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PaccMOTPHM 3~a~y o rrp~dHKKeHHOM pemeHHB ypaBHeama 

P(x) =0 (I} 

rQe HBJI.WHe!mll orrepaTop P ( :x) oTo6pa:aaeT KOMllJleKcaoe B-npocT-

paacTBO X B X • 06o3Ha'il!M lie pea P '1 x) npoli!3BO.I~HYD ~eme one-

pa•ropa P ( xJ • B pa6o•re /I/ paccMaTp~rumc:& yc.n:oBU JIOJ<aJI:&Hoi 

CX01l;l!L'V!OC'l'li! ~Tepa.mtOHHJU ilp0U6CCOB TRII8 Hl.JJTOHS lri RX Herrpep!iBHHX 

6tii8JW1XlB Ha OCHOBe TE:OpKiri aCHWlT01li'!€CKOll YCTOI1n£BoCTR pememtil 

;ui<fi{)(;JoeHIUW.JI:&HiiX ypaBHeHldt B B-rrpocTpaHCTBe. Ilpa aTOM npe,n:nolla-

l'MOCb, tn:o 

fl P' r x)
1 !I ~ L .:. ov (2} 

1l H€ItOTOpol OKpeCTHOCTl'l ROpWl. 3To )'CJ!Olme rapaBTIIpyeT H6BiipoJt­

~eKHOCT:& pemeHHR. 

B HaCTOJIIIIel pa6oTe HcCJ.teruvrcR HerrpepHBIIIle rrpoueccll peme­

RIUI YpaBHeiWI (I) B CJJYtme RapymeHHR YCJIOBU (2) Jl B CJ1Y'i8e UJIO­

xol o6:vc.n:oBJieHHocTJI oneparope P ' { x) • PaccMSTpBBSJl'fCJI c.n:e!Q'lllllle 

npoueccw: aenpep~mmd aH8Jlor MeTOf(a Hl>moHa 

,X ( t ) "' - p' (:X) _f p t X) .X (Oj "'.:Xo (3) 

.\i"T'>,U )'CTaHOBJieHI:il 

.. ,, 



x rtJ = -Pt.rJ .r lo} - .r •• 
(4) 

]na cnyqan,Kor~a P orodpaxaer rHnh~eproBo npocrpaHCTBO H B H, 

paCCM8TpHBaeTCR npouecc faycca-HbmTOHa 

i ( t) =- ( p'r:x1 P'( rJ~ f 1 P'r.rJ~ Pfr) .T(O) c .X,. (5) 

(a~tecb P'(.xJ .. - oneparop, corrpm~:eHHiiii K P'rxJ ) H MeTOrt 

HaHcKope~ero crrycKa 

.'t It) = - p' (X) I' p (X) Jfo) ~ .r •• (6) 

PaccMaTpHBaDTCR TaKKe perynRpuaoBaHHHe npoueccH 

x (t) ~- ( P'(.x) +- ruo!E y- 1 
p(xJ J((!)~ :t. 

J 
(?) 

• .r: (tJ =- (p'(xJP'rxJ' +- ~,~FE}- 1 P'r.xJ .. PfxJ J .1:fo}~.xo (8) 

0JJ;CCh rif - TIOJIOJKHTeJibHOe 'ili!:CJIO, a E - TOll.rteCTBeHHHI orrepaTOp 

B X 
YcnoBHMCR o6o3Ha'i8Tb peweHHe ypaBHemdl (3)-(8) c Ha'ianhHiliM 

YCJIOB>I:eM xf = xg t=o 
tlepea .X(t, Xo) ~ AAH KpaTK0CT~ -

qepea .x ( t} 

~3B8CTHO, 'ITO npH YCROBHH (2) BCe TpaeKTOpKR npouecca (3) 

noKallbHO CXO.rtRTCR K pewerum. EcJIH llpH 3TOM // p'( . .x)J " M , TO 

CXOaHTCR H TpaeKTOpRH npouecca (6). B pa60T8 TIOK838HO, 'iTO npH 

ycnOBHH ocymeCTBHMOCTJil (J) H (6) TpaeKTOpHH 3THX npoQCCCOB CXO­

)(HT CH 11 B cnytiaHX, KOr~a oneparop P r X.) He HM88T odpaTHOrO B TO 'I-

* l -Ke l , RBRRDmeMCR peweHV.CM ypaBH8Hl1R , ), Rl160 odpaTH~Il onepa-

TOp He orpaHM'leH B HCH, ]lillUl HCKOTOp~e OQCHKH ,1\RR CKOpOCTH 

cxD)(IlMOCTM npouecca (3). 

B CJIYtiae, KOrn:a ROHCTaHT8 L BeJIRKa, BM8CTO (3), (5) 

MOXHO HCTIQRb30B8Tb (?),(8). 0UeHHR88TCR RHTepBall H3MeH8HHH napa­

MeTpa 1d , B KOTOpoM CKOpoCTH CXOD;HMOCTJil npouecCOB (?), (8) 

He ~eHblli8,'18M npoU8CCOB (4),(6) COOTB8TCTB8HHO. 

4 

0TM8TKM, qTo HenpepuBHHe npouecCH B cnyqae HapymeHKa YCITOBHR 

(2) paCCM8TpKBanHCb, HanpKMep, B /2/. B /3/ HCCRe~OBaRHCb npo­

U8CCH THna (?),(8). 

§ I. Cnyqal BHpoxqeHHoro pemeHRH 

Ilpe.IUIOJIOXEM, qTQ B HeKOTOpol o6JiaCTH ]) c: X CYIII8CTBY8T 

e.ItHHCTBeHHoe pemeHHe .x"' ypaBHeHWI (I), a onepaTop P ( x J Hueer 

ilpOH3BO~HYD ~pewe B D H KMeeT orpaHH'I8HHYJl B OKpeCTHOCTH 

RaE.rtol TO'I:KH BTOPYil npoK3BOU:HYil raTo P" ( x) • STo yCJioBHe 

rapaHTHpyeT ocymecTBKMOCTb npouecca HbDToHa H 6yn:eT npertnonaraTb-

CR B TeopeMSX I-3. PaccMoTpKM B o6JiacTH D npouecc HhmToHa 

(3). Ilo:KaE.eM, qTo eCJIH onepaTop P 'r .:U o6paTKM B HeKoTopol ox­

peCTHOCTH X* Iii BHpolln:aeTCR B CSMOM pemeHKH, TO, 'f8M He MeHee, 

Tpae:KTOpH.H (3) JIO:Ka.IIbHO CXO.!ViTCR K pemeHHil. 0603HS'IKM 

$ = J :x E: X : II .x - :x. II < ~ J 
Xo, 'l 1 • 

TeopeMa I. IlycT:& -~ Bcm<oro E ,. o CYIJieCTBY8T 'IHCJIO 

8 ( E ) > o , TaRoe, 'ITO npR // x - :x *II >.- c BHI10JIH8HO 

ff p' r x r 1 II ~ B a. J , ( :x E 1> ) . 

Tor!(a cymeCTBY8T OKpeCTHOCTb pemeHWI, ld3 KOTopol BCe TpaeK­

'l'OpH.H (3) CXOitRTCR K X* • 

lOK838TeHbCTBO. lOKSXeM CHaqana, 'iTO ~R BCm<OrO, !l0CT8TO'IHO 

MaJioro t: > o CYIJieCTBYeT in! II P ( x J II > o • IJycTb s 7 o 
/IX -.r:'dcc 

TBKOBO, 'ITO Sx•, 2E CD • Ilpen:nOJIO&HM, 'iTO ~H 110CR8!lOB8-

TMbHOCTlil {:rn) , TBKOll,qTo 1/..I*- :Xrtlf=c ,f::;,/IP(x~JU=O 

IIocxon~>:KY // P'( :x f 1 II ~ B r 1: ) npH II :x- ~"II >/ ~ , 

TO cymeCTBYeT Xrz. , TSKoe, qTO j Ptx.,_)ff B (~) ;{ ~ • 

Ho llOCKOJibKY map ·S:., .~ c IJ , TO K3 HSBeCTHOI TeopeMY 0 

JIOK8JlbHOI CXO.ItBMOCTH npouecca HbJJTOHa cnertYeT, qTQ B Sx c. 
11,2: 

cymecTByeT KopeHb ypaBHeHliiR (I), 

HatlHM m (E) = inf J P(x J II 
!l::r-.r"Q=e 
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orrepaTop p(.x) HenpepiiBeH, TO Hait!leTC.IJ £ 1 , Eo> c;, :> o 

T8KOe ,'ITO rn (c 1 ) < m (E) • EbJIH If Xo - X ~ // ~ £1 • TO 

x (t :xoJ He nepece'leT c<flepbl 1/-K'-xl!=£. 
J 

P {.X rt 
1 
x.)) = P r :x. J e- t: • Ho TOr!la pemeHHe 

, T8K KBK 

.X ft, .Xv) 

npon;o.JUWMO n;o BCJJKOrO KOHe'I:HOro t , 8 3H8'IHT, J4 flO t =- 00 

no ycnOBII!Il TeopeMbl. JJ,a.rree, ltJI.IJ BCJJKoro o >o HBAn;eTCJJ 

T ( 0 ) > 0 , T8KOe, 'ITO npH t ;r T ( t) 6yn;eT BLIIIOJIHeHO Hepa-

BeHCTBO II x ( t 
1 
.xo) - x * !I < il . llocTaTO'I:HO B3.1JTL 

!/ P (1."o J II e -r < m r t) , Tor zta BLIIIOJIHeHo /1 r ( r, x.J .x ~,r < o, 
T8K KBK B npoTHBHOM CJIY'!8eT MHOJteCTBO Q = f X : 0-" If X - X' If ~co} 

con;epaano 6bl KOpeHL JpaEHeHHJJ (1). JlelcTBHTenLHO, IIOCKOJILKY 

TpaeKTOPIDi .X {t, Y.) np11 i; ;-,. 'T He nepece'l:eT c<flepbl 

)/ :1" - ~1: ,._ 1/ "' /) , TO, OCTaB8.1JCL B 5]. , OH8 )l;OJI:!tH8 CORTHC:D 

R KOPHil YpaBHeHl'I.IJ (1), T8K KBK npH X E Q 

II P '(x J- t II ~ B ( o) • IToaToMy // ,;c ( t, .1::,) - .z of- II ~ S. t >/ T r 8) • 

TeopeMa ~oKaaaaa. 

0TMeTHM, 'ITO CJIY'1:811 B~~zteHHJJ onepaTopa p' (X.) COOTBeT-

CTBY8T paBeHCTBO 
ti~ B (6) ~ oo 
s-.o 

3aMeTl'!M TaRXe, 'ITO eCJilf X.= RrL , TO eCTL B 

CJiy'l:ae CHCTeMbl n HMHHeitHwc CKaJIJJpB!i.X YpaBHeHHI, YC-10BIDi 

TeopeMbl BblllOJIHeBii, KOr.n;a M8TpJ4U8 p' {X"') He06paTl'!M8, OD;HBKO 

I ( - i p X) cymecTByeT B KaJtD;O! TO'I:Ke ~Z HeKOTOpol OKpeCTHO-

CTH 3x• ·~ • 3-ro CJieztYeT H3 KOMIIaKTHOCTli B Rn. MHoaecTBa 

j ( == { .'x : f. ,;; II J:.- x:''/1, b} H HenpepHBHOCTH q>JHKUHoHBJia ,/ P'( x J- • II • 

WsBeCTHO, 'ITO B CJIY'I:ae HeBblpo~zteHHOro pemeHHJJ CKOpocTL 

CXOltJ4MOCTH npouecca (3) onpe.ztMJJeTC.IJ 3KCllOHeHTOI € 
-t 

/.1 x (t,Xo)-x~/1 ~II P(x.Jil L. e-r . A ~HB KpHBOI 

x f t, ~) • onpen;MJJeMa.IJ BenH'I:I4Hol J /1 ~:If dt • KOHe'I:Ha. 
0 

B CJIY'I:8e B~poJtzteHHOro pemeHHJJ CXOzt.ll:MOCT:D MOJteT 6HTL {:KOJll>KO 

6 

yroflHO Me~eHHOJl, a !l;IU!H8 KpKBOI.t He 06.1J38H8 6biTL KOHe'IHOI. flp.ll:­

Be1(eM HeKOTOpble O~eHKH. 

TeopeMa 2. Ilycn npli yCJIOBlm TeopeMbl I PIMeeT MecTo Hepa-

BeHCTBO 

ffPrx>ff-?Mexp(-j(//:x-x*/1) (M>o xeS, c.IJ) 
1 1 X, 2 ' 

r!le f ( 'J) - IIOJIODTMLHB.IJ, MOHOTOHHO y6L1Ba-.a.ll ~, IIO.l('m-

HeHHBJJYCJIOBHil b;m_j(u)~oo • Tor.n;a Ilp.H X 0 E. ::;>?., T8KOM, 
u-o ' 

'ITO II P < X<JJ II e.x_p ( f (''t.J) ~ M, cnpaBen;JIJIBB o~eHKa 

ff x (-t, X..)- .x" II :0: f- 1
(-t -r tJ , ({,=ln. n::x.!ll ) , 

r.zte ;-i ~. o6paTHBJJ K f 
1!h1IH IIPB &TOM jP'(x;- 1 P(x}//~ i-(//x-x"/1) , r.~ 

f. ('j) - IIOJrOJUITeJI:&HB.IJ, MOHOTOHHO B03p8CT811118.1J ~. TaKBJJ, 

'ITO J J, {f- 1 ( ~}) "-:! < oo , TO KPHBBJI :Z (t, Xo) ROHe'IHOI ~-
A 

Bli. 

,llo:Ka38TeJil>CTBO. IlycTL .x. £ Sx•, z • Tor.zta pemeHHe ..r.(t> .?:;,) 

CYDieCTByeT .~ .u;ocTaTo'I:Ho MaJIW[ t 7 o • Eh1lH If Pr :.r. 1 If ~ M 

'1'0 (/ P{ Xo)// e-t =. II P(x (t,k))/1 ?.:- M e.xp (- f (l:x- X';!)) .H 

f (!.X (i, .X")- :x* /!);:; t 1" t • Ilo&TOMY J/x (t,x.,)-X~ff_, 

f- 1 ( t r C) "= z • 3HB'l.HT, Rp.HBBJJ .x.. { t , .xo) npou;0.11UM8 n:o t = oo 

Ill CXO)l;.HTC.IJ R ,x* BBIII.ztY llOCJI6JtHero HepaBeHCTB8,. ,llaJiee, 

[/J :~ // dt {, j6 (if X·.X";l )dt ~ j;, (j-1(t •tJ}dt-= jt(f-fy))rln< oo, 
0 0 0 € --~ 

TeopeMS n;oxasa&a. 

HanpHMep, .ll,1IJI cRaiiJlpHoro YpaBHe!Wl exp (- j_2 ) = o • 
f X 

j { u) "' uZ • Ilo8TOMY IIpor{eCC Hl.IITOHB CXO.llJ4TCB CO CKOpoCTLII 
_j 

/xrtJ/~(t+£) 2 • E>O 

Ilycn Tenepl> P: H-H 
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TeopeMB 3. TiyCTb B ycnoBHHX TeopeMH I BunonHeHo HepaBeHCTBO 

(P'(:xr 1 p(x), x-x') -:ya(/t.z-x*/1) (x ESx•~ c.J>) 
tJ ' >" ' 

du ~(u) 
a clJYHKI.Uffi ~(u) TaJ«>BB, 'ITO .Q,IUI peweiDUI YpaBHeHWI dt: =- u.-

u (oJ"' II Xo - x * II, RMell'l' MeCTO cooTHoweHKH I u (t) I £o '6 

t :>0 ; tim U (t.) = 0 • Tor.~a X (t 7 .::lC) CXO.~TCH 
t:-~ 

K X~ co CKOpoCT:&Il /{X (t, Xo)- x" II"' u ( t:) • 

EcJrH xe // P' ( xr 1 p(xJd =: L. (II x -x~/(} , r~e L (lj)-

MOHOTOIDIO BospacTalllQaJI cpyHKWffi, TaKM, 'ITO oj'" f/ !/'if dtj < 00 

TO KpHBaH X (t, .Zo) orpaHH'ieHHOI lf,IIHHH. 

AoKasaTenbCTBO. AoMHOliKM o6e qacTH ypaBHeHHH (3) CKanJiPHO 

Ha .X ( t, Xo)- X*" , TOr.n;a IIOJiy'IRM: 

d~ /1 x- x'l==-2( p'rxr1 PrxJ, x-.x .. ) ~ -2 7 ( /Ia- x"l!) , 

d.. fx-x";r ~- ff(lf:r-;x:*IJ 
dt II ;j:l:-X'/( 

oTey~a If ::r.(t,x,)-x*ll~ u(t) • Ilo3TOMY X (t, X.) E: Sx•, z 

rrpH t :>;-0 , a 3Ha'IHT,TpaeKTOpHH x(t, l!oJ rrpon;oJiliHMa .~o 

t * ~dt = oo H CXO.~TCH K X • Jl.a;ree 1 Y'IHTiffiM 1 'ITO Ju = - u , 
IIOJI:{..,'IHM 

00 
..., .If . 

J !I'//( f,ldt ~ J;., (ffx-x..,l/)dt :!c jMuttJ)dt = J";~~7 thL ~= 
0 0 0 0 d 

TeopeMa .~oKaaaHa. 

OTMeTRM, 'ITO )IJIH q(u) ~ u 2 

d~a ~OKa3aH8 B / 2/. 

rrepBM 'iaCTb TeopeMH 3 

3aMeTHM TBKEe, 'ITO YCJIOBHH TeopeM 2,3 OTHOCHTCH K 'IHCJIY 

He<$lieKTHBHHX, TaR KaK 3HatJeHHe :L" , B006me roBOPJi, HeH3BeCT-

HO. Ho 3TH TeopeMH xapaKTepH3Y~ IIOBe~eHHe TpaeKTOpHI HerrpepUBHHX 

npouecCOB B 3aBHCHMOCTH OT CKOpoCTH y6UBaHHH OIIepaTOpa P{x) KnH 

P'1xr 1 P(x) B OKpeCTHOCTH pemeHHH. 

PaccMOTPRM ~aJiee rrpouecc (6). ~ aToro rrpouecca TaKZe RMeeT 

MeCTO JIOKaJibHM CXO.~RMOCTb TpaeKTOpHI K Bblpo]!.~eHHOMY H30.JIRpoBaH­

HOMY pemeHHll. 
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TeopeMa 4. IlycTb B HeKoTOpol oKpecTHOCTJl Sx•," c H HeT ~PYI'J!X 

pemeHHI YpaBHeHHH (I) H i/P'(:x-JI/ ~ /V. EcnH cnpB.Be,IIJIHBa Teope!Aa !,To 

cyU{eCTBYeT 0Kp8CTHOCTL TO'IKH X* , H3 KOTOpol BCe TpaeKTOPHH (6) 

CXO.~CH K X" • 

,IlOKa3aTMLCTBO. 

m tt J = in} II N:dff :> o 
d.x-X'Hoc 

CornacHo TeopeMe I cymecTByeT 

• CorJiacHo /4/ B o6JiacTJI, r.~e J!P'rxr'I!Oo B, 

Q,1UI TpaeKTOpliUI (6) RMeeT MeCTO OUeHKa 
_f..,_ t 

!/ P (T r t, :xo)) II ,;. II P ( .x.; II e 213 

KOTOpM ITOKa3llB8eT, 'ITO lj p(x It))# MOHOTOHHO y6llB8eT. IloaTOtt,Y 

lf,IIH HeKOTOpoi'O co > 0 cymecT:syeT £, > o, TaKoe, 'ITO eCJIJII 

.:lO £ SX~c, ' TO X rt, X.,) E sr,t. rrpH t ?r 0 • 3HaiJHT' 

X (t, Xc) rrpon;OJIDMO .~0 t =oo BBHey OrpaHH'leHHH 

II P'ixJ* p(xJ/1 ~ M II P(x.JI • .II.aJiee, cymecTBYeT rrocJie~oBBTMb-

HOCT.b t~~- ~oo , TaKaH;'lTO //x(t"-,.?:c)-x*/1---o , n~oo. 

EcJrJl 3TO He TBK, TO lf,IIH HeKOTOporo 0 > 0 BhiiiOJIHeHO 

/(X (t, x,) -x" rl '7 t • t :>;:- 0 • A aTO rrpHBO~T K cymecT-

BOBaHHlO KOPHH B o6JiacTH Q = { x : t £o II x - x ~II ~ c: o } , 'ITO 

HeB03MO&HO. Terrepb lf,IIH BCHKOro c >0 BH6epeM tTL TaR, 'lT06bl 

/! P( X (tiL, Xo)) § <. m {c. J • Tor.Ita TpaeKTOPHH .X ( t, a:<,)E <':!.~s 

npH t ~ t n. • 3To ~OKa3HBaeT TeopeMY. 

§ 2. 0 perYJIHp¥38UHR rrpoueccoB (3),(5) 

lJyCTb O.IIepaTOp p 1 (X) He Bblpo]!.~aeTCJi B OKpeCTHOCTH peme­

HHH x* , on;HaKo KoHcTaHTa L B yCJIOBHH (2) BeJIHKa. Torna rr.PH 

'IHCJieHHHX pac'ieTax C ITOMOmbiO rrpoueCCOB (3), (5) B03MOJlHa 60Jiblii8Si 

ITOTepg TO'IHOCTH. B STOM CJiyqae MOXHO BOCIIOJib30BaTbCSi JIHdO peryJIH­

pH30BaHHliMH rrpoueccaMH THrra (?),(B), JIH6o rrpoueccaMH, B KOTOPHX 

HeT o6pameHHH orrepaTopa P' {x> , HanpRMep (4), (6). CKo-

pocTb CXOD;RMOCTH rrponecCOB (4),(6) B STOM CJiyqae MeH.bme, '!eM 

(3), (5). Ho CKOpoCTb CXO.n;RMOCTH HBJIHeTCJi O.n;HHM H3 BaJ!HliX rrapaMeT-
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pon, xapaKTepHC3YromKX ~cnHTBnhHHi npoqecc. ilOSTOMY HHTepecHO 

Ha.ltTIIJ Y.HTepB:J.JI H3MeHeHIDI napaMeTpa W'70 , B KOTOpoM peryJUI-

pH30B3HHble rrpoueccH CXO.!VI'i'C.fl 6HCTpee, 'ieM (4), ( 6) o 

llpe:Jln;e BCero, paCCMOTpHM rrponecc (4) B B-npocTpaHCTBe. Cor-

JiaCHO /I/ aroT rrpouecc JIOKaJII>HO cxo~c.fl, ecna Re v(P'r.x*;)~v70. 
qepe3 u r A) o6o3Ha~aeM cneKTP JIJdHeiHoro oneparopa A. llpH aToM 

_.jt. 
CKOpoCT:b CXO.QHMOCTH rrpoo;ecca 6JIH3Ka K e , ~TO .fiBJIJieTC.fi 

cnen:cTBHeM TeopeMw YII, I .3, H3 15/. 

PaccMOTPRM n:anee npoqecc (7). 

TeopeMa 5. IJycT:D B 5;., t c X 

p' (X) , a BTOpa.fl IlpoH3BOn:HaJi raTO 

peCTHOCTH KBXl:lOI TO~KK. ECJ1H 

cymeCTBYeT rrpoH3BOn:H3JI ~me 

p" (X) or~eHa B OR-

I) Reo(P'Cx>}>\>>0 Xt.S 
7 Xo, 't. ? 

2) ~cno 'I >0 TBKOBO, ~To f If PC:X.)i/ :s, '0, 

TO B S x., ~. CYuteCTBYeT KOp8Hb X" ypaBH8HRH (I) 1 K KOTOpoMJ rrpo-

uecc (7) CXO~TC.fl CO CKOpoCTI>D 0 
I -t II .:t ( t, x.. ) - .x "11 ::,. ~ K P , .x.,) !I e- ~· ur 

,lloKa38TBnhCTBO. H3 ycnoBH.fl U) cnezzyeT, ~To 

Re 6" ( P'( x) + w£) > v + w x ~:c S ~ 
7 l'c;,_l.. 

IbaToMy corJiacHo /S/ UP't.x)+ wE;-~,?:f./n"' , ::tt:Sx.,-z-

HaiiHWeM .~4$lpeHHUaJII>HOe ypaBHeHHe ItJI.fi p ( .:l: ( t ) ) : 

:/;. p(x{tJ) ""P'(xrty'fjf- :=:- PfxJ( P(:x)f- z.VE)- 1 
p(xJ=: (

9
) 

=:- P(x) -t vJ( P'(:x) t- uJ£;-1 p(x) 

ilpH 8TOM 

If w (P'rx> -twEr 1 P(x)l/~~ fP(:x_)i/. (IO) 

CorJiacao TeopeMe YIT.2.I H3 / 5/ o6 ycToiqKBocTH reHe~1:DHoro rroKa-

3aTen.fi, y~THBM, 'ITO aKBJrnaJieHTHBJI HopMa, orrpea;eneHHaJI orrepaTopoM 

- E, coBrran:aeT c II x II, 

ro 

~ 

• 

Hx/I_E = Jie-u .xlldt = lxlf, 
0 

IIJ3 ypaBHeHRH (9) ncny~aeM oueHKY rrpH eX (t J .Z,) £= SXo, '£ 

v 
P P{xd))/1== 1/P(x;,)f e.-, .. urt (II) 

B KOTopo.lt y~TeHo (IO). OueHHBa.fi ItJIKHY KPHBOR x(t,x.), rro.'!y~aeM 
v 

I t -~t 1 
'I x r t, .;c., J- :x:v II <f '1-;:-w- ( p{ x.J/1 J e ctt <; v If pr «J II " 6. 

0 

IloOTOMY oqemm (II) HMeeT MeCTO rrpH t /,- 0 H, 3Hatl.I'!T, cymecTBy-

eT lirr0 X ( t, .X..)= J" • 
r-~ ~ v v 

+ I J -- t I - J+iijt 1/x(t,:x.oJ-:r II~ v+ur!Ptx,JII e •·w- ~t,f~-dP{x:o)!/e ' · 
t; 

TeopeMa .~oKa3aHa. 

ilocKOJibKY rrpH yCJIOBKK I) TeopeMH 5 rrpouecc (4) cxon:KTCH co 
- rv-nt . 

CKOpoCT:biO -£ , ra;e £ > 0 -.l:l0CT3TO~HO MaJIOe ~KCJIO, 

TO IIpH W < ·f- V rrpo~ecc (?) 6yn:eT CXO~HT!C.fl Cl!iCTpee,~eM rrpouecc 

(4). O.llHaKo rrpK ()f ~ 1- Y y'!G.e He KMeeT CM!iCJia paccMaTpHBaTb 

rrponecc (?)~ TaK KaK Clya;eT BliiTOJIHeHa o~eHKa 

ff(P'(:xJ+ urEr 1 //~ v:ur ::;,1. 

TaKHM o6pa3mi!. B ecTeCTBeHHoft o6JiaCTK H3MeHeHRH rrapaMeTpa 

uJ>o npouecc (?) cxoa;KTCH 6ucTpee, ~eM rrpouecc {4). 

PaCCMOTpHM TOT CJiy~a.lt, KOr~a He BllTIQnRHeTCJI ycJIOBHe I) 

OTl:lBnRMOCTK crreKTpa. IJycT:D p: fl- H • V!ccJien:YeM peryJuipH3oBaHHHft 

rrpouecc (8 ) • 

TeopeMa 6. IJycu B .<,~ 'l. c H 
o, 

BHIIMHeHH ycnOBH.fl: 

I) II P 'r .x J II~ M , 

2) /IP'rxr 1 f/:::L, 

3)oLffP(:x.)//f, z. , rn:e 
L > M( M

2 
+ uf) 

eX=" (u/1.2+1)2 

Torqa B 5~ z. cymecTByeT KopeH:D x"" ypanHeHM (I) H rrponecc 
o, 

(8) CXO~TC.fl K HeMY CO CKOpoCTI>D 
-f3t 

II x (t, ::t:o)- .x * 1::: eX !!Pf:xoJII e-

r.n:e 
G- l2ur+ f 

.F - L3ff112 nvJ 

II 



.iJ.OJ(a3aTCJihC'IBO. .AHanorwmo rrperv>~.eyme~ TeopeMe V!MeeT MecTo oueHKa 

I I* -f l 2 ~ 
//!Pf1}P (j)-rufE) j_,; 1 ~-Ui!J 'c1:LS•o/ 

I pi+ ) { II 2 
uociWJ1biry ( P ( x J ~ r :r) 'j, 'I ;;. zz A ij/1 , y L II • PemeHHe 

ypaBH8ID1R (8) CYlU8CTBY8T !VIR Ma.JIWC t; • ,!I.1JR STIU t V!MeeM 

, 1 I>' uf£) d X '* p , ) ( p (X} p (:X)+ df: =- p (:X) !X • 

JloaTOMY MR f'(:xrtJ) IIOJIY'J38M HepaB8HCTBO 

,:i (p(xJ, Pr:r))=2{P1 '5:, p(.xJ):= 2 (c;;:, P 1 ~{:r) P(xJ) == 

= -2 ( ~: , (P(I<J p'~rxJ +wE) 'fit) :: -2 ( L+ ~,a:? 
2

) !/ ~~ (z 

KpoMe Taro, 

( Mz ~ ur) ff ~~ ;/' //(P{xjp'*rxJ +wE)~~ ! = ;1 p''rxJ Prxl17/ f I P (:;off, 

!I d :X fl '> __L_2 ) /1 p (X) II 
If eft :I / /., r N , ur " 

B HTore noJiyqaeM 

g_ lifh:l/12.:__ :z(urJ/+t) llp(xJI!2 
dt II rl - L ~'(M2, uf) II /t 

I •) 1 ) !I e- pt II / 1 'I 
J~"i·'ri/~ ,"/'P(-'Xo!ff, 

C .zu>yroii CTOpoirn, 

!I dx II .::. ;.(!/ 1,1 tJ( ) 11 • ML 
2 

1/P / 11 - pt 
1/ dt. J/- ;;:z:z;-r j/r X II 0: W!/+t I t.l:v);;e 

l/x(i.,xoJ-:to//£o<:ffP(Xo)/l(i-e-fot):;, t-

IIoaTOMY cymecTByeT &; rn .x ( t, .xo 1 :: ::L" 
t-oo 

II :r r i, .xo J- x •Jf ~ ct ff p( x.) !/ e-Jt 11 

, .ItJISI KOTOporo 

p,x·)~O. 

TeopeMa .noKaaaHa. 

0TM8THM, 'ITO npH 

ca (5). 

ui=O IIOJIY'l3DTCSI YCJIOBRSI CXO~OCTH MSI npouec-

12 

t 

I13BeCTHO / 4/, 'ITO npH ycJJOBHSIX I), 2) npouecc (G) cxo;\I!Tcrr 

, .• '1!P(k)# -/-_.: 
CO CKOpGCTbiO (j,[(i,.ro)-.r. /fcc --:zz:z e -L • il!JC .\flO-

JIOlKl1M, 'ITO npouecc (5) CXOll;UTCJi 6UCTpee, "l8M (6), TO CCTb 
J_ ( 2 
21} ..._ :_,J/IIz , ~ft/ -2 '- 0 • Torna rrpa L"' I ITJJI1 BCRKQ!.1 

c<l :> {.) npouecc (8) cxouHTCH 6ucTpee, '!eM (6), Tal~ !:ax 

j_ / u./1! + .(- I I .!.lz ' t,l(l<f:,ur! !!pl1 STHX yc.10BHSIX. IlpennoJIOll8lllH' • > z CCTCCT-

B8HHO, !IOCKOJihKY B !Ip0Tl1RHOM CJiyqae He Tpe6yeTCH }>CI'Y Jllip113al..Uiii. 

l1T3I<, 8CJII6. lip01..18CC (5) CXO[{RTCH 6bi.CTpee, "l8M (6), TO a pcryJ[}!pn-

30B8HHiia IIp01..18CC CXOf(J.iTCR 6UCTpee, 'ICM (6), I!pH BCCX ui' /0 • 

IloaTOMY B KaJK[{OM H3 paCCMOTpeHHllX CJIY'l38B HCliOJ!b30B8Hl18 pery.IIH­

pM30BaHHbi.X Ilp01..18CCOB TiHI8 (?),(8),B 'l8CTHOCTH,O!!pam(UB3CTCH TCM, 

'ITO OHM CXO!(SITC.Ii 6UCTpee, '-!eM lipQI..ICCCbl (4), (6), li 1\0TOpllX HCT 

o6pameHRSI ruroxo o6ycJioBJieHHWC ,1HHeftlmx onepaTopop. 0 'IHaRo npH 

"lltCJICHHOH p8a!il6.3aum'l !Ip0U8CCOB (4), (6) Tpe6yeTCR 3HCI'll!T(;./!LHO 

MCHblli88 KOJIH'l8CTBO or.epaUH~. 

B H8ROTOpllX CJIY'I31!X BM8C'IO orpaHli'l8HIIR ,fp'o_ '//"' M Jier•re 

IlOJIY'iHTb OU8HKY ff p"(J!// ::' T MR RTOpo~ npol',310(110H 

<J>pewe onepaTopa P 1 x J • HarrpHMep, paccMOTpHM :;ar(a'iy Ha coG- • 

CTBCHHbiC 3H3'i8Hl1H IT,IHI catvOCOIJpRll8HHOI'O JIJ.1H8£iHOI'<J onepaTOfJ3 A: 

rf -II , HarrpHMep 161. 3Ta 3a[{a'la npHBOUHTCH K ypmmeHniO (I) 

cJieizyiOIIIHM o6pa30M. iloJiaracM f/1 "' H • R , 1 j ~:· . ,.\ l 
1/'ill=i!Xi/+ Iii , ri\e x.;H , ).ER H fi,./)~J lx ,.\x 

( l', X ) - 1 l , p : 1/ 1 ··- tf t • Jlei'IW IIOJlf'HITL, '!TO 

'J ,, l l . ,/ I ,, ;~ (X0.~ 0 )i!,;!2) = -.1,.r, .Jtj,,J.,.r/ .. r.,)!" IIoaTOMY /,.> ,.1! 
1
.:.!. 

Jlo 3TOMY IIOBOizy CM., 11811p11M8p, /?/ • 
PaccMoTpliM npouecc (5) npl1 orpaHJ.1'leHl1H Ha BTCPYIO rrpo113liOU-

HYIO. IToJIOJIUfM ~' 1 x J ~ p' ·rx J -)1 ::r J • 

TeopeMa ? • IlycTb B .~,o. 7. c II orrepaTop . 1 , x 1 11Meer 

BTOpyD llp0113BOAHYKl <l>pewe 11 !/P'(i}fl~ T' .ECnH !!jH< 3TOM 
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I} IIP'rxrtl/ ~' & < ""', 

2) ~ i/l.ff4)!7 <a., 

~c­a = Ti/42 +f 

If( a.. \L& 
7'/J 1'1- a_-1, ,1'-f'(r,J/( J ~ ' 

7Lr 3 

b = an,z+T ' 

'I'OB St.,? cymecTBye'l' :KopeH:b ypaBHeHHJI P ( x ~ J = o 

U8CC (8) CXOI4HTC.!i K HeMf npJI X (cr) = z;, CO CKOpoCTl>D 
j t (, /( 'f'(Y./1( - a.-t 

,/;z(t,x.}-x~/{~T!.. fn(J+Q-C//'F(;Q}// e ) 
.D.oKa38TeJihCTBo. AHMorli'IHO npeztHzcrmeA TeopeMe 

' I, I'" -i L/l. ,1(Prx)P (x)+wE) !/~w~,2, 1-, xe.Sr.,z. 

IIoaToMY .1!3 TO&L\eCTBa p'(.xJ p'~rxJ~f + ur:Jt +lfr:ri~o 
c;rezzyeT 

<1t (<-f(x),'JI(xJ) =Z(lf'txJ'fjt_ 7 '/'(x))= 

r[\e 

.H npo-

1 *'- dx 111 ) (1 '* ~' dx =2(P'txJP dF ,T(.X} UZtP (:xJj(Prx;;ctt),l/l(i:)) => 

"'-;z ( lf'(:r}, if(x J) + :Z (:.1.1' ( P;·xJP'(.rJ + uH T 1
'f'(x j, r.p 1.zJ) _ 

- 2 { r p' "!.1:) j'r PI X)' / P(:rJP
1
*(xJ f wE r 1'f(.x-)) ~'(:r.J) ~ -2a(lf<~) '"( ;·L 

•. 'J I'/ ( 1 -r J'j1 
t-26 ./<f'r:rl !'". 

IloCJiel(H€6 H6paB€,HCTBO noJIY'l8€TCJf, eCJIK Y"i8CTb, 'iTO 

/ f' (z t I .:: 4 J Y' I x J I 

B BTOre HMeeM HepaBeHCTBO 

d ·! //) \·I ' I 1/J( } I i' J li.J ) ,Z Jt' '' .., ; J::;, ~-a. 'T' .x ,- -r t> ,y , , x J • (12) 

ilc>CK~1hRY ~~ j'paBH8HXR 
oz . o2 "'~ ~ .;>'7 

d
----:j = -a.J; -r b1 .<(0} =.<.• u-v Z: 0 ?0 

,l,. >- ) ' 

pemeHJieM dyn:e'l:' :py~ 
. ·;{;_ Oo.(-t <c) -i ! ,tJ l_f_ e) 

'}. i {) = (a. -f t' ) , C =a en (UoJ - a:: , 
TO IS aepa:&eHC'!Ba (12) nOJIY'UW CJie,eymyD o~eKKY .IVUi fijJ (:t.J II 

If \Jj {J: t ):: l t; "- re + (__{ __ ·- .l) ea:t )-i v ( ~) 
II 'I . ' , "· J " - (i, (/{1/1 (X.)/ 0- =o a <-

.IJ.a.n ee .IMe eM 
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,_ 

~ 

~ ( I.! t 
II . . • .- ,~ . r ·! "- J', -'t "'. (' ... , ~t 
!f.L. c . ..{'.o)-.-:r.,,~ ""~· , dt.-/fc" "'UfLr;-:f j f ' ·--<-' 

0 v 

.c - ;,._ fn ( C!c__:_f_f! __ cJI.)- f- {._!!__'/-':')• )'l L-ed)- _!___I 
I L ' (L 1-G ! - 'f L uz. 

103TO~W cy~eCTBYeT [iut- <: ( t, c.) ~ ::r ~ £ S 
t". ~- .:'<-> r <> • 2. 

;~ Y 1 :'-r'J~o 

3;;a<mT, li ,o iy •) () • J:L,;rH CROpoCT!I CXOi(HMOCTV. !l8.1J'H!.llf OUCHKY 

jj I · :r- .',__~----- r~)y-t . t _f P• _.- +{:~}_:~-~':-~_·!--/·' 12 t) 
,:'Cic,··~<J-_1: =-,L~!.' •f it/J =:ryuqf .)_-B'•V't·r.l~ » . 

1eopeMa noKa3aHa. 
-c 

OTMeniM, 'ITO Teopm,:H 5-7 ffBJIRJOTCH :11: Tcoper,;a'J:U CYlllCCTBOBaHIDI, 

TBJ\ Kat: Hanaq.ne pt=:ll€lllil1 He npef(noJiaraeTcH. ITp»> :nm,, npou;eccbl 

( 7), (8) paCCMaTpllBa'H!Ch JI1lllib B CjJy'Iae, KOr[(a 'L' -llOCTOHHH08 

riO.'!OJKHT8JI:bH08 tm:C.ilO, TaF KaK 8Tkl: !Ip0!.(8CCI:l TeopeTWI8Cl\lll CXO;VITC.ff 

11 npa vi~o 
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