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3. ranHC6BII'IX/ 

YPABHEHH.H rHnPonHHAMl1Kl1 
CBEPXTEKY4EA ~EPMl1-~l1DKOCTl1 
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Hanpaaneao B " Nuclear Physics" 

G6t,eJL•mcunwl auet.,., 
ll.~)PitWX B,uelt&IJd ' 
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x/ nocTOHHHbil! aapec: 11HCTHTyT TeopeTH'I9CKol! lj!H3HKH BpounaBCKoro yHHBepcHTeTa, 
Bpounaa, ITonbma. 



<·.,~··:t:of."~l'<·;,. .. 

BBel(eHHe 

. :faCCilaTpHBaeTCH CHCTeMa O;ltHH8KOBYX !llepMH-qacTHil C napHWI 

B3aHMO.lleiaCTBHeM (B CHCTeMe HaJCO,lUITCR KOH,1l;eHC8T HS CBRS8HHHX 

nap). Uen:&n HaCTOR~ela pa6oTu RBn&eTCH nonyqeHHe ~yxqacor.eqHwc 

IPYHKIU!A rpHHa B "rH,1l;pO,lUIHa10fqecKOII np.e6nHJteHHH 11 • ~YHKIU!H rpHHa 

RBnHDTCH B8pH8ItHOHHHMH npOHSB0,1l;HHMH rH,1l;p0,1l;HHaMHqecKHX Cpe.ZlHHX 

no HCT011HHK8M .ZlnR Hcqesan~x HCT011HHKOB. r.e,1l;pO~H8MHqecKHMH 

cpe,1l;HHMH H8SHBae~ Cpe,1l;HHe OT onepaTOpOB, BSHTHe CO CTSTHCTHqecKH~ 

onepaTopou, KOr,1l;a na~aueTpu,xapaKorepHsyn~e noKan:&Hue cTaTHCTH­

qecKHe paBHOBeCHR,HBnHnTCH Me.7l;neHHO MeHRDm.HMH IPYHKitHHMH npocT­

paHcTBa H BpeMeHH. YpaBHeHHR .ZlnR HYJtHYX Hau rH.ZlPO~Hau.eqecKHx 

cpe,1l;HHX, T.e. ypaBHeHHH rH,1l;p0,1l;HH8MHKH C HCTOqHHKaMH, BHBe,1l;eHH HS 

yp8BH8HH£! ~HJt6HH.H CHCTeMii~.raMHn:&TOHJ48H KOTOpOia B npe,ztCTaBneHHH 

BTOpH11HOrO KBaHTOBaHHH HlleeT BH,1l; 

H ~ ~~vy{t.~,)V1Jtt.;Jt.)cil'. ·-) \Ylt;X)"f!(t.f)cil- 't 

·t- !: \) V(tt-1'"') ~1t.~A)"I.i~-t}·\)'P(tA' >Ylt.~J<) tl( <Lx '·t-

+ ~\[ fctlxJ·~')"t'~;l{)~(t.~i-') + '7*'{tl~))(')"f'(tJ~)1t'(tj~·~~<U ~r) 

3.l(ec:& A.- nocTORHHaR, X =(~(;) , r,1l;e ;" o6osHaqaeT coBoa:ynHocu 

npocTp8HCTB8HHYX nepeMeHHHX, a 5 -CIIHHOBJIO rrepeMeHHyiO, "f(t/x.) , 

y'/t,~-.) - !llepMH-onepaTOpl:l B npe,1l;cTaBneHHH rettseH6epra c o6uq­

HbiMH nepeCTaHOBOqHHMH COOTHOWeHHRMH. 0HH BHp8JtaiOTCR 11 KB8SH~CKpeT· 

HbiMH 11 CyMM811H 

• ~.., ·-"'-'7 
' J_ ' . (., R.,. ·t -f - . -· &. 'T "t' (f. .I)() ::: 'IV L a,k. J t )(l; "t' (.t / )c:: II:"; L a: { t )ll (2) 

(IC.) I 'v Ill) K:. 

·r 
qepes onepaTOpbi pox.zteHHR Q..~5 H yHHqToJKeHHH <111 ~ • Y.ZlOBneTBopHIO-

IIIlfe 06blqHbiM COOTHOW8HHRM <i>epMlil. J J.;J. 060SH811aeT HHTerpHpOB8HHe 
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no npOCTpaHCTBeHHHM nepeM8HHHM H CYMMHpOBaHHe no S • (MY non~-

syeMCH CHCTeMOit 8;zu!HH~, B KOTOpOtl 1\, "= Jj ) • 

B raMHXI>TOHHaH BBe;zJ;eHfll ;zJ;OHOXHHTeXI>Hflle ueHfll c "HCTO'Il:HHKawt 

nap II f , f"'t , KOTOp!lle HBXHilTCH Sa;zJ;aHHYMH C· \f/YHK~HMH ~--'X • 

BBe;zJ;eHHe TaKHX 11BHeWHHX BCTO'IIHHKOB11 HYJtHO MH Toro, qTo6fll 6par:r~ 

no OTHOIDeHHm K HHM BapHa~H OT rH;zJ;pO;lU!H8MH'II8CKHX cpe;zJ;HHX H Ta­

KHM o6pa30M nony-qaTI> BUpaseHHH ,'!J;nH \f!YHK~l rpHHa. 

Ha;zJ;O nO;zJ;tl:epKfiY!l>, qTQ CBH31> M8Jt;zJ;y BapHa~HUH rH;zJ;pOJJ;HH8MH­

qecK~X Cpe;zJ;HHX C \f!yHK~HMH fpHHa BepHa TOXI>KO B CXytl:ae ManOrO 

OTKnOH6HHR OT COCTOHHBH C!8THCTHqecKOro paBHOB8CHH.T8KHM OOpaSOM, 

;zJ;nH Bfll'qHCX8HHH BapHa~HH rH;zJ;pO;lU!HaMHqecKHX cpe;zJ;HHX OT paBHOB8CHHX 

B8nH'Il:HH Hf.IBI He DOXHHe ypaBH8HHH rH;zJ;pOJJ;BHaMHKI, a XHW~ nHHeapH-

30B8HHWe aKyCTK'Il:8CKHe ypaBH8HKRe B COOTB6TCTBHH C 8THM nocne 

nony'll:eHHR DOXHHX ypaBH6HHI rK;zJ;pO;lU!HaUHKH CBepxTeKyqel \f!epMH-JtH;zJ;­

KOCTH 6y;zJ;eM DOXl>S~Ba!~CH TOX~KO HX aKyCTHqeCKHM DpH6nHJt8HHeM. 

B pa6or:re npuueaHeTCH uer:ro;zJ;, npe~oxeHHHl H.H. Eoron~60BHM 

JJ;XH nonyqeHHH O;zJ;HOqaCTHqHHX \f!YHK~A rpKHa B cnyqae CBepXTexy-qeA 
II' dose-JtHJJ;KOCTR 1 • 

· CBaaH rH;zJ;po;zJ;HHaUH'Il:ecKBx ypaBHeHHA c o;zJ;aoqacr:rHqHWKH \f!YH~H­

UH rpHHB (Hnl KOppeXR~HOHHYMH \f!YHKQHHUH) DOCBRmeBH TaKJte pa6o­

,.,j2.,3,4/. 
§ I. ITpoHsB08HNe no BpeueHH Hexor:ropHX 

11 XOK83I:bHWX B8JUf'qHH11 

~XR nonyqeHHH ypaBH8HII rB;zJ;po;zJ;HHaMHKI0HaK HYJtHH BYpaJteHHH 

~H npOHSBO;zJ;BHX DO BpeueHH CX6JJ;yll~X 11XOKaJI~HIIIX B8JIH1UIH11 : 

~ (tJ""):: !. ( "'ff1t.Jli-)"''(~X)) J ~ (t )JC..t}:z_) -=("f'{t_;~.,) '\f{tJl.~)) 
~ ) 

iot.Ct)""): i L. ( ~%!.~t.)"ft~Y.)- 'ft~x) 0t1'lC>> c"'~~z.J3) ,, 
s "" "' 
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h 

t._.,*!' 

1: 
' 

~'~~ .. ~~~--------------------------------------------------------------------------------------------.. 

~ (ty~")Ut)<1") ~- -~ ~ ( (Ayl~>C))'"f(t>t) + '(tt;~-)A lftlj.,;)) t­

+ 1: c V(tr-rr')L ( 1'~t;,.)Yt~}t.'J'f{~x')"f't~})> dt ,, 
) ~ S' (I .I) ; 

_., 
r;zJ;e '! npe;zJ;CTaBJIReT cpe;zJ;HilBl nJIOTHOCn liHCXa 'llaCTH~, ;/- cpe;zJ;-

HHI.t DOTOK J £ - cpe;zJ;Hilll SHeprBII Ha O~HY qacTHey. (ITOJJ; SHaKOM 

WYHK~OHaJI~HoA saBHCHuocTH nHmeu BMecTo ~ npocr:ro ~ ). KaK 

DOKaaaHO B/S/ JJ;nH CHCT8JIW C KOH;zJ;eHC8TOM ("f{t_,x~)"f'(t/A.;;.))f=-0 • 

CK06KH (. ... ) B BUpa:m:eHHHX (I • I) 0603Ha'IIWOT cpe~HKe 1 BSHTUe 

C H6KOTOpWM, B006~e roBOpH, HepaBHOReCHhlM CT8THCTKqecKHU ODepa­

TOpOU. 

qr:ro6w HaUTH npOH3BO;zJ;HH8 no BpeueHM OT BenMqHH (l.l),6y;zJ;eU 

ITOXb30BaTbCR ypaBHeHHHMH ;zJ;BMEeHHH,KOTOpue B cnyqae rauMnbTO­

HHaHa (I) HJ18BlT BHJJ;: 

.i '3i~&c) ~- )('ft~r.)- -~ 'qillj.) ·1- S Vcr-T'J-Iftij.~lf{~x)dx'1ft~) + 
·1-:2Jifttt~,~'J'1?7~t.')ril.i ) 

''J'If{tJ.) + tvr +- r ,( ,.. .1' ) 
G ~ ro 6 :i_ = ·~ Y'tY, )+ ·rm./1/Jft.J.)- 1jl(lj.))\f{,--.,J)"fUj')'¥'t~~dx. -

- 2 f f?tll../1.') y;tt)x·)rlf.. 1 
(I.Z) 

rrocne BuqHcneHH~, KOTOpue aHanorHqHu BN'IIHcneHHHM JJ;nH cny'llaH 

do3e-cMcTeM/I< rronyqaeu: 

~?'itt."'>.,. r. 'OfJ~~>= 4.. :l'TNL C[~r-ctxJ.'Jifti:tx_,'f.')-
'()'(; .N ~.-1"-k s 5 1 ), ( 

- ft~M)~'Jff:t#;~-'JJl:? = s$ L7} i'"] 
(!.3) 

./ 

_CJi~~r).:: _1._ '.£._ A~(t r)- L I_'"J 2(-'J"f.,..ro:Y + (Jjl" ()·1/1 ) 
f) t "'~ 'j)'f""" :J J. ""'fJ '.)1'0(. ~ ?J 'f"o~,. 121-p 0~ 'U~ 
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-j) ()raV:I-) { ~t{ifj~R)t-'lt(,.-R)O}J;f + S~tlt JJf] 
~ 4 / 

(IA) 

'a~(~_,df(t_,'T)"" 
8
" ~A. Z.((Ai~lf ·- iJtA "f)) + 
.,.; ~ 

-t L;!f. {~ L (~6.1}'-(Af)~ )+ SV(R)G:Y'!iR)ctK] t-
Il "I' ~ 'fl '(!> . 

"3V c) :1 ry cr.s> 
t t ~1\,J G~1(.r,-e)+G:(~-•,R)JdR: + ~< ( ~ ~'+] . 

B (1.4), (1.5) BBe~eHY cneAY~~e o6oaHaqeHHH 

L <-llt_,)() '\llt)~·) 'lltA,') 1ft~Y.)): :1}./""J.,..!...,.) = ~i ~ tr-'~"?:: 
),S' I( f ,l (I.4a) 

0 J;l.~t(~-r-lf"')+~t(~~",.,..'--r)J 
) 

L f..,_ ("f~~·J(l(t_,~t) 'd"/'(t.Jt) _ 'iY'/t~xJ1Jif*'t),.,M;.e.'J!'l\ _ 
s,s' ~ ..,..,_, ?1'"et- '-' ~ 'fL' ::.." 1/ = 

- G{"')( I ) -') -9 ~ (I 5 ) :. t "'J ~~"-,.. J R -= ,. - r' • a 
) 

i/ot)['7J ~+]:L. (['?~l~)~·>~j(-tl.<~")- ~{-bl~)'dfYM~ftl)1 dJ i ,HI) • 'a-1"'~ j t 
I 

+ L_ r [ -'i(tl~~~):.r q{till;x)- Pl*l~<)t-> o'?'f#t.l.'J]t~.'tJ <r.6) 
S,!) ( "" 1()-rQI.. / 

~.f'f, f] = ;, t> ~ w..--41 tl•,t')f(*">·)- .yr.<~•l)~h.iJL~ .t:t 
. ~ +. 

+ ~L { (,ij'f:t\X)<')A-1'~ (tb,~l()f ~(tiD1.~~).1.,.Jftlll-l)]i-r''-
sJ~') .( 

6 

IWI 

:1 
ilt, 
~·~; 

1; 
l 

-~ t.\LJ(ti;(,~')A,.~(tl;<jJt)t ~(tlt~A)A., '?tt/T-1 ){1 ~ rU''+ 
~ 

+~I- nvc.--,.'>'7ftiJ('") r_ <fct.,~')'f(t_f')"'f'(~.l>Vt;ll))a'd\t-1• + 
u,)) !:i' 

I 

+ ~ L \( V(r-1""')f(tt>';x")L (~(tJ.)1f(t;l)"fCt_~Jl.")'flt;')) d:'di''L 
~~:,'1 I} ~ 

- ;, L \\ V(.-.-r'Jflt '~l'l L <{CtlJ '!'<t,~'J 'lf'(Y'J"/'<9J)G~~ 
s,~'' rl 

-+ k 
- i L({ V(lf"·1"')~(ti~~~~)I_ ('f(t}·)i'(tji)"f(V ")"f£t"A'))G'G.,II 

sl ~~~ )) ~ , 
I 

TaK KaK 
f(tli,.1X~)-=: -tP{/;1'1.~}4) 1 f(tiX..~X') =- ft#X~'j.), 

) 

liOli:HO fiOJIO:U'f:&: 

(I. 7), 

f(ti~.~X~)a.t.ls)Ms.+S~)l(tl~.,.) 1 ij(t/X./-'J-,;. £ls)A(S+S'>fl't/~f'1),(I.8) 
r~e A(s) o6oaHaqae'1' MCKpeTHYII S-<PYHKUHII 

6.( ) :. { .f S•=- 0 , 
~ l 0 s ·•o , 

a cCs) a.~ s . EcJIH Kpoue ororo nonollHTD 

!: <. lctJ('Jl-<t~ ')1(~}4) 1f.t_.~x,,.)): 'ttl -r; ,.:14) ,.~'i) i.(s~JA{s.,fs~). 
S' '(1.9) 

TO ypaBHeHHe ~ft ~ npHHHMaeT BH~: 

.i "iJ/:tt"4lf;J = [-;,.,(\/,.),+- v.2.) -l!. + 'J (~-,..A)1 ~ (:11 14/r ... ) t 

7 
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+\«k)LV(If4-;,J)+V(Ifs.-..r)] "ft("'~,;L;r/1, ,.•_.,.~) + lf(tf,."J~)+ 

-\- ~ [ ;~1"4/'·')F(t 1~4"L) -t i' (t/~tj./·')F(~I,.~ ~)] G I' 
(1.10) 

,.., 
F BXO~T B onpeAeXeHHe cpeASel 

~ -<"f~t-;'14 ) i't ~)h)):: F(ti~.4J1-.a.) = F (t\'1-.a)~)~ A(~4-~.a.) F (bi-G>-i".z.), 

F(tlll;~) ~ ~(tpt) 

YpaBHeHHft (1.3)-(1.5) H (1.10) HBJIH~TCH OCHOBHHMH AnH IIOJiy~eHHH 

ypaBHeHHR I'HAPO~HaMHKH cBepxTeKy'leit t'pepMM-DAKOCTH. B ):taJI:&He£1-

meu: 6y.IteM npeAnonaran, 'ITO I ~(-tltr.i/''",~.)\ J l 1[(ti!J4/f'~)\ 
cTpeMHTCH K Hyn~, ecJIH lRI: I 1=~- ~I) Ro , rAe R o:;.. "pa~yc" na­

pH, H8XO~H~eitCH B KOH):teHCaTe. B CJie~~~eit I'JISBe IIH H8~AeM OOpH­

~OK Ro B TeOpHH cBepxnpoBO~MOCTH. 

§ 2. 11P8;!lHYC 11 nap!i 

B cnyqae TeOpHM CBepxnpOBO~IIOCTH (CII./6/) 

(. ~ if'"t OAR) :: -) (?, <i .... 
~lr) ~Yt·(t> 1-cJ, " (2.1) 

C - aHepreTH'IeCKaH menD, a 
1 E'-=fdl=) 

S(f)·:E (f-fF) J \t-p .f'"'fF' 

I'Ae 

pF-HMnyn:&c noBepXHOCTH ~epu:H. ilpHHHuaH BO BHHMaHHe, 'ITO 

HHTei'pHpOBSHHe npOHCXOAHT B TOHKOM cnoe AJIH ~~pp (HnH B TOHKOU 

SiiepreTH'IeCKOU cnoe C.F:r: c.> , rAe £,.- aHeprliR noBepxHocTH ~epMH, 

a t.J;...cpe~H.11H SHepi'HH ~OHOH8) HSXOAHU: 

~ ( c. ) 
flAR): 81T.fF ~p,R ~~) CA>1 1\ i'S c.Ls : 

R o ~~.t+--1 

8 

C' 

'·•'I 

-~1 

1 

I 

'~ -; ",•, 

>J: 

~pFR. c. II' (c.. R) 
-:.. Bir fF " E' "c E' 

(2.2) 

( ecnH Bepxud npeAen HHTerpHpOBaHHR npHHRT:& paBHHM + .,p ) • K 0 -

UHnHUpnecKaH ~YHKUZR, KOTopy~ ( npH R :t= 0 ) uo:aao npeACTaBHU 

B BHle: -- ~ 
\I 1r - e'R (.If ,( t 9 _ + ) 

Ko(i,R):,li,Re - ti,R t.ti(j,Rt' . (2.3) 

Ecmt onpeAeJIHT:& "paAHYC" napw Ro::: Ji , TO BHAHO • 'ITO MR R) R0 

tl(R.);s ~~(¥' %) ,j 1f e-%0 (1·-~ + ,~Dt \J. -+) 
Ro R/R.o ~.lo/A., B·tRo 1....,\,:Y'Ro} 

(2,.4) 

RBJIH8TCfi 6HCTpO y6YBam~el ~yHKUHeit ~~~ • ilOA06HaR BeJIH'IHHa MH 

pa~yca napw noHy'leHa B/7/ npH paccuoTpeHHH aneKTPO~HaiiHKH 

CBepxnpOBOAH~ei'O COCTOHHHH. 

§ 3. YpaBHeHHH I'H;!lPOAHHaMHKH 

MY y:ae o6pa~ BHHMaHHe Ha TO, qTO lJIH ¢epMM-CHCTeU B cny­

qae KOUeHC8T8 HS CBRSaHHHX nap ("jJ(ti•A )1Y'(:t.~t-j)}f0 / 5
/ • B pa6o-

/V r Te npH paCCUOTpeHHH 6ose-CHCTeM CKOpOCT:b ~HZeHHH KOHleHC8T8 

onpe.lleHeHa npx nouo~ !J1aaw cpeAHero aHa'leHHH (1'11) onepaTopoB Bo­

se. AHSHOI'H'IHHII nyTeU IIH XOTHU BBeCTH CKOpOCT:b ~HKeHHH KOHleHCa­

T8 CBRSaHHHX nap H nony~HT:b ~HH Bee ypaBHeHKR. ·~CIIOn:&Syell AnH ....... -:r 
STOI'O ypaBHeHHe (1.10), BBe~R BlleCTO ~ 1 ~ ~e }:teitcT~HTeJIDHHe 

~YHKUHH t HX ~asy J._ H MOAYJI:b .(L • ilOHODII 

o- ~ll~·vr~) iJ.(t ~R) 
(_p(lll"f}i):fg'0 <1(t/14Jfi)t :.~tL{tJ"iR)t 'J , (3.1) 

9 



r;ne ..., . ._.., ...., - ...., _..., 
T:t('G1-1"'.t.) 1 R:::.~-,...v 

a ~0 KB~HeTCH DHOTHOCT~~ QHCna nap B KOH;zteHCaTe. flpeAnOnaraeu, 

liTO ~HR~..O (it'7R .. ), CL..._,O il j.{tJr../'i)-7X)t/r4 ) t-J.:/t1 '"G.) • 
Buewue HCTOllHHKil t"' npHHHUaeM B BH;zte 

f(-61-r:,/r,_) = j'(:t/") R )=.,YtR)J,/tJ-r) J (3.2) 

rAe ~(R)-WYHKnHH,y6YBam.aH C paCCTOHHHell (npaKTHQeCKH paBHaH 

HYX~ .UH fl.. ) R. o ) • 

YpaBHeHHH ~H fi ~ A- noJiyqaeM i13 (I.IO) nepeXOAH OT (~,;~) 

K (i3 R) • Haxo.uu 

()l(.tJifjR) ./ [ ~ ( I, ) · ) /' 1\~ . 'llt :=.~ cl(-t,"jR) A,.+-,/:lfl.. Q.,(t/'iR -~'fl,.'j.{t)t;R)I-

-('t~X(~-1iR)/'j + .2).- VCR) -

- " <;R)J w'f x.c., ~.R'l ,_ x:r ~~.~· )} iR\ \[1;?1) 0 •3) 

4- ~O..J.{~")Il) io., [ 8 " 
0t ::- r,:;;v 2/V~V.y-41- + ~}~a., t Clr(~~:(1-4L1Rl~ + 

+ fo'~ V(R
1)[x_c ... ,Ri)- x:(tr~JR')]iR...,J+ Sa-[ j/f+J, 

(3.4) 

IO 

rAe 
.L-~ [- '"'t ·:1 --sj. =- a.v-~·vCR) Jf~J1)R) t J (-t).t:; R)J 

J (.Of~ r~ & "'") -tJJ.tt,.,ll.)"" ,... 
·a.~o}VI~)L7ii'/f'1-,~.-~ e ')) F(tj.,--f}-R.tR)+ 

+"{..(t)"-1-{)e-t.-'~tt:J'fj R) F(t/""+ 4/tR) t-

f-"l(t)<f't! -!)e ~-J.~tTjR) Ff~;t-r- i) -Rt-R') t­

+?J;(~-r-~-[)e~Ntjr,.t) r(tf.rt~J RtR)] ,J,'ff~ 
) 

Sa-= ~ \.V(~X1it,n-!-f)e'J(~1),()Ft#r-~) -KH~) +­

+'7lt, .,._ §-4-)t-'J{f;-tjR) F {tl -rt-£) RtR) -

-"?J(~ n-4- f)e iJ.t~·r,ll) f(tt'r-!) -Rt-~) -
* ,... 'J(t. T:l) - j'; & "')il ~.., -1.l~,-r-§-4)e -n F(tJ,-f-~)r<.t-12 'Jrkfl 

.... -ij.(l 'f"./l.) 1 ( t, /'lj R) ~ y, t~) tt) e ~ I , 

(3.3,a) 

f' 

(3.4~) 

c Yt( ~t! 1R'J R) + %(,. -lt.J R ,) - R )] vr: a.(t.Jtfj ~ )e"""'J(t;,·1iR ~ 

= Xt(,.,R.',R.) I 

.2 y-t- ("iII.~ o )'~!yo 01-t)~o)e -i.}.('tJ"'iD) = 

: Xt("'J R~ o) : x; ( "J R') , 

II 

(3.5) 

~· 
\ 
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BBO~M o6oaHa~eHHH 

}. {tJ"jO) :)\o(-1:;-r) 

\?; /lR) :.(\i'R f<P.) )K:::O 

) 

) 

Q.; (~ ~ 0) ~ CJ.-/t.J-r) I 

J (t)-rJ 10 ~ Jc (.tJ~) , 

OnpeAe~HeK CKOPOCTl> ABKli:6HHH KOHA6HCa!a nap COOTBOW6HH6K: 

_.., - A 
1ls {/:.)If) -= M V'~"'j\ o M : 2,-?')v 

(3.6) ) 

0npeA6XHK TaKZe CKOpOCTl> 

_.., A c 

v t ~; .,..) : - "V 1-.. 
,. J ll'l'lf..r R ) """".,..=~. 

(3.7) 
..:.> 
·~ :HI'paeT pon:& 11 0THOC:HT3nl>HOI11 CKOpOCTI ~aCTH~ napH. 

-~ 
YpaBH6HH6 AXH ~(t;'~") cornaCHO (3.3), (3.~a) HMeeT BHA: 

~... 0 

M o'\l"s(-t,.,'1") 'rl ~A Q., Mv:2. :.. a.. 
---.,...--- :::. vif" _!_ - :..:..J + uR. -
~ t; ~""'- a..o .L ~ 

~ (V( I [X ' ) ""'+ ( I \1 -; - ~~~ct;) R) itt,R,o +-"t- "jR/l1t.£RJ -

- o.,~01'(o}('Jc(t}")+i:(tf"J]-
-~ )-\r(k/[(t(t,r-{)e-~j .. t~~>Ff:tl"i ~) 1-

+ '7:(t/ ~{) e '$.oftr ... 1') f{t-~-r·;it J] d] 

1,.. ..,..-1" 11.,.. 

---::L 

(3.8) 

., 
v 

PaccuoTp:HM cny~a~ cTaTHCTaqecxoro paBHOBeCHH CBepxtexyqel ~epMH-
...,. -7 

li:HAKOCTH npH ' :. 0 • llocne BB6A6HHH VJ MY BH~Mt liTO aHa-

XOI'HqHo CBepxTeKyqelit 6oae-li:HAKOCTH JBepx!exyqaa ~epMH-li:HAKOCTl> 

OnHCHB86TCH BOCl>M:&m napaMeTpaMB COCTOHHHHo 3a 8TH napaKeTpH 

12 

YA06HO npHHHTD llXOTHOCTD IIKCXa qacTK~ ~ t TeMnepaTypy (} -Tpl cnaraeKHe OKOpOCTH KOHA6HCaTa ~ H TpH cnaraeMYe CKOpOCTH 

"HOpYaX:&HOiit KOMnOH6HTH" -u: • ECJIH KCTOqHJoiKK OTOYTCTBYI>T, TO 

B COCTOHHHH CT8THOTJiqecKOI'O paBHOB6CH.Il BTH napaMeTpH llOCTOHHHH. 
.,... ~ 

B cnyqae H8.JIHqJIH IICTOqHKKOB; ~::r.~(.,.) t 1]"~ -:.1J;'>(..-) • flpH OTKnOHe-

HKH OT paBHOB6CHHX YK838HHH6 B6XIIIIHHH cqHT81>TCH napaMeTpaMH COC­

TOHHHH TOX:&KO TOI'Aa, KOI'Aa OHM HBXHI>TCH M6AX6HHO M6Hfim~MHCH 

~YHK~HMII BpeMeHH H KOOp~HaT. CpeAHHe AXH COCTOHHHH CTSTHCTB­

qeCKOI'O paBHOBeCHfi o6oaHaqHM ( .... ~ (} v; v: • B Aan:&He~weu HaM 
)) ) ~) 'IV 

npHA6TCH KM6Tl> A6XO CO cpeAHHMH THna 

tJ(,. =<<~.f~(:t.~·1:j», .. (.:tJ.,.,~{.t)1'".,..))~9 ~1)".,._::::. 
.,. Jl I I 

= tJt,,,J-r:.-r-'1 ... "f-r,../ f; 9,1Jl; 1!...,.,) 
I 

(3.9) 

rAe ·t 't {I:) "i') ':;: "'{{f!J.) 1) j .., '(;h, ~) , . 

a ~V - XHH6~HHe KOM6HH8~HH HS llOCTOfiHHHX H onepaTopoB ~~e-

peH~pOBaHKfi H npOcTpaHCTBeHHHX nepeM6HHHX (CM., HanpHYep!BHpaze­

HHH AXH ~YHKI.UlH 2t , 6:"') , ~t ). Cpe.n;HKe TKna (3.9) 

(AXH COKpameHHH OOOSHaqeHH~ MH He 6yA6M B KHA6KC8X BH~CHBaT:& 

napaMeTpH ~ ' e ) HaM YAOOHO BHpaaaT:& qepea cpe,li;HKe 
.-J I _., -7 

/ "\ . v: - 1l'. - 1.1 \.,. • ' • • /'If. I 0 ) J - ~ ?v 
~I 

-J, 
I V"..,.,. = 0 

~XH STOrO MOEHO BOCTIOXl>SOB8Tl>Cfi I'8XHX66BCKHY npeoopa30B8HH6M 

onepaTopoB -:J ~. 

/If -"") 1f ex p ( ,(;,.,v..,.,...,.. ) 
.__;;, 

1T.., -::::.0; AXH -PaCCMOTJ>HM COCTOfiHKe {~1 9 1 
V'~) , y KOTOpOI'O 

Hero 
2. 

a,":. (k (R I J
1 

91 u. ) / 0.,0 = O.,(fJ &1/A.) ::.. w..,.,/';) .u..-= 1Jj 
,z, ,) 

I3 



1\( ~~ 8 ,u.) = a(N J:) _ 
-<l)N -

~F 
Ft-tS !'ll~ J r:: ~ F(~)~J.u.,) ,· 

r.ne N -'IIHCJIO qacTHlh F~ cBo6o,nHaH BHepi'BH, a ~-XHIIH~:~ecKlllt 
noTeHIJ,HaJI Ha o.nHY qacTHey. TaK KB.IC B cny~:~ae CTaTHC!HllecKoro paB­

HOBeCHR 41 HOpiiHpoBaHO Ha e}JJAHB.lzy/5/ 

} O..~(R)t( -= ~ ~ 
!0 B STOM CJiyllae BeJIHllHHa 

L ~ 1<1f(t}lA)'\f(bJh))ll.d.;;r ~ ~ 0 

cr',t, 

,naeT nJIOTHOCTl> llHCJia nap B KOH)t6BC8Te • BBe,neM uuTOK 

H noJIO:UM 

TaK 11'1'0 

..... 

. ~F QF tt ,.., = ~ ~'lJj?#.) :. ~ ~ ~(. ) 

G!= 
~ 0"-' = M ~~ ' 

1~ ~u~ v: (J.) 
).S J 

AHaJIOrJ4qHO/I/ MOZHO nOKB.SaT:E., liTO 

{3.!0) 

{3.II) 

' = i, ~~-- - ~~ > 
Jt~, -x ~ < ta'J;t. i' 1f &Ia. ·~-~ 0 • (3.12) 

0 • ' B COCTOHHHH TepMO,nHH81011leCKOro paBHOBeCHfl X ::X (R.I f, e, 'lJ".s) 
~a ypaBHeHHR {3.4) ( ({:. 0) nonyueM: 

A ( o -:,, M 4 .\ 
~.CL:JV(R')X (R.'J~ 1 91 11;)r.LR =- ~ r~/1.(~1 9J.(J..,I-Vto)+ 

(J t. 
t- flRa, _ ~ + 

l)r'\.. d.o J., 

I 11~ -70) 
:, (A.o~~+-21l'I'"~Q._ 
~(J / 

{3.13) 

14 

v 

~ 

t~ ~V(R1)A0 ?R1 1~;<3)v~')ci~ = ~\VCR1)X 0(R'l~}~,~)d.R-
, "' ....J) ( ) - . .£ (a.. V.v- +- J. it v. ~ \ 3.14 

Q,0 ° R 1'" 'T R ) • 

ilepelt,ney K paCCMOTpeHHD COCTORHHH C .nBYMR CKOpOCTHMH ·~ H :v: • 
8aM6THM, liTO BHpaK6HHe 

<'Vf{t.J~')"f(tJK')f{tj'f.A)'ljJ(~].~))'IT. (ff~l.) '!ff/;.if'1)) 
~J'IJ~ ~jtl..,.. 

HHBapHaHTHO npH raJIHJI66BCKOM npeo6paSOBaHHH 

'1f -7 ·'1/' ex p ( ,<,~ -:v,._;;.) , 
H nOSTOMY 

X0
( ({/~, (j I Vi, v~) =X ( R I ~I 8 I 1ls-'V~) 

Tor;D;a ,nJifl COCTOHHHfl C .nBYMH CKOpOCTHIIH b {3.13) BMeCTO 'Vj a. 
.l. 

ua.no nH caT:& (11.)- v-.,.) • 

PaccMoTpHM BwpazeHHe jo~, • ~~JeeM 

~',;.. = 4!.. <11-t-y -1+-!:f) = .t 2. <"J"'-r 1- y·t-li) ·t-
d , ~~ tz>r~ ... ·t.t J... 01';1. ~t;L.. 

.. . ".$, "" ~ ~-tr,..;o 

(.t) u {,1.) G/..) + ~~ 1T"" =. 'v' ~s vs -r ..,.,_ 5"" v-..,., J M =-.2 ~ .r {3.15) 

YH npHmJIH K {3.15) fiOCJie HCllOJl:&SOBaHHH (3.11), (3.12) H BBe.neHHH 

fiJIOTHOCTH HOpMaJI:DHO« KOUfiOHeHTH ~~ , KOTOpaH onpe,neJieHa COOT-

HOmeHHeM 

~,_=~ -l~.s. 
(3.16) 

ilepelt,neM K paCCUOTpeHHD HepaBHOBeCH~ npo~eCCOB, ,nJifl KO­

TOp~ HepaBHOBeCHHe B6JIH11HHH THfia 

15 



t%'111-=< (b,.~(~J-14)) ... (:b.,.. ll~)tf"..,))) ~at-_,.,(t,-11 /';,- -ri. J'. 'f--.:..) 
. (3.17) 

M6HHDTCH ~OCT8TOqHO M6AI6HHO upa BpeMeHHHX B npoc!p8HCTBeHBHX 

TpaHCJIHUHfiX 

t -" .... ·-., I..J.. I T ,-,,,.,. .t t -" tt ., ) '1'"
1 

...:, lt"'j t't"o J 1/Jo ~ J ,..o "'"" .J , 
0 

• II 3/ 
r~e T - BpeuH pexaxcaUHH, a t - MHHa cBo6o~oro npo6era - ' • 

B OKpeCTHOCTH K~Oi TOqKB BM6mTCH JIBm~ TOJI~RO OTRJIOH6HHH 0! 

"JIOKaJI:&HOl'O CTaTBCTBqeCKOl'O paBHOBeCBR", OllHCaHHOl'O qepes JIO-
(J.J (,A.) 

K8Jil>HYe BeJin111HY ~(t1 1"') , 8(-IJJ 'r) , V:S (;tJ..,-) t ~ (~ 1)• BeJIB'IlHHH 

<g H 'Uj&i;> onpe~eJieHY ypaBue&Heu {I.I), (3.6)jonpe~e.neHaeu 
tt.r_J.tJ HBJIHeTCH (3.15), a onpe;zJ;eJieHHeM f:i-. COOTHOmeHBe 

E. -:.((!1 ~1~1'!f"") ;ll;JIH CJiyqaR CT8THCTHqeCKOl'O paBHOBeCi!H (cu.fi,3/). _.., 
EcTeTCTBSHHO MY 6y;zJ;eM cqHT8T1>, q!O rpa;zJ;HeHTY UO r H 'r nepBOl'O 

nopH;zJ;Ka 6y;zJ;yT UaJIHMH nepBoro nops;zJ;Ka, a rpa;zJ;HeHTY BToporo rro­

ps~a Oy;zJ;yT U8JIHUH BTOporo UOpH~a H T.;zJ;. qT06Y TeXHHqeCKH C~p­

uynKpOB8T:& STO npe;zJ;UOJIO~eHHe,B/S,I/, a T8KI6 B/3/ BBe;zJ;eH HeKO­

TOpY~ napaueTp uanocTH ~ , xapaRTepHaym~« uaxocT:& rpa;zJ;HeH­

TOB (Ye;zJ;JieHHOCTl> H3U6H6HHH BO BpeUeHH H CJI860e OTCTYllJieHHe OT 

JI~~JI:&HOI HSOTpOnHH). iloJI:&ByHC:& STHU napaueTpou, HanHmeu 

(3.~) B BH;zJ;e: 
t"-

dt hV (tJ'f4) tf':t-'r.J.) .•. I "f-_,...,._) ~ m,,)jp "tj}AIIf';, j'?:r-'1"1-) .. IJ4-?;,.. ;~}: 
"-

:. &~(t:/!4 ) R..~~. , _. J R.,..., ;'~) ;· 

t _, -"? ~ ~ _., 
7:-::. LL ) 'e' -= lilt"; R . = --r. _,.,... . r- s,. .r- -1 ) "I -1 1 

_) 
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·.J 

nraqeu 
,... . ~c) 

t't-- ('t) 'J_,, R4~ ) ... , 1<..- j .#) ::.. at ...... J-s y_,) R.,-2-) '• I R.,...,) +-
""(!} . ,.... t~J ( 3. IS) 

+pbt--""(7; ~1) R..,!L J .• ,R,.,_,)'i.J..) t-_p.-2- ~., .•• Jtt_/j-'l,R .. ~) .1<.,,..,)'/-J.) -t-t . -.) bt nonyqaeTCH aaueHo~ B (3.I8) HepaBHOBeCHHX cpe;zJ;HHX t.. ... > 
paBHOB6CHYMH cpe;zJ;HHUH t_ , .. )l. t.)'l); 'IJ" (3.9) (aaBHCtlMOCT:& OT{l;W<) 

Jll~ ~ I~ 

fiOHBJIHeTCR TOJI:&KO HS-38 TOl'O, qTO B cnyqae ROK8JI:&H0l'O CT8THC-
fl "-J . (tl.) 

THqecKOl'O paBHOBSC111H BeJIHqHHhl ~tiY( ~ I V,._ HBJIHIOTCH M6;ll;RSHHO 

ueHsronuu.rncs WYHRW'!Ht.rn (tt
1 

j-'~ ) ) • tit_!;, AOJilltHO CiYT:& aaeAaol.t 

!POpMOI no OTHOWeHHIO K rpa)4118HTaM ~((}I 'l.S tli) 
1

7f,j"-> H T.;zJ;. Jqe'f 

B ypaBHeHHHX (1.3)-(I.S) H (3.8) qneHOB HyneBOl'O llOpH;zJ;Ka no ~ 

npHBOAKT R ypaBHeHHHM H;zJ;eaR:&HOI.t CBepxTeRyqe~ ~epMH-EH;zJ;KOCT14o 

YqeT qneHOB nepBoro nopa:;zJ;Ka np.HBOAHT R ypaBHeHKHU c yt~eTou BHa­

KOCTH. B HaCTOH~e~ pa60Te orpaHHtiHMCH npHClnHESHHeU H;zJ;eaJI»HO~ 

EH;ll;KOCTH, npeHe6peraH tiJISHaMH nopH.zu<a )<-' , 06paTHM BHHI48HHe Ha 

"' TO, qTO B CHRy ypaBHeHHH (1.3) MY ;ll;O~HY CqHTaT:& ~ , HRH qTQ 
'V 

TO xe cauoe) 'J , nponopuHoHaJI:&HYU .fV ,.__ 
"- "-- _;;, ~'~ . ...., 
·j~ ....::J}'--1( I J . r- J 

PaccuoTpn, aanpHMep, ypaBHeHHe (3.8). JdMeeM 

v~ cot> 'A " .2. o r-
M 'OT:s -:. .!!_ { ).(. t. tll a.,. - A.-hj + Cl R Q..(--; l) ..m. V:: 2. 

'()~"" 't '""'Q..,j"t.J}) 2.- -- ·- .-!:.....!:.. -
""' \l.(l ( 't) J) .2..-

-~oat )YCR')[;(1;(1)R~o)~X~('s)R',oTI d' 

- ~i6 .J'(o) [ lo(tt/s) rJo('tJ 3)] - ( ) 
~c•)J 3.I9 

-? ~:v~" ~l}(e)['!oh/s-)1-.f) -1j't)s-r!~ttf J 
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noc~e~HA ~~eH B (3.19) ~~~ nonyqanx, cqaTaH, ~To Ha-aa sana­

~HH no~ HH!er~OM ~HK~B ,[(~) KBTerpMpoBaHBe npoBCXOAHT B 

yaKOII cnoe B6nKaH I~\ ""0 • TorM F (t,.,.)t) ~ ~ft/'jO)-:~{t;"") 
- I 

.Xo (t/r);; -"o {t J..,..- -i) • B npHCSuaeBBH H~e8.JUIHOl D~KOCTB nOJIY-

~aeM o 

M ~"~ ~ {- M'\fsa. + 6.p_O..(RI~,o,c..) _ ~.,.v.,..t. _ 
11'1 'a'foiJ ~ ~ll.o(!,&~~) --:2;"" 

- ~~.~!' j V0~ 1)[ X0(R'I~ ,&, v:.-v"")r.X:1:(K\~,a, 'llj-'lf""~ iRj ,, <3
•
20

> 

c nouo~Lm (3.13) no~y~aeu 

M 
~ij~- _'M { M'IT"~:t. Mtf')-1!'.,.,):~. + ll\ (o G lo(,)'l n - VS t ""'j; - ;,_, - f \ ":JI ) j • (3.2!) 

llepeA~eu TenepL K OCTa~LH~ ypaBHeHHHII rH~pO~HaUHKH. 

CpaBHHBaH ypaBHeHHH (1.3)-(!.5) C COOTBeTCTBym~IIH ypaBHeHHHUH, 

no~yqeHH~UH B/!/ ~fi cny~aR 6ose-KHAKOCTH, BH~M, ~TO OBH npaK­

THqeCKH OT~HqamTCR TOHLKO qneHauH C HCTOqHHKaMH • flOSTOJIY nony-

1lHM BupazeHHH MR q~eHOB 5
0 

, S {-:-> , S B HHTepecym~eu Hac 
., J ~E 

npH6nH~eHHK HAeanLHOA EH~KOCTH. 

ITocne npHueseHHR (I.8). (3.I), (3.2), (3.5) nonyqaeu: 

S., :. -p;_i 4-tr\l~o J [ 1--111 i=f"~ 
, J I 

{.., ·"'("")"' "'- <v ~"') .,. If' I (3.22) J (Jl: JA-('t;.Jf)'VI R ]{l)~. 1 j)cLK, -1"-,.':RJ r .. ~,.'T-~. 
c: (oL) 

~T06~ nonyqHTL ~i , B~qHCXHII CHaqana 

~ ([,?)*'Of - f 'tt:fr]~'.,.. ~~_/ ll(t)~R)Jlt)~.t')~R~J~(R)df-~, !>' ) ( 'blf""" 'alf'g~.. ) 

18 

-~~o )D..(t!,R'),}'(t)'j'*ct}F,i')V~)}; if' -,. .. 
(. ,., - 6L) ~ .J -;:::") ......, c.(,/.)[-""] 

-1~0 )~(f)1(~,:t'Jt )V,. (l;(~,:r,K) (JJ P: == Ja' j -

- J,~o M1r:-'> J ( -f]- ~ 'fo~~(R)~(t;R})V...~htt){}')d-f) 

5.4 (.C.)( ""-+] ( ,...f. -~ 
~ 1 = 4~Q 1..!Ut}~i'JJ tt/~,rrv;"!J'riJd'f . (3.23) 

ilpH BWBOAe (3.23) IIH BSHnH HS-88 npBCyTCTBHH UOA HBTerpa~OM 

l)yBK~H ~( R) 

/.Wv v;Y. (t);;-, 1:) =- 'l,. ctl.} j.)Jr).r) = M1fst"J 
l-to J 

...;, ~ 

TaK K8K npH f-= 0 
1 

q: :a:;."' • STHil npH6~BKeHHell IIH 6yAell nonL-

30B8T~CH H B AanLHeAmeu npH BJiqHc~eHHH 5f£ • TaK KaK ~yHKUHH 9, 
orrpe~eHHD~He BHemHHe HCTQqHHKH,- 3a~aHH~e ~yHKUHH paCCTOHHHH, 

rrpe~nOHO~HM Terrepb, qTQ HX rpa~HeHTH MaHH, ~TOdH 3TO yqeCTb, B 
f 

BHqHCHeHHHX dy~eM ITORb30BaTbCH MaHHM rrapaMeTpOMjL H 3aiTHmeM 

Vt.J't~) _, p-""VIl V{p.R.) . 

Ills (3.23) (~HT!iBaH uanocor~ ~11" ) nony-qaeu 

s.t.L>:. p-4. :2, ~0 ).i'U"s'") J l]-14-) + )L~ s~) []"' t 5+] -
~ ~ (3.24) 

-_p.t~~o ~~(,c..R")['j('t )~) R)tJh, !J~~t(J.('t_.~J/Jti~>. 

ITepexo~u K B~q•c~esHm 59~. aa~aHsoro l)opuyno~ (I.7). 

I9 



ITepBY« ~neH paBeB 

51
-t):: _p.il'lfo ~\J{R)o.C:j~,f),t(JLR)(J('t1"{-~t,-'J1-; "(-~ R'~if 2' 

Sf.. I J (3 25) 
~,.u-i.Z.~oV(o)J(j-)"] • 

qneHu (I.7),co~ep~amHe nannacHaH , BuqHcnHeK HHTerpHpys no 

qacTHM H nonDSYHCD TOK~eCTBOK 

(A"'-+b..,.,) 0.(-t,~ t')ex..p {L ~ ltl1 R')J = 
::e~.·~{- ~(~$.)a.-.2Q.,('Vrll2.+-.2-A~a,+ iA~a... + 
+ ~ [4 ?ra.. Vr~ + 't '~:r~:J.. t- 2~J.; v; J +\?+a, ~.X]} I 

...., -?...!1 -:::;'> ..::....'), 
fr=1,(.'t'+r') J R=lt'-'l' • 

(3.26) 

0KoHqaTenDHO nonyqaeM 
c 2. tJ 

S~~=JA-i ~o(M'IT.$:.,+171'11.,.~~- ~Vra, -p}\}~~ ]J(]-1+]-
.., a,. o 2.tm. cto 

[
.:l.. _.., o o -? :2. :'> a 

-;t.U1o ,Q,ov.,.v~a..+~'lJ,..+- f- a.~-iG ~o..,+JL\7s~fJ x 

X J [] + ]"] + .P-:t S~J i- j+] + ,.l \JY t S .. J 
) 

(3.27) 

·. 
r.11:e 

~t('f]:: _i~o )["vR'f1(t/f1 it)Vr~(~P.)+ pdL('t/~,it)~,l.~(p.~~i(rr)'f-{R)cii: 

S~fJJ:-l~o [l ~-~: J)F-<'L/{,R)\7~~(f~1l(tt,~1 ~-~!) (3.28) 

llepeXO.ll:HM R qeTupeM nocne.ll:HHM qJieHaM (1.7). Ida (!.8), (1.9), 

(3.2) nonyqaeu 

{L HYt-r-,.')j(ttxi~·· )L. <-l"<t.i)"f(t_lr'fli;x qJ'l/#..t)) d-:'tG n ::=. 
s,~., )) .s1 

20 

(] 

~-2~ j~V(P.')')'t (-1) R'1R)~(i)"'!_t(t l~t-- fJ tt"frtR' = 

~ -.t~ j V(R'J'Y.(tr1 R'1o )d}t'jJ'(Ii}?'j..,-~~t.(t/tr- f)if-:.K, 
1 

~ ... ~, _, ~ 
_., ~, n tr+lf" "' _, ll. 
It' -If' 'Z ~ ) -:z;- ::: ,.,.. :. 1'" - "'2r ~ 4 .._.;, 

I ,__,., -::: IJ/ 

B npaBHTOK npa6naaeHHH 

f
_qo ,;.. ~ A -t-'f.o {~..,.) 
11f'-J7;rtt.,.-f)tt'R =~Vice tf.,] [j*]. 

fipHHHK8H BO BHHKSHHe (3.5), noxyqaeK 

J.t;K_.::.~~ Cy(R'J)C(-e ~'o)J.R' r; ][1'"~] 
~.,Q.~) 1: )) I )O (3.29) 

AHanorHliHYK o6paaoK: 

;. ~s''~\Vt""-"''>fftl.(;~bYf<1'~.~x)1fct;t)ffi,~x") w~x'>)d:'IM''',. ...!) 

:- #-o. ((V(R')X't('ftJ4R~~110)ij0 <U'tJ~R)..J'(,..~)ytz;)J+J'-RLE:~a-\./b\t.i2' = 
,o~ )) 2. 1"" f"'(3.30) 

: p kA-+- O(f1 ) • I' 

B (3.30) KY HCflOX~SOBaXH TOT W&KT, qTO flO.ll: HHTerpanOM H8X0,1l;HTCB 

BeXHliHHa X/ft,P-i.',R',o) c C5ucTpo yC5YBaJOmHY npH yBe.11BlleBHB R1 

IIBOUTeneK V (/l/) • 
Hs (3.29), (3.30) H (3.13) BH~o, liTO qe!upe· nocne~BHe 

llneHa (1.7) MOryT 6HT~ aanHC8BY B BH~e: 
I) 

5_00 .::.pl,~0 [-M(i!f~-'lf.,..)~+ ~ 1\- )}/tO)+ l.V:JL(RIV~~). -..m..,.u::a.J "f.. 
~£ ~~ (fl (tA.I.) ,. . 

0 'lJ ) 

1 [ ,.... .... +] r 2.. --:, o 
X 1-'J +.ft..a..,(~,~~"-)'V;,.~O..(RI~.~} ... )+ (3.31) 

0 --9 J i- VA.1J~ GoJ[j'+j+] , 

?I 



Or<OH'IaTeJil>HO noJiyqaeM: 

S~£:::s~:t-S~~ t-S~~ ;p.~ 'fiol- M(~cv-... )\ M~:~.+4~] J[ i- )+] t 

+ JL21 ~o) ~ 1['j .. jtJ ... }J-~ s~t r 1-:r'·J +­

+ j.;. ~ s~f, [ r+ ifJ 
(3.32) 

ECJIH cpe~HHel BXO~HmHe B ypaBHeHHH (I.3)-(I.5) 1 BY'IHCXHT:b aHaJIO• 

rH'IHO TOMY 1 KaK 3TO C~eJiaHO B (I),H nepelTH BO BCeX ~OpMyJiax OT 
-+ ..;, 

BcnouoraTeJil>HYX nepeMeHHYX t" 1 J- K nepBOHa'laJil>HYII E .J,. 1 

TO noJiy'IHII CHCTelly ypaBH6HHl rz~pO~HaMHKH CBepXTeKyqe! H~eaJil>­

HO~ W6PMH-ZH~KOCTB B BH~e: 

• 'drs ~ "J (M!s v{tl.).,. ""'f ... v:J ·" ,,_ J[:t t;*] 
/'f)\. - t- L. - - (., 7""- "'- J- J 'it el.. !!).A""-.. - ) q / 

(3.33) 

~ (Mfsvf")t 'Witf"'"V'..[ttJ) ~-J 'd(M~:, vf"J1J{'J+/Tnf,.._'IJ",f,'"v-f!))-
' . ~~~ -&t + ~ tM Vfo1 [J-1*] ·v~/otJ (3.34) 

) 

a_r E -~s-'Pj:r:~ M _., ·-:., _, )~ 
f()tl~ t ~ + ~~'lJ".,.._(ttl,s-1J.,..,J t 

+i;lf, f1T![""-~1)"/IO~ + M~sv:t~-.t?~) t ~E.+ q] + ~ ,.., l l. 

+ (·11?L~)~~s [~/\+ (~17~- 11"~
4

)1} -
- i. ~0 [ 41\ + l(~-rr:- ~)] 1[5-~j\] -~ = 

tJ ::: - L.-;;;;;: (t~r. r,.1- 'l)-fi4>) R 
fJ .,. 5 .... 

) 
(3.35) 
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(.1-) '2. )'J.. 'l 
M ~ ~- ~ { M'!J~ - M( 'li"~-'IT.,._ . t-ll\( tS)G) ~' J . ~t 'M"~ Q... l.. 

(3.36) 

B (3.35) ~E CBHSaHO C ~£ COOTHOmeHHell (ell. (I)) 

. ~ 

~Et~1s,~,u-,..)·:~E(~J9,~)+ tM~~~ + M~~l~-~""')'~ 
/ 

E(~l&1 JJ,) ~ F-e~ I 

(/ HBJIK6TCH M.BJieHHell 

cp- .t <aF(~A AL) 
- ~ . 'i) ~- • 

B npaByll cTopoay (3.35) BBe~eHa HeBsBeCTHB.H ~YHKIU!H R(~1 tt,Li) • 
Aaanoreuo cJiy'lall <Sose-u~ocorH/I/ 11osao noKasan 1 'ITO R: 0 

YpaBHeHBe (3.35) ynpo~allTCH,eCJIH BB6CTH BHTpOnHil (Ha O~Ry 

~Hey) S r 

s =- ~: 
llOCJie Bli'IHOJI6HHH aHaJIOrKtiHO /I/ IIOJiyqaell 

0 ( f s ) + ., '() ( ~ s v!}) = 0 . 
~t L.. ~~ 

t 
(3.3~a) 

lloJiy'leHHHe HBMB ypaBH6HB.H CBepxTeRyqel ~epMH-UAKOCTH npaKTH­

'18CKH H~eHTxqHY c ypaBHeHBRIIH CBepXTeRy'lel <Sose-UAKOCTH. OaK 

O!JIH'IBDTClt TOJI~RO qJieHaMB C HCTO'IHBK811H. 
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§ 4. RwaeapwaoBaHH~e ypaBHeHHH rwgpOAHHaMHKH 

H IPYHKIU!H rpHH8 

llpH a.nMa6aTHt~ecKOII BKJIJrqeHHH .ztonoJIHHTen::&Horo 'IIJieHa S H't , 
HanpHwep, 

• -~w"t+E7:: iW'l:t(<t: o H't::::. e. Vw +e. V._ w 
1 
l t. >o) f _., o) 

HaMeHeHHe cpe,lUiero aHat~eHHH onepaTopa R , HBHO He aaBHCH~e­
/.3 2/ 

ro OT BpeueHH, HUeeT BH.zt ' : 

S If= .z 1T e- 'G.>'tt-~ t«:R- j v"'~.,. . + 
-f'r::~W+H .. 

.itJ'ttf."t . ~ 
+ 17/Q.. ~Aj V_,,;);e = w-<:~ (4.!) 

) 

~; ~- r(lypbe-xounoHeHT!i aanaa.zthiBaiO~x qlyHKIUdt rpwua, V lJ- onepa­

Top,HBHO He 38BHCR~a OT BpeueHH. 

~opuyJia (4.1), KOTOpyD II~ XOTHM HCllOJ1:&30B8T:& B .ztaJI:&HelmeM, 

BepHa TOJI:&KO AJIH CJia6oro OTKXOHeHHH OT COCTORHHR CT8THCTHtl6CKOrO 

paBHOBeCHR. IToTouy M!i paccMOTpHu c nouom:r,ro noxyqeHHhiX Hauz •. 

ypa.BHeHHl'l: (3.33), (3.34), (3.35p), (3.36) CJiyllal'l: 6eCKOHellHO 

M8JIOrO OTKJIOHeHHH OT COCTOrtHHn CT8THCTBtleCKOrO paBHOBeCHH no­

KOR~e~CR EH.ztKOCTB. 

llOJIO:UU: 

(" '" " _., (' ~ -J (' _., I ""' 
'S::. ~oMl~ I '::> ::.S toS ' 11'.s =-a 1f.s ) 1f,_oo:a1.f...,.. ; 1 so 1 ; 

Tor.zta 
"- "' 
1~1. 
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U~ nepeXO,lUiM, T8KHY 06paaou, OT ypaBH6HH~ fH.ztpo,lUiH811HKH K 

JIHHeapHaoBaHHh!M "aKJCTH'IleCKHY ypaBHeHHHY". STo oaua'llaeT, liTO 

B ypaBHeHHHX (3.33), (3.34), (3.35p), (3.36) Mli npeHe6peraeu 

qneHaYH, nponopi.tHOHa1I:DH~YH, Hanp1.n1ep , ~ o. J v..,.. J.. , ~ 11~ - } 
J~ J'V}-> 6s-Sti H T • .zt. 

I I 11 

YpaBHeHHH rH.ztPO.nMHauHKH B "aeycTHCTH'IlecKou npH6JIJ4:aeHHH, 

ypaBHeHHli MR BapHai.tHit H11610T BH.zt (BepxHHl HH.zteKC ,, 0 '' ~ ~ JJ.- $ 

onycKaeu): 

o SQ ,.hri~' ""\:" ~ (f$l · '· ) - ·'" n r · ;- J, ;y·~ -;;:., 
:..::.lt l~,.L ;-;:- + ~..,..L r.\; ::; .i., Vic, O...(R)"v lR 1 (7JAt)if-:t)- r:,(t

1
1"-l) ~ ,( 4, 2) 

'i)7: 'Jfo IJ"I(J f.> (,/'If •( o -

M '?nJs.<o~.> """ ~_5.,_> __ 'J 8P (4.3) 
~s (bt- r ~ ... ft>t - I() 1"'.,., J 

M '6'\1"><"> _ _ 'a & A ~ A =- s S fi t ~ c\ ~ , 
~ ·- ll.f".t. ) ) 

() ?:r;,(p) 
po~S-~s~ +oSL.~ = o 
") 'a"t 0t > I' 'il ~ 

(4,4) 

(4.5) 

nnH C1IJ'Il8H 6eCKOHe'llHO Y8110f0 OTKJIOH6HHH OT COCTOHHHH CTaTHCTH-

'll6CKOrO paBHOB6CHH nOKOH~e~CH &H.ztKOCTH I' 

~(;hfr)-= ~J (~sl*ctJ~fio) _ 'dofr.tJIIJo)) 
2-M~~o ~~") ~~ (4.6) 

ilpe.ztn01IO:aHY, 'liTO OTKJ10H6BHe OT COCTORHHH CTaTHCTHqecKOrO paBHO­

BeCHH npOHCXO,lUiT HS-Sa 11a.ztHa6aTHll6CKOrO BK1!DIIeHHH11 HCTOIIHHKOB. 

G Apyrol CTOpOH!i, qJieH~ C HCTOIIHHKaUH B raYHn:&TOHH8H (I) 

bH't=-~,)~frt~1J~)..,no,.,:J.~·"!1o_.~+7f't1~lA)1f(o}.J)l)'t~i~~~tL~'tl1t 
I 
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6y~T BKnmqeHH aAKa6aTeqecKH, ec~e no~o&eT» 

m , . ..,..
1 

)- .?-.i&..rC.+E'tti"fiT' c~on:t-f"e-if;:' 
,_. ... ""-"' J~t. ·1-e ~ .. 

./ 

(4.7) 

.,...,.. 
.-?> { ) _ -u .. rr K:t~ ;-c;l& ..,.. /.- . ,,t.J -z +-t 't -,;.J;l_;;! 
f" 't t~ -l. 1-k 1- e. ~lllr ' 

rAe 
f) 0 1 f.._..., 0 ,. 

Terrep» uu uoaeu non»soBaT»CH wopuynoA (4.1) AIH nonyqeBHH 

BapH8UHH cpeAHero SHaqeHHH 

& <"ffl ~,1-t)'lfil:t-1~2. 1) ·=~tf(lrl ~~1.)-:::. (.(s4)Ms,~;,)b}(t}j~(4.8) . 
(4.8) BHpasHTCH qepes ¢ypne-KourroHeHTH sanasA~Bam~x ~YHKUHB _., 
rpHHa. TaKHM 06p880M MOXHO BHqHC~T» BenHqesy ~ HS ypaBHe-

HHM (4.2)-(4.5) H He88BHCHMO HS (4.6) ITPH ITOUO~ (4.!), (4.8). 

3TO rrpoue~pa rrpHBOAKT K B~qecneHHm ¢ypbe-KOMITOBeHT aanaaAHBam­

mHX ~YHKUHH rpeHa • 

~8 (1.8), (3.2), (4.7) BHTeKaeT, qTo 

('H -:. .• c;ur;.e:r-c;.V .L iw-v+-£~ V 
() t: e {J r e -w , (4.9) 

rAe .-:'> -~ "'tl 

- (("~IL("·r1' ).~ f ·1- t: -!"> vi.) :L:~c .. )M!rt-s'>)? -r 'Vllf'--r') ,(.,1)1.)1f(·~'l')r" +1fito})"l'<'oi~')?-k.l ?( 
~,~ 

~a;;>rt~, 
/ _., ') _,J 

J( ik.{itl)q- •l ,. + +-v_GJ-= I~c~)A(S+')' '})'i .).. 'V (,._, JL1'(0;X)"1f{0Ji'J'71(· .. 'lfi(Oj)1ji(D.J'A')i--~<J.< 4.10) 

s.~ ~ d;;' rC/ I • 
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llon»ayHc» ~opuynol (4.1) (cu. TaKae (3)),nonyqaeu 
.~ .. -- -t.'wtt-tt . ,{( ,..:) ~-~ d.,. H;~)ACsth) b~(tl"jR) ·:.e .llf' LfCsJA(Sji"Sif))J~(;il'II(R)Q; X 

~~~"' 
~[«1f{.r+flt1Si)·-;t(-r-l~}J)jft.,.-+1~,s3-v/(,.""-1lt:Stt )); 7~< t 

+(("f(-r+~ R,s.)"ff'"~R,~:!)j'lf(i;'t-1~S>)'"f'(;;--!~ S~t)~ j'.: J t 
lwtHt ~ ,(( ~ ~'-~ _~,·r;; 

t t ;;..?r L. f(~)A(s~~s't)))J-~'dR ~ (R) e X 
s.~v 

~[«"fl"'+rR,S1)"J'(~~"-1R,s~); ¥'?~ .. ~~ ~~rr{;·-~ i;s¥)~7-: 
(4.II} 

+('lf'(t+1,R>~4)"f'f.r-!_R,s~) j f(.;:'+-11 Jr) Sl)lf(~-1t1~+))): 1:] , 
r~e _., , 
~,4-~ 4-..... ~ ;:;;,,( ........ _ __,_ 
,r:J:('r.,+-r:1) 

1
R,-=1":,-r• ) ...,..-::J;("}-t-1"'1t)JR-:r3-"i, J 

// ~..,... ..f +r_ . r c,'E(t-?:) 
~R; B~ ==. ;z- J ~ll(tJ; :Bft)) e d(~-t) 

r '-~ . 
llePeXO~H K ¢ypbe-KOUnOHeHTaM B KMnyn»OHOM npOCTpaHCTBe, 

DO~yqaeu OKOHqaTeB»HO 
- -i.t:.J'C+Et+c.Jt.;! ~ _c:y.l b ~ (.tl'iO) = e_ ~'( L... r11 I /1) ~t 

1'-lifl 

[' 

"f«,o- a. ' + + ·'1" r ~·~-f-l,}i' \-t,.,-; 4'l+fl}·a..~.1)J- '\Jk f. 

_. (.a.( a.,~ • (l. ~ . . ·r .'f] 
. '1+1'"it- • -141- ) -It -p1l ~~ +--f'>

1
- ))e '7-;. f-

f e(,4lt+,t-c:i'.r;,,L.1)'-c.p3) A 
f'JP) i' + ..,... 

.:<[<t~+f-t)~~.!i."1»~J- )~1+-1\l CIL\-.f~)- )e 1-" +-

+~ ~t-t-f ... ,+ ~t-•_,~- j Qi£ -1'·d a.~+f1)J- .#e ~«' , ~ +] 
(4.!2) 
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r~e 
. -4 ·-') 

~(4')-: -~ ~-.j"(R)i-" 11 
It d-'t 

ECJIM BBeCTM rpyphe-KOIIfiOHeHT!ll v;N>(t/t) : 
. t -~ . ~~ 

(oi) _,o;;t:rf. +i.ll.i= (o~.) t.i..>tte,t-iltt."~- (.(). 
-~ r~r)-=~ ~ Y!e.)t 2- ~ Hz) , 

TO Ha (4.6) H (4.12) noJiy~aeu 

li-iJ~(A;J = JTk~_ L. 11qnff?!) "~-
Jfla-" ~ 0 .,.. )., ... 

(4.!3) 

t + -~ . 
x [ ~ 0..~+-f'~t CL\-'P1)-- ~~1-f., it-~~--p,;- j 0:_~-t-~t ~~+'f\)-~'~ t 
// (L 0- - ci (1+ t + .. ,.. J t,, !·hfV ~-fy -~~4 -Ji-p.,tj o.;\+f,lCli\--t ... J-~7( .<4.14) 

Cornacuo onpe~eneHBD 

"'--[. -
)o 0.,

0
;., = p lt·.~'Pjo)p(tJ"'o) 

1 

OTKy~a 

~ 0 sa,., .,. f [ s ~tt/'jO) + S~(:t-)ll'"J o)}~~Q r~a-0 6~ + ~O.o ~~ ; 
~ ~t)- .(4.15) 

!1cpeXO,llR K {jiyphe-KOIIfiOHeHTaJI H HCfiOJIDayH (4.12) H (4.15), 

HSXO~II b<l,,{-'J'~): e.....U..,t"t"ft-rr_:,i?~a-c. f- €'<.it"""t'--c.r~ 
{' ~ ·'~-t:.. '\[; ... lc..J 

~oo~ -=-2.71" L·'V'l"v~C!At _+aJ" Qj , + + ·r 
'P•,h '1-+f,.f~-flAJ ·1•-tv-+ ~-f•J- J \+ft/Q;!~pi>-~ 11( t 

+ +· 
+<<~ ~ +Ot Qi ·a., .· a ~ '711r-J (4.16) ~il-1;~ .1. -f,; -!~:'"fvl- ~-,.)-) -~-t,;r -~·ht'·)1-A'e 1-11.. , 
<PopuyJI~>~ (4.14),(4.16) ynpouta!OTCH, ecJIM BBeCTH onepaTO.pH/5/ 
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•r>~ 
4 .rr _,ll,.. . ~ ~ 

{'Jil. ~ VV !t:(>i.\6CS11'S•)JJ~(R)e y(,--~~~ S~)1f(-r+!RJS,)fi1' tl..fl. :: 
~s. 

-= l vv ~ 1(f) (1~ ·hf.i*" a..\-t)- ) 

D ~ "'\ Q... (1 
~I( = rv L ~t.,f1'- 'i--r)-

"' (4.17) 

Tiocne BBe~eHHH 3THX onepaTopoB nonyqaeu 

..., _, lT ltl. L u Q • ;:;. "" h c Of + ~ l 
Jt 1T>(k) ::~. .... _ ,~";;., f-.~11.+~-k J~-k"l//-~e- <..(f>,(t~-k j~K~'?K j J 

(' _ Jr [ o o+, ~ >#- _g P o+, +~ 1 ~oclll.lt.-1: «p"-~-k.l(3_k.IJE'7-.:. ~p;cf?.J<.J~Ii~"''IC . (4.18) 

~OpYyJI!ll (4.14), (4.16) CBHBYBSDT rHAPO~HauH~eCKMe BeJIH~HH, 

fiOJiyqaell!lle Ha ypaBHeHHI (4.2)-(4.5)C ¢YHK~HRMH PpHHa.TaRaR CBRSD 

HOCHT SCHIIfiTOTHqecKHl xapaKTep H BepHa TOJI:&KO npH k.« n .J 

E<<t (rAe t - .1VIHHa cBoCSo~uoro npoCSera, a T- Bpeua 

penaxca~M),TaK KaK ypaBHeHHH rH~po~HaUHKH cnpaBeAJIHBH ~m:& 

npH 11Ue)\Jl8HHOII11 HBIIeHeHHH rH~pO~HSIIH~eCKHX BeJIM11BHe 

06paTHIICfl Tenep:& K ypaBHeHBH (4.2)-(4.5), ~T06H C HX 
~-? *"" 

fiOIIOill:&ll HalTM BeJIHqHHY Ji 1l5fi) ( Ka.K <l>YHIU~D "'" t 1-1< ) • Jl,nJI 

aToro nepenHmeu ypaBHeHHH (4.2)-(4.5) B BH~e ypaB&eHBI AIR 

¢yphe-KounoHeHT. BBo~u oCSoaHa~eHHH 

riic~t) .... x ) ritcttJ-= Y ) 
· rt ;> 

((k)-: ~ fl{R)~(R) e. '--r dR 
YpaBHeHBH npHHHMallT BH~: ~ 

2~~'/-.. +- ~"" '/- E S'?> + 0.~9-= 4VSo }Or.)(1-K- 1~<) 
) 
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(4.19) 



EMI)s 'A+ ~'7'\~,.._ Y- tl~~\~~~- ~~~)~ ~e , 0 J 

EM~~+ o. Y - ~~~~)9~~+k~s-~~lo~: o I 

O.X -~S'itE[St~~~-\l~~+E~(~~)gbtj=O. (4.20) 

. II 3/ 
Mw noHyqHnH TaKKM o6pasou auanorHqao ' cHcTeMY qe~wpex 

ypaBHeHH~ C qeTHp~Uft H6H8D6CTHHMH. 0608Haqaeu ~eTepMBH8H! 

OHCTeUH ypaBHeHH~ (4.20) qepes ~(E) t 8 A6~epMKH8HT, B KO~OpoU 

nepBHa CTOH6e~ 88U6HH6TCH nepBO~ CTpOKO~ ypaBHeHHft (4.20)-qepes 

ilt • Tor~a 
t2J( -~(E) X 

...., _., 
= k~{k) ~ 

(4.21) 

~a (4.21) H (4.!4) BHAHO, qTO HYXH ~(E) onpeABHHDT nonmca 

WYHK~HH rpHHa, a Teu cauwu aaeprRK sneue&TapHHX Boa6yaAeHHl. 

AHaHOrHqao/I/ paCCUOTpHM CHaqana HeROTOpHe npeAeHDHHe cny-

qaH. 
-1) E. .... 0. 

it -:, - 2.1/j .. (tk) 
'2fS(t) - rs 

0 f(k) "21 <5' 6\i) -=- 0 

( '7" - ~'-~) I {4.22) 

~a (4.!5) cne~eT, uo J a,"-:: 0 • TorAa Ha (4.!6) nonyqaeu: 

+ '1'" lc((a.~+t1la..\-.p1-)a.;ft+~;+· ~-,)-~,.0 '= f-t :J 

__ , · + af . a,;+ af _ ~ 
- L.. <<~~e.+..,+ -t::-..t.,.- J ~t,;+ Ji-~J -'E-=-o f1 • r1 J ~ r· J / 

·r ~ ~ a.iftf-1>,,.- !~-;..,- i a,_l-1',1" 0:.~ rp,-~ •• ""' f1 
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0 

·r 
~~~a: rt .~ l1 ~ =-L" -k+-1'1~ -Lf1-) -~-'13)+ -~-t-Jo.J-4'-1'1 'l. J ~ J "' J,. ·r- E - 0 

(4.23) 

ECnH npHHHTD BO BHHU8HHe (4.23), ~0 (4.!4) npHHHUaeT BH~: 

lt"it~) .,.Mt:;; L. -vtf4)[4.~+t1J.,.o.,~ -~4r; a:.~-1'J r~k +1' _) -n"'" + 
I .,o ~.l.. .ll I ~ ~.i E.:ll f-K 

... (0..!':.+-t, +a,l,_ ... -)· ~~ ~ ~ "'J = ~}/i .. ~lk)r, -'1} ..... ) (4.24) 
.a. ..... .a. ·r~J -;~;+tll .. "f1,- ~::o !1< ~s r/K. t-11. , 

ilpapaBHHBaH K08~HUH6HTH npH 7-~ , ~k H npHHHU8H BO BHHMaHHe, 

qTo )'fi) coAepzHT WYHKIU!Il 1' (cu. (4.19), nonyuu 

L (a.!.t.., +a,K _.. - j 0:..~-41 + Q,_~ .t> -~ =- Mf.O..,).,~rf) 
•-t :~. ·r-1J :t ·r:•J L o> ;z,t' rl) "'/L • ·~r ~.J, ,. e~o ''fsR ) 

""i" 1/ a, fL + t . ,... M ,14 25) 
£... ~ ~;+-~-1)+ ~-,.,)- J <2{_~ +'P/ Q.. IC. -P _ ~ ~ ,..1fo4).fPJtf.J • 
1'1 "l l; E"-0 ~ 

) 

l.tC.f)-= ~a.cr<)e.><.p{.i(·f+()R))l~., 
A 1115/ 

~opuyxa (4.25) npe~oTaBnH»t "Teopeuy o Yt~ ~ns 

¢epMH-CHCTeM C !OqHHU K08~HQH6BTOU (OC066BHOC~~ THna 1.4~ 

B OKpeC!HOCTJI b. ""0 ) • 

2) & :0 .. 
B aToM cnyue: 

_ 'c>S uS '() {P 
~ s - ~ 1 q ., .. ;:. 0 ! ~ : 0.) 'ilS' ': 0 ) -~6 = 0 J T9 = 0 

(4.26) 
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(YpaBHeHIHi rH;ztpO~HaMMKH IIpH 9 ~ 0 uoryT HMeT:& TOJil>KO cpopuaJI:&­

HU~ CMHCX, ~aK KaK BpeMeHa peJiaKC8U}IH CT8HOBHTCH B6JIMSH 6~0 

O'lleHb 60JibWHIIH. MY paCCMOTpHM STOT CJiyqa« ~OpMaJil>HO, 'IIT06U 

!lOCMOTpeTI:,, 'liTO ;ztaJOT HaillJII ~OpMyJIH B npe;zteJie (7 _.., 0 ( CM o (I)) o 

ECJIH IIpHHHTl> BO BHJIIM8HHe (4.26), TO HS (4.2I) !lOJiyqaeu 
-=-"~ 111-·, :u:t. 
h.. '11.;111.) ·:. !:.!l!ltid '._!!:_ f.-, ~ - ) : 

S (I:~- ,~k?.)\..r-J<. '7~ 

~ zwk:_ 2 ...Jr~)[~a- . a. , Q (1 ~ :f 
1-tiJ...cVf!e .P.f, /itt1)1" 1-t-t.~-) -1-~j;. -lf,-t--f>.:\j~ !lc.·t 

+ ~ 0-'lf. (L I a,+- a-+ ~ J ~ J.. n_g, 
~+-f>t;i- li-1'A~-J -~+1>i} ~-r'l)-lfe't ) c =.,...lij'Jo=•(4.27) 

)OplAyJia (4.27)-ITpk16Jll.:IlKeHHaH 1 IlOCIWJI:bKy Mbl !10JI:b30B8JIMC:b IlpH ee 

IlOJiy'lleHHH paBeHCTB8MH (4.23). Hac HHTepecyeT 8CHMIITOTHKa ~YHK-

~Hid rpHHa IIpH M8Jli>IX E. J ft. , IIOSTOMy MU IIPHHHM86M, 'liTO pa-

BeHCTBa (4.23) cnpa:ae;ztJIHBu B HHsmeu rropR;ztKe TaKZe ;ztJiff uaBHX E • 
Ms (4.27) TIOJiy'llaeu: 
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C0 {8H8K +)-CKOpOCT:&, CBHSaHa C 06H'IIHOI CKOpOC'.r:DII SBYKa. 

Oaa cTpeMHTCH K He it K8K I1PH q $--> 0 , TaR H npH Q _,. 0 o Bea­

'IIHHS Cf-aHaJior CIIeUM~H'IIeCKOI AIR CBepxTeKyqeA 6oae-IH;ztKOCTH 

CKOpOCTJI 
11
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ITO;ztqepKHeu, 'liTO ~puy~ (4.29), (4.30) HMeiiT BH~, SHSJIOrH'IIBWI 

COOTBeTCTBYIImHN ,ZI;Xff cJiyqaH 6oae-IH~KOCTH, IIOJiy'lleBH B/1/. (~op­

uyn:a (4.29) OTJIB'II8eTCft MHODTeJieM - ~ ({Jt.) ) B BYpa&eHRSX 

;ztJIH COA BMecTO 'l ~ IIOHBJiffeTCft l~.S HS-88 STOrO, 'liTO JOi 

BBeJIB uaccy naPJi /l1-:. ~). 

ITocne cpaBHeHHff B (4.I4) H (4.29) KOa~~eHTOB DpJI ..,lf-- , 
f-Ie, 

11<. H IIPHHHTHH B HHZHell I10pH;ztK6 pa:aeHcTB (4.2~) DOJiytiaell 

OKOH'IIaTeJI:&HO: 

!. (((1tt t'fl,.,-t (L~-.,.4)-i ~'i-t,+-~\ +-1';-~ s 1'1 

:::. _ 4 foQ 0 tl(E;k)J4(/J+~) 

t.R, (It; E) J 

L (( (L!.. .,_.., t Q.l6: -& - )
1 (1: tn + a;-k n - i: = 

f>.o .1. '('I) "- (AJ ;t TJ ~-T'J E 

= 4- ~., a..o A {E; k) j .. r (Jr -V 
~{kJE) 

Jj 

(4.31.) 



Ha OCHOBaHHH (4.30) BH~O, q'fo WYHKnHH rpaaa HMe~T noxmca, 

COOTBeTCTBVD~e ~yM THnau aneMeHTapHHX BOS6y.K~eBH~ 
o! 'I 

E "CaRJ 1 E "'c" k- • 
(4.J3) 

TaKHM o6paaoM, HaKH fiOKaaaao, q'fo B CHCTeMe O~H8KOBWX ~epMR­

-qaCTHU C napHHM B38HMO~eKCTBHeM (B CHCTeMe H8XO~TCR KOH~eH­

caT HS CBR88HHHX nap) fiOH~nR~TCH aneKeHTapHHe BOS6y-~eHHH ~JX 

T!iinOB - KBQHTH nepBOrO 11 BTOpOrO SByKa. 

ABTOp BHpazaeT rny6oxy~ 6naro~apaocT~ axa~eMHKy H.H. Eoro­

nm6oBy sa npe~oaeHHe TeMH aacTOH~e~ pa6oTH H aa MHoroqzcneHHae 

~HCKYCUHH B npouecee pa60TYo 
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