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ATOMHAA U AIEHHAA ®U3UKA
VIK 523.165

O MEXAHU3ME ®OHMNHOBAHHWA HHEHTETUYECKOI'O CHEKTHA
HHOTOHOB KOCMUWYECKUX JYYEU

10. A. Tlonos*), C.IL Cunopenko™), A.IL Yepnsies, JInccyk Janmran*)

(kaghedpa o0bweli 10epnoil Pusixu)

PaccMoTpeH cTaTHCTHYECKHA MEXAHI3M YCKOPEHHUS 10 PEISITABHCTCKAX HHEPrUii MPOTOHOB KOCMUIECKHX
aydeid. P aiineno penienue o0mero ypasHeHHsI, ONUCHIBAIONIEro Mporece yekopenust. P oyden sHepreTudec-
KHii CNEKTP NPOTOHOB, COOTBETCTBYIONHUII HADIIOIAEMOMY.

Hpobrema mpoUCROXAEHUST KOCMHUYECKHUX JIydeH Co-
XPaHSET CBOIO aKTYaAJIBHOCTh M MO-TIPEXHEMY NPHBIIEKAET
BHUMaHHUE CEpPBE3HBIX uccnenosatenei [1]. OcHoBOM mia
pelieHHs 3TOH MpoONeMBl CIyXHT pabora Pepmu [2], B
KOTOPOH paCCMOTPEH MEXaHH3M YCKOPEHHUS B MEX3BE3THOU
Cpelle MPOTOHOB, COCTABJITIOIINX KOCMHYECKHE JIYUH.

ComacHo [2] UX HCTOYHHUKOM SIBISIOTCS CBEPXHOBEIC
3BE3ABI, IPH BCIBILIKAX KOTOPHIX TEHEPHPYIOTC MOIIHBIE
KOPIYCKYJIIPHBIE MOTOKU C HEprHed yactuu E > Ej ~
~ 10%3B. Hoporosasa sueprus E, ONpeaensercss HOHHM3a-
LUOHHBIMH TOTEpaMH. JlanbHeHIee yCKOPEeHHE MPOTOHOB
0DYCIIOBIIEHO UX MHOTOKPATHBEIMH COYIAPEHHSIMH C KOC-
MHYECKHUMH OOJIAKaMH B MPOLECCE CIYUYAHHOTO ONy>KIaHUS
MPOTOHOB B MEX3BE3JHOM ITPOCTPAHCTBE.

Hpouecc coynapenuii MoxHO Moaenuposats auddy3u-
€l JIETKOTO XOJIOMHOTO Ta3a (MPOTOHOB) B CPEIe TIKEIOTO
HATPETOTO Ta3a, ~MONEKYJIAMH KOTOPOTO SBISIOTCI Ha-
MarHU4YeHHBIE KOCMUYecKue obnaka. CoymapeHHs ¢ HUMH
MPOTOHOB ITPOUCXOJST TIO CIOKHOMY 3JIEKTPOMAaTrHUTHOMY
MEXaHU3MY, PACCMOTPEHHOMY B pabortax [2,3]. CornacHo
[2] kaxmoe coymapeHue OOECIEUHBAET MPUPOCT CpPeAHEH
sHepruu E mpotona Ha AE ~ 10 3B, npuuem [1-3]

2
. a= (1)1 )

dt b, c
TAE v, % — CKOPOCTH IBHXXEHHUS KOCMHYECKOTO O0JNaka u
MPOTOHA, | — JJIMHA CBOOOIHOTO MPOoOETa MPOTOHA MEXKIY
COYIapEHHIMH.

VYpaBHeHHE CiyvaiiHOTO Onyxaanud Tuma Doxkepa—
HiaHka B KOOPAMHATHO-3HEPTETHYECKOM ITPOCTPAHCTBE
BIEPBEIE TPEIIOKEHO B pabdoTtax [3,4] u B Haumboiee
noxHou dopme mpuseaeHo B padore [5]. OHO onpenenseT
IVIOTHOCTE p = p(t, E,¥) pacupemeleHHd HPOTOHOB B
MEX3BE3MHOM MPOCTPAHCTBE MO KOOPAMHATAM H SHEPTHH
U UMEET BHA

Bpa(f) + @ — DA p(E) + a% [aEp(E)] —
a(?? [aEZP(E)] - % ip(f) + ip(%) =Q, E ).

(2)
Bropoe cmaraemoe B (2) YYHTHIBAET YOBUIE MPOTOHOB B
SHEPTETUYECKOM HHTEpBaJe E, F+dFE B pe3ynbTaTe UX BEHI-
xoma u3 cucteMHl ayaktuku 3a Bpems 1" (1" — cpenHee Bpe-

M9 KU3HH Onyxaatoiero nporoHa B [amaktuke [1,2]). Ho-
CIIEIHHUE CITATAEMBIE YUUTHIBAIOT MEPEPACIIPENEICHHE SHED-
THH TIO CHEKTPY BCIEACTBHE MPOTOH-MPOTOHHBIX CTOJNKHO-
BEHUH, PACCMOTPEHHBIX B paboTe [5]. 3meck a; U ay —
JIOTM 3HEPTHH HAJIETAOLIETO TPOTOHA M MPOTOHA MEX-
3BE3MHOH CPEOrl, KOTOPEIE MPHOOPETAIOT 3TH YaCTHLBI
TOCJE CTOJIKHOBEHHS, MPUUEM a1 + az < 1.

Bexnunna ()(¢, E,r) B mpaBOH YacCTH (2) MPEACTABIAET
HCTOYHUK NMPOTOHOB, KOTOPHIM, COTIACHO [1-5], aBuserca
BCIBIIIKA CBEPXHOBOW 3BE3JBI B HEKOTOPHIH MOMEHT %o B
TOUKE Iy, UCIYCKAIOLass MPOTOHHI C 3Heprued Fy. Hrot
MPOLECC MOXHO MOJETHPOBATE (PyHKLIHEH

Q(t,E,x) = Qod(E — Ep) - §(t —to) - 6(r — 1), (3)

rae & — penvra-pynkuusa Jupaxa.

B cratee momyueHo oOLIee pelIeHHE ypaBHEHHUS (2)
U BBEIYHCIICH JHEPTETHUYECKHH CIEKTP KOCMHUYECKOH MpPO-
TOHHOW KOMMOHEHTHI, COOTBETCTBYIOLIUH HAOIIOAAEMOMY
CTEIIEHHOMY CIIeKTpY p(t, E,1r) ~ E~7, 1He vy ~ 2 — 3, T.e.
v=9(E).

Hpoussenem B (2) 3aMeHy EPEMEHHBIX:

E=¢ Ey=¢"", z=Ep(t,E,1). (4)

JInt HOBOM HCKOMOH (YHKLHH z(t,z,T) HMEEM ypPaBHEHHE
C OTKJIOHSIOLIUMCI aPTYMEHTOM:

dz(x) _ DA (z) a(?zz(:v)

+=[2(z) — z2(z + 61) — z(z + d2)] = EQ(¢, %, 1),

T
61:111 <i>, 62:111 <i> .
a1 a2

JHanee mpencrasuM z = z(t, z, ) HHTETpasoM Dypre

1 e .
z(t, @, ¥) = ﬁ/ F(t, p,r)e*du. (6)

U3 (5) u (6) umeem

OF (1)
ot

— ei/—“sl

—DATF(/L)Jra/ﬂF(/L)Jr% 1
_ _53207 exp [(1 — ip)wo] - (r — ¥o) -6t —t0) . (7)

Ecmu mpunaTe

— eiﬂéz] —

*) PoccHifcKmi YHHBEpCHTET ApYKOH HapoioB, Kadelpa TeopeTHUecKoi QI3UKL
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F(t,p,v) = w(t, p)P(t, p, 1),

w(t, p) = exp {—t [Oé/iz + %(1 — i e”“sz)]} , o (8)

TO byHKUNA P(t, ;i, ) JOKHA YAOBJIETBOPATE YPABHEHHIO
I y3uH ¢ MTHOBEHHBIM TOYEYHBIM HCTOUHHKOM:

(1-ip)zo
9P _ pp,p= Qo™
ot V2mw(p, to)

Ortcrona uckomoe z(t, z,r) umeer Bug (cM. (4), (6), (8)):

d(t—tg) - 6(r —1g).

(r —ro)®
QoEo exp|~ 4D(t— to)]

t—1o
t,e,1) = : exp(— I
0 = T o SR oxp (=)L
I= / exp{i/j(:c—xo)—a/iz(t—to)-l-t—_TtO [0+ &)} dp.

(9)

HMuTerpan [ BBEIUHCIIETCI METOAOM IepeBajyia, IpH

9TOM B KayecTBe OOJBIIOTO MapaMeTpa NPHHHMAETCS
g = (z — zo). Brauaxe zanuem I B BugE

I:/ e??(1) dy, |
gp(#) =iy — al/ﬂ + as (ei”‘sl + ei”‘sz) ,
E O[(t —to)

q::B_xO:ln =), 1= ——m, Q2
Eq q qT

Ha xoMmiuekcHo# IJIOCKOCTH v = (s + ¢0°) TOUYKa Iepe-
BaJNA fig = So + $0p ONPENENHTCT ypaBHEHHEM ¢’ (110) = 0,
WIH B SBHOM BHJIE

(10)

_t—to

dp (o)
op

= Z[]. — 2ai10¢9 + Qs (616_6100 + (526_6200)] =0,

/Lo:iO’o, 00 >0, so=0.

(11)

Ortcroza BUIHO, 4TO TOYKA MEPEBANA [i9 = 409 PACIIOIO-
KE€HA B BEPXHEH MOJYIJIOCKOCTH Ha MHMMOM ocu. KoHTyp
HHTErpHpOBaHuA (C) B €6 OKPECTHOCTH {—¢, €} COBMECTHM
C MHHHEH ckaTa meHcTBHTENBHOH dacTH (Re ¢(u)), coBna-
Jarouiel ¢ nMHMeH mocTodHcTBa Im () [6]. Ha nunuu
cKaTa

Im ¢(p) = s — 2a180 + ase~ %10 . sin(d1s)+ 12)
12

e - sin(dys) = const, Re p(p) = Q(s, o),
TIe

Q(s,0) = —0 — a1(32 — 0'2) + ane %7 cos(d1s)+

+ase %27 cos(dz2s) .

Hockoneky qUHHEA ckaTa MPOXOAUT YEPE3 TOUKY MEpe-
Baya so = 0, To cornacHo (12) ypaBHEHHE 3TOH JINHUH €CTh

8—20[180’—1—0[26_610'Sin((sls)—|—O[26_620'Sin((528) =0. (13)

Ono ompenenger GyHKUHIO o = o(s), KOTOpad 4YeTHA
U KOJEONETCd OTHOCHTEIBHO ACHMITOTHYECKOH MPIMOH
0 = (1/20), mapamnensHoll AEHCTBUTENBHON OCH s.
Hostomy, ncrone3syd (13), ¢ yueToM U€THOCTH o (s) HMeeM

I= / exp [q(,o(/j)]d/j = / exp [qﬁ(s,a)]ds,
C —e
Qs,0) = Re p(p).
Breruucnenne I mo merony Jlamraca [6] naer

27 ( )
—— " €XpP(—4q00) .
€2 (0)
H3 (4), (9) u (14) monyyaeM GyHIAMEHTAJIBEHOE pELIEHHE
HCXOIHOTO ypaBHEHHA (2):

p(t, E,r) = <E

Eo
8
@oy/— 42" (0) t—1o (r—ro)?
e — _
3/2 T 4D(t — o)
(15)
VYpasHeHHE UIA CTENEHHOTO TMoKa3zaTens v cormacHo (11)
HMEET BHJ

I= (14)

-
> (,D(l',t), 7:1"1'0'07

r.t) =
1673 [D(t — to)]

1 + 20[1(1 — "}’) + a2 [616_61(7_1) + 626_62(7_1)] =0. (16)

H3 (10) u (16) BuOHO, UTO ~y sABINsAETCSA (YHKUHEH 3HEP-
THH FE, 3aBHCHT OT BPEMEHH YCKOPeHHA O = (t —to)/T,
napameTrpa oT U k03dPULUEHTOB a;, as (B OCHOBHOM OT
ux cootHouienus). Hpu uccnemosanuu (16) Hamu ObLIH
paccMoTpeHHl 3HaueHHd oT ~ 1, © ~ 6, ko3 PULIHEHTH
a1, @y BEIOHPAJHCH CIeAyroumMm obpaszom: 1) a; = 0,1,
ds = 0,6; 2) a1 = a3 = 0,3; 3) a1 = a3 = 0,5 Bo
BCEX CIy4adx MOJYYEH COTNACYIOLIMICA ¢ HAOIIOAaeMBIM
HUHTEpBaJ] 3Ha4eHUH vy ~ 1,7 + 3 IpU U3MEHEHUH DHEPTUHU
B mpezenax E ~ (5 + 10)1°E,.

H3noxxeHHBIE PE3YIBTATE TMOATBEPXKAAIOT THIOTE3Y
H.depmu [2] 0 CTaTHCTHYECKOM MEXAHU3ME YCKOPEHHS
MEPBHYHBIX KOCMHYECKUX MPOTOHOB, OMY>KIAIOLIHX B MEX-
3BE3THOM NPOCTPAHCTBE. X HCTOYHMKOM, COTIIACHO TPO-
BEACHHOMY aHAJIM3y, MOTYT CIIY)XUTh CBEPXHOBHIE 3BE3.IBI,
pacnosnoxeHHbIe B LeHTpe ['amakTuku U BCHBIXHYBIIHE 67
JIET TOMY Ha3ajm.
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