua 6-12 HIOHSI 30 

Pa6o11ee cosell\aHHe cOTpy~HHlleCTBa llEJI<I>H lly6ua I-5 HIOJISI 25 

Pa6o11ee coBell\aHHe no npo6neMaM lly6ua 15-20 HIOJISI 40 
cynepcHMMeTpHH H KBaHTOBbiX rpynn 

Pa6ot~ee cosemauHe no yCTaHOBKe CBll lly6ua }-2 CeHTSI6pSI 35 
Pa6ot~eecosemauHe lly6ua 5-8 OKTSI6pSI 40 
«KBaHTOBble HeJIHHeHHble SIBJieHHSI B onTHKe 
H cPH3HKe KO~eHCHpoBaHHbiX Cpe~· 

MeQyuapo~HbiH ceMHHap «<l>H3HKa H npHMeHeHHe lly6ua }}-16 OKTSI6pSI 50 
TBep~OTeJibHbiX Jia3epoB• 
<PHAH - OHSIH - HO<I>AH> 

Pa6ot~ee cosew.auHe no 3KcnepHMeHTaM lly6ua 12-14 OKTS16pSI 50 
ua yCTaHoBKe 3KCqAPM 

Pa6ot~ee cosemaHHe «Eb1CTpb1H TPHITep MJOOHHoro lly6ua 27-30 OKTSI6pSI 30 
~eTeKropa HPDT ATLAS• 

Pat5ot~ee cosew.aHHe no ~poHHOMY KaJIOPHMeTpy lly6ua 28-29 OKTSI6pSI 20 
CMS 

Pa6ot~ee cosemauue no HCCJJe~oB~HHIO MaJIOHyKJioH- lly6ua 2-4 HOSI6pSI 20 
HbiX CHCTeM BO B3aHMO~eHCTBHSIX ~ep C nporoHaMH 

Pa6ot~ee cosemauue no yCTaHOBKe NEM0-3 lly6ua }}-} 7 HOSI6pSI 30 

Pa6ot~eecosew.auHeKOJIJia6opa~HH«EaifKan• lly6ua 6-10 ~eKa6pSI 45 
Pa6ot~ee cosemauHe no yCTaHOBKaM C<I>EPA u lly6ua 7 .;_9 ~eKa6pSI 70 
rHEC 

Pa6ot~ee cosew.auHe «TSI:J~CeJible KsapKOBble CBSI3aH- lly6ua 8-12 ~eKa6pSI 45 
Hble COCTOSIHHSI H CHMMeTpHH» 

Il I. H ay~Ho-opzaHU3Q~UOHHble cooe~aHUR 

HKC no TeopeTHlleCKOH cPH3HKe lly6ua }} SIHBapSI 100 

73 ceccHSI Yt~eHoro coseTa OHSIH lly6ua 12-14 SIHBapSI 120 

CosMeCTHaSI KOMHCCHSI OHSIH- <I>MHT lly6Ha 28-31 SIHBapSI 20 

3ace~aHHe <l>HHaHCOBOro KOMHTeTa lly6ua 16-18 «PespaJISI 80 

KOMHTeT noJIHOMO'IHbiX npe~CTaBHTeJieH lly6Ha 16-18 MaPTa 120 
npaBHTeJibCTB rocy~apcTB- liJleHOB OHSIH 

HKC no ctJuauKe BbiCOKHX 3Hepmif lly6ua 8-9 anpeJISI 120 

HKC no e~HHOH TexHHt~ecKoif noJIHTHKe lly6ua IS anpenSI 80 

HKC no cPH3HKe HH3KHX H npoMe:;wcyrot~HbiX 3Hepmif lly6ua 22-24 anpenSI 120 

HKC no HCCJie~osaHHIO Ko~eucHposaHHbiX cpe~ lly6ua 27-28 anpenSI 120 
~epHbiMH MeTO~aMH 

74 ceccHSI Yt~euoro coseTa OHSIH lly6ua 8-10 HIOHSI 120 
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HanMeuosauue Mecro BpeM51 Ko;JHqecrso 
COBe~aHH51 npose~eHH51 npose~eHH51 y'laCTHHKOB 

3ace~aHHe KOHTJ>OJibHOH KOMHCCHH <!>HHaHCOBOro JJ:y6ua 29-30 HIOH51 20 
KOMHTeTa 

Opi'KOMHTeTbl no <l>opMnposauniO: 

IIporpaMMHO-Koucy JibTaTHBHoro KOMHTeTa JJ:y6ua 16-1 7 H0516p51 125 
no <i>H3HKe BbiCOKHX 3HepmH 

II porpaMMHO-Koucy JibTaTHBHOro KOMHTeTa JJ:y6ua 18-19 H0516p51 120 
no <i>H3HKe HH3KHX H npoMe)l(yTO'IHbiX 3Hepm:H 

IIporpaMMHO-Koucy JibTaTnsuoro KOMHTeTa JJ:y6ua 26 H0516p51 80 
no e~HHOH TeXHH'leCKOH nOJIHTHKe 

IIporpaMMHO-KOHcy JihTaTusuoro KOMHTeTa JI.y6ua 30 H0516p51 - 150 
no HCCJie~OBaHHIO KO~eHCHpoBaHHbiX cpe~ 2 ~eKa6p51 
MepHbiMH MeTO~aMH (COBMeCTHO 
c KOMnccue:H P AH no MepHbiM MeTo~aM 
B <i>H3HKe KO~eHCHpoBaHHbiX cpe~) 

IIporpaMMHO-Koucy JibTaTnsuoro KOMHTeTa JJ:y6ua 2-3 ~eKa6p51 90 
no TeOpeTH'leCKOH <i>H3HKe 

IIepe'leHb KOH<i>epeHQHH, CHMn03HYMOB, COBeW.aHHH H WKOJI, B KOTOpbiX npHHHMaJIH y'laCTHe 
cneQHaJIHCTbl OIHIH's 1993 ro}J,y 

Me~yuapo~Ha51 Kou<t>epeuu,H51 
<<KOHTHHYaJibHble HHTerpaJibl B <i>H3HKe» 

CosMeCTHOe 3ace~auue HKC u Hay'IHoro coseTa 
fHTIIP <<Cl>H3HKa BbiCOKHX 3HepmH» 

Cose~auue no CMS 

Pa6oqee COBe~auue no <l>H3HKe cneKTpoMeTpa oop 
~JI51 COSY 

5 liiKona 11K<I>A no annapaType 
B <i>H3HKe 3JieMeHTapHb1X 'laCTHU, 

3HMH5151 WKOJia Jll..f.SI<I> 

32 Me~yHapo~Ha51 yHnsepcnTeTCKa51 He~en51 
no MepHo:H <Pn3HKe u <Pn3HKe 'laCTHU. 

Pa6o11ee cose~aHne no LHC 

~pHaTH'leCKa51 KOH<t>epeHU,H51 
no KBaHTOBOH HHTeP<J.>epeHU,HH 

Me~yHapo~Ha51 KoH<t>epeHU,H51 
«Pe3yJibTaTbl H nepcneKTHBbl B <i>H3HKe 'laCTHU,~> 

Me~yHapo~Ha51 KoH<t>epeHU,H51 «llepcneKTHBbl 
pa3BHTH51 <i>H3HKH BbiCOKHX 3HepmH~> 

Me~yHapo]J,Ha51 mKona no nepcneKTHBaM MepHo:H 
<i>H3HKH 

Pa6o11ee cose~aHne no ~ByMepHo:H KBaHTOBOH 
TeOpHH nOJI51 

Ba I'KOK, 
TaHJia~ 

ilpoTBHHO, 
POCCH51 

M ocKsa, 
Poccu51 
Ba~ XoHHe<t>, 
<I>Pr 

BoM6e:H, 11~H51 

faT'IHHa, Poccu51 

illJIMMHHr, 
ABcTpH51 

X eJibCHHKH, 
<!>HHJI51~H51 
TpuecT, 11TaJIH51 

AocTa-BeJIJin, 
11TaJIH51 

Jla-TIOnh, 
11TaJIH51 

ToKHO, .SinoHH51 

BeHa, Ascrpu51 

7-12 51HBap51 2 

12 51HBap51 2 

21-22 51HBap51 25 

1-3 <t>espan51 1 

15-27 <t>espan51 3 

24 <t>espan51 -
1 Ma}>Ta 
24 <t>espan51- 1 
5 Ma}>Ta 

25-26 <t>espan51 

2-5Ma}>Ta 1 

7-13 Ma}>Ta 1 

7-13 Ma}>Ta 1 

7-19Ma}>Ta 1 

8-12Ma}>Ta 4 
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HauMeuosauue Mecro BpeMSI KoJIH'IeCTBO 
COBe~aHHSI npoBe,t~eHHSI npoBe,l:leHHSI y'laCTHHKOB 

Pa6o11ee cose~auue no 3KcnepuMeHTY NA-47 )l(euesa, 13MaPTa-
Iliseln~apHSI 3 anpeJISI 

XII Cose~auue no ucnoJib30BaHHIO pacceSIHHSI EKaTepuu6ypr, 18-23 MaPTa 12 
HeiiTpoHOB B <J>H3HKe KOH,l:leHCHpoB3HHOro COCTOSIHHSI PoccHSI 

Me:lK,l:lyuapo,~:~uoe cose~uue «KX.ll H B3aHMO- Jle ApK, 20-27 MaPTa 2 
,l:leHCTBHSI a,l:lpoHOB npH BbiCOKHX 3HeprHSIX» <l>paHU,HSI 

Pa6o11ee cose~auue no ycrauosKe JEM .llaJIJiac, CiliA 22 MaPTa-
4 anpeJISI 

13 feuepaJibH3SI KOH<J>epeHU,HSI Pereuc6ypr, <I>Pr 29 MaPTa- 5 
OT.t~eJieHHSI KOH,l:leucuposauublx cpe.z:~ 2 anpeJISI 
EsponencKoro <I>H3H'IecKoro o6~ecrsa 

I MeJ~Crocy,~:~apcrseuuaSI Kou<J>epeuu,HSI XapbKOB, 5-9 anpeJISI 
<<MaTepHaJIOBe,l:leHHe BbiCOKOTeMnepaTypHbiX YKpauua 
CBepxnpoBO,l:IHHKOB» 

Me;~~C.z:~yuapo,~:~uaSI Kou<J>epeuu,HSI no MaTeMaTH'IeCKHM Kap11cpy3, <I>Pr 19-23 anpeJISI 
MeTO,l:laM H o6pa6oTKe ,1:13HHbiX Ha cynep3BM 
B Sl,l:lepHOH TeXHHKe 

Pa6o'lee cose~auue no nporpaMMe HCCJie,~:~osauuu Opc3, <l>pauu,HSI 24 anpeJISI - 5 
C HCnOJib30B3HHeM MHWeHH H3 H30Mepa ra<J>HHSI 6 M3SI 

Me;~~C.z:~yuapo.t~HbiH cet.tuuap no KOMnbJOTepHbiM CaKJie, <l>pauu,HSI 27 -29 anpeJISI 
nporpaMMaM MeTO.t~a MouTe-KapJio B npo6Jiet.tax 
nepeuoca H3Jiy'leHHSI 

Me~yuapo,~:~uaSI Kou<J>epeuu,HSI no MaJioyrJIOBOMY CaKJie, <I>pauu,HSI 27-30 anpeJISI 
pacCeSIHHIO 

Pa6o'lee cose~auue no nporpaMMe PIAFE fpeHOOJib, 2-5 M3SI 3 
<l>paHU,HSI 

Cet.tuuap HK<l>A «.llaJibueumue nepcneKTHBbl fat.t6ypr, <I>Pr 3-7 M3SI 3 
s <I>H3HKe BbiCOKHx 3uepmu s DESY» 

18 feuepaJibH3SI accat.t6JieSI Buc6a,~:~eu, <I>Pr 3-7 MaSI 3 
EsponencKoro reoQ>H3H'IeCKOro o6~ecrsa 

Me:lK,l:lyuapo,t~HbiH CHMn03HYM no cynepKoJIJiaH,l:lepy Cau -<l>pauu,ucKo, 5-9 M3SI 2 
CiliA 

2 Pa6o'lee COBe~aHHe no 3UP-HCTO'IHHK3M HOHOB fpoHHHreH, 6-7 M3SI 
H H.z:l epJiaH.z:lbl 

3 EsponencKoe pa6o11ee cose~auue PHMHHH. 11 TaJIHSI 9-13 M3SI 
no COBpeMeHHOMY npHMeHeHHIO MHKpony'IKOBOro 
auaJIH3a 

06~eesponencKaSI Kou<J>epeuu,HSI TpouxenM, 10-13 M3SI 
no KOMnbiOTepHbiM CeTSIM HopsemSI 

6 COSPAR KOJIJIOKBHYM (Me:lK,l:lyuapo,~:~HbiH KpyrJibiH Ba,~:~ Xouue<J>, 11-14 M3SI 
CTOJI no ou,euKe pa,~:~uau,uouuoro pucKa 'leJIOBeKa npu <I>Pr 
KOCMH'IeCKHX nOJieTaX) 

Me:lK.z:lyuapo,~:~uaSI Kou<J>epeuu,HSI «A.z::poubl-93» HoBbiH CseT, 12-18 M3SI 5 
KpbiM 

Me:lK,l:lyuapo,~:~uaSI wKoJia <<CospeMeHHble MeTO.z:lbl KaMo, l1TaJIHSI 12-23 M3SI 
MaJIOyrJIOBOI"O pacceSIHHSI» 

Me:lK,l:lyuapo,~:~uaSI Kou<J>epeuu,HSI no ycKopHTeJISIM Bawuurrou, CiliA 17-20 MaSI 2 

KoJIJie,t~JIC no Bbi'IHCJIHTeJibHOH <I>H3HKe Tpuecr, l1TaJIHSI 17 M3SI-
11 HIOHSI 
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HaHMenoBanHe MecTo BpeMSI Ko;mqecrBo 

COBelll;3HHSI npoBe~eHHSI npoBe~eHHSI Y113CTHHKOB 

KHeBCKHH ceMHnap no <PH3HKe H TexHHKe KHeB , YKpaHua 18-20 M3SI 3 
HHTeHCHBHbiX HCTO'IHHKOB HOHOB H HOHHhiX ny'IKOB 

Me~yuapo~HhiH CHMno3HYM no ~oCToBepuoCTH Beua, ABcTpHSI 24-27 M3SI 1 

H3MepeHHH B ~03HMeTpHH 

3 Me~yuapo~HaSI Kou<t>epeuu;HSI no ny11KaM 11cT-JiaucHur, 24-27 M3SI 5 
p~HoaKTHBHhlx Mep ClllA 

Me~yuapo~uaSI Kou<t>epeuu;HSI no coBpeMeHHhiM A6HHITOH, 24-28 M3SI 4 
HCT011HHK3M HeHTpoHOB BeJIHKOOpHT3HHSI 

PoccHucKaSI rpaBHTau;HouuaSI Kou<t>epeuu;HSI Ilylll;HHO, PoccHSI 25-28 M3SI 1 

Me~yuapo~uaSI Kou<t>epeuu;HSI Ka3anh, PoccHSI 26-28 M3SI 2 
no KOMnpeccopocTpoenHIO 

8 lllKOJia nO <I>H3HKe BhiCOKHX :mepmu X3MnTOH, ClllA 26 M3SI- 1 

12 HIOHSI 

Pa6o11ee coBelll;aHHe «Li,eJihTa-Bo36y~eHHSI B MP3X}> CaHTaMa, 27-29 M3SI 1 

5J:nOHHSI 

V CoBelll;aHHe no Jia3epuoH: Macc-cneKTpoMeTpHH HoBropo~, 1-2 HIOHSI 1 
POCCJfSI 

VME B npoMhllliJieuuocTH n uay'IHhiX ncCJie~oBaHHSIX qepuoroJIOBKa, 1-5 HIOHSI 3 
Poccn SI 

3 Pa6o11ee coBelll;aHHe no c-r-<t>a6pnKe Map6e.nhSI, 1-6 HIOHSI 2 

11cnaHHSI 

4 CeBepublu CHMno3HYM Jlo3u, HopBemSI 7-9 HIOHSI 1 

JleTuee coBelll;aHHe no Mepuou <PH3HKe IOBSICKIOJISI, 8-12 HIOHSI 1 

<l>HHJISI~HSI 

Hop~H'IeCKoe pa6o11ee coBeiiJ;anHe no TeopHH 36epreu, ll-15 HIOHSI • 1 

peaKIJ;HH TSI)I(eJihiX HOHOB npH BbiCOKHX 3HepmSIX HopBemSI 

Me~yuapo~HaSI Kou<t>epeuu;HSI Koneurareu, 11-20 HIOHSI 
«IlepcneKTHBhl B H3y11eHHH Mepuou CTPYKTYPhl}> Li,aHHSI 

Koop~Huau;Houuoe 3ace~auHe <l>M11T- 0115111 Ll,apMmTa~T, 13-16 HIOHSI 5 
<I>Pr 

Me~yuapo~uaSI Kou<t>epeuu;HSI <OI~epuaSI 3HepmS1 IlopTOpo)l(, 13-16 HIOHSI 

B U.euTpaJibHOH EBpone: uacTOSIIIl;ee H nepcneKTHBhl}> IOrocJiaBHSI 

JleTHSISI illKOJI3 no <I>H3HKe BhiCOKHX 3Hepmu TpHeCT, 11TaJIHSI 13-30 HIOHSI 1 
H KOCMOJIOrHH 

Me~yuapo~uaSI Kou<t>epeuu;HSI EepJiaur, 20-24 HIOHSI 5 
«KBapKOB3SI MaTepHSI-93}> lllBeiJ;HSI 

Pa6o11ee coBelll;aHHe no MHKpoCTpHnOBhiM ra30BhiM rpeuo6Jib, 20-25 HIOHSI 2 

~eTeKTOpaM <l>pa IJ;HSI 

Me~yuapo~uaSI Kou<t>epeuu;HSI OyJiy , 22-24 HIOHSI 2 

«CHCTeMhl peaJihHOro BpeMeHH}> <l>HHJISI~HSI 

He<PopMaJihHaSI Kou<t>epeuu;HSI no peaKTOPHhiM 066HH, <l>Pr 23-26 HIOHSI 2 

myMaM IMORN-24 

Pa6o11ee coBelll;aHHe «3KCKJII03HBHhle peaKIJ;HH 3Jib6a , 11TaJIHSI 24-26 HIOHSI 2 

npH 6oJihmHx nepe~a11ax HMnyJihCOB}> 

Me~yuapo~uaSI Kou<t>epeuu;HSI CauTopHHH, 28 HIOHSI- 4 

<<ATOMHhle H MepHhle KJI3CTepb1}) rpeD;HSI 2 HIOJISI 

Pa6o11ee coBelll;aHHe «B3aHMO~eucTBHe CaJIOHHKH, 25 HIOHSI- 3 

peJISITHBHCTCKHX TSI)I(eJihiX HOHOB}> rpeD;HSI 5 HIOJISI 
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HauMeuosauue Mecro BpeMSI KoJIH'IeCTso 

cosem;aHHSI npose~eHHSI npose~eHHSI yqaCTHHKOB 

Me~yuapo~Ha51 Kou<t>epeHI.Uf51 u JieTH5151 mKoJia Co<t>HSI, 26 HIOHSI-

«l.fH<I>opMaiJ,HOHHble TeXHOJIOrHH BoJirapH51 5 HIOJISI 

H nporpaMMHpoBaHHe» 

Kou<t>epeuu,HSI EsponencKoro <I>H3H'IecKoro KpuT,fpeu,HSI 28 HIOHSI- 3 

oom;eCTBa «By~ym;ee ~epHOH cneKTpocKOnHH» 3 HIOJISI 

Me~yuapo~ua51 Kou<t>epeuu,HSI « llaCTHU.bl H ~pa» nepy~xa, 28 HIOHSI- 7 

J1TaJIH51 2 HIOJISI 

19 Me~yuapo,nua51 Kou<t>epeuu,HSI no raMHJibTOHO- TopyH&, noJI&ma 28 HIOHSI- 2 

sou MexaHHKe «11HTerpupyeMOCT& H xaOTH'IecKoe 2 HIOJISI 
nose~eune» 

Pa6oqee cosem;auue «feoMeTpH'IecKHe MeTO~bl BeJIOCTOK, 1-7 HIOJISI 

B <t>H3HKe» noJI&ma 

XI Me~yuapo,nua51 Kou<t>epeuu,HSI BaJiarou<t>10pe~, 5-9 HIOJISI 2 
no HOHHbiM ny'IKaM Beurpu51 

Me~yuapo~Ha51 Kou<t>epeuu,HSI «TpaucnoPT, xaoc MapceJI&, 5-9 HIOJISI 

H <t>H3HKa OJia3Mbl» <l>paHU,H51 

Me~yuapo~Ha51 Kou<t>epeuu,HSI no reoxHMHH ra3oB Be3aucou, 5-10 HIOJISI 

<l>paHU,HSI 

JlaTHHOaMepuKaHcKaSI mKOJia no <t>H3HKe «E F AF -93» Map-~eJI&-nJiaTa , 5-16 HIOJISI 

ApreHTHHa 

Me~yuapo.nua51 Kou<t>epeuu,HSI .ny31ip&Kosa51 )l(euesa, 11-16 HIOJISI 5 
KaMepa H ee BKJia,n B <t>H3HKY 'laCTHIJ,» Iliseuu,apuR . 
Me~yuapo,nuaR Kou<t>epeuu,HR no Kpuoreuuou AJI&6yKepKe, 12-16 HIOJISI 3 
TeXHHKe H KpHOI'eHHbiM MaTepHaJiaM CiliA 

Pa6oqee cosemauue no no~rorosKe cosMeCTuoro ByxapeCT, 12-30 HIOJISI 
npoeKTa B o6JiaCTH HCCJie~oBaHHR Kou,neucuposau- PyMbiHHSI 
HbiX cpe~ 

Me~yuapo~HbiH CHMno3HYM napH.liC, 15-17 HIOJISI 
no (e, 2e) -CTOJIKHOBeHHSIM, ~BOHHOH <l>paHU,HSI 

<t>0TOHOHH3aiJ,HH H ConyTCTBYIOW:HM npou,eccaM 

Pa6oqee cosem;auue no MaTeMaTH'IecKon <t>n3HKe Jleseu, BeJI&rHR 19-24 HIOJI.sl I 

Me~yuapo~HaR Kou<t>epeuu,HR no <t>n3HKe BbiCOKHX MapceJI&, 21-28 HIOJISI 9 
::mepmu <l>paHU,HSI -
Me~yuapo,nuaR Kou<t>epeuu,HR BepKJIH, CiliA 29 HIOJI.sl-
«HH3KOTeMnepaTypHble ~eTeKTOpbl 'laCTHIJ,» 3 asrycTa 

Me~yuapo~ua.s~ JieTHRR mKoJia ll,poHTeH, 1-15 asryCTa 2 
«nepcneKTHBbl s CTPYKType a,npouublx cuCTeM» Hu,nepJiau,nbl 

42 JleTHSISI WKOJia nO <t>H3HKe IliOTJiaH,nCKOI"O 3~uu6ypr, 1-21 asrycTa 
yuusepcuTeTa BeJIHKo6puTaHHR 

20 Me~yuapo~uaR Kou<t>epeuu,uR IO~.liCHH, CiliA 4-11 asrycTa 
nO <t>H3HKe HH3KHX TeMnepaTyp 

Me~yuapo~uaR Kou<t>epeuu,uR 11TaKa, CiliA 10-15 asrycTa 4 
no JienTOH-<l>OTOHHbiM B3aHMO~eHCTBHSIM 

Me~yuapo~HbiH CHMn03HYM no CJ~eaTbiM BaJITHMOp, CiliA 10-13 asryCTa 

COCTOSIHHSIM H COOTHOWeHHSIM Heonpe.QeJieHHOCTH 

I 06m;eesponencKaR Kou<t>epeuu,HSI no HeJIHHeHHbiM faM6ypr, <I>Pr 15-21 asryCTa 
KOJie6aHHSIM 
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HaHMeuoBaHHe MecTo BpeMjl KoJIH'IeCTBO 
COBemaHHSI npoBe~eHHSI npoBe~eHHjl yt~aCTHHKOB 

MeXGJ;yuapo~uaSI xou<iJepeun:HSI no ueiiTpouuoMy llexHu, KHTaii 17-19 aBryCTa 4 
pacceSIHHIO 

MeXGJ;yuapo~uaSI mKoJia no ~epuoH: <PH3HKe llSICKH, llOJibWa 18-28 aBryCTa 7 

16 MeXGJ;yuapo~HbiH KpHCTaJIJiorpa<iJHt~ecKHH lleKHH, KHTaii 21-29 aBryCTa 3 
xourpecc 

lliKOJia no <iJH3HKe Ha KOJIJia~epax peJij~THBHCTCKHX EpyxxeH:Beu, 23-27 aBrycra 1 
HOHOB CiliA 

MeXGJ;yuapo~uaSI xou<iJepeun:HSI no npo6JieMe AMcTep~aM, 23-27 aBryCTa 6 
HeCKOJibKHX TeJI H~epJia~hl 

15 MeXGJ;yuapo~uoe coBem:auHe no Jia3epaM raa a, 23-27 aBryCTa 
Ha CBOOo~HbiX 3JieKTpoHaX H~epJia~bl 

MeXGJ;yuapo~uaSI xou<iJepeun:HSI EpaTHCJiaBa, 23 aBryCTa- 3 
nO ~H<P<i:lepeHIJ:HaJibHbiM ypaBHeHHSIM CJioBaKHSI 1 ceuTS16pS1 

MeXGJ;yuapo~uaSI mxoJia no ~epuoH: <PH3HKe llp ~ean, 24 aBryCTa .- 2 
PyMbiHHSI 2 ceuTS16pS1 

CoBem:auHe no MEYY A HOHHhiM HCTO'IHHKaM lleKHH, KHTaii 28-30 aBryCTa 3 

Kourpecc «XHMH'Iecxoe MamHHOCTpoeuHe llpara, qexHSI 29aBryCTa-
H aBTOMaTH3aU:HSI» 4 ceHTS16pS1 

MeXGJ;yuapo~uaSI xou<iJepeun:HSI 06 pem, <I>Pr 30aBryCTa-
«ilHOH-~epHaSI <iJH3HKa» 4 CeHTS16pS1 

Me:;K):(yuapo~uhlii CHMn03HYM no KBa3HKpHCTaJIJiaM qe~e. KHTaii 30aBryCTa-
H ~e<PexToynop~ot~eHHbiM KPHCTaJIJiaM 1 ceuTS16pS1 

31 EJKero~HaSI xou<iJepeun:HSI EBponeH:cxoH: HCCJie~o- Een<Pacr, 30aBryCTa- 1 
BaTeJibCKOH rpynnhl no BhiCOKOMY ~aBJieHHIO BeJIHKOOPHTaHHSI 3 ceHTS16pS1 

3 EBponeiicKaSI xou<iJepeun:HSI <<Y cxopHTeJIH OpJieau, 31 aBryCTa- 1 
B npHKJia~HbiX HCCJie~OBaHHSIX H TeXHOJIOrHH» <l>paHIJ:HSI 4 CeHTS16pSI 

V MeXGJ;yuapo~uaSI xou<iJepeun:Hjl no HOHHhiM lleKHH, KHTaii 31 aBryCTa- 4 
HCTO'IHHKaM 4 ceuTS16pS1 

28 EBponeH:cxoe coBem:auHe no U:HKJIOTpouaM IOBSICKIOJISI' 1-4 ceuTS16pS1 6 
Cl>HHJISI~HSI 

MeXGJ;yuapo~uaSI xou<Pepeun:HSI «HeJIHHeiiuhle 3BO- Jleqqe, l1TaJIHSI 3-12 ceHTS16pS1 2 
JIIOU:HOHHble ypaBHeHHSI H ~HHaMH'IeCKHe CHCTeMhl» 

MeXGJ;yuapo~uaSI xou<iJepeun:HSI lla HSI, l1TaJIHSI 3-7 ceuTS16pS1 1 
no TSI:lKeJihiM <PJieiiBopaM 

MeXGJ;yuapo~uaSI xou<Pepeun:HSI HaroSI, .slnoHHSI 4-14 ceHTS16pjl 
«Pa~HaU:HOHHble 3Qxj>eKThl B H30JISITOpax-7~> 

MeXGJ;yuapo~uaSI xou<Pepeun:HSI Eaucxa- 4-11 ceuTS16pS1 2 
«CTpyxTypa MpoHOB-93» lliTbSIBHHIJ:a, 

CJioBaKHSI 
EBponeH:cxaSI mxoJia no 3K30TH'IeCKHM nyqxaM Jle eu, DeJibrHSI 5-10 ceHTS16pSI 2 

3 BHruepoBCKHH CHMn03HYM Oxc<Pop~. 5-11 ceuTS16pS1 5 
BeJIHKoopHTaHHSI 

MeXGJ;yuapo~uaSI xou<iJepeun:HSI «KoonepaTHBHhle Ea~ Xouue<P, 5-11 ceuTS16pS1 2 
SIBJieHHSI B MHOro'laCTH'IHhiX CHCTeMaX» <I>Pr 

3 ]o~OHCKaSI KOH<iJepeHIJ:HSI Jlo~OH, 6-10 ceHTS16pS1 2 
nO n03HU:HOHHO-'IYBCTBHTeJibHhiM ~eTeKTOpaM BeJIHKOOPHTaHHSI 

32 MeXGJ;yuapo~HhiH CHMno3HYM no TeopHH Be~Hm PHTU:, 7-11 ceHTS16pS1 3 
3JieMeHTapHhiX 'laCTHU: <I>Pr 
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HauMeHoBaHue 
COBe~aHHg: 

MeQyHapo~Hoe cose~HHe no ~aa~oHHOMY 
MaTepHaJIOBe~eHHIO 

MeQyHapo~Hag: KOHcPepeH~il «llosepxHOCTHail 
MO~HcPHKa~g MeTaJIJIOB HOHHbiMH ny'IKaMH» 

MeQyHapo~Hag: mKoJia no KOMnbiOTHHry 

MeQyHapo~HaiiKOHIPepeH~g: 

«HyKJIOHbl H aHTHHYKJIOHbl-93• 

<l>p~MaHOBCKHH MeQyHapo~HbiH CeMHHap 
nO rpaBHTa~H H KOCMOJIOrHH 

4 MeQyHapo~Hail KOH<i>epeH~il «SbepHble 
aHaJIHTH'IetKHe MeTO~bl 8 HayKaX 0 .liCH3HH• 

X MeQyHapo~HbiH CHMn03HYM no npo6JieMaM 
MO~YJibHbiX KOMDJieKCHbiX CHCTeM 

3 0KaPop~CKail WKOJia no pacceiiHHIO HeHTpoHOB 

MeQyHapo~HaiiKOH<i>epeH~g: 

«Te~eH~H B cPH3HKe. 

XVI CeMHHap no cPn3HKe BbiCOKHX 3Hepmu 
H KBaHTOBOH TeopHH nOJiil 

MeQyHapo~Hoe cosemaHHe «AKTHH~bl-93» 

5 MeQyHapo~Hoe pa6o'lee cose~HHe no XHMHH 
MameAeu 

MeQyHapo~HaiiKOHIPepeH~Hil 

«KaJiopHMeTpHi~ B cPH3HKe BbiCOKHX 3HeprHH» 

MeQyHapo~Hail KoHcPepeH~il «CneKTpocKonug: 
raMMa-Jiy'leu 3axsaTa» 

MeQyHapo~Hai~KoHcPepeH~il 
«<l>H3HKa MHOI"O'IaCTH'IHbiX npo~etCOB• 

CuMn03HYM «llpuMeHeHue ~epHbiX MeTO~os 
B I'eOJIOrHH, reo<IJH3HKe H I'eOXHMHH• 

7 MeQyHapo~Hail KoHcPepeH~il no HecTa~aPT
HbiM 3HepreTH'IetKHM ~epHbiM CHCTeMaM 

CeMHHap no cnHHOBbiM iiBJieHHKM 
B cPH3HKe BbiCOKHX 3HeprHH 

MeQyHapo~Hag: KoHcPepeH~ag: 

«LJ:HcPIPepeH~HaJibHO-reOMeTpH'IetKHe MeTO~bl 

B TeopeTH'IetKOH cPH3HKe» 

MeQyHapo~Hail mKoJia no cPa3HKe ycKopHTeJien 

P~ao6aoJIOrH'IetKHH C'be3~ 

MeQyHapo~Hail KOHcPepeH~Hil no TeKcrypaM 
MaTepuanos «ICOTOM-10. 

KoHcPepeH~ug: «<l>H3HKa Ha BHyTpeHHHX MHmeHiiX -
HERA» 

MeQyHapo~Hag: KOHcPepeH~ag: 

<<TeopeTH'IeCKHe acneKTbl KBaHTOBOH TeopHH noJig: 
B cPH3HKe BbiCOKHX 3HeprHH» 
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Mecro BpeMg: KoJIH'Iecrso 
npose~eHHil npose~eHug: y'laCTHHKOB 

Bapmasa, 11-19 ceHTg:6p11 2 
llOJibma 

Haro11, SlnoHug: 11-20 ceHTg:6pg: 

JlaKBHJia, 1-25 ceHTg:6pg: 

J.iTaJIHil 
MocKBa, Poccug: 12-19 ceHTg:6pg: 5 

CaHKT-lleTep6ypr, 12-19 ceHTg:6pg: 8 
Poccu11 

llpara, qexug: 13-1 7 ceHTg:6pg: 4 

CaHKT-lleTep6ypr, 13-17 ceHTg:6pi1 
POCCHK 

0KaPop~, 14-24 ceHTg:6pg: 2 
BeJIHKo6paTaHH11 
<!>JiopeH~Hil, 14-1 7 ceHTg:6pg: 4 
JiTaJIHil 

llpoTBHHO, 14-17 ceHTg:6pg: 9 
POCCHil 

CaHTa-<I>e, CiliA 18-24 ceHTg:6pg: 1 

BpyKxeuseH, 18-24 ceHTg:6pg: 2 
CiliA 

3JIIJ6a, JiTaJIHil 1 9-25 ceHTg:6pg: 2 

<I>pu6ypr, 20-24 ceHTg:6pg: 9 
Iliseu~apug: 

KOHM6pa, 20-25 ceHTg:6pg: 1 
lloPTyranug: 

MapuaHcKe-Jia3He, 20-24 ceHTg:6pg: 
qexug: 

MaKyxapa, 20-24 CeHTg:6pK 
SlnOHHK 

llpoTBHHO, 20-24 CeHTg:6pK 10 
Poccug 

liKCTana-3uxyaTa- 20-25 ceHTg:6pK 3 
Heuo, MeKCHKa 

Po~oc. fpe~ag 20 ceHTg:6pg: - 2 
1 OKT116pg: 

Kues, YKpauHa 21-25 ceHTg:6pg: 1 

K.Jiaycranb, <I>Pr 20-24 ceHTg:6pg: 2 

faM6ypr, <I>Pr 20-23 ceHTg:6pg: 5 

KacPxeu3ep, <I>Pr 20-24 ceHTg:6pg: 2 



HanMeHoBaHne Mecro BpeMsr KonuqecTBO 
COBe~aHHSI npose~eHHSI npose~eHHSI yqaCTHHKOB 

3 EsponeiicKaSI KOH<i>epeHu;nsr no nopomKOBOH BeHa, ABcrpusr 20-28 ceHTSI6psr 3 
~H<t>paKTOMeTpHH 

IliKOJia-KOH<i>epeHIJ;HSI «HarpeTaSI Bo~pyM, Typu;usr 26 ceHTsr6psr - 3 
H IIJIOTHaSI MepHaSI MaTepHSI» 9 OKTSI6pSI 

Me~yHapo~Hoe cose~aHne no <Pn3HKe ~eJieHHSI 06HHHCK, Poccusr 26 ceHTsr6psr - 9 
1 OKTSI6pSI 

Pa6oqee cose~aHne no MIOOHHOMY KaTaJIH3Y KpaKOB, llonbma 27-29 ceHTSI6psr 3 

Me~yHapo~Hasr KOH<i>epeHu;nsr 0JIHMnHSI, 27-30 ceHTsr6psr 3 
«fpaHHll;bl <i>y~aMeHTaJibHOH <i>H3HKH~> fpeu;usr 

36 ceccusr feHepanbHOH KoH<t>epeHu;nu MAr A T3 BeHa,ABcTpnsr 27 CeHTSI6pSI - 2 
1 OKTSI6pSI 

Me~yHapo~Hasr KoH<t>epeHu;nsr M HJiaH, M TaJIHSI 27 ceHTsr6psr-
no peaKTOpHbiM MaTepuanaM 2 OKTSI6pSI 

28 Me~yHapo~Hasr KoH<t>epeHu;nsr IOnux, <DPr 27 ceHTsr6psr- 1 
no KOJIJIO~HbiM HayKaM 2 OKTSI6psr 

Pa6oqee coBe~Hne no oXJia~eHHIO nyqKoB Mo Tpe, 3-8 OKTSI6pSI 2 
H CMe)KHbiM npo6JieMaM IliBeHu;apHSI 

3 Me~yHapo~Hasr KoH<t>epeHu;nsr no pa3pa6oTKe 06epaMMepray, 4-8 OKTSI6pSI 4 
nporpaMMHOro o6ecneqeHHSI, HCKyCCTBeHHOro <DPr 
HHTeJIJieKTa H 3KCnepHMeHTaJibHbiX CHCTeM 

B MepHOH <i>H3HKe H <i>H3HKe BbiCOKHX 3HepmH 

Me~yHapo~HbiH ceMHHap CanKT-lleTep6ypr, 4-9 OKTSI6psr 
<<<l>ypbe- H aTOMHble KJiaCTepbl» Poccusr 

Me~yHapo~Hasr mKoJia no MepHoii, HeiiTpoHHOH BapHa, Co<Pusr 4-11 OKTSI6pSI 5 
<Pn3HKe 

Kypchl no MepHoii <Pn3HKe ~JISI acnupaHTOB LJ:e6peu;eH, 11-17 OKTSI6pSI 3 
BeHrpusr 

Pa6oqee coBe~aHne no 3KcnepnMeHTY FINDA <DpacKaTH, 13-15 OKTSI6pSI 
MTaJIHSI 

Me~yHapo~Hasr KoH<t>epeHu;nsr «lCALEPCS'93» BepnnH, <DPr 16-23 OKTSI6pSI 2 

Me~yHapo~Hoe coBem;aHne no coBpeMeHHbiM Ceyn, 18-22 OKTSI6pSI 
MepH0-3HepreTnqeCKHM CHCTeMaM IO)KHasr Kopesr 

3 Me~yHapo~Hasr KoH<t>epeHu;nsr BapmaBa, 25-30 OKTSI6psr 7 
no TpeKOBbiM MeM6paHaM H HX npHMeHeHHIO llon bma 

Pa6oqee coBe~aHne no MepHOH u <Py~aMeHTaJib- OK-P~)K, CiliA 7 -lQ HOSI6pSI 
HOH <Pn3HKe Ha HeHTpOHHbiX nyqKax 

40 CnMno3HYM AMepnKaHcKoro BaKyyMHOro Opna~o, CiliA 9-30 HOSI6pSI 

coo6~ecTBa 

Pa6oqee coBe~aHne KOJIJia6opau;uu W ASA OcaKa, .slnoHHSI 14-21 HOSI6pSI 3 

Me~yHapo~Hasr KOH<t>epeHu;nsr «MMM-93>> M HHeanonuc, 15-18 HOSI6pSI 
C iliA 

Pa6oqee coBe~aHne no Bhlpa6oTKe HayqHoH AMcTep~aM, 17 HOSI6pSI - 1 

CTpaTerHH HOBOro HCCJie~OBaTeJibCKOro HHCTHTyTa H~mepna~hl 1 ~eKa6psr 
no npHMeHeHHIO CHMBOJibHbiX BblqHCJieHHH 

Pa6oqee cose~aHne no npoeKTY PIAFE BpiOCCeJib, 24-29 HOSI6pSI 

Ben hmsr 

CoBe~aHne 3KcnepTOB OpraHH3au;uu 3KOHOMnqec- K oneHrareH, 29 HOSI6psr -

KOH Koonepau;uu u pa3BHTHSI no npo6neMe «HeiiT- LJ:aHHSI 4 ~eKa6psr 
poHHble nyqKH H CHHXpoTpOHHOe H3JiyqeHHe» 
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HauMeHoBaHue 
cosem;aHH51 

Pa6o11ee cosem;aHue KoJIJiaoopaiJ,HH SSCL 

Cosem;aHHe nporpaMMHOro KOMHTeTa 
Jia6oparopuu Jlemapo 

Me~yHapo~Ha51KOH¢epeHIJ,H51 

<<flepcneKTHBhl TeopeTH'lecKOH cPH3HKH,. 

Mecro 
npose~eHH51 

li.aJIJiac, CiliA 

flMy51, 11TaJIH51 

3~HpHe,TypiJ,H51 

BpeM51 
npose~eHH51 

8-15 ~eKa6p51 

13-17 ~eKa6p51 

14-21 ~eKa6p51 

Cnpaua o pa3BHTHH Me.lll~yHapo~oro cOTpy~HH'IecTBa H csgaeif 
061.e;:utHeHHOro HHCTHTyTa Jl~epHhiX HCCJie~OBaHHH B nepHO~ 1965-1993 rr. 

1965 1970 1975 1980 1985 1989 1990 1991 

1.KOJIH'leCTBO KOMll;JmHpoBOK 203 446 1026 1216 1469 1519 1058 580 
CDeU,HaJIHCTOB H3 CTpaH-y'laCTHHI.l, 
OIHU1 (6ea y11era npuea~os 
Ha cosem;aHH51 0115111) 

2.KOJIH'lecTBO KOMatmHpoBOK 171 287 474 558 600 798 778 669 
CDeU,HaJIHCTOB 0115111 
B CTpaHhl-y'laCTHHI.l,hl 

3.KOJIH'IeCTBO Hay'IHhiX, 19 28 42 40 49 43 44 37 
MeTO~H'lecKHX H Hay'IHO-. 
opraHH3al.l,HOHHhiX COBem;aHHH 
0115111 

4. KoJIH'IeCTBO KOMatmHpoBoK 69 166 131 109 119 244 437 526 
Ha Me~yHapo~Hhle KOH¢epeHU,HH 
H B Hay'IHhle U,eHTphl 
CTpaH-Hey'laCTHHI.l, 

5 .KOJIH'leCTBO npHe3~0B 27 176 226 93 144 305 563 479 
CDeU,HaJIHCTOB 
H3 CTpaH-Heyl.laCTHHI.l, 

6. KoJIH'IeCTBO CTHne~muaros 0115111 - 8 11 7 3 13 16 14 

KoJIH'leCTso 
y'laCTHHKOB 

1992 1993 

227 232 

401 312 

44 45 

836 690 

654 386* 

9 16 

•KpoMe TOI'O, 510 cnel.IH&JIHCTOB H3 CTpaH-Hey'IBCTHHLI npHHHM&JIH Y'IBCTHe B COBell.IBHHRX, KOHii>epeHl.IH!IX, lliKOJIBX H HBY'IHO-

opraHH3Bl.IHOHHbiX MeponpHIITHRX OIUIH 

142 



06UlEMHCTMTYTCKME 
cnY1K6bl 



OT~EJI PA~HAI.J;I'IOHHO:A: BE3 0llACHOCTH 
H PA~HAQHOHHbiX HCCJIE~OBAHH:A: 

.[leSITeJibHOCTb OTl{eJia pal{HaU,HOHHOH 6e3onac

HOCTH H pal{HaU,HOHHblX HCCJiel{OBaHHH B 1993 rol{y 

6b1Jla HanpasneHa Ha o6ecneqeHHe pal{HaU.HOHHOro 

KOHTpoJISI Ha paooqHx MecTax COTPYJlHHKOB H s oK

pyX<aJOmeii cpeJle, pa3pa6oTKy H BHel{peHHe HOBblX 

cpel{CTB KOHTpoJISI, B TOM qHCJie aBTOMaTH3HpoBaH

HblX CHCTeM, a TaKX<e Ha npoBel{eHHe pal{HaU,HOHHblX 

HCCJiel{OBaHHH B HOBblX, HeH3yqeHHblX peliCHMaX 

pa6oThl Sll{epHo-!PH3HqecKHX yCTaHOBOK Ol.f.sll.f. 

Paaua£4UOHHtxii KoHmpoJLb ocymeCTBJISIJICSI Ha 

CJiel{yiOUlHX Sll{epHO-lPH3HqeCKHX y CTaHOBKaX 

Ol.f.sll-1: 

- HMnynbCHOM peaKrope l.fBP-30 npH cpel{HeH 

Tennosoii MOUlHOCTH I 0 KBT; 

- HMnynbCHOM peaKrope MBP-2 co cpel{Heii 

Tennosoii MOUlHOCTbiO l{O 2 MBT; 

- CHHXJXXPa30TpoHe B peliCHMe y CKOpeHHSI 

nOJIS1pH30BaHHblX .neHTpoHOB H . peJISITHBHCTCKHX 

Sll{ep C :meprneH liO HeCKOJibKHX r3B/HyKJIOH; 

- !Pa30TpoHe B peX<HMe yCKOpeHHSI H BblBOl{a 

nyqKa np<)TOHOB c 3Heprneii l{O 660 M3B; 

- U.HKJIOTpoHax Y-200 H Y-400 B p eX<HMax 

ycK•opeHHSI H BblBOl{a HOHOB C 3HeprH SIMH ):{0 

20 M3B/HyKJloH ; 

- U.HKJIOTpoHe MU-400 s peX<HMe ycKo peHHSI H 

BblBOl{a HOHOB Ha yCTaHOBKY <I>QBQC; 

- MHKpOTpoHe MT -25 Ha 3Heprn10 3JieKTpoHOB 

25 M3B; 

- CHJ1bHOT04HblX yCKOpHTeJISIX 3JieKTpoHOB Ha 

3HeprnH OT HeCKOJibKHx K3B l{O 16 M3B. 

.[l03HMeTpHqeCKHH KOHTpoJib npoBO.llHJlCSI TaKX<e 

npH nycKOHaJial{04Hblx pa6oTax Ha HYKJIOTpoHe H 

npH npose.neHHH pa6oT C pal{HoaKTHBHblMH semeCT

BaMH H liPYrHMH HCT04HHKaMH HOHH3Hpy10UlHX 

H3JiyqeHHH. 

ltfTOrH KOHTpoJISI pa.nHaU,HOHHOH o6cTa HOBKH H 

HHl{HBHliYaJibHblX ll03 BHeWHero OOJiy4eHH SI nepco

HaJia B 30Hax pal{HaU,HOHHOro B03l{eHCTBH SI nOKa-

3aJIH, qTo ro.llOBOH ypoBeHb OOJiy4eHHSI nepcOHaJia H 

HaCeJieHHSI He npeBblCHJI HH npe.lleJibHO .non yCTHMblX 

.no3, HH npe.nenos .no3. K KOHU.Y 1993 ro.na Ha 

HHl{HBHliYaJibHOM li03HMeTpH4eCKOM KOHTpoJie B 

Oltf.sll-1 COCTOSIJIO 2213 cOTpy.nHHKOB, H_3 HHx npHKO

MaHliHpoBaHo K Qltf.sll.f H3 CTOpoHHHX opra HH3aU,HH 

141 4eJIOBeK. rol{OBaSI l{03a OOJiyqeHHSI y 9 9 ,7% CO

TPYliHHKOB, pa6oTaiOIUHx s pal{HaU.HOHHo- spe.nHhlx 
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yCJioBHliX TpyJla, He npesblCHJia 15 M3s (1 ,5 63p), 

4TO HHX<e pernaMeHTHpoBaHHOH BeJIHqHHbl. Cpel{

Hllll MeKTHBHaSI l{03a o6nyqeHHSI s oKpyX<aJOmeii 

cpe.ne OT !ll{epHO-lPH3HqecKHX yCTaHOBOK l.fHCTHTyTa 

He npeBblCHJia 0,02 M3B 3a 1993 r. Ha Ol{HOro X<HTeJISI 

ropol{a, 4TO HHX<e Ol{HOro npou,eHTa OT npHpoliHOH 

ll03bl pal{HaU.HH; pal{HOaKTHBHOCTb BHemHeH cpel{bl 

s paiioHe pacnonoX<eHHSI Ol.f.sll.f no pe3ynbTaTaM 

KOHTpoJISI noqsbl, paCTHTeJibHOCTH H BO.llbl OOYCJIOB

JieHa HaJIHqHeM B HeH eCTeCTBeHHblX pal{HO

aKTHBHblX 3JieMeHTOB H npo.nyKTOB rJIOOaJibHblX Bbl

nal{eHHH, Ha lPoHe KOTOpblX BKJlal{ paOOTbl ycTaHO

BOK l.fHCTHTyTa B 3arpSI3HeHHOCTb OKpyX<aiOUleH 

cpe.nhl He o6HapyX<eH. 

C 1.4eJLbiO pa3eumuR u coeepweHcmeoeaHUJl. 
cpeiJcme pa0Ua£4UOHHOZO /COHmpOJLJl. COBMeCTHO C Jia-

6opaTOpHSIMH BblnOJIHeHbl paOOTbl: 

- no MO.llepHH3aU,HH l{eHCTBYIOUlHX aBTO

MaTH3HpoBaHHblX CHCTeM pa.nHaU,HOHHOro KOHTpoJISI 

<ACPK) B JISITI H JIB3; 

-no co3l{aHHIO HOBOH ACPK B JISIP. 

B o6Jlacmu paoua£4UOHHblX uccJLeOoeaHuii 3a

sepmeHbl HCCJie.llOBaHHSI OCHOBHblX li03H

MeTpH4eCKHX xapaKTepHCTHK onopHblX DOJieH HeHT

poHOB (1 ) . TiposepeHa a.neKBaTHOCTb noKa3aHHH 

cpeACTB OnepaTHBHOro H HHl{HBHl{YaJibHOro KOHTpo

JISI l{03HMeTpHqeCKHM BeJIHqHHaM B 3THX nOJISIX. 

06pa6oTaHbl pe3yJibTaTbl 3KcnepHMeHTOB no onpe

l{eJieHHIO 4YBCTBHTeJibHOCTH TpeKOBblX .neTeKTOpoB C 

pal{HaTOpaMH H3 Mel{H, HHl{HSI, 30JIOTa, BHCMyTa, 

TOpHSI H ypaHa npH OOJiy4eHHH HX peJISITHBHCTCKHMH 

Sll{paMH (2 ). 

BhlnOJIHeH nporno3 pal{uau,HOHHOH o6cTaHOBKH 

H ymep6a npu rnnOTe-ruqecKOM Bb16poce pa.nuo

HYKJIMOB s 3Ha4HTeJibHblX KOJIHqecTsax s oKpyX<a

JOlllYJO cpe.ny [3 ]. 

JII.fTEPA TYPA 

1. A6pocuM08 A.H. u Op. - OH5/H, P16-93-37, 

,ll,yfma, 1993. 
2. Bamblevski V. , Spyrny F . - Nuclear Tracks 

Radial. Measur. April, 1993. To be published. 
3. KoMO'!IC08 M .M.- OH5/H, P16-93-132, /l,y(ma, 

1993. 
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OTibiTHOE TIPOH3BO,ll;CTBO 

B 1993 ro~y OnhiTHOe npOH3BO~CTBO 0115111 

H3I'OTOBHJIO ~JHI 11HCTHTyTa npO~YKU:HH Ha CYMMY 

74,1 MJIH py6., B TOM 'IHCJie: 

• MexaHH'IecKoro o6opy~oBaHIDI -
Ha 51,9 MJIH py6., 

• pa~H03JieKTpoHHOH TeXHHKH -

Ha 15 MJIH py6. 

3aKa3hl Q6J,e~HHeHHOI'O HHCTHTyTa Sl~epHhiX 

HCCJie~OBaHHH B 1993 ro~y 3aHHMaJIH OKOJIO 30% 

npoH3BO~CTBeHHhiX MOIIJ;HOCTeH: OnhiTHOro npoH3-

BO~CTBa. 

OcHOBHhle pa6oThl, KOTOphle BhlnOJIHHJIH cne

U:HaJIHCThl OnhiTHOro npoH3BO~CTBa: 

- CeTKH <!>pHma H llJIOCKOnapaJIJieJibHhle C'leT

'IHKH ~JISl ycTaHOBKH <l>OBQC; 

- MarHHThl )1,35, ~ynJieTbl H TpHnJieThl 

~JISI KBa~pynOJibHbiX JIHH3 TpaKTa nyqKa 

Y-400M; 
- y3Jihl no~BHX<Horo oTpaX<aTeJISI ~JISI peaKropa 

11BP-2. 

Onpe~eJieHHYIO qacTb npoH3BO~CTBeHHhiX MOIIJ;

HOCTeH: 3aHHMaJIO H3I'OTOBJieHHe TOBapOB HapO~HOI'O 

nOTpe6JieHHSI. CepHHHO BhlnycKaJIHCb 6hiTOBhle ~e
peBoo6pa6aThiBaiOIIJ;He CTaHKH C 3JieKTpo~BHraTe
JISIMH npoH3BO~CTBa <l>paHU:HH, pe3HHOTeXHH'IeCKHe 

H3~eJIHSI ~JISI CaHTeXHH'IeCKHX ycTpoHCTB, Me

TaJIJIH'IeCKHe ~BepH, rapaX<Hhle BOpoTa H T.ll. 

CoBMeCTHO c MocKOBCKHM aBHaU:HOHHhiM HH

CTHTYTOM OCBOeHO H3rOTOBJieHHe CBapO'IHhiX CHCTeM 

~JISI CBapKH CTaJieH H U:BeTHbiX MeTaJIJIOB TOJIIIl;HHOH 

0,1-1,5MM. 

06cyJK11emte cnel.IHaJIHCTaMH OIUIH H LAL INP (<l>paHL\Hll) TexHonornH H3roTOBJieHHSI omH'IeCKOi1 ceKLIHH ycTaHOBKH NEM0-3 
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:U3)l;ATEJibCK:U:A OT )];Ell 

B 1993 roAy H3AaTeJibCKHH OTAeJI BhmyCTHJI s 
CBeT 502 HaHMeHOBaHHJI coo6m;eHHH H npenpHHTOB 
OlUIH. 113AaHo 183 CJiy:~~ee6uhlx MaTepHana. 

BhiUIJIH H3 ne'laTH 25 c6opHHKOB TPYAOB 
pa3JIH'IHhiX KOHQJepeHU.HH, WKOJI H COBem;aHHH, 
opraHH30BaHHhiX 0115111. CpeAH HHx: TPYAhl XV 
Me~yuapoAHOro CHMn03HyMa no J~Aepuou 3JieKT
poHHKe H Me~yuapoAHOro ceMHHapa KAM AK-92, 
«International Conference on Nuclear Structure and 
Nuclear Reactions at Low and Intermediate 
Energies», «International Seminar on Structural 

Investigations at Pulsed Neutron Sources», 
«Laboratory of High Energies. Users Handbook», 
uay'IHhiH OT'IeT «Annual Report Labora tory of 
Nuclear Problems of the JINR», roAOBOH OT'IeT «.JJa-
6oparopHS1 HeHTpoHHOH QJH3HKH HM. 11.M.<l>pauKa», 

TPYAhl V ceMHnapa «fpaBHTaU.Houuasz 3nepmsz H 
rpaBHTaU.HOHHhle BOJIHhl». 113AaHa MOHOrpaQJHSI 
B.C.BapameuKosa «Ce'leHHSI B3aHMo~eHCTBHSI 

'laCTHU. H J~Aep C J~ApaMH». 
B 1993 r. BhiUIJIH B cser meCTh BhlnycKoB :~~eypua

Jia «<l>H3HKa 3JieMeHTapHhiX 'laCTHU. H aTOMHOro 
J~Apa~, B KOTOphle 6hiJIO BKJIJO'IeHO 30 0030poB, H 
6 cOOpHHKOB «KpaTKHX coo6m;eHHH 0115111», B KOTO

phle BOUIJia 51 craTbSI, co~ep:lKam;asz opHrHHaJibHhle 
uay'IHhle, uay'IHO-TeXHH'IeCKHe, MeTOAH'IeCKHe H 
npHKJI~Hhle pe3yJibTaThl. 

ilpoAOJI:lKaJICSI BhlnyCK HHQJopMaU.HOHHOfO 6JOJI
JieTeHSI «HOBOCTH 0115111» Ha pyCCKOM H aHrJIHH

CKOM Sl3h1Kax. Ha ABYX Sl3h1Kax H3AaH H 6yKJieT o6 
0115111. 

YsHAeJIH cser 6yKJieThl, nocsszm;eHHhle J06H
JieSIM yqeuhlx 0115111: B.il.ll:lKeJienosa, IO.U:.Ora

uecszua. 

• 
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B peAaKU.HH :lKypuanos, ua pa3JIH'1Hhle Kou<t>e

peHU.HH, CHM003HYMhl, COBem;aHHJI H WKOJihl, npo
BOAHBWHecSI KaK B CTpauax-yqaCTHHIJ.aX 0115111, 

TaK H B APYrHX crpauax, H3AaTeJibCKHM OTAeJIOM 6hi
JIO uanpaBJieHO OKOJIO 500 CTaTeH H AOKJiaAOB, CO
Aep:lKaiQHX pe3yJibTaThl pa60T yqenhlx lly6nhl. 

CTaTbH COTPYAHHKOB 0115111 ny6JIHKOBaJIHCh B 
TaKHX :~~eypHaJiaX, KaK «)l(ypHaJI 3KCnepHMeHTaJlh
HOH H TOOpeTH'IecKOH QJH3HKH», «TeopeTH'IeCKaR H 
MaTeMaTH'IecKaSI QJH3HKa», <<ilpHOOphl H TeXHHKa 
3KCnepHMeHTa», «5J:AepuaSI <i>H3HKa», «<l>H3HKa 3Jie

MeHTapHhiX 'laCTHU. H aTOMHOro J~Apa», «Physical 
Review», «Europhysics Letters>>, <<Journal of 
Physics», «Physics Letters>>, «Zeitschrift fUr 
Physik», «Nuclear Physics», «Nuclear Instruments 
and Methods», «Modern Physics Letters» HAP· 

B 44 crpaHhl MHpa pacchiJiaJIHCh ny6JIHKaU.HH 

06beAHHeHHOro HHCTHTyTa. B 1993 fOAY B CnHCKe 
paCChiJIKH ny6JIHKaU.HH OOJIBHJIOCh 4 HOBhiX aApeca. 

OnepaTHBHOMY HHQJopMHposauHJO 'IHTaTe.n:eu 
uay'IHO-TeXHH'IeCKOH 6H6JIHOTeKH 0 HOBhiX OOCTyn
JieHHSIX CJiy:lKaT BhlnyCKaeMhle H3~aTeJibCKHM OTAe
JIOM 3Kcnpecc-6JOJIJieTeHH HTB H naTenTuoro OTAe

Jia. YBHAeJIH cser Tp~HU.HOHHhiH e)KeroAHhiH 
«BH6JIHorpa<t>H'IeCKHH yKa3aTeJib pa60T COTPYA
HHKOB 0115111 3a 1992 r.», «0T'IeT 0 AeRTeJihHOCTH 
0115111 3a 1992 r.». 

113AaTeJibCKHM OTAeJIOM BhlnOJIHJIJIHCh MHO
fO'IHCJieHHhle 3aKa3hl JiaoopaTOpHH Ha KCepo
KODHpoBaHHe H nepenJieTHhle pa60Thl. JlJISI OOpa-

60TKH 3KcnepHMeHTaJibHOH HHQJopMaU.HH H APYrHX 
U.eJieH OTne'laTaHO OKOJIO 400 ThiCJI'I pa3JIH'IHhiX 

6JiaHKOB. 



HAYqHQ-TEXHJfqECKASI BHBJIHOTEKA 

B 1993 ro.r(y t~HCJIO liHTaTe.n:e:H uayt~uo-Texuut~e
CKOH 6H6JIHOTeKH H ee <!>HJIHaJIOB COCTaBHJIO 4840 
lleJIOBeK. 

KoJiut~eCTso Bhl,Z:(auuo:H 3a ro,Z:( JIHTepaTyphl H 

npocMOTpeHHhiX Ha BhiCTaBKaX HOBhiX nOCTyiiJieHHH 

cocTaBHJIO 6oJiee 236100 3K3eMIIJIRpoB. ITo 3aRBKaM 

liHTaTeJieH nOJiyt~eHO no Me)K6H6JIHOTeliHOMy aoo

HeMeHTY (MBA) 1143 uauMeuosauHR. BhlnOJIHeuo 

6oJiee 260 liHTaTeJibCKHX 3aRBOK, nOCTynHBWHX H3 

.r(pymx ropo.r(OB. 

ITo seeM HCTO'IHHKaM KOMIIJieKTOBaHHR (noKyn

Ka, nO,Z:(nHCKa, KHHroOOMeH) B 1993 r. nocrynHJ.IO 

16,5 ThiCRll KHHr, nepHO,Z:(HlleCKHX H3,Z:(aHHH, B TOM 

liHCJie 10300 3K3eMIIJIRpoB Ha HHOCTpaHHhiX R3hiKaX. 

II po.r(OJI)KaJiac& pa6oTa no OtiHCTKe <PoH,Z:(a OT 

ycTapesmeu JIHTepaTyphl. 

Ha 1 RHBapR 1994 ro,Z:(a 6u6JIHOTet~HhiH <PoH.r( co

CTaBHJI OKOJIO 410 ThiCRll 3K3eMIIJIRpoB. 

Bee nocrynusmue H3,Z:(aHHR csoespeMeuuo o6pa-

6aThiBaJIHCb H OTpa)KaJIHCb B IJ,eHTpaJibHOM KaTaJIOre 

H B KaTaJiorax <t>HJIHaJIOB. KaTaJiom nonoJIHHJIHCb 

13800 KapTO'IKaMH Ha HOBble nocTyiiJieHHR, H3'bRTO 

6oJiee 15 ThiCRll KaPTQt~eK. 
f10.r(I"OTOBJieH C npHMeHeHHeM nepCOHaJibHOH 

3BM H H3,Z:(aH «BH6JIHOrpa<t>HtieCKHH yKa3aTeJib pa

OOT COTPYAHHKOB OI1.SH13a 1993 roA». 

E)KeHeAeJI&HO BblnycKaJIHCb 3KCnpecc-6roJIJie

Teuu «Kuuru», «CTaTbH», <<IlpenpHHThl». Bhlnym;e

uo 156 HOMepoB, BKJIIO'IHBWHX HH<I>opMaiJ,HIO 0 

25000 H3,Z:(aHHRX. 3Ty e)KeHe,Z:(e.TibHYIO HH<I>opMaiJ,HIO 

noJiyt~aiOT 200 COTPYAHHKOB I1ucTHTyTa, a TaK)Ke 

6IOJIJieTeuu pacchiJiaiOTCR no 80 a,Z:(pecaM sue OI151I1. 

LJ:onOJIHHTeJibHO K Tpa,Z:(HIJ,HOHHOH paCChiJIKe 6IOJIJie

TeHH HAYT no 3JieKTpouuou not~Te. 

E)Keue,Z:(e.n:&uo o6uoBJIRJIHCb BhiCTaBKH uosblx 

nOCTyiiJieHHH KHHr, npenpHHTOB, nepHO,Z:(HlleCKHX 

H3,Z:(aHHH, Ha KOTOpblX npe,Z:(CTaBJieHO 7988 Ha-

3BaHHH. 

BhiJio oprauu3osauo 5 TeMaTHt~eCKHX BhiCTaBOK. 

OBMEH I13D:AHI151MI1 

Bcero 3a 1993 roA B uayt~uo-Texuut~ecKyro 
6u6JIHOTeKy nocTynHJio B nopR.r(Ke o6Meua ua 

ny6JIHKau,uu OI151I1 , BhlnycKaeMhle H3,Z:(aTeJibCKHM 

OT,Z:(e.TIOM, 9677 H3,Z:(aHHH H3 37 CTpaH, B TOM liHCJie H3 

UEPH- 2704. B nopR.r(Ke o6Meua s HTB 6eciiJiaT

uo nocTynaiOT uayt~Hble )KypHaJihl H3 21 CTpaHhl 

( 64 Ha3BaHHR). 

KouKpeTuoe KOJIHt~eCTBO nocTynJieuuu noKa3hl

saeT CJieAyrom;aR Ta6Jiuu,a: 

HaHMeHOBaHHe crpan npenpHHTbl )Kypnanbl KHHI'H 

BoJI apHR 

Beur pHR 

B&eTHaM 

IloJI&ma 

PyMhiHHR 

CHr 
CJioBaKHR 

llexHR 

Bcero: 

CmpaHbl-y•wcmHU~bl OHJIH 

26 

42 
8 

824 

6 
906 

2 
4 
1 

6 
6 
2 

21 

2 

1 

4 

ppyzue cmpaHbl u MexayHapoiJHble opzaHu3a~uu 

ABCTpaJIHR 

ABCTpHR 

ApreHTHHa 

BeJibl'HR 

Bpa3HJIHR 

Be.n:u Ko6puTaHHR 

fepMaHHR 

fpeU,HR 

LJ:aHHR 

Emn eT 

I13paHJI& 

l.fH,Z:(HR 

I1 pJiaH,Z:(HR 

I1cnaHHR 

I1TaJIHR 

Kaua,Z:(a 

KHD:P 

KHP 

JlaTBHR 

MAf AT3 

MeKCHKa 

HUAepJiaH,Z:(hl 

Hops emR 

IlOPTyraJIHR 

CiliA 

Typu,HR 

<l>HHJIRH,Z:(HR 

<l>paHIJ,HR 

UEPH 

IIIseuu,apuR 

IIIseu,uR 

IOrocJiaBHR 
IQ)Ku aR Kope.S. 

5J:nOHHR 

Bcero 

06m;ee 

KOJIHlleCTBO: 

10 
29 

1 
23 
54 

198 
1421 

2 
27 
8 

14 
90 
31 

101 
589 
233 
50 

5 
44 
15 
15 

2462 
7 

42 
575 

2704 
116 
42 
3 
4 

762 
9677 

10583 

3 
6 

5 

2 

3 
1 
3 
2 

8 

2 
4 

2 
1 
1 

43 

64 

6 

1 
1 

10 

27 

17 

11 

20 
94 

98 
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MOCKBa, 5 MapTa. 0TKpblTHe 3KCfi0311~1111 «HaytiHO-TeXHH'IeCKHe JIOCTHJKeHHll Q(h,eJIHHeHHOI'O HHCTHryTa liJiepHbiX HCCneJIOBaHHH,. 

B llOnHTeXHH'IeCKOM My3ee 

• 

IIATEHTHbiM OT)l;EJI 

1130BPETEHI1.51 

O<f>opMJieHo 11 naTeHTOB Ha H3o6peTeHJHI Ha 
HM51 0115£11. 

llepeo<f>opMJieHO 17 aBTOpCKHX CBH,!I;eTeJibCTB, 
Bhi,!I;aHHbiX paHee Ha HM51 011.5111, Ha naTeHThl no xo
,!l;aTaifcTBaM 11HCTHTyTa. 

lloJiyqeH nepBbiH naTeHT PoccHHCKOH <l>e,~J;e

pan;HH NQ 1764193 Ha H3o6peTeHHe <<Y3eJI CB513H», 
aBTOpbi A. T .BacHJieHKO (Jl.51ll), C.IO.llo,!J;KJia,!I;KHH 
(Jl.51ll). 

PAU,I10HAJII13ATOPCKI1E llPELI,JI0)1(EHI1.51 

11cnOJib30BaHO B yCTaHOBKaX 011.5111 23 paiJ;HO
HaJIH3aTOpCKHX npe,!J;JIO)I(eHH51. HaH6oJiee 3HaqH
MbiMH 51BJI51IOTC51 CJie,!l;yiOID,He: 

-- «ABTOMaTH3HpOBaHHa51 CHCTeMa npOBepKH 
3HaHHH no llT3 H llTB Ha 6a3e KOMnbiOTepa IBM 
PC-XT I AT», BHe,!l;peHHOe B HeCKOJibKHX Jia6opa
TOpH51X, aBTop A.ll.KpeToB. 
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-- «YCOBepmeHCTBOBaHHe CHCTeMbi HaCTpOHKH H 
npoBepKH 6JIOKOB BU,ll -16 B ycTaHOBKe «KOMllJieKc 
MeqeHhiX HeifTpHHO>>, aaTop B.I1.EB,!J;OKHMOB. 

-- << Y cTpOHCTBO ,!I;JI51 H3MepeHH51 TeMnepaTypbi 
npH npoBe,!l;eHHH pa,!I;HaiJ;HOHHbiX HCnbiTaHHH noJiy
IfpOBO,!I;HHKOBbiX ,!l;eTeKTOpoB», aarop B.I1.EB,!J;OKHMOB. 

-- «DJIOK KOHTpOJI51 nHTaHH51 nyqKOBbiX KaMep 
ycTaHOBKH AHOMAJIOH», aaTop B.I1.CoTHHKOB. 

-- «Cnoco6 H npHcnoco6JieHHe ,!I;JI51 HaMOTKH 
KBa,!J;pynOJibHbiX ,!l;aTqHKOB MarHHTHOro nOJI51», aBTOp 
O.O.MeJibHHKOB. 

llATEHTHA.5111H<l>OPMAU,I1.51 

3a 1993 r. B OT,!I;eJI nOCTynHJIO 48 naTeHTHbiX 
6IOJIJieTeHeH PoccHHCKOH <l>e,!l;epan;HH H 60 naTeHT
HhiX 6IOJIJieTeHeH <<113o6peTeHH51 3a py6e)I(OM>>. 

Bee nocTynHBmHe H3,!1;aHH51 o6pa6aThiBaJIHCb no 
TeMaTHKe 11HCTHTyTa, BhlnyCKaJIHCb 3KCnpecc-
6IOJIJieTeHH. 



AAMMHMCTPATMBHO· 
X03HMCTBEHHAH 
AEHTEnbHOCTb . . 



KA,ll;Pbl 

qHCJieHHOCTb COTPYAHHKOB OJ.UUf Ha 1 SIHBapsr 

1994 r. COCTaBHJia 6198 l.{e.JlOBeK (B TOM 'IHCJie 263-

KareropHH pa6omHJtOB 

oonuT). PacnpeAe.n:eHHe no KaTeropHSIM pa6o-ra

IOW.HX noKa3aHO B Ta6JIHU.e (6e3 00nuT). 

'IHCJJeHHOCTh C01'pYAHHJtOB 

B 6JO.!VKeTHbiX B npoH3BOACTBeHHbiX B H3Y'fHO· pa6araJO~HX acero 

noAPaJAe.JJeHHJIX DOApa3Ae.JJeHHJIX X03p8C'IeTHbiX no AOroaopaM 

1359 1 

211 161 

1237 279 

Hayl.{Hble pa60THHKH 

PyKOBOAHTe.JlH 

Cneu.uanucrbl 

Pa6ol.{He 1289 1150 

Y'leHHKH 

Cny:ll<am.ue 

MJiaAWHH 

o6CJiy:lKHBaiOIUHH 

nepcoHan 

2 

20 

5 

5 

28 

5 

J.fToro 4123 1629 

B• 06beAHHeHHOM HHCTHTyTe pa60TaiOT 5 aKa

AeMHKOB aKaAeMnif HayK: A.M.SaJIAnH, H.A.ro

JIYTBHH, 11.3sapa, A.M .ncrpocbSIHU., A.H.CncaKSIH; 

8 'IJieHOB-KOppeCnOI{J:leHTOB aKaAeMHH HayK: 

B.n . .n:ll<e.n:enos, 11.H.MewKos, M.r.MemepSIKOB, 

.U.B.IllnpKoB, IO.U,.OraHecSIH, B.r.KaAI:IlwescKnif, 

P.M.Mup-KacnMoB, B.A.XanKnH; 72 qp<$eccopa; 

6 AOU.eHTOB; 202 AOKTOpa; 611 KaHAUAaTOB Hay K. 
B 1993 r. B 0115111 npHHSITO Ha pa60Ty 765 l.{e.JIO

BeK (B T.'l. 334 l.{e.JlOBeKa B oonuT). PacnpeAe.n:e

HHe nO KaTeropHSIM npHHSITblX pa60THHKOB (HCKJIIO

l.{aSI COTPYAHHKOB oonuT>: 

Hay'IHblX pa60THHKOB -158 
cneU.HaJIHCTOB - 97 

<DMHAHCOBASI ,ll;ESITEJibHOCTb 

KoMHTeT noJIHOMOI.{HblX npeACTaBHTe.n:eu npa

BHTe.JlbCTB rocyAapcTB- 'IJieHOB 0115111 MSI n poBe

AeHHSI Hayl.{HO-HCCJieAOBaTeJibCKHX pa60T, COOpy

:lKeHHSI 6aJOBblX ycraHOBOK u Apyrnx MeponpHSITHH, 

CBSI3aHHblX C AeSITe.JlbHOCTbiO 11HCTHTyTa, Ha 1993 r. 
yTsepAHJI 6JOA:lKeT s cyMMe 22046,6 TblC. AOJIJiapos 

ClllA. Cl>aKTHI.{eCKHe pacxOAbl Ja roA cocraBHJIH 

152 

-

DOApaJAe.JJeHHJIX 

38 

18 

64 

45 

-
2 

-

167 

paOOI.{HX 

yl.{eHHKOB 

CJIY:lK3W.HX 
pyKOBOAHTe.n:eif 

5 

-
9 

2 

-
-
-

16 

MJiaAwero o6CJiy:lKHBaJOm.ero nepcoHana 

11roro: 

1403 

390 

1589 

2486 

7 

so 
10 

5935 

-150 
6 
7 

12 
1 

431 
YBoJieHo Ja 3TOT nepHOA B CBSI3H c OKOH'laHneM 

cpoKa pa60Tbl H no APYrHM npHI.{HHaM 876 l.{eJioBeK 
(B T.l.{. 71- H3 OOnuT). 

B Tel.{eHue roAa npucBoeHbl yl.{eHI:Ile JBaHHSI npo

<t>eccopa ABYM COTPYAHHKaM 011.SI11, cTapwero Ha

Y'IHOro COTPYAHHKa - wecTH. 

B 1993 r. JaW.HTHJIH KaHAUAaTCKHe AHccep-rau.uu 

24 l.{e.JlOBeKa, AOKTOpcKHe - 13. 

9278,6 TblC. AOJIJiapoB CillA, HJIH 42,1% no OTHO

weHHIO K roAOBblM 3CCHrHOB3HHSIM. 

npo6JieMHO-TeMaTHI.{eCKHH nJI3H H3Y'IHO-

HCCJieAOB3Te.JlbCKHX paOOT 06beAHHeHHOro HHCTHTy

Ta MepHblX HCCJieAOB3HHH 33 1993 roA BblnOJIHSIJI

CSI K3K B CMeTHOH CTOHMOCTH, T3K H no HOMeHKJia

Type. KoJIHI.{ecrso BblnOJIHSieMblX TeM B 1993 roAy 

6blJIO 63. 



<l>aKTH'IeCKHe paCXO~hl xapaKTepH3YIOTC51 CJie~yiO~HMH ll Ka3aTeJI51MH: 

HaHMeHoBaHHe paa~ena 

l. ~MHHHCTpaTHBHO-ynpaBJieH'IeCKHe 
pacxo~hl 

II. · Hay'IHO-npoH3BO~CTBeHHhle pacxo~hl 

Bcero no OCHOBHOH ~e51TeJihHOCTH: 

III. KanHTaJihHhle BJIO)I(eHH51 

Ha CTpoHTeJihCTBO COIJ.HaJihHO

KYJihTypHhiX H 6hiTOBhlx ofu.eKTOB 

IlJiaH I'O~OBhiX 

aCCHI'HOBaHHH, 

ThiC. ~OJIJI. CiliA 

2766,6 

19233,4 

22000,0 

380,5 

Jl:E51TEJibHOCTb IIPOI13BO.D:CTBEHHbiX IIO.D:PA3.D:EJIEHI1:A 

¢>aKTH'IecKHe 

pacxo~hl3a 1993 r., 
ThiC. ~OJIJI. CiliA 

1184,3 

8094,3 

9278,6 

177,3 

% K DJiaHy 

42,8% 

42,1% 

42,2% 

46,6% 

B cocTaB 06be~HHeHHOro HHCTHTyTa ~epHhiX 
HCCJie~OBaHHH BX0~51T npoH3BO~CTBeHHhle, BCllO

MOraTeJihHhle H o6CJiy)I(HBaiO~He no~paa~eJieHH51. 

.ll:e51TeJihHOCTh 3THX llO~pa3~eJieHHH xapaKTepH3y

eTC51 OCHOBHhiMH llOKa3aTeJI51MH, npHBe~eHHhiMH B 

Ta6mu .J,e: 

IloKaaaTeJIH 

1. 06beM I'OTOBOH npo~yKIJ.HH, BhlllOJIHeHHhiX 

pa60T H oKaaaHHhiX yCJiyr, ThiC. ~oJIJI. CiliA 

2. PeayJihTaT <t>HHaHcoso-xo351HCTBeHHOH 

~esiTeJihHOCTH, ThiC. ~oJIJI. CiliA 

3. 3aTpaThl Ha O~HH ~OJIJiap BhlllOJIHeHHhiX pa60T 

H OKa3aHH51 yCJiyr, IJ.eHThl 

4. lJHCJieHHOCTh paOOTaiO~HX 

ro~OBOH DJiaH 

4751,1 

419,0 

0- 91,2 

1779 

¢>aKTH'IeCKH % BhlllOJIHeHH51 

BhlllOJIHeHO 

5609,5 118,1% 

1236,0 295,0% 

0-78,0 

1710 

153 


