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E~K-429(36)-80 

L.A.VARDANIAN, C,YANG 

TOTAL RADIATION AND THE BOUNDARY EFFECT IN THE 

CASE OF TWO ABSORBIN.G PLATES WITH ACCOUNT OF 

MULTIPLE SCATTERING 

The influence of multiple scattering on the radiation 

formation of the charged particle passing through a stack of 

two absorbing plates is investigated. The boundary effect is 

shown to consist of the sum of one plate bound~ry effect, 

multiplied by the effective number of plates, and the inte~­

, . .fer~nce terin. A detailed investigation of the interference -

• _term behaviour depending on both the vacuum spacing and th~ 

rrelations between the formation zones of transition radiation 

.,. - and breI11sstrahlung is carried out. It is found out that the 

~icture of the interference of radiation from both plates 

·subst~tially depends on the size of the transi. ti on radiation 

zone in vacuum, while in the case where the bremsstrahlung 

mechanism of the radiation formation dominates, the bremsstr~­

lung formation zone is significant as well. The calculation 

plots of the frequency spectrum of the total radiation as 

well as of the boundary effect are presented. 

Ereven Physics Institute 

Erevan 1980 

I. BBe,D;eHr.:1e 

Bonpoc 0 BJIPl.ffHHPJ MHoroxpaTHOro paCCS.ffHHR tJaCTHill:l Ha o6pa-

30B8HHe ilepexo~HOrO H3.JrYtf8HllJ.ff BTiepBue paCCMaTpHBaJICH fapH6.ffHOM 

H iloMepaHtJYKOM[I] • B ~aJibHe:WueM STO~ TeMe 6UJIO fiOCBffillSHO MHoro 

pa6oT f2-r
3J • B tJaCTHOCTH, Bf 9-r3] 6uJio noxaaaHo, tJTo ITOJIHoe 

H3JIYtJSHHe tJaCTHrr~. npoJieTarome~ t1epes ITJiaCTllHY HJIH CTormy IIJiac­

THH, MOJ!tRO pa36PJT:D Ha TOPM03HOe H3JIYl?8HPle 6ea ytJeTa BJillJ.ffHllH 

rpaHHU H l?8CTb, o6yCJIOBJI8H~YJO HaJIZtfHSM rpaHHTI, T.e. KpaeBoft 

s@eRT, HJIM "nepexo)l.Hoe Jll3Jiyl?eHJlle" c ytreTou BJI111RHlil.fI W.HoroKpaT­

Horo pacce.rrRidH. 0,n;Ha.KO .ffBHhle i;l;OpMyJIH ,!I;Jffi ITOJIHoro H3JIYtT8H2.fi 2 

EpaeBoro sqxfeRTa B CJiytJae CTOfil~Jll ITJiaCTMH [rr])l.aiibl JJ:H~l'> B ~Byx 
qacTHUX, HO BaJKHblX ;I1,JI.f{ npaRTliJRH, CJiytJaRX (C50JIMarn BaRyyr.'Hble 

OTCerni H OTHOCHTSJ!bHO TOJICTUe IIJJaCTHHbl). llT06H 6oJiee ITOJIHO Bll­

HCHJll'rl'> POJ!l'> llHTeptepeHmrn ll3JiytJ8Hd OT OT)l.SJil>HhlX ITJI8CTJllH (a 

STOtr CBHSH CM., Halip.HMep, [r4] CTp.I304) HeOl'.lXO,ll,.OlllO,BOOC5ll!e ro­

BOpH., paCCMOTpeTL odmy~ 3a)l.atry 06 o6pasoBaHBM 11J3~yienHR B CTOIT­

.R'e c ITJi8CTHHaMH H BaRYYfi!HhlMPJ OTCeK&i:.i! IlpO.M3BOJf:bHblX paslll!epoB. 

B HaC'llOHllle~ paCloTe :a Kai;ecTBe npocTeAmero rrpHMepa Ta1wM 

o·'.'lr!(e~ 2:::n~at1;1 p~ccM~TP>~Ba<:TOB' CToIIRa M3 !!.:EYX JJ:JiacTrdrI. IToita::iarrn, 

tJTO RpaeBo~ ~eKT B STOM CJiytJae COCTOMT H3 CYli:MDT Rpae:aoro S<f~ 

~eKTa .~SI OJUiOA IlJl8CTJllHbl [ 9.r2.rs]. YMHO~€RHOro Ha at@eRTMBHOe 

tJMCJic r:Y.acTEE~. ;1 '!.!!We., on:1Ch!Ba:omero 3HTep}epeHn11ro Me'JrJJJ :-.S.'!J'·· 

. '?e.Hl!.liml, 0ccycxaeMhlMi:l .ifs Pv3Hl:IX rr.n:acTHH. IlO'AP06Ho ilCCJieJ\OEa;m 

noEe.n.er-rne 3Toro l:!H'!'8f.'{e;eHt:.:.:ioa::roro '1JieHa 11 :;a:iilCMMocn C'l i; .. ~Jr:1 
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t;l'IHb! BaKyy~moro OTCeKa VI COOTHO'i'SHl'li! Me:K,I(y 30Ha.M'1 1lOpt.U!pOBaHIU! 

ToprrosHoro l'I nei:;exonHoro l'l3JIYt;eHHi1. 

!Ip:·!BeneHH ,llJ!R 2JIJIIOCTp8Ul1llJ rpai; 11IC1 t;aCTOTHOro pacnpene.neH!IJR 

i1HT8HCl'IBHOCTe~ IIOJIF.Oro !IJ3Jiyt;eH!IJ.R' KpaeBoro a!N eKTa VI' .n.nR cpaB­

HSH.l.l.R, o6Ht;Horo nepexonHoro 113.ny-c;eHl'IR 6es yqeTa wHoroKpaTHoro 

i:;aoceaHi.U! n.n11 pa3Hb!X 3Ha-c;e1rnf:l: napaMeTpoB sana'tf;i. 

B iTpl'IJIOlitSH;!.R' noiv.emeHHh'S B KORUe pa60'l'b!, B!iH€C8Hb! HSKOTO­

p~e neTa.n!ll Bb!~l'lc.neH11~; Taw xe np11Bon11TCR nporpaww.a t;l'Jc.neHHoro 

pac'tfeTa. 

2. qaCTOTHO-yr.noBoe pacnpene.neH.l.18 !IJHTSHC;,iBHOCTM 

no~Horo 113.JIYt;eHl'IR 

IlyCTb yJJ:&TpayeJIHTliBHCTCKaq t;8CT!ill8 C 38pE.D:OM e (HaTipMMep, 

SJJ€KTpOH) 11 .nopeHIJ-4-aRTOporv; 6 rrpo.neTaeT qepe3 nBe OJJ;!IJHSKOBble 

n.naCTl'lHbl TOJI!UliHOit a l'I /l,vJaJieKTpl'lt;eCKOit npOHliH.aeMOCTblO f, (w) ' 

paCIIOJ!OllteHHhl€ B B8RyyMe napa.nJieJibHO .n;pyr .n;pyry aa paCCTORHH g ' 
Ilp11 npoxo~eHH~ 'tf epes TIJiaCTHHbl -c;acTHUa MHoroRpaTHO paccea-

BaeTCR Ha aTOM8X BemecTBa IIJiaCTliH, 'iTO npliBOn~T K o6pa30B8HMIO 

'l'OpM03HOrO li3J!Yt;8Hl'IR; Ii, KpOMe Toro, npl'I rrepeceqeHlil'I rpaH!IJU 

nJiaCTMH -c;acT~na 2crrycRaeT rrepexonHoe .as.nyqe1rne. 

~HTSHOliBHOCTb TIOJIHOro 1i3JIY'10Hli.f!, 2cnyoKaeMoro 1'13 CTOIIKH 

llJI8CTliH, Ha JJ;8JleKMX pacCTORH~RX 38 llJISCTliHSMli, .u:aeTCR E3B6CTHO~ 

o6me~ ~opMy.noit [r5] : 

W"OA:. J vj~0\11>1 90)tAB0 aw = :tiJ:~ J wi I A \1 0od0odw, (I) 

·- 4 -

rne 'vJuA(w,6~) - 'tfaCTOTHo-yr.noBoe pacnpene.neaee ~HTeHC?.BHoc­
TH H3.llY'tf8HH.f!, 90 H W - yro.n H 'IJ8CTOT8 .il3Jiy'4eH.l.l.R, C - CKO-

POCTb CBeTa. ... 
Be.llil'tfHHa A , BXO.JIHIIIBJr B (IJ, nponopnzoHaJI:&Ha ifypi;,e-

KownoHeHTe BSKTOpHoro IIOT8HIT28Jla 11 ee MOlKHO npe.D;CT8El'!Tb B B!~Jie 
Cyw&: 

A ~Ao+ A1, 
r.u:e c.naraeMoe .A0 o6yc.noB.neao ~B~~eHHeM qacTHLtb! 

(2) 

B BaKyy:Me: 

Ao :. A •• + Aot + Aoi , 
... (3) 

a BeJIIll'lf.PJHa A.1 CB.f!SaHa c 1IBHX0HHeM 'tJ8CTHUb! B IIJr8CT.lfH8X : 

Aij 

Al= Au +Att. ( 4) 

B 06.11acTH 'tf8CTOT, HaN.HOro npeBhll!f8!0IJIIllX STOMHhle, Be.n.H'IJ:dHH 

38!IIllCYB8~TCR B cpaBHMTe.n:&HO npoCTOM Bl'J~e: 

- l t .ti [i'Uo] A = - ex.p ua {~->-.> . 
•• w(r"+ e.~) , 

A,.. ~exp{; (•(A-l,) + "'T. )} J [11ii,]exp\if ..,t- i',(f,•i( l >J}dt ; 
00 0 

~0,_ = txp{ iw (t~ +1', )} J [ii. 'iYA-1 e:td i [wt- Kol\,-tu~t)J}tAt; ( S) 

0 
:T. 

A~t ixr {uct (~--"o)}) llr1tu;1 exr ti twt'-i<~: )j c.tt'; 
0 

~ 

A1• = •>.pji[ (14 ,g )(H,) +"' (i;. •Tc) J} j [< ii:J ex~ i (•r -«,: >J dt'. 
0 
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3,nec:i;, i,ii 
.-., _, 

:1 t~ ·1T - KOOP.llHH8Tb1 H CKOpOCTH 'IJSCTHl!l:I B MO-

l'!eHTR spenreHM t ii l' COOTBeTCTBeH.!!O {"'TPilXOB8HHlie nepe11eHHHe 

OTHOCRTCR K J!BH~eHH~ EHYTPA IIJISCTHH), v. - CKOpOCTJ> BJieTa 

'IJSCTHl!Y B IIepB1/IO rr.r.acTlilHY B .fl.OMeHT Epev.eHlll t = O; vi H U.i -
CKOPOCTH BHJ!eTa ~3 nepao~ a ETOPO~ nnaCTBH COOTBeTCTBeHHO 

(pHc.I). KpoMe Toro, B (5) npHHffTY cneJlY!OmHe Oc503HS'lfeHBff: 

~. =- ~ c.o~e. ·, Jt. & ~ ~t.·si.n~e. =.f1'il''~ 

,.A.=- r!./11 ~ ·r.. = f>/11 ; (6) 

I . • II J W~ MC. 
l(c.>)=f+t.i =1--· +il701 

w~ "" 

a h. - e~i!Hll'IJHH! BeKTOp B,llOn:& aanpaBJieHlilH BHJieTa ¢oTOHa; i. H 

~ - BO~HOBYe BeKTOpa, MMeIO!Uite npO,llOJlbHHe COCTaBJUllOllUlle ~. H 

l lil O.lUIHSKOBY!O nonepe'liliYIO COCTSBJU!IOlllYIO ( t.>/c) si.11 60 ; w. ii 

~llo)): (w/e)E.•(1.1>_- nnasMeHHa.ff t;SCTOT8 H m1He~H!il R034JllilUHeHT no-

rJiomeHMR semecTBS M8CTHH. 

.... 
i., ,,, 

t=O 

~---

~ 

6 

.J.. 

3epinteHHaR -:iac~Hna B G.1!8CTJ1.1Hax !IBi!JteTCl! no E'=F'OTOpO~ Tpa­

eRTOplUI' oc5yc,10BJieHHOtt. mwroKpaTHHM pacce.RHl'lelV. tp 3TOM c5yJier: 

cu ATaTb, t:fTO aCicO.lJ!OTP.ail ":EJTJ.'l'l~JHa CI\'C.pC·CT;1 t:fllCT>!t'.li ccneTCE He­

il3l\l!O::HHO~. a ill3MeHemm HarrpaBJieHi!ii .!iEl!:lleHl'.IF. t:f!'!cr;:m• 1··?::1'. ZHb:J\'."' 

cJioaa~'H, ni:;e;mo.:rarneTc.<t, t:fTC I t1e I= i trl i = I~ .. ;= l' • :·~porr::; ·· 

ro, '.".'TCTb l.l8CT!IJJT8 E,18TaeT E nepF:YJO r;,naCTi!H:'l r-e~,r;e;;.:::·;.·:. iF.f'E. 

He~. 

;:,;,if.ialKeH;ie (I J Heoc5xo.n1.1Mo ycpe.:i:Hi!Tb no ECer-0:1::c .... :Yr< ·· · '..f'."· 

TOpl!.ru,: .llBl'!JteH:ii.c:r 11acTl!IJH. ]Ju:[ cpel!HEro 3Hat:femrn H.>::1·:,1:·' . A • 
Bxo.nnmf"~ B 'Tor;MYJIY {IJ, mveeY.: 

<!Ali>=-< litlt>+ </Atl 4 >+ZRe<A:i\>, f.7 J 

.r.ne 
a. ~ 

<. IA.\2 ):IA0oli+ Z:<IAod~)+.?Re(<A:a.Ao,). [,<Aot)A:o)/,,. 
l•t i:t I '-' .i 

z. -
<. IA,P') = '{:.< IAtdt) +iRe < A;tAu) ~ 

~,.t 

(9) 

t a. 
.tRe<A!At)=2Re L,(A:.<Ati.)+ [<A:Ai.1'>). (IC) 

~t . J~ . . 

'ITOC5li no.nyqHTb .ffBHHI BH.lt ci;:e.n:12x :eeJilllUIH (8)-(IO)' BOCli0J1!>:3yelV'­

CR MeTO.llBKOa RBH8TlltfeCKOro ypaBHeHHff M.llI',llaJia [rs1 • paSEHTO~ 
roJI:&,I0.48ROM {S] • B BBe~elV COCTBeTCTBytOli;He yCJIOBHHe BepORTHOCTi! 

{ 9-rr] . B IIOJI~eHHHX TSKHM o~pa30M BeJIH'lfBHSX nepelltew.R ~ypi:.e­
KOMIIOHeHTatf. YCJIOEH'ZX Bepo.?.THOCTet\. T.e. R q,yHKUPU!'.M 'IL • U1 II 

iJ~ , BBe.n;e'!;,:c·;; B { 9-II] (CM. ITpI.<.,.110;,:.eHme I.). Torna, noc.'fe 

BHTerpMpC r,~.l·Hi.fi no np0Me.11l:]Tfl~~~ '{r]!aN! npo.neTa 'J8CTlilITl,J B IJJ!a~Til-

? 

' 



Hax M no.ncTaHOBKH B (I) }1,J!R c~araeMHX, COOTBeTCTBYJOmHx Be~.l'J~E-

1... l.t. 1- .t - ... -H8M <.. Ao / , < As.I ) .I'! 2Re < A0 A1.> , no~HM BHpa-

JKem1JI: 

< W"0
A(w,00)) = < W(w,0o))

0 
+(W(w,00)\1:<W(1.>,9..}>o/II) 

r.ne 
Xr. :c-:r, 

< W(u 0o )'\ :. 4e\~ Re. J er [ Q.i,, ---2!_~ + Q. J dx. j exr<-st~). 
' to 1ic 0 l ~ (s.+s,> ~ 

00 GO 
0 :c 

• S (~ 1 x.; 1 )ci~ + t J dx.j exp (-.s,~)·S ('cj,2xA;)), - Qi e-~x •• 

0 ~ ~ 

Jx' -2.\x -$ %' 1 J "_i_ ~Xb(-!.:c)"$(a0,0jx)olx. - Qie "' • s:;s exp(-s,:ic.)a 
S +S I f o l 
o I o 0 

. .,, 
~ S ( lhx.,.+x,+dc ,O;:r)dx -Qio\'l•je-:cp(-S1~)cl~ • 

i + (:rg+do)tli.11'.. . o ... 
• Jtxp(-~1:x.)·$(~+do,:C~jx)dx.)~; 

(; 

X4 .:l'4-:t 

(. W (w, 00 ) \ ::: - ~~ 90 QRe lo [ (4+Q.) J eXf(lix)dx j n:p (-~~) • 
. . ~. ' 0 :rll 0 

• 5(-tlt~,:x.; ~), + e5
•xg j exp [-(h+s~>:x}dx.J Qxp (-s-t~) a 

0 0 

" ( tkx.+ x, t tll~ ) J' l ~ ~ i 't(lg+ti.~)t\)( J x.-x j ~ ~ J ~ 

(12) 

(I3) 

< W(u>,0o)), ::: - 4e'J,, eoRe{tS [Q~-i- (~pC-\:t)·S(t~x,o;x.)dx-t 
ot. :ire. S0 -tS, J 

0 

l~ x, 
+ Q) e~[-{h+s~>x.] a~.J ~x~t-s1~)-S ( ~::~·~, :a:.-"t "~) d~ + 

~ 0 

- e 

j~ GO . ~fu , . J~ 
+ ex.p[-(h+s"'h:Jcttj~p(-s,~)$(i+ tli~,.b11-x;~)d~ +Q tXf(-stl)dJ~ 

. 0 0 ~ . . 0 

. XA 

%ca .. "'.· f. ( (t~7c1+x, 'tth:J< . "}"f (-s.i.x)S{d+i:hx,xa ··"')~x. + Q.~is~x.-si ·~ t'r\-.sic.>S i+ (~+tln•)tk::11~0j~ 
0 :.:.. Of . 0 

. r (i~a +xt+do ) 3t ) ·cl~ +Qi~:rll-$tXt Je"p[-C~H"'>3]~~ Jup(-s1x) $ i+('l +do)iJ.L_Xa-~ i" dx ~I~i 
"-----··--------'1 ......... __ -·--· ... ___ .._,, _____ -~-·-- . -

.. 

3.n:ech npHHJITu o6osRa~eHma: 

.51=6'r:c,; 5~ :G"a ~ h= ~io- ~ ;, 5
0

: rse
0
i; 

X0 =(i-i)ri"wQ-;c· x,.=l:tt. x.~"'~' 0 .,0 / 1 • .1 "" o J " a 

""" - 1-t. y ~ . q _ y-:t + _o _ ; 1_ • J. ~ ~i. ~c 
v - Zf 0 i I <! - 0 C,,.)'t. " W J 

(IS) 

. .t. 

Q:exp<-ra> j t ~ (E5 /m.0ci.) c/8L~ do=(2-+thxa)/(i+xlh.J
1 

r.n:e mo - Macca llOROH npoJieTarome~ qacTBIIH. L - ~Jaau.l'IOHHM 
,n;JIHHa BeinecTBa IJJiaCTEH, Es = 2! MsB. KpoMe Toro, BBeJJ:eHa ynpo· 

~lllllll8JI sanECh ~YHRllHSi: 

5 (rJ. b· ~) = R c~ b· l) p+s.,/~. ~ . 
1 f J ~ IT I ' ~i ~ 

R (ol,pj .~)=·exp (-S.d./f>) / p, 
(IS) 

r.11e ol= c{(i) • '=/J(t)::: 1.+pclC.t), E p :-- :aemm1Ha, He-

38BIC.fflllM O'l' l 

CJio~aB Bupa:is:eHHH (I2)-(I4), nOJIY1JllM ~OPMYJIY ,n;JIH qacToTeo­

yrJioBoro pacnpe.n:eJieHMR HHTeHCHBHOCTH llOJIHOro HSJIYqeH~H. HellYC­

K~eMoro us lUlYX norJioma~uuax .IIJ!aCTHH. 

:38MeTH:s, .n;a.itee, qTo 5 ( « ,p:; ! )= -ilR (-i,pi ~fll ,rao.ireM npo1a­

TerpMpo:eaTh BhlpaJKeHH.f! {!2)-(!4) nc qacTJw.~ ,B pesyJIJ.TaTe tOPMY-

- .9 -
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na .n.rur qacTQTHo-rrno~oro ~a~eAeJieHJCs uoll!eT ~HTb sanHcaaa B 

HeCKOJlliKO HHOM BH.ne. 
Ecna B fOPMYJie (II) lt1ffi qacTOTHo-yrnoBoro pacnpe,neneHHJ! 

(HJ114 ll ~OPMYJISX (12)-(1:4)) ycTpeMI/IT:& MHPHHY BSKyyMHOro OTCeKa 

' K aymo, TO qacT:& CJI8I'89MHX (cusaBHYX c BHTepcpepemu•et! 

Mellt.ll.V MSCTillHSMH) o6pa~eTCJ! B ey.n., a cyMMa OCTaJI:&HYX qJieHOB 

nacT aHaJIOrHqHyD ~OP;YJIY ~J! O.ztHOI norJIOlllS~~el IL118CTillHH *' 
(cM.·~OPMYJIY (I0)-(12) pa60TY {Iol ) c YllBOeHHOI TOJiniHHOI, qTo 

14 cnenoBaJio ozra~aT:&. 

OTw.eTHtl TaRlle, qTo npH 1, ~ 0 ( T. e. npm "BYKJII01JeRHH" 

MHoroxpaTHOrO pacceJIHBJ!J nonyqHTCJI ¢0PMYJI8 ,JUUi qacTOTHo-yrJIOBO­

ro pacnpe~eneHl4H HHTeHCHBBOCTH o6YqHbro nepexo.nHoro manyqeHl4Si 

oea yqeTa MHoroxpaTsoro pacceaaraa B CJIYqae llBYX nornolll8lDllimx 

IL11SCTHH - W;:! (<J,9o) [I?) (cM. ~opMJJiy (2.I) IIp11no~eHHJ1 2). , 

3. llaC'1'0THOe pacnpeneJieJtae HHTeHCHBHOCTi a~.nyqeHBJI 

B!ipallteHBe .nJU[ qaCT~~Horo pacnpe~eJieHHJ! ait'reHCBBHOCTH B3JIY­

T.JeHHJ'I MOllHO nonyqHTD, ,nP<?IIJHTerpHpOBSB B ~preyJtax (12)-(14} ~ 
qacTOTHo-yrnoBoro pacnpe.Itenesaa no yrJIY aa.71Yqe&HJ1 9o ( aTOT yrOJI 

BXOJlHT B BeJIBqIIJHH So= tr 60~ H S(ci,p;l) )' OT 'l!YJIJt .lld H8KOTOPoro .. 

. MSKCHMSJil,HOro asaqeHBJI G ... u). 3aTeM MOlEHO ycTpe~HT:& 9.,. ( BJIJI 

3£) ECJilll npPI STOM IIOJIOlltHTD. TaKllte r _, 0, TO, eCTeCTB0HHO, llOJIY· 

T.JBTCH ¢oPMYJI8 ~JI OJlHO~ IIJISC~HsH 6e3 yT.JeTa nornomeHHJI (~op-

MYJIY (17)-(20) Pa60'l'H '(9) ). . 

~DE) BeJIHT.JHHa 9! onpe,lleJIR:eTcJ! ycJIOBMeM I,\ « 6! « l (cM_[IB]}, 

-IQ -

S...= tr S: ) K oecxoseqsocu. IloJ1UJm11u1eca np1 aTOtt. Jiorap1pus­

~ecxae pacxo~HMOCTH B38.l!MHO COKpa111811TCJI. 

ToT ze pesyJI:&TaT MOllHO n~KT~ cJieJXYDllHM, oonee npoCTYM, 

cnocoCSoM. B B!ipal!teHHJIX (I.I)-(I.3) llpIIJJIOlleHHJI I lllOl!HO cpasy . 

npOillHT~rp1poEaT:& no yrJry H3JiyqeHBJI 9o (HCIIOJJE>3YJI,. B qacTHOCTJ,· 

. ycJioBae HOJ»l.Hponxa J.l.JIJI WYHKIIH 'IA.t ) , a saTeM, no.ncTalWIJI .RBHHJf 

BB.n 'IL -<lYHKUHit, OCIYqHYM cnocodoll! nporasBeCTII. lrlHTerpapOBaHHe 

DO OCTSB'llHMCJI yrJIBM (!IOCJie.l[HHI yroJI npa 3TOtl, KSK Ill i!Hme,. BY­

IJHCJIJleTCSI B npe~eJJaX o -:=- s... ) (CM. IIpHJIOlleaae 3). . 

B pesyJI:&TBTe, qaCTOTHOe pacnpe~eJieHHe HHTeHCJIBHOCTH llOJIHO­

ro I11SJ1y1JeHHS1, acnycxaeMoro AS llBYX n.iacTraH, aaname?CB B BH.ne: . 

W1": (c.>)-= N~++ W,~°"(,,,> + Q. W"lif <w>, . {I7> 
I 

r~e N,.. : i + Q. - a(teKTIBHOe q1c.110 llJJBCHR; w:; (w) ~ . 
qacTOTRYI cneKTp DOJIHOro B3JIJ1f8HHJI AJIB DJl8CTIHY TOJJIUUIOI IL . 

(Cll. (10]. • tollllYJIY (15),(16)), KOTOpHlt MODO 38DICan B sue; 

tar•,..,, - ~Rt l j+Q. (' St ~ ~ ~ l) . Q. -\"• n,,.. ~ - n T 'Ill T - k" s - + t • 
,, . J. 

- . . 

,. [Plx-)-6Cs.t1t~]- s,Qe.-'-"' jur<-\•) G{S.~o) d~ + (IS) 
0 ... 

+ ~car<-s,•>[(~t-r<·•t>- ~ Cl)(«bx-f )-(\'lt(\+l.>i*)6'C\tli•) .. ~J. 

BTOPQI 'JJleR B (17) OlllCYB&eT IHTe~pesuo l3.1J'1ee11, ltCIJYCKae­

•x 13 pa3RYX D&CTIB: 

W UffT <.., > : 2.c.~ Rt. lis·Tc[ w.•T+ w:" + w:"Tl} 
ic . , (19) 

II 

' 



. . . 
W

0
1.1H:: 1 + (s

1
'X" -i) G(s1x,) + PCxc) +-Q e~~s,.xci [P.(.i~-t~)..:.. 

/ l f ~ ... 

- 6(s1xc'.1Htt.-.. . }-(l+Q)i~x'[P{xat~)-G(s1(,~tTc>)1. (?O) .. .': 
1+(1,+th-r,.)t\.iy,J · 'j_. 

:rA •. l': , '.'.· , . . . . 

WllllT J { J o. . (!+ (':trt-tf.x:)lhJ . { •.)· . 
G\ = e:i:p(-.s-1..(.) s~ exr[-(hts.i,)~l· ., ' --- tA,+ 

0 ; : ' ' 0 i~l< T!k~TX' X-tr}'c d 

-s.i.x,.· h (!t'l'lf+tl.-r•)!hx · i J (ftz,tl.-t · 1. ·) .. -t t ex. (- x.) - - - e (-hx) · -- + r ·th<+H-r4ni X1-l'1ft:te Xf. ~ +i:hx xn,· 

t [ s4 + (~+h )ex:p(-h")} 6(s1 (~,ttkt)) - e-~x" [ (s"+~) up(-h) + s .. Q) • 
~ :.. . . . . '\ 

·,( th ... ttrr .. •xc J 
~ q SI dx. '· 

i -t (tc + tf.t )+fur,? J 

I~· 

ll~l j ., -s~ Joo, "· · · · w, =.Si e.-S.i.:<" L (l+Q) e ,,1 l el(_p(-s1~}6(s1olo)th(-,, . 
' . • • .,· • ,c... : ..... 

00 ' ' ' • " 

_ G:"es.tt4 ( eitp(- ~i't) 6 ( 51 -th; AT do u, '.>) J'l} 
. ~ . ; . f + ~(tg +d.,) l;h'l'.A ' 

(21) '1' 

(22) 

.• ' 

r.ne rrp0H11Th' o6osHatJeHBSi: G(2) = ex.~(2 )El.(-~), Ei(i)- ·1r1HTerpa.n1>Hasr 
. ( [ 19-20] ) . ' p (") -

~OKaSaTeJIJ,H~.l! ~YHKilBfl CM., Harrp0Mep, H ~ -

· •:l [(s)~>cr(<s.i .. i.i~ Y- s2. Ci(s.1i) )/k;a .. ~o onpe.neJieHo B ( 151">'" • ' 
BHpa~eHiile .JlJlR iilHTeptepeHrriilOHHoro tJJieHa MOllteT 6NTI> saniilc~Ho 

B HecK'oJ{tiRO l1HOM. Biil.n;e·r €CJ.Iii! llPOHHTeP,plO;JtlilB8:TI>' B ( 21) llO \ISCTJilM. 

OnHaKo, N:oJKHo aan1r1caT1> if!opMy~·· (l~) ~~ e~e 6oJiee·.y.n;oc5Hollil (B qacT­

HocTz, )1)IR npoBe.n;eHiilfl tJiilCJI€HHblX pac~eToB) Bz.n;e. Tor.na BHpaJKeHH!I 
UllT t./UkT " . · · : . h fllkT .. 

't1IR W
0 

· iii vv~· aan1r1eyTC!I cJie.nyimnHM ci6paaoM. ( qJieH vvg oc-

TaeTcs 6ea ~qMeHeHH~): 

- 12.,. 

~a-r =- { + (s,xc-0 G {sf:rc) + &.,:cc + q f 1 5"xci [Gt (i,+.tH14) -
. ' 

6 ( x,+.i-&1l'
4 )~ ( Q)·-Sz_:Y'[' G ·~ (,;3) 

- Sil ( ff. )"II. - f+ e i+t(r,+tl.~ - (s1 ('ll~ t tliir,v) · , + \'(+ r_ Ye .. " ) 

'l:~ % 

w:· ~ j "I(-~·>{ s.<'•.s..> J :., r-<1 • ....,11 .1. (llo•+ti
1
• ~. > ~i .• 

0 0 

-t r.s.i.1-( ~+s~)eitp(-~~)] ( 6(st C'tg+H.'ll>)-f..t(x,+ti.x)) - e-~.t"Qf s.a.Q. -t 

t (~+s .. )e•p(-~x)l ( G(ss 1:1.oikll'a+:r, ) - "1( tkt-tfl.yc"'lrc) )}fAx. c
24

) 
J i+('Z, ... ~·)tlc:r4 

B .n;aJii.ae£mreM MLT c5y.n:eM noJU.ao:eanc.11 nocJieD;HBM BH.1.tOM sam1c1. 

0TMeTHM, qTo eCJIH ~fiOJIHJleTC.R YCJIOBBe lxcf >> i . TO ~op­
MyJia (i7) coBna.n:aeT c ~OPMYJJOI (30) pac5oTY [II] (npa N = 2), 

fiOJiy1JeHHOI B np1r1c5JI.11JteHB~ c5JJHll8RmBX coce.n:el *>. 
IlpB 4. ~ 0 (T.e. npB ".BYKJllOqeHBH" MHoroKpaTHoro pacce.11~ 

HR.ff) H3 (!7) Jierxo ltOJIY1l8eTCff 1'8CTOTHoe pacnpe.n:e.11eH.He HHTeHCHB­

HOCTB ()(1yqHoro nepeXO.itKOrO B3JJY11aH.IUI B CJJY118e JJ;Byx llOrJioma1011utX 

IJJISCTIIH . w,;.. (CiJ) , Blilp&ZeHBe JtJJ'JI KOTOporo llOJJYlleHO HaM.H B 

llPBBe.n:eHo B llpBJI0&8HBB 2 (~OPMYJI8 (2.4)). ' 

ECJIH ze B (I7J (B B (22)-(211)) YCTpeMHT!> ;'.:HPBHY Bal<yyl'IJHO­

ro OTCeKa I K HyJill, TO, ecrecTBeHHo~ llOJll"JBM 11acT"OTHo~ pac­
npe.n:eJieH~e JI.J1H 0.ltHOI llJISCTBHIJ (IS) c Y.IUIOeHHOM TOJllfUlHO~ 

•) B ~OpMYJie (SI) paOoTY {II] mrpa:11teH11111 ;ilr.11 Be.m\lqllH B
0 

11 J
0 

n:aH1>1 ~ CJ!yqae, iror.i.ta x, i 0 ; <f•OJll'f.YJia lite (I?) aMeeT. Ba.n;. 

rrp1ro.nmr~ iil ;,pPJ ~· -= 0 

rs 

\ 



WHA 

i,lA(w) • 
HaKOHen, npH BblilOJIHeHHH ycJIOBltlJI I stxc I » i • T.e. &»ex~/"' 

(IIJISCTi!Hbl y.n;aJ!eHbl HS paCCTOJiHHe, HaMHOrO npeBH'!!8!0ll!ee 30HY . . 
tfop~!HpoBaHi!H nep,exo.naoro iilSJiy"leHPUl B aaKyyMe: ~641( = Jic. ~i /w ) 
"IJieH w UllT ( w) 6b!CTPO OC!114.l!JIHpyeT H - nocJie ycpe,ItH6H'1.ll'. no 

He60J!b~OMY i!HTepBaJIY "18CTOT - He BHOCHT BKJial(a B BHpa%6HHe (I?). 

B pesyJibTaTe l(JIH "laCTOTHoro cneKTpa noJIHoro HSJl'Y"JeHH.fI no.ny"laeM 

COOT:E!eTCTEY!ODzylO <l.OPMYJIY l(JI.R Ol(HOA llJlaCTHHl>l TOJilnl'IHOi! Gl, - ~OPMY-

Jia (18) - Yl'lHOllteHHYIO Ha s14eKTHBHOe "li!CJJO nJiaCTi!H - N, .. w:-;:1w). 
I 

KcTaTH 3aMeTHW, "ITC np'1 STOW lite YCJIOBi!H "IBCTOTHO-yrJIOBOe pacnpe~ 

neJieHl'le (I2)-(I4) Boace He CBOl(HTCR K cocTBeTCTBy10mei! woP'fyJie 

l(JIR onHo~ nJiaCTHH& (no sTo~~ rroBo.ny cM. TaRze [rr] ). 

4. KpaeBol 3!lxJ;eKT llJU! nByx nnacTHH 

IlpH npoxollt,.~6HH~ sap;r.xeHHOA qacTHt'li qepes CTOilKY nJlaCTHH, 

OHa CBOClO.D:HO )l;Bl'!llteTO.ff B BaRyyrt.HblX OTCeKaX, a :BHYTP3 mraCT14H HC· 

n~THBaeT w.HoroKpaTHoe pacceRHHe Ha aToMax :eewecTBa. IloaToMy 

IlOJJHOe H3JlyqeHHe, oelpa30B8HHOe B CTOnKe norJIOw,aIOWHX IIJ!SOTHH, 

COCTOilT 1'13 TOpl'l.03HOro H3.l!Y"l0HH.ll'. c l(JIHHH nYTl! a.~++ ( 11~++ ~ 
:. (1-Q.)/f ) H Kpae:eoro a®eKTa, HJIH "nepexo.IJ;Horo HSJiyqesai:i:" 

c yqeToM MHoroRpaTHoro pacceRHHi:i:. 

IlOHf.ITHe KpaeBoro ~eRTa, BBe.IJ;eHHOe B r g 1 (CM. TaKJKe [ 4• 

12 ]) .llJIJI o~aoM IIJiaCTHHH TOJilltHHOft a. • .IJ;eTaJILHO HCCJle.IJ;OBB.J!OCb 

(c yl:JeTo~· norJIOUlalOl!le~ CITOCOCIHOCTH BeweCTB8 WI8CTi!HH) B pa60T8X 

[ I2 ,I3) a :jl .paCloTe [n] sTo nowm1e 6HJIO oCloClweHo Ha cny"lal 

npo>isBo.JJ:DHoro "IHC.JJa N norJJow.azomex llJlacTHH (CM. <lJOpMYJ1Y ( 41) 

yKa3aHHOI pa60TH). 

- !4 . 

. ' 

B CJIY"lae l(B:VX norJiomaiouu1x nJiaCTHH l N = 2) B!:!pa.lKeH<ie lI.JlR 

KpaeBoro a1MeKTa JierKO IIO.'l;Y"l'aeTC.fI 1:13 !lCPMYJThl ( 4I) pa60T!:! [ II J 
14 HMeeT CJI6,lzylOl!lHM BHl(: 

'.fk.~- W"o" N wTopM 
YV (CJ)= H {u) - ~ct+ (<.>) • (25) 

l,~' I 

WOOll t.JTOfM 
r.ne H (w) BblpaJKaeTc.R <I'opMyJtott (I?). a vv (1J )- c::iempaJib-

HaR HHTe~CHBHOCTh TOpM03Horo H3Jiy"leHH.fI no MHrl(aJIY l10 l c .It1!HH!il 

IlYTl'I a~++ H C yqeTOM nor.JJo~eHHR: 
2 .,. 

la/TOfll .ae ~ 0 I J c~ 
rv (w) = -;e· 2-ro,,., jl;f i<4·i){~+s,i) exp{-<~·s,,)xJ(c-lhx-fx)dx} ..:.6) 

0 

Haf.e;r. B Blll,ll;y, "ITO [12.rsj 

wr.~.,IJ) = w~·;(w) - WTOPPf(t.J) 
{,fl\: ' (27) 

H no.IJ;cTaBJIH.R (I?) a (27) B (25), llOJIY'IBM l(JISJ. KpaeBoro s«eKTa 

B CJIY"lae .l(BYX IIJISCTHH: 

w. IC.9. N w k.9. W""T 
2,a {11>) = fef>+· iA (141)-+ Q. (w). (28) 

Orcm.n.a c~e:nyeT, qTo .IJ;eTaJIE,HYI BHaJIH3 KpaeBoro sip;f;eKTa ltJIJ! O.IUfO# 

norHOU181lU1el ITJl&CTHHH, npoBe.»;eHHYI B [I3J , UeJIHKOM nepeHOCHTCf.I 

H Ra cnyqa~.ItByx: llJI&CTlllH. Heo6xo.»;HMO renepi. npo:eecTH HCCJie.noBa­

HRe sroporo - 1arepiiiepeH1tHOHHoro-~JieHa B (28). 

5. AHan1s HHTepctepeHUROHHoro q~eua 

PacCMO'l'pi!M HeK0Tope1e BaF.HHe npe.D;eJ11>HHe CJJyqa1, aH8.1for~"IHO 

TOMy, lt8K 8'1'0 6HHO c~e~BHO B pa6oTe [is} 

a) U,cT~ BYfiOJIJIJleTC.f!: ycnoBHe: 

-..--
- .J. 0 



I S~I ">> ~ (I t~I ~< lTop.t ), (29). 

r.ne 1 '~::.IC. /c.1a - 'SOHS QtOpN.HpOBaHHff n'epeXO,!UiOro HSJIY'lleH.Bff B 

BemecTBe ,' a 1.,..," = e.r /v;;;if. - SOHa ~OpMHpOBSHlllff TOpMOSHOro .BSJJY1-

. 1JeH2.11. · " • · ' 

T~r.na~ B CHJIY HepaBeHCTBa 1s.a.f">/lllQx{1s,1,1~..i.1\. B 110,JUiHTer-

PaJIDHl:IX !fYHKI~MX lfOpMyJI (2!) (2JIH (24)). (22) OCHOBHO! BKJIBJ.t 

BHOCffT MaJil:ie ~ • PasJiarM no STOMY MSJIOMY napaMeTpy x H no.n­

CT8BJUUI rJiaBH!:l~ 'llJieH paSJIO&eHHJI ~ (17), nOJIY11l11M ~OPMYJIY ,ItJIJI 

odH'llHoro nepexo.nHoro HSJIY'lleHHR B cJIYllae ,n:syx n:nacTDH ~ YJ;,:(t.J) 
(CM. ~opiv.y.ny (2.4) IlpHJIOaeHJllJI 2). 3TOT peay.m.TST"J!BJiffeTCJI BnOJI­

He ecTeCTBeHHli!Yl, TSK KSK YCJIOBHe (29) onpe,neJIJ'leT OdJISCTD, r.ne 

nepexO,llHH~ MeXSHHSM (SBJmJiCD doJiee 6HCTpYM HS-38 N.8JIO! SoHH ~op­

MHpo:aaHHJi) .D;OMHHHpyeT Ha.D; TOpMOSHHl'f. MeX8HHSMOMH3JIY1JeHHff. 

6) ITycTD Tenepb BHllOJIHJieTCff odpaTHOe yCJIOBHe, T.e. 

I Sa. I {( i .. 
I', 

c \ i~ \ '>'> .1.,."r"' > • (30) 

PaccMoTpHM BHaqa.Jie cnaraeMoe W&lllT 
l 2HTeNepeHITHOHHOro 

qneHa (cu. ~OPMYJIY (24)). 

I. Tipe.nnoJJOJlHM, qTo HMeeT MecTo ycJJoB2e .. 
1~41f1 (T.e. ll. f: iTopM· .):• 1 , (3I) 

WUllT 
Tor.na, B no.IU>THTerpam.HBX ~yamamc Q Bee x.. (111sMeHS110m1eCR 

B 1/IHTepBaJie . () ~. :t ' x., .J MBJW 2, KpOMe Toro, B CHJIY ycJIOBM 

(30) !1MeeM: I s.l.x I « { . Tor.D;a, sa.MeHJiR B (24) tkx ~ x. 

cnycKarr ex.p(-sa.i) . H rrpeHe6perM 11JieHaMH, nponopn.l'loHa.JII:.Hl>!MH "'; 

WllllT 
l'l B1,r:ue, ;wR c.11araeMoro 4 no.JIY'fae.M: ; ·, 

WtT ~ {h+2sa.) [x, -l.i 2
' (i-ra+zg) -+ · it~.nc) 6-(st{?:a+'JCc>) -
(~+tc>a. 

. !6 

- xg G(s,a-,)- (214Hc)u (51(a%ct+:rc>)]. (32) 

Il. EcJIH ae HMeeT MeCTO ycJIOBHe 

Ix.I'>> i (T.e. ct'>) lTopM ) . (33) 

TO Ha!.neTCJI HeKOTOpoe 3Ha'lleHHe x., B HHTepBaJie ( 0 • ~ ) TSKOe • 

uo lxt I ~ { , HO 1 s,:a:d « i . Tor.Ila, paa6HB8.1! npe.D;e-!IH HHTerpH­

poBaHHR HS ,JU!8 HHTep:a8JI8: ( 0 ,xi ) H ( %,,x. ) H nocTyna.11 

B nepBOM .BHTep:aane aHSJJorH'llHO CJIY'llSIO I (c SaMaHo! x. Ha Xt ), 

8 BO BTOpOM 1lOJiar8JI u~ -a { , BMeeM: 

w .. UflT'=' r 2.- ('+Q.)eSa_taJ ( (l-(s,{:t,+0)- [.. (Yc+f)) -t 

(34) 

+ [.tQ{'.t~• - U+Q.)) iSaz41G(s,) + (l-O..i2'°'10
) f..t (.t+xg). 

BHpaaeHme 1L1JJI cJJaraer.oro \\l;-'mHTepcfepeHDHOHHOro 'llJJeHa B 

paccMSTpHBaeMYx cnyqux (c yqeTorr. o61ilero ycnoBKR (30)) oeeT 

BH.D:: 

w.IA•T:. ! + (s,t,-t) Ci (s,zc)~ F, (35) 

rne 
s I. Tc (21\•Jc) (r(: «c•Ua . f&l. , ..... ,. - "t•'c•)+16("'"'•'c>), l .. IH C36l 

f.-i, + Qel\'• ["°'<t,+L)-6(1t)]-(f+Q)ita-..{£.<-c•0-6(S,(t1+U)j, l•at»I. 

. ,,,wr 
Tenepi. paCCMO~plM qJJeH YV( (CM. <f.OpMYJIY (22)). Hmnil BH,11 

9Toro qJJeHa, QK83HBSeTCff, cywecTBeHHh!M o6pa30M S&BHCHT OT OTHO­

meHHff cpe.nHeKBa.D;paTH~Horo yrJia MHoroKpaTHoro pacceRH111.R < &i)~ 
K IU~a.~paTy xapaKTepaoro yrJia H3~eHH.R y-.i ( T. e. OTHO\lleHH$1 

I X4 I K I 51. I ) . B · CB.!!3H c aT:ill'l paccr;.oTpl'l~ ;a:Ba rrpe.D:eJI:&HHX c:ny:-

- 17 
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"!as:: 

6I) eCJIH BhlIIOJIHReTCR yCJIOBHe: 

\
lC4 \»! . St (T.e. (. 9t)A. ">> T-i ) . (37) 

WllHT 
ro ~JIR g no.ny"'!aeM: 

Wu"T 1=- isa.r. .. { (•+G.) Gr(s,c.-lttl:11.)-Q {~1(AG (;1 ih11at~:ir ... +:rc )} . 
G t + fl'c+c.U«")~l'" ' 

(38) 

62) ecJIH lite, Hao6opoT, 

llAl«i 
I St 

(T.e. < &t)4 << r.t. ), (39) 

TO ~N.eeM: 

wt·1 :. i 5
.i"A· 1 a e- Sa,:lt.1 [ i+ Si (-x,+ 2:H•t11.) G(st (tc+lB.'X4))) -

(40) 

- ({ + Q.) r i +Si ( -x,+tlu:,) G(s, (xc+tWic ... )))} • 

Tenep1>, o6~e~Mrura (32), (35) H (38), (40) (c yqeroM ycn.o-

w1.111t ) 
BJl!H (3I)) ,IlJI.R HHTepqepeHUHOHHOro "'!JieHa (w B CJIY"'!Se I 

rroJiyquw. BHpa~eHHe: 
:t. . 

WIA"\"'); !~ _Re{iS4Xc [1 + :t6-(!V:r1.1)- ~(s1 xr.~:~) + 

+[i+(~-+l.Sa.)ti;j t+i lg(~··..., [(h+tSa_-S1)Xg-t1) (:,(s1:rc)­
(ta-t-tc)i 

(4I) 

- [ ~ + (h+2.sa.)(ll1tH4)] G(ss (2ir._-1-14)) -4- l H-t (k+U"'){'la-t-l:c)) 6(s, (74oc »]}; 

l:r1.1l»lst1 · 

- T8 -

,. 

Wi.kT(fA>)= l.etRe{estx, [(i+(~+i~""):i:c)~ xc(.?l'an,) -
:ITC. ( 1Ca'f":ir, )"-

- [ { + (k+.?Si-s1)x,] 6(.s,x,) - [ 1-t (ht .ls.1.-S1) (.bane>) G(s, (.:l:irq+Xc>) -t 

-+.t[1+(h+2.~-st)(-x.+xc>] G(s1 <.,. .... x,»J1 :, .I r" 1. « I sf I 

EcJIH 3.IJ;eC:b IlOJIOl!tHT:h '"HPHHY BaKyyw.acro OTCeRa 

H3 (4I) cpa3y IIOJIY"'IHTCH Blo!'paJKeHHe: 

(42) 

b = 0, TO 

lw kkTc ie.t. f) { l o 
1 
is1 

1 
J 

(J) -::: :trc. ~e 1 -t C.-t 1Nt . xA . , t xA I )) I ~i 1. r 43) 

KOTOpoe, K8K 111 CJJeD;OB8JIO OlltHJtaT:h, npe,l.(CT8BJIReT ccdoil. pa3HOCT:b 

Melr,Ity BeJI!11"'1HHOA xpae:aoro 3~¢eKTa B IJJISCTHHe c Y.IUIOeHHOM TOJimH­

HOM H y~11oeaaol BeJIH"'IHHO~ KpaeBoro ~exTa B IJJISCTHHe TOJ!lltHHO~ 

a.. EcJia lite ycTpeMHT:h t x gymo B ~OPMYJie (42), To W"HT(<.>) 

OKaJteTCJi pBBHLIM HYJlIO, TBK KaK B 3TOU. CJIY"'!Se ~OMHHHPYIOWHV flB.IIR­

eTCR TOpMOSHOI MeXaHH3M o6pa30B8HHR HSJIY"'!eHHH, a yKa38HH8R Bhl!!TE 

paSHOCT:b ~Jiii TOpMOSHoro HSJiy"'!eHHR CTpeMHTCR x ffYJlIO. 

HSKOHen, B CJJ:ytlae Il (T.e. npH Bh!IlOJIHeHHH YCJIOBHH (33)} 

HHTepPepeHIIHOHm.II 'lfJieH. aanncssaerca B CJieJJYIOmeM BHAe 

W""'(w): !~a.Re. lestt'[l +Cs,t,-t)6-(sjt,) +l.6(s,c~,H,) + (44) 

. . + "'XC(ZY11+~~1} ' 1~11l)) js,j. 
""" (ar.-ttc) . 3~ecl: npHBe~eH BH.z;; lf,/ (W)TOJI!>KO B c.nyqae ~I), TaK RaK yc~OBHSI 

l-Xo.I <c ts,J H 1-xAf '>) l OKaSbl:SatoTCJi H0COBM0CTP.Mmi'H, 

l!poas:a.n:1sHpyeM oo;n;po6Hee ~OP.'IJIYJJ.Y ( 44}. 3.1l:ec1> y.n;aeTc;:;: rro.iry­

'iDTl: SIBHO~ noBe.z;;eHHe HHTepcfepeuuiaos:Froro 'IJJieHa B 38i3!':C!!l/N~T~ OT 

Be.THf!JE1W BaKYYMHoro orceRa & ( c yt!'eToM oelmero ye.·,;.-,;;,:.;::: (:~o)). · 
I) 11yc•rJ> l-x,;1 << ! ( T. e. ~ <.< i To~1-1 ) • Tor·;i:" 

"J.9, -
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W11
11T(w)!t ;~:(.Re{ i+C+!ti12sf.1~. (45). 

3aMeTllM, T.!TO aTO :eupB.JteHHe noJIHOCTLm cosna.n:aeT (c ytJeTOM 

MHOlltHTeM Q y wu•T(u) B 06D1el cf!OpMYJie (17)} C B8JIH1JHHO!f 

Q· w :;· ( (,,)) ' eCJIH 'qSCTOTHOe pacnpe~eJieHHe HSJIY'q9H.IUI B O;JUIOI 

OJI~CTHHe saru1caTL c·y-qeTOM ycJIOBHI (30), (33) H (39) [
13

]. 

~) Kor.l(a l'Xg\"'i ( '"'iTorH ), noJIY'faeM: 

W"MT(r.>)-= 2ea.Re.5 !+C+ ~Isl x,{H:r') \l . 
JrC 1 (! +x' )i, j 

3) Ecmt lKe BhlDOJIH.11eTCH ycJioBae lxcl )') l ( ' » i-rortt 

ro HHTeptepeHllHOHHhll 'qJieH HMeeT BK.I(: 

it~ R~J l+ t+ ~ls,x,1} , lsc.:tc\« i 
:frt. 1 

wu11T(w) = ~~e{e'i:tc f l+(stxc -i)6(sstc)J} ,1s11,1 ... i 

0 ' 1s1'.\:cl»i. 

(46) 

) . 

{47) 

TaKllM oOpasoM, HS BH!flenpHBe.l(eHHOrO aHaJIHSa CJie,IlyeT, lJTO 

KapTHHa HHTeP<IiepeHnlllH HSJIY'qeHH~ OT OT.l(eJILHHX DJI8CTHH B CTOllKe 

cymeCTBeHHO SaBHCHT OT BeJIHT.!HHhl SOHN ~OpMHPOB2HH.li nepeXO;JUIOrO 

HSJIY~eHH.li B BaKyyMe 1'""' . KpoMe Toro, B 06JISCTH, r.l(e Mexa­

HHSM oOpaSOBaHHR TOpMOSHqro HSJIY1JeRH8 RBJI8eTC8 .l(OMHHHPYJOWHM 

(HMeeT MeCTO yCJIOBHe l~I~< ! . ), CHTYallHH ycJiolltHHeTCB TeM, 

~TO SHaqHTeHLHYJO poJil. HrpaeT TaRlll:e H 30HS ~OpMHPOBSHH.li TOpl'!.03-

~ ~~~ z~. 

2C' 

" 

6. PesyJILTaThl T.!HCJieHHoro pacqeTa 

trHCJfeHHhle pactieTH 6HJfH IIPOBS.l(SHb! Ha :JBM "E3Cl1:-6" ITO npo­

rpmrN:e, nprne,n;eHHO'.~ B IlpHJIOJKeH.l'llll 4 • .iI.7!:!'! pactJeTa Hcno.n130BaJIHCt 

•lOPMYJThl (18) Ill (I7) JI.JI.ff qacTOTHOro :r:;acrrpeneJTeHIU! lllHTeHC:<lF-HOCT!ll 

noJIHorc H3JJytieH!ll.li, o6pasoBaHHoro B onHo~ ~ .nByx norJio~a~mlllx 

IJJiaCTMHax, H :eh!paJKem1e (28) /IJl.li Kpae:eoro aifq.eKTa. ,lJJrR cpaBHeHHJ'J 

BlilT.!HCJJe!lll TaKJKe crreKTpH 061i1'<1Horo rrepexo.l(Horo !ll3JiytJeHlll.li Cle3 ;rqe­

Ta BJifll.fIH!IJ.fI MHOrOKpaTHOrO paCCSJ'JHHH B C.71'.YT.!ae 0,I(HO!! H n::eyx nJiac­

TBH (~OPMYJJhl (2.4) H (2.5) ITpHJIOJKeHHB.2 COOTB6TCTBeHHO). 

PaCT.!eTH npoH3BO,I(HJJHCt ,D;JI.ff CTOllRH H3 OJJOBHHHhlX WiaCT!IJH 

( W0 = 5!, !9 aB, L = I, 21 cM); npo.11eTa10me~ '18,CTJlrte~ n:e.n.creT 

C.11 aJieKTPOH. 

. -2 
0TMeTilM, T.!TO pmc.2 .naH B 'tJSCTOTHOM ,nJtanasoae 3·IO +I 

MaB, BBH.l(y Toro, 'q~O npH t = 104 rpaHH'tJHS.11 'tJ8CTOTa cneKTpa 

(f],,f ,... 0.3 MaB H noaTOMY ~HTei:xI;epeHUHOHHHe as.1eHHa B cneKTpe 

HC'tJeSaIOT paa&me (T.e. npB OOJJee HB3KHX qacTOTaK),·T.!eM npH 60JJ&­

max JJopeH!l-cfaxTopax. 

Ha PHCYHKax XOpoTO BHnHhl .fIBJieHMJI crJISJB:HBSHHa HHTe~epeH­

UHOHHYX aRCTpeMyMOB i1 oOoralileHB.fI llt0CTKHMil 'faCT-OTB.MJI B cneKTpe 

Kpae11oro ~leKTa no cpa:eneHHIO co cneKTpor.i 061i1i1Horo nepexoJU1oro 

HSJIY'tJeH~H. BH.I(HO TBKlKe, 'tJTO npH J << 1:1e~ 3TB cneKTpH COB­

rtMatD'l' c COOTB8TCTBYJOll!HM111 crre.!tTpSN.H .ivm O,llHOit IJJiaCTHHN c V.ilBO­

eHHO!.t TOJIIIIHHOA !la. . '3TO cKaSIIBS.eTC.fI B TON.. T.!TO OCUHJLM!IHH 

CTSHOBJ'JTC.li B n:ea pasa 'Qa~e. T.!eM B cnyqae O,IUioa nnaCTHHU TOJ!lltH­

HOA ~ (cM. pmc. I-S pai::ioTbl [I3] ). C yBe"iW·JeH'leM i "nw·:irne" 

fl.HHHMYM/>I B crreKTpaX nocTerreHHO !101J;HBMcil(l'l'C.fI ii B FWHO;e ?:O!{HOB 

- 21 -
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.111c11esaioT npia ' IV ~JM • Kor.zta lite g » ~ '- ST.II CD8.KTpH 

npa~TH'Cf8CRH COBilB,naJOT c COOTB0TCTBYJOUUIMB cne.KTpaMB·,ItJUJ IIJiaCTB­

Hli TOJIDUllHo.A ~ , YMHOllteH!iHMH Ha N ~.,..... 

Ilp.1!1 l = 106 (pBc.4) BeJIHllHHa l,_ CTSHOBHTCJ'f Oll0H:& 

6oJI:&moa (HarrpHMep, npH w = O,I MaB HMeeM ff1cuc IV S•I06 MKM), 

O.D;HSRO, HS piac.4 BH.D;HO, 'CITO RpHBSJ'f 3 COOTB0TC~:syeT CIIeKTPY 

. folit+W,,.<111~ a He Wt,2,A (c..1) • 3To 06'l>.flCUeTCJI TeM, llTO 143-Sa 
I . ( t.J .t. v ·.f. )%_ BKJIS.D;a 60JILmHX 3~8RTHBHJilX yrJIOB .l«SJiy'CfeHJIJR .... "'· ,,,., + I 

(CM. [!7] ),· TOJI:&RO np.111 BYIIOJIHeHH.111 YCJIOBHR '"'ii~ cneRTp B~JIY­
'lfeHBR ltJIJI ll:BYX IJJI8CTBH CJIBBSeTCJI c COOTBeTCTBYJ!IUUIM cneRTpoM 

.llJI1f o.D;Hot IJJiacTHHY ·c yJI;BoeHaoA ToJJ11111rot. 

MHTepecHo OTMeTHTb, 'CfTO noMBMo 11BJieH111 crJISlltJIBBHBa ~cTpe­

;MYMOB ua6JIIO,naeTc.s: ·Tax11te IicRoTopoe CMe111eH.1e MaKcHMj'MoB B MHHBMy&t­

·oB cneRTpa llOJIHOro H3~~HBSI (BJIB RpaeBoro sq:if>eR;a> OTHOCHTem:.-
. . '\ 

HO cneRTpa 06W'CfHOro ' ne;.ax9.JU{oro BSJIY'CfeHJUJ. TaROfi 'CMe111e1:1.111e . OTCYT~ 

CTBOBaJIO ~ c:ny~ae O.ItHO~ 1IJ.!8CTBHl:I frsJ B •. nb-B~~MOMY, ero·Ha­

JIH'CfBe 06yCJIOBJl8HO HHTePliepeHUBei Me.llf,lzy HSJIY'CfeHBJJMB, HCfiYCKSeMW-

'4111. )~3 W.SHl:IX IJJJaCTllJH. .-

. . . AJ:!Topy BJ:tT~T ~:aar.o.n:apHocT:& r .M. rapia6.aHy sa noJie-a!nle 

o~cy~eHBR H llOCTOJIHHOe BHlilMSHHe R HQC'l'O.S:llle~ pa6oTe. . ''-

···'·· "(;, 
• ·tJ 
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IlpHJIOJ1tea.111e I, 

~it.. ... :to -*-
BH,Il B0JIB'Cfl'IH < IAol/ , < IAtl ) H ZKe.<AoA1>, 

Ilo.ItCTSBJIJ'IR (5) B (8)-(IO) ii nepeXO,JlR OT yCJIOBHlilX EepOHTHOC­

Te~ R BX ciiypr:.e-~oMIIOHedTSM ( ?A. -<l'YHKUHEM), TIOJIY'laell!.: 

g a. { 0a. xc x-x, / j'AI~> =...!Al.Re. (1~[!._o_ + tjaxJe-<v(l"0:1J,. . 
'- '"'o wa. "L l. (So+l>

1 
)1. l. "'-'·j ' 

01 00 O :It 

J a. (- - ) - 4 j d J -lS1t-tr8.a.-.)# J a. - - -, e. "t 0 •• e,;x. <.101 -+ 'i x ~ "3 ez. u. 1 (e.,,e.a.:.2~)Je.1.-
.. ~ 0 x ·• 

- e-s.t:r• _!._ { e.-ts,+.r0,').x ..Jx.J i\ 'l.l (B 9 . x ) •a- e-~xc 9 • 
~+S J '4 O'l . 01 l' A. OI t - - • 

l 0 Sct'!'t - ~ • J eC\+CS&.a..a.)1 dx. { G v"' (a 0 · x x ) de - \ .;ls,+ o-e .. ~ )x. 1 
) a, l o J 1,1 4, ll a. ) "' OU. • 

0 0 

• j1·lS.+5~1'>~JAiJe1 6"' u1(90,9t~""')u(01 ·,04~x4)df\a0:i.)j ~(I.I) 
0 

:r.-. "•-It 
< I At la.) = - -~: Q.a.R•:"l da.[ )•~ j ci, j i.'e; "l ( e., et'~ Jt). 

s: fdo .: .. , _,, .. , ,, _,... .. ... , 
.-u(e"e'~')ole,di, + a c11 )e~e.., ... ,(e •. ea. ·,x.)· 

a. o .. ~ 
-1 -• ) ~' i" SSf,J t.f j " t e•"e.,.' c-· "'II ) • 1A.(e .. ,e ... ;2 -'ti.,d ., ... ,- ' " . J J , a. "s e.,e, :;.r..·1 • 

"'' 0 • 

. tr .. ,, .. I ) "'# · .-t .
1 lJ (1.2) • v, (et.,&., ;a,, 481 de., .. ~ 

. 2§. 
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iRe< A:Ai/ = ~ 8~~ Q'"Re l6'~[ s.~0_51 r~x) 0: ~(0.,e~;x)de~ r 
. c . 

xA Xe .t · 
r \ -(s+.6'0 >3 J- -, ...... , ) (~' - ) - _, + y~-x. J e 1 1 ~ t\0t u1 (~0 ,01 jx4-x ~ 01_.0,·,x. d0

1
ol01 ..,... 

0 0 

-(s .,.~e.i) - -, - ... ... ... , - ... , 
lo.l, j ; ···.·' 

+ Jd:1: j e· • 1. ~~- 0
1

t3.i. it1 \00,,e1 :~ita)t1 (_0u0.l. i")q01cA0.i. + 
0 0 

x .. 

·+ j;x je(s,He.i.'>1,jeJ~u1'(~ •• a:·;~xci-x)tt(e1 ,e;~x)o~<4( t 
0 0 . 

' x.. . . 
-f>,l(' 0. l c.h la·, u (0. 6'· lt11 x)cle' + 

+ ( !.0+$1 J J .I. l • > .I. I > • .I. 

0 ._ 

;x ... 

-.s x, j dx. .• e. 4 

0 

( I.3) 

~ -· . 
' ) e(.Sit-o'f:lt )~ tLa J e/ 0l.,ui ( e., el';, Xo.-7.) lll ( 0; 'e:1Yx ,x11) d0; de.i)}; 

0 .. 
r.ll.e ilJCITO.--:b30BaHhl o6o3Ha·iemu:r ( 15). 

3aiv.eTalV', -qTo Tp.1 nocJie)1Hr.ix cJiaraeiv.Hx B (I. 1) ill .wa nocJie.n;· 

rrnx B (I. 3) RBJIBIDTC.R 'qJ!'eHa:V.M, KOTO_[;Ne onyu,eHhl B rrp~6JU1llteH1rn 

6.'lf!JKa;tT'ilJX COCe.n,e~ ( cri. (II] •) ~ . . . ' ·· .. 
uO.lICTaBJIB.FI B (I. I)-;-( I,J) JIBHH;t Bill).\ q:;~:&e-.Kor;'.IIO~eHT [ 

9• nJ 
I . ·i .., ... 

ill rrpOH3Bei.ta 1(13.Jiee H~T·erf;~~BaHL!·e rrCi rrp'~i1.eJK'.'v'i'o-qH!Ifv'· fr.JiaM 01, ~ 

~ e;' ~; ( npM'l_eM d-e ,,; ec:t 0dlj . , 0 ~ ~ ~ :tJi ' 0 ~ G,<: 00 ) ' 

IT0.1Ib3Y.qef, 0·6H1i1zi~· cno6o6oM~ ·~3JIOllteHHHM B . [ 
9-;n] ( T. e. ,Bhl,l.\9Jl.FI.R 

·~ ~ ' 
B aKCITOHewrax 'U. -¢YHKIH!~ 110JIHH:i1 KEa.n:paT iiJHTerpHpyeMoro yrJia)' 

1;,ll.n:eiv: K B!ipaJKeHM.a:w (12)-(14).· ·-;.; -~-
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IIpMJioir;emie 2. 

'iaCTOTHO-yrJIOBOe llJ tJSCTOTHOe pacnpe,n;eJieliHe 06bl'qHO.t'O 

rrepexo4Horo H3JIVtJeHH.R 

r1acTOTHo-yr.110Boe pacrrpe.n;eJieHHe l!HTeHCilJBHOCTll oC~-quoro rre­

pexonHoro !113.Jiy'tJeHl!.R (6e3 ytJeTa MHoroKpaTaoro pacce:11HH.FI) B c.ny­

-qae .D;Byx rrorJIOlllB.IDmHx 11JI8CT~H (CM. ~OPMYJ!Y (77) pa60TH [r7J ) E 

rrpHHETH~ H8MH 060SH~qeHM.F!X MO~.HO 3~MCaTb B BM.n,e: 

\, T 11ep a_ N ~er , . - 4 .t ~ [ 
-, VV.i,tt (w,'"'F t~+ ~,11. (w, ~a)- JT~. 9~ Q.Re,l rt ~(_Sa)• 

• e-(so+S1)Xg U- e- (S.,+.S.i.)Xci) ( 1-Q e-<s .. .,:s .. ) Xq) JJ ' (2.I) 

r.n;e W"tf .... 
1 A.. (w, Go) - -qacTOTHo-yrJioBoe pacnpe,n;eJieHHe rrepexo,n;Horo 

I 

H3JiytJeHr.l.F! B rr~aCTHHe TOJll!UlHO~ GL H Ji!MeeT BllJ,l.\: . 

1.1"'f ... '-let R J (~ N f'\-(s+s>x] ,\ V\ll.. (w,&.) =- .lie. Go e. l cs 1; tcj>cj. - '-le o .. II <fC.sa)j' (2.2) 

r.n;e .. 

-s d+di: d di:" d 1~ 1. ) S = --L_ - .;,.__.. + - -+ '----+- · .... : -s -·t- - (2.3) ~( .) (S+S·)-lf· .s +·s - s·+.s· 6-+!.fh '· · ~l.h s-s1 ' 
•l 01 o.i, o:i ~ 

a saaK "*" 'C:isHEfqae'!i · KOMILJiekcHoe conpmKGHHe;: 

IlpOBHTeri:ilJPOBaB. ~ (2~IJ no yrJfy.l'J3JIY'q;HH.FI &. [20] ' rro.ny-
. .. . ' . ' ..... '•. "" ·" ~ .. 

'q.ffM BHpa~eHHe .ltllli qacTOTHoro crieKTpa 66li-qaoro rrepexo,n;Horo Ms.ny-

qeHmi:.i:., ~·'Henyc1<aeiv.oro .Ha ·,nayx. nor.1101i.laDJIU!IX I.J:l}~C:l'HH: 

· · · · ~er. '.·' ,,. ·;; ~ · 1 · 'lei.."·~· -\ · '~ 
-_~_ .. , "\Vz.·t1.· lw) .. ~.N~+.Wt,a' ('-!~ + 'Jrt·Q Re le ~[~(Xe) 

' 
(2.4) 
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- ~s.i.r.(i +~). J(x.~x~) .... e-tr.,l'QQ J(iiri.+xg)u: 

3.nee:& , wi~ (w) . - 'IJ8CTOTH!il cneKTP nepeXO.ItHOrO HSJIY11eHHS HS 

llJI8CTHHH T~JIUIHHOI Q. (cM. (17] ): 

W"''fl N W"Rf .ie~ l-s.z.xa } 1,11. (w) = ~ i,o (w) + iC QRe e J(.xo.) ; (2. 5) 

""i~(w) - 'IJ8CTOTHOe pacnpene~eaae HHTeHCBBHOCTH crepeXO.ItHOro 
'· H3JIY'lleHlllll'. aa o.nao~ rpam1ue pasAe.na:. 

W"lf(IA>) = e~ Re l~ ... s1 Li_~_ sa. Lt_ sa.+lt -iJ 
1,0 :tc .Sa. - .Si s1 T Sa. • 

(2.6) 

BcnoMoraTeJIJ>HSS ~yaKUllUI .J(~) sanacHBBeTcs cne~M 06-

pasoM: 

J(!):::. i + [ S1!- (d .. d*)] 6 (Sl!) +d 6-(~!) +cJ*G(cs.i,+h)t), (2. ?) 

r.ne d onpe.neJie&o B (2.3), a 6{i)sexp(t-)Ei(-i). 

IlJ211AOll8HHe 3. 

HsTerpapoBaeae no xr.ny 13J1!!eH1U1 

HcnOJJl>SY~ JCJIOBB0 BOpMllpoHI . .us ty&iaul• "' : 

j1A
1
(9.,9;x:)dG0 = txp(hx), cs.u 

DO.JtCT8BJUlll B mt~BM (I. I)-(1.S) llpBJIOUllllll I .RBBHI BBJl 
iJ:yHKIIBI U. I. Ul [ 9,II) I npollH'rerp1po:SU DO COOT:BeTCTBYll­( WllM ... 
lllHM yrJmM (OT HYJm .no 6SCKOH8'11HOCTll) .JUIJl CJISI'&eMYX J (W.fe)de.j 

nonr11w: 
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c · .. 2 i J'M s [ ct+<it -u·Si>xa] 
/W(w,9,,))od8o = .r! Rt {(s+ss>" .z - Q.e -

' '.L 0 . 
I J ._ . " & -2.\l{q-S :tC i 

-Q.(i+Q.)e.-\X.-L. 1($tX $(4o;~)d:t - Q'. e. t -S S a 
S+Sf + 1 

- . 0 • 

J -·.s,x S ( u~ .. +~+ci1. ) J 
- e . t + Cxt+J.)f:ltll't ; x. "'" ds j (3.2) 

0 

. j<-wcu,a.>)1 de.= - :! R~ JrQ( f +Cl) J~ltxdx.j~~.s .. ,sc*"~;:J)d~ T 

X,. .. . ·o O·O. 

+ Qis•x•J f(~+s-.)xdxjis&15 cu•;a::+~+l'i2 . . )a J a.s ~ (3.8) 
0 .~ +(x,+tli~)~x. ..I~ ~ ,, 

. . 0 

J<\V(w,eo)) d9
0 
= _ .iez.ReJs..lQi~x .. -.s.x, _i 'f:xa.e.~s,," (Q. ,,-liic) 

Oi. JiC. . S+StJ T~ . • 

5 (fi.x,+J:s+i:hx. ) o (.s s . 4 o Jx,. " . 
' i-+Cx,+th.)th",.;x. dx-+ Q.({-i ... ,>xc) .~ e-5~"U+i "). 

. . .. ,, 
Xa 

~ 5 /~~;x.)Jx. + -· t_ j·es.ix(Qi.t·i~") S( i~x; x.) ax.J ols · (3.4) 
\:. · S+St > 

0 

r.ne o(,0 :: (x+Hix,.)/(i+xlhl"o} 

Bxo.nmitas B (3.2)-(3.4) i!JYHKilHS 5 (d. ~l) onpe~enen:a B 

(I6) •. a napayeTp p onyiqea, Tar< xax Be3~e p = 0 (T.e. S(ol;r): 

: 5.e.x.p(-s ct)~J./~1). B (3.2)-(3.4) nepeMeHHSS ffHTerpi!poBaa2s 

s = ff 9i , r.ne G B O,JJ,HHX qJieaax HMeeT cwcJI yrJia l!ls.nyqem1.1t 

90 , a B .npyrHx - npoMeJlYToqaoro yrna npoJieTa ~acTBUH. UoaTo­

M'! no~HTerpa.m.HHe BHpal[eHHS B STi!X ~OPMYJISX He JIBJI.RIOTCS COOT­

BeTCTBYl>lllBMH cJiaraeM1iJM11 qacToTHO-yrJIOBoro pacnpe.u;eJieaas. O.naa­
RO, eCJIH npo.eaTerpBpo:ea'n:>·STB BlipaJteHBs no s , To, pasyMeeT­

ca, no.nyqBTCJI ~OpMYJia MR 1'8CTOTHOro pacn,pe.ne.neHi!S HHTeHCHBHOC­

TB HSJIY11eHHa, np11Be~eaaas B (17). 

2? 

1 



HaKc.>HeII, OTM8THM, '<1TO 1il B BlipaJtteHHJDC (3. 2)-(3. 4) MOlltHO 

npo1t1HTerpMpoBaT1> no qacTHM, HCnOJil>3YR COOTHOmeHHe: 5.(ol;'l) = . 
=-aR(ol.~p,i)/~:z. npeqeM R(oL~p,i;) B .n:aHHOM CJIY'<1ae (npH p = o, 

IIpOCTO paBHJJeTCJJ e:x.r (:_sol) 

IlpPIJIOllt8Hlile 4. 

IlporpaMMa ·'<1HCJieHHoro pacqeTa 

SHllte npHBO.l(HTc.11 nporpaMMa '<1HCJieHHoro pacqeTa Ha .11sBKe 

~OPTPAH (ii;Jr.IJ 3BM "E3CM-6"), II03BO.ruuoma.a: Bli'<1MCJIJiTl> 06li'<1HOe nepe­

XO.D:HOe Ha.ny'<1eH~e (6es yqeTa MHoroKpaTHoro paccemrn.11) B CJIY1Jae 

o.n:Hoit H ~yx norJIOlllaKllllHX nJiaCT1ilH ( WTRI. WTRZ) - no clOI>MY­

JiaM· (2.5) H (2.4) COOTEeTCTBeHHO. KpoMe Toro. sanporpaMMHpOBS­

Hbl ~OPMYJIY (IS) H (I?) ~ '<18CTOTHOro pacnpe.n:eJieHHR nonHoro H3-

JiyqeHH.I! JVI1i. O,D,HoR e 11.eyx nJiaCTHH (WT 1 , WT2 )e ~~MYJia (28) 

11.Jlii. Iq>aeeoro ai{$3xTa B otSoHX cJiyqamc CW' BE i , \lr/l?I E 2 ) • 

2~ 

5U~RCUT~NE ~UL~~-
LOGICAL ~Au1PLAlE 

r 1)1'. PL E )( :J, i: t , o ".\, o l, 02, .,, , 1•, r: 1 , r, E, r.1• , s l, s2, !. , 11 s, c, G , s, x P., x A• 
• Sl:<.!:2'(,Sf'!,·•sX,!'\C,s~1·r.ll,T!l,AE"·CS,EpS,r!loZ,EZ1'!'!1"1£ 
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o=QO'•r 2 

1,l~=~~~·lr.-t: 
F~?~T ?z,~O,~PS,~l.wN,~H,A~ 

PP.ITYT 93,WO,e,·\,!' 
'>'\I>;~ "4, I 1 

rR!'IT .,5 
!)•l AO l:l1T~ 

\'l: 1.0, ••\'IN 
WL:ALCr. tl"ll 

"le 3 J=i,6n 
tr(c~L-WC(Jll,L'!',0,l 

:;:> '!'O 4 

3 ~'.J~Ttt_.!;i. 

4 ., L: c:: ( .l - l. I+ ( :>C < J , - 'IC ( J -1 ) ) I (.;C ( J I - ~~c ( J -1) , • ( ;·1L-r.c' J - l > ) 
:i".:r.XP ( :Jl. l 

G::"-"lM• l '1. 12/1\ 
E'!:l'·~0/<~)•• .. 2 

.G l: F. l +F. 2 
G: Cr."' L v ( ('; l , C. i! I 

,ln:,2~.s~RTtW!q) 

<;F.: SI G•E '.! 
-;G=S!G•Gl 

~:CMPLX(SlG•·S'~' 

~1~s.e.., 

S?.:SoG 
H: - ~•CI'•" t. X ( ~ , , 2 , • ~ 7. ) 

... s:s2•Y 
~1=~~1i52·5l>·~111~s-s11 

D~:52/HoS~/(S:!-5ll 
;1~.:!';2-~ l 

29 

l 
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'1LC"•'LO( ("!Tll.C,i.,429 
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Gl'T~ 6 ;; 

! rl ·'LAH I 
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;...,~ = !;( .• t 
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0I:-T5ttXV/~, 
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C :. Tr· 6
, :S 

..-; ~LL c ! 'J T t "' , (J, 'r,, T 6 n > 

~Al.L ~- 1 'J'"("',5,«\G,T~> 
Tr: (?.A\.', 

~r: H' ~5 
~A~L CT 0JT(ry,~,~G1T~~) 

~ll.L cr~r,~.~.~G.T7> 
,. .~ 1. L C f•fT I - l, a, <;E, ~ 8 l 

C~LL r.1NT11 1 ~15G 1 T6AI 

t:~LL r.1~T(!111SG,T•A1 

CALL r.1N~1n,Q.~E.r~l 
:~~::H*tWT~H•~t•T6+T7+TR•TOl/2!5,2 

1'·JT 2 ::! 11' l. 
CO TC ., 0 

qTP. =~ • 
,.,T~:\i'!'n+!~ .. rn 
T2LG:J, 

Jr(~•2,5T,~,l 

Ge· ro 69 

. T2Lt=AL0~<nT21•0,43429 

T6=T6)-!;<' 
~o H1n4 

T7:T7l-T?A 
r,o T n6c 
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r. 

70 
., 1 

t·1:~ F' ~~ -:E ~ .t·:f\E l • ~~tTs 

\f3F.;=~·'.''F.. 

~.E2L.r.:"!. 

r.n To 11 

I I' C \'It!'! 2 • u ••ti, I 

. ~:!Lr.:C, 
ftf~LG=ALnGIWrE2>•D,4]429 

Htl·i'!'?,GT,~.I 

TllG:ALC~(HT?leQ,43429 
~RINT 0j,~,T~~~~,TR2L~,BPL~,Tl~G 1 T2LC,~E1LG1PF2LG•Zb1>,?TR~rZT-V 
tr(~tE~_LT,!.£••) 

. ~O T•l !'.'" 
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91 
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•d 

94 
?5 
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'"O'l,,,:.T!r.P,3> 
F'O~ . . :. Tc! 6 I 
l'o'l:~;.Tl.~21-' rr.f.'l!J!''J':!r.S,6(/!X,l~E12,5)/:!4H A!!5c'l1>1lc"i C:cEFF'lt.:IENTs. 

• l;c I l :'. , l r, [ l ~ , ~ ) IQ I-' "IE 'JS l TV = 1 r 6 , ~ , 'l '°' W 0 : , !' 6 , 2 , .12 H ll J I'! , !. F '! G tl : , F 6 , '. ) 
<'DR ;,T(///lY.1 'TRA'15lTlf'l~q·•T:!loVITR2l A'lO '!'~TAL(:O,ll,1~'!'21 RAOIATIO'IS, 

•!1RF.,,$STi!;.t'LU'IGl1•i!"R) ,,•in !'0•1~:0AD\/ rFFr:CT(l•!Rfl,1•~(21 r'l0ll c'llE 41\.0 
•!~~ PL~T[5•////) 

r~ P ~AT ~ :?~ , '.31-t 'lo=. E 1 ':'. 4, 1. H ~ F. v, • 4Y , '· ."'i r. l'i ~ =, E ,I). 2, '• x • 1 MR L =, r.'"". '3 , 
* ,,. !-4 ( c:' ) I 4 x ' , ·~ \ ! ,, = • F.: l ~ • 2 ' 4 x • 3 H \1! 'i = I r: 1 c I 2 ' ti!! ( l) T J: p ' , 4 )( , 3,.. .\, j : ' F l !? I ~ ) 

.. 0 p "AT ( .~ c x. 3i: qi)=, F' 5. 2 ' '•If ( E II l '4X • ;: H!' =. F. '). 3' 4 x ' ?!i A: 'F 9. 1' 
• '• ~ ~ 11 ~ t.1 

' ' '· x , :"Ii{:= I c 9 I ", 4.., ( '4 u , ) 
rOP;•AT<tcX,J'l,la,.(rR"~'IF.NC\j r-OIN~5l) 
"rJ P ;1;, T : ~ X , 611 'If 'IE II) 1 i' X 1 'HT R ! L (';, 5X 1 5H T P 2 l G, P, l!, 4H" R LG , ;., X , 4~ Tl L v , 

* ~ l!. , '•I: T; LC • "ll 1 5 "t~ El LG• 7 X 1 'H !' E 2 Lr,, 'l l(, 3 ~l Z fl R, 71(; 4h ! TRI~ , 5 ;' , 4t'! ~ l H V I 
<"() P, 1,l T ( ;?X, C 1C,3,BE12, 4, 2 F' l ~, '3) 
'!ETur~· · 

l 

2 

3 

4 

5 

II 

7 

t,ND 

ruNc .. lf!N ~ro:> 

~('l'PLC'< s2,xr,,!:s,r'-,'CA,s;.."",TH1f1f;F"1fS1!'.HS1 J,P,\11l,c~Z.s?-.JZ1 
• CHZ,-~?,ZZ,F'IZ,~57,E~Z,Ecz.;L,BT,BT,,r,,r 

r: n' · 11 r f. -; 2 , x r. , .. ~ , E P. , A 11 , "r. , x A o , e ·. s , K , L , ~1 , x !\ ;; • x ,\ , s 1 , t. , • •: • ,. ~. , 

* Afr,~r.~S.EHS 
D ( I: ) : C ~ )( P I 'I I "E I I •~I) 

IF' I KI 1, ~," 
'=r. .rL'<cx.1.11·4t;1xB» · 

G'l Tr: !I 
Z=C,\~r'LX ~ X, ~, l 

O::o T" !I 
!F'!i<,E~.~l 

G!' T 0 I+ 

:!:C··!'L'(!Xo•Xl 
-:Z:c;.6'i( Z I 

Z!=z.,z 

Z: C II PL X ( X 1 A It• 11 GI X /l. I ) 

l:EZ=CF.l!P!-7 >••:? 

GO T.r: 5 

!:SZ:!'EX;> c-52,.z) 
e~z=111 •• o,1+cEl1 1 12 •• o.> 

Et~7:CF.XP 1-H,.z l 
F.r.z=cexri1-s1•7.> 

!F'r.:':.l.T.,15) 
fln Tn 11 

SHZ=<t1••n,>-CFZl1i2.!r.> 
TNZ:~!i~/r'."'"L 

~17=<1.,a.>t~H?-t1,.c,11z 
t;c Tll 1 

TH Z : :' • ( L 1 , , 0 , l - Z Z • ( 0 , 3 3 3 3 33 3.,. Z.Z" r. , 1 3 3 3 3 '3 3 I l 
~!Z:Z•~.3333333.(Ll.•O,l•7Z.10,0666666•ZZ•O.nc63492)1 
!~I, CC(!l•l,31,!:,.,C> 

GO TO ( ll; 9\ l l 1 13' t!!. l 7' l i'' ll, ") ':..-
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r.n Tr cn.~.1~.1~.14,11,11.~.~l,L 
ftL=<7+THllCl1,1C,l+Z•T4J . 

zr!L,r:n,91 

r~~.Sl•ES•~<~l~~Ll -.o TO 20 

II' c !. , rll., ll 1 
t;O T1 !') 

f':·r o •rt< 
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· G ~ •f1 2 1,.. 
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!;!" T!l 16 
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CU T 0 ~ 1 

!~-~L.E!i,?J 
G ,., Tc ! ri 

t\T:Cl, I J, l•AL•'TI-" 

C':-c~·:~2*Eh+t1~.~·~~,.~~~Sl•src/~·>-CtC~!~T.~)) 

"': CS:! +t' ";•!:!I Z I~! :>IS!• At,. C: L "r, (A!. l l 

C':·r~•':r-

~~ •c 2~ 
JL~xr·~L 

~-=rl.,n.l··~L·T~ 
"':·5~·~;eE1•S•P!~l•l~L•T4)/~"l 

P:r.~s~ 

!f'tL,E,,6,~~.L,F.~.'' 

G•J T" 21 

G(I T; 2, 

f .,., •E" 
"=r.::G! 

?r•L,f1,91 

!F<~.ri:z1 
Gr '!'o 24 

~'=R~A~!Cl,,•l,1•r1 

GI'! TO 2~ 

F:F'•EP. 

R ... R!;l\L(rl 

Rt:'TU'ltl 

RE Tuitt· 

:: •:D 

- ~fl 

GO Tr,. '.'.' 

II\ T 0 "AL+" t· 

Go TO H 

ruNcTl!!N Rfl(X) 
EXTE~NAL Rf'2 

·COMplE' s2,xn.Hs.e~.z.ez,c:Z,5Z,T?,HZ 
C0/.111CN s2.xe,t:1S,El'l1.!\f~.sG,XAO,EPS 
CO~MON 1r1r21z1EZ1TZ~HZ . 
! = r. 11 r L '( < x .•·· x .. ,,. . 

E7.:C!=:)(P(•Zl•*2 _ 
. . t7.:(!1.o.:~·l•EZl/l?,1D, J 

>z=111,,c.1-r.z1112,.o.1 
T7=szir.z 

'17.=CEl<:P ( -Hs.z) 
X,S: ~.11/ SG .· 

•1 s;; x.:.-C-1 lC S"• 5 +_ :! 
XZ:XAO/N!' 

.. ,.. .. ~rt=~ 
.• .,. -, ·• ·- ,~- . • D :1 1 "IC= l • t.l S 
~ r 1 = r rt. s t11P ~ 1 < "IC ... 1 > • x z, t·I r. •x z • PF' z, F. P s > 

··~. .- '.Ri.TIJfhl 
ENO 

,, :: .+~~~;:. ~7 ~· .. 
... ~ ... 

·-.-' 
f'UNc':'lllN Rr2,·x I - . -., . -
c ri r1 Fu: x s 2, x r. , 11 s .• E !'\ ,·z, !: z. ,'T 1-, 11 z, IJ , : IJ, s 11, c 11,.,..rg 1 t' IJ, r I IJ 
COll110N '>21l<°1.>,li> 1 Ell - • 
r. O 1111 O I. IF' l I'" 2 / l , E Z , '!' Z • H :': 
l!:C:id'L.v(X1•X) • 

·.-..; 

;,":.·_ ,,.. 
~l/:C'OXP( •I/)••?. 

C'I: ( ( l,. 0. I +El/) I ( 2. I 0.) 

5'1: CI l,, J,) •f: 'I) I< 2, 1 0, l 
T1J=s~·:;c1t "' ·'' 

,H 11 = ·c E ~ p·: - s· 2 .11 1 

' .~"' / F' l\l:'.:2<>11S•Et10C!..OG ( TZ.+T\l•Xt< l 
~F'2:f'EALCF'llJ•<0,, .. 2·,'1•'ill•HZi-

. . Flf.;:JR)l 
. 'EN~ 

SU~p~UTyNE C!NT(K 1 L,SS,T) 
ExrE~N .. L. Rr 

·'~r 

.... ~. 

•• ~ii 

~O~fLE, s2.xc,Hs,E~ • ·. 
C 0t•11 Cl N ~ 2 , X ll • H '\ 

1 
F. l\ , A II 1 Sr, • X A 0 , E l'>S 1 KI(,, t:..l., N; ";( :' 0 ·~' . 

S.=Aft/'\5 . , 
T:1, 

KK;Y 
LL,L 

Ir (Kl 1. 2. 3 
l X: "l ~:~B'l .-f 

. GO TCl 1, 

2 X.'·'"l;. J • 
! !"CL, F. ll., 2 l 

)(114111:0 lF.-8 
GO rO lo 

3 · ·E1 Zl T 1" IF'<~, ·' GO 0 " 
lCMlllzXAO 

.- 37. 

".;!' 

... , ... , 

,,~ ...:: 

"'. 

~ 

··~.· 

-
I 



-r 

4 
5 

6 

7 

II 

Q 

x•u ::xn,..x·s · 
TT=SJttPncXHN,xnxoRr,EPs, 

' . . T:T.TT 
. fF.CKI ;s,7,9 

!,11~P~-i81\)•S~;aT,lD,•A~D.c~T/TJ.LT.EPSJ 
RETU'IN 

! n xcx•ss. GT; 10 ~ • AND. CT"T /T > .1.'t ,EflS > 
PETIJRN 

GO TO 9· 

Go to 9 
l F' < c :!'4l(.X AO"),. SS, GT.,, 10 • • ~ 1110, C !'TIT I , LT , E" S l . 

. RETU'IN 
~l:1N::~111~ 

Xt•X=XMX+X·S 
GO TO 5 

10 t1S=xAD/l(S•2 

11 

· l<M:lt.U/t~._ 
o·x=·r. 

IF' IL, f n. '.'I 

T:<; JpPI\ (OX o XI'. o RF' 0 F"S t 
•IQ 11 l!C"'2 1 11S . 

•:T.Sl~PO(~Mr-1>•Xll,MC•x~.Dr;ePs, 
· Rf~URN 

·eo~?L~~ F'U~tTlO~ E1CZI. 
~~~rLEX Z•i•il•A•41,C 
!FlcAB~,z>.GE;?,I .. 

r.nto , 
S:z 

s1:z 

ox·= 1E-ll · 

END 

A:c1,,J.l 

l 

2 

'J 

A~=.t•<1710,t 
ShS1•Z•AIA1111 

!F'CtABStSll.Lt.1E-6I 

EI =o.•Cl.nG l:•Z ,.~ 

s:c 1".' ~:· 
. . S,l;aS 

GI! TO 2 

no ,.,. ' -
A•CD,10,t 

rsca.'1.,21,1,0,> 

s.•s.s1 

•=a.11.,1,> 
GO TO l 

Dn 1t h111D 
a•a•Cl",,o.t 

s1.s1•a1Z 
4 S=S•Sl 

er=cei<Ptz,,z.s 
~ ~ETUP,N 

i;NO 

- 3R 

F'IJNcTll\~ St~pn(AoBoFtEPS) 
11tr1E11s10N scn,n 

J: ~ 
i',:O 

N:ll 
,I ~"0 

I'=• l 
•J:O • 

l( =I. 
r, O:F' C XI 

~=c,.e112. 
G:?="'C II l 

x=& 
r. i.:F' ( x, 

Ao=<8-Al•CG1•4,•G2•G4l/,, 

! At=l 

2 
l 

H=(l'\• 1\)/14,•All 
X=Ct.•M~i>•H•A • 

G1=F<Xl 

B=rcxi 
Al:(G0•4,•Gl•G2l•~ 

~2=1c2•4,.r.3•G41•~ · 
IF(A&S<Ai+A2-A01-rPS/!) 

!Fl"!-311 l,4 0 4 
11=r1.2 

'l:H•l 
t" I •2 

X:(4•M+l)•H•A 

4 0 2 0 2 

AO•Al StN;il~A:? ~l~•'>:Gl 

4 

~ 

6 
7 
II 

9 

10 
1! 
1 i! 
1l 

r,4=q:! 
G:?=ll 1 

1 ·!lO TO 1 

11="•1 
\I :\li•A l•A:? 

tr(N•lll 120505 

!F(J-5!1) 60619 
!F<MCDIJ1\~ll B,7oS 
.. "! ~:'! \I) . 

J=J•1 i ~ 
· lln T(1 l2 
!rlJO,F.~,C) 

~IU1iT t1 

!"0Qu\Tl~)C,4tn! '1' 
roR~.1AT< 1ll •J.H•> 

Jl): 1 

l FI I \0 D ! ,, '2 l , l 4. l l • 14 
11:11/:? 

'l::N-1 
l :i: I/ 2 

r,o T 'I ~2 

14 !F(~) t,,16115 
·15 AO=scN11> 

r.O:iG4 
ll2'", t "'' 2, 

' 

r.1,:SIN,:>1 

l I; S!t'tPC::'l/3, 
Rr,T'.IRN 

F,lj,, 

- !39' -

SCl'f,1l:Glt 

GO TO 



-r 

~) 
ft 

Sn 
a=104 

G=100,.,k 

10~·~ · I "··~ I 

3·10·2 10·1 
. 

· V.J (H38) 

P:.ic.2 

40 

. .. . . . . . 
1 

V./(w) 
h 

10·1 

fO-t f 
GJ ( H38) 

PMc.3 

,..JL 

""' 

10 

1 

-1'1 



wcwir------------.--
1 

------- ----r--sri 
l I . 
101- r·' r1 -------------+-a-~-~~:k I . - '· . I 

•.: 

(ff·~--- .. -- --

10·' 

.--·l · ......... 
·.to ·. ~. 

•• \j. 
\\. 
\"t.. 

... ·:_. 

I 
i 
I 

i 
I 
! 

·. ·.· ... 

·--- _____ .. :.:\rr-.·· ! 
. -...:=:::. -----· 

... . .. 
-..·~:·. L ... 

f ·. •:.. 

tJ (H~6) fQ -

PHc.4 

~ 

TIOARKCH K pHCYHI<aM 

Pac. I. CxeMaT1qecKoe 1so6pazeH1e .llBHzeeas qacTJIUH B CTO!lKe 

KS .llBYX IlJl8CT_,ll. 

Pac. 2. CneKrpar.&HaH BHTeHCBBHOCT& nonHoro H3.JIY'll8HHff vv;:(w) 
I 

( CIJJIO!!'HHe .KpHBHe) o6paayeMoro B .llByx .!1Jf8CTHH8X TOJil!IH-

KOI IA. = IOO PlRM 3.treKTpoHOM c J10peHU-<faKTopot1. y = 
=· I04• ~TpHXOBNe Kp~B~e COOTB8TCTBYIOT BeABqHH8 KpaeBO-

wk.t· { ) 
ro SlfxPeRTS 2. Q " • TOlJeqffJ,18 - HHTeHCRBHOCTil oOYif-

!iOrO nepeXO,llllOr~ H3JJY1faHMISI w;~ (w) • llafp!i! Ha KPlllBHX 

COOTBeTCTBY!OT paSAHqHNM SHaqeHB.l!M senaqwe~ :eaKYYN.HOro 

OTCeKa ' : I - I, 2 - IOO, 3 -· 10
4 

MKM • 

Pac. 3. To ae, qTo H HS p111c.2. JJ)ISI .r = ro5• 

Pac. 4. To ze. qTo HHS pBc.~. JlJUI ·r • 106 • 

- 43 

., 

-



J!HT9AATypa 

I. r.M.rapH6HH, H.H.IloMepaHlJYK. I3'!W, 3?, !828, 1959. 

2. B.E.Ila~OMOB. ,ltAH CCCP, I33, I3I5, I960; Tpvl(J:l ~HAR CCCP, 

44, 28, I969. 

3. H.H.roJil>,nM8H. !3T<fl, 38, !866, !960, 

4. ~.~.TepHOBCKHI, !3'!'¢, 39, I?I, 1960, 

5. r.M.rapH6HH. !3T<fl, 39, 332, I960. 

6. N •• rr.. Tep-MeKaeJISIH. B.nHSIHHe cpe,ItS Ha aJieRTpoMarHHTHlie opo­

uecce npm BliCCKBX aaepraS1X, Hs,n-Bo AH ApM.CCP, EpeBaH,!969. 

?. A.A.BapcfloJ10MeeB, ~.A.Ea.3!iJieB, H.K.!eBaro. !3'1\'l), 63, 820, 

I972; ,§2. 464, I974. 

s. B.r.EapHltleBcKal, A.O.rpy6sq, Hro .IlaH~ !h.aa. !3'1\'l), 72, 

2034, I977. 

9. r.M.rapH6HH, HR lliH. K3T'~. 70, I627, I976. 

IO. JI.A.Bap,naHHH, f.M.fapB6HH, HR ~H. HsB. AH ApM.CCP, ~HSHKa, 

!!. 329, !976. 

II. r.M.rapB6.f!H, iIH ma. HsB. AH ApM.CCP, ~BSHKa, I2, !05,!977. 
I2. Ha IDB. HaYlJHOe coo6~eaae E~H-260(53), !977; Tpy.zu,i Mell!JJYH8-

po~oro Cl!Mll03HYM8 no nepexo~OMY HSJ!YqeHmo qacTBU B~COKHX 
aHepral, EQH, EpeBaH, !02, I<;/77. 

IS. JI.A.3ap.n:aHHH, r.M.rapH6HH, HR ma. HsB. AH ApM.CCP, ~BSBKa, 

I4, 383, !979. 

I4. X.Artru, G.B.Yodh, G.J'4eneseier, Phys.Rev., lll£, 1289,1975. 

I5, JI.l.JlaH;tJ;ay, E.M.JI&4"lllilII. Teopasi noJISI, Hs.n:-Bo "HayRa", M., 

2?7,1967. 

!6. A.E.!t.er.naJI. .llAH CCCP, 96, 49, !854; iK3T<fl, 32, 633, !95?. 

44 

I7. r.w..rapH6aH. HayqHoe coo6meHHe EibH-2?(73), !973, 

I8 • .8H [TB. HsB. AH Apw..CCP/ ~l'.1311lK8, _g, 522, I9?4. 

I9. CnpaBO"IHMK no cneu;maJJ/HHM ~.YHKUB.RM. Tlo.n: pen. M.MpartOBPJua 
' 8 C '1· "'i~- ,,· M H vJ, THraH, '.~,n:-BO .iayKa • • • 55, :979. 

20. l1.C.r-pall!11Te~H, H,M.PHJKHK. TA6.71HIIbl ;iHTerpaJioB, cyww., pa.n:oB 

a npOB3Be.n:eHHI, Asn-Bo "ilayKa"' rr... I9?I. 

Py1w1 m ~L> : 1 o eTymrna 30-ro HIOHH 1980 r. 

'15 



-r-

38.Kaa 767 

llpen.pHHT E'AiM 

PeAaKTOp ~.IT.MyKa.tJH 

Tex.,peAaKTO,p A.C.A6pBMRH 

~-03377 TM,pu 299 

IlO'AIIHCaHo K neqaTH27/X-80r. 
~O,pMaT H3Aa.HMR 60 X 84/I6 

3,0yq.H?J,!\.JI, I.{. 2I K 

Jfa,n.aHo OT,ll.eJioM Ha~o-TeXH>Itl:ec1<0f:i Imqlo.pMa41rn 

E:pesancKo~o WHaMqecKoro HHCTHT.Y'I'a, E;peBBH-35,ne~.Ma.pKa.pHHa 2 


