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BBE)lEHHE 

KaK H npe)l(.ne, ycwnrn HHTepH~HoHaJib

Horo KOJIJieKTHBa 06'be)l.HHeHHOro HHCTHTyTa 

H)l.epHbiX HCCJie)l.OBaHHH B 1987 ro.ny 6 hmH 

HanpaBJieHhi Ha npoBe.neHHe TeopeTHtiecKHx 

H 3KCnepHMeHTaJibHbiX HCCJie)l.OBaHHH CTp yK

Typbi 3JieMeHTapHbiX tJaCTifi~ H aTOMHOro H.D.pa, 

HX B3aHMO)l.eHCTBHH, Ha H3ylleHHe MeTO)l.a MH 

H)l.epHOH cpH3HKH KOH)l.eHCHpOBaHHOrO COCTO.fi

HH.fl Be~ecrna, Ha pa3pa6oTKH B o6nacTH 

yCKOpHTeJibHOH H BbiliHCJIHTeJibHOH TeXHH KH. 

HaMetJeHHaR Ha 1987 ro.n nporpaMMa HaytJHO

HCCJie.D.oBaTeJibCKOH .neRTeJibHOCTH O.HH.H yc

newHo BhinOJIHeHa. ilonytJeH pH.D. HOB hiX 

pe3yJihTaTOB KaK cpyH)l.aMeHTaJibHOrO , TaK H 

npHKJia.D.Horo xapaKTepa. ilo.D.TBep)f()l.eHHeM 

BbiCOKOrO ypOBH.fl pa6oT, npOBO)l.HM biX 

B O.HRH, RBHJiaCh perHCTp~HR B 1987 r o.ny 

rocy.napcTBeHHbiM KOMHTeTOM no )l.eJiaM H30-

6peTeHHH H oTKphiTHH CCCP OTKphiTHR " 3a

KOHoMepHoCTh ynpyroro pacce.RHHR a.npo HoB 

Ha 60JibWHe yrJihi npH BbiCOKHX 3HeprHRX -

npaBHJia KBapKoBoro ctJeTa MaTBeeBa - My

Pa.D.RHa - TaBXeJIH.D.3e", paHee c.nenaHHoro 

B O.HH.H B.A.MaTBeeBhiM, A .H .TaBxeJIH)l.3e 

H P .M.Mypa)l.RHOM. 

HoBhiX ycnexoB .no6HJIHCh TeopeTHKH 

11HCTHTyTa. .HCCJie)l.OBaHa MO)l.eJib Me30HHOH 

"wy6hi" a.npoHa H nonytJeHbi n{>t~.ncKa3aHHR 

)l.JIR nOJIRpH3~HOHHhlX 3cpcpeKTOB B M e30H

HYKJIOHHOM pacce.RHHH, BKJIIOllaR nepe3apR.D.KY 

7r-Me3oHa. Ha ocHOBe aHaJIH3a 3KcnepHMeH

TaJihHhiX )l.aHHhiX nOKa3aHO cy~eCTBOBaHHe 

TpeX BeKTOpHbiX pe30HaHCOB C MaCCaMH 

B6JIH3H 1425, 1625 H 1750 M3B. B pa6oTax 

no KBaHTOBOH XpOMO)l.HHaMHKe noJiylleHhi 

HOBbie npaBHJia CYMM )l.Jl.fl CnHHOBbiX CTpyK

TYPHhiX <l>YHKUHH. Pa3pa6oTaHa KJiaceHtJeCKaR 

TeopHR KoHeliHOH peJIRTHBHCTCKOH crp yHhi 

C KpHBH3HOH • .HCCJle)l.OBaHHR B 06JiaCTH TeOpHH 

aTOMHOrO H)l.pa noKa3aJIH, liTO KBa3HllaCTHliHO

cpoHOHHaR MO)l.eJib H)l.pa npaBHJibHO OnHCbiBaeT 

cpparMeHT~HH MarHHTHhiX )l.HnOJibHbiX COCTO.fi

HHH B 2 0 8 Pb. 3aBepweHhi ocHOBHhie HCCJie.no-
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BaHH.fl npHpo)l.bi Me30HHhiX H KBapKOBbiX 

cTeneHeH cBo6o.nhl B .D.H6apHoHax, aHaJIH3 

cpopMcpaKTOpOB JiertJaHWHX H)l.ep, a TaiOKe 

MHKpocKonHtJecKoe onHCaHHe B paMKax YHH

TapHOH TeopHH pacce.RHHR ynpyroro Me3oH

H.D.epHoro B3aHMO)l.eHCTBH.fl npH HH3KHX 3Hep

rHRX . . B o6nacTH KOH)l.eHCHpoBaHHoro cocToR

HHR Be~eCTBa pa3BHTa TeopHR 3JieKTpoHHbiX 

CBOHCTB TOllelJHbiX .necpeKTOB B MeTaJIJiaX, 

no3BOJIRIO~aR onHcaTh npoueccbi nepeHoca, 

MarHHTOCOnpoTHBJieHHe H K03cpcpHQHeHTbl 

XoJIJla B xopoweM cornacHH c 3KcnepHMeH

TaJihHhiMH )l.aHHbiMH. ilpe)l.JIO)I(eHa aHrapMOHH

lleCKa.fl MO)l.eJib BbiCOKOTeMnepazypHOH CBepx

npoBO)l.HMOCTH H HCCJie)l.OBaHa poJib CTpyK

TypHOH HeyCTOHliHBOCTH B 3TOM RBJieHHH. 

3aMeTHOe yllaCTHe TeopeTHKOB 11HCTHTY

Ta npoRBHJIOCb B pa3paOOTKe Q>H3HtJecKHX 

nporpaMM 3KcnepHMeHTOB DELPHI, "ilapyc", 

''MetJeHhie HempHHO ", "CQ>epa", B peaJIH3~H 

3KcnepHMeHTOB NA-4, "HeH:TpHHHbiH .neTeK

Top" , "Mro-KaTaJIH3" H )J.p . 

HoBbie HHTepecHbie pe3yJihTaTbi nonytJeHhi 

B 3KcnepHMeHTax Ha cHHxpocpa30TpoHe. B Hc

cne.noBaHHRX KYMYJIRTHBHoro po)l(.neHHR aHTH· 

npOTOHOB Ha R)l.paX CBHHUa H aJIIOMHHHR 

B KHHeMaTHtJecKH 3anpe~eHHoi1 .D.JIR HYKJIOH· 

HyKJioHHhiX CTOJIKHoBeHHH: o6naCTH nonytJeHa 

CJia6aR 3aBHCHMOCTb norJio~eHH.fl aHTHnpoTO

HOB BHyTpH cpparMeHTHpyro~ero H)l.pa OT 

MaCChi R.npa. PeJIRTHBHCTCKH·HHBapHaHTHbiH 

aHaJIH3 a)l.pOH-.fl)l.epHbiX H .fl)l.epHO·.fl)l.epHbiX 

B3aHMO)l.eHCTBHH B HHTepBaJie 3HeprHH 

4-40 r3B BbiRBHJI YHHBepCaJibHbiH xapaKTep 

o6pa30BaHH.fl 6apHOHHhiX KJiaCTepoB, npe)l.· 

CTaBJIRID~Hx co6oi1: npe.neJihHO B036y)l(.neHHyro 

R.nepHyro MaTepHID. Ha.ne)I(Ho 3aperHcTpHpoBa

Hbi o6pa30BaHHR peJI.fiTHBHCTCKHX rHnep.fl)l.ep 

Bo.nopo.na H JIHTHR . HoBbie .D.aHHbie nOJiytJeHbi 

no Ha6JIIO)l.eHHIO B03MO)I(HbiX 3K30THlleCKHX 

COCTORHHH H)l.epHOH MaTepHH. 

B 3KcnepHMeHTax, npoBO.D.HMbiX Ha CHHX· 

pOTpOHe .Hcl>B3 (ilpOTBHHO) C nOMO~IO 



cneKTpOMeTpa ''rHnepoH", HCCJtenOBaHO HH

KJIJ03HBHOe o6pa30BaHHe K~- H K* (892) -Me-

30HOB. Pe3yJILTaThi CBH.D.eTeJILCTByiOT o 3Hatrn

TeJILHou pDJIH 3cpcpeKTOB 3KpaHHpOBaHHR L(BeTa 

a a.u.poH-R.nepHbiX B3aHMonencTBHRX. Ha ycTa

HOBKe CHrMA-ARKC H3yt~eHo HcnycKaHHe 

KYMYJIRTHBHhiX npoTOHOB so B3aHMoneucTBH

RX rr- , K H p c RnpoM 6epHJIJIHR npH 

40 r3B/c. BbiRBJieHHaR Heo:>KHnaHHO 6oJILillaR 

aeJIH'IHHa cet~eHHR o6pa30BaHHR KYMYJIRTHB

HbiX npoTOHOB B pA-B3aHMoneHCTBHRX yKa3bi

BaeT Ha cyll(eCTBOBaHHe cnel.\HcpHt~ecKoro Mexa

HH3Ma pmKneHHR KYMYJIRTHBHhiX npoTOHOB. 

3aaepllleHa o6pa6oTKa naHHbiX 3KcnepHMeHTa 

no H3MepeHHIO a3HMYTaJILHOH aCHMMeTpHH 

B peaKI.\HRX Ha nOJIRpH30BaHHbiX npOTOHHOH 

H nenTpOHHOH MHilleHRX. 06HapyJKeHO, 'ITO 

aCHMMeTpHR B pRne npOI.\eCCOB noCTHraeT 

HeCKOJibKHX necRTKOB npOI.\eHTOB. 

llpoaeneHa o6pa6oTKa H aHaJIH3 700 Thi

CR'I co6hiTHH rny6oKoHeynpyroro MIOOH-yrne

ponHoro pacceRHHR (3KcnepHMeHT NA-4). 

OnpeneneHo 3Hat~eHHe MaclllTa6Horo · napaMeTpa 

KX.U A, a TaKJKe anepBbie Ha ocHoBe cHHr

JieTHoro aHaJIH3a - napaMeTpa 11 , xapaKTepH3Y

IOU(ero pacnpeneneHHe rJIIOOHOB B npoToHe. 

B npyroM coaMeCTHOM UEPH - OHHH 3Kcne

pHMeHTe (PS-1 79) H3MepeHbi yrJIOBhie H 3Hep

reTH'IeCKHe pacnpeneneHHR t~aCTHI.\ npH aHHH

rHJIRI.\HH aHTHnpoTOHOB a 2 0 Ne H 
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He. llony

t~eHo yKa3aHHe Ha HCKJIIO'IHTeJibHO CHJibHYIO 

H30CnHHOBYIO 3aBHCHMOCTb aHHHrHJI~HH 

B BbiCillHX napl.\HaJILHbiX BOJIHaX. 

B 3KcnepHMeHTax Ha nyt~Kax cpa3oTpo

Ha C nOMOU(LIO J,LSR-MeTona nonyt~eHbi HO

Bbie naHHbie 0 CBOHCTBax BbiCOKOTeMnepaTyp

HbiX caepxnpoaonHHKOB. BhmonHeHo onHo 

H3 HaH60Jiee TO'IHbiX H3MepeHHH MaCChi nOKOR 

3JieKTpOHa C HCnOJib30BaHHeM npel.\H3HOHHOH 

nonynpoaonHHKOBOH MeTonHKH. 

BhmonHeHhi 3KcnepHMeHThi no CHHTe3y 

Hoaoro caepxTRJKenoro 3JieMeHTa Ta6JIHI.\hi 

MeH.D.eneeaa. OnhiTbi npoaeneHLI c HcnoJIL-

30BaHHeM HHTeHCHBHbiX ny'IKOB HOHO B apro

Ha, ycKopeHHhiX Ha 1.\HKJIOTpoHe Y-400. AHanH3 

naHHhiX no o6pa30BaHHIO HOBoro HYKJIH.D.a, 

cnoHTaHHO nenRU(erocR c nepHonoM nony

pacna.u.a- 0,01 c, H conocraaneHHe c KOHTponL

HhiMH OnhiTaMH nOKa3biBaiOT, 'ITO Ha6JIIOnae

MaR aKTHBHOCTb CBR3aHa C paCna.D.OM 110-ro 

3JieMeHTa. llpH HCCJtenOBaHHH 3K30TH'IecKHX 

R,D;ep H RnepHbiX pacna.u.oa anepBbie o6Hapy

:>KeHbi KBa3HCT~HOHapHbie COCTORHHR y 
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H 8 He. llpH H3yt~eHHH B3aHMonencTBHR TRJKe-

JlbiX HOHOB C MOHOKpHCTaJIJiaMH 06HapyJKeHa 

H H3KaR noapeJK.D.aiOU(aR cnoco6HoCTL TRJKenoro 

R,D;p a B6JIH3H MaKCHMyMa 3JieKTpOHHbiX TOp

M03HbiX noTepL. llpe.D.JIOJKeH MeXaHH3M B3aH

MOn eHCTBHR HOHOB C MOHOKpHCTaJIJIH'IecKOH 

cpen oif , n03BOJIRIOU(HH 06'bRCHHTh 3TO RBJieHHe. 

OcHOBHhie Hayt~Hhie pe3yJILTaThi B o6nac

TH HeHTpOHHOH cpH3HKH 6hiJIH nonyt~eHbi 3a 

C'leT o6pa60TKH naHHbiX npeJKHHX H3MepeHHH 

H HCCJienoBaHHH, BbinOJIHeHHbiX Ha peaKTOpax 

H 6a30BhiX ycTaHOBKax coTpynHH'IaiOU(HX 

c O HHH 1.\eHTpoa. 3To CBR3aHO c ocTaHOBKon 

peaK Topoa HBP-2 H HBP-30 no oKTR6pR 

198 7 r. 3aaepllleH 1.\HKJI HCCJtenoBaHHH cpyH

naM eHTaJILHbiX CBOHCTB HeHTpOHa, onpenene

Hbi 3HaK ( OTpHI.\aTeJILHbiH) H BeJIH'IHHa cpen

HeKBa.u.paTH'IHOro pa.u.Hyca pacnpeneneHHR 

3JieK TpH'IeCKOrO 3apRna B HeHTpOHe (- 0,1 cpM) . 

BLIRBJieHhi HeH3BecTHLie paHee oco6eHHOCTH 

r-pacna.u.a B R.npax nHcnp03HR, HTiep6HR H 

racpHHR. llonyt~eH pRn pe3yJILTaTOB no Bbico

KOTeMnepaTypHOH CBepxnpoaonHMOCTH Kepa

MH eCKHX o6pa31.\0B, H3rOTOBJieHHbiX B JlHc,tl. 

06HapyJKeH He06bi'IHbiH 3cpcpeKT norJIOU(eHHR 

3JieK TpOMarHHTHOH 3HeprHH B HTipHeBOH Kepa

MHK e C KpHTH'IeCKOH TeMnepaTypoH 95 K. 
llpH HCCJie.D.OBaHHH JlaHTaHOBbiX KepaMHK Me

TOna MH ynpyroro H Heynpyroro .gacee1!HHR 

HeHTpOHOB HaHneHO HOBOe B036yJK.D.eHHe Mar-
\• 

HHTHOrO npOHCXO)I(.1J.eHHR. 06HapyJKeHO RBJie-

HHe orpaHH'IeHHoro Konnanca a pacraopax 

JIHHeHHbiX nOJIH3JieKTpOJIHTOB H B nOJIH3JieKT

pOJIHTHbiX reJIRX . 

,llaJILHeHillee pa3BHTHe H COBepllleHCTBO

BaHH e nonytrnJIH 6a30Bhie H 3KCnepHMeHTaJib· 

Hbie ycTaHOBKH HHCTHTyTa. Ha CHHxpocpa3o

TpoHe o6ecnet~eH pe:>KHM pa6oThi ycKopHTeJIR 

C TO'IHOH peryJIHpOBKOH 3HeprHH B nHana30He 

0,1 - 1 r3B. YBeJIH'IeHa HHTeHCHBHOCTb nyt~Ka 

nOJIRpH30BaHHbiX nenTpOHOB no 109 'laC

THI.\/ 1.\HKJI. 3aaepllleHO npOH3BOnCTBO MonyJieH 

BaKy yMHO-KpHOCTaTHOH CHCTeMbi HYKJIOTpOHa 

H Ha 'laTO cepHHHOe npOH3BOnCTBO nHnOJILHbiX 

MarHHTOB. 3aKOH'IeH MOHTaJK, npoaeneHbi HC

nhiTaHHR H nonrOTOBKa K 3KCnnyaT~HH 

HOBOrO nonBHJKHOrO OTpaJKaTeJIR nJIR peaKTopa 

HBP-2. Ocyll(ecTaneHa MonepHH3~HR CHCTeM 

KoHTponR H 3all(HThi peaKTopa. Ha 1.\HKJIOTpo

He -Y -400 npoaeneHa KOMnJieKCHaR HaJia.D.Ka 

aBTOMaTH3HpOBaHHOH CHCTeMbi ynpaBJieHHR 

HOHHbiM HCTO'IHHKOM, paCillHpeH nHana30H 

ycKo pReMhiX HOHOB. BhmOJIHeH 6oJILillOH 

o6'be M pa6oT no co3naHHIO ycKopHTeJIR Y-400M. 

llpon oJIJKaJiaCL OnTHMH3~HR CHCTeM cpa30Tp0-
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Ha C QeJlblO nOBbillieHIDI ero 3¢>¢>eKTHBHOCTH. 

Ha BhiBeAeHHOM nyqKe npoTOHOB <t>a30Tpoaa 
BBe,!\eH B AeHCTBHe 60JiblliOH KOMnJieKC 3KC

nepHMeHTaJibHbiX ycTaHOBOK (.RCHAllll-2) 

WIR HCCJie,!\OBaHHH . B 06JiaCTH JIAepHOH cneKT

pOCKOnHH, B qacTHOCTH yAaneHHbiX OT nono

Cbi cTa6HJibHOCTH PaAHOHYKJIHAOB. 
B ueaTpaJibHOM BbitiHCJIHTeJibHOM KoMn

neKce OlfHH BBeAeH B 3KcnnyaTaQHJO MaT

pHtiHhiH npoueccop EC-2706 AJIR 3BM EC-1061. 
llonytiHJIH pa3BHTHe ceTeaoe H o61QeCHCTeM

aoe o6ecneqeaHe 6a30BhiX 3BM. Olf.Rif nony
tiHJI B03MO:>KHOCTb yCTaHaBJIHBaTb CBR3b C CO

BeTCKHMH H 3apy6e:>KHbiMH HH¢>0pMaQHOHHO· 
BhitiHCJIHTeJihHbiMH ueaTpaMH. PeanH3oa aaa 
TaKiKe CBR3b Olf.Rif c BbitiHCJIHTeJibHOH ceThlO 

U:EPHa. 
B paMKax yqacTIDI Olf.Rif B 3KcnepHMea

Te DELPHI 3aBeprneao H3rOTOBneaHe AeTeK

Topoa AJIR MPOHHoro KanopHMeTpa. Bcero 
H3rOTOBJieHO, HCnbiTaHO H OTnpaBJieHO 

B U:EPH 25 TbiCRti AeTeKTopoa . B U:EPHe 

OCyi.UeCTBJieHa c6opKa AeTeKTHpylOI.UHX 

nJIOCKOCTeH H HX MOHTaiK B MarHHTHYlO CHCTe

MY ycTaHOBKH. llpoaeAeHa noAroToBKa "HeH:
TpHHHoro ):\eTeKTOpa" K HCCJie,!\OBaHHRM npo

QecCOB rny6oKOHeynpyroro pacceRHIDI HeHTpH

HO Ha HApax B nytiKe YCKOpHTeJIJI lf<l>B3. 
Bhmonaea KoMnneKc pa6oT, aanpaaneHHbiX 

aa cy1QecTaeaaoe ynyqrneaHe <t>oaoBbiX ycno

BHH H noBbiWeHHe 3¢>¢>eKTHBHOCTH pa6oThi 

ycTaaOBKH. HatiaT aa6op CTaTHCTHKH B nytiKe 

aeH:TpHHO lliHpoKoro cneKTpa. BenHcb pa6oTbi 
no C03AaHHJO 3CKH3Horo npoei<:Ta yHHBepcanb

Horo KanopHMeTpHtiecKoro 4tr-AeTei<Topa, 
npeAHa3HatieHHOrO Will HCCJie,!\OBaHHH Ha 

BCTpetiHbiX nytiKax yCKOpHTeJlbHO·HaKOnHTeJib· 
HOrO KOMnJieKca (YHK) B ilpOTBHHO. lloArO

TOBJieH nepBbiH BapHaHT npoei<:Ta YCTaHOBKH. 
Pa3pa6oTaa npoeKT 3KcnepHMeHTa "llapyc -

Hernya" AJIR HCCJieAOBaHIDI cnHHOBbiX 3¢>¢>eK
TOB c HcnoJib30BaHHeM cTpyH:aoH: MHrneaH 

Ha BHyTpeHHeM nyqKe YHK. llpoAOJiiKaJIHCb 
pa60Tbl no C03AaHHlO H COBeprneHCTBOBaHHlO 

uenoro pRAa ApyrHx <t>H3HtieCKHx ycTaaoaoK, 

npe,!\Ha3HatieHHbiX MR 3KCnepHMeHTOB Ha yc-

3aceAaHHe KoMHTeTa llonHOMO'IHbiX llpeACTaBHTeneli npasHTeJI&CTB crpaH·yqacrHHU OHHH . .Ily6Ha, MapT 1987 r . 
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KOpHTe.Tie 11<l>B3, CHHXpo<f>a30TpOHe, peaKTope 

:HBP-2, QHKJIOTpoHe Y-400, <f>a3oTpoHe. 

HapR.D;y c <f>yH,D;aMeHTa.n:bHbiMH Hccne.no

BaHHR:MH BbiiiOJIHeHa 06IIIHpHaR nporpaMMa 

B o6naCTH npHKJIMHbiX pa3pa6oToK. B qacT

HOCTH, BbinOJIHeH aHaJIH3 6onee 500 reoJIO

rHtieCKHX o6pa3QOB Ha CO,nep:>KaHHe B HHX 

pe,nKHX :meMeHTOB; C03,IJ;aH OnbiTHbiH o6pa-

3eQ ycTaHOBKH .nnn onpe,neneHHR co,nep:>KaHHR 

6enKa B 3epHOBbiX KYJibTypax; BbmonHeH 

KOMnJieKC 6Ho<f>H3HtieCKHX HCCJie,IJ;OBaHHH no 

npoeKTY P:HTM; npoBe,neHbi Hccne,noBaHHR 

pa60Tbl Me,IJ;HK0-6HOJIOrHtiecKOro KOMnJieKCa 

011HI1 B IIIHpOKHX H Y3KHX npoTOHHbiX nyq

Kax; C03,IJ;aHbl HOBbie aBTOMaTH3HpOBaHHbie 

npH60pbi Ha OCHOBe TpeKOBbiX ,IJ;eTeKTOpOB 

,IJ;JIR: peHTreHOBCKOH ,IJ;H<f>paKTOMeTpHH MOHO

KpHCTaJIJIOB. 

.ll:eR:Te.TibHOCTb 011JII1 ocy~eCTBJUIJiaCb B 

paMKax IIIHpoKoro Me:>K,nyHapo,nHoro Hayq

HO-TeXHHtiecKoro COTpy,nHHtieCTBa. ,llJIR: BbinOJI

HeHHR: COBMecTHbiX HCCJie,IJ;OBaHHH, KOHCYJibTa

QHH, yqaCTHR: B COBe~aHHR:X H BbinOJIHeHHR: 

pa6 0T no KOHTpaKTaM 06'be,nHHeHHbiH HH

CTHTYT noceTHJIH 1973 cneQHaJIHCTa H3 CTpaH

ytiaCTHHQ H ,npyrHX CTpaH • .ll:JIR: 3THX :>Ke Qe.TieH 

Bbie3:>KaJIH B CTpaHbi-ytiaCTHHQbl H ,npyrHe 

CTp aHbl 685 COTpy,nHHKOB 011JII1. 11HCTHTyT 

6biJI opraHH3aTopoM 6 KPYnHbiX HaytiHbiX 

<f>opyMOB, cpe,nH KOTOpbiX Me:>K,nyHapo.n;HbiH 

CHM n03HYM no npo6neMaM B3aHMO,IJ;eHCTBHR: 

M IOOHOB H nHOHOB C Be~eCTBOM (.ll:y6Ha) , 

X IllKona UEPH - 011HI1 no <f>H3HKe BbiCOKHX 

3HeprHH (BapHa, HPB) , VIII Me:>K,nyHapo.n;Hoe 

COBe~aHHe no npo6neMaM KBaHTOBOH TOOpHH 

non n (AnyiiiTa, CCCP) H ,npyrHe. YtieHbie 

011.HI1 npHHR:JIH yqaCTHe B pa6oTe 148 Me:>K

,nyH apO,D;HbiX H HaQHOHaJibHbiX KOH<f>epeHQHH, 

CHM n03HYMOB H IIIKOJI, COCTOR:BIIIHXCR: B pa3-

JIHtiHbiX CTpaHax MHpa. 

:B QeJIR:X COBepiiieHCTBOBaHHR: ,neR:Te.TibHOC

TH 011HI1 KaK Me:>K,nyHapo.nHoro HaytiHoro 

ueHTpa pyKoBo,nn~He opraHbi H .n;HpeKQHR 

11HCTHTyTa npe,nnpHHRJIH pR:,n IIIarOB, HanpaB

JieHHbiX Ha ynytiiiieHHe opraHH3aQHH npoBe

.neHHR: HCCJie,IJ;OBaHHH B H36paHHbiX HaytiHbiX 
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HanpaBJieHHHX, noBbiWeHHe 3<P<PeKTHBHOCTH 

Me:>K,IJ,yHapo,nHoro coTpy,nHnqecTaa. BbiABHHyTa 

Ja,naqa C03AaHHH e,nHHoro no.npaJ.neneHIDI 

,lJ.JIH pa60T B o6JiaCTH <PH3HKH BbiCOKHX H 

CBepXBbiCOKHX 3HeprHH Ha YCKOpHTeJIHX ,npy

rHX HayqHbiX ~eHTpoa H npe:>K,!J,e acero Ha 

coJ,naaaeMOM a CCCP ycKopuTeJibHO-HaKo nH

TeJibHOM KOMWieKce. B paMKax 3TOH Ja,naqH 

OT,nen HOBbiX MeTo,noa ycKopeHIDI npeo6 pa-

30BaH B 06meHHCTHTYTCKOe HaytiHO-MeTO,lJ.H

qecKOe OT,lJ.eJieHHe, B OCHOBy ,neHTeJlbHOCTH 

KOToporo nonmKeHo .nsa HanpaaneHIDI: Me

To,nuqecKne pa6oTbi no o6ecneqeHmo 3Kc ne

pHMeHTOB Ha YHK, yqacTHe a C03AaHHH oT-

~~~~ 

• 

.neJibHhiX cncTeM H yJnoa YHK. 3aMeTHoe 

MeCTO B ,neHTeJihHOCTH 11HCTHTyTa B 1987 ro,ny 

3aHHJia pa3pa60TKa npoeKTa "KoMnJieKCHOH 

nporpaMMhl HCCJie,lJ.OBaHHH H pa3BHTIDI 0J1HJ1 

.no 2000 ro.na". KoMIUieKCHaH nporpaMMa 

H~eJIHBaeT J1HCTHTYT Ha noJiy'leHHe Hay'!HhiX 

pe3yJibTaTOB H COOpy:>KeHHe <PH3H'!ecKHX 

YCTaHOBOK, HaxO,lJ.RIUHXCR Ha ypOBHe MHpO

BhiX ,lJ.OCTH:>KeHHH HJIH npeBOCXOARIUHX HX, 

C03,lJ.aHHe ycJIOBHH ,lJ.JIR 3QxPeKTHBHOH peanH-

3a~H TBOpqecKHX B03MO)f(}IOCTeH Hay'!HhiX 

KOJIJieKTHBOB, pa6oTaiOIUHX B 0J1RJ1, H COT

PYAHH'lalOIUHX c 11HCTH'fYTOM ~eHTpoa cTpaH

yqacTHH~. 

H.H.Eoromo6oa 

)J.HpeKTOp 06'be,lJ.HHeHHOrO HHCTHTyTa 

R,nepHbiX HCCJie,lJ.OBaHHH 

• 
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~EHTEnhHOCTbPYKOBO~HmMX 
M KOHCYnhTATMBHblX OPrAHOB OMHM 

61 ceccHH YtJeuoro coseTa O.HHlf cocToH
nac& 13-15 HHBapn 1987 ro.n;a. YtreHbiH cos eT 
O.D;06pHJI MeponpHHTHH .D;HpeKQHH lfHCTHT}'Ta 
H na6opaTOpHH no SbinOnHeHHIO perneHHH 
59-if H 60-if ceccHif Ytrenoro coseTa, .n;enTenb
HOCTb ceKQHH YtreHoro COSeTa no TeopeTH
treCKOH cpH3HKe, no cpH3HKe SbiCOKHX H cpH-
3HKe HH3KHX 3HeprHu. YtreHbiH coseT peKoMeH
.n;osan .D;HpeKQHH lfHCTHTYTa o6paTHTb oco6oe 
SHHMaHHe Ha npe.n;no:>KeHHH no ysenHtreHHIO 
cpHHaHCHpOSaHHH QeHTpanbHOrO SbltiHCnHTenb
HOrO KOMnneKca, a Ta}()f(e opraHH3os aTb 
CHJiaMH se.n;yiUHX TeopeTHKOS H 3KCnepHMeH
TaTOpOS CTpan-ytraCTHHQ OlfHlf 3KCnepTHYIO 
OQeHKY nepcneKTHS pa3SHTHH cpH3HKH Sbi CO
KHX 3Ht!prHH, aTOMHOrO H.D;pa H KOH.D;eHCHpO
SaHHbiX cpe.n; C QenbiO Sbipa60TKH npHOpHTeT
HbiX peKOMeH.D;aQHH no OCHOSHbiM HanpaB
neHHHM KoMnneKcHou nporpaMMbi, Tpe6y iO
IUHM HaH60nblllHX KanHTanosno:>KeHHH. 

CeccHH npHHHna 3a ocuosy npe.n;no:>KeH
HbiH npoeKT KoMnneKcnou nporpaMMbi pa3-
SHTHH OlfHI1 .n;o 2000 ro.n;a, nocTauosneHHe 
0 COSeprneHCTSOSaHHH HaytiHo-opraHH3aQHOH
HOH cTpyKTypbi lfHCTHTyTa s Qennx noshillle
HHH 3cpcpeKTHBHOCTH pa6oTbi OM:Hlf; o 6pa
THJiac& K .n;HpeKQHH OM:Hlf c npoc1>6ou s Ko
poTKHe cpoKH nposecTH pa6oTy no no.n;roTos
Ke CornarneHHH o6 ytraCTHH OlfHif s 3Kcne
pHMeHTax na YHK (lf<l>B3, TipomHHo). 

YtreHbiH coseT o.n;o6pHJI uaytiHo-Hccne.n;o
saTenbcKyiO .n;enTenbHOCTb na6opaTopHif H 
OHMY 3a 1986 ro.n; H yTsep.n;HJI npo6neMHo
TeMaTHtrecKHii nnau naytiHo-Hccne.n;oBaTen&c
KHX pa6oT H Me)f(.D;yHapO.D;HOrO COTpy.D;HH
treCTSa OM:Hif Ha 1987 ro.n;, cocTasneHHbiH 
c ytreToM npe.n;no:>KeHHH cTpan-ytracTHHQ. Y tre
HbiH coseT peKoMeu.n;osan .n;HpeKQHH OM:Hlf 
noKynaT& 6on&rnee KonHtrecTso annapaTypbi 
H MaTepHanos H3 cTpan-ytraCTHHQ OM:Hif 
C QenbiO yMeHbllleHHH 3aTpaT lfHCTHTyTa S CSO
OO.D;HO KoHBepTHpyeMou saniOTe. 
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Ha ceccHH c .n;o~<na.n;oM o COCTOHHHH .n;en 
no pa3pa6oTKe naytrHOH nporpaMMbi Hccne
.n;osauHif Ha SbiSe,D;eHHbiX H SCTpetiHbiX nytrKax 
YHK SbicTynHJI 3aMeCTHTenb .n;HpeKTopa liH
CTHTyTa cpH3HKH SbiCOKHX 3HeprHH (TipOT
SHHO) npocpeccop H.E.TIOpHH. 

YtreHbiH coseT o.n;o6pHJI npe.n;CTasneHHbiH 
.D;HpeKQHeH lfHCTHTyTa .D;OKna.D; 0 Ka.n;pax 
cneQHanHCTos H3 CTpan-ytraCTHHQ O.HHlf, .n;en
TenbHOCTb .D;HpeKQHH no pa3SHTHIO Me)f(.D;yHa
pO.D;HOrO coTpy.n;HHtrecTsa liHCTHTyTa s 1986 ro
.n;y; yTsep.n;HJI nnau npose.n;euHH naytiHbiX 
cosemauHif OlfHif ua 1987 ro.n; H o.n;o6pHJI 
nnau ytracTHH Olf.Rlf s Me)f(.D;yHapo.D;HbiX H 
HaQHOHanbHbiX KOHcpepeHQHHX, CHMno3eyMax, 
lllKOnax H COSell{aHHHX S 1987 ro.n;y. 

YtreHbiH coseT yTsep.n;HJI cpoKoM na 4 ro
.n;a S .D;On)f(HOCTH .D;HpeKTOpa na6opaTOpHH 
H,D;epHbiX peaKQHH aKa.n;eMHKa r .H.<l>neposa, 
.D;HpeKTopa na6opaTOpHH HeHTpOHHOH cpH3H
KH - aKa.n;eMHKa lf.M.<l>paHKa, .D;HpeKTopa 
na6opaTOpHH H,D;epHbiX npo6neM - trneHa
KOppecnoH.D;eHTa AH CCCP B.TI.,n:>Kenenosa, 
.D;HpeKTOpa na6opaTOpHH SbltiHCnHTenbHOH Tex
HHKH H aBTOMaTH3aQHH - trneHa-KoppeCnOH
.n;eHTa AH CCCP M .r .MemepnKosa; cpoKoM 
ua 3 ro.n;a s .n;on)f(HOCTH 3aMeCTHTeneu .n;HpeK
Topa na6opaTOpHH H.D;epHbiX peaKQHH - npo
cpeccopa IO.Q.Orauecnua H KaH.n;H.D;aTa cpH-
3HKO-MaTeMaTHtrecKHX nayK B.,n.lliecTaKosa. 

CosemauHe KoMHTeTa IlonnoMOtiHbiX 
Ilpe.D;CTaBHTeneH npaBHTenbCTS rocy.n;apcTS-
trneHOS OM:Hif cocTonnoc& 3-4 MapTa 
1987 ro.n;a. KoMHTeT TionnoMOtiHbiX Ilpe.n;
CTaBHTeneif o.n;o6pHJI pa6oTy lfncmTyTa no 
SbinOnHeHHIO nnaua HaytiHO-HCCne.n;osaTenbC
KHX pa60T H Me)f(.D;yHapO.D;HOrO COTpy.D;HHlleCT
sa s 1986 ro.n;y; ymep.n;HJI peiiieHHH 60-u H 
61-u ceccHif Ytrenoro coseTa OM:Hlf no pe3yn&
TaTaM HaytiHhiX HCcne.D;OSaHHH, ShinOnHeHHbiX 
na6opaTOpHHMH H OT.D;enaMH lfHCTHT}'Ta 
s 1986 ro.n;y, nnau uaytiHo-Hccne.n;osaTenbCKHX 



pa60T H Me~yHapO,D;HOrO COTpy.n;HHtieCTBa Ha 

1987 ro.n;, npHHRThiH 61-H: ceccHeil Yt~eHoro 

coseTa, perneHHR 61-H: ceccHH Yt~eHoro coseTa 

o6 HTorax Me~yHapo.n;Horo coTpy.n;HHtiecrna 

OHJIM B 1986 ro,n;y H IIJiaHax npose.n;eHHR 

HaytJHhiX cosemaHHH Ha 1987 ro,n;, IIJiaHhi KO

MaHAHpOBaHHR cneuHanHCTOB OM.RM Ha Me)K

AYHapo,n;Hhie H HaQHOHa.TibHbie KOHcPepeHQHH, 

CHMn03HyMhl, COBell.laHHR H IllKOJibl Ha 

1987 ro.n;, perneHHR 61-H: ceccHH Yt~eHoro 

COBeTa 0 Ka,D;pax cneQHa.TIHCTOB H3 CTpaH

yqaCTHHQ OM.RM. 

KoMHTeT lloJIHOMOtlHhiX llpe.n;crasHTeneH: 

nOCTaHOBHJI CtlHTaTh rJiaBHhiMH 3a,D;atlaMH 11H

CTHTyTa B 1987 ro,n;y: 

- Aa.TibHeilrnee pa3BHTHe cospeMeHHhiX 

TeopeTHtleCKHX HCCJie,D;OBaHHH B o6JiaCTH cP~-

3HKH 3JieMeHTapHhiX tlaCTHQ H aTOMHOrO R,D;pa, 

KOH,D;eHCHpOBaHHhiX COCTORHHH, a TaK)Ke npo

se,n;eHHe 3KCnepHMeHTa.TibHhiX HCCJie,D;OBaHHH 

no 3THM HanpaBJieHHRM Ha 6a30BhiX ycTa

HOBKax OM.RM, ycKopHTeJIRX 11<l>B3 H UEPHa, 

BKJIIOtlaR npHKJia,D;Hbie HCCJie,D;OBaHHR B COOT

BeTCTBHH C 3a,D;atlaMH, nOCTaBJieHHhiMH B pe

IlleHHH 61-H: ceccHH Yt~eHoro coseTa OM.RM; 

- MO,n;epHH3aQHIO CHCTeM CHHXPOcPa30-

TpOHa KaK yCKOpHTeJIR peJIRTHBHCTCKHX H no

JIRpH30BaHHhiX R,D;epj 

- pa6oThi no co3AaHHIO HyKJioTpoHa; 

- npOBe,D;eHHe cPH3HtleCKHX HCCJie,D;OBaHHH 

Ha cl>a3oTpoHe OM.RM; 

- o6ecnet~eHHe yCTOHtlHBOH H 3cPcPeKTHB

HOH pa6oThi peaKTopa MBP-2 H npose.n;eHHe 

cPH3HtlecKHX HCCJie,D;OBaHHH Ha ero nyt~Kaxj 

- pa6oThi no ycKopHTeJIIO nMY-30; 

- npoBe,n;eHHe 3KCnepHMeHTOB no CHHTe3y 

H n OHCKy HOBhiX 3JieMeHTOB H H3ytleHHIO HX 

CBOHCTB, paOOThl B 06JiaCTH C03,1l;aHHR YCKOpH

TeJibHOrO KOMIIJieKca Y-400 + Y-400M; 

- pa3BHTHe H 3cPcPeKTHBHOe HCnOJib30-

BaHHe UBK; 

- yt~aCTHe B pa3pa60TKe COBMeCTHO 

c H<l>B3 oT,n;eJibHhiX CHCTeM YHK H no,n;roTos

Ky 3KCnepHMeHTOB Ha HeMj 

- pa60Thl B 06JiaCTH npHKJia,D;HhiX HCCJie

,D;OBaHHHj 

- 3cPcPeKTHBHOe HCnOJib30BaHHe 6a30BhiX 

YCTaHQBOK, nOBhiilleHHe HX 3KOHOMHtlHOCTH H 

TexHHt~ecKoro coseprneHCTBa. 

KoMHTeT nopyt~HJI .n;HpeKUHH 11HCTHTyTa 

pa3p a6oTaTb IIJlaH KOHKpeTHbiX MeponpHRTHH H 

CpOK H HX pea.TIH3aQHH ,ll;JIR perneHHR BOnpOCOB 

COBeprneHCTBOBaHHR CTpyKTyphl l.fHCTHTyTa. 

KoMHTeT lloJIHOMOtlHhiX llpe,n;cTaBHTeneH: 

YTBep,n;HJI oTt~eT OM.RM o6 HcnoJIHeHHH 6IO,n;

)KeTa 3a 1985 ro,n;, npoTOKOJI 3ace,n;aHHR 

<l>HHaHCOBOro KOMHTeTa 011.RJ1 OT 11-12 HOR6-

pR 1 986 ro,n;a; npHHRJI K cse,n;eHHIO coo6meHHe 

AHpeKUHH OM.RM o6 HcnoJIHeHHH 6IO,n;)KeTa 

11HcTHTyTa 3a 1986 ro,n; H yTsep,n;HJI 6IO,n;)KeT 

OM.RM Ha 1987 ro,n;, .n;oJieBhie B3HOChi rocy

,n;apCTB-tlJieHoB 11HCTHTyTa, tlHCJieHHOCTb COT-

KoHTpom. 3a <PHHaHcosou neRTen&HOCT&IO OHHH ocymecrsnReT cliHHaHcos&m KOMHTeT, oqepe,D;Hoe 3aCe,D;aHHe 

KOTOporo COCTORnOCb 10·12 HOR6pR 1987 r. 
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py,o;HHKos YIHCTHTyTa Ha KOHe~ 1987 ro.o;a, 
o6'beM pa6oT H yCJiyr H 3aTpaTbi Ha npoH3-
so,o;cTso no npoH3so.o;cTseHHbiM no,o;pa3,o;en e
HHHM Ha 1987 ro,o;, npe,D;CTaBJieHHbiH ,D;HpeK
~HeH OYI.HYI TIJiaH KanHTaJibHoro cTpOHTeJib
cTsa Ha 1987 ro,o;. KoMHTeT lloJIHOMOtJHhix 
llpe.o;cTaBHTeneH: cornacHJICH c npe,o;nmKeHHeM 
,o;HpeK~H OYI.HYI o sse.o;eHHH s 1987 r o,o;y 
HOSOH CHCTeMbi OTIJiaTbi Tpy,o;a ,D;JIH HH:>KeHep
HO-TeXHHtJeCKHX pa60THHKOS, CJiy:>KamHX H 
pa6otJHx no,o;pa3,o;eneHHH YIHCTHTyTa npH ycn o
SHH COXpaHeHHH <j>OH.o;a 3apa60THOH nJiaThi, 
npe,o;yCMOTpeHHOrO 6IO,D;:>KeTOM Ha 1987 r o,o;. 

KoMHTeT npHHHJI 3a ocHosy npe,o;no:>KeH
HhiH npoeKT KoMnneKCHOH nporpaMMhi pa3SH
THH OYI.HYI ,o;o 2000 ro,o;a; nocTaHOSHJI npo
,o;oJI:>KHTb pa6oTy Ha,D; 3THM npoeKTOM C ytJeTOM 
,o;HcKyccHH Ha 61-H: ceccHH YtJeHoro coseTa H 
cosemaHHH KoMHTeTa lloJIHOMOtJHhiX llpe,o;
CTaBHTeneH: ,D;JIH no,o;rOTOSKH S 1987 r o,o;y 
OKOHtJaTeJibHOrO sapHaHTa; yTsep,D;HJI perneHHe 
61-H: ceccHH YtJeHoro coseTa o6 opraHH3a~HH 
CHJiaMH se,o;ymHX TeopeTHKOS H 3KCnepHMeH
TaTOpOS CTpaH-ytJaCTHH~ OYI.HYI 3KcnepTHOH 
O~eHKH nepcneKTHS pa3SHTHH <j>H3HKH SbiCO
KHX 3HeprHH, aTOMHOrO H,D;pa H KOH,D;eHCHpO
SaHHbiX cpe,o; C ~eJibiO Sbipa60TKH npHOpHTeT-

• 
HhiX peKOM~HAmHH no OCHOSHhiM HanpasJie-
HHHM KoMnJieKcHoH nporpaMMhi, Tpe6yiOmHM 
HaH60JibUlHX KaTIHTaJIOSJIO:>KeHHH. 

KoMHTeT lloJIHOMOtJHbiX llpe.o;cTaSHTen eH: 
cornacHJicH c npHMeHeHHeM K OYI.HYI cTaTeH 1 
H 4-16 "KOHSeH~HH 0 npaBOSOM CTaTyce, 
npHSHJierHHX H HMMYHHTeTaX Me:>Krocy,o;apCT
seHHhiX 3KOHOMHtJeCKHX opraHH3mHH, ,D;eHCT
syromHX S Onpe,o;eJieHHhiX 06JiaCTHX COTpy,o;
HHtJeCTsa", no,o;nHCaHHOH 5 .o;eKa6pH 1980 r o,o;a 
s By,o;anernTe. 

Ha cosemaHHH c HaytJHhiMH ,o;oKJIB;AaMH 
ShiCTynHJIH: aKa.o;eMHK A.M.Ban.o;HH - " <l>H-
3HKa ShiCOKHX 3HeprHH H ee pOJib S C03,D;aHHH 
HaytJHo-TeXHHtJecKoro noTeH~Hana", npoQ:>eccop 
B.YI.Koporo,o;HH - "MexaHH3Mhi 6HonorHtJec
Koro ,o;eHCTSHH HOHH3HpylOmHx H3JiytJeHHH", 
KaH,D;H,D;aT <j>H3HKO·MaTeMaTHtJeCKHX HayK 
M .r .Cano:>KHHKos - "Yiccne,o;osaHHH s:::aHMo
,o;eH:cTsHH aHTHnpOTOHOS HH3KHX 3HeprHii C HA
paMH Ha ycKopHTeJibHOM KOMnJieKce LEA R 
(UEPH) ". 

62 ceccHH Y'leHoro coseTa OYI.HYI cocToH
nach 5 HIOHH 1987 ro,o;a. CeccHH o.o;o6pHJia 
.o;eHTeJihHOCTb ceK~HH YtJeHoro coseTa OYI.HYI 
no TeopeTHtJeCKOH <j>H3HKe, <j>H3HKe SbiCOKHX 
H <j>H3HKe HH3KHX 3HeprHH H HX KOMHTeTos; 
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o6paTHJiaCb c npoch6oH: K .o;HpeK~HH OYI.HYI 
ShiHecTH Ha paccMoTpeHHe cosemaHHH KoMH
TeTa llOJIHOMOtJHhiX llpe,D;CTaBHTeJieH sonpOC 
06 3<j><j>eKTHBHOCTH opraHH3mHH Me)f(,ll;yHa
pO,D;HOrO coTpy.o;HHtJecTsa. 

CoseT o,o;o6pHJI S OCHOSHOM npo,o;eJiaHHYIO 
AHpeK~eH: pa6oTy no npoeKTy KoMnJieKCHOH 
nporpaMMhi pa3SHTHH OYIRYI ,o;o 2000 ro.o;a, 
pa6oTy KOMHCCHH, C03,D;aHHOH ,D;Hpe~HeH no 
coseprneHCTsosaHHIO CTpyKTyphi OYIRYI; no
PY'IHJI AHpeK~HH OYI.HYI npHCTynHTb K peanH-
3mHH HaxO,D;HmHXCH S ee KOMneTeH~H peKO
MeH,o;mHH:, Shipa60TaHHhiX 3TOH KOMHCCHeH, 
H OpraHH30SaTb pa6oTy 3KCnepTOS H3 'IHCJia 
Se,D;ymHX ytJeHbiX CTpaH-ytJaCTH~ H 'IJleHOS 
YtJeHoro coseTa AJIH o~eHKH peKoMeHAmHH: 
KOMHCCHH H no,o;rOTOSKH SOnpoca Ha CJie,o;ylO
myiO ceccHro YtJeHoro coseTa H cosemaHHe 
KoMHTeTa lloJIHOMOtJHbiX llpe.o;cTaBHTeneH: 
1988-ro ro,o;a. 

CoseT nocTaHosHJI npHcTynHTb K KOH
~eHTpmHH ycHJIHH Ha rnasHhiX HanpasneHHHX 
HaytJHOH nporpaMMbi OYIRYI, ,D;JIH qero nposec
TH yKpynHeHHe OT,D;eJIOS, COKpameHHe MaJI0-
3<j><j>eKTHSHbiX CeKTOpOS, COKpameHHe Henepc
neKTHSHbiX TeM S npo6JieMHO-TeMaTHtJeCKOM 
TIJiaHe OYI.HYI c 1988 ro,o;a. YtJeHbiH coser 
npHHHJI K cse.o;eHHIO npeAJio:>KeHHhiH npoeKT 
npo6JieMHO-TeMaTHtJeCKOrO nJiaHa HaytJHO·HC
CJie,D;OSaTeJibCKHX pa60T H Me)f(,ll;yHapO,D;HOrO 
coTpy.o;HHtJecTsa OYIRYI Ha 1988 ro,o; H onpe
.o;eJIHJI OCHOSHbie Hay'IHble HanpaaJieHHH Jia6o
paTOpHH S 1988 ro,o;y. 

CoseT . yTsep.o;HJI perneHHe )f(JOPH o npe
MHHX OYI.HYI 3a JiytJrnHe pa6oThi, shmonHeH
Hbie s 1986 ro,o;y. 

CoseT yTsep,o;HJI s .o;oJI:>KHOCTH 3aMeCTH
TeJIH ,D;HpeKTOpa fla6opaTOpHH ShiCOKHX 3Hep
rHft KaH,D;H,D;aTa <j>H3HKO-MaTeMaTHtJeCKHX HayK 
A.llpoKerna cpoKoM Ha TpH ro,o;a. 

25 ceccHH ce~HH YtJeHoro cosera no Teo
peTH'IeCKOH <j>H3HKe COCTOHJiaCb 2 HIOHH 
1987 ro,o;a. CeccHH 6hma nocsHmeHa o6cy:>K
.o;eHHJO HTOrOS H nepcneKTHS Me)f(,ll;yHapo,o;
HOrO COTpy,o;HHtJeCTSa flT<l> C HHCTHTyTaMH 
CTpaH-ytJaCTH~. C ,D;OKJia,D;aMH SbiCTynHJIH 
3aMeCTHTeJib ,D;HpeKTopa flT<l> 3.Kanyc~HK, 

ytJeHhie H3 cTpaH-ytJaCTH~ YIHCTHTyTa. CeccHH 
OTMeTHJia nno.o;oTsopHOCTb HaytJHoro coTpy,o;
HHtJecTsa C HHCTHTyTaMH CTpaH-ytJaCTHH~ 

OYI.HYI, no,o;qepKHys Heo6xo.o;HMOCTb ero pac
IDHpeHHH npH <j>opMHpOSaHHH <j>H3H'IeCKHX 
nporpaMM ,D;JIH 3KCnepHMeHTOS Ha yCTaHOSKaX 
YI<l>B3 (llpoTsHHo) H YI.HYI AH CCCP (TpoH~K) , 



a TaK)f(e IIpH BbiiiOJIHeHHH COBMeCTHbiX TOO

peTHqecKHX HCCJie)J.OBaHHH C 3THMH Opra

HH3a.QHRMH. 

CeccHa oTMeTHJia uenecoo6pa3HOCTh yc

KopeHHR pa60T IIO C03)J.aHHIO CHCTeMbl CBR3H 

HHCTHTYTOB CTpaH-yqaCTHHU C KOMIIbiOTepHOH 

ceTbiO 0.11.H11; O)J.o6pHJia H rrpe)J.no)f(HJia rrpo

)J.On)f(HTb IIO)J.rOTOBKY Ka)J.pOB )J.nR CTpaH

yqaCTHHU 0.11.fl.l1 Ha OCHOBe COTpy)J.HHtJecrna 

J1T<l> c Q>H3HqecKHM Q>aKynLTeToM MrY H 

Q>HnHanoM H.I1.11.H<l> MrY a .[(y6He; o6paTH

nacL c rrpocL6oii K Yt~eHoMy coaeTy 0.11.H.I1 

BHeCTH Ha paccMoTpeHHe KoMHTeTa IlonHo

MOtJHbiX Ilpe)J.CTaBHTeneii Borrpoc o6 3Q>Q>eK

THBHOCTH opraHH3aQHH Me)f()J.yHapO)J.HOrO COT

py)J.HHqeCTBa 0.11.fl.l1. 

Ha rrporne)J,rneii 3 HIOHR 1987 r. ceccHH 

ceKUHH YqeHoro coaeTa no Q>H3HKe BbiCOKHX 

3Heprmi o6cy)f()J.anHCb )J.OKna)J.hi, rrpe)J.cTaaneH

Hbie oT 0.11.H.I1 Ha Me)f()J.yHapOAHYID KOHQ>epeH

UHIO IIO Q>H3HKe BhiCOKHX 3HeprHH (Yrrrrcana, 

IIIBeUHR, HIOHh-HIOnh 1987 r .) , OTtJeThi o co

CTORHHH )J.eJI no rrpoeKTaM DELPHI, CB.[(, 

MAPC-Mqc, "MeqeHhie HeiiTpHHo", "Ilapyc -

HernyH". BhmH 3acnyrnaHhi oTqeThi o )J.eR

TenLHOCTH CIIeUHMH3HpOBaHHbiX KOMHTeTOB 

CeKUHH - lPOT03MynhCHOHHOro, IIO 3neKTpOH

HhiM 3KCIIepHMeHTaM H KaMepHoro, )J.OKna)J. 

0 COCTORHHH )J.eJI IIO o6pa60TKe KaMepHbiX 

CHHMKOB B J1BTA B 1987 ro)J.y H rrnaHe Ha 

1988 ro)J.. 

Ha 44 ceccHH ceKUHH Yt~eHoro coaeTa no 

Q>H3HKe HH3KHX 3HeprHH (4 HIOHR 1987 ro)J.a) 

6hmH 3acnyrnaHhi Hayt~Hbie )J.OKna)J.bi o rrpoao

)J.HMhix B 0.11.fl.l1 HCCne)J.OBaHHRX rrpo6neMbl 

MaCChi HeHTpHHO, 

CBepxiipOBO)J.HMOCTH, 

BhiCOKOTeMrrepaTypHOH 

H3yqeHHH CTpyKTypbl 

HYI<nOHOB H R)J.ep, MarHHTHbiX Q>a30BhiX 

rrepeXO)J.OB C IIOMOIUblO MIOOHOB. 0TMeqeHa 

aKTYMbHOCTb H rrepcrreKTHBHOCTb 3THX Ha

rrpaaneHHH, a TaK)f(e B03MO)f(HOCTb HCIIOnb-

30BaHHR HeKOTOpbiX H3 HHX )J.nR perneHHR 

IlpHKna)J.HbiX 3a)J.atJ. 

YqacTHHKH ceccHH 3aCJiyrnanH TaK)f(e HH

Q>opMauHIO 0 rOTOBHOCTH peaKTOpOB J1H<l> 

K pa6oTe, 0 COCTORHHH )J.en IIO C03)J.aHHIO 

J1.11Y-30, o xo)J.e pa6oT H rrporpaMMe coopy

)f(eHHR Y-400M. CeKUHR o)J.o6pHJia )J.eRTeJib

HOCTb CIIeUHMH3HpOBaHHbiX KOMHTeTOB IIO 

HeHTpOHHOH lPH3HKe, IIO CTpyKType R)J.pa 

H IIO lPH3HKe TR)f(eJibiX HOHOB. 

26 ceccHR ceKUHH YqeHoro coaeTa no 

TeopeTHtJeCKOH lPH3HKe COCTORnaCb 27-28 HO

a6pR 1987 ro)J.a. ~eHhi ceKUHH 3acnyrnanH 

)J.OI<n a)J. o6 HTorax coTpy)J.HHqecTBa Teope

THKOB CPP H J1T<I> 0.11.H.I1 H rrpe)J.nO)f(eHHRX 

IIO HaytJHOH rrporpaMMe rrpe)J.CTORmHX HCcne

)J.OBaHHH; CeCCHR IIO)J.)J.ep)f(Ma rrpe)J.nO)f(eHHe 

rrpoa eCTH cne)J.yroruyro ceccHIO ceKUHH B Ilonb

rne. Bhm 3acnyrnaH pR)J. HayqHbiX )J.OKna)J.oB 

0 IIp OBO)J.HMbiX B J1T<l> HCCne)J,OBaHHRX, OTMe

qeH HX BbiCOKHH ypoBeHb H KOHKypeHTOCIIO

C06HOCTb. 

CeKUHR rro)J.)J.ep)f(Ma KoMrrneKcHyro 

rrpor paMMy pa3BHTHR 0.11.H.I1 )J.O 2000 ro)J.a 

C y qeTOM BbiCKa3aHHbiX 3aMeqaHHH, OTMeTHJia 

He06 XO)J.HMOCTb IIOCTpOeHHR B cne)J.yiOI.UeH 

IIRTHJieTKe 11HQ>opMaQHOHH0-6H6nHOTetJHoro 

ueHTpa 0.11.H.I1. 

CeccHR o)J.o6pHIIa rrpe)J.no)f(eHHe )J.HpeKUHH 

J1T<l> 06 OTKpbiTHH HOBOH TeMbl "C03)J.aHHe 

CeTH rrepCOHanbHbiX KOMIIbiOTepOB B J1T<l>" 

B U eJIRX IIOBbiilieHHR 3Q>Q>eKTHBHOCTH Teope

THqec KHX HCCne)J,OBaHHH, 0)J.06pHna rrpe)J.nO

)f(eHHbie )J.HpeKUHeH J1T<l> IInaHbl HaytJHo

HCCne)J.OBaTenhCKOH pa60Tbl H Me)f()J.yHapO)J.

HOrO COTpy)J.HHqeCTBa Ha 1988 rO)J.. 

Ha 45 ceccHH ceKUHH YqeHoro coaeTa no 

lPH3H Ke BbiCOKHX 3Heprm{ ( 24-26 HO'R6pR 

1987 r.) 3acnyrnaHhi )J.OI<na)J.hi o6 HTorax pa6o

Tbi HaytJHbiX KOHQ>epeHUHH IIO TeMaTHKe CeK

UHH, )J.OKna)J. 0 rrporpaMMe 3KCIIepHMeHTMbHhiX 

Hccne)J.OBaHHH Ha YHK (IlpoTBHHO) 1!. rrpe)J.

no)f(eHHR 0.11.fl.l1 IIO yqaCTHIO B 3KCIIepHMeH

TaX Ha YHK (rrpoeKTbi "Ilapyc - HernyH", 

MAPC - Mqc H 'TnrooH") , oTqeThi o xo)J.e 

BbiiiOnHeHHR na6opaTOpHRMH 0.11.fl.l1 rrpo6neM

HO-Te MaTHqeCKOrO rrnaHa HaytJHo-Hccne)J.oaa

TenLCKHX pa6oT IIO TeMaTHKe CeKUHH H HHQ>Op

Ma.QHIO o cocTORHHH )J.eJI no ycTaHOBKe DELPHI. 

~eHbi ceKUHH o6cy)J.HIIH )J.OKna)J.hi o pa-

6oTe KOMHCCHH IIO KOppeKTHpOBKe IInaHa

rpaQ>HKa C03)J.aHHR H pa3BHTHR 3KCIIepHMeH

TMbHbiX H 6a30BhiX yCTaHOBOK 0.11.fl.l1 Ha 

TeKyi.UyiO IIRTHJieTKy H 0 XO)J,e IIO)J.rOTOBKH 

KoMn neKCHOH rrporpaMMbi pa3BHTHR 0.11.H.I1 

)1.0 2000 ro)J,a H peKOMeH)J.aQHRX 3KCIIepTOB 

cTpaH-ytJaCTHHU. BhmH 3acnyrnaHhi TaK)f(e OT

qeTbi rrpe)J.Ce)J.aTeneii crreuHanH3HpoBaHHhiX Ko

MHTeTOB CeKUHH. 

H a 45 ceccHH ceKUHH YqeHoro coaeTa no 

lPH3HKe HH3KHX 3HeprHH (1-3 )J,eKa6pR 

1987 r .) 6hmH 3acnyrnaHhi HaytJHhie )J.OI<na)J.bi 

0 IIp OBO)J.HMbiX B 0.11.fl.l1 HCCne)J.OBaHHRX: 

"KBaHTOBbie MaKpOCKOIIHqecKHe RBneHHR", 

".fi)J.ep HaR acTpOQ>H3HKa HH3KHX 3HeprHH", 

"Cpe)J.HeKBa)J.paTHqHbiH PMHYC pacrrpe)J.eneHHR 

3apR)J.a B HeHTpOHe", ".11cCJie)J.OBaHHe CBOHCTB 

13 
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06~eHHCTHfyYCKHH CeMHHap, DOCBH~eHHbiH npo6IIeMaM BbiCOKOTeMDepaTypHOH CBepxnpoBO,IlHMOCTH. 

HeHTpHHO B npOI.\ecCax pa.n;HOaKTHBHOrO pac

na,na", "Hccrre,noBaHHe caepxTH:>KeJibiX H3o

Tonoa rrerKHX H,nep". 0TMetieHa aKTyaJihHOCTb 

H3yt~aeMhiX npo6rreM. lJJieHhi ceKI.\HH 3acrry

IllaJIH • TaK:>Ke HHQ>opM~IDO 0 nporpaMMe 

HCCJie,nOBaHHH B o6JiaCTH BbiCOKOTeMnepaTyp

HOH caepxnpoao,nHMOCTH B 011HI1, n pe,n

CTaBJieHHbie Jia6opaTOpHHMH ,D;OKJia,nbi 0 x o,ne 

peaJIH3~HH npoeKTOB 3KCnepHMeHT&JlbHbiX 

YCTaHOBOK H BbinOJIHeHHH npo6JieMHO-TeM aTH

tieCKOrO nJiaHa, AOKJia,nbl ytieHbiX H3 Be,ny 1I.{HX 

1.\eHTpOB CTpaH-ytiaCTHHI.\ (11.fiJ1, ,lJ;e6pel.\eH, 

BHP; HH<l>, qcAH; QHHH, PocceH,no pQ>, 

r,lJ;P) 0 npOBO,D;HMbiX HCCJie,D;OBaHHHX, a Ta K:>Ke 

AOKJia,nbi 06 HTOrax pa60Tbl Me)l()l;yHapO,nHbiX 

coaemaHHH no TeMaTHKe ceKI.\HH. 

Ha ceccHH 6bma o6cy:>KAeHa HHQ>oj:lMal.\HH 

o xo,ne no,nroTOBKH KoMnrreKCHOH nporpaM Mbi 

HCCJie,noBaHHH H pa3BHTHH OHHH ,no 2000 ro

.na, peKOMeH,n~HHX 3KCnepTOB CTpaH-ytiaCTHHI.\ 

H pa6oTe KOMHCCHH no KOppeKTHpoBKe nJiaHa

rpaQ>HKa C03,D;aHHH H pa3BHTHH 3KCnepHMeH

TaJibHbiX H 6a30Bhix yCTaHOBOK OHHH Ha TeKy

myiO nHTHJieTKY. C OTtieTaMH o pa6oTe cnel.\Ha

JIH3HpoBaHHhiX KOMHTeTOB BbiCTynHJIH HX 

npe,nce,naTeJIH. 

3ace,naHHH CneQHaJIH3HpoBaHHbiX KOMH

TeTOB CeKI.\HH Yt~eHoro coaeTa no Q>H3HKe 

BbiCOKHX H Q>H3HKe HH3KHX 3HeprHH npo

XOAHJIH B 1987 ro,ny ,D;Ba)l()l;bl - B anperre 

H OKTH6pe. Ha CBOHX 3aCe,D;aHHHX tiJieHbl 

KOMHTeTOB o6cy,nHJIH XOA pa60T no yTBep:>K

,neHHbiM npoeKTaM H OTtieThi no 3aaepllleH

HhiM TeMaM, npe,nJIO:>KeHHH Jia6opaTOpHH 

B npoeKT npo6rreMHo-TeMaTHtiecKoro nrraHa 

HaytiHO-HCCJie,D;OBaTeJibCKHX pa6oT H Me)l()l;y

JiapOAHOrO COTPYAHHtiecma, pHA HaytiHhiX 

AOKJia,nOB, HHQ>OpM~IDO 06 HTOrax pa6oTbl 

HeKOTOpbiX COBell.laHHH H KOHQ>epeHI.\HH no 

TeMaTHKe KOMHTeTOB . 



YlleHbie O.HJII1 HarpiDI<,~J;eHbi B 1987 ro.n:y: 
- IlpeMHeli HM. 11.E.TaMMa AH CCCP 3a 

QHKn pa60T "0 CHMMeTpHH B3aHMO.D:eHCTBylO· 
I.QHX IIOnei{" - .D:OKTOp <l>H3HKO·MaTeMaTH· 
qecKHx HayK B.l1.0rHeseQKHH. 

- 3onoroH: Me,n:ani>JO HM. ,n.I1.MeH.n;eneesa 
AH CCCP 3a QHKn pa6oT rro CHHTe3y H Hccne
.D:OBaHHJO CBOHCTB HOBbiX TpaHCaKTHHH,n:HbiX 
:meMeHTOB Ta6nHQbi ,n.I1.MeH.n:eneesa - aKa
.n;eMHK r .H.<l>nepoB. 

- fipeMHeH KOMCOMOna IJO.n;MOCKOBI>JI 
B o6naCTH HayKH H TeXHHKH 3a QHKn paOOT 
"TeopHR HaKOIIneHHR HOHOB H .D:HHaMHKa 
IlpoQecCOB B MHOrOKOMIIOHeHTHbiX 3neKT
poHHO·HOHHbiX rryiiKax" - KaH.D:H.n;aT <PH3HKO· 
MaTeMaTHIJeCKHX HayK r ._n.IllHpKOB. 

- 3onoToH: Me.n;ani>JO YHHBepcHTeTa HM • 
.R.KoMeHCKOrO 3a 6oni>WOH BKna.n; B pa3BHTHe 
coTpy.n;HHIIeCTBa Me)K.Il:y <PH3HKo-MaTeMaTHIJec
KHM <PaKyni>TeToM BpaTHcnaacKoro yHHBep
CHTeTa H na6opaTOpHeH R,n:epHbiX rrpo6neM 
011.RI1- rrpo<Peccop IO.A.By.n:aros. 

IIPEMI111 011.RI1 

Ha COHCKaHHe rrpeMHH 011.RI1 3a 1986 ro,n: 
6blnH BbJ.D:BHHYTbi nyllwHe HayiiHo-Hccne.n:osa
Teni>cKHe, HayiiHO·MeTO.D:HileCKHe H HayiiHO· 
TeXHHIJeCKHe pa60Tbi, BbiiiOnHeHHbie COTpy,n:
HHKaMH 11HcrHTyTa. PeweHHeM Y11eHoro coseTa 
0J1.RJ1 OT 5 HlOHJI 1987 ro,n:a IlpHCy)K.Il:eHbl 
cne,n:yJOI.QHe rrpeMHH: 

no HAYliH0-11CCnE,nOBATEnbCK11M 
TEOPETI11IECKI1M P ABOTAM 

IlepeCUI. npeMUJJ 

"HH3K03HepreTHIJeCKaR <i>H3HKa Me30HOB 

TIPEMHH 

B KBapKOBOH MO.D:e.JIH CBepxrrpoBO.D:RI.Qero 
THrra" . 

ABTopbi: M .K.BonKoB, ,n.36epT. 

B TOpCUI. npeMUJJ 
" CenHTOHbl B _n ~ 1 KOHTHHyani>HbiX MO· 

.n:enax ". 
ABTop: B.r .MaxaHhKoa . 

no H A YliH0-11CCnE,nOBATEnbCKI1M 
3KCIIEPI1MEHT AnbHbiM P ABOT AM 

IlepeCUI. npeMUJJ 
" HoBbiH BH.D: ecTeCTBeHHOH pa.n;HOaKTHB· 

HOCTH - CIIOHTaHHbiH pacrra,n: TJI:>Ke.JlbiX HyKnH
.D:OB C BbineTOM R.D:ep HeoHa". 

ABTopbi: C.n.TpeTbRKOBa, A.C3H.D:yn~Ky, 
IO.C.3aMRTHHH, IO.C.KopoTKHH, B.n.MHxeea, 
11.A.ne6e.n:es, B.<l>.Macoe.n:os, ,n.XaweraH. 

,aee eTopble npeMuu 
" 3 KcrrepHMeHTanhHOe orrpe.n:eneHHe cpe.n:

HeKBa.n;paTHIIHOro pa,n:Hyca pacrrpe.n:eneHHR 3a
pR.D:a a HeH:TpoHe". 

ABTopbi: IO.A.AneKcaH.n;pos, M.BpaHa, 
X.MaHpHKe rapcHa, T.A.MalleXHHa, n.H.Ce.n:
naKosa, n.E.<l>biKHH. 

" J1ccne.n;OBaHHe CIIHHOBbiX 3<P.<PeKTOB 
a o6MeHHoM 1r- p-pacceaHHH rrpH HMrrynbce 

40 r3B/c". 
ABTopbi: 3.11.ByHRTOBa, H.C.BopHcoa, 

IO.M.Ka3apHHOB, B.3.KorrenHoBHII, M.IO.nH-
6ypr, B .H.MaTa<PoHOB, A.B.HeraHOB, 11.K.no
TawHHKOBa, IO.A.Ycoa, B.A.XallaTypos. 

no HAYliHO-METO.UI11IECKI1M 
11 HAY1IHO-TEXHI11IECK11M PABOTAM 

Ilep eCUI. npeMUJJ 
"Crrei<:TpOMeTpHIIecKHH KOMIIneKC "rH

rrepoH" - yCTaHOBKa .D:nR IlpeQH3HOHHOrO 
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HCCne.n;OBaHH.fl MeTO,ZJ;aMH He,ZJ;OCT8.10InHX H 3<l>
<t>eKTHBHbiX Mace rrpo~eCCOB o6pa30BaHH.fl 
qacTH~ H HX paCIIa,ZJ;OB Ha 76 r3B YCKOpHTe
ne 11<I>B3". 

.ABTopbi: IO.A.Ey.n;aroB, A.~op.n;aHOB, 
B.M.KoponeB, IO.<I>.JloMaKHH, H.A.PycaKOBHq, 
C.B.CepreeB, n.CTpMeHb, A.A.<I>emeHKO, 
B.E .<l>nRrHH, ~.IllrraneK. 

JI.ee 6TOpbZe npeMUU 

"Mo,uyn.RTOp IIOBbiUleHHOH MOmHOCTH nH
HeHHOrO HH.n;y~HOHHOrO ycKOpHTen.fl". 

.ABTOpbi: r.B.,Zl;on6HnoB, B.I1.Ka3aqa, 
r.H.KoHHOB, B.ll.CapaH~eB, A.H.CH.n;opoB, 
A.A.<l>aTeeB. 

"HOBbiH KOM6HHHpOBaHHbiH 3neKTpOCTa
THqecKHH 6eTa-crreKTpOMeTp H B03MO)f(HOCTH 
ero rrpHMeHeHH.fl B 3a.n;aqax rrpe~H3HOHHOH 

CIIeKTpOMeTpHH HH3K03HepreTHqeCKHX 3n eK
TpOHOB". 

ABTOpbx: III.EpHaHCOH, P.Banea, I.J;.Bhm oB, 
A.X.Hao.RTOB, E.JierpaH, A.MHHKOBa, B.H .llo
KpOBCKHH, n.r .tiyMHH. 

llO HAYtiHO-TEXHI1tiECKI1M 
llPHKJIA,Zl;HhiM P AEOT AM 

llepeM npeMUR 
"Co3,ZJ;aHHe MeTO,Zl;OB peUleHH.fl KBaHTOBO

MeXaHHqeCKOH 3a,ZJ;a~ Tpex Ten H HX IlpHnO
:>KeHHe B rrpo6neMe MIOOHHoro KaTanH3a R.n;ep
HbiX peaK~HH CHHTe3a". 

.ABTOpbi: ,ZJ;.,ZJ;.EaKanOB, 
A.,ZJ;.roqeBa, M.C.Kac~eB, 

B.C.Mene:>KHK, 11.B.lly3biHHH, 
JI.H.CoMoB, H.<l>.TpycKoBa . 

JI.ee 6TOpbZe npeMUU 

C.H.BHHH~KHH, 

B.I1.Kopo6oB, 
T .ll.lly3biHHHa, 

"I.J;HKnnqecKHH HMII:1IaHTaTOp T.fi:>KenbiX 
HOHOB 111..1;-100". 

.ABTOpbi: r .H.<I>nepoB, A.M.AH.n;pH.RHOB, 
C.JI.EoroMonoB, B.B.EonTylllKHH, r .r .rynb-
6eK.fiH, A.I1.11BaHeHKo, H.B.KonecoB, 
A.M.Mop.n;yeB, P.I.J;.OraHec.RH, B.A.tiyrpeeB. 

"MarHHTHaR Kap.n;norpa<t>n.R". 
ABTophx: B.<I>.Eo6paKoB, E.B.BacHnbeB, 

E.H.KonhxqeBa, B.H.llonylllKHH, B.<I>o.n;enb. 



• 

HAYqHo
MCCnEAOBATEnbCKME 
PA60Tbl, . 
BblnOnHEHHbiE 
nA60PATOPMHMM OMHM . 
B 1987 rOAY 

---+--0------



JIABOPATOPH.H 
TEOPETHliECKO:A fllH3HKH 

CTPYKTYP A 

KJIACCW:IECK03 H KBAHTOB0 3 

TEOPHH llOJIE 3 

llpe,n;no:>KeH HOBbiH KaJIH6poBOtiHbiH n o ,n;

XO,ll; K KJiaCCHtJeCKOH H KBaHTOBOH TeOp HH 

pemiTHBHCTCKHX tJaCTHQ H crpyH, OCHOBaHHb iH 

Ha npHHQHne nOK8JIH3aQHH nHHeHHhiX cynep

KaHOHHtJeCKHX CHMMeTpHH. llpHMeHeHHe 3TOrO 

npHHQHna n03BOnHJIO nonyliHTb H3BeCTHhie 

cpopMynHpoBKH TeOpHH pemiTHBHCTCKHX tJaC

THQ CO CnHHOM, · 6030HHhiX H cpepMHOHHbiX 

crpyH, a TaK:>Ke nOCTpoHTb HOBbie MO,D;enH 

B3aHMO,D;eHCTByiOIQHX penHTHBHCTCKHX tJaCTHQ. 

B tJaCTHOCTH, npe,n;no:>KeHa Mo,n;enh ,ll;JIH N pen H

THBHCTCKHX tJaCTHQ, CBH3aHHbiX rapMOHHtJeCKH

MH CHJiaMH, H KaJIH6pOBOlJHaH TeopHH ,ll;HCKp eT

HbiX 3aMKHYTbiX crpyH I 1 I . 

llocrpoeHa KBaHTOBaH TeOpHH OTKpbiT OH 

6o30HHOH CTPYHhi B cpoHOBOM 3neKTpoM ar

HHTHOM none ,ll;JIH KpHTHtJeCKOH pa3MepHOCTH 

npoCTpaHCTBa-BpeMeHH H ,ll;JIH npo1;13BOnbHOrO 

3HatJeHHH cyMMapHoro 3apH,n;a CTPYHhi. llo

Ka3aHO, liTO COrnaCOBaHHOCTb TeopHH npHB O

,ll;HT K orpaHHtJeHHIO Ha HanpH:>KeHHOCTH BHeiil

Hero 3neKTpoMarHHTHoro nonH. 3To cor na

cyeTCH C nonytJeHHhiM He,D;aBHO H3 TeOp HH 

crpyH 3cpcpeKTHBHhiM ,n;eHCTBHeM ,ll;JIH a6eJieBa 

KaJIH6pOBOtiHOrO nonH B HH3K03HepreTHtJeC

KOM npe,n;ene (none OnHChiBaeTCH narp aH

)I(HaHOM EopHa - HHcpenb,n;a) 12 1
• 

B Mo,n;enH 3aMKHyToH: 6o30HHOH crpy

Hhi c ,n;yxoBhiMH creneHHMH cBo6o,n;hi H aH

,n;eHo peweHHe 3a,D;aliH KowH H nocrpoeHhi 

BCe TeH30pHbie nonHHOMHaJibHhie 3aKOHbi CO

XpaHeHHH, Haii,n;eHO H,D;pO onepaTOpa 3BOniOQHH 

H nponaraTop crpyHhi 13 1
• 

llpeMo:>KeHHhiH paHee MeTo,n; nocrpoeHHH 

KOHetrnbiX TeOpHH npHMeHeH K ,D;ByMepHbiM 

U-MO,ll;eJIHM. lloKa3aHO, liTO Ha OCHOBe TeO

pHH C pHllliH-nJIOCKOH MeTpHKOH MO)KHO no

CTpOHTb KOHcpopMHO-HHBapHaHTHYIO KBaHTO

BYIO TeopHIO. 
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Pa3BHThi 3cpcpeKTHBHbie MeTo,D;bi nocrpo

eHHH aCHMnTOTHtJeCKHX onepaTOpHbiX pa3no

:>KeHHH H K03cpcpHQHeHTHbiX cpyHKQHH B cxe

Me MHHHMaJibHhiX BhiliHTaHHH, KOTOpbie MoryT 

IIlHpOKO HCnOnb30BaTbCH B TeopeTHKO-none

BbiX pactJeTax. 

AHanHTHtJecKH BhitJHCJieHhi tJeThrpexneT

neBhie nonpaBKH ,ll;JIH t3-<l>YHKQHH KBaHTOBOH 

3neKTpo,D;HHaMHKH 14 
I. 

llpH H3ytJeHHH HHcppaKpacHoro noBe,n;eHHH 

cpyHKQHH rpHHa C HCnOnb30BaHHeM npH6JIH

:>KeHHH npHMOnHHeHHhiX nyTeH (pa3BHTOrO 

,n;y6HeHCKHMH TeopeTHKaMH) HaH,D;eHO, liTO 

HHcppaKpaCHbie OC06eHHOCTH cpaKTOpH3YJOTCH 

B BH,D;e MHO)KHTeJIH, HMeiOIQero cpopMy BHJib

COHOBCKOH neTnH OT Me,ll;JleHHO MeHHIOIQeHCH 

KOMnOHeHTbi 3neKTpOMarHHTHOrO nonH H CO

,n;ep:>KaiQero BCIO 3aBHCHMOCTb OT KOHTypa 

HCXO,ll;HOH <l>YHKQHH rpHHa 1 1 1 I • 

BhmonHeHbi peKop,n;Hhie no TotrnocrH 

aHaJIHTHtJeCKHe BhiliHCJieHHH pa,n;HaQHOHHbiX no

npaBOK K npoQeccaM aHHHrHJIHQ.RH e+ e- B ,n;aa 

cpepMHOHa. 3TH pactJeThi 6y,n;yT HCnOnb30BaTb

CH B 3KcnepHMeHTax DELPHI. BhmonHeHhi 

pactJeTbi pa,D;HaQHOHHhiX nonpaBOK K rnyOOKO

HeynpyrOMY pacceHHHIO nernoHoB HYKJIOHaMH. 

llo,n;mep)K)l;eHa npaBHJibHOCTb npe,n;hr,n;yiQHx 

pa6oT, KpHTHKOBaBWHXCH ,n;pyrHMH aBTOpaMH. 

PaccMOTpeHhi 3cpcpeKThi H3nytJeHHH W- H Z-
0030HOB npH ynbTpaBhiCOKHX 3HeprHHX. 3TH 

3<l>cpeKThi MOryT 6biTb CyiQeCTBeHHhi ,ll;JIH 

3KcnepHMeHTOB Ha YHK 12 3 1 • 

Ha ocHoBe reoMeTpHtJeCKHX coo6pa:>KeHHH: 

BBe,n;eHO HOBOe pa3nO:>KeHHe ,ll;HpaKOBCKOrO 

nonH Ha KHpaJibHhie KOMnOHeHThi, KOTOpoe 

npH BhiCOKHX 3HeprHHX cyiQeCTBeHHO OTnH

qaeTCH OT CTaH,D;apTHOrO pa3nO:>KeHHH. 06cy:>K

,D;aiOTCH 3KCnepHMeHT8JibHO npoBepHeMbie CJie,n;-

Coseuuume pyKouoWtTeneu ceKTopos Jla6opaTopHH 
TeopeTH'IeCKOH $H3HKH, DOCB.RmeHHOe nepcneKTHBaM 
pa3BHTHH Jla6opaTopHH, nposonHT JlHpeKTop OH.RH 
aKa.neMHK H.H.Eoromo6os. 
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C 10 no 16 OKT116pn 1987 ro.o;a B AnyWTe npoxo

.o;uno VII Mem.o;yHapo.rume cosemaHue no npo6neMaM 

KBaHTOBOH TeopHH nOJIII. KaK H Bee npe.D;bi.D;YIUHe 

COBelUaHHR 3TOH cepHH, OHO 6LIJIO opraHH30BaHO 

no HHHf.lHaTHBe .D;HpeKI.lHH Jla6opaTOpHH TeOpeTH· 

qecKoH cPH3HKH OHHH npH no.o;.o;ep:>KKe Y'leHoro 

coseTa OHHH H ero CeKf.lHH no TeopeTH'IeCKOH <PH· 

3HKe. B pa6oTe coseiUaHHII npHHIIJIH y'laCTHe 120 yqe

HLIX H3 11 CTpaH. BLIJIO 3aCJiyWaHO H o6cy:>K.D;eHO 

OKOJIO 70 .D;OKJla.D;OB, H3 KOTOpbiX 16 HOCHJIH o630p· 

HLIH xapaKTep. TiporpaMMa cosemaHHII BKJIIO'Iana 

pii.D; OCHOBHbiX npo6neM COBpeMeHHOH TeopHH n01111: 

MaTeM aTH'IeCKHe BOnpoCbi, KanH6poBO'IHbie TeOpHH 

H KXll , KBapKosLre Mo.o;enH H <t>eHoMeHonorHIO 3Jie
MeHTapHLrx 'laCTHI.l, TeOpHH 061>e.D;HHeHHII, • cynep· 

CHMMeTpHH H cynepCTpyH, noneBbie MeTO.D;bi B TeOpHH 

MHOI'HX TeJI H rpaBHT~HIO. 
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CTBHH 3TOH H,ll;eH npHMeHHTeJlbHO K 0 6 'be,li;H

HeHHOH TeOpHH 3neKTpocna6biX B3aHMO,ll;eH

CTBHH14 9 1• 

TioKa3aHO, qTo KOppeKTHOe penHTHBHCT

CKOe OnHCaHHe CBH3aHHbiX COCTOHHHH B KaJIH6-

poaoqHOH TeopHH nonH MO:>KeT 6hiTb pa3BHTO 

KaK pa3nO:>KeHHe TeOpHH no npOCTpaHCTBeH

HbiM KOMnOHeHTaM KaJIH6poaoqHoro nonH 

Ai BOKpyr To~oro perneHHH, onpe.n;enHe Moro 

BpeMeHHOH KOMnoHeHTOH A
0 

. TaKoe p a3no

:>KeHHe 3KBHBaJieHTHO KBaHTOBaHHIO MHHHM aJib

HOrO qHcna Q>H3HqecKHX nepeMeHHbiX ( aJibTep

HaTHBa MeTo.n;y )l;HpaKa). TionyqeH 6HJIOK aJib

HbiH Q>yHKUHOHaJI, onHChiBaiO~HH cneKTpoCKO

IIHIO Me30HOB, .n;yaJibHO-pe30HaHCHhiX a M IIJIH

TY,ll; H KHpanbHhiX narpaH:>KHaHOB 12 1 1
• 

BbiHCHeH ToqHhiH MaTeMaTHqecKHH CM hiCn 

ncea.n;oTeH3opa 3HeprHH-HMnynhca B o6~eii 

TeOpHH OTHOCHTenhHOCTH: nceB,li;OTeH30p HBnH

eTCH TeH30pHbiM Q>yHKUHOHaJIOM Q>O HOBOH 

CBH3HOCTH . BnepBbie Q>oHOBaH CBH3HOCTh 6 hma 

aae.n;eHa B 1940 r. H.Po3eHoM, norpy3HBiliHM 

rpaBHTaQHOHHOe none B MHp MHHKOBCK OrO. 

Cne.n;oBaTeJihHO, Tor.n;a BTOpaH CBH3HOCTb Bbi

CTynana B npHMHTHBHOM BH,D;e: OHa He HMena 

HH KpyqeHHH, HH KpHBH3Hhi. Tenepb :>~<:e Q>o

HoaaH CBH;'JHOCTh He HMeeT TOnbKO KpyqeHHH; 

ee TeH30p KpHBH3Hbl CqHTaeTCH npOH3B Onh

HhiM. npH 3TOM rpaBHTaQHOHHOe none n o rpy

:>KaeTCH He B MHp MHHKOBCKOrO, a B n p OH3-

BOnbHOe npOCTpaHCTBO aQ>Q>HHHOH CBH3HOCTH 

6e3 KpyqeHHH. Enaro.n;apH 3TOMY y.n;anocb 

B3HTh BapHaQHOHHYIO npOH3BO,li;HyiO OT Q>yHK

UHH ,D;eHCTBHH KaK no rnaBHOMy MeTpHqe CKO

MY TeH30py, TaK H no Q>OHOBOH CBH3HOCTH 

H B pe3ynhTaTe nonyqHTb HOBOe TO:>K,D;eCTBO, 

qaCTHbiM cnyqaeM KOToporo HBnHeTCH H3B eCT

HOe TO:>K,D;eCTBO ,ll;nH TeH30pa 3HHiliTeHHa 15 1
• 

TioKa3aHo, ~o a cnyqae MeTpHKH llla apu

IliHJih.n;a rapMOHHqecKaH KOOp.n;HHaTHaH K apTa 

He e.n;HHCTBeHHa. CooTBeTcTBeHHo, Bhipa:>KeHHe 

,ll;JIH nnOTHOCTH 3HeprHH rpaBHTaQHOHHOro no

nH 3aBHCHT OT Bbi6opa KOOp,li;HHaTHOH Kap

Thi16 I. 

Hcnonh30Banacb cTpyKTypa aaKyyM HhiX 

COCTOHHHH B pa3nHqHbiX Q>a3ax B MO,ll;eJIH 

)l;:>Kop.n;H - rn3rnoy Ha perneTKe. MeTO,li;OM 

MoHTe-Kapno Bhi~CJIHJIHCh pacnpe.n;eneHHH 

3neKTpHqeCKHX H MarHHTHbiX nOTOKOB, a TaK

:>Ke KOppenHTOpbl THna MarHHTHbiH noTOK -

MarHHTHbiH nOTOK, BeJIH~Ha XHrrCOBCK OrO 

nonH - MarHHTHbiH nO TO K B pa3HbiX Q>a3ax. 

Pe3ynhTaThi Bhi~cneHHH caH.n;eTenhcTB YIOT 

B nonb3Y TOrO, qTo B XHrrCOBCKOH Q>a3e ,li;OMH-

24 

HHpyiOT MOHOnOnh-aHTHMOHOnOnbHhie napbl 

MaJibiX pa3MepOB I 7 I. 

B TeopHH nonHpOHa pa3BHTaH paHee 

,li;HarpaMMHaH TeXHHKa, n03BOnHBiliaH npoaec

TH Bbi~cneHHH Ha 3-neTneBOM ypoBHe, o6-

o6~eHa Ha npOH3BOnbHOe ~CJIO npocTpaH

CTBeHHbiX H3MepeHHH. TIOCTpOeHO 1/N-pa3nO

:>KeHHe, YCTaHOBneHa era CBH3b He TOnbKO 

C ,li;HarpaMMaMH, HO H C BapHaQHOHHbiMH 

MeTO,ll;aMH. C nOMO~IO He,li;HarOHaJihHOrO 

na.n;e-npH6nH:>KeHHH npo.n;eMOHCTpHpOBaHO OT

cyTCTBHe Q>a3oaoro nepexo.n;a B CHCTeMe 

nonHpOHa. 3TOT MeTO,ll; n03BOnHeT TaK:>Ke 

nony~Tb OQeHKH CBepxy H CHH3Y ,ll;JIH IliHpo

KOrO Knacca Q>yHKUHH, 3a,ll;aHHbiX Ha 6ecKO

He~OH nonyocH 18 1 
• 

CHMMETPHH H CYTIEPCHMMETPHH 

B3AHMO)l;EnCTBHn 3nEMEHT APHhiX 

qACTHU 

Bee H3BecTHhie aepcHH pacrnHpeHHOH 

N = 2 cyneprpaaHTaUHH npe.n;cTaaneHhi a rap

MOHHqecKoM cynepnpocTpaHCTBe. KoMneHca

TopaMH B HHX cny:>~<:aT cynepnonH, orpaHHqeH

Hhie CBH3HMH. 0TKpbiTa HOBaH aepcHH N = 2 
cyneprpaBHTaQHH, B KOTOpOH B KaqeCTBe KOM

neHCaTopa BhiCTynaeT rHnepMynhTHIIJieT q"" -

rapMOHHqecKoe cynepnone, cao6o.n;Hoe oT 

CBH3eH. TioKa3aHO, qTO TOnbKO HOBaH BepCHH 

.n;onycKaeT caMo.n;eiicTBHH N = 2 MaTepHanhHhiX 

noneii o6~ero BH.n;a. TonhKO B Heii MO:>KHO 

nOCTpOHTb He06XO,li;HMYIO .n;nH 3TOrO IIJIOT

HOCTb, H TOnhKO B HeH B03MO:>KHhl B3aHMO,ll;eH

CTBHH 6e3 H30MeTpHH. TaKHM o6pa3oM, ,ll;JIH 

6y.n;y~Hx peanHCTHqecKHx Mo.n;eneii c N = 2, 
B KOTOpbiX KBapKH ,li;On:>KHhl B3aHMO,ll;eHCTBO

BaTb, rO,li;HTCH TOnbKO HOBaH BepCHH. 

Tipoae.n;eHO HBHOe nOCTpOeHHe pH.n;a HenH

HeHHbiX N = 2 CHrMa-Mo.n;eneii Ha Q>oHe KanH6-

poaoqHhiX H rpaBHTaQHOHHbiX B3aHMO,ll;eHCT

BHH. B ceKTope CKanHpHbiX noneii B03HHKaiOT 

KBaTepHHOHHbie CHrMa-MO,ll;eJIH. 

Ocy~ecTaneH aHaJIH3 reoMeTpHH KanH6-

poaoqHhiX noneii, cne.n;yro~Hx H3 KOMnneKc

HOH H rapMOHHqecKoii aHanHTH~ocTeii. Y cTa

HoaneHa H H3yqeHa rny6oKaH CBH3h MeTo.n;a 

rapMOHHqecKoro npOCTpaHCTBa C MeTO,li;OM 

TBHCTOpOB: B npHMeHeHHH K CaMO,ll;yaJibHbiM 

N = 0 ypaaHeHHHM OHH npaKTHqecKH coana

.n;aroT. BhiHBneH reoMeTpHqecKHH CMbicn npe

noTeHUHaJIOB rHnepK3nepOBOH reoMeTpHH 

B paMKax pacrnHpeHHoro cynepnpocTpaHcma 



c QeHTpaJI&HbiM 3apR.n;oM. Half.n;eH H Hccne.n;o

BaH HOBbiH KJiaCC cynepKOHcpOpMHbiX CHrMa

MO,ZJ;eJieH. c .n;eH:CTBHeM TH·na .n;eH:crnHH Becca -

3yMHHO 191
• 

lhy'laJIHC& QHKJIH'IecKHe aJire6pLI, TO ecT& 

cynepaJire6pbi JlH C O.n;HHM (HOO.n;HOpO.D;HbiM) 

o6pa3yiOI.QHM 3JieMeHTOM. OnHcaHLI QHKJIH'Iec

KHe aJire6pbi MaJibiX pa3MepHOCTeH H pa3pe

WHMbie QHKJIH'IeCKHe aJire6pbi CTyneHH 2 H 3 

Ha.D; nOJI.fiMH xapaKTepHCTHKH, OTJIHQHOH OT 

2H3 1101 • 

~EHOMEHOJIOrHR ~YUAAMEHTAJibHhiX 

B3AHMO.l(E:ACTBH:A 

B MOAeJIH Me30HHOH "wy6LI" Bbi'IHCJieH 

BKJia.D; /13 3 -H306apbl B npoMe)K}TTO'IHOM COCTO

.fiHHH. YTo'IHeHbi npe.n;CK8.3aHHH .n;nn CnHHOBbiX 

3cpcpeKTOB B pp- H pp-paccenHHH, nonyqeHLI 

npe.D;CK8.3aHIDI .n;JI.fl nOJI.RpH3aQHH B Me30H

HyKJIOHHOM pacce.RHHH, BKJIIO'Ia.fl peaKQHIO 

nepe3apR.n;KH 1r- p + 1r on. llpe.n;cK8.3aHH.fl Mo.n;e

JIH Me3oHHOH "wy6bi" .n;nn pp-pacce.RHH.R npH 

MaJibiX nepe.n;aqax HMnyn&ca no.n;Tsep:>K,D;eHbi 

Ha T3BaTpoHe ~HAJia 11 2 1• 

llpo.n;On:>KaJIHC& HCCJie,ZJ;OBaHIDI B OMaCTH 

pen.RTHBHCTCKOH R,D;epHoH: cpH3HKH 11 3 1 • Ha oc

HOBe ypasHeHHH: 3BOJIIOQHH KX,l( 6Lmo pa3-

pa6oTaHO cpeHOMeHOJIOrHqecKoe npe.D;CTaBJie

HHe CTpyKTypHbiX cpyHKQHH R.n;pa qepe3 CTpyK

TypHbie cpyHKQHH HyKJIOHa, H,ZJ;eaJI&HO OnHCbi

BaiOIQee AaHHbie NA-4 H npe.n;cK8.3biBaiOIQee 

p.RA oco6eHHocTeH: KBapKosoH: CTPYKTYPLI 

R,D;ep. O.n;Ho H3 HHX - )KecTKoe Mope aHTH

KBapKoB, KOTopoe C OCOOOH y6e.n;HTeJI&HOCT&IO 

no.n;rnep:>K.n;aeTC.fl B npoQeccax po:>K.n;etm.fl KyMy

JI.fiTHBHbiX K-Me30HOB H aHTHnpoTOHOB. Cono

CTaBJieHHe TOOpeTHqecKHX pacqeTOB C 3KCnepH

MeHTaJI&HbiMH AaHHbiMH .n;aeT y6e.n;HTeJI&HOe 

CBH.n;eTeJI&CTBO B noJI&3y MHOrOKBapKOBOrO 

MeXaHH3Ma KaK KYMYJI.fiTHBHoro 3cpcpeKTa, 

taK H 3$<lleKTa EMC. 

He:n,aBHO Ha OCHOBe TOrO >Ke nO}J.XO}la 

npe.n;JIO)KeHO o6'h.fiCHeHHe nO.D;aBJieHH.fl BbiXO.D;OB 

J N -qaCTHQ B n.n;po-R,D;epHbiX coy.n;apeHHax 

(3KcnepHMeHT NA-38 B UEPHe). ,l(o cHx nop 

OHO paCCMaTpHBaJIOC& KaK CHrH8JI KBapK

rJIIOOHHOH nJI8.3Mbi. 

nonyqeHO o6'h.fiCHeHHe YAHBHTeJI&Horo 3cp

cpeKTa po:>K.n;eHHH B pp-coy.n;apeHHH R,D;ep .n;eH:

TepHH c OOJI&WHMH p 1 (.n;o 4 r3B/c) (AaHHbie 

rpynnLI Cynnesa, 11~B3) Ha ocHose .n;soH:Horo 

coy.n;apeHIDI KBapKOB H AHKBapKOB. 0HO CO-

rnacos aHo c H3MeHeHHeM xapaKTepa nose.n;e

HHH OTHOWeHH.fl BbiXO.D;OB p/1r+ npH pOCTe 

3Hepni H H ceH:qac paCCMaTpHBaeTC.fl KaK OAHH 

H3 rJiaBHbiX apryMeHTOB B nOJI&3y AHKBapKOB 

B HYKJIOHax. 

B paMKax KX,l( nonyqeHa Qenan cepH.R 

npaBHJI CYMM AJIH CnHHOBbiX CTpyKTypHbiX 

$yHKQHH HYKJIOHa, .n;onyCKaiOLQHX 3KCnepH

MeHTaJI&HYIO npoBepKy Ha yCTaHOBKe "Me

qeHbie HeHTpHHO" 11 4 I. 

llpose.n;eH KX.l(-aH8JIH3 cTpyKTypHbiX 

$yHKQHH B TepMHHax nOJIHHOMOB .fiK06H. 

B p aMKax 3Toro MeTo.n;a co3.n;aHa nporpaMMa, 

KOTOpa.R 6&ma HCnOJI&30BaHa AJI.fl o6paOOTKH 

AaHHbiX no rny6oKoHeynpyroMy pacce.RHHIO 

J.L-Me30 HOB Ha yrnepo.n;e H pacqeTaM MacwTa6-

Horo .napaMeTpa KX,ll ( 3KcnepHMeHT 

NA-5) 11 6 1• 

C cpopMynHposaHa Mo.n;en& KoHcpaHHMH

poBaHHbiX KBapKOB (MKK) , .fiBJI.fiiOIQa.RC.fl 

ycosep WeHCTBOBaHHeM KBapK-BHpTOHHOH MO

.n;eJIH, H ycTaHOBJieHa ee CB.fl3& c KX,l(. B paM

Kax M KK .n;aHo o 6'h.RCHeHHe npasHJia 11 T = 
= 1/2 npH pacna.n;ax KaOHOB, BbiQHCJieHbi 

3JieKTp OMarHHTHbie H CHJI&Hbie cpopMcpaKTOpbl 

HyKJioHa H /1-H3o6apbi. ITOK8.3aHO, qTo rJIIOOH

HbiH BaKyyM, paCCMaTpHBaeMbiH KaK CTOxaCTH

qecJ<oe none c 6biCTpo y6LIBaiOIQeH: Koppenn

QHoHHo H: cpyHKQHeH, He npHBO.D;HT K KOH¢laHH
MeHTy 11 51 • 

113 aHaJIH3a peaKQHH e+ e- + 31r, W1r 0 , 

T± + V T W'Ir± C.D;eJiaH BbWO.D; 0 npHCyTCTBHH 

B paCCMOTpeHHOM HHTepBaJie Mace TpeX BeK

TOpHbiX pe30HaHCOB C KBaHTOBbiMH 'IHCJiaMH 

p/w-Me30HOB H 3Ha'leHH.fiMH Mace 1420, 1620 

H 1750 M3B. BLICKa3aHa rHnoTe3a, uo OAHH 

H3 3THX pe30HaHCOB .fiBJI.fleTC.fl "rH6pH.n;HbiM" 

qqg-cOCTO.fiHHeM 11 7 
I. 

J13yqeHa CB.fl3& WHpOKOrO CKaJI.RpHOrO 

rJIIOOHH.fl C nceB,ZJ;OCKaJI.RpHbiMH Me30HaMH. 

llpe.n;cJ<a3aHO CHJI&HOe CMeWHBaHHe rJIIOOHHeB 

H KBap KOHHeB, KOTOpoe no CBOHM CBOHCTBaM 

cosna,naeT c G(1590)-Me30HOM12 2 1
• 

TIOCTpOeHa YHHTapH30BaHHaR MO;D;enb 

o6o6IQeHHOH BeKTOpHOH ,ZJ;OMHHaHTHOCTH AJI.fl 

3JieKTp OMarHHTHOrO cpopMcpaKTopa nHOHa. llo

MHMO OCHOBHOrO p (770) -Me30Ha 06Hapy)KeHO 

npHCyTCTBHe H onpe.n;eneHbi xapaKTepHCTHKH 

eiQe · .n;syx (H3o)seKTOpHbiX pe3oHaHCOB: 

p '(135 0) H p '' (1600) 118 1• 

S n eKTpoMarHHTHbie csoH:crsa 6apHOHOB 

H HH3WHX a.n;poHHblX pe30HaHCOB paCCMaTpH

B8JIHC& B paMKax OCQHJIJI.fiTOpHOH MO.D;eJIH 

KBapKOB H cpeHoMeHonorH'IecKoro no.n;xo.n;a, 
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BKJIIOlJalOI.Qero BKJia,n;bi IIHOHHbiX TOKOB . YtJeT 

nepeHOpMHpOBKH KBapKOBbiX xapaKTep HCTHK 

B3aHMO,ZJ;eHCTBHeM C nHOHaMH, Ha liTO y Ka3bi

BaeT aHaJIH3 MarHHTHbiX M:OMeHTOB 6apHOHOB, 

ynytJIIIaeT cornacHe TeopHH c 3Kcnep HMeH

TaJibHbiMH IIIHpHHaMH pa.n;mlQHOHHbiX pac na,n;OB 

Me30HOB ( oco6eHHo (K* + K1) -pacn a,n;oa) • 

Pa3BHaanacb 3$$eKTHBHaR BbitJHcnHTenb

HaR cxeMa .ZJ:nR peiiieHHR 3a,n;atJH Tpex Ten c KY

nonoBCKHM B3aHMO.ZJ:eiicTaHeM. Bee CHHr ynRp

HOCTH, KOTOpbie HMeiOT <i>H3HtJeCKOe npOHCXO:>K

,ZJ;eHHe, COBMei.QruoTCR C OC06biMH TOlJKaMH 

ypaaHeHHR Illpe,Zl;HHrepa C nOMOI.QbiO B b i6opa 

COOTBeTCTByiOI.QeH CHCTeMbl KOOp,Zl;HHaT . Haii

,ZJ;eH RBHbiH BH,Zl; BOnHOBOH <i>YHKQHH B 6nH3H 

OC06biX TOtJeK. 3Ta CHHrynRpHaR tJaCTb <i>aK

TOpH3yeTCR, H CTpOHTCR BbitJHcnHTenbHaR cxe

Ma ,Zl;nR OCTaBIIIeHCR rna,n;KOH tJaCTH B OnHO

BOH <i>YHKQHH 11 9 
I. 

3aaepiiieHhi ( coaMecTno c coTpy.ZJ:HH KaMH 

JIBTA) BapHanHOHHhie paCtJeTbl cna6oCB R3aH

HbiX ypOBHeH 3HeprHH Me30MOneKyn d dJ,L H 

dTJ,L. ,[(OCTHrHyTa TOlJHOCTb BbllJHCneHHH 

2·10- 4 3B 120 1
• 

J-f3ytJaJICR MeXaHH3M y,ZJ;ep:>KaHHR KBapKOB, 

B03HHKalOI.QHH npH paCCMOTpeHHH COCTaBHbiX 

CHCTeM B penRTHBHCTCKOM KOH<i>HrypanHOH

HOM • npocTpaHCTBe. YpaaueuHe Illpe.ZJ:HHrepa 

B 3TOM cnyqae HapR,ZJ;y C "HOpMaJibHbiMH" 

peiiieHHRMH, HMeiOI.QHMH HepenRTHBHCTCKHe 

aHanorH, o6na,n;aeT TaK:>Ke KnaccoM peiiieHHH, 

CO,Zl;ep:>Kal.QHX yHHBepcanbHbiH o6pe3al0l.QHH 

<i>aKTOp 

e 

21Tr me 
h 

r,ZJ;e m - Macca KBapKa, r - OTHOCHTenbuoe 

paCCTORHHe Me)l()l;y KBapKaMH. 

TipoBO,Zl;HJlHCb HCCne,ZJ;OBaHHR B . o 6 naCTH 

KBaHTOBOH MeXaHHKH Ha rpa<i>HKax. TioKa3aHO, 

liTO TpaHcnopTHbie caoiicTaa aHanora non ynpo

BO.ZJ:HHKOBOH neTnH 3aBHCRT OT HHTeHCHBHOCTH 

auewuero 3neKTpoMarHHTHoro nonR. Proynb

TaT HHTepeceH ,Zl;nR B03MO:>KHbiX npHMeHeHHH 

B MHKp03neKTpOHHKe 12 4 
I. 

CTPYKTYPA ATOMHOrO H,ll;PA 

3aaepweH QHKJI HCCne,ZJ;OBaHHH <i>parMeH

TanHH rny6oKHX ,Zl;blpoliHbiX H BbiCOKOne:>Ka

I.QHX qacTHtJHhiX cocToRHHH a c<t>epHtieCKHX 

R.ZJ:pax. Pe3ynhTaThi uaxo,ZJ;RTCR a xop oiiieM 
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cornaCHH C 3KCnepHMeHTaJibHbiMH ,Zl;aHHbiMH, 

nonytJeHHhiMH a Opc3 (<l>paHQHR) H OcaKe 

(HnoHHR). B pR,Zl;e cnyqaea TeopeTHtJeCKHe 

npe,Zl;CKa3aHHR CTHMynHpOBaJIH nOCTaHOBKy 

3KCnepHMeHTOB. 

3aKOHtJeHbl HCcne,ZJ;OBaHHR MarHHTHbiX 

pe30HaHCOB B c<t>epHt~ecKHx R,Zl;pax. PacctJHTaHa 

<i>parMeHTanHR M1-pe3oHaHca a 9 0 Zr, 1 4 ° Ce, 
2 0 6 Pb, H30CKaJIRpHbiX 1 +-COCTORHHH B 2 0 6 Pb, 

H30CKaJIRpHbiX H H30BeKTOpHbiX CnHH-MynbTH

nonbHbiX pe30HaHCOB. 06napy:>KeHa CHnbHaR 

<i>parMeHTanHR H30BeKTOpHbiX pe30HaHCOB. 

11ccne,ZJ;OBaHO Bo36y)l()l;eHHe BbiCOKone:>Ka

I.QHX cocToRHHH B peaKQHH (p, T) • .[(nR 1 12 Sn 
npOaHaJIH3HpoBaH BKJia,n; B CetJeHHe peaJ<tiHH 

OT,ZJ;enbHbiX .ZJ:BYXKBa3HlJaCTHlJHbiX KOH<i>Hrypa

QHH 12 5 1
• PaccMoTpeHbi pa3nHtJHbie KaHaJihi 

raMMa-pacna,n;a na HH:>KaiiwHe ypoBHH R.ZJ:pa 
1 5 0 Nd, o6pa30BaHnoro B pe3ynhTaTe 3axBaTa 

ueiiTpona. .[(aHo o6'bR:CHeHHe ua6nro,ZJ;aeMoro 

B 3TOH peaKQHH aHOMaJibHoro ycHneHHR E1-ne

pexo,ZJ;OB Ha ypOBHH 2i H 4 i. 
,[(nR: ,ZJ;e<t>opMHpOBaHHbiX R:,Zl;ep paCClJHTaHhl 

H30CKaJIR:pHbie npHBe,ZJ;eHHbie BepoRTHOCTH 

3neKTpHtiecKHX nepexo,ZJ;OB. TIOKa3aHO 12 6 1, liTO 

3KCTpeMaJibHO 6onbiiiHe 3HatJeHHR: 3THX BenH

lJHH, nonytJeHHbie npH B036y)l()l;eHHH ra.MMa

BH6panHoHHOH nonOCbl B peaKQHRX (p,p
1 

) H 

(a, a') Ha 1 6 8 Er, o6ycnoaneHbl B OCHOBHOM 

BKJia.n;OM HenpRMbiX KaHaJIOB B036y)l()l;eHHR:, 

a He aHOMaJibHO CHnbHbiM reKCa,n;eKanOnbHbiM 

B3aHMO,ZJ;eHCTBHeM, KaK ClJHTaJIOCb paHbiiie. 

Tipoae,ZJ;eHo conocTaaneHHe KBa3HtJaCTHtJ

Ho-<Pononuoii MO.ZJ:enH R,Zl;pa c MO.ZJ:enbiO B3aHMO

,ZJ;eiicTBYIOI.QHX 6o30HOB, yKa3aHhi Kap.ZJ:HHaJib

Hbie pa3nHlJHR: B OCHOBHbiX nono:>KeHHRX MO

,ZJ;eneH H B OIIHCaHHH COCTOR:HHH npoMe:>KyTOlJ

HOH H BhiCOKOH 3HeprHH B036y)l()l;eHHH tJeTno

tJeTHhiX ,ZJ;e<t>opMHpoBaHHbiX R,Zl;ep 12 7 1
• 

Ha ocuoae aBToperynapH30BaHHhiX HTepa

QHOHHbiX MeTO,Zl;OB pa3pa60TaHbl anropHTMbl H 

C03.ZJ:aH naKeT nporpaMM .ZJ:nR naxo)l()l;eHHR na

paMeTpoa noTeHQHaJia no 3a,n;aHHbiM 3HeprHRM 

H BOnHOBbiM <i>YHKQHRM CBR:3aHHbiX COCTORHHH 

KBaHTOBOMe.XaHHlJeCKHX .ZJ:BYXllaCTHlJHbiX CHC

TeM12 II I. 

B Mo,ZJ;enH rpaHHliHhiX ycnoBHH nonyqeuo 

OIIHCaHHe 3KCnepHMeHTaJibHbiX ,Zl;aHHbiX no Ce

tJeHHR:M no,ZJ;6apbepuoro cnHRHHR, ynpyroMy H 

ueynpyroMy pacceRHHIO .ZJ:nR peaKQHH c nerKH

MH R,Zl;paMH, liTO no3aonaeT npe,ZJ;CKa3aTb ce

tJeHHR CnHRHHR B o6naCTH aCTpO<i>H3HtJecKHX 

3HeprHH, He,ZJ;OCTYnHbiX ,Zl;nR npRMOrO H3-

MepeHHR. 



Puc. 1. 3HeprHH H30CK811.11pHbiX (IS) H H30BeKTOpHbiX (IV) KB~pynonloHbiX (QR) H MOHonon&HbiX (MR) pe30" 

HIIHCOB, paCC'IHTaHHbie C HCDOn&30BaHHeM CHn CKHpMa. 

HaKoiiJieHHe 3KcnepHMeHTaJihHOH HHQ>op

M~HH B .R,D;pax, KOTOpbie T.R:>Kenee CBHHUa, 

nOCTaBHJIO BOnpoc 0 B03MO:>KHOCTH cymecTBO· 

BaHHR R,ZJ;ep C Q>opMOH nosepXHOCTH, He

CHMMeTpHtiHOH OTHOCHTeJibHO OTpa:>KeHHR 

B IIJIOCKOCT.RX, onpe,D;eJieHHbiX rJiaBHbiMH 

oc.RMH Tea3opa HHepUHH. B peweaHH KoMn

JieKca BOnpoCOB, CB113aHHbiX C OKTynOJib· 

aoii ,ZJ;eQ>opM~Heii R,D;ep, npe,D;CTaBJI.RlOTCR 

nepcneKTHBHbiMH HCCJie,ZJ;OBaHHR a.1re6paH· 

llecKHX MO,D;eJieH, BKJIIO'IIalOmHx <j;)OHOHbi 

pa3JIHliHOH MYJihTHnOJihHOCTH H t~eTHOCTH. 

B pa6oTax 12 9 1 BLmonaea aHaJIH3 rpynno

BOH CTPYKTYPLI npocTpaHCTBa cocroRHHii, 

nocTpoeaaoro c noMOmLIO 6o30HOB c MYJib

THnOJihHOCTRMH 0+, r, 2+, 5-. llOKa3aHO, 

liTO B uenot~Kax penyKUHH rpynn ,ZJ;HHaMH

llecKoH CHMMeTpHH MO,ZJ;eJieH TaKoro po,D;a 

conep:>KaTc.R xopowo H3ylleHHLre rpynnLI, 

B llaCTHOCTH rpynna SU(3). 3To 03HallaeT, 

liTO cHcTeMLI, onHChiBaeMLre MYJihTH6030HHLI

MH Q>yHKUHRMH, ,ZJ;onycKaiOT poT~HOHHbiH 

npenen. llepBLie paclleTLI cneKTpos rosop.RT 

0 pa60TOCnOC06HOCTH MO,D;eJIH. 

C y mecTBeHHLIH nporpecc nocTHrHYT 

B OnHCaHHH "HHTerpaJibHbiX xapaKTepHCTHK" 

aTOMHbiX .R,D;ep, TaKHX KaK 3JieKTpoMarHHT· 

Hble M OMeHTbi. TeopHR 13 0 1 OCHOBaHa Ha 

KBaHTOBOM MHOrOllaCTHliHOM no,nxo,ne. )l;aH 

CTporHH BhiBO,D; ,D;HHaMHlleCKHX ypasHeHHH ,D;JI.R 

HHTerpaJibHhiX xapaKTepHCTHK, npoaHaJIH3Hpo

BaHa CB 113h $H3HlleCKHX BeJIHliHH, oTpa:>KaiOmHx 

pacnpeneneaHe R,ZJ;epaoro semecTsa B KoHQ>H

ryp~HOHHOM npOCTpaHCTBe H B npoCTpaHCTBe 

HMnynLcos. BenHliHHLI, Q>HrypHpyiOmHe 

B ypasHeHH.RX 13 0 1
, npHo6peTaiOT .RCHbiH $H3H· 

lleCKHH CMbiCJI B KBa3HKJiaCCHllecKOM npe,D;ene, 

Cpe,D;H HHX- nOJI.fl CKOpoCTeH, TeH30p HaT.R:>Ke

HHH H T .,n. KBaHToBLIH yposeHL paccMoTpeHHR 

n03BOJI.ReT npoaHaJIH3HpoBaTb pOJib KBaHTOBbiX 

nonpasoK K ypasaeHHIO Bnacosa. Y:>Ke npoc

TeiiwHe npH6JIH:>KeHHR K 'fOliHbiM ypaBHeHHRM 

n03BOJI.RlOT OnHCaTb 3KCnepHMeHTaJibHbie ,D;aH· 

HLie o ueaTpoH,D;ax CHJihi nepexonos pa3JIHll· 

aoii M y JihTHnoJihHOCTH. 

llpo,D;OJI:>KaJIOCh H3ylleHHe ,D;eJieHHR CaMbiX 

TR:>KeJILIX .R,D;ep no pa3JIHliHLIM nonHHaM nene

HHR B CB113H C 3KCnepHMeHTaJibHbiM 06Hapy-
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fuc. 2. 3KcnepHMeHT&JihHhie (rHCTOrpaMMhi) H Teope

TH'leCKHe 
13 2 { ( KpHBhie ~ M8CCOBhie pacn~,n;eneHHR 

B peaKI.tHRX 
22 Ne + 24 Cf H 

40 Ar + 23 Th npn 

3Hepi"HRX HOHOB BhiWe KynOHOBCKOI"O 6ap&epa H 

6ap&epa cnnRHHR. 

:>KeHHeM 6HMO.D;aJibHOrO .D;eJieHH.R .R.D;ep B paHO· 

He 2 5 a Fm. PacqeT HHepi.UiaJibHbiX napaMeTpoB 

B paMKax KpeHKHHr·MO.D;eJIH, COOTBeTCTBYIO· 

IUHX .n;BH:>KeHHIO B MHOronapaMeTpH'IecKOM 

npOCTpaHCTBe K03<f><f>HI.UieHTOB .n;e<f>opM anHH, 

n03BOJIHJI C.D;eJiaTb CTaTH'IeCKHe O~eHKH W HpH· 

Hhi Maccosoro pacnpe.n;eneHH.R ocKOJIKOB .n;e

neHH.1113 1 1
• Tio.n;o6HLie pactJeThi .n;JI.R o6bi'IHoro 

.D;eJieHH.R .D;aiOT 3aHH:>KeHHbie 3Ha'leHH.R W HpHH, 

TOr.D;a KaK .n;JI.R OTKpbiTOrO 3KCnepHMeHTaJibHO 

cnoco6a .n;eneHH.R Ha OCKOJIKH C nOBhiWeHHOH 

nOJIHOH KHHeTH'IeCKOH 3HeprHeH TeopeTH'IeC

KHe H 3KCnepHMeHTaJibHbie 3Ha'leHH.R COBnaJIH, 

'ITO CBH.D;eTeJibCTByeT 0 pa311H'IHbiX .D;HHaMH'Iec

KHX xapaKTepHCTHKax .n;syx cnoco6os .n;eneHH.R. 

3TOT <f>aKT CTHMynHpyeT pa3BHTHe .D;HHa· 

MH'IeCKOH TeOpHH .D;eJieHH.R aTOMHhiX .R.D;ep. 

Onpe.n;eneHHLIH nporpecc s ee .nocTpo eHHH 

CB.R3aH C pa3BHTHeM .n;H<f><f>y3HOHHOH MO.D;eJIH, 

OCHOBaHHOH Ha ypasHeHHH Cl>OKKepa -.- 11.1IaH· 

Ka .n;JI.R <PYHKI.UiH pacnpe.n;eneHH.R Kon neK

THBHhiX nepeMeHHbiX. Ha OCHOBe .D;H<f><f>y-

3HOHHOH MO.D;eJIH paCC'IHTaHhl 13 2 I MaCCOBbie 

pacnpe.n;eneaH.R ocKonKoB .n;eneHH.R spamaiO

IUHXC.R .R.D;epHbiX CHCTeM C napaMeTpoM .D;eJIH· 

MOCTH Z2 /A> 40. KaK BH.n;HO H3 pHC. 2, 
3KCnepHMeHTaJlbHbie .D;aHHbie H TeopeTH'IeC

KHe o~eHKH Haxo.n;.RTc.R s xopoweM cornacHH. 

TEOPIDI H,llEPHhlX PEAKQ lf:A 

Tipose.n;eHo Hccne.n;oBaHHe npo~eccoa <Po

TOpo:>K.n;eHH.R nHOHOB B6JIH3H nopora H B 06-
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nacTH ~-pe30HaHCa. Bhi.RBneao BJIH.RHHe <f>ep

MHescKoro .D;BH:>KeHH.R HyKJIOHOB, HeJIOKaJib· 

HOCTH, 3<f><f>eKTOB CXO.D;a C MaCCOBOH nosepX· 

HOCTH Ha cetJeHH.R npo~ecca. TionytJeHo npH-

6nH:>KeHHoe peweHHe tJeTbipexqacTH'IHbiX ypas

aeHH:H .RKy6oscKoro .n;JI.R pacce.RHH.R He:HTpoHa 

Ha TpexHyKJIOHHbiX .R.n;pax. O~eHeHa ponL 

3<f><f>eKTOB nOJI.RpH3yeMOCTH Ha CetJeHH.R peaK· 

~ p + 7 Be + a B + 1, d + T + 4 He + n. Tiony

tJeHo aCHMnTOTH'IeCKOe pa31IO:>KeHHe B6JIH3H 

TO'IKH Tpo:HHoro coy.n;apeHH.R peweHH.R ypas

HeHH.R <l>a.n;.n;eesa B KOOp.n;HHaTHOM npe.D;CTaB· 

JleHHH, HCnOJib30BaHHe KOTOpOrO n03BOJI.ReT 

nOBhiCHTb TO'IHOCTb paC'IeTa. p.R.D;a <f>H3H'IeCKHX 

BeJIH'IHH. 

Pa3pa6oTaH MeTo.n; peweHH.R o6paTHOH 

KBaHTOBOH 3a.D;a'IH .n;JI.R cne~HaJibHOrO KJiacca 

Hec<f>epH'IeCKHX noTe~HaJIOB H .n;JI.R CHCTeMhl 

Tpex TeJI 13 3 I • 

C noMOI.UbiO MeTo.n;a o6paTHo:H 3a.D;a'IH 

nOKa3aHO, 'ITO npH pa3BaJie C:>KaTOH XOJIO.n;HOH 

.R.n;epHOH MaTepHH B BhiXO.D;HOM KaHaJie peaK· 

~HH 6y.n;yT B03HHKaTb KaK yCTOH'IHBbie BOJIHhl 

nJIOTHOCTH ( COJIHTOHhl) , TaK H BOJIHhl MaJIOH 

aMnJIHTY.D;hl (H3Jiy'leHHe) 13 4 
I. 

,D;aHo KatJecTBeHHoe o6o.RCHeHHe no.RBne

HH.R pa.n;y:>KHhiX 3<f><f>eKTOB B peaK~ eHe,T) 

aa nerKHX .R.n;pax. AHaJIH3 pea~ nepe3ap.R.D;

KH, se.n;yiUHX K B036y:>K.n;eHHIO CnHH·H30CnHHO

BhiX COCTO.RHHH, n03BOJIHJI o~eHHTb HHTerpaJib· 

HyiO CHJiy HH3K03HepreTHtJeCKHX raMOB·TeJI· 

nepOBCKHX nepeXO.D;OB H yTO'IHHTb BeJIH'IHHY 

JIOKaJibHOrO 3ap.R.n;a KBa3H'IaCT~ no OTHOWe

HHIO K CnHH·H30CnHHOBOMY nOJIIO 13 5 
I. 

lfccile.n;osaH Bhixo.n; n - , 1· H a-tJacT~ 

B peaK~H.RX C T.R:>KeJihiMH HOHaMH. TionytJeHO 

yKa3aHHe Ha B03MO:>KHOe cymeCTBOBaHHe HO· 

soro MexaHH3Ma B3aHMo.n;e:HCTBH.R .R.n;ep. Pac

C'IHTaHhi Ce'leHH.R B036y:>K.n;eHH.R MHOro<f>OHOH· 

flhiX COCTO.RHHH B peaKI.Ui.RX C T.R:>KeJihiMH HO· 

HaMH. 06'b.RCHeHa 3KCnepHMeHTaJibHO 06Ha· 

py:>KeHHa.R 3aBHCHMOCTb KHHeTHtJecKHX 3Hep

rHH npo.n;yKTOB peaK~HH C T.R:>KeJihiMH HOHaMH 

OT MaCCOBOH acHMMeTpHH B BhiXO.D;HOM KaHa· 

ne. BhmonHeH pactJeT sepo.RTHOCTe:H o.n;aoqac

TH'IHhiX nepexo.n;os Me:>K.D;y KBa3HnepeceKaiO· 

IUHMHC.R ypoBH.RMH. TioKa3aHO, uo o~eHKH 

no <f>opMyne naa.n;ay - 3eaepa cymecTBeHHO 

3aBhiWaiOT pe3yJILTaThl. 

B paMKax pa3BHToro paHee yHHTapaoro 

no.n;xo.n;a npose.n;eHo 13 6 1 cosMecTaoe onHca

HHe c e.n;HHhiM Ha6opoM napaMeTpos nonpas

KH Ha nornomeHHe 6oJibWOH COBOKynHOCTH 

3KCnepHMeHTaJibHbiX .D;aHHbiX no ynpyroMy 



pacce.fiHHIO nHOHOB HH3KHX 3HeprHH H llH

OH-aTOMHhiX ,D;aHHbiX ,D;JIH .a;::J;ep 4 He, 1 2 C 

H 1 6 0 . fipH 3TOM llOKa3aHO, liTO llOBe,D;e

HHe Ce'leHHH pacceHHHR B o6naCTH 3Hep

rHH nopR,D;Ka 50 M3B onpe,D;enneTCH cHnb

HOH HHTep¢1epeHuHeH: KaHana nornomeHHH 

H noTeHUHMbHoro pacce.fiHHR. 

IIpo,D;On)f(eHbi Hccne,D;OBaHHH ,D;H6apHOHOB. 

BbiRcHeHo, trro ecnH ,D;H6apHOHHbie cocToHHHR 

nepeKpbiBaiOTCH H HMeiOT CpaBHHTenbHO 6onb

IllYIO IllHpHHY H MOTHOCTb, TO B Ce'leHHHX 

COOTBE!TCTBYIOIUHX npoueccos ,D;On)f(Hbl llORB

nHTbCH ¢1nyKTYaQHOHHbie nHKH, HMHTHpywmHe 

Y3KHe H30nHpOBaHHbie pe30HaHCbi. 3To no,D;

TBep,D;Hn npOBe,D;eHHbiH aHMH3 3KCnepHMeH

TMbHbiX ,D;aHHbiX no pacnpe,D;eneHHRM H ::mep

reTH'IeCKHM KOppenHQHHM B cneKTpax 3¢J¢leK- • 

THBHbiX Mace NN-cHCTeM - OHH npoHHTepnpe

THpOBaHbi KaK ¢lnyKTYaQHH ceqeHHH, B03HH

KaiOIUHe scne,D;CTBHe nepeKpbiTHH 6onhrnoro 

'IHCna ,D;H6apHOHHbiX pe30HaHCOB C xapaKTep

HOH rnHpHHoH: r ~ 20 M3B 13 7 1 • 

Ha ocHose pa3BHToro no,D;xo,D;a K y'leTY 

Me30HHbiX H KBapKOBbiX CTeneHeH CB060,D;bl 

npose,D;eH aHanH3 ¢1opM¢laKTopos ner'laHillHX 

R,D;ep H npe,D;CKa3aHO nose,D;eHHe MarHHTHoro 

¢lopM¢laKTOpa ,D;eHTpOHa 13 11 1, KOTOpOe ll03,ll;

Hee llO,ll;TBep,D;HnOCb 3KcnepHMeHTaJibHO. 

IIocTpoeHa MO,D;enh rny6oKoHeynpyrHx 

nenTOH-R,D;epHbiX B3aHMO,D;eHCTBHH, C llOMOIUbiO 

KOTOpOH c¢lopMynHpOBaH nnaHHpyeMbiH 

B JIB3 0.11JU1 3KCnepHMeHT Ha cepnyXOBCKOM 

ycKopHTene ,D;JIH nony'leHHR 3Ha'leHHH na

paMeTpa ,ll;JIHHbl ¢lopMHpOBaHHR BTOpH'IHbiX 

'laCTHU 13 9 I . 

TEOP.HJI KOH,ll;EHCI1POBAHHOrO 

COCTOHHI1H 

Bbi'IHcneH cTpyKTypHbiH ¢laKTop Kore

peHTHoro paCCe.fiHHR HeHTpOHOB H CBeTa Ha 

COnHTOHax H 6HOHax ,ZJ;HK npH y'leTe CnH

panbHOCTH cTpyKTypbi ,ll;HK 14 0 1
• PaccMOT

peHo BnHRHHe nOKMH3aQHH B aMOpQ>HbiX 

Tenax Ha OllTH'IeCKHe CBOHCTBa K03tPtPHUH

eHTa nornomeHHn 141 1
• 

B paMKax KBaHTosoH:, TO'IHO pernaeMoH: 

MO,D;enH, onHCbisawmeH: CTPYKTYPHbiH ¢1a3o

BbiH nepexo,D;, nony'leHo H Hccne,D;OBaHO ypas

HeHHe COCTOHHHR, Bbi'IHcneHbi KpHTH'IeCKHe 

HH,D;eKCbl H llO,ll;TBep)f()l;eHbl rHnOTe3bl CKeH

nHHra H npasHno pasMepHoro Kpoccosepa. 

YcTaHosneHa CBH3b Me)f()l;y KOHe'IHoMepHbiMH 

w. const 

Q. 

Puc. 3. 3aBHCHMOCTh QeHTp8n!oHOrO DHK8 ceqeHHJ'I 

pacceRHHII HeiiTpoHOB H8 COnHTOH8X LJ;HK (KHHK8X 

H 8HTHK HHK8X) OT Q:; qz . q H W - nepe.o;aHHhie HM· 

nynhC Ji ::IHeprHH, qz - npoeKQHII q Ha OCh LJ;HK, 

-- - CYMM8pH811 KpHB811 C yqeTOM CDHpMhHOCTH, 

• • • - COCTaBnJIIOlQHe SCOh 6e3 yqeTa CDHpMhHOCTHI 

· · · - BnHRHHe CDHp8llhHOCTH Ha pacceHHHe ( pac

menneHHe COCTaBniiiOlQHX) . 

3¢l¢leK TaMH B KBaHTOBbiX H KnaCCH'IecKHX 

pe)f(HM ax 14 2 I. 

B paMKax MHKpocKOnH'IeCKoro no,D;xo,D;a 

H3y'leHO BnHHHHe 3aceneHHOCTH HH,D;yUHpO

BaHHOJA npHMeCLIO llOBepXHOCTHOrO pe30HaHCa 

Ha 3HeprHIO CBH3H, nepeHOC 3apH,D;a H MarHHT· 

HOrO M OMeHTa Me)f()l;y npHMeCbiO H llO,ll;JlO)f(KOH 

MeTann a. IlpoH3Be,D;eHbi Mo,D;enhHbie pac'leTbi 

s cnyqae xeMocop6UHH aToMapHoro so,D;opo,D;a 

Ha no.nno)f(KH nepexo,D;HbiX MeTannos Ti, Cr, 

Ni. IIo ny'leHo y,D;osnemopHTenLHoe cornacHe 

C OllbiTOM 14 3 1
• 

,lJ;nR OllHCaHHR MeXaHH3Ma B03HHKHOBe

HHR B biCOKOTeMnepaTypHOH CBepxnpoBO,ll;H· 

MOCTH npe,ll;JlO)f(eHa aHrapMOHH'IeCKaR MO· 

,D;enb 14 4 
I, B KOTOpOH BbiCOKHe TeMnepaTypbi 

nepeXO,D;a ,ll;OCTHraiOTCH 3a C'leT CHnbHOH CBH3H 

3neKTp OHOB s CTPYKTypHo-HeycTOH'IHBOH pe

rneTKe. IIocTpoeHbi Mo,D;enH CTPYKTYpHoro 

Puc. 4. CxeMaTnqecK811 KapTHHa pacceRHHfl ueiiTpoHOB 

H8 conHTOHaxLJ;HK (KHHK8X, 8HTHKHHK8X H 6pH3epax). 

q• const 
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nepexo.n;a B 3THX COe.D;HHeHHHX H M O.D;eJlb 

Heynopn.n;oqeHHoro cnnaaa c nepeMeHH OH aa

neHTHOCTblO 14 5 1• 

B CBH3H c Hccne.n;oBaHHeM cynepHOHHbiX 

cpa30BbiX nepexo.n;oa MeTo.n;oM pacceRHHR HeH

TpOHOB a flH<l> O:HH:H Ha peaKTope :HBP-2 

6binH npe.n;no:>KeHbi MO.D;eJIH CTpyKTypHbiX H 

cpa3oBbiX nepexo.n;oa THna "nopn.n;oK ..:.... 6ec

nopn.n;oK" B I<:pHCTannax C BO.D;OpO.D;HbiMH 

CB11311MH. 

H3yqeHbi oco6eHHOCTH 3neKTp OHHOH 

CTpyKTypbl naifepnCOBCKHX CHCTeM C Hapy

llleHHOH 3neKTpOH-.D;blpO~OH CHMMeTpHeH 

H npe.D;CKa3aHO HBneHHe COnHTOHOCTpHK

UHH146 '· 
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B CMeCH KpaHHHX MO.D; TpHnneTa pe30HaHCHOH 

cpnyopecueHUHH B pe3oHaTope, HaH.D;eHbi ycno

BHH 3KCnepHMeHTMbHOrO nonyqeHHR CHnbHOrO 

(>50%) C:>KaTHR nonR. :Hccne.D;OBaH lllHpDKHH 

cneKTp MeTO.D;OB reHepauHH cy6nyacCOHOBCKO

ro COCTOHHHH non11 14 7 1. 

llpe.n;no:>KeH H 3KCnepHMeHTMbHO peanH-

30BaH HOBbiH cnoco6 nepenonnpH3auHH npo

TOHHbiX MHllleHeH 3a cqeT B036y:>K.D;eHH11 CBepx

H3nyqaTeJibHOH reHepauHH pa.n;HoqacToTHoro 

.n;Hana3oHa 14 8 1
• 

Pa3BHTbiH paHee MeTo.n; no3aonHn pac

c~TaTh BnHHHHe Toqe~biX .n;ecpeKTOB B MeTan

nax Ha napaMeTpbi 3cpcpei<:Ta .n;e raa3a - BaH 

ArlbcpeHa H K03cpcpHUHeHTbl nepeHOCa, Ha 

MarHHTOCOnpOTHBneHHe H K03cpcpHUHeHTbl 

Xonna B 6naropo.n;HbiX MeTannax. 
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JIABOPATOPHH 
BblCOKHX 3HEPrHA 

1987 ro,D; ,II;JIR: Jla6opaTOpHH BbiCOKHX 
3Heprmi OTMetieH nonylleHHeM pH,D;a HOBbiX 
HaytiHbiX pe3ynbTaTOB, Bhi3BaBIIIHX 6onbiiiOH 
HHTepec HayliHOH o6~eCTBeHHOCTH, 3aBepiiie
HHeM 3HalJHTenbHbiX 3TanOB B C03,II;aHHH HOBbiX 
3KCnepHMeHTanbHbiX YCTaHOBOK ,II;JIR: pa60Tbl 
Ha nytiKax CHHXpO~a3GTpOHa H CHHXpOTpOHa 
Y-70 H<I>B3 (llpoTBHHo), . pa3BHTHH ycKo
pHTenbHOH 6a3hi. B Jla6opaTopHH aKTHBHO 
aenacb npopa6oT~a H o6cy)K,II;eHHe nporpaM
Mhi Hccne,D;oaaaM:H aa .:!03,D;aaaeMOM a H<I>B3 
YCKOpHTenbHO-HaKOnHTenbHOM KO MnneKce 
(YHK) , onpe,D;enR:nHCb KOHKpeTHhie 3a,D;aliH 
no npoeKTaM nepaooqepe,D;HhiX H n ocne,D;yro
~x 3KCnepHMeHTOB Ha BCTpeliHbiX nyliKaX 

MEXAHH3M PO)l(,lJ;EHIDI M P A CllA.n;A 
tiACTMU M PE30HAHCOB. 

llOHCK HOBbiX tiACTMU 

1. llpo,D;on:~Kanacb o6pa6oTKa MaTepHanoa 
HeHTpOH-npOTOHHbiX H HeHTpoH-R:,D;epHbiX B3aH
MO,D;eHCTBHH, nonytieHHhiX Ha cepnyXOBCKOM. 
ycKopHTene c noMo~ro ycTaHOBKH BHC-2. 
Ocaoaaoe BHHMaHHe 6bmo y,D;eneao noHCKy 
3K30THtiecKoro M4>-6apHOHHR. C 3TOH QenbiO 
yqaCTHHKaMH coTpy,D;HHtiecTaa npoaaanH3Hpo
aaao -10 MnH. C06hiTHH C BO,II;OpO,D;HOH MHIIIe
HH H 6onee 12 MnH. C06hiTHH B3aHMO,D;eHCTBHR: 
HeHTpOHOB C R:,II;paMH yrnepo,D;a, anlOMHHHR: 
H Me,D;H. B cneKTpax 3~~eKTHBHhiX Mace 
CHCTeM A 0 pK +, A 0 pK-, A0 pK" 1T +, A 0 pK+ 1T ± 

H K; ppK ± Ha6nro,D;eHhl CHrHanbi Ha ypoBHe 
qeTbipex CTaH,D;apTHbiX OTKnOHeHHH npH Macce 

PHc.l. CyMM&pHbiH cneKTp HHBapHaHTH&IX Mace p83-

JJHIIH&IX K8H8JIOB peaKUHH DO DOHCKY 3K30TH'IeCKOro 

M4>·6apHOHHJI. 
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YHK. BhmonaeHhi caoeapeMeHHO ace npe
.D:YCMOTpeHHhie pa6oThi no npoeKTY DELPHI 
(LEP, UEPH). 

C,D;enaa Kpynahrn IIIar B C03,D;aHHH y3noa 
H CHCTeM caepxnpoao,I~;H~ero ycKopHTenH pe
nRTHBHCTCKHX R:.D:ep - HYKnOTpoaa. Bhmonaea 
pR:,II; HOBbiX pa3pa60TOK B o6naCTH 3neKTpOHH
KH, KpHOreHHOH TeXHHKH KaK ,D;nR ~H3HlleCKHX 

3KCnepHMeHTOB, TaK H ,II;JIR: npHKna,II;HbiX 3a,D;all. 
06ecneqeaa 3~~eKTHBHaR pa6oTa cHHxpo~a3o
Tpoaa Ha ~H3HlleCKHH 3KCnepHMeHT, peanH30-
BaHbl HOBbie pe:~KHMhi ero pa6oThi. 

,lJ;eR:TenbHOCTb Jla6opaTopHH aenacb B yc
noBHRX IIIHpoKoro Me)K,II;yaapo,D;Horo COTPY.D:· 
HHllecTBa. 

• 

HAYtiHQ-HCCJIE,lJ;OBATEJihCKHE P ABOTbt 

(3250 ± 20) M3B/c2 (pHc.1). ilpH Hcnonb3o 
BaHHH ,II;OnOnHHTenbHhiX KpHTepHeB OT6opa 
C06biTHH aenHliHHa CHrHana ,II;OCTHraeT ypOBH.f 
7 CTaH,D;apTHhiX OTKnOHeHHH. TaKHM o6pa3oM, 
Ha yaenHlleHHOH CTaTHCTHKe nO,D;TBep:IK,II;aiOTCH 
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pe3yn&TaThi 1986 ro,na no Ha6mo,neHHIO M4>·6a

pHOHHH. 
Ilpo,nOn:>KaiTCH aHaiTH3 H ony6nHKOBaHbl 

,naHHhie no Hccne,noBaHHIO Ha BHC-2 a.npoHHo
ro pO)f(,I:(eHHH aHTH-D-Me30HOB B He{ITpOH
yrnepO,nHbiX B3aHMO,I:(eHCTBHHX npH 3HeprHH 

40-70 r3B 11 
'· AHTH-D-Me30Hbl Ha6niO,neHbl no 

MO,I:(aM pacna,na Do + K+ (892) 1T- H D- + 

+ K+ (892) rr-rr-. B KHHeMaTHllecKon o6nacTH 

X> 0,5 H p T < 1 r3B/c BenHqHHbl HHKni03HB
HbiX ceqeHHH Ha H,npo yrnepo,na COCTaBHnH 
Ui)o = (28 ± 14) MK6 H a0 - = (26 ± 13) MK6. 
l1HBapHaHTHbie cneKTpbi npo,nOITbHbiX HMnynh
COB MOryT 6biTb npe,nCTaBneHbl B BH,ne 
(1- x) N, r,ne N00 = 1,1 ± 0,5 ± 0,4 H N0 - = 
= 0,8 ± 0,4 ± "0,4. .!liTH cneKTpoa nonepeq
HhiX HMnynhCOB, napaMeTpH30BaHHbiX B BH

,ne exp(-B·pp ,.nonyqeHo 

H 

(1,2~~·!) {r3B/c)- 2 

' ' 

= (1,8+1•3 ) {r3B/c)- 2 • 
-1,0 

3TH ,I:(aHHbie npe,nCTaBITHIOT 3HaqHTenbHbiH 
HHTepec C TOqKH 3peHHH BbiHCHeHHH 3HepreTH
qecKOH 3aBHCHMOCTH ceqeHHH pO)f(,I:(eHHH oqapo

. BaHHbiX qaCTHU. 

IlpoaHanH3HpOBaHO TaK)f(e 6onee 10 MnH. 
co6hrrHH c uenhiO Ha6nro,neHHH po)f(,I:(eHHH oqa

- poBaHHoro 6apHOHa A~ so B3aHMo,nencTBHHX 

1 
HenTpOHOB CO cpe,nHeH 3HeprHeH -58 r3B 

1 Ha ao,nopo,ne. Ha6nro,neHo po)f(,I:(eHHe A~ no 
ABYM KaHanaM pacna,na: Ha K;prr- rr• 

2. Ilpo,non)f(anoc& KOMnneKcHoe Hccne,no
BaHHe o6Hapy)f(eHHhiX rpynnou IO.A.TpoHHa 
_pe30HaHCOB B cHcTeMe ,nayx npoTOHOB. Ha 

1aTepHanax, non¥'1eHHhiX c noMOI.UhiO 1-MeT
)OBOH )f(H,I:(KOBO,I:(OpO,nHOH KaMepbi B nyqKe 

enTpOHOB CHHXpO<!>a30TPOHa, 3aBepweHO HC
cne,I:(OBaHHe ,nHnpOTOHHbiX pe30HaHCOB E peaK
UHH np + pprr npH HMnyn&cax HeHTpDHOB 

1,25, 1,43, 1,72, 2,23, 3,83 H 5,1 r3B/c. CyM
MapHaH CTaTHCTHKa o6pa60TaHHbiX C06biTHH 
cocTaEnHeT -21,5 TbicHq. B ,nHana3oHe 3<P<PeK

THBHhiX Mace ,nayx npOTOHOB OT CYMMbl 
Mace ,no -3 r3B/c 2 o6Hapy)f(eH0 OKOITO 20 OC0-
6eHHOCTeH C WHpHHaMH nopH,nKa 3KCnepHMeH
TaiTbHOrO pa3peweHHH ( 3,5 M3B/c2 

) • Ha6nro

,naeMhie 3<P<PeKTbl npeBbiWaiOT <l>oH Ha 
3 + 6 CTaH,napTHbiX OTKnOHeHHH. 

C uenbro noHcKa Y3KHX ,nHnpoTOHHhiX pe-

30HaHCOB rpynnou B.A.HHKHTHHa npoae,neHo 
2 ceaHca no npeUH3HOHHOMY H3MepeHHIO ,nH<I>
<t>epeHUHaiTbHOrO ceqeHHH ynpyroro pp-pacceH
HHH B HHTepaane 3HeprHH nyqKa 80-200 M3B 
( COOTBeTCTBYIOI.UHH HHTepBan MaCChi ,I:(HnpOTO

Ha cocTaanHeT MPP = 1930 + 1980 M3B). IlpH 
3TOM ,nocTHrHyTo peKop,nHoe pa3peweHHe no 

Macce .(AMPP = 0,2 M3B) .3a cqeT BhiCOKOH 
CTeneHH MOHOXpOMaTHqHOCTH BHyTpeHHero 
nyqKa CHHXpo<l>a30TpOHa (0,2%) H BhiCOKOH 
TOqHOCTH H3MepeHHH MarHHTHOrO nonH yCKO
pHTenH (AH = 1 rc). B 3KCnepHMeHTax 3ape
rHCTpHpOBaHO - 3 MITH. C06biTHH ynpyroro 
pp-p acceHHHH H CTOITbKO )f(e co6biTHH ynpyro
ro pd-pacceHHHH, KOTOpoe cny:>KHnO MOHHT0-

1 pOM ·caeTHMOCTH BHyTpeHHeH MHWeHH. Ilpe,n
BapHTenbHaH o6pa6oTKa ,naHHhiX noKa3ana, 
qTO MeTO,I:(HlleCKHe uenH 3KCnepHMeHTa ,I:(O

CTHr HyThl. BKna,n HCKOMhiX pe30HaHCOB B yn
pyroe pp-pacceHHHe He npeBhiwaeT 6%. 

Ilpo,non:>Kanacb o6pa6oTKa CHHMKOB 

C 2-MeTpOBOH nponaHOBOH KaMepbt, o6ny
qeHHOH ,neHTpOHaMH . C HMnynhCOM 1,25 r3B/c 

Ha HYKnOH, c uenbro noHcKa prooHaHCOB 
B cHCTeMe PP'Y. B 3HepreTHqecKOM cneKTpe 
-y-KBaHTOB 06Hapy:>KeHhl CTaTHCTHlleCKH 3Ha

qHMbie nHKH B panoHax 30 H 60 M3B/c, qTo 
He npoTHBopeqHT rHnoTroe -y-nepexo,ndB Me:>K
,ny p a3HbiMH B036y)f(,I:(eHHbiMH ,nH6apHOHHbiMH 
COCTOHHHHMH. 

3. Ha MaTepHane, KOTOpbiH nonyqeH 
npH o6nyqeHHH 2-MeTpOBOH )f(H,I:(KOBO,I:(O
pO,nHOH KaMepbi "JliO,nMHna", CHa6:>KeHHOH 
BHyTpeHHeH TpeKOqyBCTBHTenbHOH ,nenTepHe
BOH MHWeHbiO, B nyqKax cenapHpOBaHHhiX 
,nenTpOHOB H aHTH,I:(eHTpOHOB Ha yCKOpHTene 

Y-70 l1<I>B3, npoao,nHnHCh Hccne,noBaHHH xa
paKTepHCTHK HeynpyrHX B3aHMO,I:(eHCTBHH ,neu
TpOHOB H aHTH,I:(eHTpOHOB C ,neHTpOHaMH npH 
HMnynbce 12,2 r3B/c 12 

'
3 1 • IlonyqeHbl pac

npe,neneHHH no MHO)f(ecTBeHHOCTH 3apH~eHHbiX 
qaCTHU B HeynpyrHX dd- H dd-B3aHMO,neHCT
BHHX. l1ccne,noBaHbl O,I:(HOqacrHqHbie HHKni0-

3HBHhie cneKTpbl 1T ± -Me30HOB H aHTH6apHOHOB 
B dd-B3aHMO,neHCTBHHX C QenbiO Onpe,neneHHH 

BITHHHHH MHOrOKpaTHbiX npOUecCOB. l1HKniO· 
3HBHhie ceqeHHH o6pa30BaHHH 1T- -Me30HOB 

H aHTH6apHOHOB B dd-B3aHMO,I:(eHCTBHHX npH 

12,2 r3B/c paBHbl (107,2 ± 2,0) M6 H (64 ± 
± 3,1) rvi6 COOTBeTCTBeHHO. IJOKa3aHO, qTQ 

BITHHHHe MHOrOKpaTHbiX npoueccoB HaH6onee 

HpKO npOHBrrHeTCH B HHBapHaHTHOM X-pacnpe-

33 



,!J,eJieHHH 1T -Me30HOB, o6pa3yiOW:HXCH BO cppar

MeHTaiJ;HOHHOH o6JiaCTH 14 I . 

Ilpoae,n:eH aHaJIH3 o6pa30BaHHH HeHTpanb

HhiX CTpaHHbiX tiaCTHU ( K
0

' I\' A) " r-I<BaH 

TOB B dd-B3aHMO,!J,eHCTBHHX. IJOJIHbie CetieHHH 

HX o6pa30BaHHH B dd-B3aHMO,!J,eHCTBHHX paa

Hhl 5,69 ± 1,66, 3,38 ± 0,99, 4,24 ± 1,12 H 

358 ± 15 M6 COOTBeTCTBeHHO 1 5 I . 

IJpoae,n:eH KHHeMaTHtieCKHI1: aHaJIH3 nn-

B3aHMO,!J,eHCTBHH npu 6 ,1 r3B/ c. Onpe,n:ene-
-

Hhl 3KCKJII03HBHbie CetieHHH KaHaJIOB nn-

peaKQHH, co,n:ep)l(aW:UX B KOHetiHOM COCTOHHHH 

He 6onee O,!J,HOH HeHTpanbHOH tiaCTHUhi, B TOM 

tiHCJie " KaHana nn-aHHHrHJIHUHH. COBMeCTHbiH 
- -

aHanH3 .U.aHHhiX no pp- u nn-coy,n:apeHHHM 

C HCnOJib30BaHHeM H30CnHHOBOH CHMMeTpHH 

n03BOJIHJI BnepBbie 6e3MO,!J,eJibHbiM• o6pa30M 

onpe,n:enHTh TononorutiecKue cetieHHH KaHa

JIOB aHHHrHJIHUHH pp (nn} .,. 1T -Me30Hbl ' 6 I 

PEJUITI1BI1CTCKAfl fl.zlEPHAfl <I>I1311KA . 

11CCJIEllOBAHI1E 

ACI1MIITOTWIECKI1X CBOtiCTB 

MHO)I(ECTBEHHhiX IIPOUECCOB 

1. B nocne,n:Hue HeCKOJihKO neT B Jia-

6opaTopuu npoae,n:eH aHaJIH3 o6umpHoro cpunh

MOBoro MaTepuana no a.n:poHHhiM, a.n:poH-H,n:ep 

HhiM H H,!I,pO-H,!I,epHbiM B3aHMO,!J,eHCTBHHM B IIIH

pOKOM ,n:uana30He 3Hepruii - OT 4 ,!J,O 205 r3B 

Ha ocHoae o6w:ero no.n:xo.n:a, pa3pa6oTaHHoro 

aKa,n:eMHKOM A.M.Ean,n:HHhiM. EhmH aae,n:eHhi 

peJIHTHBHCTCKH-HHBapHaHTHbie nE:peMeHHbie 

bik, HMelOW:He CMbiCJI HHTepBaJIOB Me)l(,!J,y 

tiaCTHUaMH i H k B npOCTpaHCTBe tieTbipeX

MepHbiX CKopocTeii. B HOBhiX nepeMeHHhiX 

OKa3aJIOCb B03MO)l(HbiM ccpopMyJIHf.'OBaTh Ta

KHe o6w:ue u yHuaepcanhHhie 3aKoHoMepHocTH 

MHO)l(eCTBeHHhiX npouecCOB, KaK npHHUHn 

· OCJia6JieHHH KOppeJIHUHH, npoMe)l(yTOtiHbi e 

aCHMIDOTHKH H ,n:p., ,n:aTh peJIHTHBHCTCKH

HHBapHaH1'HOO OnHCaHHe aCHMnTOTHtieCKHX 

CBOHCTB CHJihHO B036y)l(,!J,eHHOH M~lTepHH , 

BKJIIOtiaH Hau6onee xapaKTepHbie oco6eHHOCTH 

MHO)l(ecTaeHHhiX npoueccoa, u.n:ymux npu B hi

coKHX 3HeprHHX ( CTpyH, KJiaCTepbi, H30JIHpO

BaHHbie CHCTeMhi, npe,n:eJibHaH cpparMeHTaQH~ ) . 

llaHHhiH no.n:xo.n: uMeeT uenhiO ycTaHoane

HHe o6mux ,!J,HHaMHtieCKHX 3aKOHOMepHOCTeH 

cpH3HKH CHJibHbiX B3aHMO,!J,eHCTBHH; OH He 

TOJibKO npHMeHHeTCH npH OnHCaHHH peJIHTH

BHCTCKHX H,!I,epHbiX CTOJIKHOBeHHH, HO H ,!J,O

nOJIHHeT HHKJII03HBHhiH nO,!J,XO,!J, K MHO)l(eCT-

3'4 

BeHHbiM npoueccaM, TaK KaK n03BOJIHeT HC

nOJib30BaTb ac10 ,n:ocrynHyiO B 3KcnepuMeHTe 

HHcpopMaUHIO. Cct>oPMYJIHpoBaHHhiH npHHuun 

aBTOMO,!J,eJibHOCTH ,!J,JIH HHBapHaHTHbiX pacnpe

,n:eJieHHH (cetieHHH} B OTJIHtiHe OT cpeHHMaHOB

CKOro CKeHJIHHra H npHHUHna aBTOMO,!J,eJibHO

CTH MaTaeeaa, Mypa,n:HHa, Taaxenu,n:3e co,n:ep

)l(HT KaK MaCIIITa6HO-HHBapHaHTHbie napaMeT

pbi no,n:o6HH (TO eCTb napaMeTpbi, HHBapHaHT

Hbie no OTHOllleHHIO K npeo6pa30BaHHIO HM

nyJihCOB: pi + Xpi}, TaK u MaClllTa6Ho-HeHHBa

pnaHTHbie (bai + X 2 bai): 

(1) 

B npollle,n:llleM ro.n:y npoaepeHa Bhmon

HHMOCTh npHHUHna aBTOMO,!J,eJibHOCTH BTOpO

ro po,n:a (I) ,n:nH HYKJIOHHhiX Knacrepoa . B pe-

3YJibTaTe aHaJIH3a -12 TbiCHti nC-B3aHMO,!J,eHCT

BHH npu HMnyJibCe HeHTpOHa 7 r3B/c, a TaK)l(e 

-2 ThiCHti B3aHMO,!J,eHCTBHH 7T- C (P = 4 r3B/c) 

noKa3aH0 17 1
, tiTO B 06JJaCTH 0,01 < b ik < 1 

Ha6niO,n:aiOTCH yHuaepcaJibHOe noae,n:eHue cet~e

HHH u KnacTepu3aUHH pacnpe,n:eneHuii no bik, 

aHaJIOrHtiHbie paHee YCTaHOBJieHHOMY 06pa30-

BaHHIO CTpyH a,n:pOHOB B 06JJaCTH bik>> 1 

(puc .2). Cyw:ecTBeHHO 6onee o6lllupHaH HH

cpopMan;HH npOaHaJIH3HpOBaHa B pa6oTe 18 1
• 

06w;aH CTaTHCTHKa COCTaBHJia - 35,5 ThiCHti 

co6hiTHH pC-, dC-, CC-, pTa-, dT- u 7T- C

B3aHMo,n:eiicTBHH B HHTepaane 3HeprHH OT 

4 ,2 .n:o 40 r3B. EhiJIO ycTaHOBneHO, tiTO cy

w:ecTBYIOT .n:aa Tuna HYKJIOHHhiX KJiacrepoa, 

xapaKTepH3YIOW:HXCH pa3JIHtiHbiMH CBOHCTBa

MH: O,!J,HH HMeeT Cpe,!I,HIOIO KHHeTHtieCKylO 

3HeprHIO npOTOHOB B CHCTeMe nOKOH ("TeM

nepaTypy") <T 1> = (72 ± 7} M3B u <b 11 c> 1 = 

PHc.2 . IlpoHBJieHHe nepsou npoMe:>KyTO'IHOH acHMrno
THKH B nC-B38HMO,[leHCTBHHX . 

+ 

+ + + + +-+---+-
+ + + t+ 

nC 

--+--,'---+---+--

O.t 0,2 0,3 0.4 b.co 0.5 
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1,0 

• - 1r-C, 40 r3B/c 
o - CC, 4,2 r3B/c 
• - pC, 4,2 r3B/c 
.:l - pC, 10 r3B/c 
-- - dC, 4,2 r3B/c 

Q01 ....._ ___ ......._ __ ___,'---_. 
0 0,5 

PHc.3. Pacnpe,~:~eneHHe no HHBapHaHTHOH nepeMeHHOH 
bk·npoTOHOB, o6pa3yJOil.(HXCR s pC-, aC- , CC- H 11'-C
B3&HMo,~:~eiiCTBIDtX B HHTepBane OT 4,2 ,1:10 40 r3B/c. 

= 0,14 ± 0,01, a BTOpOH - < T 2 > = ( 135 ± 
± 13) M3B H <b11 c> 2 =0,51 ± 0 ,05 (pHc .3) . 

CpenHHH pa3Mep npoTOHHhiX KnacTepoa paaeu 

<bk> ::::. 3 x 10- 1
, a aenH'IHHa < b 11 ,.> - 10· 1 • 

Pa3nHliHH Me:>Kny npoTOHHhiMH H nHOHHhiMH 

KnacTepaMH COCTaBHnH nopH)].OK BenH'IHHhi. 

B npocTpaHCTBe bik CBOHCTBa nepaoro Kna

CTepa HMeiOT YHHBepcanbHhiH xapaKTep, He 

3aBHCHUUiH HH OT THna B3aHMO)].eHCTBHH. HH 

OT ero 3HeprHH B HHTepaane 7 :so;; b1 II :so;; 570, 

'ITO HBnHeTCH 3KCnepHMeHTanbHO Ha6niO)].ae

MhiM npOHBneHHeM aBTOMO.D;enbHOCTH B o6na

CTH ManhiX bik KaJ<: o6o6uteHHe HBneHHH, 

H3BecTHOrO no.o; Ha3BaHHeM "H.o;epHbrH 

CJ<:eHnHHr". 

llpO)].On:>KeH penHTHBHCTCKH·HHBapHaHT· 

HbiH aHanH3 pacnpe.o;eneHHH a.o;pOHHh:.:X CTpyH 

B 11' - p- H 11'- C-B3aHMO.D;eHCTBHRX npH 40 r3B/ c 

H B pp-coy.o;apeHHHX npH 205 r3B/ c 19 I . BH.D;HO, 

'ITO B 3THX THnax B3aHMO.D;eHCTBHH Ha6;IIO,D;aeT

CH npeHMymecmeuuo o6pa30BaHHe .o;ayx cTpyH: 

a.D;pOHOB: O.D;Ha- B o6JiaCTH cpparMeHT8llHH Ha

neTaJOuteH 'laCTHUbi, a .o;pyraH - B o6naCTH 

cpparMeHTaQHH 'laCTHUbi·MHLUeHH. llOKa3aHO, 

'ITO pacnpe.o;eJieHHH nHOHOB B CTpyHX no ne

peMeHHOH xk = bak /b atj• blj k /balj, a TaJ<::>Ke 

no nepeMeHHOH bk , H3Y'IaBllleHcH pauee, 

HMeiOT YHHBepcanbHbiH xapai<Tep B pa3nH'IHhiX 

THnax CTOnKHOBeHHH B HHTepaane HMnynh

COB 40 + 205 r3B/c. 

Tai<:HM o6pa30M, B uenoM nony'leHHhre 

3 J<:CnepHMeHTanbHbie pe3y nh TaThi nO.D;TBep:>K.o;a

lOT cnpaae.o;nHBOCTb npe.o;no:>KeHHhiX I<:pHTepHeB 

.D;nH J<:naCCHcpHJ<:aQHH H)].epHbiX B3aHMO.D;eHCT· 

BHH Ha OCHOBe nepeMeHHhiX bi k . 

2. Ha MaTepHanax c 2-MeTpoaoH: npo

n auoaoli J<:aMepbi Bhmonueu TaJ<::>Ke QHJ<:n pa6oT 

n o Hccne.o;oBaHHIO J<:yMynHTHBHhiX npoueccoa, 

BbiHCHeHHIO MeXaHH3Ma I<yMynHTHBHOrO pO:lK· 

.D;eHHH 'laCTHQ. llony'leHbi )].aHHbie no yrnOBhiM 

H 3HepreTH'IeCKHM xapai<:TepHCTHJ<:aM i\.- H 

K o -'laCTHU, HX MHO:>KeCTBeHHOCTH H oco6eH

HOCTHX pC-B3aHMO.D;eHCTBHH npH 10 r3Bj c, 

B KOTOpbiX Ha6niO)].anHCb 3TH 'laCTHQhi /I 0 I. 

llp oaHanH3HpOBaHhi pC-B3aHMO)].eHCTBHH, CO

n p OBO:lK.D;aiOutHecH HcnyCJ<:aHHeM ,neHTpOHOB 

C HMnynhCaMH OT 0 ,6 .D;O 1,3 r3B/ c B HHTepBane 

y r noa, 6onhrnHx, 'leM 135° · 1 1 
'· C.o;enaua 

3KCnepHMeHTanbHaH OQeHJ<:a BJ<:na.D;a BTOpH'I· 

Hhrx npoueccoa nornomemm B o6pa30BaHHe 

np OTOHOB , HCnymeHHhiX B 3a.D;HIOIO nonyccpe

p y B uy~<:nou-yrnepo.D;HhiX B3aHMonelicTBHHX 

n p H HMnynbcax 4,2 H 10 r3Bjc 112 .t 31 • flccne

.D;OBanaCb 3apH)].0BaH 3aBHCHMOCTb cneKTpOB 

3cpcpei<:THBHhiX Mace 11' ± p B KYMY nHTHBHhiX 

11' - C-B3aHMonelicTBHHX npH HMnynhce P 11'- = 

= 40 r3B/ c, conpOBO:>K.D;aiOUUiXCH nOnHbiM pa3-

BanOM H.D;pa 11 4 1 . 

3 . Ha ycTaHOBKe llfiCK-3 3aaeprneuo 

H3MepeHHe HHBapHaHTHhiX Ce'leHHH po:lK,D;eHHH 

K y MynHTHBHhiX aHTHnpOTOHOB Ha H)].pax CBHH

Qa H aniOMHHHH (yron Ha6niO)].eHHH 61°, 

HMnynhc aHTHnpoTOHOB 500 M3B/c, KyMynH

THBHoe 'IHcno X = 1,4 7). 3J<:cnepHMeHTanbHO 

n o Ka3aHO, 'ITO B npe.o;nonO:>KeHHH CTeneHHOH 

3aBHCHMOCTH Ce'leHHH OT aTOMHOrO Beca: 

a - A a, BeJIH'IHHa noKa3aTenH cTeneHH A-3aBH

CHMOCTH COCTaBnHeT a= 1,00 ± 0,12, 'ITO yKa-

3hiBaeT Ha cna6oe nornomeuHe aHTHnpoTOHOB 

BHYTPH Hnpa 1 1 4 1
• 

llpo.o;on:>Kanacb pa6oTa no ua6opy cTaTH

CTHKH C uenhiO onpeneneHHH ceqeHHH J<:yMynH

THBHOro pO:>K.D;eHHH .:l-H306apbl H p-Me30Ha. 

B CBH3H c 3THM npoae.o;eu pH.o; MeTo.o;H'IeCJ<:HX 

Hccne.o;oaau~H:. 

3aaeprneua nepBH'IHaH o6pa6oTJ<:a MaTe

p iianoB no KyMynHTHBHOMy nHOH006pa30Ba

HHIO Ha LUeCTH THnax H.D;ep, nony'leHHhiX C no

M OlltbiO ycTaHOBKH CKA B 11<l>B3, c uenhiO 

Hccne.o;oaauHH A-3aBHCHMOCTH ceqeHHH po:>K

.o;eHHH KyMynRTHBHbiX 11' -Me30HOB B .D;Hana-

30He 3HeprHH nepBHtrnOrO nyqJ<:a 15 + 61 r3B. 
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4. C noMOll.(hiO cneKTpoMeTpa." AnLcpa-3C" 

Ha nyliKax CHHXpocpa30TpOHa nOJIYlleHhl nO)l,· 

p06Hhie AaHHhie no cneKTpaM cpparMeHTauHH 

nO)l, HyJieBhiM yrJIOM peJIHTHBHCTCKHX H)l,ep 

reJIHH e He+ d, 3 He+ p, 4 He+ t, 4 He + p) 

B AHaiia3oHe HMnyJihCOB cpparMeHTOB BIIJIOTh 

AO KHHeMaTHllecKoro npe)l.ena ' 1 s • 1 
6 '. 

IloKa3aHo, liTO B o6nacTH k ~ 200 M3B/c 

(k - BHyTpeHHHH HMnyJihC KOHCTHTyeHTa 

cpparMeHTHpyromero R:Apa) peanbHbie cneKTpbi 

npeBbiiiiaroT paclleTHbie. MaKCHMaJibHoe OT

JIHliHe Ha6nro)l,aeTCH npH k""' 350 M3B/c H co

CTaBJIR:eT cpaKTop 4 )l.JIH yKa3aHHhiX pea~HH. 

C ~eJiblO noJiylleHHfl HHcpOpMauHH 0 CnHHOBOH 

CTPYKType )l,eHTpoHa Ha MaJihix paccToHHHR:x 

anepBbie H3MepeHa BIIJIOTh AO k ~ 500 M3B/c 

TeH30pHaR: aHaJIH3HpyromaR: cnoco6HocTh T 2 0 

peaK[(HH cpparMeHTa~HH BhiCTpOeHHbiX )l,eHTpO

HOB C HMnyJihCOM 9 r3B/c. 

5. Ha ycTaHOBKe MACCEP c ~enbro Hccne

AOBaHHR: A-3aBHCHMOCTH HHKJII03HBHoro po:>K

)l,eHHH 1T 0 -Me30HOB npoBe)l,eHbl IlfiTb 3KCn03H

UHff no Ha6opy CTaTHCTHKH B pea~HR:X 

pC + 1T 0 X, aC + 1T 0 X, cc + rr 0 X npH HMnyJibCe 

4,5 r3B/c. Pe3yJibTaThl o6pa6aTbiBaiOT('ll. 

Ha ocHOBaHHH aHaJIH3a paHee nonylleH

Horo Ha yCTaHOBKe "<l>OTOH" MaTepHana Bnep

Bble onpe)l,eneHo )l.HcpcpepeHUHaJihHOe celleHHe 

peaK[(HH 1T- p +TILl 
0 

(1232) npH P 1T- = 3,3 

H 4,75 r3B/c B o6JiaCTH nepe)l.aHHhiX HMnyJih· 

COB OT -tm in )l,O 0,37 r3B/c
2 11 7 1

• B )l.Hcp

cpepeH~HaJibHOM celleHHH o6Hapy:>KeH MHHHMYM 

B nepe)l,HeM HanpaBJieHHH, YKa3hiBaiOll.(HH Ha 

cymecTBeHHyro pOJib aMnJIHTY)l,bl C H3MeHeHHeM 

CnHpaJibHOCTH. 3KcnepHMeHTaJibHbie )l,aHHbie 

cpHTHpOBaJIHCb 3aBHCHMOCTblO 

da /dt' = A (1- gCt)exp(ct'), 

r)l,e g - OTHOIIIeHHe aMnJIHTYA pacceR:HHfl 

c nepeaopoToM H 6ro nepeaopoTa ciiHHa. 

,[(JIH aeJIHliHH A, g, C HaH)l.eHhi cne)l.yromHe 

3HalleHHR:: 
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3,3 

4,75 

76 ± 13 

40± 8 

Ta6.n.uq.a 

g 

4,0± 1 5;5± 1,0 

5,8 ± 1,6 6,5 ± 0,8 

PaccliHTaHa 3cpcpeKTHBHaR: TpaeKTOpHR: Pe)l.:>Ke 

)l.JIH peaK~HH rr- p +TILl o (1232), a
3

<P<P (t') = 

=(0,49 ±0,09) + (0,8 ± 0,5)t'. 

6. BLmonHeH pR:A pa6oT no HCCJie)l.oaa

HHIO npOCTpaHCTBeHHO·BpeMeHHbiX xapaKTe

pHCTHK HCTOlJHHKOB, H3JIYllaiOll.(HX llaCTH~hi, 

nyTeM H3ylleHHH KOppeJIH~HH TO)K)l,eCTBeH· 

HhiX a)l.pOHOB. B proynLTaTe cpaaHeHHR: paAHY· 

COB o6JiaCTH HcnyCKaHHfl npOTOHOB H3 pTa

B3aHMO)l,eHCTBHH npH P = 10 r3B/C H B3aHMO· 
- - p 

)l,eHCTBHH nerKHX R:)l.ep (A= p, d, a, C) c R:A-

paMH yrnepo)l.a OKa3aJIOCh, liTO PaAHYChi 

06JiaCTH HCnyCKaHHfl 6biCTpbiX npOTOHOB 

<p>min > 0,4 r3B/c MeHbiiie, lleM PaAHYChl 

H)l,ep-MHIIIeHeH, H B 3THX THnax B3aHMO)l,eHCT· 

B:I(IH COBna)l,aiOT 
1 1 8 1• 113ylleHbl yrJIOBbie H 6hiCT· 

pOTHhie XapaKTepHCTHKH 7T 0 ·Me30HOB, HCnyC

KaeMbiX B rr- Xe-B3aHMo)l.eiicTBHHX npH HM

nynhce 3,5 r3B/c. IloJiylleHHbie pe3yJihTaTbl 

HCnOJib30BaHbl )l,JIH Onpe)l,eJieHHR: cpopMbl 06-

JiaCTH HCnyCKaHHfl nHOHOB. B 3THX B3aHMO· 

)l,eHCTBHfiX 1 1 9 I. 

7. rpynno:H CHO )l,eTaJibHO H3YllaJiaCb 

cpparMeHTauHR: R:Aep 30JIOTa B nyliKax npo

TOHOB H a-llaCTH~. 11CCJie)l,OBaHHbiH HHTepBaJI 

3HeprHH nyliKa COCTaBHJI E = 2 2 + 7 5 r3B 
p ' ' ' 

Ea = 1,1 + 13,5 r3B. 113MepeHbl HHKJII03HBHbie 

celleHHH o6pa30BaHHR: cpparMeHTOB npoMe:>Ky

TOliHhiX Mace- (Z = 5 + 12, A ~ 10 + 24) 

B HHTepaane yrnoa 8 A = 40" + f40° H E<P = 

= 1 + 10 M3B/HyKJioH 12 0 I . B aAU-B3aHMO)l,eH

cTBHH AJIH HYKJIHAOB Be, C, N Ha6nro)l,aJIOCh 

OTKJIOHeHHe OT XOpOIIIO YCTaHOBJieHHOrO 

B 3TOH o6JiaCTH npaBHJia npe)l.eJibHOH cppar

MeHTauHH, TO eCTb COOTBeTCTBYIOll.(He )l.Hcp

cpepeH~HaJibHbie H nOJIHhie CelleHHR: BhiXO)l,a 

cpparMeHTOB npoMe:>KyTOliHbiX MaCC B03pacTa

JIH C pOCTOM 3HeprHH IIytJKa B o6JiaCTH Bhiiiie 

6 r3B. IlpH 3TOM CelleHHR: )l,Jlfl cpparMeHTOB 

C Z ~ 8 OCTalOTCfl nOCTOHHHbiMH. Ha6JIIO)l,eH· 

HOe fiBJieHHe aBTOpbl CBfl3biBaiOT C cpa30BbiM 

nepeXO)l,OM THna "ra3 - :lKH)l,KOCTb" B B03· 

6y:>KAeHHOM R:)l.epHOM aemecrae. <l>yH~HH 

r (Ea), onpeAeJIHIOll.(aR: cornacHO pR:AY Teope

THlleCKHX MO)l,eJieH CTeneHHyiO 3aBHCHMOCTh 

CelleHHfl o6pa30BaHHR: cpparMeHTOB OT HX MaC

Chi Act> HJIH 3apH)l,a Z: a - z- T (Eo ) ' B )l,aHHOM 

3KCnepHMeHTe HeMOHOTOHHa H HMeeT MHHH

MYM npH Ea ~ 6 r3B. B pea~HH c npOTO

HaMH T (Eo) MOHOTOHHa. 

8. B penR:THBHCTCKHX R:ApO-R:AepHhiX 

CTOJIKHOBeHHR:X C nOMOll.(blO cneKTpOMeTpa 



4 .. C noMOin;hiO cneKTpOMeTpa "Anhcpa-3C" 

na nyliKax cHHxpocpa30Tpona nonylleHhi no.n;

po6Hhie ,n;aHHhie no cneKTpaM cpparMenTauH 
no,n; HyJieBhiM yrJIOM peJIHTHBHCTCKHX H,n;ep 

renHH e He + d, 3 He+ p, 4 He+ t, 4 He + p ) 
a ,n;Hana3one HMnynhcoa cpparMeHTOB armoTh 
.n;o KHHeMaTHllecKoro npe.n;ena 11 5 •

1 6 I. 

TioKa3ano, liTO a o6nacTH k ~ 200 M3B/ c 
(k - BHyTpeHIDfH HMnyJihC KOHCTHTyeHTa 
cpparMeHTHpyrorn;ero H.n;pa) peanhHhie cneKTpbi 

npeBhiillaiOT paclleTHbie. MaKCHMaJihHoe oT

JIHliHe na6nro.n;aeTcH npu k""' 350 M3B/c H co
CTaBJIHeT cpaKTop 4 ,n;JIH yKa3aHHhiX peaKU;HH. 
C QeJibiO noJiylleHH.fl micpOpMaQHH 0 CnmiOBOH 

CTpyKType ,n;eHTpOHa Ha MaJibiX paCCTO.fiHHHX 
anepBbie H3Mepena BOJIOTh .n;o k ~ 500 M3B/ c 

TeH30pHaH ananH3Hpyrorn;aH cnoco6nocTh T 2 o 

peaKQHH cpparMeiiTaQHH BbiCTpOeHHbiX ,n;eHTpO· 

HOB C HMnyJihCOM 9 r3B/c. 

5. Ha ycTanoaKe MACCEP c QeJihiO uccne

.n;oaanHH A-3aBHCHMOCTH HHKJII03HBHoro pO)f(

.n;eHHH 1T 0 -Me30HOB npoae,n;eHbl nHTh 3KCn03H· 

QHH no Ha6opy CTaTHCTHKH B peaKQHHX 
pC + 1r oX, aC + 1r oX, CC + 1r oX npH HMnynhce 

4,5 r3B/c. Pe3yJihTaTbl o6pa6aTbiBaiOT(':I. 

Ha d'cnoaanHH ananH3a panee nonylleH

noro na ycTaHOBKe "<l>oTon" MaTepuana anep 

Bbie onpe.n;eneno ,n;HcpcpepenQHanhHOe cellenue 

peaKQHH 1f- p +TILl 0 (1232) npH p 1T- = 3,3 

H 4,75 r3B/c B o6JiaCTH nepe,n;aHHhiX HMnyJih· 

COB OT -tm in ,!1;0 0,37 r3B/c2 11 7 1
• B .n;Hcp

cpepeHQHaJihHOM CelleHHH o6Hapy)f(eH MmiHMYM 

B nepe.n;HeM HanpaaJieHHH, YKa3biBaiOin;HH Ha 

cyrn;ecTBeHHyiO pOJih aMnJIHTY,!J;hl C H3MeHeHHeM 

CnHpaJibHOCTH. 3KcnepHMeHTaJihHbie ,IJ;aHHbie 

cpHTHpOBaJIHCh 3aBHCHMOCThiO 

da/dt' = A(1- gCt)exp(Ct'), 

r,n;e g - OTHOilleHHe aMnJIHTY,IJ; pacceHHH.fl 

c nepeaopoToM H 6e3 nepeaopoTa emma. 
)l;nH aeJIHliHH A, g, C naH:.n;eHbi cne.n;yrorn;u e 

3HalleHHH: 

p {r3B/c) 

36 

3,3 
4,75 

76 ± 13 

40± 8 

Ta6nuZJa 

g c (r3B/c)- 2 

4,0 ± 1 5;5 ± 1,0 
5,8 ± 1,6 6,5 ± 0,8 

PaccliHTana 3cpcpeKTHBHaH TpaeKTOpHH Pe,n;)f(e 

,n;JIH peaKQHH 1r- p + TILl o (1232), a
3

<1><1> (t') = 
= (0,49 ± 0,09) + (0,8 ± 0,5) t'. 

6. Bhmonnen pH,n; pa6oT no uccne.n;oaa
HHIO npOCTpaHCTBeHHO·BpeMeHHbiX xapaKTe
pHCTHK HCTOliHHKOB, H3JIYllaiOin;HX llaCTHQbi, 
nyTeM H3ylleHH.fl KOppeJIHQHH TO)f(,!J;eCTBeH· 
HhiX a.n;ponoa. B pe3yJihTaTe cpaanenHH pa.n;ey
coa o6nacTH ucnycKanHH npoTOHOB H3 pTa

B3aHMo.n;eiicTBHH npH P p = 10 r3B/c H B3aHMO

,n;eHCTBHH nerKHX H.n;ep (A = p, d, a, C) c H,n;-
paMH yrnepo.n;a oKa3aJIOCh, liTO pa.n;eychi 
06JiaCTH HCnyCKaHH.fl 6hiCTpbiX npOTOHOB 

<p>min > 0,4 r3Bjc MeHbllle, lleM pa,n;eycbi 
H,n;ep-MHilleHeH, H B 3THX THnax B3aHMO,IJ;eHCT· 

BHH COBna,IJ;aiOT 1 1 11 1• J.f3ylleHbl yrJIOBbie H 6hiCT· 

pOTHbie xapaKTepHCTHKH 1T 0 - Me30HOB, HCnyC· 
KaeMhiX B 1r- Xe-B3aHMo.n;eH:cTBHHX npH HM· 

nyJihCe 3,5 r3Bjc . iloJiylleHHbie pe3yJihTaTbl 

HCnOJib30BaHbl ,IJ;JI.fl onpe,n;eJieHHH cpopMbl o6-
JiaCTH HCnyCKaHH.fl nHOHOB. B 3THX B3aHMO· 
,IJ;eHCTBHHX 11 9 I • 

7. rpynnoH: CHO ,!J;eTaJihHO H3YllaJiaCb 
cpparMenTauHH H,n;ep 30JIOTa a nyliKax npo
TOHOB H a-llaCTHQ. 11CCJie,IJ;OBaHHbiH HHTepBaJI 

3HeprHH nyliKa COCTaBHJI Ep = 2,2 + 7,5 r3B, 
Ea = 1,1 + 13,5 r3B. 113MepeHbl miKJII03HBHbie 

celleHHH o6pa30BaHHH cpparMeHTOB npoMe~
TOliHhiX Mace- (Z = 5 + 12, A ~ 10 + 24) 
a HHTepaane yrnoa ()A = 40° + f40° H E<l> = 
= 1 + 10 M3B/nyKJionl2 0 1 • B aAU-B3aHMo.n;eH:

CTBHH ,n;JIH HYKJIH,IJ;OB Be, C, N na6nro.n;anoch 

OTKJIOHeHHe OT XOpOillO YCTaHOBJieHHOrO 
B 3TOH o6naCTH npaa:HJia npe.n;enhnoH: cppar

MenTauHH, TO eCTh COOTBeTCTByiOrn;He ,IJ;Hcp

cpepeHQHaJihHbie H nOJIHbie CelleHHH BbiXO,IJ;a 

cpparMeHTOB npoMe~TOliHbiX Mace B03pacTa
JIH C. pOCTOM 3HeprHH nyliKa B o6JiaCTH BbiWe 

6 r3B. ilpH 3TOM CelleHHH ,!J;JI.fl cpparMeHTOB 
C Z ~ 8 OCTaiOTC.fl nOCTO.fiHHhiMH. Ha6JIIO,IJ;eH· 

HOe HBJieHHe aBTOpbl CB.fl3biBaiOT C cpa30BbiM 

nepeXO,!J;OM THna "ra3 - )f(H,!J;KOCTh" B B03· 

6y)f(,IJ;eHHOM H,n;epHOM Bern;eCTBe. <l>yHKQH.fl 

r (Ea), onpe.n;enHrorn;aH cornacno pH,n;y Teope

THlleCKHX MO,IJ;eJieH CTeneHHyiO 3aBHCHMOCTh 

CelleHH.fl o6pa30BaHH.fl cpparMeHTOB OT HX MaC
Chi A<l> HJIH 3apH,n;a Z: a - z- T (Eo)' B ,IJ;aHHOM 

3KCnepHMeHTe HeMOHOTOHHa H HMeeT MHHH· 

MYM npH Ea ~ 6 r3B. B peaKQHH c npOTO
HaMH T (Eo ) MOHOTOHHa. 

8. B peJIHTHBHCTCKHX H.n;po-H.n;epHhiX 

CTOJIKHOBeHHHX C nOMOin;hiO cneKTpOMeTpa 



co CTpHMepHOH KaMepOH (ycTaHOBKa rHBC) 

Ha nyt~Kax CHHXpOcpa30TpOHa BnepBbie Ha,ne)f(
HO Ha6moneHo po)f(,ll;eHHe rHnep.a,!!;ep A H, onpe
,ll;eJJeHhi cet~eHH.R, nonyt~eHbi o~eHKH speMeHH 

)f(H3HH 12 1 
'· HccnenosanHcb peaK~HH · 

7 Li + CH2 • ALi + X 

L.... 1T- + 7 Be 

npH :meprHH 3,0 r3B/HyKJJOH, 

4 He + CH2 • A H + x 

L_. 1T- + 4 He 

npH 3HeprHH 3,7 r3B/HYKJJOH. HaKoOJJeHa 
cTaTHCTHKa TaK)f(e Ha HApax yrnepo,!!;a H Q>Topa. 

Ha o6pa6oTaHHhix - 40 Tbic.aqax Q><>Torpa<J>uu 
BTOpOH H3 YDOM.RHYTbiX peaK~HH 3aperHCTpH
pOBaHO 18 cnyqaes o6pa30BaHH.R rHnep.a,!!;pa 

A H. ,lln.a seJJH'IHHbi cet~eHH.R nonyt~eHo 3Ha-

+O 3 
t~eHHe a= (0,3_0·!15) MK6 (Ha MHllleHH CH 2 ). 

BpeM.a )f(H3HH AH: r = (2,6 ± 0,6) x1o- 10 c. 

06pa6oTKa H aHaJJH3 6oJJblllen qacTH 3Kcne

pHMeHTaJJhHOro MaTepHaJJa Dp0,!!;0Jl)f(8eTC.R. 

TioArOTOBJJeH ,ll;JJ.R Q>H3Ht~ecKoro aHaJJH3a 
3Hat~HTeJJLHbiH no o6'heMy MaTepHan no o6pa-

30BaHHJO crpaHHbiX tlaCTH~ (A 0 
, K 0 

) B (Mg + 
+ Mg)-B3aHMO,ll;eHcTBH.RX, TaK)f(e nonyt~eHHbiH 

npH o6nyqeHHH YCTaHOBKH rHBC. 

9. non.apH38~H.R A-rHnepoHOB B CC

H CTa-B3aHMoneHCTBH.RX npH 4,2 r3B/c Ha HYK

JlOH HCCJJenOBaJJ8Cb Ha MaTepHaJJax C 2-MeTpO

BOH nponaHosou KaMepb1 12 2 '· TipensapHTeJJh
Hhie pe3yJJLT8Tbl COrJJaCyJOTC.R C 3aBHCHMOCTbJO 

Pi\ OT nonepet~Horo HMnynhca A-rHnepoHOB, 
nonyqeHHOH ,li;Jl.R a,npoH-.R,ll;epHbiX B:laHMO,ll;eH

CTBHH, O,li;H8KO CTaTHCTHKY C06biTHH ,ll;Jl.R 6onee 
OnpeneneHHbiX 38KJ110tleHHH H006XO,ll;HMO 
YBeJJH'IHTb. 

10. P.an HOBbiX pe3ynLTaToB nonyqeH npH 
HCCJJenOBaHHH HeynpyrHX B3aHMO,ll;€'HCTBHH 

.anep 2 2 Ne c .R,!!;paMH Q>oT03MYJJhCHH npH 

HMDYJlbCe 4,1 r3B/c Ha HYKJJOH. Ha6JJJO,ll;a
JlHCb .RBJJeHH.R "oTCKOKa" Q>parMeHTOB 2 2 Ne 

B npoeK~HH Ha OJJOCKOCTb peaK~HH H M8KCH

MYM B yrnosoM pacnpeAeJJeHHH Me,ll;JleHHbiX 

Q>parMeHTOB, COOTBeTCTBYJO~HH "6o KOBO MY 
Bbi6pocy" Q>parMeHTOB .R,!!;pa-MHllleHH 12 3 1 • 

B ~eHTpaJJhHbiX coynapeHH.RX c T.R)f(eJJbiMH 

.anpaMH 3MYJlbCHH 06Hapy)f(eHa a3HMYTaJJbHa.R 

aCHMMeTpH.R BCeX THOOB t18CTH~ (60KOBOe 

Bbi necKHBaHHe) . B 3THX B3aHMO,ll;eHCTBH.RX 

o6Hapy)f(eH KJJacc co6biTHH, Ha3BaHHbiX oco-

6biMH, B KOTOpbiX non yrJJaMH 6 + 12° DO 
HanpasneHHJO nepBH'IHoro .a,!!;pa HeT qacT~ 

c (3 > 0, 7. Ha6n10nanacb TeH,ll;eH~H.R K Hcnyc

KaHHJO B npOTHBOOOJlO)f(Hbie CTOpOHbl B 83H

MYTaJJhHOH nnocKocrn Q>parMeHTOB CTaJJKH

BaJO~xc.a .anep, Q>parMeHTOB .anpa-MHllleHH 
H pO)f(,ll;eHHbiX ti8CTH~, yCHJJHBaJO~a.RC.R 

c yMeH~llleHHeM napaMeTpa ynapa 12 4 1
• 

11. Ha MaTepHanax c 2-MeTposou npona
HOBOH KaMepbi H3YtlaJJOCh T8K)f(e o6pa30BaHHe 

6biCTpbiX HeHTpOHOB (P n 2: 1 r3B/c) B pp
H p 1 2 C-B3aHMO,ll;eHCTBH.RX npH P P = 
= 4 ,2 r3B/c 12 s 1 • ConocTaBJleHHe c ,ll;aHHbiMH 
npe,ll;bl,D:Y~X pa6oT no 1T- p- H pp-B3aHMoneu
CTBH.RM B o6JJaCTH HMDYJlhCOB 4 + 300 r3B/C 

DOKa3aJJO, 'ITO K03Q>Q>H~HeHT HeynpyrOH nepe-
3ap.R,ll;KH a (p • n) npHMepHO OOCTO.RHeH H He 
3aBHCHT OT nepBH'IHOH 3HeprHH H THOa B3aHMO
,ll;eHCTBH.R ( 1T- p HJJH pp) . 

12. 06p~eHO BHHMaHHe Ha B03MO)f(HYJO 

CB.R3b ,ll;JlHHbl Q>opMHpOBaHH.R C peJJ.RTHBHCT

CKOH ,ll;JlHHOH 12 6 
'
2 7 

'· 

HCCJIE)lOBAHIDI TIOJUIPH3AQHOHHbiX 

3<l><l>EKTOB 

1. B 1986 r. cneKTpOMeTp KYMYJJ.RTHBHbiX 

a..npoHoB (ycTaHOBKa CKA) 6hm MOAHQ>H~Hpo

BaH B DOJJ.RpHMeTp, Ha KOTOpOM B 1986-

1987 rr. BbiDOJlHeHbl H3MepeHH.R DOJJ.RpH3~HH 

KYMYJJ.RTHBHbix npoTOHOB non yrnaMH 158° 

H 9 5° B pC-B38HMoneHCTBH.RX npH 3HeprHH 

17-62 r3B (Ha nyqKe Y-70 B H<l>B3). HHTepec 

K npoBe,ll;eHHJO 3THX HCCJJenoBaHHH CB.R3aH 

C TeM, 'ITO B 06JJaCTH 3HeprHH OT 1 ,!!;0 8 r3B 
DOCTaBJJeHO OKOJJO ,ll;eC.RTKa 3KCnepHMeHTOB, 
3Q>Q>eKT OOJJ.RpH3~HH B KOTOpbiX O~eHHBaJJC.R 

OT 0 ,ll;O 60%, H3yt~eHHbiH HMDYJJhCHbiH HHTep

BaJJ orpaHH'IHBanc.a 750 M3B/c ( <Ic = 500-

750) M3B/c. )laHHbie B o6naCTH CBbillle 10 r3B 
oTcyTCTBOBaJJH. B pe3yJJhTaTe 3KcnepHMeHTOB 

Ha y cTaHOBKe CKA: 

a) H3MepeHa BeJJH4HHa DOJJ.RpH38~H Ky

MYJJ.RTHBHbiX npoTOHOB Ha .RApe yrnepo,ll;a 
DO,!!;. y rJJaMH 158° H 95° B HMDYJJhCHOM HHTep

BaJJe OT 550 AO 1100 M3B/c npH 3HeprHH nep
BH'IHbiX npOTOHOB OT 17 no 62 r3B; 

6) BnepBbie nonyqeHbi AaHHbie no non.a

pH3a~HH KYMYJJ.RTHBHbiX npoTOHOB B )f(eCTKOH 

qacTH cneKTpa (<Ic>800 M3B/c, Tc>300 M3B). 
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YcTa.HoaneHo, 'ITO aenHtJHHa nomipH3ax.urn P ey
MynHTHBHhiX npOTOHOB He3HatJHTenbHa (no
pHAKa HeCKOnbKHX npoQeHTOB) , 3aBHCHMOCTb 
OT 3HeprHH nepaHtJHoro nytJKa H HMnynbca 
KyMynHTHBHhiX npoTOHOB oTcyTCTBYeT (B npe
Aenax OIIIH60K H3MepeHHH 4-5%) . llon.HpH3a-
QH.H B :>KeCTKOH 'laCTH cneKTpa (800- . 
1100 M3B/c) He o6Hapy:>KHBaeT a.HOManbHoro 
noBeAeHHH. 

2. llpoaeAeH oqepeAHOH cea.Hc o6nytJeHHR 
ycTa.HOBOK "Anh<t>a-3C" H 1-MeTpoao:H :>KHAKO
BOAOPOAHOH KaMepbi nytJKaMH non.HpH30Ba.H
HhiX Ae{npoHOB Ha CHHXpO¢>a30TpoHe. 11ccne
AOBa.HHe peaKQHH dtp + ppn B nytJKe BeKTOp
HO-nOn.HpH30Ba.HHhiX AeHTpOHOB n03BOnHnO 
OQeHHTb CTeneHb BeKTOpHOH non.HpH3aQHH 
BhiBeAeHHOrO nyqJ<a (Pz = 0,50 ± 0,06) , 
a TaK:>Ke HatJaTb H3ytJeHHe 3ap.HAOB0-06MeH
HbiX npoQeCCOB. llonytJeHO 3KCnepHMeHTanb
HOe pacnpeAeneHHe co6biTHH no a3HMYTanb
HOMY yrny HeHTpOHa OTAatJH B npoQecce 
nepe3apHAKH dt p • (pp )n, KOTopoe He co
rnacyeTc.H c pactJeToM B a3HMyTanbHOM npH-
6nH:>KeHHH c ytJeTOM D-aonHhi H 6e3 ytJeTa 
AByxKpaTHoro pacce.HHHR 12 8 1• 

• 

3KCllEP11MEHT NA-4 

B pe3ynbTaTe o6pa6oTKH MaTepHanoa 
COBMeCTHOrO 011RI1-IJ;EPH 3KCnepHMeHTa 
NA-4 Ha SPS U:EPHa no rny6oKoHeynpyroMY 
pacce.HHHIO MlOOHOB Ha BOAOpOAe nonytJeHbl 
HOBbie Aa.HHbie no CTpyKTypHOH ¢>yHKQHH 
F2 (x, Q2 ) npoToHa12 9 

'
3 0 1

, a TaK:>Ke oTHo

rneHHe R = aL ( aT cetJeHH:H nornomeHHR npo
AOnbHO .H nonepetiHO noJUipH30Ba.HHbiX BHp 
TyanbHhiX <t>oTOHOB (pHc.4,5). Ha cTaTHCTH
qecKoM MaTepHane -2 x 106 co6biTHH, 3~pe
rHcTpHpOBa.HHhiX npH 3HeprHHX 100, 120, 
200 H 280 r3B B KHHeMaTH'IeCKOH o6naCTH 
0,06 ~ x ~ 0,80 H 7 r3B2 ~ Q2 ~ 260 r3B2 

, 

npoaeAeHo cpaaHeHHe Ha6nroAaeMhiX Hapyrne
HHH CKe:HnHHra c npeACKa3a.HHHMH TeopHH 
KX.ll H onpeAeneH MaCIIITa6HhiH napaMeTp 
KX.ll A, a TaK:>Ke oQeHeHo pacnpeAeneHHe 
rnrooHOB B npoToHe. HaHnytJIIIa.H oQeHKa 

A COCTaBHna 

A= 210 ± 20 (cTaT.) ± 60 (cHcr.) M3B, 

a cooTBeTcrayromee 3HatJeHHe 6eryme:H KOH
CTa.HThi CB.H3H 

as = 0,157 ± 0,003 (cTaT.) npH Q2 = 100 r3B2
• 
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Pacnpe.ne.n:eaHe rmooaoa no HMnynLcy 
napaMeTpH30BaHO B BH,ne 

xG(x, Q2
) = A(77 + 1) (1- x)17, 

r.ne A - .non11 nonHoro HMnynLca npoToHa, 
YHOCHMOrO rmOOHaMH, .D;n.fl KOTOpOH npH 
~ = 5 r3B2 nonyqeao 3Ha'leHHe 0,45. )ln.fl 
O~eHKH 77 6hinH HCnOnb30BaHbl ,D;Be pa3nH'I
Hbie nporpaMMhi KX)l-aHanH3a, KOTOpbie .nanH 
xoporno cornacyJOIJ.Ufec.fl Me)I(.ZJ;.y co6oli pe3ynL
TaThi: 77 = 10,3 ± 1,5 H 77 = 8,4 ± 1,5. 

PHc.5. Omoweane Ce<leHHH nornomeaHR npoaoJihHO 
H nonepe<~Ho no.JIRpH30B8HHhiX BnpTyaru.HI>IX $<>
TOHOB. 
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C03)lA.HHE HOBhiX 3KCllEPHMEHT AJibHhiX YCT AHOBOK 

B 1987 r. B na6opaTOpHH BblDOnHeHa 
3Ha'IHTenLHa.fl pa6oTa no co3,naHH10 H npoeKTH
poBaHHJO HOBbiX 3KCnepHMeHTanbHhlX yCTaHO
BOK, pa3BHTH10 MeTO,D;H'IeCKOrO o6ecneqeHH.fl 
cpH3H'IecKHX 3KCnepHMeHTOB. 

1. B paMKax yqaCTH.fl nB3 B no.nroTOBKe 
coaMecTHoro OHRH-D:EPH 3KcnepHMeHTa 
DELPHI (LEP, UEPH) 3aBeprneao H3roToane
HHe H OTnpaBKa nnaCTHKOBhiX ,neTeKTOpoB 

Hcni>ITBHHe Moay.JIR BJlPOHHoro KanopHMeTpa ycTBHOB
KH DELPHI Ha nyqKe CHHXpo$a30Tposa. 

a.npoHHoro KanopHMeTpa (AK), a TalOKe 
HX c6opKa B DnOCKOCTH H MOHTSJK B lflo.nynH 
AK B UEPHe. B nB3 Ha ny'IKe CHHXpOcpa30-
TpOHa npoae,neHa c6opKa nonHOMacrnTa6aoro 
Mo.nyn.fl ~HnHH,npH'IecKoli t~aCTH AK .nn11 
MeTo.n;Ht~eCKHX Hccne,noBaHHH. H3yqeao BnH.fi
HHe HeTO'IHOCTeH, ,nonycKaeMbiX npH c6opKe 
,D;eTeKTOpOB, nOKa3aHO, 'ITO HecTa6HnbHa.fl pa-
6oTa CTpHMepHbiX Tpy6oK C rpacpHTOBbiM 
noKpbiTHeM KaTO.D;a .fiBn.fleTC.fl pe3ynhTaTOM 
TeXHonorHH HaHeceHH.fl pe3HCTHBHoro 
cno.fl13 1 1• Pa3pa60TaHa MeTO.D;HKa BOCCTaHOB· 
neHH.fl 3HeprHH C HCnOnh30BaHHeM CHrHanOB 
OT 3neKTpOMarHHTHOrO H a,ll;pOHHOrO KanO
pHMeTpOB. 

2. )ln.fl 3KCnepHMeHTa CO CTpyHHOH no
n11pH30BaHHOH MHWeHblO Ha BHyTpeHHeM nyqKe 
YHK (npoeKT "llapyc-Hemya") co3,naHhi 
y3nbi CTpYHHOH non.flpH30BaHHOH MHllleHH 
C KpHoreHHOH OTKa'IKOH. )ln.fl 6onee 3<l>cPeK
THBHoro Hcnonh30BaHH.fl nyt~Ka YHK aeo6-
xo,nHMO o6ecnetrnn aenpephmHYJO OTKaqKY 
06'heMa MHWeHH. C 3TOH ~eJiblO HCDbiTaHbl 
Typ60MOneKy nllpHbie HaCOCbl npOH3BO,IJ;HTenb
HOCTh10 0,5 H 2,5 TbiC.fl'l nHTpOB B CeKYH.D;y. 
llonyqea BaKYYM -lo-s Topp. 
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llpe,nJIO)f(eH OOTHMaJlbHbrH Ha6op ,D.eTeK
TOpOB ,nJIH perHCTpauHH ,D.H$paKUHOHHbiX npo
QeCCOB pp + pp, pp + xp B HHTepaane KBa.n.
paTa nepe.n.auuoro HMnynbca: 

- t 2 = 0,002 + 0,5 (r3B/c) 2 , 

H MaCChi Mx = 1,2 + 10,0 r3B. Bbmonueuo 
MaKeTHpOBaHHe p.a,D.a 3JieKTpOHHbiX 6nOKOB 
cneKTpoMeTpHtJecKoro TpaKTa ,nn.a nonynpo
BO.D.HHKOBhiX ,D.eTeKTOpOB (llll):{) , OTpa6a
TbiBaJlHCb B 3KCOepHMeHTaX Ha CHHXpO$a-

40 

30TpoHe TeneCKOObl H3 llfl.ll H CUHHTHnnHTO
pOB ,nJIH npeUH3HOHHOH cneKTpoMeTpHH OHO
HOB, npoTOHOB, ,neHTpOHOB H ,npyrHX tJaCTHQ. 

3. llo npoeKTaM yCTaHOBOK "MetJeHble 
ueH:TpHHo", "tiapM", CB.ZJ;, TllK-2M ,nn.a pa6o
Thi ua nytJKax Y-70 H YHK 11cl>B3 aenoCb 
H3rOTOBJieHHe Y3JIOB H CHCTeM, MO,D.enHpoBaHHe 
3KCnepHMeHTOB, B tJaCTHOCTH: 

- C03,D.aHa napTHH H3 10 MO.D.YJieH 
a.D.poHHOrO KaJIOpHMeTpa, H3rOTOBJieHbl 
8000 nnaCTHH nornoTHTeneH: .n.n.a Mo,nyneH: AK, 
aenocb H3roToaneuHe CHCTeMbi KpenneuHH 
3epKaJI tiepeHKOBCKOrO C'IJeT'IJHI<:a ("MetJeHbie 
HeHTpHHo"); 

- H3roToaneuhi MexauHtJecKHe npHcno
co6neuH.a ,nJIH TpaHCOOpTHpoBKH MarHHTOB 
Cll-94 H Cll-40 Ha HOBOM KaHane HeHTpaJib
HbiX tJaCTHU B 11cl>B3, HatJaThl pa60Tbl no nytJKO
BblM 3aTaopaM. 11ccne.n.oaau cneuHanH3Hpo
BaHHhiH 6hiCTpo,D.eHCTBYJOIUHH npoueccop, 
npe,D.Ha3HatJeHHhrH ,nn.a oT6opa co6hiTHH a ycno
BHHX 3KCOepHMeHTa13 2 I ("tJapM"); 

- ,nJIH H3rOTOBJieHH.R HOBblX 06MOTOK 
31leKTpoMarHHTa MC-7 A C03.D.aHhi ueo6xo.n.H-

Co3.o;asaeMIUI B ITa6opaTopHH MHoroueneBIUI ycTa

HOBKa "Ccpepa" npe.o;H83H8'1eHa .tlJUI HCCJie.tlOBaHWI 

MHmKecTBeHHoro KYMYJIHTHBHoro polK.o;eHHJI 'I&CTHU 

B 41T·reoMeTpHH Ha CHHXpOcp830TpOHe H HyKJIOTpo

He. Ha CHHMKax: M8KeT yCTaHOBKH (BHH3y) H MHO· 

rOK8H8JI&H&IH CUHHTHJIJIJIUHOHH&Jii ro.o;OCKOn ycTa· 

HOBKH. 



Mbie IIpHCIIOC06JieHIDI, IIpOBe,neH pH,n pa60T 

no y3JiaM 6hlcTpou;HKJIHpyromeii rry3hipbi<O

soii I<aMephi ( CB.Z:O ; 

- Be,neTC.fi H3rOTOBJieHHe MlOOHHOrO H,neH

THcpHI<aTOpa H I<Oprryca I<aMepbi (TllK-2M). 

4. B paMI<ax rro.nroToBI<H cosMecrnoro 

Olf.Hlf-lf«l>B3 3I<crrepHMeHTa Ha BCTpetiHbiX 

rryt~I<ax YHK rro.nroTosneH rrepsbrn sapHaHT 

rrpoei<Ta "YHHBepCaJibHbiH I<aJIOpHMeTpHtlec

I<HH .neTei<Top" (rrpoei<T YK.ll). llpose.neHa 

ou;eHI<a yCJIOBHH pa60Tbl u;eHTpaJibHOH Tpei<O

BOH cHcTeMbi YK.U, rrpe.nno:>KeHo HCIIOJib30-

BaTb B 3TOM I<aqecTBe CHCTeMy ll;HJIHH,npH

qeci<HX ,npeifcpOBbiX I<aMep, IIOJIYIIpOBO,nHH

I<OBbiH seplllHHHbiH ,neTei<Top H TOpu;eBbie 

.npeii<j:losbie I<aMepbi. 

5. ,llJIH ycTaHOBI<H "Ccpepa" co6paHO 

TpH IIJIOCI<OCTH Cll;HHTHJIJI.fiu;HOHHOrO ro,nOCI<O

rra u;eHTpaJibHoro .neTei<Topa, rrpose.neHbi HCIIbi

TaHHH 3JieMeHTOB IJ;HJIHH,npHtleci<OrO Cll;HHTHJI

Jl.fiu;HOHHOrO ro,nOCI<OIIa, BbiiiOJIHeH 60JiblllOH 

06'beM MOHTa:>KHbiX pa60T B H3MepHTeJibHOM 

IlaBHJlbOHe, B TOM tiHCJie YCTaHOBJieHbl ,nBa 

AOMHI<a 3I<CIIepHMeHTaTOpOB. 

6. YcTaHOBI<a "Anbcpa-3C" rrepe6a3Hposa

Ha B 3I<CIIepHMeHTaJibHbiH 3aJI I<Oprryca 205, 

B I<OTOpOM AJIH Hee o6opy,nOBaHa 3I<CIIepHMeH

TaJibHaH 30Ha C yt~eTOM HCIIOJlb30BaHIDI 

B 3I<CIIepHMeHTax ,nsyxiiJieqeBOH CHCTeMbl 

perHCTpau;HH rrpo,nyi<TOB peai<IJ;HH. 

7. llOJIHOCTblO 3aBepllleH MOHTa:>K 3Jiei<TpO

TeXHHtleci<OrO o6opy.noBaHIDI ycTaHOBI<H 

"CJIOH", HatlaTa I<OMIIJiei<CHaH HaJia,ni<a Mo,ny

JIH, rrpe,nHa3HatleHHOrO AJIH C03AaHlffi MarHHT

HOrO rroJIH c HarrpH:>KeHHOCTblO -50 Tn B o6'be

Me -3-5 CM3 
• ,llJIH ,nHarHOCTHI<H IIYtiKa B I<aHa

Jie 6biCTporo BbiBo.na pa3pa,6oTaHa u;H<j:lposa.H 

rrepe,naiOIUaH TeJieBH3HOHHaH I<aMepa Ha OCHOBe 

ll3C-MaTpHu;bi13 3 ~ 

8. lfccne,noBaH rroporoBbiH qepeHJ<osci<HH 

CtleTtiHI<, pa,nHaTOp I<OTOpOrO BbiiiOJIHeti B BH,ne 

I<lOBeTbl (200x400x60 MM), 3aiiOJIHeHHOH pa

CTBOpOM aMHHo-r-coJIH B BO,ne. ,llHaiia30H 

rrpeo6pa30BaHIDI qepeHI<OBCI<OrO H3JiytleHIDI 

A = 400-550 HM, o6ecrret~HBanacb xopollla.H 3cp

<j:lei<THBHOCTb CBeToc6opa B rrpe.nenax pa6ot~eii 

o6nacTH 13 4 1• Ct~eTtiHI< HCIIOJib3osancH B cocTa

se ycTaHOBI<H CKA 13 5 1 .nnH H,neHTH<j:IHI<au;HH 

qacTHu; H opraHH3au;HH TpHrrepa. 

9 . 3arrymeH B 3I<CIIJiyaTau;HIO Ha rryt~I<ax 

CHHXpo cpa30TpOHa O,nHOIIJietleBOH MarHHTHbiH 

CIIei<TpOMeTp C H3MeHHeMOH reoMeTpHeH -

CMC M rY13 6 1• «l>H3Ht~eci<a.H rrporpaMMa 3I<crre

pHMeHTOB Ha CMC MrY cocpe,noTot~eHa Ha 

HCCJie,nOBaHHH OC06eHHOCTeH cpparMeHTau;HH 

H rror nomeHIDI a,o;poHoB B cy6'hH,nepHbiX 

MaClllTa6ax. OcHOBHhiMH 3JieMeHTaMH ycTaHOB

I<H, co3,naHHOH crreu;HanHcTaMH MrY, HBJIHIDTCH 

MHOrO I<aHMbHbiH CQHHTHJIJI~HOHHbiH ro,no

CI<OII, HMelOIUHH I<OOp,nHHaTHOe pa3peweHHe 

-1 M M , CHCTeMa Cll;HHTHJIJI.fiiJ;HOHHbiX H qepeH

I<OBCI<HX ,neTei<TOpOB, o6eciietiHBai01UaH OT60p 

co6hiTHH C 38,naHHOH I<HHeMaTHI<OH Ha ypoBHe 

TpHrrepa. 

1 0 . · llpe,nnO:>KeHa H 3I<CIIepHMeHTaJibHO 

OIIp060 BaHa MeTO,nHI<a a6cOJIIOTHOrO MOHHTO

pHpOBaHIDI IIYtii<OB BbiCOI<OH HHTeHCHBHOCTH 

( OT 1 1 2 tlaCTHIJ;/HMIIYJibC H BbiWe) , OCHOBaH

HaH H a perHCTpau;HH 3apH:>KeHHbiX tlaCTHIJ; 

B y3I<OM <j:loT03MYJibCHOHHOM cnoe, rrepece

I<aiOIUeM rrpH Bpa.tu;eHHH rryqoi< qacrHIJ;, c o.nHo

speMeHHOH perHCTpau;HeH HeHTpOHOB, B03HH

I<alOIUHX OT IIYtii<OBbiX H BTOpHliHbiX tlaCTHIJ; 

B 6noJ<e I<OHBepTopa. B rrepBbiX :>Ke OIIbiTax 

rrpH MOHHTopHpoBaHHH rryt~I<OB p, d, 4 He, 
1 2 

C ,nOCTHrHyTa TOliHOCTb - 2%, liTO He .fiBJI.fieT

C.fi rrpe,neJIOM I 3 7 1. 3THM MeTOAOM MO~O 
I<aJIH6p OBaTb ,npyrHe CHCTeMbl, HCIIOJib3yeMbie 

,nJI.fi OIIp e,neJieHIDI a6COJIIOTHOH HHTeHCHBHOCTH. 

11. lfccne.nosaHa B03MO:>KHOCTb rro.nasne

HIDI a,npOHHOrO <j:loHa C IIOMOIUblO CHCTeMbi, 

COCTOHIUeH H3 "ai<THBHOrO" I<OHBepTopa H3 

CBHHIJ;OB OrO CTeKJia, qepeHI<OBCI<HX raMMa

CIIei<TpOMeTpOB H Cu;HHTHJIJl.fill;HOHHOrO CtleTtiH

I<a ,nJIHHOH 1 M, IlpOCMaTpHBaeMoro C TOp

ll;OB .nBYMH cpOTOYMHO:>KHTeJI.fiMH H pa6o

TaiOIUero B pe:>KHMe dE/ dx 13 8 I. lf3MepeHIDI 

IlpOBO,nHJIHCb Ha IIytii<e Tr- -Me30HOB C HMIIyJlb

COM 2 r3B/c, co,nep:>KaiUHM 6% 3Jiei<TpOHOB. 

OT6op co6biTHH B cu;HHTHJIJIHIJ;HOHHOM ct~eT

tiHI<e II0 3B011HeT B 14 pa3 IIOAaBJI.fiTb a,npOHbl 

IIpH 3cpcpei<THBHOCTH perHCTpau;HH 3Jiei<TpO

HOB ~90%. llpH BbiCOI<HX H CBepXBbiCOI<HX 

3HeprHHX MO:>KHO ,nOCTHrHYTh TOtiHOCTH IIpO

CTpaHCTB eHHOro pa3peWeHIDI B H3MepeHHH 

"crnona" 3Jiei<TpOMarHHTHoro JIHBHH ax y :::!!! 

"" 1 CM ,nJI.fi CHCTeM C "ai<THBHbiM" I<OliBep

TOpOM H a X y"" 1 MM - AJIH CBHHIJ;OBO

Cll;HHTHJIJI.fiiJ;HOHHbiX "C3H,nBHtleH", ecJIH H3Me

pHTb I<OOp,nHHaTbl CTBOJia JIHBH.fi ,nJIH I<aJK,nO

ro cnoH. 
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Bblqi1CJII1TEJibHAH TEXHI1KA, 3JIEKTPOHI1KA, 
IIPOrP AMMHOE OBECllEqEHI1E 

1. IIpe.D;nO)I(eH npoeKT BhiCOKonpoH3BO
.IJ;HTenhHOH MHOronpm~eccopHOH CHCTeMbl 13 9 I. 

OcHOBHaJI uenb npoeKTa - C03.D;aHHe BhNHCnH
TenbHOH CHCTeMbi HH3KOH CTOHMOCTH CO CKOpO· 
CTbiO o6pa60TKH B HecKOnbKO ,IJ;ecHTKOB MHn
nHOHOB onepauH:H B ceKYHAY. CHcTeMa, no 3a
Mhicny aBTopoa, cnoco6Ha o6ecnetJHTb pewe
HHe WHpOKOrO Kpyra 3a,IJ;aq o6pa60TKH .IJ;aH
HhiX CO cneKTpOMeTpOB <f>H3HKH BhiCOKHX 
3HeprH:H. 0Ha BKniOtJaeT 70 MHKponpoueccopoa 
MOTOPOJIA-68020, noMeiUeHHhiX B VME
KpeHThi, KOTOpbie COe,IJ;HHeHbl C UeHTpanbHOH 
3BM, pacnpe.D;enHIOIUe:H 3a.IJ;aHHH .D;nH npo
ueccopoa H o6ne.IJ;HHHIOIUe:H nonyqeHHhie pe-
3ynhTaTbi. 

2. B 1987 r. npoH3owno WHpoKoe ocHa
meHHe 3KcnepHMeHTanbHhiX rpynn nepcoHanb
HhiMH 3BM THna "Ilpaaeu-16" npOH3BO.D;CTBa 
HPB H ocaoeHHe 3THX ycrpo:HcTB .D;nH o6pa-
6oTKH 3KCnepHMeHTanbHbiX .IJ;aHHbiX, BhmOnHe
HHH pactJeTHhiX pa6oT no pa:mHtJHhiM TeMa
THKaM, 3a,IJ;aq aBTOMaTH3auHH npoeKTHpOBa
HHH. BenHCb pa3pa6oTKH 3neKTpOHHKH CBH3H 
II3BM c 3KcnepHMeHTanbHOH annapaTypo:H. 
Pa3pa6oTaHa cTpyKTypa KOHTponnepa Kpe:HTa 
KAMAK H3 .IJ;Byx 6noKoa: HHTep<f>e:Hca II3BM 
H 6noKa HHTep<f>e:Hca MarHcrpanH 14 0 1• B Ka
qecTBe nocne.IJ;Hero Hcnonb30BaH cepH:HHo Bhi
nycKaeMhiH B 011HH: 6noK KK 007. CBH3b 
c WHHOH II3BM ocymecTBnHeTcH qepe3 a.IJ;an
Tep, B KOTOpOM HCnOnh30BaHhl ,IJ;Be BI1C 
napannenbHoro nepH<f>epH:HHoro ImTep <f>e:Hca 
KP580BB55A. BhiCTpo.D;e:HcTBHe l<OHTponne
pa no KaHany npHMOrO .IJ;OCTyna CO~TaBnHeT 
3 + 4 MKc/cnoao. KoHTponnep MO)I(eT Hcnonh-
30BaTbCH c pa3nHtJHhiMH II3BM 141 1 • PH.D; 
pa3pa6oToK annapaTyphi H nporpaMMHoro 

o6ecneqeHHH ,IJ;nH pa60Thl C MHHH- H MHKpo-
3BM ("3neKTpOHHKa-60", MERA-60/45 , 
"MHKpo-8", CM-4, PDP-11/70) onHcaH a pa-
6oTax /4 z - 5 o 1. 

3. BnepBbie B 011JII1 C03.IJ;aHhl CHCTeMa 
H MO.IJ;ynH B COBpeMeHHbiX Me)I(.IJ;yHapO.D;HbiX 
CTaH.D;apTax VME H F ASTBUS, tJTO o6ecne
tJHaaeT nepexo.IJ; Ha KatJeCTBeHHo HOBhiH ypo
aeHb annapaTyphi .IJ;nH <f>H3HtJeCKHX HCCne.IJ;OBa· 
HHH. IlpHMeHeHHe CTaH.D;apTa VME no3BOnHeT 
BKniOtJHTh B 3KcnepHMeHTanbHhie ycTaHOBKH 
BbltJHCneHHbie MOIUHOCTH, 3KBHBaneHTHbie 
no npOH3BO.IJ;HTenbHOCTH COBpeMeHHbiM cynep
KOMnbiOTepaM. 11cnOnh30BaHHe CTaH.D;apTa 
F ASTBUS no3BOnHeT ocymeCTBHTb perHcTpa
UHIO .IJ;aHHhiX CO cneKTpOMeTpoB B 25 pa3 
6hiCTpee, tJeM CHcTeMa KAMAK, npH o,IJ;Ho
apeMeHHO CaMOH HH3KOH CTOHMOCTH KaHana 
perHCTpaQHH tJaCTHU. 

CHcTeMa B CTaH.D;apTe VME npHMeHeHa 
B nynhTe ynpaaneHHH ycKopHTenH CIII1H, 3TO 
npHBeno K yBenHtJeHHIO CKOpOCTH o6pa60TKH 
.IJ;aHHbiX npH ynpaaneHHH HCTOtJHHKOM nHTa
HHH ycKopHTenH a 250 pa3 15 1 1

• B cHcTeMe 
Hcnonb30BaHhi Mo.IJ;ynH VME: HHTep<f>e:Hc WH
Hhi Q-bus, naMHTb 0,5 M6a:HT, nocne.IJ;OBaTenb
HhiH MHKponpoueccopHhm HHTep<f>e:Hc. Pa3pa-
6oTaHa H H3roToaneHa wHHa VME H co3,u,aH 
Kpe:HT VME c HCTOtJHHKOM nHTaHHH <f>Hp
Mhi POLON. 

CHCTeMa B CTaH.D;apTe F ASTBUS pa3pa-
6oTaHa .D;nH perHCTpaQHH aHanorOBOH HH<f>op
MauHH B C03.IJ;aBaeMOM cneKTpOMeTpe 
"C<f>epa". B CHCTeMe HCnOnb3yeTCH MO.IJ;ynb 

· 16-KaHanhHoro 8-pa3pH.D;Horo 6hiCTporo AUII 
a CTaH.D;apTe F ASTBUS, CBH3aHHhiH qepm 
HHTep<f>e:Hc FIORI c 3BM "3neKTpoHHKa-60". 

COBEPlliEHCT BOBAHI1E YCKOPI1TEJibHOA: BA3bl JIABOPATOPI111, 
C03,UAHI1E H YKJIOTPOHA, KPI10rEHI1KA, CBEPXIIPOBO,UI1M OCTb 

1. BhmonHeH PM pa6oT no coaepweH
CTBOBaHHIO CHHXpO<f>a30TpoHa KaK yCKOpHTenH 
penHTHBHCTCKHX H nOnHpH30BaHHbiX H,D;ep, 
ynyqweHHIO HCTOtJHHKOB MHOr03apH.D;HbiX 
HOHOB H H.D;ep H .D;pyrHX CHCTeM yCKOpHTenH. 
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06ecnetJeH HOBbiH pe)I(HM pa60Thl C TOtJHOH 
perynHpOBKOH 3HeprHH BHYTPeHHero nytJKa 
B .IJ;Hana3oHe 0,1 + 1,0 r3B, KOTOpbiH 6bm 
HCnOnh30BaH B 3KCnepHMeHTe no npeUH3H
OHHOMy H3MepeHHIO ynpyroro pp-pacceHHHH. 



Orpa6oraH pe:>KHM 3axBaTa nyqKa noCJie 6ec

crpyKTypHoro Me,nJieHHOrO BblBO.ZJ;a, KOTOpbiH 

AaJI B03MO:>KHOCTb yBeJIH'IIHTb K03$$HUHeHT 

O.ZJ;HOBpeMeHHOCTH npoBe,D;eHHR 3KCnepHMeH· 

TOB. Pa3pa6oTaHa CHCTeMa ,ll;BOHHOH CTa6HJIH· 

31mHH MarHHTHOrO nOJI.fl B CHHXpO$a30TpOHe, 

liTO nOBbllllaeT CTa6HJibHOCTb BblBO.ZJ;HMbiX nyq

KOB. YBeJIHileHa HHTeHCHBHOCTh ny11Ka noJIRpH-

30BaHHbiX ,o;eHTPOHOB .0:0 -1x109 qacmu/UHKJI. 

llpO,D;OJI:>KaJIOCb COBepweHCTBOBaHHe 3JieKTpoH • 

HO·JiyqeBbiX HOHH3aTOpOB KPliOH, B TOM 

llHCJie HX aBTOMaTH3aQHH 15 2 I. llpe.n;npHH.RTa 

nonhiTKa onpe.o;eneHHR nonocLI H30JIHpOBaH

HhiX CyMMOBblX pe30HaHCOB TpeTberO H lleT· 

BepTOrO nop.R,D;KOB npH 6eTaTpOHHOM .ZJ;BH:>Ke

HHH 3apR:>KeHHblX llaCTHU B UHKJIHileCKHX 

YCKOpHTeJIRX 15 3 1• ilOJIYileHbl COOTHOWeHHR, • 

n03BOJIRIOlliHe OUeHHTb WHpHHy nOJIOCbl H Bpe

M.fl pa3BHTHR yKa3aHHbiX pe30HaHCOB. Co3.o;a

Ha HHrepaKTHBHa.a nporpaMMa pacqeTa KaHa

JIOB TpaHcnopTHpOBKH nyllKOB Ha 3BM 

CM-4 15 4 1• llporpaMMa no3BOJI.ReT BblllHCJIRTb 

orH6arowHe nyqKa, nono:>KeHHe op6HTLI, a-, 
(3-, 'Y·<f>YHKUHH, ,D;HCnepcmo H ee npoH3BO,D;· 

Hyro H T • .o;. Pe3yJlbTaTbi pacqera Moryr npe.o;

CTaBJIRThCR B rpa<f>H~~eCKOM BH,D;e Ha UBeT

HOM TeJieMOHHTOpe H rpa<f>onOCTpOHTeJie 

H B aJI$aBHTHO·UH$pOBOM BH,D;e Ha 3KpaHe 

repMHHana HJIH neqararoweM ycrpo:HcTBe. Bnep

Bbie ocyweCTBJieHO OTKJIOHeHHe nyqKa peJIR

THBHCTCKHX .R,o;ep 3a ClleT KaHaJIHpOBaHHR 

B H30rHyTOM MOHOKpHCTaJIJie15 51 • llyllOK 

yCKOpeHHbiX B CHHXpO$a30TpoHe .R,D;ep yrne

po,o;a C HMnyJibCOM 53 r3B/c OTKJIOH.RJIC.fl 

H30rHy TbiM MOHOKpHCTaJIJIOM KpeMHH.fl (pa3-

Mepbl rmaCTHHKH 20x10x0,28 MM) Ha yron 

(65 ± 1) x10- 3 pa,o; . C nOMOWblO 3TOH :>Ke 

annaparyphi ocymecTBJieHo OTKJIOHeHHe nyqi<a 

npOTOHOB c HMnyJibCOM 8,9 r3B/c Ha yron 

(65 ± 1)x10- 3 pa.o;1561 • 

CHHXpO$a30TpoH B 1987 r. OTpaOOTaJI 

4054 qaca, H3 HHX Ha $H3HilecKHH 3KCnepH· 

MeHT - . 337 4 qaca, Ha COBepWeHCTBOBaHHe 

CHCTeM YCKOpHTeJI.fl - 397 qacoB. llyqKH 

ycKopHTeJIR 6LmH HcnOJlb30BaHbi 6onee qeM 

14 r p ynnaMH 3KcnepHMeHraropos OIUI:H 

(JIB3, JIHll, JIBTA), a TaK:>Ke IUI:H AH CCCP, 

:HA3 HM. li.B.Kypqarosa, MrY H .o;p. 

2 . CyweCTseHHbie 3Tanbi 3asepweHbi a pa-

6orax no co3,o;aHmo csepxnposo.n.amero cHH

xporpoHa - HyKJioTpoHa. 3aKOHileHo npoH3-

so.o;CTs o MO.ZJ;yJieH BaKyyMHO·KpHOCTaTHOH CH· 

CTeMbl KOJibUa YCKOpHTeJI.R, ocywecTBJieHa 

nposep Ka HX Ha repMeTHilHOCTb . BLmOJIHeH 

nOJIHbiH KOMnJieKC 3JieKTpHileCKHX, BaKyyM

HbiX, KpHoreHHbiX, MarHHTHblX HCnbiTaHHH 

rOJIOBHbiX cepHHHbiX o6pa3UOB .ZJ;HnOJibHbiX 

MarHHTOB, no pe3yJibTaTaM KOTOpbiX CKOp· 

peKTHp OBaHa TeXHOJIOrHR cepHHHOro HX npo

H3BO.ZJ;CTBa H KOHTpOJI.R, ocyweCTBJieHa ,D;OBO.ZJ;· 

Ka H3,o;enH:H · .o;o ypoBHR, y.o;osneTBopmomero 

KOMnJieKcy Tpe6oBaHHH Ha,D;e:>KHOH 3KCnJiya

TaQHH H KaqeCTBa MamHTHoro noJIR. Co3.ZJ;aHbi 

ynyqweHHbie npHcnoco6JieHHR .nn.a npoH3BOA

crsa cs epxnposo.o;.amero Ka6eJIR, H3rorosne

Ho 6onee 500 MeTpos Cll-Ka6en.a .nn.a o6Mo

roK MarHHTOB. Orpa6oraHa MeTO.ZJ;HKa npeuH-

l:brOTOBneHHe CBepxnpOBOJlJI~ero K&6eJIJI AJIII OOMOTOK MarHHTOB HyKnOTpOHa. 
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liCIIbiTilHHII H& CTeH.lle MO.Ityneu M&rHHTHOH CHCTeMbi HyKJIOTpOHa. 

3HOHHbiX MarHHlHbiX H3MepeHHH Ha OCHOBe 

rapMOHHlleCKOrO aHaJIH3a C HCnOJib30BaHH eM 

HH.D;YKUHOHHbiX .n;aTliHKOB, o6ecneliHBalOIUaR 

TOliHOCTb OlHOCHTeJibHbiX H3MepeHHH 3cpcpeK

THBHOH .D;JIHHbl MarHHTOB H HeJIHHeHHOCTH n OJIR 

He xy:>tre 1 o- 4 
, a TaK)f(e KOppeKI.UiH aCHM

MeTpHH norrR no pe3yrrLTaTaM "Tenrrh i X" 

MarHHlHbiX H3MepeHHH. 

BbmorrHeH 6oJiblliOH o61>eM pa6oT no 

co3.D;aHHIO KpHoreHHOH 6a3hi HYKJIOTpo Ha. 

3asepllleH no,n;rOTOBHTeJibHbiH MOHTa)f( MeTarr

JIHlleCKHX cpepM, H OCHOBHOe o6opy.D;OBaHHe 

rerrHeBhiX O)f(H)f(HTerreii THna KrY-1600/4,5 
llaCTHliHO pa3MemeHO B KOpnyce lB. llocrp oe

HO 3.D;aHHe KOMnpeccopHOH, H HallaT MOHTa)f( 

KOMnpeccopOB. BbinOJIHeH p.R,n; HCCJie,n;o Ba

HHH HOBhiX 3JieMeHTOB O)f(H)f(HTen eli Ha cy

mecrsyJOmeii ycraHoBKe KrY-1600/4,6. c ue

JibJO noJiylleHH.R .D;aHHbiX 06 HX Ha.D;e)f(HOCTH. 

llpoaHaJIH3HpOBaHa 3KOHOMH11eCKaR Herreco o6-

pa3HOCTh norryt~eHH.R ra3oo6pa3Horo reJIH.R H3 

B03,n;yxa npH nonymoM H3BJielleHHH 15 71 • llp e.n;

JIO)f(eH HOBhiH cnoco6 pa3.n;erreHH.R r errHii

HeOHOBOH CMeCH, n03BOJI.RlOI.r(HH O.n;HOBpeM eH

HO noJiyllaTb KaK liHCTbiH HeOH, TaK H liHCTbiH 

rerrHH. llo C03.D;aHHIO BbiCOKOllaCTOTHhiX Y CKO

p.RIOI.r(HX CTaHuHH .D;JI.R HYKJIOTPOHa: CMOH TH

pOBaH HCnhiTaTeJibHbiH CTeH,n;, 3aKOHlleHbl HCDbi

TaHH.R 3a,n;ruomero reHepaTopa, o6ecneq eHbi 

Heo6xo.D;HMhiH ,n;Hana3oH nepeKpbrrHR no tracTo

Te (0,6 + 6,1 MPu) H cTa6HJibHOCTh. B errHch 

pa60Tbl no CHCTeMe nHTaHH.R MarHHTOB H JIHH3, 

CHCTeMe ynpasrreHH.R H KOHTpoJI.R. BhlnOJIHeH 
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pR,n; pactreTOB no .D;HHaMHKe nytrKOB B HyKJio

TpoHe H CHCTeMaM HH)f(eKr(HH H BbiBO.D;a 

nytrKOB. 

3. llpose.n;eHbi .n;sa ceaHca OXJia)f(.D;eHHR 

MarHHTHOH CHCTeMbi CHHHa H HCcrre.n;osa

HHR pe)f(HMOB ee pa60Tbl. 0UeHeHbl nOTepH 

HHTeHCHBHOCTH nytrKa npOTOHOB B HH)f(eK

r(HOHHOM KaHane CllHHa 15 81 , H Ha OCHOBe 

aHarrH3a pe3yJihTaToB "Tenrroro" H "xorro.n;

Horo" 3anyCKOB YCKOpHTeJIR npe.D;JIO)f(eHa ero 

MO.D;HcpHKar(H.R C r(eJiblO yBeJIHtleHH.R HHTeH

CHBHOCTH nytrKa Ha BXO.D;e B KOJlbr(O 

CHHXpOTpOHa. 

4. llorrytreH p.R.D; ,n;pyrHX pe3yJibTaTOB 

B o6JiaCTH KpHoreHHKH H CBepxnpoBO.D;HMO

CT.H, HMelOIUHX 3HatreHHe KaK .D;JI.R HCnOJib30Ba

HH.R npH C03.D;aHHH YCKOpHTeJieH, TaK H B 6orree 

IliHpOKOH o6JiaCTH npHMeHeHHH. 06c~eHbl 

npeHMyiUeCTBa H B03MO)f(HOCTH HCnOJib30BaHH.R 

csepxTeKytrero rerrH.R B Katrecme xrra.n;areHTa 

.D;JI.R CBepxnpOBO.D;.Rl.r(HX ycrpOHCTB 15 9 I. llpose

a:eHO H3MepeHHe BOJibT-aMnepHbiX xapaK'I'epH

CTHK B npHCYTCTBHH crra6oro MarHHlHOrO no

JI.R (.n;o -0,2 3) npH TeMnepaType 1,85 K Ha 

o6pa3ue KOMn03Hmoro nposo.n;a NbTi-Cu 16 0 1 • 

llpe,n;JIO)f(eH cnoco6 yrrytrllleHH.R xapaKTepHCTHK 

na.RHhiX coe,n;HHeHHH KOMn03HTHbiX CBepxnpo

BO.n;HHKOB, H npHBe.D;eHbl H3MepeHH.R HX 3JieK

TpOCOnpoTHBJieHH.R B pa3JIH11HbiX BapHaHTax 

HcnorrHeHH.R npH T = 4,2 K B MarHHTHhiX no

JI.RX .n;o 6 Trr 16 1 1 • 



llPMKRAAHhlEMCCRE~OBAHHH 

1. P8.3pa6oTaH, HcCJie,D;OBaH H BBeAeH 

B 3KCIIJiyaTaQHIO O,IUIOMepHbiH aBTOMaTH3Hpo

BaHHbiH ,D;eTeKTOp JI~-1 A.JI.fl peHTreHOBCKOH 

,D;HQ>paKTOMeTpHH MOHOKpHCTa.JIJlOB . I1pH60p 

<l>YHKUHOHHpyeT Ha JIHHHH C MHKpo3BM, 

npe,D;H8.3HaqeH A.JI.fl HCCJie,D;OBaHH.fl MOHOKpH· 

CTaJIJIOB npH CBepXBblCOKHX ,naBJieHHRX (pa6o

TaeT B MHcrHryTe KpHCTa.JIJlOrpaQ>HH AH CCCP). 

Pa6oqHii p8.3Mep ,D;eTeKTopa - 120x20 MM, 

npocTpaHcmeHHoe p8.3peiiieHHe 100 MKM, 

' 6biCTpo,D;eiicmHe 3x105 co6./c. 3Q>Q>eKTHB

HOCTh perHCTpaQHH raMMa-H3JiyqeHH.fl B ,D;Ha

n8.30He 5 + 20 K3B cocTaBJI.fleT 80%. P8.3pa6o

TaH, HCCJie,D;OBaH H BBe,D;eH B 3KCIIJiyaT3UHIO 

aBTOMaTH3HpOBaHHbiH peHTreHOBCKHH ,D;ByMep

HbiH ,D;eTeKTop AP~-3, npe,D;H8.3HaqeHHbiH A.JI.fl 

perHCTpaQHH B QHQ>pOBOM BH,D;e AHQ>paKQHOH

HOH KapTHHbl OT nOJIHKpHCTaJIJIHqecKHX H TeK

crypHpOBaHHbiX o6p8.3QOB. 06J.Qee qHCJIO 3Jie

MeHTOB p8.3peiiieHH.fl AHQ>paKQHOHHOH Kap

THHbl 256x256 = 64000, 6biCTpo,D;eHCTBHe -

P83pa6aTblsaeMbie B Jia6opaTopHH asToMaTH3HposaH

Hbie npH60pbi H8 OCHOBe KOOpAHH8THbiX AeTeKTOpOB 

H3nyqeHHH H8XOWIT 3$$eKTHBHOe npHKn&AHOe npH· 

MeHeHHe. Ha CHHMKax: nHHeiDu.IH 8HanH38TOp JI-10 
WlR Hep83pyWaJOII.lero KOHTpOJVI p&AHOXpOMaTOrpaMM 

(BHH3y), C03A8HHbiH B COTpYAHHqeCTse CO cneQHaJIH

CTaMH UHM3T (A:eHa, r,UP); HCDbiTaHHR HOBOH MH()o 

rOCTynesqaTOH naBHHHOH KaMepbi HH3KOrO AaBneHHR. 
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3x105 co6./c npH yposHe npoct~eTOB He 6onee 

20%. .[(HQ:lpaKQHOHHaH KapTHHa Q:lopMHpyeTC.fl 
s 6yQ:>epHo:H naM.RTH eMKOCTbiO 64 K en os 
H npe,D;cTasn.aeTc.a Ha UBeTHOM TB-MoHHTope. 
Oco6eHHOCTbiO ,ZJ;eTeKTopa AP.U-3 .asn.aeTc.a 
BbiCOKaH O,D;HOpO,Zl;HOCTh 3Q:lQ:leKTHBHOCTH pe
rHCTpllUHH r- H Ka·H3nyt~eHHR no sce:H nnow;a,n;H 
,ZJ;eTeKTopa16 2 1• Pa3pa6oTaH H Hccne,ZJ;OBaH 

pa,D;HoxpoMaTorpa<P P.U-4, OCHOBaHHbiH Ha 
,ZJ;ByMepHOH MHOroczyneHllaTOH naBHHHOH Ka· 

Mepe HH3KOrO ,Zl;aBJieHHR. llpH6op Q:lyHKUHO· 
HHpyeT Ha JIHHHH C MHKpo8BM H 3TITIJI-2 
H npe,D;Ha3HalleH ,ZJ;n.fl 3Kcnpecc-aHanH3a p a,D;Ho

xpoMaTorpaMM, MelleHhiX 3 H, 14 C, 32 P. Oco-
6eHHOCThiO npH6opa .fiBnReTC.fl BhiCOKOe npo
CTpaHCTBeHHOe paapemeHHe (nyqme 1 MM) pa
,ZJ;HOaKTHBHhiX 30H xpoMaTorpaMM. Pa6o11a.a 

1. Aleev A.N. et al. JINR, El-87-265, Dubna, 1987. 
2. EanoHR E.B. u op. OHJlH, PJ-87-340, J(y6Ha, 

1987. 
3. EaiwHR E.B. u op. OHJlH, Pl-87-523, J(y6Ha, 

1987. 
4. EanoHR E.B. u op. OHJlH, Pl-87-807, J(y6Ha, 

1987. 
5. EanoHJI E .B. u op. OHJlH, Pl-87-849, J(y6Ha, 

1987. 
6. EanoHR E .B. u op. OHJlH, PJ-87-792, J(y6Ha, 

1987. 
7. Ea.t~ouH A.M., Ke'le'laH A .O., blax6a:JJIH E .A . -

B c6. : KparKue coo61J4eHW1 OHJlH, Nl12(22)-87. 
J(y6Ha: OHJlH, 1987, c.4. 

8. Ap.MyTIIUilcKu J(., Ea.t1oUH A.M. u op. - B c6. : 
KparKue coo61J4eHWI OHJlH, N°4(24)-87, J(y6Ha: 
OHJIH,/987, c.5. 

9. Ea.tiOUH A.M. u op. OHJlH, Pl-87-552, J(y6Ha, 

1987. 
10. Ap.Myr11uucKu JL u op. OHJlH. PI-87-97, J(y6Ha, 

1987. 
11. ApMyr11uucKu u op. OHJlH. Pl-87-471, J(y6Ha, 

1987. 
12. Ap.Myr11uucKu 1!. u op. OHJlH, PI-87-2 7. J(y6Ha. 

1987. 
13. Ap.MyTIIUUCKU JL u op. OHJIH, Pl-87-423, J(y6Ha, 

1987. 
14. AHowuH A.H., t!Jaoee8 H.r .• qennaKoe A./1. OHJlH, 

PJ-87-439,J(y6Ha, 1987. 
15. A611ee8 B.r. u op. OHJlH, Pl-87-374, J(y6Ha, 1987. 
16. Ableev V.G. et al. JINR, El-87-246, Dubna, 1987. 
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nnow;a,Zl;b ,ZJ;eTeKTopa 200x200 MM2 • TipH6op 

nepe,D;aH BO BpeMeHHOe nonb30BaHHe B IiHCTH· 

TYT Q:lH3HKH HUHH: (XaHo:H). 

2. Co3,ZJ;aHO yHHBepcanbHoe YCTPOHCTBO 
,ZJ;n.fl TennoQ:lH3HlleCKHX H3MepeHHH B renHeBOM 
,Zl;biOape. YcTpo:Hcrso BhmoJIHeHo s BH,ZJ;e scTas
KH ~ 39 MM, norpy:>KaeMOH B renHeBhiH ,Zl;biOap 
c IIIHpOKo:H ropnosHHo:H. Ha oCHose 3Toro 
ycTpOHCTBa pa3paOOT8Ha 3KCnpeCCHaH MeTO· 
,Zl;HKa H3MepeHHR TennonpOBO,Zl;HOCTH MaTepHa
nOB. B HHTepsane TeMnepaTyp 5 + 13 K H3Me
peHhl y,ZJ;enbHhie TennonpOBO,Zl;HOCTH Hep:>KaBeiO
w;e:H CTanH MapKH 12x18H10T, 3neKTpOTexHH· 
lleCKOH CTanH 8-310, 3llOKCH,Zl;HOrO KJie.fl MapKH 
8.[(-8 H ,D;pyrHx MaTepHanos. A6coniOTHa.R no
rpeiiiHOCTb MeTO,Zl;HKH OUeHHBaeTC.fl -2% 16 3 1 • 

JIHTEPA 1YPA 

17. Apxuno8 B.B. u op. OHJIH, Pl-87-271, J(y6Ha, 
1987. 

18. AzaKuwue8 F.H u op. OHJlH, Pl-87-442, J(y6Ha, 
1987. 

19. Miller K. et al. JINR, EJ-87-362, Dubna, 1987. 

20. A8oeu'luK08 B.B. u op. OHJlH, Pl-87-369, 
Pl-87-509, Pl-87-609, PJ-87-709, J(y6Ha, 1987. 

21. Avramenko S. et al. JINR, El-87-337, Dubna, 1987. 
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nABOPATOPHH 
.H)lEPHbiX llPOBnEM 

0CHOBHOH 3a,IJ;at~e:H Jla6opaTopHH .H,D,epHbiX 
npo6neM B 1987 ro.u.y .HBJI.HJIOCb npose.u.eHHe 
3KCnepHMeHTaJibHbiX HCCJie,IJ,OBaHHH B o6n aCTH 
<I>H3HKH 3JieMeHTapHbiX t~aCTHU Ha ycKOpHTeJI.HX 
H<l>B3 H .u.pyrHx !f>H3Ht~ecKHX ueHTpos, a TaKJKe 
BbiDOJIHeHHe 3KCnepHMeHTOB Ha nyt~Kax !fla30-
TpoHa OHHH. Hccne.u.osaHH.H no <I>H3HKe 
BbiCOKHX 3HeprHH npoBO,IJ,HJIHCb Ha llleCTH 
KPYnHhiX ycTaHOBKax, pacnonoJKeHHhiX Ha 
nyt~Kax ycKopHTeJI.H Y-70 a IlpoTBHHo: ''rH
nepoH", C:HrMA-AHKC, MHC-2, "Ilpo3a -
IlOJI.HpHMeTp", ",[J;HMe3oaTOMbi" H "He:HTpHH
HbiH .u.eTeKTop". Ha nyt~Kax !fla3oTpoHa OHHH 
c 3HeprHe:H 680 M3B BhiDOJIH.HJIHCb 3KcnepH
MeHThi no lPH3HKe npoMeJKyTO'IHbiX 3HeprHH, 
H3yt~ewmo peaKQHH MIO-KaTaJIH3a, HCCJie,D,OBa
HHIO C nOMOUJ;biO J..LSR-MeTO,IJ,a o6pa3QOB BbiCO
KOTeMnepaTypHbiX CBepxnpoBO,IJ,HHKOB, H3yt~e
HHIO peaKQHH p + 2p Ha .H,D,pax H npHMeHeHHlO 
nyt~KOB 3ap.HJKeHHbiX 'laCTHU ,IJ,JI.H Jiy t~eBOH 

TepanHH. B 1987 r. Ha Bhise.u.eHHoM nyt~Ke 
npoToHoB scTynHn B .u.e:HcTBHe KPYnHhlli 
KOMnJieKC 3KCnepHMeHTaJibHbiX YCTaHOBOK 
HCHAIIII, npe.U.Ha3Hat~eHHhiH ,IJ,JI.H Hccne.u.o-
BaHHH no .H,D,epHOH cneKTpoCKOOHH. 

Bhma npose.u.eHa 6oJibllla.H pa6oTa no 
nO,IJ,rOTOBKe npe,D,JIOJKeHHH HOBbiX 3KCnepHMeH
TOB Ha YHK H<l>B3. CornacoBaHHa.H c H<l>B3 
nporpaMMa nepsoot~epe,D,HhiX 3KcnepHMeHTaJib
HhiX Hccne.u.oBaHHH OHHH Ha YHK BKJIIOt~aeT 
C03,1J,aHHe 6 KpynHhiX yCTaHOBOK, B n.HTH H3 
HHX npHHHMaiOT aKTHBHOe yt~aCTHe COTpy,D,HHKH 
JIHII. 3To npoeKTbi "Ilapyc - HernyH", 
MAPC - MtiC, 'Tn10oH", "He:HTpHHHhiH .u.e
TeKTop", YK.n;. 

Yt~eHbie Jla6opaTopHH npHHHMaJIH aKTHB
Hoe yt~aCTHe B KpynHhiX 3KCnepHMeHTax, 
npoBO,IJ,HMbiX B QEPHe. 3To, B nepsy10 O'le
pe,D,b, HCCJie,IJ,OBaHH.H Ha BCTpe'IHbiX nyt~Kax 

LEP no nporpaMMe 3KcnepHMeHTa DELPHI. 
B 1987 r. 3aKoHt~eHa 6onhma.H nporpaMMa 
MaCCOBOrO npOH3BO,IJ,CTBa H HCnhiTaHHH ,IJ,eTeK
TOpOB a.n;poHHoro KanopHMeTpa DELPHI H 
MOHTaJK ero B UEPHe. 

Hat~aThi pa6oThi no HOBOMY cosMeCTHOMY 
OHHH - QEPH 3KcnepHMeHTY PS-201, QeJibiO 
KOTOporo .HBJI.HeTC.H H3y'leHHe 3KCKJII03HBHbiX 
peaKQHH B3aHMO,IJ,eHCTBH.H aHTHnpOTOHOB H aH
THHeHTpoHOB C HyKJIOHaMH H .H,IJ,paMH Ha ny'I
Kax ycKopHTeJI.H LEAR. 

HAHBOJIEE BAJKHhiE 3KCIIEP11MEHT AJibHhiE PE3YJibTAThl, 

llOJIYtiEHHhiE B 1987 r. 

IIPOBEPKA IIPE,[J;CKA3AHH3 KX,[J;. 
<l>H3HKA JIErKHX KBAPKOB 

B cosMeCTHOM 3KCnepHMeHTe OHH H -
H<l>B3 (IlpoTBHHo) Ha ycraHosKe Cl1rM A -
AHKC H3yt~eHa HHKJII03HBHa.H peaKUH.H Hc
nycKaHH.H KYMYJI.HTHBHhiX npoTOHOB s o B3a
HMo.u.e:HCTBH.HX rr-, K", p c .H,D,poM Be npH 
40 r3B/c I I I . 0Ka3aJIOCb, 'ITO Bepo.HTHOCTH 

o6pa30BaHH.H KYMYJI.HTHBHhiX npoToHOB so 
B3aHMO,IJ,eHCTBH.HX KaOHOB H nHOHOB npH6JIH-
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3HTeJibHO O,IJ,HHaKOBbl (eM. pHC. 1), TOr,IJ,a 
KaK ,IJ,JI.H aHTHOpoTOHOB 3Ta BepO.HTHOCTb cy
m;eCTBeHHO 6onhme. HeoJKH,IJ,aHHO 6onbllla.H 
seJIH'IHHa cet~eHH.H o6pa30BaHH.H KYMYJI.HTHB
HhiX npOTOHOB B pA-B3aHMO,IJ,eHCTBH.HX yKa-
3hmaeT Ha cym;ecTBOBaHHe cneUH!f>Ht~ecKoro 

MexaHH3Ma poJK,D,eHH.H KYMYJI.HTHBHhiX npoTo

HOB B pA-B3aHMO,IJ,eHCTBHH. 
B cosMeCTHOM 3KcnepHMeHTe OHHH -

H<l>B3 (IlpoTBHHo) Ha yCTaHOBKe "Ilpo3a -
IJOJI.HpHMeTp" BbiDOJIHeHhl H3MepeHH11 ,D,H!fl-



<l>epeHLU~an&HhiX ceqeHHH: KB83HynpyroH: nepe-
3ap.JmKH 1r- -Me30HOB na ~pax yrnepo.n:a npH 
HMnyn&ce 39,1 r3B/c 12 1• li3yqanHCb peaKUHH 
THna 1r-C + M

0 
+ *C, r.n:e M

0 = 1f 0-,17-·,17 '(958)-, 
W (783)- H f 2 (1270) -Me30Hbi. .l(nR KIDK,Il;OH 
peaKIUfH nonyqeua 3aBHCHMOCTb "3CP$eKTHB· 
uoro 3ap~a" ~pa yrnepo.n:a Z e ff OT nepe
.n:aunoro HMnyn&ca (eM. pHc. 2). BenHliHHa 
Z e ff onpe.n;enReTCR KaK 

~ff = 
da/dt(1f-C+M0 +"C) 

da/dt(1f- p + M 0 n) 

llonyqeHH&Ie pe3yn&TaT&I ananH3Hposa
nHc& B paMKax CTaH.D:aPTHOH rnay6epoBCKOH 
MO,Il;enH (nyHKTHpHbie nHHHH Ha pHC. 2), a TaK
:>Ke C HCnon&30BaHHeM no,nxo,na 13 1, B KOTOpoM. 
3$<PeKTbi pacnpe.n;eneHH.R ~eTa s HaJieTaiOtneM 
a,npoHe paCCMaTpHBaiOTC.R TOn&KO B nepBOM 
nop~Ke, 6e3 yqeTa nepepacce.RHH.R na nyKno
nax ~pa (cnnowu&Ie nHHHH na pHc. 2). BH.D:Ho, 
qTQ B OTnH~e OT rnay6epoBCKOrO npH6JIH:>Ke
HHR MO,Il;en& C yqeTOM 3CP$eKTOB ~eTa 13 1 

R 

4 

2 

<Rz>• 2,2Jt0,19tO,I3 
1-+-+--

0 ~---~~---~------~-------L------~ 
100 200 300 

TK. H3B 

Puc. 1. OTHoweHHII HHKJD03HBHhiX HHBapHaHTHhiX 
ce'leHHH .tina pa3JIH'IHhiX nll.llaJOIUHX qa~ B sasucu
MOCTH OT KHHeTH'IeCKOH 3Hepi'HH KyM}'niiTHBHhiX 
npoTOHOB. nuHHH - CpeAHeB3BeWeHHhJe 3Ha'leHHII 
OTHOWeHHH no BceMy 3HepreTH'IeCKOMY JUiana30HY. 

,naeT nyqwee cornacHe c 3KcnepHMeHTan&HhiMH 
.D:aHHbiMH: 6onee 6&ICTp&IH: poCT Z eff npH 
ne6on WHX t. · 

Puc. 2. 3<P$eKTHBHhiH sapJIA JIApa yrnepo.u.a Z eff s peaKQHIIX nepes~RAKH 1f- C + M0 + C, r.u.e M0 = 1f0
-, 17-, 

17(958)-, w(783)- H r3 (1270)-MeSOHbl. CnnoWHhle nHHHH- pac'leThl 1 c yqeToM ~KTOB pacnpe.u.eneHHII 
QBeTa B HaneTaJOweM ll,llpoHe, HO TOnbKO B nepBOM npH6nH)I(eHHH, 6e3 paCCMOTpeHHII nepepacceiiHHII Ha ftYK• 
noHax RApa. lliTpuxoshle nHHHH - pacqeT no Mo.u.enu rnay6epa. 
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PHc. 3. 38BHCHMOCTh nonHpH38I{HOHHmi aCHMM eTpHH 

A B peaKIUfH 1T- p + 1T 0 1T 0 n oT 3IPIPeKTHBHoii M aCChi 

CHCTeMhl 1T 0 1T 0 AJIH pa3nH'IHhiX HHTepsanoa n o nepe

.llaHHOMy HMnyn&cy It 114 1• 

Ha ycTaHOBKe "llpo3a-llonnpHMeTp " no

JiyqeHbi TaK)Ke HOBbie ~aHHbie no H3Mep eHHJO 

aCHMMeTpHH B peaKQHH 1T- p + 1T 0 1T 0 n Ha no

JIHpH30BaHHOH BO~Opo~HOH MHilleHH i:tpH HM· 

nyJibCe 39,1 r3B/c 14 
I. KaK B~O H3 pHC. 3, 

npH It I, MeHbllleM, qeM 0,2 {r3B/c) 2 , aCHM· 

MeTpHH A 1T o 1T o -cHcTeMbi oTpHuaTeJibHa so 

BCeM H3yqaeMOM ~Hana30He 3¢l¢leKTHBHbiX 

Mace. A6coJIIOTHoe 3HaqeHHe A sapbHp yeTcn 

OT 0 ~o 30-40%. B HHTepsane I tl - 0,2 -
0,4 {r3B/c) 2 BeJI.Hq.HHa H 3HaK aCHMMeTpHH 

B o6nacTH f 2 -Me3oHa H Ha rpaHHue Maccosoro 

cneKTpa o~HHaKOBbi. llpH OOJiblllHX t cTaTHC· 

THqecKHe OIIIH6KH He n03BOJIHIOT 0~03HaqHO 

onpe~eJIHTb 3HaK acHMMeTpHH. B u enoM 

ycpe~HeHHOe 3HaqeHHe aCHMMeTpHH B 0 6JiaCTH 

Mace 600-1100 M3B coCTasJIHeT A= - (13± 
± 5) %, TOr~a KaK B 06JiaCTH f2 (1270) • H 
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f 4 (2030) -Me30HOB aCHMMeTpHH cyruecTBeHHO 

Bbiille H ~OCTHraeT 30%. 
Ha ycTaHOBKe CM:rMA-AJIKC BbinOJIHeHbi 

npeUH3HOHHbie H3MepeHHH ceqeHHH ynpyroro 

1T- p- H K-p-paccenHHH npH HMnyJibCe 

43 r3B/c 15 1
• XopolllaH CTaTHCTHqecKaH Toq

HOCTb 3KCnepHMeHTa n03BOJIHJia nposeCTH 

~eTaJibHoe cpasHeHHe ~q,q,epeHUHaJibHhiX ce

qeHHH: 1T- p- H K-p-ynpyroro paccenHHH s ~a
na3oHe 0,2< ltl <1,4 {r3B/c) 2 .B 3TOM HH· 

Tepsane no t OTHOilleHHe ~H¢l¢lepeHUHaJibHbiX 

ceqeHHH 1T- p/K-p MeHHeTCH OT 1,2 ~0 0,7. 
CeqeHHH CTaHOBHTCH pasHbiMH npH t = 

= ( -0,65± 0,10) (r3B/c) 2 • BbmonHeHa npo

sepKa rHnoTe3bi reoMeTpHqecKoro CKeHJIHHra, 

cornacHo KOTopoH: ~H¢l¢lepeHQHaJibHbie ceqe

HHH ynpyroro 1T· H K-paccenHHH ~OJI)KHbi 6biTb 

O~HaKOBbiMH, eCJIH HX OTHOpMHpoBaTh Ha 

OnTHqeCKHe TOqKH H OTJIO)KHTb OTHOCHTeJibHO 

nepeMeHHOH t · a t 0 t , r~e at 0 t - noJIHoe 

ceqeHHe. CymecrneHHoe ysenHqeHHe TOqHOCTH 

H3MepeHHH: no3BOJIHJIO o~H03HaqHO yTsep*· 

~aTb, qTo rHnoTe3a npocToro reoMeTpHqecKoro 

CKeHJIHHra He BbinOJIHHeTCH npH 43 r3B/c H 

ceqeHHH 1T- p- H K-p-pacceHHHH HeB03MO)KHO 

OnHCaTb O~HOH YHHBepCaJibHOH ¢lYHKQHeH. 

06pa6oTKa ~aHHbiX co cneKTpoMeTpa 

PHCK no3BOJIHJia noJiyq.HTb HOBbie pe3yJibTaTbi 

no H3yqeHHIO ~poH·H~epHbiX B3aHMO~eHCTBHH 

c 6oJiblllHMH p 1
16 

'
7 1

, a TaK*e no ~poHHOMY 
H 'Y·COnpOBO~eHHIO npHMbiX ~MIOOHOB IS I. 

I13MepeHbi yrJIOBbie H HMnynbCHbie pacnpe~e

JieHHH BTOpHqHbiX 3apH)KeHHbiX qaCTHU B 

1T- p-, 1T- d- H 1T- C-s3aHMo~eH:cTBHHX npH 

38 r3B/c C o6pa30BaHHeM qacTHU C nonepeq

HbiM HMnyJibCOM p 1 OOJibllle 1 r3B/c, BbiDeTaiO· 

IUHX no~ yrJIOM 90° B C.U.M. nHOH·HyKJIOH 16 1
• 

06Hapy)KeHO npOHBJieHHe HeKOTOpbiX xapaKTe

pHCTHK ")KeCTKOro" coy~apeHHH ~poHHbiX 

COCTaBJIHIOIUHX: BTOpHqHbie qaCTHUbl HMeiOT 

TeH~eHUHIQ BbmeTaTb s nonyc¢lepy, npoTHBO· 

nOJIO)KHYIO HanpasJieHHIO TpHrrepHOH qaCTHUbi, 

CO cpe~HHM 3apMOM, KOMneHCHpyiOIUHM 3a· 

PM qaCTHUbi c 6oJiblllHM p 1. BMeCTe c TeM yse

JIHqeHHe q.HCJia npoToHos, conposo~aiOIUeecn 

yMeHbllleHHeM HaKJioHa p 1-pacnpe~eneHHH: H 

aCHMMeTpHH a3HMYTaJibHbiX yrJIOBbiX pacnpe

~eJieHHH npH B3aHMo~eHCTBHH c MpoM, yKa-

3biBaeT Ha 3aMeTHyiO ponb BHYTPHMepHbiX 

nepepacceHHHH HaJieTaiOIUero ~poHa npH o6-

pa30BaHHH qaCTHU C 60JiblllHM p J... l13yqaJIOCb 

TaK*e o6pa3osaHHe K~-. A- H A-qaCTHU npH 

B3aHMo~eHCTBHH 1TC MpaMH C, Cu, Pb npH 

38 r3B/c B co6biTHHX c 60JiblllHMH P1 171
• 



cPepeHI:UiaJI&HbiX ceqeHHii KBil3HYnpyroii nepe-
3ap~KH 1f- -Me3oHoB Ha ~pax yrnepo.n;a npH 
HMnyJI&Ce 39,1 r3B/c 12 1

• H3yllaJIHCh pea~ 
THna 1f- C + M

0 
+ *C, r.n;e M

0 = 1T 0-,17--,17 '(958)-, 
W (783)- H f 2 (1270) -Me30Hhi. .[(n.R Ka)l()l;OH 
peaK~H llOJiylleHa 3aBHCHMOCTh "3<l><l>eKTHB
HOrO 3ap~a" ~pa yrnepo.n;a Z e ff OT nepe
.n;aHHoro HMnyn&ca (eM. pHc. 2). BeJIHqHHa 

Z e ff onpe.n;en.ReTC.R KaK 

~ff = 
da/dt(1T-C+M0 +"C) 

da/dt(1f-p+ M 0 n) 

llonyqeHH&Ie pe3yJI&TaTLI aHaJIH3Hposa
JIHC& B paMKax CTaH.n;apTHOH rnay6epoBCKOH 
MO)l;eJIH (nyHKTHpHbie JIHHHH Ha pHC. 2), a TaK: 
)Ke C HCllOJih30BaHHeM llO)l;XO)l;a 13 

I, B KOTOpoM 
3<l><t>eKTbi pacnpe.n;eneHH.R QBeTa B HaJieTaiOtneM 
a,ll;poHe paCCMaTpHBaiOTC.R TOJihKO B nepBOM 
nop~Ke, 6e3 yqeTa nepepacce.RHH.R Ha HyKJio
Hax ~pa (cnnowH&Ie JIHHHH Ha pHc. 2). BH.n;Ho, 
liTO B OTJIHilHe OT rnay6epoBCKOrO npHOOH)Ke

HH.R Mo.n;en& c YlleTOM 3Q>clleKToB QBeTa 13 1 
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PHc. 1 . OTaoweHHR HHKJD03HBHhiX HHBapHaHTHhlx 
cet~emdi MR pa:mH'DihiX na,tuuou.gcx 'I&C'l'HU B SIIBHCH
MOCTH OT ICHHeTH'IeCKOH 3Hepnm KYMYnRTHBHhiX 
npoTOHOB. RHHHH - cpe.llHeasaeweHHhle saaqeHHR 
OTHOWeHHii no BceMy 3HepreTHqecKOMY .llllana:30HY. 

.n;aeT nyqwee cornacHe c 3KcnepHMeHTan&HbiMH 
)l;aHHbiMH: 6onee 6&ICTpbiH pocr Z eff npH 
HeOOJihWHX t. 

PHc. 2. 3$cPeKTHBHhlii sap.IIJl RApa yrnepoAa Z eff B peaKUHJIX nepes~.IIJlJCH 1f- C + M 0 + C, rAe M 0 = 1T 0
-, 17-, 

17(958)-, w(783)- H f 3 (1270)-MesoHhl. CnnoWHhle nHHHH - pacqeTJol 1 c yqeToM 3<PcPeKTOB pacnpe.o;eneHHJI 
UBeTa B HaneTBJOweM a.D;poHe, HO TOnhKO B nepBOM npH6nH:x<eHHH, 6es paCCMOTpeHHR nepepaCceJIHHJI Ha HYK· 
noaax RApa. illTpaxoahle nHHHH - pacqeT no MOAenH rnay6epa. 
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PHc. 3. 3asHCHMOCTb nonRpH38UHOHHOH aCHMM eTpHH 

A B peaKIUfH 1T-p+ 1T0 1T 0 n OT 3!l>!l>eKTHBHOH Macc&I 

CHCTeM&I 1T 0 1T0 AJJR pa3nH'IHbiX HHTepaanoa n o nepe

~aHHOMY HMnyn&cy It 114 1• 

Ha ycTaHOBI<e "llpo3a-lloJIRPHMeTp " no
Jiyt~eHbi Tai<)Ke HOBbie naHHbie no H3MepeHHIO 
&CHMMeTpHH B peaKQHH 1T- p + 1T 0 1T 0 n. Ha no
JIRpH30BaHHOH BonoponHOH MHUieHH npH HM
nyJibCe 39,1 r3B/c 14 

I. KaK BH,nHO H3 pHC. 3, 
npH It I, MeHbUieM, lleM 0,2 {r3B/c) 2 , aCHM
MeTpHR A 1T o 1T o -cHcTeMbi oTpH~aTeJI&Ha Bo 
BCeM H3yllaeMOM nHana30He 3$$eKTHBHbiX 
Mace. A6coJIIOTHoe 3HalleHHe A Bap&HpyeTCR 
OT 0 no 30-40%. B HHTepBane It! - 0,2 -
0,4 {r3B/c) 2 BeJIHliHHa H 3HaK aCHMMeTpHH 
B o6JiaCTH f2 -Me3oHa H Ha rpaHH~e MaccoBoro 
cnei<Tpa onHHaKOBbi. llpH 6oJI&UIHx t cTaTHC
THt~eci<He OUIH6KH He n03BOJIRIOT O,nH03HaliHO 
onpenenm& 3HaK acHMMeTpHH. B ~enoM 

ycpenHeHHOe 3HalleHHe aCHMMeTpHH B o6JiaCTH 
Mace 600-1100 M3B coCTaBJIReT A= - (13± 
± 5) %, Torna Kai< B 06JiaCTH f 2 (1270 )- H 
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f 4 (2030) -Me30HOB aCHMMeTpHSI cyJ.QeCTBeHHO 
BbiUie H nocTHraeT 30%. 

Ha ycTaHOBI<e CHrMA-ARKC BbmonHeHbr 
npe~H3HOHHbie H3MepeHHR cet~eHHH ynpyroro 
1T- p- H K-p-pacceRHHR npH HMnyJII>Ce 
43 r3B/c IS I. XopoUiaR CTaTHCTHlleCI<aR TOli
HOCTb 3I<CnepHMeHTa n03BOJIHJia npoBeCTH 
neTan&Hoe cpaaHeHHe nH<P<PepeH~HaJihHhiX ce
t~eHHH: 1T- p- H K-p-ynpyroro pacceRHHR B ,nHa
na3oHe 0,2 < ltl < 1,4 (r3B/c) 2

• B 3TOM HH
TepBane no t OTHOUieHHe nH$$epeHQHaJibHbiX 
CelleHHH 1T- p/K-p MeHR:eTCSI OT 1,2 no 0,7. 
CelleHHR CTaHOBRTCR paBHbiMH npH t = 
= ( -0,65± 0,10) (r3B/c) 2 • BbmonHeHa npo
Bepi<a rHnoTe3bi reoMeTpHt~eci<oro CI<eHJIHHra, 
cornacHo KOTopoH: nH<P<PepeHQHaJihHhie ceqe
HHR ynpyroro 1r- H K-pacceRHHR non)I(Hbi 6biTh 
O,nHHaKOBbiMH, eCJIH HX OTHOpMHpoBaTb Ha 
OnTHlleCI<He TOliKH H OTJIO)KHTb OTHOCHTeJibHO 
nepeMeHHOH t · a t 0 t , rne at 0 t - noJIHoe 
cet~eHHe. CymecTBeHHoe yBeJIHlleHHe TOliHOCTH 
H3MepeHHH: no3BOJIHJIO onHo3HaliHo yTBep)K
naT&, liTO rHnoTe3a npocToro reoMeTpHt~eci<oro 
CI<eHJIHHra He BbinOJIHSieTCSI npH 43 r3B/c H 
cet~eHHR 1T- p- H K-p-pacceRHHR HeB03MO)KHO 
onHcaTh onHoH: yHHBepcan&HoH: <PYHKQHeH:. 

06pa6oTI<a naHHbiX co cnei<TpoMeTpa 
P:HCK no3BOJIHJia noJiyliHTh HOBbie pe3yJI&TaTbi 
no H3ylleHHIO a,npoH-RnepHbiX B3aHMOneHCTBHH 
c 6on&UIHMH P1 16 

'
7 1

, a Tai<)Ke no anpoHHOMY 
H -y-conpOBO)K_neHHIO npRMbiX nHMIOOHOB IS I. 

l13MepeHbi yrJIOBbie H HMnyn&CHbie pacnpene
JieHHR BTOpHliHbiX 3apR)KeHHbiX llaCT~ B 
1r- p-, 1r~ d- H 1r- C-B3aHMoneH:cTBHRx npH 
38 r3B/c C o6pa30BaHHeM llaCT~ C nonepeq
HhiM HMnyJihCOM p 1 60JihUie 1 r3B/c, BbiJieTaiO
J.QHX non yrJIOM 90°B C.~.M. nHOH-HYKJIOH 161

• 

06Hapy)KeHo npoRBJieHHe HeKOTOpbiX xapai<Te
pHCTHK ")KeCTI<Oro" coynapeHHSI a,npoHHbiX 
COCTaBJISIIOJ.QHX: BTOpHliHble llaCTH~bl HMeiOT 
TeHneHQHIO BbiJieTaTh B nOJiyc$epy, npoTHBO
nOJIO)KHyiO HanpaBJieHHIO TpHrrepHOH qacTH~bi, 
CO cpenHHM 3apR,nOM, KOMneHCHpyiOJ.QHM 3a
pR,n qacTH~bi c 6oJihUIHM p 1· BMeCTe c TeM yBe
JIHlleHHe liHCJia npoToHoB, conpoBO)K_naiOJ.QeecR 
yMeH&UieHHeM HaKJioHa p 1-pacnpeneneHHH: H 
aCHMMeTpHH a3HMyTaJibHbiX yrJIOBbiX pacnpe
neneHHH npH B3aHMoneHCTBHH C R,npoM, yi<a-
3bmaeT Ha 3aMeTHyiO pOJib BHyTpHR,nepHbiX 
nepepacceRHHH HaJieTaiOJ.Qero anpoHa npH o6-
pa3oBaHHH llaCTH~ C 60JibUIHM p 1. J13yllaJIOCb 
TaK)Ke o6pa3oBaHHe K~-. A- H A-qacr~ npH 
B3aHMoneH:CTBHH 1TC R.npaMH C, Cu, Pb npH 
38 r3B/c B co6biTHSIX c 6oJihUIHMH P1 17 1

• 



0Ka38JlOC&, 'ITO xapaKTepHCTHKH po)I(.IJ;eHH.R 

crpaHH&IX llaCTHU B C06hiTHRX C 6oJI&lllHMH p 1 
B UeJIOM cyll(ecrseHHO He OTJIH'IIaJOTC.R OT po)f(

,D;eHH.R crpaHHbiX llaCTHU B MRrKHX a,D;poH

.R,ll;epHbiX coy,D;apeHHRX. :HcKJIJOlleHHe cocras

JI.ReT po)I(.IJ;eHHe i\ -rHnepoHa, sepo.RTHocr& Ko

Toporo OKa3&maeTC.R s ,D;Ba pa3a 6oJII>llle 

B C06biTH.RX C 60JiblllHMH p 1 . llpH HCCne,D;OBa

HHH ,D;HMJOOHHbiX nap s 1r C-s3aHMo,D;eH:crsHRx 

npH 38 r3B/c Bbi,IJ;eJieHbl co6biTH.R C pO)f(

,D;eHHeM J j'<{l.qacrHU 18 1
• C,D;enaHa oueHKa sKJia

,D;a B o6pa30BaHHe J j'<{l.qaCfHU pa,D;HauHOHHOH 

MO,ll;bl pacna,D;a X+ 'Y + Jf\{1, KOTOpa.R OKa38JlaCh 

paBHOH (0,5± 0,3). I13MepeHHoe OTHOllleHHe 

ceqeHHH po)I(.IJ;eHHR '<{I '/\{I JIYllllle cornacyeTC.R 

c ,D;aHHbiMH rpynn&r C:HrMA (:H<I>B3), 11eM 

c pe3yJII>TaTaMH, nony11eHHbiMH Ha cneKTpo

MeTpe OMEGA (UEPH) . 

YCTaHosKa C.HrMA-AHKC: o611Uiii BH.Il (cnpasa), 
c6opKa ceKUHH a.o;poHHoro KanopHMeTpa. 
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Ha cneKTpoMeTpe "rHnepoH" nowqeHI>J AaHHI>Je no 

HHKJJI03HBHOMY o6pa30BaHHIO K 5- H K*-Me30HOB, 

KOTOpbie CBHAeTen&CTByJOT 0 3HaqHTen&HOH ponH 

34l4leKTOB 3Kp8HHpoBaHHR UBeTa. 

Ha yCTaHOBKe 'THnepoH" B nenRx 6onee 
,IJ;eTaJibHOrO H3ylleHHR 06Hapy)l(eHHbiX paHee 
3Q>Q>eKTOB 3KpaHHpoBaHHR UBeTa ocymeCTBJIR· 
eTCR o6pa60TKa HeCKOJibKUX MHJIJIHOHOB TpHr· 
repOB B peaKUHRX HHKJII03HBHOrO o6pa30Ba

HHR Ha R.z:r;pax K~ -, K*- H f/ 0 -Me30HOB nHOHaMH 
c 3HeprHeii 10 r3B. 

lloJiylleHbl HOBbie pe3yJILTaTbl npH o6pa· 

6oTKe R.z:r;epHoii Q>oTo3MYJihCHH, noMemeHHoii 
B liYBCTBHTeJibHbiH o61>eM 15-Q>yTOBOH ny3blpb· 
KOBOH KaMepbl <l>HAJI (BaTaBHR), KOTOpaR 
6biJia 3KCflOHHpoBaHa Ha HeHTpHHHOM nyt~Ke 

WHpoKoro cneKTpa 3HeprHH - ,no 220 r3B 
( COBMeCTHbiH 0J1.RJ1 - <l>HAJI 3KCnepHMeHT 
E 564). BnepBbie noKa3aHO, uo B HeiiTpHH
HbiX B3aHMO,IJ;eHCTBHRX 3HaliHTeJibHaR llaCTb 

(0,58~8·2~> oqapoBaHHbiX A~-6apHOHOB po*· 
' 

.naeTcR t~epe3 pacna,nbl ~ c -pe30HaHCOB 19 1
• 3a

perHcTpHpoBaH pacna.n HOBoro ot~aposaHHoro 
6apHOHHoro pe3oHaHca ~;·(2450) Ha A~1r+. 
Onpe.neneHo cpe.z:r;Hee 3Hat~eHHe Maccbi MYJihTH· 
nJieTa ~ c (2450) -coCTORHHH, KOTOpaR COCTa
BHJia (2455± 22) M3B. 3aperHCTpHpoBaHbi 
cna6bie pacna,nbl A~ -6apHoHa H D-Me3oHoB, 
onpe,neneHbl HX MaCCbl H BpeMeHa )I(H3HH 11 

O 
1

• 

v 
PHc. 4. Pe3ynJ.TaTbl H3MepeHHA H30aeJ<TopHoro cpopMcl»aKTopa ~KJJoHa F 1 s 3KcnepHMeHTax no o6paTHOMY 

3JieiCTpopo*lleHHIO 1f·Me30HOB Ha npoTOHU (•, A), RAJ>U Li 11 
I (D) H C 112 

I (•) . CnnoWHaR KpHBaR

pe3ynJ.TaT pacqeTa no AHCnepcHOHHI>JM COOTHOWeHHRM 
11 3 
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3a.aepweHa o6pa6oTKa 3KcnepHMeHTanh
HbiX ,D;aHHbiX no HCCJle,D;OBaHHIO peaKUHH 
o6paTHoro 3neKTpopo)I(,Zl;eHIDI nHOHOB 11'+ +A+ 
+ e• + e- + X Ha H,D;pax nHTIDI H yrnepo
.na II 1 '1 2 1

• l13MepeHIDI npoBO,D;HnHCb Ha nHOH
HbiX nyqKax CHHxpo~HKnoTpoHa JIH.R<l> AH 
CCCP. llonyqeHa Ba:>KHaR HHQ>opM~.R o no
ae.neHHH Q>yH.D;aMeHTanbHOH aenH~bi- Q>opM
Q>aKTopa npoTOHa BO BpeMeHHnO,D;06HOH o6-
naCTH nepe,D;aHHbiX HMnynbCOB npH n.RTH 3Ha
qeHHHX k2 : OT 0,06 .no 0,23 {r3B/c) 2 . Pe-
3ynhTaTbi 3KcnepHMeHTa (eM. pHc. 4) Haxo
.D;HTC.R B y.D;OBneTBOpHTenbHOM COrnaCHH C TeO
peTHqeCKHMH pacqeTaMH, BbinOnHeHHbiMH 
B paMKaX ,D;HCnepcHOHHbiX COOTHOWeHHH II 3 I. 

BbmonHeH aHanH3 .D;aHHbiX, nonyqeHHbiX 
c noMOIUbJO ~HnHH.D;pHqecKoro MarHHTHoro • 
HCKpoaoro cneKTpoMeTpa npH noHcKe pacna
.na 11'+ + e• e• e- v 11 4 1 MH Haxo)I(,Zl;eHH.R orpa

HHqeHHH Ha BepOHTHOCTH 3K30THqeCKHX pac
na.D;OB 11' -Me30Ha. l13yqanHCb orpaHHqeHH.R Ha 
pacna.n 11'+ + e•va, r.ne a - nerKaR Hempanb
HaR qacT~a (HanpHMep, aKCHOH), H paCna,D; 
11'+ + p.- e• e + v c HecoxpaHeHHeM nemoHHoro 

~cna. lloKa3aHo 11 51 , qTo H3 pe3ynhTaToB 
3KCnepHMeHTa 11 4 

I MO:>KHO nony~Tb CHnbHbie 
orpaHHqeHH.R Ha napaMeTpbi "cTaH.D;aPTHOro" 
aKcHoHa, pacna.naromeroc.R Ha e• e- -napy: 

a TaK)f(e anepBbie o~eHHTb aepXHIOro rpaHH~Y 
HecoxpaH.RJOIUero nemoHt~oe ~cno pacna.na: 

HCCJIE,[(OBAHH.R llO .R.[(EPHOft 
CllEKTPOCKOllHHH <l>l13HKE 
llPOME)I(YTOl!HhiX 3HEPrHA 

BblnonHeH 3KcnepHMeHT no onpe.neneHHJO 
MaCCbl nOKO.R 3neKTpOHa 11 6 1

• C nOMOIUblO 
Ge(Li)-.neTeKTopa npH $a30BOM nepexo.ne "ao
.na - ne.n" Ha,D;e:>KHo Bbi,D;eneHa KoMnoHeHTa 
H3nyqeHH.R, COOTBeTCTBYJOIUaR aHHHrHn.R~H 

noKoameroc.R napano3HTpOHIDI. B oTnH~e OT 
o6menpHH.RTOH MeTO,D;HKH, HCTO~K n03HTpo
HOB 2 2 Na 6bm pacTaopeH B o61>eMe aHHHrHn.R
Topa H nHK HCCne,D;yeMOH KOMnOHeHTbl nony
qancH KaK pa3HOCTh aHHHrHn.R~HOHHbiX cneKT
pOB nb.D;a H BO,D;bl (CM. pHC. 5). l13MepeHHOe 
3HaqeHHe .D;n.R MaCChi 3neKTpoHa: m= (511,003± 
± 0,005) K3B, coana.naeT co cpe.nHeMHpoBbiM 
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Puc. 5. CneKTphi 'Y·KBaHTos oT aHHHrHJIHQHH no3HT· 

poHOB B BO.D;e H BO Jlb.D;Y, HH)I(H.fi.R KpHBil.R - p83HOCTb 

3THX COe KTpoB (a). 0TqeTJIHBO BH.D;Ha Y3Ka.R KOMDO· 

HeHTa aHHHI"HJI.RQHOHHOI"O DHKa Ha CHMMeTpHqaQM 

<fJoae, K OTOpa.R noKa3aHa a ysenuqeHHOM MacwTa6e 

Ha pHC. 6 . 

3HaqeHHeM m = (511,0034± 0,0014) K3B, KO
TOpoe nonyqeHo npH cornacoaaHHH pe3ynhTa
TOB pa3nH~biX 3KCnepHMeHTOB no H3MepeHHJO 
MHpoBbiX KOHCTaHT. B HaCTO.RIUeM 3KCnepH
MeHTe anepBbie npoae.neHo npHMoe H3MepeHHe 
MaCChi 3neKTpoHa, KoTopoe coanano co cpe.n
HeMHpoBbiM 3HaqeHHeM. 

llpoae.neHbi H3MepeHH.R cneKTpoa 3neKT
poHoB BHyTpeHHeH KOHBepCHH, 'Y-nyqei{ H 
n-coBna,D;eHHH npH pacna.ne I 

6 4 Tm (nepHO,D; 
nonypacna.na pa.aeH 2 MHH) 11 7 1

• llocTpoeHa 
cxeMa pacna.na 1 6 4 Tm + 1 6 4 Er. llpoae.neH 
aHanH3 OCHOBHOrO, 6eTa-, raMMa- H OKTy
nonbHO-BH6p~HOHHbiX cocTO.RHHH 1 6 4 Er. 

Ha ocHoae ycoaepmeHCTBOBaHHOH MeTo
.D;HKH o 6pa6oTKH 6eTa-cneKTporpaMM npoae
.neHbi HCCne,D;OBaHIDI cneKTpoB 3neKTpOHOB 
BHyTpeHHeH KOHBepcHH, nonyqaeMbiX Ha Mar
HHTHbiX 6eTa-cneKTporpaQ>ax 11 8 1 

• Onpe.ne
neHbi MynbTHnonhHOCTH y 61 nepexo.na a a.n
pax La, Gd, Tb, Dy, Ho, Er, Tm, Yb. ,[(na ne
pexo.noa CMeillaHHOH MynbTHnOnbHOCTH pac
C~TaHbl npHBe,D;eHHbie BepO.RTHOCTH H Q>aK
TOpbi 3anpeToB no BaiicKonQ>y. 
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.~ . ----------------------------------------------------------------------------------------------------............ .. 

llonylleHbi HOBbie pe3ynhTaThi no npor
paMMe coaMeCTHoro UEPH - 011.HH 3KcnepH
MeHTa PS-179. I13MepeHo celleHHe peaKUHH 
Heynpyroro B3aHMOAeHCTBH~ aHTHnpOTOHOB 
c renHeM (4 He (p,p') X) npH 180 M3B 119 1

• 

0HO OKa3MOCb paBHbiM (15,5± 2,9) M6 , liTO 
cocTaan~eT acero 6% OT nonHoro celleH~ 

HeynpyrHX peaKUHH a R . 3TO AOBOnhHO He-
06biliHO, nOCKOnhKY aHanOrHliHbie peaKUHH 
pa3Bana ~Apa 7r -Me30HaMH HnH npoTOHaMH 
HaMHOrO 6onee BepOmHhl H COCTaBn~lOT 

70-100% OT aR. llOKa3aHO, liTO CelleHHe peaK
UHH 6e3aHHHrHn~UHOHHoro pa3aana CHnhHO 
3aBHCHT OT napaMeTpa AH$$y3HOCTH Mpa, TO 
ecTb liYBCTBHTenbHO K xapaKTepHCTHKaM BHeW
HHX cnoeB MepHOH nnOTHOCTH. 

C03,llAHI1E HOBbiX .UETEKTI1PY10IU11X 
11 3JlEKTPOHHbiX CI1CTEM 

llOBblillEHHOA 3<l><l>EKTI1BHOCTI1 

Co3AaH H Hcnonh3yeTc~ a HccneAOBaH~x 
npouecca MlOOHHOrO KaTMH3a BbiCOK03$ $eK
THBHbiH ( 3$$eKTHBHOCTb 20%) CUHHTHnn~

UHOHHbiH cneKTpoMeTp HeHTpOHOB nonHoro 
norni)J.UeH~ Ha OCHOBe CUHHTHnn~TOpa 

NE-213 12 0 1
• XopowHe cneKTpoMeTpHlleCKHe 

KalleCTaa An~ 3HeprHH HeiiTpOHOB E = 1-6 M3B 
H BbiCOK~ 3$$eKTHBHOCTb perHCTpauHH HeHT
pOHOB COlleTaiOTC~ C HaAe)K}{hiM (n-r) -pa3Ae
neHHeM (Ha ypOBHe 10- 3

, HaliHH~ C 3HeprHH 
SneKTpOHOB 50 K3B). 

Hou&m ra30pa3pR.IUfhiH ~eTeKTop '18CTHI.l c ano~aMH 
B B~e wapHKOB, paOOTaiOII.lHH B C8MOraC.fiWeMCH 

CTpHMepHOM pe)l(l{Me . 
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Co3AaHa ABYXKOOpAHHaTH~ MHoronpoao
noliH~ KaMepa pa3MepoM 1x1 M , npeAHa3-
HalleHH~ An~ 3KCnepHMeHTOB no noHCKY 
ABOHHoro j3-pacnaAa 12 1 1

• llocKonhKY a TaKHx 
OnhiTax AeTeKTOpbi AOn)K}{bl HMeTb KaK MO)K}{O 
MeHhWe aemecTBa, liT06hi caecTH K MHHHMYMY 
3HepreTHlleCKHe noTepH 3neKTpOHOB, B AaHHOH 
KaMepe npHMeHeHhi KaTOAhi H3 npoaonoKH 
1/> 40 MKM, nOA06paHa ra30B~ CMeCb Ha OCHOBe 
renH~. I13MepeHHe KOOpAHHaThl llaCTHUbl BAOnh 
aHOAHOH npOBOnOKH npOH3BOAHTC~ no BpeMe
HH pacnpocTpaHeHH~ CHrHana BAOnh Hee . .lln~ 
ynyliWeHH~ TOliHOCTH H3MepeH~ KOOpAHHaThl 
npHMeHeHhi cneuHanhHhie <PopMHpyromHe 
3neKTpOAhi, TOliHOCTb onpeAeneHH~ KOOpAHHa
Tbl a nro6oii TO liKe KaMephi He xy:>~<e a< 2,5 MM. 

BnepB&Ie ocymecTaneH CHHTe3 KoMnneK
ca ~THBMeHTHOrO xpoMa B nonHOCTblO AeH
TepHpOBaHHOM nponaHOne, HCnOnb3yeMOM 
B AeHTepHeBOH 3aMOpo:>KeHHOH non~pH30BaH
HOH MHWeHH 12 2 1

• BnaroAap~ Bbi6opy 3Toro 
BeJ.UeCTBa YAMOCb AOCTHllb MaKCHMMbHOH 
non~pH3auHH . Co3AaHH~ AeHTepHeB~ non~

pH30BaHH~ MHWeHb 6hma ycneUIHO HCnOnh-
30BaHa B 3KCnepHMeHTax Ha yCTaHOBKe "llpo-
3a-llon~pHMeTp': MaKcHMan&H~ non~pH3auH~ 

AeiiTepH~ cocTaan~eT 42% npH none 2,1 Tn, 
BpeMeHH penaKCauHH nop~AKa 500 ll. 

.z:ln~ HCCneAOBaHH~ Me30aTOMHbiX H Me30-
MOneKyn~pHbiX npoueccoa, npoHcxoA~J.UHX 

B CMeCH H30TOnOB BOAOPOAa, pa3pa60TaHa 
H C03AaHa ycTaHOBKa, BKnlOllaiOJ.Ua~ B ce6~ 

ra30BYIO MHWeHh BbiCOKOrO AaBneHH~ C opH
rHHMbHbiM BeHTHneM H KpHocTaT 12 3 1

• YcTa
HOBKa n03BOn~eT pa6oTaTh C H30TonaMH 
BbiCOKOH liHCTOTbl ( CYMMapHOe COAep:>KaHHe 
npHMeCeH He npeBbiWaeT 10- 5 %) npH AaB

neHHH AO 1500 aTM. H B AHana30He TeMne
.PaTyp OT 20,4 AO 300 K. 

BhmonHeH 6onhwoii KOMnneKc MeTo
AHlleCKHx pa60T no BbiCOKOBOnhTHbiM HC
n&ITaHH~M 100000 nnaCTHKOBbiX CTpHMep
HbiX Tpy60K aApOHHOrO KMOpHMeTpa 
DELPHI 12 4 1

• lloKa3aHO, liTo Ha6nroAaere~ 
OTlleTnHBhiH 3$$eKT BbiCOKOBOnhTHOH TpeHH
pOBKH Tpy6oK, KOTOpbiH Bblpa:>KaeTC~ B yae
nHlleHHH pa6olleH o6nacTH (nnaTo) 6onee 
lleM Ha 300 B. lloKa3aHO, liTO nonHpoaKa 
noaepxHOCTH rpa$HToaoro KaTOAa nnacTH
KOBhiX CTpHMepHbiX Tpy6oK cymeCTBeHHO 
yaenHliHBaeT CTa6HnhHOCTb HX pa60Tbl 12 5 I. 

l13ylleHo BnH~HHe MarHHTHoro non~ Ha xapaK
TepHCTHKH caMorac~meroc~ cTpHMepHoro pe
:>KHMa, Hcnonh3yeMoro a Tpy6Kax KanopH-



MeTpa 1261
• lloKil3aHO, liTO B non.Rx nop.fi,ZJ;Ka 

10 Krc aap11,11; a cTpHMepe yMeHbwaeTc.R Ha 
HecKon&Ko npoueHTOB. B nepexo)J;HOH o6-
nacTH HanpiOKeHHH OT nponopUHOHan&HOrO 
pe*MMa K CTpHMepHOMy MarHHTHOe none 
npHBO)J;HT K yBenHqeHIUO BepO.RTHOCTH nepe
paCTaHH.fl naBHHbi B CTpHMep. 

Coa)J;aH HOBbiH rll3opll3p.R,Il;HbiH )J;eTeKTop 
qaCTHU, aHO)J;bi KOTOporo npe,ll;CTaBn.RIOT COOOH 
Ha6op wapHKOB )J;HaMeTpOM . 2 MM 12 7

.
1

• ,lle
Te:tqop pa6oTaeT B CaMOraC.RIUeMC.fl CTpHMep
HOM pe*MMe, HMeeT BbiCOKYJO 3Cfl<PeKTHBHOCTb 
H WHpoKoe nnaTO cqeTHOH xapaKTepHCTHKH. 
llpe,ll;en&Ha.fl CKOpOCTb cqeTa qaCTHU Ha O,IJ;HOM 
wapHKe 2,5 •104 C- 1

• llpHMeHeHHe WapHKO
BOrO aHO)J;a n03BOn.fleT C03)J;aBaTb Ha)J;e:>KHbJe 
)J;eTeKTOpbi cno:>KHOH <PopMbi, B TOM ~cne 
C ,IJ;BYXKOOpAHHaTHOH perHCTpaUHeH MHoroqac
TH~biX C06bJTHH. 

llpoao,ll;Hnac& 6on&wa.R pa6oTa no coa)J;a
Hmo HOBbiX 3JJeKTpOHHbiX 6nOKOB H CHCTeM, 
KOTOpbie o6ecne~BaiOT npoae,neHHe KpynHbiX 
<PH3HqecKHX 3KCnepHMeHTOB Ha COBpeMeHHOM 
TeXHHqecKoM ypoaHe. Co3)J;aHbi )J;ByxMepH&IH 
aHMH38TOp )J;n.fl KOppen.RUHOHHbiX H3Mepe
HHH12 8 1 H apeMeHHOH cneKTpoMeTp M.fl Ha6-
niO)J;eHH.fl apeMeHHOH cTpyKTyp&I nyqKoB 
<Pil3oTpoHa12 9 1

• Pa3pa6oTaHO 11 HOBbiX 6no
KOB B CTaH,Il;apTe KAMAK, B TOM ~cne HM
nyn&CHhiH UH<Ppo-aaanoroa&IH npeo6pll3oBa
Ten& Ha 8 6HT C 6biCTpo,ll;eHCTBHeM )];0 
30 Mru 13 0 

I, aBTOHOMHbiH KOHTponnep KpeH
Ta Ha ocHoae 16-pa3p.fi)J;Horo MHKponpouecco
pa KP1810 13 1 1

, KOHTponnep KpeiiTa M.fl 
nepcoHan&HOH 3BM "llpaaeu-16" 12 8 1• Hana
:>KeHo H nepe,ll;aao a pacnopR:>KeHHe <PH3HKOB-
3KcnepHMeHTaTopoa 456 aneKTpOHHbiX 6no
KOB B CTaH,Il;apTe KAMAK. 

C03,llAHME KPYnHbiX 3KCllEPHMEHT AJibHbiX YCT AHOBOK. 
COBEPIIIEHCTBOBAHHE CHCTEM CI»A30TPOHA. 
CI»H3HKA YCKOPHTEJIE:A 

Ha BhiBe)J;eHHOM nyqKe npoToHOB <Paao
TpoHa OH.RH aae)J;eH B )J;eiicmHe 6on&woii 
KOMnneKc 3KCnepHMeHTan&HbiX yCTaHOBOK 
AJI.fl HCcne,IJ;OBaHHH no 11,11;epHOH cneKTpOCKOnHH 
pa,ll;HOaKTHBHbiX HanyqeHHH (raMMa-ny~, KOH-

aepcHOHH&Ie aneKTpoHbi, a-qacTHUbi, aanll3)J;bi
aaromHe npoTOHbi H T.n.) OT KOpOTKO*HBY
IUHX, )J;aneKHX oT nonoc&I cTa6Hn&HOCTH pa.u.Ho
HYKnHAOB (KaK HeiiTpoHo)J;e<PHUHTHhix, TaK 
H HeHTpoHOH36bJTO~biX) C BpeMeHaMH nony-

OAHa H3 3KcnepHMeHTan&H&IX yCTaHOBOK KoMnneKca RCHAllll-2 - cneKTpoMeTp MYK - npeAHa3Ha'leHa WIR 

HCcne~OHaHHR yrnOBbiX KOppenRUHH npH pacnue piU1H08KTHBHbiX R~ep. 
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BBe.D.eH B ,D;eHCTBHe KOMIIJJeKC .RCHAllll·2 ,llJJJI npos e,D;eHHR WHpoKOI"O Kpyra HCCJie,D;OB8HHH no .RAepHOH cneKTpo
CKODHH Ha nyqKe DpoTOHOB $830TpoHa. Ha CHHMKU: : nynn ynpasneHHR M8CC-cenapaTOpoM (ssepxy) H MHWeH· 
HIUI KOMH&Ta. 

pacna.n;a ,ZJ;o 0,1 c. KoMIUieKc cocroHT H3 MH

weHHOH CTaHJ.UiH, lleTbipeXKaHaJihHOrO MaCC

cenapaTopa, HeCKOJihKHX opHrHHaJihHhiX M ar

HHTHhiX cneKTpOMeTpOB C noJiynpOBO,ZJ;HHK O

BbiMH ,ZJ;eTeKTOpaMH BbiCOKOrO 3HepreTHileCK O

ro pa3peweHIDI (t.E(-y) = 1-2 K3B,t.E(e- ) = 

= 0,5-2 K3B); OH OTKpbmaeT WHpOKHe nepc

neKTHBbl ,ZJ;JIH HCCJie,ZJ;OBaHHH no H,D;epHOH 

cneKTpOCKOnHH H n03BOJIHeT KpoMe H3ylleHIDI 

3HepreTHilecKHX cneKTpOB pa3JIHilHbiX H31Iy

lleHHH HCCJie,ZJ;OBaTh HX BpeMeHHbie H yrJIOBhie 

KOppeJI.IntHH. 
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J-f3rOTOBJieH H BBe,ZJ;eH B 3KCnJiyaTaQHJO 

HOBbiH BbiXO,ZJ;HOH KaCKa,zJ; reHepaTopa pac

TH>KKH nOBbiWeHHOH MOUUiOCTH <Pa30TpOHa, 

liTO no3BOJIHJIO yseJIHilHTh HanpH>KeHHe Ha C-
3JieKTpo,D;e ,ZJ;o 20 KB H 3a cqeT 3Toro noBhiCHTL 

Ko3<P<P~mHeHT nepe3axsaTa nyllKa ,ZJ;O 70%. 
BhmOJIHeHbi pa6oTbi no noBbiWeHmo Ha.n;e>KHoc

TH OT,ZJ;eJI&HhiX y3nos ycKopHTeJIH. Pecypc 

HOHHOrO HCTOilHHKa yBeJIHileH ,ZJ;O 45 ll, BaKyyM

HbiX YIUIOTHeHHH pOTOpa BapHaTopa - ,ZJ;O 

2000 11. YcKopHTeJI& oTpa6oTan Ha 3KcnepH

MeHT 4010 q (npH nJiaHe 2950 11) npH cpe,D;HeH 



HHTeHCHBHOCTH BbiBe,n;eHHbiX nytJKOB nporo

HOB 2 MKA ,li;JIH HepaCTHHyTOrO nytJKa H 

1,2 MKA - ,n;JIR pacTRHyToro 13 2 •3 3 1 • 

TeopeTHtJecKHe HCCJie,n;osaHHR, npose,n;eH

Hbie B OT,D;eJie HOBbiX yCKOpHTeJieH JHill, no

Ka3aJIH B03MO:>KHOCTb HCnOJib30BaHHR H30Xp0H· 

HbiX UHKJIOTpOHOB ,n;JIH o,n;HoBpeMeHHoro ycKo-

ITPMKll~HMEMCCllE~OBAHMH 

B:&monHeH pR,n; HHTepecHbiX pa6oT no npH

MeHeHHlO J..LSR-MeTo,n;a ,n;JIH HCCJie,n;oBaHHH no 

<l>H3HKe KOH,ll;eHCHpoBaHHbiX cpe,n;, B TOM tJHCJie 

no H3ytJeHHlO CBOHCTB BbiCOKOTeMnepaTypHbiX 

csepxnposo,n;HHKOB. TaK, ,n;JIH BbiCOKoTeMnepar 

TYPHoro csepxnposo,n;HHKa La1 ,s 7-Sr0 ,13 -Cu-04 
H3MepeHa <l>YHKUHH ,n;enoJIHpH3aQHH nOJIO)KH

TeJI:&HbiX MlOOHOB 13 5 1
• llOKa3aHO, liTO CBepx

npoBO,li;HMOCTb He H3MeHR:eT pacnpe,n;eJieHHe 

R,n;epHbiX MarHHTHbiX noneH, ,n;eHCTBYlOinHX 

Ha MlOOH. M3MepeHa TeMnepaTypHaR 3aBHCH

MOCT:& CKOpoCTH penaKCaQHH CnHHa MlOOHa a. 
Ha pHc. 6 npHBe,n;eHa 3aBHCHMOCT:& a (T) npH 

OXJIIDK,D;eHHH o6pa3Qa B nOCTOHHHOM none

peliHOM MarHHTHOM none H = 200 8. nocTo

RHHOe 3HatJeHHe a= 0,13 MKC- 1 npH T > Tc 

OTBet~aeT ,li;HnOJibHOH penaKCaQHH He,n;H<l><l>YH· 

peHHR npOTOHOB H OTpHQaTeJibHbiX HOHOB 

aToMapHoro so,n;opo,n;a 13 4 1
• 8KcnepHMeHTaJib

Ho 3TO 6:&mo ocymecTBJieHo Ha ycKopHTene 

Y-120M MHcTHTyTa R,n;epHOH <l>H3HKH tiCAH 

.B pe3 yJI:&TaTe COBMeCTHbiX HCCJie,li;OBaHHH, Bbl· 

nonHeHH:&Ix <l>H3HKaMH nnn OMHM H 

MHCI> tiCAH. 

6. -1 
~KC 

Q5 

0 0,5 

NbJAl 
• H1 =2853 
o H

1
=623 

-l=T/Tc 

Puc. 6 . TeMIJepaTypH8JI 3aBHCHMOCTL CKOpoCTH pe· 
n&KC&UHH CilHH& MIOOH& G AJIJI BLICOKOTeMIJepaTyp

HOrO CBepxnpoBOIJ,HHK& Lal 87 -Sr0 13 -Cu-0 4 H CIIIlaB& 

Nb 3AI. ' ' • 

B 3KcnepuMeHTax no MJO·K&T81JH3Y ucnonL3yercR r&30B8JI ~emepues8JI MHWeHL, pacc'IHTaHH8JI aa ~asneaue 
1,5 K6ap. 
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B oocras 3KCDepHMeHT&JIWioro KoMnneKca "Mlo-cnHH" 
Mil HCC1IeAOB8HHH KOHAeHCHpoB8HHbJX CpeA C no· 

MOlllbJO J.!SR·MeTOA8 BXOAHT YCT8HOBK8 "MarMJO" 
co CBepxnpoBOARlllHM ooneHOHAOM Ha 6 Tn. Ha CHHM· 

Ke cneBa : MOHTII)I( CHCTeMbJ OXJIII)I(AeHHJI coneHOHA8 • 

.IUIPYJO~ero MJOOHa. Bo3paCTaHHe a npH yMeHL

weHHH TeMnepaTypLI HH:>Ke T c npoHCXO.IUIT 

H3-3a yBeJIH'leHH.fl HeO,O:HOpo,lUIOCTeH BHyTpeH

HHX MarHHTHbiX noJieH B CMeWaHHOM COCTO.fi

HHH CBepxnpoBO,O:HHKa. flo TeMnepaTypHOH 

3aBHCHMOCTH U (T) OQeHeHa rrry6HHa npOHHK

HOBeHH.fl MarHHTHOrO nOJI.fl: A (T = 0) = 
= 3200 A. BenH~Ha nepsoro KpHTH'lecKoro 

nOJI.fl OKa3anaCh MeHLWe 15 3. 3KcnepHMeHT 

BbinOJIHeH Ha nyqKaX CHHXpoQHKJIOTpOHa 

JUHI<l> AH CCCP B raT~e. C noMo~LJO J.LSR
MeTo,n:a 6LIJIH H3y'leHbl TaK:>Ke xapaKTepHCTHKH 

BbiCOKOTeMnepaTypHOrO CBepxnpoBO,lUIHKa 

Y -Ba2 -Cu3 -07 
13 6 1

• IloKa3aHO, UO B TaKOH 

CHCTeMe cy~eCTByeT MeHCHepoBCKaR Q>a3a, 

o61>eM csepxnposo.n:~eii o6rracrH cocrasrr.ReT 

He MeHee 80%. IlpH T = 50 K 3Ha'leHHe nepsoro 

KpHTH'leCKoro nOJI.fl H = 35 3. rrry6HHa npo

HHKHOBeHH.fl A (T = 0) = 3200 A. 
B HHBepcHo-norrRpH30BaHHOH CHCTeMe 

npoTOHHbiX CnHHOB npH TeMnepaTypax 1 ,3-
2 MK Ha6JIJO.O:eHo RBJieHHe caMonpoH3BOJILHoro 

nOBOpoTa CYMMapHOH R.D:epHOH HaMarHH'leH

HOCTH H3 COCTO.fiHH.fl, aHTHnapaJIJieJihHOrO 

BHeWHeMy nOJIJO, B COCTO.fiHHe C napanJieJihHOH 

noJIJO opHeHTaQHeii 13 7 1
• IlepesopoT conposo:>K

.n:aeTc.fl MO~HbiM KOrepeHTHbiM pa.IUIO'laCTOT

HbiM H3JiyqeHHeM. llaCTOTa H3JiyqeHH.fl COBna

,n:aeT C 3eeMaHOBCKOH qaCTOTOH CnHHOB B none 

H MO:>KeT BapLHpoBaTLC.fl npH C:BepXHH3KHX 

TeMnepaTypax OT HeCKOJihKHX COTeH KHJIOrepu 

.n:o coTeH Merarepu. B ornHKe no.n:o6Hoe RBJie

HHe Ha3bmaeTC.fl CBepXH3Jiy'leHHeM H Jie:>KHT 

B OCHOBe Q>H3HKH KOpoTKOBOJIHOBbiX Jia3e

poB. 3KcnepHMeHTbl noKa3anH, UO HCXO,IUIOH 

npH~HOH B03HHKHOBeHH.fl CBepXH3Jiy'leHHR RB

JI.fleTC.fl HeKorepeHTHoe Ma3epHoe H3JiyqeHHe 

HHBepcHO-nOJI.RpH30BaHHbiX CnHHOB. 

BLmorrHeHo H3y'leHHe BJIHRHH.fl ::meKTpH

qecKoro noJI.fl Ha HH3KOTeMnepaTypeyJO Me.n:

rreHHyJO peJiaKCaQHJO B KpHCTaJIJIH'leCKHX cer

HeT03JieKTpHKax13 a 1 • 06Hapy:>KeHa HH3KOTeM

nepaTypHaR csepxMe,n:JieHHaR penaKCaUH.fl 3Hep

rHH (.n:o 1000 q nocrre H3MeHeHHR TeMnepaTy

pbi o6pa3Ua), noKa3aHO, 'lTO OHa .fiBJI.fleTC.fl 

xapaKTepHbiM CBOHCTBOM o6pa3UOB c aMopQ>

HOH crpyKTypoH. 

K&Hanhl MeAHUHHCKHX nyqKoB KJJHHHKo-$H3~CKoro 
KoMnneKca JIR:n. 

flpoBe,O:eHbl HCCJie,O:OBaHH.fl pa60Tbl Me.IUI

K0-6HOJIOrH'leCKOrO KOMnrreKca OIUIH Ha WH

poKHX npOTOHHbiX ny'lKax- ,n:JI.fl CTaTH'leCKOrO 

H poTaQHOHHOrO o6JiyqeHH.fl naQHeHTOB, a TaK

:>Ke H a Y3KHX npoTOHHLIX nyqKax - .D:JIR ue

neii pa,n:HOHeHpoXHpyprHH .H npoTOHOrpa

Q>HH 13 9 •
4 0 1

• B COCTaB KOMnJieKCa BXO.D:RT 

TpH n pOTOHHbiX KaHana ,n:JI.fl o6JiyqeHH.fl rrry-

60KO 3aneraJO~x onyxorreii wHpoKHMH H y3-

KHMH npoTOHHbiMH ny'lKaMH pa3JIH'lHOH 3Hep

rHH, nH-Me30HHbiH KaHan ,n:JI.fl HCnOJib30BaHH.fl 

B Jiy qeBOH TepanHH HHTeHCHBHbiX ny'lKOB 

OTpHUaTeJibHbiX Me30HOB, KaHan HeHTpoHOB 

.D:JIR o 6rryqeH.HR pa,n:Hope3HCTeHTHLIX onyxorreii, 

TepaneBTH'leCKaR pe3epBHaR raMMa-yCTaHOB

Ka. IlapaMeTpbi KoMnrreKca npHBe,n:eHLI B Ta6-

rrHue. B 1987 r. Ha'laTo o6JiyqeHHe nauHeHToB . 

H 3y'lanHCb 3aKoHoMepHOCTH H MexaHH3-

Mbl MyYareHHOrO ,n:eHCTBH.fl HOHH3HpyJO~HX 

H3JiyqeH.HH ( npoeKT PHTM) • B 3KcnepHMeHTax 

Ha 6 a KTepHRX, o6JiyqeHHbiX npOTOHaMH, T.fi:>Ke

JibiMH HOHaMH H raMMa-Jiy'laMH, 6LIJIO nOKa3a-
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Ho 14 1 
'
4 2 I, liTO HH,!J;YUHpOBa.HHhiH H3JlytJeHHe M 

MyTareHe3 .fiBJI.ReTC.fl CJIO:>KHhiM MHOr0:3TanHhi M 

npouecCOM, B KOTOpoM pernaiO~YIO pOJib 

HrpaiOT penapaQHOHHhie CHCTeMhl KJieTOn . 

llpOBO,ll;HJIHCb HCCJie,ll;OBa.HH.fl rJIHKOJIHTHtJeCKOH 

aKTHBHOCTH KJieTOK B ycnoaH.ax rHneprnHKe

MHH H a.HOKCHH. B 3KcnepHMeHTax Ha KJieTKax 

acQHTHOH KapUHHOMhi 3pnHxa in vitro noKa3 a

Ha 14 3 
'
4 4 I BhiCOKa.R CTeneHb a.Ha3po6HOr O 

rJIHKOJIH3a, npHBO,ll;~a.R K "3aKHCJieHHIO" 

paKOBhiX KJieTOK H HX rH6eJIH. l-f3ytJaJIOCb 

BJIH.RHHe 3Kpa.HHpoBa.HH.fl OT MarHHTHOrO nOJI.fl 

3eMJIH Ha cnoHTa.HHYIO MyTa6HJibHOCTb ,npmK

)f(eBhiX KJieTOK B ycnoBH.RX .ne<t>HuHTa a,neHH

Ha14 
5 1

• lloKa3a.HO, liTO BapHaQHH CnOHTaHHOH 

MyTa6HJibHOCTH KJieTOK, XapaKTepHbie ,ll;JI.fl 

06hilJHhiX yCJIOBHH, HMeiOT TeH,neHQHIO K CHH

)f(eHHIO npH KYJibTHBHpOBa.HHH ,npo)f()f(e:H 

a ycnoaHRx 3Kpa.HHpOBKH oT reoMarHHT

Horo non.a. 

Ta6auija 

Xapa1<Tepucru1<u 1<anaaoa MeouijUHC'I<UX ny ~t 'l<oa 'l<llUHU'I<o-fl}u3ulleC'I<OZo 'I<OMnae'l<ca JIHII, npu

aeoeHHbZe 'I< UHTeHCU6HOCTU 6bZ6eOeHHbZX npOTOH06 J M'I<A 13 9 I 

llytJOK 11HTeHCHBHOCTb 

qac nru; B Ka6HHe 

KOM nneKca, c- 1 

Mo~HOCTb ,no3hi 

B MecTe pacnono)f(eHH.R 

o6nyqaeMoro o6neKTa, pa,n/MHH 

1. llpOTOHhi, 200 M3B 

2. llpOTOHhl, 100 M3B 

3 . llpoTOHhi, 660 M3B* 

4. llpOTOHhi, 130 M3B 

5. llpoTOHhl, 660 M3B 

6. 7T-Me30Hhi, 90 M3B 

7. He:HTJlOHhi, 350 M3B 

* ,[(n.R ,ll;HarHOCTHtJeCKHX QeJieH. 

1. AHTUnOB /O.M. U op. IJpenpUHT Jf(/JB3, 8 7-153, 

Cepnyxoe, 1987. 
2. AnoKUH B.)J. u op. - Jlf/J, 1987, r.46, c.J1 08. 

3. KonMuoBU'l E.3. - B c6. : XX 3u.MHRJI UJKO/I a 
JIHJI(/J. ll. : JIHJI(/J AH CCCP, 1985, c.140. 

4. Apokin V.D. et al. Preprint IHEP, 8744," Ser

pukhov, 1987. 
5. AHTUnOB IO.M. u op. IlpenpuHT OHJIH Pl-87-539, 

J(y6Ha, 1987. 
6. Boos E.G. et al. Preprint JINR E1-87-3'J8, Dubna, 

1987. 
7. Barwolff H. et al. Preprint IHEP PHE-87-07, 

Berlin - Zeuthen, 1987. 
8. Jani J . et al. Preprint JINR E1-87-397, Dubna,198 7. 
9. Earycoe /O.A. u op. - Ilucb.Ma B )[(3T(/J, 198 7, 

r.46, c.213. 
10. Earycoe /O.A. u op. IlpenpUHT OHJIH PJ-87-308, 

J(y6Ha, 1987. 
11. EarypuH B.H. u op. IlpenpuHT OHJIH Pl-87-71, 

)!y6Ha, 1987. 
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JIABOPATOPIDI 
.R)];EPHbiX PEAKUHff 

B 1987 ro,n;y ocuoBHbie ycHJIHH KOJIJie K

THBa fla6opaTOpHH .fi,n;epHbiX peaKQHH 6biJIH 

CKOHQeHTpHpoBaHbl Ha pa6oTax no CHHTe3 y 

110 3JieMeHTa, H3yqeHHIO BJIH.fiHH.fi peJI.fiTH

BHCTCKHX 3cpcpeKTOB Ha XHMHqeCKHe CBOHCT

Ba KypqaTOBH.fi, CHHTe3y H H3yqeHHIO CBOHCTB 

HeHTpOHOH36biT0qHbiX H30TOnOB JierqaHUIHX 

3JieMeHTOB, Ha H3yqeHHH MexaHH3Ma .fi,D;epHb iX 

peaKQHH. IllHpOKO BeJIHCb pa6oTbl no npHK

Jia,D;HOH TeMaTHKe. BoJibUioe BHHMaHHe y ,n;e

JI.fiJIOCb COBepllleHCTBOBaHHIO yCKOpHTeJieH 

T.fi:>KeJibiX HOHOB, B 1987 ro,n;y YCKOpHTeJIH 

oTpa6oTaJIH .n;JIH npose.n;eHHH uayqubiX H e-

CMIITE3 M MCCflE.llOBAHME CBO~CTB 
M30TOIIOB HOBhiX 3flEMEHTO B 

1. B peaKUHHX xono,n;uo:ro CJIHHHH.fi 

3a noCJie,n;HHe rO,D;bl 6biJIO CHHTe3HpOBaHO 

13 H30TOnOB n.fiTH 3JieMeHTOB Ta6JIHQbl 

Meu,n;eneesa c Z ;;;<:: 104. BMecTe c TeM B 0 3-

MO:>KHOCTH 3TOrO MeTo,n;a npaKTHqeCKH H C

qepnaHbl, TaK KaK ceqeuHe o6pa30BaHH.fi 

3THX 3JieMeHTOB 3KCnOHeHQHaJibHO na,n;aeT 

no Mepe pocTa 3apH.n;a 6oM6apA.HpyiOmero 

HOHa (pHC . 1). )lJI.fi ,!J;aJibHeHUiero npo,n;BH

:>KeHH.fi B o6nacTb 6onee TH:>KeJibiX HYKJIH.nOB 

6biJIO npe,D;JIO:>KeHO 11 1 HCnOJib30BaTb 6oJiee 

aCHMMeTpHqHbie KOM6HHaQHH. 

IJpose,n;eHbl 3KCnepHMeHTbl no CHHTe3y 

110 3JieMeHTa. B peaKUHHX 2 3 5 
'
2 3 

E U + 4 0 Ar 

s6JIH3H Kynouoac~ro 6apbepa c ceqeHHe M 

'"" 10 n6 ua6n10,n;euo o6pa30BaHHe HYKJIH.n;a, 

HCnbiTbiBaiOmero CnOHTaHHOe ,n;eJieHHe C nepH O

,!J;OM nonypacna,n;a '"" 0,01 C 12 
I . 3aBHCHMOCTb 

ceqeHH.fi o6pasoBaHH.fi 3Toro HYKJIH,n;a OT 3Hep

rHH HOHOB 4 0 Ar, 3HeprH.fi OT,!J;aqH H yrJIOBOe 

pacnpe,n;eneuHe 6JIH3KH K TOMY, qro O)I(H,!J;aeT-
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cne.n;oBaHHH 6500 qacos. YcneUiuo pasBH

BaJIOCb Me)I(,!J;yHapo,D;HOe COTpy,n;uHqeCTBO C HH

CTHTyTaMH CTpau-yqacTHHU OMRM. Ilpoae,n;e

uo ,D;Ba COBMeCTHbiX 3KCnepHMeHTa C HHCTH

TyTaMH cTpau-ueyqacTHHU OMRM: c uauHo

HaJibHbiM ueuTpoM r AHMn (<I>pauuHH) no 

CHHTe3y H HCCJie,D;OBaHHIO CBOHCTB pa,D;HO

aKTHBHOrO pacna,n;a HOBbiX HeHTpOHOH36bi· 

TOqHbiX H30TOnOB 3JieMeHTOB OT cpTopa ,!J;O 

aproHa, C fla6opaTOpHeH HM. floypeuca 

(CiliA) no KaJIH6poBKe KpHCTaJIJIOB H3 Me

TeOpHTOB BbiCOK03HepreTHqecKHMH HOHaMH 

ypaua. 

HAYqHO-HCCJIE)lOBATEJibCKME P ABOThl 
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ATOMH~IM HOMBP 

PH c. 1. 38BHCHMOCT& Ce'leHHR peaKUHH (Hl ,n) OT 

&TOMHOr'O HOMepa KOMil&YJIA·RApa npH o6JiyqeHHH 

MHWeHeH 
208 Pb H 

209 Bi pa311H'IH&IMH HOHaMH . 



C OOMOllthiO yCTaHOBKH ")lHcKH" B peaKUHRX 
235

'
236 U + 4 0 Ar CHHTe3HpoB8H CTIOHTaHHO JleJUIIUHHCJI H30TOn 

110-ro 3JieMeHTa. 

C.fl .n;I.fl npo.z:r;yKTOB peaKUHH DOnHOrO CnH.fiHH.fl. 

lh conoCTasneHHR 3KcnepHMeHTanbHbiX 3HatJe

HHH CetJeHH.fl o6pa30BaHH.fl CDOHTaHHO .z:r;enRI.Ue
rOC.fl HYKnHAa, nonytJeHHbiX B peaKUHRX 
2 3 5 •2 3 6 U + 4 0 Ar, c pactJeTaMH H pe3ynbTa

TaMH KOHTponbHhiX onbiTOB 2 3 2 Th + 4 0 Ar 
C,z:r;enaH BhiBO,D; 0 TOM, 'ITO Ha6mo,z:r;aeMaR aK

THBHOCTb CBR3aHa c pacna.z:r;oM 11 O-ro 3ne

MeHTa (pHc . 2). Cne,z:r;yeT OTMeTHTb, 'ITO nepHo.z:r; 

nonypacna.z:r;a 3Toro HYKnHAa B npe,z:r;enax 

OWH60K COBna.z:r;aeT C ,D;aHHbiMH, nonytJeHHbi

MH ,z:r;nn H3nytJaTenR, Ha6mo,z:r;aswerocn B Jia-

6opaTopHH B 1986 r. B peaKUHH 2 3 2 Th + 
+ 4 4 Ca. B uenoM sen COBOKYDHOCTb npose

.z:r;eHHhiX ODbiTOB CBH,D;eTenbCTByeT 0 B03M0)1(

HOCTH ,z:r;anbHenwero npo.z:r;BH)I(eHHR B o6naCTb 

HOBhiX TpaHCaKTHHH.z:r;HhiX 3neMeHTOB Ha OCHO

Be peaKUHH ropnt~ero cnHRHH.fl cno)I(HhiX 

R,D;ep ' 3 ' · 

Puc. 2. CeqeHHe o6p830B8HHR cnoHTaHHO JleJIJilltHX· 

c11 JIJlep c Tt 12-10 Me a peaKUHH 
236 U + Ar a 3a

BHCHMOCTH OT 3HeprHH HOHOB Ar . nyuKTHpHIUI KpH· 

BIUI- pacqeT JlJIJI peaKUHH C HCnapeHHeM 4 HeHTpoHOB. 

10 
c 
.; 
s 
i 
~ 

15 

I) 

5 

0 
200 

• 

2:.U + 
40Ar 

·! 
\ 
\ 

\ 
\ 

' 
210 220 230 240 

3HepntA 4 0 Ar, MaB 
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PeaKUHR En.c. 
M3B 

A= 239 

4oAr+23su 225 
4oAr+236u 209 200 
4oAr+23au 208 

,[l;eTaJibHO HCCJie,D;OBaJIHCb 3aKOHOMepHOC· 

TH o6pa30BaHH.fl npo,D;yKTOB HenOJIHOro CJIH.fl· 
HH.fl 8 peaKUHR:li 2 3 s .2 3 6 .2 311 u + 4 oAr. llpo-

BO,D;HJioc& ll03JieMeHTHOe XHMH'IeCKOe Bbi,D;e

JieHHe npo,D;yKTOB B ,D;Hana3oHe oT U ,D;O Fm. 

11,D;eHTHQlHKaQHR Maccosoro 'IHCJia H30TonoB 

C ,ll;aHHbiMH Z npoH3BO,D;HJiaCb nyTeM H3Me· 

peHH.fl cneKTpOB a-, X· H '}'·H3JiylleHHH Ka>K· 

,D;OH XHMH'IeCKOH Q>paKUHH. B Ta6JI. 1 npH· 

se,D;eHbi noJIHbie ceqeHH.a o6pa30BaHH.a pR,Zl;a 

H3oTonos Am H Cm B 3THX peaKQH.ax 12 1 • 

2 , Ha cenapaTope npo,D;yKTOB nonHoro 

CJIHRHH.fl "BaCHJIHCa" HCCJie,D;OBaH p.R,D; MO· 

,D;eJibHbiX •peaKUHH, npHBO,ll;.fii..UHX K o6pa30 · 

BaHHIO npo,D;yKTOB pacna.o;a KoMnayH.D:-R,D;ep 

C ceqeHHeM B HHTepBaJie 10- 2 5 + 3 •10- 3 3 CM2 

(Ta6JI. 2) . B 3KcnepHMeHTax HcnoJI&30Banac 

CHCTeMa perHCTpal'(HH B QlOKaJibHOHo nJIOC· 

KOCTH cenapaTOpa, KOTOpaR COCTORJia H3 ,D;e

TeKTOpa BpeMeHH npoJieTa H noBepXHOCTHO· 

6ap&epHoro Si-Au ,D;eTeKTopa. Ha pHc. 3 npe,D;

CTaBJieHhi cneKTpbi E • D.t ,D;JIR .a,D;ep OT,D;a'IH 

Ta611.Uija 1 

Ce11eHHe (MHKpo6apHbi) 

Am Cm 

240 242 240 242 

0,25 10 6 

140 5,3 8 16 

130 2,3 26 

B peaK[(H.fiX ecT .W+22Ne H ecT .Dy+40Ar. 

B Ta6n. 2 yKa3aHa 3Q>Q>eKTHBHOCTb cenapaTopa 

( €, %) , TO eCTb Bepo.RTHOCTb llOlla,Il;aHH.fl' KOM· 

nayH.IJ:·R,Zl;ep, Bhi6HThiX H3 MHWeHH, Ha Si-Au 

,D;eTeKTop, a TaK>Ke K03QlQlH[(HeHT O'IHCTKH 

( K) , TO ecTb OTHOWeHHe 'IHCJia 6oM6ap,D;HpyiO· 

l..UHX HOHOB, npowe,D;WHX qepe3 MHWeHb, 

K 'IHCJIY BCeX npo,D;yKTOB ( KpoMe KOMnayH.D:· 

R,Z~;ep) c 3HeprHeii ;;;;r: 1 M3B, nonaswHx Ha 

Si-Au ,D;eTeKTop. Ha pHc. 4 noKa3aH cneKTp 

a-qacnn~, 3aperHCTpHpoBaHHhiX oT a-pacna.o;a 

HMnJiaHTHpOBaHHhiX B Si-Au ,D;eTeKTop npo

AYKTOB peaKUHH 1 9 7 Au+ 2 2 Ne. B cneKTpe 

qeTKO npocne>KHBaiOTC.fl ueno11KH a-pacna.o;os 

npo,D;yKTOB peaK[(HH C HCnapeHHeM H3 KOM· 

nayHA·R,Zl;pa 2 19 Ac cne,D;yiOI..UHX rpynn HYK· 

JIOHOB H a-qacTHU: 3n, 4n, 5n, p3n, a3n, a4n. 
I13MepeHbl QlYHKUHH B036y>K,D;eHHR ,ll;JI.fl 3TOH 

peaKUHH B ,D;Hana3oHe 3HeprHii 2 2 Ne oT 202 

,D;o 216 M3B. llpose,D;eHbi 3KcnepHMeHThi no 

nOHCKY KOpoTKO>KHBYI..UHX H30TOllOB 110-ro 

3JieMeHTa B peaK[(HH 2 38 U + 4 0 Ar. Ha pHc. 5a 

npe,D;CTaBJieH 3aperHCTPHPOBaHHbiH cneKTp a-

Puc. 3. CneKTp 3HeprHJI- BpeMJI nponeTa npop;yKToB peaKQIIH ecTw + 22 Ne (a) 8 ecTDy +40Ar (6), nepe.o; 
Si-Au p;eTeKTopoM yCTaaosneaa nneHKa H3 nasc~a, 3 MKM. 
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Pea~HH e,% 

1 6 6 Ere 1 p, 5.o6n)l 9 2 .1 9 1 Bi 12 
1 s 2 we 2 Ne, 4-5n)2 o o .199m Po 5 
ecTDy(4 oAr, 4-5n)2 o o -19 6 Po 25 
19 7 Aue 2 Ne,3-5n)2 16-2 14 Ac 5 
19 7 Aue 2 Ne, a4n) 2 11 Fr 0,5 
1 s 1 Ta e 6 Mg, 5n)2 o 2 At 10 
2 o s Pbe 2 Ne, 4n)2 2 6 u 5 
2 o 6 Pb(4 o Ar' 2n )2 4 4 Fm 30 

tJaCTHU, aHa pHC. 56 npHBe~eHhl ~aHHbie 0 Bpe
MeHHOH KoppenJ'IIU{H a-a uenoqeK B ~anaaoae 
BpeMeHH OT 1,5 ~0 30 MC. ,lln.R HCKOMOH 
uenoqKH 2 7S-X 110 .!J 2 7'4- X 108 ~ 2 70 - X 106 

npH 3HeprHH HOHOB Ar, paBHOH 225 M3B, 
nonyqea npe~en nonepeqaoro ceqeHH.R peaK
UHH 23 8 U(4 0 Ar, xn)2 78 - x 110, paBHhiH a~ 
~ 6 •10- 3 5 CM2 . IloKa3aHO, UO B peaKUHH 
2 3 8 U + 4 0 Ar B OCHOBHOM Ha6nlO~alOTC.R H30-
TOnhi Ra-Th. ITo Hx BhiXo~y MO)I(HO oueHHTb 
K03<lJQ>HUHeHT oqaCTKH OT 3THX npo~yKTOB 

cenapaTopa, KOTOphiH pasea - 5 ·10 3
, K03$

<PHUHeHT oqacTKH OT 6oM6ap~pylOLUHX HOHOB 
c 3HeprHeH >50 M3B cocrasn.R:eT - 1015 , 
a c yqeToM 3anpeTa speMeHHoro ~eTeKTopa -
- 3·101 7. OueaKH noKa3hmruoT, qTo aa yc
TaHOBKe "BaCHnHCa" MO)I(HO npOBO~HTb nOHCK 
a-p~OaKTHBHhiX H CnOHTaHHO ~eJI.RLUHXC.R 

H30TOnOB 3neMeHTOB C Z ;a. 110, HMelOLUHX 
nepHo~ nonypacn~a > 3 MKC c ceqeaHeM 
0;;;. 5 •10- 3 6 CM2 • 

3. C nOMOI.l.U>lO CHCTeMhi, BKnlOqasweH 
B ce6.R ~eTeKTOphl OCKOnKOB ~eJieHHJI, HeHTpo-

Puc. 4. CneKTp a-'laCTHU npo.llyKTos pea.KUHH 
19 7 Au+ 

+ 22 Ne , Ena6 = 102 M3B. 

Ta6nuija 2 

K o,CM2 

1012 10-2 s 

1012 10-2 s 

1010 10- 26 

1012 0,3-3 ·10- 2,7 

1012 10- 26 

1012 10-2 7 
1012 10- 28 

lOll 3·10- 3 3 

HOB H raMMa-KBaHTOB 14 I, npoBe~eHhi H3Me
peHH.R napaMeTpoB MraoseHHoro aempoHHoro 
H raMMa-H3nyqeHH.R oT cnoHTaHHoro ~eneHH.R 
2 5 6 Fm. 3ToT H30Ton nonyqanH KaK npo~yKT 
peaKUHH nepe~aqa 2 4 9 Bk + 2 2 Ne (E = , na6 
= 125 M3B) . Cpe~ee qacno raMMa-KBaHTOB 
~eJieHH.R COCTaBHnO V"f = 6,19, ~HcnepcH.R 
pacnpe~eneHH.R raMMa-KBaHTOB no MHO)KeCT
BeHHOCTH paBH.RnaCb al

1 
= 4,03. ,lln.R pacnpe

~eneHH.R MrHOBeHHhiX . HeHTpOHOB no MHO
)KecTBeHHOCTH nonyqeHhi cpe~aee qacno v n, 

Puc. 5 . CneKTp a-'laCTHU npo.llyKToB pea.KUHH•238 u + 
+ 40 Ar, Ena6 = 225 M3B (a); a-a KoppenRUHH, cneKTp 
a-11aCTHI.l Ea1 s KoppenRI.lHH c 3HeprHefl Ea2 a-~~aCTHU, 
3&perHCTpHpC>BaHHhiX 3& 1,5 - 30 MC nocne MOMeHTa 
pernCTp&UHH a1 ( 6) . 
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C HCIIOnlt30B8HHeM cenapaTopa npoAyKTOB peaKUHH nonHoro CJIHJIHHJI CJIO:IICHitiX J~Aep (yCTaHOBKa "Bacunuca") 

RpoBeAeHitl 3KCnepuMeHTitl DO DOHCKY B peaKUHJIX 2 311 U + 4 OAr KOpoTKO:liCHBY~HX Q·p&AHO&KTHBHbiX H30TODOB 

110-ro 3neMeHTa. 

~HcnepcHR o! H BepoRTHOCTH HCnyCKaHHR 

p83JIH'IHbiX 'IHCeJI He:HTpoHoB P v, 3TH 3Ha· 

lleHHR npHBe,D;(!Hbl B Ta6n. 3. 

4. C QeJibiO H,D;eHTH!j>HKaQHH npoHCXOiK

,D;eHHR aHOManbHO npoTRiKeHHbiX ,o;peBHHX Tpe

KOB B KpHCTannax OnHBHHa H3 MeTeopHTOB 

B HOR6pe 1987 ro.o;a 6Lmo npose.o;eHo o6ny qe

HHe CBbillle 200 KpHCTannOB OnHBHHa R~paMH 
2 311 U c 3HeprHe:H - 90 M3B/HyKnoH. 3Kc ne

pHMeHT 6Lm ocymecTBneH B paMKax cornaco

BaHHOH nporpaMMbl COBeTCKO-aMepHKaHCK OH 

vn 

3,91 

66 

02 
n 

2,02 

Po pl p2 

0,005 0,041 0,124 

KOMHCCHH no HCCne,D;OBaHHIO !j>yH,D;aMeHTanb

HbiX CBOHCTB MaTepHH B na6opaTOpHH HM. 

noypeHca B BepKnH (CiliA) Ha ycKopHTene 

B:manaK. 

5. .Hccne.o;osancR sonpoc o npoRBneHHH 

"penRTHBHCTCKHX 3!j>!j>eKTOB" (P3) B XHMH

qeCKHX cso:Hcrsax 3neMeHTa 104 - eypqaTo

BHR. B qacrHOCTH, nposepRnacb rHnoTe3a 

aMepHKaHCKHX aBTOpoB 0 TOM, liTO Bcne,o;

CTBHe P3 eypqaTOBHH MOiKeT 6biTb He "3Ka

ra!j>HHeM" (liTO O~aeTCR H3 3aKOHOMep-

Ta6nut~a 3 

p3 p4 Ps p6 P, 

0,215 0,257 0,220 0,122 0,018 



HOCTeH CHCTeMbi MeH,D;eJieeaa) , a CKopee 
"3KaCBHH~oM". PenRTHBHCTCKHH (no ypaa
HeHHHM )l;HpaKa - <l>oKa) MHOrOKOHcpHry
p~OHHbiH pacqeT (468 j-j KOHcpHr.) no
Ka3aJI, 'ITO OCHOBHOe COCTORHHe aTOMa Ku 
onpe.nenHeTCH KOHcpHryp~eH ds2 p, OHO HeC
KOnbKO HH:lKe ypoBHH S2 d 2 

, xapaKTepHO
ro ,D;nR OCHOBHOrO COCTORHHH aTOMOB d-
3neMeHTOB Ti - Hf. llpH 3TOM, o.nHaKo, cTpyK
Typa HH3KOne:lKamHX B036y)K,ll;eHHbiX ypOB
HeH Ku TaKoaa, 'ITO npH o6pa30BaHHH XHMH
qecKHx CBH3eH OH ,D;On:lKeH BeCTH ce611 KaK 
THnH'IHbiH d-3JieMeHT. TaKHM o6pa3oM, crpyK
Typa aToMa Ku H3-3a P8 HecKon&Ko oTnHt~aeT
CH oT Hf, o,D;HaKo .naneKa oT crpyKTypbi aTo
Ma Pb (pHc. 6) . 

3KcnepHMeHTaJibHO Haif.neHO, 'ITO B OTn~
'IHe oT aTOMOB Pb (a TaK:lKe oT TI H Au) aTOMbi 
Ku (Hx nonyt~eHo 30) H Hf He npoxo.nRT t~epe3 
XpoMaTorpacpH'IeCKyJO KOnOHKY npH 1200° C. 
C.nenaH BhiBO,D;, 'ITO TennoTa Bo3rOHKH MeTan
nHt~ecKoro Ku no KpaifHeif Mepe a .nsa pa3a 
Bhillle, t~eM y Pb. 

-E/:tB 

II 

• 
10 

12 

,. 

Ti Zr HI Ku 

~_!2.....--·"T 
.JL.· ----~ 

~-- 5s ) kd / T •• ......J...-

4d • ~ .. -;;-

.JLi 

. . 

Tl Zr HI Ku 

Pb Sn Ge 

Ss 
i~' . ...JL. _..__.. 

Pb Sn Ge 

PHc. 6. )J;HarpaMMa co6cTBeHHLIX 3HeprHii: uaneHTHbiX 
op6HTaneH: u aToMax 3JJeMeHTOB IV rpyrmLI ( MHoro· 
KOH$HryplliUIOHHbiH paC'IeT MeTOAOM )J;HpaKa- Cl>oKa) . 

l•f3yqanac& cpaaHHTeJibHaR neTy'leCTb xno
pH,D;OB Ku (36 aToMoa) H Hf c ~en&ro BhiRB
neHHR B03MO)I(HbiX, 6onee TOHKHX npoRBneHHH 
P8. HaH.neHo, 'ITO xnopH,D; Ku no.no6Ho 6po
MH,D;y15 1 oca)K,ll;aeTcH Ha TepMoxpoMaTorpacpH
t~eCKOH KOnOHKe HecKOnbKO HH:lKe no TeMne
paType, t~eM xnopH,D; Hf, H 'ITO o6paayroTCH, 
no-BH,D;HMOMY, .nsa coe.nHHeHHH Ku. XapaK
Tep paanH'IHH B CBOHCTBax Me)K,ll;y Hf H Ku 
cooTBeTCTBYeT O:lKH,D;aeMoMy npoRBneHHJO P3. 

113YqEHI1E MEXAHI13MA 
B3AI1MO)l;EffCTBI1H CJIO)I(HblX H)l;EP 

1. Ha ~HKnoTpoHe Y-400, B peaK~x 
c ycKopeHHbiMH .no 3HeprHH - 20 M3B/HyKnoH 
HOHaMH 1 

I B, l 
0 

'
22 Ne, npo.non:lKaJIHCb 3KCne

pHMeHTbi no HCcne,D;OBaHHJO CBOHCTB CBepx
TH:lKenbiX H30TOnOB ner'laHlllHX 3neMeHTOB 16 1 • 

llOKa3aHO (pHC. 7), 'ITO nOBbillleHHe 3HeprHH 
oT 10 .no 20 M3B/HyKnoH npHao.nHT K cymecT
BeHHoMy pocTy Ce'leHHH o6pa30BaHHR HeifTpo
H006orameHHbiX H30TOnOB 17 

I. llpoBe,D;eH ~HKn 
3KCnepHMeHTOB no H3MepeHHJO Ce'leHHH 3ace
neHHR OCHOBHbiX H B036y)K,ll;eHHbiX COCTOHHHH 
H30TOnOB reJIHH B peaK~HRX nepeCTpDHKH 
c HOHaMH 9 Be H 1 1 Be (Ta6n. 4) /a 1• C no
MOtnbJO. MarHHTHOrO cneKTpoMeTpa H3MepH
nHCb cneKTpbi COnpH:lKeHHbiX npo,D;yKTOB B 6H
HapHbiX pea~HRX C 3HepreTH'IecKHM pa3pe
llleHHeM - 300 K3B. BnepBbie o6Hapy:lKeHbi 
B036y )K,ll;eHHbie COCTORHHR B H30Tonax 7 He 
H a He (pHc. 8). llpoao,D;HnHCb noHCKH R,D;ep 
1 3 Li B peaK~HRX I a 1 Ta + l 0 ' 2 l Ne npH 3Hep

rHH 6oM6ap.nHpyrotnHx HOHOB 18 M3B/HyKnoH, 
nony'leHa aepXHHH rpaH~a ceqeHHR o6pa3oaa
HHH a E;;; 10- 3 3 CM2 /M3B•cp. 

PHc. 7. CHCTeMaTHKa ce'leHHH: o6pa:30BIUIIUI H30Tonou 
6epHJIJIHR: H JIHTHR: B peaKIUIR:X • - 1 a 1 Ta + 22 N e 
(178 M3B) H•-

1 SITa+ 20 Ne (360M3B) . 
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Ta6nu'/.I{J 5 

Peai<UHR 3HeprHR HOHOB, 

M3B 

3HeprHR B036yiK,ZJ;eHHR, 

M3B 

llpe,IJ;eJibHbiH cnHH 

COCTaBHOrO R,ll;pa, h 

1 s 1 Ta +52 Cr 
232Th+12C 

10"' 

10-2 

10"' 

i 
~ ·• A10 

( 
..q 

10"' 

10"' 

• 

378 
180 

232-rh• 12c 

10"' 

34567Ji10ftUO~~~"·~ ~ 
ATOMHbiM HOMep nerKoro 19,11p11 

130 
137 

Puc. 11. ConoCTaBJieHHe ce~~eHitii o6~a30B&HHH n er'KHX 

:meMeHTOB B peaK~.RX 18 1 
Ta + 4 C r ( 3 7 8 M3B) 

H 
232 Th + 12

C (180 M3B), HOpMHpoBaHHbiX Ha ce· 

qeHHe o6pa30B8HH.R COCTaBHOr'O .R,D;pa . 

UHRX HX OCHOBHbiM HCTO'IHHI<OM RBJIRe TCR 

3MHCCHR H3 COCTaBHOrO R,ll;pa, TO M O)I(HO 

O:>KH,ll;aTb 6JIH3I<HX cet~eHHH o6pa30Bal1HR R,IJ;ep 

neri<Hx 3JieMeHTOB. 0AHai<o 3I<cnepHMeHT 

,IJ;eMOHCTpHpyeT pe3I<Oe pa3JIHtiHe H B B eJIH· 

tiHHax cet~eHHH, H B lt>opMaX 3apR,ll;OBbiX pac

npe,ll;eJieHHH npoAyi<ToB peai<UHn. B peai<U:HH 

c HoHaMH 5 2 Cr cet~eHHe o6pa30BaHHR ner i<Hx 

3JieMeHTOB CpaBHHTeJibHO MaJIO H3MeHReTCR 

srmoTb ,IJ;o Z = 19. HanpoTHB, B peai<UHH c Ho

HaMH 1 2 C OHO nOliTH 3I<CnOHeHUHaJibHO na,IJ;aeT 

c yseJIHlleHHeM Z, H 3JieMeHTOB TRmenee 

HaTpHR B 3TOH peai<UHH B00611.\e He YAaJIOCb 

3aperHCTpHpOBaTb. ,ll;JIR Z = 10, 11 pa3JIH tiHe 

MeiK',ZJ;y HOpMHpoBaHHbiMH ceqeHHRMH ,ll;OCTHra

eT nRTH nopR,ll;I<OB. 06'bRCHHTb Tai<Oe fiOJibillOe 

pa3JIHtiHe B cet~eHHRx pa3HHu;en tiHcna HenTpo-

70 

60-70 
65 

HOB B OfiOHX COCTaBHbiX R,ll;pax He y,IJ;aeTCR. 

He HCI<JIIOlleHo, liTO 3TOT 34>4>ei<T MomeT 

6biTb o6'bRCHeH, no I<panHen Mepe I<at~eCTseH

Ho, Ha OCHOBe HOBbiX npe,ll;CTaBJieHHH 0 npo· 

u;ecce lt>opMHpoBaHHR COCTaBHOrO R,ll;pa B peal<· 

UHRX C TR)KeJibiMH HOHaMH 11 0 I. 0.ztHHM H3 

CJie,ll;CTBHH 3THX npe,ll;CTaBJieHHH RBJIReTCR B03· 

MO)I(HOCTb pacna,IJ;a ,ll;BOHHOH R,IJ;epHOH CHCTeMbi 

Ha nyTH I< nOJIHOMY CJIHRHHIO 3a ClleT u;eHTpO· 

6e)I(HOH lt>parMeHTau;HH. 

5. I1pose,IJ;eHa MO,ll;epHH3aUHR Jia3epHOH 

ycTaHOBI<H: ,ll;JIR lt>opMHpoBaHHR nyt~I<a Hc

cne,IJ;yeMLix aTOMOB HCnOJib30BaJIOCb HMnyJibC· 

HOe Jia3epHOe H3JiylleHHe MOII.\HOCTblO ,ll;O 

109 BT/CM
2 

(B HMnyJibce). 3To no3BOJIHJIO 

nepeffi'H I< HCCJie,ll;OBaHHRM H30TOnOB, BXO,ll;R· 

11.\HX B COCTaB TyrOnJiaBI<HX MaTepHaJIOB. 

BLIJIH npose,IJ;eHLI H3MepeHHR H30TOnHlleci<Hx 

CABHros B aToMHbiX cnei<Tpax UHPI<OHHR 

(pHC. 12). I1oJiylleHHbie H3 H30TOnHlleCI<HX 

C,ll;BHrOB 3HalleHHR pa3HOCTeH 3apR,ll;OBbiX pa-

Puc. 12. CneKTp pe30H&HCHOH ct>nyope<:QeH~ Zr : 
a - o6pa3e~ HaTypanbHOI'O H30TOIUI0['0 COCTa&a; 

6 - CBepXTOHKa.R CTpyKTypa 
9 1 Z r, Ha6JliOilaeMa.R Ha 

o6or'IUlleHHOM o6pa3ue 
91 Zr02. 
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0 
90 92 94 56 

A 

PHc. 13. 3asHCHMOCTh p83HOCTH 3apR,JJ;OBhiX PIUlHYCOB 

coce~ux 'leTHO·'leTHhiX R,JJ;ep Z r oT ax Maccosoro 
'IRena: 0 - 3I<cnepuMeHTanhHhle 3Hat~eHHH; 1, 2 -
paCC'IHTaHHhle no I<aneJJhHOH MOAeJJH 3Ha'lf!HHJI C pa3· 
JJH'IHhiMH napaMeTpaMH C)KHM&eMOCTH j e - paC'IeT· 

Hhie 3Ha'leHHJl C yqeTOM I<BaApynOJJbHOH H OI<TYnOJJh· 
HOH Aect>opMIUlHH. 

PHc. 14. 0THOCHTeJJhHhiH BhiXOA X R,JJ;ep OTAa'IH BAOJJh 

KpHCTaJJJJorpa<flnqeci<oii OCH <111> Si B 38BHCHMOCTH 

OT 3HeprHH 6oM6apAHpYJOIUHX HOHOB 
2 7 AI (a) H 

40 Ar 
(6). To'II<H cooTBeTCTBYJOT yrnaM perHCTP&QHH: 

Q - 64° H + - 54°. CnnoiiDiu JJHHifJl coeAHHJleT 

TO'II<H, WTpHXOBaJI AaeT H3BJJe'leHHhle H3 3I<cnepHMeHT8 

BeJJH'IHHhi cMeiUeHHJl S8 y 3& C'leT AJJHTeJJhHOCTH pacna· 

Aa so36}')KAeHHoro npoAyi<Ta. 

~ 
.. 110 1Jo EL, MsB .. ,. ... 

0,1 
a 

------0,4 

0 

~1, 1-r 
r 

11'--tr-I--r I 

,I 
r 

0.6 

0,5 

0,4 

J!+-tj-
6 

/It-1--r 
t1 

2,6 

2, 4 

2,2 

1 2 3 0 1 z 3 

PHc. 15 . BhiXOA s TeHeBoM MHHHMyMe X H yrnosu 

noJJyWHpHHa 1/11 12 B 38BHCHMOCTH OT A03hi HOHOB 
40 Ar c 3Hepmeii 24 M3B (a) H 129 Xe c 3Hepmeii 

121 M 3B (6) . 3Ha'leHHJl X H 1/11 12 nony'leHhi AJJH 

I<pncrannorpa<fluqeci<oii oCH <111> Ge npu pemcr

PilllHH npoAYI<TOB ynpyroro pacceHHHJl noA yrnoM 
49° (a ) u 54° (6) I< nyqi<y. WTpuxosu JJHHHJI coe

~HJleT TO'II<H . 

.nHYCOB .R,IJ;ep Zr cornacyroTCR: c pac11eTaMH 

no K aneJibHOH MO~eJIH TOJlbKO npH yqeTe 

OKTynOJibHOH ~e<f>opM&Wm (Hap.R,IJ;y C KBM

pynOJibHOH) .R,IJ;ep 111 1 (pHc. 13). HcCJie~o
BaHa csepxTOHKaR: crpyKTypa aTOMHhiX cneKT- . 

pos H e'leTHhiX H3oTonos Zr, Nd, Sm H Gd. 
3TH H 3MepeHHR: n03BOJIHJIH Onpe~eJIHTb 3Ha

'leHHR: .R,IJ;epHbiX MOMeHTOB H H3MeHeHHR: 

3ap.R,IJ;OBLIX PMHycos npH ~o6asneHHH K oc

Tosy He'leTHOrO HeHTpoHa 11 2 1
• 06cy)l()l;aeTCR: 

CBR:3b H3MepeHHbiX BeJIH'IHH C KBaHTOBbiMH 

xapaKTepHCTHK&MH He'leTHOrO HeHTpoHa. 

6 . HcCJie~oBaHhi opHeHTlmHOHHLie 3$

<f>eKTLI , B03HHKaiOtnHe npH B3aHMO~eHCTBHH 

TR::>KeJihiX HOHOB c MOHOKpHCTaJIJiaMH Si. B yr

JIOBOM pacnpe~eneHHH .R,IJ;ep OT~a'IH ynpyroro 

H Heyn pyroro B3aHMO~eHCTBHH 3a$HKCHpoBaH 

3$$eK T TeHeH H o6Hapy:>KeHo ysenH'leHHe 

BbiXO~a B TeHeBOM MHHHMyMe C pOCTOM 

3Hepr.HH HOHOB, CBR:3aHHOe C BJIHR:HHeM ~

TeJILHOCTH paCnMa npo~yKTOB HeynpyrHX 

CTOJIKHOBeHHH .R,IJ;ep (pHc. 14). BLIR:CHeHLI 

YCJIOBHR: , npH KOTOpbiX Ha6JIIO~aiOTCR: MaKCH

MYMhl BbiXO~a 'laCTHQ B~OJlb KpHCTaJIJIOrpa

$H'lecKHX HanpaBJieHHH, TO eCTL 3a$HKCHpo-
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arum pei<aHaJIHpoBaHHe .~~.nep OT,IJ;a'IH ynp yroro 

pacceHHHH, BbiXO.D;HIIUIX H3 rny6HHbl I<pHC

TaJina. 

BnepBbie o6Hapy:>KeHa11 3 1 aHOM aJibHO 

HH3I<aH noape)K,Il;aiOll.(aH cnoco6HOCTb HOHOB 

Xe, B03,IJ;eHCTBYIOll.(HX Ha MOHOI<pHCTaJin Ge. 
llpH H,IJ;eHTH'IHbiX ycnOBHHX npoH3BO,Il;HnOCb 

o6nyt~eHHe Ge HoHaMH 12 9 Xe (121 M3B) 

H 
4 0 Ar ( 24 M3B) H cpaaHHBaJioc& H 3 MeHe

HHe napaMeTpOB TeHeBbiX MHHHMYMOB C poe-

1. Hat~aTbi cpH3HlleCI<He 3I<CnepHMeHTbi Ha 

nyqJ<ax HOHOB, Bbme,IJ;eHHbiX BO BTOpoM Ha

npaaneHHH MeTo,IJ;oM o6,D;Hpi<H. llony lleHbi 

nylii<H HOHOB 2 0 Ne, 3 1 P, 4 0 Ar, 9 0 Zr c 3Hep

rHHMH (5-8) M3B/Hyi<noH H HHTeHCHBHOCTHMH 

(101 2 - 101 3
)-

1 C. 3cpcpei<THBHOCTb TpaHcnop

THpoBI<H nylii<OB no I<aHaJiaM COCTaBnHeT 

(70-90) %, pa3Mep nylii<a Ha YAaJieHHOH cpH3H

qeci<OH MHilleHH He npeBbiillaeT B ,IJ;HaM eTpe 

TOM ,IJ;03bi (pHc. 15) . lloape)K,Il;aiOll.(aH cnoco6-

HOCTb HOHOB Xe, 3HaliHTenbHO MeHbillaH, lleM 

HOHOB Ar, He MO:>KeT 6biTb 06'bHCHeHa B paMI<ax 

CTaH,D;apTHbiX MO,IJ;eneH:. llpeMO:>KeH HOBbiH 

MeXaHH3M OTI<nHI<a I<pHCTaJinHlleCI<OH cpe

,Il;bl, BI<n!OllaiOll.(HH MHI<ponnaaneHHe B.D;Onb 

Tpei<a llaCT~bl H nocne,IJ;yJOll.(YIO pei<pHC

TannH3lmHIO. .li.aHHbiH MeXaHH3M HMeeT MeCTO 

TOnbi<O npH OlleHb BbiCOI<OH MOTHOCTH 3Hepro

Bbi,IJ;eneHHH (Xe) B,IJ;Onb Tpei<a. 

PA3P ABOTKH B OBJIACTH YCKOPHTEJIEA 

1 eM. B npouecce TpaHcnopTHpoBI<H nyt~I<a 

HHcpOpM;mHH 0 ero cpopMe H nono:>KeHHH OT0-

6pa:>KaeTCH C nOMOll.(biO aBTOMaTH3HpOBaHHOH 

CHCTeMbl I<OHTponH napaMeTpOB (ACKll) Ha 

.n;Hcnnee. 

2 . Ha UHI<noTpoHe Y -300 anepBbie peanH-

30BaH pe:>KHM yci<opeHHH TH:>KenbiX HOHOB Ha 

nHTOH rapMOHHI<e llaCTOTbi o6pameHHH . Ha oc-

H.cnhiTrumR Ha nyqKax HOHOB T a, Pb H U ycKopHTerrR Y-300 ra3oHanorrHeHHoro Macc-cenapaTopa, npe,D,Ha3Ha· 
'leHHOrO ,!VIR 3KCnepHMeHTOB no CHHTe3y HOBbiX TpaHCQ>epMHeBbiX :meMeHTOB . 
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HOBaHHH npoBe~eHHbiX pactteTOB Bbi6paHbl 

ODTHMaJlbHbie noJIO)I(eHHR 3JieMeHTOB QeHT

paJibHOH OnTHKH H 3JieKTpOCTaTHtteCKOrO ~e

lPJieKTOpa. llonytteHhi Bbme~eHHbie nyttKH 

HOHOB Ta, Pb H U c 3HeprHRMH (0,2-

0,5) M3B/HyKJioH H HHTeHCHBHOCTRMH 

(0,5 - 1) MKA, KOTOpbie npoTpaCCHpOBaHbl 

Ha y~aneHHYIO lPH3HtteCKYIO MHllleHb. llony

tteHHble nyttKH HOHOB HCnOJib3YIOTCR ~JIR 

KaJIH6poBKH ~eTeKTHpyromHX CHCTeM, npH

MeH.ReMbiX B 3KCnepHMeHTax no CHHTe3y 

HOBbiX TpaHClPepMHeBbiX 3JieMeHTOB. 

3. Ha CHCTeMe aKCHaJibHOH HH)I(eK

QHH114 1 QHKJIOTpoHa Y-200 npoao~HJIHCh HC

cne~oBaHHR TpaHCnopTHpOBKH nyttKOB HOHOB 

H3 BHeUIHero HCTOtiHHKa. l-f3yqeHO ~BH)I(eHHe 

nyqKa no KaHa.riY aKCHaJlbHOH HH)I(eKQHH 

H BaKyyMHble noTepH B HeM (pHC. 16). llony

qeHO, qTo npH 3HeprHH HH)I(eKQHH, paBHOH 

15 KB, npH BaKyyMe 10- 5 Topp H3-3a nepe-

3apR~KH Ha OCTaTOtiHOM ra3e Tep.ReTCR He 6o

Jiee 10% nyqKa. 11ccne~oBaHbi ycnoaHR npo

xo~eHHR nyqKa qepe3 3JieKTpOCTaTHtteCKHH 

HHlPJieKTOp (pHC. 17). llonyqeH MaKCHMaJib

HbiH K03lPlPHQHeHT TpaHCMHCCHH OT aHaJIH3H

pyromero MarHHTa ~o KoHeqHoro PMHyca 

yCKOpeHHR 6e3 6aHtiH:poBKH nyttKa - 3,8%. 

3KCnepHMeHTaJibHhie pe3yJihTaTbl XOpolllO 

cornacyroTCR c pactteTHbiMH. llpoae~eHbi 3KC

nepHMeHThi no noJiytteHHIO HHTeHCHBHbiX HOH

HbiX nyqKoB H3 ~yoDJia3MoTpoHa. BhmonHeHhi 

nepBbie 3KCnepHMeHTbl Ha lPH3HtieCKOH MHllle

HH C HCnOJib30BaHHeM ycKopeHHOrO ny'IKa HO

HOB H3 BHell!Hero HCTOqHHKa. 

PHc. 16. 3asHCHMOCTb TOKa ny'IK8 HOHOB 
4

He
1

+ Ha 

BXOJ];e B HH$JieKTOp OT BaKyyMa B 1~8H8Jle BHeW· 

HeH HH:>KeK~HH . . 

I, oTH.e.ll. 
1,0 

----7 

Puc. 17. TpaeKTopHH ABH:>KeHHfl ny'IKa a ~eHTpan&HOH 
o6naCTH ~HKJIOTpoHa . B TO'IKax 1 · 7 AaH&I H3Me

peHH&re n po$HJIH ny'IK8 B nJIOCKOCTH, nepneHJ];HKy

JiflpHOH er o .ABH:>KeHmo. 

4. ,[(JIR aBTOMaTHqeCKOro ynpaBJieHHR 

napaMeTpaMH, onpe~en.RromHMH pe)I(HM pa6o

Tbi QHKJIOTpOHHOro HCTOqHHKa HOHOB, pa3pa

OOTaHa no~CHCTeMa (pHc. 18) ynpaaneHHR 

~yrOBbiM HCTOtiHHKOM MHOr03apR~biX HOHOB 

QHKJIOTp oHa Y-400 Ha 6a3e ~Byx Kpeli:TOB 

KAMAK c HHTenneKTyanhHhiMH MHKponpo

QeccopHbiMH KOHTpoJIJiepaMH /I 
5 I. llO~CHCTe

Ma ocym ecTBJI.ReT aBTOMaTHtteCKHH BbiBO~ HC

TOtiHHKa Ha 3MaHHbiH pe)I(HM: 3a)I(HraHHe 

pa3pMa H nonyqeHHe 3MaHHOH MOmHClCTH 

pacnbmeHHR pa6oqero aemecrna, a TaK)I(e 

CTa6HJIH3aQHIO xapaKTepHCTHK B 3TOM pe)I(HMe. 

BpeMR BbiBo~a Ha pe)I(HM c npHBe~eHHOH 

norpelllH OCTbiO HaCTpOHKH napaMeTpOB 1% 

5MHH . 

5. C QeJibiO H3yqeHHR B03MO)I(HOCTH no

BbillleHHR 3lPlPeKTHBHOCTH H3BJieqeHH.R HOHOB 

H3 DJia3 Mbl B Jia3epl:IOM HCTOtiHHKe HOHOB 

npoBe~eHO HCCJI~OBaHHe KOJIHqecTBeHHbiX H 

npOCTpaHCTBeHHO-BpeMeHHbiX xapaKTepHCTHK 

HOHHOH KOMnOHeHTbl Jia3epHOH DJia3Mbl npH 

ee pa3neTe a Heo~Hopo~oM MarHHTHOM none. 

MaKCHM aJibHbie BeJIHqHHbi ~JIHTeJihHOCTH HM

nynLca H KOJIHtieCTBO yCKOpeHHbiX HOHOB 
1 2 C3 + Ha QHKJIOTpoHe Y -200 C HCnOJib30Ba

HHeM C02 -Jia3epa COCTaBHJIH 14 MKC H 

1,8·101 0 qaCTHQ/HMnyJibC COOTBeTCTBeHHO, tiTO 

npeBhilllaeT paHee nonyqeHHbie pe3yJihTaThi Ha 

Jia3epHbiX HCTOqHHKax HOHOB MR QHKJIOTpo

Ha Y-200 11 6 1
• 

6. llpO~OJI)I(aJIHCb pa60Tbl no C03~aHHIO 

QHKJIOTp OHHOrO KOMnJieKCa T.R:>KeJibiX HOHOB 

Y-400 + Y-400M. B 1987 ro~y H3rOTOBJieHhi 
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PHc. 18. BnoK·cxeMa no~cucreMbl KoHTpoml.napaMer· 
poB H 8BTOM8TH'IeCKOI"O ynpaaneHHJI pe)I(HMOM pa6o
Tbl HCTO'IHHK8 HOHOB. 

1. Mero.n;oM H3MepeHHH MHKpoTaep.n;ocrH 

H3yqeao pa.n;H~HoHHoe ynpo~eaHe p.R.n;a ~c

TbiX MeTaJIJIOB (HHKeJI.R, BaH8.n;H.fl, aJIIOMHHH.fl, 

Me.n;H) npH HX o6nyqeHHH HOHaMH KCeHOHa 

c 3HeprHeH: 124 M3B. lloKa3aHO, qTO creneHh 

pa.n;H~HOHHOrO ynpo~eHH.fl CTpeMHTC.fl K Ha

Cbill.l,eHHIO C yBeJIHqeaHeM )l;03bl o6JiyqeHH.fl. 
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Be~yTcH pa6oTbi no co3~aHHIO KaHana TpaHcnopm
poBKH 11acr~m H3 ycKopHTenH Y-400 B ycKopHTem. 
Y-400M. 

H no.n;roTOBJieHbi K MOHTIDKY 3JieMeHThi ycH

JieHHH 3JieKTpoMarHHTa, npoH3ae.n;eaa c6opKa 

noJIIOCHhiX aaKoae~HKOB. Co3.n;aHa annapary

pa )l;JI.fl H3MepeHH.fl MarHHTHOrO llOJI.fl, CB.fl3aH

HaH C nepCOHaJibHbiM KOMllbiOTepOM "llpaaeu-

16", KOTOpaH HCllbiTaHa B npouecce H3MepeHHH 

llOJI.fl Ha MO)l;eJIH MarHHTHOH CTpyKTypbl UHK

JIOTpoHa Y-400M B MacwTa6e 1:3. BLmon

aeaa KOHTpoJibHaH COOpKa BaKYYMHOH Ka

Mepbi H npoae.n;eabi ee HCllbiTaHH.fl. I13Me

peHHbie BeJIH~Hbi aaewaero HaTeKaHH.fl 

( 2. 1 o- 3 JI• Topp. c- 1 
) H ra300T.n;eJieHH.fl c BHYT

PeHHHX noaepXHocreH: ( 4 ·10~ n· Topp • c- 1 

C O)l;HOrO CM2
) COOTBeTCTByiOT pacqeTHbiM. 

HAyqHO-IIPlfKJIAL(HhiE P ABOTbl 

Mero.n;aMH npocae~aaiOw.eH: MHKpocKonHH 

onpe.n;eJieHhl )l;030Bble 3aBHCHMOCTH KOHUeHTpa

UHH H xapaKTepHbiX pa3Mepoa KJiacTepoa 

Toqe~biX .n;e¢>eKTOB, Ha OCHOBe KOTOpbiX 

nonyqeao xopowee cornacHe 3KcnepHMeHTaJib

HbiX pe3yJILTaTOB no pa.n;H~HOHHOMY ynpo~e

HHIO C npe.n;CKa3aHH.fiMH 6apbepHOH MO)l;eJIH 
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PHc. 19. llo30sble 38BHCHMOCTH H3MeHeHH.R npe.nena 
TeKyqeCTH Me.llH npH o6nyqeHHH • - HeKrpoHaMH • 
(14 M3B), 0 - npoToHaMH (23 M3B), l:l - HOHaMH 
Heoaa (233 M3B) H X - aproaa (433 M3B) . Benn
qnaa .ll03bl Bblpll)l(eHa B qncne cMemeaHif aa aToM 
(dpa). 

ynpoliHeHHH. lbyt~anoch TaK:>Ke panHauHoHHOe 

ynpoliHeHHe Me,n:H npH OfiJiytleHHH HOHaMH 

Ne (E = 233 M3B) H Ar (E = 430 M3B) 

no H3MeHeHHIO npe.n:ena TeKyt~ecm l:l ay B 3a

BHCHMOCTH OT A03hl o6JiytleHH.R (pHC. 19). 
3.n:ech TaK:>Ke o6Hapy:>KHsaeTc.R HacLrmeHHe 

3cpcpeKTa ynpo1IHeHH.R H Ha6JIIOAaiOTC.R pa3-

JIHIIH.fl B xapaKTepe A030BbiX 3aBHCHMOCTeH: 

npH CpaBHeHHH C pe3yJibTaTaMH 3KCnepHMeH

TOB, noJiytleHHbiX B ,n:pyrHX QeHTpax npH 

o6nyt~eHHH Me,n:H HeH:TpoHaM~ (E = 14 M3B) 

H n p oToHaMH (E = 23 M3B). l13MepeHHe 

DJIOTHOCTH pa)lHaQHOHHbiX ,n:ecpeKTOB, npose

,n:eHHOe MeTOAaMH 3JieKTpoHHOH MHKpOCKOnHH 

H peHTreHOBCKOH ,n:HcppaKUHH, nOKa3aJIO, liTO 

npH 0 6JiytleHHH 3ap.R:>KeHHbiMH tlaCTHQaMH HeT 

OAH03Hat1HOH KOppeJIJIUHH Me:>K,n:y MOHOTOHHO 

B03paCTaiOmeH: DJIOTHOCThiO ,n:ecpeKTOB H 3cpcpeK

TOM HaChimeHHH npe,n:ena TeKytleCTH I 1 7 - 1 S 1• 

2. Tipose,n:eHO HCCJie,n:OBaHHe pa,n:Ha,uHOH

HOrO pacnyxaHH.R Me.n;H, o6nyt~eHHOH HoHaMH 

KCeHOH a (E = 124 M3B) H MeAH (E = 
= 63,5 M3B), B TeMnepaTypHOM HHTepsane 

OT 400° C AO 700° C. TionytleHbl A030Bble 

H TeMn epaTypHbie 3aBHCHMOCTH panHa,uHOHHo

ro pac nyxaHH.R. TipH o6nyt~eHHH Me.n;H HOHaMH 

KCeHOHa. OfiHapy:>KeH aHOMaJlhHO 60JihlliOH TeM

nepaTy pHbiH CABHr MaKCHMyMa pacnyXaHH.R 

no CpaBHeHHIO C HMeiOmHMHC.R JIHTepaTypHbi

MH A aHHbiMH H pe3yJihTaTaMH, noJiytleHHbiMH 

npH o 6JiytleHHH Me,n:H HOHaMH MeAH (E = 
= 63,5 M3B). 

3. J13ytleHO H3MeHeHHe 3JieKTpOMeXaHH

tleCKHX CBOHCTB KpHCTaJIJIOB OKHCH UHHKa npH 

HX o6nyt~eHHH HoHaMH yrnepo.n:a H aproHa 

BbiCOK HX 3HeprHH. TionytleHHbie pe3yJihTaTbl 

n03BOJI.RIOT c,n:eJiaTb BbiBOA 0 TOM, liTO o6Jiy

tleHHe T.R:>KeJibiMH HOHaMH cymecTBeHHO ynyq

UiaeT nhe303JieKTpHtleCKHe csoH:crsa AaHHhiX 

KpHCTaJIJIOB, liTO, nO-BH,n:HMOMy, o6yCJIOBJieHO 

p8JlH8.UHOHHO CTHMyJIHpOBaHHbiMH npoueccaMH 

nepepacnpe.n:eneHH.R npHMecH JIHTH.R. 

PHc. 20. raMMa-cneKTp O.llHOro H3 o6pa3~0B yrnen. no.n Kll)l(.llbiM nHKOM npnse.neaa 3HeprH.R raMMa-nHHHH H ee 
DpHHII.llJle)IQfOCT& K onpe.neneHHOMY H30TOny. 
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4. 11cCJie,D;OBaHO ,D;ecPeKT006pa3 0BaHHe 

B KpHCTaJIJiax aJIMa3a ( MeTO,D;aMH cPOTO- H 

KaTO,D;OJIIOMHHeCJ:.leHJ:.lHH) npH o6JiylleHHH HX 

HOHaMH KCeHOHa (E = 124 M3B) H Me,D;H (E = 
= 63,5 M3B). lloKa3aHO, liTO o6JiylleHHe npH

BOAHT K 3HatiHTeJibHOMy nepepacnpe,D;eJieHHIO 

npHMeCH a30Ta, o6pa3yroi..U;eH OnTHlleCKH aKTHB

Hbie l.leHTpbi. Onpe,D;eJieHbi 3aBHCHMOCTH KOH

J:.leHTp~HH: OnTHlleCKH aKTHBHbiX J:.leHTpoB no 

npo6ery T1DKeJibiX HOHOB, liTO n03 BOJIHeT 

C,D;eJiaTb BbiBO,D; 0 3HatiHTeJihHOM BKJia,D;e B HX 

o6pa30BaHHe 3HepreTHlleCKHX noTepb 3 a ClleT 

3JieKTpOHHOrO TOpMO:>KeHHH TH:>KeJIOrO HOHa. 

5. Pa3pa6oTaHhi MeTOAhi MHoro3JieMeHT

Horo aHaJIH3a yrJieH: H yrJIHCThix nopo,D; c HC

noJih30BaHHeM TOpM03HOrO H3JiylleHHH 3JieKT

pOHOB H cPOTOHeHTpOHOB OT ypaH-6ep HJIJIHe

BOrO KOHBepTOpa Ha MHKpOTpOHe, a TaK:>Ke 

1 . .llJIH perHcTp~HH a-pacnma c n oHTaH

Horo ,D;eJieHHH npOAYKTOB peaKJ:.lHH n OJIHOro 

CJIH1i HHH H,D;ep Ha yCTaHOBKe "BaCHJIHCa" 

noCTpOeHa ,D;BOHHaH HOHH3~HOHHaH K aMepa, 

cxeMa KOTopoH: noKa3aHa Ha pHc. 21. KoM

nayHA-Mpa, cenapHpOBaHHhie Ha YCTaHOBKe 

"BaCHJIHCa" , BXO,D;HT B 06'beM KaMepbl H OCTa-

Puc. 21. CxeMa ABOHHOH HOHH38.UHOHHoii KaMep&I 
yCTBHOBKH " BacHJIHca": At H A2 - BHOAbi KaMep, 
K -KaTOA ; BTOpaH KaMepa HMeeT CeTKY <l>pHwa. 
KoMnayHA-fiApa npoXOAJIT qepe3 BXOAHOe OKHO 
(cneua) H TOHKYKJ nneHKY B aHOAe At, TOpM03JITCJI 
B ra3e (rpynna TOQeK y mop;a At), a 3aTeM p;peii
<PYKJT Ha K8TOA. 

•.......... 
( 

At K A :! 
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TennoBhiX HeiiTpOHOB Ha peaKTope "Apryc" 

11HCTHryTa aTOMHOH 3HeprHH HM. 11.B.Kyp

llaTOBa H Ha peaKTope BBP2M 11HCTHTyTa 

H,D;epHoH: cPH3HKH AH Y3CCP (TawKeHT) . 

C nOMOI..U;biO 3THX MeTO,D;OB npose,D;eHbl 

HCCJie,D;OBaHHH 3JieMeHTHOrO COCTaBa 6oJiee 

700 o6pa3J:.lOB yrJieH H3 pa3HbiX MeCTO

pO:>KAeHHH CCCP, MHP, TIHP H HPB c npe

AeJIOM 06Hapy:>KeHHH OT 10- 6 ,D;O 10- 7 r/r. 

B Ka:>KAOM H3 o6pa3J:.lOB onpe,D;eJieHbi KOH

l.leHTpaJ:.lHH 40+50 3JieMeHTOB, B TOM liHC

Jie Au, Tr, In, Ga, Pb, Bi, Th, U, W, Ag 

(pHc.20) / 19-221. 

Pa3pa6oTaHa MeTOAHKa onpe,D;eJieHHH co

,D;ep:>KaHHH JierKHX 3JieMeHTOB (H, C , 0) , OC

HOBaHHaH Ha pacceHHHH 3nHTenJIOBbiX HeHTpo

HOB Ha pe30HaHCHbiX norJIOTHTeJIHX C HCnOJib-

30BaHHeM pa,D;HOH30TOnHbiX HCTOliHHKOB H 

MHKpOTpOHa 12 3 I. 

3KCTIEP11MEHT AJihHA.R ATITIAP ATYP A 

HaBJIHBaJOTCH B ee pa6olleM ra3e Ha paCCTOHHHH 

1-2 CM OT BXO,D;HOro OKHa, KOTOpoe npe,D;

CTaBJIHeT C060H JlaBCaHOByJO nJieHKY TOJII..U;H

HOH 0,5-2 MKM H ,D;HaMeTpOM 7 CM. llpH 3anoJI

HeHHH KaMepbl CMeCbiO aprOHa H MeTaHa, 

HMeiOI..U;HX BbiCOKHe noTeHJ:.lHaJibl HOHH3~HH, 

60JibWHHCTBO aTOMOB nocJie nOJIHOH OCTaHOB-

Puc. 22 . AJI&¢la-cneKTp JJp;ep - npop;yKTOB peaKUHH 
19 7 

A u + 
2 2 

N e (Ena6 = 102 M3B), 3aperHCTpHpoB8H
HbiH BTOpoH KaMepoii. 

5~~[ ~.21tr:rl6,54 

2500 21tRn 
5',18 

' 

2tORn 
6,01 

~ 
>. 

"" . .. 
'·:._r.-
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Puc. 23. 38BHCHMOCTb CKOJ>OCTH .npeif<J>a OT Hanp.R· 
lKeHHOCTH non.R. 1 - 80% Ar + 20% CH4; 2 - 90% 
Ar + 10% CH4. 

KH (TepMaJIH3~HH) He MOryr npHCOe.D:HHHTb 

llOCJie.D:HHH 3JieKTpoH H OKa3biBalOTCH B HOHH· 

3HpOBaHHOM ( 1 +) COCTOHHHH. llo,n ,neHCTBHeM 

3neKTpHtJeCKOrO nonH 3TH HOHbl ,npe:HcpylOT Ha 

06I.QHH KaTO.D: ABYX KaMep, QeHTpaJibHaH tJaCTb 

KOTOporo npe,nCTaBnHeT co6o:H TOHKYlO 

(0,5 MKM) MeTaJinH3HpoBaHHYlO naBCaHOBYlO 

nneHKy . )])IHHa nyrH ,npe:Hcpa paBHHeTCH 20 CM. 

Ha pHc. 22 noKa3aH cneKTp a-t~aCTHQ, 3aperHcT

pHpoBaHHbiX BTOpoH KaMepOH B 3KCnepHMeH

Te, B KOTOpoM B pa6otJHH ra3 HMllnaHTHpoBa

nHCb npo.nyKTbi peaKQHH 1 9 7 Au + 2 2 Ne 

(En al5 = 102 M3B). Tio OTHOWeHHJO llHKOB 
215 Ac (Ea= 7,60 M3B, T112 = 170 Me) H 
214 Ac (Ea = 7,21 H 7,08 M3B, T 1 12 = 8,2 c), 
KOTOpo e CpaBHHBaJIOCb C TaKHM )Ke OTHOWe

HHeM, H3MepeHHbiM c noMOIQblO Si-Au .neTeK

Topa, onpe.nen~~nacb cKopocTb .npe:Hcpa H,nep 

aKTHHHH B 3neKTpHtJeCKOM none. J1:aHHbie 
H3MepeHHH npHBe,neHbl Ha pHC. 23. 

C llOMOIQblO HOHH3~HOHHOH KaMepbi 
6bmH npOBe,neHbl H3MepeHHH KHHeTHtJecKOH 

3HeprHH OCKOnKOB CllOHTaHHOrO ,neneHHH 
2 4 6 Fm(T 1 12 = 1,1 c) , KOTOpbiH nonyt~aJIH 
B peaKQHH 2 0 8 Pb (4 0 Ar, 2n)2 4 6 Fm (En al5 = 
= 195 M3B) . Tionyt~eHo 3HatJeHHe < TKE > = 
= 196± 3M3B 1241

• 

Puc. 24. CxeMaTH'IeCKoe H3o6palKeHHe 47T-.neTeKTopa MHOlKeCTBeHH&IX co6&ITHH (yCTaHOBKa "cl>o6oc") . 1 - Kap
Kac (peaKUHOHHa.R KaMepa), 2,3 - H3MepHTeJlbHbie MO,IlyJlH, 4 - JlaBHHHbiH C'leT'IHK, 5 - HOHH31UlHOHHa.R 6p3r
rOBCKa.R KaMepa, 6 - CHCTeMa (LlE-E) -TenecKonoo, 7 - nepe,llHee KOJJ&UO (LlE-E) -TenecKonoo, 8 - MHWeH& . 

• 

77 



B na6opaTOPHH C03AaeTCJI 41T-cneKTpoMerp MHo>KeCTBeHHbiX npoAYKTOB, nonyqaeMblx B R,llepHbiX pe&JCUHJIX 
c TR>Ken&IMH HOH&MH- yCT&HOBKa "C!>o6oc". Ha CHHMKe : o6cy>KAeHHe xona C03A&HHR YCT&HOBKH • 

• 
2. llpo,nomKanHCb pa6oThi no co3,namno 

41T -,neTeKTOpa MHO)I(eCTBeHHbiX C06biTHH (ycTa

HOBKa "<l>o6oc") (pHc. 24). CHJiaMH Ba3hi 

pa3BHTHH H BHe,npeHHH BAH (CocpHH, H PB) 

C03AaHhl ,nBe HOHH38nHOHHbie 6p3rrOBCKHe 

KaMepbi H HallaThl HX HCllbiTaHHH Ha cne~

aJlbHOM cTeH.ne. BenHCh pa6oThi no co3,naHmo 

aBTOMaTH3HpOBaHHOH BaKyyMHO-I'a30BOH CHC

TeMbl ,nnH ra3oBhiX ,neTeKTopos. B U H.RH 

(PocceH,nopcp, r ,llP) 6bm pa3pa6oTaH, H3ro

TOBJieH H HCilhiTaH Flash-Ko,nHpoBLUHK c npo

ueccopoM, npe,nHa3HalleHHhtii ,nnH spe~eHHoro 

aHaJIH3a HMnyJibCOB HOHH38nHOHHhiX 6p3r

I'OBCKHX KaMep ycTaHOBKH "<I>o6oc". 3aKOH

t~eHhi HCllbiTaHHH Ha nyqKe TH)I(eJJbiX HOHOB 

MO,neJibHbiX o6pa3UOB no3~0HHO-llyBCTBH

TeJJbHhiX JiaBHHHhiX ct~eTliHKOB. CosMecTHo 

c Ep<l>H (EpesaH) se,neTCH pa3pa6oTKa CUHH

THJIJIH~OHHhiX (t.E-E) -,neTeKTOpOB ycTa
HOBKH12 s I. 

3. Co3,naHa nepBaH oqepe,nb aBTOMaTH-

3HpoBaHHoro H3MepHTeJJbHoro Mo,nynH ycTa

HOBKH. "BacHJIHca" Ha 6a3e MHHH-3BM CM-3, 

nepcoHanbHOH 3BM "llpaseu-16" H an napa

Typhi KAMAK, pa6oTaiOLQeH Ha nyt~Ke ycKo

peHHhix TH)I(eJJhiX HOHOB ycKopHTeJJH Y -400, 
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pa3pa60TaH npoeKT H H3I'OTOBJieH KOMnJieKC 

,neTeKTOpHOH 3JieKTpOHHOH annapa'cypbl ,nJIH 

ra3oHanonHeHHoro cenapaTopa, npe,nHa3HalleH

Horo ,nnH npose,neHHH 3KcnepHMeHTOB no 

CHHTe3y HOBbiX 3JieMeHTOB. 

llpo,nOJI)I(aJIHCb pa60Thl no C03,naHIUO 

3JieKTpoHHKH yCTaHOBKH "<l>o6oc", C03AaH H 

HCnhiTaH MO,nyJib ynpasJieHHH CHCTeMOH no,naliH 

ra3a. H3roToBJieH MaKeT H HCilhiTaH Mo,nyJih 

,neTeKTHpOBaHHH MHOI'OMO,nyJibHOI'O cneKTpo

MeTpa 41T-reoMeTpHH raMMa-KBaHTOB H 3apH

?JCeHHbiX llaCTHQ (yCTaHOBKa nar AC) 12 6 
I. 

Pa3pa6oTaH TeXHHllecKHii npoeKT aBTOMa

TH3HpoBaHHOH CHCTeMbl ynpaBJieHHH QHKJIO• 

TPOHHhiM KoMnneKCOM Y-400 + Y-400M, Ha 

yCKOpHTeJJe Y -400 C03,naHa H BBe,neHa B 3KC

nnyaTanmo MHKponpoueccopHaH no,ncHCTeMa 

ynpasJieHHH ,nyroBhiM HCTOliHHKOM MHOI'0-

3apH,nHbiX HOHOB, o6ecneliHBaiOLQaH aBTOMaTH

qeCKOe ynpaBJieHHe napaMeTpaMH HCTOliHHKa 

npH BBo,ne ero B paOOliHH pe)I(HM H CTa6HJIH· 

3anHIO xapaKTepHCTHK B 3TOM pe)I(HMe. 

·li3MepHTeJJbHO·BhlliHCJIHTeJJbHhiH KOMn-

JieKC Jl.RP nonOJIHHJICH TpeMH HOBhiMH KOMn· 

neKCaMH Ha 6a3e MHKpo3BM CM-1300.01 

H annapaTyphi KAMAK, a TaK)I(e 6on&wHM 

napKOM nepcOHaJibHhiX 3BM "llpaseu-16". 
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JIABOPATOPHR 
HE:ATPOHHO:A fllH3HKH 

B 1987 ro,D;y ocHOBHbie ycHJIHR HH:>KeHep
Ho-TeXHHqecKHx CJiy:>K6 Jla6opaTOpHH 6biJIH 
HanpaBJieHbl Ha BblllOJIHeHHe npo¢>HJiaKTHqec
KHX pa6oT H COBepweHCTBOBaHHe 6a30BbiX 
ycTaHOBOK HEP-2 H HEP~30 c HH:>Kei<TopoM 
JIY3-40. Pa6oTa Hay~hiX OT,D;eJioB 6bma 
cocpe,D;oToqeHa Ha o6pa6oTI<e H aHaJIH3e npo
Be,D;eHHhiX paHee H3MepeHHH H Ha C03,ll;aHHH 
HOBbiX ¢>H3HqeCKHX yCTaHOBOK H annapaTypbi. 

Ha peai<Tope HEP-2 nocne creH,D;OBbiX 
HCnbiTaHHH H npoBepKH Ha npo~OCTb ocy
meCTBJieH MOHTa:>K HOBOrO MO,ll;YJIRTOpa peaK
THBHOCTH - nO,ll;BH:>KHOrO OTpa:>KaTeJIR 110-2. 
HoBaR MawHHa HMeeT nyqwHe TeXHonor Hqec
KHe napaMeTpbi H 6onee pa3BHTbiH KOHTpOJib 
3a ee· 6e3onacHoH pa6oTOH. Peai<Top HEP-2 
C OTpa:>KaTeJieM 110-2 BBe,D;eH B 3I<CnJiyaTB.WfiO 
Ha MOIUHOCTH 2 MBT B HOR6pe 1987 r. Ilo 3a
BeprneHHH npo¢>HJiaKTHqeCKHX pa6oT, B OK· 
TR6pe 1987 r., BBe,D;eHa B 3I<CnnyaTB.WIIO 
ycraHOBI<a HEP-30 c HH:>Kei<TopoM - yci<opH
TeJieM JIY3-40. Ha crpoRIUeMCR yci<opHTene 
JIHY -30 ocymecTBJIRJIHCb pa6oTbi no C03AaHHIO 

r AMMA-PAC11A,L1; 
KOMI1AYH~~OCTOHHHa 

Cnei<Tpoci<onHqeci<aR HH¢>opMa~m o6 
ypoBHRX Ae¢>opMHpoBaHHhiX R.D;ep pe,D;Ko3e
MeJibHOH o6JiaCTH npH B036y:>K,D;eHHH BbiWe 
2 M3B, KOTopaR He Morna 6hrrb non yqeHa 
CTaH,D;apTHbiMH MeTO,ll;aMH, CTaJia nocrynaTb 
6naro,D;apR pa3BHTOMY B JIH<l> MeTO,ll;y CYMMH-

PHc. 1 . qaCT& 3KcnepHMeHTan&Horo cneK~a c y MMap· 

HbiX aMil1IHTYA HMnyJibCOB H3 peaK~H 1 Hf(n, 21) . 
Uu¢lp&I HaJJ; nHKaMH - 3Hepm.R KOHe'IHoro y posH.II 

KaCKa.D;a B K3B. 
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,D;HarHoCTHqeci<oii annaparyphi H onpe,D;eneHHJO 
napaMeTpOB nyqi<a B HH:>KeKTOpHOH qaCTH. 
CoBeprneHCTBOBaJICR H3MepHTeJibHO-BbiqHCJIH
TeJibHhiH QeHTp Jia6opaTopHH. 

B 1987 r. Jia6opaTopHR BKJIJOqHJiaCb B Hc
cneAOBaHHR BbiCOKOTeMnepaTypHOH CBepxnpo
BO,ll;HMOCTH. 11onyqeHbl HOBbie ,ll;aHHbie B 3I<Cne
pHMeHTaX no MaJIOyrJIOBOMY pacceRHHIO HeHT
pOHOB, B ,ll;H¢>paKQHOHHbiX 3I<CnepHMeHTax 
H B HCCJie,ll;OBaHHRX MeTO,ll;OM Heynpyroro 
pacceRHHR TennoBhiX HeiiTpoHoB. Pe3yJibTaThi 
o6cy:>K,D;aJIHCb Ha "Pa6oqeM COBeiUaHHH no HC· 
CJie,ll;OBaHHRM KOH,D;eHCHpOBaHHbiX Cpe,ll; Ha 
peai<Tope HEP-2 " (~y6Ha, 15-17 ceHTR6pR 
1987 r.). H,D;epHo-¢>H3meci<He pa6oThi no 
HeHTpOHHOH cnei<TpOCI<OnHH, p-HeqeTHbiM H 
p-qeTHbiM 3¢>¢>ei<TaM B pe30HaHCax, npOTOHHO· 
MY H raMMa-pacna,D;y KOMnaYHA-cOCTORHHH, 
pacnpe,D;eneHHJO 3Jiei<TpHqeci<oro 3apR,D;a B Heii
TpoHe H PM ,D;pyrHX Hccne,D;OBaHHH 6bmH 
lllHpoKO npe,D;CTaBJieHbl Ha "Me:>K,D;yHapO,ll;HOH 
KOH¢>epeHQHH no HeHTpOHHOH ¢>H3HI<e "(KHeB, 
OKTR6pb 1987 r .) . 

HAYliHO-HCCJIE~OBATEJihCKHE P ABOTbl 

N 

0 
3420 34BO 3540 3600 3660 3720 n 



Puc. 2 . HHTeHCHBHOCTb JIHHHH B KaCKMe c cyMMap

HOH 3HeprHeif 7533 K3B H3 peaKIUfH 
177 Hf(n , 2r). 

pOBaHHH aMIIJIHTY.D: COBIIa)l;aiOIUHX HMrryJibCOB 

c .n;syx repMaHHeBhiX .n;eTeKTopos . B 1987 r. 

rronyt~eHhi pe3yJihTaThi )l;JIH KacKa.n;Horo pac

rra.n;a H.n;pa - rrpo.n;yKTa 1 7 8 Hf ( pea~HH 
1 7 7 Hf(n,2r) ) . Ha pHc. 1 .n;aH rrpHMep 3KcrrepH

MeHTanhHoro CIIeKTpa CYMMapHbiX aMIIJIHTY.D: 

HMrryJihcos a 3TOH peaKQHH, a Ha pHc. 2 -

pacrrpe.n;eJieHHe HHTeHCHBHOCTeH JIHHHH B .D:BYX

KBaHTOBbl:ll KaCKa.n;ax C cyMMapHOH 3HeprHeH 

7533 K3B. l13MepeHbi 3HeprHH rrepexo.n;os 

H HHTeHCHBHOCTH 166 KaCKa)l;OB Me:JKJJ;y HC

XO)l;HbiM H BOCeMbiO HH3KOJie:>KamHMH COCTOH

HHHMH. 06Hapy:>KeHHbie HeCTaTHCTHtJeCKHe 3$

$eKTbl - ycHJieHHe KaCKa)l;OB Ha OCHOBHOe CO

CTOHHHe H IIO)l;aBJieHHe KaCKa)l;OB Ha IIOJIOCbl O)l;

HO$OHOHHbiX COCTOHHHH 11 I - )l;OIIOJIHHIOT yCTa

HOBJieHHbie paHee $aKTbl HeCTaTHCTHtJeCKOrO 

rrose.n;eHHH KacKa.n;Horo r-pacrra.n;a H.n;ep 1 6 3 Dy, 
167ErH179Hf12 1. 

p-tiETHhiE l1 p-HEqETHbiE 3<l><l>EKTLI 

B p-BOJIHOBbiX PE30HAHCAX 

Ilpo.n;OJI:>KaJIOCb 3KCrrepHMeHTaJibHOe H3y

tJeHHe 3$$eKTOB HecoxpaHeHHH rrpocTpaHCT

seHHOH tJeTHOCTH (p-HetJeTHbie 3$$eKTbi) 

B HeHTpoHHbiX p-BOJIHOBbiX pe30HaHCax. l13Me

peHHH IIpoBO)l;HJIHCb Ha IIYtJKe IIpo)l;OJibHO

IIOJIHpH30BaHHbiX pe30HaHCHbiX HeHTpoHOB 

HMrryJibCHOrO 6ycTepa C yCKOpHTeJieM 3JieKTpo

HOB JIY3-40 B KatJeCTBe HCTOtJHHKa HeHTpOHOB. 

Hccne.n;osaHbi o6pa3Qbi Nb (pe30HaHCbi EP = 
= 35,8 3B H EP = 42,2 3B), Pr (EP = 4,9 3B) 

H 
1 1 3 

Cd (EP = 7,0 3B). p-Het~eTHhie 3$$eKThi 

He rrpoHBHJIHCb B rrpe.n;enax 3KCrrepHMeHTaJib

HOH TotJHoCTH H3MepeHHH. Ilonyt~eHhi sepXHHe 

OQeHKH MaTpHtiHbiX 3JieMeHTOB CMeWHBaHHH 

S- H p-ypoBHeH KOMIIayH.n;-H.n;ep 13 1
• 

IlpoaHaJIH3HpoBaHhi o6Hapy:>KeHHbie paHee 

p-tieTHbie 3$$eKTbl ( 3$$eKTbl aCHMMeTpHH 

B yrJIOBbiX pacrrpe.n;eJieHHHX 1-KBaHTOB) B o6-

JiaCTH p-pe30HaHCa EP = 7,0 3B a 1 1 3 
Cd. 

IlOMHMO Tpa.D:HQHOHHbiX rrapaMeTpOB p-pe30-

HaHCa o rrpe.n;eJieH BKJia)l; CIIHHOBbiX KaHaJIOB 

B HeHTpOHHYIO WHpHHy H 3HatJeHHe MaTpHtiHOrO 

3JieMeHTa cna6oro B3aHMo.n;eiiCTBHH (rrocne.n;

Hee - C IIpHBJietJeHHeM HH$OpMaQHH H3 .n;py

rHX pa6oT) 14 
I. 

HE:ATPO HHAH CIIEKTPOCKOIIHH 

1. H aKormeHHbie 3a rrocne.n;Hee speMH 

B JIH<l> )l;aHHbie 0 .D:H$$epeHQHaJibHbiX ceqe

HHHX yrrp yroro pacceHHHH HeHTpOHOB IIpoaHa

JIH3HpoBaHbl C QeJibiO IIOJiytJeHHH HH$opMaQHH 

o BJIHHHHH Het~emoro HYKJIOHa H.n;pa-MHweHH 

Ha IIOTeHQHaJibHOe p-pacceHHHe HeHTpoHOB. 

)J;aHHbie rrpe.n;CTaBJieHbl Ha pHC. 3 B BH)l;e 3aBH

CHMOCTH pa.n;Hyca pacceHHHH R ~ oT Maccosoro 

tJHcna A MH tJeTHo-t~eTHhiX H HetJeTHhiX H.n;ep. 

3<P<PeKT Het~eTHoro HYKJIOHa OKa3aJICH MaJibiM: 

He 6onee 0,5 <PM .n;nH H.n;ep c A> 90 15 1
• 

2. Ilonyt~eHbi rrpocTbie aHaJIHTHt~ecKHe Bbl-
• 

pa:>KeHHH .D:JIH rroJIHhiX pa.n;HaQHOHHhiX wHpHH 

HempoHHbiX pe30HaHCOB. B ocHosy pact~eToB 

IIOJIO:>KeH CTaTHCTHtJeCKHH IIO)l;XO)l; C $eHOMeHO

JIOrHtJeCK OH rrapaMeTpH3aQHeH 3HepreTHtJecKOH 

3aBHCHMOCTH IIJIOTHOCTH B036y:JKJJ;eHHbiX COCTO-

Puc. 3 . 3KcnepuMeHTaJibHI>Ie 3Ha'leHH.R PMDYCOB 

pacce.RHHH p·BOnHOBbiX HeifTpoHOB: Q - 'leTHO·'IeT

Hbie .11,11;pa , •- A-He'leTHI>Ie .11,11;pa. 

15 

10 

:r 
& 5 j ++ 

• ~+ 
~·f· t f 

., 
0 

-5 
40 60 

+ 
80 100 

A 

41-t+ 
( . t 

120 140 

81 



mmu. TeopeTHtieCKHe Bhipa)l(eHH.fl xopowo BOC· 
npoH3BO.D;.RT 3KCnepHMeHTaJlhHhie BeJIHtiHHhl 
H MoryT 6biTb HCnOJib30BaHhl AJIH YTOtiHeHH.R 
cymeCTBYJOIUHX CHCTeMaTHK Cpe.D;HHX pa,n:Ha
~HOHHhiX WHpHH 16 

I. 

3. C,n:enaHa nonhiTKa nposepHTb TeopeTH
t~ecKoe npe.n;cKa3aHHe AJIH sepo.aTHOCTH H3JIY
t~eHHH 3JieKTpOH-n03HTpoHHhiX nap npH 3axBaTe 
TennoBhiX HeHTpOHOB .a.n;paMH so.n:opo.n:a. Teo
peTHt~ecKa.a O~eHKa 3 • 10- 4 OTHOWeHH.R ceqe
HH.fl 3Toro npo~ecca K cet~eHHJO peaK~HH 

np + d'Y, c,n:eJiaHHa.a eme B 1949 r., 3KcnepH
MeHTaJibHO He 6hma AOCTHrHYTa BnJIOTb AO 
nocne.n;Hero speMeHH. Cosna.n:aJOIUHe KBaHThi 
OT aHHHrHJIH~HH n03HTpOHa B MHWeHH pe
rHCTpHpOBaJ'IHCb ABYMH .n:eTeKTopaMH Nai(Tl). 
,[{JI.a OTHOCHTeJibHOH Bepo.RTHOCTH HCKOMOH pe
aK~HH H3MepeHa BeJIHtiHHa (0,58±0,24) • 10- 3

, 

6JIH3KaR no tiYBCTBHTeJibHOCTH K TeOpeTHtleC
KOH o~eHKe. C,n:enaH TaK)I(e BhiBOA o 6 oT
cyTCTBHH B npHpo,n:e rHnoTeTHtieCKOrO aKCHOHa 
c Maccou 1,8 M3B 17 1 H speMeHeM )I(H3HH 

r < 5 · 1 o- 1 1 c. 

4. B .n:ononHeHHe K onpe,n:eneHHhiM paHee 
napa'MeTpaM HeHTpOHHbiX pe30HaHCOB B peaK
~HH 3 6 Cl(n,p)3 6 S H3MepeHo Tennosoe cet~eHHe: 
a= 0,4± 0,1 6. Pe3yJILTaThi OTKphmaJOT HOBYJO 
B03MO)I(HOCTb H30TOnHOH XpOHOJIOrHH nocpe,n:
CTBOM onpe,n:eJieHH.R COOTHOWeHH.R KO~eHTpa

~HH H30TonoB 3 6 Cl H 3 5 Cl (nepHo,n: n onypac
na.n:a 3 6 Cl paBeH 3 ·105 neT) 18 1

• 

5. CoBMeCTHO c 11HCTHTyToM .a.n:epHhiX Hc
cne,n:oBaHHH AH YCCP H3yt~eHhi peaK~H 

I 
4 3 Nd(n,a) 14 °Ce H I 

4 7 Sm(n,a)1 4 4 N d npH 

3HeprHH HeHTpoHOB 144 K3B, UOJiyt~eHHOH 

C nOMOI.UblO <l>HJibTpa H3 MOHOKpHGTaJ'IJIHtleC
KOrO KpeMHH.fl. J13MepeHHhie ycpe,n:HeHHhie Ce
t~eHH.fl paBHhl (6,6±1,2) MK6H (24,5±5,6 ) MK6 
cooTBeTCTBeHHO 19 1

• Pe3yJILTaThi cornacyJOTC.a 
C npe,n:CKa3aHHRMH CTaTHCTHtleCKOH TeOpHH. 

CTPYKTYP A IIPOTOHHbiX PE30HA HCOB 

113yt~eHHe IIpOTOHHhiX pe30HaHCOB ,n:aeT 
B nocJie,n:HHe rO.D;hl HOBYJO HH<i>OpM~HlO 

0 CBOHCTBax KOMnayH.D;-COCTORHHH .a,n:ep, AO
nOJIH.fl.fl H3BeCTHbie MeTO.D;hl HeHTpOHHOH cneKT
pOCKOnHH. 3KcnepHMeHTaJlbHO nOKa3aHO cy
mecTBOBaHHe HeCTaTHCTHtleCKHX 3<l><l>eKTOB 
B npoToHHhiX pe30HaHCax HeaHan:orosor o THna. 
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PHc. 4. HapaCTaK>I.Qilll cyMMa npHBe,o.eHHhlX WHpHH 
B(E2) npl'IMhlX 'Y·nepexo.o.os B 3aBHCHMOCTH OT 3Hep
rnu DpoTOHOB B peaKUHH 62 Ni(p , 'Y) 63 Cu. 

B 3TOH CB.fi3H Ha ycKOpHTeJie npoTOHOB ar -5 
BhmonHeHhi H3MepeHH.a yrnoBhiX pacnpe.n:ene
HHH raMMa-KBaHTOB s peaK~H (p, 'Y) Ha t~eT
Ho-t~eTHhiX H30Tonax 5 8 Ni H 6 2 Ni. ,ZJ;n.a raMMa
pacna.n:a o6pa3yJOI.UHXC.fl KOMnayH.D;-cOCTORHHH 
59 Cu H 6 3 Cu xapaKTepHhi CHJILHhie M1-nepe

xo.n;bi c npHMeCLJO E2. B .n:ononHeHHe K paHee 
nonyt~eHHhiM pe3yJihTaTaM no CMeCH MYJILTH
noJibHOCTe:H 8 = ± vr;(E"2"fiF'Y-(MI) B 1987 r. 
H3MepRJIHCb npHBe,n:eHHhie sepo.RTHOCTH B (E2) 

H B (M1) AJIH nepexo.n:os Ha nepsoe B036y)l(
.n:eHHoe H OCHOBHOe COCTO.RHHe H3 HH.D;HBHAY
aJlbHhiX npoTOHHhiX pe30HaHCOB C 3HeprHeH 
2238-27 30 K3B. raMMa-JiytiH perHCTpHpoBa
JIHCb Ge(Li)-.n;eTeKTopoM no.n: yrnaMH 0,30°, 
60° , 90° K HanpaBJieHHJO nyt~Ka npoTOHOB. 
IlpHMep pe3yJibTaTOB .D;JI.fl npHBe.D;eHHbiX WH
pHH B (E2) H B (M1) AaH Ha pHc. 4 H 5. O.n;HHa-

PHc. 5. HapaCTaK>I.Qal'l cyMMa npuae,o.eHHhlX WHpHH 
B ( Ml) npl'IMhlX 'Y·nepexo.o.os B 3aBHCHMOCTH oT 3Hep
rnu npoTOHOB B peaKUHH 62 Ni(p, 'Y) 63 Cu. 

I Yi 
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KOBbiH BH.D; KpHBbiX CJIY:>KHT KatJeCTBeHHhiM 

yKa3rumeM Ha HaJIHtJHe KoppemmHH:. KonH

qecTBeHHhre pe3yJihTaTbl )J.JIR K03cpcpHUHeHTa 

KoppeJIRQHH p (B (E2), B (M1)) cne.n;yromHe: 

p = 0,7±0,2 .D;JIR 14 pe30HaHCOB C J" = 3/2-

B 58 Ni H p = 0,6± 0,2 .n;nR 19 pe30HaHCOB 

a 6 2 Ni. .[VIR -y-nepexo.n;oa Ha nepahlli B03· 

6y)K):(eHHbrH ypoBeHh no,n;o6HOH KOppeJIRUHH 

He o6Hapy*eHo. C.n;enaH BhiBOA o cymecTao

BaHHH HeCTaTHCTHtJeCKOH KOMnoHeHTbl B BOJI

HOBbiX cpyHKQHRX HCCJie.D;OBaHHbiX pe30HaHCOB 

C BeJIHtJHHOH nopH.D;Ka 10% II 
0 1

• 

YJihTP AXOJIOLJ;HhiE HE0TPOHhl 

1. B .n;ononHeHHe K BhmonHeHHhiM paHee 

B JIHCl> H3MepeHHRM HHTerpanbHbiX K03cpcpH

UHeHTOB oTpaJKeHHR ynhTpaxono.n;HhiX Hempo

HOB (YXH) OT CHJlbHO norJIOI.UaJOIUHX Bei.UeCTB 

onpe,n;eJieHa 3HepreTHtJeCKaR 3aBHCHMOCTb K0-

3Q>cpHUHeHTa oTpaJKeHHR R )J.JIR 
1 1 3 Cd H 1 5 5 Gd. 

CneKTpbi oTpa*eHHhiX HempoHOB perHCTpHpo

BaJIHCh C nOMOI.UblO BpeMRnpoJieTHOrO KOppe

JIRUHOHHOrO cneKTpOMeTpa Ha peaKTOpe CO 

CTaQHOHapHbiM nOTOKOM. 3KcnepHMeHTaJibHbie 

pe3yJibTaThi )J.JIR R noKa3aHhi Ha pHc. 6 B BH.n;e 

TOtJeK, KpHBbie 1 H 2 OTBetJaJOT pactJeTy C yqe

TOM H 6e3 ytJeTa norJIOI.UeHHR COOTBeTCTBeHHO, 

KpHBaR 3 - BapHaHT OKHCJieHHOrO MeTaJIJia, 

noKphrToro cnoeM oKHCJia TOJIIUHHOH 50 A. 

Puc. 6. Ko:JQ>Q>uuneHT oTpll)l(eHHR R B 38BHCHMOCTH 

OT HOpM&JihHOH KOMilOHeHThl CKOpoCTH YXH: KpHB8.H 

1 - paC'IeT C y'leTOM DOI"JIOLUeHHR, 2 - 6e3 y'leTa 

nornomeHHR, 3 - c y~~eToM nornoLUeHHR AJIR Me· 

TaJIJI&, DOKpblTOI"O OKHCJIOM. 

0,4 
R 

0,2 

0 

0,2 

0 
0,4 

0,2 

0 

2 

2 

a 
152 ecm 

Sm 0.4 Sm 0.6 

6 

B 

155Gd 

Cu AI Cu 

.. . ·. ···.~ .. . · .... ., ...... . 
50 

n.s 1.75 4.5 Ul 2.12 

Puc. 7. C neKTp no speMeHH nponeTa AJIR yn&Tpa

xono,!UfhiX HeHTpoHOB, npowep;WHX DOK83aHHhiH H& 

BCT&BKe HH TepQ>epeHQHOHHhiH Q>HJibTp. 

.[VIR 1 5 5 Gd, y KOToporo nornomeHHe npe

BanHpyeT, Ha6nro.n;aeTCR oTpaJKeHHe, o6ycnoa

neHHoe n peo6na,n;aHHeM MHHMOH tJaCTH .n;nHHhi 

pacceRHHR. LJ;nR 1 1 3 Cd 3TO RBJieHHe MeHee 

BbipaJKeHO, TaK KaK .n;eHCTBHTeJibHaR H MHH

MaR tJaCTH .D;JIHHhi pacceRHHR 6JIH3KH no ae
JIHtJHHe II I I • 

2. 3 KcnepHMeHTaJibHO Hccne,n;oBaHhi cao:H

CTBa MHOrOCJIOHHbiX cpeppoMarHHTHbiX nne
HOK, HcnoJib3yeMhrx KaK 3aTBOphr YXH. 

B Kat~ecrne npHMepa Ha pHc. 7 noKa~aH 

cneKTP n o apeMeHH nponeTa He:HTpoHoB, npo

we.n;wHx tiepe3 O.D;HH H3 TaKHX cpHJibTpOB, 

COCTaB KOTOporo nOKa3aH Ha BCTaBKe. Ha6JIJO

,n;aeTCR H30JIHpDBaHHbiH nHK npH CKOpoCTH 

HeHTpoHOB 5,1 M/C, KOTOpbiH COOTBeTCTByeT 

KBa3HCBR3aHHOMY COCTORHHJO HeHTpOHa C 3Hep

rHeH 136 H3B, o6pa30BaHHOMY B aJIJOMHHHe

BOM npo Me*YTKe Me)K):(y ABYMR 6apbepa

MH H3 Me.D;H. 11cnOJib30BaHHe no,n;o6HbiX 3a

TBOpOB .D;aeT npHHUHnHaJibHYJO B03MO)K}{OCTb 

.D;OCTH)KeHHR 3HepreTHtJeCKOrO pa3peweHHR 

10- 1 • 3B 11 2 1. 

3. llpoae.n;eHhi TeOpeTHtJecKHe pact~eThi 

AH<P<PY3HH ynbTpaxono.n;HhiX HempoHoB B Ha

MarHHtJeHHhiX HeHTpOHOBO.D;ax H nopOW

Kax 11 3 1 H Hx npoxo)K):(eHHR qepe3 cpeppo

MarHHTHhie rmeHKH II 4 I. 

LJ;EJIEH:HE .RLJ;EF HE0TPOHAMI1 

11ccne.n;oaaHhi aapHauHH BhiXo.n;a raMMa

KBaHTOB H3 OCKOJIKOB npH ,n;eJieHHH 2 3 5 U 
pe30HaHCHbiMH HeHTpOHaMH. llpHMeHRJiaCb Me-
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1\!c. 8. BpeM.IInponeTHbiH cneKTp BbiXO.na I'8MM 8-KBaHTOB C 3Heprneu 199 K3B, COOTBeTCTBytOI.l{HX 2+-0+ nepexo,ny 

B ocKonKe .neneHHR 
1 4 4 

Ba. Un<Pp&1 aa.n IIHKaMH - 3HeprHH pe3oaaacos B 3B . 

TO}l;UKa MrHOBeHHOH raMMa-cneKTpoMeTpUU 

c Ge(Li)-Jl:eTeKTopoM u uoHH3aQUOHHOH KaMe

poH: C }l;eJI.RIUUMC.R o6pa3QOM. llpuMep BpeM.R

nponeTHbiX cneKTpoB Jl:aH Ha puc. 8. llon ytJeHhi 

pe3YJihTaThl }l;JI.R BapUaQUH OT pe30HaHCa 

K pe30HaHCy BbiXO}l;a 'Y-KBaHTOB, OTHOC.R

IUHXC.R K ocKonKaM 9 5 Sr, 1 0 0 Zr, 1 01 Zr, 
10 2 Zr, 14 2 Ba, 1 4 4 Ba u 1 4 6 Ba.11ccne.n;oB aHHhie 

BapUaQUU COllOCTaBJieHbl C BapUaQU.RMU Jl:py

rux xapaKTepUCTUK }l;eJieHU.R 2 3 5 U, TaKUX 

KaK BKJia}l;hi KaHanoa c pa3HhiMU K, aap uaQuu 

KUHeTutJecKux 3HeprHH: u Jl:p. HaH:}l;eHbi 3Ha

tJHMhie KOppeJI.RQUU p.R}l;a BeJIU'IHH }l;JI.R pe-

30HaHCOB CO CllUHOM J = 4. llpuMep p e3yJih

TaTOB Jl:aH Ha puc. 9, r}l;e npo.RBJIHeTcH Koppe

JIHUUH BapUaQHH BbiXO}l;a KBaHTOB B 3aBUCU

MOCTU OT creneHU OTKpbiTH.R }l;eiiJ1TeJ1bHOrO 

KaHana PA.,K = 1 = rAf,K = 1 /'E r:\f (3Jl:ech 
UH}l;eKc A. HyMepyeT HeH:TpOHHhrn pe3o HaHc). 

C}l;enaHo npe}l;nono:>KeHue o6 onpe}l;en.F.uomeH: 

ponu BU6paQUOHHbiX COCTO.RHUH C cpUKCUpo

BaHHbiMU J u K B cpopMupoaaHuu npOJl:YKTOB 

}l;eJieHU.R B pa3JIU'IHbiX pe30HaHCax / I 5 1
• 

MAJIOYrJIOBOE 

P ACCE.HHI1E HEfiTPOHOB 

1. ,[Ln.R reneBbiX pacmopoa p HJl:a ae

mecTB xapaKTepHO .RBJieHUe UHJl:YUUpoBaHHOrO 

U3MeHeHueM TeMnepaTYphi Konnanca - cpa3o

aoro nepexo}l;a B BU}l;e CKatJKoo6p a3Horo 
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PHc. 9. 3asucnMOCTb sapnauuu B&Ixo.na raMMa-Ksaa

Tos YA_ OT CTeneHH OTKpbiTHJI ,nenuTenbHOI'O 

KaHana PA_ K=1 .nn.11 KBaHTOB C 3Heprueu 212 K3B, 

COOTBeTCTBYIOI.l{HX 2+-o+ nepexo,ny B OCKOnKe 
100zr. 

U3MeHeHH.R o61>eMa ren.R npu 6ecKoHetJHo 

MaJIOM U3MeHeHHH COCTaBa paCTBOpUTeJI.R. 

CTaHJl:apTHbiM MeTOJl:OM uccne}l;OBaHH.R cpa3o-



T,OC 

Pltc. 10. TeMnepaTypHaH 3aBHCHMoCT& HaKJioHa KpH

B&Ix MYPH, S: a - wu1 ceToK, 6- wu1 pacrsopoB. 

CBeTJI&Ie H TeMHbie TO'IKH COOTBeTCTBYIOT pa3JIH'IHbiM 

o6pa3QaM. 

Boro nepexo,n;a B Ha6yxwHx re.rxHx HBJIHeTCH 

pacceHHHe CBeTa. Ha peaKTope MBP-2 npoBe

,n;eHhi 3KCnepHMeHThl ,ZJ;JIH BhiHCHeHHH B03· 

MO:>KHOCTeH MeTo,n;a ManoyrnoBoro pacceHHHH. 

l13MepHJIOCh ManoyrnoBoe pacceHHHe HeHTpo· 

HOB (MYPH) Ha ceTKax H paCTBopax 

nonH (N ,N-,n;H3THJiaKpHJiaMH.n). B trncne no-

JiytJeHHhiX TeMnepazypHaH 

3aBHCHMOCTb HaKJIOHa cetJeHHH S = 
= dln(da/dQ)/d lnq, npe,n;cTaaneHHaH Ha 

pHc. 10. lloKa3aHO, 'ITO MYPH o6na,n;aeT ,n;ocTa-

Plfc. 11 . nonepe'IHbiH pa3pe3 MeM6paHbi B Jo:JJaCTepHOH 

MO,D;eJIH : 1 - BO,D;a, 2 - yrneBO,Il;Opo,ll;Hbie QeDH JIHDH· 

,ll;OB, 3 - D01I.ItpH&Ie I'OJIOBbl JIHDH,Il;OB, 4 - p;ecpeKTbi, 

cop;ep)f(aillHe sop;y, c nonepe'IHbiM ce'leHHeM S c• 2A -
pa3Mep p;e$eKTa, o6pameHHbiH K nosepXHOCTH yrne

sop;opop;Horo cno11 . 

TOlJI-IOH tJYBCTBHTeJibHOCTbiO ,ZJ;JIH HCCJie,ZJ;OBaHHH 

Ha6yxwHx re.rxeti. 06Hapy:~KeHhi HOBbie ,n;eTanH 

HBJieHHH, HanpHMep npocne:~KHBaeMhiH Ha 
pHc. 10 orpaHHtJeHHhiH Konnanc - Henpephm
HhiH xapaKTep nepexo,n;a OT KJiy6KOBOH K KOM· 

naKTHOH c:PopMe noJIHMepoB 1 1 6 1
• Pa6oTa Bhi· 

llOJIHeHa COBMeCTHO C liHCTHTYTOM MHKpO· 

MOJieKyJIHpHOH XHMHH, qccp. 

2. M YPH KaK npHMOH MeTo,n; Ha6niO,n;eHHH 

KpynHhiX HeO,ZJ;HOpO,D;HOCTeH C ycneXOM npH· 

MeHeH ,ZJ;JIH HCCJie,ZJ;OBaHHH ,n;ec:PeKTOB 6HOJIO· 
rHtJeCKHX JieiJ;HTHHOBhiX MeM6paH - Hapywe

HHH B HX npOCTpaHCTBeHHOH CTpyKType. 

Ba:~KHeHWHM cTpyKTypHhiM KoMnoHeHTOM 
MeM6paHbl HBJIHeTCH ":IKH,ZJ;KHH" 6HMOJieKy

JIHpHbiH CJIOH - JIHnH.ZJ;HhiH 6HCJIOH. CxeMaTH· 
tJeCKOe H306pa:~KeHHe MeM6paHbl C ,n;ecpeKTaMH 

npHBe,n;eHo Ha pHc. 11. 3,n;ecb ponh .nec:PeKTa 
HrpaeT nepexo,n;HaH o6nacTb Me)K.ZJ;y KJiacTe

paMH C BhiCOKOH peryJIHpHOCTbiO ynaKOBKH 

JIHnH.ZJ;HhiX MOJieKyn. B 3aBHCHMOCTH oT YBJia:IK· 

~ 14 . . 
17 

!:; 1.2 
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0,4 

0,2 

o~_.~~~L-~---L~~~~--~ 
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Plfc. 12. J.f36biTO'IHaJI HHTeHCHBHOCTb MaJIOYI'JIOBOI'O 

paCCeiiHHII ,ll;1I11 O,ll;HOI'O H3 o6pa3QOB JieQHTHHOBbiX 

MeM6paH. 

HeHHH o6pa3IJ;a ,n;ecpeKTbl MOryT 6hiTb nyCTbl 

HJIH JanonHeHhi Bo,n;oti. Ha MBP-2 Hccne,n;o

BaJIHCb MeM6paHbl H3 ,ZJ;HllaJibMHTOHJic:l>occ:Po· 
TH.ZJ;HJIXOJIHHa. l13MepHJIHCb yBJia:~KHeHHhie H 

cyXHe o 6pa3ll;bl. 3aBHCHMOCTb H36hiTOlJHOH 
(B03HH.KaJOmeti npH yBna:>KHeHHH) HHTeHCHB· 

HOCTH ManoyrnoBoro pacceHHHH oT nepe,n;aHHo

ro HMllYJibCa ,ZJ;JIH O.ZJ;HOro H3 o6pa3IJ;OB noKa· 

3aHa Ha pHc. 12. llonytJeHHhie pe3yJihTaThi 

COrJiaCyiOTCH C KJiaCTepHOH MO,ZJ;eJibiO npH 

cpe,n;HeM pa,n;Hyce KJiacTepa R = (29± 2) A, 
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,D;OJie nJIOIU;a,ll;H .n;ecpeKTOB Ha noaepXHOCTH 

MeM6paHbl ~ = 16% H B03paCTaHHH 06'beMa 

6HCJIO.II H3-3a BHe.n;peHHbiX .n;ecpeKTOB f> V /V = 
= 2% II 7 1

• 3TH HCCJie,D;OBaHH.II BblllOJIHeHbl 

coaMecTHo c MrY HM. M.B.noMoHo coaa. 

3. B coaMecTHoii pa6oTe c MrY HM. 

M.B.noMOHocoaa MeTo.n;oM Manoyrn oaoro 

pacce.IIHH.II HeHTpOHOB HCCJie,D;OBaHa aHH30 TpOn· 

Ha.II KOHcpOpMa.I.lH.II MaKpOMOJieKyJibl r p e6He

o6pa3HOrO :lKH,D;KOKpHCTaJIJIHtieCKOrO nOJIHKCH

JIOKCaHa B CMeKTHtieCKOH cpa3e. IlOJIHMep 6hiD 

OpHeHTHpoBaH C nOMOW:biO MarHHTHOrO nOJI.II. 

JhMepeHbl npoeKUHH pa,n;Hyca HHepUHH M aKpO

MOJieKyJIHpHoro Kny6Ka R 11 H R 1 B Ha npaa

JieHHHX, napanJieJihHOM H nepneH,D;HKYJI.!IpHOM 

9CH )f(H,D;KOKpHCTaJIJIHtieCKOrO ynopH,D;OtieHH.II. 

Pe3yJihTaThi HHTepnpeTHpOBaHbi B p a MKax 

Onpe,n;eJieHHOH MO,D;eJIH 1 1 8 1 
• 

BhiCOKOTEMIIEPATYPHAH 

CBEPXIIPOBOnHMOCTh 

1. B 1987 r. B nH<I> HatiaTbl HCCJie.n;o aaHH.II 

no BbiCOKOTeMnepaTypHOH CBepxnpOBO,D;HMOC

TH. Ba3pa6oTaHa H OCBOeHa MeTO,D;HKa n pHrO

TOBJieHH.II MeTaJIJIOOKCH.n;HbiX KepaMHtieCKHX 

o6pa3UOB. TeMnepaTypa nepexo.n;a B caep xnpo

ao.n;Hru;ee COCTO.IIHHe ,D;JI.II o6pa3UOB C XHM HtieC

KHM COCTaBOM, 6JIH3KHM K Y 1 . 2 Ba0 •8 Cu04 
HJIH Y 1 Ba2 Cu3 0 7 , oKa3anach Bhillle TOtiKH 

KHneHHH :lKH.n;Koro a3oTa, eM. pHc. 13. H ccne

.n;oaanHch BOJihT-aMnepHbie XapaKTepHCTHKH, 

pHc. 14, H nornoru:eHHe 3HeprHH 3.'IeKTp oMar

HHTHhiX KOJie6aHHH o6pa3UaMH B 3aBHCHMOCTI1 

OT TeMnepaTypbi H BHelllHero MarHHTHOr o no

JI.II. 06Hapy:lKeHbl 3cpcpeKTbl BJIH.IIHHJl CJia6oro 

MarHHTHOrO nOJI.II, He HMeiOIU;He MeCTa B KJiaC

CHtieCKHX caepxnpoao.n;HHKax. BblCK a3aHhi 

npe,n;nOJIO:lKeHH.II 0 B03MO:lKHOM M€'XaHH3Me 

3THX .IIBJieHHH 
1 1 9 1 

• 

2. CoaMeCTHO c nT<I> OHHH B eJIHCb 

TeOpeTHtieCKHe HCCJie,D;OBaHH.II no BbiCOK OTeM

nepaTypHOH CBepxnpOBO,D;HMOCTH B nepoBCKH

TOno.n;o6HbiX coe.n;HHeHHHX THna La2 Cu04 , 

B KOTOpbiX 6hiJIO OTKpbiTO 3TO HOBOe .IIBJie

HHe. 06paru;eHO BHHMaHHe Ha CB.II3h nep exo.n;a 

B CBepxnpOBO,D;.IIIU;ee COCTO.IIHHe H CTpy KTyp

HOrO cpa3oaoro nepexo.n;a, HMeiOru;ero MecTo 

B 3THX COe,D;HHeHH.IIX. IJpe.n;no:lKeHa MHKp OCKO

nHtieCKaR Mo.n;enh cTpyKTypHoro cpa3 oaoro 

nepexo.n;a B La., CuO 4 , no3BOJIHBlllaH p aceM aT-
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PHc. 13. ConpoTHBJleHHe o6pa3ua cocTasa Y 1 B a 2 C' u 3 0 7 
B 3aBHCHMOCTH OT TeMnepaTypbl. 

pHBaTh He TOJihKO ,D;HHaMHtieCKHe CBOHCTBa, 

HO H TepMO,D;HHaMHKY CHCTeMbl npH cpa30BOM 

nepexo.n;e 12 0 1 
• 

• 
3. He o6Hapy:lKeHo BJIHHHHH 3aMeru;eHHH 

H3oTonoa 6 3 Cu H 6 5 Cu Ha KpHTHtiecKyiO TeM

nepaTypy BhiCoKoTeMnepaTypHoro caepxnpo

ao.n;HHKa Y 1 Ba2 Cu3 0 7 , nonyt~eHHYIO a pe3yJih

TaTe 3JieKTpHtieCKHX H3MepeHHH. 0TcyTCTBHe 

H30TOnHtieCKOrO 3cpcpeKTa Ha Me,D;H HapH.n;y 

C ero OTCYTCTBHeM Ha .n;pyrHX 3JieMeHTax 

PHc. 14 . Bon&T·aMnepHbie xapaKTepHCTHKH All.fl o.o;Horo 

H3 HCCJle,IJ;OBaHHbiX CBepxnpoBOA.fiWHX o6pa3UOB. 

U,B 
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H = 30 3 .• • • • 
! 
• 
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B 1987 rony a JlH<I> 6&m nony'leH pRA 3KcnepHMeH· 

TaJibHbiX pe3yJI&T8TOB no BbiCOKOTeMnepaTypHOH 

CBepxnpoBOAHMOCTH B KepaMH'leCKHX o6pa3Q8X, H 3· 

rOTOBJieHHbiX B Jla6opaTOpHH . 

TpaKTyeTC.R B nonb3Y ueQ>ououuoro Mexa-
HH3Ma BbiCOKOTeMnepaTypHOH o::aepxnpo-
BO,ll.HMOCTH. 

4. Ha cneKTpoMeTpe K,llCOr-M HMnynbc
uoro peaKTopa HEP-2 o.nuoapeMeuuo Hccne
.noaauhi cneKTphi ueynpyroro paccenuH.R H 
,D.HQ>paKQHH HeHTpoHOB B COe,D.HHeHH.RX 
La2 CuO-r-Y H La1 8 Sr0 2 0 4 _ npH TeM::IepaTy-

• • y 
pax 290, 77 H 10 K. B cneKTpax ueyr..pyroro 
pacce.RHH.R npH TeMnepaTypax 77 H 10 K o6ua
PY*eua JIHHH.R c :meprHen oKono 6 M3B, 
TeMnepaTypHaR 3aBHCHMOCTb HHTeHCHBHOCTH 
KOTOpoH yKa3hiBaeT Ha MarHHTHhiH xapaKTep 
COOTBeTCTBYIOIUero en B036y)l(,ll.eHH.fl. llo pe-
3YJibTaTaM ,D.HQ>paKQHH HeHTpoHOB HCCJie,D.ye
Mbie o6pa3Qbl BO BCeM HHTepaane TeMnepaTyp 
HMeJIH OpTOpoM6HtJeCKYIO H TeTparOHaJibHYIO 
CHMMeTpHIO COOTBeTCTBeHHO. llpo.RBJieHHe 
peQ>neKca (100) B opTopoM6Ht~eCKOH Q>a3e 
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La2 CuO 4 -y csH.n;eTerrhcTsyer o HaJIHliHH aHTH
¢eppoMarHHTHoro yrropH)J;Ol!eHHR rrpH HH3KHX 
TeMrrepaTypax 12 1 1

• 

.ll:lfHAMifKA 
KOH.ll:EHCifPOBAHHhiX CPE.ll: 

1. B cosMeCTHmi pa6oTe c lfHCTHTyToM 
HM. lf.B.KypllaTOBa H lfHCTHTyTOM ¢ H3HKH 
TBep.n;oro Terra AH CCCP, MocKBa, orrpe.n;erre
Hhi ITJIOTHOCTH ¢oHOHHhiX COCTOHHHH B .n;e
¢eKTHhiX CTpyKTypax peHHH. 3a.n;aqa aKTYaJih
Ha B CBH3H C Ha6mo.n;eHHeM yseJIHl!eHHH KpHTH
l!eCKOH TeMrrepaTypbi csepxrrposo.n;H~ero rrepe
xo.n;a Tc B peHHH rrpH HaJIHl!HH .n;e¢eKToB, 
o6ycrrosrreHHbiX .n;e¢opM~Heii HJIH rrpHMeCHbi
MH aToMaMH. Heo6xo.n;HMo 6hmo pa3.n;errHTh 
BJIHRHHe rrocrre.n;HHX .n;syx ¢aKTopos. I13MepH
JIHCh crreKTpbi Heyrrpyroro pacceHHHH HeiiTpo
HOB: rrpH TeMrrepaTypax 300 H 500 K - B lfA3 
Ha crreKTpOMeTpe XOJIO)J;HbiX HeHTpOHOB, rrpH 
TeMrrepaTypax 100 H 290 K - Ha K.lJ:COr 
B JIH<l> OlfHif. 06pa3IJ;aMH CJIY)f(HJIH CITJiaBbl 
Re-Mo Ha ocHose peHHR H peHHH .n;e¢ opMH
poBaHHblli. llpHMep ITOJiyl!eHHbiX pe3yJihTaTOB 
AaH 'Ha pHc. 15. C.n;erraH Bhmo.n;, liTO AJIH .n;e
¢opMHpOBaHHoro peHHH OCHOBHOH BKJia)J; 
B H3MeHeHHe T c .n;aeT H3MeHeHHe ¢oHOHHOH 
llO)J;CHCTeMbl, )J;JIH crrrraBOB CpaBHHMOe BJIHR· 
HHe Ha T c .n;aeT H 3JieKTpOHHaH rro.n;cHc
TeMa 12 2 I. 

PHc. 15. 06o6meHHaJJ <l>YHKI.tHJJ 'laCToTHoro pacnpe.o;e
neHHJJ .o;nJJ peHHJJ H cnnasa Re-M o . 
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PHc. 16. CneKTpbi Heynpyroro pacceJJHHJJ HeH'rpoHoB : 
1 - o6pa3et.t CeAI 3, T = 10 K; 2 - o6pa3et.t CeAI3, 
T = 77 K; 3- o6pa3et.t LaAI3 , T = 77 K; e- nepe.o;aH
HaJJ 3HeprHJJ B M3B, N - HOMep KaHana WHpHHOH 
128 MKC. 

2. I13MepeHo MarHHTHoe Heyrrpyroe pac
ceHHHe HeHTpOHOB HHTepMeTaJIJIHl!eCKHM o6-
pa3IJ;OM CeAI3 , pHc. 16, rrpH TeMrreparypax 
10 H 77 K . BcrroMoraTeJibHhie AaHHhie .n;rrH 
o6pa3u;a LaAl3 , rroKa3aHHbie Ha pHcyHKe, 
CJIY)f(HJIH sepXHeH ou;eHKOH BKJia)J;a 06bil!HOrO, 
¢oHOHHoro pacceHHHH HeHTpoHoB. B MarHHT
HOM pacceHHHH rrpOHBHJiaCb Q)f(H)J;aBillaRCH 
oco6eHHOCTb (MaKCHMYM) llpH rrepe.n;al!e 3Hep
rHH e = 8 M3B, o6ycrrosrreHHaR rrepexo.n;oM 
Me)l(,lJ;y ypoBHHMH BHYTPHKpHCTaJIJIHl!eCKoro 
3JieKTpHl!eCKOrO ITOJIH, H o6Hapy:lKeHO HHTeH
CHBHOe pacceHHHe .n;o rrepe.n;all 3HeprHH e :::::: 
"'=' 60 M3B, CBH3aHHOe, llO·BHAHMOMy, C BJIHH
HHeM 3JieKTpOHOB rrpOBO)J;HMOCTH, TaK KaK 
CeAl3 ~ CHCTeMa c TH:lKeJihiMH ¢epMHOHaMH, 
xapaKTepH3yeMaR 6oJiblliOH 3¢¢eKTHBHOH 
MaCCOH 3JieKTpOHOB rrpOBO,lJ;HMOCTH 12 3 

I • .lJ:aH
HOe HCCJie,lJ;OBaHHe - COBMecTHaR pa6oTa 
c lfHCTHTYTOM MeTarrrryprHH HM. A.A.BaiiKosa 

• AH CCCP, MocKsa, H c YHHsepcHTeTOM Kaprra 
MapKca, Jleiirru;Hr. 

3. llpose.n;eHbl HCCJie,lJ;OBaHHH oco6eHHOC· 
TeH )J;HHaMHKH KpHCTaJIJIOB Ko¢eHHa 12 4 1

, 

rrrroTHOCTH ¢oHOHHbiX coCTOHHHH aycTeHHhiX 
CTaJieH C .n;o6asKaMH HHKeJIH H MapraHIJ;a, 
MOJieKyJIHpHOH AHHaMHKH H ¢a30BhiX rrepe
XOAOB s pR,!1;e so.n;oco.n;ep:lK~X se~ecTB. 

.ll:lf<l>P AKUifOHHhiE lfCCJIE.ll:OBAHifH 

1. Ocy~ecTsrreH rrorrHhiH KOJIHl!eCTBeHHhlli 
aHaJIH3 ¢YHKIJ;HH pa3pellleHHR B HeHTpoHHOH 
AH¢paKTOMeTpHH 12 5 1

, ll03BOJIHBI1IHH ITOCTpo-



[hhh) 

001 

I 

HTb cpyHKI..(HIO pa3perneHWI HeHTpOHHOfO AHcP

paKTOMeTpa .[(H-2, pa6oTaromero no speMeHH 

nponeTa C n03HI..(HOHHO-tiYBCTBHTeJibHhiM .a;eTeK

TOpOM. llpoBe.a;eHO CpaBHeHHe BbltiHCJieHHOfO 

cneKTpa c 3KcnepwMeHTaJibHhiMH AaHHhiMH, 

noKa3aBwee ux cooTBeTCTBHe B npenenax 

2,5% 12 6 1
• OcsoeH MeToA npocpHJibHoro aHa

JIH3a nopOlllKOBhiX HeHTpOHOrpaMM Ha .[(H-2, 
B KOTOpOM cymecTBeHHhiM o6pa30M HCnOJib-

3yeTCH 3HaHHe cpyHKI..(HH pa3pellleHHH 12 7 1
• 

Pa3pa6oTaH MeTo.a; pactieTa nonpasKH Ha Ten

nosoe AHcpcpy3HOe pacceHHHe HeHTpOHOB KpHC

TaJIJiaMH B AHcppaKI..(HOHHhiX 3KCnepHMeHTaX 

no MeTOAY BpeMeHH npoJieTa 1 2 8 1
• 

2. Ha HeHTpOHHOM .a;ucppaKToMeTpe peaK

Tapa HEP-2 H Ha TpexocHoM cneKTpoMeTpe 

TKSN -400 UeHTpaJibHoro HHCTHTyTa H.a;epHhiX 

ucCJie.a;oBaHHH B PocceH.a;opcpe (r.[(P) npose

.a;eHhi H3MepeHHH AHcppaKI..(HOHHhiX cneKTpOB 

Ha MOHOKpHCTaJIJie cerHeT03JieKTpHKa 

Sr0 , 7 Ba0 , 3 Nb 1 0 6 . H3ytiaJICH cpa3oBhiH nepexon 

c Tc = 350 K B BhiCOKOTeMnepaTypHyro napa-

3JieKTpHtiecKyiO cpa3y. B 3KcnepwMeHTax Ha-

lo I 

• 

6nro.a;eH I..(eJihiH PHA cocTOHHHH KpHcTanna, 
3aBHCHI..UHX OT npe.a;biCTOpHH era o6pa60TKH . 

.[(JIH npwMepa Ha puc. 17 noKa3aH yqacToK 

cneKTpa, H3MepeHHhiH npu T = 300 K nocne 

npHJIO)KeHHH K KpHCTaJIJIY 3JieKTpHtieCKOf0 

noJIH. HH.a;eKcaMH 6e3 cKo6oK o6o3HatieHbi 

CaTeJIJIHThl CBepXCTpyKTypHbiX pecpJieKCOB. 

3KcnepHMeHTbl nOKa3aJIH, 'ITO HCCJieAOBaHHbiH 
KpHCTaJIJI H npol..(ecChl B HeM HBJIHJOTCH BeCbMa 

CJIOJKHhiMH, B tiaCTHOCTH, naJiytieHbl yKa3aHHH 

Ha cymeCTBOBaHHe nOMHMO H3BeCTHOrO (T c = 
= 350 K) eme o,nHoro cpa3osoro nepexo.na 

c Tc B o6naCTH 500-773 K 129 1
• 

3. llpe.a;npHHHTO HOBOe HCCJieAOBaHHe 

cTpyKTyphi KpHCTaJIJia ru.a;pocynhcpaTa I..(e3Hfl 

B cynepHOHHOH cpa3e (Tc = 414 K). B pa6oTe 
yqacTBOBaJIH HHCTHTYT KpHCTaJIJiarpacpHH HM. 

A.B.Illy6HHKOBa AH CCCP, MocKOBCKHH XHMH
Ko-TeXHonorHtiecKHH HHCTHTYT HM . .[(.H.MeH.a;e
JieeBa, a TaK>Ke HHCTHTYT cpH3HKH H llaJIHTex

HHtiecKH HHCTHTYT B llpare. H3MepeHHR: 

AJIR: o6pa3I..(a CsHSO 4 npaBOAHJIHCb Ha HeH

TpOHHOM .a;HcppaKTOMeTpe B HH<l> (P)Ke)K, 
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tiCCP) . llonytJeHhl yTO'IHeHHhie nOCTO.fiHHhie 
perneTKH, Koop,nHHaThi aTOMOB Cs, H, S, 0 
H HeKOTOphie ,npyrHe ,O:aHHhie 13 0 1

• 

4. TeKcTypa ropHhiX nopo.n, TO ecTb 
Onpe,neneHHa.fi OpHeHTB.UH.fi KpHCTannHtJeCKHX 
3epeH, co,nep:>KHT B ce6e HHcPOPMB.UHJO 0 TeKTO
HH'IJeCKHX np01~eccax npornnoro 3eMnH. B .zxo
nonHeHHe K paHee HCCne,noBaHHhiM B JIH <l> 
rpaHynHTaM B 1987 r. npose.neHo H3y'leHHe 
CTe6enbtJaToro rHeiica H3 Py,nHhiX rop, r .nP. 

1. Ha 3neKTpocTaTHtJecKoM ycKopuTene 
3r -5 senucb npuKna,nHhie H3MepeHH.fi no npo
TOKonaM H ,O:OrOBOpaM C 3aHHTepeCOBaHHhi MH 
yqpe:>K,neHH.fiMH. .Hccne,O:OBaH MHKp03neMeHT
HhiH COCTaB 150 o6pa3QOB nO'IB H paCTeHHH, 
BhinOnHeHO o6nytJeHHe napTHH nonynpOBO,O:HH-

KaK u ,nn.fi rpaHynuToB, npeo6na.nruow;eii 
KOMflOHeHTOH rHeHCOB .fiBn.fieTC.fi KBapQ. J13Me
p.finHCb nonrocHbie cl>Hryphi c noMOI.U;biO .nucl>
paKQHH no speMeHH nponeTa Ha .HBP-2. 113 
CpaBHeHH.fi C ,O:aHHhiMH ,O:n.fi cneQHMbHO ,ne
cPOpMHpoBaHHOrO KBapQHTa C,O:enaHbl 3aKni0'1Je
HH.fi o npu6nH3HTenbHhiX ycnosH.fix cl>opMupo
BaHH.fi cTe6enbtJaToro rHeiica B npoumoM 13 1 1 • 

Pa3BHTa MeTO.O:HKa cornacoBaHHH H nonpasoK 
,nn.fi nonrocHhiX cl>nryp cno:>KHhix no cocTa
sy nopo.n 1 3 2 1

• 

HAyqHO-llP.HKJIA,llHhlE P ABOThl 

KOBhiX npH60pOB npOTOHaMH C 3HeprHeH 
2-3 M3B, onpe.neneHo co.nep:>KaHHe so.nopo.na 
B OnTH'IJeCKHX CTeKnax, H3MepeHbi cneKTpbl 
o6paTHoro pacce.fiHH.fi npoTOHOB Ha p.fi.D:e 
nonynpOBO,O:HHKOBhiX Bew;eCTB, onpe,neneHbl 
npuMecH B o6pa3Qax ,nn.fi H3ytJeHH.fi csepx-

no.l:U'O~OBKa K pa6oTe H3MepHTen&HOH KaMep&l npH6opa .lt11.fl 3KCnpeCCHOrO KOHTpon.R CO.a;eplKaHH.fl 6enKa B 3epHe. 
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npOI!O,!J;HMOCTH. I13MepeHbl cetJeHHR B036y)K.D;e
HHR HOHaMH 3 He xapaKTepHCTHtJeCKoro peHT
reHoscKoro H3rryt~eHHR K-, L- H M-cepHH: 
,nrrR MHOrHx 3JieMeHTOB. Pe3yJihTaThi pa6oThi 
coo6marrHCb Ha pR,ne KOHcpepeH~HH 1987 ro,na, 
B TOM 'IJHCJie Ha 4 lliKOJie-CHMn03HyMe no cpH-
3HKe MeTarrrros (llbexosH~, llHP), 3 Pa6otJeM 
COBeiUaHHH no BbiCOK03HepreTHtJeCKHM HOH
aTOMHbiM cTorrKHoseHHRM (,Ue6pe~eH, BHP), 
5 BcecoJ03HOM cosemaHHH no aKTHBa~HOHHO
MY aHaJIH3Y H ,npyrHM pa,nHoaHarrHTHtJeCKHM 
MeTO,IJ;aM (TalllKeHT). 

2. B 1987 r. H3roTosrreH H HCnhiTaH 3KC
nepHMeHTaJibHbiH o6pa3e~ !JpH6opa ,!J;JIR 3KC
npeCCHOrO onpe,nerreHHR 6errKa B 3epHe H 
3epHOnpo,nyKTax C noMOIUbJO nopTaTHBHOrO 
HCTOtJHHKa HeHTpoHoB. Bhi6paHHaR MeTo,nHKa 
OCHOBaHa Ha onpe,nerreHHH KOH~eHTp~HH a30Ta 
no raMMa-rrytJaM c 3HeprHeli 10,8 M3B, B03HH
KaJOIUHM npH 3aXBaTe HeHTpOHOB R,!l;paMH 
a3oTa. llpH6op ycnelllHO npolllerr rra6opaTop
Hbie H norreshre HCnhiTaHHR. llocrre,nHHe npo
so,nHJIHCb Ha KaHescKoM KoM6HHaTe 3epHo
npo,nyKTOB BO BpeMR c6opa ypO)I(aR 1987 r . 
Pa6oTa se,neTCR cosMeCTHO co BcecoJ03HbiM 
HaytJHO-HCCJie,IJ;OBaTeJibCKHM HHCTHTYTOM 3epHa 
H npo,nyKTOB ero nepepa6oTKH, MocJ<:sa. 

BerrHCb H3MepeHHR cosMeCTHO MeTo,naMH 
HefnpOHHOrO aKTHB~HOHHOrO aHaJIH3a H peHT-

3KCllJIY ATAUIDI, 
COBEPlliEHCTBOBAHI1E 11 P A3BI1TI1E 
BA30BblX YCTAHOBOK 11 AllTIAPATYPbl 

11MnYJihCHblE 11CTOqHI1KI1 HEllTPOHOB 

B 1987 r. Ha peaKTope 11BP-2 nocrre cTeH
,noBhiX H pa60'IJHX HCnbiTaHHH BBe,IJ;t!H B ,IJ;eHCT
BHe HOBbiH nO,IJ;BH)I(HbiH OTpa)l(aTi~Jlb 00-2. 
HosaR MalllHHa HMeeT rrytJlllHe TexHorrorH
tJecJ<:He napaMeTpbi H 6orree pa3BHTbiH KOHT
porrh 3a ee pa6oToH. 3J<:cnrryaT~HR peaJ<:Topa 
11BP-2 C OTpa)l(aTeJieM 00-2 Ha nOJIHOH npoeKT
HOH MOIUHOCTH HatJaTa B HOR6pe 1987 r. )l;o 
ycTaHOBKH 00-2 Ha lllTaTHOe MeCTO 6hUia Bbi
nOJIHeHa nporpaMMa 3llOC-3 no Hccrre,noBaHHJO 
Ha peaKTOpe 11BP-2 nOJIHOMaClllTa6Horo cppar
MeHTa no,nBH)I(Horo oTpa)l(aTerrR ll0-3. PeaJ<:Top 
pa60TaJI npH 3TOM Ha "HyJieBOH" MOIUHOCTH. 

OorrytJeHHbie pe3yJILTaThi no,nTsep,nHJIH pac-

reHocprryopec~eHTHoro aHaJIH3a pMa 3KOJiorH
tJeCKHX o6pa3~os ,!J;JIR pellleHHR 3a,naq oxpaHbi 
OKpy)l(aromeli cpe,nbi. B tJaCTHOCTH, norrytJeHhi 
,IJ;aHHbie no norrromeHHJO cerrhCKOX03RHCTBeH
HbiMH pacTeHHRMH pe,IJ;K03eMeJibHbiX H ,npyrHX 
MHKp03JieMeHTOB 1 3 3 

I . 3Ta pa6oTa - COBMeCT
HOe HCCJie,IJ;OBaHHe C 11HCTHTYTOM MHHeparro
rHH, reOXHMHH H KpHCTaJIJIOXHMHH pe,IJ;KHX 
3JieMeHTOB AH CCCP, MocJ<:sa. 

Pe3yJILTaThi H3ytJeHHR pacnpe,nerreHHR 
npHMeCHbiX 3JieMeHTOB B CJIHTKaX aJIJOMHHHR, 
norryqaeMbiX 30HHOH nJiaBKOH, npe,IJ;CTaBJieHbi 
Ha 5 B cecoro3HOM cosemaHHH no aKTHBa
~HOHHOMY aHaJIH3Y H ,npyrHM pa,nHoaHarrHTH
tJecKHM MeTO,IJ;aM (TalllKeHT). 

3 aaepllleH ~HKJI pa6oT no Hcnorrh30BaHHJO 
aKTHB~HQHHOrO aHaJIH3a ,!J;JIR onpe,nerreHHR 
HaBe,IJ;eHHOH aKTHBHOCTH 6eTOHOB, npHMeHRe
MbiX ,nrrR 3aiUHThi MepHbiX ycraHoBOK. Pa6oTbi 
aKTYaJibHbi B CBR3H C npo6rreMOH onpe,nerreHHR 
CpOKa CJiy)l(6bi H npeKpameHHR 3KCnrryaT~HH 
peaKTOpHbiX ycTaHOBOK. B HHX yt~acTsosarr 

MOCKOBCKHH HH)I(eHepHO-CTpOHTeJibHbiH HHCTH
TYT. llOKa3aHO, 'liTO OCHOBHbiMH pa,!l;HOHyK
JIH,IJ;aMH, onpe,neJIRJOIUHMH HaBe,IJ;eHHYJO aK
THBHOCTb 6eTOHOB, RBJIRJOTCR 4 6 Sc, 6 ° Co, 
I 3 4 Cs, I 5 2 Eu, I 5 4 Eu, I s 2 Ta. C,nerraHhi peJ<:o-

MeH,n~HH no Bbi6opy 3anOJIHHTeJieH 6eTOHOB, 
n03BOJIRJOIUHe Ha nOpR,!l;OK CHH3HTb pa,ruiO
aKTHBHOCTb 13 4 1

• 

tJeTbi H nporH03 Ha COKpameHHe HeHTpOHHOrO 
HMnyrrLca .no 120 MKC. 

BycTep 11BP-2 c HH)I(eJ<:TopoM JIY3-40 
so3o6HOBHJI pa6oTy s OKTR6pe 1987 r. nocrre 
3asepllleHHR npocpHJiaKTHtJeCKHX pa6oT. YcTa
HOBKa 3KCnJiyaTHpyeTCR B 6ycTepHOM pe)I(HMe 
YMHO)I(eHHR HeHTpOHOB H3 MHllleHH yCKOpHTe
JIR. Opose.neHbi ,nonorrHHTeJihHbie aHaJIH3bi rH
noTeTHtJeCKHX asapHHHhiX cHTy~HH Ha 11BP-30 
H 11BP-2. 

Ha cTpoRmeMCR ycKopHTerre JII1Y-30 
npOBO,!J;HJIHCb ,IJ;HarHOCTHtJeCKHe H3MepeHHR na
paMeTpOB nytJKa 3JieKTpOHOB B ycJ<:opHTerre. 
Pa6oTa nposo,nHJiaCh cosMeCTHO c HI1113<I>A 
(JleHHHr pa,n). Co3,IJ;aH H HCnhiTaH KoMnrreJ<:c 

,IJ;HarHOCTHtJeCKOH annapaTypbi, Heo6XO,!J;HMOH 
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HoBbiH no,o;BH:>KHbiH oTpaJKaTeJib (TI0-2) HMnynLcaoro 
peaKTopa HBP-2 ( CHHMOK cnesa) . 

,nJIH Ha.Jia.n;KH YCKOpHTeJIH, B TOM tJHCJie anna

paTHO-nporpaMMHbiH KOMnneKc MP<l>.H Ha 

68.3e 3BM MERA-60 13 51
• OcymecTBJieHbi ,D;e

Ta.JibHbie HCCJie,D;OBaHHH napaMeTpOB nytJKa 

B HH)I(eKTOpHOH tJaCTH ycKopHTeJIH. 

HOBbiE YCTAHOBK.H.H AIIIIAPATYPA 

C,D;aHa B 3KcnnyaTaumo HMnyJibCHaH Mar

HHTHaH yCTaHOBKa .HMY-2, npe,D;H8.3HatJeHHaH 

,D;JIH npoBe,D;eHHH HeHTpoHorpa<f>HtJecKHX HCCJie

,D;OBaHHH Ha peaKTOpe .HBP-2 B HMnyJibCHbiX 

MarHHTHhix nonHx BeJIHtJHHOH ,11;0 30 T.Ji. 

B xo,D;e pa6oT no co3,D;aHmo HOBhiX cneKT

poMeTpos Ha KaHa.rre N27 peaKTopa .HBP-2 

H3rOTOBJieHbl H CMOHTHpOBaHbl 3epKaJibHbie 

HeHTpOHOBO,D;bl o6meif npOTH)I(eHHOCTbiO 80 M. 

IJpoBe,D;eHa peKOHCTpyKQHH ,D;H<f>paKTOMeTpa 

)J;H-2: 3aMeHeHbl 3epKa.IIbHbiH HeHTpoHOBO,D; 

H ,D;eTeKTOpHaH CHCTeMa. 3epKa.IIbHbiH HeHTpO

HOBO,D; ycTaHOBJieH Ha KaHa.rre N2 5 ,D;JIH cneKT

poMeTpa KOP A. Ha KaHa.rre N211 CMOHTHpo

BaH HOBbiH ,D;H<f>paKTOMeTp ,D;JIH H3MepeHHH 

c noJIHKpHCTa.rrJiaMH. KaHa.rr N2 3 no,D;rOTOB

neH ,D;JIH HeHTpOHHbiX HCCJie,D;OBaHHH B ,D;Hana-

30He CKOpOCTeH 50-450 M/C, BBe,D;eH B ,D;eHCT

BHe KpHOCTaT C peryJIHpOBKOH TeMnepaTypbl 

o6pa3ua BnJIOTb ,11;0 1,2 K. 
IIpose,D;eHo H3MepeHHe TexHHtJeCKHX H <f>H-

3HtJeCKHX xapaKTepHCTHK He,D;aBHO C03,!1;aHHOrO 

HeHTpOHHoro cneKTpoMeTpa .U.H<l>P AH, KOTO

pbm npe,D;Ha3HatJeH ,nJIH H3ytJeHHH HeHTpOHHO-

Puc. 18. CneKTpaJibHaJI 3aBHCHMOCTb J<:03$$HUHeHTa 
OTpaJKeHHH OT 3epKana. 

0,20 

0,15 

0,10 

0,05 

0,00 
2,0 4,0 "A, A 

onTH tJecKHX HBJieHHH npH ,D;H<f>paKQHH HeHTpo

HOB Ha COBeprneHHbiX KpHCTa.JIJiax no MeTO,D;y 

speM eHH nponeTa. Ilpe,D;CTaBJieHhi pe3yJibTaThi 
~ 13 6 I 

H3MepeHHH ,D;JIH HeKOTOpbiX KpHCTa.JIJIOB • 

CosMeCTHO c Jia6opaTopHeH: H,D;epHbiX 

npo6 JieM C03,D;aHa ABYXKOOp,D;HHaTHaH reH:re

poBCKaH KaMepa C reJIHeBbiM HanOJIHeHHeM. 

)J;JIH yJiytJllieHHH TOtJHOCTH H3MepeHHH KOOp

,D;HHaTbl npHMeHeHbi cneQHa.rrbHhie <f>opMHpyiO

mHe 3JieKTpO,D;bl 13 7 1
• KaMepa BXO,D;HT B COCTaB 

CQHHTHJIJIHQHOHHO-KaMepHOH annapaTypbi ,D;JIH 

noHc Ka ,D;BoH:Horo 6eTa-pacnana1311 1 • 

3KcnepHMeHTa.JibHO HCCJie,D;OBaHbl npHtJH

Hbl y xy,D;rneHHH C pOCTOM ,nJIHHbl BOJIHbl noJIH

pH3YIOIUHX CBOHCTB HeHTpOHOBO,D;OB C norJIO

IUaiOIUHM nO,D;CJIOeM H3 CnJiaBa ra,n;OJIHHHH 

C THTaHOM. l13MepHJiaCb cneKTpa.IIbHaH 3aBH

CHMOC~b K03<f><f>HUHeHTa OTpa)l(eHHH HeHTpoHOB 

oT 3 epKa.rr, pHc. 18. Ero B03paCTaHHe o6'bHCHe

Ho HenocTOHHCTBOM ,D;JIHHhi pacceHHHH Gd. 

H,o;YJ pa6oTLI no co3,o;aumo Hosoro cneKTpoMerpa -
YCTaHOBKH HEPA-TIP. 
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IJpe,Z:VJO)I(eHbl 6onee OnTHMaJibHbie KOMI103H
QHH nornomruomero no,n;cnoH 13 9 1

• 

Co3,n;aHa 3KcnepHMeHtaJibHaH ycTaHOBKa 
,D;nR HCCne,n;OBaHHH BemecTB B6nH3H KpHTH'leC
KOH TO'IKH MeTo.n;oM nponycKaHHH raMMa
H3nytJeHHH C 3HeprHeH 123 K3B. B COCTaB 
yCTaHOBKH nOMHMO 6noKa HCTO'lHHKa H pe
rHCTpHpyiOmero TpaKTa c Ge(Li)-,n;eTeKTopoM 
BXO,!J;HT TepMOCTaT C CHCTeMOH CTa6HnH3aQHH 
TeMnepaTypbi, n03BOnHIOinHH pa6oTaTb B ,D;Ha
na30He 285-340 K c norpernHOCTbiO 10- 4 ° C, 
HnH /::,. T /T ~ 3 • 1 o- 7 14 0 I. 

113MEP11TEflbHO-BhllJ11Cfl11TEnhHbi3 

QEHTP 

Bee OCHOBHOe o6opy,D;OBaHHe QeHTpa noc
ne nepepbiBa B pa6oTe Ha BpeMH nepe6a3Hpo
BaHHH B HOBOe 3,!1;aHHe 6binO no,n;rOTOBn eHO 
K pa6oTe. C OKTH6pH 1987 r. HatJanacb pery
nHpHaH 3KCnnyaTaQHH H3MepHTenbHbiX MO,D;y
neif H o6ecnetJeHHe annapaTypoii H BbitJHcnH
TenbHOH TeXHHKOH <f>H3H'leCKHX H3MepeHHH Ha 
HeHTpoHHbiX nytJKax .H:EP-2 H .H:EP-30 c HH
)I(eKTOpoM flY3-40. 

Benacb pa6oTa no Mo,n;epHH3aQHH H ,n;anb
HeiirneMy pa3BHTHIO I13MepHTenbHO-Bbl'lHCnH
TenbHOrO QeHTpa. IIonHOCTbiO aae,n;eHa B 3KC
nnyaTaQHIO nOKaJibHaH ceTb 3BM QeHTpa H 
HOBOe nporpaMMHOe o6ecnetJeHHe K Heif 14 1 

I , 

'ITO B 25 pa3 nOBbiCHnO CKOpOCTb o6MeHa 

HH<f>OpMaQHeH Me)I(,!J;y H3MepHTenbHbiMH MO
,n;ynHMH H QeHTpanbHbiM npoQeccopoM. Co3-
.n;aH HHTenneKTYaJibHbiH TepMHHaJI Ha OCHOBe 

1. 5ozo3enb A.A. u op. OHJIH, P6-87-73, .l(y6Ha, 
1987. 

2. EoHeea C.T. u op. OHJIH, P3-87-513,/ly6Ha, 1987. 
3. An¢uMeHK08 B./I. u op. OHJIH, P3-87-43, Jly 6Ha, 

1987. 
4. An¢uMeHK08 B./I. u op. OHJIH, P3-87-117, .l(yfr 

Ha, 1987. 
5. Ky3Heijoea ll.B. u op. OHJIH, P3-87-114, .l(y6Ha, 

1987. 
6. lloMar.teHKoe H .A., f/JypMaH B.H. OHJIH, 

P4-87-746, /ly6Ha, 1987. 
7. 5op3aKoe C.E. u op. OHJIH, P3-87-131, .l(y6Ha, 

1987. 
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MHKponpoQeccopa 11880 (r L(P) H QBeT

Horo ,D;HcnneH, nOBbiCHBlllHH 3<f><f>eKTHBHOCTb 
o6pa60TKH <f>H3H'leCKOH HH<f>opMaQHH 142 1

• 

Ha'laTa perynHpHaH 3KcnnyaTaQHH rpa<f>ono
CTpoHTenH ",ll;HrHrpa<f> ". 

HatJaTbi pa6oTbi no Mo,n;epHH3aQHH pMa 
H3MepHTenbHbiX Mo,n;yneii: cneKTpoMeTp MYPH 
OCHameH ,n;ByXMalllHHHbiM KOMnneKCOM 
CM4/CM1300, no,n;roToaneHa MHoronpoQec
copHaH KOHTpOnbHO·H3MepHTenbHaH CHCTeMa 
cneKTpOMeTpa nonHpH30BaHHbiX HeHTpOHOB 
(CIIH) , nepeo6opy.n;oBaHa ,n;nR H3MepeHHii co 
CBepxnpOBO,!J;HHKaMH annapaTypa ,D;H<f>paKTO
MeTpa ,ll;H-2. IJpoae,n;eHa 3aMeHa tJaCTH TeXHO
norH'leCKOrO o6opy,D;OBaHHH ,!J;nH H3rOTOBneHHH 
3neKTpOHHbiX 6noKoB. Mo,n;epHH3HpOBaHa CHC
TeMa KOHTpOnH H ynpaaneHHH ycnoBHHMH 3KC
nepHMeHTa Ha cneKTpoMeTpe K,ll;COr-M 14 3 1 • 

Pa3pa6oTaHa Mo,n;ynbHaH CHCTeMa HaKonne
HHH cneKTpOMeTpH'leCKOH HH<f>opMaQHH 14 4 1 • 

Pa3pa6aTbiBaJIHCb H C03,D;aBaJIHCb HOBbie 
6nOKH H ycTpOHCTBa ,n;nR H3MepHTenbHbiX 
MO,n;yneif H aBTOMaTH3aQHH 3KCnepHMeHTa, 
B TOM 'lHCne MHOro<f>yHKQHOHaJibHbiH KO,!J;H· 
pOBinHK HOMepa ,n;eTeKTOpa, KOTOpbiH MO)I(eT 
pa6oTaTb KaK B aBTOHOMHOM pe)I(HMe, TaK H 
KaK nporpaMMHo-ynpaanHeMbiH 6noK KAMAK 
Ha CBH3H C 3BM 14 5 1

; 6noK ynpaaneHHH rnaro
BbiMH .n;BHraTenHMH B cTaH.n;apTe KAMAK 
c MHKponpoQeccopoM K 1801BM1 14 6 1

; npor
paMMHbie H annapaTHbie cpe,n;CTBa nporpaMMH
poBaHHH HHTerpanbHbiX cxeM K556 PT-1 14 7 1

; 

6noKH pacnpe,n;eneHHH aHanoroBbiX .n;aHHbiX 
C H30nHpOBaHHOH nHHHeH nocne,n;oBaTenbHOrO 
HHTep<f>eiica 14 8 1 H pH,n; ,n;pyrHx . 

JIHTEPATYPA 

8. AHOJKeeeCKU 10. u op. OHJIH, P3-87-319, .l(y6Ha, 
1987. 

9. AHO:NCeeeCKU 10. u op. OHJIH, P15-87-530, .l(y6Ha, 
1987. 

10. H30CUM08 H.H. u op. OHJIH, P15-87-276, .l(y6Ha, 
1987. 

11. Hoeono11&14ee MH., IloKOTUIIOBCKUU 10.H. OHJIH, 
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nABOPATOPHH 
BbJqHCnHTEnbHO:A TEXHHKH H ABTOMATH3AUHH 

B 1987 ro,IJ;y KOJIJieKTHBOM na6op aTOpHH 
npoae,IJ;eHbi pa6oTbi, HanpaarreHHbie Ha pa3-
BHTHe H 3cpcpeKTHBHoe Hcnorrb30BaHHe UeHT
parrbHoro BbllJHCJIHTeJibHOrO KOMnJieKCa, JIO
KaJibHOH ceTH 8BM H TepMHHaJIOB, a TaK:>Ke 

_Ha MO,D;epHH3aumo Hx MaTeMaTHtJecKor o o6ec
netJeHHH. TiorrytJHJIH ,!J;aJibHeHIIlee p a3BHTHe 

CHCTeMbl o6pa60TKH KaMepHbiX CHHMKOB. 
Hccrre,IJ;oBaHbi MeTO,IJ;bi H C03,IJ;aHbi nporpaM
Mbi perneHIDI HeJIHHeHHbiX 3a,IJ;alJ MaTeMa
THlJeCKOH cpH3HKH B CB.II3H C pa3pa60TKaMH, 
npoao,IJ;HMbiMH B OUHH. Co3,IJ;aHbi KOMnrreK
Cbi nporpaMM ,!J;Jl.II o6pa60TKH 3KCnepHMeH

TaJibHbiX ,IJ;aHHbiX. 

P A3Bl1Tl1E l1 8<l><l>EKTHBHOE l1CTIOflb30BAHHE 
UEHTP AflhHOrO BhlqJ1Cfll1TEflbHOrO KOMTiflEKCA OUHH 

Tio,IJ;KJIIOtJeH K 8BM EC-1061 H c,IJ;aH 

B 3KcnrryaTauHIO MaTPHtJHbiH npoueccop 
EC-2706. TiorryqeH nepBbiH OllbiT Hcnorrb3oaa
HHH npoueccopa npH perneHHH 3a,IJ;atJ tJHcrreH
Horo 3KCnepHMeHTa B SU (2) -KaJIH6pOBOlJHOH 
TeopHH llOJI.II. l1:3YtJaJIC.II TeMnepaTypHbiH cpa30-

BbiH nepeXO,!J; "KOH<l>aHHMeHT - ,IJ;eKOHcpaHH
MeHT", B XO,IJ;e KOTOporo MaTpHliHbiH npo ueccop 
pa60TaJI CO CKOpOCTblO 16 MJIH. on epai.{HH 
B ceKyH,IJ;y. 

OcaoeHo MaTeMaTHtJecKoe o6ecnetJeHHe 

MaTPHtJHoro npoueccopa: ,D;paH:aep, o6crrY:>KH
BalOIIUiH B3aHMO,IJ;eH:cTaHe EC-2706 H EC-1061, 
6H6rrHoTeKH nporpaMM 3JieMeHTapHbiX onepa
UHH H npHKJia,IJ;HbiX nporpaMM, TpaHCJIHTOpbi 
c H3biKOB <l>OPTP AH, AP AL H AP· 

Ha EC-1061 npoH3Be,IJ;eHa 3aMe}{a 6 Mar
HHTocpoHOB THna EC-5025.03 Ha 8 MarHHTo
cpoHoB THna EC-5612 M1, 6orree Ha,IJ;e:>KHbiX 
B pa6oTe. C,IJ;aH B 3KcnrryaTauHro TepMHHaJib
HbiH KOHTpOJIJiep Ha 16 BXO,!J;OB Ha 6a3e MHKpO
npoueccopa 8086, liTO no3BOJIHJIO Ha EC-1061 
,IJ;aTb BbiXO,!J; llOJlb30BaTeJIHM C TepMHHaJIOB 
ceTH. K MarnHHe no,IJ;KJirotJeH H aKTHBHO Hcnorrb-

3yeTcH rpacponocTpOHTerrb EC-7053M. H a 8BM 
EC-1061 HCnhiTaHO ,IJ;Ba HOBbiX aapHaHTa one
pauHoHHOH cHcTeMbi THna TKS, CHHMaroiUHX 
lJaCTb Harpy3KH Ha BHeiilHIOIO llaM.IITb MaiilHHbl 
H rryqrne pearHpyromHe Ha c6oH ,IJ;HCKOBbiX 
HaKOnHTerreH:. Ha6op B03MO:>KHOCTeH: 3THX aa
pHaHTOB CHCTeMbl paCIIlHpeH 3a ClJeT BKJllOlJe-
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HHH pH,D;a nporpaMM crre:>KeHHH 3a npoxo:>K,!J;e
HHeM 3a,IJ;alJ, H3MepeHHH Harpy3KH Ha KaHaJibl 
H ycTpOHCTBa 8BM, ytJeTa tJaCTOTbl HCllOJib-
30BaHH.II MO,IJ;yJieH onepauHOHHOH CHCTeMbl 
H T.,!J;. Tipoae,IJ;eHa cymeCTBeHHaH MO,D;HcpHKa
UHH 6H6JIHOTeK nporpaMM o6mero Ha3HatJeHHH 
H a,IJ;anTaUHH naKeTa rpacpHtJecKHX nporpaMM 
rP A<l>OP ,!J;Jl.II o6crry:>KHBaHH.II rpacponocTpOH
TeJIH EC-7053M H rpacpHtJecKoro TepMHHarra · 

HHTEP. 
Ha 8BM CDC-6500 npoH3Be,IJ;eHa 3aMeHa 

H3HorneHHbiX ,IJ;HCKOBbiX ycTPoH:cm H MarHH
TocpoHoa. B HaCTOHIUee BpeMH B COCTaBe 8BM 
HMeeTC.II 7 MarHHTOcpOHOB C nJIOTHOCTblO 
3anHCH ,IJ;O 1600 6HT/,IJ;IOHM, MarHHTHble ,!J;HCKH 
a 200, 100 H 30 M6aH:T o6meH: eMKOCTblO 
1290 M6aH:T. 3a,IJ;eH:cTBOBaH ,IJ;onorrHHTerrbHbiH 
TepMHHaJibHbiH MYJibTHnJieKCOp Ha 32 BXO,IJ;a, 
o6mee lJHCJIO TepMHHaJIOB, llO,!J;KJllOlJaeMbiX 

K MaiilHHe, MO:>KeT ,IJ;OCTHraTb 48. 

Ha 8BM CDC-6500 npoH3Be,IJ;eHa 3aMeHa 
onepauHoHHOH CHCTeMbi Ha 6orree coapeMeH
HhiH aapHaHT (NOS/BE ypoBHH 4 72} , c noMO
IUblO KOTOpOrO CTaJIO B03MO:>KHbiM o6crry:>KHBa
HHe HOBbiX MarHHTOcpoHOB, a TaK:>Ke ycKopeHHe 

BhmorrHeHHH uerroro pH,D;a nporpaMM noJib30-
BaTerreH:. B onepauHoHHyro cHcTeMy BHeceHbi 
H3MeHeHHH, o6ecnetJHaaromHe pacrnHpeHHe Ha 
200 M6aH:T ,IJ;HCKOBOH naMHTH, Bbi,IJ;eJIHeMoH: 
,!J;Jl.II XpaHeHHH apXHBOB (nporpaMM H ,IJ;aH
HbiX) norrb3oaaierreH:. Tipoae,IJ;eHa norrHaH ne-



MaT})H'IH&IH npm~eccop EG-2706 aae.zxea a 3KcnnyaTaumo a cOCTaae 3BM EG-1061. 

peTpaHCJIHQHR 6n6mmTeKH rrporpaMM o6I.Qero 

Ha3HatieHHH. B cocTaB o6I.QecncTeMHoro o6ecrre

qeHHH MalllHHbl BI<JllOtieH TpaHCJIRTOp C H3bii<a 

llACKAJib-3. 

Ha 3BM B3CM-6 rrpoBeAeHbi pa6oTbi 

IIO 3aMeHe MarHHTHbiX 6apa6aHOB Ha 3Jiei<TpOH

Hy10 IIaMHTh, CAaH a 3KcrmyaTaQH10 MYJibTH

rmei<cop Ha 6a3e MHI<porrpoueccopa 58011K80, 

qTQ Il03BOJIHJIO OCyi.QeCTBHTb BbiXOA MalllHHbl 

B ceTb HaiipHMY10. PacrnupeHa 6H6JIHOTei<a 

rrporpaMM 06I.Qero Ha3HatieHHR, B tiaCTHOCTH 

BHeApeH HOBbiH Ha6op rrporpaMM AJIR perne

HHH CHCTeM HHTerpaJibHbiX ypaBHeHHH. 

,llaJibHeHrnee pa3BHTHe IIOJlytiHJia JIOI<aJib

Ha.R CeTb 011JII1. 06I.Qa.R AJIHHa I<OaKCHaJibHOrO 

Ka6enH COCTaBJIReT 9 KM. B HaCTOHI.Qee BpeMR 

B COCTaBe CeTH I< IIOpTaM IIOAKJIIOtieHO OKOJIO 

130 TepMHHaJIOB u rrepcoHaJibHbiX 3BM. K ceTH 

IIOAKJIIOtieHbl 3BM H3MepHTeJibHbiX QeHTpOB: 

PDP 11/70 (JIH<I>), CM-4 u CM-1420 (OHMY), 

CM-4 (JIHP) u MERA-60 (JIHll). ,llJIH o6ecrre

qeHHR B03MO:>KHOCTH paClllHpeHHR CeTH IIpOBO

AHJIHCb pa3pa60TKH aHaJIOrOB IIJiaT, HCIIOJlb-

3yeMbiX B ceTH. 

BaeAeH a pe:>KHM 3KcrrnyaTaQHH no 2 qaca 

B AeHb TepMHHaJI, HMeiOI.QHH BbiXOA Ha 3apy-

6e:>KHbie CeTH, B tiaCTHOCTH Ha 3BM IJ:EPHa. 

BeAyTCH pa6oTbi no rrepexoAy Ha CBH3b 3Toro 

TepMHHana c y3JIOM a Moci<ae no rrpoTOKOJIY 

X.25. 3 To IIOBbiCHT HaAe:>KHOCTb pa6oThi TepMH

Hana H OTI<pOeT B03MO:>KHOCTb BbiXOAa C B1felll

HHX CeTeH, B TOM tiHCJie H3 HHCTHTYTOB CTpaH

yqaCTHHQ 011J111, Ha 3BM, IIOAKJIIOtieHHbie 

I< ceTH 11HCTHTyTa /l - 4 1. 

B 1987 ro~y Haqana pa6oTaT& TepMHHan&H8JI CTaHIUIR 
~JUI CBII3H c B&NHcnHTen&HbiM UeHT})OM UEPHa. 
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Ta6nuija 

3KCnJl yaTaijWI. 6ll306blX 3/l.eKTpOHHo-BblllUC/I.UTell.bHblX MaUlUH 

3BM . 06mee none3Hoe Cpe,IUiecyToliHoe qHCJio npony-ro,D;OBOH 
TIJiaH, q apeMH ctieTa 3a ro.D;, q none3Hoe apeMR, q meHHbiX 3a.D;ati 

EC-1061 
EC-1060 
CDC-6500 
B3CM-6 

6000 
6000 
7300 
6600 

6914 
6851 
7760 
7276 

*qUC/10 3a0tl'l, nponylJ,4eHHblX C Tep.MUHQ/1.06. 

19,5 157950/98008* 
19,6 32983/11028* 
22 164349/76474* 
21,1 63309/20680* 

P A3BI1THE 1111Cll0Jlb30BAHI1E 
CI1CTEM AHAJII1TJ1qECKI1X Bhlqi1CJIEHI1:&i HA 3BM 

Bee 60JihlllYIO nonyJIRpHOCTb B J1HCTHTyTe 
HaxO.D;HT CHCTeMa aHaJIHTHtieCKHX BbltiHCJieHHH 
REDUCE. Ha 3BM EC-1060 H EC-1061 3aKoH
tieHo BHe.D;peHHe ee aepcHH REDUCE 3.2. 
CHcTeMa pa6oTaeT a .D;Byx aapHaHTax: MaKcH
MaJihHOM H MHHHMaJihHOM. MHHHMaJihHbiH 
BapHaHT He CO,D;ep)I(HT B onepaTHBHOH naMRTH 

MO.D;yJieH HHTerpaTopa, <lJaKTOpH3aiiHH, pellle
HHH CHCTeM ypaaHeHHH H HeKOTOpbiX .D;pyrHX. 
llpH He06XO.D;HMOCTH OHH no,D;rpy)l(aiOTCH B O~e

paTHBHYIO naMHTb aBTOMaTHtieCKH. 
MeTo.D; ycpe.D;HeHHR Kpbmoaa - Bor onro-

6oaa HCnOJib30BaH ,ll;JIH HCCJie.D;OBaHHH y CJIOBHH 

noae,D;eHHR aMTIJIHTy.D; 6eTaTpOHHbiX KOJie6 aHHH 
3apH)I(eHHOH tiaCTH~hl B OKpeCTHOCTH pe30HaHCa 
TpeTbero nopH.D;Ka, KOTOpbiH npOXO.D;HT .D;OCTa
TOliHO 6JIH3KO OT pa6otieH TOtiKH CHHXpo<lJa-
30TPOHa 011HI1. BbitiHCJieHHR BbiTIOJIHeHbi Ha 
3BM c noMOmhlO cHcTeMbi REDUCE 3.2. 
llpH HeKoTopbiX ycnoBHHx, HaKJia.D;hiaaeMbiX 
Ha napaMeTpbl MarHHTHOrO noJIR, .D;O Ka3aHa 
orpaHHtieHHOCTh aMnJIHTy.D;. llOKa3aHa B03-
MO)I(HOCTb npHMeHeHHR cHcTeMbi RED UCE 
.D;JIH pellleHHH 3a.D;ati TeOpHH B03Mym eHHH 
KBaHTOBOH MeXaHHKH Ha COBpeMeHHOM H3biKe 

rpyniihi .D;HHaMHtieCKOH cHMMeTpHH. Co3.D;aHa 
nporpaMMa STARK .D;JIH BhitiHCJieHHH a aHaJIH
THtiecKOM BH.D;e 3HeprHH H BOJIHOBbiX <lJyHK~HH 
aTOMa BO.D;Opo.D;a B O,IUiOpO,IUiOM :meKTpHtie
CKOM none B npOH3BOJihHOM nOpH,D;Ke TeOpHH 
B03MymeHHH. 

Ha H3hiKe SCHOONSCHIP co3.D;aHa yHH
aepcanhHaR nporpaMMa .D;ByxneTJieBbiX pacqe
TOB .D;HarpaMM nponaraTopHoro THna a ,D;Byx
neTneBhiX KHpaJibHhiX TeOpHRX, KOTOpaR pea
JIH3yeT HHTerpHpOBaHHe KaK no rpoCCMaHO
BbiM, TaK H no HMTiyJibCHbiM nepeMeHHhiM. 
J1HTerpHpOBaHHe no rpoCCMaHOBbiM nepeMeH
HbiM MO)I(eT 6biTh TaK)I(e npHMeHeHO .D;JIH 

(3+6) -neTJieBbiX .D;HarpaMM. 11cCJie.D;OBaHbi yc
JIOBHR HHTerpHpyeMOCTH CHCTeM HeJIHHeHHhiX 
3BOJIIO~OHHbiX ypaaHeHHH, JIHHeHHbiX OTHO
CHTeJibHO CTaplllHX npOH3BOAHbiX no npoCTPaH
CTBeHHOH nepeMeHHOH. C<PopMyJIHpOBaHbi Ma
TeMaTHtiecKHe OCHOBhl CHMMeTPHHHOrO MeTO.D;a 
npoaepKH yCJIOBHH HHTerpHpyeMOCTH H npe.D;
JIO)I(eH anrOpHTM, peaJIH3yiDmHH .D;aHHbiH Me
TO.D; .D;JIH lllHpOKOrO KJiacca HeJIHHeHHbiX 3BOJIIO
~OHHhiX CHCTeM. AJirOpHTM peaJIH30BaH B BH
,D;e nporpaMMbi Ha H3biKe FORMAC 15

- 8 1• 

C03,IJ;AHI1E 11 PA3BI1THE 
CPE,ll;CTB 11 METO,ll;OB BI13Y AJihHO:&i CBH311 C 3BM 

11HTenneKTYaJihHbie rpa<PHtiecKHe pa6otiHe 
CTaH~H RBJIHIOTCH BU)I(HeHlllHMH 3JieMeHTaMH 

CHCTeM aBTOMaTH3aiiHH HayliHbiX HCCJie.D;OBaHHH, 
npoeKTHpoBaHHR H ynpaaJieHHR npoH3BO.D;
CTBOM. Tpe60BaHHe yaeJIHtieHHR HX HHTep
aKTHBHbiX B03MO)I(HOCTeH, TO ecTb COKpameHHR 
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apeMeHH pea~HH Ha "B03.D;eHCTBHe" nOJib30-
BaTeJIH, pa.D;HKaJihHbiM o6pa30M BJIHReT Ha 
apxHTeKTypy TaKHX CTaH~HH. 

llepCOHaJihHbie KOMTiblOTepbl BCJie.D;CTBHe 
CBoeH YHHBepCaJihHOCTH, a TaK)I(e MaJIOH CKO
pocrn reHepaiiHH H306pa)l(eHHR He no3BOJIRIOT 



.D.OCTH'Ib BbiCOKOH CTeneJIH 

ern. BMecTe c TeM, B3RB 

HHTepaKTHBHO

nepcOHaJibH)TIO 

3BM 3a OCHOBY H .D.OnOJlHHB cneUHaJib

HbiMH Y3JiaMH .D.JIR reHepa:QHH H xpaHe

HHR H306piDKeHHR, MO>KHO nOJiytiHTb CH

CTeMy CO 3Ha'IHTeJibHO ynyqweHHbiMH Xa

paKTepHCTHKaMH. Ha TaKOH ocHose Bhi6pa

Ha cTpyKTypa H pa3pa6oTaHbi npmmHnbi 

nOCTPOeHHR rpaQ>H'IecKOH pa6o'leH CTaHQHH, 

KOTOpa.R 6a3HpyeTCR Ha nepcOHaJibHOM 

KOMnbiOTepe. 

Pa3pa6oTaHbi H H3rOTOBJieHbi MHKponpo

rpaMMHpyeMbie reHepaTOpbi Q>yHKUHH BbiBO.D.a 

H306paJKeHHR Ha QBeTHOH pacTpoBbiH .IJ.HCnJieH. 

Co3.IJ.aHO 6a3oBoe nporpaMMHoe o6ecne'leHHe 

rpaQ>H'IecKoro npoQeccopa. C.IJ.aHbi B 3Kcnnya

Ta:QHIO rpaQ>H'IecKHe TepMHHaJibi HHTEP-80 

(no.D.KJIIO'IeH K EC 3BM) H MHTEP-85 (HMeeT 

BbiXO.D. Ha JIOKaJibHYIO ceTb). OcymecTaJieHa 

CTbiKOBKa rpaQ>H'IecKoro naKeTa rp A<I>OP 

C JIOKaJibHl:>IM nporpaMMHbiM o6ecneqeHHeM 

TepMHHaJIOB 19 1
• 

rpa«<JHllecKHH TepMHHan :HHTEP-85 c MHKponpoueccopH&IM ynpaBneaueM no.o;KJUO'IeH 11epe3 noKan&HYJO cen 
K 3BM EC-1061. 

P A3Bl1Tl1E METO,nOB l1CllOJib30BAHIDI 3BM 

HA JiliHlili C 3KCllEPliMEHT AJibHbiMli YCT AHOBKAMli 

Maccosa.R o6pa6oTKa 3KcnepHMeHTam

HbiX .IJ.aHHbiX npe.nnonaraeT pa3pa6oTKY npHe

MOB, MeTO.D.OB H COOTBeTCTB)TIOIQero nporpaMM

HOrO o6ecneqeHHR, KOTOpbie 06'be.IJ.HHRIOTCR 

nOHRTHeM aBTOCOnpoBO:>K,ZJ;eHHe MaCCOBbiX npo

QeCCOB (MOllAC). 

llpOH3BO.D.HTeJibHOCTb o6pa6aTbiBaiOIQeH 

CHCTeMbi onpe.neJIReTCR .IJ.HCQHnJIHHOH o6CJiy

:>KHBaHHR H Ha,Ae>KHOCTbiO onepaQHOHHOH Cpe

.IJ.bi. B Tex CJiyqaRX, Kor.na Ha.Ae>KHOCTb onepa

QHOHHOH cpe.D.bi He.IJ.OCTaTO'IHO BbiCOKa, Ha6op 

Q>yHKQHH MOllAC pacwHpHeTCR cpe.ncTBaMH 

06Hapy:>KeHHR H JIOKaJIH3a:QHH OWH6KH, HCnpaB

JieHHR ee noCJie.IJ.CTBHH aBTOMaTH'IecKH HJIH 

c npHBJie'leHHeM qenoseKa, yMeHbWeHHR no

Tepb, Bbi3BaHHbiX 3TOH OWH6KOH, BOCCTaHOBJie-

HHR 3anpOCOB Ha 06CJIY:>KHBaHHe npH aBapHH

HOM OKOH'IaHHH 38,AaHHR. 

B paMKaX paccMaTpHBaeMoro no.nxo.na 

noJib30BaTenb ocso6o:>K,ZJ;aeTcR oT Tpy.noeM

KHX Q>YHKQHH no o6cJiy:>KHBaHHIO CHCTeMbi 

MaCCOBOH o6pa60TKH, B pe3yJibTaTe qero 

nOBbiWaeTCR 3Q>Q>eKTHBHOCTb HCnOJib30BaHHR 

pecypCOB 3BM, Ha,Ae>KHOCTb Q>yHKUHOHHpO

BaHHR CHCTeMbi H ypOBeHb aBTOMaTH3a:QHH 

pa6oTbi onepaTopos. llpHMeHeHHe o6cy:>K

.naeMbiX Cpe.IJ.CTB nOBbiWaeT CKOpoCTb MaC

COBOH o6pa60TKH Ha 3BM KOJIJieKTHBHOrO 

nOJib30BaHHR; TaK 6biJIO .D.OCTHrHYTO ycTOHllH

BOe 5-6-Kpamoe ysenH'IeHHe npoH3BO.D.HTeJib

Hocrn cHcTeMbi no cpaaHeHHIO c TPS.AHQHOH

HbiM nO.D.XO.D.OM. 
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Ha 3BM EC-1040 C03AaHa 3<P<PeKTHBHaH 
CHCTeMa onepaTHBHOrO KOHTpOJUI pa60Tbl MIO
OHHOfO cneKTpOMeTpa "HeHTpHHHOfO AeTeKTO

pa". Ha 633e nepcoHanbHoii 8BM COP AM-501 
C03,D;aHa CTaH~IDI pa3pa60TKH nporpaMM aHa
nH3a 3KcnepHMeHTanbHhiX AaHHhiX. A.nanTH
poaaHbi ,D;nR nepcoHanbHOH 3BM BapHaH
Tbl npo6neMH0-0pHeHTHp0BaHHbiX naKeTOB 
PATCHY, HBOOK H HPLOT, npe,D;Ha3HalleH
HbiX ,D;nR pa60Tbl B HHTepaKTHBHOM pe:>KHMe. 

Co3,D;aH nporpaMMHhrn KOMnneKc, Ko
TOpbiH o6ecneliHBaeT Maccoayro aBTOMaTH3H

poBaHHYIO o6pa60TKY cneKTpOMeTpHlleCKOH 

HH<\x>pMallHH C ycTaHOBIGi ''faMMa". 3TOT 

KoMnneKc pa6oTaeT B AHanoroaoM pe
:>KHMe H o6ecneliHBaeT npHeM MaCCHBOB 
,D;aHHbiX Ha MarHHTHbie ,D;HCKH, 
TenbHYIO o6pa60TKy 3anHCaHHOH 
~HH H nepe,D;ally ee Ha 
3BM ' l 0-12 I. 

npe,D;BapH
HH<PopMa-

6a30Bbie 

C03.[(AHI1E 11 P A3BI1TI1E 
ABTOMATWIECK11X 11 IIOJIY ABTOMATWIECKI1X CI1CTEM 

OEP AEOTKI1 KAMEPHbiX CH11MKOB 

B Jla6opaTopHH o6pa6aThiBaiOTCR KaMep
Hbie CHHMKH, nonylleHHbie B ,D;ecRTH 3KCnepH
MeHTax <lJH3HlleCKHX rpynn JIB3 H JI.HIJ. 

BhlnonHeHhi pa6oThi no BHe,D;peHHIO MaT
pH~ II3C H nepcoHanbHhiX 3BM "Ilpaae~-16" 
B npH6ophi IIYOC, liTO AOn:>KHo noBhiCHTh 
TOliHOCTb H CKOpOCTb H3MepeHHH npHMepHO 
Ha nRTHa,D;~aTb npo~eHTOB. PeanH3yeTcR CBR3h 
3BM "Ilpaae~-16" c EC 3BM, liTO o6ecneliHT 
BKniOlleHHe MaTpH~hi II3C a AeHcTayromyro 
H3MepHTenbHYIO CHCTeMY Ha KIDK,ll,OM npH6o
pe. lia ynpaanRromeH 3BM EC-1033 BHe,D;peHa 
nporpaMMa KOHTpOJUI B peanbHOM B peMeHH 
H3MepeHHH ,21;0 ypOBHR reoMeTpHtieCKOH pe

KOHCTpyK~HH. 

Ha cnHpanbHOM H3MepHTene 3aaeprneHa 
pa3pa6oTKa H HallaTa oTna,D;Ka Ha peanbHhiX 
co6hiTHRx co cneKTpoMeTpa PI1CK nporpaMMhi 

<lJHnbTp~HH B HHTepaKTHBHOM pe:>KHMe Ha nH
HHH c 3BM EC-1060. PeanH30BaH anropHTM 
BbJAeneHIDI TpeKOBbiX CHrHanOB CO CHHMKOB 
ny3blpbKOBbiX H C!pHMepHbiX KaMep, CHRTbiX 
c noMombro MaTp~hi II3C, HMeromeH 
256x 288 3neMeHTOB. B KalleCTBe npo~eccopa 
npe,D;BapHTenbHOH o6pa60TKH H <lJHnbTp~HH 

nonylleHHhiX AaHHhiX npHMeHReTCR cne~npo

~eccop RISC-apxuTeKTyphi. Bae,D;eHHe B co
CTaB npo~eccopa cne~anH3HpoBaHHhiX 

KOMaRA ( cn~npo~eccop MHKponporpaMMH
pyeMbiH) no3BOJUieT pacno3HaaaTh H BhmenRTh 
3neMeHTbl TpeKa B 30He 0,25 MM2 3a 0,17-0,2 C, 
liTO o6ecneliHBaeT pa6oTy B peanhHOM MacrnTa-
6e BpeMeHH. 

Pa3pa6oTaHa HHTep<PeHCHaR Kapra AnR 

CBR3H HPD c 3BM EC-1060. BhlnonHeH 6om
rnoH o6beM pa6oT no no,D;roTOBKe H oTna,D;Ke 

CuCTeMa TIAHC o6ecne<~uaaer nonyaaToMaTl l'lecKyiO o6pa6oTKy CHHMKOB, nonyqeHH&IX a 9 3KCnepHMeHTax 
nB3 H n.A:n. CnCTeMa BKni0'18eT B ce6R 24 H3MepHTen&HhiX npu6opa, pa60T810mHX Ha nHHHH c 3BM EG-1033. 
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MaTeMaTHtiecKoro o6ecnet~eHHH HPD Ha 

EC-1060. Co3,naHbi nporpaMMbi opraHH3a

QHH ,ll;HaJIOra B pe)I(HMe norryTOHOBbiX H3-

MepeHHH Ha CKaHHpyroi.QeM aBTOMaTe 

A3JIT-2/160 11 3 
'
14 1• PeaJIH30BaH 3JieKTpoH

HbiH npHBO.ll:, npe,nHa3HatieHHbiH ,ll;JIH npeQH-

3HOHHbiX nepeMei.QeHHH H3MepHTeJibHbiX Kape

TOK. YcTpOHCTBO pernaeT 3a,naqy noBbillleHHR 

TOliHOCTH peryrrHpOBaHHR Ha MaJibiX CKO

pOCTHX / I 5 I. 

C03,ll;AHHE l1 P A3BHTHE 

METO,ll;OB l1 TIPOrP AMM OEP AEOTKH 

3KCTIEPHMEHT AJihHhiX ,ll;AHHhiX 

B TetieHue pH,na neT B Jia6opaTopuu 

npOBO,ll;HJIHCb pa60Tbl no nOBbillleHHlO ypoBHR 

aBTOMaTH3aQHH npoQecca o6pa60TKH <i>HJibMO

BOH HH<PopMaQHH. EhmH co3,naHbi BbiCOKO

aBTOMaTH3HpOBaHHbie CHCTeMbi MaTeMaTHtie

CKOH o6pa6oTKH pe3yrrhTaToB H3MepeHHH Ka

MepHbiX <PoTOrpa¢>HH, n03BOJIHlOI.QHX B 3-4 pa-

3a COKpaTHTb KaJieH,napHbie CpOKH aHaJIH3a 

3KCnepHMeHTaJ1bHbiX ,ll;aHHbiX. 3TO ,ll;OCTHrHyTO 

B OCHOBHOM 3a ClleT OnTHMH3aQHH CaMOrO 

npoQecca, aJiropHTMH3aQHH pH,na onepaQHH, 

Tpa,ll;HQHOHHO BbinOJIHHBlllHXCH JllO,ll;bMH, H C0-

3,ll;aHHH Ha 3TOH OCHOBe pH,na nporpaMM, BHe,n

peHHe KOTOpbiX ,ll;aJIO B03MO)I(HOCTb neperro

)I(HTb Ha 3BM Hau6orree Tpy,noeMKHe onepaQHH, 

BbinOJIHRBlllHecH paHee t~erroae~eoM. Hanpu

Mep, nporpaMMHOe Be,neHHe ~pHaJia HCTOpHH 

o6pa60TKH pe3yJihTaTOB n03BOJIHeT aBTOMa-

TipH nOMOI.QH norryaBTOMaTHtieCKHX yeT· 

poHCTB TIYOC-CAMET H3MepeHo 425 TbiCHti 

TpeKOB C06biTHH Ha CHHMKax C KaMep Jla6opa

TOpHH B biCOKHX 3HeprHH H Jia6opaTOpHH JI,nep

HbiX n po6rreM. Ha CKaHHpyromeM aBTOMaTe 

HPD o 6 ecnetieH pecypc B o6'beMe 2780 qacoa 

MH n poae,neHHR MaCCOBOH o6pa6oTKH CHHM

KOB, H A3JIT-2/160 - pecypc B o6DeMe 

1600 llaCOB MH H3MepeHHH CHHMKOB C ycTa

HOBKH M J1G. 

THtieCKH 9>opMHpoBaTb JieHTbi cyMMapHbiX 

pe3yJibTaTOB H no.nao,nHTb HToru o6pa6oTKH 

nporpaMMHbiM nyTeM / I 6 ' 1 7 I. 

Cpe.nu npHJIO)I(eHHH annpoKCHMaQHOHHbiX 

MeTO,ll;OB B ¢>H3HKe O,ll;HOH H3 aKTYaJibHbiX 

HBJIHeTCH 3a,ll;alla o6pa60TKH KaJIH6pOBOl!HbiX 

H3MepeH HH, npOBO,ll;HMbiX MH onpe,nerreHHR 

TOliHOCTHbiX xapaKTepHCTHK aBTOMaTHtiecKHX 

H3MepHTeJibHbiX npH60poB H YCTaHOBJieHHH 

CBH3H M e)l(,ll;y CHCTeMaMH KOOp,ll;HHaT, B KOTO

pbiX ae,nyTCH H3MepeHHR, H KOOp,ll;HHaTaMH 

H3MepHeMoro o6'heKTa. ArrropHTM norrHHO

MHaJibHOH annpoKCHMaQHH npHMeHeH Ha CJlH· 

paJibHO M H3MepHTerre ,ll;JIH o6pa60TKH KaJIH-

6pOBOliH biX ,naHHbiX penepHbiX ~epecToB. An

npoKCHM aQHR Be,neTCH B nOJIHpHbiX KOOp,nH

HaTax, liTO ynpoi.QaeT BbllJHCJieHHR H nOBbl

lllaeT HX TOliHOCTb /I 8 1• 

HCCJIE,ll;OBAHIDI TIO PEJIJITHBHCTCKOA H,ll;EPHOA <l>l13HKE 

l1 <l>l13HKE PE30HAHCOB 

.[I;JIH pa3JIHl!HbiX MeXaHH3MOB npoTeKaHHR 

peaKQHH I H(d, p)X npH 9 r3B/c BbinOJIHeHbl 

pactieTbl HMnyJibCHbiX cneKTpOB npoTOHOB, 

HcnycKaeMbiX KaK C 60JiblllHMH, TaK H C Hyrre

BbiMH nonepel!HbiMH HMnyJibCaMH (yrJibl pe

rHCTpaQHH npOTOHOB 0,139 H 0 pa,n COOTBeT

CTBeHHO) . TioKa3aHO, liTO B crryqae 6om,rnux 

nonepel!HbiX HMnyJibCOB BTOpHl!HbiX npoTO

HOB ,ll;HarpaMMbl C B036y)l(,ll;eHHeM nHOHHbiX 

CTeneHeH CB060,ll;bl ,ll;aJOT B QeJIOM He3HatiH

TeJibHbie nonpaaKH K pe3yrrhTaTaM, norry

tieHHbiM B MO,ll;eJIH )l(eCTKHX coy,napeHHH. 

HanpoTHB, MH yrrra perucTpaQHH oo B o6-

rracTH HMnyJibCOB BTOpHtiHbiX npoTOHOB 

0,1 + 0,3 r3B/c ( B CHCTeMe nOKOH ,neHTpOHa) 

B KJia,ll;bl n poQecca npHMOH ¢>parMeHTaQHH H Me

XaHH3MOB C B036y)l(,ll;eHHeM nHOHHbiX CTene

HeH cao6o,nbi cpaBHHMbi no BeJIHtiHHe, u npu 

paCCMOTp eHHH Bonpoca 06 a,neKBaTHOCTH TeO

peTHtieCK OrO OnHCaHHR CJie,nyeT CliHTaTbCH 

C B03MO)I(HOCTblO HHTep¢>epeHQHH aMnJIHTY.ll: 

pa3JIHl!Hh iX MeXaHH3MOB paCCMaTpHBaeMOH 

peaKQHH 
11 9 1 . Tipe,nrro)l(eHbi u npoaHaJIH3Hpo

BaHbi TP H KpuTepHR oT6opa 6biCTpbiX o,nHo-

3apH,nH:bix ¢>parMeHTOB, perucrpupyeMbiX npu · 

nOMOI.QH MarHHTHOrO cneKTpoMeTpa C npoBO

JIOl!HbiMH KaMepaMH, O,ll;HOMepHbiH KpHTepHH 

reoMerpHtiec~eoro oT6opa co6hiTHH, a TaiOKe 

.naa .nay MepHbiX KpHTepHR · pa3,nerreHHH no 

MaCCaM n pOTOHOB, ,ll;eHTpoHOB H JI,nep TpHTHR. 
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reoMeTpHtieCKHH KpHTepHH CHIDKaeT noTeplO 

HCTHHHhiX C06hiTHH B HaH6onee KpHTHtJeCKOM 

HHTepBane HMnynhCOB H3ytJaeMhlX tJaCTH~ ,ll;O 

nRTHa.n;~aTH npo~eHTOB. KpHTepHH pa::~.n;eneHHR 

no MaCCaM OCHOBaHhl Ha ,ll;ByKpaTHOM He3aBH

CHMOM Onpe,n;eneHHH Mace tJaCTH~. 0 HH n03BO

nRlOT Bhl,ll;enHTh tJaCTH~hl, CetJeHHe o6pa30BaHHR 

KOTOpblX COCTaBnReT 10- 4 - 10- 6 CetJeH WI o6pa-

30BaHHR OCTanbHblX tJaCTH~/ 2 0 1• 

B 7T- p-B3aHMo,n;e:HcTBHRX npH 16 r3B/c 

B co6hiTHRX c 3aperHcTpHpOBaHHhi MH K;-, 

A-tJaCTH~aMH o6Hap}')KeH K (1629) -Me30H c na

paMeTpaMH M = (1629 ± 4) M3Bjc2 , r = 
= (13~ig) M3B/c

2
. llpe,n;npHHRTbiH K OMnHnR-

llpoae.n;eHo tJHcneHHoe Hccne.n;oBaHHe pe

nRTHBHCTCKHX KBa3HnOTeH~HanbHblX ypaaHe

HHH, OTIHChiBaiOIUHX CBR3aHHYlO CHCTeM y ,n;ByX 

tJaCTH~ B HMnynhCHOM npOCTpaHCTBe, B cnyqae, 

Kor.n;a HHTerpanbHhiH onepaTop co.n;ep)f(HT HenH

He:HHyw 3aBHCHMOCTb OT C06cTBeHHOrO lJHCna

MaCChi CHCTeMhl. YCTaHOBneHa 3aBHCHMOCTb 

3H~prHH CBR3H OT MaCChi npoMe)f(y TOlJHOrO 

6030Ha, HaH,ll;eHhl KpHTHlleCKHe 3HatJeHHR MaC

Chi, npH KOTOphlX B CHCTeMe nORBnReTCR nep

BOe CBR3HOe COCTORHHe. 

llonytJeHhl ycnOBHR pa3nO)f(HMOCTH no

rpelllHOCTH npH6nH)f(eHHblX pellleHHH B 3a,n;aqe 

Ha C06CTBeHHhle 3HatJeHHR ,n;nR CaMOCOnpR

)f(eHHOrO onepaTopa no HeKoTopoMy n apaMeT

PY annpoKCHM~HH. llpH tJHcneHHOM p ellleHHH 

cneKTpanbHOH 3a,n;atJH c HHTerpanbHhiM onepa

TOpOM Ha nonyOCH TaKoe pa3nO)f(eHHe n03BO

nReT nOBhlCHTb TOlJHOCTb npH6nH)f(eHHhiX pellle

HHH Ha o.n;HH, .n;aa nopR,n;Ka Ha ocHoae 3KCTpa

nonR~HH no napaMeTpy annpoKCHMa~HH . 

Pa3pa6oTaH MeTo.n; npH6niDKeHHo ro Bhi

tJHcneHHR HHTerpanOB no TpaeKTOpHRM B eB

KnH,ll;OBOH KBaHTOBOH MeXaHHKe 6e3 p ellleTOlJ

HOH ,n;HcKpeTH3~HH. MeTo.n; ocHOBaH H a npen

CTaaneHHH 3THX HHTerpanOB B BH,ll;e KOHTH

HyanhHhlX HHTerpanOB no ycnOBHOH Mepe 

BHHepa H HCnOnh30BaHHH nocTpoeHHhiX npH-

6nH)f(eHHhiX ¢opMyn, TOtJHhiX Ha Knacce 

<f>yH~HOHanbHhlX MHOrOtJneHOB 3a,ll;aHH OH CTe

neHH/2 2.2 3 '· 

Pa3pa6oTaHhi KBa,n;paTypHbie ¢ o pMynhi, 

npe,n;Ha3HatJeHHhie ,ll;nR BhfiiHCneHHR HH Terpana 

<l>ypbe nyTeM annpOKCHM~HH H CXO,ll;HOH 
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THBHblH aHanH3 pa60T no HCCne,n;OBaHHlO 

pe30HaHCHhiX COCTORHHH CTpaHHbiX Me30HOB, 

BhmonHeHHbiX B K± p-, 7T- p-B3aHMo,n;e:HcmHRx 

npH pa3nHtJHbiX 3HeprHRx, no.n;Taep)f(naeT nony

tJeHHhie pe3ynhTaThx
12 1 '· 

Ha OCHOBe r nay6epOBCKOrO H ,n;yanhHO

TononorHtJeCKOrO no.n;xo.n;oa co3,n;aHa nporpaM

Ma, MO,n;enHpylOIUaR HeynpyrHe ,!J;H<f>paK~HOH

Hbie B3aHMO,ll;eHCTBHR npOTOHOB H R,n;ep C R,ll;pa

MH npH BblCOKHX H CBepXBbiCOKHX 3HeprHRX. 

llyTeM MO.n;enHpOBaHHR Ha 3BM HCcne.n;OBaHa 

ponh MHOrOKBapKOBbiX KOHqmryp~HH B Ky

MynRTHBHhiX npo~eccax npH a,n;pOH·R,n;epHbiX 

CTOnKHOBeHHRX 14 2 1 • 

PA3PAEOTKA 

llPHKJIA.llHhiX METO.UOB Bhll.IHCJIEHH:A 

<f>yHK~HH Ha KOHetJHOM 0Tpe3Ke CTinaHHOM 

H ytJeTa OCTaTOlJHOH tJaCTH HHTerpana nyTeM 

HCnOnb30BaHHR HH<f>OpM~HH 0 noae,n;eHHH 

<f>yHK~HH B OKpeCTHOCTH 6eCKOHetJHOCTH. <f>op

Mynhi npHMeHeHbl ,ll;nR nocTpoeHHR 3KOHOMHlJ

HOrO tJHcneHHoro anropHTMa pellleHHR o6paT

Ho:H 3a,ll;atJH paCCeRHHR KBaHTOBOH MeXaHHKH 

no nonyocH 12 4 1
• 

HccnenoaaHhi ycnoBHR cymecTBoaaHHR 

nepHO,n;HtJeCKHX pe)f(HMOB B O,ll;HOMepHOM ,ll;)f(0· 

3e<f>coHOBCKOM nepexo,n;e KOHetJHOH ,ll;nHHhl 

C MHKpOHeO,ll;HOpO,ll;HOCTblO. llpoae,n;eHO lJHCneH

HOe pellleHHe CHHyc-ypaBHeHHR rop,n;OHa C CHH

rynRpHOCTblO. YcTaHoaneHo cymecTBOBaHHe 

pellleHHH, co.n;ep)l(aJUHx orpaHHtieHHbie ne

pHO.n;HtJecKHe <l>YHK~HH. TaKHe pellleHHR o6Ha

p}')KeHhi TaK)f(e B o.n;Hopo.n;HoM nepexo.n;e12 5 1• 

,llnR npOCTpaHCTBeHHblX 3a,ll;all MarHHTOCTaTH

KH B HeorpaHHtJeHHOH o6naCTH paCCMOTPeHhl 

KOM6HHHpOBaHHhie lJHCneHHbie anrOpHTMbl, 

OCHOBaHHhie Ha 06'be,ll;HHeHHH MeTo,n;a rpaHHti

HblX HHTerpanbHblX ypaaHeHHH C MeTO,ll;aMH, 

HCnOnb3YlOIUHMH ,n;H<f>¢epeH~HanhHYlO nOCTa

HOBKy. YcTaHoaneHa o.n;H03HatJHaR pa3pelllH

MOCTb B co6oneBCKHX npOCTPaHCTBax ypaaHe

HHH B KOM6HHHp0BaHHOH nOCTaHOBKe ,ll;nR 

HenHHe:HHoro cnytJaR. llonytJeHbi ycnoBHR cxo

,ll;HMOCTH HTep~HOHHhlX MeTO,ll;OB rpa,n;HeHTHO

ro H HblOTOHOBCKOrO mna 12 6 - 2 8 I. 

Hccne.n;oaaHhi pellleHHR .n;ayMepHbiX HH

TerpanhHhiX ypaBHeHHH MarHHTOCTaTHKH C HC

nonb30BaHHeM KyCOlJHO-nHHeHHOH annpOKCH

M~HH HaMarHHtJeHHOCTH. llpe,n;no)f(eH npH6nH

)f(eHHblH MeTO,ll; BhllJHCneHHR K03cPcPH~eHTOB 



MaTpHQbl ,nHCKpeTH30BaHHbiX ypasHeHHH • .[(n.H 

.D:ByMepHbiX 3a,ll;all MarHHTOCTaTHKH B CJiyqae 

CJIO)f(HbiX MHOrOCB.fi3HbiX o6JiaCTeH pa3pa60TaH 

3KOHOMHliHbiH anropHTM liHCJieHHOrO pemeHH.H. 

J1cnOJib3YIDTC.fl .D:H¢>¢>epeHQHaJibHbie ypasHeHH.H 

BHYTpH o6nacTH, co.D:ep)Kameli ¢>eppoMarHeTHK, 

n rpaHHliHhie HHTerpanbHbie ypasHeHH.H B Ka

qecTBe Kpaesoro ycnoBH.H. Pa3pa6oTaHa Me

TO,nHKa, n03BOJI.fllOIUa.H npoBO,ll;HTb liHCJieHHbie 

pact~eTbi no BbipaBHHBaHHID MarHnrnoro noJI.H 

C nOMOIUblO ¢>eppOMarHHTHbiX BCTaBOK/2 9 ' 3 0 1
• 

Pa3BHT MeTO.D: JIHHeapH3aQHH, OCHOBaHHbiH 

Ha anre6po-reoMeTpHlleCKOH TeOpHH HCCJie,ll;O

BaHH.fl HeJIHHeHHbiX 3BOJilOQHOHHbiX ypasHeHHH. 

MeTo.D: no3BOJI.HeT reHepnpoBaTb O.D:HOBpeMeH

HO KaK CaMH ypasHeHH.fl, TaK H HX TOliHhie 

pemeHH.H C ,ll;OCTaTOliHO npOH3BOJibHOH aCHMn

TOTHKOH. MeTo.D: npnMeHeH .D:JI.H nccne.D:OBaHHH 

p.H,ll;a HHTerpnpyeMhiX MO,ll;eJieH HeH,ll;eaJibHOrO 

6o3e-ra3a Ha KBa3HKJiaCCHlleCKOM ypOBHe, 

B TOM liHCJie CMeCH pa3HbiX ra30B, B3aHMO,ll;eH

CTBYIDIUHX ,ll;pyr C ,ll;pyroM Henocpe,ll;CTBeHHO 

n qepe3 npoMe~ToliHoe none. TaKHe )Ke 

ypasHeHH.fl B03HHKalOT B TeOpHH KBa3HO,ll;HO-

MepHbiX MarHHTHbiX KpHCTaJIJIOB C MHOrOCJIOH

HOH CTpy KTypoli • 

IlpOBe,ll;eHO liHCJieHHoe HCCJie,ll;OBaHHe TQ

nOJIOrHllecKHX COJIHTOHOB Ha pemeTKe, a TaK)Ke 

ycTOHliHB ocTH connToHono.D:o6HhiX o6'heKTOB 

B MO.D:eJIH .fl,ll;epHOH rH,ll;pO,ll;HHaMHKH C CHJiaMH 

CKHpMa B p.H,ll;e MarHHTHbiX CHCTeM H B MO,ll;eJIH 

csepxTeeyt~ero 6o3e-ra3a 13 1 - 3 4 '. 

P a3pa6oTaHa opnrHHaJibHa.H sapnaQHoHHa.H 

cxeMa c per.yJI.HpH3aQHeH .D:JI.H pact~eTa TpexMep

HOH c n cTeMbi Tpex KYJIOHOBCKHX qacTHQ 

B paMKax ypasHeHH.H Ulpe.D:HHrepa. IlpoBe.D:eHa 

OnTHMH3 aQH.fl HeJIHHeHHbiX napaMeTpOB H pac

npe,ll;eneHH.H He3aBHCHMbiX nepeMeHHbiX B 6a-

3HCHbiX ¢>yHKQH.fiX C yqeTOM aCHMnTOTHllecKHX 

CBOHCTB BOJIHOBbiX ¢>YHKQHH. J.fccJie,ll;OBaHbl 

BonpoCb l 3KCTpanOJI.HQHH pe3yJibTaTa no liHCJIY 

6a3HCHbiX "¢>yHKQHH. IlpoBe,ll;eHa MOAH¢>HKaQH.H 

aJirOpHTMOB, n03BOJIHBllia.H ,ll;OBeCTH B pacqe

Tax liHCJIO 6a3HCHbiX ¢>yHKQHH ,ll;O 2000. 
BnepBhie BhlliHCJieHhi 3Hat~eHH.H ypoBHeli 

3HeprHH CB.fi3H CJia6oCB.fl3aHHbiX COCTO.HHHH 

Me30MOJieKyJI ddJ,L H dt1-1 C TOliHOCTblO 

2 ·1 0- 4 3B, conOCTaBHMOH C H3BecTHOH Ha ce-

06CY'f<,ll;eHHe pe3yJI&T8TOB paC'IeT8 ypoBHeH 3HeprHH CJI800CB.II38HHbiX COCTO.IIHHH Me30MOJieKyJI dd/l H dt/l Be,llyT 
(CJiesaHanpaBo) T.n.ny3&IHHHa, B.C.Men~HK, B.H.I<opo6os, T.A.CTpiDK u H.B.nY3hiHHH. 
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rOAHH TOtiHOCTbiO H3MepeHIDI MaCC q aCTlfU. 

Tai<:HM o6pa30M, perneHa OAHa H3 BIDKHeHillHX 

npo6neM TeopHH MIOOHHoro Kanl.TIH3a. 

Pa3pa6oTaHa nocTaHOBI<:a cnei<:TpaJILHOH 

3aAa'IH AJUI pac'leTa xapai<:TepHCTHI<: CHCTeMbi 

Tpex qacTHU B paMKax TPexMepHoro y p aaHe

HHH IllpeAHHrepa B rHnepc<PepmecKHx Koop

AHHaTax . .IJ)IR: ee perneHIDI npHMeHR:eTCR: p a3JIO

:>KeHHe BOJIHOBOH <l>YHJ<:UHH no AByMep HOMy 

6a3Hcy. B pmyJILTaTe :noro noAXOAa 3<P<PeK

THBHbie noTeHUHaJibl Bbl'IHCJIR:IOTCR: C nOM OIUbiO 

perneHHR: cnei<:TpaJibHOH 3aAa'IH B AByM epHOH 

I<:OHetiHOH o6JiaCTH 13 5 - 3 8 I. 

Pa3pa6oTaHbi KOMnJiei<:cbi nporpaMM pe

rneHHR: 3aAa'IH Ill TypMa - JlHyBHJIJIR: C He-

CKoHcTpyHpoaaHa UH<l>poaaR: TeJieBH3HOH

HaR: I<:aMepa Ha ll3C-nHHeH:I<:e K1200 UJI2, 

BHAeOCHrHaJI I<:OTOpOH o6pa6aTbiBaeTCR: Ha 

MHKpoKOMnbiOTepe ,UBK-2. 06bi'IHO npH o6pa-

6oTI<:e BHAeOCHrHaJia ll3C-JIHHeHI<:H o r paHH

'IHBaiOTCR: npocTeH:rneH: noporoaoH: o6pa6oTI<:oH 

,lVIR: o6Hapy:>KeHIDI 06'bei<:TOB H H3MepeHIDI 

HX nOJIO:>KeHIDI. llpeAJIO:>KeHbi ABa I<:Ba3H

OnTHMaJibHbiX anrOpHTMa H3MepeHIDI I<:OOpAH

HaT TO'IetiHblX 06'bei<:TOB, I<:OTOpble n03BOJUIIOT 

AOCTH'Ib TOtiHOCTH B ABa pa3a 60JibillOH , 'leM 

TpaAHUHOHHaR:, npH MHHHMaJibHOM yBeJIHtleHHH 

Bbl'IHCJIHTeJibHblX 3aTpaT 14 3 1• . 

1. Ma3ena E.JO. u op. OHJIH, Pll-87-90, )Jy6Ha, 
1987. 

2. ra.naKTUOH06 B.B., XauHopoea M.H. OHJIH, 
Pll-87-147, )Jy6Ha, 1987. 

3. XacaHoe A.M OHJIH, PJ1-87-585, )Jy6Ha, 198Z 
4. EaeUJKee A.J(. OHJIH, Pll-87-715, )Jy6Ha, 1987. 
5. Fedorova R.N et a/. JINR, £11-87-110, Dubna, 

1987. 

6. Gerdt V.P. et a/. JINR, £5-87-40, DU.bna, 1987. 
7. BuHUf4KUU C.H., Pocroe14ee B.A. OHJIH, 

Pll-87-303, )Jy6Ha, 1987. 
8. AMUpXaH06 H.B. uop. OHJIH,Pll-87-452,)Jy6Ha, 

198Z 
9. EpyK K u op. OHJIH, PJ0-87-253, )Jy6Ha, 1987. 

10. EecuKoe H.H., HeaH'IeHKO H.M. OHJIH, 
PJ0-87-52, )Jy6Ha, 1987. 
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JIHHeHHOH 3aBHCHMOCTbiO OT cnei<:TpaJibHOrO 

napaMeTpa AJIH OAHOrO ypaBHeHIDI H CH

CTeMbl B OAHOMepHOM CJiyqae C nOMOillbiO 

HTepauHOHHbiX HbiOTOHOBCKHX cxeM. B KOM· 

nnei<:c BI<:JIIO'IeHbi MOAYJIH aBTOMaTHIJeci<:oro 

nocTpoeHIDI Ha'laJibHbiX npH6JIH:>KeHHH .lVIR: 

HTepauHH /3 9 I. 

Pa3pa6oTaH HOBbiH MeTOA CTaTHCTH'Ieci<:O· 

ro aHaJIH3a paAHOXHMH'Ieci<:Hx AaHHbiX no Bbi· 

XOAY H30Tonoa B peaKuiDix pacmenneHIDI. 

Co3AaHa nporpaMMa, MOAenHpyromaR: pa3BH· 

THe IllHpoi<:HX aTMOC<l>epHblX JIHBHeH (B qacT

HOCTH, pa3BHTHe MIOOH·HeHTpHHHOH KOMnOHeH

Tbl) B aTMoc<Pepe npH 3HepriDix, KOTOpbie 

6onhrne 103 r3B 14 0 '
4 1 1• 

HAyqHO-nPHKJIA,UHbiE PABOTbl 

Co3AaHHblli a JIBT A OH.fiH CKaHHpyro

IUHH aBToMaT A3JIT-2/160 HcnoJih3yeTCH MH 

o6pa60TI<:H qepHo-6eJiblX nOJIYTOHOBbiX <l>HJib

MOB, a Tai<::>Ke UBeTHblX <l>HJibMOB, nOJIYIJeHHblX 

B 3I<:CnepHMeHTe no HarpeBaHHIO MOAeJIH 

B ra30BOM nOTOI<:e. 

PmyJILTaThi KOJIH'IecmeHHoro cpaaHeHIDI 

AaHHblX o6pa60TI<:H Ha aBTOMaTe C pytiHblMH 

H3MepeHIDIMH noKa3blBaiOT, 'ITO npHMeHeHHe 

aBTOMaTa COKpamaeT BpeMR:, 3aTPa'IHBaeMOe 

Ha o6pa60TI<:y <l>HJibMOB C noJiyTOHOBOH 

HH<l>opMauHeH:, 6onee 11eM Ha ABa nopHA
I<:a 144.45t. 

JIHTEPATYP A 

11. AHuxoecKuu B.E u op. OHJIH. P10-87-193, 
)Jy6Ha, 198Z 

12. Eyr14ee B.C. u op. OHJIH, PJ-87-560, J(y6Ha, 
1987. 

13. Eellflee A.B. u op. OHJIH, P10-87-639, )Jy6Ha, 
1987. 

14. EaH Jl. u op. OHJIH, PJ0-87-339, )Jy6Ha, 1987. 
15. Acraxoe A.Jl. u op. OHJIH, P10-87-275, )Jy6Ha, 

1987. 
16. EMzaHcyp3H Jl. OHJIH, PJ0-87-241,)Jy6Ha, 1987. 
17. Ea.nzaHcyp3H J1. u op. OHJIH, P10-87-242, 

P10-87-243, )Jy6Ha, 1987. 
18. EozoaHoea H.E., OcocKoe T.A. OHJIH, 

PJ0-87-731, )Jy6Ha, 1987. 
19. Axzupeu Jl.C. u op. OHJIH, P2-87-417, J1y6Ha, 

1987. 
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20. CnoeUHC'KUU E. u op. OHJIH, Pl-87-51, Jly6Ha, 
1987. 

21. KapHayxoe B.M. u op. OHJ/H, Pl-87-559, /ly6Ha, 
1987. 

22. )f(uoKoe E.ll: u op. OHJIH, P11-87-261, 
Pll-87-375, Jly6Ha, 1987. 

23. Lobanov Yu. Yu., Zhidkov E.P. JINR, £2-87-507, 
Dubna, 1987. 

24. Ezu'KJIH P.C., )f(uoKoe E.n OHJIH, P5-87-284, 
P5-87-285, Jly6Ha, 1987. 

25. Ka:Jtl'la F. C., Cep()10Koea C.H. OHJIH, Pl1-87-434, 
Jly6Ha, 1987. 

26. Aup.RH 3.A. u op. OHJIH, Pll-87-49, Jly6Ha, 1987. 
27. )f(uoKoe E.ll u op. OHJ/H, Pll-87-501, Jly6Ha, 

1987. 
28. Fpezyw M. u op. OHJ/H, Pl1-87-556, J(y6Ha, 

1987. 
29. Akishin P.G. eta/. JINR, Ell-87-101, Dubna,1987. 
30. AKuwUH II.r. u op. OHJIH, Pll-87-427, 

Pll-87-732,Jly6Ha,l987. 
31. Barashenkov 1 V., Makhankov V.G. JINR, 

£17-87-29, Dubna,1987. 

33. b0Z0/1106c'KUU H.JI. OHJIH, P5-87-354, Jly6Ha, 
1987. 

34. Dubrovin B.A. et al JINR, £5-87-710, Dubna, 
1987. 

35, BuHuqKuu c.H. u op. OHJIH, P4-87-8, /ly6Ha, 
1987. 

36. Kopo6oe B.H. u op. OHJIH, N -87-225, Jly6Ha, 
1987. 

37. Kopo6oe !J.H. OHJIH, Pl1-87-351, /ly6Ha, 1987. 
38. Fo'4eea A..)]., Ily3blHUH H.B. OHJIH, Pll-87-459, 

Jly6Ha, 1987. 
39. Ily3blHUH H.B. u op. OHJ/H, Pll-87-332, Jly6Ha, 

1987. 
40. Xepp.MaH 3. u op. OHJIH, Pl-87-809, Jly6Ha, 1987. 
41. ApxecToe F.X., EewTOee X.M. OHJ/H, P2-87-504, 

Jly6Ha, 1987. 
42. Lykasov . G.L et al. JJNR, £2-87-355, Dubna, 

1987. 
43. MeHbWU'K08 A.JI. u op. OHJ/H, P1D-87-515, 

PJD-87-516,/ly6Ha, 1987. 
44. HeaHoe B.B. u op. OHJ/H, P1D-87-80, Jly6Ha, 

1987. 
32. MaxaHbKoe A.B., MaxaHbK08 B.F. OHJIH, 45. EptDICKO B.H. u op. OHJIH, P 1 o-8 7-79, /ly6Ha, 

PlJ-87-295, Jly6Ha, 1987. 1987. 



OT)lEJI 
HOBbiX METO)lOB YCKOPEHH.H 

OcHOBHbie ycwnrn OT.nena HOBbiX MeTo

.nos ycKopeHHH* 6biJIH HanpasneHhi Ha Hc

cne.noBaHHH no KOJIJieKTHBHOMY MeTo,ny yCKO

peHHH, Ha MeTO.IJ;HtJeCKHe pa3pa60TKH, CB.fl3aH

Hbie C C03.IJ;aHHeM KOOp.D;HHaTHbiX .IJ;eTeKTOpoB, 

H Ha C03.IJ;aHHe OT.IJ;eJibHbiX CHCTeM y CKOpH

TeJlbHO-HaKOnHTeJibHOrO KOMnJieKCa B li<l>B8 

(llpoTBHHO). 

:HCCJIELJ;OBAH:HE K Y T:H-20 

Ha ycKopHTene KYT:H-20 n poso.nH-

JIHCb pa6oThi, HanpasneHHhie Ha y nytJllle

HHe napaMeTpoB :meKTpoHHO-HOHHbiX KOJieQ . 

B CliJIYHLJ;e npose.neHa 3aMeHa nna3MeH

Hore HCTOlJHHKa 3JieKTpoHOB Ha H CTOlJHHK 

CO B3pbiB03MHCCHOHHbiM yrnepo.D;HO-BOJIOK-

HHCTbiM 

C.fl OT 

o6'beMbi 

·KaTO.IJ;OM, liTO ll03BOJIHJIO OTKa3aTb

nJieHKH, pa3.IJ;eJIHBllleH BaKyyMHhie 

CliJIYHLJ;a H a.nre3aTopa H yxy.n-

lllaBllleH KatJeCTBO nytJKa, HH:lKeKTHpyeMoro 

B KaMepy a.nre3aTopa. KpoMe Toro, npose

.neHa peKoHcTpyKUHH nepexo.nHoro ytJaCTKa, 

ynytJlllHBlllaH <PoKycHpOBKY H 3KpaHHpoBKY 

nytJKa Ha TpaKTe BBO.IJ;a. B pe3yJI&TaTe TOK 

B TOtJKe HH:lKeKQH.H .nocrHraeT 500 A H nono

BHHa ero 06Jia,naeT 3MHTTaHCOM, He npeBbl

lllaiOII.(HM BeJIHlJHHbl aKCenTaHCa KaMepbi a.IJ;

re3aTopa. LI;JIH ynytJllleHHH 3axBaTa nytJKa, 

tPOpMHpOBaHH.fl KOJlbQa H ero C:lKaTH.fl peKOH

CTpyHpoBaHa MarHHTHaH CHCTeMa a,nre3aTOpa. 

BMecTo CHCTeMbi, peanH3yromeii 3axBaT 

npH HH3KHX 3HatJeHHHX noKa3aTeJIH cna.na 

H,neT CTeH.o;OBaH aana.o;Ka ce:KQHH JIY3K no :meKTpoHHOMY ny'IKy. 

*C 26 oKr11.6p11. 1987 z. npeo6pa3oeaH e 0 6U4eUHCTUTYTCKoe Hay'IHo-Meroou'leCKoe oroe.rzeHue no fPU3UKe 6bl

coKux 3Hepzuu (OHMO) . 
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MarHHTHOrO nOJIH n "" 0,2, C03.D;aHa CHC

TeMa, ocy~ecran.mo~aH 3axBaT npH n "" 
"" 0,5 c nocne.D;yiO~HM c:>KaTHeM B I H II 
cryneHHX MarHHTHoro nonH npH noKa3aTene 

nona, KOTOpbiH 6onbwe pe30HaHCHoro 3Ha

t~eHHH n = 0,25, H "6biCTpbiM" npOXO:>K.D;eHHeM 

pe30HaHCa 2v z = I B III cryneHH MarHHTHoro 

nOJIH B npHCYTCTBHH HOHOB, HaKonneHHbiX 

npH C:>KaTHH. B cooTaeTCTBHH c TeopeTHt~ec

KHMH npe.D;CTaBJleHH.RMH HaJIHliHe HOHOB OTO

.D;BHraeT pe30HaHC B o6JiaCTb MeHbUIHX n 
H 3a ClleT HeJIHHeHHOCTH HX CHJI MO:>KeT cy~eCT

BeHHO o6nerliHTb npoxo:>K.D;eHHe pe30HaHCa. 

11ccne.D;OBaHHe npoueccoa 3axBaTa B Ho

BOH CHCTeMe noKa3ano, liTO npH BbiCOKHX 

3HalleHHHX n B KaMepe a.D;re3aTopa B03MO:>KeH 

ycTOHliHBblli 3axBaT nyt~Ka c TOKOM .D;o 150 A. 

llpH C:>KaTHH B HOBOH CHCTeMe peaJIH30BaHa 

Ha TpaeKTOpHH 3JleKTpOHOB 3aBHCHMOCTb 

n(r, t), 6JIH3KaH K paClleTHOH. llpH H3ylleHHH 

nOTepb llaCTHU H3 KOJlbUa npH npoxo:>K.D;eHHH 

O.D;HOllaCTHliHbiX pe30HaHCOB Bbi.RBJieHO, liTO 

HX npoxo:>K.D;eHHe ynylllllaeTcH c yaenHt~eHHeM 

TOKa 3axBat~eHHbiX 3JleKTpoHOB (liHCJIO OC

TaBUIHXCH B KOJlbUe llaCTHU yBeJIHliHBaeTCH, 

a noTepH na.D;aroT). lloporoBbiH xapaKTep 

3TOH 3aBHCHMOCTH yKa3biBaeT Ha B03MO:>KHOe 

BJlHHHHe Ha 3TH npoueCCbl npHCyTCTBYIO~HX 

B KOJlbUe HOHOB. llpoae.D;eHHbie paOOTbl n03-

BOJIHJIH nonyliHTb C:>KaTbie KOJlbUa C 6bJibUIHM 

liHCJIOM 3JleKTpOHOB npH npHeMJieMbiX reo

MeTpHlleCKHX napaMeTpax /I / . 

HOBbiE METO.[(IfqECK11E P A3P AEOTK11 
• 

Pa3pa6oTaHa TeXHonorHH H3roToaneHHH 

KOOp.D;HHaTHbiX .D;eTeKTOpoB Ha OCHOBe .D;peH

$OBbiX Tpy6 .D;Jl.R KOMnJieKCa "Met~eHbie HeH

TpHHO" H COOTBeTCTBYIO~aH 3JleKTpoHHKa. 

B OnbiTHOM npoH3BO.ZJ:CTBe 011fl11 opraHH-

30BaHO cepHHHOe H3rOTOBJieHHe MO.D;yJieH 

.D;peH$0BbiX Tpy6 H 6JIOKOB perHCTpHpyro~eH 

3JleKTpoHHKH; H3rOTOBJieHO 40% annapaTy

pbi MIOOHHOrO cneKTpoMeTpa (8 KOOp.D;HHaT

HbiX nJIOCKOCTeH, 192 8-KaHaJibHbiX ycHJIH

TeJIH, 96 16-KaHan&HbiX BUll H .ZJ:p.). B Mo

.D:YJibHOM Kopnyce OHMY co3.D;aH cTeH.D: .D:JIH 

HCnbiTaHHH KpynHora6apHTHbiX .D;eTeKTOpoB, 

Ha KOTOpoM HCnbiTbiBaiOTCH .D;eTeKTOpbl KOM

nneKCa "Met~eHbie HeHTpHHO". 

Co3.D;aHHbiH no pa3pa6oTKaM OHMY Ha oc

HoBe .D;peH$OBbiX KaMep C COOTBeTCTBYIO~eH 

3Jleiq'poHHKOH KOOp.D;HHaTHbiH .D;eTeKTop ycra-

HOBKH " HeiiTpHHHbiH .D;eTeKTop" ycneUIHO pa

OOTaeT B ceaHcax no Ha6opy 3KcnepHMeH

TaJI&HbiX .D;aHHbiX B nyt~Ke HeHTpHHO UIHpoKoro 

cneKTpa B 11<l>B3 (llpOTBHHO) . 

3 aaepUieHO H3rOTOBJleHHe OllbiTHOH nap

THH ny KOBbiX KaMep, npoBe.D;eHO HX HCllbiTa

HHe B nyt~Ke t~aCTHU H ocy~ecmneH 3anycK 

B COCTaBe yCTaHOBKH MlfC-2. 113rOTOBJleHa 

OnbiTHaH napTHH nponopUHOHaJibHbiX KaMep 

pa3MepoM 0,9x1,3 M. 

llpo.D;OJI:>KeH aHaJIH3 .D;aHHbiX 0 CelleHH

HX $parMeHTauHH H.D;ep 1 9 F c HMnyn&coM 

- 4 r3B /c. HYKJIOH npH B3aHMO.D;eHCTBHH c H.D:

paMH y rnepo.D;a, aJIIOMHHHH, M~H, HH.D;HH, 

BOJib$paMa, BHCMyTa H ypaHa, nonyqeHHbiX 

c HcnoJI&30BaHHeM ocHOBHOH t~acTH ycraHOBKH 

"AHoMan~H". Bbi.D;eJieHbi napUHaJibHbie ceqe

HHH C o 6pa30BaHHeM $parMeHTOB $HKCHpo

BaHHOH 3apH.D;HOCTH (pHC. 1). 

Puc. 1. 3 asncnMOCTI> oT ~ 13 + .Al 13 (Ap HAy- Mac
COBble 'IHCJia D8,ll;810I.Qero Jmpa H Jl~pa MHWeHH) KOpHJI 
H3 ceqeanH: o6pa30BaHHJI H3 ~mpa 9 F cosoKynuoCTH 
Q>,lli!!'MeHTOB C Z ~ 4 (a) H Jl~pa KHCJIOpo~a (6) . 
VU ~aH (M6) I /2. 

68 a 

51 • 

•• 

31 

21 

5 I 7 I I 
AI /3 +AI /3 

p T 

25 6 

21 

15 

11 

• 5 6 7 I 9 
AI /3 +AI /3 

p T 
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Koop.o;HHaTHaR: IUIOCKOCTh MlOOHHoro cneKTpoMerpa 

KOMIUieKC8 "Me'leHhie HeHTpHHO" B HCDhiTaTenhHOM 

DaBHnhOHe ( CHHMOK cneBa) . 

llpe,ll;JIO:>KeHa MaTeMaTHqeCKaR MO,ll;eJib 

MHOrOTpeKOBOH KapTHHbi, Ha OCHOBaHHH KO

TOpoH B03MO:>KHO onpe.o:eJieHHe KOOp,ll;HHaT 

BepiiiHH pacna.o:a qacnm Ha npo.o:yKTbi, HMeiO

I.QHe npHMbie TpaeKTOpHH, 6e3 CJIO:>KHOH npo

Qe,ll;ypbl npe,ll;BapHTeJibHOro BOCCTaHOBJieHHH 

TpaeKTOpHH. }lJIH aHaJIH3a MHOr03KCTpeMaJib

HbiX <i>YHKQHH B 3a)l;aqax TpeKOBOCCTaHOBJie

HHH npe.o:no:>KeH HHTerpan&HbiH .. no.o:xo.o: onpe

.o:eneHHH OKpeCTHOCTH rJiaBHOro MaKCHMyMa. 

3TOT llO,ll;XO,ll; 3ai<JIIOqaeTCH B aHaJIH3e K03<i>

<i>HQHeHTOB B llOJIHHOMax 3pMHTa, npe,ll;CTaB

JIHIOI.QHX pa3JIO:>KeHHe B pH.D: <i>YHKQHH, CHMMeT

pH30BaHHOH OTHOCHTeJibHO HCKOMOH ToqKH 

rJiaBHOro MaKCHMyMa 12 
•
3 1

• 

PAEOTbl , 

CBH3AHHhiE C C03.[(AHHEM YHK 

Ocyi.QeCTBJieH MOHTa:>K Bceii QenoqKH Kac

Ka.D:OB MaKeTa Bti-reHepaTopa HMnyn&cHoro 

KaHaJia CTaHQHH neperpynnHpOBKH nyqKa Y -70 
Ha qacToTe 200 MrQ. llpoBe.o:eHbi ero HacTpoii

Ka H 3anycK Ha BhiXO.D:HYIO MOI.QHOCTb 1,2 MBT 

B HMllyJI&Ce. 

Heo6xo.o:HMOCTb npaKTHqecKoro npHMeHe

HHH CBepxTeKyqero reJIHH B KaqeCTBe KpHO

areHTa B COBpeMeHHbiX CBepxnpOBO,ll;HI.QHX 

MarHHTHbiX CHCTeMaX Tpe6yeT HH<i>opMaQHH 

0 HeCTaQHOHapHbiX TenJIOBbiX npoQeCCaX Ha 

rpaHHQe TBep.o:oe TeJio - re.rmii-11. }lJIH aHa

JIH3a npoQeccoB asapHiiHoro nepexo.o:a CBepx

npoBO.D:HI.Qero MaTepHaJia B HOpMaJibHOe CO

CTOHHHe Hy:>KHbl ,ll;aHHbie, B qaCTHOCTH, 0 pa3BH

THH TenJIOBbiX B03Myi.QeHHH C Typ6yJieHTHbiM 

<i>pOHTOM, ,ll;HHaMHKe <l>a30BbiX nepeXO,ll;OB 

CBepxTeKyqero renHH KaK B nap reJIHH, TaK 

H B HOpMaJibHbiH reJIHH-l. .[(JIH 3THX QeJieH 

C03,ll;aH 3KCnepHMeHTaJibHbiH CTeH,ll;, BKJIIOqaiO

I.QHH KpHoreHHOe H 3JieKTpOHHOe o6opy.ll;oBa

HHe. Pa3pa6oTaHHaR 3JieKTpOHHaR nHTaiOI.QaH 

H H3MepHTeJibHaR annapaTypa, BblllOJIHeHHaR 

B CTaH.o:apTe KAMAK, o6ecneqHBaJia npoBe

.o:eHHe 3KCnepHMeHTOB Ha JIHHHH C 3BM. 3Kcne

pHMeHTaJibHbiH QHJIHH,ll;pHqeCKHH o6pa3eQ Ha 

OCHOBe TOHKOH yrnepO,ll;HOH nJieHKH, CJiy

:>KHBIIIHH O,ll;HOBpeMeHHO HarpeBaTeJieM H Ma

JIOHHepQHOHHbiM BbiCOKOqyBCTBHTeJibHbiM Tep-

roz. 
-£::9 

--~ 
II' 

'lc 
...... -
.q .,. 
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~ r 17' 11' 
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PHc. 2. 3aaHCHMOCTh neperpeaa noaepXHoCTH b.T 
oT BpeMeHH npH Ts = 1,82 K. BenH'IHHa 3a30pa 1,3 MM 

(KpHBhie 6+13) . 3aBHCHMOCTH 1 +5 OTHOC.RTC.R K CBO

OO.o;HhiM y cnoBH.RM. 1 H 6 - W = 0,087 BT; 2 H 7 -
0,32 BT; 3 H 8- 1,2 BT; 4 H 9 - 3,1 BT; 5-6,7 BT; 

10 - 3,2 B T;_ 11 - 4,0 BT; 12 - 6,3 BT; 13 - 10 BT. 

Monpeo6 pa3oBaTeneM, noMei.QaJICH B o61>eM 

co cBepx TeKyqHM renHeM, Ha CBo6o.naoii no

BepXHOCTH KOTOporo no.n,nep:>KHBaJiaCb TeM

nepacypa T 5 B .D:Hana3oHe 1,45-2,09 K. :Hccne

.D:OBaHHH npOBO,ll;HJIHCb KaK B CB060.ll;HbiX, 

TaK H B cTecHeHHhiX ycnoBHHX. CTecHeHHbie 

YCJIOBHH , xapaKTepHbie ,ll;JIH peaJibHbiX 06"beK

TOB, MO,ll;eJIHpOBaJIHCb nyTeM llOMei.QeHHH 06-

PHc. 3. 3 aaHCHMOCTh W8 x oT Ts npH 3a3ope 1,3 MM. 

f,j~-----r------~-----r~---4 

f.4 1,1 1.~ 2,11 

]$,K 
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pa3l.(a KOaKCHaJihHO B CTaJihHYIO Tpy6ey C o6-
pa30BaHHeM aeo6xo,nHMoro 3a3opa. Harpy3Ka 
Ha o6pa3el.( no,nasarrach B BH.n;e HMnynhca 
MOI..l.(HOCTH CTyneHtJaTOH cPOpMhl, npmeM anna
paTypa o6ecnetJHBaJia CTa6HJIH3al.(HIO MOI..l.(HOC
TH TenJIOBbi,neJieHHR: B HarpeBaTene-TepMOMeT
pe, conpoTHBJieHHe KOTOpOrO MO)KeT H3MeHR:Th
CR: B 5-6 pa3. 

3KcnepHMeHTbl nOKa3aJIH cyl..l.(eCTBeHHOe 
OTJIHtJHe HeCTal.(HOHapHOH Tennonepe,natJH 
B csepxTeKytJeM renHH no cpasaeaHIO c aop
MaJihHhiM renHeM. BpeMeaa yCTaaoaneHHR 
HeKOTOpblX xapaKTepHblX pe)KHMOB ,D;JIR re
JIHR:-!1 no Kpaiiaeii Mepe aa TpH nopR:,nKa 
OTJIHtJaiOTCR OT COOTBeTCTBYIOI..l.(HX BeJIHtJHH 
,nnR renHR-l. 06aapy)KeHa oco6eaaoCTh npo
l.(eccos B KOJihl.(eBhiX Kaaarrax no cpasaeaHIO 
co cso6o,nHhiMH ycnoBHRMH (pHc. 2 ) . IlpH 
onpe,neneHHhiX ycnoBHRX B KOJihl.(eBhiX Kaaa
nax B03MO)KH0 pa3BHTHe CBepxTeKytJeH Typ-
6yJieHTHOCTH, tJeM Bhl3hiBaeTCR: KaCKa,D; npol.(ec-

COB CMeHbl rH,npo,D;HHaMHtJeCKHX H TepMO,D;H
HaMHtJeCKHX COCTORHHH reJIHR: H, B KOHetJHOM 
HTore, cyl..l.(eCTBeaaoe yxy,nrneaHe pe)KHMa 
nepe,natJH Tenna qepe3 rpaaHI.(y pa3,nena TBep
,noe Teno - renHii-II. YcTaaosneHhi KOJIHtJecT
BeHHhie 3aBHCHMOCTH BpeMeHH B03HHKHOBeHHR 
CBepxTeKytJeH Typ6yneHTHOCTH OT MOI..l.(HOCTH 
HMnynhca, a TaK)Ke noporosoii Tennosoii 
aarpy3KH BHxpeo6pa3oBaHHR W

8
x oT TeM

nepaTyphi o6'beMa renHR T5 (pHc. 3) 14 1 • 
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,llanLHeifwee pa3BHTHe 3KCnepHMeHTMLHOH 6a3LI 01-f.fUf CBR3LJBaeTCR He TOnLKO C ,lly6HOH, HO H C KpynHeHWHMH 
ycKopHTenRMH ApyrHx Hay'IHLIX ueHTpoB. B nepsy10 ot~epeAL 3TO ycKopHTenLHO·HaKonHTenLHLrn KOMnneKc 
(YHK), C03AasaeMbiH B H<I>B3 (IIpoTBHHo) . KoMnneKc pacnonaraeTcR B noA3eMHoM TYHHene AnHHOH oKono 
21 KM C AHaMeTpoM perynRpHOH 'laCTH 5 M . B TyHHene 6yAyT pa3MeJI.taTLCR TpH yCKOpHTenR: YCKOpHTenL.Jlpo· 
TOHOB Ha 3HeprHJO 4007600 r3B Ha OCHOBe KnacCH'IeCKHX 3neKTpoMarHHTOB (I CTyneHL YHK) H ABa yCKOpHTenR 
Ha 3HeprHJO 3 T3B Ha ocHose csepxnpoBOARJI.tHX MarHHTOB (II H III cTyneHL) . IIpeAycMaTpHBaeTCR ABa pe)f(HMa 
pa6oTbJ YHK. B nepsoM HHTeHCHBHbJH ny'IOK npoTOHOB, HH)f(eKTHpyeMbJH H3 CYJI.tecmyJOmero CHHXpoTpoHa H<I>B3, 
6yAeT YCKOpRTLCR B I cryneHH AO 3HeprHH 400 r3B, nepeBOAHTLCR BO II cryneHL, ycKOpRTLCR AO npoeKTHOH 
3HeprHH 3 T3B H BbiBOAHTbCR H3 YHK MR !l>opMHpoBaHHR ny'IK OB BTopH'IHbJX 'laCTHU WHpoKoro AHana3oHa 
copToB H 3HeprHH. Bo BTOpoM pe)f(HMe pa6oTLJ ycKopeHHbrn B I CTyneHH nyt~oK npoTOHOB 6yAeT HaKannHBaTLCR 
so II H III cryneHRX YHK. HaKonneHHbJe ny'IKH 6YAYT ycKopRTLCR AO 3HeprHH 3 T3B H CTMKHBaTLCR B Mecrax 
pacnono)f(eHHR 3KcnepHMeHTanLHbJX ycrasosoK. Ha CHHMKax: coopy)f(eHHe noA3eMHoH nHHHH YHK ( cnesa) ; 
HCnb!TaHHR Ha CTeHAe CeKUHH CBepxnpoBOARJI.tHX MarHHTOB YCKOpHTenR. 

B pa3pa6oTKe H C03.D:aHHH annapaTypbi 

.D:JUI cpH3HtJeCKHX HCCJie.D:OBaliHH H aBTOMaTH-

3aQHH npouecca nonytJeHIDI H o6pa6oTKH 
.IJ:aHHbiX C HCnOJib30BaHHeM 3BM B Jla6opa

TOpHH yt~aCTBYIOT cneQHaJIHCTbl npaKTHtJeCKH 

acex crpaH-ytJaCTHHQ. 

Jia6opaTOpWl. R.OepHbZX npo6.n.eM. Me)l()l;y

Hapo.nHoe HaytJHO-TeXHHtJeCKOe COTpy .IJ:HHlleCTBO 

aenoch no 24 TeMaM, a TOM tJHCJie no 5 o6-

I.QeHHCTHTYTCKHM, npo6JieMHO-TeMaTHtJeCKOrO 

nJiaHa HaytJHO-HCCJie.IJ:OBaTeJibCKHX pa6oT B o6-

JiaCTH cpH3HKH BbiCOKHX, Cpe.D:HHX H HH3KHX 

3HeprHH. 

BonbiiiaR rpynna yt~eHhiX H3 HPB, BHP, 

r ,UP, MHP, KH,UP, IIHP, CPP, CCCP H qccP 

3aHHMaJiaCb H3ytJeHHeM CBOHCTB H,ll;ep, .naneKHX 

OT nOJIOCbl 6eTa-<!Ta6HJibHOCTH (nporpaMMa 
.HCHAIIII) , H MeXaHH3MOB H,ll;epHbiX peaKQHH 

npH npoMe»<yTOlJHbiX H BbiCOKHX 3HepriDIX. 

B HHH BAH (,Ue6peueH) npoae.neHbi H3Me

peHHH KpHBbiX 3cpcpeKTHBHOCTH perHCTpaQHH 

6eTa-H3JiytJeHHH cneKTpoMeTpoM "MHHH-aneJib

CHH". IlocJie.D:HHH 6y.neT BXO.D:HTb B cneKTpo

MeTpHtJeCKYIO ycTaHOBKy 3Jir A . .D.nR coaMecT

HbiX Hccne.noBaHHH a o6nacTH pa.nHoxHMHH 

H3 UH<DH BAH (By.naneun) nocTaaneHbi 

npH6opbi H XHMHtJecKoe o6opy.noaaHHe. BMec

Te c coTpy.D:HHKaMH UHHH (PocceH.nopcp) 

npoae.neHbl 3KCnepHMeHTbl no BbiCOKOTeMne

paTypHOMY BbJ.D:eJieHHIO pa.nHoHyKJIH.D:OB, npo
.non:>KeHhi HCCJie.D:OBaHHH COCTOHHHH HOHOB 
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pa,n;H03JieMeHTOB B so.n;HhiX cpe.n;ax. B MH<I> 
(KpaKOB) npO,D;O]J)KaJIOCb H3rOTOBJieHHe 000-

py,n;OBaHHH ,n;JIH nepepa60TKH MaCCHBHbiX MH

IlleHeH. Ha 3JieKTpocTaTHtJeCKOM 6eTa-cneKTpo

MeTpe HH<I> qcAH (P:>Ke:>K) npose.n;eHhi H3Me

peHHH cnei<:TpOB C u;eJibiO OKOHllaTeJihHOH 

H,n;eHTH<j>HKaiJ;HH aHOMaJibHO 6hiCTporo 6eTa

nepexo,n;a nepsoro 3anpeTa. 
Y CHJIHH KOJIJieKTHBa yt~eHhiX HPE , BHP, 

CCCP H qccP 6hmH HanpaBneHhi Ha o6pa6oTKY 
3KcnepHMeHTaJihHoro MaTepHana, nonytJeHHoro 

Ha ycraHOBKe PHCK. Cneu;HaJIHCThi H3 YHHBep-· 

cHTeTa H 11HHH3 EAH (Co<j>HH), <1>11 qcAH 

H Kapnosa yHHBepcHTeTa (llpara) se.n;yT Hccne

.n;oBaHHH npou;eccos po:>K.n;eHHR tJaCTHU c 6oJih
IllHM nonepetiHhiM HMnyJibCOM BO B3aHMO,D;eH

CTBHHX a,n;pOHOB BhiCOKHX 3HeprHH C HYKJIO· 
HaMH H H,n;paMH, liTO n03BOJIHeT npOHCHHTb 

npocTpaHCTBeHHO-BpeMeHHYIO KapTHHY Mexa

HH3Ma B3aHMO,D;eHCTBHH 3JieMeHTapHbiX COCTaB

JIHIOI.u;HX a,n;pOHOB-KBapKOB H rJIIOOHOB. 

llpO,D;OJI:>KaJIHCb pa60Tbl no H3rOTOBJieHHIO 

nonynpoBO,ll;HHKOBbiX ,n;eTeKTOpOB ,ll;JIH TeJie

CKOnHtJeCKHX CHCTeM C u;eJihiO HCCJie,D;OBaHHH 

CBOHCTB HeHTpHHO B npou;eccax pa,n;HOaKTHB

HOrO pacna,n;a ( npoeKT "HeiiTpHHO ") . B HHX 

yqaCTBYIOT cneu;HaJIHCTbl HPE, r.nP, K H,llP, 

MHP ~ OHP, CPP, CCCP H qccP. B 3nei<:Tpo

TexHHt~ecKoM HHCTHTyTe CAH (EpaTHCJiaBa) 

OTpa60TaHhl pe:>KHMbl HaHeCeHHH 3ai.u;HTHhiX 

llJleHOK H3 HHTpH.n;a KpeMHHH Ha KpeMHHeBbie 

,n;eTeKTOpbi. 

B co3.n;aHHH 3JieKTpOHHhiX CHCTeM peanh

Horo BpeMeHH ,D;JIH aBTOMaTH3aiJ;HH HCCJie,n;o

BaHHH B o6JiaCTH H.n;epHOH <j>H3HKH (npoeKT 

"ABToMaT") yqacTBYIDT coTpy.n;HHKH H3 HPE, 

BHP, CPB, r ,UP, MHP, KH,llP, OHP, CPP H 

qccP. TaK, cosMecTHo 

HPE pa3pa6oTaHhi B 

co cneu;HanHCTaMH 

CTaH.n;apTe K A MAK 

MHOrOKaHaJibHbie aHaJIH3aTOpbl H KOHTpOJI

Jiepbl ,n;JIH CBH3H C nepCOHaJibHOH 3BM 
"llpaBeu;-16". B MH<I> qcAH (P:>Ke:>K) 6hma 

BblllOJIHeHa COBMeCTHaR pa6oTa no HaJia.n;Ke 

H HCnhiTaHHIO 3JieKTpoHHOH CHCTeMbl Tpex

MepHoro aMllJIHTy.n;Horo aHaJIH3aTopa B CTaH
.n;apTe KAMAK. B YHHBepcHTeTe HM. H.A .Ko

MeHCKoro (EpaTHCJiaBa) C03,D;aHa O.n;HOMepHaR 

CHCTeMa ,n;JIH aMllJIHTy,D;HOrO aHaJIH3a cneKTpOB. 

B UH<I>H BAH (Ey.n;anernT) pa3pa6oTaH 

HHTep<j>eHC 5502 ,D;JIH HaKOnHTeJieH Ha Mar

HHTHOH JieHTe. 00Ka3aHa ero nOJIHaR COBMeC

THMOCTb C nporpaMMHbiMH H annapaTHbiMH 

Cpe,D;CTBaMH H3MepHTeJibHO·BhllJHCJIHTeJihHOro 

KOMnneKca Ha 6a3e 3BM CM-3 B ycTaHOBKe 
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"HeiiTpHHHbiH ,n;eTeKTop". B 11<1>B3 AH r.nP 

(UoifTeH) H3rOTaBJIHBaeTCH Jia3epHaR CHCTeMa 
KOHTpoJIH napaMeTpoB BepillHHHOrO ,n;eTeKTOpa 

3TOH ycTaHOBKH. 

Ky6HHCKHe cneu;HaJIHCThi H3 HHH {raBa

Ha) ytJaCTBYIOT B pa3pa6oTKe perHCTpHpyiO

Iu;eH 3JieKTpoHHKH ,n;JIH HCCJie,D;OBaHHH npo

u;eCCOB 3KCKJII03HBHOrO o6pa30BaHHH H pac

na,n;OB a,n;poHos Ha ycTaHOBKe CHrMA-AHKC, 

a s <1>11 qcAH (llpara) npose.n;eHhi HcnhiTaHHH 
o6pa3IJ;OB Cu;HHTHJIJIHTOpOB ,ll;JIH a,n;poHHOrO 
KaJIOpHMeTpa. 

B MH<I> (KpaKOB) co3.n;aH H HCnhiTaH 

pa6ot~Hii o6pa3eu; Y3K03a3opHOH .n;peii<j>osoii 

KaMepbl ,ll;JIH MariUITHOrO a,n;pOHHOro peJIHTH
BHCTCKOro cnei<:TpoMeTpa (ycTaHOBKa MAPC) , 
B <j>H3HtJeCKOH nporpaMMe KOTOporo 3aHHTepe

COBaHbl yt~eHbie HPE, CPB, OHP, CCCP H qccP. 

B npoei<:Te PHTM no H3yt~eHHIO 6HonorH

qecKoro ,n;eHCTBHR H3JiytJeHHH H MarHHTHhiX 

noneii yqacrnyiDT yt~eHbie HPE, OHP, MHP, 

CPP, CCCP H qccP. B MHMH3 EAH (Co<j>HH) 

npOBO,ll;HTCH COBMeCTHhie HCCJie,D;OBaHHH 3aKO

HOMepHOCTeH H MeXaHH3MOB HH.n;yKIJ;HH 6aK

TepHaJibHOrO npo<j>ara npH ,n;eHCTBHH HOHH-

3HpyiOI.u;HX H3JiytJeHHH pa3HOrO KatieCTBa. 

B MHXT (BaprnaBa) H3YllaiOTCH neTanhHhie 

3<j><j>eKTbl, B03HHKaiOI.u;He npH ,n;eHCTBHH pa3-

HbiX BH.n;OB H3JiytJeHHH Ha KJieTKH MJieKO

nHTaiOI.u;HX, a B MHO (BaprnaBa) - MHKpo

.n;o3HMeTpHtieCKHe xapaKTepHCTHKH H3JiytJeHHH 

C pa3HbiMH <j>H3HtJeCKHMH xapai<:TepHCTHKaMH. 

Hccne,n;oBaHHR MyTareHHoro BJIHHHHH HOHH-

3HpyiDI.u;HX H3JiytJeHHH Ha MHKpoopraHH3Mbl 

npoBO,ll;HJIHCb COBMeCTHO C J1HCTHTYTOM 6HO

<j>H3HKH qcAH (EpHo). 

Jla6opaTopUR .Roepnbzx peaJ<:t~Uii. Me:>K.n;y

Hapo.n;Hoe HaytJHo-TeXHHtJeCKOe COTpy.n;HHtieCT

BO c HHCTHTyTaMH H opraHH3au;HHMH cTpaH

yqacTHHU OMHM nposo,n;Hnoch B paMKax 

7 TeM npo6neMHo-TeMaTHtJecKoro nnaHa Hayq

Ho-Hccne.n;osaTeJihCKHX pa6oT. 

B pa6oTax no CHHTe3y TpaHc<j>epMHeBbiX 

H CBepXTH:>KeJibiX 3JieMeHTOB H nOHCKy B npH

po,n;e pe.n;KHX aTOMHbiX H,D;ep H H,n;epHbiX npe

Bpai.u;eHHH yqaCTBOBaJIH HaytJHbie OpraHH3aiJ;HH 

HPE, BHP, r ,UP, KH,llP, MHP, OHP, CPP, 
CCCP H qccP. TaK, coTpy.n;HHKaMH UHHPH 

( Jleifnu;Hr) npOBO,ll;HJIOCb pa,n;HOXHMHtJeCKOe 

pa3,n;eJieHHe TpaHcypaHOBhiX 3JieMeHTOB B Ollbi

Tax no CHHTe3y 110 3JieMeHTa. 

B Hccne.n;oBaHHH MeXaHH3Ma B3aHMo.n;eii

CTBHH TH:>KeJibiX HOHOB C H.n;paMH COTpy.n;HH· 
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qruoT yqeHbie HPB, BHP, r.ZJ.P, ilHP, CPP, 
CCCP H qccP. Ha Ba3e pa3BHTHR H aHe,npe
HHR E,nHHoro ueHTpa no <l>H3HKe BAH (Co
<l>HR) H3rOTOBJieHa qaCTb ,ZJ;eTeKTHpylOIUHX 
Mo,nyneu .ZJ;IIR ycraHOBKH "<l>o6oc", no,nnHcaH 
KOHTpaKT Me)K)J.y OHHH H BPB BAH no 
C03.ZJ;aHHIO 3TOH ycTaHOBKH. B UHHH AH r .ZJ.P 
(PocceH.D;op<t>) npo.non:>KeHhi pa6oThi no HC
nhiTaHHIO ,neTeKTHpylOIUHX ycTpoucra ycTaHOB
KH "<l>o6oc", npOBO.ZJ;HJiaCb Mo,nepHH3aQHR 
yCTaHOBKH .ZJ.3MAC, Ha KOTOpOH HCCJie,ZJ;OBaH 
MexaHH3M Hoaoro npouecca - "xono.ZJ;Horo" 
6biCTporo .neneHHR. TeopeTHKH UH<l> (Byxa
pecT) npHHHMaiOT aKTHBHOe yqaCTHe B HH
TepnpeTaQHH pe3yJibTaTOB, noJiyqeHHbiX Ha 
ycTaHOBKe .ZJ.3MAC. 

J13yqeHHe rnyOOKOHeynpyrHX CTOJIKHOBe
HHH cno:>KHhiX R.ZJ;ep H caoucTa HYKIIH.ZJ;oa, 
y,naneHHbiX OT nOJIOCbi 6eTa-CTa6HJibHOCTH, 

ocymecTaiiRJIH cneuHanHCTbi HPB, BHP, r .ZJ.P, 
KH,LJ;P, MHP, ilHP, CPP, CCCP H qccP. B coT
py,nHHqecTae C ilOJIHTeXHHqeCKHM HHCTHTYTOM, 
KapnoBhiM yHHaepcHTeToM (ilpara) H HH<l> 
qCAH (P:>Ke:>K) Be.ZJ;YTCR pa6oTbi no H3MepeHH10 
3apR.ZJ;OBbiX pa,nHyCOB R,D;ep C nOMOIUblO Jia3ep
HOrO H3JiyqeHHR. CoaMeCTHO c rocy.napCTBeH
HbiM YHHBepcHTeTOM (YnaH-BaTop) npoao,nRT
CR HCCJie,ZJ;OBaHHR Jia3epHOrO H3JiyqeHHR npH 
pe30HaHCHOM B036y)K)J.eHHH aTOMOB. 

B pa3pa6oTKe H HcnoJib30BaHHH R.ZJ;epHo
<l>H3HqecKHX MeTO.ZJ;OB .ZJ;JIR pellleHHR 3a,naq 
B CMe:>KHbiX o6JiaCTRX HayKH H TeXHHKH aK
THBHOe yqacTHe npHHHMaiOT HHCTHTYTbi HPB, 
BHP, CPB, r.ZJ.P, Pecny6nHKH Ky6a, MHP, 
llHP, CPP, CCCP H qcCP. OHHH OKa3bman 
nOMOIUb B C03.ZJ;aHHH YHHBepCHTeTOM (ilJioB
.ZJ;HB) MHKpoTpoHa. BonrapcKHe cneuHanHCTbi 
npoXO,l.(HJIH CTa:>KHpOBKY Ha MHKpOTpOHe JIHP. 
CoaMeCTHO c YHHaepcHTeToM HM. JI.3Taellla 
(By,nanelliT) Ha nyqKe UHKIIOTpoHa Y-400 
JIHP c noMOIUblO ycraHOBKH PHilC ae,nyTcR 
HCCJie,ZJ;OBaHIDI B 06JiaCTH pa,D;HaQHOHHOrO Ma
TepHaJIOBe,ZJ;eHHR. CneuHanHCTbi CPB npHHHMa
JIH yqaCTHe B 3KCTIJiyaTaQHH QHKJIHqeCKOrO 

HMnnaHTaTopa TR:>KeJibiX HoHoB HU-100, HC
noJih3YlOIUeMcR .ZJ;JIR nonyqeHHR R,nepHbiX 
<t>HIIbTpoB. CoTpy,nHHKH OHHH yqacTaoaanH 
B HaJia.ZJ;Ke o6opy.D;OBaHIDI H no,nrOTOBKe 
K 3anycKy MHKpoTpoHa a UHHPH ( JieunuHr) . 
C HcnoJib30BaHHeM peHTreHo<t>nyopecueHrnoro 
MeTO.ZJ;a, B ycoaepllleHCTBOBaHHH KOTOpOrO 
npHHHManH yqacTHe coTpy.D;HHKH HHH (raaa
Ha), npOBO.ZJ;HJIHCb aHaJIH3bi o6pa3QOB , B3R
TbiX Ha Ky6e H a CCCP. 

Ocy mecmnReTcR coTpy.D;HHqecTBO c HHH 
(CaepK) no Mo,nepHH3aQHH UHKJioTpoHa Y-400, 
a TaK:>Ke no no.ZJ;rOTOBKe K 3anycKy UHKJIOTpo
Ha Y-25 0il BaplllaBCKoro yHHBepcHTeTa. Coa
Mecrno c UH<l> (ByxapecT) ae,neTCR pa6oTa 
no C03.ZJ;aHHIO a UI1<1> o6opy.noaaHHR CHCTeMbi 
TpaHCnOpTHpOBKH Bbme,neHHbiX nyqKOB UHK
JIOTpoHHOrO KoMnneKca Y-400 - Y-400M 
no TeXHHqeCKOMY 3a.ZJ;aHHIO, pa3pa6oTaHHOMY 
a OHHH . 

Jla6opaTOpUR neurponnou ¢uawcu. Hayq
Ho-TexHHqecKoe COTpy.D;HHqeCTBO ocymeCTBJIR
JIOCb C HHCTHTyTaMH H opraHH3aQHRMH CTpaH
yqaCTHHU no nRTH TeMaM npo6JieMHO-TeMa
THqeCKOrO nJiaHa Hay~O-HCCJie,ZJ;OBaTeJibCKHX 

pa6oT OHHH. <l>opMbi coTpy.D;HHqecTaa - pa3-
pa6oTKa H H3rOTOBJieHHe OT,ZJ;eJibHbiX 3JieMeH
TOB <l>H3HqeCKHX yCTaHOBOK, npe,D;OCTaBJieHHe 
o6pa3QOB H npHOOpoB, o6paOOTKa 3KCnepH
MeHTaJibHbiX pe3yJibTaTOB H no,nrOTOBKa ny6-
JIHKaQHH . B Hccne.noaaHHRX npHHHManH yqac
THe cneQHanHCTbi acex cTpaH-yqaCTHHU OI1HH. 

B pa6oTax no Hccne,noBaHHIO caoucTB 
anh<t>a-pacna,na R,nep yqacTBYIOT cneuHanHCTbi 
YHHBepcHTeTa (ilnoB.ZJ;HB). 

BTlii (Mar,ne6ypr) nocTaaHIIa a OI1HI1 
H3roToaneHHbrn no qePTe:>KaM Jia6opaTopHH 
.ZJ;ByX.ZJ;HCKOBbiH npepbmaTeJib HeHTpoHOB .,IJ;JIR 
cneKTpoMeTpa nOIIRpH30BaHHbiX HeHTpoHOB 
CilH-1. CoTpy.D;HHqecTao c HayqHbiMH opraHH-
3aQHRMH ilHP yCKOpHIIO Haqano HCCJie,ZJ;OBaHHH 
KOH,ZJ;eHCHpOBaHHbiX cpe,n npH BbiCOKHX .ZJ;aB
JieHHRX Ha cneKTpoMeTpe K.ZJ.COr-M. 

B TY (.ZJ.pe3,neH) pa3pa6aThmaiOTCR npo
rpaMMHhie Cpe.D;CTBa ,ZJ;JIR JIOKaJibHOH BbiqHCJIH

TeJibHOH ceTH Jia6opaTopHH. CoTpy,nHHKaMH 

UI1<l>H BAH (By.nanelliT) co3.ZJ;aHO nporpaMM
Hoe o6ecneqeHHe ceTeaoro a,nanTepa H npo
TOKona, a .nnR co3,naaaeMoro MamHTOKap.D;Ho
rpa<t>a H3rOTOBJieH HHTeJIJieKTYaJibHbiH KOHT
pOIIIIep . .lJ.nR .ZJ;H<t>paKTOMeTpa Ha peaKTOpe 
a HH<l> qcAH (P:>Ke:>K) nepe,naHbi pa3pa6o
TaHHbie H H3rOTOBJieHHbie B JIH<l> ,neTeKTOp 
HeHTpoHOB H KOMnJieKT 3JieKTpoHHOrO 000-

py.D;OBaHIDI. Ha 3TOM .nH<t>paKToMeTpe .ZJ;JIR 

COBMeCTHbiX HCCJie,ZJ;OBaHHH npe,D;OCTaBJIReTCR 
.no 1000 qacoa nyqKoaoro apeMeHH. 

Co Tpy.D;HHKH I1HI1H3 (Co<t>HR) ae,nyT 
pa60Tbi no H3MepeHHIO HeHTpoHHbiX ceqe

HHH KOHCTPYKUHOHHbiX MaTepHanoa ,nnR pe
aKTopoa. CoaMeCTHo co cneuHanHcTaMH UI1HI1 
(PocceH.noP<t>) coaepllleHCTBoaanacb nepe.naH

HaR a XHMJia6opa:TopHIO HBP-2 ycTaHOBKa 
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.!VIR KOHTpoJIR CO,D;ep)f(aHHfl KHCJIOpO,D;a B Ten
JIOHOCHTeJ}e peaKTopa. 11cnOJib30BaHHe 3TOH 
yCTaHOBKH 3HatiHTeJibHO nOBbiUiaeT 6e3onac
HOCTb 3KcnrryaTaQHH peaKTopa. B 1111r A 
(KpaKOB) npOBO,D;HTCR aHaJIH3 3KCnepHMeH
TaJibHbiX pe3yJihTaTOB H Bbipa6aThiBaiOTCR KpH
TepHH .n;HarHOCTHKH cocTORHHR H E P-2 no 
UiyMaM MOII.(HOCTH peaKTOpa. 

Jla6opaTopUR 6bl'lUCitUT€1tbHOU TeXHUKU 

u aeToMaTu3atJUU. B 1987 ro.n;y Jia6opaTopHR 
COTpy,D;HHtiaJia C HaytiHO-HCCJie,D;OBaTeJihCKHMH 
OpraHH3aQHRMH CTpaH-ytiaCTHHI.J; 0115!11 no 
21 TeMe, B TOM tiHCJie no TpeM 06ll.(eHHCTH
TyTCKHM, npo6rreMHO-TeMaTHtieCKOrO nJiaHa 
HaytiHO-HCCJie,D;OBaTeJibCKHX pa6oT H Me)f()J;y
HapO,D;HOrO COTpy,D;HHtieCTBa. 

CoaMeCTHo co cneuHarrHCTaMH H3 HPE, 
BHP, r ,ll,P, KH,ll,P, MHP, I1HP, CPP, CCCP 
H qccp ycneUIHO BhinOJIHRJiaCh O,D;Ha H3 rJiaB
HhiX 3a,D;ati JIBT A - 3¢l¢leKTHBHOe HCnOJib-
30BaHHe H pa3BHTHe UeHTparr&Horo BhitiHC
JIHTeJI&Horo KOMnJieKCa. I1pOBO,D;HJIHCb KOH
CyJI&TaUHH H o6MeH OnhiTOM HCnOJib30BaHHR 
6orrrapCKHX HaKOnHTerreif Ha MarHHTHbiX ,D;HC
KaX H MarHHTHbiX JieHTax, npHMeHReMbiX Ha 
EC 3BM UBK. CoaMeCTHO c 6orrrapcKHMH 
cneJ:UiaJIHCTaMH aerrac& no.n;roTOBKa K BHe.n;
peHHIO MaTpHtiHoro npoueccopa EC-2706. 
B pa3BHTHH 6H6rrHoTeKH nporpaMM .n;rrR EC 
3BM yqaCTBOBaJIH cneUHaJIHCTbl I.ll111Pl1 (Jieifn
UHr), a B pa6oTax no noBhiUieHHlO 3KcnrryaTa
UHOHHhix KatieCTB onepaQHOHHhiX CHCTeM EC 
3BM - COTpy,D;HHKH I.ll1.Hl1 (PocCeH.n;op¢1). 
I1JIO,D;OTBOpHbiM 6biJIO COTpy.n;HHtieCTBO C 11A3 
(CaepK) H Ill1<1>POHET (KpaKOB) no pa3-
BHTHIO nporpaMMHOrO o6ecnetieHHR 3BM ¢IHp
Mbl CDC. I1poao.n;HJiac& pa3pa6oTKa H coJ.n;a
HHe MYJihTHnJieKCOpa TepMHHaJIOB ,D;JIR 3BM 
THna CYBER H CDC, npoae.n;eHo onpo6oaaHHe 

MaKeTHoro o6pa3ua. 
Pa3BHTHe H Hcnorr&30BaHHe eHcTeM aHa

JIHTHtieCKHX BhltiHCJieHHH ocymeCTBJIRJIOCb cne
UHaJIHCTaMH HPE, BHP, CPB, r,ll,P, K H,ll,P, 
CCCP H qccP. CoTpy.n;HHKH EUMM EAH 

H 11M EAH (Co<PHR) yt~acTBOBaJIH B pa6oTax 
no pacUIHpeHHIO cHcTeM&I REDUCE .npHKrra.n;

HhiMH nporpaMMaMH. CoaMeCTHO c U l1<1>11 
BAH (Ey.n;aneUIT) TeCTHpoaarrHcb CHCTeMbi 
REDUCE H AMP c uerr&IO HX npHMeHeHHR 
B 3a,D;atiax CTaTHCTHtieCKOH MeXaHHKH H ¢IH-
3HKH BhiCOKHX 3HeprHif. B paMKax co Tpy.n;
HHtieCTBa C JleifnUHrCKHM yHHBepCHTeTOM C03-
.n;aeTCR naKeT nporpaMM .n;rrR aHaJIH3a HerrH-
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HeHHbiX arrre6paHtieCKHX ypaaHeHHH Ha 6a3e 
cHcTeMhr AMP. CoaMeCTHo co cneuHarrHCTaMH 
Kaprroaa yHHBepCHTeTa (I1para) H3yt~arrac& 

B03MO)f(HOCTh npHMeHeHHR CHCTeM MKMAT 
H REDUCE .!VIR nepcoHarrhHhiX KoMnhiOTepoa 
npH peUieHHH HeKOTOpbiX 3JieKTpo,D;HHaMHtieC
KHX 3a,D;ati. 

B pa3pa6oTKax HHTerrrre~cryarr&HhiX rpa<PH
tieCKHX CHCTeM Ha 6a3e MHKponpouecCOpHOH 
TeXHHKH yqaCTBOBaJIH HH)f(eHepbl BHP' r ,ll,P' 
KH,ll,P, I1HP, CCCP H qccp. B UHI1 AH r ,ll,P 
(EeprrHH) npoae.n;eHo npoeKTHpoBaHHe H H3ro
ToarreHHe netiaTHhiX nrraT npoueccopa .!VIR 

rpa¢IHtieCKOH CHCTeMbl Ha OCHOBe nepCOHaJib
HOrO KOMnhiOTepa H UBeTHoro TB-MOHHTopa 
c BhiCOKHM pa3peUieHHeM. CoaMeCTHO c 11<1>B3 
AH r ,ll,P (IloifTeH) ae.n;eTcR pa3pa6oTKa ero 
nporpaMMHoro o6ecnetieHHR. CoTpy.n;HHKH 
YHHBepcHTeTa HM . .H.A.KoMeHCKoro (EpaTH
crraaa) npHHRJIH ytiaCTHe B nO,D;KJIIOtieHHH 
rpa¢1Ht~ecKoro TepMHHarra K 3BM EC-1061 
H a.n;amaQHH rpa¢IHtieCKHX naKeTOB nporpaMM 
.n;rrR 3BM CM-4 H nepcoHarr&Hoif 3BM "I1pa
aeu-16". B coTpy.n;HHtiecTae c Ill111T U3<1>11 
CAH (EpaTHcrraaa) pa3pa6oTaH H H3roToarreH 
onhiTHhiH o6pa3eU "caeToaoro napa" (ycTpoif
CTBO BBO,D;a B rpa¢IHtiecKOH CHCTeMe) . 

l13,D;aH nRTbiH COBMeCTHbiH c6opHHK Hayq
HbiX pa60T B o6rraCTH BbltiHCJIHTeJibHOH npH
KJia,D;HOH MaTeMaTHKH 011Hl1 - Ill1<1>11 BAH 
(Ey.n;aneUIT). 

0TlJ€/t H06blX M€T0006 yCKOpeHUR. 

B 1987 ro.n;y oT.n;err ocymecTBJIRJI coTpy.n;HH

qeCTBO c HaytiHhiMH ueHTpaMH HPE' BHP' r ,ll,P' 
I1HP, CPP, CCCP H qccp no UiecTH TeMaM 

npo6rreMHo-TeMaTH'IeCKoro nrraHa HaytiHo-Hc
crre.n;oaaTeJibCKHX pa6oT H Me)f()J;yHapo.n;Horo 
COTpy,D;HHtieCTBa, B TOM 'IHCJie no O,D;HOH o6me-

• HHCTHTyTCKOH. 

HaH6orree aKTHBHO aerrHCh pa6oThi no 
coJ.n;aHHIO ycKopHTerrR KYTH-20 c yqacTHeM 

cneUHaJIHCTOB H3 HPE, BHP, r ,ll,P, CPP, CCCP 
H qccP. BMecTe c npo6rreMHoif rpynnoif no 
ycKopHTerrRM 11.Hl1.H3 EAH (Co<PHR) 6hiJIH 
npoae.n;eHbl HCCJie,D;OBaHHR YCTOHtiHBOCTH CHJib
HOTOtiHOrO 3JieKTpoHHOrO nytiKa B HMnyrrhC
HOM HCTO'IHHKe 3JieKTpoHOB. CoaMecrno 
c Ul1<1>11 BAH (Ey.n;aneUIT) Mo.n;epHH3HpoBaHa 
aBTOMaTH3HpOBaHHaR CHCTeMa ynpaarreHHR 
KYTH-20 nyTeM Hcnorr&30BaHHR B ee cocTaae 
nepcoHaJihHhiX 3BM. B coTpy.n;HH'IecTae c TY 
(,ll,peJ.n;eH) C03,D;aBaJiaCb aBTOMaTH3HpoBaHHaR 
BO,D;HO-MaCJIRHaR CHCTeMa OXJia)f()J;eHHR Mar-



HHTHoif cncTeMhi a,o;re3aTopa. Pa3pa6oTaHHhie 
B TY (.ll:pe3,D;eH) cpeACTBa ,D;HarHOCTHKH Mar
HHTHOH CHCTeMbl a,o;re3aTopa 6hiJIH BKmoqeHbl 
B cocTaB ACY KYTI1-20. Cneuua.rrucTaMH 
311 CAH (BpaTHCJiaBa) C03AaH p.HA ,D;eTeKTO
poB ,D;HarHOCTHKH 3JleKTpOHHhiX KOJleQ. 

B pa6oTax no pa3BHTHIO MeTOAHKH Koop
AHHaTHhiX ,D;eTeKTOpoB qacTHU H .fi,D;ep yqacT
BOBaJIH HH)f(eHepbi HPB, BHP, r .IJ:P, CPP 
u CCCP. B U11<1>11 BAH (By,D;aneuiT) H3roTOB
neH onhiTHhiH o6pa3eu nponopunoHaJihHOH 
KaMepbi C MaJihiM KOJIHqeCTBOM BemeCTBa 
Ha nyTH qacTnu. BMecTe co cneuna.rrncTaMn 
11<1>B3 (UoifTeH) npoBe,D;eHhl HCnhiTaHH.fl KOOp
,D;HHaTHhiX MHKpOCTpHnOBhiX ,D;eTeKTOpOB, pa3-
pa60TaHHhiX B r .IJ:P. 

llo TeMaTHKe yCKOpHTeJibHO-HaKOnHTeJlb
HOro KOMnJieKCa 11<1>B3 (llpOTBHHO) COB

MeCTHO c COTPYAHHKaMH TY (.ll:pe3,D;eH) npoBo
AHJIHCb pa60Tbl no 3KCnepHMeHTaJibHOMy HC
CJle,D;OBaHHlO 3JleKTpO<i:>H3HqecKHX CBOHCTB Ma
TepHaJIOB ,Zl;Jl.fl ,D;aTqHI<:a CKOJlb)f(eHH.fl <Pa3 ,D;ByX
<i:>a3HhiX noTOKOB renHH npu T = (3± 10) K. 

CoTpyAHnqecTBO c 311 CAH (BpaTHCJiaBa) 
6biJIO HanpaBJieHO Ha HCCJle,D;OBaHHe CTpyKTy
pbi H CBOHCTB TOHKOnJieHOqHbiX yrnepO,D;HhiX 
TepMo,D;aTqHKOB npu renneBhiX TeMnepaTypax. 
.IJ:aHHbie npOBe,D;eHHhiX HCCJie,D;OBaHHH HCnOJlb-
3yJOTC.fl B pa6oTaX Ha TenJIOBOH MO,D;eJIH CBepx
npOBO,Zl;.HIUero MarHHTa. 

HAYliHbiE COBEIUAHI1fl 

B 1987 ro,D;y 011HI1 opraHH30BaJI H npo
Ben rnecrb KPYnHhiX Me)f(,Zl;yHapoAHhiX co

BemaHHif. 
B HJOHe B .IJ:y6He npoxoAHJIO Me)f(,Zl;yHapoA

Hoe COBeiUaHHe no TOOpHH MaJIOqaCTH~hiX 

KBapK-a,o;pOHHhiX cucTeM. Uenbro CoBeiUaHH.fl 
.fiBJl.fiJlC.fl aHaJIH3 nocne,D;HHX ,D;OCTH)f(eHHH, TeH
,D;eHUHH B TeopHH H 3KCnepnMeHTax, CB.fl3aHHhiX 
c H3yqeHneM Ma.rroqacT~hix , cucTeM. B CoBe

IUaHHH yqacTBOBaJIH cneuna.rrncThi H3 Hay~hiX 
ueHTpoB CTpaH-yqacTHHU, a TaK)f(e CiliA, fino

HUH, <I>Pr, ABcTpnu, KaHa,o;bi. 
Bonee 130 yqacTHHKOB co6pa.rr 11 Me)f(,Zl;y

Hapo,nHhm cnMno3uyM no npo6neMaM B3an
Mo.neifcTBHH MlOOHOB H nHOHOB C BeiUecTBOM, 
KOTOphm npoBo,nHJICH B .IJ:y6He B mone. B npor
paMMy CnMno3HyMa 6hmn BKJIJOqeHhi cne
.nyrom,ue BOnpOChi: HCnOJlb30BaHHe nOJlO)f(H
TeJlbHhiX MlOOHOB ,Zl;Jl.fl H3yqeHH.fl KOH,D;eHCH
poBaHHOrO COCTO.fiHH.fl BeiUeCTBa; Me30aTOM-

Hhie npouecchi B cpe.nax, co.nep)f(amux BOAO
po.n; nH- H MlO-HYKJIOHHbie aTOMhi; annapa
Typa. B pa6oTe CnMno3nyMa npHHHJIH yqacrue 
yqeHbie H3 12 CTpaH, B TOM qucne H3 <I>Pr, 
11Ta.rrnu, BennKo6pnTaHHH, CiliA, IIIBeifuapnu, 
flnOHHH. 

C 25 no 29 aBrycTa 011fll1 COBMeCTHO 
c MaTeMaTnqeci<:HM HHCTHTYTOM HM. B.A.CTeK

noBa AH CCCP npoBo.D;HJI B .IJ:y6He IV Me)f(,Zl;y
Hapo,D;Hhlli CHMn03HYM no H36paHHbiM npo6ne
MaM cTaTncTuqeci<:oif MexaHHKH. B nporpaMMe 
CnMn03HyMa: cTporue pe3yJihTaThi B CTaTH
CTnqeci<:oif MexaHHKe; <l:>aJOBhie nepexo,nhi 
H KpHTHqeCKHe .fiBJleHHH; MO,D;eJlH KBaHTOBOH 
CTaTHCTHqeCKOH MeXaHHKH; <i:>yH.D;aMeHTaJibHbie 
BOnpOChi KHHeTHqeCKOH Teopuu; MaTeMaTH-

• qecKHe H . <i:>H3Hqeci<:He acneKThl KBaHTOBOH 
OnTHKH. 

6-19. ceHTH6p.H 6nn3 BapHhi (HPB) npo

xo,nHJia Me)f(,Zl;yHapo,D;Ha.H lllKOJla 011fll1 -
UEPH no <Pn3HKe. 3-ro ,nec.HTa.H B cepuu coB
MeCTHhiX lllKOJl, opraHH3yeMbiX 06'be,D;HHeH
HhiM HHCTHTYTOM H EBponeHCKOH opraHH-
3aQHeH H,nepHhiX uccne.noBaHHH. HayqHa.fl npor
paMMa IIIKOJlhl OTpa3HJla COBpeMeHHOe COCTO.fi
HHe <i:>H3HKH BhiCOKHX 3HeprHH. JleKUHH 6bmH 
npoqmaHhl Be.D;yiUHMH yqeHhiMH CTpaH-yqacT

HHU 011fll1 u UEPHa . 
06'be,D;HHeHHhiH HHCTHTyT npu noA.D;ep)f(Ke 

u yqacTHH CeKUHH no annapaType Me)f(,Zl;yHa
po,D;Horo KOMHTeTa no 6y,D;yiUHM yCKOpHTeJl.HM 
(11K<I>A) npoBeJl B .IJ:y6He B CeHT.H6pe Me)f(,Zl;y

Hapo.D;HhiH CHMn03HYM no KOOp.D;HHaTHbiM 
,neTeKTOpaM B <i:>H3HKe BbiCOKHX 3HeprHH, 
B pa6oTe KOToporo yqaCTBOBaJIH cneUHaJIHCTbl 
H3 CTpaH-yqaCTHHU J1HCTHTyTa, a TaK)f(e 11TaJIHH, 

KHP, CiliA, <I>Pr, IIIBeuuu u IIIBeHI.\apnu. 
B OKT.H6pe B AJiyrnTe COCTO.fiJlOCb opra

HH30BaHHOe 011fll1 VIII Me)f(,Zl;yHapo,D;Hoe coBe
maHne n o npo6JieMaM KBaHTOBOH TeopHH nOJl.fl. 
06cy)f(,Zl;a.rrHcb cne.nyromue Bonpochi: Ka.rrn6po
BO~hie TeopHH nOJl.fl H KBaHTOBa.fl XpOMO.D;H
HaMHKa; cynepcHMMeTpH~bie Teopuu; KBap
KOBbie MO,D;eJlH H <PeHOMeHOJlOrH.fl 3JleMeHTap

HhiX qaCTHUi BOnpoCbl KBaHTOBOH TOOpHH 
MHorux Ten. 

B onhrnoe 3HaqeHne .D;Jl.fl Hay~oif ,D;e.HTenh
HOCTH 011f111 HMeJlH paooque Hay~hle COBema
HH.fl. T aKHX COBeiUaHHH COCTO.fiJlOCb B HCTeK
llleM r o,ny 23, B TOM qucne no HCCJle,D;OBaHH.fiM 
Ha .D;BYXMeTpOBOH nponaHOBOH KaMepe; cneKT
poMeTpax ri1BC, MI1C, Cl1rMA-AHKC; HC
CJle,D;OBaHH.fiM no <i:>H3HKe KOH,D;eHCHpoBaH
HhiX cpe,n Ha peaKTope 11BP-2. 
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Bonee cra cneunanHCTOB H3 se.c;yLUHX Hay'IHhiX 1..\eHTpoB MHpa co6pan B lly6He 22-25 ceHTR6pR 1987 ro,c;a Me)l()l;y
Hapo.c;HbrH CHMno3nyM no Koop.c;HHaTHhiM ,c;eTeKTopaM B ¢lH3HKe BhiCOKHx 3Hepnm, opraHH30BaHHhm OHHI1 npu 
no,c;,c;ep)f(Ke H yqaCTHH CeKUHH no annapaType M e)f(,c;yHapo.c;Horo KOMHTeTa no 6y.c;yruuM ycKopuTeJIRM (11K¢1A). 
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Me~yH&poAHOe COBelllaHHe no TeopHH M8110'18CTH'IHbiX H KB8pK·&ApoHHbiX CHCTeM npoXOAHJIO B ,[{y6He 16·20 HJO· 

HH. CoBemaHHe 6&mo opraHH30BaHo OMRM coBMeCTHo c Hay'IH&IM coBeToM no $H3HKe :meKTpoMarHHTHbiX 

B38HMOAeHCTBHH AH CCCP. 
• 
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C 30 HIOHfl no 4 HIOJIR B Ay6He npoxo.o;HJI II Melf<JlyHapo.D;H&m cnMIIo3nyM no npo6neMaM B3aHMo.o;eii:CTBH11 MIOO· 
HOB H DHOHOB C Be~eCTBoM . Ha CHHMKe (CJieBa Hanpaso) : yqaCTHHKH CHMil03nyMa A.Curep (4l~Pr), B .r.rpe6HH· 
HHK (011fll1) H B.A.CyeTHH (CCCP) BO BpeMR noce~eHHR YCTaHOBKH "MIO·cnHH" B Jia6opaTopHH 11.D;epHbiX 
npo6neM . 

• 
C 25 no 29 asrycra OH.RH COBMeCTHo c MaTeMaTuqecKHM HHCTHTyToM nMeHH B .A.CTeKJioBa AH CCCP npoBOAHJI 
B Ay6He IV Me)I(JlyHapoAHbiH CHMn03HYM no H36paHHbiM npo6neMaM CTaTHCTnqecKoH: MexauHKH. Ha CHHMKe: 
yqaCTHHKH CuMn03HyMa B nepep&IBe Me)I(Jly 3ace.o;aHHRMH. 
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3KCKYPCMM B OM.RM 

B 1987 ro,IJ;y B 06'be,IJ;HHeHHOM HHCTHTy

Te .!l,Il;epHbiX HCCJie,IJ;OBaHHH 6biJIO npHHHTO 

77 3KCKypCHOHHbiX rpynn 06ll(eH 'IHCJieH

HOCTblO 1286 qeJIOBeK. C ,IJ;eHTeJibHOCTblO 

OM.RM ll03HaKOMHJIHCb noCJibl r .UP' IIHP' 

MTaJIHH, COTPY.IJ:HHKH nocoJihCTB HPE, BHP, 

CPB B CCCP, pa6oTHHKH CeKpeTapHaTa C3B, 

MH~HcTphi crpaH-yllaCTHHQ OM.RM, cneuHanHc

Thi pa3JIH'IHbiX Hay'IHbiX UeHTpOB, CTy,IJ;eHTbl 

TeXHH'IecKHX By30B. 

B anpene 1987 ro,D;a OHH.l1 nocenm tipe3Bbi'IaHHbiH 
H TionHOMO'IHbiH nocon rnP B CCCP r .KeHHr. Ha 
CHHMKe: ,ll;HpeKTOp JlaoopaTOpHH R,D;epHbiX peaK~HH 
aKa,D;eMHK r .H.<l>nepoB 3HaKOMHT r .KeHHra C HCCne
,ll;OBaHHRMH, npoBO,ll;HMbiMH B Jla6opaTOpHH. 

B Mae 1987 ro,D;a lly6Hy noceTHn pyKoBoAHTen& 
OT,D;ena ll,D;epHoH <PH3HKH H~HoHan&Horo YHHBepcH
TeTa ABCTpanHH npo<t>eccop l]:>K.0 .H&IOTOH. Ha CHHMKe: 
npo<Peccop IO .U .OraHecaH H l]:>K.O.H&IOTOH B Jla6o-
paTOpHH R,D;epHbiX peaK~HH . • 

tineH rocy,D;apCTBeHHOro COBeTa CPB, AHpeKTOp H~HOHanbHoro HHCTHTyTa aTOMHOH 3HeprHH npo<t>eccop HryeH 
l]HH Tb! 6&m O,ll;HHM H3 nepBbiX BbeTHaMCKHX <l>H3HKOB B 0.11fl.l1, CTan COaBTOpoM OTKpbiTHR aHTHCHrMa·MHHyc
rHnepoHa. Ha CHHMKe : npo<t>eccop HryeH llHH T&I (BTopoii cnpasa) 3HaKoMHTCR c Hcnon&30BaHHeM nepcoHan&HbiX 
3BM B Jla6opaTOpHH R,ll;epHbiX npo6neM . 
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nonHOMO'IHbiH npe.D.CTaBHfeJtb npaBHreJtbCTBa BH P B OH.RH 8KMeMHK H.naur BO BpeM.Il nocemeHH.R na6opa
TOpHH ueihpoHHOH ¢IH3HKH. 06 3KcnepHMeHT8JtbHbiX Hccne.o;oaaHH.IIX ua ny'IKax peaKTopa HBP-2 paccKa3biBaeT 
H8'18JtbHHK OT.o;ena nH<IIIO.M.OcraaeaH'I. 

TpH ue.o;eJtH npoaen B .Ily6He H3BeCTHbiH KHrajicKHii Y'leHbiH .o;HpeKTop HHCTHryTa TeopeTH'IeCKOH ¢IH3HKH npo
<Peccop Xy HHH. Ha CHHMKe: npo<Peccop Xy HHH B na6opaTOpHH TeopeTH'IeCKOH ¢IH3HKH. 



yqACTHE Ol1Hl1 B ME)I()lYHAPO)lHhiX 

l1 HAUHOHAJihHhiX KOH<I>EPEHUHHX 

OMHM KOMaH.!UipoBan B cTpaHhi-ytJaCTHH
Uhi 131 cneUHaJIHCTa Jl;JUI ytJaCTHH B 44 Me)K)l;y
HapOJJ;HhiX H HauHOHaJihHhiX KOH<J>epeHUHHX. 

CneUHaJIHCThi l1HCTHTyTa 6hUIH rreKTopa
MH H CJiyliiaTeJIHMH TpaJJ;HUHOHHhiX liiKOJI 
no <l>H3HKe B BapHe (HPB), BerreHe H Xorrhu
xay (r)lP) , 3aKonaHe, Kapnaqe H MHKo
rra:HKax (IIHP) . )lerreraU.HH 06'b€.IUiH€HHOro 
HHCTHTyTa 6hma HanpaarreHa Ha Me)K)l;yHa
po.n;Hyro KOH<J>epeHUHIO no HJJ;epHOH <J>H3HK€ 
npOMe~TOtJHhiX 3HeprHH, KOTOpaH npOXO):UiJia 
B BanaToH<J>rope.n;e (BHP) . Ha III Pa6otJeM 
COB€II.l;aHHH no HOH-aTOMHhlM CTOJIKHOB€HHHM 
npH BbiCOKHX 3HeprHHX, COCTOHBlii€MCH B )le-
6peueHe (BHP), 3HatJHT€JibHhiH HHTepec Bhi3-
BaJIH coo6rn;eHHH coTpy.n;HHKOB Ol1Hl1. UerrhiH 
PM MeponpHHTHH, B KOTOphiX ytJaCTBOBaJIH 
COTPYAHHKH llHCTHTyTa, 6hUI CBH3aH C KOM· 
nhiOTepaMH H nporpaMMHpoBaHHeM, B tJaCT
HOCTH EBponeHCKaH KOH<J>epeHUHH no KOM· 
nhroTepHoii anre6pe a JieiinuHre (r)lP), 
CHMn03HYM no MHKpOKOMnhiOTepaM H MHKpo
npoueccopaM a By.n;anernTe (BHP), rnKorra 
"MHKpoKoMnhiOTepbi B <l>H3HKe" B BeXHHe 
(qCCP), KOH<J>epeHUHH "ABTOMaTH3aUHH HH· 
<t>opMauHoHHoro o6crry:>KHBaHHH" a Byprace 
(HPB) . Bbxcoeyro oueHey norrytJHJIH .n;oKJia.n;hi, 
npe.n;craarreHHhie Ol1Hl1 Ha ceMHHap "IIpo6rre
Mhi H npHM€H€HH€ HCKYCCTB€HHOrO HHTeJI· 
rreKTa" B BapHe (HPB) . CneuHanHCThi l1HCTH
TyTa npHHHMaJIH yt~acrHe TaK:>Ke B XI PanHo
XHMHtJecKoii KoH<J>epeHUHH B MapHaHCKe-Jla3He 
(qCCP) , X Me)K)l;yHapo.n;HoM CHMno3HyMe 
"Manoyrrroaoe pacceHHHe H conyTcrayrorn;He 
MeTo.n;hx" a Ilpare (qccP), IX KoH<t>epeHUHH 
EaponeiicKoro <l>H3HtJecKoro o6rn:ecTaa B Bap
He (HPB), XI Me)K)l;yHapo.n;Hoii KoH<t>epeHUHH 
no HeJIHHeHHhiM Korre6aHHHM B By.n;anernTe 
(BHP). 

MHorHe coTpy.n;HHKH OMHM yt~acTBOBaJIH 
6orree tJ€M B 100 KOH<J>epeHUHHX, npOXOJJ;HB· 
liiHX B CoaeTCKOM Coro3e, B TOM tJHcrre B Co
aern;aHHH no HJJ;€pHOH cneKTpOCKOnHH H CTpyK
Type aToMHoro HJJ;pa B IOpMane, Me)K)l;yHapo.n;

HOH KoH<t>epeHUHH no HeiiTpOHHOH <l>H3HKe 
B KHeBe, KOH<J>epeHUHH no crra6biM H CHJihHhiM 
B3aHMo.n;eiicrBHHM H rpaaHTauHH a MocKBe. 

66 cneUHaJIHCTOB l1HCTHTyTa ytJaCTBOBaJIH 
B 36 Me)K)l;yHapo.n;HbiX KOH<J>epeHUHHX, CHMIIO· 
3HyMaX, npoB€JJ;€HHhiX B 13 CTpaHax, He HBJIHIO· 
rn;HxcH tJJieHaMH Ol1Hl1. 

)lerreraU.HH B cocraae 7 ytJeHhiX l1HCTHTyTa 

Bhi€3:>KaJia B Ynrrcany (IIIaeUHH) Ha Eaponeii
cKyro KoH<J>epeHUHIO no <J>H3HK€ BbiCOKHX 
3HeprHH. HaH6orrhrnHii HHTepec cpe.n;H .n;oKJia
.n;oa, npe.n;craarreHHhiX Ol1Hl1, Bhi3BaJIH coo6-
rn;eHHH no pe3yJihTaTaM 3KCII€pHM€HTaJibHblX 
Hccrre.n;oBaHHH Pa.!UiaJihHhiX B036y)K)l;eHHii Me-
30HOB, crpyKTypHblX <J>yHKUHH B peJIHTHBHCT· 
CKOH HJJ;epHoii <l>H3HKe, TeopeTHtJeCKHX pa6oT 
no HOBOMY no.n;xo.n;y K KBaHTOBOH XpoMO· 
AHHaMHKe. CoTPYAHHKH Ol1Hl1 npe.n;craa.HJIH 
CBOH pa6oThi Ha Me)K)l;yHapo.n;HhxH CHMn03HYM 
no B3aHMOJJ;€HCTBHIO JI€IITOHOB H <J>oTOHOB 
npH BbiCOKHX 3HeprHHX (MIOHX€H, <I>Pr). 
rpynna ytJeHbiX Ol1Hl1 ytJaCTBOBaJia B pa6oTe 
Me)K)l;yHapo.n;Hoii KoH<J>epeHUHH no tJaCTHUaM 
H HJJ;paM. (KHOTO, HrrOHHH), Ha KOTOpoH 
o6cy)K)l;aJIHCb HanpaBJI€HHH pa3BHTHH peJIHTH· 

BHCTCKOH HJJ;epHOH <J>H3HKH H <J>H3HKH aTOMHO·. 
ro H.n;pa. B 1987 ro.n;y yt~eHhie l1HCTHTyTa 
HanpaBJIHJIHCb Ha TpH Me)K)l;yHapo.n;Hbl€ KOH· 
<J>epeHUHH no <J>H3HK€ KOHJJ;€HCHpoBaHHblX 
cpe.n;: V II EaporreiicKyro KoH<J>epeHU.HIO no 
<J>H3HK€ KOHJJ;€HCHpoBaHHhiX CpeJJ; (IJH3a, l1Ta
JIHH), CneU.HaJihHYIO a.n;pHaTHtJecKyro KOH<t>e
peHUHIO no BbiCOKOTeMnepaTypHblM CBepxnpo
BOJJ;HHKaM (TpHecr, l1TaJIHH) , Me)K)l;yHapo.n;
HYIO KOH<J>epeHUHIO no <J>H3HK€ HH3KHX T€M· 
nepaTyp (HaroH, HnoHHH) . Yt~acrHe B KOIJ<Pe
peHU.HHX no 3TOH HaytJHOH TeMaTHKe no3BO· 
rrHJio <l>H3HKaM Ol1Hl1 npe.n;craaHTh HapMy 
C .n;pyrnMH pe3yJihTaTaMH B o6rraCTH <J>H3HKH 
KOHJJ;€HCHpoBaHHhiX cpe.n; nepBbl€ JJ;aHHbl€ HC
CJI€JJ;OBaHHH no <J>H3HK€ BhiCOKOTeMnepaTyp
HOH caepxnpoao.n;HMOCTH H TeM caMhiM 3aKpe
nHTh npHOpHT€T B aKTyaJihHOM H nepcneK
THBHOM HanpaBJI€HHH HCCJieJJ;OBaHHH. 

CBH3l1 C HAYq~b1Ml1 UEHTP AMH CTPAH, 
HE HBJIHIOIUHXCH yqACTHl1UAMl1 Ol1Hl1, 
l1 ME)I()lYHAPO)lHhiMH OPr AHl13AUMHMl1 

Ol1Hl1 no.n;.n;ep:>KHaaeT CBH3H c 35 HaytJ
HbiMH U€HTpaMH CTpaH-HeytJaCTHHU l1HCTHTyTa 
H BblilOJIHH€T COBM€CTHbl€ paOOTbl C ytJeHhlMH 
3THX CTpaH no 19 TeMaM. 

B 1987 ro.n;y aKTHBHO paJBHBaJIOCh 
coTpy):umqecTao c UEPHoM. B HaCToHrn;ee 
apeMH coaMeCTHo c EaponeiicKHM ueHTpoM 
HJJ;€pHblX HCCJI€)1;0BaHHH npoBOJJ;HTCH 5 3KCne

pHM€HTOB. Ilpo.n;orr:>Kanacb pa6oTa no co3.n;a
HHIO ycTaHOBKH DELPHI. 3aaeprneHa c6opKa 
a.n;poHHOrO KaJIOpHMeTpa, BhlilOJIH€Hbl MeTOJJ;H· 
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B paMKax COTPYAHH'IeCTBa Ol1Rl1 - UEPH cneWfaJIHCTbl ny6Hbl Yli8CTBOBaJIH B C03AaHHH IIJlpoHHOro KaJIOpH· 

MeTpa yCTaHOBKH DELPHI. 11 HOR6pR H3 ny6Hbl B )l(eHeBy 6&m a OTnpaaneHa nocJie,[\HR:R: napTHR: AeTeKTOpoB 

(acero H3roToaneHo, Hcn&ITaHo H oTnpaaneHo a UEPH oKono 25 T&ICR'I AeTeKTopoa). B UEPHe ocymecraneHa 

c6opKa ,1:\eTeKTHpy!OmHX nJIOCKOCTeH 8.!\pOHHOrO KaJIOpHMeTpa. H a heBOM CHHMKe - npoaepKa ,1:\eTeKTOpo~ UH

JIHHApH'IeCKOH 'I&CTH &ApoHHoro KanopHMeTpa; rpynna COTPYAHHK OB Ol1Rl1, aeAymHx B UEPHe MOHT8)1( H Hc

ll&ITaHHR KOOpAHH&THbiX nJIOCKOCTeH &ApoHHOrO KaJIOpHMeTpa (CH MOK BBepxy) . 

tJeCKHe HCCJie,D;OBa.HHH, OmHMH3HpylOIUHe ycrro

BHH ero pa6oTbi. Hat~aTa npoaepKa Mo.n;yrreH: 

C llOMOIUblO ,n;eTeKTHpOBa.HHR KOCMHtJeCKHX 

MIOOHOB. Y cnelllHO npOBO,D;HTCH COBMeCTHbie 

Hccrre,n;oBa.HHH Ha ycKopHTerre LEAR UEPHa. 

Ilorryt~eHbi HHTepeCHhie .n;aHHbie no B3a.HMo,n;eH:

CTBHIO Me,D;JieHHbiX aHTHllpoTOHOB C aemecr

BOM. 0HH ,D;OKJia,D;bffiaJIHCb Ha Me:lK,ll;yHapO,D;HbiX 

KOHl!>epeHI.UiHX H ony6JIHKOBaHbi B HaytJHbiX 

~pHaJI8X. rpynna lPH3HKOB H3 J1TaJIHH, 

<l>paHQHH H .[J;y6Hbi, ocymeCTBJIHBlllaR 3TH 

HCCJie,D;OBa.HHH, npHCTynHJia K peaJIH3aQHH HO

BOrO npoeKTa "06errHcK". B paMKax npoeKTa 

npe.n;norraraeTCH co3,n;aTb crro)f(HylO MHoroQerre

ayiD 3KCnepHMeHTaJihHYIO ycTaHOBKY, KOTOpaR 

o6ecnetJHT B03MO)KHOCTb H3ytJeHHH Ha YCKO

pHTeJie LEAR B3a.HMo.n;eH:cTBHH aHTHHYK

JIOHOB C H,D;p8MH. 

B xo.n;e o6pa6oTKH .D:aHHbiX c ycra.HoBKH 

NA-4 norryt~eHbi 3HatJeHHH cTpyKTypHbiX lPyHK

l.UiH npoTOHa, OTJIHtiaiOIUHeCH BbiCOKOH TOtJ

HOCTblO . 8TH pe3yJibT8Tbi BCTpetieHbi C 60JiblllHM 

HHTepeCOM Ha Me:lK,ll;yHapO,D;HbiX KOHlPepeH

I.UiHX B Ynncarre (lliBeQHH) H raM6ypre (<I>Pr). 

B coTpy.n;HHtJecTBe c yt~eHbiMH UEPHa 

npo,n;omK8JIHCb HCCJie,D;OBaHHH C llOMOIUblO 

ycTaHOB KH MHC-2 Ha ycKopHTerre npoTOHOB 

11<1>B8 B Cepnyxoae. Y)Ke norry!leHo 6orree 

100 Tbi CHtJ CHHMKOB ,D;JIH H3ytJeHHR Heynpy

roro B 3 a.HMO,D;eHCTBHH llHOHOB C H,D;paMH npH 

40 r3B/ c. Ha 3TOM )Ke ycKopHTerre npoBO.D;HTCH 

COBMeCTHbie HCCJie,D;OBaHHH C llOMOIUblO ycra

HOBKH cHrMA-ARKC. 

11HCTHTyT npoBO,D;HJI COBMeCTHbie HCCJie

,D;OBa.HHH c H81.UiOHarrhHoH: rra6opaTopHeH: TH

)KeJihiX HOHOB r AHHJI B Ka.He ( <l>paHl.UiH) 
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no CHHTe3y H H3y'leHHIO CBOHCTB 3K30TH'IeCKHX 

.fi,D;ep. B 3KcnepHMeHTe c HcnoJih30BrumeM 

ny'IKOB 3K30TH'IeCKHX HOHOB 4 11 Ca snep BLie 

nony'leHbi 10 HOBbiX H30TOnOB JierKHX 3Jie

MeHTOB, pacnOJIO:>KeHHbiX Ha rpaHHQe H,D;ep HOH 

CTa6HJihHOCTH, H H3y'leHbl HX CBOHCTBa. 

B Te'leHHe ro,na ocymecTBJIHJICH o 6 MeH 

Hay'IHoH: HH!f:>opMaQHeH: yqeHhiX O l1.HH 

C 06IQeCTBOM no HCCJie,D;OBaHHHM C TH:>KeJibiMH 

HOHaMH B .lJ;apMlllTa,D;Te (<{?Pr), COTpy.D;HH'IeCT

BO c UeHTpoM .fi,D;epHhiX Hccne,noBaHHH B CTpac-

6ypre (<l>paHQHH) H J1HCTHTYTOM XH MHH 

B Map6ypre (<I>Pr) no H3y'leHHIO MexaHH3MOB 

B3aHMO,D;eHCTBHR peJIHTHBHCTCKHX TH:>KeJibiX 

HOHOB C aTOMHbiMH H,D;paMH, C J1HCTHTY TOM 

!f:>H3HKH B Benrpa,ne (C<l>PIO) , r,ne H.D;eT o 6pa

OOTKa CHHMKOB c .nsyxMeTposoH: nponaHOBOH 

KaMepbi. 

Y cnelllHO pa3BHBaJIHCb Hay'IHbie KOHTaKTbl 

c UeHTpoM H,nepHoH: cneKTpoCKOnHH H cneKT

poMeTpHH Mace B Opc3 (<l>paHI.\HH). Ha co3-

AaHHOM cosMeCTHo c 3THM UeHTpoM 3JieKTpo

cTaTH'IeCKOM 6eTa-cneKTpoMeTpe npoBO,D;HTCH 

HCCJie,D;OBalmH no H3MepeHH10 MaCChi aHTH

HeHTpHHO. l1HCTHTYT Be,neT COBMeCTHble pa6o

Tbl c YHHsepcHTeToM IOBHCKIOJIH B XenLCHHKH 

(<l>HHJIHH,D;HH) H c YHHsepcHTeToM B CacceKce 

(BeJIHK06pHTaimH) no HCCJie,D;OBalmlO CnHHO

BbiX 3!f:>!f:>eKTOB npH pacna,ne OpHeHTHpDBaHHbiX 

npH CBepXHH3KHX TeMnepaTypax .fi,D;ep. 

<l>H3HKH-TeopeTHKH .lJ;y6Hbl npo.D;OJiiKHJIH 

coTpy,nHH'IeCTBo c l1HcrmyToM H.Bopa (.ll;a

HHH) H YHHBepcHTeToM BepreHa (HopserHH) 

B o6JiaCTH pa3BHTHR MHKpOCKOnH'IeCKHX 

no.D;XO,D;OB B OnHCaHHH peaKI.\HH a,D;pDHOB 

H HOHOB C aTOMHbiMH H,D;paMH. 

CnPABKA 
0 pa3BMTMM MeHCAyHapoAHOro COTPYAHM'IeCTBa M CBR3eM 

06'beAMHeHHoro MHCTMTyTa RAepHbiX MCCneAOBBHMM 38 nepMOA 1965-1987 rr. 

N2N2 BH.D; coTpy,nHH'IeCTBa 1965 1970 1975 1980 1985 1987 
nn 

1. KonH'IeCTBO KOMaH,nHposo K 

cnel.\HaJIHCTOB H3 CTpaH-y'laCTHHQ 

B 0J1.RJ1 (6e3 COBeiQaHHH, HO 

C y'leTOM npHe3,D;OB no KOH-

TpaKTaM) 203 446 1026 1216 1469 1366 
2. KoJIH'IeCTBO KOMaH.D;HpoBOK 

cnel.\HaJIHCTOB Ol1Hl1 B cTpaHbi-

yqacTHHQbi 171 287 474 558 600 545* 
3. KoJIH'IeCTBO Hay'IHbiX, MeTo-

,D;H'IeCKHX H Hay'IHO-OpraHH3a-

QHOHHbiX cosemaHHH: Ol1Hl1 19 28 42 40 49 49 
4. KoJIH'IeCTBO KOMaH.D;HposoK Ha 

Me:>K,D;yHapo,D;Hbie KOH!f:>epeHQHH 

H B Hay'IHbie QeHTpbl CTpaH-

HeyqaCTHHQ 69 166 131 109 119 138 
5. KoJIH'IeCTBO npHe3.D;OB cneQHa-

JIHCTOB H3 CTpaH-HeyqaCTHHQ 27 176 226 93 144 218 
6. KoJIH'IeCTBO CTHneH.D;HaTOB Ol1Hl1 - 8 11 . 7 3 11 

*Ee3 y11era a&ze3ooa no 6bl306a.M. 
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nEPEltEHb 
Hay'IHbiX M H8Y'IHO-opraHM38~MOHHbiX COBe~aHMM, 

npoBeAeHHbiX 06'be,AMHeHHbiM MHCTM1)'TOM R,AepHbiX MCcne,AOB8HMM B 1987 rO.AY 

~N~ Ha3BaHHe coaemaHHH BpeMH MecTo KonHqecTao 

nn npoae.n;eHHH npoae.n;eHHH yqaCTHHKOB 

I. CoeeUJaHwt, UHCOilbZ u cu.Mn03UYMbZ 

1. CoaemaHHe no TeopHH ManoqacTHq-

HhiX KBapK-a.ZJ;pOHHhiX CHCTeM 16-20 HIOHH ,[(y6aa 150 
2. Me)I(.ZJ;yaapo.ZJ;HhiH CHMn03HYM no 

npo6JieMaM B3aHMO,ZJ;eHCTBHH 30 HIOHH-

MIOOHOB H nHOHOB C Bell.(eCTBOM 4 HIOJIH ,[(y6aa 160 
3. IV Me)I(.ZJ;yaapo,n;HhiH CHMn03HYM 

no H36paHHhiM npo6neMaM eTa-

THCTHqecKOH MeXaHHKH 25-29 aarycTa ,[(y6aa 150 
4. X IIIKona OM.RM-UEPH no <l:>H3HKe 

BhiCOKHX ::meprHH 6-19 CeHTH6pH Bapaa,HPB 100 
5. Me)I(.ZJ;yHapo.n;Hoe coaemaHHe no 

KOOp,D;HHaTHhiM ,n;eTeKTOpaM 22-25 CeHTH6pH ,[(y6Ha 80 

6. VIII Me)I(.ZJ;yHapo,n;Hoe coaemaHHe 

no npo6JieMaM KBaHTOBOH TOOpHH 

nOJIH 10-16 OKTH6pH AnywTa, CCCP 160 

II. Pa6o11ue coeeUJaHwt 

1. CoaemaHHe no HeiiTpHHHOMy 

,n;eTeKTopy 20-22 HHBapH ,[(y6Ha 50 
2. CoaemaaHe no MyJILTHHeHTpOH-

HhiM CHCTeMaM 28-30 HHBapH ,[(y6aa 50 
3. CoaemaHHe no Hccne.n;oBaHHIO 

MeXaHH3Ma HeynpyrHX CTOJIKHOBeHHH 

peJIHTHBHCTCKHX H,D;ep 3-5 <PeapanH ,[(y6aa 30 
4. CoaemaHHe no coaMeCTHOMY 

OM.RM-UEPH 3KcnepHMeHry NA-4 25-27 <PeapanH ,[(y6aa 50 
5. CoaemaHHe no Hccne.n;oBaHHHM 

Ha ycTaHOBKe BMC-2 17-19 MapTa ,[(y6Ha 50 
6. Coaell.(aHHe no Hccne,n;oaaHHHM 

Ha YCTaHOBKe "Jho,n;MHJia" 24-26 MapTa ,[(y6aa 35 
7. Coaell.(aHHe no Hccne.n;oBaHHIO 

B3aHMO,ZJ;eHCTBHH nerKHX peJIHTH· 

BHCTCKHX H,D;ep C npOTOHaMH 19-21 MaH ,[(y6aa 25 
8. Coaell.(aHHe no HCCJie.ZJ;OBaHHHM 

aa ycTaHOBKe PMCK 19-21 MaH ,[(y6aa 50 
9. CoaemaHHe no Hccne.noaaHHHM Ha 

.ZJ;ByXMeTpOBOH nponaHOBOH KaMepe 26-28 MaH ,[(y6Ha 50 
10. Co:Bell.(aHHe no HCCJie,n;oBaHHIO MHO-

:>KeCTBeHHoro KYMYJIHTHBHoro po:>K-

.n;eHHH qacnn~ H pa3BHTHIO cneKTpo-

MeTparMBC 26-28 MaH ,[(y6Ha 40 
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11. CoaemaHHe ITO Hccne,IJ;OBaHHIO Kop-

penH~HOHHbiX 3<P<PeKTOB B KYMYJIH-

THBHOM pO)KJ];eHHH tiaCTH~ 9-11 HIOHH .[(y6Ha 50 
12. CoaemaHHe ITO KonneKTHBHbiM 

MeTO,IJ;aM yCKOpeHHH 23-25 HIOHH ,[(y6Ha 50 
13. CoaemaHHe ITO ITpoeKTY TIAPYC 8-10 CeHTH6pH .[(y6Ha 30 
14. CoaemaHHe ITO <PH3HKe KOH,IJ;eHcH-

pOBaHHbiX cpe,D; Ha peaKTOpe 

11BP-2 15-17 CeHTH6pH ,[(y6Ha 50 
15. CoaemaHHe pa6oqeif rpynnhi ITO 

pa3BHTHIO ,IJ;eTeKTOpOB ,Il;JIH 3KCITe-

pHMeHTaJibHbiX HCCJie,IJ;OBaHHH 

KOMHTeTa 11K<l>A 22-25 CeHTH6pH ,[(y6Ha 16 
16. 3ace,IJ;aHHe KOMHCCHH ITO COTpy,D;-

HHtieCTBY c U:EPH 26-28 CeHTH6pH ,[(y6Ha 25 
17. CoaemaHHe ITO ITporpaMMe Hccne-

,Il;OBaHHH y,IJ;aneHHbiX H,D;ep C ITO-

MOUlhlO KOMIIJieKca HCHATITI 12-14 OKTH6pH ,[(y6Ha 50 
18. CoaemaHHe ITO Hccne,IJ;OBaHHHM 

Ha ,IJ;BYXMeTpOBOH ITpOITaHOBOH 
KaMepe H ycTaHOBKe B11C-2 13-15 OKTH6pH T6HJIHCH, CCCP 60 

19. CoaemaHHe ITO Hccne,IJ;OBaHHIO 

KorepeHTHoro o6pa30BaHHH 

6030HHbiX CHCTeM Ha yCTaHOBKe 

M11C 27-29 OKTH6pH ,[(y6Ha 45 
20. CoaemaHHe ITO 3KCITepHMeHTaM 

. Ha ycTaHoaKe C11rMA-AHKC 29-31 OKTH6pH ,[(y6Ha 40 
21. CoaemaHHe ITO HaytiHhiM pe3ynhTa-

TaM H IIJiaHaM HCCJie,IJ;OBaHHH H 

pa3BHTHH aiTITapaTypbi COTpy,D;-

HHtieCTBa MAPC 3-5 HOH6pH ,[(y6Ha 50 
22. CoaemaHHe ITO 3KCITepHMeHTaM 

Ha yCTaHOBKe APEC 10-12 HOH6pH ,[(y6Ha 40 
23. CoaemaHHe ITO HCCJie,IJ;OBaHHHM 

Ha CITeKTpOMeTpe C aeplllHHHbiM 

,IJ;eTeKTOpoM 10-12 HOH6pH ,[(y6Ha ;35 

III. Hay~1;1-o-opza1tuaayuo1t1tbZe coeeUJaHUR 

1. 61 ceccHH YtieHoro coaeTa 011H11 13-15 HHBapH ,[(y6Ha 100 
2. KoMHTeT TionHOMOtiHhiX Tipe,D;cTa-

BHTeJieH CTpaH-ytiaCTHH~ 3-5 MapTa ,[(y6Ha 80 
3. KoMHTeT ITO CTpyKType H,D;pa 7-9 aiTpenH .[(y6Ha 30 
4. KOMHTeT ITO HeHTpOHHOH <!>H3HKe 7-9 aiTpenH .[(y6Ha 30 

5. KoMHTeT ITO <PH3HKe TH:>KeJibiX HOHOB 7-9 aiTpenH .[(y6Ha 30 

6. KaMepHbiH KOMHTeT 14-16 aiTpenH ,[(y6Ha 30 

7. <l>OT03MYJihCHOHHbiH KOMHTeT 14-16 aiTpenH .[(y6Ha 30 

8. KoMHTeT ITO 3neKTpOHHbiM 

3KCITepHMeHTaM 14-16 aiTpenH .[(y6Ha 30 
9. 62 ceccHH YtieHoro coaeTa 011H11 

H ero ceK~HH ITO <PH3HKe BbiCOKHX 

3HeprHif, <PH3HKe HH3KHX 3HeprHH 

H TeopeTHtieCKOH <!>H3HKe 2-5 HIOHH ,[(y6Ha 100 
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10. Cose~aHHe KoHTpOJI&HoH: KOMHCCHH 

<l>HHaHCOBOrO KOMHTeTa 9-11 moHR ,[(y6Ha 20 
11. KOMHTeT no CTpyKType R,ll;pa 13-15 OKTR6pR ,[(y6Ha 30 
12. KoMHTeT no HempoHHoH: cPH3HKe 13-15 OKTR6pR ,[(y6Ha 30 
13. KoMHTeT no cPH3HKe TmKeJihiX HOHOB 13-15 OKTR6pR ,[(y6Ha 30 
14. KaMepH&IH KOMHTeT 20-22 OKTR6pR .D:y6Ha 30 
15. KoMHTeT no 3JieKTpOHHhiM 

3KCnepHMeHTaM 20-22 OKTR6pR .D:y6Ha 30 
16. <l>OT03MYJihCHOHHbiH KOMHTeT 20-22 OKTR6pR ,[(y6Ha 30 
17. 3ace,ZJ;aHHe <l>HHaHCOBOrO KOMHTeTa 10-12 HOR6pR ,[(y6Ha 20 
18. CeKQIDI Y1leHoro coseTa OIUIH no 

cPH3HKe BbiCOKHX 3HeprHH 24-26 HOR6pR ,[(y6Ha 30 
19. CeK~R Y1leHoro coseTa OH.RH no 

TeopeTH1leCKOH cPH3HKe 27-28 HOR6pR ,[(y6Ha 30 
20. CeKUHR Y1leHoro coseTa OH.RH no 

cPH3HKe HH3KHX 3HeprHH 1-3 ,ZJ;eKa6pR ,[(y6Ha 30 
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nEPE'4EHb 

M8HCAYH8poAHbiX M H~MOH8JibHbiX I<OHciJepeH~MM, CMMn03MYMOB, COB8!14atMM M WI<On, 

a KOTopbiX nPMHMManM y'IBCTMe cne~anMCTbl 

06'b8AMHeHHoro MHCTMT'(T8 RA8PHbiX MCcneAOBatMM B 1987 rOAY 

NQNQ HaHMeHOBaHHe Mecro BpeMH KonH11eCTBo 

nn npoae,neHHR: npoae,neHHR: Y111lCTHHKOB 

B cTpanax-y llaCTHUilaX 

1. IllKona-ceMHHap no cynepcHMMeTpHH, CCCP, 

cyneprpaBHT~HH H cynepcTpyHaM llpoTBHHO 5-14 R:HBapR: 11 
2. XII Bcecoi03HaR: wKona no R:,nepHhiM 

B3aHMO,r(eHCTBHR:M npH BbiCOKHX CCCP, 

3HeprHR:x EaKypHaHH 15-24 R:HBapR: 6 
3. 2 Bcecoi03HhiH CHMn03HYM ")l(H,nKO- CCCP, 

KpHCTannH11eCKHe nonHMepbi" Cy3,nanh 20-23 R:HBapR: 2 
4. Me)f()l;yHapo,nHaR: wKona no pacceR:HHIO r.nP, 

npOTOHOB Ill TaAT BeneH 25-30 R:HBapR: 4 
5. KoHQ>epeHUHR: "CoapeMeHHhie npo6neMhi CCCP, 

CTaTHCTH11eCKOH Q>H3HKH" JlbBOB 2-5 Q>eapwm 4 
6. XIV EaKypHaHcKaR: wKona no pa,nHa- CCCP, 

UHOHHOH Q>H3HKe MeTannoB H CllnaBOB EaKypHaHH 8-16 Q>eapanR: 3 
7. XXII 3HMHR:R: IUKona no Q>H3HKe aTo MHO- CCCP, 

ro R:,npa H 3neMeHTapHbiX 11aCTHU YcTh-Hapaa 8-18 Q>eapanR: 4 
8. "23 Me)f()l;yHapo,nHaR: IUKona no Teope- TIHP, 15 Q>eapanR:-

TH11eCKOH Q>H3HKe Kapnaq 1 MapTa 3 
9. XX Bcecoi03HaR: MeTeopHTHaR: KoHQ>e- CCCP, 

peHUHR: TannHH 18-20 Q>eapanR: 2 
10. IllKona-ceMHHap Mono,nhiX yqeHhiX no CCCP, 

TeXHH11ecKOH CBepxnpOBO,r(HMOCTH llpoTBHHO 8-13 MapTa 3 
11. CeMHHap no MarHeTH3MY r)lP, )loMa 16-20 MapTa 1 
12. IllKona-ceMHHap no MaiUHHHOH CCCP, 

rpaQ>HKe UaxKa,n3op 16-20 MapTa 2 
13. 19 Me)f()l;yHapo,nHhiH cHMno3HYM no r.nP, 

Q>H3HKe pa,n~HOHHOH 3aii.\HTbl E a,n-IllaH,nay 24-27 MapTa 1 
14. Me)f()l;yHapo,nHaR: KOHQ>epeHUHR: no qccP, 

Q>H3HKe llna3Mbl KHeB 6-12 anpenR: 3 
15. Me)f()l;yHapo,nHoe pa6o11ee coaemaHHe 

no TeXHHKe MHKpOTpOHa H HCnOnh30- TIHP, 

BaHHIO TOpM03HOrO H3ny11eHHR: Bapwaaa 7-9 anpenR: 1 
16. KoHQ>epeHUHR: no cna6hiM H CHnbHhiM CCCP, 

B3aHMO,r(eHCTBHR:M H rpaBHT~HH MocKBa 7-9 anpenR: 30 
17. V Bcecoi03HhiH ceMHHap "llporpaMMa 

3KCnepHMeHTanbHhiX HCCne,nOBaHHH CCCP, 

Ha Me30HHOH Q>a6pHKe" 3BeHHropo,n 12-15 anpenR: 20 
18. Me)f()l;yHapo,nHhiH ceMHHap no npo6neMe CCCP, 

peanH3~HH KoMnneKCHOH nporpaMMhi HTTI KHWHHeB 13-17 anpenR: 1 
19. 3 7 CoaemaHHe no R:,nepHOH cneKTpo- CCCP, 

CKonHH H CTPYKType R:,npa lOp Mana 14-16 anpenR: 30 
20. Bcecoi03HaR: KoHQ>epeHUHR: "CoapeMeH- CCCP, 

Hhie npo6neMhi Q>H3HKH H ee npHno:>KeHHR:" MocKBa 19-21 anpenR: 2 
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21. XI Pa,u;HoXHMHtleCKaR Kou<f>epeuuiDI qccP, 

MapHaucKe-
Jl83ne 21-25 anpen11 6 

22. BecenHIIIIIIIKona no <f>H3HKe BbiCOKHX r,nP, 
3ueprm':f XonLuxay 21-29 anpen~~ 3 

23. 2 Pa6oqee coaei..QaHHe "HeuyKnOHHbie CCCP, 
cTeneuH cao6o,n;bi a 11,n;pax" raHHHa 20-24 anpen~~ 5 

24. Coaei..QauHe no <f>H3HKe H TexnHKe r,nP, 
HH3KHX TeMnepaTyp rayccHr 21-24 anpen11 5 

25. Me)K)l;yuapOAHhiH CHMno3HYM no 3neK- r,nP, 
TpOHHOH CTpyKType MeTannOB H CMaBOB rayc Hr 27-30 anpen11 4 

26. 4 Coaei..QauHe no ~~,D;epHbiM auanHTHqecKHM r,nP, 

MeTO,D;aM ,npe3,neu 4-8 Mall 3 
27. Pa6oqee coaei..QauHe "A.n;poubi-87" CCCP, KHeB 4-7 MaR 3 
28. 25 IIIKona no 11,n;epuoH: <PH3HKe r,nP, Xonhuxay 4-9 Mall 4 
29. V BcecoJ03HbiH ceMHHap no BbiCOKoqac- CCCP, 

TOTHOH penRTHBHCTCKoH: 3neKTpOHHKe HoaocH6HpCK 5-7 MaR 3 
30. 22 Me)K)l;yuapo.n;uaR IIIKona no <f>H3HKe TIHP, 3aKonaue 6-13 Mall 1 
31. III BcecoJ03HbiH CHMno3HYM no Bbil!HCnH- CCCP, 

TenbHOH TOMOrpa<f>HH KHeB 11-15 Mall 3 
32. Koop.n;HHauHouuoecoaei..QaHH~no CCCP, 

<f>H3HKe BbiCOKHX 3HeprHH Epeaau 12-14 Mall 4 
33. Bcecoro3HaR Kou<f>epeuuiDI no H36pauHbiM CCCP, 

aonpocaM TeopHH TBep,n;oro Tena 3aeuHropo,n; 13-17 Mall 3 
34. Me)K)l;yuapo,n;uaR Kou<f>epeuuiDI HPB, 

"OnTHKa-87" Bapua 18-27 Mall 1 
35. VII Bcecoro3HbiH cHMn03HYM no <f>H3HKe 

HHTeHCHBHbiX HCTOliHHKOB HOHOB CCCP, 
H HOHHbiX nyqKOB KHeB 18-24 Mall 2 • 

36. Bcecoro3Hall IIIKona-coaei..QauHe "MaTeMa-
THqeCKHe npo6neMbl CTaTHCTHqeCKOH CCCP, 
MeXaHHKH H KBaHTOBOH TeOpHH non11" KyH:6billleB 18-23 Mall 7 

37. Bcecoro3uoe coaei..QauHe "Tipo6neMbi 
nOBbillleHIDI 3<f><f>eKTHBHOCTH HCnOnh30Ba- CCCP, 
HHII uayquo-TexnHl!ecKoro noTeuuHana" 3aeuHropo,n; 18-20 Mall 2 

38. V BceCOl03HOe COBei..QauHe no aKTHBaQHOH-

HOMY auanH3Y H ,n;pyrHM pa,u;HoauanHTH- CCCP, 
qecKHM MeTO,ll;aM TalllKeuT 19-21 Mall 9 

39. IV Bcecoro3HaR Kou<f>epeuuiDI "Hayquo-
TeXHHqecKHe npo6neMbl H ,ll;OCTH)f(eHIDI CCCP, 
B KpHoreHHOH TeXHHKe" MocKaa 20-22 Mall 2 

40. XVII Coaei..QauHe no <PH3HKe B3aHMo.n;eH:cT- CCCP, 
BID! 3apR)f(eHHbiX qaCTHQ C KpHCTannaMH MocKBa 25-27 Mall 2 

41. IV Me)K)l;yuapo,ll;HbiH ceMHHap " KaauTOBaR CCCP, 
TeOpHII rpaBHTaQHH" MocKBa 25-29 Mall 6 

42. Me)K)l;yuapo,n;uhiH cHMno3HYM "MroouHbiH: CCCP, 
KaTMH3-87'' raTqHHa 25-30 Mall 13 

43. X BcecoJ03HbiH ceMHHap no nHueH:uhiM CCCP, 
ycKOpHTeniiM 3apll)f(eHHbiX qaCTHU XapbKOB 2-4 HIOHII 4 

44. EaponeH:CKall Kou<f>epeuuiDI no r,nP, 

KOMnbroTepuoH: anre6pe JieH:nuHr 2-5 HIOHII 3 
45. CHMn03HYM "<l>H3HKa ,n;eneHIDIII,ll;ep" CCCP ,06HHHCK 2-5 HIOHII 20 
46. IIIKona-ceMHHap no TBep,n;orenhHbiM CCCP, 

TpeKOBbiM ,n;eTeKTopaM H aaTopa,u;Horpa<f>HH O,n;ecca 1-6 HIOHII 3 
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47 . 27 KpaKoBCKaH UIKona no TeopeTHt~eCKOH llHP, 

<}>H3HKe 3aKonaHe 8-16 HIOHR 1 
48. VIII Bcecoi03Hoe cosem;aHHe no ,no3HMeT-

pHH HHTeHCHBHbiX nOTOKOB HOHH3HpyiO- CCCP, 

lli;HX H3Jlyt~eHHH 06HHHCK 9-11 HIOHR 1 
49. CeMHHap "KoJIJieKTHBHaH R,nepHaR CCCP, 

,D;HHaMHKa'' O.necca 9-11 HIOHR 8 
50. CeMHHap "3neKTpoMarHHTHbie B3aHMO-

,neHCTBHR a,npOHOB B pe30HaHCHOH CCCP, 

o6nacTH 3HeprHii" XapbKOB 9-11 HIOHR 1 

51. Me)KJI;yHapo,nHaR lllKOJia H KOJIJIOKBHYM 

no TeopeTHKo-rpynnoBbiM MeTo,naM HPB, 
B <}>H3HKe BapHa 10-20 HIOHR 2 

52. 8 Me)KJI;yHapo,D;HaR KoH<}>epeHUHR no 
R,D;epHOH <}>H3HKe npOMe)I()TTO'IHbiX BHP, 
3HeprHH BanaToH<}>rope.n 8-13 HIOHR 6 

53. 7 IIIKona no MHKpOKOMDbiOTepaM qccP, 

B <}>H3HKe BexHHe 9-18 HIOHR 3 
54. CHMn03HYM no <}>H3HKe BbiCOKHx 3HeprHii qcCP, JlH6JIHQe9-13 HIOHR 7 
55. CHMn03HYM "AKTYaJibHhie sonpochi 

TeOpHH H npaKTHKH nonyt~eHHR H npH- CCCP, 
MeHeHHR MaTepHaJIOB <l>ll" MocKBa 15-17 HIOHR 4 

56. Me)KJI;yHaponHhiH cHMno3HYM "HoseiiUIHe CCCP, 
,D;OCTH)KeHHR R,D;epHOH <}>H3HKH" HosocH6HpCK 27 HIOHR - 1 HIOJIR 15 

57. X Me)KJI;yHapo,nHbiH ceMHHap no <}>H3HKe CCCP, 
BbiCOKHX 3HeprHH H TeOpHH nOJIR llpoTBHHO 6-12 HIOJIR 15 

58 . • XI Me)KJI;yHapo,D;HaR KoH<}>epeHUHR " Bhl- CCCP, 
COKHe ,D;aBJieHHR B HayKe H TeXHHKe" KHeB 12-17 HIOJIR 2 

59. X Me)KJI;yHapo,nHaR KoH<}>epeHUHR " M ano-

yrnosoe pacceRHHe H conyTcTsyrow;He qccP, 

MeTO,!J;bi" llpara 13-17 HIOJIR 2 
60. XX Me)KJI;yHapo,nHaR KOH<}>epeHUHR no CCCP, 

KOCMH'IeCKHM Jiyt~aM MocKBa 2-15 asrycTa 2 
61. 3 Pa6ot~ee cosew;aHHe no HoH-aTOMHbiM BHP, 

CTOJIKHOBeHHRM npH BbiCOKHX 3Hepr HRX ,Ue6peueH 3-6 asrycTa 3 
62. XI Me)KJI;yHapo,D;HaR KOH<}>epeHUHR no BHP, 

HeJIHHeHHbiM KOJie6aHHRM B y,naneUIT 17-23 asryCTa 3 
63. 8 Me)KJI;yHapo,nHhiH KOHrpecc no nor HKe, CCCP, 

MeTO,D;OJIOrHH H <}>HJIOCO<}>HH Hay}\H MocKsa 17-22 asryCTa 2 
64. KoH<}>epeHUHR no TpaHcnopTHpOBKe qccP, 

RBJieHHH B paTHcnasa 18-22 asrycTa 1 
65. 12 KoH<}>epeHUHR no aMop<}>HbiM qccP, 

nonynpOBO,D;HHKaM llpara 24-28 asryCTa 2 
66. VI Bcecoro3HaH UIKona-ceMHHap 

"CospeMeHHOe COCTORHHe H nepcneKTHBbl 

pa3BHTHR 6a3hiAaHHbiX IDU1C, nyTH noBhi- CCCP, 
llleHHR 3<}><}>eKTHBHOCTH ee HCnOnb30BaHHR" 06HHHCK 24-30 asryCTa 3 

67. 2 Me)KJI;yHapo,D;HbiH CHMn03HYM no qccP, 

'IHCJieHHOMy aHaJIH3Y llpara 24-28 asrycTa 1 
68. 7 KoH<}>epeHUHR couHanHCTH'IecKHX cTpaH qccP, 31 asryCTa-

no )KH,IJ;KHM KpHCTaJIJiaM llap.ny6Hue 4 CeHTR6pR 1 
69. Pa6ot~ee cosew;aHHe no XHMHH acTaTa BHP ,By.nanelilT 1-3 ceHTR6pR 1 
70. Me)KJI;yHapo,D;HaR lllKOJia no R,nepHoii llHP, 

<}>H3HKe MHKOJiaHKH 1-13 CeHTR6pR 4 
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71. 2 Me~yHapOAHhiH KOJIJIOKBHYM r.llP, 

no HHQlOpMaQHH Mar,IJ;e6ypr 1-8 CeHTH6pH 1 
72. I BcecoJ03HhiH ceMHHap MOJIO,Il;hiX yt~eHhiX 

"YcKOpHTeJIH 3apH:>KeHHhiX l.laCTifi~ CCCP, 

H pa,D;HaQHOHHaH QlH3HKa'' MocKBa 5-11 CeHTH6pH 1 
73. Pa6ot~ee coaei.QaHHe no cenapa6eJihHhiM 

B3aHMO,IJ;eHCTBHHM B ,IJ;HHaMHl.leCKHX BHP, 

CHCTeMaX By,IJ;aneliiT 7-11 CeHTH6pH 3 
74. 4 CHMn03HYM no Q>mHKe noaepxHocTeu qccP, B exHHe 7-11 CeHTH6pH 1 
75. XVIII Me~yHapo,D;HhiH cHMn03HYM no CCCP, 

MHOrOl.laCTHl.IHOH ,IJ;HHaMHKe TawKeHT 8-12 CeHTH6pH 6 
76. IV CoaeTCKO-HTaJibHHCKHH cHMn03JiYM CCCP, 

no TeopeTHl.leCKOH QlH3HKe MocKBa 9-19 CeHTH6pH 2 
77. 9 KoHQ>epeHQHH EaponencKoro QlH3Ht~ec-

KOrO 06I.QeCTBa ( "0T XOJIO,Il;HhiX HPB, 

K rOpHl.IHM aTOMaM") BapHa 13-18 CeHTH6pH 3 
78. Coaei.QaHHe no nporpaMMe 3KcnepHMeH- CCCP, 

TaJibHhix HCCJie,IJ;OBaHHH Ha YHK TipOTBHHO 14-19 CeHTH6pH 20 
79. Me~yHapo,D;HaH KOHQ>epeHQHH "3Kcne-

pHM€HTbl H 3KCnepHMeHTaJibHaH MeTO,Il;HKa qccP, 

B QlH3HKe BbiCOKHX 3HeprHH" BexHHe 14-18 CeHTH6pH 8 
80. CeMHHap-coaei.QaHHe "BaKyyM KX.ll CCCP, 

H CTpyKTypa a,D;pOHOB" TawKeHT 14-22 CeHTH6pH 7 
81. CeMHHap "ABTOMaTH3HpoBaHHoe pa6ot~ee CCCP, 

MecTO nporpaMMHCTa" HoaocH6HpcK 15-17 CeHTH6pH 1 
82. 3 KoHQ>epeHQHH "ABTOMaTH3aQHH HPB, 

HHQlOpMaQHOHHOrO o6CJiy:>KHBaHHH" Byprac 17-20 ceHTH6pH 1 
83. Pa6ot~ee coaei.QaHHe no coaeTCKO-QlHH- CCCP, 

CKOMy npoeKTY "CQ>HHKC" raTl.IHHa 20-26 CeHTH6pH . 3 
84. Me~yHapo,D;Hoe coaei.QaHHe no npo6ne- TIHP, 

MaM KBaHTOBOH QlH3HKH r,Il;aHbCK 20-25 CeHTH6pH 1 
85. Me~yHapo,D;HaH liiKOJia no MarHHTHOMY CCCP, 

pe30HaHCY HoaocH6HpCK 20-26 CeHTH6pH 1 
86. Me~yHapOAHaH KoHQ>epeHQHH no CCCP, 

HeHTpOHHOH QlH3HKe KHeB 21-25 CeHTH6pH 32 
87 . CeMHHap "Tipo6neMhi H npHMeHeHHe HPB, 

HCKyCCTBeHHOrO HHTeJIJieKTa" BapHa 21-25 CeHTH6pH 2 
88. BcecoJ03HaH liiKOJia-ceMHHap "Coape- CCCP, 23 CeHTH6pH -

MeHHhie MeTO,Il;hl KBaHTOBOH TeopHH noJIH" EpeaaH 2 OKTH6pH 3 
89. Me~yHapo,D;HaH WKoJia no HeJIHHeHHhiM HPB, 28 CeHTH6pH-

,Il;HQlQ>epeHQ~aJibHbiM ypaaHeHHHM BapHa 3 OKTH6pH 3 
90. X KoHQ>epeHQHH MOJIO,Il;hiX yt~eHhiX no CCCP, 29 CeHTH6pH -

TeopeTHl.leCKOH QlH3HKe KHeB 1 OKTH6pH 2 
91. Me~yHapo,D;HhiH cHMn03HYM no MHKpo- BHP, 29 CeHTH6pH -

KOMnhlOTepaM H MHKponpOQecCOpaM By,IJ;aneliiT 1 OKTH6pH 4 
92. X Me">K.nyHapOAHaH KoHQ>epeHQHH "Coape-

MeHHbie MeTO,Il;hl B peHTreHOBCKOM H HeH- qccP, 

TpOHHOM aHaJIH3e CTpyKTyphl MaTepHaJIOB" KapnoBH-BapH 3-9 OKTH6pH 2 
93. Me~yHapo,D;HhiH CHMno3HYM no TeopHH r.llP, · 

3JieMeHTapHbiX l.laCTHQ 3eJIJIHH 12-17 OKTH6pH 1 
94. 8 Me~yHapo,D;HaH WKona no QlH3HKe H,D;pa, HPB, 

HeHTpOHHOH QlH3HKe H H,D;epHOH 3HepreTHKe BapHa 19-28 OKTH6pH 5 
95. BcecoJ03HaH WKona "AaToMaTH3aQHH H CCCP, 

3QlQleKTHBHOCTb Hayl.IHhiX HCCJie,IJ;OBaHHH" TipOTBHHO 19-30 OKTH6pH 2 
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96. Bcecoro3Ha.R IIIKOJia "Teopernt~eCKHe H 
npHKJia.D:Hbie npo6JieMbl BblliHCJIHTeJibHOH CCCP, 
MaTeMaTHKH H MaTeMaTHtleCKOH cpH3HKH" O,D;ecca 16-25 OKTH6pH 2 

97. illKOJia "CHCTeMbl aHaJIHTHtleCKHX BblliHCJie-
HHH Ha 3BM H HX npHJio:JKeHHH CCCP, 
B TeXHHKe" MocKBa 19-30 OKTH6pH 1 

98. CHMn03HYM "MexaHH3Mbi 6HoJiorHqecKoro CCCP, 
,D;eHCTBHH 3JieKTpOMarHHTHbiX H3JiytleHHH" llyuumo 27-31 OKTH6pH 1 

99. illKOJia no cpyHKUHOHaJibHOMy aHaJIH3Y r.[(P,rproHxeH,ll; 2-14 HOH6pH 1 
100. 17 Me:JKAyHapo,D;HbiH cHMn03HYM no r.[(P, 

H,D;epHOH cpH3HKe rayCCHr 9-13 HOH6pH 1 
101. 26 KoHcpepeHUHH cTpaH C3B no cpH3HKe BHP, 

HH3KHX TeMnepaTyp ByAaneiiiT 16-20 HOH6pH 6 
102. Me:JKAyHapOAHaR KOHcpepeHUHH ''CTpy KTy- qccP, 

pa a,n:pOHOB-87" CMoJieHnue 16-20 HOH6pH 3 
103. Me:JKAyHapOAHhiH ceMHHap "A,u.poHbi H CCCP, 

CTpyKTypa MaTepHH" MocKBa 17-20 HOH6pH 13 
104. CeMHHap n? oKCHAHhiM CUHHTHJIJIHTopaM CCCP, PHra 19-21 HOH6pH 2 
105. Me:JKAyHapo,D;Hoe pa6ot~ee coaemaHHe no 

npo6JieMaM HeJIHHeHHOH OnTHKH H KHHe- r .l1;P, 
THKH noJiynpOBO,li;HHKOB BaA-illTIOp 23-28 HOH6pH 1 

106. V Bcecoro3Ha.R KOHcpepeHUHH "AKTyaJihHhie 
npo6JieMbl BblliHCJIHTeJihHOH H npHKJia,D;HOH CCCP, 
MaTeMaTHKH'' HoaocH6upcK 24-26 HOH6pH 3 

107. KoHcpepeHUHH "OnhiT HHTerpauHH Hay KH CCCP, 
H npoH3BOACTBa cTpaH·t(JleHOB C3B" flhBOB 23-27 HOH6pH 1 

108. 3. BcecOI03HaR KOHcpepeHQHH no XHMHH CCCP, 
HenTyHHH H nJIYTOHHH fleHHHrpa.n: 24-26 HOH6pH 4 

109. XII Bcecoro3Ha.R HaytiHo-TeXHHtleCKaR 
KOHcpepeHUHH "BbiCOKOCKOpOCTHaR 
cpoTorpacpHH H MeTJ>OJIOrHH 6biCTp0· CCCP, 30HOH6pH-
npoTeKaromHx npoueccoa" MocKaa 4 AeKa6pH 2 

110. CHMn03HYM JiaTHHOaMepHKaHCKHx cTpaH Pecny6JIHKa 
no cpH3HKe TBep,D;oro TeJia Ky6a, raaaHa 7-14 AeKa6pH 1 

111. Me:JKAyHapOAHaR KoHcpepeHUHH "KoMnhiO· r.lJ;P, 
Tephi H MHKponpoueccopHaR TeXHHKa" Mar,D;e6ypr 8-10 AeKa6pH 4 

112. CosemaHHe no TeopeTHtleCKHM npo6JieMaM CCCP, 

MIO· KaTaJIH3a MocKBa 12-16 AeKa6pH 6 

B CTp aHax-Hey'laCTHUijax 

1. Me:JKAyHapOAHaR IIIl<:oJia no cpH3HKe ABcTpHH, 
illJia,D;MHHr 17-27 cpeapanH 2 

2. KoHcpepeHUHH no ycKopHTeJIHM CIIIA, 
3apH:lKeHHbiX tlaCTHU BaiiiHHrTOH 16-19 MapTa 1 

3. VII Me>KAyHapo,D;HaR KoHcpepeHullil no 
cpH3HKe KOH,D;eHCHpOBaHHbiX Cpe,D; 11TaJIHH,llH3a 7-10 anpenH 3 

4. MeiK,ll;yHapOAHaR KOHcpepeHUHH no 
co,D;eHCTBHIO MeiK,ll;yHapo,D;HoMy coTpy AHH· 
tleCTBY B o6JiaCTH MHpHOrO HCnOJib30BaHHH IIIaeH:uapHH, 23 MapTa-
aTOMHOH 3HeprHH )l(eHeaa 10 anpeJIH # 1 

5. Me)l()l;yHapOAHhiH ceMHHap "Me30Hbi H .RnoHHH, 
KBapKH B H,D;pe" KHOTO 15-18 anpenH 1 
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6. XI Me)K)J;yHapo.n;HaR: KoHcpepeHL(IDI no .HnoHH.fl, 

tJaCTHL(aM H .FI.n;paM KHOTO 20-24 anpeJI.fl 3 
7. Me)K)J;yHapo.n;HaR: IllKona no nonHMepHOH 11TanHH, 27 anpen.FI-

cPH3HKe TpHecT 15 Ma.FI 1 
8. XV Coaemrume coTpy.n;HHKOB no CB.fi3H ABcrpH.FI, 

c 11Hl1C BeHa 11-14 Ma.fl 1 
9. II Me)K)J;yHapo.n;Ha.FI KOHcl>epeHL(IDI no <l>HHn.FIH.n;IDI, 

CTaTHCTHKe TaMnepe 1-4 JOOH.fl 3 
10. iliKOna MOnO,U:biX cPH3HKOB H 3aCe,U:aHHe 

pa6oqeif rpynnhi 11K<l>A no .u;eTeKTopaM 11TaniDI, 

llaCTHL( TpHecT 8-19 JOOH.fl 1 
11. Pa6oqee coaemaHHe coTpy.n;HHtJeCTBa no 

3KCnepHMeHTaM C nytJKOM MelleHbiX 11TaniDI, 

HeHTpHHO llH3a 15-20 IOOH.fl 2 
12. Me)K)J;yHapo.n;HaR: KOHcl>epeHL(H.fl no KpHo-

reHHOH TeXHHKe H KpHoreHHbiM CiliA, 

MaTepHanaM BaTaBIDI 14-18 IOOH.fl 1 

13. Me)K)J;yHapo.n;HaR: IllKona no cPH3HKe 

"PeaKL(HH C T.fi:>KenbiMH HOHaMH H HOBbie J1TaJIH.fl , 22 IOOH.fl-

HanpaaneHIDI B .FI.n;epHOH cPH3HKe" BapeHHa 3mon.FI 2 
14. Me)K)J;yHapo.n;HaR: KoHct>epeHL(IDI no iliBel.(H.fl, 25 JOOH.FI-

cPH3HKe BbiCOKHX 3HeprHH Ynncana 1 mon.FI 7 
15. Cnel.(HanLHaR: A.u;pHaTHtJeCKaR: KoHct>epeH- 11TanH.FI , 

l.(H.fl no BbiCOKOTeMnepaTypHOH caepxnpo- TpHecT 6-8 mon.FI 5 
BO,U:HMOCTH 

16. Pa6oqee coaemaHHe "T.FI:>Kenhie 3ap.FI:>KeH- <I>Pr, 

Hble llaCTHL(bl B 6HonorHH H Me,U:Hl.(HHe" .[lapMillTa.D;T 13-15 mon.FI 2 
17. VIII Me)K)J;yHapo.n;HbiH KOHrpecc no BenHKo6pHTa-

pa,u;Hal.(HOHHbiM HCCne.D;OBaHIDIM HIDI ,3.n;HH6ypr 27-31 mon.FI 2 
18. Me)K)J;yHapo.n;HhiH CHMn03HYM no nenToH-

cPOTOHHbiM B3aHMO,U:eHCTBIDIM npH <I>Pr, 

BbiCOKHX 3HepriDIX raM6y pr 27-31 mon.FI 2 
19. Me)K)J;yHapo.n;HaR: IllKona no cy61>.FI.n;epHoH: 11TanHH, 

cPH3HKe 3pHtie 6-14 aarycTa 1 
20. AcneHCKoe pa6oqee coaemaHHe no CiliA, 

TOOpeTHllecKOH cPH3HKe AcneH 10-31 aarycra 1 
21. reHepaJibHaR: accaM6ne.FII110llAK. CHMno- CillA,B oCTOH 

3HYM no XHMHlleCKHM H .fl.n;epHbiM HoBbiH 18 aarycTa --

CBOHCTBaM TpaHCMYTOHHeBbiX 3neMeHTOB OpneaH 4 ceHT.FI6p.FI 1 
22. 18 Me)K)J;yHapo.n;HaR: KoHct>epeHL(IDI no 

cPH3HKe HH3KHX TeMnepaTyp. CHMn03HYM .finOHIDI,KHOTO 20-26 aarycTa 2 

no cPH3HKe caepXHH3KHX TeMneparyp Haro.FI 27-30 aarycTa 

23. Me)K)J;yHapo.n;HaR: KoHct>epeHL(IDI no pactJeTy ABCTpiDI, 

3neKTpOMarHHTHbiX noneif "KoMnblOMar-87"rpal.( 25-28 aarycTa 2 

24. VI Me)K)J;yHapo.n;HbiH CHMn03HYM no BenLrH.FI, 31 aarycTa-

cneKTpOCKOnHH raMMa-nyqeif 3axBaTa JieaeH 4 CeHT.F16p.FI 2 
25. IX Me)K)J;yHapo.n;Ha.FI KOHcl>epeHL(IDI no rpa- <I>Pr, 31 aarycTa-

HHlJHbiM 3neMeHTaM B TeXHHKe iliTyTr pT 4 ceHT.FI6p.FI 1 
26. Me)K)J;yHapo.n;HaR: KoHct>epeHL(IDI no no3H- BenH:r<o 6pHTa-

l.(HOHHO·liYBCTBHTenLHbiM .n;eTeKTOpaM HIDI,JlOH.n;OH 7-11 CeHT.FI6p.FI 1 
27. Me)K)J;yHapo.n;Hoe pa6oqee coaell.(aHHe 

"J1HTepct>epOMeTpH.F1 BOnH MaTepHH". 

CHMn03HYM, nocB.Fill.(eHHbiH 100-neTmo ABCTpiDI, 

co .n;H.FI po:>K.n;eHHH 3 .Ill pe.n;HHrepa BeHa 14-19 CeHT.FI6p.FI 2 

139 



28. Me:>K,D;yHapOAHaH KOH<l>epeH~HH no R,D;paM, KaHana, KnHB-
YAaiieHHbiM OT !IHHHH 6eTa-CTa6HJibHOCTH neHn-Xayc 14-19 CeHTR6pR 2 

29. Me:>K,D;yHapoAHhlli cHMn03HYM no MHKp o- BenHKo6pH-
npo~eccopaM H MHKponporpaMMHpOBaHIDO TaHHR, 
"EBpOMHKpo-8 7" llopTCMYT 14-17 CeHTR6pR 2 

30. Me*AYHapo,D;HaH WKona no <l>H3HKe IOrocnaaHR! 20 CeHTR6pR -

:meMeHTapHbiX llaCT~ ,lJ;yHJIOBO 4 OKTR6pR 1 
31. X Me:>K,D;yHapo,D;HaH KoH<l>epeH~HH no CiliA, 

MarHHTHOH TeXHO!IOrHH BocToH 22-26 CeHTR6pR 1 
32. Me:>K,D;yHaponHoe coBemaHHe "Bo36y:>K,D;eHHe 

rHraHTCKHX pe30HaHCOB B CTO!IKHOBeHHHX HTanHH, 
TR)I(e!IbiX HOHOB'' nanyR 21-25 CeHTR6pR 2 

33. 3ace,D;aHHe Me:>K,D;yHaponHoro KOMHTeTa no CiliA, 
6ynyi..UHM ycKopHTeiiRM (HKCl»A) BpyKxeHBeH 5-9 OKTR6pR 1 

34. II Pa6ot~ee coBei..UaHHe no yCTaHOBKaM H 
,IJ;03HMeTpHH pa,D;HOTepaneBTHlleCKHX nyq. CiliA, 

KOB 3apR)I(eHHbiX llaCTH~ JloMa-JlHH,D;a 12-14 OKTR6pR 1 
35. III Me:>K,D;yHaponHoe coBemaHHe "KoH~en-

~HH BepORTHOCTH", nOCBHI..UeHHOe 100- rpe~HH, 

IIeTHIO co AHR po:>K,D;eHHH 3.IlipenHHrepa LJ;enb<l>bi 12-17 OKTR6pR 2 
36. Ko!I!IeA* no pHMaHOBbiM noBepXHoCTHM lfTanHR:,TpHecT 30 HOR6pR- 12 ,D;eKa6pR 1 

• 



D6mEMHCTMTYTCKME 
cnYlK6bl 



_, ----

OT~En 
PAllHAQHOHHOABE30llACHOCTH 
HPAllHAUHOHHhlXHCCnE~OBAHHA 

L(eRTenLHOCTL 0T)l;ena PMHaQHOHHOH 6 e-

3orracHOCTH H pa,ll;HaQHOHHbiX HCCne)l;OBaHHH 

B 1987 ro)l;y 6bma HarrpasneHa Ha o6ecrretJe

HHe pa,ll;Ha.L\HOHHOrO KOHTpOnH Ha paOOtJHX 

MeCTax COTpy,ll;HHKOB 11HCTHTyTa H B OKp y

:>Karome:H: cpe,ll;e, pa3pa6oTKY H BHe,ll;peHHe 

HOBbiX Cpe,ll;CTB KOHTpOnH, B TOM tJHcne aB

TOMaTH3HpOBaHHbiX CHCTeM, Ha IIO)l;rOTOBKY 

pa6oT rro co3)l;aHHIO orropHbiX rrone:H: H3n y

tJeHHH:, a TaK:>Ke Ha IIpOBe)l;eHHe pa,ll;HaQHOHHbiX 

HCcne)l;OBaHHH B HOBbiX HeH3ytJeHHbiX pe:>KH

Max paOOTbi H,ll;epHO-$H3HtJeCKHX yCTaHOBOK. 

Pa.n;H~HoHHbm KOHTponL ocymecTsm m

cn Ha cne)l;yromHx H,ll;epHo-$H3HtJecKHx ycTa

HOBKax 011HI1: 

- HMIIynLCHOM 6biCTpoM peaKTOpe 11BP-3 0; 

- HMIIynLCHOM 6biCTpoM peaKTope 11BP-2; 

- CHHXpO$a30TpoHe B pe:>KHMe YCKOpeHHH 

IIpoTOHOB H penHTHBHCTCKHX H,ll;ep C 3Hep

meH HeCKOnbKO r3B/HyKnoH; 

- $a30TpOHe IIpH pa6oTe Ha 3KCIIepHMeHT 
• 

H B pe:>KHMe Hana)l;KH KaHanOB TpaHCIIOp-

THpoBKH IIYtiKOB; 

- ~HKnoTpoHax Y-200, Y-300 H Y-400 B pe

:>KHMax yCKOpeHHH HOHOB C 3HeprHHMH )l;O 

20 M3B/HyKnoH; 

- MHKpoTpoHe MT-25 Ha 3Heprmo 3neKTpo

HoB 25 M3B; 

- IIpOTOTHIIe KOnneKTHBHOrO yCKOpHTenH rrep

BOH ot~epe,ll;H KYTI1-20, a TaK:>Ke lli1Y-300 0; 

- nHHeHHOM yCKOpHTene 3neKTpOHOB lli1Y-30 

rrpH 3HeprHH )l;O 8 M3B B pe:>KHMe rrycKo-Hana

)l;OtJHbiX paOOT, IIpH rrpoBe)l;eHHH paOOT C pa,ll;HO

aKTHBHbiMH semeCTBaMH H ,ll;pyrHMH HCTOtJHH

KaMH HOHH3HpyiOmHX H3nytJeHHH. 

KoHTponL pa.n;HaQHOHHOH o6cTaHOBKH H 

HH)l;HBH)l;yanLHbiX )];03 BHeiiiHero o6eytJeHHH 

rrepcoHana B 30Hax PMHa.L\HOHHoro B03)l;e:H:

CTBHH II03BOnHn opraHH30BaTb )l;eHTenLHOCTb 

IIO,ll;pa3)l;eneHHH 11HCTHTyTa TaK, liTO ro)l;OB OH 

yposeHL o6nyt~eHHH rrepcoHana H HaceneHHH 

He rrpeBbiCHn HH rrpe,ll;enbHO )l;OIIYCTHMbiX 

)l;03, HH rrpe,ll;enos )];03. K KOH~Y 1987 r o )l;a 

Ha HH)l;HBH)l;yanLHOM )l;03HMeTpHtieCKOM KOHT

pone (11L(K) B 011HI1 COCTOHnO 2536 tJenOBeK, 

H3 HHX 181 coTpy,ll;HHK, rrpHKOMaH,ll;HposaHHb xH 

K 011HI1 H3 CTOpOHHHX opraHH38.l\HH. ro)l;OBaH 

)l;03a o6nytJeHHH y 99% COTpy,ll;HHKOB, pa6 o-
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T;uomHx B pa.n;HaQHOHHO-Bpe,ll;HbiX ycnOBHHX 

Tpy,ll;a, He rrpeBbiCHna 15 M3B (1,5 63p), liTO 

HH:>Ke pernaMeHTHpoBaHHOH BenHtJHHbi. L(o3a 

o6nytJeHHn B oKpy:>Karome:H: cpe,ll;e oT MepHo

$H3HtJecKHx yCTaHOBOK 11HCTHTyTa COCTaBnHeT 

IIpeHe6pe:>KHMO Manyro BenHtJHHY IIO cpasHe

HHIO C IIpHpo,ll;HOH )l;030H pa.n;Ha~; pa,ll;HOaK

THBHOCTb BHeiiiHe:H: cpe,ll;bi B pa:H:oHe pacrrono

:>KeHHH 011HI1 o6ycnosneHa HanHtJHeM B He:H: 

ecTeCTBeHHbiX PMHOaKTHBHbiX 3neMeHToB H 

IIpo,ll;yKTOB rno6anLHbiX Bbiiia)l;eHHH, Ha $oHe 

KOTOpbiX BKna)l; paOOTbi yCTaHOBOK 11HCTH

TyTa B 3arpH3HeHHOCTb OKpy:>KaromeH Cpe,ll;bl 

He o6Hapy:>KeH·. 

C ~enbiO pa3BHTHH H COBepmeHCTBOBaHHH 

Cpe,ll;CTB pa.n;H~OHHOrO KOHTpoJUI COBMecTHO 

C COTpy,ll;HHKaMH llB3 BBe)l;eHa B OIIbiTHyro 

3KCrrnyaTa.L\HIO CHCTeMa KOHTponH )];03 H MOm

HOCTeH )];03 HeHTpoHOB Ha KOMrrneKCe CHHXpo

$a30TpoHa B pe:>KHMe aBTOMaTH3HpoBaHHOrO 

c6opa, HaKorrneHHH, o6pa6oTKH H rrpe,ll;cTasne

HHH HH$OpMaQHH. 11poBO)l;HnHCb paOOTbi IIO 

C03)l;aHHIO aBTOMaTH3HpoBaHHOH CHCTeMbi pa

)l;HaQHOHHOrO KOHTponH Ha yCKOpHTenLHOM 

KOMrrneKce llHP. Bse)l;eHa B OIIbiTHYIO 3Kcrrny

aTa.L\HIO aBTOMaTH3HpoBaHHaH CHCTeMa CTa.L\HO

HapHOrO )l;03HMeTpHtieCKOrO KOHTpoJUI pa,ll;HO

aKTHBHbiX a3po3onei{ H ra3a, HeHTpoHOB 

H raMMa-H3nytJeHHH Ha peaKTope 11BP-30. 

l1po,ll;On:>KanHCb HCCne)l;OBaHHH pa3nHtJHbiX 

THIIOB TepMOniOMHHeC~eHTHbiX )l;eTeKTOpoB 

(T ll,[() )l;nH HCIIOnb30BaHHH HX B HH)l;HBH

)l;yanLHOH )l;03HMeTpHH H )l;JUI KOHTponH ypoB

HeH raMMa-H3nytJeHHH H 3apH:>KeHHbiX tJaCT~ 
B oKpy:>Karome:H: cpe,ll;e. B OIIbiTHyro 3Kcrrnya

TaQmo )l;nH H3MepeHHH HH)l;HBH)l;yanLHbiX )];03 

raMMa-H3nytJeHHH rrepcoHana BHe,ll;peHbi HOBbie 

)l;eTeKTopbi Tll,[(-400. 

Bse)l;eHa B orrbiTHyro 3KcrrnyaTa.L\HIO HH3-

Ko$oHosan yCTaHOBKa raMMa-raMMa COBIIa

)l;eHHH. Pa3BHT H ycrreiiiHO orrpo6HpOBaH B pe
anLHbiX ycnoBHHX BbiCOKOtJYBCTBHTenLHbiH Me

TO)]; H3MepeHHH $niOeHCOB, 3KBHBaneHTHbiX 

)];03 H CIIeKTpoB HeHTpoHOB BbiCOKOH 3HeprHH. 

B o6naCTH pa.n;H~OHHhiX Hccne)l;oBaHHH 

3aBepUieHo" B OCHOBHOM H3ytJeHHe pa.n;~HOH

HOH o6CTaHOBKH Ha KOMrrneKCax $a30TpoHa 

llHI1 H CHHXpO$a30TpoHa llB3, IIpoBO)l;HBIIIee-



CR COBMeCTHO C Jia6opaTOpHRMH B TetieHHe 

HecKOJlbKHX JleT. 

BbiRBJieHhl OCHOBHbie HCTOQHHKH H3Jiyqe

HHR, onpe,D;eJIRIO~He pa.D;H~HOHHYIO o6cTa

HOBKY KaK BHYTPH KoMnneKcos, TaK H Ha 

npHJieraro~eH K HHM TeppHTOpHH. YTotiHe

Hbl rpaH~hi pa.D;H~HOHHhiX 30H, Hccne.D;o

BaHO BJIHRHHe HOBbiX KaHaJIOB TpaHCnop-' 

THpoBKH ny'IKOB H pe)l(HMOB pa60Tbl ycKO· 

pmene:H Ha pa.D;H~HOHHYIO o6CTaHOBKY, pa3-

pa60TaHbl peKoMeH.D;~HH no noshiWeHHIO pa

AH~HOHHOH 6e3onacHoCTH ycKopHTene:H, no3-

1. EaMfineecKuu B.ll., Kpbl/108 A.P., TUMoweHKo F.H. 
B KH.: Tpyobz X Bcecoi03Hozo coee114aHWI no ycKo
puren.RM 3ap.RJfCeHHbiX 'IOCTUZ4. OH.HH, 1!9-87-105, 
J!y6Ha, 1987, r.2, c.368. 

2. Acranoe A.A., EaMfineecKuu B.II. OH.HH, 
16-87-486,J!y6Ha, 1987. 

ODYTHOEQPOH3BOnCTBO 

B 1987 ro.D;y KOJIJieKTHB OnLITHoro npo

H3BOACTBa BhinOJIHHJI 6onLwo:H o61>eM pa6oT 

no C03.D;aHHIO B Jia6opaTOpHRX liHCTHTyTa 

6a30BbiX H 3KCnepHMeHTaJibHbiX yCTaHOBOK. 

ilpo.D;OJI)I(8JIOCb H3rOTOBJieHHe CBepxnpo

BO.D;R~eH MarHHTHOH CHCTeMbl yCKOpHTeJIR 

HyKJioTpoH (JIBS). ELmo BLmy~eHo 26 

KOMnJieKTOB KpHOCTaTOB H 65 MarHHTOnpoBO· 

.D;OB .D;HnOJlbHbiX MarHHTOB, npHCnOC06JieHHR 

AJIR HaMOTKH csepxnposo.D;~Hx nonyo6Mo

TOK .D;HnOJibHbiX MarHHTOB, OnhiTHbiH o6pa-

3eQ 3JieKTpoTeXHHt~ecKoro wKacl>a H .D;pyrHe 

y3JILI. Hat~aTLI pa6oTLI no co3.D;aHHIO KBM

pynoJILHhiX JIHH3 • 

.[VIR ycKopmenR Y-400M (JI.RPI 6LmH 

H3roTosneHLI ocros MarHHTa E-8B, .D;eTanH 

CHCTeMhl BO.D;OOXJIIDK.D;eHHR H HOHHbiX HC· 

TO'IHHKOB, ycTpoHCTBO nO.D;'beMa sepTHKaJibHO· 

ro HOHHOrO HCTO'IHHKa, 4 onopbl WTOKOB 

C IOCTHpOBO'IHbiMH yCTpOHCTBaMH, 6 KOpny

COB BaKYYMHbiX arperaTOB H 6 JIOByWeK 

K BaKyyMHhiM HaCOcaM, 10 QHJIHH.D;poB <l>a

pa.D;eR c nHeBMonpHBo.D;aMH H ApyrHe y3JILI. 

B cornacosaHHbie cpoKH 3asepweHa pa6o

Ta no CTpHMepHbiM Tpy6KaM .D;Jlfl yCTaHOBKH 

DELPHI (OH.RH - :UEPH) . llo'ITH 15000 Tpy-

6oK nocne KOHTpoJibHbiX HCnhiTaHHH, npose-

BOJIRIO~He ysenHtiHTL 3cPcPeKTHBHocn Hx 3KC

nnyaT~HH. 

ilpo.D;OJI:>KeHhl pa60Tbl no nporpaMMHOMY 

o6ecnetieHHIO pactieTOB 3~HT ycKopHTene:H 

npOTOHOB H TR:>KeJibiX HOHOB, npoBe.D;eHbl 

3Kcn epHMeHThi no nposepKe MeTOAOB pac

tieTa 3~Tbl/l- 4 I. 

ilOKa3aHa B03MO:>KHOCTb BOCCTaHOBJieHHR 

3Hepr eTH'leCKHX pacnpe.D;eneHHH none:H cl>oTo

HOB KOl>OTKOH .D;JIHTeJibHOCTH C noMO~biO 

TepMOJIIOMHHeCQeHTHbiX .D;eTeKTOpOB C rpaHH'l· 

Ho:H 3HeprHe:H oKono 1 M3B 15 1
• 
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3. Acranoe A.A., KoMO'IKOe M.M. OH.HH, 16-87-310, 
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PJ 6-87-304,J!y6Ha, 1987. 
5. Xo Fa XoH, [Joe6yH B.H. OHJIH, P16-87-589, 

J!y6Ha, 1987. 

.D;eHHhi X coTpy.D;HHKaMH JI.Rll, 6LmH oTnpas

neHLI B )KeHeBy. 

ilpO.D;OJI)I(8JIOCb H3rOTOBJieHHe MarHHTO· 

nposo.D;a ycTaHOBKH MAPC (JI.Rll). Co6paHhi 

ot~epe.D;Hhie 3 naKeTa. O.D;HospeMeHHO 6Lma 

3aBepW eHa no.D;rOTOBKa npOH3BO.D;CTBa K H3rO

TOBJieH HIO MarHHTOnpOBO.D;a yCTaHOBKH "lla

pyc". KpoMe Toro, ·AJIR Jla6opaTopHH R.D;ep

HhiX n po6neM 6Lmo nocTasneHo 120 t~epeH

KOBCKHx CtieTtiHKOB, 5 3MHCCHOHHbiX KaMep. 

3asepweHa pa6orn no H3roTosneHHIO 

OCHOBHbiX y3JIOB .D;JIR ABYX KOMnJieKTOB 

npoCMOTpOBO·H3MepHTeJibHOH annapaTypbl 

yCTaHOBKH AHCT (JIBTA). llo.D;roTosne

Hhi c n eQHaJILHLie noMe~eHHR H HatiaTa o6-

~aR COOpKa npOCMOTpOBO·H3MepHTeJibHOrO 

o6opy.D;OBaHHR .D;Jlfl KOMnJieKCHOH OTJla.D;KH 

H HCnhiTaHHH. 

B TetieHHe ro.D;a 6Lma npose.D;eHa no.D;ro

TOBKa npoH3BO.D;CTBa K cepHHHOMY BhinYCKY 

KOOp.D;HHaTHbiX nOJIYnJIOCKOCTeH H3 .D;peHcPO· 

BhiX Tpy 6oK KOMnJieKca "MetieHhie HeHTpHHo" 

(OHMY ). ELmo H3roToBJieHo see Heo6xo.D;H

Moe HeCTaH.D;apTHOe o6opy.D;OBaHHe H OCHaCTKa, 

'ITO no3BOJIHJIO opraHH3oBaTL cepH:HHoe npo

H3BOACTBO 3THX ,D;eTeKTOpOB BbiCOKOrO Ka

tieCTBa. Bcero K KOHQY ro.D;a C03.D;aHO 16 nony-
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no TeXHOJIOnut, pa3pa6oT8HHOH B OHMY. B O n biTHOM npoH3BO,[tCTBe OH.RH Be,[teTC.R H3r'OTOBJieHHe cepHH OOJib
WHX nponopUHOHaJibHbiX KaMep M.R HOBOH y CTaHOBKH OH.RH - cneKTpoMeTpa c aeplliHHHbiM .rteTeKTopoM, 
npe.rtHa3H&'IeHHOH AJI.R 3KcnepnMeHTOB Ha ycKopHTene HCIIB3. 

H3roToaneHHe Mo.rtyneu KoopAHHaTHbiX rmocKoCTeu 
H3 ,!:tpeH<J>OBbiX Tpy6oK ,[tJI.R YCTaHOBKH . "Me'leHbie 
HeHTpHHo". 

nnocKocTeu. CneAyeT OTMeTHTh, tfl'O anepBbie 

B npaKTHKe OnhiTHoro npoH3BOACTBa AeTeK

Tophi H3rOTaBJIHBaJIHCb B KOMIIneKTe C pa,ll;H0-

3JieKTpoHHOH annapaTypou, o 6ecnetrnsaromeu 

C"beM H o6pa6oTKY HH<!>OpMa_uHH. 

B uenoM 3a 1987 roA na6opaTOpHH HHCTH

TyTa llOJIYtiHJIH 3HatiHTeJibHOe KOJIHtieCTBO pa

,ll;H03JieKTpoHHOH annapaTypbi: 455 HCTOtiHH

KOB llHTaHIDI pa3JIHtiHblX THllOB, 60 KpeHTOB 

KAMAK c HCTotiHHKaMH nHTaHHH H aeHT-

6noKaMH, notiTH 2000 6noKoB KAMAK pa3-

JIHtiHhiX THllOB H OKOJIO 12000 ,ll;M2 netiaTHbiX 

nnaT. Bhma BhmymeHa nepBaH napTHH KOHT

ponnepoa KK-009, KOTOpbie no3BOJIHIOT HC

noJih30BaTh nepcoHaJihHhie 3BM "llpaaeu-16" 

coaMecTHO c paAH03JieKTpoHHOH annapaTypou 

B CTaHAapTe KAMAK AJIH aaToMaTH3a.uHH 

<l>H3HtieCKHX 3KCnepHMeHTOB. 



HAY~HAH MH~OPMA~MH • 



H3,lJ;ATEJibCIGIA OT ,D;EJI 

B 1987 ro,ny 113,naTeJihCKI1H oT,nen 0 11Hl1 

BbinYCTlUI B CBeT 920 HaHMeHOBaHHH coo6 lile

H11H 11 trpenpHHTOB Ol1Hl1. Ehmo 113,naHo 

256 CJiy)Ke6HhiX MaTep11aJIOB. 

BhilllJII1 113 netJaTI1 c6opHHKI1 Tpy,noa 

V lliKOJihi no HeHTpOHHOH cp113HKe, Me)K,r(y

Hapo,nHoro ceMHHapa no npo6neMaM cp11311KI1 

BhiCOKI1X 3Hepr11H, Me)K,nyHapo,D;Horo cosema-
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HI1H no np06JieMaM KBaHTOBOH TeOpHH nOJIH, 

coaemaHI1H "PeHopMrpynna-86" 11 ,np. Bcero 

B 1987 ro,ny 113,D;aHO 8 TaKI1X c6opH11KOB. 

K 70-JieTlno BeJII1KOH 0KTH6phCKOH co

U11aJII1CTI1tJecKoH peBOJIIOUI111 113,D;aHa KHI1ra 

"Op611Thi COTPY.nHI1tJecTBa", paccKa3hiBaromaH 

0 COBMecTHbiX 11CCJie,D;OBaHHHX YtJeHhiX-qlH311-

KOB CTpaH COUHaJIHCTI1tJecKOrO co,npy)KeCTBa. 

KH11ra co,nep)K11T 6oJihlllOe KOJIHtJecTBO HJIJIIO

CTpaTI1BHoro MaTep11aJia. 3TO 113,r(aHI1e OTJII1-

qaeT BhiCOKoe KatJecTBO non11rpacp11tJeeKoro 

11CnOJIHeHHH, 3a tJTO KHI1ra 6hiJia y,nOCTOeHa 

,D;I1nJIOMa Ha MOCKOBCKOM KOHKypce nOJII1-

rpacp11tiecKOH npo,nyKUHH, 113rOTOBJieHHOH 

Cpe,D;CTBaMI1 onepaTHBHOH n0JI11rpacp1111. 

IlpO,D;OJI)KaJIOCb 113,r(aHI1e 6pOill10p 113 ce-

p1111 "JleKUHI1 ,D;JIH MOJIO,D;biX ytJeHbiX". 

Ony6JII1KOBaHhi neKU1111 A.M.Ean,ni1Ha 

11 Jl.A.,ll11,neHKO "Ac11MnTOTI1tJecKI1e caoiicTBa 

a,npoHHOH MaTep1111 B npOCTpaHCTBe tJeTbipex

MepHbiX OTHOCI1TeJibHbiX CKOpOCTeH", ,llHM11Tpa 

IJylllKapOBa ",llecpeKTOHbl B Kp11CTaJIJiax", 

AHHhi ,lly6HHtJKOBOH "HenpepbiBHbie rpynnhi 

,nJIH cpi1311KOB", H.M.H11KHTIOKa "OT coape

MeHHOH anre6pbl - K cneU11aJII1311poBaHHbiM 

npoueccopaM". 

B Ha6opHoM oTneneHHH. 



B 1987 ro~y B H3~&TeJibCKOM OT~ene OHHH H3rOTOBJleHO 6on ee 500 ThiC.Rll KcepoKOIIHH no 38K838M no~p83-

~eJieHHif HHCTHTYT8, B TOM 'IHCJle 3H8'1HTeJlbHOe KOJIH'IecTBO Kpy DHo<l>opM&THbiX 'lepT~eH ~JlJI KOHCTPYKTOpcKHX 

610po na6opaTopHif. 

EonhlllOH nonynHpHOCTbiO nonb3YIOTCH 
"KpaTJme coo6meHIDI OIUII1", 3HaKoMHI.UHe 
MHpOByiO Haytffiyro o6mecTBeHHOCTb C HaH-
6onee HHTepeCHbiMH HaytffibiMH, Hay'IHO-TeXHH
qecKHMH, MeTOnHt~eCKHMH H npHKna,nHbiMH 
pe3ynLTaTaMH, nonyt~eHHbiMH B L{y6He. 
B 1987 r. H3naHo 6 BhmycKoB "KpaTKHX 
coo6meHHH 011JII1". 

B penaKQHH )f(}'pHanoa, Ha pa3nHtffibie 
KOH¢>epeHQHH, CHMTI03HYMbl H T .n., npOBO
,nHBlllHecH KaK B CTpaHax-yqaCTHHQax, TaK 
H B npyrHX CTpaHax, 6hmO HanpaaneHO 
1209 CTaTeH H noKna,nOB, conep)l(al.UHX pe-
3ynLTaTbl pa6oT yt~eHbiX L{y6Hbl. 

CTaTLH coTpynHHKOB OIUH1 ny6nHKoaa
nHCb B TaKHX )f(}'pHanax, KaK ")l(ypHan 3KCTie
pHMeHTanbHOH H TeopeTHtiecKOH ¢>H3HKH", 
"TeopeTH'IeCKaH H MaTeMaTH'IeCKaH ¢>H3HKa" , 
"llpH60pbl H TeXHHKa 3KCnepHMeHTa", "Jinep
HaH ¢>H3HKa", "<l>H3HKa 3neMeHTapHbiX tiaCTHQ 
H aTOMHOrO Hnpa", "ATOMHaH 3HepriDI", 
"Journal of Physics", "Physics Letters", 
"Zeitschrift fUr Physik", "Nuclear Physics", 
"Nuclear Instruments and Methods" H np. 

B 44 CTpaHbi MHpa paccbmanHcb ny6nH
KaQHH L{y6Hhl. B 1987 rony a cxmcKe pacchm-

KH ny6nHKaQHH Ol1.Rl1 TIOHBHnOCb 25 'HOBbiX 
a,npecoa . 

B Haytffio-TexHHt~ecKyiO 6H6nHoTeKy 
Ol1.Rl1 a 1987 rony nocTynHna a nopHnKe 
06MeHa 11381 ny6nHKaQIDI H3 40 CTpaH, 
a TOM t~Hcne 2119 H3 UEPHa. B nopHnKe 
o6MeHa )l(e a HTE 6ecnnaTHO nocTynaeT 
121 HaHMeHOBaHHe HaytffibiX )f(}'pHanOB H3 
22 CTpaH. 

OnepaTHBHOMY HH<l>opMHpoBaHHIO 'IHTa
TeneH HaytiHO-TeXHH'IeCKOH 6H6nHOTeKH 0 HO
BbiX . TIOCTynneHIDIX cny)l(aT BbinyCKaeMbie 
H3naTenbCKHM OTnenoM 3KCTipecc-6ronneTeHH 
HTE H naTeHTHoro oTnena. YaH,nen caeT 
Tpa,nHQHOHHbiH e)l(eronHbiH 6H6nHOrpa¢>Hqec
KHH YKa3aTenb pa6oT coTpynHHKOB Ol1.Rl1 
3a 1986 ron H OT'IeT o ne.HTenbHOCTH Ol1.Rl1 
3a 1986 ron. 

J13naTenbCKHM OTnenoM BbiTIOnHHnHCb 
MHorot~HcneHHbie 3aKa3bi na6opaTopHH: Ha 
KCepOKOTIHpOBaHHe. 

BLmonHeHo CBbillle 5 TbiCH'I 3aKa30B 
Ha nepenneTHbie pa6oTbi. . . 

L{nR o6pa60TKH 3KCnepHMeHTanbHOH HH-
<l>opMaQHH H npyrHX Qeneu OTTietiaTaHO CBbillle 
700 TbiCH'I pa3nHtffibiX 6naHKOB. 
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HAYliHO-TEXHHqECKAR 
BHBllHOTEKA 

-----

B 198 7 ro.n:y tiHCJio t~HTaTene:H aayliHo
TeXHHt~ecKo:H 6H6JIHOTeKH H ee $HJIHaJIOB 
coCTaaHJio 5735 t~enoaeK. KonHtlecTao Bhi.D:aH
ao:H 3a ro.n: JIHTepaTyphl H npoCMOTpeHHbiX 
Ha BhiCTaBKax HOBhiX nocrynneHHH COCTaBHJIO 
370 TbiC.fltl 3K3eMnJI.RpoB. no 3aRBKaM tiHTaTe
JieH nonyt~eao no Me)I(6H6JIHoTet~HOMY a6oae
MeHTy (MBA) 2449 HaHMeHOBaHHH KHHr. Bhi
noJIHeao 6onee 700 tiHTaTeJihCKHX 3aRBOK, no
CTynHBWHX H3 6H6JIHOTeK CoaeTcKoro CoJ03a. 

no BCeM HCTOtiHHKaM KOMnJieKTOBaHH.fl 
(noKynKa, no.n:nHcKa, KHHroo6Mea) B 1987 ro

JJ.Y noCTynHJIO OKOJIO 16 ThiC.fltl 3K3eMnJI.RpoB 
KHHr, npenpHHTOB, nepHO.D:HtleCKHX H3,Zl;aHHH, 
B TOM tiHCJie 8,5 ThiC.fltl Ha HHOCTpaHHhiX .fl3hiKax. 

Ha 1 RHBap.a 1988 ro.n:a 6H6JIHOTetiHhiH 
<J;>OH.D: COCTaBHJI 393 ThiC.fltiH 3K3eMnJI.RpoB, H3 
HHX 6oJiee 165 ThiC.fltl - Ha HHOCTpaHHhiX .fl3bl-

DATEHTHhlA OT ,llEJI 

B 1987 ro.n:y B CCCP 3aperHcTpHpoBaHO 
OTKphiTHe, c.n:enaHaoe coTpyJJ.HHKaMH 0 6'be
.n:HHeHHoro HHCTHTYTa .RJJ.epHbiX H.ccne.n:oaaHHH 
B 1973 ro.n:y: "3aKoHoMepHOCTh ynpyr oro 
pacce.aHHR a.n:poaoa aa 6oJihWHe yrJihi npH 
BbiCOKHX 3HeprHRX - npaaHJia KBapKOBOrO 

Kax. Bee nocrynHBwHe H3JJ.aHHR caoeapeMeHHo 
o6pa6aTbiBaJIHCb H OTpa)l(aJIHCb B UeHTpaJibHOM 
KaTanore H B KaTanorax <J;>HJIHaJIOB. KapToTeKa 
HOBbiX nocrynneHHH nonOJIHHJiaCh 21631 Kap
TOtiKOH, TeMaTHtleCKHe KapTOTeKH- 21552 Kap
TOtiKaMH. KapToTeKa ny6JIHKauHH coTpy.n:aH
KOB J1HCTHTyTa nonOJIHHJiaCh 4841 KapTOtiKOH. 

no.n:roTOBJieH H H3.D:aH "YKa3aTeJib paOOT 
COTPY.D:HHKOB OHH.H 3a 1986 r.". E)l(eae.n:eJibHO 
BhlnyCKaJIHCb 3KCnpecc-6JOJIJieTeHH "KHHrH", 
"npenpHHTbi", "CTaTbH" (156 HOMepoB), CO
.n:ep)IQllUHe HH<J;>OpMauHJO 0 HOBbiX ny6JIHKa
UHRX (24700 HaHMeHOBaHHH). 

E)l(eae.n;eJihHO o6aoBJIRJIHCh BhiCTaBKH ao
BhiX nOCTynJieHHH KHHr, npenpHHTOB, Ha KO· 
TOpbiX 6hmO npe,Zl;CTaBJieHO 94 77 HOBbiX HaHMe
HOBaHHH. Bhmo opraHH30BaHO 12 TeMaTH
qecKHx BbiCTaBOK. 

nPABOBAH OXP AHA OTKPhiT.H:A 

ct~eTa MaTaeeaa - Mypa.n:.aaa - TaaxeJIH.n;3e" 
(.n:HnnoM ~343). ABTophi oTKphrrHR: B.A.MaT
aeea, P.M.Mypa.n:RH H A.H.TaaxeJIH.n;3e . 

Bcero 3a nepHo.n: 1958-1987 rr. a CCCP 
3aperHCTpHpoBaHO 30 OTKpbiTHH, C,Zl;eJiaHHhiX 
c yt~acTHeM coTpy.n:HHKOB O.HH.H. 

3AiiufT A .H .HCnOnh30BAH.HE .H30BPETEH.H:A 

nonyqeao noJIO)I(HTeJihHhiX peweHH:H no 3a.RBKaM aa H3o6peTeHH.a 
.HcnoJih30BaHo H3o6peTeHH:H 

1987 r. 
57 
22 

1958-1987 rr. 
1161 

536 

p AU.HOHAJI.H3ATOPCK.HE llPE.l(JIOJKEH.HH 

lfcnOJib30BaHO pauHOHaJIH3aTOpCKHX npe.n;JIO)I(eaHH 
3KOHOMHtleCKHH 3$<J;>eKT OT HCnOJib30BaHH.fl H306peTeHHH 
H pauHOHaJIH3aTopcKHX npe}J.JIO)I(eHHH (TbiC.py6.) 

1987 r. 
557 

176 

1958-1987 rr. 
13662 

3075,7 



AJJ.MMHMCTPATMBHO· 
X03HMCTBEHHAH 
JlEHTEnbHOCTb 

• 



tiHCJieHHOCTb coTpyAHHKOB 06ne,z:umeHHO
ro HHCTHTyTa RJJ;epHbiX HCCJie,ll;OBaHHH Ha KOHeU 
1987 ro.na cocraaHJia 7378 qenoaeK. Pacnpe
.neneHHe no KaTeropHRM noKa3aHO a Ta6JIHue. 

B 06ne.nHHeHHOM HHCTHTyTe RJJ;epHbiX Hc
crre,noBaHHH pa6oTaroT 5 aKa.neMHKOB: H.H.Eo
romo6oa, A.M.Ean.nHH, E.M.lloHTeKopao, 
r .H.<l>nepoa, J1.M.<l>paHK; 5 'IJieHOB-KOppec
noH,neHTOB aKa,neMHu HayK: H.H.roaopYH, 
B.n.,n)Kenenoa, l1.3aapa, M.r.Mei.UepnKoa, 
.ZJ;.BJllHpKOB; 172 ,ll;OKTOpa HayK; 601 KaH
,nH,naT HayK. 

B 1987 ro.ny npHHRTo 863 qenoaeKa, 
H3 HHX: 

Hay'IHbiX pa60THHKOB - 228 

KaTeropHR pa6oTHHKOB 

B Jia6opaTOpHRX 
H ynpaaneHHH 

HaytJHbie pa6oTHHKH, 1326 
H3 HHX: 
Hll)''IHO-pyKOBO,ll;RlllHH nepCOHaJI 256 
ae.nyl.llHe H crapwHe 
Hay'IHhie coTpy,nHHKH 496 
Hay'IHhie coTpy,nHHKH 396 
MJia,nwHe Hay'IHhie coTpyAHHKH 178 

J1H)KeHepbi 1652 
TeXHHKH H MacTepa 152 
Pa6otJHe 1800 
YtJeHHKH 4 
Cny)Kai.UHe 267 
Mna,nwHu o6CJiy)KHBaJOI.UHH nepcoaan 3 

Bcero: 5204 

KoMHTeT llonHoMo'IHhiX llpe,nCTaBHTeneu 
npaaHTeJibCTB rocy.napcTB-'IJieHoB 06ne.nHHeH
Horo HHCTHTyTa R,ll;epHbiX HCCJie,ll;OBaHHH ,ll;JIR 
npoae,neHHR HaytJHo-Hccrre.noaaTenbcKHx pa6oT, 
KanHTaJibHOrO CTpoHTeJibCTBa H ,npyrnx Mepo
npHRTHH, CBR3aHHbiX C ,neRTeJibHOCTbiO l1HCTH
TyTa, Ha 1987 ro.n accHrHoaan 48,2 MJIH.py6. 
Ha <I>HHaHCHpoaaHHe o6neKToa, coopy)Kae
MbiX COBMeCTHO C ,npyrnMH opraHH3auHR
MH, nepe,naHO UeHTpaJIH30BaHO 0,8 MJIH.py6. 
<l>aKTH'IeCKHe paCXO,ll;bl 3a ro,n COCTaBHJIH 
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HH)KeHepoa 
TeXHHKOB H MaCTepOB 
pa6otJHx 
ytJeHHKOB 
crry~x 

MJia,nwero o6crry)KHBaJOI.Uero 

KA.D;Phl 

-204 
- 16 
-322 

25 
60 

~~~ana - 8 
YaoneHo H3 Ol1Hl1 3a 3TOT )Ke nepHo,n 

B CBR3H C OKOH'IaHHeM CpoKa paOOTbl H no ,npy
rHM npH'IHHaM 877 tJenoaeK. B TetJeHHe ro.na 
npHcaoeHbi ytJeHhie 3BaHHR npo<Peccopa 2 co
Tpy,nHHKaM, cTapwero Hay'IHoro COTPYAHHKa -
10, MJia,nwero HaytJHoro coTpy,nHHKa - 17. 

B 1987 ro.ny 3ai.UHTHJIH KaH,nH,naTcKHe 
,ll;HCCepTa.IlHH 24 COTpy,nHHKa, ,ll;OKTOpCKHe- 10. 

qHCJieHHOCTb 

B npoH3BO,ll;CTBeHHbiX 
no.npa3,neneHHRX 

4 

1 
3 

280 
142 

1466 
16 

200 
66 

2174 

acero 

1330 

1932 
294 

3266 
20 

467 
69 

7378 

<l>lfHAHCOB.AJI .D;EJITEJihHOCTh 

47,3 MJIH.py6., HJIH 99,8% no OTHOWeHHIO 
K rO,ll;OBbiM aCCHrHOBaHHRM. 

llpo6JieMHo-TeMaTH'IeCKHH nJiaH Hay'IHO
HCCJie,noBaTeJibCKHX pa6oT 3a 1987 ro.n Bbi
nonHeH B nOJIHOM o6neMe, B CMeTHOH CTOH
MOCTH H no HOMeHKJiaType. <l>aKTH'IeCKHe 
paCXO,ll;bl COCTaBHJIH 33,7 MJIH.py6., HJIH 98,4% 
K CMeTHOH CTOHMOCTH . .ZJ;oCTHrHyTa 3KOHOMHR 
0,5 MJIH.py6. 

Pacnpe.neneHHe 6IO,n)KeTa no pa3,nenaM 
npHBe,neHo a Ta6nHUe. 



HaHMeHoBaHHe pa3~eJioB AccHrHOBaHH.a <l>aKTHt~ecKHe pac- % K nnaHy 

Ha ro~ , MJIH.py6. xo~LI 3a ro~,MJIH.py6. 

I. MMHHHCTpaTHBHo-ynpasneHt~ecKHe 

H X03HHCTB~HHble paCXO~bl 7,7 7,4 96,3 
II. Pacxo~LI Ha Hay'IHo-HcCJie~oBaTeJILCKYIO 

~e.RTeJibHOCTb 26,5 26,3 99,0 

J1Toro no OCHOBHOH ~e.RTeJibHOCTH 34,2 33,7 98,4 
III. KanHTaJILHbie BJIO:IKeHHR Ha crpoHTeJILCTBO 

Hay'IHO-HCCJie~oBaTeJibCKHX H ~pyrHX o6'beKTOB 13,2 13,6 103,1 

Bcero 

KATIHTAnbHOECTPO:HTEllbCTBO 

3aTpaTbl Ha KanHTaJibHOe CTpoHTeJibCTBO 

Hay'IHO-HCCJie~oBaTeJILCKHX H ~pyrHX 06'beK

TOB nJiaHHpoBaJIHCb B CYMMe 13,2 MHJIJIH-

Bcero KanHTaJILHbiX BJio:IKeHH:H, 

B TOM 'IHCJie: 

1. CTpoHTeJILHO-MOHTa:IKHhie pa6oThi 

2. 06opy~OBaHHe H HHBeHTapb 

3. llpoeKTHO-H3biCKaTeJILCKHe H npo'IHe 3aTpaTbl 

BBO~ B ~eHCTBHe OCHOBHbiX cpe~CTB ( cpoH~OB) 

llPOI13BO,UCTBEHH.AH ,UE.HTEllbHOCTh 

B cocrase 011.Rl1 HaxOMTC.R npoH3BO~· 

CTBeHHbie, scnoMoraTeJILHhie H o6cny:~KHBaro

~e no~pa3~eneHH.a • .[J;e.RTeJILHOCTL 3THX no.n;-

llOKa3aTeJIH 

1. 06'beM rOTOBOH npo~yKUHH, BbinOJIHeHHbiX 

paOOT H 0Ka3aHHbiX ycnyr, MJIH.py6. 

2. Pe3yJILTaThi cpHHaHcoso-xo3.a:HcrseHHo:H 

~e.RTeJibHOCTH, MJIH.py6. 

3. 3aTpaTbl Ha O~HH py6Jib rOTOBOH npo~y~HH, 

47,4 

oHa py6ne:H. 

KanHTaJibHOrO 

B Ta6mme. 

47,3 

CTpoHTeJibCTBa 

99,8 

noKa3aHO 

ro~OBOH nJiaH, <l>aKTH'IeCKOe Bbl- % BbinOJI-

MJIH.p y6. nOJIHeHHe,MJIH.py6. HeHH.fl 

13,2 13,6 103,1 

2,3 1,3 57,6 
10,5 12,0 108,7 

0,4 0,3 75,0 
22,8 22,6 99,4 

pa3~eneHHH 3a 1987 ro~ xapaKTepH3yeTc.a 

OCHOBHbiMH no Ka3aTeJI.fiMH, npHBe.D;eHHbiMH 

BTa6m me: 

ro~OBOH nJiaH <l>aKTH'IeCKOe Bbl- % BbinOJI-

nonHeHHe 

15,2 16,7 110,0 

0,2 1,5 

BbinOJIHeHHbiX pa6oT H OKa3aHHbiX ycnyr (Kon.) 98,5 90,9 
4. lbiCJieHHOCTb paOOTaiO~X 2327 2163 




