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I. BBe.nemre 

llcCJie,noBaHHJI noc~e.IJ;HHX ~eT BliRBJLJIH cymecTBoBaHHe .PJI;Ita "Koc­

MHll:ecKHX YCKOpHTe~ea", HCnyCKamnDC 'tfaCTKUH CBepXB!iCOKHX SHSP­

~- 3TK 'tfaCTKUl:i ~OJllltHH 6!iTh! 

I) He!TpaJIDHllMK, B o6paTHOM CJiy'lae paccemme 'lacrnu Ha Mar­

mtTH!ix HSO.IJ;HOpO,IJ;HOCTRX Meg3B63.IJ;HOtt cpe.IJ;!i npKB~O 6!i K "noTepe" 

nepBOHa't{~Horo Han~eHHR: 'laCTHU, KcnymeHH!ilX H3 HCTO"IHllKa; 

2) KBa3HCTa6KJIDHliMPI, c BpeMeHeM lKH3HK to ~ 106 • 

x (d/10Knc){mx c2j1 r38) ( 106 r36/E) C ( d -paCCTO.FIBHe .nc 
HCTO"IHllKa, m,1( K E -Macca llOKO.fI PI :mepl'K"Jl qaCTKU!i); 

3) ~erKRMK, c Maccott noKO.fI mx '0,1{ E/103r3B)( d/ 101mc)fz x 

)( ( t1t/14) f38 ' 'ITO c~e.nyeT H3 HaM11maeMott OT MHOrHX KCTO'l-

HHKOB nepKO.IJ;H'lHOCTH K3JIY'l6HRIJ IlpP! E ~ ro8raB • 

Ily'IOK HettTpaJIDHHX 'tfaCTHU, HCnyCKaeMHX HCTO'IHHKOM , B npHHUH­

ne MogeT OKa3aThC.fI CM0CDD pa3HOro copTa a~eMeHTapmnc 'laCTKU 

(lfloTOH!i , HettTpHHo, cynepnapTHep1i1 H T • .n.) . ITpz aToM B ny'lKe .no~­

lUl!i npHCyTCTBOBaTD 'laCTWJ,l:l CBepXB!iCOKHX 3HeprKA, aqxpeKTHBHO 

B3aHMO,nettcTBylJllHe c aTMocqiepott 3eM1IK ( HMeHHo 3TK 'laCTHU!i Bli3!i-
' 
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Ba.OT I<a.CKa,II,HHe aTMOCq)ep:mse JIHBHH, peI'l'IC'l'pHpye!Wle Ha3eMH!lMR ,D;e­

TeKTOpaMH-'iepeHKOBCKHMH TeJ!eCKOIJaMH K ~.3eMllllMH Cu;mt~OH­

HllMH "KOBpaMH") • .UpyrHMl'l CJIOBa.Ml'I, ce'ieHHe B3aHMO,n;etl:cTBM : 3Tl'IX 

118.CTHU C STMOctl>epoit ,IJ;OJDKHO COCTa.BJIHT:b (J' > 20 M6 ( > M6 Ha HYK ... 

J!On),T.e. B3aHMO,n;etl:cTBKe ,IJ;OJ!lltHO l'IM0T:b c:wn.Hllil l'IJllI aneKTpoMaI'­

HllTHHft xapa.KTep. 8To YCJIOBKe BMecTe c yI<a.3aHH!iMH BliIIle Tpe6oBa­

HHRMH Ha 3aPM. Macey K BpeMli '1tl'I3Hl'I 'iaCT~ CBH,IJ;eTeJl:bCTByeT,'iTO 

IIY'IKK Hetl:TpaJ!l>HHX '18.C'.i'~ OT "KOCMH'l0CKIDC ycxopKTeJletl:" ,IJ;OJll!Ull:l 

COCTOJIT:b, no Kpaitlietl: Mepe, 'iaCTWUiO , K3 <f>c>TOHOB CBepXBHCOKl'IX 

aaeprmt. 

HcCJ1e,n;oBaHW1 nepBH'moro xocMl'I'l:ecxoro r aMMa-K3J!Y'i0HWI npecJte~ 

'JIYm' npeHMY111ecTBeHHO acTpO<fn!3H'leCKKe l'I KOCMl'l'i0CKl'Ie ~eJ!l'I • . B Ha.C­

'l'Omllee B~~ pemeime pn.na KJlDtieBHX npo6JieM acTpoqmamw: BHCOKKX 

aHe,PI'Hlt CBfi3HBB.0TCH c KCCJ!e,IJ;OBaHHHMH nepB]fq}{Oro raMMa- K3Jly'ie­

HWI B 06.Jia.CTH 3Heprmt 1012- 1017 aB. Cpe~ HKX - npo6JieMa. npo­

HCXOllf,D;eHHfl KOCMH'ieCKIDC JJy'iett (HCTO'<IHHKH K MexaHH3MH ycxopeHHH , 

<l>OPMHI>OBaHKe 9HepreTH'i0CKOrO cneKTpa ~ XKMH'i0CKOro COCTaBa npo­

TOHHO-n,n:epHoft KOMilOH0HTH KOCMH'l0CKHX JJy'l:eft K T. ,n;.) , npo6JieMa 

aHepreTH'ieCKIDC pP.cypcoB KOMIIaKTHHX peJtHTHBKCTCKHX o6~eKTOB -

- BepoHTHHX KCTO'llillKOB ycxopeHWI KOCMl'!'ieCKKX JJy'ieft, BOnpoc 06 

SBOJI~ PeJIKKTOBOro K3JIY'i0HHH npH l. .,. 1 K T .,n;. ~ pemeHHe STKX: 

3a,Il;a'i Ha~e.neHH cymecTByianKe K IlJ!aHHpye¥lie axcnepHMeHTaJ.l:bHHe yc­

TaHOBKH no perKCT~ nepBH'lHOro KOCMH'l0CKOro raMMa-K3JIY'i0HHH 

c EK~ 1012 aB. IIoaTOMY ocHo~e Tpe6oBaHHH , npe,Il;'hlllWleMHe K 

COBpeMeHHHM YCTaHOBKaM , CBO,wITCH Jll'Ifil:b K nOBHfil0HKD -qyBCTBKTeJI:bHOC­

TK anrrapaTYpi:l , K YJ!Y'<lllleHKD TO'iHOCTK onpe,n;eJ!eHWJ amiprmr K Hall-
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paBJieHRH npmco~a nepBH'iHOH 'iaCTHU]i' K K Ha,D;eJKHOCTH OTOJK,l{eCTBJie­

fiIDl: " 't -co61i1TID1". Hali6oJiee rrepcrreKTRBHHM HanpaBJieHHeM KCCJie­

;n;oBaHRH raMMa.-KBaHTOB B KHTepBaJie SHeprKft 1012- 1014 3B rrpe,I\­

CTaBJIHeTCH perHCT~ qepeHKOBCKoro H3JJy'ieHHH aTMOCqiepHIDc JIRB­

Hetl: c IlOMOlJU>D onTH'i8CKIDC TeJieCKOilOB, pacrroJio~eHHHX KaK Ha ypo­

BHe MOpn, Ta.K H Ha BUCOTax rop. BHrne 3HeprKH 1014 3B 3TOT Me­

TO,I\ CTaHOBHTCH MeHee 3<fxileKTHBHHM (rrpH Ila,I\aRll{eM xapa.KTepe KH­

TeHCHBHOCTH H3JIY'i8HHR c YB8JIH'ieHHeM 3H8PrKK) H3-3a orpaHH'iP.H­

HOro KOJIH'i8CTBa. RCHHX 6e3JIYHHHX Hot(etl:, He06XO.ztHMHX ,Il;JIR perHc­

Tparnrn: qepeHKoBcKoro H3Jiy'ieHIDr aTMocil)epHHx JIRBHett. B o6JiaCTK 

3HeprHH E~~ 10
14 

3B HCcJie,I\OBalUie raMMa-H3Jiy'ieHHH B03MOlltHo 

c I10MOlJU>K) perHCTparnrn 3J18KTPOHH0-cpoTOHHOro KOMI10H0HTa ll1AJI' re­

HepHpy eMHx rrpH rrona,I\aHKH raMMa-KBa.HTOB B aTMvC!fJepy 3eM7IH. IlpH 

3TOM, KaK H B CJIY'iae perHCTpruum: qepeHKOBCRoro H3J1Y'i8HHR, ,ItKC­

KpeTHble HCTO'iHHKH raMMa-KBaHTOB MOryT 6UT:b 06Hapy~eHH rro CTa­

THCTH'ieCRH BH,I\eJieHHoMy H30HTKy J!HBHetl: B orrpe,neJieHHHX HanpaBJie­

HHRX He6ecnotl: cpe,nu. 

0TMeTHM, 'iTO KaK 3Jl8KTPOHH0-4JoTOHHa.fI KOMITOHeHTa, TaK H ~e­
peHKOBCKOe H3Jiyqemre aTMOC!flepHHX JIHBHetl: o6ycJIOBJieHH 3Jl8KTpo­

MaI'HKTHlilMH B3aHMo,netl:cTBHRMH r aMMa-KBaHTOB H, CJI0,IJ;OBa.TeJI:&HO, He 

HecyT Ka.Kotl:-JIH6o KH!flopMa.~ 0 "CWI:bHHX" B3aHMO,I\etl:cTBHRX. tPoTO­

HOB. IIo3TOMY 60JI:blliHHCTBO IlJiaHHpyeMI:lX 3KCI18pHM8HTOB rro perncTpa­

I.WH rrepBH'iHoro ra.MMa.-H3Jly'ieHIDJ: HMeeT cyryoo acTpotfli'IaHqecKyD 

Ha.IIpaBJieHHOCT:b. Ilpa.B,na, rrpa.KTH'ieCKH BO Bcex COBpeMeHHllx ycTa­

HOBKaX npe,I\YcMaTpHBa.IOTCR ,I\eTeKTOpu MDOHOB HH3KIDC 3Hepri'Itl: 

( Ep ~ t 1- 5) r3 B) , reHepHpyeMHX npH pa3BHTIDI R,I\epHoro KaCRa.na 
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B 3Jl6KTpoMa.I'HHTHl:lX JIHBHR:x. o6pa30Ba.HHHX nepmr<IHl:lMH raMMa-KBS.H­

Ta.MH B aTMocq,epe. O.wiaxo MIOOHl:l HH3KHX 3Hep!'ldl: reHepxpyK>TCH 

npeKM;YmecTBeHHo npx BSaKMo.n;eil:cTBWDC "xacxa.znmx" ra.MMa-KBa.HTOB 

yMepeHHHX 3Hep!'ldl: ( E~' IO raB) 'l:epe3 npo[(eCc <lJoTOpollt,Il;emtR: 

5i H K ·MesoHoB K me nocJie,nyuqeM pacna.n;e. Ce'!eHWi <lJoTOpollt,Il;e­

HHH ~ -M830HOB IlPK ' TaKKX 3H8pl'WIX xopomo H3Y'I8Hl:l Ha ycxopxTe­

JllD{ H noaTOMY KaKHX-JIH6o cymecTBeHHl:lX aHoMB.JUtlt B co.n;epi!\:a.Hl'IP[ 

MIOOHOB MaJIIDC 3HeprIDi B MeKTpOMaI'HKTHl:lX lllAJl MOlltHO O~T:& JlHIIll: 

B CJiy'!ae. 8CJ!H Ce'l:eHHe <Iic>Topom,neHHH fl -MeJOHOB npH CBepxyc:iw­

PHT8JU,HIDC aHeprrunc cpa.:sHKBa.eTcn c ce'l:eHKeM o6pasoBaHHH e+e-

- nap H TOPM03Horo H3Jiy'IemtR:, 'ITO npe.n;cTaBJLCreTcn xpaftHe Ma.110-

BepoHTHHM. Ilo3TOMY HCilOJU,30Ba.HHe .n;eTeRTOpOB MIOOHOB MaJil:lX 3Hep­

I'KH B ROCMH'IeCKHX II 0 -YCTaHOBRaX" MOl!teT CJiylKHT:& Jil'Dill>. Ha 

Ham ~3r.lIJi.n, npx H,IJ;eHTH~ lllAJl 3J!8KTPO.Ma.rHHTHOro IlpoHCXOl!t­

.n;eHHH. *) 

3Ha'l:HTe;u,Ho 6oJI:&myK> HH<lJopMa111rn o npou:eccax "peBJ1:&HIDC" B3rut­

Mo.n;ettcTBIDl: ra.MMa.-KBaHTOB npx cBep:xycxopxTeJIJ,HJ:DC aHeprwIX co.n;ep­

llta.T MIOOHH H a,npoHl:l Bl:lCOKHX 3Hepr:mt ( E? I TaB). Ka.R 6y.n;eT no­

Ka3aHO IDDKe. ecJIH MIOOHl:l c 3Heprnea E ;> ( 2 - 3) TaB MOryT Hee-. 
TK HH<lK>P.Ma.UHKl 0 Ce'IeHKH <lJoTopom,neHrui 'IapMa, TO TepaaJieKTpoH-

BOJ!:&THl:le a,npolibl (B nepBy!> O'l:epe.n;:&,rm:OHl:l H HYRJIOHl:l) - 0 4;>oTOpol!C­

.n;emm: Tl -Me30HOB. Il03TOMY HCCJie.n;oBaHKH Bl:lCOR03HeprH'IHl:lX a,npo­

HOB H MIOOHOB B JIHBHIDC, HllltUIDiPY8Ml:lX nepBH'IHl:lMH ra.MMa-KBaHTaMH, 

*) Ha6JIIO.n;eHHH 11M100H06e.n;Hl:lx" JIHBHeii: Ha TnH:&-lllaH:&exoit KOMnJieKcHoa 
YCTaHOBRe lllAJl H Ha YCTaHOBRe']oc-A.naMoccxott Ha[(HOHaJl1'HOtt Jia-
60pa.Topmr "CygnLl s" II03BOJ!H8T C'IHTaT:& co:n;epJKa.HHe MIOOHOB B 
JIHBHe Ha,ItelltHl:lM RPHTepxeM B1:1.n;eJieHHH " ~ -co61:1TIDl:" Ha <Iic>He npo­
TOHHo-H,nepHoro ROMITOHeHTa nepBH'IHOro xocMK'l:ecxoro H3Jiy'l:eHWi, 
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MOryT OKa3aT:&CR BeC:&M8. cymecTBSHHl:lMH B ITOIIHMaJillIH rrpnpo,Itl:l B3aH­

MO:n;eii:CTBHR cpoTOHOB B 06JiaCTH 3HeprHH, He.n;OCTHlKHMOtt Ha ycxopHTe­

J!RX B o6sopHOM 6y,nymeM. Me;1.,ny TeM, rro:n;o6HHe axcrrepHMeHTl:l c nc­

noJI:b30Brurn:eM "Me'l:eHl:lX" IIY'Il<OB <lJoTOHoB OT ""0CMH'l:ecxxx ycxopx­

TeJiell:" THITa Cy9 X-3 HJrn Her X-f ITO CBOeil: .• ,n;eOJIOrHH B8C:&Ma 

6JIH3KH K 3KcrrepHM8HTaM, rrpoBO,ItHMl:lM Ha ycxopHTe.llRX, a :mAeHHO ' 

axcrrepxMeHTa.M RJiacca geam - dump • 11crro;u,soBrurn:e IIY'IKOB ra.M-

Ma-KB~ TOB OT ,ItHCRpeTHl:lX HCTO'IHHROB c H3B8CTHl:lMH R?OP,ItHHa.TaMH 

H H3B8CT.t<OH c·rpyK'ryp, . Bl:lrO,wIO OTJIH'Ia!OT axcrrepHMeHTl:l c "JIHHett­

Hl:lMH11 !f>oi'OHa.MH CBepXBl:lCOKHX 3HeprHii OT Tpa,ItHI..l;HOHHl:lX 3KCIIepirMeH­

TOB B KOCMH'I8CKHX -'JY'Iax. BMecTe c TeM, Ol(HH H3 OCHOBHl:lX He:n;oc­

TaTKOB HCCJie:n;oBaHllli KOCMH'I8CKIDC Jiy'ISH CBepxBl:lCOKHX 3HeprIDl:,CBR-

3aHHl:ltt c orpaHH'IeHHott CTaTHCTHKOii:, B 3KCIT8PHMeHTax c rrepBH'IHU­

MH raMMa.-KBaHTa.MH rrpHHHMB.eT eme 6oJiee cepne3Hi:ltt xapru<Tep. .llJm 

rrpoBe:n;eHHR rro:n;o6Hl:lX 3KCrrepHM8HTOB IIOMHMO TPa,ItHUHOHHl:lX :n;eTeI<TO­

poB perHCTpal..l;HH aTMOcif!epHl:lX J!HBHeH (rro.n;3eMH~e H Ha3eMHUe CI..l;HH­

THJ!J!RI..l;HOHHl:le "ROBpl:l", 'IepeHKOBCRHe TeJieCROIIl:l H T • .n;.) He06XO,ItH­

Ml:l a,npoHHl:le KMOpHMeTpEI H .n;eTeKTOPl:l rxraaJieRTPOHBOJll,THl:lX MKJOHOB 

(MDOHHl:le cneRTPOM8Tpi, r.ny60KOBO.n;Hl:le H no.n:seMHl:le MKJOHHl:le .n:eTeK­

TOpl:l H T • .n:.) pexop~o 60JI:bumx pa3MepoB. Pac'l:eTl:l, rrpoBO,ItHMl:le B 

IJ;aHHOil: pa.60Te, IIOKa31:lBa!OT, 'ITO YKa3aHHl:le B03MOlltHOCTH no HCCJ!e­

IJ;OBaHHD B3aHMO.n;ettcTBlIB <lJoTOHOB B o6JiaCTH CBep:xycxopHT8J!:bHIDC 

aHepr:IDt MoryT 61:lT:b peaJIH30BaHl:l B o63opHoM 6y,nymeM B paMKaX rrpo­

exToB )UCMAH,U H Alli' • 
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I. CrreKTp raMMa.-KBa.HTOB B aTMocwepe 

flycTb B aTMOGWepy na..n;aeT rry'IOK rrepBK'IHWC WoTOHOB, HcrrymeH­

HllX OT ,nHCKpeTHOro HCTO"IlIHKB.. ll3MepeHKSI, rrpoBO,ll;HM!le B HHTepBa­

Jle 3HeprHH 1012- 1016 9B YRa.3hlBa.IOT, 'ITO HCTO'JHHKH raMMa-KBa.H­

TOB CBepXBHCOKHX 3Heprirli 06.na.,n;a.IOT BeCbMa xecTKHM 3HepreTHqec-

1\KM crreKTPOM. Ec.JiH 3TH crreKTpH rrpe.n;cTaBHTb B B~e CTerreHHoro 

3aKOJta. c H3JIOMOM rrpH aHeprHH E0 : 

{ 

-l51'1) 

Io(E~) = ~E~ E~' Emax 1 

Eir > Emax 1 

(I) 

TO JIY'llllee corJiacHe c 3KCrrepHMeHTaJibHHMH .JJ:a.HHHMH .JJ:OCTHraeTCR 

rrpH 3Ha'ieIDUIX s-1 H Ema.~ 104 TaB (cM.HKlKe). 

IlpH rrpoxo~eH:RH qepe3 aTMOGWepy rrepBH'IHHe WoTOHH BH3h1Ba.IOT 

KaC~ble JIHBHH, rro~epJKHBa.eMb!e B OCHOBHOM aa cqeT o6pa30Ba.HHfl 

e+e- nap H TOpM03Horo H3JIY'ieHHfl. Tor.n:a cneKTPH "Kac~ux"raM­

Ma-KBa.HTOB H 3.JleKTPOHOB Ha pa3HHX rJIY6HHaX rrpoHHKHOBeHHfl t 
(B pa,nH~OHHHX e~uax)orrHCHBalOTCR ,nHqxJJY3HOHHHMH ypaBHeHHIIMli H 

B rrpH6.Jlne.HHH .A HMetoT BH.JJ: (cM.Ha.IIp.' [I] ) : 

-(51'1) [ e ( E, t) = aE exp ( .A1(s)t) -exp <Aa(s)t)], 

~ ( E, t) = ac (s) E-<5
""

1> [ exp< ~1 <s)t) 
f'o + 1'1 (S) 

_ exp(J.z <s)t)] t2) 

f'o"" ~zlS) 1 

r.n:e }Jo = 0, 773; Q - IlOCTORHHafl, 3aBHCffillBR OT BeJIH'lllllli .R B 

(I); @rHKrurn A1(S) , J.a(S) H. c~s) Ta6yJIHpoBa.HH B [I] 

B 

PaccMoTpliM CJJY'ffi.11 s = I , xapaKTepHhii1: .n;M HCTO'IHHKOB rru.1-

Ma-rrna.HTOB cBepxBb!COKHX aHeprIDt, B tiaCTHOCTH wm Cy9 X- 3 • 

B 3TOM CJiy'iae A1(1)= 0 ' .Ai(1)= -I,7868 H C(1)= I,OI, T.e. 

crreKTp 3.JleKTPOHOB H raMMa-KBaHTOB, KOTOpHe poJK,ll;atoTCR IlpH rra.n;e­

HHH IlY'iKa raMMa-RBa.HTOB (I) Ha rpamwy aTMOCtlJepH, Ha rJiy6HHe 

t liMeeT BH.JJ: 

e(E
1
t) ~aE-z[1-exp(-1,St)], 

~(E,t) ""a.E-Z[1,31+exp(-t,Bt)], 
(3) 

r.n:e a orrpe.n;MReTcR H3 rpa.HH'llioro ycJIOBM ~ ( E ~ , t = O) = 
-2 

:2,31aE~=IolE3)· 0TM8THM, 'ITO B CJiy'iae 60.JlbillHX rJiy6HH (t>1) rro-

Jiy'iaeTCR B8Cbrlla HHTepecHHil: pe3y.JlbTaT, 3aKJitotiarauID1CR B TOM,l!TO 

crreRTp raMMa-KBa.HTOB H 3.JleKTPOHOB He 3aBHCHT OT rJiy6HHH rrpo.HH­

KHOBe.HHR Ra.CKa,n;a (I ' ;d 

r.n:e a"" 0,43·.R 

-2 
e(E)~aE , 

~(E) ~1,31aE-2 , 
(31) 

BMecTe c TeM CJle~eT OTMeTHTb, 'ITO Cil8KTPH (01) CilpaBe~­
BH JllilllJ, .n:o r JJY 6HHU 

t::; tmax·= nmax ·.AR 
1 

(4) 

r.n:e .AR -pa.I(H~OHHM .n;JIHHa, paBHa;:r 37,l r/cM2 B aTMocwepe, 

a nmax onpe.n;eJIHeTCR KaK [2] 

fl max 
= fn (o/max/E) 

n2 

~ 

(5) . 



B ~HBIDDC, J.UIHUIDrpyeMhlX rrepBH'!HHMH 1>oToHa.MH, reHepHpyIOTcR 

TaIOKe a,Iij)OHH H M!OOHH. c e'!eHHR o6pa30BaHIDI a,Iij)OHOB H M!OOHOB raM­

Ma-KBaHTaMH 3Ha'!HTe~nHO MeHnme ce'!eHIDl: o6pa3oBB.HIDI e+e- nap 

H TOpM03HOro H3JIY'!eHRf!, IT03TOMY reHep~ 3THX '!aCT~ He MO~eT 

cymecTBeHHO ITOBJlliiITb Ha xo.n: pa3BHTHR KaCKa,D;Horo ~HR. 3To He 

IT03BO~eT rrpH BhlllliMeHHH crreKTpOB a,Iij)OHOB H M!OOHOB B ~BHe HC­

ITO~b30Ba Tb pemeHHR (3) - (5). 

O.n:HoMepHoe KHHeTH'!ecKoe ypaBHeHHe '!acT~ TIDia j , reHep:irpye­

Ml:lX B ~HBHe B pe3y~TaTe B3aHMo.n:encTBHR ~ pac~ '!aCTHU TH-

rra L , MOJKHO rrpe.n:cTaBHTb B B~e 

"" 
d.Ij(Ej,Z) =-l·(E·,z/!-+ ~.)+Ll Ii(E.,r.~ pij(Ei.1Ej)dEi1 

d.i!. J J \Aj J l j Li(Et,e 
(6) 

Ej 

I 
d.Jj . 

r.n:e j = d E j -~qxpepeHI.J;Ha.JU.HHii crreKTp '!aCTHU THrra J Ha .n:rurno~ 

r.ny6:irHe ( ~) , Aj -~a Heyrrpyroro B3aHMo.n:eifoTBHR, rrpHBO.U.FIDle­

ro K Bl:lXO.lJ:Y '!aCTHU H3 38,ll;aHHoro iI:a3oBoro o6MMa, Aj -pacrra,n;mur 
-1 2 -1 

.n:mrna, paBHM /\j = Ej ~j i!. , r.n:e ~j " m j c h0 ( Ct'j) , t'j -BpeM.fl 

l!U13IU1 '!aCTHD;l:1 c Maccoii mj 

h 0 ~6,3KM [3] ). 

h0 -rrpHBe.n:eHHM Bl:lCOTa aTMocwepl:l 

BTopoii ~eH B npaBOH '!aCTH ypaBHeHRfl OilHCJ:lBaeT pOlK,ll;eHHe 

'!aCTHU THna j B pe3y~nTaTe B3aHMo.n:elkTBIDI l L·L = lit) H~ 

pacrra,n;a lLL =At) '!aCTHU THna L 

i.nt pi.j \Ei
1 

Ej)::: _1_ dcr(Ei.,Ej) 
er dE· J 

IO 

3. 06paso:srum:e a,Iij)OHOB B ~ -Jll!BHJ'OC 

0CHOBHJ:lMli rrpoueccaMH o6pa30Ba.HIDI Bl:lCOK03HepI'K'lHHx 8,ll;pOHOB 

B 't -~HRX H.BJIJIKJTCR: 1>oTopolK,ll;eHHe ~ , t< -Me30HOB H HYK-

~oHoB; pOlK,ll;eJme !IL+!£- • K+ K- nap H 1>oTOpolK,ll;eHHe H IIOMe,DyR>-

- pacrra,n; '!aCT~ c Tm1te.11HMH KBa.pKaMH, B. rrepByD o-qepe.zn, c O'iB.­

pOBa.HHHM KBa.pKOM. 

.ll.mI orrpe.n:e~eHHoCTH CHa~ paCCMOTPHM ~ -Me30HJ:l, ~ KO­

TOP!iX KHHeTH'iecxoe YpaBHeHHe MOJKHO npe.n:cTaBHTb B B~e: 

-
c!I2I(E31,e) =-I (E ii!.)(..L + _1_)+ r Ir (E..,z) pi;t(E~,En)dE~ + 

di!. st .n AJt ~31E.ni! l AJl' l 

Ea' (Ea-) ( 
7

) 
- 00 

( Ic l Ee > Z) - d [ 111 ( E.. ' l.) int 
+ l /\c PKc.n<Ec, E.sr)clEc + } AN p¥Nlt ( E"' Esr)dEH. 

E~'" (Elt) E:;''"tEa) 

B (7) BK.118'.l'ieHJ:l rrpouecCbl, .UOMHHHpyRJUHe B polK,ll;eHKH 3t ; T.e.qio-

TOpolK,ll;eHHe 5f ( i- St) • pOlK,ll;eHHe H IlOMe.DYKIUldl pacrra,n; 'ia.CTHU 

c T.ID!teJIHMH KBa.pKaMK (~-c -ri) H polK,ll;eHHe fi 38. C'ieT Hey­

npyroro B38.HMo.n:ettcTBKff HYK.llOHS., o6pa3oBaHHoro B pe3y~TaTe 1>o­

TopolK,ll;eHHR, C B03.lJ:YXOM ( t- N - Sf) • 

TaKHM o6pa30M, ~ Ha.XOlK,ll;e.HWi Isr Heo6xo,JtHMO Ha!TH H le 

H I" , .n:pyrnMH cJ10BaMH H~o pemaTn c:ircTe~ KHHeTH11ecKHX Y.PaB­

HeHd • .lW!I'He Yp:l.BHeHHR 3TOit CHCTeMH HMellT Bl!,Jt 

dIN(E111l) 

di!. 
I11(EN1'!) = - ---"--..:.. 

.).H 

00 

+) Ir(Er,l) pin\er
1
E

11
)dEn 

~ JH (8) ~¥M . 
E"'i"(E11) r 

II 



00 

dic (Ec,e) 

de 
- I (E z)(...!... + _1_~ + r IilElJ', ~) <nt 

c c> . Ae 'leEcc/ j J\rc Plfc lE~,Ec)c!Ell'. 
Ei'ln(Ec) 

B BHpa.lK6HID1X t7) - (8) crreKTP raMMa-KBa.HTOB Ha ~aHHott rJIY6H· 

He 3~a.BaJ!Cil B B~e 
.1. -2 

Ii(E~,l)::: { ~ REr 
i! -El i!max J 

2. > 2.max 
(9) 

H pesy~hTaTe,pernaR ypaBHeHRR (7)-(8) , rro~y~aeM ~epeH­

[.J,Ha.nI,HHe crreKTPH am>OHOB Ha ~aHHott rJIY6HHe 

I 11 <E11,l)~ ~;" ~lf"I~lEN)(1-exp(- ~J), 

I ( Ee ll'c ~ I 
c Ec,l) =:: ' 3rc tlEc)' 

-"JC 

[( 
~llf lf1c ~r,.. )( ~IO) 

Isc<En,i!.) =AairlEa) >.Ka+ >-re ~cx·B't(C-n)+ "'" 9,.,. 1-

- exp (- ~. ))- ~:: 9 HJr ( 1- ~: y1 (exp (- ~J -exp (- ~If))] 1 

rrpH i! < i!:mox H 

I" tE" ,c.) "" ;;" ~n~IalE") exp(- ~..)(exp ( i!i:":" )- 1] ' 

IclEc 'z) = Ee~ i! Q I (E )exp (- i!. - 'l!.ma1i)( ZmaJC_)Ytcfc 
.7l1c dlC ~ c Le e / 

tII) 

InlEn)c)=l.srI)'(El')·exp(-~n){(;6~ + !'1~ ~ur·B't(c-.1t)+ 

+ 1~: ~N:l)(exp( C~:x )-1)- t: 9Mst (1- t~ r •exp ( lmax c-t.- ~H~ IC 
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~[1-exp(:cma11 (~,. - ~.J-(exp(zC:")-9(exp((z-lmax)(~r - ~"~-

-1)]} ' 

npli i! ,. i!max . 

B YpaBHeHIDDC (IO) li (IIJ rrapaMeTpH 9Lj Y~THBalOT rrepe~a~ 

aHeprHH rrpo~KTaM Heyrrpyrmc cTo~oBemrn H pac~oB: 

1 

-- x L-J d ~ Lnt 1 ~ 5 d<T· . 
tj -er, ~ x.; 

0 

1 

ad= _i_f xs dr,_j dx. 
iJ Lj rt ~ cix 1 

0 

(I2) 

dOj__j/ dx H dfi.-j/ d)I( -~@lepem.~IDMbHOe ceqemre Heynpyroro 

B3aHMonelicTBHR li BepOi!THOCTb pac~a c o6pa30BaHHeM tfaCTHI.l,bl J 

c ~o~ett aHeprHH x = Ej / Ei • 

C~e~eT OTMeTHTb, tITo B 'IJleHH, BXO.n;RlIIHe B (IO) H (II) , 11 

y~T.blBa.Klllli.8 ITOT8Pli ~aCTHU li3-3a Heyrrpyrmc CTO~HOBemrl1, .zvm 

y~eTa qacT.11u rroc~e~rcwrx noKo~emrn BBe~eHH rrpo6erli Ha rrorJion1e­

H.11e L , rrpeBocxo~mvrx rrpo6erH B3aHMo~eficTBHR (o6ocHOBaHHe rro­

n;o6Holi rrpoue~p!l MOlKHO HattTli ' Harrp., B [3] ) • 0TM8THM TarOKe 

'!TO .JJ;J1R ITOJIYtfeHHR rrpocT!:DC ~Tlitfecrurx pememrl1 rrpe~rro~~~ocn, 

tfTO rrpo6erli He 3aBHCRT OT 3Heprlili (aTa 3aBHCHMOCTb Otf8Hb c~ao:ui­

-JioraplitlJMli~eCKaR li OHa Y~THBaeTCR ITyTeM ITO~CTaHOBKH B OROH­

qaTe~HHX WoPMYJia.X), ~To B pa.MKax rrpHHRTIDC snecn rrp:ir6JIIDKemru 

npe~CTa.BJIReTCil ~OCTaTOtfHO KoppeKTHHM. 

PemeHWI (IO) li (~I) CITpaBe,]J,JlliBH B 3HepreTH~8CKOM liHTep~e 

v: -1 < E < v-1 
uri Oc ( -i T B - -1 4 0 4 ) v -::::: 0,1 3 · v ~ · ·f T3B • 

o~ ' Oc 

I3 



B pac-qeTax .n;1UI ce-qeHIDJ: ilJoTOpolli,Il;eHIDJ: a,ru>OHOB KcnOJU.30BaJIHCb 

peayJibTaTH pa6oTH [2] 

<T-r-n (M6) = 0,17 fn E (r3B), (121 ) 

O'!-c (M6) ~ 4,13·1C:f3 fnE(ras), (l:fl ) 

0'1-+N (M5) ~ 0,04 enE(raB) . (lill) 

vfa (IO) H (II) HaXO,ItIDJ noTOK mIOHOB c 3Hepr:aett E > Eo Ha 

r .ny6liHe ~o 

:1,r~Eo, !o) ::: J1(Eo)Aa [U1
,:7Eo) + t:~:~ 6'L(c-1i)1- t:~e:;)(1-exp(- ~;~-

(13) 

9 irN 9-Hst • ( Lst )"t( ( lo) ( l. \\] - Arn l Eo) 1 ~!;; exp -1:;; -exp - i..~ij 1 l 0 -" Zmox 

( i!o ){( 91s 91c ~cJt . 9sH 9MJr }( 6,. J$1" ~Eo , l.o):XJ1(Eo) An·exp -i;_. :>.~nl Eo)+ >.a-c(Eo) Bi(c-:Jt)i- AJN(Eo) 0•7 

( _l. mall(Eo)) ) !lrN 9N.ll ( l..n)"' (; f i ti[ ll4 ) Kexp\~ - f - .ArNlEo) 1;,1- -r; exp\.lrna.,.(Eo)(C;- Lt1 ~ f,15-exp(-ZmcncC E°o)" 

·x~~lt - ~" )]-~,69 · e11p(l7,.(Eo>) - y[exp((i!.-z..,"(e..))(~n - ~. ~)-1,1s]} 1 c0 >Zma•i z ..... le.)cfn~ 
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Pac'!eT!:l npoBOW!JIHCb ,n;1UI "ycpe,mi:eHHoro" cneKTpa ~cKpeTHoro 

KCTO'!HliRa. C!:f9 x-3 , no.ny'feHHoro Ha OCHOBaHIDI MHHl:lX no qe­

peHKOBCKHM TeJieCKOrra.M (B o6~CTR 3Hepr:im E1 > 1012 aB PI yc­

TaHOBKH XaBepa IlapK ( E~ ~ 1014 - 1017 aB) (cM.pPic.1) [4] : 

j ( -11( Eir )-1 -2 -1 
ll > E~) ::: 4·10 . T3B CM c . (15) 

Ha p:ac.2 npRBe~eHl:l HHTerpa.llbHl:le cneKTpl:l IlHOHOB Ha r.ny6liHe 

~TMOcqiepl:l 700 r/cM~. Ha pRCYHKa B~O, "!{TO OCHOBHOtt BRJiaJJ: B 

o6pa3oBaHHe ~ o6yCJIOBJieH npol{eCCOM qx>Topolli,Il;eHIDJ: IIHOHOB; 

BRJia,ll; B o6paao:aamm 5r npOTOHaMR. o6pa30Brull!H'tt npR BaaRMO~ett-

CTBIDIX ilJoTOHOB c aTMOCqiepottj He npeBOCXO~T 10 %. a BRJiaJJ: OT 

tJa.PMa - errie Memme. 

Ha pKc.3 npRBe~eHl:l OJKH,IJ;aeMl:le noTOKR !it -Me30HOB B Harrpa.B-

Jlemm C!:f9 x -3 Ha Tpex YPOBHRX Ha6JIKUJ:eHRtt - r. llaMJITalt 

( Co = 530 r/cM
2
). r.Aparrut ( Zo = 700 r/cM2) H Ha YPOBHe MO-

P.II ( Z!:o = 1030 r/c~). . . 

KaK B~HO H3 PKCyHKa, nOTOK IIHOHOB cymecTBeHHo aaBKCKT OT 

ypoBH.II Ha6JIKUJ:eHIDI, "!{TO o6ycJIOBJieHo TeM, "!{TO rJiy6RHa Zma11 = 
.I 

= n ma11 • J... R , Ha KOTopott npeKpalllaeTC.II polli,IJ;eHPie m' -Me30HOB ,n;1UI 

Bl:l6pammro 3Ha"t{eHIDJ: E max= ro5 TaB MeHbllle YK8.3aHHl:lX ,B9JIK"t{HH 

ypoBHe~ Ha6JIKUJ:eHK.II. IIocKOJibKY Ha Y'lE.CTKe aTMOcqiepl:l Z0 - Zmax npo­

HCXO~T JIKIIlb norJiomeHHe IlHOHOB' TO c YB9JIH"Ie.HHeM :o nOTOK nH­

OHOB ~OJVKeH 3KcnoneHI.{HaJ!bHO ~Tb (cM.ilJopMy.ny (14))~ 

Ha pHc.3 Hap.II,lly c nOTOKaMH ~ -Me30HOB npHBe~eH noTOK 

C ~9 X - 3 cor~cHo ( 15) , no KOTopoMy npoBo,nWmci, pac'!eTH. 
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Kalt BH,D;liO H3 pHCyHKa., OTHOW8Hli8 TIOTOKOB Iil'IOHOB K TIOTO~y TI8P­

BH'IH!llC ra.MMa.-KBa.HTOB B o6nacTR sHeprim: E "' 1 TsB B aaBHcHMoc­

TH OT ypOBH.ff Ha6nl0~8HHR M8H.ff8TCR B rrp8~8nax 2.10-4 
(Ha ypoBH8 

MOpR) H ,.., 5.10-3 (Ha r.lla.Ra.JJ.TaH). 

B R~8PHOM K8.CJWJ(8' HHHUIDiPOBaHHOM raMMa-RBaHTaMH' KPOM8 rni:o­

HOB 3ifxll8KTHBHO r8H8PHPYIOTCR H ~pyrH8 ~OHH ( K -M830HH, HyK­

noHH HT.~.). Ilo3TOMY c TO'IKH 3p8HHR p8rHCTpa.uHH ~8PHHX rrpo­

~KTOB sn8KTpOMa.rHHTHHX ~BH8H 6onbWOH HHT8p8C np8~CT~RIOT 

ITOTORli ~OHOB Ha ypomrn Ha6nl0~8HR.ff. 0U:8HRH ITOK8.3HBalOT' '!TO 

OTHOW8HH8 IIl'IOHOB KO BC8M a,n:poHaM B HHT8P8CY!OW8H Hae o6~CTR 

3H8prim: COCT~8T rrpR~3RT8JlliHO 0,6. Ha pHc.4 rrpRB8~8HH 

OJKH,na8M!l8 ITOTOKH ~OHOB B HaITpa.BJI8HIDI C!j9 X-3 Ha ypoBH8 Ha6-

nl0~8HHR l 0 = 700 r/cM2 ~ pa3HHX 3Ha"tf8~ B8pXH8ro rrp8~8na 
3H8J>I'ID'I ra.MMa-KBaHTOB B CIT8KTP8 TI8pBH"tfHOrO H3Jiy"tf8HRR (cM.qiDp-

MYnY ( 5) ) : 1) Ema><= 105 TsB H 2) Emax= 10
4 

TsB. TaM 

~8 npHB8~8H H30Tporr~ ITOTOK ~OHOB, . H3M8p8~ Ha r.Aparau: 

B o6na c TH 3H8prim: ~o E "' IO TsB H 3KCTpano~po:Ba.Illilrt1 B o6~c­

Tn BHCOKRX 3H8prHH ITO 3aKOHY ,.., E 1 • 65 [3] • 

4. 06pa.30BaHH8 BHCOK0 3H8PrH"tfHHX MIOOHOB B 

~ -JllffiH.ffX 

I 

Borrpoc o6pa.30Ba.HHR BHCOK03H8PI'H'!HHX MIOOHOB B If -JllffiH.ffX 

paccMa.TpHBanCR rro~po6HO B pa.60T8 [2] • K COJKa.Jl8HHIO, "tfHCn8HHH8 

paC'!8TH, npRB8~8HHH8 B 3TOH pa60T8, ITOJJY"tf8HH ~ KOHKP8THoro 

CIT8KTpa ra.MMa-H3JIY"tf8HHR OT Cy9 x-3 c HCTIOJlli30BaHH8M C81:f8~ 

polK,D;8HHR MIOOHOB , C0~8Pll\'.B.lllH8 npH CBepxycKOPHT~HliX 3H8prHSIX 

16 

I 

t~ f 

l 

' tio-. 

3Ha"tfl'!TMbHH8 H80Tip8~8neHHOCTH •• 3~8Cb MH XOTHM TIOJiy"tfHTb 6one8 o6-

lllH8 aHanHTH"tf8CKH8 BHpa;it8HHR, IT03BOMl<IIUie aJiaJUI3HpOBa.Tb BJl1HI­

HH8 pa.3HHX (paKTopoB Ha ~OpMHpoBaJIH8 TIOTOKOB BHCOK03H8prH"IlillX 

MIOOHOB B raMMa.-JllffiH.ffX. OCHOBHHMH rrpou:eccaMH oCpa30BallliR MIOOHOE 

B ra.MMa-JllffiHRX REMIOTCR (2) : qiDTOpolK,D;8HH8 H rrocn8~KlllIDi pac­

na,n: '.Tl', K -M830HOB, IIPffM08 pol¥.."'(8HH8 }'+JI- nap ~ -KBaHTaMH 

H qiDTOpoJK.IJ;8HH8 H rrocn8~Kl!UiH pacrra,n: "tfaCTHIJ: c TRlK8nHMH KBapKa­

MH. c Y"tf8TOM 3THX . TIPOU:8CCOB, ypa.BH8HR8, OIIRCtma.Kll.\88 o6paaona­

HH8 MIOOHOB B aTMOC~8p8, 3aIII'ICHBa8TCR B BH,n8 

-d.I>'(EJ1,l) _ I,.(Eµ,i!.) 

d~ - Al' (EJI) 

+ r 131'( EJJ: 1 C.) 

l /\'l'(En) 

E~1nce,,., 

d 
PirJ' (E3r1Ep)d.E% + 

00 

+ ~ Ic (Ec,i!.) 
/\c (Ee) 

EC inc E ,., 

d 00 

PCJ'(Ec,E)')dEc+ r r, (Er,?) 1 Ari' 
e;i•ce1) 

r~8 /l.J'(Ep)= E,.~11 ~; 
-t 

~I' ~ 1raB 

int 
P1.I' (Er,e,.)dEi, 

(16) 

Il8pBHli 'l.JleH B rrpaBOH "tfaCTH ypaBH8HHR y"tfHTHBa8T pacrra,n: ~.1100-

HOB. Il03TOMY rrpH paccMOTp8HIDI BHCOK03H8prH'fHHX ( ~ 1 TsB) 

MIOOHOB MOlKHO np8H86peqb 3THM 'l.JleHOM. B p83YJlliTaT8 ~ ,WlqJp8p8H­

.WMbHOro CII8KTpa MIOOHOB Ha rJiy6HHe i! • p8WM ( I6) ' HMeeM 

IJC(E,.,i!.)::::I~(E.1'){11~ ~~ax+ 1~~ ~cpB?.(C~J')~~ax)+Ia-lEp) i~"'E.1'9Jr}' 11 

(17) 

,['(9rx + 9!1'c a Bi(c-31")+ 9a-N 0 )(en ~~a~_ ~·expf- clma~)~-
;,.rn .Arc dc'l },rJI dH• L.s i!.3ma• \ L.ir f 
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9rN ~N~ ( 1 _ Ln f (-¥-.exp(- i!~a")---¥-·exp(- e~ax)\1 1 l~"" ~ L.fi 1 .A~N LH C.mox Ln 2:mai< LH ~J 

I Z 
r,IJ;e l.max = Zmax(2Ep); Zmax = lmax(6Ef'); 

3 
lmax"' .C.max(l,61Er) 

3To B!lpaJKeHHe cnpa.Be,nmrno B o6JiacTH sHeprmr l TsB-' El'~ 

,?.,5·103 TaB, np11qeM orpaH~eHHe cBepxy o6ycJioBJieHo TeM,~O 
3 

npH 3TIDC 3Hep!'RHX l.ma)( ..., L.jf . 

Ha pHc.5 npHBe,IJ;eH!l IlOTORH MKJOHOB, o6yCJIOBJieHH!le pa3Jll!~llMH 

npon;ecca.MK o6pasoBaHIDI: npSIMoe polK,Il;emrn MOOHH!lX nap (KpHBM 2); 

poimeHHe qepea pacna,u; rrn:oHOB (KpHBa.R: 3) H polK,Il;eHHe qepea pac­

na,u; oqapoBaHH!lX 118.CTHD; (KpHBa.II 4). 

CJie,IzyeT OTMeTHTb, qTO B OTJIH'lHe OT nepBHX .IJ;BYX npon;eccOB 

p<>a,I(eHHe MllOHOB qepea pacna,u; qapMa co.D;epJKHT 6oJ!bruyD Heonpe.D;e­

JieHHoCTb. B i:m.cTHOCTH KPHBaR 3 cooTBeTc~yeT ceqeHHD polK,Il;e:fIHSI 

qapMa (c 6peH'OOirOM ,.,, 0,1) (fa:: 4,13 • ro-3 en E (rsB) Mel, xo­

TR B JtF[TepaType OClCylK,Il;aeTCR ceqeHHe HaMHOro 60Jlbme (.IJ;O qaKTO­

pa 20). Il03TOMY Ha pHc.b Mil npHBO.D;HM Ta.Kllte IlOTOK MllOHOB c yqe­

TOM pacITa.IJ;a 118.pMa c .IJ;PYrHM cetieHH.eM (KpHBaR 5). 

Ha pHc.5 cJie,IzyeT, qTo npn oJKH.na,eMOM ceqeHmr polK,Il;eHHR qapMa 

OCHOBHon B:KJla,Jl; B o6pa30BaHHli MKJOHOB c E~~ 3 TaB o6yCJIOBJieH 

npRM!lM polK,Il;eHHeM ,µ+ }'- nap; ;no sHeprmr Ep..., J TaB ;n;oMmmpym 

MOOH!l OT pacITa.IJ;a !iI -MeaoHOB. TaRHM o6paaoM, MKJO.:'il c ~meprnen 

EJI < ~ TsB HecyT HHqiopM2.I.'QtiD o qioTopolK,Il;e:mm: !ii -Me30HOB; B 06-

JiaCTli Ep > :; ·.::aB a Ta ~PMan;HR "TepneTcn" 11a-aa npnMoro polK,Il;e­

HHR,.. +,..- nap, XOTR ce:qe.HHe qioTopolK,Il;eHHR IIBOHOB rro-npelltHeMy oc-
' 

I8 

TaeTcR B!lllle ceqeHHR polK,ll;eHHR nap. 3To 06Mc1meTcR TeM, qTo 

rrn:oH!l c E..rr» l TsB He ycneBa.TOT pacITa.IJ;aTbCR .!(O Heyrrpyrnx CTOJI­

KHOBe~.B TO JKe BpeMR,eCJIH ceqeHHe polK,Il;eHHR '18.pMa ,!(OCTaTO~O 

6oJinmoe,To B o6JiaCTli oqeHb B!lCOKIDC sHeprHtt 3TOT KaHaJI polK.!(eHHR 

MOOHOB MOJKeT ~OHKYPliPOBaTb c rr~ueccoM Il~Moro polK.!(eHHR }I+ }J-

' nap. IlpH 3TOM B~ MKJOHOB OT tiapMa 6y;n;eT rrpeBOCXO.D;HTb B'KJ!a.IJ; 

MKJOHOB OT 'Jr -M.e30HOB ( HeCMOTpi! Ha TO, qTo Ce'lferme pOJK,!(eHJrn 

'!apMa ocTaeTcR Mem.me ce'!emm polK,ll;eHHR ar -MeaoHoB) na-sa Ma­

Jioro BpeMeHH l!tl'I3HH oqapoBaHH!DC '18.CTH[( ( ""ro-l3 C ). B CBR3li 

c 3~HM, IlO.IJ;'!epKHeM eme paa, '!TO Ut -Me30H!l BO Bcex 3HepreTH­

qecKHX ,IJ;HanaaoHax HecyT HHqiopMa.UHD TOJ!bKO 0 ceqeHHH 1>oTOpOlK,Il;e­

HHfl IIHOHOB. 

ITocKOJ!bKy B o6JiacT:a sHeprID!: EJ' > l TaB HHqiopMa.IUUI o JU:ep­

HOM B3aHMO,IJ;ettcTBIDI raMMa-KBa.HTOB "MaCKHpyeTCR" B~OM rrpouec­

ca npSIM'oro oopaaoBaHWI MKJOHOB, cetieHHe KOToporo c 6oJinmon Toq­

HOCTbD B~CJtR:eTCR B paMKax KBaHTOBOtt 9JI8KTpO.D;HHaMHKH, TO JKe­

JiaTeJ!bHO 6!lJIO 6!l ocBoOo.IJ;HTbCR OT sToro "tf?<>Ha" (cM.HIDKe). B 

9TOM CJiy"<Jae MOJKHO O!lJIO 6!l CYlU!Tb 0 rrpoueccax tf?<>TopolK.!(eHHR m -
-Me30HOB H 'ffi.pMa IIPH CBepxyCKOPHTeJibHblX 3Heprrurx. 3To Bli,IU{O 

H3 pnc.6, r;n;e npHBe;n;eH!l IlOTOKH MOOHOB, o6pa30BaHH!lX B peayJibTa­

Te 3THX ,IJ;Byx npoueccoB .IJ;JIR pa3HllX rrpe;n;noJioJKe~ O' Ce'!emrn qioTo­

polK,Il;eHHR 'lapMa. Ha 3TOM JKe pHCyHKe Il0Ka38.H IlOTOK aTMOCQiepu MIO­

OHOB, o6paayeMblX rrpH B3aHMO.IJ;ettCTBIDDC npoTOHHO-JU:epHoro l<O~mo­

HeHTa KOCMHqecKHX Jiyqett ( KJI). 

l1crrOJ!b3YR B!l'!HCJieHHR JLa.pa [5] • .IJ;JIR liHTeHCHBHOCTH BllCOKO­
P-1 -1 

sHeprn'!HllX MOOHOB c Er > P+ 1 i" , o6pasoBaHHIDC B aTMoe<Pepe, 
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MOJKHO IlOJiy'IJIITn CJ18.JJ;YI00188 rrpocToe BHpalKeHHe 

ja.t( E)== f< E-P [~(f-( rn11_rP)+~(1 -(~)-P)] (IS) 
I' > P(P+1) ~51 mp/ I il'K mp 1 

r,I:(e Cri = 0, 29; CK = 0, OI03; Ko::i@m:o;HeHm k K p xapaRTepK-

3YIOT cneRTP IrepBK'!HOro KOCMK'I8CROro :11:3J1y'IeHIDI: 

IN (E) = f< E-P. (I9) 

B3R:B JJ.JJR crreRTpa rrepBK'IHHX KOCMK'IeCKIDC ~'IeH B o6JiaCTH 3Hep­

rKK E < I015 3.8, ,I:(aKI11eH OCHOBHOM BMa.l( B o6pa30BaHKe MIOOHOB 

d:7N _ ( E )-211:1:0,03 ~ _1 IN(E)=dE - (f,6 ±0,2) r38 (cM·c·cp.r3B), 

no~-qaeM 

Qt ( E y 2•7 2 I I j}' (>E) ~5,5 ~) CM- ·C- ·Cp-. 
l20) 

Ha pHc.7 rrpKBe,I:(e~ OTHOrne:mur OJKK,I:(ae~x IlOTOKOB a.l(pOHOB K 

MIOOHOB B Ha.Ilpa:BJ18HHH Cy9 X-3 I< ITOTOI<y rrepBH'IHOrO raMMa-K3JIY­

'I8HH.ff (15) rrpK TOH JKe ::iHeprKK • .Il.Jm cpa:aHe:mur rrpKBe.l(eHH TaRJK~ 

OTHOlleHIDI ITOTOKOB a,I:(pOHOB H MIOOHOB, o6yCJio~eHHHX B3aKMO.l(elcT­

BIDIMK .K.Jl, B TOM JKe HanpaBJieHKK B T8J18CHOM yrJie ASl.,.., ro-3 , 

COOTB8TCTBYKlll8M yrJIOBOMY pasperneHKKJ anrrapaTypH Se ,.., r0 • 113 

pKcyHKa BK.l(HO, 'ITO rrpH ::iHeprKRX B HecKOJinKO rHra::iJieKTPOHBOJlbT 

IlOTOK a.l(pOHOB npKMepHO Ha rropR.l(OK 60J1nille ITOTOKa MIOOHOB. OueHHM 

OlKK,I:(aeMOe KOJIK'I8CTBO a.l(pOHHHX C06HTKH, HHKUID'IPO~ ra.MMa­

-KBaHTaMK OT Cyg X-3 , Ha a,I:(pOHHOM KaJIOPHMeTpe c ::i@leRTHBHO~ 

lJIOllia,iu,to s aa ro.l( Ha6JI~eHKii: 
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Nh (En~ I T3B) '.:::: 30(5/f0 3
M

2)(t/feog). (2I) 

Ha.npKMep, JJ.JJR co3.l(aBaeMoro B paMRaX 3RcrrepKMeHTa AH11 a.l(­

poHHoro RaJIOPHMeTpa c I!JIOnia,n:nKJ s = I60U M2 ITOJIY'IHM, qTO JJ.JJR 

)8aJibHOro BpeMeHH Ha6JIIO.U8HIDI C!:Jg x-3 ( orrpe.l(eJIHeMoro ITOITa,I:(aHK-

3M HCTO'IHHKa B yroJI o6aopa RaJIOpHMeTpa H COCTaBJIHKIUero "'0 '3 

ro.l(~ 

Nh (Eh~ 1TaB) :::: 15. 

B rrpHHo;Hrre 3Ty CTaTHCTHRY MOJKHO C'IHTaTn y.l(OBJ18TBOpHT8JlnHOH 

:c TO'IRH apeHIDI rrpoBepKH Ce'!eHIDI cpoTOpOlK.l(emm 5l -Me30HOB npM: 

~BepxycROpHT8Jln~ 3Heprrurx), HO J1Hllb npH yCJIOBKK ITO,I:(aBJieIDUI 

ifJoHaOT KJI.A KM8HHO, JJ.JJR Toro, 'IT06H BH,I:(eJIHTn 3TH co6HTH.ff Ha,!:( 

\IJOHOM, rrpeBocxo,wnneM rrpKMepHo Ha .l(Ba nopR.l(Ka, Ha ypoBHe ,.,5 <r 

He06XO.l(KMa ::i@leKTHBHOCTn ITO,I:(aBJleHH.R: cpoHa npKMepHO Ha ITOpH,ll;OK. 

IlpH 3HeprIDix rrepBH'IHHX 'IacTHU E ? 100 TaB (HMeHHO sTa o6JiacT! 
-l 

aneprHH JKeCTRoro crreRTpa rrepBH'IHHX ra.MMa-RBaHTOB j~l>E~)~ E~ 

,I:(aeT OCHOBHOM BMa,I:( B o6pa30BaHKK BTOPK'IHHX a,I:(pOHOB H MIOOHOB c 

E > I T::iB) Ra.H6oJiee ~M HH;J;HKaTOpoM JIHBHeli sJieI<TpoMarHHTHO-· 

ro rrpOHCXOJK,UeHIDI RBJllleTCR CO.l(epJKaIDre MIOOHOB MaJ1HX 3Hepr:ID1. KpH­

Tepmr OT60pa JIHBHeli no MIOOH06e,I:(HOCTH MOJKeT 6HTn a@leKTHBHO HC­

Il0Jln30Ba.H B ROMilJleRce AH11 6Jiaro,I:(apiI BMIO'IeHKKJ B "MacTep" c 

KaJIOPHMeTpOM ITO,I:(38MHOro Co;HHTHJlJiffo;HOHHOro KOBpa MIOOHHHX ,I:(eTe­

KTOpOB, c o6meli ITJIOnia,n:nKl ,.,, 300 M~ pacnOJioJKeHHHX IlO,I:( KaJIOpK­

MeTpOM (6] • 

PerHCTPauID1 MtooHOB BHCORIDC ::iHepr:IDl ( E ~ 1 TaB) npe.l(CTaBJIH­

eTrur HeCpaBHeHHO 60J1ee CJIOJKHOH 3a,I:(a'Ie~ KaR H3-3a Ma.110ro IlOTOKa 
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tHa IlOpSI,I(OK Melil>we, qeM IlOTOK a,Iij)OHOB), TaK H H3-3a 60~bWOro 

cf:xlHa (npeBOCXOWI111ero Ha TPH nopR,D;Ka) rrpH 3Heprrunc B HeCKO.Ju.KO 

I'K!'aa~eKTpoHBO.Ju.T • .lLIDI no,ua.BJiemm cJ;xlHa OT .KJI npK perKcT~ 

MOOHOB OT ra.MMa-KBaHTOB Blil'O.n;HO KCC~e.n;OBaTb OMacTb 3HeprIDI 

MOOHOB Bblllle IO TaB, T.e. Ha c5om.nm:x r.nyc5:1rnax. Ho ec~ p -Me­

soHH, reHepKpyeMHe B_aTMocwepe ra.MMa-KBaHTa.Ml'I OT .n;KcKpeTHoro 

KCTO"!HKKa., perKcTpHpyKlTCR B no.n;seMHHX YCTaHOBKaX, TO KpOMe cf:xl­

Ha aTMOCWSPH!:lX MIOOHOB KMeeT MeCTO TaKJKe qxJH, CBR3aHHbd!: c po~­

.n;eHHeM }'-Me30HOB npH B3aKMO,D;eHCTBIDIX HefiTp.IDio (npeKMYmecT­

BeHHO OT Toro ~e.KCTO~) c rpyHTOM, HaXOWIII1KMCR Ha.n; MIOOHHHM 

.n:eTeKTOpoM. 

.IT.w! Toro, qT06H oueHKTb IlOTOK MKlOHOB OT HefiTpHHO, HCIIyCru:L!D-

111HX .H3 HCTO~ ra.MMa-KBaHTOB, npe.n;no~o~. qTo cneKTP qxJTO­

HOB H HeHTPHHO H,IJ;eHTH'IHl:l, T.e. 

Iv(E.,,) = <EIK(Elf)· (22) 

B .n;a.:nnHeHweM ~ npocTOTH c5y.n;eM npe.n;no.na.raTb re = I. Oc5cy~­

.n;eHHe 0 B03MO~ 3HaqeHHRX re IIpOBO,ll;HTCR B pac5oTe (7], 

Ha pKc~8 rrpKBe.n;eHH pacqeTHHe IlOTOKK MKlOHOB reHepKpyeMHX ra.M-

Ma-KBaHTaMK B aTMocwape (KpKBaR I) 'J~ , HeilTpHHo B _rpyHTe 

(KpHBM 2) j~ ' a TaroRe IlOTOK MKlOHOB, o6yMOBJieHHbd!: B3aKMO­

.n;elicTBRFIMli KJI c aTMocqiepon (I<pHBaR 3) :i;t , Ha pa3.1IK'IHl:lx r~y­
c5HHax B e~ Bo.n;Horo aKB~eHTa. Ha pxcyHKe yKa.3aHH r~y­

c5HHH pa3JIK'lllllX .n;eTeRTOpoB B c.nyqae BepTKRaJibHOro IlOna,namuI lffi.C­

THU. KaR mI,ltHO 1!3 pHCYHRa c YBeJmqeIDieM r~OKH!i p~3KO :Bospac-

22 

TaeT OTHOWeHHe :ii I :i"t 
fl I' , o.n;HaKo npH c5om.WIDC r~yc5HHax pea-

RO na,n:aeT TaKl!te IlOTOR MIOOHOB OT ra.MMa-KBaHTOB, qTQ npHBO.n;HT K 

~eCTROMY Tpec50BaHHIO c5~blllHX IIJlOllla.n:eH MIOOHHHX .n;eTeKTOpOB. Eo­
~ee Toro, Ha~HaR co sHaqemrll: r.nyc5HH R <> 104 M B.3., .n;oMHHH­

PYICII1HM CTaHOBHTCR B~a,n: OT HeHTpHHo, conpoBo~a!OOWlx rrepBH'UIIDC 

ra.MMa-KBaHTOB, Il03TOMY, oqeBH.n;HO, cymecTByeT HHTepBa.:TI r.nyc5HH, 

~ KOTOPHX perHCTpa~ MrooHOB OT raMMa-KBaHTOB RBJI.IIeTCR OIITH­

MaJil>HOH, OnTHMaJibHaR r.nyc5HHa onpe.n;eJIJieTCR .n:BYMR Tpec5o:BaHIDIMH: 

I) .n;ocTaTOqffOH cTaTKCTKKOH coc5HTHH (Hanp., N >IO); 2) Tpec5o­

BaHHeM BH,D;e~eHKR " If -co6HTHH" Ha 3a,n:aHHOM ypoBHe 3Ha~OCTH, 

Ha.IIPKMep 5 er \ rro.n;poc5Hee CM. ( 7] ) • Ha pzc. 9 npHBe.n;eHH 3Ha qe­

HIDi Be.JllP.IlIB!l s. t ( 5 -a@leKTHBHaR IL710ma,n:b, t -BpeMR perHCT­

pa.u;rrK), BHTeKa.Kl!l•Ke zs 3THX .n:BYX Tpec5oBa.HHR. OMaCTb, ~eJKa.1118JI 

BHIIle KpHBOH I' COOTBeTCTByeT Tpe60BaHHIO Cl!rHa.:TI/nryM _~ N: /liif>5 ' 
K . 

a 06.nacTb Bmne KPHBOil 2 - Np >IO. 0TMeTHM, qTo KpHBHe I H 2 

HKKor.n;a He nepeceRaIOTCR, .n;~e npK oqeHb oom.IIll'DC r~y6HHax, qTo 

oqeBH.n;HO oc5yMoB~eHo ROHKYPHPYICII1HM K8.H8JIOM reHe~ }' -Me-

30HOB B rpyHTe OT nepBHqHHX HeilTpHHO. IToaTOMY TpeoyeMoe 3Haqe­

HHe Be~~ S·t 0npe.n;eMeTCR Jll'llllb yMOBHeM 2)' B .IJ:aHHOM c.ny­

qae ~Kl!IKMCif 6o~ee ~ecTKHM. 

Orre:'11M Tenepb HeOOXO.n;HMOe 3HaqeHHe S·t ~ MY'!all C03.n;aBae­

MOfi ycTaHOBKoli ,IL!ffiWI.U ( R~ 4,5 • 103 MB.a. - cM,pHc.2 , s = 

= 250 x 250 M ) [8] • 0TMeTHM, qTo B c.nyqae BepTima.IIl>HHX MlOO­

HOB r.nyc5HHa R = 4,5 • 103 MB.a. coo'rBeTCTByeT aHeprHH 5 TsB. 
/ 

;,fa pHCYHKa BH.n;HO' qTQ B c.nyqae perHCT_pa.nm M!OOHOB, rrpoXO.D;fili{UJC 

B IDITepBa.:Tie yr~OB 0 = :t450 , S·t ~ IOI9 CM2c 1 OTKy.n;a Me.n:yeT, 
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"ITO rmcToe Bpe!Wi HaOJilO,n;cffirlt (1wr.n;a lICTO'lHHit rrona.n;aeT B yroJI 

0030pa .n;eTeKTOpa) ,Il;OJDKHO COCTa.BJUITn 

t ~ 500 JieT 

0Tc!QI(a MOlKHO .n;eJiaTn Bl:lBO,Il;, "ITO per11cTpal\IDI raMMa-KBal-ITOB 

CBepXBIICOKlIX :rneprlrll: - rrp>.:MeHl1T8JlbHO K YCTaHOB!te ,IJ,KJvlA.U 11 T8M 

6oJiee .n;pyrlIX rJIY601wseMH1IX .n;eTeKTopoB ne ffilJIBeTCR ::i<pI>eKTHBHOH. 

MeTo.n; per11cTpaI.J;l1l1 raMMa-KBa.HTOB OT JIOKaJinHHX l1CTO"IH11KOB c rro­

MOlIU>to rJiyOOKOBO,Il;HIIX ycTa.HOBOK, rrpe,n;JIOlK8HHuH B pa.OoTe [ 9 J ' MO­

lKST OKa3aTnCR OTHOCl1T8JlnHO rrp11eMJieM1IM Jil1IIlli B CJIYtfa.8 YCTaHOBOK, 

pacnoJioJReHHIDC He O"leHn rJiyOOKO ( - IOO M) 11 B TO JRe Bpe!Wi oo­

Jia.n;aKll1IDC OOJinWOH IIJIOUlf;lJU,lO ( ~ I05 ~) , HaIIplIMep yCT8HOBKa 

"EAflKAJI") [IO] • TeM He MeHee OTMeTl1M' "ITO .n;alKe B 3TOM CJIYtffi.8 

BPR.n; Jil1 MOJReT OllTn .n;ocT11rHyTa "IJBCTBlITeJlbHOCTn cy~ecTBY!OU\11X 11 

TeM OOJiee rurrumpyeMHX Ha3eMHI:IX ycTa.HOBOK ITO perl1CTpaI.J;l1l1 raMMa­

-KBaHTOB CBepXBUCOKlIX 3Heprlrll:. 
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TIOJ]Jll1CM K Pl1CYHKAM 

Pxc. I CneRTP ra.MMa-RBaHTOB cBepxBHCORKX :rneprIDi OT Cyg x- 3 • 

Pi.i:c.2 ~aeMH8 ITOTORK ~ - M830HOB B Hanpa.B.JJ.eIDrn C1:19 X-3. 
-11 I _, -2 -1 

CneRTP ra.MMa-RBaHToB :1i(>Ei)= 4. IO ( E 1TaB) cM c 

npK E' Emall; J~(>E~) = 0 npK E >Ema)(; Emqx= I05 TaB . 

YpoBeH.b na6JI!O,ll;8HIDI l 0 = 700 r/cM
2

• 

PKc .3 Ol!llinaeMHe rroTORK ITKOHOB Ha pa3HHX YVOBWDC .Ha6Jirone!llJI, 

TiyHRTHpOM o 6osHa'feH ITOTOK rrepBH'fHOro raMMa-K3~'f8illtfI 

OT Cy9 X-3 • 

P:11:9 .4 TioToRK ~OHOB B HaIIpa.B.JJ.eHKK Cyg X-3 Ha ypoBHe Ha6Jiro­

neHWI l 0 = 700 r/cM
2 

,nJI.Ff p a sHl:lx 3Ha.'feRIDi TO'fRK K3JIOMa 

B CIT8RTpe qJoTOHOB OT CygX-3 • lliTpKX-ITOTOR ~OHoB; 

K3MepeHHIDt Ha r.Apara.u ( l 0 = 700 r/cM
2

) npK Eh"'IO TaB 

H 3RCTpano~pOBaHHHH B o6JiaCT1> BHCORKX 3HeprID1: (60=1°) 

PKc.5 IIOTORK }J - M830HOB OT raMMa-RBaHTOB OT Cyg x-3 ,o6yCJ!OB­

JieHHl:le pa3JIK'fHHMK rrpoueccaMK. 

PKc.tn IIoToKK }J -MesoHoB OT raMMa-RBaHTOB OT Cyg X-3 ,06yCJioB­

.11eHHHe npoueccaMK ~-ri-f H ~-c-p .IJ:JLSI nBYX 3Ha'felid: 

ce'feHKR i-c , S-ienchi.n~ = O,I. IIpKBeneH qJoH f' -Me-

30HOB OT B3aKMOneHCTBKH KJI c aTMOc!f>epott ( 5e::: f0
) • 

Plic, 7_ 0THOlll8H:l'Iff ITOTOROB :f}'(>E) K Jh(>E) R ITOTORy j~ (>E) 

npK TOH JK8 3HeprKK. IIpKBeneHl:l Ta.RJKe OTHOlll8HKR jt ( > E)/ 

~~(>E) K Jt(:>E)/:1~(>E), (56=1°) . 

PKc. 8 . 3a.BKC>tMOCT1> ITOTORa. MOOHOB .B \ HanpaB.118HID'I Cyg X-3 OT raM­

Ma.-RBaHTOB (RpKBaJI I), H8HTpKHO (RpKBa.H 2 ) KOT B3aHMO­

neHCTBID1: KJI c aTMOC!}?epoil (RpKBM 3) OT rJ!y6KHH (60 =I0 ) 

30 

Ha ocx a6crnrcc yKa.3aHH MecTonoJ!oJKeH::Wi ~eTeKTopoB I MB, 

MJlCR01 .DUM.AND. 

PHc. 9 3a.BxcHMOCT1> BeJllI'mH!i s ·t OT r~6HHl:l ,nJI.Ff yCJioBd: a) cxr-N! . ~ 
Ha.n/myM - r.:., = 5 (Kpl!BM I), 6) N,. = IO (KpKBaJI 2). 

•N,..; . 
illTp:e:xoBa.H o6~cT:i:, onpeneJIReT nonycTKMHe 3Ha'feHK.f! Be~-

'!KHH S·t , YnOBJleTBOpi!KJl!Ke 3TKM yCJ!OBW{M. Ha OCH a6CUHCu 

yRa.3a.HH 3Ha.'feHK.f! KOJ!K"IeCTBa. Be~ecTBa H~ ~eTeKTOpa.tvm 

IMB , M.ACRO K DUMRND no~ pa3Hh!MH seHKTHl:lMK yr~-

MH. 

• 
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