
'· 

EPEBAHCKvill \DH3WIBCKHM MHCTIITYT 

Ha IIpa.Bax PYROIIHCH 

rPOMOB IOPI1H AJIEKCAH,ll:POBWI 

YJU< 537,59I:539.I.CJ74 

.11CCJll•:JJ.OBAHl1E CElIEHID! B3.AHMOm;tlCTBIDl, 

ICO::J<I.;!)HUl1EHTOB HEY1IPYI'OCTI1, CIIEKTPOB 

IIPH sHEPrmrx roII - roI3 aB 

no1wu1i,1100Tb OI.04.I6 - ~.aaru<a aToMHoro JI,IJ;pa :e: 

a~eMeHTap.HHX 'IacT~ 

A B T 0 p e w e. p a T 

,l(lllCCePTa.ruw Ha COHCI<rum:e y'IeH<)il CTenemi: 

wumimaTa w1rnm<O-MaTeMaTH'Iec1uIX HayR 

EP1'1lA1I - I9B4 



IUJY l< 

!Cl.YR' 

llClV I< 

O,ll.Y lll 

r. 38.uUiTn ;rwcce}Yl'ruurn. ooo·rowrcm " ,,,.., ~'I'll ,.. ... 1 I 
V IF. 

B r4°0 '!aCOB Ha 3nce.namrn. C11cu.w.uuurnponu111101•0 ConoT 

.TI: 034.03.0I rrpH EpeBB.HCROM <J.ili3R'!eCROM HHCT.wry To (r. t;ponau-36 , 

y;r. MapKapiIHa 2). 
c ,IUicce}Yl'a!.Uleil MoJKHo osHa.KOMHTDcn B 6R6JIRoTeKe E:Pl'H. 

ABTope~paT pasocJia.H "J):; " 1 9, }.J\ckf> S. I 954 r . 

Y'!eHHli!: ce1<peTapD 

Crre!.UlaJIR3Rp0BaHHOr o CoBeTa 

R~T <J?a3.-MaT . mcyK B .'A. lllAXEA3ffil 

I. O:eIWI XAPAKTEPHCTHKA PAEam 

,IlRcce}Yl'a!Ulli rrocBSID1eHB. R3MepeHRro rpa.Hm.U:l ce'!eHrui: Heyrrpy­

roro B38.HMO'AettcTBJ/lH npoTOHOB c H,ll;pa.Ma aTOMOB B03~Xa R RCCJie­

'AOBB.HHBJ nap~HHX KOa~eHTOB HeyrrpyrocTR !Cy . HsMepe­

HRR: 6HJm Ilp0B6'A6HH Ha ROMIIJI6KCHOtt YCTaHOBKe BHCORoropHofi 

CTa.HI.Ulll Uxpa-UKapo RM. r.E.'IRROBa.HR llHCTRTYTa gJR3RRH AH rccP, 

COCTORlllett R3 MaI'HRTHOro RCRpoBOro Cil6KTpoMeTpa H ROHR3~0H­

HOro KaJiop:BMeTpa. B ycTaHOBI<Y, no HacTOJUmIO aBTOpa, 6HJI 

BH6C6H ~ R3M6HeliHtt, Il03BO.mmnmx J/13M6pMTD R OU6HRTD COOTB6T­

CTBYBlllR6 napaMeTpH. 

AR:ryaJU>HOCTD TeMH, ARTYaJIDHOCTD 111sy'!eHRR: H~ynpyrruc cToJI­

RHOBeliHtt "IB.CTRU BHCORRX 3HeprRtt c H,ll;pa.Ma Oilpe'A6Jifl6TCH TeM, 

"lTO B polK,Il;eHRR "iaCTRU Ha ~ rrpoHBJIR:eTCH crreuagm'IHOCTD rrpo­

necca <IJop.mpoBaHRH ROH6'll!HX .a,npoHHHX COCTOH!IHtt R RBapK-nap­

TOHHOit CTPYRTYPH 8,Iij)OHOB 1 J/13ytl6HR6 ROTOpHX BO B3aRMO'A6ilCTBJ/lR 

c H:yKJIOHaMJ/l saTpy'AHRTeJIDHo J/lJIR H6B03MOlKHO. HecMOTpsi: Ha To, 

"lTO ycROpMT6.7IlIMJ/l Ha BCTpe'IHHX ROJIDnax OCBOeHa 3Hepr111H 

~ !::::: I50 TaB 'AJifl npoTOH-aHTJ/lllp0TOHHHX B3aRMO'A6ttCTBRtt, oc­

HOBHHM J/lCTO'!HRROM 3RCil6pRMeHTaJIDHOil RH<lJO:pMa.UJllR 0 xapa.KTep111c­

TJ11Kax 8,Iij)OH-H,11;6pHHX B3aliMO'A6ttCTBJlltt IlpR 3H6prlU!. :> 200 raB 

OCTall'l'CH RCCJI6'AOB8.HRH B ROCMl!~6CKlilX Jzy'laX. 
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0,n:HHM R3 Ba.JKHe:!blmx IlOCJie,IUIIDC .UOCTIDKemtii yCROpRTeJil>HHX 

3RcrrepRMeHTOB •ra ROJIJiail:;:l;epax JIBJI.HeTC.II YTBepJK,IJ;eHRe 0 rrporroir­

UHOHa.Jll>HOCTR IlOJIHOrO ceqeHIDI HYIWOH-HYRJIOHHoro B3aRMO,UeficT­

BWi RBa.,n;pa.TY JiorapRqMa aHeprRR, Ha6.mo,u;eHHoe rrocJie rrpoxo.lK,ll;e­

HM ~po!<oro MRIDIMYMa B o6Jia.cTR 3Heprllli CeprryxoBa R BaTaBIDI.. 

Bo B3aRMO,nettcTBWIX Ha Mpax cRTYarntfl B yRa3aHHOM BOIIpO­

ce He CTOJil> 0~03Hai:rn:a. IlOTOMY aRTYaJil>HU Ra.lK,ll;He .uorro~TeJTh­

HllC 113MepeHRR ceqeH~ B H~CROpRTeJI:bHHX 3Heprwrx, oco6eHHO 

o 01>111•11110JihHOtl MeTo,rumott. 

((.>JlO<'.lllllM ROOJIO)J,Ollnll11CM SIBJ.l.fieTC.II 3RCIIepHMeHT ITO U3Mepe-

1Ht llCJY 11pyroro B3rul.MO,Uel1CTBlill rrpoT0-

110 a11epr11it 0,4 - 4 TaB -

npa n1-1co­

!0H 

I IUJlll,>lLVtl>l1Utt 

t -1mu.H­

M..::io11ou) B 

11n If Pll)UlOJIOlKC!Die' T{TO HaRClOJiee 

m 1.11'xn1111:1Mu nepe,na'lli sHepril'I B sapgJKeHHYro 

!t•!hprUlbllJ'Kl llO~UIOHeHTY D a,n;poH-H,JJ;epHHX B38.RMO,Uel1:CTBRRX 

O)J,11HaROBlil , II03TOMY RsyqeHRe reHepamm Hel1Tpa.7ThHHX qacTRU -

sTo qacTI> o6mel1: rrpo6JieMU MHoxecTBeHHoro po.lK,ll;eHruI qacTRU. C 

.upyrott CTOpoHU, l'l3YT{aT:b HettTpa.7ThHUe qacTRUU B pgn;e cJiyqaeB 

MeTO,IJ;liT{eCIUI y.uo6Hee. 

B BOrrpoce nsyqeHR.fI /(g- OCHOBHUe RCCJie,UOBaHRll ~aca.IDlC:b 

sro 3aBRCRMOCTR OT aTOMHOro HOMepa Mpa _Mmlle.HR .J! • O~aRO 
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MHOrOT{RCJieHHue o6o~o6JieHHue ll3MepeHM 3TO:i1 BeJrn"Il!.Hli He II03BO­

JI.iIIOT c.ueJia.T:b 0~03HaT{HIDC Bb!BO.UOB, CTOJil> He06XO,IUilllliX .UJW: IIOHH­

MaHRR ~aMHRll ll rrpoCTpaHCTBeHHO-BpeMeHHoti CTPYRTypu B3aHMO­

.ue:i1cTBR.n. a.n;poHoB. 3HaT{RT8Jll>HO HHWOpMaTPIBHee :accJie.uoBaHRe Ha 

pasJIRT{HHX Mpax sHepreTnqecRoro rrapaMeTpa K ~ COBMecTHO c 

MHOJKeCTBeHHOCT:bIO, yrJIOBHMR xapaRTepHCTllRaMH H T.,U., T{TO II03-

BOJIRT !Ip0.IICHR'l':b ~a.MRRY rrpouecca MHOJKeCTBeHHOro o6pa30Ba.Illlli 

R 3aBRCRMOCT:b ll!crf Jl) B qacTHOCTll. 8TO .ueJia.eT aRTYaJil>HHM llC­

CJie,UOBa.HRe 3aBRCRMOCTR It 4 OT MHOJKeCTBeHHOCTR BTOpR"IHHX 

sap.wKeHHIDC qacTnu tJ s Ha Mpax OT rroJIHsTRJieHa .uo cmrnua, 

T{TO R 6HJI0 o~o:i1 RS geJie:i1 8aHHOli pa60TH. 

Uem; pa6oTu. I. MsMepeHRe b p- Q/'l. Ha ycTaHOBI<e c 

IlpRMeHeHReM Ma.I'HRTHOro RCRpoBoro crreRTpoMeTpa B ,IJ;liarrasoHe 

sHeprllli 0,4-4 TsB. 

2. l13MepeHRe IC4 BO BsaHMo,nettcTBRRX a.n;poHOB c MpaMR 

C Hz , fl ( , C Lt , P 5 B ,IJ;liarrasoHe sHepr:aii 0, I - 5 TsH .UJI.H orr­

pe.ueJieHRR JI 3aBRCRMOCTR I[ t . 
3. V!CCJie,UOBaHRe 3aBllCRMOCTR It d OT !.IHOJi\eCTBeHHOCTR 

BTOpRT{HUX sap,iJKeHHHX 'l.aC'.l'RU· 

Ha;v'!HaJi HOBR3Ha pa60TH. l1CCJie.UOBaHRe Op-o i't. BIIePBHe 

rrpo.ueJia.HO c IIOMOmJ>IO IlOMell(eHHux B MaI'HRTHOe IIOJie BR3Ya.JII>HHX 

.ueTeRTOpoB, II03BOJIRBlllRX qeTRO orrpe,neJIRT:b IIOTORH O,URHOT{HHX 

ROCMRT{eCRRX a.n;poHOB. B RaqecTBe HH,URRaTopa ' a.n;poHHOro IlOTORa 

RCIIOJll>30BaJillC:b saperRCTpRpoBaHHHe B3rul.MO,Ue:i1c'1'BM c Bell(eCTBOM 

i1CilOJI1>3yeMIDC MIDUeHefi. IlpRMeHeHRe Ma.I'HRTHOro RCRpoBoro crreR­

TpoMeTpa RCR.JIIO'lRJIO TaIUie Ba.JKHlile CRCTeMa.TRqecRRe 3qxp8RTH RaR 

~ ~3JieRTp0HU ll 'l.aCTRUU o6paTHOro TORa R3 rrorJIOTRTe.!Ui 
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I 

RaJIOpHMeTpa. .IT.ml IIOHHMaHRR: M9X8.HR3Ma BHYTPHMSPHIDC B3ruIMO,neii­

CTBJilll: a.n;poHOB Bb!COROH 3H9pI'Rli 60JllilllOit RHTepec IIpe.n;CTaBJilleT 

n3ytieIDie 38.B:ac.RMocTR Kr OT aToMHoro HOMepa R;D;pa Mm11eIDI 

fl . Pe3yJll>TaTH H3MepeIWI /f!K' pa3Jll'l1l!WMli a.BTOpaM:a HMeIOT 

MSTO.n;R'lSCKHe C.n;BHr:l:'l, a .namme IIO JI 38.BRCHMOCTH IIpoTRBOpe­

tmBhl. Bal!tRoe 3HatieHRe B TaRmc nccJie,noBaHWIX np:ao6peTaeT :a.n;eH­

TR'IHOCTD ycJIOBRit npoBe.n;eHWI aRcIIepHMeHTa c pa3Jll'l'IHHMR Mm11eHJI­

MR. Ilpe: IIOCTaHOBRS HaCTOJllllero 3RCII9pHM9HTa Ha6op CTaTHCTHKll 

BSJICJI 0.n;HOBpeMSHHO IIO pa3Jll'l"IHHM MmllSHJiM. 

B pa6oTe Ha YCTaHOBRe Uxpa-URapo BIISJlBb!S 6wra HCCJIS.D;OBa­

Ha 38.BRCRMOCTD !Ct OT MHOl!tSCTBSHHOCTR BTOpH'IHIDC 3apruiteHHIDC 

tiaCTllU.'( B CTO~OBSHRSiX Ha pa3Jll'l'IHIDC R,IJ;pax, "ITO .D;aJIO npe,ncTa.B­

JISIDl.9 0 .n;:aHaMRI<e B3a.RMO.D;9HCTBM J.W.IU1PYD119it tiaCTlml:l c g,nepm­

M:a HYMOHaM:a, o RacRa.n;e Me;vreHHIDC tiaCTIDJ; BHYTPR R;D;pa. _HccJie­

.n;oBaH:ae 3aBldCRMOCTR Kr ( 11 s I J7) n03BOJil'!JIO npoJICHRTD np:apo.n;y 

3aBHCRMOCTR IC J' OT JI • 
Ilpa.RTR'l9CR8Si USHHOCTD pa60TH. B .n;:accepTau:a:a npe;vroEeHa l'l 

rro.n;po6HO paapa6oTaHa MSTO,Il,liRa aHaJil'l3a O.n;HHO'IHOro IIOTORa npo­

TOHOB, npowe,IOllIDC aTMocqiepy B03.n;yxa 6e3 B3a:aMO.n;eitCTBWI, MSTO­

.n;:aRa Bli.D;0JI0Hlr1Ji B3aHMO.n;eitCTBWi OT RCTRHHO O.n;RHO'IHIDC tiacT:au, 

OUSHRa BC0B03MO~UX MeTO.n;RtISCR:WC aqxpeRTOB. IlOJJY"lSHHHit pocT 

cetieHWI Op -Qi 'l. COOTB0TCTBY0T paC'l0TaM no rJJay6epoBCKOit 

MO,neJIH. 

HccJie.n;oBaH:ae ,noJIH aHepr:a:a nepe,IT,B.HHoit BTOpPl'lHl:lM tiaCTllU.'(aM 

B 38.BRCl'lMOCTld OT aHeprIDI, aTOMHOrO HOMepe. R,I!;pe. MmllSHR n MHO­

l!tSCTBeHHOCTR BTOIJR"IUIIDC 3apruit9HHIDC tiaOTllU.'( RMeeT BaJKHOe 3Hatie­

HRe .n;.7IH. BH6ope. MO,D;eJm B3a:aMO.n;ei\cTBWi. a TCU< lite ,WI.Ii Tex pa60T, 

6 

ROTOpHe 6y.n;yT BHIIOJIHSHH RaR Ha COBpeMeHHwc, Tart n Ha 6y.n;yl!UiX 

ycRopnTeJIHX. 

ITOJJYtIBHHHe B .n;:accepTag:a:a aRcnepHMeHTaJIDHHe pe3yJIDTaTH 

no3BOY.JIIOT npoHCHHTD ~ cy1I1eCTBeHHwc .n;eTaneit npouecca MHOEec­

TBSHHOit reHepar:mn np:a CTO~OBSHHH a.n;poHOB BHCOROH 3Hepr.lll! c 

H.npaMR, a npillle.n;eHHHe ogeHKH MOryT 6h!TD HC!IOJID30BaHH B Teope­

T.HtISCRl'IX pa3pa60TRax .n;JIJI orrpe,neJISHWl ITapaMeTpoB MO.D;eJiei-l: a.n;­

poH-JI,JJ;epHIDC B3aHMo.n;ei1CTBID1. 

B ITpouecce CTpoHTeJIDCTBa ycTaHOBRH Uxpa-URapo BHIIOJIHeH 

pi1,ll; OpHrlif!aJIDHHX T9XHli"CJ:9CRRX peweH.T1i1, ROTOpb!e MOry'l' 6h!TD HC­

nOJID30Ba.Hhl B TeXHHRe 3RCnepHMe.!i'ra no <lia3l1Re 3JieMeHTapHHX 

-qacTllU.'(. B oco6eHHocu1 aTo ycTpoticTBO 6h!CTporo ROHTpoAA tIHCTO­

Th! RHepTHOro ra3a li CHCTeMa 3RpaIDipoBOR li pa3BJI30R 3JI9RTpoID1-

RH y CTS.UOBRli OT Bl::lCOROBOJIDTHIDC HMIIy JIDCOB ITH.TaHHJI HCRp0BblX Ra­

Mep H ceTeBHX ITOMex. 

Arrpo6allli!i pa6oTu :a rr;v6.mrnawrn • .IurncepTauWI Han:acaHa ITO 

Ma.TepnaJiaM I2 ony6JIHROBaHHIDC pa6oT, CIIHCOR ROTOPHX ITpllBO,IµiT­

CJI B ROHUe aBTopecpepaTa ,Il,HccepTau:an. OcHOBHh!e pe3yJIDTaThl .n;o­

RJia.n;HBaJIHCD Ha BcecOID3HOH ROHc;i>epeHUHH no cpn3HRe ROCMli"l9CRl'IX 

JJY"Cieit \!1locRBa, 1970 r.) , BcecoID3HOM cone1I1aHHH ITO ITpoeRTY AIM 

~Iv!ocRBa, 1981 r.), ceccHR OHCJ! AH CCCP 1982 r., BcecOID3HO:i1 

lll.KOJie ITO HeynpyrHM B3aHMo,nei1cTBRJIM \Eaeyp:aa1m, 1983 r.), rm 

cel\nrnapax B 11.>!1AHe. H11IDiw 1'1IT'Y, . OHtill, Hlli 4H rccP. 

CTIDRTYpa H 06'.beM lU!Ccewa.rnrn. L:nccepTauWI COCTOHT ll3 

BBe.neHWI. "CJ:eT!:lpex rJiaB, 3ru<JIIO"CJ:eHHJI :a ITPHJIOJKeHHJI. Ona H3JIORe­

Ha Ha IIO cTpaIDl.Uax, co.nepimT 19 Ta6JIHH :a 25 pncyHROB. IlpMo­

~eHHe COCTOHT ll3 16 pncyHROB. CilliCO.l( URTHpyeMOli JmTepaTYpb! 
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I 
BRJIIO"laeT 84 HaliMeHOBaID!Jl.. 

rr. KPATKOE CO.ILEFJiWillE PAEarl:l 

Bo BBe8eHHH .naeTCH o6maH xapaRTepHCTRRa COBpeMeHHOro 

COCTOHHHH HCCJie,llOBamtii HeynpyrHX B3aHMO,llefiCTBliH Ha .H,I(pax npH 

BHCOKRX 3HeprWIX. o6cy r..,n;aeTCH aRTY aJII:,HOCTl> Tef<'.H MCCepTruntOH­

HOH pa60TH H IlpHBOMTCn ee CTPYRTYpa. 

IleAAM rma co.neplitliT JmTel;)aTYPHbfi,i 063op KaR TeopeT:a"lec-

' RY.JC, Ta!< .Ii 3RcnepRMeHTaJlI>HhlX liCCJieAOBaHHH no OTpaliteHhOil B 

MCcepTaurui TeMaT.1rne. B Heii onpe.ne;reHa cne~ciJru<a pa6oT, BH­

no~eHHhlX Ha ycTaHOBRax c HCnOJII>30BaHReM a,npoHOB ROCMl::l"leCROro 

.li3JJY"leHRH. ,!LaHa llOCTaHOBRa sa,na-q, pewaeMHX B MCCepTruntH .11 

onpe.ne;reHo ee ~ecTo B o6meri RapTRHe Hcc;re.noBaH.lii1:. 

Bo BTOJ?Ott rrne OITliCaHa ycTaHOBRa Uxpa-J..lRapo, Ha ROTOpoii: 

BHnORHeH 3RcnepRMeHT, c aRUeHTrunteli Ha aJieMeHTH, C03,llaHHHe 

no.n pyROBO,llCTBOM .Ii npa Henocpe,llCTBP.HHOM y"laCT.li.li aBTOpa._ ,Ulic­

cepTar.nL. 6as.11pyeTCJi Ha 3RCnep.11MeHTaJlI>HOM MaT~p.liMe. nOJJY"leH­

HOM c I969 no I98 I r.r. ua ycTaHOBRe B pasM'llWX ee MOMcinU<a-

llliHX· 

rrnHOi i OT.Jm"l.liTeJII>HOif "lepTOM BCeX Bap.liaHTOB ycTaHOBRH 

Uxpa-J..lRapo JiBJDleTCH Ha.Jm"l.lie BH3Ya.Jil>HllX .neTeRTOpoB, pa3Me~eH­

Hl:lX B ofueMe C~Horo !VlaI'IDlTHOro nc.IDI, .Ii pa6oTa c 'q.liCT!ThW. 

Mml.leruThm, Ror.na c 60RI>WOM ,llOCTOBepHOCTl>ID ycTaHaBR.11BaeTCH 

QaRT sapollt,ll;eHJdJI perncTp.11pyeMoro B3a.RMO,llelicTBHH B BemecTBe c 

3a,IJ;aHHHM aTOMHllM HOMepoM. Ilo,1laBJI.fllOillM ,ll;O.IDI Ma.Tep.11aRa ITOJJY"le­

Ha Ha OCHOBHOH ycTaHOBRe, 3RCITJIYaT.lipyeMofi c I 976 ro.na. 
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YCTaHOBRa "J...lxpa-J.lRapo 2" COCTO.liT .113 MarHRTHoro .11CRpoBoro 

cneRTpoMeTpa, CliCTeMit tlJOTorprup.11poBaHIDI, CMeHHhlX M.l!llleHeii: , ll.OHll· 

3auHOHHOrO RMOpRMeTpa H CU.liHTHJIJIHU.liOHHOro " r.ia.cTepa" \ Tpnrre~ 

HOro y cTpoHCTBa ) . 

IVlarHHTHilH .liCRpoBOM cneRTpoMeTp COCTO.liT .113 .llBYX 6 JIO.KOB 

liCRpoBhlX mlll1ep, pacnOJIOliteHHl:lX Ha,ll .Ii no.n Ma.rH1'1TOM. l~tl CiJIOll 

BRJIIO"laeT B oe6H ,llBa pima .110RpoBhlX RaMep, npoc;roeHH!lX MillileH.m·,m . 

BepxIDili 6JIOR CJJYJKRT ,1lJI.II per.110TpauHH BsanMo.neficTBIDi R orrpe.ne;re­

IDIH rrpocTpaHCTBeHHO-.ll.MIIY Jil>CHhDC xapaRTepliCTMR. B OCHOBHOM ''um­

po.Koro .Kotty c a " , a HHlitH.lili - .llJIH " ysRoro 11otty ca" . ~JI.fl sRcrrcpn­

MeHTOB 6es .11sMepeHRH RMITYJII>COB sap.n.;KeHHHX t£acTm~ . - a sTo oc­

HOBHM .!(OJI.fl Ma.Tep:aMa, llCIIOJil>30BMCJi mullilli' 6JIO.K 11m.1ep. Cne­

TOC.liJia YCTaHOBI<li B 3TOM c.nytJ:ae ,;\; I 1,f. CTepa,r;:.11au. 

Ha ycTaHOBlle rrp11MeHeH eMHIIJ'.i I.10.TIJ'JII> nc11p0Bux nm:ep, >'.l.? -

1.1epm.m I, 5xI ,4xC, 2 r:f n o;:u-rocemmoHHO!.I n .fl.BY xceK:..r,HOHHOr.~ l\D.'m­

aHTax . B HaJKJJ:OM PH.1lY - .nne 11auepu. ?accTO.fllill.li r .. J;,yzy aTnrm 1Jn­

.nar.1.11 IV I M, a Mell'JJ;Y nepxill!MH 11 Hm:umr.m 6J1011aw.1 tV 3 r.1. wO'l'O­

rparp.11ponamrn rrpo11sno,llI1TcH Tper.m <10ToarrrrapaTaMn. ~.Ila mr:;:;m::: 

l.!.JOTOarrnapaTa UCITOJil>3YIOTCn .I(JIH perHCTpaunn B nn;:ilie:: 6Jro11e !'10-

llpOBilX 11arviep. 0,llirn crrapeHHbLul c.:_.oToarrrrapaT B nepx11er.1 6JIOI\e nc­

Rpom,rx 11ar~ep. 

iloHRsaunoHHilli KMOpHMeTp co.rr.epJKHT I2 :P,.J\OB 1101n1srunwmmx 

RaMep . npocJIOeHHLIX 't{eTb!pl>Mil CBHHUOBb111lli 11 BOC0Ml>l0 :.;eJIC31IW.m 

rror JIOTnTeJimvlli ITOJIHOH T0.7ll!Ulli0ll /'V IJUU r. CM- 2•• TaK 11a11 11.omrna­

UHOHH!iill llM OpliMeTp JiBJineTC.ii OCHOBHblM U3MepnTeJII>HbU.1 rrpn6opoM 

B pa6oTe· o6cy llt,ll;aIOTC.ii MeTO,ll.litJ:ec 11.11e H arrrrapaTypm;e rrorpell!HOCTl1 

npn oueH11e aHeprill'l rrepB.litJ:HOit t£acTP-Uhl . 
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CUHHTHJIJrfil.J;liOHHaJI CHCTeMa sarrycRa COCTOHT H3 lI:BYX Pff,IIOB 

IIJIOCRHX .n;eTeRTOpoB. 0.nHH pacnoJI.o~eH Henocpe.n;cTBeHHo rro.n; lllil~­

I-IHMH HCRpoBw.m RaMepaMR ~rro.n; CJI.OeM CBHHIJ;a B 4 t. -e.n;mrn.rm ) . 

llpyroli B TOJlllle norJI.OTHTeAA RMOpHMeTpa Ha ypoBHe ,.. 25 t -
e.nHHRu ~ 4 CBHHUOBIDC ""' 15 t n OJUUi ns JKeJI.esa ,.... IG t ) , T. e. 

B pfilioHe ycpe)UleHHoro M~U<cmzyMa aJI.eRTpoHHO-R.JJ;epHoro RacRa,n:a. 

Oco6eHHOCToro ycTaHOBRH hBJiaeTca B03MOJKHOCTl> o~oBpeMeH­

HOil: pa60TH Ha lI:BYX ~ 6oJI.ee pa3JIH'!HlDC MllilleHJDC. :i{al{ .B BepXHeM, 

TaR H B HIDillieM H3MepRTeJil>HOM 6JI.ORe MOlKHO noMeCTHTl> B O~OM 

pH,Izy lI:Be ME111eHH .as pasJIHtIHHX BemecTB H MeH.fITl> .rue B TeqeHJilll 

3RCnep.l!MeHTa, liTO He06XO~!O ;IVlfI YCTpaHe.HlUl CHCTeW.aTRqecRRX 

atixI>eRTOB. COOTBeTCTBeHHO pas;neJI.eH Ha lJ:Be IlOJI.HOCTl>ID CaMOCTOH­

TeJil>HHe qacTR.R CURHT.lllJIJJ.lilUIOHHHii .n;eTeRTOp. 

,1l;.7m o6ecneqeHRH COBMeCTHOH pa60TH nepetracJI.eHHIDC ycTpoHCTB 

ocymecTBJI.eHa pa3Bn.3Ra aJI.eRTpoHlUUI OT BHCOROBOJThTHHX . RMIJYJThCOB 

ImTaHRH HCR]?OBHX RaMep H ceTeBIDC rroMex nocpe.n;CTBOM pa3MemeHRH 

CHCTeMH HCRpoBHX. RaMep B CBaPHOH MeTaJIJmqecl{lrli o6~eM c ee 

ITOJI.HOH rEiJThBaHRqeCROM H30JillUReli OT seMJm:, rrpRMeHeHHeM CBeTO­

Ma.CTepa R pas;neJIHTeJ!I>Horo ceTeBoro TpaHcqx>pMaTOpa. 

TpeTDH rJiaBa nocBgmeHa HSMepeHRID ceqeHRH Heynpyroro Bsa­

RMo;neflcTBRH IlpoTOHOB c R,JJ;paMR aTOMOB B03'AY:xa. B OCHOBY MeTO~ 

3MOllteHa pa3HHU,a B BepTHRaJThHHX noTORax IlpoTOHOB nePBRqHOrO 

ROCMJilqecRoro R3.nyqeJmn. R IlpoTOHOB, He HCIIHTaBIIIRX B3aHMO;neli­

CTBRH c aTMOcqiepoli B03'AY:xa Ha BCeH .u;mme npoJieTa :no ypoBH.fI 

Ha.6.mo,neHRH. CeqeHRe onpe;neJIHJioci. no cpo~JI.e: 

IO 
/ ./ 

~ 

bp-aiz. = 

Fp(>-£,o) 
Jltn /:p(~E,x) 

NaX 

r:ne JJ. - cpe;rumif aToMHHft Bee B03'AYXa, F? ( ~ £ , O), 

{:p ( ~ E , X J - cooTBeTCTBerrno noTORH npoTOHOB c aHeprn­

eli 6oJil>llle E Ha rpaHRUe aTM00cpepu H Ha r.ny6RHe Ha6JIIO.lleHRH 

x ' N er - "tfilCJI.O ABora,n:po. 

B :rncrrepru.feHTe sa,n:aqa H3MepeHRH ceqeHWI Op -Qi"l. CBO­

;nHJI.aCl> R nsMepeHRID rroTORa Fp ( ~ E , )( ) , ;1V1SI qero 6HJI.H 

RCil0Jll>30BaHH B3aRMO.n;elicTBRH B MHllleHJDC yCTaHOBKI!. c ITOCJI.e'AYD­

llUlM nepexo;noM R noTORaM. OueHRa Fp ( ~ E , 0) npoR3BOM­

JI.aCl> no "cneRTpy iliu<OJil>CROro". 

Elmo OT06paHO 70I B38ll.MO;neitcTBI:'le. y;noBJI.eTBOpnlOO(ee CJI.e­

'AYDltHM YCJI.O;BRHM! 

I. CxolK,I(eHRe qacTHL{ JIHBH.n. B TO~ BsaHMo;nettcTB.l'lll, o6Hsa­

TeJI1>HO pacnOJI.OllteHHYID B rpaHHU,aX COOTBeTCTBYll!lIDC MmUeHefi. 

l.fHollteCTBeHHOCTl> sapn.iKeHlillX qacTHL{ ns ~ 2. 

2. HaJIHqae 'IB.CTHL{ COilpoBOJK,I(eHRH, IlapaJI.JI.eJI.l>HHX 0011 JIHBH.fI 

( uC. ~ 5°), He 6oJI.ee Tpex. 

3. HaJIHqae H3Mepe.HlUl 3Hepru no l:'IOHR3auHOHHOMY RMOpR­

MeTpy, 

H3 yRasaHHHX JIHBHe:l1 6wm OT06paHH 458 TaR Ha3HBaeMHX 

"qacTHX" co6HTWi, B ROTOpIDC OTCYTCTBOBaJI.H qacTHL{H conpoBOllt­

;neHl'IJi. ,1l;.7m OTo6paHHHX n "q.acTHX" B3aRMO.n;eliCTBHfl 6HJI.H nocTpo­

eHl:l HHTerpaJThHHe cneRTPH .n;RaIIa30Ha aHeprmi 0,4 - 7 TaB.IloRa­

saTeJil> RHTerpaJil>HOro crreRTpa ;IVlfI 060.ax pacnpe;neJI.ewtii 

d".- I= 2,0 ± O,I. 

II 
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IlepeXO'A OT 'lliCJia B38.HMO'ASMCTBRH R HCROMb!M nOTORaM npoTO­

HOB ocymecTBJ.UiJICR no cpopMyJie: 

£ _ Nint · K ·K'e 
f - (!- e - f ) s .fl. t 

r 'Ae N iht - 'WCJIO B3a.HMO'AelicTBID~ B MHllleIDi, TO~oi1 X 
).. - npo6er Ha B3a.IiMO'ASMCTBRe. Y~eT T OJI!IUtiill MHllleIDi Heo 6xo­

~M nOTOMY , ~TO .7ll1lllb HSKOTOpa,. 'AOJL. nepl3.li'1HHX ~po HOB, npo­

noprzyrOHaJibHaR ce~eHHID, polit,ll;aeT Jll'lBSHb R perncTpnpyeTCR. 

K - nToroBim nonpaBo~m1 K03cWJ.lilzylSHT, ytWTl:IBa.rouuUi psm 

C.liCTSM9.T.li~ecKY..X 3\i:XIleKTOB B .li3MepeH.li.li nOTOKOB O~O~HX ~po­

HOB: aJ oueHKa Hey"rreHHHX ~aCTRU conpoBOJK,IJ;eHllit KaK sa npe'Ae­

JIB.MK .liCKp0BHX KaMep, TaK Ii B6JI.113}1 · OC.11 Jll'lBHn. 3a c~eT Hepa3JIH­

~OCTR conpoBOlK,I(eHJdn OT Ilpo.IJ;YKTOB B3aRMO'ASMCTB.liR, 61 rrepeXO'A 

K BSPTRKaJibHOMY noTOKY, BJ y~eT Heno~OK Ha ycTaHOBKe, 

r 1 y~eT "MePTBOro" BpeMeHn ycTa.HOBK.11. B B.li.II;Y oco6eHHOCTR yc­

TaHOBKR Uxpa-Lu<apo' a .liMeHHO H~'ll!.eM pa3Me111eHHIDC B Mal'H.li'i'HOM 

noJie B.li3yaJibHHX 'ASTSKTOpoB, B 3KCnep.liMSHTe no .li3MepeH.liID 

Op- a/2 He np.11H.11MaJill.Cb BO ·BIDIMrume o6wrno ytWTl:IBaeMHe 

3ClXJ:JSKTl:I. Ha t -3JISKTp0Hl:I. R ~CTlilll:I. o6paTHOrO TOKa. 

K p - Koaqxp.11rzyreHT nepexo'Aa oT ~poHHoro noToKa K npo-

TOHHOMY, pacc"<Ul.Ta.HHJ:lli li3 'Aa.HHHX CTa.Hrzyrli Aparau no crreKTpaM 

KOMilOHeHT ~poHHOrO nOTORa Ha ypoBHe rop. 

5Jlt - MHOJllliTSJib y~eTa CBSTOCRJlli YCTa.HOBKH 'AJIR ROH-

KpeTHOM MIDl!SH.li .11 BpeMeH.li Ha6opa CTaT.liCTRK.li ~ 'AailHOM MIDl!eHH. 

~eTBS;pTaR r.Jia.Ba ~CCSPTaIUlli nOCBRlllSHa RCCJIS'AOBa.HRID nap­

IzyraJibHl:l.X KOa~eHTOB Heyn pyrocTn K ( . B pa6oTe 'ASTaJibHO 

I2 

OllRCl:l.BaeTCR MeTO~Ka .113MepeHHR KaK RHTerpaJibHHX, TaK R ~R­

)zyaJibHl:l.X (~ KalK,I\Oro B3a.11MO'ASHCTBJd.H) le',!" • B OCHOBHOM 'AOJie 

M9.Tep:aa.Jia Jd3MepeHWI npoBo.nwmcn no i1JopMyJie 

Xr= 0,/L{ Nmox 
Eo 

r'Ae N tnttx - noHRsarzyrg E MaKCRMyMe KacKa,IUIOil: KpRBoli, o6yc­

JIOBJieHHoM 3JISRTpoHHCHPoTOHHOfi i \OMITOHSHTOH , £ 0 - 3Hepr.liR 

B3aR:to'AelicTB.HH. l.\JIR: RHTerpaJibHHX nsMepeHlili sHa~eHHR Nmol' 
a E0 ycpe~cb no oTo6paHHOit rpyrrrre co61:1.T.litt. 

OCHOBHOll ueJT.l>ID RCCJIS'AOBaHHR 61:1.JIO .li3y~eHHe 3aBRCJdMOCTR 

/( '/{ OT aTOMHoro Beca ~pa Mml!eHR :a ::meprJd.li. IloTOMY rJiaB-

HOe YCJIOBRe OT60pa MaTepRa.. COCTO.HJIO B pacnOJIOlKSHJdJd TO~ re-

Hepaurui Jll'lBH.ll B rpaIDIUaX OIIpe'AeJieHHHX MHlllSHeit , ~o ycTaHaBJIH­

BaJIOCb no cTepeoq,oTorpa~W!M BJd~YaJibHHX 'AST ~RTOpoB. 

Ha.7rn'll!.e RHqJopMarzyrR 0 MHOlKSCTB~HHOCTR BT0p.11'1HHX ~acTRU R 

nepexo'A K .li3MepeHWIM ~.li.IJ;YaJibHl:l.X Ky nosBOJWJm npo.11sBec­

TR 'ASTaJibHOe RCCJIS'AOB8.Hlle .II 3aBHCRMOCTH. Kr ' onpe'ASJIHTb 

RaHaJIH 3TOH 3aB.11CRMOCTR, rrpo.HCIDiTb ~aMRKY MHOlKeCTBSHHOrO 

o6pa30Ba.HW!. ABTOpoM Bnepl31:1.e npc.li3BS'ASHO ROMITJISRCHOe .11CCJIS'AO­

Ba.HRe 3aBHC.11MOCTl'l IC J' ( n s) . Ha ~pax M.11llleHei1 c fli. ' ..# e ' 
C lf • Pf, . ,ILruI cpaBHeHWI pesynTaTOB no pa3JIH'lHIDJI MmIIeHRM 

pacrrpe'AeJieHWI IC~ BIIepl31:1.e nocTpoeHH B MaC11ITa6e OTHoc11Ten­

HOil: MHOJKeCTBSHHOCTR ns /c !ls > • IlOBS'ASH.lie 3aBRCRMOCTR lctfnr, II) 
RJIJIIDCTpnpyeT Ta 6JIR11a OTHOlllSH.liM /;!. 0 ~ MRllleHett CB.1:1.HUa R 

nomraTMeHa B RHTepBa.rrax OTHOC.11TSJibHOll MHOJKSC'l:BSHHOC:T.1:1. 11s )ns> 
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ns I o,75- I 1,0- 1,25- 1,5- >l,75 0,25-1 0,5-
c:. ns"> -0,5 -0,75 -1,U -1,25 -I,5 -I,75 

tr0 P6 
0,97± 0,96± I,06± I,I2± I,42± 1,36± I,09± 

lf.rcHz _±0 , IO ±D,09 ±0 ,08 ±0,09 ±0,12 ±0,14 ±0,I! 

H3MepeHHH J<o rrpOli3Be,neHh! Ha CMemaHOM IIOTOI<e a,n;pOHOB 

KOCMH'lecI<oro as.ny'leH.WI .naarrasoHa sHeprlitil: O,I - 5 TsB. CTaTac­

T.1rna c~e,JJyromaa: 

I. Cpe.lJ:Hae Jr a , a) "Uxpa-l!Rapo I" - 510 co6h!TM 

6) "Uxpa-UI<apo 2" - 840 C06h!TM 

II. 3aBRC.liMOCT:O. K 0( 11> ,II) - 1343 C06h!TM. 

B nmyroliteHKR nplllle.n;eHH rrpmnuinzaJI])HHe cxeMhl a~eKTpoHRRH, 

pa3pa60TaHHHe aBTOpOM .naccepTa.uaa. 

Ill. OCHOBHl:IB PE3YJihTATb! ll Bl:IBO,IUI 

I. IIpH Herrocpe.ncTBeHHOM y'laCTRR .n;accepTaHTa cos,naHa 

I<pyITHeil:maa ycTaHOBKa "Uxpa-UI<apo" no acc~e,noBaF..mo Heynpyrwc 

B3aRMO,nelicTBRil: I<OCMR'leClUl.X'a,D;poHOB c a.n;pa.Ma B .naarra30He 

sHeprail: O,I IO TaB. OcHOBHHMR ys~ ycTaHOBKR HBJISIIOTCH Mar­

HRTHHil: RCKpoBOil: crreKTpoMeTp c Ha6opoM qioToarrrrapaTOB, CMeHHHe 

TOHKRe r.mmeHR, CRCTeMa CURHTRJIJIHUHOHHOro sarrycRa, ROHR38.URCH­

HID1 KMOpRMeTp. 

PerHcTpRpymca HeynpyrRe BsaaMo,neil:cTBM co c~e.IlYKJ.IU™li 

xapaRTepaCTfil<aMR RaJK,IJ;Oro ~Ha: TO'lI<a B3aaMO.IJ;eil:cTBM a Be~ec­

TBO MmlleHR, MHOliteCTBeHHOCT:O, tre.CTHUH conpoBOJK,IJ;eH.WI a o6paTHO-

ro TOI<a, 3Hepraa, Kos~eHTH HeynpyrocTa K 6' , . If. t. 

I4 

yr~OBHe xapaRTepacTaRK a B ~e c.nytre.eB HanpaB~eHRe a THII sa­

~a nePBatmoro a,n;poHa. r~aBHHM yc~OBHeM, o6ecnetnrnaIOOll'IM yKa-

3aHHml: Ha6op CBe.IJ;eIDiil:, .11BJilleTca pa3BH3Ka a~eKTpoHRKR YCTaHOB­

lUI. OT llOMex BHCOKOBOJI])THl:lX HMnyJI])COB IlliTaHRH RCKpoBIDC KaMep. 

Ha ycTaHOBKe "Uxpa-UI<apo" npoBo.n;aTca 11U1po1Ulil: I<PYr acc~e,noBa­

HRil: R B tre.CTHOCTR BOllpoCH .IJ;aHHOil: pa60TH. 

BRJia.IJ; aBTopa saKJIIOtre.eTca B c~e.ny!l'.llleM: 

a) BBe.IJ;eHae t :-6~0Ka B ROHR38.UROHHml: KMOp.liMeTp. 

6) 3HatmTeJI])HOe pacumpeHae .IJ;KHaMR'lecKoro ,naanasoHa a~eK­

TpoHHmc ltaHMOB HOID13·a.uROHHOro KMOp.liMeTpa. BBe.nemie 11 liH.IJ;RBH­

.IJYaJI])HOil:" K~6poBRK. 

B) C:acTeMa sarrycKa ycTaHOBlUI.. 

r) S~eKTpR'leCKOe R ra30BOe IlliTaHae RCKpoBHX KaMep. 

.n) CacTeMa 3KpalillpoBOK a pa3BH30K a~eKTpoHRKR ycTaHOBKR 

OT BHCOKOBOJI])THHX HMnyJI])COB IlliTaHRH RCKpoBHx KaMep R ceTeBHX 

noMex. 

e) OcHOBHM a~eKTpoHRKa sRcrrepru~eHTa. 

2. HsMepeHa HIDltWUI rpa.HRU8. ce'leH.WI Heynpyroro BsaRMo,nefi­

cTBRH rrpoTOHOB c jI.IJ;paMR aTOMOB B03,JJyXa. 

EoTaB 

bp-Qiz M6° 
~ 0,4 

253±4 

~o.6 

255±5 

~0,8 

257±5 

>- I,C 

264±4 

E 0 TsB ~ I,5 ~2,0 ~3,0 ~4,0 

6p-Qh M$ 274±8 270±8 278±11 286±14 

3. HsMepeHH cpe.ll:Hae rrapu;aaJI])Hh!e KOa~eHThl HeynpyrocTK 

K 0 . IIoRasaHa HesaBacRMocn IC j' OT aHepraa B3aRMO.n;eil:­

cTBRH R .naarrasoHe O,I - 5 TaB. 

4. IIo.ny'leHo, 'tiTO B B~eIDUI 3aBKCHMOCTK K ;-- OT aTOM-

I5 

d 



Horo HOMepa Mpa MmneHl'l Bl'l,ll;a K J' --11 : of. = 0, 07 ±0, 4 H 

rJ_ = 0,08±0.03 COOTB6TCTB6HHO .ll:JIJI 3Heprali M6Hbllle ~ OOJThllle 

I TaB. 

5. Hcc;re.n;oBaHHe 3aBHCHMOCTli /[!" OT MHOJKeCTB8HHOCTH BTO­
pli'Il!IDC 3apm;teHHIDC "iaCTID.\ !1s BO B38.RMO.ll:eiicTBIDDC ROCMR"i6CKKX 

~poHOB Ha Mpax MmIIeHeli ( C llz , .II ( , Cl{ , P6 ) ~ana3oHa 
aHeprztt O,I - 5 TaB .n;a;ro c;re,ny!Ollllie pe3yJibTaThl: 

a) OT MaJIIDC MH011tecTBeHHOcTefi .n:o cpe~ K ,y He 3aBHCRT1 

OT .fl • OTO rOBOpliT 0 RBa3RHYRJIOHHOM xapaRTepe B3aHMO.n;ett­

CTBHH np:a ns < ~ f1s-> 
6) 3aB:acRMocu IC J' OT ./! IIpQ.fIBJiileTcsi: B o6;racTR 

MHOlKeCTBeHHOCTeH 60Jibllle cpe.n;Hett c MaRCHMJMOM B paHOHe 
o< 

,_ I,5 ( ns>. r.n:e·B anpoRCliMaI.UIB Kd' ,,,.fl d= O,I2 ~ 0,02. 

T. E. HMeHHO B a Toil: o6;racTH MHOJKec'rBeHHOCTliI H,IJ;epHhle aqxpeRThl 

npO.fIBJUIIOTCSI CRJibHee BCero. 

B) .Jl.IDr MHoxecTBeHHOCTeli 175 > 2 < fl.> > 3aBRCKMOcT·b Kt' 
OT .J1. HeCROJibRO CTlipaeTcsi:. TaRoe IlOBe.n;eHRe Ra.JKeTCSI ecTeCT­

BeHHhlM c TO~ 3peHRSI a,D;,D;MTliBHOH RBapROBOtt MO.n;eJIR, TaR RaR 

rrpa 6oJiblllIDC 3Ha"ieHWDC fl,s a Ha ;rerKRX H Ha TSIJKeJIIDC H.IJ:pax 

B3alilMO.Jl:8HCTBYIOT Bee RBapRlil. HaJIGTaKXUett "iaGT.KUH. 

OcHOBHhle pe3ym.TaThl ~ccepT~ ony6JIRROBaHhl B c;re,nyKXUHX 

paOOTax: 

I. Eep.1(38HHlllBHJIH O.JI •• rapa6auJBHJIR n.H.' rpoMOB IO.A. 

11 .n:p . 1''.3y"ie!lle B3aRMo.n;e:lkTBR.SI H,IJ;epHO-aRTHBHhlX "iaCTID.\ c 3HeprH-

8M roll - IOI~ 3B c IlOMOlllbID HOHR3a,w10HHOrO RaJIOpRMeTpa. -

H3B. AH CCCP. Cl~p. cpli3.' I97I, T.35, 1~ IO, c. 2033-2035. 

I6 

2. Eep.1(3eHmIIBJIIJilil. O.JI., rpoMOB IO.A., Mruca:nJIOB B.A., KOTM­

peBCRHH n.M. YcTpoliCTBO ~ H3y"ieHRR: B3aHM0'A8HCTBR.SI ROCMli"ieC­

RliX JIY"ieH c H,IJ;pe.MH. ABTOpcRoe CB~eTem.CTBO J~ 444484. 23 illOHSI 

1972. 

3. ATaHeJIB.lllBHJIH M.H., Eep'A3eHmIIBHJIR O.JI., I'yccaR B.B., 

rpoMOB IO.A. H 'AP· MO'A6JTh ycTaHOBKH "I.Lxpa-URapo" ~ HCCJI8'AOBa­

HR.SI H,IJ;epHIDC B3a.HMO'Aeil:CTBHH ROCMR"ieCRRX "iaCTID.\ B RHTePBaJie 

aHeprliH roII - ro13 aB. - T6JIIJilil.CK: H3'A-BO MeUHHepe6a, 1976, 

c6. "fl.ll;ePHhle B3aRMO.n;ettcTBKR rrpz BhlCOKRX aHeprrunc", c. I35-I38. 

4. Eep.1(36IDllilBJIIJilil. O.JI., rpoMOB JO.A., I'yccaR B.B • .I!. 'AP· AHa+ 

Jlll3aTop ROH.l!.3run'!OHHOrO KaJIOµtMeTpa "I.Lxpa-URapo". - T6wmc:a: 

K3'A-BO MeUHHepe6a, I9?7, c6. "IIpouecchl MHOJKeCTBeHHott reHepa­

UKK rrp:a Bb!COKEX aHeprrurx", c. I27-I30. 

5. ATaH6.7IRJ.llBKJIR M.H., Eep.1(36HmllBK.1IR o.JI., EKI.l~3e r.c., 

rapceBaHHllIBKJlll JI.II., rpoMOB JO.A. K 'AP· HoBM ycTaHOBRa 

"I.Lxpa-URapo" ~ .l!.CCJie.n;o:saHWl B9WiMO'A6itCTBHH ROCMR"i6CKliX JIY"ieti 

B RHTePBaJie a~epr:att 0,4 - IO TaB. - ll3B. AH CCCP, cep. qiz.3., 

1978, T. 42, ~ 7, c. I479-I482. 

6. rpoMOB JO.A., KoTJISipeBCRHH n.M., KaHaHOB C.A. 11. ,n;p. 

lilHpoR03a30PHhle HCRp0Bble RaMepbl ycTaHOBRR "I.Lxpa-URapo". - 11T3. 

1979, ~ 4, c. 79-81. 

? • Eep.1(36HKlllBK.1IR O.JI •• rapceBaIDlli!BH.lIR JI.II •• rpoMOD i.J .A. 

K"'AP• llCCJI6'AOBaHH6 B3aKMO.ll:ettCTBHil ROCMR"ieCRRX ~poHOB c H,Il;pa­

MR B KHT6PBaJI6 :mepr:att OT 50 .n:o 5000 raB. - H3B. AH CCCP' 

cep. qiz.3., 1980, T. 44, ~ 3, c. 505-508. 

8. ra6yHIDI JI.JI •• rpoMOB IO.A., KruraHOB C.,L:. iil .n;p. klccJie'AO· 

B8.Hlil6 M6PHhlX B38.KMO.Jl:6HCTBKH ROCM.l!.'l{6CRRX ~poHOB Ha BhlCOTe 

I7 



2500 M Ha,n; ypoBHeM MOPfI. - ll3B. AH CCCP, cep. g)R3., I98I, 

T. 45, c. I208-I2I4. 

9. Eep,u;3eIDIDIBRJlli o.JI •• rapceBaimlllBRJm: JI.II •• rpoMOB IO.A. 

l/l ~p. llcc~e~oBaHHe B3aRMO~e1ilCTBlill: a,n;poHOB c R,IJ;paMR rrplll 3HeprRR 

I - IO TaB. - li3B. AH CCCP, cep. @i3., I982, T. 46, ~ 9, 

c. I765-I766. 

IO. rpoMOB IO.A. llcc~e~OBaHRe 3aBHCHMOCTl/l na~~bHHX 

R03~eHTOB Heynpy~OCTR /(~ OT MHOXeCTBeHHOCTl/l ~TOpllli:nlblX 

aap!lXeHHHX '18.CTRU. - EpeBaH! 06. "Bonpocbl aTOMH01il Ha.YRR lll 

TeXHlllRR", cep. · rexmrna @i3. irncnep., I983, Bblll. I/I3, c.90-9I. 
11. Berdsenishvili O.L., Carsevanishvili L.P., Gromov Yu.~. 

Some characteristics of nuclear active component of cosmic Ra~ 
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