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OIITUMM3BALIUA ITOPTO®EJIA HEHHBIX BYMAT 114 MOAEJIA
XECTOHA

B miif cTaTTTI pO3MIIAHYTA 3a/1aUa ONTHUMI3aIl MOpTdeo MIHHKUX TMalepiB I MOJIe)i XeCTOHA TOBe-
JUHKH [iHH aKIii. 3aporoHOBaH METO/] PO3B’SI3aHHS 3324l ONTHMi3allii MOPTHEIFO IPH HASIBHOCTI He-
moBHOI iHdopMarii, TOOTO CHOCTEpITAIOTCSA TINBKH I[IHW AKIli, ajJle BOJATHJIBHICTh aKIii HEBigoMa.
OI11iHKa BOJIATWILHOCTI BUKOHYETHCS 32 JOTIOMOTOI0 (hiIbTpallii.

Kimouosi coBa: axiis, GutbTpanis, mopTdes iHHUX MManepiB, HENOBHA iHGoOpMallis, iHBECTH-
niitHa ctpateris, piBHsaHHA [ amunbToHa—K0GI—BemMana

B manHO# cTaThe paccMOTpeHa 3a/aua ONTHMH3AINH MOpTdel HeHHbIX OyMar UL MoAe d XecToHa
MOBE/ICHUST IIeHbl aKIUH. IIpe/oxeH MeToJ pelleHHs 3aJadd ONTHMHU3AINH MOpTdessl NpH HaIHIHH
HeNoJHOH HH(OpManuH, T.e. HaGII0AAI0TCSI TOJIBKO IeHbI aKI[UH, HO BOJATHIBHOCTD aKI[HH HeH3BECTHA.
OreHKa BOJTATHIBHOCTH NPOU3BOJUTHCS IPH ITOMOIH (QHILTPAIHH.

KimoveBnle ciaoBa akims, GmiIbTparus, HopTdeib IEeHHBIX OyMar, HemolHas HHGOpMAaIus,
HMHBeCTHIMOHHAS CTpaTeTHs, ypaBHeHHe | aMuibToHa—Sko6r-bemMana.

In this paper we consider portfolio optimization problem for the Heston model ofi the asset price
behaviour. A method was proposed for solving the portfolio optimization problem under partial
information, i.e. only asset prices are observable, but not the volatility. Volatility is estimated by means
of filtering.

Keywords: asset, filtering portfolio, partial information, portfolio strategy, HIB equation

BBejgenne. Mojient Xecrona [1] —5To MO/Ie)Ib IOBEACHUS TICHBI aKITHH, B KO-
TOpO#i BOJMATHILHOCTH (CPEAHEKBA,[PaTHICCKOE OTKIOHEHNE) TICHE! aKITUN He SIBIIS-
eTcsl KOHCTaHTO! WM JieTepMUHUpPOBaHHON (yHKIMEH, HO sBIsIETCS claydaitHbIM
npornieccoM. KoadpunueHT cHOCA TIEHBI aKITMK YIPaBISIETCS. TEM XK€ clIydaitHbIM
IIPOTIECCOM, UTO W BOJATHIBHOCTL. llenb 3a7aum GUIbTpanuu — 5TO OIEHKA CIY-
yalfHO# BOJATHILHOCTH IEHBI aKIHU, MMesl HaOmogeHus rnensl akiun. Kooddu-
ITUEHTH MOJIENN XECTOHA HE SIBISIOTCS] KOHCTAHTAMY WM JIMHEHHBIME (YHKITHSI-
MH, HOSTOMY MBI HMEEM MO ¢ 3ajadei HeTmHeitHo#H GeckoHeUHOMEpHOH (IuTh-
Tparuu [2,3]. B HacrosImel cTarbe mpeanaraercs pereHne IpuOIMKEeHHBIMA Me-
TojaMu. OCcHOBHAS Wes HONYUCHUS IPUOMIDKEHHOTO PEIICHHsSI — 3TO JIMHEapH3a-
ST HENMMHEHHBIX Koo HUITMESHTOB B YPaBHEHUSX, ONUCHIBAIOINNX IIOBEACHHE Iie-
HEl aKIIAA ¥ [IOBEJICHUE BONATHIBHOCTH IEHHI aKITHH ¢ HOCJHIEIYIONTHM IPHUMEHE-
HreM ¢unpTpa Kaamana K THHEapM30BaHHOW MOJICNH,

3a/awa ONTUMH3AIIE TOPTQEISI IEHHBIX OyMar COCTOSINETO U3 GaHKOBCKOTO
cueTa M O/IMHAKOBHIX aKINii, Ihe IOBEICHAE TIOTIRHCTCS OTHOH 1 TOlt e MoJIeTH
XecroHa, JoJKHA OLITH pEIICHa P YCIOBUAX HANHIHS HOITHON M HETOMHOM (dac-
trgHO#) mH(opManuy. [lo MOHITHEM HETOIHO HHPOpPMAUH I0/pa3yMeBacTCs
TO, UTO TIPOIIECC, OMUCHLIBAIOIAI BOMATHILHOCTE aKITUH, HEHAOMIOMaeM Ha PHIHKE
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W €ro OIleHKa JOMKHA OBITH TOJYYCHA ¢ MOMOINLIO (QUIBTPAIMH HPH YCIOBUH
HaJIU9HUs HaOMOAeHUN IICHEI aKITHH.

IMocTanoBKA 3aJa4H HWCCaeTOBaAHHA. PaccMOTpPUM MOJETh XECTOHA, KOTO-
past OIIUCHIBAET JUHAMUKY IIeHBI akimu S, , (>0

ds, = S,(r +z,)dt + S,\[z,dW,. )
dz, =x(0—z,)dt +6,[z,dV,, )

rme =z,, t > 0 — cToxacTUieckasl BOJIaTHILHOCTD ICHEBI aKITuH,

¥ — HIpOICHTHAas cTaBKa,

A— JCHCTBUTEILHOE THUCIIO,

0 — CpeHiAd  BOJATHIILHOCTL, K KOTOpOf/'I CTPEMUTLCA MATCMATUYICCKOC
OXHIaHuC Z, .

>0 — CKOPOCTH, ¢ KOTOPOH Z, CTPEMHUTRCA K 6,
6 — koaddunuent 1uddy3un B ypaBHEHHU BOJIATIIBHOCTH Z, |
nporieccsl W, u 1V, SBIsOTCA He3aBUCUMBIMUA BHHEPOBCKAMH IIPOIIECCAMH.

B ycunoBusx ¢(uHAHCOBOTO PHIHKA HHBECTOP MMeeT MHGOPMAIMIO O IeHaX
aKkTuif, HO He 3HAET 3HAYCHUS BOJNIATHIBHOCTH IEHBI akIu. [[ycTh neHs! aknuit Ha-

OJIOMAIOTCS TOJIBKO B JUCKPETHOM BpeMeHH, T.e. S,,95,,....5, .k € N . Mmeqa nuc-
KpETHBIE HAOMIOACHHSI IEH akIui S, , HeoOX0ANMO ONEHUTH 3HAUCHUSI BOTATHIb-
HOCTH Z; IIEHBl aKIIUM B COOTBETCTBHH ¢ MOJENbIO (1)—(2) U 3aTeM IPUMEHUTH
OLEHKY Z, JUIs OITUMU3AINH HOpTdheis NeHHBIX OyMar.

Wmeem 3aauy HemwHelHOW QuIbTpanuu, pelneHne KOTOpoll B SBHOM BHJE
IpejicTaBIsIeT OONBIYIO TPYAHOCTL. Ee perreHne BO3MOXXHO MPHUONNKEHHO, eCli
HenmuHelHBIe Ko3(dummenTs Mojenu (1)—(2) nuHeapu30BaTh, UCIOIL3YS METOJ
craTucTHiecKoi muHeapuzanuu [4].

Ilyets y,, z,,—5To ciydaiinble ¢yHKIUH, TAKHE UTO

Y. =0(z,), 3)

t

r7ie ¢ — HenmuHeHHAs QYHKITAS.
Henunettnoe npeobpazoBanue (3) MOXeET ObITHL IPUOINKEHO JIMHEHHOM 3aBH-

cuMocThio U, Mexy caydalfHbIMu QYHKIMSIME V), U Z, .
0
U, =¢, +kz, €

0 a2
rjac Zr — ONeHTpUpOBaHHAas Cllydiantasd BeJIuinHa.

0
Taxum obpasom, z, =z, —m_(f),rae m, () —MaTeMaTHIECKOE OKHAJAHUE
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ciayuaitnof ¢pynxuuu z; Koaddunuentsr k, u @, MOryT ObITH OLpEJEICHBI 10
CIIETYIONTIM POopMyIaM:

Py =m, (1), )
_. 50
A0 ©

I

A Corr(z,, y,)
D(z,)

5,0 =yD(,),
o, () =yD(z,),

rae Corr— 510 obo3HaueHHE KOOPPUITHECHTA KOPPEISINH;
D — 510 aucnepenst caydaitHol BEMMIMHEL
3uak B mepBoit hopmyie st k; BRIOMpaeTcs TaKuM 06pa3oM, YTOOH! 3HAKA

(6a)

HUCTUHHON W allIpOKCUMHUPYIOeH GyHKIMi coBIaIam.
3HaYeHNA CTOXACTHICCKOH BONATWIIBHOCTH Z, HE M3BECTHEL, HO MOIYT OBITh

[IPOMOJIEITUPOBAHLI UCXO/Is1 U3 ypaBHeHU: (2). [lo creHepupoBannoil BEIGOPKE 3HA-
YeHHIl BOTATIILHOCTH MOHO DMITUPHUYECKUM ITYTEM OIPE/CTHTL MareMaTHdec-
KOE OXWJaHWE M, W CTaHJapTHOE OTKIOHEHHE G, . TakuM ke o0pa3oM MOXHO

Ompe/enuTh 1 napamerpsl m, u G, . Takum obpasom, koodduuuentst k, 1 ¢,

MOTYT OBITh OIpe/ICNICHBl TPUOIKESHHBIM CIIOCOO0M.
B pesyaprate, Mojenb XecTOHA MOXKET OBITH IPUONIKECHA W INHEAPU30BaHA
CIEYVIONIM 00pa3oM:

das, = S,(r+2z,)dt +S,(p, + ki (z, —m,)dW,, @)
dz, = k(O —z,)dt +o(p, +k,(z, —-m_)dV,, ®

I7ie M, —MaTeMaTIecKoe OXH/IaHNE CITyIalfHON BETUINHEL Z, .
[Tpubnmxennas Mozielb (7)-(8) onuchBaeT IOBEACHNE LIEHBI akIuu S, , y KO-
TOpO#i BOMATWILHOCTE Z, CTOXAacTHUYECKast. Y JaHHOM MOJIETH, B OTIMIHE OT MOJIe-

mm Xecrona (1)—(2), ko3 durmenTs SBILTOTCA THHSHHEIMA GyHKIMsIMA. [[714 T10-
JIy4YEeHHUS OLCHKH HEHaONI0MaeMOR BOJIATMILHOCTH Z, B JUCKPETHOM BPEMEHU MO-

KeT OhITh mpuMeHeH GuiabTp Kammana [2.3]. OnHako B HEIPEPHIBHOM BpPEMEHH
npuMmeHeHne $unbTpa KamMana cTaHOBHTHCSI HEBO3MOKHBIM, CIIE/I0OBATEIBHO, JUIS
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penreHud  3aJavun  OUTUMHA3AIuN HOpTCbeJ'IH NCHHEBIX 6yMar B HCIPCPLIBHOM
BpCMCHU U 1IpN HEIIOJHOM’ I/IHCI)OpMaL[I/II/I HY¥XCH WHOH IOJIXOJ JIIs OIICHUBAHHUS HE-
Ha6J’IIOZ[aeMOf/'I BCJIIMIUHBL Z, . B pazaeciie «Yuciennnre SKCHCPUMCHTLD) 6yz[eT 1Ipo-

BEJICH CPaBHUTENLHEBIN aHATIN3 Pe3yILTaTOB ONTHUMH3AINNN HOpTdeNsd IeHHEX OV -
Mar it mogienu (1)—(2) u juis ee nuneapusoBanHoi Bepeuu (7)—(8) npu HaTHIAU
noHo# nHpopMary. [IpeacTariger HHTEpeC PEMUTE 33149y ONTHMHA3AINH OPT-
(end eHHsIx 6yMar [5], cocrodrmero u3 0aHKOBCKOTO cUeTa U OJHHAKOBEIX aKITHi,
YLEe TIOBEJICHUC MOTIMHSACTCS OJHON U TO¥ e Mojenu XecToHa, MPH YCIOBUH Ha-
JWYUS TTOTHOM 1 HEeMOTHOH MHGOpMATTHH.

Onravusanus moptdens meHHBIX Oymar. [[pu Hammany nonHOU HHpOpMa-
iy o6 akiuu (Ha (UHAHCOBOM pHIHKE HAOIONAIOTCS M IEHBl aKnuu S, H

3HAYCHMS] BOJATHIBHOCTH z; IIEHB aKIUM) MOXHO HCIIOJIL30BATh PE3YILTATH
crated [1]. Coco6 permeHns 33789y ONTUMU3AIUA TOpTGheNs TICHHLIX OyMar s
MoJieTH XecTOHa IPW HaIMYHAH HEHOIHON WH(popManuu (HaOIIoaloTes] TOIBKO
TIeHBI aKIHH, HO HE BOJATHILHOCTD) SIBIISIETCS] HOBH3HOM JlaHHO# paboTH u Gyjer
paccMmaTpuBaThesl B nyHKTE 2.2. B pazjgene «UnucIeHHBIE DKCIEPUMEHTLY OVJET
IIPOBE/ICH CPaBHHUTCILHBIM aHaniW3 pesyibTara pPEleHHs 3aJadd ONTHUMH3AINA
nopTdens IeHHBIX OyMar IpH MOTHOH HHpOpManuy I0 METO/LY, PaCCMOTPEHHOMY
B [1] u pesynbTara pemenus To# ke caMoif 3a/1a91 ONTUMU3AINH, HO [IPH HATHIHA
HenoTHOM mH(popManuu. ByeT BeumcieHa ommuOKa, onydaeMas 3a c4eT HEIlol-
Holt mHQOpMAITHHL.

OnruMmsanms Npu HAJINYHN N0JAHOIH uHpopmanun. B pabore [1] pac-
CMOTpEHa 3a/1a9a ONTHMU3AINH TOPTQEINsI EHHBIX OyMar, COCTOSINEro U3 OaHKOB-
CKOTO CHU€eTa W aKIiH, HOAIHHSIOIMEHCs MO XecTOHA.

Jlng yopormeHus BEIBoIa GopMyIT BBeseM B Mojienu XecToHa (1)—(2) caenyro-
mue 0003HaAYCHHUST:

a(z, . t)=xO-z,), b(z,.1) :G‘/Z , Wz, . =r+Aiz, u o(z,1) = \/z_,
OG6o3HaTNM CTOMMOCTL HOPT(eENs IeHHHX Oymar X (kamuTan) clefayro-
M 00pa3oM:
dX| =X]n,[\z,,Hdt +o(z,,0)dW, ]+ X (1 —n, )rdt =
=X, [(Wz,,H)—-rdt+o(z,,)dW, 1+ X rdt =
= X7, [(r 4+ Gz, . 0) — 1), ) + 7, 4z, dW, | =
= X', [(r + 22,1, )t + 7, [z, W, ],

rae m, — HHBCCTHIIMOHHAs CTpaTCru:ia, T.C. IIPOICHTHAs 4acTb KalluTalla, BJIO-
JKCHHaA B aKITUH.
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3az[aqa OIITUMHU3AITUH HOpTCI)eJ'IH 3aKJIII0IacTCA B TOM, qToOBl HallTW ONTH-
MaJIBHYIO MHBCCTUITMOHHYIO CTPATCIUIo, T.C. MAKCUMU3UPOBATL MaTCMAaTUYCCKOC

OXHJIaHHE HOJIE3HOCTH KanuTana X' B KOHEUHBIH MOMeHT BpeMerH T, T.¢.
| RS
max M| —(X;)" |.
7 Y
[TonesnocTs onpesensgercs GYHKIMEH TONE3HOCTH

U :[0,0) - R {0},

KOTOpasi CTPOTO BO3pacTalolasl, CTPOTO BHITYKIAs M JABaX/(bl HEIPEPHIBHO -
(epenrmpyemas Ha (0,00) [5]. PacemarpuBaercs cTemenHast GpyHKITAS MOIE3HOCTH

Ux)y=x"/y, y<l,v#0.

Oyuxnud 3HaueHus J (¢, x, z) , opeaencHHas ciaeayonmuM o0pa3zoM
1 n n
J(t,x,z) =maxM| — (XT)Y|X, =x,z,=z
7 ¥
SIBIISIETCSL PEIIEHUEM VPaBHEHU | aMmIbTOHA-SKoOU-bemimana:
max 0 J,x, z2)+x(r +((z, 1) —r)mn) 0 J(,x,z)+a(z,1) 0 J,x,z)+
s af 2 2 M > ax > > 2 az 2 2

+=x“(c(z,0) ' n-—J(,x,2)+xb(z, o (z, Dmp—J (¢, x, 2) +
3 (c(z,1) o (t.x.2)+xb(z,0)0(2.1) P (t.x,2)

+% b(z.1)> %J(t, x. z)j ~0, (9

rae x—3HadeHHe X, B MOMEHT BPEMCHH 7,
z —3Ha4YeHHUE Z, B MOMEHT BPEMEHH /;
T — 3HaU€HWE T, B MOMCHT BPEMEHH f;
Oyukmnus 3Hauenns J (¢, x, z) 3ajaercd cuenyromeit GopMyIoif:

1-y

J(t,x,2) = % (ft.2)

rjac CI)YHKL[I/IHfI/IMeeT JEHCTBUTCIBHLIC 3HAYCHU 1 CJICJyIomee IIpeACTaBIICHUC!
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f(t,Zt) :exp(xr(T_t)_Af(tDD_Bf(tDDth:
C

CCJIn

2
YA S
I-y o 2/ 257

1 .
rie A (. T) —o10 C -pyHKIIA ¢ AeHCTBUTSILHBIMA 3HAYCHU MU,

- ea(T—t)_l
B, (t.T)=2B— .
&1 Be“(T”)(K—i-oc)—K—i-a
3neck
~ 1 ~ - = 1- ~ ~
B:——Lkz, OLZ\’KZ-FZBGZ s c:—yz, K:K—kac , k>0,
Ze l-y 1=y +p’y 1-y

[Moxcrasnas pyuxmmo J(¢, x,z) B ypaBHeHne (9), norydaeM GopMyIry s

w w *
ONTUMAaJIbHOU MHBCCTHINHOHHOM CTPATCIun T, UL MOJCIIH XecroHa:

* 7\4
n,=—. (10)
1-y

Takum o6pazoM, onTAMAaNLHAS HHBECTUIIMOHHAS CTPATETHS IS MOJICIH Xec-
TOHA SABJSIETCS KOHCTAHTOM.
Bospparusmucs x nuHeapuzoBanHoit Mosenu Xecrona (7)—~8), pemuM 3ana-

1y OUTUMH3alun aHaJOTMIHO [1], 1 MMOJYYUM OINTUMAJILHYIO WHBCCTUIUOHHYIO

* (V] (V]
CTpaTeruio T, , IPEJCTaBIsIeMYIo cie/yomeit GopmyIoi:

_ Az
A=, +k (z—m ) .

OCHOBBIBasCH Ha pe3yIIbTaTaX YUCICHHBIX 3KCIIEpUMEHTOB (Taparpad «Umc-
JICHHBIE HSKCIEPUMEHTED» ), MOKHO CJIETaTh BBIBO/, UTO JMHEAPHU3OBAHHAS MO/ICIE
Xecrona (7)—(8) HE3HAUMTEIBHO OTIIMYaeTCsl OT McKOHHOHN Mojienu XectoHa (7)—

®.

7 (z,1)

Y

[Ipormece craTHCTHYECKOH NHHEApH3aIllMK 3HAYUTEIHHO YIIPOIAET BHEIMHMIT
BHJT MOJIETH ¢ HETMHEHHBLIMU K0o(hPHUITHEHTAMH U TO3BOISIET IPUMEHSTH JTUCKPET-
Heii Guretp KanMana [uist oneHkH HeHaOuoaeMoit ciaydaitnol Bexmanasl. O Ha-
KO, Jus TuHeapu3oBaHHON Momenn XectoHa (7)—(8), HElB3S MPUMEHUTH GUILTP
KanMana B HeNpepLIBHOM BpPEMEHH, a, CIEOBaTEIBHO, HENbL3S PEIIUTH TEOPETH-
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YECKH B HEIPEPLIBHOM BPEMEHHM 331a4y ONTHUMU3AIUN OpTQest IEHHBIX OyMar.
[TosTomy, paceMoTpuM JpyTo#t moaxo ] 1 GuiasTparuu Moaenu XectoHa (1)—~(2)
1 JUISL PETICHNAS 3a/1al ONTUMA3AITNN TTOPTQEIsL.

OnruMmsanysi Npu HATMYAH HeNoJHOH umHPpopmanum. TepMUH «HENOI-
Has uHbOpMAaNUA» O3HA4aeT, 4TO TOIbKO IeHBI aknui S, Habiogarorcs Ha du-
HAHCOBOM PBLIHKE, HO HE CTOXACTHIECKasl BOJIATHIBHOCTE Z, . ISl pelenus 3a1aqu
ONTUMHU3AIAA TTOPT(ENs MEHHBIX OyMar clefyeT BEMHCIUTE OIICHKY HeHabIo[a-
eMolf BermuuHsl z,. B Monenu Xecrona (1)~(2) xoaddurmentr auddysun He 98-
JSHOTCST KOHCTaHTaMH, [IODTOMY HENb3sl IpuMeHUTh (pmibTp Kanmama juis ore-
HUBaHUA z,. Takke I CTaTUCTHYECKH JUHeapru3oBaHHOH Bepeuu (7)—~(8) Mozxenn

XecToHa B HENPEPHIBHOM BpeMeHN (ubTpanus KaaMana He MOKET OBITH IIpHMe-
HEeHa, Tak Kak Kos(dunuenTs auddy3un B 000MX croxXacTwdeckux auddepen-
IIATBHEIX YPAaBHEHUSX SIBIIIOTCS MTHHEHHLIMH (YHKITHAMH, a HE KOHCTAaHTaMH.
OcHoBHOH 3a/1auelf 1 HOBH3HON JaHHOM CTaTHH SBJISIETCS] HOMCK PEICHUS 3a/1a91
ONTUMHU3AIAHA MOPTeEIs IEHHBIX OyMar JUIsi MOACTH XeCcTOHA IIPH HETIOTHOH MH-
dbopmanum.

Pacimupennsiif Guretp Kanmana [3] MokeT OBITH MPUMEHEH W B HEIPEPHIB-
HOM BPEMEHH VISl OIICHUBAHMS BONATWIBFHOCTH z,. [IpeacTaBum Mojens XecToHa

(1)H2) B cnenyromeit obmmeit hopme:

ds
ds, =t = (r+02,)dt +[z, dW, = h(z,)dt + g(z,)aW,,

t

dz, = (0 —z,)dt +6p[z,dV, = f(z,)dt +0(z,)dV,,

rne f(Zt) = K(G—Z,) > G(Zt) :G\'Zt > h(Z,) =V+?\Zt, g(Zt) :VZt .
Croxactuueckue juddepeHnuaibHble YPABHCHUS ¢ HEIMHEHHBIMEU KOO HU-
IUEHTAMHU MOTYT GBITH TPUOIMKEHBI ¢ TOMOIILIO pasioxenus Tettnopa:

ds, ~ (W', )Xz, ~Z,)+ h(Z)dt + g(Z,)aW,,

dZt ~ (f'(zt)(zt _Et)+f(21))dt+c(zt)d‘l/;:

rme h' m [ —mepBele Mpon3BOAHEIE GYHKINHN /1 U1 COOTBETCTBEHHO,

Z — pelleHHe CIEAYVIOWEro OOBIKHOBEHHOIO U depeHIHaIbHOTO
VPABHEHHUS:
dz _ _
Tt’:f(zt), Z, =z,. (12)

@unprp Kanmana mMoxeT OLITH IPUMEHEH IOCIE NpeoOpa3oBaHUs MOJCITH
XecToHa ¢ IOMOITIBIO pa3nokeHus 1elnopa.
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IIpuHEMas Bo BHHMaHHe, 4T0 f(z,)=«k(0—2z,), pelneHHe ypaBHEHHA (12)

CleyIoIee:
zZ,=(z,—6)e™ +6.
Hanee, f'(z)=«x u h'(z) = A, TakuM 06pa3oM
ds, ~(Mz, —Z,)+r+3Z,)dt+ g(Z,)dW,,
dz, = (—x(z, —2,)+(k(0—Z, ))dt + o(Z,)dW,,
3005

ds, = (r+32,)dt + g(Z,)dW, = (r +)2,)dt +\[Z,dW, =

(13)
= h(z,)dt +,[Z,am,,
dz, = (0 —2z,)dt +6(Z,)dV, = (O —z,)dt +0,[Z,dV, = .

= f(z)dt +o,[Z, dV,.

Moxno TOJYYUTEL ONITUMAJILHYIO HHBCCTUIITMOHHYIO CTPATCTUIO 1IPYU HAJIWNYIHUN
a2 S
HCIIOJTHOHU I/IHCI)OpMaL[I/II/I. YciroBHOE MaTeMaTHICCKOE OXHUIAAHHUC (Ft — 39TO CHUI'Ma-
anre6pa, NIOCTpOCHHAA Ha Ha6J'IIOZ[eHI/I$IX ICHEI aKL[I/II/I)

z, =Mz, |F].
npolecca cHoca z, YAOBIETBOPseT ypapHeHMsM ¢uiabrpa Kanmana [2]:
dz, =x(0—2)dt+(Q, +RXg(Z,)) " (ds, — (32, +r)dt),
r7ie R 3agaercs cnenyiomeit popMyoit:
R=pg(z,)o(z,).

3nech p — KODDPUIHCHT KOPPEISIMA MEXITy BHHEPOBCKAME IIPOIIECCaMH

W, n V,, koTopslil B cilydae MoJIeTH XeCTOHa PaBeH HYJIO;
Q, — Marpulla YCIOBHBIX KOBapHAllMi{, KOTOpas SBISCTCS PELICHHEM
JIETEPMIHHAPOBAHHOTO YPaBHEHUS PHKaTTH

aQ, s
7 = G(Zt)_zKQt _(Qt +p)(g(Z,)) (Qt +p) .
Hpouecc U3MECHCHUA CTOUMOCTH KalluTajlia th ¢ yUCTOM HI/IHeapI/ISOBaHHOﬁ

mozenn (13)—~(14)) numeer cieayromuit BUI:
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AXT = X[, )t + [Z,dW,] + XF(L—m,)rdt =
= X7, [(h(2,) —r)dt + \Z,dW,] + X rdt =

= XT[(r+ (W) —rm)dt +7,[Z,dW,] =

= XM +22m,)dt +m,\Z,dIT].

3az[aqa OIITUMHU3aAITU A HOpTCbeJ'IH INCHHEBIX 6yMar 3aKJIIIOIacTCA B BEIMUCIICHUN
TaKoil MHBECTUITHOHHOM CTpaTrerud «,, 9TOOH MaxKCuMHU3NPOBaThL OXKNJIACMYIO 110~

JIC3HOCTH KalluTajla th B KOHCUYHBLII MOMEHT BpEMCcHHU T. bes IoTepU O6H_[HOCTI/I

pemennst [6] noaoxum r=0.
Pacemorpum ypaBHenue ['amuinbrona—SkoOn—bemivana st Hamel 3ajaqu
ONTHMHU3AIHAH IIPY HEMOTHON MHPOPMAITHIH:

o - A ~ .0~ A ~ 0 5 A
max| —J (. x,2)+x(r+izn)—J({, x,2)+(kO0—x2)—J({, x,2) +
k (Ot (t,x,z)+x(r Zn)@x (t,x,z)+(x KZ)aZ (t.x,z)
+lx2( z ))znzﬁz—j(t X, 2)+x(Q +R)na—2j(t X, 2)+
2 g t axz > Vs t 6x2 > Vs

1 s O s .
+—(Q, +R z —J({,x,2)|=0,
2( R (g(Z,) = (t.x.2)

rJe x —3HadcHue X, B MOMEHT BPEMEHH /;
Z —3HAYEHHE Z, MOMEHT BPeMEHH f,
T — 3HAYCHHE T, B MOMCHT BPEMEHH /.
OyHKIHL

J(t.x.2)=J(t,x.2.Q,)

— 570 QYHKIKS 3HAYCHUS IPH ACTCPMUHUPOBAHHOM BEINIHHE ()
[TomcTaBuM B mocnemnee ypaBHeHMeE | ammibToHa-SIko6u-bemnivana ¢yHK-

IIUIO 3HAYEHUSI CIEAYIONMEro Brja [6]:

R ¥
J(t.x,5) = exp(z°4, + 3B, +'C,),
¥

n npoxuddepeHnupyeM €ro mno w. B pesynbTare MONyYMM ONTHMAILHVIO WH-
BECTHITHOHHYIO CTPATETHIO, 3a/1aBaeMyIo clieayromel dpopmyoit:
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W2+(Q, +R)(224, + B,)
A-7)gE,)’

rae xooddurumentsl 4,, B,, C, onpenenszores cieayomel cueteMoit 0ObIKHO-

n(t,2)=

BEHHBIX U epeHnnanbHBIX VPaBHEHUH:

dd,  yO+2Q, +R)A)? 2Q,+R)’ A4,

dt 20-1(gE,)* (&G’

dB, Y

d 20-7gE)’

1>

Ghr+4r(Q, +R)A, +2(Q, +R)B, —

2(Q, +R)* A,B,

—4(Q, +R)*4,B)- —
(gz)

—2x04, +«B,,

ac, __ Y (2 +3(Q, + R)rB, +(Q, +R)*B*)—
dt 20-7)(gG,)> ! S '

(Q, +R)* (24, + B})
2gZ)’ '

YucaeHnnble IKCIIePUMEHTDI. I[J'IH TUCJICHHBIX DKCIICPUMCHTOB BI)I6paHa MO-
ACIb XecToHa co CJICAYIOMUMHU HHapaMeTpaMu:

ds
< = (0+1-2,)dt +[Z,aW,.

-x0B, —

t
dz, = 0.5(0.5—z,)dt +03fz, aV,

rae dV, u dW, uMerorT HOpMaJIbHOE paclpejeleHue ¢ MaTeMaTHIeCKUM OXKHJa-
HueM 0 U cpeTHEKBa/[PaTUIECKUM OTKIOHEHHEM cooTBeTcTBEHHO 0.3 1 0.5.

Hwuxe mpeacTaBIeHEl cOOTBETCTBYIOMME pUcYHKH. Ha puc. 1 mpencraBneHa
JIMHAMWKA TOBEJICHUSI TIEHBI aKITHH, B COOTBETCTBUHU ¢ MOJeNbi0 XectoHa (1)—(2).

Puc. 2 mokaspiBaeT WCTHHHBIR Iponecce CTOXaCTHYCCKOM BOJATHIBHOCTH Z,,
JIMHEaprU30BaHHyIO BOJIATUWILHOCTEL U OIICHKY 2t CTOXACTHICCKOU BOJIAaTHJIBHOCTH,

MOJNVICHHYIO IIPU IOMOIMHK pacinupenHoro ¢unbrpa Kanmmana. MoXHO 3aMETHTE,
YTO JTMHEAPU30BaHHBIN IPOIECC CTOXACTHIECKOM BOTATIIILHOCTH IIPaKTHIECKH HE-
OTIMYMM OT HCTHHHOIO mponecca z,. Pacmupennbii ¢mwistp Kaimana npan

OIECHKY Z,, JIOBOJLHO OIU3KYIO K HCTUHHOMY MPOIECCY Z, .
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Ha puc. 3 mpescraBieHBl ONTUMAIBHBIC WHBECTUIMOHHBIE CTPATETHH: IMPH
HATMMWUW TIONHOM wHpopMmanuu s Mojenu XectoHa (1)—(2) m ama nuHeapu-
30BaHHOM Mojenn XecTtoHa (7)—(8), Ipu HATUINHN HETOTHON HHPOPMAITIH JUTS MO-
qenmn Xectona (1)—(2) ¢ mpuMmeneHmeMm pacimupennoro ¢guusrpa Kammanma s

HAXOXKJICHUS OICHKH Z, .

134 T T T T T T T T

Lena axyuu

13+

a5 1 . ! 1 . ! . 1 1
a0 100 150 200 250 300 350 400 450 500
Bpema (Oru)
Puc. 1 — IloBeaeHue 1eHBI aKIIUK
0.4 T T T

JIUHEAPU30EaHHEA B0AGMUALHOCM b

0.38 OueHKa eonamunoHocmu 5
(pocwiupedrill hunemp KaamaHa)

038H === HMcmuxHHOA 0AGMUALHOCTIb

BonamuneHocme

0z -
0

1 1 1 1 1 1 1
a0 100 150 200 250 300 350 400
Bpema (dHu)

Puc. 2 — Uctunnas u OICHCHHAaA BOJIATUJIILHOCTE LICHBI aKITUH

I
450

500
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OnmumansHble UHBECMULUOHHbIE CMpamezuu

Kanuman

OnmMuManbHaA cmpamezua 818 AUHeapU308aHHo
o5t Modeau Xecmora (NonHas uHGopmMayua) 4
OnmumansHas cmpamezud (MoARaa uHpopmayusa)

ONMUMAnbHaA CMPamezua (HenonHaa UHPopMayua)

D 1 1 1 1 1 1 1 1 1
0 a0 100 150 200 250 300 350 400 4580 500

Bpema (3Hu)

Puc. 3 — OntumanbHble MHBECTUIIMOHHBIE CTPATErUU

150

Kanuman (AuHeapu3oeaHHoA Modens XecmoHa,

Kanuman (noasas uHpopmayua)
140 1 ) ) “
Kanuman (noasas uHpopmayusa)

130

[
o

[}

[
[}

a0

80

TD 1 1 1 1 1
100 200 300 400 500 500

Bpema (OHU)

Puc. 4 — I[I/IHaMI/IKa KalnuTajla Ipu NIpuMCHCHHUHU TPCX pa3jiInIHbIX HHBCCTUIIUOHHBIX

cTpaTerui
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Puc. 4 mokasbIBacT AMHAMAKY W3MEHCHMS KallUTajla, ITONYICHHOTO MIPH TIPH-
MEHEHWH TPEX PAa3NUYHLIX HWHBECTHIMOHHBIX CTPATETHH, IPE/ICTABICHHBIX Ha
puc. 3.

[TpoBeneM kpaTKuif aHAIN3 TOMYICHHBIX pe3yanTaroB. CpejHee OTKIOHEHHE
MEXIy MCTHHHBEIM IIPOIECCOM Zz, H OLECHKOM, IOIYyYEeHHOH ¢ IPHMEHEHHEM pac-

rmmpennoro guisTpa Kamvana, cocraBmser 0.0198. Cpeanue OTKIOHEHUS MEXTY
ONTUMAJILHOM cTpaTeTHel NpW HANMIUM IOTHOM MHPOPMAIMHA U ONTHMAaIbLHBIMA
CTpaTerusIMK IIPH HEMOJTHONW MHQOPManuM M CTaTUCTHYCCKOM JIHMHEeapHu3aIui co-
CTaBIIOT cooTBeTcTBEHHO 0.7620 u 0.3496. CpejHue OTKIOHEHHS MEX]Y Kallu-
TaloM TP TOJHOH WHpOPMAIMH W KanuTalaMHd IpH HENOoJHOH mHpOpManuu H
CTATUCTHIECKOM JIMHEApU3all COCTABIIIOT COOTBETCTBEHHO 4.9344 11 0.3496.

OTKIOHEHHE MEX/y KanuTalaMH, IOJYICHHBIME O¢3 NPUMEHEHUS U ¢ IIpH-
MEHEHHMEM IPUOTIKSHHEIX METO/IOB, MOXKET OBIThH OICHEHO Kak IOTEPH B OXH/a-
€MOii IIOJIE3HOCTH, T.€.

MIUX DI -MUX )],

rre X — KaumTal IONyYeHHBH Ge3 pUMEHCHHs NPHOIMKCHUH U YHCICHHBIX
METOJIOB,;
X[ — ganuTall, TOTYYCHHBIN ¢ IPUMEHEHHEM IPHOIIKESHIH],

M o3HagaeT MaTeMaTHIECKOE OXH/IaHUE CiydaliHol GpyHKIIH.
[Torepn oxuIaeMOM TONIC3HOCTH MEX/Y KalUTaIoM, HOJTYIESHHBIM IIPH HOJ-
Ho#t MH(pOPMAINK W KallUTalaMy, HONYUCHHLIMH IPH HENONHOH HH(QOpManuy, n

CTATUCTUYECKOM JTMHEApH3AI[UH COCTABISIIOT cOOTBeTCTBeHHO 0.0062 1 7.56- 107*.
DYHKIHSA TOTE3HOCTH UMEET BU/T

Ux)y=x"/y

pu y=0.5. MaTemaTu4decKue 0XXUJaHusI ObUIM OIICHEHBI, OCHOBLIBasICH Ha BEIOOPKE
B 1000 3paucHwmii.

BriBoawl. B qannoif cTathe OBIIA paccMOTpPEHA MOJIETE XECTOHA TOBEJICHUA
nens! akiuu. OcoGeHHOCTh HTOH MOJEIN 3aKII0YaeTCsI B TOM, UTO BOJATIIILHOCTD
TICHEI aKIA| He SBISCTCS] KOHCTAHTOM, a ABISIeTCS CIyIalfHBIM TporeccoM. Takas
MOJIeNb Gollee peaTuCTUIHA, 9eM MOJICTh, B KOTOpoit ko3¢ UITMEeHTH Hec Ty YalfHEL
B crarbe OBIT paccMOTpeH HOPTHENb IIEHHBIX OyMar, cOCTOSAIMuUi n3 GaHKOBCKOTO
cdera (OS3pHCKOBOE BIOXKCHHE) W PUCKOBAHHON akIuu (Ubs IeHA ITOMIMHICTCS
Mojlenn XecToHa). 3a/1ada ONTHMAILHOTO BIOKEHUSI CPEICTB B PUCKOBAaHHBIC aK-
AW SABJSIeTCS 3ajladueit ontuMm3anun mopTdens nmeHHsx oymar. Takas 3ajaga Mo-
KET JOBOILHO YacTO BO3HUKATE V (PUPM, KOTOPEIC 3aHUMAIOTCA HHBECTHPOBAHUEM
JICHeXKHBEIX cpeJcTB. K mpuMepy, B cUCTEeMe HErocyJapCTBEHHOTO IIEHCHOHHOTO
CTPaXOBaHUS HTO KOMIIAHWH O YIPABICHUIO aKTHBAMHU, JCATEIHHOCTh KOTOPHIX
ObL1a 10[poOHO paccMoTpeHa B [7].
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CucreMa HETOCYAapCTBEHHOTO IICHCHOHHOTO CTPaXOBAHMUS B OCIIETHIE TO/IbI
CTaHOBHTLCS Bce Oolee aKkTyalbHOM, Tak Kak CpeAHMiI BO3pacT HAaceleHUS
VBEJIMIUBACTCS W, CIEJOBATENLHO, IIEHCHOHHBIX B3HOCOB TPY/OCIOCOOHOTO
HaceJIeHWsI HE XBaTaeT M BHIUIAT IeHCHil. B cHcTeMe HEToCyIapcTBEHHOTO
IICHCHOHHOTO CTPaxOBaHUS KaXKABIM TPYAOCIOCOOHBIM WETOBEK MOXET JIenarhb
B3HOCHI B HETOCY/apCTBCHHBIE IICHCHOHHEIC (GOHABL OTH (GOHAB IEpealoT
coOpaHHBIE B3HOCH B KOMIIHUHM II0 YIPAaBICHUIO aKTUBAMH, JICSITEILHOCTE
KOTOPBEIX 3aKIIOYacTcss B TOM, YTO OBl NPAaBHILHO HHBECTHPOBATH JICHEKHLIC
cpenicTBa. ONTHMAaTBHOE HHBECTHPOBAHUE JCHEKHBIX CPEJICTB U SIBIIETCS 3a/1atuei
ONTUMH3AIMA TOPTHhEIsT NeHHBX Oymar. KoMImaHWM HO YIIPaBICHHIO aKTHBAMHA
JIOJKHBI TaK ONTUMAaTHHO HHBECTHPOBATH IIEHCHOHHBIE B3HOCHL, UTO OBl K MOMEHTY
BBIXO/Ia Ha IICHCHIO HYEJIOBEK MOT IIONYYaTh JOCTOHHVIO IEHCHIO. XOTSI B
OONBIMMHCTBE CTPaH MHpa CHCTEMa HETOCYAapCTBEHHOTO  IIEHCHOHHOTO
CTpaxOBaHMsl PAa3BHBACTCS W BHEJAPSIETCS OYEHbL OBICTPO, DTa CHCTEMa IIo-
IPEXXHEMY OCTAeTCsl JIOCTaTOYHO PHCKOBAHHEIM MEPOIPHUATHEM, TPEOYIOITIM
HOBBIX HOXOJIOB K PENIEHUIO BO3HUKAIOIMINX IPOOIEM.

Ha ¢unancoBoM pBIHKE HHBECTOP HAOMIOaET TOMBKO IEHLI aKITNi, 1 HE HMe-
eT HuKakoil MHPOPMAITMHA O BOMATHILHOCTH aKIUH, T.€. BO3HHKACT CHTYAaIlHs HE-
nonHo#t mHpopMarnuu. [losToMy 0cOOCHHO BaXHO PEIIHTH 337ady ONTHUMH3AINA
nopTdens IMeHHBIX OyMar B YCJIOBHSIX HENOTHON HH(GOpManuy, 4To U OBUIO c/ena-
HO B JlaHHOH cTarhe. B craThe Tak ke OBUIO IPHUBEJCHO pEINCHUE 3a/1a9d ONTH-
MU3aIlH B YCIOBHUSIX MOTHON MHGOPMAITIH, JIISI TOTO, 9TO OBl CPABHUTEH U OIICHUTH
IIOTEPIO KaluTala MpH HAIMIUHM HenouHo# mapopmarmn. CuTyanus HONHON WH-
dopmMarmu — 570 YHUCTO TeopeTHdeckast cutyanusl. Ha peanrbHOM phIHKE Beersa Oy -
JIET TONBKO HEMOoJHAasi HHYOPMAITHs, TTOITOMY PEIIeHUE 3a1aUi ONTHMU3AIAY IIPH
HEMOTHOM MH(OpMAIUK — 3TO €AWHCTBEHHOE pEICHHE, KOTOpoe OYJET MMETh
WHBECTOP Ha PEalbHOM PHIHKE.
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