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YCHEXH PH3HYECKHX HAYK

W3 TEKYIIER JIUTEPATYPbI

KOCMHUYECKHME JYUYH U PATUOUIITYUEHUE
T'AJJAKTUKH

1. Bonpoc 0 DpOMCXOXIEHHM TralaKTHYECKOTrO DPaJHOH3NYYEHHS HMeeT
GONbINOR acCTPOPH3HUECKHH HMHTEPEC M B TO K€ BPEMS OCTA&TCH HEesiCHBIM.
Co BpeMeHH OTKPHITHA I'aJIAKTHUYECKOro H3JMYIEHHs W KO HelaBHUX NOP CYHTA-
JA0Ch, 4TO 3TO H3JAyUEHHE €CTh TEINIOBOE H3JyueHHE MEW3BE3IHBIX INEKTPO-
HOB, WMelOmHX Temmeparypy T=<10%,

Y meapHas MHTEHCHBHOCTb TEMIOBOrO PaiMOU3JNYUEHHS paBHaerTcs *):

; o 2kTae _2,76-107 15T ape
vy T A (B o) cM2-cex-cmepaduan-zepy’

0

Tae h— AauHa BOJHSL k= 1,38.10716 » T34 — sdpdexrusnas Temmepatypa,
paBHas Tyg = ( I —e % )T, rae t, — ONTHYECKasd TOMUIMHA Cpexsi (B Ha-
IIeM Cly4ae MEX3IBE3NHOTO rasa) njid KaHHOH YacTOTH v B JAHHOM HANpasB-
Jenun (noxapobHee cM., Hampumep, I).

Spbexrusad Temnepatypa Tsp, OYEBHAHO, JOMKHA OHTh MeHbuie T
¥ npubamxkartbed K T qumb npu v, > 1.

Wamepenus, nposen&Hnbie Ha BOMHAX A<D 4, B o6meM He npoTHBOpPC-
YUY NPEATONOKEHHI0 O TEMJIOBOM MPOHCXOXMAEHHH IaJaKTHYECKOTO PamMo-
U3JMyYEHHs, H 3Ta FUIOTE33, KaK CKa3aHo, NPEeACTaBIsiach BeCbMa BepOAT-
Ho#f. OnHaxo H3MepeHus Ha OoXee IJAHHHBIX BOJHaX A > 10 x mpusean

K suavenusM Top ~ 105 (cm. 1?). Kpome toro, Buiacuunocs, nro pacnpeaenetnue
«pajHOAPKOCTH» MIeyHOro MyTH MPAaKTHYIECKH HE 3aBHCHT OT 4acroTu. OT-
Ciofa cieiyer, YT0 AJAA BCEX HCCAeAyEeMBIX BOJH HMEEeT MecTo chaydait
7, € 1. JlefictBHTenbHO, eCan Obl, KaK 3TO PaHblie NPeAnoJaranocs (cu. ),
ye RaIa A =25 4 B HanpaBieHHH HA weHTp [anaxTukk > 1, T0 nas Goaee
RJAMHHBIX BOJNH ONTHYECKAfd TOMHHHAZ T Gblia Obl 3HATHTENAbHOR M B Hanpas-
JeHHSX, CHIBHO OTKJQHAIOHIHXCH OT raJlakKTHUECKOrO HeHTpa. B pesyabrare
JOCTHramee 3eMIH TajaKkTHYeCKOoe M3JydeHHe JOMKHD Oblio Ol Ha JJMH-
Hplx BonHax (A>> 10 ) GHITh 3HAUHMTEABHO GoOJee HU3OTPONHBIM, YeM HA KO-
potkux BonHax. OTcyrcTBHe n0400HOrO addexTa ykaspisaer, TakuM o6pa3omM,
Ha TO, uTO0 [anakTHKY ClIeAyer CUMTATH ONTHYECKH «TOHKOH» Aawe st

*) lo onpexenenno I, dv ecTh MOTOK 3HEPrHH B HHTEpBajde 4acToT dv,

NPOTEKAINKHA B NAHHOM HANpaBieHnu depes miaowaaky B 1 cu? B 1 cex.
H OTHECEHHBIH K eXWHHLEe TEIECHOrQ yria.
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posi 23> 10 & u yxe monasHoO Ias BoJB ¢ A< 5 #¥). Ho orciona rakxe
cAeAYeT, UTO €ClM raJaKTHIeCKOe PAJHOHM3JyueHHe ABIAETCH TEIVIOBHIM, TO
T >104°, Mexay TeM He3aBHCHMBIE acTPODM3UUECKHE H3MEDCHHA CBHICTEND-
CTRYIOT O TOM, 4TO JJs MeX3BE3jHBIX 3iexTpoHOB T < 104° (cm. 3). Crano-
BHTCH, TAKMM 06pa3oM, SICHbIM, 4TO TalaKTHIECKOE H3IYUEHHE AOJKHO OHTH
06ycaoBiaeHOo, N0 Kpaiinell Meépe B OCHOBHOM, KAKHM-TO MEXAHM3MOM, OTAHY-
HbIM OT TENJAOBOTO M3JYYEHHs MEX3BE3NHHIX ajdeKTpOHOB. O TOM Ke CBHe-
TEALCTBYET CYHIECTBOBAHHE IEAOro pAna ANCKPETHBIX MCTOYHWKOB rajaKTu-
yecKoro uanyuesns (c. 3 m pedepar 3). oanag HHTEHCHBHOCTH 3THX HCTOU-
HHKOB JOCTHMaeT 3HaueHns

_ —19 92
J,=1,A2~10 e ep 2)

rie AR — TenecHnt yroK, noj4 KOTOPHIM BHAEH HcTouHHK. M3 ombita n3Be-
CTHO JWIb, 9TO YrAOBO# pasMep MCTOYHHMKA Merpme 6’8/, T. e.
AQ < 3-10—° crepanuana. Ecay/cuurars, Y70 pa3Mep AUCKPETHOTO UCTOUHH-
Ka ~ 6’ (310 Morao On OHTh, Hanpumep, ecan 6pl pOJb MCTOUHHKA HIpana
KaKas-TO TYMaHHOCTb), TO 3ddexTHBHAS TeEMIEPaTypa MCTOYHHKA, COOTBET-
cTByomad 3HaueHH© (2), nocTHraet ~ 5.108°. Ecan ke HCTOYHHKOM m3iyvue-
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c Kogmaqecxnmn Ay1aMH, OCHOBHIBAasCh Ha 3aMerxe T, pax yaem
. Jz:;c :3B€CTHQ, HaCTHNA ¢ 3apANOM ¢ W MaCCoH m nBuxeTCa B mep-

YAAPHOM K €¢ CKOPOCTH MarHHTHOM mode H IO OKDYXHOCTH C yr-

eH mc?

A0BOH CKOPOCTLIO (4ACTOTOMH) wy = vy = “me " E » TAe E — sueprus ua-

CTHILE H € ~—CKOPOCTh CBeta. Ecnn £ « me?, 1o vactupa B culy coobmae-

*) 3auenne t=1
=1lmpu A=3 x na nymn B 6.10%2 cx (paxmyc I’
anak-
THKH) moJygaercs ! npH 7 = 10¢° B KOHNEHTPALUH MEK3BES NHAIX agemponos
N= n
L. Tlockoabky © mponopunoranbHO 7_3/7, ACHO, 4TO yike HE3HAUUTENb-

HOTO yMEHbIEHWA cpennell KOHUeHTpanu
H N 10CTaToyHO Ax 9
npi A =3 # CO6MOAANOCH HEPABEHCTBO t< 1, A% TOr0, H100u
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MOro efl moseM YCKOPEHHS H31ydaeT NDAKTHUECKH JHITb 3JEKTPOMATHHTHLIE
BOJHH C 9aCTOTOH wy. Ecam e E >mc% TO OHA H3Ay9aeT WNeMMH CHEKTP
9acTOT, ABAAIOUMXCA OGEPTOHAMH 9ACTOTH wy. JTOT CHEKTP MCCAeAOBAJCS
B paGoTax psAaa “aBTOPOB, NPHYEM B HanGonee YAOGHOH Xaf HALIMX mexeit
dopme B 1. Dmeprug, nanydaemas B 1 CeK., B €IUHHIE CIEKTPANBHOTO HH-
TepBana, paBHA:

i e8H ®
° P(v)=21:P(m)=16m—Czp<";;>.
[pu o €1 )
w w 1’,’3 . )
D () -em(y)
npu o >1 2
o _l_ © )'/: = By
p((ﬂ] = 16 ’mw—l ¢ !

eH E \2 ®
rje oy== m—c W y V= %_ — 44CTOTA H3JAYUECHHA H H— nepﬂeHﬂK‘

KyAsipHAs K CKOPOCTH YacTHUM MPOEKUMs MaruuTHoro noad. B unrepmaxe

0,18<j;£1- < 16 pynkuus p mpoTabyaupoBana B 10, mpuyéM OHA MAKCU-

- 2)= 4,05 =
ManbHa npH ";11 = 0,5 HpD (0,5)=0)10! P (0118)‘:—10’09’ p (2) 0'055’ p( )

=4.10"* 16)=10—5 rae Bce nudpH
= 6,5) =0,004, p (10,4)=4-10"" u p( R
cvggi'?'lnsén{x,( Tazc Kax rolt’usoch, npenumaxomaaﬁue}::‘léoilg‘xf:ocr;g‘%uagr)g:& H;é{
Ka3aHHOTO MWHTEpBajaa C TaKo
x:lgn}g):)(::i'b‘s};:(agauuue B (3) npenenpusie GOPMYNHL. I'pabuk dyHkma

P (i—) nmpencTaBjieH Ha PHCYHKeE.

CHMyMe
B makcumy SH ape

99, _ P2

P (uae) = 1,6 g~ =2,15- 107" H coroomy s (4)
Wy 0B H __E_.._>2 zepy
Vuaxe =0,5 5 - = 1.4;1 et ,
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TAe' OpH mnepexoje X UHCAAM NPHHATO, 9TO H3AyYaiolas 4YacTHLA €CTb
3xexTpoH. M3 panbHefiiiero Xerko BHAETb, 9T0 AOUYIIEHHE O TOM, YTO H3-
AYYal0T IPOTOHH, NPEACTaBAACTCS HEpealbHHM.

3. PaccmoTpuM CHawana oObmee TrajlakTHYECKOE PAJHOH3NYYEHHe, T. €.
H3JydueHue, BO3HHKAIOMEe B Mew3BE3AHOM MPOCTPAHCTBE.

Y neapHas HWHTEHCHBHOCTb 3TOrO H3AYYEHHs B JA4dHHOM HaIpaBJeHHH

1
Pasua [, =7— f P (v) Ndx,rae x — paccTosnue OT TOUKM Habmonenud (T, e.

o1 3eMau) M N — KOHNEHTPANHS H3JAYUAOWHUX 4AcTUN (TOouHee P (v) N =
=fP(v, E)N;(E)dE, rpe Ni-dE — KOHLEHTpPaUus YacTHI B HHTEpBajie
snepruft dF). KpoMe TOrO, NpUHMMaeTCs, YTO PAXHOU3IYIECHHE SJIEMEHTa
061bEMa B CpejHeM M30TPOMHO B CHIY H3OTPONHOCTH KOCMHYECKOTO H3Ay-
WeHnd ¥ XAa0THYHOCTH B HampasaeHuu noJis f Broab nytua spenus. Haxonen,
He BBOAY B BHpaxeHHe IJas [, MHOXHTENd, YIHTHBAIOUIErO NOTJOMEHHE,
MH Ve ywd, uTo I'anakTuka sBAsieTcs ONTHYECKH «TOHKOH» (CM. BHuIe).
Beawuuny /, MOXHO 3anmucaThb B BUIE
P ()

I,=—3"~N-R, &)
rae P(v) © N ycpelHeHH NO HOYTH H IO SHEPrUsiM KOCMHYECKHX YACTHI{
¥ R — pasMepH CHCTEMH B JNAHHOM HanpaBieHWH. 3nauenne [, Gyxer, ode-
BHAHO, MAaKCHMaJbHO, €CJAH JaHHas 49acTOTa Vv €CTh YacTOTA Vuakc B (4)-
B 9roM cayuae

ape
cex-cmM?-cmepad-2epy’

I =1,7.10" 8. H.NR

v, MaKc

(6)
F 2
v=1,4.106. 4 <-—~mc. ) .

<
Ha onwbiTe ycTaHoBaeHO, 4TO IPH k= - 15 % nutencusnocts /, ma-
1aeT ¢ yBeandeHueM 4acToTHl. [IpuHEMAd Jas NpUMEPa, UTO HU3JyICHHE MAKCH-

E \?
MaabHO Ha BoaHe 20 ., u3 (6) Haxonum, uto H ( W) =~ 10, 1. e. uTO mpH
H ~ 10~6 3pcmed E ~ 109 3s. Cpasaupas (6) u (1), MBI BHIHM, 4TO NpH

Top=10% A=10% ca u R=10%cu < —116- AHAaMeTpa I‘anaxmxn> A DaBEHCTBA

HHTEHCHBHOCTeH, BHUHCAseMHX 1o dopmynaM (1) u (6), Hy®HO, 4TOOH

HN = 10—18, (7

Orciona npu H~10"8 apcmed N~10~ 1 c4—3, Kak scuo us xapakrepa
npuBen8HHOH OIleHKH, OHA XA&T MUHHMAJbHOE NONYCTHMOe 3Hauyenue FIN.

Ha rpanune 3emHoft atMochepsl B BEe[THKANbHOM  Hampasie-
HHM MHTEHCHBHOCTH KOCMMYeCKMX Jjyueli (B OCHOBHOM NpPOTOHOB) [, =

yacmuy,

=012 cx3.cex-cmepad’
Yucno 3AEKTPOHOB, NanawmMux Ha 3emmo, 1o kpaituefi mepe B 100 pas
menpine 11, HO B Mex3BE3NHOM mpOCTpaHcTBe 3HadeHHe N~ 107 100478 pas
3neKkTpOHOB ¢ E ~ 109 38 He mpeacraBaseTcs HEXOMYCTHMBIM.

Takum o6pa3om, Haba0JaeMas MHTEHCHBHOCTb OOINEro ralakTHIECKOro
H3NydeHHs MOXeT O6uTbh O06bACHEHAZ H3AYUIEeHHEeM KOCMHYECKHX 3JEKTPOHOB

T
OTKYAa IIPH H3oTponuu N = - I, ~5-10" W3,
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€CJH TOJAbKO Kakue-au60 He3aBHCHMLIE coo6pa)xenm| HE 34CTABAT yCOM-

HHTBCH B 3Hauenuax H~10"8 spcmed na nyrn R~10%2 ¢ npu N~10~10 ¢ 4—3.

Kak yxe cka3ano BHINE, PacCMOTPeBME Psja APYrMX MCTOUHHKOB pa-
AMOHM3NyieHHS MOKa3nBaeT, 4T0 OOBACHATL HAGMOAEMYI0 KADTHHY OHH He
moryr. [loaToMy B HacTOsIee BPeMs, TIOMEMO 06CYM1aeMOI 0 MEXaHN3Ma O6Ie-
ro FajJaKTHIeCKOr0 PaAMOH3IyYeHns], He BUAHO HAKaKUX APYrHX ero HCTOYHH-
KOB. [lpyras BO3MOXHOCTb CBOJMTCH, IO CYTH Aela, K OTPHILAHHIO CaMOTO
CYIeCTBOBAHHs HCTOYHHKOB H3JY4YeHHS B MEXK3BE3AHOM IPOCTpPaHCTBE
H K CBEJEEHI0 OOWEro rajakTHIECKOro pajAMOH3IyYeHHs K paimoH3myie-
HHI0 JHUCKDETHHX HCTOYHHKOB, CB3aHHBIX CO 3BE31aMu.

4. lNpoucxoxjenre paInHOH3JYyUeHHs: JHCKPETHHIX HCTOYHHKOB TaKkKe
€Ul€ HeACHO M B O CBA3LIBAECTCH C PACCMOTPEHHBIM MEXAHHM3MOM H3JAydEHHS
PEIATHBHCTCKHX 3JEKTPOHOB B MAarHHTHOM I0Je€, OKpPYKAlONeM 3BE3ny.
Ecam uanyueEne HCTOYHHKA €CTh TOPMO3HOE H3JyueHHWe OLICTPHIX 3J€KTPO-
HOB B OKOJO3BE3NHOM MAarHMTHOM IHOJe, TO B HanGoaee GJarCHPHATHRIX
yclaoBuax, T. e. ucnoandys (6), umeem:

P
atg

NAQD =1,7-10~ 2 HNAQD, 8y

rae D — puamerp MCTOYHHKA.

Yuurupasg (2), noaaras AQ=3-10"% crepagnana u accTOsRHE 1O
HCTOYHHKA paBHEM R =5-10% cu (oTkyza D = R-6/ ~ 10%), umeem:

(HN)MHH ~ 107 11’ 9)

otkyna naxe npt H~10"%spcmed Ny, ~10~7 cu—? Ecan xe, Kax B35,
npuHaTe, 4To D = 0,1 csetoBOro rosa = 10V cx, 10 npu H ~ 10~* apcmed

Ny ~ 10% e 3, 1. e. HEOGXONMMA KOHIIEHTPAHHS 3JIEKTPOHOB, NIPHMEpPHO

B 106 pa3 GOabumas, 4eM KOHUEHTPAallMd BCEX KOCMHYECKHX 4YacTHIl, BOAH3H
3emsm. OTClofa #CHO, YTO paccMaTpUBaeMbleé B 5 JQHCKPETHblE HCTOYHHKH
PaxMOM3ayYeHHs HHKAK He MOryT ObITh IOROOHBI Hame# «COAHeYHOR KOCMH-
yeckol cucTeMer ¢ D~ 101, H ~ 107> spcmed Nspexrponos<l5-107 1 cau™3
Napazoros ~ 5-107 1 ca™%; cm.9.

C TOuYkM 3peHHs INPOBEPKH DPAaBHILHOCTH OOCYKJ3EMOrO MEXaHH3MA
BO3HMKHOBEHHS KOCMHYECKHX JydeH OCOOEHHO BAaXKHO BHISCHEHHE CIIEKTpa
ofulero ranakTHU€CKOTO H3JYUeHHs B NepByl0 ouepensn npu A > 10 a, a Tak-
ke CHEKTPAa PpajHoOH3IYyYeHHs H DPAa3MEePOB JHUCKPETHHX HCTOYHHKOB (ompe-
neJeHue Pa3MepoB OCOGEHHO TPYAHO, HO U3BECTHbie BO3MOXMHOCTH B ITOM
HalpaBAEHHH HMeEIOTCH 13),

B cBasn ¢ o6CYyx7aBIIMMCH MAaTePHaAOM €CTECTBEHHO BO3HHKAeT BO-
NpOC O PaJMOM3JYYEHHH KOCMMYECKHX Jydedl B 3eMHOM MAarsuTHOM NOJe
H ~ 0,5 apcrena. Jlerxo BMJETH, 4TO H3JAYyYEHHE OTAEJbHOH 4acCTHIH B ITOM
cayyae canmgom caabo, ¥To6s ero MoxHO Oba0 6H HabmoxaTe (mOAHas

M3Jy4aeMad SHEPrHs HO NOPSAKY BeIMYMHH He Goxbiie ueM P (Vpaxc) —2— =

~10-%# zef; , rae p— paauyc 3emau). CAMIIKOM c1a60 TaKkXe pajHOM3-

JyueHde, BO3HHKAKIIEE NPH TOPMOXEHHH H POXIEHMH KOCMHYECKHX HaCTHIL
(cM. 7). OpHako o006a 3TH MEXaHH3Ma PAXHOH3JNYYEHHSA MOTYT B NPHHIMAE

OKa3aThCs CYLIECTBEHHHIMH Jaf 0GbiCHEHHs PajiHOH3AydeHHa Heba M pajaHo-
M3JyYeHHs, CBA3aHHOTO C MOJALHLIMH CHAHMAMH (MOZpPOGHee cM. 7).

H H.T.
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Ob MHTEHCUBHOCTHU M CHEKTPE [IEPBHYHOI'O
KOCMHYECKOTI'O HU3JYUYEHUA

H3BecTHO, uT0 IHPOTHBIA 3ddexT KOCMHYECKOTO H3JYYeHHd, 3aKJII04al0-
muiics B YMEHbIIEHNH HHTEHCHMBHOCTH KOCMHYECKOrO HM3AyUeHHs C yMEHbule-
HHEM TeOMAarHWTHOH IIMPOTH MecTa HaGMOLeHHs, BbI3BAH OTKJAOHAKMIHM
JeficTBHEM MAarHHTHOTO MOJst 3eMJH Ha IEePBHUHOE KOCMHYECKOE H3JyueHue.

. U3 reopuu atoro atddekra m3BecTHO, 4TO JaHHOH IIHPOTHl $ 3a IpenelaMH
3eMHOM arMocdepsl MOFYT JOCTHUb JHIIL T€ NEPBHUHBIE YACTHILbI, HMITYJbCHI
KOTOPbiX 60nbIle HEKOTOPOrO KPHTHYECKOTO HMMYAbca P, , Cielyouum o6-

Pa3oM CBfA3AHHOTO C ILIHpOTOﬁZ

P<9 c :
— . 1010 cost s @ :
7 1,5 1010 cost ¢ s, 1)
rae Ze — 3apsj dacTvnb. JTa dopMyna BepHa A8 4acTHU, HALAOIHX HOD-
MaJibHO K IIOBepXHOCTH 3eMiu. Vi3amepenne BepTHKaJAbHOH HHTEHCHBHOCTH KOC-
MHYECKOTO waiayuenus [/ 3a npefenamMu 3eMHOH artMocdepnl Ha IIHPOTE ¢
3axmoyaercs coraacHo (1) B H3MepEeHMH HHTEHCHBHOCTH IEPBHYHOTrO H3JIY-
Pc P_c

YCHHS C - >—%?~ . Takum o6GpasoM, u3MepuB [/ Ha Da3HBIX MIHPOTAX H
P? c
3Has 3aBHCHMOCTH (1), CBA3BIBAIOILYIO ~Zs ©  MOXHO MNOJYYHTh MHTEr-

P,c
. ?
PaNbHBIH CHEKTD YACTHI KOCMHYECKOTrO H3AYYEHHS IO —7e—.CocraB nepBHY-
HOIO HM3JIYyUeHHs B HACTOsllee BpeMd JOCTATOYHO XOPOLIO H3BECTEH—-OHO CO-
CTOHT B OCHOBHOM H3 NPOTOHOB, a-uacTHI (0kox0 10—20% Bcero usnyvenus)
H He6OJbLIOr0 KOJMUeCTBA Gojee TsKEABX anep. [lostomy 6e3 GoabuIoH
OMHOKH MOXMHO CYHTaTb, YTO HHTErpPajbHBIA CIEKTP YaCTHL KOCMAYECKOrO
H3JyYEHHs, INOJyYaeMbli M3 H3ydeHus ImHpoTHOro sddexra Ha rpanuue
atMocdepnl, nafT CHeKTDP NEPBHYHBLIX IPOTOHOB. M3ydeHne MmHPOTHOTO 3(-
¢dexTa, xak 3TO BHMIAHO H3 (1), MO3BOJSET HMOJYYHTb HMHTETPAJLHLIA CIEKTD
P_c
A0 3HaAUYEeHHH ——};— mopsaaka 1,5 1010 g, Opna w3 nocneanux pabor, mo-

CBgIIEHHAA H3MEPEHHI0 HIHPOTHOro sddekTa Ha rpaHuue atMocdepsl, npH-
HalNexuT Bunkaepy u 1p.l, n3MepPSBIINM WHTEHCHBHOCTb KOCMMUYECKHX Jydei
TeleCKOnaMH U3 CuéTyukoB ['efirepa, moAbIMaBMUMHCS C MOMOULLI0 0ANIOHOB



