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HPEAUCJIIOBUE

duHaHCOBasE YKOHOMHKA CETOIHS XapaKTepU3yeTCsl NIMPOKOH BOBJICYEHHO-
CThI0O B e¢ (DYHKIIMOHUPOBAHWE WHHOBAIIMOHHBIX PBIHOYHBIX HHCTPYMEHTOB,
Ha3bIBAEMBIX APOU3BOOHbIMU YeHHbiMU Oymazcamu. DopBapaHble U (hprodepc-
HbIC KOHTPAKTHI, ONMIIMOHBI U JIPYTHE MHTEIIICKTYalbHO CTPYKTYPUPOBAHHBIC U
THOPUIHBIC TIPOTYKTH BOCTpeOOBaHbI B HEll B Ka4eCTBE MPUBJIEKATEIHHOTO HH-
CTpYMEHTa HHBECTHPOBAHHMS, & TAKIKE KaK BO3ZMOXKHOCTh THOKOTO TIepepactpe/ie-
neHust puckoB. [ obecnieueHus mpodheccCnoHaTbHOTO YPOBHS MCTIONIB30BaHUS
TaKUX MPOJYKTOB HEOOXOJMMBI CIEIHATHCTHI TI0 MaTeMaTHYeCKUM (hUHAHCAM,
MPEACTABISIONINX COO0M MCTOUHMK KOJNMYECTBEHHBIX PACUYCTHBIX METOIOB JIJISI
(uHaHCOBOW MHIYCTpUU. BypHOE pa3BuTHE MaTeMaTHYeCKHX (DMHAHCOB 32 TPH
MOCIIETHIE JCCATUICTHS B TEOPETHUECKOM U TPAKTHYECKOM TUIaHE BO MHOTOM
00BSICHACTCS UMEHHO 3THMH 00CTOSITEIIbCTBAMH.

OcHOBBI 3TOH Teopun ObUTH 3a70keHBI B padote JI. bamense (1900), a cama
TEOpHs TIOYyYHIIa HOBBIA MOIIHBIA MMITYJIEC K Pa3BUTHIO TOJNBKO uepe3 70 yet
6naronaps crarbsim @. biaka, M. lloynca u P. Meprona (1973). OTTonknyBImmch
OT 3TUX 3HAMEHHTBIX paboT, MareMaTHYecKie (PUHAHCHI JOCTUTITA COBPEMEHHO-
ro obnwka Oraromapsi IPYKECTBEHHOMY COUYETAHHUIO TPEKIIE BCETO COOCTBEHHO
()MHAHCOB M CTOXAaCTUYECKOTO aHAIN3a, a TAK)KEe CTATUCTHKH CIIy4alHBIX MpPO-
neccoB, auddepeHIaIbHbIX YPaBHEHUH B YACTHBIX MPOU3BOIHBIX, BBITYKIIOTO
aHaJIM3a, ONTHMAIFHOTO YIIPABICHHS U YUCIEHHBIX METO/IOB. 3/1ECh YMECTHO OT-
JIeTbHO YIIOMSHYTH cTaThio @. bika «How to use the holes in Black-Scholes»
(1989), B KOTOPOIA, TIO CYIIECTBY, OBUTHA CHOPMYTUPOBAHEI ITyTH OyIYyIIEH YBOITIO-
UM MaTeMaTU4eCcKuX (PUHAHCOB.

Celfuac MOXKHO KOHCTATHPOBAaTh, YTO Pa3BUTHE MaTeMaTHUECKUX (HUHAHCOB
MIPHUIILIO K CBOETO pOjia aroreio, TPeOyIoImeMy OCMBICIEHHS CO3IaBIIeHCs CUTY-
alliy ¥ €¢ MHOTOBAPHAHTHBIX MEPCIEKTHB. AHAIN3 COBPEMEHHBIX padoT moKa-
3BIBACT, YTO JO CHX TIOpP MX CTEP)KHEBBIM HAIPABICHHEM OCTACTCS IBHIKCHHE B
CTOPOHY BCe OOJIBIITNX TEOPEeTUICCKIX 0000meHui. OMHAKO y>KE CETOTHS CITUTII-
KOM TIPSMOJIMHEIHBIN XapakTep 0000IIeHnH TOIKEeH OBITh CKOPPEKTHPOBAH, T10-
CKOJIbKY a0CTpaKTHbIC U MaTeMaTHUECKU Oe3yNpeYHble KOHCTPYKIIMU JaJIeKO He
BCeI/Ia BCKPBIBAIOT IMO-HacTosieMy 3HaunMble 3¢ dektrl. [1o MHEHMIO aBTOpAa,
HE0OXOAMMO He TOJIBKO OCBOWTH (DeHOMEHATIbHBIN HaOOp MoJeNeil U METO/OB,
HapaOOTaHHBIN 3a MPEBIIYIINE ICCATHUIICTHS, HO M HAWTH Ba)KHBIE 00JIACTH MIPH-
JIOKEHUH ¢ MHOTOACTIEKTHOM MCCIIEI0BATEIhCKON MPOOIeMaTHKOM 1 PUHITAIIN-
anpHOI HOBHU3HOM. [Ipm 3TOM, 3a/1a4u, TOCTABICHHBIE TAKUM 00pa3oM U Oymaydn
PacCMOTPEHHBIMU C TOMOIIBI0 HAPAOOTAHHOW TEXHHKH B COYETAHUHM C TEXHO-
JIOTUYECKUMH TIPOABIKEHUSMHU B chepe 00paboTKu OONBIINX AaHHBIX, UCKYC-
CTBEHHOTO WHTEIUICKTA U T. [I., IPHOOPETYT COBEPIICHHO HOBOE OGOpMIICHHE,
3ByYaHHE ¥ PaCHIMPCHHOE PUMECHEHHE.

B npeanaraemMoit KHHUTE YIIOMSIHYTOE BBIIIE JBIKCHUE TOJHKO OYEPUYEHO B CO-
OTBETCTBUU C YUCTO MPArMaTHIECKUM 3aMBICIIOM aBTOpa — U3JIOKHUTh JIOCTATOYHO
CIIO)KHBIE PE3YJBTaThl M TIOIXObI COBPEMEHHON TEOPUHU XEIKUPOBAHUS U MHBE-
CTUPOBaHUS B YIIPOIIIEHHOM MaTeMarideckoi (hopMe ¢ paciiupeHneM CIieKTpa Yu-
Taresnel 3a Mpezesbl Y3KOro Kpyra CHelHalriCTOB 110 CTOXaCTHIECKOMY aHaIH3Yy.
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Kunra npexie Bcero 1omKkHa paccMaTprBaThCa Kak BEChbMa HEMPOCTOE BBEIe-
HYE B YKa3aHHYIO 00JIaCTh CO BCEM MHOTO0OOpa3ueM ee MOJIeNeH, TOHITHH, (PakToB
Y METOJZIOB. DTO B HEKOTOPOH CTETIEHH IPEONpeIesieT HaPaBIeHHOCTh KHATH
B TIEPBYIO OUE€pe/Ib Ha CTYACHYECKYIO U MPEToJaBaTeIbCKYIO ayTUTOPHIO, YTO HE
WCKJTIOYAET €€ TMOJIE3HOCTH JIIsl MPOeCCHOHANIOB B (PUHAHCOBON MHAYCTPHH.

B kHure msyuarorcs, B OCHOBHOM, JIB€ KJIACCHYECKHE MOJETH (DHHAHCOBOTO
peIHKA: dunomuanvras (Mmonens Kokca-Pocca-PyOunmreitna) u ougghysuonnas
(momenp bimoka-llloynca). B pamkax 3TUX Mojenel MaeTcst M3JI0KEHUE MHOTHX
MIPUHIAITHAIBHBIX PE3YIBTATOB M0 PacdyeTy M XEDKHUPOBAHHUIO OIIIMOHOB U IO
TEOPUH ONTHUMAIFHOTO WHBECTHUPOBAHMS: (yHIaMEHTaIbHbIE TeOpeMbl (prHaH-
coBoii Mmaremaruku, Qopmynasl Kokca-Pocca-PyOunmreiina, biaka-1lloynca,
Meptona, Maprpeiida u T. 1.

Jlanee, K ONTMCAHHBIM BBIIIIE MTEPCTIEKTUBHBIM HANpPaBJICHUSM aBTOP OTHOCHT
CXeMBI THOKOTO cTpaxoBaHus. V3moxkeHne MaTepuana 1Mo TaKiM WHHOBAIIMOH-
HBIM (PMHAHCOBO-CTPAaXOBBIM KOHTPAKTaM COTPOBOXKIAETCS O0bSICHEHHEM B3aH-
MOCBSI3U KJITACCUYIECKOTO IS aKTyapHOU HayKu UG PEepeHITHaIbHOTO YPaBHEHHS
Tuns, nnst ctpaxoBbIX pe3epBoB ¢ nuddepeHnraibHbpIM ypaBHeHHeM biaka-1o-
yAca, Ui KaluTalla perUIHIHUPYIOIET0 OMIMOH MOPTQes.

B x#ure moxa3seiBaeTcs, Kak TEXHUKA CO8EPUICHHO20 XEKUPOBAHNS, SBIISIO-
masicsi HEM3MEHHBIM aTpUOYTOM MPAKTHYECKH BCEX Y4eOHMKOB, MpeoOpasyeTcs
B TEXHUKY YdcmuyHo2o (CpenHeKBaIpaTHUeCcKoro, KBaHTHIBHOTO U 3 EeKTHB-
HOTO) XeDKUPOBAHMS C TIPUBJIeUeHNEM (YHIAMEHTAIBHOMN IS MaTeMaTHIeCKOM
cratucThku Jemmbl Helimana-ITupcona. Ipu ToM BCKpbIBaeTCs CBSI3b BBIUNCIIH-
TENBbHBIX (POPMYI U TEXHUKH, XapaKTEPHBIX IS COBPEMEHHBIX MaTeMaTHYECKUX
(bvHAHCOB W aKTyapHOH HayKHu. BKiloueHne B KHUTY yKa3aHHOTO MaTepHaiia He
TOJIBKO BBIJIETISIET HACTOAIIYIO pabOTy M3 JUTMHHOTO psia y4eOHUKOB B 3TOH 00a-
CTH, HO ¥ PacIIUpseT KPYyT YUTATeNe! OT aHATUTHKOB U IPYTHUX PO ECCHOHATOB
(bMHAHCOBOM MHAYCTPHUH 10 aKTyapueB U MPO(HeCcCHOHATIOB PHUCK-MEHEKMEHTA.

B maremarndeckux GuHaAHCAX yneiseTcs eBa JIM HE caMOe TTaBHOE BHUMa-
HUE BOIPOCY MOJICIMPOBAHHNS SBOJTIONNY IIeH 0a30BBIX aKTUBOB phIHKA. Kak mpa-
BHJIO, CUMTAETCS, YTO a/IEKBATHOE MOJIEIMPOBAHNE ITHX AKTHBOB SIBJISETCS Ta-
paHTHe! MPaBUIIBHOCTH 1 aJIEKBaTHOCTH BCEX OCTANBHBIX pacueToB. B aToM, Kak
OTMEYAETCs B yIIOMUHAEMOi Bbllle cTarbe D. biska, 1 COCTOUT OAMH U3 [NIABHBIX
OOYIUTENBHBIX MOTHBOB OTXOZa OT KJIACCHYECKNX OMHOMHAIIbHOU U 1 dy3u-
OHHOI Mojienel B HalpaBJIeHHH UX 00OOIIEHNH 1 M30aBIEeHUs OT LEJIOro psijaa
HeZoCTaTKoB. llepednciieHHbIe BBIIIE BOMPOCH TAK)KE OTPaKEHBI B KHUTE, B OC-
HOBHOM, Ha IIpUMEpE pacyeToB B pamkax Mozeneil bamense u biaka-1lloynca co
CTOXaCTHYECKOW BOJATUIILHOCTHIO.

Kawura comepxut 0oJbIIoe KOJMYECTBO aaNTHPOBAHHBIX K TEKCTy TpUMe-
POB, TAIONIUX KOJIWYECTBEHHbIE WILTIOCTPAIINH TTOTYYEHHBIX PE3yJIbTaTOB H/HIH
nen 0000IIAr0INX 3aKITIOYSHUI TEOPETUYECKOTO U IPUKIIAAHOTO M1ana. bomee
TOTO, KHUTa CHaO)keHa OOJBIIMM CITUCKOM 3a/1ad C PEHICHUSMHU U yKa3aHUSIMHU,
KOTOPBIE CTY/IEHTHI MOT'YT HCIIOJIb30BaTh /I O0JIee AeTaTbHOTO U3YUSHHS TTpeI-
MeTa, a TPEeroJaBaTeIn K TOMY K€ — JIETKO WX MOAM(HUINPOBATH B BapHAHTEI
KOHTPOJIBHBIX 1 IK3aMEHAIIMOHHBIX 3a/1a4 M BOIIPOCOB.

WunmmaropoM myOnukanuy mpeaiaraeMoil paboTsl B paMKax Hay4IHO-H3/1a-
TenscKoi pestensHocT PAH sBisercs akanemuk B. B. Kosnos, koropomy aBTOp
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BBIPAXKACT CaMy0 UCKPEHHIOK 0JIaroflapHOCThb 32 BO3MOXKHOCTb aKaJIeMHUUECKO-
IO M3/IaHNS JAHHOHM KHHTH.

B cBsi3u ¢ HanTMcaHueM KHUTH aBTOP BeChbMa MpU3HATENeH U HCKpeHHe Oaro-
JIapeH cBouM ctyneHTam [Iporpammel mo MatematndeckuM (uUHAHCAM YHHBEp-
cutera Anp0eptsl: AuHe [aseipunoit, Yunarncy MakcumoBy, Arapero [laky u
ocobenno — Mnee BacunweBy n [lapbe BsukuneBoii 3a uX mOMOIIs B 3TOM KpO-
MIOTIIMBOM H TPYJOEMKOM JIEIIE.

Pabora Hayx KHUTO OCyIIECTBIsIACh IPHY TIOAIEepKKe TpaHToB aBTopa NSERC
5901 u RES0043487

A. B. MenbHUKOB
YrusepcuteT Anb0epTsl, DnMonTOH, Kanamna
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I'maBal
BBEJEHUE: ®DUHAHCOBBIE PBIHKH
N OPUHAHCOBO-CTPAXOBBIE
NMHCTPYMEHTDI

Ilepsas enasa uepaem ponv 66e0eHUs 8 MEMAMUKY U OCHOBHOU npeoMment
Hacmoswel KHueu. B ueil daémesi obwee npedcmasgienue 0 GUHAHCOBOM
PbIHKE, 00 OCHOBHBIX U NPOUZBOOHBIX YEHHBIX OYMA2AX U O C8A3U CO CIMPAXO0-
6ot undycmpuet (cm. [18], [4] —[5] u [20]).

1.1 OnpenesieHue pbIHKa

Puinok, nCTOpUYECKH 3TOT TEPMHUH aCCOLUUPYETCS ¢ OPraHU3ALMSIMHU, JIFOb-
MU U JIEHCTBHUSIMH, HEOOXOAWMBIMH JUIS OCYIIECTBICHHUS TOPTOBIA TEMH HWIIH
WHBIMH [IEHHOCTSAMU. ByZiem paccMaTpuBaTh peIHOK, B KOTOPOM MTOJIOOHBIMHU PHI-
HOYHBIMHU LIEHHOCTSIMU SIBJISIFOTCS IEHHBIE Oymaru. B aTom cirydae Takoe MecTo
WJIM TIPOCTPAHCTBO, CHAOKEHHOE OTPEIeTICHHON TOPTOBON MH(PPACTPYKTYpPOH U
I7ie OCYILECTBIISCTCS TOProBIIs LEHHbIMU OymMaramu, Ha3bIBa€TCS (UHAHCOBLIM
poinkom. B KadecTBe areHTOB (PMHAHCOBOTO PHIHKA MOTYT BBICTYTIaTh YacTHBIE
WHBECTOPHI, OaHKH, KOPIIOPALNH, HHBECTHIIMOHHBIE (PMPMBI, CTPAXOBBIE KOMIIa-
HUH, IEHCHOHHBIE (DOHJIBI U T. [I., YTO BU3yaJbHO OoTpaskeHo Ha Pucynke 1.1

:> MPOMbILNEHHbIE CTPYKTYPbI:

BaHku, CtpaxoBble KOMNaHuu
<: ®upmbl, Kopnopauuu 1 np.

nT. A

drHaHcoBbIE PbIHKU

fl

KnueHTsbl

@

INokymnka ¥ mpomaxa, BIajJeHHE W 3aMMCTBOBAaHHME aKTHBOB, IOJIydCHHE -
BUJICH/IOB M PacIpeIeCHUE KamuTaga — BCE 3TO HEMOJHBIA CIIUCOK BO3MOKHBIX
JeiicTBHiA Ha (PMHAHCOBOM PBIHKE. B HaIM JHU TTO00HBIE OTIEpaIluy TPEOYIOT pe-
IICHUS CIIOKHBIX BBIUUCIUTEIBHBIX 3a/1ad, KOTOPhIC HE MOTYT OBITh BBIIOJHEHBI
0e3 JIOMyIICHUH, XapaKTePU3YIOIINX «UICaIbHbIN» peIHOK. Hampumep, Mol mipe/-
rojiaraeM, 4To BCE OIEPaIy U TPAH3aKIUU IPOUCXOST He3aMEIJIUTEIILHO (TaKOH
PBIHOK Oy/ieM Ha3bIBaTh IUKEUOHBLM), U TIE OTCYTCTBYIOT ONIEPAIIMOHHbBIC U3JIEPK-
K (frictionless market). AKTUBBI B (hopMe TICHHBIX OyMar coCTaBJISIOT Oasuc (hu-

CTpYKTYpbI-MOCPEAHMKM: :>
&

Pucynoxk 1.1 — ®unaHcoBas cucrema
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HAHCOBOTO phIHKA. CyIIECTBYET MHOXKECTBO PA3IIUYHBIX THIIOB U ()OPM IIEHHBIX
OyMar, HO OCHOBHBIMH, WJTH TIEPBUYHBIMH, SBIISTFOTCS aKyul U 001u2ayuiL.

AKyueti Ha3BIBAIOT aKTHB, COACPIKAIIIH JT0JIF0 CTOMMOCTH KOMITaHUH. BhImyck
aKIUH OCYIIECTBIIACTCS, KOT/Ia KOMITAaHUH HEOOXOMMO TPUBIIEYH KaluTas (B OC-
HOBHOM JICHEXHBIN) JJIs yCTICITHOTO (PYyHKIIHMOHUpOoBaHusl. HBECTOP, MTOKyIaro-
IIUH aKIUio, BMECTE ¢ HEW pHoOpeTaeT M0N0 B KOMITAHWU. Banenne manHoi
LeHHOW OyMaroif 1aét e€ meprkaTesio MpaBo Ha y4acTHe B yIPABICHNH KOMITaHH-
e, a TaKXKe MoNy4yarh JUBUACHIB! TPOTIOPIIMOHAIEHO KOTUYECTBY aKIIUH.

Obaueayueri Ha3pIBAIOT (PMHAHCOBBIM MHCTPYMEHT, BBITYCKAaE€MBIH TOCY-
JIApCTBOM WJIM YACTHBIMU KOMIIAHHUSIMU B I[EJISIX TPUBICUCHUS CPEACTB IS
pa3nuuHbx 1eied. [lokymarens obmuramuu omoaém ceou Oenveu 8 0072
areHTy, BBIYCTUBIIEMY JTaHHYIO IIeHHYI0 OyMmary. [Ipu 3TOM monr momxeH u
OymeT BO3BpaleH B Oyaymem AByms crocobamu. [Ipexkae Bcero, B oTaudne
OT aKIUi, y JT000H 00IUTAllNH €CTh CPOK UCTCUCHUS 00s3aTeIhCTBA U M3HA-
YaJbHBINH 00bEM 3aMMCTBOBAHHBIX CPEICTB — HOMUHANbHOE 3Ha4eHue (TaKkxKe
M3BECTHOE KAaK OCHOBHAS CYyMMA 00/2a), KOTOPOE JOJKHO OBITH BBHITLIAYEHO
KPeIUTOPY MO NCTEUEHUH KOHTpaKTa. B momoiHeHne K 0CHOBHOM cymMMe /1031~
ra, Ha MPOTSHKEHUU BCET0 BPEMEHHU CYIIECTBOBAHUS OONHUTalNy, TTOKyIaTeNb
MOJYy4aeT KYNOHHble NAAmedcu, pa3Mep KOTOPBIX ONpPEAEiseTcss Ha OCHOBA-
HUM 3HAYCHUS OKUIAEMOU JOXOMHOCTH, YKa3aHHOH B YCIOBHUAX IEHHOHU Oy-
Maru. /J{oXomHOCTh OOJMTAIINU SBJISICTCS BAXXHBIM YUCICHHBIM HHIUKATOPOM
U1l GMHAHCOBBIX PAcd€TOB, KOTOPBIN aHAJOTHYEH OAHKOBCKOW MPOIIEHTHOM
CTaBKe KaK «BO3HArpakJICHHe» 3a MHBECTHPOBaHUE JeHer B 6ank. CTouT 3a-
METHTH, YTO oOnuramus 0e3 KyMOHHBIX IIaTeX el MOXKET pacCMaTpUBATHCS
KaK pa3MelleHne AeHer Ha OaHKOBCKOM JICTIO3UTE.

1.2 HayanbHoOe npeacTaBjieHHe 0 MATEeMATHYECKUX MOJEJISIX
(puHancoBOrO pHIHKA

[Ipennonoxum, B Ha4ambHBIH MOMEHT BpemeHn n=0 Brr pacmonaraere o0b-
€MOM JICHEXKHBIX CPEICTB BO. Torga Bel MoxkeTe pa3MecTUTh 3TH JIEHbI'W Ha
0OAaHKOBCKOM JIETIO3UTE HA OTNpPENeNEHHBIH CPOK (MEecsI, TpPWU MecsIma, ToA U T.
11.), TIOJTyYWB TAPAHTHUIO, YTO 1O MCTEUCHHUIO CPOKA TOTOBOPA (MOMEHT BpEMEHH
1), Bel momyunTe cTporo ompeneseHHbIi 10X0/, 1 Barne HadyanbHOE BIIOYKEHHE
yBennuutces Ha AB,. 3ametum, uto AB, = B, — B, B 10 *e¢ Bpemst AB, = rB,,
e # — 3T0 KO3(PPUITUEHT MPUOBIILHOCTH WJIH JOXOMHOCTH, Ha3bIBACMBIN OaH-
KOBCKOU npoyeHmHoU CmasKoll.

B 3aBucuMocTH OT TOTO, TUTAHUPYETE JIN BBI penHBECTHPOBATH (€KEMECSIIHO,
€XeKBapTaJIbHO, €KETOIHO) TOJIBKO HAYAIbHYIO CyMMY HJTH )K€ Ha4allbHYI0 CyM-
My BMECTE C HAaKOIUIEHHBIM JIOXOJIOM, Tocie # = /,2,3,... IPOMEKyTKOB BpEMEHH
BrI mosryunte COOTBETCTBEHHO:

B, =B,_1+1By=By(1+mm) um B, = B,,_1(1+71) =By(1+1)". (1.1)
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ABn _ Bp—Bn—

[Ipu >TOM OTHOUIEHUE PaBHO 7 M XapaKTepu3yeT NpUObLIb-

o . Bn-1 Bp-1
HOCTb JAHHOU ACITO3UTHOU MHBCCTUIINUMN.

3a4gacTyro 3asiBICHHAS MTPOIICHTHAS CTaBKa, pacCUNThIBaeMas Kak JJOXOITHOCTh
YKa3aHHOTO BIOXeHUS nr 1(00% B TOMOBOM HCYUCICHUH. MBI MOXEM pa3IeIuTh
JAaHHBIA BPEMEHHOM TPOMEKYTOK (B JAHHOM CITydae — rojl) Ha 71 MEHBIIIHX TIepHU-
OIIOB M PACCYUTATh JOXOJ (€KEMECSIHbIHN, eKEKBAPTAIBHBIN, TOTYTOA0BON H T.
I.) B KOHIIE KaXXJI0TO TIEPHO/Ia, B COOTBETCTBHH C YKA3aHHBIM TOIOBBIM 3HAUCHU-
em. Yarre Bcero pacuér 1mo BTOpOi, «ycinoxkuéHHOW» hopmyse B (1.1), mpuBogut
K OOJIbIIIEMy 3HAYEHMIO KalluTaa HHBECTOPa, a 3HaueHne B = B ™ MOKeT ObITh
TIOJTY9ICHO CIICTYIOITIM 00pa3oM:

r mn
B,=B"™ =B, (1 + E) . (1.2)

Korna MbI «u3MenbpuaeM» pazdoueHre rojia Ha MEHBIIINE TPOMEKYTKH, IPYTH-
MU CJIOBAMH, KOTJIa UX KOJIMUYECTBO M CTPEMHUTCS K OECKOHEYHOCTH (a pa3Mep K
HyIII0), 3Ha4eHue B ™ crpemurcs k B,e”. Takum o0pa3oM, «B Ipeesne» cymma
CpeJICTB Ha OAHKOBCKOM CYETE COCTABIISCT BETHUUHY

BY™ = Byem™. (1.3)

OTKyna criemyer, 4TO JOXOAHOCTh TAKOTO BJIOYKEHHUS TOCTOSTHHA U paBHA TIPO-
IIEHTHOM CTaBKeE 7.

[IpencraBnenHsie BBIINIE TPU METOAA pacuéra JOXoja Ha3bIBaIOT COOTBET-
CTBEHHO: npocmot, ciodxchwiil u Henpepuighoiii. opmynsr (1.1) — (1.3) mo3Bo-
JISIOT PACCYUTATh CYMMY Ha OAHKOBCKOM cuéme MHBECTOPA M BEIPAYKAIOT 3aBHCH-
MOCTH CTOMMOCTH JIEHET OT BPEMEHHU.

C npyroii cTOpoHBI, Mesi OAHKOBCKYIO MPOIEHTHYIO CTaBKy R, y MHBECTOpa
€CTh BO3MOKHOCTb BJIOXKHUTH CyMMy (I — R) B, B MOMEHT BpeMeHH 1, 4TOOBI, K
IpUMEPY, TIONYYHTh B, CIyCTs TOA. DTO SKBMBAJIEHTHO BBITYCKY OOJMIraluu C
HOMHHAJIOM B, KOTOpBIH Oy/IeT BBHIIUTAYEH MOKYIATEIH0 KOHTPAKTa 4€Pe3 TOJ.
OpnHako B Hacmoswuii Momernnm CTOUMOCTh OOJUTAIMK HIDKE 32 CUET pasMepa
KpeAUTHOM cTaBKM R Ha paccMaTprBaeMbIi iepuon, m = /. Takum oO6paszom, Te-
KyII[ast IIEHA MOKET OBITH ONPEJIETIEHA C TIOMOIIBIO hopmyibl (1 — R) B, koTopast

OTPAXKAET OUCKOHMUPOBAHHYIO CTOUMOCTh —1-. B pe3ynmbrare Mbl MOXKEM pac-
1+r
cMaTpuBaTh OAHKOBCKUH CUYET Kak OECKYMOHHYIO OOJUTaIMIO B KAYE€CTBE Oe3pu-

CK08020 aKTHBa Ha (GPUHAHCOBOM phIHKE. OTCYTCTBHE HITH IPEHEOPEKUMO MaJIbIit
pa3mMep KoseOaHUi MPOLEHTHBIX CTAaBOK XapaKTepHU3yeT cmabuibrocms (HUHAH-
COBOHM M 9KOHOMHMYECKOW CHCTEM, JJISi KOTOPBIX COOTBETCTBYIOIINN OaHKOBCKUN
JIETIO3UT CITYKUT MPOCTEHIIINM Oe3pUCKOBBIM HHCTPYMEHTOM. Ha npakTrke naH-
HOE€ YTBEpXKJICHHUE JEMOHCTPUPYET I'PaHULIb] UCANIN3ALUN MATEMAaTUYECKUX MO-
neneit Ha pUHAHCOBOM pBIHKE.

®opmyns (1.1) — (1.3) mOKa3BIBAIOT 380MI0YUI0 BPEMEHHOU YEHHOCMU OeHez,
BHOCSI TPYIHOCTH B PAcueT aHHYUmMemnbvlx niamedyceti. IT0 peTyispHbIE IIaTe-
XKH, KOTOpBIE OyIyT POUCXOIUTH C ONPEICIEHHON IEPUOANIHOCTBIO B Oy/IyIIeM
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(marmpumep, apernHas mata). O603HaYUM H3BECTHBIE B HACTOSAIINI MOMEHT Oy-
nymue mwiarexu f, f ... f . B coorBeTcTBHM ¢ (hOPMYIION JUIst pacdeTa CIoK-
HOTO TMPOIEHTa, MBI MOJKEM PACCUUTATh TEKYIIYI0 CTOMMOCTh A% TIIaTexa Kak

fi . .
ﬁ. Taxum o6pazom, o0ITIast CTOMMOCTH BCeX OYMyIIIX TUTATSKEH Ha TEKYITUI

MOMEHT paBHa

fl f2 fn
ot yitarm T T Ao

DaxTHYECKH TAKOTO POJia apupmemuieckue pacyemyl, ONPENCISIIONINE aHHY-
WUTETHBIC TUIATS)KH, U COCTABIISUTM OCHOBHOM TIpeIMeT (DMHAHCOBOM M CTPaxoBOI
MaTEeMaTHKH BIUIOTH J0 cepenuHbl 20 Beka.

Hapsiny ¢ 6e3pucKkoBBIM 0aHKOBCKHM JICTTO3UTOM, BTOPHIM 0a30BBIM JJIEMCH-
TOM (PMHAHCOBOTO PHIHKA SIBIISICTCSI aKITHSI, KOTOPAast MMPEACTABIISIET COOOM Topas3no
OoJiee BONMATUIILHBIN U, KaK CIIEACTBHE, O0Jiee pUCKOBBIM akTuB. O003Ha4YMM S
IIEHY aKIIMA B MOMEHT BPEMCHH /1. TakKe OMPEIeIINM JTOXOTHOCTh (HOPMY MpH-
OBLIN) AKIMK B TEUEHHE HEKOTOPOTO MPOMEXKYTKA BPEMEHH Kak p, =3n-Sn=i

Sn—
rae n = 1, 2,... Torna meHa akiuu yIOBIETBOPSIET CIEIYIOIIEMY ypaBHeHI/ng:1

Sn = Sn-1(1 + pn). (1.4)

banxoBckuit nenosur (1.1), mporienTHas craBka » u neHa aku (1.4) ¢ mepe-
MEHHOH TOXOMHOCTBIO Pn (POPMUPYIOT Mamemamuyeckyro mMooeib YuHaAHco80-
20 pbIHKA.

Ha n3meHenue HeHbl aKMK S| BIMACT MHOXKECTBO (DAKTOPOB, KOTOPHIE 3a4a-
CTyIO0 OBIBAaeT CIOKHO ompeneiuTh. byaem ropoputh 06 3Tux ¢akTopax Kak o
Heonpedenennocmu (Cryuaunocmu) u uaeHTAGUIUPOBaTh S (WM Pn ) CO Cay-

YQUHOU 6EIUYUHOU. AHAIOTUYHO NOXOIHOCTHA OAHKOBCKOI'O IEIO- 3UTa
ABy,

r= , Pn — 3710 EPEMEHHAS JOXOIHOCTh PUCKOBOTO aKTHBA (HAIpUMeEp, aK-

By_
LII/II/I).n BlBI/I,Z[y TOTO, 4TO Pn HM3MEHSETCS HA KAXKJIOM MPOMEKYTKE BPeMEHH (B
KaxJplid n = [, 2,.. M T. J.), MBIl MOXKEM B3SITh BCE PA3JIUUHbIC 3HAYCHUS [I U BbI-
YHCIIUTh UX CPETHEE [ , TOTA KAXKI0C 3HAYCHUE JJOXOTHOCTH OYy/IeT OOIBIIE UITH
MeHble cpeanero. [To Mepe Toro, kak Mbl OyJieM yMEHbIIATh pACCMAaTPUBACMBIC
MPOMEXYTKH BPEMEHH (HAIpPUMEp, BMECTO ©KEMECSUHBIX W €KEHEICTbHBIX
3HauUeHHH OyJIeM pacCMaTpUBATh CTOUMOCTh aKITUK KaXK/IbIH 9ac, MUHYTY, CEKYH-
Iy U T. [1.), KoJieOaHust JOXOAHOCTH aKIMK OyTyT CTAHOBHUTKLCS BCE Ooliee u Ooee
xaoTn4HbiMU. Ha mpuBeneHHoM Hike PucyHke 1.2 moka3aHO BO3MOXKHOE JIBH-
JKCHUE JIOXOTHOCTH aKIIMH, KOTJa pacCMaTPUBACMbIC BPEMEHHbBIC MPOMEKYTKH
Pa3zeNsIoTCsl CHOBA M CHOBA, (POPMHUPYS HEMTPEPhIBHBIN BPEMEHHON MHTEPBAL.

@opMaIbHO B MOJIETIU C HETIPEPBIBHBIM BPEMEHEM B KaX/Iblii MOMEHT BpeMe-
HHU ! 3HAYEHHUE JOXOJAHOCTH MOYKHO NPEJCTABUTh B CIECIYIOLIEM BUJE:

u+oW, t=0, (1.5)
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UHAHCOBbLE PBIHK M MHLIH 060-CIMpaxoesble UHCMPYMeHNbl

IIe [ — CPEemHSS JOXOTHOCTH/HOPMA JTOXOAHOCTH, ¢ — BOJATHIHLHOCTH/U3MEH-
YUBOCTh, @ W — rayCcOBCKHiA Gelblif IIyM — MOHSTHE, YacTO HCHOIb3YeMOe B
MaTeMaThKe, PU3NKEe W TEXHUKE IS OMUCAHUSA OCCIIOPSIIOYHOTO XaOTHIHOTO
JIBUIKECHMSI.

llll IRt AT e T
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Pucynok 1.2 — OTHOCHUTEIbHAS TOXOAHOCTD aKIUU

Kaxnast w3 map popmyn (1.1) u (1.4), u (1.3) u (1.5) mpencrasnser coot-
BETCTBCHHO OUHOMUANLHYIO U Ouhysuonnyio Momenn (pUHAHCOBOTO PHIHKA,
KOTOpBIE YacTO HAa3BIBAIOT Moolenvio Kokca-Pocca-Pyounwmetina 1 mooensio
brnoxa-Lloynca.

1.3 IIpousBoaHbIC HHCTPYMEHTHI U MPOOIEMaTHKA
(puHAHCOBBIX pacuéToB

Y49acTHUK pBIHKA IIEHHBIX OymMar MOJKET WHBECTHPOBATH CBOM CPEICTBA, BHI-
Oupas ornpenenéHHbIe KOJIMYECTBA PA3INYHBIX aKTHBOB, JTOCTYITHBIX Ha PHIHKE.
Bynem HasbIBaTh 3TOT HpPOLIECC POPMUPOBAHUEM UHBECHUYUOHHO2O0 NOPMPEs.
uneecmopa. Pemienue o TUME M KOJMYECTBE aKTHBOB B MHBECTHIIMOHHOM TOPT-
(este sBIIsIETCS OCHOBOMN YIIPABJIECHUS KalluTaaoM. JItoOble H3MEHEHUs B COCTaBe
noptdens AOKHB MUHIMUA3UPOBATH WM OTPAHUYUBATH PUCK OT (PHHAHCOBBIX
oTIeparyii, BIUSIOMINX Ha ATOT MOPT(EIh, a caM MPOIecC BBEACHNS 3TUX H3Me-
HEHUH Ha3bIBACTCS XCOHCUPOBAHUEM.

Cpeny Bcex MHBECTHIIMOHHBIX CTpaTerwii (MHBECTHUIIMOHHBIX TOpTdeneii),
0c000€ MECTO 3aHUMAIOT T€, KOTOPBIE MPUHOCAT MPUOBLTH U He TPEOYIOT Hauab-
HBIX BJIOKEHUH KanuTana. BO3MOXXHOCTB CyIIIeCTBOBaHUS MOJOOHBIX CTPATETHIH
MOKa3bIBAET HAM4UNE apoumpasxca (apOUTPaKHONW BOSMOXKHOCTH) Ha (PUHAHCO-
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BOM DBIHKE, 9TO O3HAYaeT HECTaOMIIBHOCTH PBIHKA M, CJIEOBATENbHO, €TO He-
cnpagednugocms. Moneu, 3BpUCTHYECKH OMMMCAHHBIE BHIIIE, HCATN3UPOBAHEI
1 He JIOMYCKAIOT CYIIeCTBOBAHHS apONTPaKHBIX BOSMOKHOCTEH.

Pa3Butne mccnenoBanmii (PMHAHCOBBIX PHIHKOB IMO3BOJIMIIO WX yYaCTHHKAM
WCIIONIB30BaTh OOJiee CIOKHBIE WHCTPYMEHTHI, MMOCTPOCHHBIE HA OCHOBE JBYX
0a30BBIX aKTHUBOB — akiui W obmuranmii. Takue neHHsle Oymaru ((opsapmsl,
(bprOYEpCHI, OMIIMOHEI H T. [I.), HA3BIBAEMBIE NPOUZEB0OHBIMU YEHHbIMU OyMazamu
(Oepusamusamu), IPUBJICKAIOT HBECTOPOB CBOCH HEBHICOKOH 1eHOU. [Ipon3Bo-
THBIE [IEeHHBbIe OyMaru MOTYT YBEIMYUBATh JIUKBUIHOCTb PHIHKA W BBITTOTHSTH
CTPaxOBYIO POJIb B CITy4ae MOTEPh W3-3a HEYIauHBIX HHBECTHUIINH.

Hanpumep, paccMoTpuM KOMIaHHUIO A, KOTOpas TUIAHUPYET MPHOOPECTH aK-
M0 KoMnaHud B B koHIile Tekymiero roaa. Ilena akiuu komnanud B k KoHILy
rojila MOXKET KaK YBEJTMYUTHCS, TaK M CTaTh MeHbINe. TakuM 00pa3zoM, 4TOObI 3a-
IIUTHTH Ce0s OT MOBBIMIEHUS! CTOMMOCTH MOKYIKH, KOMIAaHH A MOIIMUCHIBAET
¢opsapOonblii KOHTPAKT ¢ KommaHuei B. B cOOTBETCTBUYM C YyCITOBUSMHU TaKOTO
KOHTpaKTa, A 00s3yeTcsl KyIuTh akiuio B 1mo 3apanee onpeneinéHHon GUKCUPO-
BaHHOU cTonMocTH F B KOHIIE Toza.

Temeps paccMoTpuM Apyroi cirydaid. JlomycTim, KoMmaHust A yke Biajieer
akuuel komMmaHuu B, m A pe3oHHO XO4UeT 3alIUTHUTHCS OT BO3MOXKHBIX TIOTEPH
B CiIy4ae TajeHus cTouMocTH akmuii B. Iloatomy A mpumoOperaer onyuon Ha
MPOAXKy y KOMITAaHUH B — cornamienne, B COOTBETCTBUH C KOTOPBIM KOMITaHUS A
umeem npago NPOJATh AKLUIO KOMIIAHUU B 110 3apaHee yTBepk1€HHON 1ieHe K B
KOHIIE TO/1a. 3a 3Ty BO3MO)KHOCTH MIPOJIAXKH (HO HE 0053aTeIHCTBO) KOMIAHHS A
IJIaTUT KOMITAHUU B npemuro, KOTOPyIo Ha3bIBAIOT CTOMMOCTBIO OIITHOHA.

Dvroyepcublii kKonmpakm oao0eH GopBapaHOMY COTIIANICHUIO, OJHAKO, BME-
CTO TOTO YTOOBI MOJMHCHIBATh KOHTPAKT HANPAMYIO APYT C APYTOM, KOMIaHUA
OCYIIECTBISIIOT CAENKY Yepe3 KIUPUHSO8YI0 naiamy — OTACN Oupowcu, crierua-
JTU3UPYIOIINICS Ha YIPaBIEHUH CIEIKAMU MO IMPOAAKE PA3IMYHBIX TOBApOB,
(bMHAHCOBBIX MHCTPYMEHTOB, CEPBHCOB U T. Il. Bce KomMMepueckue orepanuu
Ha OWprke MPOBOAATCA Yepe3 OpPoKepos — MOCPETHNUKOB, COSTUHSIONINX BMECTE
VHANBUIYaJbHBIX HHBECTOPOB M (DMPMBI [T 3aKIIFOUeHHs] KOHTpakToB. [lepBas
oupxa, cienuanusupyromasics Ha Toprosie onmuonamu, CBOE (Chicago Board
Option Exchange), 6p11a oTKpbITa 26 anpens, 1973, u k koHIly nmepBoro padodye-
ro gas Obuto moamucaHo 911 KOHTPAKTOB (KaX bl KOHTPAKT MPEICTABIISCT U3
cebs 10T u3 cta akiuii). C 1973 roga peIHOK MPOM3BOAHBIX IIEHHBIX OyMar cTpe-
MUTENBHO PacTET. OTPOMHBIN KamnuTaj OT pacTyIIero KoaudecTsa (pupm-ydact-
HUKOB PBIHKA ¥ TPOMAaJHOTO 00BhEMa COBEPIIAEMBIX C/IEJIOK YBEITHYHUBAIOT BO-
JATUIBFHOCTH (PMHAHCOBOTO PHIHKA M MPUBOJAT K OOBEKTUBHONW HEOOXOIMMOCTH
Pa3BUTHS MOOeell pbIHKA CO CAVHAUHbIMU (hakmopamy sl OIIEHKH CTOMMOCTH
aKkTUBOB. Ha cerogHsmHmii 1eHb crmoxacmuueckuii aHaiu3 u Cmamucmuxa ciy-
YQUHBIX NPoOYeccos, NIH, TOBOPS Oojee TPaIUIIHOHHO, Meopus 8eposamHocmel
U Mamemamudeckas CMAmucmuka WTPaloT IEHTPANbHYI0 Poiib B pa3paboTke
aJIeKBaTHBIX MOJIeTIel (pMHAHCOBOTO PHIHKA.

Cpenu Bcero MHOTOOOpa3us IIEHHBIX OyMar Har0oJiee BAYKHBIME C MaTeMaTH4e-
CKOM TOUKH 3pEHHS SBISAIOTCA ONYLUOHbI — IPOU3BOIHBIC IIEHHBIE OyMaru, rapaHTH-
pYIOIIHE BIIAIENbITy MTPAaBO KYMHUTh aKIUIo (onyuon nokynameis Wy onyuor call)
T10 3apaHee omnpeneI¢HHON 1leHe K B MOMEHT UCTEUCHUS cpoka omroHa. OTMe-
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THM, YTO MPABO 1po0ams aKIUIO JEKIAPUPYETCS ONYUOHOM NpoOasya Wil Onyuo-
nom put. cnonrenue onmuona call BiedéT 3a co0oi miaréx B pasmepe (Sr— K)*
= max(0,Sy — K) . COOTBETCTBEHHO, J/IsI OMIMOHA put pa3Mep IIaTesKa Ornpeess-
ercst kak (K —S7)*. IIpu 5TOM OCHOBHOI 3amaueill KaKk ¢ TEOPETHYECKOM, TaK M ¢
MPAKTUYECKON TOUKH 3pEHMS SIBISIETCS OTBET Ha BOMPOC: KaKOBa IIEHA KOHTpPaKTa
Cr (Py) Ha meKywui MomeHm epemenu? 3aMETUM, UTO B KaUE€CTBE PEILICHNs 10CTa-
TOYHO HaiTh C;r WM Pr, IOCKOJIBKY B KaXKIIOW U3 YKa3aHHBIX BBIIIIE MO):[CJ'ICII/\;I BbI-
TIOIHEHBI coomHoutenus napumema Pr = Cp — S +m u Pr=0Cr—3S, +97 .B
JIOTIOJTHEHHE K TOMY, pacCUNTaHHBIC BeTHIHUHBI C; (Pr) JOIHKHBI OBITH CIIPABEl-
JINBBIMH, HE TIPUBHOCS apOUTPAKHBIEC BO3MOKHOCTH B CYIIECTBYIOIIYIO CHCTEMY
PBIHOYHBIX IIeH (MPUHINI 0€3apOUTPaKHOCTH).

B ciyyae GmHOMHATHEHONM MOJAETH CYIIECTBYET JBA BO3MOXKHBIX HAIPABICHUS
W3MCHEHHUSI CTOMMOCTH aKIMU: IIeHa JTMOO BO3PAcTaeT C BEPOSITHOCTBIO P, JIMOO
YMEHBIIIACTCSI ¢ BEPOSTHOCTHIO 1 — p B KOHIIE KKIOTO Teproaa. Takum o0pazom,
JIOXOTHOCTb KUK P NpMHMMaeT 3HaueHue b B p-100% ciyuaes u 3HaYeHUE
aB (1—p)-100% ciyyaes, IpU YCIOBUU b > 1 > a > —1. TouHast CTOUMOCTb OII-
nuoHa call B OuHOMUANBEHON MoJieNn onuckiBaercst popmynoit Koxca-Pocca-Py-
ounwmetina (1976):

T

k!
— ~k _ ~\T-k
Cr =5 Z =i =P
k=k0

T

k!
— K+ Z @ A
k=

_r-a « 1+b
rme k! — mpousBenenue Beex uncen 1, 2, .., k, p” = —, P=p ¥ ko — Hau-

1+p)/
MEHBIIIEE LEI0e YUCII0 J, TIPH KOTOpoM So(1+a)” (—) CTaHOBMTCS OOJIBLIE YEM

1+a
K.

OnHako U3HAYaIbHO OTBET HA BOIPOC O CTOMMOCTH OIIIMOHA ObLIT HAWJICH JUTSI
muddysnonHon moaenu bimkowm, [lloyncom n Mepronom B 1973 roay:
(o2

2
an+T(r+2) o an+T( 7)
_Ke CD ’

T oVT

CT = So(p

1 x 2
e ®(x) = ;f_me 2dy — (hyHKUMS CTaHAAPTHOTO HOPMAJIBHOTO pachpesese-
HUsl. Ba)KHOCTB 3TOTO OTKpBITHS ObUIA OTMEUEHA MpucyxkaeHueM P. Meprony u
M. Illoyncy HobeneBckoii [Ipemun B oOmacti skoHOMEKH B 1997 Tomy.

CTOUT OTMETUTH, YTO HCTOPHUYECKH MIEPBOE CTPOTO MareMaTHUECKOEe OTHCa-
HUE pacuéTa CTOMMOCTH omiroHoB Oputo Aano JI. bamense B 1900 roqy B ero
3HAMEHUTOU ceiuac pabote «Teopus cnexyiayutiy. OqHAKO B TO BpeMsI HE ObLIO
MIPUAAHO OOJBIIOTO 3HAYCHUS TOJO00HBIM pacdéTaMm. TobKO B cepeIHE MIeCTH-
JIECSITBIX TOJIOB M3BECTHBIM SKOHOMHUCT P. CaMyd3/bCOH «IEPEOTKPBUD) padboTy
Bamenbe ¥ npeoKuII 3KCIOHEHIHANBHY 0 (hopMy Mojienu baienbe, Ha3biBa-
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emyro I'eomerpuueckiM BpOyHOBCKUM JBM)KEHHEM W MaTeMaTHUYCCKU SKBUBA-
JeHTHY0 Moaenu bika-Ioyica.

Kak yxe ObLI0 YIIOMSIHYTO BBIIIIE, OMIIHOHBI U IIPOYHE TPOU3BOHBIC [ICHHbIC
OyMaru MOT'yT BBIIIOJIHSTH POJIb CTPAXOBOI'O KOHTpAKTa. B oTinume ot Tpaauiiu-
OHHOTO CTPaxOBOI'0 COMJIAIICHHUS, IPU KOTOPOM KIIMEHT «IPoAaér» CBOW PUCK
KaKOM-1100 CTPaxoBOW KOMITAHUH, CHIPAXO8AHUE HOCPEOCEOM ONYUOHO8 (XeI-
JKUPOBAHKE) MPEIIoaracT pa3MeIleHHe dTOr0 pUcka Ha (PMHAHCOBOM PBIHKE C
BO3MOYKHOCTBIO CJICAMTD 3a [IEHAMH aKIIUi U KIMETh BO3MOYKHOCTh pearipoBarh B
COOTBETCTBHUHU CO CKJIAJIBIBAIOIICICS CUTYyallMel Ha PhIHKE. DTO OJMH U3 MPUME-
POB TOTO, KaK MIPOUCXOIUT B3aUMOJICHCTBHE (DUHAHCOB U CTPAXOBAHUS.

AHaju3 PUCKOB, UX OIMCAHUE U CTPYKTYPUPOBAHHME — BaKHEHINNE 3a/1a4d B
cTpaxoBaHMH. Pasnen cTpaxoBaHMsl, CBA3aHHBIA C BBIUMCIUTEIBHBIM aHATH30M
Pa3INYHBIX CTPAXOBBIX MPOAYKTOB, HA3BIBACTCS AKMYapHOU HayKot, a npodec-
CHOHAJIbI JAHHOU 00nacTu — axkmyapusmu. CTpaxoBas HHILYCTPHS SIBJISICTCS BaX-
HOM 4acThio (PMHAHCOBOM CHCTEMBI U, CIIEA0BATEIIbHO, HEU30€KHO OKa3bIBACTCSI
B ee TpeHae. JluHamuuHasi puHAHCOBAS Cpejia MOATAIKMBAET CTPAaXOBbIe KOMIIa-
HUU K padoTe Ha (PMHAHCOBBIX PHIHKAX. lIporiecc IBOIOIUN 3acTaBIseT CTpa-
XOBbIe (DUPMBI CO3/1aBaTh HOBBIC THIIbI KOHTPAKTOB, OCHOBAHHbBIC Ha PHCKOBBIX
aKkTUBax (PMHAHCOBOTO PBIHKA. JTH WHHOBAIMOHHBIC (HDMHAHCOBO-CTPAXOBBIC
HMHCTPYMEHTBI CTaJIH JJIs1 CTPAXOBOH MH/YCTPUH OJHUMH U3 CaMbIX pacipocTpa-
HEHHBIX aKTUBOB B TIOCJICTHUE NECITIIICTHS U TIOTYYWIH HAa3BaHue equity-linked
life insurance contracts, KOTOpbIC MBI OyZIeM Ha3bIBATh cUOKUMU (CMEUAHHBIMU)
cmpaxoevimu kKonmpaxmamu. Takum o0pazoM, 4TOOBI OCYIIECTBISITh aJICKBAT-
HbIC BBIYUCIICHUS [TPEMUIN U PUCKOB, HEOOXOMMO UCITIOJIB30BaTh CHHTE3 METO/I0B
MaTeMaTHYECKUX (PMHAHCOB M aKTyapHOU HayKH.
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bHASL MOO€Eb U C6A3AHHbIE C HeU NOHAMU. AKMBL U3 Cmoxacmuieckozo anaiusa

InaBa2
BUHOMMAJIBHAS MO/IEJIb U CBSA3AHHBIE
C HEA ITIOHSATUSA U PAKTBI 3
CTOXACTHUYECKOI'O AHAJIN3A

Bo emopoii enase onpeoensemest u 6cecmoporte uzyuaemcst OUHOMUATbHAS
MoO0enb puiHKa. bonvuoe mecmo yoensiemces 6onpocam mexHuKu cmoxacmuye-
CKO2O AHAU3A, 8 PAMKAX KOMOPOU YCMAHABIUBAEMC S Oe3apOumpadcHocmy
MO MOOenU, MAPMUHLATILHOE NPeOCmAasieHue, MAPMUHSATIbHASL XapaKme-
puzayust CamoUHaHCupyemvix cmpamezuti, Gopmyna niomuocmu OJis eOuH-
CcmeeHHoU mapmuHeanibHo mepul (cm. [4], [6], [3], [18] a makoce [27]).

2.1 OnpeneJsieHue U NepBoe ONMCAHUE
OMHOMHUAJILHOM MOJEJIM PbIHKA

Bunomuanvhas modens poinka (B, S), Taxxke M3BeCTHas Kak Mojens Kok-
ca-Pocca-Pybunwmetina, onpeaenseTcs CIeIyOIMNMU YPaBHEHUIMHU TUHAMHAKH
IIeH Ha WHTepBaje BPEMEHH 0 MOMeHTa N:

AB, =7Bp_q, ASy = pnSp_1, n=1,2, .., N, By, So>O0. 2.1

3nmech Sp > 0 — HaganmbHAasE CTOUMOCTD aKINH, B, — Ha9aJIbHast CTOUMOCTD €TH-
HHUIIBI 6AHKOBCKOTO J1e1to3uTa B. JIJIsT MPOCTOTHI BEIYUCICHUH MBI OOBIYHO OyZieM
CUMTaTh, UTO B, = 1. HeoTpumarensHas kKoHCTaHTa r 0003HAYAET MPOIICHTHYIO
CTaBKy, KOTOpas CBs3aHa CO 3HAYCHUSIMH a < b TOXOAHOCTU aKIIUU Pn HEPABCH-
CTBOM —1 < a < r < b. Iy TOrO 94TOOBI CMOACIUPOBATH PUCKOBOCTH Pn (COOT-
BETCTBEHHO, Sy), mpeanonoxuM, 4to (Pndn=1,2,.,N — 5TO MOCIEAOBATENHLHOCT
HE3aBUCUMBIX CIyYalHBIX BEJIUYHMH C pacmpesaesienneM bepHymm, mpuHUMAaio-
IIMX 3HAYEHUS b ¥ a ¢ BeposaTtHOCTRIO p € (0, 1) u (1 — p) coorBeTcTBenHO. [Tapa-
MeTp p Oymem Ha3wIBaTh napamempom bepnyinu. BeposSsTHOCTHOE TPOCTPAHCTBO
(Q, F, P) B 1aHHOH MOJEIH ONPEACIACTCS CIACIYIOIIUM 00pa3oM:

Q = {a, b}V — IPOCTPAHCTBO MOCIEAOBATEIBHOCTEH w = (wq, Wy, ..., Wy) JTH-
HBI N 3JIEMEHTBI KOTOPBIX IIPUHUMAIOT 3HAYCHUS @ WA b ,

F = 2% — gabop BceX BO3MOYKHBIX TIOAMHOXKECTB (1,

P(@) = p 100 (1 - )t el () = |

— MHJMKATOpHAs (PyHKIIMs MHOXKeCTBa C.

Bonee Toro, Oyaem onuchiBaTh TMHAMUKY II€H Ha pbIHKe (2.1) kak nHopMma-
LUOHHBIN MOTOK (Fy)p=o,1,..n Fo =19, Q}, rne g kaxgoron =1, 2, ..., N ce-
MEHCTBO F,, TOTHOCTHIO OTIPENENCHO (0k) k=1, 2, ., n (COOTBETCTBEHHO, (Sk) k=0, 1, ., n )-
IMotokx nadopmanun (Fuin=o,1, .. v Takke Ha3BIBACTCA hurbmpayueil.

1 ecmux €C
ectnx € Q\C
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Takum 00pa3oM, UCTIONB3Ysl BBEAEHHBIE 0003HAYCHHUSI, MBI MOKEM TOBOPHUTD,
4TO PBHIHOK (2.1) onpenenéH Ha BEPOSITHOCTHOM TpocTpaHcTse (Q, F, P) ¢ puiib-
Tpauuent (F)n=o,1,., n» WIK, APYTUMHU CJIOBAMH, HA cmoxacmuyeckom basuce

(Q F, Fdn=o,1, ,nP).

3ameuanue 2.1. Bropoe ypaBHenune B (2.1) MoXeT ObITh TIEpEeNMCaHO B Clie-
JYIOLIEM BUJIE:

u-S,-
Spn=~04pn) Sp-1 = {d . S:_ia (2.1°)

meu=1+bud =1+ a OTPaKAIOT IBIKCHUE CTOUMOCTH aKIINH «BBEPX (Up)» U
«BHU3 (down)». Onmcanne bmHOMHATEHON Momenu (2.1) B popme (2.17) mmupoko
WCTIONIB3YETCS B INTEPATYpe, U BpeMs OT BpeMeHH Oy/IeT MCII0Ib30BaThCs Jalee.

2.2 Dj1eMeHThI JUCKPETHOI'0 CTOXACTHYECKOI0 AHAJIU3a

[TonsTHE cTOXacTHUECKOTO Oa3nca — KITF0YeBas KOHIICTIIIHS CTOXaCTUYIECKO-
TO aHaJIM3a, HA OCHOBE KOTOPOW CTPOUTCS APPEKTUBHAS TEXHHUKA IS U3y UCHHS
MHOI'UX aCIICKTOB q)HHaHCOBI)IX " CTPaxOBBIX KOHTPAKTOB. B c¢Bs3u ¢ aTHM cae-
JIaeéM HECKOJIbKO BaXKHBIX 3aMEYaHUH.

PaccmarpuBast mocnenoBaTeslbHOCTD CIIYYalHbIX BEIUYMH (X,)n=0,1,.. Ny HA
Q, F, (F)nen P), MBI OOBIYHO TIpEIIONAraeM, YTO DBOJIOIMSI STOU MMOCIEI0Ba-
TEJTHLHOCTH COTJIacOBaHHA ¢ (umbTpanueii (F,), 9To 03HaYacT:

X,, TIOTHOCTBIO OTIpefiesieHa mocpenctBom (F,), To ectb X, — (QyHKIUS OT
P1, s Pn (COOTBETCTBEHHO, St ) Sy ), wn X, — (F,)-m3mepumast (byHKuH;I

B ATOM cITydae 10CIIe10BATENHHOCTD (X,,) Ha3BIBAIOT CO2NACOBAHHOU C (DUlb-
mpayueti (F,) WIN TIPOCTO cmoxacmuyeckou nociedosamenvHocmoio. CToxa-
CTHUYECKasl TOCIeAOBaTeNbHOCTh X = (X,, F,) npedckasyema, €cid X, TOIHO-
CTBIO OIIPENEIACTCS NOCPEACTBOM F,,_;, n=1, 2,

ITomumo TIpencka3yeMbIX MOCIEAOBaTeIFHOCTEH MBI Takke OymeM paccma-
TPUBATh APYTOM KJAacC CTOXaCTUYECKHX IocienoBaTesibHocTel X = (X, F,), Ha-
3BIBACMBIX MapmuHeaiamy. A AMEHHO, CTOXaCTHUYECKas IMOCIICIOBATEILHOCTh
X = (X,,) Ha 3amanHoM croxactuueckoM Oasuce (Q, F, (F)n<n,P) Ha3bIBacTCs
mapmuneanom (wna P -mapmuneanom), €CIu

EXp|Frn_1) = EXylpr oo pPn—1) = Xn_q AnsaBcexn =1, 2, ..., N.

Hcnons3ys maptunaran M = (M,)n<n, My = 0 U nipeacka3yeMyro mocienoBa-
TeTBHOCTD A = (Ap)nen, 4o =0, AA, = 0, MBI MOJKEM CKOHCTPYHPOBATH JBE 0O-
JIee CIOKHBIE TIOCIIEIOBATEIILHOCTH:

X, =Xo+ A, +M, n=0,1, ... 2.3)

B cnyuae (+) E(X,,|Fp—1) = Xpn_1, @ B cinyuae (=) E(X,|Fp_q) < X,,_1. Taxue
CTOXAaCTHUYECKHE MTOCIICIOBATEIEHOCTH HA3BIBAIOTCS CyOMapmuneaiamu i cynep-
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MapmuHneaiamuy COOTBETCTBEHHO, a WX IMPEACTaBICHUS (2.3) Ha3BIBAIOT pa3io-
oicenuem /[yoa.

CornacHo dopmyie (2.2), mrodast BeposTHOCTHas Mepa P B momenu (2.1) xa-
pakrepusyercs napamerpom beprymu p € (0, 1). CnenoBaresbHO, AJs IBYX Be-
POSTHOCTHBIX MEp P ¥ P MO)KHO OTIPEAETUTH MOJIOKUTEIBHYIO CITydaifHyIO BEJIH-
ynuny Zy = Zy(w), @ € Q clexyomum oopa3om:

I Iy (@)

ZN((U) =

o) _ (ﬁ) (2.4)

Plw) \p

(1 p) 1 1I{a}(wi)
D .

1-p

Cnyuaiinas Benmumna Zy B (2.4) mossonser Boipasuth P(A) mns moGoro
A€ Fyxax P(A) = EZy - L. Taxas BeMYMHA HA3BIBACTCS NIOMHOCMbIO Mepbl
P 110 oTHOMIEHHIO K P. Ucrionb3yst Zy, HECTI0XKHO JOKa3aTh, YTO JJIST JTFOOOH CITy-
YaifHON BeTMYUHBI X BBITTOJTHACTCS CIEAYIOIIEE NPABUI0 3dMEHbl 8EPOAMHOCHI-
HOU Mepbl 8 MAMeMamuyeckom OXCUOAHUU:

EX=EZy-X. (2.5)

Taxxe HETPYTHO TOKA3aTh aHATIOTUIHOE (2.5) npasuio 0is yCcio8HbIX Mame-

mamudecKkux oofcudayuu I/ICHOJIB3y5[ TaK Ha3bIBAEMYIO JIOKAJIbHYIO NJIOMHOCNb
Z, =E(Zy|%), n=0,1,

EX|Fp-1) = EX - Z32y - Zy|Fna). (2.5)

Ucnonw3ys mapamerp p mozpenu (2.1), Bbl6epeMaz[pyr0H napameTp bepHyiu
P, yIOBICTBOPSIOLIHIT COOTHOWICHHIO: f = p* = —. DTOT MapameTp 3a1a€T KaK
BEPOSITHOCTh P*, TakK ® JIOKAJBHYIO IUIOTHOCTh (Z})np<y. OO003HAYNM

n = bp +a(l —p) =u u c nomomsto (2.5) Beraucium E*p, = EZyp, =r. U3
IIOCJIETHETO PABEHCTBA CIIEAYET, UTO cyMMa my, = Y-, (p; — 1) sABNIsAETCS P*- MapTHH-
ramoM. Oka3bIBacTCsI, ITO JIFOOOU Mpyroit P*- MapTHHTATl M = (My)p<y, Mo =0,
MOYKET OBITh MPEICTABIEH KakK:

My, = Yk=1 prlmy, . (2.6)
CootHotenue (2.6) Ha3BIBACTCS MAPMUHEATILHBIM NPEOCTNABNEHUEM.
st mokazarenscTBa (2.6) 3aMEeTHM, 9TO

Mn(w) = fn(P1((U), Pz(w)' L pn(CU)),

e f, = fa(x1, ., x,) — QYHKIUH OT X) TPUHUMAIOIINE 3HAYEHUS b WM
n=1, 2, .., N. CoorHomenue (2.6) MOXET OBITh IPEIICTABIICHO B TEPMUHAX

MpupameHnit Amy, = my, —my,_;:

AMy (@) = ¢p(w)dmy, (2.7)
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YTO SKBUBAJIEHTHO CUCTEME CIEAYIOUINX YPABHEHUM:

fa(p1(w), ..., pp_1(w), b) — fn—l(pl(w)' ey pn—l(w)) = gp(w)(b—71),
fu(01 (@), oo, o1 (@), @) = fruea (1 (@), ooy P—1(®)) = @p(w)(a—T7).

W3 710l cucTeMbl HAXOIUM, YTO

fn(pl(w)' LN] pn—l(w)' b) _fn—1(P1((U)' ey pn—l(w))

on(w) = h—r =
_ falp1(@), .., proq(w), @) _fn—l(pl(a))' ) pn—l(w))
a—r '

Hockonbky (Mn)nsy =P - vaprunran, momydaem

E*(fn(P1: RNl pn) _fn—l(plr [N pn—l)l Tn—l)
=0 S

p*fn(pli v Pn-1s b) + (1 - P*)fn(PL o Pn—1» a)
zfn—l(pl! HR] pn—l) Ad

P (fu(p1, ) Pnet, B) = fre1(P1, oy Pre1)) + A =0 (fu(p1, ) Pty @)
— fn-1(p1, s Pn-1)) =0

Pasnenus nomydyenHoe ypapHenne Ha P* (1 — p*), MBI mpuXonuM K paBeHCTBY:

falpr (@), ..., pp_q1(w), b) — fn—1(P1(a)), ey Pn—1(ﬂ))) _
1-p* B
falpr(@), ..., pp-q(@), @) — fn—1(P1(w); o) Pn—1(0)))
p* '

KOTOPOE IPUBOIUT K TPEGYEMOMY PE3YIIBTaTY, MOCKONBKY p* = ——.
—-a

Q

3ameTuM, 4To JIt000# P-maprunran (M,) Ha (Q, F, (F,), P) JOIYCKaeT I0XO0-
kee mpeacTanienne (2.6), rae 0a30BBIH MApTHHTAN M), 3aMEHSIETCS IPYTUM Map-
TuHrasioM mh = Y_ (o — ).

Onurem Apyryio MOJE3HYI0 KOHCTPYKIIHIO CTOXaCTUYIECKOM TTOCTIEI0BATEIb-
HOCTH (Xp)n=01, .,nv Xo = 1 IOPOXKTAEMYIO CTOXaCTHYECKOW TIOCIIEIOBATEIHHO-
¢TI0 (Updn=0,1,.,n Uo =0:

AX, = X,_,AU,, n=0,1, .., N 2.8)

Otnomrenue (2.8) mpencTaBiIsieT cO00 PEeKypPEHTHOE COOTHOIIICHUE, HA3bI-
BaeMO€ TaKXXe JHUCKPETHBIM CTOXaCTHUECKHM audepeHnrnaabHpIM ypaBHEHH-
em. CryuaifHast BemmuuHa X, MOXeT ObITh BEIpaxkeHa yepe3 Un:
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n
= 1_[(1 +AU) = &,(U), X, = 1. 2.9)
k=1

ITocnenoBatenbHOCTE X, B dopMme (2.9) Ha3BIBACTCS CHMOXACMUYECKOU IKC-
nowenmou. 3aMETUM, YTO CTOXACTHYECKAsi SIKCIIOHEHTa 00IalacT CIEAYIOUUMHU
CBOMCTBaMH, KOTOPbIE MOTYT OBITh JIOKa3aHbl C TIOMOIIBIO METO/Ia MareMaTuye-
CKOM MHYKIIUH:

1.

—S( U»), raeAU*— , AU, #= —1;

en( 1+AU

2. (&.()), _,, MapTuHTan, eci (Up)ney MAPTHHTAT;

E,(U)-E,(V) = EWU +V +[U, V]), rre [U, V], =

3.
7]:=1 AUkAVk, [U, V]o =0.

3TO CBOHCTBO HA3BIBAIOT TAKKE NPAGULOM YMHOICEHUSL CTOXACTUIESCKHIX IKC-
IIOHCHT.

Hcnonb3ys cTOXaCTHYECKYIO 3KCIOHEHTY &, (U), BO3MOXKHO HAHTH penieHune
HEOIHOPOIHOTO aHaiora ypaBHeHus (2.8):

AX, = ANy, + Xp_1AU,, Xo = No,

(2.8")

AN,
BBuge X, = E,(V){N, + Z )
£ & W)

e (N, )n<y 3aIaHHASI CTOXaCTHYECKAs MOCIEA0BATEIBHOCTD.

2.3. IIpuMeHeHHne CTOXaCTHYECKOT0
aHAJIM3a K OMHOMMAJIBLHON MOJIe/H

3ameTuM, 9TO MOIENb (2.1) MOXKET OBITh TIPECTaBICHA B OKCITOHEHITHATBHON

hopwme:
B, = By - &, (nr),

sn=50-5n<zpk>, n=1,2, ..,N. (2.10)

k=1

Bonee Toro, uioTHOCTH Zy Mepbl P* OTHOCHTENBHO MepHI P 0ITyCcKaeT cremy-
Iol1ee IPeICTaBICHUE YePe3 CTOXaCTUIECKUE IKCIIOHEHTHI:

N
= b —u)) = &y (— = (o —u)). @.11)
k=1 k=1

rae u = Ep,, 0% ="Varp,.
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st ooxazamenvcmea (2.11) mpexae BCETO OTMETUM, YTO JIOKAIbHAS TUIOT-
HOCTDb (Z;)n=0,1,.,n» Zo = 1, MOXET OBITh BBIpaXeHa Kak Z, = E(Zy|F,) u, cie-
JIOBATEIIbHO, SIBJISICTCS P-MapTHHTaJoM. B COOTBETCTBUU C NpeicTaBicHHEM P
- MapPTUHTAJIOB HAXOJIUM, UTO

AZy = pn(pn — 1) = (pnAmﬁ (2.12)
JUISl HEKOTOPOH MpeJIcKazyeMoii mocienoBaTenbHocTh (Prln=1,2, .,

ITockoneky Z; >0, n=0, 1, ..., N MoxHO niepenncats (2.12) B Buae ciemy-
OIIETO CTOXaCTUYECKOTO MU PEepeHITNATBHOTO YPaBHEHUS:

* * (p
B2y =Ty o= (= 1) = Zooy~Yn~ (Pn = 1),
n-1
e P, = Z*L, n=1, 2, .., N — npeackaszyemas ocie10BareIbHOCTb.

[Ipumenss Gopmymy (2.9), momydaem, 4To

= 1_[(1 + P (o — 1) = &, (Z Vi (ox — #))- (2.13)
K

k=1
ITpunuMas Bo BHUMaHue, P-MapTHHranbHOCTb (Xi_; Yi - (Px — 1))n=y, . - HE-
3aBUCUMOCTH (pq, ..., py), IpaBmia (2.5)-(2.5’) u MPUMEHSA METOR MaTeMariye-
CKOM MHJYKIUH, TIOTy4aeM st n = 1, 9to ), = —", a 11 IpousBOIBHOTO 7
a2

0=E"(py —7|Fp_1) = E(Zr;—ll “Zp (P — T)|Tn—1) =

=E ((1 + lpn(pn _H)) ! (pn - r)|~7:n—1) =

= E(pn _r)‘l'lzbn'E((pn — 1) (pn _r)|Tn—1) =

=(u—7)+P,0?
CrenoBareibHo, Y, = —’%r, n=1,2, .., N, u MbI npuxomuM K (2.13).

Sn
Teneps oOpaTnM BHUMAaHHE HA TO, KaK BEAET ceOsl OTHOIICHUE (Z)MQ LN
OTHOCHUTEJIFHO BEPOSTHOCTH P*. BymeMm nckarh BEpOSTHOCTHYIO MeEpy, KOTopas
00eCTIeYMBACT «XOPOIIHNE» CBOWCTBA ITOBEACHHS YKAa3aHHOTO OTHOIICHHUS. B
JTAHHOM CJTydae KJIFOUYEeBBIM CBOMCTBOM SIBIISICTCS MAPTHHTAIBHOCTH. Y YUTHIBAS
(2.10) u mezaBucumMocTh (Pndn=1, ., N, M1 =1, 2, ..., N nomy4aem:

s (1 + )
E* (—" Tn_1> =E* (50 Pr ?,H) =
k=1

B, 1+r
- ) i )nl_[<1+pk) E'(1+py) =

(1+ )" (1_[(1+Pk)

Sn-1 _E 1+ pn) _ Sha .1+r_ Sn-1
Bn_4 1+7r Bup1 1+7 B,y
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S

Jpyrumu croBamu, OUCKOHMUPOBAHHAA YeHa AKITUU (ﬁ) _  SBISICTCS
P*-MapTHHTAJIOM. JTO 3aMeyarelibHOe CBOMCTBO P* MO3BOJISICT HA3bIBATh BEPOSIT-
HOCTB (MJIM BEPOSTHOCTHYIO MEpY) P* mapmuneanbHot, WIA pUCK-HeUmpaibHol
BEPOATHOCTHI0. MBI TaK)ke MOXKEM 3a/1aThCs 3/16Ch BOIIPOCOM O CYIIECTBOBAaHUH
JPYTUX MAPTUHTAILHBIX MEp P TaKoro THIa.

Jli1s oTBETA Ha 3TOT BOIpoc nocrpoum P (¢ mapamerpom Bepuymmu p € (0, 1)),
WCXOJISl M3 CIIETYIOMIETO COOTHOIICHHS:

= S1 “14+p SlA+b)p+ A+ -p)]

EZ2=5,-F = =S,,
B, ° T 1+4r 1+7 0

KOTOpOE MPUBOANT K ypaBHEHHIO s mapameTpa bepuymm p:

p+bp+1+a—-p—ap=1+r

~ r—a
H, CIIENIOBATENBHO, P = —— = p*.

Taxkum 06p2130M, MBI MOXKEM 3aKJIFOYUTh, YTO P*— CANHCTBCHHAs MapTUHI aJlb-
Has (pUCK-HEUTpanbHas ) BEpOSITHOCTH JUIsl OMHOMUANBbHOM Monenw (2.1).

Kak yxe Obuto oTMedeHO BBIIIE, Apyras KOMIOHEHTa (PMHAHCOBOTO PBIHKA
MMOMUMO JBOJIIONMU IIeH 0a30BBIX aKTHBOB COCPEIOTOYEHA BOKPYT JIOCTYITHBIX
JUIsl HHBECTOpa onepanuii Ha peiHKe. CHOpMyIHpyeM COOTBETCTBYIOIIHE OMpe-
ACJICHUA U pE3YJIbTaTbl, KOTOPBIC HOHaJIO651TC5I HaM B )Ia.HI:HeIZIHeM.

Hnsecmuyuonnas (mopeoeas) cmpame2us, WA nopmeens, — 3T0 TByMEpHast
CTOXaCTUYECKAS TOCIEN0BATENBHOCTE T = (Tn)nsn = ()n' ¥a) ., 3NEMEHTHI KO-
TOpOH B, € F, (COTIIACOBAaHHOCTH) U ¥, € Fp,_; (IPENCKa3yeMOCTh) HHTEPIIPETH-
PYIOTCA KaK KOJIMYECTBA COOTBETCTBYIOUINX aKTHBOB B U1 S B MOMEHT BpEMCHU
n < N B moptemne.

Cmoumocms (kanuman) OpTdess © OMpeAeTuM KaK CTOXaCTHICCKYIO TI0-
cnenoBareibHOCTh X™ = (X7 )n<n © Xt = PnBn + v Sn. Kitace crpareruit m, nmns
KOTOPBIX BBIITOJHEHO COOTHOIIICHNE

By 188y + Spo1Ayn, =0, (214)

Ha3bIBACTCS KIACCOM CAMOQUHAHCUpyemulx cmpameeuti U 00o3Hadaercs: SF
(self-financing).

B cootBetctBuu ¢ (2.14) 3Bomonys CTOUMOCTH caMO(hHAHCHPYEMOTO TIOPT-
(hemst T OMUCHIBACTCS KaK:

AXY = BnABy + YnASy. (2.15)

IepenuceiBas (2.14) B Buge AB, = Byl (Sp—1Ay,), MOKHO 3aKIHOYHTH, YTO
repBasi KOMITOHEHTa 7 € SF Taxke mpencka3yema.

Cpenn Bcex caMOUHAHCHPYEMBIX CTPATETHil T BBIACIUM TaKHe, IS KOTO-
PBIX CYIIECTBYET BOBMOXKHOCTD apoumpadica Ha pbIHKE, a IMEHHO:

Xf=0 Xi=0forn=1,2, .., N

u Xy > 0 C MOJIOKATETHEHON BEPOSTHOCTBIO.
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O0603HaYNM KJTACC TaKUX MOPTQENeH SF,,,. DuHAHCOBAS 3HAYUMOCTH JaHHO-
TO OTpeeNICHIsI TOHATHA: apOUTPaKHBINA MOPT(HEIH MO3BOIAET MOTYIUTh Oe3pH-
CKOBYIO PUOBLI.

Paccmotpum caMoquchnpyeMy}o crpareruio © = (Tp)ney = ((Bu, Vn))n<N

JTUCKOHTUPOBAHHOM CTOI/IMOCTI)IO ~* B MOMEHT BpeMeHH n < N. Vicrionb3yst npej-
cKa3yemocTh (f,) 1 (¥,), a TaKKe CBOI/ICTBO MAapTUHTaJIbHON MEPHI, HOJYyYUM

s
e (5
E*(BulFn-1) + vnE (g—z |Tn—1) =

Sn—l — ﬁan—l + ynSn—l — X:‘T—l
By Bn_1 Byy’

?n—l) =E" (ﬁn +Yn;_7:l|-7:n—1) =

Bn+ ¥n

OTKyJa CJIETyEeT, YTO TUCKOHTHUPOBAHHAS CTOUMOCTh CaMO(GHUHAHCHPYEMO CcTpa-
TETHH SBIISETCS P*-MapTHHTAIOM. DTO CBOMCTBO YacTO YIIOMHUHACTCS B JTUTEPa-
Type KaK MapmuHeaibHas Xapakmepusayus camopuUHancupyemuvix cmpamezui.
Haxomner, mnokaxem, 9T0 MHOXECTBO SF,, = @ B paMKaxX OMHOMHAIIEHON MO-
nemn (2.1) u, cnemoBarensHO, OyIeT MOKa3aHO OTCYTCTBHE apOUTpaka HA ITOM
pBIHKE.
Hns nokazarenbcTBa MPEANOIOXKHUM, YTO CYILIECTBYET & € SFyp. W3 a3TOTO

N » g
OIIpeNIeNICHUs] CIEYET, UTO F (X_ITVI) —ED S . C JPYTOH CTOPOHBI, MAPTHHT AJIb-
By By

X XZ _
E* E*|—|=E*XX =0.
<BN) <Bo °

JHaunee, st BepostHocTel P 1 P*, 1 (2.5) mMoydYuM COOTHOIIIEHUS

HOE CBOMCTBO ( n) BIICYET:

0=x7=

Xﬁ Xﬁ" EZ* Xﬁ mln[ZX,(a))] ' EXE
O_E*<_N>= NN>w >0,

B By By By

KOTOPBIE IPOTUBOPEYAT MPEAIIOIOKEHNIO, UYTO SFypp, # .
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I'naBa 3
PACUET CTOUMOCTH OIIIMOHOB B
BUHOMMWAJIbBHOM MOJEJIN.
®OPMYJIA KOKCA-POCCA-PYBUHIIITENHA

B mpempvetl enase 66o0umcsa nonamue HAAGMEXCHO20 00A3aMeNbCmaa, 00-
cyscoaemces e2o césa3b ¢ ONYUOHHbIMU KOHMPAKMAMU, PA36UBAemcsl Meopus
COBEPULEHHO20 XEOAHCUPOBAHUSA U OAIOMCSL (POPMYTUPOBKU 08YX (DYHOAMEHM AT~
HbIX Meopem MamemMamuieckux (QUHAHCO8, 8bl800AMCs KOHKpemHble (popmyibl
o pacuéma onyuoros u, 8 yacmuocmu, ghopmyna Koxca-Pocca-Pyounwmeri-
Ha. [laémca makoice npeocmagnenue 0 CMEUAHHbIX (DUHAHCOBO-CIPAXOBbIX
Konmpaxkmax u ux oyenusanuu (cm. [18], [4], [6], [3], [31] u [32]).

3.1 buHOMMAJBHBIN PHIHOK M €r0 NMOJHOTA

B pamkax 6uHOMHansHOTO (B, S) phiHKa (2.1) paccMOTpuM (DUHAHCOBBIN KOH-
TPAaKT ¢ Jaroii ucnomHernss N 1 GyHKIpen Bearel f = fy. OyHKIMA f 3aBUCUT OT
TTOBEJICHUS PBIHKA HA BPEMEHHOM TpoMeskyTke [0, N]. CTporo MareMaTHiecKH, MBI
MOXEM TOBOPHTH O (pYHKIMH f Kak O HEOTPHUIATEIHHOW CIyd4aiHOW BEJMYMHE,
OTIPEIICTIEHHOM Ha CTOXaCTHYCSCKOM Oaznce (Q, F, (F)n=o,1,.,n» P), aCCOLHMPOBAH-
HoM ¢ (2.1). Ml Takoke GylieM HasbIBaTh €8 NIaméncHbLM 00S3AMETbCIMEOM.

Kax crnenyer u3 ompenenenus, XapakTep IIaTEKHOTO 00sS3aTeIhCTBA MOKET
OBITH TTPOU3BOJBLHEIM, H YaCTO OHO TPAKTYeTCS KaK (YHKITUS BBITUIATHI 1O (H-
HAaHCOBOMY KOHTPaKTy, Ha3bIBaeMoMy FEgponetickum onyuorom (European op-
tion) ¢ epemenem ucnonaneruss N. UToObI cTaTh deporcamenem Takoi IPOU3BOTHON
LIeHHOW Oymaru HeoOXOMMO CHauasa 3aTlIaTHTb dMumenmy ONpeaeéHHyI0 CTO-
uMocTh (npemuto) Cy(f) . B aTOM citydae moKymaTelb MoIydaeT MpaBo Ha UCIION-
HEHHE JaHHOW IEHHON OymMard B MOMCHT BpeMEHH N W TOJIyUYeHHE TuTaTexa B
pasmepe f. Mexanuzm COOTBETCTBYIONINX TIATEXEH TIOKa3aH HUXKE:

MowmenT Bpemeru 0: Cy(f) ITpomasen
[MokymaTens omIxnoHa . OTTLIOHA
MowmeHTt Bpemenu N: f [Tponasen
Iloxymartens omiuoHa ONIMOHA

&
<«

Hamnbonee BaXHBIM 3/1€Ch SBISIETCS BOTIPOC pa3Mepa npemuil Uiv yeHvl B MO-
MEHT MOKYIIKH/TIPOJIaXKH OTIIIHOHA.

Kax mb1 3HaEeM, Ha (B, S) pbiHKe (2.1) OTCYTCTBYIOT BO3MOKHOCTH apOUTpaxa
B CMBICIIC “‘CHCTEMBI IIeH 0a30BBIX akTUBOB” . OTITMOH MPEACTaBISIET COOO0H Mo-
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MOJTHUTENIFHYIO [IEHHYIO OyMary/akTuB U, CIIEIOBATENLHO, JJOOABIISET eié OaHy
IIeHy B “cucTeMy 0a30BEIX IIeH . UTOOBI 00ECIIEUNTh CIIPABEMIINBOCTh TaHHOTO
pBIHKA, HEOOXOIMMO YCTAaHOBUTH TAKyK0 CTOMMOCTD OIIIMOHA, YTOOBI JIJISI TTOJTY-
YEHHOW CHCTEMBI IIEH MO-TIPEeKHEMY OTCYTCTBOBAJa BO3MOXKHOCTH apOUTpaka.
Bonee Toro, Gopmyna juist pacuéra cTOMMOCTH ONIIMOHA JIOJKHA YJIOBICTBOPSTh
KaK MPOJIaBIla, KOTOPBIA MOXKET «IIONYYHThY TpeOOBaHHE f Ha 3aJ]aHHOM PBIHKE,
TaK W MOKYIATes, KOTOPBIH TIIATUT MUHUMAIBHYIO (B ONPEIEIEHHOM CMBICIIE)
npemuro npoaasity. Ecim niena Cy (f) paccuntana ¢ y4€ToM yIOMSIHYTHIX TPUH-
LIMTIOB, TO OHA HA3bIBACTCA CHPABEOIUBOU CIOUMOCINbIO OTIIINOHA.

UroObl HAalTH TaKyl0 IICHY KOHTPaKTa, MPUMEHHM MemoooI02uio Xeo-
JHCUposanusl TIATEKHBIX 00s13aTenbeTB. [ 9TOro HaM MOTPeOyIOTCs Cleayto-
e OTpeCIICHUSI.

HauanpHbIi KamuTanm x BMecTe ¢ caMO(DHHAHCHPYEMOH cTparerneu m
Ha3BIBACTCS Xeoddcem (cosepuieHHbimM Xeddicem, Xxedxcupyloweli cmpamezuell,
Xeoorcupyrowum nopmepenem), €CIu

X§ =xulXy = f(w) nst Beex w € Q. 3.1

MHOXECTBO TaKuX CTpareruit ooo3znauum I1(x, f, N).

BymeM roBOpuTE, 9TO XEIK SBISIETCS 80CHPOU3800sWell (penauyupyiouett)
cmpamezueti, ecnu B (3.1) docmuoicumo paBeHCTBO. B 3TOM Ccitydae Oymem roBo-
PUTH 0 docmudcumocmu TIIATEKHOTO 00s13aTenbeTBa f, a (B, S) phIHOK Ha3bIBATh
noaHbIM, €CIH TI000€ MIaTéXHO0e 0043aTebCTBO Ha HEM MOXKET OBITh BOCTIPOH3-
BEJICHO TIOCPENICTBOM caMO(hHHAHCHUPYEMOH CTpaTeruy.

Kak yxe ObIJIO yCTaHOBIIEHO BBIIIE, U3-33 CYUYeCMB08aHIUs . MAPTHHTAITBHOM
MepsI B Mozaenu (2.1), OMHOMHATBEHBIN PBIHOK, 3aJaHHBIN TAKOW MOMEIBIO, SIBIIS-
eTcst 0e3apOouTpakHBIM. JTOT (haKT COCTABISIET OCHOBY TaK Ha3bIBAEMOH nepgoul
Gynoamenmanvroli meopemvi PUHAHCOBON MaTEMAaTHKH.

[Tomo6Has xapakTepu3amnust MOHSTH MOJTHOTH PhIHKA (DOPMYIIUPYETCS B BHIIC
emopotl pynoamenmanvrol meopemvl GUHAHCOBOH MAaTEMATHKU: CIMHCTBCH-
HOCTh MAapTHHTAJIHFHOW MEPHI Ha PHIHKE YKBUBAJICHTHA €TO MOJHOTE.

Joxaxxem, aro Monmens (2.1) sBisiercst momHo#. I yIpomeHus MOI0KAM
B, = 1. PaccMoTpuM maTéxHOe 00s3aTeIbCTBO f M CTOXaCTHYECKYIO TMOCTe/O0-
BaTeNbHOCTh (X )n<n, 1€ X, = E*(f|F,). Toraa Mbl MOXKEM IIPEICTaBUTh 3TOT P~
- MapTUHTAI B hopme:

n
Xn = XO + Z (pkASk'
k=1

e (Qxlk=1,2 .,n — TpeICKasyeMas IOCIENOBaTENbHOCTE. Jlanee NONoKUM
Vn =On Bn = Xn — ¥nSn, 1 < N H 3aMETHUM, YTO BTOpasi KOMIIOHEHTA CTPATETUH [,

n-1
Bn=Xn—¥aSn =Xo + YieSk + V(S — Sn-1) = YnSn =
k=1
n-1
=X+ YieSk — YaSn-1r
k=1
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TIOJTHOCTRIO OTIpEeIsieTCsT HH(popMaIuel, conepkamenics B F,_,, U 3HAYUT,
(Ba)n<n — TIpENCKa3yeMast TTOCIeIOBATEIEHOCTb.

CnenosarenbHo, m;, = (B, ¥5) ESF w XT =X, musi Bcex n=0, 1, ...,N. B
YACTHOCTH, MOJIYYUM X,’VT* =Xy = f, TO €CTh MPOU3BOIBHOE TUIATEXKHOE 00s513a-
TENLCTBO f MOXKET OBITH BOCIIPOM3BENEHO, U PBHIHOK (2.1) ABIAETCS noaHbiM.

BepnéMcs k orpeenIeHrnio CTOMMOCTH OTIIIMOHA B HAYaIbHBIA MOMEHT BPEMEHH.

Xemk m* ¢ karmutaaoM X7 (w) < X™(w) mwid BceX w € O W Moboro Xxemka
m € II(x, f, N) Ha3bIBaeTCA MUHUMAIbHLIM Xeddcem. Kak BumaHO U3 Pucynka 3.1,
€CTECTBEHHO OXHJIaTh, uTO IieHa Cy (f), paccunTaHHass KaKk HaYaJIbHBIA KalTATa
XT', GyzeT MCKOMOI1 CIIpaBe/UINBOM CTOMMOCTBEO OMITHOHA. JIpYTHMH CIIOBAMH:

Kanutan xegxa
LT TS //"\\
; \\ P \\\_,’

4 Kanutan MuHuManeHoro xemia m*
(M) = Xg

0 N Bpemsa

Pucynok 3.1 — DBouoIus KallMTAlI0B XEPKUPYIOLIUX CTPAaTernii 1 MUHUMAJIBHOTO XeIKa

3.2 Pac4éTpl ONIHOHOB B paMKaxX OMHOMHUAJIbHOI MO/IeJIH.
®opmyna Kokca-Pocca-PyOunmreiina

PaccmoTpuM cHawgama HECKONBKO MPUMEPOB, YTOOBI MPOAEMOHCTPHUPOBATH
BO3MOXHBIC METOABI pacdy€Ta CTOMMOCTHU OIIIUOHOB pPa3JIMYHOI'O TUIIA.

IIpumep 3.1.

(1) HanGonee ncnonp3yeMbIMHU OMITHOHAMHU SIBIISTIOTCS OIIIMOHBI TTIOKYnamens
(call) u npooasya (put). Onyuon call mpencrarmsier co0oi TUIaTEXHOE 00532~
TenbeTBO f = (Sy — K)* B COOTBETCTBHUU C KOTOPBIM €r0 Jieprkareib 00jamacT
BO3MO)XHOCTBIO TIPHOOPECTH aKIUIO IO (UKCHPOBAHHOW yene nocmasku K
(strike price) B MOMEHT BpeMeHN N. PrIHOUHAS CTOMMOCTH aKIIMK Ha 3TOT MO-
MEHT cocTaBiseT Sy. [IoHATHO, UTO TaKOW OMITMOH OYICT WCIIOJIHEH TONHKO B
ciaydae Sy = K. Onyuon put TIpencTaBiseT co00l KOHTPAKT, B COOTBETCTBHH C
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KOTOPBIM JIepKaTe/b UMEET BO3MOKHOCTH MPOJAaTh aKIUU M0 (PUKCHPOBAHHOM
mene noctaBku K (strike price), u ciaemoBaTeNbHO, TIATEKHOE 00S3aTEIIECTBO
nMeer Bux f = (K — Sy)™.

(2) Onyuon Konnap (Collar option): f = min{max(Ky, Sy), K»}.

(3) bocmonckuii onyuon (Boston option): f = max{Sy — K;, 0} — (K, — K;), e
K, < K, — TIOJIOKUTEIIbHBIC KOHCTAHTHI.

(4) Look-back call (put) option: f = (Sy — Ky)* (coorBeTcTBEHHO, (Ky — Sy)*),
e Ky = max{S,, S;, ...Sy}.

(5) Asuamcxuii apugpmemuuecxuti onyuon call (put) (Aszan arzthmetlc call
(put) option): f = (Sy —K)* (coorBercTBeHHO, (K — Sy)Y), e . Z
cpenHee apudmerndeckoe Sy, Sy, ..., Sy-

3amerum, uto B [Ipumepe 3.1, B cirygasx (1) — (3), maréxHoe 00s3aTeTCTBO
MOJIHOCTBIO OIPEIEISIETCS CTOMMOCTBIO aKTHBAa B MOMEHT MCIIOJTHEHHUS OII[HOHA.
Opnaxo B ciydae (4) — (5) mmaté&xaoe 0053aTeIHCTBO MOXKET 3aBUCETH OT BCEH
MOCIIEIOBATEIIFHOCTH Sy, Sy, ..., Sy IICH, HJIH OT KaKOW-TO €€ JacTH.

IIpumep 3.2.
PaccmoTpum 1-1mmaroByro OMHOMHUATBEHYIO MOJIENE (B, S) peIHKA C TTapamMeTpa-
MU By =1, S, =100, r =10% u

5. — {130 C BepoATHOCThI0 0.4
17180 cBeposarHocThio 0.6°

a Takke MIaTéxHoe 003aTenbeTBO f = S; —min(S,, S;). [Ipexne Bcero, onpene-
JIUM “DBPUCTHYECKYIO™ 1IEHY B BHJIE

(130-100)
1.1

(80-80)

E(1+n)tf = 0.4+ 2206 = —z 10.91.

[anee HaliiéM BOCIPOM3BOSAILYIO CTPATETHIO 7w = (f, y) KaK pELICHUE Clie-
JYHOUIEH CUCTEMBI YpaBHEHUI

{ 1.18 + 130y = 30
116 + 80y =0,
OTKy/Ia TTOJTyYuM, 4T0 y = 0.6 U f§ ~ —43.64. CrieioBaTeIbHO, CTONMOCTh «MUHH-
MaJIBHOTO X€Ka» PaBHACTCS

XF =100-0.6 —43.64 = 16.36.

Haxomner, ToXoqHOCTh aKITUU B TAHHOM CITyJae

p 51 —5 { 0.3 ¢ BeposATHOCTBIO 0.4
1=

So 0.2 cBeposTHOCTEIO 0.6,
U napaMmeTp bepHymuim ajig MapTUHTalIbHOW BEPOSTHOCTH

« _T—a _ 01-(-0.2) _
P =3 03—-(-02) 0.6.
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30:0.6
1.1

Taxum obpazom, E*ﬁ = = 16.36.

OTMeTHM TaKke, YTO pACCMOTPEHHOE IIIAaTEXHOE 0053aTeNBCTBO f = (S; — Sp)™.
Hpyrumu ciioBamu, TaHHBIA PUMEP JEMOHCTPUPYET pacyeT CTOMMOCTH OTIHO-
Ha call ¢ nenoit nocrasku K = S,. Oxnako HanbOoJiee BaKHBIM JUISI HAC SIBIISIETCS
3aMe4yaHne, YTO0 CTOMMOCTh «MUHHUMAJIBHOTO XE/XKa» COBMAJAET C «PHUCK-HEH-
TPaJIbHOW» IIEHOM, OTIIMYHONW OT IBPUCTHYECKON CTOMMOCTH. DTO HAOIIO/IEHUE
MIPUBOANT K CIEAYIONEMY OOIIEeMY YTBEPKICHHIO.

Teopema 3.1. Jlormyctum (B, S) peiHOK omnpenenén monensio (2.1). Torma mms
EBporefickoro onmpoHa ¢ miaTé&:KHBIM 00s13aTeILCTBOM f M TATOW UCTIONTHEHUS N

» CripaBeiTuBasi CTOMMOCTH 3aAaéTcs (opMyInoit
Cv()=EBy'f =1 +nr)NET. 3.3)

* (CymecTByeT €IWHCTBEHHBIH MUHUMANLHBIA (Cy(f), f, N) —xemk w* =
(T nen = (Bi, Vi )nen, KanIUTAI XF KOTOPOTO BHIPAXKAETCS B BHIE

T = E*(By"Buf | F)- (3.4)

* KOMIIOHEHTBI 7" yIOBIETBOPSIOT COOTHOIIECHUSIM:

*B = LS
yﬁ — (pTL n’ B;i — n-1 (pn n 1’ (35)
Sn—l Bn—l

e (@;)n<y, MPEIACKazyeMasi MOCIEI0BATENIBHOCTh U3 MAPTHUHTAIBHOIO TIPE.I-

craBlieHUst M,, = E* (é |Tn):

n n
My =My + ) gidmr = Cu()+ ) g (o= 7).
k=1 k=1 (3.6)

Hokaszamenbcmeo. Onpenenum  MF = );—’7‘1 s = (T)nen = (B yn))nsN €
M(x, f, N) 1 yCTaHOBUM, YTO n
AXY = BnABy + nASy = BnrBy-1 + VnPnSn-1 =
= BuT"Bn-1 + ¥u"Sn-1 + ¥nPnSn-1 = ¥nTSn-1 =
=1(BuBn-1+ ¥nSn-1) + ¥aSn-1(pn — 1) =
=1 Xg1 + VaSp-1(pp — 7).

CnenoBarenbHO, XF  yHOBIECTBOPSET HEOAHOPOTHOMY CTOXaCTHUYECKO-
My muddepernmansHomy ypaBaenuio (2.8°) ¢ AN, = y,S,_1(p, — 7). Torma
X7T = Bp{x + X%, By *AN,} u MapTuHTan M 110 OTHONIEHHIO K p* TOIYCKAET CJIe-
TyroIliee IpeCTaBICHNE:
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n
MT = x + Z B YiSnos(pr — 1. (3.7)
k=1

Kax cnenyer u3 (3.7)
x =XY =E*MT > E*Byf = By'E'f,
u, mpumensis (3.2), moaydaem:

Cn(f) = By'E*f.

Teneps JIOKQXEM CyIIECTBOBAHME MHHUMAIBHOTO (x, f, N)-xemka m*cC

x = Cy(f).

Juig maptunrana (M;;) iMeeM clenyromue “TpaHuYHbIe” YCIOBUS
M; = E*BN'f u My = By'f. (3.8)

Hanee, mpumenss ctpateruto n* € SF u3 (3.5) u cpaBuuBas (3.6) ¢ (3.7), npu-
XOJIUM K 3aKiIIoueHuro (¢ x = E*Byf), uro
Xy
— =M, paaBcexn=0,1, .., N.
B,
Kak crnenyer u3 (3.8), m* — aro (By'E*f, f, N)-xemk. Ero MEHHMaIbHOCTD
BBITEKACT M3 CIEAYIOMUX coobOpaxeHuit. s mo0oro JApyroro xemxa 7. MpH
BcexX n < N BBINOIHEHBI COOTHOIICHUS:

r) = (L

X5 L (XE
=E (_ By

7) = = 5
B, By m)o B,

n

Taxum obpazom, momygaem paBerctsa (3.3) — (3.4) Teopemsr 3.1.

O6mmme dhopmyns (3.3) — (3.4) B Teopeme 3.1 momycKarOT JATBHEHUIITYTO CTICTI-
A(HUKAIIIO TS ONIIIHOHOB C TUTATEXKHBIMU 00s13aTenbeTBaMu f = f(Sy), Ha3bIBaA-
EMBIMU KAACCUYECKUMU ONYUOHAMU.

Beném pynkium

F(ip) = ) f((+ 04+ *) () k-
k=0
3ameTum, uto P = a+ (b —a) -8, Ap=X}-,0xu

1_[ a1+ pk) =1+ b)AN'—An(l + a)(N—n)—(AN—An)’

n<ksN

e (8x) — «cTaHJgapTHas» MOCIEN0BaTEIbHOCTh bepHYIIIN HE3aBUCUMBIX CITY-
JalHBIX BCJIMYMWH, IPUHUMAIOIINX B K&)K)IBIﬁ MOMCHT BPEMCHU 3HAUYCHUA 1u0

r—a
C BEPOSATHOCTSAMHU p U 1 — p cooTBecTBeHHO. CIIenoBaTeNbHO, C p* = — , IMEEM

b—-a
E*f (x : 1_[ a+ pk)> = Fy_n(x;p")

nu n<ksN
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Xi = @+ O E(F(SW)IF)
=1+ W (f si]]a +pk>>

n<ksN
=1 +r)V "Fy_ (S D)

o ) (3.9)

B gwactHOCTH,
Cv(f) =X7 =@ +1)™N - Fy(So; p). (3.10)

Crnemmudurupyst dopmyner (3.9) — (3.10) B ciaydae f(x) =(x—-K)t =
max(x — K, 0) nmpuxonum k ¢opmyne Kokca-Pocca-Pyounmreitna. B atom ciy-
qae

Fusir) =, ()@ -
o 24

1+ b\
Ko = I8 {So<1+a>”(1+ J >K}=
K 1+b

=i 1
[n50(1+a)1"/n1+a

O06o3HaYNM

o1

rzae [x] menas yacTh AEHCTBUTEIHLHOTO YUCIIA X,
Torma, B coorBercTBHH ¢ (3.10), TOTyUnMm:

Ch(Sv—-K)" =( +17\;)_NFN(50; p")
k
=5 ) (era-m(1e) (12)

k=ko . (3.11)
—ka+n™- > (V) eyra-pyvx
k=ko

OOo3Hayas p = 1—p u B(j, N;p) = XR- = (N)p"(l —p)N7k, MoxHO mepenu-
cath (3.11) B cnemyromeM BUmE:

(C((SN - K)+) = SO : B(ko, N’ ﬁ) - K(l + T)_N]B(kOI N: P*) (312)

Bripaxenne (3.12) npencrasinser codoit hopmyny Kokca-Pocca-Pyounwmeti-
na nns EBponeiickoro onmmona call ¢ menoit moctasku K. ITockombKy paBeHCTBO
(3.12) sBnsieTcs OAHMM M3 CaAMBIX HIMPOKO MCIOJIB3YEMBIX B MAaTEMaTHYECKUX
(mHaHCaX, MPUBENEM €TO noIHOe DOKA3amelbCmeo, TPUMEHST TEXHUKY CTOXa-
CTHYECKHX IKCIIOHEHT.

Loxazamenvcmeso gpopmynwt (3.12). Uctionb3ys Teopemy 3.1 u onpenencHue
byukiun (x — K)* nonyanm:

R ok
Cy=Cy((Sy—K)") =E (1N+7r)N (3.13)

=@+ 1r)NE*(Sy — K)  Iw:sk3-
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Uto0b1 BRIMUCIUTE BTOpOil wieH B (3.13), Bocmonbs3yeMcs MpeacTaBlIeHueM
(2.11) anst TUIOTHOCTH MEpPHI Zy:

E*(SN _K)+ = EZKI(SN - K)+ .
—-7T
=E{EN] — — (Sy — K
{N< _ ;(pk u)) (S —K) -

“lw:syz=K}(-

3aMeTHM 3JIeMEHTapHbBIE COOTHOMICHHUS TTapaMeTpoB Momemu (2.1):

pu=pb-a)+a o*=((h-a)’p(1-p),
p’ p—r 1-p por (.15
Z=1- - =1-
’ = (a—w.

Hcnone3ys (3.15) BMecTe ¢ onpeieneHueM £k, , BBIMUCINM IIPOCTEHIIYIO KOM-
noHeHTy (3.14):

oo (N-“

N

-r

2 Z(Pk - #))' K- I{m:sNzK}}
k=1

3 G oo -]

k=Ko

-(1—p)"’"‘

v ) e (3.16)
=K- (Il\cl)[%]kpk[ll_i]N k_(l_p)zv-k

k=Ko
—K- Z (]I\c/) ()1 — p*)N-k
K- B(ky, N:p®).

Jlanee OTMETUM JBa CUMMETPHUYHBIX 3JICMCHTAPHBIX paBCHCTBA [JIA TapamMe-
TpoB (2.1):

1-E2 P asp),
p
., - - (3.17)
T e R

[Ipumensas mpencTaBieHHe LEH aKIUi B BUIE CTOXaCTHYECKUX IKCIIOHEHT
(2.10), mpaBHUII0 YMHOXXEHHSI CTOXaCTHYECKHX 3KCIOHEHT, (3.17) 1 0603HaueHus,
npuHATHIE B (3.12), BEIYUCINM BTOPYIO, O0JIee CIIOKHYIO KOMITOHEHTY B (3.14):
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N
E{ (—“ _ rZ(pk —u)) Sw I sNEK}}

N po
:50[ ( Z y)+2pk G_Zrk:1 —u)pk>

k=1

'I{w:SNzK}
) N | ==
— 0 T 2 - 2 -
&k o d . (3.18)
u—r u—r -
1= @-w+a-"—-(@a-wd
.(1 p)N—k
N
= SO Z [p (1 _ p)N—k
k=ko

N
=50 Y. (1) @+ [ - p) (A + ]

k=ko

=S°<1+””'i 1+r] [( -

k=kq
=S, (1 +7)V Bk, N, P).

-k

=l

IToncrasus (3.16) u (3.18) B (3.13), mpuxoaum k dopmyne Koxca-Pocca-Py-
ounwmetina (3.12).

[Toyguennas gopmymna ompeaersieT CIpaBeTuBYI0 CTOUMOCTE OMiinoHa call
(Sy — K)* B momenT Bpemenu 0. Mcmonb3ys HE3aBUCUMOCTD (py,)n<y W BOCTIPO-
M3BO/ISA TE YK€ caMble MPeoOpa3oBaHMsl, MOXXHO BBIBECTH (HOPMYIy IUIsl pacueTa
nieHbl Cy, n TAHHOTO OMIIMOHA B MPOU3BOJIBHBIM MOMEHT BpeMeHH n < N:

Cyn=Sn Blkn, N—n, p) =K1 +7)"WV=" -B(k,, N —n, p*), (3.12°)

1+b
rae k, = min {0 <ks<N-nS,1+a)™ (1+a) > K}. Kak uzBectno u3 Teope-
™Mbl 3.1, ieHa Cy,  IBASICTCSI CTOMMOCTHEO MUHUMAJIBHOM XE/DKUPYIOLICH cTpare-
run * = (B, v)) _y B MOMCHT BpeMeHI n < N.
ns=s

Anammupys (3.127), MoxxHO 6e3 Tpy/Ja BBIAEIUTEH (POPMYITBI 1711 COCTaBIISIO-
IIMX TAKOTO XeKa:

]/TL* = B(kn! N -n, ﬁ):
Br=—-KQA+1)"N-".B(k, N—n, p*).
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Teneps paccmoTpuM Eeponetickuii onyuon put ¢ TUTATEXHBIM 0053aTEITHCTBOM
(K — Sy)*. Kak yxe ObU10 YITOMSHYTO BBIIIE, TAKOH OMITHOH HAJCIISICT BIaIeIbIla
TIPaBOM 1pOOams aKIUIo S 10 (PUKCUPOBAHHOMN CTOMMOCTH K B MOMCHT BPEMEHHU
N. O6o3Ha9MM T1eHy MaHHOTO omiroHa Py. [IlpuHnMas BoO BHUMaHUE MapTHH-

Sn

rajlbHO¢ CBOMCTBO (B—) , @ Takke paBeHCTBO (K — Sy)T = (Sy —K)t —Sy + K,
n/ nsN
MOJIYYUM "

K-S Sy —K)* S K
N D S C Tl o L T
a+nnN aA+nrN A+nN  A+nrN (3.19)
* K — _ _n )
—(CN_E 50 +m—CN So+(1+r)N.

Cea3pb (3.19) mexny Py U Cy Ha3BIBacTCs call-put parity (napumemom yen
onyuonos call u put). Jlannoe COOTHOIIIEHHUE TTO3BOJISIET BBIPA3UTh IIEHY OMIOHA
call gyepe3 ctoumocTs ommuoHa put 1 Ha000POT.

3.3 IlpumeHeHne K pacyéTy (PMHAHCOBO-CTPAXOBbIX
KOHTPAaKTOB

[IpomeMoHCTpHUpYEM 3IETAaHTHOE U TIEPCIICKTUBHOE UCITOIE30BaHUE (POPMYITHI
Koxca-Pocca-Pyounmreitaa (3.12) mist OTICHKH 2UOKUX CIPAXOBHIX KOHMPAKMO8
(equity-linked life insurance), Tne pa3mep miaTeska Ha MOMEHT HUCITOJTHEHUS 0051-
3aTehCTBA 3aBUCUT OT CTOMMOCTH aKITMH Ha phIHKE. KOHTPaKThI TaKoOTO THIIA
BBITOHBI UX MMOKYTIATEIISIM, TIOCKOJIBKY aKIIMH MOTYT IEMOHCTPHUPOBATH TOPA3II0
Oosee OBICTPBINA POCT YeM BKIIAJ, Pa3MEIIEHHBINH Ha 0aHKOBCKOM cuéte. J[pyroit
MIPUBJICKATEILHON YePTON JAHHBIX KOHTPAKTOB SIBIISICTCS MUHUMATHHBINA rapaH-
THPOBAHHBIN pa3Mep BBHIIUIATHI, KOTOPHIH 3alTUIACT IepiKaTeis OT 00eCIIeHIBA-
HUS aKITUU. B TOTIOTHEHUE K 3TOMY CIIETyeT OTMETUTh, UTO BBICOKAsI KOHKYPCH-
WS Ha PBIHKE MOOYKIAeT CTPaXOBBIC KOMIIAHWHU IpEiaraTh HHHOBAIIMOHHBIC
MIPOIYKTHI, ONMMCAHHBIE BhIE. CIenoBaTeIbHO, KOMIIAHUH CTATKHBAIOTCS C IPO-
0J1IeMOi1 OTIEHKH TaKuX (PMHAHCOBO-CTPAXOBBIX HHCTPYMECHTOB.

B pamkax OwmHOMuampHOW Momenu (B, S) pbiHKa (2.1), cTpaxoBas KomIia-
HUS TIpEIJIaracT 002080pbl uucmozo ooxcumusi (pure endowment). B cooT-
BETCTBUH C yCIIOBUSMH JTaHHOTO KOHTPAKTa, €TO BIIAJENICI] TIOJIYUYaeT BHITUIATY
f = fy = max{Sy, K} Ipu yCIOBUU dodcusarus 0o momernma epemenu N, tne Sy —
CTOMMOCTD aKIIMKA B MOMEHT BpeMeHu N, a K — rapaHTUpOBaHHAss MUHUMAJIbHAs
BBITIJIATA.

Kak u B cmydae «9ucTO» (UHAHCOBOTO KOHTPAKTAa, BO3HUKACT CIICAYFOIINN
€cTecTBeHHbI Bompoc. Kak HallTH «mpuemiieMyr0» CTOMMOCTbH JJis JaHHOTO
CTPaxOBOTO COTJIAMIICHUS?

0O0603Ha4MM [, KOTMYECTBO KJIMEHTOB-/IepyKaTeNeii KOHTPAaKTOB Bo3pacTa y. Kax-
IBIA KITWEHT i, i = 1, 2, ..., [, MOXeT OBITh WACHTH(PHUITIPOBAH C TTOJIOKUTEITHHOM
Cly4allHOM BeNMUYMHOH T;, ONpeAenEHHON Ha HEKOTOPOM BEPOSITHOCTHOM IpO-
crpanctse (Q, F, P). Dra ciyuaiinas BeJInM4MHA, HA3bIBAEMask BPEMEHEM JI0XKH-
THS KJIMEHTA, MIPEACTABISICT COO0H BpEMEHHON MHTEPBAJl MEXIY BO3PACTOM X H
MOMEHTOM cMepTH KiuenTa. O603HaunM ,p, = P{@: T;(&) > n} ycnoBHy0 Bepo-
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STHOCTB TOTO, YTO JIepyKaTelb KOHTPAKTA MPOXKUBET eMI€ 72 JIET MOCIe JIOCTHKE-
HHA Bo3pacTta x. EcrecTBeHHO npennonoknTsb, 4To (T;)i=1, ., 1, — HE3aBUCUMBEIE,
OJIMHAKOBO pacripeieiEHHbIE Clly4aliHbIe BEJTMYMHBI, TOCKOJbKY CTPaxoBasi KOM-
naHus GOPMHPYET CIIUCOK CBOMX KIIMEHTOB CIIydailHBIM 00pa3oM. BmecTe ¢ Tem
Ka)K)IBIﬁ JCpKaTCib iC BPEMCHEM NOXUTUA Ti HC OKa3bIBACT BJIWAHUS HA IIOBCAC-
HHEe (MHAHCOBOTO pbIHKA. TakuM 00pa3oM, JiBe ocienoBarenbHOCTH (T;)i=1, .., 1,
1 (Pn)n=1, ., N MOTYT CUNTATHCA HE3aBUCUMBIMH, 1 Oy/leT KOPPEKTHO paccMaTpu-
BaTh IMPECTABICHHYIO CTPAaXOBYIO cXeMy Ha JIekapTOBOM MpPOM3BEJCHUU JIBYX
BEPOSATHOCTHBIX MpocTpaHcTs (1 x O, F X F, P x P).

CormacHo pa3paOOTaHHOW BBINIE TEOPHH, €CTECTBEHHO HCKAaTh TpeOyemyro
ctouMocTh C, pUpaBHUBAsE CyMMY BCEX MPEMHUI K CpeHEH CyMMe BCeX IuIaTe-
el OTHOCHUTENBHO P X P*:

Ux

AN
Cl,=EXE ZB—I{m:Ti(abN} g
N

i=1

IJle MaTeMaTHIeCcKue OKUIanus E m E* paccUMTaHbl OTHOCHTENIBHO f ¥ Map-
TUHTAJIHOW BEPOSTHOCTHU P* COOTBETCTBEHHO.

VYuureiBas npenctaBienne max{Sy, K} = K + (Sy — K)*, a Taxke He3aBUCH-
MOCTh T; U pp, MBI MOXeM IpuMeHuTh popmyny Kokca-Pocca-PyOunmreiina
(3.12) ansa pacuéra 1ieHsI C:

M
e
X
“

A

B_ Lig.r, (w)>N})
1
L

"L nDxEBy'(K + (Sy — K)T) (3.20)

= ypx- (1 +r)_N ‘K + ypx
“[SoB(ko, N, p) — (1 +1)"NKB(ko, N, p*)].

®opmyna (3.20) 1eMOHCTPHUPYET, YTO OLIEHKA IPUEMIIEMOTO pa3Mepa MPeMHUn
JUTSI KOHTPAKTOB TaKOTO THOKOTO cTpaxoBaHus (equity-linked insurance) Bo3Mox-
Ha TOJIBKO MPH MOMOIIHA METOJIOB MaTEMAaTHUECKUX (PMHAHCOB.
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) I'nasa 4
PACYETHI OIIIIMOHOB: HOBBIE BOITPOCBHI
U TEOPETUYECKHUE OBOBIHIEHUSA

B uemeepmoti enase nokazano, umo 03MONCEH MUN X€OIHCUPOBAHUS,
obecnequsarowull 00CMUICeHUe NIAMENCH020 003aMeNbCmed ¢ 3a0AHHOU
sepossmuocmoio. bonee mozo, 6 neil @ pamkax OUHOMUATLHOU MOOENU PACUUU-
PAEMCst KIACC CAMOQUHAHCUPYEMBIX cmpameuii ¢ RoMowbio G-ghunancupy-
eMbIX U PA36UBAEMCST COOMBEMCMEYIOWAs meopus xedxcuposanus. Hako-
Hey, 30eCb dce 00CYHCOaemcs ONPOC paciémos NiamédcHbIX 00s13amenbCeme
6 HENOTHBIX PLIHKAX U BBOOUMCSL NOHAMUE BEPXHUX U HUIICHUX YeH ONYUOHO8

(cm. [4], [6] u [3]).

[lepen TeM, Kak MPOJOIIKUTH ITOTPYKEHUE B TEOPHIO pacuéTa CTOMMOCTH OIl-
IIUOHOB, CHOPMYITHPYEM CIICIYIOIINE HABOSIIIE BOIIPOCHL:

1. Ymo cnyuumes ¢ pacuémamu onyuoHos, eciu 05t UX OYEHKU Mbl He MOdiceM
UCNONBb308AMb 8ECH KIACC CAMOMUHAHCUPYEMBIX CINpame2uii?

2. YUmo cayuumes ¢ pacuémamu OnyuoHos 8 ciyuae HeodXooumMocmu pacuiu-
penus knacca SF?

4.1 IlonsiTHE 0 XEMKMPOBAHUM C 32JAHHON BEPOSITHOCTHIO

OTBeT Ha nepsvlll onpoc yxe ObT YaCTUYHO MPHUBEIEH U paHee, KOT/a MbI
paccMaTpHUBAIIA 337a9y pacuéTa CTOMMOCTH U XEKUPOBAHUS IIATEKHBIX 005132~
TEJBCTB «JIOCTUKHUMBIX C BEPOSTHOCTBIO 1». IToxon, AeMOHCTpUPYEMBI HUXKE,
HE TPEAINOoIaraeT, 9To IUIaTEXHOE 00S3aTeIbCTBO MOXKET OBITH JOCTIDKUMO C
TIOJTHOW BEPOSITHOCTHIO. Takast CUTyalsi BO3HUKAET B Ciydae, KOrJa MMEeTCs
OroKeTHOE OrpaHWYeHHE HadaJbHOTO KamuTana. [Ipum aTom, crapasch Makcu-
MaJbHO YIPOCTUTH 3/1€Ch MU3JIMKEHHE 3TOTO TMOAX0/a, Oy/eM HCIIONb30BaTh He-
KOTOpBIE «HMCKYCCTBEHHBIE» TEXHHUYECKHE JOMYIICHHS, CMBICT KOTOPBIX OyIeT
OoJiee MOHATEH MO3HEEe, KOTAa MBI BEpPHEMCS K PEIISHHUIO 3TOW 3a1a4u Ha Cpo-
20 MamemamuieckoM YPOBHE, HCTIONB3YsS ¢yHOamenmanvHyio aemmy Hetima-
Ha-Ilupcona.

[Ipenmonoxum, uTo Ha GMHOMHUAIEHOM phIHKE (2.1) 3amano miaré&xnoe o0s-
3aTeNbCTBO f ¢ JaTod ucronHeHus: N takoe, uto E*f > 0, rie E*, Kak U mpexJe,
— MaTeMaTH4ecKoe OXKUIaHue 10 OTHOIIEHUIO K MapTUHTaIbHON Mepe P*. C naH-
HBIM TUTaTEXHBIM 00513aTEITECTBOM CBSKEM CIICAYIOIMINN KJTacC caMO(pUHAHCUPY-
€MBbIX CTpaTeruii:

SF(f, N) = {m € SF:XT > f —E*f}.
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bl ONYuUo. u meopemuveckue 0606u4e1—m}1

3amaaM HEKOTOPBIA YPOBEHb 3HAYMMOCTH a € (0, 1) U OyneM roBOpuTh, 4TO
ctparerust @ € SF gpnsercs a — (x, f, N) XeIDKeM, WIH TIPOCTO X -XESIKEM, CCITH

PIXZ > fluP{XE>f}>1—-a. (4.1)

MHOXeCTBO BCeX a-xemkel obo3naunM I(x, f, N, a), a a-TIIeHy TUIaTEXHOTO
00513aTeTTLCTBO f OMPENETUM CIICTYIOIIIM 00pa3oM:

C(f, @) = inf{x > 0:I(x, f, N, a) # 0}.
[Ipex e Bcero, ycTaHOBHM, UTO JyIsI JTE0O0TO roptdens w € SF(f, N) cpaBen-
JIUBO CIIEYIOIee HEPaBEHCTRO:
X0
PXF =2 f}< < 4.2)
e C = E*By.

JeticTBuTenpHO, HepaBeHCTBO YeOwImieBa, ompeaeneHue kiacca SF(f, N),
MapTUHTAIBFHOE CBOMCTBO P* 1 opmymna (3.7) mpuBomsaT k (4.2):

PHXN = f}=P XN —f+EfZEf}<
- E*Xy —f+E'f) E'XF EBy'Xy X§
- E*f " E'f  EByf  C°

Heob6xonumoe ycioBue aj1st TOro, 4To0bl CTparerus 7 u3 kiacca SF(f, N) sB-
nsnack @ — (x, f, N) XemKeM cienyeT u3 cooTHomenni (4.1) u (4.2):

X
l-a<PXfzf}st
nin

x=>(1—-a)C (4.3)

ITo ananorum ¢ qokazarenbcTBOM TeopeMsr 3.1, TOCTPOUM a-XeIlK 7T, C PaBCH-
cTBOM B (4.3). [t ncXoqHOM BEPOSTHOCTH P ¥ MApTUHTAIILHOU MEPHI P* oTipere-
dapP —
JTAM TITOTHOCTB — > = (Zy)~1. Torna anst HEKOTOPOTO A = A(r) TIOTyYaeM, 4TO

PH{Zy) *=22=1—a, 4.4)

TJIe AUTs yOPOIICHIS Ipemnoaraeres A > 1.

PaccmoTpum cienyroliyie MapTUHTJIbL:
- Mt = B (I <)
- ME = E*(By'f| R,

KOTOPBIC UMCIOT NMTPEACTABJICHNUE B BUAC
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*ME =a+ Y8 oxBr Sk (o — 1),
* My = C+ X3o; ViBi 'Si-1(p = 1)

C MPEJICKAa3yEMBIMU ITOCIEAOBATENBHOCTAMH () ey ¥ (Vp)nsn-
st magampHOTO — KamuTaina X, = (1—a)C, ompemenuMm  moptdens
e = By, Vi )nsy € MOMOUIBIO CIIEYIOIIUX COOTHOIIEHUM:

* * ;Z:E - T(lzsn—
¥ =Yn—nC, P = % (4.5)
Ucnonsays (3.7) u (4.5) momyuum, 410
B,GlX:“ = (1 — 0()(: + Z Blzlygsk—l(pk — T)
n k=1 n
) . » (4.6)
= (1= @C+ Y B Seabi(oe =) = ) B Sieau oy — 1)
k=1 k=1
=(1-a)C—-(1-a)C+ M- CMZ.
Kax cnenyer u3 (4.6):
Blng;fa = B&lf —C- I{(ZX,)_1<A}' (47)

" CJICJ0BAaTCIbHO,

By'Xy® = By'f —C.

ITocnennee HepaBEeHCTBO O3HAYAET, UTO 7, € SF(f, N).
Hanee, uz popmyin (4.4) u (4.7) momydaem, 9To

!

v 2 1} =P {f - Bl 2 1

= p* {I{(ZKI)—1<)L} < 0} (48)
=P{Z) =N =1-a

Haxonen, u3 (4.4) u (4.8) ciemyet

PXy* = f}= E'liymay(Zy) ™1 2 E'l(ymazpy - Iz y-122) 4.9)
D) tzAa1-a) = (1 —a). ’

Coornomenus (4.8) — (4.9) nemoHCTpHUPYIOT, 4TO ycnosue (4.1) BeIOTHAET-
s IS cTpareruu m,. CreaosarenbHo, nanusii noprdens — a — ((1— a)C, f, N)
XEIK.

[MonyueHHBIA pe3yabTaT JEMOHCTPUPYET BO3MOYKHOCTH XCPKUPOBAHHSI
IIaTéKHOTO 00s3aTebCTBA € 3adanHou eeposimuocmovio (1 —a) < 1. Kpome
TOTO, pa3Mep HAYaJbLHOIO KalluTaga MOXKET ObITh CHUKCH Ha BeNWYUHY aC, 1o-
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POXIIasi TOTTOTHUTENLHBIA PUCK @ TOTO, YTO NMPHHATOE TUIATEKHOE 00S13aTeIIbCTBO HE
OyZeT BBITUTAYCHO.

4.2 PacuéTpl ¢ MCNOJIb30BaHUEM 00Jiee IIHPOKOro Kjaacca
CTPaTeruii o CPaBHEHHUIO € KJIACCOM
caMO(UHAHCHPYEMBIX CTpaTerui

g oTBEeTa HAa 8MOPOI BoNpOC MPEACTaBUM OoJlee PeaTnCTHYHYIO CUTYAIHIO,
B KOTOPOW M3MEHEHHUS B CTOMMOCTHU MOPT(ENST COMPOBOXKIAIOTCS B TOM UHCTIE
MIPUTOKAMH M OTTOKAMH KamuTayna Ha peiHKE (2.1). Bymem momenupoBars Ta-
KO€ TIOBEJICHHE C TOMOIIBI0 HEKOTOPOH CTOXAaCTHYECKOM MOCIeI0BATEIbHOCTH
G = (Gunsv m BBeNEM Kitace GF, comepxammii G — unancupyemvle cmpameuu
7 = (Bn, ¥n) Takue, 4TO

Bp_18By + Sp_10yn = —AG,,. (4.10)

Onpenenenne G — punancupyemoii crpareruu (4.10) MoxeT OBITH MOTYyUEHO
TaKKe U3 Cyry00 MaTeMaTH4eCKIX COOOpakeHHUi:

AXF = XF — X7

n-1

= PnBn + ¥uSn — Pn-1Bn-1 — Yn-15n-1

= BnBn + ¥nSn — BuBn-1 = ¥nSn-1 + BnBn-1 + ¥nSn-1 — Bn-1Bn-1 4.11)
~ ¥n-15n-1

= (BpABy, + ¥pASy) + (Bpo18By + Sp—14y5).

Ilepsas komnonenma (PnAB, + v, AS,) cooTHOmEeHUs (4.11) oTBEUaeT 3a M3Me-
HEHHE KaluTaja CTPATeTHH T B CBA3HM C M3MCHCHISIMU TICH CTUHUIIBI 0AaHKOBCKO-
ro cuéTa M aKIWu, 1 SBISETCS OCHOBOW CBOMCTBA caMO()HHAHCHUPYEMOCTH MOPT-
dens. Bmopas komnonenma: —AGy =(Bn-18Bn + Sn—18¥2) popmansHO He HMeeT
TaKO# K€ MPOCTON dKOHOMUYECKOW WHTeprnperanuu. OHa onpenenseT mpuoIn-
KEHHOCTh CTpareruu K camoduHancupyemoit. Ecin AG, = 0 (COOTBETCTBEHHO,
AG, < 0), Torna G — (UHAHCHPYEMYIO CTPATETHIO0 T HA3BIBAIOT cmpamezueli ¢
nompebnenuem (COOTBETCTBEHHO, cmpamezuell ¢ peuHancuposanuem, ousu-
OeHOamu, UU UHBECMUPOBAHUEM).

Paccmotpum G — ¢uHAHCHpYyeMBIE CTpaTeruu c¢ moTpedieHueM (AG, = 0)).
Crrydaii moptdeneit ¢ pepuHaAaHCHPOBAHUEM MOXET OBITh PACCMOTPEH aHAIOTHY-
HO. B cootBerctBuu ¢ paBenctBamu (4.10) — (4.11) 3ametum, 9T0 WIS 1 € SF
KanmuTand X7y = BuBn_1 + ¥nSn_1 + AG,.

Hanee, ncnons3ys (4.10) — (4.11) 1 9BOMIOIHIO CTOUMOCTH 0a30BOTO aKTHBA
B Mozenu (2.1), momydaem:

AXT = BulBy + ¥ ASy — MGy = Bn7 By + ¥nPnSn—1 — AGy
= BnBn1T + VnSn-17 + AGLT + VnPnSn—1 — ¥uTSn—1 — LGy, — TAG,

=1(BpBn-1t ¥nSn—1 + AGy) + ¥ Sn—1(pn — 1) — (1 + 1)AG, (412)
=rXy 1+Vn n—1(pn —7) — (1 + 1)AG,
= rX,’f_1 + AN,

e AN, = ypSp-1(pn — 1) — (1 + 1)AG,.
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Coorromrenne (4.12) TOKa3bIBaeT, 4T0 X7 YAOBICTBOPSET HEOIHOPOIHOMY
cToxacTruueckoMy nmuddepeHnnatbHoOMy ypaBHeHHIO (2.8°), a 3HaYHT

n n
XF =B, {X{f + Z B 'VieSk-1(p = 1) — Z B;Z_llﬂGk}- (4.13)
k=1 k=1

Ompenensist

n
My =Xg + Z B "VieSk-1(p — 1),

k=1
n (4.14)
GP = Z B ,AG,, GE = 0.
k=1
[Tomygum ¢ momomeio (4.13), ato
B71X™ = MF — GB. (4.15)

Kax yxxe m3BectHo u3 (3.7), cToXacTHUeCKas MOCIEAOBATEIBHOCTD (MX), <y
B (4.14) — (4.15) sBnsiercst P* — maprunTranom. [Ipyrasi ctoxactuieckas rmocie-
J0BaTelIbHOCTD (GF),<y B (4.14) — (4.15) — mpenckasyemasi U HeyObIBaroIasi,
MTOCKOJIBKY AG, = 0CnemnoBaTelbHO, TPUXOANM K BaKHOMY HAOIIOICHHUIO, YTO
0J151 KAX#CcOOU cmpamezuu ¢ nompebienuem, npunaoiexcaujel kiaccy GF, e€ ouc-
KOHMUPOBAHHIL KANUMAJ ABHAEMCA CYNEPMAPMUH2ALIOM OMHOCUMENbHO MAap-
muneanbHou mepvl P*. JlanHoe HaOMIOAEHNWE JEeMOHCTPUPYET TpaHCHOpPMAIIHIIO
MapmuneanvHol xapakmepuszayuel caMo(UHAHCUPYEMBIX CTpaTeTuil B cynep-
MApMUHEATbHYI0 XAPAKmMepu3ayuro CTPaTeruii ¢ TOTpeOIeHHEeM.

Hanee, mist (B, S)-pbinka (2.1) 1 3aaHHOTO MJIATEXHOTO 00s3aTeIbcTBa [ C
Jatoil ucnonHenuss N, onpenenuM G — (B, S) — pblHOK WIH, SKBUBAJIEHTHO, G —
oepaHnuyennslli (B, S)-pulHOK, a Takxke G — xedorc IS CiTydasi, KOT/ia MBI paboTaem
¢ kjaccoM GF Bmecto SF. EcTeCTBEHHO 0KUIaTh, YTO COOTHOLIEHHUE HUXKE, IOy~
yeHHoe u3 (4.15) mocpencTBoM ycpenHeHus o mepe P~

N
E*BRXT = XF — Z E*B;},AGy (4.16)
k=1

OyZeT urparh KJIIOYEBYIO POJIb B OTIPE/ICTICHUN TaK HA3bIBAEMOH G — yeHbl OTIIH-
OHa C TTATEKHBIM 0053aTEITLCTBOM f .

[Ipenmonoxwm, 4to G — GpuHAHCHpYyeMasi CTparerus n apisiercss EBporeiickum
(x, f, N) xemxeMm (G — xemxeMm). 13 paBerctsa (4.16) ciemyer, 4To

x =Xo =E*By'XF + Xi_ E*Bi L AG, = E*By'f + Xi_1 E*Bi 2, AGy,

", €CJIM JaHHas CTpaTrerus MUHUMaJIbHa, TO
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N
x=E" {3,;1 F+ Z B,;_llAGk}. (4.17)
k=1

[ToxaxkeM, uTo u3 BbIonHEHUs (4.17) BBITEKAaeT CyIIECTBOBAHNE MUHIMAIIb-
HOTO G —Xxemka. [{ist aToro onpenenum P* — mapTuaran M*:

Tn)
(4.18)

N
M;, = E* (B,;if + Z Bi1,AG,
k=1
Mg = x.

st 3amanHoro B (4.18) MapTuHTrajza MOXKHO 3alHCaTh €r0 MapTUHTAIBHOE
TpecTaBieHue B hopme

n
MZ=X+Z<p}Z(pk—r), n<N. (4.19)
k=1

ITokaxkem, 4TO, 3Has @, U AG,,, MOXKHO IIOCTPOUTh MUHUMAJIBHBIN (x, f, N) —
XeIK (G—XemK) * € GF TaKo#, 4TO CTOXacTHUECKasl MOCIEA0BaTEIHHOCTh

n
F =BT 4 ) B AG,
k=1
Oynet P* —MapTHHTrajaoM, COBIAIAIOIINM ¢ M*,
Jlns Hadasa 3amaaum

Vi = ‘PIBlso_l' Bi = x — AGyy;So,
u ¢ moMotibio (4.19) Haitném, uto

MT = B7'XT 4+ AG, = BT (BiB, +viS)) +
AGl =

S
= Br + VB[S, + AG, = x — AG, — 9B, + <p;S—1+A61 =

0
=x+@i(py—1) = M.

[Iponomxkast 3TOT mporiece, MOTydInuM (G—(HHAHCHPYEMYIO CTpaTeruio m*, Ta-
KyI0 4T0 M;; = MF . B pesynsrare, ucnonbsys (4.18), umeem s kaxaoro n < N:

n
X = M.B, — B, Z Bi1AG,
k=1

N
= B,E* (B,;lf + Z B, AG,
k=1

a) ~ By ) BihiAG (4.20)
k=1
Tn)

B wactHoctH, X§ = f and XF = x, W, CIeIOBATeIbHO, T* — MUHUMAJIbHBIH
G—xemx. Takum 00pa3oM, TPUXOIUM K CIICTYIOIICH TeopeMe.

N
=E*(B,§13nf+ Z B, Bi;X,AG,

k=n+1
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Teopema 4.1. Paccmorpum G — (B, S)—pwiHOK (2.1). Torma nnst EBponeiickoro
OIILIMOHA C IIJIaTEéXHBIM 0053aTEILCTBOM f M JATOW MCHOJHEHUS N BBIIOJIHEHBI
CIICIYIONTNE YTBEPKICHIS:

1. CnpaBeniuBasi CTOMMOCTD OTITHOHA 3a1aérest popmynoit

C=Cy(f;6) = E*(By*f + Xh-1 Bi21AGy);

2. CymectByer MuaEMaibHEIH (C, f, N) Xemk r* = ((B;, y,’{))n<N, ompenens-
eMBbIi (hopMyITaMu: h
* §01*an X-er—l - yrisn—l B AGn

T Sn—l ' ﬁn B Bn—l '

TIe ¥n— MOXET OBITHh HalIeHO ¢ rmoMoIIsio (4.19);
3. CTOoUMOCTh, MUHUMAIBHOTO G —Xeka ornpenemnsercs hopmyioit (4.20).

Caencrue 4.1. Paccmorpum G — (B, S)—pbiHOK (2.1) ¢ 3a1aHHOM CTOXACTH-
YeCKOHM MocCIenoBaTeNlbHOCThI0 Gy = ¢ Yk Sk, Go =0, ¢ >0, u onuuon call
f = (Sy —K)*. B coorBercTBru ¢ Teopemoii 4.1 MOKHO paccunTaTh IEHY MUHU-
MaJbHOTO G —XEIKa B MOMEHT BPEMEHHU N < N:

E*(BN'Ba(Sy —K)* + N _ i1 BuBiticSk |F)
= E*(By"Bn(Sy — K)*|F)
N

+ Z E*(cBns1Bi Skl %)

W (4.21)
N
CRR S"
= (CN,TL + CBn+1 Z B_
k=n+1

n

=CfR +c(1+ (N —n—1)S,.

B xone npeoOpa3zoBanuii s BeiBojaa (4.21) ObL10 McHosb3oBaHo P* — map-

TUHTAJIbHOE CBOHCTBO (z—") D ET (Z—';|Tn) = Z—", k=n+1, .., N [lpumenss (4.21)
B ciyvae n = 0, mpuxoaum K popmyse Tt G —11eHbl B MOMEHT BpeMeHH n = 0
C=CSRR +c(1+1)(N - 1)S,. (4.22)

IIponemoHCTpUpyEM MPUMEp pacueTa YKa3aHHBIX BbIIIE BETUYHH.

IIpumep 4.1. Paccmorpum aByxmiaroByro Mojenb (2.1) ¢ mapamerpamu
So =200, By =1, r=0.2u S; co 3pauennsamu 320 u 120. Paccunraem CRR — cto-
AMOCTh M G — CTOUMOCTSH (¢ yu€ToM mapamerpa c¢ = (0.05) omnmuona ¢ miaTé>KHbIM
00s13aTeTLCTBOM f = (S, — 210)*. 3HaUCHUSI TOXOMHOCTH OMPENCTISIOTCS U3 COOT-
HOIIEHUM:
S, =Sy 320-120 3 S, —S, 120-200 2

Ca= _Z

b= Z,
So 200 5 So 200 5
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CrenoBarenpHO, MOyIaeM MmapaMeTp bepHym sl MapTHHTIBHON Bepo-
SITHOCTH 1 2

72 c BeposaTHOCThIO (1 — p*)? = >

._r-a_5*5_3
Poh—a"3,275
5°5
Hanee, 11 S, ¥ TIATEKHOTO 00A3aTENBCTBA BBINOIHEHO:
9
(572 Cc BeposiTHOCTBIO (p*)? = >
12
S; =51 +p2) = i 192 c BeposiTHOCTBIO 2p* (1 — p*) = >

Taxum 00pa3om, MOXKHO PacCYUTATh CITPABEUIUBYIO CTOMMOCTD (9KBHBAJICHT-
HO, CRR — CTOMMOCTB) B CJICITYIOIIEM BHUJIC:
f

CCRR = gL —
2 B, (1.2)2

302 0 =755
25 U

Taroke u 1151 G — CTOUMOCTH C,, UCTIONB3YA (4.22), momydum

C, = CSRR 4+ 0.05-1.2+1-200 = 75.5 + 12 = 87.5.

4.3 HenoJIHOTA PHIHKA M NOHATHS O BePXHel M HU/KHeH
LleHaX ONIMOHOB

CocpenoroynM BHUMaHKE Ha 00J1aCTH, B KOTOPOH CTPATETHH € MOTpedIeHIEM
WTPAIOT KITI0YEBYIO posib. HagaHEM ¢ paccMOTpeHHs CIeayIomero npumepa.

ITpumep 4.2. PaccMoTpuM o1HO-1AroBy 0 Moaeib (B, S) — pbiHka ¢ mapame-
Tpamu By = 1, Sy = 100, r = 0 1 TpeMs BO3MOKHBIMHU CLIEHAPUAMHU U1 3HAYECHUS
CTOMMOCTH akmuu S; B MoMeHT BpemeHu 1: 80, 90, 180 ¢ cOOTBETCTBYIOIIMMHU
BEPOSATHOCTSIIMU Py, Py, P3- BOZMOXKHO JIM BOCIIpou3BecT EBporneiickuii oniuon
call ¢ mmaréxueiM 00s3aTensCTBOM f = (S; — 100)* Ha 3a1aHHOM pBIHKE?

Jns oTBeTa Ha MOCTaBJIEHHBIM BOMPOC 3alUIlIeM TPU YCIOBUS ISl BO3-
MOXHOM BOCIPOU3BOJIAILEH cTpaTeruu © = (8, y):

B+80y=0
BPA+7r)+yS;=f & {+90y=0
B + 180y = 80.

JanHas cucteMa ypaBHEHUH, ONPEIESIIoIIas NapamMeTpsl f U y, HE UMEET
peIIeHus, TOCKOJIBKY OHOBPEMEHHO JTOJDKHO OBITH BRITIONHEHO ¥ = 0 1 y = 0.8.
CrenoBarenbHO, 3aTaHHBIN PRIHOK — HEMOMHBIA. JIpyruM SKBUBaJICHTHBIM JTOKA-
3aTeNbCTBOM 3TOTO (paKTa, COrTaCHO BTOPOH (hyHIaMEeHTalbHOI TeopeMe (prHaH-
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COBOHM MaTeMaTHKH, SBJSIETCS 3aKII0YeHNe, TIOTYYeHHOE 13 aHalIn3a MHOKECTBA
PUCK-HEUTpaIbHBIX MED.

Puck-HeiitpanbHas Mepa P ompemeneHa IMOCPEACTBOM TpEX —Iapa-
METPOB Py, Pa, D3,  YAOBICTBOPSIOIIMX  YCIOBUAM: P +p,+p3=1 ¥H
80P, + 905, +180p; = 100 (& ES; =S;). OdeBHIHO, YTO yKazaHHAs CHCTEMa
“MeeT MHO)KECTBO PEIIeHNUH, YTO 03HaYaeT MHOXKECTBO JOMyCTUMBIX PHCK-HEH-
TPaJIbHBIX BEPOSITHOCTHBIX MEp JUIS 3aJaHHON MOJAETH PHIHKA.

[Ipumep 4.2 neMOHCTPHUPYET, YTO MOIHOTA PHIHKA HAPYIIAETCs, €CIIU CTOH-
MOCTh aKIIMH MOXKET TPUHUMATh 0ojee MBYX 3HaueHWd. B To ke Bpems Koiu-
YECTBO MApPTHHTAIBHBIX BEPOSATHOCTEH JUISI TAKOTO M)IbIMUHOMUAILHO20 PHIH-
ka 6ompire 1. Momens (2.1), paccMoTpeHHas paHee, OblIa HajelIeHa CBOWCTBOM
MTOJTHOTBHI, YTO O3HAYAIIO €MHCTBEHHOCTh MapTUHTAILHOW Mephl. Bee duHanco-
BbI€ BBIYMCIICHUS TIPOU3BOIMINCE C yUETOM JaHHOTO (pakra. Bo3HnkaeT Bompoc
BO3MOYKHOCTH aHAJOTHYHBIX PACUETOB B CIyUae HENOAHO20 MYIbIMUHOMUANLHO-
2o puirka (2.1), korma MapTHHTaJIbHAS Mepa He SIBISICTCS eIMHCTBEHHOH. Jamnm
€CTECTBEHHOE OIPE/IeJIEHNE CTOUMOCTH ONI[MOHA EBpOIIelicKoro Tuma ¢ miaréx-
HBIM 00513aT€TTLCTBOM f ¥ BpEMEHEM HMCIIONHEHHsI N IS JAHHOHM MOZeNTu. YdacT-
HUK PBIHKa MOXKET BBICTYTIaTh KaK MPOJIABIIOM, TaK W TOKYIIATeJeM OMIHOHA.
Paznuunble MPUOPHUTETHI MOKYTIaTeNs U MPOoJaBiia MPUBOISAT, B 00IIEM ciydae,
K (GopMHpOBaHHIO pasHbix kernaeMbix neH C' u C, s mokynarenst ¥ mpojaB-
na. Bmecre ¢ 3TUM BO3HMKaeT HeHyneBas pa3zHuiia C* — C,, KOTopasi Ha3bIBaeTCS
cnpaoom yen. B cirydae TIOJTHOTO PhIHKA CYIIECTBYET BEPOSTHOCTH COBMEIICHHS
MIPOTHBOIIOIOKHBIX MHTEPECOB MPOJIABIA U MOKYIIATENs, YTO BBIPAXKaeTCs B Cy-
IIECTBOBAHUHU €IMHCTBEHHOMN CIIPaBEIMBON CTOMMOCTH Cj.

T'oBops Oonee hopMaTbHBIM SA3BIKOM, BBEJEM CIEAYIONTNI Kilace caMo(rHaH-
CUPYEMBIX CTPATEruil 7:

M*(x, f, N)={m e SF: X = f, X =x >0},
IL(x, f, N) ={mn € SF: X} < f, XJ =x>0}.

Hanee onmpenennm meHbl ask u bid mmaTéxHOTO 00sM3aTeNbCTBA f B BHIE (HOp-
MYy

C* =C*(f, N) = inf{x:I*(x, f, N) # @},
C, = C.(f, N) = sup{x: II.(x, f, N) # @}.

Kak m3BectHo (cM., Hampumep, (3.7)), kamutan Xy camMopuHAHCHPYEeMOit
crparerun © = ((By, yn))n<N MOKET OBITh IIPEICTABICH B BUJIE

N
X5 =ByiXo + Z Bt 1vieSk-1(pr — 1)}
k=1

PaccunteiBas MaTeMaTHUECKOE OXKUIaHUE TAHHOTO PaBEHCTBA OTHOCUTEIIEHO
MapTUHTAIFHON BEPOSTHOCTH P, ToyyaeMm:
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EByXE = EX, = x.
CrneoBaTenbHO, 11 TH000i MapTHHTaILHON Mephl P BBINOTHEHO:
C, <EByf<cC (4.23)

Taxum 06pa3oM, /IS TIOHOTO PHIHKA CIPABEITUBO PABEHCTRO:

C.=C=0C,

JOPYTUMH CIIOBAMU, NOJIHbLLY PLIHOK XAPAKMEPUIYEeMcsi OMCYmcmeuem cnpeod.
OpnHako B ciTy4ae HEMOJIHOTO phIHKA U3 (4.23) momydaem, 4To

C. < ing'B,;lf < sqpﬁB;lf <C. (4.24)
P

Hepasenctsa (4.24) HaBOIAT HA MBICITB, YTO B HEKOTOPBIX CIydasx JieBas U
rpaBast 9acTH HepaBeHCTB (4.24) craHoBsATcs paBeHcTBaMHU. OOBIYHO CyIIpeMyM
cTporo Oomnbine HHGUMyMa, CIEIOBATENEHO, HENONHbIL PIHOK XapaKmepusyem-
€A HeHynegvlM cnpedom. Ty UICI0 IEMOHCTPHUPYET CIEAYIOUIHHA TpUMep.

IMpumep 4.3. PaccMoTpum crienyromnyro 1-maroByro Momens (B, S) — pBIH-
ka (2.1): Bp=B;=S,=1, S; =1+p, TAe p TNPUHUMAET OAHO M3 TPEX BO3-

MOJKHBIX 3HAYCHHI: E, 0 and _l C TMOJOXUTCIIBHBIMHU BCPOATHOCTAMU

D1, P2, P2, D1+ D2 +P3=1 . MapTI/IHFZaHBHOC CBOMCTBO Mepbl P, BBIPaKEHHOM
TpurmietoM (py, p,, P3) O3Hadaer, 4to Ep = Eﬁl - %ﬁ3 =0 u, CJIEIOBATEIILHO,
1 = Ps. BeIpazum p, B ciieqyromem BUIC: fp =1 —pPy —pPs =1 —2p;. OT0 npuBo-
JIUT K MHOXKECTBY MAPTHHTAIBHBIX Mep P. JlommycTtuM, miatéxHoe 0053aTeIbCTBO
f uMeeT CcleayIomui BU:

f=f)=(1—-D*"=p*.
Jlist BeIUMCIIEHUsT IEHbI TOKYNKU (ask) C* ¥ mponaxu bid) C, 1aHHOTO 00s-

3aTeIbCTBA PACCMOTPHM JIBE CJICIYIOLIHE II0CIE0BAaTEIbHOCTH MaPTUHI AJIbHBIX
BEpPOSITHOCTEN P, u P™ :

2 n n
~ 1 1 ~ 1 ~ 1
n =—t=—=pn - —— n — —_ —
P {p 2} 2n P { 2}' Pip =0} =1 n
OueBuaHO, uTO B, p* = %(1 - %) 7 i and E,p* = ﬁ 1 0, n kax cnencreue (4.24)

1 o
npuBOAUT K C, = 0, C* =-. 3aMeTHM, YTO IMpeJiebHbIe 3HAYEHHs BEPOSITHOCTEH
4

~ ~ 1 1
Py 1 P, CKOHIICHTPHUPOBAHHBIC COOTBETCTBEHHO HA 3HAYCHUSIX {;} {_ 5} u {0},
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9KCMpeManibHyl IS CeMeMCcTBa MapTHHTAIBHBIX MEp JAHHOTO phIHKA. VIHTEepBaN
[C,, C*] COmEPKUT BCE BO3MOXKHBIC Oe3apOUmMpastcHvle yeHvl TUIaTEKHOTO 00s-
3arenscTBa f. JpyruMu clioBaMu, IIEHBI, KOTOPHIE HE SBISTIOTCS OC€3PHCKOBBLIMU
00HO8pemenno s 00enx CTOpoH KoHTpakTa. [Ipomexytku (0, C,) u (C*, o)
TIPEJICTABIIAIOT apOUmMpaxicHole yensl U TIOKyTaTeNs | IpoaBiia OMIHOHA CO-
OTBETCTBEHHO. PuCyHOK 4.1 oTpakaeT JaHHYIO CTPYKTYPY II€H OIIIHOHA.

be3apbutpaxHble
UeHb!

@ A d

ApbuTpax ans nokynarens ApbuTpax ans npoaasua

Pucynok 4.1 — CTpykTypa 11eH ONIHOHA

Jns 3amaHHOTO TUTATEXKHOTO 00s3aTeNbCTBA f €, BOBMOXKHO, BEChMa CIIOXK-
HON CTPYKTYpOH, MOKET OBITh TPYIHO IMOJYYUTHh TOYHOC 3HAUCHUE BEIIMYUH
C. u C* . Jlannas CUTyanus oOYXIaeT K HAXOXKICHUIO OTHOCHTEIEHO MTPOCTHIX
npubmmxenni. [loctpoum Takme orenku s EBpomeiickoro ommumona call ¢
IaTé&KHBIM  00s13aTennbeTBOM f = (Sy — K)*. [lockonmbky Sy HEOTpHIIaTeIbHA,
T0 (Sy — K)* < Sy. Mcrnons3ys HepaBeHCTBO MeHcena, a Takke (GakT TOTo, 4To

N o o
(B_n) SABJISACTCA MApPTUHIAJIOM OTHOCHUTCIBHO MPOU3BOJIBHOU MAaPTUHIAJIBHOU
n’ns<N

BEPOSITHOCTH P, IIOJIyYHM:

(S0 _%f = (B2 K) < B () < g = s, =5,

Taxum obpazom,

So—A+r)N-K*T<C,. <C<S,.

[TompIToXKMBasT TUCKYCCHIO O HETIONHBIX PhIHKAaX, BEpHEMCS K G — pUHAHCH-
PYEMBIM CTpaTerusaM (CTpaTeruyl ¢ MOTPeOICHUEM) U UX CylepMapTHHTaIbHON
XapaKTepUCTHKE, BRIpAKEHHOH paznokeHneM (4.15). Takoe nmpeacraBienne Mo-
JKET OBITH BBIBEICHO TSI JTFOOOM MapTUHTIBHON BEPOSTHOCTH. B Kaskmom cay-

pés
4yae OHO Oyjier SIBHSITI)CH paSJ10>I<eHHeM Jlyba IMCKOHTUPOBAHHON CTOUMOCTH
CTpareruu m, a eé “MapTHHrajbHas’ 9acTh MY GyeT 3aBHCETH OT P, OKaSLIBaeT-
Csl, MOXKHO JIOKa3aTh YHUBEPCAJIbHYIO 110 OTHOIICHUIO K MAPTUHTAJIbHBIM MEpaM
BCPCHUIO TAKOT'O PA3JIOKCHUSA JIA HIO6OF0 MOJIOKUTCJIBHOTO CyIlICpMapTUHIala
(Xn)nsN B BUJC!

Xn =Xo + Z Prh (B_k) — Gy, (4.25)
=1

e (@n)n<y IpeAcKazyemMa, a (C,)p<y COMIACOBAHA U HEOTPHUIIATEIBHA.
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Paznoxxenne (4.25) B muTeparype HA3bIBACTCS ONYUOHATLHBIM DPAZLONCEHU-
em. Hcnonw3ys npeackasyeMyro MOCieI0BaTeIbHOCTH (¢,) U COIIACOBAHHYIO
MOCIEIOBATEHLHOCTD (C;,), MOKHO TIOCTPOUTH CTPATETHIO C MOTpeOIeHneM, pe-
TUTHITUPYIONIYIO 33JaHHOe TIIAaT&XHOE 00513aTebeTBO f. B 9TOM citydae roBopsiT
0 cynepxeodicuposanul, a COOTBETCTBYIOIIAS [[eHa ONIIMOHA HA3bIBACTCS Cynep-
YeHoll.

BepHyTbca B karanor y4ebHukos
http://y4ebHukn.mHcpopm2000.pdp/uchebniki.shtml



Y3HainTe CTOMMOCTb HanucaHus CTyAeH4Yeckon paboTbl Ha 3aKas
Kypc maTemativépiiix o Hpopm2000.pd/napisat-diplom.shtml

I'maBa 5
PACUET OIIIMOHOB C
TUHAMUYECKUMHU NJIATEXHBIMHU
OBSIBATEJIBCTBAMU

B namoti enase ssooumcs kaacc ONYUoOHoOB U NAAMENCHBIX 06ﬂ3am€ﬂbcm&
HA3bl6AEMBIX AMEPUKAHCKUMU U ounamuveckumu. 30eco paseuesaemcs coont-
eemcmeyrouiasa nmeopust xef)ofcupoeaHu;l u ycmanaeiueaemcst Ceia3b OYeHU-
BAHUA OMO20 Kiacca OnyuoHoe ¢ 3a0auetl 06 ONMUMAILHOU OCMAHOBKE (CM.

[4], [6] u [3]).

5.1 AMepuKaHCKHe ONIIMOHBI U MX PACYETHI
MeTOo/I0M 00PATHON MHAYKIHHI

PaccmoTpennsie panee miaTéKHbIC 003aTeNbCTBA UMEITH CIMAMU4eckKull Xa-
paxkmep B CMBICJIE TOTO, YTO BpeMs UCIIONIHEHU N ¥ QYHKIMs BBIIUIATHI f OBbLIN
3adukcupoBanbl 3apanee. Kirace miaTé&kHBIX 00s3aTEIBCTB CYIIECTBEHHO pac-
HIUPSAETCS, €CITN MPEATIONIOKUTE, 9TO f = (fy)n=o,1,. v ABISIETCS MMOCIEAOBATEIb-
HOCTBIO HEOTPHIIATEIBHBIX CITYYaiHBIX BEJIMYHH, COTIIACOBAHHBIX C (DUIIBTpAIU-
el (Fn=0,1,.,n- Takme TutaTéXHBIE 00s3aTenbeTBA OylAeM  HasbIBaTh
OUHAMUYECKUMU NAAMENCHLIMU 0053amenbCcmeamu ¢ MAaKCUMAaJIbHOM JTaTOW HC-
noJiHeHus N .

[Ipowu3BonHEIC IEHHBIE OyMaru, JIsl KOTOPBIX AeprKaTellb UMEET MpaBo Ha HC-
MOJTHEHUE B 110001 MOMeHm pemeny n = 0, 1, ..., N ¥ IOIy4YeHNE BBIIUIATHI fr,
€CTECTBEHHO CBSI3aHBl C JIMHAMHUYCCKUM IUIATEXHBIM — 00S13aTEILCTBOM
f =(fn)n:0, 1, .. n- IIpofaBen; Takoro KOHTpakTa, nonyyaromui npemuto C B Mo-
MEHT TIPOAaXU (CTOMMOCTH IIEHHOW Oymarm), 00s3ax pacTOpSIUTHECS IO TaK,
9TOOBI CTOUMOCTB €70 TOPTQENs B KaXKIBIH MOMEHT BPEMEHHU N TIPEBBIIIANA fr,
JIPYTUMHU CJIOBaMH, OH JIOJDKEH 00ECTICUUTh XedxcuposaHue TUIaTEKHOTO 00s13a-
TenbeTBa. [[pon3BOAHEIC TICHHBIC OyMark yKa3aHHOTO TUTIA HA3BIBAIOTCS AMepuKan-
ckumu onyuonamu. Takum od6pazom, AMEPHUKAHCKUE ONIIMOHEI, B OTIIHMYHE OT EBpo-
TIEHCKIX, TIPEAOCTABILIIOT X JepKareisiM OOJBITyI0 CBOOOIY B BEIOOpE MOMEHTA
ncnonHeHws. KpoMe Toro, Jepikaresib ONIMOHA MPUHUMACT JAaHHOE PEIICHHE Ha
OCHOBAHUU JTOCTYITHOW BIUIOTH JI0 MOMEHTA UCITOTHEHUSI MH(DOPMAIINN HA PHIHKE.
CrnenmoBatebHO, 6pems UCHONHeHUss T SIBISICTCS MOMEHMOM OCIMAHOGKU, VK
Mapxoeckum momenmom, 9to o3Havaet: {w: t(w) < n} € F, wis moboron < N,

Paccmotpum OmHOMHMANBHBEIA pBIHOK (2.1) w mpeanonoxum, 4ro x >0 u
f = (fi)ney ABIACTCS TUHAMUYCCKUM IDIATEKHBIM 00s13aTeIbCcTBOM. CTpaTerus
7 = (m)n<y € SF Ha3zwpBacTCst Amepuxanckum (x, f, N) — xedocem, €ClId JUISI
JIFO00T0 w € () BBITIOJIHEHBI COOTHOIIICHMS:
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MENCHBIMU 00513aMeNbCmeamu

X (w) =xuXF(w) = fr(w) mstBeex n < N.

B atom ciyvae, onpenenuB XF = Yh_o Xil=i) ¥ fr = 2k—o fil =k}, TIOTyUHM,
910 X7 (W) = f;(w) mst moboro MapkoBCKoro MoMeHTa T < N.

Coo0TBEeTCTBYIOIIAsH POLIEAypa OCTPOCHHUS XSPKUPYIOIIEH CTpaTeruy Ha3bl-
BACTCS XeOIICUPOBAHUEM OUHAMUYECKUX NAAMENCHbIX o0s3amenvbcms. O003Ha-
qum I(x, f, N) MHOXeCcTBO AMepukanckux (x, f, N) xemkeid. bynem roBopuTs,
YTO CTPATETUs T MUHUMALbHA, €CITU CYIIECTBYeT MapKOBCKHH MOMEHT T TakoM,
4TO IS J1F000T0 @ € Q BRINONHEHO X7 (w) = f;(w). Kak u B «cTarnyeckom» ciy-
vae ¢ EBponeiickumu onuuonamu, OyieM Ha3biBaTh Beanuauny Ca™(f):

CAM(f) = inflx > 0:11(x, f, N) = @}

HeHOI\/’I AMepMKaHCKOZO OonyuoHda.

IMpumep 5.1. AMepukanckuii onyuon call ¢ ienoit mocraBku K ompenenéu
KaK TIPOM3BOAHAS IICHHAs Oymara ¢ TIaTé&KHbIM 0053aTeTECTBOM

f = Fnen THE frn = (Sn — KDY,

B TO BpeMs Kak AMEpUKaHCKUI onyuoH put ¢ IeHOU noctaBku K onpenensercs
o0s13arenibetBoM f = (fdnsn € fo = (K —Sp)". Ecau quHaMUuecKoe MIaTéxHOoe
063aTeNECTBO UMeET BUA Jn = }s{up Sk TOTJA TaKOW OMITMOH AMEPHUKaHCKOTO
TUIA Ha3bIBAIOT PyccKum OnyuoHom (Russzan option).

Ecnu nepxarens oniuoHa peniaet UCIOJIHUTh €ro B HEKOTOpbI MapKoBCKUiA
MOMEHT T, TOTJIa MPO/ABELl, B COOTBETCTBUHU C KOHTPAKTOM, JOJIKEH BBHIMIATUTD
cymmy f;. Jlid OLIEHKM JaHHOTO OMIIMOHA, KaK U MPEekK/ie, IPUMEHUM IPOLIey Py
xemkupoBanus. [lyctb CTpaTem;{ m € SF, a e€ karntan X" = (X7 )n<y. Torma uc-
KOHTUPOBaHHBIN KanuTan M = B— sBisieTcst P* — mapTtunraiom, a E*MT = M§

Jutst mo6oro Mapkosckoro MmomenTa T < N, CrieoBatenisHo,
X§ = E*B;'XT. (5.1)
Mg € N(x, £, N) B (5.1) momyunm, 9to
x = supE*B;f,

<N
IJie CyNPEeMYM BBIYUCIISIETCS HA MHOXKECTBE BCEX BO3MOXKHBIX MapKOBCKHX MO-
MeHTOB 0 <7 < N.
Ecnu m aBnseTcss MUHUMAIIBHBIM XEIKEM, TOTIa

x =sup E*B71f,.
R e (5:2)
Teneps NPEANONOKUM, YTO HAYAJIbHBIN KalUTad X | IUIaTEKHOE 00s3aTeib-
ctBo f ynosnerBopstor (5.2). TTokaxkeM, 4TO B 3TOM CITydae CyHIECTBYeT MUHH-
MaJbHBIH AMepuKaHCKui (x, f, N) — Xemk. st 3Toro ompenennM Cleayromee
COOTHOIIICHHE!
%)

IJIe CyIPEMYM pacCUMTBIBAETCS HA MHOXKECTBE BCeX MapKOBCKMX MOMEHTOB
n<7<N,  a 3HAYUT HA KOHCYHOM MHOKECTBE, MOCKOJIbKY () KOHEYHO. Takum

Y, = sup E” (fT

N<t<N
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o0Opa3oM, ciy4ailHas BeJIWYWHA Y, KOPPEKTHO OMpeieNieHa W CoIvlacoBaHa ¢
¢dunerpanueit (F)nen.

O06paruM BHUMaHHE HA CTPYKTYPY TOCIeT0BaTeILHOCTH (Yy,),<y. OUEBUIHO,
uro Yy = x u Yy = By'fy. Uto6sl uccnenosars crpykrypy (Yn)n=o,1,., v JUIS BCEX
n, 3aruIeM
Yy =Y, = By'fu,
rne Ty = N— eIMHCTBEHHbI MapKOBCKHI MOMEHT B KJIACCE€ MOMEHTOB OCTaHOB-
KU C €IMHCTBEHHBIM 3HaueHueM N. Jlanee, st n = N — 1 umeem

fN—l

_ Bylifu-1 , €CJIH = E*(BﬁlfN|TN—1)
YN—l = BN—l

E*(B,;lfN|TN_1), B IIPOTHUBHOM CJIy4ae,

YTO SKBUBAJICHTHO (OpMYJIe

Yhoq = maX{BthfN—p E*(Yy|Fn-1)}
Ilonaras

N —1,ecnu Byt fy—1 = E*(By* fu|Fn)

Ty_q = {
N-1 N, B IpOTUBHOM CJlydae

IIOJIy4YHM, 4YTO YTFV—1 ABHSICTCA

BRtify—1 wm E* (B fy|Fy-1).

[Iponomkas mponemypy oOpaTHOW WHIAYKIIUH, MPUXOAUM K TOMY, UTO IS
n<N-1:

Y, = max{B,{lfn, E*(Yn+1|Tn)}; (53)
T =infln <k < N:Y, = Bi'fi ) (5:4)
N3 (5.3) u (5.4) HanpsmMyTo ClIeIyeT, 9T
Y, = By'f, nnascexn < N, (5.9)
nu
Yo ZE"(Ypq|F) man <N -1 (5.6)

3Ha9uT, (Y;)neny CYTIEPMAPTHHTAT IO OTHOIIECHUIO K P*, MaXOPHUPYIOTHii T10-
CIEeOBATENbHOCTD (B, f;)n<y. BOJIEE TOTO, 3TO HauMeHbUWUL CYnepMapmunean C
yKkazaHHBIMH cBOicTBaMU (5.5) u (5.6) (Ocubarowasn uru nakem Cuenna). I3 mo-
CTPOCHHS CIEAyeT, 9T0O MapKOBCKHIT MOMEHT T, SIBISICTCS ONMUMAIbHLIM B
KJ1aCC€ MOMEHTOB OCTAaHOBKH N < T < N B TOM CMBICJIE, YTO

E* (f T Tn).

B,
B wactHOCTH, IOCKONBKY Fy = {Q, @}, I T° = Ty UMEEM:

an> = sup E* (g—’
n n<t<N T

Yo = sup E*B;f, = E*B.'f,-.
0<T<N
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NYUOHOB C aAMuy CKMWM amesCiviMu 00513amenbemeamu

C npyroii CTOpOHBI, B COOTBETCTBHH C pa3iokenueM Jlyda s cynepmMapTHH-
raJioB U3BECTHO, YTO

Y, =M, —A,, (57)

rne M = (My)n<n, My =Yy, —MapTunrai, a A = (A,)n<n, 49 = 0 — IpezicKazyemMas
HEeyOBbIBaIOIasi CTOXACTUYECKasl IMOCIEIOBATEILHOCT. BeiencTBUE MOTHOTHI
(B, S) — puiaka (2.1), maptunran M B (5.7) nomyckaet mpencrasinenue (4.19),
KOTOPOE MOKHO 3aIHCcaTh B BUJIE:

n
M, =M, + Z or(pr —7) =My + Z YiBic ' Si-1(ox — 1), (5.8)
k=1 k=1
C TpeCcKa3yeMoil MociIe0BaTeIbHOCTBIO (Vn)n=1,2,., N-
IToncrasinss (5.8) B (5.7), momyduM, 9TO

Yo=Y+ Z YiBi 'Sk-1(ok — 1) — An. (5.9)
k=1
bonee toro, Y, <M,, n=1, 2, ..., NUY, = My = sup;<y E*B; }f, = x.

Hauunas ¢ My = x = 3B, + v4So, chopmupyem moprdens m; = (85, v1) cv;
3 (5.8)-(5.9) n, BCHC}ICTBI/IC TOTO, UTO JTAHHASI CTPATETHs SBISICTCS camo(prHaAH-
CUPYEMOH, [0y MM pr = n *, Torga kanuTana mopTdens T° B MOMEHT BpeMe-
Hu 1 paBHsieTcs X1 = ;B + Y151, @ €r0 JUCKOHTUPOBaHHAsA CTOUMOCTb:

* X17T Sl X — }/ISO 51 X 51 SO
MT[ [ S L ¥ — *(___)
1 B, Bi +v 1B B, +1 B, B, +7 B, B,
_X 9B (51 50) X LBo(1+1) (So(1+p1) S
Bo sy \B, By TB TV s, \Bo(itr) By

x
=B_+(PI(P1 —-r) =M.
0

B* _ Xr?—1_yrt5n—1
Jnst mpousBosibHOTO M < N monoxkum Pn = = g7

(huHAHCUPYEMYIO CTpaTeruio nw* = (7;,) <y TAKYIO, ITO

u pacCMOTpUM CaMO-

X = M = M, = x + Z ViB Sea (o — 7). (5.10)

k=1

Taxum obpazom, u3 (5.9) — (5.10) momydnum cOOTHOIIECHHE:

XT' = MT B, = M,B, = (Y, + A,)B,, =

>Y,B, = sup E*(B;'f,|F,) (5.11)
N<T<N
= sup E*(B7'Bnf;|F).
N<T<N
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Kak cienyer u3 (5.11), X7 > f, ma n =0, 1, ..., N 1 110 mocTpoeHuIo crpa-
Teruy m*, eé HauaabHbIM KAlUTal X§ = x = sup.<y E* (B 1f,).

CrnenoBarenbHo, t* € I1(x, f, N). Taxke MOHATHO, YTO UIT @ U N TaKUX, 4TO
n<t(w), Yp(w)=E*Y1lF) u A, (w)=0. Ha TOM xXe MHOXECTBE
X7 (0) = supp<r<y E*(B7 B, f;| %), U, COIIACHO OMpPEENICHHIO T*, OTMEUYCHHOMY BBIIIIC

MapTHHTATLHOMY CBOWCTBY Y u mpencraenenuto AA, =Y, _; — E*(Y,|F,), umeewm,
410 Ay = 0. ClieoBatesbHo, X% (0) = Yy () Br*(0) = fr* (o) UTO AOKa3bIBACT MH-
HUMAaJIBHOCTh MTOCTPOCHHOTO Xemka. ChopMynupyeM morydeHHbIC pe3yabTaThl B
BHJIE TEOPEMBI O pacuéTe AMEPUKAHCKUX OIMIIMOHOB.

Teopema 5.1. [lpeamonoxum AMEpPUKAHCKUN OMIIMOH C JMHAMHYECCKAM
IIATEKHBIM 00513aTeTTECTBOM [ = (fy)p<y Y IaTON HCTIONMHEHUSI N TOCTYTICH IS
TTOKYTIKA ¥ TIpofaku Ha (B, S) — perake (2.1). Torma

1. nena Cy™(f) onmuoHa onpesenseTcs Kak pelieHye 3a1adi ONTHMAIbHOM
OCTaHOBKHU

A — -1
Cy"™(f) = sup E"B7'f, (5.12)
0<7=N
a MapKoBCKHii MOMEHT T° = T; OnTHMAaJIeH B cMbicie E*BLl f- = CR™(f);

2. maOXecTBO I1(C{™(f), f, N) HE IyCTO M COACPIKUT BCE MUHUMAIIBHBIC XE/I-

JKUPYFOIINE CTPATCTHH.

Joxazamenvcmeso Teopemsr 5.1 (akTHUecKku yke MpuBeAcHO BhIme. [lanee
MMOMCK onmumanbHo20 MapKoBCKOTO MOMEHTA T HEpa3phIBHO CBsI3aH C 3aaucii
(5.12), a MOMEHT OCTaHOBKH payuoHaieH B TOM CMBICIIE, 9TO JUIsI JIF000TO TIOPT-
dens m € SF ¢ HavanbHbIM KamutanoM Ci™(f) u cBoiicTBoM X[ (w) = fi-(w),
w" € Q, cobmomaeTcst paBeHCTBO X7 (w) = fi+(w), w € Q. TAKUM MOMEHTOM OCTa-
HOBKH U SABJISIETCS T = T5. B camoMm nente, eciu ™ sIBIseTCs ((C,f‘,m N, f, N) —Xen-
KeM M T' — pallHOHANBHBIA MOMEHT HCIIOJHEHHUs ONIMOHA, Toraa X™ = fi-, U,
coriacHo (5.1):

CA™(f) = XF = E*B:'X% = E*BL f,e.

C napyroit cTOpoHBI, e€cim ¢ — MapKOBCKUH MOMEHT CO CBgﬁCTBOM
m
E*B;lf, = supo<reny E*B71f,, ™ E€SF  HMeET HaAYalbHYI0 CTOMMOCTH " () n

XZ > f,, Torna B Buay (5.1)
X§ = E'B;'XJ 2 E'Bs ' f; = sup E*B;'fy = Ci™ ().

0=<T=<N
TaxuMm ob6pazom, P*{XF > f,} = 0, ®» MOMEHT OCTaHOBKH 0 panuoHajeH. Jloka-
’)KeM BTOpoe yTBepkJeHue Teopemsbl 5.1 ¢ MOMOIIBI0 OPEbIAYIIUX apTyMEHTOB.
Bynem npenmnonararb, 4To m* SIBIsSETCS ((C;(‘,m @, f, N ) — XeIHKEM, U OIITH-
MaJsbHbIH MapkoBCKHi MOMEHT BpeMeHH T B 3azade (5.12) payuonanen. Cnepio-
BarebHO, X = f;+ u m° MuHuManeH. Ecin mocine ymiars! ipemun Cy™ (f) mep-
’KaTesb OMIMOHA UCTIOJIHSET €r0 B MOMEHT BPEMEHHU T, TO OH MOJIyYaeT BEJIMUUHY
f:- OnHaxo Ha (B, S) — ppIHKE MOXET CYIIIECTBOBATh cTparerus T € SF Takas 4To
XT = CA™(f) u XT > f,. Jlepkarenp OnmuoHa 3apadaTbiBacT B JaHHOH CUTYaIlUH,

BepHyTbca B keganor y4ebHukos
http://y4ebHukn.mHcpopm2000.pdp/uchebniki.shtml



Y3HainTe CTOMMOCTb HanucaHus CTyAeH4Yeckon paboTbl Ha 3aKas
http://y4eBHukmHHopM2000.pd/napisat-diplom.shtm| [raga 5

NYUOHOB C aAMuy CKMWM amemel/Ltu 00s13amenbemeamu

HO OH MOT OBI TOTYYNTh OOJBIIYIO MPHOBLIE, €CTIH OBl CaM BOCIIONIB30BAJICS 3TOH
cTparerueii m uIst co3nanus kanutana X7 . CieqoBaTeIbHO, IOBEICHNE KIUEHTa
Ha PBIHKE BBITVIAUT UPPALMOHAJIBHBIM.

5.2 Pac4éTpl aMepUMKAHCKHUX ONI[UOHOB:
CBAI3b € 32/1a4eil 00 ONTHMAJIBHON OCTAHOBKE U NPHUMePbI

Kak Tonmpko 9T0 OBLTO MPOAEMOHCTPHUPOBAHO, CYIITHOCTh pacuéra AMeprKaH-
CKHX OMNIIMOHOB COCTOWUT B CBEACHUHU ITOTO pacuéra K MOAXOASIIEH 3adaue 0o
ONMUMATLHOU OCMAH06Ke, KOTJIA U1l HEOTPULIATEIbHOM CTOXaCTHUECKOH MocIe-
JIOBATEITLHOCTH X = (X,,)pnso HEOOXOMMMO HAWTH 3HAYCHUE KarmuTana V = sup EX,
M ONITUMAaJIbLHBIA MapKOBCKI/II/I MOMEHT T~ TaKHeE, 94TO

V = EX,, (5.13)

TJIe CYTIpeMyM OepETCs 0 BCEMY MHOXECTBY MapKOBCKUX MOMEHTOB.

3agacTyro KOppekTHOoe pemieHne 3amad Ttuma (5.13), B KoTopsix Tpedyercs
HalTH 3Ha4YeHWE KamuTana V ¥ onTHMaldbHBIM MOMEHT OCTAaHOBKHU T*, SIBJSETCS
CJIO)KHBIM M TPYAOEMKHUM TporieccoM. TeM He MeHee, MHOTIa yAaéTcs MmpuMe-
HUTb CJIEAYIOLINI IeTaHTHBIA npuéM. Ero kiroueBast uiest COCTOMT B TOM, YTO-
OBI HAWTH IPYTYIO CTOXaCTHUCCKYIO MOCIENOBATEIEHOCTD ¥ = (V) 150, QYHKITHIO
g = g(y) C €AMHCTBEHHOM TOYKOM MakCUMyMa y* U MOJIOKUTEJIbHBIA MapTUHT Al
M = (M) ns0, My = 1 Takue, yto mis ar0boro n = 0:

=g(Yn) - M. (5.14)
N3 (5.14) monsatHo, uto X, < g(v*) - M,, nns Bcex n = 0 1 ayist mr060TO KOHEH-
HOT'O MOMEHTA OCTAHOBKH T BBIIIOJHEHO CIIEAYIOLIEE HEPABEHCTBO
X <g(y) M,
EX: < gy)EM: = g(y").
Taxum o0pa3zom, mpearnonaras, 4To g(y*) ABISETCS BEpXHEH rpaHuueit s

3HaueHus kKanmutaia V B 3agage (5.13).
Hanee BBenéM MapKoBCKHII MOMEHT T* TaKOM, 4TO

EXp =Eg(Yp )My = g(y™).

OnTuMaIbHBIA MOMEHT OCTAHOBKH T* 1 3HaueHue V = g(y*), HailieHHbIE
YKa3aHHBIM CITOCOOOM, YaCTO OKA3hIBAIOTCS TAKUMH, UTO

=inf{n:¥, = y*}.

[IpumennM naHHBIN TOAXOA K 3ajade pacuéra AMEpHUKaHCKOTo onmuoHa call
C JUHAMHUYECKUM IUIATEKHBIM 00513aTelnbCcTBOM f = ((S, — K)™),cy B PaMKax
CUMMEMPUYHOU OUHOMUATILHOU MOOENU:
ABn = an_l, BO > O,

AS, = puSn-1, So >0, n=1,2, .., N. (5-15)
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[Ipeamomnaraercs, aTo mapameTpsl g (5.15) onpeneneHsl CaeayomuM 00-
pasom: a=A21-1b=21-1, 1>0.

[MousTHO, 4TO S, = SAS1* " *én e (& )g=1, ..y — MOCIEIOBATENLHOCTH HE3a-
BHCHUMBIX CIy4YailHBIX BEJIMYUH, IPUHUMAIONIMX 3HaYeHUs +1 1 -1 ¢ BeposSTHO-
ctsmu p € (0, 1) m 1 — p, coorBercTBeHHO. CormacHo (5.13) nmwm (5.12), pacuér
CTOMMOCTH OITIIHOHA CBOIUTCS K HAX0KIEHHUIO

Cy™(f) = sup E*B7 (S, —K)*,
0<7=<N
rue, Kak 00bIYHO, E'— MaremaTHueckoe OKHIaHHe OTHOCHTEILHO MapTHHIaJlb-

HOH BEPOSATHOCTHU P*, COOTBETCTBYIOIIEH ITapaMeT * = — B Mouenu (5.15).
, y yp =,

IIpennonaras, A5t MPOCTOTHI, UTO By = S, = 1 UMeeM CJIe/yIOLIEEe COOTHOIICHHUE:
B (Sp —K)* = (Sp — K)*Si'Bi'Sy = (Sp — K)*S7 ' My, (5.16)

rne M = (My) <y, Mo = 1, — P* — Maptunrai. Mmes B Buay (5.14) u (5.16), pac-
cMOTpUM HeyObIBatomIyto GyHkmuio g(y) = (y — K)*y~L Ilpeanonoxnm, 49To
K = ANk, |Ni| < N. Torma Ha «pemétke» A, n=0, +1, .., +N, MaKCUMaJbHOE
3HaueHne (yHKIMH g jgocturaercsi B Touke y*=AV wu paBHsercs
gy = (AN — ANe)* 27N, 13 3T0r0 04eBUIHBIM CTAHOBUTCS BHIOODP ONMTUMAIbHOTO
MOMEHTa t* = inf{n < N:S,, = A}, a umenHo, v* = N. 3HauuT, AMEpUKaHCKUHN OI-
moH call coBmamaer ¢ EBponeiickuM onImoHOM B MOMEHT ucioiHeHus N. [Ipu-
BEJIEM YMCIICHHBIN NpUMep, WITOCTPUPYIOIUN IPUMEHEHHE TEXHUKU pacuéra
CTOMMOCTH AMEpPUKAHCKUX OMITOHOB.

IIpumep 5.2. PaccMoTpuM BYX-1IaroBBIH OMHOMHUAIBHBIN PBIHOK (2.1), Tae
SO = 100, ASL = piSi_l C
o { 0.5 cBeposTHOCTBIO 0.4
Pi=1-03 cBeposiTHocTbio 0.6, i =1, 2,

a mporeHTHas cTaBka r = 0.2 . HeoOXoauMO BBIUUCIUTH CTOMMOCTh AMEpHUKaH-
CKOTO ONI[MOHA C JUHAMHYECKHM IUIATEXHBIM 0053aTelIbcTBOM [ = (Sy — 90)™,
fr = (81 —90), f, = (S, —120)*.
HecnoxxHo moka3aTh, 4TO PUCK-HEHTpabHAS BEPOSITHOCTD OTPEICIISICTCS Ta-
pameTpoMm bepnymu p* = g. B aTOM cniydae umeem:
_ (S, —120)*"  (5:(1+p,) —120)°
2T oa4n? T (1.2)2 ’

Y; = max{(1 + )7 f;, E*(Y;|F1)},
Yo = max{fo, E*(Y1|Fo)}.
PaccunTreiBas
5
p*(225—120) g 105
EGIF) = = o = 46 Ha{w:S; = 150},
0 Ha{w:S; = 70},
ToJryqaemM
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YUOHOB C AMUYCCKUMU amesCiviMu 00513amenbemeamu

5
150 —90 g~ 105 fi
ki i ) .S, = 150},
v, ={M )12 T(1.2)2 T+r males }

0 Ha {w:S; = 70}.
ITpunumas Bo BHUMaHuUe, uyto E*(V;|F,) = E*Y; = 31, NPUXOAUM K COOTHOIIIE-
HUIO Yy = max{0, 31} = 31 # 10 = f;, U ONTHMAaJIbHbII1 MOMEHT UCIIOJIHEHUS

*

=1 =1; =1

B 3aximodueHme IaBbl KOPOTKO MPOJEMOHCTPUPYEM METOIOJIOTHIO pacuéra
IIeHBl AMEPUKAaHCKHUX OMITHOHOB C MCIOIB30BaHUEM G — (DMHAHCUPYEMBIX CTpa-
teruii. [Ipeanonoxum, aro © € SF sBusercs (x, f, N) — XemkeM AMEpUKaHCKOTO
OTIIHOHA C JUHAMUYECCKUAM TUIATEKHBIM 00513aTENBCTBOM [ = (fy,)n<n- J1s1 ME000-
ro MapkoBckoro MmoMeHnTa T u3 (4.15) momydnm, 9to

*p—1 _ * -1 — * B
E*B7'XF = Xy — E* ¥ _, By, AG, = Xo — E*GE.
ClietoBaTeIbHO,
x = Xo = supo<rsy E*[B7 f; + GF,

1 JIJI MUHUMAJIBHOM X€KUPYIOIIEH CTPATEruy BBIOIHEHO:
x = sup E*[B7lf,+ GE]. (5.17)

0<7=N
ITokaxxem, uto nipu ycrosuu (5.17) cywecmaeyem munumanohsiii Amepuxan-
cxuti (x, f, N) —xedorc m* € SF. BBeéM cTOXaCTHIECKYIO TTOCIICIOBATEILHOCTh

Y, = sup E*(B7'f, + GE|F).

N<T<N

Hcnonb3yst MeTo 00paTHOM MHAYKIIMH B TAHHOM ClTydae, OydnuM, 9TO

Yy = By'fu + GE, (5.18)

Yo = max(Bifo + GF, E* (Vs %))} (5.19)
msan=0,1, .., N—1.
N3 (5.18) — (5.19) BeITEKAIOT ClEAYyONINE HEPABEHCTBA:
Yy = By'fy
Y, = E*(Yps1lF), n=0,1, .., N—1.

1Cneg:[ogaTem,Ho, noctpoeH cynepMaptunrai Y = (Y;,),<y, MaXKOPHUPYIOIIUMA
Bn" fu + G| 1 MOMeHT OCTaHOBKH

T, =min{n <k <N:Y, =Bi'fi +GE}, n=0,1, .., N,

(5.20)

onmumaner cpenu MapKOBCKUX MOMEHTOB N < T < N:
E*(B;! fe, + G |Fy) = sup E*(B7'f; + GFIFy).
non n Nn<t<N

B wactHOCTH, U4 T° = T3 U3 F, = {@, O} CIEnyeT, 4YTO

Yo = supg<ren E*[Br_lfr + GTB]'
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B cootBetcTBUM ¢ paznokenuem [lyba mis cymepMapTHHTANIOB, Y = (Y )n<n
MOXKET OBITH TIPEICTABIICH B CICIYIOMICH Gopme:

Y, =M,—A,nmmsan=0,1, .., N. (5.21)

Hcnonsiys x, AG, U ¢y, mocTpouM (x, f, N)—xemk w* = (B, Yn)n<y € GF, HaUQJIb-
HBII KAIUTaJl X KOTOpOro ompexessiercs popmyioii (5.17) u Takoi, 410 MapTHH-
rain M7 = % paBusieTcst M,,. Otkyna, mpu nomont (5.20) — (5.21), momyuum:
Xrilf = BnMr?* - BnGrf =B,(Y, + 4,) — BnGrll3 =
> ByY, — B.GE = B, sup E*(Bi'f, + GE|F,) — B,GE

Nn<t<N ’ t n nen (522)
= Ssup E*(BnB‘r_lﬁr + BnG‘?l‘Tn) - Bnt-

Nn<t<N

U3 (5.22) ¢ T = n cnenyer, uto X7 > f,, misi Beex n < N, ¥ NOSTOMY T SIBJISET-
csa(x, f, N)— - XEIUKEM. Ero MUHMManbHOCTD, @ TaKkKe PalIMOHAIBHOCTH MOMEHTA
ocTaHoBKH T = T0 JOKa3bIBACTCS TEM JKe CIIOCOO0M, KOTOPBIH OBLT UCITOJIB30BAH
panee.
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I'maBa 6
O IPYTUX ®PHUHAHCOBBIX
HMHCTPYMEHTAX U KPUTEPUSX
UHBECTULIMOHHBIX PEHIEHUN

B 2nage 6 uzyuaiomesi 6onpocwl oyenusanus popeapoHvix u QuiouepcHblx
KOHMPAKmMos, a makdice opyaue Qopmvl ONMUMATLHOZO UHBECTNUPOBANLS,
CBA3AHMBIE CO CPEOHEKBAOPAMUUECKUM XeONHCUPOBAHUEM U (DYHKYUIMU 1O~
aesnocmu (cm. [36], [25] u [6]).

6.1 Pacuérnl popBapaHbIX U PbIOYEPCHBIX KOHTPAKTOB

st Hagana oocymuM ¢popsaponsie konmpakmot. Mexanuzmv popBapIHOTO CO-
rnamenws (popBapaa) TOmycKaeT cleAyromee KadeCTBeHHOe onucanne. Komma-
HUs A IaHupyeT KyuTh aKIuK KoMIanuu B B koH1e Texymiero roga. s Toro,
YTOOBI 3aCTPAXOBATHCS OT BOSMOXKHOTO POCTA IIeH Ha aKIIMU KOMITAaHUH B, komMra-
HUS A 3aKITI09aeT coramnieHne o GopBapaHOM TpaH3aKIuu ¢ B. B cooTBeTCTBUHN
C 9TOW TpaH3akIuen, A obs3aHa KyNMUTh aKIMK B M0 (UKCHPOBAHHOM, 3apaHee
ompenenéHnon opsaponoil yere F. CTOUT MOAYEPKHYTH, YTO, B OTIIMUHE OT
OIIIUOHHOM CJICTKH, ISl TIOKYITKK ()OPBAPTHOTO KOHTPAKTa KOMIaHus A He nia-
mum TIPEMHIO 32 KOHTPAKT.

Cpeny npoyux MPOU3BOIHBIX, WA BTOPUYHBIX HHCTPYMEHTOB Ha (PMHAHCO-
BOM DPBIHKE TaK)Ke YIOMSHEM CIIeTYIOIITHe.

* Bappanm (warrant) — 3T0 1IeHHast Oymara, BeIITycKaeMasi (hupMoii B 0OMeH
Ha HAJIMYHBIC CPEJICTBA, U Jarolias e€ BIaJIeNbIly MPaBoO KyIHUTh ONpeIeIEHHOE
KOJIMYECTBO aKIUH (PUPMBI 0 GUKCHPOBAHHOW CTOMMOCTH B JIFOOOH MOMEHT 110
YCJIOBJICHHOM JaThl.

» Konsepmupyemas obnueayus (convertible bond) — 3o obnuranus (0oreosoe
00513amenbcmao, BHITyCKaeMOe TOCYJapCTBOM MIJIM HEKOTOPOH YacTHOH GupMoi
C IETbI0 MPHUBIICUCHUST KAIMTAIA, PECTPYKTYPUPOBAHUS JIONTA U T. [.), TIO3BO-
nstomast e€ BIajenblly, B JIF000 MOMEHT BPEMEHH, MPEAIECTBYIONINNA BHIKYILY,
OOMEHSITh JaHHYIO IIEHHYI0 OyMary Ha Onpe/eIEHHOE KOIMYEeCTBO aKIMid KOMITa-
HUU-3MUTCHTA.

* Cgon (swap) — 3TO YaCTHOE COTJIAIIICHHUE IByX CTOPOH 00 0OMEHE MMOTOKAMM
TUTaTeKe |, KOTOpbIe OYIyT MPOUCXOIUTH B ONpeAeIEHHbIE MOMEHTHI BPEMEHH B
OymymeM. OOMEH MPOUCXOIUT I10 3apaHee MPEayCMOTPEHHON hopmMyIe.

* Kanc, xonnapc u ¢hnopc (caps, collars, floors) — 3T0 IPOU3BOIHEIC TIEHHBIC
OyMaru, Mo3BOJISIONINE JUBEPCUPUIIMPOBATh PA3IMYHBIC BUJBI KPEIUTOB, Ha-
KJIaJpIBasi BEPXHHE, JBYXCTOPOHHHE WM HWKHHUE OTPAHUYCHUS Ha BEJIUUYUHY
IJ1aBaroIeH MPOIIEHTHON CTaBKHU.

* Dopeaponsili Konmpaxm, Wi gopseapo (forward) — 310 TByXCTOPOHHEE CO-
IJIallIeHUe, KOTOPOE JIOJKHO OBITh MCIIOJNHEHO B BHJE TPOJAKU WM MOKYIKH
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oTpene’EHHOTO aKTHBa (KUK | T. [1.) B 33/IaHHBIH MOMEHT BpeMeH:u N B Oy1y-
IEM 110 OnpeeNEHHoM nene FTakas yena nocmaeku Ha3pIBACTCSA (hopeapoHOIll
yenoii, a N Ha3bIBAIOT JJATOM UCTIOJHEHUS] KOHTPAKTA.

[Ipu 3akmoueHNN GOPBAPIHOTO COTTIANICHUS OIHA W3 €r0 CTOPOH 3aHUMACT
OnunHYy10 TIO3UINIO (TIOKYTIATEIb), a APyTas — KOpOmKYio TIO3UITHIO (TIPOIaBeln).
3aBepIeHne TpaH3aKIuK (HalpuMep, MPOoAaKa aKIIMN) MOXKET IIPOU30UTH B JIFO-
00l1 MOMEHT BpeMeHH! n = 0, ..., N, U KOPPEKTHO TOBOPUTH 00 OTKPBITUU JUINH-
HOM W KOPOTKOW TO3WIINN, & COOTBETCTBYIOIINE IIEHBI MMOCTABKA O0O3HAYUTH
F, n=0,1, .., N,rae Fo = F u Fy = Sy.

Kittoueas sviuuciumenvras 3anada aius GopBapAHBIX COTNIANICHUH 3aKITI04a-
€TCS B HWCCICNOBAHWU CTPYKTYPHI IOCIIEIOBATEILHOCTH (OPBAPAHBIX IICH
(Fn=0,1, ., N» @ TAKXKE UX CBSI3U C IIcHAMK 0a30BBIX aKTUBOB B U S Ha paccMarpu-
BaEMOM PBIHKE, OTIPEACTIEHHOM B TAHHOM CITydae ¢ ToMOmIbio (2.1).

B MoOMeHT 3aKTfoueHuUs M UCTIOJTHEHMS KOHTPaKTa pa3Mephl TUTaTe e paBHs-
FOTCSI, COOTBETCTBEHHO, HYJTIO (COTVIAIICHUE HE TPEaIoiaracT KaKiux-1uoo Iia-
TEXeH Ha MOMEHT MOMANMUCAHUA) U Sy — F,, n=0, 1, ..., N. Takum oGpa3om, ¢
JTAHHBIM KOHTPAKTOM €CTECTBEHHO aCCOITMUPOBATH IMIATEKHOE 0053aTEITHCTBO C
HYJIEBOM Ha4aJIbHOM CTOMMOCTBIO HAaYMHAsI ¢ MOMEHTA BpeMeHU n =0, 1, ..., N.
B aToMm oTHOMICHNN BBenéM G — GUHAHCHPYEMYIO CTPATETHIO C TIPUPAIICHUSIMH,
VIOBIIETBOPSIIOIITUMH YCIIOBHUSIM:

n _ _ (0, n<k<N,
G, = AGk _{SN—Fn, k=N.
B coorsercteun ¢ ¢opmynoit (4.20), 3Hauenne xanurana X,, n= 0, 1, .., N,
JTAHHOM CTpaTeruu paBHAETCS
Xp = E*(Bp XN 1 BiliAGy |F) = E*(B,ByL.(Sy — E)|F) = 0. (6.1)

IMockonbKy 1mocnenoBarebHOCTh (B 1Sy)n=0 1, ., v ABISETCS P* — MapTHUHra-
soM, moyynM u3 (6.1) gt n = 0, ..., N, 4TO

Fy = By B E*(BaBit1Su|F) = ByoaE” (14 1B Sy |7

6.2

B wactHOCTH, (6.2) MTPUBOAXT K PAaBEHCTBY:
F= FO = BNB()_lsO = Bleo = BNE*SNBlgl = E*SN- (63)

®opmynsl (6.2) — (6.3) OMUCHIBAIOT UCKOMYIO CTPYKTYpPY (OpBapAHBIX IIEH
(Fn)n=0, o N+

JpyruM MHCTPYMEHTOM ISl OCYIICCTBICHUS TPaH3aKIUi B OyaynieM siBIisi-
10TCS (hvrouepcHble KOHmpaKmol, WK (vrouepcol. JIaHHBIA THTT KOHTPaKTa Mpe-
CTaBIIAeT cO00M coenautenue, 3apecucmpuposantoe Ha Oupdce, O TIPOBEICHUN
JIBYXCTOPOHHEH TOPTOBOI onieparuy ¢ HEKOTOPBIM aKTUBOM (Hanpumep, MOKyTI-
Ka aKIWi) B OMpeAeIEHHBIII MOMEHT BpeMeHU N CO CTOMMOCTBIO TIOCTABKHU IS
yKa3aHHOTO aKTUBa paBHOM F*. J{71s1 06enx CTOPOH KOHTpaKTa HET HeOOXOAMMO-
CTH 3HATh JAPYT JIPYTa, MOCKOJIBKY BCE OTEPAIlny MO MepepacuéTy 1eH B coryaie-
HAU OCYIIECTBIISIIOTCS Kaupuneosol naramoi (clearing house) wnm oTaenom
oupxu. IlocnenHee 0OCTOSTETHCTBO JEMOHCTPUPYET KIIOYEBOE pasinuve B

BepHyTbca B keg@nor y4ebHukos
http://y4ebHukn.mHcpopm2000.pdp/uchebniki.shtml



Y3HainTe CTOMMOCTb HanucaHus CTyAeH4Yeckon paboTbl Ha 3aKas Irasa 6
. rasa
ity oMK MM 000, P ARl At i O S e peerni

CTPYKTYpE TIOCIIEIOBATEILHOCTH hbrouepchbix yer (Fy)n=o, ., n. OnuiiemM mexa-
HH3M ollepaluii rnepepacyéra Ha TaK HA3bIBAEMOM Mapocunarviom cuéme. Ha
MOMEHT OTKPBITHSI TIO3UIIMHA CTOPOHBI Pa3MEIAIOT HAYAIbHYI0 MAPHCY, PasMep
KOTOpOi 00b19HO cocTaBisieT 10% ot obmieii cyMMBI clienku. B koHIle Kaxmoro
TOPTOBOTO JIHS TIO3UIIMS KIMEHTA IIePEPacCUNTHIBACTCS HA OCHOBAHUH K8OMUPO-
BAHHOU CMOUMOCMU, YCTAHOBICHHON KIMPUHTOBOM manatoi. Pasuuiia mMexmy
PBIHOYHON CTOMMOCTBIO M IPENIIECTBYOUICH 1IEHON MOCTaBKU HA3bIBACTCA 6a-
PUAYUOHHOU Mapxcoll, KOTopash TEepedncisieTcs cO CuéTa «IPOUTPABIIETO»
yYIacTHHKA Ha CUET «mmooenuBieroy. OoHamnauBanue (PpIOUepCHOTO KOHTPAKTA
O3Ha4aeT MO0 MOCTABKY aKTHBA, JIMOO0 3aKPBITHE (IITMHHOMN MM KOPOTKOM) TT0-
3unuu. bonee yem 90% ¢(prouepcoB 0OHATUYNBAIOTCS 0 1aTHl TIOCTABKH.

B cooTBeTcTBHY C ONMUCAaHHBIM MEXaHU3MOM, TIOIYYaeM CIIETYIOIIyI0 TToce-
JIOBaTEIILHOCTD JIEMCTBHIA:

n = 0: CTOPOHBI TIOTOBAPHUBAIOTCS O CIEIKE ¢ OYMyITMMH TpaH3aKIIIMH (110
MTOKYTIKE aKI[UH) C IIEHOH TOCTaBKH

F* = Fg;
n=ii=1,2, .., N—1: KIIPUHTOBas NajlaTa aHOHCUPYET KBOTUPOBAHHYIO
ueny Fy.

* Ecnu F;' > F;_;, ToTAa mpoaaBel] akIiy TOTydaeT YOBITOK IO MTO3UITAN | pa3-
MEIIAeT BApUALIMOHHYIO MapKy F;" — F;, Ha CBOEM MapKUHAJIbHOM CUETE.

* Ecim F]' < F_,, Torna, HampoTHB, MOKYyTaTeh pa3MellaeT BapHuaIlOHHYIO
Map>Ky Ha CBOEM cuére.

n = N: [IOKyIaTesb IJIATUT Fy_; 3@ aKLHI0, a IPOAABEL] IOCTABIIET €€.

Paccmotpum noxnpobHee cTpykTypy (brouepcHbIX LEH (Fy)n—o 1,.. n- DyleMm
WCTIOTIB30BATh METO/T 00OPaTHON MHIYKIIMH U TIPEATIONAaraTh, YTO0 YPOBEHb MapKH
paBeH a € (0, 1).

f=Sy—Fy_i+aFy_A+r)uf =Fy_, —Sy+aFy_i(1+71),

PaccMmoTpum ogHOIIIATOBEIC OMITHOHBI ¢ (DYHKITUEH BBITUIATHI
KOTOpasi CBsi3aHa ¢ (BIOYCPCHBIM KOHTPAKTOM Ha TOKYIIKY W TIPONAXy aKTHBaA S,
COOTBETCTBEHHO.

[Tpumensis Teopuro pacdéra OnMIruOHOB B Mozend (2.1), MpuxoauM K cleayro-
ITAM CIIPABEIJTUBBIM IICHAM OIIIHOHOB!

Cy-1=E"(fBy-1By|Fy-1) n
(CN—1 = E*(fBN—lBN|TN—1)-
Hcnonb3yst BUI TUIATEKHOTO 00513aTENBCTBA f, TIOTYIUM

Cyo1 = E*(Bﬁ15N|TN—1)BN—1 -+ Fy +aFy_y

= (1 + ) E (SylFyr) — Fya] + aFyy. 6.4)

[TockonbKy Ha 3allaHHOM pBIHKE OTCYTCTBYET apOWTpax, HaXOAHM, YTO
aFy_q = Cy_4, m ToTHA IO hopMmyIe (6.4) oIy dInMm:
Fy_1 = E*(Sn|Fn-1)- (6.5)
[IpuMeHss aHAIOTHYHYIO apryMeHTaluIo K f, monyuum Cy_; = aFy_; u
Fy-1 < E*(Sn|Fn-1). (6.6)
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n

S.
O06wenunss pe3ynsrarsl (6.5) — (6.6) u mpuHUMAas BO BHUMAaHHUE, YTO (B—) SB-
n
JsieTcs P* — MapTUHTAJIOM, TIPUXOJIUM K CIIEIYIONIEMY COOTHOIICHHUIO:

Fyoq = E*(Syl|Fyn-1) = E*(SNBﬁlBN|TN—1) =
SN__IBN = (1 + r)SN—l'
By-1

[Ipomomkas taHHBIN TpOIIECC, MOIyYaeM PaBeHCTBA:

Fr=14rV"S, n=0,1, .., N—1. (6.7)
IlonsTHO, 9TO

Fj; = Sy u F; = BySy = ByE* ;—z = E*Sy. (6.8)

Teneps pestomupyem 3axiroueHust (6.7) — (6.8) o cTpykrype ueH (F,) u (F;) B
BH/IC TEOPEMBI.

Teopema 6.1. [l popBapaHbIX 1 PpIOUEPCHBIX KOHTPAKTOB Ha phIHKE (2.1)
(hopBapaHbIe U (PHIOYEPCHBIE TIEHBI YIOBIETBOPSIOT COOTHOMEHHSM (6.2) — (6.3)
u (6.7) — (6.8). B wacTHOCTH, CTOMMOCTH MTOCTaBKU F,, U F; COBIAAIOT.

6.2. KoHCTpPyKIMsI ONTHMAJIBHBIX HHBECTUIIHOHHBIX CTPaTerui
Yepe3 MUHHUMHU3AIMIO L -pacCTOsIHUS 1 MAKCHMU3ANHI0
YCPEeAHEHHOM (PYHKIMHU MOJIE3HOCTH

Hccnenyem apyrue THIBI MHBECTHUIIMOHHOW JESTETFHOCTH Ha (DMHAHCOBOM
poraKE (2.1), OTIMYHBIC OT ONMIIMOHOB, POPBAPIOB U HHIOUEPCOB.

Ilepsbiti mun OTHOCHUTCS K BO3MOXKHOCTH JIOCTHUKEHUSA «MHBECTUIIMOHHOMN
LETU f» B CMBICIIE METPUKH IIPOCTPAHCTBA L.

Bmopoii mun MHBECTULMOHHOMN ESITEIBHOCTH 3aTPAaruBaeT 3a1a4y MaAKCUMU-
3ayuu QyHKYUU nOIe3HOCU.

JomyctuMm, nHBECTOp Ha phIHKE (2.1) CTpEeMHUTCS K CO3ZIaHMIO KanmuTana Xy,
MaKCHUMAaJIbHO OJIM3KOTO K HEKOTOPOH MHBECTUITMOHHOM 1eNn f B MOMEHT BpeMe-
Hu N. HaumHas ¢ HEKOTOpPOTro MCXOMHOTO KanmuTana Xo = x > 0, oH GopMupyeT
caMorHaHCHPYeMbIii TopTdens 7 = (B, y) CTOMMOCTh KOTOPOTO K MOMEHTY
BpeMeHU N paBHAETCS

N
Xy =By|x+ Z VieBic ' Si—1(px — 7’)]- (6.9)

k=1

CTpaTeI‘I/ISI fl ¢ HaYaJIbHBIM KalUTaJOM X Ha3bIBACTCS onmwwaﬂbHoﬁ, €ClIn
HUMECT MECTO PaBCHCTBO:

= 2
— 2
E(XY - f)" =infEQXT - )2, (6.10)
rae nHGUMYM PacCUUTHIBAETCS IO MHOXKECTBY BCeX caMO(hHMHAHCHPYEMBIX CTpa-
TeFI/Iﬁ C HAa4YaJIbHBIM KaITUTAJIOM X, a f OHpeHeHﬂeTCﬂ IIOBCACHUECM pBIHKa Ha HpO-

MEXYTKE JI0 MOMEHTa BpeMeHU N ( f — cilydaliHas BeJIMUMHA Ha CTOXACTHUECKOM
oasuce (Q, F, (F), P)).
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3aoaua onmumanvrozo unsecmuposanus (6.10) oTmudaeTcst OT MpoodIeMsI (Co-
BEPIIEHHOTO) XEJDKUPOBAHKS IIPHUCYTCTBUEM TOJBKO OJIHOW CTOPOHBI — HHBECTOpA
¢ UKCHPOBaHHBIM HAYAILHBIM KAITUTAJIOM U 33J]aHHOI WHBECTHIIMOHHOMW IIEIBIO.
Urto6b1 HaliTH oaxosAIIee pemeHune 3anadu (6.10), o6o3HadmM

Yi =By'Xi —xufy =By'f - x.
[TousATHO, 9TO /TSI 7 BRITTOJIHEHO PABEHCTBO
~ 2 .
E(T - f§)” = nfE(YF - £i)?, (6.11)

KOTOPOE OTMpEesIeT 3aaady, dKBUBAICHTHYTO (6.10).
U3 (6.9) cnenyert, uto (Y7 )n=o, ., v SABJISETCSA P* — MapTHUHrajoM, a 3HAUUT,

E*YT =0 pasBcexn < N. (6.12)

* ¢B
OGo3HaunM &, = {p: E*p = 0} u ¢ = fif — Zj =0 |1Z5 112 = E(Zj)>

lzy II*?
BBenéHHble NEpeMEHHbBIE YIOBIETBOPSIOT COOTHOIICHUIO
s FBY2 — _ £By2
E(@—fy) tplégo E(p — fy)* (6.13)
B camowm gene, mycth ¢ € d, Takoe, 4TO
E(@—fi)? <E@—-fi)~
Tormrag=¢ —¢én

E@—-fi)=E <f ZN”EZfllT2> =ES* + (E'fy)?,

MOCKOJNIBKY “§ = EZNE = E(QZy — PZy) =E*§ —E*p = 0.

B 10 xe Bpewms,
E(@—fi)? = (E'fi)? <(E'f¥)* + EE* =E(§ — fV)?,

OTKyna BeITeKaeT (6.13).

Benencrsue (6.12), Y € & mis mwodoit m € SF. Jlanee, 1y MPOU3BOIBHOIO
@ € @y pacCMOTPUM IIOCIENOBATEIBHOCTD Y, = E*(¢|F,), KOTOpas sABisAercs P* —
MaptuHTanoM. CremoBarenabHO, 3Ta MOCIEA0BATEIbHOCTh MOXKET OBITH Tpe-
CTaBJICHA B BUC

Yo = 2 @r(pe — 1), (6.14)
k=1

rie (@r)rsy — MpecKazyeMas Mociea0BaTeIbHOCTb.
Ucnons3ys (6.14), mOCTpOUM COOTBETCTBYIOIIYIO HHBECTUIITMOHHYIO CTpare-
THIO:

_ Xi—1 = VeSk-1
Vi = BiSil190k B = IB’T (6.15)

[onaras ¢ = @, momyunm noptdens 7, ynoBnerBopstonuii (6.15) u ABisro-
ITUHCS OMITUMANTBHEBIM st 3a1aau (6.11) BBumy cootnomenus (6.13).
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Kak Ob1710 OTMEueHO panee, 6mopoti mun WHBECTUIIMOHHON NEATEIbHOCTH
CBS3aH C XOPOIIO HM3BECTHOM 3KOHOMHYECKON KOHLEMIUEH «IOJE3HOCTH», B
OCHOBE KOTOPOH JISKUT MOHATHE yHKyuu noresnocmu U: (0, ) - R — HeTpe-
priBHO nuddhepeHnrpyemMoi, HeyObIBatoIIei, BOTHYTOH (DyHKITHH, YIOBIETBOPS-
FOIIEH YyCIIOBUSIM:

U'(0+) =limU'(x) = oo, U'(o0) = lim U'(x) = 0.
x—0 X—00

CdopmynupyeM HOBBIN KPUTEPH CPaBHEHUS WHBECTUIIMOHHBIX CTPATETUi B
TepMUHaX (DYHKIIUN MTOJIC3HOCTH.

CrpemiieHre MHBECTOpAa MaKCHMHM3HPOBATh HemocpencTBeHHo U(Xy) Moxer
MIPUBECTH K HEOINpPABIAHHBIM YCIIOKHEHUSAM 3aJ1a4d, IOCKOJIbKY Kamutan Xy
CTpaTeruu 7 SIBISIETCS CIy4alHON BeIMYMHOM. I103TOMY €CTECTBEHHO CpaBHU-
BaTh CPEJHME MOJE3HOCTU U CUUTATh, YTO CTPATErUsl 1" BBITOAHEE CTPATErHH T,
€CITH BBITTOJTHEHO cooTHomieHue EU(XY') = EU(X). Hmwke OyneT omucaHa CyIil-
HOCTb 3TOI0 MOJXO0/1a, HA3bIBAEMOI'0 TEOPHEN ONTUMAIbHOIO MHBECTHPOBAHUS,
Ha TIPUMEPE J102apuhmuieckoti GyHKYuU noae3HoCmu.

B obmem citygae, 1t 3amanHoi GyHKIMH 107Ie3HOCTH U, paCCMOTPUM CaMo-
(bmHAHCHPYEMYIO CTPATETHIO 7 TaKyIo, YTO

nme%)F(EU(X,’V’(x)) =EU (XZVT*(X)), (6.16)

rae Xy (x) — TepMUHAJIBHBIN KanmuTaj crparerun T € SF u X (x) = x > 0.
Hcnonb3yst U(x) = Inx B kKauecTBe (YHKIIUH IMMOJNE3HOCTH B 3amade (6.16),
MOXKHO Tiepenucath In X (x) B clieyromnem Bue:

XT[
In X3 (x) = ln¥ + In By.

TakuMm oOpa3om, onmTUMH3AITMOHHAS 3a1a9a (6.16) CBOIUTCS K HAXOXKICHUIO

MakcuMajbHOTO E In (X’;—(x)) cpeau Bcex T € SF.
N

Tonoxnm Y, (x) = By X% (x) n sametm, uro Y (x) = (Ya(x)) _ ,  sBsteTes
MONOKUTENBHBIM P* — MapTuHTanoM Ha phiake (2.1). CemoBaTenbHO, 3a1ada
(6.16) MoxxeT OBITH TIEpeOPMYITHPOBAHA B BHJIC 3a0a4YH IO HAXOXKIACHUIO MOJIO-
KUTeNbHOTO P* — MapTtuaTrana Y*(x) = (Y;)n=o, .. N, Yo = X TAKOTO, YTO

max ElnYy (x) = ElnYy(x), (6.17)

I7Ie MAaKCUMYM OepETCS TT0 MHOKECTBY BCEX TOJIOKHUTEIBHBIX P* — MapTHHTAIIOB
C Ha4YaJILHBIM KAIIUTAJIOM X.
Bynem cTpouth UCKOMBIA MapTUHTal Y™ B ClieIyIOIEeM BUJIE:

Yo(x) =x, Yy =x-(Zy)™, Yalx) =
E*(Yy(0)I|F), n<N,
r1e Zy IOTHOCTb P* OTHOCUTENIBHO P.

s smroboro npyroro P* — MapruHraia Y (x), UCIOb3ysl pa3ioKeHHUe JIora-
pudmudeckoit pyHkmu B psa Teiinopa, momrydyum
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ElnYy(x) = E[lnx - (Z3)™t + (In Yy (x) —Inx(Zy)™ )]

<Elnx(Z;))™* +E [Zx—N Yy (x) — x(ZX,)‘l)]
=Elnx(Zy)™" +x7"E[Zy (Yy (x) — x(Zy) )]
=EInx(Z)™ ' + x HE*Yy(x) — Ex]

=Elnx(Z)) ' +x x —x] =Elnx(Zy)™* =EInYy(x).

Kax cremyer u3 mpeaplaymero COOTHOMEHUs, Y™ (x) SABISIEeTCS ONTUMATHHBIM
MapTuHTamoM B 3afade (6.17). UToObI MOTyYHUTh COOTBETCTBYIOIIEE pEIICHHUE
i 331294 (6.16), uCTonbp3yeM MapTHHTAJIBHYIO XapaKTepHu3aluio camo(ruHaH-
CUpyeMOHl  cTpaTerud, B  COOTBETCTBUM C  KOTOPOM  CYIIECTBYET
T = (T nen = (B, ¥i)nen € SF Takasd, uto Y, (x) = B 1XT (x). JIJ1sl HAX0KJeHUs
aToro moptdens n*, pacCMOTPUM BETUINHY
Sn 1
X T

Ha3bIBAEMYIO NPOnOpYUell PUCKOBOTO aKTUBA B KallUTajIe NOPThes.

an =

Tepenumem p*% %) g repmunax o, u (3.7):
B

A

X (x) . X0 (
= = Bp¥aSn-1(pn — 1) = nB ! Yn 'Xn A+ —1) =
n n-1

_ X1ﬂ1 an ( )
T \Bpoi/) 147 Pn =1

Hanee, ucronb3ysi CBONCTBA CTOXaCTUUECKUX HKCIIOHEHT, MOJIYyYUM, YTO

Sl

k=1

- r)>. (6.18)

C npyroii CTOPOHBI, /U 3TOTO OTHOIICHHS CIIPABE/IMBO JAPYTOe MpPeaCcTaB-

JICHHUC
XT(x) x 1—[
— ==X
By  Zj

O6benunsis (6.18) — (6.19), mpuxoauM K CIASAYIONEMY YPaBHEHUIO JUTS Oy :

ﬁ 1+-% 0 ) x (1 ) =1
1+r Pr =T W=
k=1

Jlns N = 1 npesbiyliiee ypaBHEHHE YIPOIIAETCs 10 BUAA

(1+ 8 =) x (1= -w) =1

Ha muoxectBe {w: p; (w) = b} nmeem

(145200 s-
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YTO MIPUBOJUT K PABEHCTBY

1+r -7
a; = M (6.20)
(r—a)(b—1)
HecnoxxHo moka3arp, 9To Ha MHOXKECTBE {w: p1 (w) = a} moirydaeM abCOIOTHO
TaKO€ K€ BbIpaXeHue i a;. [lanee mpeamnoigoxum, 4yTo a; = -+ = ay_,, TOrma

10 MHAYKIIMH TaKoke moirydaeM Gopmymy (6.20) mis ay .

IIpumep 6.1. PaccmoTpuM ofHOMIATOBYIO MOJIENb (B, S) — pBIHKA C TOAOBOM
MPOIICHTHO!N cTaBKkoil 7 = 0.2 U JOXOAHOCTBIO PUCKOBOTO akTuBa S (So = 100),

aBHOM
PaHoH P _{ 0.5 cBeposaTHoCTbIO 0.4
L =

—0.3 cBeposTHOCTBIO 0.6.
Torga cpenHsisi JOXOAHOCTh aKIIMK COCTABJISIET:
u=Ep; =05-04-03-04=0.02,

" CJICA0BATCIIbHO, OIITUMAJIbHAasA NPOIIOPIUS PUCKOBOI'O KalluTala paBHa

. 12-(-018) _ L
- 05-03 7

OTpI/IHaTeJ'IBHOG SHAa4YCHUC IMPOMIOPUHUHN ABIACTCA IMOKA3aTCJIEM TOIo, 4YTO UH-
BECTOPY CJIEAYeT pa3MECTHTh CPEICTBA Ha OAHKOBCKOM CUéTe.

50 cBeposTHocTbIO 0.4
0 cBeposiTHOCTBIO 0.6
TPYAHO PacCUUTaTh €ro CIPABEIIUMBYIO CTOUMOCTh, KOTOpas paBHsercs 26. Pac-
CUMTAEM TEPMHUHAJIbHBIN KalUTaJl ONTUMAJIbHON HHBECTULIUOHHON CTPATErHU CO
3HAUYEHUEM Iponopluu a* = —1.5 1 HayaJIbHBIM KalluTaJIOM X = x§ =26:

Paccmarpusasa onumon call ¢ f; = (S; —100)* = { He-

X& =X + AXE = X& + (rxg* +a'X§ (py — r)) I

* =
x§ =26

_ {19.5 ¢ BeposATHOCTBbIO 0.4 {50 C BeposATHOCTBIO 0.4
~150.7 cBepoaTHoCcTbIO 0.6 0 cBeposaTHocTbiO 0.6

Taknm o6pa30M, ONnTUMaJibHass MHBECTUIIMOHHAA CTPATCrusa OTINYaCTCAa OT
MHHHMAJIBHOT'O XC/Ka. CHCHOB&TCHBHO, OTH ABa TUIIAa UHBECTUPOBAHUA ITPUBO-
IAT K pd3HbIM PEIICHUSAM.
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uCKOHmMpy}OM, 20" nopn ogal-me KUX cmpaxosmx KOHMPAKmoe

I'maBa 7
3JAMEHA JUCKOHTHUPYIOIIEI'O
MNOPTO®EJIA U XEJ1’ KUPOBAHUE ' NHBKUX
CTPAXOBBIX KOHTPAKTOB

B smoil enase meopusi cpeoneksadpamuieckozo Xeodcupo8aHus pas-
8UBAEMCSL C NOMOWDBIO OPY2020 NOOX00Ad, OCHOBAHHO20 HA 8blOOpe 0PY202o
ouckoHmupylowe2o gaxmopa (6mecmo O6AHKOBCKO2O CUéMA), HA3bIBAEMO2O
OUCKOHMUPYIOWUM nopmenem u no38ojsaioue2o npou3eo0Ums 6ce 8bl4Uc-
JIeHUsL OMHOCUMENbHO UCXOOHOU BEPOSIMHOCMHOU Mepbl. Jlaémces npumene-
HUe Mot MemoooLo2Uul K pacuémy 2UOKUX cmpaxosvlx KOHMPAKMos (CM.

[21], [25] u [8]).

7.1 IlonsiTHe 0 IMCKOHTHPYIOLIEM NopT(ee U ero cBOMCTBax

PacuéT u xemkupoBaHue IATEXHBIX 0053aTEILCTB, MPEICTABIICHHBIC B TIPE-
JOBITYINX TIaBax, OBIIM OCYIIECTBICHBI C TIOMOIIBIO MOIMYJSPHON W XOPOIIO
pPa3BUTOW MapTHUHTAIBHON TEXHWKH. DTOT METOJ MPEIoiaracT HaXOXJIeHHE
SKBUBAJICHTHOW MapTUHTAJIbHOM MEpPbI, TAKOH, YTO TUCKOHTUPOBAHHBIE CTOMMO-
CTH aKTUBOB SIBJISIIOTCS MapTHHrajgaMu OTHOCUTENIBHO 3TOM Mepbl. B 3TOl 11aBe,
BMECTO Iepexo/ia K HOBOH BEpOSITHOCTHON Mepe, OyleM OCYIIEeCTBISTh pacuéT
Y XEeDKUPOBAHHUE OIIIMOHOB ITyTEM OIPEJIENICHNs] TUCKOHTHPYIOIIEro mopTde-
JIS TAaKOTO, YTO JUCKOHTHPOBAHHBIA C y4&TOM HEro Ipolecc IeH Ha (PUHAHCO-
BOM DBIHKE CTAHOBUTCS MAapTUHTAJIOM OTHOCHTEIIBHO UCXOOHOU BEPOSATHOCTHOM
MEpBL.

Paccmorpum (prHAHCOBBIN PBIHOK, COCTOSIIMNA M3 OAHON €JUHHIIBI PUCKO-
BOTO aKTHBa — aKIMHU, U OJHON €IWHUIIBI OE3PHMCKOBOTO aKTHBA — OAHKOBCKOTO
cuéra (nnm obmuranuu). [Iporecchl CTOMMOCTH aKI|K B OOJIUTAIIii 0003HAYNM
S = (Sp)nso 4 B = (By)ns0 COOTBETCTBEHHO. ECi MHBECTOpP yaACPKUBACT OMHY
aKIHUIO W OJHY OOJHTAINIO B IIPOMEXYTKE OT MOMEHTa BPEMEHHU N 0 MOMEHTa
n+ 1, To NpeanoNoKUM, YTO UX CTOUMOCTH U3MEHSITCS ¢ Sy, U By, 110

Sn+1 = Sn(1+ ppy1), So >0, (7.1)
Bpy1 =Bp(1+71), By>0, (7.2)

TAC Pn+1 — HAOXOAHOCTH AKIWH Ha MNPOTSIKCHHUKW BPEMCHHOIO ITPOMEKYTKaA
(n, n + 1], u e€ 3HaAUECHNE HEU3BECTHO IO HACTYIJICHUS MOMEHTa n + 1; r — 06e3-
pHCKOBasl POIICHTHASI CTaBKa B TEUCHHUE BPEMEHHOTO TMpoMexyTka (n, n + 1], u
€€ 3HaueHUE 3apaHee U3BECTHO.

IIpomieccer cronMocTr S W B OmpenesieHbl Ha CTOXacTHYeCKoM Oasmce
(Q, F, F = (F)nso, P) u cormacosansl ¢ ¢punsrpanueii F. IMapa 7, = (&, 1)
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rae &, 0003HaYaeT KOJIMYECTBO aKIUil, a 1, — KOJIUYECTBO EIMHUL] OAHKOBCKOTO
cuéTa, Ha3BIBACTCS UHBECMUYUOHHOU cmpamezuell (nopmeenem), ynepKuBac-
MO B MOMEHT BpeMeHH n. CTOMMOCTH (KarmuTai) mopTders HHBECTOpa B MO-
MEHT BpeMeHHU n Oynem o6o3Hauats V,. [Iponece croumoctu V = ()50, ONU-
CBHIBAIOIIII IBOIOIUIO KAITUTaNIa MHBECTOPA, 3aalM B CIICAYIOIIEM BHIC:

Vi =&Sn + muBy (7.3)
AV, = &,_1AS, + np_1AB, + AG,, (7.4)

rne AG, = G, — G,_, DOTIOJIHUTEIHHBIC WHBECTHIINH (TIOTPEOIICHUE) B TEUE-
HHE BPEMEHHOTO nmpomMexyTka (n — 1, n].

Ecnu B mpow3BOJBHBI MOMEHT BPEMEHH N M3MEHEHHE CTOMMOCTH IOPT-
(enst BBI3BAHO TONBKO JIMIIb JIOXOAOM OT OCYHIECTBIEHHBIX BIIOXKEHUH, TO
€CTh OTCYTCTBYET HEOOXOTMUMOCTH JIOTIONHUTEIHHOTO MHBECTHPOBAHUS, TO Ta-
Kol mopTdens HaspBaeTCsd caMO(UHAHCHPYEMBIM, WHade ToBops, AG, =0 u
Vo = $n—1ASy + Np-14AB,.

Paccmotpum muraréxnoe obs3arenscTBO EBpomeiickoro THma ¢ €AMHCTBEH-
HOH BbIILIATOH, f(Sy), B MOMEHT UcHoOJHEHUuss N. Pacuér takoro miuaré:xHOro
00513aTeNbCTBA YaCTO MOAPa3yMeBaeT HCIOIb30BaHUE OAHKOBCKOTO cuéra B, B
Ka4eCTBE JMCKOHTHUPYIOMIETO MOPTQens U HaXOXKIeHHE HOBOH BEpPOSTHOCTHOM
Mepsl P*, S5KBUBaJEHTHOW P, OTHOCHTEIHHO KOTOPOH TUCKOHTHPOBAHHASA CTOU-
MOCTH aKTHBA SBIISETCS MapTUHTaIOM. Ecim Takas Mepa CymiecTByeT, TO crpa-
BEJUIMBOM CTOMMOCTBIO TJIATEXHOTO 00S3aTeNbCTBA SBISIETCS MaTeMaTHUECKOe
OKUJIaHUE OT €TO AMCKOHTHPOBAHHOW BBITIIIATHI

ey =E (£ f:)), By =1, (7.5)

a KanmuTan caMo(pMHAHCHPYeMOii CTpaTeruy, Takoii, uro Vv = f (Sw) ectp
— * f (SN)

V, = BLE <—BN Tn). "

Jpyrumu cioBamu, IpoIiecc AMCKOHTHPOBAHHOTO KalluTana (a)wo SBIISICTCS
MapTHHTAJIOM OTHOCHTENBHO P*. B

Kak n3BecTHO, TUCKOHTHPOBAHKE TOCPEICTBOM OAHKOBCKOTO CYETA MO3BOJIS-

€T CPaBHMBATh CTOMMOCTH aKTHBOB, U3MEPEHHBIE B Pa3HBIE MOMEHTHI BPEMEHH.

BosHnkaer BOompoc — BO3MOXKHO JIM MCIOJIB30BATh JAPYTOW, OTIIMYHBIA OT OaH-

KOBCKOTO CY€Ta, TUCKOHTHPYIOMUN TOPT(ENh A OCYIIECTBICHHS YKa3aHHOM

niporieaypbi? C IKOHOMHUYECKON TOUKH 3pEHHs, TPOU3BOIbHAS CaMOPUHAHCHPY-

emasi CTpaTerusi Co CTPOro MOJOKUTEIHHBIM KalUTajIOM MOXXET MCIIOIb30BaTh-

Cs1 B KQUeCTBE MUCKOHTHPYIOMIETo mopTdens. Takum o6pa3oM, eciid MBI HalaéM

JUCKOHTHpYOMUA noprdens ¢ kanutanoM X = (X,)ps0, TAKOH, YTO MpoOIECC

vV (Va
X (Xn)n>o SIBIISICTCSI MAPTHHTAJIOM OTHOCHTEIBHO MCXOAHOW MepHI P, To 1ieHa
1aTEXHOTO 0053aTeNbCTBA PACCUUTHIBACTCS B CIIEAYIOIIEM BH/IE

S
C=x, E< Sw)
Xy
: S
CO 3HAMEHHEM KaluTaNa: | — x (f S(NN) 7:11)-
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uCKOHmuplem co'hopmaerii oeal—me KUX cmpaxosmx KOHMPAKmoe

Omnpenesenne 7.1. Camodunancupyemas crparerus ¢ = (y, ) co cTporo
MOJIOKHUTEIBHBIM KarmuTaioM X = (X,)ns0, Xo = 1 Ha3bIBaeTcs P-ouckonmupyio-
wum nopmepenem, Wi IPOCTO OUCKOHMUPYIOWUM nopm@esiem, SCIU TS TI000H
camo(uHaHcupyeMoii ctpateruu m = (&, n) e€ mporecc JUCKOHTUPOBAHHOTO Ka-

Vo (Va )
nuTana x - \x,/,., SBISETCS P-MapTHHrajoM (WJIH, SKBUBAJICHTHO, MPOLECCHI

S _ (S B _ (B

JUCKOHTUPOBAHHON CTOUMOCTH x (X:)n> WV Hx (X:)n>0 — P-MapTUHTabl).
Haxoxnenue P- -JMCKOHTHPYIOIIETo nopTdens mo3BoJIseT pa6OTaTL HCKITIO-
YUTEJIBHO ¢ UCXOAHOU, WIN «()U3NIECKOI», BEPOSITHOCTHOW MEPOH, ONHCHIBAIO-
el npupoay npouecca. bosuee Toro, ecny Takoi JUCKOHTHPYIOMIMK MOPTQEb

CYLIECTBYCT, TO OH ABJISICTCA CAUHCTBCHHBIM.

Jlemma 7.1. Ecnu P-nuckonTupyromnuii moptrdens @ = (y, ) ¢ HavyaIbHbIM
KanmuTajioMm X, = 1 CylIECTBYET, TO OH SIBJISIETCS] €IMHCTBEHHBIM.

Hoxazamenvcmeo. Ilycts @' = (y', ') HEKOTOPBIil Ipyro#t P-AUCKOHTHPYIO-
I HopT(bem, ¢ karmuranom X' = (Xp)nso u Xo = 1. Torma us onpenenenus 7.1,

%), () -
—_— on
(X,’l 50 1 Xn nso ABISIOTCH P- MapTHHranaMH Crie10BaTeNbHO, eCiu Yn =X
10 E(Y,) =E — =1 Ilockoneky ¢(y) = 1 y>o, CTporo BBIMTYKJIasi BHU3

GyHkums, u3 HeﬁaBeHCTBa Uencena cnenyer,’aro Y = E(Y,) =1,

O603HauNM Ky = - MPOMOPIHIO PUCKOBOTO KalKUTada B P-ITHCKOHTHPYIO-
wem noprdene ¢ B MmoveHT Bpemenu n. Torna u3 ypassenuii (7.1) u (7.2) nony-
YuM:

AXy = Yn-1ASp + Br-1AB, =
= Xn—1kn-1Pn 'I'Xn—l(1 - kn—l)r =

= n—1(r + kn_1(on — T‘)),
U, 3HAYUT,

Xp = X1 (147 + kney(pn — 7). (7.6)

Takum o6pazom, karmutai (X,)nxo (¢ Xo = 1) P-aucKoHTHPYIOIIETO TOpPT(he-
14 3amaéTes mocaenoBarenbHocThio (Kn)nso, uTO MEMOHCTpHpYeTCS B ciemyro-
meH JIeMMe.

Jlemma 7.2. JTuckonTupyronwii moptdens ¢ = (¥, ) CO CTPOTro MOI0KUTEb-
HBIM KarmuTalioM X = (X;,)ns0, Xo = 1, CYIIECTBYET TOT/A M TOIHKO TOI‘BSI Korza

cyuiecTByeT [F-cormacoBaHHas MOCNENOBATENBHOCTD k = (ki )ps0 = (y; & Ta-
Kasi, 4TO ™ n=0

() 1+7+kn(pps1 —1) >0 (P—mH);
(2) Mpouecc M = (Mp)nso, onpe;:[enéHHblﬁ B BHJIE

My =0, M, Z P T 7.7)
0 T+7+kq(op —1) '

SBISIETCS P-MapTuHTAIOM.
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Jlokazamenbcmeo.

Heobxooumocme. PaccMoTpuM P-puckoHTHpyrommuii moprdens ¢ = (¥, f) co
CTPOTO TIOJIOKUTETHHBIM KanmuTanoM X = (X,)ns0, Xo = 1, ¥ J0OJIEH PHUCKOBOTO
kanutana k, = V;ﬁ ITockonpky X, >0, n >0, gacts (1) meMMbI crexyeT u3
ypasrenus (7.6).

ITycts m = (¢, n) — IpOU3BOJIBHBINA caMO(UHAHCUPYEMBII TOPTdEb ¢ Kanu-
TanaoM V = (V,),,so ¥ Iporopuuen a, = 57‘1/& Torma umeem, 4To

n

AV, S,
X__gn 1A +77n 1A
e aSh ~fbe o Bn
Xn Bn—l Xn (7.8)
V X Bn Xn—l Sn Xn—l Bn
[ e (5
Xn—l Bn—l Xn Sn—IXn Bn—lxn
-1
- Xn—l (an—l - kn—l)AMn,
rae
Xn_1 S Xn_1 B -r
A1\4n:n1_n_n1_n= Pn ) (7.9)

Sn—l Xn Bn—l Xn 1+7r+ kn—l(pn - 7')

BTSosoe PaBEHCTBO B (7.9) cnenyet u3 (7.6), (7.1) u (7.2). IlocneqoBarensHO-

Bn
CTH \x, =0 n Xn/ HBJ’IH}OTCH MapTHHTaJIaMU 1O OIIPEACIICHNUIO P- -IUCKOHTHU-

pyfoulero Hoqu)ena I/I cienoBarenbHo, (AM),) ;51 — MAPTHHTA-Pa3HOCTh.

Locmamounocms.  BBenéM  F-COITIaCOBAHHYIO  IOCJIEA0BATEIBHOCTb
k= (kp)nso = (y;:ﬁ) TaKyI0, 4TO BBITIOTHEHBI yciioBus (1) 1 (2) Teopembl.
n “nz0
Torma X = (X,)ns0 € Xo =11 X, = n—1(1 +r+ky_1(pp —r)) SBIISICTCS
CTPOTO TOJIOKUTENHHOMN [F-COTTIaCOBAaHHON MOCIIET0BATEIHHOCTHIO.
W3 onpenenenus caMopUHAHCHPYEMOTO MTOPTQEIIS U TIPEICTABICHHUS

AXn = Xn-1kn-1Ppn + Xn-17(1 — kp_1)

cnezlyeT qTo X - KaHI/ITgl(J'I camouHaHCUpYyeMOl cTparerunn ¢ = W B) ¢
Yn H ﬁn - (1 n) i

Haxonen, u3 ycrnosus (2) u npencrasnenns (7.8) ciemyert, 9To s J000ro ca-
MoquchanyeMoro moproens = (&, n) ¢ karmraaoMm V = (V)50 TOCIenoBa-
TETBHOCTH — = (-~ sBisercs P-maprunranom. Cienosarensro, @ = (v, f) —

X Ma/psg
P-MCKOHTUPYIOIINH TOPT(HEb.

Takum 06pa3oM, CylecTBOBaHUE MOCaenoBarenbHOCTH (Ky)n=o onpenenser
YCIIOBHSL [UISl CYLIECTBOBAHMsS P-IUCKOHTHpYomero noprdens. Janee Oyaem
npeanonararb,  4r0  P-JAWCKOHTHPYIOIIWM  TOPTQEIs ¢  KaluTaloM
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X = (X)nso0, Xo =1 cymectByer. YTOOBI MPOMIIIIOCTPUPOBATEH JTaHHYIO HIEIO,
pPacCMOTPUM CIEAYIONTNH IPUMEp JJIS IBYX-IIIAaTOBOTO OMHOMHUATLHOTO PHIHKA.

Ipumep 7.1. [Ipennonoxum, 3BOTIONHS 11I€H 0a30BbIX aKTHBOB 33/1aHA ypaB-
umerusmu (7.1) u (7.2), tne By = $1, Sy = $100, nponenTHo# cTaBkoit r =0.12
U JIOXOJIHOCTBIO aKIUU P, TPUHUMAIONIEH JBa 3HaueHus b = 0.25 unu a =—0.1
. [lycTh BepOSITHOCTD IBIKEHUST CTOMMOCTH aKITUU «BBEPX», Pn, paBHseTcs 0.4,
TOT/Ia BEPOSTHOCTH IBIDKEHUS «BHU3» cocTaBisgeT 0.6. BEIYHCINM CTOMMOCTH
Espomnetickoro ommmona call ¢ ¢pyrkmmeit Beimiarel f(S;) = max(S, — K, 0), u
nenoi mocrasku K = $110,

Pucynok 7.1 nimroctpupyeT IByX-IIaroBoe OMHOMHAIBHOE AEPEBO IS IBOITIO-
MU CTOMMOCTHU aKIuH S. HeCI0)KHO BEIYUCTUTD IIEHY TIIATEKHOTO 00s3aTeIhCTBA
Ha MOMEHT UCTIONTHEHUS. PUCK-HEeHTpanbHas BEpOSITHOCTh PACCUUTHIBACTCS TI0 (hop-
MyJie p* = g:g = (.6286, a TIcHa onToHa call B maHHOM ciTydae BBIpakaeTcsl Kak
JUCKOHTUPOBAHHOE MAaTEeMaTHYCCKOE OXKUAAHUE OTHOCUTEILHO HOBOW BEPOSITHO-

CTU: C = E* %} = $15.50 CroumMOoCTh B MOMEHT BpeMeHU n = 1 paBHsAeTCA

0o $26.79, moo $1.40. JlaHHbIe 1IeHbI TOKa3aHbI Ha PucyHke 7.1 B ckoOKax.

Ha Pucynke 7.1 B kaXXI0M y371€ BepXHee YUCIO 0003HA4aeT CTOMMOCTh aK-
LIUH, CPEAHEE YUCIIO B CKOOKAX — LIEHY IUIATEXHOIO 00s13aTeNbCTBA, 8 HUXKHEE, B
KBaIPaTHBIX CKOOKAaX, — KaruTaja P- TUCKOHTUPYIOMIETO OPTQEs.

156.25
(46.25)
/ [0.51]
125
(26.79)
/ [0.71] \
112.5
(15 50) (2.50)
/ [1.29]
X
(1.40)
[1.81] \
(O OO)
[3.27]
Pucynox 7.1 — BHHOMHanbHOE [epeBO CTOMMOCTH aKIMH, ILeHbl omuuoHa call m kamurana

P-MCKOHTHPYIOLIETo nopTderns
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Jia pemeHust aHAJIOTUYHOM 3afaqn 0e3 rmepexona K HOBOW BEPOSTHOCTHOM
Mepe 3aJaIuM TUCKOHTUPYIOMHA TopTdens X, kak 0b110 onmcaHo B Jlemme 7.2.
B nmanHO¥ OGMHOMUATHLHOW MOJIETH MIPOTIOPIIHS PUCKOBOTO KaIMTala TIOCTOSTHHA
k, = k nns Bcex n 1 BIpakeHa GOpMYIIOi

A+n-r
=—"- < =E(p,|Fn_1),
(b—1)(r—a) rae u (onlFn-1)
u, cruenomBareapbHo, k = —3.13. [lanpHeillune pacy€Tbl NOPUBOAAT K

Xo =1, X; =0.71 B cimy4yae IBMXKEHUS «BBEPX», WK X; = 1.81 B ciaydae IBH-
JKeHust «BHM3Y; X, = 0.51 mis Bepxuero y3ma, 1.29 mnsa cpemgnero u 3.27 mis
HWKHETO (yKa3aHbl B KBaJ[paTHBIX CKoOKax Ha Pucynke 7.1). lanmee, niena B Ha-
YyaJbHbIH MOMEHT BpeMeHu n = 0 paBHsieTcs C = F i] = $15.50 a B MOMEHT
Bpemenn n = 1 paBusiercst $26.79 wim $1.40. 2

Kak n oxxumanocs, 00a MeTo1a IPUBOIAT K 0OUHAKOBOMY PE3yIbTaTy.

B cirydae HenoHOTO pHIHKA PEIUTHINPYIOIHE caMo(pHHAHCUPYEeMbIe CTpare-
THH MOTYT ¥ HE CyIIECTBOBATH. [[prMeph! HETTOMHBIX PHIHKOB BKITIOYAIOT MOJICIIH
C Pa3NMMYHBIMHU MTOPTQENBHBIMHA OTPAaHUYCHUSMH, PHIHKU C «TPEHHUEMY, a TaKKe
PBIHKH, JUISI KOTOPBIX IUTATEKHBIE 00s3aTeIbCTBA BKITIOYAIOT JOMOJHUTEIHHBIC
WCTOYHUKH (Hampumep, pUCK CMEpPTHOCTH). B mocrneaneM ciydae ruraTéxHoe
0053aTeNTbCTBO HE MOXKET OBITh WACATBHO 3aXEPKHPOBAHO IMOCPEACTBOM OTIe-
panmii Ha (rHAHCOBOM pBIHKE. OTHUM M3 BO3MOXKHBIX TTOJXOZOB JIJISI PEIICHUS
JMAHHOHM 3a/1a4d SBISIETCA PACCMOTPEHHE HEeCAMO@UHAHCUPYEMbIX Cmpamecull,
JUTSE KOTOPBIX JIONYCKAeTCsl HaJM4Yne JOTIOJHUTENBHBIX MTPUTOKOB U OTTOKOB Ka-
nuTana. B coyuae, korga q0mycTiMo J00aBIATh WM CHUMATh CPECTBA M HEBO3-
MOKHO HAWTH CaMO(QHHAHCUPYEMYIO PEMIALHPYIOLLYIO CTPATETHIO, XKeNATENbHO
MTOCTPOUTH MOPT(HEh, 00IaIaAI0NNI CBOWCTBOM F (% n—1) = 0. Takue ctpa-
TErMM HA3BIBAKOTCS CAMO(MHAHCHPYEMBIMHU B CPEIHEM.

Omnpenenenune 7.2. Crparerus w = (¢, ) ¢ MPOIECCOM IOMOTHUTEIHHOTO
UHBECTUPOBAHUA G = (Gp,) o (G-PpUHAHCHpPYEMas) HA3BIBACTCS G-Qunancupye-
MOl 8 cpeOHeM, eCITI AG, 7 —0

E X n-1) — %
AGy, n
TO €CTh | —— SIBJISICTCSI MAPTUHTAJI-PA3HOCTBIO.
Xn /nz1
Jlemma 7.3. Crparerust w = (¢, 1) ¢ kanutanoM V = (V) s sBasiercss G-du-

HAHCUPYEMOIi B CpEIHEM TOI/Ia U TOIBKO Torja, Korja ¥ — (V_“) — P-MapTUHTal.
X Mn/pzo
Jlokazamenbcmeo.

Heooxooumocme. Ilycts noprdens w = (€, ) ¢ kanutanoMm V = (V) ps0 — G
-puHaHCHpyeMbIii B cpenneM. Torma mo ananoruu c (3.4) nmeem:

v, S B AG,
ATm =G A+ A+ =
Xn Xn Xn  Xn
Vs AG, (7.10)
= X, . (an—l - kn—l)AMn + X_n'

rne M, onpexnenen B (7.7).
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uCKOHmupy}ou 20" nopn ogal-me KUX cmpaxosmx KOHMPAKmoe

V;
Cornacnao Jlemme 7.2 u Ompenenenuto 7.2, MOCIEIOBATEIEHOCTh (A—")

n‘nz1
ABJSICTCA MAapTUHIAJI-PAa3HOCTBIO.

vV _(V
Locmamournocmy. JlonmycTum = (X—”) — MapTHHTaJI. 3aJaJuM IPOU3-
=0 (Vo =$n Sn)
BOJIGHBIC TOCIEIOBATEIBHOCTH & = (&)pso B 1= (a0 = (—57 Ta-
- n n=0

kue, uyto crparerus 7w = (&, n) umeer xarmran V. Torma u3 ypaBuenus (7.10)
[OJIy4uM, 4T0 T — G-(pUHAHCHUPYyEeMast B CPEIHEM.

CremyrommM BayKHBIM ITIaTOM SIBIICTCST HAXOXKIICHHE CaMOH «ZIETIEBOID BOCIIPO-
n3BozsnIed G-QpuHaHCHpyeMoi B cpenHeM crparerid. OTMETHM, YTO JIOTIONTHHUTENb-
HbIC MHBECTHUIIMH B KaXK/IbIi MOMEHT BpeMeHH, (AG,, ), 51, CTy4alHbI U HE CKJIOHHBIH
K PUCKY HHBECTOp OyZIeT CTPEMHUTHLCS MUHIMH3HUPOBATH HEOTIPEACTIEHHOCTD Ha TIPOTSI-
JKCHUH BPEMEHH JICHCTBYS KOHTpakTa. J[aHHbIe pacCy>KICHUS IPUBOIAT K KOHIICTIIIN
MUHUMH3AIUH PUCKA TOCPEICTBOM MIUHUMU3AITAN JFICTIEPCUH OYITyIIHX TIOTEPb.

7.2 XeaKupoBaHHe B CPeIHEKBAAPATHYECKOM M IIPMMEHEeHHe
K pacyéTy ru0KuX CTPaXOBbIX KOHTPAKTOB

Paccmorpum 3amady MuUHHUMH3aIUHA pucka B oOmiem cimydae. Cpemn Bcex
CTpaTeruii, JIsi KOTOPHIX BBITIOIHEHO PaBEHCTBO Vy = fy, Te fy — pasmep BbI-
TUTATHI TUIATEKHOTO 0053aTeNBCTBA, Oy/IeM UCKaTh G-(QUHAHCUPYEMYIO B CPETHEM
CTpareruro, MUHUMU3UPYIOIIYIO JUCICPCUIO JOIMOJIHUTCIIBHBIX I/IHBCCTHHI/Iﬁ Ha
MIPOTAXKEHUHN BCETO BPEMCHH CYIICCTBOBAHNA KOHTPAKTA:

& AG

MHWHUMU3UPOBaThb R = Var (Z X—"), (7.11)
AG n=1 "
" n _

c yuyétom E (_Xn |Tn_1) 0. (7.12)

[Mony4enusiit moprdenp OyneM HasbIBaTh puck-munumusupyiowum. Coriac-
HO ycnoBuio (7. 12), 3amaga (7.11) mMoxer OBITH CBeNeHA K MUHUMHU3AINH

R=EXi, (3

Teopema 7.1. ExmHcTBEHHAs pHCK-MUHUMM3WpYIOMas G-(pPMHAHCHpyeMasl B
CPeJHEM Xe/DKUPYIOILAs CTPATEerys ™ JUIsl KOHTPAKTA C BBIIUIATON f;, IMEET KaruTal

V= X,E ()];—N ?n), 0<n<N, (7.13)
N
)48 CprKTypy
+1
. (g M, |7, (7.14)
" X 5 E((AMn+1)2|Tn) '
= V= aSn (7.15)
B,

Prck muatéxHoro oos3arenseTsa fy paBeH
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. N Vn* 2 EZ (A)]gn AMn :Fn_1>
R™ =Z E(A—) -E L .
=i Xn E((AMn) |:Fn—1) (7-16)

Hoxazamenvcmeo. Beuny G-puHancupyemocty B cpenneM (7.12) u Jlemmsl

v
7.3, <= - ABJIAETCSA MapTUHTranoM. Takxke Oyuem mojarars, uro Vy = fy,

Xn/ n>0
U CIIel0BaTeNIbHO, BRINONHEHO ypaBHeHue (7.13). OueBuaHO, YTO Takas cTpare-

T'Hsl CYIIECTBYET, MOCKOJIBKY ycioBue Vy = fy Bceraa MOXeT ObITh JOCTUTHYTO,
HampuMep, MOCPEACTBOM MOIXOSIIET0 BBIOOpa 7y B MOMEHT UCIIONHEHUS N.

ITo ananoruu ¢ ypaBuenuem (7.10) nmeem:

Vi Sn-a ( Vri‘_l) AG,
A—=——\&_ 1 —Vno1o— | AM,, + — .
X, X, $n-1—¥n X . n Ty (7.17)
W3 (7.17) u (7.14) cnenyert, 9To
V*
«  E|ALAM,|F,_ )
AG, _ Wi ( Xo 1T 0y (7.18)

AM,,.
Xn Xn E((AMn)Zl‘Tn—l) "

Ucnonsays (7.18), momydaem Beipaxkerne (7.16) mis pucka maTé&kHOTO 00s13a-
TEIIbCTBA.

[ycte Teneps @ = (€, 1) — npyras G-puHaHCHUpyeMast B CpeTHEM XEIIKHPYIO-
I1ast CTpaTerus, Jisi KOTOpoil cripaBeuinBo paBeHcTBo Vo = Vy. Torna

V, = X,E ()j;—’;’v Tn) =V, (7.19)
Kak u B (7.17), numeem, 9to
Vo Sn-a ( Vn—1) AG,
—=— &1 — Vo1 o— | AM, + —— 7.20
X, X, $n-1—Vn 1Xn—1 n Ty ( )
N3 (7.20), (7.19) u (7.17) momydaem
o St . AGy
AXn - Xn—l (fn—l fn—l)AMn + Xn . (7~21)
[G2) o)
Ucnonw3ys ypaBHenue (7.21) u 3ameuast, uto B Buay (7.18) I\ x, "l 5, ABIA-

CTCiA MapTI/IHraJ'I—pa3HOCTLIO, HpHXOHI/IM K CHCZ[yIOH.[eMy paBeHCTBy
N
g
Xn
n=1

CrnenoBarenbHO, mo0as npyras G-puHaHCHpyeMast B CPEeTHEM CTpaTerus ¢
TaKUM K€ HadaJbHBIM KaITUTAIOM HECET B ceOe OONBITIHIT pUCK.

[IprMeHHM ONUCAHHBINA BBIIIE MOIXOA K PACUETy cUOKUX CHPAXOBbIX KOH-
mpaxmos (equity-linked life insurance). B koHTpakTax JaHHOTO THITA BEIIMYHNHA
BBITIJIATHI, TOJTy4aeMOM JIepiKaTeeM CTPaxoBOro cepTuuKara B MOMEHT UCTION-
HeHHs N, IPH YCIOBUHU €r0 JIOKUTHS, TECHO CBsI3aHA C Pa3BHTHEM PBHIHOYHBIX

N
S2., . .
Esr (ot = §n-1)? (AMy)” + R
n-1

2
n=1
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e akuuid. Hanpumep, cymMa, BbituiaunBaemast aepxareinto, f(Sy), MOKET ObITh
BBIpa)K€Ha B BUJIE:
f(Sn) =Sy (7.22)
WA
f(Sy) = max(Sy, K). (7.23)

Kontpaxr (7.22) Ha3bIBaeTCsS eUOKUM CMPAXOBbIM KOHMPAKMOM 0e3 eapam-
muu. J{nst Takoro cormameHus (UHAHCOBBIM PHCK, CBA3aHHBIA C W3MEHEHHEM
LIEHBI aKITUH, MOXKET OBITh MMOJTHOCTHIO MEPETIOKEH Ha KiueHTa. KOHTpaKThI THIa
(7.23) M3BECTHBI KaK 2ubKue cmpaxosvle KOHmpaxmel ¢ eapanmueti (3nech K —
rapaHTHPOBAHHAS BBITUIATA) U SIBIISIOTCS MIPUMEPOM COTJIAIICHUS, TIPU KO-
TOPOM JEPIKATENb U CTPAXOBast KOMITAHUS Pa3IeNAioT ((MHAHCOBBIM PUCK MEXKIY
co0oii.

[Ipenmonoxum, 9T0 N KIUEHTOB CTPAXOBOW KOMITAHUH MPHOOPETH OMHAKO-
BbIE KOHTPAKTHl B MOMEHT BpeMeHu () B Bo3pacTe x JIeT, a UX BpeMeHa JOXKHUTHUS
Ty, ..., T, — HE3aBUCHUMBIE U OJJMHAKOBO PAaCHPEICIEHHbBIC ClydailHble BEJINYU-

HEIL. Bynem Takke mpenroararh, 9T0 BpeMEeHa JOKUTHS HE 3aBHUCST OT IIporiecca
S _ (Sn )

JMCKOHTHPOBAHHON CTOMMOCTH aKIMK x — \x,/, . (WK, APyrUMH crioBamu, pu-

HAHCOBBII PHIHOK HE 3aBUCHUT OT CTPaxoBOTo pucka). CiayuaifHas BenwuuHa Y,

0003HaYaeT KOJIMYECTBO KIIMEHTOB, IOKUBIIHX JI0 BpeMeHH 1. BeposaTHOCTH 110-

JKUTHS 3aCTPAXOBAaHHBIX JIepKaTeliell cepTH(PUKATOB 0003HAYNM:

P(Ti >n) = nPx

KonmdecTtBo AOXKMBIINX Y,, MOXKET paccMaTpuBaThCcs KaKk CyMMa HE3aBHCH-
MBIX CITyJalHBIX BEJTUYHH C pacmpeesicHneM bepHymum, TpuHIMAIOIINX 3HaAYe-
HHEe | ¢ BEpOATHOCTHIO ,p, Wi 0 ¢ BeposATHOCTRIO 1 — ,,p, Kaxnas. Torma oxu-
JTaeMO€ KOJTMICCTBO KIUEHTOB, TOKUBIIUX 0 BPEMECHH MCTIOTHEHHS KOHTPAKTa

N paBHO
E(Yy) = E(Z?:l [Tl->N]) = Yiz1 E(I[Ti>T]) = N NPx>
a Jucriepcus:

n
Var(Yy) = Var z Iirsr | = ZVar(I[TPT]) =npx(1— 7px).
i=1 i=1

Takum 00pa3oM, 00s3aT€IbCTBO CTPAXOBILMKA [y 3aBHCUT OT KOJIMYE-
CTBa JOKHUBINUX, Yy, W OBOIIONMK TEHBI akiuu f(Sy) ClexyrommmM o0pa3oM:
fn = Ynf(Sn).

DopManbHO, TSI TOTO YTOOBI TOCTPOUTH MOZIEITh, COBMEIIAIOIIYIO CTPaXOBOM
pucK (HEONpeaeIéHHOCTh OTHOCUTEIBHO KOJIMUYECTBA JepKaTeeh, JOKHBIINX
JI0 MOMEHTA WCIIONHEHU) W (PUHAHCOBBIA PHUCK (HEONPEneTIEHHOCTh OTHOCH-
TCJIBHO pa3BUTUA CTOUMMOCTHU aKHI/II/I), HCO6X0)II/IMO HadaTb C JABYX OTACJIBHBIX
BEPOSITHOCTHBIX TIPOCTPAHCTB C 3aJlaHHBIMU (GUIBTpAlldsAMH HAa HUX. BBemém
(Qq, F, F = (F)nso, P1) — mpocTpaHCcTBO, 3aaaroiiee (pUHAHCOBBIA PHCK, C
¢dunerpanueii F = (F,)pso U copeprkaliiiee HHGOPMAIHIO O SBOIOIUK (PUHAHCO-
BOTO pPBIHKA, TO ecTh F, = 0(S;, ..., S,,). Takxke myctsb (Q,, H, H = (Hp)nso, P2)
— MPOCTPAHCTBO, 3aJafollee CTPaxoBoil puck, ¢ ¢unprpanueil H = (Hy)ps0 H
comepikamiee nH(GOpMaHIo 0 KIueHTax, 10 ectb H, = o(Y;, ..., ¥,). Otn nBe
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MOJIEJIH 3aTeM MOPOXKIAFOT HOBOE TIpocTpancTBo-npomsBezieHne (£, G, G = (G,)n=0, P)
, e punprpanus G = (G,,) =0, ONpeaessiemMas B Bujie G, = o(F, U Hy,), conep-
JKUT BCIO JIOCTYIHYIO Ha MOMEHT BpeMeHu n uHpopmanmro. TakuMm obpaszom,
MIPEAIOIaraeTcs, YT0 CTPAXOBasi KOMIIAHUSI B MOMEHT BPEMEHHU N UMEET JOCTYII
K TEKylIeH phIHOYHON HHPOPMAIMN ¥ KOJTHYECTBY JOKUBIINX KIHEHTOB. Duith-
tpatm (F,)pso ¥ (H)nso HE3ABUCUMBI OTHOCHTEIHHO MEPHI P.

PhIHOK, ompenieIéHHBIN Ha OTTMCaHHOM ITPOCTPAHCTBE-TIPON3BE/ICHUH, BCET/Ia
SIBJISIETCSI HETIOJTHBIM (J1a)Ke ITPU YCIIOBHUH MOJTHOTHI (PHAHCOBOW MOJICITH PHIHKA),
MOCKOJIBKY TUIATEKHOE 00sI3aTEIbCTBO MOXKET 3aBUCETh OT JOMOJHUTEIHHOTO
HCTOYHHKA PHCKa, HE3aBHCUMOTO OT uHAHCOBOTO. ClieIoBaTEIFHO, MBI MOXKEM
paccMarpuBaTh THOKHE CTPaxOBbIE KOHTPAKTBI KaK TUIATEXKHBIC 0053aTeNbCTBA
Ha HEMOJHOM PBIHKE, & 3HAYUT PHUCK-MUHHMHU3UPYIOIIAs CTPATETHS JIJISl TAKHX
KOHTPAKTOB OIpeJIelieHa aHAJIOTHYHBIM OITMCAHHOMY BBIIIE 00pa3oM.

Hycte /= (&, n/) 0603HaUACT PUCK-MUHUMH3HUPYIOILYIO XEKUPYIONIYIO
cTpareruto /st pUHAHCOBOTO KOHTpakTa ¢ (pyHkirei Boimarhl f (Sy). Kanuran

nf 3aJaH MPOIECCOM Vf X, E (f (Sn) |T ) rne f(Sy) = f . Taxoxe 0003HAYNM
= (&, ") — puck- MI/IHI/IMI/I3I/IPYIOH1y}O CTpaTeFI/IIO JUIst m61<oro CTPaxoBOTO

KOHTPAKTa ¢ 00513aTeIbCTBOM fy = Vy = YN . BenenctBue HesaBucumocTu Gu-
HAHCOBOT'O U CTPaXOBOI'0 PUCKOB, PUCK-MUHUMHU3UpYIOWas G-pruHaHcupyeMas B
CpEeIHEM CTpaTerus T* UMeeT NPOoLecc CTOUMOCTH:

) X, E(Y, |7-[n)E<

= Yan-nPxinVy
(oo
E((AMn+1)2|gn)

fGSW) | £ )
" (7.24)

= ok (Mo

U CTPYKTYpY:

£ = Vi Xn
n—Van S,

v/ 1

n+
=Y Vf +X <AX" e )
= InN-nPx+n \Vn X, S, E((AM,;,)?*|F) /

= nN—npx+n§rl:' (7.25)
) V= &,.S
Nn = % = nN—npx+nn£' n=0. (7.26)
n

B ypasuennu (7.24), E(Yy|Hy) = Yoy Dx+n, TOCKOTBKY Yy |#,, ~ Binomial
(Yn, N-nPx+n) TH€ Y,, — HTOrOBOE YMCIIO JOKUBIIKMX JIO MOMEHTA BPEMEHHU N, a
N-nPx+n — yCJIOBHAsl BEPOSTHOCTD JIOKUTHS 0 BpeMeHU N IpH yCIOBHH TOTO,
YTO KJIMEHT >KMB Ha MOMEHT BpeMeHH n. PHck miaréxHOoro oo0s3areibcTBa
fy = Yy f(Sy) BeIUUCIACTCS B BUIE:
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v |

2

f
* Vl
R =anxz N—iPx+iE 7
i=1l ¢
v\
i—1
_N—(i—1)px+(i—1) E Xli—l
Vf (7.27)
E? <AM-AL Fi >
=y i—-1
13

E((AM)?|F;—,) /
|

f
2 E? AM-AVL F;
Vif . i Xi i-1

X; E((AM?|Fisy) |

y [
2
+n(n—1)Tpr ElA
= |[
B cityuae, Koria HEMOIHBIN PHIHOK MOIYYaeTCsl U3 ITOJHOTO (PMHAHCOBOTO I10-

CPEICTBOM JIOITYIIIEHHUS 3aBHCUMOCTH TUTaTEKHBIX 0053aTEbCTB OT HE3aBHCHMO-
r'O CTPaXOBOTO PHCKa BTOpasi CyMMa B ypaBHeHHUH (7.27) ctaHOBUTCS paBHOI 0.

IIpumep 7.2. PaccMoTpuM 4eTHIPEXIIIATOBYIO MOJIENb PBIHKA € 5 1aTaMH TOp-
ronu: k =0, 1, 2, 3, 4. Hampumep, 5T0 MOXKET OBITH TOII, gawenéHHmﬁ Ha 4 1e-
prona (kBaprana). [muTensHOCTh KaXIoTo repuoaa An = —. [Ipeamonoxum, 9To
BpeMeHa JOXKHUTHUS AeprKaTesielt CepTH(PUKATOB — HE3aBUCHMBbIE 1 DKCTIOHEHITHAITb-
HO pactpeae¢HHbIe BeTUIHHBI ¢ Kodddunrentom cmeptaocTH (hazard rate) p,
u ycth i = 1. Torna BeposSTHOCTD NOXKUTHSI | P, = exp(—pkAn) = exp(—kAn).

Pa3mep BBITUTATHI KIIMEHTY TIPH YCIIOBUH €ro/e€ TOKUTHS 0 MOMEHTa BpeMe-
uu N Beipakaercs B Buze f(Sy) = max(Sy, K), rne K = $103. IIpeamnonoxum,
qTO p MOXET PUHUMATH Ba 3HAYCHMUS: a=-01 "
a=-01 u b=0.15; r =0.015; p = 0.5, S, = $100; B, = 1.

JluHaMuKa 1ICHBI aKIMU, BBIILIATA 110 KOHTPaKTy f(Sy) M KamuTasl pUCK-MU-
HHUMU3UPYIOLIEH XEKUPYIOLIEH CTPATEeruu Hapsigy € KOJIMYECTBOM AaKUUH B
PUCK-MHUHUMI3UpPYIOMEM mopTderne moka3zansl Ha Pucynke 7.2. OnTumManbHBINA
KaruTall XeIKAPYIOIeH CTpaTerny M ONTHMaJIbHOE KOJIMYECTBO aKIUi MpHUBe-
JIEHBI 71 OIHOTO KJIMEHTa, KOTOPBIA JOXKWI 0 paccMaTprhBaeMOro MOMEHTa
BpemeHn. OnTHMaIbHas CTPYKTypa XeKUPYIOIIe cTpaTern B MOMEHT BpeMe-
nu 0 mpezcrapnena sHadeHussMu & = 0.219 u ng = 17.9. B momenT Bpemenn 1,
€CJIM JiepKaresb BCE ellE )KMB, a LIEHA aKIUU JABUTAETCS «BBEPX», ONTUMAJIbHBIN
XeDKUPYIONIHA opTdens Oyaer coctosth u3 §f = 0.383 u n; =11.4. Ecnu 3a-
CTPaxOBaHHBIN KIMEHT HE JOXKUBAET /10 MOMEHTa BpeMern 1, 10 & = 0un; = 0.

3aMeTuM, 4TO CTpaTerusi, MOTydeHHAs MyTEM HAXOKICHUS P-TUCKOHTHPYIO-
mero noptdens, COBNajaeT ¢ TOH, KOTOPYIO MBI MOJy4YaeM, IPUMEHSS «Tpaju-
[IAOHHBINY ITOIXOI.
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PucyHox 7.2 — BuHoMuaibHOE 1epeBo AJsi PUCK-MHHUMHU3UPYIOLIETO XeHKUPYIOIIEro mopTdes

Ha Pucynke 7.2 mist Ka)Xgoro y3jia BepXHEe YUCII0 0003HAYaeT IeHYy aKIInH;
[X] — xartuTan auckoHTHpYromero moprdens; {y} — KoMM4ecTBO akiuii B P-Iuc-
KOHTHpYIoIIeM noptdene; (C) KanuTal XeIKUPYIOIe CTpaTeruy sk KOHTpaK-
Ta max(Sy, K); /V/ — KanuTal pUCK-MUHUMHU3UPYIOIIECH CTPAaTerHH; U HIKHEE
gucio, £*, 0003HaYaeT KOJTMYECTBO AKIMH B PUCK-MUHUMHU3UPYIOIIEM XEIKUPY-

foreM moprderne.
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I'naBa 8
MEPEXO/J OT BUHOMUAJBHOM
K IN®PY3MOHHOU MOJEJIN:
OOPMVYJIA U ITNOPEPEHIIUAJTBHOE
YPABHEHMUE BJIDKA -LIOVYJICA

Jlannas enasa nocesaujena Gvle0eHuI0 ¢ NOMOWBLIO ACUMNIMOMUYECKUX
meopem meopuu GeposimHOCmel npeoeios 011 OUHOMUATLHOU Modenu U
¢opwynvl Koxca-Pocca-Pyounwmetina. Ha smotii ocnose 6 dannotl enase no-
JIyYeHbl nepevle npedcmasiieHust 0 mooenu, hopmyne u oughghepenyuarbHom
ypaenenuu brsxa-Illoyaca (em. [22], [18] u [17]).

8.1 O0masi KOHCTPYKUMS MPeaeIbHOI0 Mepexoaa K Moaeau
buka-Iloyiaca

B npenpiaymux maBax peub Ui 0 JUCKPETHBIX MOJEISAX PhIHKA, B KOTOPBIX
BpeMs OIUCHIBAIOCH 1esbIMU yuciiaMu 0, 1, ..., N, BbIpaXaroUMMU HEKOTOPbIE
BpPEMEHHBIE TPOMEXKYTKH (JTHU, MECAIIBL, U T. /1.). Terneps nepeiémM K OnuCcaHuio
pBIHKA Ha BpeMeHHOM nHTepsase [0, T A HeKOTOPOTO AEHCTBUTEIHHOTO YHCTIa
T = 0. MO>XHO pa3AesinTh JaHHBIA IPOMEKYTOK Ha M PaBHBIX YaCTEH, MOIyYUB
BPEMCHHYIO IIKaIy C IIarom A = % > 0.

Takum 06pa3oM, eCTECTBEHHO PAcCMaTPUBaTh clieaytomuii (B, S, A)-pbIHOK:
B2 —BE , =r(A)BE,, BE>0, r(A) 