
- 191 
OB'hEJ(HHEHHYA HHCTHTYT JIJ(EPHYX HCCJJEJ(OBAHHA 

BACHJibEB 
AneKcaH~p BopHcosHq 

4 - 11083 

IlPHBJIHIEHHWE PEWEHHH HEKOTOPWX 3A~Aq 
JIHHEAHOA KHHET.HqECKOA TEOPHH IlEPEHOCA 

CneQH8AbHOCTb 01 .04.02 - TeopeTHqecKai 
H MaTeMaTHqecKaB tH3HKa 

ABTopect,epaT AHCCepTaUHH Ha COHCK8HHe yqeeoA CTeneea 

K8HAHA8T8 ct,H3HKO-MaTeMaTHqecKHX HayK 

D.y6Ha 1977 



. 

I. OBUAfl XAPAKTEPl'ICTIB{A PAEOTi.1 

I.I.AKTYa.JibHOCTb npo6;reMbl. lll0p0Koe paaBwr11e peaKTOpmnc 11 

TepMORnepHliX i!CCJI8Il0B8Hl!il B H8CTORmee BpeMR CO3lla.JIO MOIIIHliH CTi!

MYJI B COBep111eHCTBOB8HiHI M8TOilOB KllH8TllqecKOli Te Opi!11 nepeHOC8. 

OnHi!M i!3 OCHOBHblX M8TO,IlOB 3TOH TeOpi!i! 6H.JI 11 OCT88TCR M8TOil, oc

HOB8HHliH Ha perneHi!ll Ki!H8Ti!~8CKOro i!HTerpo-ni!qxpepeim11aJibHOro 

ypaBH8Hi!R EOJib~8H8 /I/. B c;ryqae MaJIUX KOHUeHTpau11i-i n11qxpyH

lli!PYDIUIX qacTIH.{ q;reH JK838HHOro ypaBH8HilR, Oili!CliB8JOl!li!M CTOJIK

HOB8HllR qacTi!U, XOTR i! CT8HOBi!TCR Jli!Hei-iHHM / 2 /, OllH8KO ero 

npencT8BJl8Hi!e B Bl1Il8, IlO3BOJ!RDU8M Il8JlbH8illlli!8 8H8Jil1Ti!qecKl!e ii 

q11CJI8HHli8 i!CCJI8IlOB8HllR, OCT88TCR 8KTY8JibHOH aanaqei,i. MHoroq0c

Jl8HHli8 npi!6Jli!llt8Hi!R' T8Ki!e K8K rrpi!6JiilJK8Hi!e B11rnepa / 3 /, iAap111a

K8 / 4,5 /. ("Teopi!R BoapacTa"), np116JI11J1tett11e repueJIR-fpei-iJI11Hra 

/ 6 I, CeJieHryTa-l'epueJIR / 7 /, a TaKJKe np116JI11JKett11R, 11cnOJib3O

B8HHHe B 60Jiee 11O3.llHllX pa6OT8X / 8-12 /~ CBOMTCR K 11p116Jil1JK8HHO

MY npe,nCT8BJI8Hilil i!HTerpaJia CTOJIKHOB8Hl1J B Bl1Il8 pRna 110 np11pame

Hilil aHepr1111 11Jlil JieTapri!ll B OllHOM CTOJIKHOB8Hl1i! 11 Blill8Jl8Hi!Kl CTORK

HOB8HHI C 8TOM8Mi! BO,Ilopo,na. OnttaKo C8Ml1 3Ti! np11pameH11R 113Me-

. 6HGJ1HOTEKA 
' 



HR!OTCR B IlOBOJ!bHO IDllpOKllX rrpeneJiax, TaK qTO llCTllHHOil xapaKTepllC

TllKOti rrpouecca RBJIReTCR cpe.1rnee rrp0paulem'le JieTapr00 sa CTOJIKHO

Bemie / 3 /. 3To cos.naeT TPY.I!HOCTll B oueHKe rrorp~mHocTei1, norryc

KaeMh!X np, TOM llJ!ll llHOM rrp116J11lJKeHllll, .a TaKJKe rrpll rrepexone K np116-

.II~liteHHRM 60Jree BHCOKoro rropR.ILKa / I3 /. 

3aTpy11HllTMbHa ll oueHR8 rrorpemHOCTll, ,l(OIIycKaeMolt rrpl'l llCITOJ!b-

30BaHlll1 "onHOCROpOCTHOro" rrp06J10J!teHllR B RllHeTl'JqecRoi1 TeOpllll rrepe-

HOCa /14/, 

TaR,lM ojpa30M ,BeCbMa aRTyMbHOH sa.naqeti RMReTCR 11pll6JillJKeH

H08 rrpencTaMeHlle llHTerpaJia CTOfRHOB8Hllii C IIOMOll\b!O RaKOrO-Jill60 

ITOCTORHHOro rrapaMeTpa. 

I,2.ijeJib pa60TH, UeJib!O ttaCTORll\ei1 pa60TH R~eTCR I1pH6JlllJKeH

H08 npencTaBJiem1e ypaBHeH0R rrepettoca 0 0ccJie.noBaH0e Ha :non oc

HOBe pRna aKTYMbHHX sanaq TeOpllll rrepettoca B pa3HHX rrpl'l6Jill:iteH0RX, 

I.3._3aJla91l LJCCJieUOB8H0.fl, ,llrrJI peMll38IJ;Illl IIOCTaBJI8HHOM u;eJill 

llHTerpaJI CTOJIKHOBell0ll 61m 11IJ811CT8BJI8H B Bll.Il8 PRila ITO MBJIOMY rrapa

M8TPY 5 - OTHOID8H0IO Mace qacTllU l'l aTOMOB cpe.IIH, 

!1CCJI8IlOBaJ!llCb CKOpOCTHHe crreKTPH 38Me.IIJIRIOll\llXCR HeilTpOHOB B 

CT8Il;l10HapHOM ll H8CTfillllOHapHOM CJiyqMX, 

Hllll, 

PaccMaTpllBMaCb n0<IxJiy3llR qaCTllU rrpll HMllqlJlJ CHJIOBOro IIOJl.fl, 

IlpOBOUllJl8Cb ¢0s0qecRM oueHRa rrorpel!IHOCTei1 pa3HHX rrp06J11JJKe-

I.4.0CHOBHH8 pesyJinTaTH pa60TH ll l!X HaVCJHM H0Bll3H8, B pa-

6oTe IIOR838HO, qTO "OilHOCKOpOCTHM" T80pM rrepeH?Ca JIBJIR8TCR rro

IIHTKOH yqeCTb aHll30TpOIIll!O B yrJIOBOM pacrrpeneJIOHllll qaCTllU, CBR

saHHYIO C H8Jlll91leM CROpOCTHOro crreKTpa, ero yqera. -

3TO rrp06J11lJK8Hlle llCIIOJib30BaHO .IlJ!Jl orrpe.neJieHHR "npei1¢oBOi1" CKOpOCTll 

qaCTllU B IIOJ!e CllJI ll cpaBHeHllR IIOJiyqeHHoro pesyJILTaTa, B CTaI.(00-
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ttapHOM CJiyqae, C TQqHHM BblpaJKeHlleM, a TaRJKe .IlJIR llCCJienoBaJil'lR 

Mll.flHllR CllJIOBOro IlOJIR Ha ¢YHKIJ;ll!O pacrrpeneJieHllR qaCT0U B rrpocTpaH

CTBe, 

IlOJiyqeHa B Pr rrp116JilllK8HiHl rronpaBKa R ypaBHCHlllO "TeOpllll B03-

pacTa", a TaKJKe Bil.I! ypaBHeHllR :lToi1 T·eop00 B P2 rrp06J10:1temrn. 

Halt,l(BHH TaK.llB xapaKTBP.llCT.llR.ll HB.ltTpOHHOro crrexrpa, KaK KOHU8HT

pau;0R ll CKOpOCTb, rrpOll3B8118HO l!X cpaBHeHlle C llMBlOl~llMllCR TOCJHHMll 

3Ha 48HllRMll, 

PaccMOTpeHa sanaqa 06 YCT8HOBJIBHllll CROpOCTHoro crreRTpa qac

TllU B 110Jl8 CllJI, 

IlpOB8.I!eHa ¢030qecRaR ou;eHKa o6JiaCTll IlpllM8HllMOCTll noJiyqeHHUX 

pesyJibT8TOB H JR838Hbl HarrpaBJieHllR IlMbHefiIDllX llCCJieilOBBHlli1110 Te

Me pa60TH. 

I.5.IlpaKTll'JeCKM yeHHOCTb, Pe3JJ!bT8Tbl HaCTOiIIi\8li pac50Tbl MO

ryT 6HTb llCilOJ!b30B8HH IIpll pacqeTax Hei1TpOHHOrO ITOJIR RnepHUX peaK

TOpOB. 0Hll .J!8IOT B03MOlltHOCTb rrpOBOilllTb pacqeT HefiTpOHHUX CIIP.RTPOB 

B B8PTllKMbHUX qacTRX HeltTpOHOBO,llOB rrpe 8KcrrepllM8HT8X C JJ!bTpa

XOJIO.I!HlilMI! HeilTpottaM0 (YXH) / I5,I6,I7/. IlocROJILRy nOJiyqeHHHe pe

syJILT8TH Il03BOJ!RllT orrpe.J!eJIRTb xaprutTepHCTHKH ~YHKIJ;llll pacrrpe.ILeJie

HH.fl 3apRlltBIDWX qacTim B CJ!yqae HX .I!~Y3!H rrpa HaJIHqea SJIBRTpa

qecKoro nOJIR, OHH MoryT 6HTb npzMeHeHH B pemeHHJIX 38.I!aq o c~a60-

00Hl'l30BaHHoi1 IIJl83Me / I8 /. 

I.6.Ili6J10Rag00 0 arrpo6ag0R pa6oTu. Ila pesyJILTaTaM npoBeneH

HHX 0ccJienoBaHHH orry6J10KoBaHo 5 rreqaTHHX paeloT. OcHOBHHe nOJiyqeH

HHe pesyJibT8TH .IIORJI8IlHB8JI0Cb Ha ROHqJepeHIJ;Bll MOJIO.IlblX yqeHUX Kasax

CRoro rocy~apcTB8HH0~9 YHllBepCllTeTa ITT~~c.M.K0p0Ba B 1974 rony. 
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I.?.06~eM ka60TU. n0ccepT8.Ql'lOHH8R pa6oTa 03JIO%eHa Ha 118 

CTpaH0uax Mallil'lHOnl'lCHOro T8KCTa. 0Ha COCTOl'lT 03 BBeneHruI, conepJKa

mero JI0TepaTypHUil o6aop, Tpex rJiaB, BUBonoB, crr0cKa Jil'lTepaTypu 

l'l np0JI0%8Hl'lR. 

II. CO~EPiAHllE PAEOTH 

2,J. 06IUM M8TOJU!Ka pacqeTOB. ncxo,nHoe K1-!H8T.lftieCKOe 

ypaBH8Hl'l8 npa Hax0q00 a311MJTMbHOli CIIMM8TpHl'l B pacnpeneJieH.lfl'l 

qacTHU no yrJiaM l'l 3aBHCl'lMOCTl'l l'lCKOMOil ~YHKUl'll'l pacrrpeneJieHl'lR TMb

KO OT onuoil npocrpaHCTB8HHOH KOopn0HaTU ~ l'lMeeT Bl'ln: 

dN{'5fo\11}) + U-M 'JN(ir,r4,l;l:) t-ur(" dA(V?),~,-l:) + 1± dN("if:!,i,¼)\+ at , al. ,. all v OJA 1 

+1f ~(v)N'(~r-,,1:J) =- ~~)J 2s (lf 1}N(½r',r,-1:)t[v-2.Ll-_ (I) 

('1"') 

- ~ (~-=tr•{) cfif!+ Q(u-,r11:;l). 

3necb: N (1r,r,~,-l:) - qJJHKUWI pacrrpeneJieHrui, 

ur - YCKOpeH0e nHilxPYHnllPYIWU!X qacTl'lU non 
neilCTBl'l8M nOXR CM, 

Ls (v) - MaKpocKonll'JecKoe ceqemie pacceRHWI; 

iq (v) - MaKpocKorraqecKoe ceqeHl'le norJiomeHrui; 

2 ('1) ~ 2s (\T) + ~Q(-u-); fl'= <:os (v;t); 
S:, ~ - OTHOlli8Hl'l8 Mace m1qxpyHn0pyID!Ill'lX %CT!IU 

R aTOMOB cpenu, 

Q('\f,f'1l~1t) - (llJHKUWl l'lCTOqHl'lKa. 
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IIpencTaMRR 0CKOM,YIO WYHKUl'llO J(('\rjr-11:-,t) B irnne pRna 110 

nOJil'lHOMaM JieJKa.Hnpa 1 / t) 00 (K) 

JV (V-,f"1"t1 == 2. }/ (111 ~ 1 
t) RK flA\ 

2 2. a:::- 0 y'J, 
paMarM a['lf~lJ' - ! (lf-lf')~] B p.llll ITO napaMeTpy S 

C TOqHOCT.blO no B8Jil'lql'lH IIOpRnKa sS' l'l noncTaBJUlR IIOJIJ98HH!le 

BUpa~eHl'lR B YP8.BH8Hl'le (I), MO~HO rrepeilT0 K Cl'lCTeMe n0~pepeHu0aJib

HUX ypaBH8Hl'lH B qacTHHX npOl-!3BO,nHux M.ll KO~'q)l'lUH8HTOR pa3JI0~8Hl'lR 

(t<) 
JI (v, r,t) . , 

"at<(rc) K ~rc-t)BKt-t0n~tl•<:••l) ( K ,a,,,.(IC•l) t::+t. 7,r,1<"H1 (J(+l)(K+2)JJ(l<t-9 
cit + 21<-l \I' ti~ + 2K+3 \l''a! + l.U 2K-\"bV t- .2K+~W + U-(!.l.K+3' -

-:i:~~l)N(ic-l~ -t- 1f'J. (v)N l"\= ~Ko(!l;,(i+ 4st-8s1-1-t1s;i.+1,s't+.20s5)-+-

+ 1111.F.'(H iis2+ ~ s?o+ lls,'t-1- lli8 s5)+u-3['1'!.L(2s2.+ t3~?.+ft4 s1-101-ss-)t-
0 3 a ~ 3 ro 3 

~ "'(.1. ?o 31 If fil s) SF.'"( .I!. 't S2. s ~F." 2. s-J 31Cl [ E ( +u-~ -:,S+rs=s+ 1ss +lf 0 is's+-"'ss)+lf o'tss -T(Y 1 2s+ 

+ 8s2+t<.s:!.t-21t s<t+32ss-)+- 1lPi'(s+1-s\.23s3+s1 s" +9tss-)+ v-3,~;'(s2.+ 

+ M:_.,?o+ I.H s<t+- ills~) +II" .-,'"('.1 !:.?.t- lls"+ filss)+-lfsF.ivf.!J..s't+ 2s, ss)+-s -' s 5 rt s ts fS 1 \1s 10S' 

+u-'1t!. ss-]+ fn['\J'E (r.2.+~s?.+ S1-s'tt-~s5")+iF.'(~s2.+2ss?.+ss1s"+ (2) 
1 21 s- 2 't l- z. 3 3 21 

+ .!!lls5)+ iE"(l.s2.1-.!!s3+ ~s4+ ~s.S-)+ tr"P."'(1.s3+ 12s"+ 33'tss\t-
21 :Z. 3 ?i 21 21 z. l "3 21 / 

-t- ir
5/t"1.is'l.+ 12 'ts5)+ tT'R~..£ss-J- oi::, [u2 F. 1 (s "!.+ss'f + 418 ss-)+ 

2 \21 21 2. 63 1- ! 9 

+ .1 u3 E11 (3s.3+23s'f-t- Hass-)+ 11'i R'". 4 (s3 _,_f6r."+ 2 !12 ss-)+l·i::•Yrs\ s 3 9 !I rs 3 3 \'is 

+ 'lii. s:s-)+'lf
6 f;~..LssJ + 6K'i Lu-r (is'-+.iss)+1lF.1(.ls4+!i..s5)-t-fil 3 2=r 9 L r't :,. 1- .. 1- r 

+ v?.F."(:.ls'tt- !!sS"\+ lr" F. 111 (_g s't + ~ss-)+115F."'(J... s"+ ~ s5)+ u--F.~ 5~-'t 'I- 1- I <t 4S 1o.r 'I 10s- 1os i, ◄O5.J 

- ~5". gt:c~co~i~• + tosJF~'+ 10S"U-ljF~u+2011'S"~>J+ ir'F; )+ 2;+1 Q K. 

r . . . . (K} a" J:' &. . 
.:,necr, K::o,t,2.,:!.,4,5"; ~:ilr,(¥")N (v,"t,t)• F."= .2......!:!S: • I".'\ =sr,e {M)dM. 

, K -(au-)" 1 "'lK _
1

"1' KI· J , 

{

o nrH tr:ll. .. rKl = t - Cl'lMBOJI KpoHeKepa 
i "P" K= . 
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Pa3JIOJK8H08 ~ - :iJYHKU00 B pRn C TO'IHOCT.b!O no B8Jl0'1lrn S S 

odycirnsi.ino onHoBpeMeHHo ~rpa1faqeH0e pRna ITO J{ C1<) B IT0;0HTerpaJI.b

HOM Bb!p3lK8H00 yp3BH8H0Jl (I) B8JI0'10H3Mll J{ (s) . TrurnM o6pa30M ,rrp0 

5:#0 C0CTeMa yp3BH8H0H (2) MOJKeT rrp0MeHHT.bCR Il,JUl pelll8H0Jl sana'I 

B ITp06JI0lK8H0RX He BHIIle, qeM ps·. llCITOJI.b3YR CRCTeMy yp3BH8H0ll (2), 

Heo6xonm,IO coxpaHHT.b B8Jl0'10HY S B CTeIT8H0, paBHOii HOMepy ITpen-

l!OJiaraeMOPO ITp06m1JKeH0R. 

2.2.I'esyJI.&TaTu r;acqeTOB 0 0x 06cyJKneH0c. B ITepBy10 oqepe;u, 

IlOJiyqeHH3Jl CllCTeMa ypaBH8Hllii ITp0M8HR8TCR .nJIR '0CCJie,noBaH0R sanaq 

Teop00 ITepeHOCa B OTCYTCTBHe C0JIOBOPO ITOJIR~ PaccMaTp0B38TCR CKO

pOCTHOiI cITeKTP HefiTpOHOB, saMe_Il,JUIIOIIl0XCR B cpene B OTCYTCTB0e 

. .r (o) t) 
ITpOCTpaHCTB8HHOii 38B0C0MOCT0 • Ilp0 STOIA YP3BH8H0e .MR J'i ( u-, 

np0MeT B0n: 

d t/ (o) ) (o) 2.~ (o}) * \ 
iH +u-(~o.-4s'i.£> N-slJ0,r(r5 t-f ;=ti!ir..2<l(1r-u-a)f(t-\), (3 ) 

~ . 

rne S - MOII\HOCT.b 0CTQqH0Ka. 

IlocJ!e up0MeHeH0R 0HTerpaJI.bHOPO ITpeo6pa30B3H0R \l.>yp.be ITO Bpe

M8H0 ypaBHeH0e JJ.JIR 0so6paJKeH0R N (o) 
~co} (" 

J.t/ - \Y (u-, )#(0
)= _ sE" : (ir- U-0 

dlf C\. Lj,r- s U"o ~~II oei (U"o, , 

rne 2-s("IT) = lsoae1(v-)~ 2o.(--.r)=2ao at2,(1.r), t. = ,;o.o, 
k-So 

\'I< )- i.1 E. ~2.<"' _ _l _ r1 e :\ 
i 'If, G\ - ~>\12 c;- ~ (u-) + S u- cie (u- 1i d lT tt ae .i (tr/ ' 

L,o 1 1 

C\. - ITapaMeTp qiyp:i;e-npeoClpa30BaHR.R, MOJKeT 6HT.b JiePKO 

pemeHo. 
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,llJm P83HHX 38KOHOB B3am~onefiCTB0R H8HTPOHOB co cpe)loil, 

C yqeTOU oqeBR)lHoro COOTHOilleHRR 

_}[(0)1 = 0' 
U>U'o 

IIOJiyqeHH CJie_n.YI01I10e BHpru!t8H0R JJ,JIR CKOpOCTHHX CIT8KTpOB 38MenJIRIO-

maxcR H8HTpOHOB: 

JforJ) = &(t-~ ,s!' 

-~ rr. tro J [i.+5Ls0lfo(t-to~· LU"-1-t-~
0
u;,(t-t

0

), a) 

n p i1 ae1 = ae 2 = ! . 

- E. 1Jt(!. - i\ . . 
s lf 1tJr-r, "\f 1 ) e · cl Lu-- 1 ••:i:..~(t-t.~ ,6 ,.i 

'\ft np1-1 ~.i = i, <lf!2. = 1f • 

- Zeto IJi. (t -to) e ~ t&--lfoeS~o~(t-to)] 8) 
nJu-1 :.o - ...., _ '\Tl 

1 

rne ~(x)=={o, hr"'x<o. 
i, npH')(.>O. 

r "'-1-""''2.- v-

Jfa qiOpMyJIH (4) CJie.nyeT, HTO B Pi IIp06JI0JK8H0lJ CKOpOCTI, 3a

M8UAAI01110XC.R HeilTp<;JHOB 0nH03H8'1HO 38BMC0T OT BpeMe1(0. 

CpenHRR.KBanpaTH'IHM CKOpOCT.b qacTl!Q, orrpeneJIJieMM COOTHO-..... '•"'; 
Ill8H08M: 

(\l) s \f 2. N(u-) d~ 
,. S .N <u-) du-
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B paccMaTpllB8eMOM c;ryqae 6yneT p8BH8: 

( 
e. l. 

lf)=~· 

1 
[i + s.Z:s01fo(t-t0)]2. 
e -2 s 2.so lfc: (-1:-~o) 

rrp11 ce 1 = l · ~
1

::. i Jli Q) , ,u-. 

rrp11 ~i ="ae2 = ~t. S) (6) 

B11pa:iwmie (6a) rro;ryqeao npyr11M crroco6oM B / 9 /. I1HTerp11-

PYR (4)' HaiineM ll3MeHeH11e KOHU€HTP8I.lllll co BpeMeHeM 

_l --vs ~ 

N(t)= jN(v,t)d11= siH:-t
0
) 

[1.+sI50U'o(t-t0)] , np1t aet=~=l. 
(7) 

- ~ao·\h (t-to) e -i .!!Ir. - 'IJi. tJ , np14 ae1- ,11,at'.2-v-

Pe3yJibTaT, 8H8J!Or11qllliiJ (7a)' MOJKeT 611Tb rro;ryqeH 113 pa60Tl:l 

I IO/. 

I1crrOJib3JR (4) KaK <fJYHKu1iro rp1rna no BpeMeH11, rroJiy•rnu cJiellJID

m11e BHpa~eHllJl llJ!Jl CT8UllOH8pHl:lx crreKTpOB CKOpOcTeli HeilTpOHOB rrp11 

p83JlllqHHX 38KOH8X ~(ll) : 

M(u)= s"'"~(lfo-lJj/~{ 
'l sv.2so ~ l 

E 

(1To)-s a) 
lf , np14 -X1=~2=i. 

-¥'(½-!.) _1f, 6) . (8) e npH al!L=f,atr 11' • 
' E.) 

)
-(l.+s 4) tfo 3lo JU 

iit ( ,r , np• a1!1=ae1= V • 
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C;renyeT OTM€TllTb, 'ITO cneKTp CKOpOcTeii '18CTllU (!36) mieeT 

H81lBepOJITHeti111yro CKOpOCTb ~ ~L , He 38BllCJil!l,YIO OT CKOpOCTll IH,i-i'l'fO-

HOB llCTQqHllKa. 

1 
IloncTaBJIAA (8) B (5), JierKo HaiiTll (u ). . B pa60Te rrpo:r.eneuo 

. CT 
cpaBHeHIJe IIOJIY'1€HHl:lX Bl:lpallt8Hl!l1 IJ,JIB <111) ll (v 2)~T B CJiysJae 

ae1: ~l: "{;- C ll3B€CTHl:lMI\ (B 3TOM '18CTHOM C,'I.Y'rnC) TO'!Hl:lMIJ BH

p8.lK€HllJIMll 11.JlJl JK838HHl:lX B€Jlll'lllH. 110!ta38HO, '!TO TO'IHOCTb I!0.1IJ'l€H-

Hl:lX pe3JJibT8TOB COOTBeTCTByer TO'IHOC'l'l1, C KOTOpoi.1 6wrn P3.11TH ~lCLOll

Hhle ypaBHeHllJI. 

IloJiy'leHHM CIICTeMa ypaBHeHllli (2) l103BOJIRCT yTO'!HllTb "Tr,op1110 

B03pacTa". B c;ryqae' Korim Ce'!eHlle B381lMO_Il,ellCTBllJl C RnpaMll cpen11 

He 38BllCllT OT CKOpOCTll, YP8BHeH11e B03paCTa B pi 
TO'!HOCTI,RJ no B€JHl'!llH IlOPJillK8 S llMeeT Blln: 

I1pll6,'IllJKCHll:l C 

2. -2u (l ~ ) h = h + Sc--) &ct) _ e. . -3s ,St( )dcfc-c) at ai!2. \'- g ~~ ! a-c- , 

rne \1. - IIJIOTHOCTb 38MellJ!eHllJI, 

't - "B03p8CT 11 HeilTpOHOB, 

U. = 2 ~ ¥f- ;reTaprnR. 

(9) 

IlocJiellHee CJiaraeMOe B rrp8BOii '!8CTll'YP8BHBHllJl (9) JIBJUICTCJI 

rronpaBKOii K 061:l'IHOMY BllllY ypaBH€HM B03pacTa / I3 / C llCTO'!HllKOM 

S°('!) c}(C) . ~OT ll0IlOJIHllT8JlbHl:lll llCTO'IHllK llMeeT I10pR,I10K . S ll llM-

%€H cox~~HRTI,CH B pl I1pll0JillllteHllll. Yf8BH<lHlle B03pacTa ITOJiy'!eHO 

Taue n P2 :rrp116Jill%eHllll ll yKa3aHo Ha Heo6xon11MocT1, yqeTa 'IJ!eHOB 

ITOPJl.llR8 St . 

PaccMOTpeHO rrpHQ./11lXeHlle, I103BOJUlKll\ee llCCJienOB8TI, 8Hll30TpOITllID 

B yrJIOBOM pacrrpeneJieHlll\ qacTan, paccerutHl:lX Ha 8TOM8X llJ!ll R~pax 
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KOHe•rnoii MBCC!l R Jia6opaTOpiloii CHCT€M€ KOOpnHHaT, 6es Y'JeTa 08M€

H€HH.H MOJlYJI.H CIWpOCTH paCC€HB8€MUX 'l8CTHQ. <llYHKUHJO pacTipeneJieHH.H 

TipencTaRJI.HJOT TIPH 8TOM B BHne: 

. N( M 2 t)- fc-u--u-~ d . t) V,, ' , - 2 rrv ·N(r,c, · 
0 

(IO) 

IIoncTaBJI.H.H (IO) B (I) H HHTerp0py.H no 1J 2d1J Tipll l.J""=O, 

rrOJiytJHM ypaBH€HHe nJI.H N(J"',1:,t), min KOToporo nJI.H CTaQHOHap-

Horo c.1y•m.H xoporno ll3BecTeH / 14 /. 

l. 

dN(r.i,r,t) + 1J M d#(r,t;l,t) + lfo~ H(r,1,t)= jN(r~i:,t}Q(i)clf'+ QC)' (II) 
clt 

0

' a~ -1 <1 

r_ne 

~(~)= {rts -+-v .f. - s2(1-1t,2.)')2. 
v'!-s1 (1-ri2f 

" , ~ = COS(i1, u-'). (I2) 

l\O acpqmrnteHl'I,[ paSJIOJKeHHR llJYHKUH 11 a ( 'l) B p.Hn TIO ITOJIHHOMaM 

JieJKaHnpa P.c<1) C sanaHHOM TO'JHOCTblO TIOJIY'JBJOTCR np0 ITO,UCTBHOBKe 

cpyHKUHH pacTipeneJieHHR (IO) B CHCTeMy ypaBHemili (2) 11 TIOCJI€,U.YJOOleM 

HHTerp0pOB8HHH 8TOil CHCT€MU. 

~a.nee paccMaTpHBaJOTcR HeKoTopue sanaqa Teop110 nepeHoca rrp0 

HaJIH'lllH CMOBOro IIOJI.H, neilCTByromero Ha n01ppyHn0pynu0e qacTHUU. • 

HcXOnR 08 ipl18H'J€CKHX coo6paJK€HHil ,MOJl:HO ITOKaaan, trro npmrnae

m1e c11creMu ypa.uaea11n (I) 11 nooelme uero.na ccflep11trecKIDC rap1.1oa11x K 

11ccne.nonaa11n Tione.neH11H qacr11u B c11nonux Tionax rpeelyer nunonHeHl1H 
YCJIOBH.H 

'W 1T~<<i 
s ' 
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(I3) 

.HBJI.HIOlll€rOCJI nonOJIHllT€JlbllliM KO BC€M OCT8,JlbllliM xoporno 113B€CTHhlM 

yCJIOBMM / 5 /. 

PaccMOTpeHa sanaqa 06 ycTaHOBJI€HIHl paBHOB€CHOro CKOpOCTHOro 

cneKTpa qacTllU B cpe,ne 11 ITOKa3aHO, 'JTO xapaKTepHU€ napaMeTpH, Ta

K0C ,KaK, HaTipHMep, cpenHRR KBa,npaTH'{Ha.H CKOpOCTI,, co BpeMeHer,1 

CTpeMHTCR K H8BeCTHHM rrapaMeTpau CTBUHOHapuoro pacrrpe)l€JI€H0.H / Ib /. 

!Ip06JI0JlteHHe (IO) IIOCJie l!)H3HtJeCiwro o60CHOBaH0R 0CIIOJlb3J€TCR 

,llJI.H perneHHR H€KOTOpux 3anaq O TiepeHOCe qacTHU B IIOJie CHJI. ITpM 3TO!,l 

CHCTeMa ypaBHeHHil (I) npHHHMaeT Bnn: 

'"\ al (K) '"'I (K- i) ( k) (l<~l) 

o JV (l: 1 t) + _K_ \f aN ("l,t:) + u: r_ r/ ( t) + i<+L 'IJ:'aflc5t) + at 21e-1 o a 1:- 0 i. 2.1<•3 °1~ 

(l<·H) {K-l) ) 5" Ci) (14) 
+ K(K-t !)~. (N (e,t) - J,/ (i!,t) = u;, 2 """.N(~:l)Q. r T 

1fo 2k+3 2K-1 S [;'°o 1 (1L lK 

+ i S(c)d(t)fK0s""", K::0111 ••• ,~ 

r.ne ~ i. - KosqxI>0u0eHTU pa3JIOJK€HHR WYHKUH0 g ('l) B PM TIO IIOJIHHO

MaM AeJKau,npa, TipnqeM: 

o - 1 
• o - 2. ,. • o - ! (Se.+ l r

4)· O -o · 0 - ~ · a -o do-i., ai-3:> ld:C5 t,, 'C,3- 1 (1's--6'.3'd5- · 

~·"; . 
.Ilp0 'remeH0H ypaBH€HllR (I4) MOJKHO y~eCTI, TIOTipaBKY Ha 8HH30Tpo-

TIHJO, BHOCllMYJO yrrpyrHMll coy.napeH0.HM0 11 .neliCTBR€M Cll~OBOrO TIOJI.H, 

6es yqeTa H8M€H8HHR MOnJJIR CKOpOCTH tJaCTllU, BHOCHMoro 8THMH nBYMR 

q>aKTOpaMH. 
,.. 
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IT~OBcncHHble fBCqeTb( IlO3BOJ!Jlm IlOJiyq0Tb BblpaJK8H08 )lJISI Apeuq>o

BOii CKOJ:OCT0 qacT01( B CTB1(0OHapHOM 0 H8CTBn0OHBplillX CJiyqa.flx BOT

CyTCTBne rrpocrpa.HCTB8HHOil 3BB0C0MOCT0. 

(v8p):: 2lfo~ [1- ;tr0 ~s(i- ~ s)tJ 
3 (l- 3 s) c. 

' 

(I5) 

(1f3p )CT 
3(i+E-~s), (H,) 

2 lf9.c/... 

rne 1J" 

ci = v}· 'i:" so · 

ilpOBeneH ~030qecK0li BHBJI03 BblpaJK8H0H (I5), (I6) 0 0X cpaB

HCH0e C COOTB8TCTBYKX!HlM0 3Haqe'H0RM0 (u-3p) ' ITOJiyqeHHb!Mll C yqe

TOM CKOpOCTHoro CIICKTpa AI11fqiyHn0pyJOOl0X 'laCTI11(. 

B paMKax rrp06JI0JKeH11.fl (IO) pew~Ha 3anaqa o pacrrpeneJieHHH HefiT-

poHoB B rrpocrpaHCTBe OT 11JIOcKoro HcToqHaKa B P
1 

11 P2. rrp06JI0-
JKeH11Rx. 

IloJiyqeHaoe pernemic (~t ~ 
. [ - - +n. - X * w~ r W 

Nt,) == H ~ . ~(x)· e + (17) 

2.1Toc..) C:,i .f> (✓d.'J. 7 o..J ] 
_Q. ~2 +~ + W}x 

+u(-x)-e 
t 

rne 
X- r L L i . =- =-:-;::=~ w--- - 2 L , o V3 1:. ~ • , - L <:" , !3'= f -f- £ - 3 s, 

o ~ C\ o "'-s 
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IIO3BOJI.fl8T npoaH8JI031lpOBaTb BJI0.f!H08 nOJIR CllJI Ha All<NJY300HHJIO nJillHY 

paccMaTpBBaeMoro rrpo1(ecca. 

B 3aKJIJOqeH08 np0B8A8M KpaTKYJO CBOnKy OCHOBHblX p83JJibT8TOB, 

nOJiyq8HHblX B pacloTe. 

Ill. OEIIME Bl:lBO.llH 

3.I. Ilpll6JillJK8HH08 npencTBBJI8Hll8 f; - (l?YHKL\00, BXOJ11Ill18M. B 

rronllHTerpaJibHOe BHPaJK8H08 JillH8HHOro K.IIH8Tll'l8CKOro HHTerpo-n11qx:pe

p8Hl\llaJibHOro ypaBH8H0.fl ?OJ!bUMaH~naeT BO3MOJKHOCTb noJiyq0Tb CllCTe

MY ypaBH8H0l4 lL7l.fl K08gxpll1(08HTOB pa3JIOJK8H0R (!)YIIK1(00 pacnpe_neJI8H0.fl 

qacTlll\ B pSin no nOJillHOMaM leJKaHnpa. 

IIocKOJibKY pa3JIOJKeH11e d - qiyHKL\llll rrpoBe.neHo c roq11ocTO10 no 

B8JI0qr,rn ':, S , TO ABHHM CllCTeMa MOJK8T npllM8HRTbC.fl 1lJI.fl perneHll.fl 38-

naq B rrp06JI0JKe110Rx He BHrne, qeM P~. 
3.2. "OAHOCKOpOCTHM11 T8Op0R nepeHoca C 11HmmaTp0coii pacce.fl

H0.fl B !pOpMe (I2) RBJIR8TC.fl nOITHTICOli yqecTb yrJIOBYJO BH03OTpomrn 

np11 pacce.HH00 3aM81lJI.flIOlll0XCR qaCTlll\ 6e3 yqera caMoro 3aMenJieHH.fl 

0 noncTaHOBKa COOTHOlll8H0.fl (IO) B KHH8TllqecKoe ypaBH8Hll8 C 8Heprc

T0qecKOH 38B0CllMOCTblO peaJI03Y8T 8TY nOITHTKY. Ha OCHOB8 8TOH rro_n

CTBHOBK0 0 CllCT8MH ypaBH8H0l4 (2) MoryT 6HTb nOJiyqeHbl K08!ppll[(ll8HTH 

'~ i. pa3JIOllt8Hll.fl· 1rnn.1maTpHCbl paCC8.f!HllR sci) B ~ no IlOJillHOMBM 

leJKaHnpa. 

3.3. Ilp0 0CCJienOB8Hll0 CT31(HOHapHHX ll H8CTa1(0OHapHbIX CKOpOCT

HblX cne~TpOB HeilTpOHOB, aaMelL7l.fl!ClllHXC.fl B cpene,O611apyJKeHu cJienJI0-

m0e ococleHHOCTll. 

B Pi. rrp06JI0J1teH0a 0MeeT MecTo B3allMHO-O.nHO3HaqHoe coorBeTCTBRe 

Mellt)ly CKOpOCTblO HeilTpoHa a Bp8M8H8M ero rrpe6HBaH0.fl B cpeAe. 
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,ll,11.H OTneJILHUX xapaKTep11CT11K HeHTpOHHOro cneKTpa cpaBHemrn 

C 113BCCTllhlMl1 T04HIJ'Ml1 3Ha4eHl1RMl1 ITOK338JIO, 4TO T04HOCTI, IlOJIY48HH!lX 

f83YJibT3TOB COOTBCTCTBYCT T04HOCTll 11CXO.llH!J'X yp3BHCHl1ll. 

CoOTHOillCHl1~ Mejl(ny napmv!eTpOM ITOrJIOlUCHl-lR f. 11 rrapaMeTpOM 

3&18,IlJICHl!Sl 5 OK33hlBaeT cymeCTBeHHOC Ml1RHl18 Ha WOPMY CT8Ul10-

HapHhlX cneKTpon Hel!rpouon, 

IJp11 lft ae 1= i, <le1= u=- CTBUl10HapHhlll CKOpOCTHOll cneKTp 11MCCT 

MaKCl1MYM, 110JIOJKCHl1e KOTOporo He 3aBI1Cl1T OT CKOpOCTl1 HeiiTpOHOB 11C-

T041111Ka, 

3.4. B ypaBHeH1111 "Teop1111 B03pacTa" B paMKax P.1. rrp116;rnxe-

1111R, orpaUl1411BMCb BCJil1411H3Ml1 ITOpJinKa S , He06XO,lll1MO Y411TUBaTb 

. nonOJIHl1TCJibHl1ii 4JleH B ,,[JyHIU\1111 11CT04Hl1Ka 3Toro ypaBHemm, 11MCIOOl11H 

1 [ -2.'4 )] r- o O('l:) 
Bl1.ll H~~ e (3-2.S O(c) O'L • 
lleJil1411H3 rronpaBKl1 K pelllCHl1!0, .naBaeMa.H .ll0IlOJIHl1TCJibHUM 11CT04Hl1KOM, 

rrp:1 .ll0CT8T04HO 60JIF,Illl1X 'L 11MCCT ITOPRnOK M8JIOCTl1 $ 

3.5. Heo6xon11MHM yCJIOBl18M~UpllMCHCHl1.H Cl1CTCMU (2) K pewemuo 

3anaq rrepeHoca rrp11 H8Jil14111'l CllJIOBOro ITOJIR .llBJ!ReTCR BhlllOJIHCHlle He

paneHCTBa 1(..,. ( i l'lJil'l, B CJiyqae Hl13Kl'lX np116Jil'lJKCHI1:i1' ~~ << i 
11' '& "U' ""-S • 

3.6. IIr:11 ycTaHOBJICHl111 CKOpOCTHOro cneKTpa tJaCTl'l~ B IlOJie CM 

M8KCl1MYM CKOpOCTHOro cneKTpa CTpeMl1TCR co BPCMCHCM K MaKCl'lMYMY 

CT3U110HapHOH q>yHKU1111 pacupeneJieHl'lR 4aCT11U no CKOpOCTRM B IlOJie CM • 

3,7. n11qiqiy3110HH8R .llJll1Ha B03p8CTaeT B H3Ilp8.BJieHl'lll .llCHCTBllR 

ITOJIR Cl1JI 11 y6unaeT B npOTl1BOilOJIOJKHOM, 

0CHOBHl1e peayJibTaTl:l n11ccepTBUI10HHOll pa6oTH noKJia.nu.BaJillCb Ha 

KOHq>epeHUl111 MOJIO.llHX Y48Hl1X Ka3axcKoro rocynapCTBCHHOro YHI1.Bepc0TeTa 

11M.C.M.K11pona B I974r. a orry6JI11KonaHu B cJienynm11x pa6oTax: 

I.BACIDII,EB A.E., 

HEi:tMOTl1H E.!1. 
0 rrp116Jil1JKCHHOM pememrn Kl1HCT048CKOro ypan

HeHl1R nJIR 3JieKTpOHOB, C6."MaTeMaT0Ka 11 Me

xaH11Ka", Bl:lII,Ylli, AJIMa-ATa,I973. 
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2.BACWibEB A.E., 

HEit,mTvlH E.11. 

3. BACHJThEB A.E. , 

HEllMOTvlH E.11. 

4.BACl1.li1EB A.E. 

5.BACl1.JibEB A.E., 
HEilMOTllli E.!1. 

0 pemeHl11'. Jil1HCHHOro Kl1HeT~4eCKOro ypanHCHRfl 

Il,JIR 3anaq C 3Heprc:Tfl4CCKO}i 3aBl1CPIMOCT'.alO, 

C6. "l1ccJienonamur no ;~aTeMaT11Ke ~1 1-:iexamme", 

AJIMa-ATa, "Hay!rn", 1974. 

O np116JI11!KeHHOM peTI1e11011 JI:rnei1Horo ypanm.HRr: 

rrepeHOCa. UaTepttrurn Hayt!HOM KOHcjJepeHUHH MOJIO

nHX yqemu Ka3axc1rnro rocynapcTBCHHOI'O ym1-

nepc11TeTa llM,C.r,1.~{11pona, IIOCB.fll'\e!!HO:i 40-Jif!

Tl1!0 yH0nepc11TcTa, AJIMa-ATa, 1974. 

0 MeTo.ne c;_fJep11qec1rnx rapMomrn MR 3ar.a '! 

Teop1111 nepeaoca c :rnepreTHtICCKoil 3,rnr1c11-

MOCTb10. C6.no BOilpOCaM MaTeM8.Tl110l fl IACX8.Hl1-

Kl1, Bl:lrr.YI, AJIMa-ATa, 1974. 

06 O)J.HOM np06JI11JKCH011 B pemeHllll 38ll/,l4 JH1-

HCllHOH IU'IHCTl1qeCKOH TeOpl111 rrepeHOCD, Co. "'l>l1-

3114eCKl1e 11ccJie.nonamm", nurr,lli, l,aparaH,na, · 

1976. 
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