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B npeli.H,leylllell paOO'te/I/ OKXO nOK!Il!!IIIO, 'ITO Me TOll HCltiiD'I8llliH 6o-

301111BX nepe»eHHUX as l!IIHeTK'IeCl<Ol'O yp8llaea.l2•37 noS1!0UEIT n<U;Y'!Kn 

o0o0!118HHoe l!IIH8Tll'leCKOe yp8llHeU8 )IJill Cli.CT&IIH JlHYXYPOB!IeBBX KSJJf'Ul

TeJrel!, :ssamronel!C'rBYJlii!KX c 3Jrelt'l'P'*Bl'Bli1'Sblll nOJrell. B aacTOSII"ll pa6o

Te MY DPOllOJl:DK Jl31'18De ,D';IIH881reCRIX cmORCTB 'l'8.KBX CBCT6M, OCHOBB

li811Clo aa yl<!ll!!IIIHOII YlJBllHeHU (yp8llHeue (6) liJII! sDB:Ba.JreHTHoe e~q 

ypl!llaeue (7) paOOTWI/). lis COoOpaaeHlll! npocTOTH a Har.1llli;IIOCTII OT

paHli'IIIMCJ< CJiy'lai!M, ttOr.na '18.CTO'ta pa6o'<ero nepexo.na .0. o.naaat<OBa 

lWI :scex aSJJ,)"mTeJrel,a aaepru :BSallMOne!loTBIUI ":Be!l18cT:Ba; 7 SJreJ<TPO

MarHilTHHII ntueM sanll!I18M :s npll6JiueHU np~l!CJ< :sOJIIIH' 4 • TSMUl.-

TOHil!lll paCCMB.TpB:BaeiiOll CKCTeMH D88T :BRll : 

~ • ~-+ J{, +J/NF 

3/N = Jt. + fi[/. R. • 

<IfF = £ fioJ. 6: b•, 
~ 

(I) 

(!INF = .IY~Y.f(J.(i)b"R/ + J:(tJ4_1 
Rk- j 

3.nec:~o f.J· - llMeyJll>C .i -ro li.SJI1'<aTeJIII, 

onepaTopH HSJJ,)"mT8Jre~l,5( 

1 

I? R .:t - ltOJIJrei<TnHHe 
j, 



rJJ.e ~ • - 2 -ROIIIIORell'l'a oneparopa OllllJia I/2 11 onepaTop!i 
o:i>JIS81!!i C MaTpllliBMl! llayJII! COOTROUieRJIOM 

" 1( • . ' r. = - G· ± '6· ) J .l .; J 

~R!IIIJ!: J< ( t) ll!lleOT BJI]!, 

9 (tJ : ITiiT < + IJ' 1_ > e i cw, -.n.) t (]~ r~ 

OCTIIJ.IDIIIIG ooosaa""IIJIJI Tame ze, """ " :a pa60Te/I/. 
l.JM;rqeRRoe :afl/ odo6!JleRHoe oneparopaoe r=ecroo :a npOJJ.CTSBJiemm KOJLJIE!ltTHBffiiX nepeMeHl!liX lljllolllllllaeT B CJIY'UiO rBI4W!I>romuma (I) 

BJI]1, 

If "dJVHl i [f(H) (// 7 /.J {H)j = T,. (If) 9["""" + f; ' HJf t 
(H) t 

i •j -i<J, (t->:)( - [ + 1 = .N- L.' fq4f tk r.- e vv,. R, (<J f(H,J,R. (t) + k (]' (I<~) 
t. 

+ (N~Vt,_){l?k'(t),/(H,!]R4-(rJ j7Jt. + 

i 
_, ' '/ ;..,, (t-1:) +.k "-/g4 / dz 7j.. e J(l+K.)R/tr;J[f(H,J,~-(t)j+ f. \1" t, (HF) . 1 • < 

+ ~ { RL-(t),/(N,J} R/cr! j "it, . 
(2) 

3Jlec», xex o61i'n!o, /(H)- onepaTop, JJ.ellc~ aa nepeJlel!lme M-CliCTOIIH, p, (H) , r,.. 21 t , OTaTHCTH""cm onepaTop 21, YJI.OB-CFJ 
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II. 

2 ... ~ r' 0 :0 n i [(}f 1 
'l t "i " ~ t ' ~ - ~ ' ... 

Tr f(H) =1 
(H) 

e -P~ 

• 
r)te (3 - 06paTH!IIi TOMIIepaTypa. 3a>eTHM, '1'1'0 BOJIH'!HHO. ~>./ 

OT l!pOMeWI HO 38BHCIIT. IlyCTD )tJili Onpe,lleJreHHOCTil j(N)• f{f'J, y•) · 
JIM TBl<liX onepaTOpOB j (H) CnpaBe)tJIHBII nepeCTaHOBO'!JIIIO COOTHOme-

HBH BH,D;a: 

o~e~ Roropse, no~aeM 

"[' 
r. ~ e • .£'>;;-I (fJ, ~') = f(ij :d ()'Jj+ i) ~ ~ e t' ~- (3) 

J 

C .o;pyrol! CTOpoHII, npll j i j 1 

(4) 
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C Y'i8TOM nepeCTSHOBO'IHHX COOTHOIIIlHBI (3) I! ( 4) BXO;IIJIJIIIIO B npa:Bytl 'IHCTJ> I<llJIOTH'IeCROrO ypa:sHelll!J< (2) ROJDoWtaTOpH MO:cy'! 6HTr, npe~CTa:BJieHY B BlUe 

•• • / • -. .!l t zik:r:. {j(f'J ,;,J, R4- 1 = H?.J~,!j.h/0 :dk,j,+~Jj- e ". (5) 

ITpe~OAOzaM Tenep~, ~0 B38HMO~eiC~Be B .:Jilt I' 118JIO' I! npl!-6JI~~.KeHHo npucTa:s"" R, -rr; "epea 1?4-rt; HJ.teeM B "eyJieBOII' np1!6JiueHHH • 

.i. (t) 
J 

g.(~) 
--,;;- (t-r), 

0TCDna C nOMO~ onepaTOpHOrO COOTHOMeHI!H 

(6) 
C fiOMOIILJ) (6) I! nepeCTaHOBO'Il!HX COOTHOJUe!D!JI (3), (4) MQI1i0 ,!J;aJiee BH'Il!CJII!T~ ROMMyTaTOpH 

R/'rr;[!(P](tJ,j,), R/CtJ] [R/'ro,frpjr•J,r.,)]R/ rrJ f( .> J Jt J 
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BXO;Jtllllllle B upaBYJl '!aCU I<HIIOTII'<!lCROI'O ypaBHOHIIH {2) • B BOSHI!l<BJllllliX 

upll STOM BIIPilltOHI!JIX, O'!OBI!,IIIIO, 6y,11eT I!MeU MeCTO cyMM11pOB8HIIO no 

BO:eM ;' 
1 

: B TOM tmCJle H no ;·' # ,,/ • Ilpe.II.CT~RM ero 13 BlUle 

z 2!, 
,j' ./ 

= Z 2!., 
o~v· " 

Kaz.D;Hll B.3 '!J!GHOB 
.I . 

CJ'M"l' no J if J 
~ ... -) 

~;k(~, --:; 
e 

CO,IIOplltliT IIHOl<ll.TOJn. Bll.lla 

~ -r. r . .,. 
J' J 

(7) 

B ca~ cne~aHHoro HaMR paHee opennoxozeHRH o axa6ocTa BsaRMoneloTBaa 

BeaUHil TRna (7) C ,j 1 ;i J. upll ·cyMMilpOB8HIIII B. ycpe,ll;lleHIIII ,11BJI;1T 

= IIB.Jilill BMa.ll, ROTop!IM MOZHO npeHe6pe'l:L. IT03TOJ!Y 

'(/'... ,-!>12. 1 
+ - -'- <l'jC<J:;~;,, P,-it) •njct r) 

R;,-cn[Hij (t), 5• ), R/ w] '= e h ~m - 2m :;:n.. - 'X 

• [ J(,ij I<J::f t.t, J• m + 1.) - f rg c<J, 5, c<J) j !i ~c•; ~-+co , 
. - -;· ~· ) 

• -f(Cr:;Ct)di; -!) (t +MJ.jtHJ 

[ R/m, /Ci.}(t),;,c•JJR;m Er e :2"' - • 

x(JCt:71tJ:d.C, j3 !t)~1) -j(fi(t),!j,ltJj ;/It) j· tit). 

TerrepL I<HI!eTJI'tecRoe ypaBHeHae (2) 1JPIIHI!lAaeT Bll.l1 
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tJ=Tr-25 J ~ -(F) to 

BBel(eM OJ!.HO'<B.C'rll'!lcyll \I>YHl<I1lm pacnpel(eJJe~5/ 
V(f'~h) = Tr ft(f>;,n,;Ji,n,; ... ;i'ton.,..J. i (2.J•••J..Y) . (9) 

Tatt xatt 113 113:BeCTHHX caoliCTB onepaTopOB IlayJIII 

{ j'j- = l +1": "" C (r., - -l-'z) 2 ,jJ .! ) 

r.-r:t- -. Sry.•~J, .! j - ~- 5J "" 
TO C Y"<8TOM (9) 

Tr { J (lj~1 'j•) 'J ~ ':/'JJt} = Tr / f(f'], J•) ;/ 'j i "W;. } = 

= L. jrlp /(/',h) frni'/2) 'Wf(/',h}. /') 

II09TO>Q' l!lllleTH"" CKOO ypSBHeHIIe ( 8) MO.Il!O Tenep:r, nepeniiCBT:& B Bl!lle : 

, r 1. P'- rF• tf'J') x =:Jj'.!V-iff!J~f'jrl,c~/(i+JV1.JJ{5w~ -h,a + ~m 

P' C' ~ ~)') r8{n+Y.)-w;r/+tk~n·•)- (N~)C(tw~.-t£J,+ - ~; • x 
:"? Pt.- (p,-t.CJ2.) • 8rn- lt.) 1{ rF-U, n-1) + "'l S[tw~.- Ml. - ""' • x 8cn-'!.) V,[f"U~n-t) + "'l. 8(tw~. -tJl. + P~(fi;;:i';•)x 

< ~(n+lt•) ~ c/', h) }f(p,n). 

Tatt lt8lt /(J>, h) - I!p0113BOJn.II!ISI' <l>YHKilM. OTCJ).JjB ITOJJ;f'<BeTOJ< CJJe1':1--· ypBBHeHIIe .I(JlH O.JjBO'IQCTJI'<HOll <l>YHI<I!U paCnpelleJieHJIH: 
'7!~ 1{ {p,n) = :u-; f /.j~ol 2 { (N~~_) 'h/ (J> +U, '6.) - .trj. Wi(!',-'4) j x 
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p'-(p+U)' 
x 8(n+ ~) 8 (~w~- ~.ll. + :J.m J + 

+ :t:b f IJ•I' ( ~. 1{ (,1>+ H, -~) - (1 +.V,.) "1{ (p, '4) j 8(n- <;,.) x 

(p-f;Je)'-pt 
r cc~"'~- t;.O, + :lm . ) . 

llpJ!!W48li BO BHJ1M8.Hlle HBI!III BJI,ll WHKI1illl J 1.. 
B8I!JIH K I!HTerpJ!POB8l!llll 

) 
V: tr-.JY, 

H nepeXOAO OT cyMMJ!po-

nOJiy'laeM OTCil:rta OKOif'!aTeJmid BJI,ll ypaBHeHBll ~ OltHO'UlOTJ!'II!OJI it>YHRIUII! 
paonpe;~~e.Dei!IIJl 

1. v. (p -7.-J = ~·pr-J {rt•.J'i)"Wi r,o•u, v.;-9t ~ ) ,'lj, :{ 

!''- (p + U.) ') 
-.H._V,(p,-'-h)j8(t;tJ.-t;,!l.-r 21» ) 

.2 W:(• +Yo)= J'}Jtfi {.Ni. "l{(p+#J..,-'h)-(!+.H,.)H!i,{f>,'h)jx (IO) 
<Ot "i n .z. J.Ji A. 

• g(*w• _ t;,!l. _ P'-(1'-U)J 
... am , 

r,11;e cl = <+IJ'I- >. 
llepell:rteM TenepL X npo6JieMO BII'II!ICJiei!IIJl BpeMeHX pe.naxcanu. Kai< 

HOTpyltHO Bll,llOTL Jl3 ypaBHeHJlll (!0), BepOHTHOCTL Toro, 'ITO IIS.1;1'1aTeJIL ... 
C l!lmyJILOOM ,b norJIOI!laOT \l!OTOH Jl nepeXO:rtJ!T B BOS6yJ!:J(eHHoe COOTo-

HHHe 1 + > , ecT:L 

Al!aJIOrH'IHO BepOHTHOCTL llOnyOK81111Jl \l!OTOHa J!MeOT Bl!l,ll; 

,J'j _, r (p,t;kJ'-p') 
r_ = :J.ii r/i. {J.+.JYj,) d{t;,;~_t;J), + ;tm · 

Onpe:rtOJIIlM OOOTBOTOTBYJliiiiiO Xaplll<TepH!Ie Bpe1119Ha 
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3aue-qag, T.!'1'0 

-1. rz. = ~ (II) 

..!:'..._ S { '!!!:- Mt:b :;: { C.s f) + t;k J) tplc p pr 2f ' 

rJJ:e I! - CI<OPOCTD CBOTa II fl - yr'OJl Me.,.Y :BeKTOpflMII t II j' 
liMe OM 

= 2Ji --'?:!.. ]k. F(k) d k. 
t;b ' 
'~~ 

r.lle 

EcTeaTBeHHO noAOXHTD z 
t; !1 <:< "'c • B aTOM CJ!y'!ae: 

{ ·/~- m.fl.J<l} .t)+ ~ ,.D_ ;;;: ,t) = k >O. p pk. . 

Terrepi. MJI BpeMeR 7:~ (II) IIMeeM: 

:;:tdck. 
:;.e·r :tJ. 
:; e+fo~ek4. !. J.. 

J1 J1 
"· " ---p > k, "--C+h; c-;f:. 

{I2) 

By,llOM ,lla.>lee pacCJmTpi!BaTJ. CJlY'IBll HOp6JiliTIIBIICTCPJIX '<aCTIIll B Ope)le: 
/'«InC. , B CJ11'<a6 Bli!OORIIX TOMIIOPB.TY!> fl <<:(~J:l,)-l , ROr,lla CBOpXHS~aTOni.HOO COCTOBRHO B CIIOTeMe He BOSHIII<ae~S/, 113 (!2) liMe-

""' 

3TO BHp8aeHile COOTBOTCTByeT :SpeMeHII p6Jlai<Ca!lllll B CliOTOMe HOI<OppeJ111-
p0BaHKOX H3~8T6Ael, 
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B IIpOTKBono.nOKHoM CJIY'lae HK3l<IIX reMnepaTYP, xor;~ta (0 »(!;Jl.)-< ll 

Ci!CTeMa HBXOlUlTCJI B CBepXR3Jlj"iQTeJU,HOM COCTOJIHU, UOJIYli8.EIM 

t;c' 
~ ~ 0 } ~ ~ Oo ) -r_ = 2d£1 

3To noc.ne,llllee BHP~tteue ;lt,llll BpeMOHII L xopomo cor.nacyeTCJ< c 

OUeHKOI ~ BpeMeHR, COOTBeTCTB~ro MaRC~ RCTifCRSHBR B CBepx

K3.nyqaTe ... HOI CRCT6Me, n~HHOA B pa60TO 7 B CBH3H C BH6ep~ p&-/ 

6oqero PeiBMa o.naonpoxo.naoro CBepxaa.nyqaTe ... Horo raNMB-.naaepa/8-II • 

3SMeTBI4 110 IIOBOJtY' 8TOI npo6Jrew, 11TO TaR KB.R paCC'l'OSHIR ~.Q;y 

Y3JISMH RpHCTa.JIJilRecxol pemeTn JIBJIJD]TOJI BeJIB.1DtHOI nopH.ltKS. HecROJIDKBX 

WII'CTpeM, '!TO Cpamm>IO C ,llllllllOll BOJiliH M6CCOOy3pDBC!tOro r""""'-!i<SJIY'lemiH 

wm ,n;aJ:e npeBOcxo,n;aT ee, npa w6ope pa6oqero P"""""' H O!lemte BpeMOHH 

BliCB6'!11B8HIIll B raYM8-.na36pe He06XO,IlliMO Y"''TiiBBTL ,qxp.KT!i, B03HKH8li

UU'l6 38 C"ieT TeTIJIOBHX ROJie68H.Ill QTOMOB B R,PHCTSJUie. fipH 8TOM B TO'qHQM 

KOH6TR'!0CROM ypaBHOHKH TKna (2) .1\0.nEHH naRBHTACR 6030HH!i0 nepeMOHHHe 

em:e o.n;Horo "copora" - nepeMeHinre !f)oHOHH.ol cacTetm B RpilCTSJIJie. Kc~ 

~eHKe nsyx THIIOB 6osoaHRX nepeMeHHHX as RRHeTa~ecxoro ypSBReKBR 

IlpO,IICTaBJII!OT CSMOCTOHTeJIUYD IIp06.neyY, BCc.ne,IIOBaHlle ROTopOII Mil Ilpe,ll

no.naraeM IIpOBeCTH B cxe~ll pa60Te. 
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