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UEJH1 l1 3A,LJ;Aql1 

OB'bE,lJ;l1HEHHOrO l1HCTl1TYTA H,lJ;EPHbiX l1CCJIE,l];OBAHl1t1 

06'beJlHHeHHbiH HHCTHTYT .HJlepHbiX RC•~neJloaaHRti RMeeT caoeti uenbiO: 

o6ecrre'ieHHe COBMeCTHOrO IIpOBI~)leHH.H TeopeTR'ieCKHX H 9KCIIepRMeHTanbHblX 

HCCneJlOBaHHH B o6naCTH .HJlepHOH ¢H3EKH y'ieHbiMH rocyJlapCTB - 'ineHOB MHCTHTyTa; 

CO)leHCTBHe pa3BHTHIO .HJlepHOH pH3HKH B roCyJlapCTB8X - qneHaX MHCTHTyTa 

rryTeM o6MeHa OIIbiTOM H JlOCTH:lKeHRHMH B TeopeTR'ieCKHX H 9KCIIepRMeHT8nbHblX 

HCCne)lOB8HH.HX; 

IIOJlJlep)K8HHe CB.H3H C 38HHTepeCOB8HHblMH H8UHOHanbHblMH H Me)KJlyHapOJlHblMH 

Hay'iHO-HCCne)lOBaTenbCKHMH H JlpyrR~H opraHH38UH.HMH B )lene pa3BHTH.H .HJl9pHOA 

¢H3HKH H H3biCK8HH.H HOBblX B03MOi<HC•CTeH MHpHoro npHMeHeHH.H 8TOMHOil: 9HeprHH; 

COJleil:CTBHe acecTOpOHHeMy pa3I>HTHIO TBOp'ieCKHX CIIOC06HOCTeA Hay'iHO-HCCne

JlOBaTenbCKHX KaJlpoa rocyJlapcTa - qneHOB MHCTHTyTa. 

Bceii caoeii )le.HTenbHOCTbiO MH<:THTYT 6yJleT co)leil:cTaoaaTb HcnonbaoaaHHIO 

gnepaoii aHeprHH TonbKO an.H MHpawx ueneA Ha 6naro acero qenoaeqecTaa. 

Y eTas 01HU1, rna a a VII. 

4 



JIABOPATOPHH H OCHOBHbiE }ICTAHOBKH 

OB'LE.Z.HHEHHOrO HHCTHTYT A H.Z.EPHMX HCCJIE.Z.OBAHHM 

na6opaTopng BhlCOKHX ~HeprnA 

CHHXp0~830TpOH ang ycKopeHHg npoTOHOB ao 8Heprnn 10 ras 

na6opaTOpHg gaepHhlX rpo6neM 

CuHxpouuKnoTpoH ang ycKopeHHg npoToHoE ao aHeprnn 680 Mas 

na6opaTOpHg gaepHbiX {'88KUHA 

UHKnoTpOHbi ang ycKopeHng MHoroaapgaHbiX HOHOB 

na6opaTopng HeATpOHHOA ~H3HKH 

J1 Mny nbCHblii peaKTOp Ha 6biCTpb!X He:li:TpoHaX 

na6opaTOpHg TeopeTH'feCKC H ~H3HKH 

na6opaTOpHg Bhl'fHCnHTenbHOH T8XHH<H H SBTOMSTH38UHH 

7 aneKTpOHHO-Bbl'fHCnHTenbHb!X MSWHH 

5 





Bse~eHJ1e 

B nporne.urne.M; ro.uy Ba:>KHoe MecTo B .ue511'enbHOCTR 06'be.URHeHHoro RHCTR

TyTa 5I.U8pflhiX JiCCne.QOBaHJiH 38HI1:Mana no.uro roBKa K 3KCnep11:M8HT8M Ha rR

raHTCKOM ycKOPRTene npoToHoB, nocTpoeHHOM B CoseTCKOM Co~3e 6nR3 ropo

.ua Cepnyxosa. HayqHhiH KonneKTRB l1HCTRTYToi <PH3HKR BhiCOKHX saepr11:ii, co

seTCKRe yqeHbie, liH:>KeHephl 11: TeXHiiKii .UC•OiinliCb B 1967 ro.uy 38Meqa

TenbHOrO ycnexa. B KOpOTKRe cpoKH nocne 3arrycKa nHHeiiaoro HH

:>KeKTopa Ha 100 Mss 6hrn ocyrnecTsneH npoi)HhiH nycK ycKopRTeng, .uocTRr

HyTag· sHepr11:5I B 76 fss npeBhilliaeT npoeKTHyiJ. IlpH 6naronpH5ITHOM xo.ue co

OhiTRH ycKopRTenb MO:>KeT OhiTb roTOB K <tJ11:3I!'IecKRM sKcrrepnMeHTaM y:>Ke K 

cepe.uRHe 1968 rona. TaKoe pa3BHTRe co6hiTHir .UHKToBano HaM aeo6xo.QRMOCTb 

6onee TIUaTenbHoro nepecMoTpa aarneii rrporpa lii:Mhi no.uroTOBKH K sKcnepRMeH

TaM B l1<f>B3 C uenb~ ee HHTeHCH<lJHK8UHH. 

B TeKyiUeM ro.uy B cooTseTCTBHH c peKoMeH.uaUH5IMH Koop.unHaUHOHHoro 

coBeTa I1<t>B3 Mhi Bhl.Uennnn sKcrrepHMeHThi rrepsoro rrnaaa, T.e. sKcrrepHMeH

Thi, KOTOpbie 6y.uyT HaqaThl y:>Ke B 1968 ro.uy. K HX t.mcny OTHOC5ITC5I HCCne

.UOB8Hii5I Ha ITHOHHOM nyqKe C KPYITH8Hlli8H .UBy:~MeTpOBOH rrponaHOBOH KaMepoii. 

l1cnonb30B8"Hiie STOll YCT8HOBKH ll03BOnliT B KpaTqaftrnHe CpOKH o6ecneqHTb K8-

M8pHhiMH CHHMK8MH 3H8t.{HTenbHOe t.{HCnO Hay<J HhiX KOnneKTHBOB H8lliJiX CTpaH. 

7 
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CpeaR pa6oT, KOTOpbre 6yayT BbrnonHHThCH B M<PB3 aneKTpoHHbiMR MeToaaMR, 

H8R60nhlllRH RHTepeC Bbi3biB8eT RCCneaOB8HRe pacCeSIHRSI npOTOHOB npOTOH8MR 

C noMOlllhiO nonynpOBOaHRKOBOI'O C leKTpOMeTpa Ha nRHRR C aneKTpOHHO-Bbi'iRC

nRTenhHOH M8lllRHOH. 

KpoMe aTRX aayx pa6oT, B 1968 roay nnaHRpyeTcH nocTaBRTh TaKRe onbr

Thr, KaK o6ny'leHRe <t>oToaMynhCRil: npoTOHBMR, onbiTbl no pereHepauHH c K ~

M930H8MR 0 nOHCKH HOBbiX 'l&CTH ll H 8HTH.aa.ep, nOHCKH MOHOnOnfl nHpaKa. 

VJ.ano>KeHHOe Bblllle OTHOCRTCH K HeKOTOpbiM 8KCnepRMeHT8M nepBOI'O nna

Ha. Hallla aonroapeMeHHaH nporpt,MMa no coTpyaHH'leCTBY c Mci>B3 BKnroqaeT 

B ce6H coaaaHRe yHRKanhHbiX ycTaHoBoK, B casraR c 'leM a OM.HM aeaeTCH paa

pa6oTKa R H3I'OTOBneHR9 M8I'HRTHO.I'O HCKpOBOI'O CneKTpOM9Tpa H aByXM9TpO

BOii: >KRaKoaoaopoaHoii: KaMephr. 

TioaroTOBneHO R R3aaHO ¢R31KO-T9XHH'l9CKOe 060CHOB8HR9 npoeKT8 MHQ

I'OKy60BOii: >KHaKOBOaopoaHOii: K8Mepblo nanhHeHlllee p83BRTH9 pa60T RaeT B H8-

npaaneHHR MOaenRpOB8HHSI OTaenblibiX H8R6onee OTB9TCTB9HHbiX yanoB yCT8HOB

KR. 0co6oe 3H8'l9HRe RM9IOT HCCnE!aOBBHRSI no C03a8HRIO CBepxnpOBOaSilllRX M8I'

HRTOB. nRpeKURSI VJ.ci>B3 T8K>Ke BllaHT B8>KH9HlllYIO nepcneKTRBY, CBSI38HHYIO C 

coaaaHHeM 8TOii: ycTaHOBKH. 

nnsr 6onee p8UHOH8nhHOii: O::JI'8HR38URH H8lllHX 8KCnepHMeHTOB B 114>83 

aRpeKURSI RHCTRTyTa npeanonarae'I coaaaTh cneuRanhHbril: oTaen, KOTopbrii: B03h

MeT Ha ce6sr TeXHR'lecKoe o6cny.>!~HBaHRe HBlllHX Hay'IHbiX rpynn B Cepnyxoae. 

1967 roa npRHec 3Ha'IHTenhHbie ycnexH B pellleHHH aa>KHeAllleA aa.aa'IH 

coaaaaHsr MOIUHoro ueHTpa o6pa6cTKR ¢R3R'lecKoii: RH¢opMaURR. B na6opaTopRR 

Bbi'IHCnHTenhHOH TeXHRKH H 8BTOH8TH38UHH CA8Hbl B 8KCnnyaTaUHIO OCHOBHbie 

nOM9IU9HHSI0 nony'le.Hbl R MOHTHpyDTCSI rnaBHbl9 y3nbi BbiCOKOnpOH3BOAHTenhHOH 

MBlllHHbi B3CM-6. Bae.aeHa B aK::::nnyaTaUHIO MBlllHHa B3CM-4. B uensrx pa

aHKanhHOro pellleHHSI npo6neMbi 6 ~rcTpeii:lllero BHe.apeHR sr nporpecCHBHbiX npor

paMM TRna ci>OPTPAH H o6ecne'IEHRSI H8lll9I'O MOIUHOI'O Bbi'IHCnHTenhHOI'O U9HT

pa nepH<tJepRii:HbiM o6opy,aOB8HHeM ARpeKUHSI npHHsrna pelll9HR9 0 npHo6peTeHHH 

M8lllRHbl cpe.aHero Knacca CnC-1604A • .1:3. 1968 ro.ay 6y.aeT He06XOAHMO npo

.aon>KHTh KOMnneKT8UHIO nepH¢epR.iHbiX H3MepHTenbHbiX U9HTpOB B na6opaTOpH-

SIX R BB9CTH B perynHpHyiO 8KCnnyaTaUHIO lllHpOKYIO C9Th npOCMOTpOBbiX H H3-

M9pHTenhHbiX nonyaBTOM8TOB H 8:3TOM8TOB. 

B COOTB9TCTBHR C nHTHneTiiRM nnaHOM pa3BHTHSI HHCTHTyTa H8 nepROA 

c 1966 no 1970 ro.a npo.aonM<anHCh pa6oTbi no peanHaauHH KpynHbiX npoeKTOB. 

3KCnepTH8SI KOMHCCHfl CTpaH-Y'I8CTHHU no nepcneKTHB8M pa3BHTHfl $H3H

KH BbiCOKHX aHeprR:H: B OH.HM R ;rqeHbiH coaeT o.ao6pHnH $H3HKO-TeXHH'leCKoe 

060CHOB8HH9 COBepllleHCTBOB8HHSI yCKOpHTenH na6opaTopHR H.aepHhlX npo6neM 
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C nepecTpOitKOil: ero B yCKOpHTenb C npOCTp.lHCTBeHHOil: B8pli8UHeil: M8rHHTHOrO 

nonH (ycTaHOBKa "¢"). KonneKTHBOM na6opaTopHH 6bma BbmonaeHa 6onbWaH 

pa6oTa no noaroTOBKe ~H3HKo-TeXHHqecKoro o6ocaoBaHHH rrpoeKTa. Ba*aoit 

npo6neMoii: HBnHeTCH npoeKT HOBOrO MOWHOr 0 HMITynbCHoro peaKTOpa l1BP-2. 

B TeKyweM roay B na6opaTopHH aeitTpOHHoit ~H3HKH noaroToBneHo $H3HKO-Tex

HHqecKoe o60CHOB8HHe npoeKTa, pa3pa6oTaH 8CKH3HbiH npoeKT H HaqaTO TeX

HliqecKOe npoeKTHPOB8HHe peaKTOpHoit qaCTH KOMnneKca l1BP-2. Ycnewao pa3-

BHBanucb pa60Tbl no peKOHCTpyKUHH OCHOBEOil: TeXHHKH anH HCCneaOB8HHH C 

MHOr038pHaHbiMH liOH8Mli. floaroTaBnHBaeTCl! K 3anycKy peKOHCTpyHpOB8HHbiH 

UHKnOTpOH Y-200. llnH nonyqeHHH BbiCOKOliH'IeHCHBHbiX nyqKOB TH*enbiX HOHOB 

B UHKnOTpOHe C~OpM!ipOB8HO M8rHHTHOe none C ~3HMyTanbHOH BapH8UHeH HanpH

*eHHOCTH, aocTHrHyTbi oqeHb BbiCOKHe 3HaqeJIHH aanpSI*eHHOCTH nonH. BeaeTCH 

T8K*e noarOTOBKa K peKOHCTpyKJIHH Y -300 Ii Y -400. 

Opoaon*anHCb pa60Tbl no C03aaHHIO HOBOrO HH*eKTOpa anH CHHXpO~c!:I30TpOHa, 

3HaqHTenbHaH qacTb HX Y*e BbmonHeHa. OcyuecTBnea 6biCTpbiH BbiBoa npoToH

Horo nyqKa 10 fsB H3 CHHXpo<fla30TpoHa C sqt~eKTHBHOCTbiO OKOnO :50%. 

TaKOBbl OCHOBHbie HTOrH aeHTenbHOCTH HHCTHTyTa ITO rnaBHbiM HanpaB

neHHHM, HaMeqeHHbiM B aHpeKTHBax KoMHTe·~a nonHoMoqHbiX npeacTaBHTeneA 

Ol1.Hl1. B na6opaTopHHX HHCTHTyTa BenHCb JfCcneaoBaHHH B cooTBeTCTBHH c 

nnaHOM, YTBep*aeHHbiM YqeHbiM COBeTOM. 3TOT rrnaH B OCHOBHOM BbinOnHeH. 

B 1967 roay yqeHbiMH HHCTHTyTa npoBeaeH }:Ha B8*HbiX HCCneaOB8HHH, nony-

qeHbi HOBbie HayqHbie aaHHbie. 

AHanH3 pe3ynhTaTOB SKcnepHMeHToB no H3yqeHHIO ynpyroro B38HMoaeit

CTBHH qacTHU Bb!COKHX 8HeprHH Ha CHHXp0~820TpOHe aan B03MO*HOCTb nony-

qHTb HOBble CBeaeHHH 0 CTpyKType aMnnHTYllbl pacceHHHH ITpOTOHOB H rr 

Me30HOB HyKnOH8MH. C noMOWbiO HOBOH MeTcaHKH npoBoaHnOCb HCCneaOB8HHe 

PP -, p d - H rr -p pacceHHHH aa Manbie yrnbi. l1HTepeCHbie pe3ynbT8Tbi 

nonyqeHbl T8K*e B HCCneaOB8HHHX nenTOHHbiX pacnaaoB BeKTOpHbiX Me30HOB H 

+ a++ + 
npoueccoB reaepaUHH p -Me3oHa H Ll 1238 - H3o6apbi B rr p - B3aHMoaeii:CT-

BHHX. 

Ha CHHXpOUHKnoTpoHe BbiiTOnHeHbi onbiTbi no npoBepKe T-HHBapHaHTHOCTH 

pp -B38HMOaeitCTBHH npH BbiCOKHX SHeprHHX. C BbiCOKOH TOqHOCTbiO H3Mepe

H8 nonHpH3aUHH B ynpyroM pp -pacceHHHH 1: yrnoBaH 38BHCHMOCTb q>aKTopa 

aenonHpH38UHH DPP (635 MsB). BnepBbie nonyqeHbi CHCTeMaTHqecKHe aaa-

Hbie 0 npoueccax o6pa30B8HliH 38PH*eHHbiX nHOHOB HeitTpOH8MH H Hapax. 0T

Kpb!TO aeCHTb HOBbiX H30~0nOB H H30MepoB, (iOnbWHHCTBO H HHX - KOpOTKo-

*liBYWHe. 

/ 
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PHc.J. 8 HIOHH cocToHnocb TOplKeCTBeHHoe co6pBHHe Y'leHoro coBeTB 011fl/1, 

ITOCBHWeHHOe 50-neTHIO BenHKO# 0 KTH6pbCKO# OOUHBnHCTH'leCKO# peBOniOUHHo 

HB cHHMKe: o T AKaP.eMHH HByK C CCP y'leHbiX 06'beP.HHeHHoro HHCTHTYTB HP.ep

HbiX HccneP.oBBHHR npHBeTcTayeT BHue-npe3HP.eHT AH CCCP BKBP.eMHK E.n.KoH

CTBHTHHoB. 

C llOMOllibiD ycoseprneHCTBOB8 HHOW MeTO.llRKR B 8KCnepRMeHT8X H8 URKI!Q-

TpOHe .llilSI ycKopeHRSI MHOr038pSI.llHbiX ROHOB 6binR CRHTe3RpOB8Hbl R RCCile.ll0-

242 251 258 2 57 
B8Hbl R30TOllbl TpaHcypaHOBb!X 8Ile MeHTOB! 98 , 102 1 103 1 103. 

YTo'IHeHbi TBK)I{e naHHbie o csoRcT sax R30Tonos 
252 102 R 

258 102 • Jlng noRc

Ka R30Tonos 105-ro aneMeHTa p a 3pa6oTaHa MeTO.llRKa Ha6nroneHRSI. B Hosoli 

cepRR XRMR'IeCKRX 8KCnepRMeHTOB C 3IleMeHTOM 104 llO.llTBep)l{.lleHhl nony'leH-

Hbie paHee pe3yiibT8Tbi. 

11CllOilb30B8HRe CRCTeMbl MRKp OT.pOH-peaKTOp ll03BOilRilO llO.llp06HO R3Y'IRTb 

XapaKTepRCTRKR HeRTpOHHbiX pe30H 8HCOB BCeX CT86RilbHbiX R30TOllOB repM8HRSI 

H HeO.llRMa. Hccne.nosanRCb TBK>Ke .nenSimRecg Sl.llpa 
235 

U R 239 Pu • B pa3-

BRBaeMOM HOBOM HanpasneHRR · B HeHTpOHHOH cneKTpOMeTpRR - R3y'leHRR 

( n, a) - pe8KURR B pe30H8HC8X - nony'leH cymeCTBeHHbiH pe3yilbT8T! HalineHa 

B03MO)I{HOCTb R3MepeHRSI He TOilbK O Bb!XO.ll8 8Ilb¢8-'18CTRU, HO R RX ClleKTpa. 

B 8KcnepRMeHTax Ha peaKTope non y'leHbi HOBbie naHHbie o csolicTsax )I{R.llKOC

Teli R KpHCTannos. 

' TeopeTHKBMH RHCTRTyTa B RC T eKrneM ro.ny nony'leH PSI.ll sa)I{HbiX pe3ynb-

TBTOB B RCCile.llOB8HRSIX llO 8KTY8Ilb HbiM npo6neMaM COBpeMeHHOJi <lJH3R'IeCKOH 

TeOpRR. 3TO H3y'leHRe CBOHCTB CR M MeTpRH 8IleMeHT8pHbiX '18CTRU, CTpyKTypb! 

TeOpRR llOilSI, CBSI38HHbie C 8KCnepH MeHTOM RCCile.llOB8HRSI npoueCCOB CRilbHOrO 
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H aneKTpoMarHHTHoro aaaHMoaeticTBHt!:. PHil HHTepeCHbiX pa6oT nocBHIUeH an

re6pe TOKOB H llHCnepCHOHHbiM npaBHnaM CYM M , p83BHTH!O npH6nH)I{eHHbiX MeTO

Iltfu B TeOpHH nang, lliHpOK85I nporpaMM8 Teap eTH t:IeCKHX pa60T CB5I38H8 C H3y

t:IeHHeM CTpyKTypbl CnO)I{HbiX 5I)lep H HllepHbiX peaKUHH, 

KaK OTMet:IanaCb Bblllle, 38BeplllaeTC5I K OMnneKTOB8HHe Bbl'iHCnHTenbHOrO 

UeHTpa HHCTHTyTa, flOMHMO MOHT8)1{8 aneKTpOHHO-Bbl'iHCnHTenbHbiX M81IIHH, 3/leCb 

BelleTCH HX MOilepHH38UH5I H HanaaKa CXeM C 5I3H 313M C <lJH3H'ieCKOH annapa

TypoR H yCT8HOBK8MH anH o6pa60TKH ~HnbMOBOH 9KCnepHMeHT8nbHOH HH<lJapMa

UHH, Paapa6aThlB8JOTCH H coaaaJOTCH aaToMa T Ht:IeCKHe H nonyaaTaMaTHt:IeCKHe 

ycTpoiicTaa anH o6pa6aTKH KaMepHbiX CHHM~oa. Ot:IeHb 6onblllaii o6'beM pa6oT 

CB5I38H C C031l8HHeM pa3nH'iHbiX CHCTeM M8Te M8THt:IeCKOrO a6ecnet:IeHH5I 38M. 

Bonblllae BHHMaHHe yaenHnacb aonpocaM coaaaHHH Hoaoii ¢H3Ht:IecKoii an

napaTypbi, C<tJapMHpOB8Hbl HOBbie nyt:IKH 'i8CTH BbiCOKHX 3HeprHH OT CHHXp0~-

30TpOH8 H CHHXpaUHKnaTpaHa. B aononHeHHe ,{ ynaMHHYTbiM Bbillle ycTaHOBKaM 

BhlllOnHeH 6anblllOA KOMnneKC MeTOilHt:IeCKHX M MOHT8)1{HhlX pa60T no C031l8HH!O 

Macc-cenapaTopa nnH paaaeneHHH H3aTonoa. B nepahle HaroT~~neHa ycTaHaaKa, 

o6ecnet:IHB8!0Ill85I nonyt:IeHHe B CT8UHOH8pHOM p e)I{HMe npH Bb!COKOH xonoaonpo

H3BOilHTenbHOCTH caepXHH3KOH TeMnepaTypbi 0 ,012DK; a Heii HcnonbayeTCH H3-
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aecTHbiH npHHUIHI pacTaopeHHSI )!(H.UKoro renwSI-3 a )KH.llKOM renHw-4. Ha Macc

cenapaTope anSI pa3.neneHHSI TpaHcypaHOBbiX 8neMeHTOB 6bma npoH3Be.neHa ce

rrapauwH PSI.ll8 H30TOIIOB, o6pa3yJOIIIHXCSI B peaKUHSIX C HOH8MH yrnepo.na 11: HeOH8, 

UnH OIIbiTOB c 6biCTpbiMH HeiiTpOHaMJr Ha HMnynbCHOM peaKTope ycoaepweHcTao-

aaH apeMSIIIpOneTHblll CIIeKTpOMeTp, l13rOTOBneH K08KCH8nbHblll repMaHHeBblll 

raMMa-.neTeKTop c 6onbwHM qyacTB iTenbHbiM o6'beMoM. MHorwe pa6oTbi, Bbi-

IIOnHeHHbie B 1967 ro.ny, 6binH CBSI3aHbl C C03.ll8HHeM H COBepweHCTBOB8HHeM 

annapaTypbl H3MepHTenbHbiX UeHTpOI 8KCIIepHMeHTanbHbiX na6opaTOPHH J.IHCTH-

TyTa, 

1967 ro.n 6hin ro.noM .nanhHeiimero pa3BHTHSI Me)!(.nyHapo.nHoro coTpy.nHH

qecTaa. Oco6eHHO ycnewHo pa3BHBaJlHCb Haww CBSI3H c HayqHo-wccne.noaaTenb

CKHMH opraHH38UHSIMH CTpaH-y'!aCTHaU 0I15Il1, Jla6opaTOpHH HHCTHTYT8 BbiiiOn

HSIJOT OKOnO 200 Hay'!Hb!X H MeTO.llHqeCKHX pa6oT COBMeCTHO C H8UHOH8nbHbi

MH HHCTHTyTaMH CTpaH-y'!aCTHHU, 05'be.UHHeHHbiH HHCTHTyT opraHH30Ban B IIpo

we.nWeM ro.ny 11 Hay'!HbiX 11: MeTO.llir '!eCKHX COBeWaHHH, cpe.UH HHX CHMII03HYM 

IIO HenoKanbHOH KBaHTOBOH TeOpHH IIOnSI, Me)!(JJ.yHapOJJ.Hblll ceMHHap BeAyUIHX 

yqeHbiX no npo6neMaM pa3BHTHSI 4Ju3HKH BbiCOKHX 8HeprHti, Me)!(JJ.yHapoAHaSI 

TeopeTH'!eCK8SI WKOna IIO tPH3HKe B b!COKHX 8HeprHH AnSI 8KCIIepHMeHT8TOpOB, 

CoaemeHHe no SIAepHoli cneKTpocKOIHH 11: Teopww SIApa. Bo3pocno KonwqecTBo 

Hay'!HbiX KOM8HAHPOBOK y'!eHbiX 0I1HI1 B HHCTHTYTbi CTpaH-y'!aCTHHU 11: yqeHbiX 

H3 pa3nH'!HbiX cTpaH B lly6Hy. CoTpyAHHKH OI1HI1 npHHSinw yqacTwe so acex 

KpyiiHeHWHX Me)!(.UyHapOAHbiX tPH3H'!eC {liX KOH4JepeHUHSIX ro.na.Y CIIelliHO pa3BHB8nHCb 

Haww Hay'!Hbie CBSI3H c UEPHoM, I1 HCTHYTOM H.Bopa, c (j}H3H'!ecKHMH ueHTpa

MH ¢paHUHH, 

B 3aKnJrO'!eHHe OTMeTHM, '!TO B 1967 rOAY rpynna yqeHbiX HHCTHTyTa -

B.A.llpyHH, I1.3aapa, C.M.nonHKai- OB, r.H.<Pnepoa - 38 pa60Tbl IIO CHHTe3y 

TpaHcypaHOBbiX 8neMeHTOB 6hina ynocToeHa JleHHHCKOH npeMHH. 

H.Boromooos, 

.nHpeKTop Oo'bellHHeHHoro HHCTHTyTa 

H.UepHbiX HCCne.UOB8HHH 



• I. llJIAH 

OBnE~HHEHHOrO HHCTHTYTA 

H~EPHYXHCCJIE~OBAHHA 

HA 1967 ro~ 



Hayqao-u:ccnenosaTeJibCKaH, MeTOJlH'lt~CKaH H aayqao-opraau:sauu:oaaaH 

neHTenbaocTb 06~enu:aeaaoro HHCTHTyTa HnepHbiX u:ccnenosaau:a a 1967 rony 

nposonu:nacb a cooTseTCTBHH c nnaaaMH, yTsep>KneHHbiMH Y'leHbiM coseToM 

OHHH aa ero XXI ceccu:u:: 

nJiaH~~ Hay'IHO-HCCJI9JlOBaTeJibCKHX H MeTOJlH'leCKHX pa60T na6opaTo-

pu:R:; 

- nnaHoM coTpynau:qecTsa H cosMeCT.ibiX pa6oT, nposonHMbiX OH HH H 

HHCTHTyTaMH CTpaa-yqaCTHHUi 

- nnaaoM noeanoK coTpynHHKOB OHHH a cTpaHbi-y'laCTHHUhi. 

TipH yTsep>K]leHHH nJiaHOB Hay'IHO-HCc.qenosaTeJibCKHX H MeTOJlH'leCKHX pa-

6oT na6opaTopHA Y'leHhiA coseT OTMeTHJI J<aK HaH6onee sa>KHbie cnenyJOIUHe 

HanpasneHHH: 

n a 6 0 p a T 0 p H 51 B hi C 0 1: H X S H e p r H A 

1. TiposeneHHe SKCnepHMeHTOB C 60JiblllHMH ny3bipbKOBbiMH KaMepaMH H 

HCKpoBbiMH KaMepaMH ea JIHHHH c B3CM-3JI1. H nonroTosKa SToA MeTOJlHKH K 

SKcnepHMeHTaM a Hcf>B3. 
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2. CKopeil:ruee 38B8plll8HH8 pae OT no C03aaHHIO HOBOrO HH:lK8KTOpa H Bbi

BOaa npoTOHHoro ny'!Ka H3 cuHxpocpa3oTpoHa. Tipoaon:lKeHue aanbHeil:rnero yco

aeprneHCTBoaaHHSI pe:lKHMOB ero pa6<>Tbi. 

3. CoGaaHHe HOBbiX KpynHbiX ycTaHOBOK anSI 8KCnepHMeHTOB B l1 <t>B3 ( aByx

MeTpoaoH: BOaopoaHOH K8M8pbl, npoo~KT8 MHOroKy60BOH BoaopoaHOH K8M~pb! H 

T.a.). 

4. f1oarOTOBK8 M8T8pHanOB K COB8lli8HHIO 8KCnepTOB no nepcneKTHBHbiM 

np08KT8M 0 CBSI38HHbiM C pa3BHTH8M cpH3HKH Bb!COKHX :3HeprHH B 0115!11. 

na6opaTOpHSI SiaepHhlX npo6neM 

1. I1.3MepeHH8 napaMeTpOB JlB OHHOrO H TpOHHOrO pacce SIHH SI B HyKnOH

HyKnOHHbiX coyaapeHHSIX npH :3Heprl' H 600 MaB, B TOM 'iHCne C nOMOllibiO no

nSipH30B8HHOH npOTOHROH MHlll8HH. 

2. l1ccneaOB8HH8 38XB8T8 MIOo)HOB B ra3006pa3HOM Boaopoae. 

3. l13y'ieHH8 nHOHHOrO cpopMcpaKTOpa H peaKHX pacnaaoB nHOHOBo 

4. 11ccneaOB8HH8 CBOHCTB H KB8HTOBb!X X8p8KTepHCTHK HOBbiX KOpOTKO-

:lKHBYlliHX paaH08KTHBHbiX H30TOnOB. 

5. TioaroTOBKa K aKcnepHMeHTaM Ha ycKopHTene l1<t>B3, yTBep:lKaeHHbiM 

KoopaHHaUHOHHbiM coaeTOM aToro I:HCTHTyTa. 

6. f1poeKTHpOB8HHe MHOroKy6CBOH :lKHaKOBOaopoaHOit K8M8pbl H C03aaHHe 

MarHHTHoro HCKpoaoro cneKTpoMeTpa anSI pa6oT Ha ycKopHTene 70 faa 11<1>83. 

7. p a60Tbl ITO C03aaHHIO H3M8JlHTenbHOrO U8HTpa H CHCT8Mbl C npSIMOH H 

o6paTHOH CBSI3biO c 3BM. 

8. l1ccneaOB8HHSI, CBSI38HHbl8 t: nony'ieHH8M CB8pXHH3KHX T8MI1epaTyp H 

C03aaHH8M nonSipH30B8HHbiX MHlll8Hei1: HOBOrO THna. 

9. Pa6oTbi no coGaaHHIO Mace -cenapaTopa anSI paGaeneHHSI paaHoaKTHB

HbiX H30TOnOB. 

10. Pa3pa6oTKa 6onee acpcpeKTHBHOii: CHCTeMbi BbiBoaa nyqKa npoToHoa H3 

CHHXpOUHKnOTpOHa. 

11. nanbU8Hlll88 npoaeaeHH8 {: a60T no TeOpeTH'i8CKHM HCCneaOB8HHSIM H 

MOaenHpOBBHHIO cpa30TpOH8 C B8pH8UH8it MarHHTHOrO nonSI ( yCT8HOBKH "<I>") o 

na6opaTOp1ISI SiaepHbiX peaKUHH 

1. Pa60Tbl no CHHT83Y aneMe iTOB C 8TOMHblMH HOMepaMH 103-105. 

2. neTanbHOe H3y'ieHH8 npOU8CCOB JleneHHSI auep TSI:lK8nbiMH HOH8MH. 
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::!, I1ccJ1eAOBaHM:e CBOitCTB CBepXTSDKeJlbl X: stAep cjlH3H'ieCKHMH H paAHOXHMH-

'ieCKHMH MeTOAaMH, 

4. I1sy'ieHM:e a) npoTOHHOit paAHOaKTHBHOCTH; 6) peaKUHit nepe):la'iH Me-

TOAOM Mai'HHTHOI'O aHaJ1H3a. 

5. Pa6oTbi no peKOHCTPYKUHH UHKJlOTpoaa Y-150 B Y-200. 

6. CosaaHM:e HCTO'iHHKa AJlst nony'ieHHst Bb!COK03apstAHbiX KOHOB ypaHa, 

na6opaTOpHst HeATpOHHOA cjlH3HKH 

1. l1ccJ1eAOBaHHe CTpyKTypbi stAep MeT•)J:laMH HeATpOHHOA cneKTpOMeTpHH 

npH HCllOJ1b30BaHHH annapaTypbi Bb!Ct>KOI'O paspeweHHst ( MHKpOTpOH, repMaHH

eBbie AeTeKTOpbi), nonstpH30BaHHbiX ny'iKOB neATpOHOB H llOJ1stpH30B8HHbiX MH

weae:A, 

2. l13y'ieHM:e CTpyKTypbl KOHAeHCHpOBaHfiblX cpeA HeATpOHHb!MH MeTOAaMH 

H MeToAaMH c HCnonbsoaaHHeM scjlq>eKTa MEkc6ayspa. 

3, l13y'ieHM:e peaKUHA Ha nerKHX stApaX C llOMOIUhiO 3f-5, 

4. npoeKTHpoaaHM:e HOBOI'O HMllYJlhCHOI'O peaKTOpa 60J1hWO:A MOIUHOCTH C 

HH>KeKTopoM ( I1 BP-2). 

na6opaTopHst Bhl'iHCJlHTeJlhHOA TeXHHKH 

H aBTOMaTH3aUHH 

1. Cosaaaue Bhi'iHCJlHTeJlhHoro :KoMnneKca HHCTHTyTa Ha 6ase MaWHHbi 

B3CM-6 H wecTH MaWHH THna B3CM-4 (cpoK - no Mepe KOMnneKTosaHHSI 

napKa Bbi'iHCJlHTeJlhHblX M8WHH) • 

2. CosaaHM:e H CKOpeAWHR BBOA B aeACTBHe: 

a) CKaHHpyrowero ycTpoRcTsa HPD (Ha'iano onpo6osaHHSI cosMeCTHo c 

MaWHHoA B3CM-6 - BTopast nonosuaa 1968 roaa) ; 

6) CKaHHpyiOIUei'O aBTOMa Ta Ha 8JleKTP<?HHO-Jly'ieBOlt Tpy6Ke ( KOMnJleKCHOe 

onpo6oBaHM:e COBMeCTHO C MaiUHHOlt B3CM-4 - KOHeU 1967 I'OAa), 

3. npoeKTHble pa60Tbl no CHCTeMe cnHp8.11hHOI'O CK8HM:p0B8HHSI ( Ha'\18.110 

pa6oT - 1967 I'OA ). 

4, CosaaHM:e CHCTeMbl MaTeMaTH'I\IeCKOI'O o6ecne'l\leHHSI Ha OCHOBe Sl3blK8 

ct>OPTP AH AJlst Bhi'iHCJlHTeJlhHoro KOMnneKca OI1.H:I1, a TaK>Ke anst paspa6aTbi

aaeM~xx CKaHHpyiOIUHX ycTpOltCTB,. HCnOJ1h3Y9MblX B 8KCnepHMeHTaX C npSIMOlt 

CBst3biO C Bbl'iHCJlHTeJlhHblMH MaWHH8MH ( Ha'l\lclJlO KOMnJleKCHOlt OTJlaAKH nepso

I'O aapHaHTa TpaacnstTopa c <POPTP AHa - CHpeAHHa 1968 roaa). 
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• II. HAYIJHO-HCGnE~OBATEJihCKHE 

PABOTLI, 

BLifiOJIHEHHLIE 

JIABOPATOPHHMH OHHH 

a 1967 ro~Y 
" . 
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Jla6opaTOpHH 

BbiCOKHX 

Ocaoey Hayqao-HccneaoeaTenbCKOA ae~~enbHOCTH na6opaTOPHH BhlCOKHX 

aaeprHA, npoeoaHMOA B TeCHOM KOHT8KTe C na6opaTOpHHMH CTpaa-yqaCTHHU, 

B 1867 roay COCTaenHnH HCCneaOB8HHH ynpy~oro paCC9HHHH qaCTHU Bb!COKHX 

SHeprHA H H9KOTOpb!X acneKTOB tPH3HKH qacT HU-p930H8HCOB. 

H ccneP.OB8HH.fl ynpyroro p8CCe.flHH.fl aneMeHT8pHbiX 

'18CTHI.( 

rrp- pacceHHHe B o6nacTH M81lb!X y r no e. 3aeepweHhi 

H3MepeHHH ynpyroro rT -p - pacCeHHHH B o6n 3.CTH HHTep4JepeHUHH KynoHOBCKOA 

H HaepHOA aMnnHTya, npoeoaHBlliH9CH MeToao~ perHCTpaUHH npOTOHOB OTaaqH. 

11aMepeHHH HMnynbcoe npoToHoB oTaaqH no 1po6ery o6ecneqHnH paapeweaHe 

no KeaapaTy qeTbipexMepaoro nepeaaaaoro I:Mnynbca 

!1 t-10-4 (rae/c)2. 

AaanHa nonyqeHHhiX aH4Jq>epeHUHanbHhiX ceqeHHH ynpyroro ,-p - pacceH-

HHH npH HMnynbCaX aaqanbHbiX ,-_ M930HOB 3,48 H 6,13 fae/c noKaaan, qTQ 

B llH811830He eenHqHH 1,22 • 10-3 _$-t _$ 4,22' 1 )-3 (fae/c)2 HM99T M9CTO ll9CT

pyKTHBH8H HHTepq>epeHUHH KynoaoecKOH H HaepaoA aMnnHTya. PeaynbTaThi H3-
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·I 
I 
I 

MepeHHM: <lJa3bi smepHofi aMrrneTy.llhr,rrpeacTaaneHHhre Ha pec.2, rrony'ieHbi rrpe 

yqeTe OTHOCHTenbHOrO C.llBMTa KynOHC•BCKOH H Sl,llepHOH BMJinHTY.ll ITO <iJopMyne 

JI.D..Conoabeaa. 

a;-ReA/ImA 
0.~ .-----------------, 

0.2 

01\~" ~~ 1 
-0,2 

-0,4 

T,t:16 -0,6 ~ 

0,7 I 1,5 2 J + 5 7 10 15 20 .10 50 10 100 

PHc.2. 3aBHCHMOCTb OTHOllleHHH BellJeC TBeHHOH H MHHMOH 'l8CTeif 1111Jl HOepHOil 

8Mlll1HTYI1bl ynpyroro IT -p -pacCeHHHs; Bllepe/1 OT 3HeprHH UHOHOB B 11a6opa-. 

ropHoil CHcTeMe. TeopeTH'lecKaH KpHBc H - EapallleHKOBa /9/. @ - 11BHHble 

H8CTOHllleH pa60Tbli • - /18HHbJe /1/, • - 11BHHble /12/_ (GCblllKH H3 pa-

60Tbl A.A.HoMotjJHIIOBa H lip. nHCbMa >K3Tct>, 3, 546 (1967) ). 

06pa6oTKa sTHX Me .llBHHbiX no oopMyne EeTe aana cneayiOmee pe3ynb-

TBTbi: 

a -TT p 
Re AH.ll =-(O,l7~0,07) rrpe P 
Im A H.ll 

a rr-p ( 0 ,22+0 ,09) rrpe p 

3,48 rsa/c, 

6,13 raa/c. 

3TH H3MepeHHH JIOK838nH, 'iTO B IIHOH-HyKnOHHOM pacCeHHHH .llHCIIepCHOHHbi9 

COOTHOWeHHH BbiJIOnHSIIOTCSI BJinOTb .llC• HMnynhCOB 6 faa/c. 

1'1 UK·I UK·f 

v 
1r c. 

UK~ UK·2 UK·3 UK·~ Uli~UK-6 UK·7 v kai!Vfi!J 
S. s LHz Cz 
•I I I t'M I I rmm.1 

'"' 
PHc.3. CxeMa sxcnepHMeHTB rro H3MepeHHJO IT p -pacceHHHH MeTOIIHKoil 6ec-

t/IHllbMOBbiX HCKpOBbiX KaMep Ha 11HHI1H c E3CM-3M. YnpyrHe co6biTHH Bbii!e

llHJOTCH nocpei!CTBOM H3MepeHHJl HM£YllbC8 p8CCeHHHOH 'l8CTHIIbl C UOMOIIIblO 

HK 4f8 H MarHHTa M. YcraHOBKa 3a.TycKaeTCH aHTHcoanal!eHHHMH (()I+ S 1 + 
+82)-Cfil. S1 i S fil - CIIHHTHllllHIIIOHHbie C'leT'lHKH, C1 i C fi1 - ra30Bble 

11Ht/Jt/JepeHIIH8llbHble C'leT'lHKH LJepeHKOB8 1111H CelleKIIHH ny'lKOBbiX UHOHOB1 HMe-
., v 3 

JOlllHX yron OTHOCHTellbHO OCH C 1 H C2 MeHbiiie 1,5.10-3 pa/1 H 3-JO- pB/1 1 

COOTBeTCTBeHHO. 

B 1967 roay Ha'!aTbi eccneaoaaH 1H ynpyroro rr-p - pacceHHHSI aa Manbre 

yrnbi C HCIIOnb30B8HHeM HOBOH MeTO.llfiKH 6eC<lJM:nbMOBbiX HCKpOBbiX KBMep HB 

m1HHH c E3CM-3M. Ha pec.3 npeae.llE,Ha cxeMa sToro sKcnepHMeHTa. 3anycK 
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6eCtPHJlbMOBbiX HCKpOBbiX KaMep OCyiUeCTEJISleTCSl MOHHTOpHoR CHCTeMoR, COC

TOSliUe:A: H3 ra30Bb!X JlHqJ<f>epeHUHaJibHbiX 11epeHKOBCKHX H CUHHTHJIJISlUHOHHbiX 

cqeTqHKOB. 3TO n03BOJISl9T B 5 pa3 yCKOpHTb Ha6op 3KCnepHM9HTaJibHOrO Ma

T9pHaJia no CpaBHeHHIO C ero Ha6opOM 06bHHbiM MeTOJlOM Jl9T9KTHPOBaHHSl TOJib

KO HCKpOBbiMH KaMepaMH. C 9TOR ycTaHOB <OR 6bma ycneWHO npoBeJleHa 9KCno-

3HUHSl npH HMllYJibCe rr- -M930HOB 4 16 f:~B/c. OonyqeHHhiR 3KCnepHM9HTaJib

HbiR MaTepHaJI aHaJIH3HpyeTCSl. 

2. PP- H p d - p a c c e Sl H He H a Man hie y r n hi. B na6opaTopHH aaBepweao 

C03JlaHHe HOBOR ycTaHOBKH JlJISl HCCJI9JlOBaHH~ Ha BHyTpeHHeM nyqKe 70-f9BHO

ro npoTOHHoro ycKOPHTeJISl Hct>B3 ynpyror o pp - H p d - pacceSlHHSl aa MaJihie 

yrnhi. 3Ta ycTaHOBKa COCTOHT H3 nonynpOBOJlHHKOBOrO cneKTpoMeTpa npOTO

HOB oTaaqH Ha JIHHHH c B3CM-3M. Ha CHHXpoq,aaoTpoae 6hmH npoBeJleHhi HC

cneaoBaHHSl C nOMOIUblO 9TOR ycTaHOBKH. OonyqeHHhie JlaHHbie 0 p p-H p d

paCC9SlHHH Ha MaJihie yrJihl B HHTepBaJie UMnyJibCOB 2-5 faB/C B HaCTOSliUee 

BpeMSl o6pa6aThiBalOTCSl. 

MccneaoBaHHH peaosascos 

HccneaoBaHHSl no qJH3HKe qacTHU-pe~oaaacoB npoBOJlHJIHCb c Hcnonhao

BaHHeM KaK 9JI9KTpOHHhiX ycTpORCTB 1 TaK H ny3hlpbKOBhiX KaMep - )KHJlKOBO

Jl0p0JlHhiX1 nponaHOBO:A: H KC9HOHOBOR. 

3. J1 C C JI e Jl 0 B a H H Sl JI e n T 0 H H bl X p a C n a !l 0 B H B e K T 0 p H bl X M e 3 0 H 0 B. 

3KcnepHMeHThi1 npoBOJlHBWHeCSl B 1967 ro !lY 1 no3BOJIHJIH cymecTBeaao yBenH

qHTb qHCJIO 3aperHCTpHpOBaHHhiX C06hiTHR C pacnaaaMH BeKTOpHhlX M930HOB 

aa e+ e- -naphi. B qacTaocTH 1 nonyqeahi HOBbie aaHHbie o pacnaaax ¢ 0 -+e+e-1 

JlOKa3aBWH9 CyiUeCTBOBaHHe 3TOrO THna p~.cnaaa H no3BOJIHBWHe OUeHHTb ero 

napuHaJihHYIO wHpHHY (eM. Ta6nHuy 1) 1 ecJiii Hcnonb30BaTb rHnoTeay o6 w0 ¢ 0-

cMewHBaHHH B paMKax SU(3)- CHMMeTpHH. 

Ta6nHua 1 

r 
p ( e+ •"1 r (I) ( e+ej 5 

-------10 
rw 

411 ±019 517 + 019 130 + 50 
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PHC.4. B fla6op8TOpHH BbiCOKHX 3HeprHH TOTOBHTCSI 3KC11epHMeHT 110 H3y'IeHHIO 

pp -B38HMOaeifCTBHSI B t:(H811830He 3Hep rHH ao 70 raB. B11epBbie B 11p8KTHKe 

¢H3H'IeCKOTO 3KC11epHMeHT8 B38HMO}:(eH C TBHe 'I8CTHU 6yaeT H3Y'I8TbCSI 11pH 110-

MOWH CTP.YH T83006p83HOTO BOt:lOPOt:l8, BBO}:(HMOH B K8Mepy .YCKODHTensr. Ha 

CHHMKe: OTI18t:(K8 CTpyifHOH MHWeHH B KpHOTeHHOM OTaene flB3. Hay'IHbiH COT

pyt:IHHK B.HHKHTHH (cneBa) H a1111apaT'IHK A.llepoB. 

PHc. 5. MoHT8lK ycraHOBKH ansr Hccnea oBaHHSI pp-paccesrHHSI. ~ 
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PHc.6. 3aBHCHMOCTb .aHrjJrjJepeHuHanbHo.~o ce'leHHH yrrpyroro 11 +P -B38HMo.aeil
cTBHH oT KBa.apaTa rrepenaBaeMoro 4-JCMIIynbca. 

11a npHae.ueHHbiX aaHHbiX cne.uye·r, 'LITO aenH'tiHHa KOHCTaHTbi nepexo.ua 

p -+ y 1 HrpaJOmei\ BS>KHYJO ponb B PH.lle npo6neM !pH3HKH aneMeHTapHbiX 'LISCTHU1 

HMeeT 3Ha'tleHHe 

Yp 
~-

2. feHepSUH H p+-Meaoaa H 

0,65 -+ 0,14. 

A++ 
1231 - Hao6apbi B rr+p -B38HMOaei\-

C T B H H x. 3aaepweHa o6pa60TKa ABYX.IlY'leBbiX C06biTHil, nony'tleHHhlX rrpH o6ny-
. . 

'tleHHH 40-CSHTHMeTpOBOi\ >KH.QKOBO.llOpOaHoi\ rry3blpbKOBOi\ KaMepbl B ny'IKe rr+ -

Me30HOB c HMITY.IlbCOM 2,34 rae/c. 

Ha pHc.6 npe.ucTaaneao pacnpeaeneHHe aH<Ix!JepeHuHa.llbHoro ce'leHHst B aa

BHCHMOCTH oT KBaapaTa nepeaaaaeMoro 4-HMnynbca ansr ynpyrHx rr+p ·- npo

ueccoa. Ce'leHHe ynpyroro aaaHMoaei\cTBF sr paaao 8,5 ± 0,2 M6, aKcnepHMeH-

TS.IlbHbie aaHHble MO>KHO annpOKCHMHpOB8Th 8KCDOHeHTOi\: 
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~0 

rne 

c 

A = (6,5 +_ 0,2) ( r~.!! ) - 2 
(: ' 

2 (53,2 + 2,1) Mo/(fsa/c) • 

Ce'ieHHe peaKUHH rr+ p ... rr+rr 0 p oKaaanocb paBHhiM 3,8:±:0,2 MO. Ce'ieHHH oo-

++ p830B8HHSI p +- Me30H8 H H3008pbi ~ l2SII paBHbi COOTBeTCTBeHHO ( 1 ,4±0, 15) MO 

H (0,3:!:0,04) MO. 

ITony'ieHo .r:tHqxpepeHuRailbHOe ceqeaRe po>K.r:teHHH p+ - Meaoaa. 

BhiilH onpeneneHbi TBK>Ke sneMeHTbi ::nHHOBoil: MaTpHUhi nnoTHOCTH p + -

/!1 ++ - qacTHU. Ha pHc. 7,8 npencTasneHbi HX 3Ha'ieHHH a aaaHCHMOCTH 
1238 

OT nepe.r:taHHOI'O 4-HMnyilbCa. 

::++ (.3 ++ ~~~ 

I C.2. 

0.5 

O.lt 

O.l 

0.1 

O.f 

0.0 
O.o 

.. I 
O.i + 
o.o:f 

0.0 

o.s 

I 
0,5 

l 

I 

•.o 

I 
4.0 

(•,1 

(.o 
0.. o.s i.O 

11.1 

Rf: y,. 
1>.1 + 
Cl.i + 
('.0 

O.o 0.5 i.o 

(.J 

Rc~3, 
(.2. 

0.4 

Re~40 
0.0 1-----------+------..... 

u 

0,5 1.0 ~f:V" 
A" 

-0.2 ++ 
·0.3 

PHC. 7. 3BBHCHMOCTb 3/IeMeHTOB CIIHHO

BOi1 MBTpHIIbi IIIIOTHOCTH p0)K/1eHHH p+

Me30HB OT IIepe!1BHHOrO 4-HMIIYJibCB /1/IH 

peBKIIHH fT + P ... p + P • 

( .o --+-

++ 
o.s (O !cV" 

·U IS 

- (.1 

PHc.8. 3aBHCHMOCTb 3/IeMeHTOB CIIHHO

BOi1 MBTPHilbi IIIIOTHOCTH p0)K/1eHHH N* ++ 

OT rrepe!1BHHOrO 4-HMIIYJibCB 11/IH 

peaKIIHi1 " +p ... N* + + ,o • 
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3. Me 3 0 H- H y K li 0 H H bl e C 0 C T 0 51 H H 5l C H 3 0 T 011 H "! e C K H M C 11 H H 0 M 5/2. 

ITony'!eHbi HOBbie aaHHbie B 8KC11epHME·HTax, rae H3y'!aJIHCb Me3oH-HYKJIOHHhre 

COCTOBHHB C H30TOI1H'leCKHM CI1HHOM 512 B np -B38HMoaeitCTBHBX. Ha MaTe

pHaJie 3500 1151THlly'leBb!X 3Be3a _yaaJIOCb BbiaeJIHTb cneayiOIIlHe KaHallb! peaKUHH: 

n p -+ pp 77 + 2 77 - 424 co6biTHB ( 1 ) 

-+PP 77+ 277 -(m 77 1') 400 co6biTHit (2} 

-+np 277+ 2 77- (m 77 11 ) 725 co6biTHil (3) 

-+nn 377+ 277 -(m 77°•) 158 co6biTHH (4) 

m =0,1, 2. 

ITpeaaapHTeJibHbie pe3yllhTaTbi H:3y'leHHSI peaKUHH (3) 11peacTaaneHhr Ha 

pHc.9, 10, 11. Ha pHc.9 11pHaeaeHo HMI1Y IIbCHOe pac11peaeneHHe HeitTpoHoB, Bbi3-

BaBIIIHX peaKUHIO ( 3). Ha pHc.1 0 aaHo .1= ac11peaeneHHe 8!fl!fleKTHBHbiX Mace p 77+,+~ 

KOM6HH8UHH. <I>OHOBaB KpHBaSI paCC'lHTaHa 110 CTaTHCTH'!eCKOit TeOpHH C y'!eTOM 

Cl1eKTpa HeHTpOHOB JJ:JIB peaKUHH (3) C o6pa30BaHHeM H 6e3 o6pa30BaHH51 770 -

Me30HOB. <J>OHOBaB KpHBaB He 011HCb!B8t~T 8KC11epHMeHT8llbHOrO paC11peaeneHHSI. 

llpyraSI KpHBaB paCC'!HT8H8 C y'!eTOM ::>6pa30BaHHSI H306apbl fi l2SI • ny'IIIIee 

cornacHe aocTHraeTCB 11pH 11pea11onmKeHHH, 'ITO 62% co6brTHit HJJ:YT c o6pa3oBa

HHeM 8TOH H3o6apbr H 38% - 6e3 ee 0 15pa30B8HHSI. 3Ha'leHHe x 2 anSI KpHaoit, 

Y'lHTbiB8IOllleit 8Ty CMeCb aayx COCTOSIHHH, ne)!{HT BHyTpH aoaepHTellbHOrO HH

Tepaana 90%. Ha pHc.11 aaao pac11peaeneaHe 8!fl!fleKTHBHbiX Mace p 77+ H3 8TOH 

160 

120 

11 

28 

N=68S 

Pn [r3&/c] PHc.9. HMnyJibCHbiit cneKTp HeitrpoHoB, 

Bb13B8B111HX pe8Kl1HIO IJp-+IJptr+tr-177 -rr-(m,,), 



N =683 

60 

x"= 38 
n.=33 

u~ s.Jr2 t82 t.82 2.02 2.22 2.42 ~62 

PHc,l 0. PacrrpeaenenHe arf;ljieKTHBHbiX Mace 

(p fr+fTry -KOM6HH8UHH H3 peaKUHH 

np-+ nptr+tr +tr -tr-(mTT 0 J. 

N =1366 

Mp.rr• [r3&jC2 ] 

150 

t08 128 1ofe t.88 188 2.08 2.28 

l'Hc.ll. PacrrpeaenenHe arf;ljJeKTHBHbiX 

IV.8CC (p tr-i1-KOM6HH8UHH H3 peaKUHH 
IlJ' -+np fT +, +, -,- (mtr 0J. 

*e peaKURR. KaK BRAHO R3 aToro pRcyHKa, R3o6apa ~ 1238 aell:cTBRTeJibHO o6-

pa3yeTC51 B 60% cny'laeB. l13 9TRX aaHHbiX cneayeT, 'ITO ecJIR H3o6apa c T=S/2 

cymecTByeT, TO OUeHeHH851 BepXH5151 rp8HRU8 Ce'leHR51 ee o6pa30B8HH51 COCT8B

JI51eT BeJIR'IRHY He 6oJiee 80 MK6. 





Jla6opaTOpJUI 

.Hp;epHbiX 

npo6JieM 

Hay'lHbre RccnenoaaHR51 na6opaTOpRR mepHbiX npo6neM B 1967 rony Ha 

nyqKaX qaCTRU oT CRHXpouRKnoTpoHa 680 M::•B npoaonHnRCb no cnenyrolllRM Ha

npaaneHRHM: 

1. DpoaepKa OCHOBHb!X 3aKOHOB CRMM•~TpHH B38HMOlleil:cTBHH. 

2. l13y'leHHe Cl'WbHb!X B38RMOlleHCTBHi[ HyKnOHOB 1I nHOHOB C HyKnOH8MR 

R 51llp8MRo 

3. l13y'leHHe cna6b!X 1I sneKTpOMBI'HHT .fblX B381IMOlleiiCTBHH R QJR3HKR nH

OHOB 1I MIOOHOBo 

4. l1ccnenosaHHe CBOHCTB 1I KB8HTOBbD. xapaKTepHCTHK HCKyCCTBeHHo-pa

llROaKTHBHb!X aTOMHb!X 51llep, OCOOeHHO neQJOJM1IpOB8HHb!X. 

llpOB·?PK8 OCHOBHbiX 38KOHOB CHMMeTpHH 

B3c'3H. \10P.8HCTBHH 

1. D p 0 Be p K a T -H H B a pH a H T H 0 c T 1I C 1I n b H b1 X B 3 a 1I M 0 ll e ii C T B H Ho B na-

6opaTOpHH BbiiiOnHeHbi onbiTbi no nposepKe T -HHaapHaHTHOCTH npoTOH-npoToH

Horo B3aHMoneiicTBH51 npu BhlCOKHX sHeprH~x. Tpe6osaHH51 T-HHBapHaHTHOCTH 

CHnbHbiX B38RMO]:leHCTBHH B cnyqae ynpyi'0£'0 paCCe51HH51 I1p0TOHOB rrpOTOHBMH 

rrpHBOllHT K pas.eHcTsy P = A , I'lle P - n )n51pH3BUHH, B03HHKaromaH s ynpy-

31 



roM pp -paccesrHHH Ha 3anaHHbi:l1 yron, A -aCHMMeTpasr, nosransriOmasrcsr npa 

pacceSIHHH ITOliSipH30BaHHbiX npoTOHOB .Ia HeiTOl15IpH30B8HHOH npOTOHHOH MHIIIeHH. 

flpoaeneHHhie aKcnepHMeHTbi npa 3HEprHH npoToHOB 635 Maa nana 3Ha'IeHHSI 

pa3HOCTH p -A (-0,021 ± 0,027) H t-0,021 ± 0,035) JlliSI yrJIOB 480 H 60°, 

COOTBeTCTBeHHO. 0UeHKH ITOK83b!BaiOT 1 'ITO BKJia]l B Ce'IeHHe npOTOH-ITpOTOHHO

ro pacceSIHHSI T- HeHHBapHaHTHoro B3aHMone:l1cTBHH, ecnH H cymecTayeT, TO 

He npeBb!III8eT 0,1 %. flo JlOCTHrHyTOH TO'IHOCTH 3TH pe3yJibTaTbl HaXOJlSITCSI Ha 

ypOBHe llY'IIIIHX COBpeMeHHb!X Jl8HHbiX1 a B 06JiaCTH 3HeprHH Bbiiiie nopora Me-

30H006pa30BaHHSI sransriOTCSI enHHCTBei-:HbiMH. B na6opaTopHH 6hiJIH npoaeneHbi 

paC'IeTbl1 KOTOpbie ITOK838JIH 1 'ITO BJI>I~HHe rOpM03HOrO H3Jiy'IeHHSI npHBOJlHT 

K OTKJIOHeHHIO OT COOTHOIIIel-IHSI P= A 1 0JlH8KO B031-IHKaiOII]aSI nonpaBKa Malia H 

ee CJienyeT y'IHTbiBaTb JlHIIIb npH JlOCTlDKeHHH ell]e 60Jibiiie:l1 TO'Il-IOCTH 1 qeM ITO

nyqeHH8SI B HaCTOSIII]ee BpeMSio 

2. 3KcnepaMeHTaJibHasr npoaepKa CPT-HHBapaaHTHOCTH cna6oro 

B 3 a H M 0 Jl e H C T B H 5I llpOH3Be]leH8 B llpeUH3HOHHb!X OllbiTaX ITO cpaBHeHHIO Bpe

MeH )KH3HH ITOJIO)KHTeJibHbiX H OTpHUa reJibl-IbiX ITHOHOB. 3KcnepHMeHT BbinOJIHeH 

c noMOIIIbiO cneKTpoMeTpa, H3MepsriOIL ero Ha 6a3e 13 M apeMSI nponeTa Me3o

HOB C pa3pemeHHeM 0,44 HCeK. 06IIIHli BHJl cneKTpOMeTpa B na6opaTOpHH CHH

XpOUHKJ10TpOH8 ITOKa3aH H8 pac.12. C ITOMOII]blO CITeUHaJibHOrO ycTpOHCTBa Bpe

MSI nponeTa KOHBepTHpyeTCSI B aMITJIHryny. llnsr OTHOIIIeHHSI BpeMeH )KH3HH 38-

pSI)KeHHbiX ITHOHOB ITOJiy'IeHa BeJIH'IHHa 

TIT+ 

-1= (-0,14 + 0,29)%. 

r "_, 

flo JlOCTHrHyTOH TOqHOCTH 8TOT pe3yJibTaT SIBJISieTCSI nyqwHM cpeJlH COBpe

MeHHbiX naHHbiX H ITOJl'l'Bep)KJlaeT cnpaaenmiBOCTb CPT -HHBapaaHTHOCTH cna6biX 

B3aHMOJleHCTBHH. 

CHJJbHbie B38HMOP.BHCTBHH HYKIIOHOB H IIHOHOB 

C H,VKJIOH8MH H HP.p8MH 

no nporpaMMe T8K H83hiB 3eMOI'O " nonHOI'O OllhiTa" H8H6onee 

Ba)I(Hbie pe3ynhTaThl nonyt~eHbl npH H:: MepeHHH napaMeTpOB ABOHHOI'O H TpOHHO

ro pacceSIHHSI HyKnOHOB HyKnOHaMH. 

1. l1 3 M e p e H H e n 0 n SIp H 3 a U H H 1 B 0 3 H H K a 10 Ill e H B y n p y r 0 M n p 0 T 0 H-

H 0 M p a c c e g H H H n pH a He p r H H ( 635+ 15) M a B. l13-3a CHnbHOH aHepre-

TH'IeCKOH 3aBHCHMOCTH nonSipH38UHH, 303HHKaiDmeil: B ynpyroM pp -B3aHMO}:{eH-
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PHc.J2. 06IIIHit BH,Q CI1eKTpOMeTp8 "rro Bp eMeHH rrponerau, HCI1011b3yeMoro B 

rrpeiiH3HOHHbiX 3KCrrepHMeHrax rro rrposepx e CPT-HHB8pH8HTHOCTH. Ha rrepen
neM I1118He - CT8piiiHit HH)I(eHep 3.11HceK ( BHH3Y) H CT8)1(e'p /l.M.X83HHC. 
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CTBHH, Heo6XOAHMO HMBTb CBBABHHH J nonHpH38UHH, nony'IeHHhlB C BhlCOKOH TO'I-

HOCTbiO. C 3TOH UBJlbiO 6binH BbiTIOJlEIBHbl 3KCnepHMBHTbi, B KOTOpb!X H3MepeHa 

nonHpH38UHH B BKTBX ynpyroro paCC<~HHHH nonHpH30B8HHbiX npOTOHOB C 3HeprH

efl (6352;,15) MaB Ha BoAopoaHofl MHLieHH npH 23 yrnax pacce.HHH.H B HHTepBane 

28°-g0° B C.U.M. C TO'IHOCTbiO 3%-4'!'<. flocTHrHyTaH TO'IHOCTb cyiUeCTBBHHO npe-

BbiiiiaeT TO'IHOCTb paHee H3B8CTHbiX 8KCnepHMBHTOB.Ha pHc.13 npeACTBBJlBHB no-

ny'IeHHB.H yrnoBaH 38BHCHMOCTb nOJlH')fi38UHH. 

2 o 11 3 Me p e H H e y r Jl 0 B 0 fl 3 a B H C ff M 0 C T H cpa K T op a ll e TI 0 Jl 5I pH 3 aU H H 

B ynpyroM pp -B3BHMoaefi:cTBHH npH aHeprHH 635 MaB. Bbrnon-

HBHbl npeUH3HOHHbl8 H3MepeHHH yrJl<H'>OH 3aBHCHMOCTH cpaKTopa /l8TIOJl.HpH38UHli 

DPP nprr ynpyroM pacceHHHH nonHpH:IOBaHHbiX npoToHoB c aHeprH:efi (635:t;,15)M::m 

Ha BOilOPOJlB JlJl.H yrnoB B C.U.M. 41,:! 0 ; 47,8°; 60,8°; 71,8° H goo. iloCTJirHy-

TBH TO'IHOCTb npeBhliiiBBT TO'IHOCTb TIJOBB/lBHHhlX paHbliiB 3KCnepliMBHTOB npH:Mep-

HO B n.HTb pa3. fpacpli'IBCKBH 38BJICli~IOCTb ¢aKTopa nenongpJI38UHII OT yrna pac-

CBHHHH npe/lCTBBJleHa HB pliCo 14. 

KpoMe Toro, BbrnonHeHbi aKcn·~pH:MeHTbi no li3MepeHRIO cpaKTopa nenon.H

pR3aUH:li npli goo ( C.U.M.) B llBOHHO~! pacceHHliii HenonHpli30B8HHOrO ny'!Ka npo

TOHOB c 3HeprH:efi 650 Mas Ha non <IpH30BBHHoil: npoToHHofi MliiiiBHli. Pe3ynh-

TaTbi Ii3MepeHHfi xopoillo cornacyiOTC H c pe3yJlbTaTaMR, nony'IeHHbiMli nprr pac-

pr"J 
0,6 

0,5 IIH ~~~.! 
i III 1 rt r 1 

I ,J 

r 0,1. 

0,3 

If 
0,2 

0,1 

-aCUMMefT}I. 
~-nOfljPU3. 

0,0 

20 30 40 50 60 70 80 90 

rJ; epaiJijCbl, C.l{.M. 

PHc.I3. YrnoBaH 3aBHCHMOCTb 

TIOIIHpH38UHH1 B03HHK8IOIUeif B 

yrrpyroM pp -pacceHHHH rrpH 

3HeprHH 635 J\13B, 
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Puc.J4. 3aBHCHMOCTb rf;aKTOpa 

t!eiiOIIHpH38UHH OT yrna pacceH

HHH IIpH yrrpyroM pacceHHHH 170-

1IHpH30B8HHbiX IIpOTOHOB <: 3/lP[!

rHeif 635 J\13B IIpOTOH8MH. 



ceSIHRR nonSip1130BaHHoro nyqKa npoTOHOB. CKopoCTb BbiiTO.IIHeHRH 113MepeHRH 

B 9TOM noc.nenHeM onbiTe 6hma cyruecTaeHI o yae.n11qeHa 6.naronapH np11MeHe

HI1ro pa3pa6oTaHHoro B na6oparop1111 MeTOJl3 6hlcTpoii: 11HBepcnn HanpaaneHRH 

no.nSipl13aU1111 B MI1IUBHI1. 3To - nepeoe 113MepeHI1e napaMeTpa Tpoii:Horo pac-

CB5IHI1H Ha IT0.115Ipi130BaHHOH MRIUBHI1. 

3. $ a 3 o B hi il a H a n 11 3 NN-pacceHHI1H c npna.neqeHHeM HOBbiX 

Jl a H H bl X. flpeUI13ROHHbie R3MepeH11H ITO.IIH.!= 113aURl:! 11 <!JaKTOpa JlBITOiiHp113aURH 

B ynpyroM pp- pacceHHl:!H B wupoKOM l:!HTepeane yrnoe no3BO.IIR.11l:! npoeecTR 

<!Ja30Bhlll aHa.IIH3 JJ.aHHhlX p p - pacceSIHl:!SI 1p11 9Heprnl1 635 Mse B np11HHTbiX 

rrpennonolliBHI15IX. flpoeeneHHhlH aHanl:!3 rroKa3a.n, qTo npl1eneqeHRe HOBhlX naH-

HbiX cyruecreeHHO ne¢opMI:!pyer 11oeepXHOCT" <PYHKUHOHana X 2 • 3To rrpoTR

eopequT eJJ.HHCTBeHHOCTrr paHee HailaeHHoro ¢a3oeoro peweHRSI. Ebr.no o6Hapy-

}1(8HO 110 KpaHHeH Mepe JJ.Ba MI1HI1MyMa B qa30BOM 11pOCTpaHCTBe, COOTBBTCT-

BYID!IlRX JlBYM <!Ja30Bb!M peweHRSIM, KOTOpb!B O;::(l:!HaKOBO YJlOB.IIBTBOpl:!TB.IIbHO 011l:!-

CbJBaroT 9KC118pl:!MBHTa.11bHbie JJ.aHHbie. 

B CB5I3l:! c 9Tl:!M 6bm 11poaeaeH ¢a30BIIH aHanl:!3 HyKnoH-HYK.IIOHHoro pac-

ceSIHIHI. B sTOM c.nyqae aaHHbie no pp- 1 np -pacceSIHRHM o6pa6aThlBa-

.IIl:!Cb COBMBCTHO. B JlOTIO.IIHBHl:!e K paHee l:!O:: BBCTHbiM JJ.aHHb!M 6bi.11R 11pRB.11eqe

Hbl HOBbie JJ.aHHbie o 110.115Ipl:!3aURI1 R ne11onSip I3aURl:!. B pe3ynbTaTe aHann3a 6bi-

.110 38HJJ.BHO 115ITb pelliBHRH, KOTOphle OJll:!HaKJBO YJJ.OB.IIBTBOpl:!TB.IIbHO 011RChlBaroT 

9KCI1BpRMBHT8.11bHhlB JJ.aHHhle. flpR HCIT0.11b30BaHRl:! KpRTBpRSI, 6o.nee }1(8CTKOro, 

qeM X 2 - KPRTepl:!H (oueHKa eepoSITHOCTl:! owl:!6Kn nepeoro poaa), y.uanocb 

ITOKa3aTb, qTO C.IIBJJ.YBT rrpHHl:!MaTb BO BHl:!MdHRe TO.IIbKO JlBa R3 9TRX peweHRH. 

T aKRM o6pa3oM, KpoMe paHee cyruecTeoeaelllero Ha6opa ¢a30BbiX cnenroa, 110-

SIB.IISieTCSI HOBblll Ha6op. 3TOT JlOITO.IIHl:!TB.IIbHblll Ha6op <lJa30Bb!X CJJ.BRrOB B03-

Hl:!KaeT 11ocne yqeTa Me3oHoo6pa3oBaHl:!5I u:l Haqam:.Horo Hepe3oHaHcHoro coc-

T05IHRH CRCTBMbl JlBYX HYK.IIOHOB 
3 F 

4 
, KOTOpoe paHee He yqHThlB8.110Cbe 

4. 0 6 p a 3 0 B a H 11 e 3 a p 5I }!( e H H bl X 11 l:! 0 H 0 E IT p R C 0 y Jl a p e H R l:! H e H T p 0-

H 0 B C H Jl p a M l:! p a 3 Jll! q H bl X 9 .11 e M :! H T 0 B. C 110MOIUbiD MHOrOK8H8.11b-

Horo MarHRTHoro Cl1eKTpOMeTpa B .na6opaT Jpnn B11epBbie nonyqeHbi cncTeMa

TnqecKHe naHHbie o 11pouecce o6pa3oBaHHSI 1HOHOB 11prr coynapeHRSIX HeilTpoHOB 

c SIJJ.paMl:! pa3mrqHbiX sneMeHTOB. flpn sHepl'HR Heii:TpOHOB 600 Mse Jl.IISI pa3-

nl:!qHbiX SIJJ.ep, OT Be no P b , 11 Jl.IISI ITl:!OHOB o6orrx 3HaKoB R3MepeHbi sHep

reTrrqecKrre rr yrnoebJe pac11peneneHrrSI, onp•!JJ.eneHbi 110.IIHbie rr JJ.l:!¢¢epeHurranb-

HbiB ceqeHR£1, npoaHa.IIR3HpOB8H8 38BHCHMOC Tb 9TIIX napaMeTpOB OT aTOMHOrO 

HOMepa. 0JJ.HHM H3 oqeHb l:!HTepeCHb!X Bb!BC•JlOB pa60Tbl 5IB.115IBTC5I 38KJ1ID'-IBHHe 
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PHc.15. CrreKTpbi "-Me30HOB, 

o6pa3QB8HHblX IIpH CoyaapeHHH 

HeifTpOHOB C HIJp8MH pa3JIH'lHbiX 

aneMeHTOB IIpH aHeprHH 600 Mas. 

1-t, ,o·",,.,~'ifao Sl." 

50 

10 

.10 llO 90 
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0 c 
• •t 
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120 ISO 
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PHc.I6. YrnoBbie pacrrpeaeneHH H 

1T -Me30HOB1 o6pa30B8HHbiX IIpH 

coyaapeHHH HeifrpoHOB c Hapa

MH pa3JIH'lHbiX aJieMeHTOB IIpH 

aHeprHH 600 Mas. 

0 npeHMyll(eCTBeHHOH KOHUeHTp8UHH H36biTO'IHbiX Heii:TpOHOB Ha IIOBepXHOCTH 

SI.nep. Oco6eHHO SipKo aTo npoSIBJISie·rcg nng Be H Pb (pHc.15,16). 

5. l13MepeHHe n¢¢¢epeHUHaJihHoro ce'IeHHSI ynpyroro pacceg

HHSI npoTOHOB Ha3an SI.llpaMH reJIHSI-4 npH aHeprHH 665 MaB. 

l13y'IeHHe yrrpyroro pacce5IHH5I IIpOTC·HOB Bb!COKOH 3Hepi'HH Jiei'KHMH 5I.llpaMH 

rrpH 6oJihlliHX 3Ha'IeHHSIX rrepenaBaeMcro HMnynhca npencTaBnSieT HHTepec nng 

HCCJieJlOBaHli5I KOppeJISIUHOHHbiX tPYHKUHH HyKJIOHOB B 5I.llpe H 3KCJiepHMeHT8Jlh

HOH npoBepKH rrpencKa3aHHH tiJmoKTyt UHOHHOH TeOpHH ll.I1.EnoXHHUeBa. 

3KcrrepHMeHT 6brn BbiJIOJIHeH Ha tPOKYCHpyiOII(eM npOTOHHOM KaHane, C03-

naHHOM B na6opaTOpHH B 1967 I'O.lly. C JIOMOII(hiO 3JieKTpOHHKH, ocymeCTBJI5IIO

Il(ei1: OT6op (no BpeMeHH rrpoJieTa, -HC•HM:3aUHOHHhiM IIOTepgM H KHHeTH'IeCKOH 

aHeprHH gnep renHSI-4) aKTOB ynpyror•) pacceSIHHSI npoTOHOB c aHeprHell: 665 Maa 

Ha yron 169° c.u.M. 6bmo arrepBbie H~ MepeHo nH¢¢epeHUM:aJ1hHoe ce'l:eHM:e npo

TOHOB .llJ15I nepenaBaeMOI'O M:MITYJihCa 90 fm - 2 • llH4JtiJepeHUH8JlhHOe Ce'IeHM:e 

B C.U.Mo OKa3aJIOCh paBHhiM 

d C1 ( () 0 ) -31. 2 
169 ) = ( 1,15 + 0,29 10 eM /cTepan. 

dO 

0THOllieHHe nony'IeHHOI'O Ce'IeHR5I K KBH3M:ynpyroMy Ce'IeHHIO COCTaBJISieT (2,5 +-

36 



+ 5) 10-6, 'iTO no nopSIAKY Bemi"iHHhi 6nH3 W K OUeHKe, AaHHOH n.M.EnoXHH

UeBb!M (2.10-5 ) • 

6. 0 ue H K a n p e A e n a B e p o g T H o c T H n 1 > o u e c c a o 6 p a 3 o B a H H SI T e T-

p a He H T p 0 H a npOH3BeAeHa B OnbiTaX no 38XBaTy OTpHUaTenbHblX nHOHOB SIA

paMH 
12 C C HCnycKaHHeM gaep nHTHSI-8 H 6opa-8. 3TOT npeaen nonyqeH 

paBHbiM 

R < 2, 6 . 10 -e , 
rr- + 1 2C ... Bee Ka ianhr 

'iTO Ha ABa nopSIAKa MeHbllre BenH"iH.Hbi, Haftae HHOH B peaKUHH rr- + 
7 

Li... 3 He +n4, 

KOTOpaSI H3yqanaeb aMepHK8HCKHMH ¢H3HKaMl. 

7.0nbiTbl no noHeKy paanaUHOHHbiiC paenaAOB pe30HaHeOB C 

y q a e THeM C T p a H H bl X "i aCT H U npOBCAHnHeb e nOMOWblO MeTpOBOH npo

naHOBOH KaMepbl 1 8KenOHHpOBaHHOH B ny"iKE OTpHUaTenbHbiX nHOHOB e HMnynb

COM 5 faBle OT CHHXpo¢a30TpOHa. nony"iE>HO OKOno 1500 eo6biTHH THna A)' 
0 

H K y , npOH3BOAHTeSI TaK)I{e Ha6op eot)biTHH THna A Y)' • nony"ieHHHbie 

AaHHbie o6pa6aTbiBalOTCSI H aHanH3HpylOTe Slo 

8. l1 c e n e A o B a H H e n p o u e c e a o 6 p a T H ) r o s n e K T p o p o * A e H H SI n H -

0 H a ,- + p ... e + + e + D npOBOAHTeSI e :lenblO nony"ieHHSI eBeAeHHH 06 sne

KTpOMarHHTHOH CTpyKType nHOHa BO BpeM3HHnOA06HOH o6naCTH npH He6onb

WHX nepeAaBaeMblX HMnynbCaX. ilpOBeAeHHbie pae"ieTbl AnSI SHeprHH nHOHOB 

300 MsB noKa3anH, 'iTO s¢¢eKThr, o6yenm.neHHbie eTpyKTypoft, aon)I{Hbi npH

MepHo aa 40% H3MeHHTb AH¢q>epeHUHanhHoe ee"ieHHe no epaBHeHHlO e eeqe

HHeM, eoOTBeTCTBYlOWHM TO"ie"iHOMY B3aHM)AeHeTBHlOo 3KCnepHMeHTanbHaSI yc-

PHc.17. CxeMa sxcnepHMenra 

ann HccneaosanHH nponecca o6 

paTnoro sneKrpopo)l(aeRHH tr

Me30HOB. 

~m 
Mil a.,fr'IUPI!'Ia,. '.1, /)#tllttQJU 

x- "P -e*'. ···n c.u,., . •••• , ,,., 

c, 

K1, K1 ·KfJnttu/lltOmapt.' 

c,,c,,cJ.c,,~.c,-cquHmUn.nPLiu. NHWe cYfm<~uKu 
c,.~. •fJOPOlfJ&It 6oafl141f ~-ofJCKU#! C<~em<NKU 

Nltt ,J!IK2 - UCKpo$.1~ lft1flfeP• 

Cfll, Cfll • ~OklfUl' AU6 ~ CfleXtn(JOI"'!'ffl{JV 

H - /tltJW.Hi (CH,)n 

. ,, ~'~~~ 
~ 
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T8HOBKa COCTOHT H3 CUHHTHnJHIUHOHHI>IX C'IeT'IHKOB, BOl!.S!.HbiX 'IepeHKOBCKHX ne-

T8KTOpOB, HCKpOBhiX KaMep H JlHBHeBh!X CITeKTpOMeTpOB H OOJianaeT OOJlbliiOH 

caeTocHnoH: nng perRCTpaUHH TpexqacTH'IHhiX npoueccoa. Ha pHc.l7 npencTaa

neHa CXeMa 8KCnepHMeHTa. f1pH OKO:I'IaTeJibHOH HtJ.eHTHIJlHKaUHH peaKUHH npo-

BOl!.HTCSI aMITllHTyl!.Ho-BpeMeHHOH aHaJ£H3 H BOCCTaHaBJIHBaeTCSI TO'!Ka B3aHMO-

nefiCTBHSI. I1penaapHTeJlbHbie H3Mepe f:IH SI c MHllleHb!O H3 ( c H 2) n nanH 3Ha'Ie

HHe aepxHefi rpaHHUhi ce"<IeHHsr npor:ecca 5.1o-32cM21cTepan Ha HyKnoH. 

Cna6b e H 3neKTpoMarHHTHbie B3lJHMoaeiicTBHH 

C yqaCTH8M Me30HOB 

XapaKTepHhiM nnsr HccnenoaaHHH B 1967 rony MIO-aaxaaTa srnpaMH sra

nSieTcsr nepexon K HccnenoaaHHIO pa3JIH'IHhiX aeTaeH: npoueccoa, Bhi3BaHHhiX 

MIO-Me3 OHaMH • 

l.BepoSITHOCTb RCITYCKaHHSI l!.BYX HefiTpOHOB 

32 
B a T a 0 T pH U aTe lib H hi X M 10 0 H C• B SIll paM H S 

nyTeM perHcTpaUHH nponyKTOB pacnana Hnep 
30 P H 

B 

H 

n p o u e c c e a a x-
40 

Ca H3MepeHa 

38 K 6ea npenaapH-

TellbHOrO RX Bhlll elleHHSI H3 OOlly'IeHHnii MHllleHH C ITOMOlllbiO aneKTpOHHKHo Be

pOHTHOCTb BbiJieTa l!.BYX HeiiTpOHOB Mana, OHa COCTaBJIReT lJ.llH 060HX Hl!.ep 

BellH'IHHY ""5% H HaXOl!.HTCSI B COOTBe'~CTBHH C npencTaBll8HHSIMH 0 l!.OMRHHpyiO

lll8H pOllH Ol!.HOHyKllOHHOrO MeXaHH3Ma 3aXBaTa MIOOHOB. 

2.113MepeHHH aepOSITHOCTH 3aXBaTa OTpHUaTeJlbHhiX MIOOHOB 

Sil!.POM seFe 6ea H CITy C K a H H Sl He ii T p 0 H a npoaeneHhl MeTOl!.OM pa-

l!.HOXHMHH nyTeM XHMH'IeCKOrO BhilJ.elli!HHH oopa3yiOlllHXCH patJ.HOaKTHBHhiX Mep 

Mn -56 H onpeneneHHSI ex 'IRena. YcT.:l.HOBJieHo, 'ITO aeposrTHOCTb aaxaaTa 6ea 

HCITYCKaHHSI HeiiTpOHa COCTaBllSI8T (16 ~ 3)%. 3Ta BellH'IHHa npOTHBOpe'IHT pac

qeTaM Ha OCHOBe CTaTHCTH'IeCKOH MCl!.ellH Sil!.pa H OKa3biBaeTCSI CyllleCTBeHHO 

MeHbllle npencKa3biBaeMoii. 

3.8epOSITHOCTb 3aXBaTa OTpHUaTeJibHbiX MIOOHOB SitJ.paMH He-

0 H a C H CITy C K a H H eM 3 a p 5I )!( e H H bl X q aCT H U H3MepeHa C ITOMOlllbiO 

H3oTponHoii .paapSil!.HOii KaMephi c paeoqHM oo'beMoM 200 n, aanonHeHHOii He

OHOM npH aTMOCIJlepHOM tJ.aBJl8HHH. f1pH 8TOM aHepreTH'IeCKHH nopor perHCT

paUHH npoTOHOB cocTaanSin 1 Maa. A;Ianea IJloTorpa~JlHii noKaaan, 'ITO aepoSIT-

HOCTb HCITYCKaHHH aapsr)K8HHh!X 'IaCTHU B npouecce 3aXBaTa MIOOHOB B HeOHe 

COCTaBllReT ( 19 :!: 3)% OT ITOllHOH BepoSITHOCTH 3aXBaTa. CpaBH8HHe aToro pe-
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3Y11hTaTa C 3KCnepHMeHTa11hHb!MH aaHHbii\tH, COOTBeTCTBYIOIUHMH 6011ee Bb!CO

KOMY 3HepreTH'!eCKOMY nopory perHCTpa:lHH 3ap.SDKeHHb!X 'iaCTHU, n03B011519T 

cae11aTb Bb!BOa 0 3Ha'!HT911hHOM BepOSITHO~TH HCnyCK8HH51 3apSI)I(9HHh!X '!aCTHU 

noc11e 3axsaTa MIOOHOB gapaMH HeoHa c 3HeprHeli: MeHhWe 5 M3B. 3To - nep

soe H3MepeHHe HCnycKaHHSI 3apSI)I(9HHb!X 'iaCTHU npH MI0-3aXBaTe Ha onpeae-

11eHHOM gape ( B paHee nposeaeHHh!X apyr·HMH aBTOpaMH OnhJTaX HCn011h30Ba-

11HCh SiaepHbie 3MY11hCHH). 

4. n 11 5I H C C 11 e IJ. 0 B a H H 5I 3 a X B a T a 0 T r H ll a T e 11 h H bl X M 10 0 H 0 B r a 3 0 -

0 0 p a 3 H hiM B 0 IJ. 0 p 0 IJ. 0 M C031J.aH KOMil11eKC annapaTyphi, BK11IO'iaiOIIleli: ra-

30BYIO MHW9Hh BbiCOKOrO JJ.aB11eHHS C BHyTpeHHHMH CUHHTH111151TOpaMH, CUHHTH11-

1151UHOHHbie IJ.9T9KTOpbl HeMTpOHOB H 3119KTpOHHYIO annapaTypy • TipoBeJJ.eHa Ka-

11HOpOBKa Heli:TpOHHb!X JJ.eTeKTOpOB B JlH<f.> C nOMOIIlhlO MOHOXpOMaTH'!eCKHX HC

TO'!HHKOB He:l\TpOHOB (peaKUHH dd ... 3 He ll H d T ... 4 Hen ). YcTaHOBKa coo

paRa Ha HOBOM HanpaB11eHHH M930HHOrO K~Ha11a B HH3K0¢0HOBOM 11aoopaTOpHH, 

co3JJ.aHHOH B 1967 roay, H Ha'!aThi Ha11a.co'!Hbie H3MepeHHSJ. KpoMe Toro, c 

U911hl0 onpeJJ.e11eHH51 Ha'!a11hHOro COCTOSIHH.S: M930aTOMa, H3 KOTOporo npOHCXO

IJ.HT 3aXBaT, Bbin011H9H 3KCnepHM9HT no cnpeae11eHHIO CKOpOCTH Oopa30BaHH51 

Me3oMo11eKy11 p p p. a ra3oo6pa3HOM BOlopoae. 

5oM3y'ieHHe 3aBHCHMOCTH OCTaTO'iHOM n01151pH3aUHH OTpHUa

Te11hHbiX MIOOHOB B Boae OT 'IeMnepaTypb! B HHTepBa11e 

OT -1960 IJ.O + 1000C. C nOMOWhlO 311eKTJlOHHKH H3Mep5111C51 K03¢¢HUHeHT aCHM

MeTpHH B yr110BOM pacnpeae11eHHH 311eKTpOHOB OT MIO-pacnaaa npH OCTaHOBKe 

MIOOHOB B BOJJ.e, nponopUHOHa11bHb!H Be11H'l HHe OCTaTO'!HOH n01151pH3aUHH MIOO

HOB, npH H3MeHeHHH TeMnepaTypb! BOabi B WHpOKOM HHTepBa11e. M3MeHeHHe 

OCTaTO'!HOH n0115IpH3aUHH MIOOHOB C TeMnEpaTypo:l\ H ee pOCT He MOryT Ob!Th 

OO'bSICHeHhl B paMKaX cymeCTBYIOIIleH Teop ;m aeno1151pH3aUHH MIOOHOB B Me3o

aTOMHhiX KaCKaaHbiX nepexoaax. Tio11y'ieH.Iibie pe3y11hTaTbl CBHJJ.eTe11bCTBYIOT 0 

HeOOXOIJ.HMOCTH y'!eTa B3aHMOJJ.eijCTBH51 OOf•a3yiOIIlerocg Me30aTOMa CO cpeao:l\. 

6.n11SI ucc11eaosaHHSI peHTreHoscH:ux cneKTpos Me3oaTOMOB 

q H C T bl X 311 eM e H TO B H X H M H q e C K H X C 0 e a H He H H M C03al"Ha ycTa

HOBKa, BK11IO'!aiOIIla51 repMaHHeBhiH aeTeKTOp H HaHOCeKyHaHyiO 311eKTpOHHKy • 

B JJ.Hana30He 3HeprHli: 50-200 K3B aocTHr.IyTo pa3pemeHHe ""3 K3B, KoTopoe 

0011ee '!eM B aeCSITh pa3 11Y'!We pa3peweH~51 CUHHTH111151llHOHHOrO aeTeKTOpa C 

N a J • 3To no3B011H110 pa3ae11HTh K-11HHHH cepHH Jlaii:MaHa a peHTreHOBCKHX 

cneKTpaX Me30aTOMOB a30Ta H KHC110poaa. 
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TeoperHqecKHe HccneaoBaHHH 

Ha116onee HHTepeCHbiMH siBn.HlOTCSI cneayiDIUHe TeopeTH'<!eCKHe paoOTbr, Bbi

nonHeHHbre B na6opaTopHH. 

a} DpoaeaeHHbiH aHanH3 noKa3an, '<!TO coapeMeHHbie aKcnepHMeHTanbHbie 

JlBHHbie He HCKn10'<!810T 10% HapyweHHSl 38KOHa COXpaHeH~SI neiiTOHHOrO 36p.H

Jl8. BbinO JlOKA3aHo, '<!TO a cnyqae Hec:oxpaHeHHSI nenTOHHoro 3apMa· aon)I(Hbi .. 
HMeTb MeCTO HeHTpHHHbie OCUHnn.HUHH E BaKyyMe THI18 II~ V 1 H, MO)I{eT .. 
ObiTb, vI' ;! v e , noao6Ho ocuHnn.HUHSIM K 0 .~ K 0 

1 ecnH MaCChi noKOSI Heii:-

TpHHO OTnH'<!Hbl OT Hyn.H If pa3nH'<!Hbl )lJ: H pa3HbiX THIIOB HeHTpHHO•. 0Ka3anOCh 1 

'<!TO 3KCIIepHMeHTanbHOe HCCneJlOB8HHe TaKHX npOUeCCOB SIBn.HeTCSI C8MbiM '<!YBCT-

BHTenbHbiM MeTOJlOM H3y'leHHSI BOIIpoca 0 COXpaHeHHH nerrTOHHOrO 36p.HJla. 

Ha6n10JleHHe HeHTPHHHbiX ocuHnn.HUHH 1\.IO)I(HO ocymecTBHTb, a '<!aCTHOCTH, rry

TeM HccneaoaaHHSI conHe'<!HbiX Heii:TpHHO, KpoMe Taro, a HccneaoaaHHSIX Ha yc-

KOpHTenSIX B CBeTe BbiliieCK838HHOrO npe~CTBBn.HeT HHTepec IIOHCK peJlKOrO npo

uecca p... e + y Ha ypoBHe 1 o-9 OT o:onHOH BepOSIT HOCTH paCI16Jl6 MIOOHBo 

6} DpeJlno*eH KOMnneKc aKcnepHMeHTOB Ha rron.HpH30BaHHOH npoTOHHOH 

MHliieHH C Me30H6MH, HyKnOH8MH H 8HTl:HyKnOH8MH, I103BOn.H10IIIHH OCyiUeCTBHTb 

np.HMYIO aKcnepHMeHTanbHYIO npoaepKy Tr P-H CPT-HHaapHaHTHOCTH cHnbHbiX 

B3aHMOJleHCTBHH npH BbiCOKHX 3HeprHSIX. PaccMoTpeHbi '<!yacTBHTenbHbie MeTOJlbi 

npoaepKH CPT -TeopeMbi npH H3y'<!eHHH pacnaJlOB 
0 

K - Me3oHoa. Hccneaoaa-

Hbl CIIHHOBbie a<fJ<fJeKTbl B pereHepaUHH K 0 -Me30HOB. Dony'<!eHbl T8K)I{e <fJopMy-

nbi Jln.H IIp.HMOrO BOCCT8HOBneHHSI aMrrn:rTyJl IIHOH-HyKnOHHOrO H HyKnOH-HyK

nOHHOrO pacce.HHHSI anepeJl, CBOOOJlHbie o)T npeanonO)I(eHHH 00 OTCyTCTBHH CIIH

HOBOH 3aBHCHMOCTH aMnnHTyJl. YKa3aH Eaoop rron.HpH36UHOHHbiX aKcnepHMeHTOB 

Jln.H nony'<!eHHSI 3THX Jl8HHbiXo 

HccneaoB"aH"le cBoiicTB H KB8HTOBbiX xapaKTepHc

THK HCKyCC~'BeHHo-paaH08KTHBHblX aerpopMHpOB8H-

HbiX 8TOMHbrX HP.ep 

0CHOBHhiM H8llp8BneHHeM 9THX HCCileLlOB8HHi1: SIBnSieTCSI H3y'<!eHHe CBOHCTB 

paaHoaKTHBHhiX H30TonoB, nony'IeHHhiX r.a CHHXpouHKnoTpoae. HapSILlY c 9THM 

npOBOLlSITCSI 9KCnepHMeHThl no XHMHH 8CT8THH8 H XHMHH "rop.sNHX" 8TOMOB. 

flporpaMMa HccneJlOBBHHH BhmonHSieTCSI rpH nmpoKOM coTpyaHH'IeCTBe co MHO-

I'HMH 3KCnepHMeHTanbHbiMH rpynnaMH CTf aH-y'IBCTHHll. 
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B na6opaTopHH Hcno1lb3yeTcSI uenhrfl: PSI.ll coapeMeHHbiX npH6opoa. KpoMe 

C03.ll8HHhiX paHee 811bcpa- H 6eTa-cneKTpOM1lTpOB BhiCOKOI'O K118CCa, B 1967 I'O

.llY 6bl1IH C03.ll8Hbl H HCfl01lb30B811HCb B Oil hiT8X repMaHHeBbie nonynpOBO.llHH

KOBhie I'8MMa...:cneKTpOMeTphi, yCT8HOBK8 .lll:SI H3MepeHHSI BpeMeHH :lKH3HH ypoa-

HeH C 2r = 0,3 • JQ-9 CeK, yCT8HOBK8 .ll115I e- y- coana.ueHHH H .up. 

na6opaTOpli5I 8KTHBHO COTpy.UHHqaeT C PSI.llOM HHCTHTyTOB CTpaH-yqaCT

HHU. C flOMOIIIbiO pa.UH08KTHBHhiX npenapa"OB, nonyqaeMhiX Ha CHHXJ?OUHK110-

,.. 
Q ·=·· /!o/~ y;l, " 

. .} 

·3X 6.7 

-37. 6.8 
17)( o.lo~aos 
6": .5.50t QOJ 

2.0% 7.0 
1.6% 7.2 
-(}.3% 7.9 
06% 7.7 
1.0% 7.5 

! 2·1 1622.9 ---------o~,t !)J,, -.Wm+t1H++++++-++· ~+++--H++H-+++++++t++++--+-H+
C41 (4r 1571~ ---------~~~ ~w+++-'+'r+++++++l-l-"'++++++-..... t-H-+++++-tt-t++++l+-+++r--:. 
cOi 12·1 ,28.2========:;;~w:tt:m:::J~~*It:±+tm==~+~:m+=t++~+=+~~ 

<03Z >8.3 
-3% 7.9 
<03~ >8.3 
~ t~ >l.B 

(2} ($)" 1515.3 

(2 I (2f t•'Xl.U-------n~+tf"'++++++-....Lf++t++tr-+H++---..Lf-l+Hf--l+tt+tt---'-+++"' 

2 

2 

2 

2 

0 

0 

0 

0 

s· 1075.1 

4+ 956.2 

j. 115!l4 2:!( 7.9 
2. 

6. 

4. 
-.57. ?.8. 

2. 

a· 

PHc.lB. CxeMa pacrra.aa 
186

Tu B COBMeCTHbiX HCCne.aoB8HHHX na6oparopHH 

a.aepHbiX rrpo6neM H HHcTHTyra H.Bopa rro.ry'leHbi HaH6onee .aeranbHbie cBe.ae

HHH 0 pacrra.ae 3TOTO H30TOII8. YCT8HOBneH J cymeCTBOB8HHe T8MM8-BH6paUHOH

HOii Bp8I118TenbHOH IInOCb11 OKTYIIOnbHOTO BH 'Sp8UHOHHOTO ypOBHH, .C!BYXKB83H'l8C

TH'lHOTO ypOBHH1 'leTbipeXKB83H'l8CTH'lHOTO JpOBHH. 
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,I 

i 

'I 

TpOHe, yqeHhle MHOrHX HHCTHTyTOB CTpaa-yqaCTHHU BhlTIOnHHIDT 6onbWOB qrrc

no KaK COBMBCTHhlX, TaK H CaMOCTOHTenbHhlX HCCneaoaaHHfi. B 1967 roay na-

6opaTOpHH OTTipaaHna B HHCTHTyThl C Tpaa-yqaCTHHU 6onee 90 TIOCbWOK C pa

arroaKTHBHhiMH H30TonaMrr: a Bapwaay, JliD6nrrH, KpaKoB, De6peuea, Dpe3aeH, 

TawKeHT, AnMa-Ary H ap., a raK)IW a HHCTHTyT Hrrnhca Bopa a Koneara

reae H l1HCTHTYT cpH3HKH B fere6op ,e (llJBBUHH). 

1.C x eM a p a c n a a a Hap a 
166

Tu • 3aaepweH 6onhruofi UHKn pa6or, BhiTIOn-

HBHHbiX COBMBCTHO C l1HCTHTYTOM H.J3opa, KOTOpb!B TI03BOnHnH TIOCTpOHTb Ha

H60nee nonHyiD H cno:lKHYID cxeMy pacnaaa rynnH-166. CxeMa pacnaaa rynnH-

166 npeacraaneHa Ha pnc.18. 

UeranbHhle nccneaoaaHHH cneK~poa H3nyqeanH, B03HHKaiDmero npn pac

naae H3oronoa Er -158 H Ho -158, no~.aonnnn ycraHOBHTb cxeMbi pacnaaoa STHX 

H30TOTIOB. Y CTIBX 8THX 8KCTiepHMBHTOB CBH3aH B 3HaqnrenbHOM MBpe C COBMBCT

Hb!M ncnonh3oaaarreM aecKonbKHX npH:6opoa: coapeMeHHoro raMMa-cneKTpo-

MeTpa Ha KpHCTanne repMaHHH, f3 -cneKTpoMerpa c aayxKparHoH: ¢oKycnpoa-

Kofi H ycraaoaoK e - y- H y -oy - coanaaearrH:. 

2.0 n pea en e H He K BaHT o B hi x x a :r: a K T e pH c T H K y p o B He H:.Ocymecrane-

Ha naeHrn¢rrKaUHH aayxKaa3nqacTnqH<>ro ypoaHH rnna 4 f a Hape Dy -158, 

B Hape Er-163 OTKpb!Tbl aaa TpeXKBa3H:qacrnqHb!X COCTOHHHHo YKa3aHHbiB ypoB

HH 6bJnH npeacKa3aHbl caepxTeKyqej;j: lv oaenbiD Hapa, pa3BHBaeMOM B JlT<P. 

3.llnH TIOHCKa H H3yqeHHH KO]lOTKO:lKHBYillHX H30TOTIOB C ne

p H 0 a 0 M l1 0 n Y p a C l1 a a a< 30 M H H y ·~ fobWH pa3pa6oTaHbl 8KCTipeCCHbiB MBTO

ahi XHMHqeCKoro BhiaeneHHH H30TOTIOB, C03aaHa CKOpOCTHaH llHBBMOTIQqTao KpoMe 

Toro, 6bWH HCTIOnb30BaHhl nonynpOBO,::(HHKOBbie CTieKTpOMeTpbl H CllBKTpOMeT-

flyYOK npomoHoG 
c JHepeueu 660 i'TJG 
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phi c KpHcTannoM N aJ • AMnJIHTYAHhiii: aHaJIH3 ocymecTansmcst MHoroKaJib

HhiMH aHaJIH3aTopaMH UeHTpa o6pa60TKH li HaKOnJieHHSI HH¢opMaUHH 1 CBSI3aH

. HhiMH c Bhi'lHCJIHTeJibHoii: MaiiiHHoii:. CxeME onhiTOB no HGy'leHHIO KopoTKO)KHBY

IUHX H30TOnOB noKa3aHa Ha pHc.19. ABT~paM 8THX pa60T yAaJIOCb OTKphlTb 

1 4 o m p 1 4 o Pm 1 4 o Sm 
'!eThlpHa,LJ.UaTb HOBhlX H30TOnOB H H30MEpoa: m 1 

141m... 141 159 161 1-63m 165m Tu 163 Yb 168mYb Ym , Sm Tu , mTu Tu , , , 

1615 Lu, 166 H f ,. flpli 8TOM nony'leHhl HeKOTOphie Ba)KHhie 

cae.o.eHHSI o ~H3H'leCKHX caoii:cTeax H30Tonoa. HanpHMep, Ha6nroaancst K-3anpe

meHHhiH H30Mep stupa Yb - 166. 

4. f1 p H H 3 y 'l e H H H C B 0 ii: C T B H e ii: T p 0 H 0 A e ¢ H U H T H hi X H 3 0 T 0 rt 0 B B 

p e A K 0 3 e Me J1 b H 0 H 0 6 J1 a C T H noJiy'leH >I HOBbie 8KCnepHMeHTaJibHble ,LJ.aHHhie, 

yKa3biBaiOIUHe Ha TO, 'ITO Sl)lpa nepeXOAJIOH o6JiaCTH 1 OC06eHHO HX BbiCOKHe 

B036y)K)leHHbie ypOBHH 1 06Hapy)KHBaiOT CE Oii:CTBa, xapaKTepHbie AJISI Ae¢opMH

poBaHHhiX stuep. B aToii: o6naCTH nnoaoTHOpHbie HccneuoeaHHSI HeiiTpoHoae¢H

UHTHhiX H3oTonoa Tep6Hst aeJIHCh B coT{: Y-AHH'lecTae c l1HCTHTYTOM H.Bopa. 

KpoMe Toro, npH H3y'leHHH HeiiTpoHoue¢HllHTHhiX H30Tonoa HeoAHMa H npa3eo-

llHMa HAeHTH¢HuHpoaaHhi TpH HOBbiX H3oTona: Pr - 138 (T / 
1 2 

Nd -137 (T I = 22 MHH) H Nd -136 (T I 
1 2 1 2 

= 55 MHH). 

= 1,5 MHH), 

5. pall H 0 X H M H q e C K He H C C J1 ell 0 BaH H st. Pa3pa6oTaHbl HOBbie MeTO,LJ.bl Bbl-

)leJieHHSI paAHOaKTHBHhlX H30Tonoa: 

1) BbiCTpoe oTueneHHe KopoTKO)KH:3yiUHX AO'lepHHX H30Tonoa H H30Me-

pOB OT MaTepHHCKHX SJieMeHTOB B o6nac TH peAKHX 3eMeJib; MeTOA n03BOJISI

eT Bhi,LJ.eJISITb H30TOnbi pe,LJ.K03eMeJibHb!X :meMeHTOB 3a 30 CeKyHil C 'lHCTOTOii 

He Xy)Ke 0,1% H BhiXOilOM 70%. 

2) BbiCTpoe BhiAeJieHHe pe.o.Ko3eMoJibHhiX npoayKTOB SIAepHbiX oeaKUHii 

H3 MaTepHaJia MHIIIeHH npH HCnOJib30BaHfi:H KOMnJieKCHbiX H TpyAHOpaCTBOpH-

Mh!X COe)lHHeHHH pe,LJ.KHX 3eMeJib; npHMe fieHHe 8TOrO MeTOAa B 3Ha'lHTeJibHOii 

CTeneHH onpeAeJIHJIO ycnex pa6oT no OCHapy)KeHHIO KOpOTKO)KHByiUHX H30TO-

no a. 

3aKOH'leHa pa6oTa no onpeueneHHIO KOHCTaHT HeCTOHKOCTH acTaTa H no-

Jiy'!eHbl nepBbJe KOJlH'ieCTBeHHbie ,LJ.aHHbH! 0 npO'lHOCTH XHMH'leCKHX COe,LJ.HHe

HHii KaTHOHa 8TOrO HeCTa6HJibHOrO SJier.teHTa. 

B o6nacTH H3y'!eHHSI XHMH'!eCKHX n:)ouyKTOB peaKUHH rny6oKoro pacmen

neHHSI (XHMHSI "ropSI'lHX" aTOMOB) ycneiiiHO 3aBepmeH nepBbiH STan OIIblTOB 

C SJieMeHTOM peHHeM. 

43 





Jla6opaTopJul 

.H,D;epHbiX 

peaK~H~ 

B 1967 ro.uy Hay'iHO-Hccne.uoaaTenbc:KHe pa6oThi Jla6opaTopHH sr.uepHhiX 

peaKUHH aenHCb B cne.uylOUIHX OCHOBHhiX HanpaaneHHSIX: 

1. CHHT83 TpaHCypaHOBhiX aneMeHTOB H HCCne,llOBaHHe CBOHCTB HX pa,llHQ-

8KTHBHOrO pacna.ua. 

2. l13y'ieHHe npHpO.llhl 8HOManbHOrO CIIOHT8HHOrO .ueneHHSf SI.llep B H30Mep-

HOM COCTOSIHHHo 

3. Hccne.uoaaHHe npoTOHHo-pa.uHoaKTHBHhiX sr.uep. 

4. l13y'tJeHHe MeX8HH3M8 B38HMO.ll8HCTI>HSI TSI)!(enhiX HOHOB C SI.llp8MH (peaK

UHH nepe.ua"'H, .ueneHHe Sf.llep). 

5. .HJlepH8Sf ClleKTpOCKOllHSI. 

3KcnepHM8HThl npOBO)lHnHCb Ha UHKnO~'pOHe Y -300. 

CHHTe3 H3oTonoB TpaHcypaHOBMX aneMeHTOB H 

HCCne,aOB8HHe CBOHCTB HX pa,aH08KTHBHOrO pacna,aa 

6hinH CHHT83HpOB8Hhl H H3Y'tJ8Hhl CBO i:CTB8 p8JlH08KTHBHOrO pacna)la ane

M8HTOB 
251 102 , 258 103 257 103 . 3KC nepHMeHThl llpOBOJ:UinHC'b H8 BhiBe

Jl8HHOM ny'iKe 310-caHTHMeTpOBOrO UHKnotpOHa C llOMOlllblO M8TO.ll8 8.llCOp6UHH 

SIJlep OTJl8'tJH H3 ra30BOH CTpyH. 
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3 n eM eaT 102. B 1963-1966 ro.[ldX B J1a6opaTopM:H SIAepHhiX peaKUHH 6hrn 

npoBe.[leH UM:Kn pa6oT, B KOTOpbiX CHHT83M:pOBanM:Cb M:30TOnbi 102-ro sneMeH

Ta 11: M:ccne.[loaanHcb sHeprM:H anh¢a··RsnytieHHSI, nepM:O!lhi nonypacna.[la, cnoH-

TaHHoe .[leneHM:e 11: XHMM:'IeCKHe cao:l:cTBa. Bhrno CHHTe3M:poaaHo 5 H30TOITOB 

102-ro aneMeHTa c MaccaMH 252-256. 

B 1967 roAy npH o6nytieHM:H MM:IlleHeH 233U , 235 t.i 11: 239 Pu M:oHaMH 22Ne, 

20 Ne H 1a 0 , COOTB8TCTB8HHO, 6hrn CHHT83HpOB8H M:30TOIT 102-ro aneMeH-

Ta C M8CCOH 251. l13y'IeHM:e ero pa.OHOaKTM:BHhiX CBOHCTB nOKa3ano, 'ITO nepM:-

O!l nonypacnaAa 11: aHeprM:SI a -qacrHu ( T 1; 2 = 0,5~1 ceK, E= 8,6 Maa) 

npoTHBope'IHT pesynbTaTaM, yKasaHH,rM IIIB8!lCKOH rpynnoH: y'IeHhiX B 1957 ro

AY ( T 1;
2 

= 10 MHH, E = 8,5 ±0,1 Maa). B 1967 roAy rpynna aMepM:KaHCKHX 

<fJH3HKOB ( BepKnH, CWA) aocnpoM:sa•ma ace pesynhTaThr, nony'IeHHhre B J1a-

6opaTopM:H SI.[l8pHbiX peaKUM:H, 

l13 HM8101II8HCSI B H8CTOSI1II88 B]>8MSI BC8H COBOKynHOCTM: .[l8HHhiX no 11:30-

TOnaM aneMeHTa 102 cneAyeT BhiBO.C 06 OIIIM:60'IHOCTM: BCeX pa60T no 102-MY 

aneMeHTy, npoaeAeHHhiX B nepM:O!l c 1957 no 1961 ro.[l B pasnM:'IHhiX na6opa

TOpHSIX tpM:c.20). 

TaKHM o6pasoM, MecToM oTKphTHSI 102-ro aneMeHTa SIBnSieTCSI J1a6opa

TopHSI SIAepHhiX peaKUHH 06'beAM:HeHHO:'o HHCTHTyTa SIAepHhiX M:ccneAOBaHHH. Aa

Tophr pa6oT, npoBeAeHHhiX a na6opa1'0PHH, npeAnaraiDT aasaaTb 102-oH: ane

neMeHT ")KonHo" B 'I8CTb Bhl!l8101IIeroCSI <fJM:3M:K8 Cl>pe.[lepM:Ka )KonM:O-KIOpM:, OT

KphiBIIIero M:CKyCCTB8HHYIO paAM:08KTM:BHOCTb 8TOMHhiX SI.[lep 11: BHeCIIIero 60nb-

IIIOH BKna.[l B HCcne.[lOBaHM:e UenHhlX ~I.[lepHhlX peaKUHH, 

·-
~ 1957 f9S8 f9S9 (96( 1963 (965 f966 1967 

E..:~O,INJC F;,«/0..., E.t•f1D::s\"'"' F...:·~.6 Md 
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255 T'l• •IOHuH Tol•IScetc T,!,•flotlfJctlt T<!z•185tif)Cf1( 'n/l•IIOtiSCB 
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PHc .20. XpononorH H Hccneaoa '2HHH H3ororroa 1 02-ro aneMeHTa. 
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Pnc.21. a,6) CneKTp a - 'lacrnu, nonyqeHHbiX npH o6ny
'leHHH 

348 
Am HOH8MH 18 0 c 3Heprneii 91 H 96 M3B. 

Fpynna a - 'l8CTHLI c 3Heprneii 8,35 SEaS 8,5 M9B oT
HOCHTCH K H30TOny 366 103 • a) KoHTpOII.oHbiii Oll.biT H8 

CBHHLie. 

3 n eM e H T 103. B peaKIUIIi 243 Am (
8
0, Sn) 256 103 Dbin CHHTe3FipoaaH FI30TOrr 

103-ro 9neMeHTa c MaccoH: 256, HCribiTbiBalOIUFIH a - pacrraa ( T 1 ; 2 = 35 ceK; 

8,35 ~ E a~8,5 M9a) (pnc.21 ). 

B FiccneaoaaHHii peaKUHH 243 Am( 18 0, 4n) 257 103 Dbina rrpearrpHHSlTa rroribiT-

KB CFIHTe3HpOB8Tb Fl30TOri 257 103 , o caHTeae KOToporo B 1861 roay coot5-

IUHna rpyrrrra aMepFIKaHCKHX <}JH3HKOB ( EE!pKnH, CWA). B 9KcrrepFIMeHTax HE:J 

{00 
CtiC 

10 
CBK 

0,~ 
UIC 

' 1967 
4t==".=.==.~::(- =.."&:".=,. -J::('.) 

6ep~.f7u 
1961 

5epl:fti.J 1958 

~ 

256 257 

9i{ 

8,6 

43-5"' E.,~ "6',5 4~£.{68,6 

253 259 

5, ~PC/11.J {958 
5 !P~/II.J (9${ 

/l.'::JSHa 1967 

R 

Pnc.22. XpononorHH nccneaoBaJCHii I!30TonoB 3lleMeHT8 103. 
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PHc.23. YcranoBKa a n H H C 

cneaosaHHH KOpOTKO~HBy

HIHX Q - 8KTHBHb/X Tp8 H C 

t/JepMHeBb!X 3 n eMeHTOB. n p o-

P.YKTbi pe8KUHH c o6Hp8IOT C H 

H8 TOHKHe c 6opHHKH, IT03-

BOJIHIOHIHe !TpOB0/1HTb 3 K C IT e 

pHMeHTb/ B reoMeTpHH1 6nH 3 -

KOH ·K 4 If 

6hlJ18 o6aapy*eHa 8KTHSHOCTb CO CSOHCTS8MH 1 YK838HHhlMH S 8MepHK8HCKOH 

pa6oTe ( E = 8,6 Mas, T1f2 = 8 ± 2 c eK). OnhiTbi noKaaanH, 'ITO csoikTsa 

CHHTe3HpOS8HHOI'O S na6opaTOpHH H30TOn a 257 103 6JIH3KH K CSOifcTSaM H30TO

na 258 103( Tl/2 .. 35 CeK; 8,5~ Ea ~ 8 ,6 Mas). naHHble no 103-My aneMeH

Ty npellCTasneHbl Ha pHc.22. 

3 n eM e H T 105. B na6opaTopHH aaqaTbi aKcnepHMeHTbi no CHHTeay a-aKTHs

HhiX H30Tonos 105-ro aneMeHTa. C noMOWblO ycosepweHCTSOSaHHOA MeTOllHKH 

I'830SOI'O C06HpaHHSI Sillep OTlla'IH speM SI C06HpaHHSI aTOMOS 6hiJlO yMeHbWeHO 

llO 0,1 CeK, a aq>q>eKTHSHOCTb neACTSHSI y cTaHOSKH nOSbiWeHa S 4 paaa. npell

sapHTeJlbHbJe naHHhie noKaaanH, 'ITO aaeprHst a -qacTHU npH an"b<Pa-pacnane . . 
105-ro aneMeHTa (HaoTon 259,260) aaxon HTCSI s HHTepsane E•9,45;t0,15 Mas, 

a nepHOll nonypacnana T 
1
12 $ 0,1 ceK. 

H3y'leHH e IIpHpO,[(bl SHOManbHOrO CIIOHTSHHOrO 

.aeneHHH H,[(ep B H30MepHOM COCTOHHHH 

HccnenosaHHSI cnoHTaHHO nenstWHXCH H30Mepos nposollHJIHCb no llBYM Ha-

npasneHH stM: 

llOHCKH HOSbiX CllOHTaHHO lleJlSIWHXCSI H30Mepos, 

H3y'leHHe CBOHCTB H3SeCTHb!X H30Mep os. 
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B pa6oTe, npoBO.llRMOH COBMeCTHO c rpynnoil coTpyaHRKOB HHCTRTyTa 

Hnnbca Bop a (llaHJHI) aa TaaaeM-reaepaTop ~. 6hm o6aapy:lKeH B peaKURR ( p, 2n) 
238 

Arr 60 HOBblll CTIOHT8HHO .ll8l15!IURllC5! R30Mep C nepRO.llOM ITOJiypacnaaa p. CeK 

c aaeprneil Bo~6y:lKaeHR5! 3-4 MaB. 0Ka3.snocb, 'iTO rrepRO.llbi nonypacrraaa 

R3BeCTHbiX R30MepoB Am c MaccoBbiMR qacnaMR 238, 240 1 242 1 244 o6aa

PY:lKRBaiOT xapaKTepayiO 3aBRCRMOCTb OT n.s paMeTpa aenRMOCTR Z 2
/ A , no

ao6ayiO R3B8CTHOll 38BRCRMOCTR B CJiy'iae '18THO-'i8THb!X 5l.llep. 

CoBMeCTHO c rpynnoil ¢R3RKOB HacTnTyTa aTOMHOH ~R3RKR (EyxapecT) 

Ha URKliOTpOHe npOBO.llRliRCb OITb!Tbl .no R3MepeJIRIO CetreHR5! o6pa30B8HR5! CTIOH

T8HHO .ll8JI5!IU8roc5! R30Mepa 242 Am B peaRURR 241 Am(n, y) 242 m f Am • Ebi

liO YCT8HOBJI8H0 1 'iTO C8'f8HR8 o6pa30B8HR5!Jf30Mepa pe3KO pacTeT C yBeJIR'fe

HReM aaeprnn aeil:TpoHOB oT 0 ao 1 15 MaB 1 aocTnra5! BenntrRHbi to-29
cM2, a 

npn aanbHeilrueM yBenn'ieHRH aaeprnn CHOBa naaaeT (pnc.24). TaKoil noporo-

Bbiil xoa cetreHR5! cornacyeTC5! c pasee BbJC(a3aHaoil rnnoTeaoil o6 "R30Mepnn 

¢opMbl". 3Ta rHTIOT838 T8K:lK8 110.llTB8p:lK.ll881 C 5I RCCJ18.ll0B8HR 5!MR peaKURll ( d 1 p) 

H (d,t) 241 Am R 243 Am 
1 KOTOphle npOBO.llRJIRCb COBM8CTHO C 

rpynnoil: .ll8TCKRX ¢H3RKOB. 

Ha UHKJIOTpOHe Y -300 11pO.ll0JI)K8JIOCb J:3ytreHH8 CBOllCTB CTIOHT8HHO .ll8JI5!-

IU8POC5! H30Mepa 246 Cf , CHHTe3HpoBaHaoro B peaKUHH 238 U( 12 C,4n)248 mf Cf. 

CpaBH8HHe ¢YHKUHH B036y:lK.ll8Hlf5!, npHBO.ll5!1UlfX K o6pa30B8HRIO OCHOBHOrO H 

H30Mepaoro cocT05!HRil 
246 Cf 1 no3Boru no oueHHTb aaeprniO R30Mepaoro 

COCTOHHR5!, KOTOpaq OK838JI8Cb paBHOH 2 1 5::!: 0 1 5 M:=m. 3TO rOBOpHT 0 TOMo 

'iTO 
246

m f Cf 11pHH8,llJie)KlfT, ITO-BH.lllfMOMY I K TOMY )!(8 KJiaccy lf30MepOBI 'iTO 

Z lf3B8CTHb!8 CITOHT8HHO .ll8JI5!1UHeC5! U30M8pEI Am • 

Pnc.24. Ce'IeHHe o6pa30BaHHH crroeTaHHO JJ.enF

werocH H30Mepa 243 Am B peaKUHH 
241 Am(n, yJ 242 m 1Am. 

i.6 I I I 
I 

------ t4 
I 

I 
N 

~n 
I 6 1.2 I 

"' I 
"! f.O I ~ ...___as / 
lo 0.6 I 

I 

0.4 ,___, I 
I 

0.2 ,, 

o~~~~z--J~~4--5~~6~7~8~~g~ 

3HePel...!9 He/JmpoHo6 H~ 
l'IIRm( n, 0) mmt Rm 
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60 

"" 
10 

JO 

20 

<0 

/1CCnE'/1.0B8HHe 11pOTOHHO-p8/l.H08KTHBHbiX Hll.ep 

l13y'Iamicb 3ana3AbiBBIOllllie npoTOHbi nnH 
111 Te ( T 112 = 19,5 ceK), 

KOTOpbiH nonyqancH a peaKUIIII
102 Pd( 2 C, 3n) • TipoBonRnocb onHoBpeMeHHoe 

M3MepeHMe CITeKTpOB npOTOHOB B COBraneHMM C IT031ITpOH8MM M 6e3 COBITane

HMH (pnc.25,26). 3TH cneKTpbi cymec rBeHHo pa3nM'IBIOTCH, TaK KaK coarrane

HMH BbillellHJOT TOllbKO IT03MTpOHHYIO BeTBb pacrrana 
111 Te • 0THOllleHMe MH-

TeHCMBHOCTeH B 9TIIX llBYX CITeKTpaX onpenenHeTCH OTHOllleHMeM BepOHTHOCTeH 

no3MTpOHHoro pacnana M K-3axaaTa 111 Te B npoToHHo-HecTa6MnbHbie cocTo

HHMH 111 Sb • l13MepeHHbie OTHollleHlfH MHTeHCMBHOCTeil: npOTOHOB CpaBHMBB

llMCb C paC'IeTHOH ~yHKUMeH 9HeprMM 1 ~apaMeTpOM KOTOpOH HBllHeTCH BenaqM-

HB Q0 - B P ( Q 0 - 9HeprMH K-3axEaTa, B P - sHeprMH CBH3M rrpoToHa B 

111 Sb). nnH Qo -Bp rronyqeHO 3H8'Ij~HHe (5,07 ± 0,07) MsB. 3TOT pe3yllb-

TaT HCITOllb30B8llCH llllH ITpOBepKH rrpeL CK838HHH p83llH'!HbiX ITOlly9MITHpHqecKMX 

2 
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6 

4 

2 
~ 
""-. -2 
~ 10 

<: 8 

50 

6 

4 

2 

10 ... 
8 
8 

4 

-

I I I II I I I I I I I I I 

..... ...... ~J;; ,..., • ".. • - •v .. ,...,~.,,..,, ~ Nc 

rn ~. 
l ll"« 

I ' lh..l 
''i.i 

"i T 

(t . \ 
I \ . 

I 
I I 

~ 

2 3 
Ep Mev 

4 

£p Nev 

.. 
Psc.25. CrreKTp 38II83J!biB8IOIUHX rrporosoa 

anH 111 Te , H3MepeHHbiH C IIOMOllibiO IIO-

BepXHOCTH0-6apbepHoro· KpeMHHeaoro ae-

TeKropa. 

~· PHc.26. OrHollieHHe rrporoHHbiX HHTeHCHB

Hocreii anH 111 Te a cny'laHx perHcrpa-

UHH COBII8t!eHHH IIpOTOHOB C II03HTpOH8MH 

H 6e3 COBII8J!eHHH K8K ¢yHKUHH 3HeprHH. 

TeopeTH'leCKaH KPHB8H paCC'lHTasa B . + 
rrpearrono)KeHHH, 'ITO rronHaH 3HeprHH /3 -p 

pacrraaa Q 0 - B P = 5,07 M3B. 
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o
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40
_...-a:S<, 60 7tl 30 

)bfJopomoPH09 JHt>Pt?/...19 2 1;~e 

PHc.27. YrnoBbie pa.cnpe~eneHHH peclKUHii 
nepe~B'lH rpyililbi HyKJIOHOB (12(:, 9Be) H 
nepe~a.'IH nporoHa. ( uc, llB). 

Pnc.2c. 3HepreTH'leCKHe cneKTpbi npH 
nepe~a.>e SHe H nporoHa. npH o6ny'le

HHH 191 Au H 2!!2 Th HOH8.MH U C · 

¢opMyn AJISI Mace s:tAep. TaKas:t npoBepKa s:tBJis:teTCSI 6onee ttyBCTBH:TeJibHhiM Me

TOAOM, tteM cpaBH9HHe pactteTOB C 8KCn(!pHM9HTOM AJISI SIAep B paHOHe AOpO)I{

KH cTa6H:JibHOCTR. YAaJieHHe oT o6nacTH cTa6H:JibHOCTH AeJiaeT 6onee 3aMeT-

Hb!MH: TOHKHe AeTaJII:l pactteTOB, 0Ka3aJ:OCb 1 'ITO K 8KCnepl:lM9HTy Hal:l60Jiee 

6JIH3Kl:l pactteThl no 3eJibAeCy l:l rapBH-KeJibCOHy. 

/13ytfeHHe MeX8HH3M8 B38HMOP.eHCTBHH THJKeflbiX 

HOHOB C fW.p8MH 

DpoBO.UHJIHCb sKcnepHMeHThr no HC :::neAOBaHHIO MexaHH3Ma np.SIMhiX s:tAep-

HbiX peaKUHH nO A .U9HCTBH9M T SI)I{9JlhlX ~ OHOB, 

}, fi e peA a q a H y K J1 0 H a H H y K JI 0 H H bl X I' p y n n npH B38HMOA9HCTBHI:l 

ycKOpeHHhlX HOHOB 12 c 14 N 1 s N c s:t.upaMn 232 Th H 197 Au • 

Bo Bcex cnyttas:tx AJISI 8THX ABYX s:~.uep oTHorneHHe cettHHH peaKUHH noAXBaTa 

HeifTpOHa ( 12 C, 13 C Ha tteTbipe nopSIAK8 60Jibllie, tteM OTHOlli9HHe Cette-

1 2 1 3 
HHH nO.UXBaTa npOTOHa ( C, N ) , XOTSI CTpyKTypa KOHe'!HbiX SI.Uep B 

o6oHX cnyttas:tx nottTH TO)I{AeCTBeHHa. Dpe.unonaraeTcs:t, ttTo 8TOT s¢<PeKT CBSI-

3aH C noJISipH38UHeH BOJIHOBOH <iJyHKUHI! CJia6o CBSI38HHOI'O IlpOTOHa B .SIApe 

13 N KynoHOBCKHM noneM Ts:t)l{eJioro s:tHpa-MHrneHH. 
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--{0~1 I I --------, 

2. .3 ~ s PHc.29. 3aBHCHMOCTb ce'leHHH peaKUHH ne-

[ 3HePCLt9 c6.R3u HeumpoHO] 1/z. pea a 'lH neiiTpona or 9HeprHH CBH3H nepeaa
BaeMoro HeiiTpona. 

Ce'IeHHe rrepeua'IH rpyrrrrhi HyKno roB ( 12 C, 9 Be) OKa3anoch cpaBHHMbiM 

c ce'IeHHeM rrepeua'IH rrpoToHa ( 12C, 11 B ) • YrnoBhie pacrrpeueneHHH o6eHx 

peaKUHii TaK)Ke 6nH3KH ( pwc.27). 3 Her. reTH'IeCKHii crreKTP rrpH rrepeuaqe 3 He 

OKa3aJICH y)Ke, '!eM npH rrepeuaqe rrpcToHa (pHc.28). Mo)KHO rrpeurronO)KHTh, 

'ITO B peaKUHH ( 12C, 
9 

Be ) rrpowcxon :.rT Bo36y)KneHHe "KnacTepHoro" ypOBHH, 

OTBe'IaiOmero COCTOHHHIO, B KOTOpOM I pyrrrra HyK.I10HOB UBH)K8TCH ITO 6.11H3KHM 

HyK.I10HHbiM op6HTaM. 3Hepi'HH B036Y)KL:eHHH TaKHX COCTOHHHll OKa3anaCb paB

HOll 14 MaB nnH 197 Au H 13 M::>B n.nH 
232 

Th. 

2. I1 3 y q e H He peaK u H H rr e pen a q H He ii T p o H a ( 
15 

N , 16 N ) H pe-

aK u H ii o 6 Me H a ( 
16 0, 16 N) rrpoBc•nwnocb Ha pHne Huep: 1 2C, 27AJ, 63

• 
65 Cu, 

103 Rh 1B1Ta, 197 Au 232 Th 2 38 U • CeqeHHe peaKUHH rrepena'IH 

HeiiTpOHa IIpH 3Hepi'HHX BbiiUe Ky.I10HOBCKOI'O 6apbepa H3M8HH8TCH OT )leCH

ThlX noneii MHnnw6apHa uo necHTKO& wwnnH6apa. OcHOBHoii BenH'IHHoii, orrpe

nenHIOmeii ce'IeHHe peaKUHH, HBnHeTCH aHeprHH CBH3H HeiiTpoHa. Ha rpa¢HKe 

1/2 In a nona. = f ( E CB ) TO'IKH unH BC~~x H3y'IeHHbiX aneMeHTOB no)KaTCH Ha 

rrpHMYIO (pwc.29). l13MepeHHOe ce'IeHl!e peaKUHii o6MeHa ( HaneTmomee HUpo 

Peak.4uS1 Ep. (MiJCJ l.a/A erH~J 
-. 

8; 209 (Ne 2~f) 200 .37.7 100 

U238(Nez.~f) 2.00 40.5 12.0 

180 l.t0.5 95 
{.30 4os 65 

U2311( Ar w: 7) 300 f,Js flO 

2.50 4.3.S 7S 

52 

.:_(5i!. > "V 

710 10.8 

eeso 12.6 

1660 ff.S 

11.30 89 

2790 13 . .3 

{980 L__ {0.6 

'-C> 

056 

335 
2.92. 

2.72 

3.0 

2.9 

' PHc.30. Pe3ynbTBTbi o6pa-
6oTKH H3MepeHHbiX MBCCO· 

BhlX pacnpeaenenHii anH 
peaKUHit 209Bi (zoNe, f), 
2SBU(20Ne,f), 

2SB u ( 40Ar, f). 



P(Af) s------------------, 

4 

PHc.31. MaccoBbie pacnpeaene

HHH OCKOJIKOB tJ.eJieHHH B peaK-
388U(30 UHH N7!J npH TpeX 3Ha-

'leHHHX 9HepT'HH 6oM68.ptJ.HpyiO

UIHX 'l8.CTHU. 

PHc.32. 3a.BHCHMOCTb UIHpHHbi 

4000 

JOOO 

2000 

MB.CCOBOT'O pa.cnpetJ.eJieHHH u 3 1000 

or na.paMerpa. Z 
2

/ A npH 9Hep-

T'HH B036y~tJ.8HHH tJ.8JIHUIHXCH 

HJJ.ep E = 110 M9B. o 

3-

!0' 
09 
~.8 

J7 120 

0.6 

OS· 

o• 

03 ~ 

oz 

30 35 40 45 

OTJJ,aeT IIpOTOH 11 IIOJJ.XB8TbiB8eT Heti:Tp,)H) OK838JIOCb H8MHOT'O 60Jibllle, 'IeM 

Ollii1JJ.BJII1, 11cxonH 113 npenrronollieHI1H o He3aB11CI1Moti nepenaqe HYKJIOHOB. TipM 

113y'IeHI111 rronxBaTa 
4
He B peaKU1111 27Al ( 12 C, 16 0) ceqeu11e peaKUI111 oKa-

3aJiocb Ha ~Ba IIOpHJJ.K8 MeHbllle ceqe~lH pe8KU11H IIOJJ.XB8T8 
4 He B peaKUI111 

27AJ( 14N, 18 F) , q~o yKa3wBa3T ua ponh HyKJIOHHhlX accouHauHti B 

nepena'Ie rpyrrn uyKJIOHOB. 

3. TipoBOJJ.I1JIOCb 113y'IeHI1e OC06eHHOCTeti p e 8 K U 1111 neneHH5I T5I)KeJiblX 

H JJ. e p II p l1 B bl C 0 K l1 X 3 He p r 11 H X 3 0 3 6 y )K JJ. e H 11 H. C IIOMOIUbl:O Ge( Li )

CIIeKTpoMeTpa 113Y'I8JJC<;" Bb!XOJJ. pa3JII1'II!b!X 1130TOIIOB, o6pa3yJ:OIUHXC5I llpl1 ne

JieHHI1 Hnep Au ,Bi, U ycKopeHHbiMH 110H8Ml1 16 0 , 20 Ne, 40 Ar rrp11 pa3JIH'IHhiX 

8HeprHHX. l13 pe3y JlbTa TOB 113Mepe HHH no.Iy'IeHbl M8CCOB b!e pacnpeneJieHH H OCKOJI-
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215 PHc. 33. J130TOIIHoe paciipeaeneHHe Haep Po 
H At B peaKUHH 388 U ( 40 Ar, f) • 

KOB nerreHH51, HMeiOilllfX pa3JIH'IHYIO TeMrwpaTypy If rrapaMeTp )leJIHMOCTH Z 2//A. Bo 

BCeX CJiyqagx KpHBbie MaCCOBOrO pacrrpE )leJieHH51 OCKOJIKOB HMeiOT BlfJl pacrrpene

JieHHll faycca, llUipHHa KOTOpbiX CyllleCTBeHHO 3aBHCHT OT 3HeprHH B036y)!(JleHH51 

H Z 
2

/ A ( pnc.30,31 ,32). YlccrrenoBarracb raK)!(e rrpHMeHHMOCTb pa3JIH'IHbiX MOJle

rre:fi 3ap51JlOBoro pacrrpenerreHH51 ocKoJIKoB. TioKa3aHo, 'ITO rryqruee corrracHe no-

rryqaeTC51 IIpli HCIIOJlb30BaHHH MO)leJIH, :coTopag OIIHCbiBaeT 3ap51JlOBOe pacrrpe-

)leJieHHe, HCX0Jl51 lf3 MlfHHMyMa IIOTeHUlf 'lJibHOH 3HeprHH 51Jlpa B TO'IKe pa3pbiBa. 

Tipli 3TOM IIOJiyqaeTC51 pa3yMHOe 'IHCJIO He:fiTpOHOB, HCIIap51IOillHXC51 IIpH )leJieHHH. 

4. J.13y'IaJiaCb TaK:lKe 38KOHOMepHOCTb 0 ( p a 3 0 BaH H 5I a- a K T H B H bl X 

238 22 
KOJIKOB nerreHH51 acTaTHHa 11 rronoHH51 B peaKUH51X U( Ne, f) 

oc

H 238 U 

(
40 Ar, f) B pe3yJibTaTe CHJibHO acHMMerpw-IHoro nerreHH51. TioKa3aHo, 'ITO Be-

JIH'IHHa ceqeHH51 o6pa3oBaHH51 Po A: ,\t HH)!(~ 3Hat.IeHHH, rronyt.IeHHbiX H3 

pacrrpeneJieHHH faycca, 'ITO MO)!(eT 6bi'rb CB513aHO C 3aMeTHOH Bep051THOCTbiO 

KaHaJia JleJieHH51 3THX 51Jlep IIpli KaCKaJlHOM HCITyCKaHHH He:fiTpOHOB T51)!(enbiMH 

OCKOnKaMH. 3TO CornacyeTC51 C BbiiiOJIJieHHbiM paHee UHKJIOM pa6oT ITO TpO:fi

HOMy nerreHHIO 51Jlep. 113 H30TOITHbiX pa::rrpenerreHH:fi 51Jlep Po H At , rrpen

CTaBneHHhlX Ha pnc.33, cnenyeT, 'ITO 1Crronb30BaHHe rrpouecca neneHH51 non 

)le:fiCTBHeM T51)!(eJibiX HOHOB 51BJI51eTC51 XOpOlliHM MeTOJlOM CHHTe3a HOBbiX He:fi-

TpOHOH36hiTO'IHbiX lf30TOIIOB, OC06eHJIO B o6JiaCTH TpaHCypaHOBb!X aneMeH-

TOB. OnHaKo aTo rroTpe6yeT ycKopeHH5 qacTHU c Macco:fi 80-100. 
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Pa6oTbl B o6nacTH H.aepaoif crreKTpOCKOIIHH 

l.Yrnoaast Koppenstulist 
. 155 

raM M a- K B .1 H T 0 B Gd li3yqanaCb C nOMOlllbiO 

aeTeKTopa Ge( Li). 113 MepeHiist npoBOJlliJlliCb np!i noMOlllli HenoJlBii:lKHoro Ge( Li )

aeTeKTopa c qyacTB!iTenbHbiM o6'beMoM 12 cM3 li noJlB!i:lKHoro N aJ ( Tl )•JleTeK

Topa. BbiJlli ycTaHoaneHbi cneayroume 3Hatte Hlist anst cnliHOB Bo36y:>KJleHHbiX ypoa

Heii SIJlpa 
155 Cd : 86 16 K9B- 5/2; 10513 K<•B- 3/2; 23512 K9B- 3/2;26616K9B-

5/2; 367 17 K9B- 1/2 (5/2); 427 13 K9B- 3/2 (7/2), Ha OCHOBaHiili nonyqeH-

Hb!X pe3yJlbTaTOB 1i H3B8CTHb!X B JlHTepaT~·pe Jl8HHbiX npeJlJlaraeTCSl HHTepnpe

TaUHSl CXeMbl ypOBHeH B npeaenax M0Jl8Jlli HHJlbCCOH8 npH y'!eTe KOpHOJ1HCOB8 

B3aHMOJl8HCTBHSl H B38HMOJl8HCTBHSl M8:lKJlY SlJl8pHbiMH 060J101:JKaMH 1 pa3Jlli'l8IOII!Ii

MHCSl no rnaBHOMY KBBHTOBOMY ttHcny Ha L1N·= 2 • 

2 • I1 3 y q e H H e K 0 p 0 T K 0 :lK li By ill 1i X a K T J! B H 0 C T e H Ha nyttKaX T Sl:lK8JlbiX HO

HOB, Ha UHKJlOTpOHe Y -300 6b1Jl 3aBepme~ UHKJl pa6oT no H3y'leHHIO KOpOTKO

:lKHBYUIHX anb¢a-H3Jly'!aTeneii, naHHbie JlJlH paHee HaHJleHHOrO HOBOrO H30TOna 

216 
Ac 6hiJIH yTo'!HeHbi T 1/2 = 0 137 :!: 0 101 MeeK). flonhiTKa o6HaPY*HTb 

anb¢a-aKTHBHbl8 Ii30MepHbl8 COCTOSlHHSl y HeHTpOHOJle<iJ!iUHTHblX SIJlep
150 

-
1520y 1 

150-156 Er 
1

154-156 Yb 
npHBena K 381WIO'l8HHI01 'ITO TaKHX KOpOTKO:lKHBy-

UIHX H30MepoB HeT, Bhrnli Ha'!aTbi onbiTbi 10 H3y'leHHIO MrHoaeHHbiX raMMa-ny

qeii B peaKUHSIX (HI, x n) c Hcnonb30BaHHeM Ge(Li) -JleTeKTOpa. BbrnH 

nOJlTBep:lKJl8Hhl pe3yJlbTaThl JlpyrHX aBTOpC£ no H3y'leHHIO KOJ1Jl8KTHBHhlX nepe-

XOJlOB B '!8TH0-'!8THhlX H30TonaX 
120-124 X 

e 1 a TaK:lKe HCCJ18JlOBaJ1HCb nepe-

XOJlbl B HeH3BeCTHOM JlO CHX nop O'l8Hb H8HTpOHOJle<iJHUHTHOM H30TOne 1 J S Xe , 

3. Be 3 :lK en e 3 H hi H f3 - c n e K T p oM e T p THIIa "AnenbcHH" 1 H3roToaneHHbiH B 

flHP 1 6hrn ycTaHoaneH Ha ny'!Ke HOHOB u ;iKJIOTpOHa Y -300. CneKTpoMeTp o6-

nauaeT xopoUIHM pa3pemeHHeM. C uenbK npoaepKH annapaTyphl H MeTOJlHKH 

npOB8Jl8Hbl OnbiTbi, B pe3yJlbT8T8 KOTOpb!K 6biJ1H Ii3Y'l8Hbl JlHHiili KOHBepCHOH-

124 Ba 11e Sn ( 12 c, 4 n)124Ba Hb!X 9Jl8KTpOHOB li3 peaKUiili C 9Hepr!iSIMii 

189, 229 1 420 K9B, 
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PHc.34. CorpyaHHK8MH /Ta6oparop1111 swepHbiX pe8KUHii B . l1.11momeHKO, C.A . KapaMH

HOM, B.I1.Ky3 HeUOB biM, M.E.MHJJJJepoM, B.IT.MHxeeBbiM, JO .IJ •. OraHeCHHOM, 10.3. ne

HHO){{Ke B/1'-leM 6biJ1 BbiiTOJIHeH UHKJJ pa6oT HA TeMy "HeKOTOpbie OC06eHHOCT/1 p8CJI81!8 

H o6pa30B8HHH HJJ.ep CBepXTH){CeJJbiX 3J1eM eHT OB B peaKUHHX C TH){{eJJb/M/1 HOH8MH". Mo

J101!biM y 'leHbiM npHCY){{I!eHa npeMHH /TeHHHCKOrO KOMCOM0/18 B 06J18CTH H8YKH 11 TeX

HHK/1 38 1967 roa. Ha CHHMKe: CeKpe rap b ilK BITKCM c . n.ll8BJ10B Bpy'l8eT fl/JJI 

/101',1 H 30J10T.YJO Me/1.8J1b li8.YPe8 T 8 JIPeMHJf /Te HHHCKOro KOMCOM0/18 K8HI!I11!8TY rjii13H 

KO- M8TeM8TH'leCKHX H8YK B . IT. MHxeeBy, 

PHc, 35. nonbCK8H rpyi iJI8 rjJH-

3JfKOB 38 H8ll8/!KOH T OpOH/1.8/Jb

HOrO 6eT8-CfleK TpOMeTp8, KO

TOpbiif p860T8eT H8 IIY'lKe TH

){{e/Ib/X HOHOB UHKJ10TpOH8 Y -300. 
YCT8HOBK8 CKOHCTPYHPOB8H8 

B B8pl1laBe JJ.IIH Hccneaos8HHH 

u H8 Jiy'lKe " KOIIIIeKTHBHb/X ypoB 

Heii C/1/IbHO HeiiTpOHone¢HUHT

HbiX H30Tonos, CneBa H8npaso: 

rjJH3HKH X.flpocT3 , T. MopeK 

11 II86op8HT IO . Tp8rjJoB . 



,. 
PHc,36, flpOBepK8 CHCTeMbi ,ae

TeKUHH 3IIeKTpOHOB C KpeMHHe

BbiM ,a,eTeKTOpOM1 HCIIOIIb30B8H

HbiM B TOpoH,a8IIbHOM 6eT8-

CIIeKTpOMeTpe. Ha CHHMKe- ,aox-
. TOp C,XoHHBUKHii(floiibiJJB). 

PHc.37. Tpyrrrra COTpy,aHHKOB na-

6oparopHH swepHbiX peaKUHii 

y,aoCTOeH8 fleHHHCKOii rrpeMHH 38 

pa60Tbi IIO CHHTe3y Tp8HCypa

HOBbiX 3IIeMeHTOB, Ha CHHMKe 

CIIeB8 H8IIp8BO: T.H,cfJnepOB1 

C.M.flonHKBHOB, 11.3Bapa, 

B.A • .llpyHH. 

' 
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Jla6opaTopH.H 

H9HTpOHHOH 

$H3HKH 

OcHOBHhle aanpaaneHHH aay'l:HO-Hccnea~3aTenbCKOA pa6oThl na6opaTopHH 

HeHTpOHHOH ~H3HKH B 1967 roay BKITID'l:aiDT B :e6H H3y'l:eHHe CBOHCTB Haep Me

ToaaMH aeATpoaaoA crreKTpocKorrnn no epeMeHH rrponeTa, nccneuoaaane KOH-

• aeacnpoaaHHhiX cpea c noMOlllhiD MeaneHHbiX HeATpoaoa H s~~eKTa Mecc6ayspa, 

H3yqeane HaepHbiX peaKUHH c 3apH*eHHbiMH qacTnuaMH Ha nerKHX HApax. B 

9KCDepHM8HTaX HCITOITb30BaiTHCb rry'l:KH HeATpOHOB H3 peaKTopa J1BP, H3 CHC

T8Mbl l1BP + MHKpOTpOH H rry'l:KH 3apH)K8HHbiX qacTHU OT sneKTpOCTaTHCTH'l:eC

KHX reaepaTOpOB 3f-5 H 3f-2. 

.HJI.epHO-r/JH3HlfBCKHB HCCllBJI.OB8HHH 

1. An h ~a- p a c n a a p e 3 o H a H c H hi x co c T c H H H A H a e p. B 1967 roay npo

aomKannch nccneaoaaanH a -pacrraua BbiCm~oao36y*AeHHbiX cocToHHHA Haep, 

B03HHKaiDIUHX rrpn 3axaa Te pe3oHaHCHbiX aet.Tpoaoa. MeToanKa, co3aaHHaH B 

na6opaTOpHH, D03BOITHIT8 H3MepHTb C8'l:8HHH ( D, a ) - peaKUHH, B8ITH'l:HH8 KO

TOpbiX B 1 Q5 - 1 Q6 pa3 M8Hbllle ceqeHHH KOHKypnpyiDIUeA peaKUHH paAHBUHOH

HOro 3aXBaTa, J13MepeHHH DpOBOaHITHCb C pa3aeneHHbiMH H30TOD8MH peAK03e

M8IThHbiX sneMeHTOB. Ha pnc.38 rrpeacTaanenhi pe3ynhTBThi, rro'nyqeHHhie anH 

H3oTorra 149Sm • 
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Pnc .38. 3aBHCHMOCTb c 'le

ra a - '18CTHIJ ( HHJKHHH 

KpHB8H) H Y- KB 8 HTOB 

(BepXHHH KpHB8H) OT 3Hep~ 

rHH HeffTpOHOB 1 rrony

'leHH8H B H3MepeHHHX C 

H30TOITOM 
149 Sm • 

B norronHeHHe K HH¢opMaUHH o cperrHHX 3HaqeHHgx rrpoBerreH aHanH3 ¢nroK

TyauHi1 a - lliHpHH. nnH pe30H8HC OB 
143 N d co CITHHOM 3- pacrrpeneneHHe 

anb¢a-umpHH cooTBeTCTByeT pacrrp e neneHHID riopTepa-ToM·aca c qHcnoM cTe-

ITbH811 CB060rrbl Y = 1 ,8 ± 1 ,0. OnHaKo nng 149 Sm qeThlpe pe3oHaHca c 

H3B8CTHb!M CITHHOM 4- HM8IDT 6nH3 KHe anb¢8-ll!HpHHbi, qTO COOTB8TCTByeT 3H8-

qeHHID J.l ITOP9AK8 H8CKOnbKHX rre CHTKOB. 

C ITOMOWbiD MHOrocnoAHOH rrn oCKOITapannenbHOH HOHH38UHOHHOA KBMephl 

c ceTKoA H rrBYXMepHoro aHanH3aTo pa Ha MarHHTHoA neHTe rronyqeHhl crreKTphl 

a -qacTHU B HeiTpOHHhlX pe30H8HCa X 147 Sm C SHeprHeA 3,4 H 18,3 SB (pHc,40), 

60 

PHc.S9. B na6opaTOpHH HeitTpOHHOit I/M3HKH rrymena B 3KCrrnyaT8IlHIO 

6onb11I8H HOHH38IJHOHH8H K8Mepa anH HCCneaOB8HHH ClleKTpOB a -

p8Cll8!18 pe30H8HCHbiX COCTOHHH H 8TOMHbiX Il/1ep. B 06IIJeM KOJKyXe 

38KniO'leHO 7 !1BOHHbiX :fOHH38IJH OHHbiX K8Mep C CeTKOH. nnoiiJ8/1b MH

IlleHeit COCT8BnHeT 2 M • 3Hepre TH'leCKOe pa3peilleHHe •200 K3B 

rrpH E a = 4,2 M3B. Ha CHHMKe : nay'IHbiH corpyaHHK K.r.PoaHoHOB 

Beaer Hanaaxy KaMepbi, 



CrreKTpbi aaMeTHO oTm.PiaiOTC5I oT o6hi'iHbiX JJ.J15I a -pacrraJJ.a qeTHO-'ieTHbiX 

5IJJ.ep H3 OCHOBHOrO COCT05IHH5I: a -rrepexoJJ. B HaHHH31.Ilee cocT05IHHe JJ.oqep-

aero 5IJJ.pa 3JJ.eCb He 5IBJI5IeTC5I rrpeo6naJJ.aiOIHHM. 0TcyTcTaae a -rrepeXOJJ.a B 

OCHOBHOe COCT05IHHe B cnyqae pe30H8HCa 1B,3 9B YK83biBaeT Ha TO, 'iTO CIIHH 

sToro peaoaaaca 4-; JJ.J15I peaoaaaca 3,4 9'E· J" == 3-. 

DoJJ.C'ieT rrapuaanbHbiX rrpaBeJJ.eHHbiX uapaH 8 2 
0 

)J.J15I rrepeXOJJ.OB B OT-

)J.eJibHble COCT05IHH5I JJ.O'iepHero 5IJJ.pa ( Ta6n, 1 ) rrpHBOJJ.HT K CJleJJ.yiOI.IIHM BbiBOJJ.aM: 

a) 3Ha'ieHH5I 8 ~ 1 COOTBeTCTBYIOI.IIHe rrepeXO)J.BM Ha OJJ.HH H Te .>Ke ypOBHH JJ.O

qepHero 5IJJ.pa, JJ.JI5I peaoaaacoa 3,4 a 18 <~B He coarraJJ.aiOT JJ.pyr c JJ.pyroM; 

6) 3H8'ieHH5I )J.J15I rrepeXOJJ.OB B B036y~JJ.eHHble COCT05IHH5I C 9HeprHeH B03-

6y.>KJJ.eHH5I MeHbllle 1,5 Msa ( 6na3KOH K 9HE,praa crrapaBaHH5I aeliTpoHOB B JJ.O

qepHeM 5IJJ.pe) OK838JlHCb 3aMeTHO MeHhlile CBOeH TeopeTH'ieCKOH OUeHKH 

2 
8 Teop. D = 14 sa) a MeHbi.IIe aaaqeaali 8 2 , rronyqeHHbiX aa Ten-

JlOBbiX HeHTpoaax )J.J15I ypOBHeH Bbii.IIe 1 ,5 MsB. nocneJJ.Hee MO.>KHO o6'h5ICHHTb 

a¢¢eKTOM rrapHOH KOppeJI5IUHH HeliTpOHOB, 

Ta6naua 1 

.Qoqepaee 5IJJ.PO 3,4 9B 

EB036JM9B J" r a 1,MK9B 

0 o+ 0,70 + 0,03 

0,696 2+ 0,80 ± 0,03 

1,31 4+ 0,11 +0,05 

1,50 (3) -0,08 

1,56 2+ 0,22 + 0,05 

Puc.40. AMrrJIHTyJJHbie crrexTpbi a - 'illCTHU 

H3 peaKUHH 
147

Sm ( D, a) 
144Nd B JJByX 

pe30HllHCax. Hll pucynxe rrpHBe;:zeH TllK~e 

KllJIH6pOBO'iHb/H crreKTp a - 'illCTHU ypll

Hll. 

18,3 9B 

8 ~: 1 1sa r a t
1
MK8B 

1,6 + 0,1 

52 + 0,2 0,05 + 0,02 1,0 + 0,4 

7 2 + 3,3 
' -5,2 

0,11 ± 0,02 7,2 + 1,2 

12,0 + 3 0,04 + 0,02 3,2 + 1,6 

1\,( 
u238 

Sm ~47 ( n,d) Nd 14
LJ 

2<0 

Lf~ 

A<O 

1. ••••. x~ 

0 

.10 

10 

0 

10 
10 

0· 

~-~:.~ 
"-<~~"'' cpo~ ~· •. , ~ [o/.M:il 

........ ..... . .... 
~ f I I 
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PHc .41. 3HepreTH"leCKaH 38BHCHMOCTb Be

JIH"lHHbi 1/l /<1-' > £1/IH ypaHa-235. <P > 03-

HB"l!lBT CpeaHee "lHC/10 MrHOBBHHb!X Heii

TpOilOB HB £1BliBHHe1 IIOJiy"leHHOe ycpeaHe

HHBM IIO BCeii H3MepeHHOJi 06JIBCTH 3Hep

rHJi, BHH3Y IIOKa3aHa KpHBBH ce"leHHH 

aem!HHH ypaHa-235, 

2 • .n en SI Ill u e c SI SI A p a. a) l13MepeHhi c THOCHTenbHhie sapuauuu .., - cpeAHero 

'lHCna MI'HOBeHHh!X HeMTpOHOB Ha AeneJIHe AnSI HH3K09HepreTH'leCKHX pe30HaH

COB U -235 B o6naCTH 0-35 9B. l1cnO.'lb30BancSI )l{lfAKOCTHOM CUHHTHnnSIUHOH-

HhlM AeTeKTOp C KaAMHeM B paCTBOpe, CXeMhl 6hiCTpOil: 9neKTpOHHKH C B03M0)1{

HOCTblO perHCTpaUHH Ka)I{AOI'O Heil:TpOBa AeneHHSI H MHOI'OMepHhiM aaanH3aTop 

C naMSITblO Ha Mai'HHTHOM neHTe. Pa3p•~WeHHe COCTaBnSinO 0,06 MKCeK/M (pac

CTOSIHHe peaKTOp-AeTeKTOp 1000 M). ?e30HaHCbl pa36HBalOTCSI Ha 2 rpyllllbl, 

COOTBeTCTBYJOIUIIIe, llO-BHAHMOMy, CnFHaM 3- H 4- H OTnH'lalOIUHeCSI (pHc.41) 

H3MeHeHHeM V Ha 1,6% ( npH TO'IHOCTH H3MepeHHSI V B OTAenbHOM pe30HaH-

Ce llOpSIAK8 0,5%) • 3TOT pe3ynbT8T C<•OTBeTCTByeT pa3HHUe 300 K9B B 9Hep

I'HH B036y)I{AeHHSI ABYX OCKOnKOB AnSI K8Hanos 3- H 4- H CBHAeTenbCTByeT B 

llOnb3y TOI'O , 'ITO 9Hepi'HSI KonneKTHBHb!X B036y)I{AeHHM AenSIIUei'OCSI SIApa B 

CeAnOBOM TO'lKe nepeXOAHT B OCHOBHO~( BO BHyTpeHHee B036y)I{AeHHe OCKOnKOB 

AeneHHSI; nplt 9TOM npennonaraeTCSI, 'ITO 9HeprHSI, yHOCHMaSI MI'HOBeHHbiMH 

f -ny'laMH, OCTaeTCSI llOCTOSIHHOM. 

6) 3aKOH'leHa o6pa60TK8 pe3ynbT.:lTOB H3MepeHHM Ce'leHHM AeneHHSI H pa

JlH8UHOHHOI'O 3axsaTa Pa- 239 s o6na::::Tu 9Hepruil: OT 100 9B AO 23 K9B. 06-

Hapy)l{eHO, 'ITO senH'lHH8 OTHOWeHHSI ce•IeHHM paAHaUHOHHOI'O 38XB8T8 H AeneHHSI 

(a) B o6naCTH OT 200 AO 1 000 9& AOCTHraeT 3H8'leHHM 1 ,25 t-1 ,97 • 3TO B 

2t-2,5 pasa 6onbwe 3Ha'leHHSI a , K ::>TOpoe MO)I{HO 0)1{HA8Tb, HCXOASI 83 na-

paMeTpos HH)I{ene)l{amux pe3oHaHcos. B ce'leHHH AeneHHSI Pu- 239 aa6nJOAa

JOTCSI 3H8'lHTenbHbie $nJOKTyaUHH ( B ptt3nH'lHbiX HHTepsanaX Ce'leHHe MeHSieT

CSI B 2t3 pa3a, pHC.42). Ha6nJOA8eMbie KOne6aHHSI Ce'leHHSI AeneHHSI He MoryT 

6hiTb 06'bSICHeHhl CT8THCTH'leCKHMH !J>nJOKTY8UHSIMH 'lHCna ypOBHefi, TaK KaK OHH 

oxsaTbiBaJOT HHTepsanhi 9Hepruu, BKnK'laJOIUHe no 100-200 yposaeil:. Eonbwue 

ctJnlOKTy8UHH Ha6nJOA8lOTCSI H B Ce'leHHII AeneHHSI U- 235. noKa 9Ta OC06eH

HOCTb llOBeAeHHSI Ce'leHHM AeneHHSI OC~~aeTCSI He06'hSICHeHHOMo 
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PHc.42. CeqeHHe neneHHH nnyro- go 
HHJI-239. I - J;l8HHbie nHr/1; 
J - naHHbie npyrHx pa6or. o 

t,a 

~tT 
~. ~1 ~ 

rL_T) ·~ 

~ 
... "'. \. 

·~ ~~ 

tqo 

~ r~ ' ' 

tqo 

6;0 

0 

(010 

3. H e ii: T p o H H bi e ceq e H H SI He a e n SI III H x c SI SI a e p. 11 ccneaoaaane napaMeT

poa Heii:TpOHHbiX pesoaaacoa npoaoannocb B cncTeMe 11 EP + MHKpoTpoH, cy

mecTaeHHO ynyqmnaweii: saepreTH'IecKoe pa::1peweane. 11syqamicb Siapa H3 pe.u

KoseMenhHoii: o6nacTH H Siapa cpeaaero aToMaoro aeca. 3BKOH'I8Hbi H3Mepe

HHH nponyCK8HHSI H paaHaUHOHHOrO 38XBaTa Heii:TpOHOB Ha BCeX CTa6HnbHbiX 

nsoTonax Nd • OcymecTaneaa nsoTonaaH naeHTH~HKaUHSI pesoaaacoa, nony

qeahl aeii:TpOHHhle H paanaunoHHhle IIIHPHHhl ypoaaeii:, cpeaHHe paccToSIHHSI D 

H CHnOBbl8 ~YHKUHH 

aSITCSI B Ta6n.2. 

S0 anSI Ka)Kaoro ns )Tona. Cpeaane napaMeTpbi npnao-

3aaepmeHbi H3MepeHHSI c H30TonaMH repMaHHH. 3KcnepHMeHTanbHaSI oueH-

Ka ceqeHHSI noTeHuHanbaoro pacceSIHHSI an~ acex nsoTonoa aana OAHHaKoaoe 

3H8'I8HH8 6 ;± 2 6apHa, KOTOpOe H 6binO HCI!Onb30B8HO npH o6pa60TKe, fl onyqe

Hbl Heii:TpOHHbie WHpHHbl anSI 48 ypOBHeii: 'IE·THblX H30TOnoa tHHTepaan 9HeprHii: 

0,01•30 K9B) H anSI 47 ypOBH8H H8'I8THOrO H30TOna (0~9 K8B). llnSI pSiaa pe-

PHc.43. CHnosaH rfiyHKilHH s -Heiirpo-

HOB J;!JIJl Ht:!ep cpeJ;!Hero M8CCOBOTO 'IHC
JI8, £ - rronyqeHHbie 9KcrrepiiMeHT8Jib
Hbie naHHbie, i - naHHbie 113 npyriix 

pa6or. CrrnomHaH KpiiBaJI - reopeTII'Iec
KIIii pac'leT ITO OilTJI'IeCKOii MOJ;leJIJI, 
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IJI II 

!II 

ill 
I~ I, 

,.,· 
,J 

I 

I~ 

I 

Ta6n:aua 2 

.i130TOTI Nd D. 9B so . 1(14 fy ,Mas 
lfHCJIO 

peaoliaHCOB 

142 1000 + 250 0,8 :t 0,3 - 8 -
143 38 + 8 4,3 + 1,4 78 + 11 23 -
144 520 + 70 4,8 + 2,0 78 + 12 14 - -
145 19 + 3 3,0 + 0,7 5~ + 8 50 -
148 310 + 43 4,5 + 1,9 55 + 8 13 - -
148 200 + 21 3,8 + 1,1 98 + 14 23 

150 230 + 28 2,0 + 0,8 84 + 12 18 

aoaaacos snepBbie H3MepeHbi aaa'IeHIHI P·UlliBllliOHHbiX ump:aH. Cpeaa:ae aaa'IeHii.H 

paaHau:aoaahlx wHplia r,.. , cpetlHHe ::>accTO.HHii.H Me:>K,ny yposH.HMH D1 H 

CHJIOBhie <i:JyHKUHH SO .ll8Hhi B Ta6JI. 3. 

Ta6n:aua 3 

.i130TOTI Ge s 0. 104 D J ,9B r,.. , as 

70 2 3 + 1,0 
• -0,9 

1330 + 210 0,182 + 0,025 

72 1 0 + 0,8 
• -0,4 

1550 + 270 0,180 + 0,029 

73 
2 0 +0,7 

• -0,8 
124 + 14 0,197 + 0,029 

74 
1 3 +1,1 

• -0,8 
3900 + 770 0,195 + 0,040 

78 
2 3 +2,1 

• -1,0 
4200 + 835 0,120 + 0,025 

CHJIOBbie $yHKUHH JlJI.sl sTo~ o6nacTH .n:aHaMH'IeCKH aecpopM!iposaHHhiX g,nep, KaK 

BHilHO H3 pHc.43, xopowo cornacyiDTC.sl. c aaHHbiM~ apyr:ax pa6oT H TeopeTii'Iec-

KHM paC'IeTOM, 

4. raM M 8- C ll e K T phi C B hi C 0 K H M p 8 3 peW e H HeM. llpo,nomKaJIOCh H3y-

'IeHHe cneKTpos y - ny'Ieil:, :acnycKaeMh:X OKOJIOMar:aqecKHMH g,npaMH ( Ba 

Cs • Pr ) npli 38XB8Te pe30H8HCHhiX f. e~TpOHOB. repMaHHeBbi~ JleTeKTOp HMeJI 

o6'beM 12 CM3 H paapeweHHe 8 K9B npH aHeprHH .. 8 Mas. B KoHue ro.na 6hm 

llpHMeHeH .lleTeKTOp C 06'beMOM 30 CM3, H3rOTOBJieHHHhi~ B nH<t>. 3TOT }leTeK

TOp HMeeT np:aMepao TaKoe )l{e paapewe ·me np:a cywecTseHHo 6onhwe:li: a<i:J<i:JeK

THBHOCTH. B peayJihTaTe nocne.nHHX H~IMepeHH:li: c 135 Ba (HaMep.slJIHCh He 
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PHc.44. Fpyrrrra qexocnoBaUKHX COTpy~HHKOB nH~ ycrremHO Be~eT HCCne~oBaHH~ 

pa~HBUHOHHOrO 3BXBBTB pe30HBHCHbiX HeifTpOHOB B aTOMHbiX H.Qpax, HCITOnb3YH Me

TO~HKY1 pa3pa60TBHHYIO B LfCCP H nH~. H a CHHMKe: pyKOBO~HTenb rpyiTITbi H.Yp-

6aHeu H corpy~HHK ero rpyrrnbi H.nHrrraK rrp oBepHIOT pa6ory MHoroKaHanbHoro 
BHanH3aTopa rrepe~ 3KcrrepHMeHTOM. 
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PHc.45. CneKTpbi y -

nyqeli 38XB8T8 H3 

peaKIIHn133 Cs ( n, y) 1 94Cs 

Ha pe30H8HCHbiX HeH

TpoHaX (aneprHH pe-

30HaHCOB yKa3aHa B 

Bepx~eM npaBoM yrny). 

06o3naqenHe DE or

HOCHTCH K llHK8M ~BOH

HOro BbilleTa 8HHHrH

llHIIHOHHbiX KB8HTOB1 

SE - K nHKaM o~H-

noqnoro Bbinera. 

TOnbKO )KeCTKRe, HO R M5II'KRe nepeXO.U ,J") y.uanOCb ycTaHOBRTb MynbTRITOnbHOCTb 

aaoManbHO RHTeHCRBHhiX rrepexo.uoB E pesoaaace 24,5 3B ( THIT Ml) H .naTb 

o6'h5ICHeane aToM: aHoManaR qepes BnR5IHRe Ml rHraHTCKoro pesoaaaca. lln5I 

aaeprnn CB5I3R aeiiTpoHa B 
138 

Ba nony"<IeHo sHa"<IeHHe 9112 + 5 KaB, 

Ha pnc.45 noKasaa BhiCoKoaaepreTR"<IeCKRH yqacTOK cneKTpa y -nyqew 

133 
R3 Tpex pe30H8HCOB Ha Cs • fpynna RHTeHCRBHhlX nepeXO.UOB B o6naCTR 8Hep-

I'RH 5,8 MaB .ung pe3oaaaca 47,8 SB s: Bn5IeTC5I aHoManbHOH, TaK KaK oTcyTcT

ByeT B 6onbiiiRHCTBe .upyrnx pe3oHaHcou. BhinR R3y"<IeHhi He TOnbKO BhiCoKoaaep

reTR"<IHhie nRHRR 1 HO R nepeXO.Uhl B M5II'KOH o6nacTR cneKTpa. B RTOI'e ITOCTpoe

Ha CXeMa HR3KOne)K8IIIRX ypOBHeH Ue3115I-l34 (pHc,46) H Onpe.ueneaa 3Hepi'H5I 

CB5I3R HeHTpOHa - 6942 ± 5 K8B (np5I~OH nepeXO.U Ha OCHOBHOe COCT05IHHe y 

3TOI'O 5I.Up8, BOnpeKR Q)KR.ll8HRI0 1 OTCy'rCTByeT), 

flpO.UOn)KanRCb R3MepeHR5I I'8MM8··CITeKTpOB KOpOTKO)KRBYIIIRX p8.UR08KTRB-

Hh!X R3oTonoB ( 88 •87 • 72 Ga , 140 Nd , 180 Tb , 170 Lu , 138 Pr ) , npo-

BO.URMhle COBMeCTHO C OT.uenoM AAepaoil cneKTpOCKOITRR JHJfi, Pa.UReBhiM RHCTR

TYTOM R JleHRHrpa.UCKRM yHRBepCRTeTOI\1, 

5. f1 0 n 5I p R 3 aU R 5I 5I .U e p. lln5I non5Ipli 38UHH MepHhiX MRIIIeHeH CTa'I·RCTR"<IeC

KRMR MeTO.ll8MH BenRCb pa60Thl ITO C03,1.8HR10 KpHOCTaTa C paCTBOpeHReM 
3 He 

B 
4He 1 paCC"<J:RT8HHOI'O Ha nony"<IeHRe TeMnepaTyp nop5I.UK8 COThiX .uoneH rpa-

.uyca KenbBRHa. B aacTo5Imee BpeM5I tpnocTaT Hana)KRBaeTc5I; y)Ke nonyqeaa 

TeMnepaTypa 0,1°K. BenHCb nccne.uoBaH~5I Mai'HRTHhiX CBOHCTB coe.unHeHRH ypa-

aa c uenbJO Bhi6opa Han6onee no.uxo.ugnero R3 HHX .ung ocymecTBneHH5I non5I-

pR38URR 5I.Uep ypaHa CTaTR"<J:eCKHM Me'~O.UOM, 

6,3KcnepHMeHTbl Ha non5IpR30B lHHOH npoTOHHOH MHIIIeHH, flpo

BO.UHnHCb HCCne.UOB8HH5I XapaKTepRCTHK non5IpR30B8HHOH npOTOHHOH MHmeHH 

(flfiM) K8K non5IpR38TOpa TennOBbiX HeH'IpOHOB, f1ponyCK8HRe MRmeHR- KpRCTanna 

.UBOHHOI'O naHTaH-M8I'HHeBOI'O HRTpaTa I JlMH) - 6binO H3MepeHO Ha Henon5IpR-

66 



30B8HHbiX nyqKe H MHWeHH B )J.Hana30HE 8Hepl"'Hll 0,001 - 100 8B. flonSipH3a-

UHOHHOe Ce'ieHHe Up onpe.o.enSinOCh no H3MeHeHHIO nponyCK8HHSI MHWeHH npH 

nonSipHaauHH npoTOHOB B Heii. PeaynhTHThi cepHH 8KCnepHMeHTOB, npose.o.eH

HhiX npH pa3HhiX ToniUHHax H nonSipH3a :.XHSIX TITIM, npe.o.cTaBneHbi Ha pHc.48, 

I"')J.e JJ.Be BeTBH KpHBbiX nony'ieHhl npH HCnOnh30B8HHH JJ.BYX npe.o.enhHbiX Teope

TH'ieCKHX COOTHOWeHHll, CBSI3biB8IOIUHX '3 p C H3MeHeHHeM nponyCK8HHSI B 38-

BHCHMOCTH OT 8Hepl"'HH Heii:TpOHOB. flpH E <0,01 8B ocna6neHHe ny'iKa onpe.o.e-

nSieTCSI TOnhKO HeKOI"'epeHTHbiM Ce'ieHHEM H TeopeTH'ieCKOe 3Ha'ieHHe u/u 8 p 

paBHO 0,67; npH E < 0,5 as ocna6neHue onpe.o.enSieTCSI nonHbiM ce'ieHHeM H 

TeopeTH'iecKoe 3Ha'ieHHe uP/ u 8 pasHo 0,82. B npoMe:>KyTo'iHoil: o6nacTH 0,01-

-0,5 8B nonSipH38UHOHHOe Ce'ieHHe B T8:{0M 8KCnepHMeHTe He MO:>KeT 6biTh on-

pe.o.eneHo. 

0JJ.H03H8'iHblM o6pa30M 0 p MC:>KeT OblTh H8HJJ.eHO B 6onee CnO:>KHOM 

onhiTia no H3MepeHHIO a<iJ<iJeKTa )J.BOii:HOI'O nponyCK8HHSI £ , T.e. H3MeHeHHSI 

nponycKaHHSI TITIM npH pesepce nonSipH38UHH HeitTpOHHoro ny'l:Ka. D.nSI npose

.o.eHHSI 8TOI"'O 8KCnepHMeHT8 6bin8 H3I"'CTOBneHa BTOpaSI flflM H ocyrueCTBneH 

npo6Hbiit aanycK sceil: ycTaHOBKH Ha· HeJiTpOHHOM nyqKe YIEP. Ha pHc.48 noKa-

38Hbl: BBepxy 8KCnepHMeHTanhHbie :3H8'ieHHSI £ 3Ha'ieHHSI £ 

npH BBeJJ.eHHH B ny'iOK HeHaMaf'HH'ieHHhiX :>Kene3HblX nnaCTHH, nonHOCThiO .o.e

nonSipH3YIOIUHX HeHTpOHbl C 8HeprHeit MeHhWe HeCKOnhKHX 8B. 

7. (n -e}-B38HMOJJ.eHCTBHe. B nacopaTOpHH paapa6aTbiBanach MeTOJJ.HKa 

H3MepeHHSI cPYHJJ.aMeHTanhHOH KOHCT8HTbl B38HMOJJ.eHCTBHSI HeHTpOH-aneKTpOH. 

Pnc.46. CxeMB ypoBHeit 134 Cs, rroJiy"eHHB.fl B pe-

3yJibT8Te HCCJieJJ.OB8HH.fl pe8KUHH l 3 3Cs(!, y) J 34Cs 
HB pe30H8HCHbiX neitrponax. 
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PHc.47. B nHf/J 11POB0/1HTCSl HCCnet10B8HH e H coaepmeHCTBOBaHHe nonRpH30BaH

HOR BOt1opot1HOR MH~eHH H MeT011HKH n o nHpH3aUHH neRTponnoro nyqKa. Ha 

CHHMKe: CTapmHR HHlKeHep IO.f3. TapaH r o roBHTCH K 3KCnepHMeHTy. 



6pj6s 

{OOr---

PHc.48. 0THOilleHHe noJHIPH3a- ~! 
UHOHHoro ceqeHHH npOTOHOB Up ' ' ! 
B KpHcranne aBonHoro naHTaH

MarHHeBoro HHTpara K ceqe- q?Sr-----

! ,, 
-----------!- --i--t---i--f 

HHIO pacceHHHH Ha Boaopoae u •• 

flyHKTHpOM llOK838Hbi TeOpeTH~ 

"'eCKHe 3Ha"'eHHH 3TOrO OTHO-

IlJeHHH II.llH aByX npeaenbHbiX 

cnyr,raeB. 

__ JJ~--1 f ~ f 
~m~99 

H 

£,ev 

0THOCHTenbH8SI BenH'tJHH8 AOIIOnHHTenbHOIO.BKn8A8 B C8'tJ8HH8 paCC8SIHHS11 o6yc

naBnHB88M8SI 9THM 9cpcpeKTOM, onpeAenge~·cg Bblp8)1{8HH8M 

a ., e 
... 2Z F -~, 

o a 

rAe Z - 38pS1A Mpa, F - cpopMcpaKTop aneKTPOHHOii o6onO"tJKH, an e H a 

aMnnHTYAbi (n -e) H SJ:AepHoro pacce.mHSJ:. 

HoBbiH M8TOA H3MepeHHSI OCHOB8H H8 H3y"tJeHHH AHcppaKUHH HeiiTpOHOB H8 

p83AeneHHbiX H30TOII8X BOnbcppaMa. l13MopeHHe rronHOI'O Ce'tJeHHSI H30TOII8 
186 W 

o6Hapy)I{Hno qpeaabr"tJaiiHo Manoe ceqeHH•~ SJ:AepHoro pacceSJ:HHSI a Tennoao:H o6-

naCTH 9Hepi'HH (aMIInHTYAbl pe30H8HCHOI'O H IIOTeHUHanbHOI'O pacceSIHHH IIO'tJTH 

nonHoCTblO rae SIT Apyr Apyra). KpoMe Taro, rrpHMeHeHHe MeToAa AHcppaKUHH 

paCIDHpSieT AH8II830H H3M8H8HHSI F II)'tJTH a 2 paaa. B HTore, npH Hcnonb-

aoaaHHH Hoaoro MeToAa H3MepeHHst Bl~nH"tJHHa ~o / o MO:>KeT COCT8BHTh 

15~0% BM8CTO • 0,5% B cnyqae rrpHH8H8HHSl rrpe:>KH8I'O MeTOJla 4>epMH. 

Ha peaKTope 11BP 6brnH npoaeAeHbi H3MepeHHSI aMrrnHTYA KorepeHTHoro 

pacceSIHHSJ: H3oTorroa aonb<l:JpaMa MeTOAOM AHcppaKUHH aa rropowKax. Ha pHc.50 

10 

zo~-~4-----r------------~----------~ 

PHc.49. 3KcnepHMeHTalibHbie 3Ha"'eHHH 

&cjltjJeKTB nponyCK8HHH B OllbiTe no H3Mepo

HH10 nponyCK8HHH ll0llBPH30B8HH04 npOTOE

HOR MHilleHH H8 nonHpH30B8HHOM nyqKe 

ReRTpOHOB. 

E,7. 

6~--------~~r-----------+-----------~ 

£,ev 
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TIOK838H8 HeHTpOHOrpaMMa CMeCH C o6orameHHbiM H30TOTIOM l 8 4 W ( 88,5% 

IB-4 W ) secoM 90 r. CooTseTcTsyiOIUal! HeHTpoHorpaMMa, H3MepeHHaH Ha o6-

( 18 6 ) paaue l8 6 W 90,7% W seC OM 80 r, He o6Hapy}KHB88T JlH<tJpaKUHOHHbiX 

TIHKOB KOrepeHTHOI'O paCCeSIHHSI. 06pa6C•TK8 pe3yJibT8TOB Jl8Jl8 CJl9JlYIOIIIH9 IlpeJl

B8pHTeJibHbl9 3H8'i9HHSI 8MTIJIHTYJl KOI'epE·HTHOI'O paCCeSIHHSI (s 9JlHHHU8X 10-12cM): 

l130TOTI W 182 183 184 186 

a.1012 0,824 ± 0,011 0,28 ± 0,06 0,745 :!: 0,009 -0,069 ± 0,006 

Pa.6oTbi rro f/JH3HKe xoH.aeHcHpoBa.HHbiX 

cpe.a 

1.11ccne}losaHHH c noMOIIIhiO so<t>eKTa Mecc6ayspa. a) Tipn H3y

'ieHHH cncTeMbi reTHT-BOJla (a- FeOCH- H2 0) o6aapy}KeHo, 'iTO npu 8 MOJI % 

H
2

0 s cncTeMe nponcXOJlHT peaKoe i3MeHeHne xapaKTepa Mecc6aysposcKHX 

cneKTpOB, OTp8}K8JOIUee H3MeHeHHe BfyTpeHHHX M8r'HHTHbiX noneA (pnc.51 ). 

Mo}KHO npeJlTIOJIO)KHTh, 'iTO sTo H3MeHeHne o6ycnosneao <tJaaosbiM nepeXOJlOM 

I'9THT8 H3 lfl83bl C M8JlbiM COJl9p}K8HHeH U36biTO'iHOA BOJlbl B <tJaay C TIOBbiWeH

HbiM ee C0Jl9p}K8HH9Mo 11CCJ19Jl0B8HHSI {ibiJIH BbiTIOJIH9Hhl H8 I'90Jl0r'H'i9CKHX 06-

paauax npu KOMHaTaoA TeMnepaType. V\ecc6aysposcKue JlBHHbie TIOJlTBep)KJle-

Hbl TepMH'ieCKHMH H3MepeHHSIMH. 

3aKOH'ieHo uccneJlOBaHne cucTe:tv: Fe S 
1 
+ x. 0Kaaanocb, 'iTO npn aapy-

weauu cTexuoMeTpnu (X = 0, 10 ) , E onpeKu JlonymeHHSIM pSIJla asTopos, He 

H86JIIOJl89TCSI o6pa30B8HHSI TpeXBaJieHTJIOI'O }K9Jieaa. l136biTO'iHhiH 38pSIJl 8HUQ-

N -
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PHc.50. HeiiTpoHorpBMMB 

nopomKa o6orameHHoro Hao-
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PHc.51. 3aBHCHMOCTb Mecc6ayspoBCKHX II8pa

MeTpoB CHCTeMbi I'eTHT-BOP.a OT COP.eplKtihHH 

BOIJ.bi IIpH KOMHtiTHOil TeMIIeparype. BepXHflH 

KpHBtiH - Mtii'HHTHOe IIOP.e Ha Rape; cpeP.HHH 

KpHBtiH - XHMH'leCKHil CP.BHI'i HH:Jf'HHH KpH·• 

BaH - KBaP.pyaonbHOe pacmerrneHHe. Pe3Kc

MY H3MeHeHHro xapaxrepa KpHBbiX rrpH 

8 MOP. % BOIJ.bi COIIOCTtiBP.eHa TO'lKti rjJa30-

BOI'O rrepexoP.a. 

PHc.52. Crpyxrypa FeS 1 +:r • :>KHpHbiMH n.I

HHHMH IIOKl313l31Hbi CBH3H1 o6ycnaBP.HBl31IOlllH€ 

90°-rjJeppOMtii'HHTHbiil KOCBeHHbiJl 06MeH B 

C - IIP.OCKOCTH. 

HOB KOMneHCHpyeTCSI H3MeHeHHeM CTepEHH KOBaneHTHOCTH CBg3H FeS. 

06aapy~eHo BflHSIHHe BaKaHCH~ ~en33a aa xapaKTep M~cc6ayapOBCKoro 

cneKTpa. Ha OCHOBBHHH 3TOro ¢aKT8 MO*HO cy~HTb 0 xapaKTepe MarHHTHOrO 

KOCBeHHOrO o6MeHa: npeo6na~810IUHM B381!MO~eiicTBHeM B 9TOH CHCTeMe OK8-

3biB8eTCSI 90°-Hblii o6MeH, npHBO::lSIIUHif K :peppoMarHHTHOii: CBSI3H CnHHOB ~ene-

38 B C - nnOCKOCTH { pHc.52). 

6) J1ccne~oeanHCb COCTOSIHHSI npHMeC lb!X HOHOB K06anbT8 (~ene3a) B NaCJ 

H AgCl B HHTepeane TeMnepaTyp 4,2° t-l01)0°K. DoKa3aao, 'ITO npHMeCHbie HOHbi 

MOryT H8XO~HTbCSI no Kpaifaeii: Mepe B. Tpe~ He9KBHB8neHTHb!X no OKpy~eHHlO COC-

TOSIHHSIX. HaH6onee yCTOif'IHBbiM COCTOSIHHeH SIBnSieTCSI TpexeaneHTHOe ~ene30, 38-
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PHc.53. M oaenb 1 pexBaneHTHoro )KeJie3a, accOUHHpoBaH

Horo C JJ.ByMH HOJBMH JJ.BYXB8/1eHTHOTO KHCJIOpOJJ.8 ( = ) 
B pemerKe NsCJ c:r AgCJ 

MelllaiOlUee HaTpliH li aCCOUlilipOBaHHOe C JlBYMSI JlBYXBaneHTHh!Mli liOHaMPI KHCJIQ-

pona(pHc.53).B AgCl HaH6onee '!aCTO BCTpe'laiOlllliMCSI COCTOSIHHeM SIBJISieTCSI 

JlBYXBaJieHTHOe )KeJie30, aCCOUHHpOBaHliCe C BaKaHCHeH cepe6pa. flpli ITOMOlllli COOT

BeTCTBYIOllleH TepMH'leCKOH li XliMH'leCKOH o6pa60TKH o6pa3UOB B03M0)KHO rrepeeec

Tli )KeJie30 :1!:3 OJlHOI'O COCTOSIHHSI B mo6ce" Jlpyroe. 

2. M one K y n sr p H a sr n :11: H a M H K a r a 3 o o 6 p a 3 H or o H T Be p a or o ~ e

Ta H a. MeTonoM epeMeHR rrponeTa Hd crreKTpoMeTpe Heil:TpoHOB c o6paTHoil: 

reoMeTpHeil: rrpoeeneHbl R3MepeHRSI c TBepahiM ( T = 80°K, p:~~:c.54) R ra3oo6-

pa3HblM ( T = 120°K, p:~~:c.55) MeTaHo.ll.r. .Unsr rrony'leHRSI 3Ha"leHIHt a:~~:!p4JepeH

u:~~:anbHoro Ce'leHRSI pacceSIHRSI HeHTpOBOB rroa yrnoM 30° Ha ra3006pa3HOM Me-

TaHe ocymeCTBJieHa a6COJIIOTHaSI KaJIHDpOBKa rryTeM H3MepeHRSI paCCeSIHHSI Ha 

yron 130° • 

.Unsr TBepaoro MeTaHa rrpearronaranocb Hail:TR ypoBHH ceo6oaHo apama

rom:~~:xcsr MOJieKyn. 0aHaKO B CIIeKTpe, IIOKa3aHHOM Ha plic.54, He o6Hapy:>KH

BaeTCSI CB060ahi pOTaUROHHOI'O aBR:lKE·HRSI HeCMOTpSI Ha TO, 'ITO pa3pemeHHe 

ycTaHOBKR II03BOJISinO BbiaeJIHTb OKOJIC• IISITH HR:lKHRX poTaUHOHHbiX rrepexoaoB. 

3To ca:~~:aeTeJibCTByeT o CJIO)KHOM xapaKTepe aaR:>KeHRSI MoneKynbr CH 4 , ao

rrycKaromeM rrpeaiiOJIO)KeHRe 0 cymeCTE eHHOM TOpMO:>KeHRR BpameHHSI. 

3. K 0 rep e H T H 0 e p a C C e S1 H R e Me 0: n e H H hi X He H T p 0 H 0 B C Man 0 H 

II e pea a q e H R M II y nbC a. 3aKOH'leHbl R3MepeHRSI R o6pa60TKa pe3yJibTaTOB 

ansr TBepaoro :11: :>KRaKoro CBHHua B o 5nacTR Heyrrpyroro paccesrHRsr, Bhmon

HeHHhre Ha crreKTpoMeTpe no MeToay upeMeHR rrponeTa c 4JHnbTpoM rrepea ae-

TeKTOpOM • 

.Qnsr :lKHaKOI'O CBRHUa IIOJiy"leHHh!H aaHHhie yKa3hiBalOT Ha CylUeCTBOBaHRe 

KOJIJieKTRBHhiX B036y:>KaeHRH C ycpea1:eHHbiM aHcrrepCHOHHbiM COOTHOWeHHeM 

Me:>Kay '!aCTOTO:H R RMIIyJibCOM, rroao6JibiM TOMy, KOTOpOe RMeeT MeCTO B IIO

JIRKpliCTaJIJie. Mo:>KHO roaopRTb o cylll3CTBOBaHHH B :>KHaKoM CBHHUe no Kpa:H

Heil: Mepe neyx 30H Bp:~~:nnrosHa. 

flpeaBapRTeJibHasr o6pa6oTKa pe(IYJlbTaTOB R3MepeHHH B o6naCTH KBa-

3Ryrrypyroro paccesrHRsr yKa3braaeT Ha 3aBRCHMOCTb Kos4J4J:~~:u:~~:eHTa Terrnorrpo

BOJlHOCTR )KHaKoro CBRHUa OT '!aCTOTbl B o6naCTR BbiCOKRX qaCTOT ""101 2 CeK-1. 
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4.C B 0 H C T B a 8 T aHa B 6 J1 H 3 H K pH T Jl 'l e C K 0 H T 0 q K H :>K H .ll K 0 C T b- TI a p. 

ilpe.uaapaTenbHhre pe3ynbTaThr H3MepeH~< if Ha nytiKe Heil:TpOHOB peaKTopa YIBP 

yKa3hiBaiDT Ha OTCyTCTBHe oco6eHHOCTEH K08~~HUHeHT8 C8MO.UH~~y3HH B6J1H-

3H KpHTH'leCKOH TO'lKH. 3TOT pe3yJ1bTaT npe.UCT8BJ15IeT 3H8'lHTeJ1bHblH HHTepec, 

TaK KaK M8KpOCKOTIH'leCKa5I .UH~~Y3H5I H TIO.llBH:>KHOCTb HOHOB, COrJ1aCHO ony6-

J1HKOB8HHbiM .ll8HHbiM, 06Hapy:>KHB8IDT 8HOMaJ1HH B 8TOH TO'!Ke. 

HatiaTbl HCCJ1e.UOBaHH5I .UpyrHX CBOHCTB 8T8Ha B6J1H3H KpHTH'leCKOH TO"'

KH. 8bi5ICHeHo, "'TO TIOJ1HOe Ce"'eHHe C T )"'HOCTbiD 0,05% OCTaeTC5I TIOCT05IHHbiM 

npH nepexo.ue qepe3 KpHTH"'eCKYID TO"'KY, 06Hapy:>KeHO aHOM8J1bHOe TIOBe.QeHHe ne

peXO.UHOH o6naCTH Me:>K.UY :>KH.UKOCTbiD H ra30M (MeHHCK) npH TIO.QXO.Qe K KpH

TH"'eCKOH TO"':Ke. O.uaaKo aTa aHoMaJ1H5l eure no.une:>KHT AaJ1bHeiiureMy yTO"'He-

HHID. 

Yf3MepeHHOe C TIOMOUlbiD HeifTpOH03 pacnpe.ueneHHe TIJ10THOCTH BeUieCTBa 

TIO BbiCOTe B 38BHCHMOCTH OT TeMnepaTypbl TI03BOJ1HJ10 Onpe.UeJ1HTb KpHTH"'eC

KyiD TeMnepaTypy C TO"'HOCTbiD 0,01 o. 

PHc,54. ArrrrapaTypHbiil 

CIIeKTp MeaneHHbiX HeilTpo

HOB, pacceHHHbiX Ha TBep

J10M MeTaHe II0/1 yrnOM sao, 

Ha ocH a6cuHcc o603Ha'leHbi 

KaHalibi BpeMeHHOrO aHaliH-

3aTOpa IIIHpHHOif 64 MKCeK, 

Ha OCH OpJ1HHaT - 'IH9110 

OTC'leTOB B qac. 

PHc.55. CrreKTP MeaneHHbiX 

HeilTpOHOB, pacceHHHbiX Ha 

ra3oo6pa3HOM MeTaHe rroa 

yrnoM sao. YupyroMy pac

ceHHHID COOTBeTCTByeT 

M8KCHMYM OKOIIO S60-ro 

KaHana. 
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PHc.56. aB8)1(/1bi-JIHt/Jt/JepeHIIH81IbHbiit C. IeKTpOMeTp MeJIIIeHHbiX HeitTpOHOB. 

1,2 - HeitTpOHOBOI!i 3 - IIOBOpOTHbiit rpyr; 4 - IIpepb!BBTellb; 5 - Heil

TpOHOB0/1 I!IIHHOil 10,5 Mi 6 - HeilTpO'lOB0/1 /1IIHHOit 5,5 Mi 7- 3CT8K8-

/18i 8 - JieTeKTop; 9 - ra30B8H CHCT,~Ma; 10 - ra3rOIIb/1ep; 11 - 110-

BYWKB HeilTpOHOBj 12 - KpHOCTBT. 

5.l1 C C n e Jl 0 BaH He B H y T pH M 0 n e K y n 5l pH bl X K 0 n e 6 a H H i1: C n 0 M 0 lU b 10 

an e K T p o H Bon b T H hi x He i1: T p o HoB. GlenaHbi H3MepeHHR pacceRHHSI aneKTpo

TpoHBOnbTHbiX HeiiTpOHOB Ha aTOMaX BOJ::opo,na, BX0Jl5IIUHX B COCTaB MoneKyn 

BOJlhi. PacceRHHe H3Mepeao no MeTo,ny B:)eMeHH nponeTa no,n ABYMst yrnaMH c 

~HKCaUHeii KOHeqHOii aHepi"HH HeiiTpOHa·nccpe,ncTBOM pe30HaHCHOI"O nornOTHTenst 

(pe3oHaac 3onoTa E 0 = 4,91 aB). 06aapy>KeHo ywHpeHHe pe3oHaHcHoro npo

Bana Ha KpHBOii OTCqeTOB Jl9T9KTOpa C q>HnbTpOM, npe,nCKa3biBaeMOe TeOpHeii 

BHyTpHMOneKynRpHbiX KOne6aHHii. 

CpaBHeHHe c TeopHeii noKa3biBaeT, ~To ,nnst aneKTpoHBOnbTHbiX HeiiTpOHOB 

XHMHqecKH CBR3aHHOe SIJlpO BetteT ce6R ~aK KBa3HCB060AHOe, TaK qTo Mone

KynstpHast CBSI3b npOstBnsteTCSI TOnbKO qepE 3 COOTBeTCTBYIOIUHii pa36poc Hl'vinynb-

COB Rttpa. llnR xapaKTepHOii 8Hepi"HH cu BHyTpHMOneKynRpHbiX JlBH>KeHHii RJl-

pa nonyqeHo 3HaqeHHe CU = 0,26 ;!: 0,05 8B. 
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PHc.57. ·axcrrepHMeHTBllbHbiil 3811 peaKTopa HBP. 

75 



6.Daa:>KJlbl-.LU14>4>epeHUH8nbHbiH cneKTpOMeTp MeJlneHHbl X HeH-

T p 0 H 0 B ( PHC. 56) JlnSI 8KCnepHMeHTOB Ha HMnynbCHOM peaK TOpe llOCTpoeH <t>H-

3HK0-8HepreTHtreCKHM HHCTHTyToM (r.C6HHHCK) B COTPYilHH<iecTae c J1H<Il. Me

xaaHtreCKHH npepbrBaTenb, CHHXpOHH30BaHHbiH C !iMnynbCaMH peaKTOpa l1BP, 

o6ecne'IHBaeT HHTeHCHBHOCTb MOHOXJIOM8TH'IeCKHX HeHTpOHOB Ha o6pasue 

2,5·105 c!K-; cneKTp paccesrHHbrX aeiiTpoaoa H3MepsreTcsr no apeMeHH npone

Ta C pa3pemeHHeM JlO 12 MKCeK/M O~HOBpeMeHHO llOJl HeCKOnbKHMH yrnaMH; 

<Poa B nHKe ynpyroro pacce.sraH.sr Meae:! 0,3% ( npH TOnWHHe o6paaua aaHaJlH.SI 

3,6 MM). 

TipOBeJleHbl H3MepeHHSI JlBa:>K/lbl-lll.QJ<PepeHUHanbHbiX Ce'leHHH pacce.srHHSI Ha 

I'HJlpHJle UHpKOHH.SI ]lnSI aaqanbHbiX 8HeprHH E 
0
= 5; 15, 44, 188 H 320 Maa. 

Dnsr E 
0 
= 5 H 15 Maa HaJle:>KHO paa]len :!Hbi o6nacTH aaeprHH, cooTBeTCTayromHe 

ynpyroMy pacceSIHHID, aKyCTHtreCKOH nc•noce traCTOT, menH B cneKTpe H OllTH

'IeCKOH nonoce qacToT. YTotraeHbi napaMeTpbr cneKTpa 'laCTOT H Hsyqeaa HX 

TeMnepaTypaa.sr saBHCHMOCTb ( B HHTer: aane T "" 3000 - 8000K). 

l13ytranaCb JlHHaMHKa BOJlbi H HeKOTOpbiX opraHH'IeCKHX COeJlHHeHHH 6eH-

30nbHOI'O p.srJla: 6easona, <Peaona, I'HilflOXHHOHa. B H3MepeHH.srx c BOJloi!: npo

SIBHnHCb treTKHe llHKH B o6naCTH aeynpyroro paccesrHHSI, COOTBeTCTBYIDIIIHe H3-

BeCTHbiM TpaHcnsrUHOHHbiM H 3aTOpMO:>K :!HHbiM JlBH:>KeHH.SIM ( apameHH.SIM) 1\.fone

Kyn BO/lbi. B cnyqae aemeCTB 6easonbt:oro p.sr/la o6aapy:>KeHbi JlBa · nHKa B o6-

nacTH aeynpyroro paccesraH.sr. 

2 

D 
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PHc. 58. Yrnoable pacrrpep,eJieHHH rrporoHoB H3 
peaK1HH 12C( 3 He,p0 )14N P.IIH pa311H"lHbiX 

&Hepr·Hil: reJIHH-3. Bi3epxy - pe3yJibTaTbi H3 

paHe9 OIIy6JiHKOBaHHblX pa6oT, BHH3Y - Ho

Bbie .1.aHHbie nH<tJ. 



HaepHEre peaKIIHH c 38pH)I(eHHbiMH qacTHII8-

MH H8 nerKHX HP.p8X 

l.PeaKUIISI 12C( 3 He, p 0 ,
1

,
2

)
14 N. llns:r peaKUII~ reni~s:r-3 c yrnepo.noM nony

qeaa 6onee nonaa.s:r IIH<lJopMaUI~s:r, oTcyTc~~aoaaawas:r paaee. Ha pi~c.58 rroKa3a

Hhi ony6ni~KOBaHHbre paaee II nony'!eHHhre Terrepb pe3ynbT8Tbi II3MepeHIISI yrno

BbiX pacrrpe.neneHIIH rrpOTOHOB rpyrriTbl ') O 1 COOTB8TCTBYlOllliiX o6pa30B8HIIIO 

SI.llpa 14 N B OCHOBHOM COCTOSIHIIII. I1:1MepeHH8.SI o6naCTb 3HepriiH reniis:r-3 

oxaaTbiBaeT s:rpKo Bbrpa)l(eHHbiH pe3oHaHc I~ccne.nyeMoii peaKUIIII rrpii 2,95 Maa. 

Aaanori~'IHbre pe3ynhTaThi nony'IeHbi .nn5l rpynrr npoToHoB p 
1 

, 

38HHbiX C o6pa30B8HIIeM 
14 

N B B036J)I(.ll8HHb!X COCTOSIHIISIX. 

C.nenaHbi HOBbie II3MepeHI~s:r. yrnoaoro pacnpe.neneHIISI nons:rpii3aUIIII npoTo-

HOB rpyrrrrbl Po .nmr 3H8'!8HIIH 3Hepr IH 
3 

He 2, 78 II 2,95 Maa. nns:r cpe.n-

aero yrna pacceSIHIISI 34 :t 3° II3MepeHIISI nons:rpi138UIIII BbmonHeHbi B 6onee WII-

3 
poKOM IIHTepaane aaepriiH He: 2,48; 2,Bq; 2,78; 2,95; 3,05 Maa. flony-

• 'I8HHbie pe3yllbT8Tbl rrOK838Hbl Ha piiC,59, 0HII CBII.lleTellbCTBYlOT B IT0llb3Y rrpe-

o6na.narowero BKnaaa MexaHII3Ma cocTaBf oro s:rapa a6ni~3II pe3oHaaca 2,95 Maa. 

3TII II3MepeHIISI rrons:rpi138UIIII rrpOTOHOB ( binii C.ll8JI8Hbl C ITOMOlllblO HOBOH CBe-

TOCIIJibHOH M8TO.lliiKII 1 IICIT0llb3Yl0lll8H ITOliSipiiMeTp C KOllbUeBOH 8H8JIII3IIpyromeif 

MIIWeHhlO (pi~c.60). 

2. PeaK ll II s:r 9 Be + t • 11ccne.noaaHbi ~.aaanbi peaKUIIH 9 Be ( t, a 
0

) 
7 Li , 

9
Be(t,a

1
) 

8 Li, 9 Be(t, d
1

) 10 B 9 Be(t, t) 9 Be • I13MepeHbi 4JyHKUIIII 

B036y)l(.ll8HII.H (pi~c.62) II yrnoabre pacrrr:e.neneHH.H .nn.s:r a -Kaaanoa. TinaBHbiH 

PHc.59. 3HepreTH'lecKa.H H yrnoBa.H 38.BH

CHMOCTH ITOIIHpH38.UHH ITpOTOHOB H3 pea.KrrHH 

lf2C( 3He,p) 14N. llyHKTHpHB.H KpHBB.H BBep-

xy - aHepreTH'leCKHii xoa ce'leHHH. Ha. HHlK·

Heii 'lBCTH pncyHKa. KpHBbie A H B aa.Hbi 

/l,JIH JJ,BYX H8.'l8.libHbiX SHeprHii, ITOK8.38.HHbiX 

BBepxy CTpeliKB.MH, .ilBOHHblMH KpeCTH-

KB.MH OTMe'leHbi pe3yJibT8.Tbl .H3MepeHHii1 

BbiiTOJIHeHHbiX pa.Hee JJ,pyrHM MeTO/l,OM, 

FopH30HT8.1IbHbie HHTepBB.libl y 3KCITe

pHMeHT8.1IbHblX TO'leK HB. HH1KH€M pHCyH-

Ke COOTB€TCTBYIOT He yrJIOBOii, 8. 

SHepreTH'leCKOii HeorrpeJJ,eJieHHOCTH, 

PCE,3'f'l 
2,.5 

- 10 ----- ...... 

- zo 

-30 

- '10 (11. 

-50 

PCE,el 

-10 

R 
-20 

-30 

- '10 

-so 

-60 

3,0 MeV 
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Pnc.60. llpHHUHIIHBIIbHBH 

CXeM8 IIOIIHpHMeTpa C 

Konbuesoii reoMeTpneii. -.~~· 

' ,- _ ..:._ __ •. ' -- -i 

1-- •.----· - -- .J 

1 - Mnwenb; 2 - rfionb

ra Al ; 3 - nosywKa; 

4 - KOIIbUeBOH 8H8IIH38-

TOp ; 5 H 6 - rrepBbiH 

H BTOpOii ,aeTeKTOpbi. 

XOa ¢YHKUHH B036y~aeHHH H XapaKTe p 3HepreTHqeCKOH 3aBHCHMOCTH yrnOBbiX 

pacrrpeaeneHHH IIOKa3biBaJOT 1 qTo B HHTepBane B036y~.lleHHH COCTaBHOrO H.llpa 

(12,9 +- 13,7) M3B OTCyTCTByeT pe30HaHCHaH CTpyKTypa, OTMeqaBIIIaSICH pa-

Hee. B rrpe.nrrono~eHHH rrpHMoro MexaHH3Ma anH 3Toli peaKUHH 6bJnH rrpoBe

aeHhl pacqeThl yrnoBhlX pacrrpeaeneHHH no MeTo.ny HCKa~eHHhlX BonH. B cny-

qae KaHana ( t , a 
0

) He yaanocb rroa o6paTb pa3yMHhlX 3HaqeHHH rrapaMeTpOB 

orrTHqecKoro rroTeHuHana; anH KaHana (t, a 1) 

CHe C TeopHeH. 

rronyqeHo KaqeCTBeHHOe corna-

18 

Pnc.6J. TpyiiiiOH HeMeUKHX H COBeTCKH X COTpy,aHHKOB flHt:fJ C03.Q8H CBeTOCHIIb

Hbiil KOIIbUeBOH IIOIIHpHMeTp, KOTOpb!il IIpHMeHHeTCH ,QIIH H3 MepeHHH IIOIIHpH38-

UHOHHbiX 3rjJrjJeKTOB B H,aepHbiX peaKUHHX C 38pH)I(eHHbiMH 'l8CTHU8MH IIpH HH3KHX 

3HeprHHXo Ha CHHMKe (cnesa Haiipas o ): CT, HBy'lHbie COTpy,aHHKH J1.B.CH30B, 

T,3nep H T.llJHpMep rOTOBHT IIOIIHpHMe Tp K H3MepeHHHM, 



PHc.62. C/JyHKIJHH B036yJKII.eHHH 

II.nH .~BYX K8H8nOB pe8KIJHH 

9 Be( t, a) 8 Li 

8 

7 

6 

5 

3 

2 

1-
?A.~~ 
~ 

~ 
~ 

- ~~-

i/00 60( 

0 

fo 
0 ~~ .. 
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0 

lt,l"" .. 
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o"' 

:i;7 
~:' 
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800 /000 
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•T .,. .... ., ..... "'"·• 0 T .... . :.-, .. ·.·.,: · ....... 
PBe(t,ct..,)~ 

. 

1200 JL/00 J500 

3.il p y r He peaK u H n. Ha 8neKTpocTaTnc rHlieCKOM reHepaTope 3f-5 3aBepwe

Hbi H3MepeHH5I peaKUHH 
5
Li ( d, p) 1 Li • nonyt.IeHbl <PYHKUHH B036y:>KaeHH5I, a 

T8K)I(e yrnOBbJe pacnpeaeneHHSI HeCKOnbKlX rpynn TipOTOHOB, COOTBeTCTByroiUHX 

OCHOBHOMy H nepBb!M B036y)I(J:teHHbiM COCT05IHH5IM KOHet.IHOf'O SIJ:tpa 
7 Li , Opea-

BapHTenbHb!H aHanH3 yKa3b!BaeT Ha npec6naaaroiUHH MeXaHH3M Cpb!Ba B 8TOH 

peaKUHH, 

Ha 8neKTpocTaTHCTHt.IeCKOM reHepa~·ope 3f-2 H3MepeHbi an<P<PepeHUHanb-

HbJe cet.IeHHSI ynpyroro pacceSIHHSI Sinep TpHTHSI Ha Kncnopone B HHTepaane 8Hep

rnli 0,7 - 1,7 M8B. 





Jla6opaTOpHH 

BbitlHCJIHT8JlbHOit 

T8XHHKH 

B 1967 ro.z:ty Hayt:IHbie accne.z:tosamr ;r R RH>KeHepHO-KOHCTpyKTOpCKRe pas

pa6oTKR B fla6opaTOpRR Bbl'iRCnHTenbHOP. TeXHRKR R 8BTOM8TR38URR npOBOAR

nRCb no cne.z:tylOWRM HanpasneHR.sJM: 

1. Cos.z:taHae H3MepaTenbHO-Bbl'mcnaTenbHOro KOMnneKca 06'beARHeHHo

ro RHCTRTyTa .sJAepHbiX RCCneAOB8HRH. 

2. Pa3BRTRe MeTOAOB acnonbsosatH.sJ BbP·mcnn.TenbHbiX MaWRH Ha nRHRR 

C 9KCnepRMeHTanbHhlM o6opyAOB8HReM. 

3. Paapa6oTKa a cos.z:taHae cKaHnprlOWRX ycTpoH:cTB a scnoMoraTenbHOH: 

annapaTypbi AnSI o6pa60TKR cpRnbMOBOH llHcpOpMaUHH. 

4. 06ecne'ieHRe no.z:troTasnasaeMwK aKcnepHMeHTanbHhlX accne.z:toBaHaH: 

Ol15U1 R CTpaH-yt:IaCTHRU Ha ycKopHTen'! l1¢B3. 

5. Pa3BRTRe MaTeMaTH'ieCKRX MeToAOB H C03AaHHe nporpaMM o6pa6oT

KH 9KCnepHMeHTanbHhlX A8HHhlX. 

6. Hayt:IHO-aKcnepHMeHTaJ1bHbie Hccne.z:toBaHHSI. 
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C o.:::aaHHe H3MepHTenbHO-Bbl'lHCnHTenbHOrO 

KOMnnexca OH HH 

1. E 3 c M-6. 8 1967 ro.uy B naoopaTOpHH Bbl'IHCnHTenbHOH TeXHHKH H aBTOMaTH-

3aUHH aaqanCSI MOHTa:lK oonhiiiOH Bbi'iH:CnHTenbHOH MaiiiHHbi E3CM-6, 3Ta Ma

IIIH:Ha SIBnSieTCSI O.UHOH H:3 CaMbiX Kpyiif.biX 38M, H3I'OTOBnSieMbiX B CTpaHaX

y'iaCTHHUaX HHCTHTyTa, OcHOBHbie rrapa MeTpbi E3CM-6 TaKoBbi: cpeAHee 6bi

CTpoAet!:cTaH:e - 1 MnH, KOMaHA B C9K) HAY, orrepaTHBHaSI rraM.SITh - 32 TbiCSI

'iH (K) 50-pa3pSIAHbiX enos. MaiiiHHa CllaO)!{eHa Mai'HHTHbiMH oapaoaHaMH, 'iHC

no KOTOpbiX M0)!{9T AOXOAHTh AO 16, .idKOIIHTenSIMH Ha Mai'HHTHhiX neHTaX 

( MO)!{HO IIOAKnlO'iHTh AO 32 HaKOIIHTeneil: 'J' H .UpyrHMH BHeiiiHHMH ycTpOt!:CTBaMH, 

MaiiiHHa E3CM-6 SIBHTCSI ueaTpani.HbiM Bbi'iHCnHTeneM 

HMOCBSI3aHHbiX 38M (CHCT9Mbi MaiiiHH), 

KOMrrneKca a3a-

ilapannenbHO C MOHTa)!{OM E3CM -6 IIpOH3BOAHnacb aBTOHOMHaSI OTnaA-

Ka ycTpOHCTB 3TOH MaiiiH:Hhl, 

.UnSI IIOBbiiii9HHSI a<f><PeKTHBHOCTH HCJIOnh30BaHHSI MaiiiHHbi E3CM-6 B n8T A 

obin pa3paooTaH crrocoo yaenH:'ieHH:.SI eMKOCTH: orrepaTHBHOH rraM.SITH E3CM-6 

AO 64 K cnoa CTaHAapTHbiMH KyoaMH E MKOCThlO 4 K cnoB Ka:>KAbiA. 

Pa3pa6oTaH rrpoeKT TeXHH:'iecKoro 38AaHH.SI Ha IIOAKniD'ieHue K E3CM-6 

.00 8 BHeiiiHHX 38M H ycTpOHCTB, 

ilpoeKT CBSI3H E3CM-6 C MaiiiHHE MH E8CM-4 H C.UC-1604A, a TaK)!{e 

C BH9IIIHHMH 06'beKTaMH rrpHHUHIIHanbHO pewaeT rrpo6neMy pa60Thi M8lliHH 

E3CM-6, E8CM-4 H C.UC-1604A a Cl'CTeMe eAHHoro H:3MepHTenhHO-Bbi'IHC-

nHTenhHOI'O KOMIIneKCa, 

2. MaTe MaTH q e c K o e o 6 e c rr e q e H HE: E 3 C M -6. na6opaTopH:.SI Bbi'iH:CnH-

TenbHOH TeXHHKH H 8BTOMaTH3aUHH COBMeCTHO C PSIAOM COB9TCKHX HHCTHTY

TOB y'iaCTBOBana B pa3p800TK9 rrpoeKT~: CHCT9Mbi MaTeM8TH'I9CKOI'O 06 ecrre

'i9HHSI .onSI cepHil:Horo o6pa3ua MaiiiHHbi E3CM-6. 

8 Te'ieHHe acero I'OA8 B n8TA C•)BM9CTHO c 11¢83 r.nP H UI14>I1 8HP 

HHTeHCHBHO aenacb paooTa rro C03A8HHK• TpaHCnSITOpa c ¢0PTPAHa An.SI Ma

lliHHbi E3CM-6 a paMKax rrpoeKTa CHC~'eMbi MaTeMaTH'ieCKoro o6ecrre'!eHHSI 

AnSI cepHHHOI'O Oopa3U8 M8IIIHHbi, 3aKOH'i aHO H8IIHC8HH9 rnaBHbiX 'i8CT9H TpaHC

nSITOpa H Ha'iaTa 8BTOHOMH8SI OTna.uKa Pllll8 onOKOB TpaHCnSITopa. 

8aeceHhi aeooxo.oHMbie H3MeHeHHSI E OIIbiTHbiH .UHCIIeT'iep MaiiiHHbi 53CM-6 

H pa3paooTaHbi anropHTMbi IIO.AKniD'ieHHs: 1'paacnSITopa c ct>OPTP AHa K MaTe

MaTH'ieCKOMY ooecrre'ieHH:IO OIThlTHOI'O oEpa3Ua. 

no.uroToaneHo OITHCaHHe Sl3biK8 UE =>H-ct>OPTPAH. 3To OIIHC8HHe H3A8HO 

B OI1HI1. PyKorrHCh TaK)!{e Harrpaaneaa f, H3AaTenhcTao "HayKa" AnSI H3A8HHSI 
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.. 
PHc.63. B nBTA BeP. e TCH 

M OHT8)1( 60IIb11IOif 3 /IeKTp OHHOit 

BblqHCIIHTe/IbHOit M811IHHb l 

E3CM-6. H a CHHMKe: qneHbi 

Yqenoro cosera OHHH oc-
M 8 TpHB8IOT 3 8 111 rtl,e MOHTH

p y eTC H M 8 11IHH8 . 

PHc.64. LfneHbi Yqenoro co
BeT a 3H8KOMHTCH C yCTpoit

CTBOM E3CM-6. Ha rrepeP.

HeM ITII8He rrporjJ. T.HeBOP.HH

qaHCKH H H P.HpeKTOp nBTA 
rrpo¢. M.T.Me111epHxos. ,.. 
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a sa.ue KHRrR, Bae.upeaae SI3biKa <POP T PAH B Ol15U1 II03BOnRT socrronb30BaTb

cSI rrporpaMMaMR o6pa6oTKR aKcrrepRMe HTanbHbiX .uaHHbiX R3 UEPHa, a TaK)Ke 

rrporpaMMRpOBaTb HOBbie 38.U8"'R C 6onbiiieil: 8qxpeKTRBHOCTblO. 

ITposo.uanacb pa6oTbi no rro.uroTOBKe R HarracaHRro cTaH.uapTHbiX rrporpaMM 

.unSI B3CM-6. ITpose.ueHbi rroaroTOBR TenbHbre pa6oTbi no co3aaHHlO rrpoeKTa 

MaTeMaTH"l9CKOrO o6ecrre"leHRSI CRCT9Mbl MaiiiRH. 

3.B 3 C M-4. B HOSI6pe 1967 roaa 6brna c aaaa B OIIhiTHyro aKcrrnyaTauaro Bhi"lRC

nRTenbHaSI MaiiiRHa B3CM-4 (pac.65) R rronyqeaa BTopaSI B3CM-4 .unSI JIH<l>. 

Pa3pa6oTaH rrpoeKT rrpacnoco6neHRSI . Ma iiiRHbi B3CM-4 anSI ee pa6oTbi Ha na

HRR C cpR3R"l9CKOil: anrrapaTypoil: na6opa TOpHil: RHCTHTyTa o 

3anyiiieH B aKcrrnyaTauaro HOBbril: TpaacnSITop c AJlfOJia, rroaroToaneaa 

.uoKyMeHTaURSI no ero acrronb30BaHHro. B e.uyTcSI pa6oThi no 3anycKy anbcpa-Tpaac

nsiTopa. 

Co3.uaao ycTpoil:CTBo, rrpe.uaa3Ha"leHaoe anSI rro.uroTOBKH rrepcpoKapT c RH

cpopMauaeil: aa rrporpaMMHbiX SI3hiKax A JifOJI R <l>OPTP AH ( pac.66). Y cTpoil:

cTao IIpOR3BOaRT IIOKOnOHHYlO rrepcpopaURlO rrepcpoKapT B COOTBeTCTBRR C IIpR

HSITOil: CHCTeMoil: KOaRpOBaHRSI, a TaK)Ke C"lRTbiBaHRe R pacrre"laTKY Ha pynoH

HOM TeneTail:rre RHcpopMaURH c rrpo6RThiX rrepcpoKapT. CKopoCTh ycTpoil:cTaa 

IIpR rrepcpopaURR COCTaBnSieT 200~250 CHMBOnOB B MHHyTy, 

4, B hi H 0 C H 0 il: II y Jib T an SI C B SI 3 R 0 II e p aT 0 p a C M a III R H 0 il:, B CBSI-

3R C paCIIIRpeHReM RCIIOnb30BaHHSI 3BM HerrocpeaCTB9HHO B Ka"!eCTBe aKTHB

HOil: "laCTR 8KCIIepRM9HTanbHOil: arrrrapaTypb! BCe 6onee aKTyanbHOil: CTaHOBRT

CSI rrpo6neMa peanH3aUHH acpcpeKTHBHoro crroco6a orrepaTHBHoil: CBSI3H qenoae

Ka c 3BM. 
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Pnc.-66. Y crpolfcrBo P.JHI aJujJaBHTHo-unrjJpoBolf rrep

rjJopauHH H rreqarn c rreprjJoKapT. Y rrynbTa ycra 

.HOBKH : CT.HHJKeHep n.n.llpHX01IbKO H CT8pWHif na-

6op8HT H.H.AMnpxaHoBa. 

Y HHBepcaJlbHbiti: LlHCT8HUHOHHhiti nyJibT CBSI3H (Y nne) 1 C03Ll8HHhiti B nBT A 

( pHc.67) 1 SIBJ1SI9TCSI llOllhiTKOti: pelliHTb STY npo6neMy H .[l89T B03MO)KHOCTb 

K8K pyqgoro, T8K H 8BTOM8THqecKoro BB0Ll 8 B 3B~ p83H006p83HOti 6yKB9HHO

UHQJpOBOti: HHQJOpM8UHH 1 a T8K:lK9 nonyqeHH SI HenocpeACTB9HHO C 3B~ LlOKyMeH

TOB, KOTOphre MO>KHO HCllOJlb30B8Tb 6e3 LlOllOJlHHTeJlbHhiX npeo6pa30B8!lHti. Y nne 

• Pnc.65. B 3ane 3neKTPOHHOif 

BbiqncnnrenbHOif MamHHbi 

B3CM-4. Y rrynbTa orreparo

pbi n.naKOMOB8 H T.Kpoxo
THH8. 

Pnc.67. YHHBepcanbHbiif 1IH

CT8HIIHOHHbiif rrynbT CBH3H 
c 3BM. ,.. 
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o6ecrreT.!:HBaeT ITpSIMYIO CBSI3b C 38M, He Tpe6ySI rrpoMe)!{yTOT.!:HbiX HOCHTene:H: 

HH!fJOpM8UHH H .[{OITOnHHTenbHbiX ycTpOHC ra ITO.[{rOTOBKH. nnSI pa60Tbi C rrynbTOM 

C03.[{8H8 CHCTeMa rrporpaMM. 

Y nne C03.[{8H Ha 6a3e KOMrrneKTH Tenerpa!fJHOH arrrrapaTypbi f np - py

noHHOro TeneTa:H:rra T-63 c rrep¢opaTopoM H TpaHCMHTTepoM - H CHa6)!{eH aneK

TpoHHO:li CXeMOH, o6ecrreT.!:HB8IOIUeH COrJJaCOB8HHe CO CTOHKOH CBSI3H 1 yrrpaane

HHe pa60TOH Tenerpa!fJHoH arrrrapaTypbi H Bbipa6aTbiB8IOIUeH CHrHanbi LlBYCTO

pOHHeH CBSI3H c 3BM ( B3eM-3M). eKopccTb pa6oTbi TeneTa:H:rra - 420 CHMB.IMHH. 

Y nne ycTaHOBneH B 1 KOprryce flB3. 

5." M H H c K-22". B ¢eapane 1967 roaa 6b1na caaHa a aKcrrnyaTaUHIO 3BM 

"MHHCK-22". Ha aToM MamHHe Hana)!{eJia cxeMa CBSI3H c 8 o6'beKTaMH, aae

aeHa a cTpo:H: CBSI3h c MaiUHHOH M-20-1 H H3MepHTenhHbiM ueHTPOM flH<t>. K 

M8IUHHe "MHHCK-22" .[{OITOnHHTenhHO 6bJnH ITO.[{KniOT.!:eHbi 8 MarHHTO<f>OHOB, BTO

poe ycTpOHCTBO ITe'-18TH H <f>oTOBBO.[{. 

6. MaTe MaTH '-I e c K o e o 6 e c rr e '-I e H H ·~ 3 B M "M H H c K-22". npoaoaHnHCh 

pa60Tbi ITO C03.[{8HHIO H ycoaepiUeHCTBOB 3.HHIO CHCTeMbi MaTeMaTH'-IeCKOrO o6ec

ITeT.!:eHHSI anSI 38M THITa "MHHCK". 

Ha 6a3e CHCTeMbi M11e (HHTepr peTaTop H 6H6nHoTeKa cTaHaapTHbiX 

rrporpaMM) anSI 38M "MHHCK-2", C03.[{8HHOH B 0115111 B 1965 roay, B flBTA 

pa3pa6oTaHa HoaaSI CHCTeMa Ml1e anSI MBIUHHbi "MHHCK-22". Dbin HarrHcaH 

pSI.[{ HOBbiX CT8H.[{apTHbiX rrporpaMM ( BI:I.[\8'-18 Ha an<f>aBHTHO-UH<f>porre'-18T8IOIUee 

ycTpOHCTBO rpa<f>HKOB 1 Ta6nHU H Llp.). 

e 03LlaH KOMrrneKCHbiH TeeT rrpoae:r: KH 3BM "MHHCK-22 ". OcaoeH H BHea

peH aaTOKOLl "l1H)!{eHep". HarrHcaHbi rrporpaMMbi aaoaa H pacmH<f>poBKH rrep<f>o

KapT 3BM M-20 Ha "MHHCK-22", '-ITO aano B03MO)!{HOCTh rreT.!:aTaTh rpa<f>HKH 

c rrep<f>oKapT, rronyT.!:eHHbiX Ha M-20. 

Bee aTH pa6oTbi no Mepe HX Bbn:onHeHHSI rrepeaaroTcs:r ao Bcecoi03HyiO 

accouHaUHIO rronh30BaTene:H: 3BM "MHflcK" (r.MocKaa). 

Pa3BW"He Mero,aos ncrroJib30BaHHH Bbi'lHCJIH-

TeJibHbiX M8IliHH H8 JIHHHH C 3KCIIepHMeHT8Jib-

HbiM 06'Jpy,aOB8HHeM 

l.TiporpaMMHOe o6ecrreT.~eHHe <: KCrrepHMeHTa no H3Y T.!:eHHIO 

ITp -paceSIHHSI C HCITOnb30B8HHeM CITeKTpOMeTpa H3 HCKpO-

B bl X KaMe p H a n H H H H c B 3 eM-3M. eoaMeCTHO c nB3 6binH rrpo-

.[{On)!{eHbi HCCnell.OB8HHSI ITO LlBYM H8I1pai>neHHSIM: 
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1. Paapa6oTKa H peanHaauHSI nporpaMM KOHTponSI annapaTypbr c uenblO 

nonyqeHHSI HH¢opMaUHH anSI ITOBblilleHHSI a¢¢eKTHBHOCTH ¢H3H"leCKHX npH60pOBo 

2. TIOBhlilleHHe a¢¢eKTHBHOCTH HCITOnb30BaHHSI Bhl"'HCnHTenbHO~ MOWHOCTH 

CHCTeMbi, rae 38M pa6oTaeT B peanbHO!II MaCIIITa6e apeMeHH. 

B aacToSiwee apeMSI paapa6oTaHbr r porpaMMbr, noaaonSilOIIIHe aeCTH no

CTOSIHHbi~ H HaUe)!{Hbl~ KOHTpOnb BCero KOMnneKCa ¢H3H"leCKO~ annapaTypbi, Ky

aa BXOUSIT ycKOpHTenb, CHCTeMa H36HpaTenhHOrO aanycKa, CITeKTpOMeTp H3 HCKpO-

BblX K8Mep, nepeUalOIUaSI annapaTypa H nHHHSI CBSI3Ho 

Ouao~ H3 Ba)!{He~wHx npo6neM B paccMaTpHaaeMbiX aKcnepHMeHTax SIB

nSieTcSI HCKnlO"leHHe ITOTepH 8KCrrepHMeW'anbHO~ HHlPOPM8UHH C ¢H3H"leCKOro 

06'beKTa. nnSI peweHHSI 8TO~ npo6neMbl f aapa60TaHa OITTHManbHaSI, B paMKaX 

cywecTBYJOIIIero TeXHH"leCKoro o6ecneqeiHSI, opraaHaauHSI o6Meaa HH¢opMa

UHe~ Me:lKUY BHeiiiHHM 06'beKTOM H 3BM. 

B uenSix HaH6onee a¢¢eKTHBHoro H•~nonbaoaaHHSI Bbi"'HCnHTenbHO~ MOIII

HOCTH CHCTeMbl pa6oTa 3BM opraHH30BilHa B pe:lKHMe paaaeneHHSI BpeMeHH. 

K0 -pacnauoa c noMOillblO MeTOUHKH ¢eppHTOBbiX 

H c K p o B bi x KaMe p. Paapa6oTaH Ha"lanhHbi~ aapHaHT o6me~ cxeMbi nporpaM

MHoro o6ecne"leHHSI aKcnepHMeHTa ( COBM 3CTHO c liB3). CoauaeTcSI 6H6nHoTe

Ka CTaHaapTHbiX nporpaMM anSI OT6opa H OIWH"laTenbHO~ o6pa6oTKH none3HbiX C0-

6blTH~. CocTaaneHhi nporpaMMbi Bbi"'HcneHHSI napaMeTpoB V 0 - co6brTH:tl:. 

3. 0 6 p a 6 0 T K a CITe K T p 0 B raM M a- H ~. n y 'I e H H ~ H K 0 H Be p C H 0 H H bl X 

8 n e K T p 0 H 0 B. OcymecTaneHa ( COBMeC1'HO C JIHcf> H JI.HTI) H ycneiiiHO 8KCIT

nyaTHpyeTCSI CITeKTpOMeTpH"'eCKaSI CHCTE Ma anSI H3MepeHHSI raMM8-CITeKTpOB 

paUHOaKTHEHbiX SIUep Ha nHHHH C 38M ,. MHHCK-2" (noaKnlO"leH OCUHnnorpa¢ 

CO CBeTOBbiM KapaHUaiiiOM, CITeKTpOMeT)lH"'eCKOe M03Y, B CHCTeMy KOMaHU 

aaeueaa onepauHSI "+ 1 ", HcnonbayeTcSI ::>6paTHaSI CBSI3b). 

4. TI p or p a M M H o e o 6 e c n e q e H H e c n ·3 K T p o M e T p H q e c K o ~ o 6 p a 6 o T

K H U a H H bl X. 3aaepweH npoeKT CHCTBMbl MaTeM8TH"leCKOrO o6ecne"leHHSI 

UBYXCTOpOHHet!: CBSI3H H3MepHTenbHbiX UeHTpOB C 38M" MHHCK 11
• l1MeeTCSI B03-

MO:lKHOCTb pa6oTbi l1U ll.HTI c Hcnonbaoa.lHHeM yaKot!: Mal:'HHTHot!: neHTbr. CHc

TeMa no caoet!: CTPYKType uonycKaeT nH,6oe pacwHpeHHe aa C"leT cTaHaapT

HbiX nporpaMM, 6ea BCSIKO~ nepeaenKH Ce.MO~ CHCTeMblo 3TO IT03BOnHT B aanb

He:t\:WeM CaMHM ¢H3HKaM ITHCaTb anSI KOHKpeTHOrO 8KCnepHMeHTa CTBHUapTHbie 

nporpaMMbi o6pa6oTKH. B aacToSimee apoMSI coauaa Ha6op CTaHaapTHbiX npor

paMM, IT03BOnSilOIUH~ ¢H3HKaM-8KCITepHMe iTaTopaM BblSICHHTb BOllpOC 0 Ka"leCT

Be npoaeaeHHSI aKcnepHMeHTa. 
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Co3JWHHe cncreM aporpaMM o6pa6or

KH 9KCIIepHMBHT8llbHbiX J(8HHbiX 

P a3BHBanHCb H coseprneHcTsosan:iCb anropHTMhi nn.H rrporpaMM o6pa6oT

KH ~HnbMOBOH HH~OpM8UHH. Tipo,non~anaCb 9KCIInyaTaUH5I H nanbHe:li:rnee CO

BeprneHCTBOB8HHe CyllieCTBYIOWBH B M 3.lliHHHhiX KOA8X CHCTBMhl rrporpaMM Ha 

MalliHHax THIIa M-20, E3CM-3M H E ~CM-4. 

TipOBOAHnHCb pa60Thl IIO C03A8HliiO HOBOH reoMeTpH"'BCKOH rrporpaMMhi, 

IIpenHa3H8'lJ:BHHOH nn.H o6pa60TKH ~HnEMOBOH HH~OpM8UHH C 6onhWHX MHOI'O

o6'beKTHBHhiX IIY3hlpbKOBhiX KaMep. TIJ,OI'p8MM8 IIpHI'OAH8 K8K nn.H o6pa60TKH 

A8HHhiX C BOAOpOAHbiX KaMep, TaK H G KaMep C T.H~BnhiMH ~HAKOCT5IMH. 8 

OIIhiTHYIO 9KCIInyaTaUHIO OHa 38IIYlliBH8 C HIOn.H 1967 rona, IIpOBOA5ITC5I pa60Thl 

IIO COKp8lliBHHIO BpBMBHH C'lJ:eTa IIO Heil. 

Co3naHa rrporpaMMa cTaTHCTH'lJ:ec {OH o6pa6oTKH 9KcrrepHMBHTanbHhiX naH

HhlX H BBAeTC5I rrpo6HhlH C'lJ:eT. 

fpyrrrro:li: "'exocnosauKHX COTPYAHI!KOB, pa6oTaiOmHx s JIBT A, rronroToB

neHhi Ha AJlfOJle nn.H E3CM-4 rrporpaMMhi THrra fPAMH.U, CJIAMC H CAMKC. 

TiporpaMMhl HaiiHCaHhl Ha anb~a-5I3hiK!!, H3y'lJ:aeTC5I B03MO~HOCTb HX 6hiCTpo:li: 

a.QarrTai.mP.: nn.H MalliHHhi E3CM-6 rryTE!M Hcrronb30BaHH.H CHCTeMbi "AnhrH6p" 

( TpaHcn.HTop c anh~a-.H3hiKa Ha E3CM-4, rrpoH3BOA.HWH:li: rrporpaMMhi nn.H Ma

lliHHhi E3CM-6). 

TipOBOAHnHCb pa60Thl IIO C03AaHI' 10 CHCTBMhl rrporpaMM o6pa60TKH naH

HhiX c Hcrronh30BaHHeM S!3biKa <t>OPT => AH nn.H MalliHHhi E3CM-6. 

Pa3BH:"He MaTeMarnqecKHX MeroaoB IIPHMe

HHTenbJ.O K 38/(aqaM HJ(epHOH if;H3HKH H if;H3HKH 

BbiCOKH;C 9HeprHH 

8 JlBTA BenHCb pa6oThl no pa3BHTHIO HOBhiX MaTeMaTH'lJ:BCKHX MBTOAOB 

H C03AaHHIO 9~~eKTHBHhiX anropHTMOB perneHHH 3anaq HnepHo:li: ~H3HKH. HeKo

TOphie H3 9THX HCCnenoBaHHH, HapHAY C 6onhlliHM IIpHKnaAHhiM 3Ha'IBHHBM, rrpen

CTaBnHIOT HBCOMHBHHhlH MaTeMaTH'IBCKH1 HHTepec. 

l.M e T 0 A hi p e ill e H H 5I H e n H H e :li: H hi ( 3 a A a 'lJ: II y T e M B B e ~ e H H H II a

paM e T p a. MHorHe 3ana'IH HnepHo:li: ~!i3HKH rrpHBOAHT K perneHHIO HenHHe:li:HhiX 

~YHKUHOHanbHhiX ypasHeHH:li:. Ehin C03AttH MeTOA perneHHH TaKHX ypasHeHH:li: rrpH 

IIOMOWH BBBABHH5I AOIIOnHHTenbHOI'O H!!IIpephiBHOI'O rrapaMeTpa. p 83pa60T8Hhl 

'lJ:HCneHHhlB MBTOAhl perneHHH, AOCT8TOGHO I'H6KHB H IIpOCThlB B peanH38UHH Ha 
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38M, BO MHOrHX cny'!aSIX 51Bn51IOIUH9C51 6onee aqxpeKTHBHbiMH, '19M cyiUeCTBy-

IOIUHe anropHTMbi. 

2. TIp H 6 n H :lK e H H bl e MeT 011. bl p e Ill e H H 5I ,3 a 11. a 'I Ma TeMaTH'leCKOA 

<iJ H 3 H K H. TipOB911.9Hbl HCCneJJ.OB8HH51 no 6o6IUeHHIO 6eCKOHe'lHOMepHbiA cny-

qat!: OJJ.Horo MeToJJ.a aKaJJ.eMHKa A.H. THxoao aa JJ.nB npH6nH:lKeHHoro pellleHHB Bbi

pO:lKJJ.eHHhlX CHCTeM nHHeAHhlX anre6paH'!e CKHX ypaaHeHHA. Pa3pa6oTaHHhlA a 

na6opaTOpHH M9TOJJ. OTHOCHTCSI K pellleHH IO H9KOppeKTHbiX 3aJJ.a'l. 0H 6bJn npH

MeHeH K npH6nH:lKeHHOMY pellleHHIO 3aJJ.a'!H llHpHxne JJ.nB aonaoaoro ypaaHeHHB. 

p 5111. pa60T llOCB51lll9H H3y'leHHIO yCTOH'lHBOCTH CHCTeM pa3HOCTHbiX ypaB

H9HHA B paBHOMepHOA MeTpHKe. TipeJJ.nO:lK 9 HHa51 3JJ.9Cb TeOpHSI npHM9H519TC51 JJ.n51 

'!Hcneaaoro pellleHHB MOJJ.enbaoA 3aJJ.a'!H p acqeTa JJ.e<iJopMauHA H aanpSI:lKeHHA a · 

Pnc.68. 06pe.6orxe. ljlororpe.

ljlnll, rrony"leHHbiX H8. MeTpOBOJl 

~H~KOBO~OpO~HOJl K8.Mepe, C 

IIOMOII(blO IIpOCMOTpOBOrO CTQ

ne.. He. CHHMKe: He.yqHbiH COT

py~HHK 3.B.K03y6cKHil H ne.-

6ope.HTK8. O.B.Ke.TbiiimBe.. 
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HepaBHOMepHO HarpeTbiX Tenax, B03HHKllleH B CBSI3H C DpOeKTHpOB8HHeM l1EPa-2. 

BenHcb HccneaosaHHSI no paBHOMe paoMy nonHHOMH 9nbHOMY npH5nH~eHHro 

¢YHKUHi1:. Co3aaa HTepauHOHHbiH MeToa OT biG KaHH SI MHoroqneaos aaHny'llllero 

npH6nH:i<eHHSI a ns:r rnaaKH:< ¢YHKUHi1:. M e Toa aocTaTO'IHO n p ocT anSI npaKTH'Iec

Kor o HCnOnb30B8HHSI H SIBnSieTCSI B8CbM8 3KOHOMH'IHb!M C TO'IKH 3peHHSI 3 8 TpaT 

M8lllHHHOrO B p eMe HH. 

3.C T aT H C T H q 0 C KIf e MeT 0 a bl. COBM 8CTHO C J1a5opaTOpH e H SiaepHb!X npo5-

neM BhlnOnHeHa pa5oTa Ha TeMy "llHCK pHMHH8UH R C T8TH CTH'IeCKHX rHnOTe3 C 

HeH3BeCTHbiMH napaMeTpaMH npH 5nH3KH X 3Ha'leHHSIX X 2 " . PaccMoTpeaa 3a

aaqa CpaBHeHHSI f'HnOTe3 , coaep~8lllHX HE!H3BeCTHb!e n apa MeTpbl , Ka~aa SI H3 KO

TOpbl X He npoTHBopeqHT 3 KcnepHMeHTanh HbiM aaHHbiM no x 2 - KpHTepHro. ITo

nyqeHa M8~0pHpOB8HH8SI OUeHK8 BepOSIT HOCTH TOr O, 'ITO, OTB epra SI rH TI OTe3 bi, 

HecKonbKO xy~e onHCbiBaromHe 3KCnepH M eHT, Mbi olllH6eMCSI. OueHK a 6brna yc

nelllHO HCnOnb30B8H8 anSI OT5opa pellleHHH B <lJ830BOM 8H8nH3e HyKnOH-HyKnOH

HOro pacceSIHH SI. 

B coTpyaHH'IecTse c MfY nposen e a pHa Hc c nenosa HHH no nnaHHposaHHID 

·'J KCnepHMe nToB. Co3na H cT aTHCTH'IeC K H fl MeTon n n aHHposaHHSI 3 KCnepHMeHTa B 

cnyqae CHnbHOH HenHHeHHOCTH <fJy HKUH H , CBSI3 biB8IDlllHX H8!10CpeacTBeHHO H3Me pSI-

8 Mb!e seJIH'IHHbi c H3y'laeMbiMH n a p a M c T paMH . ITonroTosneH o53op no MeToaaM 

nnaHHpOB8HHSI <fJH3H'I8CKOrO 3KCDeJl HMeH~a. 

Pa3pa6oTaH BepOHTHOCTHb!H M e TOa pac qeTa HCKa~eHHH H KOppeKTHpOB8HHSI 

CDeKTpOB B SiaepHOH CDeKTpOC KODHH. 
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TipoH3Beaea pacqeT eapHaaToe l'v:eaneaaoro pe3oaaacaoro BbiBoaa rrpo

Toaaoro rry'l:Ka H3 CHHxpo~a3oTpoaa. 

CocTaeneaa rrporpaMMa H rrpoe•~aeH pac'l:eT B1IHHHHSI aenHaeiiaoro pe-

3oaaaca 4-ro rropHAKa e ueHTpanbHOii o6nacTH CH1lbHOTO'l:Horo ~a3oTpoaa c 

IIpOCTpaHCTBeHHO:li BapHaUHeii MarHHTt oro II01IH. 

TipoeeaeHbl HCC1leaoeaHHH OCHOBH !>IX OC06eHH<lCTe:li pacrrpeaeneHHH 31leK

TpH'ieCKOrO II01IH1 B03HHKa101Uero Me>KHY yCKOpHlOlllHMH 31leKTpoaaMH B UeHT

pa1IbHOii o6naCTH CHHXpOUHK110TpoHa. 

2 Jla6opaTOpHH Bbl'iHC1IHTe1lbHO:li TeXHHKH H aBTOMaTH3aUHH B COTPYAHH

'l:eCTBe C Jla6opaTOpHeii aeiiTpOHHOii ~~3HKH C03AaHa MeTOAHKa paC'l:eTa HH

Terpa1IbHbiX xapaKTepHCTHK TpexMepHor•> HAepHoro peaKTopa. CocTaeneaa npor

paMMa pac'l:eTa TpexMepaoro peaKTopa c IIOABHiKHbiM oTpa>KaTeneM MeTo

AOM MoHTe-Kapno. Ebmo paCC'iHTaHo JieCK01lbKO eapHaHTHOB peaKTopa, B pe-

3Y1lhTaTe qero Bhi6paaa OIITHMa1lbHaH reoMeTpHH aKTHBHOii 30Hbl H IIOABHiK

Horo OTpa>KaTe1ISI YfEP-2, o6ecrre'iHBaDlllaH 3aaaHHbie 3Ha'l:eHHH XapaKTepHC

THK HMIIY1lbCHOrO HCTO'iHHKa. 

S.PeweaHe 3aaa'i ~H3HKH aTO!'vHOro Hapa H TeopeTH'l:ecKoii 

~ H 3 H K H. Pe3ynbTaToM coeMeCTHoii A·~HTe1lbHOCTH coTpyAHHKOB JlBT A H JlT<t> 

HBH1ICH BapHaHT KOMn1leKCa nporpaMM 'l1IH HAepHbiX paC'ieTOB. TipoeeaeH pac

'l:eT aarapMOHH'ieCKHX 3~~eKTOB B 'ieTJIO-'ieTHbiX ae~opMHpOBaHHbiX HApaX IIO 

nporpaMMe, co3aaHHoii B paMKax o6we1·o KOMnneKca. KaK 'iaCTb o6mero KOM

rrneKca cocTaeneHhi HOBbie eapHaHTbi n:>orpaMM A1IH pac'ieTa aHeprHii KonneK

THBHbiX COCTOHHHH H Bbi'iHC1leHHH co6c reeHHbiX ~YHKUHH H C06CTBeHHhiX 3Ha

'ieHHH ypaeHeHHH illpeAHHrepa co c~e[H'ieCKHM rroTeHuHanoM CaKcoaa-Byaa. 

Pa3pa6oTaH anropHTM anH Bbi'iHC rreHHH co6cTeeHHhiX 3Ha'l:eHHii H eonHo

BhiX ~YHKUHH 38A8'iH ABYX UeHTpOB KBBHTOBO:li MeXaHHKH, a TaK>Ke MaTpH'l:HbiX 

aneMeHTOB no aTHM ~YHKUHHM. Bbr'l:HC rreHbi Ta61IHUbi MaTpH'l:HbiX aneMeHTOB. 

Hay'fHo-axcnepHMeHTBllbHbie Hccne.aosaHHH 

1. l1ccneaoeaHHe pp - e 3 a H M o a e 1: c T B H H rr pH 660 M a e. Tipoeeaea.a 

o6pa60TKa 3KCnepHMeHTa1lbHOrO MaTepuana no H3y'l:eHH10 Ha CHHXpOUHK110TpO

He Jl.HTI n011HpH3aUHOHHbiX a~eKTOB B HeynpyrHX p p -coyaapeHHHX. l13 500 

TbiCH'i ~OTOrpa~HH C06biTHH, nony'l:eHHbJX Ha HCKpOBOH KaMepe, OK0110 300 Tbi

CH'i H3Mepeao c Hcnonb30BaHHeM nony<:lBTOMaTa TIYOC. 0Tna>KeHhi rrporpaM

Mbi KOHTp01IH H o6IIIaH rrporpaMMa o6p <:i60TKH 3KCnepHMeHT81lbHOrO MaTepHa-

.1Ia aa 3BM anH Bbi'l:HcneHHH 3Ha'ieHHil nongpH3aUHH B aeyrrpyroM pp- pac-

ceHHHH. Ha 3BM "MnHCK"""22" o6pa6oTHHO 50% ~H1lbMOBOH HH~opMaUHH. 
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ilpOBOAHJIHCb AaJibHeAwHe HCCJI8ADBaHHH OAH06030HHOA 06MeHHOA MOA8JIH 

HYKJIOH-HyKJIOHHOro pacceHHHH. nonytWHbl Bblpa)!(8HHH AJIH aMITJIHTYA MaTpHHbl 

HyKJIOH-HYKJIOHHOI"O paCC8HHHH. iloKa:3aHO, 'iTO ytreT T8H30pHoro M830H8 B 

paMKaX OAH06030HHOA 06MeHHOH MOA8ffi[ npHBOAHT K nytrweMy OITHCaHHill 9KCITe

pli:M8HT8JibHbiX ¢aaoabiX CABHroa 3 P H 
3 D 1 HyKnoH-HyKJIOHHoro pac-o, ,2 

C85IHH5I. MeTO.QOM Hali:MeHbWHX KBa.Qpa roB OrrpeAeJieHbl KOHCTaHTbl CBH3H CKa-

JIHpHoro, ITC8BAOCKaJIHpHoro, B8KTOpHb X H TeH30pHOI"O M830HOB C HyKJIOHOM. 

2.11 C C JI e A 0 BaH He B 3 a H M 0 A e ACT B if A 0 T pH U aTe JIb H hi X n H 0 H 0 B C 

rrpoToHaMH rrpH HMIIYJibCe 5 f3B/C. fpyrrrroA <lJH3HKOB JlBTA COBMeCT

HO C JlB3 H I1 ¢83 f JlP B 19.67 roAy Ht:itraTa o6pa60TKa CHHMKOB C MeTpo

aoA BOAOPOAHOA KaMepbl JlB3. 

ilonytreHO 75000 <iJoTorpa<lJHA, Ha"'aT CHCTeMaTH'l:eCKHA npOCMOTp, H3Me

peHHH Ha nonyaBTOMaTaX THrra ilYOC, a TaK)!(e o6ctreT HaA.QeHHbiX co6biTHA. 

HatraT TaK)!(e KHHeMaTH'l:8CKHA aH8JIH3, KOTOpbiA BbinOJIHHJICH no nporpaMMe 

I1<t>B3 fllP (AJIH MaWHHhi CllC-1604A) H rrporpaMMe JlBTA (AJIH MaWHH M-20, 

E3CM-3M). 

3. il 0 A r 0 T 0 B K a T eX H H 'l: e C K 0 r 0 IT }l 0 e K T a y C Ta H 0 B K H C 6 0 JIb W 0 A 

c T pH Me pH o A KaMe p o A An H H c ~~ n e .a. o a a H H A K - p a c n a A o a npo-

BOAHTCH B COTPYAHHtrecTBe c JlB3. B IIBTA pa3pa6oTaHa npH.'IUHnHanbHaH 

cxeMa H noAroToaneHo TeXHHtrecKoe 2aAaHHe Ha CHCTeMy ra3oo6ecnetreHHH 

60JibWOil: CTpHMeraoA KaMepbi. ilpOB8AE Hbl HMITYJibCHhie HCITbiTaHHH reoMeTpHH 

BbiCOKOBOJibTHOrO reHepaTopa AJIH ITHTE HHH <iJopMHpymmeA JIHHHH. 

06pa6oTK8 ¢HnbMOBOH HH¢0pM8UHH 

3a 11 MeCHUeB 1967 rOAa H3M8])8HO 295 Tb!CH'l: CJI8AOB. l13MepHT8Jib

HaH H rrpocMoTpoBaH annapaTypa pa6oT9.Jia HopMaJibHO. CneuHaJIHCTaMH JlBT A 

6bma OKa3aHa ITOMOIIIb B HaJiaAKe nYOCoa B CTpaHax-ytraCTHHuax ( HPE,MHP, 

nHP ,LJ:CCP, CCCP - I1T3<t> H XapbKOB I. B OTAeJie o6pa60TKH ¢HJibMOBOA HH-

<lJopMaUHH 6hiJI ycneWHO rrpoBeAeH 9KOHOMH'l:8CKHH BKCnepHMeHT ITO ITOBbiWeHHID 

DpOH3BOAHT8JibHOCTH TpyAa onepaTOpOB Ha ilYQCax. 

Pa6ora 3neK7'poHHbiX BbJtlHCnurenbHbiX 

M811IHH 

3a ro.a. Ha MaWHHe M-20-1 BhiAa Ho 5850 tracoa none3Horo MaWHHHoro 

apeMeHn, Ha MamHHe M-20-2 ( K 15 ttarycTa 1967 ro.ua) - 3483 traca, Ha 

38M "MHHCK-2" - 7400 qacoa, "MH!!CK-22" - 1200 traCOB, Ha M8UIHHe 

E3CM-3M - 7500 tracoa. 

93 





flonHOCThlO BbiiTOnHeHbl 38SIBKH OT BCeX na6opaTOpHH HHCTHTyTa no no.n

I'OTOBKe .llBHHhlX Ha nep<jloKapTaX H nep~oneHTBX. 

Cn.v)/(6a HHr/JopMaiiHH H MaTeMaTH'leCKoit 

/.1• JKyMeHT8IIHH 

B Te'leHHe 1967 ro.na npoH3BO.llHT. och o<jlopMneHHe MaTeMa,TH'leCKOH .no

KyMeHTaUHH BbrnonaeHHbiX B JlBT A pa6oT H o6ecne'leHHe MaTeMaTH'lecKoA HH-

<jlopMaUHeH <jJH3HKOB H MBTeMaTHKOB nBT A, .npyrux na6opaTOpHH 

COTpy.llHHKOB H3 CTpaH-y'laCTHHU. 

0115111 H 

3a ro.n oQ:!opMneao H BbiiTymeao 98 ny6nuKauuA MaTepuanos MaTeMaTH-

'leCKOH HH<jJOpMaUHH. 

Caa6~anHCh MaTeMaTH'leCKoA .noKyMeHTaUHeH coTpy.nHHKH CTpaa-yqacT

HHU 011HI1 H npHKOMaH.nHposaHHbre pa6oTHHKH~ TaK, s llPB H MoaronHlO oT

npaaneao nonaoe MaTeMaTH'leCKoe o6ecne'reHHe ( onHCaHHSI H nporpaMMbi) .nnH 

MaiiiHHbi THna "MHHCK", s KHllP - Ma~·epHanbr no MaTeMaTH'leCKOMY o6ecne

'leHHlO MBIIIHHbi THna E3CM-3M H THn :t "MHHCK". B Y:exocnosaKHlO, Bonra

PHlO, PyMbiHHlO, BearpHlO, ITonhiiiy, fLlP nocnaaa .lloKyMeHTBUHH (nporpaM

Mbi H onHcaHHH) o sbrnonHeHHH pa6oT aa MaiiiHHe THna M-20. 

flpOH3BO.llHnCH o6MeH MaTeMaTH'l•~CKOH HH<jJOpMBUHeH C TBKHMH y'lpe~

,lleHHSIMH CoseTcKoro Co103a, KaK BU PH CCCP, COAH,I1<PB3, <PTI1 AH YCCP, 

I1T 3¢, 11 HCTHTYT Sl.llepaoii <jJH3HKH ( Am1a-ATa), ¢11 AH H .np. 





Jla6opaTOpHH 

TeopeT:nqecKot.i 

cpH3HKH 

CEwiiCTB8 CHMMeTpHH sneMeHT8pHbiX 

TJ8CTHI! 

BhiHOJIHeH IUiKJI pa6oT no H3Y'-IeHll IO Bb!CWHX CHMMeTpHH C HeKOMnaKT

HbiMH rpynnaMH. f10K838H0 1 '!TO TeOpHIO CHMMeTpHH C 6eCKOHe'!HbiMH MYJib-

THnJieT8MH MO)I{HO noCTpOHTh T8K 1 '!T06bi HMeJia MeCTO HOpM8JihH8SI CBSI3h Me)l{

llY CnHHOM If CT8THCTHKOH. p 8CCM8TpHBaJIHCh JlB8 y HHTapHhiX npeJlCT8BJieHHSI 

rpynnbi JlopeHUa, KOTOpble o6pa3yiOT JIECTHH'!HYIO cepHIO 8TOH rpynnhi. 3uecb 

6biJIO nOK838H0 1 '!TO MaTpH'!Hble 8JieMeH rbi 6eCKOHe'!l:IOMepHOI'O npeJlCT8BJieHHSI 

HMeiOT nOJIIOCa B TOM CJiy'!ae, KOI'Jl8 .oenaeTCSI 8H8JIHTH'!eCKOe npOJlOJI)KeHM:e 

8THX 8JieMeHTOB B KOMnJieKCHOH nJIOCKOCTH napaMeTpOB rpynnbi JlopeHUBo 3TOT 

¢aKT He JlBeT B03MO)I{HOCTH Jl0K838Th JlJISI 6eCKOHe'iHOMepHbiX noneil: TeopeMy 

o CPT-HHBapnaHTHOCTH, cnnae H CTaTHCTHKe. 

f1pOJl0JI)K8JIHCh paHee H8'-i8Tb!e HCCJieJlOB8HHSI B03MO)I{HOCTH noJiy'ieHHSI 

M8CCOBbiX lPOPMYJI B neCTHH'iHb!X npeJlC1'8BJieHHSIX rpynnbl U ( 6, 6) , 6biJIH no-

ny'!eHbi COOTHOIIIeHHSI Me)KJlY M8CC8MH He TOJihKO 6apHOHOB 1 HO H Me30HOB • 

.Uaao o6o6rueane rpynnhi SU ( 6) w aa HeKonnHHeapHbre npoueccbr. P enSI

THBHCTCKaSI rpynna SU ( 6 ) MO)I{eT 6biT :> nOCTpOeHa J:(JISI llBYX'i8CTH'iHbiX peaK-
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U.HH o6wero BHll8, a He TOJlbKO llJl5I KO 1JIHHeapHoro CJiyqag, KBK CT.JHT8JIH pa-

Hee. l1 MeeTC5I uenoe ceMe.i1cTao TaKHX rpynn. B KOJIJIHHeapHoM npenene ace 

OHH nepeXOll5IT B SU ( 6) W • Ha ocHo3e aHaJIH3a aKcnepaMeHTaJibHhlX naH-

HhlX TIO Me30H-6apHOHHOMY pacCe5IHHID H3Y'I8JIHCb HapyweHH5I SU(6)w Bbr-

5ICHeHO, 'ITO CTIHH-T.JeTHOCTb X (960)-Me30H8 HeJib35I C'IHT8Tb ycTaHOBJieHHOH 

9KCTiepHMeHT8JlbHO. l13 H8HlleHHOH M8CCOBOH ¢opMyJibl CJienyeT, 'ITO neB5ITbiM 

nceanocKaJI5IpHbiM Me30HOM 5IBJI5IeTC5I E ( 1920) - MeaoH, a He X (960). 

ilOK838HO, 'ITO ycJIOBH5I CXOllHMOCrH HHTerpaJibHbiX npeo6pa30B8HHH TipH

BOll5IT K p5Illy aCHMnTOTHT.JeCKHX Teope~ THna TeopeMbl iloMepaHT.JyKa. 

J13yqeHHe CTpyKTypbl TeOpHH IIOJIH 

8 H3yT.JeHHH CTpyKTypbl COBpeMeBHOH KBBHTOBOH TeopHH nOJI5I 60JibWOH 

HHTepeC npenCT8BJI5IIDT HCCJieUOB8HH5I, B KOTOpbiX HaMeT.JeHbl nyTH BbiXona 38 

paMKH o6biT.JHOH TeopHH. K HHM npHHan.Ie.lKaT pa6oThi no HeJIHHeHHbiM H Heno-

KBJihHbiM MOtleJI5IM nOJ15I. 

ilpellJIO.lKeHbl HCCJiellOB8HH SI OCHOB :IbiX nocTyJiaTOB KB8HTOBOH TeopHH no

JISI B CBSI3H C 8H8JIHTHT.JeCKHMH CBOHCTE8MH S - MaTpHUblo 

PaccMoTpeHa npo6neMa KBaHTOBai:HSI HeJIHHeiiaoro cKangpaoro noJISI Eop

Ha-l1H¢enbna. l1MeeTCSI TOT.JHOe pewem.e KJI8CCHT.JeCKHX ypaBHeHHH 9TOrO no-

ng. EbiJIO ycTaHOBJieHo, 'iTO peweHne :<:BaHTOBbiX ypaBHeHnii He coananaeT c 

KnaccnqecKHM ( KaK a To nMeeT MecTo B nnHeHHOM cnyqae). TonhKO ynpyraSI 

'i8CTb S- MaTpHUbl naeT CB513b in li OUt onepaTopoB, coananarowyro c 

KJiaccnqecKHM peweaHeM. 

ToT.JHO peweaa 3anaqa KBaHTOBaHJISI Me3oHHoro n aneKTpoaaoro noneil: B 

none nnOCKOH aneKTpOMarHliTHOH BOJIHllo 

K HenaHeil:HbiM TeopnSIM aeCbMa l)nH3KO npnMbiKaroT HenoKanhHbie. Cpe.! 

AH OCHOBHbiX nOCTynaTOB JIOK8JlhHOH TeOplili cyweCTBeHHOe MeCTO 38HliM8eT 

npennoJio:>KeHlie 0 TOM, 'ITO o6o6weHHble ¢y HKllliH, nOSIBJISIIDilllieC5I B 06bi'IHOH . . 
TeOpHH, 5IBJI5IlOTCSI o6o6weHHbiMH ¢yHKiliHIMli yMepeHHOrO pOCTa. 3TO npenno-

JIO.lKeHHe CB5138HO C onpeneJieHlieM J!OK 9.JlhHbiX CBOHCTB o6o6weHHbiX ¢yHKUliH. 

BbiJIH HccnenoaaHbi Monena HenoKanhHor·) B3aliMoneftcTBHSI n aaftneH Knacc peng-

THBHCTCKH-HHBBpHaHTHbiX o6o6weHHbiX ¢l).HKUHH 0 COOTBeTCTBYIDillHH 9TOH MOnenH. 

98 

PHc, 71. B pa6orax Jla6oparopHH reopeTH'leCKoii rjJH3HKH, 

IIpHHHMlliOT yqa,;THe y'leHbie H3 jJll3liH'lHbiX CTpaH, Ha CHHM

Ke ( cnesa Harrp9so): aoKTop X.Pooa H3 TollllllHl1HH, CTH

rreHaHaT Ol1.Rl1 aoKTop K.AxMea H3 llaKHCTaHa H crap

lliHii Hll,Y'lHbiii C1)TPYJ1HHK HryeH BaH Xbey (llPB). ,. 





B 8THX )!(e pa6oTax 6brna rroKa3dHa B03MO)!(HOCTb rrocTpoeHH.H HenoKanh-

HOM s MaTpll:Ubi, KOHe'IHOH ll: yHwrapHOH B K8)!(.[l0M IIOp.H.[lKe TeOpll:II B03-

MymeHnti:. 

TiocTpoeH HeTpnsnanhHbrti: rrpnMeJ KBaHTosoM: Teopnn rron.H c HerrepeHop

MHpyeMbiM B38ll:MO.[leHCTBll:eM. 3Ta M<•.nenb yHHTapHa ll: He CO.[lep)!(ll:T ynbTpa

qmoneTOBbiX paCXO.[lll:MOCTeH. 

PaCCMOTpeHa O.[lHa ll:3 TO'IHO pe llaeMbiX MO.[leneti: TeOpll:ll: rron.H B CB513ll: 

C BOIIpOCOM 0 IIpll:'Ill:HHOCTll: B 8TOH MJ.[lenn. 

Ehrna nccne.nosaHa cTpyKTypa He lepeHOpMnpyeMoti: Teopnn. HaM:.neHo TO'I

Hoe peiiieHne cncTeMhi ypasaeHHti: ills 1Hrepa s rrpocToti: HerrepeaopMnpyeMoii 

Teopll:ll: IIOn.H. Tipll 8TOM 6bin ll:CIIOnb3C BaH HOBbiH MeTO.[l aHanll:Tll:'leCKOf'O IIpO

.[lOn)!(eHH.H ITO KOHCTaHTe CB513ll:, KOTOp ,rti: MO)!(eT 6b!Tb IIpll:MeHeH ll: K ll:CCne.no

BaHll:IO 6onee cno)!(HbiX Teopn:H. 

Ponb reopHH THroTeHHH B reopHH ane-

MeHT8pHbiX lf8CTHU 

Tipo.non)!(anncb nccne.nosaHH.H TeO)ll:ll: T.HroTeHH.H c TO'IKH 3peHH.H peanncTn

qecKoti: peryn.HpH3aunn pacxo.nHMOCTH co6cTseaaoi1: 8Heprnn 8neMeaTapHbiX qac

Tnu. Ebrnn paccMoTpeahr B03MO)!(HOCT.I BKnJO'IeHH.H, KpoMe rpasnTaunoaaoro, 

.npyrnx H3BeCTHhiX rroneti: n nx snn.HHH I Ha co6cTBeHHYJO Macey cncTeMhi. Bhr

rronHeHa pa6oTa no KBaHTOBoti: Teopnn :ron.H B rrpocTpaHCTse .ne CnTTepa. KsaH

TosaHne B TaKoti: Mo.nenn paHee He rrposo.nnnocb. 

MeTo/1. cHnbHbiX B38HMO/l.eHCTBHH 

Benncb nccne.nosaHH.H acni~IITOTH'IecKoro rrose.neHH.H ce'leHHH He-

yrrpyrnx rrpoueccos. Tiony'leHhi pa3nH'IHhre HepaseHcTBa .nn.H ceqeHHH Heyrrpy-

f'll:X rrpoueCCOB MHO)!(eCTBeHHOf'O pO)!(.[lo~HH.H IIpH 3a.[laHHOM yrne BbJneTa O.[lHOH 

H3 KOHe'IHbiX 'laCTHU. 3TH COOTHOIIIeHH>I .HBn.HIOTC.H cne.[lCTBH.HMH o6UrHX IIOCTy

naTOB o6 aHanHTH'IHOCTH n yHHTapHOC1H. 

Tipose.neao nccne.nosaHHe no H3{'1eHHJO ·sepxaero rrpeaena "paaHyca" 

8neMeHTapHbiX '18CTll:U 1 B KOTOpOM 8TO r rrpe.nen IIonyqaeTC.H Ha OCHOBe aaanll:-

TH'IeCKHX CBOHCTB !pOpMcpaKTOpa, B 38 BHCHMOCTH OT MO.[lyn.H !pOpM!paKTOpa B 

cpH3H'IeCKOH o6naCTH 8HHHf'Hn.HUHOHHOrO KaHana. 

PaCCMOTpeHhl o6mHe MeTO.[lbl Oil )e.[leneHH.H CIIHHOB H 'leTHOCTeH 'laCTHU 

H pe30HaHCOB. Ha OCHOBe ll:HBapHaHTHCCTll: OTHOCll:TenhHO BpameHHH ll: OTpa)!(e

Hll:H IIOKa3aH01 'ITO cpaBHeHll:e aCHMMeT Jll:ll: ll: IIOn.Hpll:3aUIIll: peaKUIIH Tll:IIa 0 + t--+ 
-+ 0+ + II03BOn.HeT O.[lH03H8'1HO orrpe,l:lE·nll:Tb OTHOCll:TenbHYIO BHyTpeHHIOIO 'tJ:eT

HOCTb qacTnu. HeaasHo 8THM crroco6oM 6brnH orrpe.neneHbi BHyTpeHHHe 'leTHOCTH 
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PHC. 72. 0P.HOil H3 B8)1(Heil1IIHX IIpOOIIeM, pa3p808TbiB8eMbiX B nTI/11 HBI1H9TCH Te

opHH P.e¢opMHpoBaHHbiX HJJ.ep. B aTHX p a ooTax IIOP. pyxoBOP.CTBOM rrpo¢. B.r.Co
noBbeBa (B IIeHTpe) Y'IBCTBYJOT MOIIOP.bie TeopeTHKH n.MBIIOB (cneBa) H J1.XpHC-

TOB. 

I- H E - rHnepoHoi\. 3aTeM sTOT MeTo.a. 6bm o6o6mea Ha o6IUH~ cny'la~ 

6HH8pHbiX peaK~H~ C y'laCTHeM '18CTHU C npOH3BOni:.HblM CnHHOM. 

PaccMaTpHaanHCb TaK>Ke o6mHe M e TO.D.bi npoaepKH npHHUHnoa HHBapHaHT

HOCTH. npe.a.no>KeH o6IUH~ MeTO.D. npoae pKH CPT-HHBapHaHTHOCTH. noKa3aHo, 

• 
'ITO .D.n5I STOI'O Hy>KHO cpaBHHTb nOnSipH3 8UHH H 8CHMMeTpHH B peaKUHH p + p -+ .. 
... p + p • 

B CBH3H c sKcnepHMeHTaMH aa· ycKopHTene HHCTHTyTa 4>H3HKH BbiCOKHX 

saeprH~ no onpe.a.eneHHro sneKTpoMarHHTHoro <PopM<l>aKTopa nH-Meaoaa pac

CMoTpeao pacceHHHe nH-Meaoaa nonHpH30BaHHbiMH aneKTpoHaMH. HoKaaaao, 

'ITO H3y'leHHe 8CHMMeTpHH B rr e - .pacceHHHH .a.aeT B03MO>KHOCTb Onpe.a.e-

nHTb <PopM<PaKTOp x:IH-Me30Ha. 

HayqanHcb s<P!I>eKTbi noaopoTa cnHHa a Meaoa-HyKnoHHOM pacceHHHH npH 

BbiCOKHX SHepi'HHXo 3TH a<P!I>eKTbl HBnHro TCH e.D.HHCTBeHHblM HCTO'IHHKOM HH4>op

M8UHH 0 CnHHOBO~ CTpyKType B38HMO.D.e~CTBH~, eCnH nonHpH38UHH, B03HHK8-

IDIUSH npH CTOnKHOBeHHHX HenonHpH30B8 HHblX '18CTHU, SCHMnTOTH'IeCKH HC'Ie

aaeT ( K8K STO npe.a.nHCbiBaeTCH TeOpHe~ nonroCOB p e.a.>Ke) • npenno>KeHa HOB851 

nocTaHOBKa onhlTa no H3ytJeHHro napa MeTpa noaopoTa cnHHa (nonSipH3SUH51 

MHWeHH HaiipaeneHa no HMnynbCY H3 HyKnOHa OT.D.8'1H). TaK851 .nOCT8HOBK8 
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OllbiTa HMeeT OIIpe.neneHHbie 9KCIIepH MeHTanbHbie IIpeHMy!lleCTB8 H eCTeCTBeHHa 

C TeopeTH':IeCKOfi TO':IKH 3peHHB. 

Anre6pd TOKOB H aHciiepcHOHHbie IIpaBHna cyMM 

BhmonHeH UHKn pa6oT no nony'leHHIO H rrpHMeHeHHIO .nncrrepcHoHHhiX npa

ann CYMM B TeOpHH CHnhHb!X, cna6b! lC H 8neKTpOM8I'HHTHb!X IIpOUeCCOB. 

l13y':leHbi .nHcrrepcHOHHbie rrpaa :rna cyMM .nnB aMrrnHTy.ll Me3oH-6apHOH

Horo pacceBHHB H ¢0TOpO.lK.ll8HHB M83 OHOB Ha 6apHOH8X B paMK8X SU ( 3)- CHM

MeTpHH cHnbHhiX B3aHMo.neii:cTaHH:. F a3pa6oTaH MeTO.ll .nncrrepcnoHHhiX rrpaaHn 

cyMM .nnB aMrrnHTY.ll Me30H-6apnoHHl:IX aHHHI'HnBUHOHHhiX npoueccoa. MeTO.llOM 

.nncrrepcnoHHbiX rrpaBHn cyMM BhiBe.leHbi H3BeCTHbie cooTHomeHHSI A.nnepa

Ba:Hc6eprepa H Ka6H66o-Pa.nHKaTH. 

J13y':leHa CBB3b CT8THCTH':18CKOJ'O npe.nena .llHCIIepCHOHHbiX rrpaaHn CYMM 

.nng M830H-6apHOHHOI'O pacceBHHB H ctJOTOpO.lK.ll8HHB Me30HOB Ha 6apHOH8X C 

IIO.llXO.llOM, OCHOB8HHbiM Ha KBapKOBOH COCT8BHOH Mo.nenH aneMeHTapHbiX ':18CTHU. 

Dpoae.neHO HCCne.noBaHHe rrpe.n<:TaBneHHH noKanbHOH anre6pbl TOKOB IIpH 

IIOMOillH penHTHBHCTCKOH Mo.nenn KBapKoa. Haii:.neHo Bbipa.lKeHHe .nng aKCHanb

HOH KOHCT8HTbi CBB38HHOH CHCT8Mbl .llBYX ':18CTHU. Dony':leHbl H HCcne.noaaHhl 

penSITHBHCTCKH-HHBapH8HTHbie ypaBHeHHSI, OIIHCbiB810IllHe CBSI38HHble COCTOSIHHSI 

.llBYX ':18CTHU B KBaHTOBOH TeOpHH IICnSI. YcTaHOBneHa CBSI3b 9THX ypaBHeHHH 

C ypaBHeHHSIMH KB83HIIOT8HUH8nbHOI'C IIO.llXO.lla. ~OpMynHpyeTCSI BOIIpOC 0 To

K8X H 3apB.ll8X CBSI38HHbiX COCTOBHHH, KOMMyTaUHOHHbiX COOTHOW8HHSIX, KOTO

pb!M Y.llOBneTBOpSIIOT 9TH TOKH B rrpe,lene 6eCKOHe':IHOI'O HMIIynbC8. 

"CaepXCXO.llSIWH8CSI rrpaBHna cy v£M
11 

o6o6meHhl Ha cnyqafi Hey6biB8IOWHX 

8MIInHTy.ll. Dony':leHHbie rrpaBJWa CYMI'v: II03BOn.SIIOT CBB38Tb rrapaMeTphl BbiCOK0-

9HepreTH':18CKOI'O pacceBHHB C HHTerpanaMH OT nonHblX Ce':leHHfi HnH peanh

Hb!X ':18CTeH aMIInHTY.ll ynpyroro paCCEBHHB no o6naCTH HH3KHX H cpe.llHHX aHep-

I'HH. 

Dpaanna cyMM rrpoaHanH3Hpoa_aHbi .nnB ~p- H K p - pacceBHHB B paM-

Kax Mo.nenH noniOcoa Pe.n.lKe. DoKa3aHo, ':ITO rrapaMeTpbi Pe.n.lKe, rrony':leHHhie 

H3 9THX Ilp8BHn cyMM, HaXO.llBTCB B XOpOWeM COrnaCHH CO 3H8':18HHBMH 9THX 

napaMeTpOB, H3BeCTHblMH H3 aHanH~I8 BblCOK09HepreTH':IeCKOI'O paCCeSIHHSI. 

Hccne.noaaHbl pa3nH':IHbl8 IIpHMe i8HHB .llHCIIepCHOHHblX rrpaann cyMM. no

K838HO, ':ITO OHH MOI'yT 6biTb HCCne lOB8Hbl .nng OT06pa.lKeHHSI COOTHOilleHHit 

Me:.lK.llY Ce':leHHSIMH IIpH BbiCOKHX 9Hepi'HSIX B o6naCTb HH3KHX 9Hepi'Hit. 

B paMKax Mo.nenH, o6'be.llHHBIO!ll{•H TeopHIO non10coa Pe.n:.lKe H cxeMy Ha-

pyweHHOH SU( 3) - CHMMeTpHH, rror:ryqeH PB.ll cooTHoweHHH Me.lK.ny ceqeHHB-

102 



MH Me30H-HyKnOHHhlX H HyKnOH-HyKnOHHhl) CTOnKHOBeHH~ npH BhlCOKHX SHeprH-

fiX. 

flOK838H0 1 'ITO M8CCOBb!e cjJopMynbi E HapyiiieHHO~ CHMMeTpHH MoryT 6biTb 

nony'!eHbl K8K cneACTBHe onpeAeneHHOrO iiCHMnTOTH'leCKOro noBeAeHHfl aMnnH

TYA paCCef!HHfl BeKTOpHhlX Me30HOB Ha M930H8X H 6apHOH8X 1 6ea AeTanbHOro 

3HaHHfl anre6paH'!eCKHX CBOHCTB B3aHMOJle~CTBHfl 1 HapyiiialOIIIero CHMMeTpHlO. 

flpOBOAHnHCb HCCneAOBaHHfl B03MO)llHOCTH KOBapHaHTHOH tPOpMynHpOBKH 

anre6pb! TOKOB. 

J1pH6JIH)KeHHbie MeTOP.bl B TeOpHH TIOJIH 

3aBepi1IeH 6onbiiiO~ UHKn HCGneAOBaHJI~ ·no CTaTHCTH'!eCKHM MOAenfiMo Bbi

fiCHeH CMbiCn cPYHKUHH o6pe3aHHfl B CTaTJICTH'!eCKHX MOAenfiX. noKa3aH0 1 'ITO 

OHa y'!HTb!BaeT scjJcjJeKTb! HeynpyrHX B3aH \I,[OJ:leHCTBHH 1 HnH HH8'le - aHHHrHnfi

UHOHHb!H KaHan. 

C noMOIIIblO oco6oro pOL\8 AHarpaMMHO~ TeXHHKH Ha~AeHO ypaBHeHHe KBa-

3HnOTeHUHanbHOrO THna Anfl penf!THBHCTCI:O~ aMnnHTYAbl paccefiHHfl CKangpHbiX 

'!aCTHU. noKa3aHO TaK)Ke 1 KaK AaHHh!H qopManH3M MO)KeT 6b!Tb npHMeHeH B 

CKan.srpHOM cnyqae. npoBeAeH nocneAOBa renbHbiH aHanH3 cnHHOBbiX CTpyKTyp 

KBaannoTeHUHana. Ha~AeH penf!THBHCTCKH~ aHanor TpexMepHoro KOHcjJHrypa

UHOHHoro npocTpaHCTBa. PaaBHTbiil: cjJopMaHH3M qpe3Bhi'lail:Ho 6nnaoK K o6hi'!Hoil: 

HepenfiTHBHCTCKO~ TeOpHH. 3TO n03BOnfleT HaAef!TbCfl1 'ITO npH TaKOM nOAXO

Ae MO)!{eT 6biTh nonytieHo aASKBaTHoe perf!THBHCTCKoe o6o6rneHHe HAeil: PeA)!{e. 

noKa3aH0 1 'ITO peJ:l)KeBCKHil: napaMeTp a ( t) HMeeT npOCTYlO cPH3H'!eC

KylO HHTepnpeTaUHlO B penf!THBHCTCKOM pacCefiHHH B KnaCCH'!eCKOM cnyqae. npH 

STOM Ha~AeHo: a(a+l)<O . 3To COOrBeTCTByeT no.siBneHHlO nHIIIb yHHTap

HhiX npeACTaBneHHil: rpyrrnbi nyaHKape B paano)KeHHH 8MIInHTYAhl pacce.siHH.si. 

nony'!eH T8K)Ke Hepen.siTHBHCTCKHii aHaJJor "AO'IepHHX" TpaeKTOpHii PeA)Ke. 

EbinH paCCMOTpeHbl MOAenH 6apHOHC B H Me30HOB Ha OCHOBe MOAenH KBa-

3HHe3aBHCHMb!X tiaCTHU. B npeAnono)!{eHHI, 'ITO KBapKH ABH*YTCfl B HeKoTopoM 

ycpeAHeHHOM none, C nOMOIIlblO ypaBHeHitsl nHpaKa Anfl OTAenhHbiX KBapKOB Hail:

AeHhl BOnHOBbie cPYHKUHH 6apHOHOB H Me:: OHOB. B TaKOil: npOCTOH MOAenH Bbi

'!HCneHbl MarHHTHb!H MOMeHT HyKnOHOB 1 OTHOIIIeHHe g ,( Kv H sneKTpOMar

HHTHbl~ paAHYC IIpOTOHa. nony'!eHHbie pe:1ynhT8Tbl HaXOAfiTCfl B XOpOIIIeM cor

naCHH C 9KCnepHMeHTOMo 

npOAOn)KanHCb pa60Thl no H3y'leHHD KBapKOBOil: MOAenH sneMeHTapHhlX 

'!8CTHU. Ebina paCCMOTpeHa B03MO)!{H0CTb nony'!eHHfl COOTHOIIIeHHH Me)!{AY non

HbiMH H HeynpyrHMH AHcPcPepeHUHanhHb!MH 1;e'leHHfiMH paccef!HHfl aApOHOB B npeA

nonO)!{eHHH1 'ITO Me)!{AY KBapKaMH Aeii:CTHYlOT 'J'OnhKO TpexqaCTH'!Hhie CHnhi, a 
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I 

.uayxqacTifliHhie - TOllbKO Me)K.uy Kaap <aMH II aHTIIKBapKaMII. B pe3ynbTaTe 6br

no YCT8HOB1IeHO, '<iTO 6apiiOH-6apiiOHH ble II 6apiiOH-Me30HHbie CT01IKHOBeHHSI He 

MOryT .[{8Th HH¢opM8UHII 0 XapaKTepe KB8pKOBhiX CH11, noCK01IbKY 8TH COOTHQ-

illeHHSI COBna.uaroT C COOTHOilleHIISIMII,nOny"l:eHHbiMII B npe.[{n01IO)KeHHH napHoro 

xapaKTepa CIIn. TaKIIM o6pa3oM, Ton1 KO Me3oH-Me3oHHhie cTonKHOBeHIISI MoryT· 

.[{8Tb IIH¢opMaUIIID 0 xapaKTepe B381IMO.[{eikTBIISI. 

CBo:ircTBa CHMMeTPHH H cna6bie B3a

HMoaeiiCTBHH 

l13y"l:aniiCb HenenToHHhre pacrraJJ h} a.upoHOB c HecoxpaHeHHeM "l:eTHOCTH. 

B paMKaX nonroCHOH MO.Ue1IH C raMII11 :>TOHIIaHOM TOK X TOK nony"l:eHbl aMn1IIITy

.[{bl pacna.uoa H npe.uno)KeH MexaHII3M npaaiina oT6opa 11 T =1/2 • 3TH )Ke pac

rra.Uhi 6hinii paCCMOTpeHbl Ha OCHOBe MO.[{enH KBapKOB .• floKa3aHO, KaK pa3pe

ill8eTCSI H3BeCTHhiii: rrapa.uoKc, cast3aHHhiH c pacrra.uoM K 0 -+ 2 rr • 

CHllbHbie H aneKTPOMarHHTHbie B38HMOl!ei1-

CTBHH H CTpyKTypa HYKliOHa 

CoaMeCTHo c rpynnoii: aKcnepiil\1 eHTaTopoa J1B3 npoae.ueHa 6onbrnast pa-

6oTa no II3y"l:eHIIro pa.uHaUIIOHHbiX pacr1a.uoa aeKTopHbiX Me3oHoa. B qacTHOCTII, 

6blll nocTaaneH H npoae.neH 8KcnepiiME HT no H3MepeHIIID illiipiiH nenTOHHhiX pac

na.UOB e+~- Heii:TpanbHhiX aeKTOpHbJX Me30HOB ( p, Ct.J, ¢) • Pe3ynbTaTbi aToii: 

pa60Tbl IIMeroT 601IbillOe 3Ha"l:eHHe .[{J: SI rrpoaepKli cne.[{CTBHH yHHTapHOH CHM

MeTpHH H MO.[{enli BeKTOpHOH .[{OMHH8ITHOCTH 81IeKTpOMarHHTHbiX B38HMO.[{eH

CTBIIH a.upoHOB. 

8hiiT011HeH UIIK11 pa6oT ITO HCC1Ie Cl0B8HHID npaBH11 CyMM H IIX npiiMeHeHHID 

K B381IMO.Ueil:CTBIIID ¢oTOHOB c HyKnoH.lMII II MpaMH. flony"l:eHhi TO"l:Hbie npaBII

na CYMM1 CBSI3biB8IDillHe CT8THCTH"l:eC Klie XapaKTepHCTHKli CHCTeM ( pa.UHYChi, 

MarHHTHbie MOMeHThl H T.ll.) C HHTeq•anaMH OT Ce"l:eHHH ¢oTonornorneHHSI. l13y

"l:eHhl C1Ie.[{CTBHSI aCHMITTOTH"l:eCKHX CBC•HCTB CHMMeTpHH .[{1ISI cna6biX H 81IeKTpo

MarHHTHbiX aepillHHHh!X ¢YHKUHH H I1pi1MeHeHHe rrpaBH11 cyMM, BbiTeKBIDillHX H3 

anre6pbl TOKOB, K M81IOHYK1IOHHblM CHCTeMaM ( TO"l:Hbie npaBH118 CYMM .[{1ISI Ce-

"l:eHHH ¢oTopacmenneHHSI st.nep d 3fi , 3He ) . 
PaCCMOTpeHbl Cne.[{CTBHSI B03MO:li~Horo HapyrneHHSI .[{HCKpeTHbiX CHMMeTpHH 

(CPT) B 81IeKTpOMarHHTHhiX B38HM<•.UeHCTBHSIX, B "l:8CTHOCTH, B rrpoueccax 

paccestHHSI 81leKTpOHOB Ha CHCTeMaX C Bb!CillHMli CITHH8Mli (JleHTOH li T • .[{.) • 

flpoae.neH UHK11 pa6oT no MHO)KE!CTBeHHOMY pO)K.[{eHHID "l:8CTHU B paMKaX 

rrpe.uno)KeHHOH yHHTapHo-CHMMeTpH"l:Hoil: CTaTHCTH"l:eCKOH Mo.uenH. Ehma rroKa-

3aHa B8)KH0CTb MHOrO"l:aCTH"l:HhiX B38liMO.[{eHCTBHH H He06XO.[{HMOCTb HX y"l:eTa 
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npR RCC11et:{OBaHHH B3aRMOJ:{eiiCTBHJ:i: HyK11C•HOB H Me30HOB B o6naCTH 3HeprH:fi 

1t- 10 rae. 
l13yT.:J:anc51 KaCKat:{Hhiii MeXaHH3M B3aH:MoaeiicTBH51 OhiCTPhiX aeiiTOHOB c 

MPOM, RCcneaoBanHCb BonpOChl B3aHMOJ:{e:fiCTBH51 BhiCOK03HepreTHT.:J:eCKHX HyK-

110HOB C BeWeCTBOMo 

CPT- TeopeMa 

l13yT.:J:anac~:> B03MO>KHOCTb HapyweHHS! CP- R T-HHBapRaHTHOCTH. uocTpo

eHa reoMeTpHt:IeCKa51 TeOpH51 811eKTpOM8rERTHOro IT01151 H ero B3aHMOJ:{eJ:l:CTBH51 

co cnRHOpHhiMR T.:J:aCTHUaMH, aapywaJOwerc· CP- H T-HHBapHaHTHOCTb. Hccne

aoaaHhi 8KCnepHMeHT81lbHbie nyTH" OOHapy;KeHH51 TaKOrO B3aHMO,I:{eJ:l:CTBH51o 

Bhmu uccneaoaaHhi aeKOTOpbie B03MO)KHOCTH, KOTOPhle MornH Obi noaec-. 

TH K ri051B11eHHlO pacna,I:{OB K 0 
.. 2rr B BdKyyMe Ha 0011bWHX paCCT051HH51X OT 

MHWeHH 6e3 aapymeHHSJ CP-HHBapHaHTHoc TH. 

TeoTJHH KBB3H':lBCTH':lHbiX H dJoHOHHbiX B03-

6yJKAeHHil cno)KHbiX smep H sraepHbiX peaK

IlHi1 C llOTeHUHBnOM C pa3MbiTbiM KpaeM 

TeopeTHKH HHCTHTyTa COBMeCTHO C: COTpyaHHKaMH flBTA npoaon>Ka11H 

pa3paOOTKy MeTOJ:{OB pacT.:J:eTa H COCTaBn 3HHe et:{HHOJ:l: nporpaMMhl KOMnneKCa 

BhiT.:J:Hcneauii Ha B8CM-6. B paMKax aToJ:l: 3aaaqu 3aaepweaa pa3pa6oTKa H HC

cneaoaaHa TOT.:J:HOCTb npH6nH>KeHHoro MeTc•aa p.c:tcT.:J:eTa ypoaaea cpeaHero nonst • 

.Unst noTeHuHana Bynca-CaKcoaa oTpa6oTaHa cxeMa ypoaaeii anst 51nep peaKo-

3eMen~:>Hoii o6naCTH. CocTaaneaa nporpaMMa nnst pacT.:J:eTa MaTpHT.:J:HhiX aneMeH

TOB MY11hTHnonbHhiX nepexoaoa c aonHOBhiMH ¢yHKUH51MH noTeHUHanoB HHn~:>cco

Ha H Byaca-CaKcoaa. 

CTpyKTypa cnoJKHbiX smep 

lliHpOKO BeaeTCSI H3yT.:J:eHHe KBa3HT.:J:a,~THT.:J:HblX H KOnneKTHBHblX COCTOSIHHJ:l: 

ae!lJopMHpOBaHHhlX staep. PaCCT.:J:HTaHhl OllltOlPOHOHHbie COCTOSIHH51 ,!:{1151 001lbWOJ:l: 

rpynnhi gaep .. Hccneaoaaaa aarapMOHHT.:J:HOCTb oaao!lJoaoHHhiX Kone6aTenbHhiX 

COCT051HH:fi H ITOK838HO, T.:J:TO OH8 Mana A1151 CH11bHOJ:{9lPoPMHpOBaHHhiX gaep H yae-

11HT.:J:HB89TC51 an51 gaep nepexonaoii o6nacTH. 

flpoaeneHbl paCT.:J:eTbl paBHOBeCHhiX no!lJopMaUHii OCHOBHhlX COCTOSIHH:fi T.:J:eTHO

T.:J:eTHblX staep. PaccT.:J:HTaHhi paaaoaeCHhie ae!lJopMaUHH Bo36y>KaaeMhiX cocTo-

51HHii u uccneaoaaaa B03MO>KHOCTb cymec raoaaHH51 H30MepoB !lJopMhi. H3yT.:J:eHhi 

napHhie Koppen51UHH caepxnpoaoastmero Turra anst staep B o6nacTu 100 <A <256. 
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Yl CCJie,[lOBaHa pOJib CIIHHOBb!X B38HMO.[leHCTBHH B KOJIJieKTHBHOM ABH:lKeHHH 

B Bapax H EO - rrepexoaax, Knacc~: tPHUHpoeaHhi 
+ 0 - B036y)K.[leHHbie COCTO-

5IHH5I 5!Aep. 

Ha'IaTo H3y'IeHHe p5Iaa ceoii:cn. KpyrnbiX Mep. Ha 6a3e MHKporaMHJihTo-

HHaHa c rrapHhiMH H KeaapyrronhHhiM~ CHnaMH rrpoaaanH3Hpoeaaa ponh aarap-

MOHH'IeCKHX IIOIIpaBOK H IIpOBe.[leHbl paC'IeThl KBa.UpynoJihHbiX H M8rHHTHbiX 

MOMeHTOB 'IeTHhiX 5!Aep. 

11ccneaoeaHhi H3o6ap-aaanoroBhie cocT05IHH5I B Bapax c GaMKHyToii: aeii:

Tpoaaoii: 060JIO'IKOH. l13y'IeHbi CBOHCTB8 HH3KOJle)KamHX ypOBHeii: p5I.[l8 He'IeT

HhiX KpyrJibiX 5I.[lep nyTeM BBe,[leHH5I OCT8TO'IHhiX B38HMO.[leii:CTBHH. npo.[l0Jl)K8-

JIHCb. pa60Tbi no TeOpHH OCT8TO"'HOI'O B38HMO.[leHCTBH5I B 5I.[lpaX H no TeopHH 

epameHH5I Bapa. Ha'IaThi pa6oThi no orrpeaeneHHIO CKopoCTH 8JieKTpOMarHHT

HhiX nepeXO,[lOB B 5!Apax Me)KAY COC"05IHH5IMH C pa3HOit .ue¢opM8UHeii:. 

flt:~epHbie peaKilHH 

npoBe.UeHbl HCCJie,UOB8HH5I pea {UHii CpbiB8 H8 ae¢opMHpOB8HHbiX 5I,UpaX, 

H Ha 6a3e AH¢paKUHOHHOro MeTO.Ua ,J,aH p5IA tPH3H'IeCKHX HJIJllOCTpaUHH K 8TOit 

TeOpHH. p 83p860T8H BbiCOK08HepreT:f'IeCKHii: MeTO,[l OnHC8HH5I IIOTeHUH8JlbHOrO 

pacce5IHH5I 'I8CTHU Ha 5I,Upax. npo.UC•Jl)K8Jl0Cb H3y'IeHHe ynpyroro pacce51HH51 

8neKTpOHOB Ha 5!Apax c y'IeTOM BO~I6y)KJleHH51 o.uaot!Joaoaaoro ypoeag. 

C03,[l8H MeTOA OIIHC8HH5I peaKUEH C nepepacnpeaeneHHeM 'I8CTHU, He Tpe-

6ylOmHii: npeanoJIO)KeHH5I 0 M8JIOCTH B38HMO.[leHCTBH510 H H8'I8Thi npHKJ18,UHbie 

paC'IeThi. 06o6meH MeTOA e.[lHHOii: TeOpHH 5IAepHbiX peaKUHH C yqeTOM TO)K,[leCT

BeHHOCTH 'IaCTHU. PaccMaTpHBaJIHCh eonpocbi KoppeKTHOCTH MeTo.uoe e.uHHoit 

TeopHH. Pa3pa6oTaH rro.uxoa K TeopiiH aeynpyrHx npoueccoe. 

BeayTC5l pa6oThi aaa TO'IHO pemaeMoil MoaenhlO pe3oHaacaoro pacce5IHH5I. 

11ccneAOB8JIHCh KOHKypHpyiDmH•~ npOUeCCbl o6pa30B8HH5I KOMnayHA-51Apa 

H IIp5IMhiX peaKUHH C y'IaCTHeM HOHOI· 
6 Li • l13y'IeH T8K)Ke MeXaHH3M rrp5I

MbiX peaKUHii: Ha nerKHX Bapax c y'IHCTHeM 6onee CJIO)KHbiX 'IaCTHU, paccMOT

peH BOIIpOC 0 crreKTpOCKOIIH'IeCKOH HI-tPOpM8UHH 1 IIOJiy'IaeMOH B T8KHX peaKUH5!Xo 

HeKOTOpbie BOIIpoCbi TeopHH nerKHX flt:(ep 

H flt:lepHbiH 38XB8T Me30HOB 

npoeeaeHbl paC'IeTbl aCHMMeTpliH Heii:TpOHOB B ~ -GaxeaTe, o6ycnoe-

neaaoii: aeyxHyKnoHHhiM MexaHH3MOM nornomeHH5I. 

11 CCJieAOB8Hbl CBOHCTBa 5!Aep . 5 C , 15 N 15 o - 6eTa-pacnaa, Y -

nepeXO,[lbi, rHraHTCKHii: AHnOJibHbiH pn30H8HC. 

l13y'IaJIHCb peaKUHH Bbi6HB8HH5I 1 IIOAXB8T8 8CCOUH8UHH HyKJIOHOB C UeJibiD 

H3y'IeHH5I rrpaBHJibHOCTH rrpeanono)KeHHii: MoaenH o6ono'IeK. 
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flJTeHUH8ll HyKllOH-HYKllOHHOrO paCCeHHHH 

H pactJeT OC.HOBHbiX X8p8KTepHCTHK H;:(ep. 

M 930HHaH reopHH HaepHbiX cHn 

npoBe.r:teH 8H8nH3 8KCnepHM8HT8ni:HhiX .(l8HHbiX no ynpyroMy HyKnOH-HyK

nOHHOMY pacce.SIHHIO ao 330 Msa Ha o:::Hoae pa3pa6oTaHHo:fi Me30HHO:fi TeopHH 

.SI.r:tepHoro nOT8HUHana. 8hi":IHCneHhi MaTpH':IHbie 8neMeHTbi 38BHC.SIIUero OT CKO

pOCTH HyKnOH-HyKnOHHOro noTeHUHana, cneayroruero H3 Me30HHOH TeOpHH, H 

paCCMOTpeHbi 8HanorOBbi8 IIOT8HUHanbi ;:IyKnOH-8HTHHyKnOHHOrO B38HMO.r:te:iicTBH.SI. 

Heroropbie BOIIpOCbi 3B!1B'lH MHOrHx Ten, 

IIpH.IOl!feHHH K KOH;:(eHCHpOB8HHbiM cpeaaM 

Pa3BHB88TC.SI MeTOAHKa ABYX BpeMeHHhiX cpyHKUHH rpHHa B 3a.(la':IaX CTa

THCTH':IeCKOH cpH3HKH. npoBe.r:teHO H3Y'i4mHe cerHeT08neKTpHKOB C BOAOPOAHOH 

CB.SI3biO H npe.r:tno:>KeH M8TOA yt:IeTa aHrnpMOHH':IHOCTH BbiCil!HX nop.SIAKOB B KpHC

Tannax. 

npo.r:tOn:lK8IOTC.SI HCCne.r:tOB8HH.SI sneKTpOH-cpOHOHHbiX B38HMO.r:l8HCTBH:fi B He

H.r:teanhHhiX KpHCTannax, B8.r:l8TC.SI p8C'i8T KHH8TH'i8CKHX K08cpcpHUH8HTOB. l1ccne

AOB8H8 ':18CTOTH8.SI 38BHCHMOCTb sneKTpOnpOBOAHOCTH MeTanna C HeMarHHTHbiMH 

npHMeC.SIMH B Il!HpOKOM HHTepaane ':18CTOT H T8MIIepaTyp. 

l1GyqaeTC.SI anH.SIHHe npHMece:fi a MarHHTHhiX KpHCTannax. CoaMeCTHO c 

l1HCTHTyToM cpH3HKH MeTannoa AH CCCF' npeano:lKeHa MeTOAHKa H3MepeHH.SI Mar

HeTOHHoro cneKTpa H.r:teanhHoro KpHcranna Ha ocHoae pacce.SIHH.SI He:fiTpoHoB 

B MarHHTHOM KpHCTanne C npHMeC.SIMH, npoae.r:teH pacqeT noKanbHbiX KOne6a

HHH npHM8CHbiX 8TOMOB B MeTannax THna Me.r:tH H Cp8BH8HHe C 8KCnepHMeH

T8MH nH<t> ITO pacce.SIHHIO He:fiTpOHOB I· MeTannax C npHM8C.SIMH. 

JlpyrHe pa6oTbi 

3aKOH':IeHa pa6oTa no HHTepnpe,·auHH 8KCIIepHM8HTOB 1 KOTOpbie o6Hapy

:lKHnH, 'iTO .SI.r:tepHa.SI peaKUH.SI rr- + p-+ r· 0 + n a aoae H apyrHx aeruecTaax 

THna Z m H n , coaep:lKaiUHX aoaopot:t noaaaneHa npHMepHo ua aaa nop.SI.r:tKa 

no Cp8BH8HHIO C peaKUHe:fi B ':IHCTOM BO.r:tOpO.r:te. Y CT8HOBneHa IIpH':IHH8 8TOrO 

8cpcpeKT8: OK838nOCb 1 'iTO 38 Hero OTBe rCTB8HHhi XHMH'i8CKHe CHnhi M8:lKAY 8TO-

M8MH H H Z • Ha 8TOH OCHOBe Hpeano:lKeH M8TOA 1 n03BOn.SIIOIUHH OTnH-

':18Th CB.SI38HHhiH BOAOpOA OT CB060.r:tHC ro. 

Peil!eHa Gaaaqa aayx ueHTpoa ~aaHToao:fi MexaHHKH. Ha sTo:fi ocHoae 

CcpOpMynHpOB8H 06IUHH IIOAXO,'l K pellleHHIO 38.(l8':1 paCCe.SIHH.SI C yqacTHeM Tpex 

'iaCThU, B38HMoae:ficTBYIOIUHX no 3aKoHy KynoHa, H Bhi':IHcneHa 8HeprH.SI CB.SI-

3H CHCT8Mhi. 
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• III. C03}~AlME 

3KCHEPHMEHTAJlbHOH 

AHHAPA1'YPbl 

l1 PABOTA 

OCHOBHNX YCTAHOBOK 

B 1967 ro~Y 
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Jia6opaTopw.s 

BbiCOKHX 

~Heprwii 

UcxpoBbie xaMepbi H anexTpOHHKa 

B 1967 roay B na6opaTopnn npoacn~anocb pa3BRTne MeTOARKR 6ec~nnb

MOBbiX RCKpOBb!X KBMep. 

1. Pa3pa6oTaH npoeKT aoaoH: cncTeMbi ll(arHnTocTpHKUROHHbiX ncKpo-

B bl X KaMe p Ha nRHRR C sneKTpOHHO.i BbJ''iRCnlaTenbHOH MBiliRHOHo 3Ta CRC

TeMa BKniO'laeT B ce6SJ yHR~RURpOBaHHb!e RCKpOBbie KaMepbi, perRCTpnpyiOlUYIO 

sneKTpOHHyiO annapaTypy R sneKTpOHHYIO Bb!'IHCnnTenbHyiO MaWHHy THna 

E3CM-3 nnn E3CM-4. 11cKpOBb!e KaMepb! - MHOI"OTpeKOBbie. nnaHnpyeTcg 

R3I"OTOBneHRe 6onhiliOH nap~RR RCKpOB~X K8Mep (oKono 150 IliTyK) AnSI HeC

KOnbKHX 8KCnepnMeHTOB. 3neKTpOHHag 9nnapaTypa ITOCTpOeHa Ha OCHOBe IliR

pOKOI"O npHMeHeHRSJ RHTerpanbHb!X MR:KpOMOAynbHbiX CXeM. nepBbiH oopa3eU 

ycTaHOBKR npeanonaraeTCSJ M:cnonh30Ba'!·h ang npoaeaeHRSJ K0 -Me30HHoro sK

cnepnMeHTa B 11<l>B3. 

2. C03A8Ha HOB851 8KCnepHMeHT8nbHaSJ YC'I aHOBKa C R C K p 0 B bl M R KaMe paM R 

C ~ e p p R T 0 B bl M C 'be M 0 M R H ~ 0 p U aU H R, pa6oTaiOIUaSJ Ha nHHHR C sneK

TpOHHOH Bbi'!RcnuTenbHOH MawnHoH: E::: CM-3M. Y CTaHOBKa noaroToaneHa K 

npOBeAeHHIO TeCTOBOI"O 8KCITepnMeHTa Ha CRHXp0~830TpOHe. 
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3. C03A8H li 3M e p liTe n h H hi H U e H T p n a 6 0 paT 0 p 1i H, B KOTOpOM COCpeno-

ToqeHa cnenyiDmag 9neKTpOHHag arrrrap a Typa: 

a) CHCTeMa perHCTpaUHii KOOpAH H8T nng MarHHTOCTpHKUHOHHbiX HCKpO-

BbiX KaMep; 

6) CHCT8Mbl 

B) ,'J.Ba 10 -

c 3BM; 

r) TeneTa:il:rr; 

112 

rrpHeMa KOOpAHH8T C ~eppHTOBb!X HCKpOBbiX KaMep i 

KaHanhHhlX rrepecqeT?hlX ycTpo:il:cTBa, pa6oTaiDmHx Ha nHHHH 

~ 

PHc. 73. l13MepHTeJibHbiit 

ueHTp flB3. Y rryJibTa anex

TPOHHoit Bbr<IHCJIHTeJibHOit 

MllliiHHbl - HHJKeHep r.M. Cy
COBll. 

PHc. 74. B 3ane B3CM-3M 

H3MepHTeJibHOrO IIeHTpll 

flB3 BO BpeMH IlpOBe,aeHHH 

axcrrepHMeHTa c 6ec¢Hnb

MOBbiMH HCKpOBbiMH KEJMe

pllMH. Ha CHHMKe - MJIEJ,a

liiHit HllY'lHbiit COTpy,aHHK 

H.M.CHTHHK. ,. 
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.u) rrocne.uoaaTeJibHaSI JIIiHii.II CBSI31i 8 KcrrepliMeHTaJibHOi1: arrrrapaTyphi c 

sneKTpOHHOH Bhl'iliCJIHTeJibHOH MalllHHoii E3 CM-3M; 

e) rrapannenbHaSI JIIiHii.II CBSI3H c E3CM-3M; 

)!{) KOMMyTaTop, o6ecne"'HB810IUH H pa6oTy Ha JIHHHH C 38M HeCKOJibKHX 

8KCnepHMeHT8JlbHbiX yCT8HOBOK; 

3) 6JIOKH nHT8HH51 cpOTOYMHO)I{HT e neJi:, HCnOJib3yeMbiX B 8KCnepHMeHTaX. 

4. CHCTeMa 6JIOKOB 6biCTpOH 8 J1 e K T p 0 H H K H H a 100 M r u paapa6oTaHa 

H nepe.rtaHa Ha H3roToaneHHe B UeHTpan bHbre sKcnepHMeHTaJibHbre MacTepcKHe. 

CHCTeMa npeAH83H8"'eHa AJI51 HCnOJib30B 8HH.II B 8KCnepHMeHT8X CO CUHHTHJIJI51-

UHOHHbiMH H "'epeHKOBCKHMH C"!eT"'HK8M H. 

5.6eccpHJibMOB851 HCKpOB85I Ka M epa, pa60T810IU851 B M8I'HHTHOM none 

AO 15 Kraycc, paapa6oTaHa H HCnbrTaHa B ny"!Ke ,-- Me30HOB CHHXpocpaao-

TpOHa. J1CCJieAOB8HH.II B STOM HanpaBJie HHH npOA0JI)I{810TC51. 

BonbiiJHe rry3bipbKOBbie KBMepbi 

B cooTBeTCTBHH c .rtoroaopoM o c oTpy.rtHH"'ecTae 06~e.rtHHeHHoro HHCTH

TyTa C 11<%>83 npOAOJI)K8JIHCb pa60Tbl no no.rti'OTOBKe SKCnepHMe.I:ITOB .1:18 60Jib

IUHX ny3blpbKOBbiX KaMepax J1B3 B ny"!KaX ycKOpHTeJI51 Ha 70 rsa. BblllOJIHe

Hbl cne.rtyiDWHe HaH6onee Ba)I{Hbre pa6oT br: 

1 . .llayxMeTpoaa51 nponaHoBa51 K a Mepa. Ha cpoTorpacpH51X, nony"'eH.I:IbiX 

npH o6ny"'eHHH KaMepbi B ny"!Ke 
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,-·- M e30HOB, OT06paHO HeCKOJibKO COTeH CO-

PHc. 76. noaroTOBK8 2-MeT

poaoil IIpOI18HOBOil K8Mepbl 

K 3KCIIepHMeHT8M B HcfJB3. 

Ha CHHMKe: H8'l811bHHK OT

;:ze/18 H.M.BHpHCOB, cr. rex

HHK T.B.llOKH!ZOB81 pyKOBD

/ZHTellb rpyiiiibi M.n.BanaH

tzHH, Ha'lallbHHK oraena 

M.H.ConoabeB o6cyJKaaror 

rrpo6neMy yny'lilleHHH 3KC

rrnyaraiiHOHHbiX xapaKTe

pHCTHK K8Mepbl. 



PHc. 77. Jl;ur 3KcrrepHMeHTOB Ha ycxopHTene Hrt>B3 cro.aaeTCH 2-MeTpoBaH JKHt:l

KOBo.aopo.aHaH KaMepa. Ha CHHMKe: HHJKeHep-TeXHOnor A.J1.CTapoBepOB H pyKo

BO,llHTenb rpyiiiibi B.A.PycaKOB o6cyJK.aaro T pa6oqHe qepTeJKH KaMepbi. 

V O - 'l:aCTHUaMH H y - KBaHTaMH JlnSI 0Tpa60TKH npoPpaMM H8 3BM. 

Paapa6oTaH npoeKT aKcnepHMeHTa H paaMemeHH.sJ KaMepbi B HHCTHTyTe tPH3H

KH BbiCOKHX aaeprHit • Ha'IaTbi pa6oTbi no MOJlepHH3aUHH p.sJJla yanos JlByx

MeTpoeo:ii: nponaHOBOH KaMepbi: CHCTeMbl paCWHpeHHSI, OnTH'IeCKOt!: CHCTeMbl Ka

Mepbi JlnSI IIneHKH pa3MepOM 50 MM H Jlp. 

2. ll By X MeT p 0 B a .H )f{ H Jl K 0 B 0 Jl 0 p 0 Jl H a 5I n y 3 bl p b K 0 B a S1 KaMe p a. 3a

BepweHa JlOpa6oTKa "Tenno:ii:" 'IaCTH H aHa'IHTenbHO nepepa6oTaHa uxonollHa.sJw 

'IaCTb MexaHH3Ma pacumpeHH.sJ. HaroToaneHbi 'l:epTe)f{H H onbiTHbitl: o6paaeu ao

aoro nHeBMOKnanaaa, npoaeJleHbi ero HCnbiTaHH.sJ. Paapa6oTaHa H HaroTosneaa 

3Ha'IHTenbHa.sJ 'IaCTb aneKTpOHHbiX CHCTeM ynpaaneHHSI H HHJlHKaUHH pe)f{HMa 

pa6oTbi KaMepbi. HcnbiTaHbi aa BaKyyM Kopnyc KaMepbi, aaKyyMHbiH KO)f{YX H 

6awHSI Tennoo6MeHHHKOB. BbiJlaHbi ace aeo6XOilHMbie JlaHHbie lln.sJ paapa6oTKH 

npoeKTHoro aa]laHH.sJ H Ha'l:ana CTpOHTenbCTsa naaHnboHa a H<I>B3. 
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PHc. 78. YfsroToBneHHe pacTpa a.nH 2 -MeTpoBoit )KHtJ.KOBOtJ.opoa.Hoit KaMepbr. 

Pa6oTbi no CHHXpo!/JasoTpOHY 

1 • Q C H 0 B H bl e n 0 K a 3 a T e n H p a 5 0 T bl ·c H H X p 0 4J a 3 0 T p 0 H a. 

noK838Te1IH LJ:acbi % 

3a0118HHpOB8HHOe epeMSI pa60Tbl 4674 100 

B TOM 'iHCne: 

1. BpeMSI pa6oTbi aa aKcnepHMeHTanbHbie 

HccneaoeaHHSI no ~H3HKe 3280 70,2 

2. BpeMSI pa6oTbi no ycoeepwescTeoeaHHlO 

ycKOpHTe1ISI 780 16,9 

3. 3aTpaTa epeMeHH Ha noaroTOBKY K p a6oTe 

~HSH'ieCKoA annapaTypbi H sa Texson orH-

'ieCKYlO noaroTOBKY yCKOpHTe1ISI 253 5,4 

4. 3KcnnyaT8UHOHHble npoCTOH 361 7,7 

CpeaHSISI HHTeHcHeaocTb 4,5 • 1010 npoTIHMn ( M8KCHM81IbH8SI - ! ,1 • 1 all) • 

B ny'iKax BTOPH'iHbiX 'iaCTHU oT CHHXpo~soTpoaa 6bi1IH npoeeaeHbi aKcno-

3HUHH CneaylOIUHX ny3bipbKOBbiX KaMep: 
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a) Ha M8Tf.l_9BOH )KH.IJ.KOBOJJ.OpOJJ.HOH KaMepe B ny"iKe ;, - -M830HOB C HM-

nynbCOM 5 f8a/c nony"ieHo 6onee 95 TbiCSJ"i <PoTorpa<f!Hil:; 

6) Ha 55-caHTHMeTpOBOH KCeHOHOBOil: KaMepe B npouecce Hana.D.KH cena-

pHpOBaHHOrO ny"iKa K+·-Meaoaoa c HMnynbcoM 0,6 ras/c cnenaao oKono 

150 TbiCSJ"i <f!oTorpa<f!uil:; 

B) Ha 2-MeTpOBOil: nponaHOBOH KEMepe B ny"iKe -W -Me30HOB C HMnynb-

coM 2,76 f8a/c nony"ieHo 6onee 20 TbJCSJ"i <f!oTorpa<f!uil:; 

r) Ha MeTpOBOli: nponaHOBOli: KllMepe B ny"iKe W -Me30HOB C HMllY.Jlb-

coM 5 f8s/c nony"ieHo 63 Tbic. <PoTorpa<f!uil:. 

Kasanbi nyflKOB flaCTHU 

3a 1967 ro.a CMOHTHpOBaHbi H CJJ.HHbi B 8KCnnyaTaUHIO JJ.Ba HOBbiX W - Me-

30HHbiX KaHana: 

1.KaHan Ha 2-7 f8a/c: 

.UnuHa 

11HTepaan HMnynbCOB 

Bxo.aHast anepTypa 

p aCXOJJ.HMOCTb 

11HTeHCHBHOCTb 
(pc = 4,75faa) 

PaaMephl ny"iKa B MecTe 
ycTaHOBKH ao.aopo.aaoli: 
MHWeHH 

2. KaHan H a 5 r 8 a/c: 

.UnuHa 

11HTepaan HMnynbCOB 

p aCXOJJ.HMOCTb 

PaaMephl ny"iKa s MecTe 
ycTaHOBKH BOJJ.OpOJJ.HOil: 
MHWeHH 

H HT8HCHBHOCTb 
(p C= 4,5 f8B) 

45 M 

:!: 1% 

3.1 o-4 C Tepa.a 

1,5 • 1Q-3 cTepa.a 

1,5 • 1 Q4 Ha 1 Q 11 npOTOHOB 1 c6paCbi
aaeMbiX Ha MHWeHb 

40x40 M~ 

50 M 

;I; 1% 

10-2 cTepa.a 

7Qx7Q MM2 

3 • 104 Ha 1011 npOTOHOB, c6paCbiBa-
8MbiX H8 MHWeHb. 

3 • .Unst npoae.aeHHSJ pa6oT no ll 0 B bl We H H IO 8 <fJ <fJ e K T H B H 0 C T H 8 n e K T p 0 C T a

T H C T H "i e C K H X C en a paT 0 p 0 B pE 3pa6oTaH, CMOHTHpOBaH J{ HaXOJJ.HTCSJ B 

CTa.D.HH Ha.118JJ.KH KaCKa.D.Hbili: reHepaTOp Ha :!: 4QQ KB llOCTOSJHHOrO TOKa. Paapa-

6oTaHa JJ.OKyMeHTaUHSJ Ha H3rOTOB.1leHH~ 8.1leKTpOCTaTHqecKOrO cenapaTopa 
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PHC. 79. KacxaaHbiit reHepaTOp Ha z 40 0 KB IIOCTOHHHOrO TOKB1 pa3pa6oTaHHblit 

H C03aaHHbiit B na6opaTOpHH BbiCOKHX 3HeprHit. 

Ha 800 KB H Ha BbiCOKOBOnbTHhie BBO.llbl HaiipiDKeHH51 B BaKyyMHYIO KaMepy CE:::

napaTopa Ha 400 KB IlOCT051HHOrO TOKa . 

4. C H C T e M a <jJ 0 p M H p 0 B a H H 51 M 0 Ill H hi X H M II y n b C 0 B T 0 K a ( ycTaHOB-

Ka YfK-1-2) Ha TOKH B COTHH KHnOaMn e p BBe.OeHa B 3KCnnyaTaUHIO. C IlOMOlllbiO 

3TOH CHCTeMbl npoae.oeHbl HCilhiTaHH 51 o6pa3UOB KaTyllleK, H3rOTOBneHHbiX B 

4CCP H npe.oHa3Ha'leHHbiX .On51 nonylleHH51 HMII)'nbCHbiX MarHHTHbiX none:H C Ha

Ilp51:lKeHHOCTbiO .00 200 Krc. 

Co3.oaa npoeKT H Bhmonaea MaK eT coneHoH.oa .opyroro THIIa ( 6onblllOH 

o6'heM MarHHTHoro nonH) c aeo6xo.oR M o:H CHCTeMo:H nRTaHHH. HcnhiTaHHH 3To

ro o6pa3ua,npoae.oeHHhie rrpR aarrpiDKeHHOCTH non51 130 Krc,.oanH rrono*HTenb

Hhie pe3ynbTaThi. 

5.CHCTeMa .ll03HpOBKH IIY'lKa rr - Me 3 o H o a npH pa6oTe ·MeTpOBOH 

*H.llKOBO.OOpO.OHOH KaMepbl BBe.OeHa B 3 KCnnyaTaUHIO. 3TO I103BOnHnO B npouec

ce 3KCII03HUHH no.o.oep*HBaTb HY*Hoe "!Reno 'laCTHU c TO'lHOCTbiO He xy*e 10%. 
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6. Paapa6oTaH n}J08KT H BhinOnHeHa aet!:CTBYIOlliaSI M 0 A en b an e K T p 0 C T a

T H 'I e C K 0 r 0 r e He paT 0 p a C AHCKOBhiM pOTOpOM Ha HanpSI>K8HHe AO 3QQ KB, 

npH aTOM TO'IHOCTb ITOAA8p)KaHHSI HanpSI>K8HHSI (ao 150 KB) COCTaBnSieT 5 •1Q-3. 

YcoBepmeHCTBOB8HHe CHHXpo¢a3oTpoHa 

1. Dpoaon>KanHCb HCCneaoBaHHSI H paapa60 TKH, CBSI3aHHhi8 C npoeKTHpOBaHHeM H 

H3rOTOBJleHHeM HoBo r o 'H H >K e K Top a - nHHet!:aoro ycKopHTenSI Ha 20 Mas. 

3aaepweHO H3rOTOBneHH8 pe30HaTOpa n HHet!:Horo yCKOpHTenSI, H3rOTOBneHO H 

HCnhiT8HO 6onee 60% apei!:<iJOBhiX Tpy6oK, H3rOTOBneHa H HCnhiT8H8 CHCT8M8 OX

n8>KA8HHSI H CT86HnH38UHH TeMnepaTyp hr·pe80HaTopa nHHei!:Horo ycKOpHTenSI. 

3aKOH'I8Hhi TeopeTH'I8CKHe HCCneAOB8HH SI no Bbi6opy onTHManbHOrO BapHaHTa 

CHCT8Mhi BBOAa ny'I:Ka H3 nHHei!:Horo y CKOpHTenSI B KaMepy CHHXpo<lJa30TpOH8o 

CKoHcTpyHpoaaH OTKnOHSIIOlliHil: MarHHT. 

2. B 1967 roay ycnewao ocymecTaneH 6brCTpbri!: BhiBOA ny'I:Ka npoTo

H 0 B ( 10 faa) H3 CHHXpo4Ja30TpOH8 ( p Hc.80,81) • 3<tJ<tJeKTHBHOCTb BhiBOAa COC

TaBHna 50%. Ha'l:aTa pa3pa6oTKa cHcTeM hi MeaneHHoro ahraoaa ny'I:Ka npoToHoB 

H3 yCKOpHTenSI. 

PHc.BO. l1Mnyl1bcHbiR BhiBOtlHOit MarHH'I' c noneM ao 10 Kraycc anH obiC'I'

poro BhiBOtlB npo'I'OHHoro ny'lKa. Ha CHHMKe: pyKOBOtlH'I'enb rp~nnbi H.B.Hc

CHHCKHit, MeXBHHK M.Jl.Ep11IOB H CT. T eXHHK JO.tP.KycBTHH CHHMBIOT xa

paKTepHCTHKH MBrHHTB. 

119 



I 
.... , 

_j -..}7"- .;_.l ~~ 

120 

PHc.BJ. THapoMeXaHH3M1 C IIOMOil!biO K OTOporo BbiBOt1HOJt MarHHT IIOt1HHMaeTCH 

B pa6oqee IIOnoJKeHHe BHYTPH BBKYYMHOJt KaMepbi yCKOpHTenS£. 



PHc.82. OcuHnnorpaMMbl 

BbinpsMneHHoro HanpJDKe

HHH H TOKa npeo6pa30Ba

TenH CHCTeMbl nHTaHHSI 

npH pa6oTe B peJKHMe 

"cTyna" c nnomallKOit To

xa Ha ypOBHe 11,5 Ka. 

~L 
·~L 

-t 

-t 

8. CyweCTBeHHbiM MeTOAH'leCKHM HOBWeCTBOM , ocywecTaneHHbiM Ha CHHXpo4Ja3o

TpOHe, .stBHnOCb BBeAeHHe B 3KCnnyaTaUHJO p e >K H M a "'c Ty n a B K pH B 0 A 

rnaaaoro ToKa"' (p&c.82). TaKoA p e>KHM pa6oTbi- ycKopHTen.st .stan.steTc.st 

oco6eHHO a~~eKTHBHbiM npH pa6oTe ~H3H'leCKOA annapaTypbi Ha nHHHH C ane

KTpOHHQ-Bbi'lHCnHTenbHOA MaWHHOA. 



'I 
I 

ill 
>'tr· 

Jla6opaTopH.H 

·s,D;epHhiX 

npo6JieM 

AnnapaTypa tliiH Hccne.aosaHHil c 311e!v.eHTap

HbiMH 'lSCTHllSMH 

1 II on y 'I e H He · c a e p x H H a K H x T e M n epa T y p. Opoaon>Kanacb pa6oTa no 

pa3BHTH~ ocymeCTBneHHOI'O B na6opBTOpHH MeTOA8 nony'leHHg CBepXHH3KHX 

TeMnepaTyp nyTeM pacT:aopeHHSI 3 He B 
4 He • BnepBbie coaaaaa ycTaHOBKa, 

o6ecne'IHBa~maSI nony'leHHe a cTaUHOHapHoM pe>KHMe npH BbiCOKoA xonoaonpo

H3BOAHTenbHOCTH c:aepxHH3KoA TeMnepaTypbi O,Ol2°K. 06mHA BHA ycTaHOBKH 

noKaaaa Ha pHc.83. Shin paapa6oTa~ 11 coaaa~ opHrHHanbHbiA Tennoo6MeHHHK 

C pa6oqeA no:aepXHOCTb~ 105 CM2 (CI4. pHc.84 ,85). C ero fiOMOmb~ B CTa

UHOHapHOM pe>KHMe 6bin8 AOCTHI'HyTa ~·eMnepaTypa 0,012°K. 3Ty TeMnepaTypy 

cneayeT paCCM8TpHB8Tb K8K HCXOAHYI<). ilyTeM ao6a:aneHHg K ycTaHOBKe He-

6onbWOI'O 6ycTepaoro Tennoo6MeHHHKa anSI npea:aapHTen&aoro oxna>KaeHHSI 3 He 

a CHCTeMe MO>KeT 6hiTb nonyqeaa TeMrrepaTypa 0,01 °K. 

B c:aoeA nep:aoHa'lan&HoA nocTaHOBKe aaaaqa HMena yaKy~ uen& - coa

aaHHe nOnSipH30B8HHOA MHW9HH HOBOI'C' THfi8 C BbiCOKOA CTeneHb~ nongpH38-

UHH aa ocao:ae :aewecT:aa c 6on&WHM coaep>KaHHeM :aoaopoaa. OaaaKo coaaaaHe 
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• 
P H c .84. 06IIIHil BHP. XOIIOP.HIIbHOil CTyiieHH. 

.. 

I<OHCmpijKU.U>I omiJef!bHOU ceKL(Ull mennooOMeHHlJKG 
t. Kon.neKrnopHbJe n.nacmuHbt . 
2. 8aKf1!1MHble n.nacmuHbt. 
J . 3a30Pbl Ko.n.neKmop~ . 
'-· Ten.nonepeaa;o~ut1 3//eMeHm men.noo0MeHHUKa 

(npo¢u.nupo6aHHOfl ~ I/JOJIWIITIOfi6LLtUHOil IS)IK.} 
s. 8xoD He' 
s. 8blxoa pacm6opa Ho' 6 Hl 

P Hc.85. CxeMa opHrHHBIIbHdro Termoo6MeHHII

KB XOIIOP.HIIbHOil yCTBHOBKH. 

P Hc.86. 06IIIHil BHP. aKcrrepHMeHTBIIbHoro o6-

pB3 IIB yiipBBIIHeMOil JKHP.KOCTHOJI KBMepbi. ,. 

I 

HOBOA XOnO,IlHnhHOA M8WHHbl C TeMnepa TypoA, OTnH"'8IOWeAcsr Ha COTyiO ,llOniO 

rpanyca OT a6comoTHOrO HynSI, OTKpbiBa eT WHpOKHe B03MO)KHOCTH ,llnH HCnonb-

30B8HHH ee B p83H006pa3Hb!X H B8)1{HbiX HCCne,llOB8HHHX He TOnbKO B o6naCTH 

¢H3HKH aneMeHTapHbiX "18CTHU 1 HO H B o 6naCTH <IJH3HKH HH3KHX TeMnepaTyp, <IJH-

3HKH TBepnoro Tena H T • .ll. 

2.Pa3pa60T8H MeTO.Il 6biCTpO:H HH B epCHH nonsrpH38UHH nonHpH30-

B8HHOA npOTOHHOA MHWeHH Ha OCHOBe K p HCTanna JIMH. EbiCTpaH HHBepCHH no

ngpH38UHH ,llOCTHraeTCH C nOMOWhiO 8,1lH a6aTH"'eCKOrb npoXO)K.IleHHH npOTOHHOrO 

pe3oHaHca. B aKcnepHMeHTax Ha6monan ach no"'TH nonHasr HHBepcHH 3aceneH

HOCTH MarHHTHbiX ypoBHe:H. Co3naHa aim apaTypa ansr 6biCTporo H3MeHeHHH 3Ha

Ka nonSipH38llHH B pa6oqeM B8pH8HTe n o nSipH30B8HHOii MHWeHH. 

3. fipe.llnO)KeH nyTh C03.1l8HHH ynpaBn H eMOA )KH,IlKOCTHOA TpeKOBOA 

KaMe phi. B OCHOBY nono)KeH npHHUHn ¢ QPMHpoBaHHH TpeKOB 3apSI)KeHHbiX "'ac

THU npH paccnaHB8HHH .llBYXKOMnOHeHTHo ro paCTBOpa Ha HOH8X. Cpe,llOA, B KO

TOpOA ,llOn)I{Hbl Ha6niOJ;l8ThCH TpeKH "18C T HU, SIBnSIIOTCH paCTBOpbl )KH,IlKOCTH HnH 
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PHc.8~06cy~~eHHe TeXHHqeCKHX ~eTanen yCTBHOBKH ~nH rronyqeHHH H HCCne~ 

~OBBHHH KOpOTKO~HBymHX H30TOllOB1 K OTOpBH C03~8eTCH ~nH pa60Tbl HellOC

pe~CTBeHHO HB rryqKe rrpOTOHOB CHHXp OIIHKnOTpOHB. CneBB H8llp8BO: HayqHbie 

COTPY~HHKH H3 raP X. THpporjxJJ, P.Apn bT, PYKOBO~HTenb rpyrrrrbl r.My3HOnb. 

TBepaoro Tena C 6onbWOH aHsneKTpHqe cKOH fiOCTOHHHOH B ~HaKOCTH C MeHb

WeH aHsneKTpHqecKOH fiOCTOHHHOH. 8 T a KOM paCTBOpe B COCTOHHHH nepeCbiWe

HHH paCTBOpeHHOe BeWeCTBO 6yaeT Bbia engTbCH Ha aonro~HBYIUHX . HOHaX KaK 

38pOabiWaX. ilyTeM H3MeHeHHH aaaneHH H Haa noaepXHOCTbiO paCTBOp MO~HO 

nepeaecTH a nepecbrmeaaoe cocToHHHe. Ha pHc.86 noKa3aH ooiUHH aHa sKcne

PHMeHTanbHoro o6pa3ua HoaoA KaMepbr . DpeanaraeMag KaMepa Mo~eT ynpaa

nHTbCH BHeWHeH CHCTeMOH ceneKUHH q a CTHU H n03BOnHT npOH3BOaHTb BbiOo

poqHyiO perHCTpaUHIO onpeaeneHHhlX~OOhlTHH. 

4. Co3aaH C n e K T p 0 MeT p n 0 B p eM e H H n p 0 neT a C BbiCOKHM ·BpeMeH-

HbiM pa3peweaHeM ( 2 r = 0,44. to-9 c eK). 

ArrrrapaTypa anH ~epno-crreKTpocKorrHqe-

CKHX HCCneaOB8HHff 

1. n n g 0 6 p a 0 0 T K H H H 3 M e p e H H H r a M M a-c n e K T p 0 B H C n e K T p 0 B 

K 0 H Be p C H 0 H H bi X 8 n e K T p 0 H 0 B p aaHOaKTHBHbiX gaep C03aaHa H ycnew-
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ao aKcnnyaTHpyeTcg cneKTpoMeTpHqecKag CHCTeMa, BKnroqaromag nonynpoeoa

HHKOBhiA raMMa-cneKTpOMeTp ( Ha OCHOBe KpHCTanna repMaHHg) aa nHHHH C 

3BM "MHHCK-2". Pa3pa6oTaHbi nporpa!l.tMbi. 06pa6oTKa pe3ynhTaToB H3Mepe

HHA npH aTOM ycKopgeTcg B aecgTKH pa3. 

2. ilpoaeaeH 6onbWOit KOMnneKC MeTOaHqec KHX H MOHTa>KHbiX pa60T no H3I"OTOB

neHHID Mac c- c en a paT o p a uns:r pa3JJeneaHg H30Tonoe paaHoaKTHBHbiX s:raep. 

B qacTHOCTH, 3aeepweHbi pa6oThi no co~1aaHHID H H3MepeaHro Tonorpa!jlHH Mar-

HHTHOI"O nons:r, KaMepbl, CHCTeMhl nHTaHH SI H apyi"HX y3nOB. 

3. 3aKoHqeHbl pa60Thl no aBTOMaTH3aUHH JlBYX 6 eTa- C n e K T p 0 MeT p 0 B. 

4. I13I"OTOBneHa ycTaHOBKa ang H .3M e p e U H_SI B p eM e H >K H 3 H H B036y>KaeH-

HhlX COCTOgHHii gaep C 2r == 3.10-lQ C9K. 

ABTOM8TH38llHH 

OcHOBHhie ycHnHg a 1967 roay 6hl1IH aanpaaneHbi Ha co3aaaue ueHTpa 

HaKonneHHg H o6pa60TKH 9KCnepHMeHTanbHOit HH!jlOpMaUHH, CHCTeM nepeaaqH 

HH!jlOpMaUHH B 38M "MHHCK-2" H pa3pa60TKH pgaa aBTOMaTHqeCKHX H nony

aBTOMaTHqecKHX ycTpoi!:cTB, npeaHa3aaqeHHhiX anH o6pa60TKH cpHnhMOBOit H 

6eC!jlHnbMOBOit HHcpOpMaUHH. 

1. Baeaeaa B aeitCTBHe nepeag oqepeah l1 eaT p a HaKon n e H H g H o 6 p a-

6 0 T K H H H !jl 0 p M aU H H B 3aaHHH CHHXpOUHKnOTpOHa. UeHTp COCTOHT H3 6 

HaMepHTenhHhiX CHCTeM THna AH-4096, a KOTOpbie 6hm aaeaea pga ycoaep

weacTsoeaaHA npHMeHHTenhHO K ycnosHs:r -t pa6oThi aa CHHxpouHKnoTpoae. UeHTP 

ycnewao Hcnonh3yeTcs:r B !jlH3HqecKHX aJ:cnepHMeHTax, npoeoaHMhiX coTpyaaH

KaMH OTaenoB 9KCnepHMeHTanbHOA Haep~oit !jlH3HKH H HaepHOit cneKTpOCKOnHH 

H paaHOXHMHH. 

PHc.BB. CxeMa ueHTpa HaKorme
HHH H o6pa60TKH HHI/JOpMBUHH. 

Wf ...... .. . .. 
l 

--- __ :::: :.-.-_-:.::=:.:: ~:_-_-_-:: :::.:.:..-_ -_-_·::::: -_-_-_-_-_-_-..::_ :J_ J 
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2 • ,Ung II e p e .0 a 'i H H H cp 0 p M aU H H H3 H3MepHTenbHbJX CHCTeM Allf-4096 B 

Bbl'iHCnHTenbHYIO MaUIHHy "MHHCK-2" pa3pa6oTaHa H BBe.OeHa B .OeHCTBHe CHC

TeMa H3 .OBYX HaKOIIHTeneH: C Y3KOH 'ieTb!pex.oopO)I{e':IHOH Mai"HHTHOH neHTOH. 

KpoMe Taro, pa3pa6aTbJBaeTCSI CHCTe Ma aenocpe.ocTBeHHOH nepe.oa•m HHcpop-

MaUHH H3 H3MepHTenbHbiX CHCTeM B Bbl'iHCnHTenbHylO MaUIHHY IIO Ka6enro. 

3. 8 bl C 0 K 0 K a 'i e C T Be H H bl H II p e 0 6 p a 3 0 BaTe n b aM II n H T y .0 H M II y n b

C 0 B B KO.O Ha 4096 KaHanOB 1 CO'in eHSieMbiH C H3MepHTenbHOH CHCTeMOil: 

Allf-4096, co3.oaa .onSI npeUH3HOHHoro H3MepeHHSI aMrrnHTY.O HMrrynbcoe c no-

nyrrpOBO.OHHKOBbJX .oeTeKTOpOB. 

4. Pa3pa6oTaH MaKeT HHTSIHOH HCKp.OBOH KaMepbi, HMeiOUJeH 256 HHTeH 1 

H CHCTeMa Bb!BO.Oa HH¢0pMaUHH C Hee C IIOMOlllblO cpeppHTOBbiX KOneu Ha HaKO

IIHTenbHOe ycTpOHCTBO aHanH3aTopa ; A M-4096. 

5. flpOBe.OeHO ycoeepUieHCTBOBaHHe C H C T eM bl .0 By XC T 0 p 0 H He H C B SI 3 H 

rpynn nonyaBTOMaTH'ieCKHX ycTpOHCTB )lnSI o6pa60TKH CHHMKOB C IIY3b!pbKOBbJX 

KaMep H 38M "MHHCK-22". Ha'IaTa o rrbiTHa.SI 8KcnnyaTaUHSI CHCTeMbi. 

6. 0Kono 200 6nOKOB pa3nH'IHOH C T a H Jl apT H 0 i1: 8 n e K T p 0 H H 0 H a II II a p a

T y p bl HaHOCeKyHJlHOI"O JlHaiia30Ha, p a3pa6oTaHHOH B na6opaTOpHH, rrepe.oaHO 

e Te'ieHHe ro.oa cpH3H'IeCKHM rpynnaM . 

7 • p a3pa6oTaH lli H p 0 K 0 Jl H a II a 3 0 H H bl H B p e M SI- a M II n H T y Jl H bl H K 0 H B e p-

T 0 p, HMeiOUJHH )lHarra30H H3MepeHHH OT HeCKOnbKHX HCeK JlO HeCKOnbKHX MCeK 

~28 

PHc.89. 06IIIHil BHt:l UeHTp8 H8KOIIneHHH H o6pa60TKH 3KCIIepHMeHT8flbHOil HHrjJop

M8UHH na6oparopHH HJJ.epHLIX rrpo6neM. y 8IIII8parypbl - cr. TeXHHK A.n.Kyc
TOB, cr." HHJKeHep H.A.lfHCTOB, HHJKeHep A.A.CaifipoiiiKHHB. 



PHc.BO. OomHit aHa Moa.vnH 

HCKpOBOit KSMepbi JliiH llHTH

MeTpOBOrO HCKpOBOrO ClleKTpo

MeTp81 npeanasHaqesnoro a n H 

paoOTbi HS yCKOpHTene J14JB3. 

H pa3pe'IlleHHe 1,4~ 1 o-12ceK. KoaaepT op o6na.naeT OOllblllO~ TeMnepaTypHO~ H 

apeMeHHOH CTaOHllbHOCTbiD. 

C o31UlHHe KpyiiHbiX axcrrepHMeHTtWbHbiX yc

T 8 HOBOK anH HCCneJJOB8HHit H8 .YCKOPHTene 

70 TaB J1tPB3 

1. TI.s~THMeTpoabi~ MarHHTHbi~ cneKTpoMeTp • . TioAroToaneao AeTanbaoe 

onHcaaHe cneKTpoMeT.pa H acex ero y3noa, a TaK>Ke npeAaapHTenbHa.H npor

paMMa Bb!llOllH.S19MbiX C ero nOMO!llbiD HCCll9AOB8HH~ C 'HlCTHU8MH BbiCOKHX 9Hep

rH~ (nH- H K8-MHHYC-M930Hbl H aHTHnpOT~Hbl C HMnyllbCOM OKOllO 30 faa) • 

B TipoeKTHOM. HHCTHTyTe no 3aAaHHID .n aoopaTopHH .HAepHbiX npo6neM co3AaH pa

oo'iH~ npoeKT crieKTpoMeTpa. Pa3pa6 oTaHo 3aAaHHe H aeAeTC.H npoeKTHpoaa

HHe OUTH'i9CKO~ CHCT9Mbl cneKTpOMeTpa. CoCTaaneHO H BbiA8HO B JlBTA 3a

AaHHe Ha npoeKT CKaHHpyiDmero ycTpO~CTBa All.SI OOpaOOTKH ~OTOrpa~H~ CO 

cneKTpOMeTpa. 3Ha'iHT9llbHO npOABHHY llHCb paOOTbl no C03AaHHID All.SI cneKTpo-

M9Tpa KaMep H CHCTeM HX nHTaHH.SI. 

2. fl p 0 e K T H p 0 BaH He M H 0 r 0 K y 6 0 B 0 ~ . >K H A K 0 B 0 A 0 p 0 A H 0 H KaMe p bl. 

KaMepHbiM OTA9llOM naoopaTOpHH .HAe pHblX npo6neM, KpHoreHHOM OTA9llOM flB3 

H rpynno~ 11<t>B3 6bmo noAroToaneao H H3AaHo ~H3HKo-TeXHH'ieCKoe o6ocao-
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B8HHB npoeKTa MHOrOKy60BOA ~HJlKOBODOp O.llHOA ny3b!pbKOBOA K8MBpbl, Open-

Ha3Ha'IeHHoA nm1 pa6oT Ha ycKopaTene 70 L'lR I1<PB3. 3To o6ocHOB8HHe 6hrno 

HanpaBneHO B CTp8Hhi-y'IaCTHHUbl OI15II1 H B npoeKTHb!B opraHH38UHH rocynap

CTBBHHoro KOMHTeTa no Hcnonb30B8HHID a TOMHoA sHeprHH CCCP • .UanbHeAwee 

pa3BHTHB pa60T HDBT B HanpaBneHHH MOn enHpOB8HHg OTnenbHb!X HaH6onee OT

BBTCTBBHHb!X y3nOB yCT8HOBKH. BenyTcg paC'IBTbl H HCCnenoBaHHg, CBg38HHh!B 

CO CBBTOODTH'IBCKOI CHCTBMOA K8MBphl, paC!l!HpHTBnbHOI CHCTBMOI. CnpoeK-

THpOB8H H H8XODHTCg B CT8DHH H3rOTOBn BHHg coneHOHJl H3 CBepxnpOBOJlHHK8 

ang HMBIO!lleAcg B na6opaTOpHH 25-CaHTH MBTpOBOA ~HJlKOBOJlOpO.llHOA K8MBpbl. 

3ToT coneHoHn B onpeneneHHoA Mepe gsn geTcg MonenbiD coneHoHna MHoroKy-

60BOA ~HDKOBODOpODHOA K8Mepbl. 

3.floHCKH Tg~enb!X 'I8CTHU H 8 H THgnep. CocTaBneH COBMBCTHO C 

I1<PB3 H pacCMOTpeH KoopnHHaUHOHHhiM c oBeTOM npoeKT onbrTa. Ha'IaTo H3rci-

TOBneHHB sneKTpOHHOA annapaTyphl, 0Tpa 60T8H H HCDb!T8H H8 DY'IK8X CHHXpO

UHKnOTpOH8 ·npOTOTHD CDBKTpOMeTpa DO B pBMBHH nponeTa. 3aK83 Ha ODTH'IBC-

KHe ycTpoACTBa pa3MB!ll8BTCg B '4CCP • 

... 
PHc.91. O~HH H3 aneMeHTOB conenoH~a H3 CBepxnpoao~HHKa, co3~8B8eMoro B 

OT~ene MHoroxy6oBOH )KH~KOBO~OpO~HOH K8 Mepbl. Ha CHHMKe: TOK8pb T.cf>.Top

lllKOB1 HH)KeHep A.n.Manbr'l. 

PHc.92. 06llJHit BH~ npoexra CHnbHOTO'lHoro rjJa3orpona na aneprHJo 700 Maa, 
CXeM8 ny'lKOB H nnaH 3KCnepHMeHT8nbHbiX 3 8nOB. ~ 
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4)1 C C 11 e A 0 BaH He IT 011 5I pH 3 aU H C' H H bl X a¢¢ e K T 0 B B p p- H D p - p a C

C e 51 H H H npH aHeprHs:!X "llaCTHU 11.0 30 fa B. flpoeKT OllbiTa HaXOJJ.HTCs:! B CT8JJ.HH 

npopa60TKH. Peiii8lOIUHM MOMeHTOM 3 ITOCTaHOBKe aTHX aKCnepHMeHTOB s:!Blls:!eT

Cs:! HOB8B IT011s:!pH30BaHH8B MHIIIeHb, 803JJ.aBaeM8B H8 OCHOBe BeiUeCTB8 C 601!b

IIIHM COJJ.ep:>K8HHeM BOJJ.OPOJJ.a H C BbiCOKOH CTeneHblO IT011BpH3aUHH, o6ecne"liHBa

lOIIIei1: npHMeHeHHe caepxnpoeoas:~m·~ro coneHOHJJ.a c noneM 30 Tbrc.apcTeJJ.. 

Pa3pa6oTKH B o6nacrn ycKopnreneff 

1. n p 0 e K T. c H n b H 0 T 0 q H 0 r 0 ¢a 3 ) T p 0 H a H a 700 M a B. BbiiTOllHeH 6onh-

IIIOH KOMITlleKC TeopeTH"lleCKHX H pa~qeTHbiX pa6oT H pa3pa6oTaHO ITOJJ.p06HOe 

¢H3H"lleCKOe o60CHOB8HHe , JJ.OK83biBHlOIUee B03MO:>KHOCTb C03JJ.8HHB Ha 6a3e cy

rueCTBYlOIUero CHHXpOUHK110TpOH8 CHJlbHOTO"liHOrO ¢a3oTpOHa HB 9HeprHlO llpOTO

HOB 700 Mas H TOK 50 MHKpOaMnep, flpeJJ.llO:>KeHHe na6opaTOpHH 6brnO paCCMOT

peHO H OJJ.06peHO KOMHCCHeH aKCITeJTOB CTpaH-y"llaCTHHU H Y"lleHbiM COBeTOM 

OI-UH1. 

Ha.pHc.92 npHBeaeHa cxeMa CHllhHOTO"liHoro ¢a30TpoHa, ero ny"liKOB, aK-

CnepHMeHTallbHbiX H H3MepHTellbHbJX naBHllbOHOB, B Ta611HUe 1 JJ.BHbi na-

paMeTpbl yCKOpHTeng, MHTeHCHBHOCTb BHyTpeHHero ny"liK8 npOTOHOB CHllbHOTO"li

HOro ¢a30TpOH8 O:>KHJJ.aeTCs:! B 25 pa3 60llbiiiei1, a ny"liKOB Me30HOB - B 20-200 

pa3 6onbllieH, qeM JJ.llg JJ.eHCTBYlOIUel'O CHHXpOUHKllOTpOHa. 

na6opaTopHei1: BhlJJ.BHO 3BJJ.aHie Ha npoeKTHpOBBHHe YCTBHOBKH "~" B 

npoeKTHbie OpraHH3aUHH H HaqaTbl pol60Tbl no MOJJ.e11HpOBaHHlO H MaKeTHpOBBHHlO 

OTJJ.ellbHbiX CHCTeM yCKOpHTeng ( MarHHTHOe none H BblCOKO"li8CTOTH8B CHCTeMa). 

2.YHHB~pC81lbH85! aneKTpOHHag MOJJ.ellb CHllbHOTO"liHOrO ycKO-

pH T e 11 g C BapHaUHeH MBrHHTHOrO nong C03JJ.aeTCg JJ.liB MOJJ.e11HpOB8HHB H HC-

ClleJJ.OBBHHB xapaKTepHCTHK :>KeCTKOqiOKYCHpylOIUHX KOllhUeBbiX npOTOHHbiX UHK

llOTpOHOB Ha aHeprHJO OKOllO 1 faB 11 TOKH, B JJ.eCBTKH TbiCgq pa3 npeBbllll8lOIUHe 

TOKH B cyruecTBYJOIUHX ycKopHTengx. H oebri1: ycKopHTellb TaKoro THna 6hrn n_~:.ea

no:>KeH B na6opaTOpHH B 1962 roay. Ha aneKTpOHHOH MOJJ.ellH, KOTopas:~ npea-

CTaengeT co6oi1: KOllbUeBOH ycKOpHTHllb aneKTpOHOB C JJ.HaMeTpOM BHeiiiHeH Op-

6HTbl 2 MeTpa H TOKOM yCKOpgeMbiX aneKTpOHOB 11.0 Ma, npeanonaraeTcg MO-

JJ.e11HpOB8HHe a¢¢eKTOB, CB5!38HHbiX C npoCTpaHCTBeHHbiM 38pMOM B llpOTOH

HbiX UHK110TpOH8X C HHTeHCHBHOCTbK, B COTHH MH1111H8Mllep. Moaenb 6yaeT HC

nollb30B8Ha TaK:>Ke ang onpeaeneHHB xapaKTepHCTHK TaKoro THna ycKopHTenei1: 

Pnc.93. 3neKTpOHHBH MOII.eJlb CHJlbHOTO'lHOrO KOJlblleBoro IIHKJlOTpOHB, C03,.. 

/I.B.HHBH B OTII.eJle HOBbiX YCKOpHTeJleJ1 nRn II.JlH HCCJleiJ.OBBHHH XBpBKTepHCTHK 

CHJlbHOTO'lHMX yCKOpHTeneb. ~ 
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npR ycKopeHRR MHOr03apSinHbiX T SIM8ITbiX ROHOB ( BllJIOTb no ypaHa) B nnana-

30He 8Heprni1: 7-11 M8B Ha HYKJIOH. Co3naH opnraHanbHbiH CRJibHOTO'IHbiH RC-

TO'IHRK 8JI8KTpOHOB, ll03BOJI5!IOIIUiH OCyiiieCTBJ15!Tb BHeiiiHIOIO RHMeKURlO 8JieKTpOH

HOrO llY'IKa C TOKOM no 0,5 a, 3aBef1Ill8HO R3rOTOBJieHRe BCeX Y3JIOB MOneJIR, 

BKJIIO'Ia5! BbiCOKO'IaCTOTHbiH reHepaTO]l, BaKyyMHYIO KaMepy C 06MOTKaMR B03-

6yMneHR5! R KOppeKURR: llOJI5!, CRCTe!'v bl BHeiiiHeH R BHyTpeHHeH RHMeKURR, CRC

T8Mbl 8JI8KTpOllilTaHR5!, ynpaBJieHR5!, <:Ta6HJIR3aURR R R3MepeHRH. B KOHUe ro

na OCyiiieCTBJieH ¢R3R'IeCKRH nycK 8T8KTpOHHOH MOnenH CRJibHOTO'IHOrO yCKO-

pRTeJI5!. 

fl a p a M e T p bl C H J1 b H 0 T 0 'I H 0 r 0 ¢ a 3 0 T p 0 H a H a 700 M 8 B 

1. 3HeprRSI yCKOpeHHbiX npOTOHOB 

2. MHTeHCRBHOCTb BHyTpeHHero nytJ:Ka 

3. KoHe'IHbiH pannyc ycKopeHRSI 

4. HanpHMeHHOCTb c.penHero MarHRTHOI'o non5! 

B ueHTpe 

5. Hanp5!MeHHOCTb cpenHero MarHRTHoro non5! 

Ha KOHe'IHOM pannyce 

6. finana30H 'IaCTOTbi yCKOpSIIOIIIero Ha .1p5!M8HR5! 

7. Yncno cnnpanew 

8. MaKCRMaJibHa5! rny6HHa BapnaUHR MlrHRTHo

ro nonSI 

9. YacToTa CBo60AHbiX Kone6aHRH: 

a) BepTRKaJibHbiX 

6) pannanbHbiX 

10. Yncno nyaHTOB 

11. AMnnRTyna ycKopHIOWero Hanp5!MeHR5! 

12. AnepTypa nyaHTOB 

13. 3a30p M8MAY AyaHTaMR R llOJIIOCaMil 

14. YacToTa MonynHURR 

15. Cnoco6 BapnauRR 'IaCTOTbi 

16. AMnnRTyna Hanp5!MeHR5! Ha BapaaTope 

17. ilRaMeTp llOJIIOCa 8JI8KTpOMarHRTa 

18. MoiiiHOCTb nRTaHR5! MarHRTa 

19. MoiiiHOCTb noTepb B BY CRCTeMe 

700 M8B 

50 MKa 

270 CM 

11900 8 

16276 3 

18 ,2+- 14,4 Mru 

4 

0,2 +- 0,25 

0,1 +- 0,2 
1 +- 1 ,2 

1 

40 i- 50 KB 

10 CM 

7,5 CM 

250-300 ru 

BpaiiiaiOWRHC5! KOHneHCaTop 

40-50 KB 

600 CM 

1000 KBT 

200 KBT 

3, floKa3aHa B03MOMHOCTb RCllOJlb30BaHIISl AJISI y C K 0 p e H R Sl M H 0 r 0 3 a p Sl A-

H bl X H 0 H 0 B KOJibU8BOro URKJIOTpOf!a C MeCTKOH ¢oKyCHpOBKOH, BblllOJIH8Hbi 

npenBapaTeJibHbl§. pactJ:eTbi, AOKa3biB<IlOIIIRe B03MOMHOCTb yCKOpeHRSl B TaKOM 
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PHc.94. Cr. HBY'lHbiif cor

PY~HHK A.A.Tna30B H Mexa

HHK A.n.Ary~HH ycraHaBnH

Baror "'rrywKy"' BHyrpeHHeif 

HH~eKUHH 3IIeKTpOHHOif MD

~eiiH CHIIbHOTO'lHOrO UHKIID

TpOHB B pa6o'lee rrono~eHHe • 

• 

PHc. 95. Hay'lHbiif corpy~

HHK fl.fl.HOBHKOB 3B HBCT

poifKOif IIOBOpOTHOrO yCT

pOifCTBB BHeUIHero HH~eK

TOPB 3IIeKTpOHHOif MO~enH. 
¥ 
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ycKopHTeJie HOHOB BIIJIOTb no HOHOB ypa.ra. CxeMa ycKopHTeJHI .o.aHa Ha pHc.96. Pac- ·· 

CMOTpeHO .O.Ba B8pHaHTa M8lliHHhi: ITE pBbiH HMeeT )lH8MeTp 10 M, BTOpOH, C 

JlBYMH UHKnaMH yCKOpeHHH,-4 M. 

~---~.;: 111[::::.; 

·~ --c;;: ~'"-.: \' 
I 
I 

/, 
h 

nil- ____ -\)\\-· :?' 

~'"V" 

PHc.96. CxeMa KonbUeBoro IIH

KnorpoHa, II03BOnHIOIIIero YCKO

pHTb HOHbi pa3nH'lHbiX sneMeH

TOB BIInOTb JJ.O ypaH8. A - OCb 

HHMeKuHH or ycKopHTenH KoK

porjJra-YonroHa, M - o6MeH

HaH MHUieHb. 

Pa6oTbi rro CHHxpoanxnorpoHy 

1. 0 0 K a 3 a T e n H p a 6 0 T bl C H H X p 0 U H K n 0 T p 0 H a B 1967 ro)ly. 

TioKa3aTenH 

.3aiTnaHHpOBaHHOe Bp8MA pa60Thl 

B TOM 'IHCne: 

1. BpeMA pa6oThi Ha 8KCITepHMeHTanbHioie 

HCCne.O.OB8HHA ITO ¢H3HK8 

2. BpeMA pa6oThi ITO ITOBhillieHHlO 

8¢¢eKTHBHOCTH yCKOpHTeng 

3. 3aTpaThl Bp8M8HH Ha IIO.O.f'OTOBKY 

K pa6oTe ¢M:3M:'leCKOH arrrrapaTy-

ph! H Ha TeXHOnOf'H'leCKYlO IIO.O.f'OTOBJCY 

YCKOpHTeng 

4. 3KcrrnyaTaUHOHHbie IIpOCTOH 

Y:achi 

6060 

5174 

98 

745 

43 

CpeaHAA HHTeHCM:BHOCTh 2,3 MKa ( 1,4 x 10
13 

p/ceK) 

% 

100 

85 

2 

12,3 

0,7 

2.HoBhre rrytiKH 'laCTHU H ycoBepllieHCTBOBaHM:e CHHXpOUHK-

noT p o H a. B 1967 roay cymecTBeHHO paclliHpeHhi B03MO)!{HOCTH M:Crronb30BaHM:H 

CM:HxpoURKnoTpoHa. Co3)laHhi M: BBe)leHI:I B aeii:CTBM:e JlBa HOBhiX KaHana ITY'IKOB 

H JlBe na6opaTOpM:M: )lnH ITpOBe)leHM:H M:Ccne)lOBaHM:H Ha 8TM:X rryqKaX. TiepBbiH 

KaHan - )!{eCTKO¢oKyCHpylOliiHH TpaKT Jl.Ig Me30HOB, BbiBOJlHliiHH IIY'IOK B HH3KO

¢oHOBYlO na6opaTOpHlO, npeJlHa3Ha'leHH;r}() )lnA H3y'leHHH peJlKHX HJlepHbiX IIpO

UeCCOB ( pHC .97); BTOpO:il: - IIpOTOHHhili KaHan ~C IIOMOliiblO KOTOpOro rrpOTOHbl 
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... 
PHc.97. 06IliHif BH,a Me30H-

HOro K8H8n8 C C03,a8HHhlM 

B J96J ro,ay Tp8KTOM1 BBQ-

11HII1HM Me30Hbi B HH3KOijJO

HOBYIO na6op8TOpHIO. 

PHc.98. llpoTDHHbiJf Kanan 

na60p8TOpHH HJJ.epHbiX npo6-

neM1 npe,aH83H8'IeHHbiif ,anH 

Me,aHK0-6HonorHTJ:eCKHX HC

cne,aOB8HHif. 3neprHH npo

TOHOB MO)f{eT '«3MeHHTbCH 

B . ,aH8II830He 90-200 MaB. ,.. 

137 



PHC,99. 06IIIHif BHJ! na6opaTOpHH JinH MeJIHKD-6HonorH"leCKHX HCCneJIOBB!_IHif. 

Grona c noMOIIIbJO tjJoKyCHPYJOIIIero Tpa KTa BBOJ!HTCH npoTOHbi c &HeprHeif 

90-180 MsB. 

c aHeprHeil: 95-185 Mas BbiBO.IlSITCSI B n a6opaTopHIO, cneuHanbHO o6opynosaH

HYID nns:r Me.llHK0-6HonorHqecKHXH OHKonor HqecKHX HccnenosaHHil:. Ha o6oHX TpaK-

TaX nonyqeHbl HHTeHCHBHOCTH nyqKOB, BJlB Oe npeBbilllaiOlliHe pacqeTHbie. 

Ha HOBbiX nyqKax HaqanHCb Hccnen osaHHSI. Ha Me30HHOM TpaKTe pa6oTa-

eT ycTaHOBKa ,llnSI H3yqeHHSI 3aXB8Ta M IOOHOB B BO.Il0pO,lle 1 Ha npOTOHHOM - y>Ke 

npose.neHo HeCKOnbKO aKcnepHMeHTOB. 

flpOTOHHbiil: TpaKT, C03,llaHHbiil: .nns:r OHKOnorHqeCKHX HCCne)lOBaHHil: 1 ycnelll

HO HCnOnb3yeTCSI H npH pellleHHH TOHKHX 3a,llaq SI,llepHOil: ~H3HKH, 0H ycTaHOB

neH TBK, qTo B Hero MO>KHO 38BO,llHTb He TOnbKO npOTOHbl C 9HeprHeil: 80-200M8B 1 

HO H nHOHbl n106.oil: 9HeprHH BnnOTb JlO MaKCHManbHOil:. llnHHa KaHana , OKOnO 

25 MeTpos,noasons:reT HCnonbaosaTb ero , HanpHMep, KaK cneKTpoMeTp no spe

MeHH nponeTa, qTo y>Ke cnenaHo B onbi T ax no Ha6n10.neHHIO ynpyroro pacces:r-

HHSI Ha3a)l npOTOHOB SIJlpaMH renHSI. 

HaroTosneH, Hana:>KeH H sseneH B n eil:CTBHe KOMnneKc ycTpoil:cTB nns:r .llHC-

TBHUHOHHOrO ynpasneHHSI HeKOTOpblMH CHCTeMaMH H arperaTaMH yCKOpHTens:r ·, 

o6ecneqHBaiOIUHil: CyiUeCTBeHHOe CHH>KeHH e pa.nHaUHOHHOil: Harpy3KH 9KCnnyaTa

UHOHHOrO nepCOHana: XOpOlliO 38IUHIUeHH biH TeneCKOnHqecKHil: npo6HHK .nns:r no

nyqeHHSI MHllleHeH C BKTHBHOCTbiO ,llO 10 rpaMM-9KBHBaneHTOB p8.1lHSI1 XOnO,llHnb-

HaSI ycTaHOBKa C nOBbillieHHOH xono.nonp OH3BOJlHTenbHOCTbiO )lnSI oxna:>K)leHHH 

.llH~~y3HOHHblX Ha~OCOB H np. 
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Jla6opaTopH.H 

.H,ll;epHbiX 

peaKI.J;HH 

Y craH011K8 ,aJU:I 3KCnpeccsoro senpepbiBHoro 

XHMH'lecroro pa3,aeneHH.fl npo.ayKTOB .flllepHbiX 

peaKI!HH .Ia BHeiiiHeM nyqxe ycxopHTen.fl Y-300 

0KOH'ieHa HanaaKa HOBOH paaHOXHMH qeCKOH annapaTypbi, B KOTOpOH llp:HMe

H.sieTCSI <!JpoHTanhHa.si ra3ocop6IlHOHHa.si xpoMaTorpa<lJHSI. C ee noMOllihlO npone

aeHbi MeTOaH'ieCK:He 9KCnepHMeHTbl no pa.3aeneH:HlO npoayKTOB SiaepHbiX peaKUHH. 

YcTaHOBKa HcnonbGyeTc.si anSI aanbHeiimer) H3y'ieHHSI XHMH'ieCKHX caoiicTal04-ro 

9neMeHT8 li apyrHX KOpOTKO*HBYlliHX li30T)ll0B C nepHOaOM nonypacnaaa=0,0lceK. 

0CHOBHOH ee 'i8CTblO SIBn.sieTC.si KOnOHK8 unHHOH 100 CM li JJ,li8MeTpOM 0,2 CM. 

nHHeHH85I CKOpOCTb noaBH*HOH <!Ja3bl paBH8 50 MeTpOB B CeKyHay. KoHUeHTpa-

Uli5I HOCHTeneii li XHMHqeCKHX areHTOB B ra30BOM llOTOKe 38JJ,8eTC5I C llOMOlliblO 

ao3HpoBKH pacTaopa ( aanpHMep, NbC1 5+~~rCJ 4 B SOCl 2 ) , aenpepbiBHO anpbrc

KHBaeMoro B yCT8HOBKy. 

Bbicrpo.aeDcTBYIOIIIHH Macc-cenaparop 

wep or.aa'lH (B3MC) 

B na6opaTopHH cnpoeKTHpoaaH H aGroToaneH raGoaanonHeHHbiH E3MC 

anSI 6biCTporo BbiJJ.eneHHSI (3a 10-6 ceK I paJJ.HOaKTHBHbiX npoJJ.yKTOB SIJJ.epHbiX 
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Pdc.JOO. YcTaHOBKa .anH XHMH'leCKHX onbiTOB c HOBbiMH aneMeHTaMH Ha BbiBe.aeHHOM IIY'lKe 

UHKnOTpoHa Y-300. Ha ycraHOBKe rrpoBo.aHnHCb HccneaoBaHHH CBOHCTB xnopHaoB aneMeHTOB 
102, 103 H J 04. 

peaKUHH. TipH60p paCC"!HTaH Ha yron OTKnOHeHHH 60°, HMeeT UBOHHY~ ¢oKy

CHpOBKy. KpHaonHHe:iiHaH rpaHHUa non~CHbiX HaKoHe"!HHKOB o6ecne"!HaaeT pa6o

Ty B .UHana30He BXOUHbiX yrnoa a = :t 6° npH H93H8"1HTenbHbiX ropH30HTanb

HhiX a6eppaUHHX. K HaCTOHllleMy apeMe HH npoaeneHa npoaepKa MarHHTHOH CHC-

T9Mbl C nOMOlllb~ HCTO"'HHKa anh¢8-"'BC T HU, aeneTCH HananKa npH6opa Ha ny"!Ke. 

CTeHP. HOHHbiX HCTOt{HHKOB 

3aaepmeHa pa6oTa Ha CTeHne H OHHhlX HCTO"'HHKOB no nony"'eHH~ MHO-

roaapHUHbiX HOHOB TH:lKenhiX sneMeHTOB: Ge , • Kr Xe W • Ha cTeH-

ne nony"'eHbi: Ge 8-aapsmHhiH, Kr 1 0-aapHUHbiH, W 12-aapHUHhiH. ToKH 

8THX HOHOB npeBbllll8~T npHMepHO B 1 0 -20 pa3 TOKH T8KHX )1{9 HOHOB, nony-

"19HHbiX C nOMOlllb~ HCTO"'HHKOB, KOTOp b!e npHM9HH~TCH H8 nHHeHHbiX yCKOpH-

TenHx a CiliA (pHc.102). 

Paapa60T8H raaopa3pHUHbiH HOHHbiH HCTO"'HHK nnH 6biCTponeikTBY~lllero 

MaCc-cenapaTOpa H30TOnOB Ha nHHHH C yCKOpHTeneM. 3TOT HCTO"'HHK HCnOnh-

30BancH nnH 6hlCT~OH sneKTpOMarHHTHOH cenapaUHH H30TOnOB 8CT8THHa, ¢paH-

UHH H BKTHHHH C nepHOUBMH nonypacnana 0,15 CeK H 6onee. 
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PHc.l 01. CTeH/1 HOHHbiX HCTO'lHHKOB. E r o peKOHCTPYKUHH nroaonHna pacuiHpHTb_ 

I1HBHB30H HCCneayeMbiX HOHOB H yny"l111H Tb pa3pe111BI0111YIO CHOC06HOCTb yCTBHOB

KH. 

Ql 

QOI 

m..n UccJ7/C. Pe:/vN M<J 
t.C/'f>041Hf..II::/J ~ I<J, a 

C'*M.t Pr 0,9 
KO NU irr , XI:! 1.5 

c~ Rr 6 
I(QmoiloJv Kr 12.7 

Xe /!J 

8 ctllbtrox - moe <.JOHa 5 
uNn,.ft6ce. 

az 

UrJ,KI 

2.9 
2 

0.95 

0*5 
Q6 

PHc.102. 3aaHCHMOCTb aenH'lHHbi T OKB HCTO'lHHKB anH Ar , Kr , Xe OT 

aenH'lHHbi Z/ A Hodoa. 
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PHc.J03. 3neKTpOMSrHHTHblit MSCC-Ce iiapaTOp H30TOIIOB1 QS60TSIOIIIHJt HS nitHHH 

c UHKnoTpoHoM Y-300. Ha CHHMKe: p yKOBOJlHTenb rpyiiiibi H.HJTapaHTHH H CT. 

HH~eHep A.B.aeMbHHOB roTOBHT ycTa HoBKY K aKcrrepHMeHTy. 

PaspaooTKa aneKTpoaaoil arrrrapaTypi:J 

8 o6naCTH paapa60TOK 9neKTpOHHOA anapaTypbl OCHOBHOe BHHMaHHe yae

nHnOCb BOnpocaM aBTOMaTH3aUHH ¢H3HqeCKHX 9KCnepHM8HTOB. 

1.8 H3MepHTenbHOM U8HTpe na6opaTOpHH paapa6oTaH ue H T p a ·n H 3 0 BaH H bl A 

BbiBOA 9KcnepHMeHTanbHbiX a a HHbiX co cToeK aHanHaaTopoa AYI-4096 

qepea ueHTpanhHhiA nynbT ynpaaneHH H Ha UH<t>poneqaTaromee ycTpoAcTao H Ha 

6onbwoA TeneaH3HOHHhiA 9KpaH. Coaaa Ha nporpaMMa anH accouHaTHBHoro pe

~HMa aHanH3a Ha H3MepHTenbHOM KOMnneKCe "TeH30p-lll" C HCnOnb30BaHH8M 

aaewaeA naMHTH aa 2048 18- paapSIAHhix enos,· qTo o6ecneqHT npoaeaeaHe 9K

cnepHMeHTOB c qHcnoM Kaiianoa ao 1 n 6 

2.Paapa6oTaHa per H c T pH p y 10m a H a nn a p a Ty p a anH onbiTOB no CHHTeay 

TpaacypaHOBbiX 9n8M8HTOB C perHCTpauHeA cneKTpa a - qaCTHU OT qeTbipeX 

noaepXHOCTH0-6apbepHblX KpeMHH8BblX AeTeKTOpOB H CHCT8MOH CTa6HnHGaUHH. 

t.{Hcno aMnnHTYAHbiX Kaaanoa - 1000, qHcno apeMeHHbiX Kaaanoa oT 4 ao 64 

C WHpHHOA KaHanoB OT 20 MCeK AO 10 CeK. 06ecneqHBaeTCH peaepCHBHhlA pe

~HM C Y3KHM AH¢¢epeHUHanbHblM OKHOM no 9H8pf'HH. 
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- ---------~--------~~~~~~----~--------. 

3.Paapa6oTaHa crreKTpoMeTpHqecKaSI arrrrapaTypa anSI perHCTpauHH 

peHTreHOBCKHX nyqeif Ha Si(Li) -aeTer:Tope. 

4.0caoeHa TexHonorHSI H3roToaneHHSI Si(Li) -a e T e K T 0 p 0 B C BblCOKOH 

paapeiiiaiOIII9H CIIOC06HOCTbl0 1 C TOniiiHI:OH qyaCTBHTenbHOrO CnOSI ao 3 MM. 

HaHnyqiiiee paapeiiieHHe anSI KOHBepcHo H:HbiX 3neKTPOHOB 137 C s cocTaBnSieT 

2,6 K3B, a anSI peHTreHOBCKOrO H3nyqeHHSI 241 Am ( E ')' = 14 K3B) .. 

•0,92 K3B (pHC.104). 

B 1967 roay H3roToaneHo oKono 150 rroaepxHoCTHo-6apbepHbiX aeTeKTO

poa H OKOnO 30 p-i-n aeTeKTOpOB, qro o6ecrreqHnO IIOTpe6HOCTH ~H3H'{eC

KHX rpyrrn na6opaTopHH. YacTb aeTeKTopoa rrepeaaHa a paanH'{Hbre na6opaTo

PHH cTpaH-yqacTHHU, a TaK:>Ke a na6opaTopHH 0115111. 

Pa6ora H ycoaeomeHCTBOBaHHe yc

KopHTenen TH)KellbiX HOHOB 

B na6opaTopHH aaa ycKopHTenSI ~'SI>Kenbrx HOHoa: Y -300 H Y -150. BcSI 

pa6oTa B 1967 roay aenacb Ha ycKopHTene Y -300, apeMSI pa6oTbi KoToporo 

Ha ~H3H'{9CKH9 HCCneaoaaHHSI COCTaBHnO 6900 qaCOB. 

TipoHaaoaHnacb peKoHCTpyKUHSI ycJWpHTenSI Y-150 a Y-200. YcKopHTenb 

Y-200 smnSieTCSI UHKnoTpoHoM c rrpocTp9.HCTB9HHOH l;!lapHauHeii MarHHTHoro no-

nSI, IIpeaHa3H8'{9HHbiM anSI yCKOp9HHSI ,'SI>KenbiX qaCTHU, y KOTOpbiX BenH'{HHa 

OTHOIIIeHHSI m I e ~,2,8. 

PHc.J04. 3HepreTH"lecKoe pa3-

pemeHHe Sl ( Ll ) - JleTeKTopoB 

JlnH peHTreHOBCKOrO H3ny"leHHH 
tl41 Am ( E y = 14 Kss). 
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.... r:------- - MZ-~ 
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PHc.J05. 3axonqena pexoncrpyKUHH UHKnorp ona Y-150 B UHKnorpoH c npocrpaHCTBeHoA sapHa

UHeit MarHHTHoro nann Y-200. On npeflH83Haqen !lnH ycxopeHHH flO 3HeprHA 20 fobs Htl 
+'B +B HyKnOH TJDKenbiX HOHOB OT I o /lO Ar 40• 

OcHOBHbie rrapaMeTpbi Y-200 (rrpoeKTHbie) 

llHaMeTp nomocos 

CpeAHRR HHAyKUHR MarHHTHoro non B 

ITpeaenbi H3MeHeHHB nong no aaHMYTY 

'4Hcno CeKTOpOB 

'4Hcno ayaHTOB 

200 CM 

- 20 Kraycc 

OT 16 AO 26 Kraycc 

4 

2 

3HeprHH '18CTHU Ha KOHe'IHOM p aJJ.Hyce JJ.nH + = 2,8 COCTaBnHeT 

+s B +~ yCKOpeHHR HOHOB 
10 11 

, C 
' 12, 13 

npH ¢HKCHpOB8HHOM 3Ha'le-

20 Maa/HyKn. UHKnoTpoH npeaHaaHa'leH ang 

+5 N +so +S,+&N +7,+~ 
u.u~ u,1s • 8 20,22 • reo 

HHH MarHHTHoro nonB UHKnoTpOHa B aaa ope aneKTpoMarHHTa.YcKopHTenh Y-200 

nony'leH nyTeM peKOHCTpyKUHH 150-caHTHMeTpoaoro UHKnoTpoHa. YaenH'IeHHe AHa

MeTpa H llOBbiiiieHHe CpeAHeH HHAYKUHH AO 20 Kraycc llOBbiiii8eT 9HeprHIO OT 6,5 AO 

20 MaalayKnoa ~ cymecTBeHHO paciiiHpHeT JJ.HanaaoH ycKopReMbiX 'laCTHU. 

144 



K KOHUY rona 6biJUi 38KOH'I9Hbl BCE M9X8Hli'!9CKH9 H KOHCTpyKTHBHble HC

llb!T8HliB Y-200, nonyqeao aeo6xo.o.aMoe lpocTpaHCTBeHHOe pacnpe.o.eneHHe Mar-

H!iTHOrO nong, pa60'IHH BaKyyM B yCKOpHTenbHOH KaMepe, npoH3Be.o.eaa Ha-

CTpOHK8 B~ CHCTeM B He06XOAHMOM Aliell830He '!8CTOT H H8'!8T8 KOMnneKCH8R 

Hana,IJ.K8 yCT8HOBKH. no BCeM OCHOBHbll\1 napaMeTp8M AOCTHI'HyTbl npoeKTHbl9 

xapaKTepHCTHKH. 

Ha ocHoee .o.aHHhiX, nonytJ:eHHbiX Hll ycTaHOBKe Y -200, 6y.o.eT npoBOAHTb

CR peKOHCTpyKUHR 300-CaHTHMeTpOBOI'O UHKnOTpOH8 B yCKOpHTenb C AH8M9T

pOM nomocoe 400 eM. 



Jla6opaTopHH 

HeitTpOHHOit 

$H3HKH 

HoBaH ¢n3nqecKaH annaparypa 

1 J .Ge(Li)-ll e T e K T 0 p 0 6 'heM 0 M 30 C M 3 • C03ll8Hhl llBa K08KCHanbHhiX rep

M8HHeBhiX lleTeKTOpa C 6onblliHM qyBC:TBHTenbHhiM 06'heMOM (30 CM3 ).g pa3pe

WeHHeM (6e3 BhrqeTa wyMOB annapaTypbi) 4,9; 5,8; 9,1 Kaa npH aaeprHSLX 

609, 1274, 7643 KaB, cooTBeTCTBeHf o. XapaKTepH3YIOIIIHe aTo pa3peiiieHHe aM-

22& 
nnHTyllHhie cneKTphl y - nyqeil: OT HC TQqHHKB Ra H npH p8llH8UHOHHOM 38X-

B8Te Ha :lKene3e ITOK838Hhl H8 pHc.106,107. 

2.J.1 C K p 0 B 0 il: C q e T q H K ll en e H H il. p 83pa60T8H H H3rOTOBneH MHOrOHHTeBOR: 

HCKpOBOil: cqeTqHK KOPOHHOrO THna )ln5I perHCTp8UHH OCKOnKOB neneHHSI B npH-

CyTCTBHH HHTeHCHBHOrO a - H3nyqeHH:SI. l.J:yBCTBHTenbHhlil: 06'beM cqeTqHK8 15 CM~ 

aanonaeHHe - cMeCb He+ Xe , acpoeKTHBHOCTb oKono 30% npH acpcpeKTHBHOCTH 

K a -qacTHUaM < 10-7%, MepTBOE! apeMSI .. 300 MKCeK. CqeTqHK nonycKaeT 

pa60TY C HHM B HHTeHCHBHhlX HeHTJ=OHHhlX H raMMB-ITOTOKaX: B qaCTHOCTH, He 

aa6n10naeTCSI H3MeHeHHSI ero napaMerpoa 

ca peaKTOpa HEP. 

HenocpellCTBeHHO B MOMeHT HMITynb-

3J-I a H 0 C e K y H ll H hi H CITe K T p 0 Me 1' p 6 hi C T phi X He H T p 0 H 0 B. p 83pa60T8H 

CIT8KTpOMeTp 6hiCTphiX HeiiTpOHOB ITO BpeMeHH rrponeTa B H8HOCeKyHllHOM llHarra-
• 
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PHc.l 06. CrreKTp y - nyqeii UB Rs 1 

rronyqeHHbiH HB 30 CM3 repMBHHeBOM 

P.eTeKTOpe. flo OCH a6CUHCC OTnOlKeH 

HOMep HBKBnB BHBnH38 Topa. 

PHc.l 07. CrreKTp y - nyqeil H3 peaK

IlHH Fe(tt 1 y) 1 H3MepeHHblil c rro
MOIIIbiO 30 CM3 repMBHHeBOro P,eTeK-

TOpa. ,. 

n 

fQO,,O 

76~./I(IIV 

I 

50£'0 

......... ........ 

2.!160 N 

aoae. HaqanbHhiH MOMeHT apeMeHH B cneKTpoMeTpe aa}laeTC51 perHcTpauHeH 

conyTCTBYIOIUHX BhineTy HeHTpOHOB H3nyqe ·IHH npH llOMOIUH CUHHTHnnSIUHOHHOrO 

HnH nonynpoaoaHHKOBoro aeTeKTopoa. .llnSI lleHTpoaoa H3 peaKUHH 12 C ( T, n y) 14 N 

( nponeTH851 6a3a 50 CM) nonyqeao paapeLieHHe 1.1 o-9 CeK; }lnSI perHCTp8UHH 

T( d, n) 4 He (nponeTHaSI 6aaa 32 eM), KOJ'aa oaaoapeMeHHo cneKTpoMeTpHpo

eanHcb H aapR>KeHHhre qacTHUhi ( pe}I{HM ¥ foroMepaoro aaanHaa), paapeUieHHe 

COCTaBnSieT T8K}I{e 1 .1 o-9 CeK. 

B cneKTpOMeTpe HCnOnh3yiOTCSI pa3pa6oTaHHhie B nH<P CXeMhl TpaH3HCTOp

HOH aneKTpoHHKH: npeo6paaoaaTenb ape!V eHH B aMnnHTYJlY c pa3peweHHeM 

8.1 Q-12 CeK, IIIHpOKOllOnOCHhlH ycHnHTenb C BpeMeHeM HapaCT8HHSI "'5.10-9 CeK H 

KOalf>lf>HUHeHTOM yceneHHSI 1000, 38p51JlO'iyBC:TBHTenbHhiH ycHnHTenb, BhiCOKOCTa-

6HnbHhiH cneKTpoMeTpH"leCKHH ycHnHTenb 11 Jlpyn-w. B cneKTpoMeTpe anepahre 

llpHMeHeHhl npeano}l{eHHhle B na6opaTOpHH HenHHeHHbie MeTOJlhl KOMlleHCaUHH 
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PHc.JOB. CnexrpoMeTp 6biCTpbiX H e iirpoHOB no apeMeHH nponera c BbiCOKHM pa3 -

pemeHHeM, Hcnonb30B8HHe nonynpo B0!1HHKOBoro 11eTexropa B cneKTpoMeTpe !18-

no B03M0)1{H0CTb 0!1HOBpeMeHHOrO CIIeKTpOMeTpHpOB8HHH HeilTpOHOB H COnpo

B0)1{/18IOII/HX 'l8CTHII. Ha CHHMKe:. H tJ.Y'lHbiil COTPY11HHK M • .llpa)l{eB H Mn, H8Y'lHbiH 

COTpy/1HHK C.C.flap)I{HliKHil rOTOBHT annapaTypy K 3KCnepHMeHTy, 

8MllnHTYAHO~ 38BHCHMOCTH, ll03BOnHIDlliHe ynyqlliHTb nHHe~HOCTb H nonyqHTb 

BblCOKOe BpeMeHHOe pa3peweHHe B lliHp OKOM AHH8MH'I9CKOM AH8ll830He ( pHC,l 09 ). 

Ha pHc.llO H 111 noKa3aHbi cneKTP a qacTHU H cneKTp He~TpOHOB H3 

peaKUHH D( T, n) "He H T( D, 4 He) n , nonyqeHHbie aa HOBOM cneKTpo-

MeTpe. 
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PHc.109. 3cjJt/JeKT sse.aeHHH KOMIIeHcai

UHH 8MIInHTYUHOil 38BHCHMOCTH B Ha

HOCeKyHUHOM CIIeKTpOMeTpe IIO BpeMe

HH IIponeTa. KpHB8H J - CIIeKTp Heil

TpOHOB H3 peaKUHH D( T, n) 4 He, rro-

ny"leHHbiil C IIOMOIIlbiO rronyiipOBOUHH

KOBOrO ,aeTeKTOpll 6ea KOMIIeHCBUHH. 

KpHBllH 2 - TO )Ke CBMOe, HO C BBe

.aeHHeM KOMIIeHCBUHH BMIInHTYUHOJl 

38BHCHMOCTH HenHHeilHOrO THIIB. 

D(T,n)J:b.' 

N 
'· -

-
-
-
-

• • • 

-

) 
• 

~ ... 

~-... I 

\) 
• • _,_ 

PHc.llO. CrreKTp a - "'BCTHU H3 peaK

UHH D ( T, IJ ) 4 He, rrony"leHHbiil HB HOB OM 

crreKTPOMeTpe. CorrpoBO)KUBIOIIIHil IIHK 

CIIpBBB COOTBeTCTByeT IIpOTOHBM H3 

peBKUHH D(d,p)T. 

J13MepHTeflbHbiil Il8HTp 

J13M8pHT8JlbHbiH U8HTp JlH<I», B COCT8B KOTOpOI'O BXO.O.HJIH 'i8Tblpe 8H8JIH-

38TOpa C 'iHCJIOM K8H8JIOB 4096, TpH - C 'iHCJIOM K8H8JIOB 2048 H MHOI'OMep-

Hhli!: 8H8JIH38TOp C naMSITblO Ha M8I'HHTHbii!: JI8HTe, nOJIHOCTblO o6ecne'iHB8Jl 

noTpe6HOCTK SKCnepuMeHTOB, npOBO.O.HBWHXCSI H8 ny'iK8X peaKTOpa H yCKOpH

T8JISI 3f-5. 

PHc.lll. CrreKTP HeilTpo

HOB H3 peBKUHH T(D, 4 He)n, 

rrony"leHHbiil Hll HOBOM 

crreKTpOMeTpe. 

N 

T(O,M• 4)n . 

i 

- ~s 

) \_ 
11/(/ 

---N. 
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TipoaomKaJurcb pa6oTbi ITO coaepllWHCTBoBaHJno aiTITapaTypbi ueHTpa. 0ITpo-

6oaaH Ha CIT8KTpOM8TpHqeCKHX pa60TaX H CJ:18H B 8KCITJiyaTaUHID BTOpOH TpaKT 

MHoroMepHoro aHaJIH3aTopa. B MHOf'OM!)pHbiX perncTpaTopax ycTaHoaneHbi C03-

aaHHbre B Jia6opaTOpHH TpaH3HCTHpOB8HHbie aMITJIHTYJ:IHO-UHcppoBbie ITpeo6pa30Ba

TeJIH Ha 4096 KaHaJIOB C CHCTeMOll CTa6HJIH38UHH ITOpOI'a H M8CiliTa6a lliK8Jlbl, 

BenHCb pa6oTbi B HaiTpaarreHHH HeiTocpe.LCTBeHHoro HCITOJib30BaHHSI BbrqncrrHTeJib

Hoil M81liHHbl ):IJISI o6pa60TKH MHOf'OMepH,)ll HHcpopMaUHH, 38ITHC8HHOll Ha M8f'HHT

HOH rreHTe. CaaHo B 8KcnrryaTa!lHID ycT~oilcTao aayxcTopoHHeil CBSI3H H3Mepn

TeJibHoro ueHTpa c 3BM "MnHCK-22". 

p 83pa60TaHa H H3f'OTOBJieHa MHOI'OTp8KTOB85I perHCTpHpyiDill85I CHCTeMa 

):IJISI MHOf'OKaHaJibHOf'O 8HaJIH3a (pnc.ll~), KOTOpaSI ):laeT B03MO*HOCTb O):IHO

BpeMeHHOll perHCTpaUHH HHcpOpMaUHH 0~' 6 8KCrrepHMeHTOB, B COCTaB ee BXO

):ISIT aHarroro-un¢poabre ITpeo6pa3oBaTern HH¢opMaUHH AUTI, ycTpoilcTaa npo

Me*yToqHoil ITaMSITH YTITI, apn¢MeTnqecKoe AY H pacnpeaerrnTeJibHOe ycTpoil

cTao, ynpaBJISIIDillee ycTpoilcTao YY H )rrepaTHBHaSI naMSITb M03Y OT Bbrqnc

JIHTeJibHOil MalliHHbi "MHHCK-2". CncTe v.ta Haxoanrracb a orrbrTHOH 8KcnrryaTa

UHH, ITOK838Ha. B03MO*HOCTb H uerrecoo6pa3HOCTb 06'be):IHH8HH5I ee C BbiqHc-

JIHT8JlbHOH M81liHHOH !3 eaHHhiH KOMITJieJ~C. 

B ITpouecce 8KCITJiyaTaUHH OCUHJIJI(>f'pacpa CO CBeTOBblM KapaH):I81liOM COB

MeCTHO C M81liHHOH "MHHCK-2" COBepllleHCTBOBaJIHCb M8TOJ:Ihl HCITOJ1b30B8HH5I 

8TOI'O yCTpOHCTBa, qTo IT03BOJIHJIO 3Haq}T8JlbHO yiTpOCTHTb o6pa6oTKY CITeKTpOB, 

flpOBOJ:IHJiaCb CHCT8M8THqecKaSI pt60Ta ITO C03):18HHID ITOJiyrrpOBO):IHHKOBOH 

8J18KTpOHHOH annapaTyphl rrpeaaapHTeffi,HOf'O OT6opa HHcpOpMaUHH (aeTeKTOp

HaSI aiTITapaTypa) H no o6eciTeqeHHID eiD ¢n3HqecKHX rpyniT. B KOMITJieKChl co3-

):18HH0ll aiTrrapaTyphl BXO):ISIT ycHJIHTeJIH, an¢¢epeHuHaJibHbie H HHTerpaJibHhie 

):IHCKpHMHHaTOpbi, CX8Mbl COBIT8):18HHH, c;rMM8TOpb!, CX8Mbl rrporryCK8HH5I, 8MHT-

TepHbie ITOBTOpHTeJIH, BbiXO):IHhie cjJOpMHp OB8TeJIH, 

rL. ~ .• -- ___ & 
t -!+I LrJ i ~1 
ir.ttc ___ ~~ 
~ ~c;J' 'W! ·r L ___ L ; ! . _ 1_ Koaoa~co 

r- KWR _ ·~:===t___ ,,~ 

1/~ Jj ~ 1 KH.mt:rtt" !~ _ ------1 yy ~~n ... __ ·~ ,-7.:;;~ 
A' trr~ ' -~~ A' 
u· ~~ 

· Pnc,ll2. BnoK-cxeMa MHoro-

[}

- l'oJp 3oo&•u 

I __ ) \ 

' J Kt~MMymamop ocq I J 

~ ~~,"I 3•"M®, I noa,,.m ~ ~ ~ t;) 2 ~· [!tj~ ~ flpeoKp 

8 lt .... Q: 

j tlpf'nUK0116HOf. om/rnOHIHCif II!J'IO 
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TpllKTOBOH perHCTpHpyiOIIIeH 

CHCTeMbl .ll.J1H MHOrOKBH8.J1bHO

ro BHBJ1H38., Q603H8.<leHHH - B 

TeKCTe, 



PHc.113. 0r;:IIHnnorpar/J co 

CBeTOBbiM KBpBH/181IJOM1 pa-

60TBIOIIJHit COBMeCTHO C 

38M, HCIIOIIb3yeTCH tiiiH 

yCKOpeHHOit 6pa60TKH 3K

CIIepHMeHTBIIbHOit HHr/Jop

MBIIHH. Ha CHHMKe: CT.HH

JKenepbi H. ToMHK H 

B.P. Tpy6HHKOB. 

Pa6oTa OCHOBHbiX ycTaHOBOK 

P e a K Top. 06mee apeMH pa6oThi ycTaHOBKH J.1 EP B 1967 roay cocTaBHllO 

4600 qacoa. CocTOSIHHe peaKTopa H ero CHCTeM yaoaneTaopHTellbHoe. Qqepea

HO~ npo¢Hll8KTHqecKH~ peMOHT peaKTOpa npOBOAHllC51 B aarycTe-CeHT516pe 1967 

roaa. C nyCKOM peaKTOpa BBeAeH pe)!{HM pa60Tbl H8 qacTOTe 2 HMn/ceK, 3K-
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cnepHM9HT8nbHO onpo60B8H8 pa60T8 J1 EP B pe:>KHMe peAKHX MOillHb!X rpynn HMnynb

COB (o6me~ aaeprHe~ 1015 AeneaH ~ c nepHO.llOM cneAoBaHHR rpynn 10 ceK) 

npH Cpe.[lHe~ MOillHOCTH 3 KBT, onpo60B8H8 HOBBR nyCKOB8R annapaTypa peaK

TOpe. 

Benacb noAI'OTOBKa K peKOHCTpyKUHH ycTaHOBKH 11EP B 1968 roAy, uenbiO 

KOTOpO~ 6y.[leT fiOBbiWeHHe cpe.ClHe~ MOlUHOCTH peaKTOpa ,[lO 30 KBT. 

M H K poT p o H. BpeMR pa6oTbi ycKopHTeng B CHCTeMe 11EP + MHKpoTpoa coc

TaBHno 1350 qacoa npH cpeAHe~ MOillHOCTH peaKTopa 1 KBT. DpoBOAHnHCb Hc

cneAOBaHHR no ~H3HKe MHKpoTpoaa, rloKaaaaa B03MO:>KHOCTb TaKHX pe:>KHMOB 

pa6oTbi ycKopHTeng, KOrAa CBll-Moma ocTb · AnR ycKopeHHR aneKTpoaaoro nyq-

K8 BO MHOI'O p83 npeBOCXO.ClHT MOlUHOCTb OMHqeCKHX noTepb B CTeHKBX pe30-

H8TOpa, Kn.n KOToporo npH aToM AOCTHraeT 85%. B aacToRmee apeMR CHCTe

Ma Bb!BO.[la (pHc.114), ~OKyCHpOBKH H HauenHBBHHR nyqKa ,[lOBO.ClHT BCe aneK-

TpOHbi c nocneAHe~ op6HTbi aa MHWeHb B ueaTpe peaKTopa. 
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PHc.114. MarHHTHbiJt KaHan 

MHKpOTpOHa, o6ecne'lHBai011.lHJf 

J 00%-HyiO aKTHBHOCTb BbiBo

~a sneKTpOHHoro nyqKa. 



PHc.115. Or.aenoM HEP-2 na6opaTOJ!HH se.aercH rrpoeKTH!JOBaHHe HOBoro peaK

Tapa. Ha CHHMKe: COTpy,aHHKH OT,aena ( cneBa HaiipaBO) pyKOBO.QHTenb rpyiiiibi 

E.n.Illa6anHH, Hay"'lHbiii corpy.aHHK A.Ha spo.aKH, pyKoso.aHrenb rpyiiiibi B.M.Ha-

3apos, Ha"'lanbHHK or.aena IO.C.H3BHUKHii, HHJKeHep E.H.KyrrpHH1 rn.HHJKeHep 

rrpoeKTa B • .a.AHaHbeB. 

3 n e K T p ocT aT H q e c K H ii: y c K o pH T en b 3 r-5. B Te"'eHHe roaa ycKopH

Tenb npopaooTan 2000 "!aCOB (H3 HHX 1600 "!aCOB - Ha 9KCnepHMeHT) B HH

Tepaane 9HeprH:ti: oT 1,4 ao 3,8 M9a, a aaaSI ycKopeHHbre ny"!KH renHSI-3, aeii:

TepHSI H aoaopoaa. BenHCb paoOTbi no n OBbi!lieHHIO 9HeprHH HOHOB, yaenH"!eHHIO 

HHTeHCHBHOCTH ny"!Ka H ooecneqeHHIO aae)I{HQCTH paOOTbl OTAenbHbiX 9neMeH-

TOB H y3nOB yCKOpHTenSI. 

PeaK Top l1 E P-2. B CBSI3H c pellle HHeM XXI ceccHH Y"'eHoro coaeTa 

Ol1~l1 H V cecCHH Y"'eHoro coaeTa no ~H3HKe HH3KHX 9HeprH:ti: o npoeKTHpo

aaHHH HMnynbCHOrO peaKTOpa l1EP-2 B naoopaTOpHH C03AaH HOBbi:ti: OTAen. 

3THM oTaenoM pa3pa6oTaH 9CKH3Hbi:ti: . poeKT peaKTopa, TeopeTH"!eCKoe o6oc

HOBaHHe yCKOpHTenSI-HH)I{eKTOpa anSI l1EP H TeXHHK0-9KOHOMH"!eCKa51 OUeHKa 

KOMnneKca l1EP-2. Ha"!aTo TeXHH"!eCKo e npoeKTHpoaaHHe peaKTOpHoii: qacTH, 

npOBOASITCSI Hay"!HO-HCCneaoaaTenbCKHe paoOTbl no 9CKH3HOMY npoeKTY yCKO

pHTenSI-HH)I{eKTOpa fll1Y-30. 



Jla6opaTOpHH 

BblqHCJIHTeJibHOJf 

H aBTOMaTH3aQHU 

TeXHHKH 

Paspa6oTKa H cos,aanHe CK8HHPYIOII(HX ycr

POHCTB H BCIIOMOrarenbHOH 8IIII8P8T.Yf.'bl ,anH 

o6pa60TKH cjJHnbMOBOH HHc/JOpM8I.lHH 

1. A aToM aT c M ex a H H q e c K H M c K a H H p o a a H He M ( AMC-HP D ) smng-

eTCSl: BbiCOKOCKOpOCTHbiM rrpeUM:3HOHH:,IM IIpM:6opOM JJ.ng o6Mepa QlOTOrpaqJM:il: 

c rry3hiphKOBhiX KaMep. Oa rrpeJJ.Ha3Haqea JJ.ng pa6oTbi a pe:>KM:Me aerrocpeJJ.CT

aeHHOil: CBSl:3H C aneKTpOHHO-Bbi'IHCnM:TenbHOfi M8lliHHOii:. 0rrTHKO-MeXaHM:'IeCK8Sl: 

qacTh rrpM:6opa 3aKyrrneaa y QlHpMbi "Co:>KeHHK" ( AarnHSl:), aneKTpoHHbie y3nhi 

pa3pa60T8Hbl B nBT A. TipeJJ.aapM:TenbHilSl: o6pa6oTKa QlOTorpaqmil: JJ.nSl: STOro rrpM:-

6opa BeJJ.eTCSl: H8 IIpOCMOTpOBbiX CTOnaJ:, JJ.8HHhle C KOTQpbiX HCIIOnh3YIOTCSl: 3BM 

JJ.nSl: yrrpaaneHHSl: pa6oToii: CKaHHPYIOlller') aaTOMaTa. CKaHM:poaaHM:e aeJJ.eTCSl: cae

TOBbiM IISl:THOM JJ.HaMeTpOM 10-15 MKM 1 IIepeMellleHM:e KOTOpOrO ITO K8JJ.PY OCy

IIIeCTBnSl:eTCSl: MeXaHM:'IeCKH. C IIOMOIIIh 0 QlOTOyMHO:>KM:Teng H aneKTpOHHbiX CXeM 

CHHM8eTCSl: HHQlOpM8UHSl:, HM9IOIII8Sl:CSl: f8 KaJJ.pe, 3aTeM 3TH JJ.aHHbie IIOCTyiiaiOT 

B 38M, rJJ.e BeJJ.eTCSl: HX JJ.anbHe1l:lll8Sl: o6pa60TK8. 

ABTOM8T MO:>KeT CK8HHpOB8Th K8,:tp lliM:pHHOfi 50 MM If JJ.nHHOfi IJ.O 240 MM 

3a 15-20 ceK. CKopocTh rronyqeaHSl: <>KOH'IaTenhaoro pe3ynhTaTa H3MepeHHSl: 
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PHc.JJ6. BBet1eHB B !1elfCTB!{e OIITHKO- M eXBHH"leCKBH "'BCTb BBTOMBTB C MeXB

HH"leCKHM CKBHHpOBBHHeM H H3rOTOBneH a DOnblliBH "'BCTb onOKOB sneKTpOHHbiX 

yCTpOifCTB !1nH Hero. ABTOMBT IIpet1HB3 HB"leH 11nH •BbiCOKOCKOpOCTHOit oopaooT

KH cjJOTOrpacjJHif C IIy3blpbKOBblX KBMep IIpH paooTe B • pe)l(HMe HeiiOCpet1CTB8HHOJl 

CBH3H C sneKTpOHHOJl Bbl"'HCnHTenbHOif MBlliHHOif. Ha CHHMKe ( cneBa HBilpBBO); 

MeXBHHK A.C./5ypoB, HB"'BnbHHK OT!1ena BBTOMBTH3BUHH JO.A.Kap)l(BBHH, CT.HH

~!!JHep B.B.EpMonaes. 

3aBHCHT OT B03MO>KHOCTeA 38M H B aweM C1Iy"'ae COCTaBHT 1-2 MHH, "'TO 

COOTB9TCTByeT roaoeoA npOH3BOaHT91lbHOCTH CKaHHpy~mero aBTOMaTa 180-300 

TbJCSI"' co6biTHA a ro.a. 

8 1967 roay eaeaeHa B aeAcTBHe onTHKo-MexaHH"'ecKaB "'SCTb AMC H 

38BepweHO H3rOTOB119HHe 001lbWOA "'aCTH 01IOKOB 9119KTpOHHblX ycTpOACTB. na

panne1IbHO c aTHM eenHcb pa6oTpl no co3.aaHH~ CHCTeMbl nporpaMM anSI AMC. 

2. C K a H H p y ~Ill H A a B T 0 MaT H a 9 n e K T p 0 H H 0- n y"' e B 0 A T p y 6 K e. 3a-

eeplll9Hbl paOOTbl no C03aaHK~ CKaHHpy~mero aBTOM8Ta C 9119KTpOHHo-1Iy"'e

BOA Tpy6KoA ( A3C), npeaHa3Ha"'eHHoro anSI npocMoTpa H H3MepeHH9 TpeKOB Ha 

CHHMK8X C HCKpOBbiX K8Mep. 

Ha pHc.118 npHeeaeHa onTH"'ecKag cxeMa co3aaHHoro aeToMaTa. CKaHH

poeaHHe CHHMKa ocymecTa.nSieTcg MeToa oM 6erymero ny"'a c Hcno.nb30BaHHeM 

aneKTpOHHo-nyqeeoA TpyOKH. Pa3Mep CKBHHpyeMOrO CHHMKa 18 X 24 MM2 (nneH

Ka WHpHHOA 35 MM), aHaMeTp CKaHHpy~mero ' nSITHa 30 MKM. TO"'HOCTb OTC"'e

Ta Koop.aHHaT 20-30 MKM. AeToMaT p a 6oTaeT Ha 1IHH.HH c 38M E3CM-3M. 

BpeMSI nonaoro cKaHHpoeaHHSI oaHoro CHHMKa - oT 1,5 ao 12 ceK. npo

H3eoaHTenbHOCTb 8BTOM8T8 npH TpeXCM98HOA paOOTe COCTaBHT OK0110 3 MH11-

nHOHOB CHHMKOB B roa. 
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PHc.JJ7. 3asepllieHbl pB60Tbl no C03!1BHHIO CKBHHpyiOWero 8BTOM8T8 H8 aneKTpOHHO

ny'leBOH Tpy6Ke1 npeaH83 H8'leHHOrO anH npOCMOTpa H H3 MepeHHH TpeKOB H8 CHHMK8X 

C HCKpOBblX K8Mep. Ha CHHMKe: Hanaaxy 8BTOM8T8 BeayT HHJKeHep B.Jl.lliyrypOB H 

pyxoBoaHTenb rpynnbr B.H.WxynaeHKOB. 
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_..th{•ll/- " rra- . • tZt Cm{XJHQ 

£PornooiuHoll WfTI{JIJZII4a11 /lua20HO/IbHQfl 
pttlllffliKJ. IJUHUJI 

L---------------~-----------x 

x=n·"f 
v·m .lffw'f 

We ~-2-' 

{/J()fTIOIIIIl'II#(J 

Pac.JJB. OnTH'lecxaH cxeMa cxanapyrowero BBTOMaTa Ha anexrpoHHo-ny'leBoii rpy6xe. 



Pnc.JJ9. llpOCMOTpOBO-H3MepHTellbHblit IIpOeKTOp JJ.llH o6pe.60TKH CHHMKOB C HC

KpOBblX K8.Mep. J13MepeHHH BeJJ.yTCH B IIp HMOyrOllbHOit H 6HIIOllHpHOit CHCTeM8.X 

Koop.anne.r. He. CHHMKe: cT.HH)KeHep M.M . CKpbinb. 

3. C H C T eM hi He II 0 C p e .ll C T Be H H 0 H C B 513 H II 0 JI y a B T 0 MaT 0 B il Y Q C 

H rr p o c MoT p o B o- H 3M e pH Ten b H h i x c Ton o a c 3 B M. P a3pa6aThi

aaeTC51 CHCTeMa CB513H, paccqHT8HHa51 Ha IIO.llKJIIDqeHHe 15 o6~eKTOB (rronyaB

TOMaTOB H I1pOCMOTpOBO-H3MepHT8JibHhiX CTOJIOB) H 15 3ileKTpoyrrpaBJI5leMbiX 

rreqaTaromHx MalliHHOK K E3CM-4. B K a qecTae 3neKTpOHHbiX 3JieMeHTOB CHC

TeMhi HCIIOJib30BaHbi gqeHKH E3CM-4, C TaH.llapTHbie CTOiiKH H 6JIOKH IIHTaHH51, 

H3roToaneHHhie B U3 Me OYI5U1. 

3aaeplllaromee HCIIbiTaHHe rrpoxo.uHT aaanorHqaag CHCTeMa, paccqHTaH

Ha51 sa rro.uKmoqeaHe 10 rronyaBTOMaToB K BhiqHCJIHTeJibHOii MalliHHe E3CM-3M. 

B 1967 ro.uy rrpoBO.llHJIHCb pa6oThi no C03AaHHID MaTeMaTHqecKoro o6ec-

rreqeHH51 CHCT8Mbi, COCTOSimeii: H3 IISITH H3MepHT8JibHbiX IIOJiyaBTOMaTOB, pa6o-

TaromHx sa JIHHHH c E3CM-3M. B aaua oii cHcTeMe KOOPAHHaTbi, rronyqaeMbie 

rrpH H3MepeHHH <jlHJibMOBOii HH<jlOpMaUHH Ha IIOJiyaBTOMaTe, IIOCTyrraiDT B 38M 

B rrpouecce H3MepeHH51, MHHY 5I rrpoMe)l{y ToqHbiH HOCHT8Jib ( rrepqioneHTy) • 

4.DpOCMOT~OBO-H3M8PHTeJibHhl H npoeKTOp .llJI51 o6pa60TKH 

C H H M K 0 B C H C K p 0 B hi X K a Me p H 0 C U H JI JI 0 r p a M M, pa3pa6oTaHHbiA 

B na6opaTOpHH, paccqH'raH Ha o6pa60TKY CHHMKOB pa3MepOM 18x 24 MM. Yae

JIHqeaHe CHHMKOB B IIJIOCKOCTH 3KpaHa . 2 0 KpaT, UeHa OTCqeTa B IlpSIMOyrOJib

HOii CHCTeMe KOOP!=lHHaT 0,1 MM, ueaa yrnoaoro OTcqeTa 10 MHHyT. CpeAHe

KBaapaTHqaag OlliH6Ka H3MepeHHSI I10p51A Ka 0,5 MM Ha IIJIOmaAH 400 X 750 MMo 
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PHc.120. MoHTBJK 6Hrron HpHoil CHCTeMbi "'PaaHyc"'. 

OTcqeTHag CHCTeMa ang aToro n pu6opa pa3pa6oTaHa B aayx aapnaHTax: 

B nepBOM npHMeHgeTCg npgMoyronbHa g CHCTeMa H BO BTOpOM - 6HnongpHag 

cncTeMa "Paauyc" (puc.120~. 

ilpeanonaraeMag npOH3BOAHTenb HOCTb npH60pa 60 CHHMKOB B qac. 

5. n p o e K T "c n u p a n h H or o u 3 M e p u Ten g". DpoaeaeHbi pa6oThi no noa

roToBKe K npoeKTUpOBaHUID U U3rOTOBneHUID U3MepUTenhHOrO ycTpOACTBa TU

na "cnupanhHOrO U3MepUTeng" Ang o 6pa60TKU CHUMKOB C ny3blpbKOBbiX Ka

Mep. CucTeMbi aToro Tuna oTnnqaroTc g 6biCTpoaeAcTBUeM H He Tpe6yroT npea

aapuTenhHoro npOCMOTpa CHUMKOB. ilOArOTOBneHhl TeXHUqeCKUe ycnOBUg Ha 

pa3pa6oTKy aToro npH6opa. CocTasneH npoeKT aoroaopa c pgaoM UHCTUTy

TOB CCCP o COTPYAHuqecTBe B aToA o6nacTu. HMeeTcg aoroaopeHHOCTh c 

3neKTpOaKyCTHqeCKOA na6opaTOpHeA f np 0 npOU3BOACTBe cepuu npu6opOB B 

1968-1969 roaax. 

B IlBT A HaqaTbi npoeKTHO-KOHCTpyKTopCKHe pa3pa6oTKU onTHKO-MexaHu

qecKoA qacTu "cnupanhHoro H3MepHTen sf'_. 



• IV. ~EHTERbHOCTb PYKOBO~HmHX 

H KOHCYRhTATHBHbiX OPrAHOB 

v. fiPEMHH OHHH 3A 1966. ro~ 

VI. MEX~YHAPO~HbiE CBH3l1 

H HAYqHQE COTPY~HMqECTBO 

VII. PAaHAUl10HHAH BE30llACHOCTb 

VIII. l13~ATERbCKHft OT ~ER 

IX. HAYqHQ-TEXHHqECKAH Bl1BJil10TEKA 
. 

x. H30BPETATEJibCTBO H P AUHOHAJIH3AUHH 

XI. A~Ml1Hl1CTPATl1BHO-X03HftCTBEHHAH 

~EHTERbHOCTb 



~e.HTeJibHOCTb 

PYKOBO,Q.HII(HX 

H KOHCYJibTRTHBH~X 

opraHoB 

10-13 smsapSI 1967 ro.lla cocTogracb XXI cecCHSI Y'leHoro coseTa 

06'be.llHHeHHoro HHCTHTYTa SI.llePHhiX llccne.llosaHHH. CoseT o6CY.llHJI oT'leTbi o 

.lleSITeJibHOCTH HHCTHTyTa S 1966 rO.llY, Iln8Hhl HBY'lHhiX HCCJie,llOS8HHH H8 1967 ro.ll, 

a TBK*e nnaH pa3SHTHSI cpe,llCTB Shl~HCJIHTeJibHOH TeXHHKH H 8BTOM8TH38UHH 

o6pa6oTKH 3KCnepHMeHTanbHhiX .llBHHhiX Ha nepHO.ll c 1967 no 1970 ro.ll. Bhrn 

YTBep*.lleH nnaH COTpy.llHH'ieCTB8 HHC:THTyTa C Hay'iHD-HCCne.llOBaTenbCKHMH 

opr8HH38UHSIMH CTpaH-y'iaCTHHU H npo 3e.lleHHSI Hay'lHhiX COSelUBHHH Ha 1967 ro.ll. 

Y'leHhiH coseT paccMOTpen npe.llHapHTenbHbre npe.llJIO*eHHSI o nepcneKTHs

HOM nnaHe paasHTHSI O:vl. Hl1 Ha 1971--1975 ro.llhi H .llan caoH peKoMeH.llBUHH. 

Y'leHhlH coseT H36pan Ha O'lep~lHOH CpOK .llHpeKTOpOM na6opaTopHH Shl

COKHX 3HeprHH l1.B.4ysHJIO H nepeH31)pan Ha .llOJl*HOCTH .llHpeKTOpOS naoopa

TOpHH B.n.n*enenosa, r.H.<Pneposa r H.M.<PpaHKa. CecCHSI npHHSIJia pemeHHe 

o coa.llaHHH Y'leHoro coseTa no Teope·TH'leCKoii <j:lH3HKe. 

Y'leHhX:H coseT no'ITHJI naMSITb HKa.lleMHKa B.H.BeKcnepa, ocHoBaTenSI H 

nepaoro .llHpeKTOpa naoopaTOpHH ShiC OKHX 3HeprHH, H OTMeTHJI ero 60JiblUHe 

38CJiyrH nepe.ll HHCTHTyTOM. 

KoMHTeT nonHOMO'!HhlX npelCTasHTeneM: Ha coaemeHHH 17-19 

sJHaapSI 1967 ro.lla O.lloopHn H yTsep.llHJI npHHSIThie XXI ceccHeii Y'leHoro co-
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BeTa peweHHSI, KOTOpbi8 onpe.uenHnH HBy'lHO-HCCne.UOBaTenbCKYIO ,ll8SITenhHOCTb 

HHCTHTyTa Ha 1967 ro.u, H npHHSin K ~B8.ll8HHIO Coo6weHH8 .UHp8KUHH 06 O~H

.uaeMOM HCnOnHeHHH 6IO.U~eTa 3a 1966 ro.u, a TaK~e yTBep.UHn 6IO.U~eT HHCTH

TyTa Ha 1967 ro.u. KoMHTeT nonHOMO'lHbiX npe.ucTaBHTeneii npHHSin peweaHe 

0 paCCMOTpeHHH cneuHanbHOH KOMHCCaefi 9KCnepTOB H3 CTpaH-ytiaCTHHU nep

cneKTHBHOro nnaHa pa3BHTHSI B 01151]1 HCCne.UOBaHHH B o6naCTH cpH3HKH Bbi

COKHX 9HeprHfi. 

B CBSI3H C HCT8'l8HH8M CpOKa 10nHOMO'·iHH BHU8-.UHpeKTOpa HHCTHTyTa 

npocpeccopa 11.Ynernbi KoMHTeT H36pt n Ha otiepe.uHoii cpoK Ha 9Ty .uon~HOCTh 

npocpeccopa H.Co.uHoMa. 

XXII c e C c H S1 Y 'l e H or 0 C 0 Be 1 a 06'be.UHH8HHOro HHCTHTyTa SI.UepHbiX 

HCCn8,llOBaHHit 6bina OTKpbiTa TOp~eCTB8HHbiM 3aCe.UaHH8M 1 nOCBID.Il8HHbiM 

50-neTHIO BenHKoii 0KTSI6pbcKoii cOJmanHcTH'-IeCKOH pesoniOUHH. B CBSI3H c 

9THM 3HaMeHaTenhHbiM I06HneeM Y'le -IbiH coseT no3.upaBHn coseTCKHX ytieHbiX 

H secb · coseTCKHii Hapo.u H 8bipa3Hn r n:y6oKyiO 6naro.uapHOCTh CoseTCKOMY npa

BHTenbCTBY, OKa3bJBaiOW8MY 6onblllYIO nOMOWh B pa3BHTHH HHCTHTyTa. 

YtieHhlH coseT o.uo6pHn peWeHBe cneuHanbHOH KOMHCCHH 9KCnepTOB no 

paCCMOTp8HHIO nepcneKTHB pa3BHTHSI cpH3HKH BbiCOKHX 9HeprHH B 06'be.UHHeH

HOM HHCTHTyTe SI.UepHbiX HCCne,llOBaHH~ H npHHSin peweHHSI no BOnpoCaM1 Kaca

IOWHMCSI no.urOTOBKH K 9KCnepHM8HTaH Ha ycKOpHTene 11HCTHTyTa cpH3HKH Bbi

COKHX 9HeprHii B Cepnyxose. 

YtieHbiH coseT npHcy.uHn TaK~e npeMHH 0115111 3a ny'lwHe HaytiHo-Hccne

.uosaTenbCKHe H HaytiHO-MeTO.UH'leCKH? pa60Thl 1966 ro.ua. 

B 1967 ro.uy 6binH npose.ueHbi .U3e ceccHH Y q e H oro c o BeT a no cp H-

3 H K e B bl C 0 K H X 9 He p r H H. flepBaSI 'laCTb BeCeHHeH CeCCHH npOXO.UHna B 

l1 HCTHTyTe cpH3HKH BbiCOKHX 9HeprHit : Cepnyxoa), r.ue 'lneHbi CoseTa 03HaKOMH

nHCh C XO.UOM pa6oT no COOpy~eHHIO ycKOpHTenSI Ha 70 f9B H no.urOTOBKOit K 

Hccne.uosaHHSIM Ha HeM. EbWH paccMcTpeHbi npe.uno~eHHSI oT na6opaTopHii 0115111 

no nOCTaHOBKe COBMeCTHbiX C 11<1>83 pa60T1 s"onpOCbi MaTeMaTH'leCKOrO o6ecne

'leHHSI KaMepHbiX 9KcnepHMeHTOB 011 5I 1, HHcpopMaUHSI o nnaa~:~pyeMbiX nytiKax t:Iac

THU OT 70 f9B ycKOPHTenSI. Ha ceccHB 6binH 3acnywaHbi .uoKna.ubi o pe3ynbTaTax 

9KCnepHMeHTanbHbiX HCCne.uoBaHHH, BHnonHeHHbiX B fla6opaTOpHH SI.UepHbiX npo6-

neM. YtieHbiH coseT H36pan npe.uce.ua1·eneM CoseTa npocpeccopa A. XpbiHKeBH'la. 

B HOSI6pe YtieHbiH coseT no cpH3fiKe BbiCOKHX 9HeprHii o6cy.uHn npo6neMHbie 

nnaHbi na6opaTOpHii: Ha 1968 ro.u H BOnpoc 0 BbiTIOnHeHHH nnaHOB Hay'lHbiX HC

cne.uosaHHH s 1967 ro.uy. EbinH pac·~MoTpeHbi TaK~e nnaHbi Me~.uyaapo.uaoro 

coTpy.UHH'leCTE,la B o6naCTH cpH3HKH I>biCOKHX 9HeprHii Ha 1968 ro.u. Ha o6eHX 
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ceccHSIX Y'ieHoro coBeTa ohinH sacnywa -Ihi HHcpopMaUHH o peweHHSIX KaMepnoro 

H ~OTOaMynbCHOHHOT'O KOMHTeTOB, 

Y 'i e H hi H C 0 BeT TI 0 qJ H 3 II K e H l1 ~~ K H X a He p r H H npoBen B 1967 ro

ay aBe CeCCHH, Ha KOTOpNX oocy~aanuc~ OT'i8Thl 0 paOOTe KOMHT8TOB TIO H8H

TpOHHOH 11 SiaepHoti cpu:3HKe, ohinrr sacJ ywaHbi Hay'!Hhie aoKnaahi o paooTax, 

npOBODHMhlX B flaoopaTOpHH gaepHhlX peaKUHH l1 flaoopaTOpHH ~eti:TpOHHOH cpH-

3HKH. Qocy~aanCSI BOITpoc 0 COCTOSIHHH J800T ITO peKOHCTpyKUHH l16P-1 H npo-

8KTy l16P-2, o xoae paoOT no pa3Bl1T:no H3M8pi1TenhHbiX UeHTpOB B flH¢> H 

flHP, 6hinH paCCMOTpeHhl rrnaHhi Hay'if hiX HCCneaoaaHHH l1 nnaHbl M8)1(DyHa

poauoro COTpy DHI1'i8CTBB B oon~CTH cpH3LKi! HH3Kl1X aHeprHH H8 1968 roa. f1pea

ceaaTeneM Y'ieHoro coaeTa no llJH3HKe Hl13KHX aHeprHti ohm H36paH npocpec

cop H.CoaHoM, 

B 1967 roay cocTos:InHCh TpH 3ac,~aaHHSI KaMe pH oro K oM 11 T eTa, neT

Hee 3aceaaHHe COCTOSinOCb B PyMhlHHH. Ha COBelliaHHSIX oocy:lKaanHCb npeano:lKe

HHSI no nOCTaHOBKe aKcnepl1M8HTOB B Y ~B3 H XOD noarOTOBKH annapaTyphl K 

aTHM HCCneaoBBHHSIM (2-MeTpOBbiX BOD::>pODHOH H nponaHOBOH KaMep, MarHHT

HOT'O cneKTpOMeTpa, aneKTpOHHOH anrrapaTypb!). 6hinl1 paCCMOTpeHhl BOnpOCbl 

oopaooTKH CHHMKOB C aeti:CTBYIDlliHX n)l3hlpbKOBhiX KaMep B 0115111 H naoopa

TOpHSIX CTpaH-y'iaCTHHU, a TaK:lKe npoo~eMa C03DaHHSI OOnhlliOH KC8HOHOBOH Ka

M8phl, 

OaHoBpeMeHHo rrpoxoaHnH 3aceaa :IHSI ~ o To a My n h c 11 o H H oro K oM li

Te T a, Ha KOTOph!X paCCMaTpHBanHCb 'InaHhl oony'ieHHSI aMynbCHH Ha yCKOpH

TenSIX Ol1Hl1, nporpaMMa rroaroToBKH onhiTOB Ha ycKopHTene 114>B3. 

B 1967 roay cocToSinHCh TpH cc,BemaHHSI K b M 11 T eTa no SIDe pH o ti 

qJ H 3 H K e, H3 HHX BeCeHHee ITpOXODHnO B f1pare. Ha aTHX COB8WaHHSIX paCCM8T

pi1Banocb COCTOSIHHe paOOT no pSiay CCHOBHhiX HanpaaneHHH HCCneAOBaHHH B 

flaoopaTOpliH MepHbiX peaKUHH, paoOTbl no peKOHCTpyKUHH llHKnOTpOHOB aTOH 

naoopaTOpHH, rrnaHhl aeSIT8nbHOCTH OTDE•na SID8pHOH CIT8KTpOCKOITHH H pSID HCCne

DOBaHHH oTaena aKcnepHMeHTanhuoti Siaepuoti cpH3HKH flHI1. Oocy:lKaanHCh rrpea

no:lKeHHSI cTpaH-y'iaCTHrru no rrpoBeaeHIIID B naoopaTopHSIX Ol1Hl1 HOBhiX aKcne

prrMeHTOB, 

KoMHTeT no Hei1TpOHHoti cprr.:: rrKe npoBoarrn B 1967 roay TaK:lKe TpH 

3aCeAaHI15I, neTHee 3aceaaHH8 COCTOSITIOCb B 6yAanelliT8. 6hinH paCCMOTpeHhl 
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Hay"'Hhie JlOKna)lbl 0 JlOCTlDKeHlHIX B o6naCTH <}JH3HKH .HJlpa H <}JH3HKH KOHJleHCH

poBaHHhiX cpen, o6cy)KnanHch nepcneK rH:Bhi <}lu3H:"iecKux uccnenoBaHwil: Ha HEP-2. 

KoMH:TeT paccMaTpH:Ban 38.HBKH CTpaE-y"iaCTHH:U Ha nocTaHOBKy 8KcnepHMeHTOB 

H pacnpeneneHHe BpeMeHH pa6oThi Ha ny"'Kax I1EPa. 

Ha Bcex 3acenaHu.Hx KOMHTeToB peryn.HpHo 3acnyrnHBanacb HH<}JopMaUH.H 

0 llpOBe)leHHhiX COBMeCTHO C HHCTH:T)'T8Mli CTpaH-y"iaCTHHU 0115fl1 Hay"iHbiX H 

MeTOAH"ieCKH:X pa6oTax. 



flpeMHH 

06be~HHeHHOrO HHCTHTyTa 

S~epHhlX HCCRe~OB8HH~ 

1966 ro~ 

Ha COHCK8HHe ITpeMHH 06'beJJ.HHeHHOro HHCTHTyTa SIJJ.epHbiX HCCneJJ,OB8HHH 

3a 1966 roa 6bino ITpeacTaaneao 10 ny~rnHx aayqao-HccneaoaaTenhCKHX H Ha

yqao-MeTonHqecKHX pa6oT, BhmonHeHHI:IX coTpyaHHKaMH HHCTHTyTa. 

PerneHHeM Yqeaoro coaeTa OT 9 H DHSI 1967 roaa 6hinH ITpHCY:lKJJ.eHbi ITpe

MHH 3a cneayrornHe pa6oThi: 

IT epa a SI IT p eM H SI · 0 I1 H I1 3a Hayqao·-HccneaoaaTenhCKYID pa6oTy 

"11 ccneJJ,OB8HHSI C ITOnSipH30B8HHbl~ if MHllieHSIMH H ITOnSipH30B8HHb!MH He:ii

TpOH8MH", 

aaTophi: B.IT.AmimMeHKOB, IT.llpar fqecKy, B.YI.flylliHKOB, B.LHHKoneHKo, 

lO.B.TapaH, <P.fl.WaiTHpo. 

n Be B T 0 p bl e IT p eM H H 0 I1 H I1 I: a Hayqao-HccneaoaaTenhCKHe pa60Tbi 

1. "I1ccneJJ.OB8HHSI CBOHCTB OCHOBHb!X H B036y:lKJJ.eHHbiX COCTOSIHHH CHnh

HOJJ.e<!JopMHpOB8HHbiX SIJJ.ep peJJ.K03eMenhHOH o6naCTH", 
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aBTOphr: A.A.A6aypa3aKoB, B.fHaT ::>BH'I, K • .H.fpoMoa, :>K.:>Kenea, l1.3aonb

CKH, B.3aonhCKa, B.f.KanHHHHKOB, IV\.H.KyGaeuoaa, B.B.KyGaeuoa, B.A.Mo

poGoB, r.My3HOJib, H.Yp6aHeu, M.¢HHrep, B.f.4yMHH. 

2. "PemeHHe ypaBH9HHH THITa Yf'8BH9HH51 4y-Jloy H npHM9H9HHe pemeHHH 

K 8H8JIH3y 3KCIT9pHM9HT8JlbHbiX Ll8HHbiX 11
, 

aaTop: B.A.Meruep51KOB. 

n e p B a 5I n p eM H 5I 0 l1 H l1 38 M9TOLlH'19CKYIO pa6oTy 

11 

MeTOLl nony'leHH51 CBepXHH3KHX :reMnepaTyp, OCHOB8HHbiH Ha paCTBOp8HHH 
3 He B 4 He ", 

aBTOpbi; H.C.BopRcoa, M.IO.JlH5ypr, B.C.Heraaoa, ct>.A.TarHpoaa. 

B Top a g n p eM H 5I 0 l1 H l1 3a M :!TOLtH'IeCKyro pa6oTy 

"3neKTpOMarHHTHbiH CenapaTop H30TOITOB Ll.TIH HLl8HTH<flHK8UHH ITpOLtYKIBOB 

51Ll8pHbiX peaKUHH 11
, 

aBTOpbr: H.l1.TapaHTHH, A.B • .UeJ.1b51HOB, IO.A • .UbH'IHXHH, A.TI.Ka6a'leHKo, 

H.C.I1aaaoa, O.TI.JlorHHOB, X. TRppocpcp. 



Me~AyHapOAHwe CBH3H 

H aayt~Hoe COTPYAHHtleCTBo 

Me:>KJlyHapOJlHhie CBSI3H 06'beJlHHeHE oro HHCTHTyTa SIJlepHbiX HCCneJlOBa

HHft B 1967 rony nponon:>KanH pa3BHBaTb~SI: 3Ha'tJ:HTenbHO ysenH'tJ:HnOCb '<IHCno 

Hay'<IHbiX pa60T, BbinOnHSieMbiX COBMeC'I HO C H8UHOHanbHbiMH HHCTHTyTaMH 

CTpaH-y'tlaCTHHU, KOnH'tJ:eCTBO npHe3JlOB cneUHanHCTOB B lly6Hy C UenbiO o6cy:>K

)leHHSI H BbinOnHeHHSI pa60T 1 06MeHa OnUTOM H KOHCynhTaUHft 1 a TaK:>Ke KO

MaHJlHpOBOK coTpyJlHHKOB Ol1fll1 a cTpa !ibi-y'tlaCTHHUbi HHCTHTyTa; B .l]y6ae 

H CTpaaax- y'tlaCTHHUaX 6hin npose)leH p5lJl Hay'tJ:HbiX, Hay'<IHO-MeTOJlH'tJ:eCKHX H 

opraHH3aUHOHHhiX cosemaaHft; y'tleHbie lly6Hbi npHHHManH y'tlaCTHe B cosema

HHSIX H KOH~iJepeHUHSIX no TeMaTHKe 0l1fl1, npOBOJlHBIUHXCSI HaUHOHanhHbiMH H 

Me:>KJlyHapOJlHbiMH opraHH3aUHSIMH. PaCUU!pHnHCh Hay'<IHbie CBSI3H HHCTHTyTa C 

Me:>KJlyHapOJlHbiMH opraHH3aUHSIMH H HaUJIOHanbHbiMH 

He SIBnSIIOIUHXCSI y'tlaCTHHUaMH HHCTHTyTa, 

ueaTpaMH a cTpaaax, 

(;OT~Y~HHqeCTBO na60P8TOPHA HHCTH

T,YT8 c nayqno-Hccne~oBaTenbCKHMH 

opraHH38UHHMH CTpan-yqaCTHHU 

na6opaTOPHH Ol1fll1 HMeiOT TeCHbiE!, ace 6onee pacwHpSIIOIUHeCSI CBSI3H 

c aay'<IHO-HccnenosaTenbcKHMH opraHH3~UHSIMH cTpaa-y'tlaCTHHU. EcnH rona 
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.llBB-TpH H838.ll COBM8C'tHO C HHC T HTyTaMH 3THX CTpaH BhinOJIHSIJIOCb OKOJIO 

100 pa6oT, TO a 1967 roay qHcno HX ao3pocno ao 200. 

B COBMeCTHOH pa6oTe JI a 6 0 p aT 0 pH H B hi C 0 K H X 3 He p r H H H <t>H-

3H'I8CKOrO HHCTHTyTa EonrapcKoii AKaaeMHH HayK: " rr + :p - B3BHMoaeiicTBH>I 

npH HMnyJibCe 2,34 faa/c H8 40-CB HTHMeTpOBOH BO.llOpO.llHOH KBMepe" Bhinon

HeH aHanH3 oKono 16 ThlC. aayxny qeahlx co6hlTHH. B pa6oTe no H3yqeHHID 

e+ ·e- ' - pacnaaoa aeKTOpHhiX Me30HOB npHHHManH ytJaCTHe COTPY.llHHKH H3 ITonb

IllH H LJeXOCJIOBBKHH. Ycne!llHO npOBO.llHJIOCb COBMeCTHO C HHCTHTYTBMH flHP 

H BHP HccneaoaaaHe pacnaaoa HeliTpanbHhiX 6o30HOB Ha rr 0 -Me30Hhi H y

KBBHThi, npoCMOTpeHO 600 ThiC.¢oTorpa¢HH C KC8HOHOBOH ny3h!pbKOBOH KaMe

phi, o6nyqeHHOH B nyqKe rr+ -Me3 bHoB. flpoaomKanocb coTpyaHHqecTao no 

H3yqeHHID BMnJIHTY.ll ynpyroro P p - . H p d -pacceSIHHSI B o6naCTH 3HeprHH 

1-10 faa c yqeHbiMH EonrapHH, LJ e xocJIOBBKHH, MoHrOJIHH H neMOKpBTH'IeCKOH 

Pecny6nHKH BbeTHaM. 

B CB>I3H c pa6oTaMH: no Moae pHH38UHH 2-MeTpoao:H: nponaaosoil: ny3hipb-

KOBOH KaMephi, no,llrOT8BJlHB88MOH ,llJI>I 3KCnepHM8HTOB B J1<t>B3, nOJibCKHe H 

qeXOCJIOBBUKHe ytJeHhle H liH)I(8Hephl COBM8CTHO C npOMhl!llJieHHhiMH npeanpH>I-

PHc.121. 3acetUJHHe 5-oit cecCHH Y'leHoro coB~TB rro rjJH3HKe BbiCOKHX 3HeprHit, 

IIOCBHIIIeHHOe BOIIpOCBM COTpy.llHH'leC TBB C J1HCTHTYTOM rjJH3HKH BbiCOKHX 3HeprHit, 

COCTOHIIOCb 16 MBpTB B KOHrjlepeHU- 3BIIe J14JB3. B p860Te CoBeTB IIpHHHIIH 

y'lBCTHe ae.ayiiiHe y'leHbre 114JB3. 



----------------

TH.HMH CBOHX CTpaH npe)lJIO)KHJIH H3rOTOBHTb 3Ha'!HT8JlbHYlO 'laCTb OnTH'leCKOH 

CHCT8Mbl 8TOH KaMepbi. 

Jl 8 6 0 paT 0 pH 5I 5I Jl e pH bl X n p 0 6 J_ eM, H B '!aCTHOCTH OTJleJI 5IJl8pHOH cneK

TpOCKOnHH H panHOXHMHH, y)Ke B TeceHHe p.Hna neT ycnewHo coTpynHH'laeT e 

HCCJl8JlOBaHHH H8HTpOHOJl8~HUHTHbiX H30TOnOB peJlKHX 38M8Jlb C Hay'lHO-HCCJ!e

JlOBaTeJibCKHMH opraHH3aUH5IMH EonrapHlf, 8eHrpHH, rnP, rioJiblliH, LJexocno

BaKHH H CoeeTCKoro Col03a. 

8a)KHOH coeMeCTHOH pa6oToil: Ha6opaTopHH c HapO.llHbiM npennpH.HTHeM 

Kapn Ueil:cc l1eHa, r D.P, cnenyeT cq ITaTb pa3pa6oTKY cnemranbHbiX onTlf'!ec

KlfX ClfCTeM .llJl.H MHOrOM8Tf'OBOH )Ki!JlKOBO.llOpO.llHOH ny3blpi::KOBOH K8Mepbl. 

fpynna 8.M.CH.nopoea aKTHBHO coTpy.llHlf'!aeT c MOHrOJibCKHMH If pyMhiH

CKHMlf ¢lf3lfKaMlf B lfCCJ18.llOB8HHlf n~OUeCCOB .llBOHHOH nepe3ap5I.llKlf M8TO.ll0M 

¢oT08MyJ1bClfH. 

Jla6opaTOplf5I 5I.ll8pHblX np06JieM npOBO.llHT no.nroTOBKY K COBM8CTHbiM lfC

CJ18.llOBaHlf5IM If Ha ycTaHOBKax 1 lfMeK>llilfXC.H e cTpaHaX-y'laCTHlfuax. C10na oT

HOC.HTC.H COBMeCTHbie C 'l8XOCJlOBaUKlf \1H <iJH3HKaMH lfCCJl8.llOB8HH5I C U8Jlbl0 npo

B8.ll8Hlf5I B flpare OnbiTOB no paCC8SlHlflO nOJI5IpH30B8HHbiX HYKJIOHOB HyKJIOHa

Mlf (rpynnhi IO.M.Ka3apHHOBa If E.C .HeraHoea) 1 a TaK)Ke nonroTOBKa K npo

eeneHHIO B l-14>83 HCCJie,llOBaHH Sl no n ::>HCKy MOHOnOJISl ilHpaKa ( rpynna B. fi.3pe

JlOBa). COTPY.llHlfKH rpynnhi IO.A.Wep6aKoea BM8CTe c 6onrapCKlfMlf ¢lf3lfKaMH 

Ha'laJIH nonroTOBKY 8KcneplfMeHTOB Hil peaKTope l1PT-100 ct>l-1 EAH c noMOllibiO 

T8XHHKlf JlH<iJ<iJy3HOHHb!X KaMep. 

8 CB.H3lf c nporpaMMOH npoee.ll3HH.H 8KCnepH:MeHTOB Ol1Hl1 Ha ycKopH:Te

ne l-14>83 ( Cepnyxoe) 1 ecTecTeeHHo, cymecTeyeT If 6yneT e 6Jilf)Kail:wee epe

M.H pa3BlfBaTbC5I CaM08 lliHpOKOe COT)Y.llHlf'l8CTBO na6opaTOpHJ1: BblCOKHX 8Hep

rlfH If 5I.ll8pHbiX Ilp06JieM C l1HCTlfTYT,)M <iJlf3HKlf BbiCOKlfX 8HeprlfH. 

TecHbie Hay'lHbie KOHTaKTbi n ::>nnep:>KHBalOT y'leHbie JI a 6 o paT o pH H 

T e 0 peT If 'I e C K 0 H <iJ H 3 If K H CO CBOHMH KOJIJieraMH lf3 CTpaH-y'laCTHHU. AK

THBHO COTpy.llHH'!aeT CO CTpaHaMlf-«HI8H8Mlf 0l15Il1 OT,lleJI TeoplfH Mpa, B03-

rnaBJI5I8MblH npo¢. 8.f.ConoebeBhiM 1 e oco6eHHOCTH c qexocnoeauKlfMH (ri.ct>o

renh), nonhCKHMlf ( A.Co6H:'!eBCKH, B.Pbi6apcKa) If 6onrapCKHMlf TeopeTHKa-

MH 1 COBMeCTHO C KOTOpblMH npOB8Jll!Hbl B8)KHbl8 HCCJ18JlOBaHlf5I. 

OT.nenoM ¢lf3lfKlf BbiCOKlfX aHef'rlfil: a Toil: na6opa TOPlflf BbiTIOJIHeHa pa6o

Ta no .lllfCnepCHOHHbiM COOTHOlli8Hlf5IIIf If npH:6Jllf)K8HHblM ypaBH8Hlf5IM B TeOplfH 

cnJ!bHbiX B3aHMoneil:cTBlfH (coeMeCTHO c l1.He.n.HJIKOBbiMI HPE1 If 4>.KawnyHOM1 

r D.P) I npoeeneHbl lfCCJ18JlOBaHlf5I no 'reopeTlfKO-rpynnoeoMy non xony B TeopHH 

aneMeHTapHblX 'laCTHU ( COBM8CTHO c n.WypaHbH, 8HP). no HCCJle)lOBaHHlO 
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B3BHMoaeAcTBHH qacTHU O'ieHb BhlCOKHX aHeprwA H CTPYKTYPhl HyKnOHOB (coa

MBCTHO c A.¢peHKeneM, BHP). 

B Te'ieHHe HBCKOJibKHX neT KpenHyT Hay'iHbie CBH3H J1 a 6 0 paT 0 pH H 

HA e pH bl X peaK U H A (C.M.TioJIHKBHOH, ·A.A.Tineae) C Y!HCTHTyTOM aTOMHOH 

<fJH3HKH B EyxapeCTe (rpyrma H.BbiHKOBa)
1 

COBMBCTHO H3yqaJOIQHX CBOHCTBa 

CITOHTBHHO ABJIHWHXCH H30MepOB HB UHl,JIOTpOHe Y!HCTHTyTa BTOMHOH <fl~HKH. 

PeaynbTBThl aTHX wccneaoaaHHA orry6nw<oaaHhl B Tpex cTaTbHX. Oco6eHHO HH

TepeCHbiMH rrpeAGTBBJIHIOTCH ABHHbie HOCJIBAHHX OITbiTOB, B KOTOpbiX · 6binO 

H3y'ieHO o6paaoaaHHe CITOHTaHHO ABJIHWBrOCH H30Mepa 

HOM 38XBaTe HBHTpOHOBo 

2 4~m ITpH paAHaUHOH-

B 1967 roay a fl.HP 6bina aaaepwE!Ha noaroTOBKa K aae.ueHHIO a aeil:cT

awe 6eTa-crreKTpoMeTpa Twna "ArreJibCHff", waroToaneHHoro a Bapmaae rpyrr

rroil: npo¢.3.BwnbrenbMH. Eo.iibwaH pa6o1'a; cagaaHHa~ c .uoao.uKoil: anrrapaTypbi 

H ycTaHOBKOH ee Ha rry'iKe, Bb!ITOJIHBHa B 9TOH na6opaTopHH. · 

J1 a 6 0 p a T 0 pH 5I He H T p 0 H H 0 H <fJ H 3 H K H H Y! HCTHT?'T . H.UBpHOH <fJH3HKH B 

KpaKoBe ycrremao pa6oTaiOT aaa wayqeH~eM pacceHHHH aeii:TpoHoa a KpHCTan

nax. flH¢ (K.TiapnHHCKHH) a<fJ<fleKTHBHO COTPYAHH'iaeT C rpyrrrroil: ITOJibCKHX <fJH-

3HKOB1 aoarnaanHeMoil: rrpo¢. E . .HHHKOM, a wccneaoaaHHH .UHHaMHKH Taep.uoro 

Tena MeTOAOM Heyrrpyroro pacceHHH5I He1TpOHOB, AJIH qero 06~e,QHHBHHbiMH CH

naMH coaaaH crreKTpoMeTp. Eonbmoil: wwrepec rrpe.ucTaBnHeT pa6oTa, rrpoao.uH-

MaH COBMeCTHO rpyrrrroil: IO.A.AneKC<tH.Upoaa H rpyrrrroil: npo(j:J.E.Bypaca H3 

YI.HJ.1 B Bapmaae. 3TH rpyrrrrbi roTOB5IT <~KcrrepHMeHT no (n -e) -aaaHMoaeil:cT

BHIO, HMeiOwHA <fJYHAaMeHTaJibHOe 3HB'ieH .re B 5IABpHOH <fJH3HKe. 

Y'ieHbie PHAa CTpaH - BearpHH, rnP' TionbwH- COTPYAHH'iaiOT c rpyrrrroil: 

<jJH3HKOB flH¢, aeaymHx HccneaoBaHHH aa aneKTpocTaTH'ieCKOM reaepaTope. TaK, 

rroa Hay'iHbiM pyKoBOACTBOM rrpo<jl. 3.BHJibrenbMH (BapmaBCKHH yHHaepcHTeT) 

Ha aneKTpOCTaTH'iBCKOM: re.f:iepaTope rrp030A5ITC5I HCCJie.QOBaHHH, KOTOpbie ocy

lllBCTBJIHIOTC5I C ITOMOillblO arrrrapaTypb1 1 IIpHBe3eHHOfi H3 TIOJibillH. 

HoaaH na6opaTopHH HHCTHTyTa- !Ia6opaTopHH Bbi'iHCJIHTenbHOH 

T eX H H K H H: a B T 0 MaTH: 3 aU H: H: ITOAAep)K.IiBaeT TeCHbie KOHTaKTbl C Bbi'iHC

JIH:TeJibHbiM ueH.TPOM Ill1¢YI BAH B ByaarremTe, c YIHCTHTYTOM ¢H3H:KH Bbico

KH:X 9HeprH:H r AH B IloATeHe ( r nP) I BU MfY H: apyrH:MH ueHTpaMH: CoaeTCKO

ro Co10aa. B qacTHOCTH, aeayTCH coaMe :::THbie pa6oTbi rro coa.uaHHIO cH:cTeMbi 

MaTeMaTH:'ieCKoro o6ecrreqeHHH anH MawJIHbi B3CM-6. B JIBTA rrpom.llH CTa

*RPOBKY Ha Bbl'iH:CJIH:TeJibHb!X MalllHHaX, c leUH:aJIH:CTbl H:3 nPB H KHnP. HaMe

qaeTC5I WH:pOKoe coTpyaHwqecTBO c YIHCrH:TYTOM ¢H:3HKH BhlCOKH:X aHeprHil: a 

IloATeHe H p5IAOM HHCTHTyToB CoseTCKor J Co10aa no paapa6oTKe crrH:panbHoro 
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H3MepHTenSI c uenr,JO npoaeaeHHSI 9Kcrrep HMeHTOB Ha ycKopHTene 11<1>83 ( Cep

rryxoa). 

0 T JJ. e n 0 M p a JJ. H a U H 0 H H 0 H 0 e 3 0 II a C H 0 C T H 0 11 fl 11 H rpynnoil: 

COTPYJJ.HHKOB OTJJ,ena paaHaUHOHHOH 3alllll T bl 11HI1 B CaepKe, nHP, ObinH BbiiiOn

H8Hbl HCCn8JJ,OB8HHSI rrornomeHHOrO H3nyq eHHSI B TK8H8"9KBHBaneHTHOM <iJaHTOMe 

B OIIb iTaX C Y3KHMH rryqKaMH IIpOTOHOB H H8HTpOHOB C 9HeprHSIMH H8CKOnbKO 

COTeH M9B. l13y'ieH xapaKTep H3ny'ieHH SI 38 3alllHTOH CHHXpOilHKnoTpOHa. no

ny'ieHHbi8 pe~ynbTaTbl ll03BOnSIJOT 6onee 00 OCHOBaHHO KOHTpOnHpOBaTb 9<iJ<iJeK

THBHOCTb 3alllMTbi OT M3ny<ieHHH BbiCOKHX 9HeprHii. Lio3MMeTpHcTaMM H3 UVIHI1 

B PocceHaop<iJe, fLIP H 011HI1 HccneaoaaHa :::J<iJ<PeK:THBHocTb HeKoTopbiX HeiiTpoH-· 

.Hb!X paJJ.MOM8TpOB OTHOCHTenbHO I)erHCTpa HH 'i8CTHU B UIHpOKOH OOno3.CTH 9HeprHii. 

Hayt{Hbie KOMBHJJ.HpOBKH 

8 1967 roay B H8Y'iHblX KOMaHJJ.HpO B K8X B 06b8JJ.HH8HHOM HHCTHTyTe no

Ob!Bano 726 cneuHanHCTOB ,cTpaH-y'iaCTHHU ( 6e3 CCCP), B TOM •mcne 307 y'ie

HbiX llpH83)!{8nH B Ll.y6Hy JJ,nSI Y'i8CTHSI B rrpOB8JJ,8HHH Hay'iHbiX paOOT H H8Y'iHO

T8XHHl{8CKHX pa3p800TOK, OOCY)!{JJ.8HHSI pe3 ynbTaTOB COBM8CTHblX HCCneJJ.OBaHHH, 

PHc.122. BbiCTBBKB rronbcKoro o6opyti.OBBHHJl ti.nJl Hti.epHpH TeXHHKH 6binB or

KpbiTB s ,ay6He 5 ceHTH6pH. OprBHH3BTOp BbiCTBBKH - ti.HpeKIIHJl rronbcKoro 

sHemHeToprosoro, rrpeti.rrpHHTHH "'MerpoH3 KC ". 



Pnc.123. /1 HCTHTYT noceTHIIB rpynn.a pyxoao,anTeneil npoMbiilliieHHOCTH EfCCP. 
3.aMeCTHTeiib ,l!HpeKTOpB fl.a6opBTOpHH HeilTpOHHOil ¢H3HKH qexOCIIOBB1IKHil yqe

Hbiil HH Yp6BHe1l II03HBKOMHII CBOHX 3eMIIHKOB C p.a60TBMH, KOTOpbie Be,ayTCH 

B IIB60pBTOpHH, H.a CHHMKe (cneBB HBIIpBBO): 3BM,,l!HpeKTOpB 3BBO,l(B "111KO,l(B" 

A.KoM.apex, BH1le-,anpeKTop OHH/1 n po¢. H.Ynern.a, 3BM,MHHHCTpB snepreTH

KH L[CCP A.111eaqnx, npe,ace,a.aTeiib BTOMHOil KOMHCCHH EfCCP H.HoilMBH H 

H.Yp6.ane1l. 

06MeHa ODhlTOM H KOHCynbTBUHA H 4 19 yqeHhlX yqacTBOB81IH B HayqHhlX COBB-

IU8HHSIX1 CBCCHSIX yqeHb!X COBBTOB, K OMHTBTOB H apyrHX RayqHo-opraHH38UHQH-

Hb!X MeponpHSITHSIX HHCTHTyTa, DpOBOllHBlliHXCSI B lly6He H CTp8H8X-yqaCTHHU8X0 

E)l(erOllHO 06'bBllHHBHHbiA HHCT HTyT sraepHbiX HCC1IBllOB8HHi!: HanpasnsreT 

B CTp8Hbi-qneHbl 0VI.5U1 CBOHX HayqHb!X COTPYllHHKOB, HH)I(BHBpOB 1 M8TBM8THKOB 

C UB1Ib!O Bb!D01IHBHHSI COBMBCTHbiX p a 6oT, yqaCTHSI B COBBIU8HHSIX 1 06MBH8 ODbi-

TOM H qTeHHsr neKUHi!:. B 1967 roay B couHanHCTHqecKHe cTpaHbi BbiB3)1(8nH 252 

CDBUH81IHCT8 0vi5U1. l13 HHX 140 CDB UH81IHC'POB yqaCTBOB81IH B HayqHb!X COBB

IU8HHSIX, nposeaeHHHbiX B cTpaaax-yqacTHHuax, 80 qenoBeK BbiB3)1(81IH c uenbiO 

Bb!D01IHBHHSI COBMBCTHb!X pa60T, 32 - ll1ISI 06MBH8 ODbiTOM. qTBHHSI 1IBKUHH. 

Xn CBCCHH YqeHoro COBBT8 DpHHsrna pelliBHHB 0 H8Dp8B1IBHHH B COUH8-

1IHCTHqecKHB CTp8Hbl yqeHbiX HHCTH T yTa H8 DpOll01I>KHTB1IbHOB BpBMH. B COOT-

BBTCTBHH C 8THM pelliBHHBM BhlB3)1(81IH 38 rpaHHUY C1IBllYIOIUHB yqeHbie Ol151l1: 

H .. l1.IlsrTOB - B r.nP, M.l1.IloaropeUK Hi!: - B Ilonbllly, B.E.J1I06HMOB - B LJ:exoc

nosaKHIO, A.A.Ilnese H c.rr. TpeTbSIK OBa - B PyMbiHHIO. 
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llpOBe,aeHHe H8y'lHbiX COBSIII8HHil 

06'b9JlHH9HHb!Ji HHCTHTyT 5IJl9pHb!X J.f C Cne)lOB8HJ.fli B 198~ rop.y Opi'8HJ.f30BaJI 

11 HBY'iHb!X COB9lll8HHli, CHMn03HyMOB, lllKOn, 8 T8K:lK9 17 H8Y'iHO-opraHH38UHOH

Hb!X COEeiU8HHli. 8 8THX COB9lll8HHSIX np HSinH yqacTHe 1430 qenOBSK, B TOM 

"iHCne 1057 cneUHanHCTOB J.f3 CTpaH-yqaC THHU J.f 24 y"ieHbiX J.f3 JlpyrHX CTpaH, 

EhinH npoaeJleHbi TaKHe Me:lKJlyHapOJlHhie c osemaHHSI, KaK CHMn03HYM no Heno

KanbHOli KB8HToaoll .TeopHH nonSI, WKona o tPH3HKe BbiCOKHX aHeprHJ:l:, CeMHHap 

BeJlyiUHX yqeHbiX no npo6neMaM tPH3HKH B b iCOKHX aHeprHii:, CosemaHHe no SIJlep

Hoii: cneKTpocKonHH H TeopHH SIJlpa. Ehma TaK:lKe opraHH30BaHa BbiCTaBKa aneK

TpOHHbiX ycTpOii:CTB, BblllYCK89Mb!X B CTp8H8X-Y"i8CTHHU8X HHCTHTyTa JlnSI HCCne

JlOB8HHJ:l: B o6naCTH SIJlepHOH tPH3HKH, 

HeKoTopbie cosemaHHSI npoBOJlHnHCb B coTpyJlHH"ieCTBe c Hay"iHbiMH ueH

TpaMH CTpaH-y"iaCTHHU B Dpare, 8hiCOK HX TaTpax, EyJlanewTe, EyxapecTe, 

PHre. B pSIJle Hay"iHhlX coaemaHHA yqacTs oaanH TaK:lKe H yqeHhle H3 cTpaH, He 

BXOJlSilllHX B HHCTHTyT • . 

PHc.124. v3neKTp OHHbie 

11pH60pbl .anH HJiepHOH rjJH-

3HKHv - T8K H83biB8ll8Cb 

B b iCT8BK8 1 KOTOp8H 6bJll8 

OTKpbiT8 J6 HIOHH B fly6-

He, BbiCTaBKa 6 bma op

raHH3osana OHHH cos

MeCTHO C H8Y'IHbiMH HH

CTHTyTaMH H !1pOMbiiiilleH· 

HbiMH rjJHpM8MH CTp8H

Y'18CTHHII, .lleMoncrpHpo· 

sanacb annaparypa, H3-

rorosnennaH B BenrpHH, 

FflP, nonbiiie, a T8K)Ke 

J? na6opaTOpHHX fly6Hbi. 



A 
PHc.J25. 06'beO.HHeHHbiif ' 

HHCTHTYT opraHH30B8ll 

MeJKO.yHapOO.Hbiif CeMHHap 

no npo6neMaM pa3BH

THH r/JH3HKH Bb!COKHX 

aneprHR. B ceMHHape, 

npoxoo.HBIIIeM B PHre, 

npHHHllH yqacTHe 

seo.yiiiHe y'IeHbie crpaH

yqacTHHU, OHHH H 

IJEPHa.. Ha CHHMKe: 

B nepepbiBe MeJKo.y 

3aceo.aHHHMH. 

PHc.J26. Y'IaCTHHKH 

CeMHHB.pa HB. 3KCKyp

CHH B PHre. ,.. 

174 

,..r-



Me)!{ayHapoaHaH TeopeTH'llecKa '~ lliKona no cPH3HKe BhiCOKHX aHeprHM anH 

sKcnepHMeHTaTopoa a BhiCOKHX TaTpax (LJ:CCP) ohma opraHHGoaaHa npH noa-. 
aep)!{Ke LJ:exocnoaauKo:ii AKaAeMHH HttyK, CnoaauKoii AKaaeMHH HayK H OomecT

aa 'llexocnoaauKHX MaTeMaTHKOB H cPH3HKOB. BeaymHe y'lleHbie 011.5111, cTpaH

y'llaCTHHU H ApyrHX CTpaH B CBOHX ll9KUHSIX 03H8KOMHnH cnylll8Tene:i1: C COBpe

MeHHhiMH TeopeTH'lleCKHMH H 8KCnepH!.1eHT8nbHhiMH npooneMaMH cPH3HKH aneMeH

TapHhiX 'llaCTHU H cPH3HKH BhiCOKHX a 'leprH:ii. B paooTe lliKOnhi npHHHnH yqacTHe 

oKono 90 qenoaeK, oHa npolllna c yc1exoM. 

CoaeTCKHM CoiD3 coaeiicTaoaan npoaeaeHHID a PHre aa)!{HOro Me)!{AyHa

poaHoro CeMHHapa no npoo~eM8M pll3J?HTHSI cPH3HKH BhiCOKHX 8HeprHM, H8 KO

TOpOM aeayume y'lleHhie cTpaH-yqac·rHHU, 011.5111 H UEPHa oocyaHnH aonpochi 

nepcneKTHB pa3BHTHSI cPHGHKH BhiCOI<HX 8HeprHtl:. Xopolllo· Ohin opraHHGoBaH a 

ByaanelliTe ceMHHap no ¢a30BhiM nHpexoaaM. 

Y'laCTHe B HBY'lHbiX coBeiiiBHHHX. npo-

BeP.eHHbiX P.pyrHMH H8Y'lHbiMH aeHTp8MH 

Y'leHhie H apyrHe cneuHanHCThi 011.5111 npHHHManH yqacTHe a 26 Hay'!HhiX 

COBel1I8HHSIX 0 KOH¢epeHUHSIX, CHMnOGayMaX, npOXOAHBlliHX B CTpaHaX-y'llaCTHH

UaX: HPE,BHP,fllP,nHP,CCCP,LJ:CCF'. HanpHMep, coTpyaHHKH HHCTHTyTa yqacT

aoaanH a paooTe KpaKoacKoro-PocceHaop¢cKoro ceMHHapa no HaepHo:ii cneK

TpocKonHH; Me)!{AyHapOAHOM KOH¢epe'IUHH no cPH3HKe H TeXHHKe HH3KHX TeMne

paTyp a nonbme; Me)!{ayHapoaHoro coaemaHHH no a¢¢eKTY Meccoayapa a 

BonrapHH; Me)!{AyHapoaHotl: KoH¢epeBUHH no HAepHhiM peaKUHHM Ha nerKHX HA

pax B rnP; XVII e)!{ef'OAHOI"'O COB3Ill8HHSI no Sll(epHOM cneKTpOCKOnHH, KoH

¢epeHUHH no Sll(epHOM cPH3HKe H cPH3.iKe aneMeHTapHhiX 'li8CTHU, DpooneMHOI"'O 

CHMnOGHyMa no cPH3HKe Hapa - a Co 3eTCKOM CoiDGe H T.A. Bcero Ha Hay'liHhie 

coaemaHHH, npoaeaeHHhie a CTpaHaX-~''!8CTHHuax, ohmo KOMBHAHpoaaHo 169 cne-

UH8nHCTOB HHCTHTyTa. 

Ha Me)!{AyHapOAHhle H H8UHOH8.1hHhi9 KOH¢epeHUHH B CTp8H8X, He SIBnSI

IDIIIHXCSI 'lJ:neH8MH HHCTHTyTa1 Bhie3)!{8aH 57 y'leHbiX 011.5111. 0HH y'!aCTBOB8nH B 

Me)!{AyHapoaHotl: KoH¢epeHUHH no CTpyKrype HApa a HnoHHH, Me)l{ayHapoaHoH KoH

¢epeHUHH no cPH3HKe aneMeHTapHhiX 'IaCTHU a feiiaenboepre ( 4>Pr), Me)!{AyHa

poaHoii KoH¢epeHUHH no ycKopHTenHM a KsMopH)!{Ae (ClllA) H ap. Bcero Oo'hellH

HeHHhiM HHCTHTyT npHHHMan Y'l8CTHe 3 23 KOH¢epeHUHSIX, liiKOnax, H COBema

HHSIX, npoj3el(eHHhiX B CTpaHax, He yqaCTBYIDl1IHX B 011.5111. 
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.. 
PHc.127. B lly6He npoXOP.Hna 

Me)f(P.yHapoP.HBH xoHrjJepeHUHH 

IIO sneKTpOMBrHHTHbiM B38HMo

P.eHCTBHHM IIpH HH3KHX H CpeP.

HHX SHeprHHx.Ha CHHMKe: qne

Hbl OprKOMHTeTa KOHrjJepeHUHH 

(cneBa HarrpaBo)rrporjJ. A.n.Ko

Map, nporjJ. ll.A.lfepeHKOB 

(npep,cep,arenb), nporjJ.A.M.Ban

P.HH (38M. npep,cep,arenH). 

~ 

PHc.J28. rorrrna Y'lBCTHHKOB 

KoHrjJepeuHH. llporjJ. H.M.tPpaHx 

3H8KOMHTCH C pa60T8M!f 

y'leHbiX XapbKOBcxoro rjJH3H

xo-TeXHH'lecxoro HHCTHTyTa. 



PHc.J29. rocTHMH 06'be/1HHeH

Horo HHCTHTyra 6brna rpyrrrra 

ytieHbiX H3 llBKHCTBHB BO 

rnaBe c rrpeaHaeHTOM AKa

aeMHH HBYK 3TOil CTpBHbi 

rrporfJ. M.PH3HY1111HHOM CHa

iiHKH (HB CHHMKe B UeHT-

pe). JioKTOp r/J.M.H. 

M.H.ConoBbeB rroaHBKOMHn 

rocreil C fla6opBTOpHeil 

BbiCOKHX 3HeprHJl. 

CoTP.YPHH<JeCTBo H CBH3H c ,apyrHMH 

H8y<JHbiMH IIeHTp8MH 

B HCTeKweM ro.ny ycnewHo npo.nomKanH pa3BHB8TbCSI CBSI3H lly6Hhi c 

EaponeAcKoA opraHH38UHeA H.nepHhiX Hccne.noaaHHA UEPH B .>Keaeae, c 11H-

CTHTYTOM HHnbca Eopa B KonearareHe, c Me)l{,nyHapo.nHhiM ueHTPOM Teope-

TH'IeCKOA 4JH3HKH B TpHecTe, c q>paauyscKHMHI aay'IHhiMH ueHTpaMH B CaKne 

H Opce. 

B UEPHe B 1967 ro.ny pa6oTanH .nnHTenbaoe apeMSI (oT 3-x Mecguea 

AO O,llHOrO ro,na H 6onee) 14, COTpyAHHKOB 0115!11; C Kp8TKOCp0'1HhlMH BH3H

T8MH no6hmanl:l: 9 qenoaeK. HawH 4JH3 HKH yqacTaoaanH TaM B B8)1{HhiX Hccne-

.ll0B8HHSIX. 

Tipo.non)l{anocb coTpy.nHH'IeCTB O c 11HCTHTyToM H.Eopa B Konearareae, 

r,ne pa60T8IIH 6 H8WHX y'leHbiX. 0115!11 s4J4JeKTHBHO npOBOJ.lHT C 8THM HHCTHTy-
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TOM pa60Tbl ITO HCCJ1etlOB8HliiO CIIOHT 3.HHO JleJ15IIllllXC5I ll30MepOB ll Heli:TpOHO

Jl8qlllUHTHhlX H30TOIIOB. 

C lleKUll5IMH B Hay'!HO-HCCJletlOBaTellbCKHX opraHH3dUH5IX ¢lpaHUllll BhiCTy

IIllllll nnpeKTop OI1.HI1 aKaneMnK H.H.I>oromo6oB, noKTop ¢n3HKO-MaTeMaTn'!ec

KHX HayK HryeH BaH Xbey (JlT<P), rrr•o¢. I1.TonopOB (JlT<P), JlOKTOp XHMH'!ec

KHX HayK I1.3Bapa ( Jl.HP) n npyrne. E. Te'!eHne rona B ueHTpe .HtlepHhiX nccne

noBaHnli B CaKne pa6oTall Hay'!Hhili coTpynHnK JlH<P B.I1.JlyiUHKOB, B Te'leHne 

Tpex MeCSIUeB B I1 HCTnTyTe .HnepHoli •PH3HKH B Opce - TI .B. Wn.HIIHHKOB ( Jl.HTI) 

n H .I1. T apaHTHH ( Jl.HP). 

Bcero B Hay'!HhlX KOMaHnnpoBKEX B CTpaHax, He 5IBJI5IIDillHXC5I 'IJieHaMn 

HHCTHTyTa, rro6wBaliH 102 '!eJIOBeKa, ~3 HHX 57 y'!aCTBOB8Jlll B Hay'!HhlX KOH

¢epeHUI15IX. 

llpnrnameHHH y"leHbiX B Ol1Hl1 

B 1967 rony 06'bellHHeHHhili HHCTHTYT rrpHrnacnn 67 y'leHhiX H3 cTpaH, 

He yqaCTBYIOIIIHX B OI1.HI1, Ha HalllH cm.emaHHSI, ceMnHapbi, o6cy)KneHH 5I Hay'!HhiX 

IIp06lleM, llJl5I pa60Thl B na6opaTOpll5It HHCTHTyTa B IIOp5IIlKe o6MeHa y'leHhl

~H, H 6 '!eliOBeK 6hlJIO npHI'JlallleHO E Ka'!eCTBe CTeneHJlH8TOB. 

B Jla6opaTOPHH TeopeTH'!ecKoli dl~3HKH oa6oTana 4 TeooeTHKa UEPHa oT 

2 Henenb no 2 MecgueB (A.D.oHHaxn, .H.KoKKHilH, X.Poon, D..Po6HHCOH); Hana

)KeHo coTpynHH'!eCTBO oTnena o6pa6o'IKH naHH'hiX UEPHa c Jla6opaTopHeli Bhi

'!HCliHTellbHOli TeXHHKH H aBTOMaTH3aU~H OI1.HI1. CneuHaliHCThi UEPHa M.EeHo 

11 <P.Map'!HaHo npHH.HliH yqacTHe B Hall.ltlKe CKaHHPYIOIIIero aBTOMaTa HPD. Kpyn

HhiH cneuHaliHCT no ny3bipbKOBbiM KaMepaM n-p D..KaHJlll npHH5Ill y'!aCTHe B o6Cy)K-

JleHHH npo6neM KOHCTpynpOB8HH5I ny3!:IpbKOBbiX KaMep C TSI)Kellb!M HanOliHeHH

eM H o6pa6oTKH tlJHllbMOBOH HHtlJOpMaiJHH C 8THX KaMep. 

B rrop.HtlKe o6MeHa BH3HTaMH MI~)KJlY OI1.HI1 H Opce ( <t>paHUHSI) B D.y6Hy 

npHe3)KaliH 3 crreuHaliHCTa. Y'!eHhiH aT:>ro ueHTpa W.follbtllllTeliH npHH.Hll aKTHB

HOe y'laCTHe B pa6oTaX no peKOHCTpycCUHH H HaJiatlKe yCKOpHTeli5I T5I)Kellb!X HO

HOB Y-200. 

Bo BpeMSI CBoero TpexMeCSI'!HOro npe6biB8HH5I B D.y6He naTCKHH y'!eHhiH 

E.EoprrpeH H3 I1HCTHTyTa HHllbCa Eopa nponoli)KHJI BMecTe c HalllHMH y'!eHw

MH pa60Thl no H3y'!eHHIO CnOHTaHHO Jleli5IIIIHXC5I H30MepOB H nolly'!Hll HOBbie HH

TepeCHbie .a.aHHhie. 
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B Ka'IeCTBe CTlmeHnHaToB B 1967 rony B Ol1Hl1 pa6oTanw 6 ¢H3HKOB -

H3 ct>wHnsmnHH, DaKHCTaHa, IOrocnaBHH, ABcTpHH. 

15 y'IeHhiX H3 CTpaH, He yqacTBYIOllHX B Ol1Hl1, noceTHnH lly6Hy nmr 'ITe

HHS! JieKUHH H 06Cy)l(lleHH5! Hay'IHhiX npo6neM. 

3KCKYpCHH B OHHH 

B Te'IeHHe 1967 rona Ol1Hl1 npHH ;rn 155 rpynn aKcKypcaHTOB (2659 'Ie

noBeK), B TOM 'IHCJie 41 rpynny (373 'IeJIOBeKa) H3 CTpaH, He 5IBJ15llO!llHXC5! 

'IneHaMH Ol1Hl1. Y'IeHhre HHCTHTyTa 03HaKOMHJIH noceTHTeneH: c OCHOBHbiMH Ha

npaBneHHS!MH pa60T H 8KCnepHMeHT8JlbHI:IMH ycTaHOBKaMH. 
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Pap;Hau;HoHHa.H 

6e3onaCHOCTb 

B 06'beLllllleHHOM llHCTllTyTe su;epHbiX RccnenoaaHRil: neil:cTBYIOT OKono 

naeHanuaTll ycKopRTenbHbiX ycTaHOBOK ll llMnynhCHbiM ObiCTpbril: peaKTop, Ko

Topbre siBnSl:IOTCSl: MOIUHbiMll llCTOT.J:JlllKaMll llOHll3llpyiOIUllX RsnyT.J:eHllil:. B 

LlBYX p8LlllOXllMllT.J:8CKllX OT):lenaX nrOll3BOLlllTCSl: 00p800TK8 p8Llll08KTllBHblX 

npenapaTOB c aKTllBHOCThiO no 10 KIOp <~. TioMllMO aToro, B llHCTllTyTe HaXOLlllTCSl: 

B ooparueHllll H8CKOnhKO COTeH p8Llll08KTllBHblX llCTOT.J:HllKOB ):lnSl: KOHTpOnSl: ycTa

HOBOK ll OT):lenbHb!X llpllOOpOB. 3a COTPYLlHllK8Mll, 38HSl:Tb!Mll Ha paOOTaX B llO

nSl:X llOHll3llpyiOIUllX ll3nyT.J:8Hllll, yCTaHCBneH llHLlllBllLlyanbHblll Ll03llM8TpllT.J:8CKllll 

KOHTponh. 

B 1967 rony coTpyAHllKll oTnentt panRaUROHHoil: 6esonacHoCTll npoaonllnll 

CllCT8M8Tll'i8CKllll Ll03llM8TpllT.J:8CKllll KOH rponb' ypOBH8M p8Llll8Ullll H8 paoOT.J:llX M8C

T8X Bonll3ll yCT8HOBOK, B CM8)KHb!X llOM8IU8HllSl:X ll H8 OKpy)K8lOIU8M 3Ll8HllSl: yc

T8HOBOK TeppllTOpllll. KoHTponiO nonne:Kanll T8K)Ke KOHUeHTpaUllll panlloaKTllBHbiX 

B8IU8CTB B B03Llyxe llOM8IU8HllM, Ha plOOT.J:llX llOBepXHOCTSl:X ll B )KllLlKllX p8):lllD-

8KTllBHb!X oTxonax. KoHTponRpyeMhiUll BllLl8Mll panllaUHH Sl:BnSl:IOTCSl: anh<tJa-, 

08T8,- raMM8-ll3nyT.J:eHllSl:, 38pSl:)K8HHbW penSl:TllBllCTCKll8 'iaCTllUbi, a T8K)K8 Hel!

TpOHbl IUllpoKoro aHepreTllT.J:ecKoro llH'repaana • .llaHHbie ll3MepeHllM npencTaane-
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Pnc.130. _PaJJ.HOMeTp neifTpoHoB c Ha6opoM mapOBbiX 3aMell.IIHTeneif, pa3pa6oTaHHbiH 

y•:reHbiMH OHHH coaMeCTHO c HeMeiiKHMH KonneraMH H3 PocceHJJ.opljla. Ha CHHMKe: 

HHEeHep B.A.Apxnnoa BeJJ.eT H811811.KY npn 6opa. 
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Hhl B BH.Ue 6onee "i8M .U8CSITH KapTOrpa viM noneif HOHH3Hpyl0ll!HX H3ny"ieHHH B6nH-

3H yCT8HOBOK. Pe3ynbT8Thl .U03HM8TpH'I8CKOI'O KOHTpOnSI TIOK83h!B8lOT 1 "'TO COT

py.UHHKH HHCTHTyTa pa60T8lOT B T8KHX ycnOBHSIX 1 KOI'.U8 B8pOSITHOCTb B03.U8H

CTBHSI pa.UH8UHH B KOnH"i OCTBaX, npeBb lll8l0ll!HX npe.uenbHO .UOTIYCTHMh!8 1 CBe.Ue

H8 K MHHHMyMy. TaK, HanpHMep, B 1867 ro.uy CTeneHb o6ny'leHHSI 87,5% COT

py.UHHKOB OI1 HI1 ae npeBbilllana 1 6ap ( o.uaoft TISITOH oT ro.uoaoft npe.nenbHO 

.nonycTHMOH .ll03hl). 

B HCTeKllleM ro.uy coTpy.uHHKH oc·.uena pa.uHaUHOHHOH 6e3onacaocTH npH

HHManH Y'I8CTH8 B COCT8Bn8HHH 38.U8HHSI Ha peKOHCTpyKUHlO CHHXpOUHKnOTpOHa. 

0HH pa3pa6aThiBanH CHCT8Mbl .U03HM8'~pH"i8CKOI'O KOHTponSI H 38ll!HTbl OT H3ny

"i8HHH., B CBSI3H c ycoBepllleHC.TBOBaHHE M .I1EPa npoBe.ueH pac'leT noKanbHOH 3a

lliHThi C He06XO.UHMbiM 8KCnepHM8HTanb flhiM 060CHOB8HHeM. p 8CCMOTp8Hhl npoeK

Tbl 38ll!HTbi OT H3ny'leHHH 1 .ll03HM8Tpll'I9CKOI'O KOHTpOnSI H Mep o6ecne'leHHSI 

pa.UH8UHOHHOH 6e30TI8CHOCTH 1 CBSI38HHI Ie C B03 MO:>KHhiM yBenH'I8HH8M TOKa yc

KOpeHHhiX npoTOHOB B CHHXpo<tJa3oTpo:re H KOHCTpyHpoBaHHeM peaKTopa YIEP-2. 

B COOTBeTCTBHH C nepcneKTHBOH pa3BHTHSI OCHOBHhiX ycT8HOBOK HHCTHTy

Ta H TIOBbllll8HH8M Ha.Ue:>KHOCTH H .llOCT)BepHOCTH pe3ynbT8TOB .U03HM8TpH"i8CKO

ro KOHTponSI BhiTIOnHSincSI pSI.u aay'IHO-MeTO.UH"iecKHX pa6oT. EbinH ony6nHKOBa

Hhi pe3ynbT8Tbi 38BepllleHHhiX pa60T 1 E PSI.Ue KOTOpbiX npHHSinH y"iaCTHe COTpy.U

HHKH oT.uena pa.uHaUHOHHOH 38ll!HTbi I1 .ICTHTyTa SI.UepHhiX Hccne.uoBaHHH ( DHP). 

CoBMeCTHO c KOnneraMH H3 r nP npC•BO.llHnHCb HCCne.uoBaHHSI a<tJ<t>eKTHBHOCTH 

perHCTp8UHH H8HTpOHOB p8.UHOMeTpOM C Ha60pOM c<tJepH'IeCKHX 38Me.UnHTeneft 

B ny"iKe HeHTpOHOB OT HMnynbcHoro pEaKTopa. Ha"iaThi H3MepeHHSI a¢<tJeKTHBHOC

TH perHCTp8UHH TennOBhiX H Me.uneHHIIX HeHTpOHOB HH.UHBH.UyanbHbiM .U03HMeT

pOM 6biCTpbiX H8HTpOHOB 1 KOTOpbie TIJ:OBO.USITCSI COBM8CTHO C .ll03HMeTpHCT8MH 

H3 I1HCTHTyTa ¢H3HKH BAH. 





JlOCTOHHHbie lKHTenH J1y6Hbl IIO.lPl8 C 3TOrO He 38Me'l8IOT1 HO 

IIO e,aHHOJ:lYliiHOMY MHeHHIO BCeX, KTO IIp He3lK8eT H3 p83HbiX CTp8H, 

3,aeCb - OTflH'lHbie ycnOBHH He TOflbKO ,[(flH p860Tbi1 HO H ,[(flH OT

,[(biX8 (KOMijJOpTa6enbH8H rOCTHHHII8 1 · lKH BOIIHCHbie OKpeCTHOCTH, 

BOJ:lHbie rrpocropbi MocKOBCKoro MOpH, BonrH H ee rrpHTOKOB). 



~--· 

J13p;aT8JlbCKHif 

OT)J;8JI 

B 1967 roAY H3AaTenhCKHR OTAe.l Ol1.Hl1 abinYCTHn a caeT 516 npenpHn

Toa (OKOnO 800 y'ieTHO-H3A8TenbCKHX ITHCTOa}, 'iTO COCTaanSieT OKOnO 250 Tbi

CSI'i 6poWIOp. TipenpHHTbi paCCbinanHCh H8Y'iHbiM yqpe)I{AeHHSliM:, 6H6nHOTeKaM H 

y'ieHbiM a 39 CTpaH. KpoMe TOrO, 'iTO npOH3aOAHnaCb p8CCbinK8 nOCTOSIHHbiM 

aApecaTaM, 6onee 2000 nperrpHHToa 6binQ abicnano no oTAenhHbiM 3anpocaM. 

CoaMeCTHo c 6H6nHoTeKoH npoa ~Aena pa6oTa no ycHneHHIO npHTOKa 

nay'iHOH nHTepaTypbi a nopSIAKe o6MeHa na H3.1laHHSI Lly6Hbi. B pe3ynhTaTe 3a 

rO.Il 6H6nHoTeKOH rrony'ieHO a nopSI.IlKe 06MeHa 6onee 10 TbiCSI'i rrpenpHHTOa H3 

28 CTpaH. 

EbinH H3.1l8Hbi H pa3ocnaHbi ace nocTynHawHe a OT.Ilen c6opHHKH MaTepHa

noa .pa6o'iHX coaewanHH: H CHMn03HyMo 3. Ha abiCOKOM ypoane .llnSI .llannoro aH

.Ila nonHrpa~H'ieCKOR TeXHHKH abinOnHeia pa60T8 no H3.1l8HHIO e)l{erO.IlHOrO OT

'ieTa Ol1.Hl1. 

B 1967 roAy 6bmo nana)l{eHo one )8THanoe neqaTanHe nporpaMM H .llpyrHx 

MaTepHanoa abi'iHCnHTenbHOro uenTpa nBTA. Teneph ace 4JH3HKH, MaTeMaTH

KH H HH)I{eHepbi, pa60T8IOWHe Ha 38M, CH86)1{eHbi He06XOAHMbiMH MaTepHanaMH. 

0Tne'i8T8HO 24 abiTIYCKa 6H6nHOrpa~H'iE CKHX HH4JOpM8UHOHHbiX 6IOnneTeHeH 6H6-
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PHc.131. B H3P.a.TellbCKOM OTP.ene xpa.HHT-

- CH 38.nB.CHbie 8K3eMnliHpbi OKOJIO 4000 H8-

HMeHOB8.HHil npenpHHTOB1 BbinyiiieHHbiX 38. 

nepHOP. c 1956 m; 1968 roP.. Ha. cimMKe -

cexpeTa.pb no o6MeHy npenpHHTB.MH T.Bo'l
sa.posa. (Bonra.pHH) noP.6Hpa.eT H3P.B.HHH 

P.liH OTnpB.BKH no OTP,ellbHbiM 38.npOCB.M. 

J1x npHXOP.HT B rOP. OKOJIO 3000. llo 

npOCb68.M y'leHbiX fly6Hbl H3P.B.TellbCKHil 

OTP.ell TB.K)Ke 38.npB.IIIHBB.eT npenpHHTb/1 

KHHrH H )KypHB.llbi H3 TeX CTpB.H, C KOTO

pb!MH HMeeTCH 06MeH HB.Y'lHOil HHrjJOp

MB.UHeit. ,._ 

PHc.132. Ha.6opHoe OTP.elleHHe. 3P.ecb xo

pomo npOHBHliH ce6H BbinYCKHHUbi cpeP.HHX 

IIIKOll fly6Hbl. 0HH H8.6Hp8.IOT TeKCTbi .Ha. 

pyccxoM H a.HrnHilCKOM H3brKa.x. Ha. MB.IIIH

Ha.x MB.pKH " BepHTa.itnep" ne'lB.TB.IOTCH rjJop

MYllbi. ABTOpbi OCB060)KP,eHbi OT BnHCbi

BB.HHH HX OT pyKH. 

r 
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~ 

PHc.J33. HepB8H KOIIHpoBanbHBH M B IIIHHB "KcepoKc"; rrony'leHHBH H3,aarenbCKHM 

OT.aenoM, H3MeHHna "6biT" na6op8TOpHit. Y'leHbie HHCTHTyTa 6biCTpO rrony'l810T 

KOIIHH Hy)I(HbiX HM IIpeiipHHTOB H .l18.>Ke UenbiX KHHr. E)l(eMeCH'lHO ,aenaeTCH B 

cpe,aHeM J2 TbiCH'l KOIIHft. 

mroTeKH, e)KeronHhiH yKa3aTenb pa6oT coTpynHHKOB OI1.HI1 H yKa3aTenb nepHo

nHqecKHX H3ll8HHH, nonyqaeMh!X 6H6nHOTeKOH. 

Bcero B 1967 rony OTneqaT8H O 4693810 OTTHCKOB. fiepepa60T8HO 26,2 

TOHHbl 6yM8f'H. 

0CB08H8 3KCnnyaT8UHH HOBOf'O o 6opynoB8HHH, B TOM qJicne KOnHpOB8nb

HOH M8WHHhl "KcepOKC-914", npHo6pe TeHHOH HHCTHTYTOM. 3a BTOpoe nonyro

nHe 1967 rona H3f'OTOBneHo 44000 nHCTOB KOnHfi. B qacTHOCTH, no saKasy 6116-

nHOTeKH 6hlnH cpen8Hhl KCepOKOnHH pen KHX U8HHhlX KHHf'. 

riponon)Kanacb pa6oTa no MHKpO~HnbMHpOBBHHID MeTepHanoB no aaKa3aM 

na6opaTOpHH H 6H6nHOT8KH (6612 Kanp oB) H no H3f'OTOBneHHID neqaTHb!X CXeM 

3neKTpOHHKH (912 H8f'8THBOB). 



HayqHo-TeXHHqecKaH 

6H6JIHOTeKa 

B 1967 rony 6R6nHoTeKa o6cny;KRna 3877 qenoBeK, B TOM qHcne 630 npR-

6hiBlllRX B Ol1.S:U1 B KOMaH.llRPOBKR. KonRttecTBO ttRTaTene:ll: yaenRttRnocb Ha 

397 qenoBeK no cpaBHeHRID c 1966 roaoM. ~Reno nocell!eHR:ll: 6R6nRoTeKH B03-

pocno .llO 104 TbiCSlq pa3 1 6bin0 Bbl)]8HO CBhillle 120 ThiCSlq nettaTHblX e.llHHHU. 

EbinO yaenH'I8HO qHCnO nepe.llBH*eK B OT,llenax HHCTHTyTa .llO 38, 'ITO 

cnoco6CTBOBano nyqll!eMy RCnOnb30Bd.HHID KHH*HOrO tP0H.ll8 1 3KOHOMHH BpeMeHH 

HayqHhlX coTpyaHHKOB. 

ITo 38K838M 'IHTaTene:ll: KHHrH H *YPH8nhl 1 KOTOpbiX HeT B tPOHll8X 6H6-

nHOT8KH1 npHB03HnHCb H3 MocKBhi. Bcero nonytteHo no Me*6H6nHoTettHOMY 

a6oHeMeHTY (MEA) 2822 nettaTHhix eaHHHUbi. B caoro ottepe.llb, 6H6nHoTeKa 

06'he.llHHeaaoro HHCTHTyTa o6cny*HBana no MEA 42 6H6nHoTeKH CoaeTcKoro 

Cmosa. 

B 1967 roay no BC8M HCTOqHBK8M KOMnneKTOB8HHSl B 6H6nHOTeKy nOCTy

nHnO CBhillle 15 ThiCSlq neqaTHhiX eHHHHU. 3a npoll!e.llll!H:ll: ro.ll 6hrno nonyqeHO 

566 HasaaaH:ll: nepHO.llHqecKHX H3.ll81!H:ll:. B nopSl.llKe o6MeHa nocTynHno 6onee 

10 TbiCSl'I npenpHHTOB1 173 KHHrH II 122 *YPHana. 

BcSl nocTynHBlllaSl nHTepaTypa caoeapeMeHHO o6pa6aTbiBanacb H 
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oTpa)Kanacb B KaTanorax. Ha 3I neK~t6p.H I967 rona 6a6naoTe'!HhiH <j:Joan Ha

C'llfThlaan 249585 rreqaTHhlX enaaau. 

0 HOBhlX KHarax, )Kypaanax 11 rrperrpaaTax 'l!fTaTeneiJ: !1H<j:JopM!1posana Bhl

CTaBKa HOBbiX rry6JII1K8UI1M, KH!f)KHbiH pa3nen KOTOpOH M8H.H8TC.H 8)K8HeneJibHO, 

)KypHaJihl H nperrpHHThl BhlCTaBJI.HIDTC.H ITO Mepe HX ITOCTyrrneHH~ 7 TeMaTH'l8C

K11X BhlCTaBOK !lHTepaTyphl 6hlJIO opra.iH30BaHO K COBelliaHH.HM H KOH<j:JepeHUH

.HM, rrpoxonHBlliHM B HHCTifTyTe. 

Ba6nHorpa<j:Ja'leCKHi1 oTnen 6a6naoTeKH aeneT 6onbwyiD HH<j:JopMaUHOHHYID 

pa6oTy. ilaa pa3a B M8C.HU BhinyCKaeTC.H "J1H<j:JOpMaUHOHHbiH 6IDJIJI8T8Hb". flo

DOJIH.HIDTC.H TeMaTH'l8CKH8 KapTOT8KH I!O pa3nenaM TeOpeTH'l8CKOH H HnepHOH 

<j:JH3HKI1, a TaK)Ke KapToTeKa rry6n!1KaUI1H J'l8Hb!X 06'benHH8HHOro HHCTHTyTa. flon

roTOBJIBH a H3naa "YKa3aTenb pa6oT ccTpynHaKoB Ol1Hl1 3a I966 ron". 

OT4g_I_ 

o KonaqecTse rrpenpaaTos, rrurytieHHbiX 011 Hl1 a I967 rony 

Ba6naoTe'IHbie Jla'IHbie 0TTI1CKI1 Bcero 

CCCP 833 - - 833 

BeHrpiHI 58 I 24 83 

rnP 4I 24 I4 79 

ITonhwa 296 27 7 330 

PyMbiHifH I9 - - I9 

4exocnosaKI1H 55 5 2 62 

IOrocnaB!fH 35 3 92 I30 

AscTpanHH 5 6 - II 

ABcTpHH 5 I3 - 18 

BenhrH.H 94 23 25 I42 

Bpa3HJIH.H 50 2 2 54 

BenHK06pHTaHH.H 204 I05 8 317 

foJIJiaHnHH 6 1 9 16 

llaHHH 57 43 90 190 

l13paHJih 44 97 - I41 

l1 Hlllf.H 79 17 4 100 

l1 pnaHaH .H 3 1 - 4 

l1TaJIHH 469 415 220 II04 

KaHana 38 17 23 78 
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1 2 3 4 5 

HopBer.H:5I 13 2 15 

naK.H:CT8H 8 .... 2 11 

CWA 1050 1333 135 2518 

<t>HHn5IHAH5I 81 7 18 107 

<t>paHU.H:5I 407 145 38 590 

<t>Pr· 260 121 146 527 

lliBe:l1:uap.H:5I 1065 1602 2667 

lliBeUH5I 55 15 70 

HnoH.H:5I 307 85 2 384 

npO"'He CTp8Hbl 35 18 53 

Bcero 5673 4128 862 10663 

CBE.[J.EHI1 H 

o )!{ypaanax, nony"'eHHbiX Ol1Hl1 no o6MeHy B 1867 ro.ay 

1. CCCP 24 H83B8HH5I 

2. Bonrap.H:5I 5 H83B8H.H::lf 

3. BearpH5I 5 H83B8HH:l1: 

4. nonbllla 8 H83B8HH:l1: 

5. PyMbiHH5I 8 H83B8HH:lf 

6. IOrocnaBH 5I 5 H83B8HH:l1: 

7. ABCTpH5I 5 H83B8HH:lf 

8. AMepHKa 3 H83B8HH5I 

8. ApreHTHHa H83B8HHe 

lO.BenbrH5I 1 H83B8HHe 

11.l1HAH5I H83B8H.H:e 

12.l1TanH5I H83B8HHe 

13.naKHCT8H H83B8H.H:e 

14.<t>HHn5IHAH 5I H83B8HHe 

15.<t>paHUH5I H83B8HHe 

16.51TIOHH5I 3 H83B8HH5I 

Bcero: 73 H83B8HH5I 
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M3o6peTaTeJibTBo, 

pa~HOHaJIH3a~H.H 

H naTeHTHa.H cJiy)K6a 

B 1967 roay coTpyJJ.HMKaMM 06'betlMHeHaoro MHCTMTyTa .smepHbiX nccneao

BaHMH noaaaa 61 38BBKa Ha npeanonara~Mbie M3o6peTeHMB M nonyqeao 18 no

no:llurTenbHbiX peweana. 

Bcero (1956-1967 rOJJ.bl) B MHCTMTyTe CJJ.enaao 127 ll306peTeHMH, M3 KO

TOpbiX BHeJJ.peHO 47. 3aperMCTpllpOB8HO 4 OTKpbiTMB. 

B npowearneM roay BHeapeao 322 pauuoaann3aTopcKMX npeano*eHHB H 

13 H3o6peTeHMH, npn 9TOM BHeJJ.peHHe 14 paUHOH8RM38TOpCKMX npeano*eHHH 

JJ.ano 9KOHOMMqeCKMH 9cPcPeKT B CYMM.e 25 TbiC.py6. 

flaTeHTHbiH cPOHIJ. 0l15U1 COCT8BR5leT 66625 eJJ.MHHU, B TOM qacne: 

a) onncaana n3o6peTeHMH 

6) K8pToqeK naTeHTOB 

21875, 

44750. 

B 06'heJJ.HHeHHOM MHCTMTyTe 3aperncTpnpoBaHo CBbirne 1300 pauuoaann-

3aTopoB n 150 M3o6peTaTenea. 
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AAMMHMCTpaTMBHO

xo3ai1crseHHaH 

neareJibHOCTb 

AAMHHHCTp8THBHO-X0351HCTBeHHa.>r Jle51TenbHOCTb HHCTRTyTa 6bina HanpaB

neHa Ha BbmonHeHHe 3aaa'l, nocTaBHeHHhiX Y'leHbiM coaeTOM H KoMHTeToM 

nonHOMO'IHbiX npeACT8BHTeneH: HHCTHTyTa. 

HH>Ke npHBOA51TC51 ocHOBHbie, onpeaenHIOlllHe noKa3aTenH aaMRHHCTp8THB

Ho-xo351fiCTBeHHofi aeHTenbHOCTH OIHH1 a 1967 roay. 

Ka,apbi 

Ha 31 AeKa6p51 1967 I'OA8 B ?5'be.l:(HHeHHOM HHCTRTyTe MepHbiX HCCneao

BBHHH: pa60Tano 4685 qenOBeK, B TOM 'IHCne B na6opaTOpH51X H ynpaaneHHH 

06'beAHHeHHOI'O HHCTRTyTa 3306, B npOH3BOACTBeHHbiX H APYI'HX llOAp83.l:(eneHH-

51X - 1379. 

PacnpeaeneHHe COTPYAHHKOB 0J1.FJ1 no K8Tei'OpR51M llOK83biB89T cneayiOlll851 

Ta6naua: 
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KaTeropiHI 
paOOTHHKOB 

HayqHhle coTpy.UHHKH 

11 HJKeHepbi 

TexHHKH H MaCTepa 

PaooqHe 

Mna.uumii: o6cnyJKHBa

IOliiHH nepcoHan 

CnyJKaliiHe 

YqeaHKH 

Bcero: 

l..J:Hc:neHHOCTh 

B na6opaTOpHHX B npoH3BO.llCTB, 

H ynpaBneHHH no.upa3.ueneHHHX 

H • .up. 

550 28 

686 89 

330 101 

1300 975 

137 90 

. 
223 77 

80 19 

3306 1379 

Bcero 

578 

775 

431 

2275 

227 

300 

99 

4685 

l..J:Hcno paoOTBlOliiHX B LlyoHe cneuHanHCTOB H3 CTpaH-y'!aCTHHU 0115U1 

( KpoMe CCCP) cocTaBnHno 318, cpe.UH !IHX: 202 - aayqHbie COTPY.llHHKH, 57 -

HHJKeHepbl, 59 - TeXHHKH, naoopaHTb! H cnyJKaliiHe. 

B 0o'be,llHHeHHOM HCHCTHTyTe H,llepHbiX HCCne.UOBaHHH paOOT8IOT: 

3 aKa.ueMHKa (H.H.EoronroooB, M.A.MapKOB, E.M.TioaTeKopBo); 

5 qneHoB-Koppecnoa.ueHTOB AH CCCP (LI.11.EnoxHHUeB, B.TI.Ll)KenerroB, 

M.r.Memep5IKOB, r.H.<PnepoB, 11.M.<Ppaad; 

40 .UOKTOpOB HayK; 

202 K8H.llli.ll8T8 HayK, 

B Te'leHHe 1967 ro.ua B 06'be.UHHeHHbiH HHCTHTYT 5I.llepHb!X HCCne.UOBBHHH 

npHH5ITO aa paooTy 479 qenoBeK , B To~1 '!Hcne 347 coBeTCKHX COTPY.llHHKOB 

H 132 CIIeUHanHCTa H3 .UpyrHX CTpaH-y'!aCTHHU HHCTHTyTa, 113 'IHCna IIpHH5I-

Tb!X 

aayqHhlX coTpy.uHHKOB 

HH)KeHepOB 

TeXHHKOB H M8CTepOB 

pa6oqHx 

yqeHHKOB 

Mna.uwero o6cnyJKHBaromero 

nepcoaana 

cny)KaliiHX 

106 

79 

24 

183 

47 

19 

21 

YBoneHO H3 HHCTHTyTa 38 TOT JKe llepHO.ll B CB5I3H C OKOHqaHHeM CpOKa 

paooThl H no .upyrHM npHqHHaM 324 qeno3eKa. 

B TeqeaHe ro.ua yqeHbiMH COBeTaMII H aayqHo-TeXHlf'!eCKHMH COBeTaMH 
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na6opaTOpHA H36paHbl HB llOn:lKHOCTH HB HOBbie CpOKH 72 HBY'IHhiX COTPYllHH-

Ka. DpHcsoeHhi y'leHhie 3BBHHSI MnanJiero Hay'IHOro coTpy~HHKa 34 H 3BaHHe 

cTapwero Hay'IHoro COTPYllHHKa 8 ~H3HKBM. 

B 1967 rony 35 COTPYllHHKOB ('115111 aawHTHnH KBHllHllBTCKHe llHCCepTa

UHH H 5 - llOKTOpCKHe. 

8 06'bellHHeHHOM HHCTHTyTe B ,,e'leHHe rona pa6oTano 15 HBUHOHBnhHbiX 

Hay'IHhiX rpynn H3 CTpaH-y'laCTHHU ( KpOMe CCCP), B TOM 'IHCne: H3 HPE 

2 rpynnhi, H3 r llP 3 rpynnhi, H3 llP3 1 rpynna, H3 nHP 6 rpynn, H3 l.J:CCP 

3 rpynnhi. 

~HH8HCOB8H ~eHTen&HOCTb 

llnSI npOB9ll9HHSI HBY'IHQ-HCCnell,JBBTenhCKHX pa60T H KanHTBnhHOrO CTpO

HTenhCTBB HayqHo-HccnenosaTenhCKHJ!. H npyrux o6'beKTOB KoMHTeT nonHOMO'l

HhiX npeACTBBHTeneA rocyJlapCTB- 'lnHHOB 06'b9JlHHeHHOrO HHCTHTyTa SIJlepHbiX 

HCCneAOBBHHA yTBepAHn Ha 1967 ron 6IOll:lK9T HHCTHTYTB B CyMMe 24401,4 TbiC. 

py6neA. 

¢1aKTH'l9CKHe paCXOllhl 38 1967 roll COCTBBHnH 22097,0 ThiC. py6neA (HnH 

90,6% no OTHOW9HHIO K rOllOBbiM BCCI!rHOBBHHSIM), KOTOphie no p83JlenaM 6IOA-

:lKeTa pacnpenenSinHCh cnenyrowHM o6paaoM: 

HaHMeHoBaHHe paanenos 

6IOA:lKeTa 

fOHOBbie ac

CHrHOBBHHSI 

Paanen I Ha Hay'IHo-Hccnenosa

TenhCKYIO ll9SITenhHOCTb 

H X03SIHCTBeHHbie Hy:lK

llbl 

Paanen II KanHTanbHhie aaTpaThi 

Ha npHo6peTeHHe o6o

PYllOBBHHSI, Tpe6yeMo

ro AnSI nposeneHHSI 

Hay'IHo-HccnenosaTenb

cKHX pa6QT 

Paanen Ill Ha KanuTanbHoe 

CTpOHTenbCTBO Hayq

HO-HCCneAOBBTenbCKHX 

H ApyrHX 06beKTOB 

-------------------------------HToro: 

14527,7 

1873,7 

8poo,o 
24401,4 

¢1BKTH'l9CKHe 

paCXOllhl 

13706,0 

1619,0 

6772,0 

22097,0 

B %% K 

nnaHy 

94,5 

86,4 

84,7 

90,6 

8 HHCTHTyTe npOAOn.>KanaCh pa5oTa no BbiSIBneHHIO HeHy:lKHbiX H H3nHW

HHX MaTepHanhHbiX UeHHOCTeH ( annapaTyphi, o6opyJlOBBHHS11 npH60pOB H Jlp.) 

H HX peanH38UHH Ha CTOpOHy. 8 pea~nhTBTe npOB9ll9HHhiX MeponpHSITHA peanH-

30BBHO MaTepHanoB H o6opyAOBBHHSI JIB CYMMY 392,0 ThiC. py6neA. 
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KarrHranbHOe crpoHrenbCTBO 

3aTpaTbi no rrnaHy KarrHTaJibHoro cTpou TenbCTBa Ha 1967 ron rrpenycMaT

pHBanHCb B paaMepe 8000 TbiC. py6nefi:, (p8KTH"'eCKHe 38Tp8Tbl COCT8BHJIH 

6772,0 TbiC. py6neii:,, HJIH 84, 7%. Do OTAeJibJiblM CT8Tb.HM K8llHT8JlbHOrO CTpO

HTeJibCTB8 BblllOJIHeHHe nnaHa XapaKTepH3~'eTC.H CJie.llylOIIIHMH UHcppaMH: 

CTpyKTypa KarrHTaJibHhiX DnaH <l>aKTH"'eCKH %% 
BJIO)!(eHHH BblllOJIHeHO BblllOJIHeHHH 

Bcero KarrHTanbHbiX BJIO)!(eHHH 8000,0 6772,0 84,7 

B TOM "'Hcne: 

I. CTpOHTenbHO-MOHTa)!(Hhie pa6oThi 1378,0 1188,0 86,2 

2. 06opy.llOB8HHe H MOHT8)!( 4772,0 5301,0 Ill I 1 

3. DpoeKTHO-H3biCKaTeJibCKHe 

pa6oThl H rrpo"'He aaTpaThl 1850,0 283,0 15,3 

4. 8BO.ll OCHOBHbiX cpOH.llOB 4595,3 5784,6 125,9 

He.uoBhrrronHeHHe rrnaHa KarrHTanbHoro cTpOHTenbCTBa o6~HCH.HeTCH B oc

HOBHOM OTCT8B8HHeM rrpoeKTBhlX pa6oT. 

B oT"'eTHOM ro.uy BBe.ueHLI B aKcnnyaTaUHIO o6~eKThi H o6opy.uoaaHHe 

Ha CYMMY 5784,6 TbiC. py6nefi:, B TOM "'HC rre HaH6onee KpynHbie o6~eKTbi: 

1. C.uaHa rro.u Hana.uo"'Hhie pa6oTbi MaJUHHa B3CM-6 B flBTA, MaiiiHHa 

B3CM-4 c.uaHa B aKcnnyaTaUHIO. 

2. BBe.ueH B aKcnnyaTaUHIO 201 Kopny::: B flB3. 

3. 3aKOH"'eH raaonpOBO.ll rrpHpO.llHOro rtaa K KOTeJibHOH HHCTHTyTa. Kpo-

Me Toro, BblllOJIHeH 60JibiiiOH o6~eM pa60T IT) llO.llrOTOBKe 8KCnepHMeHT8JibHO

ro o6opy.llOB8HH.H .llJl.H pa60Tbl Ha yCKOpHTene 70 raa B I1<l>B3 H BBe.lleH p.H.ll 

.llpyrHX o6~eKTOB. 

ripoH3BoacrBeHHbie rroapa3aeneHHH 

ffHCTHTyTa 

DpoH3BO.llCTBeHHO-cpHHaHCOBa.H .ue.HTenbJ!OCTb npoH3BO.llCTBeHHhiX rro.upaa

.ueneHHii: 38 1967 ro.ll XapaKTepHayeTC.H CJieHyiOIIIHMH OCHOBHbiMH llOK838TeJI.H-

MH: 
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p HC.J34. p 811HOMOHT8)1{Hblif 

y'lacrox lleHTpanbHbiX 3KCne

PHMeHTanbHbiX MBCTepCKHX. 

fl OK838T91IH 

1. 06'heM rOTOBOH rrpOAYKUHH, 

Bblll01IH9HHbiX pa6oT H OK8-

38HHbiX ycnyr, B TbiC.py6neii 

2. Pe3y1IbTaT AeHTenhHOCTH 

(rrpH6bi1Ib) ,B TbiC.py6neii, 

B %% K Bblll01IH9HHOMY o6'beMy 

3. 3a'J'p8Tbl H8 1 py6nb peanH-

30B8HHOH rrpoAyKUHH, B KO-

rreitKax 

• ITnaH cl>aKTH'I9CKH %% 
Bblll01IH9HO Bblll01IH9HHSI 

4831 4874 100,9 

436,4 617,8 141,5 
9 ,03 12,67 

0- 90,7 0-87,4 
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1 

4. CpeaaecnHcoqaag qHcneaaocTb 

pa6oTaiOIUHX 

5. 8bipa6oTKa aa oaaoro pa6oTaiO

mero, B py6ngx 

2 

1222 

3953 

3 4 

1154 94,5 

4223 106,8 

ilHpeKUHH HHCTHTyTa Ha npOTH~eHHH roaa npOBOAHna pa6oTy no COBeprueH-

CTBOB8HHIO npOH3BOACTBa, H3b!CK8HHD nyTefl nOBbillieHH51 npOH3BOAHTenbHOCTH Tpy-

aa H peaTa6enhHOCTH npoH3BOACTB·:l!JHbiX noapa3aeneaHH:. B pe3ynbTaTe sToro 

BCe OCHOBHbie TeXHHKQ-8KOHOMHqec me nOKa3aTenH npOH3BOACTBeHHbiMH noapa3-

aeneHHHMH BbiiTOnHeHbl. 

{' 

/ 

Oxpana TP.YP.a, TeXHHKa 6e3oiiacnoc-

TH H IlpOH3BOP.CTBeHH8H C8HHT8pHH 

B 1967 roay 6bm npoBeaea PM opraHH3aUHOHHo-TeXHHqecKHX MeponpHH

THil:, aanpaBneHHbiX aa ynyqmeaHe y·~nOBHH TpyaL H 6e3onacaocTH pa6oT. llHpeK

UHeil: 3annaaHpoBaHbi H npoBeaeHbi ~eponpHHTHH no oxpaae Tpyaa, TeXHHKe 6e-

3onacaocTH H npoH3BOACTBeHHOH CaHHTapHH. 

Ha BbmonaeHHe MeponpHHTHH R3pacxoaoBaao 34740 py6ne:ii, B TOM qHcne: 

a) Ha TeXHHKY 6e3onaCHOCTH 

6) Ha BeHTHnHUHIO 

B) Ha caH6biTyCTpOHCTBa H 

npOH3BOACTBeHHYIO CaHHTapaiO 

9520 py6ne:ii 

4100 py6ne:ii 

15380 py6ne:H. 

C 1 aBryCTa no 20 OKT516p51 B 06'beAHHeHHOM HHCTHTyTe 6bJn opraHH30BaH 

H npOBeaeH o6IUeCTBeHHbiH CMOTp COCT051HH51 T8XHHKH 6e3onaCHOCTH 1 oxpaHbl Tpy

aa, npOH3BOACTB8HHOH CaHHTapHH H npOTHBOno~apHOH 6e30naCHOCTH. 
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