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Pa6oTa BhlnOJIHeHa B EpeBaHCKOM q,Hs11qecKoM HHCTMTYTe 

01imWfM0Hhle orrnoHeHThl: 

.n;oK·1·op rf>Hs-l'(laT.HayK, rrpocp. C.l1. liHKoJI1cKHJ.1 

.n;owrop IPH3-MaT.HayK, rrporp. B.C.Myps11H 

.n;or·:rop qms-MaT.HayK, rrporp. H.H. PoliHHillBHJIH 

Be.Izy111ee rrpe.n;rrpm:rTJJ:e - Op.n;eHa Tpy.n;oBor o KpacHoro 3Ha­

MeH.P! MOCKOBCKHM HHJKeHepHO-cfM311qecKHH V!HCTHTYT 

ABToperpepaT pa3ocJiaH 

3ar~MTa ,I\HccepTaJ.Urn COCTOHTC.fl 

Ha 3ace.n;aHM11 YqeHoro CoBeTa qaKyJI1TeTa ~H3HKH TOx ­

JIHCCRo ro rocy.n;apCTBeHHoro YHHBep CHT eTa 

A,n;pec: r. TOHJIHCH, rrpocneKT llaB'IaBa.IJ;3e, 3 

c .n;11ccepT~e~ MOJl:HO 03HaICOMMTbC.fI B Hay11Hoii 0116JJ110-

TeKe T611JI>iCCKOro rocy.n;apCTBeHHoro Ymrnepc.viTe'l'a 

YqeHhlJ.1 ceKpeT~pb .I(ol.(.P .B.L(JITAM11'.B1.l.U1 
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ibyqeHHe 2 '.l,j;Oh-.fl i ·'PHhlX B38MMO~e ;:~BHP B tPH3l!Ke KC :' l;:;rq ~ CKP!X 
JIY'l:ett IIpV! 3H8prHRX 10

3
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f ::rn ~18C f>ll.<a aI<TJaJJJ,HO M R l!flCTO.IIIJlee 

BnC-M.fI Mito.lltecTBO :&dl!(~i:;x B0rrpo JOB Tpe6ye"' pa3pernemur. lleROTOph!e 

H3 HU CJieu;y:orriv.e: 

a/ Xopo!ll0 l!a.BecTHo, qT'.) rrp!i ::>HeprHH.X EL~ I O"" I'sB u cHc m :o:e 

ycpe.n;HeHH!ie xap aRTepldCTHKM liY!tJIOB-HJltll0!1HblX P3E.I1MO)TeHC'li3V..:t /cc ­

<reHJ~e, HeynpyrOCTb, MHOJK8CTB8HHOC'1b, rrorrepeqHbl!k MMi1y.:sc M T • .I( . / 
/ 

CJiaOo 3aBJliC.iIT OT SHeprirn. 3Kc"1epm;.;3H'Ii> B KOCMJBec.KVx JIYlfa.Y.. Il0-

Ka3b1Ba!OT; "!TO B HJlt.lIOH-R.n;epP.:!iX B3a>irv:v/(8MCTBH.fl.X TBRJKe He HadJIJ{;­

.n;aeTC.fI cymeCTB8HHOro MSMeHeHHH RapTHHbl Heynpyroro' CTOJIKHOBeHHH 

.n;o Erio
4 

I'aB no cpaBHeHMIO c B3aMMo.n;eiicTBHHMH npH :meprnsrx B 

HeCKOJlbRO .ll;8C.fITKOB fsB . 

YTO"!HeHHe rrapaMeTpoB HeyrrpyrHX CTOJIRHOBeHM~ rrpK E~ = I03 -

ro4 I'aB, r.n;e, IlOBH,I\HMOMJ, MO.lKHO I'OBOpHTb 0 MacmTa0HO~ KHBapK­

aHTHOCTH /a!fxfleRTMBHble cetreHKH, HeyrrpyrocTb/ - 0..U:Ha M3 ;:.\8HTPaJI.b­

HblX 3~-q JUJ;epHO-<fJK3M"!ecRoro acneKTa KOCMH'l8CKHX Jiy<Ief1. 

O/ Be.Fr coBoKyrrHoCTn sKcrrep11MeHTaJinHhlX ..U:aHHHx rrpK E ~ro3raB . L 

Yi\a3h1Baer Ha TO, "!TO ldMe!OTC.fI ..U:Ba CIIeJ:U1cpK"!eCIGIX BH.n;a D3aHMo.n;e~-
CTBll:it c pasJIH"!HHMld xapaI(T8pHCTHKaMI~: IIHOHHsarum H .n;mfxflpaKWfoH­

HbJ~ MexaHM3M reHep~H BTOpHtrHblX 'IaCTH~. B3aHMO,I(eMCTBIDl: ..U:HgxppaK­

WfOHHoro xapaKTepa /rrpaKTH"!ecIW Hesa:rurcHMOCTn cetreH~.H B3B.HMo.n;et1-

cTBH.fI OT SHeprMH, MaJia.FI MHO.llteCTBeHHOCTb BTOPH'l:HblX ~aCTHI.( H pe3-

Ka.FI aCCHMeTpHH/ pellJIH3YIOTCR B "-'20% Bcex CJiytraeB BSaHMO,n;elicTBHH. 

B OCTaJibHbJX aKTax MHO.llteCTBeHHO:li reHeparurn BTOpH'IHhle trP_ ~'l".lfIUl 
oc5ycJioBJieHH TIHOHH3a..t.(HOHHhlM MexaHM3MOM o0pa3oBaHHH. IIeoOxo.n;HMO 

oO~HCHHTb !3TH ~aKTbl. 

B/ BHxo.n; Ha aCHMIITOTHtrecIOie pe.mrMH MHornx xapaKTepHCT HK 

CTOJIKHOBeHHH MO.lli'.HO Ha.ZJ:eRToCR OOHapyXHTb JIHlllb TIPK SHeprHHX,MO.llteT 

• 



4. 

6HTI> cymeCTBeBHO npeBlillllaDitJIX 103 I'aB. 

r/ 0c06YD p01Il> HpK aTOM .wrpaeT :e:s~elU!e HyKJLOH-rJAepHHX B3a­

ZMO.ttelcTmtil. Yze ce·itqac eCT::. yRasa.HlllI Ha TO, tJTo HyKJLOH-.ll.D;epHHe 

B3aHMO,l(eilcTB1UI no CBOJrDI, xapaKTepRCTJmall MOrYT He OT~CH QT. 

pp BSaHMO,l(e!CTBD C'l'OJIJ) 3HalU!TeJil>HO. Kalt pam,ure npe.l(CKa31il!8JIO'C.:r. .. 

B tJaCTHOCTll, CBH.IJ;eTeJil>CTBOM MOMY HBUOel. 6H .n:omaaireJH>c:'l!Bo ae­

SaBHCHMOCTH /K1m O"lem. C'Jfa6ol SamtCHMOCH/ ROSqxpmGteHTBl aeynpy­

rOCTR ~ K> OT aTOMHOFO HOMepa :aeme.cTBa. 

JJ/ B noc.ne,nJiile roitH Ha~ewes. 'l!eH.~emtlUI m: BBe~ H0BliX 

!'IOH.:rrd ,nJijl OIDIC81Um HeJ lijl:}fl!'Jll li[jlGlDreCCl.ilB npa CB.e]l~©'<Wil'lR :m:~ 

rHHY.. lla6op ~11s.necax mq>aMe-r~, F.O'lfl!l]l!ie' mtpa!t'l!e'Jl!H3~· aine~ 

Tapmlit aK'l'' HBBO Oita3H!l8e?C:S: J!teJ(CD.CT'aT©;Wl!IMI ,llllilii ~2(!1) im­

JIHtJeCTBeBHOl'O OilacaHU 1"3~-~(!)l,Ir(elCTEM Em ©:~:e <rdllll~ 

TeOpeT.IAeC.KllX ni:·eJOiucMov.. :ffia~oe DJrem:cW!llll!l·e ~ .lll!!I£IDII:--

3HBHYX ~ BOSEOJmft Dp~ llll ,111)P~ MHm!ll'<!l™J!Imllfim 

npone::caB, a Tane npoBepfti> ~eTliio ~ ~ 

JJeA 1&1lJ! c:sepxmconx aHepll'mlX. 

PasJDAHHe .n.HHaEllNecime MD.l{P...Bl. 

~parMEHITaJOY, Dapl'C311a.E IPJJ,i;l!e.m:&• -~'!!'~~. ~ 

:?j>tOJll>HHe B MJJII:TBpe,nxeoea!'le lm.ltUI& ~,iJ)J'l!]!' m mmtlJllTe3e <11> ll!ml-­

mTa~uoa llJIBal'll8lft&ocr11 ilD csehnve. 

CKebu:roBaa rmime:.'!'8 JlODEI& d:wo. ~G:llmill!D rn:em;ieaei i?: Ha!-­

JU1rnte11 .ltEYX CJ!lieCTBe~ paura .. ~ ~ Blll1!:mBlll aHei?m&lll[ -

IIBOHllSailU !!! ~OBBOI'O. Jll,1ts ,It0Jm3S.1Jfemria'lla ~ ~ 

:SYCOXllX 3Hepr.iUIX HeOOxO,/JLBm ,I{~ 3~ .u:am­
HHe no HJKliOil-.&neJ>IDlll :esaD1~ . .ll!i o~ ~ J:l!i,-3)-:n:©J11 

faB. CxeMlmr AOJilleB DJM:>~. Iii "faC'l!I[~. B ~'l!Be JU!l,­

~ifxli.i!UlleHTOB HeynpJrOCTK, EE<:m!1.eu?re .EJil~ Bm!r'([I!llD'. E!!JPe'-.zttrnaamromr 

5. 

60JibIDOR HHTepec He TOJlbRO ~ BHHCHeHru:r HX 3aBHCHMOCTH OT 3Hep~ 

rnz, HO H H3-3a BaJKHOCTH napa.MeTpOB HeynpyrocTH .n.na aHaJrM3a M 
HHTepnpeTauHH Bee~ COBORynHOCTH 3RCilepmt.eHTaJIJ)HHX ~aHHHX. 

B CBH3H co BCeM H3~0~eHHHM oqeml'.,l(Ha HeOOXO~HMOCTb KOppe.KT­

HHX HSMepeHHM Tp8,IJ;HUHOHHHX xapaRTepl'ICTHR 3JieMeHTapaoro aKTa rrpH 

SHeprHHX I.000 I'3B H Bl:illlle CO CTaTHCTH'tJeCKHMH TOqHQCT.RMH, OOJiee 

HJIH MeHee 6JIH3KHMH R YCROpHTeJiaHHM. 

KpHTepHeM ROppeRTHOCTH ~OJlll\'.HO 6HTb COBTI8,I(eHKe Z3MepeHHHX 

BeJIH'tJ.illi xapaKTepHCTHR c YCROpHTeJibHHMH ,l(aHHHMH IlpH MeHhlllliX 3Hep-. 
rHSDC c yqeTOM aaepreTH'tJeCKHX 3aBHCHMOCTeli. 

nHccepTauHH llOCB.RllleHa KOJIH'tJeCTBeHHOMY H3yqeHHV HeHTpOHHOH 

ROMTIOHeHTH ROCMHqecRoro HSJiyqeHHH Ha YPOBHe MOpH H B 06JiaCTH 

3HeprzH 50-I.OOO I'3B /I967-I969 r.r./ H Ha BHCOTax rop B OOJiaCTH 

SHeprzH 500-IO.OOO raB /I968-I973 r.r./. B He« llPHBO,l(J'iTCH pe-

3YJihTaTH CTaTHCTWieCKH ,l(OCTaTOtJHO o6ecrreqeHHHX HCCJie~OBaHHH aB­

TOpa no B3a.HMO,l(eHCTBH.fIM HYKIIOHOB c JierKHMH, cpe,IUIHMH H T.fVKeJIHMH 

smJla.MH. 

Bbl6op HeliTpOHOB~ItaK o6~eKTa HCCJie~OBaHHH,6HJI o6yCJIOB7IeH He 

CTOJibKO IIPOCTOTOH ID( .l!,l(eHTH\f>HRaIUrn: B a,npoHax ROCM111lecrmx Jiyqe! 

IlpH BHCOIGIX SHeprJlI.ffx, CKOJibRO teM 06CTO.llTeJIJ)CTBO~, qTo SRCllepH­

MeHTH IIO a,n;poHH!iM B3a.HMO.n;elicTBWIM IlOCB.RllleHH sa pe,l(RHM HCKJiv'tJe­

HHeM .i!SyqeH.i!V IlpOTOH-IlpoTOHHl:lX B3aHMO~elCTBHH. npa y~~PHTeJiaHHX 

aHeprwrx H 3ap.fVKeHHot! 8,D;poHHOt! R_<?MIIOHeHTe npH ROCM.i!l!ecMx: Jiyqax 

/ "<'; IOOO I'aB/. 

0CHOBHHe HSMepeHHH ' IlpOBO,l(IUIHCJ) Ha BYCOKOropHOH CTaHJ:U!.i! 
. I 

"Aparau;" EpeBaHc.Koro iliH3R'tiecRoro HHCTHTY'l'a /BHCOTa 3250·. M Ha.rt 

YPOBHeM MOpH/: OHH ~ZJlifCb IlPQ,l(OJIJlteHHeM MHOrOJieT~HX · COBMeCTHHX 

aKcnepHMeHTOB Jia6opaTOpH~ Elf?tt _H .HHMH~ . MI'Y IIO~ 06111MM. PYKOBO,l(CTBOY· 

'·-

a 



6. 

H.~.fpHropoBa H n.rr.mecTonepo:ea /I957-I97I r.r./. 

B 196'9 r. Ha 6aae 60JI.&1Doro aparaucKoro HOHB3auHOHHoro KBJio­

pRMeTpa c MOIUa,llI>Kl ''"'IO M2, CKOHCTpyHpoBaHHoro B Hmuw MI'Y, 6YJia 

coa.naaa YCTaHOBKa MR HayqeHH.a Heynpyntx BSaHMo,neilcTBI.dl O,IUiHOqffl:ilX 

a,npoHOB c aHeprHeA BNllle 500 faB. )lJIJI aToro KBJIOPHMeTP 6wr ,n;onOJI­

HeH CHCTeMoa nponop!U!OHaJ.lbHl:ilX cqeTqHKOB B o.naon cepHH H3MepeHHM 

H cHCTeMoti H3 raaopaspMHl:ilX cqeT'IHKo:e, BR11Dqem11:i1x B ronocxon. B 

,npyrol cepHH H3MepeHHi. Te H .npyrKe cqeTqHJCH, a Tal'.Jle pa,IUiOTeXHH­

qecKKe cxeMl:il K HHM 6WlH paapa6oTaHH B HM~ ':IJ'Y. IlapHaHTH HX co­

rJiaCOBaHHH c HOHH3attHOHHl:ilM KaJIOPHMeTpoM 6WIH peaJIHSOBaHlil COBMeCT­

HO Jia6opaTop.HRMH E}:I>~ a HM!1H~ MI'Y. 3RcnepHMeHTH Ha aTHX ycTaHO:aRax, 

npe,n;HaaaaqeHHl:ile MH HCCJie,nOBaHHH HeynpyrHX B3aHMo,n;elCTBHI HelTpo­

H OB c pa3Hl:ilMH R.D;paMH, 6HJIH npeMO~eHl:il H Bl:illlOJIHeHl:il IlOJIHOCTb~ Jia-

6opaTOpHen l!>l>~. PYKOBo:i(HMon aHropoM. n .n..wccepTaJ.U~n H3~araJOTCH 
TOJibKO peayJibTaTH STHX pa6oT. 

CKOJIO .n;Byx JieT /!967-1968 r.r./ aBTOp npopa6oTaJI B Jia(lopa­

TOpHRX KOCMHqecKHX JIY'lel napxaMCRoro YHHBepCHTeTa /AffrJIIMJ./ no 

nporpaw.1e o6MeHa, a B .na.n1>HeAme11: no JillCSeaHOMY npHrJiau.rea1110 npo:f,ec­

copa PoqecTepa. 

n Jia6opaTOpHH npo4>eccopa Bo.IIJ>qieH.n;alJIJI aBTOpOM 6H~O npe.IIJlO­

JY.eHo MeTO.D;H'IJeCKOe yc9:eepweHCTBOBaHHe 3KCnepHMeHTa IIO HCCJie.Il,OJ~a­

HIUl Hei1TpoHHOH KOMilOHeHTl:il KOCMH'!eCRoro H3JIY'leHHH Ha ypOBHe :;;cpJI) 

H OH Henocpe,n;cTBeHHO y11acTBo:ean B npoBe.nemrn aKcnepHMeHTa. Pe-

3YJII>TaTY STRX HSMepeH•l TaKllte BODIJJH B ,IUiccepTallHE. 

,lHccePTauira COCTOHT H3 BBe.nemrn, JJ.eBJITH rJia:e B JJ.BYX ti:·, '; TH;{ 

H KpaTJG!X BYBO.JJ;OB. 

I. B nepBoit 11aCTK 1~sJ1aramc.1I peayJit.TaTH no H3Mepemrnr.'. :-1te-p­

reTH'lecKoro cnelt'l'pa M yrJioBoro pc-icnpe'\eJieHHR HeLirpoHoE B ou ra::T;r 

~ 

?. 

3HeprRK 50-1.000 f3B, KOTOpble Cl !i.i1!1 ITOJiy'ieHbl Ha BHCOTe 60 M Ha.11; 

ypOBHeM MOpsi /napxaM • .AHrJUUI/. 

B rnaBe I npHBOJJ.HTCR onHcauae annapaTyp1:i1 /ycTaHOBKa A/ a . Me-

TO.IU!Ka HCCJie.ztOBaHHI. 

Y cTaHOBKa A cocTOHT RS CJie.nyl01IUIX 3J!eMeH_TOB I oTctteT BeJJ.eTC.II 

cBepxy BHK3/: BOCeM:& pS,Il;OB HeOHOBl:lX HCKpOBl:ilX ~py60K- f&vi tut'es-; 
23 CM xe.n:eaHoro nor~oTHTeJIR; 11eTblpe pR.na Tpy6oK, pacnoJioxeHHl:ile BO 

B3art!.tio-nepnea.nHRYJIHpHl:ilX HanpaBJteHH.IIX nonapHo. TPH 6oJII>WHX, npa­

r1.mtal00lwc ,npyr K .npyry' CUKHTHJIJIRTOpa H3 :M.nKOro Me]I,HL\HHCKOro na­

par,·HHa TOJ!!UHHOt!: 17 cw K llOCJie,JJ;HHe 11eT1:i1pe pR,na HCKPOBl:ilX TpyOoK, 

TaK~e pacnOJIOMeHHHe BO B3aJ'IMHO-nepneH,IUiKYJIRPHHX HanpaBJieHHiIX. 

On.wcirnaeMaR ycTaHOBKa npe.ncTaBJUieT as ce6JI yJiyqmeHHlffi Bapn­

aHT npeMOXeHHoa An!TOHOM K KOYTCOM annapaTypbl MR H3MepeHHH aHep­

reTH11ecKHx cneRTpOB [I] . OCHOBHOe pa3JlH1fHe - HCilOJI:&30BaHHe P.R.nOR 

Tpy6oK B .JJ;BYX B3aKMHo-nepneH,IUiKJJUipHHX IJJtOCKOCT.IIX, 'IJTO CBeJIO npo­

ueHT Heonpe,neJiemwx co6blTHt!: npaKTH11ecKH .~o HYJIR, a Tane yBeJ11111e­

mrn srPfleKTHBHoii IJJtoma.n~i ycTaHOBKH B TPH paaa /.no 3, 9 r1.
2/. 

AnnapaTypa perzcTpHpyeT He'1TpOHl:il H aapilemrne qacTl!L\bl /a,npo­

Hbl. MIOOHl:il/. npHXO.D;RIUHe no.n: HeOOJII>WHMH seHHTHl:illVJf yrJiaMH e I< 00° I. 

l1cKpOBLTe Tpy6KH ,IJ;8KlT BH3JaJihHJv KH<lJopwuum 0 co6LTTKH Ii, B 

'iaCTHOCTH, ll03BOJIRl!:YI' H,IJ;eHTK~KL\KpOBaTh 'lfaCTHL\Y H IlOCTpOKT:& ee Tpa­

eKTOpKID. 0mK6Ka B V.3WepeHHK aeHHTHOrO yrJia e na,nannel Ha ycTa­

HOBKY ttaCTHIUl COCTaB1.IJieT ±3°. 
CnHHTllJL1UIUHOHHblH .JJ;eTeKTOp H31\1'.epHeT BeJIH'lfHHY TOJiqKD. B CL\KH­

TlLJIJIRTOpe K TeM Caivll:ilM ,n;aeT B03MO:!iHOCTb onpe.n;eJIHTh aHeprHID qacTHUhi, 

reHep~pyIDmeli TOJI'IOK. 

B rJiaBe no.n;po6HO OilHCaHa MeTO.JJ;HKa Hsr.;epem!JI aHepnrn H BIJBO­

.D:HTC.R COOTHOUleHl!C W.C1f..rr:J cneKTpOM TOJiqKOB H 3HepreTH'leCKRM cneKTpm.~ 



8. 

~aCTHU, reHepHpYJOIIU1X TOJiqQK, 

feoMeTpHqecKl!H cpaKTOp YCTaHOBKH - 0,9 MZ CTepa,n;. 

Bcero 6liJio aaperHcTpHpOBaHO 150 µeHTparrbHHX a,n;poHoB. 

IT, Bo BTOpOM rJiaBe IlpliIBOJJ,RTCR 3KCTiepHM€HTaJibHHe peayJibTaTH 

TIO yrJIOBOMY pacnpeJJ,eJieHKIO H ~zqxpepeHUV.aJibHOMY aHepreTHqecKOMY 

cneKTpy HeHTpOHOB, rro;ryqeHHHe Ha ycTa.HOBKe A. 

YrJ!OBoe pacrrpeJJ.eJieHHe HeliTpOHOB Ha ypoBHe MOpH xopomo orrw­

c1rnaeTcR aaBHCHMOCT:&IO B~a rv C.o{' e ' rJJ,e n. =7. 70 ± 0' 60. 

ITpH orrpeJJ,eJieHHH JJ.HqxpepeHI.UiaJI:&Horo aHepreTHqecKoro .crreKTpa 

yqHTHBaJIHCb HeKOTOPa.H HeOJJ,HOpO~OCT:& lKH,Il;KOro CUV.HTH~Topa, He­

O)J,HHaKOBHe 3HaqeHHR aqxpeKTHBHOCTH pa3J!HqHHX p~OB HCKpOBHX Tpy6oK, 

a TaKJKe rrorrpaBKH Ha MepTBoe BpeMH anrrapaTypu, oapoMeTp~ecrum 

acixI>eKT, JMSH:&meHHe reoMeTpaqecRoro ~aRTopa ycTaHOBKR rrpH 6o;r:&mruc 

TO~Kax B CUHHTHJLJIRTOpaX K )J,OJifl HeorrpeJJ,eJieHHblX COOHTHn c OOJI:&ll!HM 

COilpOBOJK,LJ;€Hli!eM, 

ITo;ryqeHHillt HaMH JJ.HqxpepeHI.UiaJI:&HHn aHepreTaqecirnli crreKTP Hett­

TpOHOB Ha ypOBHe MOpH B oo~aCTH aHeprHH 50-I.OOO faB HeJI:&3R orrn­

caT:& eJJ,HHO~ aKcrroHeHTOH. IToKaaaTeJI:& · K" HaMeHHeTcR rrpH pocTe aHep­

rHH OT 2,6 )J,0 3,2. 

IlpH MaJIHX aHeprHRX cneKTp COBna,n;aeT c aRcnepHM€HTaJibHHM 

crreKTpOM rrpOTOHOB Ha ypoBHe MOpH, IlOJ!yqeHHHM EpyKOM H BoJib¢eHJJ,ett­

ReM [2], H anrrpOKCHMHpyeTCR CTerreHHHM BHpaJKeHHeM: 

fn { E) cl f. ·= 1t O LO - 9 (.!E:-)2,60!:. 0,02 
I E cl t- -2. -t -I -1/I/ 

c..u u:.i<.. c.ree"~ r"J~ 

JJ.JIR 50 f; E !: 200 TaB. 

IlpH 60.nbmHX aHeprH.RX crreKTp HeHTPOHOB CTaHOBHTCR Kpyqe 3K­

CTpaITOJIRUHH rrpOTOHHOro crreRTpa H ero MOlltHO arrrrpOKCHMHpOBaT:& CTe­

' . _rrenmiM BHpaJKeHHeM BH)J,a: 

~ 

9. '' . .; 

_ .9 ( 100 ).:i,20 ! o,~o 

!~, (E) d E = 1121 · 10 T d E ov1. 2c..c1;.-'c...-(.e« ~tr~e- 1 /2/ 

.D:JIH. 300~ EL_ I.000 faB. 

nJIR OO~RCHeHHR TIOJiyqeHHOrO HaMH CTieKTpa MH IlpHBJI8K1IK KaK 

peayRhTaTH KOCBeHHHX H3MepeHHH rrepBHqffOro cneKTpa ROcMHqecrm:x 

Jiyqen, TaK H aKcrrep11MeHTM:&Hh!e JJ,aHIIHe ITO H3ytieHHIO rrepB.l1'IHhlX rwc­

M!1t!€CKHX .'Iyqe~ BHCOKOH aHeprHH HerrocpeJJ,CTB8HHh!MH M8TO,I(aMH Ha .HC­

CKYCTB8HHHX CIIj'THHKax 3eMJIH l1 d~oHax. 

a/ OcHOBHBaRCb Ha HsMepeHHRX [2] , EpyRoM H JJ.p, 6HJI pacctiH­

TaH ITepB~qffhl~ crreKTP KOCM11qeCKHX J!yqe~ B aHepreTHqecKO~ 06JiaCTH 

/ro 10- 3 ·I013; aB/Hy.KJI. [s]. 
~HTerpaJI:&HHK aHepreTHt!eCKHH CIT8KTP rrepBH'IHIDC a,n;pOHOB arr­

ITPOKCHMHpyeTCR BHpa.JKeHHeM: 

"' ( .3 E x = o \ = (o 87: 0·
52

) (~52 

J 1 ) 1 o,.~o 
-2. -1 - I 

C.1v\ C,<?,K. c.,re 1.,r,~ ) /3/ 

r.n:e E 113MepHeTcR B faB. 

I'RoaKKepoM 11 .np. [!] OHR BHtiHcJieH crreKTp rrepBH'IHHX rrpoToHOB 

ITO H3MepeHJllRM Ha CaMOJI8THHX BhlCOTax BTIJIOT:& )J,O aHeprHH 100 I'aB. 

I1p11 MMhlX aHeprz.A:x /E ~ IOO fan/ crreKTp coBrra,n;aeT co cneKTpoM /3/. 
CIT8KTP [4] corJiacyeTCR c ITPRMHMH H3W.epemmMH rrpl1 MaJiblX aHepr>i.ffX 

Ill co BCSM!ll KOCBeHHHMH .n:aHHhlMH rrpz SHeprHHX ~ IOO faB, o.n;Ha1w, 

8Mlll cpaBHHT:& ero c pe3yJI:&TaTaMH CIIJ'THHKOBHX 3RCrrep11MeHTOB, -=ia­

Bhlill8H B,I(BOe ITPH aHeprl.rn "-" I.000 faB. 

DOCIIOJ!b30BaBm11c.b CIISKTpOM [4] ' MOJr.HO 06'bRCHHT:& H3MepeHHw1 

HaMH HGMTpOHH!:lli cneKTP yMeH1rneHHeM rrpooera norRomeHrui: HJKJIOHHo~ · 

KOMITOH€HThl /\d..tlA,~ c JB8JIHqeHHeM aHeprI>!H HYKJIOHa. 

ilcxo.nR 113 rroJiytieHHHX sHatieHHi-1 Ac-. , MOJKHo oueHlllTo BeJIHtiHHY 



IO. 

KO~eHTa yrrpyrocTH p HYKJIOHa B aTMOciflepe. 

Jlerxo noKasaT.&, 'ITO o6menpllHHTl:le sHa11emra f3 .11:onycRamcH, 

IlpeJUIOJIODB JEe.i1.1f'leH1'1e ~eynpyroro ce11eHHH HYKJIOH-ffYlt1IOHHOI'Q B3a­

HMO,n;eiCTBIDI 6:, r{rJ c 3HepI'lleK. 3Kcnep.1111eHTa.tffiHHe JJ:aHHHe IlOC11:e.u;HllX 

JieT B KommqecKl!lX JIY'laX JI ea BCTpe'IlIHX nyqKaX [!>-8] .v;ettCTBRTeJII>­

HQ, JKB.3l:lB8.IlT Ha poCT O;.., rlrl a G:t "'tJ c y-Be.IDf1JeIDieM aHepr.u:. 

Ta.K, Harrpmrep, .namme Ha IS R .!MaJI.&,roI >i: .zw. [?] B 06.nacft 

aHepnm: 290-1480 faB .n;a.m <Ix>PMYJlY 

6: = (38,4!: 03)+ (o,9.!0,3)en{,g!o,i, (!) 
totNN / Do ) 

14/ 

r.11:e S., = 200 r:rn2• 

Mo:mo rro!CBaaT.&, trro 6.naro.n.apR aqxpeKTy rrepesapsmim lfYK.llOH01l 

IIpH Heynpyr.llX E3rulYO,l{e~cTBIUIX CJie.n.yeT oo.naTL, 'ITO npOToHHHi H 

He!iTpomrn!i CIIeicr'pl:l Ha 60JiblllllX r.ny6max aTMOcl}leps 6yJJ:YT Toi,necT­

BeHIIllllI!.. B o6JiacTH aHeprKH 20 - IOO faB aKcrrepHY.eHm IIOJJ:TBepI,Ua­

m O;IUma.KOBOCTL CIIeicr'poB Ha ypoBHe ll«>pH. 0)UI8.KO npiI aHepl':uIX, 

!IpeBHlllBJJ!!lll 200 faB, Il31olepeH To.n,Ko Heihpomnrt! CII6Kfp. Bonpoc, 
I 

6~eT JJ..:1 rrp.e: 6o.Jll,lllllX ~Hepr1lRX IIpoTOHHHI cneKTp no.no6eu He~Tpcm-

HOMJ, OCTae'l'CJI ~RPHTIDI. 

6/ Mo:.Jio pacctIHTaT.& ifloPMY .11 BeJiatlH!IY KsMepeaHoro cneKrpa 

ITPB aHeprl!HX E ?-250 faB, eCJUI rrpBHJIT.& nepEB'IHHI cn:eKTp npOTOHOB 

K BCex tJaCTH:q B BKJJ:e, IlOJiytieHHOY Ha CnyTHl!RaX cepKK "IlpoTOH" 

I'pHI'OpoBIDI H .lW• / cM. Harrp. ,IOCHOrpaqlu> [9]/. IlpJIMiMH SIBllHllTCH 
II 

Ta.De H3Mepemm nepB.lflllIOro CIIeKTpa Ha 6a.nJl:OHHUX Bl:lCOTax lliiKaY 

a .zw. [ro] rrpK aaep rHJIX ;rr,o 500 f aB H Op11eca .11 .n;p. [rrJ IIpB aHep­

r .llHX lI.0 2000 r aB. 

,Uarume Lio] a Ji.r] coBJ:Ia,WWT. IloKasaTe.n 't B o6JiaCTK aHep­

rd 50- 2000 faB IIOCTOHHeH H paBeH 2,? ± 0 , ! [u]. 

~.· 

II. 

CrreKTp neplllPIHHX IIpOTOHOB, IIOJlj'1Jemmit I'p.aropJBID.l H ;rr,p. Ofilil­

crrnaeTCH CTenemml q)yH.Knael, IlOKa3aTeJ!Ii KOTOpol MeHJieTCH Ha 0 , 6 

IIPH E ~ ro12 SB It{- i =I. 62 rrpB aHepl'1ffiX 50-2000 faB H t-i =2, 2 

npz E 9 2000 faB/. Ilo a6COJIIJTHOllY aBatJeHJm pesy.nI>Ta'l'H Opveca 11 

.ltP. l'I fpKI'OpoBa .II lI.P. COBillilI.ail'l' !Ip.ii aHepl'ID! E ""'103 r:rn. 0)UlaKO 

np2 60JWruIX aHepr.llHX, Ka.It YTBe~ Opyec a: .zw.[Ir] , "B11KB.Koro 

Z3JIOMa B cneKTpe IIpOTOHOB He npe.JUmJUITCH". 

ConocTaBJieHlle Henocpe'ACTBeHHo •suepeHHilX nepB.II'IHHX cneKTpoB 

c IIOJiylJeHIDlM HaMH cneRTpm.& HeiTpaH01l Ha ypome MOpH IIpOBO,l{BJIOC:r. 

IIpll CJie.n.ymna: npe.n;no.noxemurx: 

I/ nep:ee:'IHIDt cneH.'l'p - no I'pHropoBy H .zw. 
Ceqeue C>i.nrlAl.l..(E)- noCTo.mmo. 

2/ IIepIDI11HID1 cneKTP - rro I'pl!l'OpoBy .11 .!Ul· · 

Ceqeffile D.:"""'''- ( f ) pacTeT no saxoay [r2]: 
\;;:,n N'A~ Con ~t, [1+ 0

1
8 '10-ze,,fo] 

6:, 1\"Ati. == C.on'3t;i_ 

3/ IIepii.llTIHlrli cneK'!'p - no Opyecy l! ;np.: 

IIpH 20TuB ~ E~IOOOfaB 
/5/ 

!Ip.a E ~ IOOO faB 

(
- ) . ) - 6 2,15! 0,0~ -1 ' -· _, Jp t ,)(.=0 df = (8,&±0,8 · jQ £ M <.lCt!. c.rcp:-~ f3g /6/ 

CetJeIDie ~/llA•i. pacTeT B corJiacn c ycKopltTe.n.HHWf ,1taHRHMH 

1fo p P 11 pc Bsaoro.1teACTBJ!HM /CepnyxoB, I 5 R /. 
AllaJIHT1!Precm1 aTy aaMC1DlOC'l':& NOJIHO annpoRC111D!pOBaTI. BHpa-

xeue11 

G. N (E) = (izo ~ 3\ + ('ti,33 ! o, u) fo. 
2 E 171 

LO ' ALI. ' ) d 

P 06.JracT.3 aHepHI 20 I'aB z E k2000 faB, 

I'.l!:e S°cn 113MepJieTCJ! B 116 2 E - B faB. 



I2. 

IlaHJIY'Illll1M OKasaiocb corJiacoBamrn zsMepeHHoro cIIeKTpa Heg­

TpOHOB c rrepBl1tffihlM CITeKTPOM rrpH rrpe~ITOJIO~eHKiiX 3/ l1 ycJIOBHK, 

'!To Kosqxpm.L11eHT HeyrrpyrocTH B3a;1Mo~ei1cTB11.11 HYKJIOHOB c MPaM>I 

aTMOcg)epH He 3aBl1CHT OT 3HeprnH l1 paBeH 0,65 /B COOTB8TCTBl1l1 c 

HaIUl1Ml'I pesyJI:oTaTa.MH - CM. rJI. 9 ~11ccepTa1U1H/. 

O~HaKo Hs-sa OTCYTCTBMR e~Hoii TO'!.lrn speHH.11 ITO ITepBH'!HHM 

cITeKTpaM rrpl1 sHeprz.11x ::?· I03 f:JB sTo corJiacoBaHHe He e~HHCTBeHHoe. 

J(JI.11 OKOHqaTeJI:OHoro OTBeTa Heo6xomnm ITP.ffMHe l13Mepemrn rrpoTOHHoro 

crreKTpa Ha ypOBHe MOp.11 B o6JiaCTH 3HeprHl1 ~o IOOO faB H ~aJI:oHe:i1-

ml1e l13MepeHI4.11 ITepBH'!Horo crreKTpa KOcMzqecKHX Jiytie:i1 B o6JiaCTl1 

3HeprHH IOI2 - IOI4 3B. 

lli-IY. HsJiaraeMble BO BTOpOM tiaCTl1 ~l1CC8pTal.:(Hl1 pesyJI:OTaTH ITO 

l1CCJie~OBaHHIO xapaKTepl1CTl1K B3al1MO~e:i1CTBHH H8HTPOHOB c pa3Jil1'!HhlMH 

H,D;pawi: B ~arrasoHe 3Heprl1H 5 IoII - I Io13 3B /l1 BHme/ ~OJ!J'!8Hhl 
Ha BHCOKOrOpHoit CTaHIUIB "Apar~". 

~3MepeHH.11 ITPOBO~HJIHCb l10HH3~0HHOii M8TO~HKOH c ~BYM.11 Ba­

paa.HTaMl1 annapaTypH. 

B TpeT:OeH rJiaBe OITl1Ch!Baerc.11 YCTaHOBKa n. 0CHOBHHMH 3JieMeHTa­

MK ee .flBJI.liIDTC.11 l10HH3a1UI OHHhlH Ka.lIOpl1MeTp, Cl1CTeMa IIpOIIOpl.UIOHaJib­

HHX C'!8T'!l1KOB, ro~OCKOIIl1qecKa.H CHCTeMa cqeT'!l1KOB feiirepa, yrJie­

po~HM Ml1ID8Hh l1 CBl1Hl\OB!le IJlliJihTpH • 

Eo.nmoli l10H>l3al\l10HHHH KaJIOpHMeTp llJIOllla,I(bIO IO M2 COCTOHT H3 

I2 PMOB 1rnm1sa1U10HHh!X KaMep ~Jil1HOli 330 CM H ~l1aMeTpOM IO CM. 

B KaJK,JJ;OM p.n;n:y Haxo~HTCH ITO 32 KaMepH. 

BepXHl1e ,I03a pH,D;a KaMep, pacnoJio~eHHHe no~ 3 11 5 CM CBHHJ-La, 

perl1CTPHPYKJT a.-4.KOMIIOHeHTY OT HeMTpaJihHl:lX IlHOHOB. reHep11poBaH­

HhlX a.npoHaJ1.rn: B Ml1lliem~, H c;ryJ!tlT ~JI.Ii oITpe~eJieHirn aHepnu~ a ·"4· 
KOMTIOHeHTH E · = E~ . . Hp. ,,~ 

...,,-

I 

I 
t. 

11 

13. 

llilxe HaxO~HTC.11 COClCTBeHHO Ka.lIOpl1MeTp !13 ~eC.HTl1 PMOB HOJm-

3~0HHHX KaMep, rrpoc;roemrnx IO CM ~eJie 3HHMl1 Wl1JlbTPa.Ml1 /no 5 CM 

Fe ITO~ TpeT:OHM l1 ITRTHM ·pH,D;aMH./ KaMepH tieTHHX PMOB pacrroJio~eHH 
rreprreH)UIKYJIRPHO KaMepaM HeqeTHHX pa,n;OB, 

KaJiopHMeTp OHJI ~orroJIHeH Cl1CTeMoii rrporropl\l10HaJI:OHHX ctieTqIKOB, 

paspa6oTaHHHx H CKOHCTpyHpoBaHHHX B Hill1H~ MI'Y [rsJ. 
Hl1JKe omi:ch!BaeMHit 3KCrrepl'IM8HT c BH,UeJieH.PreM l13 IIOTOKa a.n;poHOB 

O.Z{~HO'!HHX H c MaJIOIIJIOTHHM B03JzylllHHM COIIpOBO.lf,lleHl'IeM /He ClOJI:&me 

tieThlpex tiaCTKU Ha IIJioma.n;H IO M2/ HeaTpoHOB rrporrop~OHaJI:&Ho~ Me­

TO~l1KOH OHJI rrpe.n;Jlo~eH l'I rrpoBe~eH B ~ff. 

KaK ITOK83aJIK Hail!l1 l'ICC~e,I(OBaHHH, ;rI)!H. Ilpl1MeH.11eMh!x IlJlOIIOPIUIO­

HaJihHHX C'!eTqHKOB xapaKTepHa BHCO.KaH CTa6:wI:OHOCTb xapaRTepKCTl'IK 

BO BpeMeHH l1 rroqTz IOO%-Ha.11 acixlJeKTl1BHocT:o perMCT:PalUIH qacTRU 

/98 ±I%/. 

B YcTaHOBKe pacrrOJroxeHH ceM:o PMOB rrporropruioHaJI:OHHX cqeTtra­

KOE IlpJIMoyrOJI:OHoro cetieHK.FI pasMepaMH 300xIIx0,5 CM3 • B Klllr,Il;OM 

PMY l'IMeeTc.11 26 cqeT'!l1KOB. 

BepXHHe ~Ba p~a rrpe.n;HasHatieHH JJ.JIH ycTaHoBJieHHR Hamiqu 

HJIJI OTCYTCTBil.11 3ap~a y .11.-a. qacTHIU:J. B rrepBOM CJIY'!ae l'I3YtJaeMHe 

B3aHMO.n;ettCTBID! MOryT BH3HBaT:&CH KaK HYIOIOHaMM, TaK l1 Ill'ICHaMH, 

BO BTOpOM ... TOJI:OKO HYKJIOH8.Ml1 /HeliTpOHaMR/. Ila.I( MMIUeH:OIO - 20:L'CM-2 

yrJiepo~a - pacrroJiaraIOTc.11 .n;Ba PMa cqeTtm:KOB ;rI,1!H. B~e~eHHH CJiy­

qaeB B3aHMO,I(8HCTBl1.11 B yr~epo~HOH M.lfiIJeHl'I. 0CTaJI:OHHe Tpl1 p~a CJIY­

JP'.8.T JJ.JIR BHpa6oTKH Cl1rHaJia, yrrpaB.llHromero pa6oToiii cqeTtIIHWB. 

OcH cqeTqKKOB coce.n;HHx PMOB pacrro~o~eHH Bo B3aHMHo-neprreH-

~l'IKYJIHJ)HHX HaIIpaBJieH~JIX. 

n~R perKCTpaIJ,Hl1 ~HBHeBoro COilpO.BOJt,.~eHl'Ifl H.-a. qaCT.l!l.U:l l'I 

.ITOITOJIHHTeJI:OHoro KOHTpOJlfi IIOKa3aH.lf'A .TI;Byx Eepxmix p.R;D;OB IIpOITOPl\!10-

-------~~I I ~---~---~-



I4. 

HaJihHHX cqeTqHKOB HCilOJie3yeTCR CHCTeMa cqeTqRKOB relirepa, BKJIIDqeH• 

HHX B rO'AOCKOil Ha,I( ycTaHOBKOH /I44 cqeT~Ka c IIJIOma,n;nID IS,200 K 

330 CM2/. 

reoMeTpzqecrudt qaKTop YCTaHOBRH paBeH 2,03 ± O,IO M2cTep. 

YcTaHOBKB. E rrpopa6oTaJia c I ceHTR6pR 1968 r. no I ceHTR6pR 

1969 r. 

B r~aBe rro'Apo6Ho paccMoTpeHH MeTO'AHqecRHe BorrpocH, B qacT­

HOCTH, CHCTeMaTzqeclU'le H CTaTHCTHqecRRe omK6RR B H3MepeHRH aHep­

rHK aneKTpOHHO-<f)OTOHHOH H H,IJ;epHO-aRTHBHOH KOMIIOHeHT. BrrepBHe 

KOJIHqecTBeHHO rrpoaHaJJBSHpOBaH aifxIJeKT "o6paTHOro" TOKa. IlOK8.3aHO, 

qTO alfxIJeKT He 3aBHCHT OT MOmHOCTR cyMMapHoro TonqKa B KaJIOPHMeT­

pe /T.e. aHeprHH a,n;poHa/ H MOXeT CK8.3aTbCR He 6onee qeM B 20±8% 

Bcex co61:lTIDi, H,I(eHTR~RUHpyeMWX K8.K O,lUfliO'lHHe H6HTpOHll. 

IY. B qeTBepTOH rnaBe ormcHBaeTCH BTOpaR ycTaHOBKa /ycTa­

HOBKa B/ 110 z3yqeHKID Heyrrpyrzx B3aHMO'Ae~CTBID!: KOCMHqec.KHX Heli-

TPOHOB c a;:i;paMH. 0Ha coqeTaeT 6onemoli HOHH3arzyt:OHHHH .KaJIOpHMCTp 

ycTaJIOBKH B c ro'AOCKorrHqecKoli cHcTeMott, rrpe~Ha3HaqeHHO~ ~ 

H,I(eHTH~RKa!:UlH a,n;pOHOB. AnrrapaTypa 1103BOnReT B~enHTh HettTpOHH 

H 3apRXeHHHe a,n;pOHH C aHeprHeH 5 IOII - 3 I013 aB. 

B OTJIB~H OT ycTaHOBKH B TO~HHa cnoeB xene3a Ha.n; qeTBep­

THM H lli8CTHM pa;:i;aMH HOHH38.UHOHHllX KaMep 6~a ~OBe~eHa ~o IO CM. 

PacrroRo~eHHHe Ha,I( KaJIOpHMeTpOM ~Ba pa;:i;a HOHH38.UHOHHHX Ka­

Mep co CBHHUOBHMH ~ILJihTpaMH TOnlllHHOR 3 H 2 CM cny'Jf(8.T ~ orrpe-

'AeneHllf.fr aHepl'IDl E~~ a • ...qi. KOMITOHeHTH. 

Haic:o~HmHttCH BHllie yrnepo~HHH ~ILJibTp TOnll.lHHOH 60 rcM-2 /B 

'APyrOli cepRH H3MepeHHH - 20.I'CM-2/ RBnReTCH MHllieHhID, B KOTOpo~ 
rrpOHCXO~HT H,D;epHHe B3aHMO~ettcTBHH a,n;poHa. 

Ha,n; MHmeHhID pacrronaraeTCR ro~OCKOilHqecKa.l1 CHCTeMa H3 ~BYX 

• 

" 

I5. 

pg:n:oB ra3opa3p~HX cqeTlli'IKOB CR-5r /~a ruur,n;oro cqeTtrn:Ka 65 

CM, 'AHaMeTp 6 CM/. PaccTORHHe Mexmy pR;D:aMH COCTa:BJI.HeT I,47 M. 

B BepXHeM, rrepBOM, p.H,I(y HM88TCH 420 cqeTlli'IKOB, B HIDKHeM - 360 

cqeTqHKOB. C<ieTtrn:RH o6onx PR.UOB, pasMemeHHHe BO B3aHMHo...neprreH­

~KJRRpHHX HanpaMeHlUIX, rrepeKPHBaJOT IlJIOil.\a,n;h KalIOpHMeTpa. Illlo-

. mam> rrepBoro pR.Ua paBHa 14, 2 M2, IIJIOil.\a,n;h BToporo - I2, 4 M2• 

fO~OCKOIIHqecKaR CHCTeMa perHCTpHpyeT B03~0e Jlll:BHeBoe 

COIIpOBOJlr,IJ;~HHe R.-a. qacTH~, rra,n;aiomKX Ha ycTaHOBKJ, B~enHCT c 

TO'lHOCTbID ~o O~HOH cqeTtrn:KOBOH KOp06KH qaCTRUH, H.IU'mHe 6e3 co­

rrpOBOJE,IJ;eHJiUl /o~HHQqffHe a,n;pOHH/, H H,I(6HTH~HUHpyeT copT a,n;pOHOB. 

PerRCTpaURR C06HTH~ TipOHCXO'AHT BCRKHH pa3, KOr~a aHeproBH­

~e~eHMe B KaJIOpHMeTpe npeBHWaeT rroporOBJil BenHqHHY H ro~OCKOil 

~¥RCHpyeT rrpoxol!r,ll;eHHe O~HHOqffHX HnH c M~M JlHBH6BHM corrpoBo:!me­

HPieM qacTKU. 

reoMeTpH~eCKI!:R ~aKTOp YCTaHOBKH paBeH I,54 ! 0,08 M2 CTep. 

IlMHOe BpeMH HSMepeHIDi Ha YCTaJIOBKe B - II.000 qacoB, HS KOTO­

PHX 3.000 qacoB ycTaHOBKa npopa6oTaJia c yrRepO'AHoli MIDIIeHnID T~­

m:HHffi!: 60 rcM-2, 4000 ~aCOB - c yrJiepo~HOH MHilleHbID TO~Holi 
20 rcM-2, 4.000 ~acoB - 6e3 yr~epo~Hott MHmeeH. Yrnepo~ag MH­

rneBE rrepKo~zqecroi: y6Hpan:ach ~R H3MepeHHR ce~eHHH Heyrrpyroro 

B3aHMO~ettcTBHR a,n;poHOB B yrnepo'Ae. 

IlpH yrnepo~HoM MIDDeHR 60 rcM-2 OKOJIO 2.000 qacoB annapaTypa 

pernCTpHpoBan:a Bee CRyqaz c BMHtm:Holi TonqKa, 6onnmeli 4.000 pe·­

n.irrMBl'!cTcRmc qaCT:r.m /T. e. perHCTpHpOBaJIHCb ~OHH c JIID6HM co­

IlpOBOJIU\eHHeM/ •. 

Oco6oe BHPIMaIIHe y~eneHo ~eTaJihHOMY aHaJIHsy rrapaMeTpoB ro­

~ocKorra, B qacTHOCTH, a<IlPeRTY "o6paTHOro" TOKa qaCTKU. 



~-

16. 

IlOK83aHO' -q•ro Jo!Cil0Jlb30BaHHH:I! HaMJ.t MeTO;D; ll):\eHTKilJKKB.IJ.KZ fl. -a. 

'!aCTKU ro;n;ocKOilH'l:eCKO:I! CllCTeMon B co11eTaHHK c KaJlOpJ.tMeTpli'16CKOii 

ycTa.HOBKon co c.TOJib 6oJiblllO:I! Moma,n::i:,10 i"' IO M
2

/ J!BJiaeTcl! .n;ocTa-

TO'lHO Ha,I(8lKHblM: 
a/ acJxPeKTHBHO CT h peracTparurn: sap.f:llKeHHIDC a;n;poHOB ro.uomcollll-

qecKol1 Clil:CTeMOll cocTa:BJI.aeT 71,8 ± 2,3%; 
6/ npaKTll'!eCIIB Bee OT06pamrne co6HTJ.!J! c OTCYTCTBlieM cpa6a-

Tb!BaH.11J! B o6oKX pB:,UaX ro;n;ocKOila RBJIR!OTCR H8HTPOHUMH /Bepo~THOCTb 

H8Jllil:'1RH sap.roi;emrnx a,n:poHOB COCTaBJIJ!eT 2.2 ± 0,1%/; 

B/ ncupaBKOi1 Ha 6oKOBOH a(lxfleKT pacceRHHHX 3Jl8KTpOHOB MOXHO 

npette6pe'u,; 
r/ nonpaBKa Ha o6paTHHtt TOK JIKBHeBb!X sapruKeHHHX 'l:SCTKU co-

cTaBJI.aeT He 6o~ee 32 ± 10%; 
;n;/ roAOCKOilR'leCKali CKCTeMa ynpaBJl.iieMa H cTa61UlbHa. 

y. B OCTa.JlbHblX rJia:sax ;iurncepTau1rn: aHaJIK311PY10TC.f.£ 3KCnepllMeH­

TaJibHHe ;uaHHHe, noJiy'l:eHHtre Ha ycTaHOBitax: E H B. 

B nmol1 rJiaBe BCITOJib3YIOTC.f.£ .n;aHHHe. UOJIY'18H!il:le Ha ycTaHOBKe 

B c yrJiepo,ILHol1 Millll8Hbl0 TOJl.II\liHOll 60 rcM-
2 /§I/ H 20 rcM-

2 
/§2/. 

HaJIK'l:.l'Ie yr.Jiepo;uHoll MHIIleHll, CBID!UOBblX <Jl!UlbTpOB H JKeJie3HOro norJIO­

THTeJIR ;ua:saJIO B03MOJltHOCTb .113MepKTb H cpaBHKTb xapaKTepHCTHKK B38-

V.MO,Uel1.cTBJ.!.}i sap.HllteHHOH lil: HeHTpaJibHOii a,npOHHblX KOMIIOHeHT c B:,UpaMH 

yrJiepo;ua, JKeJiesa H CBHHUa. CHCT\>Ma OT6opa 3ap.FillteHHblX .11 HellTpaJib-

HHX co6HT!Ui Chrna .a,n:eHTlr'IBOH. 

Boero 6HJIO npoaHaJIK3.11ponaHo 2472 C,JIY'4a.f.£ c aueproBH.neJiemi:eM 

B Ka.1IOp1~MeTpe, rrpeBHIIlaIOU\KM 600 faB. Ha aTOM cTaTHCT.11'4eCKOM Ma­

Tep~aJie d~JIO ITOKa3aHO, 'l:TO xapaKTepHCTKKH OT06paHHHX HenTpaJibHHX 

.11 3ap.FJJKeHH!l!X a.n:pouoB c MpaMH c, Fe JI Pe o.n;KHaKoBH /.n;OJI.H 

J.7. 

aHep?'JlI flo• nepP.JJ:aHHa.f.£ BO B3aHMO;n;elCTBH.flX a;upoHa B CJIOe BemecT­

Ba He~TpaJibH:lM TIHOHaM, uapl.i)laJibfW~ COCTaB pa3Jm'l:HHX copTOB R]l:epHO­

-KB.CKa.n;HblX KPHBHX. ycpe;n;HeHHb!e .H,UepHo-RaCK8,I\HHe KPHBHe H T • .n./. 
Ka:K IlOK8.3aHO B r~.6-9, TOJK,ll;6CTBeHHH H H6KOT0pble .n;pyrze xapa.KTe-

p.KCT.11KJ.l. B3aHMOJJ:0~CTBHI, 

Tio.n;po6HO paCCMOTpeHO sapB:,UOBOe OTHOmeHHe 

co6HT.r.ti1. TIOK83aHO, qTo aTa B6~.11'l:HHa 3a:BHCHT OT 

B3aRMo.nettcTBH.f.[ a.n:poHa, 

~ N Hei<r OT06paHHb!X 

r~y6HHH MeCTa 

Hs HamJ(X .naHHb!X MOJ!CHO o~eHHTb ~OJiro ITHOHOB B llOTOKe Bcex a.n:­
pOHOB, 3aperHcTpHpOB8HHblX ycTaHOBROA. BepXHIDt npe,UeJI 8T0k BeJIH­

'l:HHbl COCTB.BJlJ!eT 46 ± 4%. 

ECJI~ C'l:HTaT:&, 'l:TO B noTOKe sapiillteHHHX a,n;poHOB, peracTpapye­

MHX YCTaHOBKOA, ;n;o~R ITHOHOB upeHe6peltl'IMO MaJia, TO COBOKynHOCT• 

rro.n:yqeHHHX 3KCIIepHMeHT8JlbHblX cpaKTOB MOlKHO C'1HT8Tb ,UOKa3aTeJlbCTBOM 

rHIIOTeSbl 3ap.H,UOBOA HeSa.BHCI4MOCTH [r4] IIp.K aHeprWIX 'V I.000 faB. 

EcJI.K ~e npe~IIOJIO.lKilT:&, 'l:TO BRJia,n; rmoHOB B OTo6paHHHe sapJDteH­

HHe co6b!THR 38.MeTeH .11 npeBblIIlaeT 20%, TO H3 npHBe.neHHHX B r~a:se 

8KCnepHMeHTaJlbHHX .naHHYX CJie.uyeT TaKlle ;n;pyrol BaJKHH! BHBO.n;: IIpI 

aHeprllUIX I.000 faB MHOr.Ke xapaK~epKCT.KKH rmoH- H npoTOH-.H,UepHRX 

B3aHMO.nettCTBHA cymeCTBeHHO He OTJlllqaJOTCR. 

YI. B rJiaB~ Hcno~bSyioTCR .naHHHe, no~y'l:eHHHe Ha ycTaHOBKa.X 

E H B no aHepreT11qecR11M cneKTpaM K yr~oBOMY ~acnpe.neJieHlRl a.n;poHOB 

Ha BHCOTax rop. 

3HepreTH'l:eCKHe cneKTPbl a;upOHOB onpe,neJIRJIHCb B .n;Hana30He 

aHeprHH I,0 ro12~E f:5 roI2 aB, TaK Ka.K IIpH MeHLlllJIX aHeprz.ax 

pa.n:~oTeXHH'l:eCrurn nopor YCTaHOBIUI MO~eT HCKaSITb cne.KTp, a npM 

E ~ 5 TaB, rroBK,UHMOMY, cyiuecTBeHHJD pOJib Ha'l:HHa.eT HrpaT:& aqxpeKT 



IB. 

rpynnoBoro rra.n;eHKH qacTK~ L-9]. 
3HepreTHqecKill crreKTP Bcex a,n;pOHOB Ha BHCOTe rop MOlltHO an­

rrpOKCHMHpOBaTb BI:lpa.JKeHHeM: 
. . 19f!0,0Ci 

F ( -) -6 ( /00) 
/ ~ I I 

h ~ t = -1
1
82.. 10 T . CM- Ge K.- c.rep°'<l- /8/ 

Be;mq;rna a6COJIBJTHoro lIOTOKa a,n;pOHOB c E-?- ro12 aB paBHa 

/2,2 ± O,I/ ro-8cM-2ceK-1cTepa.n:-1 , ~o HaxO,IJ;KTCH B cor~acKZ c 

,naHHHMH I'pHropoBa H .n;p. [9 J H HHKOJibCKOro H .n;p. [r.sJ. 
Yr~OBOe pacnpe.n;e~eHHe a,n:pOHOB OTIHCHBaeTCH BI:lpa.JKeHHeM BH,IJ;a 

r b,lto,> 
'"VU)~ @• 

Ilpo6er nor~omeHHH a,n:poHHoli 

MOc(flepH p~eH II5 ± 7 rcM-2• 

KO~filOHeHTH B BepXHHX CJIOHX aT-

Ilpo6er 11ornomeHH.f£ HY!iJIOHHOtl: I)OMnOHeHTH c E ~ ro12 aB B Bepx­

HRIX CJIOHX aTMoc\flepH paBeH III ± 3 rcw.:
2 

B H.DH.llX CJIOHX aTMocqiepu 

/700 rcM-2 ~ X ~ 1000 rcM-2 / - 107 .t 6 rcM-2• 

B r~aBe IlpZBO,Il;.f£TC.f£ TaIOie ,Il;aHHHe no 3Hepreui:qecKOMJ cn~KTPY 

O,!OiHQqHHX HeHTPOHOB H sapiD!'ieHHHX a,n:pOHOB. 

l1HTerpaJibH!:d!: 3HepreTzqecKHI cneKTP O,Il;KHQqHHX a,n:pOHOB Ha BH­

COTax rop MOJKHO OIIHCaTb CTeneHHHM BHpa.!teHlleM c nOKa3aTeReM 

'l(- I"'2,0. 

A6CO.lllOTHHR noTOK 0,IJ;HHQqHHX a,n:poHOB c aHeprRieH E ?- I I03 faB 

6es JIJIBHeBoro COIIpOBOJK,D;eHHH Ha BHCOTax rop pa:aea /I.25 ± 0,09/ 

ro-9 CM-2ceK-ICTepa.n:-1 • Cor~aCHO IlOCJie.D:H.li!M ,Il;aHHHM HHIWRI>CKoro 

[rs] aTa Be~H~Ha /B nepecqeTe Ha ypoBeHb r.Apar~ paBHa 

I,36 ro-9cM-2ceK-ICTepa.n:-1 , no .D:aHHHM CHoraaa [ri] - /I,80±o,30/ 

ro-9cM-2ceK-ICTepa,n:-I, 0,nHaKO pa3H!le KPHTepll.il OT6opa saTpy,nmmr 

COITOCTaBJieHRie 3THX ,naHHHX. 

lLKJ'I 6oRee TOqH!lX pesyRDTaTOB Heo6xo,nHMO rrpKMeHeHHe npHHUll-

I9. 

IIIlaJlbHO HOB01 MeTO,IJ;.llltH per.HCTpa~K H H3MepeHz.a JlllBHeBOI'O conp~ 

Bo~eHw:r a.n:poHa. TaitoA MeTO,IJ;HKOI H;BJUIOCb 6H, Kalt yTBe~aeT 3BaRc 

iP3J • .l!CilOJil>30BaH.He ro.nocKona II! MHOI'OmlT.flHHX nponop~OH8JibHl:lX . 

KaMep. 

Yll. ,Il;Jn!Te.U.H8.f£ axCJDoaTamui YCTaHOBltlll /Bapit:aHT B/ nosB~a 

.nocTaToqHo cTaTHCT11qecKJ1 o6ecneqeHHo H3MepK'l"r. ceqeHJie Heynpyroro 

B3a.HMO.n;elcTBH.f£ HY!tl:OHOB c .IJ,ltpaMH yr~epo,na, BOS.l(JXa, XeJieSa II 

CBHH~. 

I/ a/ TOJllllJIHa yrRepoJUJoA MH11IeH11 20 rcM-2 ~eTcs OIITKMaJII>­

Hol ;rI,1!!i K3MepeH.H.f£ ceqeHH.f£ Heynpyroro BSal!MO,IJ;eHCTBHH. Ce~eRJle B 

yr~epo.n;e onpe.n;eRHJIOCb MeTO;IJ;Oll BH6HBaJmR HS nytma, KOTOpml: Ilplll 

CTa6.lfJihHOtt pa6oTe YCTaHOBKll JIBJIJ!eTC.f£ CaMHM TOqffHM. 

6/ CeqeHHe Heynpyroro BSIJDio~elcTBB.ff HYKJIOHOB c .H;D;paMM Bos­

lf:YXB. onpe~e.n:.f£JiocI> · cor~acHo fparopoBy H .n;p. [9]: 
. ,CAA•i'>mp [ llo.11 e (-' F~(?:-E,x))J 

c::- ~ 1 1 + · · n -14 ( -x) 
\)i.s>NAi.t I\ o.t./ .><.. ' Faa ~ t, ; /9/ 

r.ne ~ (;;:;. E,x) z Fo~ ( ~ f 1X) - Be.n:HqHHH noToKoB :&cex z o~HHO~Hx, 
COOTBeTCTBeHHO, OT6HpaeMr:lx YCTaHOBKO~ a,n:pOHOB. 

IlpeIMyllleCTBO 3TOtt VoPMY~ 11epe.n ~pyrHMll, TaIOKe aHa.DISHpye­

MHMH E r~aBe. COCTOHT B TOM, ~TO B ,IJ;aHHOe BHpallteHHe BXO,IUIT OTHO­

meH11e rroTOKOB, H3MepHeMHx o.n;Hott H Toi ~e ycTaHOBKO~ Ha .n;aHHott 

r~y6HHe Ha~D~eH.l!.ff x. 
Cne.n;yeT 110.n;qepKHYTb, qTo He06XO,IJ;HMO W3MepHTb ~ (>- E,~) H 

Faa (~ E/) na O.ItHOM :aapRaHTe arrnapaTypH, npH O.ItHHX H Tex J1te KpH­

Tep.l!HX OT6opa C06HTHI. 

IlOCKO~bKJ BeRHqWJa "0. N onpe.n;MeHa H3 CpaBHeHrui H3MepeHHHX 

HaM.lll ITOTOKOB HYKIIOHOB Ha BHCOTax rap K ypOBHe MOpH, TO OTHCKaHHe 

--



20. 

6L0f(Acl no tlJopMyJie /9/ .neliCTBHTeJII>HO He Tpe6yeT 3H8JllUI nep­

BH'!Horo cneRTpa 8.lJ:POHOB. 

B/ .llJIH Ha:x:OJIUJ:eHHH ceqeHHH Heynpyroro B3aHMO,neacTBHH HJK.llOHOB 

B xeJie3e ~~ rlFe 6!iJI npMMeHeH MeTo,n onpe,neiremra /... ~n r./Fe.. no 

pacnpe.neireHmO ToqeK B3aMMo.n;ettcTBHH no rJiy6.11He RaJIOpllMeTpa, npe.n;­

JIOJKeHH!ili I'pHropOB!iM li .zip •. [I9]. 

1IPrc~o i:racTv~. rrpome.zunKX 6es B3a.MMo,neacTBHH CJioa X H saperKc­

TPHPOBaHHHX KaTIOpHMeTpoM riry6xe sToro CJioa, sa,n;aeTCH BElpaJEeHHeM: 

JXc ( X ) olx s"° f-i 
rl (>x,> l,.,u~) =. ~(>£J;.;....;) e."'p -;..:;F~ knNFe. J (x)'v./{i,x)Jcf(~);ro/ . 

,.. 0 ' 

r.ne £.,,..,H - nopor perncTpamrn: sHepI'JlH R&1.Iop11MeTpoM; 

/ll{ >l.-..}- trHCJlo i:racTim c sHepr.11ea BI:ilIIIe noporo:Boti, ynaBII1n: Ha 

Ra.lIOpIIMeTp; 

X0 - o6mrui: TOJI!IUlHa RaJIOpHMeTpa; 

v./ ( £, x) - :eepOSiTHOCTb liCKaJKeIDUI B J pas SHepru traCTJIIni. KCIIH­

TaBmett B3aaMQite!cTBHe Ha rJiy6KHe X. 

Be.nHi:rHHa A i,rifl Fe., onpe.n;eJI.Wiaci:. MeTo,noM MaRCHMJMa IIpaB,nono.n;o-

6llJI c IIOMOll\bIO ~ -4>YHKUKH BapTJieTTa. IIpeHMY1I1ecTBO aToro MeTo.n;a· 

nepe,n .n;pyrHMH, TaRlll:e o6cYE,IJ;aeMHMH B rJiaBe, saRJI10i:raeTcH B TOM, 

trTO OH He Tpe6yeT 3HaHHH npOXO.lJ:Rll(HX i:repes YCTaHOBKY i:racTim, Y'll!­

Tlil38eT ROH6trHYJO TOJIIIUf!iy norJIOTHTeJIH Ra.JIOpHMeTpa H .naeT CTSTHCTH~ 

treCRH H8.HJiyqIDYJO oueHRY OWH6IDI. 

r/ Cei:re1rne (\" N pg B cBzime onpe.neJIHJioci:. no trHCJiy Bsrunro.nei!: ... 

CTBKtt B TOHKOM CJIOe CBHHU8. nJIH aToro OT6HpaJIHC:& C06HTHH, ROr,Ita 

'laCTHua IlpOWJia 6e3 B3a.llMO.D;ettcTBKH rrepBHtt CJIO! CBHHua K rt:pOBSWIJIO­

.n;ettcTBOBaJia BO BTOpOM CJIOe: 

'1 

~. 

C\V\ /Vf'(, -

!IP(, mp (e., r1, .. f'.I,_ 
,'-./, 

6. Xp& 

2I. 

1 Xc4 ) 

;.. (v, J{[, 

/II/ 

r.ne tJ,- q.11CJI0 qacTHU, npome.n;mHx 6es B3aHMO.D;e!cTBIDi o6a CJIOH 

CBHHua; 

tli - t{Jl!CJIO i:raCTHU, npOB3ru!:MO.D;eMCTBOBaBlliHX BO BTOpOM CJioe; 

fl~pg- TOJimHHa BTOporo CJIOR CBHHua; 

~x~ - nonpaBRa, ytrHTHBaIDmaH TOJIIJ4IDiY CTeHOK KOHH3aJ:(HOHHHX KaMep. 
A~N~ 

ITpH HaXOJ!tJJ;eHID! BeJIH"ll'lH!i (\""WPS ytrKTHBaJIHCI> Bee BOSMOl!HHe 

CTaTHCTJl!trecRHe H MeTO.D;H~ecKl!!e OWH6K1!1. 

0ROHtraTeJII>HHe 3HatreHHR cetreHMR HeYJIPyroro B3a.llMO.D;elcTBID1 

HeHTpOHOB C ~paMz rrpHBO.Ji~TCR B Ta6JIHUe I. 

~V\f'(C. B M6 

MR Hy~OHO:B c E ~ 600 I'sB 

/!_ E >= I.400 ± 300/ 

D:"N' AcL B M6 

~JIR HYKJIOHOB c E-~I.000 fsB 

I.( E > = I. 800 ± 600/ 

p:- ··"' ,,,,nftB Ntu 

MR HeiiTpOHOB c E ~600 fsB 
I z E > = 1400 ± 300/ 

()L>'lflPcB M6 

MR HeiiTpOHOB c E ~ 600 fsB 

I ..:. r; "' = r. 400 ± 300/ 

Ta6.1ll'lna I. 

237 ± 51 

~ 248 ± 20 

698 ± 46 

I.800 ± I87 



22. 

B rJiaBe IlpHBO.n:RTC.lI Bee HM6JOllWeCR B JIHTepaType K HaqaJiy 

I974 r • .n:rumHe no ceqeHHXJ O:." Hei1TpOHOB H npoTOHOB c aHepr•eiii 

E ~I f8B, IlOJiyt:ieHHHe Ha YCKOpHTeJIHX H B KOCMMqecKJLX ;ryqax. 

2/ Ce~ac MOl!l:Ho c~TaTo OKoHqaTe.IThHO ycTa.Ho~eHHHM pocT 

IIOJIHoro ceqeHHR SJieMeHTapHoro {\/ rJ B3aHMO.n:eiiCTBHR. 3TO 6HJIO 8K­

cnepHM8HT8JibHO .ll:OKa3aIIO MR pp coy;n;apemm B~OT:& ,n;o 8Heprnt 

I480 faB /cM. Hanp. ~opMyJiy /4/ /. B c~y cnpaBe~MBOCTH I'KITOTe-

3H sapRJi:OBOiii HHBapHaIITHOCTH R,l:\epHHX c~. IlO,l:\TBepJ:.IJ;eHHo! 8KCilep~­

MeHTa1IbHO Ha ceprryxoBcKOM ycKopHT~e .n:o aHeprH.H 60 faB L-20J B 

.n:xccepTarurn: npe.n:no;raraeTc.lI paBeHCTBo ITMH!iX ceqeHHii 6""-wt rr , 

'Tt.,t nn H G;.,t 11 p • 

YBellqeHHe 6";.c.t NN ( E) o6yCJioMeHo B ocHOBHOM H3MeHeIDieM 

cetieHWI Heyrrpyroro B3aHMo.n:eikTBrur ~n tJ ,y ( E) , TaR KaK cetie-

IUie Heynpyroro B3aHMO,Il;e~C'l"BHR, KOTOpoe, KCTaTH, TOXe pacTeT~ 

COCTaMHeT MaJIYXJ ,l:\OJI!D ~ot • 

COBORJIIHOCTb Bcex YCKOpHTe.IThHHX .D:B.HHHX no CS:n Jiff'/ (E) MO'll'JIO 

aIInpOKCHMllpOBaTb BHpaJKeH'HeM ' 

f;,i/Vr.J (E) =(~115.!.01i) +-(o,"1!..0/L)e,,'1ito,4 (:ia) /I2. 

(I 2 
IlpH 1 ) ~ 20 faB , 

~fmpopr~R rro C\nNI\ M.liI HYKJIOH-R,I\epHHx B3aHMo.n:e.itcTBIDi 6oo:ee 

CKJ,Il;Ha. O.n:Ha.>eo H s.n:ec.& HMelDTCJiI .n:aHHHe' CBH,l:\eTeJrbC'P13YJOIUZe 0 poCTe 

0:,, tvA. ( E) ,Il;JI.!I JieI'Rl!x H.n:ep B aHe·preTHtiecKoiii o6JracTH ROCMH-

'Iemrax ;ryqeH: /cM. Hanp., ~PMYJIY /5/ /. 

MR T.IDKeJIHX .gn;ep MOJKHO coCJiaToC.lI Ha pa6oTy [rs], r:n:e YTBep­

JlOJ:aeTcH !IOCTO.!IHCTBO ceqeHHR t\.n a,JWOHOB c H.l:\Pa.Mfl c:rurnna B 06-

JiaCTH aHeprHH 100 - IO 000 fsB. 

CorrocTaBHM HamR .ztaHHHe c npe~sJ:rOHHHMH cepnyxoBcKKMH ycKo-

23. 

pHTeJI.&HhlMMl .n;aHHh!MH [21 J • 
IlpH aToM, Hcxo.n;H MS HepaBeHcT:aa <llpayccapa [22] 11 B cornacim 

c JI!DOOii uo.n;eJil>IO B pa1max ITOJI6BOM Teop,;m [23 J ' saBl!Ci!MOCT.b 

6-;- ( f) wrn nerRl1X l1 cpe,n;H11x H;n;ep OThlCKl1;a.11ach MeTo,n;a1.rn: 
~NA ) 

;n.orro.n;o011H aHaJIOrHl{HO ~nrJrl ( E B :au.11.e 

rrpaB-

~n~A(t) =(011~t 1 + CoY1~t:t_(~'-E 
/I3/ 

ii qacTHocT11,.AJIH JKeJJesa 

6:NFt>e (20rag .(_ E <._ .)tOO rae,) -

= ( 6 ~ o _: g) + ( 6, i t. 1, 4) e~ 2 £ /14/ 

rlali!H pesyJIJ>TaTbl II03EOJIHiOT RO.iH!t:IeCTBeHHO ilpOCJie,1\HTh 3aBUCM-

MOCTh 6":nNF<- (f) B ,Zi;l'1a11a30Hc 3Hepr;rn 600-40u0 l'::JB. Cei::i:ett:rn Olt'L 

pacTeT B 3TOl, 06JiaC'rM Ha 6 ± 3io, 'iTO cornacyeTCE c i'.~' . .-iriW,!i\ 

AJKoHca 11 .n;p. [24]. 
,LtJlf! Tlil\eJiblX H;J;ep /CB~IHel.(/ CG'46Hl!e npE:,l\ITOJlar3.JIOC:O J;OCTOHH-

HID.A! 

c:- .1 LOI (9 0 rae ~ E £ i ~ 0 0 r .:1 G) = 115 5 ! _I} c 'I'"/ \.)cll1•Pl - I :J 

Jµ,ec.o BE:3,TI;C i BbliJ:l.leiiC B l'<JB vl 6i.n - B !.i6. 

b Ta0./1111.l,6 ;!_ ITpiiBel(eHE B8JIH'i:l'!HL,' YBc.iHI'i8H!lli (1 G:y, /VA ( t.) 
llp11 H3t.:eHeH:<rn ::rnupr~1;; Hyi:;.,10ila OT 20 ,;LO 1400 l'<rn. orrpe;::;eneHHhie 

l13 corrocTaB.;ien:vIH n:arni:r ,l;anH~£ c ycirnpm_'eJI.&ilI:UJ;;. 
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24. 

Ta6JIBua 2. 

A 0"~'"',L\ /20 r::rn - 1400 r:rn/ 
B % ITO OTHOmeHmo K G"ZV\ NA. (201'.l~ 

20 ± 3 /.UaHHHe ISR./ 
14 ± 5 

+ 2. 9 - i 

0 ± 4 

0Tcro.n;a MOJKHO yTBepJ!l'..n;aT:&, qTo pocT 

JEeJIHqeHRK 'iH~a A. 

6"- -'A(E) 3aMe,JJ,JIHeTCH IIpH 
~V\I• 

3/ HaIIIM pesym,TaTH .n;aIOT B03MOJKHOCT:& TaKJKe rrpoc;re.n;HT:& arum­

CHMOCT:o ():.,,.,,,~ He~TpOH-~epHoro B3ru!MO.n;ettCTBHH OT aTOMHOro HO­

Mepa BemecTBa A rrpM A~ 12. Hfill.n;eHHM HaWI aMnMpH'iecKM saBHCil­

MOcT:o IDt.eeT BH.n;: 

E\~ NA (A) = ( 4 t) 0 : 1, 4) ,R o,? /!: O, 
0 4 

/16/ 

3amtCH MOCT:O o:V\ IVA (A J' KOTOPM COOTBeTCTBYeT /16/' 6HJia 

cTporo .n;oKasaHa I'pz6omm L25] , a TaKJKe KaH'ieJin M MaTMHHHOM ['26] 
c yqeTOM HeynpyEIDC rrepepacceHHH~ IIpH BHCOKHX aHeprMHX, KOr.n;a 

pOJ!l'..n;a.IOTCH rryqKM B3aMMO.n;e~CTByrommc c H,ll;pOM qaCTHU. 

0 aBHCMMOcT:o /16/ TaIOKe corJiacyeTCH c ycKopHTeJI:OHHMM .n;aH-

HHM.li • 

ToqHM arrrrpoKCMMa.qHH sKcrrepMMeHTaJI:OHHX .n;aHHHX rrpH ycKopH­

TeJibHHX sHeprHHX, rrpe,JJ,JioJKeHHM BIU!JIHaMCOHOM [2?] HMeeT BH.D: 

E\
11

NA (E, A) =L1~1 Q A o,is { i + 1-) ( Gcot 1vt1 1 fl, f) J ; /I7/ 

i 
I 

25. 

r.n;e qJyHKI.lWI cp(o;_0w..,/\/), 6JlH3KaH K HJJIIO, rrpoTa6y.1IBpOBaI!a .n;JIH 

pasJrnqHHX sHaqeHIDi C\.t , fl M E • 

YIIl. B rJiaBe paccMoTpeHH xapaKTepHCTHKH ycpe.n;HeHHHX ~epHo- · 

KaCKa,ll;HHX KPMBHX B XeJiese. 

EHJIO npoaHaJIM3HpOBaI!O 1152 C06HTHM r HeiiTpOHH H sap.HJKeHHHe 

a.n;poHH c SHeprMeii 0,6 - 30 TsB. IlpJi! BCex SHepr.HRX Ha6JIID,ll;aJIOCb 

Jil3MeHerrne saKOHa rrorJiomemrn IIOTOKa aHeprm1 HyKJIOHHOii KOMIIOHBHTbl 

KOCMJ11qecKoro HsJiyqemrn .n;JIH rny611H JKeJiesa X ~ 400 rcM-2, npJ11'ieM c 
I 

pOCTOM E li3M8H8HHe OTO,IUIBraJIOCb B CTOpOHY 6oJI:&mmc rJiy6HH. 

ITOKa3aHO, qTQ ycpe.n;HeHHHe H.n;epHO-KaCKa.n;HHe KpMBHe OT HeiiTpo­

HOB H sap.HJKeHHHX a.n;poHOB COBila,ll;a.IOT. 

B Ta6Jrnue 3 npHBO.n;HTCH sHa'ieHMH npo6era rrorJiomeHHH noToKa 

aHeprHH HYKJIOHHOM KOMIIOHBHTH rrpH 60Jibill.liX H MaJIHX rJiy6HHax B 

JKeJiese. 

Ta6Jiima 3. 

Cpe.n;HAA "l:HCllIO Ao.Fl (x.,,o) Ao.rc. (x>-~~ 
<iHeprMH HYKJIOHa co6HTIDl B rcM-2 B I'CM-2 

B TsB 

0 ,85 315 225 ± I5 II4 ± '1 

I,50 745 320 ±I? 126 ± IO 

4,40 92 351 ± 50 II3 ± 15 

JJeJI.l'lqHHa Ao. Fe /X ? 400/ coBna.n;aeT co sHa'ieJmeM rrpo6era 

B3alrno.n;ei1CTB.H.A: IIIWHOB B JKeJiese rrpM YCKOPHTeJI:&HHX aHeprHHX [ 28 J. 
I{aK BM.D:HO l'.!3 Ta6JIHUH, rrp.H aHeprnHX E >I TaB BHIIOJIHHeTCJI co-

O'!'Homerrne: 

A 0. f~ ( x "\,, 0) = 3 Ac.. Fe. ( x > 4 0 0 tc./V\ -2.) /IS/ 



26. 

.Ilpil 111am.nmx 3H8Jl.r.IUIX /0 '6-I TaB/ COOTHOIU8Hl'!e /I8/ Re COMll­

;I(aeTCIB-, 'I.ITU MOJKHO 0cJ'h.lICHl'!T:O COBOKyrrfillM N1runrn:eM nopormwro <l®eK­

Ta Jr .H;IJ;eJ>H:rx: 1J8. Cll\eJIJiemrn • 

KaK rro:ir.asmro J3 r.JIB.Be, npz 3HeprIDiX E?I T::rn aq,..JieKToM R;D;epHHx 

pacme11Jlerura l!.OEO IIJleHedpe'il>. TacJJifill[i 4 1't.71JIIOCTpi!pyeT 8TOT BHBO,ll;. 

Ta6.lraua 4. 

Cpe;rr;mm aHep:!'KH B50 1000 rnoo 4400 5300 

B I'3B 

(-) _ E.i.3 r~'-':. 1 !:: - ;:. 22±2 17±2 ls±2 rr±2 s±3 ' ._ 
.B % 

IX. B r.naBe npl'l:BO:IUITCJI pe2yJIBTaT:H He38ID!cldM!ll zsMeperud!. 

rrapIUiaJThHOTO Kire l! noJIHoro I{ K03t;xI>l'!IlileHTOJ3 ReyrrpyrocT.H B31ll™O­

:n-eitcmmtt xeli!rpoHo.B c ..a:rr;paMM C, A1...t , Fe. H P€ rrp11 aHeprnHX 

I-TO Ta.B. 

1/ ca/ Yc.TBED:mta E rroanoJUIJra B itm1r,:1i;oM mr,n:.Prmur.yai15HOM CJIJ'{ae 

BH,JAeJIEI'l> 11eJirrp©HHRe .iB3aI1MO,ll;8KcT1lfil! B yrJiepo,IJ,e t 'ITO ,llaBa.110 B03-

M0EKOC!l'1> HB110C:j)8,UCTJ3.ffillr0 1l3M6JIHT:b xa_])a:KT.ejpl'ICTM.Kll HeynpyrocTl'l 

'B 3.mIMD:n;ei1c'ID3l<ffi (C .JmPBllm C. 

-y Cpe;I4!IeHHaJI J38.JlifIDIHa IIaprzyrnJIJ>ROJ:!O :KD.3!pqllm;1rnEITa HeyrrpyrOCTl'l 

OIIp~Cl> TIO ilJOJlM,VJle: 

< Kue I.Ve, ) 
Ek­
E ) /19/ 

r;ue .Et - ·sReprrui: WoTOHOB. :B.03.HliKIIIHX J3 'II81J:BOM aKTe B3'iilMO.UeiicTBfili 

HeZTJrOH.OB .B ;;1~III6fIB, E - aHepnra 11eif<rpoHc:E. 

1.J.IH STQ.l.'O .B Ka~m.1 InI;JJ;m3Z,ll;Y.EJIBH<DM 'CJI'Y"fae R3r.lepwac:& BeJIH-

;urna c £,:;, /2C/ 
l -· ,- ~ 

'Zl • 

r.ne E !!cp - 3Hepm, nepe,ll;amra.a HettTpOHOM polJ:11BI1111Mc.a: no nsa.HMo­

.n:e~cTnIDI /Jlf.JIJl. B3aHMQ;ueiCT.BiiI.IDCf r -KBaHTa!\l B 20 rcir2 yrnepO,D;Hai! 

MID118HK. 

IIpH ITepexo.n;e OT Be.D'IlIHH ( E ri•) K < KlT") itpoue norrpa:aoK HS: 

HesaperKCTIJ&POBaHHyll K.a.IIOPJIM8TpOM 8Heprm ll OmJIClJm B il3MepeHllll 

E .'llf' .11 E_,,o. Y'fllT!lBa.ID!cl> woplf'lli!ie Bsamro.n;eitcTBIDI HeitTpmm B. yrJie­

po,ll:e H cmmnoBoM qu.nTpe, "rrQ1(IIl!TlC8." E BTOp:.ll'mHMJI Jmep!ID-aKTIB-
~'I' 

llHMK '!aCT~. JJ.rur KOffTpOJI.lI 6WIIl IIpHBJietreJlll IlOK&SaHJUL IlpOllO:pICH-

OHB.U.HHX C'!e'r'IBKOB. a Truate .n;amme. ITOJiy<rerume Ha YCT.aHOBKe B. 

0TMeTHM, 'ITO llpil. aTOl!I n ""'IO% CJiy'IaeB ncex ffYRJIDHHHX B3~­

.ne:ikTB.Bii peaJill.syxJTa.a: B-SaJUIO,lleRCT.BJra c IlO'ITJI IlOJIHoit HeynpyI'OCTiiJO: 

L Y'n?= 0, 5 + 0,6. 

Cpe.n;HKH Be.JDI1:!11Ha ITaJm.oro K03qxpHJU!eHTa Heynpyroam B:raar.ta­

.n;e~cTBHH HeKTpOHa c .rmpru.m yrJiepo;n;a, llteJie3a K CEIHna: OIIpe,1l;eJDI­

J}aC.D ITO ycpe,n;HeHHcru .rmepRO-KaCJiaJUIOli KpHBO:it no MeTo,ey- N:ypmma 

[29]. 
JJ.rur Ka~oro K3 OT06paHHHX. C.Oc:lHTd CTpo.wracr. Kacxa.mra.a: KpK­

BaJI llO BCeM PJmaM Ra.Mep H.OHll3amwHHoro K8'1I:Opl'!MeT]Ja.. Kalt" O'l'Me'Cia­

JIOC.D Bl:iIIle, .rmepHO-ItaCKa,lOme ICpIDIDe .II;1III Il:H;lOmimya.JITiHiiX CODH!I!d. 

cymecTBeHHo OTJIH'IaJDTc.a: .u:pyr OT .n;pyra. Be.ff Imil>OI?MaIUm a IIOJIHDil 

HeynpyrOCT.i!: B3aHMO,Il;eflCTBIDI: a,iq:lOl[QB' B yrJra}lO.n;e /Ita.K H. B Jqly'm!X 

E;.D;pax/ OCHOBHBaJiaCb Ha a.H.a.lm3e ~ J!I!'fBHX". 

IIo.rrHHi K03~eHT" H:eyn:pyrocn: <. K > :a IIe:J,lB!ilM iq:nnirumemra 

oneHJI.BaJ!CJ;I ITO 4.iOPNJY.lie: 

< K1> =-I - .('.}> /2T/ 

r.n;e ~~> - cpe.n;:mrli KO~eHT YirPY7I'O.CTll, Iq)e;zJ;~amrmmulit .II3' Ctro.1£ 

.n;OJJJO 3Heprrur, Hecoll!Yil mro:pmr.. TpeTUM H. JIQCJI~11 ~. 



28. 

Ilp11 HcnoJin30Balilll! ¢opMyJinr /21/ rrpe.n;no.JiaraeTcR, 'ITO aHeprHR, 

Bnr,neJU1BIDMCR BO Bcex BTOpW!Hli!X KaCRa,n:ax, o6yCJIOB.'leHa B3aHMO,n;eH­

CTBHHMH coxpaHHBillerocR HYltJIOHa. Ho ec.JIH cpe.n;H BTopzqHnrX qaCTHU 

cymeCTByeT BHCOROaHepr11qHllf1 3apJIMeHHHH nHOH 1~11 Ill10HH/, TO qacTb 

ITOCJie.n;yRll{HX KaCKa,D;OB 6y.n;eT BH3HBaThCR HMill, qTo IlpHBe.n;eT R 3aHHJKe­

Hl1!0 Be.JrntrnHH ,:_ K >. ,U.Jm onpe,n;eJieHHJI COOTBeTCTBJ!OIUe:H nonpaBKK He­

o6xo.n;MMO HaHTH .n;oJI!D C.JI~aeB, Ror.n;a rrocxe nepBoro aKTa B3am,m.n;e.i1:­

cTBHH 06pa3yeTCH BHCOR03HeprHqHllf1 aapfilll'.eHHHR IlillOH. Ee MOJKHO oue­

HMTb, cqHTaH RaCR8,llH c O~HM MaKCHMJMOM /no TepMHHOJIOrHH pa60TH 

[29] KacK~ THna A/ co6nrTHHMH, r.n;e o6pa3YIOTCJI aHepreT11qecRH 
- . 

Ehl)J;eJiemme If C< -MeaoHnr. 
,... 

Tiycn CA - .n;oJI.H rac1m.n;oB THna A. ~foxom:r I.!:3 ill30TonzqecRoii HH-

Bap11aHTHOCTM, r.IOJKHO npe,n;rIOJIOJilliTh, qTo BK.ll8,11; C06blTHii c o6paaoBa­

HHeM BHCOKOaHepr~lqttOro aapIDKeHHoro ITMOHa COCTaBHT Q_ J~ . :Bo Bcex 

n;;:x c.JI~aJIX TIOJIHffil Koa¢I1zruidIT HeyrrpyrocTM I{ 6y.n;eT rropH,D;Ra I 

I >0.8/. Tor,n;a MOJKHO rro1maan, qTo Roaqx,'iHUilleHT l{ 6y,n;eT paBeH 

<l-<) · c::(i-36~)<K,)+3J'A) /22/ 

r.n;e Be.JI11q11Ha z K,> orrpe.n;e.JieHa ,n;JIJI RaCRa,n;OB A,E,B,r' B COBOKyrr­

HCCT:~. ~.JI.ff a,n:poHon, rrpOB3aHMO,n;eHCTBOB8BillHX B yr.Jiepo.n;Hoii MfillleHH, 
'\ 

U}/=Oll: <K>=<T{
1
). 

6/ IIp.a orrpe.n;e.JieHH14 napri;ua.n:oHoro RoaiMJHUHeHTa K
110 

B JKe.Jie3e 

6wro OTo6paHo I. ISO Baa.aMo,n;eil:cTrui:ii HeiiTpOHOB u aapmKeHHHX a.n;po­

HOB E .IJ:BYX JKe.Jie3Hbl:-: ij'JY..JI1Tpax ItaJIOp!.fMGTpa npH 3Hepnrnx, npeBblllla.JO-

mzx G,S TsE. 

,ll.JIJI Ka;;iIJ:oro co6nrTnJI Tpe6oBaJioc:i:, HaJIH'tJHe HOH.v.aari;z>r MVIHHMYM B 

rnecT l'l pE;D;ax Kar11ep /no TpH pm:a B KaJ!i,ll;OM rrpoeKIJ;ZH/ rrpH IIO.JIHOM OT­

C,YTCTB!H! TO.Jlq.KOB B nepEOM '1 BO BTOpOM pH,D;ax HOl-Hl3ari;zoHHl:.IX :KaIYlep. 

29. 

EC.JI.I! BOCTIOJib30BaTbC.fI 3.JleKTPOHHO-JI.n;epHb!M RaCKa.Il;OM, ITOJiyqeHHblM 

OT ycpe~HeH.ll:JI TIO BCeM HYK.JIOHHl:.IM B3aHMO,n;elicTBHRM B CBHHUOBl:.IX ~HJih­

Tpax H yr~epo.n;HOH ~rameHH /20 rcM-2/, TO MOJKHO OT)l;eJIHTb ycpe.n;HeH­

HHa BTOpHqmffi: 3.Jl8KTpOHHO-~~epHJiltt KaCr<a,n; B l<eJieae .n;o MaJib!X r.Jiy6HH 

I~ 200 rcM-2/. 

.UeHCTBHTe.JibHO, rrepBHtt a.-¢. Kacr<a,n;, paaBHBill.ll:HCR B CBirnue' 

noqTH He ~oxo.n;KT ~o TpeT:i:,ero pJI.n;a KaMep, pacrroJioJKeHHoro no.n; rrep­

BblM CJIQeM l<e~eaa, H HHRaK He CKa3h!BaeTCH Ha HOH:H3aUJIIOHHHX KaMepax 

qeTBepToro pH,IJ;a. Bl:f'UITM BTOpHqHhla KaCRa.n; .ll:3 ycpe.n;HeHHOH JI.n;epHo­

-RaCKa.n;Hoii RpHBoit, MOJEHO rrOJiyqHT.b aJieKTpoMal'IDITHHii ~HBeHI, El( OT 

n epBoro aRTa B JKe.Jieae. Yrta3aHHHH M8TO,n; orrpe.n;e.1reHMJI 3Heprrur Er ' 

rrpe.n;JioJKeHHHii Mypa:HHHM [29] , 06.Jia.n;aeT TeM npeHMYIUeCTBOM, qTo aBTo­

MaTHqecRH J'IHTl:.IBaeT He rro.n;,n;a~ll(HHCJI KO.JIHqecTBeHHOH oueHKe BRJIB,I( 

JI.n;epHHx pacmeIIJieHHtt. ' 

IIpH onpe.n;e.JieHHH ITOJIHoro RoaqxfmIJ;HeHTa HeynpyroCTil I.. K) no 

ciiopMy.JiaM /21-22/ H pacnpe.n;eJiemnr BeJin'tJHHb! K B JKeJieae J'I11Th!Ba.JIMCb 

rro rrpaBim BaaHMO,n;ettcTBHR B "aJieMeHTapHoM" CJioe 80 rcM-2 JKeJieaa. 

l31:.1JI0 H3MepeHo pacrrpe,n;eJieH11e Kn Fe., • Ero MOJKHo arrrrpoKCHMHpo­

BaT:b rayccoBcKott <IiYHKUHeii c ,n;HcnepcHeii G;e: =0, I6 < K "f{ > 
B/ 0Ko.Jio 4.000 qacoB ycTaHOBrta B npopa6oTa.na 6es yrJiepo.n;HoM 

N'.11'.illeHH, qTo Il03BOJiroIO BH,n;e.JIHTb B3aHMo.n;eiicTBHR HeiiTpOHOB B CBHHUO­

BHX tPWibTpax n H3Mep.fi'rb B6JIH'tJlllibl K rrc H K. 

3Heprru:r E B KaJIOJ:OM cxyqae onpe.n;eJIJIJiacb no qzcxy qacTHU B 

MaKCHMJMe 8JieRTpOHHo-¢oTOHHoro KaCRa,n;a. A1IaJIH3Hp0BaJIHCh J!IDIJh C.Jiy­

tfaH B3aHMo,n;elicTBHJI HYR.JIOHOB Ha.,n; nepBHM pJI.n;oM KaMep,T.e. TpeeloBa­

JIOCb O,ll;HOBpeMeHHOe aHeprOBb!~e.JieHHe B 060.ll:X BepXHHX pH,n;ax KaMep. 

ITp11 aToM yqHTb!BaJICH rrepexo.n;HHH sct¢eKT B ~aTYHHhlX CTeHKaX RaMep 

,Il,.JIH MaRCHMYMa . ::i. -<IJ. .JlaBHHH. 



30. 

Be.lnl'i.HHa < Knp(onpe.n;eJl&llaCb ITO <I><>PMY;)le"-122/ c ytieTOK BTOpaq­

ma: a<MieKToB B CBHHIJ;oBHX' t!RJIM'pax. Pacnpe.n:e.n:emae K n pg Moimo arr­

npoKCKMlpoBaT:r:. raycCOBCROiii cpyHia~el c °re= 0,!2 <Kril'd> 
r/ Cpe,IJ,Hee sHaqeHHe KoaqxpHIUieHTa HeyrrpyrocT!il BaaRMo.n;elicTB!dH 

HyKIIOHOB c .R;D;paMH aTMOCcpepI:l Bll'IHCJI.fIJIOCb H3 H3BeCTHoro COOTHomeHHH 

3aitemma [30] : 

IU.r./Ai.-z. 

Acvi NA·i 

)
1(-1 

i - ( j - < I.\ NA cl ) 

/23/ 

BeJDl'UIHI:l <Kil"'> Iii .( K / .II:JIH pasHHX JI,n:ep rrp1rne.n;eHH B Ta6mr-

~e 5. 

Ta6JIMUa 5. 

A 3Hepr!i1H HeHTPOHa 
B f::lB 

,( Kll 0 ) .(K) 

500 - IOOO ~ 0,2I ± 0,04 0,65 ± 0,07 
r:t IOOO - 5000 ~ 0,2I ± 0,04 ' 0,66 ± 0,07 c 

5000 - IOOOO ~ 0,20 ± 0,04 0,65 ± 0,07 
IOOOO - 30000 ~ 0,2I ± O,I2 

500 - 30000 ?-0,2I ± 0,04 0,65 ± 0,06 

fl ·~ LZ ~ IOOO - ~ 0,67 ± 0,06 

600 - IOOO 0,25 ± 0,04 0,74 ± 0,09 
F/<> IOOO - 6000 0,26 ± 0,04 0,74 ± 0,09 

6000 - 30000 0,26 ± 0,06 0,77 ± O,I8 
;?!- :oo 0,25 ± 0,03 0,74 ± 0,08 

60C - IOOO 0,30 ± 0,05 0,86 ± O,IC 
p 2c~ IOOO - 6000 0,29 ± 0,05 0,83 ± 0,IO 
6 0,28 ± 0,08 0,86 ± O,I5 6000 - 30000 

~ 600 0,29 ± 0,04 0,85 ± 0,09 

3I. 

2/ ITpo6JieMa, KOTonaJI .n:o cliIX nap He pemeHa - RaR aaBHCHT 

K03qxplilUlleHT HeyrrpyroCTH K OT aTOMHOrO HOMepa .R;JJ;pa - M}DlleHJi!. Cy­

mecTByK>ll{llie .n:aHHHe, Ka.K ycxop:aTellHHe, Tax H B KOcMKqecKJa: Jiytiax, 

rrpOT!ilBOpe~BI:l, XOTH H He BI:lSHBaeT coMHeHllH, qTO 3aBHCRMOCTb He 

,ll;OJlltHa 6I:lTb CWibHOI. 

CJia6aJI 3aBHCHMOCTb BeJIK'IHHI:l (K) OT A CJie,ey-eT H3 HeKOTOJHX 

·aKcrreplilMeHTOl'l Ha NAL-e- no CTOJIKHoBeHmo npoTOHOB c aHeprHeiii 200 

f aB c .R;D;paMK cI><>ToaMY.mr.cu /cM.Hanp., o6sop [3I] , a Ta.Ia'.e [3~ /. 
3aB.PI~HMOC'!'b < K_0 > OT A .II:JIH nepBHq:imx HelTpoHOB B.H.IUl 

IJ NA, _ 

A0,06!0,036 6IDia ycTaHOBJieHa AsRMOBHM M ~p. L33] ·• /CorJiacao ~ 1~ 
KJiaccJdqecxoii MO.n;eJIH noCJie.n;oBaTeJII>HHX coy.n:apemlii KrroNJ.\ (A)-:- Ji 
npz K Nr./ = 0,4/. 

Ha 6oJiee CHJioHliliii xapaKTep HaMeHeHJUI K /A/ /Me;ivreHee qeM Ao,r5 

6HcTpee qeM A0,06; yxasHBaIOT ,Uit\'.oHc [34] H 3iiixTeH [35]. 

Hamlil lilSMepeHMH Taiate CBH.n;eTeJII>CTBYIOT o TOM, qTo BeJIH'llIHa K 

6oJiee qyBCTBHTeJI1>Ha K asMeHeHJD) A. KoaqxpHUKeHT HeyrrpyrocTH MeIUI­

eTcH OT 0 , 6'5 ± 0,07 )T,JIR Jierrorx .R;D;ep .n;o 0,86 ± O,IO ;IVIH T.IDlteJIHX 

.R;D;ep. ECJIH He ytIHTI:lBaTn BKJI8,IJ; BTOpzqHHX BI:lCOK03HeprR'IHI:lX II!ilOHOB, 

TO H B HameM CJIYqae MOmIO IlOJlyql{Tb HeSaBRCMMOCTb t._ K,..,A> OT A: 

L.._ K /= 0, 53 ± 0, 06 H .(K ,, ~ = 0,56 ± 0,07 
In Fe 111~ .. 

Kalt IIOKa.3aHO Rawl , c pOCTOM pasMepoB H.n;pa pacTeT qRCJIO 6Hc­

TPI:lX BTopzqsmc ITHOHOB R, CJie.n:o:saTeJII>Ho, rrpH nocTORHHoii cpe.n;He! 

aHeprlil.l! Ha O.II:HY JIHBHeByio qacTRizy;-KOaifxI>IDJ;HeHT HeynpyrOCTH. 

T.o., HeytieT 6HcTp~x qaCT.H:n MOMeT nplilBecTH K aaHH~eHmo Be­

JIH~HH K R ero KaJltYil{elcH HeaaBHCHMOCTH OT A. 0 TOM, qro Heynpy­

roCTI> B3aHMO.n;e~CTBHH Ka.KHM-TO o6pa30M 3aBHCHT OT A, CBK.n;eTeJII>­

CTBytOT pa3Jllil'nrne pacrrpe,n;eJiemur Kn Fe. H K., pg , a Ta.Kllre MaMeHeIDle 

nap~a.n:1>Horo COCTa:sa .R;D;epHO-KaCK8,IJ;HlilX KpHBHX c YBeJIH~eHHeM pas-



32. 

MepoB R,z;pa: ;z(OJIR Kac:irn;n:oB Tlilrra A COCTaBJIReT "-' 0 ;z(J!R R,llep yrJiepo­

;n:a, IV 14% ,llJIR 1iteJieaa .11 "-23.% ;z(Jiff R,llep CBl1Hl.(a. tlce 3TO rOBOpHT 0 

TOM' ti.TO B3aHMO;n:ei1CTBl1ff HYRJIOHOB c Tfllf!8Jlb!Ml1· M JierRlilMl1 H,1\paMJil He­

CKOJI:OKQ pa3JIMtiaJOTCH no Kpai'iHeii Mepe B OTHOIUeHl1H rrepe:n:ati 3Hepr1111: 

1f 0 
-IA830HaM. 

3TOT peayJI:OTaT' B CJiytme ero -rro:n:TBepllt,ll8HHff B M8TO,l1Htiec1rn 

6oJiee TOt!Hb!X Ollh!Tax, l103BOJIHJ01Illi!X 3Kcrrepm.rnHTaJI:OHO KoppeKTHO lil3-

. l.!ep!1T:O BeJIMtililHY ]{ B Jrnll(;z(OM 11H,llli!Bl1.z1YaJI:OHOM CJiy'tfae' ffBJifieTCff He 

Tpl1BJiaJI:OHb!M Ji! MOi!ie T OKaaaTI:.Cff BaJKHbIM ;z(J!R l10HMMaH!rn t.\il13H'tfeCRO:i 

RapTlilHb! B3ali!MO;z(eMCTBlilR HyI\JIOHa B ff;z(pe nplil BblCOKJ1X 3Heprl1RX. 

I1p11 cpe:n:HeM _aHepr1111 HeiirpoHa <i:;>= 1400 I'aB a1.u;:mpwrnc:itaH aa­

.cuc~1I.rncT:o . .( !{) OT A, BblqJ1CJI8HHaff M8TO;z(OM MaKCl1!.tyMa rrpaB,11orro,110611H 

no Hamm.1 3RCITepHMeJ-ITaJILHblM To1:rnaM, m.ieeT CJie;n:yJOIIllil.ti Blil;n:; 

:I\.'lfl A~I2 KN!\ /A/= /0,51 ± 0,02/Ao,o9 O,OI /24/ 

KaK ITOKa3aHo B ,11l1CCe pTal.(H.11, llOJiyqeHHyro 3aB~IC.11MOCT:O MOJKHO 06'.b­

HCHHT:O Ji! 113 ClOllCe O~l1X coo6paJKeHJ1i1' eCJI.11 npe:n:rroJJOlltlilT:o 'qTo llpH Bbl­

CORJ1X 3HeprHRX /"-' l.000 I'aB/ cnpaBe,llJllilBa rJiayoepOBCKaR TeOpHH 

i.rnoroKpaTHb!X nepepacce1rnm1 1}6]. 
PaccqHTaHHarr aaB11c.1Mocr:o HMeeT Blil.zl! 

rt /A/ = 0 53 AO,OB 
iYA ' /24

1
/ 

!lpH 3TOM BG;JY,1{J1Ha ii:oat!J!liVll.\l18HTa Hey'npyrOCTJ1 HYKJIOH-HyKJIOHHb!X 

b3&Jr;,;o;zi:ei-lc'.L':av; f': Ol.\8Hl1BaeTcff KaK 0,46 ± U,06. 

3 / i3 noc;re:n:ttee BpeMR Ha ;yc1wp.11TeJIRX HHTeHCk'IBHO lilCCJie;n:yercH 

I 1: ol i6"" · u u I c~·p/xrypHaff Q'YHKl.\Irn r = c ci" d R~ a;n:poHmlX B3ali!Mo:n:eMcTBM!1 CM. 

ll&Hp . ' l37-38] ' r;n:e Y!3JAepirnac:o C-'-TPYKTypHaR «iyHKl.(l1ff llpOTOHOB B pp 
coy:n:apeHli!HX rrpvi aHepnrn 24 I'aB. {37] lil npvi aHeprHRX 500-IOOO I'aB 

[3cl] , d TaIOKe [3sJ , r,i{e ua;yqaJiach CTpyKTypHaff cJiYHKl.\lilfl npOTOHOB B 

if)OTOii-fi,'\GpH~:x COy,1{a,ie!-H-:ffx rrp:vi 3Hcpri·::; 24 l':JB/. 

33. 

3TH HCCJH:?,J,OBaHJ1H oco6eHHO aKTJaJI:OHI-l B CBH3H c rimoTesoJ.1 0 

TOM, "<{TO rrp~r ac.aM1IToT11qecM BI-lcoroi:x sHeprnmc CTPlKTYPHM <liYHKI.UUI 

3aBHClilT TOJI:OKO OT Oe3paaMepH0Vi BeJIHqrml:l x. =- ~I [s9J, ' T.e. 

MMeeT MeCTO MaClliTa6HaH mrnap11ai:ITHOCTb SHcpreTaqecKJ(X CileKTpOB BTO­

plFfHI-lX ttacnn~ c B HHK.II!03HBHHX peaKIUIRX Q + 6 ~ c -r x 

KaK 6l:LJIO Il0Ka3aHO Myp3!1HhlM H .n;p. {'>0] , HOH!13aI.(MIOHHJ:lli KaJIO­

pmvleTp w.oJKeT OHTb zcrroJI:oaoBaH ,IJ;JIR noJiy-'-feHMH CTPYKTJpHoit cflYHKIUIB 

i3MepeHHeM SHeprenPJ:eC!lliX cneKTpOB BTOpH'l"HI-lX qacT~ BHCOKOH SHep­

rHH, reHep11pOBaHHHX B JKe:re3Hl:l:X ¢wr:oTpax K8.1IOpm1eTpa. 

CneKTp BTOpH'CfHl:l:X /ZJIH J!H.D;HPYKJ!!llilX/ HJKIIOHOB Ha rJiy6HHe x JKe­

Jie3Horo i!JWibTpa rtaJIOpli!MeTpa onpe,n:eJrn:eTcH B!ipa.JltemrnM: 

dN(u,x)_ -"[f ) , )~+-f ).x~+ ] dlt:.-- e. c ( L{, + f I ( L{ 1 ! z ( {j_ 2 I /25/ 

f. ) c./r/[•1 10) 
r.n;e ll ( u._ :: ~ - HOpMHPOBaHH!lli Ha O,Ii;HO B3ffi!Mo.n;ettcTmre cneKTp 

nyKJJoHoB na rJiy6HHe X = 0, vr LL-=.I - K. 
dN 

.UJIR onpe.n;eJiemur CIIeKTpa cl u... 6h!JIH Bl:l6paHN ,Il;BYJCMaKCHMJMHhle 

KaCita,!(bl THna E H B, r.n;e cornacHo MypaHHy H Cap11"IeBoli [40] , ca.Mott 

SHepri.!ttHOH BTOpH"IHOH 'lacnu~e1i .ffBJIRe'rCH Hy-KJJOH. 

3HepreTHqecmtli crrercrp mopwrnux qacT1n.r; Ha 

rrp.a < E > = I400 I'sB np1rne.n;en B .n;HccepTawuir. TaM 

[ 40], CO rJiaCYiOUUICCR C HaJIIHMH. 

rnye51rne- I,5-2 A,onr-, 

JKe .n:am~ .n:anm1e 

Ha OCHOBa.HHH CIIeKTpa BTOpHqH!iX 'laCT m~ C5!iJia IlOCTpOeHa CTPYK­

TYPHM rpyHKIUIH U f 0 (ti). 3KcnepHMeHTa.71bHHe .n;aHHHe C5wm HOpMHpo­

BaHll Ha O,IlHO D3amv.o.n;e~CTBKe. 

B .n;Hcc~pTaU>f.a noKa3ano, qTo HamJ.l: .n;aHHHe .n;JIH Fe, 11 YCKOpH-

TeJihHble .I\.'IJT Cu. ;,,oJKHo c 1rnTaTb corJ1aCyroUUfMHCR. CoBrra.n;eH.ae CTPYK-

Typ!illx iPYHKUHa HJRJIOHOB B peaKUHH n Fe ·-? /I/ t x npH .sHeprim 
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L.E > = 1400 faB J4 B pe~ p Cu., ~ p+XI!pH E = 24 raB RBJI.HeTC.H 

aiprYMeHTOM B IIOJI:&3y Cj'll\eCTBOBa.H.ll.fI CKefuurnra .n;JllI Bll,I\eJieHHHX ITO 

BHepr.1!.W BTOp.ll'!HllX qaCTHn. 

Ha6JIKJ,n:aeMoe Ha SRCIIep.ll:MeHTe pa3JIHqHe "ycKOPHTeJI:&HllX" CTpyK­

TypHllX !fJYJIBin!il ,JJ,J.I.H f/e , ~ H Pt RB.1IReTc.H cJie,n:cTBHeM 3aBHc.11-

MocT.11 KOaqi<flKUHeHTa HeynpyrocTH OT aTOMHoro HOMepa A. 

.IJ;eliCTB.llTeJI:&HO, .113 ,n8.HH11X [ 35] MOJKHO IIOJiyt!HT:& "ycKOPHTeJI:&-

HRe" pacrrpe,n:e.neHid.fI K ,IVI.fl .H,n:ep CM. H pg • Om,i: COBrra,n:aIOT c 
NA 

pacrrpe,n:eJieHll.f!NH { Kn Ft ] H { Kn pg) , rroJiyqeHH11Ml4 HaMR. 

35. 

3AK.JIKmEIB .11 . KP~ :WOO,llll K 

.ImCCEPI'AUIDf 

B Teqea.11e MHOrKX JieT /I967-I9?4 r.r./ aB~OpOM H3ytll!JIQC:& Hefi­

TPOHHa.H KOMIIOHeHTa KOCMR!qecR:oro l43.1IYtJ:eHJIJ1. 

O~M .113 .11ToroB a~oro .11 HBHJiac:& ,n:aHRaH ,IU1ccepT8llllJ1. 

BrrepBlle 6!LJla rrpe,n:npllH.fITa IIOIIllTKa KOMIIJI6KCHOro .llCCJI6,I\0BamuI 

l!lHpoKoro KPYra ~orrpocoB, CB.H3aHHHX c HefiTpoH-g,n:epHllMl!I B3aRMO,n:.el­

CTBH.HMH. 3KcnepJ4MeHT11 611JIH BllIIOJIHeHH pa3HOI anrrapaTypol J4 MeTO­

,I\HKOfi /JKHJJ;indt CIUdHTHJIJI.f.!UldOHHHI ,n:eTeKTOp B coqeTaHHH c HCKPOBHJO: 

cqeT'll'!KaMH - t le>.. ., h.. t~ g~ ; HOHJ43aUHOHHl1! RaJIOPKMeTp B coqeTaHJ4.ll: 

c rrporropII;IOHaJI:&HlilMH cqeTl!J4KaMll, .llOHH3anHOHHHtt KaJIOpRMeTp, ,I\OIIOJI­

H8HHblfi ro,n:OCKOIIOM J43 rasopasp.~iiX cqeT'll'lKOB/. Ha BllCOTax rop H 

ypOBHe MOP.ff K OXBaTHBaJIH 3HepreTzqecKyx> 06JiaCT:& OT 50 raB ,I\O 

IO 000 faB R Bblllle. 

3KcrrepRMeHT Ha ypOBHe MOP.ff B OIIJICHBaeMOM BapHaHTe 6wr rrpe.n:­

JIO~eH aBTOpOM, KOTop:i:m: yqacTBOBaJI Ha Bcex 3Tarrax ero npoBe,n:eHH.H. 

AHa.mrn rro;ryqeHHllX pe3yJI:&TaTOB, paBHO KaK H 1-i:x HHTeprrpeTaJ.Ui.f!, ue­

JIHKOM BllIIOJIHeHH aBTOpOM. 

Bee 3KCIIepHM8HTbl HS BllCOTe 3250 M Ha,n: ypOBHeM MOp.ff, OIIHCll­

BaeMHe B ,n:HccepTanEI'. /o~OllJJ IIOOO qacoB HsMepeHPI.H/, 6bJIH rrpe,n:Jio­

~eHll aBTOpOM H BllIIOJIHeHH Ha ycTaHOBKe ~ MrY COTpy,n:HH!caMH Jia-

6opaTOpHH, PYKOBO.I\HMoil aBTopoM. 

0CHOBH11e pe3yJI:&TaT11 MOJKHO o6o6~HT:& CJie,n:yramiM o6pa30M: 

I. MsMepeH ,n:HqiqiepeHII;IaJI:&Hllfi aHepreTMqecrutii: cneKTP HeliTpOHOB 

Ha ypOBHe MOP.ff B o6JiaCTH 3H8PI'HJ4 50-IOOO raB. 

IlpH M8..'111X aHeprH.HX CIIeKTP COBrra,n:aeT c 3KCIIepHM8HTaJI:&Hl1M crreK­

TPOM, nOJiyqeHHllM EpyKOM H BOJI:&!fieH,n:3liJieM, K annpoRCMMnpyeTc.H cTe-
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rreHHHM BHpa"!(eH.li:eM Bn.na: 
02 _ -\ _ -S ( /l)0)2160!:0, _ _ _ I 

f-l')(fJdt =i,iO·lO y .c/EcM'ce"-'c..ie .. i"a.'J.''afl 

,nJIR/50~ E {:,200 rsB 

ITpz 6~JinmHx sHeprHHX cneKTp He~TpOHOB CTaHOBKTcg Kpyqe sK­

·cTparroJI.HIJ;HI·I IIpOTOHHOI'O CIIeRTpa H ero MOJKHO arrrrpOKCHMlq)OBaTI> CJie­

,UylOll\HM aHa.JIBTH'IeCKMM Bblpa.JKeHHeM: 

- -9(100)3,2.!0,.'W -
Fri ( E) r) t -= f, 2 i. t 0 T d E (tv\ -.'.L C.e.K.-I c.Tf'..f>CI~ -I l 3tl I 

.UM 200 ~ E ~ 1000 fsB 

'.1sMepeHHlIB CIIeKTP cor.r.acyeTCR c pesyJibTaTa.MH IIpR!11b!X H3Mepe­

HHi1 rrepmrr1Horo :rnepreTwi:ecKoro crreKTpa rrpoTOHOB OpMeca H .np. rrpl! 

rrpe.n:rroJio~eHHH pocTa Ce'IeHHR Heyrrpyroro B3aHMO,ne~CTBKR HYRJIOHOB c 
. 2 

H.IJ;pa"vrn: Bos.n:yxa B BH.n;e o.'\tYAc!_ = /226 ± 3/ + /4,33 ± 0,41/ ei E 
B corJiaC:H>l c YCKOPKTeJlhHblMH .n;aHHblMH, H He3aBHCKMOCTH K03~eHTa 

HeynpyrOCT.H B3aHMO,neilCTBHR HYKIIOHOB c R.ll:PaMH aTOMOB Bos.n:yxa OT 

3HeprnM /K ''• = 0,65/. 
1v : .. q,, 

0.n;HaI{Q, ITOCKOJibKY HeT 3KCITepaMeHTaJ!bHblX .!{aHHblX ITO IIpOTOHHOMY 

cneKTPY Ha ypoBHe MOP.ff npn 3Heprnm: E.2.-200 faB, a .n;aHHble rro nep­

BM'IHor:.y cneKTpy qacTlU~ Ilp.H 3HeprH.Hx E -2 2000 rsB .ll:HCicyCCHOHHbl /irn­

.i10M CII6I\Tpa C H3M6H8Hli8M IIOKa3aT6JIR Ha £1 r = 0, 6/, TO COrJiaCO­

BaHHe HaOJI~.n:aeMoro crreICTpa HeMTPOHOB Ha ypOBHe MOP.ff c rrepBM'IHblM 

CII8KTPOM He e,IJ;l.fHCTBeHl:!OC. 

JI,.IIJi 0KOH'IaTe.i1bHOI'O OTBeTa Heo6xo.n:HMhl rrpmAHe H3MepeHHR npo­

TOHHOro CTieKTpa Ha YPOBHe 1'.0P.ff B 06;1aCTH 3Heprmi JJ:O IOOO r::JB I! 

na.i1nHe'.{<Irn:e v.sMepeirnR nepB;1<rnoro cneKTpa KQCM>l'IeCIMX Jiyqeli B 06-
P T,l 

JiacTv. 3'.teprn:x. IO --rn'-· 2:a. 

3'7. 

IT. Ha HOHH3aUHOHHOM KaJIOpHMeTpe ITJIO~a,nbID"'I0 M2 H3MepeHH im:­

TerpaJibHble attepreT11'IecK11e crreKTpH· Bcex H o.naHO'IHblX a.n:poHOB Ha Bbl­

coTax rop /3250 M Ha.n: ypoBHeM MOpR/' B o6JiaCTK sHeprRM I000-5000 

rsB. 

a/ 3HepreTl1'feCRl1li CII6KTP Bcex a.n:pOHOB, H3MepeHnIDi Ha.MH, co-

f'JiacyeTCR c .npyr11M;i 113MepeHHHMH, l1 ero MOJKHO rrpe.n:cTaBHTb B BJ.ute: 

- I : \ - ' - (, ( I 00) 1, 9 J. "0, 0 b 
- I > I -· . ' . I - -.'!. -I I h ' , t ' 11 gt I c f (,,,L( (~ 1<. -I C..VIA.i.fi::>Q~ ) 

r .:ce E H3Mep.fleTCR B rsB . 

6/ 3Hepre·r M'ieCKYIM crreKTp O,!\HHOlfHblX a,npOHOB, H.n:YlllHX 6e3 JIHB­

HeBoro COrrpOBOJK,.IJ;eHH.FI, MOJf.HO OIIHCaT !> CTeneHHOti i%JJHRizyieti c IIORa3a­

TeJieM ( - I"-2,0. 

A6coJIIDTHaR HHTeHcMBHOCTL o.n.vrHO'IHblX a.npoHoB c sHeprHe~ 

E~I,O ro12 
3B COC'l' arurneT /I,25 ± 0,09/I0-9cM-2ceK-ICTepa.n:-1• 

CT. !.fa~iepen BhfCOTHIDi. xo.n HYKJIOHOB B aTMocipepe. 

a/ BeJIHl.ffiHn npo6era norJiol[\eHHR HYKJIOHOB c sHeprneli E ~I TsB 

TIO pesyJibTaTA.M HaJll.HX '13MepeH11li Ha yponHe MOP.fl: YI BblCOTax rop 

A (1,11_\,u...- :i s X ~ i 0001.-c..1.1 -.2· ; E~inC)~101.t6 id 
C , I 

6/ IleJI11Yrma rrpojera rrorJI0111eHHR HYKJlOHOB B Bepxmr,x CJIOHX aT­

Mocifiephl ITG pesy.l!bTaTrut. IIPRMH". t!SMepeHlill rrepBV.!'IHOI'O CIIeRTpa rrpo­

TOHOE /fpnropon !1 .up. , OprAec l1 .n:p./ H HaIJIHX }J;aHHhfX Ha 13HCOTax rop~ 

~ 0. /v ( >( .,._ 7 ( 1 u. ( . ._,-2.) E? I Ta6 ) = I I I .! .·) C..4 -2. 

I Y. 3r\Cnc1 a1:.eHTaJibHO rroRasaHo, 'ITO xapaRTepHCTHKH nsaHMo,ne\:i ­

cn;r:i c pa3JIJ.1llllb!MY! H,UpaMVI /C, Fie. VI re I HeMTpOHOB H OT06pa1rnbix 

arrrrapaTypor: snpn~eHHux a.n:poHon c sHepr11e~ ~- IOOO rsB H.n;eHTM'IHH. 

3TO r.:oi;cm C'IHTaTb 3Kcrrep11MeHTa.Jli:>HLlM .ll:OKa3aTeJibCTBOM I'l1IIOTe3H 
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aapH;n;OBO~ He3aBKCIUIOCTK H]J,epBHX C:lil~ rrpR BBCQHHX 3Hepl'lfflX. 

Y. ~3MepeBI:l ceqeJDIH aeynpyroro B3aHMOJJ.e~cTBKR He~TpoHoB(nyK­

JIOHoB) c H;ll;paJDI yrJiepo]J.a, Boa;qyxa ~ c:imima B 06.na co;:H aHepr:mI ~ 

600 raB. 

a/]J)rn HyKJIOHOB C 3Hepr Hei'. .( r.. / = 1400 Pa:s OHO COCTaJl.."'.UieT 

6Z,. Ne"- = 23? ± 51 uc> / rrpH :mepriIHX r; "" 1000 r a:a 

ceqeHwc HauepeHo :snep:swe/. 

,AJrn: Heiti!rpoHOB c aneprnei: < !': ) :;:: I 4W I'aB OHO COCT~IBJ.llleT 

6:~nFc.= 698 ± 46 !.i6 ; 

J(JIH HeMTpOHOB c aaeprHe.it .( ]!:) :;:: 1400 f aB OHO COCTaBJIHeT 

Q'lril't.= 1800 ± 18? u6; 

6j AJIH HyKJIOHOB c aaepl'1Ie ii.(1';}= 1800 faB /E~IOOO ra-B/ 

c e; qe1nrn Heyrrpyroro B3aHK0]1,elicTmm B :soa;cyxe ~ .. m .. ~ 248 ± 201"!£ 

Bf Hanrn ,llrutHHe il03BOJiflllT npoc.r.e}\KTI> 3a:BliC~OCT:D Ce'!efilrn OT 

a tt ep r m1 HyKJIOHa TQJII,KO .ltJIH :..eJleaa • .il 06J1aCT.il aHepr.a; 6Gu-4000 n.rn 
o;:,. , F, (E) + 
pacTeT tta 6 - 3~. 

r / EcJiii conocTaBKTI> rro.JIY1Ielifil:e: Ha&Gi: :se;rnqrum c npeml3v.:0Hm.t-

1m y c 1m pHTejJI>Hlillll JJ.aHlIWIH , TO uoxao yr:ae~aTh, 'lTO c JBe!.C:1'etrae!.:: 

BHe pfiEi BeJIHqllHa ~ Ml He 3Ha1ll!TeJII>llO pa cTe'.'.' il p OCT 3 fil!c; ,l;iF.:eTCfi 

c .ooapacTamteK HOYepa A /oT "'lO/ii AJ1J1 IV rJ CTO.lHCHOBeE::.. ;;.o "" U 

;;j " _ N Pg CTOJIKRo:aemtii/. 

l'J .. ;OJiY'Wiia 3!L"L'Jll!llecn:aq a:ra::c:i:..;ocTL: ce'!&n::;;: ffey::r;.:;roro 

_ :; :.,::-_::---_r, ._c '.i'BlE a:e_:<polio:u c ;i.;l:!eC'.tBC!.l O:i' aTo;;noro z..o..: .. ,;;, -'- t i.. .. ec..:.Ja 

..n. 
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Ilpz .(_ .'.!: ) = I400 f3B 

th (A) = (~ i 0 !: 1 ' ) A0 'y1o,o<i 
l.Y\ 0 A I I -I 

ME A~I2 

YI. f'!3r.!epeHH xafaKTepHCTHilll nor.nomemm noroxa saeprH!! HYK­

JIOHOB KOCMli!l!eCKOro K3.JIY'leHIUI B :seJlese npll 81iepr!II E~IOCO f aB 

a/ Ha6;1m.n:aeTCJI 3aMeTHOe HSMeHeHJle SaIWHa IIOrJlOllleUSI Ilp..lt 

rJIY611Hax X >400 rcAC2 B .n;Kanaaoae aaepru 600- IO 000 faB . 

Ilp~ E :;:: I T 2 TaB 

1 = 320 ± I7 I'C" - 2 .ltJ1JI X <'.: 400 rCIC2 
1\a .'If(.. 

Ilp.1 6Mbrull r;ry6KHax rrpo6er rrorJioll{eHIUI rroToim aHeprlllil HYK­

.noao:s COBII~T c rrpo6eroM B3a:n«>,n:eiCTBHH IDIOHOB c 3HeprKea 

"'- IO r:rn: 
I :: l .. - (""IC f;le:,) = f-lb !. /02c.,u.-'L 
/\ ~ 'Vfe_ /\1."1 II~ 

.::izg & ? 3 TaB aTo COO'l'HOl!leHHe He e:arreIDieTCJI. 

6/ c pocTOM E •rreperH6. B rror.nomeHllil IIOTOita aHep!'HH OTOJJ:BH­

raeTCJI B CTcpoey 6~I>lllJIX rJIY6u fe OT X = 420 ± 40 rc1r2 .rwr 
- ..l <:. E >= 850 faB .n;o · X = ?00 ± 120 rcM .1VUi .(E >:;:: 5300 f aB. 

B/ B 06.iaCTR aHep:I'Jlll 600-IO 000 raB Ha6A:tmaeTCH 3aMeTHOe 

( - ) [ 1, 
YJreH.bl!IeIDie .l{OJllI aaepl'ill! 7 t- :: E , yaocHNOK CWII>HOHOHR3YIOllU'I-

MR 'laCTHnallll: l (E) ~ E-0,4&!0,0'l 

YII. BnepBHe lie3a.BHClilllo asuepeHH c WDIHMaJII>Hmra cTaTKCTnec­

DllH OmK6 KaMJ! naprum.m,md <. K ( o > • rrOJIHHA L..K > KOa@JKJ:U!eHT!l He­

ynpyrOCTK B3aIIJ«),n;eitcrBd HeirrpoHOll c R){paMR yrJiepo,n:a, JKeJie3a H 

CBEma B 0 6JraC'l'.I! aHepnm: 600-00 000 r:JB. 



a/ IlpH aHepnm < S > = 1400 

< KR'ri<.'> ? 0,2I ± 0,04 

/ J/_ -> = 0,25 ± 0,03 
<.... r\ 11 cn1c. 

< ) j " = 0. 29 ± 0. 04 
' 'n"Yl Pc/ 

± 300 f 3B 

l~ 

VI 

Ill 
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/.. l\,.l'> = 0,65 ± 0,06; 

(" l\.,F; = 0, 74 ± 0,08; 

!_ l\np
0
) = 0, 8,5 ± 0, 09 

/B Jrn:TepaType npH aHeprn:HX E ::t-IOOO f3B .n:aIIHhIX ITO BeJiwnrne 

< K > )J;JIR a.npoH-R,ll;epHhIX B3al1MO.IJ:eticTBIIB HeT I. 
6/ '.13MepeHh! pacrrpe.n:e.neHHR [ l\,1 ti.} .IJ:AA Fe , P@. 

arrnpOKCl1l'/:.Il!pOBaTb raycCOBCKHMYI i})yHKLU'!RMH c .IJ:Y!CIIepcHei1 

.11 5;: 16 ::::: c,1~<. K.,p~.>, cooTBeTcTBeHHo. 

VI HX MOJKHO 

0.:-= C' 1e,<_1(01-> 
f, I ' 

B/ Ilp14 aHepnm < E >= moo ± 600 ran 

< k,.,A.{> ~ 0,67 ± 0,06 

r/ B rrpe.IJ:eJiax om1160K aKcrrepv.MeHTa ,n:om.l3aHa crrpa.ee.rr.Jrn:BocTh 

COOTHO!llBHH.fI 3 L.. l)r? = < K;> ):(AA B3aHMo.n:eiicTBl1.ll He~:TpOHOB c R,ll;paMH 

c, Fe 11 P€ • 
.rr./ B rrpe,ll;eJiaX OIDM60K 3KCIIepRM8HTa BeJI.IlllfHHhl <( ~{K,,. }I < K,,A) 

He saBHCRT OT aaepr1m HetiTpoaa B ,UHarrasoHe aHepr11.ll! 600-IO 000 faB. 

e/ IImcasaiw, 'lTO B . .__ IO% cJiy11aeB Bcex HYIWOHHhlX nsam,;o.n:eJ­

CTB.iIB B yrJiepo.n:e peaJIY!3YJOTC.fI B3aHMO)l8HCTBH.fI c II011TH IIOJIHOll He- · 

ynpyrOCT:b!O <. !{ .> = 0. 50 - 0' 60. 
11~ 

"JK/ Bsa11Mo.n:ewcTBHR HJKJIOHOB c TRJKeJih!MII! 11 JierKHMn R,ll;paMH He-

CKOJII>RO pa3JIH11al01.'!CR B OTHOlll8HMH rrepe.n:a11H 3HeprHH lt"-Me3oHm!!. 

Ilpli cpe,n;Heti aHeprm:1 <'.E> = I400 faB aMnJ1Ip>r11ecKa.H 3aBHCHMOCTI> 

K/A/, Bll'IHCJI8HHaR rro HarnHM 3KCII8PYIM8HT8.III>HhlM T011RaM, HMeeT Bl1,U: 
· CC9!t. 1C( 

l-\ (A\= (0 51 ±. O,C,;(_) A I 
"11 ) I 

MR A}-I2. 

'.IoJiytfeHHY!O 3aBHC'.H:~OCT:b MO:nro 06'.b.HCHHT.b, HCX:O.IJ;.fI !1.3 npe.n:cra-

41. 

3aHli~ rJiay6epoBcKoi1 TeopRH MHoroiqJaTHHX nepepaccemm:i. CorJiacHo 

npoBe.n:eHHb!M Har~H pac11eTaM B 3TOM cJI~ae fl\»A(A)= 0,53 Ao,os. 

3/ Ha OCHOBaHHH HanJHX ~aHHhlX 6hl.JI BWU:ICJieH KOScpg)HIUieHT He­

ynpyrOCT H HYKJIOH-HYRJIOHHhlX B3aliMo.n:eacT:aaa, paBHW! 0,46 ± 0,06. 
I 

n/ O 60JiomJ1Ix, qeM o6menpHHRTh!e sHa11eimR K, li saBHCHMOCTH 

KOsqxpHD,HeHTa HeynpyracTH K OT HoMepa A THTia "' Ao.o9 CBl'l,UeTe.no-

CTBY!l'.Yl' M ycKopHTeJII>HHe npoToH-R,ll;epHh!e sRcnepHMeHTh! np.11 E=24 faB • 

~1aMepeHHa.H Ha ycRopHTe.Jie cTpyKTypHa.H iiJJHKizyIR HYJl::'JIOHOB B pe­

aKizyIJII p G., -:?> 1:i + 'j.. Ilpl'l E = 24 rsB COBIIa,naeT co CTPYKTYPHO! !I>YHRUM­

eti ,ll;JIJI BTOpl'l11HblX, HaH60Jiee SHeprH'l:HhlX JIH.n:HPYJ!JIIUd.X HYKJIOHOB B pe­

aKUln! ri Fe """-7 N + x , IIOJIYlfeHHoii HaMI! Ha KaJ.ropzMeTpe' npR < E > = 
= 1400 fsB •. 

3TO .fIBJI.fI8TC.fI aprJMeHTOM B nOJio3Y cymeCTBOBaHHR CKeftn~Hra 

.IJ;JIR Bhl,ll;eJieHHHX no SHeprHH BTOpH'l:HhlX lfaCTHU. 

MaTepHaJihl .n::11ccepT8l1,l!li ~oJio"JKeHhl Ha Bceco10sHHX H Mel!\ll:JHapo.n:­

HHX KOIDf:epeHUHRX no KOCMH118CRHM JIJtjaM, Ha Mex.nJHapo~HhIX KOJIJIOKBJII­

yMax no lllHpOKHM aTMOCW8PHh!M JiliBH.fIM B napxaMe /I967r./ H flOTTHH­

reMe /I968r./, Me2U(JHapO,UHOM CeMHHape TIO CRJII>HhlM B3aHMo.n:ettcTB.\UlM 

B KOCMH'I8CKHX Jiyttax B Ocrum /I969r./ H MeJK.nyHapO,nHOH KOHiJiepemum 

no ~HSl'IKe BhlCOKZX 3Hepr.irli B ]OH,UOHe /I974 r./, a Ta.KlKe onyOJIRKO­

naHhl 6oJiee lfeM B 25 cTaTo.fIX. OcHOBHHe pesyJI:oTaTH rrpHBOERTC.fI B 

pa6oTax [4I - . 68J. 

B .naccepTaI.U!H I79 cTpaHHU ManIHHOITHCHoro TeKcTa, 'Z7 Ta6nHu, 

80 PHCJHKOB H 3I? CChlJIOK Ha 6J1IOJIHOrpa¢1110. 
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