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osmM.1 XAP AKTEPHCTMKA p AEOTbI 

AxTyanLHOCTL pa6oTLI. MccJieJlo~aHHe npoueccoB, npoHcxollJimHx B HCTo'IHHKax Koc­

MH'leCKHX nyqeii (KJ-0; ranaKTH'leCKHX H BHeranaKTH'leCKHX ycKopHTeJIJIX peJIJITHBHCTCKHX 

'!aCTHU, TaKHX KaK nym.caphI, ceepXHOBble, aKTHBHhie ranaKTHKH ii llp., HMeeT 6om>moe :ma­

'leHHe, UOCKOJILKY KaK 3KCTpeMaJibHble cliH3H'leCKHe ycJIOBHJI, KOTOphie ,ll;OCTHraIOTCJI B 3THX 

o6'beKTax; (nJIOTHOCTH 3ReprHH 3JieKTpoMarHHTHhIX H rpaBHTal[HOHHLIX noneii, TeIIJIOBOH H 

peJIJITHBHCTCKOii: IIJia3MhI, H T.JJ:.), TRK H orpoMHble npocTpaHCTBeHHO-BpeMeHHble Macnrra6hI, 

npH KOTOpbIX TOJibKO H B03MOlKHO ycKopeHHe' qacTHU ll.0 CBepXBhICOKHX 3HeprHH, JIBJIJIIOTCJI 

npHHUHIIHa.rtLHO He.D:OCTHlKHMhIMH B na6opaTopHhIX ycnoBHJIX. llpaKTH'lecKH el(HHCTBeHHoii: 

B03MOlKHOCTbIO UOJIY'lemu Henocpe,nCTBeHHOii: HHcliopMallHH 0 npoHCXOJJ:llmHx B 3THX OO'beK­

Tax npoueccax JIBJIJieTCJI perHCTparurn 3JieKTpH'leCKH Heii:Tpa.rtbHOro H3Jly'leHHJI, UOCKOJILKY 

perHCTpallJ1lJI KJI B OKpeCTHOCTH 3eMJIH l(aeT JIHWb KOCBeHHYIO H ycpe,lllleHHYIO no HCTO'l­

HHKaM (B OCHOBHOM mi;mi. ra.rraKTH'leCKHM) HHcliopMaUHIO. B 3TOii: CBJI3H CJie,nyeT OTMeTHTb 

6oni.moii: BKJia.n.pa.nuoacTpoHoMHH, KoTopaJI JJ:aeT 1mctiopMaUHIO o CHHXpoTpOHHOM H3JlyqeHHH 

3JieKTpOHHoii: KOMnoHeHTbI 11enocpe.ncTBeHHo e llCTO'IHHKax KJI. OllHaKo, aa116onee uemzyzo 

HHcJ>opMau1110 o npo11cxollJIIIlRX B HCTO'IHHKRX KJI. npoueccax, aepoJITHo, CJieJJ:YeT OJKHllaTi. 

H3 o6naCTH raMMa-acTpOHOMHH, c pa.3BHTHeM KOTopoii: CBJI3aHbl OCHOBHble Ha,ll;elKllhl Ha Heno­

cpe,ll;CTBeHHOe 30H,ll;Hp0Bal1He HCTO'IHHKOB KJI ( OTMeTHM HeJla.BHHe BIIe'laTJIJIIOIUHe llOCTHJKe­

HHJI cnyTHHKa-06cepBaTop11:11 Compton GRO). 

B RacToJimee BpeMJI B pMJIH'IHhIX JJ:HaIIMOHax snexTpoMarHHTHoro H3JIY'leHHJI HaKonneH 

3Ha'IHTeJibHbiii: o6'beM 3KCIIepHMeHTa.rtbHbIX llaHHhIX, IIpllMO JIH6o KOCBeHHO CBH.lleTeJibCTBY­

IOIUHX o6 scticJ>eKTHBHOM ycxopeHHH peJIJITHBHCTCKHX 'laCTHU B pa3JIH'IHbIX ra.rtaKTH'leCKHX 

H BHeranaKTH'leCKHX o6'beKTax. TaK, 11ccJiellOBRHHJI 6oni.m11:x Bhl6opoK JIJlep aKTHBHhIX ra­

JiaKTHK II: KBMapoB (llanee - 5.IAr) BblllBHJIH cymecTBeHHYIO KoppenJIUliiIO CBeTHMOCTeii: 3THX 

HCTO'IHHKOB OT pa.nHo llO peHTreHOBCKoro JJ:HaIIMOHOB, '!TO CBHlleTeJibCTByeT He TOJtbKO 0 eD,H­

HOM nepBOHCTO'IHHKe 31)'.eprHH, HO H nemen.n;o60M (T.e. He CBJI3aHHOM c TellJIOBoii: UJia3Moii:) 

MexaHH3Me reHepanu:H 3JieKTpOMarHHTHOro H3JIY'leHHJI. IlpJIMbIM CBHlleTeJibCTBOM pemITH­

BHCTCKHX 'laCTHU B 3THX 061:.eKTaX JlBHJIOCb Ha6mo.n;eHHe MOmHoro -y-H3Jiy'l.eHHJI B o6JiaCTH 

BhICOKHX 3HeprHii:, E-y ~ 100 MsB, o6HapyJKeHBoe BO BTopoii: nonoBHHe 70-Mx ro,llOB cnyT­

HHKOM cos B OT KBa3apa 3C 27:J, H Hf.'JlaBHO 3aperHCTpHpOBaHHOe OT nenoro pllJla llPYrHX 

KBa3apoB D.eTeKTopoM EGRET Ha cnyTHHKe GRO. IlpH 3TOM MOIUHOCTL 3BeproBhilleJieHHll 

3THX HCTO'IHHKOB B -r-nyqax OKa3hlBeTCJI cpaBHHMOii: JIH6o ll.RlKe npeBOCXOJlHT cyMMapayzo 

MOIUHOCTh 3JieKTpoMarHHTHOro H3JiytleHHJI BO Bcex OCTaJibHbIX llHana30Hax, nocJiel(OBaTeJib­

HOe o6'bJICHeHHe 'lero OKa.3hIBaeTCJI llOCTaTO'IHO npo6JieMaTH'IHhlM. 

11HTepnpeTaUHll -y-H3Jiy'leHHJI ranaKTH'leCKHX HCTO'IHHKOB TaKJKe CBll3aHa c pa3pemeHH-
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eM 3Ha't:HTeni.HhlX npo6neM, H3 KoTopbIX OTMeTHM npeiK.ue ncero npo6neMy ycKopeHHll pe­

JillTHBHCTCKHX 'lacTHU II: CBll3aHHYIO c 3THM 06my10 npo6neMy npOllCXOlK,UeHHJI KOCMH'leCKHX 

nyqeii. Cpo6meHHll B 80-b!X ro.r1ax o per11:cTpauHH 1-113Jiy'leHHJ1 B o6nacT11 3Hepr11:ii ~ 1 T3B 

(1 T3B = 1012 3B) H ~ 1015 38 oT TaKHX ucTO'IHllKOB, KaK peHTreHOBCK:lle .unoiiable Cygnus X-

3 H Hercules X-1, Henocpe,ucTBeHHO cn11.ueTe.JibCTBOBaJIH o B03MOlKHOCTll 3<j><j>eKTl'IBHoro ycKo­

peHl'Ill_ KJI B ranaKTl'I'IecKl'IX 11cTO'IHllKax no cnepXBhlCOKl'IX 3HeprHii. B JlaJibHeiirueM, o.uHaKo, 

IIOJIBl'IriHCb cymeCTBeHHble COMHeHllJI B JJ.OCTOBepHOCTl'I 3THX CHl'HaJIOB, o6Jl3aHHbie, B 'laCT­

HOCTl'I, TaKlKe 11 Tpy.uHoCTllM TeopeT11'lecKoii 11HTepnpeTaUlll'I IIOJIY'IeHBhlX naaHblX. Cne.zzyeT 

OTMeTl'ITb, 'ITO BeKOTOpble npo6neMbl, 'faK:lle KaK npo6neMa l!ICTO'IHHKOB !'8.MMa-BcnJieCKOB, 

IIOCTaBneHHble raMMa-acTpOHOMlleH nepe.u Teop~Tl'I'leCKOH ·aCTpo<j>H31UCOi Bb!COKHX 3Heprl'Iii, 

npe,ucTaBJilllOTCll B HaCTOllIUee BpeMll npoCTO Hepa3pelll11Mb!MH. Ilpe.unaraeMble JJ.Jlll l'IHTep­

npeTaUHl'I noJiy'leHblX JJ,aHHhlX TeopeTH'leCKHe MO,UeJIH 3a'laCTYIO OKa3blB&IOTCll B COCTOllB.1!!11: 

o6'bl!CHllTb Jl.Hlllb orpaHH'leHHYI<> 'laCTb JJ.aHHblX, II: He Y'IHTb!BalOT IIOCJle,UOB&TeJlbHblM o6pa-

10M Hl'I B03H11Kal01lll'IP. 3HepreTH'leCKl'Ie npo6neMbl, HI!: B03MOl!<Hble "no60'IHLie" 3<jl<j>eKTbl (cBl!-

3aHHble, HanpHMep, c l'ICKalKeHHeM cneKTpa ')'-KBaHTOB npH HX BblXO,lle 11:3 o6JlaCTl'I reHepamrn 

Hapy»<y). 

0'1eBl'I,UHO, Tpe6yIOTCll 3Ha'lHTeJibHhJe TeopeTH'leCKHe HCCJie,UoBaHllll JJ.Jlll IIOCTpoeHHll ue­

JIOCTHOH KapTHHbl penl!THBHCTCKHX npoueccoa, npOl'ICXO.Ul!IUHX B pa.:mH'IHhlX llCTO'IHl'IKaX KOC­

MH'leCKOI'O raMMa-113ny'leHHJ1. B ,llaHHoii ,UHccepTaUHH IIpose,ueHo 0606meH11:e pa6oT, Bblnon­

HeHHbIX aBTopoM B 3TOM HanpaBJieHllH. 

OceoBHaJI UeJlb 3TllX pa6oT - Ka'leC'!'BeHHOe II KOJIH'leCTBeHHOe HCCJie,UOBaHJ!:e npoueccoB 

reuepanmt II: nepeHOCa HeTeIIJIOBoro 3JleKTpoMal'HHTHOro :113JIY'leHHl! B KOCMH'leCKllX llCTO'l­

Hl!KaX raMMa-113Jiy'leHHll, II: pa3pa6oTKa MO.Ueneii 3THX o6'beKTOB, cnoco6HhlX o6'bl!CHll:Tb, no 

B03MOlKHOCTH Ha11:6onee IIOJIHblM o6pa3oM, l!'.MelOIUHeCll Ha6n10.naTeJibHble .naHHble, a T&KlKe 

noHl!Tb, KaKy10 11:mpopMauHJO 06 HCTO'IH11Kax KJI Mo»rno OlKH.ZlaTb oT Ha6moneHHll raMMa-
• 

H3Jiy'leHl!'.ll B pa3JIH'IHhlX JJ.Hana30Hax, OT yMepeHHblX .no CBepXBblCOKHX 3Heprl!'.i!:. 

Hayqeag HOBH3Ha .u11:ccepTaUHOHHoii pa6oTbI onpe.uem1eTcJ1 TeM, 'ITO 6oni.w1111r.T110 uc­

cne,uosaHHhlX B Heii Mo.neneii reHepaUlll'I H IIepeHoca raMMa-H3JIY'leHHll 6blJIH D)>l',!VIOlKl~llhl H 

pa3pa6oTaHbl BIIepBble B pa6oTaX aBTOpa. l1MeHHo: 

- l'ICCJle,IloBaHbl cnel<TpaJibHhle xapa!(TepMCTHKH 'laCTHU, polK,Ila!OlUHXCll npH 1111yxctJOTOH­

HOH aHHl'Il'HJlllllHH U30TpoIIHOH ( e-' e+) IIJia3Mbl, a TaKlKe IIpH o6paTHOM IIJ>Olll'l'l~I' ctnl'l'Opo­

lK,lleHHH ( c' e+) nap IIpll 1' - 'Y CTOJIKHOBeHHl!Xj 

- JJ.eTaJibHO Hccne.nosaHbl 3<l><l>f$THBliOCTH l'I cneKTpanbHble xapaKTP.lll'll"l'HKH llll'IJlll'lllhlX 

MexaHH.JM~~ reHepaUHl'I ')'-H.my'leHHll B Kpa6oBHJJ.HOH TyMaHBOCTHj BblJJ.RHHyT11. 1·u1111T1"111. o 

B03MOlKHOCTH 3<j><j>eKTl'IBHOro ycm1eHl'IJI BKJia,Ila TOpM03HOro ll3JIY'IP.llHI lll'JIM'l'HllMl"l'l'KMX 'IJJllK­

TpOHOB B Kpa6oBH,U~oii TyMaHHOCTl'I B pe3yni.TaTe npoHHKHOBeHHJI H •111.1"1'H'lllOl'll y11rp11rnnuu 
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peJIJITHBHCTCKHX 3JleKTpOHOB B o6nacTllX c IIOBblllleHHOH llJIOTHOCThlO ra3a; 

- BBe,IleHO IIOHllTH«:', onpe.ueneHa CHCTeMa ypaBHeHHH, II HCCJie,UoBaHhl xapaKTepHCTHKl'I 

3JleKTpoH-<j>OTOHHoro KacKa.ua BTOporo THilll. (~~K-2), HHHUHHpyeMoro B JtJJ.pax a.KTHBHhlX ra­

JiaKTHK ~eJlllTHBHCTCKHMH HeiiTpOHaMll. 

- npe.uno)KeH l!'.TepaUHOHHhlH MeTO,Il pe~eHHll CHCTeMbl KacKa,UHhlX ypaBHeHHii, II03BOJ1ll!Ollll!'.H 

'IHCJleHHO HCCJie,IlOBaTb pa3BHTl!'.e CTaUHOHapHhlX 3JieKTpOMll.l'Hl'ITHhlX Kll.CKa,IlOB B orpOMHhlX 

.U.l!!Hll.MH'leCKHX .UHarraJOHll.X IIO IIpocTpaHCTBeHHblM H 3HepreTH'leCKilM nepeMeHHhlMj . . 
- IIpe.unolKeHa I!'. HCCJie,IloBaHa MO,IleJib 11.KKpeUHOHHOI'O IIJlll.3MeHHOI'O Typ6yneHTBOro peaKTopa 

(AilTP) a SIAr; 
- npe,zmo.lKeHa MO,IleJib "o6naKO-MllllleHb IIO.Il IIY'lKOM pe.JillTHBHCTCKHX 'laCTl'IU"' I!'. 06'bJICHe­

Hhl B paMKax 3TOH MO.IleJIH Ha K&'leCTBeHHOM H KOJIH'leCTBeHHOM ypoBHllX see OCOOeHHOCTH 

3Illl30.IlH'leCKOI'O aHOMaJibHO nyJibCHPYK>lllel'O ')'-HJJIY'leHHll, Ha6JIJO.UaeMoro OT peHTreHOBCKHX 

.UBOHablX 3Be3,Ilj 

- rrpoBe,UeHLI paC'leTbl 3JieKTpoH-<j>OTOHHOI'O KacKa.ua, pa3BHBll.!01llel'OCll OJJ.BOBpeMeHHo B Be­

lUeCTBe, B <PoTOHHOM none, B MarHHTHOM none. Mccne.uoaaHa 3BOJIJOUl!'.ll BO speMeHH cIIeKTpoB 

3JieKTpoMarHl'ITHOro H3Jiy'leHHll H3Ha'laJibHO IIJlOTHOI'O pacll1Hpll!01Ueroc11 o6JiaKa Ha pa3HhlX 

CTa,UHllX ero pa3Bl'ITl!'.ll. 

- HCCJle,IlOBaHa 3BOJIIOUHll BO BpeMeHH H MO,IlH<j>HKaUHll cneKTpOB KOCMl'I'leCKHX nyqeii: B OKpeCT­

HOCTH TO'le'IHoro HCTO'IHHKll. B pe3yJihTaTe 3aBHCllIUero OT 3HeprHH 'laCTHU .UH<j><j>y3Horo pac­

npocTpaHeHHll B MelK3Be3,IlHOH cpe.ue; 

- B pa.MKaX npeJJ.JIOlKeHHoro .IlBYXKOMIIOHeHTHOI'O IlOJlXO,Ila K HHTepIIpeTaUHI!'. CIIeKTpOB 3JieK­

TpOHOB B coCTaBe KJI Bl:IepBb!e IIO!(a3aHo, 'ITO B o6nacTH BLICOKl'IX 3Heprml ecTeCTBeHHo OlKH­

haTb aHOMaJibHO BblCOKoe (IIo cpaBHeHHIO co BKJla,IlOM Jl~lllb BTOpll'IHblX ll03HTpOHOB) OTHorue­

H~e e+ / e- + e+, ecn11: 3apll.IlOBhlii cocTaB nepBH'IHblX 3JieKTpoHoB JIOKaJibHoii: (L-) KOMIIOHeHTbl 

OTJIH'laeTcll OT cocTaBa G-KOMIIOHeHTbl. 

- JJ,eTaJibHO l'ICCJle,IlOBaHa 3BOJIIOUHJI BO BpeMeHH cneKTpaJihHhlX IIOTOKOB Bb!COK03Heprl!'.'lHOro 

ra.MMa-11:3ny'leHHll, KOTOphle MOlKHO OlKH.UaTb H3 oKpecTHOCTll JJ.llCKpeTHhlX ycKopHTeneii KJI 

B .Illlll.Ila30He OT Bb!COKHX .no CBepXBbICOKl'IX 3Hepruii. 

IlpaKTH'leCKaJI QeHHOCTb .UaHHOH .Illl:CcepTaUHOHHOH pa60Tbl 3aKJIIO'laeTCll B TOM, 'ITO 

pa3BHTble B Heii MO,IleJIH II: IIO,IlXO,Ilhl B' COCTOl!HllH o6'bl!CH:l!:Tb IIIHpOKHH Kpyr l!'.MeIOlUHXCll 

Ha6mo.naTeJlbHhlX .naHHbIX OT pa3Jill'IHbIX TllIIOB HCTO'IHHKOB KJI, II: MOryT 6blTb HCIIOJlb30-

BaHbl KaK JJ.Jlll JlaJibHeHilIHX TeopeTH'leCKHX pa3pa60TOK II: HCCJle,Il.OBaHHii: IIpOHCXO.IllllUHX B 

HHX BblCOK03Heprl'I'IHhlX IIponeccos, HeIIocpe,ucTBeHHal! H Ha1'16onee ueHHal! HHlj>OpMaUl'Ill 0 

'leM MOlKeT 6b!Tb nony'leHa HMeHHO B .u11:ana3oHe raMMa-H3Jly'leHHJI, TaK H JJ.Jlll o60CHOBaH­

Horo Bb16opa HaH6onee IIepcIIeKTHBHbIX .UJill Ha6JIIOAeHHH acTpolj>11:311:qecKux o6'beKTOB. Ta.K, 

npose.ueHHble Hccne.noBaHHll pa3Jll'I'lHbIX MexaHH3MoB reuepau11:11: /-H3JIY'leHl!'.ll Kpa6oBHJJ.Hoii 
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TyMaHHOCTH o6HapylKHBaIOT, '!TO B raMMa-acTpOHOMH'!eCKllX ,UaHHblX OT 3TOro HCTO'lHHKa 

CO,ll,f~p)l{llTCll seCbMa HHTepecHaJI llHcpopMaUl!ll 0 cpe.nHeM MarHHTHOM IIOJie, a TaKlKe 0 xa­

paI<Tepe B3aHMO.UeikTBHH peJillTHBllCTCl<HX 3JieKTpOHOB H MarHHTHoro IIOJlll c IIJIOTHblMH cpu­

JiaMeHTaMH ("BoJIOICHaMH") B TyMaHHOCTH, OTBeTCTBeHHblMH 3a Ha6mo,ZJ;aeMoe JIHHeH'laTOe 

orrTH'!ecKoe H3Jiy'leHHe. HHTepnpeTaUHll aHOMaJihHblX csoii:cTB 31IH30AH'lecKoro ")'-H3Jiy'leHHll 

OT peHTreHOBCKllX .usoii:HblX B paMKax MO,Uen11 "o6naKO-MHllleHb no,u rry'IKOM peJillTHBHCT­

c1<ux 
0

'13CTHU", a TaKlKe Bbl'IHCJieHHaJI B "paMKaX 3TOH MO,UeJIH .UHHa.MIU<a Heo6bl'IHO lKeCTKHX 

cneKTpoa T11B-Horo ")'-H3Jiy'leHHll (06'bJ1CHJIIOWHe Ha Ka'leCTBeHHOM ypoBHe B03MO*HYIO npH­

'IHHY HC'le.3HOBeHHJI nyJihCHpyiomero CHfHaJia H3 rrepBOHa'la.JlbHblX Ha6mo.ZJ;aTeJibHblX ,1.1;aHHblX 

nocJie llX COOTBeTCTBYIOWeH o6pa60TK11), MoryT 11BHTbCJl ,l.l;OCTaTO'lHblM CTHMYJIOM .ZJ;Jlj( B03-

pOlK,UeHHJI HHTepeca K ueneHarrpaBJieHHOMY Ha6JIIO.ZJ;eHHIO H HCCJie,llOBaHHIO 3THX o6'beKTOB. 

llanbHeii:mee pa3BllTHe MO,llem1 "o6JiaKO-Ml!WeHb IIOA ny'IKOM peJIJlTHBllCTCKHX 'laCTHU'~ B 

rrpHMPHeH1111 K .upyr11M KJiaccaM yc1<upHTe.neii KJI, 11 CBJl3aHHaJI c Heii: pa3pa6oTKa TeopHH 

3JieI<TpoMarHHTHblX KaCKa.,rros, pMBllBalOIUHXCJI B HlHa'!aJibHO IlJIOTHOH 3BOJllOUllOHHpy10m.eii: 

MHIIIeHll, MoryT rrp1rneCTll K cpopMllpOBaHHIO HOBOro e,llHHOru IIO.llXO,lla K HCCJie,llOBRHHIO aecTa­

UHOHapHblX JIBJieHHH B pa3JIH'IHhlX acTpOcp113H'!eCKHX o6'beKTaX c MacWTa6oM rrepeMeHHOCTliI 

OT .uoneii: ceKyH.llbl JlO COTeH H 6oJiee JieT. 

OcHOBHble nono>KeHHJl, BbIHOCHMble Ha 3al.QHTy: 

1. Pacc'!HT&Hbl cne1<Tpan1>Hble xapaKTepucTHKH 1111cp<Pe.KTHBHOCTb reHepauuu u nornome­

HHJI raMMa-H3JIY'leHHJI H30Tp01IHOH cpe,ue B npoueccax cpOTOpOlK}leHHll If aHHHfHJ111UHH ( e-, e+) 

nap, a TaK)l{e HeyrrpyrliIX p -:- p CTOJIKHOBeHHH B HepaimoeeCHOH aKKpeUHOHHOH IIJia3Me. 

2. IlpoBeJJ;eHO JJ,eTaJibHOC HCCJie}lOBaHHe pOJIH pa3JIH'lHblX MeXaHH3MOB reHepamrn raMMa­

H3JIY'lCHli.ll e Kpa6oBH.UHoii: TyMaHHOCTH e paMKax rrpeJJ:JiolKeHHoii .usyxKoMnoHeHTHoii: Mo,UeJ111 

JlJIJI peJIJITHBHCTCKHX 3JieKTpOHOB; Bbl,l.l;BHHyTa rHIIOTe3a 0 B03MO)l{HOH BblCOKOH 11cplj>eKTHBHO­

CTH TOpM03HOro 1!:3JIY'leHH11 "paJJ.HO" 3JieKTpOHOB B o6JiaCTH Bb!We 1 r11B. 

3. IlpeJJ,JIOlKeHa MOJJ,eJlb 11nep ilKTHBHblX ranaKTHK c H.H)l{eKUHeH peJil!THBHCTCKHX npOTOHOB 

H oGpaJoBaHHCM peJJllTHBHCTCKHX HeHTJ>OHOB B o6JiacTH OCHOBHOro 3HeproBb!JleJJeHl'IJI. 

4. llaHO onpeJJ:eJieHHe H pa3pa6oTaHa MOJJ,eJib 3JleKT)JOH-4JOTOHHOro KacKa..rra BTOporo THlla 

(:-}K-2), HHHUHHpyeMoro B 11Jlpax aKTHBHblX ranaKTHK peJillTHBHCTCKHMH Heii:TpoB&MH. llpP,n­

JIOlKeH HTepaUHOHHblH MeTO.ll JlJIJI 'IHCJieHHoro pernemrn CHCTeMbl CTaUHOBapBWX K&CKhJUlhlX 

ypaBHeHHH, II03BOJIJllOIUHH llCCJll'J];OBaTb pa3BHTHe 3JieKTpOMarHllTHbIX KaCK8,llOB B lll'PllMllhlX 

,l.l;HHaMH'leCKliIX .UHaIIa3oHax IIO npoCTJ>llHCTBeHHblM liI .3HepreTH'!eCKHM nepeMl'IHHhlM. 

5. llJill 51Ar rrpeJJ.JIOlKeHa MO,UeJib lll<KpeUHOHHOro IlJI113MeHHOro Typ6yneB'l'HOl'O llllAK'l'opa 

( AIITP) c pacnpenenem1eM peJIJITHBllCTCKHX <iJieKTpoHos MaKcsennoBcKoro 'l'Hll&. 

6. Ilpe~.JJO)l{eH<i MOJJ,eJib "o6JI<tKO-MllllleHb IlOJl ny'IKOM peJIJITHBHCTCKHX 'llU"l'HU" II.Jiii JIC'llT-
'· 

reHOBCKHX JlBOHHbIX 3BC'3.llj llCCJlf'L\OBaHa CIBOJIIOUHJI BO BpeMeHH cneKTpOll !'tJll'K'l'puMAl'llHTllOI'O 
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H3JIY'leHHll H3Ha'laJibHO IIJIOTHOro pacrnHpllIOlllerocg o6naKa Ha pa'3HblX CTaJJ,HJIX ero pa3BH­

THBj IIOKa3aHa B03MOlKHOCTh HCIIOJib30BaHHll .naHHOro llOJlXO}la TaKlKe L\Jlll HHTeprrpeTauHH 

HeKOTOpb!X oco6eHHOCTe:ii: raMMa-BCIIJieCKOB Bb!COKllX 3Hepr11:ii:. 

7. Ile,nJIC)l{eH JlBYXKOMIIOHeHTHblH no.uxona K .llJIJI KOppeKTHOH HHTepnpeTauHH crreKTpOB 

11JieKTpoHOB B cocTaBe KJI;'rroKaJaao, 'ITQ B o6nacTH BbICOKHX 11nepr11ii ecTecTBeHHO O)l{ll,l.laTb 

aHOMaJibHO BblCOKOe ( IIO cpasaeHHIO co BKJlaJJ,OM JIHIIIb BTOpH'lHblX ll03HTpOHOB) OTHOll!eHHe 

e+ / e- + e~, ecJIH 3apg,noabl:ii: cocTaB rrepBH'IHblX 11neKTpoHoB JIOKa.JibHOH (L-) KOMIIOHeHTbl oT­

JIH'laeTCJI OT cocTasa G-KOMIIOHeHTbl. IlpeJJ.CKMblBaeTcll BblCOKaJI aepollTHOCTb o6Hapy>KeHHJI 

Heperyn11pHOCTe:ii: B IlOJIHOM CIIeKTpe CIJlCKTpOHOB B o6JiaCTH E ~ 100 r11B. 

8. lleTaJibHO HCCJle,llOBaHa 3BOJIIOUHll BO BpeMeHH II KOppeJJllUHH crreKTpaJibHblX IIOTOKOB 

KOCMH'leCKHX ny'leH, a TaKlKe raMMa-H3Jiy'IeHHJI B ,l.l;Ha1Ia30He OT BblCOKHX 11,0 caepXBblCOKHX 

3HeprHii:, KOTOpble MO>KHO O>Kll,l.laTb in oKpecTHOCTH .UHCKpeTHblX ycKopHTene:ii: KJI. 

Ily6JJHKaQHH. IlpeJJ;CTaBJJeHHble B JJ,HCcepTaUHH pe.3yJJbTaTI>i ony6JIHKOBaH~ B 30 pa6o­

Tax aBTOpa, CIIHCOK KOTOpb!X II]>HBe,l.leH B KOHUe 11.aHHOro aBTOpecpepaTa. 

Anpo6aQHJl pa6oTLI. OcnoBHble pe3yJibTaTbl JJ,HccepTaUHH AOKJiaJJ,blBaJIHcb Ha 19-oii, 

21-oi, 24-oii: MelK,1.1;yHapo1J.HblX KOHcpepeHUHllX rro KOCMH'feCKHM ny11aM (Jia Ronna, 1985; 

A.uenaHJJ,a, 1990; PaM, 1995), Ha 29-oM Esporreii:cKoM CaMrroJHyMe ESLAB B HHnepnan.uax 

(HopsaiiK, 1995), Ha Me)l{JJ,yHapO,ZlHOM pa6o'feM cosemaHHH "PenJITHBHCTCKHe anpoHbl B KOM­

rraKTHblX KOCMH'IeCKHX o6'beKTax" B IloJJbllle (KoHHHKll, 1990), Ha BceCOI03HblX If pecny6JJH­

KaHCKHX KOHcpepeHUH11X H coaem.aHH11x, Ha ceMHHapax B Ep<l>H, ErY, <l>HAH HM.Jle6e,nesa, 

JI<l>TH HM.Hocpcpe, MH<l>H, HH51<1> MrY, a np. 

CTpyKTypa H 06'beM pa6oTbl. llHccepTaUHJI COCTOHT H3 o6mero BBe,lleHHJl, ceMH r.JiaB 

'H 3aKJIIO'!eHHll. Cn11coK HCIIOJib30BaHHoii: mrTepaTyphl BKJJIO'laeT 198 Ha:HMeHoBaHHii:. llHccep­

TaUHll 113JIO)l{eHa Ha 130 CTpaHHue (KOMIIbIOTepHbIH <1.JopMaT 12pt), If BKJIIO'!aeT 26 pHCYHKOB. 

KPATKOE <:QllEP)KAHHE PABOTbl 

Bo Bee.neHHH rroBO.llHTCJI KpaTKoe 06cylKJJ.eH11e aKTYaJibHOCTH rrpo6JJeM, paccMoTpeHHblX 

B JlllCcepTaUHH, II ocaewaeTC11 Kpyr Bonpocos, H.3JIO)KCHHbIX B OT.!leJibHblX rnasax .llHCCepTa­

UHH. 

bf Ilepsal! rnaaa n11ccepTaua11 nocs11weHa 06cy)K.neHH10 p11Jla ocHOBHhIX rrpoueccos rene­

pauHH 11 nornomeHllll HerrpepbIBHoro 11,emen.11060?.o raMMa-HlJIY'leHHJI (s OTJIH'Iiie OT JillHeH'!a­

Toro, s p!'nyJihTaTe pa.JJill'!Hb!X JI.nepHbiX nepexo.nos e ropl!'leH nJIMMe), perHcTpaa;Hll KOTOpo­

ro, oco6eHHo e o6nacTH BbICOKHX 3Hepruii E :'.::: lOOMeV, llB.rlJleTcJI np11Mb1M CBHJJ,eTeJlbcTBOM 
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peJillTJilBHCTCKJilX qacTHU B HCTO'IHHKe. OcHOBHoe BHHMaa11e y.neJIJIJIOCb npoueccaM, KOTOpble 

HaJiJ60Jiee BalKHhl npelK.ue Bcero B KOMnaKTHbIX JiICTO'IHJilKaX, OTJIH'la!OIIUIXCJI BbICOKJiIM 3Ha­

'IeHJileM OTHOIIIeHl'lll CBeTHMOCTJiI L. K J>a3Mepy R. HCTO'IHBKa, Jil COOTBeTCTBeHHO, BblCOKOH 

. IlJIOTHOCTbro cpOTOHHOfO IIOJIJI. 

K 3THM npoueccaM npelK.lle scero cne.nyeT OTHeCTH nponecc reeepauHH lKeCT1<oro 3JieKTpo­

MarHHTHoro H3Jiy'Iemrn B pe3yJibTaTe o6paTHoro 1<0MnT0Hosc1<oro pacceJIHBJI (.uanee OKP) 

peJillTHBHCTCKHX 3ne1<TpoHOB B oKpylKaIOmeM none HH3KO'lacTOTHhlX cpoTOHOB. XapaKTepHoii: 

oco6eHHOCTblO 3TOro npouecca, .neTaJibHO HCCJleJlOBaHBOro MHOfHMH aBTOpaMH JIBJIJleTCJI TO, 

'ITO B03HH1<aI01IIHe B pe.3yJibTaTe OKP cneKTpbl 3JieKTpoMarHBTHoro H3Jiy'IeBBJI cymecTBeBHo 

3aBHCllT oT napaMaTpa b = 4')'fo, r.ne 'Y - JiopeHu-cpa1<Top 3Jie1<Tpoea, a Eo = hv0 /m.c2 
- 3eep­

ru:JI pacce11BaeMoro 4>oToHa (B e.UHHHuax 3Hepqrn Maccbl IIOKOll 3Jie1<Tpoaa). B ToMcoaoacKoM 

pelKHMe, KOTopblii cooTBeTCTByeT b ~ 11 np,ouecc OKP llBJIJieTcll aae:6onee 3cpcpe1<THBHhlM, c 

noJIHhlM ce'IeHHeM paccel!HHJI <TT = (Sir /3)r~ = 6.65 x 10-25
cm

2 
(ToMCOHOBCKOe ce'IeHHej r. -

KJiaccH'IeCKHii pa.nuyc 3JieKTpoaa). KpaTKOe o6cylK.1leHHe nponecca OKP npoBO.UHTCJI B § 1.1. 

.nu:ccepTaUHH. 

BalKHbIM 1<aHaJIOM B3aHMo.neiicTBliIJI ')'-KBaHTOB B KOMnaKTHhlX acTpocpH3H'IeCKHX o6'beK­

Tax RBJIJieTCJI HX nornomeHHe B npouecce cpoTOH-lf>OTOHHhlX CTOJIKHOBeHHii: c o6pa30BaHHeM 

3JieKTpoa-no3HTJ>OHHbIX nap: 'Y + ')' ---+ e- + e+. B § 1.2 npHBO.llRTCR J>e3YJibTaThl aHaJIHTH­

'IeCKJilX Bbl'IHCJieHJilH H aHaJIJi13 cneKTPOB ( e-' e+) nap, pOl!<.llaIOillHXCJI npH nornomeHHH ')'-B 

1noTpOIIHOM none HH3KO'IaCTOTHbIX cpOTOHOB. 

Ilanee B § l.3 11ccne.uyeTCJI npouecc .nByxcpoToHBoii aHHHrHJIJIIlHH (e-, e+) nap. B 'IacT­

aocTH, no1<a3aHo, 'ITO ~ 10 - 20% peJ!llTHBllCTCKllX no3HTpOHOB MOlKeT aHHHrHJIHposaTL 

"aa JieTy" (BHe o6nacTeii yc1<opeHHll), ocaoBHal! >Ke 'IaCTL no3HTJ>OHOB MOlKeT aHHllrHJIHpo­

saTb TOJibKO nocne TepMaJIH3au11H B o!(pylKaK>Illeii cpe.ne. BalKHblM acTpocpll3H'IecKHM np11-

JIOlKeHHeM 3Toro 3cp<!>eI<Ta JIBJIReTCll To, 'ITO 113 cpaBHeHllll HHTeHCllBHOCTeii: HenpephlBHOro 

')'-H.3JIY'IeHllR If Y3KOH aHHHfHJlllUHOHHOH JIHHllH 0.511, H_a6mo.uaeMLIX B HanpaBJieBllH uee­

Tpa fa.naKTHKH, CJie.n;yeT, 'ITO XapaI<TepHal! 3HeprllR HHlKeKUHH no311TJ>OBOB B MelK3Be3.1lHYIO 

cpe.ny He npeBocxo.n;HT ~ 10 M3B, 'ITO no3BOJilleT cymecTBeHHO orpaBH'IllTL Kpyr Mo.n:r.neii 

llCTO'IHllKOB 3THX Il03HTpOBOB, H B '!aCTHOCTH, HCKJIID'IllTb 0:3 paCCMOTpeHHJI MO.Ul'.Jnt, npe.n­

nonararomHe B Ka'IeCTBe HCTO'IHHKa no:mTpoHoB nyJibcapbI B ueeTpe fanaKTHKH. 

B § l.3 o6cylK.n;aeTCJI TaKlKe H.3Jiy'Ien11e onTn:'IeCKll TOHI<oii ( e-, e+) nna3Mhl. B 'I1tCT11ocT11, 

nony'IeHO y.no6eoe aHaJillTIPieCKOe Bb!palKeHHe .llJlll cne1npaJibHOro K031f><l>HUHeBT& RilllHfU:Jlll­

UHOHHOro ll.3Jiy'IeHHJI q( f) ( T .e. HHTeHCHBHOCTll :113Jiy'IeHHll B e.IJ;HHl!Ue o6'beMa, 8 471') TeJJJIOBOH 

( e-' e+) IIJ1a3Mbl c npo113BOJibHOH TeMIIepaTypoii 0 = kT./m.c2
• 3JieKTpOBOB. :~TO RhlpalKeHHe 

1<oppeKTm:i>on.ecb1:BaeT :;icp<!JeKT "rony6oro cMemeenJI" aHH11r11JIJiu11oaeoA JJHHHll O.lil I M3B, 

cornacHo Ko~opoMy MaKcHMYM aHHHrl<IJIJ!UHOHHoro H3Jly<IeHH.ll TenJioBOA (t.-,t+) UJIR1Mhl co­

OTBeTcTsyeT ::>Hepr,im fmax = l + a0 ca= :3/4 (s eJlHHHUaX Macchi noKOI ,Jll'K'l'po11a). 
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B HCTO'IHHK~ c .nocTaTO'IHo Bh!coKoii nno'l'HOCTbID semecTBa 3<jlcpeKTllBHhlM KaaanoM re­

Hepau1111 Henpeph!BHoro ')'-113JIY'IeBHll MoryT 6h!Th Heynpyr11e B3aHMO.Ueii:CTBHJI BblCOK03Hep­

fH'IHbIX IlpoTOBOB C o6pa30BaHBeM II paCila,UOM ir0-Me30HOB: p + p _,. X + ll"O---+ X + 2"(. IlnJI 

polK.n:eHllJI IIllOHOB B 3TOH peaKUllH Tpe6yeTCJI KHHeTH'IeCKM 3HeprHJI npOTOHOB ;::: 150 M3B. 

Ilpe.n:nonar~oci., 'ITO 3TOT MexaBH3M reHepaullH "(-H3JJy'IeHH.ll MOlKeT i'ih!Th 3<!>4>eKTHBHLIM 

.llJIJI n.ria3Mhl, narpeTOH npH aI<KpeUHH Ha HeiiTpOHHYIO 'JBe3.ny llJIH 'Iepnyro .llb!py .no TeMnepa­

TYP kT ~ 10 M:;iB. B § 1.4 paccMoTpeHa npo6neMa ycTaBOBJieHHll pasnoBecHoro (MaKcBeJJJIOB­

cKoro) pacnpe,ueJieHHJI 'IaCTHU ~ nepBOH&'Ia.JlbHO HepaBHOBeCHOH eepeJIJITllBllCTCKOH IIJia3Me. 

Haii.ueHo aHa.JIHTll'IecKoe pemeH11e ypaseeH11J1, onBch!sa10mero 3Bon10u1110 Bo BpeMeBH swco­

K03HeprH'IHoii ( E > kT) -11acTH lf>YHKUHH pacnpe.ueJieHHJI '!acTim:, H3 KOToporo cne,uyeT, "ITO 

speMJJ TE ycTaHOBJleHHJI MaKcse.JIJIOBCKoro pacnpe.nenee11.SI B o6nacTH E > kT 3Ha'IHTeJILHO 

npeswmaeT BpeM.SI to ycTaJioaneeug Tennosoro pasHoBecag B o6nacTH xapaKTepHhlx 3Hepr11ii 

E"' kT: TE~ to(E/kT)312
• HcnoJIL3osae.ee 3roro BblpalKeHu, B 'IacTeocTH, .IJ;Jl.SI aKKpeUHoH­

Hoii IIJia3Mbl no3BOJIJieT C.UeJiaTL Bh!BO.ll 0 TOM, "ITO reHepauH.SI raMM&-H3JIY'IeHHJI B TenJIOBOH 

nJIMMe np11 aK1<pen1111 Ha aeiiTpOHHyro .3se3.ny HJJJll npe,unonaraeMyIO 'Iepey10 .llhlpy JJBJJlleTcJI 

3H&'IHTeJibHo MeHe.e 3cp<!>eKTllBI;IbIM npoueccoM, 'IeM npe.uminara.noci. paJiee. 

rnaea 2 ,llHCCepTaUHJll noCBJIIlleHa ,UeTaJibHOMY HCCJle,UOB&HHIO pa3JIH'IHhIX MeX&Hll3MOB re­

HepaUHll 1-113ny'IeH11J1 !3 Kpa6oBll.1lBoii TYM&HHOCTH. 3ToT llCTO'IHHK
1 

c xapaKTepBb!M pa3Me­

poM ro ~ 2 IIK, Ha paCCTOJIHHH d ~ 2 KIIK, .llBJIJieTCJI O.llHHM H3 Ha:116onee H3y'IeHBh!X o6'beKTOB 

B Hameii fa.naKTllKe, ll BepOllTHo, Ha.JiJJly'IIlleii KOCMll'IeCKOH na6opaTOpHeii: .IJ;JI.ll HCCJle.ll.OBa­

HHR penllTllBllCTCKHX npoueccos B HCTO'IBllKax KJl~ y CKopeeue Ha <i>POHTe y.napeoii: BOJIHhl, 
..,/-· 

OTCTO.SIIUeii OT nynbcapa Kpa6a Ha paccmiu(HH "• ~ 0.1 nK, MO)KeT B npHHUHIIe npHBeCTH 

K MaKCllMa.JlhBbIM 3HeprHJIM 3JieKTpOHOB ~ 3 x 1015 3B, 'ITO .llOCTaTO'IHO .UJIR llHTeprrpeTa­

UHll Ha6mo.naeMoro ')'-H3JIY'IeHHJI BnJIOTb .uo E,., ::; l f::>B KaK CHHXpoTpoHHOro H3Jiy'IeHHJI. 

B o6nacTH lKe 6onee Bblcor.:11x 3BeprHii -aa6n10.naeMoe ')'-ll3JIY'IeH11e o6bl'IHO npHnh!CbIBaeTcJJ 

o.n:HoMy n11mi. npoueccy OKP. 

Pacnpe.neneHu llpKOCTH B pa.n110 - on.TH'IecKoM .n:BanaJoHax YKMb!BaIOT, 'ITO B neHTpa.ni.­

noii r s; 0.5 me 06nacT11 Kpa6a MarHHTBoe none B(r) B03pacTaeT. TaKoe nose.n:ee11e non.SI 

ecTeCTBeHHblM o6pa30M o6'bJICHJieTCJI B ]>aMKax MarHHTorn.npo,llHHaMH'IeCKOH (Mfil) MO,!leJIH 

pacnpocTpaHeHHR 3JleKTpOHOB B TyMaHHOCTH, KOTOJ>al! HCIIOJIL3yeTCJI (s § 2.2) .IJ;JI.ll Bhl'IHCJle­

HHll npocTpaHCTBeBHoro pacnpe,llenemu BhICOK03BeprH'IHbIX 3JieKTpOHOB, HHlKeKTHpyeMh!X 

B TyMaHHOCTb Ha <!>poHTe CTO.Siqeft y.napHoii BOJIHbl. IloKa.3aHo, 'ITO CJie.nyeT pa3JJH'IaTL .IJ;Be 

nonyJIRl!HH peJI.SITHBHCTCKllX 3JieKTpOHOB B Kpa6oBH.UHoii TyMaHHOCTH, HMeHHo: (a) :meKTpo­

Hhl O'IeHh BbICOKllX H CBepXBb!COKllX .3HeprHii, llHlKeKT11pyeMble B TyMaHHOCTb B BaCTO.SIIllee 

speMJij 11 (6) 3JieKTpOHhl c 3HeprH.SIMH Es; 100 f3B, OTBeTCTBeHHble 3a CHHxpoTpOHHoe 113-

ny'IeHBe OT pa.ullo .no HH<jJpaKpacaoro (HK) .IJ;Hana30Ha, KOTO)>hle .SIBJIJIIOTCR "peJIHKTOBblMH" 
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I 
.D.Jlll Kpa6a, H aepoiYrno, 0Tpa>1<a10T HCTopHIO .3BOJIIOUHH Kpa6oBHJJ:HOH TyMaHHOCTH. B paM-

Kax TaKOH .ll.BYXKOMIIOHeHTHOH MO,ll,eJIH B03MO)l(HO o6ecne'IHTh xopomee corJiacHe cneKTpOB 

CHHXpoTpOHHOro H3Jiy'IeHJrn c Ha6JIIO.ll.aTeJihHb!MH .ll.aHHb!MH B IIIHpOKOH o6JiaCTH 'IaCTOT OT 

101 
.ll.0 "'2 x 1023 

rn ("' 1 r3B). 

renepaUllll raMMa-H3Jiy'IeHHJI 6onee Bb!COKHX 3HeprHH o6bl'IHO CB.113blBaJiaCh JIHIIIh C npo­

ueccoM .OKP peJIJITHBHCTCKHX :meKTpOHOB B none CHHXpoTpOHHOro H3JIY'IeHHll, a Ta:K>Ke B 

none Tennoaoro HK H3Jiy'IeHHJI Ilb!JIH B TyMaHHOCTH, H B none peJIHKTOBoro MHKpoBOJIHOBoro 

H3Jiy'Iemrn 2.7K. Ilpoae.nennhlii B §2.3 aHaJIH.3 IIOKa3b!BaeT, 'ITO ifjopMa cne1<Tpoa OKP H3-

ny'IeHHJI TyMaHHOCTH OKa3hIBaeTCJI 0•1eHh YCTOH'IHBOH OTHOCHTeJihHO Iil3MeHeHmI MO,D;eJibHb!X 

uapaMeTpoB B npe.nenax, .n;onycTHMb!X ,ll;JIJI o6bllCHeHH.ll Ha6JI10.n;aeMoro cneKTpci. ClilHXpoTpOH­

HOro H3Jiy'IeHHJI. ~~TO CBJl3aHO c IlO'ITH OllH03Ha~oii .3aBHCHMOCThlO cpopMbl cneTpoB 3JieKTpo­

HOB B TyMaHHOCTH OT cpopMb! cneKTpa Ha6JIIO.D,aeMoro CHHXpOTpOHHoro H3Jiy'IeHil:JI. 

KoMIITOHOBCKOe H3Jiy'IeHl'!e B 06Jiacn1 r3B-Hb!X 3HeprHii reuepe:pyeTCJI "pa.n;lilo" 3JieK­

TpoHaMH, KOTOpb!e OTBeTCTBeHHbl 3a CHHxpoTpoHHOe H3Jiy'IeHHe. B cy6MHJIJililMeTpOBOM-HK 

.n:uanMoHe c IIOKa3aTeJieM .D.HcpcpepeHn;llaJihHoro IIOTOKa {jr :::::: 1.3. lf3Jiy'IeHue >Ke T3B-Hblx 

:meprul! reHep11pyeTCJI 3JieKTpOHaMH, OTBeTCTBeHHblMH 3a MJlfKOe peHTreHOBC:Koe H3JIY'leHHe 

Kpa6oBH.n;Hol! TyMaHHOCTH co crreKTpaJihHhlM HH.n;eKCOM .Sx:::::: 2.1. B 3THX ycnoBHJIX a6con10T­

HhJe 3Ha'IeHHJI noToKoB OKP H3JIY'leHHJI aaBHCJIT npaKTH'IeCKH JIHIIIh OT BeJIH'IHHbl cpe,nHero 

nonll Bo B Kpa6oBH.D.Hoii TyMaHHOCTH. B qacTHocn1: 

F-y(l - lOGeV):::::: 10-s ( Bo )-t.a (OcN)-
2 

3 x 10-4 G 3' 
cm-2 s-1 , ' (1) 

( B )-2.1 (8 )-2 
F'Y(>1TeV)::::::9xl0-12 

3
x

1
;_4G ~~ cm-

2 s-1
, (2) 

r.ne OcN :::::: :J' - xapaKTepHblH yrJIOBOH pa3Mep TYMaHHOCTlil. B IIOJie Bo ~ 3 x 10-4 re, co-

OTBeTCTBYIOIIIeMy yc.JIOBHIO paBHopacnpe.,neneHHJI 3Hepruii MarHHTHOro IIOJIJ[ H peJIJITHBHCT­

CKHX :meKTpOHOB, IIOTOK T3B-Horo KOMIITOHOBCKOro l'l3Jiy'IeHHJI cornacyeTCJI c pe3yJ11>TaTaMH 

Ha6JIIO.ll.eHHH Whipple .n:pyrux rpyrrrr. 0.nua.Ko, IIOTOK ')'-H3.iiy'IeHHJI B o6nacTH (1-10) r3B 

oKaJbIBaeTCJI cymecTBeHHo (Ha cpaKTop 4-5) HH>Ke pe3yJihTaTOB aa6mo.D,eHHH EGRET. 

EcJIH Ha6JIIO.D,aeMoe EGRET B o6JiaC'l'H :;:::: r3B H3Jiy'IeHHe reHepupyeTCJI B CaMOH TyMaH­

HOCTH (a !fe JIBJIJleTCJI aenyJihCHpymeii KOMIIOHeHTOH H3Jiy'IeHHJI Henocpe.ncTBeHHO nyni,capa), 

TO OCTaeTCJI rrpe..nrroJIOlKHTh, 'ITO OHO o6JI3aHO peJIJITHBllCTCKHM 'IaCTHllaM, B3a11Mo.nel!cTBy­

IOIIIllM c oKpy>Ka.I<>IIIHM rMoM. Tor.na ecTecTBeHHb!M MexaHl'l3MOM MOlKHO 6blJIO 6h1 c•unaTh 

TOpM03HOe H3Jiy'IeHHe "pa.n;uo" :meKTpOHOB. 0.D.HaKo, cpellHJIJI IlJIOTHOCTh ra3a B TyMa.HHOCTH, 

n "'5 CM_3.Mol:KeT b6ecne'IHTh He 6oJiee 10% IIOTOKa EGRET. 

B .n:eiicTB~TeJihHOCTH, B Kpa6oa11.nnol! TyMaHHOCTll ra3 cocpe.,noTo'leH npl'!HMYllleCTBeH­

Ho B TOHKHX BOJIOKHaX cpHJlaMeHTax ("BOJIOKHax"), OTBeTCTBeHHb!X 'JS. 1111.6mo.naeMOe B 
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PHc. 1: Ilonawii crreKTp Bb!COK03Hepru'l:Horo raMMa-H3JIY'IeHHJI Kpa6osu.n;aoii TyMaHHOCTH 

( lKB.pHaJI CIIJIOIIIHaJI JIHHHJI), B rrpe.nnoJIO)KeHJrn: acpcpeKTHBHOl! IIJIOTHOCTH ra3a neff = 100 CM-3 

.D.JIJI TOPM<;13Horo H3Jiy'Ie
0

HHJ1 (mTpHxoaa~aJI JIJIHHJI). CneKTp TopMo3Horo H3Jiy'IeHHJI, cooT­

seTCTBYIOIIIHii cpe.naeii IIJIOTHOCTH ra3a n = 5 CM-3 ' IIOKa3(1.H WTpHX-IIYHKTHpHOH JIHHHeH. 

onTB'leCKOM-MK .D.HaIIa30He JIHHeH'IaToe ll3Jiy'Ieae:e, r.ne IIJIOTHOCTh rMa nr"' 103 CM-3• KaK 

IIO:Ka3a.Ho B § 2.4 .D.HCCepTane:e, aifjifjer.:mU6UaH IIJIOTHOCT.h ra3a neff, KOTopyro "BH,ll;JIT" peJIJl­

THBHCTCKHe 'laCTHIIhl B CHJihHO HeO.n;HOpO.n;HOH cpe.n;e, MO>KeT fihlTh 3Ha'IHTeJihHO Bb!IIIe cpe.u­

neil n, eCJIH B o6JiaCTfilC c llOBb!IIIeHHOH IIJIOTHOCTh!O HX cpe,nHJIJI CKOpOcTh pacrrpocTpaHeHHJI 

MeHbIIIe. 

Ha p11c.l xrnpnoil JIHHHeil rrpuBe.ueH cyMMapawii cneKTP ')'-I<;BaHTOB B pe3yJihTaTe cHH­

xpoTpoHnoro (''S"), o6paTnoro KoMIITOHOBcKoro ("IC") H TopM03Horo H3Jiy'leHuii B cnyqae 

neff = 20 x n = 100 cM:-
3 

(mTpuxosaHHaJI JIHHHll). Xopomee cornacHe c HMeIOIIIHMHCJI B Ha­

CT0.11mee BpeMJI 3KCIIepHMeHTaJihHb!MH .n;aHHb!MH O'IeBHJJ:HO. 3aMeTHM, 'ITO B o6JiaCTJl Bblme 

I T3B IIOTOK ")'.-KBaHTOB 06J13aH JIHWh OKP, II03TOMY onpl'..,neneHHe HHTerpani,aoro rroToKa 

F(> I T3B .D.acT B03MOl:KHocTh npaKTH'IecKH Mo.neni,ao-He3as:ecuMoro orrpe.n:eneHHJI noJIJI B0 • 

TecTOM .D.JIJI no.n;TBeplK.D.eHHJI KoMIITOHOBCKOH npHpb.D.b! H3Jly'IeHHJI B o6nacTH (1-10) T3B Mo­

ryT 6h!Th H.3MepeHHJI cneKTpoB Kpa6a c rroKMaTeJieM cTeneHH a'Y :::::: 2.6 - 2. 7. B o6JiaCTH l:Ke 

(0.1-1) T3B BKJia.n: "ycHJieHaoro" TopM03Horo H3Jiy'leHHJI JIBJilleTCJI cymecTBeHHhlM, rrpuBo,nJI 

K cyMMapHhIM crreKTpaM 3Ha'IHTeJihHO 6oJiee KPYThlM (TaKl:Ke c a'Y :::::: 2.6 - 2.7), 'IeM 'IHCTO 

OKP crreKTphl (c a'Y:::::: 2.2 - 2.4). 

B rJiaBe 3 HCCJie.D,yeTCJI MO,l{eJih ,l{JIJI Jl.ll.ep a:KTHBHb!X raJiaKTHK, B paMKaX KOTOpOH B03-

MOlKHO O>I\H.D;aTh reHepamuo H Bb!XOll 113 3THX MOIIlHhlX BHeraJiaKTH'IeCKHX ycK?PHTeneii pe­

JIJITllBllCTCKHX 'laCTHII Ha6mo.naeMhlX DOTOKOB ')'-KBaBTOB Bb!COKll:X H O'IeHh Bb!COKllX 3Hepr:eil. 

Bo BBO.ll.HOH 'laCTll: rnaBbl 3 (§ 3.1 ), 0.ll.Ha H3 3Ha.'IHTeJibHhlX rrpo6neM, CBJI3aHHhlX c B03-

MOlKHOCThlO 3cpcpeKTliIBHOH renepane:u ')'-H3Jiy'leHBJI, 3aKJIIO'laeTCJI B TOM, 'ITO nepBOHCTO'I-
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HHK :meprm1 H3Jly'leHHJl 51.Af CKOpee scero HaXQllli!TCJl B n;eHTpaJJbHOii: o6nacTH c pa3MepaMH 

Ilo ::::; 1015 - 1016 cM. B TO lKe speMll, '")'-KBaHTbl BblCOKHX 3HeprHii:, E-r 2: 100 MaB, He MoryT 

Bb!XO,D;li!Th H3 3TOii: o6JJaCTH H3-'3a HX rrornomeHHJl B OIITH'leCKH IlJIOTHOM IIOJle peHTreHOB­

,CKHX qioToHoB. B TaKHX HCTO'lHHKax Bblxo.nllmee '")'-H3JJY'leHHe MOlKeT qiopMHposaThCll JJHIIIh 

IIOCJle BhIHOCa COOTBeTCTByIOmeii: 3Hepnrn Ha pacCTOJIHHll ;::: 10 x Ilo. IlepeHOC 3HeprHH Ha 3Ha­

'lHTeJll~HO 6on1.mHe paccTollHHll Heo6xo.nHM .nJill 06'hJ1CHeHHJ1 rroTOKOB T3B-HhIX '")'-KBaHToB, 

IIOCKOJlhKY ,D;JIJI BhIXo.na IIOCJie,D;HHX H3 51.Af. OHlil JlOJllKHhl reHepnpoBaTbCJl Ha 3Ha'lHTeJlbHOM 

ynaJieHHll: OT o6JiaCTH qiopMlilposaHlilll HK-orrTH'lecKoro H3Jiy'leHHll c xapaKTepHhlMH pa3Me­

paMH ,...., 0.1 - 1 IIK. 

B § 3.2. ,D;Jlll perneHHll rrpo6JJeMhl BhlHoca 3HeprHH Ha nepeqiepHIO 51.Af npe.nnaraeTcll 

MO,D;eJih,, rrpenrroJiara10maJ1 3<ti<tieKTHBHOe ycKOJ?eHHe peJIJITHBHCTCKHX IIpOTOHOB B o6JiaCTH 

ocHOBHoro 3HeproBhl.neJieHHll r 0 = Ilo/ Rg 5 10 (s e.nHHHnax rpa.BHTaD;HOHHoro pa.nnyca 

Rg = 2GM/c2 ,...., 3 x 1012 - 3 x 1014 cM JlJill npe.,nrroJiaraeMoii: MacCHBHOii: 'lepHoii: Jlhlphl 

c M "' 107 - 109 M 0 ). B 3THX yCJ10BHJ1X, B pe.3yJI1.TaTe Heynpyr11:x B3aHMo.zxeii:cTBlllii: PII 

c OKpylKaIOmeii: cpellOH, JlBJIJleTCJl HeH36elKHhlM lilHTeHClilBHOe o6paaoBaHHe peJIJITHBHCTCKHX 

Heii:TpOHOB (PH), KOTophle ylKe (s oTJilil'lHe OT PII) He y.neplKlilBaIOTCJI Marnii:THLIMH noJIJIMH, 

II: MoryT BhlXOJllilTh H3 o6JiacTH ycKopeHHJl, ocymecTBJIJIJl TeM caMLIM BhlHOC 3Heprlilll: (no­
CJie pacrra.na n --+ p + e. + v) H3 o6nacTlil ocHOBHoro :meproBLIJleJieHHll Ha nep11:qiepmo SIAf. 

XapaKTepHo, 'ITO BpeMJl pacna.na HeiiTpOHa B CI!ICTeMe IIOKOJI To: RI 900 ceK COOTBeTCTByeT 

,ll;Jill:He lo= CTo ,...., 3 x 1013 CM, T.e. rpaBHTaD;HOHHOMY pa.n11ycy qepHoii: Jlhlphl (qn) c Maccoii: 

M = 108 ~), a ,ll;JIJI PH c JiopeHn-<tiaKTOP.OM r cpeJlHJIJl .nn11:na rrpo6era JlO pacna.na COCTaBJIJleT 

l,, = f X lo, T.e. IlpOHCXOJlHT B MaCI1ITa6ax 51.Af. 

Haii:.neHo perneHHe TpaHcrropTHoro ypaBHeHHll PH H <liYHKUHll reHepanHH BTOpH'IHhIX PII 

B o6nacTH r 2 r 0 c y<IeToM nponeccos HeyrrpyrHx B3alilMo.neii:cTBHii: 11: pacna.na HeihpoHoB. B 

o6rracTH r ~ r 0 qiyi\:Kn;Hll reHepauHH HMeeT BHJl: 
I . 

qp(r, r) ()( r-(a,.+i),.-2 exp (- ~d) ' (3) 

rne rd= rd(r) = 1.lMsr. 
IloKa'3aHO, 'ITO TaKHM o6pa30M mi rrep:11:qiep1i1!0 51.Af MOlKeT BhlHOCHThCJl JlO 1/3 MOIIlHO­

CTll: W,, ,...., O.lM c2 , HHlKeKTHpyeMoi B ycKopeHHhle PIT B o6nacTH ocHoBHoro 3HeproBhl,ZXeJieHHll 

(M - TeMn aKKpeu:11::11:). BhIJleJieHHe Ha 6on1.moM ynaJieHHlil oT n;eHTpaJihHOii: Macchi M cTonh 

6onhlllll:X MOIIlHOCTeii: B qiopMe peJIJITlilBHCTCKHX rrpoTOHOB, B3aHMO,lleHCTBYIOIIUl:X qepe3 Mar­

H'lilTHhle IIOJIJI c aKKpen;HOHHOH IIJI3..3MOH; MOlKeT HMeTh cymecTBeHHOe BJIHJIHHe Ha noae.ueHHe 

IIOCJle,llHeHj ~ 'IaCTHOCTH, MO)KeT rrp11:BeCT.H K 6JIOKHpOBKe aKKpeD;HH Ha HeKOTOpOM paCCTOJIHHH 

Tero Ilo3TOMy''JlJIJl caMocornacoBaHHOCTH CTaD;HOHapHOH Mo.nenH .nomKHO llpolilCXOJllilTh .ZIOCTa­

TO'IHO 6hlcTpoe oxna?l{neHHe PIT, a qacTHocTH, B npouecce Heynpyr«x p- p B3alilMoneiicTBHH. 
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Ilonos11:Ha 3Hepr11:lil, nepeHoclilMoii: PH, nepe.naeTCll o6paayIOIIlHMCll Heii:TplilHO Iii 6ecnpenJ1T­

CTBeHHo BLIHOClilTCll lil3 51.Af. OcTaJihHaJl )Ke 'laCTh 3TOH 3Heprirn nepe,n;aeTCJl BTOpH'lHhlM 

(rrocrre pacrra.na Ill!OHOB) raMMa-KBaHTaM Iii peJillTHBHCTCKHM 3JieKTpoHaM, H npHBOJllilT K pa3-

BHTlllIO B 51.Af aneKTpOMarHHTHoro (T.e. ::meKTpOH·<liOTOHHOro) KacKa.na (na.Jiee, 3K). 

B KOMIIaKTHhIX HCTO'IHHKax, xapaKTepH3YIOIIllilXCJl TaK Ha3hIBaeMhlM napa.MeTpOM KOM-

IIaKTHOCTH 

L.-O'T ~ 1, l = . - - (4) 

K qHcny KOTOphlX OTHOCJITCJI H 51.Af, rrnoTHOCTh IlOJIJl "MllrKoro" H3ny'leHHJl (eo ~ 1) O'leHb 

BhICOKa, Ta.K 'ITO crreKTpbi BhlXO.nlllllHX lil3 TaKHX HCTO'lHHKOB 'Y-KBaHTOB BhlCOKI!IX 3HeprHii:' 

qiopMlilpyroTcll a pe3yJii.TaTe 3K. Ka'leCTBeHHo 3TOT nponecc onHChIBaeTcll cneny10mHM o6pa-

3oM. faMMa-KBaHT c 3HeprHei i:, rrornomal!CL B llOJie MllrKHX <tioTOHOB c fo 2 l/e, o6pa3yeT 

nsa 3JieKTpoHa (e+ Iii e-) c 3HeprHllMlil 'Y ,...., E/2. Ilocnel[HHe a npouecce OKP Ha Tex )Ke <tio­
TOHax MoryT pOlKJlaTb 'Y-KBaHThl HOBoro noKOJieHHJl c 3HeprHJIMlil BnJIOTh JlO f

1 RI 'Y· TaKoe 

npo6neHlile 3Hepri!:H Ha'laJihHhlX 'Y-KBaHTOB 6yneT IIpOlilCXOJlHTh JlO TeX nop, noKa KaCKa,D;Hble 

/-KBaHThl He nona.nyT B o6JiaCTh 3Hepr11:ii-, COOTBeTCTBYIOIDHX OIITlil'leCKOH npo3pa'IROCTH 

HCTO'IHll:Ka 

IleTaJihHOe I!ICCJle,llOBaRI!le pa'3BI!ITll:Jl 3K B KOMilaKTRLIX acTpocpH3H'leCKI!IX lilCTb'lRI!IKax 

npOBOJlHJIOCh B MROrHMH aan>paMH. IlpliKTlil'leCKH BO Bcex 11:3 HlilX, OJlRaKo, paccMaTpHBaJICJl 

3K, HHHIUII!IPOBaHHhlii: /-KBaHTaMI!I JIH6o peJIJlTI!IBll:CTCKllMll 3JleKTpORaMH B npocTpaRCTBeH­

HO onHopoJlHOM none cpoTouoa (naJiee, ~~K-1). KacKan, HHHUH11:poBanRhlH B SIAf pe3yJI1>TaTe 

pacnpocTpaneRlilll Heii:TpOHOB, HOCHT Ka'leCTBeHHO I!IHOH xapaKTep. 

IloHJITHe 3neKTpoMarRHTRoro KacKana BToporo pona, t~K-2, Bseneuo B § 3.3. IlpHHUHilll· 

aJibROe OTnH'lI!le 3K-2 OT 3K-1 3aKnroqaeTCJl B C060ll:yn11.ocmu a6yx (/ja11:mopo6, ll:MeHHO: {1) 
xapaKTepHal! 3HeprHJl Ra'laJibHhlX 'Y-KBaHTOB H ::IJieKTpOHOB, HHlKeKTHpyeMLIX Ha paccTOJIRH­

JlX "'r, nHHeHRO B03pacTaeT c yaeJIH'leHI!leM r i II: (2) 8K-2 paaa11:.saeTCJl B npocTpaRCTBeHHO 

Reo,ztRopo.nRoM none <tioTOHOB c rrnoTHOCThIO, y6LIBaIOmeii ()( r-2 rrpH r > r. (T.e. BRe ~6JlaCTH 
<tiopMllpOBaRI!IJl MllrKoro 11:3JIY'leRHll). 

B § 3.3 onpeneneHa Cll:CTeMa CTaum:iHapHhlX ypaaHeHHH, onHCLIBaIOIUHX pa3BHTlle 3K-2. 

<l>yHKUI!lll reHepamm 3JieKTpOHOB onpe.ueJIJleTCJl HRTerpaJihHhlM ypaBReRHeM c ll,npoM, Bhl'lll:­

cnJleMbIM JlJlll 3a,naHHoro nonll HH3KO'lac1'oTHoro H3Jiy'leHHll 51.Af. B csoro oqepe.u1., <liYHKUHll 

reHepaUHH KaCKa,ll;HhlX 'Y-KBaRTOB q'Y( 7", f) orrpi>.,neJJJleTCJl noKaJihHOii: nJJOTHOCThIO 3JleKTpOHOB 

(6LICTpO 11:30Tporr11.111:py10mHXCJl B OKpylKaIOIUHX MarRHTHhlX noJillX), a Ta.K)Ke cyMMOH pa3-

Jill'IHhIX nponeccos reHepaUHH BhICOK03Heprll'IHLIX 'Y-KBaHTOB. C11:cTeMa KacKa.n;HLix ypaBne­

Hllii: 3aMbIKaeTCJl TpaHcnopTHhlMH ypaBHeHHJIMll, CB.113bIBammHMH cneKTpaJibRYIO nnoTROCTh 

pacrrpeneneHHJl 3JieKTpOHOB ne(r,'Y) II raMMa·KBaHTOB n-r(r,i:) c COOTBeTCTBYIOID;ll:Mll <liYRK· 

UHllMH reuepau11:11qe(7",'Y)11: q-r(r,f). 
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Ilm1 pememrn cHCTeMbl cmaquonap'ltblX ypasHeHHH :)K-2 npe,n;nolKeH MeTo.n, ocHoBaHHhlii 

Ha npe.ncTaBneHIUI noJIHblX <l>YHKUHH n., n-y, q., q-y B BBHJle cyMMbl KacKllJlHblX :meKTpOHOB H 

1-KBaHTOB pa.3m'l'mhlx noKonemi:ii i 2: l. YKa3aHHbIH no.nxo.n noJBOJIJleT Bhl'IHCJUITb cooTseT·­

.cTBYICJlllHe pacnpeJJ.eJieHHJI KaCKa.!lHhlX 3JieKTpoHOB H 1-KBaHTOB scex noKoJiemrn no ueno'IKe 

q. (i) --+ n(i) --+ q<i+t) --+ n(i+l) --+ q!i+t) --+ ••• 
e e "V "Y e 

(5) 

Ilpll 'lllCJieHHhlX pac'leTaX HCnoJib3YeTCJI Jl,O?.apttrfjMU'l(,CCICU paBHOMepHoe pa.36Heime oceii: 

nepeMeHHblX (T.e. ceTKa c Xj+i/Xj = const...., 1.1 - 1.3 ), 'ITO no3BOnJ!eT JlOCTaTO'IHO MaJibIM 

'IHCJIOM TO'leK OXBaTHTb orpoMHbIH JlHHaMH'leCKHH .nnana30H no lllKaJiaM r, '"(, f, €0. 

B § 3.4 nonyqeHbl aHaJIHTH'leCKHe pemeHHJI .nm1 ypasHelmll nepeHoca HJJiyqeHHJI B cnyqae 

npoH3BOJihHbIX 4>YHKUHH reaepamrn H nornome.HHll B c«PepnqecKOM llCTO'IHHKe, a TaK>Ke li:H­

rerpaJibHoro KHHeTH'leCKoro ypaBHeHIUI JlJlll peJil!THBllCTCKHX 3JieKTpOHOB B o6meM cnyqae 

npo113BOJibHblX (T.e. B03MO>KHO H KaTaCTpo$H'leCKHX) 3HepreTH'leCKHX noTepb. 3i'H pemeHmI 

llCDOJib3YICJTCll npH 'lllCJieHHblX pacc'leTax CHCTeMbl ypaBHeHllH ~)K-2. 
Ilanee B § 3.5 .n11ccepTa1IHll npoBdJlHTCll Ka'le~TBeHHOe H KOJIH'leCTBeHHOe HCCJIEmOBaHHe 

ocHOBHbIX xapaKTepHCTllK ~)K-2. OcHOBHhlM napaMeTpoM, xapaKTepH3YI<>lllHM "cTa.11.napT­

Hb1ii:" JJieKTpoMarHllTHblH KaCKa,n, pa.3BHBaICJlllHHCll B npocTpaHc'i'BeHHO OJlHOpOJlHOM $oTOH­

HOM none, ~)K-1, llBJilleTCll napaMeTp KOMnaKTHOCTH HCTO'IHllKa J (l( L./ R,.. Ilp11 l ~ 1 cpop­

MHpyeTCJI YHllBepCaJibHblH cneKTP BbIXOJlJ!lllero '"(-113JIY'leHHll, npaKTH'leCKll He 3aBllClllUl!:H 

OT cneKTpa HH>KeKTHpyeMbIX JJieKTpOHOB 11/llJIH BbICOK03HeprH'IHbIX -y-KBaHTOB, c 3KcnoHeH­

UHaJibHbIM yKpy'leHHeM Bblllle HeKOTOpQii: JHeprHll fth, npH KOTOpoii: HCTO'IHHK CTaHOBHTCll 

onTH'leCKH TOJICTbIM JlJlll '"(-KBaHTOB, T-y-y( f > tth) > 1. 

0.nHaKO, JlJlll 3K-2 OObl'IHOe onpe,n;e.JieHHe KOMnaKTHOCTH He llHcpopMaTHBHO, IIOCKOJibKY 

crreKTp BblXOJllllllero H3Jiy'leHHll pa3JIH'IHbIX 3HeprHii: $opM11pyeTCll B pa3HbIX MaClllTa6ax IIO 

r. CpeJlHllll :mepr11J1 Ha'laJibHb!X '"(-KaaHTOB (n ::ineKTpoHos), reHep11pyeMbIX PIT, H HenocpEm­

CTBeHHo HHllUHHpym11x ~)K-2, nHHeii:uo so3pacTaeT c yseJI.H'leHli:eM r. OrrTH'leCKall Tonma. 

llCTO'IH.HKa JlJIJI 3THX '"(-KBaHTOB OKa.3bIBaeTCll paBHoii:: 

T(O) = L,/ Lcr ' 
'\"\' 

(6) 

r.ne KpHTll'leCKall caeTllMOCTb Lcr ::::: 1.5 x 104."3 ::ipr/c. TaKHM o6pa.3oM, JlJill 3K-2, JlJill KO­

Toporo HeB03MOlKHO BhlJleJIHTb orrpe,n;eJieHHblH pa.3Mep o6JiaCTll cpopM!!pOBa.Hllll '"(-CIIeKTpOB 

( <t>aKTH'leCKH, rrpocTpaHCTBeHHble MaciiITa6bI 3a,na.ICJTCJI JlJIHHOH npo6era Heii:TpOHOB, a He 

$H.31!'1ecKliMH pa.3MepaM11 SI Ar), "KoMnll:KTHOCTb" HCTO'IHHKa onpe.nenJieTcJI Jilllllb a6coJIICJT­

HhIM 3Ha.'leHHeM Ls ee llHTerpanLHoii: caeTHMOCTH OT cy6¥HJIJIHMeTposoro .no MJlrKoro raMMa. 

.nnana.Jonos;. 

CrreKTpbI··(~K-2 OTJIH'laICJTCll oTcyTcTBHeM B HHX ::iKmoHeHUllaJILHoro o6pe3aHHJI, xapaK­

Tepnoro JlJill crreKTpOB :)K-1. B o6Jia.CTH 3HeprHH 0.1-10 r:;iB CIIeKTp aK-2 xopomo anrrpoKCll-
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MHpyeTC.ll CTerreHHbIM crreKTpOM L( E"I) (l( E:;"'~ c Il0Ka.3a TeJieM O!-y = O!p - I + 6, r.ne rronpaBKa 

0 ::; 6 ::; 0.1, a. .nanee rrocTerreHHO yKpyqaJOTCll, B 3aBllCHMOCTH OT L •. C.nenaa Bhlso.n, 'ITO 

. JlJI.ll raMMa-Ha6JI10,neHHH B o6nacTH O'leHb BbICOKHX 3HeprHii: 6onee rrepcneKTHBHhlMH JIBJI.l!IOT­

CJI OTHOCHTeJihHO 6mnKHe 51Ar c yMepeimoii cseTHMOCThICJ, L. ::; 1045 '3pr / c, qeM .na.neKHe H 

MOIIIHble SIAr, TaKHe, KaK KBa3aphl. 

llpyrag rrpo6neMa., JaTpy,nH.ll!Olllall perHcTpamno T:iB-aoro HJnyqeHH.ll OT .naneKHX 51Ar, 

CBJI3ana. c rrornomenHeM BbICOK03HeprH'IHOro H3Jiy'leHHll B Me>Kra.naKTH'leCKOH cpe,ne. 3TOT • 
BOIIpoc pa.CMOTpen B § 3.6. 

B CJIEmY!Ollleii: rnaae 4 JlHCCepTaUHH pacCMOTpeHa MO.D;em. aKKpemWHHOro nJia3MeHHo­

ro Typ6yneHTHOro pea.KTopa. (AilTP), B paMKax KOTopoii: OKa.3h!BaeTC.ll B03MO>KHb!M HHTep­

rrpeT11poBaTb xapapa.KTepHhle oco6eHHOCTH crreKTpOB HeTeIIJIOBOro '3JieKTpoMa.rHHTHOro H3-

nyqeim.ll .HAr OT pa.nno-cy6MHJIJIHMeTposoro (PCM) JlHa.IIa.30Ha .no o6JiaCTH M.llrKOro raMMa­

H3Jiy'leHHJI. 

Xa.pa.KTepnoii: oco6eHHOCTbICJ TaK Ha.3bIBaeMbIX KOMIIaKTHhlX pa.nHoHCTO'IHli!IKOB (KPH), K 

KOTOpbIM OTHOC.llTCll .HAr, llBJI.lleTCJI IIJIOGKaJI (ar...., 0) JI1160 llHBepTHpOBa.HHaJI (a,< 0) cpopMa. 

HX cneKTpoB (/,, oc v-a,) B pa.nno-cy6MHJIJillMeTpoBoM .nifaila.3oHe. B TO .lKe BpeM.ll, B peHTre­

HOBCKOM - M.llrKOM ra.MMa ,nli!IaIIa.30He ClleKTpbI .HAr JIBJI.l!IOTCJI ,Zl;OCTaTO'IHO >KeCTKHMH, c xa­

paKTepHbIM O!x ~ (0.6-0.8). :U3Jiy'leHli!Ie .HAr B peHTreHOBCKOM JlHaila.30He CHJibHO Koppen11py­

eT c PCM li!I3JIY'leHHeM, '!To can.neTeJibCTByeT B nonh3Y HeTennoahlx Cli!IHXpo-KoMnToHoacKHX 

MO,neneii:. 0,ZJ;HaKo, KRK Cl!HXpoTpoHHoe, TaK ll KOMnTOHOBCKOe H3Jiyqeime peJIJITli!IBli!ICTCKHX 

'3JieKTpOHOB co "cTa.H.na.pTHbIM" CTeneHHbIM pacnpe.neneHli!IeM npli!IBQ!(li!IT K OJlHOMY li!I TOMY >Ke 

noKa.3aTeJIIO cTeneHH a"I =(a. - 1)/2. KpoMe Toro, npocToe npEmnono>KeH11e o HaJili!I'lllli!I pe­

JIJITHBllCTCKli!IX '3JieKTpOHOB JlJI.ll 51Ar ttpEmCTaBJilleTCJI ae.nocTa.TO'l,HhlM, nocKOJibKY xapaKTep­

Hlile apeMeHa pa.nHaUHOHHhlX noTepb '3JleKTpOHOB B HHX cymeCTBeHHO MeHbme MHHHMaJibHO 

Bo3Mm1moro apeMeHH Hx pacnpocTpaHeHH.ll a ,e:cTo'IHHKe R/c, '!To CBli!IJleTenbcTsyeT o Henpe­

pbIBHoii li!IH>KeKUHH/ycKopeHli!IH 3JieKTpOHOB no BCeMy 06beMy HCTO'IHHKa. 

B '3Toii: CBJI3H rrpe,ncTJIBJI.lleTcJI rrpHBJieKaTeJibHOii: li!!Jlell uerrpepbIBHoro ycxopeHH.ll peJI.ll­

THBHCTCKli!IX '3JieKTpOHOB B IlJia.3Me c pa3'.BHTOH Typ6yneHTHOCTbIO, HCnOJib30Ba.HHall paaee B 

Mo.nenli!I nna3MeHHoro Typ6yneHTHoro peaKTopa. (IlTP), rrpe.nnonara.IOillall «PopMHpoBaHHe cTe­

rreHHb!X cneKTpos peJIJITHBllCTCKl!X :meKTpoHoB. B § 4.2 IIOKa.3aHo, 'ITO B .neii:cTBHTeJlbHocTH 

CTeUeHHble cneKTpbl '3JieKTpOHOB B MO,neJI.llX IlTP ue H6J1,.fl107nCH ycmoi1.'l(.U6bl.AtU, li!I 'ITO Ilpli!I CTO­

XaCTll"!eCKOM ycKopeHHli!I '3JieKTpOHOB B IIJia.3Me c pa.3Bl!TOH Typ6yJieHTHOCTbIO <t>opMllPYK>TC.ll 

crreKTpbI THrra. peJIJITli!IBli!IcTcKoro Ma.KcaennoscKoro pa.crrpe.,neneH1UI: J('Y) ex '"(2 exp(-'"( ho). 
B § 4.3 npe.nnolKeHa npocmpancmacuno ncoduopodna.s: MQlleJib aKxpeuHoHHoro !IJia.3MeH­

Horo Typ6yneHTHOro peaKTopa (AilTP), $opMHpyeMoro npll c<t>ePH'leCKll Cli!IMMeTpH'IHOH aK­

KpeUli!IH rrna3Mhl c . .nocTaTO'IHbIM yposaeM Typ6yneHTHOCTH B SIAr. IlocxonLKY xapaKTepHhle 
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BpeMeHa ::rnepreTH'!eCKHX IlOTepb peJIJITHBHCTCKHX ::meKTpOHOB O'!eHb MaJibl no cpaBHeHHIO c 

BpeMeHaMH HX Bb!XO.D;a H3 MacuJTa6os r, crreKTpbl :meKTpOHOB f ( r, 'Y) onpe.D;eJIJIIOTCJI JIHWb 

JIOKaJibHbIMJI npoueccaMH HX YCKOpeHHJI H OXJia>K.n;eHHJI. Ilo3TOMY KaK H paHee, B03HHKalOT 

cneKTpbI Tnna peJIJITHBHCTCKoro MaKCBeJIJIOBCKoro pacrrpe.neneHHJI. 0.lUfaKo, OTJIH'!HTeJibHOH 

'!epToii: Mo.neJIH AilTP JIBJilleTCll To, 'ITO cpe.UHll.ll 3HeprHll 3JieKTpouos Terrepb llBJllleTCll 3a­

BHC.ll~eii: OT paCCTOJIHHJI r, H B o6meM cnyqae npHBO,llllTCJI K Bll,Uy: 

'Yo(r) = "(* x r", (7) 

r.ne 'Y• S 100, H ,\ ~ (0.3 - 0.6). 

BhitincJieHHJI 3JieKTpoMarHHTHoro n3Jiy'leHH.ll B paMKax Mo.nemi: AITTP (§ 4.4) 1IOKa3blBa-

1<>T, 'ITO KaK H cne.nosano O>KH.UaTb, B o6nacTH. PCM ¢iopMHpy10Tcll IIJIOCKne nn6o 11usepT:11po­

BaHHbie cneKTpbI (no 3HeprHn) CllHXpOTpOHHoro ll3JIY'!eHmi, 3KCilOHeHUHaJibHO yKpyqarormi:e­

Cll B o6nacTn HK/onTn'!eCKllX qacToT. Pacrrpe,ne.JieHe:e ce:Hxpo-KOMilTOHOBCKoro ll3Jiy'leHH.ll B 

Ka)K,llOH TO'!Ke r TaK)Ke JIBJIJleTCJI IlJIOCKoii: <l>YHKUHeii:, npocT11pa10me:ii:cJ1 .no HeKOTOpo:ii: 'laCTO­

Tbl l/x(r), KOTOpal!, o.nHaKo, Bo3pacmaem c yseJIH'leHHeM r·. B pe3ym.TaTe, rrocne HHrerpuposa­

HHll no 06'beMy HCTO'lHHKa, CTerreHHal! 3aBHCHMOCTb 'Yo OT r npHBO,llHT K ¢iopMHpoBaHHIO CTe­

rreHHOH cneKTpaJibHoii: cseTHMOCTH AilTP, L. cc v-"•, B .UHana.JoHe OT Yct>/peuTreuoBcKoro 

.no MllrKoro "(-H3Jiy'!eHH.ll IJOKa3aTeJieM CTeiieHH 

2,\ - 0.025 

a. = 4,\ - 0. 75 · (8) 

Y'!HTbIBaJI, '!TO 0.3 S ,\ S 0.6, nony'li/-eM, '!TO noKMaTeJib cTerreHH a. ~ (0.6 - 0.8), T.e. 

Haxo.nHTCll B xoporneM cornac1111 c Ha6mo.naeMblM cneKTpoM peHTreHoBCKoro H3JIY'lemrn SIAf. 

B rJiaBaX 2-4 paccMaTpHBaJillCb CTaUJIOHapHbie MO,lleJIJI HCTO'!HHKOB -y-H3Jiy'leHJl.ll. 0,1:1-

HaKo, 3Ha'lHTeJibHaJI '!aCTb ( eCJIJI He 60.llblllHHCTBO) 3TllX HC?TO'IHHKOB .UOJI~<Ha 6b1Tb, CKopee 

scero, OTHeCeHa K KaTeropHH nepeMeHHblX, c O'leHb 60JiblliHM ,llHalia30HOM MaCmTa60B ne­

peMeHHOCTH, Ha'lHHall OT .noneii: ceKyH,l:(bl H Bblme. Bonee Toro, MHOrHe H3 HHX MoryT 6b!Tb 

soo6rue JIHllib 3IlH.30.llH'!ecKHMll HCTO'!HHKaMH KOCMH'!ecKoro -y-113JiytieHH.ll. B nocneeyIOIIUIX 

:3-x rnasax ,UHccepTaUJlll paccMOTOpeHbl MO,lle.JIJI HecTaUllOHapHbIX HCTO'lHJIKOB. 

B rnaBe 5 llCCJie,llOBaHa MO,lleJib "o6JiaKO-MJIIIleHb no.a: nytIKOM peJillTHBJICTCKHX lJaCTllU" 

.llJIJI HHTepnpeTaUHll 3Ill!.30,lll!'leCKOro "(-J13JIY'leHHJI OT pll,lla peHTreHOBCKHX .llBOHHblX 3Be3.U, 

TaK:llX KaK Hercules X-1, Vela X-1, H .up. 3aMeTHM, 'ITO B HacTo.llmee BpeMJI OTH01I1ea11e K .no­

CTOBepHoCTll 3TJIX 3Illl30.llH'leCKHX CHfHaJIOB .ll!IJIJ!eTcJI HeO,llH03HatIHblM, H MHOfHMH CTaBJITCJI 

IlO,I:( COMHOOHe. 0.nHa .113 np.ll'IHH CKerrnrnec1wro OTHOIIJeH.llll CBJl3aHa c 3KCTpaOp.ll.HHapHbIMH ... 
xapaKTep.11ct1maMB 3TOro ll3Jiy'leH.Hll, KOTOpble JIBJIJllOTCJI llOCTaTO'IHO 06IIUIMH ll.Jl.ll pMJIH'l­

HblX HCTO'IHBKOB, .11·HaH6onee rronHo rrpol!BJIJIJOTCJI Ha np.11Mepe Hercules X-1. HMeHHO (§5.1): 
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rotatlo n axis 

Av 
Vo 

cloud 
tra)ectory 

~> 
observer 

p cos(kAv) - cos(pAv) 
1 -p.cos(kAv) 

Puc. 2: CueaapHii: reHepauHH 31IH30ll.H'lecKoro raMMa-H.JJiy'leH.Hll B MonenH "nsmKymaJ1cJ1 MH­

rneai. rrepeceKaeT ny'!oK peJIJITHBHCTCK.llX 'laCTHil" ,llJlll peHTreHOBCKHX ll.BOHHblX. 

(a) 3nU3oau'tec11:uii. xapaKTep -y-H.3Jiy'leHHJI, c ,llJlHTeJibHOCTblO OTll.eJibHblX 3Illl30ll.OB /),.t s 1 

'!ac; (6) an0Ma.Ab1tb1ii. xapaKTep nyrri.cupyromero -y-:113rry'!eH~J1, c HeperynllpHbIM c.nsHroM '!a­

cTOTbl "(-nyJibCaUHH /),.v = v-, - Vo OTHOCHTeJILHO 'laCTOTbI Vo peHTreHOBKHX rryni.cau:11ii:; 

(s) omcymcmaue 11:oppe.A1114uii. c op6uTaJibHoii: <!>Moii: t/J .nsoii:Hoii: cHcTeMbl. Borree Toro, ll.JIJI 

3aTMeHHblX cHcTeM coo6manoci. o ua6rrro.nea:11.11x -y-sn:1130.uoe TaKlKe H B <!>Me rny6oxoro 3a­

TMeHHJI peHTreHOBCKOro rryni.capa. 

B § 5.2 rrpenrro>KeH cueHapHii: MQlleJIH (pHc.2). OcHoeu1.1M MO.lleJlbHblM rrpennono>KeHHeM 

JIBJI.lleTCJI TO, 'ITO .113 HOpManbHOH 3Be'l,llbI-KOMITaHbUHa peHTreHOBCKOH .llBOHHOH CIJOHTaHHO 

Bb16pachIBaroTcJI crycTKH eemecTBa (o6rraxa ra.Ja) c Maccoll: Mc1 5 1023 , KOTOpble, B 3a­

BHCHMOCTH OT HX TpaeKTOpHH, MoryT nepeceKaTb o6JiaCTb, B KOTopoi pacnpocTpaHJIIOTCJI 

'laCTHUb!, uenpepb!BHO ycKoplleMble nyni.capoM. Ilo.n B03.UeHCTBHeM Momuoro ny'lKa o6JiaKo 

HarpesaeTcJI .no 'tefo.!rrepaTyp 5 105 K H pacmup.lleTCll, '!TO rrpHBO.llHT K 6blcTpoii: 3BOJIJO­

UHH ero napaMeTpoB. Ha CTa,llHH, Korna o6rraKo cTaHOBHTCll rrpo3patIHblM no nornomeHHro 

"(-KBaHTOB, OHO CTaHOBHTCJI HCTO'IHHKOM rryni.cupy10mero "(-H3JIY'leHll.ll. qaCTOTa nyni.ca­

uuii: aHoMaJibHa .113-Ja .UBoii:Horo llorinep-3¢i¢ieKTa (oTpa)KeHHe rryn1.cHpy10mero cHrHana oT 

nonBH)KHOH MHllieH.11). XapaKTepHb!ii: MacIIJTa6 ,llJIHTeJibHOCT.ll H3JIYtieHH.ll onpe.nenlleTCll KaK 

BpeMeHeM 3BOJIIOU.llll rrapaMeTpOB pacJUHpl!KlllieHCJI M.llllieHH, TaK H BpeMeHeM nepece'!eHHJI 
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M111meH1>10 06nacT111 pacnpocTpaHeH111J1 ny'IKa Kn. 
He11:36elKHhlM cne.ncTBHeM MO.lleJIH J1BJIJ1eTCJ1 npe.ncKa1aH11e JlOJIBJieHHJI aHOMaJILHo nyni,c111-

py10mero TenJioBoro (qepHOTeJibHOro) H3JIY'leHl1IJI o6JiaKa B OllTH'leCKOM-yJILTPa<l>HOJieTOBOM 

(Y<I>) ,!J;Jlalla30He O,!J;HOBpeMeHHO c 1-nyJILCall11IJIM11I. 3aMeTHM, 'ITO <t>eHOMeH aHaMaJibHO nyJib­

CHpyK>III,ero 3llH30,ZJ;H'lecKoro H3JIY'leHHJI OT .llBOI:IHOii: Her X-1/HZ Her (H .npyrnx TecHhlX .noii­

HhlX) B. OllTI:l'leCKOM ,ZJ;I:lalla30He xopomo .YCTaHOBJieH I:! Ha6mo.nanc.11 HeO,ZJ;HOKpaTHO. 

B § 5.3 onHCaHLI MeTO.ll pac'leTa H nponecchl B3aHMo.neiicTBHJI, y'lll:ThlBaeMhle npH Bhl­

'II:lcJieHHJIX cneKTpOB 3JieKTpOMafH111THOro I:l3JIY'leHI:IJI o6JiaKa, cpopMHpyeMoro B pe3yJILTaTe 

pa3BHTI:IJI B o6JiaKe 3JieK';l'pOMarHHTHOro KaCKa,ZJ;a B H06hl'1HhlX YCJIOBH.l!X, Kor.na Ha pa3HblX 

CTa,ZJ;I:IJIX ,!J;HHaMH'IHOii: Ml11IIIeHH OKa3hlBaeTCJI Heo6xo,ZJ;HMhlM Y'IHTblBaTb KaK npoueccLI B3aH­

MO.!leil:cTBI:IJI B ra3e, TaK H B cpoTOHHOM II: MarHHT~OM llOJIJIX B o6JiaKe. llanee B § _5.4 npHBO,!J;JITCJI 

pe3yJILTaThl KOHKpeTHhlX 'II:IJieHHhlX pac'leTOB o6cylK,ZJ;eHHe cneKTpOB 3JieKTpoMarHHTHOro 11:3-

ny'leHH.ll Ha npHMepe HCTO'IHHKOB Her X-1 H AE Aquarii (KaTaKJJH3MH'leCKaJI nepeMeHHaB). 

B paMKax npe.,ll.JJO>KeHHoiii MO,ZJ;eJIH Ha Ka'lecTBeHHOM l'I KOJIH'leCTBeHHOM ypoBH.llX OO'bJICHJ1IOT­

cJ1 6Ce xapaKTepHhle oco6eHHOCTH 3IlH30,!J;H'leCKOro /-HJJiyqeHI:IJI OT 3THX o6'beKTOB, BKJIIO'laJI 

Ha6nro.naeMhle OT AE Aquarii pa.nHoecnbJIIIKJII, a TaKlKe Y.!lllOeHH~ '!aCTOThl 1-nym,caJIHii: (no 

cpaeHeHHIO c 'laCTOToiii: spameHHJI nyni,capa). 

B paMKax Mo.nen:e: ".llllHlKYlllaJICJI MHIDeHi. no.n ny'IKOM peJIJITHllHcTcKHX 'lacTl'IU" MO.lKHO 

OlKH,ZJ;aTb oqeHb pa3Hhle MaCIIITa6hl nepeMeHHOCTI:I H3Jiy'leHHJI (B 3aBHCHMOCTH OT pa3MepoB 

CHCTeMbI, MaCChl MHIIIeHH, CKOpOCTH e.e ·,!J;BHlKeHHJI, paCCTOJIHHJI .no ycKOpHTeJIJI, H ee MOlll­

HOCTH ), 'ITO .nenaeT HHTepeCHOH 803MOlKHOCTb ee ,!J;aJibHeiiiinero IIPHMeHeHHJI ,!J;JIJI HHTepnpe­

TaIIH111 nepeMeHHOro 1-H3Jiy'leH11IJI pa3JIH'IHblX raJiaKTH'leCKHX H BHeranaKTH'leCKHX ycKOpH­

TeJieii Kn: B qacTHOCTH, B03MO.lKHOCTb nony'leHHJI o'leHL KopoTKHX MacmTa6os nepeMeHBo­

CTH IJ03BOJIJleT B npHHllHile npHBJie'lb '!TY MO,ZJ;eJib ,!J;JIJI HHTepnpeTaUHH TaKHX JIBJleHHH, KaK 

raMMa-ecnnecKH. He npeTeH.llYll Ha nOJIHyIO HHTepnpeTa1111:10 ecex 3ara.nox 3Toro .llBJieH:e:.11, 

B § 5.5 o6cyJK.naeTC.ll B03MOlKHOCTb npHBJie'leHHJI 3TOH MO,ZJ;eJIH .!lJl.11 OO'bJICHeHHJI HeKOTOpbIX 

oco6eHHOCTeiii raMMa-scnJieCKOB, TaKHX Ka.K 6hlCTpbIH pocT H 6onee Me,ZJ;JieHHblH cna.n HH­

TeHCI:IBHOCTH llCllJiecKa, HJIH .1111JieHI:1e Gonee .llJIHTeJILHoro /-H3JIY'leHHJI B 06nacT11 BLICOKHX 

:meprHii (no cpaBHeHHIO c H3JIY'leHHeM B o6JiaCTH MllrKoro /-H3Jiy'leHH.11) B O,!J;HOH H TOH )Ke 

BCIIbIIIIKe (Ha6n10.naeMI:1x, B qacTHOCTH, EGRET). 

B rnaee 6 HCCJie.,ZJ;OBaHa npo6JieMa 3f!OJllOllJIIH BO BpeMeHH H npocTpaHCTBe cneKTpOB Kn B 

OKpeCTHOCTH OT.!leJibHOro ( mo"l.C'l/.ltO?.O) ycKOpHTeJIJI. KaK OTMe'leHO BO BBO,!J;HOH qaCTH fJiasbl 

6 (§ 6.1 ), HCCJie,ZJ;OllaHHe cneKTpOll Kn B oKpecTHOCTH TO'le'IHoro HCTO'IHI:!Ka B Me)K3Be3,ZJ;HOH 

cpe.ne npe.nq·aeJIJ1eTCJ1 aKTYaJibHOH npelK.ne scero .nn.11 HHTepnpeTan1111: Ha6nro.naeMblX cneK­

Tpo11 peJIJITHBHCTCKHX 3JieKTpoH011. lleiicTBHTeJILHo, perI:1cTpa1111:.11 ::ineKTpoH011 Kn c 3HeprHeil:. 

BllJIOTb .no :=::: 2 T3B,.epeMJI oxJialK.neHHJI KOTOphlx 11 MelK3Be.3,ZJ;Hoil: cpe..ne ,...., 105 JieT, o3Ha'la-
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eT, c yt1eToM xapaKTepHoro K03cpcpHnHeHTa .n11<ti«PY3HH D ,...., 1028
cM

2
/c, 'ITO BX HCTO'IHHK 

HaXO,!J;HTCJI Ha paCCTOJIHHH He 6onee HeCKOJibKHX COT napceK. 

B § 6.2 npHBO.llHTCJI pemeHHe ypasHe~Hll .llHcpcpy3JIIH peJI.llTI:IBHCTCKHX ,ZJ;JIJI rrpoH3BOJibHOro 

cneKTpa l:iN(1) 3JieKTpOHOB, HHlKeKTHpoBaHHblX B O,!l;HOp.~.llHYIO Me)K3Be3,ZJ;HYK> cpe.ny, B o6-

meM cnyqae npoH3BOJibHh1X 3HepreTH'lecKHX noTepb P( 1' ), H .!lJIJI 3aBHCJllllero OT 3HeprHH 1' 

(ITopeHU-cpaKTop) K03$cpHnHeHTa .llH$<f>Y3HI:I D(1'): 

M(lt) P(I,) ( n2 ) 
J(R,t,1) = 71"3/2p(1')R;\;r exp - R~r (9) 

3.lleCb 1't COOTBeTCTBye'r Ha'laJibHOH (a MOMeHT speMeHH to= 0) :'!HeprHH qaCTHII, KOTopLie B 

MOMeHT BpeMeHH t OXJia)K,!J;aIOTC.11 .no 3HeprHH 1'' a R.nr = R.nr( 1'' t) --t 2.Jlfi, - 3<f>$eKTHBHblH 

pa.nHyc ,ZJ;H<f><f>Y3Hl'I. 

Ha ocHoBaHHH 3Toro BbipalKeHH.11, npe.nnonaraJI cTeneHHYIO cpopMy cneKTpa I:IHlKeKIIHH 

3JieKTpOHOB c IJOKa3aTeJieM a, B § 6.2 npoBO,IJHTCJI .neTaJibHblH aHaJIH3 Moiluifiuna1.1uu ,!J;OXO,JJJl­

lllHX ,110 Ha6JIIci,JJaTeJIJI HeCTaIIHOHlq>HhlX· cneKTpOB 'laCTHII B nponecce HX ,JJH<f><f>Y3HOrO pac­

npocTpa.HeHHJI OT TO'le'IHOro HCTO'IHHKa. B OTJII:l'IHe OT npe.,ubl,!J;yllll'IX HCCJle,ZJ;OBaHHi ,ZJ;aHHOH 

npo6JieMbl,. npHHllHilHaJI.bHblM JIBJIJleTCJI y'leT 3HepreTH'leCKOH 3aBHCHMOCTH K03<f>$HUHeHTa 

,JJH<f>$y3:e:H: D(1) = Do(l + 1/1'.)6
• 

IleiicTBJi!TeJlbHO, B CJiy'lae 6 = 0 3<f>$eKTJiJBHhIH pa,11111yc ,!J;J1<f><f>Y3Hl'I He 3aBJiJCHT OT 3HeprHH, 

H 1100T0My cneKTpbl :;ineKTpoHOB c 1' :::; /cut B TO'IKe R JIHIIIb noBTopllIOT cneKTp HHlKeKUHH 

3JieK'l'poHOB (paccMaTpHBaK>TCJI BpeMeHa, 3aMeTHO MeHbIIIHe BpeMeH OXJia)K,JJeHHll). 0,11HaKo, 

B cny'lae 6 > 0 (cKopee.Bcero, 6,..., (0.5- 0.6)) KapTRHa npHHllHllHaJI.bHO HHaJI. B qacTHOCTH, 

B·cJiy'lae "MrHoBeHHoro" xapaKTepa HHJKeKTOpa, B o6JiaCTH BhlCOKHX 3HeprHH 6y.nyT Ha6JII0-

,11aTbCJI cTeneHHhle cneKTphl Kn c noKa3aTe.neM a' = a + (3/2) 6 (a cnyqae cTanHoHopHoro 

HCTO'IHHKa 0!
1 = O! + 6). 

TaKoe yKpy'leHHe cneKTpa 3JieKTpoHoB oKa3h!BeTCJI npHHllHllHaJibHhlM B paMKax paccMo­

TpeHHOii: B § 6.3 ,JJBYXKOMllOHeHTHoro no,11xo.na ,JJJIJI KOppeKTHOH HHTepnpeTaUHH Ha6JIIO,JJaeMoro 

B OKpeCTHOCTH 3eMJIH cneKTpa 3JieKTpoHOB, KOTOpall B o6JiaCTH E ~ 10 f3B OilHCbIBaeTCJI 

Il0Ka3aTeJieM O!obs = (3.1 - 3.3). llsyxKOMDOHeHTHaJI MO,JJeJib ,JJJl.11 nepBH'IHhlX 3JleKTpOHOB B 

COCTaBe Kn COCTOHT B TOM, 'ITO: 

(a) BKJia.ll HCTO'IHHKOB Ha 6oJibIIIHX paccTOllHHJIX, R ~ 1 KDK, o6o3Ha'laeMhlH G-KoMnoHeHToii:, 

Bbl'IHCJI.lleTC.11 B paMKax CTaH,JJapTHOH rHilOTe3bl 0 Henpepb!BHOM pacnpe.neneHJiJH HCTO'IHHKOB 

B npocTpaHCTBe H BO BpeMeHHj 

(6) BKJia.n OT O,IJHOro HJIH HeCKOJJbKHX 6JI1113KHX H OTHOCHTeJibHO MOJIO.nhlX Ji!CTO'IHHKOB, Ha3hl­

BaeMhlii: L-KoMnoHeHToii, H oTBeTCTBeHHhlX, B qacTHOCTH, 1a Ha6n10,11aeMhlH noTOK T:;iB-HhlX 

3JieKTpOHOB, Bbl'IHCJI.lle_TC.11 OT,JJeJibHO KaK OT TO'leqHhlX HCTO'IHHKOB. 

B cnyqae HMllYJibCHBHOro HCTO'IHHKa B o6JiaCTH 3HeprHiii, COOTBeTCTBYIOWHX ycJIOBHIO 
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PHc. :J: CrreKTpaJibHhle rroTOKH 3JieKTpOHOB L-, G-, H S- KOMIIOHeHT, IIOKa3aHHble cooTBeT­

CTBeHHO crrnomRoii:, mTpHXOBaHRoii:, H mTpHx-rryHKTHpRoii: JIHHJUIMH. CyMMapR&tii crreKTp 

rroKa3aH xrnpRoii: crrnomRoii: JIHRHeii:. PaccTOKHHe JJ.O JIOKaJibHoro "HMIIYJibCHBRoro" HCTO'IRH­

Ka R = 100 IIK, B03pacT t = 105 
neT. 

Rrur( E, t) ~ R, rrepBH'IRhlii: cTerreeeoii: cneKTP 3JieKTpoHoB c rroKa.3a.TeJieM a yKpy'laeTCK Ra 

BeJIH'IHHY (3/2)fi • .Ilng xapa.KTepeoro {J "' 0.5 - 0,6 3Tb COOTBeTCTByeT TOMy, 'ITO crreKTP 

L-KOMIIoHeHThl 3JieKTpoeoB 6yJJ.eT B corna.c1m c Ra6moJJ.aeMhlM _cneKTpoM :meKTpoaoB KJI 
O'leHb Bb!COKHX 3HeprHii:, E 2 100 r3B c Oiobs 2 3, eCJIH rrpe.nnoJIOEHTL cneKTp HRlKeKUHH 

nepBH'IHLIX 3JieKTpOHOB c pa.3yMHblM I10Ka.3aTeJieM Oi "' 2.2 - 2.3. 

. B o6nacTH E ,...., 10 r3B OTRomeRHe trur/tc JJ.OCTHraeT CBoero MHRHMyMa "' 1. Ilo3TOMY npH 

3THX 3ReprHKX 3JieKTpOHL1, HH2KeKTHpyeMLie B Me2K3Be.3JJ.RYIO cpe.ny 1!13 JJ.aJieKHX HCTO'IRHKOB, 

.aoxo.aKT .ao aa.c aaH6onee 3!lJ<l>eKTHBHo. IlpH MeHLIDHX 3HeprHKX tmrftc BHOBL B03pa.cTaeT. B 

pe3yJILTa.Te B paMKa.X .UByXKOMilOHeHTROH 'G+L' MOJJ.eJIH B o6Jia.cTH E < 10 r3B B03HHKaIOT 

.UOCT3.TO'IHO lKeCTKHe cneKTphl, 6JIH3KHe K Ra.6mo.naeMblM IlOTOKa.M 3JieKTpOHOB. 3a.MeTHM, 

'ITO B pa.MKax CTa.R.aapTRblX Mo.aeneii: c aenpepb!BRhlM pacnpeJJ.eJieHHeM HCTO'IRHKOB OlKH.[13.­

K>TCK llOTOKH r3B-Hb!X :,)JieKTpOHOB, cymeCTBeRHO npeBOCXO.UKIUHe H3MepeHRble IIOTOKH B 3TOH 

o6Jia.CTH, HO 6JIH3KHe K TeM, KOTOpb!e noJiy'laIOTCll H3 aHaJIH3a. paJJ.HO.[laHHhlX, .aaroml!lx, o.a­

. HaKo, HHcj>opMaUl!IIO 06 3JieKTpoeaoii KOMIIOHeHTe KJI, npouumeipupo6auuy10 no I'a.Jta11:mu1Ce 

Bao.n,r, .n,y11,a apeuu.H. 

B o6JiaCTH E ~ 10 r3B BpeM.11 pa.nHa.UHOHHOro OXJia)l{JJ.eHHll :meKTpOHOB t, ex: 1/ E yMeRL­

maeTC.ll 6~Tpee, qeM BpeMll .i:t11<l><l>Y3HH tdif ex: E-6
' II03TOMY BKJiaJJ. OT .aaneKHX HCTO'IHHKOB 

( G-KOMllOHeii:Y.a) B Ha.6JIIO.UaeMblH IIOTOK c yBeJIH'leHHeM 3HeprHH yMeHbmaeTcK, B TO lKe BpeMK 

KaK BKJiaJJ. OT 6JIH3KOro HCTO'IRHKa. pacTeT. Ta.KHM o6pa.30M, B o6Jia.CTH 10 r3B ::; E ~ 100 r3B 
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Pnc. 4: 3a.pmoBhlH cocTaB 3JieKTpoeaoii KOMnoHeHThl KIT .UJIK c11eKTpoB, npe.ncTa.BJieRRblX 

ea. pHc.3, B IIpeJJ.IIOJIO)KeHll:H, 'ITO HCTO'IHHKOM L- KOMilOHeRTLl KBJI.lleTCll nyn1>ca.p (HHlKeKTOp 

e- - e+ nap), JIHOO CBepXROBall. 

11po11cxoJJ.l!IT nocTeIIeRHall 3aMeHa npeu:MymecTBeHRoro BKJia..aa G-KoMnoaeRTbl ea BKJiaJ:I OT 

L-KoMnoHeHTbl. 0.naaKo, 3TOT 11epexo.a oT G- K L-KoMIIOHeRTe npol!lcxo.al!IT rJiaJJ.KO H Re 11po­

KBJIKeTCK B llOJIHOM CIIeKTpe 'G+L', KOTOpbIH BO sceli o6JiaCTH 3HeprHii: 10 r3B < E::; 2 T3B 

xopomo an11poKCHMHpyeTcK e.nu:aoli cTeneHHoii: <j>yHKUHeli (cM. pu:c.3). B TO )Ke speMll (§ 6.4), 
ecJil!I 3apm0Bblii: cocTaB L-KOMIIOHeHTLI 6y.neT oTJIH'la.TbCll OT 11peu:MymecTBeHHO aeraTpoH­

aoro COCTaBa G-KOMllOReHThl, TO B o6naCTH Bb!COKHX 3HeprHii: ecTeCTBeHHO OlKl!IJJ.aTL 11pa.KTH­

'1ecKH JII06oe aHOMaJILHO BblCOKoe (no cpaBHeHHK> co BK.rra.JlOM JIHWL II03HTpOHOB BTOpH'IHOro 

rrpoucxolK.aemu1 B KIT) oTHomeHHe e+ /(e- + e+), 'ITO noKMaHo Ha pHc.4. B § 6.4 o6cy>KJJ.3.K>T­

cg TaKJKe 're Tpe6oBaHJUI, KOTOpble .aom~Hbt BblllOJIHKTbC.11 JJ.Jlll HCTO'IHHKa (HJIH :ii:ecKOJILKHX 

HCTO'IHHKOB) BblCOK03HeprH'IRblX 3JleKTpOHOB B aameii: JIOKaJILHOH oKpecTHOCTH • 

B rnase 7 npoBO.UHTCll JJ.eTaJibHOe HCCJieJJ.oBa.HHe BOIIpoca o6 3BOJIK>llHH BO BpeMeHB crreK­

TpoB 7-113ny'lea1111 r11raaTcKHX MoJieKynKpHbIX o6na.KoB (rMO) s6JIH3H yCKopHTeng KIT B 

mupoKOM .aua.na30He OT BblCOKHX D.O csepXBblCOKHX 3Hepruii. 

0JJ.HHM H.3 83.lKHblX pe3yJILT3.TOB .3KcnepHMeHTaJILHOH ra.MMa-acTpOHOMl!lll'. j!BJllleTCll o6aa­

pyJKeHl!le .neTeKTopaMH COS B u: EGRET aecKOJibKHX n.ecllTKOB n.ucKpeTHhlX HCTO'IHHKOB B 

o6nacTH Bb!COKHX 3HeprHii:, E-, ;::: 100 M3B B rana.KTH'lecKoli rrnocKocTu, 6oJibWHHCTBO H3 

KOTOpb!X IlOKa OCT3.IOTCll HeOTO}i{D,eCTBJieHHblMB, BHD.HblMH JIHIDb B 7-.zurnnaaoae. IlocKOJILKY 

HHTeRCBBHOCTb reaepaUHB raMMa.-H3Jiy'leHHll onpen.enKeTcll 11poH3Be.zteau:eM nnoTHOCTH KJI 
Ha IIJlOTHOCTb 0Kpy2Ka.K>mero ra1a., TO O'leBH.llHLIMH Ka.H.nHD.aTa.MH, no Kpaii:Reli Mepe, D.Jlll 

onpe.nemmHOH 'laCTH 3THX HCTOqRHKOB npe,ncTa.BJlllK>TCll rMQ C xapa.KTepHOH IIJIOTHOCTLIO 
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n"' 102-104 cM-3 n MaccaMH M "' 103-106 M<~· 3aMeTHM, o.nHaKo, 'ITO npaKTH'leCKH so Bcex 

pa6oTaX, nocBellleHHblX B03MOlKHOCTH reHepaUHH -y- H3Jiy'leHHJI B rMQ, He paccMaTpHBaJICJI 

Bonpoc 0 KoppeJIJIUHH IIOTOKOB ")'-KBaHTOB, o:arn.naeMb!X B palJIH'lHble MOMeHThl BpeMeHH B 

:pa.3HhIX .nHana3oHax :meprHii:. MelK.ny Te~, BeChMa BalKHO rrpe.,n;cTaBHTh, KaKyro HHcpopMamiro 

Mb! olKn,naeM B npHHUHile noJiy'lHTh B pe3yJihTaTe raMMa Ha6mo,n.eHHH rMQ. 

B § 7.2 paccMoTpeHa :oisonrou1rn noTOKOB peJIJITHBHCTCKHX npoTOHOB B oKpecTHOCTH MO· 

no.uoro ncTo'lHHKa KIT. He KOH!(peTH311pyJ1 THD nci:o'lHHKa, paccMaTpl!BaeTcJI B03MOlKHOCTh 

KaK HMIIYJihCHBHoii: (''MrHoBeHHoii:"), TaK H Henpepb!BHoii: HHlKeKUl!H KIT B MelK3Be3.nHyro cpe­

.uy. KaK DOKa3h!BaIOT pacqeThl, B OKpecTHOCTH 100 IlK OT HCTO'lHHKa c 3HeproBbl,neJieHl!eM 

B ycKopeHHblX npoToHax WP "' 1050 :oipr noTOKH KIT Ha onpe.ueneHHh!X cTa.n11J1X 3BOJIIOUHH 

MO)!(eT 3Ha'lHTeJihHO rrpeBh!maTh rrnoTHOCTh ?Heprnn ranaKTH'lecKoro "Mopll" KIT (npe.n· 

nonolKHTeJihHO, coBna.naIOmHM c ypoBHeM KIT B oKpecTHOCTH 3eMJIH). Ilpn :oiToM, yposeHh 

rrpeBbIIDeHHJI cymecTBeHHO 3aBHCHT OT xapaKTepa HCTO'lHHKa, 3HepreTH'leCKOro .nHalla30Ha, 

H Ko:oicpcpHUHeHTa .nncpcpy3HI!. CooTBeTCTBYIOIUHe cneKTphl H3Jiy'laTeJihHOH cnoco6aocTH Bbl· 

'lHCJieHhl B § 7.3. 
B § 7.4 Bbl'lHCJieHbl DOTOKH '"'(•KBaHT?B, KOTOpb!e MO)!(HO OlKn,naTb OT ra30Bb!X MHIDeHeii: 

THDa fMQ B6JIH3H MOJIO,nb!X ycKopHTeJieii: Kfl (TaKHX KaK OCTaTKH CBepXHOBh!X HJIH nyJIL· 

capLr) B pa.3Hble MOMeHTbl apeMeHH. IlpH 3TOM, o6Cy)!(.naeTCJI B03MO)l(HOCTh pacnOJIOlKeHHe 

ycKopnTe.JIJI KaK Ha HeKoTopoM paccToJIHHH BHe, TaK H BHYTP~ o6na.Ka. IloKa3aHo, 'ITO .nalKe 

o6JiaKa c napaMeTpOM Ms/rlf..pc "'0.1 MoryT OKa3aTbCJI BH.nHMblMH B raMMa-Jiy'lax, B TO Bpe· 

MJI KaK .nnJ1 perncTpaunu -y-u3Jly'leHHll OT o6naKOB B ranaKTH'leCKOM "Mope" KIT Tpe6yeTCll 

Ms/ d~pc ~ 1. 3To o6cToliTeJihCTBo cywecTBeHHO yseJIH'lHBaeT 'IHC.JIO rroTeHUHaJihHh!X HCTO'I· 

HHKOB KaK r:oiB-Horo, TaK H T:oiB-Horo 1-1nJiy'leHHJI. B cnyqae 3aBHC.llllleH OT 3HeprHH 'laCTHU 

.nncpcpy3HH KIT B oKpecTHOCTH ycKopnTeJIJI B03MO>KHhl, a 3aBHCHMOCTH oT BeJIH'IHH D(E), R 

I! t, coaepIIIeHHO pa3Hble cneKTphl ')'-H3JIY'leHJl:ll. Ilo3TOMY perHcTpaUHJI -y-H3Jiy'leHHJI B .nna­

na.JOHe OT r3B·Hh!X .no T3B·Hh!X 3Heprnii: OT o6JiaKOB, paCIIOJIO)l(eHHh!X Ha pa3JIH'IHh!X pac­

CTOJIHHllX OT ycKOpHTeJIJI MO)l(eT .naTb yHHKaJILHYIO HHcpopMauHIO 0 K03cpcpHUHeHTe .nncpcpy3HI! 

D(E), a TaKlKe o THne H so3pacTe ycKopnTeJIJI. B npHHUHrre, no.no6HaJI HHcpopMau1u MO)l(eT 

6b1Th nony'leHa TaKJKe H oT o.nHoro rnraHTCKoro o6JiaKa, p;i,3Mephl KOTOphlx MoryT .noxo.nHTh 

.no HeCKOJihKHX .uecJITKOB rrapceK, H3 aHaJIH3a llpKOCTHOro pacnpe.neJieHHJI '"'(-1!3JIY'leHHJI. 

B 3aKJUO'leHHH ccpopMyJIHpoaaHbl OCHOBHbIE PE'.3YJibTATbl If BhlBOJlhl .nnccepTaUH· 

OHHOH pa60Tbl: 

1. Hccne.noeaebl HeKoTopble npoueccbl reeepauuu u nornomeeu.11 raMMa­

H3Jiy'leH~~ B KO.CMH'leCKHX HCTO'IHHKax. 

1.1. MccJi:e.nosaHhI crreKTphl :oineKTpOH·II03HTpoHHblX nap, poJK.naroIUHXCJI rrpH nornomeHHH 

raMMa·KBaHTOB B H~OTponHOM IIOJie <l>OTOHOB. Ilony'leHhl npOCTble aHaJIHTH'leCKHe Bb!palKe· 
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HHJI .nnJI crreKTpa ( e-, e+') rrap B cny•1ae MOHo:oiaepreTH'leCKHX pacnpe.ueneHHH B3anMo.neii:­

CTByIOIUHX cpOTOHOB, KOTOpble y.no6HO HCilOJib30BaTh .nJI.11 Bhl'lHCJieHHJI cpyHI~IlHH reHepaUHH 

3JieKTpOHOB B CJiy'lae npoH3BOJihHhlX cneKTpOB cpoTOHOB. 

1.2. Mccne.nosaH TaK)l(e o6paTHblii: npouecc, HMeHHO, reHepaUHJI raMMa·H3JIY'leHHJI npH 

aHHHtHJIJIUHH ( e-, e+) nap. B 'lacTHOCTH, Bhl'IHCJieBhl cneKTPhl aHHHrHJI.llilHOHHOro H3JIY'le­

HHJI OilTH'leCKH TOHKOH 3JieKTpOH·II03HTpoHHOH TeilJIOBOii: IlJia3Mhl c npoH3BOJihBOH (HepeJIJITH­

BJilCTCKOH JIH6o peJI.llTHBHCTCKOH) TeMnepaTypoii: T., H OTMe"!eH 3cpcpeKT "rony6oro" cMemeHHJI 

' H ymHpeHHJI aHHIITHJIJIIlJilOHHOH JIHBHH 0.511 M:oiB • .llnll HepaaHesecuoA (e-, e+) mia3Mhl Bhl-

'lHCJieaa .noJI.11 peJIJITHBHCTCKHX II03HTpOHOB, "' (10 - 20) %, aHHHrHJIHpyromux "Ha JleTy" .no 

OXJiaJK.neHHJI ( TepMaJIH3aIIHH) B OKpy)l(aIOIUeM ra3e. 

1.3. PacCMoTpeHa npo6neMa ycTaHOBJ.IeHHJI paaHoBecHoro (MaKcBeJIJIOBCKoro) pacnpe.nene­

HHJI qacTHil B H3Ha'laJILHO HepasHosecBoii: DJia3Me. Haii:.neHo a.HaJIHTH'leCKoe peIIIeHHe ypas­

HeBHJI, ODHCbIBaIOIIlero 3BOJIIOUHIO BO BpeMeHH Bb!COK03Beprli:'IHOii: (E ~ kT) 'laCTJI <l>YHKUHH 

pacnpe.neneHHll qacTHU. McnoJI1>3oBaHue nony<1eHHoro peIIIeHHJI, B qacTHOCTH, .llJlll aKKpeun­

oaaoii: IIJla3Mbl Il03BOJIJleT c.neJiaTh Bb!BO.n 0 TOM, "!TO reHepauH.11 raMMa-H3Jiy'leHHJI B TeDJIOBOH 

nn:a3Me npu aKKpeUHH Ha Heii:TpOHHYIO 3Be3.UY un:u npe.unonaraeMyIO qepHyIO .nh!py J1BJIJ1eTCJ1 

3Ha"!HTeJILHo Meuee 3cpcpeKTHBHh!M npoueccoM, <1eM npe.nnonaranoci. pa.Hee. 

2. Ilpose.neH ,neTaJihHblii: KOJIH'leCTBeHHblH H Ka'leCTBeHHblii: aHaJIH3 3cl>«l>eK­

THBHOCTH pa3JIH'IHblX MexaHH3MOB reeepanuu raMMa-H3nyqeHllJI B Kpa6oeu,nHoii: 

TyMaHHOCTll. 

2.1. Ilpe.nJio)l(eHa .uayxxoMnoHeHTHaJI Mo.nem. .nnJ1 peJI.llTl!BHCTCKHX 3JieKTpoHOB B Kpa6o- -

BMHOH TyMaHHOCTH, corJiaCHO KOTOpoii: B TyMaHHOCTll cymecTBYIOT .UBe nonyn:JIUllll 3JieKTpo-

HOB: 

(a) 3n:eKTpoHh! o'leHL BhlCOKHX 311epr11ii, E ~ toor:~e,· KOTOph!e ycKopJ110Tc.11 nym,capoM 

H HHlKeKTHpyroTCll B TyMaHHOCTL B HacTOJIIIlYIO :oinoxy Kpa6a ("MoJio.Uhle" 3JieKTpDHhI)i 

II (6) 3JieKTp0Hhl MeHbIIIllX 3Heprnii:, E s 100 r3B, KOTopi.1e OTBeTCTBeHHb! 3a Ha6JIIO­

.naeMoe CllHXpoTpOHHOe 113JIY'leHHe OT pa.nuo .no HHcppaKpacuoro/orrTH'leCKOro .n11ana30HOB, H 

COCTaBJilllOT rronyJIJIJl;HIO CTapbIX :meKTPOHOB ("pa.nHo" MeKTpOHb!). 

IloKa:JaBo, 'ITO B paMKaX MarBHTorn.npo.UHHaMH'leCKOH Mo.neJIH pacnpocTpaHeHllll "MOJIO­

.D;b!X" :oineKTpOHOB H MarHHTHOro IIOJill B TyMaBHOCTH, rrpe.unonaraJI ycKopeHHe 3JieKTpOHOB .no 

E;::: 1015 ~B, cHHxpoTpoHHoe H.3JIY'leHHe MO)l(eT 06ecne<1HTh xoporuee cornacue ·c aa6nro.nae­

MhlMH IIOTOKaMH BilJIOTb .LIO 1-.n11ana'l0Ha c E-y s 1 r:oiB. 

2.2. Mccm'JlOBaHh! crreKTph! raMMa-11·myqeHH.J1, reBepnpyeMoro npH o6paTHOM KOMIITOHOB­

CKOM paccellHHll peJillTHBHCTCKHX :meKTpoaoa B Kpa6osn.nHoii: TyMaHHOCTH. Bb!'IHCJieHHJI no.u­

TBep)l(.UaK>T pe"JyJihTaTb! pll.n;a npeJlhl.UYIIlHX HCCJienOBaHHH B qaCTH, Kaca10meii:cll Bh!Bo.na 0 

.noMHHHpy10meii: poJIH npouecca OKP .UJill reHepaUHll -y-KBaHTOB B .Ul!IaDa30He E ;::: l T3B. 
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Bnepable noKa3aHo, 'ITO a6coJIIOTHbie .3Ha'leHH11 noTOKOB OKP H3Jiy'leHHJI onpe.lleJIJIIOTCJI 

npaKTH'lecKH JIHIIIh cpe.nHHM MarHHTHblM noJieM B TyMaHHOCTH Bo, H. nonyqeuo npocroe 

aHaJIHTH'leCEoe BblpaJKelrne, .na1omee B03MOlKHOCTh MO.UeJibHo-Be3aBHCHMoro. onpe.n;eneHHJI Bo 
no HBTerpaJihHOMY noToKy F-y(> 1 T3B). 

2.3. Bse.neuo noHJITHe :J!fj(/jenmueuotl IIJIOTHOCTH ra3a nelf, H IIOKa3aao, 'ITO B cpe.ne c Bblpa­

>KeHHblM ueo.nuopo.nHblM pacnpe.neneum>.¥ ra3a, 3<l>cpeKTHBBM nnoTHOCTh MOJKeT cymecTBeH­

uo OTJIH'laThc11 oT cpe.n:aeil: nnoTHOCTH rMa a TyMaHHocTH· n ~ 5 cM-3• Bnepshie Bhl,llBHHyTa 

l'HllOTe3a 0 B03MOJKHOCTH 3cpcpeKTHBHOro ycHJieHHJI BKJia,lla TOpM03HOro H3JlyqeHHJI peMTH­

BHCTCKHX 3JleKTpOBOB B Kpa60BH.UHOH TyMaHHOCTH, H IlOKa3aHO, 'ITO B cnyqae n.1r ~ 100 CM-
3 

3THM MexaHH3MOM OKa3blBaeTCJI B03MOlKHb!M OO'bJICHHTb ua6JIIO,llaeMh!e IIOTOKH f3B-uoro H3-

JIY'leHHJI. Y'leT TopMo3uoro 1nny'leHHJ1 3JieK-rpouoa a o6nacTH 3HeprH:ii E "' 0.1 - 1 T3B 

BMecTe c KOMIITOHOBCKHM H3JIY'leHHeM npHBO.!lHT K cjiopMHpOBaHHIO KpyThlX CTelleBHhlX cnex­

TpOB c IlOKa3aTeJ1eM ~ = 2.7, ror.na KaK cneKTP 'lHCTO KOMllTOBOBCKOro H3JlyqeliH11 B 3TOH 

o6JiaCTH JIBJIJ!eTCJI 3Ha'lHTeJJbHO 6onee lKeCTKHM. Ilpe.n:no>KeB pa.u Ba6JIIO,naTeJihHbIX TeCTOB 

.nng nposep1m rimoTe3bl 06 3cplf>eKTHBHOM ycHneBHH TOpM03BOro inny'leHHJI, peaJIH3a.IlHJI KO­

TopoH CBJl3aHa c B0.3MOlKHOCTbI<> npoBHKBOBeHHJI H qacTH'lHOro y.nepJKaHH11 peJIJITHBHCTCKBX 

3JleKTpOHOB B llJIOTHhle lf>itJiaMeBThl, Ha6JIIO.!laeMhle B OIITH'leCKOM ,llHalla30He. 

2.4. IloKa3aHo, 'ITO BK~a,ll B ')'-H3JIY'l~Hlil:e B pe3yJihTaTe aeynpyrHX p- p B3RlilMO,lleHCTBHH 

peJIJITHBHCTCKHX npoTOHOB, HaJIH'll!le KOTOpbIX B Kpa6e TeopeTH'leCKH He HCKJIIO'leHo, MO.lKeT 

6b!Tb 3aMeTHb!M B JIY'IIIIeM cnyqae JIHIIIh B o6JiaCTH csepXBhlCOKHX 3HeprJIIH E > 10 T3B. 

3. Ilpe.zoio:lKeHa MO,lleJib a.nep aKTHBH&IX ranaKTHK c ycKopeeueM peJIJITHBHCT­

CKHX npoTOHOB B OKpeCTHOCTH MaCCHBHOH qepaou .!lblp&I H HeH36e:lKH&IM o6pa3o­

BaeneM peJIJITHBHCTCKHX HeHTpOHOB B eeynpyrux B3aHMO,lleHCTBHJIX npoTOHOB c 

OKpy:lKaJO[UHM ra30M H DOJieM H3JiyqeHHJI. 

:3.1. Hccne.nosaua npo6neMa nepeuoca 3HeprHH peJIJITHBHCTCKHMH ueiTpouaMH H3 neu­

TpanbHOH o6nacTH OCHOBHoro 3BeprOBhl.!leJieHHJI Ba nep11:lf>epHI<> 51Ar BilpJIOTb .no 0.1-1 KIIK. 

IloKa3aHo, 'ITO npH JKeCTKHX ClleKTpax YCKOpeHHblX npoTOHOB c Il0Ka3aTeneM CTenemi O!p !::::: 2 

pe1ynhTHpy10ma11 3cpcpeKTHBHOCTb npeo6pa3oBaHHJI rpaBHTaIIHOHHOH 3HeprHH aKKpeUHOHHOH 

nnaJMbl B 3HeprHIO 06pa"Jy1<>11tHxc11 Ha 6onbIIIHX pacCTOJIBHJIX BTOpH'IHhlX npoToHoB (nocJie 

pacna.na HeHTpOHOB) MO>KeT .!lOCTlffaTb ~Ha'leHHH T/ !::::: 0.03. 

3.2. PaccMoTpea sonpoc o caMocornacosaaaocTH npe.nnoJKeHaou Mo.neJIH 51Ar. IloKMaHo, 

'ITO aKKpellHJ! IIJia3MhI MOJKeT 6b1Th cmaquouapuoil. JIHIIIh B cnyqae 6blcTporo oxna>K.neaug 

pacna.uHhlX npoTOHOB (a) B pe3yJihTaTf~ Heynpyrn:x B3aHMo.neikTBllH c rMOM B IlJIOTHbIX 06na-

1cax, OTBe:cTBeHHbIX 3a JillHeH'laTOe OllTll'leCKOe 113JIY'leHHe 11/HJIH norJIOIIteHHe B 51Ar; H (6) 

B pe1yJibTa;re reHepan1m llMH DJia3MeHHOH Typ6yJieHTHOCTll. 

4. Jlaao onpe~eneene onpe.neneene H pa3pa6oTaH<!. M0,11;em. 3JieKTpoe-clloToeeoro 
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KacKa.na BTOporo THna (3K-2), HHHUHHpyeMoro B a.npax aKTHBH&IX ranaK­

THK peJIJITHBHCTCKHMH HeHTpOHaMH, H pa3BHBaJO~eroCJI B npocTpaHCTBeHHO­

HeO.QHOpO.llHOM none cpoeosoro HH3KO'laCTOTHOro H3JiyqeHHJI. 

4.1. Onpe.n:eneHa cHCTeMa ypasaeHuii, onHcblBaIOWHX pa1BHTHe 3K-2 B ccpepuqecxH CHM­

MeTpH'lHOM none cpoHOBoro 11:3JIY'leHHJI 51Ar c IlJIOTH'.JCTbIO, y6hIBaIOweii: Ha 6oJihIIIHX pac­

CTOJIHHHX no 3aKOHY l'lph ex: r-2• 

4.2. BpepBhle npe.a:noiKeao aHaJIHTH'lecKoe pemeaHe B o611teM BH,lle HHrerpanhaoro KH­

HeTH'lecKoro ypaBHeBHJI ,D;JIJI peJJJITHBHCTCKHX 3JieKTpOHOB (s o.naopo.!lHOH cpe.n:e) B .neJibTa­

lf>yHKUHOHaJibHOM npH6JIH.lKeHHH .nn11 HHTerpanhHoro AApa. Ilonyqeaaoe pemea11e .naeT B03-

MOlKHOCTh HCCJle,llOBaTh cneKTpbI pel111THBHCTCKHX 3J1eKTpOHOB, lf>opMHpyeMble KaK B ,D;Hana-

30Be HenpepbIBHblX, TaK II KaTaCTpocpH'leCKHX 3Hep~Tll'leCKHX IlOTepb. 

4.3. I:Iaii.neHo o6mee a.HaJIHTll'lecKoe peweHHe ypasHeHHJI nepeHoca H3Jiy'leHH11 npu 3a,llaH­

HhIX K03cpcpHIUleHTax H3JIY'leHHJI H nornoweHHJI B.clf>ep11qecKH CHMMeTpH'lHOM HCTO'IHHKe. 

4.4. Pa3pa6oTaH 3KOHOMH'lHhIH HTepaUHOHHhlH MeTO.!l ,n;Jig 'IHCJieHHoro pemeaHH cHCTeMhl 

CTaDHOHapHbIX KaCKa,llHhlX ypaBHeHHH, n03BOJIJ!IOWHH HCCJie.,!lOBaTb pa3BllTHe 3K-2 B orpoM:­

HhlX .!lHHaMH'leCKHX ,D;Haila30HaX no npocTpaHCTBeHHblM H 3HepreTH'leCKHM nepeMeHHblM. 

4.5. IlpoBe,D;eHO HCCJie.D;OBaHHe BJIHJIHHJI MarHHTHoro nomi Ha 31f!<l>eKTHBHOCTh pa3BHTHJI 

3JieKTpoMarHHTHOro ( 3J1eKTpoH-lf>OTOHHOro) KacKa.ua B pa.nHaUllOHHO ,!lOMHHHposaHHOH cpe,a:e. 

IloKa.JaHo, '!TO MarHHTHble IIOJIJI Ha yposae paBHOBeCHblX (no IlJIOTHOCTH 3Hepruu) c OKpy­

JKaIOmeu aKKpeUHOHHOH nJia3MOH MoryT IIpHBeCTH K 3aMeTHOMY no.nasneHHIO 3K-2 B cnyqae 

M;OWHhIX 51Ar co ~BeTHMOCThIO £1 ?: 1045 3pr/c. Oco6eano canhiio 3cjlcjleKT no.nasneaJ1111 Kac-

Ka.na cKa3hIBaeTc11 B o6nacTH T3B-e1>1x :me_pr11:il:. . 

4.6. IloKMaHo, 'ITO .!lJIJI 3K-2 ananoroM napaMeTpa KOMIIaKTHOCTH lex: L./ R,. "cTaH.napT­

HhIX" 3JleKTpon-cpoTOHHbIX KaCKa,llOB ( T .e. pa3BHBaI<>IItHXCJI B npocTpaHCTeHHO O.!lHOpO.!lHOM 

none cpOHOBoro H3Jiyqea11ll, ~-}K-1) JIBJIJ!eTCJI HHTerpaJibHail CBeTHMOCTh L. B .UHana3oHe OT 

cy6MHJIJIHMeTpoBhlX .no peHTreuoscxux .nnHH sona. Bbi'IHCJieHo KpHTH'lecxoe 3Ha'leHHe cse­

THMOCTll, Lcr ~ 1.5 x 1043 3pr/c, npu npeBb!WeHHH KOToporo cneKTp BbIXO,D;HIItero H3 51Ar 
')'-H3Jiy'leHHJI BblCOKHX H O'leHb BbICOKHX 3HeprHH onpe.nen11eTcJ1 pa3BHTHeM 3K~2. 

4. 7. Ilpe,D;CKa3blBaeTCJI, 'ITO npH 0,llHHaKOBOH 11pKOCTH B OllTll'leCKOM-peHTl'eHOBCKOM .nHa­

na30He, 6oJiee nepcneKTHBHbIMH .nn11 Ha6mo.neaHH B 06nacT11 T38-HhIX 3Heprnii: l!BJIJIIOTCJI 

OTHOCHTeJJbHO MeHee MOIItHble (11 6JIH3Klle) 51Ar, 'leM .naneKHe H MOWHble HCTO'IHHKH, HanpH­

Mep, KBa1aphl. 

5. Ilpe.nJJo:lKeea MO,lleJI& aKKpen;uoeeoro nna3Meeeoro Typ6yneeTHoro peaxTo­

pa (AIITP) c pacnpe.neneHHeM peJIJITHBllCTCKHX 3JleKTpOHOB MaKCBeJIJIOBCKoro 

THila .QJIJI .sIAr. 

5.1. Hccne.nosaHa caMocornacoaaHaocTb o6cylK.D;aeMhlX paHee Mo.nenei IlTP CQ cTeneHHhl-
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MM pacrrpe.neJieffMj!MM peJIJITMBMCTCKMX 3JieKTpOHOB, ycKOpll~MhIX B pe3yJibTaTe CHHXpOTpoH- -

HOH pea6cop6n1m pa.n;MOM3Jiy-<1eHMJ1, JIM6o Ha rrJIMMeHHOH Typ6yneHTHOCTM. IloKMaHo, 'ITO 

TaKMe crreKTphl 3JJeKTpOHOB JIBJIJllOTCJI HeycTOH'IMBhIMll, M 'ITO B rrpouecce CTOXaCTH'leCKO­

.ro ycKopeHllJI B Typ6yneHTHOH cpeJJ.e t:)lopM11py10TCjJ: crreKTphl peJIJITMBHCTCKMX 3JieKTpOHOB 

MaKCBeJJJIOBCKOro TMIIa. 

5.2. Pa3pa6oTaHa Mo.nenh aKKpen;MoHHoro IITP, B03HMKaIOIUaJI rrpH aKKpeuHM IIJIMMhl c 

pa3BllT~ii Typ6yneHTHOCTbIO Ha rrpe.nrronaraeMyIO 'lepayro .zu,1py B SIAr. Bhl'IMcJieHhl crreK­

'J'.Phl CllHXpO-KOMIITOHOBCKOro 113JIY'leHMJI· _AIITP' M IIOKa3aHo, 'qTO B paMKax e.nMHOH HeTenno­

BOH MO,ll;eJill B03MO>KHO caMocornacoBaHHO o6'bJICHMTb·Ha6Jiro.naeMhle OT 51Ar IIJIOCKl!e cneK­

Tphl pa.n110-cy6MMJJJJHMeTpoBoro 113JiyqeHHJI c IIOKa3aTeJieM O!r "' 0 II y6hIBaIOmHe CTeneHHble 

cneKTpbl B peHTreHOBCKOM - MJlrKOM raMMa-.nH~Ila30He c IIOKMaTeJieM O!x "'0.7. 

6. Ilpe.nno»ceaa Mo.neJib "o6JiaKO-MHIIIeHb no.n nyqKoM peJIJITHBHCTCKHX qa­

CTHQ"' H HCCJie,noBaHa Ha Ka'leCTBeHHOM H KOJIHqecTBeHHOM ypoBHJIX B03MO»c­

HOCTb npHJio:lKeHHJI 3TOH Mo.nenH ,nJIJI HHTepnpeT~HH 3011:30,nHqei:Koro aHOMaJib­

HO nyn&cupy10~ero 7-usnyqeHHJI, Ha6JIIO~aeMoro OT peHTreHOBCKHX .neoHHblX HC­

TOqHHKOB. 

6. L Ilpe.nno>KeH cueHap11ii reHepaIIMM raMMa-M3JJyqeHMJI, OCHOBaHHhIH Ha rMIIOTe3e 0 CIIOH­

TaHHhIX Bb16pocax M'3 HOpMaJibHOH 3Be3,nhl T~CHOH .UBOHHOH CMCTeMbl 3Ha'IMTeJibHhIX Mace Be­

mecTBa B BM,ne IlJJOTHbIX o6JiaKOB, KOTOphle, B, 3aBHCMMOCTH OT TpaeKTOpMH CBOero ,ll;BM>KeH:lrn:, 

MoryT rrona.naTb no.n iiy'loK peJIJITHBHCTC°KHX qacTMil, ycKOpj!eMblX HeHTpOHHOH 3Be3.noii (nM6o 

6en&IM KapJIMKOM B cny'Iae KaTaKJIM3MMqecKoii nepeMeHHoii AE Aquarii). 

6.2. IlpoBe.neHhl aHaJillTM'qeCK11e OI!eHKM OCHOBHhIX napaMeTpoB, OIIMChIBaIOmHX .n:e:aaMMKY 

o6naKa, aarpeBaeMoro MOIIIHhIM nyqKoM, 11 aa npMMepe Hercules X-1 noKa3aaa peanbHOCTb 

rrpMMeHeHMJI 3TOH Mo.neJIM .UJIJI MHTeprrpeTallMM 6Cex oco6eHHOCTeii 31IM30.UMqecKoro aHOMaJib­

HO rrynhc11pyromero raMMa-113nyqea11J1 peHreHOBCKMx .naoiiHhIX. 

6.:J. Brrepahle npoBeJ:IeHhl 'lllcJieHHbie pac,qeThl aneKTpoH-t:)loTOHHoro KacKa.na, pa3BMBaro­

merocJ1 o.nHoBpeMeHHo B Tpex cpe.nax: B aernecTBe, B t:)loTOHHOM none, B MarHHTHOM none. Hc­

cne.noBaaa 3BOJJIOUMJI BO BpeMeHM cneKTpoB .''lJieKTpOMarHMTHOro M3JIY'leHlljJ: o6JiaKa-MMIDeHM 

no.n nyqKoM peJI.!ITMBllCTCKMX qacT1m Ha pa3Hb!X CTa,D;MJIX pa3BllTl!j! .UBM>KymeHCjJ: II pacmM­

p.!!K>IDeHcJI MMIIIeHM. 

6.4. IIoKa'3aHo, 'ITO B paMKax npe.nJJo>KeHHoii: Mo.nenM nonyqa10T ecTecTBeHHoe 06'bJ1CHeHMe 

Ha6mo.naeMhle OT Hercules X-1 ar:rrhIIIIKM nynhcMpy10mero c aHOMaJibHoii qacToToii onTM'le­

cKoro 113JJY'leH11J1·, a TaK>Ke aa6mo.naeMhle oT AE Aquarii pa.n11:oscnhlmK11. 

6.5. PaccMoTpeHa B03MO>KHOCTb rrp11MeHeHMJ1 Mo.nen11: "rro.nBM>KHaSI M11mea& no.n nyqKoM 

peJIJITllBMCTCKfIX qa(:TMU" .ZJ;JIJI MHTeprrpeTaIIMll HeKOTOpbIX oco6eHHOCTeii raMMa-BCIIJJeCKOB (s 

qacTHOCTM, aa6n10.naeMhIX EGRET B 06nacT11 BbICOKMX :'IHeprHii), npe.nnonaraj! B KaqecTBe 
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MCTO'IHMKa raMMa-scnJJeCKOB M30JI11poBaHHhIH ycKopMTeJib (rrynbcap), a B KaqecTBe MHIIIeHll 

- KOMeTy n1160 acTepo11.n. 

7. Ilpoee.neHO HCCJie.noeaHHe pJ1.na npo6neM, CBJl3aHHblX c KOppeKTHOH HHTep­

npeTaUHeii 3JieKTpOHHOH KOMDOHeHTbl KOCMH'leCKHX nyqeif. 

7.1. HccneJJ.oBaHa 3BOJIIOI!HJI so apeMeHM cneKTpOB peJIJITllBMCTCKHX 'laCTMil B OKpecTHO­

CTH TO'le•rnoro HCTO'IH:llKa. B 'laCTHOCTM, IIOKa'3aHo, 'ITO B pe3yJibTaTe 3aBllCJl!Ilero OT 3HeprMH 

qacTMil .1111:t:)llf>y3HOro pacnpocTpaHeHMJI cneKTpbl nepBM'qHblX 3JieKTpOHOB OT .UMCKpeTHOro HC­

TO'IHHKa npeTeprresaIOT cymecTBeHHYIO MO.UHt:)lMKaUMIO 3a apeMeHa, 3Ha'IMTeJJbHO MeHbIDMe 

apeMeHM 11x oxna>K.neHMJI B Me>K.3Be.3.UHOH cpeJ:Ie. 

7 .2. Ilpe.nno>KeHa .nayxKoMnoaeHTHaJI Mo.ne.JJb ,nJijJ: nepB11qHhIX aneKTpoHoB B cocTaBe KJI, 
corJiaCHO KOTOpoii BKJla,ll;hl B Ha6JI10,naeMhIH IIOTOK 3JIP.KTpOHOB OT llCTO'IH:llKOB Ha 60JJbillMX 

OT 3eMJIM paCCTOJIHllj{X (G-KOMIIOHeHTa) cne.nyeT pM.neJIJITb OT BKJJa.na orpaHM'IeHHOro q11cna 

6JIM3KMX II MOJIO.UhIX MCToqHllKOB (L-Koi;moHeHTa). B paMKaX 3TOH Mo.neJIM y.naeTCjJ:, B 'laCT­

HOCTH, HHTepnpeTllpOBaTb Ha6JI10.naeM~e B OKpecTHOCTll '.3eMJIH >KeCTKlle cneKTphl HM3K0-

3HeprM'qHhIX 3JieKTpoHOB (E ~ 10 raB) KaK CJie,nCTBHe TOpM03HhIX M llOHll3aUHOHHhIX IIOTepb 

3Hepr11M B npouecce llX pacnpocTpaHeHH.!I OT ,na.JJeKllX llCTO'qHllKOB, II: o6'hJICHMTb rrpH'IHHY 

cymecTBeHHOrO pacxo>K.neHlljJ: Me>K.ny Ha6JJ10.naeMbIMH cneKTpaMH H cneKTpaMll 3JieKTpOHOB, 

COOTBeTCTBYIOWllX cneKTpaJibHhIM IIOTOKaM raJJaKT11qecKoro pa.nMoll3JIY'leHlljJ:, He npH6eraJI 

K npe.nIIOJIO>KeHHIO O CHJibHOH MO.UYJJJIUllM raB-HbIX 3JIP.KTpOHOB B Me>KUJiaHeTHOM npocTpaH­

CTBe. B o6nacTM O'I6Hb BhlCOKMX 3HeprMii, 6naro.napj! OTMeqeHHOMY at:)lt:)leKTY MO.UH!f>MKaUMM 

cneKTpOB aneKTpOHOB L-KoMnoHeHThl, B03MO>KHO o6'hJICHHTb lf>opMMpoBaHHe M.!lrKHX cneKTpOB 

c noKa'3aTeJJeM O!obs ~ 3.1- 3.3. Ilpe.ncKa3hIBaeTCJI BblCOKaJI BepollTHOCTb o6Hapy>KeHMJI Hepe­

rynJipHOCTeii. B cneKTpax 3JleKTpOHOB B o6nacTH E > 100 r~B. 
7.3 .. B paMKax npe.nno>KeHHoro .nsyxKoMnoueHTHoro no.nxo.na K llHTeprrpeTal!Mll cneKTpoB 

3JieKTpOHOB B KJI BnepBble IIOKa3aHo, 'ITO B o6nacTH E ;:::: 10 r3B cne.nyeT O>KH.naTb aHO­

MaJJbHO BhICOKoe co.nep>KaHlle II0311Tp0HOB, ecJJll 3apJ1.AOBblH COCTaB nepBM'IHhlX :meKTpOHOB 

JIOKaJibHOH (L) KOMTIOHeHThl cymecTBeH~O OTJIMqaeTCJI OT COCTaBa G-KOMilOHeHThl. IlpoBO­

.nMTCJI TaK>Ke 06cym:.neu11e pa3JIH'IHbIX o6'beKTOB B Ha.weii JIOKaJibHOH OKpecTHOCTll B KaqecTBe 

B03MO>KHhlX 11cToqa11KoB Ha6JIK>.naeMbIX TaB-HhIX aJieKTpoHOB. 

8. lllccJie.IIOBaHa npo6JieMa 3BOJIIOQHH BO epeMeHH cneKTpaJibHblX OOTOKOB BbI­

COK03HepruqHoro raMMa-H3JlyqeHHJI, KOTOpble MO:>KHO OlKH.naTb M3 oKpecTHOCTH 

JlHCKpeTHbIX ycKopHTeJJeH KJ1 B WHpOKOM )lHanasoHe OT BblCOKHX .110 csepXBblCO-

KHX 3Hepruii:. 

8.1. Bhl'llll"JIP.llhl cneKTphl peJij!TllB:llCTCKHX npoTOHOB 11 cooTBeTCTBYIOWHe 113nyqaTeJib­

Hhle cnoro6HOCTH R <JKpecTHOCTM MOJIO.noro ycKOpHT8JIJI Ha pa:'IJIH'qHbIX CT
0

a,D;H.!IX (MoMeHTaX 

speMeHM t). Pa.rrMoTJ>P.Hhl cny'laM KaK cTa.UH<>Ha.pHoro, TaK 11 llMIIYJihCMBHoro l!H>KeKTopa 

27 

I 

"1 



KJI .. fl0Ka1aao, 'ITO 1nnyqaTem.Hall cnoco6aocTb B raMMa-KBaHTax OT pacna..ua ir0 B oKpecT­

aocTH R < 100 llK OT Mono.noro ycKopHTem1 KJI c 3HeprOBhl.lleneaHeM Wp ,..., 1049 
- 1050 ::ipr 

MOll{eT cymecTBeHHO npeBh!InaTb H3JIY'laTenbay10 cnoco6aocTb ranaKTH'lecKoro "Mopll" KJI. 
IloKa3aao, 'ITO 3TO npeBblIIleHHe 6y.lleT oco6eHHO BblpalKeHHblM B cn:yqae OTHOCHTeJlbHO Me,n­

neaaoro pacnpocTpaaeHHll KJI B oKpecTHOCTH ycKop1nenll, c Ko::i<t>cpHUHeHTOM .!1H<l><l>Y3HH 

D10 ~ 102s cM-2C1. 

8.2: Bhr'IHCJieHhl noTOKH 1-H3J1Y'leH11ll, O)l{H.llaeMoro OT ruraHTCKHX MOJieKynllpHb!X o6na­

KOB B cny'lae pacnonoJKeHJUI YCKOpl'ITeJlll B6JIH31'1 JIH6o BHYTPH HHX. IloKa3auo, 'ITO B 3aBll­

CHMOCTH OT pacllOJIO)l{eBHll ycKopHTf'.JUI H o6JiaKa-MHIDeHH, THila H B03pacTa ycKOpHTeJill, 

H Ko::icpc}>HUHeHTa .nHcjlcpy3HH DE, MOlKHO O)l{H.llaTb oqeab. pa3JIH'IHble cpopMbl cneKTpoB 1-

HJJiy'leHHll B nrnpoKoM .llHana3oHe OT f3B-Bb1X .llO T::iB-HhlX ::iaeprHi. IloKa3aao TaK:lKe, 'ITO 

Ha6.llK>.llaeMble IlOTOKl'I -y-H3JIY'lf'HIUI f3B-Hb1X 3HeprHii MOlKHO O)l{H.llaTb .llalKe OT o6JiaKOB c 

napaMeTpoM Ms/dkpc ,..., 0.1, 'ITO pe.JKO yseJJH'IHBaeT 'IHCJIO noTeHUHaJibBO Ha6JIIO.llaeMblX 

rMO B ranaKTHKe. 06a 3THX o6CTOllTeJlbCTBa cymecTBeJIHO YCHJIHBaIOT apryMeHTbl B llOJlb-

3Y rHilOTe3bl 06 accoriHaUHH MHOrHX HeOTOlK.lleCTBJleHHblX HCTO'IHHKOB -y-u:my'leHll.II, o6ua­

pylKeHHblX B .llHanMoae Bh!COKHX 3Hepraii E ;::: 100 M3B cnyTHHKaMH COS B ll EGRET B 

ranaKTH'lecKoii nnocKocTH, c MoneKyJillpHbIMH o6naKaMH B6JIH3H ycKopHTeneii KJI. 0TMe'leBo 

TaKJKe, 'ITo 6onee HacpopMaTHBHhIMH .llJlll BblJ1caeam1 npupo.nhl uc'ro'IHHKOB Kn H napaMeTpQB 

0Kpy:lKa10xueii HX cpe.n;hl MoryT OKa3aTbCJI aa6JIIO.lleHH.ll -y-H3ny'leHHll fMO B T::iB-aoM .n;Ha­

na3oae ::iaeprHii. 
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A. M. Atoya;'l 

MODELS OF GAMMA-RAY PRODUCTION 

IN THE SOURCES OF COSMIC P..AYS 

Number of models of the gamma-ray production and propagation 

in the galactic and extragalactic cosmic ray CCR) sources, as 

Supernova remnants, pulsars, and active galactic nuclei CAGN>, 

are proposed. 

Different mechanisms of gamma-ray production in the Crab Ne­

bula are studied. The hypothesis of possible enhancement of the 

relativistic electron bremsstrahlung in dence optical filaments 

is suggested. The model of electron-photon cascade, induced in 

AGNs by relativistic neutrons ls developed. A method to solve the 

system of relevant cascade equations ls developed, and detailed 

l~vestigation of the resulting gamma-ray spectra is carried out. 

The model of accretion plasma turbulent reactor 

general features of the nonthermal radiation spectra of 

radlowavelengths to h~rd X-rays are proposed. 

to explain 

AGNsfrom 

The model "Movlnq tarql!'t under the relativistic particle 

beam" is proposed, in the trallll!"work of which all peculiar! tes of 

the reported episodic gamma-ray events from X-ray binaries: can be 

expl.ained. Pos:sible application ot the model to explain some 

:features: of the high-energy gamma-ray bursts: Cass:uming is:olated 

pulsars: as: the particle accelarator) is dis:cussed. 

The two-component. approach for correct. lnterpratat.ion o:f the 

CR elec.:trmt spect.1-a are develop,,.d. 

Thrt pr·oblem of evolution of t.hP fluxes o:f high and very high 

energy gamma-rays: expected from t,he giant molecular clouds: in the 

vlcint U•s of you~g sources of galactic CRs: ls: studied. 
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