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PaccMoTplWI aana-qy o rrpl'I6JIHllteHHOM pemeHID'l ypaBHeiDHI 

Prx) = o, <I> 
rne P(::r) - HeJil'IHe:ltmiit orrepaTop ll 6aHaXoEOM npocTpaHCTBe H, 

KOMIJJieKCHOM RJU'I .!(ei!:CTBl'ITeJil>HOM. l13 60JlhUIOrO '!14CJI8 M8TOUO:S. perne

HKfi ypaBH8HHH (I) Hal46onee 143Y'!GHH HTepaTl'IBHHe MeTO~ THITa HhiD

TOH8 14 l'IX HerrpepHBHHe aHaJIOrl'I. YCJIOBIDl CXO!J:HMOCT14 3Tl'IX M8TO.UOB 

06H'!HO iiJoPMYJIHPYVI'C.R B lll'l,!(e orpaHH'!8Hl'I~, Cilp8ll8.1J,lll'IBHX ll MaJIO~ 
OKp8CTHOCTI4 HCROMOro pemeHHR. TaRHe YCJIOlll'I.R Mli H83HB88M JIOKaJil>

HHMHo On:HaKO IIPH rrpaKTI4'!eCROM l'ICITOJil>30BaiDm 3TI4X MeTo.n:oB Teope

w o JIOKaJI:&HOi cxo.!(l'IMOCTH (BBI4!(Y TPYU:HOCTH npoaepKM HX yCJIOBH~) 
~am JIHmb H8KOTOPYID arrpROp~ Y1JepeHHOCTb B ycneWHOM np14M8HeHID'l 

TOrO HJll'I l'IHOrO MeT0!(8, TeM 6oJiee, '!TO ITOJIHM o6JiaCTh CXO!J:l'IMOCTH 

o6H'!HO mzpe TeopeTR'!eCRH o6ocHoBaHHOit. IToaToMY npR paccMoTpeHHH 

yCJIOBHI JIOKaJil>HO~ CXO.!(lWIOCTl'I Bli'!HCJIHT8JlhHHX npouecCOB OU8HKH 

o6JiaCTH CXO!(lWIOCTR He :Hrpam cymecTBeHH0\1 p01111. 

B H8CTO.RUI8it pa6oTe MH HCCJI8!J:Y8M BOilpoCH JIOKBJll>HOf CXO!(H

MOCTH KaK HerrpepHBHHX, TaR 14 !(HCKpeTHHX M8TO!(OB C ITOMOml>D TeO

pRH acHMIITOTH'!8CKOi YCTOA'!H!lOCTH .!(14~epeHUHaJILHuX ypaBH8Hl'IH.B 

6aH8XOBOM Ilp0CTpaHCTB8. 3TO onpaB!(8HO TeM, '!TO JIOKBJ!l>HM C.X0!(14-
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MOCTh KaKoro-Jin6o HenpepbiBHoro npon;ecca ecT:h He '<ITO ~moe, KaR 

aCHMIITOT.I!:"leCKaR ycTORtnmOCTh CTan;ROH8pHoro pemeHIDI COOTBeTCTBYif}

mero ~M~peHn;HaJihHoro ypaBHeHKH. ~To xacaeTCR TeopHB ycToA'<IKBocTn 

~~epeHUMaJihHHX ypaBHeH.I!:a B 68H8XOBOM npocTpaHCTBe ~ orpaHH

'<IOHHbiX onepaTOpoB, TO OHa TIOJiy"l..!:Jla yxe .~OCT8TO'tJHOe p83BHTHe, llpH

'<IOM BO MHOroM 6Jiaro.n;apR pa00T8M A.ilf • .fumyHOBa 06 YCTOlitmBOCTH 

perneHHI o6biRHOBeHHbiX n;H~epeHUMaJ!hHHX YpaBHeHHi. B 3TOA pa6oTe 

Mbl HCTIOJih30BaB.I!: HeKOTOpble pe3yJibTaTbl .1!:3 /I/. 

llpH paCCMOTpeHH.I!: .n;HCKpeTHbiX npon;eCCOB yn;aeTCH TIOJIY'tJHTh He

KOTOpble ycJIOBHR JIOKaJihHOtJ: CXOI(.I!:MOCTH H HeyCTOa<rn:BOCTH, aHaJIOrH'I

Iille ~ryqaiD HenpepbiBHHX rrpon;eccoB. PaccMOTpeHHe Borrpoca o6 OTCYT

CTBHH CXO [(HMOCTH IT03BOJ!R8T 3aKJIJOtiHTh, HaCKOJihRO .~OCT8TOtiHHe yc

o10BM -~OKaJihHOA cxo.n;IDnOCTH 6JI.I!:3RH K Heo6xo.rtHMI:lM. ITpH 3TOM TIQT(XO

ne MOlltHO TIOJIY'I.I!:Th H acHMITTOTHRY CKOpOCTH CXO.n;HMOCTH rrpon;ecca. 

G.neo;yeT 3aMeTHTh, '<ITO Be3~e B pa6oTe npe~noJiaraeTC.fi cymecT

BOBaHHe perneHH.fi ypaBH8HH.fi (I), a BCe YCJIOBH.fl CXO.rt.HMOCTH t{JaKTH-

"l8CKH BK.i!ID'I8IDT orpaH.I!:'tJ8HH8 

;/P(xf~ ~ L < c::..o ) (2) 
I 

rapaHTHPYIDmee HeBupoxo;eHHOCTh naHHoro pemeHR.fi. 3n;ech fJ(~) -

npoH3BOn;HM wpeme ouepaTopa P(:x) • KoHetiHo, MHorHe MeTon;u 

MOryT CXO.ll;HThCH H B CJiy'tJae, KOrn;a HapyrnaeTC.fi orpaH.I!:"leH.I!:e (2), HO 

rrpH TipaKTH"l8CKOM HCITru!b30B8HHB 3THX MOTOII;OB Tpe6yeTC.fi HeKOTOp8.fi 

peryJrRpH3ar.um. 

C TIOMOmbiD ITOJ!YtJ:OHHbiX pe3yJibT8TOB paCCMaTpHBaeTC.fi BOIIpOC 0 

JIOKaJihHOii CXO!l;HMOCTH HeKOTOpbiX H3B8CTHIDC M8TO!l;OB, a TaKllte 0 

6JIH30CTH TeX HJIH HHbiX yc~OBH! K HeyJiyqmaeMHM. S~eCb HMeDTCR B 
• • I -f 

BH[(Y CJien;yJOl!IHe HerrpepbiBHHe rrpon;eccu: .:.t == - Prx) , Z = -/)(:K} A'~. 
• t'if • I -1 

X=- Prx;P(x) , .x = -P(x,) P(x), a TaKllte HX rtl'ICKpeTHHe 

BapHaHTbl. 

4 

B pa6ore 121 TeopeMS I' npHMeHJteTCH npK HCCJie.~OBaH.I!:l'I cxo.n;H

MOCTK HeKOTOpol Mo~an;RH M8TO.~a HbllTOHa pememm O.rtHOii Ba&HOii 

~3H"leCKOI 3~8'<IH HS COOCTBeHHHe 3Ha"leHH.fi .~ CHCTeMH l'IHTerpo

n;Hqxpepe~aJihHbiX yprumeHd lllpe)tHHI'epa. 

§ I. ~QKaJI:hHSH CXOU!MOCTh HenpepbiBHbiX npoqecCOB 

Aim pemeHH.fi ypaBHeHH.fi (I) paCCMOTpHM B ROMITJieKCHOM 6aHaxO

BOM npocTpaHCTBe H a~aqy Koml'! .~H onepaTopHoro rtKqxpepeHUHaJihHO

ro ypaBHeHKH 

1f =- ~(x) J Z(o) =X 0 e ff.~ (I.I) 

pemeHHe ROToporo o6o3HatJ:HM "lepea X ( t" :c a_) 

S~ec:r, rt"rx-.J - HeJmHeiHbil onepaTop (aaBKCHI!IRI oT P(:x.), Hanpn

Mep ~(:Jr:f=::../){x)), n;elcTBYil!llHI H3 H B H. ITpen;nOJio.llHM, 'ITO ypaB-

HeHHe 

Yf:t) = o 
l'!MeeT pemeHHe ~- e H ' TSKOe 'ITO p (x <f) ==0 • IJycTL B HeRO-

TOpoM mape s~ 'l. = ( ~ e II /!1:!:-:):*/15: 't} 17zJ HenpepbiBHO ~Hqxpe
peHUHpyeM no wpeme. IlOJiarSH ;rt)=-X(f)-;:c* , .~ j(t) nOJiy

'lBM ypaBHeiDie 

11 =- 1-"rz"Jcl + ?f!IJ, lroJ =~P-.z-:, . CI.2) 

r.ne F{J)- HeKoTopul HeJmHeiH:biA onepaTop, .~ llOToporo 

1/l'ifJj~ Cfj)!ljt./ ; .Y~ C(j-)= 0 . 
IJycn Terrep:r, A: II-+ II - orpaHl'I"leHHHI Jlli.Heihml onepaTOP. 

Torn;a, corJiaCHO /I/' MO:KHO onpe.~eJIKTL onepaTO!HPYHKI.OD> e"'t. 
C ilOMOmPD COOTHOWeHHH! 

e-ft=- ...!..__ ;/; e,./t //1-,.!E)-d) 
~r, ~ r~ ' 

r.n:e ;; - HeKOTopill KOHTyp, OXB8TbiBaDIIHI CII8KTp orrepaTOpa A 

(o603Ha'l1!M STOT crreKTp ~(A) ) . 
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ECJIH ~ ;( <jJ rrpH Be ex A E ~ (A) , 'RO cymecTByeT fit , 
'ITO 

II eAt II ~ ~ e ~'t , ( t ~ o J. 
).[Mee, corJiaCHO /I/, CTp, 403, lJ,II.Ii ypaBHeHrui 

dx =Ax f- F(( ~), 
dt 

PL(e f" (t, x) y~oBJieTBOP.HT YCJIOBHil 

1/J:'(tJx)/l ~ j /IX/ J ( t ~0 J /X/!E:f) 
1 

HMeeT MeCTO CJI8l(Yilma.li 

(1.3) 

(I.4) 

TeopeMa I. IIycu 6 (A) JieDT BHYTPH JieBol ITOJIYITJIOCKOcTH, 

T8K 'ITO II e /J t: II !!!; A{, e- >'., t. , H BHITOJIH.Ii6TC.Ii YCJIOBHe (I. 4) 

npH ~ <. ~ • Tor.~a lJ,1I.Ii pemeHIDI ypaBHeHIDI (I.3) HMeeT MecTo 
.No 

ol.(eHKa 

/lx(tJ/l~#[v'l/.z{c)/) t~o" tfzroJ/~j' .. ; #; Jl;/o >0. 

3Ta TeopeMa pernaeT BOTipoC 0 JIORaJI:bHOA CXO~HMOCTH TpaeKTOpHA 

(1.3) R TOttKe X-= 0 • 
I 

ITO!lb3yacb aTo:ii TeopeMol H rrOJiarM A= - 11" (x ':) , MOli-

HO ccpopMJJIHp<>B8T:b 8HaJIOrH'IHOe yTBeplK,li6HH6 0 JIOKaJ!l>HOi!: CXO.~OCTH 

npoueccos (1,2) a (I.I), 

,lla.Jree, CK8ll6M, 'iTO rrpouecc (I,I) JIOKaJI:bHO He CXOI(HTC.Ii (RnH 

HeycToftt<mB) ecJIH cymecTByeT C > 0 ,· TaKoe 'ITO .lJ,II.Ii BC.R:Koro 

c >0 cymecrByeT X" ; ;t:x~>-:z-"'/~ c H cymecTByeT T, VTO 

/.r(J;::c.:J-.z*/~ C • B /I/ rrpHBOI(HTC.H CJiel(YillllM reopeMa o HeycToi!:-

'il'IBOCTH, 

TeopeMa 2, EcJrH CITeKTp 6'(A) orrepaTopa A COD;eplltHT TO'iRH, 

JieEa!Ul'Ie B npaBol ITOJIYfinOCKOCTH H BHITOJIHeHO YCJIOBHe 

;/P(~x)j!!:f/X~t;./1 (~>0_.'1/Ztf~; t~o), (I. 5) 

To npouecc (I,3) HeycToi'IHB. 

6 

EcJm lJ,II.H npouecca THrra (I.I) BHIIOJIHeHli YCJIOBIDI aTo:ii Teopew, To 

rrpouecc, Boo6me roBop.H, He cxoi(HTC.H K pemeHHil. 

C ITOMO!Ubll orreparopa ~(~) peanH3yeTC.Ii TOT RnH HHOA He

rrpepHBHlii rrpouecc, PaCCMOTpRM ~anee, RaK C ITOMO!Ubll ITpHBe~eHHHX 

TeOpeM peruaeTC.Ii BOITp<>C 0 JIORa.II:bHOi CXO.~OCTH (H HeyCTOftt<mBOCT:K) 

HeRoTopl:lX HSBeCTHI:lX MeTo.~oB. 3aMeTHM, 'iTO yCJIOBIDI HeycToiitmBOCTH 

ITOMOram ITOH.HT:b, H8CKOJI:bRO .I~OCT8TO'IHli6 YCJIOBIDI CXO.rti!MOCTH 6JIH3RH 

K Heo6xo.~. 

I) 1-"(:x}= P(-x) , fl - ROMITJieRcHoe 6aHaxoBo rrpocTpaHCTBO. 

Hs Teo pew I CJie.l(YeT, 'ITO _lJ,II.Ii JIORanl>HOI cxo.rt:KMOCTH rrpouecca 

X = - Pfx) ~ocraTO'IHO, 'IT06H 

/Ce[ d(P'rx*J}} > Y > 0 • (I.S) 

0TM6THM, 'ITO BCe H3B8CTHH6 aBTOpaM paCCMOTpeHIDI STOro rrpouecca 

rrpoBOI(HJIHC:b B r:HJIL6ePTOBOM npocTpaHCTBe /S/ ,/ 41 np:H yCJIOBlm 

(Pf.x)A,) Jz,)~ C//z,/1~ c >0 1 _.( - rrpoH3BOJil>HO, 

Ho H3B8CTHO, CM./I/,'ITO ,lia%6 B KOH6'1HO-uepHOM CJiy-qae <ITO YCJIOBHe 

He SKBHBaJI6H'l'HO YCJIOBHil (I.6), .I(aJiee, eCJIH cj (P(:c/) con;e.PJU!T 

TO'qltH JieBOi ITOJIYITJIOCKOCTH H BHITOJIHeHO YCJIOBHe (I.5), TO rrpouecc 

(I.I) HeycToftt<mB. TaRHM o6paaoM, Heo6xo.rt:KMoe YCJIOBHe cxo.!U!MOCTH 

&(~(P'{x:*J)} ~ 0 
6JIH3KO K .~OCT8TO'iHOMY YCJIOBHil (1.6), llpHMep COBIT8,1J.6Hl'!ll He06XOI(H

MI:lX :H .n:ocraro'IHI:lX yCJioBHI .u:aeT CJiel(YIJIIIKI rrpouecc. IJycu A -
ITOJIOliHTeJI:bHHi orreparop, ,lJ,II.Ii KOToporo HJJI:b He .R:Bn.HeTC.Ii C06CTBeBHHM 

3Ha'leHHeM (HO MOlleT ITpHH8lJ,J.Ieli8T:b cneKTpy). ~ pemeHRH ypaBHeHRH 

d:fi) = -.4.z(t} J X(O)= X., , t ~0 
B / 5/ .~OK898HO COOTHOmeHHe &:.nz.,/x(t)lf= 0 , 03Hat;aJllllee ,_._, 
cxo.I~HMocn K HYJIIl aT~tro rrpouecca. 
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Ill/ jl> 
2) r (x)= p (:x:JP(x). 

P /1 * 1V" · /1t I 
EcJIJ'! P(:::r")==O >~ cymecTBYeT rx: ') , Tor (:1::/=Ptx"J/JfrJ. ,.. . 

fiOCKOJihKY onepaTop p (':{:) p r.z.) He OTPHU8TeJihHJ:dt, TO ~R CXOZUI-

MOCT>! (I. I) [(OCT8TO'IHO, 'IT06bl 0 ¢ 6' ( 1" rx"J) , TO 80Th 

//JY' (:t ") --'l ~ !._ • fiOCJI8[(H88 YC.IIOBH8 SKBHB8JI8HTHO 0~8HK8 
/! P '( x "_F '! ~ /'1, I 61, KOTOPM HSBeCTHa H3 MHOrHX pa6or 

l"j 
:cJ.r.,Hanp/' ) a He yJJy'lmae'~a. 

Ill/ I -/ 
3) r (:xj = P (:c) P(:t..J 

lJycTb P(::r")=O, 1/ p{x~;-'!1 ~ L /1 P fx "_hf ~ 1'1 
,.j,-f f: I ·J<r. TOr[(a -r(x·)=E r,P(z) rP(x"), ·) = E , ( E - 8ZUIHH'IHhlii orreparop) 

OTKJ[(8 CJI8.1.lY8T, 'ITO rrpo~ecc (I.I) JIOKaJihHO CXO[(HTCR. 

4) I!ycTD P: X- Y , A: Y- X , A - mme.f!Hh!ll orrepa

Top • .lJ.nR rrpouecca i. = -A ,tJ("'-) =- Yr)() Haxo.ZU:!M 

1'/fx ") = ..4 P(:x") H cxo[(HMocn o6ecne'<!eHa, eCJIH Re{t;f!,ofxj>O. 
B qaCTHOCTM, paCCM8TpHB3R HerrpepbiBHbiH 8HaJIOr MO[(H~pOB8HHoro 

rrpouecca HbKJTOHa ( 1/(:::..:) == P(x.//:>(-o), Haxo[(HM 

,//I 1 - f I I -1/, I / , ) r (.:x,.)-::::: P (x.) P (.:r / :. E + P(.or.; r.P (x ")- P (-r-.)/. 
!IOSTOMY f(JIJI JIOKaJI:OHOi.l CXO[(HMOCTH [(0CT8TOtiHO yCJIOBHli 

jP(-r.) -~p (x':) -p(.:zoJ)J < J. 
I // / I · Ec.nH P (~) YnOBJieTBOpJieT YCJIOBHKJ JIHI11lllil.la /f:,.O{:cJ -Pzy)#~ 

:::;: x J ~ -d' _# , TO YCJIOBHe CXO[(HMOCTM CJiel.lYJOmee: 

!1~"-.r.,f < (/P(::r.F:t ~-I • KoHe'<!Ho, rrpo~ecc He o6RsaH 

CXOz:tllT:bCii !!pH :Z:(o) = X
0 

• 

§ 2. 0 CXO[(HMOCTH HTepa!lHOHHbiX ITpogeCCOB 

B aTOM H cne~yDmHx naparpa¢ax Mbl noKaxeM .[(Be TeopeMbl [(JI.fi 

HTep~OHHhlX IIpOD;8CCOB, 8H8JIOrH'<!Hble TeopeM8M I H 2. 3TH T80p8Mbl 

~a~yT B03MOJKHOCT:b HCCJI8z:tOB8T:b BOITpOC 0 JIOK8JI:OHOH CXO[(HMOCTH 

HJIH, H8060pOT, 06 OTCYTCTBHH CX0~!1l.IOCTJI p83JIH'il!HX [(HCKp8TFWX 

MeTO[(OB. 

8 

B 6aHaxOBOM rrpocTpaHCTBe If (KoMIIJieKCHOM HJJl1 .neilcTBHTeJih

HOM) p8CCMOTpHM HT8p~OHHH~ rrpo~ecc 

x,~1 ==- Ax" -+- 8 x,_1 + F (:r17 , x,_,), (2.I) 

X., , X 1 - 381.laHbl. A H 8-JIHHeibn.le orpaHHtieHHhle onepaTopbl 

H3 H B H . F - HeJIHHemwA orrepaTop, ne~cTBYKJ!UHit H3 f/K H 
B fl . Ey.neM rrpe.IUTOJiaraTD, 'ITO B .S:, 't. orrepaTop F o6JiaqaeT 

J 

CBOACTBOM 

/1 F(x11, X;,-1) /1 ~ tt, 1/::C:;. !/ + 'l~ 1/X~~-t ~ (2.2) 

r.ne ~J H ~z. - IIOJIOltHT8JihHhl8 '<!HCJia. 

HaPR!.lY c npoD;eccoM (2. I), paccMoTpHM B If rrpo~ecc 

}/n+t d,Yn i- 8 J'11-1 J ,Yo, ,., E H 
1 

(2.3) 

KOTOpbiA RBJI.fi8TC.fi JI.HH8IDIOA '<18CThiD (2.I). Cetit!ac Mb1 z:tOK8lK8M Teo

peMY, KOTOpa.fi, ITO CJm8CTBY, 6y[(eT 03H8'I8Th, 'ITO 8CJIH pemeHH.fi 

p8B8HCTB8 (2.3) CXO[(.fiTC.fi K HYJIJO, TO TipH .[(OCT8'J.!O'<IHO MaJibiX 'Jl H 

~~ perueHK.fi (2.I) T8KE8 CXO[(.fiTC.fi K HYJIJO. oTO 0'<18BH[(HO, H8ITpHMep, 

eCJIH/A/1-;-I/8/< f . Tor[(a rrpouecc (2.3) CXO[(HTCli K HYJIIO, a 

rrpH [(OCTaTO'<IHO MaJibiX ~., H 'J
2 

(2. I) M8lKopHpyeTc.fi tiRCJIOBoA rroCJie

noBaTM:OHOCT:OJJ 

a_.o = (l!ll//-t-tJ1)an + {j8/-t-r2)a.,_o· 
KOTOpaR Tru<xe CXO.ZUITC.fi K HYJIIO. Mbi paccMOTpHM 60Jiee 06IUHA CJiytiaA. 

!JycTb cymecTBy!OT '!M:CJia e H 11 • TaKHe. 'ITO I > E .:> 0 ' H > 0 • 

~II KOTOpbiX BbiiTOJIH8H8 0~8HK8 

1/JJ. I~ lie Jt(/l.f.>/1 -t tf Jl~ll)) ~J J', - ITp0H3BOJ!hHbl, (2.4) 

03H8'<!810!Ia.fi CXO.ZU:!MOCT:b K HYJIIO rrpo~ecca (2.3). 

Teoper.m r: !JycT:D Mil rrpo~ecca (2,3) Bb1IIOJIH8HO YCJIOBHe 

(2.4). Tor.na .~R JIJJ6oro et • T8KOro, 'ITO 1> c.t ;;;> c . cymecTBYJOT 

nocTaTO'<IHO MaJible a o > 0 , raK.He, 'ITO eCJIH F (.:?:;, .z; ) no. [('<!H-
I- I. ) J. .2 " ,.., 

HReTcli o~eHKe (2.2) c STHMH 0 , o , TO MR pemeHHli X,.. rrpouec-1- 1 rz · 
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ca (2.1) B ManO~ OKpeCTHOCTK HY~ BUTIQnHSHa OU~HKa 

jz;,/.!S {! C1 Jt .In~ (liz,//~ 1/X,II_), 
r~e C - HSKOTOpail IIOJIOllHT8JI:bHM KOHCTBHTa, 

AoKasaTanLCTBo. ITpoBeneM ~oKasaTani>cTBo, HMen B BM~ nonyqHTI> 

oueHKy n;nR BCRKoro /'11 > /'1 

II X;,#~ .2~ m~ (IJ 2 11, )·In~ (1/Xo~ /1~,11) E/~' 
KOTOpM BUTIOJIHJI8TCR, 8CJIMI/Zfl-7(JZ:tf../z,ll)~(;. 

1 
2' = _o _ 

• ":tlf,) c/tn4:t(t,211.) .2tt, E, z • 
CnpaBe.!l;li.HBOCTI> Rl:il!l8YKa31iHHHX OUSHOK 6Y.neT 03H8ti8'l'h, 'ITO TeopeMa 

noRasaHa. 

0603H8'1MM /1l.Krf'. = lna/)t. (/IX; /I, i=k;K·d~. ''J ( j . .l{OCT8TOtiHO 

ITOK838TI>, 'ITO cymeCTBYST USHOe /11 , T8K08
1

tiTO 

ZJ;liR BCRJGIX :l;,,X, E ~y /l q, 6yrr,yT CIIp8B8!l;liKBbl HepaBeHCTB8 

/ZN/~C/.mo,, (
2

•
5

) 

/IXK/~21'f,c/hlo,t 1 K=2, ... ,1V-.1. (2.6) 

.l.(eikTBKTSHhHO, R3 (2.5),(2,6) CJie,ll;yeT 1 'liTO /:X,./l~ (),(1(~0) 

J/X2AII/ ~ CtiV mN,~N+f ~ c/N 17Lo,2 , 

/::t3111// ~ c;Nm~ 2N+'f ~ c; 3.w' m1:1,3 , IIOCKOJII>KY #XzNHJ'~C,2~0 I f 

m.,N ~ 't, m.,IV ~ o. 
AHanorRtiHo rronyqaeM z. z 

,v:z. AI' .r' # /IX 2 It~ E.. m # x# .. d I~ c:, .fn.fJ IV"' = c..' m~., tV . IV II 1 ",~IV J 

IT03TOMY .~ BCeX UeJibiX D H UeJibiX K < ;t/ IIM88M 
I 'HtiC 

1/z,PN!~ e/'~1:1-11/ ) 1/XpN+IC I~ U-(, c/'mpN .. t_,;>N~2ff,C, m,_~. 
3BM8THM, 'ITO /IX .... I/~ 2 ~ P "m < " l'f, 11?0 _, , II03TOMY 

'-f ~~ - ..(... I 

1/Xf"''+l< I' ~ _flf, ~,PK+IC/7/o, ~ _ /71a.-)t ( :t_ £ ~} . 
Tenepi> noKa&eM HepaBeHCTBa (2.5), (2.6); 

//Xn+l;f ~ a/::C.,~r f' /X..-uf + 'J, /Jf41/+ ~z. 1/x.,_, 1/. 
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3.necb a= /AI/ , -i = #8/ • 
IlycTb Ot , S2 ecTI> xopHM ypaBHeHRR 

~2- (ct+~. J r - {f.,.rtz.J = o. 
liOCKOJibKY b * b_ , TO nonaraR ,1._ = n-z.:v,;t (61 :f2 ) • HM88M 

J ;t .) 

! // I ,., - "'' :X,., II E d, / / .:C, I+ IS: I IX./~ H2 h."'' lr/.. 0 1 

r~e tiMCJia X, , ~ Y!(OPw'I8TBOpRXJT CHCT8M8 , 

[

X, -r :::t"• = /Xof 

s, x; + ~ Xz. = /IX dl • 

llyCTh ~ = 1?2.~ ('f., ) 'I~) ' a IIOCJie!(OBBTBnhHOCTh .fn e II 
orrpe.n:~eTCR CJiezzyxJ!IIRM o6pasoM: 

)/;,.,., = Ajh -f 8c/'" -1 ~ jo-= Xc .J J't :: X, . 

IIonoJEHM ~ IL = X, - J';r • .11" y!(oBJieTBOPRST coorHoweHHIO 

Dn .. 1 =A~ + 136"-' -t P (.r.,, x-.-1), ~. = 0 _, .A1 = 0-

I .D.It-;1/ !5 a./1.4., II tot' ./4~ -1 II + Z-'1 J'Lllt II~ 'j. j.4, _ _, /1 ~ 

~ a /CJ." /lr /' /ILJ.h-11/ + t ~ ( /,._ "r j, ~}Me,,_ 

If I"_, 
IlyCTh Cl f' ~ :f: f . 0603H8tiHM t '""'j )12 a +~ )m,.,, 1 • 

M3 TeOpHH ypaBHeHM~ B KOHStiHbiX pa3HOCTHX CJI8.!(Y'8T, 'ITO IIpi! 

1: ~ 17 + 1 Bl:ffiOJIH8HO HepaBeHCTBO 

/IL1io+ll! ~ e. ;;e (n} ~ e 0(' (I<) c., -{J.-1)_ E', .-:. 

r.n:e .::e ( ~) orrpe,D;Bn.fl8TCR p8B8HCTBOM: 

.e £ (n J = c, 1 f" + 0 ~ .... + e {1- a-t')- f ~ 
a c;· , '{,· , t':: :1, 2 Y!(OBJI8TBOpRIOT CHCT8M8 ypaBH8HM~ 

{

c, + Cz. r- e ( f - &? - ") - 'f = 0 

?, :., +fz c, + e {f-4- ()-'= 0 (2.7) 

t; -a Zt" - t' = o ..) ;z, * 'l z.. 
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r/) /, 11-t ; .+-2) ._,., 
lloJiarM d.Jrlt)=Hl. (4. .,..~ /o<. (~<-t) , UOJIY'IHM Tenep:D CJie-

IzyJJteyiJ ouem<y !{JIJI x .._ : 
f::r:.,/1~ tf,Y,J-r//:x .. -J.,/~ (-Zifc 11+ f ZJrr.)e,-"'.c:,jmo,1 ~ 

~ (2-1'1 + tt ~(~t)f;-J ~ 4 mo,1 . 

,llaJiee, rrycT:D N TaKoBo, "'TO J == f - f!J1 ( £) N > 0 
IlycT:D .n:aJiee mN)C. 2> (~<)C.,- K = Q (AI) 

f<. 1< <IV 
llon;'l:HHEM 'IHCJIO f, > 0 yCJiomm: 

tj, (l(lf/) = nun(£ (1'1,-1'1)) J). 
Torn;a np.H K < ...v noJiy'lliM oueHKY 

If XI< II !S .t H, c;;:; mo, 1 . 

llpH 1< =IV HMeeT MecTo HepaBeHCTBO: 

1/Xt¥/ ~ ll,!t.t/-t l,t.v -.z.vl~{£1't({,)~f- rfrNJ}c;,vmo,1= 

= (I- J -T ~ {) (;V J) C., t/ mo,., ~ E/~ nto,, . 

TaKHM o6pasoM, B CJiy-qae a.. r .( -=11 r eop el.la n;oKasaHa. EcJIH 

ar~ = d_ , TO CHCTeMa, aHaJIOrH'l:HaJI (2.7), 6y,n;eT HM8T:b BH:D; 

~
Ct 'f' c, -= 0 

1, c, r !. cL .,. -t (2 -a) -
1 
= 0 

/ l. - a. 1,. - ~ = 0 ) t, :i: 14 

£? ..... .... )-f ~ ;f r;..) = e, t, + (z 1z .... e~ (2- a . 

)laJI:DHeAlnl!e paccyxn;eHHJI aHaJIOrH'l:Hil nepBOMY CJiy-qall. OcTaJIOC:b sa

MeTHT:D, 'ITO !{JIJI cnpaBe.1T,IIH1locTH Bcex paccyxn;eHHI: .nocraroqHo 

npe,nnonozHTb, qro 

fn~ (J'.z-oft /IX•/() ~ 
"l.. S. 

..21'1., Jon ap ( f, 2. 1'1,) 

TeopeMa n;oKasaHa. 

12 

1 
I 

J 

B 121 TeopeMa I' npBMeHJieTCJI np.H HcCJie.n;oBaHHH npouecca THna 

(2.1), KoTop!d! BOSHHRBeT npz pemeHHH sa.l(a'l:ll! Ha co6cTBeHHble 3Ha'l:e

HH.R: .!{JIJI CHCTeMH ~mrerpo-,nH.!iflepeH~MaJJbHUX ypasaeHnn lilpe,nHHrepa 

M8TOD;OM H:bllTOHa. .l{aJree MH paCCMOTpHM BlmHWi: 'l:BCTH!lit CJiyqal TeO

peMH: 8 = 0 , f'.' H-fl , npH noMOillll! KOToporo HcCJien;yeM Bonpo

Cll CXO.ltBMOCT.H HeCKOJI:biDlX .1!:3B8CTHllX npon;eCCOB B KOMllJI8KCHOM 6aHa

XOBOM llpoCTP8HCTBe If • 
I - f ) 

I) X..,+, = .X;, - Z: P (X.,) P(Ki. ;. f;;:. Z > 0 • 

P P " .. Ilycu (x ") =0 , (x ) - orpaH.H'l:eHa. llOJiarM /;. =X,-x"', 

!{JIJI MaJillX /11 llOJIY"t!BM 

!lh+t = (f-r)cYJr.- + f"{j.,)) 1/f"aJ/'= o(l¢t/). 
H3 TeopeMH !

1 
CJie.n;yeT, "'TO npz BCJIKOM T .1!:3 npoMe&yTKB [1,0) 

MeTo.n: H:bmoHa-KaHTopoB.H'l:a JIOKSJI:DHO cxo.n;II!TCJI. BRllHO Ta~e, "'TO 

M6TO.l( 0'18H:b 6iiCTpo CXO,D;HTCSI IIPH L = f • 

2) x.,+, = ~ - r P(z.,), 1 ~ z- > 0 . (2.8) 

IfMeeT MBCTO CJI8.D;Yillli8SI 

TeopeMa 3. IlycT:D P(~*)=O, a P(.z'") 

!{JIJI npo~ecca (2.8) cnpaBe~ii YTBepa.n;eHH.R:: 

- orpaHH'IeHa, ror.n:a 

a) IlycT:D ~[d (P (z "J)} ~ 11 > 0 , a 

Torn;a npouecc (2.8) JIOKaJI:bHO CXO.n;II!TCJI. 

..tH 
z: < II p'(x•Jtf 2. ' 

6) F£JrH (P(~"){ i)~ /1 (It, A) , /1 > 0 , a 

7: <. /1. ,1- /tf , TO npon;ecc (2.8) JIOKBJI:bHO CXOD;HTCJI (3D;8C:b 
~~/, . 

If - I'HJI:DCiepToBo npocTpaK: TBO) • 

.l{oKasaTeJI:DCTBo. a) 06osHa'l:HM J;, = ~- x * • Torn:a !{JIJI MaJIHX 

rro HOrNe //;. npouecc (2.8) BMeeT B:a:n;: 

Jt~o~$ = (E- z: Pf'.z"J)~ + Ftfi..); /l'q);/= o(/;-/). 
ilOJIBrM P f~ "): Jl , JierKO TIOKaSaT:b, "'TO eCJIH Cll8KTpaJI:bH!lA 

pawc '"t onepaTopa E- r II yn;oBJieTBOPJieT YCJIOB.Hil "{, c:: 1 , 
To CY!IleCTBYJl'l' E H ;V TaMe, "'TO .I> e > 0 , IV> o , .11: .!{JIJI 

pemeHHJI rh YpaBHeHH.R: '217+t = (E-rA) 2~r,..-
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crrpaBell;JI:HBa oueHKa //2 .. //~11c"/l?ol! • !mTOMY H3 TeO-

peMH I 1 
CJJe,IzyeT, 'ITO npR ~ < 1 npouecc (2.8) JIOR8.1Il>HO cxol(RTCR. 

IzycT:b Terrep:b crreKTP A JiexRT B npaBO! IIOJIYITJIOCKOCTR, TaK 'ITO 

k(~ (A ) ) ~ /'f > 0 • floHo, 'ITO H ~ /Ill! . Y'fRTliBM rroc

Jien:Hee H8p8B8HOTBO, :113 reoMeTpH'i8CIUIX C006pallteiDdi JierKO IIOJIY'fRT:b 

oJieUYJOieyD oueHKY ll;JIR 't : 

z ~ (/11/ 2 -11/7: 2 + (7:11-1)?... 
IIosTOMY yCJJoBHe Z:. <. 1 6yueT BliiTOJIHeHo, eOJIH 

T2.(/!1f!/-tt/ + (rH
1

-1) 
2 

< J wm T <(. :A; 2 • (2.9) 

6) IIocKOJI:&KY p (z•) !IOJIOlmTeJI:bHO onpe,D;eJieH, TO €/(A) Jie

l!U'IT H8 n;eiicTBHTeJI:bHO:it OOH, llo9TOMY YCJJOBHe 't <:: f 6y_n;eT BlirJIR

.I\8T:b TSK: f - z: JIll/ > - I , npH If > 0 • STo npHBOD;HT K HCKo

MOMY HepaBeHOTBY r < #;# . TeopeMa ,I\OK83aHa. 

AHR cpaBHeHHJI npHBen;eM oueHKY .!T,IIJI T: 

B / 3/ IIPH YCJIOBH.IIX (f'fx)/,_-' J,,)~/1(/,JJ,), 

II PrxJf ~ c : o < r ~ _!!!___ 

, KOTOpaJI IIOJIY'f8H8 

If >O , H 

• BBH.UY O'f8BH,D;HliX 
lf2..-cL 

HepaBeHCTB }; /'1 <. t.l'f <: _!::..._ 38RJIJO'f88M, 'ITO .Ua:ate B 
, -tC • /!AI/' - /IIIII 

cJiy~ae 6aHaXoBa npocTpaHCTBa yCJioBHe (2.9) MeHee orpaH~4~TeRbHO, 

H~eJIH yCJioBHe H3 131. 
ToT xe rrpoueco (2.8) HCCJI8.D;Y8TCR B p~60Te /B/ B BemeCTB8H-

HOM 6aHaxOBOM rrpocTpaHCTBe B c rJiaD;KOi HopMoft rrpH YCJIOBH.IIX 

1/Pfx}/1~ /1 H 

( j"l-cui J£/f; P(x;i) ~ 171/lv/1, (2.II) 

) 
~ /l:td.¥11 ._1/z!f 

r.ne no orrpe.neJieHHJO ( /Jn.a/:1/x 11.- ,j = ant t- . ,.--~ -e-o 
3,D;ecJ> ( Z? , X ) orrpe.D;eJIJieT sHa'IeHHe JIRHeihioro <PYmmRoHaJia 

-2 E 8... Ha BeKTope .z E /3 • IIoKS&eM, 'ITO H3 yOJioBHJI ( 2. II) 

OJie.IzyeT, no ~~~ (!'{x))J~ In • IIpe.unOJioDM, 'ITO 

)=mc+tjw<> E 6 (Pt~;J H ln-111., = ol >0 • I!OJIODM &= { • 
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l 
Tor.n;a oymeoTByeT 1 s € B , ! .4;; !/ = f TaKon, 'lTO 

&~1/f'rxJii -)A.; I/. ,Ua.iree, rro orrpen;eJieimJO, (2.II) osHaqaeT, 

'ITO 1 

&m 11 !.- .. t P rzJi II- II~,; II ~ rn 1/lv/1. 
i-o t 

IzyoTJ> c ::: : , Tor.n;a .ll;JIJI £.; oymecTByeT T = TIE) TaKoe, 

'ITO 

/Iii~ tf'(xJiJ //~ (i+ t(m-t'J) , !IpH t !f 7' (£). 

Tenep:b HMeeM HepaBeHCTBo: 

$t ?IIA.J +t l''r:xJ{f- () t +E )hs 1/p /!iJ +t f'(~Ji;l!- /t)~fb 
~ 1-ft (ln-E/ -(L-+ t mo +- O(fJ} = t (ot-E')+ o(t) ~ 0. 

IIoeTOMY npH MSJIHX i >o cnpaBell)illBO HepaBeHcTBo: 

; t ~ ;~ t-+ o(t) wm- t t+oftJ~O, 
'ITO npoTHBOpe'!HBo. HTaK, ,e.(t>' (P(~J}j~HZ , noeTOMY orrpaBen;-

JIHBa OUeHKa (2. 9) ,ll;JI.II Z: : '1: < ~ 7 , B / 8/ UOK838HO, 

'ITO npouecc (2.8) OXO,D;HTC.II IIPH YOJIOBRH E, ~ 7: !;; c~ ' r.n;e 

C1 H f:J. - KOPHH (IIOJIOD:TeJI:bHlie) ypaBH8HH.II 

#-4'c.2. _£.me+ 1- j 2 = o 

/I m'J.)~ t e - #' JIZ. <. lj, <:_ 1 > j ~ # == UMS . 

IIOJiaraJI c = ;; H IIOD;OTSBJI.IIR B (2,12), !IOJIY'l88ft! 

(2.12) 

'I ~t. (!V-1)-+ 1-f 2 > 0. (2.13) 
A 2~ 

IlpoH3BO.UHS.II OT (2.12) B TO'fKe c = -4z. paBH.II8TC.II :un (2.#-1).:>0> 

II09TOMY (2,13) BM80T8 0 IIOOJI8.UHRM HepaBeHOTBOM .n;aeT: 

~ (ct~ cz) < ~ 7:' , To ~:1> .na:ate 6es npeurroJio&eHHJI rJia.n;-

KOCTH HOpMH, OU8HK8 tJ< 'l: < ,42 MeHee orpaHH'fRTeJI:bHS, 'IeM 

ouemca cf ~ T ~ C-2. . 
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§ 3. 06 YCAOBKHX OTCYTCTBHH ftOK8nhHO! CXOgHMOCTH 

HTepagROHHHX rrpoueccoB 

PaccMOTPHM rrpouecc (2.I) B rRHh6epToBoM (~elcTBRTeAhHOM 

RHR KOMITAeKCHOM) rrpocTpaHCTBe fl . 
OrrpegeAeHRe I. CKaxeM, ~To rrpouecc TRrra (2.I) ROKanhHO He cxo

~RTca (MR H8YCTO~nm) rrpR ll. --.e><> , 8MR CY!II8CTBY8T TaR08 C > 0, 

'ITO UJIFI BCaKOro [(OCTaTO'IHO M8nOrO C > 0 HaaeyTCR: Tarul:e Xo , 

, X, € /1, ~TO tn ~ (1/xo 1/, 1/:t:, II} ~ {' , R TaKoA HOMep ;1/ , 

u.na KoTopwc 1/::t:# I~ C' • 

OnpegeAeHRe 2. CKaxAM, 'ITO onepaTopu A R B yqoBneTBopaDT cBolcT

BY ( R. ) ' 8CJU1 li3 paBeHCTBa lim /.I! Xn -1141/ xlll! =0 c.neqyeT UJIR TO~ ._.,., 
TO~ JKe nocJ!eqoBaTeAhHOCTli X,... paBeHCTBoh/6x. -jtJ!x./1=0. "-..,. 

B STOM naparpa::Je MH Il;OKaJK8M M8.IJ;YIOmJIO IeopeMy: 

TeopeMa 2.
1 

!!yen orrepaTopu A R B yn;oBneTBOpRDT CBOHCTBY ( ll ) 
R ;1?:;rJ.E. !3?JE ,d1 tj3 2 :>0, o(,;s~o ,ll)l!+llf3//:>l 

&:RR HMRHeihu.l:fi orrepaTOp c/o (X_, i!) TaKOB, 'ITO 

!lc:f(x, i-)/~ f- (/:rl!'tl'~;tllltr":/ (JJ" o., m~j/lx/{/li'I/J~z), 
TO rrpouecc 

Jn+t ~.,lei,. r 6¢.-f -f cf-(;--.. , if.-r) (3.I) 

!18JCT0)\1Jf!B. 

noKa3aTMbCTBY T80p8MH rrpen;nornneM H8CKORbKO BCITOMoraTMbHWC 

YTBepE.n;eHRil:. KaK o6wmo, ci<a)!(eM , 'ITO ;urne~il: on epa Top A CM3aH 

C orrepaTOpoM B COOTHO!II8HH8M :\ ~ B , 8CRR A-B - IIOAOllrnTeAh-

HHH orrepaTOp ( (f/l-!3jx, x)~ 0 UJIR BC8X X E If ). IlyCTh 

../?atE , /3?:!_1'3£ , ot,;tJii!O, « 2)8 2
7:0 • IlpH 3TOM YCRO-

BIDI paccMoTpHM rrpouecc (2.3), rroRara;:r I ,;t.·/1 = I . i = ~ 1 • 
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06oaHa'IHM)n_(f) pe!IIeHHe (2.3) c Ha'tJanbHHMH 'l;aHHHMR J =-11-. y,). Tor

n;a}:. (J)=LJ.,"r, ..,..~"- l 2 , rqe LJ1 u !::,2 - KOPHR orrepaTopHoro ypaBHeHRa 

~ 2 
_)If), -B = 0, a 3R8M8HTH z?,, Z,_ Ollp8D;MRKl'I'CFl paB8HCTBaMU 

_, -1 

-2, =fL1,-J:::.,_) (y,-LJ..J.,jo) , C.l =(Lll-<1,) (J• -C,,jv) • fiOCKOJJbKY 

L1,-Ll, =l/.z!...',f3? r E ' r > (J • TO orrepaTopi:::., -L\2 o6paTHM. &:JJR 

i.\ 
1 
= 1 +I!', !3 , TO ,S' -= »?«)'. /1£:., //> /ILl, f) = 1jL':,, ;/. 

JieMMa I. Ana BCRKHX ;Y) r :> 0 li BH!IIeyKa3aHHbiX A li B cymecTBYJOT 

j" , d' , /fo/1~ f ,1/J,ji= //Ll1J/I Taruie, '<ITO [(J!Fl ,}, ( j ) BHJTOJJHeHa 

OI.\eHKa (I-r) t"'!!; 11.:!),_ (5)/ ~ S"') It ~ N. 

,lJ.oKa3aTMbCTBO • IJOCKORbKY 11 J - IIOJIOlltll:T8JihHblll on epa Top, TO 'TUCJ!O 

J' ==1/LJ.,// E 6 ( Ll,). IlycTh E :> 0 - rrpoH3BOJ!hHOe 'IRCJJO. Bu6epeM Jc 
TaK, <ITo6u ;/ .f• II= f , /1 (L1,- J E )J'o/ $ t' .J' • IloJJoMM :f = . .6, J, , 
Tora;aZ.z=O, Z 7 =)'o, JTOSTOMY J' .. (J)=L'!.,",'/c VI//jn(J)/1<;; S~ 

Jl;iJJ.ee/!IJ1 .fcl/ ~ J(f-c) • ,lJ.OKaM8M ITO I'!HrJ;JKI.\l'IM, 't!TO Torn;a Il;JLH 

ncex IZ RMeeT MecTo HepaBeHCTBo/(.6/" -JE)yc;/{ 4 ,:f''"'c- • r..ycn 

UJIFI H8KOTOporo K>O BHIJOJIH8HO HepaneHCTBo/(LI,"'-.j''c:)}'<tf~-<: J'"c·; 
Torn;a/(6;·~-J "''~ ),J'oi/=J/3, (c.," -.J i:) 1- J '(4, -J t:)j ,Yo;J s; J;., J "c + 

+ J's [ =(k,1)S'"f • fi03TOMY UJIFI BCaKOrO fl >{I DhlllOJJHeHO HepaBeHCTBO 

S"(t- /ll)-;fd.,"',Jc/1 • !IoRara;:r rrpR a;aHHOM AI , C' = j_- , IIOJJY'IRM 

llOKa3aT8RbCTBO JJeWm • 

,ll.aJJee, rryCTb orrepaTOpH A 1'1 B yn;oBJJeTROpaJOT CBOHCTBY cJe ), 
Tor.n;a acHo, 'ITO ;fA-t/3/l=,/-4/lr/IL3/f . F'.CJJI'I;:: (). ),t'=l,2 

eCTh MHOr0'1JJ8Hbl C IlOJJOllrnT8JJbHHMI'I K03~UR8HT3MH, TO [(RFl T8X Ee 

orrepaTopoB A 1'1 B cBolkTBY ( R.. )ynoBJJeTBOpaeT rrapa onepaTopoB 

A 1'1 C = f? (II) r A. ( 8) , a TaKie orrepaTopbl A VI (C. '<ITO O'leBRD;HO. 

Hpli 3TOM RMeeT MecTo paBeHCTBo 1/1 _, lc' 11 = J,4J +(!; (l!t¥1/) fl:t (1'131).' 

Terrepb rrpl'lcTyrruM K n;oKa3aTeJihCTBY Teopewbl. 

17 



.UoKasaTeJILCTBo. Cor;racHo JleMMe I Bll6epeM )!" , • 111 .J ·1' 
T8F; 'tJT061l 

.~ peweHIUI ypaBHeHIUI 

V. ~1 = A ~ -f /3 1.-j, -I , Vc , .f> 1 ~ = d 1 

npH HeROTOpllX r' #>0 H .nJI.fl BCeX It~ N BlliTOJIHRJIOC:b HepaBeHCTBO 

{1- /) J "'!:: 1/I((J)/ ~ rf ~) f: (Y..J•), .J'-= /l.d,/1 

3aMeTHM, "'TO 143 yCJioBKI TeopeMll ;rerno CJie.zureT, "'TO ; > 1 

IlyCT:b j, (f) eCTL peweHKe ( 3 J ) C H8"laJILHllMK 3Ha'tJeHKHMH /• , .f, • 

ITpe.n:cTaBHM ero B BH,Ue 

j.,(J )=)J. = ,y,' r y.,' 
I. 2 

, r.ne /" H 1~ ecTL pemeHK.R CJie.IJYIX!lRX 

ypaBHeHHI :· 
1 /1''/2' • ' J•., -: J'• -+ '--'J'.-• J Jt'o "'.J'o ' J1 = J't 

2 A < n 2. 4 /v. ) :~. > - .,.., y .. , = /'t,j~.,. UJ'·-, -+ r..-•,.J'•-r I .ft =-J'~ -v. 

llyCTL C > 0 eCT:b IIp0K3BOJILHOe, .UOCTBTO'tJHO MaJIOe 'tJKCJIO • IloJIO:&HM 

~ == £ f . lJycT:& 11 - HeRoTopoe tJKCJIO, Y.noBJieTBOP.fiiXIIee 

YCJIOBlUl 

1 +r < 11 < m-in r.a-~J+f'+t J ) r. >0. 

0 Bll60pe {; >0 CKB.&SM IT03l(Hee. ilOCKOJil>KY c > cJ 

cMY MaJiocTa c:" cYlllecTByeT #.~ , 3 ~ AI, ..: N 

/.t, (f;_ )/ ~ E /Y rf 
4 

J 
,.. £- AI, 

MaJIO, TO B 

T8ROS,'ITO 

(3.2) 
1 . 2 

A1l.fl TBKKX fl. Oll;SHKM KOMIIOHSHTll Jt. lil j. ,IIpe,l(IIOJiara.R1 "'TO 

cltc5'"!:c z. 
.;-;,;, =llJ<'+B.r.-~ -r.::P($.,)'.-•), ,;t."=J'.'-= 0 ~ J..=-if•(J;). 

TaR KaK 

/I<Pt,.. I .!M-f);! ~ C' (f3 /f jl3 A), 
r.ne C=(Eif)"t>_~ ~ j3-:: f)

1
t,P , TO 

I J,,~ I s; a. !i,,::tt + £ /J<-~ / + c (jJ "~ "-'_) . 
3.n:ec:r, a =-/.#,? , ./=- /81' 

TaKHM o6pasoM , /.J~, <!;!s, x..._ , r.ne .z~ ecn pemeHl!e ypaBHeHl!.fl 
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/7 / ., "-1 ) x;,_,=a::t., +- lf...l __ , +-c 1;9 ~r /, -'.~u ....{·""' 
(3.3) 

By!( eM HCR8TL .7., B BHI(e .1'~ = W, t i'., , r.l(e <!.., - '!aCT HOe 

peweHHe (3. 3), a W' ...._ - o6mee peweHKe cooTBeTcTByKJU{ero onHopon

Horo ypaBHeHIUI. 

"-
r f~ (~ 

- ;----. ll t7 1.._ 

~,_,=2-::t. --,t' 
' .. . vt/)1...-= c:n.c·f 

i!.... HaiineM B BH.ne ~,.. "" ? c f3 ..... , Tor.na 

Z! j3 #"=a c ,(3 .... ,.. -l' i!: ,/3 .. -, + /3 ,, ,.. f3 rl-, 
0TCIQI(8 IIOJIY'IHM . • . 

- { 

2 = (1+j3.J (/3 <.- ·rs -e) . 
;; ""7 ) fT jJ 

HaiiOMIDIM, qTo (3 = ~~ ~ 1!-~/3~~ 11~(#t ff t( / COrJJaCHO 

nepen; !flopMJJIRpoBROi! TeopeMll. ITOSTOMY _13 '-- C~ · t! ·pC 

~~~I< E( <C.('> = J' ftj" 

3aMCI1aHLU1M 

, a TaRJKe 

floCJie TOrO, RaR HB:Ii;l(eHa BeJil'I'UiiHa 2 , ROHCT8HT1l C, H { ,_ onpe-

l(eJI.flll'l'C.fl H3 CKCT8Mll 

(~rC2 -trc =0 

E~ C, + E; <~ t ~ c;s -= 0 

- 1 
(; ·= Ci(F.-ji)(l>r.).) 

-I 
c~ = c t (r, -,;S)(r, -l;). 

ITepenHWeM STH BllpaxeHK.R B BH,n;e 

c, = c c m, c, "" c i!: ;n 2 To rna 
.) > 

(< 
"- ,,.(frr) 

;2 = C ~ c"'- <" r ,J ) ~ z: c, ,.,., ....,.. til )Hl . 

.:1~ ~ c~ J'rtt/'..Jh-(1-t "";;:·_)~ c c J(trf>J""(!..-m, -J??.), 

IIOCKOJILKY J > f • 0603H8"la.R c/ == 'j. ? (lr m, -m,) , OROH-

'tJ8TeJil>HO IIOJIY'l:HM 
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II fi. ~II~ x, ~ cl ( c· H J ") ''1' 

/!:;;.'I ~ E J' "' 

IIosTOMY .IJ'.lUI j 11 (f. ) cnpaBel{JIHBa m~eHKa 

/.;t;, ( J; J tf ~ ;/.y;, '// ~ /1/1//1 ~ (1 r rJ C p If If/' d ~'/ c J ~ 1t. .; t1/, . 

EcJrn: npi'I 3TOM 

I+ clc ~' l'f 'fr J 1'"'- ~ 1'1 
J 

TO HepaBeHCTBO (3.2) 6yn:eT BlillOJIHJITbCJJ JJ,IIR TeX /2_ , -~ KOTOpliX 

It ~/IV.} ( [v~.j - UeJIM '!aCTb 'lHCJia o( ) , r.n:e ~ ecTb 

pemeHHe ypaBHeHRR 

I+ c/ c-" 1'1"1'J I'Nt. = H 

HJIH 
u ( /'f-f J ~ c !'"/ s ,.. = /i;T/ . 

3To ypaBHeiil'Ie HMeeT e,l(HHCTBeHHOe pemeHHe /~ ( c' ) , He 3aBHCJJ-

!llee OT ;t/1 • TBKHM o6pa30M, MOaHO llOJIOU:Tb AI, (t'} = { !lt',Jt'E) _/ • 

,UaJiee 

tttS~= (/f5)Yr>(1'1-t)'#< (j)tJ, (!;) '0 

Terrepb, noJiarM r; ~ ,/ t P , ITOJIY'!HM t· II S #z : l • 3THM 

060CHOBaHa CITpaBel{JIHBOCTb H&nO&eHHiiX BliWe pacC~l(eHH!. 

lTI..1eeM 

I .XV,!?- IJ',v: 1 - tfJ;,,"I! ~ (1-rJE J_;v, _ c1 {Elf ~;V')fr~'= 

= ( 1-1- tl 11'tP c-~' s /<',~') c s .tV. -= 

= (t- r- !"fcil//'f-!)'lrl"d.f'(#,-k.) ;j;_:-1 JYt> (-v,-#z) 

'/(!'ttl// /(t'1"~'.1j r) ~ 

) (1-!Y-r)&~;J) ~ j = umst. 

llrui orrpaB.l(a!il'I.ll ITOCJie.l(Hero HepaBeHCTBa l(OCTaTO'!HO 38MeTHTb, '!TO 

,f (#,-/V,) ;:_ f , a Sf'( -v,-AI,) ~ f, llOCKOJibKY 8 :> f , a 

- f < A-', -AI, " 0 • 
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HTaK, HeycTo!'!:l'!BocTb npouecca (3.I) n:oKa3aHa, TaF KaK UJHI 

BCRKOro l > 0 cymecTBYJOT /Vt ( t), C , TaKHe, '!To J dJ·,ru II~ C , 

rn:e C He 38BHCHT OT E , a J?uVJ< I //.fill,~ 1/,y./1} ~ I' t: , rn:e 

.C TaK&e OT E He 3aBHCHT. 

TeopeMa AOKB3aHa. 

H3 ~oKa3aTenbcTBa nerKo cne~yeT, qTo ecnH 8 £o -,fl[, 

)~--~£ , .x,j3 ~ 0 , o< j!3 > I , To npouecc (3. I) TaKJKe He-

YCTO!'!HB. ,IJ;e!CTBHTeJibHO, llOJIOUB .)1.: = -j'c , j; = - J• H 

-, -J I 

Y- = v' r- v , JierKo 38MeTHTb, '!TO Gl.., = -!f~ , a OUeHKH l(JI.fl . h ~:t;, r.~r -?' .. , 

',y,: coBrra.n:am c oueHI<BMH l(JI.fl ,j, "- . 

B 38KJIDGeHHe OCTaHOBHMCJJ Ha npouecce 

Jn~ 1 = /1 J~ -r- P( y.,) • (3.4) 

Pacc~n:BR aHaaorH'!HO ~oKa3aTenhCTBY TeopeMH 2: JierKo BHBeCTH 

CJrezyoeyiD TeopeMy- • 

TeopeMa 2 ''. IlyCTb onepaTop A caMoconp.RlWHHHit H /A /1 > I 

EcJrH HeJIHHeAH!iA orrepaTop F : 8 _., B TaKoB, 'ITO 

J ;-""(::>..) ,( ~ r, fiX!/ f ·p, .P :> ~· ) II~ II s '2': ' 

TO rrpouecc (3.4) HeYCTOft'IHB. 

Terrepb MH MOxen 3UKOHqHTb Hccne~oBuime npouecc-e. 

x,,., = .2, - Z P(x,).) (
3

•
5

) 

rrpHMeHHB TeopeMy 2 '' • IlycTD jl(.:A. ") = 0 , orrepaTop P ( .x ) 

l(B8Zl(li HerrpepliBHO l(HiPIJepefll.U{pfeM B TO'!KC X"' , a p f-< ") -

CBMOCOITp.RXCHHHit orrepaTop, CITeKTp KOTOporo COUepmMT TO~KY B Ae-

BOH ITOJIYUITOCKOCTH. ilOCKOJibKY JIHHe~aR 'laCTb (3.5) IDMeeT BH!( 

Jno = /" - l P(...l /j'.._. 
I "') H cneKTp orrepaTopa E - z- P (x COA8pllHT TO'!KY f r c t , 

,!:' .> 0 , TO 1/ E - r: j) fx • )/? 1+ ;-r >I • lloaTOMY no TeopeMe 2 " rrpo-

uecc (3.5) HeycToA'IKB. Y'!HTHBBR TeopeMY 3, Terrepo MOZHO 38KAID

'!HTb, '!TO JIOKaJibHM CXO.l(HMOCTo HJIH HeyCTOit'!HBOCTb rrpouecca (3.5) 
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onpel(eJIReTC.Ii pacnOJIOllteHHeM cneKTpa oneparopa P rx -) , npH .n;o

cTaTO"lHOE rJial(KOCTH p ( X ) • 
, ,, 

ITo-BH,ll;lfMOMJ',Teopew 2, 2 cnpaBe!J,JIHBii He TOJI:&KO np:H YCJIOBHH, 

"'TO CIIeKTp oneparopoB A H B JiezHT HB l(e~CTBHTeJibHOi OCH, HO H B 

6oJree o6mei cHTYBUliH. OrweTHM, "'TO aeKoropble Om13KHe K reuaTHKe 

craT:&H sonpocbl paccuorpeHbl B 191. 
B 3aKJIIl"leHHe aBTOpli Onaro,IlapSIT M.B .Ily3h!HnHa 

38 HHTepec K pa6oTe. 
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