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Mamemamuueckas meopus ynpaeieHus

BeedeHue

3ajsaua 00 ONTHUMAJIBHOW OCTAHOBKE CIIyYalHEBIX MOCISIOBATEIb-
HOCTEH BO3HHMKACT IPH PEINCHHUH 33/1a4 CTATUCTUKH (3a/1a4a TOCIeI0-
BaTCIBHOTO PA3IHUCHUSA JBYX MPOCTHIX TUIIOTE3), TEXHUKH (3a/1a4a 0
paziajake), GUHAHCOBOM MaTeMaTHKu (PacueT aMEPUKAHCKOTO OIITHO-
Ha) v psyie apyrux (em. [1]1-[5], [7, 8], [10]-[14]). B [2]-[4], [7, 8, 11]
MOTy4EHB OCHOBHBIC PE3yIbTaTHI JUISL 33]a4 00 ONTHMATRHOH OCTa-
HOBKE ¢ OCCKOHCUHBIM TOPHU30HTOM. B OTIHYHE OT BBINICYKA3aHHBIX
paboT MBI paccMaTpuBaeM CIydail KOHEYHOTO TOPU3OHTA.

B pabGorax [3, 4, 7, 15] orubatomias CHeia onpeieiieHa pekyp-
PEHTHBIM COOTHOIIICHHEM (2) W JI0KA3aHO, YTO OHA MOYTH BCIOY COB-
MagacT C ICHOW ONTUMATBHON OCTAHOBKH. OJHAKO B TOCTYITHOH HAM
AuTeparype MBI HE Hamu O0OOCHOBaHWA OOpPATHOTO YTBEPKICHUS,
COCTOSAINETO B TOM, YTO IICHA ONTUMANBHOW OCTAHOBKH YIOBICTBO-
pseT peKyppeHTHOMY cooTHoIeHuo (2). TlosToMy OfHOW W3 Tenei
paboTHI OBLIO YCTPAHHUTE 3TOT HPOOLIL.

B [11] comepxkutcs, 110 HAIEMy MHEHHIO, HauOOJICE MOIHBIA
0030p TPUMEPOB AaHANMTUYCCKOTO PEINCHHs 3a]ad9 00 ONTHMAaTbHOH
OCTaHOBKE C KOHCYHBIM TOPU30HTOM (cM. Takxke [1, 2, 8]).

B monorpaduu [7] amst cayuas GSCKOHCUHOTO TOPU30HTA, KOTIA
HAOIIACTC TEOMETPHUICSCKOS CAy4alHOE ONMyXIaHue, a OCTaHaR-
JMBaeMas oCIeJ0BaTeIbHOCTh COOTBETCTBYET THHAMUYCCKOMY TLIa-
TEKHOMY 00S3aTCIBCTBY AMEPHKAHCKOTO ONITMOHA KOIUI C JIMCKOHT-
HBIM MHOKUTEIIEM, TTOKa3aH0, YTO 00NACTh OCTAHOBKH OTICISIETCS OT
00nacTH MPOAOIHKEHUS HAONIOACHUH OJHOM TOYKOW W MpECTaBIsACT
co0o# myu.

B [10] npearmonaraercs, 4to 004aCTh OCTAHOBKH OTHCISCTCS OT
o0macT MPOAOIKSHIS HAOIIOICHUH OJJHON TOYKOM.

BMmecre ¢ TeM, H3BECTHBI PUMEPEI (DYHKIMH, ISl KOTOPBIX 00-
JaCTh OCTAHOBKH COCTOUT M3 HECKOIBKHX HECBI3HBIX HHTEPBAIIOB.
Hanpuwmep, B [14] nokaszaHo, 4to 001acTh OCTAHOBKH IS BBRIMYK-
JAOW KYCOYHO-IMHEHHONW (YHKIIMH MOXET COCTOSTE M3 HECKOIBKHX
HCCBSI3HBIX WHBCPBAIOB. B craresax [12, 13] B mpeamomoKkeHUsIX, 9T0
1) HAaOIFOJACTCS MAPKOBCKHIN MPOIECC; 11) OCTaHABIMBAEMasl OCIIC-
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JIOBaTEILHOCTh — MOHOTOHHASL M BBITYKIIAsL, MOTYYCHBI JIOCTATOYHBIE
YCIIOBHSL TOTO, YTO 0OJIACTh OCTAHOBKH OTJEISETCS OT 00IacTh Tpo-
JoKeHus HaOmoeHuit oiHO# Toukor. Kpome Toro, B [13] npusese-
HBI PE3YALTATH YHCICHHOTO PEICHHUS 33/1a49i 00 ONTHMAIBFHOH OCTa-
HOBKE. B Hel mokasaHo, 4To yxke IpH 3HAYCHHH T'OPH30HTA 3a1a4d
N = 2 00nacTh OCTAaHOBKH JUISI THHAMHYECKOTO TIIATEXKHOTO 00s13a-
TEJIBCTBA ONIIMOHA YT MOXET COCTOSITh U3 JIBYX HECBA3HBIX 00ma-
crei.

B oaroii pabore, ocHOBRIBasSCh Ha (akropusanuu BuHepa —
Xomda, aBTOPH TPHBOJAT ANTOPUTM TIOCTPOCHHS PEIICHUS 3a/1a9H
00 ONTUMAaNbHOH OCTAHOBKE C KOHCYHBIM TOPH3OHTOM JIMHAMHYC-
CKOTO THIATEIKHOTO 00A3aTEeNbCTBA AMEPUKAHCKOTO OMIIHOHA KOJIT JIJIS
citydasi, Korja HabmroaeMast mociae/[0BareIbHOCTD SIBISICTCS TayCCOB-
CKOM.

B nannoit pabore ais cirydas KOHCYHOTO TOPH30HTA MEI: 1) BBHI-
BOJIMM PEKYPPEHTHOE COOTHOITICHUE OSIIMAHOBCKOTO THTIA JITIA TICHBI
OIITHMAIBHOW OCTAHOBKH OTPAHUYEHHOM COMIACOBAHHOU MOCIE/0BA-
tenmpHoCTH (pazaen 1.2); i1) dopMyaupyeM W 00OCHOBBIBaEM anro-
PHTM ITOCTPOCHHS PEIICHHS 33,1294 00 ONITUMANBHOH OCcTaHOBKE (pas-
gein 1.3); 1i1) peanusyeM B CHCTEME KOMIBIOTCPHEIX anreOp Maple 14
BEINNCYKA3aHHBIN JITOPUTM HA HECKOMHKUX HOBBIX NMpUMEpax 3ajaq
00 onTHMaIBHOM OCTaHOBKE (pa3uei 2).

1. Anzopumm nocmpoeHus peweHust 3adayvyu o6
onmumasibHOU OCMaHOB8KEe C KOHEYHbIM 20PU30HIMOM

1.1. IIOCTAHOBKA 3AJIAYHU Ob OIITUMAJIPHOH

OCTAHOBKE C KOHEYHBIM I'OPU30OHTOM

Iycts: 1) (2, F, (Fn)n>0, P) — croxacruueckuit 6asuc [8]; ii)
N e Nt - ropmsonr; iii) 7,V — MHOXKECTBO MOMEHTOB OCTAHOB-
ki 7 orHocurensHo Guasrparmu (Fp)o<n<n [8], HpuHEMaOmux
3HAYCHUS U3 MHOXCCTBA {1, ..., N'}; 1v) ([, Fn)ogn<y — cODIaco-
BaHHAs MOCIIEN0BATENLHOCTE OIPAHHYEHHBIX CITyYalHBIX BEJIMYHH; V)
L£0(2, Fo) — MHOKECTBO BCEX P-TLH. OrpanHdeHHBIX Fj-H3MEPHMBIX
cayuaitneix Benmamn [4, §A.7].
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3anaua 1. Paccuampusaemes 3adaud

(1) E[f-an|Fo] — ess sup,
TeT

20e E[-|Fo| — ycnosnoe mamemamuueckoe oxcudanue OmHOCUMENbHO
o-anzebpul Fo (onpedenenue cm. 8 [4], onpedenenue CyuiecmeenHou
8epxHell epanu ModxcHo Hatimu 6 [4, 9]).

3anauy (1) Ha3BIBAIOT 3aja4ci 00 ONTHMAIBHON OCTAHOBKE (Ha-
npumep, [8]).

3amevanue 1. Mp1 mpeamomaraeM, YTO TOCIEJOBATEIHRHOCTH
{fn}ocngn orpanmdena, 9To0bI yIPOCTHTH (HOPMYIHPOBKH HPHBO-
JUMBIX HHXE YTBEPAKICHUMN.

O6oznaanm v)Y £ ess sup E[fran|Fol.

TeT

Onpenenenne 1. [lapy (7%,0)') € (TN, LY(Q, Fo)) maxyo,
ymo ’U(])V = E[fr+an]|Fo| P-n.n., 6yoem nasvieame pewenuem 3aoa-
wu (1), npu smom: i) momenm ocmanosku 7 € T¥ nazosem on-
mumanonwiv, i) Fo-usmepumyio cayuaiinyio eemuuny v — yenoi
ONMUMATBHOU OCIAHOBKL.

1.2. BBIBOJ PEKYPPEHTHOI'O COOTHOLIEHUA /1A
YPE3AHHOH IIEHBI OIITUMAJIbHOH OCTAHOBKH
I[JI)I HAaXO0XKJACHUA IICHBI OHTHMaHLHOfI OCTAHOBKH HpI/IMeHI/IM
CTOX&CTI/I‘IGCKI/Iﬁ BapI/IaHT METOAA AUHAMHUUYCCKOTO HpOI’p&MMHpOBa—
aust. st mioboro 1 € {1, ..., N} obo3naunm

711\/ 2 ess sup E[fran | Fnl.

TeTN

v

Onpenenenne 2 [8]. /st mobocon € {1, ..., N} cayuaiinyio ge-

JAUHURY ’Uév HA308€M ypeacmnozi uenozi ONMUMATBHOL OCIMAHOBKU 8

MOMEHM 6pPEMEHU M.

3ameuanue 2. V3 onpexencHus CIydaiHOW BETUYIHWHEI ,0711\/ H

CBOWCTE CYNICCTBCHHOM BEPXHEH IPAHH CIEAYET, YTO MOCIICI0BATEIb-
nocth {0 Yosngv cornacosana ¢ Guasrparueit (F,)o<nN-

3ameuyanue 3. 13 orpaHWYEHHOCTH  TIOCTEOBATENHFHOCTH
{fn}ogngn cnenyer, uro s moboro 1 € {0,..., N} caydaiinbie
BCIWYHNHEI 'Uilv TAKXKC OIpAHNYICHBI P-H.H.

9
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[empio JaHHOTO pas/erna SBISCTCS BBHIBOJ PEKYPPSHTHOTO COOT-
nomenust 11 {0 Jogn<n.

Teopema 1. Cozracosannas nocie008amenbHOCHIb
(0], Fr)o<n<y ABISAEMCA NOCAEO06AMENBHOCTIBIO YDE3AHHHIX YeH
moz0d U MOALKO M0z0d, Ko20a OHA YO08IemBopPAen PeKyppeHMHOMY
COOMHOWEHUI P-n.1.

) v = max { fo; oy | Fal b5 0 |n=nv = fv.
3ameuanue 4. TlocieosarenprocTs {v)Y Yo<n< N, YIOBICTBO-
PAIOIIYI0 PEKYPPETHOMY COOTHOIICHUIO (2), 0OBIYHO HA3BIBAIOT OTH-
Oaromeit Cuenna [4, §6.2]. M3eectHo (cM., Hanpumep, [3, 4, 7]), 4ro
orubatorasi Cuemia P-1.H. cOBmajaeT ¢ meHON ONTHMAIBHOW OCTa-
HOBKH.
JdokazarenncTeo. HeoOxopumocte.,  JlokaxkeMm, 490  €Cii

(), Fr)o<n<n — 1IOCIEN0BATENBHOCTE YPE3AHHBIX TEH, TO OHA Y/10-
BIICTBOPSIET PEKYPPEHTHOMY COOTHOIICHHIO (2).

1) Jokaxem, cHadana, uto st aroboro 1 € {0, ..., N} cipasen-
JMBO HEpaBeHCTBO P-1L.H.

(3) vn = max { fn; Elog, 1| Fal } -

CHavana 3aMeTHM, 9T0: 1) Clyqaiinas BENUIUHA 1 () fp ABIS-
ercs Fo,-U3MEPUMOii; 11) yCITOBHOE MareMaTHYeCcKOe OXKHIanue 00a-
JIaeT TeNeCKOMMYECKAM CBOHCTBOM. [109TOMY B CHITYy ONpe/ICIiCHUS 1
CBOWCTB CYIICCTBCHHON BepxHel Tpanu [9, [nmaBa 16] mms moboro
n € {0, ..., N} cupasemuesl cooTHOIICHUs: P-11.H.

10
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TETnN i=n

TAN
4) vy —esssupE [Z 1{Ti}fz'|.7'"n] >

TAN
> ess sup {1{7n}fn +1¢>m)E [E [ > 1{T¢}f¢|fn+1] |fn] } =

€T N, i=nt1

= Lr=npfo + Lirony e85 SUD B [E [fran| o] [Fn] =

€T\

- 1{T:n}fn + 1{T>n}E [ess supE [fT/\N|~7:n+1] |~7:n] -
TETnj\il
= Yy o+ Lirsn) B[00 ] -

JleBas yacTh NOTYYECHHOTO HEPABCHCTRBA HE 3aBUCHT OT MOMCHTA
octanosku 7 € T,V. TlostoMy ecmu oT mparoii yacTH (4) B3STE Cy-
IIECTBEHHYIO BEPXHION Ipanb no 7 € 7.V, T0 mojyduM HepaBeHCTRO
).

2) Hoxaxewm, uto P-1.H. CripaBeyInBO HEPABSHCTRO
() vn < max { fo; Elog) 1| Fal}

3amernMm, UTO W3 JF-M3MEPUMOCTH CIYYalHOH BETHIMHEI
L{7—n} fn, OIIPE/CICHUI CYIIECTBEHHON BEPXHEH IPAHM U CITyYailHON
BEJTHYHHEL V) '\ 1» @ TAKXKE U3 TENECKOMMYECKOTO CBOMCTBA YCIOBHOTO
MaTEMaTHYECKOTO OKHJIAHUS CICAYIOT HEpaBeHCTBa P-11.H.

(6) ,U7]1V - ess;%p {1{T:n}fn + 1{7’>n}E [E [.fT/\N|~7:n+1] |~7'—n]} <
S

< ess sup {1{7n}fn + 1{T>n}E €88 sup E [fT/\N|~7:n+1] |~7:n] } —

TETN TGTanH
= ess;%p {1{T:n}fn + 1irsn)E [’U7{LV+1|.7:“] } = max { fn; E['U7];[+1|.7-"n]} .
TEL,
Ouepmano pasenctso v |,—n = E[f¥|Fn] = fn P-mu. Or-
croyia u u3 HepaeeHcT (3), (5) cneayer peKyppeHTHOS COOTHOIIICHHUE

).

11
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Hocrarounocts. J[okazaTenbcTBO OOPAaTHOTO YTBEPXKICHHA H3-
BECTHO W cojepxurcs B padorax [7, §2a Imaser V], [4, §6.2], [3,
I'maBa 3], m03TOMY MBI €70 HE TIPHBOTUM.

W3 yTreepkaenns TeopeMsl 1 caeqyer KpuTepHil TOTO, 9TO mapa
(t*,0d") € (TN, LO(Q, Fo)) sBuseres pemennem 3aaqu (1).

Cuencreme 1. Ilapa (7*,v)) € (T, L£%(Q, Fo)) sersemes
peutenuem 3a0auu (1) mozda u moavko mozod, K020a biNOAHAIOM-
CSL YCNOBUA:

1) nocnedosamensnocmo (v, Fr)o<n<rsan — Mapmunzan om-
HOCUmEnbHO mepul P;

2) ) ln—reaN = frean P-nn.

3ameuanue 5. B ommmune or jaHHOM paboThL, B [4] npuBencH
KPHTEPHUIl ONTHMATEHOCTH JITSL MOMCHTA OCTaHOBKH T*.

W3 yreepkaennii TeopeMnl 1 u ciaeacTBuA 1 BRITEKAET MpeacTaB-
JIEAHE JUTA ONTHMATLHOTO MOMEHTa ocTanosku 75 € 73, momyden-
HOe B [4, 7, 15].

Caencreue 2 [4, 7]. Momenm ocmanosku T onmumanen mo-
20a u monavko moz20d, ko2oad 7F = min {O <nEN: f,= ,Ué\/}

1.3. AJITOPUTM PELLIEHHUA 3AJJAYH (1)

B sToMm myHKTE MBI (HOpPMYITHpYEM anTOPUTM PEICHUS 3aJa4u
(1), xoTopEIii onMpaeTcs Ha yTBEpKACHUS yHKTa 1.2.

Aaropurvm 1 pemenus 3agaan (1).

Ha mare N umeem 'U]]\\[[ = fn. 3arem st kakuoro 1w = N — 1,
..., 0 TOCIEIOBATEABHO BEIMUCIAIOTCS

1. maremarnueckoe oxunanne E[v), || Fy];

2. OUTHUMAILHEI MOMEHT OCTAHOBKHU

=min{n<k<N: fp> E[’Uljcv+1|~7'—k”3
3. 1[eHA ONTUMAJIBHON OCTAHOBKH
’U,iLV = 1{7*:n}fn + 1{T*>n}E[,U7]1V+1|fn]'

3arem omepanuu, ONMCAHHBIE B MyHKTax | — 3, mOBTOpSIOTCA A
mara 1 — 1 U Tak ganee.
12
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W3 mokazareanCcTB yTBEpKACHUI TyHKTA 1.2 claeayeT Teopema.

Teopema 2. Ilycmy napa (7*,0{) nocmpoena 6 coomsem-

cmeuu ¢ areopummonm 1. Tozoa (T*, vlY ) — peuterue z3aoauu (1).
3ameyanue 6. OCHOBHOH TPYJHOCTHIO B HCIONB30BAHHH OIIH-
CAHHOTO BBIINE AITOPUTMA SABIACTCS BEIYHCIICHHE MATEMAaTHYECKOTO

oxupanns E[v), || F,] (oM. mynkr 1 anroprrma).

2. lMpumepbi NOCMPOEHUS peweHus1 3adaqyu
06 onmumManbHOU OCMaHo8Ke

2.1. Tycts {S,}ogngN — OAHOMEpPHAs MApKOBCKAs CIIydanHas
HOCIICIOBATEILHOCTE, Ha KaxgoM tmare 1 € {0, ..., N} nmpuanMaro-
mas He 6oIee YeM CUETHOE YHMCI0 3HadeHUH u3 MHOKectBa A C RY,
u s moboro n € {0, ..., N} g-anrebpa Fp, = 0{So, ..., Sn}. O60-
sHaauM Py, (2, y) £ P(S, = y|Sn_1 = ) — mepexoiHBIE BEPOATHOCTH
3a OfIMH Tmar, Tie &,y € A — mobsie.

[ycts Gynkmus [ : A x NT — R, o6osnauaemas f,,(2), a f, =
Jn(x)|z—s, — ciydaiinas BenmmanHa. Torna U3 MapKOBCKOTO CBOWCTBA
OCIICA0BATCIBHOCTH {Sp, }o<n< N, OUPCACICHHUS v u Teopemsr [6,
Teopema 3 §4 Tnaesr 1] cresyer, aro cymectsyeT Gynkmus v
A x Nt — R raxas, uro v} = v (2)|,—s,,.

YdTeM MapKOBCKOE CBOMCTBO HOCIEN0BATCIBHOCTH { Sy, Jo<n<V
B anropurme 1. Ham monagoburcs onpenencHue.

Onpenenenne 3 [8]. /wa modozo n € {0, ..., N} mnoxcecmso

D, £ {we A: f,(x) = v} (x)} naseisarom otnacmeio ocmanosxu
8 MOMEHN 8PEMEHU M.

3ameuanue 7. V3 yTBEpKICHHUS CICACTBUS 2 W ONPEACACHUSI
muOXeCcTB D), caemyer, uro cobbrtue {7 = n} Moxer ObITh pe/-
craeneno B Buae {So & Do, ..., Sn—1 € Dn—_1, S, € Dp}.

Ob6o3nauuM ngl — 3HAYCHHEC CITyYAHHOW BETWUYMHBI Sy 11 TPH
ycaoBuy, 4to Sy, = ¢, & € A. Tockonsky (Sy,, Fn)o<n<N — MapKoB-
CKas CIydYaiHas MOCICAOBATCIBEHOCTD, TO CIPABE/ITMBEI PABCHCTRA
(7)  EflalSn = 2] = Bl (Sph) = D vhia@para(@,y).

yer
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B cuny teopemnr 1, cneyncreus 2 u pasenctea (7) uiast ii000ro
ne{0,..,N—1}:

1) Bemmunna v.) () JOMycKaeT TpeCcTaRICHHE
N fn, €Dy,
® @)= e @pan(ey), © €D
=

2) MHOXKECTBO Dy, pE/ICTABUMO B BUJIC

Dy={wed: S ol Wpailey) < ful)
yeA

2.2. B 5TOM pasgene Mbl IPHBOJMM IIPUMEPHI IIPUMEHEHHS all-
roputMa 1 Jus penieHus 3amadm 00 ONTHMAJIBLHOM OCTAHOBKE IS
HEKOTOPBIX CIIy9aliHBIX HMOCIETOBATENBHOCTEN. DTH IIPHMEPHL B 10-
CTYIHOH HaM JUTEPATYpe HE PACCMATPHBAINCH. PEIEHHs MOTyYEHBI
B CHCTEME KOMITBIOTEpHBIX anreOp Maple 14.

[Tycts ciaydaiinas M0Cnea0BaTeabHoCTs ( Sy, Fr)o<ng N 3a1aHa
PEKYPPEHTHBIM COOTHOICHHEM Sy, 11 = Sp (1 + ppt1)s Snln—o = So
P-i.1w., rae {pn }ogngy — HOCICI0BATCIBHOCTD OCPHYILICBCKHX CIIy-
YalHBIX BEJIHYHUH, C IOJOKHTEILHOH BEPOATHOCTRIO MPUHAMAIONIHX
snauenns u3 {a,b}, a,b € RY. Hycts p = P(p, = a), ¢ = P(p, =
b)=1—np.

Tpumep 1. Hpemnonoxum, uto: i) st modoro n € {0,..., N}
Gynxmms fr(x) = F*(x — K)", e K > 0,0 < 3 < 1 - 3a-

JaHHBIC KOHCTAHTHI; 11) —1 < a < 0 < b < o0; 1il) mis a1060r0
|a]
la]+b

BATCABHOCTE {.S), }o<n v SABISCTCS MAPTHHIATIOM OTHOCHTCIBLHO Me-

per P u Quasrpanun (F,)ocn<n). Takas 3azaga 06 onTuManbHOi
OCTAHOBKE BO3HHKACT, HAIPUME, TIPH PACcCUCTe aMCPUKAHCKOTO OIITH-
OHa KOJIJI Ha ITOJIHOM PBIHKE ¢ KOHEYHBIM ropu3oHTOM (cMm. [5, 7, 10]).

[puMeHHUB anropuT™ 1, MBI TIOCTPOWITH TIPUMEPBI PEIICHHS 3a-
Jaqd 00 ONTHMAIBHOW OCTAHOBKE /ISl (DYHKITHH BBRITUIATHI ONIHOHA
KOJIJT IPU KOHKPETHBIX 3HAYCHHUAX MAPaMETPOB MOJICIIH.

n € {0, ..., N} BeposSTHOCTE p = MI%’ g = (To ecTh MOCIE0-

14



Puc. 2. Obracme

Mamemamuueckas meopus ynpaeieHus

- folz)s v () | /
EEESERESES’S:
+ %&’f |
AEEERED

4

0 2 ] £ g R
- folz) —uf’s) — D,

(=5 —a=b=0,5 =09 N=10
Dy = (0; 0,087 U [L1, 441; +o0)

Puc. 1.

.
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E 8 7 6 H 4 3 2 1 o

n *%, [ D,

OCMAHOBKU 8 3A6UCUMOCHIU OmM HoMeEpa uiaza

®
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Oycts K =5, —a = b =0,5, 8 = 0,9, N = 10. Ha puc. 1
npuseenst rpaduxu dynxuuit fo(2) u v{%(x), a Tarke MHOKECTBO
Do.

Pe3ynpTarsl pacdeToB IMOKA3ajid, 9TO B 9TOM IPHUMEPE IS JIE0-
6oro n € {0, ..., N} obnacts ocranosku umeer suj D, = (0,27 ,| U
23 ,,, 00), e 271 ,,. 23, € R". Ha puc. 2 usoGpaxens! nocieiona-
rebroct {1}, Jo<n<Ns {23, o<nan @

B cuexyrommx mpEMepax pacCMarpHBAIOTCS HEMPEPHIBHBIC
GYHKITHH, UMEIOTTHE OJIUH (TipuMep 3) M HECKONBKO (IpuMep 2) JKc-
TPEMYMOB.

Tpumep 2. Mycte aas moboro n € {0,..., N} bynxmus f(x)
HUMCCT BU/JI, TPCACTABICHHRINA HA pUC. 3.

fly

f (@), 0 () | A

1 2 3 4 5 6
f@) — of'z) = D,
—a=0=0,5 p=¢=0,% N=10
Dy = (0;0,017 U [1, 502; 2,316] U [5, 509;6, 603] U{5 120} U [7 168, +00)

'ty

Puc. 4.
16 uc. 4
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0 30 100 130 200

f@) —wlf(z) == Dy
a=-0,1; b=-0,3 p=¢g=0,5 N=10
Dy = (0;2,222] U [5,407;6,407] U [247, 809; oo)
Puc. 3.

f (@), v (=)

|
48— -
46 : : !
04 |

4 % i
42—

0 1 2 3 1

6 7 8
flz) — ol¥(z) == Dy
a=0,1 b=03 p=¢g=0,5 N=10
Dy = (0;0,073] U [5,484; oc)

Puc. 6.

Ha puc. 4-6 npusesennr rpadukn f(1), ype3aHHOH IECHBI OII-

THMAaTbHOW OCTAHOBKH M 00JaCTh OCTAHOBKH JIUISL PA3HBIX 3HAYCHHUH
HapaMeTpoB MOJCIIH. ®

Ilpumep 3. Tycrs st moboro n € {0, ..., N} bynkuns f(x)
HMEET BHJI, IIPEJICTABIEHHBIN HA pHC. 7.

Ha puc. 8-11 npusenennr rpaduxu f(x), ype3aHHON [EHBI OII-

THMAaTbHOW OCTAHOBKH M 00JaCTh OCTAHOBKH JIUISL PA3HBIX 3HAYCHHUH
HapaMeTpoB MOJCIIH. ®

B mpumepe 4 paccmarpuBaeTcst HETIpepHIBHASA CIeBa CTyTIEHYA-
Tast QPYHKIHA, I KOTOPOH CTPOSTCA IEeHa W 00TacTH OCTAHOBKH.

17
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1)
034
X
0 T
3 0
e
sl
.
i
Puc. 7
|
N E=
| | |
Il [ Il Il
s s I | 1 1
g % ‘ ; T X
o ) ] : !
1 ‘?%%% g t 5 il 1 16
% -
kY &
&% i 1
> L
%% §
'
= [ () — v(x) — Dy

5 7 5
a=-0,3 b=0,7 P=15 1= g N =10

Dy = (0;0,346] U [1,386;3, 221] U [9, 870; 10, 667] U [16, o)

Puc. 8.

— f@) —’s) — B,

7 5
=—0,5; b=0,7 p=—: g=—; N=1
a 0, 5; 0,7 p 7 1= 0

Dy = (0; 005] U [1,47L; 2,823] U [2 048; 2 730,667 U [4 096; oc)

Puc. 9.
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a=-0,1; b=-0,3; p=¢=0,5% N=10
Dy = (0;2,4] U[83, 006; 94, 338] U [94, 865; co)

Puc. 10.
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a=0,1; b=0,3; p=¢=0,5 N=10
Dy = (0;0,073] U [1,875; 4] U [10; oc)

Puc. 11.
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Ipumep 4. Mycte g moboro n €  {0,..., N} dysxnus

0, <1,
1, 1<e<?2
fo(®) = ’ B
2, 2<x <3,
3, x> 3.
7 PEpT! ;FII ......
J‘_ i x
0 ] N 1){1)0(.7‘) ; D, 7
a=-0,05 b=0,05 p=¢g=0,5; N=10
Dy = (0:0,614] U [1; 1, 228] U[2:2,103] U 3, )
Puc. 12.

Mycte ¢ = —0,05,5=0,05, p = ¢ =0,5, N = 10. Ha puc. 12
npusescHsl rpaduin Gymxmmin f(2) u vi0(2), a Tarke MHOXECTBO

'Do . ®
3. 3aknwveHue

OCHOBHBIM PE3yABTATOM TEOPETHUECKON YacTH JaHHOH paboThI
SBIISIFOTCSL: 1) BRIBOJI PEKYPPEHTHOTO COOTHONICHUS (2) T ype3aHHO#
IEHBI ONTUMAIBHONW OCTAaHOBKH 000 COIIaCOBAHHOW OrpaHHYCH-
HOHM HOC/ICA0BATCIBHOCTH CIlydaiibix BenmuduH { f,, Jo<n<n (pasaen
1.2); ii) anroOpuTM TOCTPOCHHUS PEIICHUS 3aJa4u 00 ONTHMAaTLHOW
OCTaHOBKE.

B paszzene 2 jaHnl npuMepsl perieHus 3aj1a4 00 OnTHMAaTbHOH
ocTaHoBKe. V3 mpuMepoB ClieqyeT, UTo JUTs 33/1a4H 00 ONTHMAaTLHOH
OCTaHOBKE C KOHEYHBIM TOPU30HTOM TIPEITON0NKECHUE O TOM, UTO 00-
JaCTh OCTAHOBKH MPEICTABISICT COO0H Ty4, BOOOINE TOBOPS, HEBEPHO.
3aMeTHM, YTO TOYKH H3lIoMa (QYHKITHI, OMUCHIBAIONTHX OCTAHABINBA-
eMBIE TTOCIICIOBATCIBHOCTH, TIOPOKAAIOT 00IACTH OCTAHOBKH.

20



10.

11.

12.

Mamemamuueckas meopus ynpaeieHus

Jlumepamypa

HE TPOOT M. Onmumanvusie cmamucmuyeckue peuenus. —
M.: MUP, 1974. — 491 c.

ABbIHKMH E.b., FOLIKEBUY A.A. Teopemsr u 3adauu o
npoyeccax Mapxosa. — M.: Hayka, 1967. — 231 c.
POBBUHC I,, CUTMVYHA A., YAO W. Teopua onmumans-
HulX npaeun ocmanoeky. — M.: Hayxka, 1977. — 165 c.
®EJBMEP T, WU/ A. Bsedenue & cmoxacmuueckue ¢hu-
Hawucol. JJuckpemnoe spema. — M.: MIULHMO, 2008. — 496 c.
XAMETOB B.M., IIEJJEMEX E. A., SCOHOB E.B. Mu-
HUMAKCHOE Xe0NCUPOBAHUE AMEPUKAHCO20 ONYUOHA HA HENo-
HOM PBIHKE ¢ KOHEUHbLM 2OPU3OHMOM - 9M0 3a0a4d 06 Onmu-
mansrou ocmanoske // OIulIM. — 2013. — Tom 20, Beim. 2 —
155 c.

HINPAEB A.H. Bepoamnocme-1. — M.: MITHMO, 2004. —
520 c.

LIWPAEB A.H. Ocuoger crmoxacmuueckol puHancosou ma-
memamuxu. Tou 2. Teopus. — M.: ®A3ZUC, 1998. — 543 c.
HIHUPAEB A.H. Cmamucmuueckuti nociedoeamenbHulii AHA-
auz. — M.: Hayka, 1976. — 272 c.

DIUINOTT P. Cmoxacmuueckuti auanus u e20 nPuUMeHeHus. —
M.: Mup, 1986. - 351 c.

BOYARCHENKO S.1., LEVANDORSKII S.Z. Non-
Gaussian Merton-Black-Scoles Theory // Advanced Series
On Statistical Science and Applied Probability. — 2002, -
Vol. 9. - P. 1-421.

FERGUSON T.S. Optimal Stopping and Applications. —
unpublished manuscript, 2000. — [DaekTpoHHEI pecypc] —
URL: http://www.math.ucla.edu/ tom/Stopping/Contents.html
(nara obparenusi: 10.07.2014).

JONSSON H., KUKUSH A.G. SILVESTROV D.S.
Threshold structure of optimal stopping strategies for
american type option. I // Theory Probab. Math. Statist. —
2005. - No. 71 - P. 93-103.

21



Ynpaenenue Gonvuumu cucmemamu. Beinyck 52

13. JONSSON H., KUKUSH A.G., SILVESTROV D.S.
Threshold structure of optimal stopping strategies for
american type option. 1I. // Theory Probab. Math. Statist. —
2006. — No.72 — P. 47-58.

14. KUKUSH A.G., SILVESTROV D.S. Optimal pricing of
American type options with discrete time. // Theory Stoch.
Proces. — 2004. — Vol. 10(26), No. 1-2. — P. 72-96.

15. VARADHAN S.R.S. Probability Theory // American
Mathematical Soc., 2001. - 167 pp.
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Abstract: We propose an algorithm that solves the optimal stopping
problem with the finite horizon. The algorithm is based on a
derived recurrent equation for the optimal stopping time. It fulfils
"separation” principle of solving the optimal stopping problem. This
algorithm, implemented in Maple 14 system of computer algebras,
is used to solve optimal stopping problems for several discrete
Markovian sequences.

Keywords: optimal stopping problem, Snell’s envelope, stopping
region.
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