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PE®EPAT
Otuer 18 c., 2 puc., 26 UICTOYHUKOB.
ATEHTHO-OPUEHTHUPOBAHHBIE MOJEJIV, UHAEKC BAPUAILINU,
«TAXKEJIBIE XBOCTbI», ®PAKTAJIBHOCTD, PACIIPEJJEJIEHUE LTUIIDA

O0BbeKT HCcIeI0BaAHNS.

B paGoTe uccrienoBaHbl CTATUCTHYECKUE XapaKTEPUCTUKHU (DOHIOBOTO PhIHKA. AHAIN3
PBIHOYHBIX 3aKOHOMEPHOCTEHN CTAJIKUBAETCS C €CTECTBEHHOU TPYAHOCTHIO — MaJIbIM
KOJIMYECTBOM JIaHHBIX. [I03TOMY HE Beera sICHO, Kakue HaOJIIoJacMble XapaKTePUCTUKH
TUNUYHBI 17151 GOHIOBOTO PhIHKA. TeopeTuieckoe MOICTUPOBAHHIE TTO3BOJISET MOIYYUTh
KaTaJIOTW MPOU3BOJILHOM JUTMHBI. MI3MeHsIsi mapaMeTphbl MOJIETH, JIETKO TPOBEPUTH YCTOMYUBOCTD
HaWJICHHBIX 3aKOHOMEPHOCTEM.

OcoOblif HHTEpEeC MPEICTaBISAIOT CBOMCTBA KaTacTPO(YUUECKUX COOBITHI — (PMHAHCOBBIX
Kpu3ucoB. Kimaccuueckuit moaxoa OCHOBBIBAETCSI HA BBIJICJICHHH OCHOBHBIX (JaKTOPOB,
BIIUSIONINX HA (PMHAHCOBBIE MPOIIECCHl M X KaUeCTBEHHOM MHTepnperanuu. Hamportus,
KOJIM4YEeCTBEHHBIN moaxo 1 yacTo cBs3biBatoT ¢ ARCH u GARCH-moaensamu, npeanoararonmx
JUHEHHYI0 3aBUCUMOCTh BBIJICICHHBIX (hakTopoB. [TapameTpsl 3THX Moenei 4yBCTBUTENbHBI K
Ka4E€CTBEHHBIM U3MEHEHUSIM MAKPOIKOHOMUYECKUX MTOKA3aTEIEH U MOATOMY PEAKO OKA3bIBACTCS
MPUMEHUMBIM B JOJTOCPOYHOM nepcnekTuBe. [I[puunHa 4yBCTBUTENBHOCTH JIEKUT UMEHHO B
JMHEWUHOCTH Mozenel. [lepexon K HEMMHEMHBIM MOAENSAM 3HAUUTEIBHO 3aTPYIHIECT aHAIU3.
[Tonarast poHIAOBBIIN PHIHOK CIIOKHOW HETMHEHHON TMHAMUYECKON CHCTEMOM, ECTECTBEHHO
BOCIIOJIb30BATHCS PA3BUTHIM aIllIaApaTOM TEOPUU TUHAMUYECKUX CUCTEM.

ean padoThl.

1. Beraucnuth GpaktanbHbIe cBoMcTBa HHAECKCA Poccutickoii Toprosoii cuctemsl (PTC) u
CPaBHUTb UX C IpeJcKa3zaHueM 00001mEénHoN Moaenu M3unra.

2. O1eHuTb, KaK COOTHOIICHHUE MEX/Ty JI0JITOCPOUYHBIM U KPATKOCPOUHBIM TPEHAAMHU
BJIMSIET Ha BHIOOP CTpaTEeruu Tpenepa ¢ MOMOIIBIO areHTHO-OPHEHTUPOBAHHBIX
MOJICIIEN.

3. Omnwucarp KaTacTpohuvecKkrue najeHust KpyImHbIX HHJIEKCOB B TEPMUHAX PACIIPEICIICHHS

[Hunda.

MeToabl MCCJIe0BAHMSA.

HccnenoBanue npuHaAIEKHUT CIOKHOW MEXIUCIUTUTMHAPHOW 00JIaCTH, IeKaIei Ha
nepeceyeHnr (PUHAHCOB, CTATUCTUYECKON (PU3UKHU, TEOPUHU BEPOSITHOCTEH, CTATUCTUKH H
uHpopMaTuku. B paboTe UCIOIb30BaHbI KAYECTBEHHBIE OIEHKA MAKPOIKOHOMHYECKHIX
nokasatelsiei U (paKTOpHbIE MOJIENH Pa3BUTHsI (POHIOBOTO PBIHKA. J[J11 YMCIEHHOTO
MOJEIUPOBAHUSI MHOTOAr€HTHBIX CUCTEM UCIIOJIb30BaHbI KJIIACCUYECKU CTPYKTYPbI
MPOTPaMMHUPOBAHHUS], ONITUMU3UPOBAHHBIE O] APXUTEKTYPY UCIIOJIB3YEMOT0 KOMITBIOTEPA.
TOYHOCTH SMIIUPUUECKOTO aHAIN3a PEATIBHBIX JAHHBIX MOATBEPKAACTCSA CTAHIAPTHBIMU
CTaTUCTUYECKUMU MPOLEaypaMu. AJIEKBATHOCTh MOJICJIEN YCTAaHABIMBAETCSA B TEPMUHAX
pacnpeneneHus JorapuMuIeckoi T0X0aAHOCTH, (PpaKkTaIbHOCTH BPEMEHHBIX PSIOB,
KJIACTEPU3aIMH BOJIATUIILHOCTH, YACTOTHBIX XapakTepuctuk (Dypre-ananmms). [IpuBeneHsl
KOJIMYECTBEHHBIC OIICHKH MPOTHO3HBIX CTPATETHU, OCHOBAHHBIC HA IBYX BHJIaX OIINOOK,
BO3HUKAIOIIKUX MMPU MPOBEPKE CTATUCTUYECKUX TUIIOTE3.



IToy4eHHbIe pe3yIbTAaThl U HX HOBH3HA.

1.

PeanuzoBana 0600ménnas Mmoaens M3unra puHanCcOBBIX pHIHKOB. [[71s1 orieHkH eé
aJICKBATHOCTH BIIEPBBIC UCIIOJB30BaH UHICKC (PPAKTATLHOCTH, BEIYUCIICHHBIH 110
Jy6oBukoBy u Ap. HaiineHnsl 3HaueHUs1 mapaMeTpOB MOJEIH, JIJIsl KOTOPBIX UMEET MECTO
0J1M30CTh MOJENbHON AMHaMUKH U uHAekca PTC B TepMuHax pacnpeneneHuit
Jorapu(pMHUECKUX TOXOAHOCTEH, KIIaCTEpU3AIMH BOJIATUIBHOCTH U (PPaKTATBHBIX
CBOIWCTB BPEMEHHBIX PAJIOB.

Pa3zpaborano 060011eHNE aTeHTHO-OPHUEHTUPOBAHHOM MoIeu (DOHIOBOTO PHIHKA,
BBenIEHHON Carto u Takaiiscy, 3a CUéT NPEANOoI0KEHUS O BIUSIHUN COOTHOIICHUS MEXIY
JIOJITOCPOYHBIM U KPAaTKOCPOYHBIM TPEHAAMH Ha CTPATErHI0 PHIHOYHBIX areHTOB.
[Toka3zaHo, 4TO MOCTPOEHHAsA MOJIENIb YCTOMYMBEE UCXOIHOM U TOYHEE CIIETYET
HAOII0JaEMBIM CTATUCTHYECKUM 3aKOHOMEPHOCTSIM (JOHJIOBOTO PHIHKA.

[Tomyuena omeHka pa3mepa KaTacTpOPHUECKUX CKAYKOB KPYITHBIX IIEHHBIX OyMar u
PBIHOYHBIX MHJEKCOB. Pe3ynbTar nomyyeH B NpeAnoaoKeHUH O TOM, YTO
norapuMuyecKre JOX0THOCTH 00Ia1af0T pacupenenenuem [unda.

Pa6ora BemmonHeHa npu nogaep:xke rpanra POOU 08-06-00283-a.
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1 BBenenue

TpaguumoHHasT SKOHOMHYECKAsh TEOPHs ONMUCHIBACT (PMHAHCOBBIC PBHIHKM KaK IOJO0XKEHUE
paBHOBECHs, BO3HHKIIEE Yy CHCTEMbl JKOHOMHUYECKHX AareHToOB, KOTOpbIe JEHUCTBYIOT
palyoHaNbHO, OMHUPAsCh Ha OJIWHAKOBYI0 wuHpopMmanuio [1, 2]. OmHako 3TOT TOIXOJ]
CTAJIKMBAeTCSI C TPYAHOCTSIMH TP OOBSICHEHHWH HAOIIOJAEMBIX JOCTATOYHO  OOIIUX
CTATUCTUYECKUX 3aKOHOMEpHOCTEH (aHri. stylized facts).

OnumeM ux moapoOHee.

Bo-nepBbix, ans pacnpeneneHuss JIorapuMUUYECKOW JOXOIHOCTH XapaKTEepPHBI TSKelble
xBocThl [3, 4]. Hampumep, ecinm paccMOTpEeTb KpYNHBIE WHAECKCH (POHIOBOTO PBIHKA, TO
BEPOSITHOCTh OOJBIIUX MO MOIYJIO0 3HAYEHUH JIOrapupMHUUECKOW ITOXOAHOCTH YOBIBaeT
CTCTICHHBIM 00Pa30M.

Bo-BTOpBIX, IEHTpaIbHAS YaCTh JIOTapU(YMUIECKOI TOXOTHOCTH OJIM3Ka K SKCIIOHEHTE.

B-Tperpux, (mHaHCOBBIE BpPEMEHHBIE Ps/Ibl JIEMOHCTPUPYIOT (paKkTajabHbIE CBOWCTBa [5].
31ech pedb UAET He TONBKO O (paKTaIbHOM Pa3MEpHOCTH CAMHUX PSIOB, HO M O Pa3IM4YHBIX
HAOI0JTaeMBIX 3aKOHOMEPHOCTSX, BBIIEPKUBAIOIIUX CTENIEHHOE NIepeMacITabupoBaHue.

B-ueTBepThIX, (UHAHCOBBIE BPEMEHHBIE PSIbI  XapaKTEPU3YIOTCS JOJTON  MaMSTHIO,
OTIpeIeNIIEMO ¢ MOMOIIBIO KOPPENSIIMOHHONW (QYHKINU (KIacTepu3alis BOJATHILHOCTH).

B-nsThIX, NeATENbHOCTh HEKOTOPHIX PHIHOYHBIX areHTOB HOCHUT CHEKYJISATUBHBIN xapakrep. B
pe3yibTaTe 00pa3yroTcs Tak Ha3biBaeMble my3bipu (bubbles).

OnpenieIeHHOE HECcorlacue KJIACCHUYECKOW TEOpUM W CTAaTUCTHYECKUX 3aKOHOMEPHOCTEH
NPUBEJIO K CO3JAHHIO AIBTEPHATHBHBIX ITOAXOJOB K MOJEIHPOBAHUIO (DMHAHCOBBIX PBHIHKOB.
[HosBunuchy QaxTopHble M (MJIM) pErpecCHOHHBIE MoAenu. B HHMX ampuopu mpenmosaraercs
3aBUCHUMOCTh TEKYILIMX PBIHOYHBIX MOKa3aTesel OT UX MPEbIIyIIUX 3HAYEHUH U OT HEKOTOPBIX
(UKCHpOBaHHBIX (AKTOPOB. 3ajaya 3aKIOYAeTCs B HAXOXKICHUM O3TOM 3aBUCUMOCTH C
npuemwsieMoid  ommOKoi. CyIIecTBEHHOE NPOABWKEHHE B 3TOM HAlpaBJIEHUH CBS3aHO C
GARCH-mozenssmu  [6], B KOTOpPBIX B KayecTBe (akTOpa HCIIONB3yeTCs 3HAUYCHHS
BOJIATUJIBHOCTH HCCIIEAYEMOT0 BPEMEHHOTO ps/a.

[Ipy omucaHuu HBONMIONMHM BPEMEHHOTO psia BO3HHKAET BOMPOC O MOJECIUPOBAHUU
CIIy4aiHbIX BIUSHUN. EcTecTBEeHHOE MPENNoNoKeHUEe — CUHUTATh CIY4alHOCTh BHHEPOBCKUM
nporueccoM. B aTom cirydae ynaercss HocTpoUTh MaTEMAaTHUECKYIO TEOPUIO (PUHAHCOBBIX PHIHKOB
[7, 8], KOTOpast B ONMpPEIEICHHON CTENEHU COOTBETCTBYET CTATUCTUYECKUM 3aKOHOMEPHOCTSIIM
[9].

B konuentyansHoi pabote [10] yka3piBaercs, 4To (pOHAOBBIN PHIHOK MOYKHO paccMaTpUBaTh
KaK CJIOXHYIO CHCTEMY C OOJIBIITM YHCIIOM CTETIeHEH CBOOOIbI, K KOTOPOH MPHUMEHUMBI METOBI
ucciaeoBaHus OuHamuueckux cucrem [11, 12]. B o9roit cucteme pHIHOYHBIE IICHBI
YCTaHABJIMBAIOTCS B pE3yJbTaTe B3aUMOJCHCTBUS OOJBIIOTO YHCIA AareHTOB, IOBEJCHHE
KOTOPBIX DPAa3JIMYHO M JIMIIb OTPAaHUYEHHO COBEPIICHHO. BO3HUKIIME LEHBl HE SBISIFOTCS
PaBHOBECHBIM B OOBIYHOM IKOHOMHYECKOM NMOHMMAaHMU 3TOTO TepMHUHA. B crokHOU cucreme
BO3MOXXHO JOCTH)KCHHE TUHAMHYECKOTO paBHOBecHs (HANpPHUMEp, YTO MIAPHK, MOKOSLIUICS B
sMe, HAXOJUTCS B COCTOSIHUM PAaBHOBECHS, OJJHAKO U JIBIDKEHUE IIAPHKA MO0 KPYTY MOXET OBbITh
paBHOBECHEM JTUHAMHUYECKON CHCTEMBI).

Mogenu, ONUCHIBAIOIIME PBIHOK C IOMOIIBI0 OOJIBIIOTO0 YHCIA AareHTOB, HAa3bIBAIOTCS
areHTHO-OPHEHTHUPOBAHHBIMU MojiesamMu (agent based models). Tak kak MexaHu3M (PUHAHCOBBIX
PBIHKOB CJIOK€H U HEJOCTaTOYHO M3y4Y€H, MOKHO JIUIIb TOBOPUTH 00 MHTEPIPETALUU CUCTEM,
OTpeIeNAEMbIX areHTHO-OPUEHTUPOBAHHBIMU MOJIEISIMH, B TEpPMUHAX (PUHAHCOBBIX PHIHKOB.
[IpenmyniecTBa KOHKPETHON MOJIENH OMPENEISIOTCS HE MOXO0XKECThIO0 MX MPaBUJI Ha peabHBIN
MEXaHU3M (KOTOpBIM, BOOOIIE MOXHO CYMTAaTh «UYEPHBIM SIIMUKOM»), a IMpPOSBICHUEM
CTaTUCTUYECKUX 3aKOHOMEPHOCTEH, IEPEUNCICHHBIX BBILIE.

He mperenayst Ha MOJHOTY, OCTAHOBUMCSI HAa HEKOTOPBIX KOHKPETHBIX MOAENSAX (MX oOriee
YHCIIO BEJIUKO, 0030p UeH u mpuioxkenuit cm. B [10]).



B psne wuccnemoBanuii 00oOmeHa wu3BecTHas B (Gu3MKe Mojeiab M3uHra W ToKazaHa
MPUMEHUMOCTh 0000IIEHNI K COIMaIbHO-3KOHOMHUUYECKUM cuctemam [13, 14, 15]. O600menune
Moaenu WM3uHra ompenensieT B3aWMMOJCHCTBUE PBIHOYHBIX areHTOB. KaKIbli areHT HaAesleH
CTpaTeruei, KOTopasi MOXeT ObITh OTPAaHUYCHHO paroHaitbHa [16]. Pemenus arenra (mokymars
WIM TpoAaBaTh, U MO KAaKOM IIEHE) 3aBUCAT OT COOCTBEHHBIX MPEIBIIYIINX PEIICHUH U HX
pe3ynbTara, a Takke OT ACHCTBHM OPYyrux areHToB. IMEHHO 00y4aeMOCTh areHTOB SIBISICTCS
OCHOBHBIM (DaKTOpPOM, aJaNTUPYIOUIUM HCXOJIHYI (PU3NYECKYI0 MOJAEIh K KOJUJICKTUBHOMY
NOBEJICHUIO JIOJIeH. 3HAYMTENbHBIM CiydyaiiHbIl 3((eKT BO B3aUMHOM BIHUSHMMA AarcHTOB
o0ecreunBaeT «TsDKENbIe XBOCTBD) JIOT-JIOXOAHOCTH M KJIacTEepH3alMio BoJaTWiIbHOCTH [17].
Crparerun, onpeneiac€Hssle B [§, 9], IPUBOIAT K «ITy3bIPSIM» U BHE3AITHBIM KPU3HCAM.

Hpyrast Mmonenb, o0Ccykaaemasi B CTaThe, MHTEPETAIIMOHHO OJIM3Ka K 000OIIEHHBIM MOACIISM
N3unra. B cratee [20] MozenupyeTcss B3aUMOJEHCTBUE MEXIy areHramu. B mpocteiiem
Cy4ae JIBa areHTa: MOKyNaTellb M MPOJABEL] — YCTAHABIMBAIOT LIEHBI MOKYNKU U NPOJAXH B
COOTBETCTBUH CO CBOMMH MIpeanouTeHUsIMU. Eciin ycTaHOBIEHHAs 1IeHa MOKYNKHU OOJIbIIIE [IEHbI
MPOJIaXXH, TO TPOUCXOIUT CHENKA. B MPOTUBHOM ciydae MpoJaBel] TOHIKAET IICHY, a
MOKYyTaTeIbh MOBBIIIACT 0 TEX IMOp, MOKA CIEIKa HE CMOXET COCTOsThcs. lleHa, mo koropoi
COBEpILIEHA CJIeNKa, OOBSIBISIETCS PHIHOYHOM IIeHOH. DTa cxema 0000meHa Ha OONbIIOe YHCIIO0
areHToB. CoryacHo [20], MOJCNIBbHBIC JIOT-JOXOJHOCTH OOJAAIOT «TSKEIBIMH XBOCTAMM.
Kpome Toro, mpu OONBIIOM YHUCIIE areHTOB MOJENbHAs JWHAMUKA MMEET OOIIHe YepThl C
GARCH nponeccamu.

CreneHHoe pacrpefesieHHe sBIseTCs YacTHBIM ciaydaeM 3akoHa Ilundga [21] win 3akonHa
[Munda-MannensOporta [22], KOTOPBINA MPOSIBISIETCS B CUTYallUAX, KOTJa Cly4aiiHas BeIHMYMHA
BO3HUKAET KaK CyMMa OOJIBIIOTO YHCIIa HEPABHOMPABHBIX CIyd4alHbIX BenuyuH. [Ipuuem, kak
ormevan FO.A.lpeiiaep B [3], — B cuTyanusx ¢ MakCUMaJIbHBIM HEpaBHONpPaBUEM (TIPUHITUTI
MUHUMYMa CHMMETPHM), KOTJa HMEETCS BbIJACICHHBIH apXeTUN HOPMAIBbHOIO COCTOSHUS
00BEKTa, OMUCHIBAEMOTO ATHUMH CIy4YallHBIMU BeIHMYMHAMU. ECIU BBIJENIEHO KOHEYHOE YHUCIIO
COCTOSTHUI 00BEKTa, paHKUPOBAHHBIX 110 CTEIICHH OTKJIOHCHHUS OT apXETHIIa, B COOTBETCTBHH C
3akoHOM [lunda-Mannens0poTra BEpOSATHOCTh BO3HHKHOBEHHS TOTO WM HHOTO COCTOSHUS
00paTHO MPOMOPIIMOHATBHA ero paHTy. EcTecTBeHHBIM 00pa30M BO3HUKAET 3aja4a, OMUPAsICh Ha
3akoH l{unda-Mannens0poTa, olleHUTh 00JaCTh 3HAUEHUH JTOXOJHOCTH PUCKOBBIX AKTUBHOB.

Hacrosimuii otyer opraHu3oBaH cleayommMm obOpasoM. B pasmene 1  obcyxmaercs
0000ménHas Mozenb Vzunra. HalieHbl 3HaUYeHU apaMeTpoB, IPU KOTOPBIX MOJIEIbHAS IIeHA
u ungexc PTC (Poccuiickoil TOproBoii cuctemsl) UMEIOT OJIM3KUI WHIACKC Bapualuu. B pa3gene
2 o6oOmena wmomenp Carto-Takyitsicy [20]. VYcraHOBIEHO, UYTO TOCTPOEHHAs MOMEIb
JEMOHCTPUPYET pBIHOYHBIE CTAaTUCTUYECKUE 3aKOHOMEpPHOCTH. B paznmene 3  onmcaHsl
KaracTpoduyeckue CoOBITHS C ToMOIIbio pacnpenenenus I[lunda. 3aBepmraer cTaThio
3aKJITF0YEHUE.

1 Ooboo6mennas mogeiab U3unara n uagexc PTC
1.1. IlpaBuJa 3BOJIIOIUA

Crnenys [21], onuiiiemM >BOJIIOIUIO CUCTEMBI U3 N areHTOB. B KaXKIbIi1 MOMEHT BPEMEHHU / areHT
MOXeET ObITh MO0 MoKymareneMm, au0o mpoxaBuoM. OyHkuus si(f) paBHa 1, ecnu areHTt i —
npojasel U —1 B mpoTHBHOM cityuae. [Ipeanonaraercsi, 4To BEIOOp MO3UIIMU B MOMEHT BPEMEHHU
¢t + 1 3aBUCHT OT CIIEAYIOMIHX (PAKTOPOB:

. oxunanue Es;)(f), dopmMupyeMoe areHToM i Ha OCHOBE MPEAINOJIaraeMoro pPeleHus
areHTa j;



*  BJIMSHUE BHEIIHUX HOBoOcTeH G(7);
* UHOUBUAYyalbHas HHPOpMAIK £/(f) areHTa i.
JlnHaMuKa MOJICITH OTIMCHIBACTCSl YPaBHEHUEM

) 5,(6) = sign| — 3 K, (DE(s )+ g,G0)+2,(0)

Habop dynkuuit ¢(f), E(s;)(f), Ki(f) onpenensier noBenenue arexta i. Koadpduumentsr Kj
OTJMYHBI OT HYJIS TOJIBKO AJIi HEKOTOPOTO (Majioro) KOJIMYecTBa MHJEKCOB j. DTO OrpaHUYCHHE
HOSABISETCA M3-32 TOTO, YTO JIMLIb HEOOJBIIOE YUCIO AreHTOB HEMOCPEACTBEHHO BIUSIOT Ha
pemenne areHra i. Ko3((uuueHTsl g; ONUCHIBAIOT MHIMBUAYAIBHOE BOCIPHUSATHE BHEIIHUX
HOBOoCcTe. OHHM mpenmosiaraioTcss paBHOMEpHO pacnpenenéHapiMu  Ha (0, Omax).
NunuBunyanpHy0 WHOpPMAIMIO & TaKKe CUHTAIOT CiaydailHOW BenmuuuHOW. OHa uMeeT
HOpPMaJIbHOE PAacIpe/ielieHNe C HYJIEBBIM CPEIHUM U CPEAHEKBAJIPATUYHBIM OTKIOHCHHEM 0; =
Oo+tu;, TIe 3HAUEeHHUs u; paBHOMEpHO pacnpeneneHsl B npomexytke (0, 0.1). IIpennonaraercs,
9TO

@ K,(0)= B+ BK,(t=1)+ B,G(t-1)..

Q@opmyna (2) cBsizaHa C 00y4yaeMOCTBIO M TPHCIIOCAOIMBAEMOCTHIO YEIIOBEYECKOTO
HOBE/ICHUSI, pa3liesisisi BIMSHUE areHTa j Ha areHTa { Ha TpU cocTaBistoune. Yucimo f;
MIOKa3bIBAET HACKOJIBKO areHT i mojaBepkeH BiausHuio. Koadduuuent f > 0 (mpeamnonaraemslii
JUIS. IPOCTOTHI OJIMHAKOBBIM JUISI BCEX areHTOB) BBIPAXKAET BIMSHUE MPEIBbIIYILIETO PEeLIeHNUs Ha
Oyayliee U COOTBETCTBYET COIPOTHBIIIEMOCTH OOIIecTBa HOBBIM TeHAeHIMsAM. Hakouen, fg
OTpa)kaeT YyBCTBUTEIHFHOCTD K BHEITHIM HOBOCTSIM.

Prinounas niena p(f) onpeaensieTcst ClIeAyomuMe (HOopMyIaMHu:

() ==2s,(t) [(AN),
p(0)= p(t=1exp(r(t))

rZie A SIBJIETCS MOKa3aTesIeM JIMKBUHOCTH PHIHKA.

MopnenbHas JUHAMHMKa CYyIIECTBEHHO 3aBHCUT OT MapaMmeTpoB Mojaenu. B oruere [21]
yKa3aHbl KOMOMHAIIMK I1apaMeTpoB, JUISI KOTOPBIX MOJENFHOE TIOBEIACHHE COTJIacyeTcs C
peIHOYHBIM. B wacTtHOCcTH, pacmpeneneHue Jorapu(MUUYECKON JOXOJHOCTH  SIBISETCS
YHUMOJAIBbHBIM U O0JNagaeT «THKENBIMU XBOCTaMm». st jorapudMudeckoi T0XOIHOCTH
TUIIMYHA KPATKOCPOYHAas KOppesslMs, a A BOJATWIBHOCTM — JoJrocpoyHas. Hakonen,
KOppensiuoHHas (QyHKIMsS JorapupMHUUEcKol AOXOAHOCTH oOsafaeT MyJIbTU(PaKTAIbHBIMU
CBOMCTBaMH.

1.2 HHpexkc Bapuanuu

B pamkax runore3sl 0 (pakTanbHOCTH (DUHAHCOBBIX PBIHKOB, MPEANPUHUMAIINCH
MHOTOYHCJICHHBIC TIOMBITKH OLIEHUTH (PAKTATLHYIO Pa3MepHOCTh D, WHICKC Xepera H u npyrue
(dpakTaIbHBIC XapaKTEPUCTHUKH (UHAHCOBBIX BPEMEHHBIX psIoB [5]. s 3THX OIEHOK OOBIYHO
TpeOyeTcs 3HAUYNTEIbHOE KOJUYECTBO JAaHHBIX M3-32 MEIJIEHHON CXOJAMMOCTU BBIUUCITUTEIHHBIX
anropuTMoB. B craThe [22] onpeaenéH uHAEKC PpaKkTaIbHOCTHU 4, KOTOPBINA yI0BIETBOPUTEIHHO
BBIUUCIISICTCSI IO OTHOCUTENILHO HEOOJBIION BBHIOOPKE W paBeH D — 1 mpu ecTeCTBEHHBIX
MPEIMOIOKEHUIX 00 UCCIEAYEMOM PsIE.

Wupaexc Bapualuy g BBOJUTCS 7Sl IPOU3BOIBHON QYHKINH f{f), HEPEPHIBHON Ha HEKOTOPOM
uHTepBane (a, b). Pazmenum ucxonHelii uHTEpBan (@, b) HA m OAWMHAKOBBIX MOJWHTEPBATIOB
IUIUHEI 0 = (b - a)/m. [lonoxum B

v, ©)=3 [ﬂnatx] 10— [glaiy]f(r)j,

i—19% -1t
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rnet; =a+1id,i=0, .., m Ecmu V/(0) ~ 0 * mpu 6—0, To y HA3BIBACTCS UHOEKCOM 8APUAYULL.
OnucanHasi KOHCTPYKILHMSI JIETKO aJaNTUPYETCs K AUCKPETHBIM JaHHBIM. YCTaHOBJIEHO, UTO
st uaaexca PTC u(£)€[0.30,0.37] na uateppaiie 09.12.1996 —27.10.2006 (1024 pabouux mHs).
Wupexc Bapuany MOXeET OBITh MCIIOJIb30BaH KaK JOMOJHUTEIBHBIA KPUTEPHA COOTBETCTBHS
mojnenu M3uHra peambHOMY phIHKY. B Tab. 1 yka3zaHbl 3HaYeHHs MapaMmeTrpa oo, MPH KOTOPBIX
MOJIEJIb PeaTn3yeT UHICKC BapHalluu, ONMU3KUH K 3HaYeHuto, HaiineHHomy aist PTC.

00 ()
HIDKHSSL | BEpXHSA
0.53 0.30 0.37
0.50 0.27 0.36
0.55 0.35 0.40
TABUIA 1. 3HaueHus 6y, nopoxaarmue uHaekc Bapuauu PTC; fiax = 0.3;
Omax = 0.03.

2 O0o0mennas moaeanb Caro-Takaiiacy

2.1 Onpenenenue
2.1.1 IlpeamoJioskeHUs1 MOIETH

[IpuMuTHBHAS cXeMa B3aUMOOTHOILEHHSI MEXIY MOKyIaTeleM U MpoJaBLoM 00o0maercs
Ha CiIy4yall TPOM3BOJIBHOIO 4YHCJIa areHtoB, oOo3Hauaemoro N. Ilepeuuciaum OCHOBHBIE
MIPEANOIOKEHUSI O TIOBEJICHUU areHTOB

(1) B kaxaplit MOMEHT BpEMEHH areHT SBJISIETCS JIMOO MOKYyTaTeleM, JIMOO MPOIaBIIOM.
(2) ATEHTBI TOPTYIOT SMHUILYy aKTHBA.

(3) AreHT coxpasseT MO3UIMIo (MTOKYIATEeNh I MPOIABEI]) 10 COBEPIICHUS CICIKH.
(4) Topru mpoOUCXOIAT MO MPUHIIMITY JBOWHOTO ayKITMOHA.

(5) PoiHOYHAs 1IeHA ycTaHaBIMBAETCs KaK CpeHEE MEKIY MaKCUMAJIbHBIM MPEIJI0KEHUEM
NOKYIIKM 1 MUHUMAJIBHBIM ITPEIJIOKEHUEM ITPOJIAXKHU.

(6) Ecnm areHT He coBepIIaeT CAEIKY, TO OH HM3MEHSET CBOIO LIEHYy B HalpaBICHUU
PBIHOYHOM LIEHBI B COOTBETCTBUU CO CBOEH CTPATETUEH.

(7) Ctpareruu aeTepMUHUPOBAHBI.

(8) Ilocne coBepiieHHUs CHETKH areHT OINpeleNseT HOBYIO MO3MIMIO, OPUEHTHPYSCh Ha
JI0JTOCPOYHBIE U3MEHEHUS LIEHBI TOPTYEMOI'0 aKTHBA.

2.1.2 PoLIHOYHBII MeXaHU3M

[Tepetinem k (opmManbHOMY HM3JTOKEHHIO MPABUJ SBOJIONMH, HAYMHAS C OMPEIACICHHS
pBIHOUHOTO MexaHu3Ma. MTak, mycTh Ha pBIHKE MpEICTaBiIeHbl N areHToB, W3 KOTOPBIX N
npoaaBuoB U N, nokymnareneit, Ny + Ny = N. 3Hauenus Ny u Np, 3aBUCAT OT BPEMEHHU, KOTOPOE
npernoaraeTcs JUCKPETHBIM. AT€HTOB y/1I00HO MEpeHyMepoBaTh, roJiarasi nepBbix Ny areHTOB
MPOJIaBIIaMHU, a CIEAYIONNX Ny, — MokynaTensiMu. be3 orpannuenns 0OIIHOCTH MOKHO CUUTATh,
YTO ICHBI Pi BBICTABJICHHBIC arCHTaAMU O6OI/IX rpynn, ynOp?II[OLICHBI B nopﬂmce B03paCTaHI/I$I

PSSPy, Py sSSPy



Ecnu nanOospmas [CHa NOKYIIKHN MCHBIIC HaVMEHbIIEH IICHBI Impoaaxu

3 Py <D

TO CHEJKH B JAaHHBI MOMEHT BPEMEHH HE MPOHMCXOAAT. PriHOYHas meHa P(f) mpeamnonaraercs
Hen3MmeHHo: P(f) = P(t— 1).

Ecnu ycnosue (3) He BBINOIHSIETCS, TO CACJIKY COBEPILIAIOT T€ U TOJBKO T€ Maphl areHToB (j, N
—J), j <Ny, 115 KOTOPBIX

PSPy

[Ipouecc caenok ynmoOHO TMpeAcTaBIATh  IOcienoBaTenbHO. B mepBylo  ouepens
YAOBIIETBOPSIIOTCS 3asIBKH MIPOJIaBIla ¢ HAMMEHBIIEH 1IEHON U MOKYTaTeNs ¢ HauboJbIIei. 3arem
paccMatpuBaercs cieayromas napa areHToB (2, N — 2). Choenka OCylIeCTBIISIETCS, €CIU LIeHa
npojaBLa He Ooblie LEeHbl MOKynarenst: p, < p, ,, — 4 T.1. [Ipy Hamu4uu CIenoKk B MOMEHT
BpPEMEHH ¢ ppIHOYHAs 1leHa P = P(f) onpenensieTcs no ¢popmyiie

P(t)%(pl D).

PBIHOYHBIN MEXaHU3M MOJIHOCTBIO ONPEEIIEH.

2.1.3 Crpareruu areHToB

[Tycts Qpynkuus S;(f) B MOMEHT BpEMEHU ¢ paBHA €AMHMUILIC, €CJIH 1bIi areHT — MPOJIaBell
U MHUHYC €IHMHUIIE, eCii OH nokynareib. (Hymepaius areHTOB, BBeICHHAS BBIIIIE, IPOUCXOIUT
Ha KaxJ0d utepanuu. [103ToMy HOMEp OJJHOTO areHTa i, BOOOIIe TOBOPS, 3aBUCHUT OT BPEMEHHU: |
= i(f). OmHaKO B TOCIEIYIONIUX MOCTPOSHUSAX dTa 3aBUCHMOCTh HE CyIIeCTBEHHa). B MOMeHT
BPEMEHHU ¢ areHT JIM0O COBEpIIaeT, JIM0O He coBepIuaeT caenky. [Ipennonaraercs, 4To eciiv OH
HE COBEPIIWII CACJIKY, TO OH COXPaHSET CBOIO MO3UIIMIO (IMMOKYyIaTeab Win npoaasen), S(¢ + 1) =
S(#) 1 n3MeHseT CBOIO LIEHY 10 HAIIPABJIEHUIO K PIHOYHOMN

4) p(t+1)=p, ()=, ()S,(?) .

OyHKIMS () KOMMYECTBEHHO OTPaKaeT COTJacHe areHTa WMITH HaBCTpeuy PBIHKY. MOXKHO
ObLIO OBl TOJIaraTh, 4TO 3HAUYCHUE (f) 3aBHCHUT OT BCEW UCTOPUHM M3MEHEHHSI PHIHOYHOMN IICHBI
P(f). OgHako asi mPOCTOTHI MPEANOaraeTcs, 4ro ¢;(f) 3aBUCUT TOJIBKO OT U3MEHEHUs IICHbI B
MOCJICTHUI MOMEHT BPEMEHH U UMEET BHT

(5) ai(t):|l+ciAP|ai’

IJIe a; — HEKOTOpas TI0JI0XKHUTEIbHASI KOHCTAHTBHI, a ¢; — BEIIECTBCHHAs! KOHCTAHTA.

Ecnu iii areHT coBepuIwiI CIEIKy B MOMEHT BPEMEHH f, TO OH JIOJDKEH ONPEACITUTh HOBYIO
MO3UILIMI0 U TieHy, 3HaueHus Si(¢+1) um p(¢+1). B crarbe [20] areHT mpuHUMAET peUICHUS,
onupasch Ha WHPOPMAIHIO O MPEIBIAYIIEM MOMEHTe BpeMeHH. CTpeMsich MOCTPOUTH Ooliee
pEATUCTUYHBIN MEXaHW3M, MBI MPEIIOiaraeéM, 4TO areHT BHIOMPAET TMO3WIUI0, CpPaBHHUBAS
JIOJTOCPOYHBIE U KPATKOCPOYHBIE TPeH[bl. ECIM B KpPAaTKOCPOYHOH NMEPCHEKTHBE PHIHOK BEICT
ce0s1 mecCCUMUCTHYHEE, YeM B JIOJITOCPOYHOHM (HampuMep, chaja Mocjie JOJITroro Mmoabema), TO
areHThl CTPEMSTCS IPOJaBaTh, © HA000POT. POpMaIbHO, BBOASTCS /1Ba BPEMEHHBIX UHTEpBAJa 0
U A, Ha KOTOPBIX BBIYUCISAIOTCS JUHEWHBIE TPEHIbI (METOJOM HAWMEHBIIHMX KBaJAPATOB).
Haiinennsle HakoHBI 0003Hauarorcsa k£ 1 K coorBeTcTBEHHO. Torna

-1, ecmu k>K (ivit acenm cmanem nokynamenem)
(6)S;(t+1) = .
I, ecmu k<K (ivibt acenm cmanem — npooasyom)

Hosele nensl pi(¢ + 1) npeanonaraiorcsi paBHBIMU
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(7) p,(t+)=PE+1)+A,S,(t+]1),

rae A; > 0 — HekoTopas KOHCTaHTa.

Takum o0pazom, cTparerust iro areHTa OINpeAeNseTcs 4YuciaMu da;, ¢, N, Hu
JNEeTEPMUHUPOBAHHBIMU  ypaBHeHUAMU (4)—(7). s mnpoctoTel Bce A; mnpeanonararorcs
ONMHAKOBBIMH, A; = A, a 3HaueHUS a; M ¢; TOPOXNKAAIOTCS CIyYalHBIMH BEJIHMYMHAMH,
PaBHOMEpHO pachpeieeHHBIMU Ha oTpe3kax [0,a] u [—c, ¢] cOOTBETCTBEHHO, A€ A, a U ¢ —
HOJIOKHUTENbHBIE TAPAMETPHI.

2.1.4 HavaJbHble TPAHMYHbIC YCJIOBHSA

Ocranocek onpeAenuTh HayalbHbIe YCIOBUS. DUKCHPYETCsl HEKOTOPOE HAayallbHOE 3HAUCHHE
P(0). B wnyneBoii wmomeHT Bpemenn AP w3 Qopmynsl (5) momaraioT  paBHBIM
Hymo. Popmyna (6) npuMeHnMa, HauMHasg ¢ MOMeHTa BpeMeHHn A. EcTecTBeHHO cuMTarh, 4TO
IepBble MOMEHTHI BPEMEHHM BBIOOp MO3MLMHU (3HaueHUs Si(?)) MPOUCXOAUT HAyraja ¢ paBHOM
BEPOSITHOCTBIO. LlenoBas
3asiBKa 1ocJjie Beibopa no3uiuu hopmupyercs mo dpopmye (7).

[Tepexon MOJETBHOM CHCTEMBI OT MOMEHTA BPEMEHH ¢ K CIIEIYIOIIEMYy MOMEHTY HOJHOCTBIO
OIIpeJIeTIeH IPU YCJIOBHH, YTO CPEN areHTOB €CTh KaK MPOAABLBI, TaK U MOoKymatenu: Ny > 0, N,
> (. Ecim 3T0 ycioBue HapyIaeTcsi, TO MOJIENb BEIPOKAACTCS, U IBOJIIOIHS OCTaHABIUBACTCS.

2.1.5 Ilapametpsl

Jlns TpoOBEACHHST YHUCIEHHOTO JKCIEPUMEHTa HEOOXOAUMO 3a(HUKCHpPOBAaTh CEMb
napaMeTpoB: KOJMYECTBO areHTOB /N, HadanbHOE 3HAauYeHHE PBIHOYHON 1eHbl P(0), AmuHbBI
KPaTKOCPOUYHBIX JOJITOCPOUYHBIX TPEHAOB 0 U A M uucia A, a U ¢, onpeAesnsionue cTpaTeruu
areHToB. ECTecTBEHHO 4MCIIO areHTOB OpaTh OOJIBLIMM, OIPaHUYEHHUE CBEPXY MOSBUTCS YHUCTO
TEXHUYECKOE, YTOObI KOMIIBIOTEPHBIN
JKCIIEPUMEHT HE OKa3zasucs CIIMIIKOM JUINHHBIM. Jlonarocpo4HbIit TPEH]
MOJKET 0Ka3aThCs Ha MOJIOPAIKA WIK MOPAAOK JUIMHHEe KpaTkocpouHoro. Hanpumep, 6 MoxkHO
IIOHMMATh KAaK HECKOJIBKO Hezaenb, a A — mecsues. Uucia, onpenensonye WHINBUALY AJIbHbIC
CTPaTETHH areHTOB TPYJIHO HMHTEPIPETUPOBATH, IOCKOJIBKY PEAJbHBIA MEXaHU3M IPUHATHUS
pemienus cioxeH. OJTHAKO «XOpollas» MOJENb JOJDKHA OKa3aTbes ONM3Ka K PHIHKY (B CMbICIE
CTaTUCTHUYECKUX 3aKOHOMEpPHOCTEH) mpu Oonibmioi obimactu mapamerpoB llpu momyuyeHun
MOCIEAYIOMUX pe3yabTaToB ucmonb3oBaHo N = 200, A = 0.02, a = 0.015, ¢ = 100, 0 = 40, A =
100, P(0) = 520. DTtu pe3ynpTarhl SBISAIOTCS THUIWYHBIMH JUIS 3HAYUTEIBHOM obiacTu
[1apaMeTpOB.

2.2 Mopaeap n naaexc DJ

IlepelineM K IIOCTPOEHHUIO pACHPENCICHUN MOJCIBHBIX U peajbHBIX I0XOAHOCTEH. B
KayeCTBE PHIHOYHBIX JAaHHBIX ucnoib3oBaH uHiekc Jloy Jxonc (DJ). ExenneBnbie 3HaueHus
uHzeKca B34Thl B HTepHeTe (Www.yahoo.com).

Jl1s mocTpoeHusI MOJEIIBHOTO PacIpe/ie]ieHHs] U €ro MOCIEAYIOIIEro CPABHEHHS C UHIEKCOM
DJ HeoOxomumo ompenenuTh pabouuii JI€HH B MOJACIBbHOW JUHAMHKE. [Ipeamnosoxum, 4to z
€IMHUI] MOJISITHHOTO BpeMeHH 00pa3ytoT pabouuii nenb. Torna 3nauenus neH P(z), P(2z), P(3z)
.., HMHTEPIPETUPYIOTCS Kak IIeHbl 3akpeiTus U obOo3nagatorcs p(l), p(2), p(3),
Jlorapudmraeckas TOXOIHOCTb B JISHB /1 OTpeeisieTcs: (hopMyIIoi

_ p(n)
(8) r(n)=1log D))’

[To popmyne (8) Taxke BeruuciseTcs JorapupmMuueckas J0X0AHOCTh uHaekca DJ.
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s | I | | I | |
)
0.03 0.02 0.01 0 001 002 003 x

100 —

10°

PP N Y R O B
-0.03 -0.02 -0.01 0 0.01 0.02 0.03 x

Puc. 1. T'ucrorpamma  (LieHTpaJibHasE 4YacTh)  JIOT-JOXOJHOCTEH ISl MOJCIIH
(M) u urnpexca oy (DJ), p(x) — 3T0 mosst aHEH, 32 KOTOpbIE JorapudMuueckas
JTOXOIHOCTh I € [x —Ax, x + Ax), Ax = 0.002.

Ha puc. 1 moka3zaHa meHTpaJlbHas YacTh PACHPEICIICHUS JIOTAPUPMUICCKUX JTOXOTHOCTEH
(ructorpamma) anst mojenu (¢ z = 20) u ga DJ. 3xnecy p(x) — 9T0 mons AHEH, 32 KOTOpPHIE
norapudmuyueckas JOXOIHOCTh I € [x — Ax, x + AX), uucino Ax ¢ukcupoBano pasueim 0.002 B
cooTBeTcTBUHU C [9], pyHkuums p(x) Ha puc. 1 ansa DJ 6auska k axcrionente. CiaenoBaTeNbHO, TPy
JOTapU(PMHUUECKOM MaciTade BEPTHKAIBHONW OCH TOYKH Ha rpaduKe IOJKHBI JICKATh BOKPYT
OPSIMBIX JIMHUWA. DTO yTBEP)KACHHE CIPABEUIMBO Kak Juisi MHAeKkca DJ, Tak v A MOAETBHBIX
JTAHHBIX.

Puc. 2 moxa3piBaeT «XBOCTBD» pacHpelelieHUHd B JBOWHOM JOrapu(MHUYECKOM MaciiTaoe.
[IpsiMble y4acTKH CBUIETEIBCTBYIOT O CTENEHHOM yObBaHWU (GyHKIUU p(x). Takum oOpazom,
MojelbHOe (Kak © peajbHOe!) pacmpeneieHue JOor-JI0XOJHOCTEH 00JaaeT TKEIbIMU
XBOCTaMH.

or
L » M
. DJ
L [u} “.
. o
10° | .o o,
- o7\
B o \
L ’ »a
L ‘ol y o
L o f \ °
v i \
- a ! \ o »
L 28 ]
moo \ *0
L y @
i \ &« o
J \
4
107 | LR R \ -
C | ! | | | |
& 1 05 0 0.5 1 g,

Puc. 2. T'ucrorpamma («xXBOCThI» pacnpezeseHus) it moaenu (M) u uHIeKca
Hoy (DJ). T'opuzoHTasbHas 0Ck NOIy4aeTcsi U3 OCU X puc. 1 mpeobpazoBaHUeEM &
= log(#x)—(% 10g(0.03)), uucno 0.03 pazaenseT HEHTPAIBbHYIO YaCTh U «XBOCTBI».

N3 puc. 1 u 2 BugHO, 4T0 p(X) > p(—X) A «CPEAHUX)» TMOJOKUTEIBHBIX 3HaUCHUU X (|x| €
[0.2,0.3], |&] < 0.5). D10 HabmIOIEHUE COTIACYETCS C M3BECTHBIM (DAKTOM, UTO YIKOHOMHKA YaIlle
HaxoauTcs B (ase pocTa, yeM cranga. MHTepecHo, 4To MOJIeIbHAs THCTOTpaMMa JICMOHCTPUPYET
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Ty Xe acumMmerpuro. [lo-BUaMMOMY, acHMMETpUsi MOAEITBHOTO Tpaduka p(x) SBISETCS
ciencteueM (GopMyiiel (5), KOTOpast MO-pa3HOMY OIIPENENsIeT YBEIMYCHUEM U YMEHBIIICHUE TICH,
BBICTaBJIsIeMbIX areHTamMu. (OJHAKO TMOSBJICHHE aCUMMETPUU p(X), COrjacyromencs ¢
peabHOCTBIO, anpuopu He cuexyer u3 (5), a, ckopee, SBISIETCS apryMEHTOM B IIOJIB3Y €€
000CHOBAHHOCTH (M, KOHEYHO, MOJIEJIH B LIEJIOM).

HOI[‘IepKHeM, 4TO IIpaBuWia 3BOJIIOIAN MOACIIN IMOJIHOCTHIO ACTCPMUHUPOBAHBI. CHy‘-IS.fIHOCTL
HMECT MCCTO TOJIBKO IMPU HAYAJIBHOM OIPCACICHUHN MMapaMCTPOB, 3aJa0INUX WHIAWUBUIAYAJIbHBIC
CTPATCTrUn arcHTOB. HafmeHHoe CXOACTBO MOACIU C PBIHOYHBIM HHJACKCOM IIOKAa3bIBACT, YTO
Hallla ACTCPMUHUPOBAHHASA CHCTCMaA IIPOABIIACT XaOTHYCCKUC CBOMCTBA. OTO THIIMYHAS
CUTyanus Ijist CUCTEM C OOJIBIINM YHCJIOM CTEIEHEN CBO6OI[BI (B JaHHOM CJIy4ae, aFCHTOB).

3 3akon Hunda u 10X0AHOCTHh PUCKOBBIX AKTUBOB

B oOmem Bune 3axon llunda-MangensOpora GopmyaupyeTcst ClenyromuM o0pa3oM.
[Tycte nmeeTcst HEKOTOPBIK Kitacc 00BEKTOB N, KaKIblii U3 KOTOPHIX MOXKET OBITh OTHECEH K
ofHOMY u3 K HemepeceKarolMxcs TakCOHOB. KaxoMy M3 TaKCOHOB NMPHCBOEH €ro paHr 1,
MEHSFOIIUICS OT equHuIbl 10 K. HedopmanbHO npeamnonaraercs, 4To NepBbIi TAKCOH COJEPKHUT
HanboJiee TUITMYHBIE OOBEKTHI KJIacca N, a C YBEJIMYCHHUEM paHTa «TUIHYHOCTBY OOBEKTOB, a C
Hell u o0beM TakcoHa yObiBatoT. Ilycte M — HekoTopoe cemeiicTBO 00BekTOB Kiacca N
(BO3MOXHO, TIOBTOpSIFOIIHXCs1). O003HAUMM Yepe3 #; YUCIIo 00BEKTOB cemeiicTBa M, momaBmmx

B TakcoH i, i=1,2, ..., K. CemeiictBo M ynoBinerBopsieT 3akoHy Llunda-Mannenso6pota, ecnu
1107151 00BEKTOB, MONABIIMX B TAKCOH paHra i, paBHa BEJIMYNHE
A
(8) yPamr
(B + l)

rae A, B, Yy — NOCTOSIHHBIE.

MoxHO ObIO OB BBECTH TIOHATHE KJacca, YIOBJICTBOpSIONICTo 3akoHy [lumda-
Mangens0poTa, cuutas, Hampumep, 4To kiacc N yooBIETBOpSET ATOMY 3aKOHY, €CIH €My
YAOBJIETBOPSIIOT (C OMpPENENIEHHON BEPOSTHOCTHIO) JIOCTATOYHO ceMelcTBa 00BEKTOB U3 N
JI0cTaTouHO Ooublioro oobema. OQHAKO K MOJOOHBIM MOMBITKAM BEPOSITHOCTHOTO OOBSICHEHUS
3akoHa I{unda-Mannens0poTra HY)KHO OTHOCHTBCS C OIPEACIICHHONW OCTOPOXHOCTHIO. DTOT
3aKOH XOpOIIO BBIMOJHACTCA ML B TEX CIydasX, KOTJa €CTh OCHOBAHHS TOBOPHUTH O
HEKOTOpoH mesnocTHocTH cemerictBa M (cm. [25]). Hampumep, ecnmu N — 3TO COBOKYIHOCTH
CJIOBOYNOTPEOJICHH B HEKOTOPOM Habope TecToB, TO 3akoH Llumnda-Mannens0pora xoporiio
BBITOJIHSETCS] B TOM cllydae, Korja B kauectBe M OepeTcsl LIeJIOCTHBIM TEeKCT, MpUHaJIeKAIIUN
onHomy aBTopy. I[losToMy nnsi BemonHeHus 3akoHa lunda-ManaensOpoTa okasbIBaeTCs
3HaYUMbIM HE TOJBKO M HE CTOJBKO 00BeM ceMmeicTBa M, CKOJNBKO MPUHAIJIEKHOCTh €ro K
HEKOTOPOMY BBIJICTICHHOMY KJIACCY CEMEUCTB.

B nacTostmieir pabote 3aKOHOMEPHOCTH, CBsi3aHHBIE ¢ 3aKOHOM llumnda-MannensOpoTa
U3YYaI0TCSI MPUMEHUTENBHO K JIOXOAHOCTH PUCKOBBIX AaKTHBOB.

PaccmorpuMm aBosroIMio 1eH puckoBoro aktuBa P = (P;). 3adukcupyeM BpeMEHHOM
unrepsai At. Ilycts

R =In

t

t—At
JorapupmMuyecKas J0X0AHOCTh HAa UHTepBasie Af. AHAIN3 1IEH PUCKOBBIX aKTHBOB Ha (DOHOBBIX
pBIHKaX Ja€T OCHOBaHHA CcCUUTaTb, 4YTO pacnpeﬂeneHHe BGpOSITHOCTI/I JOXOOAHOCTHU R;,
paCCManHBaeMOﬁ KakK cnyqaﬁHa;I BCJINYHNHA, UMCCT CTeHeHHOﬁ XBOCT. Bonee TOYHO.
9) P(R/|>x)~x".
(cm. [26]).
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®opmyna (9) sBisieTcs B ONPEICICHHOM CMBICIE HENPEPHIBHBIM aHAJIOIOM 3aKOHA
[unda-MannensOpora. BeposTHOCTh monagaHust MOIYJS JOXOJHOCTH B MPOMEXYTOK [ =[x —
h, x] TIPOIIOPIIMOHATBHA BEIMYHHE X ° — (X — h)’c. [TosTomy
(10) P(R/|eD~h-xC"D.

B nocnenneit popmyne x mo CymecTBy UrpaeT Ty e poiib, UTO U HoMep TakcoHa i u3 (1).

B camom gene, paccMOTpUM TMOBEJCHWE BEIMYMHBI R, Ha BPEMEHHOM IPOMEXKYTKE
murenabHocTu 7. O603HaYuM 4yepes r cpeiHee 3HAaUeHHUe TOXOAHOCTU U MoJoxkuM Q= | R,—1].
CootHomienue (9) cupaBeyIMBO U AJIsl BEIUUUHBI Oy
(1) P(Qr>x) ~ (x +b) "

[IpennonoxuM, 4YTO HAa BPEMEHHOM IPOMEXKYTKE JIUTEIBHOCTH 1 MHOXECTBO
BO3MOJKHBIX 3HAUCHUH BeTWYUHBI (J; orpaHndeHo. PazoObem 001acTh 3HaUCHUN BeTMUUHbBI O, Ha
NPOMEXXYTKHU JUTUHBI /I ¥ IEpEeHyMepYyeM MOTYUHBIIUECS TPOMEXKYTKH TaK, YTO

Li=[(i—-Dh,ih],i=1,2,....K

OTH NPOMEXKYTKM M WIpaloT B JAHHOM Clyyae pOJIb TaKCOHOB M3 3akoHa llumda-
Mannens6poTa. JlelicTBUTeNbHO, UCTIONB3Ys (3) u (4), moaydaeM
(12) P(Q: € ) = A(+B) .

Lenp pasmena cocTOMT B TOM, 4TOOBI, omupasch Ha 3akoH Llumda-MannensOpora,
OLICHUTH 00JIaCTh 3HAUCHUH TOXOJHOCTH.

B cooTBeTcTBHU C TMIOTE30H O TOJICTBIX XBOCTaX COOTHOUIeHHE (12) BeIoaHAETCS IS
J0cTaToyHO OonbmMX 3HadeHui i. HaOmrogeHust mokasbiBalOT, 4TO OTKJIOHEHus otr (12)
HEBEJIMKU M I Jpyrux 3HaueHui i. [locnenyromee u3nokeHHEe MOXKHO ObLIO ObI CTPOUTH B
MPEANOI0KeHUH, 4TO (12) BBIMOJIHSIETCS, HAYUHASL C HEKOTOPOro i = iy. YTOOBI HE YCIOXKHSATH
Ype3MEepHO BBIKJIAJKHM, Mbl B JlajibHElIIeM OyaeM mpeanonararb, 4to (12) BbImosiHseTCs JUIs
Bcex i. byaem cumrtath, YTO BpeMs ! MEHSETCS IUCKPETHO W TpoOeraer psa 3HAYCHHN
At, 2At, ..., nAt.

[Tonoxum
(13) pi=AG+B) Y, i=1,2, ..., K,
rae K — HauMeHblllee HEOTpULATEIbHOE II€JI0€ 4YMCio, Ais Kotoporo wuutepsan [0, Kh]
BKIIIOYAeT B ce0st oOsiacTh 3HaueHWi BenuuuHbl ;. O6o3HaumM uepe3 P,(m, i) BEpOSTHOCTH
TOr0, YTO B pALy W3 7 3HA4Y€HUU (J; B TOUHOCTH 7 3HAYCHUM OKa)XeTcs B mHTepBayie [;. Mbl
[peIoiaraeém, 4YTo

S\ m m n—-m
Pn(m; l)_ Cn D (l_pi) .
HpI/I 6OHL]_HI/IX n 1 OTHOCUTCIIbHO MAJIBIX m U p; MOKHO CHUTATb, YTO

(14) Po(m, i) = ()" o
m!

O6o03nauum gepes k, YUCIO MHTEPBAJIOB /;, B KOTOPHIE MOMAJO /7 3HAYCHHU BEIUMYUHBI
0O,. OueBugHO,

K
(15) E(km) = an(m,i) .
i=1
[Tonoxum
m An
An _()H—B)y
n(xX) = | ———
Jl) (x+B)
Torna c yuerom (14) paBenctBo (15) mpumeT ciieayronuii BUI;
¥ .
(16) E(kn) = ZM
o m!

14



3amenum B (16) cymMMmy HHTErpajoM BHIa J:+K f,(x)dx, 0<a<I1, u oueHuMm

MOTPEITHOCTh, BOHUKAIOIIYIO TPHU 3TOM 3amene. Ha mpomexyTke [o +i— 1; o + i] paznoxum
fm(x) Mo crenensMm x — i. [Tomyuaem:

(17) ful) = 3

j=0

S o (Dx=i).

\_|~

Tak kak MpOU3BOHbIE f (/) (l) OTpaHUYEHBI B COBOKYIHOCTH, psif (17) cxoaurcst abCONOTHO.

[IpuMeHss1 NOYIEHHOE UHTETPUPOBAHKE, IT0TYYaEM:

Tﬁ“ﬂ“‘o?lf“muﬂyw—
(/) ‘
S0y
Tenepb CyMMHPYEM 10 i:

a+K )

'[fm(X)dx_leo{ (ll))'[ j+1_(a_1)j+l]:
_ (i) (g )
;;(lﬁ (a-1)"].

I/ICXOIU{ W3 DTOU (bOpMy.]'IBI B IICPBOM HpI/I6J'II/I}KeHI/II/I ImoJiydyacMm:
a+K

J 1. = 5 7.0 + 32D (g ).
AR

3aMeTuM TCIICPb, YTO C TOYHOCTBHIO 10 HpeHerencho MajJioro cjara€Mmoro CrpaBcajimBoO
COOTHOIICHHE

S 1100) =fulo+ K)ol

Takum oOpaszom,
a+K

jfmw—zf@+m Y)(fou( 0 + K) = fru(00)),

", 3HA4YUT,
a+K

Zf (@) = If ()dx + (72 = a)(fu(at + K) = fu(@0)).

Tax xak f,,(a) > 0 an/I o — —B, To, nepexo/is K npeaeny npu o — —B, nojiydyaem:
-B+K

zfm— [ .00 + 04+ BB+ )

y
CrenaB B MHTETpajic 3aMEHY V :ﬁ U UCTIONB3Ys (9), MPUXOANM K CIICAYIOMEMY
+Xx
PaBEHCTBY:
An)'7 % me An\" %
(18) E(k,,,)—( ) jy ’ eydy+—(/+B)( nje’(.
ym! K*

KV
[Honenus o6e vactu (18) Ha K, nonyqaeM paBeHCTBo

Ek,) (4n)7 &m0t An\" &
m — . B K
P Kol ] fy e’dy + . (/+ ra e,

K/
B KOTOPOM BTOpBIM cllaraeMbIM Ipu Oonbminx K MOXHO mpeHeOpeub. TakuMm o0paszoMm,
HOPUXOAUM K PUOJIMKEHHOMY PAaBEHCTBY
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E(k,) _ (4n)” %m0
K ]4’7’1‘ An

(19)

Jlns maTErpanos Buaa

N
T(u, p)= [t dt
Yl
HHTCIPUPOBAHUCM I10 HACTAM JICTKO IIPOBCPACTCA PEKYPPCHTHOC COOTHOIICHUC

(20) T(u+1,p)=pte?+pul(y, p).
[Tonoxum
E(k,) An 1
Vi = SP= s Hm = m——.
K K7 y
B stux o603nauenusx (19) nepenuiercs CaeayOmuM 00pa3om:
1y
V= LT p).
Teneps, ucnons3ys (20), moxydaem:
1y
__P _
Vmi1= ——T(u+1,p) =
T (u+1,p)
G |
= ——\ul'(u,p)+pre” )=
i ] (s p)+ p

m _—

P
A,y Lpe”
m+1 y (m+1)!

AHanoruyso,
1 1 m+l _—p
Vi +2= M Vol + _p—e.
m+2 y (m+2)!
CrnenoBaTeabHO,
Vm+2 - Iu +1 Vm+l
m+2 __P '
_H m+2
m+1 m+ 1 m
Takum 0Opa3oM, OKOHUATENIBHO MOTYYaeM:
m+2)E(k —-(m+1-VHE(k

(m+DE(k,,)—(m-)E(k,)

ConepkaTrenbHO p — ATO MaTeMaTHUECKOE OXKUAaHUE YKCIia onagaHuil O, B UHTEPBaJ C
caMbIM OOJIBIIIMM HHJIEKCOM, T.€. MaTEMaTHYECKOE OKUAAHNE YHUCIIa MOSIBICHUN IKCTpeMalIbHbIX
3HaueHUH a0COJIFOTHON BEIMYUHBI JOXOTHOCTH, U3MEPSIEMBIX C TOYHOCTHIO /1.

3amMeTuM, 9YTO TOYHOCTh paBeHCTBA (14) ¢ poCTOM m TOHMKAETCS, TIOITOMY BBIUHUCIISATH P
no ¢opmyne (14) umeer cmbica IuIb AJg HEOONbIIMX 3HaueHud m. Hampumep, mpu m = 1
uMeeM
3E(k,)~ (2~ DE(k,)
2E(k2)_(1_%)E(k1) ,
rae ki, ky ks — 4ucno WHTEpBAJOB, B KOTOpBIE a0OCONIOTHAs BEIWYMHA JOXOJHOCTH IOMaia
COOTBETCTBEHHO 1, 2 u 3 paza.

3nas mapametpsl 3aKkoHa [{unda-Mauaens0poTa u BETUYHHY P, MOXKHO OIEHUTH YHCIIO
WHTEPBAJIOB, MOKPBIBAIOIINX 00JIACTH 3HAYCHHUI a0COTIOTHOW BETUYHHBI JIOXOAHOCTH:
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1y
K- (ﬁ) |
P

3TO0 B CBOIO OYEpE/b MO3BOJISIET OIICHUTh IPAHUIIBI BO3MOXKHBIX 3HAUEHUN JOXOTHOCTH:
r—Kh<R,<r+Kh.
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