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3AAYA O INIOTHOCTH HEHATPOHOB C U30TPOITHBIM
HCTOYHHUKOM

H.A. Yepnuxos

B nannoit paGore, B3aTOM 13 2BTOPCKOro apX#Ba, pelieHa 3azaya O ITOTHOCTH Heit-
TPOHOB, CO3NaBAaeMbIX B MyCTOM EBKIMIOBOM MPOCTPAHCTBE H3OTPOMHBIM MCTOUHHKOM
HelTpoHoB. [lpennonaraercs, uTo B3auMoLeHCTBHEM HEHTPOHOB C BELUECTBOM, a TaKXe
CTOIKHOBEHHAMH HEHTPOHOB IPYT C IPYTOM MOXHO mpeHeGpeub. PaGoTa BLINONHEHA aB-
TOPOM B GLITHOCTL €70 CTYAEHTOM YeTBEpTOro Kypca tH3MKO-TexHUUecKoro dakKynbTeTa
MOCKOBCKOTo rocyaapcTBeHHOro yHusepcutera uM. M.B.JloMoHocoBa ¥ 6bL1a HONOXeHa
B 1950 rony Ha cemunape H.51.TlomepaHuyka B Jlaboparopun A.M.Anuxanosa. [y6nuky-
€TCs BrepBble.

PaGota Buimonnena B Jlaboparopuu TeopeTHyeckoit puznxu uM. H.H.Boromo6osa
OHSIH.

A Problem about the Neutron Density with an Isotropic Source

N.A.Chernikov

In this paper, taken from the authors archive, a problem has been solved about the
neutron density, created by an isotropic source in an empty Euclidean space. It has been
assumed that the neutron-matter interaction and the neutron-neutron collisions can be
neglected. This paper had been written by the author, while he was a fourth-year student
in the Physics Technical Faculty of Lomonosov’s Moscow State University. It was
reported in 1950 on Pomeranchuk’s seminar in Alikhanov's Laboratory and is published
for the first time.

The investigation has been performed at the Bogoliubov Laboratory of Theoretical
Physics, JINR.

ITycts B eBKIMROBOM MpOCTpaHCTBE 3a1aH M3OTPOMHBI HCTOUHNK HeiTpoHoB g(t,r,v) =
Q(t,r,v). Tpebyercs HaiiTH NIOTHOCTH HEATPOHOB N (1,T,v) , CO30aBAEMbIX 3THM MCTOUYHMU-
KOM, CuMTas, 4TO B3aMMOAEHCTBHEM HEHTPOHOB C BELIECTBOM M MX CTONKHOBEHMAMH ApYr ¢
ApYroM MOXHO npeneGpeys. 3gech ¢ — Bpems, T U V — pamHyc-BeKTOp H BEKTOP CKOPOCTH
HEATpOHA.

Hatigem chasana ¢ynxunio pacnipenenenms n(t,r, v) HEUTPOHOB M0 KOOPAMHATAM M CKO-
pocTam. [lo onpenenenuto, n(t,r, v) dr dv — 310 €CTb YHCIIO HEHTPOHOB B MOMEHT BpeMeHH £,
AR KOTOPBIX I' M V 3aKilo4eHs! B npeaenax dr dv. Hckomas nioTHocTs Heiitporos N (t,r,v)
PaBHa HHTerpany no cepe paauyca v B NPOCTPaHCTBE CKOPOCTE OT (yHK LMK pacnpenesienus,
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N(t,r,v) = //n(t,r,vl,vg,vg)sinedadw,

e
vy = vsinfcosy, ve = vsinfsiny, vz = vcosd.

Tounee, N(t,T,v) — NpOCTPaHCTBEHHO-IHEPTETHYECKAd [UIOTHOCTb HEHTPOHOB, YTO B AAHHOM
CITyYae HeCyUIECTBEHHO, TAK KaK MOAYb CKOPOCTH U BBICTYTIAeT 3[€Ch B Kau€CTBe MapaMeTpa.
B cBoto ouepens, HCTOUHMK g(t,T,V) ompenensercs TakuM o6pa3oM, YTO YHCNIO HEHTPOHOB,
JOCTAaBASEMbIX WM B EAMHMLY BpeMeHu t B npenensi drdv, pashserca q(t,r,v)drdv. B
YCTIOBHAX JaHHO# 3afauy (yHKLHS PacnpeeieHHs 1 UCTOYHMK CBA3AHBI CIEAYIOLINM KHHETH-
yeckWM ypaBHenuem (cM. [1] u [2]):

o
+ vgrad + n(t,r,v) =q(t,r,v

[at g T()] (” ) Q(” ))

rae T~ !(v) — BepoATHOCTb pacmaja HEHTpOHa B €IMHHMLY BPEMCHH. Ha camom gene 3ta

BEPOATHOCTh HE 3aBHCHT OT ¥, TaK 4TO T(v) = Tp, HO Mbl COXpaHseM fajee NMPOU3BOJBHYIO

3ABMCHMOCTb OT v, 4TOGBI MMETH BO3MOXHOCTb MOCTAHOBKY NaHHOW 3amaud MOTOM HEMHOTo
ycroxHuTh. Tak Kak MPOM3BOAHAsA N0 7 GYHKUMH

f(r)= n(t—r,r—v'r,v)exp{—ﬁ}
paBHa
_f(T) 0 [n(t - VT, V) exp{_f%;i}] =

= {[ +vgrad+T( )]n(tjf,r—vr,v)}exp{-m},

TO B CWIY NPHBEACHHOIO Bbllle KUHETHYECKOTO YpaBHECHHUs HMEEM

251 = ~fa(t - e = vr.v)exp {5}

CnenoBaTensHO,

T

f(0)— f(r) = /q(t—r',r—vr',v)exp{—T( )}d’r,

4]

apuueM no onpenenenno GyHkuuk f(7) nmeem
f(0) = n{t,r,v).

[peanonoxum Tenepsb, ¥TO MOTOK HEHTPOHOB W3 GECKOHEUHOCTH PaBEH HYIO. 3TO0 3HAUHT,
470

lim n(t—r,r —vr,v) =0.
T—00
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ITpu sTOM ycrnouu BeneacTBue Hanuuma B f(T) OKCIIOHEHUMATBHOIO MHOXHTEJI, MaXOPHpy-
eMoro (npu 7 > 0) eauHMLEil, 3aBEAOMO H

7_ILngo f(r)y=0.

Cnenosarenbho, B paccMaTpuBaeMoM criyuae (yHKUHS pacnpefie/ieHHs HEHTPOHOB paBHa
CIIeyloLIEMY OHOKDAaTHOMY HHTerpany:
o0
r

n(t,r,v) = /q(t -~ T,r — VT, V)exp {—m}dr.
0

Orciona, BBUIY M30TPONHOCTH HCTOYHUKA, HAXOMNM, YTO HCKOMasi TIOTHOCTS HEHTPOHOB paBHa
ClienytoueMy TpOHHOMY HHTErpany:

oo 27w
N(t,r,'u)=///Q(t—-r,r—V‘r,v)exp{—-,l%v)}sinﬁd‘rd&dw.
0 o O

[lepexons oT nepeMeHHEIX MHTEIPHPOBaHUS T, 0, ¥ K NEPEMEHHBIM
¥ =z-urt ¥y =y- v, 2\ =z — w7,

HaxoouM sKobHaH ,
oz’ z .
o=,y 2) = —v37%siné.
o(r,8, )
3areM, 3aMeTHB, 4TO UT = |r — 1’ |, nony4yaem pelenue 3agauu B Buge

oo 00 o0

., - r'| do'dy'dz’
N(t’”"y’z’”)zf//Q“”””)e"p{‘lzf(;)l}|f_yr'12’

—00 — 00 —OC

rae
) ’ II‘ — rll

V=1 ——.

v
HIMeHHO 3TOT pesynbTar s M OXMEAn NOAYYHTH K3 "pusndeckux coobpaxenuii”. HMutepecto
CPaBHUTS €ro ¢ peweHneM B [2] 1 [3] 3a1aun 0 KpUTHUYECKHX pa3Mepax CHCTEMB NpH peakuuu
Ha GbICTpbIX HeliTpoHax. [T0CTaHOBKY 3aaui MOXHO ycnoxHuTe. Hanpumep, MoXHo cuutaTs,
HTO NPOCTPAHCTBO 3aMOMTHEHO BELUECTBOM TakK, YTO aTOMHbIE SAPA BELNECTBA MOXHO CUMTATh
NOKOALMMHCS, & HX TUIOTHOCTL p MOXHO CYMTAThb He3aBHUCAINEH oT r u ¢. B Takowm cryyae
CEYCHHE 0 3axBaTa HEHTPOHa sApoM M AnmHa L ceoGomHoro mpoGera HEHTPOHOB 3aBUCAT
TONBKO OT MOfIy/is CKOPOCTH HEHTPOHA v : 0 = 0(v), L = L(v) = [o(v)p]~!. Ecnu cuurars,
1TO NOC/€ CTOKHOBEHHUS MANAIOLIEr0 HEHTPOHA C AAPOM BELLECTBA HEHTPOHBI M3 KOMIayHA-
flpa HE BRUIETAIOT, TO YCIOXHEHHAs TakWM 06pa3oM 3a1aya CBOAMTCS K HCXOAHOH, rie Hato
NOJIOXHTD
[TOI™ = [To] ™" + vo(v)p.

Torna, B 1950 rony, a1 eiwe He 3Han, Kak MUCATb PENATHBHCTCKOE KHHETHYECKOE ypaBHEHHe,
W TIOTOMY PEIUHN 3a/1auy B HEPENATHBHCTCKOM BapuanTe. O Gontee no3nHux nyGiukauusx Ha
9Ty TCMy B HCPC/IATHBACTCKOM BapHaHTe CM. [4]. B pensTMBHCTCKOM BapuaHTe nanHas 3amava
Oyner paccMoTpeHa B crenylolueit pabote aBTopa.
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