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BBE.UEHHE 

.ll:e.siTeJibHOCTh 06oenHHeHHOrO HHCTHTyTa 

n.nepHbiX HCCJienOBaHHH B 1988 ro.ny OTMeQeHa 

C06hiTIDIMH, KOTOpbie HMelOT Ba:>KHOe 3HaQeHHe 

nn11 nan&He:Humx nepcneKTHB pa3BHTIDI Harnero 

HayqHOrO UeHTpa. ilpe:>K,ne BCero, 3TO npHHRTHe 

KoMnneKcHo:H nporpaMMhi HccnenoaaHHH H 

pa3BHTIDI OH.HH Ha nepHon no 2000 rona. 

ilporpaMMa onpenen11eT rnaaHbie HayQHhie 

HanpaaneHIDI, Ha KOTOphiX Heo6xonHMO KOH

ueHTpHpOBaTb ycHJIHR HHTepHauHoHan&Horo 

KOJIJieKTHBa 11HCTHTYTa B 6JIH:>KaHlliee neC.IITH

JieTHe. CnenaH p11n npeo6pa30BaHHH, Hanpaa

neHHhiX Ha coaeprneHCTBOBaHHe CTPYKTYPhi 

OH.RH, neMOKpaTH3auHro ero ynp aaneHIDI, 

o6HOBJieHHe pyKoaon11ruero cocTaaa na6opaTo

pHH 11HCTHTYTa. 06pa30BaHbl cneUHaJihHbie 

co~eruaTeJI&H&Ie opraHhi YqeHoro coaeTa -

HayQHO-KOOp,nHHaUHOHHbie COBeTbl no Hanpaa

JieHH.IIM, B 3a,naqH KOTOpbiX BXOnHT p aCCMOTpe

HHe nepcneKTHB pa3BHTIDI HayQHhiX Hanpaane

HHH B OH.RH, nnaHoB na6opaTopH:H, KoopnHHa

UIDI H KOHTpOJih BhinOJIHeHIDI 3THX nJiaHOB. 

HaMeqeHhi nyTH <f>opMHpoBaHIDI Hoaoro non

pa3neneHIDI - Jla6opaTOpHH CBepXBhiCOKHX 

3HeprHH, rJiaBHOH 3a,naqe:H KOTOpOH 11BJI.IIeTC11 

opraHH3auH11 HCCJienoBaHHH no <f>H3HKe :me

MeHTapHbiX qacTHU, npoaonHMhiX OH .RH Ha 

ycKopHTenRx 11<1>B3 H UEPH (npe:>Kn e acero 

3TO YHK H LEP). CocToRnoc& np~reoenHHeHHe· 

11HcTHTYTa K KoHaeHUHH o npaBOBOM CTaTyce, 

npHBHJieriDIX H HMMYHHTeTax Me:>Krocy,nap

CTBeHHbiX 3KOHOMHQeCKHX opraHH3aUHH, ne:H

CTBYIOIUHX B onpeneneHHbiX o6JiaCT11X CO

Tpy.D;HmeCTBa, nonnHcaHHOH B B ynanernTe 

5 neKa6p11 1980 r., QTO cnoco6cmyeT y Kpenne

HHIO Me:>K.D;yHapo.D;Horo cTazyca OH.RH. 

YcHJIIDI HHTepHaUHOHaJI&Horo KOJIJieKTHBa 

OH.RH 6&mH HanpaaneHhi Ha npoaeneHHe 
TeOpeTmeCKHX H 3KcnepHMeHTaJihHbiX HCCJie

noBaHHH CTPYKTYPhi 3JieMeHTapHbiX qacTHU 

H aTOMHOrO 11npa, HCCJienOBaHHe KOHn eHCHpO

BaHHbiX cpe.n, Ha pa3pa6oTKH a o6naCTH ycKo

pHTeJihHOH H BbNHCJIHTeJihHOH TeXHHKH. 
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HaMeqeHHaR nporpaMMa HayQHo-Hccneno

BaTeJihCKHX pa6oT BbinOJIHeHa. ilonyqeH p11n 

HOBhiX pe3yJI&TaTOB KaK <f>yHnaMeHTaJihHOrO, 
TaK H npHKJia.n;Horo xapaKTepa. 

TeopeTHKaMH .ll:y6Hbi pa3BHT 3<f><f>eKTHB

HhiH MeTon pacqeTa BaKyyMHbiX nonpaBOK 

B KBaHTOBO-XpOMO,D;HHaMHqecKHX npaaHJiaX 

CYMM, HarnenlliHH npHMeHeHHe B pacqeTe ,D;HHa

MHQeCKHX a.npoHHbiX xapaKTepHCTHK. B pa6o

Tax no cynepcHMMeTpHH npenno:>KeHa KBaH

TOBo-noneaaR Monen&, nonycKaroruaR TOQHOe 

aHaJIHTHQeCKOe BbiQHCJieHHe BCeX KpHTHQecKHX 

noKa3aTene:H. Pa3pa6aTbiBaeMbie TeopeTHKaMH 

MeTOnhi H MoneJihHbie npencTaBJieHH.II HaxonRT 

3<f><f>eKTHBHOe npHMeHeHHe B npOBOnHMbiX 
H nnaHHpyeMbiX 3KcnepHMeHTax OH.RH. .D:n11 

3KcnepHMeHToa "MeqeHbie HeHTpHHo" H NA-4 
npe,nno:>KeH npoCTOH MeTon H3BJieqeHIDI CTpyK

TypHOH <f>yHKUHH HeHTPOHa H3 rny60KOHeynpy

roro pacceRHIDI nemoHoB Ha 11npax, QTO no3BO

JI11eT npoaonHTh coaMecTHhiH KX.ll:-aHaJIH3 

aonopO.D;HbiX H RnepHbiX naHHhiX. ilonyqeHO 

3aKJIIOQeHHe 0 60JihlliOM BKJia,D;e rJIIOOHOB 

B CnHHOBbie <f>YHKUHH rny60KOHeynpyroro 

pacceRHIDI H npe,nno:>KeHa npoaepKa cnen
CTBHH 3Toro 3aKnroqeHIDI B 3KcnepHMeHTax 

nOJI.RPHC H "MeqeHbie HeHTpHHO". Pa3pa6o

TaH HOBbiH MeTOn pacqeTa TpexqacTHQHbiX 

CHCTeM C KyJIOHOBCKHM B3aHMoneHCTBHeM 

H nOKa3aHa ero 3<f><f>eKTHBHOCTh .D;JI.II perneHIDI 

3a,naq no Mro-KaTaJIH3y. B o6naCTH TeOpHH 

aTOMHOrO 11npa paCCQHTaH BKJia,D; CJIO)KHbiX 

KOMnOHeHT B MarHHTHbie MOMeHTbl OCHOBHbiX 

H B036y:>K.D;eHHbiX COCTO.IIHHH HeQeTHbiX c<f>e

pHQeCKHX 11nep. ilpe.D;JIO:>KeHbl COBpeMeHHbie 

MOneJIH 11,I1;po-RnepHbiX CTOJIKHOBeHHH H oue

HeHa MaKCHMaJihHaR nJIOTHOCTh 3HeprHH Rnep

HOH MaTepHH, nocTH)KHMaR B 3THX npoueccax. 

B HCCJienOBaHH.IIX no TeOpHH KOH.D;eHCHpOBaH

HbiX COCTO.IIHHH HaHneHbl perneHHR HeJIHHeHHbiX 

HHTerponH<f><f>epeHUHaJihHbiX ypaaHeHHH, KO

TOpbie HCnOJih30BaHbl nJ111 pacqeTa <f>H3HQecKHX 

xapaKTepHCTHK nOJI11pOHa, MOJieKyJihl .ll:HK, 



nomumenmeHa, cnoHCThiX CTPYI<TYP paanHll
noli reoMeTpHH B CHnbHOM 3neKTpOMarHHTHOM 
none. TipeAJIO:>Kena non.RpHaH Monenh OKCH.n
HhiX CBepXnpOBO,nHHKOB, B paMKax KOTOpOH 
DOKa3aHO BnH.RHHe KynOHOBCKHX Koppen.RUHH 
H anrapMOHHtieCKHX 3cpcpeKTOB Ha CBepxnpo
BO,n.RI.Uee cnapHBaHHe 3neKTpOHOB. 

3natm:TenbHoe Mecro B HaytiHoH nporpaMMe 
OIUH1 3aHHMaroT pa6oTbi B o6nacrH cpH3HKH 
BbiCOKHX 3HeprHH, DpOBO,nHMhie HnH nnaHH
pyeMbie Ha ycKOpHTen.RX I1Cl>B3 (TipoTBHHO) , 
UEPH, Cl>HAJI (CiliA). Ba:>KHbiM HToroM rona 
.RBHnOCb 3aBeprneHHe HCDbiTaHHH anpoHHOrO 
KanopHMeTpa nnR coBMecTnoro c UEPH 
3KcnepHMeHTa DELPHI H MOHTa:>K KanopH
MeTpa B rnaxTax ycKopHTen.R LEP. B paMKax 
yqacTH.R B nonroTOBKe cpH3HtieCKOH nporpa~
Mbl HccnenoaaHHH na ycranoaKe DELPHI 
npoaeneHbi ananHTHtiecKHe pactieThi 3neKTpo-

/ 

cna6hiX panHaUHOHHhiX nonpaaoK B npoueccax 
\ e• e- + J.l+ J.l- . Tiponon:>KeHbi o6pa6oTKa H aHa

nH3 nanHhiX 3KcnepHMeHTa N A-4. l13Me
peHhi. CTpyKTypHbie cpyHJ(UHH neHTpOHa H npo
TOHa B o6naCTH nepenaHHbiX 4-HMnynhCOB no 
200 r3B2 

, OTHOilleHH.R CTpyKTypHbiX cpyHKUHH 
neiiTpoHa H npoTona nn.R X.;;;; 0,9 H cTpyKTyp
HaH cpyHKUH.R Hnpa yrnepona nn.R X.;;;; 1,3. TipH 
o6pa60T:Ke cpoT03MynhCHH COBMeCTHOrO C 
Cl>HAJI 3KcnepHMeHTa E-564 o6Hapy:>KeHo co6bi-

AKM eMHK H .H .Boromo6os 

THe, KOTOpoe HHTepnpeTHpyeTC.R KaK nHcppaK
UHOHHOe pO:>K,neHHe pa,nHanbHO-B036y:>K,neHHOrO 
cocro.RHH.R D5* *-Me3oHa c Maccoii 2794 M3B. 
PM pe3ynLTaTOB nonytieH B HccnenoaaHH.RX na 
cHHxpoTpoHe I1Cl>B3. AnanH3 naHHhJX.. nony-

,llupeKTopa na6opaTopmi (nepBhiH pR,D;) : npoq,eccop IO.U.OraHeCR:H - JiRP, npo$eccop :H.A.CaBHH - JICB3, 
'IJieH·KoppecnoH)J,eHT AH CCCP H.H.rosopya - JIBTA (cH)J.HT so BTopoM pRAY), npo$eccop U.Bhmos- JIHIT, 
npo$eccop B .r.KaAhiweBcKmi - JIT<I>, aKMeMHK A .M .BanAHH - JIB3, u .o . AHpeKTopa JIH<I> AOKTOp $H3HKO· 
MaTeMaTH'leCKHX aayK B.Jl.AKceaos 
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t~eHHhiX c ycTaHOBKM BI1C-2, YK83aJI Ha cy

~eCTBOBaHHe y3Koro 6apHOHIDI B CHCTeMe 

Xp c Macco:H 2400 M3B/c2
, a TaK:>Ke 6apHOH IDI 

co cKpbiTOH cTpaHHOCTbiO Ml/> c Mac co:H 

3255 M3B/c2 
• ,[laHo o6'bR:CHeHHe yMeHbUieH HR: 

cpeAHero nonepet~Horo HMnynbca 77-Me3oH oB 

c pocTOM MaccoBoro t~Hcna MHUieHH, o6Hapy

:>KeHHoro npH Hccne,!l;OBaHHH Ha ycraHo:BKe 

'THnepOH" HHKni03HBHbiX ,!l;HqxpepeHUHaJibHbiX 

cet~eHHH peaKIJ;HH 7T+ A+ 77X. B 3KcnepHMeHTe 

Cl1rMA-AHKC onpe,!l;eneHa OTHocHTenbHaR: Be

poR:THOCTb pacna,!l;a p 0 + /).+ /).-, 3HatieHHe K OTO

pOH nyt~Uie cornacyeTCR: c rHnoTroo:H (IJ. - e)

yHHBepcaJihHOCTH. HoBbie AaHHbie nonyqeHbi 

B 3KCnepHMeHTe no H3ytieHHIO B3aHMO,!l;eHCTBHR: 

ynbTpapenR:THBHCTCKHX aTOMOB no3HTpOHIDI 

C Be~eCTBOM. 

B HccneAOBaHIDix no penR:THBHCTCK o:H 

R:,!l;epHOH cpH3HKe, npOBO,!l;HMbiX Ha CHHXpo cpa-

30TpOHe, BbinOnHeH aHaJIH3 3HatiHTenbHOrO 

06'beMa ,!l;aHHbiX no HHKni03HBHOMY po)f(,!l;e

HHIO 7T-, K-Me3oHoB, npoTOHOB, AeHTpoH oB. 

B penR:THBHCTCKH-HHBapHaHTHOM noA xo

Ae H3yt~eHhi oco6eHHOCTH o6pa3oBaHHR: 6a-

PHOHHbiX KnaCTepoB B penRTHBHCTCK HX 

RAepHbiX cTonKHoBeHIDIX. Ha ycTaHOB Ke 

ri1BC ..anepBbie C Ha,!l;e:>KHOH H,!l;eHTHcpH Ka

U:HeH 3aperHCTpHpOBaHbi penR:THBHCTK He 

rHnepR:Apa. B Hccne,!l;oBaHHR:X Ha ycTaHOB

Ke "Anbcpa" nonyt~eHhi HOBbie AaHHhie no 

TeH30pHOH aHaJIH3HpyiO~eH cnoco6HOCTH 

Ae:HTpoHa B npou;ecce cpparMeHTaUHH nonR
PH30BaHHoro Ae:HTpoHa B npoToH. 

Ha nyt~Kax TR::>KenbiX HOHOB ycKopHTenR 

Y -400 npoBe,!l;eHbi 3KcnepHMeHTbi no noHc ey 

B pa3nHtiHbiX peaKIJ;IDIX H30TOnOB 110, 106 

H 104 3neMeHTOB. HoBbie proynbTaTbi, H M eiO

~e Ba:>KHOe 3HatieHHe ,!l;nR: nOHHMaHIDI CTa6Hnb

HOCTH, nonyt~eHbi B onbiTax no H3ytleHHIO CTa-

6HnbHOCTH OCHOBHOrO H K-H30MepHOrO A B YX

KB83HtiaCTHtiHOrO COCTOR:HIDI 2 5 ° Fm H 2 5 4 102 

OTHOCHTenbHO cnOHTaHHOrO ,!l;eneHIDI. B HCCne

,!l;OBaHIDIX HOBoro THna pacna,!l;a R:Aep c Hcn yc

KaHHeM TR::>KenbiX KnacTepOB 3aperHCTpHpOBaH 

pacna,!l; 
2 3 4 U C BbilleTOM R:,!l;ep HeOHa H MarHIDI. 

J13ytieHHe 3K30THtieCKHX R:,!l;ep H R:,!l;epHpiX p ac

na,!l;OB yK83aJIO Ha cy~ecTBOBaHHe KB83H

cTau;HoHapHoro cocroRHIDI (- 2 M3B) H30Tona 

BOAopoAa 7 H. 

J1HTeHCHBHbie HeHTpOHHbie nyt~KH peaK TO

pa J1BP-2 B OCHOBHOM HCnOnb30BanHCb ,Il;nR: 
HCCne,!l;OBaHHH no cpH3HKe KOH,!l;eHCHpOBaHHbiX 

cpe,!l;. PR:A HOBbiX proynbTaToa nonyt~eH n pH 

H3ytieHHH MeTaJinHtieCKHX CTeKon, :>KH,!l;KHX 
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KpHCTaJinOB, paCTBOpOB, 6HonorHtieCKHX MeM-

6paH. Ba:>KHOe MeCTO B HCCne,!l;OBaHHH KOH,!l;eH

CHpOBaHHbiX cpe,!l; 3aHR:nH pa60Tbi no BbiCOKO

TeMnepaTypHOH CBepxnpOBO,!l;HMOCTH (BTCll). 

llonyt~eHbi HOBbie ,!l;aHHbie 0 CTpyi<:Type, ,!l;HHa

MHKe, 3neKTpOMarHHTHbiX H TennocpH3HtieCKHX 

CBOHCTBax . HOBbiX cBepxnpoBOAHHKoB. P83BH

Ta TeopiDI creKnono,I:~;o6Horo HX noBeAeHHR:, 

npe,!l;nO:>KeHO MO,!l;enbHOe OnHCaHHe 3cpcpeKTOB 

crpyKzypHOH HeyCTOH'IHBOCTH. llOMHMO MeTO

,!l;OB HeHTpOHHOH cpH3HKH B HCCne,!l;OBaHHR:X 

BTCll Hcnonb3YIOTCR: nyqKH npoTOHOB H pe

nRTHBHCTCKHX R:,!l;ep CHHXpOcp830TpOHa, TR:
:>Kenbie HOHbi u;HKnoTpoHa Y-400, iJ.SR-MeTo

AHKa Ha MIOOHHOM nyt~Ke cp830TpOHa. 

llyt~KH HeHTpOHOB ycTaHOBKH 11BP-30 

ycneUIHO HCnOnb30BaJIHCb B HCCne,!l;OBaHIDIX 

B3aHMO,!l;eHCTBIDI HeHTpOHOB C R:,!l;paMH, B H3y

tieHHH CBOHCTB B036y)f(,!l;eHHbiX COCTOR:HHH 

aTOMHbiX R:,!l;ep. 06Hapy:>KeH H HCCne,!l;OBaH 

a-pacnaA HOBbiX KOMnayHA-R:Aep, nonyt~eHbi 

HOBbie AaHHbie o cneKTpax r-pacna,!l;a KOM

nayHA-COCTOR:HHH, 0 cpparMeHTaUHH 3apR:,!l;a 

H MaCChi OCKOnKOB ,!l;eneHIDI R:,!l;ep pe30HaHC

HbiMH HeHTpOHaMH. 

CoaeprneHCTBOBaJiacb H pa3BHaanacb 3KC

nepHMeHTanbHaR: 683a 11HcTHTyTa. BhmonHeH 

6onbUIOH KOMnneKc pa6oT no coopy:>KeHHIO 

eyKnoTpoHa. lloArOTOBneH TYHHenb AnR pa3-

Me~eHIDI MarHHTHOH CHCTeMbi HYKnOTpoHa, 

C,!l;aHa B onbiTHYIO 3KCnnyaTaiJ;HIO CHCTeMa 

nHTaHIDI CBepxnpOBO,!l;R:~X MarHHTOB H nHH3. 

Ha cHHxpocp83oTpoHe npoBeAeHhi pa6oTbi no 

C03,!l;aHHIO CHCTeMbi BTOpOrO Me,!l;neHHOrO Bbi

BO,!l;a nyt~Ka, TpaCCHpOBKe H MOHTa:>KY o6opy

,!l;OBaHIDI HOBbiX KaHaJIOB nyt~Koa. Hat~aTa 

OnbiTHaR: 3KCnnyaTaiJ;IDI aBTOMaTH3HpOBaHHOH 

CHCTeMbi ynpasneHIDI HOHHbiM HCTO'IHHKOM 

lJ;lfKnoTpoHa Y-400. YnyqrneH pR:A xapaKTe

pHCTHK cpa30TpoHa 0J1.HJ1, B tiaCTHOCTH, 3a 

CtleT H3MeHeHIDI pe:>KHMa paCTR::>KKH nyt~Ka 

HHTeHCHBHOCTb paCTR:HYTOrO nyt~Ka npOTO

HOB ,!l;OBe,!l;eHa ,!l;O 2 MKA, K03cpcpHUHeHT ne

pe3axBaTa nyt~Ka yBenHt~eH AO 80%. llpo

AOn:>KaJIHCb pa60Tbi no C03,!l;aHHIO 3neKTpOH

HOrO ycKOpHTenR: ni1Y -30. Ha BbiXO,!l;e nocne 

6 ceKu;Hii nepBoro ycKopHTenbHoro yt~acTKa 

nonyt~eH 3neKTpOHHbiH nyt~OK C 3HeprHeH 

4,5 M3B H TOKOM B HMnynbce -160 A. 

,[lanbHe:Hrnee p83BHTHe nonytiHnH cpeACTBa 

BbitiHcnHTenbHOH TeXHHKH H aBTOMaTH3al.UfH, 

CHCTeMbi o6pa60TKH ,!l;aHHbiX C KaMepHbiX 

H 3neKTpOHHbiX 3KcnepHMeHTOB. 3aMeTHbiM 

,!l;OCTH:>KeHHeM CTaJIO BHe,!l;peHHe B 0J1.fiJ1 



60JibiiiOro KOJII.:Il·leCTBa nepCOHaJibHbiX 3BM. 

Co3JJ;aHbi apxHB nporpaMMHbiX npoJJ;yKToB 

JJ;JIH ll3BM OH.HI1 H cHcTeMa aBTOMaTH3Hpo

BaHHoro JJ;OcTyna K KaTanory apxHBa. PeanH-

30BaHa CBH3b c Ha~HOHaJihHbiM ~eHTpoM 

aBTOMaTH3HpOBaHHoro o6MeHa (HQAO, 

MocKaa) . llpoaeJJ;eHbi onbiTHbie JJ;BycropoHHHe 

ceaHChi CBH3H OUHH c CeTbiO HUAO H UEPHa. 

Bonbiiioe BHHMaHHe no-npe:>KHeMy o6pa

manocb Ha pa3BHTHe npHKJiaJJ;HbiX HCCJieJJ;OBa

HHH. c Hcnonb30BaHHeM HBP-2 H 3r-5 Bhi

nonHeH 6onhiiiOH o6'beM pa6oT no 3JieMeHT

HOMY aHaJIH3Y o6pa3~0B (6onee 1200) Ha co

JJ;ep)KaHHe 30JIOTa, peJJ;Ko3eMeJibHhiX 3JieMeH

TOB H JJ;p. Ha MHKpOTpoHe JUlP OTpa6oTaHa 

Ba)I(HaH JJ;JIH paJJ;HOMeJJ;H~HHCKOH JJ;HarHOCTHKH 

MeTOJJ;HKa nonyqeHHH paJJ;HOaKTHBHOrO npe

napaTa H:oJJ;a-123. B llH<l> C03JJ;aH KBaHTOBbtii: 

HHTep¢lepoMeTp - CKBHJJ;, BblllOJIHeHHbtii: Ha 

OCHOBe BbiCOKOTeMnepaTypHoro CBepxnpOBOJJ;

HHKa H HMeiOmHH JIY'IIIIHe B MHpe napaMeTpbi. 

PHJJ: HHTepecHhix 6Ho¢lH3H'IecKHX HccneJJ;oaa

HHH BblllOJIHeH B n.Hn no npoeKTy PHTM. 

llpOBOJJ;HJIHCh pa60Tbl no paJJ;HOTepanHH Ha 

KaHaJiax MeJJ;~CKHX ny'IKOB MeJJ;HK0-6HOJIO

rH'IeCKOrO KOMUJieKca. ¢la30TpOHa. 

,lleHTeJihHOCTb 06'heJJ;HHeHHOrO HHCTHTYTa 

ocymecTBJIHJiach a paMKax IIIHpOKoro MeiK,IJ,y

HapoJJ;Ho ro COTPYJJ:HH'IeCTBa. B npoaoJJ;HMbiX 

HCCJieJJ;OBaHHHX IlpHHHMaJIH y'laCTHe 300 Hayq

HbiX y qpeiK,li,eHHH CTpaH-y'laCTH~, a TaiOKe 

35 Hay'IHO-HCCJieJJ;OBaTeJihCKHX opraHH3a~H 

JJ;pyrHx cTpaH. BhmoJIHeHHe HaH6onee Ba)I(HbiX 

COBMeCTHbiX pa6oT OcPOPMJieHO IlpOTOKOJiaMH 

o coTpy JJ;HH'Iecrae. B HacToHmee apeMH JJ;eH:

cTayeT oKono 700 npoToKonoa o coTpyA

HH'IeCTBe C Hay'IHbiMH ~eHTpaMH CTpaH

yqaCTHH~. OH.HH 6hm opraHH3aTopoM 6 Kpyn

HhiX M e)K,Dy HapOJJ;HbiX KOH¢lepeH~H, npoBeJI 

24 pa6o 11Jo.tx coaeur,aHHH. Y'leHbie H cne~anH

CTbi l1HCTHTyTa npHHHJIH yqacTHe BO MHOrHX 

Me)KJJ;yHapOJJ;HbiX H H~HOHaJibHbiX COBeiii,a

HHHX, lllKOJiaX, KOH¢lepeH~HX. 

3Ha'IHTeJihHbiM C06biTHeM HBHJIOCb IlpHCy)K

JJ;eHHe fleHHHCKOH npeMHH 1988 rOJJ;a B o6na

CTH HayKH H TeXHHKH 3a ~HKJI pa60T "Hoaoe 

BpyqeHHe JleHHHCKHX npeMHH 1988 rop;a s o6nacTH HayKH H TeXHHKH 13 MaR B KpeMne. BbicTynaeT npe3H,D;eHT 
AH CCCP aKa,n;eMHK r .M.Map'lyK. B nepsoM pRAY cnesa Hanpaso : naypeaT&I JleHHHCKOH npeMHH B.A.MaTsees, 
A .H.TasxenH,D;3e, P.M .Mypa,n;RH, A.M.Banp;ua, ll.H.Boromo6os 
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KBaHTOBOe trn:CnO - UBeT H ycraHOBneHHe AH

HaMHqecKOH 3aKOHOMepHOCTH B KBapKOBOH 

CTPYKType qacTHU H aTOMHhiX H,D;ep", Bbmon

HeHHhiX B OH.HH B 1965-1977 ro,D;ax asTop

CKHM KOnneKTHBOM: A.M.Ban,D;HH, n .H.Bo

romo6oB, B.A.MaTBees, P.M.Mypa,D;HH H 

A.H.TasxenH,D;3e. 

Bee npeo6pa30BaHHH, npoHCXOA.fii.UHe ceii

qac B OHHH, ,D;OmKHbi CKOHUeHTpHpoBaTL ycH

nHH KonneKTHBa Ha perneHHH HOBhiX, 6onee 

• 

aKTyanbHbiX 3a,D;aq, CllOC06CTBOBaTb TBopqec

KOH aKTHBHOCTH KonneKTHBa, BHeCTH AYX 

,ll;HCKYCCHOHHOCTH, HHHUHaTHBHOCTH. fu cne
,D;yeT paCCMaTpHBaTb TOnbKO C yqeTOM TOqeK 

3peHH.fl BCex CTpaH-yqaCTHHU, C ll03HUHH Me)I(

,D;YlfapOAHOCTH Harnero 11HCTHTYTa· B 3TOM 

3anor ycnexa. H HaAeJOcL, ~o H B 6yAyrneM 

nocne,D;OBaTeJibHOe BbinOnHeHHe HaMeqeHHbiX 

nnaHoB 6yAeT cnoco6crnosaTL BhiXOAY OHHH 
Ha nepe,D;OBhie ll03HUHH B HayKe. 

H.H.Boron106os 

.[J;HpeKTOp 06'be,D;HHeHHoro HHCTHTyTa 

HAepHbiX HccneAOBaHHH 



PYKOBOJJ.HlllME · 
M KOHCYnbTATMBHbiE 
OPrAHbl OMHM 



.UE.RTEJibHOCTb PYKOBO.U.RIIlHX 
H KOHCYJihTATHBHblX OPr AHOB OH.RH 

• 63 ceccHH Yt~eHoro coseTa OH.RM: coCTOH

nacb 12-14 HHBapH 1988 r. Yt~eHbiH COBeT 0 ,11;06-

pHJI npoeKT KoMnJieKcHoH: nporpaMMhi HCCJie

,D;OBaHHH H pa3BHTHH OH.RM: c yt~eTOM BhiCKa-

3aHHbiX 3aMellaHHH H o6paTHJI BHHMaHHe ,D;H

peKUHH Ha He06XO,D;HMOCTb pa3pa60TKH ,D;aJib

HeHlliHX nepcneKTHB pa3BHTHH 011JII1 ,11;0 

2005 r. CoseT o,D;o6pHJI npe,D;Jio:>KeHHe o c o3-

,D;aHHH Jla6opaTOpHH CBepXBbiCOKHX 3Hepr HH, 

a TaK:>Ke npose,D;eHHoe npeo6pa30BaHHe OT,D;eJia 

HOBbiX MeTO,D;OB ycKOpeHHH B 06meHHCTHTYT

CKOe HaytiHO-MeTO,D;HtleCKOe OT,D;eJieHHe C no

CJie,D;yiOlllHM npHcoe,D;HHeHHeM ero K Jia6o pa

TOpHH CBepXBbiCOKHX 3HeprHH. 

Yt~eHhiH COBeT B OCHOBHOM O,D;06pHJI 3a-
• 

KJIIOtleHHe COBelllaHHH 3KCnepTOB CTpaH-ytlaCT-

HHU no coseprueHCTBOBaHHIO CTPYKTYPLI 

011.RI1, BLipa6oTaHHbie KoMHccHeH: no c o sep

rueHCTBOBaHHIO CTPYKTYPLI 011.RI1 npe,D;Jio :>Ke

HHH no H3MeHeHHIO nOJIO:>KeHHH 0 Hay tiHO

TeXHHtleCKHX COBeTaX 11HCTHTyTa H Jia6op aTO

pHH H no C03,D;aHHIO HaytiHO-KOOp,D;HHaUHOHHbiX 

COBeTOB 11HCTHTyTa, a TaK:>Ke peKOMeH,D;auHH 

no nOBbillieHHIO 3<f><f>eKTHBHOCTH Me)K,IJ;yHapO,D;

HOrO HaytiHO-TeXHHtleCKOrO COTpy,D;HHtleCTBa 

011.RI1 co cTpaHaMH-yt~acTHHUaMH. YTsep )K,IJ;e

Hbi HOBbie llpasHJia npoue,D;ypLI BLI6opos Ha 

,D;OJI:>KHOCTH ,D;HpeKTOpOB Jia6opaTOpHH H HX 

3aMecTHTeneH:. Bse,D;eH m;>pH,D;OK rnH:Horo ro

nocoBaHHH npH Bbi6opax. CoseT noCTaHOBHJI 

CtiHTaTb O,D;HOH H3 nepBOOtlepe,D;HbiX 3a,D;atl 

11HCTHTyTa CTpOHTeJibCTBO B CJie,D;yiOllleH nHTH

JleTKe HH<f>OpMaUHOHH0-6H6JIHOTetiHOrO UeHTpa 

011JII1. llpe,D;JIO:>KeHO B HIOHe 1988 r. npOB eCTH 

COBMecTHOe 3ace,D;aHHe <l>HHaHCOBOrO KOMHTeTa 

H Yt~eHoro coseTa no o6cy)K,IJ;eHHIO npe,D;Jio:>Ke

HHH o coseprneHCTBOBaHHH nnaHHpOB aHHH 

H <f>HHaHCHpOBaHHH B 011JII1. 

YlleHbiH COBeT o6cy,D;HJI OCHOBHbie HTOrH 

BbiDOJIHeHHH nporpaMMbl HaytiHO-HCCJie,D;OBa

TeJibCKOH ,D;eHTeJibHOCTH 011JII1 3a 1987 r., 

O,D;06pHJI ,D;eHTeJibHOCTb Jia6opaTOpHH, OTM eTHJI 

HaH60Jiee cymeCTBeHHbie ,D;OCTH:>KeHHH 0 11JII1 
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B 1987 r. Onpe,D;eJieHLI OCHOBHLie 3a,D;at1H 

Ha 1988 r., yrBep)K,IJ;eH llpo6JieMHO-TeMaTH

tleCKHH llJiaH HaytiHO-HCCJie,D;OBaTeJibCKHX pa6oT 

H Me)K,IJ;yHapO,D;HOrO COTpy,D;HHtlecTBa 0:HJII1 

Ha 1988 ro,D;, COCTaBJieHHbiH C yqeTOM npe,D;JIO

:>KeHHH CTpaH-ytlaCTHHU. 

Yt~eHbiH coseT npe,D;JIO)f(HJI ,D;HpeKUHH 11H

CTHTYTa, B COOTBeTCTBHH C perueHHHMH <l>HHaH· 

COBOrO KOMHTeTa, HatlaTb pa3pa60TKY HOBOrO 

nO,D;XOM K llJiaHHpOBaHHIO H <f>HHaHCHpOBaHHIO, 

npH KOTopoM npHHUHn ,D;onesoro yt~acnm 

CTpaH-ytlaCTHHU B <f>HHaHCHpOBaHHH COXpaHHeT

CH, HO npHHHTHe HayliHO-HCCJie,D;OBaTeJibCKHX 

TeM B nnaH B 6onLrneH: cTeneHH, t~eM ceH:t~ac 

onpe,D;eJIHeTCH HaytiHO·TeXHHtleCKHMH HHTepeca

MH H B03MO:>KHOCTHMH CTpaH-ytlaCTHHU. 

.ll:HpeKUHH 11HcTHzyTa HH<f>opMHposana Yt~e

Hhm COBeT 0 BbiDOJIHeHHH perueHHH ero 61 
H 62 ceccHH:, o pa6oTe ceKUHH CoseTa, a TaK

:>Ke o6 HTorax Me)K,IJ;yHapo,D;Horo coTpy,D;HHtlecT

sa H CBH3HX 011JII1 H 0 pa6oTe C Ka,D;paMH 

cneUHaJIHCTOB H3 CTpaH-ytlaCTHHU. 

• CoselllaHHe KoMHTeTa llonHOMOtiHbiX 

llpe,D;CTaBHTeJieH npaBHTeJibCTB rocy,D;apCTB-tiJie

HOB 011JII1 COCTOHJIOCb 1-3 MapTa 1988 r. 

KoMHTeT lloJIHOMOtiHbiX llpe,D;cTasHTeneH: 

o,D;o6pHJI pa6oTy 11HCTHTyTa no BbiDOJIHeHHIO 

nJiaHa HaytiHO-HCCJie,D;OBaTeJibCKHX pa60T H 

Me)K,IJ;yHapo,D;Horo coTpy,D;HHtleCTBa B 1988 r.; 

YTBep,D;HJI perneHHH 62 H 63 ceccHH: Yt~e

Horo COBeTa no COBeprueHCTBOBaHHIO CTpyK

Typbl 011JII1. 

KoMHTeT llonHOMOtiHbiX llpe,D;CTaBHTeneH: 

nOCTaHOBHJI CtiHTaTb rJiaBHbiMH 38,D;allaMH 

11HCTHTYTa B 1988 r.: 
- ,D;aJibHeH:rnee pa3BHTHe cospeMeHHhiX Teo

peTHtleCKHX MeTO,D;OB <f>H3HKH 3JieMeHTapHbiX 

tlaCTHU H aTOMHOrO H,D;pa, KOH,D;eHCHpOBaHHbiX 

COCTOHHHH, a TaK:>Ke npOBe,D;eHHe 3KCnepHMeH

TaJibHbiX HCCJie,D;OBaHHH B 3THX HanpaBJieHHHX 

Ha 6a30BbiX ycTaHOBKax 011JII1, YCKOpHTeJIHX 

11<l>B3 H UEPHa B cooTBeTCTBHH c 3a,nat~aMH, 



nocTaBJieHHbiMH peweHHHMH 63 ceccHH Yt~e-

Horo coseTa 011fl11; 

- ynyqweHHe xapaKTepHCTHK cHHxpo<Pa-

30TPOHa KaK YCKOpHTeJI.R peJI.RTHBHCTCKHX 

H non.apH30SaHHbiX .a,D;ep, pa6oTbi no co3,D;a

HHIO HYKJIOTpoHa, ycKopHTenbHoro KOMnneKca 

Y -400 + Y -400M, ycKopHTeJI.R ll:HY -30; 

- pa3SHTHe H 3<l><t>eKTHBHOe HCnOJib30SaHHe 

~eHTpaJibHOrO SbNHCJIHTeJibHOrO KOMnJieKca; 

- yqaCTHe S pa3pa60TKe COSMeCTHO 

c 11Bci>3 OT,D;eJibHbiX cHCTeM YHK H no,D;roTos

Ka 3KCnepHMeHTOS Ha HeM. 

3acnywas H o6cy,D;Hs HH$opM~IO ,D;HpeK

~H o npHMeHeHHH 06'be,D;HHeHHbiM HHCTHTY

TOM .R,D;epHbiX HCCJie,D;OBaHHH KOHSeH~H 0 npa

SOSOM CTaTyce, npHSHJierH.RX H HMMYHHTeTax 

Me)l(rOCy,D;apCTSeHHbiX 3KOHOMHlleCKHX opra

HH3~HH, ,D;eHCTSYIOIIUiX S onpe,D;eJieHHbiX o6na

CT.RX coTpy,D;HHt~ecrsa, KoMHTeT lloJIHOMOliHbiX 

llpe,D;cTasHTeneif yTsep,D;HJI nepet~eHb KaTeropHH 

,ll;OJI)I(HOCTHbiX JIH~, Ha KOTOpbiX pacnpOCTpa

H.ReTC.R ,D;eifcTsHe KoHseH~H. 

Kllll o,D;o6pHJI pa6oTy «l>HHaHcosoro KoMH

TeTa H KOHTpOJibHOH KOMHCCHH no paCCMOTpe

HHIO H aHaJIH3Y $HHaHCOSO-X03.RHCTSeHHOH 

,D;e.RTeJibHOCTH 011fll1 H ,D;pyrHX $HHaHCOSbiX 

SOnpOCOS. llpHH.RTO K CSe,D;eHHIO C006~eHHe 

,D;HpeK~HH 11HCTHTyTa 06 HCnOJIHeHHH 6IO,D;)I(e

Ta 3a 1987 r. H yTsep)l(,ll;eH 6IO,D;)I(eT 011fll1 

Ha 1988 r. YTsep)l(,ll;eHbi QHCJieHHOCTb coTpy,D;

HHKOs H nJiaH KanHTaJibHOrO CTpOHTeJibCTSa 

Ha 1988 r. 

«l>HHaHCOSOMY KOMHTeTy nopyt~eHO pac

CMOTpeTb Ha cne~aJibHOM COSe~HH C npHB

JielleHHeM 3KCnepTOS-yQeHbiX S HIOHe 1988 r. 

npe,D;JIO)I(eHHH 0 HOSOM nO,D;XO,D;e K nOp.R,Il;Ky 

$HHaHCHpOSaHH.R ,D;e.RTeJibHOCTH 011f111. 

Ha cose~aHHH Kiln 6hma yTsep)l(,ll;eHa 

KoMnneKcHa.a nporpaMMa pa3SHTH.R 011fll1 

,D;O 2000 ro,D;a. 

KoMHTeT lloJIHoMOliHbiX llpe,D;cTaBHTeneif 

COrJiaCHJIC.R C npe,ll;JIO)I(eHHeM ,ll;HpeK~H J1HCTH

TyTa 0 ,ll;OnOJIHHTeJibHOM $HHaHCHpOSaHHH 

S 3TOH n.RTHJieTKe no pa3,D;eJiy "KanHTaJibHOe 

CTpOHTeJibCTSO" S CYMMe 10 MJIH py6JieH ,ll;JI.R 

ycKopeHH.R nepsooqepe,D;HbiX 3KcnepHMeHTOs 

HaYHK. 

Ha cosew.aHHH c HayliHhiMH ,D;OKJia,D;aMH 

SbiCTynHJIH npo<t>eccop B.r .Ka,ll;bxwescKHH -

"llpo6JieMbl $H3HKH SbiCOKHX 3HeprHH", 

npo<fleccop IO.IJ;.OraHec.aH - "CHHTe3 H csoif

cTsa HOSbiX .R,D;ep" H npo<Peccop 3.Mpo3aH -

"TeopeTHQeCKHe npo6JieMbl SbiCOKOTeMnepa

TypHOH csepxnpOSO,Il;HMOC'l'H". 

KoM HTeT lloJIHOMOQHbiX llpe,D;CTaBHTeneif 

yTsep,ll;HJI ,D;ononHHTeJibHbiH pa3,D;eJI llono)l(eHH.R 

0 nepCOHaJie 011fll1 0 SSe,D;eHHH S03paCTHbiX 

orpaHHqeHHH Ha 3aMe~eHHe ,ll;OJI)I(HOCTeH py

KOSO,Il;.RIIUiX pa60THHKOS H 0 SSe,D;eHHH noqeT

HbiX ,ll;OJI)I(HOCTeH S 11HCTHTyTe. 

• 6 4 ceccHH Yqe~:~oro coseTa OHHH cocro.a

nacb 9 -11 HIOH.R 1988 r. CeccHH o,D;o6pHJia 

,ll;eRTeJibHOCTb ce~ no TeOpeTHlleCKOH $H3H

Ke, no $ H3HKe SbiCOKHX 3HeprHif H no $H3HKe 

HH3KHX 3HeprHif. 

YTsep)l(,ll;eHo BpeMeHHoe noJio)l(eHHe o Ha

yliHo-Koop,D;HH~OHHbiX coseTax no HanpaBJie

HH.RM: $H3HKa SbiCOKHX 3HeprHH, $H3HKa 

HH3KHX H npoMeilcyTOliHbiX 3HeprHH, $H3HKa 

KOH,D;eHCHpOSaHHbiX cpe,D;, TeOpeTHQecKa.R $H-

3HKa, e,D;HHa.R TeXHHQecKa.R nOJIHTHKa. llepSble 

3aCe,D;aHH.R COSeTOS HaMelleHO nposecTH S HO

.a6pe 1 9 88 r. 

B c s.R3H c peweHHeM o6 o6pa30SaHHH 

HayliHO-KOOp,ll;HH~OHHbiX COSeTOS ynpa3,1l;

H.RIOTC.R ce~ YqeHoro coseTa 011fll1 H cne

~HaJIH3HposaHHbie KOMHTeTbl. 

0,D;o 6peH npoeKT nnaHos npose,D;eHHH oc

HOSHbiX HayQHbiX COSe~HH 011.HI1 H KOMaH

,Il;HpOSaHH.R cne~aJIHCTOS 11HCTHTyTa Ha Me)I(

,D;yHapO,Il;Hbie H H~OHa.JibHbie KOH$epeH~H, 

cose~aHH.R H WKOJibi s 1989 r. • 

Yt~eHbiH coseT yTsep,D;HJI peweHHe )I(IOpH 

o npeMHHx 011.HI1 3a nyqwHe pa6oTbi, Sbmon

HeHHbie S 1987 r. 

Ha ocHosaHHH llono)l(eHHH o nepcoHane 

011.HI1 Yt~eHbiH coseT Ha3HaliHJI qJieHa-Koppec

noH,D;eHTa AH CCCP B.ll.,U)I(eJienosa noqeTHbiM 

,D;HpeKTOpOM lla6opaTOpHH .R,D;epHbiX npo6JieM, 

QJieHa-K oppecnoH,D;eHTa AH CCCP M.r .Me~e

p.aKosa - nOQeTHbiM ,D;HpeKTOpOM lla6opaTO

pHH SbN HCJIHTeJibHOH TeXHHKH H aBTOMaTH3a

~HH, a K a,D;eMHKa r .H.Cl>neposa - nOlleTHbiM 

,ll;HpeKTOpOM lla6opaTOpHH .R,D;epHbiX pea~H, 

aKa,D;eMHKa H.M.ci>paHKa - noqeTHbiM ,D;HpeK

TopoM lla6opaTOpHH HempOHHOH $H3HKH 

cpoKOM Ha 5 JieT, cornaCHnc.a c peweHHeM 

,D;HpeK~HH 011.HI1 06 yTsep)l(,ll;eHHH COSeTHH

KOM n p H ,ll;HpeK~H 11HCTHTyTa aKa,D;eMHKa 

E.M.llo HTeKopso cpoKoM Ha 5 neT. Yt~eHbrn 

coseT n pocHJI KoMHTeT lloJIHOMOQHbiX llpe,D;

CTaBHTeneif YTSep,D;HTb 3TO peweHHe. 

YQeHbiH coseT 6hm HH$opMHposaH o pewe

HHHX cne~anbHoro cosMeCTHoro 3ace,D;aHH.R 

Cl>HHaHCOSOrO KOMHTeTa H YQeHOrO COSeTa 

0 HOSOM nO,D;XO,D;e K nJiaHHpOSaHHIO H nop.R,D;KY 

$HHaHCHposaHHH ,D;e.aTeJibHOCTH 011.HI1. CoseT 
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peuum BO BpeMH cBoeii oqepe,D;HOH 65 c eccHH 

npoBecTH COBMeCTHOe 3ace,D;rume <l>HHaHCOBOro 

KOMHTeTa H YlleHoro COBeTa. 

6-7 HlOHH B .lJ:y6He COCTOHJIOCb cneQHaJibHOe 

COBMeCTHOe 3ace,D;aHHe <l>HHaHCOBOrO KOMH TeTa 

H Yt~eHoro COBeTa 011f.111, Ha KOTOpOM 6 hiJIH 

o6cy)K,l];eHbl npe,ll;JIO:>KeHHH 0 HOBOM nO,D;XO,D;e 

K nJiaHHpOBaHHlO H nopH,D;Ky $HHaHCHpOB aHHH 

,D;eHTeJibHOCTH 011HI1. 

HOBhiH nOAXOA npeACTaBJIHeTCH Heo6X OAH

MhiM C TOliKH 3peHHH aKTHBH3aQHH HayqHOH 

,D;eHTeJibHOCTH 011f.111 H KOHQeHTpaQHH Y CHJIHH 

Ha HaH6onee nepcneKTHBHbiX HanpaBJieHHHX 

coBpeMeHHoii $H3HKH. OH AOJI:>KeH noMo llh B 

MaKCHMaJibHOH CTeneHH yllecTh HHTepecbi CTpaH

yqacTHHQ, npeKpaTHTb paspa6oTKH Henepc neK

THBHbiX TeM. CornacHo npe,D;naraeMOMY n o pHA

KY KanHTaJihHbie BJIO:>KeHHH H pacxo,ll;bi Ha 

OCHOBHYIO ,D;eHTeJibHOCTb 11HCTHTyTa, K a K H 

npe)K,l];e, onpe,D;eJIHlOTCH nHTHnernHM nnaHOM. 

CoxpaHHeTcH cHcTeMa AOJieBbiX B3HocoB crpaH

yqacTHHQ. Kflfl yTBep)K,l];aeT KOHTpon hHbie 

QH$pbl $HHaHCHpOBaHHH 011HI1 H ,ll;OJieBOe 

yqacrHe cTpaH. OAHaKo Tenepb 6roA:>KeT 11HCTH

TyTa npe,D;JIO:>KeHO pa3,D;eJIHTb Ha ,D;Ba $ OH,D;a: 

o6uurn H <t>oHA Konna6opaQHii. 

Ha- 3ace,D;aHHH eAHHOAYlliHO 6hma OTMet~eHa 

He06XO,ll;HMOCTb HOBOrO nO,ll;XO,D;a. .lJ:Hpe KQHH 

J1HCTHTyTa npe,D;JIO:>KeHO npoBecTH B 1988-
1989 rr. no,D;roTOBHTeJihHYlO pa6oTy AJIH 

nepexo,D;a Ha HOBYIO CHCTeMy nJiaHHpOB aHHH 

H $HHaHCHpOBaHHH. 

• 27 ceccHH ceKQHH Yt~eHoro COBeTa no 

TOOpeTifllecKOH $H3HKe COCTOHJiaCb 16-20 MaR. 

flo npe,D;JIO:>KeHHIO nOJibCKHX $H3HKOB-TeOpeTH

KOB, pa6oTaBrnHX B 011HI1, ceccHH 6hma 

npoBe,D;eHa B KpaKOBe. Ee rJiaBHOH QeJiblO 

6biJIO CTHMyJIHpoBaHHe coTpyAHHt~ecTBa yqe

HbiX nOJibCKHX HayliHbiX QeHTpOB H 011HI1 

B aKTYaJibHbiX HanpaBJieHHHX TeOpeTHllecKHX 

HCCJie,D;OBaHHH. 

CeccHH ceKQHH Yt~eHoro coBeTa 011HI1 

no $H3HKe BhiCOKHX 3HeprHii H ceKQHH Yt~e

Horo COBeTa 011f.111 no $H3HKe Hl:I3KHX 3Hep

rHJi COCTOHJIHCb B .lJ:y6He 7-9 HlOHH. 0CHOBHOe 

BHHMaHHe Ha 3aCe,D;aHHHX CeKQHH 6biJIO y,D;ene

HO 06Cy)K,l];eHHIO XO,D;a pa60T no BbinOJIHeHHlO 

npo6neMHo-TeMaTiflleCKoro nnaHa HaytiHo

Hccne,D;oBaTeJihCKHX pa6oT B na6opaTopHHx 

11HCTHzyTa. 

B HOH6pe 1988 r. B 011HI1 npOXOAHJIH 

nepBbie 3ace,D;aHHH cneQHaJibHhiX coBemaTenb

HhiX opraHOB Yt~eHoro COBeTa 011HI1 - HayliHO

KOOp,D;HHaQHOHHbiX COBeTOB no HanpaBJieHHHM: 

HKC no $H3HKe BhiCOKHX 3HeprHH, HKC no 

$H3HKe HH3KHX H npoMe:>KYTOliHbiX 3HeprHH, 

HKC no TeopeTHt~ecKoii $H3HKe, HKC no 

HCCJie,D;OBaHHHM KOH,D;eHCHpOBaHHbiX cpe,D; 

H,IlepHbiMH MeTo,D;aMH, HKC no e,ll;HHOH TeXHH

t~ecKoii nOJIHTHKe. 

Ha 3ace,D;aHHHX HayliHo-Koop,D;HHaQHOHHbiX 

coBeToB o6cy:>KAaJIHCb BpeMeHHoe nono:>KeHHe 

o6 HKC 011HI1, nopH,D;OK H opraHH3aQHH 

HX pa60Tbl, HOBbiH nopH,D;OK nJiaHHpoBa-

3aceAaHHe 65 ceccnn Y11eHoro coBeTa OIUUi (AeKa6p& 1988 r . ) 
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HIDI H ¢>HHaHCHpOBaHH.R TeM. 06cy?K,D;eHbl 
oTlleTbi no TeMaM H nepcneKTHBbi Hccne.no
BaHHH B cne,nyiOI.Qeii IDITHneTKe. YqacTHHKH 
ceccHH HKC 3acnywanH HayliHhie ,noKna.D;bi 
H HH¢>0pMIUlHIO 0 KOH¢>epeHJ..UUIX H COBe
lUaHKRX, B KOTOpbiX npHHRJIH yqaCTHe CO
Tpy.D;HHKH 011JlH B 1988 r. 

e 6-8 ,D;eKa6p.R B ,Uy6He COCTO.RJlaCb 65 cec
CH.R YlleHoro coseTa OHJIU. 

YlleHbiH coseT o.no6pHn MeponpHRTH.R .n;H
peKQHif HHCTHTyTa H na6opaTOpHH no BbffiOJl
HeHHIO peweHHii 63 H 64 ceccHii CoseTa. 

BLmH o6cy)K.D;eHbi coo6I.QeHH.R o pa6oTe 
c03.D;aHHbiX B 061>e.D;HHeHHOM HHCTHTYTe .R,nep
HbiX HCcne,D;OBaHHH Hay~O-KOOp.D;HHa.I.UiOHHbiX 
COBeTOB no HanpaBJleHIDIM. YTBep?K,D;eHO pac
npe,neneHHe TeM llpo6neMHo-TeMaTHllecKoro 
nnaHa OMJIU no HayqHo-Koop.nHHilllHOHHbiM 
COBeTaM. 

llpH o6cy)K.D;eHHH BpeMeHHoro nonmKeHHR 
o HayliHO-Koop.nHHIUlHOHHLIX coseTax OU.RU 
peweHo BBecTH B HKC no e.n;HHoii TexH~ecKoii 
nOJIHTHKe no O.D;HOMY npe,D;CTaBHTeJIIO C npaBOM 
pewa10mero ronoca OT .npyrHX qeTbipex HKC 
,D;n.R npe,n;CTaBJleHIDI MHeHIDI COOTBeTCTByiOI.QHX 
COBeTOB. 

YlleHbiH coseT npHH.Rn K cse,neHHIO pewe
HHR HKC no OTlleTaM o xo.ne BbmonHeHH.R 
HayqHo-Hccne.nosaTenbcKHX pa6oT H o.no6pHn 
HX B llaCTH BHOBb npe,nnaraeMbiX npoeKTOB. 
YTBep)K.D;eHbi proynLTaTbi Bbi6opoB 3aMecTH
Teneii npe.nce,naTeneii H yqeHbiX ceKpeTa
peiiHKC. 

Ha ceccHH 6LmH paccMoTpeHbi npe,ncTaB
neHHbie .D;Hpe~HeH OCHOBHbie HTOrH BbffiOJl
HeHH.R HayliHO-HCCJle,D;OBaTeJlbCKOH nporpaMMbl 
OHHH B 1988 r. YqeHbiH coseT o.no6pHn 

IIPEMHH 

JleHHHCKa.R npeMH.R 1988 r. B o6naCTH 
HayKH H TeXHHKH npHCy)K.D;eHa 3a QHKJl pa6oT 
"Hosoe KBaHTOBoe liHCno - QBeT H yCTaHOB
neHHe .D;HHaMHllecKHX 3aKOHOMepHOCTeH B 
KBapKOBOH CTPYKTYpe :meMeHTapHbiX qacTHQ 
H aTOMHbiX .R,nep", BhmOnHeHHbiX B OH.RH 
B 1965-1977 rr. 

ABTOpbl: A.M.Ban.D;HH, n.H.Boroni060B, 
B.A.MaTBeeB, A.H. TasxenH,n3e, P .M.Mypa.D;.RH. 

Hay~O-HCCJle.D;OBaTenbCKYIO ,ne.RTeJlbHOCTb Ha
YliHbiX no,npa3,neneHHii YlHCTHTYTa. YTBep)K.D;eH 
llpo6neMHO-TeMaTHllecKHH nJlaH HayliHO-HCCJle
.D;OBaTenbCKHX pa6oT H MeJK,nyHapo.D;Horo co
TPY.nHHlleCTBa OH.RH Ha 1989 r., coCTasneH
HbiH c yqeToM npe,nnoJKeHHH cTpaH-yqacTHHQ. 
Onpe,neneHbi ocHOBHbie HayliHbie 3a,D;aliH na6o
paTopHH Ha 6y,nyi.QHii ro.n. O,no6peHbi Mepo
npHRTH.R .n;Hpe~HH no ,nanLHeiiweMy cosep
weHCTBOBaHHIO CTPYKTYPLI YIHcTHTyTa, a TaKJKe 
npe.nnoJKeHH.R ,n;Hpe~HH no o6pa30BaHHIO Jla-
6opaTopHH csepXBbiCOKHX 3HeprHii. Cocro.R
nHCb Bbi60pbl Ha ,D;OJl)KHOCTH .D;HpeKTOpOB 
H 3aMeCTHTeneii ,n;HpeKTopos na6opaTopHii. 
BpyqeHbi .D;HnnOMbi Harpa)K.D;eHHbiM npeMH.RMH 
OH.RH 3a 1987 r. 

e 8-9 ,neKa6p.R COCTO.RJlOCb COBMeCTHOe 
3ace.nmme <l>HHaHcosoro KOMHTeTa H YqeHo
ro coseTa OU.RU. YqacTHHKH 3ace,naHH.R 

o6cy.D;HnH HH<l><>PMa.I.UiiO ,n;HpeKQHH YIHCTHTY
Ta o no.nroTOBKe K nepexo.ny Ha HOBbiH nop.R
,noK nnaHHpOBaHH.R H ¢>HHaHCHpOBaHH.R ,D;e.R
TeJlbHOCTH OH.RU H peKoMeH,nosanH ,n;Hpe~HH 
npo,nonJKHTh 3TY pa6oTY. Cosei.QaHHe npocHno 
.D;Hpe~HIO .D;O 15 .RHBap.R 1989 r. HanpaBHTb 
B CTpaHbi-yllaCTHHQbl HCXO.D;HbiH MaTepHaJI .D;Jl.R 
Bbipa6oTKH CTpaHaMH CBOHX npe,D;JlO)I(eHHH 
no pacnpe,neneHHIO <!>HHaHCHpOBaHH.R na Te
MaM nnaHa HayliHO-HCCJle,D;OBaTeJibCKHX pa-
6oT Ha 1990 r. 3TH MaTepHaJlbl .D;OJlJKHbl 6biTb 
paccMOTpeHbi Ha nerneii ceccHH HKC H 66 cec
CHH YlleHOrO COBeTa H 3aTeM CKOppeKTHpOBa
Hbl ,nn.R paccMOTpeHH.R Ha 67 ceccHH Yt~eHoro 
COBeTa. HayliHO-KOOp.D;HHa.I.UiOHHbiM COBeTaM 
nopyqeHo Bbipa6oTaTL KOHKpeTHbie npe.nno
)l(eHIDI no BCeM TeMaM, BXO,D;.RI.QHM B HX KOM
neTeHQHIO. 

IIPEMUU OHJIU 

Ha coHCKaHHe npeMHH OH.RH 3a 1987 r. 
6hmH ·Bbi.D;BHHYTbi nyqwHe Hay~o-Hccne.nosa
TeJILCKHe, HayliHO-MeTO,D;HllecKHe H HayliHO
TeXH~ecKHe pa60Tbl, BbffiOnHeHHbie COTpy.D;HH
KaMH YIHcTHTYTa. PeweHHeM YlleHoro coseTa 
OH.RH OT 9 HIOH.R 1988 r. npHcy)K.D;eHbi cne
,nyiOI.QHe npeMHH: 
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no HAYqHO-HCCJIE,UOBATEJihCKHM T EOPETJ1qECKHM P ABOT AM 

IlepaaR npeMUR 
'TapMOHHtleCKOe cynepnpoCTpaHCTBO AJIR 

pacuiHpeHHhiX cynepcHMMeTpHH". 
AaTophi: A.C.ranLnepHH, E.A.HaaHoa, 

C.KanHQHH, B.H.OrHeBeQKHH, 3.CoKaqea. 

BropaR npeMUR. 

"Hccne.n:oaaHHe 3JieKTpoHHhiX CBOHCTB qH
CThiX MeTaJIJIOB H p836aBJieHHhiX CllJiaBOB 
B TeOpHH MHOrOKpaTHoro pacceRHHR". 

ABTOpbi: H.MepTHr, 3.Mpo3aH, n.QHwe. 

no HAYqHO-HCCJIE.UOBATEJihCKHM 3 KCnEPHMEHTAJihHbiM P ABOTAM 

IlepaaR npeMUR. 
"3KcnepHMeHTaJibHhie HCCJieAOBaHHR HeHT

pOHOH36hiTOqHbiX RAep nerqaHWHX 3JieMeHTOB:' 
ABTOphi: A.B.Beno3epoa, K.Bopqa, 

3.,Unoyrhi, A.M.KanHHHH, P .r .Kannai<:qHeaa, 
B.B.KyTHep, HryeH Xoaii TLRy, IO.Q.OraHeCRH, 
J0.3.neHHOH:>KKeB~. 

)J,ae aropble npeMuu 
"3KcnepHMeHTaJibHbie HCCJieAOBaHHR RAep

HhiX 3cPcPeKTOB B CTpyKTypHbiX cPYHKQHRX 
HyKJIOHOB". 

AaTopbi: A.r .Bono.o:LKo, H.A.ronymHH, 
B.r.KpHBOXH:>KHH, B.B.KyxTHH, C.HeMeqeK, 
n.PaHMep, H.A.CaBHH, r.H.CMHpHOB, H.CTpa
XOTa, r .CyJITaHOB. 

"3KcnepHMeHTaJibHbie HCCJieAOBaHHR 3JieK
TpOMarHHTHOrO H3nyqeHHR peJIRTHBHCTCKHX 
3JieKTpOHOB H ll03HTpOHOB B KpHCTaJIJiax". 

ABTOphi: 3.H.QhiraHoa, H.A.TRnKHH, 
B.M.ronoaaTIOK, P.B.Ka.D:hipOB, T.C.HHrMa
HOB, H.I1.3HMHH, M.,U.llla<PpaHOB, B.,U.PR6Qoa, 
H.M.HaaHqeHKo, A.C.Bo.o:onhRHOB. 

no HAYqHO-METO,UJ1qECKHM 11 HAYq HO-TEXHJ1qECKHM PABOT AM 

IlepaaR npeMUR. 
"HeHTpOHHbrn AH<l>paKToMeTp .UH-2. KoH

CTPYKI.UIR, napaMeTphi, oco6eHHOCTH Hccne
AOBaHHR MOHO- H llOJIHKpHCTaJIJIHqecKHX 
Bei.QecTB". 

ABTOphi: B.H.AHaHLeB, A.M.Banarypoa, 
A.H.BecKpoBHhiH, B.H.rop.o:enHii, B.B.KopHH
noa, B.E.Hoao:>KHJIOB, A.H.OcrpoBHOH, H.no
na, B.H.CaaeHKO, B.,U.IIIH6aea. 

)J,ae aropble npeMuu 
"CenapaTop KOMnayHA-RAep Ha nyqKe TR

)KeJibiX HOHOB ("BacHJIHCa") ". 
ABTOphi: A.H.AH.n:peea, ,U.,U.Bor.n:aHoB, 

E.H.BopoHKOB, B.A.ropwKoa, A.B.EpeMHH, 
A.n.Ka6aqeHKo, O.A.Opnoaa, JI.A.Py6HHcKaR, 
r.H.Tep-AKOllbRH, B.J1,qenHrHH. 

"11CTOqHHK llOJIRpH30BaHHhiX .o:eHTPOHOB 
nOJIHPHC". 

ABTOpbi: A.A.BenywKHHa, A.H.BaneaHq, 
B.B.BacHJIHWHH, r.H.raii, B.n.Epwoa, H.H.Ky
JIHKOB, n.B.HoMOKOHOB, IO.K.nHJIHneHKO, 
B.B.<l>HMYWKHH, B.B.lllyTOB. 

no HAYqHO-TEXHHqECKHM nPHKJIA,UHbiM P.ABOTAM 

IlepaCZR npeMUR. 
"MeXaHH3Mhi .o:eHCTBHR Ha KJieTKH HOHH-

3HpyiOLQHX H3nyqeHHH C p83HbiMH cPH3HqecKH
MH xapaKTepHCTHKaMH". 

AaTophi: K.r.AMHpTaea, P.,U.roaopyH, 
C.Ko3y6eK, B.H.Koporo.o:HH, E.A.KpacaaHH, 
n.H.Jio6aqeBCKHH, E.A.HacoHOBa, B.ToKapo
aa, A.n.qepeaaTeHKo. 
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)J,ae aropbze npeMuu 

'Tny6oKoe nerHpoaaHHe H pa.D:HaQHOHHoe 
.o:e<t>eKT006p830BaHHe B MOHOKpHCTaJIJiaX npH 
o6nyqeHHH TR:>KeJISIMH HOHaMH". 

ABTOphi: B.H.Byrpoa, A.IO . .UHAhiK, 
A.M.3aii:QeB, C.A.KapaMRH, B.H.Ky3HeQoB, 
r .OTTo, H.B.npoHHH, B.P .Perenb, B.A.CKypa
TOB, B.,U.lllecTaKoB. 

"Pa3pa6oTKa npH6opa AJIR 3KcnpeccHoro 
onpe.o:eneHHR 6enKa B 3epHe H 3epHonpo.o:yK
Tax C HCllOJib30BaHHeM H30TOnHbiX HCTOqHHKOB 
HeHTpOHOB". 

ABTophi: B.B.KopHHJIOB, B.M.Hasapoa, 
T.M.OcTpOBHaR, C.C.naanoa, B.n.Cbicoea. 



HAY~HO· 
MCCnEAOBATEnbCKME 
PA60Tbl, 
BblnOn HE H H biE 
nA60PATOPMHMM OMHM 
B 1988 rOAY 

• 



JIABOPATOPIUI 
TEOPETMqECKOA ~M3MKM 

CTPYKTYPA KnACCHqECKOA 

H KBAHTOBOA TEOPHA nonEA 

llOKa3aH0 1 qTo B HeKOTOpbiX peHOpMHpO

BOqHbJX CXeMaX OTpHUaTeJibHbie KOBapHaHTHbie 

KaJIH6pOBKH npHBO,wiT K noTepe aCHMnTOTH

qecKOH CB060.Z:U,I ,D;JUI 3Q>Q>eKTHBHOrO 3a

pH,n;a11 1• 

Pa3pa6oTaH reoMeTpHqecKHH MeTo,n; p erne

HHH KpaeBOH 3a,n;aqH B TeOpHH peJIHTHBHCTCKOH 

cTpyHhi c MaccaMH Ha KOH~ax. _ 

llocrpoeH Knacc KaJIH6poBoqHbiX Teop HH:, 

OnHCbiBaiOIUHX CHCTeMy peJIHTHBHCTCKHX qa

CTHU, CBH3aHHbiX JIHHeHHbiMH CHJiaMH. 

,Z:(nH ypasHeHHH aH3a~ BeTe B :r.iOA eJIH 

H30TpomibiX MarHeTHKOB reH3eH6epra CO 

cnHHaMH 1/2 H 1 HaH,D;eHbi ~cneHHbie p erne

HHH HOBOrO THna, co,n;ep)l(lliUHe HeCTpyHHbie 

KOHQ>Hryp~H (MYJibTHnJieTbl) 
12 1

• 

llpe,n;no:>KeHo o6o6meHHe MeTo,n;a KBaHTO

Bo-xpoMo,n;HHaMHqecKHX npaBHJI cyMM ,IJ;JIH 

pacqeTa BaKyyMHbiX nonpasoK H paccqHTaHbi 

BOJIHOBaH Q>yH~ H Q>opMQ>aKTOp nHOHa
13 1

. 

llOKa3aHO, qTO B paMKax JIOKaJibHOH 

KBaHTOBOH TeOpHH nOJUI HeB03MO:>KHO "He-

60JiblllOe" HapyrneHHe npHH~na llaynH. llpo

H3Be,n;eHa KJiaCCHQ>HK~ B03MO:>KHbiX o 6o6-

meHHH 06bJqHbiX cxeM KBaHTOBaHHH B 3TOH 

TeOpHH H nOKa3aH01 qTo BCe OHH CBO,wiTCH 

K TaK Ha3biBaeMOMy napaKBaHTOBaHHlO, 3 K BH

BaJieHTHOMY 06biqHOMY KBaHTOBaHHIO npH 

HanH~H Bbipo)K,IJ;eHHH no HeKoTopoH: BHYTpeH

Heii CTeneHH CB060,D;bl 14 I. Ha OCHOBe Heacco

~aTHBHOH anre6pbl nOCTOKTOHHOHOB n pe,n;

npHHHTO OnHCaHHe Q>yH,D;aMeHTaJibHbiX ( nen

TOHHbiX H KBapKOBbiX) Q>epMHOHHbiX n OKO

JieHHH. CxeMa npe,n;cKa3biBaeT cymecrnoBaHHe 

qeTBepToro (HbiHe HeH3Becmoro) noKoJieHHH 

JienTOHOB H KBapKOB /S I . 

flpe,n;JIO:>KeHO 06'bHCHeHHe TaK Ha3biBaeM OrO 

"cnHHoBoro KpH3Hca" B KX,Z:( 16 1 • lloKa3aHo, 

qTo H3-3a HaJIHqH.fi B TOOpHH aKCHanbHOH 

aHOMaJIHH npOCTaH napTOHHaH HHTepnpeTa-

18 

~HH 3KcnepHMeHTa no rny6oKoHeynpyroMy 

paCCeHHHlO MIOOHOB Ha nOJIHpH30BaHHbiX npo

TOHaX HeBepHa, BBH,D;y 6oJiblllOrO BKJia,D;a 

B 3TOT npo~ecc cnHHoBoro pacnpe,n;eneHHH 

rJIIOOHOB. 

B pa6oTe171 npe,D;Jio:>KeHo HOBoe TOJIKO

BaHHe npHH~na np~HHHOCTH B aKCHOMaTHKe 

B oronro6oBa. 

B paMKax npe,n;craBneHHH Q>a3oBoro npo

CTpaHCTBa ,IJ;JUI CnHHOB 1/2 H 1 HCCJie,D;OBaHbl 

napa,n;oKc Benna H coomorneHHe Me)K,IJ;y 

KBaHTOBOH 

06'bHCHeHO 

H KJiacc~eCKOH TOOpHHMH; 

HapyrneHHe HepaseHCTBa BeJIJia 

B KBaHTOBOH TeOpHH. 

llOKa3aHO, ~0 B o6JiaCTH Q>HKCHpOBaHHbiX 

nepe,n;aq HMnyJILca KX,Z:( MO:>KeT npHBOAHTb 

K pacryiUHM, KaK s, BKJIMaM B aMnJIHTYAY 

C nepeBOpOTOM CnHHa18 1• 

llocTpOeHa peJUITHBHCTCKH·KOBapHaHTHaH 

H KaJIH6pOBOqHO·HHBapHaHTHaH . TeOpHH B03My

meHHH ,D;JUI OnHCaHHH cneKTpa H B3aHMO

,n;eHCTBHH CBH3aHHbiX cocroHHHH B K3,Z:( 

H KX,Z:(
19 

'· 
llpOHHTerpHpOBaHbl HOBbie HeJIHHeHHbie 

3BOJIIO~OHHbie CHCTeMbi, TaKHe KaK ypasHe

HHe K,Z:(B H HeJIHHeiiHoe ypasHeHHe Wpe,n;HH

repa c CaMocornacoBaHHbiMH HCToqHHKaMH. 

Bo Bcex 3THX cHCTeMax o6Hapy:>KeHbi 3axBaT 

H y,n;ep:>KaHHe COJIHTOHOB 11 0 1• 

llocrpoeHa HeTpHBHaJibHaH· KaJIH6pOBOqHaH 

MO,D;eJib TOOpHH C Q>yH,n;aMeHTaJibHOH MaCCOH1 

BOCnpOH3BOWima.fl MHOrHe qepTbl TOOpHH nOJIH 

Ha pellleTKe, HO, B OTJIHqHe OT nocJie,IJ;HeH, 

o6na,n;aromaH TOtm:OH poT~OHHOH HHBapH

aHTHOCTbiO 11 1 I. 

CYllEPCHMMETPHH 

3nEMEHT APHbiX qACTHU 

flpO,D;OJI:>KaJIOCb H3yqeHHe paClllHpeHHbiX cy
nepCHMMeTpHH. ,Z:(OKa3aHa TeopeMa, qTO B 

N=2 Mo,n;enHx 6ro ~eHTpanbHbiX 3apH,D;oB 



H C OAJ{HM UeHTpaJibHbiM 3ap.FI}:\OM CTpOrO 

COXpaH.fleTC.fl npOCTpaHCTBeHHa.FI tleTHOCTb. 06-

Hapy)l(eHO, t~To npH ABYX ueHTpaJibHbiX 3a

PHAax ee MO)I(HO HapyWHTh 11 2 1• 

ilocTpoeHbi MYJibTHIUieThi H H3yt~eHa KBaH

TOBa.FI cTpyKzypa ABYXMepHbiX N=3, 4 Mo

AeneH: THna Becca- 3yMHHO - BHTTeHa, oa*

HhiX B TeOpHH CTpyHbl. 3aTeM B paMKax npeA

JIO)I(eHHOrO paHee MeTO]:\a KOBapHaHTHOH pe

~YKUHH HCCJie]:\OBaHa rpynnoBa.FI CTpyKzypa 

KOHQlOpMHOH MeXaHHKH (HHTepnpeTHpyeMOH 

KaK d=1 HeJIHHeHHa.FI a -MOAeJib Ha rpynne 

80(1,2)). 

HaH:AeHa HOBa.FI oepcHH N=4 cynepKOH

QlOpMHOH MexaHHKH H nocTpoeH cynepnone

ooH: QlOpMa.riH3M KaK ]:\Jl.fl H3BeCTHOH paHee, 

TaK H ]:\Jl.fl HOBOH BepCHH. 

Bo opeM.fl npe6biBaHH.fl B JIT<l> H3BeCTHhie 

reopeTHKH K.C.CTenne H K.H.iloyn Bhmon

Hwm pa6oTy no BhitlHCJieHHIO HHAeKca BHTTeHa 

]:\Jl.fl MeM6paHbl 11 3 I. 

ilocTpoeHa a-Mo]:\eJibHa.FI HHTepnpe-rauHH 

cynepcTpyHbl rpHHa - Illoapua. ,[(eHCTBHe ]:\Jl.fl 

Hee nocJie]:\OBaTeJibHO BbiBO]:\HTC.fl KaK ]:\eH

CTBHe a-MOAeJIH Becca- 3yMHHO- BHTTeHa, 

acCOUHHpOBaHHOe C np.FIMbiM npOH3Be]:\eHHeM 

ABYX N = 1, D = 10 rpynn cynepTpaHCJI.fiUHH. 

ilOCTpOeH HOBbiH KJiaCC 1\ByMepHbiX 0-MO

~eJieH Ha OAHOPOAHOM npoCTpaHCTBe GXG/G-, 

r~e G:. a6enesa no]:\rpynna TpaHCJI.fiUHH. Ypao

HeHH.fl ]:\BH)I(eHH.fl 3anHCbWaiOTC.fl B BH]:\e npe]:\

CTaBJieHH.fl HyneooH: KpHBH3Hbi. K HaH]:\eHHO

MY KJiaccy npHHa]:\Jle)f(HT cynepcTpyHa rpHHa -

IIIBapua11 6 1 • ilpe]:\JlO:>KeH MO]:\HQlHUHpOBaHHbiH 

nOAXOA K KBaHTOBaHHIO CTPYHhi, ocHOBaHHbiH 

Ha QlHKCauHH KOHQlopMHOH CHMMeTpHH C no

MOI.UbiO a.n:re6phr Kana - MyAH. iloKa3aHO, 

liTO B npOCTpaHCTBaX C pa3MepHOCTbl01 npeBbl

WaJOI.UeH TpH, KJiaCCHtleCKHe CTpyHhl He o6'be

]:\HH.fiiOTC.fl H He pacmeiUI.fiiOTC.fl. 

HcCJieAOBaHa npoue]:\ypa KaJIH6poBKH N=2 

0-MO]::\eJieH B HCKpHBJieHHOM rapMOHHtleCKOM 

cynepnpOCTpaHCTBe. ilpHBe]:\eHO 60JibWOe tlHC

JIO npHMepOB KBaTepHHOHHbiX npoCTpaHCTB 1 

HMeiOIUHX BecbMa .fiCHYIO HHTepnpeTaUHIO B 

noAXOAe rapMOHHtlecKoro cynepnpoCTpaHCTBa. 

B pa6oTax 
11 4 1 AeMOHCTpHpyeTc.fl oceo6m

HOCTb nO]:\X0]:\08 1 OCHOBaHHbiX Ha HCCJie]:\OBa

HHH H KOHCTpyKTHBHOM npHMeHeHHH o6o6-

I.UeHHbiX nOH.fiTHH aHaJIHTHtlHOCTH. 

KBaHTOBo-noneBa.FI cynepcHMMeTpHtlHa.FI 

TeOpH.FI npHMeHeHa K OnHCaHHIO KpHTHtleCKHX 

.fiBJleHHH, B tlaCTHOCTH, B QlH3HKe nOJIHMepoB. 

ilpeAJIO)f(eHa MO]:\eJib, B KOTOpOH HaHAeHbl 

TOtlHO napaMeTpbl (KpHTHtleCKHe HH]:\eKCbl), 

xapaKTepH3YIOIUHe KOppeJI.FIUHOHHbie CBOHCTBa 

YKa3aHHhiX 3a]:\at~ 11 51 • 

<l>EHOM EHOJIOrH.R <l>YH,UAMEHT AJibHhiX 

B3AHM O,UEACTBHA 

Pa3B HTa cxeMa onHcaHH.fl cTpyKTyphi aAPO~ 

HOB n p H HH3KHX 3HeprHHx 11 7 1. PacctlHTaHbi 

OCHOBHbie xapaKTepHCTHKH JierKHX Me30HOB 

H HYKJIOHOB, H3YtleHO noBeAeHJre Qla3bi NN

pacce.FIHH.fl. B HeKoTophiX MOAeJI.fiX JIOKaJibHOH 

H HeJIOKaJibHOH TeOpHH noneH: HCCJie]:\OBaHa 

npo6neM a cTa6HJibHOCTH oaeyyMa. 

B M OAeJIH JIOKaJibHoro B3aHMOAeHCTBH.fl 

KOHCTHTYeHTHblX KBapKOB C Me30HHbiM no

JieM Bbl tlHCJieH BKJia]:\ nHOHHbiX TOKOB B 3JieK

TpOMarHHTHbie oepwHHbi KBapKoB. Yt~e-r Me-

30HHhix 3JieKTOMarHHTHbiX PaAHYCOB KBap

KOB 3aMeTHo ynyt~waeT cornaCHe TeopHH 

H 3Kcn epHMeHTa AJI.fl 3ap.FIAOBbiX PaAHYCOB 

nHOHa H HeHTpOHa. ilonyt~eHHble 3HatleHH.fl 

aHOMaJibHbiX MarHHTHbiX MOMeHTOB U- H d
KBapKOB COrJiaCyiOTC.fl C pe3yJibTaTOM QleHOMe

HOJIOrHtlecKoro aHaJIH3a MarHHTHblX MOMeHTOB 

6apHOHOB 11 81 , KOTOpbiH npHBeJI K 3HatleHHIO 

J.L(U)/J.L(d ) = 1,80 ± 0,02. 

ilpoB eAeHo HccneAOBaHHe S-ooJIHoooro 1T1T-- . 
pacceHHH.fl c yt~eTOM 1r1r-, KK- H 7771-KaHanoB,tlTO 

npHBO]:\HT K HCnOJib30BaHHIO MHOrOJIHCTHblX 

pHMaHOBblX noBepXHOCTeH. ilOKa3aHO, tlTO 

B o6naCTH 3HeprHH -1 r3B ]:\Jl.fl . OnHCaHH.fl 

AaHHhiX 1\0CTaTOtlHO yt~HThmaTb OAHH f 0 (975)

Me30H, TeM CaMblM He nO]:\TBep:>KAaeTC.fl HaJIH

tlHe CKa.ri.FipHbiX rJIIOOHHeB npH 3THX 3Hep

rH.fiX119 1. 

AHaJIH3 3KcnepHMeHTaJibHhiX 1\aHHhiX no 

3JieKTpOMarHHTHOMY QlOpMQlaKTopy nHOHa 

nO]:\TBep~HJI HaJIHtlHe p' (1250) -Me30Ha C MaC

COH -14 00 M3B 12 01 • 

B M OAeJIH Me30HHOH wy6hr aAPOHa c yt~e

TOM CHJlbHblX QlOpMQlaKTOpOB BbltlHCJieHbl 

aMIUIHTYAhi c nepeoopoTOM CnHHa NN-pacceH

HHH12 1 1 H npouecca 1r- p + 11' on 12 2 1• ilonyt~eHhi 
npeACKa3aHH.fl ):\Jl.fl nOJI.FipH3aUHOHHblX 3QlQleK

TOB npH 3HeprHHx YHK B pp- H pp-pacce.FIHHH. 

,Un.fl 3KcnepHMeHTOB Ha YHK ( "Met~eHhie 

HeH:TpHilo ") H NA-4 npeAJio:>KeH npocToH: Me

TOA H3BJietleHH.fl CTpyKTypHOH tPYHKUHH HeHT

poHa H3 r ny6oKoHeynpyroro pacce.FIHH.fl nemo

HOB Ha HApax, n03BOJI.fiiOIUHH npoBO]:\HTb 

coaMecTHbiH KX,U-aHaJIH3 BOAOPOAHhiX H HAep

HhiX ]:\aHHbiX. 
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Ilpose,D;eH pacqer acHMMeTpHH npoTOHa 

Ha nOJIHpH30BaHHOH ,D;eHTpOHHOH MHllleHH ( .D;JIH 

ycTaHOBKH "Ilpo3a", IlpornHHo) H nOKa3aHO, 

liTO 3KCnepHMeHTaJibHbie .D;aHHbie He n o.D;

TBep)K,D;aiOT cyi.QeCTBOBaHHH KaKOH-JIH6o 3 K 30-

THKH B H.D;pe ,D;eHTepHH. 

KaK pa3BHTHe H,D;eH HHKJII03HBHoro n o.D;

xo.D;a npe.D;JIO)KeH MeTO.D;, onHpruoi.QHHCH ·Ha 

O~eHKH H COnOCTaBJieHHH B03MO)KHOCTeH TOO

pHH H ypOBHH .D;eTaJIH3ai.UIH HeynpyrHX B3aHM O

,D;eHCTBHH B o6JiaCTH 60JiblllHX MHO)KeCTBeH

HOCTeH16 3 1• 

Ha ocHose aHanH3a cnHHosoii CTPYKTYPLI 

npoToHa s paMKax KX.U c.D;enaHo 3aKJIIOlleHHe 

0 60JiblllOM BKJia,D;e rJIIOOHOB B CnHHOB bie 

CTPYKTYPHbie <PYHKUHH rny6oKoHeynpyro ro 

pacceHHHH. IIpe.D;JIO)KeHa nposepKa CJie.D;CT

BHH 3Toro 3aKJIIOlleHHH s 3KcnepHMeH Tax 

IIOJifiP:HC H "Met~eHLie HeiiTpHHo". 

BblllOJIHeH KX,ll-aHaJIH3 HOBbiX .D;aHHbiX 

3KcnepHMeHTa N A-4 no cTpyKTypHbiM <PYHK

~HHM npoToHa. Ilonyt~eHHoe 3Hat~eHHe xpo Mo

.D;HHaMHllecKoro napaMeTpa X npaKTHlleCKH 

COBna,D;aeT CO 3HalleHHeM, H3BJielleHHbiM H3 

aHaJIH3a .D;aHHbiX Ha yrnepO.D;HOH MHllleHH. 

.llnn 3KcnepHMeHTa DELPHI npo.D;OJI)KaJIOCL 

BblliHCJieHHe Ha6JIIO,D;aeMbiX BeJIHliHH B n po

~eccax e+ e- -aHHHrHJIH~H C yqeTOM BbiClllHX 

nonpasoK no 3JieKTpocna6oMY H CHJILHOMY 

B3aHMO.D;eHCTBHHM. C.D;enaHo npe.D;Jio)KeHHe 

0 TOM, KaK OCyi.QeCTBJIHTb aHaJIH3 .D;aHHbiX 

LEP no ocHOBHOH peaK~HH e+e- + J.l+J.l-. 

Pa3pa6oTaH HOBbiH MeTo.D; pacqera Tp ex

llaCTHliHbiX CHCTeM C KyJIOHOBCKHM B3aHMO

,D;eHCTBHeM H nOKa3aHa ero 3<fl<fleKTHBHOCTb 

.D;JIH pellleHHH 3a,D;all no MIO-KaTaJIH3Y. 

Hat~aTo H3yt~eHHe ocHOBHoH peaK~H M IOOH

Horo KaTaJIH3a 

dtJ.J. + J.l 
5 
He( 3 I 2) + 

1- W
0 

8 
----+ 4 He+ n + J.l + 

+ 17,6 M 3B 

B paMKax ypasHeHHH <l>a.D;.D;eesa. B a.D;Ha6 aTH

qecKOM llO.D;XO,D;e nonyqeHbl o~eHKH CHH3Y 

K03<fl<flH~eHTa npHJIHnaHHH C ylleTOM CTpH

XHBaHHH MIOOHa C reJIHH. ,llaHa a.D;Ha6 aTH

lleCKaH <flopMynHpOBKa npHMOH H o6paTHOH 

3a,D;aliH pacceHHHH B CHCTeMe Tpex TeJI B KJiaC

ce KopoTKO.D;eHCTBYIOI.QHX noTeH~anos. Y Ka-

3aHo Ha nponsneHHe reoMeTpHt~ecKoH <fla3bi 

BeppH B npHMOH H o6paTHOH 3a.D;alle pac cen

HHH .D;JIR: CHCTeMbl TpeX llaCTH~ 12 4 I. 

Ha ocHose ".D;e<flopMHposaHHOH anre6pbi 

JlH" SU (1,1) paCCMOTpeHa TOliHO pelllaeMaH 

3a.D;alla 0 peJIHTHBHCTCKOM OC~JIHTOpe , Ha-
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XO,D;HI.QeMCH nO.D; ,D;eHCTBHeM BHelllHeH CH

Jibi12 S 1• IlpOBO.D;R:TCH liHCJieHHbie pact~eTbl 
a,D;pOHHbiX cneKTpOB B penHTHBHCTCKOH no

TeH~HaJibHOH KBapKOBOH MO.D;eJIH C Mexa

HH3MOM KOH<flaHHMeHTa, BbiTeKaiOI.QHM H3 

pa3HOCTHOrO xapaKTepa COOTBeTCTBYIOI.Qero 

ypasHeHHH III pe.D;HHrepa. 

lf3ylleHO BJIHHHHe HeHTpHHHbiX OC~JIR:~H 

Ha KHHeTHKY npo~ecCOB C yqaCTHeM HeHTpHHO 

npH E - 1 M3B, s qacTHOCTH, Ha npo~ecChi 

HyKneocHHTma s paHHeH BceneHHoH. B O.D;HOH 

MO.D;eJIH OC~HJIJI.II~HH Me)K.IJ;y aKTHBHbiMH H He

TepMaJIH30BaHHbiMH CTepHJibHbiMH HeHTpHHO 

paCCMOTpeHa MO.D;H<flHK~HH CTaH,D;apTHOH MO

,D;eJIH nepBHliHoro HyKneocHHTma. B onpe.D;e

neHHOH o6naCTH napaMeTpOB OC~JIHQHH 

CHJibHO BJIHHIOT Ha HeHTpOH-npoTOHHbie nepe

XO.D;bl H Ha noCJie.D;yiOI.QHH CHHTe3 renHH-4. 

3KcnepHMeHTaJibHbie .D;aHHbie .D;JIR: nepBHli

HO o6pa30BaHHOrO renHH n03BOJIHIOT nony

liHTb orpaHHlleHHH Ha OC~]I]IR:~HOHHbie na

paMeTpbi: c5 m2 < 10- 9 3B2 npH () ~ 1T /15 12 6 1 • 

BnepBbie HaH.D;eHo o6I.Qee pellleHHe ypasHe

HHH CTaTHlleCKOH MO.D;eJIH, OnHCbWaiOI.QeH, 

B llaCTHOCTH, p-BOJIHOBOe pacceHHHe nHOHOB 

Ha ,D;eHTpOHe, HBJIHIOI.Qeeca 3-KaHaJibHbiM CJIY

qaeM, B OTJIHliHe OT H3BeCTHOrO .D;BYXKaHWib· 

Horo o6I.Qero pellleHHH BaH.D;epca .D;JIH s-sonH 

7TN-pacceR:HHH. Ilporpecc .D;OCTHrHyT B paMKax 

reOMeTpHllecKoro llO.D;XO.D;a, HCnOJib3YIOI.Qero 

pe3yJILTaTbi TeopliH npeo6pa30BaHHH KpeMoHa, 

.D;H<fl<fleOMOp<flH3MOB llJIOCKOCTH H CHCTeM He

JIHHeHHbiX pa3HOCTHbiX ypaBHeHHH 12 7 1• 

CTPYKTYPA 

ATOMHOrO fi.llP A 

lfCCJie,D;OBaHO BJIHHHHe llaCTHliHO·llaCTHliHO

rO B3aHMO,D;eHCTBHH Ha sepOHTHOCTH raMOB

TeJIJiepOB.CKHX (rT) (3+ -pacna.D;OB H Ha CHJIO

Bhie <PYHKUHH (n, p )-nepexo.D;oB. PmynLTaTbi 

paClleTOB rT (3+ -paCna,D;OB c<flepHlleCKHX12 8 I H 

.D;e<flOpMHpOBaHHbiX 12 9 I R:.D;ep .D;aHbl B Ta6n~e. 
IIonyt~eHo xopolllee onHcaHHe 3KcnepHMeH

TaJILHbiX .D;aHHbiX C O.D;HHM 3HalleHHeM KOH

CTaHTbi G? 1 A .D;JIH c<flepHllecKHX H G} 1 A .D;JIH 

.D;e<flOpMHpOBaHHbiX R:,D;ep, 6e3 nepeliOpMHpOB

KH B R:,D;pax KOHCTaHTbi gA aKCHaJibHO-BeK

TOpHoro cna6oro B3aHMO.D;eiicTBHH H c nepe

HOpMHpOBKOH I gA/gv I = 1. 113 3Toro cne

.D;yer, liTO sonpoc o nepeHopMHpOBKe gA 
B H,D;pax OCTaeTCH OTKpbiTbiM, IlOKa3aHO, 

liTO llaCTHliHO-llaCTHliHOe B3aHMO.D;eHCTBHe OKa-



Ta6/lUija. TaM06-Tellllep06CKUe {3+ -pacnaObl o;.s. + r 

{3-nepexoA logft, 3KcnepHMeHT logft, paclleT 

,llecpopMHpOBaHHbie .RApa 
1 6 6 Hf + 1 6 6 Lu 4,8 
1 6 6 Yb + 1 6 6 Tm 4,9 
1 6 4 Yb + 1 6 4 Tm 4,8 
1 6 2 Yb + 1 6 2 Tm 4,7 

CcpepHlleCKHe .RApa 
1 s 2 Yb + 1 s 2 Tm 3,4 
1s2Er+ 1 s 2 Ho 3,9 
1 so Er + 1 s oHo 3,6 
Is 0 Dy+ Is OTb 4,1 
14 8 Dy+ 148 Tb 3,9 
1 o 8 Sn + 1 o8 In 3,5 
106 Sn + 1 o 6 In 3,5 
1 o4 Sn + 1 o 4 In 3,2 

9 6 Pd + 9 6 Rh 3,3 

3biBaeT CHJlbHOe BJIH.RHHe Ha llOJIHYIO CHJIY 

S+ rT (n, p)-nepeXOAOB. ,llJI.R pea~HH 
5 4 

Fe( n,p )
5 4 

Mn nonylleHo 12 8 1 3HalleHHe S + = 
= 4,2, KOTopoe ~ornacyeTc.R c 3KcnepHMeH

TaJibHbiM 3HalleHHeM, H3MepeHHbiM Ha Me30H

HOH cpa6pHKe TRIUMF (KaHaAa). 

IlOABeAeHbl HTOrH paClleTOB CBOHCTB rJiy-

60KOJie:>Kai.QHX AblpOliHbiX H BbiCOKOJie:>Kai..UHX 

llaCTHliHbiX COCTO.RHHH B ccpepHlleCKHX .RApax 

H BbinOJIHeHO CpaBHeHHe C 3KCnepHMeHTaJib

HbiMH AaHHbiMH/ 3 0 1. 

.lln.R nnaHHpyeMbiX 3KcnepHMeHTOB B Opc3 

(<l>paH~H.R) H na6opaTopHH NIKHEF (HHAep

JiaHAbi) npoBeAeHbi paclleTbi pacnpeAeJieHHH 

CHJibl BbiCOKOJie:>Ka~X llaCTHliHbiX H rny60KO

Jie:>Ka~x AblpOliHbiX HeHTpOHHbiX H npOTOH

HbiX COCTO.RHHH, B036y:>KAaeMbiX B peaK~X 

OAHOHYKJIOHHOH nepeAaliH HJIH Bhi6HBaHH.R 

npoTOHa Ha .RApax-MHmeH.RX 8 8 Sr H lleTHbiX 

H30Tonax Sm H Nd. IlpH H3YlleHHH B paMKax 

K<I>M HH3Kone:>Kax.QHX so36y:>KAeHHH ccpepH

lleCKHX .RAep o6Hapy:>KeHo, liTO AeHCTBHe 

npHH~na IIaynH B KOMnoHeHTax "KBa3Hllac

TH~a ® cpOHOH" B OTAeJibHbiX CJIYlla.RX OKa-

3biBaeT 3aMeTHOe BJIH.RHHe Ha MarHHTHbie 

MOMeHTbi. IIpoaHaJIH3HposaHa TaK:>Ke H30To

nHlleCKa.R CTpyKTypa HH3KOJie:>K~X 2-l:_ 
ypoBHeH B 

5 6 Fe H noKa3aHO, liTO npH 3Hep-

rH.RX 

G\ 1 A= -8,3 M3B, 

4,8 
4,9 
4,7 
4,7 

G? 1 A= -7,5 M3B; 

3,4 
3,5 
3,5 
3,6 
3,8 
3,5 
3,4 
3,0 
3,4 

-8,5 M3B 

5,0 
4,9 
4,7 
4,8 

-7,9 M3B 

3,4 
3,7 
3,6 
3,8 
3,9 
3,5 . 
3,4 
2,8 
3,5 

E- 2 M3B B03MO:>KHO no.RBJieHHe 

KBaAp ynOJibHbiX COCTO.RHHH H30BeKTOpHOrO 

THna13 1 1• • 

l 13BeCTHa.R MOAeJib B3aHMOAeHCTBYIO~X 

6o30HOB (MBB) , pOAHBWa.Rc.R B cepeAHHe 

ceMHAeC.RTbiX rOAOB B .lly6He H pa3BHTa.R 

BO M H OrHX HanpaBJieHH.RX ll03:>Ke Ha 3anaAe, 

cyi.QecrseHHo pacmHpeHa B nocneAHee spe

M.R B 011JU1 (MOAeJib MHOrHX B3aHMOAeHCT

BYIOI.QH X 6o30HOB - MMBB). YAanOch no

Ka3aTh , liTO . npocTbie, HO onpeAeJieHHbie pac

mHpeHH.R 6o30HHoro npocTpaHCTBa coAep:>KaT 

BH6p~HOHHbiH, pOTa~OHHbiH H ApyrHe npo

Me:>KYTOliHbie npeAeJibi. TaKHM o6pa3oM, crano 

.RCHO, liTO MMBB coxpaH.ReT ocHOBHOe npeH

Myi.QecTBO MBB - AaBaTh npocToe H .RCHoe 

onHcaHHe H nepexOAHhiX .RAep. B llaCTHOCTH, 

BKJIIOlleHHe 6o30HOB OTpHQB.TeJibHOH lleTHOCTH 

H Hellernoro cnHHa n03BOJIHJIO onHcaTh npH-

6JIH3HTeJibHYIO rH6pHAH3~HIO OCHOBHbiX llOJIOC 

llOJIO:>KHTeJibHOH H OTpH~aTeJibHOH lleTHOCTH 

B cneK TpaX aKTHHHAOB JII060H cpopMbl. 

B · 6o30HHOH MOAeJIH npeACKa3aH HOBbiH 

3cpcpeK T cyi.QeCTBOBaHH.R AHllOJibHO-OKTYllOJib

HbiX KOppeJI.R~ B .RApax13 2 1• IJ03AHee 

OH 6biJI 06Hapy:>KeH 3KCnepHMeHTaJibHO npH 

H3ylleHHH cTpyKTypbi 2 ! g Ra1 3 0 B CTpac-

6ypre H HHTepnpeTHpOBaH Ha OCHOBe 6030H-
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PHc.l. 3aBHCHMOCT& 3HeprHH yposHeH: 2 ~ ~ Ra 1 3 0 oT 
cnHHa 11 'leTHOCTH I": a - 3KcnepHMeHT, 6 - TeopiDl 
C ABYMR napaMeTpaMH. 

HOH MO,nenH B .[(y6He13 3 I (pHC.1,2). B no

cne,nHeH pa6oTe ,naHo o6o6meHHe npaaHna 

nonHoro qHcna 6o30HOB ,nnH MMBB, o 61>HC

HHJOtnee B03HHKHOBeHHe ypOBHeH KOnneK
THBHOH npHpo,nhi c HaMHoro 6onee BhiCOKHMH 

CnHHaMH, qeM ,nonycKanHCb 06bNHbiM n paBH

noMMBB. 

11ccne,noaaHa ¢opMa H,nep a npouecce 

.neneHHH a pa3n~HbiX KaHanax (Mo,nax) 

.neneHHR. TeopHH o61>HCH.HeT nonHhie KHHe

THqecKHe 3HeprHH OCKOnKOB H HeKOTOpbie 

,npyrHe xapaKTepHCTHKH B pa3n~HbiX Ka

Hanax (Mo,nax) ,neneHHH .H,nep B paiioHe ¢ep
MHR13 4 1 (3KcnepHMeHThi BhmonHeHbi B CiliA 

rpynnou E.K.XbJOneTa) H B paHOHe CBHH
ua13 51 (3KcnepHMeHThi npoae,neHbi B 

AnMa-ATe). 

TEOPI1.R .R.UEPHbiX PEAKU11fl 

Jlpoae,neHO HCCne,nOBaHHe 3apH,nOB0-06MeH

HbiX peaKUHH C npOTOHaMH H nerKHMH HOHaMH 

npoMe)KyTOqHbJX 3HeprHH. 11ccne.noaaHhi <PH-
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PHc.2. 3asHCHMOCTb 3HeprHH HpacT H Hpape 1T = ± 
nHHHH 2 ~ ~ Ra1 3 o OT cnHHa I H 'leTHOCTH. 3KcnepHMeHT: 
HpaCT 1T = + (D), HpaCT 1T =- (•), Hpape 1T = + ( 0), 
Hpape 1T =- (•); TeopHJI : HpacT- cnnoumaH: nHHHn, 

Hpape- WTpHXOBaR nHHHJl • 

3HqecKHe 3Q:l<PeKThi pany)f(Horo pacce.HHHR 

HyKnOHOB Ha H,npax, ll03BOnHJOtnero nonyqaTb 

HOBbie ,!l;aHHbie 0 HYKnOH-H,nepHOM B3aHMO

,neHCTBHH. Ilpoae,neH aHanH3 peaKUHH C Li, 
7 Be) H e He, t) Ha .H,npax H nonyqeHa HOBaR 

HHQ:lOpMaUHR 0 CTpyKType .H,nep. 
11ccne.noaaH npouecc o6pa30BaHHR nerKHX 

.H,nep B peaKUHRX C T.II)KenbiMH HOHaMH. JloKa-
3aHO, qTo yMeHLllleHHe noTeHUHanbHoro 6apbe

pa Me)K,lzy H,npaMH, Bbi3BaHHOe qaCTHqHbJM 

nepeKpbmaHHeM HX nnomocreu, ae,neT K 3a

MeTHOMY ycaneHHIO BbiXO,na nerKHX 3ne

MeHTOB 13 6 1 • 

11ccne.noaaHo anHRHHe KynoHoacKoro oT

TanKRBaHHR Ha nepepacnpe.neneHHe eyKnoHOB 

a H,npax. IloKa3aHo, qTo B TH)KenhiX R,npax 

H3MeHeHH.II llnOTHOCTH ,!l;OCTHraJOT 15%13 7 1• 

JlpoaHanH3HpOBaH BbiXOA CTaTHCTHqeCKHX 

raMMa-KBaHTOB B peaKUHRX C TH)KenbiMH HOHa

MH npa 3HeprHRx E :S 10 M3B/eyKnoH. IloKa-

3aHO, UO cymecTBYIOtnHe 3KCnepHMeHTanbHble 

,naHHbie He no3aon.HIOT O.nH03HaqHo onpe.ne
naTh 3aBHCHMOCTb napaMeTpoB raraHTCKHX 
,!l;HllOnbHbiX pe30HaHCOB OT 3HeprHH B036y)K

,neHH.H/3 s '· 
Pa3BHT MeTo,n pellleHRH ypaaHeHHH .H,nep

HOH ra.npo,nHHaMHKH c noMOinbiO npoue.nyphi 

cenapa6ana3auHH 3¢¢eKTHBHbiX noTeHuaanoa. 



llonytleHbl perneHHR, OllHCbiBaiOI..I.\He pacna,n; 

C HCnycKaHHeM tlaCTHU 13 9 1 • 

lloKa3aHO, \ITO yqeT BeKTOpHbiX Me30HOB 

H3MeHReT noporoaoe 3Hat~eHHe MaTpHtiHoro 

JneMeHTa JneKTpHtlecKoro Eo+ -nepexoAa 

( npeAcKa3biBaeMoe rHnOTe3o:H qacTHtiHO co

xpaHRIOI..I.\erocn aKcHanbHoro TOKa) AnR npo

uecca <f>oTopo)l(]l;eHHR 1r o -Me30HOB Ha npo

ToHe. B pe3ynhTaTe 3Toro YAaJIOCb onHcaTh Ho

Bbie 3KcnepHMeHTanbHbie AaHHbie AJIR ce

t~eHHR14 °1. 

llpeAnO)I(eH OnTHtleCKHH noTeHUHan, n03BO

nRIOI..I.\HH OllHCaTb nHOH-aTOMHbie AaHHbie 

H AaHHbie no HH3K03HepreTHtleCKOMY pacceR

HHIO (AO 50 M3B) nHOHOB Ha HApax C eAH

HbiM Ha6opoM napaMeTpoa nonpaBKH Ha 

nornOI..I.\eHHe nHOHOB. llOCTORHCTBO napaMeT

pOB nornOI..I.\eHHR B 3TOH o6naCTH 3HeprHH 

yKa3biBaeT Ha AOMHHHpoaaHHe ABYXHyKJioH

Horo MexaHH3Ma nornoi..I.\eHHR nHoHa B o6na

CTH HH3KHX 3HeprH:H 14 1 I. 

llOCTpOeHbl H HCCneAOBaHbl aCHMnTOTHKH 

Tpext~aCTHtiHbiX BOJIHOBbiX <f>YHKUHH a6nH3H 

TOtiKH Tpo:H:Horo noaopoTa 14 2 1 • lloKa3aHa 

B03MO)I(HOCTb B03HHKHOBeHHR pe30HaHCOB 3a 

CtleT ABH)I(eHHR no nepeMeHHOH, HyMepyiOI..I.\eH 

KaHaJibl (npeAnO)I(eHbl TOtiHO pernaeMbie MO

AeJIH) 
14 3 1. BnepBbie npeAno)l(eH <f>opMaJIH3M 

TpexqacTHtiHOH o6paTHOH 3a;:J;atiH. H:ccneAOBa-
• u u 

nacb pOnb CHnbHbiX B3aHMOAeHCTBHH B MOne-

KynRpHbiX CHCTeMax 14 4 1• lloKa3aHO, \ITO 

paci..I.\enneHHe KBapTeTHoro H Ay6neTHoro co

CTORHHH B pdp-Me30MoneKyne COCTaBnReT 

-10- 2 3B. 

B KHHeTHt~ecKoM noAXOAe K onHcaHHIO 

RApO-RAepHbiX peJIRTHBHCTCKHX CTOnKHOBe

HHH c<f>opMynHpoaaaa MOAenb He3aBHCHMbiX 

KBapK-rniOOHHbiX CTpyH H HCCneAOBaHbl 

ueHTpaJibHbie cTonKHoaeHHR RAep 0 + Au 

(200 r3B/A). llOKa3aHO, \ITO npH 3TOM MOryT 

AOCTHraTbCR nnOTHOCTH 3HeprHH, He06XOAH

Mhie )l.JIR o6pa30BaHHR KBapK-rJIIOOHHOH nJia3-

Mbl, OAHaKO BpeMR npe6biBaHHR aApOHOB 

B COOTBeTCTBYIOI..I.\eM o6'beMe 0Ka3bmaeTCR 

CJIHU1KOM MaJibiM AJIR peaJIH3ai.I.HH TaKoro 

COCTORHHR. AHanorHtiHbiH BbiBOA nonyqeH 

B ABYX)I(HAKOCTHOH rHAPOAHHaMHt~ecKo:H Mo

AenH, KOTOpaR ytiHTbiBaeT OTTOK 3HeprHH 

B aApOHHbiH KaHaJI H3 o6naCTH, rAe MOrna 6hi 

o6pa30BaTbCR KBapK-rniOOHHaR nna3Ma 14 5 I. 

· AHaJIH3 3KcnepHMeHTaJihHbiX AaHHbiX a 

paMKaX nOCTpOeHHOH MOAenH MHO)I(eCTBeHHO

ro pO)I(]l;eHHR tlaCTHU B nemoH-RAepHbiX 

B3aHMOAeHCTBHRX noKa3aJI, liTO npH Ev -

- 100 r 3B npouecc <f>opMHpOBaHHR CHJibHO

B3aHMOAeHCTBYIOI..I.\HX tlaCTHU H3 KBapK-napTO

HOB n p OHCXOAHT Ha paCCTORHHRX -0,5 <f>M 

B co6CTBeHHOH CHCTeMe tlaCTHU
14 6 1• 

Yt~eT anHRHHR Me30HHbiX none:H B rny6oKo

HeynpyroM pacceRHHH nenTOHOB Ha AeHTpOHe 

nOKa3aJI, \ITO pOnb KonneKTHBHbiX KBapK

rniOOHHbiX CTeneHeH CB060Abl AeHTpOHa KaK 

rnecrHK aapKoao:H cHCTeMbi aechMa cyi..I.\eCT

BeHHa1 4 11 •· 

lloK a3aHO, \ITO U1HpHHa H30nHpOBaHHOrO 

AH6apHOHHOrO pe30HaHCa orpaHHtleHa CBepxy 

3HatleHHeM - 40 M3B, liTO RBJIReTCR AOnon

HHTenbHbiM apryMeHTOM B nonb3Y HHTepnpe

TauHH Ha6niOAaeMbiX nHKOB B cneKTpax 

3<P<PeKTHBHbiX Mace KaK <f>nyJ<TYauH:H ce

t~eHH:H1 4 8 ~. 

H:ccneAOBaHHe 3neKTpOMarHHTHbiX <f>opM

<f>aKTOp OB AefupoHa noKa3aJIO, t~To coape

MeHHbiH "6oHHCKH:H" HYKJIOH - HyKnoHHbrn 

noTeHI.I.HaJI He o6naAaeT npeHMyi..I.\eCTBaMH ne

peA Apy rHMH peanHCTHt~eCKHMH noTeHUHaJiaMH. 

AHaJIH3 <f>opM<f>aKTopa 3 He BbiRBHn, liTO BbiBO

Abi 0 Cyi..I.\eCTBeHHOM BKJiaAe MHOrOKBapKO

BbiX n p HMece:H H Ba)I(HOH ponH HHTep<f>epeH

UHH H Y KJIOHHOrO H KBapKOBOrO KaHaJIOB 

He H3M eHRIOTCR npH yqeTe HX opTOrOHaJIH-

3auHH1 4 9 I. 

B p aMKax 3<f><f>eKTHBHo:H KHpanhHo:H 1'00-

pHH, n epeAaiOI..I.\e:H ocHoBHbie cao:HcTBa KX,[(, 

c<f>opMy nHpoaaHa MOAenh HyKnoHa, ytiHTbiaaro-

1..1.\aR tlaCTHtiHOe BOCCTaHOBneHHe KHpaJibHOH 

CHMMeTp HH a UeHTpanbHo:H o6nacTH. Bbit~Hc

neHhi c TaTHtleCKHe xapaKTepHCTHKH HYKJIOHOB 

H HX 3n eKTpOMarHHTHbie <f>opM<f>aKTOpbi 15 0 1. 

METO,[(hl H: nPH:JIO)KEHIUI 

CTATH:C TH:qECKOA MEXAHH:KH: 

Ha OCHOBe nonyt~eHHOH paaee CHCTeMbl 

ypaaHeHHH AnR noaepXHOCTHbiX RBneHHH C no

MOI..I.\biO caMocornacoaaaHoro MeTOAa Xap

TPH - <l>oKa paCCtiHTaHbl OCHOBHbie paBHO

BeCHbie xapaKTepHCTHKH XeMOCOp6I.I.HH BO

AOpOAOn OA06HbiX aTOMOB Ha nepeXOAHbiX 

MeTannax 1 5 1 1 • 

Ha:HA eHbi perneHHR HenHHeHHbiX HHTerpo

AH<P<f>epeHI.I.HaJibHbiX ypaBHeHHH, KOTOpb~e HC

nonh30BaHbl AJIR pact~eTa <f>H3HtleCKHX xapaK

TepHCTHK nonRpOHa, MOneKynhi ,[(HK, nonHa

UeTHneHa , CnOHCTbiX CTpyKTyp C pa3nHtiHOH 

reOMeTpH eH B CHnbHOM 3neKTpoMarHHT-

HOM non e. 
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l1ccne.n;oBaHbi HOBbie "HeKnaccHtJeci<He" 

3cpcpeKTbi B KBaHTOBOH 3neKTp0,!1;HHaMH Ke. 

llpe.n;no>KeHbi HOBbie cnoco6bi reHeparurn c>Ka

Toro COCTOHHHR 3neKTpOMarHHTHOrO n o na 

H CBeTa C cy6nyacCOHOBCKOH CTaTHCTHK OH 

cpOTOHOB. J13ytJeH BOnpoc 0 B03HHKHOBeH HH 

C:>KaTOrO COCTOHHHR B KOH)J;eHCHpOBaHHbiX 

cpe.n;ax ( CBepxTeKytJeCTb, CBepxnpOBO)J;HMOCTb, 

aTOMHbie CHCTeMbi) 15 2 1 • 

llocTpOeHa MHKpOCKOITHtJeCKaR TOOpHR 

CITHHOBbiX nepeopHeHTaQHH B cpeppoMar He

THKax15 3 1• 

Ha OCHOBe nonytJeHHbiX TOtJHbiX perneHHH 

.n;na HenHHeliHoli N-ypoBHeBoH 3a)J;atJH .U>Ke liH

ca - KaMMHHrca Hccne.n;oBaHa 3aBHCHMOCTb 

HBneHHH cy6nyacCOHOBCKOrO pacnpe.n;eneHHH 

cpOTOHOB H C:>KaTHR CBeTa OT napaMeTpOB 

3a)J;atJH. llOKa3aHO, B tJaCTHOCTH, liTO 3cpcpeKT 

cy6nyacCOHOBCKOrO pacnpe.n;eneHHR aCHMnTO

THKH HCtJe3aeT C yBenHtJeHHeM tJHCna H CnyC

KaeMbiX npH aTOMHbiX nepexo.n;ax cpo

TOHOB15 4 1• 

HoBbie proynbTaTbi nonytJeHbi npH H c cne

.n;oBaHHH cynepHOHHbiX cpa30BbiX nepeXO)J;OB 

B KpHCTannax C BO)J;OpO.n;HbiMH CBH3HMH: 

npe.n;no:>KeHa MHKpOCKOnHtJecKaR MO.n;enb cpa-

30BOrcf nepexo.n;a THna nopa.n;oK-6ecn opa

.n;oK B CHCTeMe npoTOHOB, KOTOpaR n 0 3BO

nHeT o6'bHCHHTb 3KCnepHMeHTbi no ,!1;Hcp

paK~HH HeHTpOHOB, BbiiTOnHeHHbie B J1a6o

paTOpHH HeHTpOHHOH cpH3HKH Ha pea KTO

pe HBP-2. 

Bonbrnoe BHHMaHHe 6bmo y.n;eneHo H ccne

.n;oBaHHIO BbiCOKOTeMnepaTypHbiX CBepx npo

BO)J;HHKOB (BTCll) . HaH6onee Ba:>KHbiH pe-

3ynbTaT - pa3pa6oTKa nonapHOH M o.n;e

nH OKCH.n;HbiX MeTannOB )J;nR OnHCaHHR 

BTCll 15 5 1 . B Heli Hccne.n;oBaHbi 3cpcpeKTbi 

CHnbHOH KynOHOBCKOH KoppenHUHH B 

BTCll15 61 . 

B aHrapMOHHtJecKoH Mo.n;enH Hccne.n;oBaH 

H30TOnHtJeCKHH 3cpcpeKT, aKyCTHtJeCKHe aHO· 

ManHH H )J;aHO 06'bHCHeHHe 3KCnepHMeHTaM 

no HeynpyroMy pacceHHHIO HeHTpOHOB B 

BTCll, BbiiTOnHeHHbiM B J1a6opaTopHH H eHT

poHHOH cpH3HI<H Ha peaKTOpe J1BP-2. lfccne

)J;OBanHCb TaK:>Ke 3neKTpOHHbie CBOHCTB a d
H f-MeTannoB H 3neKTpoH-Q>OHOHHOe B3aHMO

.n;eHCTBHe B HHX 15 7 I. 

B paMKax Mo.n;enH Xon<l>Hn.n;a Hccne.n;oBa

Ha 3BOnlO~HH BOCnpOH3Be.n;·eHHR (BOCnOM HHa

HHR) o6pa30B HeHTpOHHbiMH CeTHMH, M O)J;e

nHpyiOJnHMH HepBHYIO aKTHBHOCTb ronOBHO

ro M03ra. 
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MATEMATJ1qECKl1E llPOBJJEMhl 

TEOPETJ1qECK03 ~l13l1Kl1 

llonytJeHbi HOBbie proynbTaTbi no o6paT

HOH 3a.n;at~e .n;na .n;HccHnaTHBHOH TeopHH pac

ceHHHR, BKnlOtJaR TOOpHIO J1aKCa - ~HnnHn

ca15 8 1• llocTpOeHa TOOpHH B03MyJneHHH )J;nR 

rH66COBCKHX nonyrpynn, KOTOpbie HBnHIOTCH 

OCHOBHbiM o6'beKTOM KBaHTOBOH CTaTHCTH

tJeCKOH MeXaHHKH. llonytJeHbi HOBbie pe3ynh

TaTbi no reoMeTpHtieCKOMy KBaHTOBaHHI0 15 9 I, 

a.n;Ha6aTHtJecKOMY npH6nH>KeHHIO H cpa3e Bep

pH, a TaK:>Ke KOMITneKCHOMY CKeHnHHry onepa

TOpa .UHpaKa AnR HeKoToporo Knacca 3a)J;atJ 

KBaHTOBOH MeXaHHKH. 

llpe,l1;CKa3aHbi HOBbie KBaHTOBO-MeXaHHtJeC

KHe HBneHHR B MHKp03neKTpOHHbiX CTpyK

Typax, TaKHe KaK CyJneCTBOBaHHe CBH3aH

HbiX cocroRHHli 3a CtJeT HCKPHBneHHR H 3cpcpeKT 

AapoHoBa - BoMa Ha rpacpHKono.n;o6HbiX 

CTpyKTypax
16 0 1• llpe,!1;CKa3aHO CyJneCTBOBa

HHe TOKOB B)J;Onb pe6ep TOHI<HX nonynpo

BO)J;HHKOBbiX rrneHOK. llOCTpOeHbi OnepaTOpbi 

,UHpaKa C KOHTaKTHbiM B3aHMO.n;eHCTBHeM Ha 

ccpepe. 

PerneHbi cne.n;yroJnHe MaTeMaTHtJecKHe npo-

6neMbi CTaTHCTHtJeCKOH MeXaHHKH: HaH)J;€Ha 

CBH3b npOH3BO.n;HJneH cpyH~HH cnytJaHHbiX 

6ny)K)J;aHHH H CTaTHCTHtJecKOH cyMMbi .n;ByMep

HbiX peilleTOtJHbiX MO)J;eneif, pernaeMbiX C nOMO

JnblO aH3~a BeTe 16 1 1
; noKa3aHo, tJTo .n;na Mo

.n;enH l13HHra B cnytlaHHoM BHernHeM none napa

MeTpOM nopH.n;Ka HBnHeTCH xayc.n;op<l>oBa pa3-

MepHOCTb HOCHTenH COOTBeTCTBYIOJneH HHBa

pHaHTHOH Mepbi16 2 1; MeTo.n;oM 6onbrnHx yK

noHeHHH HCCne.n;OBaHa BenHtJHHa 6o3e·KOH)J;eH

CaQHH B HeKOTOpbiX MO)J;enbHbiX CHCTeMax 

C MHOrOtJaCTHtJHbiM B3aHMO)J;eHCTBHeM; noCT

poeH npe.n;en BaH-XoBa .n;na no.n;cHCTeMbi, 

B3aHMO)J;eHCTBYIOJneH nHHeHHo C 6030HHbiM 

TepMOCTaTOM. 3aBeprneH ~HKn HCCne.n;OBaHHH 

HHTerpanbHbiX npe.n;cTaBneHHli o6o6JneH

HbiX cpyHK~ C HOCHTenHMH B CBeTOBOM 

KOHyce. 

C03.UAHl1E CETl1 

llEPCOHAJ1hHhiX KOMllhiOTEPOB B JJT~ 

OcBoeHbi nepcoHanbHbie KOMITbiOTepbi (OK) 

Ha coBpeMeHHbiX npo~eccopax Intel 80286 
H 80386 H BbiiTOnHeHbi pa60Tbi no paCillHpe

HHIO cpyHK~HOHanbHbiX B03MO:>KHOCTeH HMelO

JnHXCH B J1T~ KOMnbiOTepoB. 



BHe.D;peHbi naKeThi QHCJieHHO-aH8JIHTHtlec
KHX nporpaMM, nporpaMM nocrpoeHHH rpa
cPHKOB H BbiBO,ll;a rpacPHQeCKOH HHcPOpManHH. 
ilO.D;rOTOBJieHbl naKeTbl pe.D;HKaTOpOB ,ll;JIH 
HCnOJib30BaHHH HX C Jia3epHbiM npHHTepOM. 
11ccne.D;OBaHbi cnoco6hi opraHH3anHH ueHTpML
HbiX pa6oQHX CTaHUHH Ha 6a3e IU0386/30387 
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JIABOPATOPIDI 
BhiCOKHX 3HEPrHl1 

B Jia6opaTopHH BLICOKHX 3HeprHH B cooT
BeTCTBHH C rnaBHbiMH 3a,D;atraMH, onpe,D;eneHHbi
MH 63 ceccHeH YtreHoro coseTa 011JUI H KoMH
TeTOM IIonHOMOtiHLIX IIpe,D;cTaBHTeneff cTpaH
ytracTHH~, BLmonHeHa nporpaMMa 4>YHAaMeH
TanhHLIX HCCne,D;OBaHHH, H~eneHHaH Ha perne- . 
HHe aKTyanhHbiX npo6neM 4JH3HKH 3neMeH
TapHbiX traCTH~ H aTOMHOrO H,D;pa Ha KBapKO
BOM ypOBHe C HCnOnh30BaHHeM nytrKOB CHH
xpo4Ja30TpOHa H cepnyxoscKoro ycKopHTenn. 
IlpOBO,D;HnaCh no,D;rC>TOBKa K HOBbiM . 3KCne
pHMeHTaM Ha Y-70 H YHK 11<l>B8. 

HAyqH0-11CCJIE,UOBATEJ1bCKI1E P ABOTbl 

MEXAHI13M PO)I(,UEHI1R 
11 PACIIA.UA tiACT:HU 11 PE30HAHCOB. 
IIOHCK HOBbiX tiACTHU 

1. C ~enhlO nOHCKa H HCCne,D;OBaHHH HOBbiX 
qacTH~ H cocTOHHHH COTPYAHHtreCTBO B:HC-2 
npo.D;on~no secTH o6pa60TKY MaTepHanos 
B3aHMO,D;eHCTBHH HeHTpOHOB (E = 40 r3B) 
c pa3nHtiHLIMH MHilleHHMH (H2 , C, Al, Cu). 

IlpoBe,D;eH nOHCK CTpaHHbiX 6apHOHHeB, 
pacna,D;aiOil\HXCH Ha A, p ( HnH A, p) H nHOHhl. 
CTaTHCTHKa ocHoBaHa Ha AaHHLIX aHanH3a 
-107 HeHTpon-npoTOHHbiX H - 2,4•107 HeHT
pOH-H,D;epHbiX B3aHMO,D;eHCTBHH11 1• )I(H,D;KOBO
,D;OpO,D;HaH MHilleHb HMena TOnll\HHY 2,1 r/CM2 

no nytrKY, a H,D;epHLie - 3,4 A 1 13 r/cM2 (A
aTOMHbiH HOMep H,D;pa-MHilleHH). 0To6paHO 
-2,2:105 H -2,7·104 C06hiTHH, CO,D;ep~Il\HX 
AHA cooTBeTCTBeHno H HAeHTH<l:>H~posaa

HLIX no pacna,D;aM: A+ p1r- H A + p1r•. CTpaH
HLie 6apHOHHH U /M8 H U /M8 HC~H cpe,D;H C0-
6biTHH, co,D;ep:>Kall\Hx A HnH A H He MeHee 
ABYX 3apa:>KeHHLIX a,npoHoB h + H h -, o6pa-
3Yl0Il\HX o6w;yro BepillHHY B3aHMO,D;eHCTBHH, 
C ytreTOM 3THX ycnOBHH OT06paHO 62345 

BLmonueHLI pa6oTLI B paMKax npoeKTa 
DELPH I (LEP, UEPH) • 

3aseprneHLI 3HatrHTenLHLie 3Tallhi pa6oT 
no co3,D;aHHro ayKnoTpoHa, o6ecnetreHo 34>4>eK
THBHOe HCnOnb30BaHHe nytrKOB CHHXpo4Ja30-
TpOHa cPH3HKaMH, ycoseprneHCTBOBaH pH.D; ero 
CHCTeM, IlonytreHbl HOBbie MeTO,D;HtlecKHe pe-
3ynLTaTbl B o6naCTH 3neKTpOHHKH, ,D;eTeKTO
pOB H KpHoreHHKH. IlporpaMMa HaytrHO
HCCne,D;OBaTenbCKOH ,D;eHTenLHOCTH BbinOnHH
nacL c yqaCTHeM cne~anHCTOB 6onee 100 Haytr
HLIX opraHH3~H CTpaH-ytraCTHH~ 011JII1. 

H 8241 C06biTHe C A H A COOTBeTCTBeHHO. 
Pe3ynLTaTLI aHanH3a cneKTpos HHBapHaHTHLIX 
Mace pa3nHt1HbiX KOHetiHbiX COCTOHHHH noKa-
3aHbl B Ta6n. 1,2. 

KoHe'IHoe 
COCTOJIHHe 

A fm+ 
Ap1T-
Ap1T•1T-
Ap1T+1T+ 

KoHel!Hoe 
COCTOJIJUfe 

Ap1T
Ap1T+ 
Ap1T• 1T

Ap1T_1T_ 

1111TepBan Mace 
CHI'Hana, M3B/c2 

3020-3080 
3040-3080 
3020-3080 
3020-3060 

11HTepBan Mace 
CHI'Hana, M3B/ c2 

3000-3040 
3020-3060 
3020-3060 
3020-3040 

Ta611.U/la 1 

lJHcno KOM6HHau;HH, 

CHI'Han/ ct>oH 

120/318 
34/33 
83/159 
24/45 

Ta611.u!la 2 

lJHCJIO KOM6HHau;Hii, 

CHrHan/ ct>oH 

25/45 
37/43 
22/39 

4/17 
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JfTaK, B ceMH cnei<Tpax HHBapHaHTIIhiX 
Mace pa3JIHliHhiX COCTOHHHH OKOJIO O,miOrO 
H TOrO :>Ke 3HaqeHHH MaCChi Ha6JIJOAaiOTCH 
y3KHe nHKH, qTo yKa3hmaeT Ha cy~eCTBo
BaHHe 6apHOHHeB C OTpHI~aTeJibHOH (U/~, 
U /M~ U /M; H U /M; -) H noJIO:>KHTeJibHOH 
(Of~. U/M;H U/M;+) CTpaHHOCTHMH. 

CpeAHee 3HaqeHHe MaCChi 6apHoHHeB pas-
HO 3050 ± 10 (crnT.) ± 30 (cHCT.) M3B/c2

• 

lliHpHHa He npeBhilllaeT 30 M3B/c2
• 

HaJIHqHe ASa:>KAhi 3apH:>KeHHhiX coCToH
HHH U/M-;- H U/M;+ noKa3hmaeT, qTO H3o
TOnHqeCKHH CnHH 6apHOHHeB I~ 3/2. 8To 
OAH03HatiHO CBHAeTeJibCTByeT 06 HX MHoro
I<:BapKOBOH cTpyi<Type. CsoiicTBa U /M

8 
corna

cyiDTCH c npeACKa3aHHHMH pHAa TeopeTHqec
KHX MOAeJieH AJIH qeThipeXI<:BapKOBhiX 6a
pHOHHeB, · COAep~x OAHH CTpaHHbiH 

I<:Bapi<: (aHTHI<:BapK). 
CooTBeTCTBYIO~H MYJibTHnneT MPOHOB 

AOJI:>KeH BKJIIOqaTb B ce6H TaK:>Ke 6apHOHHH 
CO CKphiTOH CTpaHHOCTbiO, T .e. COAep:>K~e 

CTpaHHhie I<:BapKH H aHTHKBapKH. Macca 
Tai<:HX pe30HaHCOB AOJI:>KHa 6hiTb 60Jibllle, 
qeM U /M

5
, a pacnMaTbCH OHH AOJI:>KHhi C o6-

pa30BaHHeM cTpaHHhiX qacTH~. YKa3aHHe Ha 
cy~ecTBOBaHHe Tai<:oro 6apHOHHH (Mq) 6hmO 
nonyqeHO COTpy,m~HqeCTBOM El..fC-2 B 1986 r. 
B nocneAyiD~ee speMH cTaTHCTHKa co6hiTHH 
6hma yBeJIHqeHa 12 I. llOHCK npOBOAHJICH no C0-

6hiTHHM, COAep:>Ka~M 6apHOH, aHTH6apHOH 
H CTpaHHhie qacTH~I (Ta6JI. 3) . 

Ta6JZ UI-Ia 3 

KoHet!Hoe HHtepBa.rr Mace lbiCJIO KOM6HHanHH, 
COCTOHHHe CHrHa.rra, M3B/c2 CHrHaJI/ <l>oH 

ApK+ 3220-3260 72/178 
ApK 3240-3280 30/50 
A piC" 'IT+ 3240-3280 36/55 
ApK-'TT+ 3230-3290 30/38 
K;ppK+ 3240-3300 36/48 
ApK+1r- 3240-3280 37/55 
ApK_1r_ 3230-3290 25/46 
K;ppK 3220-3260 36/46 

Ehmo oTo6paao 5764, 2452, 1249 , 460, 
1293, 969, 615 H 1222 KOM6HH~H, COOT
BeTCTBYIO~He KOHeqHhiM COCTOHHHHM, yKa-
3aHHhiM B Ta6n.3. B cneKTpax Mace scex 

30 

BOCbMH KOHetiHhiX COCTOHHHH Ha6JIIOAaiOTCH 
y3KHe (r 'S_ 30 M3B/c2 

) CTaTHCTHqeCKH 3Ha
qHMhie nHKH OKOJIO O,miOrO 3HaqeHHH MaCChi, 

~0 nOATBep)I(AaeT paaee CAeJiaHHOe Ha6JIIOAe
HHe o cy~ecTBOBaHHH 6apHOHHH M4>. Ero Mac
ca pasHa 3255± 10 (CTaT.) ± 30 (cHCT.) M3B/c? 
KHHeMaTHqeCKaH o6nacTb Ha6JIIOAeHHH M4> 
B AaHHOM 3KcnepHMeHTe orpaHHqeHa 3Haqe

HHHMH XF > 0,2 H P T < 1 r3B/c. O~eHI<:a A-3a
BHCHMOCTH ceqeHHH po)I(AeHHH 6apHOHHH He 
npoTHBopeqHT A 2 13 • llpoH3BeAeHHe ceqeHHH 
Ha BepOHTIIOCTH pacnaAOB COCTaBHJIO AJIH 
HeiiTpanbHhiX KaHaJIOB 0,4-3,0 MK6 Ha HYK
JIOH, a AJIH 3apH:>KeHHhiX - OT 0,5 AO 7,0 MI<:6 
Ha HYKJIOH Ha 90%-HOM ypoBHe AOCTO
sepHOCTH. 

2. C noMO~IO cnei<TpoMeTpa E:HC-2 
paaee 6hmo HCCJieAOBaHo po:>KAeHHe oqapo
BaHHhiX 6apHOHOB A; HeiiTpoHaMH (E 2!: 

~ 58 r3B) Ha HApax yrnepoAa, aJIIOMHHHH, 
MeAH. B np-B3aHMOAeHCTBHHX npH TOH :>Ke 
cpe,mieH 3HeprHH HeHTpOHOB TaK:>Ke Ha6mo
AaJIOCb po:>KAeHHe A;, pacnMaiO~HXCH no 
KaHaJiaM A~+K0 p1T+'TT- H A~+Arr+'TT+'TT-/ 31 . 

B KHHeMaTHqecKOH o6naCTH xF ~ 0,5, P T < 
< 1 r3B/c nap~HaJibHhie ceqeHHH (ap ·BJ") co
CTaBHJIH COOTBeTCTBeHHO: U = (1,{) ± 0,3 ± 
± 0,2} MK6 H Up= (0,28 ± 0J5 ± 0,04) MI<:6 
AJIH yKa3aHHhiX KaHaJIOB pacnMa. C yqeToM 
Toro, qTo BKJIM KaHana Br(A~ +A 'IT+ 'IT+ 'IT-)= 

= (2,8 ± 0,7 ± 1,1}%, cpe,zu~ee ceqeHHe po:>KAe-
A+ u HHH c HeHTpOHaMH Ha BOAOPOAe COCTaBJIHeT: 

up (xF > 0,5) = (10,0 ± 5,9 ± 4,2) MK6. 11c
XOAH H3 AaHHhiX E:HC-2 ceqeHHe po:>KAeHHH A~ 
Ha HYKJIOH HApa OI<:a3hmaeTCH paBHhiM <7 0 = 
= (1,5 ± 0,8) up. 

3. B HeHTpoH-HAepHhiX B3aHMOAeHCTBHHX 
npH cpeAHeH 3HeprHH HeHTpOHOB 40 r3B 
B cneKTpe 3<f><f>ei<THBHhiX Mace A 1r + 1r- Ha6niD
AaJIOCb o6pa30BaHHe prooHaaca A (1520) 14 1• 

Po:>KAeHHe A (1520) AO 3KcnepHMeHTa E:HC-2 
Ha6JIIOAaJIOCh TOJibKO B ABYX 3KcnepHMeHTax: 
B np-B3aHMOAeHCTBHHX npH 3HeprHH 5,6 r3B 
H BO BCTpetiHhiX pp-B3aHMOAeHCTBHHX Ha 
ISR (UEPH) np~ 3HeprHH B c.~.M . ..[S-= 
= 62,3 r3B. 

B AaHHOM 3KcnepHMeHTe o6pa3oBaHHe 
A (1520) Ha6JIIOAaJIOCb Ha HApax yrnepoAa, 
aJIIOMHHHH H MeAH. Macca pe3oHaaca OI<:a3a
nacb pasHoii (1522,9 ± 1,1} M3B/c2

, lliHpH
Ha (16,5 ± 3,5) M3B/c2 • CeqeHHH po:>KAeHHH 

AJI.fl XF ~ 0,3 COCTaBHJIH (MK6/RAPO): 



a (c) = 130,8 ± 11,8 ± 28,8, 

a(Al) = 269 ± 81,5 ± 59,2, 

a(Cu) = 567,6 ± 42,5 ± 124,8. 

3aBHCHMOCTh ceqeHHH A (1520) OT aTOMHoro 
aeca .R,n:pa-MHrneHH oiiHcbmaeTc.R cTeneHHbiM 

3aKOHOM a - A a, r.n:e a = 0,6 ± 0,2. 

4. llpOaHaJIH3HpO:SaHO 12,5 MnH np-B3aHMO

,n:eHCTBHH H Bbl,D;eneH npouecc .D:H¢>paKUHOHHOH 
,n:HccouHaUHH np +A 0 1<0 

p 15 1• lloKa3aHO, qTo 
,n:H¢>paKUHOHHOe po)l(.rJ:eHHe A ° K0 

-cHcTeMbi co
CTaBn.ReT MeHee 25% OT nonHoro ceqeHHH 
o6pa30BaHHH A ° K0 B np-B3aHMo,n:eHCTBH.RX. 
,llHHaMHKa 3TOro npouecca oTnl-fqaeTc.R OT .D:H· 
HaMHKH HHKni03HBHoro npouecca np+ A ° K0 X. 

5. PR,n: pa6oT, npoae,n:eHHbiX B Jla6opaTo
pHH, nOCB.RIUeH ,D;aJihHeHlileMY Bbl.RCHeHHIO 
aonpocoa, CB.R3aHHbiX c cymeCTBOBaHHeM ,n:H-
6apHOHHbiX (MYnbTHKBapKOBbiX) pe30HaHCOB. 

B CB.R3H c proynhTaTaMH, nonyqeHHbiMH 
B HCcne,n:OBaHHH peaKUHH np + pp7T+ rpynnoH 

IO.A.Tpo.RHa Ha O.D:HOMeTpoaoH )KH.rJ:Koao,n:o
po,n:HoH ny3blpbKOBOH KaMepe 16 I, H npo

Be,n:eHHbiMH 3KCnepHMeHTaMH no npeUH3HOHHO
MY H3MepeHHIO ceqeHHH ynpyroro pp-pacce.R-

• u 

HHH C pa3perueHHeM no 3¢>¢>eKTHBHOH Macce 
0,2 M3B, B KOTOpblX He 6biDO o6Hapy)KeHo 
3aMeTHOrO BKna,n:a B03MO)KHbiX pe30HaHCHblX 

COCTO.RHHH, B paMKax YHHTapHOH ¢>eHoMeHono
rHqecKOH TOOpHH npOaHaJIH3HpOBaH xapaKTep 
3HepreTI-fqecKOH 3aBHCHMOCTH 3¢>¢>eKTHBHoro 
ceqeHH.R qHcTo ynpyroro prooHaHcHoro pacce.R

HHH qaCTHU C npOH3BOnhHbiM CIIHHOM npH HaJIH
ql-fH nOCTO.RHHOrO Hepe30HaHCHOrO ¢>oHa17 1• 

B HHKn103HBHbiX HMnynhCHbiX cneKTpax 
npoToHOB H3 nC- H 7T- C-B3aHMo,n:eHCTBHH npH 
HMnynbce HeHTpOHOB -7 r3B H 7T-Me30HOB 
4 r3B{c 18 I Ha6nro,n:aJIHCb Heperyn.RpHOCTH 

a HHTepaane HMnynhCOB OT 200 .n:o 400 M3B/c, 
O,D;HaKO ,n:n.R O,n:H03HaqHOH HHTepnpeTaUHH 3THX 
3¢>¢>eKTOB He06XO.D:HMbi ,D;aJlbHeHrnHe HCcne

.D:OBaHH.R. 
Ha o,n:HoMeTpoaoH )KI{,n:Koao,n:opo,n:HoH ny-

3hipbKOBOH KaMepe, 3KCnOHHpOBaHHOH nyqKOM 
,n:eHTpOHOB (non.RpH30BaHHblX H Henon.RpH30-
BaHHbiX) C HMnynhCOM 3,33 r3B{c, nonyqeHbi 

HOBbie ,D;aHHbie no HCCne,n:OBaHHIO .D:BYXHYKnOH
HhiX oco6eHHOCTeH B dp-B3aHMO,D;eHCTBH.RX 19 I, 

llonHoe qHcno d(dt) p-B3aHMO,D;eHCTBHH COCTa
BHnO -1,15·105 C06biTHH, ,n:n.R aHaJIH3a 6biDH 

0 

0 -z 

200 

1.9 2.0 

\ 
\ 
\ 
\ 

2.1 2.2 2.3 
2 

Mnn' r3B/c 

PHc.l. Pacnp~eneHHe no 3<l><l>eKTHBHOH Macce .llBYX 
HeHTpOHOB H3 KaHana peaKQHH dp + p7T+ nn, rHCTO· 
rpaMMa - 3KCnepHMeHTan:hH:biH pe3yni:.TaT, CnnOWHaR 
KpHBaH - pe3yni:.TBT <l>HTHpoBaHHJl 

oTo6paHbi KaHaJibi: dp + ppn ( 4 7298 co6bi
THH) H dp + p1r+nn (24124 co6biTH.R). lloKa-

38:HO, qTo a pa3HbiX KaHanax a cneKTpe 3<P<PeK

THBHbiX Mace .D:BYX HYKnOHOB Ha6nro,n:aiOTC.R 
c BbiCOKOH 3HaqHMOCTbiO ,n:aa coCTO.RHHH: M1 = 
= 2,01 + 2,02 r3B/c2 H M2 = 2,12 + 2,15 r3B/c2 

(pHC.1 ) , a TaK)Ke IIHKH H npH ,n:pyrHX 3Haqe
HH.RX MaCChi. H,n:epHbie 3<P<PeKTbi Ha6nro,n:ae
Myro rnHpHHy prooHaHcoa (- 2 0 M3B) He 
06'b.RCH.RIOT. 

Ha 3TOH )Ke ycTaHOBKe H3yqeHbi HM
nynhCHbie pacnpe.n:eneHHH eyKnoHoa, BbmeTaro
IUHX no.n: 6onblilHMH yrnaMH a 4 Hep-cTonKHo
aeHH.RX npH HMnynhcax 8,6 H 13,6 r3B{c 11 0 1 • 

llonyqeHHbll~ proynhTaTbi He npoTHBopeqaT 
npe,n:nonO)KeHHIO 0 npHCYTCTBHH MeXaHH3MOB 
B3aHMO,D;eHCTBHH Li ·H306apbi B npoMe~-roq

HOM OCTO.RHHH C HYKnOHOM HnH norno
meHH.R BHPTYaJibHoro 7T-Me3oHa napoH 
eyKnO OB. 
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6. Ha cTaTHCTHKe - 2,7·104 dd-B3aHMo
,D;eiicTBHH npH 12 r3B/c, 3aperHCTpHpOBaH
HbiX C nOMOUJ,biO ,D;ByXMeTpOBOH :>KH,Il;KOBO,Il;O
pO,D;HOH KaMepbl "JliO,D;MHna" Ha nyt~Ke yCKO
pHTeJIH l1<l>B3, onpe,D;eneHa (ABYMR cnoco-
6aMu.) ,D;OnR MHOrOKpaTHbiX npo~ecCOB 11 1 I. 

Ilepsbm cnoco6 ocHOBaH Ha np.RMOM Bhi,D;ene
HHH O,ll;HOKpaTHbiX B3aHMO,D;eHCTBHH no HanH
tlHIO 6biCTpbiX npoToHos-cneKTaTopoB. Bo 
BTOpOM - paCCMaTpHBaiOTC.fl cpe,D;HHe MHO
:>KeCTBeHHOCTH 3ap.R:>KeHHbiX tlaCTH~ B dd
H NN-B3aHMo,D;eiicrnu.Rx. ,llon R MHoroKpaT
HbiX npo~eccos cocrasHna (10,1 ± 2,8)% 
u. -14% oT nonHoro Heynpyroro cet~eHHR 

COOTBeTCTBeHHO no nepBOMY H BTOpOMy 
cnoco6aM. 

IlpOBe,D;eH aHanH3 HHKn103HBHbiX xapaKTe
pHCTHK BTOpHtiHbiX tlaCTH~, o6pa30BaHHbiX 
B M.flrKHX pp-, pp- H 1T- p-B3aHMO,D;eHCTBH.fiX 
B HHTepsane HMnynhCOB OT 4 ,D;O 360 r3B/c 
C nOMOUJ,biO J1yH,D;-MO,D;enH11 2 1• J1cnonh30-
BanHCb ,D;aHHbie, nonyt~eHHbie c noMOUJ,biO 
ABYXMeTpOBhiX nponaHosoii H :>KHAKOBOAO
po,D;Hoii ny3hipbKOBbiX KaMep J1B3, o6nyt~eH
HhiX Ha CHHXpocpa30TpOHe H CHHXpOTpOHe 
l1<l>B3 (p = 4, 10, 24, 40 r3B/c), H ony6nHKO
BaHHbie ,ll;aHHbie no pp-B3aHMO,D;eHCTBHRM npH 
p =360 r3B/c, nonytleHHbie Ha SPS (UEPH). 

• B o6naCTH HMnynbCOB p = 4 + 10 r3B/c JlyH,D;
MO,D;em (JlM) C napaMeTpaMH a.n;poHH3~ 
CTPYHhi, B3RThiMH H3 ,D;aHHhiX no e+ e- -aHHH
ru.nR~, xoporno OnHcbmaeT cpeAHHe MHO
:>KeCTBeHHOCTH H HMnynbCHbie xapaKTepHCTHKH 
BTOpHtlHhiX HYKnOHOB, nHOHOB H K-Me3oHoa·. 
IlpH BbiCOKHX 3HeprHRX (p ~ 20 r3B/c) no
RBn.fiiOTC.fl cyi.QeCTBeHHbie paCXO)K,Il;eHHR Me)K)l;y 
3Kcnepu.MeHTOM H JlM scne,D;CTBHe 6on~>rnero 
npO.RBneHHR ,D;Hcppa~HOHHbiX npo~ecCOB, KO
TOpbie B ,ll;aHHOH BepCHH MO,D;enH He YllHTbi
BaiOTC.fl. He yt~HTbmaroTcR TaK:>K~ u. npo~ecchi 
pp-aHHHrHn.fi~H, ,ll;On.fl KOTOpbiX npH E > 
> 20 r3B COCTaBn.fleT :::::: 20%. 

CpaBHeHHe cpopMbi pacnpe,D;eneHHH A 0 
-, 

0 0 + K
5
-, p - H 1T- -tlaCTH~ c pact~eTaMH no JlM 

noKa3hiBaeT, liTO Mo,D;enb Hennoxo onu.chmaeT 
o6naCTb cpparMeHT~H npOTOHa B M.RrKHX 
1T-p-B3aHMO,D;eHCTBHRX H ,D;aeT 3aBbiUieHHbie 3Ha
tleHHR CetleHHH B o6nacTH cpparMeHT~ nHO
HOB (xF ~ 0,4). )lnR pp-B3aHMO,D;eHCTBHH 
HMeeTC.fl OTMetleHHOe BbiUie paCXO)K,Il;eHHe H 
B o6naCTH XF ~ -0,6. )ln.R OnHCaHH.fl CetleHHH 

6 o Ko -0 pa30BaHHR p -, 
5
-, 1T-Me30HOB B 1T p-cOy,D;a-

peHHRX npH p = 360 r3B/ C TaK:>Ke Heo6XO,D;HMa 
MO,D;HcpHK~ MO,D;enH. 
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PEJ1HTI1Bl1CTCKAH H,llEPHAH <1>1131-. 
l1CCJ1E,llOBAHl1E AC:HMIITOTWIECKJ 
CBO:A:CTB MHO)KECTBEHHbiX IIPOQE 

1. )lnR OnHCaHHR MHO:>KeCTBeHHbiX 
~eCCOB HCnOnb3yiOTC.fl penRTHBHCTCKH· 
pHaHTHhie 6e3pa3MepHhie senHtiHHhi 

pi 
b.k =- <m. 

1 I 

pk 
mk)2 = (ui- uk)2 

(r,D;e pi, pk - 4-HMnynbChi, mi, mk -Ma• 
tlaCTH~ i H k), n03BOn.RIOI.QHe Bblpa3HTb n 
~Hn aBTOMO,D;enbHOCTH ,D;n.fl pacnpe,D;eJll 
Bepo.RTHOCTeH ( cetleHHR) W B cne,D;yiOi 
BH,D;e: 

W(bak• b(3k• ba13, ... )1ba13 • 
00 

= 

=~ 1. wl (bak, xk = 
bm 

al3 

b(3k 
-----' ... ). 

bas3 

BenHtiHHa w1 He 3aBHCHT OT ba(3 H aBTOI 
,D;enbHa no 3TOH nepeMeHHoii. Onpe,D;enei 
m (m MO:>KeT 6hiTb tlHCnOM HnH <l>YH,~HeH ap 
MeHTOB W1 ) H3 MO,D;eneif HnH ypaBHeHHH 
3a,n;aqa 6onee npocTaR, t~eM OThiCKaHHe pen 
HHH npu. nonHoM Ha6ope He3aBHCHMhix ser. 
tiHH ( onpe,D;en.RIOI.QHX napaMeTpos) . CMbi 
Bbipa:>KeHHR (2) COCTOHT B TOM, liTO CetleHI 
W He ,D;On:>KHhl 3aBHCeTb OT 6eCKOHetiHb 
BenHtiHH, HO MOryT 3aBHCeTb OT HX OTHOUieHH. 
HMeiOI.Qero KOHetiHYIO BenHtiHHy. B pa6oTe11 3 

u.ccne,D;osanu.cb aBTOMO,D;enbHbie csoiicrna 6: 
pHOHHbiX KnacTepOB BO B3aHMO,D;eHCTBH.fl 
p-, d-, He-, C- H tr- -tlacT~ c R,D;paMH yrnepo,D; 
B HHTepsane HMnynhCOB 4 + 40 r3B/c H 
HYKnOH. MaTepu.an 6hm nonyt~eH c noMOUJ,blt 
ABYXMeTposoii nponaHosoii ny3hipbKOBoii Ka 
Mepbi (Ta6n. 4). AHanH3Hposanu.cb HHBa 
pHaHTHbie F(bk) pacnpe,D;eneHHR npoTOHOE 
B KnacTepax: 

F(bk) = 

1 2 1 
2 f 2 

N mN ..j bk +bk/4 

(3) 

Pacnpe,D;eneHHR (3) o6na.n;aroT TeM 3aMe
t~aTenbHbiM CBOHCTBOM, liTO B CHCTeMe nOKO.fl .. 
KnacTepa V a= 0 cpe,D;HRR senu.tiHHa <bk> , 
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PHc.2. HHsapHaHTHbie cPYHKQHH F(bk) AJIII DpOTOHOB B KnacTepe, o6p83YIOIIUIXCR B pC- H dC-, ac- H CC·B38HMO
AeHCTBHRX 

norryt~aeMaR H3 3Toro pacnpe,AerreHHR, o.A
H03Hat1Ho CB.fl3aHa CO cpe,AHeH KHHeTH'IeCKOH 
3HeprHeH npOTOHOB B KJiaCTepe, KOTOpaR 
o6bi'IHO Ha3hmaeTc.R "TeMnepaTypo:H": 

2Ek 2<Tk> 
<---2>=--- (4) 

mN mN 

3aBHCHMOCTH F(bk ), norryt~eHHhie B 3Kcne-
pHMeHTe ,AJI.fl pC-, dC-, aC- H CC-B3aHMo,AeH-. 
CTBHH, noKa3aHhi Ha pHc. 2. 

Ta6aut~a 4 

THn 11MnyJibC bl II CtaTHCTHKa 
B3aHMO· fi}"'KOBbiX co6hiTHH 
p;eii:ctBHH qacnm, fJB/ c 

p(C3Hs) 4,2 7,16 6207 
d(C3 Hs) 4,2·A 7,16 8724 
a(C3Hs) 4,2·A 7,16 3795 
C (C3 Hs) 4,2·A 7,16 10199 
p(C3 Hs) 10 19,4 2706 
1T-c 40 570 8791 

lfcCJie,AOBaHa 3aBHCHMOCTb pacnpe,AeJieHWI 
npOTOHOB B KJiaCTepax OT nepeMeHHOH Xk ::: 

:::X~= bt3kfbat3· B CHCTeMe llOKO.fl KJiaCTepa 

.. 
V a = 0 nepeMeHHaR xk nepexo,AHT B H3BeCT-
HYIO n epeMeHHyro CBeToaoro cppoHTa: x~ = 
= u~0 - ufz (3,Aech ocb z onpe,Aerr.ReT Hanpaa
rreHHe JIHHHH, coe,AHH.fiiOl.l.leH ~eHTPhi KJiaCTe

pOB V a H V t3 B TpexMepHOM npOCTpaHCTBe) , 
T.e. 3aBHCHMOCTh F(xk) 03Hat~aeT 3aBHCHMOCTh 
HHBapHaHTHOH cpyHK~H F OT HanpaBJieHH.fl 
oTproKa, coe,AHH.FIIOl.l.lero ~eHTpbi KJiacTepoa 
V a H V t3 . 3TO 03Ha'laeT, 'ITO H30JIHpOBaHHaR 
CHCTeMa ( KJiaCTep) ,AOJIJKHa pacna,AaTbC.fl aHH· 
30TpOnHO no OTHOWeHHIO K YKa3aHHOMy 
HanpaBJieHHIO B CMCTeMe llOKO.fl KJiaCTepa. 

:HHaapHaHTHbie <l>YHK~H F(xk) .AJI.R npoTo
Ho:a C HMnyJibCOM 0,3 ~ Pna6 ~ 0,8 r3B/c B 
pa3JIHtiHbiX THllaX B3aHMO,AeHCTBHH llOKa3aHbl 
Ha pHc.3. 

C ~eJihiO H3y'leHH.R oco6eHHocre:H o6pa3o
BaHH.fl npOTOHHbiX KJiaCTepoB C pa3JIHtiHOH 
TeMnepaTypoH 6bmH llOCTpOeHbl 3aBHCHMOCTH 

d 3 a 
HHBapHaHTHoro cet~eHH.R E --3- oT nepeMeH-

dp 
HOH bii C, T .e. OTHOCHTeJibHO .R,Apa·MHWe
HH. ilOKa3aHO, 'ITO HYKJIOHHbie KJiacTepbi 
c <Tk> l = 60+ 70 M3B xapaKTepH3YIOTC.fl 
Cpe,AHHM 3Ha'leHHeM 'leTblpeXCKOpOCTH OTHO· 

CHTeJibHO .R,Apa·MHWeHH <bii c> 1 = 0.11+0,14, 
KOTOpoe He 3aBHCHT HH OT THna B3aHMO,AeHCT· 
BH.fl, HH OT 3HeprHH B HHTepaarre 4+40 r3B. 
,[(JI.fl KJiaCTepoB C 6orree BbiCOKOH TeMnepary

poH (<Tk> = 130 M3B) 3Ha'leHHe <bn c>z = 
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= 0,5 + 0,6. Cao:HcTaa 3THX KJiacrepoa a 3 aBH

CHMOCTH OT THIIa H 3HeprHH B3aHMO,D;eHCTBHR 

HY:>KAaJOTC.H a AaJibHe:HrneM H3y'lleHHH. lloKa3a

HO, 'ITO OHH xapaKTepH3yiOTC.H aHH30TpOIDibiM 

yrJIOBbiM pacnpe,D;eJieHHeM IIpOTOHOB H 6 6Jib

lllHMH nonepe'IIHbiMH HMrryJibCaMH. 

TaKHM o6pa30M, 6apHOHHbie KJiacT epbX. 

o6pa3yiOI.I.Uiec.H B npoMe:>KYTO'IIHOH o6JiaCTH 

peJI.HTHBHCTCKHX .H,D;epHbiX CTOJIKHOBeHIDl, xa

paKTepH3YIOTC.H yHHBepcaJibHbiMH cao:HcraaMH 

no ABYM napaMeTpaM no,D;o6HR: MacrnTa6Ho

HeHHBapHaHTHoMy bk H MaCillTa6HO-HHBa

pHaHTHOMY Xk. 

llpoae,D;eH TaK:>Ke aHaJIH3 'lleTbipexMe pHbiX 

rrpoTOHHhix KJiacrepoa a pC- H CC-a3aHM o,D;e:H

CTBHRx, conpOBO)I(,ll;ruOI.I.UIXC.H HCnycKaHHeM 

KYMY JI.HTHBHbiX nHOHOB H npOTOHOB 11 4 I . no

Ka3aHO, 'ITO po)K,ll;eHHe KYMYJI.HTHBHhiX npo

TOHOB npOHCXO,ll;HT qaw;e B C06biTHRX C cppar

MeHTaD;HeH Ha KJiacTepbi c hue< 0,6. C ao:H

CTBa npOTOHHbiX KJiaCTepOB B Me30 HHbiX 

H npoTOHHhiX KYMYJI.HTHBHbiX B3aHMo,D;e:Hcr

BHRX OKa3biBaJOTC.H pa3JIH'IIHhiMH. Po)l(,ll;eHHe 

KYMYJI.HTHBHbiX nHOHOB oTpa:>KaeTc.H Ha cao:H

CTaax npOTOHHbiX KJiaCTepoB. 

PHc.3. liHBapn&HTHbie cPYlfKUHH F(xk) ~m1 npo TOHOB 

B p83Jtlf'IHbiX THnax B38HMO~eHCTBHH 

F(IK) 
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101-
) 

0,1 f-

t 
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f t-~f 

• pC ,4,2 r 3B/c 
o d.c 4,2 r 3B/c 
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/:).etC ,4,2 r 3B/c 
-- n-c.4o r3B/c 
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2. llpo,D;OJI:>KaJIOCb H3y'lleHHe rrpon:eccoa 

KYMYJI.HTHBHoro po)l(,ll;eHHR qacmn:. Ha ycra

HOBKe CKA ( cneKTpoMeTp KYMYJI.HTHBHhiX 

aAPOHOB) 11 5 1 nonyqeHa A -3aBHCHMOCTb ceqe

HHH o6pa30BaHHR KYMYJI.HTHBHhiX IIHOHOB Ha 

OCHOBe MaTepHaJIOB no B3aHMO,D;eHCTBHIO npo

TOHOB (E = 25 + 62 r3B) C .H,D;paMH Be, C, 

Al, Ti, Mo, W11 6 1• l13MepeHHR npOBO,ll;HJIHCb 

Ha ny'IIKe ceprryxoacKoro ycKopHTen.H. Ceqe

HHR o6pa30BaHHR nHOHOB H3MepeHbl B HHTep

BaJie HX HMIIyJibCOB OT 250 ,ll;O 950 M3B/c. 0T

Me'llaeTC.H peryJI.HpHOCTb noae,D;eHHR A-3aBHCH

MOCTH oT KYMYJI.HTHBHOH nepeMeHHOH X npH 

3Ha'IIHTeJibHOM pa3JIH'IIHH B 3HeprHH nepBH'IIHbiX 

npOTOHOB H yrJiax BbiJieTa 1T-Me30HOB (pa3-

JIH'IIHbie pT) • 

li3MepeHa 3HepreTH'IIeCKa.H 3aBHCHMOCTb 

BbiXO,D;a 1T+- H 1T- -Me30HOB no,D; yrJIOM 159° 
a HHTepaane 0,6 ~ X~ 2,0 a pC-a3aHMo,D;e:H

CTBH.HX npH 3HeprHH npOTOHa OT 15 ,ll;O 

61 r3B 11 7 1 • BeJIH'IIHHbl Ce'lleHHH H HaKJIOHbl 

cneKTpOB B 3TOM ,D;Hana30He 3HeprHH OKa-

3aJIHCb 6JIH3KHMH K H3MepeHHbiM IIpH 3Hep

rHH ny'IIKa cHHxpocpa30TpoHa. HaKJIOHbi cneKT

poa npH X > 1 H X < 1 cyw;ecTaeHHo pa3JIH'II

Hbi, 'ITO ,D;aeT OCHOBaHHe npe,D;nOJiaraTb nepe

pacnpe,D;eJieHHe BKJia,D;a pa3JIH'IIHbiX MexaHH3-

MOB o6pa30BaHHR IIHOHOB npH nepexo,D;e 

B KYMYJI.HTHBHyro o6nacTb. 

Ha ycTaHOBKe LJ::HCK-3 npoae,D;eH Ha6op 

CTaTHCTHKH no o6pa30BaHHIO 'lla<;!THD; C 60Jib

lllHMH nonepe'IIHbiMH HMrryJibCaMH (pT =1000 + 
+ 1600 M3B/c) a pA-B3aHMO,D;e:HCTBHRX. Bhi

nonHeH 3KcnepHMeHT no H3MepeHHIO HHKJII0-

3HBHbiX ce'lleHHH KYMYJI.HTHBHoro po)K,ll;eHHR 

'llaCTHD; BO B3aHMO,D;eHCTBHRX .H,D;ep yrJiepo,D;a 

c .H,D;paMH MHrneHe:H. Ha6paHa crnTHCTHKa 

~ 103 
KOppeJI.HD;HOHHbiX C06biTHH THna p1T 

B 06JiaCTH 3<t><l>eKTHBHbiX Mace 1::. -H306apbl 

a ap-B3aHMO,D;e:HcTBHRx. ITpoae,D;eHbi o6pa6oTKa 

H aHaJIH3 3KCnepHMeHTaJibHbiX ,ll;aHHbiX no 

ABYX'IIaCTH'IIHbiM dp-, pp-, p1r- H 1T1T-Koppe

JI.HD;HRM. 

llOJIY'IIeHhi 3KcnepHMeHTaJibHbie AaHHbie no 

HHKJII03HBHbiM Ce'lleHHRM pO)K,ll;eHHR 1T ± -, 

K± -Me30HOB a 3aBHCHMOCTH oT Hx HMrryJib

ca npH cpHKCHpOBaHHbiX yrJiaX 3MHCCHH 

(8 = 180°, 8 = 62°) ,ll;JI.H pp- H dp-B3aHMO

,D;eHCTBHH11 8 1 • 

llpoaHaJIH3HpOBaHa 60Jibllla.H COBOKyn-

HOCTb AaHHhiX no KYMYJI.HTHBHOMY po)K,ll;eHHIO 

'llaCTHD; B a,D;pOH-.H,D;epHbiX B3aHMO,D;eHCTBHRX 

Ha OCHOBe pa3JIH'IIHbiX TeOpeTH'IIecKHX no,D;

XO,ll;OB119 1• 



llpO,D;OJI:)KaJIOCb H3ytJeHHe a,n;pOH- H 11,D;p0-

11,D;epHbiX npo~ecCOB C pmK,ll;eHHeM npOTOHOB 

B KHHeMaTHtJeCKH 3anpemeHHOH o6JiaCTH ,IJ;J111 

eyKJioH-HyKJIOHHbiX CTOJIKHOBeHHH. 11ccne.n;o

BaHbi KHHeMaTHtJeCKHe KOppeJ111~H Me)f(,IJ;y 

1T- -Me30HaMH H npOTOHaMH C HMnyJihCOM 

p = 0,25 + 0,75 r3B/c BO B3aHMO,IJ;eHCTBH11X p 
d, 4 He, C c 11.n;paMH yrnepo.n;a npH nepBHtJ-

HOM HMnyJI&Ce 4,2 r3B/c Ha HyKJIOH12 0 1• 

B OTJIHtJHe OT KaCKa,Il;HOH MO,IJ;eJIH Ha6JIIO,IJ;aiOTC11 

3aMeTHbie KOppeJI11~ Me)f(,IJ;y KHHeMaTHtJeCKH

MH nepeMeHHbiMH nHOHOB ( 6biCTpOTa, HM

nyJibC, yroJI BbmeTa) H BTOpHliHbiX npOTOHOB. 

l.f3MepeHbl TaK)f(e HHKJII03HBHbie CetJeHH11 p0)f(

,IJ;eHH11 npOTOHOB BO B3aHMO,IJ;eHCTBH11X p, d, 
4 He, C c R.n;paMH yrnepo.n;a H TaHTaJia 12 t 1 • 

llonyt~eHo yKa3aHHe Ha HeKoTopoe no.n;asneHH~ 

BbiXO,IJ;OB npOTOHOB H3 11,D;pa - MHWeHH no.n; 

6onbWHMH yrnaMH npH ysenmeHHH aTOMHoro 

seca 11.n;pa-cHap11.n;a. 

3. HecMOTpR Ha 6onLwoii o61.eM Hccne.n;o

BaHHH, BbiDOJIHeHHbiX B nocJie,IJ;HHe rO,IJ;bl no 

MHO)f(eCTBeHHOMy pO)f(,IJ;eHHIO tJaCT~ B 11,D;p0-

11,D;epHbiX CTOJIKHOBeHHRX, HHcpopM~H11 0 npo

~eccax o6pa30BaHHR HempanbHbiX 1T -Me30HOB 

BO B3aHMO,IJ;eHCTBH11X peJ111THBHCTCKHX R.n;ep 

C 3HeprHeH nOp11,D;Ka HecKOJibKHX r3B Ha 

HyKJioH secbMa 6e.n;Ha. Ha yCTaHOBKe 

MAC'CEP npoBO.n;HJICR ~KJI Hccne.n;oBaHHH 

no H3MepeHHIO HHKJII03HBHbiX CetJeHHH o6pa-

30BaHH11 1T 0 -Me30HOB C IJ;eJibiO nonytJeHH11 HH

<l>opM~HH, Heo6XO,IJ;HMOH ,IJ;J111 Bbi11CHeHH11 Me

XaHH3Ma KYMYJ111THBHoro 3<l><l>eKTa. B 1988 r. 

BbmonHeH aHaJIH3 peaK~HH pC + 1T o X npH 

HMnyJibCe p = 4,5 r3B/c12 2 1 • Ha CTaTHCTHKe p . 
-1,4•104 1T 0 -Me30HOB nonytJeHbl 3aBHCHMOCTH 

cetJeHHR oT Pi H nepeMeHHOH <l>eiiHMaHa xF . 

.UH<l><l>epeH~HaJibHoe cetJeHHe no Pi napaMeTpH-

3yeTc11 <l>YH~HeH f(pi) = A2 exp(-~ Pi) c napa

MeTpOM B 2 = (6,3 ± 0,2) {r3B/c)- 2 , A2 = 

= (19,5 ± 0,8) M6·(r3B/c)- 2 1 MPO t 2 c. 11H

sapHaHTHoe HHKJII03HBHoe cetJeHHe f(xF) B 

HHTepsane 0,5 < xF < 0,95 napaMeTpH3yeTcR 

cTeneHHOH <l>YHK~eii f(xF) =At (1-xF)Bt c 

napaMeTpaMH At = (126 ± 21) M6/R.n;po t 2 C; 

Bt = (2,72 ± 0,14). 

4. llonytJeHbi nepBbie 3KcnepHMeHTaJibHhie 

,IJ;aHHbie no HHKJI103HBHbiM cneKTpaM 1T 0 -Me-

30HOB B CTa- H MHoroHyKJIOHHbiX CCMH_ 

B3aHMO,IJ;eHCTBH11X npH HMnyJibCe 4,2 r3B/c 

Ha HYKJIOH Ha MaTepHaJiax .n;syxMeTposoii 

nponaHOBOH ny3bipbKOBOH KaMepbi 12 3 1• l.fH-

KJII03HBHbie cneKTpbi 1T 0 -Me30HOB BOCCTaHa
BJIHBaJIHCb no 3KCnepHMeHTaJibHO H3MepeHHbiM 
cneKTpaM 'Y-KBaHTOB Ha CTaTHCTHKe: 860 'Y
KBaHTOB .n;n11 CTa- H 1206 'Y-KBaHTOB .n;n11 
CC-B3aHMo.n;eiicTBHH. 

5 . P11.n; pa6oT 6Lm nocs11meH H3ytJeHHIO 

B3aHMO,IJ;eHCTBH11 HeHTpaJibHbiX tJaCT~ (HeHT

poHOB) C 11,D;paMH H o6pa30BaHH11 HeHTpOHOB 

B 11,D;p0-11,D;epHbiX CTOJIKHOBeHHRX. llpoBe,IJ;eH 

cpaBHHTeJibHbiH aHaJIH3 HMnyJibCHbiX H yrJIO

BbiX xapaKTepHCTHK llpOTOHOB, o6pa3yiOmHX

C11 B nC- H nTa-B3aHMO,IJ;eHCTBH11X npH HM

nyJibCe 4,2 r3B/c 12 4 1. llOKa3aHO, liTO HM

nyJibCHbiH cneKTp H yrnoBbie pacnpe.n;eneHHR 

npOTOHOB B nTa-coy.n;apeHHRX 3HatJHTeJihHO 

MRrtJe H wHpe. llonyt~eHbi cpe,D;HHe xapaKTe

pHCTHKH BTOpHtiHbiX tJaCT~ B np- H nC-B3aHMO

.n;eHCTBHRX12 5 I, a TaK)f(e np11Mbie 3KCnepHMeH

TaJibHbie ,IJ;aHHbie no o6pa30BaHHIO HeHTpOHOB

cneKTaTOpOB B d(C3 H 8 ) -coy.n;apeHHRx, .n;oJ111 

KOTOpbiX npH pd = 4,2 r3B/c Ha HYKJIOH 

OKa3aJiaCb paBHOH ~ n = 0,24 ± 0,02. 

B pa6oTe12 6 1 npeAcTasneHhi npe.n;sapHTenb

Hbie p e3yJibTaTbl HCCJie,IJ;OBaHH11 XapaKTepHCTHK 

HeHTp OHOB, HcnycKaeMbiX B 1T- Xe-B3aHMo.n;eii

CTBHRX npH HMnyJibCe 3,5 r3B/c. 3<l><l>eKTHB

HOCTb Ha6JIIO,IJ;eHH11 HeHTpaJibHbiX 3Be3,IJ; OKa3a

JiaCb ,IJ;OCTaTOlJHO BbiCOKOH (0,65 H.3jB3aHM.), 

liTO .n;aeT B03M0)f(HOCTb nocne nOJIHOH •o6pa

OOTKH MaTepHana nonytJHTb HOBbie .n;aHHhie. 

6. 11ccne.n;osanach 3aBHCHMOCTb oT 3Hep

mH JIH.n;Hpyromero npoToHa xapaKTepHCTHK 

BTOpHliHbiX npOTOHOB H 1T- -Me30HOB B pC

B3aHMO,IJ;eHCTBH11X npH p = 4,2 H 10 r3B/c 

H B pTa-s3aHMo.n;eiiCTBHRX npH Pp = 

= 10 r3B/c12 7 I c ~eJibiO nonytJeHH11 ,IJ;aHHbiX 

o "To pM03Hoii" cnoco6HOCTH 11.n;ep. KaK 

cne.n;yeT H3 nonytJeHHbiX ,IJ;aHHbiX, y.n;enbHbie 

noTepH B o6JiaCTH 4 ~ p ~ 10 r3B/c yseJIH

lJHBaiOTC11 C poCTOM HMnyJibCa, T.e. dE/dx-E 

H, KpOMe TOro, B T11)f(eJIOM 11,D;pe TaHTaJia 

cpe,D;Hee 3HatJeHHe dE/dx OKa3biBaeTC11 MeHbWe, 

tJeM .n;n 11 11.n;pa yrnepo.n;a. llonytJeHHhie B .n;aHHOH 

pa6oTe BepXHHe O~eHKH ,IJ;J111 06'beMHOH nJIOT

HOCTH 3HeprHH He npeBbiWaiOT 0,6 r3B/<l>M3 

(.n;n11 p C npH Pp = 10 r3B/c). 

C.n;enaHbi o~eHKH cpe.n;HHx H MaKCHMaJih

HbiX noTepb 3HeprHH nHOHOB H npOTOHOB 3a 

ClleT CHJibHbiX B3aHMO,IJ;eHCTBHH npH npOXO)f(

.n;eHHH tiepe3 BHyTpHR.n;epeyro MaTepHIO 12 8 ·/. 

llpH aHanH3e 1T- Xe-B3aHMo.n;eiicTBHH npH p1T- = 

= 3,5 r3B/c nOKa3aHO, liTO pacnpe.n;eneHHe 

HeHTpaJibHbiX 1T-Me30HOB no npO,D;OJibHOMY 
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Puc.4. Pacnpep;eneaue no nonHOH nonepe'IHOH 3Hepruu 
B CTa-B31lHMO)J;eHCTBHHX npH 4,2 raB/c Ha HyKnOH. 
ruCTorpllMMa - paC'IeT no ,UKM, CTaTHCTHKa 1552 
co6biTHH 

HMny.JJbCY Cy)f(aeTC.fl C yaeJIHIIeHHeM MHO)KeCT

BeHHOCTH BTOpHIIHhiX npoTOHOB ( 0 ,.;; nJ? ,.;; 9) . 
0TMetieHO 12 9 I, liTO a,ll;pOHhl C :meprHeH B He

CKOJibKO r3B MOryT npOXO,ll;HTb qepe3 M a CCHB

Hhie .FIApa, He Bhi3hiBa.FI po)f(,ll;eHH.FI qacTln.\; npo

xo)f(,ll;eHHe conpOBO)f(,ll;aeTC.fl 3MHCCHeH 6hiCTphiX 

HYKJIOHOB CTporo onpeAeneHHhiM cnoco 6oM. 

llonytieHhi cneKTphi nonHoH: nonepeiiHoH: 

3HeprHH (Ei0 t) BTOpHIIHhiX 3ap.FI)f(eHHhiX qa

CTHI.\ so B3aHMOAeH:cTBH.flx p, d, 4 
He, C c .FIApa

MH yrnepoAa H B CTa-coyAapeHH.FIX npH HM

nynbce 4,2•A r3B/c 13 0 1• lloKa3aHO, liTO C po

CTOM E~ot ace 6onee 3HaiiHTeJibHhiH B KJiaA 

B ee BeJIHIIHHY ,ll;alOT OT,ll;eJibHhie qaCTHI.\hl 

c 6oJiblliHMH pT. llpHMep cneKTpa AJI.FI CTa

B3aHMOAelicTBH.FI nOKa3aH Ha pHC.4. 

l.f3yqaJiaCb 3aBHCHMOCTb Cpe,ll;HeH MHO)f(eCT

BeHHOCTH rr- -Me30HOB <nrr- > OT IIHCJia n pOTO

HOB-ytiaCTHHKOB N AJI.FI CTa-B3aHMOAeH:cTBHH 

npH HMnyJibCe /.2 r3B/c Ha HYKJIOH 13 1 1 • 

Ha6JIIOAaeTc.FI nHHeHHhxH pocr <nrr-> c y aenH

IIeHHeM NP AJI.FI Hel.\eHTpaJibHhiX CTa-coy ,ll;ape

HHH. ,[(JI.FI 1.\eHTpaJibHhiX (HX AOJI.fl -17 % OT 

acex HenypyrHX B3aHMO,ll;eHCTBHH) - <nrr- > 
He 3aBHCHT OT Np . .[(on.FI rr- -Me30HOB, Hcnyc

KaeMhiX B 3a,ll;HIOIO nonyc<t>epy, AJI.fl 1.\eHTpaJib

HhiX CTOJIKHOBeHHH COCTaBJI.fleT -20% OT 

BCeX rr- -Me30HOB, 06pa30BaHHhiX BO B 3aHMO-

36 

,ll;eHCTBHH, T.e. B ,ll;Ba pa3a 60Jibllle, tieM B ne

pH<!>epHtieCKHX CTOJIKHOBeHH.FIX. Koppen.FII.\HH 

Me)f(AY <nrr-> H Np npH nepBHIIHOH KHHeTH

qecKoH: 3HeprHH 3,36 r3B/HyKJI. OnHChiBaiOTC.fl 

B paMKaX MO,ll;eJIH He3aBHCHMhiX B3aHMO

,ll;eHCTBHH. 

CAenaHa OI.\eHKa TeMnepazyphi a,ll;poHHoro 

BemecTBa Ha OCHOBe TepMO,ll;HHaMHIIeCKOrO 

nO,ll;XO,ll;a Ha CTa,ll;HH, 6JIH3KOH K HaH60JibllleMY 

B036y)f(,ll;eHHIO, C HCnOJib30BaHHeM BeJIHIIHHhl 

BhiXO,ll;a nHOHOB B CTOJIKHOBeHH.FIX 6JIH3KHX 

no Macce .FIAep (Ap ::t:: AT) 13 2 1• llonyqeHHoe 

3HatieHHe TeMnepazyphi (T = (120 ± 2) M3B) 

AJI.FI CC-B3aHMO,ll;eHCTBHH npH p = 3,66 r3B/c 

Ha HYKJIOH c yqeTOM pe3yJibTaTOB ApyrHx 

3KCnepHMeHTOB npH 6onee HH3KHX 3Hep

rH.FIX yKa3hmaeT Ha JIHHeHHhiH poeT To 

C 3HeprHeH .fl,ll;ep (B JIOrapH<!>MHIIeCKOM MaC

lliTa6e) B HHTepaane 0,1 + 3,7 r3B/HYKJIOH. 

MeTOAOM .FIAepHhiX <t>oT03MYJibCHH npo-

AOJI)f(aJIOCb H3ytieHHe npol.\ecca noJIHoro pa3py

llleHH.FI .FIAep. BnepBhie nonyqeHhi AaHHhie no 

nOJIHOMY pa3pyllleHHIO .FIApa CBHHI.\a .FI,ll;paMH 

MarHH.FI C HMnyJibCOM 4,5·A r3Bjc 13 3 I H npo

Be,ll;eHO HX cpaaHeHHe c AaHHhiMH AJI.fl C + Pb 
peaKJ:.\HH npH TOM )f(e HMnynhce. Ha6JIIDAaeTc.FI 

pOCT IIHCJia peJI.FITHBHCTCKHX O,ll;H03ap.FI,ll;HhiX 

tiaCTHI.\, YCHJieHHe KOJIJIHMal.\HH BhiJieTa BTO

pHIIHhiX 3ap.FI)f(eHHhiX tiaCTHI.\, yBeJIHIIeHHe npo

THBOHCnyCKaHH.fl B a3HMYTaJibHOH nJIOCKOCTH 

qacTHI.\ OT pa3pyllleHH.FI .FIApa-MHllleHH H po)K

AeHHhiX tiaCTHI.\, ycHJieHHe 60KOBOrO Bhi6poca 

3THX tiaCTHI.\ C pOCTOM MaCChi .FI,ll;pa-CHap.FI,ll;a. 

CpeAH HaHAeHHhiX 60 co6hiTHH 6hiJIO o6Hapy

)KeHo O,ll;HO C06hiTHe C nJIOTHOCTbiO 10 S-IIa

CTHI.\ Ha HHTepBaJI nceB,ll;06hiCTpOThl L\17
8 

= 0,1. 

Bepo.FITHOCTb cnyqaH:Horo xapaKTepa 3Toro 

C06hiTH.fl MeHee 10- l • 

fipOBe,ll;eH aHaJIH3 3ap.FI,ll;OBOrO COCTaBa 

<!>parMeHTOB .FI,ll;pa KpeMHH.FI-28 C HMnyJib

COM 4,5·A r3B/c C .FI,ll;paMH <!>oT03MYJibCHH. 

llonyqeHhl TOnOJIOrHIIeCKHe xapaKTepHCTHKH 

<!>parMeHTal.\HH, MHO)KeCTBeHHOCTb H 3ap.FI,ll;O

BhiH COCTaB <!>parMeHTOB Ha pa3JIHIIHhiX KOMnO

HeHTaX 3MYJibCHH. 01.\eHeHhl BepO.FITHOCTH noJI

HOrO pa3pyllleHH.FI .FI,ll;pa KpeMHH.FI 13 4 1• 

7. MeTOA onpeAeneHH.FI npocrpaHcmeHHO

apeMeHHhiX xapaKTepHCTHK o6JiaCTH H3JIYIIe

HH.fl IJaCTHI.\ Ha OCHOBe HHTep<t>epeHI.\HH TO)f(

,ll;eCTBeHHhiX tiaCTHI.\ HCnOJib30BaH npH aHaJIH3e 

paHee nonytieHHoro 3KcnepHMeHTaJibHoro Ma

TepHana Ha ycraHOBKe CKM-200, 3KcnoHH

poaaHHOH B nytiKax .FIAep 
4 

He, 1 2 C, 1 6 0 



c 3HeprHeH 3,66·A r3B 13 51 • MHilleH.RMH crry

)KHJIH TOHKHe .D;HCKH (0,2 + 0,5 r/cM2
) H3 

Li, C, Cu, pacnorro)KeHHbie BHYTPH o6neMa 

KaMepbi, a TaK)Ke ra3 Ne, 3anorrH.aromHn 

KaMepy. B npe.nerrax OlllH6oK norrytieHHbie 

pa.n;HyCbl HCnyCKaHH.R rr- -Me30HOB r = 3,9 + 
+ 4,4 <l>M He OTJIH'IaiOTC.R .D;JI.R pa3JIHliHbiX 

Ap H At H cTeneHH ~eHTpaJibHOCTH B3aHMO· 

.n;eHCTBHH. 

IlpOCTpaHCTBeHHO·BpeMeHHbie xapaKTepH

CTHKH HCTOliHHKOB BTOpHl!HbiX npOTOHOB B pa3-

JIHliHbiX THnax perr.RTHBHCTCKHX .R.D;epHbiX 

CTOJIKHOBeHHH aHaJIH3HpOBaJIHCb C ~eJibiO 

06'b.RCHeHH.R 3aBHCHMOCTH pa3MepOB o6rraCTH 

HcnyCKaHH.R npoTOHOB OT HX HMnyJibCa 13 6 1• 

PaccMaTpHBaJIHCb .nsa <PaKTopa: 6orrblllHe spe

MeHHhie HHTepBaJibl HcnyCKaHH.R npOTOHOB 

H MaJibie nonepetiHbie pa3Mepbl HCTOtiHHKOB. 

Ilpe.nnorraraeTc.a, liTO Ka)K.D;biH H3 3THX <PaK

TopoB .D;OMHHHpyeT B pa3HbiX HHTepBarrax 

HMnyJibCOB npOTOHOB. 

8. B HanpasrreHHH noHcKa aHOMaJibHbiX 

<l>parMeHTOB B npo~eccax <PparMeHT~H perr.a

THBHCTCKHX .R,nep 6biJIH BbinOJIHeHbl .IJ;Be pa-

60Th!. Ilpose,neH TmaTeJibHbiH aHaJIH3 .D;aHHbiX 

3Kcnep HMeHTa "AHoMaJIOH" no <PparMeHTa· 

~HH .a.n;ep MarHH.R C HMnyJibCOM 4,5 r3B/c 

Ha HYKJIOH BO B3aHMO.D;eHCTBH.RX C nrreKCHrrra

COM13 7 1• Oco6oe BHHMaHHe npH 3TOM y.nerr.a

rrocb o 6rracTH .nrrHH npo6era MeHee 10 MM. 

Bcero o6pa6oTaHO oKorro 1,2·105 co6biTHH. 

,UJI.R <l>p arMeHTOB C 3ap.R.D;OM Z = 6 + 10 aBTOpbl 

Ha6JIIO,UaiOT HaJIHtiHe KOMnOHeHT CO cpe.n;HeH 

.nrrHHon npo6era Xa = (1,9 j: 0,8) MM, Tor.na 

KaK HOpMarrbHa.R KoMnoHeHTa HMeeT XH = 
= (141 ,7 ± 1,9) MM. IlpHMeCb aHOMaJibHOH 

KOMnOHeHTbl O~eHHBaeTC.R 

- (8,4 ± 2,7) %. 
Ilpo se.neHbi 3KcnepHMeHThi no Hccrre.nosa

HHIO B3aHMO.D;eHCTBH.R .R,nep 1 2 C C HMnyJibCOM 

54 r3B/ c e Me.n;HbiMH MHilleH.RMH B 2rr-reOMeT-

pHH, n o3BOJI.RIOmHe H3ytiaTb yrrrosoe pac

npe.nerreHHe BbiJieTa aHOMaJihHbiX <PparMeH

TOB 13 8 I . Ilose,neHHe <l>parMeHTOB H3YtiaJIOCb 

no BbiXOAY 'Y·H3JIYtieHH.R HaBe.D;eHHOH aKTHB· 

HOCTH B KOJib~eBbiX MHilleH.RX, nepeKpbmaiO

mHX .D;Hana30Hbl yrJIOB 0-10°, 10° -19°, 

19° - 31°' 31° - 43°' 43° - 52°' 52° -90°. 

Ha6rrro.narrocb cymecTBeHHoe yserrHtieHHe Bbi· 

,UJUI HCCJie,D;OBaHHH Ha ny'IKax peJIHTHBHCTCKHX R:p;ep C03,D;aeTCH H OBhiH cneKTpOMeTp - yCTaHOBKa "llaMHp". 

Ha CHHMKe : MHWeHHhiH y3eJI yCTaHOBKH • 
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PMc.5. CneKTp 1-nyqeH: 
OCTaTO'IHbiX H~ep-HyKnH

~OB, o6pll3yiOII.UfXCR DpH 
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paMH yrnepo~a c 3HeprueH: 
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xona H30Tona 2 4 Na B KonLne non y rnaMH 
19° - 31° npH coy.napeHHHX n.nep yrnepo.na-12 
H Me,l(H-64 no cpaBHeHHIO c peaKQHeii Ha a-qa
CTHQb (Pa = 4,0 r3B/c), 0,l(H03HaliHOH HH
TepnpeTaQHH 3TOrO 3<l>cPeKTa noKa HeT. 

9. 3KcnepHMeHTMbHO npoBepeHa MeTO,l(H
Ka onpeneneHHH BLixona HYKnOHOB, o6pasyi0-
IQHXCR BO B3aHMO,l(eHCTBHH penRTHBHCTCKHX 
R,l(ep C TR)f(enhiMH R,l(paMH MeTO,l(OM HaBe
,l(eHHOH 'Y-aKTHBHOCTH o6nylleHHbiX MHllleHeH. 
OnpeneneHbi BbiXO,l(hi panHoaKTHBHhiX n.nep 
B peaKQHHX neneHHH 2 3 5 U(n, f), B peaKQHRx 
<PparMeHTaQHH 1 8 1 Ta e 2 c, X) npH 3HeprHH 
3,65 r3B/HyKnOH 139 I (pHc.5). BhiXO,l( <l>par
MeHTOB HMeeT MHHHMYM B o6nacTH A/2 MHrne
HH, H 3aTeM pe3KO yBenHliHBaeTCR C pOCTOM 
Maccosoro liHcna A. 3THM )f(e MeTo.noM H3ylle
Hbi peaKQHH, Bhi3hiBaeMbie R,11;paMH 1 2 C ( E = 
= 3,65·A r3B) Ha R,l(pax 55 Mn, 59 Co, Ni, 
Cu 14 0 1• llpose.neHo cpasHeHHe MaccoBhiX pac
npe.neneHHii HYKnH,l(OB B peaKQHRX c npoTo
HaMH (Ep =3,65 r3B) Ha Tex )f(e R,l(pax. CpasHe
HHe nonylleHHhiX pesymTaToB c paHee HMeBrnH
MHCR ,l(aHHbiMH npH ,11;pyrHX 3HeprHHX nO,l(TBep
,l(HnO pe)f(HM npenenLHoii <PparMeHTaQHH. 

10. llony11eHbi ,l(aHHhie no reHepaQHH HeiiT
poHOB B CBHHQOBOH MHlUeHH pa3MepaMH 
50 X 50 X 80 CM npOTOHaMH, ,l(eHTpOHaMH H 
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I·IOMI::P I(AI·II-\llA 

a-llaCTHQaMH c HMnynbCOM 4,5 r3B/c Ha HYK
noH14 1 1• HeiiTpOHbi perHcTpHpOBanHCb c noMo

I.l.U>IO .neTeKTOpOB peaKQHH (n, F) H (n, r)' 
ycTaHOBneHHbiX B o&beMe MHlUeHH. 

0 

llpoBe,l(eHO CpaBHHTenbHOe H3MepeHHe pac
npe.neneHHH HeHTpOHHOrO nOTOKa, reHepH
pyeMOrO B yKa3aHHOH MHrneHH nyliKaMH npo
TOHOB (p = 9 r3B) H R,l(ep yrnepo.na (Pc = 
= 4,5·A r31J3/c) 14 2 1• 

• 
OTHorneHHe HHTeHcHBHOCTH HeiiTpoHOB B 

paClleTe Ha R,l(pO 1 2 C K HHTeHCHBHOCTH Ha O,l(HH 
npOTOH COCTaBHnO 7,2 ± 1,4 Ha paCCTORHHH 
27 CM OT nepe,l(Hero TOpQa MHllleHH H 14,0± 2,9 
Ha paCCTORHHH 78 CM. llOKa3aHO, liTO BKna,l( 
HeiiTpoHOB c 3HeprHeii 6onLrne 10 M3B B non
HhiH cneKTp reHepHpyeMbiX B CBHHQOBOH 
MHllleHH HeifTpOHOB cymeCTBeHHO Bblllle, lleM 
B cneKTp HeHTpOHOB ,l(eneHHH. 

11. llpo.non)f(eHo H3ylleHHe o6pasoBaHHH H 
csoiiCTB penRTHBHCTCKHX rHITepn.nep Ha ycrn
HOBKe r:HBC 14 3 1• llonylleHO 6onee 80 TbiC. 
<l:>OTOrpa<l:>HH B nyqKaX penRTHBHCTCKHX R,l(ep 
4 He, Li, C, 0, 3KcnepHMeHTanLHhiH MaTepHan 
o6pa6aTLIBaeTcR. .Unn celleHHH o6pasoBaHHH 
rnnepn.npa A H a-llaCTHQaMH c HMnynLcOM 
4,5·Ar3B/c Ha MHrneHH CH 2 nony11eHo 3HalleHHe 
a=0,4~8:i MK6. Cpe,11;HHH HMnynLC H cpe,11;Hee 
BpeMR )f(H3HH A_H COCTaBHnH (16,7±0,2)r3B/c 
H (2,2:8•~) ·1()'" 1 ° C COOTBeTCTBeHHO. 

' 



12. PaccMaTpHBanHc:& cne,ncTBHH npHMeHe
HHH KOHUem:.um peJUITHBHCTCKOH ,nnHHbl 
(KP)l;), B qaCTHOCTH, K TaKHM BonpocaM, 
KaK pOCT ,D;nHHbl <!>opMHpOBaHIDI a,D;pOHOB 
c yBenHllermeM 3HeprHH, npo6neMa <PyH.na
MeHTWI:&HoH: (HnH 3neMeHTapHOH) ,D;nHHbl 
H ,np./4 4 1. 

HCCJIE,UOBAHMJI 
llOJI.RPlf3AUHOHHhiX 3<l><l>EKTOB 

1. lf3MepeHa BeKTOpHaH aHaJIH3HpyiOmaH 
cnoco6HoCT:& (Ay) peaKUHH ynpyroro dtp
H dtd-pacce.RHHH H peaKUHH Heynpyroro 
B3aHMO,D;eHCTBIDI dtC + pX 14 5 1 • 3KcnepHMeH
Tan:&HaH YCTaHOBKa C06paHa Ha OCHOBe 
cneKTpOMeTpa .R,D;ep OT,D;allH (C.RO), pa6oTaiO
I.Qero Ha BHYTpeHHeM nyllKe cHHxpo<Pa3oTpo
Ha. llon.RpH3aUHH ycKopeHHoro nyqKa ,neH:T
poHOB onpe,nen.Rnac:& c noMOIUI>IO nonynpo· 
BO,D;HHKOBOrO nOn.RpHMeTpa nyTeM H3MepeHHH 
neBo-npaBoH: acHMMeTpHH celleHHH ynpyroro 
dtp-pacce.RHHH npH -t = 0,025 {r3B/c) 2 H 
HMnyn:&ce nyllKa 2,38 r3B/c. AHaJIH3HpyiOmaH 
CfiOC06HOCTI> peaKUHH dtp + dp npH 3THX 
ycnoBH.RX H3BeCTHa. MHweH:&IO cny:>KHna nneH
Ka H3 nonH3THneHa CH2 HnH CD2 TOnmHHOH 
2-3 MKM. Cpe,D;Hee 3HalleHHe BeKTopHOH non.R
pH3atnfH nyllKa COCTaBHnO: 
<P> = 0,39 ± 0,015 (cTaT.) ± 0,04 (CHCT.). 

3aBHCHMOCT:& AY B peaKUHH d t p npH 
-t = 0,025 {r3B/c) 2 OT HMnyn:&ca Ha HYKnOH 
,neifTpOHa fiOKa3aHa Ha pHC.6, a 3aBHCHMOCTI> 

8 = 75° B na6. CHCTeMe 

EP, M3B Ay AAY 

80-100 -0,047 0,021 
100-120 -0,056 0,020 
120-140 -0,039 0,024 
140-160 -0,041 0,026 
160-180 0,019 0,033 
180-200 0,037 0,020 
200-220 0,021 0,024 
220-240 0,059 0,027 
240-260 0,076 0,034 
260-280 0,087 0,040 
280-300 0,075 0,057 

A.Y 

q3 
~ 

0,2 ?9 
~~ l ! 

0, I I ? f ~ t ! 0,0 
I 2 3 ~ 5 6 

PN' r3B/c 

• PHc.6. BeKTOpHBR aHaJJH3HpyJOII.\8R cnoco6HOCTI> ynpy
roro dtp-pacceRHWij o - ,ll;aHH&Ie H3 pa60T&r'45 I 

Ay B peaKUHH dtC + pX npH HMnyn:&ce 
2,38 r3B/c OT KHHeTHlleCKOH 3HeprHH pe
rHCTpHpyeMbiX npOTOHOB fiO,D; yrnaMH 7 5° 
H 120° npe,ncraBneHa B Ta6n. 5. li3 cpasHe
HHH ,naHHbiX no aHaJIH3HpyiOmeH: cnoco6HOCTH 
H non.RpH3auHH B HeynpyroH: peaKUHH cne
,nyeT npe.nnono)KeHHe ( CM .14 5 1) o B03-
MO)KHOM MeXaHH3Me Heynpyroro B3aHMO,D;eH
CTBIDI a,D;pOHOB C .R,D;paMH 11epe3 6HHapWbie 
no,nnpouecc:&I Ha HyKnoHax HnH ,npyrHX KOH
CTifTYeHTax .R,D;pa. 

llony lleH:&I 3HalleHHH Ay ,nn.R peaKUHH 
dtC + pX H dtC + dX npH 3HepmH dt 
800 M3B/HyKnoH 14 6 1 , KoTop:&re xopowo 

Ta6au1.1a 5 

8 = 120° B na6. CHCTeMe 

EP, M3B Ay AAY 

40 - 60 -0,004 0,007 
60 - 80 -0,010 0,009 
80 - 100 - 0,006 0,011 

100 - 120 -0,016 0,014 
120 - 140 0,008 0,022 
140-160 -0,010 0,031 
160-180 - 0,032 0,037 
180-240 0,158 0,074 
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Ha ycTaHOBKe " An&Q>a-3C " npn pa6oTe Ha ny'IK e TeH30pHo-nOJmpH30BaHHbiX ~eifrpoHos CHHXpoQ>a30TpOHa nony
'leHbi HOBbie pe3yn&TaTbi B nccn~OBaHHH CTPYKTyp&I ~eii:TpoHa 

cornacyiOTCH C 3I<CnepHMeHTaJibHbiMH ,ll;aH

HbiMH ,ll;JIH peai<QHH p t C + pX, HO npOTHBOpetiaT 

npe,ll;CI<a3aHHHM MO,ll;eJIH npHMOrO Bhi6HBaHHH 

HYI<JIOHOB. 

Ha ycTaHOBI<e " Anhcpa-3C " B nytii<e TeH-
• 

30pHO-llOJIHpH30BaHHbiX ,ll;eHTpOHOB B n epBbie 

H3MepeHbl BeJIHtiHHhi TeH30pHOH aHaJIH3HpyiO

IIJ;eH cnoco6HOCTH T2 0 (k) a peai<UHH 1 2 C(d,p) 

C BhiJieTOM npOTOHOB llO,ll; HyJieBbiM y rJIOM 

npH pd t = 9,1 r3B/ c B 06JiaCTH HMllY JibCOB 

npOTOHOB B CHCTeMe llOI<OH ,ll;eHTpOH a ,ll;O 

k"" 650 M3B/ c
14 7 1 • Cpe,li;HHH HHTeHCHB HOCTb 

nyt~I<a yci<opeHHhiX nonHpH3oaaHHhiX AeiiT

poHOB cocTaBnHna - 5·108 qacT./UHI<JI . Ha 

puc.7 noi<a3aHhi 3aBHCHMOCTH T2 u (k) H HM

nynhCHoro pacnpe,ll;eneHHH HYI<JIOHOB B ,ll;eHT

poHe OT k H3 paHee llOJiytieHHbiX ,ll;aHHbiX 

no cpparMeHTaQHH HellOJIHpH30BaHHhiX ,ll;eHT

pOHOB B npoToH . .[(aHHaH 3aBHCHMOCTb T 2 0 

cornacyeTcH c MO,ll;eJibiO ,ll;eHTpoHa, y tiHThi

BaiOmeu I<Bapi<OBhie cTeneHH cao6o,ll;bi , o,ll;Ha

I<o HeJib3H OAHOBpeMeHHo YAOBJieTBopuTeJibHO 

onucaTb ,ll;HcpcpepeHQHaJibHbie cetieHHH H T 2 o , 

HCllOJib3YH 3TY MO,ll;eJib. 

BMecTe c 3Jiei<TpOHHhiMH ycTaHOBI<aMH 

CHO, "Anhcpa-3C " B nytii<e dt c HMny JibCOM 

3,34 r3B/ c 3I<CllOHHpOBaJiaCb O,ll;HOMeTpOBaH 

)f(H,ll;I<OBO,li;OpO,ll;HaH ny3blpbi<OBaH I<aMep a 14 8 I . 

Bhl6op aenutiHHhi HMnynbca onpe,ll;eJIHJICH, ao

nepBhiX, H3 coo6pa)f(eHHH Mai<CHMaJibHOH H XO

pOillO H3BeCTHOH aHaJIH3HpyiOIIJ;eH CllOC06 HOCTH 

BO,ll;OpO,ll;a H , BO-BTOpbiX, H3 B03MO)f(HOCTH 
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P.HC. 7. 3aBHCHMOCTH HMnyn&CHOrO pacnpe~eneHWl 

HyKnOHOB B ~eHTpOHe (a) H TeH30pHOH aHanH3HpYJO· 
meH cnoco6HOCTH ~eHTpOHa T2 o (6) OT HMnyn&ca 
npOTOHa B CHCTeMe nOKOH ~eifrpoHa, nony'!eHHble H8 
YCTaHOBKe "An&Q>a-3C"; o, 0 - 3KCnepHMeHTan&
Hbie ~aHHbie, cnnOUIHbie nHHHH - paC'IeT : a- KBM
paT BOnHOBOH Q>YHKI.Ufil ~eHTpOHa, 6 - HMnyn&CHOe 
npH6niDKeHHe ~nfl napH)!(CKOrO HyKnOH-HyKnOHHOrO 

noTeHI.lHana 

"" . 
~ 
' CD .., 
'-:. 

~ 
N "0 ,. 

0 
N 

f-o 

I 02 

!OJ 

100 

10-1 

10-2 : 

0 . 0 

-1.0·-
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~ ,q, 
···\0Gao 
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I 
I 
I / 

I 
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I 

If~~~- - - - - - - - - - -

.9~9¢q9~~0~ ~ 

0.2 0.4 

k, f38/c 

a 

0.6 0.6 



cpaBHeHHH c peai<U.HeH dp + ppn Ha HenonH
pH30BaHHbiX ,I:(eHTpoHax, 6onhlllOH o6pa60TaH
HbiH MaTep.Han no I<OTOpOH .HMeeTCH. 0To6paHO 
H H3MepeHo 2·104 co6hiTHH peai<UH.H dp + ppn, 
Be,I:(eTCH aHan.H3 pe3ynLTaTOB. 

3KCllEPI1MEHT NA-4 

3aseprneHbi o6pa6oTI<a H aHanH3 1,8 MnH 
C06biTHH rny6oi<OHeynpyroro MlOOH-BO):(OpO):(
HOro pacce.HHHH npH 3HeprHHx 100, 120, 200 
H 280 r3B. 0I<OH'IaTenhHaH CTaTHCT.HI<a OT0-
6paHHbiX co6hiTHH HaMHoro 6onhllle, 'leM B nro-
6oM ):(pyroM H3 BhmonHeHHbiX paHee 3I<cnepH
MeHTOB. 

CTPYI<TYPHa.H cpyHI<UHH F 2 (x, Q2 
) H oTHo

rneH.He ce11eHHH nornomeHHH npo):(onLHo- H no
nepe'IHo-nonHpH30BaHHbiX cpoTOHOB R = aLI aT 
nonyqeHbi B I<.HHeMaTH'IeCI<OH o6nacTH x = 
=0,06 + 0,8 H Q2 = 7 + 260 r3B2 

• 

3HaHHe cTpyi<TYPHOH cpyHI<U.HH B o6nacTH 
ManbiX X O'leHb Ba:>KHO ):(nH OUeHI<H MaCChi TOll
I<Bapi<a H 'IHcna HeHTp.HHo. llo3ToMy Ha6nro
):(aeMbie pacxo)K,D;eHHH c ):(aHHbiMH Esponeif
CI<OH MJOOHHOH I<Onna6opaU.H.H B :noH o6nacTH 
Bbi3Ban.H Heo6XO,I:(HMOCTb ,I:(OllOnH.HTenbHbiX 
nuaTenLHbiX nposepoi< c.HcTeMaT.H'Ieci<HX OlllH-
6oi<. 0H.H llO):(TBep):(Hn.H Ha,I:(e:>KHOCTb pe3y nbTa
TOB 3I<cnepHMeHTa NA-4 H noi<a3anH, 'ITO He-
CMOTpH Ha HX 
o6ecneqeHHOCTh 

BbiCOI<ylO CTaT.HCT.H'IeCI<yJO 
C.HCTeMaT.H'IeCI<He Olll.H6I<.H 

CpaBHHMbl CO CTaT.HCTH'IeCI<HM.H. 
HapyrneH.He ci<eHnHHra, 'leTI<O BH):(Hoe B 

Q2 -3aBHCHMOCTH CTpyi<TypHOH cpyHI<UHH, 
npoaHan.H3HposaHo B paMI<ax KX.U c noMo
ll(hJO ):(BYX llO):(XO,I:(OB. llpe):(CI<a3aHHH TeOp.HH 
I<ai< B nH):(HpyromeM, · Tai< H B cne):(yJOIUeM 
nopH):(I<e npei<pacHo cornacyroTCH c 3I<cne
pHMeHTOM. Ha6nro):(aeMoe oTn.H'IHe oTHollle
HHH R OT HYnH B o6nacTH ManbiX x xopolllo 
cornacyeTc.H c npe):(CI<a3aH.HeM KX.U. AHanH3 
npoBe):(eH He TOnhi<O B Hec.HHrnemoM npH6n.H
:JKeHH.H, HO H B nonHoM, cmirneT + Hec.HHrneT, 

no):(XO):(e. CTpYI<TYPHaH cpyHI<UHH F 2 (x, Q2 
) 

npe):(CTaBneHa Ha pHc.8 BMecTe c TeopeT.H'Ieci<H
M.H I<pHBbiMH. llpH 3TOM BnepBbie nonyqeHa 
oueHI<a cTeneHH rnrooHHoro pacnpe):(eneHHH 
B cne):(yromeM nop.H):(I<e Teop.HH 11 = 9 ± 2 
np.H Q2 = 5 r3B2 

• llony'leHHOe 3Ha'leH.He KX.U 
MacrnTa6Horo napaMeTpa A cornacyeTCH 

Puc. B. CTpyKTYPHBH <IJynKQHR npoTona F2 (x, Q2 ), no
nY'JeHHBH B 3KcnepHMeuTe NA-4 

B npe,I:(enax CTaTHCT.H'IeCI<HX Olll.H60I< C pe3ynh
TaTaMH aHanorH'IHOro aHan.H3a ):(aHHhiX, nony
'leHHhiX HaMH paHee Ha yrnepO):(HOH M.HllleH.H, 
HeCMOTpH Ha cymeCTBeHHO pa3Hble X-3aB.HCH
MOCTH HapyllleHHH CI<eHn.HHra, Ha6nJO,I:(aeMbie 
B 3THX ):(BYX 3I<cnep.HMeHTax. 3TO 06CTO.HTenh
CTBO MO:>KHO paCCMaTp.HBaTb I<ai< ,I:(OnOnHH
TenhHOe no):(TBep)K,D;eH.He Teop.HH. 

113 pe3ynbTaTOB 3THX ):(BYX 3I<Cnep.HMeHTOB 
nony'leHO f\ =220 ± 15 (cTaT.) ± 50 (CHCT.). 
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C03.IJ:AHI1E HOBblX SKCllEPHMEHT AJibHblX YCTAHOBOK, 
PA3BI1TI1E METO.IJ:I1K11 

B 1988 r. B JIBS npo,D;on:>KaJiach pa3pa6oT
Ka H C03,D;aJIHe HOBbiX KOMnneKCOB <I>H3HtJ:eC
KOii annapaTypbi ,D;ml 3KCnepHMeHTOB Ha CHH
xpo<Pa30TpOHe, Y-70 H YHK 11<l>BS, LEP UEPH. 

1. llpoBe,D;eHbi c6op:Ka, Hana,D;Ka H HCnhiTa
HIDI a,D;poHHoro :KanopHMeTpa (AK) yCTaHOBKH 
DELPHI B no,D;3eMHOM 3ane LEP (U EPH). 
Ocyll.\eCTBneHhi pa6oThi no Mo,D;epHH3a.uHH 
BhiCOKOBOnhTHoro nHTaHIDI ,D;eTe:KTopos AK. 
Ha nytJ:Kax cHHxpo<Pa30TpoHa npo,D;omKanHCh 
HCCne,D;OBaHIDI ,D;OnrospeMeHHOH CTa6HnhHOCTH 
,D;eTe:KTOpOB H nonHOMaCWTa6Horo npOTOTHna 
AK c Hcnonh30BaHHeM pa,D;HOaKTHBHoro HCTOtJ:
HHKa, KOCMHtJ:ec:KHX nytJ:eH H tJ:aCT~, y cKopeH
HbiX Ha CHHXpo<Pa30TpOHe. l13ytJ:eHa B03MO)f(
HOCTb HCnOnb30BaHIDI y)f(e C03,ll;aHHOH CtJ:HTbi

BalOII.\eH 3neKTpOHHKH COBMeCTHO CO cnelUianb
HO pa3pa60TaHHhiM npe,D;yCHnHTeneM B HaChi
II.\eHHOM nponop~HOHanbHOM pe)f(HMe pa60Tbl 
,D;eTeKTopos AK 14 9 1, a Ta:K)f(e Hcnonh30BaHIDI 

AK B KatJ:ecTBe MlOOHHoro TpHrrepa y CTaHOB
KH. · llo:Ka3aHO, tJ:TO nepexo,D; B yKa3aHHhm pe
)f(HM He yxy,D;WaeT OCHOBHbie xapaKTepHCTHKH 

AK H cyll.\ecTBeHHo noBhiWaeT Ha,D;e)f(HOCTh 
ero ,D;eTe:KTopos. 

B paMKax ytJ:aCTIDI JIBS B no,D;r oTOBKe 
3KcnepHMeHTa DELPHI BhmonHeH KOMnne:Kc 
pa6oT no C03,ll;aHHlO TepMHHanhHOH CTaH~HH 

CB.fi3H C BbltJ:HCnHTenbHbiM ~eHTpOM 

UEPHa15 o I. 

2. Pa3pa6oTaH npoe:KT ~eHTpanhHOH TpeKo
BOH CHCTeMbl YHHBepcanbHOrO KanopHMeTpH
tJ:eCKOrO ,D;eTe:KTOpa (YK.IJ:) ,ll;n.fl BCTpetJ:HbiX 
nytJ:KOB YHK. 

3. BhmonHeHhi pa6oThi no npoeKTHpo
BaHHJO CTPYHHOH nonHpH30BaHHOH MHWeHH 
HenpephiBHoro AeHCTBIDI (npoeKT " llapyc
HenryH"). llpose,D;eHo MaTeMaTHtJ:ecKoe Mo,D;e
nHposaHHe H CTeH,D;OBhie HCnhiT~H.fl WeCTH

noniOCHbiX MarHHTOB. 
Co3,D;aH KpHOcTaT ,D;nR CTa6HnH3alUIH ra3o

o6pa3Horo aTOMapHOrO BO,D;Opo,D;a npH HH3KHX 
TeMneparypax B CHJibHbiX MarHHTHbiX no
nRx15 1 1 • B nepBhiX 3KcnepHMeHTax npH 

T = 0,44 K H B:.::::: 7 Tn AOCTHrHyTa nn oTHOCTh 
<::::: 101 3 aTOM/CM3

, OCTaBaBlliaRC.fl CTa6HnhHOH 

B TetJ:eHHe O,D;Horo tJ:aca. 
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llpOBO,ll;HnHCb pa60Tbl no C03,ll;aHHlO nony
npOBO,ll;HHKOBOrO CneKTpOMeTpa Me,D;neHHblX 
tJ:acTH~. llpH ytJ:aCTHH Pa,D;Hesoro HHCTHTYTa 
(JieHHHrpM) H HllO "Teena" (qCCP) H3ro

TosneHhi H HCnbiTaHhi o6pa3~I nonynpoBOA
HHKOBhiX ,D;eTe:KTOpOB. 

4. B paMKax pa6oT no npoeKry "MetJ:e
Hhie HeHTpHHO" H3r.OTOBneHhl KaCCeThl MO,D;y
neH a,D;poHHoro :KanopHMeTpa, HatJ:aTa c6op:Ka H 
MOHTa)f( MO,D;yneH B YCTaHOB:Ke. l13rOTOBneHhl 

50 3ep:Kan ,D;nR onTHtJ:ec:KOH CHCTeMbl H y3nhi 
tJ:epeHKOBCKOrO CtJ:eTtJ:H:Ka, npOBe,D;eH ero MOH
Ta)f(. llO,D;rOTOBneH Ha6op nporpaMM ,ll;n.fl 

OnTHMH33.UHH ycnOBHH 3KCnepHMeHTa. 

5. llpOBO,ll;HnHCb MOHTa)f( H Hana,D;:Ka y3nOB 

H cHcTeM ycTaHOBOK "qapM", CB.IJ:, TllK-2M, 
npO,D;On)f(anOCb H3rOTOBneHHe o6opy,D;OBaHHH, 
BbinOnHHnOCb MO,D;enHpOBaHHe 3KCnepHMeHTOB. 
B TOM t.J:Hcne 3asepweHhi Ta:KHe 3Tanhi: 

- MeTO,D;HtJ:ec:KHH nyc:K 6biCTp01UI:KnHpylO
II.\eH ny3hipbKOBOH KaMepbi - BepWHHHOro ,D;e
TeKTOpa cneKTpoMeTpa CB.D:; 

MOHTa)f( nasHmoHa AnH ycTaHoBKH 
B11C-2M Ha ycKopHTene 11<l>BS (llpomHHo). 

6. l13rOTOBneHbl TpH C~HHTHnn.fllUIOHHbiX 

ro,D;oc:Kona nepe,D;Hero ,D;eTeKTopa yCTaHOBKH 
"C<Pepa", BKnlOtJ:aJO~e 80 C~THnn.fllUIOH

HhiX ctJ:eTtJ:HKOB c pa3MepaMH PMHaTopos 
100 X 4 X 0,5 CM, CMOHTHpOBaHO 20 C~
THnnHlUIOHHbiX CtJ:eTtJ:HKOB ,D;nR tJ:eTBepTOrO 
ro,D;ocKona. l13rOTOBneH pHA y3nos csepx

npoBOAHII.\eH MarHHTHOH CHCTeMbi: KO:>fCYX, 
MeXaHH3M ynpaBnHeMbiX TOKOBBO,ll;OB, MO,ll;H
<PHlUipOBaHHbiH Tennoo6MeHHHK caTennHTHoro 

pe<PpH)f(epaTopa H AP· BhmonHeHo MO,D;enHpo
BaHHe 3<P<PeKTHBHOCTH perHCTpalUfH 7r 0

-, 7'/ 0
-, 

f/ 0 '-Me3oHoB, c,D;enaHbi o~eHKH pa3peweHIDI 

no 3<P<PeKTHBHOH Macce H Tpe6yeMhiX napa
MeTpos ,D;eTeKTopos 'Y-KBaHTOB. Pa3pa6oTaHa 
cHcTeMa B CTaH,D;apTe FUSTBUS MH H3Mepe

HHR BpeMeHHbiX HHTepBanOB H 6biCTpbiX. 
aHanoroBhrx CHrHanos Ha yCTaHOBKe 15 2 1

• 

llporpaMMHoe o6ecnweHHe no3BOnHeT ocy
II.\eCTBHTh CB.fl3b ynpaBnHlOII.\eH SBM C MarHCT
panblO FUSTBUS, TeCTHpoBaHHe MO,D;yneH, 
c6op H o6pa6oTKY ,D;aHHhiX, a Ta.K)f(e npe,D;CTaB
neHHe pe3ynhTaTOB. 



7. 3aBeprneH 6onbrnoM: :nan pa6oTbi no 

C03AaHHlO yCTaHOBKH AJIR o6nyt~eHHR: HAep

HbiX $OT03MYnbCHH B CHnbHOM MarHHTHOM 

none (npoeKT "CnoH"). YcTaHOBKa BKnlOt~aeT 

B ce6H KOHAeHCaTopHylO 6aTapelO Ha 3Hep

rHlO -1,5 M.U:>~< ( 576 KOHAeHcaTopoB Co = 
= 200 MK<l>, U0 = 5 KB), CHCTeMy MOIIUibiX 

BaKyyMHbiX pa3pHAHHKOB, CnOC06HbiX KOMMy

THpOBaTb HMnynbCHhie TOKH AO 1 MA, Kon

neKTop TOKa, ocyi.QecTBJIRlOI.UHH c6op napan

nenbHhiX BeTBeH TOKa H HX 06'beAHHeHHe 

B pa6ot~eM o6'beMe HMnynbcuoro MarHHTa, 

CHCTeMbl H ycTpOHCTBa 3apHAa KOHAeHCaTOp

HOH 6aTapeH, 3BaKy~HH 3HeprHH, cHHxpoHH-

3!1nHH, MarHHTOMeTpHH, KOHTpOnH, H3Mepe

HHR, ynpasneHHR, 6nOKHpOBKH H CHrHanH3a

I..UIH HAP· 
B Konn;e 1988 r. ocyi.QeCTBneua KoMnneKc

HaH uanaAKa MOAYJIR yCTaHOBKH "Cnou" Ha 

3HeprHlO - 300 K,U:>!< H nonyt~eHo MarHHT

uoe none -20 Tn B o6'beMe 6onee 35 CM3 
• 

Bee OCHOBHbie CHCTeMbl YCTaHOBKH pa60TanH 

HaAe:>KHo, o6ecnet~eua yCTOHtiHBaH noBTOpHe

MOCTb Cpa6aTbiBaHHR: KOMMyTaTopa npH TOKe 

AO 500 KA. 

8. CoBeprneHCTBOBanHCb CHCTeMbi cneKTpo

MeTpa ri1BC: CHCTeMa KOHTpOnH pe:>KHMOB 

pa60Tbl CTpHMepHOH KaMepbl H KatlecTBa 

3KCnep HMeHTMbHOH HH$OpM~ I 5 3 I, CHCTe

Ma BhiCOKOBOnbTHoro nH'I'aHHH H ApyrHe. Ha

Konneu nono:>KHTenbHhiH onhiT 3KcnnyaTan;HH 

HMnyn bcuoro reHepaTopa c napaMeTpaMH 

U ~ 500 KB (necTa6HnbHOCTb aMnnHTy

Ahi ~ 1%), T ~ 12 uc 15 4 '· reuepaTOp o6ecne

t1Hn - ?,35•105 cpa6aTbiBaHHH, H3 HHX 

-1,55 ·105 COBMeCTHO CO CTpHMepHOH KaMe

poH ('- 900 qacoB pa6oTbi 6e3 peMoHTa) . 

3asepWeH 60JibWOH 3Tan pa6or no C03AaHIDO YCTaHOBKH Ailll 6ny'leHWI Jl,ll;epHbiX <l>oT03MYJibCHH B CHJibHOM 

Mai'HHTHOM none - npoeKT "CJIOH". Ha CHHMKe: B QeHTpe- 6JIOK KOMMYTaTopOB TOKa, CJieBa- HMnyJibCHbiH 

Mai'HHT 
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-
3JIEKTPOHM:KA, CM:CTEMbl OBP ABOTKM: ,U.AHHbiX, 
UPOI'PAMMHOE OBECUEqEHM:E 

1. Co3,ZJ;aH PR.ZJ: Mo,ZJ;yneii :meKTpomwii 
annapaTyphi s CTaH,Zl;apTax KAMAK, FUSTBUS 
H 'VME ,ZJ;nR cneKTpOMeTpOS <}lH3HKH ShiCOKHX 
sHeprHii. B cTaH,ZJ;apTe FUSTBUS pa3pa6otaHhi, 
s qacTHocrn, 16-KaHMhHhiH 8-pa3pR,Zl;HhiH AIJ;U 
c speMeHeM npeo6pa30SaHHR 20 He; 8-KaHanh
HhiH 6hiCTphiH AIJ;U c sHyTpeHHeii naMRThiO 
rny6HHOH 256 8-pa3pR,Zl;HhiX enos; 16-KaHMh
HhiH H3MepHTenh speMeHHhiX HHTepsanos CO 
CKOpOCThlO ClleTa ,Zl;O 300 Mf'~; 32-KaHMhHhiH 
SXO,Zl;HOH C,ll;SHrOShiH perHCTp rny6HHOH 8 enos 
C tiaCTOTOH CTpo6HpOSaHHR HH<}lOpM~H ,ll;O 
200 Mf'~ H ,Zl;p. 15 51

• 

Pa3pa6oTaH MHoro~enesoii napannenhHhiH 
HHTep<}leiic-MO.ZJ:Ynh VME 1.0 s CTaH.ZJ:apTe 
VME 15 6 1

, HMeiOI.I.UiH cne,ZJ;yiOI.I.Uie so3MO:>KHhie 
npHMeHeHHR: HHTep<}leiic 3BM HnH ,Zl;pyroro 
HCTOliHHKa nporpaMM (HanpHMep, Ha OCHOSe 
TI3Y) , no,ZJ;KniOt~aeMhiH qepe3 CTaH,Zl;aprnyiO 
HnH HeCTaH,Zl;apTeyiO ,ZJ;nR 3BM Kapry napan
nenhHOro SSO,ZJ;a-SbiBO,Zl;a ,Il;aHHhiX, a TaK:>Ke 
HHTep<Peiic ,ZJ;nR IllHHhi VME sHelllHHX 
ycTpGHCTS napannenhHOrO SSO,ZJ;a-ShmO,ZJ;a ,Zl;aH
HhiX (AIJ;TIY H T.n.). 

B cocTas KOMnneKca annapaTyphi ycraHos
KH "Ann<}la" SSe,ZJ;eH MHOrOKaHMhHhiH 6noK 
C ynpasnReMbiMH 3a,ZJ;ep:>KKaMH ,ZJ;nR perHCT
p~H CHrHMOS, nocrynaiOI.I.UiX no ,ZJ;nHHHOMy 
Ka6eniO (-200M) OT C~THnnR~OHHhiX 

ro,ZJ;OCKonos 15 7 1• HapR.ZJ:Y c <}lyHK~MH y cHne
HHR H <}lopMHpOSaHHR CHrHanOS no 18 KaHMaM 
npe.ZJ:ycMOTpeHo pyt~Hoe ynpasneHHe 3a,ZJ;ep:>K
Koii no · Ka)I(,Zl;OMy H3 KaHanos s npe,ZJ;enax 
0 + 15 HC C IllarOM 3 HC. 

2. Pa3pa6oTaHHhiH paHee MeTO.ZJ: cHH,ZJ;poM
Horo KO,Zl;HpOSaHHR ,Zl;nR napanennhHhiX CHCTeM 
perHCTp~HH H o6pa60TKH ,Zl;aHHhiX S cneKTpO
MeTpax <}lH3HKH ShiCOKHX 3HeprHJi npe,ZJ;nO:>KeHO 
HCnOnh30SaTh S nocne,ZJ;OSaTenhHhiX yCTpOH
CTBaX, TaKHX KaK KOnb~eSbie ClleTliHKH H C,Zl;BH
rOShie perHCTpbi C norHlleCKOH o6paTHOH 
CSR3hi0 15 8 1• 

PaccMoTpeHa s<Pct>eKTHBHOCTh anropHTMa 
shmonHeHHR onepa~ yMHO:>KeHHR o,ZJ;Hospe
MeHHO Ha,Zl; MHOrHMH sneMeHTaMH S none 
f'anya GF(2) Ha KOHKpernoM npHMepe cxeMhi 
.ZJ:nR o,ZJ;HospeMeHHoro yMHO:>KeHHR 15 sne
MeHTOs IS 9 I. 

3. Pa3pa6oTaHa H sHe,ZJ;peHa cHcTeMa npo
rpaMM (PCES) .ZJ:nR Hcnonh3osaHHR TI3BM 
"llpase~-16" s Kat~ecTse HHTenneKTyanbHoro 
rpa<}lHt~ecKoro TepMHHana EC 3 BM 16 0 1• PCES 
sMynHpyer pa6oTy an<}lasHTHoro-~<Pposoro 

TepMHHana EC-7906 c KOMaH,ZJ;aMH 3KpaHHoro 
pe,ZJ;aKTHpOSaHHR, o6ecnetiHSaeT 06MeH TeKCTO
ShiMH <PaiinaMH Me)I(,Zl;y TI3BM H EC !9BM. 
PaclllHpeHHhiH 6a30ShiH naKeT rpa<}lHt~ecKHX 

nporpaMM EC 3BM reHepHpyeT H3o6pa:>KeHHe 
s TepMHHax rpa<}lHt~ecKoro npo~ecca nporpaM
Mhi PCES. l13o6pa:>KeHHe nepecbmaercR Ha 
n3BM, OT06pa:>KaeTCR Ha 3KpaHe H MO:>KeT 
xpaHHThCR iia .ZJ:HCKe TI3BM. 

Co3,n;aHa nporpaMMa pact~eTa napaMeTpos 
aTOMHOrO nyt~Ka HCTOliHHKOS nonRpH30SaHHhiX 
t~acTH~ H cTpyiiHhiX nonRpH30SaHHhiX MHilleHeii 
Ha TI3BM "llpase~-16", HMeiOI.Qeii conpo
~eccop 16 1 1• 

COBEPlliEHCTBOBAHM:E YCKOPM:TEJihHO:A BA3bl JIABOP ATOPM:M:. 
C03~AHM:EHYKJIOTPOHA 

1. 06ecnet~eHa s<P<PeKTHSHaR pa6oTa CHH
xpo<}la3oTpoHa Ha <}lH3HlleCKHH 3KCnepHMeHT, 
ShinOnHeH pR,Zl; pa6oT no COSepllleHCTSOSa
HHIO ycKopHTenLHoro KoMnneKca. Ynyt~IlleHhi 

CHCTeMbl HCTOliHHKa nonRpH30SaHHhiX ,ZJ;eHT
pOHOS TIOJIHPM:C. Co3,ZJ;aHa ycToHliHsaR 
K CHnhHhiM 3neKTpllllecKHM nOMeXaM CHCTeMa 
KOHTpOnR napaMeTpOS HCTOliHHKa 16 2 1• 11:HTeH
CHSHOCTb yCKOpeHHOrO ,Zl;O KOHeliHOH 3Hep-
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rHH (6onee 9 I'sB) nyt~Ka dt cocrasHna 
1,1•109 tiaCT./~HKn. 

llpose,ZJ;eHbl pa60Thl no CTeH,ll;OSOMY sneK
TpOHHO-nyqesOMy HOHH3aTopy "KpHOH-C". 
Ha ocHose tiHcneHHoro aHanH3a Shi6paHa 
HaH60nee npHeMneMaR KOH<}lHryp~HR Mar
HHTHhiX noniOCOS, npe,ZJ;nO:>KeHa H peanH30Sa
Ha MeTO,Zl;HKa H3MepeHHR O,Zl;HOPQ,Zl;HOCTH Mar
HHTHOrO nonR S o6nacrn <}lopMHpOSaHHR 
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3JieKTpOHHOrO nyqKa16 3 I, noJiylleH n OCTORH

HblH 3JieK:rpoHHbiH nyt~oK c TOKOM 0,15 A 

npH 3HeprHH 80 K3B H nJIOTHOCTH TOKa 

300 A/cM
2

• 

llpoae,IJ;eHbi TPYAOeMKHe pa6oTbi no C03Aa

HHID CHCTeMbl KaHaJIOB Ha BTOpOM HanpaBJie

HHH Me,IJ;JieHHOrO BbWO,IJ;a nyt~Ka H3 CHHXpO

cpa30TpoHa ( KOHTYP pa,I~;Han;HOHHOH 38.II.UfThi, 

MOHTa)K JIHH3, MarHHTOB, lOCTHpOBKa H T.,IJ;.). 

Cy~ecTaeHHO yJiyt~weHa CHCTeMa cpoKy

cHpOBKH nyt~Ka, BbWOAHMOro no BTOPOMY 

HanpaaJieHHID MB-2. C 3TOH IJ;eJILID H a Kparo 

6JIOKa MarHHTa YCKOpHTeJIR B paHOHe B biBO,IJ;a 

YCTaHOBJieHbl nOJIIOCHbie HaKOHellHHKH, C03-

AaiD~He rpa,IJ;HeHT noJIR AJIR cpoKycHpoBKH 

nyt~Ka no ropH30HTaJIH. B proyJILTaTe p a3Mep 

nyt~Ka Ha BXO,IJ;e B KaHaJI TpaHCnOpTHpOBKH 

yMeHbWHJICR Ha nopR,Il;OK BeJIHllHHbi/6 4 1 • .lJ:JIR 

KaHana MeAJieHHoro BbWOAa nyt~Ka pa3p a6oTa

Ha H H3rOTOBJieHa YHHBepCaJibHaR CTaHIJ;HR 

AHarHOCTHKH, BKJIIOllaiD~aR CIJ;HHTHJIJIRIJ;HOH

Hbie ClleTllHKH, MHOrOnpOBOJIOllHbie HOHH3a

IJ;HOHHbie KaMepbl (lli1K), TeJieBH3HOHHbie 3K

paHbi, IJ;HJIHH,Il;pHlleCKHe HOHH3aiJ;HOHHbie Ka

Mepbl AJIR H3MepeHHR a6COJIIOTHOH HHTeH

CHBHOCTH nyt~Ka H ApyrHe yCTpOHCTB a 16 5 1• 

Bae,IJ;eHa B onbiTHyro 3KcnnyaTan;Hro cHcTe

Ma • KoHTpOJIR pa,Il;Han;HOHHOH 6mona CHOCTH 

(ACKPB), liTO no3BOJIHJIO CHRTb orpaHHlleHHR 

Ha HHTeHCHBHOCTb YCKOpeHHOrO H Bbme,IJ;eHHO

ro nyt~Ka. ACKPB BKJIIDllaeT 64 ,IJ;aTllHKa 

HeHTpOHHOrO H3JiylleHHR, pacnOJIO)KeHHbie B 

pa3JIHllHbiX TOllKax 3AaHHR H TeppHTOpHH, 

npHJieraro~eii K cHHxpocpa3oTpoHy. P eaJIH30-

BaH PRA <l>YHKIJ;HH ACKPB, BKJIIOllaR 6 JIOKH

pOBKY nyt~Ka npH npeBbiWeHHH HOpMaTHBHbiX 

3Hat~eHHH A03 3a CMeey, Mecnn; HJIH n p H aaa

pHHHbiX CHTyan;HRX. 

CHHXpocpa30TpOH B 1988 r. OTp a6oTaJI 

4242 ll, H3 HHX Ha cpH3HllecKHH 3KChep HMeHT 

3320 ll, Ha COBeprueHCTBOBaHHe CHCTeM ycKO

pHTeJIR 594 ll. Ko3cpcpHIJ;HeHT OAHOBpeMeHHo-

llPI1KJIA,n:HblE 11CCJIE.D:OBAHI1.R. 

CTH 3KCnepHMeHTOB COCTaBHJI k ~ 4,0. llyqKH 

YCKOpHTeJIR 6hiJIH HCnOJib30BaHbi 15 rpyn

naMH 3KCnepHMeHTaTOpOB Jia6opaTOpHH 11HCTH

TyTa (JIBS, JI.Rll, JIBTA), a TaK)Ke 11.RI1 

AH CCCP, 11A3 HM. 11.B.Kypt~aToaa, MrY H AP· 

2. llpOAOJDKaJiaCb pa6oTa no C03AaHHIO 

HyKJIOTpOHa. llpOH3BOAHJIHCb c6opKa H MaCCO

Bbie KOMnJieKCHbie HCnhiTaHHR AHnOJibHbiX 

MarHHTOB. Pa3pa6oTaHa MeTOAHKa KoppeKIJ;HH 

aCHMMeTpHH MarHHTHOrO noJIR, n03BOJIHBWaR 

CBecTH K 3a,IJ;aHHOMY ,IJ;OnyCKy (;S 10- 4 OT 

3HalleHHR OCHOBHO-rO nOJIR) BeJIHllHHbl KBa

,Il;pynOJibHOH, OKTYnOJibHOH H ,Il;pyrHX lleTHbiX 

rapMOHHK nOJIR16 6 1• llpoBe,IJ;eHbi nOJIHOMaCW

Ta6Hbie HCnbiTaHHR o6pa3n;a KBa,Il;pynOJibHOH 

JIHH3bl H 3KCnepHMeHTaJibHbie CTeH,IJ;OBbie 

HCCJie,IJ;OBaHHR, H006XO,Il;HMbie AJIR OnTHMH3a

IJ;HH KOHcTpyKIJ;HH ee o6MoTKH. BoJiee noJio

BHHbi ,IJ;HnOJibHbiX MarHHTOB npOWJIH nOJIHbie 

HCnhiTaHHR B pa6ot~eM pe)KHMe npH TOKe 

B036y)K,Il;eHHR 6oJiee 7 KA H qacroTe IJ;HKJIOB 

1 rn;. llpOBe,IJ;eHbi HCnhiTaHHR B pa6ot~eM 

KpHOCTaTHOM pe)KHMe n;enOllKH H3 lleTbipeX 

AHnOJILHbiX MarHHTOB. Co3AaH cTeHA AJIR 

KOMnJieKCHbiX HCCJie,IJ;OBaHHH cynepnepHOAOB 

(1/8 llaCTb MarHHTHOH CHCTeMbi HYKJIOTpOHa). 

.lJ:JIR CHCTeMbi KpHOreHHOrO o6ecne~eHHR 
CMOHTHpOBaHbl 11 KOMnpeccopHbiX YCTaHO

BOK, npoBe,IJ;eHa HX 06BR3Ka H006XO,Il;HMbiMH 

Tpy6onpOBO,IJ;aMH, HallaTbi noy3JIOBbie HCnhi

TaHHR. Y CTaHOBJieHO KpynHora6apHTHOe 

o6opy,IJ;OBaHHe 2 reJIHeBbiX O)KH)KHTeJieH 

KrY-1600/4,5. 

llOJiHOCTblO no,IJ;rOTOBJieH TOHHeJib AJIR pa3-

Me~eHHR MarHHTHOH CHCTeMbi. C,IJ;aHa B OnhiT

HyiD 3KCnJiyaTan;HIO CHCTeMa nHTaHHR Cll

MarHHTOB H JIHH3. Co3AaH MaKeT BbiCOKO

qacTornoii YCKOpRIO~eH CTaHIJ;HH. 

.lJ:JIR CHCTeM aBTOMaTH3aiJ;HH H KOHTpOJIR 

nyt~Ka H3rOTaBJIHBaiDTCR MOAYJIH 3JieKTpOHH

KH, ,IJ;aTllHKH HAP· 

P ABOTbl llO BblCOKOTEMllEP ATYPH O:A CBEPXllPOBO.l1:11MOCTI1 

1. J13rOTOBJieHbi ycTpOHCTBa AJIR H3Mepe

HHR KpHTHlleCKHX TOKOB, TeMnepaTypbl H Mar

HHTHOH aocnpHHMllHBOCTH o6pa3IJ;OB BTCTI. 

I13MepeHa 3aBHCHMOCTb OT TeMnepazypbl TpaHC

nopTHOrO KPHTHt~ecKoro TOKa Ic H BOJILT-
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aMnepHbiX xapaKTepHCTHK o6pa3IJ;OB H3 Kepa

MHK Ba2 Cu3 07 H Bi2 Sr2 CaCu2 0 8 
16 7 

'· CAe

JiaH BbiBOA 0 pa3JIHllHbiX MeXaHH3Max AHCCH

nali;HH TpaHcnopTHOrO TOKa B 3THX KepaMH

Kax. J1cCJie,IJ;OBaHO BJIHRHHe 06JiylleHHR nyt~Ka-



MH npOTOHOB C 3HeprHeH 0,66 H 8,1 r3B 

H R):(paMH yrrrepo,IJ;a C 3HeprHeH 3,65 r3B/HyK

noH Ha KpHTHtleCKyiO TeMnepazypy (T c) 

H llnOTHOCTb KpHTH'IecKoro TOKa (jc) HTTpHe

BOH KepaMHKH. .[{o3a o6ny'leHHR BapbHpoBa

nacb oT 5·103 AO 3·108 rp • .[{erpaA~mHR Tc 

H jc BTCTI-KepaMHKH OKa3anacb CHnbHee, tJeM 

y CBepxnpOBO)l;HHKOB Ha OCHOBe NbTi cnna

Ba 16 8 1• :Hccne,IJ;oBanacb TaK:>Ke HaMarHHtJeH

HOCTb KepaMHKH Ba2 Cu3 0 7 -x nocne o6nyqe

HHR penRTHBHCTCKHMH R,Il;paMH yrnepO,IJ;a 169 1• 

2. Pa3pa6oTaH ypoBHeMep HenpephmHoro 

OTC'IeTa )l;nR KpHoreHHbiX :>KH)l;KOCTeii171 1 • 

TeXHH'IecKHe napaMeTphi ypoBHeMepoB npHBe

,IJ;eHhi B Ta6n. 6. 

Ta6auija 6 

AKTHBHaR MHHa, CM 50 60 
TiorpeWHOCTb 

H3MepeHHR ypoBHR, % 1 5 
KpaTKOBpeMeHHan 

CTa6HnbHOCTb, % 0,01 0,2 
Pa3peweHHe, MM 0,5 1 

• 

• 

3. I13MepeHa MarHHTHaR BOCnpHHM'IHBOCTb 

CTeKnOTeKCTOnHTa, 360HHTa, TeKCTOnHTa, <f>TO

ponnacTa, oprcreKna, KanponoHa H 3noKCHA

HOH CM Onhi B llOnRX OT 0 )l;O 2000 3 npH 

4,2 K 17 0 1 • I13MepeHHR npoBOAHnHCb Ha Mar

HHTOMeTpe CO CKBH)l;OM, lJYBCTBHTenhHOCTb 

KOTOpor o no MarHHTHOMY MOMeHTY COCTaB

nReT 3·10- 1 3 A·M2 .r~- 1 12
• 

4. Tipo,IJ;on:>Kanacb pa3pa6oTKa cHcTeM Ha 

OCHOBe KOOp,Il;HHaTHhiX ,IJ;eTeKTOpOB )l;nR HC

nonb30B aHHR B 6HonorHH, MeAH~HHe, npo

MhnnneHHOCTH. Co3AaH H nepe,IJ;aH B :HHCTHTYT 

KpHCTannorpa<f>HH AH CCCP nHHeHHhiH no-

3H~OHHO-lJYBCTBHTenbHhiH peHITeHOBCKHH ,IJ;e

TeKTOp )l;nR AH<f>paKTOMeTpHH 6enKOBhiX MO

HOKpHCTan_noB. qHCnO KaHanOB 1000, 3<f><f>eK

THBHOCTb -75% (E'Y ~ 8 K3B), npocTpaH

CTBeHHoe pa3peweHHe """0,15 MM. 

Pa3pa 6oTaH cOBMeCTHO c <l>:HAH MaKeT 

AByMepHoro Koop,IJ;HHaTHoro ,IJ;eTeKTopa c Bhi

coKoii lJYBCTBHTenbHOCTbiO Ha oCHoBe MTIK, 

3anonHneMoii 3 He. Pa3Mephi ,IJ;eTeKTopa 

260 X 130 MM. 0:>KH,IJ;aeMoe npoCTpaHCTBeHHOe 

pa3peweHHe npH perHCTpa~H TennOBhiX HeHT

pOHOB 1,5 + 2 MM. 

BhmonHeHhi MeTOAHtJeCKHe pa3pa6oTKH H 

HCCne,IJ;OBaHHR TBep,IJ;OTenbHOrO KOOp,IJ;HHaTHOrO 

,IJ;eTeKTop a c Hcnonb30BaHHeM TI3C-MaTpH!Jhi • 

Puc.9. PBAHorpa$H'IecKoe 
H306pll)l(eHHe DJleHKH KpH· 

cTanna CdW04 
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llpoBe,D;eHhl HCCJie,D;OBaHWI XapaKTepHCTHK ,D;e

TeKTOpa C pa3JIHliHbiMH Cl.UfHTHJIIDITOpaMH. 

Ha pHc.9 rroKa3aHO pa.u;HorpaqmqecKo e H3o-

6piDKeHHe KpHcTanna CdW04 (TOJII.UHHa 

JUITEP ATYP A 

1. A11eee A.H. u op. - OHJ/11 ,a1-88-368, ,ay6Ha, 

1988. 

2. A11eee A.H. u op. - 011.J/H .a1-88-369, ,ay6Ha, 

1988. 

3. A11eee A.H. u op. - Olf.J/11 Pl-88-397, ,ay6Ha, 
1988. 

4. Kpacree B.P. u op. - Olf.JIH Pl-88-31 ,ay6Ha, 

1988. 

5. A11eee A .H. u op. - Olf.J/11 Pl-88-51, ,ay6Ha, 1988. 

6. TpoRH IO.A . u op. - 011.J/11 .a1-88-329, ,ay6Ha, 

1988. 

7. JlJ06owuij B.JI - 011.J/11 P2-88-507, ,ay6Ha, 1988. 

8. Ke11erum A. Q, 1Ilax6fl3RH E.A. - B c6. : KparKue 

coo6U4eHUR 011.J/H, NDfJ ( 3 2) -88, ,ay6Ha, 1988, c.4. 

9. DQJIZaHcypeH .fl. u op. - OH.J/ 11 Pl-88-503, .ay6Ha, 

1988. 

10. 'Co6'laK T. u op.- OHJ/11Pl-88-393,,ay6Ha,1988. 

11. EaTI()HR E.B. u op. - OH.J/11 P1-88-45, ,ay6Ha, 

1988. 

12. EaTI()HR E.B. u op. - OHJ/11 Pl-88-327, ,ay6Ha, 

1988. 

13. Ea~~ouH A.M u op. - 011.J/11 Pl-88-331, ,ay6Ha, 

1988. 

14. Jllo6UMoe B.E., Tozoo P. - B c6.: KparKue coo6-

U4eHUR 011JIH, N°7(33)-88, ,ay6Ha, 1988, c.5. 

15. EeMee H.M u op. - 011.J/11 13-88-341, ,ay6Ha, 

1988. 

16. De/IJ!ee H.M. u op. - B c6.: KpaTKUe C006U4e

HUR 011.J/H, N°7(33)-88, ,ay6Ha, 1988, c.38. 

17. De/IJ!ee H.M u op. - OHJ/11 P1-88-33, ,ay6Ha, 

1988. 

18. ruopo3HeCKy H. u op. - B c6. : IX Me:JKo. CeMUHap 

no npo6JieMaM rjiU3UKU 6biCOKUX 3Hepzuii. OH.J/H, 

.a1,2-88-652,,ay6Ha, 1988, r.1, c.212. 

19. CraeuHcKuu B. C - B c6. : IX Me:JKo. ceMuHap 

no npo611eMaM rjiU3UKU ebzcoKux 3HepzuU. OH.J/H, 

,a1,2-88-652,,ay6Ha, 1988, r.1, c.190. 

20. FyiiKaHRH r.P. u op. - OH.J/Jf Pl-88-143, ,ay6Ha, 

1988. 

21. Fy11KaHRH r.P. u op. - OHJIH Pl-88-685, ,ay6Ha, 

1988. 

22. A6paMRH X.Y. u op. - OH.J/Jf Pl-88-334, .ay6Ha, 
1988. 
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-40 MKM, MaKCHMaJI:&HbW pa3Mep -15 MM), 

o6nyqaeMoro peHrreHOBCKHMH nyqaMH E
1 

::::::~ 

::::::1 10 K3B. TeMHbie IIRTHa Ha CHHMKe COOT

BeTCTBYIOT .u;e<f>eKTaM IIOBepXHOCTH KpHCTaJIJia. 
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JIABOPATOPH.H 
.H)l;EPHbiX IIPOBJIEM 

B 1988 r . COTpy.n;HHKH Jia6opaTOpHH 
H,n;epHbiX 11po6neM 11POBO,ll;HJIH HCCJie,D;OBa
HHH 3JieMeHTapHbiX qacrn~ Ha yCKOpHTe
JIHX H<l>B8 H .n;pyrHx Hay~hiX ~eHTpoB 

H 110 H,n;epHOH $H3HKe Ha $a30TpOHe 
O:rniH. 

Hccne.n;oBaHHH 110 $H3HKe BhiCOKHX 3Hep
rH:H 11pOBO,ll;HJIHCb Ha KPYI1HhiX yCTaHOBKax, 
pa3Me~eHHhiX Ha 11yqKax ycKopHTenH Y-70 
(Cep11yxoB): ''rHI1epoH", CHrMA-A RKC, 
MHC-2, "llpo3a-llonHpHMeTp", ",l1;HMe3oaTo
Mhi", "He:HTpHHHhiH ,n;eTeKTop". 

8KCI1epHMeHTbl 110 $H3HKe HH3KHX H 11pO
Me:>KyTO~biX 3HeprHH Bhii10JIHHJIHCb Ha 11yq

Kax <Pa3oTpoHa OURH. 
llpOBO,ll;HJIHCb HCCJie,D;OBaHHH pea~ p.

KaTaJIH3a, H3yqeHHe xapaKTepHCTHK o6pa3~0B 
BbiCOKOTeM11epaTypHbiX CBepXI1pOBO.n;HHKOB C 

110MO~bl0 p.SR-MeTo,n;a, 11po~eCCOB po)K,ll;eHHH 
7r+ -Me30HOB Ha H,D;pax. 

YqeHbie na6opaTopHH H,n;epHbiX 11po6neM 
11PHHHMaJIH aKTHBHOe yqacTHe B Kpyi1HbiX 
3KCI1epHMeHTax, 11pOBO,ll;HMbiX B U:EPH 110 
11porpaMMe DELPHI. 

8KCJIEPHMEIIThl llO <l>l13HKE 8JIEM EIIT APHhlX qACT:HU 
l1 IIPOBEPKE IIPE,l1;CKA3AHiffi KX.D; 

" 

3aBepweH coBMecTHhiH OHHH-<l>HAn 3Kc-
11epHMeHT E-564 110 110HCKY H aHaJIH3Y co6hi
THH B3aHMo,n;e:HcTBHH He:HTpHHo c H,n;paMH B 
$OT03MYJibCHOHHbiX KaMepax, o6nyqaBWHXCH 
B HeHTPHHHOM 11yqKe <l>HAfl (BaTaBHH) 
BHYTPH 15-<l>yToBo:H ny3hipbKOBOH KaMephi. 

l1.n;eHTH$H~pOBaHO 194 HeHTpHHHbiX C0-
6biTHH C o6pa30BaHHeM IJ.- -Me30Ha H 18 C06hi

THH c B03MO:>KHhiM o6pa3oBaHHeM H pac11a.n;oM 
oqapoBaHHhiX qacTH~. llonyqeHa o~eHKa Bhixo
.n;a oqapOBaHHbiX qaCTH~ (8,3 ± 2,3) %11 I, a 
TaK:>Ke 3HaqeHHH BpeMeH :>KH3HH n+- H D 

0 

-Me3o
HOB H A~ -6apHoHa. B11epBhie H.n;eHTH<i>H~poBa
Hhi ,D;Be HOBbie MO,ll;bl pac11a,n;a A~-6apHOHa: 
A~ + k + rr• rr- H A~ + nK- rr• rr•. 3aperHCTpHpoBaH 

pac11a.n; HOBoro 6apHoHHoro pe3oHaHca k: (2450) + A~rr- H o11pe.n;eneHo 3HaqeHHe pa3-

HOCTH Mace k: (2450) - A~ = (163 ± 
± 2) M3B/c2 12 1• 06Hapy:>KeHa HOBaH Mo,n;a 
pac11a,n;a oqapOBaHHOrO 0: -Me30Ha 6e3 CTpaH
HbiX qacTH~ B KOHe~OM COCTOHHHH 0; + 

+ w o rr•. B11epBhie 3aperHCTPHPOBaHO co6hiTHe, 
KOTOpoe HHTepl1peTHpyeTCH KaK .n;H$paK~OH
HOe pa.n;HaJibHO-B036y)K,ll;eHHOe COCTOHHHe BeK-

50 

TopHoro D
8
*+ -Me3oHa c Macco:H (2794 ± 

± 57) M3B/c2 131 (pHc. 1). 
Cne.n; 3 11PHHa..n;Jie:>KHT ocTaHOBHBWeMycH 

B $OT03MYJibCHH 11pOTOHy C HMnyJibCOM 
280 M3B/c. OcTanbHbie qacTH~I BhiXO.n;HT H3 
$OT03MYJibCHH B 11Y3hlpbKOBYIO KaMepy; HX 
H,n;eHTH$HK~ YKa3aHa Ha pHC. 16. C- Toq
Ka BbiXO,D;a qacrn~ H3 $OT03MYJibCHOHHOro 

• KOHTeiiHepa. 06o3HaqeHhl 'Y-KBaHThl, BeKTOpbl 
HMnyJibCOB KOTOpbiX HailpaBJieHbi B BepWHHbl 
A HJIH B. qeThipe 'Y-KBaHTa HCI10Jib30BaHhi B 
BOCCTaHOBJieHHH 11CeB.n;ocKanHpHoro D

0 

-Me3o-
u no• Ha, 11H'J'biH - BeKTOpHOrO -Me30Ha, a 

• ~ - B036y)K,ll;eHHoro COCTOHHHH 0; -Me30Ha. 
Ha ycTaHOB·Ke "llpo3a-llonHpHMeTp" 11po

Be,n;eHo HCCJie.n;oBaHHe 110JIHpH3~0HHhiX 3<1>
<l>eKToB B HHKJII03HBHhiX pea~x rr- p + 

+ 7r 0 X, 71X H rr- d + 7r 0 X, 71X 11PH 40 r3B/c B 
~eHTpaJibHOH o6naCTH (Xf = 0) • 06Hapy:>KeHO 
HaJIH~e 6oJibWOH a3HMYTaJibHOH aCHMMeTpHH 

N- N_ 
A(PT) = N + N 

+ -

(r.n;e N+ H N_ - ~CJio 

7r 0 -Me30HOB, 3aperHCTpHpOBaHHhiX 11PH 110JIH-
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Puc. 1. CxeMaTIAecKoe H3o6pll)l(eHHe co6biTHH c p())l(· 
AeHUeM B036Y'IQJ;eHHOro COCTOHHWI D+*·Me30Ha: 

ud,. 6 S u a- B aAepHOH 'i'OT03Mym.CUH, - B ny3blpbKOBOH 
KaMepe. A - BepWHHa HeihpHHHoro B3aHMop;eiiCTBHH, 
B - BepWHHa pacnap;a D 0 -Me3oHa.. 

pH3~H MHWeHH, HanprumeHHOH ''BBepx'' H 

"BHH3" COOTBeTCTBeHHO), KOTOpaR: B o6JiaCTH 

nepeAaHHbiX HMnyJibCOB 2,0 ~ P T " 3,2 r3B/c 

AOCTHraeT 50% ( CM. pHC. 2) . 06o.RCHeHHe 

CTOJib 6oJibWHX CnHHOBbiX 3<f><f>eKTOB Tpe6yeT 

CYI.QeCTBeHHbiX H3MeHeHHH CTaH,ZJ;apTHbiX npeA

CTaBJieHHH 0 B3aHMOAeHCTBHH 'laCTHU Ha KBap

KOBOM ypoBHe 14 1• 

Ha o cHoBe nonyt~eHHhiX B 3KcnepuMeHTe 

CHrMA-AHKC AaHHhiX no H3y'leHHIO Kore

peHTHOH AHCCOUHauHH 1f- -Me3oHa B 11-+ /1--Tr-

CHCTeMy Ha RApe MeAH npH 50 r3B/c 

onpeAeJJeHa OTHOCHTeJJbHWI Bepo.RTHOCTb pac

naAapo + p.•p.-151: 

8TO 3HatleHHe 3aMeTHO TOtiHee H3MepeHHOrO 

paHee pe3yJJLTaTa 

H 3Ha'IHTeJibHO nyqwe cornacyeTCR c runoTe3oH 

(p.- e) ·YHHBepCaJJbHOCTH, B COOTBeTCTBHH C KO· 

TopoH: OTHOCHTeJibHhie BepoRTHOCTH pacnaAa 

p 0 Ha p.• p.- H e•e- AOJI:>KHhi coBnaAaTb. CoBpe

MeHHoe 3KCnepHMeHTaJJbHOe 3HatleHHe BepORT· 

HOCTH p acnaAa p 0 + e•e-: 

BR(po + e•e- fp 0 + 1r•1r-) = (4,5 ± 0,2) ·10- 5161• 

Ha ny'IKax ycKopuTeJIR Y-70 (H<I>B8) 

BbinOJJHeH 3KCnepHMeHT no HCCJieAOBaHHIO 

B3aHMOAeHCTBHR ynLTpapenRTHBHCTCKHX aTo

MOB no3HTPOHHR (A2 e) c BemecTBOM. B3auMo

Aeiicmue no3HTpoHHeB H3ytlanocb npu 1~~K

Topax B AHana3oHe 800 + 2000, liTO Ha TPH 

nop.RAKa npeBhiWaeT 3Ha'leHHR, AOCTHrHyThie 

B Apyrux 3KcnepHMeHTax no uccneAOBaHHIO 

aTOM-aTOMHbiX coyAapeHHH. lloJJytleHO nOJIHOe 

cet~eHHe B3aHMOAeHCTBHR yJILTpapenRTHBHCT

cKHX aTOMOB n03HTpOHHR C aTOMaMH yrnepo-

Puc. 2. 3 aBuCHMOCTb acHMMeTpuu A <11) B peaKIUIJIX 
1f- N + 1f0 X u 1f- N +?}X npu HMnym.ce 40 r3B/c (yc
pe,li;HeHHbl AaHHbie, nonyqeHHbie B 3KcnepHMeHTe 
Ha npOTOHHOH U AeHTpOHHbiX MHWeHRX) 

A, 0/o 
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~ Ha ycKopHTene Y-70 (li<I>B~) BbinOJJHeH 3KcnepHMeHT 

., no HCCne,u;OBilHHIO B3aHMO,II;eHCTBHJI ym.TpapeJIHTHBHCT· 

CKHX &TOMOB D03HTpOHHJI C B~ecTBOM. Ha CHHMKe: 

o6nurif BH,II; YCTilHOBKH "llo3HTpOHHH" 

,ZJ;a Cltot = (16~~ 6 ) • 10- 19 
CM

2 
/fllJ.pO, tJTO He 

npOTHBOpetiHT TeopeTHtJecKOMY 3HatJeHHIO 

u~~t = 5,7 · 10- 1 9 
cM

2 
/flll.po, ytJHThiBaro~eMy 

KYJIOHOBCKoe B3aHMO,ZJ;e:HcTBHe A 2 e c yrnepo

AOM. B TO )Ke apeMH HeJib3H HCKJIIOtJHTb cy~e

CTBOBaHHe ,D;pyrHX MeXaHH3MOB HOHH38.UHH HJIH 

ao36y:>K.neHHH ynbTpapeJIHTHBHCTCKHX no3HTpo

HHeB aTOMaMH yrnepo,D;a CO CpaBHHMhiMH Ce· 

tJeHHHMH 17 I. 

BhmonHeH aHaJIH3 ,ZJ;aHHhiX, nonytJeHHbiX c 

nOMO~IO MarHHTHOrO cneKTpOMeTpa CO CTpH· 

MepHOH KaMepo:H, no a,D;pOHHOMY conpOBO)K,ZJ;e

HHIO TpHrrepHbiX tJaCTHI.\, BhiJieTaiO~X no,ZJ; 

nOJIHpHbiM yrJIOM -90° B C.I.\.M., C nonepeq

HhiM HMnyJibCOM Bhiiiie 1 r3B/c, po)K,ZJ;aiO~X

CR B 1r- P·B3aHMO,ZJ;eHCTBHHX npH 38 r3B/c. 

06Hapy)KeHo, liTO cpe,D;H co6hiTHH, B KOTOphiX 

nonepetiHhiH HMnyJibC TpHrrepHOH tJaCTHI.\bi 

npaKTHtJeCKH nOJIHOCTbiO KOMneHCHpOBaH nO· 

nepetiHhiM HMnyJibCOM naphi npoTHBOnOJIO)K· 

HO 3ap.R)KeHHhiX tJaCTHI.\, 3aMeTHylO ,ZJ;OJilO CO· 

CTaBJIHlOT B3aHMO,ZJ;eHCTBHH, r,ZJ;e napa B03HH· 

KaeT oT pacna,ZJ;a p o -Me3oHa. lloKa3aHO, tJTO 

BepoHTHOCTb HyJieBOH npoeKI.\HH CnHHa TpHr· 

repHo:H • tJaCTHI.\bi Ha OCb, nepneH,ZJ;HKYJIHpHyiO 

nJIOCKOCTH po:>K.neHHH p 0 -Me30Ha, COCTaBJIHeT 

0,86 ± 0,23, H p 0 ·Me30Hhi o6Jia,ZJ;aiOT BhiCOKOH 

TeH30pHo:H nonHpH3ai.\He:H. HanHtJHe TaKHx co-

6hiTHH MO)KHO KatJecTBeHHO o6'bHCHHTb TeM, 

tJTo a • o6pa30BaHHe qacTHI.\ c 6onhiiiHM none

petJHhiM HMnyJibCOM cy~eCTBeHHhiH BKJia,ZJ; 

BHOCHT npOI.\eCChi npHMOrO po)K,ZJ;eHHH Me30HOB 

THna qq + gM. Ha6JIIO,ZJ;a:eMoe tJHcno TaKHx co-

6hiTHH B HeCKOJibKO pa3 Bhiiiie OI~eHKH, nony

tJeHHOH Ha OCHOBe JlyH,ZJ;-MO,ZJ;eJIH 111 1• 

Ha ocHoae aHaJIH3a AaHHhiX, nonytJeHHhiX 

npH o6nyqeHHH O,ZJ;HOMeTpOBOH ny3hiphKOBOH 

KaMephi OTPHI.\aTeJibHbiMH nHOHaMH C HMnyJib· 

COM 5 r3B/c, npoBe,ZJ;eH nOHCK ,ZJ;H6apHOHHhiX 

cocTOHHHH, . pacna,ZJ;aro~xcH no KaHany PP'Y • 

B cneK Tpax HHBapHaHTHhiX Mace CHCTeMhi 

PP'Y a n epBhie o6Hapy)KeHhi y3KHe (r < 8 -;
-;- 20 M 3B) ,ZJ;HnpOTOHHhie COCTOHHHH C Macca

MH (1959 ± 1) M3B (Ha ypoaHe 4,6a), (2014± 
± 2) M3B (4,8a) H (2159 ± 3) M3B (3,5a). 
llocKOJibKY paHee cTpyKTYPhi c TaKHMH )Ke 

MaCCaMH Ha6JIIO,ZJ;aJIHCb B cneKTpax 3<f><f>eKTHB· 

HhiX MaCC ,ZJ;H6apHOHHhiX CHCTeM pp, o6Hapy)Ke

HHe nHK OB .B CHCTeMe PP'Y yKa3hiBaeT Ha B03· 

MO)KHOCTb cy~eCTBOBaHHH -y-nepeXO,ZJ;OB Me)K,ZJ;y 

,ZJ;HnpOTOHHhiMH COCTOHHHHMH 19 I. 

llpoa e,ZJ;eHHhiH TeopeTHtJeCKHH aHaJIH3 ceqe

HHH B 3aHMo,D;e:HcTBHH BhiCOK03HepreTHtJHhiX 

npOTOHOB B KOCMHtJeCKHX Jiyqax npHBeJI K 

3aKJIIOtJeHHIO 0 6hiCTpOM pOCTe nOJIHhiX CetJe

HHH npo To_H-npoTOHHhiX H aHTHnpoToH-npoToH

HhiX B3aHMO,ZJ;eHCTBHH npH 3HeprHHX nopH,D;Ka 

1 T3B. BhiCTphiH poeT cetJeHHH atot AOJI)KeH 

npHBO,D;HTb K nOHBJieHHIO 6oJibiiiOH <f>a3hi y 

aMnJIHTY Ahi pacce.RHHH anepe,D;. KoHKpeTHbie 

pactJeThi 11 0 1
, cp;eJiaHHhie a MOAeJIH KX.U

noMepoHa, npe,D;JIO)KeHHOH JI.JIHnaTOBhiM, xo

polllo c o crnacyiOTCH c HeO)KH,ZJ;aHHO 6oJibiiiHM 

3HatJeHHeM napaMeTpa Ppp =ReF(t=O)/ImF(t=O), 

KOTOphiH 6hiJI He,ZJ;aBHO H3MepeH Ha 

Konna:H,ZJ;epe UEPH. llpe,D;CKa3hiBaeTCH, 

•tJTO npH 3HeprHHX TeBaTpoHa a~~t = 80 7 

-;- 90 M6 Pp p = 0,2. 
Ha o cHoae BhinOJIHeHHhiX pactJeToa c yqe

TOM BhiCIIIHX nopH,D;KOB 3JieKTpOCJia6oro B3aH· 

MO,ZJ;eHCTB HH npe,D;JIO)KeH HOBhiH nO,ZJ;XO,ZJ; K aHa

JIH3Y pea KI.\HH e+ e- + 11+ 11-, KOTOPYIO npe,D;nona

raeTCH H ccne,ZJ;oaaTb Ha ycTaHOBKe DELPHI. 

3KcnepHMeHTaJibHhie AaHHhie o noae,ZJ;eHHH ce

tJeHHH p eaKI.\HH a6JIH3H Z-nHKa H acHMMeTpHH 

B 3TOH peaKI.\HH npe,D;JiaraeTCH <f>HTHpO

BaTh c noMo~IO tJeThipex napaMeTpoa: Mac

Chi H IIIHPHHhi Z-6o3oHa, Macchi xHrrcoacKo:H 

tJaCTHI.\hi H MaCChi t-KBapKa. AJibTepHaTHBHhiH 

nO,ZJ;XO,ZJ; - OnHCaHHe <f>eHOMeHOJIOrHtJeCKHMH 

napaMeTp aMH- COXpaH.ReT CBOH CMhlCJI B CJIY· 

qae o6Hapy)KeHHH OTJIHtJHH OT npe,D;CKa3aHHH 

CTaH,D;apTH OH MO,ZJ;eJIH 11 1 I. 

HCCJIE,ZJ;OBAHIDI IIO fl>H3HKE HH3KHX H IIPOMEJKYTOqHbiX 3HEPrH:A 

BhmonHeHo H3MepeHHe rpaHHtiHo:H 3HeprHH 

(E0 ) 6eTa-cneKTpa TpHTHH (pHC. 3), BHe,D;peH

HOro B nonynpOBO,ZJ;HHKOBhiH ,ZJ;eTeKTop112 I 

(llll.Z:O • Oco6hiH HHTepec K 3KcnepHMeHTY 

Bhi3BaH TeM, liTO B TaKOH nOCTaHOBKe nOJIHO· 

CTblO ycTp aHeH BKJia,ZJ; aTOMHhiX H MOJieKyJIHp

HhiX 3<f><f>eKTOB, a rpaHHtJHaH 3HeprHH O,ZJ;HO· 

KOMnOHeHTHOrO 6eTa-cneKTpa OTJIHtJaeTCH OT 
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Puc. 3. AnnapaTypHbiH 6eTa-cneKTp BHe.D:peaa oro B SI(Li)-.D:eTeKTop TPHTWI, nonyqeHHbiH B 3KCnepHMeme no 
H3Mep.eHHJO pa::.HOCTH Mace 3 H-3 He 

AnnapaTypa .D:JIH uccne.D:OBaHHH csoH:CTB a eH:TpHHo 
B npoQeccax Pa.D:HOaKTHBHoro pacna.D:a - npoeKT 
"HeH:TpHHo" 
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• 
3HeprHH pacna,n;a TPHTHH ~ M TonLKO Ha Manyro 

senHtrnHy (- 3 3B) 3HeprHH OT.D;atrn H.n;pa. 

J1CKJUOQaiOTCH TaK)Ke 3<f><f>eKTbl1 CBH3aHHbie C 

noTepHMH 3HeprHH 3neKTpOHOB B Beii.\eCTBe 

HCTOQHHKa, TaK KaK B 3TOM cnyqae .n;eTeKTOp 

H HCTOQHHK COBMe~eHhl H HMeeT MeCTO "Ka

nopHMeTpHqecKaH" ITOCTaHOBKa 3KCnepHMeH

Ta. BnepsLie .n;nH rpa.n;yHpOBKH cneKTpoMeTpa 

Hcnonh30BaHhi raMMa-KBaHThi c 3HeprHe:H 

14,4 K3B- 57 Co, 19,4 K3B - 1 7 1 Lu H 

31,7 K3B- 182 Ta, QTOn03BOnHno 6onee Kop-

• peKTHo onpe.n;enHTh napaMeTphi npH6opHo:H 

nHHHH H nposecrn 3HeprernqeceyiO KanH6pos

Ky. TpHTHH BHe.n;piDICH MeTO.D;OM TepMo.n;H<f><f>y-

3HH B MOHOKpHCTannHQecKHe o6pa3Uhl KpeM

HHH, H3 KOTOphiX no CTaH.D;apTHOH TeXHOnOrHH 

H3roTasnHBanHCb Si(Li)-.n;eTeKTophi, HcnonL3o

sasniHecH .n;nH H3MepeHHH 6eTa-cneKTpa. C yqe

TOM BCeX B03MO)I(HhiX CHCTeMaTHQecKHX no

rpeiiiHOCTeH nonyqeHo 3HaqeHHe E
0 

= (18576± 
± 5) 3B, QTO xopoiiio cornacyeTCH c AaHHhiMH 

.n;pyrHX "KanOpHMeTpHQeCKHX" 3KCnepHMeH

TOB. O.n;HaKo pa3nHQHe ~M c AaHHbiMH 3Kcne

pHMeHTOB, BhinOnHeHHhiX Ha MarHHTHhiX H 

3neKTpocTarnqecKHx cneKTpoMeTpax (s TOM 

qHcne c AaHHhiMH 3KcnepHMeHTOB HT3cll11 3 1), 

no-npe)I(HeMy coxpaHHeTCH. 





C noMOilU>IO Ge(Li)-AeTeKTopa (o6'beM 
100 cM3

, pa3perneHHe 2,1 K3B Ha r aMMa
JIHHHH 1,3 M3B 6 ° Co) H3MepeH cneKTP r aMMa
nyt~eli B peaK~HH 1 H ( n , 1) H onpe,D;eneHa 3Hep
rHH CB.R3H ,D;eHTpOHa €d = (2224564± 10 ) 3B, 
'ITO cornacyeTc.R c AaHHbiMH ,D;pyrHx H3Mepe
HHH Ha Illl,U, HO paCXO)J;HTC.R C BeJIHIJHHOH 
€d = (2224589,0 ± 2,2) 3B, H3MepeHHoH c 
nOMO~blO KpHCTaJIJI-AH<f>paK~HOHHOrO r aMMa
cneKTpoMeTpa (K.ll:rC). B To :>Ke apeM.a pe-
3YJibTaThi H3MepeHHH raMMa-Jiy'leH B o6JiaCTH 
2 M3B H3 peaK~H 3 5 Cl(n, 'Y), BhinOJIHeHHhiX 
Ha llll,U, XOpOlllO COrJiaCyiOTC.R C ,D;aHHbiMH 
K.UrC 114 1• 

B COBMeCTHOM 011JU1-[(EPH 3KCnepHMeH
Te PS-179 no H3yt~eHHIO B3aHMOAeHCTBHH MeA
neHHhiX aHTHnpOTOHOB C H,D;paMH H3MepeHbl 
AH<f><f>epeH~HanbHhie cet~eHHH ynpyroro pacce.a
HHH aHTHnpoToHoB Ha 4 He, a TaK:>Ke cet~eHHH 
po)K)J;eHH.R CTpaHHbiX t~acTH~ B p 4 He-aaHHrH
JIH~HH npH 600 M3B/c. llonyt~eHHhie AH<f><f>epeH
~anbHhie cet~eHHH ynpyroro pacceHHHH YAOB
neTaopHTeJibHO cornacywTc.R c pe3yJihTaTaMH 
pact~eTa no Mo,D;eJIH rnay6epa (pHc. 4). 113yt~e
HHe po)K)J;eHH.R CTpaHHblX 'laCT~ npH aHHHrH
JI.R~HH aHTHnpoTOHOB Ha 4 He noKa3ano, 'ITO 
Aa:>K~ npH HH3KHX 3HeprH.Rx (E ~ 180 M3B), 
r,D;e 3anpe~eHo o6pa30BaHHe A-t~aCTH~ a :me
MeHTapHoM aKTe p p-aHHHrHJIH~H (nopor pe
aK~H p p => AA cocTaaJI.ReT Pth = 1435M 3B/c), 
A-rHnepoHhi, TeM He MeHee, po:>KAaiOTCH c 3a
MeTHoH BepO.RTHOCTblO, B 'laCTHOCTH, OTHOIII e
HHe BhiXOAa A-t~aCTH~ K BhlXOAY K:-Me3oHoB 
OKa3aJIOCb aHOMaJibHO 60JiblllHM H COCTaBHJIO 
(0,9 ± 0,2) 1 15 1• TeopeTHt~ecKHH aaanH3 3THX 
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Puc. 4 . .Uu<P<PepeHQHaJihHbie ce'leHHH ynpyroro., pacce· 
RHHH Ha 4 He : • - aHTHnpOTOHOB npu KHHeTH'IecKOH 
3HeprHH T = 180 M3B, •- nparoHOB npu T = 200M3B, 
& - rr- -Me30HOB npu T = 17 4 M3B 

,D;aHHbiX, BblllOJIHeHHblH B pa6oTe11 6 I, noKa3an, 
'ITO OCHOBHblM HCTO'IHHKOM A-rHnepOHOB .RB
JI.ReTC.R · nepepacce.RHHe aHHHrHJIH~HOHHhiX rr-; K; 
71-H W-Me30HOB. 

C03.UAH11E ,UETEKT11PYIOIUI1X 11 3 llEKTPOllllblX CI1CTEM 

Co3,D;aHa H HCllhiTaHa Ha nHoHHOM nyt~Ke 
<f>a3oTpoHa 011RI1 cTpHMepHa.a KaMepa c na-
3epHbiM ocae~eHHeM. CTpHMephi, n oKanbHO 
Harpeaaw~e ra3 npH TepManH3~ 3JieKT
poHoB, C03,ll;aiOT ~eHTpbl, 3aMeTHO H3MeHHIO~He 
noKa3aTeJIH npeJIOMJieHHH ra3a, Ha KOTOpbiX 
pacceHaaeTc.R na3epHoe H3Jiyt~eHHe. CTpHMep
Ha.R KaMepa, OCHOBaHHa.R Ha 3TOM npHH~ne, 
Ha3BaHHa.R KaMepoli c ynpaan.aeMhiMH Tenno
BhiMH ~eHTpaMH, CJIY:>KHT O,ll;HOBpeMeHHO 
AeTeKTopoM H MHrneHbiO c BOAOPOAHhiM, AeH
TepHeBhiM HJIH renHeBblM e He, 4 He) HallOJI-
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HeHHeM npH AaBJieHHH AO 5 aTM 11 7 1• To'IHOCTb 
onpe,D;eJieHH.R KOOPAHHaT, )J;OCTHraeMa.R C noMO
IlU>lO 3TOH ycTaHOBKH, B 4-5 pa3 Bblllle, 'leM C 
06bi'IHblMH CTpHMepHblMH KaMepaMH. llpHH~
nhi, pa3pa6oTaHHbie npH C03AaHHH cTpHMep
HOH KaMephi c na3epHbiM ocae~eHHeM, npeA
nonaraeTc.a HcnoJih3oaaTb npH pa6oTe HaA 
aeprnHHHhiM AeTeKTopoM AJIH 3KcnepHMeHTOB 
no $H3HKe 3JieMeHTapHblX lla.CTH~. 

11)J;e.R HCnOJib30BaHH.R MHOrOCJIOHHbiX "3a
~HTHbiX" noKpbiTHH (H3 :>KaponpotJHoro erma
sa 311 968) 3aJIO:>KeHa B OCHOBY pa3pa6oTaH-



HOH MHllleHH, KOTopaH npe.n;Ha3HalleHa ,n;JUI Hc

cne.n;oaaHHH MJOOHHoro KaTaJIH3a H,n;epHbiX pe

a~HH CHHTe3a B cMecH (D2 + T 2 ) npH .n;aane

HHHX ,Il;O 1000 aTM H TeMnepaTypax ,Il;O 1050 K. 

3TO HOBllleCTBO n03BOJIHJIO yMeHblllHTb nOTOK 

,D;eHTepH.H qepe3 c reHKY MHllleHH 6onee lleM 

a 100 pa3 11 81 • 

Pa3pa6oTaHa HOBWI CHCTeMa C'beMa HHcpop

MllUHH c ,D;peiicpoBLIX KaMep napanneJILHo-no

cne,D;oBaTeJILHoro THna, no3BOJIHIOI.QWI cyi.QecT

BeHHo COKpaTHTb KOJIHlleCTBO HCnOJIL3yeMbiX 

BUll 11 9 1• Pe3yJILTaThi :Hccne.n;oBaHHH MaKeTa 

perHCTpHpyromeif 3JieKTpOHHKH ,Il;JI.fl MHHH,n;peif

Q>oBbiX KaMep, yCTaHOBJieHHbiX B nyllKe llaCTHQ 

C 3HeprHeH 10 r3B, nOKa3aJIH, liTO C03,Il;aHHWI 

CHCTeMa MO)KeT 6biTb HCnOJib30BaHa ,Il;JI.fl C'beMa 

HHQ>opMaQHH C npeQH3HOHHbiX ,n;peifcpOBbiX 

KaMep, r,D;e peanH30BaHa Koop.n;HHaTHWI Toll

HOCTL a "' 50 MKM. 

B MarHHTHOM none Ha nyllKe qacTHQ ycKo

PHTeJIH 11<l>B3 npoBe,n;eHhi HCnbiTaHIDI MaKeTa 

BpeM.HnpoJieTHOH KaMepbl C JIHHHeH 3a,n;ep)KKH 

B CHCTeMe H3MepeHH.fl KOOp,Il;HHaT . .[{OCTHrHy

Ta.H KOOp,Il;HHaTHaH TOllHOCTb 1-1,5 MM OTKpbi

BaeT B03MO)KHOCTb C03,Il;aHH.fl 6oJiee KpynHhiX 

BpeM.HnpOJieTHbiX KaMep ,Il;JI.fl 3KCnepHMeHTOB 

KaK B nyllKax 3JieMeHTapHbiX llaCTHQ, TaK H B 

nyllKax peJI.HTHBHCTCKHX .H,Il;ep H MHOr03ap.H,Il;

HbiX HOH OB 12 01• 

Ilpoa e.n;eHhi pa6oTbi no co3,n;aHHIO 3JieKT

poHHOH annapaTyphi H nporpaMMHoro o6ecne

lleHH.fl ,Il;JI.fl aBTOMaTH3aQHH H o6pa60TKH ,Il;aH

HbiX B cpH3HlleCKHX 3KcnepHMeHTax. Ocyi.QecT

BJieHa pa3pa60TKa 11 HOBbiX 6JIOKOB B CTaH

,n;apTe KAMAK. B Hx llHCJie 8-axo.n;oahiH npeo6-

pa3oBaTeJIL ,Il;JI.fl rO,Il;OCKOnHlleCKHX CHCTeM C 

6biCTpo.n;eiicpmeM 70 MrQ, H3MepHTeJIL ape

MeHHbiX HHTepBaJIOB MHOrOllaCTHllHbiX C06bi

THH ,Il;JI.fl 3KcnepHMeHTOB c MIOOHaMH, norHlle

CKHH Tp Hrrep c 6biCTpo.n;eiicmHeM 95 MrQ 

,Il;JI.fl ycTaHOBKH 'THnepoH" 12 1 I, 6ycpepHbiH 

HaKOnHTeJib Ha 4K 16-pa3p.H.n;HbiX CJIOB, nOCJie

,Il;OBaTeJILHbiH HHTepcpeifc ,Il;JI.fl nO,Il;KJIIOlleHHH 

K KpeHTY KAMAK armapaTyphi no CTaH,n;apTy 

. V .24, 6 JIOKH npoaepKH MHOrOKaHaJibHbiX aHa

JIH3aTopo B H KOHTponnepoa 12 2 1 H .n;p. BonL

llloe BHHM aHHe y,n;eJI.HJIOCb C03,Il;aHHIO nporpaMM 

ynpaaJieHH.fl pa3pa60TaHHbiMH 6JIOKaMH, a TaK

)Ke paclllHpeHHIO Ha6opa cepBHCHbiX nporpaMM, 

o6nerllaiOI.QHX npoae.n;eHHe OTJia.n;KH H peMoH

Ta 3JieKTPOHHhiX 6noKOB. B pacnop.H)KeHHe 

cpH3HKOB-3KCnepHMeHTaTOpOB nepe,n;aHO 

408 3Jie KTpOHHbiX 6JIOKOB B CTaH,n;apTe 

KAMAK. 

COBEPlliEHCTBOBAHI1E CHCTEM <l>A30TPOHA 

Ha cpa3oTpoHe OM:.RH cMOHTHPOBaHhi Ho

Bbie cTaTopHbie naKeThi Ha aapHaTope llaCTo

Thi, liTO no3BOJIHJIO ynylllllHTL xapaKTepHCTH

KH pe)KHMa paCT.fi)KKH nyllKa. Ocyi.QeCTBJieH pe

)KHM paCT.fi)KKH BbiBe.n;eHHOrO npoTOHHOrO 

nyllKa npH 6JIH3KOH K HYJIIO npoH3BO.n;HOH 3a- . 

BHCHMOCTH OCHOBHOH ,n;yaHTHOH llaCTOTbl OT 

BpeMeHH. C 3TOH QeJILIO llaCTOTHaH 3aBHCH

MOCTb YCKOp.HIOI.Qero Hanp.H)KeHH.fl 6biJia H3Me

HeHa TaKHM o6pa30M, llT06bi HH)KH.fl.fl llaCTOTa 

,D;Hana3oHa TOllHO paBH.HJiacL qacToTe BhiBo.n;a 

nyllKa. 8TO 6biJIO ,Il;OCTHrHyTO nyTeM yMeHLllle

HH.fl eMKOCTH BapHaTopa llaCTOTbl H C03,Il;aHIDI 

CHCTeMbl aBTOMaTHlleCKOH no,n;CTpOHKH llaCTO

Tbl. C BBe.n;eHHeM 3TOrO pe)KHMa K03cpcpHQHeHT 

nepe3axaaTa nyllKa yaenHllHJIC.fl .n;o 7 5-80%, 

3aMeTHO yMeHblllHJiaCb HeO,Il;HOpO.n;HOCTb BbiBe

,D;eHHoro pacT.HHYToro nyllKa (~20%), HHTeH

CHBHOCTh paCT.fiHYTOrO nyllKa npOTOHOB ,Il;OBe

,D;eHa .n;o 2 MKA12 3 1• 

OcaoeHa MeTo.n;HKa H3MepeHHH QHPKYJIH

pyroi.Qero H BhiBe,n;eHHoro nyqKoB cpa3oTpoHa 

C npHMeHeHHeM BTOpHllH0-3MHCCHOHHbiX ,n;aTllH

KOB. C n OMOI.QLIO 3TOH MeTO,Il;HKH H3MepeHbl 

BepTHKaJibHbiH pa3Mep nyllKa, MaKCHMaJibHaH 

aMnJIHTy.n;a pa,Il;HaJibHbiX 6eTaTpOHHbiX KOJie6a

HHH H ee 3aBHCHMOCTb OT TOKa nyllKa, a TaK)Ke 

onpe.n;eneH o nepTHKaJILHoe noJio)KeHHe nyllKa 

B npoQecc e ycKopeHHH. Ilpe.n;Jio)KeH H peanH-

30BaH c n oco6 ,Il;HarHOCTHpOBaHIDI clJa30BbiX 

noTepb n y llKa 3THM MeTO,Il;OM12 4 1• 

B pe3yJILTaTe onTHMH3aQHH napaMeTpoa 

BbiBe.n;eHHOrO npOTOHHOrO nyllKa Ha MHllleHH 

Macc-cenap aTopa 3KcnepHMeHTaJILHoro KoMn

neKca . .RCHAIIII-2 nonyqeHbi nyllKH 

C nJIOI.Qa.n;blO CelleHH.fl Ha MHllleHH "'0,5 CM
2 

H K03cpcpHQHeHT npOBO,Il;KH nyllKa 

"'85%. B 3THX ycnoBH.HX npoae.n;eHo .n;aa 

OH-JiaHH CeaHCa H3MepeHHH Ha yCTaHOBKax 

KOMnJieKCa. 
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F'" 

llpoBe,QeHbl HCilhlTaHHII HOBblX CT8TOpHblX muceTOB $a30TpOH8 O.H.fl.H 

IIPHKJIA,UHhiE HCCJIE,UOBAHH.R 

Ha MIOOHHOM nytiKe cpa30TpoHa OHHH c no

MO~biO ,uSR-MeTo.na HCCne.noBaH BhiCOKOTeM

nepaTypHbiH caepxnpoao.nHHK HoBa2 Cu3 07 •0 
(Tc- 93 K). B pe3ynhTaTe .3KcnepHMeHTOB 

yCTaHOBneHO, 'ITO npH HyneBOM BHeiiiHeM Mar

HHTHOM none B o6naCTH TeMnepa:ryp 4,2 + 
+ 10 K Ha6niO.naeTCH 6hiCTpaH .nenonHp H3ar.um 

CnHHa MIOOHa (pHC. 5) , CBH.IJ:eTenhCTBYlO~aH 

0 cpnyKTyaQHOHHOM o6pa30BaHHH MarHHTOyno

PH.IJ:OtieHHOro COCTOHHHH nO.D:CHCTeMbl aTOMOB 

ronbMHH B HCCne.nyeMOM COe.D:HHeHHH 12 5 1
• 

B ycnoBHHX oxn8.)J(,ll;eHHH o6pa3Qa a HyneaoM 

MarHHTHOM none c nocne.nyiOI.QHM no.n'beMOM 

BHeumero MarHHTHoro nonH no · Tpe6yeMoH: 

aenHtiHHhi B .nHana3oHe 0 + 1200 3 n onytieHa 

3aBHCHMOCTb rny6HHbl npOHHKHOBeHHH Mar

HHTHOrO nonH OT TeMnepaTypbi. 0QeHeHbl TaK

:>Ke 3HaqeHHH BHeiiiHHX MarHHTHbiX non eH, npH 

KOTOpbiX o6pa3yeTCH CMeiiiaHHOe COCTOHHHe. 

TaK, npH TeMnepaType 30 K, Kor.na r ny6HHa 

npoHHKHOBeHHH pasHa - 1300 A, CMeiiiaHHoe 
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PHc. 5. 3aBHCHMOCTh cKopocrH penaKCaQHH emma 

MIOOHa OT TeMnepaTypbl B BblCOKOTeMnepaTypHOM 

csepxnposo.QHHKe HoBa2 Cu3 0 7 •0 npH HynesoM 

BHeWHeM MarHHTHOM none 



COCTOHHHe o6pa3yeTCH B MarHHTHOM none npH 

HK > 20 3, a 3$$eKT AHaMarHHTHoro 3KpaHH· 

poBaHHH a norrHX, MeHI>IllHX HK, cocTasrrHeT 
,.:._ 80%12 6 I_ 

CTeKJionoAo6Hoe noseAeHue speMeHHOH H 

TeMnepaTypHOH 3aBHCHMOCTeH TenJIOBbm,erre

HHH BbiCOKOTeMnepaTypHoro CBepxnpOBOAHH· 

Ka YBa2 Cu3 07 (T c = 91K) 61>mo o6Hapy)l(eHo 

npH H3MepeHHH MOI.I.\HOCTH TenJIOBbiAeJieHHH 

nocrre 6biCTporo oxrra)I(AeHHH o6pa3QOB oT pas

HosecHoH teMnepaTypbi T 1 (2,35 ~ T 1 ~ 

~ 15,11) AO 1,5K. IloKa3aHO, qTo MOll.lHOCTb 

TenrroshiAerreHHH CTporo nponopQHOHaJII>Ha t- 1 

B AHaiTa30He 0,2 q ~ t ~ 30 q 12 7 1• 

HccrreAOBaHHe speMeHHbiX u aMnrrHTYAHhiX 

xapaKTepHCTHK o6pa3QOB OTeqecTBeHHbiX $0· 

T03JieKTpOHHbiX YMHO)I(HTerreH ( <l>3Y) Ha MH· 

KPOKaHaJibHbiX nrracTHHax c noBhiilleHHOH qys

CTBHTerrLHOCTbiO $OTOKaTOAOB H K03$$HQHeH

TOM c6opa $OT03JieKTpOHOB (>70%) noKa3a

JIO, qTo no BpeMeHHbiM XapaKTepHCTHKaM 

OHH MoryT KOHKypuposaTh c caMbiMH 6biCT· 

pbiMH <l>3Y TPMHQHOJiHoro Tuna H 

ycneWHO npHMeHHTbCH BO BpeMeHHbiX 

cneKTpoMeTpax HAepHoro H3rryqeHHH. Bpe-

MeHHoe pa3pellleHHe 2r 0 = 112 nc, norry-

qeHHoe co CQHHTHJIJIHTopoM NE111 (AJIH 

50%-Horo 3HeprernqecKoro AHana3oHa 

KOMnTOHOBCKOrO cneKTpa raMMa-rryqeH 
6 ° Co) , cpasHHMO c peKopAHbiMH AOCTH)I(e

HHHMH H, no BCeH BUAHMOCTH, He HBJIHeTCH 

npeAeJibHbiM 12 8 I. 

3rreKTpOMurpaQHOHHbie HCCJieAOBaHHH no

BeAeHHH acTaTa e 10 
I 

2 1 1 At) B xrropHOKHC· 

JibiX paCTBOpax B npucyTCTBHH OKHCJIHTerreH 

(K2 Cr07' Na2 s2 Os) nOATBepAHJIH cymeCTBO· 

BaHHe paHee o6Hapy)l(eHHoro a JUIII OHHH 

KaTHOHa nHToro rarroreHa At(E>) + c HHAHBH· 

Ayarr~>HoH noABH)I(HocTbro u~ t< e > = ( 3 ,so ± 
± 0,05) · 10- 4 cM2 · B- 1-c- 1

• 3KcnepuMeHTaJib· 

Hble AaHHbie He npoTHBOpeqaT npeACTaBJieHHIO 

o6 At(E>) + KaK o npoTOHHPOBaHHOH runoac

TaTHoH KHCJIOTe C KOHCTaHTOH AenpOTOHHposa

HHH Kd = (7 ,6 ± 3,0) . 10- 5 MOJIL·rr- 1
• B pac-

P . 
Tsopax K2 Cr2 07 npu pH> 1,7 H :8 pacTsopax 

6e3 peareHTOB OKHCJIHTeJieH At(E>) + HeCTa6H

JieH H BOCCTaHaBJIHBaeTCH AO HeHTpaJibHOH $op

Mbl, no·BHAHMOMY, At o 
12 9 1• 

BhmorrHeH IllHpOKHH Kpyr uccrreAoBaHHH 

no onTHMH3aQHH pe)I(HMOB pa60Tbl HeHTpOH· 

Horo H 7T-Me30HHOrO KaHaJIOB MeAHK0-6HOJIO· 

ruqecKoro KOMnrreKca OHHH. H3roTosrreHo H 

HCnbiTaHO o6opyAOBaHHe AJIH AHarHOCTHKH 

npoToHHoro nyqKa npu ero TpaHcnopTuposKe 

lllHpOKHH Kpyr HCCne,u;OBaHHH no OIITHMH3aQHH ptl)KH· 

MOB pa60 Tbl HeHTpOHHOrO H 7T·Me30HHOrO KaHanOB Bbl· 

nonueH u a Me,D;HKo-6uonorH'IecKoM KOMnneKce 011.RI1 

K HeHTp OHHOH H Me30HHOH MHilleHHM. Hccrre

AOBaHbi $H3HKO·A03HMeTpuqecKHe xapaKTepH· 

CTHKH MeAHQHHCKOrO nyqKa HeHTpOHOB BbiCO· 

.KHX 3HeprHH AJIH PHAa ycrros8H ero norryqe

HHH H <f,opMuposaHHH H onpeAerreHa PaAHaQH

OHHaR o 6CTaHOBKa npH AOnOJIHHTeJibHOH 3amu

Te Ha HeHTpOHHOM KaHane. IloKa3aHO, qTo ny

qoK HeHTpOHOB BbiCOKHX 3HeprHH HMeeT npaK

THqecKH TaKoe )l(e reoMeTpuqecKoe pacnpeAe

rreHue n orrromeHHOH A03bl, KaK H IllHpOKHH 

npOTOHHbiH nyqoK, H BMeCTe C TeM o6emaeT 

AaTb B PHAe crryqaes TepanesT:uqecKHH BhiHr

pbiill 3a cqeT npeoAorreHHH PMHope3HCTeHT· 

HOCTH rHnOKCHqecKHX onyxorreBbiX. KJie
TOK13 o I . 

B 1988 r. Kypc rryqesoro rreqeHHH Ha IllHpo

KOM npOTOHHOM nyqKe 3aBeplll HJIH 5 naQHeH

TOB C OHKOJIOruqeCKHMH 3a6orreBaHHHMH. 

QHKJI HCCJieAOBaHHH MeXaHH3MOB MyTareH

Horo AeHCTBHH HOHH3HPYIOlllHX H3JiyqeHHH C 

pa3HbiMH $H3HqeCKHMH xapaKTepHCTHKaMH Ha 

KJieTKH C pa3JIHqJibiM reHOTHnOM (npoeKT 

PHTM) n oKa3arr, qTo 3aKoHoMepHoCTH HHAYK· 

QHH reHHhiX MYTaQHH npu AeHCTBHH TH)I(eJibiX 

3apH)I(eHHbiX qaCTHQ aHaJIOrHqJibl TeM, qTo 

:uMeroT MecTo npu raMMa-o6rryqeHHH. Oco-

6eHHOCTH MyTareHHOrO BJIHHHHH KopnycKy

JIHpHbiX H3JiyqeHHH 3aKJIIOqaiOTCH JIHillb B HX 

pa3HOH 6uorroruqecKoH 3$$eKTHBHOCTH. Pellla

roma.H p orrL a pearru3aQHH PMHaQHOHHO·HHAYQH· 
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posaHHoro MYTareHe3a npHHa.zvie)I(HT penapa
~oHHoii SOS-cHcTeMe KJieToK. YcTaHOBJieHo, 
liTO BepOHTHOCTh 3aKpenJieHHH MyT~HH, <Pop-
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JIABOPATOPIDI 
.H,llEPHbiX PEAKI(HM 

B 1988 r. OCHOBHhie YCHJUUI KOJIJieKTHBa 
Jla6opaTOpHH .fi,D;epHbiX peai(UHH 6biDH CKOH· 
QeHTpHpOBaHbl Ha pa6oTax no CHHTe3y HOBbiX 
H30TOnOB T.fl)l(eJihiX :meMeHTOB H HCCJie,D;OBa· 
HHJO CBOHCTB HX pa,D;HoaKTHBHoro pacna,D;a, 
CHHTe3y H H3ylleHHlO CBOHCTB HeHTpOHOH36bi· 
TOliHbiX H30TOnOB JierllaHWHX 3JieMeHTOB, Ha 
H3yt~eHHH MeXaHH3Ma .fl,ll;epHhiX peaKUHH. IIIHpo
KO BeJIHCb pa6oTbl no npHKJia,D;HOH TeMaTHKe. 
Bonbwoe BHHMaHHe y,D;eJIRJIOCb coBepweHCT· 
BOBaHHlO YCKOpHTeJieH: noJiylleHHlO HHTeHCHB· 
HbiX nyliKOB T.fl)l(eJihiX HOHOB C YJIYliWeHHbiMH 

HAyqHO-MeeJIE,UOBATEJibCKME P ABOThl 

CMHTE3 M MeeJIE,UOBAHME eBO:A:eTB 
H30TOTIOB TfDKEJihiX 3JIEMEHTOB 

1. e ueJiblO nonyt~eHHR HOBoro H30Tona 
Kypt~aToBH.fl 2 6 3 Ku Ha nyt~Ke HOHOB 2 2 N e 
c 3HeprHeii Ha MHllleHH 118 M3B Ha UHKJIOTpo
Hax Y-300 H Y-400 JIHP OMHM Hccne,D;oBa
nacb peaKUHR 2 4 s erne 2 Ne, a3n)2 6 3 Ku. BhmO 
npoBe,D;eHO 9 o6JiylleHHH ,ll;JIHTeJibHOCTblO 1,5-4 ll 
C MaKCHMaJibHOH HHTeHCHBHOCTblO nyt~Ka HO· 
HOB 5 · 101 2 C- 1 ~ flpo,D;yKTbl peaKURH co6H
paJIHCb Ha 30JIOTOM c6opHHKe. flocJie Ka)l(,ll;O· 
ro o6JiylleHHR B TelleHHe 30-80 MHH npOBO,ll;H· 
JIOCb CeJieKTHBHOe XHMHllecKoe Bbi,D;eJieHHe 
cppaKUHH 102 3JieMeHTa H 2 6 3 Ku. AKTHBHOCTb 
CnOHTaHHOro ,D;eJieHH.fl H3MepRJiaCb Ha CHCTeMe, 
BKJilOllaBWeH ,D;eTeKTOpbi OCKOJIKOB, "(· 
KBaHTOB H HeHTpOHOB (Ku), H npH nOMO· 
IUH TpeKOBhiX ,D;eTeKTopoB (102 3JieMeHT). 
Bo scex OllhiTax He 6bmo 3aperHcTpHpoBa
HO HH O,ll;HOrO C06biTH.fl CnOHTaHHOrO ,D;eJieHHR 
so cppaKUHH Ku. TaK)I(e He 6hmo 3aperHCTpHpo
BaHO C06hiTHH CnOHTaHHOrO ,ll;eJieHH.fl BO cppaK· 
QHRX 102 3JieMeHTa C nOMOl.IU>lO TpeKOBbiX ,D;e
TeKTOpOB. floJiyt~eHHbie pe3yJibTaTbi n03BOJIHJIH 

napaMeTpaMH Ha Y -400; nyliKOB T.fl)l(eJihiX HO· 
HOB C HCnOJib30BaHHeM BHeWHeH HH)I(eKUHH 
Ha Y-200 . B 1988 r . ycKopHTeJIH OTpa6oTaJIH 
,ll;JI.fl npoBe,D;eHHR HayliHhiX HCCJie,D;OBaHHH 
5500 t~acoB. YcnewHo pa3BHBaJIOCb Me)l(,ll;y
Hapo,D;Hoe coTPYAHHlleCTBo c HHCTHTyTaMH 

· cTpaH-yt~aCTHHU OMHM. TipoBe,D;eHo ,D;Ba coB
MecTHhiX 3KCnepHMeHTa C HaUHOHaJibHbiM QeHT· 
poM rAHMJI (<l>paHUHR) no CHHTe3y H HC
CJie,D;OBaHHlO CBOHCTB pa,D;HOaKTHBHoro pacna,D;a 
HOBbiX HeHTpOHOH36hiTOliHbiX H30TOnOB 3Jie
MeHTOB OT KHCJIOpo,D;a ,ll;O aproHa. 

,D;aTb oueHKH cet~eHHR o6pa30BaHHR 2 6 3 Ku npH 
pa3JIHliHhix npeAnoJio)l(eHHRx o Mo,D;e pacna,D;a 
( cnoHTaHHoe ,D;eJieHHe HJIH a-pacna,D;) H nepHo

,D;e nonypacna,D;a 3Toro HYKJIHAa (eM Ta6n.1). 

Ta611.u1.1a 1 
Ilpeoell.bJ celleH'U.11. o6pa3o6aH'U.11. 2 6 3 Ku ( 6 n6), 
noAylleHHbze 6 npeonoMJtCenuu, llTo ezo R.Opa 
C 6€pORTHOCTb10 100% UCnbZTbZ6a10T CnOHTaH
HO€ oe11.enue UII.U a-pacnao* 

TiepHOA nony- a(f) a (a) 
pacna,D;a, MHH 

10 2,75 0,075 
20 0,25 0,075 
30 0,10 0,080 

* a-paCDBJl 
2 6 3 Ku Be,lleT K CDOHTilHHOMy ,D.eJieHHJO 

2 59 Md 1ie pe3 ueno'IKY pacnBJlOB 
2 6 3 Ku ~ 2 59 102 +

• 3.3., 25%, 58 MHH +- 259 Md + C.,D.. , 100%, 104 MHH. 

,I(JIR peaKUHH 2 4 
s erne 2 Ne, a3n)2 6 3 Ku 

pact~eT ,D;aeT cet~eHHe o6pa30BaHHR 2 6 3 Ku= 
=1,1 ·10- 3 3 cM2 npH 3HeprHH 22 Ne E=117 M3B. 

61 



TaKHM o6pa3oM, nonyt~eHhi ,n;ocTaTotiHo 
HH3KHe npe,n;enhi nonepetiHoro cetieHHH peaK
I.UiH 2 4 8 erne 2 Ne, a3n)2 6 3 Ku, tiTO ll03BOnHeT 
c,n;enaTb HeKOTOpbie BbiBO,ll;bl 0 CBOHCTBaX 
H30Tona 2 6 3 Ku. BeTBb a-pacna,n;a He HBnHeT
CH rnaBHOH ,ll;nH 2 6 3 Ku, B OTnHtiHe OT ,n;pyrHX 
H3BeCTHbiX HetieTHbiX H30TOITOB KyptiaTOBHH 
e s s- 2 6 1 Ku). EcnH rnaBHOH BeTBbiO piwna,n;a 

HBnHeTCH CITOHTaHHOe ,n;eneHHe, TO n epHO,ll; 
nonypacna,n;a 2 6 3 Ku T 112 < 20 MHH. Bo3MO:lK
HOCTb 3neKTpOHHOrO 3axBaTa ,ll;nH 3TOrO H30TO
na Tpe6yeT OT,ll;enbHOrO paCCMOTpeHHH. 

2. Ha KHHeMaTHtiecKoM cenapaTope "Ba
CHnHca" Hccne.n;oaanHCb peaK~HH 2 2 N e +Au 
H 2 2 N e + 2 0 8 Pb a HHTepaane 3HeprHii HOHOB 

Ne EN e :!!: 100 + 130 M3B. Bxo.n;HaH ,n;Ha<f>parMa 
o6ecnet1Haana oT6op npo,n;yKTOB pea~Hii c yr
naMH BhineTa MeHee ± 3° no ornorneHmo 

K nyt~Ky. PerHCTpHpyro~aH annapazypa B <f>o
KanbHOH ITnOCKOCTH cenapaTopa ll03BO
nHna nonytiaTh .n;aHHhie o6 3HeprHH H apeMe
HH nponeTa H,n;ep oT,n;atiH, apeMeHH HX npH
xo,n;a B ,n;eTeKTop, 3HeprHH H apeMeHH a-pacna
,n;a HYKnHAOB, "a6HThrx" B .n;eTeKTop. 

B peaK~H 2 2 N e + Au Ha6nro,n;aeMaH aKTHB
HOCTh B OCHOBHOM o6ycnoBneHa pacna,n;OM H30-
TOITOB Ac H HX ,n;otiepHHX npo.n;yKTOB. BKna.n; 
npo.n;yKTOB peaK~HH THna (a, xn) He npe
BhirnaeT 10%. CornacHo o~eHKe, ,n;nH peaK~HH 
C HOHaMH 2 2 Ne OTHOllleHHe BenHtiHH 3<f><f>eK
THBHOCTH cenapaTopa ec(xn)/ec (a, xn) = 8 ± 2. 

3KcnepHMeHT8JlbHblH 3aJI ~HKJIOTPOHa Y-400. Ha CHHMKe: yCTaHOBKa rHC - ra30HarioJIHeHHbiH cenapaTop .llJIJI 

pa6oT no CHHTe3y HOBbiX TpaHC<l>epMHeBbiX 3JieMeHTOB H YCTaHOBKa :HHCTPOH ,llJIH npHKJla.tUfblX HCCJle,llOBaHHH 
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liCXO,ZVI H3 3TOI'O MO:>KHO ,D;aTb OUeHKY OTHOWe

HIDI cetJeHH.II a(xn)/u (a, xn) = 1,0 ,ZJ.JI.II peaKUHH 
2 2 Ne +Au. 

B peaKUHH 2 0 a Ph+ 2 2 Ne cetJeHH.II (a, xn)

peaKUHH OKa3aJIHCb B 30-60 pa3 60JibWe, 'leM 

Ce'leHH.II peaKUHH C BhiJieTOM TOJibKO HeHTpo

HOB. Ha6mo,D;aeMoe 3HatJHTeJibHoe pa3JIHtJHe 

oTHoweHHH cetJeHHH a(xn)/a (a, xn) ,ZJ.JI.II peaK

UH:H 2 2 N e + Au HJIH 2 0 a Ph He o6'b.IICH.aeTC.II 

H3MeHeHHeM COOTHOWeHH.II Me:>K,D;y 3HeprHeH 

CB.II3H He:HTpoHa H 3HeprHe:H a-pacna,D;a npH 

nepexo,D;e oT Ac K U. BMecTe c TeM 3TO oTnowe

HHe MO:>KeT B 3HatJHTeJibHOH CTeneHH onpe,D;e

JI.IITbC.II OTHOWeHHeM ,D;eJIHTeJibHbiX WHpHH 

)1,aHHbie H3 pa6oTbl I 2 I 

E,K3B I T 1/2' MC 

2 2 5 u 7870 ± 20 100 3o+2o 
-10 

2 2 6 u 7570 ± 20 85 ± 5 250+150 
-100 

7420 ± 20 15 ± 5 

3. B .II,D;epHbiX peaKUH.IIX 2 4 9 Cf(4He, 3n) H 
2 0 a Ph(4 a Ca, 2n) HCCJie,D;oaanacb CTa6HJibHOCTb 

.II,D;ep 
2 5 ° Fm, 2 5 4 102 H ABYXKBa3HtJaCTH'IHbiX 

K-H3oMepoa 250 m Fm, 254 m 102 OTHOCHTeJibHO 

cnoHTaHHoro ,D;eJieHH.II 13 1 • CnoHTaHHoe ,D;eJieHHe 
2 5 ° Fm H 2 5 4 102 H3 OCHOBHOI'O COCTO.IIHH.II 

6hiJIO 3apei'HCTpHpOBaHO H HCCJie,D;OBaHO no cy

[llecTBy BnepBbie (eM. Ta6JI. 3). BMecTe C TeM 

cnoHTaHHoe ,D;eJieHHe H3 K-H3oMepHbiX cocTo

.IIHH:H He 6biJIO o6Hapy:>KeHO, HeCMOTp.ll Ha 

BeChMa BbiCOKYIO 'IYBCTBHTeJibHOCTb HCnOJib30-

BaBWHXC.II MeTO,D;HK. )1,JI.11 OTHOWeHH.II napUH

aJibHbiX nepHO,Zl;OB CnOHTaHHOI'O ,D;eJieHH.II H3 OC-

r fjr; B 036y:>K,D;eHHbiX .II,D;ep C aTOMHbiM HOMe

pOM Z H Z-2, oco6eHHO a o6nacTH, r,D;e ,D;eJIH· 

MOCTh CHJibHO MeH.IIeTC.II C H3MeHeHHeM Z. 

li3MepeHbl XapaKTepHCTHKH paCna,D;a H30TOnOB 
2 2 5 ' 

2 2 6 U. li,ZJ;eHTH<i:>HKauiDI npOBO,D;HJiaCb no 

Ha6mo,D;eHmo reHemtJeCKH CB.II3aHHbiX co6hrrH:H. 

li30TOn 2 2 6 U 6biJI H,D;eHTH<i:>HUHpOBaH no KOp· 

pen.aUHOHHOH uenotJKe 2 2 6 U • 2 2 2 Th • 2 1 a Ra+ 

• 2 1 4 Rn. li3oTon 2 2 5 U 6hiJI H,D;eHTH<l:>HUHpoaan 

no KoppeJI.IIUH.IIM 2 2 5 U • 2 2 1 Th • 2 1 3 Rn. Lf.an

Hhie 0 xapaKTepHCTHKaX pacna,D;OB H30· 

TO nOB 2 2 5 
' 

2 2 6 U, noJiy'leHHbiX B HaillHX 

3KCnepHM eHTax, npHBe,D;eHbl B Ta6JI.2 H pa-

6oTe12 1• 

Ta6nul.#(l 2 

T a6JIH'IHhie 3HatJeHHR 

E , K3B I 

7 4 30 ± 20 100 500 ± 200 

HOBHOI'O H H30MepHOI'O COCTO.IIHHH ycTaHOBJie-

* Hhi cne,D;y JOI.QHe HH:>KHHe rpanHULI: T 8 F/T8 F ~ 

~ 10- 1 AJI.II 250 mFm H T;F/TsF ~ 5x10- 3 

,D;JI.II 2 5 4 m 102. 3TO 03HatJaeT, 'ITO CTa6HJibHOCTb 

K-H30Mep HbiX ABYXKBa3HtJacmtJHhiX cocro.aHH:H 
2 5° Fm H 2 5 4 102 OTHOCHTeJihHO CnOHTaHHOI'O 

,D;eJieHH.II n paKmtJeCKH He ycTYnaeT cTa6HJihHO

cTH OCHOBHbiX COCTO.IIHHH 3THX .II,D;ep. TeopeTH· 

* qecKHe o ueHKH T 8 F /T 8 F TaK:>Ke noKa3hiBa-

IOT I 3 I, 'ITO H3·3a BJIH.IIHH.II 3<l:><l:>eKTOB cneUHa

JIH3aUHH H 6JIOKHpOBKH Ha CB.II3aHHbie C ,D;eJie

HHeM nOTeHUHaJihHYIO 3Heprmo H 3<l:><l:>eKTHB

HYIO Mac ey cnoHTaHHoe ,D;eJieHHe H3 K-H30-

Ta6nuZJa 3 

lloJIHhiH nepHOA BeTBh · llapUHaJibHbiH 

nepHO,D;CnOHTaHHOI'O 

,D;eJieHIDI 

nonypacna,D;a, 

Ta6n. 3HatJeHH.II 

2 50Fm 30 ± 3 MHH 
250mFm 1,8 ± 0,1 c 
2 5 4102 55± 5 c 
2 54m102 0,28 ± 0,04 c 

CnOHTaHHOI'O 

,D;eJieHH.II 

(6,9 ± 1,0) • 10- 5 

~ 8,2. 10- 7 

(1,7 ± 0,5) • 1 0- 3 

~2,0. 10- 3 

0,83 ± 0,15 JieT 

~0,07 neT 

(3,2 ± 0,9) • 104 c 

~1,4. 102 c 
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MepHbiX ,IJ;BYXKBa3HqacnilffihlX COCTOHHHH He 

TOJILKO He MO)KeT 6LrrL o6nerqeHO, HO, Ha

npOTHB, ,Il;OJI)KHO 6LITL CHJILHO 3an pew;eHO 

no CpaBHeHHlO CO CnOHTaHHhiM ,IJ;eJieHHeM H3 

OCHOBHOrO COCTOJiHHJi. 

4. l.f3yqeH pa,Il;HOaKTHBHbiH pacna,IJ; C Hcnyc

KaHHeM HYKJIOHHLIX KJiaCTepoa 141 H30Tonoa 

ypaHa C MaCCOBhiMH ~CJiaMH 234, 2 3 5, 236. 

llpH HCCJie,IJ;OBaHHH 2 3 4 U B TeqeHHe 4 2 0 CyTOK 

H:3MepeHHH C nOMOlli;LIO TBep,IJ;oTeJILHbiX TpeKO

BbiX ,IJ;eTeKTOpOB 3aperHCTpHpOBaH 3 1 pacna,IJ; 

c HcnycKaHHeM Ne H 16 pacna,IJ;oB c HcnycKa

HHeM Mg. BepoHTHOCTh TaKoro rnna pacna,IJ;a 

no OTHOUieHHIO K BepOHTHOCTH a-pacn a,IJ;a CO

CTaBJIJieT (3,9± 1,0) x1o- 1 3 H (2,3± 0,7 ) x1o- 1 3 

cooTaeTcTBeHHO. Ha pHc. 1 npe,IJ;c TaaJieHa 

3aBHCHMOCTh JIOrapH<f>Ma napi.UiaJILHOr O nepH

O,IJ;a nonypacna,IJ;a (3KcnepHMeHTaJILHLie ,IJ;aH

HLie) oT HaTypanLHoro norapH$Ma npoHHI.~a

eMoCTH KyJioHoacKoro noTeH~HaJILHoro 6apL

epa ,IJ;JIH cnoHTaHHOH 3MHCCHH He, Ne, Mg 
H3 Ji,Il;ep H3onoToa ypaHa (pacqeT) • UH<I>PLI 

6e3 CK060K 03HaqaiOT MaCCOBhle ~CJia H30TO

noB ypaHa, I.Ui<f>Phl B CK06Kax - M aCCOBLie 

~cna KJiacTepos. Ha 3To:H CHCTeMaTHKe, aHa

norJilffiOH CHCTeMaTHKe re:Hrepa - H 3TTOJia 

,IJ;JIH a-pacna,IJ;a, npoHBJIHeTCH 3anpeT Ha Hcny

CKaHHe KJiaCTepoB HeqeTHbiMH H,IJ;paMH 2 3 3 U ' 
H 2 3 S U. 

Puc. 1. Pac'leTHbie 3aBHCHMOCTH nepuo,c;a n onypacna
,c;a OT npOH~aeMOCTH KYJIOHOBCKOrO nOTeHQHaJibHOrO 
6apbepa ,c;JUI cnoHTaHHoii 3MHCCHH He, Ne, Mg H3 
H,D;ep H30TOUOB ypaHa 
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PHc. 2. 0rrrH'IecKHif cneKTp H30Tonos ypaHa (BBepxy) 
H 3aBHCHMOCT& 3apH,D;osoro pa,c;uyca OT Maccosoro 
'IHCJia (BHH3Y) 

5. Ha na3epHoM cneKTpoMeTpe MeTo,IJ;oM 

pe30HaHCHOH <f>nyopec~eH~HH H3MepeHhl H30TO· 

ITHqeCKHe C,IJ;BHrH H CBepXTOHKaH CTpyKTypa 

OITTHqecKHX cneKTpOB aTOMOB aKTHHH,Il;HhlX 

3-!IeMeHTOB - TOPHH, ypaHa H aMepH~. 

113 3THX cneKTpOB onpe,IJ;eJieHbl pa3HOOTH 3a

PMOBhiX PMHycos ,IJ;JIH ~enoqKH H,IJ;ep ypaHa 

C A= 233-238 (pHC. 2). BH,IJ;HO MOHOTOHHOe 

H3MeHeHHe 3apJ{,Il;oaoro PMHyca, qTo yKa3LI

saeT Ha nOCTOJiHCTBO H,IJ;epHbiX napaMeTpOB, 

onpe,IJ;eJIHIOw;Hx pasMepLI H <f>opMy H,IJ;pa 

(Me:>KHYKJIOHHLie paCCTOJiHHH, TOJIII.UiHa no

aepXHOCTHOrO CJIOH, ,IJ;e<f>opM~) B 3TOH 

o6JiaCTH MaCCOBhiX ~CeJI. .[VIR H30TOnOB 

aMepHI.UiH c A = 241 H 243 onpe,IJ;eneHLI OTHO

UI eHHH MarHHTHhiX H KBa,IJ;pynoJILHblX MO· 

MeHTOB: 

11 e 4 3 Am> = 1,052; 

11 e41Am) 
Qe 4 3 Am) = 1,10. 

Qe41Am) 

6. Ha ycKopHTene B3sanaK a BepKJIH 

(CillA) npose,IJ;eHo o6nyqeHHe TpeKoBLIX ,IJ;e

TeKTopos (KpHCTaJIJIOB OJIHBHHa H3 MeTeO

pHTOB) HOHaMH 2 3 8 U C 3HeprHHMH ~ 30 H 

~ 70 M3B/HyKJioH. KpHCTanJI OJIHBHHa HBJIH

eTCH noporOBhiM ,IJ;eTeKTOpOM, H paHee 15 I 

6LIJio ycTaHOBJieHo, ~o e,IJ;HHCTBeHHbiM napa

MeTpoM TpeKa, KOTOpbiH MO:>KHO COnOCTaBHTL 

C 3apH,Il;OM BJieTeBUiero B KpHCTaJIJI KOCMH

qecKoro Mpa, HBJIHeTCH ero nonHaH TpaaH-
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Puc. 3. 3JCcnepHMeHTan&H&Ie pacnpe,o;eneHHH TpaBHMbiX 

AJIHH TpeKOB L(Z) Rp;ep KOCMIAecKHX nytJeH B KpH

CTannax OnHBHH8 H3 MeTeopHTOB ( 8 H 6) H pacnpe,o;ene

HHe TpaBHMbiX p;nHH TpeKOB 
2 3 ~ U B TaKHX :IKe KpH· 

CTannax (s) 

MaR W:Uffia, T.e. AJIHHa TaKoro TpeKa, HallaJIO 

H KOHeQ KOTOpOrO HaXO,lVITC.fl BHYTpH KpH

CTaJIJia. CpasHeHHe pacnpeAeneHHH WIHH Tpe

KOB .A:Aep KOCMHtleCKHX Jiylleii15 I (pHC. 3a,6) 

c pacnpe.n;eneHHeM AJIHH TpeKoB 2 3 8 U 

(pHc. 3s) nOATBep)f(,ZJ,aeT cnpase.n;JIHBOCTb yT

sep)f(,ZJ,eHH.R, liTO TpeKH AJIHHOH "'210 MKM 

MOryT 6biTb TpeKaMH .A:Aep Th-U H3 KOCMH
tleCKHX nyqeii. 

7. TipOAOJI:>KaJIHCb pa60Tbl no nOHCKy 

cnOHTaHHO AeJI.RmeroC.R HYKJIHAa (C,llH) B 

TepMaJibHbiX pacconax n/o lleneKeH MeToAaMH 

Cop6QHH, 3KCTpaKQHH, COOCa:>KAeHH.R, TOHKO

CJIOHHOH XpOMaTorpacpHH, HHBepCHOHHOH 

BOJI&TaMnepoMeTpHH H AP- l·byqeHo noBeAe

HHe MHKp03JieMeHTOB - B03MO:>KHbiX aHaJIO

roB C,llH (Au, Hg, Tl, Pb, At) 16 1• BbiCKa3aHO 

npeAnono:>KeHHe o Haxo:>KAeHHH C.UH B pac

conax, noA06Ho 30JIOTY H pzyTH, B BHAe 

coeAHHeHHii c opraHHtlecKHMH semecTBaMH. 

.Hcxo,rv~ H3 noro coAep:>KaHHe C.UH B 

pacconax n/ o lleneKeH OQeHHBaeTc.R MeHee 

0,2 pacn ./CYT • M 3111 • C ylleTOM yKa3aHHbiX 

Bbiiiie p e3yJI&TaTOB BbinOJIHeHbl OnhiTbl no KOH

QeHTpHpOBaHHIO COp6QHeH aHHOHHTOM opraHO

MeTaJIJIHtleCKHX COeAHJ~eHHH H3 ~ 100 M3 pac

COJia H npoBeAeHO AaJibHeHIIIee BbJAeJieHHe 

cppaKQHH 30JIOTa H PTYTH B npenapaTbi Mac

coD: ~ 1 000 r. Tionyt~eHHbie o6pa3Qbi H3YllalOT

c.R B HH3KOcpOHOBOH Jia6opaTOpHH Ha COAep

:>KaHHe C,llH • 

.H3YliEH .HE MEXAH.H3MA 

H.UEPHhiX PEAKU.HA 

1. Ha QHKJIOTpoHe Y -400 B peaKQH.Rx c 

ycKopeHHbiMH HOHaMH C 3HeprHeH 

10-20 M3~/HYKJIOH npOAOJI:>KaJIHCb 3KcnepH

MeHTbi no nOHCKy KBa3HCTaQHOHapHbiX COCTO

.RHHH B cHcTeMax 4 H, 5 H, 6 H, 7 H. 06Hapy

:>KeHbi KBa3HCTaQHOHapHbie COCTO.RHH.fl B CH· 

cTeMax 4 H, 6 H. Tionyt~eHa sepxH.fl.fl rpaHHQa 

o6pa30BaHH.R cHcTeMbi 7 H B peaKQHH 9 Be + 
+ 1 1 B, KOTOpaR COCTaBHJia 10"" 3 2 CM2 /cp. 

TipH 3HeprHH nyt~Ka 1 1 B ~ 18 M3B/HYKJIOH 

06Hapy:>KeHO B036y)f(AeHHOe KBa3HCTaQHOHap

HOe COCTO.fiHHe B CHCTeMe 6 H C 3HeprHeH 

-6 M3B. 

2. B p aMKax npoTOKOJia o COTPYAHHllecT.Be 

Me)f(,ZJ,y na6opaTOpHeH H HaQHOHaJibHbiM QeHT

poM no cpH3HKe T.R:>KeJibiX HOHOB r AH.Hn 

(<l>paHQH.R) npOAOJI:>KaJIHCb 3KCnepHMeHTbl no 

CHHTe3y H HCCJieAOBaHHIO CBOHCTB CHJibHO 

HeHTpOHOH36biTOliHbiX .A:Aep JierKHX 3JieMeH

TOB 18 I C HCnOJib30BaHHeM nyt~Ka ycKopeHHbiX 

HOHOB 4 11 Ca c 3HeprHeH 50 M3B/HyKJioH. Ha 

MarHHTHOM cneKTpOMeTpe r AHHn 6Lmo CHH

Te3HpOBaHO H HAeHTHcpHQHpOBaHO BCero 25 

H30Tonos nerKHX 3JieMeHTOB: 2 9 F, 3 2 Ne, 
35 1 36Mg, 38 1 39 AI, 40-42Si, 43-46p, 45-48S 

4 6-5 o Cl, 4 9- 5 1 Ar (pHc. 4). Ha ycTaHoBKe 

CTIEr 6Lm H HCCJieAOBaHbl CBOHCTBa pacnaAa 

.A:Aep B6JIH3H 060JIOliKH C liHCJIOM HeHTpOHOB 

N= 20, B qacTHOCTH, 24 • 26 0, 27 F, 28 - 30 Ne, 
3 1 , 3 3 Na H 3 3' 3 4 Mg (H3MepeHLI Macchi 

H nepHOAbi nonypacnaAa) • B 3TOH o6nacTH 

Mace, cor nacHo pact~eTaM 19 1 , O)KHAaeTc.R cy

IneCTBOBaHHe .A:Aep C 60JibiiiHM napaMeTpOM 

AecpOpMatilfH ((3 2 ~ 0,3), a TaK:>Ke B03MO:>K

HOCTb cy mecTBOBaHH.fl H30MepOB cpopMbl. 

B t~aCTHOCTH, y11eT Ae<I>OpMaQHH npHBOAHT K 

HeCTa6HJibHOCTH KHCJIOpOAa 2 6 0, B OTJIHtiHe 

OT o6men pHH.RTbiX CHCTeMaTHK, B KOTOpbiX 

O:>KHAaJiaCb CTa6HJibHOCTb KHCJIOpOAa-26. Tipo-
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PHc. 4. HeiiTpoa-npoTOHHa.R AHarpaMMa ner KHX HAep. 4epHbiMH KBaApaTaMH B ueaTpanbHOH 'laCTH npe,llCTaBJie

Hbi H3BecTHbie CTa6HJibHble HApa, qepHblMH K B aApaTaMH no Kpa.RM - HApa, CBOHCTBa KOTOpblX H3Y'IeHbl B r AHlin 

AO HaCTOHI.Uero 3KcnepHMeHTa, KBaApaTaMH C TO'IK8MH o603Ha'leHbl HApa, CTa6HJibHOCTb KOTOpblX yCTaHOBJieHa 

B COBMecTHOM nHP-rAHlin 3KCnepHMeHTe C nOMOIUblO yCKOpeHHblX HOHOB 
48

Ca 
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IlpOAOJI:IKaiOTCH COBMecTHbie 

HCCJle,llOBaHHH Ha yCKOpHTe

JIHX AAP OliHli H HauHO

HaJibHOro UeHTPa DO !l>H3HKe 

Tfl)l(eJibix uoaoa r AHlin so 

«llpaHUHH. Ha CHHMKe: yqaCT

HHKH 3KCnepHMeHTa 06cY:~K
AaiOT DOCJieASHe pe3yJibTln'bl 

no CHHTe3y H HCCJle,llOBaHHIO 

CBOHCTB paAHOaKTHBHoro 

pacnaAa HOBbiX HeHTpOHOH3-

6biTO'IHbiX H30TOnOB 



aeneHHbie 3KCnepHMeHTbi, llOK8.3aBUIHe HeCTa-

6HnbHOCTb 26 0, nonTaepnHnH 3TO npennono

:>KeHHe. 

3. I13MepeHbi 3HepreTHlleCKHe H yrnoabre 

pacnpeneneHIDI nerlla.Humx Rnep c 2 ~ Z ~ 8 H 

3 ~ A~ 20, o6pa3yiOI.UHXC.fl npH B3aHMoneii-

CTBHH Rnep 1 8 1 Ta H 2 32 Th c HOHaMH 2 0 Ne 

(18 M3B/HYKnOH) H 11 B (20 M3B/HYKnOH). 

Q 
X 10 -J 

24 

IloKa3aHO, liTO H30TOllbi C aTOMHbiMH HOMepa- 16 
MH H MaccOBbiMH liHcnaMH, 6nH3KHMH K Z H A 

HOHa, o6p8.3yiOTC.fl B OCHOBHOM B peaKI.Ui.fiX nepe-

naliH. B o6pa3oaaHHe 6onee nerKHX nponyKToB 

BHOC.fiT BKna,D; HeCKOnbKO npoUeCCOB B3aHMO

neHCTBIDI CTMKHBaiOIUHXC.fl .Rnep : MrHOBeH

HbiH H nocnenoaaTenhHbiH p8.3aan Rnep Hane-

TaiOIUHX HOHOB nocne MaCCHBHbiX nepenall, 

a TaK:>Ke HcnapeHHe KnaCTepOB H3 COCTaBHOH 

B036y:>K,D;eHHOH CHCTeMbi HnH ee oCTaTKH. 

06Hapy:>KeHo, liTO Bhrxon H30Tonoa Li H Be 

C yaenHlleHHeM 3HeprHH HOHOB OT 8 no 

18 M3B/HyKnOH ao3pacTaeT noliTH Ha naa no

p.RnKa. PaccMoTpeHbi nanhHeiiume nepcneKTH

Bbi CHHTe3a H30Tonoa 1 0 He H 1 3 Li H nonylle

HIDI BTOpHtiHbiX nyliKOB 6 
1 

8 He H 8 
1 

9 Li 11 0 ~ 

4 . Ha nayxrmelleBOM apeMRnponeTHOM 

cneKTPOMeTpe ycTaHOBKH ,[(3MAC npoaeneHbi 

H3MepeHIDI MaCCOBbiX H :mepreTHtleCKHX pac

npeneneHHH OCKOnKOB neneHIDI B036y:>K,D;eH

HbiX COCTaBHbiX .Rnep c Z2 I A B o6nacTH OT 32 
no 44, o6p8.3YIOIUHXC.fl npH 06JlylleHHH 

1 8 0 W, 
1 9 8 Pt, 2 o 6 Pb, 2 32Th, 2 3 3, 2 3 6 u, 2 3 9 Pu 

HOHaMH 1 2 C, 1 6 0 H 2 2 Ne. IlpoaonHnocb 

8 

0,45 0,65 0,85 

X 

Puc. 5. 3 asucuMOCTb napaMeTpa >KeCTKOCTH noTeHUH

an&HOH 3H eprHH Q B CeA!lOBOH TO'IKe OT napaMeTpa 

p;enHMOCTH X. D - nony'leHH&Ie 3KCnepuMeHTanbH&Ie 

3HR'IeHH.II. Do - AaHHhie p;pyrHX pa60T 

cpasHeHHe 3KcnepHMeHTanbHbiX nHcnepcHii 

·Maccoaor o pacnpeneneHH.fl ocKonKoB H HX 

KHHeTHlleCKHX 3HeprHif C TeopeTHlleC~H 

npencKa3 aHIDIMH, B KOTOpbiX HCnOnb3YIOTC.fl 

pa3nHtiHb ie :>KHnKOKallenbHbie MonenH B CTa

THlleCKOM HnH nHHaMHlleCKOM no,n;xone. IloKa-

3aHO, liTO 3KCnepHMeHTanbHa.fl 3aBHCHMOCTb 

nHcnepCHH MaCChi OCKOnKOB (pHC. 5) OT na-

YcTaHOBKa ,!l3MAC AJI.11 HCCJie,JJ;OBaHH.II MeXaHH3Ma B3aHMO,Il;eHCTBH.II T.H>KenhiX HOHOB C .H,Il;paMH 
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PHc. 6. 3auucHMocr& yrnosoro MOMeHTa o craTO'IH&IX 11,11;ep OT 3HeprHH 7·H3nytleHHJI AnJI ,D;Byx peaKQHl{ c faanuq

H&IM COOTHOWeHHeM Mace B38HMO,D;eHCTBYJOI.UHX JI,D;ep, npHBO,II;Jil.UHX K o6p830B8HHIO COCI'IlBHbiX Jl,ll;ep I 
3 Nd, C 

6nH3KHMH DO BenH'IHHe 3HaqeHHJIMH 3Hepi'HH B036y)I(,IJ;eHHJI. 3KcnepHMeHT8nbHhle ,11;8HHhle cp8BHHB8JOTCJI C pac· 

qeTHbiMH ( CDnOWH8JI KpHB8JI), nonyt~eHHhiMH ,D;nJI KaHana o6p830B8HHJI COCl'llBHOI'O JI,D;pa B YK838HHhiX peaKUHJIX 

paMeTpa .D:e.TIHMOCTH xopowo cornac yeTCH c 

paC'IIeTaMH no !l>JIYKTYai.UfOHHO-,ll;HCCHnaTHBHOH 

MO,ll;e.TIH111 1 • 

5. l13MepeHbl Ce'lleHHH o6pa30BaHHH HeHT

poHOB ,ll;eJieHHH B peaKI.UfH 2 3 11 ue 2 C, f) npH 

3Ht!prHH HOHOB 1 2 C ,paBHOH 105 MaB. Ha aHa

JIH3a 3KCnepHMeHTaJibHbiX ,ll;aHHbiX n o ny'lleHO, 

'liTO cpe,ll;Hee 'IIHCJIO HeHTpOHOB, HCnyCKaeMbiX 

.no .ne.rxeHHH, v = 4,2 ± 0,6, a HX cpe.D:HHH 

3HeprHH B CHCTeMe QeHTpa Mace COCTaBHOrO 

·15 
10 

H.D:pa (c.Q.M.) Epre = (2,5 ± 0,3) MaB. lloCJie 

,ll;eJieHHH H3 .D:BYX OCKOJIKOB HCnycKaeTCH 

6,1 ± 0,5 HeHTpOHOB CO cpe,ll;HeH 3HeprHeH 

(1,6 ± 0,2) MaB B C.Q.M. OCKOJIKa. 3KcnepH

MeHTaJibHaH Be.TIH'IIHHa v pre oKaaanacb 6onb

we, 'lleM paCC'IIHTaHHaH no CTaTHCTH'IIeCKOH 

MO.D:e.TIH. Pac'lleTHaH Be.TIH'IIHHa v pre MO:>KeT 

6hiTb cornacosaHa c 3KcnepHMeHTaJibHOH npH 

y'lleTe )l;06aBO'IIHOrO 'IIHCJia HeHTpOHOB, HCnyCKa

eMhiX Ha CTa,ll;HH cnycKa OT Ce.D:JIOBOH TO'IIKH 

.no TO'IIKH pa3phma. 
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PHc. 7. CpauHEHHe 3Kcnepu

MeHTan&Ho onpep;eneHHhiX 

3HaqeHuH BpeMEHH lKH3HH 

so36y)l(,ll;eHHhiX RAep c pacqe

TOM. ToqKH COOTBeTCI'BYJOT 

cne,D;YJOl.UHM 3KcnepHMeH· 

TanbH&IM MeT0,11;8M: e -

34>4leKT TeHeH, o - (K-X)
H3nyt~eHHe B8K8HCHH, 0 -

yrnosoe pacnpep;ene~~ue 

!l>parMeHTOB, !:J. - MHOlKeCI'· 

BeHHOCI'b npe,D;p83B8nbHbiX 

HYKnOHOB 



6. Ha ycKopHTeJie Y - 400 npoAomKaJIHCb 

3KCnepHMeHTbl no HCCJie,ll;OBaHHIO 3aKOHOMep

HOCTeH BhiXOAa )l(eCTKOH KOMnOHeHThl raMMa

HanyqeHWI B pa3n~HbiX BbiXO,ll;HbiX KaHaJiax 

peaKUHH. 

B peaKUHH 112 Sn + 2 0 Ne (100 M3B) H3-

MepeHhi cneKTpbi raMMa-KBaHTOB B COBna,ll;e

HHH C a-qacTHQaMH nOA yrnaMH 0° H 140°. 

AHaJIH3 3THX AaHHhiX H pe3ynbTaTOB 3KcnepH

MeHTOB no H3MepeHHIO MHO)I(eCTBeHHOCTH 'Y

KBaHTOB npOAYKTOB peaKUHH 2 0 Ne (110 M3B)+ 

+ 112 Sn H 6 4 Zn (290 M3B) + 611 Zn (pHc. 6), 
a TaK)I(e pe3ynbTaToB pa6oT11 2 , 1 3 1 noKa3an 

B03MO)I(HOCTb nonyqeHHR HHcpOpMaUHH 0 AH

HaMHKe B3aHMOAeHCTBWI CITO)I(HbiX .R:,ll;ep no 

CMeiUeHHIO 3HeprHH nHKa rHraHTCKOrO pe30-

HaHCa B 3aBHCHMOCTH OT yrna perHCTpaQHH 3a

p.R:)I(eHHhiX qaCTHU AnR aCHMMeTp~HbiX KOM6H

HaQHH Mace .R:,ll;ep BO BXOAHOM KaHaJie peaKUHH. 

7. HcCJieAOBaHhi HOBbie B03MO)I(HOCTH on

peAeneHHR BpeMeHH )I(H3HH CHnbHOB036y)l(,ll;eH

HhiX R,ll;epHbiX CHCTeM Ha OCHOBe H3MepeHWI 

yrnoaoro pacnpeAeneHHR cpparMeHTOB, a TaK

:IKe MHO)I(eCTBeHHOCTH npe,ll;pa3BaJibHhiX HyKITO

HOB. Pe3ynbTaThi ananH3a HMelOIUHXCR 3Kcne

pHMeHTaJibHhiX AaHHhiX H AaHHhiX, nonyqeHHhiX 

C nOMOIUblO 3cpcpeKTa TeHeH H MeTOAa (K-X)

H3nyqeHWI BaKaHCHH, CpaBHHBalOTC.R: Ha pHC. 7 
• C BeJIHqHHaMH, nonyt~eHHbiMH B pacqeTe no CTa-

THCTHtleCKOH MO,ll;enH npH Bhi6ope .R:,ll;epHOH 

TeMnepaTyphi no cpopMyne T(U) = 
= 1 ,94(U/A)1 13 . BHAHO KatleCTBeHHOe COOTBeT

CTBHe pe3yiTbTaTOB pact~eTa H 3KCnepHMeH

TOB114 I. 

8. B peaKUHH 1 81 Ta + 52 Cr (378 M3B) 

6hlnH H3MepeHbi cet~eHIDI o6pa3oBaHHR nerKHX 

3ITeMeHTOB C 4 ~ Z ~ 19, BhmeTeBillHX Bne

peA B C.U.M. 3TH npOAYKTbl MOrnH o6pa30BaTb

C.fl 3a cqeT peaKUHH rny6oKoHeynpyrHx nepe

Aat~. 0AHaKo npH cpasneHHH 3KcnepHMeHTaJib-

PA3PABOTKH B OBRACTH YCKOPHTERER 

1. Ha UHKnoTpoHe Y-400 ycKopeHhi, BhiBe

AeHhi H npoTpaccHpoBaHhi Ha YAaJieHHyro cpH-

3Ht~ecKyro MHilleHb HOHhi Mn, Co, Cu, Kr 
c 3HeprHRMH ( 4-2,5) M3B/HYKnOH H HHTeH

CHBHOCTHMH (1-2) • 1012 C- 1 • llyt~KH 3THX HO

HOB npeAHa3HatleHbl AITR npoBe,ll;eHWI HCCITeAO-

~~~--------------~ 
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Puc. 8. Ce<~eHWI o6pa30BBHWI nerKHX 3neMeHTOB c 
4 ~ Z ~ 19 , BbVIeTeBWHX Bnepe.I{ B C.~ .M. B peaK~H 
181 Ta+ 52Cr (378 M3B) (KpHBilJI 1) . Pe3YIIbTa:r 
paC'IeTa Ce<leHHH o6pa30B8HWI nerKHX 3JieMeHTOB, 
npo.o;yKTOB rny6oKoHeynpyrux nepe.I{aq no .o;u<P<Py· 
3HOHHOH Mo.o;enH (T = 1,5 M3B, T = 5 · 10-2 c) (KpH· 
BllJi 2) 

HbiX 3ap .R:AOBhiX pacnpe,ll;eJieHHH C 3ap.R:AO

BhiMH p acnpeAeneHHRMH rny6oKoHeynpyrHX 

nepeAat~ , pacct~HTaHHhiMH AnR 3TOH peaKQHH 

no AHcpcpy3HOHHOH MO,ll;enH, o6Hapy)I(HIT0Cb 

CHITbHOe pa3n~He (pHC. 8) . 3KcnepHMeH

TaJihHbie 3Hat~eHH.R: OXBaTbiBaJIH IllHpOKHH HH

TepBaJI n o Z H o6naAaJIH 6onbllleH BeJI~HHOH, 

no cpaBHeHHIO c pact~eTHhiMH . Kat~eCTBeHHO 

3TOT 3cpcpeKT MO)I(HO o6'b.R:CHHTb BKna,ll;OM 

OT UeHTpo6e)I(HOH cpparMeHTaUHH - pacna,ll;OM 

ABOHHOH RAepuoH: CHCTeMhi, ccpopMHpoaasllleH

cR B CTOITKHOBeHHRX C yrnOBbiM MOMeHTOM 

£ HH)I(e KpHT~ecKoro KaK pe3ynhTaT B03pa

CTaHHR y rnOBOH CKOpOCTH Bpa.I.UeHWI CHCTe

Mbl npH nepeAat~e 3Hat~HTenhnoro t~Hcna HyKno

HOB OT n erKoro K T.R:)I(eJIOMY RAPY 11 51 • 

BaHHH n o pa,ll;HaUHOHHOMY MaTepHaJIOBe,ll;eHHIO 

H C03AaHHIO .R:,ll;epHbiX cpHnbTpOB. 

2. Ha cHCTeMe aKCHanbHOH HH)I(eKUHH 

HOHOB B UHKnOTpOH Y-200 npoae,ll;eHbl HCCne

AOBaHWI BITWIHWI npOCTpaHCTBeHHoro 3ap.R:-
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PHc. 9. 3aBHCHMOCTb K03$$HUHeHTa TpaHCMHCCHH 

IJY'IK8 OT ero HHTeHCHBHOCTH. IHH>K - TOK HIDKeKTH· 

poBaHHoro IJY'IKa, lycK - TOK ycKopeHHor o ny11Ka 

~a nyqKa H 3<fl<fleKTHBHOCTH 6aHllepOBKH Ha 

K03cPcP~HeHT TpaHCnOpTHpOBKH H OHOB OT 

HOHHOrO HCTOliHHKa ~0 cPH3HlleCKOH MH· 

weHH 11 6 1 • ,Un.a ysenHlleHHH K03cPcPHUHeHTa 

3aXBaTa 6hiJI HCnOJib30BaH ~BYX3a30pHhiH 6aH

qep Ha nepBOH rapMOHHKe Bq·Hanp R)KeHHH. 

lloJiyqeHO yBeJIHlleHHe HHTeHCHBHOCTH YCKO

pHeMOrO nyt~Ka B 2 pa3a. Jf3yqeHO B JIHHHHe 

npOCTpaHCTBeHHOrO 3apH~a B CHCTeM e aKCH

aJibHOH HH)KeKQHH. lfcCJie~OBaH nyliOK HOHOB 
4 

He+ 1 c TOKOM ~0 800 MKA. nony qeHHbie 

pe3yJibTaThi noKa3hiBa10T y~oBJieTBOpHTeJibHOe 

cornacHe TeopeTHlleCKHX H 3KcnepHM eHTaJib

HhiX ~aHHhiX no BJIHHHHIO npOCTpaHCTB eHHOrO 

3ap.a~a Ha K03cPcPHUHeHT TpaHCMHCCHH HH

)KeKTHpyeMoro nyt~Ka. lloKa3aHO, q~·o 3<fl<fleK- • 

THBHOCTb TpaHcnoprnpOBKH IIYliKa OT cena

pHpyiOw;ero MarHHTa ~o KoHet~Horo p~eyca 

ycKOpeHHH COCTaBHJia 8-10%, BIIJIOTb ~0 

HAYqHQ-llPHKJl.A,UHblE PABOTbl 

1. C HCnOJib30BaHHeM MeTO,ll;OB 3Jie KTpOH

HOH MHKpOCKOIIHH HCCJie~OBaHhl H3MeHeHHH, 

B03HHKa10Ill;He no~ B03~eHCTBHeM o6JiylleHHH 

HOHaMH Ne H Ar KOHCTpyKUHOHHOrO M aTepH

ana - aycTeHHTHOH CTaJIH 12X18H9T c pa3-

JIHliHhiMH ~06aBKaMH 6opa (0,003%) , uepHH 
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3Hat~eHHH TOKa I !::!: 500 MKA. llpH rranb-
HH* - ,_., 

HeH:weM yBeJIHlleHHH HHTeHCHBHocrn nyqKa 

3<fl<fleKTHBHOCTb TpaHCnOpTHpOBKH yMeHbWaeT

CH H3-3a BJIHHHHH npOCTpaHCTBeHHOrO 3ap.JIAa 

(pHC. 9). 

3. llpOBO~HCb pa3pa60TKH H HCCJie~oBa

HHH ~yrOBOrO HCTOliHHKa HOHOB. B HCTOli

HHK 6hiJI BBe~eH ~OnOJIHHTeJibHhiH aHO~ C no

TeHQHaJIOM, OTJIHliSlOill;HMCH OT noTeHQHaJia 

OCHOBHOrO aHOAa 11 7 I. lf3ylleHO BJIHHHHe no

TeHQHaJia ~OnOJIHHTeJibHOrO aHO~a Ha HHTeH

CHBHOCTb H 3apH~OBhiH COCTaB H3BJieKaeMOrO 

HOHHoro rryt~Ka H ycroHtiHBOCTb pa3p.a~a. 

Ha6JIIO~aJIOCb yseJIHlleHHe B 2-5 pa3 noJIHoro 

BhiTHrHBaeMOrO TOKa H TOKOB OT~eJlhHbiX 

3apH~OCTeH. 

4. llpo~OJI)KaJIHCb · pa60Thl no aBTOMaTH-

3aQHH ynpaBJieHHH UHKJIOTpOHHhiM HOHHbiM 

HCTOliHHKOM ~yroBoro THIIa. Pa3pa60TaH H pea

JIH30BaH aJirOpHTM aBTOMaTHlleCKOrO ynpaBJie

HHH118 1• Co3~aHa MHKporrpoueccopHaa cHcTe

Ma, n03BOJIHIOw;aH aBTOMaTHlleCKH IIOJiyqaTb 

H no~~ep*HBaTb 3~aHHhiH TOK HOHHOrO nyq

Ka Y-400 3a ct~eT sapHaUHH napaMeTpos pe*H

Ma pa60Thl HOHHOrO HCTOliHHKa 11 9 I. GHCTeMa 

BhiBO~HT HCTOliHHK Ha 3~aHHhiH pe*HM H3 

BhiKJIIOlleHHOrO COCTOHHHH 3a cpe~Hee BpeMH 

10-15 MHH C OTKJIOHeHHeM OT 3~aHHhiX napa

MeTpOB He 6oJiee 5% H CTa6HJIH3HpyeT TOK 

nyt~Ka c norpelllHOCTbiO - 3%. Ha 3KpaH ~Hcn

ne.a BhiBO~HTCH Ta6JIHUa UHcPPOBhiX 3HalleHHH 

H aHaJIOrOBhiX lllKaJI KOHTpOJIHpyeMbiX napa

MeTpOB, a TaK)Ke MHeMOCXeMa HCTOliHHKa 

HOHOB H BhiiipHMHTeJieH IIHTaHHH. 

5. llpO~OJI)KaJIHCb pa60Thl no C03~aHHIO 

UHKJIOTpOHHOrO KOMIIJieKca TH)KeJlhiX HOHOB 

Y-400 + Y-400M. H3roTOBJieHhi pe30HaHCHhie 

6aKH H IIITOKH ycKopHTeJIH Y-400M. Hat~aTa 

pa3pa60TKa 3JieMeHTOB CHCTeMbl BbiBO~a nyliKa. 

(0,2%), HTTpHH (0,1%) B HHTepsane TeMnepa

Typ 200 + 650° C. llOKa3aHO, liTO 3TH H3Me

HeHHH aHaJIOrHliHhl TeM, liTO Ha6JIIOA810TCH 

rrpH HempoHHOM o6nyt~eHHH. Cyw;ecTBeHHO Me

HHeTc.a ~HCJIOKaQHOHHaR CTpYKTYpa, nOHBJIH

IOTCH Bh~eJieHHH Kap6H~OB THna M2 3 c6 ' 
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Puc. 10. CuCTeMaTHKa noBpl!)K.O:IIIOmen cnoco6HOCTH 
no napaMeTpy 3JJeKTpOHHbiX 3HepreTH'IeCKHX noTep& 
npu B03,o:eHCTBHH Ha MOHOKJ?HCTann Ge ·u oHoB: 2 0 Ne 
c 3HeprWIMH 12 H 110 M3B, 4 0 Ar - 25 M :JB, 6 3 Cu -
35 M3B, 114 Kr- 73 M3B, 129 Xe -122 M3B, 136 Xe-
56 H 116 M3B 

• 
3HatJHTeJibHOe BJIHRHHe Ha H3MeHeHHe cTpyKTY-

pbi OKa3biBaroT TeMnepaTypHbie ycnoBH.R o6ny

tJeHm~12 o ' · 

2. llpose,D;eHo Hccne,D;oBaHHe nos pe:>K,D;aro

meii cnoco6HOCTH HOHOB oT Ar AO X e c 3Hep

rHeH (0,5+ 0,9) M3B/HYKJIOH npH B 03,D;eHCT

BHH Ha nonynpOBO,D;HHKOBbie MOHOKp HCTaJIJibl 

Si H Ge. llospe)K,ll;aroma.~~ cnoco6HOCTb cHcTe

MaTH3HposaHa no napaMeTpaM .R,D;epHOH H 

3JieKTPOHHOH TOpM03HOH cnoco6HOCTH HOHOB. 

B cnyt~ae Ge cna,D; nospe:>~<.narome!i c noco6Ho: 

CTH ,D;JI.R OtJeHb T.R:>KeJibiX HOHOB ( p HC. 1 0) 
06"b.RCH.ReTC.R BKJIIOtJeHHeM HOBOrO M e XaHH3Ma 

peKpHCTaJIJIH3ai..UiH cpe,D;bl B,D;OJib TpeK a CHJibHO· 

HOHH3HpyromeH tJaCTHI..U>I/ 2 1 1 • 

3. Hccne,D;osanocb pa,D;Hai..UiOHHOe ynpot~e

HHe QHpKOHWI, o6nytJeHHOrO HOHaM H HeOHa 

(ENe = 230 M3B) H HeHTpOHaMH (E>0,1 M3B) 

B OAHHaKOBhiX ycnosm~x. H3Mep.RJiacb 3aBH

CHMOCTb npe,D;eJia TeKytieCTH OT ,D;03b l 06JiytJe

HWI, KOTOpa.R B 060HX CJiytJa.RX HMeeT H,D;eHTHtJ· 

HbiH BH,D;, HO npH o6nyqeHHH HeHTpOHaMH 

3¢>¢>eKT ynpotieHHR ,D;OCTHraeTC.R n pH ,D;03e 

nospe)K,ll;eHHH npHMepHO Ha nop.R,D;OK M eHbllleH, 

tieM npH 06JiytJeHHH HOHaMH HOOHa12 2 1• 
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4 . H3yt~anHcb cneKTpbi nornomeHHR H Me

xaHHtJecKHe csoHcTBa KpHCTaJIJIOB LiF, o6ny

tJeHHhiX HOHaMH 1 3 6 Xe (118 M3B), 
4 0 Ar 

(225 H 46,3 M3B), 2 2 Ne (112,5 H 26,9 M3B) 

C tJHCJIOM tJaCTHQ 1010 -1014 CM- 2 • lloKa3aHO, 

liTO tJHCJIO o6pa30BaBlllHXC.R aHHOHHbi..X BaKaH

CHH onpe,D;eJI.ReTC.R nOJIHbiMH HOHH3aQHOHHbiMH 

noTep.RMH T.R:>KeJihi..X HOHOB. Ha6nro,D;aeMbie pa3-

JIHtJHR ,D;030BbiX 3aBHCHMOCTeH KOHQeHTpaQHH 

TOtJetiHhiX AecPeKTOB MO:>KHO o6"b.RCHHTb nepe

KpbiTHeM TpeKoB HOHOB. H3MeHeHHe Mexa

HHtJecKHx CBOHCTB LiF onpe,D;eJI.ReTc.R pa,D;Ha

I..UiOHHhiMH ,D;e¢>eKTaMH, o6pa30BaHHbiMH B pe-

3YJibTaTe ynpyrHX CTOJIKHOBeHHH 6oM6ap,D;H· 

pyromHX HOHOB C aTOMaMH KpHCTaJIJia 12 3 I. 

5. Pa3pa6oTaHa MeTOAHKa nonyt~eHHR 'TOJI

CThiX MeTaJIJIHtJeCKHX penJIHK TpeKOB T.R:>Ke

JibiX HOHOB B ,D;H3JieKTpHtiecKHX TpeKOBbiX 

,D;eTeKTopax (pHc. 11). MeTOAHKa no3BOJIHJia 

H3rOTOBHTb B3pbiB03MHCCHOHHbie KaTO,ll;bi, 

HMeromHe pasHoMepHyro HrOJibtJaTyro nosepx

HOCTb C nJIOTHOCTblO OCTpHeB 103 -109 CM2 • 

3JieKTpOHHa.R nylllKa C ,D;aHHbiM KaTO,D;OM HMe-

Puc. 11. MnKpo$oTorpa$HJI Me.o;HOH pennnKH c MHoro
OCTpnHHOH nooepXHOCTbiO, C,O:eJJaHHIUI Ha 3JJeKTpOHHOM 
MHKJ>C?CKOne c yBeJJH'If!!HeM 7 OOOX. TinoTHOCT& oCTpn
eo 107 CM- 2 , BbiCOTa h = 6,6 MKM, ,O:HaMeTp OCHOBa· 
HHJI d = 1,5 MKM, pa,o:uyc KpHBI!!Hbi BepWHHbl l = 
= 0,1 MKM, yron paCTBopa KoHyca 8 = 12° 



Bo,qa 

PHc. 12. CxeMa 3KcnepHMeH
TIIJThHOH ycraaoBKH .n:n.11 no
nyqeaH.R 1 2 3 I B peaKUHH 

t24Xe(r,n) t23Xe~t23I : 
1 - MHWeHL, 2- HrOnL'I8TLIH 
BeHTHnL, 3 - npoMe:>KyTO'I
HLlH 06'beM, 4 - HCXOJl:HLIH 
o6'beM, 5 - a30TH8.11 noByw
Ka, 6 - ueonHTOBa.ll noByw
Ka, 7 - TpaacnopTHLIH 6an
noa, 8 - r830BLIH COOpHHK 

CTauHoHapaa.~~ ycraHOBKa aa MHKpoTpoae MT-25 no npoH3BO.D:CTBY H:o .n:a-123 .D:n.ll Me.D:HK0-6HonorH'IeCKoro npH

MeHeHH.II 
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PHC. 13. CneKTpbi r ·H3JIY'IeHHR npenapaTa 12 3 I (JIHHHR c 3HeprHeH 1,46 M:;,B o6ycJIOBJieHa <l>oHOM) 

eT cne.n;yroi.QHe napaMeTpbi: I = 200-900 A, 
E = 100-300 K3B. TioKa3aHO, 'liTO o.n;HHaKo
Bhie llO <f>opMe H pa3MepaM OCTpH.H-3MHTTepbi 
HrpalOT OCHOBHYIO pOJib B <f>opMHpOBaHHH 
O,D;HOpO.n;HOH KaTO,ll;HOH llJla3Mbi12 4 1 •• 

6. Pa3pa6oTaHa MeTo.n;HKa nonyqeHH.H pa
.n;HoaKTHBHoro npenapaTa 12 3 I B peaKUHH 

e{3+ 
1 2 4 Xe (r, n)1 2 3 Xe --~ 1 2 3 I .n;n.H Me.n;HKo-

2,08q 

6HOJIOrH'IIeCKHX HCCJie,D;OBaHHH. TipenapaT rOTO
BHTC.H B Te'lleHHe o,D,Horo qaca nocne OKOH'IIa
HH.H 10-qacosoro o6nyqeHH.H MHWeHH Macco:H 
10 r H3 o6orameHHoro 1 2 4 Xe nyqKoM 3JieKT
poHOB MHKpoTpoHa MT-25 c 3HeprHe:H 
24 M3B. CxeMaTH'IIecKoe H3o6piDKeHHe KOH
CTPYKUHH ycTaHOBKH npe.n;cTasneHo Ha pHc. 12. 
XapaKTepHCTHKH npenapaTa: o61>eM pacTBOpa 
<1 MJI, y.n;eJibHa.H aKTHBHOCTb -200 MKH/MJI, 
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pH paCTBOpa 7-10, co.n;epJKaHHe HOHOB HaTpH.H 
<10- 5 MOJib/JI, XHMH'II~Ka.H <f>opMa HO,D;a B 
pacTBope - HO.n;HA >95%, npHMecH .n;pyrHX 
aKTHBHOCTeH <10- 6 , npHMeCH CTa6HJibHhiX 3Jle· 
MeHTOB <0,05 MKr, B TOM 'IIHCJle T.HIKeJibiX 
MeTannos <0,005 MKr. BoccTaHOBJieHHbiH :Ho.n; 
COXpaH.HeT CBOIO XHMH'IIeCKYIO <f>opMy H llOCJie 
pacTBopeHH.H cyxoro ocTaTKa B cna6oM (pH = 
= 7- 9) pacTsope rueno'IIH. AHanH3 npHMe
ce:H nposo.n;HJIC.H c noMOIUblO r H X-cneKTpo
MeTpHH npenapaTa. Ha pHc. 13 noKa3aHhi 
-y-cneKTpbi, H3MepeHHbie B WHpOKOM HHTep
BaJie BpeMeHH Bbi,D;epJKKH o6pa3Ua OT 4 qacoB 
.n;o 60 ,D;HeH. Bee Ha6nro.n;aeMbie llHKH r-H3JIY
'IIeHH.H o6ycnosneHhi pacna.n;oM H30Tona 1 3 3 I. 
Pa.n;HOH30TOllhi .n;pyrHx 3JieMeHTOB He o6Ha
PYIKeHhi. TipenapaT y.n;oBJieTBOp.HeT seeM 
Tpe60BaHH.HM <f>apMaKoneH H MOJKeT HCllOJlb-
30BaThC.H B pa.n;HOMe,D;HUHHCKOH ,D;HarHO
CTHKe12 51 • 
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3KCllEPHMEHTAITbHAR AllllAPATYPA 

1. flpOBO,D;HJIHCb 3KCnepHMeHTbl no Ha.Jla,ZJ;

Ke H H3MepeHHIO OCHOBHhiX HOHHO·OJlTHqecKHX 

xapaKTepHCTHK yn&TpaqyBCTBHTeJibHOrO MaCC· 

cneKTpOMeTpa n:H,lJ;lfA, KOTOphiH COopy:>KaeT

CR MR ocyw;ecTBneHHR noKan&Horo aHaJIH3a 

3neMeHTHOrO COCTaBa nopo,D;, MHHepanOB H CHH

TeTHqeCKHX MaTepHanoa 12 6 1• CxeMaTHqeCKH 

Macc-cneKTpoMeTp noKa3aH Ha pHc. 14. ,Uaa 

,D;Hnon&HhiX MarHHTa M1 H M2 H qeTbipe Mar

HHTHhie KBa.D;pynon&Hhie nHH3hi Q1-Q4 o6pa-

3YIOT axpOMaTHqeCKyiO 3epKaJibHO·CHMMeTpHq

HYIO cHcTeMy c npoMe)I(}'TOqHhiM H3o6paiKeHHeM 

02 , OCHOBHOe 3HaqeHHe KOTOpOH COCTOHT B npe

o6pa30BaHHH H306paiKeHHR HCTOqHHKa MaCC

cneKTpOMeTpa H3 nono:>KeHHR 0 1 B nono
:>KeHHe 03 H B BhmeneHHH H3 acero Maccoaoro 

cneKTpa HOHHoro nyqKa orpaHHqeHHoro ,D;Hana-

30Ha Mace, onpe,D;enReMoro HMnyn&CHhiM aK

cenTaHCOM yCTaHOBKH. ,UHnon&Hhm MarHHT M3 

H KBa,npynon&HaR nHH3a Q5 C03,D;aiOT B cpOKaJib

HOH nnocKOCTH 0 4 H3o6pa:>KeHHe MaCCOBhiX nH

HHH, npowe,D;wHx qepe3 axpoMaTHqecKyiO cH

cTeMy. 

Bnaro,D;apR 3epKan&HoH: CHMMeTpHH Ha 

yqacTKe 0 1 -0 3 H HCnOnb30BaHHIO TOKOBhiX 

KaTywe TOHKOH HacTpOHKH ABYX THnoB 

(a1, a2) H (IH, 132).'2 7 I, C03,D;aiOI.U;HX B Mar-

~---01 
IJJ---- omt<CMotoO nocm 

~--- IICJI8PHIII0 as---i 
ucmCH4UIC uOHOb 

Q 1" 

HHTax M 1 H M2 coomeTCTBeHHo nHHeH:Hyro 

H KBa,np aTHqHYIO COCTaBnRIOI.U;He MarHHTHOrO 

nonR B pa,nHaJibHOM HanpaBneHHH OT OCeBOH 

nHHHH, y.D;anoc& nonyqHTh axpoMaTHqeCKoe 

H306pa:>KeHHe HCTOqHHKa 0 1 B finOCKOCTH 

0 3 C TOqROCTbiO ,li;O yqeTa XpOMaTHqecKHX 

a6eppaQHH · 2-ro nopR,D;Ka BKniOqHTen&Ho. 

Pa3peweHHe no Macce M/.::lM ~ 300 B cpo

Kan&HOH finOCKOCTH 0 4 ,D;OCTHraeTCR B pe-

3yn&TaTe ycrpaHeHHR a6eppaQHH 2-ro nopR,D;Ka, 

HaH6onee CHJibHO BnHRIOI.U;HX Ha WHpHHY 

MaCCOBhi X nHHHH. ,lJ;nR 3TOrO rpaHHUhi ,D;HnOnb

HOrO M arHHTa M3 BhmonHeHhi B BH,D;e .D;yr 

• OKpy:>KHOCT.eH C COOTBeTCTBYIOI.U;HMH pa,D;Hy

caMH K p HBH3Hhl H HCnOnb30BaHa TOKOBaR 

KaTYWKa 13 3. 

,UnR onpe,D;eneHHR ,D;HenepcHH yCTaHOBKH 

B finOCK OCTRX 0 2 H 0 4 H pa3peweHHR no 

Macce B cpOKaJibHOH finOCKOCTH 0 4 6hm HC

non&30BaH cneKTpOMeTpHqeCKHH a-HCTOqRHK 
2 2 6 Ra HHTeHcHBHOCT&IO 1 · 104 afc B Tenec

HOM yrne 21T. 
113MepeHHR, BhiDOnHeHHhie C nOM'OI.U;biO 

HCTOqRHK OB a-qacTHU, nOKa3aJIH, qro aKcen

TaHC YCTaHOBKH, ,li;HCnepCHR, ,D;Hana30H npo

nycKaeMhiX HMnyn&coa, cpopMa axpoMaT~¥~e

CKoro H306pa:>KeHHR 6nH3KH K pacqeT-

PHc.14. CxeMaTHtlecKoe H3o-
6pll)l(eHHe Macc-cneKTpoMer
pa JUUU1A 
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3KcnepHMeHT8JlhHaR npoBepKa y3JIOB nepBoii oqepenH "47T-neTeKTOpa nponyKTOB HnepHbiX peaKQHH (ycraHOBKa 
"<l>o6oc") 

HbiM 
12 7 

' 
2 8 1

• Macc-cneKTpoMeTp no,Il;r oToarreH 

AJIH npoBe,Il;eHHR H3MepeHI-Uf C Jia3ep HbiM HC

TOlJHHKOM HOHOB. 

2. flpOAOJI:>KaJIHCb pa60Tbl no C03AaHHIO 

47T-,Il;eTeKTOpa MHO:>KeCTBeHHbiX C06biTH H (ycTa

HOBKa "<l>o6oc") 12 9 1 . Ha cTeHAe H CnbiTaHbi 

Y3Jibl 6p3rrOBCKHX KaMep H ra30BOH CHCTeMbi, 

pa6otJHe napaMeTpbi yCTpoiicTB HccrreA OBarrHCh 

c noMOilU>IO a-HCTOtJHHKOB. B Ul1.Hl1 (PocceH

Aop<P, r,llP) pa3pa60TaHbl 3JieKTpOHHb ie 6JIOKH 

C'beMa HH<i>OpMaiJ;HH C ra30BbiX ,Il;eTeKTOpOB 
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ycTaHOBKH. HoBbie 3JieKTpoHHbie 6rroKH Hcnorrb-

30BaHbi B 3KCnepHMeHTaX no H3ytJeHHIO Bbi

Hy:>K,Il;eHHOrO AerreHHR Ha IJ;HKJIOTpoHe Ul1.Hl1, B 

KOTOpbiX HCrihiTaH ,Il;eTeKTOpHbiH MOAYJib H3 rra

BHHHOrO ClJeTlJHKa H 6p3rrOBCKOH KaMepbi. 

ErroKH noAroToarreHbi K cepHHHOMY BbirrycKy. 

3. B npou;ecce pa3pa6oTKH 3<P<PeKTHBHoro 

MeTO,Il;a XHMHtJeCKOrO Bbi,Il;eJieHHR a-aKTHBHOrO 
2 6 1 Ku (T 112 ""' 1 MHH) H3 npo,Il;yKTOB o6rry

tJeHHH 
2 4 8 Cm HOHaMH 1 8 0 HaiiAeHbi ycrro

BHH ,Il;JIH 6biCTporo HenpepbiBHOrO Bbi,Il;eJieHHH 



2 

o~~------~2~5--------~30~---

<E·R>1~ MaB·MkM V3 

PHc. 15. 3aanCHMOCT& o6pan108 senn'IHHbi nopo· 

rOBOH H8Dpll)l(eHH0CTH 3neKTpH'IecKoro DOJIH OT 

DpOH3Be,lleHHR 3HeprHH H8 npo6er '18CTH~I .llJlH .llBYX 

,lleTeKTOpOB 

KOpOTKO)KHBYI..UHX H30TOfiOB Hf, 
wero XHMHllecKoro aHanora Ku. Pa6oTa nposo

AHTCH Ha nyliKe UHKJ'IOTpOHa Y -400 Ha ycTaHOB

Ke Xl1llT11. llpo.nyKThr H.D.epHhiX peaKnHH:, Bhr-

6HTbre H3 06JiyllaeMOH MHWeHH, HenpepbiBHO 

TpaHCnOpTHpyiOTCH C fiOMOI..QbiO a3p030JibHOH 

CTpyH (Ar + NaCl) 3a BpeMH 5 c K annapaTy

pe Ha paCCTOHHHe HeCKOJibKO MeTpOB 3a 6HO

JIOrHllecKyiO 3aJ.UHTY. 3.necb npo.nyKThi pacr

sopHIOTCH B paCTBOpe, CO,D,ep:>Kai..QeM KOMn

JieKC006pa30BaTeJIH, KOTOpbiH 3aTeM no,D,aeTCH 
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JIABOPATOPIUI 
HERTPOHHOA ~H3MKH 

B 1988 r. peaKTOpbi MBP-2 H MBP-30 
B COOTBeTCTBHH C nJiaHOM OTpa6oTaJIH AJI.fl 
npoBe)].eHH.R Q>H3HQeCKHX 3KCnepHMeHTOB 10 
~HKJIOB, T.e. OKOJIO 2500 qacoB (MBP-2 -
Ha MOmHOCTH 2 MBT, MBP-30 - B 6ycTepHoM 
pe)KHMe, Ha MOmHOCTH 10 KBT). Ha peaKTope 
MBP-2 npoBO.D.HJIHCb accne.n.oBaHH.R B ocHoB
HOM no Q>H3HKe KOH)J.eHCHpOBaHHbiX cpe)]., 
Ha 6ycrepe MBP-30 - no Q>H3HKe aTOMHo
ro.R.n.pa. 

B o6nacra Q>H3HKH KOH.D.eHcHpoBaHHhiX 
cpe.n. ycHJIH.R KOJIJieKnma Jia6opaTopHH 6biJIH 
cocpe.n.oToQeHbi rJiaBHbiM o6pa3oM Ha accne
.D.OBaHHH Q>yH.D.aMeHTaJibHbiX npo6JieM BbiCOKO
TeMnepaTypHOH CBepxnpoBO.D.HMOCTH. IIonyqeH 
P.fi.D. HOBhiX .D.aHHbiX o cTpyKType, .D.HHaMHKe 
H 3JieKTpOMarHHTHbiX CBOHCTBax HOBbiX CBepx
npoBO)J.HHKOB. Pa3BHTa TeopH.R cTeKJiono.n.o6-• 
Horo HX noBe.n.eHH.R, npe,zmo:>KeHo Mo.n.enhHoe 
OnHCaHHe 3Q>Q>eKTOB CTpyKTypHOH HeyCTOH
QHBOCTH. IIonyqeHLI HOBbie pe3yJ1bTaTbi H 
B .n.pyrax pa3.n.enax Q>H3HKH KoH.D.eHcapo
BaHHhiX Cpe)]., TaKHX KaK Q>H3HKa MeTaJIJIH
qeCKHX CTeKOJI, MarHeTH3Ma, )l(ll)l;KHX 
KpHCTaJIJIOB, )l(ll)l;KHX paCTBOpOB, a TaK:>Ke 
B cTpyKTypHbiX accne.n.oBaHH.RX 6aonornqec-
KHX MeM6paH. . 

B o6nacm Q>H3HKH aToMHoro .R.n.pa ocHoB
Hhie ycWIH.R 6biJIH cocpe)].OTOQeHbi Ha H3Y
qeHHH B3aHMO)].eHCTBH.fl HeHTpOHOB C .fi)J.pa
MH H CBOHCTB B036Y:>K)J,eHHhiX COCTO.fiHHH 
.fi)J.ep. 06Hapy:>KeH H HCCJie)].OBaH a-pacnan 
HOBbiX KOMnaYH.D.-.R.D.ep, nonyqeHbi HOBbie .D.aH
Hbie o cneKTpax 1-pacna.n.a KOMnayH.D.-cocTo.R
HHii, 0 Q>parMeHT~H 3ap.fi)J.a H MaCChi 
OCKOJIKOB )].eJieHH.R .fl)].ep pe30HaHCHbiMH HeHT
pOHaMH. 

B o6nacTH npHKJia)J.HbiX accne.n.oBaHHii 
pa6oTLI BeJIHcb no .D.BYM HanpasneHH.RM: 
C03)].aHHe H HCnOJ1b30BaHHe KBaHTOBbiX HH
TepQ>epOMeTpOB H pa3BHTHe MeTO)].OB 3JieMeHT
HOrO aHaJIH3a. Co3.D.aH CKBH.D., pa6oTruo~:H 

npH a30THOH TeMnepaType H HMeiO~H pe-

KOP.D.HLie xapaKTepacTHKH .D.JI.fl BhiCOKOTeMne
paTypHbiX CKBH)J.OB. 

P.R.D. HOBhix pe3ymTaToB nonyqeH B o6-
nacTH MeTo.D.HQecKHX pa3pa6oToK. BecbMa 
nepcneKTHBHOH .fiBJI.fleTC.fl pa3pa60TaHHa.fl Me
.TO)J.HKa nonyqeHH.R HeiiTpoHorpaMM B TeQeHHe 
o.D.Horo HMnynbca peaKTopa MBP-2. Pacum
p.RIOT 3KCnepHMeHTaJibHbie B03MO:>KHOCTH 
ycTaHOBKa BhiCoKoro .n.asneHH.R .D.JI.R o6pa3~oB, 
H3yqaeMhiX Ha cneKTpoMeTpe K,D;COr-M, .n.e
TeKTop MHO:>KecTBeHHOCTH 'Y-KBaHTOB pacna.n.a 
HeHTpOHHbiX pe30HaHCOB, yCTaHOBJieHHbiH Ha 
500-MeTpoBo:H nponerno:H 6a3e 6ycrepa 
MBP-30, HoHH3~HoHHa.R KaMepa c .D.BYM.R 
CeTKaMH, n03BOJI.fiiOma.R pa3)].eJI.fiTb QaCTH~I 

pa3Horo 3ap.R.D.a H nyqwe .D.HCKj:>HMHHHpo
BaTb Q>oH. 

IlpO)].OJI:>Ka.JIOCb COBepweHCTBOBaHHe anHa
paTypbl H3MepHTeJibHO-BbiQHCJIHTeJibHOrO ~eH

Tpa (MBU ) JIHC%>. Co3.D.aBaJIHCb HOBbie 3Kcne
paMeHTaJibHbie yCTaHOBKH H MO.D.epHH3HpoBa
JIHCb .n.e:HcTByiO~e. Ha peaKTope MBP-2 
npoBe.D.eHbi 3KcnepaMeHTbi no accne.n.oBa
HHIO napaMeTpoB aKTHBHo:H 30Hhi. CoBMecT
HO c H l1113Cl>A (JleHHHrpa.n.) npoBO.D.HJiacb 
HaJia.D.Ka nepBoro yqacTKa ycKopHTeJI.fl 
JIMY-30. 

Ycnew Ho . pa3BHBaJIOCb Me:>K.D.YHapo.n.Hoe 
COTpy.D.HHQeCTBO C HHCTHTyTaMH CTpaH-yqacT
H~ OIDIM. B 1988 r. B Jia6opaTopim pa6o
TaJIH 90 COTPY.D.HHKOB H3 CTpaH-YQaCTHH~ 

(KpoMe CCCP) , noceTHJIH JIHC%> 183 cne-
~HaJIHCTa. 82 COTPY.D.HHKa Jia6opaTopHH Bbl
e3:>KaJIH B HayQHbie ~eHTpbi CTp8,H -yqacTH~ 
(KpoMe CCCP). IIpoBe.n.eHhi 3KcnepHMeHTbi 
no HCCJie)].OBaHHIO CBOHCTB T.fl)l(eJibiX Q>epMHO
HOB B ~epHeBbiX COe)J.HHeHH.RX H Q>a30BbiX 
nepeXO.D.OB B cynepHOHHbiX KpHCTaJIJiax Ha 
HeiiTpoHHoM HCTOQHHKe Pe3epQ>op.n.oBCKo:H 
yCKOpHTeJibHOH Jia6opaTOpHH (.AHrJIH.R). 
CoTPY.D.HHKH JIHC%> npe.n.cTasHJIH 21 .n.oK
na.n. Ha KpyllHbiX Me:>K)J.yHapO)J.HbiX KOHQ>e
peH~. 
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HAYqHO-HCCJIE,[(OBATEJihCKME P AB<Yrhl 

<l>H3HKA H,[(P A 

1. IIpo,IJ,OJI)f(llJIHCb Hccne,IJ,OBa.HHH 3 !}>!}>eKTOB 

HeCoXpa.HeHHH npocTpa.HCTBeHHOH lleTHOCTH 

(Hllq) BO B3aHMO,IJ,eHCTBHH pe30 Ha.HCHbiX 

HeH:TpoHoB c TH:>KeJibiMH .fi,IJ,paMH. B L IJIH npo

ae,IJ,eHbi HOBbie H3MepeHHH 3!}>!}>eKTOB Hrn 
B nponyCKa.HHH npO,IJ,OJibHO-nOJI.flpH3 0Ba.HHbiX 

HempoHoB t~epe3 o6pa3Ubi 2 3 2 Th 11 1 H 
2 3 9 Pu 12 1 

• .[(JIH p-pe3oHa.Hca TOPH.fl n p H 8,3 3B 

noJiyt~eHa BeJIHliHHa aCHMMeTpHH p = (1,8 ± 
± 0,9) ·10- 2 , ,IJ,JI.fl ,IJ,pyroro pe3oHa.Hca 13,1 3B 

BeJIHliHHa aCHMMeTpHH He BbiXO,IJ,HT 3 a npe,IJ,eJibl 

O,IJ,HOH cTaTHCTHt~ecKoH: onm6KH. ,[(JIH 2 3 9 Pu 

B HHTepaane 1,1 + 6,5 38 3HatJHMa.fl BeJIHliH

Ha aCHMMeTpHH npo,IJ,OJibHO-nOJI.flpH3 0Ba.HHbiX 

HeHTpoHOB He yCTa.HOBJieHa. 3TH p e3yJibTaThl 

AJI.fl 2 3 2 Th H 2 3 9 Pu cpaaHHBaJOTC.fl c H3BeCTHhi

MH ,IJ,a.HHbiMH B TenJIOBOH TOtJKe. 

Mexa.HH3M HapyrneHH.fl npocTpa.HCTBeHHoH: 

tJeTHOCTH B peaKUHHX C HeHTpOHaMH HCCJie,IJ,O

Ba.H B pa6oTe13 1, r,IJ,e ppoae,IJ,eHo c paaHeHHe 

!}>eHOMeHOJIOrHtJeCKHX 3HatJeHHH M aTpHliHbiX 

3JieMeHTOB Hapyrnruoi.Uero t~eTHOCTb cna6oro 

HeHTpOH·.fi,IJ,epHoro B3aHMO,IJ,eHCTBHH, nonyt~eH

HhiX H3 a.HaJIH3a 3KCnepHMeHTOB HHTerpaJib

HOrO H ,IJ,H!}>!}>epeHQHaJibHOrO THna, H nO,IJ,

TBep)K,IJ,eH BhiBOA o ,IJ,OMHHHpoBa.HHH P-Het~eT

Horo CMeiiiHBa.HHH Ha CTa,IJ,HH KOMnayH,IJ,

.fi,IJ,pa no cpaaHeHmo c aaneHTHhiM Mexa

HH3MOM. 

2. IIpo,IJ,OJI:>KeHLI pa6oTLI no CHCTeMaTHt~ec

KOMY H3yt~eHH10 oco6eHHocTeH: KaCKa,IJ,Horo -r
pacna,IJ,a KOMnayH,IJ,-COCTO.fiHHH ,IJ,e!}>opMHpOBa.H

HhiX .fi,IJ,ep. ConocTaaJieHHe cxeM pacna,IJ,a 
144Nd, 163,16sDy, 16aEr, 11sYb, 177,179Hf 

H 1 a 3 W c pe3yJILTaTaMH nocne,IJ,HHX cneKTpo

CKOnHt~ecKHx HCCJie,IJ,OBa.HHH n03BOJIHJIO Bbl.fi

BHTb14 I KaK He,IJ,OCTaTKH, TaK H npeHMyi.UeCT

Ba MeTo,IJ,HKH ABYXKBa.HTOBhiX KaCKa,IJ,OB. IIo

Ka3a.Ho, liTO H3ylleHHe peaKQHH (n, 2-y) .fiBJI.fleT

C.fl He3aBHCHMbiM, 3!}>!}>eKTHBHbiM H HH!}>OpMa

THBHbiM cnoco6oM yCTa.HOBJieHH.fl cxeMLI pac

na,IJ,a cocTaaHoro .fi,IJ,pa ,IJ,O 3HeprHH ao36y:>K,~J,e

HHH 4 M3B H Bhiiiie. 

• 

MOHT8)1( nepuou oqepe,au ycraHOBKH IIOJUIHA AJIR 3KcnepHMeHTOB c noJIRpmoBaHHbiMH RAPBMH aa nyqKe 
HeHTpOHOB 
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Puc.l . OrHoweHne 3Kcne
pHMeHTanLHOH HHTeHCHB· 
HOCTH K pacqeTHOH KaK 
<}>YJIKQWI OTHOWeHHJI 
r~j:(f'~> AJIR qeTHO·HeqeT-
HbiX Ae<}>OpMHpOBaHHbiX 

HAep Rn 

1.5 

1.0 

0 

M W-183 

'(l' DY -163 

2 

PaccMoTpeHa B03MO)KHOCTb ycTaHoaneHH.H 
nop.R,D,Ka cne,noBaHH.H KBaHTOB B KaCKa,nax, 
Kor.na 3HeprH.H o,nHoro H3 nepexo.noa ne~HT 
B o6nacTH 1 + 1,5 M3B 15 1

• 

H3 aHanH3a ycpe,nHeHHbiX napaMeTpoa 
KacKa,nHoro pacna.na noKa3aHO, liTO <PopMa 
pacnpe,D;eneHH.H HHTeHCHBHOCTeH ,nByXKBaH
TOBbiX KaCKa,nOB B lleTHO-HelleTHbiX COCTaBHbiX 
.H,npax onpe,nen.HeTC.H aenHliHHOH npHBe,neHHOH 
HeHTpOHHOH IllHpHHbl r~ pe30HaHca, OTBeT
CTBeHHoro 3a cet~eHHe 3axBaTa TennoBhiX 
HeH:TpoHoa 16 1• Ha pHc.1 npe,ncTaaneHa 3a
BHCHMOCTb 

(r.ne ~ 1;;op. nonyt~eHbi B paMKax CTaTHCTH
qecKOH TeopHH 1-pacna,na) B $yHKI.\HH OTHO
WeHH.H npHBe,neHHOH HeHTpOHHOH IllHpHHbl 
r~ KOMJiayH,n-COCTO.HHH.H K ee Cpe,nHeMy 
3Hat~eHmo ,nn.H H3yt~eHHbiX .H,nep. C 3KcnepH
MeHTanbHbiMH TOliKaMli COJIOCTaBn.HeTC.H 3a
BHCHMOCTb, nonyt~eHHa.H B npe,nnono~eHHH 

KOppen.Hl.\HH r~ C llaCTblO napl.\HanbHbiX IllHpHH 
rAg nepBHliHbiX nepexo,noB. 

CBH3aHHoe c TaKOH Koppen.Hl.\HeH npeBbi
weHHe HHTeHCHBHOCTH KaCKa,nOB Ha6niO,naeT
C.H npH anonHe onpe.neneHHbiX 3HalleHHHX 

YB-175 
ER-167 

4 
r:;<r~> 

npoMe~TOliHbiX ypoaHeH KacKa,na, coana
,naiOmHx B npe,nenax norpernHOCTH Mo,nenb
Horo paclleTa C MaKCHMYMaMH CHnbl $parMeH
THpOBaHHbiX cocTO.HHHH noTeHI.\Hana CaKOOHa
By,nca 1 7 1• 3To roaopHT o TOM, liTO o6Hapy
~eHHOe ycHneHHe .nBYXKBaHTOBbiX KaCKa,nOB 
o6ycnoaneHo BKna,noM o,nHotJaCTHliHbiX 'Y-nepe
xo.noa Me~y 4s- H 3p-o6onoliKaMH. 

3. BnepBbie o6Hapy~eH a-pacna.n HeH:TpoH
HbiX pe3oHaHCOB 9 1 Zr H H3MepeHhi a-rnHpHHbi 
pe3oHaHCOB npH Eo = 2,474, 1,531, 0,449 K3B: 
(165 ± 46), (12 ± 7) H (31 ± 10) MK3B 

COOTBeTCTBeHHo 15 1• 06Hapy~eHa . peaKI.\H.H 
1 8 7 Os( n , a) 1 8 4 W H nonyt~eHa Ol.\eHKa cpe,nHeH: 
a-IllHpHHbl (4,4 ± 2,6) M3B 19 1• 

CoBMeCTHo c 11HCTHTyTOM .H,nepHbiX Hccne
.noBaHHH AH YCCP BhmonHeHhi Hccne,noBaHH.H 
peaKI.\HH 12 3 Te (n, a) Ha <l>HnbTpoBaHHOM nyt~
Ke HeHTpOHOB npH 3HeprH.HX 2 K3B 1101 

H 24,5 K3B 111 1 H nonyt~eHbi 3HalleHHH ceqe
HHH ana = (1,4 ± 1,3) MK6 H (2,8 ± 0,8) MK6 
coomeTcmeHHo. 

4. 11H$opMal.\H.H 0 MrHOBeHHOH 3MHCCHH 
'Y-KBaHTOB H3 OCKOnKOB ,neneHH.H 6bina HCJIOnb-
30BaHa ,nn.H aHanH3a <l>parMeHT~H 3ap.R,D,a 
H Macchi B npol.\ecce .neneHH.H 2 3 5 U pe3o
HaHCHbiMH HeHTpOHaMH /I 2 1• 
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C HCnORb30BaHHeM TaKHX napaMeTpOB 

OCKORKOB, KaK aepo.RTHbiH 3ap.R,tl; Z
8 3 

H He

HCKIDKeHHbiH 3ap.a,r.t; Z
83

, 6&mH H3yt~eHhi 

pacnpe,r.t;eneHH.R BbiXO,r.t;a MI'HOBeHHbiX 'Y-KBaH

TOB ,r.t;n.R nei'KHX H T.R)KenbiX OCKORKOB B 3a

BHCHMOCTH oT ~z = Z
83

- Z
83

. 3aaHcH MocTH 

BhiXO,r.t;a 'Y-KBaHTOB oT ~ Z o6pa3yiOT TPH rpyn

n&I ,r.t;n.R pa3HbiX lleTHOCTeH aTOMHOI'O HOMepa 

H MaCChi OCKORKOB, KOTOpbie XOpOWO OnHCbi

BaiOTC.R rayCCOBCKHMH pacnpe,r.t;eneHH.RM H, liTO 

,r.t;eMOHCTpHpyeT pHc.2. 

B&mH nonylleHhi TaK)Ke :meMeHTHbie pac

npe,r.t;eneHH.R T.R)KeJibiX H nei'KHX OCK ORKOB 

H Ha6niO,r.t;eHbl B HHX lleTHO-HelleTHbie 3$ $eKTbl 

(37 ,1 ± 3,4)% H (34,2 ± 1,9)% COOTBeT

CTBeHHO. 

,llaHH&Ie no H3o6apHllecKHM pacnp e,r.t;ene

HH.RM H lleTHO-HelleTHbiM 3$$eKTaM n 0 3BORH

nH OQeHHTb ,r.t;HHaMHlleCKHe 3$$eKTbl ,r.t;ene

HH.R 11 3 1• Bo3HHKHoaeHHe lleTHO-HelleTHoro 

3$$eKTa MO)KHO 06'b.RCHHTb npe,r.t;nORO)KeHHeM, 

liTO pa3pbiB nap npoHcxo,r.t;HT Ha caMoH: n ocne,r.t;

HeH: npe,r.t;paBHOBecHOH CTa,r.t;HH, KOI',r.t;a 3H epi'H.R 

B036y)K,Zl;eHH.R KOMnayH,r.t;-.R,tl;pa 2 3 6 U COCTaB

n.ReT (5,9 ± 1,5) M3B. Ilonyt~eHhi o QeHKH 

3HeprHH ,r.t;HccHnaQHH E018 = (5,0 ± 1,5 ) M3B 

H . 3HeprHH ,r.t;eQ>opMaQHH EDEF = 13,6 + 
+ 16,6 M3B. 

Pa3pa6oTaHa Mo,r.t;en&, o6'be,r.t;HH.Rrow;a.a KOH

QenQHIO KaHanoa ,r.t;eneHH.R A .Bopa H a x o,r.t;HhiX 

KaHanOB ,r.t;eJieHH.R 11 4 
I , KOTOpa.R n03B OnHna 

y,r.t;OBneTBOpHTeJibHO OnHCaTb BCIO COB OKyn-

v 1 x 10-21 gel\. s· 
+ 

as! H~ I 
' 

HOCTb 3KCnepHMeHTanbHbiX ,r.t;aHHbiX no Q>nyK· 

TyaQH.RM ,r.t;enHTeJibHbiX xapaKTepHCTHK B HeHT

pOHHbiX pe30HaHcax 2 3 5 U. 

5. 3aaepweH aHanH3 6onbWOH COBOKyn

HOCTH ,r.t;aHHbiX 0 S- H p-aonHOBbiX HeHTpOH

HbiX CHROBbiX Q>yHKQH.RX H pa,r.t;eycax pac

ce.RHH.R, nonyt~eHH&Ix H3 ,r.t;aHHhiX o ,r.t;H$

Q>epeHQHan&HbiX celleHH.RX ynpyroro pac

ce.RHH.R HeHTPOHOB C 3HeprHeH 1 + 400 K3B, 

H npoae,r.t;eHo HX cpaaHeHHe c pa3nHliHhiMH 

BapHaHTaMH OnTHKO·MO,r.t;en&HbiX pac

lleTOB11 51 • 

6. B paMKax I'H6pH,r.t;HOH MO,r.t;eJIH KH

panbHOI'O MelllKa (CBM) BbinOnHeHbl Teo

peTHlleCKHe HCCne,r.t;OBaHH.R CRO)KHOH CHCTe

Mbl HyKnoHa B .a,r.t;epHoM aew;ecTae B 3aBH

CHMOCTH OT ero nnOTHOCTH p H TeMnepa

Typbl T 11 6 1
• Cyw;ecTBeHHyro pon& HrpaeT 

B3aHMO,r.t;eHCTBHe 3anepTbiX B MeWKe KBap

KOB C nHOHHbiM noneM Ha rpaHHQe MeWKa. 

,llna .R,tJ;epHoro aew;ecma o6&IliHOH nnorno

CTH MO)KHO BblliHCRHTb H3MeHeHHe HYKnOHa 

H HHbiX ero xapaKTepHCTHK: Mai'HHTHOI'O 

MOMeHTa, non.RpH3yeMOCTH H T.n. lJpHMe

HeHHe MO,r.t;eJIH KHpanbHbiX MeWKOB nb3BO· 

n.aeT Hccne,r.t;oaaTh, ,r.t;o KaKHX npe,r.t;enoa no 

p H T, ,r.t;OCTH)KHMbiX a $H3HKe BhiCOKHX 

3HeprHH:, .a,r.t;epHoe aew;ecmo MO)KeT co

CTO.RT& RHWb H3 TpeXKBapKOBbiX MeWKOB· 

HYKnOHOB. 

1 

0.5 

1 -2 
V x10 /gel\. 

t 

Lf-H 

Puc.2. lbo6apH11eCKoe pac· 

nptmeneuue B&Jxop;a 'Y· 
KB811TOB y'Y B 38BHCHMOCTH 

OT OTKnOHeHHR 3ap~ma OC· 

KonKoB ~z. rp;e 11 u H 
0003Ha'laJOT 'leTHOe H He

'leTHoe 'IHCnO npOTOHOB H 

HyKnOHOB B OCKOnKe COOT· 

BeTCTBeHHO 

I I I I I 

-0.8 -0.4 0 0.4 0.8 :.o.a -0.4 0 0.4 0.8 

AZ(Aj) A Z (A j) 
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ci>I1311KA KOH,D;EHCHPOBAHHhiX CPE.ZJ; 

1. CoaMeCTao c coTPYAHHKaMH Jia6opa
TopHH TeopeTH11ecKoH: <I>H3HKH pa3BHTO Mo
Aen&Hoe OnHCaHHe CBepxnpOBOAHMOCTH B 
BbiCOKOTeMnepaTypHbiX CBepxnpoBOAHHKax 
(BTCII) Ha OCHOBe nonHpHOH MOAenH Me
Tanna 11 7 '· IIpeAno:>KeH MeXaHH3M BhiCoKoTeM
nepaTYpHoH: CBepxnpoBOAHMOCTH, B OCHOBe 
KOToporo ne:>KHT CTPYKTYPHaH aeycTOH11HBOCTh 
HOBhiX caepxnpoBoAHHKOB 11 8 1• Pa3aHTa MH
KpoCKODH11ecKaH TeopHH CTPYKTYPHoro <J>a3o
aoro nepeXOAa H CBH3aHHbiX C HHM aKyCTH-
11eCKHX aHOMMHH B KynpaTe naHTaHa 11 9 

I. 

IIpeAno:>KeHo MOAeni>Hoe onHCaHHe CTeKno
noAo6aoro noaeAeHHH BhiCOKOTeMnepaTypHbiX 
CBepxnpOBOAHHKOB 12 0 1• fionyqeao HOBOe OnH
CaHHe <J>a30BOH AHarpaMMbl B nepeMeHHbiX 
TeMnepaTypa - aaeniHee MarHHTHoe none, 
nOKa3aHa CBH3b AOnroapeMeHHOH penaKCanHH 
C He3prOAH11HOCTblO CHCTeMbl. Ha OCHOBe 
nonylleHHbiX TeOpeTH11ecKHX npeACKa3aHHH 
npeAno:>Keaa nporpaMMa 3KcnepHMeHTani>HbiX 
HCCneAOBaHHH 3neKTpOMarHHTHbiX CBOHCTB HO
BbiX CBepxnpOBOAHHKOB MeTOAaMH nonHpH30-
BaHHbiX HeHTpOHOB, penaKCanHH CnHHa MlOOHa 
H MarHHTOMeTpHH C nOMOII.U>lO CKBHAa. 

2. Ha AH<I>Pa,KTOMeTpe .ZJ;H-2 6binH Bhmon-
• aeHhl AeTMbHhie HccneAOBaHHH CTPYKTYPhi 

Pnc.3. An$paJ<LllfOHH&Iii 
cneKTp OT o6p83Ua 
YBa 2cu 3 06_ OS npH 28 = 

•10
3 

BTCII THna YBa2Cu3 o 7_l) 12 1 
'
2 2 1• IloKa3aHO, 

uo TaKoH: KpHTH11ecKHH: AnH BTCII napaMeTp, 
KaK COAep:>KaHHe KHCnopoAa HenocpeACTBeHHO 
a perneTKe, yAaeTcH H3MepHTh c T011HOCTbJO 
0,5%. fiOATBep)I(AeHO HanH11He aHTH<J>eppoMar
HHTHOrO ynop.R,ZJ;OlleHHH HOHOB MeAH B o6pa3-

~ax c 
(pHc.3). 

HH3KHM COAep:>KaHHeM KHCnopoAa 
B xoAe HccneAOBaHHH o6pa3~0B 

C 11aCTH11HbiM 3aMellleHHeM MeAH Ha :>Kene30 
anepahie o6aapy:>Keaa Koppena~ Me:>KAy 
TeMnepaTypoH: nepexoAa B caepxnpoBOAHillee 
COCTOHHHe H aepOHTHOCTblO HaxO:>KAeHHH :>Ke
ne3a B no3H~ Cu2 , uo noAmep:>KAaeT Ba:>K
ayro ponh nnocKOCTeH: Cu02 B <J>opMHpOBaHHH 
CBepxnpOBOAHillHX CBOHCTB 3TOro COeAHHeHHH. 
He o6aapy:>KeHo npH3HaKoB caepXCTPYJCTYPhi 
)3 MOHOKpHCTannax HTTpHeBbiX H raAOnHHHe
BbiX CBepxnpoBOAHHKOB. 

3. Ha cneKTpoMeTpe K.n;cor -M MeToAoM 
aeynpyroro pacceHHHH aeH:TpoHOB npoBeAeHhi 
HCCneAOBaHHH ABYX ceMeH:cm BTCII-MaTepHa
noa - naHTaHOBbiX H HTTpHeBbiX KepaMHK -

La2_xSrx Cu04-y H YBa2Cu30x 123
-

251
• 

IlpeHMYillecma cneKTpoMeTpa K.n;cor-M co
CTOHT B B03MO:>KHOCTH OAHOBpeMeHHOrO H3Me
peHHH AH<J>pa~HH HeHTpOHOB H Heynpyroro 
pacceHHHH, npH11eM aeynpyroe pacceHHHe H3-
MepHeTCH CO c6pOCOM 3HeprHH, liTO n03BO
nHeT HCCneAOBaTb AHHaMHKY peUieTKH npH 

= 40 o • Ha6mo.c;aeTcH qeT

Knii DHK npH d = 4,93 A, 
KOTOpbiH HHTepnpeTHpyeT· 
CJI K&K (1/2 1/2 1) MarHHT· 
H&IH pe$neKc oT AF-crpyK- · 
Typ&I 

YBa 2 Cu 3 o6.08 29 = 40* T = 293K 

30 0 N 

~ ~M$ $ N 
0 

010 'N ::,..N 0 ... 
0 ... c .... 0 0 

I I( 
.... 0 

I 

20 2000 

1600 •• •\ ... ,. . . , ........ _. ... 
1200 

10 

2 3 4 5 6 11 12 d .A 
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PHc.4. CneKTpbi Heynpyroro pacceHHHH Heii:TpOHOB 
Ha La2Cu04 : 1-T= 10 K , 2- T = 77 K, 3 - T= 290K. 
llo BepTHKaJibHOH OCH HHTeHCHBHOCTb, € - nepe~aHHIUI 
3HeprHH, M3B 

HH3KHX TeMnepaTypax. Ha pHc.4 noKa3aH 
cneKTP Heynpyroro pacceHHHR HeHTpoHoB 
Ha La2Cu04 .nna TeMnepaTyp 10 , 77 H 
290 K. BnepBbie o,D;H03HatJHo ycTaHOBJie
HO HaJI~He B cneKTpax JlaHTaHOBbiX 
KepaMHK JIHHHH oKono 6 M3B npH T = 

= 77 H 10 K. 
CneKTpbi Heynpyroro pacceHHHR H .nH$paK

wm ,ll;JIH coe.n;HHE!IIHH YBaCu30x 6biJIH HCCJie
,ll;OBaHbl ,ll;JIH co,n;ep)KaHHR KHCJiopo,n;a x = 

= 6,95; 6,45 H 6,15 npH TeMnepi\Typax 290,. 
80 H 10 K. llonytJeHbi o6o6~eHHbie c:l>YHK
wm nJIOCKOCTH $OHOHHbiX COCTOHHHH, KO
TOpbie cy~ecTBeHHO MeHHIOTCH B WHpOKOM 
,D;Hana3oHe 3HeprHH: (10 + 90 M3B) c po
CTOM .n;e$HI.\HTa KHCJIOpo,n;a (pHC.5) • Ha CBepx
npOBO,ll;H~ o6pa31.\ax (x = 6,95 H 6,45) 
npH llOHIDKeHHH TeMnepaTypbi Ha6mo,n;aeTCH 
aHOMaJibHbiH poeT nJIOTHOCTH COCTOHHHH B 
,D;Hana30He OT 15 ,ll;O 40 M3B. ,llaHHbiH 3$
$eKT OTCyTCTByeT B HecBepxnpOBO,D;H~eM 

o6pa31.\e (x = 6,15). 
KaK noKa3biBaiOT MO,D;eJibHbie pactJeTbi 12 6 1, 

Ha6mo,n;aeMbie aHOMaJIHH B $yHKIUIH pacnpe
,n;eneHHR $oHOHOB xopowo cornacyiOTCH c aH
rapMoHHtJecKoH: MO,D;eJibiO BTCTI 11 8 1• 

84 

4. I'ny6HHa npoHHKHOBeHHR MarHHTHOrO 
nona A B BTCTI HBJIHeTCH B8)1(HbiM napaMeT
poM MH noHHMaHHR csoH:cTB 3THX MaTepHa
nos, lloHBHBWHecH B nocne,D;Hee speMH npoTH
sopetJHBbie 3KcnepHMeHTaJibHbie ,D;aHHbie 3a
CTaBJIHIOT HCKaTb HOBbie llO,ll;XO,ll;bl. B JIHCl> 6biJI 
npe,ll;Jlo)f(eH 3KcnepHMeHT12 7 1 no onpe,n;eneHHIO 
A c noMo~IO oTpa)f(eHHR nonapH30BaHHbiX 
HeHTpoHOB OT TOHKOH nneHKH, HanbiJIHeMOH 
Ha MOHOKpHCTaJIJIHtJeCKyiO llO,ll;JIO)f(Ky. 3Kcne
pHMeHT 6bm BbinOJIHeH npH T = 5,2 K c nneH
KoH: H3 YBa2 Cu3 0 7 TO~HoH: 2000 A, Hallbi
neHHoH: Ha nosepXHOCTb { 1,0,0 I MOHOKpHCTaJI
na SrTi03 B,ll;OJib OCH C 12 81 • no 3epKaJibHOMy 
OTpa)f(eHHIO llOJIHpH30BaHHbiX TenJIOBbiX HeHT
pOHOB nonytJeHo cne,n;yw~ee 3HatJeHHe: A= 
= (97o:~gg) A. 

5. C noMo~IO Manoyrnosoro pacceaHHR 
HeHTpOHOB B WHpOKOM CeKTope ,D;HarpaMMbl 
"KOH[\eHTpa[\HR - TeMnepaTypa" BbinOJIHeH 
1.\HKJI HCCJie,D;OBaHHH CBOHCTB MH[\eJIJIHpHbiX 
pacTBopos .no.nei.\HJICYJib$aTa HaTpHR 12 9 1• 

B YKa3aHHbiX pacTBopax o6Hap~eHa HeH3-
BecTHaH paHee 3aKOHOMepHOCTb, CBH3b1BaiO~ 
arperaTHoe tJHCJIO n c .KOHI.\eHTpa[\HeH cyp
$aKTaHTa C, a HMeHHO n ~ C1 14 • flpe,ll;JIO)f(e
HO MO,ll;eJibHOe OnHCaHHe KaK 3TOH 3aKOHOMep
HOCTH, TaK H Ha6JIIO,n;aeMOH 3aBHCHMOCTH 
arpera[\HOHHoro tJHCJia oT TeMnepaTypbi 
pacTBopa. 

Pec.5. 06o6IQeHHIUI ci>YHKQHJI cl>oHOHHbiX COCTOHHHH 
G(e) ~JIH YBa2cu30x npe T = 80 K (nyeKTHp) 
H T = 290 K (TOQKH) ~ X= 6,95; 6,45 H 6,15. 
e - nep~aHHIUI 3HeprHH, MSB 
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Puc.6. Ceo~eaue Manoyrno
soro paccemum HeihpoHOB 
B 3&BHCHMOCTH OT o6pa3• 
QOB crmasa Ti41zr41Si1s: 
6biCTp03aKBneHHbiH ( •) H 
OTO:>IOKeHHbiH npH 250° C 
B Te'leHHe 1 qaca (x) 
H 24 'I&COB (o) 

• • 
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• 

-1 • 
10 r- -
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6. MeTo,n;oM Manoyrnosoro pacce.RHH.R 
He:iiTpoHOB HCCJie,D;OBaHbl aMop<}>Hbie 6biCT
po3aKaJieHHble crmashi Ti-Zr-Si H 
Ti-Zr-Ge 13 0 1• B 3THX MeTannHqecKHX cTeK

nax Ha6JIIO,ll;aJIHCb HOOAHOpo,D;HOCTH, penaK
CHPYIOmHe B "HAeanLHoe" CTeKJio npH HH3Ko
TeMnepaTypHoM onKHre. Ha pHc.6 noKa3aHo 
ceqeHHe MaJioyrnosoro pacce.RHH.R B 3aBHCH
MOCTH oT o6pa3UOB crmasa Ti41 Zr41 Si18 . 

06Hapy)KeHHe yKa3aHHoro .RBJieHH.R cyw;ecT

aeHHo AJI.R o6'b.RCHeHH.R uenoro p.RAa cso:HcTB 
HOBbiX HCCJie,D;OBaHHbiX MaTepHaJIOB H, BMeCTe 
c TeM, yKa3biBaeT Ha cyw;ecTBOBaHHe KpynHo
MacwTa6HbiX ( -100 A) MeTacrn6HJILHbiX 
aTOMHbiX CTpyKTyp, 6onee HepaBHOBecHbiX, 
qeM o6biQHOe aMOp$Hoe coCTo.RHHe. PenaKca

UH.R HOO,D;HOpo,D;HOCTeH conpoBO)K,ll;aeTC.R aHO
MaJibHOH 3aBHCHMOCTbiO MHKpOTBep,D;OCTH CllJia
Ba OT TeMnepaTypbi, Ha6nw,n;aeMhie He:HTpoHHo
OnTHQecKHe HOOAHOPOAHOCTH He y,n;aeTC.R CB.R-
3aTb c Heo,D;HopoAHOCTbiO XHMHQecKoro coCTa
aa HJIH HOOAHOPOAHOCTbiO IlJIOTHOCTH ynaKOB
KH aTOMOB B CTeKJie. 

7. MeTo,n;oM AH<l>PaKUHH He:HTpoHoB H3y
qanocL BJIH.RHHe ,ll;H3CTepa reKCHJI<}>oc<}>OHOBOH 
KHcnoThl PAB6 (C6 H 11 P (0) (OC4 H 9 ) 2 ) Ha 

CTPYKTYPY MeM6paH H3 o6w;e:H JIHnHAHOH 
<}>paKUHH .RHQHoro )KeJITKa PL (MOAeJihHoe 
coomoweHHe PL + PAB6 = 2:1)1311 • YcTaHOB-

0 0 
0 

0 

0,005 0,01 

neHo o,D;HospeMeHHoe cyw;ecTBOBaHHe ,n;syx 

<}>a3 C cyw;ecTBeHHO OTJIHQa!Ow;HMHC.R no
CTO.RHHbiMH peWeTKH npH OTHOCHTeJibHbiX 
BJia)KHOCT.RX IJI = 15% H 60% (T = 22° G). 
llpH ljl = 97% Ha6JIIO,n;aJiaCb TOJibKO O,I!Uia 
(La) <}>a3a C d = 48,1 HM. C HCllOJib30BaHHeM 

,n;e:HTepH:H-MeQeHHoro 3CTepa H MeTo,n;a pa3-
Hocmoro <}>ypLe-CHHTe3a onpe,n;eneHbl pacnpe
,n;eneHH.R 3CTepa H BOAbi, a TaK)Ke ,n;pyrHe 

CTPYKTYPHbie napaMeTpbi MeM6paH. lloKa3aHO, 
QTO MoneKyJihl P AB6 pacnpe,n;eneHbi B ocHoB
HOM B JIHnH,ll;HOH o6naCTH, npHQeM B [(eHT
paJibHO-yrnepO,ll;HOH qaCTH (rH,D;po<}>o6HoH) 
MeM6paHbl BeJIHQHHa IlJIOTHOCTH pacnpe,n;ene
HH.R MaKCHMaJibHa. 

8. Ha cneKTpoMeTpe KOP A B AH<l>PaKUHOH
HoM pe)KHMe npose,n;eHbi cTpyKTypHbie H cneK
TPaJibHble HCCJie,D;OBaHH.R <}>a30BbiX nepeXO,ll;OB 
B ,n;eHTepoH30TOllOMepax 3BBA (3TOKCH6eH-
3HJIH,D;eH-6yTHJiaHHJIHH) I 3 2 I. 

YcTaHOBJieHo, QTO <}>a3a cl o6pa3yeTC.R 
y BCeX H30TOllOMepoB KaK npH 6biCTpOM, 
TaK H npH MeAJieHHOM OXJia)K,ll;eHHH o6pa3ua 
H3 HeMaTHqecKo:H $a3hl. llepexo,n; B ,n;pyrne 
MOAH$HKa[(HH, B OTJIHQHe OT MBBA, npoHc
XOAHT B AOBOJibHO WHpOKOM HHTepsane 
TeMnepaTyp, a nop.RAOK cne,n;oBaHH.R <}>a3 
MQ)KeT cyw;eCTBeHHO 3aBHCeTb OT HaJIHQH.R 
npHMeceH. 
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9. Ha ocHoBaHHH npoae,D;eHHbiX MarHHT
HbiX H HeHTpoHorpa¢>HtleCKHX HCCne,D;OBaHHH 
CuxZn1_xCr Se npH x=0,02 H x=0,11 
ycTaHOBneHo T3 3 f, liTO cyi..QecTayeT npocTaH 
CnHpanhHaH MarHHTHaH CTPYKTypa AnH 
X= 0,02 H KOHHlleCKaH ,ll;nH X= 0,11 npH 
TeMnepaType HH:>Ke 21 K. B cnyllae 
Cu0 11 Zn0 89 Cr2 Se4 KOHHllecKaH cTpyKTypa 
o6pa3yeTCH B BH,D;e KnaCTepoB. 

METO.[I;I1qECKI1E 
11 nPYr11E 11CCnEnOBAHI1H 

1. nnH HCCne,D;OBaHHH CBOHCTB KOH,ll;eHCH
pOBaHHbiX Cpe,D; B 3aBHCHMOCTH OT ,ll;aBneHHH 
H TeMnepaTypbl C03,D;aHa 3KCnepHMeHTanbHaH 
ycTaHoBKa Ha cneKTpoMeTpe Kncor-M, no-
3aonHroi..QaH O,ll;HOBpeMeHHO H3MepHTb cneKTpbl 
KaK AH¢>paKQHH, TaK H Heynpyroro HeKore
peHTHoro pacceHHHH HeHTpOHOB I 3 4 

I. Y CTa
HOBKa BKnlOllaeT B ce6H ra30BbiH KOMnpeccop 
c MaKCHManhHbiM AaaneHHeM 1500 Mila, 
CHCTeMy nepe,D;aliH H KOHTpOnH ,D;aBneHHH 
B 3KCnepHMeHTanhHOH KaMepe, renHeBbiH 
KpHocTaT c aaToMaTHllecKHM perynHTopoM 
TeMnepaTypbi B npe,D;enax OT 10 AO 300 K ,ll;nH 
repMocTaTHpOBaHHH o6pa3Qa. TecTOBhie H3-
MepeHHH noKa3anH, liTo Macca o6pa3QOB 
MO:>KeT COCTaBnHTb OT 2 AO 32 r, a BpeMH 
3KCll03HQHH - OT HecKOnbKHX MHHYT ,ll;O 
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PHc. 7. CneKTpbi aeynpyroro HeKorepeaTHoro pacces· 

HHR HeHrpOHOB OT nyCTOH KaMepbi BbiCOKOrO ~aBJie• 

HHR (a) H OT KaMepbl BbiCOKOrO ~aBJieHHR C o6pa3· 

QOM C6H11 OH (6, B) 

Ha CTOMeTpOBOH nponeT· 

HOH 6a3e Kaaana HBP·2 
Be~eTCJl MOHTil>K TeKCTYp· 

HOrO ~H«l>paKTOMeTpa 
HCBP. Ha CHHMKe: JOCTH· 

poBKa ceKQHH 3epKan&aoro 

HeHTpOHOBO~a 



06cy~eHHe pe3yn&TaToB 

H3MepeHHH Ce'leHHH pll,ll;Ha· 

QHOHHoro 3axBaTa H )lene
HHH Ha )leTeKTOpe MHO· 

:>KecTBeHHOCTH THDa "Po· 

ManiKa" 

HecKOJILKHX qacoa. Ha pHc. 7 rroKa3aH rrpHMep 
crreKTpoa Heyrrpyroro HeKorepeHrnoro pac
ce.RHH.R HeiiTpoHoB ,ll;JI.R o6pa3u;a C6 H 11 OH. 

2. llpo,n;eMOHCTpHpOBaHa B03MQ)I(HOCTL H3-
MepeHH.R HeHTpOHOrpaMM C ,ll;OCTaTO~OH CTa
THCTHqecKOH TO~OCTLJ0 13 5 I OT O,ll;HOrO HM

IIYJILCa peaKTopa H:BP-2. 3To rro3aon.aeT 
HCCJie,ll;OBaTL rrpou;eCCLI ,ll;JIHTeJILHOCTLJO He

CKOJILKO ceKYH,ll; H 6onee c pa3peweHHeM 
..::lt = 200 Mc, rrpou;eccLI c t..;;; 10 MC c pa3-
peweHHeM ..::l t = 300 MKC H rrpou;eccLI c t > 
> 10 MC C pa3peWeHHeM ..::l t = 300 MKC IIPH 
IIOBTOpeHHH rrpou;ecca. )];aHHa.R MeTO,ll;HKa HaH
,n;eT rrpHMeHeHHe a HeiiTpoHorpa<f>~ecKoM 

Hccne,n;oBaHHH rrepexo,n;HLIX rrpou;eccoa B $H-
3HKe,XHMHH,6HonorHH. 

3. Ha 500-MeTpoaoii rrponeTHOH 6a3e 
6ycTepa H:BP-30 C03,ll;aH ,n;eTeKTOp MHO)I(eCT
BeHHOCTH THIIa "PoMaWKa". )];eTeKTOp COCTOHT 
H3 16 KpHCTaJIJIOB Nai(Tl) o61.1.1;HM o61oeMoM 
36 JI 13 6 I. reoMeTp~eCKa.R 3<f><f>eKTHBHOCTL 
perHCTpau;HH O,ll;HHO~LIX 'Y-KBaHTOB -80%. 
OrnoweHHe 3$$eKTHBHocTeii perHcTpau;HH 'Y
KBaHTOB H pacce.RHHLIX o6pa31.1;0M HeHTpOHOB 
C 3HeprHeH HH)I(e 200 K3B COCTaBJI.ReT 6onee 
600. Co3AaHHhiH ,n;eTeKTop rro3aon.aeT rrpoao-

,nHTL H3MepeHH.R ceqeHmi pa..n;HanHOHHoro 3a

xaaTa HeHTpOHOB H ,n;eJieHH.R, HCCJie,n;oaaTL 
MHO)I(eCTBeHHOCTL H3JiyqeHHH H 3<f><f>e"TLI 
pe30HaHCHOrO CaM03KpaHHpOBaHH.R B ,ll;Hana-
30He 3HeprHH OT 20 3B ,n;o 200 K3B. 

4. B paMKax ,n;H<f><f>Y3Horo rrpH6JIH)I(eHH.R 
rroCTpoeHa TeopH.R pacrrpocTpaHeHH.R yJILTpaxo
JIO,ll;HLIX HeHTpOHOB (YXH) 110 pa3BeTBJieHHLIM 
HeifTpOHOBO,ll;aM H IIOKa3aHa He06XO,ll;HMOCTL 
yqeTa y r noaoro pacrrpe,n;eneHH.R YXH a HeiiT
poHoao,n;ax13 7 1• 

5. llpe,n;JIO)I(eHa MeTO,ll;HKa HCIIOJIL30BaHH.R 

HOHH3au;HOHHOH KaMepbi C ABYM.R CeTKaMH ,ll;JI.R 
H,ll;eHTH$ HK8.UHH H CIIeKTpoMeTpHH HH3K03Hep
reTHqecKHX 3ap.R)I(eHHbiX qaCTHI.I; C 6JIH3KOH 

3HeprHeH, HO pa3JI~biM 3HaqeHHeM IIPOH3Be
,n;eHH.R Macchi Ha 3ap.R,ll; 13 8 1• MeTo,n;HKa rro3ao

JI.ReT IIp OBO,ll;HTL MHoroMepHLie H3MepeHH.R 
COBII8,ll;aJOI.I.I;HX HMrryJILCOB C KaTO,ll;a H aHO,ll;a 
KaMepLI. CxeMa oT6opa o6ecrre~aeT Ha,n;e)I(
HYJO HAeHTH$HKau;HJO 3ap.a)l(eHHLIX qacTHu; 
pa3Horo copTa c 6JIH3Koii 3HeprHeii H cy
l.l.l;ecTBeHHo ynyqwaeT ornoweHHe 3$$eKTa 
K <f>oHy a ycnoaHHx IIJioxoro pa3pewemm 
H3-3a IIp.HCyTCTBH.R B KaMepe pa,n;HOaKTHB
HOH MHWeHH. 
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H.AYliHO-IIPHKJIA,UHblE P ABOTbl 

1. J.f3 BhiCOKOTeMnepaTypHOH K epaMHKH 

YBa2 Cu3 0 7 H3roToBneH ABYXHH,IJ;YK THBHhiH 

pa.n;HOllaCTOTHhiH KBaHTOBhiH HHTep$epOMeTp 

( CKBH.D:) , $yH~OHHPyiOJJ.UiH npH TeMnepa

Type :>KH,IJ.Koro a3oTa H npo.smnRIOIIUiH Bee 

OCHOBHbie oco6eHHOCTH pa.n;HOllaCTOTHOrO 

CKBH.D:a 13 9 1• YpoBeHb wyMOB BhiCOK OTeMne

paTypHoro CKBH,Il;a B AHana30He B hiCOKHX 

llaCToT npHMepHo B 3 pa3a npeBhiwaeT wyMLI 

o6hi11Horo HH3KOTeMnepaTypHoro CKBH.D:a. lly

Mhi THlla 1/f HatmHaiOTCR npHMepHO OT 10 n~, 

TaK liTO Ha HH3KHX llaCTOTax qyBCTBHTenbHOCTb 

C03AaHHOro CKBH,Il;a B 20-30 pa3 MeHbW e qyB

CTBHTenbHOCTH HH3KOTeMnepaTypHoro CKBH,Il;a 

(pHc.8). 

2. PeHTreHo$nyopec~eHTHhiH H HeHTpOHHO

aKTHB~OHHhiH MeTOAbi, a B pRAe cny~~aeB 

peHTreHocneKTpaJibHhiH aHaJIH3 C npOTOHHhiM 

B036y~eHHeM H aHaJIH3 C npHMeHeHHeM 

(p, n)-peaK~H 6biJIH HCllOJih30BaHhl AnR onpe

AeneHHR 3JieMeHTHOrO COCTaBa pa3JIH11HhiX 

BOAHhiX o6'beKTOB 14 0 1• llOKa3aHa B 03MO:lK

HOG,;l'b llOJiylleHHR npOCTpaHCTBeHHO·B peMeH

HhiX 3aBHCHMOCTeH KOH~eHTp~H 3JieMeHTOB 

npHMeceH B BOAe H HCllOJib30BaHHR TaKHX 

AaHHhiX npH KOMllJieKCHOM H3ylleHHH ca

HHTapHO-rHrHeHHllecKHX llOKa3aTeJieH B OAHhiX 

CHCTeM. 

3. MeTOAOM HempoHHo-aKTHB~HOHHoro 

aHaJIH3a H3YllaJIOCb COAep:>KaHHe 3JieMeHTOB 

B BR:lKYJJ.UiX KOMllOHeHTax H 3anOJIHHTenRX 

TR:lKenhiX 6eTOHOB C ~enbiO H,ll;eHTH$HK~ 

HYKJIH.D:OB, AaiOJJ.UiX OCHOBHOH BKJia.D; B AOJiro

:lKHByi.QyiO HaBeAeHHyiO aKTHBHOCTb 6eTo

HOB141 1• lloKa3aHo, 'ITO TaKHMH HYKJIH.D:aMH 

RBJIRIOTCR 1 5 2 Eu, 1 5 4 Eu, 6 ° Co H 1 3 4 
Cs, 

10-2 

G'ofWz 
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PHc.S. c!>yp&e-cneKTp HMnyn&coa BhiCOKOTeMnepaTyp
Horo CKB~a npH T = 78 K (aepXHII.R KpHBa.R) H cT&H
.u;apTHoro HH3KOTeMnepaTYpHoro cKBHA& npH T = 4 K 
(HIDIOI.R.R KpHBa.R). f - 'I&CTOT&, ru, no OCH OpAHH&T 

- DnOTHOCTh WyMOB, c!> 0 /ru1 12 

H AaHhl peKOMeHA~H 06 orpaHHtleHHH npH

MeHeHHR B KOHCTpyK~X TaKHX MaTepHaJIOB, 

" KaK MarHeTHT, xpoMHT, cepneHTHT. llonyt~eH-

Hhie pe3yJibTaThi MoryT cny:lKHTh OCHOBOH 

AJIR OnTHMaJibHOrO Bbi60pa MaTepHanOB npH 

CTpoHTenbCTBe 6eTOHHOH 3aJJ.UiThl HeHTpOHHhiX 

HCTO'IHHKOB. 

4. llpeAJIO:lKeHbl aHaJIH3 3JieMeHTHOrO COCTa· 

Ba MaccHBHhiX o6pa3~oB BTCll MeTOAOM 

HOHHOrO B036y~eHHR XapaKTepHCTHlleCKOrO 

peHTreHOBCKOrO H3JiylleHHR H HCcneAOBaHHe 

TOHKHX nneHoK H3 MaTepHanoB BTCll MeTo

AOM pe3ep$opAOBCKoro o6paTHoro pacceR

HHR14 2 1• 3JieMeHTHhiH COCTaB MO:lKeT 6hiTb 

H3MepeH C TOliHOCTbiO He Xy:lKe qeM 4,5, 4,0 

H 4,5% AnR Cu, Y H Ba cooTBeTCTBeHHo. 

H3MEPHTE.TlbHO-BblqlfCJUITE.TlbHbi:A UEHTP If 3JIEKTPOHH.AR AIInAP ATYP A 

B Tet~eHHe 1988 r. npoAOJI)KaJIOCb pa3BH

THe H3MepHTeJibHhiX MOAyJieH pRAa 3KCne

pHMeHTaJibHhiX ycTaHOBOK. Co3AaHa CHCTeMa 

aBTOMaTH3~H cneKTpOMeTpa CllH-1 Ha 6a3e 

coeAHHeHHhiX JIHHHRMH CBR3H 3BM CM-1300 

H .IUJYX MHKponpo~eccopHhiX KOHTpOJIJiepoB, 

ynpaBJIRIOJJ.UiX annapaTYPOH KAMAK
14 3 1• 
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Y COBepWeHCTBOBaH H3MepHTeJibHhiH MO· 

AYJib cneKTpOMeTpa KOPA 14 4 1 , o6ecnet~HBaiO
JJ.UiH TeKyi.QHH KOHTpoJib napaMeTpoB YCTaHOB· 

KH H HaKOllJieHHe cneKTpOMeTpHtlecKOH HH$op

M~HH. Pa3pa6oTaH anropHTM nporpaMMHOH 

COPTHPOBKH H HaKOnJieHHR 6onbworo Mac

cHBa HH$OpM~HH. 



li3MepHTeJJ&HO • Bhl'IHCnH· 

TeJJ&H&Iii ~eHTp nHci>. Anna

pacypa ,llJI.R npoa~eaH.R 

3KCnepHMeHTOB DO B&ICO· 

KOTeMnepaTypHOH CBepx· 

npOBOAHMOCTH B OAftOM 

as sanoa ~empa 

,Unn cneKTpoMeTpa "PoMawKa" co3AaH 

H3MepHTeJihHhiH MOAYJlh Ha 6a3e 3BM CM-1300 

H BapHaHT Ha nepcOHaJihHOM KOMnhiOTepe 

"llpaaeu-16"13 6 1• 

Pa3BHTO MOAYJihHOe nporpaMMHoe o6ecne

tJeHHe KAMAK A.IDI nporpaMMHhiX CHCTeM 

aBTOMaTH3aUHH 3KCnepHMeHTOB, peanmye

MhiX Ha H3biKe llaCKaJih 14 5 I. Ha OCHOBe 

MO,D;yJlhHOH OpraHH;'JaUHH 3THX nporpaMM 

pa3pa6oTaHhi cny:>Ke6HLie nporpaMMhi, HHBa

PH.aHTHbie K MeTOAHKe 3KcnepHMeHTa, B&mon

HHIOIUHe aBTOMaTHtJecKoe <PopMHpoBaHHe AHC

neTtiepa npepbWaHHH, aBTOMaTHtJeCKHH (HJIH 

aBTOMaTH3HpoBaHHbiH) COOp 3HatJeHHH ynpaa

JlHIOIWiX napaMeTpoa A.IDI 6noKoB KAMAK, 

aBTOMaTHtJeCKYIO HHHUHaUHIO BCex 6JIOKOB 

BA30BbiE YCTAHOBKM 

llpO,D;OJl:>KaJIHCh HCCJie,D;OBaHIDI peaKTOpa 

MBP-2. B HIOHe 1988 r. npoaeneH&I H3MepeHIDI 

MOIUHOCTHOrO 3<P<PeKTa peaKTHBHOCTH C HC

nOJih30BaHHeM ycTpoH:craa HMnyn&cHoH: MOAY

.IDIUHH peaKTHBHOCTH. llonyqeHHbie pe3YJihTaThl 

nOKa3bWaiOT, liTO HMnyJihCHaH xapaKTepHCTHKa 

o6paTHOH CBH3H He HMeeT npoCTOrO 3KCnO

HeH~HOrO xapaKTepa, KaK ClJHTaJIOCh pa

Hee, a ·conep:>KHT He MeHee Tpex 3KcnoHeHT, 

liTO cymeCTBeHHO BJIIDieT Ha aHaJIH3 ,D;HHaMHKH 

peaKTOpa B 6biCTpbiX npoueccax. ,ll;pyroH: 

KAMAK B CHCTeMe, 3My.IDI~IO oTCYTCTBYIO

IWiX 6JIOK OB H AP· 

llpO,D;OJI:>KaJIHCh pa60Tbl no pa3BHTHIO H pac

WHpeHHIO JlOKaJihHOH BbllJHCJIHTeJihHOH CeTH 

(JIBC) JIH<l>. B 1988 r. JIBC pacwHpeHa 

AO 19 3 BM, C03,D;aH aHaJIH3aTop JIBC Ha 6a3e 

ilK "llpaaeu-16". 

l-i3 pa3pa6oTaHHhiX 6noKoB MO:>KHO oT!I?Ie

THTh M HOrO<!>YHKUHOHaJihHbiH KOAHpOB~WiK 

HOM epa ,D;eTeKTOpa 14 6 I, npe,D;Ha3HatieHHhiH A.IDI 

npeo6pa30 BaHIDI nopHAKOBoro HOMepa AeTeK

Topa B n apanneJihHhiH ABOHlJHbiH KOA. YHH

BepCaJihHOCTh 6JIOKa n03BOJIHeT HCnOJib30BaTb 

ero B BH,D;e COCTaBHOH tJaCTH MHOrOKaHaJihHOrO 

aHaJIH3aTOpa B aBTOHOMHOM pe:>KHMe HJIH 

ynpaBJIHIOIUero 6JIOKa Ha CBH3H C 3BM. 

cymecTBeHHbiH pe3yJI&TaT - CHJlhHaH 3aBH

CHMOCTh BpeMeHHbiX napaMeTpOB o6paTHOH 

CBH3H OT p aCXO,D;a HaTpiDI. 

llpoaeneHLI14 ,_ 4 9 1 H3MepeHIDI H aHaJIH3 

<!>JIYKTY~HH H napaMeTpOB WYMOB MOIUHOCTH 

peaKTopa MBP-2. 

B 8-M H 9-M UHKJiaX Ha MOIUHOCTH AO 

2 MBT Ha MBP-2 peanH30BaH pe:>KHM oxna:>K,D;e

HIDI KaHana YXH ra3oo6pa3HhiM renHeM npH 

T- 15 K c HCnOJih30BaHHeM xrY. llonyqe

HO 15-Kp aTHoe yaenHtJeHHe noToKa YXH 
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~ 3an 6uonorH'IecKoH 381llHT&I peaKTopa HBP-2 

C KOHBepTopa H3 I'H.D;pHAa UHPKOHIDI C HaMO· 
pOiKeHHOH BO,I(OH. 

Ha ycKOpHTeJie flHY -30 COBMeCTHO c 
HHH3<I>A npononiKaJIHCb pa6oThi no nposon
Ke nyt~Ka qepe3 nepBbiH ycKopHTeJibHbiH 
yqaCToK. YcTaHosneHbi 15 HMnynLCHbiX <f>oey
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JIABOPATOPIDI 
BhlqHCJIHTEJibHOfl TEXHHKH H ABTOMATH3AUHH 

B 1988 r. ycMJIMH KOJIJieKTMBa Jla6opaTo

PMM 6biJIM HanpaarreHhi Ha o6ecneqeHMe npoao

)l;MMhiX B 0J1JI:J1 TeopeTMqecKMX M 3KCnepMMeH

TaJibHhiX MccrrenoaaHMH: pecypcaMM 3BM. Bhi

norrHeHhi pa60Tbl no pa3BMTMIO M 3cpcpeKTMB
HOMy MCnOJib30BaHMIO ycTpOHCTB o6pa6oTKM 

11Cll0Jlh30BAHI1E 

KaMepHbiX CHMMKOB. llorryqrum pa3BMTMe qJiC

JieHHhie M KaqecTBeHHbie MeTO,nhl peWeHMH 

HeJIMHeHHhiX 3~aq MaTeMaTMqecKOH cpM3MKM 

B CBH3M C MCCJie)l;OBaHMHMM, npoBO)l;MMbiMM 

B OIUUI. Co3naHhi KOMnrreKchi nporpaMM MH 

o6pa6oT~ 3KCnepMMeHTaJibHbiX )l;aHHbiX. 

QEHTPAJlhHOrO BhlqUCJII1TEJlhHOrO KOMTIJIEKCA 

Ha 3BM EC-1061 aaeneHhi B 3KcnrryaTaQMIO 

HOBaH BepCMH TpaHCJIHTOpa C H3biKa cl>opTpa.&77 

M B OnhiTHYIO 3KCnJiyaTaQMIO - onepaQMOHHaH 

CMCTeMa - CMCTeMa BMPTYaJibHbiX MaWMH. 3Ta 

CMCTeMa H~e)K}{eH npe)l;hl)l;YI..QMX aepcMH OC M 

o6ecn~BaeT nOJib30BaTeJIHM npMHQMnMaJibHO 
HOBbie B03MO)K}{OCTM )l;JIH pa6oThl B MHTepaK

TMBHOM pe)KMMe. C03)l;aHa CMCTeMa 3ai..QMTbl 

cpaHJioB, o6ecneqJiBaiOI..QaH CaHKQMOHMpOBaH

HbiH )l;OCTyn K MHcpOpMaQMM B naKeTHOM M )l;Ma

JIOrOBOM pe)KMMax. 3Ta CMCTeMa 3ai..QMTbl pac

norraraeT 6orree yno6HbiMM M pa3Hoo6pa3HhiMM 
cpencTBaMM no cpaaHeHmo c MMeiOI..QMMMCH 
B CTaH)l;apTHOM anna paTe 3ai..QMTbl cpaHJIOB /l I. 

lloJiyqJiJIO pa3BMTMe o6I..QeCMCTeMHOe MaTe
MaTMqeCKOe o6ecneqeHMe 6a30BhiX 3BM. Y co

aepweHCTBOBaH Ha6op nporpaMM CTaTMCTM

qeCKOH o6pa60TKM MHcpopMaQMM o6 MCnOJib-

30BaHMM pecypcoa 3BM CDC-6500 (yqeT ape

MeHM pa6oThi QeHTpaJibHoro npoQeccopa M Ka

HaJIOB c MoMeHTa oqepe)l;Horo Bhi3oaa one

paQMoHHOH CMCTeMhi, a TaK)Ke OT)l;eJibHbiX 

nOJib30BaTeJieH TepMMHaJIOB M np.) . B QeJIHX 
paCWMpeHMH o6I..QMX B03MO)K}{OCTeH CMCTeMhl 

B ee COCTaB BKJIIOqeH TpaHCJIHTOp C arrropMT

MMqecKoro H3hiKa cl>opTpaH-77. TaKMM o6pa-

30M, BCe 6a30Bhle MaWMHbl 0J1HJ1 MMeiOT 

cpencTaa nepeaona c HaM6orree coapeMeHHoro 

WMpOKO npMMeHHeMoro YHMBepcaJibHOrO H3hi

Ka nporpaMMMpoBaHMH. 

B 6M6rrMoTeKy nporpaMM o6I..Qero Ha3Ha

qeHMH 3 BM B3CM-6 BKJIIOqeHhi naKeThi MaT

pM~oH: arrre6pbi, nonroToarreHhi onMcaHMH MH 

nOJib30BaTeJieH. 

Co3naHo TecToaoe MaTeMaTMqecKoe o6ecme

qeHMe nrraT-aHarroroa ceTeaoro o6opynoaaHMH, 

B TOM 'IMCJie nrraThi 16-pa3pH)l;Horo norrynyn

rreKcHoro MHTepcpeH:ca, nrraT o6crry)KMBaHMH 

aCMHXpOHHbiX JIMHMH K a6oHeHTaM, npoQeccop

HOH nrraThi. Pa3pa6oTaHa HOBa.R aepcMH ceTeao
ro npor paMMHoro o6ecneqeHMH, paccqJiTaH

Horo Ha o6crry)KMBaHMe y3JIOB c nrraTaMM-aHarro
raMM, a TaK)Ke Ha B03MO)K}{Oe YBeJIMqeHMe 

qMcrra a6oHeHTCKMX JIMHMH K Ka)K)l;OMY y3JIY 

CBH3M, Ha HaKOnJieHMe CTaTMCTMKM 0 pa6oTe 

CeTM M paCWMpeHHbiH Ha6op KOMaH)l; OT 

a6oHeHTOB. 

B paMKax nonroToBKM 3KcnepMMeHTa 

DELPHI BhinOJIHeH KoMnrreKc pa6oT no co3-

naHmo TepMMHaJibHOH CTaHQMM )l;JIH CBH3M 

c BhiqMcrrMTeJihHhiM QeHTpoM QEPHa. B Ka

qecTae MHTeJIJieKTYaJibHOrO TepMMHaJia MCnOJib-

3yeTCH nepcoHaJihHaH 3BM "llpaaeQ-16". Bhl

xon Ha Me)K)l;yHapO)l;Hhie BhlqMCJIMTeJibHhie ce

TM ocYI..QeCTBJIHeTCH qepe3 annapaTypy Ha

QMOHaJihHoro QeHTpa aBTOMaTM3MpOBaHHOrO 

o6MeHa MHcpopMaQMeH: (HU:AO) Ha 6a3e Bce

COI03Horo HayqHO-MCCJie)l;OBaTeJibCKOrO MHCTM

TyTa npMKJia)l;HhiX aBTOMaTM3MpOBaHHhiX CMCTeM 

(MOCKBa). 
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Bxo.n; B JIOKaJILHy'IO ceTL UEPHa ocyll.\eCT
BJIHeTCH Ha6opoM ceTeBoro a.n;peca. JloKaJibHaH 
ceTL no3BOJIHeT no.n;coe.n;HHHTLCH K mo6oii 
3BM. B tmCTHOCTH, ocyll.\eCTBJieH BLixo.n; Ha 
3BM VAX 8800 H IBM 3090-200. C MOMema 
BKJIIOqeHHH B CeTb pa6oTa C TepMHHaJia OCyll.\e
CTBJIHeTCH B pe)KHMe, npHHHTOM B UEPH e 12 1• 

Co3.IJ;aHLI apXHB nporpaMMHLIX npo.n;yKToB 

AJIH nepcoHaJibHbiX 3BM O:HHH, 3aHHMaiOII.\HH 

207 ,IJ;HCKeT, a TaK:>Ke aBTOMaTH3HpOBaHHbie 
cpe.n;cTBa .n;oczyna K KaTanory .n;aHHoro apxHBa. 
Y cnewHo Be.n;yTcH pa6oTLI no BHe.n;pemuo npo
rpaMMHLIX CHCTeM npoeKTHpoBaHHH H 6a3 
,IJ;aHHbiX Ha nepcoHaJibHbiX 3BM 13 1• 

Ta6.n.uija 
3~ecnnyaTaijWI 6ll306bl X U 3/le1CTpOHH0-6bJIIUCAUTe/l.bHblX MOWUH 

3BM ro.n;OBOH 0611\ee noJie3Hoe Cpe.n;HecyTo~oe qHCJIO npony-
nJiaH, q BpeMH cqeTa 3a ro.n;, q none3Hoe BpeMH, q 11\eHHbiX 3a.n;aq 

EC-1061 6100 6550 19,1 197066/127350* 
EC-1060 6100 6395 18,4 12436/3310* 
CDC-6500 7300 7820 22,2 223360/80325* 
E3CM-6 6600 7271 21,5 43581/13588* 

* lJucno 3aoa11, npony114eHHbiX c u p MUH(lJlOB . 

:HCllOJib30BAH:HE C:HCTEM AHAJI:HTWIECKHX Bblq:HCJIEH:HA HA 3BM 

llpe.n;Jio:>KeHa MeTO.n;HKa peweHHH 3a.n;aq Teo
PHH B03Myll.\eHHH B KBaHTOBOH MeXaHHKe 
Ha H3hiKe rpynnLI ,IJ;HHaMHqecKOH CHMMeTpHH 
C nOMOII.\biO CHCTeMhi KOMnbiOTepHOH anre6pbi 
REDUCE. Co3.n;aHa nporpaMMa BhiqHcJieHHH 
B aHaJIHTHqecKOM BH.n;e 3HeprHH H BOJIHOBhiX 
«J>YHKUHH aTOMa BO,IJ;opo.n;a B 3JieKTpHqecKOM 
none AJIH npoH3BOJILHoro nopH.n;Ka TeopHH 
B03Myll.\eHHH. 

CpasHeHHe c o6pa3u;oM HBJIHeTCH OAHHM 
H3 Ba:>KHeHWHX 3TanOB npeo6pa30BaHHH aJI
re6paHqecKHX Bhipa:>KeHHH B COBpeM~HHbiX CH
CTeMax aHaJIHTHqecKHX Bhi~CJieHHH Ha 3BM. 
qeM CJIO:>KHee anropHTM Bhi~CJieHHH, TeM 
6oJILWYIO poJIL B HHX HrpaiOT · npasHJia no.n;cTa
HOBOK. Il03TOMY COBepWeHCTBOBaHHe annapa
Ta COnOCTaBJieHHH C o6pa3IJ;OM HMeeT Ba:>KHOe 
3HaqeHHe AJIH pa3BHTHH CHCTeM aHaJIHTHqecKHX 
Bhi~cneHHii. PeanH30BaH MeTo.n; noBhiWeHHH 
6hiCTpo.n;eHCTBHH annapaTa no,IJ;CTlWOBOK CH· 
cTeMhi REDUCE, OCHOBaHHhiH Ha H.n;eonorHH 
KOMnHJIHu;HH o6pa3u;oB 14 •5 1• 

C HcnoJIL30BaHHeM MeTo.n;a KphiJIOBa -
Eoroni06oBa AJIH ycpe.n;HeHHH B BbiCWHX npH-
6nH:>KeHHHX HCCJie,IJ;OBaH BOnpoc 0 BJIHHHHH 
HeJIHHeHHhiX pe30HaHCOB Ha aMnJIHTy.n;hi 6eTa
TpoHHbiX Kone6aHHii B IJ;HKJI~ecKoM ycKopH-
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• 
Tene. IlporpaMMhi peanH30BaHbi c noMOII.\biO 
CHCTeMhi aHaJIHTHqecKoro nporpaMMHpoBaHHH 
REDUCE-3.2. IlonyqeHhi .n;ocTaTO~hie ycnoBHH 
orpaHHqeHHOCTH aMnJIHTYA 6eTaTpOHHbiX KO
Jie6aHHH no.n; BJIHHHHeM pe30HaHCOB B Tpe
TbeM npH6JIH:>KeHHH AJIH CHHXpolj>a30TpoHa 
O:HH:H ' 6 .7 I' 

C nOMOII.\biO CHCTeMhi aHaJIHTHqecKHX Bbi
~CJieHHH REDUCE npoBe.n;eHo Hccne.n;oBaHHe 
HeJIHHeHHhiX HHTerpHpyeMhiX CHCTeM ,IJ;Hij>lj>e
peHIJ;HaJibHbiX ypaBHeHHH. ,Z:(JIH 3TOH IJ;eJIH 
pa3pa6oTaHhi opHrHHaJibHbie anropHTMhi H 
C03AaHhi 31j>lj>eKTHBHLie nporpaMMhi. B pe-
3YJILTaTe noJiyqeHhi HOBbie KOHe~0-30HHbie 

peweHHH AJIH CHCTeMhi rapHbe H AJIH g-Mep
HOrO aHH30TponHoro rapMOHHqecKOrO OCu;HJI· 
JIHTopa. HaH.n;eHhi HOBbie raMHJibTOHOBhi cH
cTeMhi c KY6HqecKoH HeJIHHeiiHocTLIO, o6na
AaiOII.\He JiaKCOBhiM npe,IJ;CTaBJieHHeM H ,IJ;O· 
CTaTO~IM Ha6opoM He3aBHCHMbiX HHBOJIIO
THBHbiX HHTerpanoB. Ilpe.n;Jio:>KeH anropHTM 
peweHHH .n;Hij>lj>epeHIJ;HaJibHhiX ypaBHeHHH CO 
cneKTpaJILHbiM napaMeTpoM mna AJIL«j>aHa. 
Y CJIOBHe HHTerpHpyeMOCTH naphi TaKHX ypas
HeHHH npHBOAHT K wHpoKoMy KJiaccy HeJIH
HeiiHhix AH«J>«J>epeHIJ;HaJibHbiX ypasHeHHii THna 
JlaKca - HoBHKOBa 18 - 1 0 1• 



COO,nAHHE H PA3BHTHE 
CPE,D;CTB H METO,D;OB BH3Y AJibHO:A CB.R3H C 8BM 

}J;JIH paCillHpeHIDI rpa$HQecKHX B03MO:>KHO· 
CTe:H nepcoHaJILHhiX KOMnLIOTepos THna PC-XT, 
B qacTHOCTH "llpase~-16", pa3pa6oTaH O.U,HO· 
rmaTHLIH rpa<l>HqecKHH KOHTPOJIJiep, o6ecneqH:
BaiOI.l.\HH BhiBO.U, Ha 3KpaH ~eTHbiX H3o6pa:>Ke
HHH B pacTpe 1024 x 1024 3JieMeHTOB, KOJIHqe
CTBO ~eTOB - 8. Pa3pa6oTaHO 6a3osoe npo
rpaMMHoe o6ecneqeHHe .D.JIH ynpasJieHHH .u,Hc
rmeeM, reHep~H rpa$HqecKHX npHMHTHBOB 
H peaJIH3~HH onep~ BBO.U,a/BbiBO.U,a, a TaK
:>Ke HHTep$eHCHble nporpaMMbl .D.JIH CTbiKOBKH 
c rpa<l>HQecKHMH naKeTaMH ATOM H rPAci>OP. 
llpe.D.JIO:>KeHbl anropHTMbl H annapaTHIUI peaJIH· 
3~ PH.D.a OCHOBHhiX $yHK~ pacTpOBOH 
MaillHHHOH rpa$HKH: 3anOJIHeHHe MHoroyrOJib· 

TeneBH3HOHHilll CHCTeMa 

KOHTpOJIJI Oil'J'H11ecKHX Tp~ 

KOBbiX IJ;eTeKTOpOB Ha Oc

HOBe MaTpHQbi npH60pOB 

C 3apJIIJ;OBOH CBJI3bl0 H 

TI3BM "TipaseQ·16" 

• 

HHKOB, reHep~ JIHHHH, CrJIIDKHBaHHe H .U,p. 
Ha ocHose nepcoHaJILHo:H 8BM "llpase~-16" 

H TeJieBH3HOHHOH KaMepbl Ha MaTp~e ll3C 
C03.U,aHa aBTOMaTH3HpoBaHHIUI CHCTeMa C'beMa 
H ~$pOBOH o6pa6oTKH .U.BYXMepHbiX H306pa
:>KeHHH. llporpaMMHoe o6ecneqeHHe CHCTeMLI 
BKJIIoqaeT CJiy:>Ke6HLie H TecTOBLie nporpaMMbi, 
a TaK:>Ke nporpaMMLI yJiyqrnemm pa3pernaiO
l.l.\e:H CUOC06HOCTH, KOHTpaCTHOCTH, OTHOilleHWI 
cHrHan/ rnyM pa3JIH~hiMH MeTO.U.aMH. Co3.IJ.aHhi 
npOipaMMLI cne~HaJILHo:H o6pa6oTKH: o6Hapy
:>KeHHe H o6xo.u, KOHTypOB H3o6pa:>KeHHH, nopo
rOBIUI $HJibTp~, BblqH:CJieHHe OCHOBHbiX 
npoCTpaHCTBeHHbiX napaMeTpOB aHaJIH3Hpye
MOrO o6'beKTa H .u,p. it 1 ' 1 2 1• 

MATEMATWIECKOE OBECIIEqEHHE 8JIEKTPOHHbiX 8KCIIEPHMEHTOB 

Co3.u,aHa rpa$HqecKaR MHorosapHaHTHaR CH
cTeMa HPHC .D.JIH npe.u,cTasJieHHH HH<l>opMa~H 
npH perneHHH CJIO:>KHbiX 3a.u,aq MO.U,eJIHpOBaHIDI 
H p6pa6oTKH 3KCnepHMeHTaJibHbiX .U,aHHbiX. 

ABToHOMHhiH sapHaHT CHCTeMhi HPHC/A 
HCUOJIL3YeTCH Ha 8BM EC-1061 .D.JIH CTaTHCTH· 
qecKOrO aHaJIH3a H HHTepnpeT~HH $H3HQecKHX 
pe3yJILTaToB ycTaHOBKH BHC-2, pa3pa6oTKH 
aJiropHTMOB paCU03HaBaHIDI MHOrOTpeKOBbiX 
C06LITHH, HCCJie.U,OBaHHH xapaKTepHCTHK pe-

rHCTPHPYIOI.l.\eH annapaTypbi ycTaHOBKH "He:HT
pHHHbiH .U,eTeKTop" H pacqeTOB B o6JiaCTH 
TeopeTHqecKo:H $H3HKH. YcnernHo npHMeHH
eTCH sapHaHT cHcTeMhi HPHC/ A Ha nepcoHanL
HhiX 8BM "llpase~-16". 

Bse.u,eHa B 3KcrmyaT~HIO HHTerpHpOBaHHaH 
pacnpe.u,eJieHHaR CHCTeMa MaillHHHOH rpa$HKH 
HPHC/P Ha 6a3e HOO.D.HOPO.D.Horo BhiqH:CJIHTeJIL
Horo KoMrmeKca, BKJIIOQaiOI.l.\ero nepcoHaJIL
HYJO H ~eHTpaJibHYIO BblqH:CJIHTeJibHbie MaillH· 
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Hbl. .QeHTpaJibHaH 3BM B naKeTHOM pe)I(HMe 
o6pa6aThiBaeT <!>H3HlleCKYIO HH<!>OpMan;HIO, 
<!>opMHpyeT MO~YJib o6'beKTa B 6a3e ~aHHblX H 
npe~cTaamreT ee B rpa<!>HlleCKOM MeTa<!>afule. 
II3BM HHTepnpeTHPYeT MeTa<t>aH.n - ocyii.I;eCT
BJIHeT BhlBO~ Ha ~HCnJieH-MOHHTOp, llJIOTTep 
HJIH rpa<!>HlleCKHH TOlletJ:HO-M03aHtJ:HbiH npHH
Tep/1 3 .1 4 ' · 

BhmonHeHa oQeHKa B03MO)K}{OCTeH: MeTo
~oB HaHMeHhiiiHX KB~paTOB H po6aCTHOrO 
OQeHHBaHHH JIHHeHHbiX perpeCCHOHHblX na
paMeTpOB 3apH:>KeHHblX llaCTHQ B npOBOJIOtJ:HbiX 
KaMepax Ha MO~eJibHblX H peaJibHbiX ~aHHbiX. 
IloKa3aHO, liTO po6aCTHOe OQeHHBaHHe no 

MeTo~y TbiOKH JIYliiiie no cpaaHeHHIO c o6II.I;e

npHHHThiMH MeTo~aMH (pa3HOB~OCTHMH 

MHK H T.~.) 11 s '· 
Hccne~oBaHhi anropHTMhi pacno3HaBaHHH 

H <!>HJibTpaQHH TpeKOB, perHCTpHpyeMhiX 
MIOOHHbiM cneKTpoMeTpoM "HeH:TpHHHOrO ~e
TeKTopa". Bnaro~apH opHrHHaJihHoH: H~ee 

KOJIHlleCTBeHHOH OQeHKH K03<!><!>HQHeHTa CBH-
3H TpeKOBbiX 3JieMeHTOB, perHCTpHpyeMhiX 
B CHCTeMe ~peii<!>OBbiX KaMep H TOpO~aJibHbiX 
MarHHTOB ycTaHOBKH, 6hm nocne~oaaTeJihHo 
npHMeHeH MeTO~ MaKCHMaJibHOrO npaB~OnO

~o6HH, liTO o6ecnetJ:HJIO BbiCOKYIO 3<!><!>eKTHB
HOCTb paCn03HaBaHHH TpeKOB 11 6 1• 

Y cneWHo se.~~;yrcJI pa6oTbi 

DO C03.D;IIHHJO H pa3BHTHJO 

anrOpHTMOB H nporpaMM· 

aoro o6ecneo~eHHJI 3JJeK· 

TpOHHbiX 3KCDepHMeHTOB H 

o6pa6oTKe .D;aHHl>IX. Ha 

CHHMKe: o6cy:lK,lJ,eHHe H 

aHanH3 HH<i>opMauHH, no

JJy'leHHOH Ha yCTIIHOBKe 

"HenTpHHHbiH .D;eTeKTOp'' 

• 

PA3BHTHE H HCDOnh30BAHHE 
ABTOMAT~ECKHX H DOllYABTOMAT~ECKHX 
CHCTEM OBP ABOTKH KAMEPHhiX CHHMKOB 

C QeJibiO nOBhiiiieHHH TOliHOCTH . H CKOpOCTH 
H3MepeHHii Ha npH6opax IIYOC B HHX BBO
~HTCH MaTpHUbl ll3C H nepcoHaJibHhie 3BM 
"IlpaaeQ-16". )lJIH conpH:>KeHHH ll3BM c EC 
3BM pa3pa6oTaH HHTep<!>eH:c, HCnOJib3YIOII.I;HH 
npoTOKOJI o6MeHa HH<!>opMaQHeH JIOKaJibHOH 
~HcnneH:HoH: CHCTeMhi EC-7920. HHTep<t>eH:c 
no~KJIIOllaeTCH K EC 3BM llepe3 yCTpoH:cTBo 
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rpynnoaoro ynpaaneHHH EC-7922 KoaKCHaJib
HhiM Ka6eneM ~JIHHoH: ~o 1200 M. MaKCH
MaJILHaH CKOpOCTb nepe~tJ:H ~aHHblX Me~y 

nepcoHaJibHOH H EC 3BM ~o 20 K6aH:T/C. 
B HHTep<t>eH:ce npe~pHHHThi Mephi, HCKJIIO
llaiOII.I;He CTOJIKHOBeHHe nOTOKOB HH<!>opMaQHH 
Me~y acHHxpoHHo pa6oTaiOII.I;HMH II3BM 
H EC-7922. 



B JIBT A C03Aaerc.R npo

CMOTpOso- H3MepHTe1IbHbiH 

CTOn THna AliCT, KOTOpbiH 

o6naAaeT ABYM.R MacwTa-

6aMH BbiBOAa OOTHllec

KOrO H306pll)l(eHH.R ( 17 H 

70 KpaT) 

Co3AaH H ycnewHo 3KCIIJiyaTHpyeTc.R 6noK 

CB.R3H KpeH:Ta KAMAK c EC 3BM, KoTophiH 

no3BOJI.ReT opraHH3oBaTb pa6oTy annapaTyphi, 

HMeJOmeH: BhiXOA Ha MarHcTpaJib KAMAK, 

B qacTHOCTH 3JieKTpOHHhiX 6JIOKOB CnHpaJib

HOrO H3MepHTeJI.R H CKaHHPYlOI.Uero aBTOMaTa 

HPD, Ha JIHHHH c 3BM EC-1060 11 7 
'· 

ilpH o6pa60TKe Q>OTOCHHMKOB C noJiyTo

HOBOH HHQ>opMan;HeH Ha CKaHHpylOI.UHX aBTOMa

TaX qacTo B03HHKaeT 3aAaqa cornacoaaHH.R 

AHHaMHqecKoro AHana30Ha BHAeOTpaKTa aBTO
MaTa C AHana30HOM OnTHqecKOH IIJIOTHOCTH 

( Ko3¢lQ>Hn;HeHTa nponycKaHH.R) o6pa6aThiBae

Moro CHHMKa. ,lJ,JI.R CKaHHpylOI.Uero aBTOMaTa 

A3JIT-2/160 pa3pa6oTaHa MeTOAHKa AeHCHTo

MeTpHqecKoH: KaJIH6poBKH no CTaHAapTHOMY 

CTyneHqaToMy KJIHHY, npHMeH.ReMOMY B AeHCH

TOMeTpHqecKOH annapaType. llpH 3TOM o6ecne
qeHa KOMneHCaiJ;H.R npOCTpaHCTBeHHhiX aMnJIH

TYAHhiX HCKIDKeHHH aBTOMaTa H AOCTHrHyTo 
3HaqHTeJihHoe pacwHpeHHe AHana3oHa H3Me-

p.ReMOH OllTHqecKOH IIJIOTHOCTH npH AOCTa

TO~O BhiCOKOM KaqecTBe H3MepeHHH. llo

Ka3aHa B03MO)KHOCTh HCnOJib30BaHH.R aBTO

MaTOB Ha 3J1T B KaqecTBe AeHCHTOMeTpOB 

C npor paMMHhiM ynpaBJieHHeM. ilpHMeHeHHe 

AeHCHTOMeTpHqecKOH KaJIH6poBKH n03BOJIHT 

paClliHpHTb B03MO)KHOCTH aBTOMaTOB Ha 

3JIT no o6pa60TKe nOJIYTOHOBhiX cpoTo
CHHMKOB 11 8 I. 

ilpH nOMOI.UH noJiyaBTOMant:qecKHX ycT

pOHCTB llYOC-CAMET H3MepeHo 418930 Tpe

KOBhiX C06hiTHH Ha CHHMKax C KaMep Jla-

6opaTOpHH BhiCOKHX 3HeprHH H J1a6opaTOpHH 

.RAepHhiX npo6neM. 06ecneqeH pecypc Ha CKa

HHPYlOI.UeM aBToMaTe HPD B o6'beMe 2665 qa

coa (51533 co6hiTH.R), Ha cnHpaJibHOM H3Me

PHTene - 2200 qacoa (65900 cTepeoTpeKoB) 

AJI.R np oBeAeHH.R MaCCOBOH o6pa60TKH CHHM
KOB, Ha A3JIT-2/160 - pecypc B o6'beMe 
1600 qaCOB (20000 TpeKOB) AJI.R H3MepeHH.R 

CHHMKOB c ycTaHOBKH MHC. 

HCCJIE,ZJ,OBAHH.R llO PEJI.RTHBHCTCKO:A .R,ZJ,EPHO:A q,H3HKE 

ilpoAOJI)KeHhl HCCJieAOBaHH.R MeXaHH3Ma 

.RAepHhiX peaKIJ;HH npH peJI.RTHBHCTCKHX 3Hep

rH.RX. HoBbie 3KcnepHMeHTaJibHhie AaHHhie o6 

HMnyJibCHhiX cneKTpax npOTOHOB, BhiJieTaiO

I.UHX noA yrnoM 0,103 paA B peaKIJ;H.RX A(d,p)X 

npH 9 r3B/c, nOATBep)f(AaiOT o6Hapy)KeH-

HYlO paHee yHHBepcanbHOCTb BhicoKoHMnynh

cHhiX qacTeH 3THX cneKTpOB, T.e. HX He3a

BHCHMOCTb OT .RApa-MHWeHH. 3TO 03HaqaeT, 

qTO Q>opMa 3THX cneKTpOB B pewruomeH: CTe

neHH 3aBHCHT OT BHyTpeHHeH: CTPYKTYPhi 
AeHTpoHa. 
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Ha ocHoae H3MepeHHii cneKTpoa ~eifr

poHoB, o6pa3yiOl.l.UIXC.fl no~ yrnoM 0,1 39 p~ 

B peaKJ.UUIX A ( d, d) X Ha .H~pax ao~opo~a, 

~eHTepH.H H yrnepo~a npH 9 r3B/c, onpe~e

JieHbl ~H<P<PepeHI.UiaJihHbie celleHH.H 3 KCKJII0-

3HBHbiX peaKI.UiH o6pa3oBaHH.H HYKJIOHHbiX 

pe3oHaHcoa 1 H(d, d)N*. AHanH3 3THX ~aH-
HbiX n03BOJIHJI (Ha OCHOBe <PopM aJIH3Ma 

MHoroKpaTHoro pacce.HHH.H) OI:.\eHHTh na-

PaMeTpbi aMnJIHTY~ pacce.HHH.H K o poTKO-

)I(HBYl.l.UIX HYKJIOHHbiX pe3oHaHcoa Ha Hy

KJIOHax. 

,UnH MarHHTHoro cneKTpoMeTpa MACIIHK 

npe~o:>KeHa CHCTeMa TpHrrepa, peanH3YIOW:a.H 

oT6op co6biTHii no apeMeHH nponeTa. IIpHHUHn 

~eHCTBH.fl annapaTypbl OCHOBaH Ha HCnOJib30· 

BaHHH MeTo~a COBn~eHHH C nporpaMMHbiM 

ynpaBJieHHeM OT 3BM, pa3peWaiOW:HM ape

MeHeM COBn~eHHH, 3~ep:>KKaMH H BKJIIO· 

lleHHeM KaHaJIOB 11 9 - 2 1 I. 

PA3P ABOTKA IIPHKJIMHhiX METO )J;OB BblqHCJIEHHR 

IIocTpoeHo H peanH30BaHo B B~e Mo~yn&

Horo KOMnJieKca nporpaMM CeMeHCTB O 3KO· 

HOMHtiHbiX tiHCJieHHbiX anropHTMOB, OCHOBaH· 

HbiX Ha KJieTOtiHOH ~eKOMn03HUHH o 6JiaCTH 

~Jl.fl peWeHH.fl ~ByX- H TpexMepHbiX 3JIJIHnTH

lleCKHX ypaaHeHHH, B03HHKaiOl.l.UIX B 3~allax 

MarHHTOCTaTHKH B paMKax KOM6HHHpOBaHHOH 

nocTaHOBKH. IIpoae~eH aHaJIH3 norpe wHOCTH 

annpOKCHMai.UIH Ha OCHOBe MeTO~a r anepKHHa 

CHMMeTpH~OBaHHbiX HeJIHHeHHbiX ypaaH eHHH B 

KoM6HHHpOBaHHOH noCTaHOBKe. 

Pa3pa6oTaHLI MeTo~I BbitiHCJieHH.H KpaT

HbiX KOHTHHYaJibHbiX HHTerpaJIOB C B eCOM no 

ycnoaHoH: Mepe BHHepa. IIocTpoeHbi coc TaBHbie 

npH6JIH)I(eHHLie <PopMyJibi, o6n~aiOl.l.Uie 3~aH
HoH: cyMMapHoH: cTeneH&IO TOtiHOCTH. Hccne~o

BaHa Mepa KOHTHHYaJihHOrO HHTerpHpoBaHH.fl 

B eBKJI~OBOH KBaHTOBOH TeOpHH noJI.H C nOJIH· 

HOMHaJibHbiMH B3aHMO~eHCTBH.fiMH 6o30HHbiX 

noneH: Hyneaoro cnHHa B ~ByMepHoM npo

cTpaHcme-apeMeHH. ,Un.H ~pa KoaapHa~.U~OH· 

Horo onepaTopa Mepbi nonylleHo npe~cTaane

HHe B a~e pa3JIO)I(eHH.H no co6~meHHbiM 

<PYHKJ.UUIM O~OH KpaeBOH 3~at1H ~.fl ypaa

HeHH.fl TennonpOBO~OCTH12 2 - 2 4 1• 

IIpoae~eHo TeopeTHllecKoe Hccne~oBaHHe 

peJI.HTHBHCTCKHX KBa3HnOTeHI.UiaJibHbiX y paBHe

HHH, OnHCbiBaiOl.l.UIX CB.fl3aHHYI0 CHCTeMy ~BYX 

llaCTHU B HMnyn&cHoM npocTpaHCTBe. O ueHeHa 

norpeWHOCTb ~CKpeTH3auHH 3~atiH Ha OCHOBe 

MeTo~a ranepKHHa B 3aBHCHMOCTH OT wara 

CeTKH H p~yca o6pe3aHH.fl HCXO~OrO ypaa

HeHH.H, 3~aHHoro Ha nonynp.HMoH:. H a ocHo

ae 3THX ypaaHeHHH paCCtiHTaHbl c n eKTpbl 

Mace H WHpHHbl JieHTOtiHbiX pacn~OB Me-

30HOB. IIonylleHHLie 3HalleHH.H x opowo 

COrJiaCYIQTC.fl C 3KCnepHMeHTaJibHbiMH ~aH

HbiMH12 S 1• 
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,UJl.H <PopMHpOBaHH.fl O~OpO~HOrO MarHHT· 

Horo non.H BHYTPH H Me~y ceKUH.HMH HH:>KeK

TopHoro yt~acTKa nHHeH:Horo HH~YKUHOHHoro 

ycKOpHTeJI.H JIHY-30 npoBO~HJIHCb paclleTbl 

BJIH.fiHH.fl COOCHbiX <PeppoMarHHTHbiX WHMM. 

I1oKa3aHO, liTO HCnOJib30BaHHe WHMM n03BO· 

JI.fleT <PopMHpOBaTb O~OpO~HOe MarHHTHOe 

none c oTKJioHeHHeM oT cpe~ero 3HalleHHH, 

He npeabiWaiOW:HM 1-2% BHYTPH ceKI.UIH H 8% 

Me~y CeKJ.UUIMH. . 

Hccne~oBaHO peweHHe HeJIHHeH:HoH o6paT

HOH 3~atiH MarHHTocTaTHKH H pacciiHTaHa 

reoMeTpH.H o6MOTOK B036y~eHH.fl 6e3:>KeJie3-

HOrO caepxnpoao~w:ero ~HnoJI&Horo MarHH

Ta, o6ecneiiHBaiOIUero o~opo~ocTL MarHHT

Horo non.H ~o 10- 5 , BHYTPH np.HMoyroJibHOH 

anepTypLI12 6 1• 

Hccne~oBaHbi caoH:cma KBa3HKJiaccHllecKo

ro 6o3e-Ko~eHcaTa. 06Hap~eH KallecTBeHHo 

HOBbiH THn HeJIHHeHHbiX B036y~eHHH KOH· 

~eHCaTa - COJIHTOHOn0~06Hbie ny3blpH. 3TH 

061>eKTbl (a OHH B03HHKaiOT B CHCTeMax npo

H3BOJlbHOH pa3MepHOCTH), .fiBJI.fl.fiCb npHHUH· 

nHaJibHO HeyCTOHIIHBbiMH, OTBeTCTBeHHbl 3a 

pa3BaJI KO~eHCaTa H CB.fl3aHHOH C HHM CBepx

npOBO~HMOCTH. 

B paMKax ~ayxMepHoH peJI.HTHBHCTCKOH 

MO~eJIH C H30TOnHllecKOH CHMMeTpHeH o6Ha

py)l(eHbl H HCCJie~OBaHbl npouecCbl HeTpHBHaJib· 

HOrO B3aHMO~eHCTBH.fl ~OCBeTOBhiX H CBepx

CBeTOBhiX COJIHTOHOB, liTO yKa3hiBaeT Ha B03· 

MO)I(HOCTb B3aHMO~eHCTBH.fl ~0- H CBepXCBeTO· 

BhiX llaCTHU 12 7 1• 

Hccne~oB~hi JIOKaJIH30BaHHhie cocTo.HHH.fl 

(COJIHTOHhi) C HeTpHBHaJibHOH TOnOJIOrHeH B 

~YX· H TpexMepHbiX MO~eJI.fiX reH3eH6epra. 

C noMOIUbiO MHHHMH3auHH <PYHKI.UiOHaJia 3Hep

rHH 6&mH H~eHbi ycToHIIHB&Ie coJIHTOHbi. 



Orrpe.neneH TorronorHt~ecKHH: 3apR.IJ; 3THX coJIH

ToHoB - perneTo'IHhiH aaanor HH.IJ;eKca Xorr<f>a 

H pa3pa60TaH MeTO.IJ; ero Bbi'IHCJieHWI/2 8 I. 

Ilonyt~eHhi HeTpa.n;~OHHbie o6o6I.QeHWI 

KOMIIaKTHbiX CXeM raycca .IJ;JIH pa3JIO)I(eHWI 

KBa3HTpeX.IJ;HarOHaJibHbiX MaTpHU Ha <f>aKTOpH-

3YIOI.QHe MHO)I(HTeJIH B CJiyt~ae, ecJIH HeKOTOpbie 

H3 Be.IJ;yi.QHX 6JIO'IHbiX yrJIOBbiX MHHOpOB o6pa

I.QaiOTCH B HYJib, a TaK)I(e MHO)I(ecTBO HOBbiX 

KOppeKTHbiX yCKOpeHHbiX MeTO.IJ;OB Bbi'IHCJie

HWI IIOJIHOrO CIIeKTpa H BCeX KOpHeBhiX BeKTO

poB Tpex.n;HarOHaJibHbiX MaTpHU o6I.Qero BH.IJ;a 

rrpoH3BOJibHOH CTPYKTYPhi 12 9 •3 0 1• 

IlpoBe.IJ;eHO HCCJie.IJ;OBaHHe CXO.IJ;HMOCTH pa3-

JIO)I(eHHH .IJ;JIH IIOJIYMHKpOCKOIIH'IecKoro IIOTeH

UHaJia (IIMII) H <f>opM<f>aKTOpoB aeyrrpymx 

rrepexo.noa (<l>MII). IIonyt~eHhi HOBbie 3aMKHy

Thie Bbipa)l(eHWI .IJ;JIH IIMII. IloKa3aao, 'ITO 

cxo.n;HMOCTb pa3JIO)I(eHHH: IIMII H <l>MII no Ma

noMy 6e3pa3MepaoMy rrapaMeTpy ynyqrnaeTcH 

c pocToM 3HeprHH. IIocTpoeao pa3JIO)I(eHHe 

MaTpHUbl IIJIOTHOCTH IIO rrapaMeTpaM .IJ;HHaMH

tleCKOH .ne<f>opMaUHH. Pa3BHT <f>opManH3M e.n;H-

a oro IIOJIYMHKpOCKOIIH'IecKOrO OIIHCaHWI 

B3aHMO.IJ;eHCTBHH HYKJIOHOB H a-'laCTHU HH3KHX 

3HeprHH C H.IJ;paMH 13 1 
'
3 2 1• 

Co3.n;aaa rrporpaMMa, MO.IJ;eJIHpyiOI.QaH ae

yrrpyrHe B3aHMO.IJ;eHCTBWI a.n;pOHOB B o6naCTH 

3HeprHH OT HecKOJibKHX r3B .IJ;O MaKCHMaJib

HbiX ycKopHTeJibHh,IX 3HeprHH: YHK H<l>B3. 

IlporpaMMa HCIIOJib3yeTcH aa 3BM EC-1061 H 

CDC-6500 H xoporno aocrrpoH3BO.IJ;HT H3BecT

Hbie 3KcrrepHMeHTaJibHbie .IJ;aHHbie. Bbmonaeao 

Mo.n;enHpoaaaHe y3KHX 3JieKTpoMarHHTHbiX 

JIHBHeH, HHHUHHpyeMbiX B aTMOC<f>epe KOCMH

'IecKHMH t~aCTHUaMH BbiCOKHX 3HeprHH:. Hccne

.noaaaa TO'IHOCTb arrrrpoKCHMauHH a.D;pOHHbiX 

ACY O:IDIH 

IIony'IHJio pa3BHTHe rrporpaMMHoe o6ecrre

t~eHHe CHCTeM yrrpaaneHWI 6a3aMH . .IJ;aHHbiX 

(CYB.U) , HCIIOJIL3yeMbiX a OH.RH. Pa3pa6oTa

Hbi HHTep<f>eH:cbi .IJ;Hanoroaoro .noczyrra K CYB.U 

KBAHT H OKA B paMKax .n;HanoroaoH: CHCTe

Mbi TEPM, 'ITO o6ecrre'IHBaeT ao3MO)I(HOCTb 

C03.IJ;aHHH H HCIIOJib30BaHHH HHTepaKTHBHbiX 

IIpHKJia.IJ;HbiX rrporpaMM, B TOM 'IHCJie B cpe.n;e 

noKanbHOH TepMHHaJibHOH ceTH OHRH. 

B3aHMO.IJ;eHCTBHH pe.IJ;)I(eBCKHMH .IJ;HarpaMMaMH 

c MHoro rroMepoHHbiM o6MeHoM. Ha rrpHMepe 

rroJIHbiX H .n;H<f><f>epeHUHaJibHhiX cet~eHHii yrrpy

roro p acceHHWI aa MaJibie yrnbi rroKa3aao, 'ITO 

BbiCOKaH TO'IHOCTb arrrrpOKCHMauHH B 3Ha'IH

TeJibHOH CTerreHH o6H3aHa rro.nroHKe 6onLrnoro 

'IHCna TeopeTH'IecKHX rrapaMeTpoB. 

C IIOMOI.QblO rrporpaMMbl MOHTe-KapJIOB

CKHX p aC'IeTOB R.D;epHO-$H3H'IeCKHX 3<f><f>eKTOB, 

HHHUHHp yeMbiX B cpe.n;ax a.D;pOHaMH BbiCOKHX 

3HeprHH, IIpOMO.IJ;eJIHpOBaHbl HHTeHCHBHOCTb H 

3HepreTH'IeCKHe CIIeKTpbi -y-H3JIY'IeHWI, HaBe

.IJ;eHHOrO KOCMH'IeCKHMH JIY'IaMH B TH)I(eJibiX 

KOJIJIHM HpyiOI.QHX MaTepHanax, HCIIOJib3YeMhiX 

aa crryTHHKax 13 3 - 3 5 1• 

Pa3p a6oTaa KOMIIJieKc rrporpaMM .IJ;JIH pac

t~eTa xapa~TepHCTHK KBaHTOBo-MeXaHH'IecKHX 

CHCTeM B rHrrepc<f>epH'IecKOM a.n;Ha6aTH'IecKOM 

HSA-rro.nxo.ne. Ilpoae.nea pact~eT 3JieMeHTOB 

.nayxMep aoro 6a3Hca .IJ;JIH · 3a.IJ;a'IH Tpex Ten. 

BLI'IHCJieHbi ypoBHH 3HeprHH H BOJIHOBLie 

<f>YHKUHH Me30MOJieKyJibl dt/l B .IJ;ByxypoBHe

BOM rrp H6JIH)I(eHHH H rrpoBe.IJ;eH OUeHO'IHhiH 

pact~eT K 03$$HUHeHTa rrpHJIHIIaHWI B peaKUHH 

MIOOHHo ro KaTanH3a dt/l ~ 1-L
4 

He + n. B paMKax 

HSA-rro.nxo.na .IJ;JIH .nayx3neKTpoHHbiX CHCTeM 

pa3BHJ.: M eTo.n; Bbi'IHcneHHH xapaKTepHCTHK pe-

30HaHCHbiX cocToHHHii IIYTeM 3KCTparroJIHUHH 

IIO KOHCTaHTe CBH3H. Ilpoae.n;eH TecTOBbiH pac

'leT IIOJIO)I(eHWI H IllHpHHbi 1 p 0 -pe3oaaaca, 

<f>opMbl OTpHI~aTeJibHOrO HOHa BO.IJ;Opo.n;a, IIO.IJ;

TBep)I(.IJ;aiOI.QHH TO'IHOCTb H 3<f><f>eKTHBHOCTb Bbi

'IHCJIHTeJibHOH CXeMhi. 

Pa3p a6oTaa HOBbiH MeTo.n; pacqern ypoaaeH: 

3HeprHH 3KCHTOHHbiX MOJieKyJI. Ilonyt~eHHbie 

pe3ynbTaTbi xoporno cornacyiOTCH c 3KcrrepH

MeHTanbHhiMH .IJ;aHHbiMH/3 6 •3 7 1 • 

B CBH3H c rro.nroTOBKOH K rrepexo.ny aa orre

pauHoHHyiO cHcTeMy BHpTyanLHhiX MarnHH EC 

3BM rrocTaaneHbi H a.namHpoBaHhi CYB.U 

KBAHT H CHCTeMa rrporpaMMHpoBaHHH KO

BOJI. P a3pa6oTaaa H peanH3oBaaa CHCTeMa Tex

aonorH'IecKoro corrpoao)I(.IJ;eHWI Kpymn.Ix rrpo

rpaMMHhiX KOMIIJieKcoa ACY, BKJIIO'IalOI.QaH, 

B t~acTHOCTH, rro.n;cHcTeMy perHCTPauHH H yt~eTa 

BbiiiOJIHeHWI rrporpaMMHbiX MO.IJ;yJieH/3 8 ' 3 9 1• 
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HAyqHO-IIPHKJIA,L(HbiE PABOTbl 

Co3AaHa CAllP AJIH HH:>KeHepoB-pa3pa6oT
tJHKOB 3JieKTpOHHOH annapaTypbl "KeHTaBp", 
KOTOpaH pa6oTaeT Ha nepCOHaJibHblX 3BM 
THna IBM PC. llnoma,n;b npoeKTHpyeMbiX ne
qaTHbiX nJiaT onpeAeJIHeTCH o6heMOM naMH
TH 03Y H npH o6'beMe 256K 6aiiT pasHa 
320 x 320 MM. TeKcrosoe npeACTaBJieHHe AaH
HbiX Ha H3biKe OllHCaHHH MOHTa:>KHbiX CXeM 
o6nerqaeT aAanrnQHro CAllP K HOBOMY TexHo
norHqecKoMy o6opyAOBaHHIO H yAo6Ho AJIH 
o6MeHa B BbiQHCJIHTeJibHbiX CeTHX. Pa6oTa 
c CAllP OCHOBaHa Ha rpaQ>HQeCKOM, HarJIHAHOM 

JIHTEPATYPA 

1. EaeUJtCee A . .a., KopeHbK08 B.B. - OH.f/H 
Pll-88-314, Pll-88-425, ,ay6HO, 1988. 

2. BooonbJIH08 A. C. u op. - OHJIH Pll-88-92, ,ay6Ha, 
1988. 

3. Ma3ena E./0. u op. - OHJIH Pll-88-323, ,ay6w, 

. 1988. 
4. Abrashkevich A.G. et al. - J/NR £4-88-404, Dubna, 

1988. 
5. Kp10K08 A./I. u op. - OH.f/H Pll-88-402, ,ay6Ha, 

1988. 
6. )[(uoKoea H.E. - OH.f/H P11-88-716, P11-88-722, 

,ay6Ha, 1988. 
7. AMupxaHoe H.B. u op. - OH.f/H Pl l-88-606, 

P11-88-714, J(y6Ha, 1988. 
8. Kostov N.A. - J/NR £5-88-261, Dubna, 1988. 
9. lnozemtsev V.L, Kostov N.A. - JINR £ 5-88-622, 

Dubna, 1988. 
10. Gerdt V.P., Kostov N.A. - JINR £5-88-811, Dubna, • 

1988. 
11. EpyK K. u op. - OH.f/H Pl1-88-847, ,ay6HO, 1988. 
12. Ky1111a II. u op. - OH.f/H P10-88-647,,ay6w, 1988. 
13. AHuxoecKuu B.E. u op. - OH.f!H PJ0-88-227, 

,ay6Ha, 1988. 
14. HeaH'IeHKO H.M. u op. - B c6. : HeurpuHHbiU oe

TeKTOp Hf/>B3 - OHJIH. OH.f/H, .l(/,2,13-88-90, 
,ay6Ha, 1988, c.192. 

15. Bogdanova N.B., Bourilkov D. T. - JINR 
El 0-88-277, Dubna, 1988. 

16. Kyp6aT08 B.C. u op. - B c6.: HeurpuHHbiU oe
TeKTOp Hf/>B3 - OH.f/H. OH.f/H. .ai,2,13-88-90, 
,ay6Ha, 1988, c./75. 

17. KpaCHOCII06ooije8 B.H., Mopo3 B.H. - OH.f/H 
PJ0-88-692, ,ay6HO, 1988. 
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npeACTaBJieHHH CXeM, HCll0Jlb30BaHHH MeHIO 
H Q>yHKQHOHaJibHbiX KJiaBHw. B HacToHmee 
speM.a CAllP BKJiroqaeT OnTHMH3HpYIOmHH rpa
<PHQecKHH peAaKTOp H nocTnpoueccopbi AJI.R 

cepHiiHoro TeXHonorHQecKoro o6opyAOBa
HHH/4o,4tt. 

HccneAOBaHa KOHUenQHR opraHH3al.lHH pa-
,: .. 6oT CKaHHpyiOmHX CHCTeM ASJIT-2/160 H 

A3JIT-M3H no THny UeHTpa KOJIJieKTHBHOro 
ll0Jlb30BaHHH, npeAHa3HaqeHHOrO AJI.R aBTO
MaTH3HpOBaHHOH o6pa60TKH Q>OTOH306pa
:>KeHHH/4 2 I. 

18. Jlan'IUK 3 . .a., CeHIIeHKO B.A. - OH.f/H PI 0-88-9, 
J(y6Ha, 1988. 

19. Axzupeu JI.C. u op. - B c6.: Tpyobz IX Me:JtCoy
wpooHozo ceMUHapa no npo611eMaM ¢u3UKu 
ebzcoKux 3Hepzuu, OH.f/H ,a/,2-88-272, J(y6w, 

1988, c.33. ' 
20. Axzupeu JI.C. u op. - OH.f/H Pl-88-23, 13-88-437, 

J(y6Ha, 1988. 

21. KoxeeHuKoe JO.A., JlbZTKUH JI.K. - OH.f/H 
13-88-627, ,ay6Ha, 1988. 

22. )[(uoK08 E./I. u op. - OH.f/H Pll-88-225, J(y6Ha, 
1988. 
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OBmEMHCTHTYTCKOE 
HAYquQ-METOllHqECKOE OTllEnEHHE 

OcHoBHhie ycHJIHH KOJIJieKTHBa 06~e

HHCTHTYTCKoro Hay'IHo-MeTO.D:HtJecKOFO OT.IJ:eJie

HHH 6biJIH HanpaaJieHbi Ha HCCJie.D:OBaHHH no 

HOBblM MeTO.IJ:aM YCKOpeHHH, Ha MeTO.IJ:HtleCKHe 

pa3pa60TKH, CBH3aHHbie C C03.IJ:aHHeM KOOp.IJ:H

HaTHblX .n;eTeKTOpoB, H Ha C03.IJ:aHHe OT.IJ:eJibHbiX 

CHCTeM ycKopHTeJibHO-HaKOnHTeJibHOr O KOM

nneKCa B li<l>B8 (IlpoTBHHO). 

liCCflE~OBAHliH ITO KOflflEKTliBHOMY 

METO~Y YCKOPEHHH 

Ha KYTli-20 npoaeneHbi HccnenoaaHHH 

npoxo~eHHH napaMeTpHtiecKoro pe30HaHCa 

H .pe30HaHCa aKCHaJibHbiX KOJie6aHHH Ha co6-

CTBeHHbiX MO.n;ax KaMepbl npH CiKaTHH KOJiel.l 

B MO.D:HQ>Hl.lHpoBaHHOH MarHHTHOH CHCTeMe 

anre3aTopa11 1• 8KcnepHMeHTaJibHO n oKa3aHO, 

tJTO YBeJIHtJeHHe HeJIHHeHHblX CHJI HOHOB H He

JIHHeiiHoro pa36poca tJaCTOT aKCHaJibHbiX KO

Jie6aHHH npHBO.n;HT K yMeHbWeHHIO noTepb 

t~aCTHI.l C poCTOM HHTeHCHBHOCTH KOJiel.l 11 
'
2 I. 

ITo pe3yJibTaTaM 3KcnepHMeHTaJibHbiX H Teo

peTHtJecKHX HCCJie.IJ:OBaHHH yTOtJHeHbl Tpe6oBa

HHH K napaMeTpaM CHCTeM a.IJ:re3aTOpa H 3JieK

TpoHHOrO nyt~Ka13 1 . C l.leJibJO .n;anbHeiiwero 

ynyqweHHH napaMeTpoa HHiKeKTHpyeMoro nyq

Ka pa3paOOTaHbl H C03.IJ:aHbl 3JieKTpOHHaH 

nywKa C peryJIHpyeMOH 3aMarHHtJeHHOCTblO 

KaTO.D:a H ycTpoHCTBO KOMneHCal.lHH KOre

peHTHOrO CMell.leHHH nyt~Ka B HHiKeKTOpe 

3JieKTpoHoB. B pe3yJibTaTe BHe.n;peHHH 3THX 

ycrpoHCTB y.n;aJIOCb yBeJIHtJHTb Q>a30BYJO 

nJIOTHOCTb HHiKeKTHpyeMOrO nyt~Ka npHMepHO 

B 1,5 pasa, 

Co3.n;aHo nporpaMMHoe H annapamoe o6e

cnet~eHHe .D:JIH H3MepeHHH •B peaJibHOM MaCWTa-

6e apeMeHH n-TpaeKTopHH KOJibl.la. Co:j.n;aHHan 

CHCTeMa n03BOJI.fleT cyll.leCTBeHHO o6JiertJHTb 

HaCTpOHKy peiKHMOB CiKaTHH H nOBbiCHTb 

3Q>Q>eKTHBHOCTb HCCJie.IJ:OBaHHH I 4 I. 3aaepweH 

l.lHKJI HCCJie.D:OBaHHH no pa3pa60TKe MeTO.IJ:OB 

H C03.IJ:aHHIO Ha HX OCHOBe HHQ>OpMal.lHOHHO

H3MepHTeJibHblX CHCTeM .D:Jl.FI .n;HarHOCTHKH 

3JieKTpOHHO-HOHHbiX KOJiel.l Ha MaJibiX pa.n;Hy-

PHc.l. MraoseHHbie KapTHHbi nyqKa s HH<iJp aKpacaoM csere: cnesa p113Mep Manoro ceqeHHR KOJibUa, cnpasa -
yrnosoe pacnpeAeJieHHe H3nyqeaHR 
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cax. B KalleCTBe HOCIITeJIH HHcpOpMaUHH HC

nonb3yeTCH CHHXpOTpOHHOe H3nyqeHHe B HH

cppaKpaCHOH o6naCTH. Co3.U.aHHbie CHCTeMbi 

n03BOnHIOT H3MepHTb IIHcnO 3neKTpOHOB B 

KOnbUe, Ha6niO)I.aTb )I.HHaMHKy C)l(aTHH KOnbl.{a 

Ha ManhiX pa.u.eycax (reoMeTpHIIecKHe napa

MeTpbi Kon&ua H pacnpe.u.e.rreHHe 3neKTpoHOB 

no ero ce11eHHIO) , H3MepHTb yrnosoe pacnpe

.u.eneHHe 3neKTpOHOB B crycTKe, OUeHHBaTb 

3HeprHIO 3neKTpOHOB, HCCne)I.OBaTb HX aK

CHanbHbie 6eTaTpOHHbie KOne6aHHH (pHc.1). 

Bee H3MepHTeJibHbie CHCTeMbl BOWnH B IIHcnO 

WTaTHbiX ycTpOHCTB )I.HarHOCTHKH ycKO

pHTelUI H pa60TaiOT B peanhHOM MaCWTa6e 

speMeHH
15 

'· 

0)I.HOH H3 B03MO)I(HOCTeH cyw;ecrBeHHOrO 

yae.rrH~~eHHH ycKopHrow;eii cnoco6HOCTH 3neK-

CTeH,IlOBIIJI HllJla,llKil Cei<:QHH JIY9K KOJUleKTHBHOrO 

YCKOpHTeJI.R T.R>KeJlhiX HOHOB 

TpOHHbiX KOneu HBnHeTCH HCnOnb30BaHHe )I.nH

TenbHOrO y.u.ep)l(aHHH )I.nH nOBbiWeHHH 3apH)I.

HOCTH HOHOB H yseJIHIIeHHH nnOTHOCTH 3neK

TpOHOB . .[LJIH no,lJ.rOTOBKH K npoBe,lJ.eHHIO 

HCCne)I.OBaHHH B 3TOM HanpasneHHH HallaTbl 

3KCnep HMeHTbl no )I.nHTenbHOMy y.u.ep)l(aHHIO 

Koneu Ha npoMe)l(yTOIIHOM pa.u.Hyce, paBHOM 

8 eM. Co3.U.aHa MarHHTHaH CHCTeMa .u.nHTen&

Horo y .u.ep)l(aHHH H annapaTypa .u.nH H3Mepe

HHH n apaMeTpOB HOHOB C HCnOnb30BaHHeM 

xapaKTepHCTHIIeCKOro H3nylleHHH H H3nylleHHH 

B o6nacTH saKyyMHoro ynhTpacpHoneTa. 3Kcne

pHMeHTan&Ho nposepeHa B03MO)KHOCTb )I.nH

TenhHOrO (- 10 + 20 MC) y.u.ep)l(aHHH 3neK

TpOHHO-HOHHbiX KOneu. 3aperHCTpHpOBaHO Xa

paKTep HCTHIIeCKOe H3nylleHHe Kr H Xe. 

Co3.U.~Pfa asToMaTH3HposaHHaH CHCTeMa yn

pasneHHH YCKOpHTenhHOH YCTaHOBKOH )I.nH 

3KCnep HMeHTOB C Tpy611aTbiM 3neKTpOHHbiM 

nyiiKoM 16 1• ABToMaTH3auHH peanH30BaHa Ha 

OCHOBe MHOrOMHKponpoueccopHOH CHCTeMbl 

MH:K H TI3BM "llpaseu-16", CBH3aHHbiX 

Me)I()I.y co6oii nocpe.u.cTBoM .u.syxnopTosoro 

03Y 17 1• 

C u en&IO HCCne)I.OBaHHH )I.pyrHX sapHaHTOB 

BbiCOK0 3cpcpeKTHBHbiX yCKOpHIOUJ;HX CHCTeM 

no.u.roTosneHbi H npose.u.eHbi 3KcnepHMeHTbi 

no reHepauHH H ycHneHHIO CBq·H3nylleHHH 

MOUJ;HbiMH penHTHBHCTCKHMH 3neKTpOHI;JbiMH 

nyiiKaM H nHHeHHbiX HH.li.YKUHOHHbiX ycKopHTe

neii. H a JIH:Y -3000 npose.u.eHbi Hccne.u.oBaHHH 

pe)I(HM OB reHepauHH JIC3 GO CnHpanbHbiM 

OH)I.ynHTOpOM. flo pe3yn&TaTaM HCCne,lJ.OBaHHH 

C03.U.aH H onTHMH3HposaH ycHnHTen& 8-MHnnH

MeTpos oro ,lJ.Hana30Ha C BbiXO)I.HOH MOUJ;HOCTbiO 

1-3 M BT 18 1• CosMeCTHO c H:TI<I> AH CCCP 

(ropbK HH) pa3pa6oTaH, C03)I.aH H 3KCnepHMeH

TanbHO onpo60BaH peJIHTHBHCTCKHH CBq-yCH

nHTenh qepeHKoscKoro THna Ha 6a3e ceK

UHH JIY 3K. 

llpe.u.no)l(eH sapHaHT nHHeHHoro ycKopHTe

nH Ha p a.u.HanbHbiX nHHHHX C BbiCOKHM TeMnOM 

Ha6opa 3HeprHH, B KOTOpOM BMecTO HH3K0-

3cpcpeK THBHOrO na3epHOrO KOMMyTaTopa HC

non&3y eTCH KOMMyTaTop C HMnynhCHbiM 3neK

TpH11ecKHM ynpasneHHeM 19 1• 

HOBbiE 

METO,UJ1qECKH:E P A3P ABOTKH: 

J1cc ne)I.OBaHbl xapaKTepHCTHKH 6on&WHX 

)I.peH<f>OBbiX I~aMep (4 X 2 M) yCTaHOBKH 

"HeHTp HHHbiH ,lJ.eTeKTop", pa3MeUJ;eHHOH Ha 
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aeihpHHHoM nyqKe ycKopHTena Y-70 ( npoTBH

ao) • CneKTpoMeTp co,D;ep:>KHT 36 KaMep, pa-

6oTalOIIUIX B HMnyJibCHOM pe:>KHMe nHTaHHH 

3JieKTpO,D;OB. lliHpHHa nJiaTO no 3cp$eKTHBHO· 

CTH perHCTplUUIH TpeKOB B KaMepax, npH 

nopore cpa6aTbffiaHHH 3JieKTpOHHKH 1 MKA., 

COCTaBJIHeT 100 B (pHC.2), TOtiHOCTh perHCT

paQHH 1 MM. BepoamocTL oniH6KH B onpe

,IJ;eJieHHH JieBbiX H npaBbiX TpeKOB COCTaBJIHeT 

HeCKOJibKO npO~eHTOB. Ha OCHOBe M O,IJ;eJIHpo

BaHHH 3JieKTpHtlecKHX nOJieH B ,D;peHcpOBOH 

.fllleHKe paccMOTpeHbi yCJIOBHH, no3BOJIHIOIIUie 

yny1111IHTh o,D;Hopo.D;HOCTb 30H co6HpaHHH 3JieK

TpOHOB Ha CHrHaJibHbie npOBOJIOKH /1 ° I . 

B paMKax pa3pa6oTaaao:H MaTeMaTHtleCKOH 

MO,IJ;eJIH TpeKOBbiX H306proKeHHH ccpopM yJIHpO

BaHbi npasHJia nocrpoeaHH seplliHHHbiX cpyHK

~:H ,IJ;JIH npOH3BOJibHbiX (He3aMKHYTbiX) KpH

BbiX, KOTOpbie ll03BOJIHIOT onpe,D;eJIHTb KOOp

,IJ;HHaTbi pacna,IJ;a 11aCTHUI>I 6e3 npe.D;Ba pHTeJib

Horo BOCCTaHOBJieHHH TpaeKTOpHH. C llOMO

l.UbiO MaTeMaTHtleCKOrO MeTO,IJ;a JIOKaJIH3aQHH 

OKpeCTHOCTH rJI06aJibHOrO MaKCHMyM a y.IJ;a

JIOCb peaJIH30BaTb Ha ~paKTHKe . llOHCK KOOp

.IJ;HHaTbi nepBHtiHOrO B3aHMO,IJ;eHCTBHH H,D;ep 

MarHHH C 06pa30BaHHeM npo.D;yKTOB, HM eiOI.UHX 

npHMbie TpaeKTOpHH, 6e3 npe.D;BapHTeJibHOrO 

BOC~TaHOBJieHHH BTOpHtiHbiX TpaeKTOp HH. Pe-

3yJILTaTbi no.IJ;o6aoro no,IJ;Xo,IJ;a K aaaJIH3Y 

MHOrOTpeKOBbiX C06biTHH CBH,IJ;eTeJib CTBYIOT 

PHc.2. 3asHcHMoCTH 3cpcpeKTHBHOCTH perHCTp&QHH 
TpeKoB (1) H ucTOTbi wyMoB (2) AJUI Ap eiicpoBhiX 
K8Mep MlOOHHOrO cneKTpOMeTpa. 3aiiiTpHXOB8HHbie 
o6naCTH xapaKTepH3YJOT p836poc 3BBHCHMOCTeH AJI.R 
36 K8Mep 
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PHc.3. CpasHeHHe 3KcnepHMeHT8Jlhm.Ix A8HHhiX H Teo
penAecKHX 3H8'1eHHH Ce<leHH.fl o6p830B8HH.fl 1 a 0 npH 

cpoTopacmelllleHHH RAP& 
19 F c HMnymcoM 4 AT3B/c 

0 ero KOHKypeHTOCllOC06HOCTH B CpaBHeHHH 

C Tpa.D;~HOHHbiMH MeTO,IJ;aMH aHaJIH3a, OC0-

6eHHO npH 60JiblliHX MHO:>KecTBeHHO· 

CTHX/11 ,1 2 I. t 

J1cCJie,IJ;OBaHa 3aBHCHMOCTh cet~eHHH cppar

MeHTaQHH 1 9 F OT aTOMHOrO HOMepa H.D;pa

MHllleHH H BLI.IJ;eJieH BKJia.IJ; KYJIOHOBCKoro 

MeXaHH3Ma cpparMeHTaQHH, KOTOpbiH CpaBHH

BaeTCH c pact~eToM (pHc.3). Ocaosao:H BKJia.IJ; 

B HCCJie.IJ;yeMbiH npo~ecc .IJ;aeT cpoTOBo36y:>K

.IJ;eHHe aa cpTope rHraHTCKoro E1-pe3o

aaaca1131. 

Pa3pa6oTaaa perHCTpHpyromaa 3JieKTpoHH

Ka ,IJ;JIH KOOp,D;HHaTHOrO ,IJ;eTeKTopa MIOOHHOrO 

cneKTpOMeTpa KOMnJieKca "Met~eHbie HeihpH

HO", BKJIIOllalOI.Uero 7000 KaHaJIOB H3MepeHHH 

BpeMeHH ,D;pe~cpa. 06'J>eM 3JieKTpOHHKH CO

CTaBJIHeT 500 6noKoB KAMAK H 900 nnaT 

yCHJIHTeJieH-cpOpMHpOBaTeJieH. 3JieKTpoHHKa 

cepHHHO BbinyCKaeTCH B on 011HI1. B03MO:>K

HOCTH 3JieKTpoHHKH: perHCTp~ MHOrOTpe

KOBbiX C06b!THH (MepTBOe BpeMH H3MepH

TeJibHOrO KaHaJia 40 HC); 3anHCb BO BHyTpeH

HIOIO naMaTL 6JioKos BUn TOJILKo 3Hat~ame:H 

(HeHyJieBOH) HHQ>opM~H, liTO yMeHblllaeT 

MepTBOe BpeMH 3JieKTpoHHKH npH BbffiO,IJ;e 

,IJ;aHHbiX B 3BM; 3cp$eKTHBHOCTb perHCTpa

~ npH JII06biX llOJIO:>KeHHHX BXO,IJ;HbiX HM-

KoopAHHaTilhle IliiOCKocTH H3 APeHci>oBhiX Tpy6oK ~ 
KOMillleKC8 "Me<!eHble HeHTpHHO" H8 HCDbiT&TeJihHOM, 
CTeHAeOHMO 





tot 
C'tt t:.. L o ) 

~=A-(~ .... -t::.:ron; 

Puc.4. BpeMeHHIUI AH&rpaM

Ma paOOTbl H3MepHTeJI.R 

BpeMeHH ( COOTBeTCTByeT 

pe)I(HMY pa6oT&I "06uum 
cron") 

fiYJibCOB OT AeTeKTOpOB paBHa 100%; AHaria-

30H H3MepeHIDI BpeMeHH 5,12 MKC; TOtiHOCTh 

H3MepeHIDI BpeMeHH ± 2,5 HC; B03MO:>KHOCTb 

H3MepeHIDI BpeMeHH B ABYX p e:>KHMax: 

"06IUHH CTapT" H "06IUHH CTon" (p HC.4); 

HanHtiHe BCTpOeliHOrO KOHTpOJIR: H B03MO:>K

HOCTH AHCTaHUHOHHOrO TeCTHpOBaHIDI 3JieK

TpOHHKH Ha KaHaJie YCKOpHTeJIR: B COCTaBe 

3KCnepHMeHTanbHOH yCTaHOBKH 11 4 1• 

• 

PABOTbl, 

CBH3AHHbiE C C03,UAH11EM YHK 

Ha npoTOHHOM cHHxpoTpoHe Y-70 B 11<1>133 

npoBeAeHhi HccneAOBaHIDI npouecca nep erpyn

nHpoBKH nytiKa c HcnoJib30BaHHeM I o qepeAH 

t 

Bq·CTaHUHH Ha qacTOTe 200 Mru (co3AaHHoro 

B OHMO KBa3HHenpepi>IBHoro KaHana MOIU

HOCTbiO 100 KBT). CTaHUIDI noKa3ana HaAe:>K

HYIO pa6oTocnoco6HOCTb. llonyqeHbi 3aBHCH

MOCTH K03cPcPHUHeHTa nepeXBaTa OT HHTeHCHB

HOCTH YCKOpeHHOrO fiYtiKa npoTOHOB 11 5 I. 

llpoBeAeHbl HCCJieAOBaHHR: no Bbi6opy 

MaTepHana 3JieKTpoAOB pa3pR:AHHKOB AJIR: 

MOIUHOrO KOMMyTaTopa II oqepeAH CTaHUHH 

neperpynnHpoBKH nytiKa (HMfiYJibCHor o Ka

Hana). 3KcnepHMeHTbl noKa3aJIH, tiTO 3JieK

TpOAhl H3 yrnennaCTHKa B pa6otiHX pe:>KHMaX 

MOryT BhiAep:>KHBaTb -107 BKJIIOtieHHH11 6 1 . 

,UJIR: H3MepeHIDI JIOKaJibHbiX H 3JieKTpH

qeCKHX noJieH C03AaH AaTtiHK Ha OCHOBe 3JieK

TpOOnTHtieCKOrO 3cPcPeKTa llOKKeJibCa B KpH

CTanJie Bi 1 2 Si0 2 0 • 3¢>¢>eKT MO:>KHO paccMaT-

YCT8HOBKa p;n11 KpHOI"eHHbiX H TennOBbiX HCn&IT8HHH MO,D;enH CBepxnpOBO,D;.JIUUfX M8I"HHTOB "npoTO'IHOrO THna" 

,o;n.R YHK 
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pHBaTb KalC HH]zyi.UipoBaHHOe 3JieKTpHlleCKHM 

noJieM JIHHefui:oe AByJiyqenpeJIOMJleHHe. li3Me· 

HeHHe COCTORHHR noJIRpH311nHH CBeTa npeo6-

pa3yeTCR B aMDJIHTYAHYIO MOAYJIR~HIO HHTeH

CHBHOCTH. liMnyJibCbi CBeTOBOrO H3JiyqeHHR 

nepeAaiOTCR no MHOrOMOAOBOMY BOJIOKOHHO· 

MY cseTosony. llpoCTpaHCTBeHHoe pa3perne

HHe onpeAeJIReTCR 'lYBCTBHTeJibHbiM 3JieMeH· 

TOM (He 6onee 1 eM). BpeMeHHoe pa3perne

HHe orpaHHlleHO 6hiCTpOAeHCTBHeM <}>OTOAe

TeKTOpa (He 6onee 10 He). C03AaHHhiH AaT'lHK 

n03BOJIReT H3MepRTh nOJIR HanpR:>KeHHOCTbiO 

OT 30 AO 1500 KB/M. 0H o6ecneqHBaeT raJib· 

BaHHlleCKYIO pa3BR3Ky OT BbiCOKOBOJlbTHbiX 

HCTO'lHHKOB H noMeX03ai.UHI.UeHHOCTh JIHHHH 

nepeAa'lH HH<}>opManHH. C nOMOI.UbiO 3TOrO 

AaT'lHKa npoBeAeHbi aBTOMaTH3HpoBaHHbie H3· 

MepeHHR pacnpeAeJieHHR 3JieKTpHllecKoro noJIR 

B MO]zyJie ceK~HH JUlY 11 7 I. 

Co3AaH asToMaTH3HpoBaHHhiH HMnyJihCHhiH 

XOJIJIOBCKHH MarHHTOMeTp (MliX-3) , n03BO· 

JIRIOI.UHH H3MepRTb TOnorpa<}>HIO H rpaAHeHTbi 

HMnyJibCHbiX H nOCTORHHbiX MarHHTHbiX noJieH 

Pnc.5. 3&BHCHMOCTH noporosoii Harpy3KH Qc (KpY'f<· 
KH) H TeMnepaTyphi noBepXHOCTH TBep,llOI'O Te1I8 -
HCTO'IHHKB Harpy3KH TC (Tpeyron&HHKH) OT TeM
nepaTyphl renHH ,llJIJI sepTHKan&aoii (cseTn&Ie) 
H ropH30HT&nhHOH (TeMH&Ie) OpHeHTBUHHj 
d = 0,4<J'MM 

ifc,K 

3.0 

0.5 

0.0 
1.4 Tl\ 

KaK B npOCTpaHCTBe, TaK H BO BpeMeHH. 

XapaKTe pHCTHKH MHX-3: speMR H3MepeHHR 

- 0,2 MKc; mar Me:>I<Ay H3MepeHHRMH no 

BpeMeHH - 30 MKC H OOJiee; AHana30H H3Me· 

pReMbiX noneH: - AO 2,5 Tn; norpeiiiHOCTb 

H3MepeHHR - (0,1-Q,2) %; qyBCTBHTeJibHOCTb 

- 10- 5 Tn. MHX-3 KaJIH6pyeTcR no HMP· 

MarHHTOMeTpy, KOTOpbiH AaeT a6COJIIOTHYIO 

TO'lHOCTb 10- 5 %.liMeeTCR BCTpOeHHaR MHKpo· 

npo~eccopHaR CHCTeMa H CBR3b C ll3BM 

"llpase~-16". PerHcTpanHR pe3yJibTaTOB 

BH3YaJihHo-rpa<}>H'lecKH·I.UI<PPoBaR. AnnapaTy

pa H nporpaMMHoe o6ecne'leHHe MoryT 6biTb 

6m H3M eHeHHR HCnOJib30BaHbi AJIR HCCJieAO· 

BaHHR IIIHpOKOrO cneKTpa MarHHTHbiX CH· 

CTeM, n pH 3TOM CMeHReMbiMH 3JieMeHTaMH 

RBJIRIOTCR . npo6HHK c AaT'lHKOM XoJIJia, 

KOHCTpy~HR KOTOporo AOJI:>KHa 6hiTb Bbl· 

nOJIHeHa B COOTBeTCTBHH C xapaKTepHbiMH 

reoMeTp H'leCKHMH pa3MepaMH HCCJieAyeMbiX 

MarHHTHbiX 3JieMeHTOB, 

qecKoro nepeMemeHHR 

AyeMOM o61.eMe 11 8 I • 

H CHCTeMa MeXaHH· 

npo6HHKa B HCCJie-

Pnc.6. 3 aBHCHMOCTH noporosoii aarpy3KH Qc (Kpy)I(
KH) H TeMnepaTyphi nosepXHOCTH TBep,llOI'O Te1I8 -

,HCTO'IHHKB Harpy3KH Tc__(Tpeyron&HHKH) OT WHpHHhi 
3830pa ,lln.R T

8 
= 1,82 K (csem&Ie) n T

8 
= 1,45 K 

(TeMHhle) j I'OpH30HT&nhH8.R H BepTHK&nhHB.R O}lHeH
TilllHH 

6.0 3.0 

2.5 

2.0 A 0 

•• 
0.0 

0.0 f.O :5.0 
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):lnH npoTo'IHLIX qacTe:H caepxnpoao,z:vn~Hx 

Mai"HHTOB COBpeMeHHbiX ycKopHTeJieH (HERA, 
YHK, KEK) xapaKTepHLI ropH30HTaJILHbie 

KaHaJILI KOJIL~eaoro H Kpyrnoro c eqeHH:H. 

TaKHM CHCTeMaM cao:HcTBeHHLI HH3KHe Macco

BLie CKOpoCTH (m <50 Kr/M2 c) H OKOJIO

MHa6aTHqeCKHe ycnoBHH. )J;JIH 3THX y cnoaH:H 

Ha KpHoreHHOM cTe~~.ne OHMO HCCJieAOBaHbi 

rH)J;pO)J;HHaMHqecKHe xapaKTepHCTHKH, HCTHH

Hble o6'beMHbie napoco)J;ep)KaHHH H CTPY KTYPLI 

ABYX<l>a3HLIX noToKoa reJIHH (a CBH3H c oT

CyTCTBHeM B JIHTepaType 3TOH Ba)KHOH n paKTH

qecKOH HHQ>opM~). flOKa3aHO, ~0 rpaH~I 

cymecTBOBaHHH paccnoeHHbiX pe)KHMOB Teqe

HHH npHMepHO Ha nopH)J;OK OTJIHqaiOTCH OT 

COOTBeTCTBYIOIUHX rpaHH~ )J;JIH H3BecTHbiX 
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HAYliHO-TEXHHqECKOE 
COTPY,UHHqECTBO 

~ .._. 

Me:>K,~J;yHapoAHOe Haytmo-TeXHHtiecK oe co

TPYAHHtiecTao OIUIM HMeeT 6orrLllloe 3Hatie

HHe AJIH BhlllOJIHeHHH HaytmO-HCCJie,D;o BaTeJib

CKHX pa6oT J1HCTHTyTa, npe,D;yCMOTpeHHbiX 

llpo6rreMHo-TeMaTH'IeCKHM nrraHoM O IUIM. 

0CHOBHhie HTOrH 1988 r. no Me:>K,Il;yHapoA

HOMy Haytmo-TeXHHtiecKoMy coTPYAHH'IeCTBY: 

- npoBe,D;eHhi COBMecTHhie HCCJie,D;OBaHHH 

no 88 TeMaM C HaytmhiMH 1.\eHTpaMH CTpaH

ytiaCTHHI.\, B TOM 'IHCJie no 23 TeMaM C Me:>KAY

HapO,Il;HbiMH H H~OHaJILHbiMH opraHH3~MH 

,D;pyrHX CTpaH; 

- AJIH pellleHHH BOnpOCOB Haytmo -TeXHH

qecKoro coTPYAHH'Iecma H yqacrnH a HaytmLIX 

COBei.I.\aHHHX H KOH<f>epeHI.\HHX KOMaHAHPOBaHO 

a &TpaHLI-ytiaCTHHI.\bi 6orree 550 cn ei.\HaJIH

cToB, a a ApyrHe cTpaHLI - 178 COTPYAHH

KOB OM.RM; 

- AJIH COBMecTHhiX pa6oT, KOHCYJILT~HH 

H COBei.I.\aHHH H3 CTpaH-y'laCTHHI.\ n pHHHTO 

6orree 1300 cnei.\HaJIHCTOB, H3 Haytmhi X 1.\eHT

poB ,D;pyrHX CTpaH H Me:>K,Il;YHapo,Il;Hbi X opra

HH3ai.\HH -177 yqeHbiX; 

- npoae,D;eHo 5 KPYnHhiX Me:>K,Il;yHapoAHLIX 

KoH<f>epeHI.\HH, a TaK:>Ke 35 HaytmhiX H HaytiHO

opraHH3~0HHbiX COBei.I.\aHHH. 

COTPY.UHWIECTBO 

C HAyqHbiMM :QEHTP AMH 

CTP AH-YlJACTHM:Q OM.RM 

HayllliaH nporpaMMa OM.RM BhlllOJIHHeTcH 

a paMKax Me:>K,Il;yHapoAHoro COTPYAHH'Iecma 

c 6orree tieM 300 HaytmLIMH opraHH3~HHMH 

CTpaH-y'laCTHHI.\. 3THM B 3HatiHTeJibHOH CTene

HH o6yCJIOBJieHhi AOCTHrHyThie J1HCTHTyTOM 

B '1988 r. pe3yJILTaThi B o6rraCTH TeopeTH

qeCKOH H 3KCnepHMeHTaJILHOH <f>H3HKH, B pa3-

BHTHH yCKOpHTeJILHOH TeXHHKH, B C0 3AaHHH 

HOBhiX ,D;eTeKTOpOB 'laCTHI.\ H 3JieKTpOHHOH an

napaTypbi, a npoae,D;eHHH Haytmo-npHKJiaAHhiX 

pa3pa60TOK. 
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AKTHBHoe Haytmo-TeXHHtiecKoe COTPYAHH

qecmo ocyi.I.\eCTBJIHeTCH c HHCTHTyTaMH Co

aeTcKoro Cmo3a, H a nepay10 oqepeAL -

C J1HCTHTYTOM <f>H3HKH BhiCOKHX 3HeprliH: 

(llpoTBHHo). B 1988 r. B 11<DB3 npoBOAHJIHCL 

HCCJie,D;OBaHHH Ha lllecTH <f>H3H'IeCKHX yCTaHOB

KaX OM.RM, npoAOJI:>KarracL npopa6oTKa <f>H3H

qecKoH: nporpaMMLI 3KcnepHMeHTOB Ha YHK. 

CoTPYAHHKH OIUIM yqacTBOBaJIH B pa3pa6oTKe 

H C03AaHHH Y3JIOB AJIH YHK. 

Jla6opaTOpWt TeopeTUileC'KOU fPU3U1CU. 

Me:>K,~J;yHapo,D;Hoe Haytmo-TeXHHtiecKoe coTpyA

HH'IecTBo JIT<D TPaAHI.\HOHHo peaJIH3yeTCH B 

paMKax 'leTLipeX HanpaaJieHHH HCCJieAOBaHHH. 

3TO TeopHH 3JieMeHTapHbi~ 'laCTHI.\ H CTpyKTy

pa TeopHH nOJIH, TeOpHH aTOMHOrO • H,D;pa, 

TeopHH KOH,Il;eHCHpoBaHHOrO COCTOHHHH Bei.I.\e

CTBa. 3TH HCCJie,D;OBaHHH o6oe,D;HHHlOT YCHJIHH 

6orree 200 yqeHhiX H3 Be,D;yi.I.\HX HaytmLIX 

1.\eHTpoa acex CTpaH-ytiaCTHHI.\. YKpenrreHHlO 

coTPYAHH'IecTBa <f>H3HKOB-TeopeTHKOB H3 

CTpaH-y'laCTHHI.\ nOCJiy:>KHJia 27 CeCCHH CeKI.\HH 

YtieHoro coaeTa 011RI1 no TeopernqecKoii 

<f>H3HKe, COCTOHBlllaHCH B KpaKOBe (llHP) . 

.lJ.rrH nOBhillleHHH 3<f><f>eKTHBHOCTH KpaTKQ

CpOtmbiX BH3HTOB B JIT<D cnei.\HaJIHCTOB H3 

APyrHx HaytmhiX I.leHTpoa AHpeKI.\HH Jia6o

paTopHH peryrrHpHo HH<f>opMHpoaarra cTpa

Hhi-yqacrnHI.\hi 0 npOBOAHMLIX B Jia6opaTopHH 

TeMaTH'IeCKHX CeMHHapax. 

llpoAOJI:>KaJIOCL TecHoe coTPYAHH'IeCTBo c 

rpynnoH: TeopeTHKOB H3 MHP, KoTopaH pa3BH

aaeT MeTOA CTOXaCTH'IeCKOro KBaHTOBaHHH 

c HeJIOKaJILHbiM <f>opM<f>aKTopoM, B qacrnocrn, 

6biJIH npoBe,D;eHbi HCCJie,D;OBaHHH <f>YHKI.\HH 

rpHHa CKaJIHpHOrO noJIH B CTOXaCTH'IecKOM 

npocTpaHCTBe. 

CoaMecrno c <f>H3HKaMH H.R<D lJCAH 

Be,D;eTCH Bbi'IHCJieHHe CnHHOBbiX 3<f><f>eK-

TOB KX.U. 

B coTPYAHHtiecrae c <f>H3HKaMH H3 lJCCP, 

HPB H r ,UP ony6JIHKOBaHbi TPH CTaTLH, no

CBHI.I.\eHHhie pe3yJibTaTaM BhltiHCJieHHH 3JieKTpo-



06'be~HHeHHblH HHCTHTYT 
npHHJm yqacrHe s MIDK~y
AYHapo~HOH BLICTaBKe 
"HayKa - 88 ", npoxo
AHBWeH B MocKse 

CJia6biX paAHaQHOHHbiX nonpaBOK AJIH npo

I:(eCCOB rny6oKoHeynpyroro ep-pacceHHHH npH 

3HeprHHx ycKopHTeJIH HERA (<I>Pr). 

B retJeHHe nocneAHHX neT HHTeHCHBHo 

Be~eTCH corpy~HtJeCTBO c U11Hl1 AH r.[lP 
(PocceH~Opcp) . no pe3yJibTaTaM COBMeCTHbiX 

pa60T B 1988 r. OI]Y6JIHKOBaHa CTaTbH, no

CBHli:(eHHaH onHcaHHJO Maccoaoro H 3Hepre

THtJecKoro pacnpeAeJieHHH OCKOJIKOB AeJieHHH 

Ha OCHOBe aAHa6aTHtJeCKOrO noTeHQHaJia. 

B 3TOH pa6oTe reopeTHtJeCKHe pe3YJibTaThi 

CpaBHHBalOTCH C 3KCnepHMeHTaJibHbiMH ~aH

HbiMH, nonyqeHHbiMH B flHP 011HJ1. 

B o6nacTH TeopHH KOHAeHcHpoBaHHoro 

COCTOHHHH Me)K)l.yHapo~oe COTpy~HlJeCTBO 

HaH60Jiee HpKO npOHBHJIOCb B HCCJieAOBa
HHHX no BbiCOKOTeMneparypHOH caepxnpoao

~MOCTH. 

Jla6oparopUR BbzcoKux 3Hepzuu. HaytJHaH 

nporpaMMa flB3, OXBaTbffiaJOI.I:(aH 22 TeMbl 

IIpo6neMHO-TeMaTHtJecKoro nnaHa, ocyi.UeCT

BJIHJiacb Ha OCHOBe MHOrOCTOpOHHero CO

rpy~HHlJeCTBa cneQHaJIHCTOB BCeX CTpaH-ytJaCT

HHI:( 0J1HJ1. J1cCJieAOBaHHH, npOBOAHMbie B fla-

6opaTOpHH1 OXBaTbmaJOT IIIHpOKHH Kpyr npo6-

JieM, CBH3aHHbiX C H3ytJeHHeM cpyHAaMeHTaJib

HbiX HBJieHHH B 06JiaCTH cpH3HKH BbiCOKHX 

3HeprHH H pMHTHBHCTCKOH HAepHOH cpH3HKH. 

Pe3yJibTaTbi 3THX Hccne~oaaHHii, BhmonHeHHhie 

B COTpy~HlJeCTBe C ytJeHbiMH pa3HbiX CTpaH, 

AOJIO)KeH I B 1988 r. Ha Me)K)l.yHapOAHbiX 

KOHcpepeHQHHX ( 49 AOKJiaAOB) H npeACTaBJie
Hbl B 149 ny6JIHKaQHHX. 

B paMKax HCCJieAoBaHHH aApOHHOro po)K

neHHH H CBOHCTB oqapoaaHHbiX tJaCTHU H Y3KHX 

6apHOHHbiX pe30HaHCOB (KOJIJia6opaQHH cpH3,H

KOB HPE, BHP, r.nP, cccP H tiCCP) corpyA

HHKH n n oBAHBCKoro yHHBepcHrera, BXT11, 

11HUH3 H IJ;flAHn EAH (CocpHH) npHHHJIH 

ytJaCTHe B aHaJIH3e 3KCnepHMeHTaJibHbiX AaH

HbiX H nOArOTOBKe ny6JIHKaQHH no pO)KAeHHlO 

OtiapoBaHHbiX 6apHOHOB B np-B3aHMOAeHCT

BHHX. CneQHanHcTaMH Ul1<1>11 BAH ycoaep

rneHCTBOBaHhi lJeTbipe TpeXKOOPAHHaTHbie 

nponopQHoHaJihHhie AByxMeTpoBhie KaMepbi. 
B pa6oTax no H3ytJeHHJO KBapKOBOH cTpyK

ryphi HYKJIOHOB H HAep BO B3aHMOAeHCTBHHX 
HAep H HeHTpHHO C nerKHMH H TH)KeJibiMH 

HAPaMH y tJaCTBYJOT ytJeHbie H3 HPE, BHP, 

r .[lP, M HP , nHP, CPP, CCCP H l.JCCP, TaK, 
a 1988 r . a URn (CaepK) 3aKOHtJeH npo

CMOTp H o6pa6oTKa 6onbrnoro o6'LeMa cpHJib

MOBOH HHcpOpMaQHH, nonyqeHHOH B OTAeJib

HbiX 3KcnepHMeHTax, a cOTPYAHHKaMH U11<1> 
(EyxapecT) o6pa6oTaHo oKono 20% aceH: 

HHcpopMauHH c ABYXMeTpoaoH: nponaHoaoH: 

KaMepbi. 

CoaMeCTHhie pa60Thi no HccneAOBaHHJO 

MeXaHH3Ma HeynpyrHX CTOJIKHOBeHHH penH

THBHCTCKHX HAep aeAyT cpH3HKH HPE, MHP, 

nHP, CPP, CCCP H l.JCCP. B UR<I> (KpaKoa) 
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H3rOTaBJIHBaJOTCH y3Jibi ycTaHOBKH " CnoH", 
s :IDI<l> qcAH (PIKe:»<:) H KapnosoM yHHBep
cHTeTe (llpara) npoBOAHTCH pa6oThi no ynyq
rneHHIO xapaKTepHCTHK nonynpoBOAHHKOBbiX 

AeTeKTopos. 
B C03AaHHH yCTaHOBKH 011Hl1, npeAHa-

3HaqeHHOH AJIH HCCJieAOBaHHR noJIHpH30BaH
HbiX HBJieHHH Ha BHyTpeHHeM nyq~ee · YHK 
(npoeKT "llapyc-HenTYH") yqacTBYIOT cne
QHaJIHCTbi HPB, nHP, CCCP H qccp. B :IDill 
(CsepK) H BaprnaBcKoM yHHBepcHTeTe H3-
roTOBJieH pHA 3JieKTpoHHbiX H MexaH~ecKHX 

Y3JIOB ycTaHOBKH. 
BOJibillOH BKJIM B HCCJieAOBaHHH MHO

:»<:eCTBeHHOro KYMYJIHTHBHoro po:>J<:AeHHR qac
THQ Ha cneKTpoMeTpe rl1BC ( KOJIJia6opaQHR 
HPB, r,UP, llHP, CPP, CCCP, qcCP) BHeCJIH 

COTPYAHHKH 11P3 Blll1 (Baprnasa). C ~ 
yqacTHeM 6hma ycoseprneHCTBOBaHa caMa yCTa
HOBKa, a Ta:K:»<:e MaTo6ecneqeHHe KOHTpOJibHOH 
CHCTeMbl. B 11<l>JIY (JlOA3b) BbinOJIHeHbl HCCJie
AOBaTeJibCKHe pa60Tbl no COBeprneHCTBOBaHHIO 
BbiCOKOBOJibTHOrO HMnyJibCHOrO nHTaHHR Ka

Mepbl rHBC. 

B pa3pa6oTKe H co3AaHHH annapaTYpbi 
AJIH Q>H3HqeCKHX HCCJieAOBaHHH H aBTOMaTH-
3aQH!i npoQecca nonyqeHHR H o6pa6oTKH 
AaHHbiX c HCnOJib30BaHHeM 3 BM B Jia6opa
TOpHH yqacTByiOT cneQHaJIHCTbl npaKTHqeCKH 
BCeX CTpaH-yqaCTHHQ. 

Jla6opaTopUR. .R.OepHblX npo6AeM. K oJIJieK
THB Jla6opaTOpHH npOBOAHJI COBMeCTHbie Ha
YqHbie HCCJieAOBaHHR H pa3pa60TKH no 25 Te
MaM llpo6neMHo-TeMaTHqecKoro nnaHa HayqHo
HCCJieAoBaTeJibCKHX pa6oT C 6onee qeM 80 HH
CTHTyTaMH H HayqHO-HCCJieAOBaTeJibCKHMH op
raHH3aQHRMH CTpaH-yqacTHHQ lfHCTHTyTa. 

B HCCJieAoBaHHRx aApoHH3aQHH .KsapKOB 
H rJIIOOHOB B aApOH·HAepHbiX B3aHMOAeHCT
BHRX cneQHaJIHCTaMH H3 CoQ>HiicKoro yHH
sepcHTeTa, 11Hl1H3 BAH (Co<I>HR), U l1<l>l1 
BAH (ByAanernT), <1>11 qcAH H K apnosa 
YHHBepcHTeTa (llpara) BbinOJIHeH aHaJIH3 
Q>HJibMOBOH HHQ>OpMaQHH c YCTaHOBKH Pl1CK. 
l13yqeHbl npOQecCbl pO:»<:AeHHR qacTHQ 60JibillO
ro nonepeqHoro HMnynbca. 3TH pa6oThi n o3BO

JIHT npoHCHHTb npOCTpaHCTBeHHO-BpeMeHHYIO 
KapTHHy MeXaHH3Ma B3aHMOAeHCTBHR 311eMeH
TapHbiX COCTaBJIHIOI..QHX aApOHOB - KBapKOB 
H rJIIOOHOB . 

.UnR ycTaHOBKH "HeiiTpHHHbiH AeTeKTop" 
(COTPYAHHqecTBO HPB, BHP, r,UP, MHP, 
CPP H CCCP) B Ul1<l>l1 BAH (ByAanernT) 
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pa3paOOTaH HHTepQ>eHC C nporpaMMHbiMH H 
annapaTHbiMH cpeACTBaMH H3MepHTeJibHO
BbiqHCJIHTeJibHOrO KOMnJieKca Ha 6a3e 3BM 
CM-3. B 11<l>B3 AH r,np (UoiiTeH) H3rOTaB
JIHBaeTCH Jia3epHaR CHCTeMa KOHTpoJIR napa
MeTpOB seplllHJIHoro AeTeKTopa ycTaHOBKH. 

B pa6oTax no H3yqeHHIO csoiicTB HAep, 
AaJieKHX OT nOJIOCbl 6eTa-cTa6HJibHOCTH (npo
rpaMMa HCHAnll), npHHHMruoT yqacme yqe
Hhie HPB, BHP, r,np, MHP, KH.UP, llHP, 
CPP, CCCP H qccP . .D:nR nposeAeHHH cosMecT
HhiX HCCJieAOBaHHH H3 Ul1<l>l1 BAH (ByAa
neiiiT) nocTaBJieHbi B O:IDII1 XHMHqec~eoe 

o6opyAoBaHHe H 3BM "Commodore 64". 
B 11HcTHTyTe Q>H3HKH YHHBepcHTeTa 
HM. M.KIOpH-CKJIOAOBCKOH (Jlro6JIHH) C03Aa
Ha H HCnbiTaHa MHIIIeHb - HOHHbiH HCTOqHHK 

AJIR Macc-cenapaTopa KOMnne~eca HCHAnn-2. 
11cnbiTaHHR noKa3aJIH, qTo AaHHbiH y3en MO:»<:eT 
6hiTb HCnOJib3oBaH AJIH nonyqeHHH PMHOaK
THBHbiX H30TOnOB B pe:>KHMe OH-JiaHH Q>a30Tp0-
Ha 011Hl1. B 11H<l> (Kpa~eos) npOAOJI:»<:aJIOcb 
H3rOTOBJieHHe o6opyAOBaHHR AJIH nepepaOOTKH 
MaCCHBHbiX MHIIIeHeH. llo 3TOH :>Ke TeMe B lfH

CTHTYTe aTOMHOH 3HeprHH (BapiiiaBa) 6bma 
npoBeAeHa KOHTpOJibHaR c6opKa ycTpOHCTBa 
KOBPA. 

B HCCJieAOBaHHRX Me3oaTOMHbiX H Me3o
MOJieKyJIHpHbiX npOQeCCOB MIOOHHOrO KaTaJIH-
3a yqacTBYIOT Q>H3HKH HPB, llHP, CCCP H 
qccp. CosMecmo c coTpYAHHKaMH 11Hl1H3 
BAH (CoQ>HR) pa3pa6oTaH anropHTM 3Q>Q>eK
THBHOCTH perHCTpaQHH HeHTpOHOB peaKQHH 
HAepHoro CHHTe3a B ttJ..L H ddJ..L Moneeynax 
6oJibiiiHMH AeTeKTOpaMH c :»<:HAKHMH CQHH
THJIJIHTOpaMH. 

B c03AaHHH KOMnJieKca annapaTypbi AJIH 
H3yqeHHR 6HOJIOrHqecKOro AeHCTBHR KOpnyc-

. KyJIHpHbiX H3JiyqeHHH npHHHMalOT yqaCTHe 
cneQHaJIHCTbi HPB, r .1l:P, MHP, llHP, CPP, 
CCCP H qcCP. B 11Hl1H3 BAH (CoQ>HH) 
npOBOAHTCH COBMeCTHbie HCCJieAOBaHHR 3aKO
HOMepHOCTeH H MeXaHH3MOB HHAYKQHH 6aK
TepHaJibHOrO npoQ>ara npH AeHCTBHH HOHH-
3HpyiOI.QHX H3JiyqeHHH pa3HOrO Kaqecma. 
B 11HXT (BapiiiaBa) il3yqaroTCH JieTaJibHbie 
3Q>Q>eKTbl, B03HHKaiOI.QHe npH AeHCTBHH pa3-
HbiX BHAOB H3JiyqeHHR Ha KJieTKH MJieKO
llHTalOI.QHX, B 11flll (BapiiiaBa) - MHKpO
A03HMeTpHqecKHe xapaKTepHCTHKH H3JiyqeHHH. 
lfccJieAOBaHHR MyTareHHOrO BJIHRHHH HOHH-
3HpyiOI..QHX H3JiyqeHHH Ha MHKpoopraHH3Mbl 
npOBOAHJIHCb COBMeCTHO C J1HCTHTYTOM 6HO
Q>H3HKH qcAH (BpHo). 



B ceHTR6pe 1988 r. a HA3 (Caepx, nHP) rpynnoA cneQHanHCTO JUII1 OH.FIH npoae,neHa npaeMKa yCTpolfcTaa 
KOBPA, usroToBneHHoro B 11oru.we no KOHTpaKTY TEXCHAB3KCI10PT- 110JIATOM (CCCP-11HP). YCTpoliCTBO 
npe,D.Ha3Ha'leHo WJJI o6ny'leHHJI MaCCHBHhiX MHWeHeA Ha BhiBeAeHHOM nyqxe npoTOHOB <l>a30Tpoua OH.FIH c uen&IO 
nony'leHHJI p~OHYKnHAOB MeJlHUHHCKOro H83H8'1eHHJI 

llonyqmm AaJibHeiirnee pa3BHTHe pa6oTbi 

no aBTOMaTH3auHH ¢>H3HlleCKHX HCCJie)l;OBaHHH 

C npHMeHeHHeM 3BM H nepCOHaJibHbiX KOM

nblOTepOB. C yqacrHeM cneQHaJIHCTOB HPB 

pa3pa6oTaHbi B CTaHAapTe KAMAK MHoro

KaHaJihHbie aHaJIH3aTOpbl H KOHTpOJIJiepbl )l;JIH 

CBH3H C nepCOHaJibHOH 3BM "llpaBeQ-16". 

CoTpYAHHKH TY (LI:pe3AeH) npHHHMaJIH yqa

CTHe B C03)l;aHHH 3JieKTpOHHbiX CHCTeM 

aBTOMaTHtieCKOrO ynpaBJieHHH ¢>a30TpOHOM 

OHHH, s co3)l;aHHH ycraHosKn MEr A KoM

nneKca MIOCllHH. C yqeHbiMH H3 Hllll (By

xapecT) Be)l;yTCH COBMecTHbie pa60Tbl no 

OnTHMH3auHH MOHHTOpHOrO KOMnJieKca ycTa

HOBKH rEHOM. Ha Ka¢>eApe HH3KHX TeM

nepaTyp MaTeMaTHKO-¢>H3HtieCKOrO ¢>aKyJih

TeTa Kapnosa yHHBepcHTeTa B coTpyAHHlleCTBe 

c Ol1Hl1 ocyi..QeCTBJieH MOHTa)f( H 3anycK 

nOJJHpH30BaHHOH npoTOHHOH 3aMOpO)f(eHHOH 

MHllleHH. 

Jla6oparopu.n Ju)epHbZX P.eaKquu. Me)f(AY

Hapo)l;Hoe HaytiHo-TexHHtiecKoe COTPYAHHtiecTBo 

C HHCTHTyTaMH H opraHH3aQHHMH CTpaH

yqacTHHU Ol1Hl1 npoBO)l;HJIOCh B paMKax 

7 TeM llpo6JieMHO-TeMaTHtieCKOrO nJiaHa 

HaytiHO-HCCJie)l;OBaTeJibCKHX pa60T. 

B p a6oTax no CHHTe3y TpaHc¢>epMHeBbiX 

H CBepXTH)f(eJibiX 3JieMeHTOB H nOHCKY B npH

pO)l;e p e)l;KHX aTOMHbiX H)l;ep H H)l;epHbiX npe

Bpai..QeHHH ytiaCTBOBaJIH HaytiHbie opraHH3auHH 

HPB, B HP, rLJ:P, KHLI:P, MHP, CPP, CCCP 

H qccp. B l1Hl1H3 BAH (Co¢>nH) pa3pa6o

TaHa B biCOKOliYBCTBHTeJibHaH Macc-cneKTpO

MeTpHtieCKaH MeTO)l;HKa 3JieMeHTHOrO aHaJIH3a 

Bei..QeCTBa, KOTOpaH HCnOJih3yeTCH npH C03-

)l;aHHH ycTaHOBKH JII1LJ:l1A. CneQuanHCTbi 

U:I111Pl1 AH r .nP ( JleHnQHr) yqacTBY!OT 

B pa3pa60TKe noJJynpOBO)l;HHKOBbiX )l;eTeKTO

pOB )l;JIH HOBOH ycTaHOBKH - raJoHanonHeH

Horo c enapaTopa. B l1Hll (CsepK) se)l;yTCH 

pa6oTbi no C03AaHHJO nponopQHOHaJihHbiX ctieT

tiHKOB HeHTpOHOB. 

HccJie)l;OBaHHe MeXaHH3Ma B3aHMOAeiicTBHH . . 
TH)f(eJiblX HOHOB C H)l;paMH Be)l;yT CneQHaJIHCTbl 

HPo, B HP, CPB, rLJ:P, llHP, CPP, CCCP u 

qccp. C BaJo~ pa3BHTHH u sHeApeHHH EAHHO

ro ueHTpa no ¢>u3HKe BAH (Co¢>uH) 3aKJiro

tieH K OHTpaKT, B COOTBeTCTBHH C KOTOpbiM 

B HPE 6yAyT H3rOTOBJJeHbi see MexaHHtieCKHe 
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y3nhi ycTaHOBKH "<I>o6oc". B BonrapHH y:>Ke 

H3roToaneH yHHKanbHhiH MexaaHlleCKHH Kap
Kac H peaK~HOHHaH KaMepa yCTaHOBKH, 
H3rOTOBneHa qaCTb 6p3rrOBCKHX HOHH3~HOH
HbiX KaMep, KOTOpbie npOXO,Z:VIT HCllbiTaHHH 
Ha nyqKe ycKopHTenH Y-400. B coTpy~

qecTBe c U11Rl1 AH r .UP (PocceH,D;op$ ) npo
BOAWJHCb 3KCnepHMeHTbl no H3yqemfio Me

XaHH3Ma B3aHMOAeHCTBHH cnO:>KHbiX HAep 
Ha ycraaoaKe )J.3MAC. HccneAOBaH Mexa
HH3M Hoaoro npo~ecca "xono,AHoro" 6biCT
poro AeneHHH. CoaMecmo c Ul1Hl1 BeAeTCH 
pa3pa60TKa AeTeKTHpylOI.QHX yCTpOHCTB H 
3neKTpOHHKH ycTaHOBKH "<I>o6oc". B onhwoH: 

BKnaA BHecnH coTpyAHHKH HHII ( CaepK) 
B HanaAKY 3neKTpOHHOH annapaTypbl H npo
rpaMMHOrO o6ecneqeHH.fl yCTaHOBKH )J.3MAC. 

l13yqeHHe rny6oKoHeynpyrHX cTon KHoBe

HHH cno:>KHbiX HAep H CBOHCTB HyKnHAOB, 

yAaneHHhiX OT AOnHHhi 6eTa-cTa6HnbHOCTH, 
ocy~ecTBnHnH cne~anHCTbi npaKTHqecKH acex 
cTpaa-yqacmH~. B l1Hl1H3 BAH (Co$HH) 
npOBOAHnHCb COBMeCTHbie pa3pa60TKH na3ep
HOH MeTOAHKH H3MepeHHH paAeycoa HAep 
Ha ~HKnOTpOHax Ol1Hl1. IIpoAon:>KaeTCH co
TPYAHHqecTBO c YHHaepcHTeTOM (YnaH-BaTop) 
a -HccneAoBaHHH na3epHoro H3nyqeHIDI npH 
pe30HaHCHOM B036y:>KAeHHH aTOMOB. Ha ycrn

HOBKe MCA aeAyTcH coaMecTHhie c 11R<I> 
(KpaKOB) 3KCnepHMeHTbl no B3aHMOAeHCTBHIO 
TH:>KenbiX HOHOB C HApaMH. 

B pa3pa6oTKe H Hcnonb30BaHHH aAepHo
$H3HqecKHX MeTOAOB ,An.fl npHKna,AHbi X ~eneH: 
yqaCTBYIOT yqeHbie BCeX CTpaa-yqaCTHH~ liHCTH
TYTa. CoaMeCTHO c YHHBepcHTeTOM HM. 3.3TBe
wa (ByAanewT) Ha nyqKe ~HKnoTpoHa Y-400 
BeAyTCH HCcneAOBaHHH B o6naCTH pa,AHa~OH
HOrO MaTepHanoaeAeHHH. B 3KcnepHMeHTax 
HCnOnh3yeTCH C03AaHHOe B yHHBepCHTeTe 3neK
TpOHHOe o6opyAOBaHHe, yHHBepcHTeT npeACTa
BHn TaK:>Ke o6pa3~I MaTepHanoB. Cne~HanHCTbi 
CPB yqacTBOBanH B pa3pa6oTKe MeTOAHK 
H annapazypbl MH npHKnaAHbiX HCcneAOBaHHH, 
BbinOnHHeMbiX C nOMO~lO MHKpOTpOHa. 

Jla6opaTOpWl. HeuTpoHHOU ljjuauKu. Me)I(Ay

HapoAHoe HayqHo-TexHHllecKoe COTPYAHHllecTBO 
fla6opaTOpHH OCyi.UecTBnHnOCb B COOTBeTCTBHH 
c 6 TeMaMH Ilpo6neMHO-l'eMaTHqecKor o nnaaa 
Ol1Hl1. B pa6oTax no BhiCOKoTeMnepaTypHOH 
caepxnpoBOAHMOCTH, a TaK:>Ke B TPaA~HOHHhiX 

,AnH flH<l> HanpaaneHHHX HCcneAOBaHHH npHHH
ManH yqaCTHe yqeHbie 6onbWHHCTBa CTpaH
yqacTH~ liHCTHTYTa. 3a npoweAWHH roA 
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fla6opaTOpHH opraHH30Bana 4 Me:>KAyHapoA
HbiX pa6oqHX COBei.UaHHH, B peAa~HH HayqHbiX 
nepHo,AHqecKHX H3AaHHH npeACTaB.eHO OKOnO 

180 pa60T MH ny6nHK~HH. 
B BpaTHcnaae Ha Ka$.eApe HAepHoH: $H3H

KH YHHBepcHTeTa HM. H.A.KoMeHcKoro pa3pa-
6oTaHa MeTOAHKa H3MepeHHH np- H na-peaK~HH 
npH E = 1 + 5 M3B. C noMO~lO 3TOH MeTO
AHKH Ha peaKTope HBP-30 roTOBHTCH npe~H-
3HOHHhie H3MepeHHH cneKTpa 6biCTpblX HeHTpO
HOB. CoaMecmo c HH<l> (P:>Ke:>K) npoBOAHnOCb 
H3yqeHHe peaK~H 7 Be(np) npH En = 2 K3B 
(P:>Ke:>K) HEn = 24 K3B (nH<l>). 

CoTpyAHHKaMH 11Rl1H3 BAH (Co$HH) 
nonyqeHbl HOBbie AaHHbie no HeHTpoHHbiM 

ceqeHHHM KOHCTPY~HOHHhiX MaTepHanoa MH 
peaKTopoa, a TaK:>Ke HaqaTbi pa6oTbi no 3KO
norHH 6onrapCKOH aKBaTOpHH qepHOrO MOpH. 

Cne~anHcTaMH UH<l>R (ByAanewT) HaKo
nneH 6onhWOH 3KcnepHMeHTanbHbiH MaTepHan, 

nonyqeHHhlli c noMO~hlO cneKTpoMeTpa KOP A: 
AH$paK~HOHHbie H KOppenH~OHHbie cneKTpo
rpaMMbl pa3nH~biX 06'beKTOB, B qaCTHOCTH, 
YHHKanbHhie AaHHbie 0 TBepAbiX :>KHAKOCTHX. 
CoaMeCTHo c nonbCKHMH yqeHbiMH 3anymeHa 
ycraaoaKa ·BhiCOKoro AaBneHHH (15000 aTM) 
AnH cneKTpOMeTpa KLJ.COr-M, Ha KctropoH: 
npOBOA.flTCH H3MepeHHH nnaCTH'IHbiX KpHCTan
noB, cynepHOHHbiX npOBOAHHKOB H BbiCOKO
TeMnepaTypHbiX CBepxnpoBOAHHKOB. 

Ha HeiiTpoHHOM AH$paKTOMeTpe LI.H-2 
coaMeCTHO c liHCTHTYTOM $H3HKH IIAH (Bpo~
naa) H3yqeHo pacnpeAeneHHe a TO MOB :>Kene3a 
B CTpyKzype BbiCOKOTeMnepaTypHbiX CBepx
npOBOAHHKOB THna 1-2-3. IlpOBO,AHnHCb HCcne
AOBaHHH aHOManbHOrO noBeAeHHH BbiCOKOTeM
nepaTypHbiX CBepxnpoBOA.fl~HX KepaMHK Ha 
OCHOBe HTTpHH, B KOTOpbiX yqaCTBOBanH 
yqeHbie HUHH (XaaoH:). CoTpyAHHKH <1>11 
qCAH (Ilpara) BHecnH BKnaA B C03AaHHe 
H HCcneAOBaHHe MaCCHBHbiX o6pa3~0B CBepx
npOBOA.fli.UHX KepaMHK Ha OCHOBe HTTpHH 
H BHCMyTa, a TaK:>Ke Hanbin.fleMbiX nneHOK. 
Pa3pa60TaH CKBHA Ha OCHOBe BbiCOKOTeMne
paTypHOrO caepxnpoBOAHHKa, H3yqeHbi ero 
caoH:cTaa. 

B COTPYAHHlleCTBe c TY ()J.pe3AeH) C03Aa
Ha H COBepweHCTByeTCH CHCTeMa noKanbHOH 
CeTH 3BM H3MepHTenbHOro ~eHTpa flH<l>. 
CoaMeCTHO c nonbCKHMH cne~HanHCTaMH co3-
AaHa nepe,ABH:>KHaH H3MepHTenbHaH CHCTeMa, 
HCllhiTaHHaH Ha • nyqKax HBP-2 H peaKTopa 
11Rl1 AH YCCP (KHea). IlonbcKHe yqeHbie 
npeAOCTaBHnH An.fl Hee MHKpoKOMllblOTep 



ZX SPECTRUM c MOHHTopoM H Ha6opoM 
3JieKTpoHHbiX 6JIOKOB. 

CneQHaJIHCTaMH U.HHH AH r,llP (PocceH
.o;opcp) BHe.D;peHa YCTaHOBKa no KOHTpOJIIO 
KHCJIOpO,o;a B TenJIOHOCHTeJie (HaTpHH) peaK
TOpa .HBP-2, liTO 3HaliHTeJibHO nOBbiillaeT 
6e30llaCHOCTb 3KCnnyaTaQHH peaKTOpa. 

Jla6opaTOpUR BblllUC/1.UT€11.bHOU T€XHU1<U 

u aaToMaTu3a!JUU. B 1988 r. Jla6opaTopHR 
COTpy.D;HHllaJia C pa3JIHliHbiMH opraHH3aQIDIMH 
cTpaH-yllaCTHHQ O.H.R.H no 16 TeMaM llpo6neM
HO-TeMaTHtiecKoro nJiaHa HayliHO-HCCJie.D;OBa
TeJibCKHX pa60T H Me:>K,o;yHapO.D;HOrO COTpy,o;
HHlleCTBa. 

CosMeCTHO co cneQHaJIHcTaMH H3 scex 
CTpaH-yllaCTHHQ JiHCTHTyTa ycnelliHO BblllOJI
HHJiaCb o.D;Ha H3 rJiaBHbiX 3a.D;all JIBTA - 3cp
cpeKTHBHOe HcnoJib30BaHHe H pa3BHTHe UeHT
panbHoro BblliHCJIHTeJibHOrO KOMllJieKCa. 
B paMKax coTpy.D;HHt~ecrsa c BhiliHCJIHTeJibHhiM 
QeHTpoM (Jl.HBU) CocpHH:cKoro yHHBepcHTeTa 
B BonrapHIO nepe.o;aHa sepcHR nporpaMMHOH 
cHcTeMbi TEPM .D;JIR ynpasneHHR pa6oToH 
no.o;KJIIOt~eHHhiX K EC 3BM TepMHHaJIOB, 
a TaK:>Ke nporpaMMa KEPM.HT. B csoro oqe
pe.D;b JIBT A nonyt~HJia OKOJIO 40 .D;HCKeTOK 
c nporpaMMHhiMH npo.o;yKTaMH .D;JIH nepco
HaJibHhiX 3BM O.H.R.H. llpH aKTHBHOM yt~a

CTHH pn.o;a 6onrapc~Hx HayliHhiX opraHH3aQHH 
B )ly6He 6hiJI opraHH30BaH ceMHHap "llpHMe
HeHHe nepCOHaJibHbiX 3BM B cpH3HtleCKHX 
HCCJie,o;osaHHRx". B paMKax .o;orosopos c 
U.H.HP.H AH r.uP (JieH:nQHr) H U.HH.H AH r.UP 
(PocceH,o;opcp) npose.o;eHa cosMeCTHaR pa6oTa 
no KOMllJieKTaQHH 6H6JIHOTeK nporpaMM o6-
mero Ha3HalleHHR H HX cepBHCHOMY o6cJiy:>KH
BaHHIO. B UeHTpe Hayt~Horo npH6opocTpoeHHR 
AH r,llP (BepJIHH) BbinOJIHeHO npoeKTHposa
HHe H H3rOTOBJieHHe nellaTHbiX nJiaT .D;JIH rpacpH
qecKoro npoQeccopa, pa3pa6oTaHHoro B JIBT A. 
CosMecTHo c BhNHCJIHTeJibHhiM QeHTpoM 
U.Hct>POHET B CsepKe H KpaKoBe nposo.D;H
JIHCb pa60Tbl no pa3BHTHIO TeXHHtiecKHX H npo
rpaMMHbiX cpe,o;cTB .D;JIH 3BM cpHpMbi CDC. 
llo pa3pa6oTaHHOH COBMecTHo C .HA3 (CsepK) 
.D;OKyMeHTaQHH H3rOTOBJieHbl nellaTHbie nJiaThi 
H npoH3Be,o;eHa Hana,o;Ka MYJibTHnneKcopa Tep
MHHaJIOB. 

B pa3BHTHH H HcnoJib30BaHHH cHCTeM 
aHaJIHTHtleCKHX BhlliHCJieHHH yt~aCTBOBaJIH cne
QHaJIHCTbl HPB, BHP, CPB, r,llP, KH,llP, CCCP 
H qccp. CosMecTHo c E.D;HHbiM QeHTpoM 
MaTeMaTHKH H MexaHHKH BAH (CocpHR) 

npOBO.D;HJIHCb :pa60Tbl no KOMllJieKTaQHH 
6H6JIHOTeKH · nporpaMM cHcTeMbi REDUCE . 
.H3 EUMM nonyt~eHa HOBan BepcHH nporpaMMhi 
.D;JIR BhiliHCJieHHH npeo6pa3osaHHR Jlannaca, 
B EUMM nepe.D;aHbi nporpaMMhi MaTpHtiHO-
ro naKeTa. CoTpy.D;HHKH YHHBepcHTeTa 
HM. K .MapKca (JleH:nQHr) yqacTBOBaJIH 
B pa6oTax no paCI11HpeHHIO MaTpHtiHOrO MO.D;y
JIH CHCTeMbl aHaJIHTHtlecKHX BblliHCJieHHH 
MATH ,o;nR H3BM THna IBM PC, C03.D;aH naKeT 
npoQe.o;yp .D;JIH nocTpOeHHR MaTpHtiHoro xapaK
TepHCTHt~ecKoro MHorot~JieHa. CosMecTHo co 
cneQHaJIHCTaMH Kapnosa yHHBepcHTeTa (llpa
ra) npose.o;eHbi pa6oThi no HCCJie,o;osaHHIO 
npHMeHHMOCTH ll3BM THna IBM PC .D;JIR 

liHCJieHHO-aHaJIHTHlleCKHX paclleTOB cneKTpa lie-
. peHKOBCK<?rO H3JiylleHHH B aHH30TpOllHbiX 

KpHCTaJIJiaX. 
B paMKax coTpy.D;HHtiecTBa no pa3pa6oTKe 

aJirOpHTMOB H C03.D;aHHIO MaTeMaTHtieCKOrO 
o6ecnet~eHHH .D;JIH o6pa6oTKH .o;aHHhiX c ycra
HOBKH "HeHTpHHHbiH ,o;eTeKTOp" Ha 3BM 
UeHTpaJibHoro BhNHCJIHTeJibHoro KOMnJieKca 
U.Hct>.H BAH (By.o;anelliT) 6biJI a,o;anTHposaH 
sapHaHT 
B JIBTA. 

nporpaMMhi, no,o;rOTOBJieHHOH 

CosMeCTHO c HapO.D;HhiM npe.o;npHHTHeM 
·"Kapn U eH:c" (:AeHa) BhinOJIHHJIHCb pa6oTbi 
no C03.D;aHHIO yHHBepCaJibHOro H3MepHTeJibHQrO 
cTeH.o;a .D;JIH ll3C-MaTpHQ. B :AeHe pa3pa6oTa
Hhi ornHtieCKHe y3Jihi CTeH,na. B paMKax :noH: 
TeMbi BMeCTe co cneQHaJIHCTaMH CnosaQKOH 
BhiCilleH TeXHHlleCKOH IliKOJibl (BpaTHCJiaBa) 
C03.D;aHa CHCTeMa C'beMa H QHcppoBOH o6pa6oT
KH ,nByMepHbiX H306pa:>KeHHH, B COCTaB KO
TOpOH BXO.D;HT TB-KaMepa Ha ocHose MaTpHQbi 
ll3C, CHCTeMHbiH KOHTpoJIJiep, MOHHTOp H 
ll3BM " llpaseQ-16". 

06U1€ UHCTUTYTC1<0e HayllHO-M€TOOU'l€C1<0e 

OTOMeHu e. B 1988 r. s OHMO ocymecTBJIH
nocb Hay liHO-TeXHHllecKoe COTpy.D;HHtieCTBO no 
9 TeMaM llpo6neMHo-TeMaTHtiecKoro pnaHa 
O.H.R.H c Hayt~HhiMH QeHTpaMH HPB, BHP, 
r )lP, K H)lP, MHP, nHP, CPP, CCCP H qccp. 

)lnR 3aBep11IeHIDI pa60T no C03,naHHIO 
KYT.H-20 B CocpHH:cKoM yHHBepcHTeTe npose
,neHhi cosMeCTHhie HcCJie,noBaHHR CBq·MeTO
,nHKH H3MepeHHH napaMeTpOB KaTO.D;HOH nJia3-
Mbl. Ha ocHoBe npose,neHHhiX 3KcnepHMeHTOB 
Bbipa6oTaHhi peKoMeH,naQHH no ynyqllleHHIO 
KOHCTpyKQHH H napaMeTpoB 3JieKTpOHHOH 
nylliKH CO B3pbiB03MHCCHOHHbiM KaTO.D;OM. 
CosMecTHo co cneQHaJIHcTaMH U.Hct>.H BAH 
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(By,nanewT) npoae,neHa pa6oTa no HCIIbrTa
HHIO 3JleKTpOHHOH annaparypbi B CTaH,napTe 

MULTIBUS AJIR C03AaHHR cHcTeM pacnpe,ne
neHHo:H o6pa6oTKH AaHHhiX H B ACY K YTI1-20. 
<I>H3HKH TY (.ll:pe3,neH) ytiaCTBOBaJIH a pa3-
pa6oTKe TeXHOJIOrHH o6e3riDKHBaHHR MaTe
pHaJIOB. C QeJibiO C03AaHHR CHCTeMhi ,nHar
HOCTHKH KOJlbQeBOrO cryCTKa 3apR?KeHHbiX 
tiaCTHQ no cHHxpoTpOHHOMy H3JiytieHHIO B TY 
npoae,neHo H3MepeHHe xapaKTepHCTHK o6pa3-
QOB nHp03JleKTpHtieCKHX MaTepHaJIOB nocne 
HX 3KCnOHHpOBaHHR B nOTOKaX HeHTpOHOB 
Ha ycTaHOBKax OURI1. 

B Hccne,noBaHHRX no pa3BHTHIO MeTo,nH
KH KOOp,nHHaTHbiX ,neTeKTOpOB tiaCTHQ H R,D:ep 
coaMeCTHO co cneQHaJIHCTaMH U11<1>11 BAH 
(By,nanewT) npoae,neHa pa6oTa no ocaoeHHIO 
TeXHOJIOrHH MHOrOCJIOHHhiX netiaTHhiX nJiaT 

H rH6pH,nHbiX MHKpOCXeM, Bbipa60TaHbl npe,n
JlO:>KeHHR no BHe,npeHHro a 011HI1 aBTOMaTH-

3HpoaaHHOH CHCTeMbl KOHTpOJIR KatieCTBa ne
tiaTHbiX nnaT. B U11HI1 AH r.D:P (PocceH,nop¢) 
HatiaTa pa6oTa no OCBOeHHIO TeXHOJIOrHH 
npOH3BOACTBa nonynpoBOAHHKOBbiX KOOp,nH
HaTHbiX ,neTeKTOpOB C QeJibiO opraHH3aQHH 
HX npOH3BO,D:CTBa B OURI1. rpynna cneQHa-
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JlHCTOB H3 r .lJ:P (TY, .lJ:pe3,neH) yqaCTBOBaJia 
B pa6oTe no 3aBepweHHIO MOHTa:>Ka HOBOrO 

KOMnaKTHOrO KpHCTaJIJl-AHQJpaKQHOHHOrO 
cneKTpOMeTpa. 113 r.IJ:P AJIR 3TOH ycTaHOBKH 
nonytieHhi caepxTOIJHhre cHcTeMbi H3MepeHHR 
AJIHH nepeMemeHHR H ,npyrHe y3Jihi. 

CoaMecTHO co cneQHanHCTaMH 11<1>T AH 
MHP (YnaH-BaTop) HatiaThi pa60Thi no co3,na
HHIO aBTOMaTH3HpOBaHHbiX H3MepHTeJibHbiX CH

CTeM AJIR YHK H MHKpOTpoHHo:H na6opaTOpHH 
11<1>T. C 11H<I> liCAH (P:>Ke:>K) npo,non:>KeHbi 
pa60Tbi no C03,D:aHHIO npeQH3HOHHOrO H3MepH
TeJIR MarHHTHOrO nOJIR. 

llo o6meHHCTHTYTCKOH TeMe "11ccne,no
BaHHe BbiCOKOTeMneparypHOH CBepxnpoBO,nH
MOCTH" coaMecmo co cneQHaJIHCTaMH 311 CAH 

(BpaTHCJlaBa) npoae,neHbl HCCJleAOBaHHR CO
CTaBa H CTpyKTypbl TOHKHX Y-Cu-nneHOK, 

o6pa3Qhr KOTOphiX H3roToBJieHhr B OHMO. 
HatiaThr pa6oThi no co3,naHHro KOMnaKmo
ro In-Sb-,neTeKTOpa c MarHHTHhiM noneM, 
Q:lopMHpyeMbiM Sm-Co MarnHTaMH, AJIR 

HCCJle,D:OBaHHR o6pa3QOB BbiCOKOTeMnepa-
TypHbiX CBepxnpoBOAHHKOB B HHQJpa-
KpaCHOM ,D:Hana30He CHHXpOTpOHHOrO H3-
JiytieHHR . 
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B 1988 r. 011JII1 opraHH3osan H npose.n 

nRTL KpyllHLIX Me~yHapO,Il;HbiX COBei.QaHHH. 

B HIOHe s ,Uy6He cocronncn IX Me~y
uapo.n;HbiH ceMHHap no npo6neMaM ¢>H3HKH 

BbiCOKHX 3HeprHH, B KOTOpoM npHHRJIH yqa

CTHe yqeHbie H3 CTpaH-y'llaCTH~, a TaK)Ke 

11TanHH, KaHa.n;hi, CiliA, <l>paH~HH, <I>Pr, .Rno

HHH. CeMHHap 6hiJI nocBRI.QeH sonpocaM 

peJIRTHBHCTCKOH R,n;epHOH ¢>H3HKH H KBaH

TOBOH xpoMO,IJ;HHaMHKH. 

YcnelllHO npollleJI s BapHe XIII Me)K,n;y

Hapo.n;HbiH CHMn03HyM no R,n;epHOH 3JieKTpo

HHKe, opraHH30BaHHbiH COBMeCTHO C 11HCTH

TYTOM R.n;epHbiX HCCJie,IJ;OBaHHH H R,IJ;epHOH 

3HepreTHKH EonrapcKoH: aKa.n;eMHH HayK. 

CHMno3HyM 6hiJI nocBRI.QeH sonpocaM aBTO

MaTH3~Ha R,n;epHo-¢>H3H'IIeCKHX HCCJie,IJ;oBaHHH 

B 0J1.RJ1, HHCTHTYTaX CTpaH-y'llaCTH~ H ,n;py

rHX ¢>H3H'IIeCKHX ~eHTpax. 

120 cne~HaJIHCTOB H3 10 CTpaH npHHRJIH 

yqacTHe s Me~yHapo,n;HoH: IllKOJie MOJIO,IJ;biX 

yqeHbiX no npo6neMaM ycKopHTe.neH: 3apn

)KeHHbiX 'llaCTH~, KOTOpaR npOBO,IJ;HJiaCL B ,Uy6-

He B CeHTR6pe. 

B n porpaMMY Me~yHapo.n;HOH IllKOJibi 

no BOnpo caM npHMeHeHHR :3BM B ¢>H3H'IIeCKHX 

HCCJie,IJ;OBaHHRX, npOXO,IJ;HBilleH B ,Uy6He, 6biJIH 

BKJIIO'IIeHbl Jie~HH H ,ll;HCKYCCHH no CJie,IJ;yiO

I.QHM Han pasJieHHRM: HH¢>0pMa~HOHHO-Bbi'IIHC

JIHTeJILHbie KOMllJieKCbl B Hay'IIHbiX HCCJie,IJ;OBa

HHRX, HX MaTeMaTH'IIeCKOe o6ecne'lleHHe; CHCTe

Ma c6opa H o6pa6oTKH 3KCnepHMeHTaJILHbiX 

,IJ;aHHbiX; nepCOHaJILHbie :3BM H MHKp03JieKTpO

HHKa B ¢>H3H'IIeCKHX HCCJie,IJ;OBaHHRX. 

XI B cecoi03HOe cosei.QaHHe no ycKopme

JIRM 3ap R)KeHHbiX qaCT~, opraHH30BaHHOe 

OI1.RI1, r KA:-3 cccP H AH cccP, cocToRJiocL 

s KOH~e OKTR6pn s .Uy6He. B HeM npHHRJIH 

yqacrHe 350 cne~HaJIHCTOB. Ha cosei.QaHHH 

6hiJIH 3 aCJiylllaHhi .n;oKJia,IJ;bi o cospeMeHHhiX 

.TeH,n;eH~HRX pa3BHTHR YCKOpHTeJieH H HX 

HCnOJIL30 BaHHH ,IJ;JIR Hay'IIHbiX HCCJie,IJ;OBaHHH. 

EonLilloe 3Ha'lleHHe ,IJ;JIR Hay'IIHOH .n;eRTeJIL

Hocm 0 11.RI1 HMeJIH pa6oqHe cosei.QaHHR. 

B Te'lleHHe ro.n;a 6hiJIO npose.n;eHo 24 cose

I.QaHHR, B TOM 'IIHCJie no HCCJie,IJ;OBaHHRM Ha 

,n;syxMeTpoBOH nponaHOBOH KaMepe, yCTaHOB

Ke "nro,n;MHJia", cneKTpoMeTpax rJ1EC, 

Cl1rMA-A .RKC, MI1C, PI1CK, no HcCJie.n;o

BaHHRM MeXaHH3MOB BbiCOKOTeMnepaTypHOH 

B pa60Te IX MI!)K,IJ;YHapo,JJ; 
aoro ceMHHapa no npo6ne
MaM 4JH3HKH BbiCOKHX 
3HeprHH, opraHH30BaHHOM 
OHRH H AH COOP, npu
HJVIH yqaCTHe 6onee ,llByx
COT yqeHblx - npenCTaBH
TeneH: KpynaeH:wnx aayq
HbiX QeHTpOB H3 17 CTpaH 
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CBepxnpoBO}J,HMOCTH, HCCJie}J,OBaHHHM KOH}J,eH
CHpOBaHHbiX cpe}J. Ha peaKTOpe lfBP-2 

H .u.pyrHe. 

YliACTI1E 011.Hl1 B ME)K,llYHAPO,UHbiX 
11 HAU110HAJihHbiX KOH<I>EPEHUI1.HX 

B 1988 r. 011fll1 KOMaH}J.HpOBaJI B CTpaHbl
yqacTH~bi 108 cneQHaJIHCTOB }J,JIH y qaCTHH 

B 43 Me)I(}J.yHapO}J,HbiX H HaQHOHaJibHbiX KOHQle

peHQHRX. 
CneQHaJIHCThi 11HcTHTyTa 6hiJIH neKTopaMH 

H CJiyrnaTeJIHMH Ha Me)I(}J.yHapO}J.HbiX lllKOJiaX 

B Bpawoae (CPP), BapHe (HPB), npe.u.cTaBHJIH 
}J.OKJia}J.bi Ha 4 KoH<}lepeHQmo no npHMeHeHmo 
pa}J.HOH30TOnOB B QlH3HKe ( JleHnQHr, r ,UP) , 
Me)I(}J.yHapo.u.Hyro KOH<}lepeHQHIO "B3aHMo.u.eii
CTBHe a}J,pOHOB - TeOpHR H QleHOMeHOJIOrHH" 
(BexHHe, liCCP), 5 Me)I(}J.yHapO}J.HbiH CHMno-
3HYM no peaKQHRM Bhi3BaHHhiM HYKJIOHaMH 
(CMoJieHHQe, liCCP). 

Ha 22 Me)l(.u.yHapo.u.HoM CHMn03Hy Me no 
TeopHH 3JieMeHTapHhiX qacT~ (ApeHcxoon, 
r ,UP) C }J,OKJia}J,aMH H OpHrHHaJibHbiMH C006-
meHHRMH BbiCTynHJIH yqeHbie H3 011fll1, 
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UEPH, AHrJIHH, BonrapHH, BeHrpHH, r.uP, 
,UaHHH, 11pnaH}J.HH, CCCP, <I>Pr, liCCP. ,Uene
raQHR coTpy.u.HHKOB 011.Hl1 yqacTaoaana B pa-

6oTe 32 ceMecTpa Me)I(}J.yHapo.u.Horo MaTeMa
THqeCKoro QeHTpa HM. C.BaHaxa (Bapwaaa). 
Me)I(}J.yHapo}J.HhiH CHMn03HYM "Me30Hbi H ner
KHe H.U.pa", npoBO.U.HBlllHHCH B BeXHHe (liCCP) 
c 5 no 10 ceHTH6pH, 6biJI nocBHIUeH o6cy)I(}J.e
Hmo aKTYaJibHbiX npo6JieM H nepcneKTHB 
pa3BHTHH B o6JiaCTH QlH3HKH B3aHMO}J,eHCTBHH 
qacTHQ c nerKHMH H.U.paMH. 011.Hl1 HanpaaHJI 
Ha cHMn03HYM H npe.u.aapHawee ero pa6oqee 
COBeiUaHHe npe}J.CTaBHTeJibHYIO }J,eJieraQHIO QlH-
3HKOB, BbiCTYnHBlllHX C aKTYaJibHbiMH Hayq
HbiMH C006IUeHHHMH H OOOOpHbiM }J,OKJia}J,OM. 
18 Me)l(.u.yHapo}J.HbiH CHMn03HYM no H.U.epHoii 
QlH3HKe "<l>H3HKa H XHMHH }J,eJieHHR" (rayCCHr, 

r ,UP) 6hiJI nOCBHIUeH 50 rO}J,OBIUHHe OTKpbiTHH 

H.U.epHoro .u.eneHHR. B Me)I(}J.yHapo.u.HhiH KOMH
TeT cHMn03HyMa BOlliJIH aKa.u.eMHKH H.H.Bo
ronro6oa, r.H.<I>nepoB, 11.M.<l>paHK. CneQHaJIH
CTbi 011fllf npe}J.CTaBHJIH }J,OKJia}J,bl Ha 3TOT 
CHMn03HyM. B CBH3H C TeM, qTO B 011fll1 
npOBO}J.RTCH pa60Tbi C HCnOJib30BaHHeM Jia3e
pOB HMnyJibCHOrO H HenpepbiBHOrO }J.eHCTBHH, 
6hiJIO noJie3HbiM H Ba)I(HbiM yqaCTHe yqeHbiX 



HHCTHTyTa B EaponelicKoli: KOHcpepeHUHH no 
nepcneKTHBaM p83BHTH.H KBaHTOBOH 3ITeKTpO
HHKH, npoxOAHBrneH: B ByxapecTe (CPP) 
c 29 aarycTa no 3 ceHTH6p.H. 

Cnen;HanHCThi HHCTHTyTa ytJaCTBOBanH 6o
nee tJeM B 40 Me)l(,ll;yHapO,wihiX KOHcpepeH
l.I;HHX, CHMn03HyMaX H lllKOnax, npoBe,n;eHHhiX 
B 12 cTpaHax, He HBnHIOI..UHXCH tJneHaMH OH.HH. 

Yt~eHhie npe.n;cTaBHnH .n;oKna,ll;hi H npHHHnH 
ytJaCTHe B XXIV Me)l(,ll;yHapo,wiOH KoHcpepeH
U:HH no cpH3HKe BhiCOKHX 3HeprHH B MroHxeHe 
(<I>Pr). rpynrra cnen;HanHCTOB HHCTHTyTa Bhi
CTynHna c .n;oKna.n;aMH Ha VIIIMe)l(,n;yHapo.n;HoM 
CHMn03eyMe no CnHHOBhiM HBneHH.HM B cpH-
3HKe BhiCOKHX 3HeprHH, COCTO.HBllleMC.H B MHH
HeanonHce (CiliA). Yt~eHbie OH.HH - MHOrHe 
B KatJeCTBe npHrnallleHHhiX ,li;OKna,n;tJHKOB - . 
HanpaBn.HITHCb Ha Tpa,ll;Hl.I;HOHHhie Me)l(,ll;yHapo,n;
Hbie COBei..QaHHH: no HeHTpOHHOH cpH3HKe 
H acTpOcpH3HKe (CiliA), no H,ll;pO-.H,ll;epHbiM 
CTOITKHOBeHH.HM {<l>paHUHH), no MaTeMaTH· 
tJeCKOH cpH3HKe (BenHK06pHTaHHH) , no acneK
TaM KnacTepH3al.I;HH B .H,n;epHhiX H cy6'b.H,ll;epHhiX 
CHCTeMax (.flnOHHH) , no rHnep.H,n;epHOH cpH3HKe 
(lfTanH.H) H p.H,n; ,n;pyrHX. 3HatJHTeiTbHhiH HHTe

pec cnen;HanHCTOB, pa6oTaiOI..UHX B o6nacTH 

C03,ll;aHH.H H COBeprneHCTBOBaHH.H yCKOpHTenh
HOH TeXHHKH, Bhi3Bana I EaponelicKa.H KOHcpe
peHn;HH no ycKOpHTen.HM 3ap.H)I(eHHhiX tJaCTHI.I;, 
npOXOAHBllla.H B PHMe, B KOTOpOH TaK)I(e 
yt~acraoaanH cpH3HKH HHcTHTyTa. KpyriHa.H 
Me:>K,D;yHapo.n;Ha.H KOHcpepeHn;HH no BhiCOKOTeM
nepaTypHhiM CBepxnpoBO,wiHKaM, MaTepHanaM 
H MeXaHH3MaM CBepxrrpoBO,li;HMOCTH COCTO.H
naCb B IliaeHn;apHH. Ha KOHcpepeHn;HH BhiCTynH
nH c .n;oKna,n;aMH cnen;HanHCThi OH.HH, 3aHH
MaiOI..QHec.H TeOpeTHtJeCKHMH H 3KCnepHMeH
TanbHhiMH npo6neMaMH BhiCOKOTeMnepaTyp
HOH caepxnpoao.n;HMOCTH. 

CB.H3H C HAYqHhiMH UEHTP AMH CTPAH, 
HE .HBJlf!IOIUHXC.H yqACTHHUAMH OH.HH, 
H MEIK,UYHAPO,UHhiMH OPr AHH3AUH.RMH 

OH .HH Tpa.n;Hn;HOHHO no.n;.n;ep)I(HBan CBH3H 
c HaytJHhiMH n;eHTpaMH cTpaH-HeyqacTHHU: HH
cTHTyTa H npOBO,ll;Hn COBMeCTHbie pa60Thl 
C ytJeHbiMH 3THX CTpaH no 23 TeMaM. 

YcnewHo npo.n;on)l(anoch coTpy,n;HHtJecrao 

c EaponelicKHM n;eHTpOM H.n;epHhiX Hccne.n;o-
BaHHH. Ba)l(flhiM ,li;OCTH)I(eHHeM .HBIT.HeTC.H 

C 21 ~0 23 HlOH.R B JJ:y6He llpOXO,IJ;HJIO Pa6o11ee COBei.UaHHe "Mex aHH3Mbl BblCOKOTeMnepaTypHOH CBepxnpOBO· 

,IJ;HMOCTH", B KOTopoM. IIpHH.RJIH y'laCTHe yqeHbie H3 OHHH, HHCTHTYTOB cTpaH-y'laCTHHQ H ,ll;pyrux CTpaH 
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opraHH3aQIDI JIHHHH CBH3H OIHI:H - l.J,EPH 

qepe3 EaponeiicKyJO BLJliHCJIHTeJILHYIO ceTL. 

B paMKax nporpaMMLI DELPHI npeWJO:>KeH 

3KCnepHMeHT no npe~H3HOHHOMY H3MepeHHIO 

napaMeTpOB TeOpHH 3JieKTpOCJia6LIX B 3 aHMO

,IJ;eHCTBHH B npo~ecce e+e- ~ J.l+ J.l- ('Y) . llo 

3TOMY BOnpocy no.D;rOTOBJieHLI ,IJ;Be ny6 JIHKa

QHH H c.D;eJiaH .D;OKJia.D; Ha "He.D;ene D E LPHI" 

B J1Hcca60He. 3aaeprneH MOHTa:>K H BhinOJIHeHa 

c6opKa a.D;pOHHOrO KaJIOpHMeTpa 3TOH ycTa

HOBKH a no.D;3eMHOM 3ane ycKopHTeJIH LEP. 

Be.D;eTCH nO.D;rOTOBKa K KOMnJieKCHhiM HCnhi

TaHHHM. llOJIHOCTLIO 3aBeprneHa o6pa60TKa 

.D;aHHhiX, nOJiyqeHHhiX Ha BO.D;OpO.D;HOH MHllleHH 

coaMecTHoro 3KcnepHMeHTa NA-4, H aHaJIH3 

CTPYKTYPHLIX ¢yHK~HH npoTOHa a M O.D;eJIHX 

KBaHTOBOH XpOMO.D;HHaMHKH. lloJiyqeHLI npe.D;

BapHTeJILHLJe pe3yJILTaTLI no CTPYKTYPHLIM 

<PYHK~HHM .D;eHTpoHa. B COTPY.D:H~ecTBe c yqe

HLIMH UEPH c noMOI.QLIO yCTaHOBKH M:HC-2 

Ha yCKOpHTeJie npO.D;OJI:>KaJICH Ha6op CTaTH

CTHKH TPeXnHOHHhiX CHCTeM C ~eJILIO n OHCKa 

ao36y:>K.D;eHHLIX coCTOHHHH nHOHa. H a ycTa

HOBKe C:HrMA-AHKC npoae.D;eHLI ceaHCLI Ha-

6opa .D;aHHhiX C ~eJILIO 3KCKJII03HBHOrO H3yqe

HHH peaK~HH c HcnycKaHHeM KYMYJIHTHBHLIX 

npOTOHOB BO B3aHMO.D;eHCTBHH a.D;pOHOB C H.D;-
• 

paMH npH 40 r3B/c. CoBMeCTHLJe HCCJie.D;OBa-

HHH Ha ycKOpHTene LEAR (IJ,EPH) no H3yqe

HHIO B3aHMO.D;eHCTBHH aHTHnpOTOHOB HH3KHX 

3HeprHH c H.D;paMH (3KcnepHMeHT P S-179) 

noKa3aJIH, qTO cyi.QeCTBYIOT He06LJqHLie 3aKO

HOMepHOCTH B o6pa30BaHHH CTpaHHhiX HeHT

panLHhiX qaCT~. BLmOJIHeHLI o6H3aTeJILCTBa 

OIHI:H no 3KcnepHMeHTY PS-201. :H3roT oBJieH 

H OTnpaaJieH B l.J,EPH nepBLIH MO.D;YJIL r aMMa

.D;eTeKTOpa ycTaHOBKH OBELIX, c noM OI.QLIO 

KOTopoii Ha ycKopHTeJie LEAR 6y.D;eT n poao

.D;HTLCH H3yqeHHe B3aHMO.D;eHCTBHH ~THHYKJIO

HOB C 3HeprHeH .D;O 2 r3B c H.D;paMH. H a OCHO

ae pa3BHTOH B ,Z1;y6He MO.D;eJIH He3aBHCHMhiX 

KBapK-rJIIOOHHLIX CTPYH WJH peJIHTHBHCTCKHX 

H.D;epHLIX CTOJIKHOBeHHH npoBe,IJ;eH aHaJIH3 

.D;aHHLIX, nonyqeHHLIX B l.J,EPHe KOJIJia6opa

QHHMH WA-80 H NA-35. 06cy:>K.D;eHHe p e3yJIL

TaToB 3TOrO aHaJIH3a C COTpy.D;HHKaMH l.J,EPHa 

n03BOJIHJIO O~eHHTL nonyqeHHLie 3HaqeHHH 

nJIOTHOCTH 3HeprHH H 6apHOHHOrO 3 apH.D;a, 

ycTaHOBHTL OCHOBHOH MeXaHH3M B 3aHMO

,IJ;eHCTBHH. 

CoaMecTHo c coTpy.D;HHKaMH HaQHOH aJILHO

ro HHCTHTyTa H.D;epHOH <f>H3HKH (liTaJIHH) 

BLinOJIHeHLI pacqeTLI ynpyroro H Heynp yroro 

pacceHHHH Me30aTOMOB Ha H.D;pax H30 TOnOB 
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BO.ijOpO.D;a B o6JiaCTH 3HeprHH CTOJIKHOBeHHH 

OT 0,004 .D;O 50 3B. 

liHTeHCHBHO pa3BHBaJIHCL KOHTaKTLI C 

Hay~LIMH ~eHTpaMH <I>paH~HH. CoaMecTHo 

C l.J,eHTpOM H.D;epHOH cneKTpoCKOnHH H Macc

cneKTpOMeTpHH HaQHOHaJILHoro HHCTHTYTa <PH-

. 3HKH H.D;pa H ¢H3HKH qaCT~ ( Opc3) H3yqa

JIHCL HeHTpHHO B pa.D;HOaKTHBHOM pacna,IJ;e 

C nOMOI.QLIO 3JieKTpOCTaTHqecKOrO cneKTpoMeT

pa H KOpOTKOH MarHHTHOH JIHH3LI. B l.J,eHTpe 

H.D;epHLIX HCCJie.D;OBaHHH (CaKJie) HaqaTa nO.D;

rOTOBKa annapaTypLI, npe.D;Ha3HaqeHHOH WJH 

npoae.D;eHHH Ha ¢a3oTpoHe O:HH:H 3KcnepHMeH

Ta no pO:>K.D;eHHIO 1T 0 -Me30HOB B npOTOH-H.D;ep

HhiX COy.D;apeHHHX. llpO.D;OJI:>KeHLI 3KCnepHMeH

Thl no CHHTe3y H H3yqeHHIO CBOHCTB HOBLIX 

3K30T~eCKHX H.D;ep Ha ycKOpHTeJie r AH:HJI 

(KaH). B peaK~HH HOHOB 4 8 Ca c MHllleHLIO 

H3 6 4 Ni, H3rOTOBJieHHGH a O:HH:H, 6Lmo 

noJiyqeHO ei.Qe 6 HOBLIX H30TOnOB, Jie:>Kai.QHX 

Ha rpaH~e H.D;epHOH CTa6HJILHOCTH, H3MepH

JIHCL nepHO.D;LI nonypacna.D;a 10 H Macca 15 

HOBLIX H30TOnOB B paHOHe H.D;ep C Mar~eCKHM 

qHcJIOM HeiiTpoHoB N = 20. 

Ha ycKopHTeJie B3BaJiaK (CiliA) npoae

.D;eHLI KaJIH6pOBKH TpeKO.BhiX .D;eTeKTOpOB, 

KOTOpLie n03BOJIHJIH 6onee qeTKO H.D;eHii'H<f>H

QHpOBaTL CJie.D;LI TH:>KeJILIX H.D;ep B KpHCTaJI-

• JiaX H3 MeTeOpHTOB. IliHpOKO ocyrneCTBJIH· 

JIOCL COTpy.D;H~eCTBO no npo6JieMe, CBH3aH

HOH c noHCKaMH caepxTH:>KeJILIX 3JieMeHTOB 

B KOCMHqeCKHX 06'beKTax. 

llpO.D;OJI:>KaJIOCL COTpy.D;HHqeCTBO Me:>K.D;y 

O:HH:H .H YHHBepcHTeTOM a IOBHCKIOJIH (<I>HH

JIHH.D:HH) no HCCJie.D;OBaHHIO CTPYKTYPLI H.D;ep 

nepexo.D;HLIX o6naCTeii .D;e¢opMa~H c npHMe

HeHHeM MeTO.D;OB H.D;epHOH OpHeHTaQHH ycTa

HOBKH Cll:HH H8. QHKJIOTpoHe YHHBepcHTeTa. 

• Oco6o cne.D;yeT OTMeTHTL pa6ozy no co3.D;aHHIO 

Hoaoii yHHKaJILHOH ycTaHOBKH Ha :HBP-2 -

<f>ypLe-.D;H<f>paKTOMeTpa BhiCOKOro, pa3perne

HHH, npoBe.D;eHHYIO O:HH:H a coTpy.D;H~eCTBe 

c JI:H.H<I> AH CCCP (raT~a) H l.J,eHTpoM 

TeXH~ecKHX HCCJie.D;OBaHHH (XeJILCHHKH). 

3TOT .D;H<f>paKTOMeTp n03BOJIHT BhiHTH Ha 

npHH~HnHaJILHO HOBLrn ypoaeHL HcCJie.D;oaaHHH 

CTPYKTYPLI noJIHKpHCTaJIJIHqecKHX aemecTB 

H, B nepay10 oqepe.D;L, CTPYKTYPLI BbiCOKO

TeMnepaTypHLIX CBepxnpOBO.D;HHKOB. 

<l>H3HKH·TeopeTHKH ,Z1;y6Hbl no.n,n:ep:>KHBaiOT 

Hay~Lie CBH3H c liHcTHTYTOM H.Bopa (KoneH

rareH), wayqHLIMH ~eHTpaMH C<I>PIO, Me:>K.D;y

Hapo.D;HLIM ~eHTpoM ¢H3HKH a TpHecTe, a TaK

:>Ke C HayqHhiMH ~eHTpaMH pH.D;a .D;pyrHX CTpaH. 



B paMKax nporpaMMbi DELPHI (UEPH- OHHli) 38BepweH M OHTIDK a.upoHHoro KanopHMeTpa B DOA3eMHOM 

3ane ycKopHTenH LEP. BeAeTcH noAroTOBKa K KoMnneKCHbiM HCDbiTaHHHM. 
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CocrosnCJI BH3HT a OHRH MHHHCTpa aayKH H HCKYCCTBa BaaapHH (CliPr) Bon&ct>raara Ban&,o;a. Ha CHHMKe: 
B.BHnb,O: (BTOpoH cneaa) B na6opaTOpHH R.O:epHbiX peaKQHH 
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UOnHOMO'IHhiH Tipe,O:CT&BH· 
ren& npaaHTen&crua CCCP 
B OHHH, npe,o;ce,o;aTen& 
rKA3 CCCP npo4>eccop 
A.H.npo~eaKo so upeMa 
noce~QeHHR 0n&ITHoro npo· 
H3BO,O:CTB8 11HCTHyYT8 



lloiiHOMO'IHhiH llpe,D;CTaBHTeJJh npaBHTeJJbCTBa IIHP B 011Rii M.Co BHHCKH (cnpaBa) B H3MepHTeJJhHOM QeHT· 

pe JIHcl> 

3KCKYPCHH B OHRH 

1988 ro,n;y B 06ne.D;HHeHHOM HHCTHTyTe 

H,n;epHbiX HCCJie.D;OJilaHHH 6biJIH npHHHTbl 

7 3 3KCKypCHOHHbie rpynllhi o6w;eii liHCJieHHO
CTblO 1377 t~enoaeK. C .n;eHTeJibHOCTbiO HHcTH-

CIIPABKA 

TyTa 03HaKOMHJIHCb CTy,n;eHTbl pa3JIHtiHbiX 

ay3oB cTpaH-yt~acTHHU OHRH, nepcoHan ceKpe

TapHaTa C3B, CTHneH.n;HaThi MAr AT3, <:o

TPYAHHKH noCOJibCTB r.nP, HPB, qccP, .n;ene
raQHH r ocy.n;apcrneHHoro areHTCTBa no aToM

Hoi% 3Hepr HH IIHP H MHorHe .n;pyrHe. 

0 pa3BHTHH Me)K)J.yHapO.n;HOrO COTpy.n;HHlleCTBa H CBH3eH 06n e.n;HHeHHOrO HHCTHTyTa 

R.n;epHbiX HCCJie,n;OBaHHH 3a nepHO.D; 1965-1988 rr. 

N2 BH.n; coTpy.n;HHt~ecTBa 1965 1970 1975 1980 1985 1987 1988 
n/n 

1. KoJIHt~ecTBO KoMaH.n;HpoBOK 

cneQHaJIHCTOB H3 CTpaH-yllaCTHHQ 

B OHRH (6e3 coaew;aHHH, 

HO c yqeTOM npHe3.D;OB no 

I<OHTpaKTaM) 203 446 1026 1216 1469 1366 1218 
2. KonHt~ecTBO KOMaH.n;HpoBoK 

cneQHaJIHCTOB OHRH B cTpaHbi-

yqacTHHQhi ( * 6e3 yt~eTa 

Bhie3.D;OB no Bbi30BaM) 171 287 474 558 600 545* 554* 
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3. KonHtleCTBo Hayt~HbiX, MeTo.n;H-

tleCKHX H HaytlHO-OpraHH3auHOHHbiX 

COBei.UaHHH 0J1JIJ1 19 28 42 40 49 
4. KonHt~ecTBO KOMaH.n;HpOBOK Ha 

MeJK.n;yHapO,D;Hbie KOHcpepeHI.UiH 

H B HaytlHbie I:(eHTpbl CTpaH-

HeyqacTHHI:( 69 166 131 109 119 
5. KonHt~ecTBo npHro.n;oB cnei:(Ha-

JIHCTOB H3 CTpaH-Heyt~aCTHHI:( 27 176 226 93 144 
6. KonHtlecTBo CTHneH.n;HaTOB 011JII1 - 8 11 7 3 

llEPEqEHh 

HaytlHbiX H HaytlHo-opraHH3ai:(HOHHbiX COBei.UaHHH, 

npoBe.n;eHHbiX 06'be,IJ;HHeHHbiM HHCTHTYTOM H,D;epHbiX HCCJie,IJ;OBaHHH B 1988 ro.n;y 

N2 
n/n 

HasBaHHe coBemaHHH BpeMH 

npoBe.n;eHHH 

MecTo 

npoBe.n;eHHH 

I. CoeeUJ,aH UR, Z.UI'CO/lbl ucUMnoauyMbl 

1. IX MeJK.n;yHapo.n;HbiH ceMHHap 

,.no npo6JieMaM cpH3HKH BbiCOKHX 

3HeprHH 

2. XIII MeJKAyHapo.n;HhiH CHMno3HYM 

no H,D;epHOH 3JieKTpOHHKe 

3. MeJK.n;yHapo.n;HaH lllKona MOJIO,IJ;hiX 

yt~eHhiX no npo6neMaM yCKOpHTeJieH 

3apHJKeHHbiX tlaCTHI:( 

4. XI Bcecol03Hoe coBei.UaHHe no ycKo

PHTeJIHM 3apHJKeHHhiX t~aCTHI:( 

5. MeJK.n;yHapo.n;HaH lllKona no BonpocaM 

npHMeHeHHH 8BM B cpH3HtleCKHX 

HCCJie,IJ;OBaHHHX 

14-19 HlOHH 

12-18 CeHTH6pH 

13-22 CeHTH6pH 

25-27 OKTH6pH 

28 HOH6pH-

3 .n;eKa6pH 

I I. Pa6o!lue coeeUJ,aHUR 

1. CoBei.UaHHe no Hccne.n;oBaHHHM 

BbiCOKOTeMnepaTypHbiX CBepx

npOBO,II;HHKOB 

2. CoBei.UaHHe no Hccne.n;oBaHHHM 

Ha "HeHTpHHHOM .n;eTeKTOpe" 

3. CoBei.UaHHe no KoppeJIHI:(HOHHhiM 

3KCnepHMeHTaM Ha nyt~Kax 

THJKeJibiX HOHOB 

4. CoBei.UaHHe no Hccne.n;oBaHHlO 

MeXaHH3Ma HeynpyrHX CTOJIKHOBeHHH 

peJIHTHBHCTCKHX H,D;ep MeTO,II;OM 

H,D;epHbiX cpoT03MYJibCHH 
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15-18 HHBapH 

19-21 HHBapH 

20-25 HHBapH 

2-4 cpeBpaJIH 

.D:y6Ha 

BapHa,HPE 

.D:y6Ha 

.D:y6Ha 

.D:y6Ha 

.D:y6Ha 

.D:y6Ha 

.l1:pe3,IJ;eH, r .n;P 

.D:y6Ha 

49 42 

138 178 

218 255 
11 7 

KonHt~ec'tBo 

yqacTHHKOB 

200 

180 

120 

350 

160 

40 

50 

50 

30 



5. Cose~aHHe no Hccne.noBaHHRM 
Ha ycTaHOBKe BHC-2 15-17 MapTa ,l1;y6Ha 50 

6. Cose~He no HccnenoBaHHRM 
Ha yCTaHOBKe "JliO,D;MHJia" 22-24 MapTa ,l1;y6Ha 30 

7. Cose~He no HccnenoBaHHRM 
Ha ycraHoBKe PHCK 19-21 anpenR ,l1;y6Ha 50 

8. Cose~aHHe no 3KcnepHMeHTaM 
Ha yCTaHOBKe CHI'MA-AHKC 19-21 anpenR ,l1;y6Ha 40 

9. Cose~aHHe no Hccne.noBaHHIO MHO:>Ke-
CTBeHHOrO KyMYJIRTHBHoro po:>K,D;eHHR 
qacTHQ H pa3BHTHIO cneKTpoMeTpa 
rH:Bc 26-28 anpenR ,l1;y6Ha 50 

10. Cose~aHHe no noHcKy H Hccneno-
BaHHIO MHOrOWCTH'IIHbiX COCTOR-
HHH H KoppenRum{ npH B3aHMO-

,D;eHCTBHRX PeJIRTHBHCTCKHX R,D;ep 
C npOTOHaMH 24-26 MaR ,l1;y6Ha 25 

11. Cose~aHHe no HccnenosaHHRM Ha 
,D;ByXMeTpOBOH nponaHOBOH KaMepe 24-26 MaR ,l1;y6Ha 50 

12. Cose~He no HccnenosaHHRM 
C MeqeHbiMH HeHTpHHO 21-23 HIOHR ,l1;y6Ha 50 

13. Cose~He no HccnenosaHHRM 
MeXaHH3MOB BbiCOKOTeMnepaTypHOH 
CBepxnpoBO,D;HMOCTH 21-23 HIOHR: ,l1;y6Ha 50 

14. Cose~He no aKTHBa.QHOHHOMy 
aHaJIH3Y Ha peaKTope HBP-2 26-28 HIOHR ,l1;y6Ha 50 

15. Cose~He no cosMecTHoMy 
OH.HH-UEPH 3KcnepHMeHTy NA-4 1-2 CeHTR6pR ,l1;y6Ha 50 

16. Cose~aHHe no Hccne.noBaHHRM 
KOH,D;eHCHpOBaHHbiX cpe,D; Ha 

peaKTope HBP-2 6-8 CeHTR6pR .D:y6Ha 50 
17. Cose~aHHe no HccnenosaHHRM 

CnHHOBbiX 3<f><f>eKTOB npH pacna,D;e 
opHeHmpoBaHHbiX R.nep 5-10 CeHTR6pR llpara, qccP 50 

18. Cose~He no npoeKTy "llapyc" 27-29 CeHTR6pR .D:y6Ha 40 
19. Cose~aHHe no Hccne.noBaHHRM 

Ha ycTaHOBKe BHC-2 27-29 CeHTR6pR ,l1;y6Ha 50 
20. Cose~aHHe no cneKTpoMeTpy 

C BeplllHHHbiM ,D;eTeKTOpoM 4-6 OKTR6pR ,l1;y6Ha 40 
21. Cose~He no reHeTH'IIecKoMy neii-

CTBHIO KOpnyCKyJIRpHbiX H3JiyqeHHi{ 4-6 OKTR6pR ,l1;y6Ha 50 
22. Cose~He no C03,D;aHHIO H3JiyqaTeJIR 

H ,D;eTeKTOpa rpaBHTaUHOHHbiX BOJIH 11-13 OKTR6pR ,l1;y6Ha 50 
23. Cose~He no HccnenoBaHHRM Ha 

,D;ByXMeTpOBOH nponaHOBOH KaMepe 1-3 HOR6pR .D:y6Ha 50 
24. Cose~He no HccnenosaHHRM 

Ha ycraHoBKe MHC-2 1-3HOR6pR ,l1;y6Ha 45 

Ill. HayllHo-opzaHuaaijUOHHbJe coaeUiaHUR 

1. 63 ceccHR YqeHoro coseTa OH.HH 12-14 <PespaJIR ,l1;y6Ha 100 
2. KoMHTeT lloJIHOMO'IIHhiX llpe.ncTa-

BHTene:H CTpaH-yqacTHHQ Oli.HH 1-3 MapTa ,l1;y6Ha 80 
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3. CoBe~aiiHe KOHTponbHOH KOMHCCHH 

<f>HHaHCOBOrO KOMHTeTa 31 MB.JI - 3 HIOH.fl ,ll;y6Ha 

4. 64 ceccH.R: YqeHoro co:BeTa OHHH 

Hero CeKUHH no QJH3HKe BbiCOKHX 

H QJH3HKe HH3KHX 3HeprHH H TeOpeTH· 

qecKOH QJH3HKe 7-11 HIOH.fl ,ll;y6Ha 

5. HKC no QJH3HKe BbiCOKHx 3HeprHH: 14-15 HO.R:6p.R: ,ll;y6Ha 

6. HKC no QJH3HKe HH3KHX 

H npoMe:>JcyTO~biX 3HeprHH 17-18 HO.R:6p.R: ,ll;y6Ha 
7. HKC no TeopeTHtJecKoH: QJH3HKe 21-22 HOR6p.R: ,ll;y6Ha 

8. HKC no e,rumoH: TeXH~ecKoH: 

nonHTHKe 21-22 HOR6p.R: ,ll;y6Ha 

9. HKC no Hccne,ZJ;OBaHHIO KOH,ZJ;eHcHpo-

BaHHbiX Cpe,Zl; .R:,Zl;epHbiMH MeTO,Zl;aMH 24-25 HOR6p.R: ,ll;y6Ha 

10. 65 ceccH.R: YtJeHoro coBeTa OHHH 6-8 ,ZJ;eKa6pn ,ll;y6Ha 
11. 3ace,ZJ;aHHe <f>HHaHCOBOrO KOMHTeTa 8-10 ,ZJ;eKa6pn ,ll;y6Ha 

TIEPEliEHb 

Me)l()l;yHapO,Zl;HbiX H HaQHOHanbHbiX KOHQJepeHUHH, CHMn03HyMOB, COBe~aHHH H lllKOn, 

B KOTOpbiX npHHHManH yqacTHe cneQHanHCTbl 

06"be,ZJ;HHeHHOro HHCTHTYTa .R:,Zl;epHbiX HCcne,ZJ;OBaHHH B 1988 ro,ZJ;y 

N~ HaHMeHOBaHHe 
njn. 

BpeM.R: 

npoBe,ZJ;eHHR 

I. B cTpaHax-yllaCTHUI.Iax 

1. 24 IIIKona no TeopeT~ecKoii QJH3HKe 13-27 .R:HBapn 

2. Me)l()l;yHapo,ZJ;HaJI UIKona no pacce.R:HHIO 

HeHTpOHOB 

3. 9 CoBe~auHe "BbiCOKHH BaKyyM, 

rpaHHIJHbie nOBepXHOCTH/TOHKHe 
nneHKH'' 

4. 17 Coae~aHHe no QJH3HKe H TeXHHKe 
HH3KHX TeMnepaTyp 

5. BeceHHHH cHMn03HYM H<I>B3 

6. 26 IIIKona no .R:,ZJ;epHoH: QJH3HKe 

7. 8 EBponeH:cKa.R: KOHQ:lepeHUHR 

no KOH,ZJ;eHCHpoBaHHbiM cpe,ZJ;aM 

8. 18 Me:>K,ZJ;yHapo,ZJ;HbiH CHMn03HYM 

no 3neKTpoHHOH CTpyKType MeTannOB 
H cnnaBOB 

9. 4 CoBe~auHe npe,ZJ;cTaBHTeneH: coQHa
nHcTHtJeCKHx CTpaH no CBR3H c HHH C 

25-29 .R:HBapn 

15-17 Q:leBpann 

1-4 MapTa 

8-10 MapTa 

4-8 anpenn 

6-9 anpenn 

11-15 anpenn 

11-15 anpenn 

MecTo 

npoBe,ZJ;eHH.R: 

TIHP, Kapnaq 

r,np' IIITa,ZJ;T BeneH 

r J];P, ,ll;pe3,Zl;eH 

r,ll;P, rayccHr 

r,np' UoHTeH 
r,np, Xonbuxay 

BHP, By,ZJ;aneUIT 

r J];P, rayccHr 

BHP, BbiUierpa,ZJ; 

20 

100 

40 

40 

40 

30 

40 

100 

20 

KonHtJecTBo 
yqacTHHKOB 

1 

3 

1 

4 

2 

9 

3 

4 

1 
10. IX KoHcpepeHUHR no TeXHHKe 

HH3KHX TeMnepazyp 19-21 anpenn liCCP, Y CTH Ha Jla6e 2 
11. 20 Me:>K,ZJ;yHapo,Zl;HbiH CHMno3eyM 

no QJH3HKe pa,ZJ;HaUHOHHOH 3a~HTbl 
12. KoHQ:lepeHUHR "YpaaHeHH.R: 

B tJaCTHbiX npOH3BO,Zl;HbiX" 
13. Me)l()l;yHapo,ZJ;HaJI UIKona 

''TiporpaMMHpoBaHHe-88'' 
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25-29 anpenn 

25-30 anpenn 

21-30 MB.JI 

r J];P, rayccHr 2 

r ,ll;P, Xonbi.txay 2 

HPB,BapHa 11 



14. 2 Me)f(,D;yHapo,D;HaR KOH$epeHQHR no 
3JieKTpoHHO-JiyqeBbiM TeXHOJIOrHRM 31 MaR - 6 HJOHR HPE, BapHa 1 

15. 7 CeMHHap "Tipo6JieMhi HH$opMau;HH 

H ee npHMeHeHHR B ynpaBJieHHH, 
o6yqeHHH H HaytiHhiX HCCJie,D;OBaHHRX" 5-11 HJOHR HPE, renetiHUa 2 

16. Me)f(,IJ;yHapo,D;HaR KOH$epeHQHR no 

annapamLIM nporpaMMHhiM cpe,D;CTBaM 

,D;JIR CHCTeM ynpaaJieHHR peaJibHOrO 

apeMeHH KAMAK-88 25-30 MaR TIHP, Baprnaaa 1 

17. Me)f(,IJ;yHapo,D;HbrH CHMno3HyM 

"B3aHMO,D;eHCTBHe a,D;pOHOB - TeOpHR 

H $eHOMeHOJIOrHR" 27-30 HlOHR 'liCCP, EeXHHe 4 

18. V Me)f(,IJ;yHapo,D;HbiH CHMn03HYM 

no peaKQHRM, Bbi3BaHHbiM 

HYKJIOHaMH 20-25 HlOHR 'liCCP, CMoneHHQe 4 

19. 3 KonnoKBHyM no KatieCTBeHHOH 

TeopHH ,D;H$$epeHQHaJibHbiX 

ypaBHeHHH 22-25 aary cTa BHP, Cere,11; 1 

20. Me)f(,D;yHapo,D;Hoe coaemaHHe 

"Tiepe,D;OBLre py6e)f(H HenepTyp6aTHB-

HOH TeopHH nonR" 18-22 aary cTa BHP, Erep 1 

21. EaponeH:cKaR KOH$epeHQHR 

CTaTHCTHKOB 19-26 aary cTa r .llP' E epnHH 1 

22. Me)f(,IJ;yHapo,D;HaR KOH$epeHQHR no 

tiHCJieHHbiM MeTO,D;aM H npHJIO)f(eHHRM 22-27 aarycra HPE, Co$HR 4 

23. Me)f(,IJ;yHapo,D;HaR KoH$epeHQHR 

"CneKTpOCKOnHR H CTOJIKHOBeHHe 29 aarycTa -

HOHOB" 2 ceHTR6pR CPP, EyxapecT 1 

24. 10 Me)f(,IJ;yHapo,D;HaR KoH$epeHQHR 29 aarycTa-

no XHMHtieC~OH TepMO,D;HHaMHKe 2 ceHTR6pR 'liCCP, Tipara 2 
25. Me)f(,D;yHapO,D;HaR KOH$epeHQHR 

"TeH,D;eHQHH B KBaHTOBOH 29 aarycra-

3JieKTpoHHKe'' 3 ceHTR6pR CPP, EyxapecT 2 
26. Me)f(,IJ;yHapo,D;HaR rnKona 

'' ,[(OCTH)f(eHHR 3KCnepHMeHTaJibHOH 30 aarycTa-

R,D;epHOH $H3HKH'' 9 CeHTR6pR CPP, Eparnoa 1 

27. Me)f(,IJ;yHapo,D;HaR rnKona 
no R,D;epHOH $H3.HKe 2-11 CeHTR6pR TIHP' MHKOJiaHKH 2 

28. Pa6oqee coaemaHHe 

no MaJIOtiaCTHtiHbiM CHCTeMaM 1-2 ceHTR6pR 'liCCP, Tipara 4 

29. 4 Me)f(,D;yHapo,D;HaR KOH$epeHQHR 

no $H3HKe MarHHTHbiX MaTepHaJIOlJ 4-10 ceHTR6pR TIHP, IllHpK ERJia 2 

30. Me)f(,IJ;yHapO,D;HaR KOH$epeHQHR 

"Me30Hbl H JierKHe R,D;pa" 5-10 CeHTR6pR 'liCCP, EeXHHe 5 

31. 3 Me)f(,IJ;YHapo,D;HhrH CHMno3HyM 

no COBpeMeHHOH OnTHKe 13-16 ceHTR6pR BHP, Ey,D;anernT 2 
32. Me)f(,IJ;YHapO,D;HaR KOH$epeHQHR 

no HOHHOH HMnJiaHTaQHH B nonynpo-

BO,D;HHKax H ,11;pyrHx MaTepHanax, 

B3aHMo,D;eHCTBH10 nytiKOB 

C noBepXHOCTblO H HOHHOH TeXHOJIOrHH 12-17 CeHTR6pR TIHP, Jlro6JIHH 3 
33. IV KoH$epeHQHR no npHMeHeHmo 

pa,D;HOH30TOnOB H pa,D;HaQHOHHbiX 

npoQeccoa 19-23 CeHTR6pR r,UP, JieiinQHr 1 
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34. V Me:>K,IzyHapoAHhiH CHMn03HYM 

no B3aHMO,D;eHCTBIDIM CBepXBbiCOKO- 29 asrycra-

3HepreTifCIHblX KOCMHqecKHX JiyqeH 5 CeHTH6pH nHP,no.D:3b 1 

35. 10 Cosei.QaHHe "llpHMeHeHHe 
$yHKUHOHaJibHblX MeTO,D;OB 26 CeHTH6pH -

H MeTO,D;OB TeOpHH <l>YHKUHH" 1 OKT.H6p.H liCCP, CTapa Typa 2 

36. 6 Me:>K,IzyHapoAHa.H wKoJia no 
TeOpHH BepOHTHOCTeH 28 ceHTH6pH -
H MaTeMaTHqeCKOH CTaTHCTHKe 9 OKTH6pH HPB,BapHa 2 

37. V Me)I(,D;yHapoAHa.H WKOJia 

"ABTOMaTH3aUHH H HayqHoe 
npH6opocrpoeHHe" 11-20 OKTH6p.H HPB,BapHa 2 

38. 32 CeMecTp Me:>K,IzyHapoAHoro MaTe-
MaTifllecKoro ueHTpa HM. O.BaHaxa CeHTH6pb-OKTH6pb llHP, Bapwasa 9 

39. 7 OceHH.fl.fl WKOJia no $H3HKe 31 OKTH6p.H-
TBep,D;oro TeJia 4 HO.H6p.H r,UP, Kop,D;o6aHr 1 

40. Me)K,D;yHapOAJ{aH KOH$epeHUHH 

"CTpyKzypa a,D;pOHOB-88" 14-18 HOH6pH liCCP, llHeWT.fiHbl 2 

41. Me)I(,D;yHapoAHbiH CHMn03HYM 

no $H3HKe H XHMHH ,D;eJieHHH H,D;pa 21-25 HO.H6pH r ,llP, rayccHr 4 

42 . III Me)I(,D;yHapoAHoe cosemaHHe 

no npHMeHeHHlO n03HUHOHHO-
qyBCTBHTeJibHblX ,D;eTeKTOpoB 12-16 ,D;eKa6pH r .llP' XOJibUXay 5 

43. V Me)I(,D;yHapoAHaH WKoJia no $H3HKe 
KOH,D;eHCHpOBaHHOrO COCTO.fiHH.fl 18-25 CeHTH6pH HPB,BapHa 1 

44. 22 Me)I(,D;yHapo,D;HbiH CHMno3HyM . no TeOpHH 3JleMeHTapHblX qaCTHU 16-22 OKT.H6pH r .llP' ApeHcxoon 2 

II. B cTpanax-ney'lacTHUflax 

1. XVI Me)I(,D;yHapoAHoe pa6oqee 

cosemaHHe no csoiicTBaM H,D;ep ABCTpHH. 
H .fi,D;epHblM B036y)I(,D;eHH.fiM IliJia.D:MHHr 18-22 .fiHBapH 3 

2. Pa6oqee coBemaHHe no H3yqeHmo 

BbiCOKOTeMnepaTypHblX CBepxnpoBO,D;- IliseiiuapHH, 23 $eBPaJI.fl -

HHKOB MeTO,D;OM J..LSR; nocemeliHe SIN BHJIJimeH 1 MapTa 1 

3. Me)I(,D;yHapoAHa.H KOH$epeHUH.fl no 
BbiCOKOTeMnepaTypHblM CBepxnpOBO,D;-

HHKaM, MaTepHaJiaM H MeXaHH3MaM IliseiiuapHH, 29 <l>eBPaJI.fl-
CBepxnpOBO,D;HMOCTH lhiTepJiaKeH 4 MapTa 3 

4 . Me:>K,IzyHapOAJ{all KOH$epeHUH.fl no 
CnHHOBblM .fiBJieHH.fiM B .fi,D;epHOH CiliA, 
$H3HKe; nocemeHHe HayqHhiX ueHTpos TenJiypaii,D; 14-21 MapTa 4 

5. Pa6oqee cosemaHHe no MIOOHHOMY 

KaTanmy, nocemeHHe HaYqHbiX 

UeHTpOB CiliA, CaHH6eJI 2-22 Mall 2 

6. II Me)I(,D;yHapoAHbiH ceMHHap "Mo,D;eJib 
o6oJioqeK H CTpyKzypa H,D;pa" liTaJIH.fl, KanpH 16-20 Mall 2 

7. XVI CosemaHHe cOTPYAHHKOB 
no CB.fi3H c :HH:HC TypuH.H, CTaM6yJI 24-27 Mall 1 

8. Me)K,D;yHapOAHall KOH$epeHUHH 
no .fi,D;epHblM ,ll;aHHblM ,D;JI.fl HayKH 

H TeXHHKH .RnoHHH, MHTO 30 Mall - 3 HlOH.fl 1 
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9. XIII Me)f(,ll;yHapo,ZU~aR KoH<f>epeHrnm 
'liO HeihpHliHOH <f>H3HKe H aCTpo<f>H3HKe 
"HeJ.i:TpHHo-88" CiliA, BocTOH 6-11 HJOHR 5 

10. III Me)f(,ll;yHapo,ZU~aR KoH<f>epeHI.UfR no 
R.IJ;pO-R.IJ;epHbiM CTOJIKHOBeHHRM <l>paHinffi, CeH-Mano 6-11 HJOHR 5 

11. I EsponeiicKaR KOH<f>epeHQHR no 
YCKOpHTeJIRM 3apR:>KeHHbiX qaCTHU; 
3ace.IJ;aHHe pa6oqeJ.i: rpynnhi HK<I>A 
no HOBbiM MeTO.IJ;aM YCKOpeHHR HTaJIHR, PH , KanpH 5-19 HlOHR 6 

12. Me)f(,ll;yHapo.IJ;HaR KoH<f>epeHQHR 
no cnHH-nonRpH3oaaHHhiM KBaHTOBhiM 
CHCTeMaM HTaJIHR' TypHH 20-24 HlOHR 1 

13. XIII Me)f(,ll;yHapO.lUfhiH CHMn03HyM no 
pa3pR.IJ;aM H 3JieKTpHqeCKOH npOqHOCTH 
BaKyyMa <l>paHinm, llapH:>K 27-30 HIOHR 1 

14. Me)f(,ll;yHapo,ZU~biH ceMHHap no <I>H3HKe 27 HIOHR-
BbiCOKHX 3HeprHH H KOCMOJIOrHH HT~VIHR, TpnecT 5 asrycTa 1 

15. JleTHRR IIIKona AMepHKaHCKoro 
<f>n3nqecKoro o6I.QecTBa "By.IJ;yi.Qee 
<f>n3HKH BbiCOKHX 3HeprnJ.i:"; 3aCe,IJ;aHHe 
pa6oqeJ.i: rpynnhi HK<I>A no annapaType CiliA, CHoyMacc 4-9 HIOJIR 1 

16. VIII Me:>K.IJ;yHapo,ZU~aR KoH<f>epeHUHR no 
MOI.QHbiM nyqKaM 3apR:>KeHHbiX qaCTHQ <I>Pr, Kapncpy3 4-7 HIOJIR 1 

17. I Me:>K.IJ;yHapo,ZU~aR o6'be.IJ;HHeHHaR 
KOH<f>epeHQHR no KOMnbiOTepHOH 
anre6pe HTaJIHR, PnM 4-8 HIOJIR 2 

18. Me)f(,ll;yHapo.IJ;Hoe pa6oqee coaei.QaHHe 
"HenHHeHHbie 3BOJIIOQHOHHbie 
ypaaHeHHR: HHTerpnpyeMOCTb 
H cneKTpaJibHbie MeTO,Il;bi" HTaJIHR, KoMo 4-15 HIOJIR 2 

19. II Me)f(,ll;yHapo,ZU~aR KoH<f>epeHQHR BennKo6pHTaHHR, 
no R.IJ;epHOH XHMHH H pa.IJ;HOXHMHH BpaH:ToH 11-15 HIOJIR 2 

20. XX KoH<f>epeHUHR EaponeH:cKoH 
rpynnhi no aTOMHOH cne:kTpOCKOnHH AacTpHR, rpau 12-15 HlOJIR 1 

21. Me:>K.IJ;yHapo,ZU~aR KoH<f>epeHUHR <l>paHI.UfR, 
no pacceRHHJO HeHTpDHOB rpeHo6Jib 12-15 HIOJIR 3 

22. XII Me:>K.IJ;yHapo.lUiaR KoH<f>epeHI.UfR Be.rrHK06pHTaHHR' 
no KpHoreHHOH TeXHHKe CayTreMmoH 12-15 HlOJIR 2 

23. IX KoHrpecc Me)f(,ll;yHapo,ZUIOH 
accouHaunn no MaTeMaTnqecKoH: Be.rrnKo6pHTaHHR, 
<f>n3HKe CyoHcn 18-27 HIOJIR 4 

24. V Me:>K.IJ;yHapO.IJ;HaR KOH<f>epeHI.UfR 
no acneKTaM KJiacTepn3aQHH 
B R.IJ;epHbiX H cy6'hR.IJ;epHbiX CHCTeMax .HnoHHR, KHOTO 25-29 HIOJIR 3 

25. Me)f(,ll;yHapo.IJ;HaR KoH<f>epeHQHR 
no MarHeTH3My <l>paHinm, llapH:>K 25-29 HJOJIR 2 

26. Me:>K.IJ;yHapo.IJ;HaR KOH<f>epeHQHR 
no R.IJ;epHbiM MeTO,IJ;aM B MarHeTH3Me <I>Pr, MroHxeH 1-4 asrycTa 1 

27. Me)f(,ll;yHapo,IJ;HaR KOH<f>epeHQHR 
no B036y:>K.IJ;eHHbiM 6apnoHaM CiliA, TpoH: 4-6 aarycTa 
rop.IJ;OHOBCKaR KOH<f>epeHQHR 
no <f>oTOR.IJ;epHOH <f>H3HKe CiliA, llJinMyT 8-12 aarycra 1 

28. XXIV Me)f(,ll;yHapo.IJ;HaR KoH<f>epeHQHR 
no <f>H3HKe BbiCOKHX 3HeprHH <I>Pr, MroHxeH 4-10 aarycra 8 
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29. XIV JleTH.R.R wKona H MeJK,IJ;YJiapoAHhiH 

CHMn03HyM no $H3HKe HOHH3HpO-

BaHHbiX ra30B C<I>PIO, Capaeao 14-21 aarycTa 2 

30. TeopeTHt~ecKoe pa6o1.1ee coaemaHHe 

"JJ:ByMepHa.R KOH$opMHa.R TeopH.R 14 aaryCTa-

nOJI.R" CIIIA, AcneH 16 ceHT.R6p.R 1 

31. MeJK,IJ;yHapo,IUibiH CHMn03HYM 

no MHKponpo[\eCCOpaM H MHKpO- lllaeHl.\apH.R, 29 aaryCTa-

nporpaMMHpoBaHHlO "EBpoMHKpo-88" UIDpHX 1 ceHT.R6p.R 2 

32. Pa6o1.1ee coaemmHe no oH-naH:H BenHKo6pHTaHH.R, 

OpHeHTal.\HH aTOMHbiX .RAep 0Kc$opA 1-4 ceHT.R6p.R 1 

33. 3aceAaHHe oprKOMHTeTa COBMecTHOH HHAepnaHAbi, 
wKoJibi UEPH-OMJU1 no $H3HKe AMcTepAaM 3-9 ceHT.R6p.R 2 

34. X MeJK,IJ;yHapo,IUia.R KoH$epeHL\H.R BenHKo6pHTaHH.R, 

no MeTOAY rpaHHl.IHbiX 3JleMeHTOB CayTreMnToH 6-9 ceHT.R6p.R 1 

35 . KoH$epeHL\H.R eaponeH:cKHX 
nonh30BaTeneH: 3BM $HpMbi CDC AacTpH.R, BeHa 12-16 CeHT.R6p.R 2 

36. MeJK,IJ;yHapo,IUibiH cHMn03HyM liTanH.R, 

no rHnep.RAepHOH $H3HKe JleHb.RpO 12-16 ceHT.R6p.R 2 
37. VIII MeJK,IJ;yHapo,IUibiH CHMn03HyM 

no CnHHOBbiM .RBJleHH.RM B $H3HKe 

BbiCOKHX 3HeprHH CIIIA, MHHHeanonHc 12-17 CeHT.R6p.R 4 

38. Pa6o1.1ee coaemmHe no HOBbiM 

HanpaBJieHH.RM HCCJleAOBaHHH 

B o6JiaCTH HeHTpHHHOH $H3HKH CIIIA, BaTaaH.R 14-17 CeHT.R6p.R 1 

39. XXIV MeJK,IJ;yHapo,IUia.R wKona . no $H3HKe 3JleMeHTapHbiX l.laCTH[\ C<I>PIO, ,UyHJIOBO 18-25 ceHT.R6p.R 1 
40. 7 4 Hal.\HOHaJibHbiH KOHrpecc 

liTaJib.RHcKoro $H3Hl.lecKoro o6mecTBa liTaJIH.R, Yp6HHO 5-9 OKT.R6p.R 1 

41. 3aceAaHHe KoMHTeTa no .RAepHoH: 

$H3HKe EaponeH:cKoro $H3Hl.lecKoro 

o6mecma <!>Pr, JJ:apMWTaAT 28-29 OKT.R6p.R 1 



D6mEMHCTMTYTCKME 
cnY1K6bl 



OT,UEJI 
PA.UMAUHOHHOM BE30TIACHOCTH 
H PA,UHAUHOHHhiX HCCJIE,UOBAHHM 

,ll;e.R:TeJihHOCTh 0Tnerra pa,nHaUHOHHOH 6e-

3onacHOCTH H pa,nHauHOHHbiX HCCJieA OBaHHH 

B 1988 r. 6bma HanpasrreHa Ha o6ecnelleHHe 

pa,nHaUHOHHOrO KOHTpoJIR Ha pa60liHX MeCTaX 

cOTPY.nHHKOB HHcTHTyTa H B oKpy:>Karomeii 

cpene, pa3BHTHe H COBepweHCTBOBaHHe CpencTB 

pa,ll;HaUHOHHOrO KOHTpOJIR, B TOM liHCJie aBTO

MaTH3HpoBaHHbiX CHCTeM, C03naHHe OllOpHbiX 

norreii H3JiylleHHH, a TaK:>Ke Ha npo seneHHe 

pa,n;HaUHOHHbiX HCCJienOBaHHH B HOB biX He

H3ylleHHbiX pe:>KHMaX pa60Tbl RnepH O-cpH3H

lleCKHX ycTaHOBOK OMJII1 H pa3BHTH e MeTo

nos nporH03HpOBaHHH pa,nHauHOHHOH o6cTa

HOBKH H 3all.(HTbl. 

Pa.nHauHOHHhiH KOHTporr& ocymec TBJIRJICH 

Ha CJienyiOI.I.(HX RnepHO-cpH3Hl.leCKHX y CTaHOB

KaX 0J1.HJ1: 

- HMnyJihCHOM peaKTope 11BP-30; 

- HMnyJihCHOM peaKTOpe J1BP-2; 

- CHHXpocpa30TpOHe B pe:>KHMe yCK OpeHHR 

npgTOHOB H peJIRTHBHCTCKHX Rnep C 3HeprHeH 

HeCKOJihKO r3B/HYKJIOH; 

- cpa30TpOHe B pe:>KHMe ycKopeHHR npOTO

HOB no 3HeprHH 660 M3B; 

- UHKJIOTpoHax Y-200, Y-300 H Y-4 00 B pe

:>KHMax yCKOpeHHR HOHOB C 3HeprHRMH no 

20 M3B/HYKJIOH; 

- MHKpoTpoHe MT-25 Ha 3HeprHIO 3JieKTpo

HOB 25 M3B; 

- nepBOH Ollepe,ll;H KOJIJieKTHBHOrO ycKO

pHTeJI.R TR:>KeJihiX HOHOB KYTI1-20; 

- JIHHeHHOM ycKOpHTeJie JIJ1Y -3 0 npH 

3HeprHH 3JieKTpoHoB no 8 M3B,. a TaK:>Ke • 

JII1Y-3000; npH nposeneHHH pa6oT c pa,nHo

aKTHBHhiMH Bell.(eCTBaMH H npyrHMH HCTOliHH

I<aMH HOHH3HpyiOLUHX H3JiylleHHH. 

KoHTporr& pa,nHauHoHHoii o6craHOBKH H HH

nHBH,nyaJibHhiX no3 BHewHero o6rrylleHHR nep

coHarra B 30Hax pa,nHauHOHHOrO B03n eHCTBHR 

ll03BOJIHJI opraHH30BaTh ne.R:TeJibHOCTh nonpa3-

neJieHHH liHCTHzyTa TaK, liTO ronoBOH y poBeHb 

o6rrylleHHR nepcoHarra H HacerreHHR H e npeBbi

CHJI HH npeneJihHO nonyCTHMbiX no3, HH npe

neJIOB no3. K KoHuy 1988 r. Ha HH.nHBH.nYaJib

HOM n03HMeTpHl.leCKOM KOHTpOJie (11,lJ;K) 

B 0MJIJ1 COCTOHJIO 2574 lleJIOBeKa, H3 HHX 

191 COTPY.nHHK, npHKOMaHnHpoBaHHhiH K 

OHHI1 H3 CTOpOHHHX opraHH3auHH. r onoBaR 
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no3a 06JiylleHHR y 98,9% COTpynHHKOB, pa6o

TaiOI.I.(HX B pa,nHauHOHHo-spe,ll;HhiX yCJioBHRx 

Tpyna, He npeBbiCHJia 15 M3B (1,5 63p), liTO 

HH:>Ke perJiaMeHTHpoBaHHOH BeJIHliHHbl. ,l'J;03a 

06JiylleHHR B OKpy:>KaiOI.I.(eH cpene OT RnepHO

cpH3Hl.leCKHX ycTaHOBOK J1HCTHTYTa COCTaBJI.ReT 

npeHe6pe:>KHMO MaJIYIO BeJIHliHHY no cpaBHe

HHIO C npHpO,Il;HOH no30H pa,nHauHH; pa,nHO

aKTHBHOCTb BHeiiiHeH cpenbi B paHOHe pac

llOJIO:>KeHHR 0J1.HJ1 o6yCJIOBJieHa HaJIHl.IHeM 

B HeH eCTeCTBeHHbiX pa,ll;HOaKTHBHbiX 3JieMeH

TOB H nponyKTOB rJI06aJihHbiX BbinerreHHH, 

Ha cpoHe KOTOpbiX BKJia,IJ; pa60Tbl yCTaHOBOK 

J1HCTHTyTa B 3arpH3HeHHOCTh OKpy:>Karoll.(eH 

cpenhi He o6Hapy:>KeH. 

C UeJibiO pa3BHTHR H COBepWeHCTBOBaHHH 

cpencTB pa.nHauHOHHOrO KOHTpOJIR COBMeCTHO 

C COTpy,ll;HHKaMH JIB3 BBeneHa B 3KcnrryaTa

UHIO CHCTeMa aBTOMaTH3HpOBaHHOrO c6opa, 

HaKOnJieHHR, o6pa60TKH H npencTaBJieHHR 

HHcpOpMauHH 0 no3ax H MOI.I.(HOCTRX no3 

HeHTpOHOB Ha KOMnJieKce CHHXpocpa30TpO

Ha11 1 . BseneHa B onbiTHyro 3KcnrryaTaUHIO 

aBTOMaTH3HpOBaHHaR CHCTeMa CTaUHOHapHOrO 

no3HMeTpHlleCKOrO KOHTpOJIH HeHTpOHOB BO

Kpyr UHKJIOTpoHa Y-400. 

Ha peaKTope 11BP-30 sseneHa B 3KcnrryaTa

UHIO aBTOMaTH3HpOBaHHaR CHCTeMa c6opa H 

o6pa60TKH no3HMeTpHllecKOH HHcpOpMaUHH Ha 

32 KaHana. BseneH B onhiTHYIO 3KcnrryaTa

UHIO BTOpOH ypoBeHh pa,nHauHOHHOrO KOHT

pOJIR Ha 6a3e nepCOHaJihHOrO KOMllhiOTepa 

"Tipaseu-16". 

TipoBeneHHbie pa60Tbl ll03BOJIHJIH llOBbi

CHTh KalleCTBO H onepaTHBHOCTh pa,nHauHOH

HOrO KOHTpoJIR, a TaK:>Ke yBeJIHl.IHTb 06'beM 

norryllaeMoH HHcpopMauHH. 

B o6rracrn pa.nHauHOHHbiX HCCJienosaHHH 

3aBepiiieHO H3ylleHHe pa,nHaUHOHHOH o6CTaHOB

KH Ha KOMnJieKce cpa30TpOHa Jl.HTI, pe3yJih

TaThl KOTOpOrO llOKa3aJIH Heo6xonHMOCTh 

yCTaHOBJieHHR nonOJIHHTeJibHOH 3all.(HTbl B 3aJie 

ycKOpHTeJIR. 

I13MepeHhi no3HMeTpHl.lecKHe xapaKTepH

CTHKH llOJieH H3JiylleHHR 3a 3all.(HTaMH KaHaJIOB 

TpaHCnOpTHpoBKH nyliKOB JierKHX peJIHTHBHCT

CKHX Rnep, ycKOpeHHbiX Ha CHHXpocpa30TpOHe 

no 3HeprHH 3,65 r3B/HYKJIOH
12 

'· Co3naH 



H anp06HpOBaH aJirOpHTM nporH03HpOBaHHR 

paAUaUHOHHOH 06CTaHOBKH H 3ai.UHTbl 

Ha YCKOpHTeJIHX TH:>KeJibiX HOHOB C 3HeprHRM.H 

OT ,u.ecHTKOB M3B/HyKnOH ,u.o ,u.ecHTKa 

r3B/eyKnOH. 

CoseprneHCTBOBaJIHCb MeTO.ZJ.bi cneKTpo

MeTpHH HeHTpOHOB BbiCOKOH 3HeprHH 3a 3aiUH

TOH ycKOp.HTene:H; C03,ZJ,aHHbiH B OT,ZJ,eJie ,ZJ,nH 
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OIIbiTHOE IIPOI13BO,UCTBO 

B 1988 r. KonneKTHB OnbiTHoro npoH3BO.ZJ.

CTBa BbiDOnH.un no 3aKa3aM na6opaTopu:H 

OHHH 6onhrno:H o6neM pa6oT no Mo,u.epHH-

3aunu 6a30BbiX yCTaHOBOK JIIHCTHTyTa, C03,ZJ,a

HH10 3KCnepHMeHTaJlhHOrO o6opy,U.OBaHHR, H3-

lohroTosneHHe nomocHbiX Ha· 

KOHe<IHHKOB MarHHTa ,[VIR 

UHKnOTpoHa Y-400M 

nux u ene:H npu6op He HMeeT aHaJioros u o6na

.u.aeT BbiCOKOH qyBCTBHTenbHOCThl0/3 I. 

llo ,u.Be,ZJ,eHbl HTOrH H3yqeHHR KOMDneK

ca H E P-2 KaK HCTOqHHKa HOHH3Hpyroi.UHx 

H3nyqeH.u:H; ocHOBHbie pe3ynhTaTbi .u.ono:>Ke
Hbi Ha 19 Me)K.ZJ.yHapo,u.HoM cuMn03HyMe 

"<l>H3HKa pa,u.HauHOHHOH 3aiUHTbi" B .1J:pe3-
,u.eHe14 1 • 

3. KpblllOB A.C., TUMoweHKO r.H.- OHJlH 16-88-65, 
J)y6Ha, 1988. 

4. Arkhipov VA. et al. - Kernenergie, 1988, 31, 
No .5, 209. 

rOTOBn eH.HIO pa,u.H03neKTpOHHOH H ,ZJ,eTeKTH

pyiOIUeH annapaTypbi. 

Ha MexaHuqecKoM yqacTKe npo,u.on:>Kanuch 

pa6oTbi no C03.ZJ.aHHIO csepxnposo,ZJ,Hme:H Mar

H.HTHo:H CHCTeMbl HYKnOTpOHa (JIB3): H3rO-
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TOBJieHbl KpHOCTaThl H .RpMO .D;HllOnbHbiX 

MarHHTOB, 50 KOMnneKTOB CHCTeM llO.D;Be

COK H Bbmp.RMHTenbHbie IIIKacpbi. ,!VI.R QH

KnOTpoHa Y-400 (JUIP) H3rOTOBneHbl 3 HCTOQ

HHKa MHOr03ap.R.D;HbiX HOHOB, a TaK>Ke p.R.D; 

.o;pyrHx y3nOB ycKOpHTen.R. no 3aKa3y AH 

MHP co3.o;aH p.a.o; y3noB MHKpoTpoHa, BKniO-
Qa.R MarHHTHbie nHH3bl CHCTeMbl 

nyqKa. .[(n.a cheKTpoMeTpa HEP A 

BhiBO.D;a 

(JIH<l>) 
H3rOTOBneHbl cneQHanbHbie llOBOpoTHbie 

nnaTcpOpMbl C a30THbiMH KpHOCTaTaMH. npo

.D;OmKanHCb paOOTbl no C03.D;aHHIO MarHHTO

npOBO.D;a .o;n.a ycTaHOBKH MAPC. l h roToB

neHa BaKyyMHa.a KaMepa .o;n.a MarHHTa npo

TOTHna ycKOpHTen.R .[(Q-1 (JI.Rn). 
B TeqeHHe ro.o;a Bhinyi.QeHo 6onee 500 6no

KOB llHTaHH.R, 45 KOMnneKTOB KOOp.D;HHaTHbiX 

nonynnOCKOCTeH H3 .o;peHcpOBbiX Tpy6oK C 

6nOKaMH perHCTpHpyiOI.QeH 3neKTpOHHKH, 

OKOnO 1650 6nOKOB annaparypbi B CTaH
.o;apTe KAMAK, 24 nponopQHOHanbHhie Ka

Mephi, 6onee 31 TbiC.RQH neQaTHhiX nnaT. 

H3rOTOBneHa nepBa.a napTH.R KapKacoB 

.o;n.a 3neKTpOHHKH B cTaH.o;apTe EBPO-

MEXAHHKA. 
npo.o;omKanOCb OCBOeHHe npHeMOB H3rO

TOBneHH.R MHOrocnOHHbiX neQaTHbiX nnaT. BBe

.D;eH B 3KcnnyaTaQHIO npecc, onpo6oBaH pa3pa-

6oTaHHbiH npHMeHHTenbHO K ycnoBH.RM On 
TeXHonorHqecKHH npoQecc, H3rOTOBneHa onbiT

Ha.R napTH.R nnaT .o;n.a JIBT A. 

H3rOTOBJieao 6onblllOe KOnHqecrno He

CTaH.o;apTHoro o6opy.D;OBaHH.R .o;n.a p.a.o;a no.o;

pa3.o;eneHHH HHcTHryTa. 





H3~ATEnhCKHR OT~Ell 

B 1988 r. H3,D;aTeJibCKHH OT,D;eJI OHJH1 
BblllYCTHJI B CBeT 917 HaHMeHOBaJIHH C006~e
HHH H npenpHHTOB OHHH. Ehmo H3,D;aHO 
246 cny:>Ke6HhiX MaTepHanos. 

Bhmmu H3 netJaTH 10 c6opHHKOB Tpy,D;oB 
pa3nHtJHbiX KOHcpepeHUHH, IIIKOn H COBe~a

HHH, opraHH30BaHHbiX OHRH. Cpe,D;H HHX: 
Tpy,D;bi IIIKOnhi OHJIH-U:EPH no cpH3HKe 
(HPE-87), Me)f()l;yHapO,D;HOrO COBe~HH.fl "Me
XaHH3Mbi BbiCOKOTeMnepaTypHOH CBepxnpo
BO,D;HMOCTH", CnMno3eyMa no H36paHHhiM 
npo6neMaM craTHCTHtJecKo:H MeXaHHKH, Cose
~HH no npo6neMaM KBaHTOBOH TeOpHH 
non.H H ,D;p. 

B cepuu 6poiiiiOp "JleKUHH ,D;n.fl MOnO,D;hiX 
yqeHbix" ony6nnKoBaHbi neKuHH B.C.MaiiiKe
BH"IJa "VIH,D;eTepMHHHCTCKa.fl KBaHTOBa.H ,D;HHa
MHKa", A.T .<l>HJIHnnosa "Bse,D;eHHe B TeopHIO 
cynepcTpyH", A.A.EenbKOBa, B.H.llepsyiiiHHa, 
,U.36epTa "HH3K03HepreTHtJeCKHe npe,D;cKa3a
HHR COBpeMeHHbiX. KHpanbHbiX nar paH:>KHa
HOB, OCHOBaHHbiX. Ha ,D;HHaMHKe KBapKOB", 
M.H.,Uo6poni06osa, A.IO.HrHaTbesa, M.E.Illa
noiiiHHKoBa "3neMeHTapHbie qaCTHUbi H KOC
MOnOrH.H", J.Ambj¢>rn "Non-Perturbat ive Field 
Theory/Field Theory on a Lattice" H p.H,D; 
,D;pyrHX. 

llpo,D;On:>KanC.fl BbinyCK "KpaTKHX coo6-
~eHHH OHJIH", npno6peraiO~X craTyc :>Kyp
Hana. B ceMH c6opHHKax, H3,D;aHHbiX B 1988 r., 
ony6nHKOBaHO OKOnO 60 CTaTeH, CO,D;ep:>Ka
~HX opHrHHanbHbie HaytJHbie, HaytJHO-TeXHH
qeCKHe, MeTO,D;HtJeCKHe H npHKJ):a,D;Hbie pe-. 
3ynhTaThi. 

no peiiieHHIO ,D;HpeKUHH OHRH c 1988 r. 
HatJan BhiX.O,D;HTb HHcpopMaUHOHHbiH 6IOnne
TeHb "HOBOCTH 06'be,D;HHeHHOrO HHCTHTyTa 
.H,D;epHbiX Hccne,D;OBaHHH", a,D;peCOBaHHhiH IIIH
pOKHM KpyraM HaytJHOH o6~eCTBeHHOCTH. 

"HosocTH OHRH" BhiXO,D;.fiT e:>KeKsapTanbHO 
H C006~10T 0 HOBbiX HaytJHhiX . pe3ynbTaTax, 
nonyqeHHhiX B na6opaTopHHx HHCTHTyTa, 
0 XO,D;e KpynHhiX 3KCnepHMeHTOB, C03,D;aHHH 
HOBbiX YCTaHOBOK, OTKpbiTH.fiX H H306peTe
HH.fiX H T.,D;. lliHpOKO npe,D;CTaBneHa XpOHH
Ka OHRH. 

HHcpopMauHOHHhiH 610nnereHb " HosocTH 
OHRH" tJHTaiOT KaK B na6opaTopHHx HHCTH-
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TyTa, TaK H B HaytJHbiX UeHTpax CTpaH-ytJaCT
HHU. llonytJaiOT ero see HaytJHhie ueHTPhi, 
COTpy,D;HHllaiO~e C .ZJ;y6HOH. 

B pe,D;aKUHH :>KYPHanos, Ha pa3nHliHhie 
KOHcpepeHUHH, CHMn03HYMhi H T.,D;., npOBO
,D;HBIIIHec.fl KaK B CTpaHax-ytJaCTHHuaX, TaK 
H B ,D;pyrHX CTpaHaX, H3,D;aTeJlbCKHM OT,D;enOM 
6biJIO HanpasneHO 1336 CTaTeH H ,D;OKna
,D;OB, CO,D;ep:>K~HX pe3ynbTaTbi pa60T yqe
HbiX ,ZJ;y6Hbi. 

CTaTbH coTpy,D;HHKOB OHJIH ny6nnKosa
nnch B TaKHX :>KypHanax, KaK ")l(ypHan 3Kcne
puMeHTMbHOH H TeOpeTHtJeCKOH cpH3HKH", 
"TeopeTHtJeCKa.H H MaTeMaTHtJeCKa.fl cpH3HKa", 
"llpu6opbi u TeXHHKa 3KcnepHMeHTa", "Jl,D;ep
HaH cpH3HKa", "<f>H3HKa 3neMeHTapHbiX tJaCTHU 
H aTOMHOrO .H,D;pa", "ATOMHa.H 3HeprHH", 
"Journal of Physics", "Physics Letters", "Zeit
schrift fi.ir Physik", "Nuclear Physics", "Nuclear 
Instruments and Methods" H ,D;p. 

B 45 cTpaH MHpa paccbiJianucb ny6nu
KauHH .ZJ;y6Hhi. B 1988 r. B cnHCKe paCChinKH 
ny6nnKauu:H OHRH no.HBHJIOCb 26 HOBhiX 
a,D;pecos. 

B HaytJHO-TeXHHtJecKyiO 6u6nnoTeKy 06'he
,D;HHeHHoro HHCTHTyTa .fi,D;epHbiX HCcne,D;OBaHHH 
B 1988 r. nocrynHJio B nop.H,D;Ke o6MeHa 
9629 ny6nHKauHH H3 39 CTpaH, B TOM lJHCne 
1736 H3 U:EPHa. B nop.fi,D;Ke o6MeHa :>Ke B HTE 
6eci11IaTHO nOCTynaeT 122 HaHMeHOBaHH.fl Hayq
HbiX. :>KypHanOB H3 22 CTpaH. 

OnepaTHBHOMY HHcpOpMHpOBaHHIO tJHTaTe
ne:H HaytJHO-TeXHHtJeCKOH 6H6nHOTeKH 0 HO
BhiX nOCTyi11IeHH.HX cny:>KaT BhinyCKaeMbie 
H3,D;aTeJibCKHM OT,D;eJlOM 3KCnpecc-6IOnneTeHH 
HTE H naTeHmoro OT,D;eJia. YBH,D;eJI cseT 
Tpa,D;HUHOHHhiH e:>KerO,D;HbiH "En6nuorpacpH
qecKHH YKa3aTeJib pa6oT coTpy,D;HHKOB OHJIH 
3a 1987 r." H "0TtJeT o ,D;e.HTeJibHOCTH OHJIH 3a 
1987 r.". 

H3,D;aTenbCKHM OT,D;eJIOM BhmOnHHnHCb 
MHOrOtJHcneHHbie 3aKa3bi na6opaTOpHH Ha KCe
pOKODHpOBaHHe. 

BhinonHeHo CBhiiiie 4,5 ThiC.fltJ 3aKa30B 
Ha nepenneTHhie pa6oThi. 

,ZJ;n.H o6pa60TKH 3KCnepHMeHTMbHOH HH
cpopMauHH H ,D;pyrHX UeJieH OTnetJaTaHO CBbiiiie 

700 ThiC.fllJ pa3nH"IJHhiX 6naHKOB. 



HAyqH~TEXH~ECKAR 

BlffiJrn:OTEKA 

B 1988 r. tJHCJIO tJHTaTene:H: Hayt~Ho-TexHH
qeeKo:H: 6H6JIHOTeKH H ee cpHJIHaJIOB eoeTaBHJIO 
467 3 qenoaeKa. KonHt~eeTao Bhx,nauuo:H: 3a ron 
JIHTepaTypbi H npoeMOTpeHHOH Ha BbieTaBKax 
HOBhiX nOeTynJieHHH eoeTaBHJIO 370 Thie. 
3K3eMnJIHpOB. no 3a.flBKaM tJHTaTeJieH nony
'leHO no Me:>K6H6JIHOTetJHOMy a6oHeMeHTY 
(MBA) 2411 Ha3BaHHH. Bhmonueuo 6onee 
720 tJHTaTeJibeKHX 3a.flBOK, noeTynHBlllHX H3 
6H6nHoTeK CoaeTeKoro Col03a. 

no seeM HeTOtJHHKaM KOMnJieKTOBaHHH 
(noKynKa, no.nnHeKa, KHHroo6MeH) a 1988 r. 
noeTynHno 6onee 16 Tbie. 3K3eMnnHpOB 

KHHr, npenpHHTOB, nepHO,nHtJeeKHX H3.IJ:aHHH, 
B TOM tJHCJie 8 Thle . Ha HHOeTpaHHbiX .fl3biKaX. 
nponon:>Kanaeh pa6oTa no otJHeTKe <t>ouna 
OT yeTapeBllleH JIHTepaTypbl. 

Ha 1 HHBapH 1989 r. 6H6nHoTetJHhiH cpoun 
eOeTaBHJI OKOJIO 400 Tble. 3K3eMnJIHpOB, 
H3 HHX 6onee 166 Thie. - Ha HHOeTpaHHbiX 
R:3biKax. 

Bee noeTynHBlllHe H3.IJ:aHHH eaoeapeMeH
HO o6pa6aTbiBaJIHeb H OTpa:>KaJIHeb B QeHT
paJibHOM KaTanore H a KaTanorax cpH
JIHaJIOB. KapToTeKa HOBhiX noeTynneHHH no
nonHHJiaeb 17 536 KapTOtJKaMH, TeMaTHtJee
KHe KapTOTeKH - 20518 KapTOtJKaMH. Kap
TOTeKa ny6JIHKaQHH eoTpy,nHHKOB J1HeTHTy
Ta nOnOJIHHJiaeb 4211 KapTOtJKaMH. 

no,nrOTOBJieH H H3.IJ:aH e HenOJib30BaHHeM 
nepeoHaJibHOH 3BM "npaaeQ-16" " YKa3aTeJib 

_pa6oT eOTP¥.IJ:HHKOB 011.HI1 3a 1987 r.". E:>Ke
uenenhHO BhmyeKanHeb 3Kenpeee-6wnneTeHH 
"KHHrH" , "npenpHHTbi", "CTaTbH" (156 HOMe
poB) , eo,nep:>Kall.(He HHcpOpMaQHIO 0 HOBbiX 
ny6nHKaQHHx (22486 HaHMeuoaaHHH). E:>Ke
ue,nenhHO 06HOBJI.flJIHeb BhieTaBKH HOBbiX 
noeTynneHHH KHHr, 

pbiX npe,neTaaneuo 
HOBaHHH. 

npenpHHTOB, Ha KOT0-
8978 HOBbiX HaHMe-

B HTB opraHH30BaHO 9 TeMaTHtJeeKHX Bhi
eTaBoK. 

llo,~:~rOTOBKa K H3,1:13HHIO "YKa3aTenR: pa6oT COTpyAHHKOB 0Yifll1 3a 1987 ro,D:" C Hcnonb30BaHHeM nepcoHanbHbH 
3BM "llpaseu-16" 
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llATEHTHhiR OT,nEJI 

OPABOB.AR OXPAHA OTKPhiTH:A 

B 1988 ro,ey a CCCP 3aperHcTpHpoaaHo 
3 OTKpbiTHR, B QHcne aBTOpOB KOTOpbiX eCTb 
COTPY.IUJHKH OHHH: 

- "3aKOHOMepHOCTb pe30HaHCHOrO o6pa-
30BaHH.FI MIOOHHbiX MOneKyn ,neii:TepH.FI", 
aBTOpbi: B.O.,[()Kenenoa (Oii.Rii), 3.A.BecMaH 
(YHHBepcHTeT, TapTy)' c.c.repwTeHH 
(11<l>B3), O.E.EpMonoa (MrY), B.B.<l>HnbQeH
KOB (Oii.Rii); 

- "3aKOHOMepHOCTH H3MeHeHHR TeMnepa
TYPhl TennOBhiX Heii:TpoHoB npH ,D;Hcpcpy3HH", 
aBTOpbi: H .M.<l>paHK (OH.RH) , A.B.AmoHoa, 

A.li.HcaKOB, B.li,Oonoa (<l>HAH), K.,[(.Ton
CTOB (0J1.RJ1) ; 

- "JlaneHHe BpameHHR MOCKOCTH non.FI
pH3anHH )KeCTKHx 'Y-KBaHToa", aaTopbi: B.r.Ba
pLiweacKHH (YHHBepcHTeT, MHHcK), B.n.ni0-
6owHQ (OH.RH), B.M.no6awea, A.O.Ce-
pe6poa, n.M.CMOTPHQKHH (nH.R<I> AH 
CCCP). 

Bcero 3a nepHo.n 1958-1988 rr. B CCCP 
3aperHCTpHpoBaHO 33 OTKpbil'H.fl, C,D;enaHHbiX 
C yqaCTHeM COTpy,D;HHKOB 06"be,zumeHHoro 
HHCTHTYTa .FI,nepHbiX HCCne.n;OBaHHH. 

3AmHTA 11 11COOnb30BAHI1E 1130 BPETEHH:A 

llonyqeHO nonO)KHTenbHbiX peweHHH no 3aRBKaM Ha H306peTeHHR 
J1cROnb30BaHO H306peTeHHH 

1988 r. 
45 
23 

1958-1988 rr. 
1205 

558 

PAUHOHAni13ATOPCKHE nPE,UnO*EHH.R 

11cnonh30BaHo p~oHanH3aTopcKHX npe,nno)KeHHH 
3KOH9MHQeCKHH 3cpcpeKT OT HCnonb30BaHHR H306peTeHHH 
H panHOHanH3aTOpcKHX npe,nJIO)KeHHH (TbiC. py6.) 

1988 r. 
432 

125,3 

1958-1988 rr. 
14094 

3201 



• 

AJJ.MMHMCTPATMBHO· 
X03RMCTBEHHAR 
JJ.ERTEnbHOCTb . . 

• 



KA,UPhl 

liHcneHHOCTb coTpy,nHHKoB 06'be,nHHeHHo
ro HHCTHTyTa .R,nepHbiX HCCJie,nOBaHHH Ha 
31 ,neKa6pn 1988 r. cocTaBHJia 7 343 tie
noseKa. 

B 06'be,nHHeHHOM HHCTHTyTe .R,nepHblX HC
CJie,noBaHHH pa6oTaroT 5 aKa,neMHKOB: H .H.Bo-
romo6os, A.M.BanAHH, B .M.TIOHTeKopso, 
I' .H.<l>nepoB, 11.M.<l>paHK, 5 tiJieHOB-Koppec
nOHAeHTOB aKa,neMHH HayK: H.H.I'osopyH, 
B.TI.,U:>Kenenos, 11.3sapa, M.I'.Mei.QepnKoB, 
,U.B.IIIHpi<OB, 180 AOI<TOpOB Hayi<, 618 KaH
AHAaTOB Hayi<. 

B 1988 r. npHH.RTo 807 t~enosei<, H3 HHx: 
HaytiHhiX coTpyAHHI<oB - 228 
HH:>KeHepoB - 204 

KaTeropH.R pa6oTHHI<OB 

TeXHHKOB H MaCTepoB 
pa6otiHx 
ytieHHI<OB 

CJIY:>Kai.I.UiX 
Mna.nmero o6cny:>KHBaroi.Qero 

8 
-271 

19 
59 

nepcoHana - 18. 
YsoneHo H3 011fll1 3a 3TOT :>Ke nepHo,n 

B CB.R3H C OI<OHtiaHHeM CpOI<a paOOTbl H no 
,npyrnM npHtiHHaM 868 tieJIOBei<. B TetieHHe 
rona npHCBOeHhi yt~eHbie 3BaHH.R npocpeccopa 
4 coTpy,nHHKaM, cTapmero HaytiHoro coTpy.n
HHI<a- 20, Mna.nmero HaytiHOro coTpy.n
HHI<a -15. 

B 1988 r. 3ai.QHTHJIH I<aH,nH,naTCI<He ,nHc

cepnuum 37 coTPYAHHI<OB, ,noi<TopcKHe - 9. 

t:fHCJleHHOCTb 

B na6opaTOpH.RX 
H YnpasneHHH 

B npOH3BO,nCTBeHHhiX 
no,npa3,neneHH.Rx 

scero 

HaytiHbie pa6oTHHI<H 
11H:liCeHepbi 
TexHHKH H MacTepa 

Pa6otiHe 
Yt~eHHI<H 

Cny:>Kai.QHe 
Mna,nmHH o6cny:>KHBaiOI.QHH nepcoHan 

Bcero: 

HosocrponKH ,ny6Hbi 

140 

1357 
1672 

133 
1771 

6 
265 

4 
5208 

3 
283 
134 

1454 
7 

189 
65 

2135 

1360 
1955 

267 
3225 

13 
454 
69 

7343 



~HHAHCOBAR ~EHTERbHOCTb 

KoMHTeT lloJIHO¥O'IHhiX llpe.D;cTaBHTeneii 

npaBHTenhCTB rocy.D;apcra-tVIeHOB O:HHI1 .D;JIH 

npoBe,D;eHH.fl HaytiHO-HCCJie.D;OBaTenbCKHX pa60T, 

KanHTaJibHOrO CTpOHTenbCTBa H .D;pyrHX MepO

npHHTHH, CB.fl3aHHbiX C ,D;e.RTenbHOCTblO 11HcTH

TYTa, Ha 1988 r. accHrHoBan 49 MJIH py6. 

Ha ¢IHHaHCHpoBaHHe o6'beKTOB, coopy)KaeMbiX 

COBMecTHO C .D;pyrHMH opraHH3arurnMH, nepe

.D;aHO QeHTpaJIH30BaHHO 0,5 MJIH py6. lloJiyqe

HO QeHTpaJIH30BaHHO 1,5 MJIH py6. ~aKTHtleC

KHe paCXO.D;bl 3a rO,D; COCTaBHJIH 4 7,8 MJIH py6., 

HaHMeHOBaHHe pa3.D;enoa 

I. AAMHHHCTpaTHBHo -ynpaaJieHtleCKHe 

H X03.fiHCTBeHHhie paCXO.D;bl 

II. Pacxo.D;bi Ha Hayt~HO-Hccne.D;oBaTeJILCKyro 

,D;eHTeJibHOCTb 

J1Toro no OCHOBHOH .D;eHTenLHOCTH 

III. KanHTaJILHLie BJIO)KeHH.R Ha CTpOHTenLCTBo 

HaytiHO-HCCJie,D;OBaTenLCKHX 

H .D;pyrHX 06'beKTOB 

Bcero 

HJIH 97,5% no OTHOWeHHIO K rO.D;OBbiM accHr

HOBaHHHM. 

llpo6 JieMHO-TeMaTHtleCKHH I1JiaH Hay'IHO

HCCJie.D;OBaTenhCKHX pa6oT 3a 1988 r. Bbi

nOJIHeH B nOJIHOM 06'beMe, B CMeTHOH CTOHMO

CTH H n o HOMeHKJiazype. ~aKTHtlecKHe pacxo

.D;hi COCTaBHJIH 33,4 MJIH py6. HJIH 98,7% 
K CMeTHOH CTOHMOCTH. ~OCTHrHYTa 3KOHO

MH.fl 0,4 MJIH py6 • 

Pacnpe.D;eneHHe 6JO.D;)KeTa no pa3.D;enaM npH

Be.D;eHO B Ta6JIHQe: 

AccHrHOBaHHH ~aKTHtleCKHe % K Il1IaHY 

Haro.D;, pacxo.D;bi 3a ro.D;, 

MJIH py6 . MJIH py6. 

7,8 7,6 97,4 

27,2 25,7 94,5 

35,0 33,4 95,3 

• 

14,0 14,4 103,1 

49,0 47,8 97,5 
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KATIHTAJibHOE CTPOHTEJibCTBO 

3aTpaTbl Ha KaiiHTaJibHOe CTpOHTeJibCTBO 

HaytUio-Hccne.nosaTenbcKHx H ,npyrHx o 6'beK

TOB IIJiaHHpoBaJIHCb B CYMMe 14 MHJIJIHOHOB 

CTpyKTypa KanHTaJibHbiX BJIO:>KeHHH 

Bcero KanHTa.JibHbiX BJIO:>K~HHH, 
B TOM 'IIHCJie: 

1. CTpoHTenbHO-MOHTa:>KHbie pa6oTbi 

2. 06opy,nOBaHHe H HHBeHTapb 

3. llpoeKTHO-H3biCKaTeJibCKHe H npo'IIH€ 3aTpaTbl 

Bso.n B .neiicTBHe ocHOBHbiX cpe,ncTB ( <f>oH,nos) 

py6neii. BbmOJIHeHHe r:o.nosoro IVIaHa Ka

B nHTaJibHoro 

Ta6mme: 

ro,noBOH 

nnaH, 

MJIH . py6. 

14,0 

2,7 
10,7 

0,5 
13,2 

CTpOHTeJibCTBa fi0Ka3aHO 

<l>aKTH'IIeCKOe % BbinOJIHeHH.R 

BbinOJIHeHHe, 

MJIH py6. 

14,4 103,1 

2,1 77,8 
11,7 109,3 

0,6 120,0 
15,1 114,4 

B 1988 roAy 3asepweao CTpomen&cTBo XHMH'I ecKoro Kopnyca KoMnneKca HBP-2 
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llPOH3BO,D;CTBEHHAR ~ERTEnhHOCTb 

B cocras 06'he,nHHeHHoro HHCTHTyTa .R,D;ep

HbiX HCCJie,nOBaHHH BXO,nHT OpoH3BO,nCTBeH

Hbie, BCOOMOraTeJibHbie H o6CJiy:>KHBIUOLUHe 

lloKa3aTeJIH 

1. 06'heM rOTOBOH nponyK~, 

BbinOJIHeHHbiX pa60T H 0Ka3aHHbiX ycnyr, 

MJIH py6. 

2. PeayJibTaTbi $HHaHcoso-xoaRH:cTBeHHOH 

,ne.RTeJibHOCTH, MJIH. py6. 

3. 3aTpaTbl Ha O,nHH py6Jib rOTOBOH nponyKtniH, 

no,npa3,neneHHR. ,lJ;e.RTeJibHOCTb 3THx nonpa3ne

neHHH 3a 1988 r. xapaKTepH3yeTC.R OCHOBHbiMH 

OOKa3aTeJI.RMH, npHBe,neHHbiMH B Ta6mru;e: 

ron osoH: <l>aKTHileCKOe % BbinOJIHeHHR 

nJiaH BbinOJIHeHHe 

16,3 17,2 105,0 

0,4 1,7 

BbinOJIHeHHbiX pa60T H OKa3aHHbiX yCJiyr (Kon.) 97,2 90,2 
4. qHCJieHHOCTb pa6oTaiOI.UHX 2356 2136 

• 

• 




