Jlekuis 6 1

PO3JILT 2
JTAGEPEHIIAJIBHI BKTIOYEHHS

ICHYBAHHA PO3B’A3KIB IUPEPEHIIAJIBHUX BKIIIOYEHD

1. Osnauenns pose’asxy. Hexaii B o6macti G — R™ 3amaHe MHOro3HauHe BimOOpaXKeHHS
F:(xt)— F(x,t). Tyr X — n-BuMipHu# BekTOp (a30BUX KOOpAMHAT, {—He3aJekKHa 3MiHHA,

F(x,t) € R" — 3amMKkHEeHA MHOXUHA, (X,t) € G .CriBBiIHOILICHHS BUTJISATY

X e F(x,t) 1)
dt
HA3UBAETHCS OUPDEPEeHYIANbHUM GKIIOYUEHHSM.
Ilpuknao. OpauM 3 HAWNPOCTIIMX TNPHUKIAAIB  JTUPEPEHINIATBHOIO BKIIOYCHHS €
CITIBBIAHOIIIEHHS

x'e[-11], )
ne X — ckaimsipHa QyHkuis. Posrinsaemo qudepenniaabae piBHSIHHS
X'=ax+b. (3)

Tyr a, b — mapamerpu. [Ipunycrumo, mo b npobGirae MHOXUHY [— 1,1]. Toni piBHsSHHSA (3) MOXKHA
NepenucaTy y BUTIISL JU(EePEHIIaTbHOTO BKIFOYCHHS

X' e {ax}+[-11]. (4)

Osnauenns. Poszeé’szkom nudepeniianpbHoro BKIO4YeHHS (1) Ha3uBaeThcsi abOCOOTHO
HerepepBHa BeKTOp-GyHKIis X = X(t), fKa Bu3HAaueHa Ha deskomy inTepBam | < R' i Taka, mo
Maiixe Juisi Beix t e |

(v e F(x(1),1).
dt
Tak, nerko nepekoHatucsk, mo ¢pyHkiis X(t) =0 e po3B’s3koM nudepeHIiaTbHIX BKIOYCHD (2) Ta
(4).

2. Habauxcenuui poss’ssox. Ilpu mocnmipkeHHI NMUTaHHS ICHYBaHHS Ta €IHOCTI PO3B’SI3KY
3ajaui Ko, HenmepepBHOI 3aIeKHOCTI Bijl MOYAaTKOBUX JaHUX 1 MapaMeTpiB NOTpiOHO aHaNi3yBaTH
MaJli 3MIHM IPaBOi YaCTHHU cUcTeMH (1) B 00sacTsX HENepepBHOCTI, a TAKOXK MaJjll 3MIHU I'PaHULb
nux obmacteit. Jlnms 1mporo po3B’s30k 3amadi Komri anmpokCHMyOTh HaOMMKEHHM PO3B’SI3KOM
(mamanumu Eifinepa)[2] i 1oBOAATH 301KHICTH MOCITIIOBHOCTI HAOIMKEHUX PO3B’SI3KIB 70 IESIKOTO
,»,CIIPaBXKHBOTO” po3B’s13Ky. KopHCTyrounch Ii€0 METOAMKOI0, OyaemMo JOCHIIKyBaTH YMOBHU
icCHyBaHHs po3B’s3Ky 3amaui Komi s nudepeHumianbHuX BKIoueHb. Hexalt mpaBa uacTuHa
nudepenniaabHoro BritoueHHs (1) € S - HemepepBHOIo 32 X, t.

Osnauenns. Bextop-dynkitis Y(t) Ha3HBAe€TbCSA O - po36 A3KOM (HAOIUNCEHUM PO38 SIZKOM 3
mounicmio 0o 6 ) BkmodeHHs (1), skmo Ha 3amaHomy iHTepBaii QyHkiis Y(t) e abcomoTHO-
HENEepepBHOIO 1 Maii’ke CKpi3b

y(t)e F;(y(1).t).

Tyr Fs(y(t).t)=[coF(y°.t*)]°, F(y*.t°) = U F(z.).

zey’

3. Ocnoeni ymosu. Icnysanus pose’szky. SIk BimoMo 3 Teopii 3BHUalHUX IU(epeHITiaTbHIX
piBHSHB[2], mnst TOro, MO0 cucTeMa auQepeHIiaTbHIX PIBHSIHB 3a0BOJIbHSIIA YMOBI i1CHYBaHHSI
po3B’sa3Ky 3anadi Ko HeoOXigHO, 11100 BUKOHYBalach YyMOBa HEMEPEpPBHOCTI MPaBOi YacTHUHA 3a
CYKYITHICTIO 3MiHHUX. AHAJOTI4YHY poJib B TeOpii Au(epeHIiaJbHIX BKIIOUYEHb BiIIrPalOTh OCHOBHI
YMOBH.

Osnauenns. bynemMo roBOpHUTH, 110 MHOTO3HauHe BimoOpaxkenHs F(X,t) B obOmacti G
3a7I0BOJIBHSAE OCHOGHUM yMogam, sKimio B obmacti G BimoOpaxenus F(x,t) € crporum

KOMITaKTO3HAYHUM ONYKJIO3HAaYHUM [ —HENepepBHUM 3a 3MIHHUMH X Ta t.

B.B. Iiuxyp



Jlexuyisa 6 2
Ilpuxnao. MHOTO3HauH1 BiTOOpaskeHHS
a) F(xt)=[-11];
6) F(xt) =Ky (x);
B) F(0)=[-11], F(x)={0}, x=0, xeR!
3aJI0BOJIBHSIIOTH OCHOBHI YMOBHU. Mae€ Miclie HACTYITHE TBEPKEHHSI.
Jlema 1. Hexaii F(X,t) 3amoBosibHsI€ ocHOBHUM ymoBaM B ooOsacti G . Toxi rpanuns X(t)

OyIb-s1K0i PIBHOMIPHO 301KHOT MOCTiNOBHOCTI O, -po3B’si3kiB X, (t) (5, — 0,k — o0) BKIrOYCHHS

dx
— e F(x,t
dte( )

€ PO3B’SI30K LBOTO BKIIOYCHHS, Ko rpadik ¢yskmii X(t) = llilgo X, (t) mictutrecs B G . ToOTo,
(x(t)t)eG,te[a,b].
Hosenenus. Bizememo noBineHi t, € [a,b] Ta £>0. ®ynkuis F(Xx,t) € J—nenepepsHa,
Tomy icHye 77 >0, Take, mo B obnacti G, = (t, —2n,t, +277)x(x(t, )—31,X(t, )+ 377) maemo
F(xt)c Fy Ry = F(x(t )% ) (5)
Ockinbkn ¢ynkmii X, (t) € HenepepBHuMH, TO X(t) —HenepepBHa, SK IPAHUIS PIBHOMIPHO 301KHOT
nocnigoBHocti. Tomy 3Haiinytecst ¥ €(0,7), K, , Taki, mo nmpu kK >k, , |t—t, |[<y maemo
6 <mindn, &}, || X () =x()[l< 7, || x(t)—x(1, )ll< 7 (6)
35)i(®)opu 6 =0,, k>Kk,, |t—t, |<y <n BumBae
7ty (% (0)° = (x(t)”, F((x )°.t") = Fy.
Tax six X, (t) € O, -po3B’s30K, a MHOXHMHA F,—omyKkia, To Maiike CKpi3b

Y ¢ feoF (x(v)° 1)1’ < [coF¢ T < F-.

L Ldx(t)

Ipu |t—t,|<y dynkuis X(t) € abcomoTHO HemepepBHOIO i Te F7* wmaibke ckpish Ha

Bipi3ky |t —t, |[< y . InTepBanamu tuny (t, —,t, + ) MOXHa OKPUTH Bech Biapi3ok [a,b]. Tomy
. . .. . X
Ha [a,b] ¢ynkuis X(t) abconroTHO HemepepBHa i Maike CKpi3b iCHYE MOXiTHA % OTtxe, s

dx(t, ) dx(t, )
et JIOBEACHO, M0 pm

KOXKHOTO 1, MpH SIKOMY iCHYE e F/° mpu sK 3aBrOIHO MaJoMy

dx(t, )

£>0. Tomy ek, =F(x(t,),t;). Tobro, X(t) — po3B’130K IUPpepeHIiATEHOTO BKIIOYECHHS

(1). Jlemy noseneHo.
Hacniook. Slxmo F(X,t) 3a70BONBHSAE OCHOBHMM yMOBaM, TO TPAHUIIS PIBHOMIPHO 301KHOT

MOCJIIJOBHOCTI PO3B’A3KIB JU(EPEHI1aTIbHOTO BKIIOYEHHS

dx(t)
T (S F(X,t)

€ PO3B’SI3KOM 1IbOT'O BKJIFOUEHHS.
Teopema 1. Hexait MHOTO3Ha4YHE BifmoOpaxkeHHs F(X,t) 3am0BOSIbHSIE OCHOBHMM YMOBaM B

o6macti G . Toxi anst noBinkHOT TOUKH (X,,1,) € G icHye po3B’s30k 3amaui Komi

dx(t)

e F(x,t), x(t;)) =X,

! Teopema 8 sexuii 4 PO rPaHMIO AGCOTIOTHO HEMePEePBHIX (YHKILiH
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Jlexyis 6 3
Skmo obmacte G mictute mumiHap Z ={x,t:te[t,,t, +al,|| Xx—X, [[£b}, To po3p’s30k icHye

o . b
moHaiMenmie Ha Binpizky t, <t <t,+d, d =min{a,—}, m= sup | F(x,t)].
m (xt)ez

JloBeZICHHS TIPOBENIEMO B JIBa KPOKH.
Kpox 1. Ilobyodosa nocridognocmi, wo 30icacmvbcsi 00 po3s’sasky 3adaui Kowi. MoxHa
BuOpatn a>0,b>0 Tak, mo6 Z < G. Toxui 3a TeOpeMOK PO OOMEXKEHICTh [ —HenepepBHOI

(byHKui'l'2 m<+oo. g k=12,..,, BizbMeMo h, =%,tki =t, +ih,,i=01,.. k. IToOymyemo

namany X, (t) HacTynmHUM 4HHOM:
1). Nokmagemo X, (t,,) =X, -
2). Slxmmo aust aesikoro i >0 3HaueHHs X, () = X,; BKe BU3HAYCHE i
[ X =Xo IS Mt =t |, (7

TO Bi3bMeMO J0BUIbHY Touky V,, € F(t,X,) inpu t; <t<t,;, Busnauumo X, (t) 3a zomomoroo

CHIBBIIHOILIICHHS

X (1) =X, +(t—1; Vy. (8)
Tax six B ety (7) (t,, %) €Z,10 ||V, IS F(t,, %) [ m. 3 (7) Ta (8) maemo

”Xk(t)_xo ||£m|t—t0 |’ tki <t£tk,i+1' (9)
Tomy 3nauenns X, (t,;,,) = X, ;,, BU3Ha4YEHE i

” Xk,i+l — X ”S mltk,i+1 _to | (10)

Kpox 2. Ananiz nocnioosnocmi. Otxe, X, (t) mocnizoBHO OymyeTbesi Ha KOKHOMY iHTepBai
[t .t 1=01,...k—=1.B cuny (17) rpadix ¢pynxuii X, (t), t €[ty,t; +d] micturscsa B Z . 3 (8)
dx, (1)
Cdt

BUILIMBAE, 0 QyHKLisA X, (t) mimmumesa i <m, t#t,, i=12.... Tomy X, (t) abcomoTHO

HenepepBHag. Tak sk 3 (8) 1 (10)
dx, (t) _
dt

Vki € I:(‘tki ’in )’O <t _tki < hk ’ ” Xk (t) - in ”S mhk’

dx .
TO X, (t) € O, - pO3B’ 30K BKIFOUCHHS Py e F(x,t), ne 6, = max{h,,mh }—0,. ®ynknii x,(t) B

crity omiHkH ||V |[€ m piBHOMIpHO 0OMexeHi i 3 (9) BUIIMBaE 1X PiBHOCTENCHHA HETIEPEPBHICTb.
3a teopemoro Apuena (qoJaTok A) 3 HUX MOKHA BUOpaTu PiBHOMIPHO 301KHY IMIJIOCIIAOBHICTh

{Xs(t)}c {Xk(t)}. 3a nemoro 1 rpanumst X(t)=1lim X,(t) € po3B’s130k BKIIOYCHHS % e F(xt).3

ymoBH X, (t,) = X, BuruuBae X(t,) = X,. Teopemy noBeneHo.
3aoaua 14. Jlocninuty 3a 100OMOror0 TeopeMu 1 Ha icHyBaHHS po3B’s13Ky 3anaul Koumi:
a) x'e[-11], x(0) =x,;
6) X' e[-kx,mx], x(0)=x,.

Tyt X — ckamspHa QyHKLisA, X, — hikcoBaHa Touka, K, M — 10AaTHI HapaMeTpu.

2 Teopema 2, JIeKis 3
3 JIABUCH JIEKL0 4
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Jlooamok A.

CimeiictBo @ ¢yHKIii ¢, BU3HAUEHUX HA [a,b] , Ha3UBAETBHCS PIGHOMIPHO O0OMENCEeHUM,
skio icaye yncino K >0, take, mo |(0( X)| < K mms Bcix X € [a,b] iped.

CimeiictBo @ (yHKIIH ¢, BU3HAYEHUX HA [a,b] , HA3MBAETHCS PIBHOCTETIEHHO HETIEPEPBHUM,
AKIIO uIs Oyab-skoro & >0 icaye o6 >0, Take, 1110 |(p( X)—o( y)| <& mIA BCIX X€E [a,b],
ye [a,b], TaKuX, 10 |X— y| <O 1BCciXx ped.

Teopema (Apyena). ns toro, mo0O MHOXHHA D C C[a,b] Oynla KOMITAKTHOIO B C[a,b]
HEOOX1JIHO 1 JOCTaTHBO, 1100 BOHA Oyiia pIBHOMIPHO OOMEKEHOIO 1 a0COIFOTHO HETIEPEPBHOIO.
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