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CoBpeMenHas BepoaTHOCTHasT (DUHAHCOBAS MaTEMaTHUKa — 9TO obmupHas 06/1acTh HAYKH,
MPEJICTABJILAIONIAsS COOON MPUMEDP YCIIENIHOTO IPUMEHEHUs] METOJ0B MaTeMATUIECKON husmku
K aHAIN3Y AUHAMWKN PBIHOYHBIX TI€H aKTUBOB U XeIKUPOBAHUIO (PUHAHCOBBIX 00S3aTE/THCTB.
B crarne naercst 0630p HEKOTOPHIX BAYKHENIITNX PE3YIBTATOB B 9TONH 00JACTH W BOZMOYKHOCTE
"X MTPAKTUYIECKUX HpI/IMeHeHI/Iﬁ, I/ICHOJIBSyIOLL[I/Iﬁ B Ka9eCTBE MAaTEMATUYIECKOTO allllapaTa JINIITH
6a30Boe (PU3UKO-MATEMATHIECKOE 0OPA30BAHNE.

Stochastic Financial Mathematics: some new theoretical and applied possibilities

Modern probabilistic Financial Mathematics is a very large field of research which became
an example of successful application of Mathematical Physics for the analysis of market price
dynamics and contingent claims hedging. This paper is a review of some important results
in this field and their practical possibilities. Only basic methods of Mathematical Physics are
used in this exposition.

1 Oo0iee BBegeHuE.

Hens manmO HAYIHO-METOANYECKON CTATHU COCTOUT B TOM, 9TOOBI O3HAKOMUTH IITUPOKHUE KPY-
TH MOJIOJIBIX YY€HBIX C OJJHAM COBPEMEHHBIM HAIIPAaBJICHUEM TEOPHUH BEPOATHOCTEH W €€ IpHu-
noxennii. Peub et 0 guHaMuke PeIHOYHBIX 11€H HA (PUHAHCOBBIX (M HE TOJIBKO (PUHAHCOBBIX)
PBIHKaX, O HOBBIX MOHATUAX W METOJaX, IPUMEHAEMBIX JJI HUCC/IeJOBAHUA STON NUHAMUKHA
¥ O Psjfie TPAKTUYECKUX METO/MK, KOTOPbIe MOTYT OBITH 3/€CH IPEJJI0XKEHbI WU BhIPa0dOTa-
Hbl B Oyayriem. Boobiie roBops, IpuMeHeHns MaTeMaTudeCKuX METOJIOB K aHAJIU3y TeX UJIu
WHBIX ABJIEHUI SKOHOMUKHU HATAJKUBAIOTCS HA 3HAUYUTENHHBIE TPYIHOCTH. JTO BEJET K TOMY,
9TO BO MHOTHX BOIPOCAX COOTBETCTBYIOIINE MOJEIN W METOABI MOTYT JATh JIMIIH ODIIYI0 Ka-
YECTBEHHYIO OPUEHTUPOBKY, & HA KOJIUYECTBEHHOE COMOCTABJEHUE C PEAJbHOCTHIO JaKe U He
npeTeHayioT. B maHHOM ke Ciiydae pedb uaer 00 ONMCAaHWU PeasbHBIX sIBJICHUH Ha COBCEM
JIPYTOM YDPOBHE: OTIpEJIeIEHHbIe MTPAKTUIECKUe PEKOMEH AN U/UJIH TPOTHO3BI MOTYT OBITH
COTIOCTABJIEHBI C JIMCTBUTEIHHOCTHIO HA TOM YPOBHE TOUYHOCTH, KOTOPHIN XapaKTePEH I Ma-
Temarudeckoii pusuku Boodbire. Peusb He uer, KOHEYHO, O BEChMa BHICOKOM YPOBHE TOYHOCTH
dbysgaMenTaIbHON (DU3NKY, HO MOIYYaIONuiicd YPOBEHDb BIIOJHE CPABHUM C TE€M, K Y€MY MbI
MPUBBIKJIM B BOIIPOCAX TEXHUYECKOU (PUBUKHU.

[Toguepkuem, ogHAKO, 9TO pPeYb HE MIAET O HPOTrHO3aX Oyaymmx KosebaHuil PHIHOYHBIX
IIEH ¥ O CHEeKYJIATUBHOI Urpe Ha MOBBIMICHIE /IOHIKEHIE, CBI3aHHON ¢ TAKUMU IIPOTHO3AMI.
[TomobHBIE TPOTHOZBI OCTAIOTCS 3a TpeesaMiu BO3MOXKHOCTE COBPEMEHHOI HAyKu, OyIb TO



MaTeMaTHKa, Y9KOHOMUKA, TaK HA3BIBAEMBINl «TEXHUUYECKUI aHAJIU3» WA 9TO-TO Apyroe. Mo-
2KeT ObITh, OHU U IPUHIIATINATHLHO HEBO3MOYXKHBI. [10sICHUM CHTYaIUIO C IOMOIIBIO CIEIYIOIIETO
cpaBHerusi. Mbl He B COCTOSIHUU BJIUSTH HA, XOJI OTOHBIX ABJIEHUI WU XOTsI Obl TPOTHOZUPO-
BaTh WX HA 3HAUNTENLHOE BpEMs Bepes ([OC/ieHee CIUTACTCA MPUHIUINAIBHO HEBO3MOXK-
HBIM W3-33 3HAYUTE/IBHOIO BJAUSHUS Ha, OYAYILYI0 MOrOy MaJibiX BO3MYIIEHUI B HAYAIbHBIX
yeoBugx). Ho MBI MOXKeM HOCTPOUTH JI0Ma, CHAOIUTH MX YCTPOMCTBAMU OTOILICHUS U JIazKe
KOHIUIMOHEPAMHU U TAKWM CIIOCODOM MEHBINIe 3aBUCETh OT KAIPU30B MOTO. BOT 1 B mpak-
TUYECKUX TPUJIOKEHUSIX BEPOSTHOCTHON (DUHAHCOBON MaTeMaTHKN PEeYb UIET O TOM, U4TOOBI
MEHBIIE 3aBUCETH OT KANMPU30B OyIyIlell TMHAMUKU PHIHOYHBIX 1TeH. Bmpouem, B oTmdme oT
MOTO/BI, B HACTOSIIIIEE BPEMSI MOTYT OOCYXKIAATHCS W PABIUIHBIE PEKOMEHIAIINN, HAPABIEH-
HBIE HA TO, 4TOOBI C/IeIaTh Pa3BUTHE COOBITHII HA PBIHKE 0Ojiee TIABHBIM (HO NP 9TOM HE
CJIUIIIKOM CTECHUTH HEOOXOUMYTO JIMHAMUIHOCTH PHIHKA).

CoBpemenHnas (puHAHCOBasg MAaTEMATHKA pa3pabaThiBaeTCs BO BceM Mupe, a B Poccum —
DJIABHBIM 00pa30M, 1Moj pyKoBoAcTBOM uiau 3HauuTeababiM Biausaunem A H.Illupsiera u ero
YUEHHUKOB U COTPYIHUKOB (Ha Kadeape Teopun BeposTHOCTelr Mexmara MI'Y, B Maremarn-
qeckom uHCTUTyTe PAH, B Lenrpanbrom 3KoHOMUKO-Maremarudeckom uHcturyre PAH wu
ap.). Beimymena dbyrnaventaibaas Mororpadus |1|, KOTOpy0 B OTHONUIEHUH CAMBIX COBPE-
MEHHBIX PE3YJILTATOB JIOMOIHSIET KHUTa [2], & TakKe GO0 KOTHIECTBO KYPHATBHBIX CTaTel
u npenpuaToB. Ha xadeape Teopun BeposaTHOCTEH OpraHn30BaHa aKTyapHO-(OUHAHCOBAS CIIe-
uasn3anus cryaeHToB (mpumepro 20 denoBek exkerogno). OnHako Kak JjurTeparypa (T.e., B
vyacrHocTH, KHUrH [1,2]), Tak u akTyapHO- (brHAHCOBOE 00pa30BaHMe HA MeXMaTe OPUEHTUPY-
FOTCsl Ha, CPABHUTE/ILHO TOHKWME U M3bICKAHHBIE METOJIBI UCCIEOBAHNUSI, KOTOPBIM MOXKHO JIaTh
o0IIlee Ha3BaAHME «CTOXACTUIECKOT0 aHam3ay. MexX Iy TeM, Jijist MaTeMaTuIecKoil (DU3NKM Xa-
pPaKTEpeH TaKoi MPOIECC, KOT/Ia Pe3yJIbTaThl, IEPBOHAYAIBHO IOJyUYeHHBIE C MTOMOIIBIO TOH-
KAX MATeMaTHIeCKUX METOJIOB, 3aT€M YIIPOIIAIOTCS U B TAKOM BHUJE CTAHOBSITCS JOCTOSTHUEM
BCero (pu3mMKO-MaTeMaTHIECKOr0 coobmecTBa. BoT 00 9TOM, B YaCTHOCTH, W JTaHHAS CTAThA,
KOTOpasi HE WCIOJIb3YeT HUKAKON MaTeMaTUKW, BBIXOJILAINEN 3a mpejesibl 0a30BOro (pu3mko-
MaTeMaTHIeCKOro oOpa3oBaHus. Bojee TOro, MOCTENEHHO BBISCHSAETCA (KaK 9TO U ObIBaer
0OBIYHO B MaTeMaTHIECKOl (busnke), 4T0 GosIee MPOCTOii B MATEMATHYIECKOM OTHOIIEHUHN TTO/I-
XOJT SIBJIFIETCSI B HEKOTOPBIX Berrax u Oosiee apdekTuBHBIM. MbI yIIOMUHAEM TaKKe B JTaHHOMN
CTaThe O HEKOTOPBIX YKCIEPUMEHTATBHBIX Pe3yJIbTaTaX, KOTOPhIE U ONPEIEISIOT B KOHETHOM
cyeTe CTeTeHb COOTBETCTBUSI MeXKy Teopueil um daxTamu. HakoHel, Kak BCSIKOe WHTEHCUB-
HO Pa3BUBAIOIIEECS] HAYYHOE HANPABJIEHNE, BEPOATHOCTHAS (DUHAHCOBAS MATEMAaTHUKA CTABUT
MaCCy TEOPETUUIECKUX U MPUKJIAJHBIX BOIPOCOB, B Pa3pabOTKy KOTOPBIX MOTYT IIPH YKeJTaHUU
BKJIIOYUTHCS MOJI0/IbIe yueHble. [Ipuuem B 310it 001acTH HOBBIE PA3pabOTKM OYEHb HYKHBI U
BECbMa JIOCTYIIHBI, IOTOMY 9TO HE CYIIECTBYeT 0C000 rybOKuX (pU3MKO-MATEMATUIECKUX WU
SKOHOMHUYECKUX TEOPUil, KOTOpble HYKHO ObLIO OBbI J0JI0 U3y4daThb, MPEXK/E UeM MOIyIUTh
HAyYHOE TPABO 3aHUMATHCS HOBBIMU MCC/IE0OBAHUSIMHU.

2 JletasibHOE BBeJIeHUE

BosuuknoBenne BEpOSTHOCTHON (PUHAHCOBOM MATEMATHKHU JATUPYETCsS BIOJHE TOYHO: pabo-
ta JI.Bamesne [3] 1900 roza. Bamenbe He mmes HU NPEAIIECTBEHHUKOB, HU KOHKYDEHTOB,
HU Y9EHWKOB, 3aTO Telmepb (BEK CIYCTsl) MMEET MAacCy MOCAeT0BaTeseil: CyIecTByeT Tazke



crenmanbroe «Oo6mmecTBo Barmenbes, 3annMaromieecst BOMPOCAMU BEPOSITHOCTHOM (DUHAHCOBOIH
marematuku. OH caejan KpynHeHmnii NpUHIUNAAIBHBIN I1ar, 6jarojaps KOTOPOMY CTaJjIu
BOOOIIE BO3MOXKHBI BEPOSITHOCTHBIE MCC/AeA0Banus auHamuku ned. OnHako (Kak 3T0 OYeHb
9acTO OBIBAET C MEPBOOTKPBIBATE/ISIMU) €r0 B3IVISIABI YACTUIHO OIMMOOYHBI: PA3BUTHE HAYKH
— 9TO CJIOXKHBIN MIPOLECC, B KOTOPOM IIPABUJIbHBIE B3IJIs/Ibl BHIPAOATHIBAIOTCS KOJIEKTUBHO.
[Tosromy B3r/IAnbI Batenbe jydiie u3jararb, ONUPasiCh Ha APYroe KPYIIHENIee JOCTHKEHNE
B COBCEM WHOW HAYUHOU 00JacTU, a MMEHHO Ha Teopuio KoaMoropoBa JIOKAJIBHOTO CTPOEHUS
TypOyIeHTHOCTH. UT0 3Ke 00IIero Mexk 1y TMHAMUKON PHIHOYHBIX IeH U JIOKAIEHBIM OMUCAHUEM
TypOy/I€eHTHOCTHU !

ComocraBuM MBICTIEHHO JiBa Tpaduka (DYHKIWI BpeMeHu: TpaduK PIHOYHBIX IIeH Sy KaKOTro-
HUOY1b (PUHAHCOBOTO AKTHBA, HAIPUMED, aKIWil JAaHHONH KOMIAHUA (HO MOXKHO U II€H TOBapa,
ckazkeM, HedpTn) n rpaduK CKOPOCTH Up BETPA B JAHHON TOYKE NPOCTPAHCTBA (MMEETCs B BULY
POEKIIMsI CKOPOCTH Ha BBIOpaHHYI0 0Ch KoopawHat). To u npyroe xaoTmaecku Koyiebaercs u
JIUTsl ONIACAaHWST BUJIa, TpadrKa HAIIPAIIUBAIOTCS CJIOBA «CIydaiideiil mporeccy. Ho B mpumene-
HUAU K JIIOOOMY ©3 JABYX I'padUKOB 3TH CJIOBA HAYYHO OJMHAKOBO OeccMbICeHHBI. Benb Teo-
pUsi BEPOATHOCTEH 3aHUMAETCS TAKUMU SBJICHUSME, KOTOPbIE MOYKHO MHOI'O Pa3 MOBTOPATH,
NpUYEM CTATUCTUYECKHE CBOMCTBA O/JMHAKOBBLI IIPU PA3IUYHBIX MOBTOpeHUAX. CTajao ObITh,
0 CAyYaiffHOM MPOIECCe MOYKHO TOBOPUTH TOT/A, KOTJA PEATU3ANNU DTOTO MPOIECca MOYKHO
HaOII0JaTh MHOTO pa3, MPUYEM CTATUCTHYECKUE CBOWCTBA PEAJM3allii OT ONBITA K ONBITY He
MeHsfoTCs. Ho Kak moBTOpUTE Takyio (DYHKITHIO BpEMEHHU, KAKOH SBJISIeTCsT PHIHOYHAST UCTOPUS
JarHOro akTwBa?! Bemb co BpeMeHeM IeHBI IBHO MEHSIOTCSA. U Kak TOBTOPUTH Peasn3allnuio
CKOPOCTH BeTpa? DTOMY MOMENIAI0T U3MEHSIOITNECs TOTOIHbIe YCIOBHSI.

Beixog cocrour B TOM, UTO B 000MX CIydasX MEPEXOJAT K MPUPAIIEHUsIM: OepyT KaKOii-
HUOYIb OTHOCUTE/ILHO HEDOJIBINOM 0OTPE30K BpeMEeHU h U PAcCMaTpPUBAIOT BETUTUHBI

ASt = St+h — St, Avt = Vt+h — Ut (1)

Pazmnocreit Buga (1) cymecTByeT MHOTO, M MOYKHO MIPE/IOIAraTh (U SKCIEPUMEHTATBLHO TIPOBE-
pATh), 9TO OHM 00/IAAIOT yCTONYMBBIMU (DU CJIBUTE BDEMEHM ¢ U HEM3MEHHOM /) CTaTuCTH-
JecKuMu cBoiictBamu. B mepsoM ciaydae (puraHCOBOrO akTHBA) MOIydIaeTcsa Teopus Baresbe,
a BO BropoM ciydae (Ckopoctu Berpa) reopusi TypbOynenrnocru Koavoroposa. OHako HuKaK
He cjeayeT 3a0bIBaTh, YTO KPYIIHOMACIITAOHBIE, HO M€/[JIEHHbIE BO BPEMEHU M3MEHEHUs I[pU
B3SITUN MPUPAIIEHUN 00PAIAIOTCS B HYJIb, U TEM CAMBIM MCK/IIOUAIOTCS U3 TAJTHHEHTIIEr0 Bepo-
SATHOCTHOTO aHAIM3a. 3a OOIBIIOE YKe BPEMsI MMEHHO 3TH KPYTTHOMACIITaOHbIE n3MeHeHns (T.e.
B CJIydae IeH — MaKpPOIKOHOMUKA, a B CIydae BeTpa — IMOr0/a) M OKA3BIBAIOT OMPEIE/ISIONIee
B/IMSTHUE Ha JUHAMUKY paccMaTpuBaeMmbix rnokasareseii. Teopus Barmense u Teopusi Koamo-
rOpoOBa — HTO TEOPHUH MEJKUX U OBICTPHIX (OIIOKTyallnii, 8 He TEOPUN TIOBEJ/IEHUsI IPOIECCOB B
[IEJIOM, 9ero JI0 KOHIAa He MOHWMAJI Barresibe, Hy a Mbl IOHUMaeM TOJBKO TTOTOMY, UTO MOYKEM
COTIOCTABUTH C TPAKTOBKOI K0o/IMOTOpPOBa 7171 COBEPIIIEHHO JIPYTOTO SIBJCHUSI.

Bupouem, Ha0 cKazaTh, 9TO [Jisi PHIHOYHBIX [IEH aKIUil CTAIMOHAPHOCTH MPUPAIIEHU
BO BpEMEHU 3HAYUTEIbHO Y/IYUIIAETCs, eCJIU CJIEJaTh IPOCTYI0 3aMEeHY IIepeMeHHO: BMeCTO
camux Sy pacemorpers In Sy, (D10, ¢ 0HOI CTOPOHDI, NOHATHO TEOPETUIECKH, TAK KAK JJIsl Pbi-
HOYHOI'O CIIEKYJISIHTA BaXKHbBI He abCOJIIOTHBIE, 8 OTHOCUTE/IbHbBIE PUPAIIEHUs 1IE€H, a C IPYyToit
CTOPOHBI, TIOJITBEPKIACTCS IKCIEPUMEHTAIbHO.) TakuM 06pa3oM, B HACTOSIIEe BPEMsi OCHOB-
HBIM 00BEKTOM TEOPUHN SBJISTFOTCS JIOTApU(MMUIECKHe TTPUPAIEHsT

AplnS; =1n Seyp — In Sy (2)



Bamernm, 9r0 Ha HEOGOIBIINX UHTEPBAIAX BPEMEHU (KOTa OTHOCUTEILHBIE KOJTeOAHUs Phl-
HOYHBIX I1eH He npesbimaior 10 — 20 %), sorapudmudeckas 3aMeHa HECYIIECTBEHHA, TOTOMY
9TO0 NPU TaKuxX Macmrabax n3MeHeHusd IeH Jiorapudmudeckas PyHKIUA TPAKTUIECKU HE OT-
JINJAeTCd OT JIMHeHoh. B Takmx ciygasx moaxon Baienbe BmosiHe coxpaHseT HAyIHOE 3Ha-
qenne. Ho jierko ybeuThbCs Ha OUbITE, 9TO HA MHTEPBAJIAX BPEMEHU MTOPSIKA, HECKOIbKUX JIET,
KOT/Ia TI€HBI aKIWil U3MEHAIOTCS B PAa3bl, JorapudMudecKas 3aMeHa 3HAYUTE/IbHO YJIyUIIaeT
CTAIMOHAPHOCTD PACIpEIeTeHnii. 3aMeTHM, UTO JOTAPH(MMIIECKAs 3aMeHa, OTHOCHTCS JINIIH K
AKIUSM, 3 IYTO UMEHHO CIeyeT JAeaTh, CKAXKeM, TIPU N3y9IeHnn KoIe0annit KypcoB o0 uraumit
Ha BTOPUYHBIX TOPrax — HEJOCTATOYHO XOPOIIO U3BECTHO.

Y00k cOCTABUTH cebe TTpeCTaBIeHre O TPeaMeTe NCCIegoBaHnsT (PUHAHCOBON MaTeMaTu-
KI, PEKOMEH/IYeTCs ceiiuac obpaTuThca K miaiocTpanuaM. Ha puc. 1 nmpuBenens! rpaduku 1eH
JBYX aMEPUKAHCKMUX KOMIaHuii (B mosiapax 3a akmmio). (DTO erKeHEBHBIE IIE€HBI 3aKPBITUS
TOPIOB, T.€. MOCEIHEll CIeIKN 3a JaHHYyIo OupKeByio ceccuio.) Ha puc. 2, 3 mpuBegensr rpa-
dbuku exxenuesnnix (rT.e. mpu h = 1 genn) norapudmmueckux npupainennii Kypcos. Ha puc.
1 mpeacraBieno HeKoe apamarudeckoe cobpitre. CHavasra akmuu KoMmmannu 1l cromnm memre-
BJIE, 9eM aKIWU KOMITAaHUM I, HO 3aTO POCIU B IIEHE CTOJIh OBICTPO, UTO B OKTAOpe 1993 roma
IIEHBI CPABHSIIACH. 3HAYHUT, KA3a/JI0Ch Obl, HHBECTOD, BJIOXKUBIINN AEHLIN B aKIuu I, TOKeH
ObLT OBl UX B 9TOT MOMEHT IpOJaTh M BJOXKUTEL AeHbrn B akmuu 1I. Ho, Bumsa maabmeitmmit
XOJI, II€H, MBI TIOHUMAEM, 94TO 3TO OBLIO ObI yyKACHON OmmOKOoil. A eciin ObI MBI AHAJIM3UPOBAJIN
TOJBKO TpadWKN IIPUPAIIEHNI, IPeICTABIeHHbBIE HA PUC.2,3 TO MOIVIH OBI MBI CIPOTHO3HUPO-
BaTh B oKTaOpe 1993 roma pasbHeitmmit xom cobbiruii? Ouesugno, ner. Ilepexon K pasHocTsm
HAYUCTO JIAIIAET BOZMOXKHOCTH JOJTOCPOYHOrO IPOTHO3a. 3aT0 rpadruKy pasHOCTel Ha pPHC.
2, 3 HanoMuHAOT rpaduKu CTAaMOHAPHOrO 6eg0ro myma (J/1s UCKYIIEHHOTO B MaTeMaTH-
9eCKO#l CTATUCTHUKE B3IVISAA — HE COBCEM CTAIMOHAPHOIO, W 3TO «HE COBCEM» U OIPEIE/IseT
MOCTAHOBKY TEOPETUYECKUX ¥ TPUKJIAIHBIX TPOOIEM, O KOTOPOI CM. HUKE).

MHuorouncaeHHbIe CTATUCTHIECKHIE UCCIeOBAHNSA IPUBOJAT K TOMY BBIBOJY, UTO B IIEPBOM
npubsizkennn pasHocTu (2) Bee-Taku NpUOIN3UTEIBHO CTAIMOHAPHBI BO BDEMEHH, & TVIABHOE -
CTATUCTUYIECKN HE3aBUCUMBI (€C/in 6paTh PA3HOCTH Ha HEIIEPECEKAONIXC A OTPE3KaX BPEMEHH).
[TouTn OHOBHATHO 3TO MPUBOINAT K MOIE]N OPOYHOBCKOT'O ABMKEHUS /Il JIOTapUMMUIECKIAX
pasuocreii. Vvenno, npupamnienus (2) 101KHBI UMETH HOPMAILHOE PACIIPEIEIEHNE C TapaMeT-
paMu CIeIyIOIIero B

EA,In S, = ah,DA,In S, = oh, (3)

TJIe @ M 0 — HEKOTOPbIe TOCTOSTHHBIE BeJIMYUHbI (T.e. He 3aBucdime ot t, h, Sy). (3mecs u namee
E o6o3nauaer maremarnueckoe oxkuganue, D — mucnepcuio.) Dra mozgens 1en (6poyHOBCKOE
JBUZKEHUe s jorapudMa) HOCUT JIJIs CAMUX II€H HA3BAHWUE MOJENN 2e0MEeMmpuieckozo 6po-
yuosckoro apuxkenns. (Ee npeanoxumm caauana Ocbopn, a zarem Camysnbcon B 50-x rogax
XX Beka.) 3a ucTeKInee BpeMsi ObLIH IPEJI0KEHbBl MHOTOUHUC/ICHHBIE YTOTHEHNST U YTy IIICHUS
3TOM MOZe/ I, OHAKO aBTOD ﬂaHHOI';I CTaTbU KO BCEM I9THUM YTOYHEHUAM OTHOCUTCA CKEIITUYe-
CKH, CIUTAs, 9TO IVIABHBII BOIPOC B HEIOIHOI CTAIMOHAPHOCTH JIOTAPUMMUIECKUX IIPUPAIIe-
HMiI BO BpeMeHH, KOTOPYIO He CIeayeT MAaCKHPOBATL OT caMmX cebs, mpmberas K pacipeje-
JIeHusiM, 0oJiee CIOKHBIM, deM HopMaJakbHoe. HaobopoT, MOHMTOPHWHT 3TOI HECTAIIMOHAPHOCTHI
ABJISIETCS BaXKHBIM CPEJICTBOM IOIYYeHUs NHMOPMAINHE O TEKYIIEM COCTOSHIAN PBIHKA, & ObITh
MOZKET, W JIJId KaKUX-TO NefCTBUI.

XO0TsI MOJEIb T€OMETPUIECKOr0 OPOYHOBCKOIO JIBHKEHHSI OUEeHb MIPOCTa, HA IPAKTHKE He



BCE TPOCTO C OIEHKO# ee mapamerpos. [lapamerp cHoca a BooOIE HE OIEHWBAETCS HAJEIKHO
10 HaOJIIOIEHNSAM 32 JUHAMUKOl TIeH aKTUBOB (JIJI OJHOTO W TOTO K€ aKTHBa, HO HA Pa3-
HBIX yIaCTKAX BPEMEHU IO/Iy9al0OTCd YUCIa, OJU3KAE K HYJII0, IPUYEM HEPEJIKO PA3HbBIX 3HA-
koB). [loaTOMYy B OCHOBHOM OTIpesesieHnn Mofen (3) HeKeTaTeIbHO UCIOTb30BAHIE TOHATHS
IUCIIePCHUH: OIEHKA Jucrepcuu Tpedyer npeaBapuTebHO oneHku cpeanero. Ipemraraercs
HECKOJIbKO U3MEHUTD OIPEJIeIeHNe 80AAMUADHOCTY, T.€. TTapaMeTpa o, MIOCTYJIUPOBAB PaBEH-
CTBO

E(Aln S;)? = o?h. (4)

B TepMuHax KOJIMOTOPOBCKOTO TIOHSITHS MTPOTIECCA CO CTAITMOHAPHBIMY TPUPAIIEHUSIMA 9TO Pa-
BeHCTBO (4) 0O3HAYAET, YTO NOCTYIMPYETCs npocTeiimmii (MuHelHbIi) Bug CTPYKTYPHON (hyHK-
nwuu mportecca In S;. s ieH akuii Takoit BU CTPYKTYPHOI (DYHKITNN, B O0ITIeM, TOATBEPK 1A~
€TCs B HIMPOKOM MHTEPBAJIe 3HAYEHHU h: OT JECATKOB MUHYT 110 JecaTKoB jHedl. [Toprsepx ie-
HUe€, TPaB/a, NOJyJIaeTCs JIOBOJBHO CKPOMHBIM, TIOTOMY YTO B IIPOIECC OIEHKU CTPYKTYPHOU
dyHKIUN 110 HADJIIO/IEHNSIM BMEIINBAETCH HAPYIIIEHNE CTATUCTUYECKON 0/JHOPOHOCTH, HO BCe-
TaKW YBUJATH ITO- JIUOO OTJUIHOE OT JIMHEHHOCTH (110 MHEHUIO ABTOPA) HEBO3MOYKHO.

[To anasoruu ¢ puzmveckum OPOYHOBCKUM JIBUKEHUEM, [1jisi KOTOPOro Ko3ddurmenT mud-
by3un o2
KBaJIpAT BOJATUIBHOCTH memnepamypoli GpUHAHCOBOTO akTuBa. [lo HAOMIOMEHUIM OIEHUBA-

JINHEHO 3aBUCUT OT aDCOJIIOTHON TeMIIEpATypPbl CPEJIbl, IpejiaraeTcsa Ha3bIBaTh

eTCa MMEHHO TeMrepaTypa (1Mo CpeaHeMy 3Ha9eHUI0 KBaapara npupammenns). [Ipu HekoTopom
OTIBITE TJIA30MEPHO OIEHKU HEMAJIO NH(MOPMAITMH MOXKHO U3BJI€Ub U3 KPUBOH KyMYJISITUBHOMN
TeMTIePaTyPhl, KOTOPas ONPeIeIsieTcsl KaK CyMMa

T—h
> (ApInS)* t=0,h,...., T —h. (5)
t=0

Bripazkenue (5) paccmarpuBaercs kak dbyuknus or 1. [To maknony rpaduka KyMyasiTUBHOMN
TeMIIepaTyPbl MOKHO OIEHUBATH TEKYIIYIO TeMIepaTypy akTtuBa. Ecin 661 TeMneparypa (Bo-
JIATUJIBHOCTE ) ObLIa MOCTOSHHOMN, TO (B CHJLy 3aKOHA OOJIBIIMX YUCET) KyMYJISITUBHASI TEMITEPa-
Typa mpejcTaB/isijia Obl OO0l MOYTH NPAMYIO JTUHUIO. Y BeJINYEHNe U YMEHbIIEHNEe HAK/IOHA,
(onenuBaeMoe Ha r/1a3) rOBOPUT 00 M3MEHEHUM TEMIIEPATYPbl aKTUBA. J[Be TAKNX KPUBbBIX, OT-
BeYaloNMX JaHHbIM puc. 1 u 2,3 npusenens Ha puc. 4. B rpybom npubmkennn OHA MOX0KY HA
[psiMble JINHUM, IPUYEM TeMieparypa akrusa Il sBHO Bbie, yem Temieparypa akrusa 1. Ha
o6onx rpaduKax UMEITCS U 3aMeTHbIE OTKJIOHEHNst 0T npsimonnaeiinocTr. (B crarncruueckoit
3HAYUMOCTHU STUX OTKJIOHEHUU TPOIIE BCEro yOEIUTHCSA MyTeM MOJSTUPOBAHUS HAKOILJIEHHBIX
Temmeparyp meromom Monte-Kapio mpu 3aBegoMO MOCTOSAHHON BOJATWILHOCTU: TPU TOM
YCJIOBUU MOJTy4datoTcst Tpadbukm, ropasao 6osee 6iM3Kne K MPSIMbIM JIMHUSIM. )

KakoBsl ke mpakTuvyeckne mpuMeHeHus W3/I0yKEHHOW MOJIE/IN TeOMETPUIECKOT0 OPOyHOB-
cKOro JBuzKeHus?! Kciu JIoKajibHAsT TEOpHd C CAMOTO Hada/ja OObIB/ISETCA HETPUTOIHON /I
JIOJITOCPOYHBIX MPOTHO30B (M TEM CaMbIM — CIEKYJISAIMil), TO 9TO MOXKHO CKa3aTh O KPAaTKO-
cpouHbIX nporuo3ax? g npuparienuii jorapudma eHbl TpearaeTcsa Mo/IeIb HOPMAaIbHOTO
pacnpejiesiennst ¢ NPAKTUIECKU HYJIEBbIM CPEJIHUM U C aucnepcueii, paBroii npasoit vacru (4).
Ho 310 o3Havaer, 4To MOBBIIIEHNE U TIOHUKEHUE TIEHBI 33 BpeMs oT ¢ 110 t 4+ h 0JIuHAKOBO Be-
posithbl. Takum 06pa3oM, CKOJIBKO-HUOY/Ib HA/l€YKHAS NPUObLIbHAS CHEKYJIsAlns 00bABISIETCS
HEBO3MOKHOi. 3abaBHoe 00CTOATENHCTBO 3aK/II0YaeTCsd B TOM, 4TO XOTs pabora Bamenbe n



Ha3bIBa€TCAd «TeOpI/Iﬂ CHEKYJ/IAINN», HO BCA KOHIECTIINA TPUHIUIINAJIBHO UCKJII0OYAET CaMy BO3-
MOXKHOCTB CHeKyJisiiuu. Hanpumep, BepoTHOCTHAS TeOpUs a3apTHBIX UTP TOBOPUT HAM CJTe-
nytomee. [logcumraiite maremarmyeckoe oxkuganue Bamero Beimrpeima. Kax mpasusio, Ber
ybeuTech B TOM, YTO OHO PABHO HYJIIO WJIU JTayKe OTpUNATeIbHO. B 9TOM ciydae u He mbITaii-
TECh UI'PATh: CKOpee Bcero, urpa dyzer st Bac pazopuresibHOil.

Yro Ke — He NBITAThCA CIEKYJUPOBATh HA (DUHAHCOBOM pBIHKE? DTO HE COBCEM Ipa-
BUJIbHO. BCceM M3BECTHO, UTO B JIESITEILHOCTH PBIHKA OBIBAIOT JOBOTHHO JITUTETHHBIE XOPOIITHE
TIEPUOIbI, KOT/Ia BCE IIeHBI, B ODIEM, PACTyT, CIIEKYITHTHI O0TaTeIOT U BCE JOBOIbHBI. BhiBaeT
u HA060pOT: TeHbl mamaroT. Ho MoxkHO paszborareTh W Ha TAIAIONIEM PBIHKE, €C/IM 3apaHee
npeaBuaeTh MaJeHue. I/I BOT, HUKaKasd HayKa, B TOM YNC/IE€ U BEPOATHOCTHAA (bI/IHaHCOBaH Ma-
TeMaTHUKa, He B CUJIAX MPEIBUIETh, 9TO OyJeT: pocT uin najaeHne. Mbl paccMaTpuBaeM HEKOe
HyJIEBOE NPUO/INKEHNEe, B KOTOPOM HET HU POCTA, HU MaJIeHUA. UTO 2Ke OHO MOXKET JaTh IPaK-
THYecKu?

B cnekysisinuu BOBJIeUEHBI HE TOJBKO OT/E/IbHBIE CIEKYJISHTHI, HO U (DUHAHCOBBIE (Dup-
MbI, HanpuMep, bauku. Pazopenue Hanka n3-3a HEYJAUHBIX (PUHAHCOBBIX CHEKYJ/ISIII — BeCh-
Ma HeXKeJaTeJIbHOe COObITHE BBUJY MHTEPECOB ero BKJAIUUKOB. PaccMmarpusaercs: BOpoc 00
06s13aTeIbHBIX OAHKOBCKUX PE3epBax, KOTOPBIE JIOMKHBI KOMIIEHCHPOBATH HOTepu OaHKa (B
HOPMAJIbHBIX, KOHEUHO, PBIHOYHBIX YCIOBUSIX, BHE KAKUX-TO OCOOBIX (DMHAHCOBBIX KPHU3UCOB).
Nwmenno, BBoauTCs nousitne Beqmmamnnbl pucka (Value at Risk, Var), koropoe npeacrasaser co-
6oii Takre MAaKCUMAJbHBIE TTOTEPH, KOTOPBhIE MOTYT CJIYIUTHCS 33 OJINH JeHb W3-33 PHIHOYHBIX
KoJsiebaHmit 11eH C 3aJaHHON HEOOIBION BeposaTHOCTRIO, Hanpumep, 0.05. Paccmorpum npumep.
[IycTs cpencrBa GaHKa BJIOYXKEHBI JIUIIb B ONUH (PUHAHCOBBIN aKTUB C BOJIATUIHHOCTHIO O, MO-
sgoxuM h = 1 genn. Torga BepogTHOCTH OTHOCHTEIBHBIX [TOTEPH 33 OJWH [I€HB, XY/IIIAX, I€M
(—1.6450\/5) cocrapyger Kak pa3 0.05 (mpu HOpMAJIBHOM PACIpeIe/IeHUN /IS MTPUPAIIEHUST
norapudma). D1o o3naugaer, uro npu o = 0.02

Var =0.0329 = 3.29%

OT KallhnTaJla, BJAOXKEHHOI'O B aKTHUB. Hpe;maraeTCﬂ 3aKOHOAATEJIbHO yCTAHOBUTD, qTO6bI 6aHK
BeiBest 3VaR (mm gaxke 4VaR) w3 akrusHO# cnekyssamun (sto 6ymer okono 10% mmm 12%
KAIUTA/1a) U TI€PEBEJI 3TH JEHBIU B JOCTATOYHO HAJIEXKHBIH pe3eps. (DTo HE CTOIBKO obecme-
YUBaET HAJIEKHOCTH OAHKOBCKUX PE3EPBOB, MIOTOMY YTO BEb OBIBAIOT IJI00A/bHbBIE (DUHAHCO-
Bble KPU3KCHI, IPOTUB KOTOPBIX MOA00HBIE PE3e€PBbI OECCUIbHBI, CKOJIBKO CTUMY/IUpPyeT OaHKu
K BJIOXKEHUSIM B MEHEee PUCKOBAHHbIE aKTHBLI.) Hy a JIst CenuaamcTos, BIaJeromxX BepOosT-
HOCTHBIMU MeTOJaMu (3/I€Ch JTOCTATOYHO 6A30BOT0 (hbU3UKO-MATEMATHIECKOTO 06pa30BaHMUS ),
9TO co3maeT paboune mecta B barnkax. Benb mo Toit npuauie, YTO BOIATUILHOCTH MEHSAETCS, HE
OUY€eHb MOHATHO, KAK TMEHHO €€ CJIEYET OTIEHNBATEL. A MOXKET OBITh, CJIEAYET MOIB30BATHCS Pac-
npejiesieHreM, OTIMYHBIM 0T HOpMmasbaoro? Hampuwmep, B paGorax rpynnbl D6epmsiina (cum.,
Hampumep, [4]), npemaraercs rumepbomaeckoe u 0606IIEHHOe THIIEPOOTNIECKOE PACTIPEIeTe-
HUsI, BEIPAKAIOIIMECs depe3 OeccesieBbl PYHKIMH U 3ABUCIIINE OT Y€THIPEX-TISITH TapaMETPOB.
Jact jin 6ankaM Kakyro-HUOY/Ib BBITOJIY Takas CIOKHOCTH? (B cMbICe yMeHbIIeHus KOJTimae-
CTBa JIeHET, BBIBOAMMBIX B pe3eps.) Ha sror Bonpoc Her orsera. A eciu cpeacTsa 6aHKa BJIO-
JKEHbI HE B OJIUH aKTUB, & B HECKOJIBKO? Il cpeju 3TuX akKTUBOB €CTh KaK CPABHUTEIBHO MaJio
BOJIATUJIBHBIC aKIIUK, TaK 1 BE€CbMa BOJIATUJIbHbIC IIPOU3BO/JHBIC TEHHBIC 6yMaFI/I (CbeO“IepCbI7
ONIIMOHBI, JOJITOBBIE 00S3aTEIHLCTRA MOJ 3a/10T IeHHbIX Oymar m T..). Kak B Takom ciaywae
BeIuncaaTh VaR? 3aMernm, UT0O 3aKOHOMATEMBHBIN MPOEKT, 0 KOTOPOM UJET petb, TPEOYET 0T



OanKa, 9TOOBI OH He TPOoCTO Bhiuncasaa VaR n dopmupoBa pe3eps, HO 9TOOBI OH eIle ToITBep-
W IPaBUILHOCTL BhIumciaeHns VaR crarnmcTuaecknM aHAJIM30M OINBITOB BBIUNCICHUS TOM
BEJIMYUMHBI 10 TPONLIOMY ONbITY gesrenbHoctn Oanka. (Jons mex jaueit B mpomuiom, Korja
norepu paKTHIECKH [IPEBBIIIAIN BEIUYNCIEHHYIO Ha 9TOT J€Hb BEJNIHHY PUCKA, TOIKHA OBITDH
nocrarouno 6smska K 0.05.)

Takum 06pa3om, 3HAHEE JIUIIb TOTO, YTO B 3TOI CTAThe M3/I0XKEHO BBIIIe, CO3aeT (B MPHH-
IUIe) JOCTATOYHBIE BOZMOXKHOCTH TPY/A0YCTPOHCTBA HA XOPOIIYIO 3apILIaTy Jiis Jo6oro ¢hu-
3WKa WM MATEMATHKa, KOTOPBIN TOoXKeaaa Obl 3aHATHLCS BOMpocamu, cBsa3anabiMu ¢ VaR. U
9TO HA TPUBHAJLHOM YPOBHE MOJEIN TeOMETPUIECKOTO OpPOYHOBCKOTO IBHU:KeHHUs. Boobie,
BBUJIy TPUBUAJIHHOCTU HE3ABUCHUMBIX MPUPAIIEHNN, BEPOITHOCTHAS (DUHAHCOBAS MaTEMaTH-
Ka BBIVISAUT KaK HEKOTOPBIA CHJIHLHO TPUBHAIN30BAHHBLINA BapHaHT KOJIMOI'OPOBCKOI Teopnum
TypOynentnoctu. (Her, nanpumep, «3akoHa AByX TpeTeii» s CTPYKTYPHON (hyHKIMU wjm
COOTBETCTBYIOIIET0 3aKOHA JJIsl CIIEKTPaIbHOI maoTHocTr.) U 910 6BLIT0 OBI, B CAMOM Jejie,
CIIPABE/INBO, €Can Obl B (PUHAHCOBOIT MaTeMaTuKe He OBLIO OTKPBITO HEKOE COBEPIIEHHO HO-
BO€ fIBJIEHUE, KOTOPOro (HACKOJBKO W3BECTHO aBTOPY) HET HU B OXHOI Ipyroit 0b6JacTH mpu-
JIOXKEHUI METO/I0B MaTeMaTuIecKOil (pu3uku, JaKe B TEOPUHU ONTHUMAJIBLHOIO YIIPABJIEHUS, K
KOTOPOif OHO B M3BECTHOM CMBICIE O/m3K0. Pedub mmer o XeKMpOBAHUHU OIIMOHOB W BOOOIIE
PUHAHCOBBIX 003aTEIBLCTB ¢ OTCPOUYEHHBIM HCIIOTHEHNEM, K Y€MY MBI U IIEPEeXO/INM.

3 OnmnmoHbl M UX XeRPKUPOBAHUE

OnmuoH — 3T0 OjlHA W3 PA3HOBHUJIHOCTE(l KOHTPAKTA ¢ OTCPOYEHHBIM UCIIONHeHneM. Ilpuseaem
npumep. dvurent (IIPoAaBer] ONIMOHA) W MHBECTOP (€ro moKynaresb) MOTYT JJOrOBOPUTHCS
CBITPATDH B CJEIYIOMLYI0 a3aPTHYIO UIPY, B KOTOPOIl JATIUKOM CIy9IaiiHOCTH (T.e. HCTOUHUKOM
azapra) saBagercd Oyjyliasi JUHAMUKa HeH. B moment spemenu ¢ = 0 sMuTeHT npojgaer, a
WHBECTOP TTOKYTAET 38 HEKOTOPYIO MEHy ¢ (3TO Tak HAa3bIBaeMas «HAYAILHASTY IEHa OIIMOHA)
ONpeJIeJIEHHYI0 TIeHHYI0 Gymary (OHA W eCTh OMIMOH). DTa GyMara JaeT TPaBO WHBECTOPY
MOJIy9IUTh B HEKOTOPBIH Oyaymmit MomenT Bpemenu ¢ = T’ 10x0/1, paBHBII HEKOTOPO# (pyHKIIIN
f(St), ynnaunBaemsrii smurenTom B MmomentT 1. (3xech Sp — mena aktuBa B MoMeHT 1) Ha
KOTOPYIO, TAKUM 00Pa30M, JIEIA€TCs CTaBKa.) B 4acTHOCTH, O4€HBb Ty ISPHBI JBe CJ1e/1y0IIne
QYHKIUY BBIILIAT:

1)f(Sr) = (St — K)*,2)f(Sr) = (K — S7)*. (6)

[lepBas dyukrus B (6) HHTEpPIpPETUPYETCS KAK MPABO MHBECTOPA KYIHUTH AKIHIO B Oy IyIuil
MomeHT Bpemenu T’ 110 3apanee oroBopenHoii neue K (910 Tak Ha3bIBaeMasi «11€Ha UCIIOJTHEHUS>
WM «CTpAiiK-TIeHa» OMIMOHA; HEPeIKO MpUHUMaercsd, B dactHoctu, K = Sp.) menno, ecin
oKazbIBaeTcsd, 9to St > K, TO MHBECTOP UCHOJIHSET OMIIMOH, MOKYMaeT akiuio 1o mnene K u
TYT JKe TIPOJIaeT ee Ha PBhIHKE 110 1ieHe S7, 0T 9ero u BO3HUKAeT 1oxox (St — K)*. Ecnn xe
OKazbIBaeTcs, uTo ST < K, TO MHBECTOpP OTKA3BIBAETCS OT CJIEJIKHU, T.€. HE UCIOJIHSET OMIINOH.
(«Onmmon» m o3HaYaer mpaso TaKoro BeIOOpa.) B 3TOM TMOCTEAHEM CIydae IeHa ONIMOHA
¢ uger B Kapmas svutenta. (Ho mocsieqsee TONMBKO B KJIACCHYECKOM BapWaHTEe WIPBI, KOTIA
SMUTEHT HUYEro He 3HAET O XePKUPOBaHUU. FCin XKe OH XeKUpyeT, TO eMy B JIF0OOM cirydae
HE J0CTAeTCs HUIEro: CM. HUXKe. )

Bropas dyakiusg BBIILIAT WHTEPIPETUPYETCs KAK IPABO WHBECTOPA MPOJATH AKIUIO II0
3apanee oropopenHoii mene. (Vmeercs B Buay cTpaxoBanue OT majeHus TeHbl akiwmii.) [lep-



BbIii ONIMOH HA3LIBAETCs OMIIMOHOM NoKynaress (option-call), a BTopoii - onmmuonoM poasa
(option-put). Kaxkaplii u3 HUX B T€X WJIN WHBIX YCJIOBUAX MOXKET OBITH CPEJICTBOM CTPAXOBa-
HUS WU CHEKYJISIUU, WM IPUMEHAThC [IJId KAKuX-TO nHbIX meseii. Pazbepem mpocreiimmit
NpuMep IPUMEHEHUS OMIIMOHA-KOJIJI JIJIsd CIEeK YIS,

HauasibHast 1eHa ONIMOHA-KOJLI MOXKeT ObITh (KaK Mbl YBH/IMM HUXKE) COBCEM HeOOJIbIIOI.
Pazbepem tunmumeiit coydait 3madennit mapamerpos: T = 100 gmeii, crpaiik-mera K = Sy,
nuesHas BomarmabaocTh 0.02 (Te. mpm h = 1 gems Bemmumma ovh = 0.02). B stom cy-
qae smamennTag nena bBmska-Illoynca npumepno pasma 0.1Sp (0Ha HECKONBKO 3aBUCHT OT
IPUHUMAEMOli BeJTMYUHBI GAHKOBCKOTO mpoterTa). Jomyctum, uro 3a 100 gmeii mena aximii
Bospocaa Ha 50%: St = 1.5Sy. Torua jnoxoxn unsecropa B MoMenT T cocrasur 0.55, a 3a Bblue-
ToM HagaabHOH mene! 0.1S) mpubeuis 3a 100 mmeit cocrasur 0.4Sy, mmm 400% mo oTHOMmeHnMIO
K HaY9aJIbHOMY BJIO?KE€HUIO KallUTaJla. EC.HI/I 6]31 WHBECTOD CIEKYJ/JIMPOBAJI Ha aKIOWUW, BJIO?KUB
¢ caMoro Hadajaa Sy, TO ero J0Xoj cocraBui Obl Beero 50% 10 OTHOUIEHMIO K HAYAJIbHOMY
BIOKeHNI0. Kak yKe MOXKHO yIep2KaThCs OT MOKYIKHU ONIHOHA?!

(JeiicTBUTEIBHO, TIEHHBIE OYMAry, W CPEIN HUX OIIMOHBI, SBJISIOTCSI MOIIHBIM CPEJICTBOM
JUUTsl JIOCTHKEHUsI HEKOETO MAKPOIKOHOMUUYECKOrO mjieasia. A COCTOUT 9TOT UJIEaJ B TOM, 9TO
BCe paboTaroT OYeHb MHOI'O U 3apabaThIBAIOT TOXKE OY€Hb MHOT'O, HO YKHUBYT BIIPOIOJIO/Ib, I10-
TOMY UTO BCE JeHBI'M BKJIAJBIBAIOT B IIEHHBIE OyMAaru. DKOHOMUKA YKe 33 CUET ITUX BJIOYKEHMI
OypHO pa3BUBAETCS. )

Ho noka HENMOHSTHO TJIaBHOE: KAK MOYKET SMUTEHT OMIUOHA COTJIACUTBHCS TPOJATh €ro 3a
0.15p, ectu emy, BOBMOXKHO, TIPUIETCS TOTOM BBITLIATUTE BIATEPO O0sbIe. OTBET 3aK/II09aeT-
Cs B TOM, 9TO 5TO BO3MOXKHO 33 CUET XeKUPOBaHUsI OminoHOB. CaMo sB/I€HUE XeKUPOBAHUS
ObL10 HEn3BeCcTHO Bamesnne (X0Ts y HEro TOXKe eCTh ONMIUOHBI ¢ HECKOJIBKO MHBIMU (DyHKIUSIMU
BuiIat). OHO 66110 OTKPEITO 0KOI0 1970 roga Biskom, Hloyacom u Mepronom. Crpaseiu-
BOCTH paJu HaJ0 OTMETUTH, 9TO 3TO OTKPBITHUE 6])1.}10 CaeJIaHO B MaTEMATUKO-9KOHOMUYECKOM
mikojie Camya/ibcoHa, XOTs U He UM caMuM. B Hacrosiee BpeMsi MOHATHO, YTO Mbl U B JJAHHOM
ClIy4dae mMeeM J1ej10 C TaKUM HU3BECTHLIM B MaTeMaTUu4eCKOn (bHSI/IKe ABJICHUEM, KOT'Ja HEKO-
TOpagd OKOHYaTe/ bHas (hOpMysa OKazajsach yMHEE Te€X HPEIIOCHIIOK, U3 KOTOPBIX OHA ObLia
BBIBEJICHA (B TOM CMBIC/IE, UYTO OHA JIEHCTBYET U MIPU HAPYIIIEHUH TPEANOCHIIOK ). Hy u KoHeuHo,
MaTEeMATHIECKOMY BBIBOIY TPUIAETCS HEKasl yIPOIIeHHast (DOPMa, KOTOPYIO MbI MTOCTEIEHHO
U TPUBEJIEM.

B paccmarpusaemoii Moem yqacTByer emne 6aHKOBCKUi BKIaJ1, eJMHNIA KOTOPOro (6oHa)

uMeeT IeHy
By = exp(rt), By = 1, (7)

rie r B popmysie (7) — mokazaresb 6aHKOBCKUX MporieHTOB. CUuer jeHer y006HO BeCcTr B GOHAX.
XeKupoBaHue COCTOMT B TOM, UTO SMUTEHT OMIMOHA (TEnepb OH HA3BIBAETCS XEJKEPOM) He
CUJIUT CJIOXKA PYKH, MOJyIuB B MOMeHT ¢ = () HAYA/IbHYIO IIEHY OIIINOHA, a YIOTPeD/IsieT 3TOT
KaluTa/l JIjIs PhIHOYHBIX Olepanuii, NoKymnas ujiu npojasas OCHOBHOI akTuB (Ha KOTODbIi
[IPOJIAH OIIMOH) B HEKOTOPBIX IIPEIIICBIBAEMBIX TEOPETHICCKUMU (DOPMY/IaMI KOJTHIECTBAX.
Hauanbhas 1meHa ONIMOHA ILIIOC YaCTh OAHKOBCKOTO BKJIAJA XeIKepa HEMpPEPBIBHO TEepeKa-
AUBAETCA MEXKIy akmuamu u boramu. Teopus yduT, KaK 3TO mepekadnBanue cOAIaHCUPOBATH
TaKUM 00pazoM, 94To B Kaxkablii Moment t,0 < ¢ < T cymMMapHBIil KamuTaa Xeazkepa (BIOXKeH-
HBIl B akiuu 1 GOHBI) B TOYHOCTH PaBHsLICs LeHe onmuoHa v(t, S;) B TOT camblii MOMeHT .
CHauasia pacCMOTDHUM, KaK BBIUUCTIAETCS 1eHa v(t, Sy).



V2ke ToBOPUIOCH, UTO TapaMerp CHOCA @ Jjist OPOYHOBCKOIO JIBUKEHUSI JIOraprudMa, [EeHbI
HE y/IaeTCsl OLEHUTH 10 (PAKTUIECKUM JTAHHBIM. B Teopuu Xe KUpOBaHUS MPE/JIAraeTCs Cie-
IYIOMIAM CIIOCOOOM BOCIOHUATEL 3TOT mpodes. IIpumem, 910 cpefHsiss CKOPOCTH POCTA IIE€HBI
aKTUBa paBHA CKOPOCTH pOCTa OHAHKOBCKOTO BKJIA/1A:

E(S[S0) = Soexp(rt). (8)
B ¢ty JlorHOpMAIBbHOTO 3aKkoHa 1ist Sy cooTHOIeRne (8) SKBUBATEHTHO DABEHCTBY
a+a%/2=r. 9)

Pasencrra (8) m (9) TakKe 3KBMBAJEHTHBI yCJIOBUIO, YTO JMCKOHTUPOBAHHBIE MEHBI AKIUii
Sy/ By obpaszytor Mmaprunrajg. OCHOBHBIE PE3Y/IBTATEI O XePKUPOBAHUN MOTYT OBITH BBIBEIECHBI
13 TeOPeM O Pa3/IoKeHUsIX MapTHHIaIoB, 0 yeMm cM. [1]. Ho B manHoii pabore Mbl croxacTude-
CKUM aHAJIN30M BOOOIIE M PA3JIOKEHUSIMI MAPTUHIAIOB B YaCTHOCTH He TojIb3yeMcst. O THAKO
YUTATETI0 HE MEIAET 3HATh, YTO Ta MePa, N0 KOTOPO#l BLIYUCIAETCS IEeHA ONIMOHA ITyTEeM
B3ATUs MATEMATUIECKOTO OKU/IAHNsI, HOCUT HA3BAHWUE «MAPTUHTATHHON.

Hukro ne yrBepxkaaer (910 u (pakTMIECKHM HEBEPHO), YTO PeasibHAs JIMHAMUKA [I€H TAKOBA,
ITO TTApaMeTPhbl OPOYHOBCKOTO JBUKEHMUSI JI/Ist JJoraprudMa, EeHbI YI0BIECTBOPSIIOT MAPTHHTAb-
Homy pasencrsy (9). Ho ueny onumona v(t, S¢) Bce-raku npejjiaraercsi BBIYUCUTD C IIOMOLIBIO
(9) Kak MaTeMaTHYECKOEe OJKWMIAHWE BBITLIATHI 10 HEMY B MOMEHT t = T, TMCKOHTUPOBAHHOI
K MOMeHTy t. VIMeHHO, T0/10KuM

v(t,s) = Elexp(—r(T —t)) f(S7)|S: = s]. (10)

[Tpu siBHO 3a/7aHHOl (DYHKIMU BBHIMIAT (HAIPUMED Jisi OMIIUOHOB-KOJII U -IIYT) BBIPAZKEHUe
(10) moxkHO BBIYMCINTH B gBHOM BHjE. (UuTarenio peKOMeH/IyeTcst MO3HAKOMHUTHCS C 9TOM
kyraccudeckoit popmytoit Bska-1loyiica, nanpumep, ¢ momorsio [1].) Ho Mbr He 6ymem mosb-
30BATbCAd dBHBIM BUJAOM: IJId TOHUMAHUA CUTYyalluH, CJIOYKUBIIEHCS K HaCTOAIIEMY MOMEHTY B
TEOPUU X€KUPOBAHUSI, BaXKHO YBHUETH, ITO OCHOBHOW PE3YJHTAT MOXKET OBITH BBIBEIEH HE
u3 ABHOI'O BH/Ia CbOpMy.H7 q JIMIIb U3 YyPaBHEHUA B YaCTHDBIX ITPOU3BOAHBIX, KOTOPOMY Yy/J10BJIC-
TBOpser 1ena (10).

DTO TO ypaBHEHNE, KOTOPOe MaTEMATHKU BCETO MUPa HA3BIBAIOT ypaBHeHHeM Koamoropo-
Ba, a cam A. H. Koamoropos Bcerma HasbiBasa ypasHennem Pokkepa-Iliramka. B maremarunge-
CKOil (hbopMe OHO MOSIBUJIOCH B U3BeCTHOI pabore Koamoroposa «O6 aHATMTUYIECKUX METOIAX
Teopun BepositHocTeity (1931). TyT ectsh HeGombIas ncTopuueckas noapoduocTs. B 1957 rory
aBTOp JaHHOl crarhu cayrmas Jeknnn A. H. KomMoroposa mo Teopnn ciydaiiHbIX TPOTIECCOB,
B KOTODPBIX, B YACTHOCTH, 9TO yPaBHEHWE OBLIO MEPENnrcaHo B HECKOILKO 0ojiee ymoOHBIX 000-
3HaYeHNAX ([0 CPABHEHWIO ¢ yKa3aHHOIT paboroii 1931 roma). 910 MecTo Kypca moToM GbLIO
BOCIPOM3BE/EHO BMecTe ¢ 06o3nadenusimu B yuebuuke [5]. [Tockonbky B [5] BbIBOJ ypaBHeHUs:
JTeJIAETCST TIPAMO W3 OIpeIeeHIs MapKOBCKOTO MU GY3MOHHOTO MPOTECCa, BO3MOXKHO, UTO
Jyisi HEKOTOPBIX YuTaTe/eil 910 usjioxeHue okaxercs Hanbosiee ynobubivM. Popmasbho B [5]
paccmaTpuBaeTcs ciaydail, korma B dopmyse (10) r = 0, HO TOT Ke BBIBOJ{ TOAUTCSA U MIPH
mo6om r. Bo3uukaer ciaenyiomee ypaBHeHHe:

ov ov 5 20?0 B
a—f—rs%—k(l/%a s @—rv—(). (11)



Hauanbuoe ycnosue ciepytomee: v(7T,s) = f(s). IousrHo, uro HavaabHasl €HA ONIMOHA C
sagaercs dpopmyoii ¢ = v(0,Sp).

Kakum xe obpasom dopmyna (10) okaspiBaeTcst yMHEE TeX NPEIIOCHLIOK, U3 KOTOPBIX
ona BeiBesieHa? Bo-mepBbIX, BbINIE HECKOJTHKO PAa3 OTMEYaJI0Ch, YTO HA ONUCAHUE IWHAMUKU
[IEH B I€JIOM DeOMETPUYECKOe OPOYHOBCKOE JIBUXKEHME [PETEHI0BaTh He Moxker. Ho Bpems
JleficTBUS Ooniuona 1’ Mbl HUKAK HE OTPDAHUYMBAEM 3aPAHEE: ITO MOXKET ObITh U HECKOJILKO JIET.
Takum ob6pazom, mena (10) Moxker u He UMETh HUYEro 06mIero ¢ (hakKTHIeCKOli BHIMLIATON 110
onmmony. Janee, maremarnyeckoe oxumanne B (10) Gepercs o MapTUHTAILHONW MEpPE, B TO
BpeMsI KaK B CpeIHEM aKIUU BCE YKe pacTyT ObIcTpee, ueM OaHKOBCKUiT BKJag. OmHAKO BCe-
Taku Bbipazkenue (10) ¢ xopommmM mpubIMKEHnEM TOJNTCS B KAYECTBE IEHbI OTIMOHA, €C/IN
[OJT TIEHOM OMIMOHA TIOHUMATh He Ty (IUCKOHTUPOBAHHYIO) BBILIATY, KOTOpas MOXKeT OBIThH
10 HEMY TIOJIyYeHa WHBECTOPOM (ITOKYNaTeJIeM ONIMOHA), & Ty IeHY, 38 KOTOPYIO €r0 SMUTEHT
(mpomaBerr, xeazKep) MOXKeT XeIKUPOBATH CBOE 00sI3aTeIHCTBO MO OMIMOHY TAKUM 00pa3oM,
9TO y2K €eC/r 110 HEeMY NPpUAETCHd IJIATUTb, TO 3Ta BbIIJIATa 6y,ILeT HE U3 KapMaHa XeJzKepa,
a 3a CYeT PBIHOYHON CTUXWH (T.e. 3a CUeT AMHAMWUKHU PBHIHOYHBIX TieH). (B 9Toit Teopun kak
HOKYIIaTe/b, TaK 1 IIPOAAaBEL] OINIMOHA IPEANOIaraloTcd 6eCKOHe‘{HO MaJIbIMU B CPpaBHEHUU C
PBIHKOM: UX J€fCTBUS Ha PHIHOYHBIE [[EHbI HE BJIUSIOT. )

MaremaTudeckoe yTBEPXKIEHNE COCTOUT B TOM, UTO €CJU JUHAMUKA TEHBl aKTHUBA 3a/1a-
eTCA TEOMETPUIECKUM GPOYHOBCKUM JIBUKEHUEM (C JIIOOBIM @, & He TOJBKO C TAKUM, KOTOPOE
yaoBaerBopser (9)), a XeKUPOBAHIEe TIPOU3BOIUTCS B HEMPEPHIBHOM BPEMEHHU, TO CYIIECTBYeT
TaKOM XeMKupytomuii camoduHancupyemblii moprdens (T.e. crparerus mepeso/ia 60H B akIum
¥ akIuii B O0HBI B COOTBETCTBUU C HAOJIIOMAEMON JIUHAMUKON IeH aKImﬁ), YTO ero KallnuTaJjl
B Ji1060i MomeHT Bpemenu t paped uene onuuona (10). (IIpu ycioBum, uro HauaabHBINA Ka-
muTa I mopTdesis paBeH Hada bHOl TeHe omnunona.) [Ipexk e ueMm HAMETUTh MaTEeMATHIECKOe
JI0Ka3aTeIbCTBO CYIIECTBOBAHUS TAKOTO TOPTMdEs, 00CY MM SKOHOMUIECKOE 3HAYEHHE ITOTO
YTBEpK/IEHUS.

Yro 510 03HaUaeT B TOT MOMeHT T, KOTJa JJIsl XeJKepa HACTylaeT MOMEHT paciiarki! B
stot Moment v(T, St) = f(S7), T.e. y XeaKepa POBHO CTOJBKO JI€HET, CKOJIBKO HYKHO 3allia-
TUTH WHBECTOPY, OH UX BBIILJIAYUBALT, & CAM OCTAETCS C HYJIEBON TPUOBLILIO (HO U 6€3 MOTeph).
Takum 06pazoM, B TeOPUHN JIjIsT HHBECTOPA BCE KOHYAETCS TAKUM YKe 00pa30M, KakK eCIu Obl OH
HUYEro He jiesia (He mpojgaBast Obl OMIIHOHA W HEe XeXKUPOBAJI, a MPOCTO JIEPKAJT CBOM OOHBI B
fanke). DTO CYIMIECTBEHHOE OIPAHUIEHNE BCEl TEOPUU: OHA TOBOPUT, YTO €CIN y7K BbI PEIIUIN
BBIMIYCTUTH OMIINOH, TO XeJIZKUDPYITE €ro, KaK MOJ0XKEHO 110 TEOPUU, U B pe3yJIbTaTe OCTAHETECh
0e3 mpubOwLLIN 1 6e3 moTreph. Ho Teopuss He BBISICHSIET, 3a9UeM U MPU KaKUX 00CTOSITEIhCTBAX
C/IelyeT BBIMYCKATh OMIUOHBI. Kazamock Obl, 3/16Ch UMEeTCst TOT XO/I, UTO OMITMOH MOXKHO IIPO-
narth gopoxe, yem nonaraerca no nene (10). Ho u 910 3anpemaer teopusi: B 3TOM Cirydae
npu JIFOOBIX 0OCTOATEIHCTBAX XEKep UMeJ Obl TOJIOKUTETbHYI0 MPUOBLIL. DTO HA3BIBAETCH
apOuTparkeM, a B TeOpuu OH HEBO3MOXKeH. meercs ere 0ojiee <UBSIIHBIN> TEOPETUIECKU
xo71. [lesio B TOM, YTO €c/iu MOKyIaTe b OMIMOHA IPOCTO BBIILJIATUT IEHY OIMIMOHA, U JIaJIbIIe
OyZeT KIaTh MOMEHTA UCIIOTHEHNUsI, HUYIETro He Jejasi, TO OH BeJIb MOXKET MOHECTU MOTepu: Hul-
YEero He TMOIYYNTH TI0 ONIIUOHY WJIN TOJYYUTH MEHBINE, 9Y€M OH 3allJIaTUJI. HeprrZI;HO TTOHATH,
YTO MOCTYIAs 3ePKATBLHO CUMMETPUIHO JIEHCTBIAM XezKepa (IpojiaBIia), MOKYMaTe b MOXKeT
X€JKUPOBATH CBOM moTepu. B 3ToMm ciyuae 06a ydgacTHuKa Urpsbl (npu 110007 BO3MOKHOI m-
HAMUKe OyIyIMX PHIHOYHBIX [I€H) HUYEro He MOJIyYaT W HUYEro He TMOTEPSIOT, KaK eCIu Obl
OHF BOBCE HUYEr0 He JIeajii. DTO TAKO BAPUAHT TEOPETUIECKOTO «PBIHOYHOTO PABHOBECHSY,
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KOTOPBII TOBOPUT PHIHOYHBIM JIMJIEpPaM Cjeayiormee. «Jlydime Bcero BoBce me Toprosarsb. Ho
€cJIi BbI HE MOYXKeTe 0CBODOIUTHCS OT Baillleil maryOHOit CTPACTH K TOPrOBJIe, TO TOPIYHTE TaK,
KaK y49uT Teopusd. Bbl yg0BIETBOPUTE CBOIO CTPACTD, a PE3YJIbTaT OyIeT TaKuM, KaK eciau Obl
BBl BOBCe He ToproBaju.» (Bce 910 roBopurcst st Toro, 9T00Bl 9UTATENH € (DUBUKO- MaTe-
MaTUYIECKUM 00Pa30BaHUEM MO OLEHUTH Ty CKJIOHHOCTHb K TeaTpy abdcypia, KOTOPOil 0ObI9HO
rpemar sKoHoMudIeckne Teopun ot Mapkca 10 Meprona.) Bo3aMoKHOCTS XeAzKUPOBaHUS — 9TO
3aMevaTebHOE TEOPETUIECKOe OTKPBITHE, HO CAMO TI0 cebe OHO eIlle HeJOCTATOYUHO JI/I KAKUX-
b0 MPAKTUIECKUX TTPUMEHEHUI: OHO MOXKET BXOJAUTH KaK YaCTh B TOT WJIM WHOW PeaIbHbBIM
crierapuit. Hampumep, 310 MoXKeT OBITH CIleHapHuil CTpaxOBaHUsl, KOT/Ia CTPAX0BOE BO3MEIIEHIE
BBILJIAYMBACTCA HE JEHbraMW, & aKIUAMHU. UuCTass MPEMUS MOACIUTHIBAETCS, UCXOI U3 BO3-
MOXKHOCTH XeJPKUPOBAHUS, & Ha, CAMOM JIeJie CTPaxoBas KOMIIaHMs 6epeT IPEeMUIO C HArpy3KOii.
(DT0it BOZMOKHOCTH HATPY3KM HA YUCTYIO NPEMUIO HE 3alPEmaioT CO00pasKeHusi OTCYTCTBUS
apbuTpaka, /1a 1 KOHEYHO, He TOJIbKO Ha CTPAaXOBOM, HO U HA peajbHOM (DUHAHCOBOM PBHIHKE
HA CAMOM Jie/ie apOuTpaszk BIOJIHE BO3MOKEH. )

[lonumasi Temepb, YTO XeKUPOBAHUE — ITO €Ille He MPAKTUKA, a TOJIbKO €€ BayKHAd CO-
CTaBHAS YACTh, PACCMOTPUM TEIEPb MATEMATUYIECKHU, B 9€M 2K€ OHO COCTOUT. Mbl yHnoMsIHY-
Jin camopuHaHCUpPyeMOCTh noprdessd. s Toro, 4Todbl ONpene/inTh 3TO MOHATHE B CJIyUae
HETMIPEPBIBHOM BO BPEMEHU PBIHOYTHONW TOPTOBJIHN, HYKHO KOE-ITO M3 CTOXaCTUIECKOTO aHAIN3A,
KOTOPOTO MBI 371eCh n3beraem. Kpome T0T0, HEpephIBHAS BO BPEMEHU TOPTOBJIS TPAKTUIECKN
Hepeain3yeMa, U I09TOMY HYXKHO OTTPABIATHCA OT JUCKPETHONH CXEMbI, JOMYCKA JIUIIh, ITO
BPEMEHHOH mrar A MexK Iy OTJEJbHBIMU OTE€PAIMsIMA JOCTATOYHO MaJs (& B MATEMaTHYeCKOi
cxeMe — CTPEeMUTCS K HyJ0). B auckperHoii cxeme caMOMDUHAHCHPYEMOCTh COBEPIIEHHO TI0-
HATHA: HUKAKUX BHEIIHUX MCTOYHUKOB J0XO0/0B (M HEOOX0MMOCTH MOTPEOIEHNsT KATTNTAIIA)
JUUTsl XeKepa He CYIIEeCTBYET, a TOJbKO OOHBI MPEBPAIIAIOTCS B aKIUU WM OOPATHO IO TOM
[leHe, KaKas €CTh Ha PhIHKE B MOMEHT COBEPINEHUS Clejiku. Hekoropoe 3aTpyHeHne CBA3AHO
C TeM 00CTOATeTHCTBOM, YTO IPU JUCKPETHOM X€/?KUPOBAHUU TOYHOE BOCIIPOM3BEIEHUE TI€HDI
OTIMOHA CaMOMUHAHCUPYEMBIM TOPT(EIEeM HEBO3MOXKHO, U Pedb 00 9TOM BEIeTCs JIUIIb B
npegaene, korga h — 0.

BrisicanM cHauasia, KaKuM JTOJIZKHO OBITH KOJUYECTBO aKInii B TOpTdesie XeaKepa, KOTO-
PBlit x0T OBl TPUOINKEHHO BOCIPOU3BOIUT MeHy ommuona. Ilycts moprdens umeer Bu

Xt = St + BB,

rJe ¢ — KOJIMIecTBO akiuii, a Jy — koauuectBo 60H B noprdeste. [TockombKy or MOMeHTa t
10 MOMeHTa, t + h HHKaKue OIepallui He IPOM3BOIAITCS, TO B MOMEHT t + h KamuTaj mopTdes
(Toro ke cocraBa, YTO U B MOMEHT t) IPUMeT 3HAYEHHUE

Xitn = YSt+n + Bt Bign-

CnenoBaTenbHO,

AXy = Xpypn — Xy = AS + BiABy.
C zpyroit cTOpOHBI,
Av(t,S¢) = v(t + h, Styrn) —v(t, St) = (Ov/Ot)h + (Ov/Ds)ASE + - - -,

Ie MHOIOTOYME 3aMEHSIET 4J/I€Hbl BTOPOI'O LOPS/KA 110 IPUPAILIEHUAM BPEeMEHU h U LEeHbI
akTuBa S;. Ho Tak Kak mpupalienne [eHbl aKTUBa, UMEET TOPSAI0K BEININHbI \/E, TO BOCTIPO-
M3BeJEHNe TeHBl OMIIMOHA KAIUTAJIOM HOPTQeasa BO3MOXKHO JHUIIL IPHA YCIOBUN COBIIAICHIS
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IVIABHBIX YJIEHOB B JIBYX INPUPAIIEHUX: MPUPAIEHUN KAMUTAJIA MOPTdEs u mpupaiieHnn
1eHbl oniuona. VHbIMU cji0BaMu, JOIYKHO OBITH

= = (9v/s)(t, St).

MpI mostyunim KIacCuiecKoe TPaBUIO JIe/IbTa-HeNTpaabHOTo XeIKupoBanus mo Biaky- Ilo-
yacy (noka B Ka4ecTBe JIMIIb HEOOXOAMMOrO yCIOBUSA).
Hamerum mokazarennscTBo goctarounoctu. [lycts moprdens xemxepa nMeeT BUI

Xy = ;8¢ + BBy, Xo = v(0, ). (12)

[TougrHo, uTO IBOJIONUS KOJIMIecTBA O0OH By OMHO3HAYHO ONPEIEIeTCs HAYAJIbHBIM KATUTa-
JIOM TTOPTEIst, KOTNIeCTBOM aKIWil B HEM U yCiIoBueM camodunancupyemoctu. /leiictBureib-
HO, IIyCTh COCTaB MOPTQE/isi OTpe/ie/IeH BIIOThH IO MOMEHTa ¢, a 3aTeM HACTYIAeT CJIeIyIOIIHii
MoMeHT BpeMmenu t + h. B 3ToT nocaeaauit MOMEHT BpEMEHN MBI TePepPACIIPeaesisieM KalnTal
MEXK/y aKIUAMU U ODOHAMU, OJTHAKO 1U3-33 caMO(DUHAHCUPYEMOCTHU ODIIUil KanuTaja nopTdeis
IIPU 9TOM HE MEHACTCA, T.€. JOJIZKHO BbIIIO/JIHATHCA PABEHCTBO

Xivn =V Stqh + BeBisn = Vi nSi+n + BesnBitns

OTKY /1A
ABy = Brn — B = =AY Sen/Bigh. (13)

Ypapueruem (13) 1yist mpupaIneHnii 1 OMpeIeIseTcs SBOONNST KOMNIecTBa 60H B mopTdee
(12), a cemoBaTebHO, TTOMTHOCTHIO ONMPEIENeTCs u caM TOPTGhEh, KOTOPbIH aBTOMATUYECKH
ABJISIETCS CaMOMDUHAHCHPYEMBIM.

Jloka3arebCTBO JOCTATOYHOCTH 3aK/II0UaeTcst B ToM, a0 noprdens (12) cpasauBaercs
¢ apyrum noprdeseM, KOTOPbIii aBTOMATHIECKN BOCIPOU3BOIUT IIEHY OMIMOHA (HO, CTPOTO
rOBOPsi, B TOYHOCTU CaMODUHAHCUPYEMBIM He sIBIAETCs). Mbl ONpesensieM ero Tak, 9To ero
obmmit kanmran X; = v(t,S;), a KoamdecTBO akimii B moprdesne — 1o ke camoe ;. Takum
00pazoM, KOJIUIECTBO OOH B 3TOM MOpTdese, 0 ONPeaeIeHni0, PABHSIETC s

Bf = [v(t, St) =7/ Si]/ By (14)

Mb! 10Ka3bIBaEM, 9TO IPU CTPEMJIEHUH K HyJII0 BpeMeHHOro mara h oba noprdens X; u X;
COIMIKAIOTCS, JIJIS 9€ro JOCTATOYHO JIOKA3aTh, YTO PA3HOCTh MeXKy KojudecTBaMu OOH (Ha-
3piBaeMas Hamu ducbaaarcom D(t)) ymosaersopsier (B CMBICJIE CXOJMMOCTHU MO BEPOATHOCTH)
COOTHOIIIEHUIO

D(t) =B — B; — 0. (15)

C momompio hopmyasr Teitnopa n ypasaennss Konvoroposa (11) mpoussoaurcst ciemyro-
mee Boraucitenne. [lomoxnm 6 = In(Si4p/S¢) 1 momycTnm, 9To 9Ta BeJINYINHA NMEET ODPSIIOK
Besmanabl VA, (Kak 910 M0/I2KHO OBITH B MOJIE/TM T€OMETPUYECKOTO OPOYHOBCKOTO [IBUZKEHUS,
HO TIPW JAHHOM BBIYMCJIEHNN HUKAKWE BEPOSTHOCTHBIE IIPEINOTIOKEHUsT HE MCIONb3YIOTCH. )
Boraucnnm, ncnonssys (13), (14) u (15), npupamenne AD(t) nucbananca ¢ TOYHOCTHIO 110
wTeHoB Topanka h, 8, 02, T.e. mpereGperas wienavu mopsaaka o(h). [lomygaeTcsa B KoHIe KOH-

LOB CJIeAYIOLIUNA OTBET:
AD(H) = 152,
- 2B
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82v(t, St)
w2\ Pt
0s?

Yro6sr dhopmyaa (16) moria GbITH OCHOBOW MATEMATHIECKOTO TOKA3ATEJbCTBA, MOTYT Je-

JIATHCA T€ UJIN WHbBIC JJOIIOJITHUTE/IbHBIEC ITPEIITIOJIO2KCHM A. HaHpI/IMep7 eC/In IPEeAIOJI02KUTL, 9TO

dyHKIWSA BBIILIAT TI0 ONIUOHY [ ABJIsIeTCs IVIAJKONH U OrPaHUYEHHON, TO rapaHTUPYeTCs CYy-

IECTBOBAHNME W OTPAHIYCHHOCTD BTOPOii mpom3Bomuoit 0%v/0s?. Ecan mpeamosoKuTs I0moI-

HuresbHo, uro nipu t = 0, h,...,T — h Beimonnsiercst onenka |0 < C V'h, To ocrarounbIi

anen o(h) B (16) momyckaer onenky Buma |o(h)| < Cohy/h. Cle0BaTeIBHO, IPH BEIACTCHEN

mucbananca D(t) myrem cymmuposanusi paszHocreii (16) moxkuo npenebpedn ocrarkamu o(h),

IIOCKOJIBKY 9HCIIO CIaraeMbIx B cymme He npesocxoqut 1'/h = O(1/h). (Bo3moxkusl u ropasio

BoJiee crabble TPEIIOIOKEH s TPH JI0KA3aTeIbCTBE TEOPEM THIIA MTPEIETbHBIX TEOPEM TeOPHUN
BEPOSITHOCTE. )

Takum 06pa3oM, B TEX MM MHBIX MPEANONOKEHUX BONpoc 06 obocuoBanuu (15) moxker
ObITH CBEJIEH K BOIPOCY O CXOAUMOCTH K HYJIIO CYMMBI JIUIIb TJIABHBIX Y/I€HOB BBIPAYKEHUS
(16). Taxkast cymMMa 3aBUCHT OT IPUHSTOrO NPU BblYMCIeHUN HeHbl onuuona (10) 3nauenus
BOJIATUJILHOCTHU 0. B peasbHOCTH BOJATUILHOCTD OIEHUBAETCS 0 ITOBEJIEHII0 PHIHOYHBIX T1eH
B IPOLLJIOM, T.€. 0 MOMeHTa npojaxu onuuona t = 0. A B bopmye (15) yuacrsyior Oymyiue

(62 — a?h) + o(h). (16)

3HAYEHUS BeJINYIUH §y, T.e. ipu t > 0. Bce 3aBucur ot T0oT0, paBHa it OyAyIIas BOJIATHIHFHOCTE
TIPOTILIOH, T.e. HACKOMHLKO TOUHO BBITIONHSETCS paBeHcTBo Ko7 = ho?.

ECJII/I 9TO PAaBEHCTBO BBITIOJIHACTCA BIIOJIHE TOYHO, TO MaTeMAaTUIECKOe OXKMJaHNe TJIAaBHOTO
unena B (16) paBHO Hys0 (Tak Kak Sy U 0y CTATHCTUYECKN HE3aBUCUMBI). Jlucmepcust cyMMbI
9THUX [VIABHBIX YJIEHOB PaBHA CyMMe JUCIIEPCHUil, & JIUCIEPCUs KAXKIO0TO CJIaraeMoro OIEeHUBa-
erca peramnoil C3DOZ, T.e. mveer mopa oK Besmanabl h?. Cie10BaTeIbHo CyMMa TUCIepCHil
TaKUX CJIala€MbIX B 4YUCJIE T/h CTPEMUTCA K HYJIO0, U Mbl TOJIYIUJIN JOKA3bIBAEMYIO CXO/M-
mocth (15).

O/1HaKO HUKAKOEe MATEeMATHIECKOEe JI0Ka3aTeIbCTBO HE MOXKET yOeuTh HAC B TOM, UTO [pU
Xe/KUPOBAHNY HA PEATHLHOM PBIHKE B CAMOM Jiejie OYIyT MOMyIaThCs MAJIble 3HAUEHU JHC-
6anancos. (Iloromy 4T0 HET BO3MOKHOCTH TEOPETUYECKH 0OOCHOBATH BBIIOJHEHUE 115 PEAJIb-
HBIX JIAHHBIX TE€X WM WHBIX YCIOBHI MaTemMarmaecknx TeopeM.) Kak mssectno (310, kaxercs,
BIepBble cKazas Munnnken npu noxydennn HoGeseBckoit mpemun), MmaTeMarndeckas (busnka
WMeeT JIBe HOTH - TEOPUIO W dKCIepruMenT. HeoOXoamMo MpoBeIeH e MMUTAITNN X€IXKUPOBAHIS
OTIIIHOHOB TI0 PEAJbHBIM JAHHBIM O TieHaX. CBeJeHns 0 TaKUX IKCIEepUMEHTaX MyOTMKYIOTC,
Hanpumep, B [6]. Bkpariie oHu cBOASITCS K TOMY, YTO THIMYHBIH 1ncOaIaHC B PeAIbHBIX OIlbI-
Tax XeJIKUPOBAHUS COCTaB/sieT BeununHy mopsiiaka 10 — 20 % oT HavaabHOI 1EHBI ONIUOHA.
Kpowme Toro, rnasubiii aien dpopmysst (16), kak nmpaBu/io, yzke npu pasyMHO# (HO He GeCKOHed-
HO MaJIoii) BeJMYnHe Iara 1mo BpeMenu h = 1 1eHb 00BITHO JaeT HEmI0Xoe MPUOINKeHNe JI/Is
TOYHOIO 3HAYEHUS PUpPAIleHns Jucdaanca. BrpodeMm, u3 TOro u Apyroro npaBuia UMEIOTCs
UCKJIIOUeHus: cyMMapHbiii mucbamanc D(T) moxer mocturaTh OONBHIMX BEIUIHH (TOPSIKA
JBYX M JlaKe TPeX Hada/bHbIX LEH OIIMOHA), a ryaBHblil wien (16) gasarb njoxoe npubiiu-
skeane. Ho takue cayaan peaxu (nopsiaka 1% u3 tex 3000 SKCIEpUMEHTOB XeIKUPOBAHWS, O
KOTOPBIX coobmmaercs B [6]). [1aBHO# MpUUYUHON TOBOJIBHO 3HAYUTETHHBIX TUIUIHBIX THCOA-
JIAHCOB (MOPSIKA JECATKOB TIPOIEHTOB) SBJISETCA HETOYHOE 3HAHUE Oy IyIeil BOIaTH/ILHOCTH,
KOTOpas HA CAMOM JeJie 3aBUCUT OT BpeMeH!. Ecn B KauecTBe BOMATIIHHOCTH UCITIOIB30BATH
3HAYEHHUe, MO/TyIaeMOoe M0 OyIyIMM JIaHHBIM (9TO Ha NPAKTUKE HEBO3MOXKHO, HO B MMUTAIIM-
SIX TIO JIAHHBIM O MPOILIBIX TEHAX BIIOJHE BO3MOXKHO), TO TUMWYHAS BEJIUIMHA TUCOATAHCOB
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COKPAIIaeTCsl B YEThIPE-TISITH Pa3.

[ToryuaeMyto TOYHOCTH BIOJHE MOXKHO CPABHUBATH C TOYHOCTHIO TEXHUIECKOU (DUBUKU.
Hanpumep, B Hauase crarbu yIOMUHAJIOCH O XKUJIUIIAX, B KOTOPBIX MOXKHO yCTAHOBUTH CH-
CTEMY OTOILIeHUs, 9TOOBI HE 3aBUCETH OT KAlpuU30B MOrojbl. lloHATHO, 4TO M3-3a pa3HBIX
HEYUYTEHHBIX 00CTOATE/BCTB TOYHOCTh, C KOTOPOW HA MPAKTUKE BBITIOJHAIOTCHA TEILIOTEXHIIe-
CKHe PACYeThl, TOXKe He MOXKET ObITh JIyHIleil, 9eM JeCSITKU MPOIEHTOB (0YeMy MbI U CJIETKa
Mep3HEM WHOT/IA B HAIINX YKUJUIIAX).

Kaknm 06pa3oM MOKHO 00bICHUTE, TIOYEMY JIOKAJIHLHOE OMMCAHNE TUHAMUKY IeH AaKTUBOB
OKa3bIBAETCS JOCTATOUHBIM I MOCTPOEHUsS CTPATEruil XeMKUPOBAHUS TaKNX (DUHAHCOBBIX
00s13aTeIbCTB, UCIOJHEHNE KOTOPBIX MOXKeT OBITh OTCPOYEHO Ha JimTeshbHoe Bpewms! Jleio
B TOM, 9TO XeKUPOBAHUE PACCUNTHIBAETCS HA JIOKAJbHBIE KOJEOAHWS TeH, BEJUINHA KOTO-
PBIX (€IMHUIIBI TPOLIEHTOB 34 CyTKU) OY€Hb BEJIMKA M0 CPABHEHWIO CO CKOPOCTHIO M3MEHEHUit
B MAaKpPOIKOHOMUYECKNX TPeHJaxX Wan IukjaaxXx. Ha mMaremMaTniecKoM s3bIKe MOXKHO CKa3aTh,
YTO ITU TPEHB! (UM [UKJIbI) TIOYTH HUYEro He M00ABJSIOT K TEM BEJIUIMHAM E5t2,, KOTODBIE
B cuty (opmysibt (16) u ompemessiror MaTeMaTHIecKoe OXKUaHUe [MPUPAIIEHAs THCOATAHCA.
3aro He cienyer 3a0bIBaTh O TOM, UTO XEKUPOBaHUE TPeOyeT CBsABbIBAHWS 3HAYUTEIbHBIX
KaIlUTAJIOB Xe/7Kepa, KOTOPbIe B HECKOJBKO Pa3 MPEBOCXOIAT HAYAIBHYO IEHy OmnuoHa (Ty,
KOTOPYIO XeJIZKep MOIyYaeT MpH MPOojIazke OMIMOHA). DT KAMUTAIBI B KOHIIE KOHI[OB BO3BpAa-
MAIOTCS XeJIPKEPY, HO B TTPOIECCE XeIPKUPOBAHMST SIBIAIOTCA CBA3AHHBIMW, 9YTO SKOHOMWIECKN
CYIIIECTBEHHO, HO HEIOCTATOYHO TOUEPKUBAETCS B yIEOHUKAX.

4 BeposTtHOoCcTHas (puHAHCOBasg MaTeMaTnKa 0€3 BEPOATHOCTHU

BepogaTHOCTHBIE METOABI 3aHUMAIOT OJHO M3 BAXKHEMIINX MECT B COBPEMEHHOM MaTeMaTHhde-
CKOM €CTeCTBO3HAHUU (M 9TO HE Hy2KJAeTCs B JoKazaresberse). Ho npu Beex 3aciyrax nepej
HAYKOI y 3TUX METOJ0B MMEEeTCd BeCbMa YYBCTBHTEJIbHAS aXWJIJIECOBA ITATA: CAMO OCHOBHOE
TIOHATHE CIYIANHOCTH U BEPOATHOCTU U TIO Ceil JeHb SBJISIETCSI BeChbMa TeMHBIM. Ta caydaii-
HOCTB, KOTOPad PaCCMaTPUBAECTCA B TEOPUU BEPOATHOCTEH, MpeAroiaraeT BeIb CTaTUCTHYe-
CKYI0 YCTOWYHUBOCTH B CMBIC/IE YCTOHYUUBOCTU YACTOT COOBITHI, CTAOUIBLHOCTU CPEIHUX 3HA-
qeHuil CIyJIaflHbIX BeJIUYNH, CTAOM/IBHOCTH KOHEIYHOMEPHBIX PACIPEISIEHUl BEPOSITHOCTEH B
cIydae CTalMOHAPHOTO CIydaifHoro mporecca u T.1. (A Beab CTaOMIBHOCTH KOHEYHOMEDHBIX
pacnpegesieHuil y>K BOBCE HeJIb3sl IIPOBEPUTH IKCIIEPUMEHTAJIBHO, & MOXKHO TOJIBKO IIPEJIo-
jarath.) Mbl He MOXKEM € KaKOH-JMOO CTEeHbI0 SICHOCTH CKA3aTh B OOIIEM BHJE, B KAKHUX
CIydasix €CThb WX JIOJ2KHA OBITh CTATUCTUYECKAS YCTONINBOCTD.

Ecrb sim 510 gBjieHne B (DMHAHCOBBIX JTAHHBIX: XOTsd Obl B Te€X JIOrapupMUIECKUX HMPUPA-
LIEHUSX PHIHOYHBIX [I€H, O KOTOPBIX UJIET Pedb B JaHHOH crarbe? B uzBecTHOM npubivKkenuu
€CTh, HO HE BIIOJIHE: WHAYE BOJATHILHOCTH He ObLaa OBl TIepeMeHHO#l BO BpeMenu. B cBa3m ¢
TSKEI0N TPOOIEMO CTATUCTUYECKOH YCTOWINBOCTH MPEICTABIAET DOBINON WHTEpeC HeJIaB-
Hee OTKpbITHE, Koropomy nocssiniena kuura [leiicdepa n Boska [7]. Eciin rosopurs B cambix
00X YepTax, TO CYTh OTKPBITHS COCTOUT B cieayiomeM. IlycTs B mpuMeHeHnn K JUHAMUKE
PBIHOYHBIX II€H HUKAKasi CIy9aiiHOCTh (B BHJE, TAK CKA3aTh, OPOCAHMS KAKOH-TO «MOHETHI» )
BOOOIIEe HE TPEIOIAraeTCsd, & MPE/IIoIaraeTCs HEKOTOPOe TOCTATOYHO €CTECTBEHHOE YCIOBUE
Ha caM PbIHOK. Torjga Ha paccMaTPUBAEMYIO CATYAIIUIO [MEPEHOCHATCS OY€Hb MHOTHE 3aKOHBI
TEOPUU BEPOATHOCTENA.
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I_IaHpI/IMep7 B MOAe/in AUCKPETHOTO BPEMEHU MYCTh JWHAMHUKA HEHBI HEKOTOPOTO aKTHUBA
OMUCBIBAETCs cooTHOIeHneM Sy, = Sp_1(1 + ), e &, — NpocTo HEKOTOPBIE 3ABUCAIINE OT
BPEMEHU N 9MCJIa, 18 KOTOPBIX HUKaKas CIy9aifHOCTh HE MPeANoIaraeTcs, a npenoIaraeTcs
(MCKJTFOYUTEIBHO - /IS TIPOCTOTHI) JIUIIb OTPAHUIEHHOCTE |T,| < 1. IlocTynupyem, ognako,
9TO Ha 9TOM DPBIHKE CIIEKYJIAHT HE MO2KET BbIUTI'DATH KallUTaJI, CTpeMHmHﬁCH K 6eCKOHe“IHOCTI/I
(mpu N — ©0), €C/IU STOT CHEKYJISHT B HAYAbHBI MOMEHT MMeeT KaluTaj 1 ¥ IOIb3yeTcs
TOJILKO TAKUMH OCTOPOKHBIMU CTPATETHSIMU, UTO OH HU NPU KAKOM MOBEJIEHUW PHIHKA HE
pasopstercst (T.e. ero Kanuraa HU MPW KAKUX YCJIOBUAX HE JIEIAeTCsl OTPUIATENHHBIM ). TOahKO
u3 9TOr0 mocTysiara (M U3 MPOCTEHINNX CBOCTB JOrapudMOB) BBITEKAET, UTO JJIsI TBUKEHUIT
1eH 00s13aH BBITIOMHATHCS YCUJIEHHBIN 3aKOH OOJIBIIMNX YHUCEI, T.€. TIPU N — 0O

(x1+z2+ ...+ 24)/n— 0.

Bo3Moxkio mepenecenne 04YeHb MHOIHX APYTHX TEOPEM TEOPHUH BEPOSTHOCTEH: Pa3HBIX
GdOpM IPOCTOro U YCUJIEHHOIO 3aAKOHA OO/IBIINX YUCEJ, IEHTPAJIbHON IIPE/Ie/IbHOM TEOPEMbI, 3a-
KOHa, TIOBTOPHOTO Jiorapudma u T. 1. OJHAKO B JAHHON CcTaThe HAC WHTEPECYET XeKUPOBAHUE
OMIMOHOB. MBI BUIEIN B MPEABIAYIIEM IIYHKTE, YTO IePEeMEHHAs BO BPEMEHN BOJATHILHOCTH
dUHAHCOBRIX aKTHBOB HE JaeT CAelaTh O0CODEHHO BBICOKOW TOUHOCTH XeIXKWUPOBAHWS OTIIIH-
OHOB (T.e. JOCTATOYHO MaJiblii TUCOATAHC), W Ka3aJ0Ch Obl, 9Ta TPYIHOCTH HEMPEOIOINMA.
Yucro MmaTeMaTnIecKUMU CpeJICTBAMA OHA W B caMoM Jesie Hermpeogoanma, Ho Ileitdep n Bo-
BK IIpE/IJIAaraloT HeKOe NM3MEHEHNEe CI0XKUBINENCA PHIHOYHON MPAKTHKHI, CIIOCOOHOE PaIuKaAILHO
TIOBBICUTH TOYHOCTH X€IXKUPOBAHMUSI.

VMmenHHO, OHM IpejIaraloT BBECTH B PBIHOYHOE OOpallleHre HeKOTOPBIi HOBBIM akTuB D
(CBOI‘/’I JJTS QKW KaxK 0 OTAEJIbHON KOMHaHI/II/I). DTOT aKTUB JIOJ?KEH BBIILIAYUBATH CBOEMY
BJIAQJIE/IBIY 33 KayKAyI0 eIUHUIly BpeMeHu h (JomycTuMm, 3a KaxK/Iblil paboduii eHb) AUBU-
sengnl, pashbie (ASy/S;)?, , 4T0 NPAKTHYECKH COBIAJAET C TeMU BeJUYUHAMU 02, KOTOPbIE
BBOJUJINCH B TIPEIBIIYINEM pasjesie. XeIKUPOBAHUE MPEIATaeTCs MPOU3BOIUTH IIYTEM Phi-
HOYHBIX OIEpAIHii He ¢ OHUM aKTUBOM Sy, a ¢ nByms aktuBamu Sy u Dy. (IToprdens xemxe-
Pa aBTOMATHYECKU CINTACTCA CAMOMDUHAHCUPYEMBIM: HEOOXOIUMBIE JIJIT PHIHOTHBIX OMEPaInit
JIEHbI'U X€IZKep CHUMAET CO CBOEro DAHKOBCKOTO CYETa, & OT TAKOIl OIepaliuy ero KamnTajl He
u3mensiercs.) COOTBETCTBYOMUT BADUAHT TEOPUU OTJIMYAETCS COBEPIIEHHO UCKTIOIUTETHHOM
npocroroit. OH 1 U3IaraeTcsa HUXKe.

Jtst GostbInieit sicHocTH npeAnosoxkuM, 9To 6ankoBckuit mpoment r = 0. Ilycts mpu T' =0
HAYAIBHBIN KanuTas sMuTenta omrwona I (t) = Iy, rae 3uadenne Iy MbI yCTaHOBUM MO3Ke. B
momentol t = 0, h,2h, ..., T — h smurent dopmupyer noprdens u3 0(t) akuumit u A(t) exuan
akTuBa D, 6eps HeoOXOnUMOEe KOJTUYECTBO JEHEr CO CBOEro DAHKOBCKOTO CYeTa, KOTOPOEe B
JIAHHOM CJIy4ae Mbl He Oy1eM 3auchiBaTh B 1oprdess (1moromy 4o B ciayvae 7 = 0 GaHKOBCKuit
cueT co BpeMeHeMm He Mensiercs ). [Ipupaltnenne kanntaia SMATERTA ONPEEISETCS PABEHCTBOM

AI(t) = §(t)AS; + Mt)[AD; + (ASy/S)?). (17)

B pasencrse (17) Sy u Dy — 970 1leHBI AKTHBOB B MOMEHT {, & CaMO 9TO PABEHCTBO U BBIPAKAET
caMo(PUHAHCUPYEMOCTH TOPTQEIIs.

[Iycts B MomenT ¢ = 1" no omuony HaJ10 BeiLIaTuTh f(S7). Jomyctum, uro 1ena ommu-
ona U(Sy, Dt) B moment t ectb bynkius neH aByx 3tux akrusos. Kakyio dyukuuio U nam
C1e10BaI0 OBl BHIOPATH, 9TOORI 3BOMONMs KarmuTana (17) BOCTPOM3BOAMIA SBOMTIONMIO [EHbI
ommuona’?
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Mpeanonoxnm, 9ro no nopsaaky seamamabl AS; pasuo VA, a AD; pasro h (mociegnee
COBEPIIIEHHO eCTECTBEHHO, TAK KAK 32 BpeMs OT ¢ 10 t+h akTue D MIaTHT AUBUIECHIBI TOPSIIKA
(AS})?, a crano 6bITH €ro prIHOYHAS LEHa TaJaeT Ha BeJIUYUHy nopsaaka h.)

(Umeercst B BUIY, 9TO SMUTEHT OMIHOHA TOKYyTaeT akTuB [) He HABEYHO, a HA CPOK [0
mMomenTa T', KOrjla OKAaHUYMBAETCS XEKUPOBAHKUE, B 4aCTHOCTH, cuntaercs, 4ro Dp = 0.)

Torga ¢ TogHOCTHIO /10 Besm4uH nopgaaka o(h)

ouU ouU 0*U
AU(Sp, Di) = 5 ASi + 55 AD, + (1/2) 55 (A8)% + o(h). (18)

Yro6w1 (17) Moryo 661 6BITH 6m3K0 K (18), HyKHO, 9TOObI

A(t) 0*U
0(t) =0U/0S, \(t) =0U/0D, —* = (1/2) —.
(1) = 0U/95,X(t) = 9U/0D, “5" = (1/2) 55
[Monyuaem (B kauecTBe HEOOXOAMMOrO YCJIOBUS, HO OHO K€, OYEBUJIHO, U JOCTATOYHOE) ypaB-
HEeHUe

ou o0*U
— = (1/2)8" . (19)

oD 0S8
[Tepemennas D B (19) n3mensercs or HEKOTOpPOro HavdanbHOro 3Hadenns Dy > 0 (ero
onpe/JiesigeT PHIHOK, OPUEHTUPYACH HA OXKUIAEMYIO BBIILIATY JAWBHAIAEHIOB 3a Bpemsd or 0 10

T) nmo 3uadenns D(T) = 0. Hagansnoe ycrnosue npu D = 0 uMeeT Buj
U(Sr,0) = f(S7). (20)

Mbt BugmM, 91O (€ TOYHOCTBIO JI0 OOPAIIEHNS HATPABJICHNS] N3MEHEHWsI BDEMEHHOI mepeMeH-
Hoit) ypastenue (19) ¢ yciaosuem (20) cosnagaer ¢ ypasHenuem (11), B KOTOPOM I10J0KEHO
r = 0. Takum 06pazoM, eciu UCKIIOUUTD TPEJIN0OI0KEeHNEe CIyIaifHOCTH, TO TIeHa OTIMOHA KAK
MaTeMaTU4YeCcKOe OKUJAHWEe TOW BBIIIATHI, KOTOPYIO B KOHIE KOHI[OB IOJIy4aeT MOKYIATeIhb
OIIIMOHA, BOOOIIE UCYE3aeT, HO I[eHa OIMIMOHA KAK HAYAJbHBIN KAIUTAI XeJyKepa, KOTOPbIii
MO3BOJISIET TTPOU3BECTU XE/KUPOBAHNE, OCTAETCS W YAOBJIETBOPSAET TOMY K€ YPABHEHHUIO. DTO
HAITOMWHAET U3BECTHOE U3PEUCHNE «MATEPHUs MCIe3aeT U OCTAIOTCS OJHN YPABHEHUA». A OTHO-
CUTCsl 9TO M3PEUYEHNEe BOT K KAKOi curyaruu Maremarundeckoit dusuku. B cBoe Bpemsa Makc-
BeJIJI TIPEJJIOKWJI YPABHEHUS SIEKTPOANHAMUKN, HO OOBSCHSJI WX C TIOMOIIBIO PA3JINYHBIX
MexaHnvecknx aHajgoruii. MzBectno, uro Beaukuit BogbiiMan 00bSICHS CTYI€HTAM 3J€KTPO-
JMHAMUKY BeJIMKOTO MakcBesuia, JIeMOHCTPUPYS UM HEKYIO CJIOXKHYIO M HeJIENy0 MAIUHY 13
MHOXKECTBA, 1ecTepeHoK. Korga B KOHIEe KOHIIOB 3T MEXaHUIECKNe 00bsICHEHUS HAyKa 3a0bI-
J1a, CTajga TOALKO Jydme (a ypasHenuss Makcsemna ocramuce). [To MHEHMIO aBTOpa JaHHOM
CTaThH, TPAKTOBKA TEOPUN X€/I>KUPOBAHUS OMIIMOHOB, KoTopyio naioT leiidep u BoBk Hamo-
MUHAET 3Ty UCTOPUYECKYIO CUTYAIMIO.

[ToguepkHeM, B 9aCTHOCTH, UTO TOT TJIABHBIH 4ieH B cooTHommerun (16), ¢ moMommpo Ko-
TOPOIrO MbI paHee oreHuBaju jgucbananc npu xemxkuposanuu, B Teopunu [lleitbepa- Boska
aBTOMaTHYecKu papeH HyJ0. Hukakas orenka Oymayieil BOJATUIBHOCTH M0 CTATUCTUYIECKIM
JIAHHBIM O HPOILIOH JIMHAMUKE LEeH He Tpebyercs: 3ra 3a/ia4a 11€Peljaercs PbIHKY, KOTOPbIN
JIOJIZKEH OTIPENIENISITh TeKYNIyto neHy aktuBa D. (A y»K PBIHOK Kak-HMOyIb BRIpAbOTAeT Ieny
9ero yrojHo.)
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OHAKO TEOpETUYECKUX COODpaYKeHmit 0 MPErMYIIeCTBaX aKTuBa [) He BIOJIHE JOCTATOY-
HO: OHH BeJh OCHOBAHBI HA, TPEJIMOMOKEHUIX O TMOpaAaKe Bequund mpuparinennit AS; uw ADy,
a B KaKoii Mepe€ MO2KHO ITO/IaraTbCd Ha 9THU COO6pa)KeHI/IH OPUMEHHUTE/IbHO K PEaJIbHBIM I€HAM
U K KOHEYHOMY IIary IO BpeMeH:n h — OCTaeTCs Hem3BECTHBIM. MOXKHO IBITATHCS IIPOBEPITH
OPUMEHHUMOCTDb 9TUX COO6pa)KeHI/II>'I nyreM CTaTUCTUYECKOIr'o aHaJIn3a (baKTI/ILIeCKI/IX JAaHHbIX O
neHax (Kak 9TO jgesiaercd B |7]), HO mpennovTHTEbHEE HPSIMble MMUTAINN X€IKIPOBAHUSL.
g TakuX UMUTANNN HY>KHO CHAYAIa UMUTUPOBATEH OIEHKY PBIHKOM akTuBa [, HO 3TO CO-
BCEM HETPDYAHO CAEJIaTh, TOTOMY YTO BOJIATUJIBHOCTH BCE-TaKW MPUMEPHO TTOCTOAHHA, a MTOTO-
My U OIeHKa OyIyIuX JUBUIEHIOB JOBOJIBHO HajeXHa. Ha MOMeHT HammcaHus 3TOU CTAThU
MMPOBEJIEHO COBCEM HEMHOTO TAKWX MPAMBIX IKCIIEPUMEHTOB, HO ODIIIMit BEIBOJ — ycrex: aucbha-
JIAHC TIPU XeJXKUPOBAHUY CHUZKAETCsI (10 CpaBHEHMIO ¢ XeKupoBarueM 1o Biaky-1loyscy) B
HEeCKOJIbKO pa3. [Ipapma, B O4HOM OTBITE W3 57 KapTrHa oOpaTHas: 00a MeToma Jaf0T OTBPATH-
TeJIbHBIN TuCHATAHC OKOJIO (—C), The ¢ — Hava/bHas [IeHA OMIUOHA (OTBITEI OB MTOCTPOEHBI
TaK, YTO HAYaJbHAs [EHA OJMHAKOBA Jist 000MX MeTO0B XepKuposanus ). [Ipu srom aucba-
sganc o lleiidepy-Boeky erie nHeckonbko xyxke, dem mo Baky-Illoyncy. Obbscusiercs 3o
TeM, 4TO 3a coorBercTBYONMit nepuoy spemenn [0, 7] Haiescs ojun ciydail, Korja 1eHa aK-
it 3a OJIMH JIeHb yIasa Ha upuMepHo 15% (mpu exenHeBHOI BosaTuabHOCTH 0KOIO 1.5%).
Taxoe 0, mpeBbimaioniee B 10 pa3 ctangapTHOE OTKIOHEHHE, OUeHb BEJIMKO (M KpaiiHe pejko
BCTPEYaeTCs: B 9TUX onbITax oauH pa3 Ha 5700). 3nech Beananna, obosnavennast yepes o(h)
B coorHomennn (16), caenanach CymecTBeHHOMN, U MOIX0/ ¢ MOMOIIBI0 YPABHEHUST C YACTHBI-
MU TIPOU3BOHBIME TIEpecTan AeiictBoBaTh. (Curyanus cpaBHAMa, ¢ TEM, 9TO OBIBAET B HAIINX
JKUJIAIIAX B CJIy9ae TeIIOTeXHUYECKO aBapuu Wl HEOOBITHBIX XOJI0/I0B. )

5 IIpakTuyeckasi CTOpoHA

B Teopun xemKupoBaHUsS TOAXOI, HE UCIOIB3YIONIUI TOHITUS CIYIaiiHOCTH, TTPECTABISIETCS
BeCbMa MPUBJIEKATEIBHBIM, HO He CIeyeT 0TOPACHIBATH BEPOSTHOCTHOTO TIOIX0/1a B TEX CUTYa-
WX, KOTJIa PEaJbHBIE JTAHHBIE MOKA3BIBAIOT, 9TO JTOCTATOIHO CTAOUIBHbIE (/151 TEX MM WHBIX
1eJieli) CTaTHCTHYeCKUe CBOiCTBa ecTh. B wacrHocTH, monarue VaR u ero mpumenenust s
crabmnn3arnuy 6AHKOBCKUX KAITUTAJIOB BIIOJHE AKTyaJ bHBI. Teopust XeI2KUPOBAHUS OIIIIOHOB
MOXKeT IPUMEHITHCA 71 BHEIPEHN Ha PHIHOK HOBBIX BUJOB ONITNOHOB C IIEIBI0 PACIIHPEHNS
BO3MOXKHOCTEl crekyssinuii (cm. 06 srom [8]). Ho (1o muenuto aBropa HacTosieil crarbu)
BEPOATHOCTHAS (PUHAHCOBAS MAaTEMaTHKa K HACTOSAIIEMY BPEMEHU JI03peJia /i PaIUnKaIbHO
HOBO# MOCTAHOBKY ITPUKJ/IQIHBIX BOPocoB. He Oyy«du B cOCTOSTHUY TTOJTHOCTHIO OXBATUTH IIPO-
UCXOJIAIIee HA PEeAJbHOM DbhIHKe (KOTJa WIPATh HA MOBBLINIEHHE U KOI/Ia — Ha MOHUKEHHE?),
9Ta HAYKA, TEM HE MeHee, B COCTOSHUY [MOCTABUTH BOIIPOC O Pa3pabOTKe CYIIECTBEHHBIX PEKO-
MeHJaNnii, B KAKUX HAPABJIEHUAX MOYKET OBITh yJIydlIeHa JAeaTebHOCTh (huHAHCOBOTO (1 He
TOJBKO (DUHAHCOBOTO, &, CKAYKeM, W HeMTIHOTO) PbIHKA. B S5KOHOMHYECKUX TEOPUSX PBHIHOK
paccMaTpUBAETCSA KaK HEKOTOPAsi BCEMOTYINAA CYIIHOCTb, KOTOPYIO MOXKHO TOJBKO M3y4aTh,
HO Ha KOTOPYIO HEJb3s BAUATH. A Ha Jeje 970 He TaK, U BCIKUM (SKOHOMUYIECKUM, MMOJTATH-
YECKMM, TIPABOBBIM, MOPAILHBIM...) OIPAHUIEHUSAM, KOTOPBIE OOIIECTBO HAJATAET HA PBHIHOK,
npocTo Her uuciaa. U 6e3 3Toro Heb3s, IOTOMY YTO €CTh Macca CAyYaeB, B KOTOPBIX sIKOOBI
BCEMOTYIIUI ¥ CAMOIOCTATOYHBIN PHIHOK BezeT ceds TPOCTO HEJIEIO. (BCHOMHHTe poccuiickue
dunancossie mupamuael 1994 rozga.) Ilpm sroM pedsb He uaer 0 TOM, 4TOOBI JIUMIATH PHIHOK
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HEOOXOIMMON TUHAMUIHOCTH, KOTOPYIO HUYTO JIPYyroe, KpOMe PBIHKA, HE CIIOCOOHO obecte-
auth. (CpaBHuTe poccmiickuii kpusuc 1998 roga, korga Ha JIOOOM YTy MOCKOBCKHX YJIHUIL
WHTEHCUBHO TOPrOBAJIM I'PEYKOil, CAxapoM, MAC/AOM U U€M YTOIHO, C AefICTBUTE/IHHO OTACHBIM
kpusucoMm 1991 roza, Korjga MOKHO OBLIO HAOIOAATE JIUIIH [IYCThIE TOJIKH MAara3uHOB. )

Yro ke MOXKHO npeiokuth? O npeiioxkeHusx QakKTUIeCKn yKe IILIa Pedb: 970 U DaH-
KOBCKHE De3epBbI C MOMOIIBI0 Var, U XeKHPOBaHNEe HOBBIX BHJOB OMIMOHOB (B YaCTHOCTH,
< PYCCKOTO OIIMOHA™>, 0 KOTOPOM HJIET PeYb B TEOPUU B KHUTE |1], & MPUMEHUTENLHO K peaJib-
HBIM JIAHHBIM — B cTaThe [8]), u BBegenne akrusa D u3 [7]. Moxer paccMarpuBaThes erme psit
TIPEITOXKEHN T, U3 KOTOPBhIX HEKOTOPBIE SIBHO TIOJIE3HBI U O€300UIHBI /IJisT PBIHKA, & O JIPYTHUX
HaJI0 CHa4aJsa XOPOIIO MOy MaTh.

K 4ucny mepBbIX MOXKHO OTHECTH, HAIPUMED, cienyiomiue. Bo muHornx paborax P.Meprona
(cMm., Hanpumep, KHUTY [9]) paccmarpuBaercsi MO/e/Ib HENPEPBIBHOMN BBIILIATHI JIMBHU/IEHIOB 110
akmuam. Cama 1o cebe 3Ta MOJie/ib He OTBEYAET HUKAKON PeabHOCTH, TIOTOMY 9TO HA CAMOM
JieJie JTUBUJICH/IHI BBIILIAYUBAIOTCA Pa3 B IO/l TOMY JIUIly, KOTOPOE BJIaJIeeT JaHHOI aKkmueil B
MOMEHT BBIILIATHI IUBUIEHIOB. DTa MPAKTUKA CJI0KUA/IACH UCTOPUIECKHU, [IOTOMY YTO TEXHUKA
BBIILJIATH CBOJAM/IACH K TOMY, 9TO HAJI0 OTPE3aTh OT aKIUU W UPEIbABATH KYIIOH, a CAEIaTh
3TO MOZKET TOJBKO TOT, B UbMX PYKaX HaxXxonuTcs akmus. [IoHATHO, 9TO mocje BBIILJIATHI IH-
BUJICHIOB PBIHOYHBIE TEHBI AKIWH MAJA0T HA BEJMUYNHY TON BBHIMJIATHI (IOTOMY UTO TIEPET
BBITIJIATON TOPTH BEJIyTCS C YIETOM TIOJIyYeHus AuBuAeH108). Ho Bean Teneps akiyum u3 B PyKn
BCE PAaBHO HE MEPEAITCs, & HAXOAATCS v aeno3uTtapusi. [logemy ObI 3TOMY J€MO3UTAPUIO HE
BBIYUC/IATH, CKOJTBKO BPEMEHU B TEUCHUE I'0/1a JAHHAs aKIUs HAXOIMIACh B PyKaX KarKJI0TO U3
ee COOCTBEHHUKOB U JEJIUTh MEXKy HUMU BBITIJIAYUBAaEMble PA3 B IO/l JUBUJIEH/IBI TTPOITOPIIH-
OHAJILHO 3TOMY BpPEMEHHU?! DTO BeJlb JIOTUYHO C HAWBHO- Y9KOHOMUYIECKON TOUYKM 3peHust. Kcin
Bwr nepxuTe JaHHYIO aKIUiO, TO, 3HAYNUT, Bamm neHbru paboTaroT HA HY2KJIbl JAHHOM KOMIIa-
avnu. Torna v geuTh IUBUIEH IBI HAJIO B COOTBETCTBUAM C STUM BPEMEHEM BJIAJICHUS AKI[USIMUA.
[TouyTu Hudero ObI HE U3MEHUIOCH, HO XOJI PHIHOYHBIX II€H aKIuii ¢/ieaicsd Obl 6oiee mI1aBHbIM
(a 91eKTPOHHASE TEXHUKA BIIOJIHE TI03BOJISAET NPOU3BOJUTDL TAKUE BbHIYUC/IEHUS).

Hpyroit npumep. Ha amepukanckux (DUHAHCOBBIX PBIHKAX CJIO0XKHUJIACh TAKas TPAIUITH,
9TO TIeJIble JO/Iaphl B TeHe aKIINii CINTAIOTCS, TIOHATHO, M0 JeCATHIHON CUCTeMe CUUCIeHNd,
HO Jpo6u j10/71apa — MO JABOWYHOI, IPUYeM Iar B 3HAUYEHNN [eHbl He MeHbine 1/32 nomnapa.
DTO OYEHb MEeIIAeT CTATUCTUICCKIM UCCIe0BAHUSM IUHAMUKH TIeH B MUKPOMACIIITAabe o Bpe-
MEHU, TIOTOMY 9TO MAJIBIM MPUPAIIEHUIM JiorapudMa [eHbl HABI3bIBACTCS HEKas HeyI1oOHas
JIUCKPETHAsI CTPYKTYPA, 3aBUCSIIAs OT CAaMOTo 3HauUeHus 1eHbl. [louemy ObI Ha 3JIEKTPOHHBIX
TOprax HE BBECTU JECSITUIHYIO CUCTEMY C JOCTATOYHBIM UUCIOM 3HAKOB?

[lepeitnem Teneps K Oojiee paguKabHBIM TPEII0KEHUIM, HAJT KOTOPBIMU CJI€yeT CHAYA-
Jia Xoportno nogymars. C BBeIeHreM 3JIEKTPOHHBIX TOPrOB JIJIsl UCCIe0BAHUS CTAJIa JOCTYITHA,
nadopMaImsg 0 BCeX IeHAX U 00beMax C/Ie/IoK B TeueHue Topros. Ho Gupka BbIIaeT 9Ty WH-
dopmanuio 00e3/IM4eHHO: KTO UMEHHO COBEPIIMJI Ty WJIM UHYIO CHEJIKY — OCraercs TaiHOIl.
OjHako ecjiu Mbl XOTHM IO-HACTOLAIIEMY ITOHUMATh PBIHOK, HY?KHO UMETh UH(OPMAIUIO O
TOBEJIEHUN OT/EJbHBIX UTPOKOB, U HE TOJBKO 00 X (PaKTUIECKUX CIEJKAX, HO U JIUHAMUKE
3a9BOK, KOTOPbIE OHU BBICTABJISLIA B T€YEHWE TOPrOB M KOTOPBIE (JOMyCTUM) HE YIOBJIETBO-
puuck. Ho moCKoMbKy He caegyeT cOBaTh HOC B UyKHWe KOMMepUeCcKne TalHbl, MyCTh JTyYIIle
TaKKe MCCJIeIOBAHNS TTPOBOJAUT caMa DMpKa, KOTOPasi BCE PABHO 00si3aHA HAKAIJINBATH COOT-
BETCTBYIOIILYI0O NH(MOPMAIUIO Ha CIydail KaKux-To c6oeB man KoHGIuKTOB. Ha ceromusmauii
JIeHb TAKWe WCC/IeI0BaHus Oup2Kam He HyKHBI. [Ipemaraerca 06mymMars CucTeMy HAJIOTOB WA
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mrrpadoB 32 HEPA3YMHO DOJIBIINE WU MAJIble 3HAYEHUsT KAKUX-TO CYMMAaPHBIX 110 OUpKe MOKa~
3aTesiell BOJATUILHOCTH (TEeMIIepaTyphl) ¢ TeM, 9TOObI MPH MePeKJIAIBIBAHIN STHX PACXOI0B
HA OTJEJbHBIX UTPOKOB (2 OMprKa MHAYE NOCTYIMTH HE MOXKET) HeOOXOAUMO ObLIO M3ydaThb
AKTUBHOCTE KaXKJIOTO OTJIEIBLHOTO UTPOKa. A cOOpaHHbBIE B BHJIE 9TUX HAJOTOB WX MITPadoB
cpeacTBa MOXKHO ObL1o Obl ynorpeburh Ha obecriedeHue HOBbIX (DMHAHCOBBIX AKTUBOB THIIA
aktusa D no Bosky-Illeiicepy. MoxkHO TpeAonoKuTh, 9T0 yAa4HO pa3paboTanHas CUCTEMA
TAKOTO POJia MOTJIa, OBl CIEeJaTh JUHAMUKY OUPIKEBBIX I1eH Oojiee MIaBHOW, UTO B KOHETHOM
CYeTe B MHTEPECAX CaMUX UTPOKOB, TIOTOMY YTO OT PA3JINIHBIX 6I/Ip)KeBbIX TMaHWK W KPU3NCOB
paHbIle Bcex u OOMBINE BCEX CTPAIAIOT UMEHHO OHHU.
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