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llyCTl> HeJIBHetalml onepaTOp lf(x) nepeBO.D;HT 6SH8XOBO IIpoCTpaHCTBO 

~ B 6aaaxoBo npocTpaacTBO Ey • PaccMoTpHM ypaBHeHHe '1' (x) =o , 

r.n;e ~~) Y.D:OBnaTBOpaeT HaKOTOpHM ycnOBBRM r~a.n;KOCTIII, OIIpe.n;enReNHM 

HKae. O.n;HHM 1113 cnoco6oB pemeHHR aToro ypaBHeHHR HBAHeTCR Herrpep~B

HNI 8H~Or MeTO~ Hl>VTOH8, p8CCMOTpeHHNI MHOrHMH 8BTOpaMIII, H8IIpKMep, 

n.n.naBIII.n;eHKO III M.K.raBypH~, CK. pa6oT~ /II-. 14/. B 3THX pa6oTax 

llOJIY'feHN HeROTOpHe JIORaJil>HNe III HaJIO~l>HNe ycnOBIIIH CXO.~KMOCTH rrpo

uecca HI:>VTOHS. MH XOTIIIM llOJIY'IIIITl> HOBHe, 6o~ee CJI86He, H~O~LHNe 

ycnOBHH rryTeM 06~e,n;RHeHKa y&e III3BeCTHNX ~OKaJILHHX III HeJIOKaJILHHX 

ycnoBHI. C llOMO~m HerrpepHBHOro &HaJIOra MeTo,n;a Hl>mTOHS MOXHO IIOJIY

~Tl> TSKEe .D;OK838TeJILCTBO HaKOTOpHX TeopeM CJmeCTBOBSHHR pemeHHH 

JpaBHelmJI 

tf(xJ = y (I) 

llp• aToM n~Y'famTCR HOBHe HeJIO~I>HHe ycnoBKR cxo~oc~• npouecca 

Hl.mou. OTMeT.I!IM, 'ITO ycJIOBHR CJmeCTBOBaHHH pemeHHR ypaBHeHHR (I) 

B TeopeMax 2 III 4 B3RT~ C He60JILWIIIMIII H3MeHeHBRMH III3 TeopeM I,4 pa-

60T~ 151. Ho .n;oKS3aT6JILCTBS CJmeCTBOBSHKH HMemT KOHCTPYKTIIIBHHI xa

paKTep H IIpGBO~TCR C IIOMOmPm rrpouecca HbmTOHa. TaRKM o6p830M Cpa-

3Y .n;aeTcH H cnoco6 aaxox.n;eHHH KOpHR. 

06oaHa~ -qepea 'f(xJ npoH3BO.n;aym llipewe onepaTopa 'J'{x) , a <J"(xJ

JIImeiHM npolil3BO.D;HM raTO. llyCTL (f, ~) eCT:b 3Ha-qeHIIIe JIIIIHeiffioro 

3 



" ilJYHKIUiOHaJia f t E y Ha aJieMeHTe ';J f E y • Brrpe.n;L 6y.n;eM ctmTaTL, 

'ITO paCCM8TpHBaK1rCH TOJILKO OTKpHTble 06JI8CTIII, eCJIH STO CIIeiUiaJILHO 

He orOBapRBSeTCH. Ha30BeM MHO&eCTBO Q CM3HOI KOMIIOHeHTOI MHOllteCT

B8 D , eCJm rJ CM3BO R He co.n;eplmTCH B 60JILWeM CM3HOM IIO.n;MHOllteCTBe 

MHOJteCTBa D H GcD. 

0603Ha'UIM rpaHII!ey npoH3BOJILHOI o6JiaCTIII .D CIIIMBOJIOM 0 D • 

06osHa'IHM TaKllte 

DE= {X €]) I.P (X' OJ)):,. c} 
TO'IKH X .ll;O TO'IKH ~ • 

TenepL paccMO~PRM ypaBHeHHe 

l..J (X) = 0 

H COOTBeTCTBYDmYD sa.n;aqy Komlll 

, r.n;e f (X, ~) - paCCTOHHHe OT 

(2) 

dx , -~ 
dt = -lf (X) • <!(x) , x(o)=Xo , (3) 

r.n;e !f'Cxf 1
- onepaTop, o6paTHbll K <!'(x) • PemeHHe aToro ypaBHeHHH, 

eCJIJI OHO CYD!eCTBYeT, 0603H8'UIM X ( t, X o) • Ha30BeM M(x") MHOllteCTBOM 

TO'leK CXO.n;HMOCTIII K KOpHil ><* ypaBHeHIIIH (2), eCJIH X (t. J X")-)(*' 

np111 t-oo .n;JIH Be ex X • ~ M Cx*). 

~.n;eM C'lii!T8TL o6JiaCTIII CM3HblMH, eCJIIII STO CIIenHaJILHO He OrOB8pHBaeT-

ca. 
3aMeTHM eme, 'ITO yCJioBHe aoKBJILHOI orpaHR'IeHHOCTJII 'l"cxJ , KOTo

poe 6y.n;eT npe.n;nOJiaraT:&CH HHllte, HYJitHO TOJILKO .n;JIH OCYD!eCTBJIIMOCTIII npo

necca HLmoHa. Y6e.ll;IIITLCH xe B CYmeCTBOBSHHJI pemeHliJi ypaBHeHHH (I) 

MOlltHO 6es aToro yCJioBHR:, CJie.n;yH nocTpoeHHHM M.K.raBypHHa (eM/!/, 

§2) .n;JIH CJIYT.Iall, Kor.n;a toqsoro pelleBKRYpaBHeHKH (3) He CYDleCTBYeT. 

IIoaTOMY JIOKaJILHM orpaHR'!eHHOCTL 1/ 1
'( x) , no CYmeCTBY, He HaKJI8Jtbl

:saeT .n;onOJIHHTeHLHblX orpaHHt.IeHHI Ha yCJioBHR: CYllleCTBOB8HKH pemeH1illl 

ypaBHeHHH (I ) • 

4 

§ I 

n.I. AoKasaTenLc~BO HeKOTOpHX TeopeM cymecTBO-

~ 

IJycTL o6JiacTL D c Ex • !IOJiolltRM 

f C x • , I> ) = inf II x. - x U , x o e D . 
xe'iiD 

Jrbfeet ~tecto 

TeopeMS I. IJycTL B orpaHR'leHHol o6JiaCTH D CYDleCTByeT rrpoasBo.n;HaH 

~I Q ) ~peme '1-f(x.) H JIHHeiHaH npoiii3BO.n;HaH raTo '! (x , npH'leM 

tf 'cJcJ HMeeT o6paTHbli lf 1(x)- f 1 .ll;JIH KOTOporo BlliiOJIHeHO HepaBeHCTBo 

1/1../'(xrf//f 8 , a 1../"(x) orpamrq:eHa B OKpeCTHOCTIII K8llt.ll;Oi TO'IKH D • 

Tor.n;a, eCJill CYmeCTByeT cWHKIUiOHaJI f : Ey - R TaRO I, 'ITO 

I) f (<>£ y) f o<. }(tj) npll ex:: >0 , J (1../Cx.)) >0 

2) (f, lf(x)) > (f, lf (Xo)) • [ 1- G.(g~,(~:)/1 J , x € '() D
1 

TO CYD!eCTBYeT XOTH 6bl O.ll;HO pemeHHe ypaBHeHIIIH (I) H pemeHHe X(t
1
X 0 ) 

ypaBHeHHH (3) CXO.ll;HTCH K O.n;HOMY H3 KOpHel ypaBHeHHH (2) nplll t -oo • 

AoK838TeHLCTBO. PemeHHe ypaBHeHHH (3) CYJIIeCTByeT .n;JIH Tex sHa'leHHI 

i , .n;JIH KOTOPbiX x(t,x.) npHHa,n;JielltiiiT D /II. 

,If,IIR: HHX II!MeeM lj (X (t)) = lf(X 0 )• e-t. 

IJycTL pemeHHe nepeceqe'f '0 D np:I'I t = 7' , Tor.n;a 

f ( Xc, I>) ~ {II If' (x f 1
• CJ (Xo) g. e-~t ~ 8 . H Cf (X 0) II ( 1- e -7') . 

0 

Tor.n;a 
e-r.:; i _ .P<x. ,D) 

B·Rlftli.)B 

T [! p ()(o ,D) ] ( t, lf(XIT'))) f, (f, tf(J(o))e- ~ (f, Lf(Xo))' - B·HtfrY.)/1 
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'ITO rrpoTKBOpe'lHT YCJIOBKIJ (2). 3Ha'D!T 1 X(t,Xo) JieJmT B .D .ItJI.R -t ;>0 

H rroaTOMY rrpo.zto.nxaeMO .ItO t = oo • Terrep:& JierKO y6~aeMC.R: B KO

He'IHOCTH M.HHii Kpeol .X rt, Xo) II/ .H, CJie.ztOB8TeJI:bHO, B CYJQeCTBOBamDI 

fim X (t,Xo) = x" , .fiCHO, 'ITO <:/(X"')= 0 . 
t.-"" 
3aMe'laHHe. VfMeeT CMbiCJI paccMaTp.HB8T:& CJIY'lal, Kor.n;a yrx.,D)< B·lf<f(x,)/1, 

TaK RaK HHaqe rronyqaetCR ' 

CXO~CTH /I,2/, B 3TOM CJIY'!ae 

TOM,Y
1

eCJI.H HMeeT MeCTO TeopeMa 2, 

6oJiee HMeeT MeCTo. 

YJ!te 113BeCTHaff JIOR8Jll>HaH TeopeMB. 

0 i .P(Xo, D) j 
< - B· ff<.J'(x,) If < • rroa-

§I .H3 /I/, TOHama TeopeM8 TeM 

JleMMa I. IJycT:& B orpaHH'leHHoft o6JiacTH D BliiTOJIHeHo YCJIOB.He 

I) .ItJI.R BCRKOro E >O ecn TaKOe B( ~ ) • 'ITO II <J' 'r X r' II~ 8 (£) 

lVlll JIIJ6oro I H3 o6JiaCTH D £ , a IJ' q (X) orpaH.H'leBa B OKpeCTHOCTH 

K8llt.n;OA TO'IKH H3 D • Tor.zta, eCJIH CYII!eCTBYeT .ItBa pemeHmi ypaBHeHmi 

(2) B o6JiacTH D ,To cyJiecuyeTX'e HaD TaRoe, qro')C(t..xo)nepece

'leT oD • 
(EcJm D=Ex ,To ecnH T Taxoe, uo /lxrt,xoJ!f--..oo npll:t--T 

B03MOliHO T = 00) • 

JlORa3aTeJI:bCTBO, ilyCT:b ':f(.X 1 ) = l.f(X_:) = 0 , X~ , X.t llpmia.Ir.IIelltaT D • 

IJycT:& M (x.t) H M (x2) llOJtMHOlltecTBa cooTBeTCTBeHHO M (x.) H M<x.z) , 

.ItJI.R KOTOpliX TpaeKTOpHH X (t ,Yo) JlelltaT B ]) • 3TH MHOllteCTB8 OTKpii

Tii H He nepeceKaiJTCR, JleACTBHTeJil>HO, BCRKYil TpaeKTOpHil, CXO~ 

K KOpHIO, MOliHO BK.IID'lHT:b B HeKOTOpoe MHOllteCTBO D£ , TaR KaK Henpe

piiBHiift qJYHKI:CHOHaJI _f (X (t,Yo) 
7 
'i)])) , orrpe.zteJieHHYA HB- KOMllaK'fe 

[ o, T] c R , JtOCT.HraeT TO'IKOI HllliHel rpaH.H, 111 3Ha'IHT, 

in} ~(x (t,x.), oD):: c > 0 • IIoaTOM.Y X (t ,)(o) E IJc. • Ho TOr.zta 
tc(o,TJ 
HMeeTCR HenpepiiBHSR 38BHCHMOCT:h OT Ha'laJil>HiiX .n;aHHiiX. 

PaccMOTpHM HenpepliBHYIJ KPIIBYil .x {'t), 1:E [ o, 1.] TaKyll,'IIO x (c)~ x 1 , 

X(1)=X 1 H X('r::) JieJmT B D • CYJQeCTByeT 7:0 E [o, 1] taKoe, 'lTO 

6 

;x ('[;.) ¢. iirx1J u M (h). Ho Tor.zta .x(t,:rr-c.J) rroromeT .n6 

.ItJI.R BCHKOro 6 > 0 llpll HeKOTOIJOM t • B !IIJOTIIBHOM CJIY'lae .% (6> .Z ([,)) 

CXO.ltllJlaC:& 61i K O~OM,Y 113 KOpHel, 

3to cJie,~~;yeT 113 TeopeK!i I. };em~ Tenep~>_D:: f){ , TO :.c ( t, X ('C'0 J) 

noromeT JIIJ6ol map, co.n;e}1&8llll!ll .X1 H x:z,. 

3aMe'laKHe. EbJIR B o6JiacTH D cYJQeCTByeT 6oJiee .n;Byx pemeH.Hi, B 

TOM 'IIICJie II HeOrpaH.H'leHHOe 'D!CJIO pemeHIII, TO KMeeT MeCTO 8H8JIOrR'l

HaR: JieMMa, ,noK838TeJI:bCTBO lliJOBO.n;HTCR llOJJ;06HiiM lite o6pa30M. 

TeopiDIA 2, IJycT:& lf'(x) - HenpepiiBHa no .x , npH'leM 

(Bh, l..f 1(:XJh)?L2!fxll) 1/k/1
2

, (iX,ktEx) 1 
(:E) 

r.n;e B - JiliiHeiHiil HenpepiiBHiil onepaTop, .n;elcTBYilll!lll H3 ~ Ha Bee 

E'i~ , a HenpepiiBHaff rrOJIOlltl1ITeJI:&Hafi qJYRKl:CHfl L(u) RMReTca qJymtiUI-

el ocr~oBcKOro THna: 

j ~) ==. 
Tor.n;a ypaBHeBHe (I) HMeeT e.ltliiHCTBeHHoe pemeHHe B ~ npu JID60M 

~ E E ~ H npo~ecc HJ,moHa cxo.ItJITM .zvm JIIJ6oro x. , eCJIJI p " ( ,..) 
orpaHK'leHa B OKpeCTHOCTII ~01 TO'IKH. 

lioK838TeJI:&C!'BO. JloK8llteM cyll!eCTBOBaBHe '! ( xJ -i npu ycJIOBJIIH (Jt) • 

IlycTI> IJ'(xJ• Ex =YcE.y, Y tEy • .licHo, 'ITO Y -6aHaxOBO rrpocT-

JC ~ * jf-
paHCTBO, noaTOMY Y c Ey , Y t £ ":J • 3aa'IJIT, cYJQeCTBYlJT tf)yHKURoHa-

Jlli j
1 

, f.t-E £~ , Taue, qro f1 ~J" Ha Ey , HO 'j1:j._Ha ':) • Toua 

.ItJI.II J = f
1 

- f,_ HMeeM (j, lf 'rxJ h)= 0 NIH JIIJ6oro II_ E Ex • Ho cyl!leCT

syeT h
0

€ Ex TaJtoe, qTo6t ~j, a 3HMHT, H3 ycJIOBHll (K) cneAyeT 

h.=O • .licHO Tax&e, 'ITO 8=B·V , r.zte (J - HOJI:b rrpocTpaRCTBa 

£,/.. . Il08TOMY f = e H y = E'Y • CnpaBe~l!!BO TaKllte HepaBeHCTBO 

/flf'(x)- 1H6L(KX!I)·IB!I • HanpHMep, /G/. IIoaToM.Y pemeHile ypaB-

HeHKll (3) CYII!eCTBYeT .ItJI.11 HeKOTOporo t • PacCMOTPHM ~OHan 

J (8 
X(t K,)-Xo . 

(tj',X(t-,X.))= Jixlt,.r.J-Xoll '1./(X(t,>:oJJ -lj'(Xo)), 
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I. X{i Xo}-Xo 

liOJIOUM ~=1/x/t,.r.)-t.;; , Tor.zta IB/zl/.£,c • Tor.zta ecn M taxoe, QTO 
xrt,:r,; f 

M ~ fN, x (t,x.;) = ( B h, J Cf'(K} dx) = ( Bh, /cr{.r. +rrrx(t,.r,J -x.J)·(at,Y,J -.r.Jda; 
Xo C 

a TaK KaK Bh - JIHHe!HHI qJYHKUHOHSJI, To 
1 

/( lf, X (t, Xo)) = j(Bh, <.f 1(X, + u(X(t,X,) -Xo)) (X (t ,Ko)- Xo) )d U ~ 
1 0 f.:C(iJ-Xo(/ 

Jjltxrt Yo)- x.ll dv _ J cift 
"'0 L (If X'o + u(X (t,x)- !io)!/) -0 idu r lJ(ll)) 

r.zte U ~ /l:x. (tJ -.x. II· rr , a 1f ( u) - aerrpepliBHM \PYHKIUIH, .JVI.R: KOTo

poa {l/(u)/""1/Xo/1 • Ilo3TOMY IIOCJie.ztHHi! IDITerpaJI paCXO,!t!IITCR BMeCTe 

c J~ olu 'eCJIH /l::tft,x,)-Xoll-oo IIPH t-oo. 
L(UJ 

3HatmT , /1 X (t, .Yo) - ,Io /1 o;: K. 

Ho Tor,~ta // lf'rx;- 11/~ L (K-r //Xo/1)· liB!/, a noaTOMY 

"" ]!/'f(xF
1
·!f{x)//dX<<P, 3Ha'IHT,CYlfteCTByeT ft.'m X(t)=X"' , TSK RB.K 

o t-o 
pemelille rrpo.ztoJilltiDilo .reo t = = • IIpx aTOM c..r ( x") = o . 

ElrHHCTBeHHOCTb. EcJm tf (XJ,., IF (X.z) =-0 ' x1 I X.,t , TO, rrpHMeHllSI 

JleMMY I, IIOJIY'IHM, 'ITO CYllleCTByeT pemeoe, KOTOpoe IIOKl!HeT map 

II>< - Xo II ~ K , 'ITO rrpoTHBope'IHT rrpe.ztH.ItYU(eMY. Teopeua .ztORB.3SHa. 

3aMe'lalille I. MoXHo .ztORB.3STI>, 'ITO ,I(JIIl JIIl6ol /., ( u J ocry.ztoBcKoro 

TIIIIIa CYmeCTBYeT L1(U) Toro xe CBOICTBS, 'ITO '-;_~~~ -oo 

IIpH U - Oo , TO eCTI> He CYlfteCTByeT CaMOro CMbHOrO YCJIOBilSi 

THIIa (3£) • 

3aMe'laHHe 2. Tpe6oBSHIIIe HerrpepHBHOCTK tf' {x) no x B TeopeMe 2 

He OTHOCHTCR K cymeCTBY 38.zt8'1H, .ItS H CSMO IIO ce6e OHO 'ISOTO He 

BI:liiOJIHR:eTCR, TaR RB.K If lf'{X) II He Bcer.zta orpaJIJAeHa. 

B CJie.ztYDmel TeopeMe MH H368BHMCR OT STOro Tpe6oBSHHH, a TaR-

Jte aaMeHKM yCJioBHe (!<') 6oJiee CJia6I:lM. 

8 

TeopeMS 3.IIycn. HKeetc.R c > 0, taxoe, QTO KHozecTBo D = [ x £ £ x I 1/l.f(xJ!I< 

<. c J orpaHK'!eHo B ~ H He rrycTo. IJycn CYmeCTBYeT y '(x) 

B 06Jr8CTH D H !!MeeT MeCTO // Lf' (X)-
1 
I/ ~ 8 .JV1.ff X E D , a <f' "(x) 

orpalD!'IeHa B oKpecTHOCTH KB.JrJtOI TO'IKH H3 1J • Tor.zta eCJIH G - rrpoH3-

BOJlbHSR CBR3HSR KOMIIOHeHTa MHOXeCTBS 1) , TO CYlileCTByeT e.ztHHCTBeH~ 

HOe pemeHHe ypaBHeHWI (2) B o6JraCTH (i H IIpo~ecc lb;moHa CXO.ztHTCR 

K HeMY .IVI.R: JIIl6oro X o E: G • 

.l{OKB.3aTeJibCTBO. IIycn Xo c: G • Tor.zta ,1 lf (x.)I/=C1 <. C • IIoaTOMY 

pemeHHe ypaBHeHWI (3) CYmeCTByeT .JVI.ff HeKOTOporo t >o • HCHO, 'ITO 

/(lf(x(t,Y,))I/:::J/1/'(Yol!le-t£, C1 .IVI.R: Bcex t~o • IIoaToMy 

x(t,x.jeD .IVI.R: BCeX t >;- 0 ' a 3HS'IHT' X (t) Xo)Ec G- ' IIOCKOJlbKY G -

CM3Hoe MHoxecTBO. Ho II l.f'rxr"//:f B .IVI.R: Bcex x E q , rroaToMY 

X (t X,) IIpo.ztOJIXHMO ,!tO t.:: oo i1 CYllleCTByeT fim X (t, X o) = X" 
) t-~ 

H LJ ( X *) = 0 • .fiCHO, 'ITO X " E: G , TSK KSK o G c (} J) , a 

()]) = { x € Ex. I If WxJ/1 =C} • EcJm Terrepb 'f {!(,) = 1/{Kz): o , X 1 :1 x2 

TO CYmeCTByeT X,_€ fl TaKOe 0 QTO'Y(t,~o)IIOKHHeT OOJ:aCTL r; IIpH AOCTa

TO'IHO 6o.nbmOM t . :tro CJie.ztYeT H3 JleMMH I. Ho TaKoro rrpo!II30ITH He 

MOXeT, TaK RB.K X (t ,X~)€ fl .JVI.R: BCeX t ?,0 • 

TeopeMa .ztORB.3aHa. 

3aMe'laHHe; HcHo, 'ITO np:e: BHIIOJIHeHilil YCJIOBHI TeopeMH 2 Teopeua 3 

KMeeT MecTo IIPK JIIl6oM c > 0. 

II fn I - .( ~· lJ {X)=oQ/U'-1X• l.f (X) -1+ )(2 !""~< ll 1 + x-J. 00 , IIOS'l'OMJ YCJIO-
o 

O.ztHaKo 113 TeopeMH 3 cJie.ztYeT cxo-ue (31) TeopeMH 2 He :oeeT MecTa, 

.ItJO!QCTb rrpo~ecca Hbll'l'OHS .IVI.R: V Xo K e.ztHHCTBeHHOMY pemeHHD X=O. 
10 I )-1 n.2. Cnyq8l~eOrpaHI3eHHoro r (X 

llyCTb tf '(x) He npH Be ex x B:MeeT HerrpepHBHI:ll o6paTHI:ll. 06oa-

Ha'IHM qepe3 fi - MHOJte8TBO X, .JVI.R: KOTOpliX He B:MeeTCH o6paTHOro. 

F -38MKHYTO. CRB.XeM, 'ITO '{(x) o6Jia.ztaeT CBOitCTBOM (A), eCJIH 
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(I) 'IF -3aMKlfYTO R 'IF:/ Ey ;· 

(2) F., /Ex , r.n:e f, - ITOJIHHI npoo6pas MHOXeCTBa <.fF ; 

(3) .ltllli JII06oro c > o ecTb B > 0 TaKoe, 'ITO '113 .f(t- .F)<- 6 B!iTe-

~aeT HepaBeHCTBO j (t.f (x) , ':/F) <E.; 

(4) .ltllli JII06oro J' > 0 CYmectmyeT TaKa!l WYHI<Inffi I.- (u; 8) ocry.n:oBcKoro 

T.Rna. 'ITO np.R .f (X I F) >,.. J' II 'f I ( xr" II ~ 1.- (II X/( ; I) . ' 
OnpelieJieH.Re • 06JiaCT.h D Ha311BaeTCJI 3Be3.n;HOI OTHOCRTeJI.hHO TO'IKR 

~o , eCJIH OTpesoK ~o + ot. ( IJ- ~o), ci E [ o, i] co.n:epJmTCJI B o6JiaCTR 

.D .ltllli JII06oro ~ E D 

0603Ha'JRM 'lepe3 lr' (.IJ) npoo6pa3 BCeX TO'IeK ]) E E y , 6CJIR TaKQ-

BUe CYmeCTBym' • 

TeoAAMa 4. ilyCT.h lJ(x) o6Jia.n;aeT CBOICTBOM (A) R lf'fx) orpaH.R'IeHa B 

OKpeCTHOCTR Kali,IJ;OI TO'IKR Ex - F1 • TOrAI 

I) F.cJm E':l-'J'F CBH3HO, TO ypaBHeHHe (!) paspeiiiRMO .ztllli BCeX yf E'J• 

2) F.cJm £",!-<fF HeCBH3HO, G - KOMllOHeHTa CBH3HOCTH 9TOro MHOllt60TBa, 

TO ypaBHeH.Re (I) JIH6o paspeiiiRMO npH JIIXSOM ~E.G , JI.R6o He paspem:e:

MO HR llp.R O.n;HOM 1J E (;'. 

3) Ec.lm E ",! - <.f F H6CBH3HO H G - KOMITOH6HTa CBH3HOCTH 8TOro MHOllte-

CTBa, TO KaJI,IJ;all CBH3Hall KOMITOH6HTa H MHOllt6CTBa tF'( G) OT06pallta

eTCJI Ha Bee G • 

4)EcJIH YllOMHHYTall KOMITOH6HTa G - 3B63.n;B811 OTHOCHTeJil>HO y=O, TO 

rrpon;ecc H.hJI1l'OHa CXO.n;HTCJI K KOpHD 1p8BH6HIUI (2) .ztllli JIIlCSoro Xo , TaRo

ro,'ITO lj (Xa)tC o 

lloKasaTeJI.hCTBO. I). IJycTI> y t E-:J - 'f F • .UoKallteM paspeiiiRMOCTI> ypaB

Hemm IJ ex:>= 'i . 
3aMeTHM, 'ITO F., *Ex , a noaTOMY ectz, X 0 TaKoe, 'ITO lf(x.) = f!o , 

a ~ 0 EE':I-lj'F. 
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I 

Tor.n:a cymecrnyeT HenpepuBHaa KPHBB.i! yr-tJ: [ o, il --E.JI, !f(t)E E-:J -YF , 

TaitaJI, 'ITO 4 (0): U 0 , v. (i)::: i1 ; Ialt KaK f:9(-3ruatHYT0 1 TO lnj p ( 'f{i) lfF) = 
L d lJ 41 tc[o,1J ' 

:= 0 ;> 0 7 llOCKOJI.hKY HHlltHJIJl rpaHD .D:OCTHI'S6TCJI. 3Ha'I.RT, CYm6CTBY-

eT JIOMaHM C ROH6'1HliM 'IRCJIOM 3B6H.h6B, C06.n;HRfiJliiWI TO'IKR !f• PI 'J R 

JieJtalllall B S;L oKpecTHOCT.R KpRBO:it ~(t}. llyCT.h nepBoe sBeHo KOH'Ia

eTCH B TO'IKe ~~ • Tor.n:a ypaBHeHHe lj(x)='jt HMeeT peweH.Re • .UelcTBR-

1 ) 1 
TeJI.hHO, paccMOTp.RM onepaTop 'f,(x) == <f'(x}-';ja. ,IVm Hero tf1 rx ='f(x), 

f -1 
H ll09TOMY MHOllteCTBO p He I13M6HHTCJI. TaR KaK !/., (Xo) =0, a <ft (Xo) 

orpaHH'IeHa, TO ypaBHeHHe o(('j<-ljo)=lft(X) pa3p6111RMO B 0Kp6CTHOCTR 

TO'IKR x = x o , ';/ = o no TeopeMe o HeHBHOI cfJYHKUIDI /?I. IJycn 

ot. 0 ( lfrlj•) = <f1 (Xo(.) • Tor.n:a pemeHHe ypaBHeHHH 

Ol( I -1 
d{ = </1 (x} · lf, (xJ , x ( o) ~ xo<. (I. I) 

HM66T HHTerpaJI l.f.{X(tJ)=c:X0 (fj1 -';jo)et: • Ho IIOCKOJI.hKY .ltllli TeX t , 

.ztllliKOTOpUX d 0 ·et:,!,J. , ,p(IJ'1 (X(t)),VF)~~, TO cymecTByeTEi>O 

Taxoe, uo fCx rtJ, F);; c. , a sHa'IRT
1 

lll.f,' (x r 1 II,; ~ ( 11 x 11; c J , 

HJIH 

II tf; C xf'~. tf1 (x) // ~ L (II x II ; c J · 'f' (tJ , '+' (t J = IN" ( Xa~. )II. e t: • (I. 2) 

llo H3B6CTHOI H3 MOHOrpacpo /8/ TeOpeMe 0 npo.n;OJilt.RMOCTR peweH.RI 

ypaBHeHHH X =1 (X, t) 3aRJIIl'laeM, 'ITO pemeHHe ypaBHeHHH ( 1.1) llpo~OJI

lltHMO .ztllli T6X t , .ztllli KOTOpl1X HMeeT M6CTO HepaB6HCTBO (1.2) TO 6CT.h 

~ r 
npll rX 0 • e :f J.. • ll09TOMY eCJIH oL0 • € = .i , TO lf1 (x (7')) = f1

1 
-lj •, 

8 tf ( ){ (1'}) = tj 1 • C.n;eJiaB KOH6'1H06 'IRCJIO warOB, np:a:.n;eM K TO 'IKe y. 

2) EcJm ecn X 0 oraxoe, 'ITO l.j( x. )~ 'jo , H lfo E G- , TO aHaJIOrH'IHo 

ITYHRTY I) liOKallteM paspeiiiRMOCTD fpaBHemm (I) .ltllli JIIlCSoro ~ E fi 

3) EcJm paCCMOTpeT.h peweHHe X (t
1 

Xo(.) ypaBH6HH.fi 

~ f -1 
dt :-<(.(X) , <{,(X) ')((o}=Xo(o (1.3) 

II 



ITO TOA ze TeopeMe 0 llpo~~OCTH,OHO 6y~eT rrpo~onzaeMO ~0 ~=~ 

H, CJie~OBBTeJI:bHO, TO'<!li:H )( (7') H X o MOllHO COe~T:b HenpepbiBHbiM 

pemeHHeM ypaBHeHHI (I.I), (I.J), To eCT:b npoo6paaH MHo&ecTBB G 

.flBJIJ'IIlTCJI CBR3HHMH KOMllOHeHTaMII MHOJJteCTBB ({ - 1 (G) , 

4) l1a yCJioBHii aBe3,IlHOCTH H yCJioBHI (I), (3) TeopeMbl cJie~eT, 'ITO 

B o6JracTH cYJllecTBOBBHHll pemeHHll ypa!IHeHHll (3) II l.f'(xr11/5, l(l!a; E.) , 

t > C • IIoaTOMY pemeHl'.!e npo~o.aaeMO ~o t = 0<> H JieD:T B orpaHJI'I{eH

Hol o6JiaCTH, 3HS'IHT, Rp:HBail x(t) HMeeT ROHe'l:HYJ) MHHY H npouecc 

CXO~TCR, 

TeopeMa ~oRaaana. 

§ 2 

B aTOM naparp~ ~oRSaHBaeTCR TeopeMa CYJlleCTBOBBHBR pemeHI!!H 

RpaeBO! 3~8'1H ~ 06biRHOBeHHOro HenKHeiHoro ~~peHUH8JI:bHOro 

ypaBHeHHH BTOporo ITO~Ra, OllKCH~ero ~eHI!!e aapa&eHHOI 'ISCTHUH 

B Me~aHHol ITJIOCKOCTH ycKopHTeJIH, STa a~aqa pemaJiaC:b 'IHCJieHHO Hen

pepHBHbiM SHaJIOrOM MeTo~a H:bllTOHa B CBR3H C npo6JieMOI 6HCTporo BHBQ

~a ycRopeHHoro nyq&a aapaaeHHHX 'ISCTHU H3 cepnyxoscxoro ycROPHTeJIH • 

3~ec:b ~allTCR HeROTopse yDJioBHH ~ BH6opa Ha'laJI:bBoro npz6JIHXeHHH, 

~ KOTOpHX npouecc H:bllTOHS coln;eTCR K HCKOMOMY pemeHKD. 

I. IIOCTaHOBRa 3an8'1H 

Tpe6yeTCR peiiiHT:b ypaBHeHHe 

n 2CJ 1z ·-~ 2 
~ -CJ+Rs -{tj+Rs)rrs(Rs +fl) Ff'j)=o (I.I) 

c RpaeBHMH YCJIOBHHMH ~ (o)=O ; ~ C8) = £. (I.2) 

KoHKpeTHHe ~aHHHe a~a'l:H 'l'SKOBH, 'ITO C = fo ; Rs = 1JJ. {0~ 
~YHKUWI F(lj-) ~ocTaTO'IHO rJI~K8Jl, TaKB.R, 'ITO F(o)=l ; rruvc rr'f} =I,Z 

R !31 'JER 
Ff~)>/0; F(yJ=O , eCJIH 1~/-;; 2~ ; CM. pac.I • 

lRR ~OKa3aTeJihCTBa cy~eCTBOBaRHR pemeHHR ypaBHeHHR (1,1) BOCITOBh3JeK-

12 

CJl Henpepb!BHHM SHaJIOroM MeTO~a H:bllTOHS, Mbl Haln;eM HeJIORaJl:bHble YCJIO

BHii CXO~OCTI!! 3TOro MeTO~a H Ha'laJI:bHOe llpH6JimteHl'.!e, Y~OBJieTBOpilD

~ee aTHM YCJIOBI!!HM, EcTeCTBeHHo, 'ITO BCR o6JiaCT:b- cxo~HMoe~• npouecca 

H:bmoHa IIIHpe Tol, ROTOPYJl Mbl naln;eM, Tor~a 6y~eT ~oRaaano CYJlleCTBO

BBHl'.!e pemeHH!I H ocYJlleCTBHMocu npouecca H:bmoHa. By~eM pemaT:b ypaB

HeHl'.!e (I. I) B npocTpaHCTBe W2
1 

( o, 0') == W i c HOPMOI II u 1¢,, = 
8 d "'-

= ](y'~fjdr., a onepaTop 'f(IJ) ==)! "- ~:;: - (yrl?s)+-;/; (lls '/f/RyJ OTo6pazaeT 
D 1 1' d 

1.f: W.:~- - LJ_ LA u J • 
TaKHM o6paaoM, ~eM pemeHl'.!e J.paBHeHHll 

r~e 

cf)(,p==o 
(jJ(q)=(tf('j)) 

d' ~ ( 0} ; 

~(0)-€ 
P: W" - L x R,_ 

J. L • 

(I.3) 

3aMeTHM, 'ITO BB~ rJI~OCTH Fr~) Ha cYJlleCTBOBaHHli pemeHHR B npo

CTpaHCTBe w; cJie){yer ero cy111ecraoaaHHe s npocrpaHcrae c. l-[o,8] 

eCJIH onepaTop <.('(~) orpau'l:eH, T.e. eCJIR ~(X)- pemeHI!!e, 

II. 0 Henpet>HBHOI o6paTIIMOCTH UOOIII3BOJI!OI ~peme onepaTopa gJ fiJ) 

IIpoC'l'He BH'l:HCJie!Dlll UORa3.blBallT, 'ITO 

if>'r y.)'~ =c ( {' Rs"!~. · ff' + {t rJ;J.~lf.J:~- -1 +fs {.Zfffot-~s) Flfol + 

+ (!ls-t:Jc/"F'!fjo)j}- 'i , JJfo), ljfOJ). 

IIoaTOMY onepaTop cf'ry.y-1 6y~eT orpanH'IeHHbiM, eCJIH KpaeBaSI a~a'l:a 

If 
1 

( 'jo) •lj ~ 0 yroJ = yrtf'J =o (II. I) 

HMeeT TonDKO HyJieBOe pemeHHe, 
1/ ) I /} 

3aMeTHM, 'ITO KOJilf'leCTBO HYJieit peweHHll ypaBHeHHH y 1- arx !/ + t; y = 0 

He MeHR:eTC.R npH aaMeHe 9(x) = J(x} D~p[-j /:L-(JJ ;/f). 
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ilpR 8TOM ypaBHeHRe (IT.I) npeo6pasyeTCR B 

'f·'J. ='1."+8(x)JE.~o, 'J.(o}=.lrtf)=o, (II.2) 

8 
a_.t. , 

r,Jle ( x) = - - - g_ + t ( x) . 
/.{ :t 

IIpR aToM,eCJIR C;;_. IRs o~-yol>,. c >O , TO HOpMH /l!'r!for.f/1 H 

// lfl- 1 II OTJI.R"iamM He 6oJiee "ieM Ha nocToRmrnft MHOU:TeJI:b. OueHRM 

HOPMY orrepaTopa lf -f • ~eeM 1 t 
!Ill/ :J: fl' II 'll~._ ;,::- (- If'. Jl. 

7 
:t)~.,._ = j (l '.t.- 13 (x; .. ~t) dx ;o; j .l'.zdx 

·-/{}'1-1/B(xJI·/;;_t. clx. o I I • 
Tenepb BOdllOJI:b3yeMM H3BeCTHHM HepaBeHCTBOM 9 ,T.I. 

1{, rC-a-JJ. ' 
a.. 'J.z dx ~ ~ J y'.z. dx , eCJI.R ~(a)= yrtJ =0. 

a. 0 .t !' 1.:1. 
Tor.n;a h<fl:!f./1'1:!1~,; ~ ""'.1'.'1..dx -max /B(xJ/·(71 ) ~ d)(.:: 

.t. j ' XE[o,OJ D 

= ( f- (.Jf m:u //3{xJI )/8;t '.l :tx , 
Terrepb RCHO, 'iTO eCJI.R ~ HeK~TOporo MHOHeCTBa { /fo {y) J 

f- (j)"'t. ma..J( /8 CJ(J I~ £ 1 > o 
X €[o,6) ' TO 

orrepaTOp ~-f paBHOMepHO orpaHR"ieH ~ 8TOrO MHOHeCTBa, TaK K8K 

TOr,lla 

/1 'fJ~/1 ~ &. /1 t: 1/w; 1/lr/'1 ~ I 
eJ.. 

ITpocTHe Bhl"iRCJieHHR ,Jlam B HameM CJiy-qae 
I ~ 1 ~(~) 

B ( 'Jo ( x) ) = 1 -+ 7ls ( R.s + 'jo) F ( ~) +- Rs .,.ljc ' 

/B(xJ/ ~ 1. +f;,t,_fRs·OOs--1-llf(tJ.oJ/ (IT.3) 
'<il.U ' Rs + Y., • 

Terrep:b B~O, 'iTO~ TeX ~ , ~ KOTOpHX /~(~)/ He BeJIHK8, a 

R s +- 'jc :"l c ;> o , 6y,JleT paBHOMepHo 

II (/J'(!j<>r 11/ -"' consr 

lll. 0 pememm O.IIHOrO BCITOMOraTeJI:bHOro YpaBHeHK.Il 

PaccMOTJlBM xpaeBYJl s~a-qy 

~ ~ ~ 
'll

11
- ~ -(u-tR.s)=PCx), tj(a.)~:f(~)=-40 • (lli.I) 

iJ ~;j+lls d 

IIpH 8TOM I €- a./~ 0 . 

14 

IIpeJ!illoaeoe I. IlycT:b ~ PM- HenpephiBHWI, prxJ < o , x E£ o, o J 

.Ill I P(x)/~ ~~ , Tor.na CYIJiecTByeT e.JlHHCTBeHHoe pemeH.IIle KpaeBoli 

38.Jt8'q.ll[ (lli.I), r.zte !C-al=o, ~ RoToporo I 'j+ Rsl .>,.. ~ • 

lloKSaaTeJI:bCTBO. C.zteJiaeM saMeHy y +- Rs =% , TOr,lla np.a a=O, B= J 
ypaBHeH.IIle 6y.zteT liMen BI'I.J; 

/J. 
J:.'= .2-: + :t +P(Y} , ~{a)='lftf) =flo Rs "'R... 

(lll.2) 

IIpe.JlllOJIODIM. 'iTO c~ecTByeT pemeHRe (lli.2) Ha oTpesRe [ oj 6;J , 

51 ~ a TaKoe' 'iTO .1c (X) 7/ 0 ' )( E [ o, Ot J ' TOr,Ita 3TO pemeoe 

8.JlHHCTBeHHo np:a: .JlaHBHX KpaeBHX YCJIOBHRX. lle!cTBHTeJI:bHO, nOJio~ 
L{ (~) 

'J (x)"' e , TOr,lla ypaBHeH.IIle npeo6pasyeTCR! 

u." = U u. +I + P(x) e.-urx). (lll.3) 

~' 'iTO UpaBSR "iaCT:b RBHR8TCR BOSp8CT~el ~KUHel OTHOCHTeJibHO 

(l , a TOr,Jla no TeopeMe B) .lll3 (I 91 cTp. IOB, T.IT) pemeHHe KpaeBol 

38,D;a'q.ll[ (ill • 3) e.JlHHCTB8HHO • 

PaccMOTPHM 38.Jl8"iY KoDJH ~· YP8BHeHHR (lll. 2) c YCJIOBHRMH 

lroJ = R. :.t'fo), a.. ' •. 
0Ha HMeeT e.Jl.lllHCTBeHHoe pemeHHe B o6JiacTH :t.7c-'>V. 

IIoxaaeM, 'iTO c~ecTBym TaKHe a I H a2 , 'iTO 1. ( tf) <: R, eCJI.R 

J.'ro)= a1 , :m: ~rJJ>R , eCJI.R :1c 'roJ =a~ • 

B aTol o6JiacTH ~ • ~ ~iii 1 1.' 1 + p (x) . IlycTb ,.\ =:t ~ • 

I. '1-" + A. 1' >-- NxJ ; '); (o) =R , :i.'(o) :eeL ; 

~·(x) ¢ ( / Prne)Fdf +a..)e-A". 
>o A .1 ' g 

l(xl~ J c-A,"( jP{fJ<!. 1df+cL;d~ +-lvR.s ==f.rxJ; 
2. (/ Q 0 

:C -Ai'//Nx); J.(o!=R, ~·ro)=C0; 

Z(xJ~j~eA,u ( ]Prve-Atd)A+Q.)d.P+fl-oRs =f:.rxJ. 
0 0 
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j 9n _!_(&. lfMeeM 
4 

(xJ ~ 1o Ks -.A 10 

f::-.L 1 _a.) 
,\ ' 

9 e>-5_ 1 
f:~. (><) >,.. 1o Rs - -,.~- · ( Rs . ~ -a) 

10 " • 

IIoaTOMY HepaBeHCTBa !1 ( x) >,- 1 
rrpH YCJIOBHH 

" Rs 
H J,J(Y):? .1.- 6y;rzyT BHliOJIHHT:OCH 

{ 

;.S 
2,-1 R • ;:, -a.. -f- Rs . ~ 
5 .., / 10 A 

g, ;\ R. r Rs 
5 . e~S _ i. >/ - CL 10· A • 

0Tc~a rrpH a >r- - Rs pemeHli!e 3a,Jt8"1H . Koum npoXO.ItHT BHille 
R.s 
?[ 

HcHO, ~TO eC~H a - ~OCTaTO'IHO 6on:omaa KOHCTaHra, TO 6y~eT BHITOnHeHO 

~Col> .fo Rs 

Terrep:o paccMoTpHM pemeHHe aa,na"!H Koum rrpH :t(o} ~flo Rs, it'roJ=-~~R.s , 

Tor.n;a 1.1- .2 :t '!L 

~" ~ .z; .,_ !l + p(x) ~ --y- + ~ i'oKo P(x) < 0 ; 

pemHM 3TO HepaBeHCTBO. 
,2 ~IL 

YpaBHeHHe :t "- -y-- l = 0 , it (o) = 2 fls :t (o)=- 2- Rs 
10 J -tO 

HMeeT e.n;HHCTBeHHoe pemeHRe, B ~eM ~erxo y6~aeMCH Henocpe.n;cTBeHHHM 

BH"'HCJieHHeM 

x(x)=casr~ c); l'tx)=: c ·ia(n·c_,). 
+ 1 Ca5(X+C1 ) if 

B HTore .l,{x) = tj. · ~ Rs , a 3HS"'HT • t1f o) < ~ lls • 
~) " 

IIoaTOMY ~ pemeHHH ypaBHeHHH 

" ~ l'.t, ' - g ;c =: T + J + P( x J , 1U o) - 1o Rs , "
1(oJ=-_!l Rs 

o< 10 

6y.n;eT 1J S) < fo Rs • 

llyCT:O Cl. H3MeHHeTCH B rrpe.n;Max a. ~-to Rs , TOr,Ita ~ pememm 

3a,Jt8"1H (ill.4) 6y,IteT HerrpepblBHM 38BHOHMOCT:O l;t6') OT 3Ha'l:eHM a, 
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rroaTOMY cymecTBYeT a > - -
1
9 Rs rrucoe, 'ITO :l rtf'):::: _fl. ~s 
0 w 

• 3To peme-

HHe, KaK y11.e 6~o aaMe~eHo, e)ll!BCTBeHHo. 

lipe,ltJIOlteHHe .ItO:KaaaHo. 

IY. OcymecTBHMOCT:O rrpouecca H:omoHa 

llycT:D H8'1Ml>HOe lipl!~emte TSKOBO, 'ITO J/ofO)=O , fjofb)=b, 

</(ijoJ=P(x)<O H jlf(~Jj ~ ~~. (IY.I) 

IlyCT:O rrpH HeKOTOpoM t > 0 ~ rt ,x) rrepeceKaeT rrpRMYIO 'f =fo Rs • 

EcJm X1 =(L H X~= f, - KpaAml:e CJI8B8 H crrpaBa COOTBeTCTBeHIIO 3H8-

~eHM X , rrpH KOTOpWC rrpoH30UIJIO nepece'leHHe, TO, TSK K8K 

({; -aJ:::. f) , TO Ha rrpe.!tJ1071.eHM I CJie;rzyeT, 'ITO '/ (t > x):::, ~ ~ 
Be ex t . II pH aToM lf ( y (t, x J J == Iff t,r J e- t: ~ P r x J e -"t < o . 
IlpoCTM OUeH:Ka liO:Ka3HB8eT Terrep:O,'ITO BHliOJIHeHO 1.-(!j,f. tnax(I+(I-1-Jof. 

l'frtj(t.))/) /J/h 1 -f/1/ 
·Rs·O,OS~ Rs+~(t) ~e 1 >0K N'f'{fltJJ '"dJrift ~ BCex t , liOCKOJThKY 

I F ' (~)I ~ o, 0 5 • IIoaTOMY rrpouecc H:omoHa cxo.ItHTCH K pemeHHJO ypaBHeHHH 

(I.3). 
/)):z. (1 ) ~ 

J(elcTBHTM:OHO, ( Jl = 60 , '( ~ Rs · F y.J -"' 10 . 

Il03TOMY /'f(U{tJ)/ 
f ( I( if ) f ( 3 -f) l-c1 ::-6(J f+.t·IO •O,OSf-Rs+';/(tJ >-- 602. 1+-I(J -1-5 

J(oKa71.eM Terrep:&, 'ITO MOZHO BH6paT:O H8~M:OHOe rrpR6.JumeHHe ljo (x) , 

Y.ItOBJieTBOpllllllee YCJIOBJI[JO (IY. I) • IlyCT:O lJo ( 0) = 0 ' 't ( 0) = e 
EcJm i~ 11 (x)/:t,l5 , TO F(t,r)=f+oG·';jo (x) , r.D;e cX.=F'fo). 

~~ .z .J 

lf(tj;) =Jjc" -tjo~~s -tp -R5 -r1;i- +~ +Rs ro( -Ji; f-U/Io:z+ o<-Rs!fo"" 
r-t- !!.- £ 

= y:' -.2~;Rs + ifo + ~ -1-o<_Rsf> +a<.. Rs +:tot_y'}' <O • 
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I. .H.nR !IJYHKI.Um FJ.f'j) o{ >O , rroaToMY, ec.lll! B~ 0, TO rro~o.n;JIT 

ljo (x)= K.X , r.n;e K = f 
2. .H.n R !IJYHru.um F1 ( rp 0(._ < o , 
t{ (';}<>) < 0 , 6CJIH if' (X)= k X 

II03TOMY IlpH B > 0 T8Kllte 6y.n;eT 

e 
K.=7J. 

3. I1yCTb .D;.II.F.! WYHKI.Um ;:{ {';j) 

HCHO, 'l:TO 6CJIH ~ 9 (X] ~ 0 

rrocKOJLbKY R5 BeJIHKO. 

£<(). ;I_ 3 

To 1/ + _'j_;__ T ~-I-_to(_ tin-t_ <C 0 
' 0 • Rs k!s c- -

II~ 
IToaTOMY 3H8K WijoJ 6y.n;eT aaBHcen B OCHOBHOM OT 3HaKa 'lo-!fo+Rs +-c<.R.rjfo. 

PaccMoTpHM pemeHHe ypaBHeHRff 

~;· T .x, Rs tgv = 0 , if ( o J ~ o , 'jo ( J' J = t < o . 
ITO..'IOUM ;\ = v-c~... r..>s' • Tor.n;a 

, $ AX -Ax) / 
}Cxl =e·s_.__-H {e -e ., y.(xJ/!o /€! 

M -tS') " 
• r ):<- {_Af, ( Ax -Ax)1 7~ '-'r'- ( e + e ) 

( ~o(X) =LeAS-e-AS e +e 'J ::; A b eXb- e->.6 = 

= xe:,'" (f + e'tA~ -1 f,.:::; ).,._t,!L (i+ }r; /' :S 9 X'-£!L 
,1_ 

* ~o + R.s 
:2·96.2./di·Rs :::: "'--'--'-----'---

l.fv + Rs u 

fj :L • .!}_ • 
::S D ".Ito 

B HTore lf,'j<>) 6y.n;eT rro~Ka gL + !M < ~~ , a TaKllte 

.AliaJ.lOrJI'l:HO IIOCTynaeM B CJ!y-qae <l}yHKI.Um ~(:f) Ilp:H € >O 

l.fr~J<o. 

• HTaK, 
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