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I. BBe,neHHe 

KoMIIa.KTH!:ril raJia.KTH'feC~ HCTOtnrnK Cyg x-3 ' OTKPl:lT!:rlt 20 Jle'f 

Towry Haaa,n; B peHTreHOBCKIDC .ny'fax, B nocJ1e.zume ro.ItH ·~Ta.JI B 6yK­

BaJThHOM CMHCJ!e B03MYTHTeJieM CilOKOiiCTBM Ka.I< acTpOqM:>HKOB, Ta.I< 

H WH3HKOB. 3ToT HCTO"!HHK npa.KTH'fecKH BO Bcex ,nHanaaoHax sJieK­

TpoMarHHTHl:lx BOJIH Be,neT ceOH HeOObl'IHO (CM.Hanp., [J,2]). XoTH 

OH 00.Jia,naeT HeKOTOPl:lMH CBOttCTBaMH, xapaKTepHl:lMH ,IlJIH TeCH!lX 

peHTreHOBCKHX ,nBOttHHX' TeM He MeHee ero H6B03MOlKHO (no Kpru1ht·: 

Mepe' 063 orOBOPOK) OTH6CTH K Ka.KOMY-.lillOO KOHKpeTHOMy K.'lacc.:y 

3.CTpaj!HaH'!ecKIDC OO'beKTOB H, cKopee Bcero, :i<E.K YTBepl!(,Ilanoc:r, BUJ, 

H8 OCHOBe .neTM:bHOro aHa.Jill3a Ha.OJIIO.na TeJI:bHl:lX .IlaHHHX no Bcer.iy 

cneKTPY li3JIY'16HHH, B raJia.KTHKe HeT HH o,ItHoro oeccrropnoro anaJio­

ra C!:jg X-3 • JlocTaTO'fHO yKaaan, 'ITO MOUUIOCTI> ycKopemm yJI:r,­

rpape.JIHTlffiHCTCKHX '!aCTHL( (npOTOHOB H H.nep)' HeOOXO.I\ID.1M .UJ!H 

OO'bHCHeHHH CBeTHMOCTH .3.TOro HCTO'fHHKa B raMMa-KBruiTax CBepXBl:l­

COKIDC 3Heprlitt, .I\OJ!JKHa COCTaBJIHT:b ""1039 - I040 3pr/c, 'l.TO B 

npHHL(Hile .nocTaTO'fHO ,nJl.FI Toro, 'iTOOl:l 3TOT HCTO'fJIIIB C'fl!T8Tb OC­

fiOBHHM 
11

Il0CT8.BlllHKOM 11 K?CMlf'{6CKHX JJY'!etl B faJiaKTlfl<e [3l! :i nac­

romuee BpeMH UJHpoKo oocyl!(,IlaIOTCH pa3Jrn'!l!He r.10.neJT.11 reHc p-iw.rn: ll3-
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Jiytremm Cyg X-3 , OMaKO .D;O ewe nop OTKPHTHM OCTaeTCJI HaH-

60Jiee Ba.lKHI:lii Bonpoc - I<aKRM o6paSOM B .D;BOi1Hoi1 CHCTeMe, CO.D;ep­

JKallleil' IIO-Bli.D;HMOMy' "06I:l'!HyIO" He:ltTpOHIJYIO SBes;ay, npml'.CXO,ItHT yc­

KOpeHHe 'laCTHU c 6ecnpeue.D;eHTHOtt MOlllHOCT:&IO; 'ITO llte JIBJIJleTCJI KC­

TO'IHHI<OM SHeprKH? 

fllte 60J!ee I<yphe3HI:le BOllpOCI:l c TO'!I<H speHHJI COBpeMeHHoil iIM-
3HI<H SJ!eMeHTapHHX tracTHu B03HHKatoT npH B.H~3e xapaI<TepHCTHI< 

aTMoccpepHHx JIHBHeil, BH3Ba.HHI:lX He:hpM:&HHMH traCTH~ OT Cyg X-3, 

Kyp:oe3H, CBJI3aHHI:le c perHCT~ett MO;DY~POBB.HHI:lX CHrHMOB ( c 

nepKO.D;OM 4,8 r.) MIOOHOB BHCOI<HX SHeprHtt B .D:BYX llO.D;3eMHHX YCTa­

HOBI<aX SOUDRN -I [4] H NUSEX [5] B HanpaMemm Cyg X-3 ,6yp­

HO 06CylK,ll;~C:O B llOCJie,D;HHe 2 ro.rr.a '(CM.,HRIIp.,(6-IJJ) , HO .D;O 

cmc nop He .D;B.Ho I<aI<oro-JIH6o paayMHoro 06'hJ!cHeHHJI .D;B.HHHX sTmc 

8KcnepHMeHTOB. Bee pa,znma.JU.HI:le npe.I(IIOJIOllteHHJI 0 "HOBOil tIMsHI<e" 

B 06JtaCTH CBepxyCKOpHTe~HHX SHeprHtt (K3MeHeHRR: xapa,I<Tepa B38.H­

MO.D;ei1cTBHtt cpoTOHOB c BemeCTBOM, reHe~ HOBHX Hei!TpaJU,HI:lX 

traCTHu rrpH p-p -cTo~oBeHRR:X H T • .D;. )' oI<as~c:o He.D;ocTaTo~­

MH .D;allte ~ I<atieCTBeHHoro 06'hJ!CHeHHJI .D;BJIHl:lX STWC llO.D;SeMHHX ,D;e­

reKTOP~B. He HCKJ.tlO'leHO, 'ITO STH SKCnepHMeHTI:l CO.D;epJJtaT MeTO,ItH­

trecJ<He ourn:6I<H, Ha trTo YI<aSHBatoT JJtecraHe BepXHHe npe.IJ;e~ Ha no­

TOKH MIOOHOB B HanpaMeHHH C~gX-3 B ,IJ;pyrmc SKCllePKMeHTax (CM. 

Hanp. , · (12] ) . 

BMeCTe c TeM, HMeIOTCJI H ,IJ;pyrHe HeSaBHCHMI:le YI<asa.HHJI 0 CTpaH­

mnc CBOilcTBax aTMOccpepHHX JIHBHeil, Bl:l.D;eMeMHX Ha,D; cpoHOM B HaIIpaB­

JtCiti.rn: Cyg X-3 [13). IIepBoe coo6me:mrn K~cKoi! rpynnH [14] 06 

IOIA'tll:OHO 60~illOM CO.D;eplltaHKH J'.IOOHOB HHSRIDC SHeprHtt (~ JlmlHei! 
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sJ!eRTPOMarHHTHoro npoxcxolK,ll;eHHH) B lllAJI B HanpaBJteHHK C~gx-3 

CIOJiy'lKJ!O, BOSMOlKHO, llO.D;TBeplK,ll;eHHe B He.rr,a.BHIDC Ha6JIIO.D;emmx: Ha yc­

TaHOBKe .c~gnus" Jioc-AJiaMoccKoil Jia6opaTopmr (IS] • EoJiee Toro; 

aTMoccpepHI:le JIKBHH, HHKUHHPOBB.HHI:le nepBK'IHI:lMH <1acTHU8MH OT JtHC­

xpeTHHX HCTO'UIHKOB (ra.MMa-RBaliTOB?), BOSMOlRHO, 06Jta,D;aIOT HeCTaH­

.D;apTHI:lMH "HS06pallteHWIMH" ,B trepeHKOBCKOM CBeTe H B.HO~:OHO 60~­

lllHM SHatreHHeM napaMeTpa B03paCTa s [13] • Xli.n.naCOM [13] o6cyg­

~c:o paSHI:le Bepc:KH HHTepnpeTauHH STKX .rr,a.HHHX, cpe,ItH KOTOPIDC 

I'KIIOTesa 0 TOM, 'ITO aTMOccpepHHe JIHBHH, Bl:l.D;eJIJieMI:le Ha,D; cpoHOM B 

HaJipaBJteHHK C~g x-3 , HHHUHHPYIOTCJI He raMMa-KBaHTaMH, a HeHS­

BeCTHI:lMH He:ltTpaJt:&HI:lMH '18.CTKUaMH c MaCCOil m' O,I (~o~r3B' (,o~c f2 

( 
At ) 6 ( d ) f. m -'(10'r,~_\ 
f'ICIC faB :- BpeMeHeM gHSHH t ? 10 101<nc l ff3 B / -E-/C, c 

cetreHHeM B3aHMO.D;ei1cTBIDI nopJI.D;I<a JI.D;epHoro H T • .D;. 

XOTJI H.D;eJI 06 HCnyCI<aHHK KOMnaKTHI:lM HCTO'!HHI<OM C!l9 X-3 HOBHX 

SKSOTH'ISCKIDC 'laCTHI.J; cep:oeSHO npo.D;OJ!lltaeT o6CyJJt.D;aT:&CJI B JIKTepaTy­

pe, OMaKO .D;O ewe nop He npe,lJ,JIOllteHO HH O.D;HOro pa3yMHOrO 06'hi!C­

HeHHJI. aHoMaJtHil, CBJisaHHHX c Cyg X-3 . TeM He MeHee, STH HC­

CJI~OBaHKJI llOKaSaJIK, 'ITO llOMHMO '1JOTOHOB H Hei!TpHHO B npmumre 

BOSMOl!Uia reHepauwI ,IijlyrKX HettTpaJtDHl:lX CTa6~HHX traCT~. B qac­

THOCTK, cynepnapTHepoB B HCTO"IHID<aX THna Cygx-3. Pac'leTI:l llOKa­

SHBa.llT, HaDpKMep, 'ITO CB0THMOCT:O KCTO"l'.Hlllta B cpoTHHO CBepXBHCO­

RWC SHeprHtt MogeT .D;OC~ BllJ!OT:O .D;O IO % Hei1TpHHHoi1 H raMMa­

-cBeTHMOCTett [16, 17] • c yqeTOM Heonpe,D;eJ!eHHOCTeil, CBJI3aHHI:lX 

~ cetreHKJIMH KaK o6paSOBaHWI, TaI< H BsaHMO.D;ettCTBKH cpoTHHO, TBep­

~o MOllUIO YTB0PJK.It8.Tl>, llTO STK 'IB.CTKD;I:l He MOryT 6HT:O 06HapyllteHI:l 

coBpeMeHHl:IMH JIKBHeBHMK wm" no.D;seMHHMl'I ycTB.HOBKaMK. BMecTe c 
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TeM,Y'Il!TblBa.R HCKJJ.lO'Il!Teft..llHOe 3HaqeHHe IlpHHqID!liaJil>Hott B03MOlKHOC­

Tli 3KCnepHMeHTaJThHOro HCCJ1e.n;oBa.HIDI KOCMHqecRIDC qloTHHO ( KaR 

c TO~H 3peHIDt HOBoro KaHa.IIa acTpoqma.rrqecKott HHqJoPMaUHH, TB.K 

H WH3HKH 3J1eMeHTapH!lX qacTliU), npe.n;cTa.BJ!HeT 6eccnopH!llt HHTepe0 

.rrayqeHlie Bonpoca 06 ycJIOBHffX pe!'HcT~ 3THX 'laCTHl{. IlocK~:o­

KY ceqeHHe B38.HMO,n:ettcTBHH qloTHHO B 06J1aCTH CBepXBh!CORIDC 3Hep­

rmt MOlKeT ~e npeBOCXO~T:O ceqeHlie B3B.IDno,n:ettcTBIDJ MBXlHHlllC 

HettTpHHO, TO 3TOT Bonpoc, oqeB~o. npe.n;CTa.BJ!HeT He T~KO 
TeopeT.rrqecKHtt HHTepec. 

2. I'eHepaUIDi WOTHHo H HettTpHHo B raMMa-HCTOqHliKaX 

HecMOTPff Ha 6o~moe pasHoo6pas.rre Mo.n;eJiett reHe~ KOCMH­

qecKoro raMMa-.rra.nyqeHIDJ cBepXBh!COKIDC aHeprlrl! ( EK- 100 TaB), 

Bee cneim.~cTh! co~apHU, qTo raMMa-KBaHTh! reHep.rrpy~CH np.rr 

B3am.10.n;ettcTBHH YCKopeHHHX IlpOTOHOB 0 o6paaoBarru:eM HettT~HHX 

!it K - Me30HOB (cM.Hanp., [3]). B ycJioB.lmx IIJlOTHoro Hli3Ko-

'laCTOTHoro H3JiyqeHIDJ H MarHHTHoro IlOJl.A: YCKOpeRHe 3J1eKTpOHOB 

aa E ~ I TaB npe.n;cTa.BJ!HeTca MaJIOBepoHTHHM, Tax KaK aHepreTH­

qecKne IlOTepn 3J1eKTPOHOB B· pe3yJ1:CTaTe o6paTHoro KOMilTOHOBCKO­

ro pacceHHIDJ H CHHXpoTp0HHoro .rra.nyqeRHa pacTyT c aHep!'Hett 

nponopr.mo~:oHo Ea • B HaCTOJii!1ee BpeMa B JlliTepaType qame Boe­

ro o6cy~aeTca po~eRHe raMMa-KBaHToB np.rr B3aHMo,n:elicTBIDJX yc­

KopeHHIDc npoToHoB c OKPY~l<ll!liM BemecTBoM (cM., o~xo,[18-20], 
r.n;e j)aCCMaTpHBaeTCfl MexaHH3M o6pa30BaHIDJ ~ 0 -Me30HOB np.rr B3aH­

~o.n:ettcTBHHX YCKopeHHHx IlPOTOHOB c HH3KoqacTOTHHM li3J1yqeH.HeM). 

.t'accMaTpHBaeTC.lJ KaPTHHa (21-23] ' B KOTopoli nyqoK IlPOTOHOB 
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no~aeT B CJlOH BemecTBa, po~a!OTCH BTOpHqHHe 5i 0 -Me30HH, KO­

TOph!e .wuiee pacn~a!OTCH Ha ~ raMMa-KBaHTa. EcJlli TOJllUIUia CJlOH' 

B KOTOpott po~a!OTCH HeHTD8.Jlbl:Ille IlHOl:Ill, .n:ocTaTO"!HO TOHK8JI, TO 

i -KBaHTH npoxo.n;HT -qepe3 3TOT CJlOH H CTaHOBHTCH Ha6J1tQD;aeMHMH. 

Ho HapH.n;y c HeHTPa.JThl:IllMH IlHOHa.Mli B npOTOH-HYKJJ.OH BaaHMO,n:eHCT­

Blili po~a!OTCH eme H aap.RJReHHHe IlliOl:Ill, KOTOph!e BITOCJ18.D:CTB!rn: pac­

~a!OTC.A: Ha MIOOH H HeHTpliHO. )1 3Ha.A: ITOTOK Ha6J1tQD;aeMh!X raMMa­

-KBaHTOB, MOJKHO OITpe,n:eJIHT:O ITOTOK Heft TpHHO . JLe:!kTBHTeJlMIO, 8CJlli 

~@lepeHUKaJl:OHHH ITOTOK ~ -KBaHTOB OT ll;HCKpeTHoro HCTO<nnn<a HMe­

eT BH.D: (E c.ny-qae Cyg x-3 ) 

-a dJ~ =.AElf ' 
dEi 

(I) 

TO .n:JI.A: .n:H@lepeHUK~Horo ITOTOKa HelhpHHO HMeeM CJle.n;yKI11ee Bh!pa-

JKeHHe: 
d'Jv d'J1r 
d.Ev = Kv CJ;lf d.Ell' ' (2) 

r.n:e K..,. ~ I - KO a@lHUK8HT' y'Il!Th!BalOlJIIrll paamrn;y B pOlK,Il;8HHH H nor­

J10lJl8HHH raMMa-KBaHTOB H HeilTpHHo, a tfK ~ l - KOa@lHU>reHT,y"<IH­

~KIUIDi norJ10I11eHHe raMMa-KBaHTOB Ha peJIHKTOBOM H3Jly'l8HHH B 
+ -peayJl:OTaTe rrpoo;ecca n - e e . Koa@lliqaeHT Ky CJ1a6o 38BHCHT 

OT ::meprHH H orrpe,n:eJl.A:eTC.A: B OC_HOBHOM TOJllUHHOH MHI!J8HH BemecTBa. 

B 'la.CTHOCTH, B c.ny-qae TOHKott MHlllBHH ( ~ << IGO r/cM2) Ki>- I, B 

c.nyqae JKe TOJ1CTott MHrneHH ( ~ ~ IGO r/cM2) Hs-aa rrorJiomeHHH 

:aMMa-KBaHTOB Kv MOJKeT cymecTBeHHO npeBocxo.n:HT:o e.n;HHmzy (~IC' 

rrpH ~ » 300 r/cM2)[23,24] • 

3Ha'!eHHe rrapaMeTpa (£lf CHJlhHO 3aBHCHT KaK OT 3H8prHH , TaK 
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H OT paccTOSIHWr .no HCTO'l.HHI<a, IT03TOMy S<fq>eKT rror~o111eHH.fI ra.MMa­

-KBaHTOB Ha peJlliRTOBOM H3JJy'!e.ID'l'.H rrpHBO.n;HT K HCKru!teHHD rrepBOHa­

'iaJibHOro crreRTpa ra.MMa.-KBaHTOB. 

B ,nMbHettrneM ,ll',JllI orrpe.ne~eHHOCTH MH 6y,neM HCITO~b30BaTb HOp-

1vrn:pOBRy Kj= I, Cfi= I. 

Borrpoc o polK,IJ;eHHH WoTHHo B raMMa-HcTO'llilfKaX o6cy~c.fI B 

pa.6oTa.x [I6,I7,25] • ii>OTHHO B rry~e Hehp~HIDC ~CTHIJ; OT ra.M­

Ma.-HCTO'lHliROB MO~eT B03HHRHYTb B pe3y.JThTaTe pacrr~a r~DHHO,RO­

TOpHe polK,IJ;aDTC.fI rrpH CTO~KHoBeHHRx ycRopeHHHX rrpoToHoB c OKPYJKa­

[(JJ(HM Be111ecTBOM. ~or~CHO COBpeMeHHHM rrpe,ncTa.BJieHIDIM, .ce'!eHHe 

POJK,Il;e:HHR r~rmrHo B P-P CTO~HOBeHWIJC IT~H O'leHb BHCOKHX 3HeprH· 

RX MO~eT COCTaBHTb 38.MeTHYD .no~D Ce'!e:HHR POJK,I{eHH.fI 5i -Me30-

HOB [26] • PolK,Il;eHHe qiuTHHO B03MO~O rryTeM pacrr~a r~DHHO 

( 9 - ~ ~ ~ ) ' ITPH 9TOM BpeMII lKH3HH 9 COCTa.BJIReT [ 26] 

tj ~ 1,1·10-
11( ~=t c~B /c 1 (3) 

r.ne Mcp -Ma.cca c~pHoro KBapKa: Mw -Macca, w -6o3oHa; 

m -Ma.Cea r~!Ollli(. • 0Tcauta c~e,I(yeT, 'ITO BpeMR lKH3HH r~nmo ITPH 

ero B03MOl!UillX Ma.Ccax 2,3 H 5·raB H ITPH Ma.Ccax C~Horo 

KBapKa 15. H 40 I'sB MeHReTC.fI ~ rrpe,ne~ OT 7 ·Io-I? ,no 

3 • ro-13 
c, T.e. nop~ BpeMeHH lKH3HH 5i 0 -Me30HOB. TaK RaR 

Ce'le:HHR B3a.HMO,net!CTBIDI 5i: -Me30HOB H r~IOHHO TaKl!te o.ruroro rro­

P.fI~, TO O'leB~HO, "ITO ~ -KBaHTH Bcer.na 6Y.It.YT conpOBO~Tb­

c~ !fx>THHO. CKa38.HHOe HeCnpaBe,n:JIHBo B CJJy'lae HettTpHHO,TaK RaR 

OCHOBHOtt HCTO"!HliR HeHTPHHO - BTOPH'!HHP. ri: H K -Me30HH - HMe-
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!OT BpeMII JKH3Hli 3Ha"!HTe~bHO 60~bllie, '!eM r~DHHO H HettTpa.JThHHe 

ITHOHH. TaK, HanpHMep, reHepamm HettTpHHO c aHeprHett Ev~ I TsB 

6y,neT CHJThHO rro.na.B~eHa, ec~ MOTHOCTb cpe,ni,r §> ~ ro-6r/cM3 [27]. 

B TO ~e BpeMII ,ll',JllI reHepau;irn: ilioTOHOB H WOTHHO Tott ~e sHeprHH 

HeT rrpaKTH"!eCKOro orpaHH"!eHH.fI Ha IT~OTHOCTb. IlpH d.noTHOCTRX 

~ ) I0-6 r/cM3 TeM He MeHee B03MO~ reHeprunm HettTpHHO CBepx­

BHCOR.HX 3HeprliH 6~aro.naPR polK,Il;eHHD H ,nMbHettrneMy pac~ KOpOT­

ROlKHBYl!lIDC ('C ~ ro-12c) '!aCTH~ C T~e~MH KBapRa.MH. Ho B 3TOM 

c~y~e B o6~acTH sHeprHH Ev~ I TsB cRopocTb reHe~H HettTpH­

Ho 6y,neT, ITO RpattHett Mepe, Ha ITOPfl.nOR MeHbllie CROpoCTH reHepa­

u;irn: ra.MMa-RBa.pKOB. 

XoT.fI OTHorneHHe cRopocTett reHepau;irn: woToHoB H WoTHHO cBepxBH­

coKHX 3HeprHtt He 38.BHCHT OT MOTHOCTH cpe~. O.n;l!aKO OTHOllieHHe 

OJKH,naeMIDC ITOTOKOB ~ H i cy111ecTBeHHO 38.BHCHT OT OITTH"!8CKOH 

TOJllllIDU;l o6~cTH reHeparurH, TaK KaK woTmio ( aHMOrH'lHO HettTpH­

Ho) 3Ha"!HTe~bHO c~a6ee rror~oll18.eTc.fI B cpe,ne, '!eM raMMa-KBa.HTH. 

K COJKaJieHHD, K HaCTOR111eMy BpeMeHHOTCYTCTBYIOT no.npo6HHe pac'!eTH 

,IJ.11.fI BHXO,n<i WoTHHO B 38.BHCHMOCTH OT TO~Hbl C~O.fI-MHllieHH. D pa.60-

Tax paCCMa.TPliBMC.fI 'laCTHlitt CJJy'latt Mo.ne~ Cyg x- 3 ' ROr.na 

npe,Wro~raeTC.fI, 'ITO HettTpam,HHe BTOPH'IHHe ~CTHIJ;H polK,Il;aDTC.fI 

rrpH 6oM6ap.n;HpOBKe 3Be3·hi:J-KoMnaHboHa npoToHa.MH, ycRopeHHHMH B 

pe~THBHCTCROM o6~eKTe [I6,I7,25] • O"!eB~o. 'ITO ,ll',JllI raMMa­

-KBaHTOB H3-aa cH~bHOro nor~o111eHHH "pa6oTaeT" ~rub I<patt annoc­

f)epH, B TO BpeMII RaR WoTHHO H HeHTPHHO reHeplipyDTCR H B 6o~ee 
/' 

r.ny60RHX 06JiaCTRX 3B83,nlil. 

OJKH.naeMHe B 3TOtt MO,ne~ ITOTOKH HettTpHHO H ~OTHHO y,no6HO rrpe.n-
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CTaBRT:O B CJI8,m>'l0!!18M BH,IJ;e 

dJv,i A'!'v,i 
~= A4'r 

€.v,i (E) Cf d.Jr 
t:r(E) 11 ~' 

(4) 

r:n;e €. -CKOPOCTR reHepaumr q)OTOHOB, HellTpRHO R cj)oTIDIO B HCTO"l:­

llliKe; A~ - TaK I-Ia.3H:BaeMl:lll " duty· f acto"t " , xapaKTepR3YI<lllllli 

rrorJIO!l{9Hlill BTOPH'IllliX 'l:aCTl4U B 14CTO'IHI4Ke (B Ha6JIIOD;8HIDDC A'fl orrpe­

neJJ51eTC.!l KaK nrn:pmra qE.3ll B CB8TOBOll KpID!Olt 14CTO'IlilIB8.); a!11 -Koaj>­

:pi.ru:;reHT, y'IHTH::sa.KIUH!i rrorJiomeRHe raMMa-KBaHTOB B peJIHKTOBOM 143-

JIY'l:eRHR. 

Cpa:sl:lliBa.R (4) c o6mell <PoPMYJIOll (2), Ha.XO:n;HM :n;JIR KO~eHTa 

K : 
• 

fl ljJ~,'i Ev,i (E) 

Kv,j = A'+'t . f.r(E) (5) 

B 'l:aCTHOCTR, :n;JIR HellTpmro B paMKaX o6cyiK,naeMoll Mo:n;eJili CHgx-3 

K.., "'l - 2 [23,27], a :n;JIR 4?<JTHHO, :;rcrroJI:o3yR pac'l:eTH: pa6o-

Tll (16] ' Ki MOJK.HO arrrrpOKCl4MHpOBa.T:O B CJI8,m>'Kl!l8M B>t,ne 

0,1 
Ki' ( E ) ::: 1 + ( g / E 5/z) (6) 

r:n;e g ~ 1500 TaB 5/2 

0TM8THM, 'ITO BllpaJKeHHe (6) ITOJIY'18HO :n;JIR 3Ha"l:eHHR Ma CCII 

;'JIIOI4HO rTI = 2 raB. ,lJ,Jm OOJiee BH:COKHX 3Ha'18luIB Ma.CCII 9 3Ha­

'18HH8 Ki cymecTBeHHO yMeH:&waeTC.!l l:n;JIR rTl = 3 raB B 3-4 pa3a 

R :n;JIR rTI = 5 raB - Ha ITOPfID;OK). 

IO 

KaK CJie,nyeT R3 (6). npR 3Ha'tf8HRR m = 2 raB 14 npl4 E ~ 

100 Tal:l noTOK 4?<JTIDIO MOllteT cocTaBl4T:& :n;o IO % oT rroTOKa raMMa­

-KBaHTOB ~e 6e3 y-qeTa norJiomeHWl: nocJie:n;HHx Ha peJiliKTOEOM H3-

Jty'tfelnm. 
3. B3a.HMO:n;ettcTBZe HellTpmro R 4?<JTRHo c rpyHTOM 

H3-3a MaJlllX ce~eHIDl: B38HMO:n;ettcTBRil <l><>TRHO K HellTpIDIO e:n;mr­

cTBeHHo peaJI:&HHM cnoco6oM RX HaOJIJQD;eHHR npe:n;cTaBJI.ReTCR perKc­

TpaulUI M!OOHOB B!lCOKRX sHeprRll, B03HHKa!CIUIDC npK 14X B3aRMo:n;eltcT­

BRR c rpyHTOM 14 BOD;Oll, B no:n;seMHHX HJlR rJIYOOKOBO:n;HIIX ycTa.HOB-

KaX. 
,Il.JIR Bbl'IRCJ10IDUI BepORTHOCTR perKCTparuni MlOOHa, o6pa30B8HHOro 

B rpyHTe npz -B38.KMO:n;eltcTBRR v K 'i ' HeOOXO:n;RMO onpeJ;E:.JlKT:& 

"pa6o-qyIO" o6JiaCT:&, onpe:n;eMeMYll npo6eroM M!OOHOB • 

Ilpo6er, onpe:n;eJIReMllll rroTepRMK sHeprKR MtoOHa Ha KOHR38.URE, 

TOpM03HOe 143JIY'tf0HR8, o6pa30BaHR0 nap 14 R:n;epHH:e B38.KMO:n;eftcTBKR, 

onpe:n;eMllTCR 143 ypa:sHeHWI aHepreTR't{eCKKX noTep:o: 

dE --= d.. + ?E. t7) 
dl'-

,Il.JIR KOaqxpHf$8HTOB d, R ;. B CJIY'tfa8 CTa.H:n;apTHoro rpyHT8 BMeeM 

(28] 
d.. = 2,033 + 0,077 tn [ E traB)] MsB cM

2
/r, 

(6) 
!' = 2,229 + 0,2 fo [E (raB)] 10-

6 c~/r, 
r;u;e E ' 106 raB. Bocrr0Jl:&3YJIC:O JiorapK(pMR'tf0CKOft 3aBKCHMOCT:&E 

KOaqxpHI$0HTOB rJ..' R ~ OT sHeprKR, ,ItJIR npOCTOT!i 6e3 cymecTBeH­

HOrO ymep6a B TO'tfHOCTK Mli 6y:n;eM KCllOJI:&30BB.T:O cpe:n;HHe 3Ha'tf0HRR . 

II 



ol = 2,6 MaB cM2/r H ~ = 3,6 10-6 CM2/r. Tor~, AJ1R rrpo6e-

ra MIOOHOB HMeeM 

R(E) = 2,8 • ro5 en. ( I + I,41 ~38 ) CM B.3. (9) 

(a~ecb H ~a.nee Bee paCCTOJil!HH 6yrzyT BHpaJKeH!:l B e,n;HHHu;ax BO~O­

ro aRBHBa.JleHTa). 

Vla YCJIOBWI (9) HaXO,n;HM MlfiIBMaJl1>HYIO 3Heprn10 MIOOHa, He06XO,n;H­

My10 ~JIH ~ocTIDKeHWI ~eTeRTopa c paccTMHWI R 

E"· - 0 7I ( e 0 •36 R/ro
5 

-l ) TaB mm- • (IO) 

BepoHTHOCTb Toro, 'ITO V 6y~eT B3aHMo~ettcTBOBaTb c rpyHTOM H 

o6pa30~ MIOOH ~ott~eT ~o ~eTeRTOpa, eCTb 

R(!:11 Ev) II Se !:11 E" ) 
P(E.,)= .A· = nOint·Z,8·10 n(1+ 1,41 ~, 

int 
(II) 

.·~e n -~cJio ABoramxi ( n = 6 • lD" .. 23 cM-3 ) ; y1 = Ep /Ev . 
CJie~OBaTe.JlbHO, HHTerpa.JlbHsfi ITOTOR M!OOHOB, ROTOpse pOJK,IJ;a.IOTCH 

npH B3'1. "TTP.f-tCTBlm HettTpHHO c rpyHTOM, HMeeM B~: 

. dJ,i :f' = f R(!:11 E.,) c:i:lv dE.., ::: ( na-l~t R ( Y• E.,) d E11 d Ev . 
~ } .A;nt dEv ) 

(12) 

0TMeTHM, 'ITO npli Bll'rn:CJleHHH rrOTORa M!OOH0B Heo6xo~HMO y'IeCTb 

TOT qaRT, qTo npH yBe~emnr 3HeprHH R(E) Ta.JOKe pacTeT, H rrpH 

:mep.rwrx E~ Be~a RlE:) CTaHOBHTCH paBHoR TOJIIUIDie rpyHTa 

Ha.Ii ycTaHOBRott Ro= R ( E:') • II pH ~8.JU>HeRrneM pocTe aHeprmi: SQ;­

i!>eRTHBHO "pa6oTaeT" TOJI!UHHa R0 , T.e. BMecTo (12) HMeeM 

I 2 

~ 

'·~ 

I 

E: e::.O. 
" ( -J ci:lv 

jJA = 

1 
nCTint R(Y1 E11) d.Ev dEv + 

Emln 

~ ti d:J,, 
Ro Jn<TLnt ciE,, dE,i 1 

e" 0 (13) 

r~e E~ orrpe~eJIHeTCH yCJIOBHeM ~1E~ = 0, 7I (exp(0,36Ros)-VTaB, 

Ros= R0/1u5 CM B.a. EcJIH F.apJI,Dy c 3THM yqecTb e~e H TOT qaRT, 

qTo xapaRTep BaaHMo~ettcTmm HettTpHHo Meru:reTCH c aHeprHett (JIH­

HettHHtt pocT CTa.HOBHTCH JiorapH~eCRHM IlPH 3HepI'WDC 60.Jlbme 

100 TaB), TO AJl.ff E! HMeeTcH TPH aHeprern-qecRHx HHTepBaJia: 
v y " v I) E0 ~ 100 TaB; 2) E0 > IOO TaB; 3) E0 > EmaK • 

B ~HettmeM MH AJl.ff orrpe~eJieHHocTH 6y~eM paccMaTpHBaTb 

Ha.H6oJiee xoporno HayqellHHtt HCTO'iHHR Cyg X-3 • Tor~ OlltH,WieMSR 

IIOTOR HefiTpHHo Bsi)ruRaeTCR YpaBHeHHeM (2), r~e IlOTOR raMMa­

-RBaHTOB B HHTepBaJie 3HeprHH O,I - ro5 TaB MOJKHO rrpH6JIH3H­

Te.JlbHO rrpe~CTaBHTb B B~e YpaBHeHWI (l) co :3Ha'l:eHHeM ROaj]­

if>HUKeHTa(cM.HaIIp., (29,30] ) 

.A= 4 • 10-II if>oT/cM2 c TaB0. (J '. ; 
KaR y~e OTMe'!aJIOCb, B "~HefirneM MH 6y~eM HCITO.Jlb30BaTb 

3Ha'IeHWI K9 =1 1.1 re~ = I (cM.BHllle). B aTOM c.nyqae ~ HHTerpa.Jlb­

Horo ITOTORa MIOOHOB, ~OCTHrata11HX YCTaHOBRH, HaXo;a;mneficH Ha 
·' 

r.ny6HHe Ro trro BepTHRaJIH), HMeeM 

. 17 
t,85·10- [0,5 + 4,Z6Ros] 

~ I -I&[ -s ] J,.(R0):::~ 9,75·10 f -3.4-10 Ros 

9,75•f0·IS CM- 2 c-1
1 

CM-2c"1 
I 

I' 
E. ~ SOT3B I 

-e -t SOT B < E ~ < f05 
T B CM C 1 3 o 2 3 1 

105 

E~ :> y-TaB, 

I::l 

tl5) 



r.n;e Ro5 = R0 /I05 CM B.3. 3.n;ec:o y'IHmBa.8TCH, '!TO ~=~1 E.,,= ~' 
~ 

Emin = O,I TaB, 
\I 5 Emax= IO TaB. 

Ha pHc.3 TipHBe.n;eHa 38.BHCHMOCTl> TIOTORa MIOOHOB, poJK,IJ;alOUO!tXCH 

BO B3aHMO.n;ettCTBIDIX HettTpHHO, OT r.ny6HHH (KpHBali I). BM.IJ;Ho, '!TO 

y'JKe TIPH r~6HHa.X 104 M B. 3. j; (Ro) BIDCO,IJ;HT Ha TIOCTOHHHYIO 

( rv ro-15 CM-2 0-I). 

IIoToK MIOOHOB OT BSaHMo.n;ettcTBIDI WOTHHO c rpyHTOM onpe.n;emrnT­

CR a.HaJIOrH'lHHM o6pasoM. BsaHMo.n;ettcTBHe WOTJrHo c HyKJIOHOM npoHc­

xo.n;HT CJl8.IJYKlllHM o6pa.30M: 

i+ci-~+~ 
L.. 'l~i 

Ce11eHHe aToro npouecca, corJtacHo [31,32) , MO'IKHO npe.n;cTa.BHTI> B 

BH,ne: 

f 

-35 E ~ (Mw )4 a ( m2 
O'int-:l,2·19 (TaB7 \Mcp fe~ lxq.cx>(1- xs )ctx 

m% 

2 
CM 1 (16) 

r.n;e s -KBa.n;pa.T noJ1Hott aHepr:im B CUM; 'l(x) -!WHJtUIDI pacrrpe.n;e­

JieHHR KBapKOB C SaPR,IJ;OM e~ B HyKJIOH8. Bli,IJ;HO, '!TO C81!8HH8 B3aH­

MO,ll;8HC'TBIDI wonrno 3~HCHT OT Ma.OCH CKaJISipHoro KBapRa KaK M~4 

H ,ll;OCTHra.eT 3Ha'!eHHi1: TIOplI.n;Ra Io-32 C~ IIPH 3H8pl'HH · I00 TaB H 

Mcp- 15 raB. CJ1e.n;OBaT8Jll>HO. B3aHMO.n;ettCTBH8 WOTHHO c aTMOCtflepott 

npeue6peJKHMO MaJio. IlpH B3aHMO.n;eilcTB:im WOTHHO c rpyHTOM MoryT 

o6pa.30BaT:OCR BTOpH'!HHe MIOOHH. OcHOBHOft Ra.Ha.JI ;rr,JIR o6pa.30Ba.HH.ff 

MIOOHOB HBJIR8TCR polK,I(eHHe H IIOCJie.n;yRll!IDi pacrra.n; 'laCTHU c TH'JKeJIH­

MHMH KBapRa.MH, Ta.K Ka.K IIHOHH H Ra.OHH B rpyHT8 ycrreBalOT B3aHMO­

.n;etiCTBOBaT:O .n;o pacrra.n;a (;rr.JIR HHX .Adee> .Ai.nt). Ce11emh":i BaaHMo.n;ett-

14 

CTBIDI WOTHHO c HyKJIOilOM IIPOIIOPUHOHa.Jll>HO 3H8PI'HH WOTHHO [26,31, 

32) : Gint = BE , r.n;e Koa<lJIMUHeHT 8 co.n;epJKHT 60Jll>ll!ylO Heorrpe­

.n;eJ1eHHocT:o, CBR3aHHylO KaK c Ra.Ha.JIOM o6pasoBaHIDI BTOPH'IHHX a.n­
pOHOB B CTOJIKHoBeHIDix i N , Ta.K H c HesHa.HHeM MaccH cKaJISipHo-

ro KBapRa. B 11a.cTnocTH, ;rr.JIR Mcp= "':f> I'a.l:l mieer.1 [32] 

E ) 2 

{ 

-34(- CM I 3·10 T36 

(f~nt(E)= 5·10-32 ( T~e)cM2' 

--f+h, ( 17') 

~ \ +h. (I'/ 11
) 

Ha PHO.I npKBe.n;eHH ce11eHIDI o6pa30BaHIDI MIOOHOB OT B3aHMO.n;ett­

CTBIDI WOTHHO (17
1

) H (17 11 ).TaM lite ;rr.JIR cpa.BHeHIDI IIOKB.38.Ho cetfe­

HHe BsaHMo.n;ef.tcTBWI YI' ,KoTopoe IIPH aHeprHHX E' 100 TaB HMeeT Jlli­

HettHy10 38.BHCHMOCTI> OT E , a rrpH E ,.. IOO TaB - JiorapRtflMH11ec-

J<:Y10: E 
• { 7 . f0-36 (Ti&-) CM2 1 

a;v (E) = 
•nt .J4- E 

1.2•10 en(T387CM2
1 

E.; !OOTaB 1 

tIS) 
E > f00T36. 

lls pzc.I CJI8.IJY8T, '!TO .n;aJKe B CJiytfa.8 C8t{8Hl'Ui (171 ) IIpH 3Hep-· 

I'HRX E ~ 100 TaB ce11eHHe o6pa30BaHHR MIOOHOB OT B3aHMO.n;ettcTBIDI 

tPoTHHO rrpeBOCXO.n;HT ce11eHHe B3W1MO.n;ettcTBHH HettTpHHO. 

Iloc.I<OJll>KY rrpH B38.HMo.n;ettcTBIDDC WOTHHO c HYKJIOHaMH OltHHM H3 
" 

BTOPH'!HHX TIPO.IJYKTOB OCTa.eTCH WOTHHO, TO wunm rrorJIOU18HRli (La&s) 

6y.n;eT 60Jll>llle, tf8M W1IDia B3aHMo.n;eiicTBIDI (A int) : La6e = 'l.· Alnt , 

r.n;e 'L >·I. 3HatfeHze 'Z, 38.B.ll:CHT OT .n;o.m 8HeprHH, OCTaDl{ettCJI 

y tPoTHHO. HesHa.HHe aTOtt B6JIHtfHHH BHOCHT Heonpe~eJieHHOCTl> B pac-
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1, 

'I8Tl:l'. 3.nec:b Mil .norrycKaeM pasyMHOe, Ha HaIIJ Bsrmm, 3Ha'Iemre 

i = 2. YcJIOBJl!eM La.6s = 'tA1nt orrpe~eJIReTCJI ::rneprIDI, rrpl'l KOTOpott 

,r Bbfl'IC ipoTJl!HO rrorJiomaeTCJI B rpyHTe: 

i 2 
E-• = -- , (19) = 5 n6R 0 

r.ne n -'IHCJIO ABora~o; B -Koaq$nu1eJIT, KOToplltt orrpe~eJIReT-

cJI 1!3 ( 17' ) 11 ( 17") •. IIpe~OJiaraeTCJI' 'ITO 3Heprl1.ff MIOOHa COCTaB­

.rmeT npmviepHo 1/6 3Heprim cpoTl'!HO u-C-}'j Ec"'tEi; El' "'tEc) 

:IoaTOMY Jll3 B!lpa.JKeHID:i (17 1
) ' (17") H (19) IIOJiytiaeM 

EJ' = 1,85 · to• T B ·1 cdis Ros 3 

(20) 

EJ' _ 111,2 T B 
a.g!> - Ros 3 

Odey~ Terrep:b rrpouecc!l polK,ll;eJ-lli.ff MIOOHOB IIPH B3aHMO~ettCTBHH 

-J:>0THHO c rpyHTOM. TaK KaK c TO'IK11: spemm perHcTpauim !f>oTJl!HO 

HJITepec rrpe,ncTa.BJifflOT Jrn:Ill:b MIOOH!l B!lCOKIDC 3HeprID1' TO rrpouecCaMH 

:i6pa30BaHHJI MIOOHOB B pe3yJI:bTaTe poJK,nel-lli.ff H pacrra,n;a IIHOHOB H 

K80HOB l.10JKHO rrpeHeOpetI:b H3-3a 'DC OTHOCHT8Jl:bHO OOJI:bll!IDC BpeMeH 

JKH3IDI. B aToli CHTYauHH e~JllHCTBeHHo cymecTBeHH!lM KaHaJIOM reHe­

pauvr.H r.JIOQHOB B!lCOKIDC 3HeprHtt rrpe~CTaB.Jlff8TCi! oOpa30BaI-nre }' '!8-

pe3 l)0JiUJ;8ll118 H lIOCJI8.DYIOlllIDl pacrra,n; 'IaCTI{U c Ti!JK8Jlll'MH KBapKa.MH 

(ycJIOBJIO O'IapOBaHH!lMH). Cetie.HHe oopa30BaIOOI tiapMa (C) lIPH B3a.H-

1.10,nei1cTBHH WCTHHO c BemecTBOM MOllteT cocTaBHT:b IO% OT rroJIHorq ce-. 

-i8H.lffi B3am10.neliCTBHiI 110 aHaJIOrlm c OTHOUJeIDieM ce11eHHJI polK,ll;eIOOI 

'IapMa IIPH pN -B3a.HMO,nelicTBIDIX K IIOJIHOMY Heynpyrof,,Y C8'I8HH!O 

\ Ciii.Harrp. ' [.'.33] ) • Y'IlIT!lBM TaruKe, 'ITO BepOJITHOCT:b KaHa.Jia pacrra-
1 

.na c - }I l "OpP.HtIHHr") cocTaBJJ.HeT rrpHMepHo iJ, 1 [
0

30) , .nJIR ce11e-

r..:m or5pa30BaIUIB M!OOHOB rrpvr B3a.HMo,nettcTBIDJ" tlJOTHHO HMeefvl 

16 

~~ 

{~ 

/ ;,\ 

-

-2 
O"i-JA = 10 ~0-t: I (2(/) 

r~e (J"tot orrpe~eJ!i!eTCi! B!lp3lK8HKi!MH l 17
1 

) H ( 17
11
). 

Ha pHC. ~ IIOKa.3aH!l .n;mppepeHUHaJI:blille crreKTPl:l MIOOHOB OT He}iTpH-

HO H '1JoTHHO, pacrrycKaeMl:lX Cyg x-.3 : 

~ . { 3,5·10"
36(-ifs) c·

1

T3B-
1

1 EJ' ~ 50 faB 

..L dJ,. __ t_cr~ . d:J~ = 
.Ro d.EJ' .Ao ... ,.. d.E~ en(ZE"J 

3·f0·35 (~)2 c.1T3B-1' EJ' > 50T3B 
T3B 

1 d.J: 1 _ d::li -35 (6E,./T3B)
3
h -1 -1 

Ro dEti -Roak ... t' dEi = 5 · 10 6+(6EJ'/T3B) 5kc T
3
B) 

·11 
r~e .Ao=4·10 n·R. 

(21) 

(2;:) 

3,nec:b ~M npouecca v,.+N-Jl+X rrpe.nrroJiaraeTcn, 'ITO r.;100ny ncpe-

~aeTCJI 1/2 'IaCT:b aHeprHH HeHTpHHO [27] , a Jilli! npouecca 

- I (- ,_ ~ + N - f.1 + X -1 6 '!aCT:b aHeprmr <lJoTH!lO 0 - C - ~ ; Ee:: zll' , 
1 v ( E,i) - ( E; · 

E_,., °"3Ec ). IloaTOMY O'~-l'(E,..)=O";.,t T i O"f-J'(E,.)=B-z.(r-t')<4ot\6) 

B <lJopMyJie (22) rrpe~oJiara.JIOC:b rroJIHoe ce'IeHHe ciioTHHO (i7"). 

],fa plic.2 BH,rr;ao, 'ITO crreKTP MlOOHOB OT o/.>THIIO m.1eeT :·aKciu.iyr.1 

npR E.ll"' 4 TaB, 'ITO oTpa;;taeT r.1aKcm.iyr.1 B crreI<Tpe poi;meHH.R cl;oTu-

no B HCTO<nrn:Ke rrpH E~ ~ 20 TaB. B o6JiaCTH JKe EJ' ~ ;;u T::ii3 
ii -1 

crreKTP MIOOHOB OT cponmo CTaIIOBHTCi! CTenemum: d'.1... ct E.t' ~ Et' 

I7 
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cneKTp MIOOHOB OT HettTpIDiO HeCKOJlbKO M.ITT''Ie: d.1; /dE,,. "' E~2 fn El' . 

Pa3IDtlJl:l. B Cil~KTpax MIOOHOB BHCORHX 3Heprmt o6yCJIOBJieHa pa3HH­

MH 3aBHCliMOCTJ!Mll Ce'l:el:rntt B3a.HMO,I(ettcTBlrli HefiTpIDiO K WoTliHO OT 

3Heprlili (cM.cpOPMYJIH (I71) ' (I7") K (IS)). 

HHTerpaJibHlitt IlOTOK MIOOHOB Ha rJIY6HHe R OT B3aKMO,n:ettcT­

Blrli cpOTHHO c rpyHTOM COCTa.l!JIReT: 

i ( d:J-
j.l': l nO'i-P (Ey) R (l:.fiEi) ct.E; dEi· (23) 

3,n:ecb Ye=E,./Ei 1 a R(!:lt Ei) onpe,n:eJlf!eTCH_ BHpaxteIDteM ( 9). 0TMeTHM 

TaKJKe, 'ITO KaK H B cJiy'l:ae c HettTpHHo, HMeeT MecTo noporoBWI 

3HeprHH E~ ' BIIDle KOTopott BeJlH'lllliB. R(E) CTaHOBHTCR IIOCTO.IDI-

HOii (Ro) , H npH ,n:aJibHettrneM yBeJIH'l:eHHH 3Hepnrn aqxpeKTKBHo· 

"pa.6oTaeT" R0 (TOJIIltllliB. rpyHTa H~ ycTaHOBKott) , T.e. 

i -

f r dJ- El~• d:J-
j}I: ~inO"i->'(Ei)R(YzEi) d:i dEi + R0 ;<T1-,.(Ei) dE; dEf · (24) 

Emi.n Eo 

c Y'I6TOM OJKli,ll;aeMott IDITeHCll. '31\0CTli ny<ma. WoTliHO OT c!l9 X-3 (cM. 

BHpruK6lOOI (I), (2), (6), (I4)) ~ IlOTOKa MIOOHOB, liCilOJ1.b3Y.fI 

B!ipa.JKeIOOI (I71)' (I7 11
) li (I9)' HMeeM 

tORos-0,17 ·c,..-2 c-1
, E~ss > e: ; e:gs > e:O. , 

- } [ GE>' 'fk ~;(R0):! ~ ~ 0,36Ro
5
fn ( T3T) + 1soo]-o,17 cM-

2
c-• 1 E:~ E~k< E~a~, (25) 

[ ( 
E~~l [ 6E

11 :'fk fn 1+1,411'987Jfn (Tat'; +1soo]cM-2c-1
, E~gs~E~ ( 

I8 

r.n:e Ros = Ro /I05 CM B. a., a Ko~wreHT 'l onpe,n:eJlf!eTCH ce­

'l:eHHeM B3aHMO,n:ettCTBHH WoTRHO ( CM.B!ipruK6lOOI (I?') li (I7") ): 

{ 

f,4·10-19 

~-
2,3·10-17 

,.- -'4 ( E ) 2 IlpK Vtot = 3' f0 T36 CM 1 

17' -32 ( E ) 2 npli vtot = 5·10 TaB cM . 

Ha pHc.3 Hap.ff.DY c IlOTOKaMH MIOOHOB OT HettTpmro npHBe,n:eHll 

OJKli,ll;aeMJie llOTOKH MIOOHOB OT WoTRHO, HCnycKa.eMJiX C!j9 .x-3 • Kpli­

BaH (2) COOTB6TCTByeT 3Ha'I6HKIO ce'l:eHIDI B3aHMO,n:ettCTBHH WoTIDIO 

(17µ), a KPHBa.fl (3) - (I71). KaK BH,W!O H3 pHCyHKa, npH 3Ha'l:e­

HHH c.e'l:eHHH B3aliMO,I(eitcTBHH <lJOTHHO (17 11
) oinmaeMHtt IlOTOK MOOHOB 

OT v K i , KcnycKa.eM!iX Cyg x- 3 , o~oro nopH,I(KB. H Be,n:eT 

ce6H O,I(ID!aKOBO c yBeJm'l:eI:meM rJIY6IDIH .n:o R ~ ro4 
M B. 3. ,Uanee' 

c yBeJIK'IeIDteM rJIY6liHH (MK yrJia Ha6JI~eIDtH) llOTOK jJ OT 'i 
pe3KO ~eT B OTJIH'l:Ke OT llOTOKa. }I OT -.; ' 'ITO o6ycJIOBJI6HO 

TeM, 'ITO ~ Ta.KHX rJ1Y6IDI cpOTRHO COOTBeTCTBYIOO\IDC 3Hep~ rror­

Jl01Il1l!OTCR B rpyHTe. CymecTBeHHO pa.3HHe 3aBHCHMOCTH IIOTOKOB MIOO­

HOB OT WoTHHO H HettTpHHO IIPH 60JibllIIDC rJIY6HHax o6yCJIOBJI6Hll TeM, 

tITO np'.11 aHeprHHx E > IOO TaB ce'l:erme B3aHMO,n:eHCTBHH HettTpHHO 

pacTeT c 3HeprHett JICrapHc])MH'IeCKH, B TO BpeMR KaK ce'l:eHKe BaaH­

~10.n:ettCTBWI q,oni:Ho nponopu;HOHaJibHO E BO BCeM aHepreni:'leCKOM 

HHTepBaJie (cM.p11c.I). 

Ha pHc.3 npHBe.n:eHH TaRJKe IIOTOKH MIOOHOB, reHepHpyeMJiX B aT­

MOCcpepe OT raMMa-KBaHTOB, HCnycKaeMl:lx C!:19X-3 Ia: OT KOCMli'I6CKRX 

JIY'l:ett ( K.11) • 

HHTerpa.JU,Hlitt cneKTP MIOOHOB OT rrepBH'l:HHX raMM8.-KBaHTOB OT 
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C~g x-3 MOJKHO rrpe~CTaBHT:b B BH.n;e (cM. [34]): 

· :J;tRo) :::7,25·10-f9 En[710(exp(0,36Ros)-1)] 1 

0,11 (exp (0,36Ros)-1) U-max + 

2 3 0, 16 lmQX + 3,31 • fQ en (i!.~x/L.ll) ) CM-ec-1
1 

o,71 (exp(o,36Ros)-1) 

(26) 

t ).R [ Emax ] 5 r.n;e ~max=en2 fn f~·0,71(exp(o,36Ro5)-f ; Emax= IO TaB; 

f i - JJ;OJIR, 3H6prHH, YHOCHMM MTOOHOM IIpH po~emrn: ( f 1 ~ 2; ft~ 6; 

f3 ~ I,67). 

Jl.Jm orrpe.n;eJieHHH IIOTOKa 8TMOct1Jepmnc M!OOHOB OT KOCMJN6CKIDC 

Jiy'Iett Ha rJiydHHe Ro HCIIOJ!b30BaJrn:Cb pe3yJII:.TaTH paOOTH (28] • 

Ha pHc.3 rrpIIBe.n;eH 3TOT IIOTOR .n;JIH 3Ha'I6HIDI yrJIOBOro pa3perneHHH 

M!OOHHHX .n;eTeKTOpOB 59 = r0 ( .A~ = 9,6 • ro-4 ) (CM. [34]): 

C1t -10[ ]-2,7 :J}' (Ro)~ 1,05·10 exp(0,36Ros)-1 CM-2 c-1 • (27) 

4. OocyJK.n;eHHe peayJ!bTaToB 

H3-3a cJia6oro B3a.HMo.n;eticTBHH HefiTpHHo 11 cpoTroro c BemecTBOM 

HX 3I<CIIep.l'IMeHTaJ!bH.oe HCCJie.n;oBaHHe rrpe.n;CTaBJIHeTCH B03MOlKH!:lM JIHlllb 

B r.JJVdOKO IIOJJ;38MHHX (HJIH IIO.n;BO.n;I!HX) YCTaHOBRax IIyTeM perncTpa­

nm BTOpWIHHX M!OOHOB - rrpo.n;yKTOB B38HMOJJ;8HCTB:Hfi c rpyHTOM.BMec­

ti'e le TeM. cymeCTByeT cpOH, o6ycJIOBJleHHHi1 MrooHaMH KaK OT B3a.l'IMO­

.net1cTBHH rrepBH'IHHX raMMa-KBaHTOB OT .n;HCKpeTHOro HCTO'IHID<a, TaK 

yr OT B3a.l'IMOJJ;6MCTBHM KOCM.l'I'Iecmrx Jiy'IeH c aTMocipepoti. IlpH 3TOM, 
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ecJIH ilJoH OT Kocriiwiecmrx Jiy'Ieii MOJKHo rro.n;a.BHTI:., yJiy'IrnM yrJioBoe 

pa3perneHHe perncTPHPYKilleil: arnrapaTypH (Nc...c1c~(ser 2 ), T,o oT cpona 

OT rrepBH'IHIDC .raMMa-KBa.HTOB, Ka.K H OT qxJHa ROCMH'IeCKHX Jiy'IeH, 

MOJKHO cymeCTBeHHo H36aBHTI:.CH, YCT8.HaBJil!BM pernCTPHPYKJllYro arr­

rrapaTypy Ha OOJ!bUMX r.ny6mrax. 3To o6ycJIOBJleHO TeM, 'ITO CIIeKTJ>H 

qxJHOBHX MOOHOB 3Ha'IlfT6JlbHO MITT''Ie, 'I6M crreKTPll M!OOHOB OT HeHTpH 

HO H cpOTHHO. 3To BHJJ;HO H3 ·PHC.3, OTKy.n;a CJie.n;yeT, 'ITO cpOH, o6y­

CJ!OBJleHHIDl: YKa3a.HHl:lMH IIPH<nlliaMH, CTa.HOBHTCH M6Hbllle IIOTOROB OT 

H8HTpHHO H cpOTIDfO IIPH rJiyOHI-Iax R ~ IU4 M B. 3. Ha pHCyHRe OIWJ!O 

OCH aocrurcc YKa38.Hll rJiyOHH!l KPYIIH6HlllHX cymecTBYl!lllHX (IMB)H 

IIJiaHHpyeM!ix YCTaHOBOK ( M.ACRO .l'I DUM.AND). Ifa PHCYHKa CJie.n;yeT, 

'ITO rrp.l'I perHCTpaUHH MOOHOB B BepT.l'IKaJ!bHOM HarrpaBJieHHH rJiyOHH!l 

3TIDC YCTaHOBOR eme He.n;ocTaTO'IHH ;rr,J1.H cymecTBeHHoro IIO.n;aBJ!eHHH 

qxJHa. Il03TOMY ;rr,J1.H per.l'ICTpaUHH H8HTpHHO H cpOTHHO rrpe.n;rrO'ITHTeJII:.­

HllMH HBJIHroTcH OOJII:.lllHe 3eHHTH!le yrJ!ll HaOJIIQll;emm. 3To YTBepJK.n;e­

HHe OOJiee Har.JIR,IJ;HO CJie.n;yeT H3 pHc.4, Ha KOTOPOM rrpe.n;CTaBJleHH 

3aBHCHMOCTH IIOTOKOB MOOHOB OT Tpex ROMIIOH8HTOB HeHTpaJII:.Horo H3-

Jiy'I6HHH ( ~ ' )/ ' i ) JJ;.l'ICKpeTHOrO HCTO'IH.l'IKa OT rJiy6.l'IHH .n;eTeR­

TOPOB MTOOHOB. }fa p.Hc.4 BH.n;HO, 'ITO "pa6o'Ie:li" 00.JJaCTI:.ro rrpH per.HG· 

Tparum raMMa-RBaiiT013 .n;JIH YKa3aHH!:lX y CTaHOBOK HBJ!HTOTCH fJ ~ 60-80~ 

9. JT.7liI per.l'ICTparur.H cpOTHHO H HeihpHI-Io - e > 60°. CJie.n;yeT o6paT.l'ITI:. 

BH.l'IMaHHe, 'ITO rrpH .n;orrymeHH!lX rrpe.n;rroJio~eHHHx: o crreKTpe reHepa­

Ul'IH qxJTHHO B HCTO'IHHKe H 0 X:apaKTepe B3EUIMO.n;eficTBH.ff qxJTHHO c 

rpyHTOM, IIOTOR f' OT t IIpH Ma.l}HX rJiy6rorax R " I04 M B ;::; • 

'. H~Jr IIPH MaJ!llx 36HHTHHX yr.JJaX) Toro ~e rrop.f!.n;Ka, 'ITO H IIOTOK 

jJ ' OT y ' HO cymecTBeHHo ycTyrraeT IIOTORY aTMOCcpepHHX MTOOHOB 
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OT nepmr'llillx cpoTOHOB. IlpH c50JI:blllHX lite rJiyc5HHax ( R > 104 M B. a.) 

IlOTOKH MIOOHOB OT 'i H V CTa.HOBiITC.H c50Jll>lll8 IlOTORa ).I OT jl' • 

Ho npH O'!eHb CoJThnmx rJiyOHHa.X ipoTHHo Ha~aeT norJiouia.TbC.H, H 

no 3TOil rrpH~He "paOO'!eil" oc5JiaCTblO perliCTpa.wlli ipoTHHO .fIBJl.ffeTC.fl 

B8CbMa ysKHit ~30H r.rryc5HH (liJ!li 38HHTHHX yrJIOB). 

,Il,Jm Bl:l.HCHSHH.H "pac5o~" OO~CTett perRCT~ MIOOHOB OT Tex 

HJIR RHHX ~CTHI.J; HSOOXO,ll;HM a.Ha.JIR3 KOJIR'l8CTB8HHl:lX KDRTepReB, a 
Ns 

HMeHHO, c50Jlblll08 3Ha'!eHHe OTHOllleHIDI CRr~/myM ( 5/n ~ JNkok 

npH pasyMHOil: cTaTRCTHKe co61:ITRit (HaIIp., N5 = IO). 

Ha pRc.5a,c5,B IIpHBe,neH!:l SaBRCHMOCTR OTHOllleHH.H 

s·t 
~= m2 ' (28) 

r.ne s- IIJIOuia,nb pern:cTpa.u;im; 

Sa,n:aHHoe KOJrn'!eCTBO "c:arMa". 

Ns 
t - BpeM.H aKcrrosRURH; m = JN&adt. • -

0TM8TRM, 'ITO npR orrpe,neJieHRR 3TOil:"BeJIR1nfiill ;rr.711! ,ll;aHHOro cop­

Ta HeilTpa.Jll>HHX '!aCTHI.J; ipoH COCTORT IIOMRMO ~TMocwepHl:lx MIOOHOB 

OT KJI. Ta.KlKe R RS MIOOHOB OT ,ll;BYX .npyrroc THIIOB He:ll:Tp~Hl:lX ~c­

T:m'.h_JiaHpHMep, IIPH perRCTpaURH Heil:TpHHO CRr~OM JIBJtF.!eTC.H 
v 

N = :1 • s·t 29) 
5 I' ' l 

~ ipoHoM .fIBJl.ffeTC.H 

at r -N~clc: =. :1.1' • s·t · .A.Q. +(:I.I' + j; )·s·t. (30) 

A.~orR'!HO orrpe,neMIOTC.H BS.JIR'!RH!:l N5 R Ngai:fc R ;rr.ru:r .npyrRX 'ffi.CTHI.J;, 

0TM8TRM e~e pas, 'ITO B pac'!eTax IIPH orrpe,neJiemm: !}?oHa MIOOHOB OT 

KJI }l,J15i yrJIOBoro paspemeHR.H MIOOHHl:lX ,neTeKTOpOB rrpe,D;IIOJial'aJIOCD 

3Ha'!emrn 00 =Io (AS!.: 9,6·I0-4 ). 
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Hs pHc.5a,c5,B cJie.n;yeT, '!TO c TO'IKH speHH.H per.HcTpa.URH raM­

MB.-KBa.H~OB c IlOMOil1DIO MIOOHOB npe,nIIO'!THTeJll>Hl:lMli .f!BJ!RIOTC.H MaJIHe 

.rJiyc5HHl:l ycTaHOBOK R MaJIHe yrJJH Hac5Jl!O,ll;8Hli.H. ,Il,Jm HettTpHHO lite mm­

OOJiee Bl:lro,J:tHHMH ~IOTC.H o'!elib c5oJll>rrme r.rryc5HHl:l (H.Jll! ;rr.ru:r cym:ecT­

BYDllRX R IIJlaHRPYSMl:lX ycTaHOBOK yrJJH ( a ~ 80°). H, HaKOHeu;, 

;rr.711! perRCTpa.wlli ipoTRHO pa3yMHl:lMR .fIBJl.fflOTC.H Jiltlil1> ysKa.H oc5JiaCTb 

rJiyc5RH ( I04 - I05 M B.3.) RJIR ;rr.711! cy~eCTBY!001IDC ycTaHOBOK 

e,.., 80 - 90°. 

CJie.n;yeT OTMeTRTb, '!TO o6JiaCTH, yKaSa.HHl:le Ha pRc.5a,c5,B RB­

MIOTC.H Heoc5xo,ll;HMl:lMR, HO e~e He,D;OCTaTO'lH!:lMR ;rr.711! ycJIOBR.H perRc­

TpaI:(Rli nepBl!'llillX HettT~bHl:lX ~CTHI.J;. 8TH o~aCTR B ,neil:cTBRTeJll­

HOCTR 3Ha~TeJ11>HO MOryT cyl!taTbC.H ,ll;OilO~TSJll>Hl:lM ycJIOBRSM CTa­

THCT~SCKOtt o6ecne'!eHHOCTH. 8TO BR,ll;HO Ha pRc.6a,6,B, r.ne noKa-

3aHl:l 3aBRCRMOCTH Be.JIR'CJllll S·t 
ycJIOBMMH: 

OT r.rryc5HHl:l, orrpe,neMeM!le .D;BYMR 

a) m = 5CT' R 6) N5 = IO. lliTpHXOBaHHl:le oc5~CT:i! orrpe,neMIOTC.H 

O,ll;HOBpeMeHHl:lM Bl:lilO~eHReM 3THX ycJIOBRil. HarrpRMep, RS pRc.66 

BR,ll;HO, 'ITO IlPH yrJiax Ha6Jl!O,ll;8Hli.H 6 ~ 80° Ha yCTaHOBKe . .IU<JvWJ.IJ. 

(5 ~ I09 cM2) Ha ypoBHe 5rr MOlltHO oc5Hapyl!UITD HettTpRHO ( ~ IO) 

OT Cy9 X-3 sa BpeMR Hac5JI10,neHH.H ""t .> 0, 3 ro,na. ,Il,Jm Bl:l,neJiemm lKe 
! 

CR~OB OT ipoTRHo rrpR TaKHX lite ycJIOBWIX HeOc5XO,ll;HMO Hac5JIIO,ll;aTD 

RCTOW!RK IlO,ll; y.,.,,118.MR 9 "" 70.:.SQO Sa BpeM.H Hac5JIIO,ll;eliRtt , - t ) 3 ro­

,n;a. c y'!eTOM MaJIOro rrpec51:lBaHli.H RCTO'IHKKB. B 3TOM KOHyCe yrJIOB 

;ie~Hoe BpeM.H HaMHOro yBe.JIR~STC.H. UoaTOMY, O'!SBR,ll;HO, ;rr.711! 
-

perRcTpaI:(Rli ipoTHHO HylltHl:l J'CTaHOBKR co 3Ha'!RT8Jll>HO c50Jll>IDeil: * 
1peKTHBHOil: IIJ10lI18.,ll;DlO '!eM rr~pyeTC.H IIJ!Ouia,nb perliCTpaURH MIOOHOB 
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ycTa.HOBKH ~lffi1AH,ll. 3TO, no-B~OMY, 38,I48.~a He 6JmlK81l:wero 6y­

.I(Ymero, O,I(Ha.KO B CJiy'!ae p~aJIH38.U,lrn Ta.Kll!X YCTaHOBOK B 6y.ItYUteM 

OTKpOeTCR yHliltaJII,HaR B03MOli qOCTb 3KcnepHMeHTaJIDHO o6Ha.pyJKKTb 

H HCCJle~OBa.Tb B3aHMO~e~CTBHe iI>oTHHO CBepXBliCOKlllX 3HeprID!: c 

BemecTBOM (ecmr Ta.Kali ~a.CTHUa, KOHe~HO, cymecTByeT). 
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ITO,llffi11.JJt! I\ PJt!CYHIV\M 

Puc.I CetieHIDI oOpa3oBamrn MIOOHOB OT B38HMO,IJ;8HCTBHR HeHTpHHO 

(Kpi.tBa.R I) H cI>oTHHO (KpHBaR 2,3), orrpe,neJl.lleMHe BHpaJKe-

11 I 
HIDIMH (I8), (I7 ) l1' (I7 ) 

Puc. 2 .Uwfl:pepeHI..\1{8,JlblrrIB ITOTOK ITO,ll;38MHHX f.l!OOHOB OT nettTpHHO 

(KpHBa.R I) 11 cI>oTIDIO (KpHBHe 2,3), >rcrrycKaeMHx CygX-3. 

llHWPH 2,3 03Ha'!a!OT pa3HOe cetieHHe BaaHMO,IJ;eHCTBHR cI>o-

THHO (17 11 H I7 1 
) 

Puc.3 VlHTerp8.1IbllrIB 110TOK 110,I(38MHHX MIOOHOB, o6yCJIOBJl8HHHH KaK 

narui:i.10,IJ;e;icTBHeM HeftTpHHO !1 cpoTHHO OT Cyg x-3 c rpyn­

TOM (Kp.l:IBhl'e I-3)' TaK H B3aHMO,IJ;8HCTBHeM raMrlla-KBaHTOB 

c aTMOccpepotf (KpHBaR 4). KpHBa.R 5 - ITOTOK MIOOHOB OT 

B3a.l:IMO,ll;8HCTBHR KOCMH'l8CllliX JJY'l8M c aTMocqiepott ( 5'9 = 1°) 

P:vrc. 4 Jt!HTerpa.Jlb!·D:n1 ITOTOI< ITO,IJ;38MHHX MIOOHOB OT B3aHMO,IJ;8HCTBHR 

rry'!Ka HetiTpaJI:&HHX tiaCTHU OT Cyg X-3 c rpyHTOM. Kp>r-

·P>rc.5 

Ba.R I - cyMMapHl:lH ITOTOK: KPHBa.fi 2 - ITOTOK MIOOHOB OT 

HeHTpHHO H rlJOTHHO c cetieHHeM B3aHMO,ll;8HCTBHR 07
11
); 

KpHBM 3 - OT H8HTpHHO. 

·· s·t 
33.BHCHMOCTb B8.Jlll'l!llliH mi OT rJry6IDll, orrpe,IJ;eJl.lleMM 

:l~ rt 
ycJIOBI1'8M s;i =(~wm CJJY'!M B38HMO,IJ;eticTBHR ·rwr.m-

· -KBaRTOB (p>rc.5a), He~TpHHo (p>rc.56) H WOTHHO (p:vrc.5B). 

UHcJ?pH y KPHBHX oaHatialOT oa3HOe ceqeu:vre B3aHMo.nettcTBIDI 

cI>oTHHO (cM.cI>oPMYJIH I?'- KPHBaJI I H I7"- KPHBM 2) 
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PHc. 6 3aBHCHMOCTI> Be.JIH'Illlil:l S·t OT rJry6mrn WI.ff ycJtoBIDi: 

a) CHrHaJt/myM "' J Ns = 5 (K_i?HBaR I); 6) N5 = IO (Kp.H-
Neac&: 

Ba.II 2). illTp.HXOBa.Jl: 06.JlaCTb onpe,IJ;eJl.lleT ,ll;OITYCTHMHe 3Ha'!e-

HRR: BeJIHtnmH s·t , y,IJ;oBJteTBOPRRllU!e STHM ycJIOBH.fIM. Cetie­

·H.He B3a.HMO,IJ;ettcTBHR cI>oTHHO 6paJtocI:i H3 (I7
11
). Pl1'c.6a co-

OTBeTCTByeT CJry'laIO B3aHMO,IJ;eHCTBM I( -KBaHTOB; 66 - HeH-

TpHHo; .6B - cI>oTHHO. 

3I 
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