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Jlekuus 10. CroxacTuyecKkuil aHAJIOI KOHEYHOMEPHOU JTMHEHHOM
ynpasJjigeMoil cucreMbl. HU:kHSA rpaHuna 11 epexoaHoun
MJIOTHOCTH, MeToJ Ienouku (Chaining method).
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JI11s1 QUKCHPOBAHHOTO HAYAIBHOTO 3Ha4eHusI X = (xq,%y) € (RY)? u
Gynkuuu @ € L? ((O, T); Rd) pPaccMOTPUM JIMHECHHYIO

JNETEPMUHUPOBAHHYIO CUCTEMY C YIIPABICHUEM

S¢ = LiS; + BZege, So=x (D
Pemrenue npu 3aganHoi @, Oymem o6o3Hauats S;(@). B ypaBuenunn (1)
npeanonaraercs, 4to L; — uzamepumoe, M, (R) - 3HaYHOE CEMEHNCTBO,
Yy - usmepumoe, M (R) - 3HaAYHOE CEMEWCTBO (HATIOMHUM,
g0 M (R) - MHOXecTBO Kk Xk Marpuil ¢ BEHICCTBCHHBIMH
koapdurnuenramu). 2d X 2d wmarpuma L; cocTout u3 4eThipéx d X d
OJIOKOB U UM€EET BUJ

Lt _ <[Lt]1,1 [Lt]1,2>. (2)

a; [Lel22

(Aleary.  Bymem mpedmonarath, u9TO  3JIEMEHTHI L, orpaHHUYeHs!
KOHCTAaHTOH K, a JeTepMHHAHT d X d MaTpuubl @ ITOJOKHTENIEH U
Bcex t € [0, T]. OtHocuTeapHO d X d MaTPHIBI X; MPEANOI0NKHM, YTO
criekTp MaTtpuisl A, = XX,  COmepKUTCS B [A_l,A],A > 1, g Bcex
t € [0,T].
CTOXaCTHUYECKUM aHAJIOroM cuctemsl (1) sBisieTcs cucteMa

dG; = L;G.dt + BX,.dW,,t € [0, T]. (3)
[Tycte K; - KOBapualmoHHas MaTpuiia rayCCoOBCKOro mnpoiuecca G;.
Mpennoxenne 6. [lycmv evinonnenvt yciosus (AW, Tozoa
OoemepMmuHuposaunasn cucmema (1) oonyckaem ynpaenerue (cm.
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Onpeoenenue 15 Jlekyuu 9) u mampuya K; nesvipodcoena. B smom
cayuae 2ayccosckas niomuocms eekmopa G ¢ HAUANIbHLIM YCI08UEM
G, = X u xoHeunvim ycarosuem G =y umeem 8uo

q(0,T,x,y) = (2n)~%det~Y?(K;)exp (_Ilinearz(T,X,y)),

eoe

linear (T,2%,y) = inf{ [ |pc1?dt} : So() = x,57(0) = y} =

(30ecb R - pezonveenma nunetinou cucmemol S; = L:S;).
JlokazatenbcTBO IIpemmoxxenus 6 conepxkutcs B padbore F. Delarue u S.
Menozzi (2010, IIpennoxenue 3.1). 3ameTuM TOJIBKO, 4TO K71
coBmagact ¢ Matpurei ['pama € cucremsl (1) u paBeHCTBO (4)
sBisieTcs caeacteueM Ipemnoxenns 5 (popmyna (17)) u 3ameuanus 5
Jlexkuum 9.

Onpenenenne 18. Crkaowcem, umo eayccosckuti npouecc (Gi)o<i<r
yoosnemeopsiem ceourcmey GSP (good scaling property) ¢ napamempom
c =1, ecu ons ecex t € [0,T], onsa xosapuayuonnoi mampuyvr K,
8bINOJIHEHO 0BOUHOE HEPABEHCINBO

¢t YT x|? < (Kex, x) < ct ™ T,x|?

ons ecex x € R?4,

Mpennoxenne 7. [lycmo svinoaneno yciogue (AW, u ona ecex
t € [0,T], a} npunaonexcum 3amxkHymomy bINYKIOMY 6 NPOCMPAHCIGE
GL4y(R)  wmnoowcecmsy E. Toecoa wuatioémcsa nocmosauunas ¢ =1,
sasucawas  moavko om  E, Kk, \,T, maxas, umo (G¢)o<t<T
yooenemeopsiem ceoticmgy GSP ¢ napamempom c.
Jloxazamenvcmeo. llpeanonoxum cHavana, uro T = 1. U3
npejacTaBieHus peuieHus (3) B BUIE

t
G, = R(t,0)x + jje(t, s)BZ dW,
0
HOJYYUM, YTO
t
K, = jR(t, S)BA.B*[R(t,s)]*ds (5)
0

U, cledoBaTelbHO, 0€3 OrpaHUYEHHUs OOIIMHOCTH MOXKHO CYWUTATh, YTO
A; - enunnuHas maTtpuna st Beex t € [0,1]. Onpenenum € kak
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MHOX€eCTBO oToOpaxenuii t € [0,1] - L;, rae matpuna L, onpenenena
B (2) u ynosietBopseT ycioBusMm Ilpennoxenust 7. HeTpynHO BUIIET,
4TO TUTSt KQXKJI0TO (UKCUPOBAaHHOTO to, OTOOpakeHue
L: L*([0,1], M,4(R)) = R(to,) € C([0,1], M54(R)) ABJISICTCS
HeNpepbIBHLIM, eciii TuiabbeproBo npoctpanctso LZ([0,1], M,4(R))
CHAOIUTHh TOMOJIOTHEH CJTabol  CXOAWMOCTH, a IPOCTPAHCTBO
C([0,1], M,4(R)) - Tomojorueir paBHOMEPHOH cxomumocTH. W3
npeacraBieHus (5) cieayeT Takke (HaA0 pacCMOTPETh KOMIIO3HIIUIO
IBYX OTOOpaxeHuii), uto orodpaxenue L: L?([0,1], M,4(R)) — K, €
M54 (R) nvenpepwsiBHo. CormacHo Ilpemnoxenuro 6, det K; > 0 mis
moboro L€& Ecomm € -  KOMIIAKTHOE  IOAMHOXKECTBO
L%([0,1], M,4(R)), cHaGx)EHHOTO TOMOJOrHell caboi CXOIMMOCTH, TO
Jy € [0,1] Takoe, uto inf{det(K,),L € €} =y u sup{||K,||,L € &} <
¥y~ !, To ectb cnekrp Mmarpunel K; OrpaHMYEH CBEPXy M CHH3Y
paBHOMepHO 110 L € &:

Jc=>1,c 1 x]? < (Kyx, x) < c|x]|? (6)

Jns Bcex x € R??.  To, uro & sBAfeTcs KOMIIAKTOM B cCabo0if
TOMOJIOTUH, CIAEAYET U3 TOTO, 4TOo € OrPaHUYECHO W 3aMKHYTO (JaXe B
cwibHOW Tomonoruu). OOmmi cnydait K t € (0,1) cnemyer wu3
CBOMCTBA MOJOOUSI CHUCTEMBI, KOTOPOE HAJ0 MNPUMEHUTHh K CIydaro
JuHeHOW cuctembl (3) (MBI pacCMOTpPENIM 3TO CBOMCTBO BBINIE IS
obmeit cucremsr (2) Jleknmmm 9). Ciaemyer mepeiTH K TrayCCOBCKOMY
nponteccy G = tY/2T; Gy, s € [0,1], m nmpumenuts (6). [ToapobHOCTH
OCTaBJIIEM YUTATEIIO0 B KAUECTBE YIIPAKHEHUSL.

PaccMoTpuM  Temepp  Henumelmnyro  YHOPABISIEMYID — CHCTEMY,
cootBeTcTBytomyo CHY  (2) Jlekmuun 9 u 3agadyy HaXOXKICHHS
ONTUMAJIBHOTO yIIPaBJICHUS

I(Ty, x0,¥0) = inf f|§0t|2dt: Po =X0, P =Yo (»

rae

¢r = F(¢pr) + B, 0 <t < T, g = xo. (7)
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B crneayronmx aByX mpemnokeHusx Mbl gokaxem, uto I(T,xq,Yo)
uMeeT TOT ke nopsnok, uro u T|T71(07(xg) — Vo)|?. CHauama Mmbl

HaHAEM HIDKHIOIO TPAHHMITY IS (1 (t,-,-))OStST.

Ipenao:xkenune 8. Cywecmeyem nocmosuuas C > 0, 3asucauwias moavko
om ycnosuit (R —n), (UE) , (ND-n) u T makasn, umo ons 06020
0<t<T,onaecexx,y € R?d
I1(t,x,y) = CtIT; 1 (8:(x) — »)I%.
Hoxazamenvcmeo. Hannomuum, 410 @ (Xx) SBISIETCS PEIICHUEM CHCTEMBI
0, = F(0,),0, = x.

dukcupyem t € (0,T] u x € R?%, nuneapusyem cucteMy U pacCMOTPUM
ynpasnenue @ € L?([0,T], R%) BMecTe ¢ COOTBETCTBYIOIIMM 3TOMY
VIIPaBJIEHUIO pelieHuem ¢, ¢, = x. Umeem

q[)s - és(x) = Ls(¢s - Hs(x)) +Bp;,0<s<t, (8)
1

L, = f D, F(8,(x) + A(¢s — 05(x)) ) dA € M4 (R)
0

u D, F — MaTpuIa mpocTpaHCTBEHHBIX MPOU3BOIHBIX BekTopa F € R%4,
Marpuna D, F umeer Bup (2), rae, cornacuo ycnosusim (R — 1), (UE) ,
(ND-17), Bce 2jeMeHTHI OJIOKOB OTrpaHMYEHHl, a ONOK af € £. Mul
MOXEM paccMaTpuBaTh, TaKUM 00pa3oM, JMHEHHYIO cuctemy (8) Kak
JUHEHHYIO YIIPaBIsEMYIO CHCTEMY C HadaJlbHBIM yciaoBueM 0 wu
KOHCUHBIM ycioBueM ¢y — 0:(x). U3 Ilpennoxkenuit 6 u 7 (¢ X; =
I; 6 (1)) cuenyer, 4to

rac

t
j psl2ds = CtITr [y — 8, (0] 12
0

Haiiném Tenepb BEpXHIO TpaHUILy IS (I (t,',-))0<t<T.

Ipennoxenue 9. Cywecmseyem nocmosauuas C > 0, 3asuciawas movKo
om ycnosuti (R —n), (UE) , (ND-n) u T, makas, umo ona no6020
0<t<T,ona ecex x,y € R*? cywecmayem ynpasnenue (Qg)g<s<t €
R% co creoyiowumu ceoticmeamus:

1. supossstlps|® < CIT7 0, (x) — y]I2.
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2. Pewenue (Ps)o<s<tr coomeemcmayioujee SMOMY
ynpasienuio (Ps)o<s<¢y € HAYAIbHBIM — ycaosuem Py = X,
docmuzaem y 8 MOMeHm t, mo ecmob py = y.

B vacmuocmu,
I(t,x,y) < Ct|T* (6, (x) — y)I°.
Jloxazamenvcmeo. ®uxcupyem t € (0,T] u x,y € R?%. MpI nmeM myTh
(¢s)o<s<t>» COOTBETCTBYIOMIUI yIpaBiaCHUIO (g)g<s<s, TAKOH, YTO €rO
CyIpeMyM HE IMPEBOCXOJHUT (C TOYHOCTHIO 10 MYJIbTHUIUITMKATHUBHOM
koHcTauThl) |Tr 1[0, (x) — y]|?, u Takoii, uto g = x, Py = y
¢s = F(¢s) + Bps, 0 < s <'t.

Beruuras nyth (9 s (x))0<s<t , SIBIISIIOIIUNCA pereHueM cuctembl OJ1Y

MBI MPUXOAWM K DKBHMBAJICHTHOM 3a7ade HaxoxmeHus myTd u3 0 B
y —0:(x) nmas menunetinot yHOpaBISIEMOHW CHCTEMbI C (QYHKIUCH
F(O,(x)+)—F (05 (x)). Takum  oOpa3zom, 0e3  OrpaHHYCHHS
OOIIHOCTH, MBI MOXEM IIPEIITOJIOKHUTE, uTO X = 0 ABISETCS HAYAILHOM

Toukor, y— 0,(x) — xomeunoir Toukoii m F(0) =0. Torxa,
JIMHEAPH3ys HETUHEHHYIO CHCTEMY, MBI MOXKEM HAIIKCATh

¢s = L(ps)ps + Bps, 0 < s < t, 9)
e

1

L) = | DFGs) A
0
Jng HaxoXIeHus peueHus cucteMbl (9) Hcmoib3yeM TeopeMy o
HETOJIBI)KHOM TOouke. Maes COCTOMT B TOM, YTOOBI C KaXIbIM IyTEM

(Zs)o<s<t € R??  cBs3aTh nuHeitHyto 3amady ynpasinenus Buja (1) (c
Y = 13 u c mampuyeit (L% )ges<t = fol D, F(Az,) dA) 1 MCKaTh
HCTIOJABIKHYIO TOYKY. MBI OCTaBIsIEM YHTATEII0 B  KA4EeCTBE
yIpaXHEHHUsT MPOBEpUTh, 4To it Kaxkmoro z mapa ((LZ)o<s<t,lq)
ynoBieTBopsieT ycaopusam [pemnnmokenus 7. B wactHoctu, cnektp K7 -
KOBapHaIlMOHHOW MATPHIIBI B MOMEHT t MJIH, YTO TO K€ CaMOe, MaTPHUIIbI
I'pama G%, nexut B HexoTopoMm uHTepBane [y~ 1,y], rne ¥y > 0 u me
3apucHut ot z. [lo Teopeme 3.40 (Coron (2007)) orcroma ciemyeT, 9TO
nuneiiHas cuctema (9) riobansHo yrpasiseMa Ha [0, t], To ecTb s



84

Kaxaoi mapsl X,y € R4 cymectByer ympasieHne (¢Qg)o<s<t €
L*((0,t); RY) Taxoe, yto pemenue 3agayn Komu

¢s = L(¢s)¢s + By, pg = x

YAOBJIETBOPSAET KOHEUHOMY YcloBUIO ¢y = Y. COOTBETCTBYIOIIIEE
yIpaBJIeHUE UMEET BU]

s = B [R?(t, s)]*[Kf]_l(y - 6,(x),0<s<t, (10)

rne R? — pesonbBenta numeitnoit cuctemsl @ = L(¢pg)ps. ITyHKT 2
[Ipennoxenus 9, takum 00pa3om, nokazaH. Jjis mokazaTeiabcTBa II.l
BOCIIOJIb3YEMCSI ~ CBOMCTBOM  MOAOOMS  CHUCTEMBI.  Paccmorpum
rayccoBckuii mpomecc Ha [0,1]

Gt = t'/?T; G, s € [0,1]. (11)
O4eBUIHO, OH YAOBJICTBOPSET CTOXACTUICCKOMY YPABHEHHUIO

dGt = LLGtds + BS.dWt, G5 = t1/2Ty tx,
e
- _ ot ~ _
L = tTi L Ty, X = Zg, Wy =t 1/2Wst-
[Tpu 5TOM PE30JILBEHTHI CBSI3aHbI COOTHOIIICHUEM
RE(sy,50) = TR (s4t, st) T, (12)
[Tomaras s; = 1,59 = % < 1, nmonyunm u3 (11), (12)
A~ S —
RE(t,s) = T, R (1,2) T4, K? = t-1T,R®"T,.
Yunteisas, uro B*tTy! = B*, u3 (10) nonyuum
* - S S | P,t -1 -

05 = BUTRY (L)1 [RY] Ty —-0.00)  (13)
Koaddumments npeodbpazoBanHoro Ha otpe3ok [0,1] ypaBHeHHs CHOBa
ynosierBopsioT yeaosusMm (R —n), (UE) , (ND-n), siaeMeHTBI MaTpuil

-1
PN S =So,t o o
ROt (1, Z) U [K (f ] OI'PaHUYEHBI KO HCTAHTOM, 3aBUCAILIEN TOJIBKO OT

atux ycnosuit u T. Otcrona cpasy cienyer 1. 1 [pennoxenus 9.
Jloka3aTeJbCTBO HHKHEH TpaHMIbI MeTOaOM Iemoukm (Chaining
method).

MpI Terephr UMeeM BCe HEOOXOIMMBIC BCIIOMOTaTENIbHBIC YTBEPIKICHUS
JUISE TOTO, YTOOBI JOKa3aTh HIKHIOIO OIICHKY B HepaBeHCTBax (3)
Teopemsr B. Hanomuauwm (R. Bass, 1997), uto B city4ae HEBBIPOKICHHOMN
mubdy3ur  uaes TOJyYCeHHMsS HIDKHEH OICHKH JUIS  IEePEeXOIHOM
MJI0THOCTH P (S, t, X, V) METOJ0M IIETIOYKH COCTOsIa B pACCMOTPEHUHU
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[OCJIEOBATEIBHOCTH  <«GalCIUSIOMIUXCS»  [IapoB,  00Pa3yIOMMX
ICMOYKY, IEHTPHl IMapoB OBbLIM  PACIONOKEHBI HAa  MPSMOH,
COEMHSAIONICH TOUYKM X U Y. B Hamiem ciydae CiaeayeT pacCMaTpHUBaTh
MOCJIeIOBATEIBHOCTh  JJUTMIICOMAOB C IICHTPaMHM, JICXKAIIUMH Ha
ONTUMAIBHOM NyTH () o<s<T , MOCTpOeHHOM B IIpemnokenuun 9 (rme
ClIeTyeT MONAoXKuTh t = T).
Jngs  ¢ukcupoBanHeIx x,Xx € R?4,0<s<t<T, (T>0 Oyzer
BBIOPAHO TO3IHEE, HO OHO MMPEANOJaracTcs JOCTATOYHO MajIbIM) IS
N = 1 umeeM u3 onenku (5) Jlexuuu 9
p(s, t,x,x") =
N t

ﬁ(s,t,x,x')—Zf jﬁ(s,u,x,y)|H®k(u,t,y,x')|dydu

k=1g R2d
t

—j jp(s,u,x,y)|H®(N+1)(u,t,y,x')|dydu.

s R2d
N3 BToporo HepaBeHcTBa JlemMmbl 11, KOTOpoe OCTAaE€TCs BEpPHBIM IIpHU
3amene (t, 1) Ha (u, t), umeem

p(s,t,x,x") = p(s, t,x,x") —
t

- kn_
c(k) j j 55,1 % 9) (t — 1) 2 geqe e—u(y — Bue () dydu
RZd

S

1=

t
(N+1)17_1
—C(N+1>j fp<s,u,x,y)<t—u> 51

S RZd

Jc(N+1)t-u (y — Bu,t(x'))dydu.

Beibepem |[Nn/2| = 2d + 1. Torna, B cuny Jlemm 10 -12 1 HepaBeHCTB
(10) Jexiuu 9
p(s, t,x,x) = p(s, t,x,x") —

— §)1/2
(t —s)" exp (_C‘l(t = )| Te25(0e,s(x) — x')lz) =

(t —s)2d
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c1 B 2
—9H exp (—C(t — )| T2 (0,5(x) — x')| ) —
(t — )77/2 _ _ NP
C——— =5y exp (—C Lt — )| T2 (0:5(x) — x| ),
rae HWKHAg rpaHuna it p(s,t,x,x’) MoxkeT OBITH IOJIydYeHa
aHAJIOTMYHO BepxHel rpanune mist p(s,t, x, x"), npusenéunoii B Jlemme
11. IMocrostnnas C 3aBucUT TONbKO 0T ycinosuit (R — 1), (UE) , (ND-n).
O06o3HaYUM

1
oo (x, ) 1= (t = $)2| T 25 (61,5 () = x7)].

Ecmu dg ¢ (x,x") < 1,10

p(s,t,%,%) > (¢ = 5)4[C exp(—C) — CT2].

Cnenosarensro, st T < (2C2%)~2/1 exp( ZnC)

p(s, t,x,x") = Co(t —s)72%,C, = exp(—=C) (2C) 1. (14)
Urak, s x,x'€ R?*?, ecnm dr(x,x) 2dor(x,x) <1, 1o mus
gocratouyno Maneix I mpumenuma ouenka (14). s dp(x,x) > 1
HEOOXO0JIMMO MPUMEHHUTHh MeTon Ienouku (chaining method). Mar
coOupaeMcsi ONpPENeIUTh MHOXXECTBA, YbH IICHTPHI PABHOMEPHO
pacrpeieiecHbl OTHOCHUTENIbHO MHOkecTB ypoBHs 3Hepruu I(T,x,x"),
COOTBETCTBYIOMIEH onTUMANbHOMY YTH (Pg)o<s<) Po = X, o7 = X/,
noctpoennomy B Ilpemmoxkenun 9. Hamomuum, uto (@s)g<s<t €
L*((0,T); R*) - cOOTBeTCTByIOIlEe ONTHMAIbHOE YIpABIECHHUE,
3ananHoe Gopmyroit (10) (rme cnenyet monoxuth t = T). Onpenenum
paszouenue orpeska [0, (T, x, x")]

(:= inf{t € [ti_1, T]: fti_1|<ﬂs|2d5 = I(T]\;Zﬁ}/\ (ti_l T Mio)’
t; =< ecmuti_ <T (1 — Mio)
\ =T, ecmut;_q ZT(l—Mio),

rae uncno My :=[Kd%] >3 012K =3, wuucno K OGyumer BBIOpaHO
nozanee. [lonoxum €; :=t;, 4 — t;, 0 = 1.
Jlemma 13 (koHTpoJb mara mo Bpemenn). Cyuecmayem nocmosiHias

C; < 1, zasucawan monvko om ycuosuii (R —n), (UE) , (ND-n), u
My My
yenoe My € [7,6—] makue, umo ty, =T u
1
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T T
vie{0,1,.., <M —1},C;,—=< ¢ < 2—. 15
i €{ 1 b G M, € M, (15)
Hoxazamenvcmeo. Tlomoxxum M, = inf{k > 1:t, = T}. OueBugso,

MHOXXECTBO M; He mnycto. Bepxnss rpanuna B (15) cinenyer wus
onpeneneHus cemencrtBa (t;)i»q. lIpeamonoxum Ttenepb, 4to t; <

2 :
T (1 — M—) i 0 < i < M; — 1. [Ipeanonoxum takxe, 4rto t; 4 — t; <
0

T T .
7R (B IPOTUBHOM Cllyyae & = M—). Torga, mo MOCTPOEHHUIO cEMENCTBA
0

0]
(ti)iz1

ti
I(T,x,x"
[ tost2as = ===

ti-1
Cornacuo Ilpemnoxenuio 9
supo<s<r|@s| < CIT7 (87 (x) — x)| = CT~2dy,
rae moctossHHas C 3aBHCHT ToJIbKO oT ycioBuit (R — 1), (UE) , (ND-n).
CraenoBaTenbHO,

I(T,x,x"

ti
A = chpslzds < C?gT~ 1A,

ti—1
N3 onenox Ilpennoxenuit 8 m 9 ciaexyer, 4ro, MOAUDHUITUPYS, €CIIH

noTpeOyeTcs, KOHCTAHTY C, TOJIyYUM
2

dr
— < C%¢T71d?,
M, '
OTKyJa clienyeT HWxHAS oueHka (15). MurepBan 3HaueHuit pis M,

Cpa3y clielyeT U3 MOJTYyYECHHBIX OLICHOK JJIS &;.
[onoxwum teneps ans Beex i € {0,1,..., M1} y; = ¢y, (30ech (t;)i»1 Te
ke, uto U B Jlemme 13, a (¢bs)g<s<r - IYTh M3 X B X', COOTBETCTBYIOIIMI
ontuManbHOMY yripasienuto [Ipemmoxenus 9). B wactHOCTH, V) = X,
Ym, = x'. BBeném crenyromme MHOKECTBA

B; = {z € R%: K2 ([T (8eye,, i) — 2)| +
|']I‘I_(;)2 (z—=0¢y,,, (Yi+1))|) < K_l/z},
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1

T2dr
rae p = ——. MMeeM OueBUIHYIO OLIEHKY CHU3Y (C Xg = X U Xy, = X')
0
p(0,T,x,x")
M;-1
2 f 1_[ p(ti, tive, Xi Xi41)dx1dX; . dXpy, 1. (16)
Mq-1 =0
Hi=11 Bj ¥

Crnenyromiasi jJeMMa, JI0Ka3aTeJIbCTBO KOTOPOM Mbl MPUBEAEM HUKE,
IO3BOJISIET 3aBEPIIUTH IOJYYEHHE HWKHEW rpaHuubl B Teopeme B, a
BMECTE C 3TUM M 3aBEPIIUTh JOKA3aTeIbCTBO TeopeMsbl B.
Jlemma 14. Cywecmeyem nocmosannas K,, 3asucawas moavko om
yenosuit (R —n), (UE) , (ND-n), maxas, umo npu K = K,

Vi € {0,1, s, < Ml — 2},V(xi,xi+1) € Bi X Bi+1!

£ T (Bt e, Cr) — Xiva)| S 1, (17)

Vx, € By, 83/2|T§01(9t1,0(x) - x1)| <1,

VXp,—1 € By, -1, 3;4/12_1 'H‘gﬂil_l (HT.tM1-1(xM1—1) — x')| < 1.
bonee moeco, onn K = Ky u ona moeo oce C;, umo u 6 Jlemme 13,
HOTYYUM

vie{0,1,..,<M; —1}, |B;| = C.p*?, (18)
eoe |B;| —mepa Jlebeca mnoscecmesa B;.
3aKoHYMM J0Ka3aTeNbCcTBO Teopemsl B B mpeanonoxenuu, uyro Jlemma
14 nokazana. Jlemmy 14 mokaxeM HHXKe.

[Tycte K = K. 13 (14), (16), (17) moxyuum
M;-1
p(0,T,x,x) > % 1_[ %IBiI, (19)
g L1 &
[Toncrapisist HkHIOW TpaHully U3 (18) u BepxHioro rpanuny u3 (15) B
(19), mpu p = TY/?d/M,, nony4um

' C C M1 M 2d d2 (Ml_l)Zd
p(0,T,x,x) 2( : 1) (—0) T .
22d T M,

Jlanee, no omnpegeneHnto M, , My —1< Kd% (HamoMHHM, 4YTO
2

d 1
d-(x,x' 1), modTOMYy —L > —,
r(x,x") > 1), nosTomy Mo = Ko [Tomaras

C, 1= Coly <1
2T RE+1)M T
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(ms K noctaTo4HO OOJIBIIOTO0), TTOIYyIUM
Mo\ 2d
p(0,T,x,x") = C)'* (K + 1)?Mxd (?0) (K + 1)72M1-1)d =
T24(K + 1)24(My)?¢C," 2 T=24¢," = T-2dexp (—MyIn (Ciz)).
ITo Jlemme 13 M; < ?, IIO03TOMY
1

M,
p(0,T,x,x) >T" 2dexp(——ln( )

C
T2%exp (— C—lln (—)) exp ( : ln (C_z)) >
T~ 2dexp ( ;1 In ( ) exp < KCCiZ In ( 1 ) (20)

1
HanomMuum, uyto K > KO BbIOpaHa Tak, 4ToObl In (C—) OBLI
2

nosioxuteneH. [Ipu TakoM BeIOOpE BCE MapaMeTphl 3aBUCAT TOJIBKO OT
ycaoeuit (R —n), (UE) , (ND-n). Omuenka (20) maér xemaemyro
HIOKHIOIO TpaHb i1 KOpOTKuX BpeMéH T. [l mpom3BOJIBHOTO
untepBana [0,T] ero ciemyer pa3OUTh Ha KOHEYHOE YHCIO KOPOTKHUX
WHTEPBAJIOB, MPUMEHUThL MapKOBCKoe cBoiicTBo W Jlemmy 10 s
OLICHKU CHU3Y CBEPTOK.

Lokazamenvcmeo Jlemmuvr 14. HauHéMm C OKa3aTebCTBA HEPABEHCTB
(17).  3Badpukcupyem  (x;,X;41) € B; X Bj4q, i ={1,2,...,M; — 2}.
Cornmacno HepaBeHctBaM (10) Jleknuu 9, Haiinércs mnocrosHHas Cs,
3aBHCAIIAsA TOJIbKO oT yeiaoBuit (R — 1), (UE) , (ND-n), takas, uro

Qi = 33/2|']I‘;i1 (eti+1,ti (xi) - xi+1)| =
CSEg/Zngil ('xi _ Bti,ti+1 (xi+1))| = 6383/2{|Tgi1(xi - eti,ti_l(yi—l))l +

|T;i1(eti,ti_1(yi—1) - yl)| + |']I‘;i1 (yl - Bti,ti+1 (xi+1))|} = Ql1 + QLZ + ng

Nmeem

1 .
Qll = C3 Z giz ! |(xi _ Bti,ti_l (yl—l))]| =
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2 1.
& \2’ 23— )
C3 Z (Kp2> (Kp )2 |(xl - eti,ti_l(yi—l))j| .
j=1
N3 (15) u onpenenenuii p u M cneayer oleHka
€j My

> (,
Kp? Kdz

> (.

Takum obpazom, s j = 1,2

1
(o)
Kp?

2
1 .
Qll < C3C1—2 Z(KPZ)E_J |(xi — eti’ti_l(yi—l))j| =
j=1

j 1.
< (€))7 < (2

CoCr 2K 2p [Tk (3 — Oeye, 3i-1))| < GoCT2KY2,
rIe B IOCJEIHEM HEPAaBEHCTBE MbI HCIOJB30BIN TO, 4YTO X; € B;.
Cnaraemoe Q7 ouenmpaercs amanormuso, otkyaa Qf + Q7 <
2C3C72K 12, U3 TIpennoxennii 8 1 9 ¥ 3 BEIGOpA y37I0B Pa3OHEHUS

(t;);»1 cmenyer, uro HauaETcs moctosHHas C,, 3aBUCSINAS TOJIBKO OT
ycnoeuit (R — 1), (UE) , (ND-n), Takas, uto

ti

Qf < Cal(tim, im0, ¥) < Cy j|€0s|2d5 < Cy
ti-1

4 G

M, ~ K

Takum obpazom, Vi € {0,1, ..., < M, — 1} Q; < 1, eciut BeIOpath K

JOCTaTOYHO OOJIBINUM (OTHOCHUTEIHHO BETHUNH, SBIISFOIHXCS

byHKIHAMEU TONBKO apameTpos ycnosuit (R — 1), (UE) , (ND-n)).

st x; € By u Xy, 1 € By, _qcnaraemeie
1

Qo ‘=53|T201(9t1,0(x) — x1)|

I(T,x,x" -

0

Ci

. o1/2
QM1—1 T ng—l

_1 [
']I‘SMl—l (eTitMl—l (le_l) - X )| S
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1/2

TEI\},l_l (xM1—1 - etMl_l,T(x')>|

MOTYT OBITH OILIEHEHBI aHAJIOTHYHO Qil, i €{0,1,..,< M, — 1}. Takum
oOpazom, HepaBeHcTBa (17) moka3zanbl. OcTaéTrcsi OIECHUTH CHHU3Y
JleGeroser Mepbl MHOXKECTB (B;)ie(1,2,..m,~1}- PaccMoTpum misa i €

{0,1,...,< M; — 1}  osmmncouasl E;:= {Z € R?%:K'/?2p |']I'I_<;z (y; —
Z)| < %K_l/z}. Nmeem

|El| — C53_2dK_d(Kp2)2d,
rae nmocrostuHas Cs 3aBHCHUT TONBKO OT d. Moauduuupys KoHcTanTy Cs,

ecnu HeoOXoauMo, monyunuM, uto |E;| = Csp*® nns K > 1. Iokaxkem,
uyto E; € B;. Ilycts z € E;. Ouenum cBepxy R;

R = K2 |tz (8ee, 0icn) — 2)| +
|T1_<2)2 (z =0y, (Yi+1))|) = Kl/zp (l']r;(,l)z (eti,ti_l(Yi—l) — i)

-1 -1
2 |TKp2(yl' — Z)| + |TKp2(3’i — eti,ti+1(yi+1))|) := R} + R} +R;.
[Io ompenenmenuro MHOXkecTBa E; crmaraemoe Rl-2 HE IPEBOCXOIUT

+

2
EK 1/2 Ymeem Taxke

1
& V72 5-i
Rll < C6Z (Kpl2> giZ |(9ti,ti_1(yi—1) - yl)]| =
j=1
M\ C2 (2(Kd2 + 1)\
0 1/2 | 6 T
Ce (K_d%> & |T£z1(9ti,ti—1(yi—1) - yi)l = 7( Kd% > =
16C;
P

Cnaraemoe R} MokeT ObITH OLleHEHO aHajormuHo. OTCIONa CleryerT,
uro R; < K~Y2, ecniu K BwIGpaTh noctarouno GombmuM. Teopema B
TEM CaMbIM NOJTHOCTBIO J0KA3aHa.



