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BB e JI; e,B He 

B nocne.101ee BpeuH yJ,1;e.nnetcst 3He.ttitTeJn,uoe BHHMa.Hi•rn .n;an1>-
~ . . : . . 

·. ' ' ' '. ' .· . . : .' ' ,·' ': . ., ' .. .:, :' ... ; ' : ' : : .'' ,. ,:, 

nenmen paspaCSOTKe BOllpOCOB Teopm1 JtKCnepcRO'JIHHX COOT~OmtHIM,tL,. 

TIOCJie HCCJie,ttOBO.'.EIHti HoHo130rOJID60Ba (I) CTaJIO SlCHO, ttTO ,ltHCil~p-
,. • e • • 

CHOHHLte COO'.J'H.(itCHlht SIB11SIJOTCSI CJI8,ll;CTBlfeM Odll{HX npt111n~fto:a JI<tKiJil>-· _ .:.-_ 

non teopHH noJISI o B 3Tott cBa3H onNTHast npoBe.pm )lU~?~poi~:u~ti;_ ·:. . . 
. . - ,·· ' . 

cooTHome1mtt uor11a 6hl npoJIHTl> cBeT (B cJiytJae HapymenmI ux) :_ua .: 

Bonpoc o nom111,nocTu · aneue11TapnhIX .:B3aHMo.n;elicTBRtlo Kpoue npHHUli~ 

nnaJil>HLtX· BLIB0)!;0B,, KOTOpHe Mory? 6HTL noJiy'tl~HH nptL 3KCnepHU8HTaJib~ 
-~· ;, ' ' ~ ..... : ,: ' 

HOU np0Bep1te )tHCnepcnommx COOTHOW8HHH BaltHOe 3Hattemrn IU,teeT'' ;. 

~aJihHe i1roaa paspa6oTKa MeTo.n;a. ;1tHcnepcHonn1:1x cooTHO!IIenHn :Ka.K __ :B· ·. -.. ,. . 
Ha,n:panJienvm UCCJie.n;oBamrn Henad;m,n.aet.fOR·. OClJiaCTH ·· B:.y'Jtte rionyqe1rnsx 

u - ~ • ' 

,n;~crrepc~omm.x cooTuomemrnx, TaK l'I a na.npaBJICHMH ·· pacmHpe111tsi ·Me- ·. 
' ' 

ro,na .rurn 1,rnyqe1mn peaKUJSfi c nepeuenuLtM 1tmcnou qacmno 

ITOntilTRa o60CHOBaHMH ~Hcnepc1rnm1hlX C00THomemrn ,n;Jur peaKuMR . · 

c nepe:MeHHbIM tutCJIOM tJaCTHU 6HJia c,rceiiaHa B pac5o;e ·(2}~' O,nuaKO, ,' 

npe.1v10AetrnHn B 3TOtt pa6oTe MeTO,r( 060CHOBamfsr - ,ttHcnepbuoHHhlX, : 

C00THomemtlt SBJIJleTca uey6e.n;t-tT8JII,HW H BCTpettaeT . cep1t8311He · B03pa~ 

xemu1CI) o B ue.cToanten pa6oTe cne.n;y11 (I,J) paccuaTpnnaK>Tcn ·Bo

npocs Teop11H ,n;Hcnepcv10HHHX C00TlI0ltteBHtt )tJla peaKrtlll C nepeueHHblM 

tJMCJIOM t1act1tn c11e,ny10mero uma: · 

IlpH 3T0M Mli ne 6y,lleM Y\lMTlitB6.,TI,_ ,3JI0K'l'pO1.tarHHTHHe nonpaBRM,, Bhlcmero 
- «.• - . ,. • . - . . ., -

nopa.nica~ cp1utc11pyn BlmMamte Ha 1_,n,_jn m1mr, rJiaBHoro q,nena 
'•. ,. ' 

8.UnJUttY.ItHo . 
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§ I. noc'l'po•ge ppapupx aunJIHTf! 

B pa.dote (4) -~,.H.Bor~.a,<5011. 6HJl8. ••a odllU 4M>PMJDposm 

ffPIIHilHna np11quasocx• B BR)te HBHoro ycaoBU 1a arpuuy paccea-
111ax): . 

Q 

C' I (x) 
Oap ::: 0 

() lfp' (i<') 

/ 

X -S X ) 
Ss -r 

··~••>·$ r~~ J,(x):: t o'fy(x) 

(IoI) 

TaKaJI 'POPMYDPOBM IIPKHIVtna iipHttHHHOCTH B8CLl!a 3q,q>eR?HBHa npH 

nocipoem 3ana3.ltYBal>IPIX mmmyi. O•Ko, )tJIJI nocrpoeuxa one
pe1&1>•x aunJJHTYJt . Y.lt0dH0 Il0Jl!,30Ba:n,ca YCJI0BM8M npHtJHHH0CTJI, 

a·anHcaaumi ilecxoJ1»1to B _itpyroff ~opue: 

dAp (X) 
-•-·· .cc•.c• =•O 
cS 'ft (x") 

(' t . , . . oS 
X ~ X > r 9 e l\f (X) :: t -·00

::·~ S 
· o'f; C,d 

(I.2) 

Jier1to YC'l'aHQBJtl'i, qro YCJIOBJ18 (I.I) CBSl3aHO C YCJIOBH8M (I:,2) 
~ ' 

cne.itYJ)JIUIU.C00TB0meHHeu: 

6f\p(X) -} ·J(Jp(;{') -· ------::-s · · -~s 
6lfp,.(x') 6lf_p1(x) (I.3) 

B JtSJIItHebrex w dy)te11 B3Y'l8.T& peaKrtn• Bl!)ta: 1 t p-=- p +el 

JT-rp--F" p+2{) JT+p~p+2JT I j+p-- ptZJT 

'1'.e •. xor.n;a B uaqa,re pe&KllJIJI oeerca nyxJtou H 0JtHH 603ou, a 11 

xonqe - nyxnoa H ,:aa aoaona •. Ittpem,:eu x nocrpoeu1m npHlDIHHHX 
-:·t,.::;~• ""'"'"• .r .;,: . .;. ,.,~, -~ _.,..•,:·:-- • ,,,...., __ 

x) ffO)t no~eu ~, MU B ,:anLHenmeu dy)teU TIOHHl&a.fi B8~8CTB8HHSI 
M930HHHe HJDI 3,rextpo:aerurase nons. 

. ·' 



., 

al.mnry.n ,nJI.R y:tta:..aHHLIX Bume THnoB pea1tn0:no O60-3Hat1HM m.myJI1>c 

Ha'4aJI:bHoro H :rtoHetrnoro HYKJI0Ha ttepea f·' 11 r ,, a m.my11i.cH 

Hat1aJ!1-:Hnro t! ~();:C:;:::r~~ -~r:10EOB · ttepe3 ,,.) lf ;j f) ·, C00TBCICTB8H= 

· HO '11 ·ror,l\O Mat~H'U!!J!t ,OJ!CliGUT npo!le~C'.a MODIO 38.TIHCOIL B BU;lC: 

3•e• Ip 0 oaossaqaer a.MnDTYlY coctoaaa paccesBe.TenR, 
a COC?BIHH8 Hll,n;CKCH (I H ',,/- , OTHOCRJ:1H8C8 COO?Be!CT1'8HHO 

it Ha tt8.J!sHOMj' H KOHl'IHOMY coctosnmsw, BltJil)'lB.1)% B ce"21 BCG ICKft,;:> 

t0131i@ 'IHCJla.9 Xtl.paK'f6pff3YJOJ.qHe CHCTeuy 38. HCKJmtteimeu BMllYJlJ.COB 

M\fe.1£iROrO. II KOU'IHUX 603OHOBo IlepeCT8BJISUt ~ (I .4) one~TOp . 

po~tmms '?p( ~) ( q' H. EpaMHee Jl0!30C UCCTO 11 Y'DltKIU cta<ht!IIOC?l> 

nonytJW! 

r , u -d2Jr)3 f-t'1,X , 'j (~) ',: (->II·. } d. 
J04)ur(q 1q,9, )=-- ✓2 q-6--,e • <PS lfp,<CJ..)lfp"<q)Jp<x> PS) x 

:; . ~ 

OTKY• nocH nepecTaHOBKI onepatopoB norno~eKHs ua KpanHe& nie1oe 

Ha OCUOBaHHH coo6paxeHH1i Tpa~CJIJUlPI0UH0tt HHBapHaHTHOCTM 

• 
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BHpu9HHe (I.5) uoxer dlitT!, 3&IIHCclBO B CJieJtYDnteY BQII 

' " U 2 ~) 4 r , ' . i1 •. zet ' u 

so(JW( q.) q, 19.. ) = ✓ a q,o q,-~ q:;,- 0 ( p 1' q -P - <f, -.,~JTo<,w- ( q > q /I, ) (I.6) 

, ~'i, ,~ L; ~ • 

. 2 
rit · . , , ,, ") r i co ) / 

"t et ·•· I ( q X i" q X ., 1 II I 1 (). . (] f . .. p s ) 
T.;,.,,. <'liq: <tJ') = -1 e dx d x < p s j ,,_ 'fp• <• ') 'f p" (x") 

Y'81T1118R YCJIOBHe npnqHHHOCTH (IoI) nerxo BHJt8flp qfo mnxerpMpo9 
SaBle I (Io2) B8,IteTCB- no 06JiaCTK 

I I/ 
X > 0 X > 0 

. ' ' · (I_o 7) 

Ortepe~s aamafy,1'8, CBasaHa c uarpnqaw 3JieuearoM one,Itynmero 
BRJ,ta 

(-) . C.J; + i ll I 11 I {-) r ( +) ,.. ) - .f. 
Sol u.r ( Q i q a ) ~ ..: p s tp", ( q ) 'fp 11 < f') 5 1f f ( cp J p s > ) rr 

, v , i, J . · (I .a) 
. Orc~~a, npMH~MaR BO BHHMaHH8 (Io2) R HCIIC)J!ISJM ftlKJD Xe T8XKIKY, 

MK R npx BNB0Jt8 (Io6), nonyqn 

+ , 11 (2.n) 4 
C' • "{ •. · 11 . adv , u 5. (o .a o )::-t ·· ;...;,,:;;.,._,..,.,....... o(ptQ-p-'1,-o )T (a o a) 

cJ..>I.J.i l-) l, l l- '1a'io q. ~ q,~ .· v ... . ___ ]' o()W- iv I l l I, 

r c) e, . . , , It X J( n 2 · 
adv· , ,;- .. ( L(i x-1-q ) , " , 'j O /\p(o) I 

T,1)w-(i;ct.>Ci )::Je dxdx <ps o'ff,(~f)o'fp'i(X'!) ps)(I.9) 

waierpapeaanae B (I.9) Be~erca no oG.mcr• · 

x' < o 41 
X I:.. 0 

) . 
(IoIO) 

C tt01101t•I> (Io6) • (Io9) aan_apunt•• traCTh ~IJDfJ.zt• npoqecea 
11ont dlt'.n, aamrcaua B BKJte 

Aol,..,(,i i q_',q,"):: ii- (T/:\q, i 4', <(> - To1~t'(q i q,', ci")) 
(I.II) 

ffptXJ(e qey 3aHnf~CS ieranLHI:W aa.nao• aHTH3plll?OIOI l&CTH umo-
- . ~Y~H, ocraBo!mea u asyqea• r.mtelCanu npo111ccao 



. . 
Cor.nacuo 3&KOHJ' coxpa•us ~Hepr'a..;.anyJu,ca CHct- mlllteMi 

B ,rcaJIWiellleM 6y.n;eu pa6oTa.Te B eacrt• OTC'IITa 
_.,...... -;,.-, 
p rp. ;::;Q 

BMeCTO B8KTOPOB ci ' i u BBe~eM ieno,a Q ... , 8 

CJ'lt~J'l)ll{HM 06p&30U~ 

(I.I3) 

onpe.n;e.JHB n 

(IoI4) 
JlerKO BMJ];8Tb9 qTo BeK?Op Q RBnaeTCR Bpeueuo no,rco61111lo 

'PrlEClpyst 4=X MepHSn KBa.n;pa, NKTOpa 

(IoI5) 

. 3&EOH coxp~HIHH8 3HeprHH=m4ffYACa (I.I2) B BH6pulN>tt HaMH ·eacTet!e 

0tc1teTa uo:i:eeT 6btTb samteaH a B:vr,n;e 

DlflltCJmHH! HaXO,D;HM 
\ 

(IoI7) 

-r ~ 

r.11 e - e;unmttnblit BISfop, opror~M..nlult_ senopy p , 

(IoI8) 
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ttepes E Mil 0603HallM!J'. · HYJlelyIO KO~_rIOHeHTY B8KTOpa Q • B · 

HaCTOSD{eff pa6oTe MR p&CCMOTpHM peaxinnis B KOTopux po~,n;aIOTCR 

603OUW C o,n;HHaROBmm MaccaMH? 
, ~! -,,. . i;J r: ·~ :? a -·f..l .. ,r-.,i 

~ " ' 
(IoI9) 

Y'lll!UB8JI (IoI5) K (IoI9) Haxo~HM 

Q~ ~ . ?: n l. :~ - h"'IQ J- rr1, '-t l::.. = 0 (Io20) 

B ,n;aJibHeg•M UN 6y,n:eM p!CCMa!pHM?D CBOllCTBa ananHTHqHOC1'11 aMIT.IJI= 

Ty.n;u npon;eeca OTHOCHT8.l!,HO nepeMeHHOtt E. H3=3a oproroHaJlM@~TH 

BeKropoB Q H c cne.n;yer 9 tr-ro· BeKrop -E , Boodl(1 roBopH ~ 

HBJIH8TCH ~YHKD;Hett 3HeprHH Bs tJTO .n;enaeT KpallHe 3aTpy.n;HHT9.~lbIM 

.n:oKa3aTeJibCTBO .n;HcnepCHOHH&X COOTHOmeHHllo ~HcnepcHOHHae COOTHOW8= 

HHH oco6eHHO HHTepecau~ ROr~a HtHa6nro.n;aeua.n OOJlaCT!, OTCffeTByeTo 

B 3TOM cnyqae .n;HcrrepcHOHHKe COOTHOllleH•JI .CBH3&BaIOT JlHmL Ha.0.D>,l'J;&tMNe 

B8JIHtJHBHo 

B TOM enyqae 9 8CJIH .n:•cnepCHOIUU. C00TH0llleHHSI co,n;epa, 60JI1>my10 

HeHa61110.n;aeuyio 0611acr• neaaocr1, arnx cooTHomenx,rn cm,nmexen ue ron1,:10 

BBH,n;y TOr09 tJTO crporoe ,Il;OM.3aTeJI!,CTBO 3THX COOTHomenn~ ,1te&eTCSI 

RpafiHe 3aTpy,1tHHTeJihHLIU~ HO TaK~e H B CBH3H C TeM~ qTo TaKMe coor~ 

Homemta 3HatIHTeJI1>HO Tpy,1tHee HCilOJII>30BaTl':i )tll.SJ no;xyqem,rsr KaKO!iQJIH60 

HH<)Opuan;HH o ~nsaqecKHX npo~eccaxo 

B paccMOTpelJILlX HaMH peaKD;HSIX. y,naeTCSI npn Ha,1tJiemnte11 BR6ope 
-..... 

·BeKTOpa /\ TIOJIJ1IHT1, .n;HenepcHOHHLie COOTHOmeHHSI9 B KOTOpHX Be~ 
Ha~JIIO,Il;8.8MaJI 06Jle.Cl'1, 3Heprail HJIH TIOJIHOCTI,10 ;. 0TC1'f01'BYJT, H11H SIBJISI,;, --eTCSI He oqen1, 3aa,qnren1,soffo Ba6epeM nanpa.n11.eaae Bexropa l~ 

......... '!""'" --~ 

T&R:HM o6pa.30Mp '<IT06LI OH d&JI oproroHaJieH BeKtOJB)I P H 8 • 
Tor,na K3 YCJIOBW~ (Io20) CJie,n;yeT 9 '<ITO 

--2 2 , ~ ;: ~o -=O ~ = m,,. - rnt m~· -,, m;-> I,\ ) \~ .. 
(I.2I) 
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Ta.DJI odpasou, I nhi6paHll0H HtU •• CllCl'IMI OTC'tleTa aunJmTy.n;a 
. -:-- ->F"" -► 

npone~ca _6y,n;eT SIBJU1,..1,c,sr; tp~H~en nep~ue111nix .E, e, , ~., l1 
-';re-- ~;..,- ->· 

npHtteu np11 1'131l8Hilll• nepe:ueHHOll E B8KTcrna ,e, · p · A ', qllKCII-' . . l l ·, ··.,: , . . . .. 

pOZHWo 
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. . . ,...- . . 

§ :3, pa.11113; QHTHiJ?!Ht91P a V U!PIHTUB ,npOi@SS,L 

3aflueMea · H3JWHNll aHTH3JIIIIITOltl 'IaCTH a.MnJIHTY.Itbt npou;ecr:r:i . 
' . 

PaCCllOTPlll, 111,aUHJte: 

· . 1(a X +-q X -nx} J lf(J<) · '--/\ p!vJ . 
• , _11 _ _ t, ., . 1- , " , , a . <'"' ... ·~ DS) 

f 
I I II IJ 2 8:5 

A vi,\ - ~8 ~. ci~ ii~ e d xiix dx < p s I 8~~x>O<Jp,1(><") + ~/11')0!!, ~'.} b 
(3~ f} 

Is Cpt\BHtH•R (3.I) e (I .II) .nerEO BJIJtiTl>: .. · 

A 
. 2 ( e /1 ) 'J {' I I U I lh 

Q o'a"=- .. . . o(p+~-P--q.-q. )A,1. w-('t,i>'-1, ), 
I, q l .- \]8(b q ~ q ~ . . .. ) (3o2) 

YqHTHBaR paBeHCTBO 

. +' 
~p(X):: -S df (x)S (3¢3) 

I 
I I 

a tatcze CTaCbtJiiHOCtlt cocroaHHI p 5 > ) Ip s > , nerKo 

noqar• 
2 · e , ,, 8 Jp(x) 8 A,(x) J < -----+ . 5>~ 

. P 
5 & 'fp' (x')cl''fy"(x") &'fj,., (x") 0'f p•(X ') p 

= L <- P, s , I DP,. f' c x, x. ,, >Jr < x, > + D t, p' < x l x , > J f" < x J1) 

+ dp (X) Dl, l' (X 1

) x'')- Dp:p" ex:;(") jf(X) - dp' (x') Df,f'' (X)X'') 

- dp"Cx''J n,tfJ}(,,,f)I ps > -

(3.4) 
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a.unJIMTY.Jtli UOSIT 6LtTI, npe,nctaBl8H& B CJI8.ItYJOill8• BH,ll;t 

::

8

JT N'< p-q '- l<n) Di, <t." ( n, p ') = J B"i'~"~i idxdK':< p's'/ DJ', f" <X:, x")/ n > .. ·, 
. . (3.6) 

. · Vq,:Cn
1
p1

): < p's'/J'p,(o)Jh >. . · 

TTpH IIOJIYll8HH~ (3.5) 6LtJIH HCIIOJIL30Balllit CBOttCTBa tpaHC.IBUH0BH0ll . 
•· 

.HBapH8.lITIIOCTH }.taTpH'liHLtX 3JieueHT0B, a TaE!:8 ?I:>eJtII0JIO~e1u,:e t tt_T?. 
. ~''"- ~ ~, ·. 

onepaTop 3HeprHH-HMffYJILCa 06.na.n;aeT TIOJIHOll CHCT8MOrt B8KTOPOB coc-

TOSIHl'!tio I!pOBO,ItSJ HHTerpHp0BaUHe B (3.5), TIOJiytUU.t : 

.,.. e 

A"' ,w-('I,,'!.', i ") = JI ~ {vi' (n' p") Jlq, I q;" ( P, n) 8 ( p~ +iz,0-c~ M~ + ( P' +cf') 2 ) 

(3.7) 



Ga IO•· 

- 8 ( p
0 

- q,'~ - ✓ M~ + <Ji_-1[ 0
)

2
) Dii q,' (n) p') Vf~ ( P, n) 

• ·- _,! . • • • ~:·~ .• ";;;:- :¾; "►'· ~·, . ' - .• ' . -:: 

: c) (f~ 
1 

+ 0
1 

;.'~_-'_' -':Jl"]~ ~r( p1
4- '5 1+i:h)~))D-a; ouJ n 1 p') Va ( P, !'1) 

C ,. ~'1) ' • ' .. ' . ' l' .. . "I 1- . I, . 

. · · ~ S ('p 
O 

- a : - a 
1

0

1 - ✓ 1~ -1 ~ 4 ( ; -~q' ----~ ,; ) 2 ) · slq ( n v' J D _ n , a 11 ( p n ) i 
• , •i.•. ..l, .. , ~ ':i (; v y- ·• ~ ; ' r 1--1r l l ' ; 

':' . )t ~ ' ·. , . r,- . ' ..;. 

Pacci1IOTJ)Hlr d - <pyHKUHH BRpaxelJUI (Jo 7) () JierKO JTOKa&e.T:E, 9 t!TO 

.. s..·~- .ocodeH'tio~tn· 3THX (pYJ!EUMil B o•crelll OTCttera 9 r.- CJIIJJa 

HJ.mym.con Hyx110Ha .no H nocne peaE1~1u1 paBHa HY,.,, dy•T npm 0Hepruxg 

? ~ 2 2 1 2 -~~ 
, Mn - M + mo. - m, - - rn .. - p E ::: ± . . I ''1 ,;::C.'f ::, 

2 ✓-~e ... + ~-:,.,, ii 

.__ · _ 11_ _ M."2._ _ M 2 _ 2 ~ 2- -2-p·. 2 i 2 
-· r.:_• ,..; -,~ n . - r f 'Q - - -· m -c..-- . .. :? 4JflJi: ~ h,"1~ - ~-.. ~·-· 

~ •. -1 ·""./t 
(308) 

Yiurtsaaa: (I a2I), JierKo y6e.n;HtiCR, llTOt 

l E ,,., " i E ! I 
(3o9) 

Ha ~6H~;,;~ •• :-(3~8);;),\ 8 - oco6enaoc:ra' tf!l;r,al ,npn 

dJJJ.;T cooTJMtl'.CTBea·~o ~PM 3He pr11srx .. , 
l ""i, ~• -:-.. """,-'.-.,_ , . . , •t_ ' . ' • . •,:, • : }' 

. . 

f-.-1 ... I""" 'hJ ~ I/ 

I 

E · .... ,1.. 

'l.- -

m.Q2_, ...;._ ....,.,_2. _ _!.._ me ... --p 2. 
. Ir•·/ -4 .r' 

2fpa + Ma 

2 · A 

. [ ""' ! mo. 1, P2 • -i;- m 2 
I . .f ?..vpi -~ l"'1Z 

(:3oIO) 



""'II..., 

EcJm npe,1t110JI0DT!>, ti?o ue:Qy r-1 • M t- µ HeT anmmx· CISI3AIIHT:ll'. 

coctoSIHvttt ue2oa .... nyEJIOHB0%1 clicre&, to no.m.ru B (3.8) ·Mn >1 M ~ ~• · 

nonytJWM9 qfo uenpepHBm.an cneKTp aenT I oGJie.cTn, r.tte 

H 2 c 2 ~ 2. 
) ! E I ~ 2. M_/A- + µ. - z ma_:- t?. p - T rn 

·.. . . 4~p2 +M2 

Ecnw npe,n;nono:urr,, qio 

( m ~ + P2) ~ {-( MP- + ~ f 2 ..: + m 2) ) M f + ~ fl 2 > -~ rn 2 . 

T01°,It8. aenpepUBHllff cneKTP JI8DT Bume 0).tHOHYKJIOHBLtX·noneoB, W 

sa,preTvtqecEmn cnexip aHTH3PM_MToaon qaeTn aunJmTyis npouecca cxeue.0 

TM'lleCKH lA:OJ:eT 6U'.U, ~306paJteR CJie,n;yrotrtMM .q~~301U 

,'"!l ,-.' 

-E~ -£, f., E2 Ee 
fff£fIIfD ,,~-~---+---..----"l'-•-··--HfHIIIl 

-Ee 

·lpucfl 

Heo6XO.I(BMO OTM8THT!», ttTO na6JW)ta~uan o6JUtCTl, 3Heprvtff_npo,ttoJimeTCJI 

OT Lp (noporoBoe s~aqeume aseprna) 



<=> !2 = 

HeHa~,miaeuaR odJtact• B ~~cn~pe,ionuHx cootwoa1wax ayi,, otcytQ 

ctB01ati, ec.m aenpepuBBH! enelt'fp aaquuaetc• 1uxn nopora npout$= 

ca 
[e, "'' Ep 

(3oI5) 
YcnoBHe (3oI5) B8K1IaJtHBae'f OfPlHHqeHH6 Ha B03MOXHHe 3Haqea■s 

m~ • p2 0

0 tftoCu nurmearit an ori-,ux,qen.1 B srBuou BH~l9 1ui1 

o6pe.Tm.tcs x paccuotpeun EOHKpttnsx npmuepo1g 

. ., :,~) ~150Rn~~ XOM~'fOH=34xf)8K'f ( ti· p - .. p + z l 
. " .. . ·. ✓ 

)0 

B . Jt8,HHOII ROHKpeTHOJl npHMepe t nonaras t'n = rn 
1 

= 0 B (f>opjlJAX 

(3GI3) n (3aI4)f nonyqnu: 
..... 2 2 · -2 a , . I 2 2. -? 2 

E = P ~m~- ) E :,P +mQ. ) E = M~,,~z-µ -rna-P l E ~.L(jpjt- r:'iL) 
I 2 ✓p2tM2 C ~.✓.p~t-M2 (, ?..~p2+M' p e. ipl . 

(3eI6) 

OTCD~a YC1IOBH8 OTCY'fC!IHR HeHa61ID~aeuon odxacrH (3oI5) MOZBO sanRQ 

caTI, B BKJle 

I. pl t rn~ f 

2 

( ~ 2 - 2 r~µ +- 2 fA. - ma - P 

e-Jf2 + M't 

IUIII noc.1e H8K0T0pHX 31I8MeH'fapHHX npeodpa30Ba!Utth 

(3oI7) 

P\M+1a}ip2[2m~(M+-~ µ)-p.2(Mi-½'P-/+~ 1im~t-m~Mtfa,. (30I8) 

YCJt0BHe , npH K0T0p0M Bcer;ra CJIIC1'BJr)T B03JIDWH6 3H8tf8HHSI nmy.lli= 

ca p2 , o6ecnequBaIDl!lHe Benonue1a HJBB81CTBa (3GI8), uozet 
6U?~ 3anacaHO B BU~eg 

,, ~ re; 
,i.;. L... ... 

mo - ½ /-1" . (3oI9) 



(3020) 

IIPM KOTOpOM BHilOJIIUJefCff (:3.I8), a ICB rn~ <. + J-l 2 
' t'O 

cyme CTBYIT 1I8KO'f0pbllt HRTep~ 3Ha qeumn ~a t IKJilltJ8DDtHI rouy 

Pc, odtcneqmM1Jmne Banonaeane uepa1eacraa (3.I8) (cu.pnc02)e 

Puc. 2 

Heo6XO)tiiMO OTM8TH!lt CJI8,ItY!)~HM BaZHHff ~Kr, 'CITO Ka& It Bi o(Syq .... 

HOM nportecce. paccesnmn ue3oHoB na HYKJiomx, . ·· • Ko;opou · 1tenaaaiaeb 

Maa 06JiaCTb·oTcyTcTBYet JIHmL npa paccuorpea• pacceaana snepei, 
. OTCYicrc:yeT 

TaK m B pa.ccuaTp•Baeµou nponecce aeaadJID'AaeuaJ! odaci,vnpx a110~ 

ropmc orpamitteHHSIX Ha (pmsuttecime neaqaau, onpe.-....,..e KBBIIBtWQ 

npo~ecca (P) mi > "ii2 
)· ffe~tt.1teu K paccuorpeRHD 8.HTlr3pNlifC,BOI 

tJacttt ru,m.1mxy,1ts nponecca. .ttnsr odJia.crn aaepran l E I<=- E c • 



=·.L"t Q 

Ha OCHOBaHHH (3.7) nerKO BH.U:8Tb, qro. pa.ccuarpHBaeuoff O~ACT• 

A J.>w- <Cf.>. Cf.\<tl' > uozer 6HT& 3~nncana •B Bn.n;e 

A ( ' I/ - [ { ( - ~ ) [v. ( " I) D ( ") 
. d,w- ~>qi q, )- ITS" 1 Po i' p.' p <j, if' P11 p 

+ V f I ( p''. p') D'l i 'i'( P, p")] o' ( E ... E,) :c(I - ~; )[ D'li q," ( ❖'Nf ( P, p") (3.21) 

... Di, q, c r''. p'N,f•Cp,p">]dcE-E, i ... 1 f ,- at )[ D-~: ci" cp; p')V'l cp I r" l Stf ,_ Ei) 

-Vi (p': p1)D-f1f (p,p") Sc£ - Eel]} 

r.n;e·cyJAMHPOBaHHe B8,1t8TCSI no ~IlHH8.M npoueJ:YTOtfHOro O,n;HOHYKJIOHHOro 

COCTOSIHHJio 

B Jt8,JI~HenmeM ~s 6y.n;eM nHcaT& ,n;HcnepcHOHHH8 COOTHOmeHHR 

no nepeuenaoff Eo Ha ocnoBaHHH peaynDTaTOB .n;aHHoro naparim,q>a. (3.2I)) 
11osno BLittHCJIHT1> ;BKJia.it n ,1t11cnepcHoHHblff HHTerpa.n o-r edJtactu / E / "- Ee • 

E, 

_I Id '(I:- Eo '\ntl 
IT E E'-Eol 

-Ee 

s ±" A d. ) w-i_E ~l -
E' - E -

= '[ [( Eo- E rtl 5 t l?;CP;Li,B) + ( Eo - £ r 1 5 ! Q 1 (J5,1i,B) 
l~1>'~ Ea-Et Ei + E Eo-Ei £; - E 

(3.22) 

r,11e R, cP.Li ,i) = ~u- !; )[ v'I.' (p'; p1
)D'l.,'l." ( P, Pl') +V,(<p", p')D'j,, 'l,' (p, p")] 

. - - 1"" ·. i ( G ta ) II I V. ") R 2 ( p J Ll i e,) ; - T 1- Po D-q \ r(' ( p > P ) !(. ( P1 p 

·1;· 
,' 

' 

l 

_\_~_J \) 

' ' '• ·:ti 
,·'q,' 



• I5 • 

Qt <P ,A,e) = -o- !~ )[Dii't" <p';p•w'l'<P, p"i + n'li rt·< P;p'JVi" <P, p"i] · ....... 
· · · .· . . .· . . . . . (3.23) 

Q 2 <P, A ;"B) = ~ ½( j - 2:.· )Vi (p'>'lD-f; f (p, p") . . .. ·· .. 

. :. . .. . . --
S± • onepatop cumterpst3aIUtft HD astxcmwerpH3&Itlfli no e. 

(CUo§ 4)~· BYJICHHU CMHCJI 0IIeparop0B V . a D t IXOJ:tll~X'. B 

B!ij:e,J:8HKe (3o23). Ha OCHOBaHHH (3.6)HNeeu. 

(3.24) 

la coodpazeuan pe,rsrus:actc1toff 111sap1antaoer• n:·y'ffltHsaa, qto , 
p'2 ::: p"2 = f: 2 > q'2

: O • . J ~TJ>l.tmUI 3Jf8118H1'_ o~epatopa 

a,restpoua.ru.ursoro tom J
1 

uozer d11r• npe.ttcTaBJieil s .. au.1te. (S) 

< p's '/Jv,(ol/ p"s") = U s•<p'J{ e:tf ,J/ f H< p'-p"Jt'i Kv-J}us" <p;'l ... ·.·· , (3.25) 

. . 
e • nepeaop,.mposaHHHit a,re1trpaqecmtt aaps.n; · nyxnoua, 

I\ I 

f :: /Jp ;::p +fn tn 

r11.e fA; > fr, - a1ouaJI1»HHff liarRHTHYff uoueut nporona 11. neffrpo&a, 

t 
_ l+'C3 l-t3. 

p - 2, 1 th ~ 2 

· . cn11tH.op 
JtHp&KOBCKRH cnenp. 

Uepel!Jleu K n3yqea1110 onepaTopa D • · ,raa ·. npaepa . ~CCMOTpmr 

onepatop Dq,\ q,11<p': p') , xoropstt Ha ocsoBaHHH (3.2) • (3.6) 
onpe.iteneu c,re.n;ymnimi otSpasou: / /, 

. ""· a· , 
8( p'+q"-q, -p")DV( (p'.' p')= ~ j t'lK -'l1xdx"< p's') <lt,':,,l; !J~•:::, PS>. ·. 

(3.26) 
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O'fel',!Y;a J1tr1to BH)tlTi0 iltT_O onepe.top . D COB__., C 3PMui'fOBOft 

tJe.C1'1>1) mtIIJIHTJ,ItH paccesm,ia· tG!OROB B8 B~IOBax (6) e Katt nepmtHHLtti 
II I onepatop Vq,' ( p > p") ., Tait st onepaTop- D ~, 

1 
q," ( p ) p ) 

rruee!' MaTpuquyt> C'fPYKTYPY I CmtHO!OM J! H30TOllHtJ8CKOJI npoctpmQ 

CTBaXo Cm'!HOBM crpyxiypa onepatopa D COC?aBJ!8Ha H3 HIKOTO<-> 

·pex He3aBKCHMUX0 KOM6tU?8.ItHit B!~TOpOB q_, 
1 

q_ '\ p '\ '( e Crpyxtypc, 

Hllte <l>YB!tttmH 3plm1'080fl traCTlt aMllJIHTYJtY 'nP'~ P,
1

, SIB~HlO?CJI rntBapHaHTHm.M . ' q,.,q,·· . . . 
~ymt~HMH 2oX B83aBHCHMHX t HHBapHaHTOBg 

~ I II II 
'J=-z(p+p) ~ ) v, = t, ii") 

Hs coo6pa.eHHfi peJisTmBHCTCKO~ HHBapmaBTHOCTH orieparop D 
. CSHT!J . npe,ItcTaBJieH B BH)t8 ~-

Dq. l 'l, !: ( p '\ p') -= f Q 5 ( ~!, V, ) U ( p') R ;V (ti, i 11> p1J) U (pad)." 

(3o27) 

JJOl:e'.I' 

(3o28) 

l{JISI cxpyKTypnux tYHKitWit Q 9 ( v 
I 

vb > uoeo im.micaii .nscnepcwouase 

CO~T~omeHHH. no nepeueHHOi! V ('7)e Cne.ztye'? O'fU8'fr1'f~g tl?O C'fPYKTYP= 
. ..- I ..._,I . 

Hiiie cpyIIKIUIH B CHCTeue 0TCti8T8. p + p = 0 dyJt,y't 3aBRC8'f'.& 
---,2 -

OT nepeueHHHX i:= }. H. P;, 9 npHqeu 

. --,2 
)). = p 

a A 

c.··--··------~---.. 
l 1 :::: E 'l p;2 + t"1_ 2 
I ), ).• • (3029) 

-t;- I -"'" II 

HH)t8KC ..,:l YKa.3HBaeT ii tl'I'O- BenwtmHLt C>ipYfCJI B Cl«Cteue p I• P =Oe 

CpaBHHBaa 3TH BSpazeHHR C 3Haqeannn HIBapwaU1'0B.)) R vi B 
-• ...- I 

CHC'feMe Ofcqeta ( p + P =0) Ha.XOJU'll( 

--, 2 ( --2 2 p. '::: -;;- ( p t- m ) 
.A .;:'. . Q 

(3o30) 

"~2-~"r1 2 
.. E; == J. p'2 + M 2'.°£-;m~ 

-;ii 
-,~;; 

~~ 

~ ),, 

~·: 

,-=.:-~ 
. " 

'--.... 



3.iteCI, in.I YtJJIVl TO 06ctonre.n1>eTBO, tlT? apimto:aaa tm.C!I Di i q." (p'; p') 

BHtfl1CJieHa JI.JIB 3HB.tJeHHI 3HeprlH E. E1 G l'l3 ~OJ)YYJt c,&:30) KH:BR.Jt•, 
I --4-1 

'ITO B8JIHtfflHH E >. > PA 18U{QCTB8HBHII) 3TO o<1ctoateJl~CTBO IlOIIOc.> 

.111er sspasuxa. cTpyKTyp1me ~YHRIUUt apmtTOBon qacta Dq.; q.'' ( p0, p', 

qepes .ztncnepczomtuit uuterpan" 3aueTuu, 'Ito ecmt (B) . ·· 

TO ,JtHcnepcHOHHutt HHterpan ue dy,1teT co.11.epmTi uenadm,~aeuol 
oOnactH 3ieprHH H HM, 'BOodme roBopn, UOZHO ds•e dY BOCftOA301at•c• 

.1tiu1 Blltttc.nemni CTPYKTypma iYHKQBI D q, 
1 
q," ( p'\ p') e Q~.aye'f 

o6paTPITL BHHMatnte Ha Tou, ttTO )tJUI :.ntat1ea111t aueprBlf 't l: 1 > t E 2 

( JiexamHx · 1utxe nopora peaitttHPI p + t --~-,.= z 't + p ) nexr ope. . 
" !I s . . •. . . 

9, 1 Cl, J p t BXO)tSUitae B Rf v t KOMllJl8KCHH9 np,rqeu DBl&aa ~!· 
3T~X BeKtOpOB odnaaua COCTaBnn~men BSKtopa, HAllJ.BB.HHOff no 0 

. -i'-

O)1.EaK0,, <'naro.n:apa cm.metpH3a!U!n H.mt aHtnc~mrtrpn3attmn no a, . , Hie:> 

oinopO'AHHff qJieH B JtHCttepCIOHHUX COO!Homesz•x (3o22) ue 6y~e, coiep::> 

XaTb OTHX COCTaBXHIOII(HXo 

Bee npoBe,IteHHUe Btitme pa.ccyx,tteHns O?ROCHT8Jll,HO Dci,iq''(p': p') 

MOrYT 6uT:& nonTopeaa H npK aHamt3e D~·;q,"(P,p"),D11 q1(gp 11
), Di,q•.(p':p') 

B saKJIJ()'qeHMe paccMoTpMM onepatops D-q,\q" ( p > p") B D-i:i'' ( p':p') · 

JierKO BH,ltGTI,, uanpHMep, '!TO onepaTOP D-q. ;q," ( P1 p")e 

SIBJISI8TCH 3pMltT0B0~ tJaCT:&IO a!lilJIHTYJtbt q>HKTMBHOro npoqeccaa 
p -F- p {- ?..[ 

otteBH.D;RO, tlTO 3aKOH coxpaaemta BUnOJIHSieT·cg Jmll!> ,ttJUI KOMn1teRCBHX 

m.myJILCOBe Cne.n;oBateJU»HO, onepa.TOP D-i')q,'' ( p} p") 
BwpameTca qepe3 na6mo.ztaenme BS.1IRtraHUe 

Ht 
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B) ~O'l'OpOQen:He .ttBY X Ji" ~30HOS ( 't + p ~ 2 rr + p ) 0 --

Ha ·ocsonaBmt (30I3) ~ y1mt1itBasri tltO rn =0 ,, Mt = /J· t noJmca 

1n,:u,u1 rpamnta ar;mptpaBHOI"O cme:rt:rpa. m nopor paccMa.TPHBaeMoro 

nponecc-,a uoryt 6JJXTb aamicaHu B BHJ.te: 
-- . . 

~,-2. 2 Q 0,. ~ -P '- . '2 j ;; . ,2 ,y• c 
._, P I· µ - rYl rt . P i' r n ir;, 

[:_ =: · ---· · , ·• ) E :: -~---··:cc.cc.:::c.c';~;e;. 
1 ?_. ,J p2 -t M 2. 2. 2 ~~ l- M~ 

r~ 'J'✓'; ft t- "i fl.. • " rri {) - p 
} t., (; :! ~. - ~-•-''<~~:;:-:.-:;;::;;:~~--·~ ,_~4" 

.l \I IP .,_ + M 2;,. 

l --:-[ -:. ;~ (IP/ + p ~ 

2 rn11 : 
- I 

'1 -,1 / : r .. 
'\ ';..J'. 

(3oJ2) 

TaK mR nopor peaKn;mm ~ am~H~n rpaHmn;a Henp®p~aaoro cn~~ipa B 

,18.BHOM fiPO~®cce COBna)ta®T C aBMOt~llffimffl Ben~tmOO!ffi B cnyqae 
JtBOt!Horo KO?.mtOB='SqlqlSICl'as;i 'l'O YCJIOBHe OTCYTCTBHH Henad.mo.rta.eimn 

oOna.crn iueer B~ 

m~ f: -{, fl 2. 

(3033) 
2 

0)lH8,KO, otteBH)tHO, 'ITO ,ltd U830HOB rn Cl. dy)tet Bcer)ta 60JIDID8~ ti8M 
J 2 

2- JA . ® TaKlfm o6pasouf) yc.noBHe oTcyrcTB:trn: aeHactmo).'l;aeuon 0611acrm 

H8 BHnOJIBSl<STCH ~ a r C1l8.ItOBaTeJibHO s .!tMCnepCMOtUih'l~ 0003:'HOme:au,.n 

JBcer.1t1, dY.ilYT co,tteplea'!'!) aeKoropym aeaa6JJro.Jtae:uyro 0611acr:c o 

OTB0CtfeJI~H0 onepaTop0B V H I ,..., ~ BXO~~mHx B HeO,ttHOpO,ttHHM 

IIIJ!SH ~cnepm~OHlU,IX COO?HomeHHlitg MOXHO rtt-~'f0p!4Ti) paccy~emu1 g aHa110= 

rH11HiiYe. Ra.K M B npe.nHUtym;ett nymere npll a.Ha.Km,® COOTB8TC'rBYlDntHX 

onepa,1'opoB o 

B pesynDTate taKo~o paccuoTpeH~H li(jrKo B~.IteTD 9 qro B paccuatpH= 

e®uon sa,ttatte napn.n;y c MaTp~qHmm 3JrftM~BTar.m onepa:ropa 3Jie:teTpo= 

MarHRTHOro TOKa \/q, { Pr p1
') } ''i ( ~:/') I-' J BCTpetm.WfCH 1laTpI1tt0 

~He 3.118M8HTI:l ,OT onepa:r.opa M830HHOI'O. TOKa Vq. 1 
( t" 11, p 

4 

,; 

\/, ((p, PM) \/ou(p·u p') ·U Vq"( p' p''). q. I ) ~ ) ,t ) 

@ 



H3 coo6paxeHHl1 peJISJTHBMCTCK0Y MHBapHaHTH0CTH ll ytutTUBaH 

JT -MesoHHoro noJIJi, a ramie 

. 
MaTpM'tHllll 311euear ue3ouuoro TOKa df Moxe.T CSur1, rrpe.ztcTaBJieH 

·B BlJ.118 /5/: <.p's'/J,ro>/p5;,siUs•<p'>JsT.f.~~sr.t,~•.t•" ,,, ,, 
. • ... • . . - ... ,.,.. ---· .. ,. :.~ .... A~~....,. .. :!:/ .... ~ ... • , ·, 

. . . • • . .. ·. :., .: .... -~- ". -.,-:.: }·1 -~ . ·,:..•. 

He npe,ttcTaBJIHeT Tpy)ta y6e,JtHT:LC!f 'B TOM, TJTO <>IlEfparoplii 
· , ·_ .,· .. -·· ·t.: .· ·:',"::~·· ·•\ ... ~~;,:~.-.. _!.:,:·1: 

Dq,/((p)p"),_ Di 1i'~(p':p'), ~cii<i' (p'',p) ~-- Pq.)~, 0\t~') I !.~.-~.,~\>,-· 
\. ••• - • • ~. ' • - ~-.- ..... - .,. ' :;, 'I" i. ;•.,,. ".' :-•"'--' ~-- . J.,. ;, ~ 

uory.T ~c,cuarp11Ba.T1»qJ1: .Ka~ aHaJIHTH~ecICoe np)e,;o.1pre1_1~·e.; '-~ ~,~~A~~~~a= 
. . t··~ -~· . • -·- ~•--•.··., > ......... ~ ... ,.,~,'t..._~ .. "" 

eMy'JO 0611aCl'l, 3Heprirtl ( C TT0M0IItI,IO )tMCnepcM0HH!lX coornome~~t)-?I:~L} 
• "'~},)_~..:. ;._. .. ~,1 

~OTOpOX)t0HMR), 3pMMT0Bon ~aCTM aMilJIHTyiu <p0TOpox.n;eHHa h U830H0B 

Ha HyKJIOH8,X, a one pa TOP~. J~-ci' ~tz.''( P
1

~ p') >. ~-1,', q/' (f;.1,_() :: ·: . ~. i: :r~}E 
3pMHT0B0ll qacTl>D aunJIHTYJtLI (pMKTHBH0ro nponecca pacna.11:a CB060,JtHOro 

·:.. . . ,:. . ·, - . · .,,.: . ~·- -· ~· .. -. ,_ ~· -.,~. -· · . < .,' ,· ·.: ~;,.. ~:. -'· -:··,. :: I ~:~.; ... !-./,,.~-~-;<":~r. 

HYKJIOHa na HYKJIOH H JJ;Ba 1T -M830Hao 

c) PoX).teHMe MesonoB npH paccesrnmt 1~eso.noB H.a .,~Y.tt.!JO~c\K ·,t· .. , , . . ' ..... , ... ~~ .. ~. 

( Jr+ p --~;.... ?..JI+ r )o 

IIoJiaran B q,opMy.11ax (3 oI3) rn::: m, c; fA' noJiytJHM c11e.ztYIOtllHe 

B~pa2temm JtJIII .rromcoB_ .HHlltHell rpam1nu HenpepuBnoro :~neKT~ ,u n9pora 

peaKnHH 
), 



0 20 • 

YcJIOBHt OTCY"fC!:SJla BeHadJ1t0,D;ae1.mt1 o6acT■ 

Er. ;;.- E p 

. noeJII 31e1lel'l"&pm.tx BhlQHCJieHllil uozet t1m, 36IUICaH0 B Blt,11;9 

Q 

2 ·. · M 
P2.=(~ f-~ - mG.) M+J.L 

0 ) ,; 

H3 3!011 ~IJIYJIW MH Bll,D;Hl.t, QTO ecJm m(~ f~ · ½- JJ- .. , TO 

(3.35) 

(3.,6) 

Beer• nafl)teTCI H8KOTopoe SHatrenme HMnyJIDCa, npH KOTOpOM H8Ra~Jffl= 

~eMaSI o<1mcT!J OTCY~CTByeT. YttJITHBaSI, O)lHaKO, ttTO )tJUJ M83OH0B (''fl!: . . 
Bcer,11;a 6011,me, ttel.i -.:' }J-

2 
' MN BH,11;1!14, 'llT0 yeJIOBHe (3a36) Be 11i!IlOJI-

. ,. 

aneTOst,a, cneionaTeJI!JHO, B ,n;ncnepCHOHHSX C00THOmeHHSIX Oy,11;eT npmcyr
CTBO~TL seHa6JIDiaeuaa ot1nact1,. ITpe,11;cTaBJisteT 1uTepec otueTRtb 
npouecc: 

,JT-tp--2r·t-p. 

~nn oToro npouecca HMXHRSI rpaanua aenpepHBuoro cneKTpa H nopor 

pea1tumt C01!ma.ttatoT C COOTB8TCTBYJO~JOI B8Jffl~ntHaMH ,D;U npouecca 

( .IT+ p - 2 n + p ). CJie,n;~BaTeJI:&Ho, YCJIOBl8 OTCYTCTBHft HeHaCSJII> ... 

· iae:uon cfdJiaCTH PI B 3TOM cnyttae sanmmetcn B BH,n;e 

2 . 2., M 
P2=-{{·p. - mQ)M+~ 

. WI.Q (3o37) 
nocxo.nLKY KOHe'IHHe qaeTuns SBJUll>TCSI tf)oTOHaUB, a JtJUI nttxYuonT 
dH?J, doJ11>me PIJIH pa.Beu HYJIJO, TO np;t 

2 ~ 2 
mQ < .. ¼ µ (3(t38) 

Bcer~a cymecTByer HeKOTopoe 3Ha.qesme JWeyJILca, onpe,n;enaeMoe ~op

uy~o~ (3o37), npH KOTOPOM HeHadJm~aeMaa odnact• 1 ,11;wenepcHOHBHX 

COOTHOmeHHRX OTCYTCTByeT. 



§ 4. AHa,ptrHqecKHe cBoltcrBa aunn,!TYlY npoqecca H 

.,?tHCnepcH0HH!ite C00TH0meHHJI . 

B HacronnteM .napa.rpafP8 MH Ha npHMepe npouecca 

r+p -:>- it+P 
; ..... , .. 

)ta)tHM crporoe ,ItOK838T8J{l>CXBO JtHCnepcHOHBWX·COOTHOmeHHf.t B pauxax 
orpaHHll8HHlt, e.zteJtaHHHX B § 2. 

typLe-o6pasu saria3.JtHBa~~ero H onepemD~ero uarpHquux aneueH-

ron paccuaTpHBaeMOff peaKUHH Ha 0CH0BaHHK (I .6) H (I_.9) MO:ICHO sannc·ari, 

B BH,Jte 

_IHTerpHpOBaHHe B (4oI) B8)t8TCH B 06JJaCTH 

J It 

XO) XO <.O 

I 
(4,2); · •. 

(4.3) 

,JtJISI . onepem!lnten aMnJIMTY.itH. ~POH3~0~H 3a:MeHy nepeMeHHHX HHTerpM

pOBaHHH B B!itpaXeHHHX (4.I) cne,Jtyi>Dllll o6pa30M: 

I X + ';J 
X ::.--

2 
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IOJ1'1MM 
- - - . 

T 'u!t(E Q ~ )-::. -i-11 J·;} Q): 1:-LLiY r ?_et cX ·Y J dxcf Y 
- °'7W I I cl/l!T I 

. _•f'llw-+LA.tJ 
adv "'!'" -'1 f l "lt~ · kt"-' .,,.. acf1 · 

. T I 
E. Q .. A).~::+ i. · e. . . . t- .. ·, .. ·. . c.x 11 )) dx cf 11 ., • 1.>r \\. , · > ·· - · · · · · · · i;,., k..r · '; ~. · · ·· · ~ .=, . ) . 

(4o4) 

r~ 

r;l, (O' " 
. . 0 / .';•- .. ~, -t ~ t , , f d f l -r:J "', /· 

,; I ( X J. ;I ) ::-, < p, f.1 : . (' r r ~ + ~! )\. JC,_,, ' ( ?5:::.M.) _l I ✓ 
I t;f. ~ . r) I --=-·•- () .t~.•(, J; f 

.. • . . ? '· -:;, • 'J' ---· ~---·· -· ----- -

. . '. t. 2/\ a(O) . Ip S > d ,. n ~..'..::!.J-_ _.:__-:-:--;~-: i 

, .... Q. "ex, Y} ~-< p s Jg-~ ... (X ¥<· Y.) )CO w(A-JL) . 
r,;, V,f O tf , . -.-- ~ L / JI, 

- .P ,,. · 
..,I .. ,,. 

(4.5) 

CorJI8.CH0 YCJI0BHIO IIplttHHH0CTM,- HHTe:rpapoBam,e- B (4o4) no nepeMeaaolt 
------

Be~eTCSI B 06JIACTK . ' 

, . 
~ 

. .Xo ~ )X \ i )( o / o 
(4.6) 

~Jiff sanaa~uMJ)IZteff aMTIRRTY~lil H B 06JlaCTR 

. [x (1 ( // l x : . ' 

,. -< .... j -,I,' 

.J ·,(5' f.J (4o7) 

~n,J enepexa•it atmJIHTy~Ro 
. _,,,.. . 

• • •I O61i1t1H0 ! "n (l - :'C!.fl36HR ue,uy co 601 , CJie~ym- ycJioB1teM: 

EJ.r == ""A:iE- + n· It· · 
'-\ ~tl --~~ (4.8) 

Ha 3T0M 3'l'alle MLt 6y~eM paccMaTpMBaTI, E JI Q( Ka.It He3El.BHCm,me 
""F. -:li'-' 

nepeMeHHH8.o IlpH 3T0M B8~0pa A ir p CtrnT'aIOTC8 tpMKCMpOBaJIHm.mo 

...., 



• . - .• '1 ,( •. ·~; 

· <PY!HtrtHHii:y~l\Q:.: :. ·· '" M 
'• '' ' . , 
OCiftjt,r1f:f; 0 E ) E f,> • 

~ ' ,r' .f, _,, ' 

• s:. 

,. 1: 
, r 

, , '. :,,..,._,,.__._,. 1: 

-·~ :""' :_,, -.. ~ 

?Jit.o3o · 

,•' 

~tneu~~·!i:J 

C·>,J'"'•;; ; ;. 

~,-s~: ~c~·68HH({W'11@ff Mfw:;pj/M~@Bol "q/eU}?M (4 o9 ).:notttl.~l:i.!B,a:e?\1 

tlTO ·aempepHBHHH Jmf:R:Tp 'H®KO'fOPHX ~j{i)f:{(Ofj laffll~pimroBt,R 

BW,lt :; . 

., 
;:_, 

' ' 

~tTM :n:M:1\551 
e 
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c.> 2, C> 

a iu _.pyrax •••o~.: 

Q 

• 
2 £ 2. :i:: - P0 + M t p. 

,'Jf{/flJII!{ - E / I -HilHHI--IJ-IIH+I . 

a I 

Plce5 · 

-~•rxo ydt,-ni.c1, 'Ito 
// 1 ° .· . - 2 2 

Ee>/ 2 (-P+tvJ+~)=E9,, Bcnu P f 2.Mp.+p-. (4 

Y'IKTYBa.11 (4.II) I!! (4cIO) 3Hlpre,:1qecnn cnexrp aB!H3pmt?OIOft '18.C 

UOXHO H306pa,31f. B BMJtl 

I/ff. __,_,.· II ~ E q, -E2 
¥ 

-E, 

* 
\ 

E 9,:: ~ (M + P· - P
0

) 

I • ~ 

E, 
X ll+HH/-11/-f-HfH , . 
E2 

· Pnc.6 . 

. rroctpcwu IYBKtUt., T ( E
I 
Q 

1 
6 ) ;t~ape.sJ'l)l!tymcs a HYJIJ. ~ od 
· 1et · \EI< E 9, .• .Itu -1,oro 11t1ct~ tYHKltKR r ( x> ~) . 

I! p1.et(Xl~) , •~OJtllDUtX '!" BU~MUlltt (4c,4), BBeieu tyxxziwir 
-7.12t -o.dv .1 
F (x > ~) • .. F ( x 1 ~) CJl8~M ,Odl'\30112 

~ "Ce t [ ~ 2, 2 a a · . 2 · ·. D · 0 2] ; 
F adv(x)~)= 4(p. "l·M) axa +( □x + □~ + ?.l. •Lax-} . 

. o . L 

- a2 a )21 iet ·[(p2+M2)_ax~ +( □! +t. PL ax- J F rJ..-dv (x,~) 
0 ,., • 

(4oI2) 
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H~K B·1uny&CHOU nptietaBl9HWH 

-- 1.. et ;,... . ' 2. 2 . .;,.. ...,..-. 2., 2 +- ~ ·1 
F 'iti''( E) Q , L).) ~ i[ Q + Li + 2 p Q 1 .. l/ E ( p 2 + t"i ,:. ) J 

. { ( Q2 + p 0·12 _ E 2(p'e t-r----:2 1}. 

IIOJ'UUi~J4. B (4oI'.3) no~Odpt\i ftaKim 0GpaSOK9 'fi'@du DB:B~PQB8.T& 
//'. - . . .,.. . 

o Q oeod(l1111oct•, ffBIKitH• T ( E. /( t> ) , · B yoqmx .t E 1 -t E 2 . 

CoBepmeuuo oqe1wi10, qyo 

ecn. I E I < c 'i 
BcnoimHM 0 uo 

~- . ( .[QX+t,6,q-. , 

T(r)QJ1)::- IQ dFU</J)dxdl,( 
J G ( 

(4oI4) 

,nierKo yciaHOBH'fl, Ha OCHOBM!IU! (46)!4) R B C!IJr,f !$2aB~C~MOC'fW E -~ Q 

cJtre.ttYmtee Baxnoe coorao11eui1eg 
(1 ,. . 

[ 
IEX + L~~-:: -:,.. 

e, · F(Xo X lf)dXodu-;;-0 
) ) <J (i 

\E)lfq. 
1
-JrnE=O 

~Be,1teu q,ya~• cp -ic E _:fi·i P, J;i p) 
. ~~t,1:YE!r(l1.t C d~SOM 

s ~ f c e ) ~ f c e ) + f (-i ) ) s ~ f < e ) = ~- c f c_ 2 ) -f c-- 'f ) ') 
aeodxo.li1MBJ1 iia yctpana1ms JtBY3saquoci1 KBaiparsoro ~opna 

(4oI6) 

(4~I7) 

-JE2··~ . i~ ~ I O rtp,r aanwOOBWH ( 4 oI7) UH ·nonoDJffl 9 't'fO Melt'AY E ~ q 
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CYJft8CTByer CBSl3~ BH'Aa 
2. --c. 2 

_E = Q + rnQ 
-r-

npHlI8M, !M8CTO Q lru TIO)tCTaBM.im Bb!paXeHne ( cu.§ 3 ) 

·Q . l ~ -~- . A -~E-~a'. . = 2 Ae i- ., P 1 T = \It-·- P 
Q . 

IYHKitHH cp\ . cpa. . SlBJIJtl>TCSI aHaJmTJltJec_XHMH B Bepxuett (Hfi_DeM) 

llOJIYllJIOCKOCTSIX 3HeprHH]; COOTB8?CTB8lIHOo Ha OCHOBaHHH (4oI6) C.Jl8= 

,n;yer' lITO 

cp 1.( E) -= q:,·a. ( E ) • 
(4aI8) 

npH JEl~Ei) ":JrnE~o 
. . -l>- -► -¼- . 

Tor.ita cy~ec:rnye,: 4>YHXItHR cp( t, B, PJ ~ 1 p) _ 

-r....-~ 
cf:>(E>e>P>i\>f) = 

't ;,----,: cp (E/~, P, l\ f) 

-r .,.._ -i-

cp a( E > e, J P) lJ > p ) 

npH Jm E >0 

npH J m E . .c.. o 

(40I?) 

aHaJmfHqecma BO BCett IlJIOCICOCTH aaeprHH3a HCKJnOli8HM8M JlllIHMff pa3= 

peaa 

- 00 < RQ.( ~- Eci,, Ect, < ReE < 00 'Jrn E -=-0 
(411120) 

npH OTOM 3Ha'l8HHJt <:p Ha BepXHHX 6epe~~x pa3pe30B . pa.BHH cp 2 

. & Ha HH21:HMX q:>2 
• 

. . -r..,,... -l-
Ec,m · <l>YHKitHJt tj:> ( £, e > p 1 b l f ) · npH E~ ·oo 

. . 
nueei cTeneHL pocra ue nsme n +8 9 TOr.tta lt ~YHKitPIH 

. -,..-...-
cp ( El_ Q; ;-p , · /j p ) . 

( E - E
0

)F ,..'l-
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ria E0 = ~••ecTBtRHHff rtaPflllltP, I E O J .( £ i uouo npa11e1a,1 

nrtrpanuym Teopexy Kon c KOHtypou HHterpapoBan••• Jt3odpe.nHRYII 

la PIJCo 

PKc.7 

Yc!peMJtBB pa,1t1yc do~Lmott OKPJZHOCTH K 6ecttoHeqaoctH, a pe.JtHYCY 
uaJtux nonyottpy:imocreff = K aynn, nonyqaeM. 

- -[i 
• . n-t 91 I -,:;,, ..,,... -1r- . I -.,,.. -~ 

cp([ e·p~ D)-= (t-Eo).. q,(E+ao;e,!.P)A,P)-"<p~f,,··-~_?,_~~E}. 
) ) ) 'J . ? rH J ( E f - r. ) { F I - r \) n ·HJ . 

~oo .· -·-~ -a• 

CJte.ztyeT noi11epKHYTL, · tiTo B paccuarpnsae11011 BaMJ! c.11yt1ae ( orcyrer1ye, 

neaaCSJ1>.1taeuas od,,racrL) Ei -;, E P 11 11urerpRpoBan1e~ B (4.2!) 

' np~BO.Jtltca no uad1n.itaeuoff o6mern. 
. a 

Ho Ta.! xatt tYHKnn cp2 
JI cp onpe.ittJtHLt B HadJm,Jt&tMOI 

oCSJa.Ctl JI .Jt!SI f • o, 1'0 UH uozeu B 11,erpaax ffOIODt'J» f .o. 
ttpx 3%011, cosepmeuno 0'IIBQB0, qro ll!BB8ff tUlCTI, ByPe.1:IHII' (4.2!). 

01.1teT a11aJD1r1~ecxoff ~YHKitHeff Bo Been nnocxocn xow1excaoro nepeuesQ 
aor~ E, aa •~x.111>11eaae11 JIKRKI! pe.3peaa (4.2~). Ho ,rs 1apann•a (4.2!) 
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'._. 

"·cne,n;yer; .· tJTO npH ... p =0 fl)a.Bas t1actit onpe,n;eJISieT cpymcr~HJO 
~.., -cp(i=-e p ~ o c, / . ; ; 'aHaJIHTHtfeCKYD BO Bee~ rrnOCKOCTH E, 

.. ...:- ->- "'~► 

3a HC1tn10tJeHHeM JrnHMr1 paspeaa (4 it20). Ho cpyHKitHSI cp, : ]
1 
e., p ,, L, O) 

07:JIHqaeTCR OT cf>YHKitMJI 

Q 
"yZt: 

S:t T (E·~ ~ l1 }' np,r Jrn F ;O 

- . --
, 5._G·(. f ep, 6 j '.:; 

.;. l J li ·· - .'\ - ~' --~ -
I Q•,y -· ~ l S t T • E e ~ Li- ) npH . - JVf" { ·" 

JIHm:& UHOXHTeJISU!H, odpal!taDDlMIAHCR B uyJI:& B TOtJKaX 

t-+f r:_+E 
- - \ ) - -- !l, 

. .,.,-,;;:,- ~ -.;is. 

rroaTouy cpymtttns St G{E e, P. tl) 6y,n;eT aHaJmTHtfeCKOfi BO Been 

nJIOCKOCTH KOMnJieKCHoro nepeMeHHoro EC noJIDCaMH nepBO~ creneHH B 

T_O 'lJKax £ '~ :: E~ 
. ~) : 

, E = ± f q H JIHHMSIMH pa3pe3a OT oo 
~ . ......~ ·.;;•-

H oT E ,n;o ~D • <°pyHKJ.tHn S± G(t e 1>. L\ J 
/' ; ~ ; 

.11;0- E · HMeeT CTe-

neH:& po CTa He BLime k; • CJie,IJ;OBaTe JI!,BO' K cpyHKitHH 

~~~ 

St G(E1eLI?_,A J 
. -·-· ~ 

(E - t -i ln1 +-r1 . 
-- - .{i) 

!.IOJ:HO, ~PHM8HHTI, Teopeuy KolllH C KOHTypou J,rn,erpPipOBaHHSI, H306paxeHHWA 

Ha pHc.8 .. 

, ------- -
/' 

. · / -Ea .r.,. -·t: e· c 
--~··· -~' --~- .·1r i;;;.,.. i.;, i;:o ( 1 i:-12. .;;i _ - . --- •- ,. .. --9----t_~- l :;;;i,._ /;'.)· l-'. ~-----··--·-

.- , ' . 
. . -

· I l 

. . - . _,,,,/' 
- ' 

-~: .· 

---- ·---•··-----
· Pnc.8 
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·, COBeplllHM nepeXO,lt K ,1tef{CTBHT8JJJ,HHM Ee IIpRHHJ.18.JI BO BBJlllaH•t, .'JTO 
. . . ~ . ' . .. ;, 

. · 't.et 
e; m 5 ! G ( £ + t E ) ~ 5 t T ( E ) 
<: -""'o . 

o. s· , S Tadv ~i m ! G ( E - 1.f) :: t (E ) 
f--o 

.H YtffiTHBaJI onpe)teJleHHe 3pMHTOBOtf H aHTH3Plffl1'0BOtt. qacteM 

JierKO IIO.YrY'tlH'?!. CJr8JtYJ)IllH8 )tHcnepoHOHH!le OOOTHOlllHHS: 
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TfpR noJiyqeHffll (4e25) d!lJYO y~eno, 'lTO la OCIOBaH,rm (J.!6) B 

0 (5&CTH aueprn:ff E1 ~ [ ¢, [' (G auT.'aJ)MmTOBaR qacTlft 8.}&IYJm= 

'rf,J;Y AJ/J ~) o6paUJ1tTCSI B HYJl!to OTpitrtaTeJJJ,HaH 06Jia.Cti 

t•prHI B ,nHcnepcHOHHWC COOTHOW8HMSX (4.25) MOXeT dHT» HCK}ll)qena, 

ecn JtCIYOJii30B8T!) CBOilCTBa CHWet-pHH aHTW3p:M7I!OBOii qacTH alUIJIHTy,nu 

CJtlJY'J)l!lero BQag o 

* A 1 l•/ ( £)):: ~ ~ ef-_1 A 1 ,l·" (? f) 
·C' ) "' . ,';;. ,,, <;j'.) ?'/ 

Pss;'- oneparop nepecTaHOBK11 ClUlHOBb!X • COCTO!!Hilff HYJl:JlOHao 

CBOfiCTDO CHMli8TpHH (4.26) nerKO ycTaHO!HTb ft3 BRpa~elmt (3oI). 

(4o26) 

. B 3aKJmtteH11e CTaTill aBTOpbl BI>Ipaa.1>T r.»:y60KyID 61ta.ro,11;apaocT:& 
AKA.leUHKY H.H.Boronn6oBy 3a ~&HHae odcyx,IteH•H, a TaIO!t HeAcqepHM= 

~OBY 3a nnO,ll;OTBOpHyD ,ll;HCKyccwv. 

][ H 'l! -~ p Fa T;. yw p ~u-

. Ie HoH.EoronD60B, E.B.Me,11;Be,11;eB, M.K.ITORNBa.HOB "Bonpocu !fOPHH 
,l(ftcnepcHOHHNX COO?HomeHM~ 00 (B ne~TH)3 . 
H.H.EorOlD60B, I.BolibtpKOB "BBe~eHH® B t~aHTOByt) reopum nonRm,. 

0 

rocTexus.11:ar,- I957 ro)(. 

2. Polkinghorn,'!, Nuovo, Cimento , 4si 

Jo A.A.JiorynoB, .nAH CCCP (B nettaTH)·. -

?A6 ,~~~ 
~~ j - ✓~~ 

· 4. H~H.Eoro,m6oB, --l!JJI~eeGP» M3BoAH GCCP, cep.q>H3oI9, 23'7 9I955o 

. 5. A.A..J[oryHoB, A.H.TaBxemf,11;3e Pl Jic.n.coxOBJJeB, 
N L-t ielt!.!Stt P&-t',N>S -t, /fl~ 105 ~ 

6. A.A.JioryijO:S M.IT.C.IicaeB, r~•ovo C,i,,-y,£J<1'lli (B netiaT~)o 

7. A.H.TaBxeJ1H,11;3e H B.K.CEe~~HHH, JlAH CCCP (B ne"tJati). 

8~ A.A.JiorynoB PI AoP .tp81IKJ'1B, · l'i 1Jclwl0 Plrtws (B neqarm). 

~.-

I 

I 
I 
r 

- .~J... 


