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0.1 Bgeagenue: uTo Takoe (pmHAHCOBBIE JJAHHBIE?

BeposgaTHOCTHO-CTATHCTUYIECKIE METO/IbI, TI0 CBOEMY HCTOPUYECKOMY ITPOUCXOMXKJEHHUIO, - 3TO
oTrpefieSIeHHAs TPYIa METOJA0B MaTeMarndeckoi pusmku. Brpodem, w mpuw caMoM WX BO3-
HUKHOBEHUHU COBEPINAJINCH TONBITKY MPUMEHEHUs B 00JIACTSAX ropaso 6ojee MUPOKUX, UM
dyHITaMeHTAIbHAS WK TpUKIaHast pusnka. CTpaxosanue, teMorpaduio u 1ayxke BEPOSITHOC-
T CyJIeOHBIX TPUTOBOPOB MOXKHO HAMTH B CTAPUHHBIX TPAKTATaX [0 TEOPUH BEPOATHOCTEI.
Ho B mocaemane HECKOIBKO AeCATUICTHN GOBINNI HAYIHBIN WHTEPEC W JIVUIIYIO 3apIiary
ObENIAT IPUIOKEHNST K 3KOHOMUKE, YeM K KJIACCUYeCKuM 00J1acTaM (DUBUKN MU TEXHUKU.
[TosToMy MHOIEE CIEIUAJIUCTHI, YIUBITHECs U paboTaBIIne KaK MATeMaTUKW WU (PUSUKU,
[MEPEKTI0YAI0TCA Ha pabory B 00JacTU 3KOHOMUKH, B YaCTHOCTH, Ha buHanchl. WHTEpecHO
[PEJICTABUTH cebe peasibHble BO3MOKHOCTY IIPUMEHEHMS MbIILIEHAS] B CTUJIE MATEMATUIECKON
GU3NKN B 9TUX BEITAX.

[To-pycckn, «duHAHCBIY U «JAEHBIU» - MOUYTH CHHOHUMBI. Hebo/IbIoe pasMbIIIeHHe M0-
Ka3bIBAET, UTO Mbl HA CAMOM [ejie TLJI0X0 3HAEeM, UTO TaKoe AeHbru. Kime cTo jer Haszam B
XOJIy OBLIN 30JI0ThIE MOHETHI (Bpome Obl KAK OCHOBA JIEHEYKHOW CHCTEMbI), HO OHH JIOMOJIHSI-
Jck accurHarusmMu. CHernuaincThl Mo TeHeXKHOMY OOPAIeHu0 3aMeTUIN, ITO TOCYAAPCTRO,
B CYIITHOCTH, HE UMeeT CIocoba OTPAHUYUTh MACCy JIE€HEr, OOPAIaoNuXCs B CTPaHe, MOTOMY
9TO MPU OTPAHUUIEHNH, CKAYKEM, KOJMIECTBA, MOHET U aCCUTHAINMI B X0 UAYT PA3JINIHBIE BEK-
cesist, PACOUCKY Wi OWJIETHI, KOTODBIE 0OPAIAI0TCs TPUMEPHO HA TEX Ke MIPaBaX, UTO U TaKue
JIEHBTH, KOTOPBIE MOHOTIOJIBHO BBIITYCKATCS NOCYAapCTBOM. Jl0 M3BECTHBIX TIOD, KOHETHO, 10~
Ka He BO3HUKAET KPU3UC JIOBEPUS K CypporaTaM U BeCh HAPO/l HAUMHAET YKAKJATh MIOYEMY-TO
MMEHHO <«HacTosimx» Jener. Torpa (Kak 910 ObLIO B CEPEJUHE JEBATHAIIATOTO BEKa) AH-
DIMHCKUY ODAHK XOTh W HE TIEPECTaeT COBCEM BBIJABATH JIEHBIW M0 BKJIAIaM, HO JeJIaeT 3TO
... TPEXTICHCOBBIMI MOHETAMH, MOKA YKAXKIYIIUM He HAJ0ECT CTOSITh B OUEPEIN U KPU3UC HE
YCITOKOUTCSI.

Hennbie 6ymaru, Takue Kak akiuyl WK TOCYIAPCTBEHHBIE 003aTe/IbCTBA, HAJIO, OUEBUTHO,
cunTaTh paszHoBUAHOCTsIME jeHer. OHU MOUYT CYIIECTBOBATH U B 0e30yMaskHOM BHE, T.e. B
BHJIE KOMIBIOTEPHBIX KO/OB. llpu cKoMBbKO-HUOY/L HOPMAJBHBIX YCJOBUSX IEHHBIE Oymaru
JIMKBUJIHBI, T.€. MOTYT OBITH OBICTPO TIPOJAHBI HA PHIHKE (T.e. MPEBPAIIEHBI B TY WU HUHYO
BAJIIOTY ), a CJIEJ0BATENbHO (depe3 BaJIOTY) M JAPYT B Apyra. Bor m BO3HWKAaeT BCEMUPHBIN
GUHAHCOBBIN PBIHOK, KOTOPBIA 3aHUMAETCAd B OIPDOMHBIX MacCIITabdax TeM, UTO MPEBPAIIAeT
o/lHU BU/BI JieHer B jipyrue. OH KuBeT OypHON »KU3HBIO 6JIarojiaps CHEKYJIsSHTaM, 3aBeTHON
MEUTON KOTOPBIX sIBJISETCSI BBINQJIATh 9TO-HUOY/AB HA KOJIEDAHUSIX KYPCOB, 10 KOTOPbIM OJHA
JIEHbTH IIpEBpaIatoTcd B apyrue. s s1oro xoresiock Obl HAXOIUTH B ODIIIEM XAa0Ce KAKUe-TO
3aKOHOMEPHOCTH, B TOM UHCJIE MYTeM MPUMEHEHUS BEPOSITHOCTHO-CTATUCTHUYECKUX METOJIOB.

PaccmoTrpum puc.1, Ha KOTOPOM TPeCTaBIeH KyPC aKIuil JIBYX HayJady BBIOPAHHBIX aMe-
pUKaHCKUX KoMianuit. g Hauasta ciienyer akKypaTHO CKa3aTh, KAKWE UMEHHO JTaHHBIE TTPeJI-
CTABJEHBI HA, ITOM PHUCYHKE. DTO TaK HA3BIBAEMBIE TIEHBI 3aKPBITHS TOProB. Kaskabiii JeHb
(McKJTIOYas BBIXOJIHBIE W TIpa3HuKy) Ha 6up:kax Coeamuenubix LllTaToB coBeprmatorcs ces-
KM C aK[IUAMU MHOTHUX Da3IMYHBIX KOMIAHWIH (KTO-TO MPOJAET aKIWW, & KTO-TO APYToi mx
OJIHOBpEMEHHO MOKymnaer). JlaHHble 0 TeHe, TT0 KOTOPOi COBEpINUIACh CIeJKa, MO aioT B
OUpPKeBYI0 WHMOPMAIMOHHYI) CUCTEMY, & 3aTeM JIeJIAI0TCS JOCTYIHBIME BCEM KEJIAOIIHM.
OcobenHnoe 3HaUEHNE TPUJIACTCS [I€HE MTOCJIEIHEN CAETKI C AKIUAMU JIAHHON KOMIAHUY B JIaH-
HBIfl TOPTOBBIN J€HB: 3TO KaK Obl UTOI, Ha KOTOPOM OCTAHOBWJICSI PHIHOK B JIAHHBIN JeHB B



CBOEM TIPOIECCE OTEHKM aKIuil 9TOi KoMIannu (Ha MOMEHT 3aKPLITHsI TOPros). Kpome Toro,
MOTYT OBITH YCTAHOBJIEHBI T€ WM HHBIE TIPABUJIA UTPHI, B KOTOPHIX YIACTBYET MMEHHO I€HA
nocjaennedi caenku. Hampumep, ¢ y9eToM 9TOH MEHBI TPOUCXOIUT UCIOJHEHNE OMIUOHOB (00
ommmonax cM. Huzxke). Ho kKak ObITh, ecau B KaKOH-HUOYIb [€Hb CIEJOK € aKIUSIMU JTAHHOM
KOMIIQHUU BOOOTIIE He Tpou3poausioch? Torma HyKHO OpaTh IEHY 3aKPBITHS TPEILIIYIIErO
JIHST U T ]I

Taxwum obpazom, caegyeT TOMHUTH O TOM, 9TO [IPU WMHUTAIUN TEX WIN WHBIX CTPATETWi
OUPKEBOH UIPBI HA, OCHOBE IPOILILIX JAHHBIX O II€HAX 3aKPBITUS MBI HE B COCTOSHUU TOYHO
BOCCO3/1aTh, KAKUMH OBLIM OBl HACTOAIIME TEHBI CIEJ0K TTPU MPUMEHEHWH 3TON CTPATErun B
peaJibHbIX ycsioBusx. 11o mopsaiKy BeJMUnHbBI PA3HUIIA MOXKET COCTABAATE €JUHUIIBI ITPOIEHTOB
OT OEeHbI aKL{I/H’?I, 9TO B OAHUX YCJIOBUAX MOKET 6bITb CyImeCTBEHHO, & B JAPYyI'uX - HET. HO B
JaTbLHEHITIeM TTPU OMUCAHUY UMUTAINI AefCTBUS CTPaTeruii Mbl He OyIeM yIOMUHATL 00 3T0ik
Hem30€KHOI YCJIOBHOCTH.

Ecte emme ommo 0bcTogaTesibCTBO, 0 KOTOPOM CJIEAYeT YIOMAHYThH. Bpems OT BpeMenu Ta
WJIA WHAsT KOMIIAHWST TPOM3BOUT CO CBOMMHU aKITUSIMU TaK HA3BIBAEMBIH «crmry» (split), mpu
KOTOpPpOM CTapble aKIUN O6MeHI/IBaIOTCH Ha HOBBIC B OIIpEACJICHHOM OTHOIICHWW, HaIllpUMep
3:2, T.e. IBe CTApBIX aKIMKA OOMEHHUBAIOTCS Ha TPW HOBBIXK. ABTOMATHYECKHU I€HA HOBOW aK-
nuu pasHa 2/3 uenbl crapoit. IToHATHO, 4TO IPU PACCMOTPEHUN JAMHAMUKK IIEH 33 KaKOH-TO
JUIATETBHBIN [TEPUOJT HY2KHO [IPUBECTH BCE MEHBI K KAKUM-TO OIPEJIe/IEHHBIM aKIUsIM, OOBIUHO
TeM, KOTOPbIE CYIIECTBYIOT Ha KOHer meproga. Ha aMepukancKkoM pPhIHKE YKPENWIaCh HEMHO-
ro CTpaHHas TPAJUIMs, KOUJA Iejble J0JIapbl B 3HAYEHUU [I€HbI CUUTAIOTCS, €CTECTBEHHO,
0 JIECATUYHOM cucreme, HO JpobU 110C/Ie 3alTON - 110 ABOMYHOMN, Haupumep, 5/32 josiapa
(manbre 1/32, kaxkercs, He nayr). B daifiax ke JaHHBIX, KOHEUHO, BCE TUINETCH O JIeCs-
THUHOU cucTeMe. Kazasmock 6B, MOTYT BO3HUKATH JIUIb TAKUE JECATHIHBIE APOOU, KOTOpPHIE
COOTBETCTBYIOT CTEIICHAM ,ZLBOI;'IKI/I, HO MU3-3a CIJINTa 3TO HE BCErJa TaK.

Nraxk, o ocu opauHaT Ha pruc.l OTI0XKEHBI IEHbI TOCTEIHUX CIEI0K KaXKJI0r0 JHS C aKIiH-
SIMHW JAHHON KOMTIAHWH, TPUBEIEHHRBIE K TEM aKIIMIM, KOTOpPbIe OBLIN Ha, KOHEI PaCCMaTPWBA-
€eMOT0 KaJIEHJIAPHOTO niepuosia. Uto ke omioxKeHo 1o ocu abenuce? leno B ToM, uto B daitiax
JIAHHBIX CTOAT KaJEHAADHBIE JATHI, HO T€ (BBIXOJHBIE WM NMPA3JHUYHBIE) JIHU, B KOTODBIE
He 6bL10 TOpro., nponyiieHsl. TakuM 06pazom, o ocu abenuce PaKTUIECKH OTJIOKEH HOMED
JIHS TOPrOB, CUNTAs 32 Hy/1eBOI nerb 2 aaapsa 1989 roga, HO (110 TOHATHBIM COOOPaKEHUAM )
o1ppOBKA JlaHa B KAaJEHIAPHBIX JaTaxX. HbIMU cjioBaMu, B JIHU, KOT/Ia HET TOPrOB, CAUTAET-
Cs, 9TO BpeMd KakK Obl HE UJIET, U [MO-BUIMMOMY, 9TO JOCTATOYHO IIPABUIBHO i1 (PUHAHCOBBIX
maHubiX. B rogy npuMepro 250 TOProBbIX JHEH, U B CBA3M C 3TUM BO3ZHUKAET BOTPOC, KAK Pa-
3yMHEE [ePeCUNTHIBATH TOJIOBBIE TPOTIEHTHI B JIHEBHBIE: KOHKPETHO 5% T0/10BbIX - 910 0.05/365
win 0.05/250 B aenn? Bugnwmo, Gosiee npasusien BTOpPOit criocob (ec/in, KOHEYHO, pedb UieT O
KaKHX-TO pacderax Ha (hHHAHCOBOM DBIHKE).

Temeps MOXKHO CKa3aTh KPATKO: HA PHUC.l TPEACTABIEHBI JAaHHBIE O MEHAX AKIUN IBYX
aMepUKAHCKIX KOMITaHUI TPUMEPHO 3a 8 KaJeHIapHBIX JIeT: ¢ Havasa dasapsa 1989 r. mo xonert
sasapsa 1997 r. B kaxgom daiisie ganHBIX HAOIOMEHNH HECKOIBKO Hostee, wem 8 x 250 = 2000.
Kanennapubie gatel 0603HadeHb! 10 aMmepukanckoii cucreme: 05.17.91 oznavaer 17 masg 1991
rojga. Z[aHHbIe npeacTaB/JieHbl C HEKOTOPbIM OFPY6HGHI/IQM B COOTBETCTBUU C BO3MOXKHOCTAMN
KOMITBIOTEpPHOiT rpacuku.

[TepBoe nabJitoneHne, KOTOPOE MOXKHO CAEIATH, TVIsd/d Ha PUc.l, COCTOUT B TOM, 9TO KyPChI
AKITUH IPE3BLIYAHO JUHAMUIHGBLI[YCTD MEIBI0 CIEKY/ISHTA ABIIETCS MTPUOOPETEHNE BO3ZMOK-



HO GOJIBITIETO KOJUIECTRA, JOJLIAPOB (3TO HE 06A3ATEBHO TaK: JOJIAPBI JHUITH OJNH U3 BUIOB
JIEHET W MOXKHO OBLIO OBl CTPEMUTHCST TPUOOPECTH, HAOOOPOT, MOBOIBINE AKIIUA WM YEero-
auOyan eme). Torga BaskKHO OIEHUTH, 38 CKOJBKO BPEMEHW MOXKHO (B NPWHIIMIE) TIOJTyYUTH
TOT WU WHOU TPOIEHT TpUOBLIN Ha BJIOKeHHBIN KamuTaa. Ouundpoeka ocu abcruce Ha puc.l
MPOM3BEIEHA C MHTEPBAIOM MpuMepPHO B 15 mecares. Mbl BumnMm, 9T0 B pdaje CAYYIaeB Kype
AKIHil 32 MOJOBUHY 9TOr0 CpoKa MeHsercst B 1.5 — 2 pasa. Wtak, eciu yaadHo (J1emeBo) KymuTh
1 TOXKE YIa9HO (I0POro) MpoAaTh, TO MOXKHO MeHee ueM 3a 1o 3apaborars 50-100% npubbiim.
Bor u Bo3HUKaeT ieMsi GUPKEBBIX UIPDOKOB, KOTOPBIE PACCUUTHIBAIOT HA CBOU CIIOCOOHOCTH
YAQ49HO B])I6I/IpaTb MOMEHTBI HOKYIIKM W IIPOJAXKH. I_IOC‘MOTpI/Il\/I7 KaKO€ OTHOHICHUE K 3TOMY
MOT'YT UMETh BEPOSITHOCTHBIE METO/IbI.

0.2 DBepodaTHOCTHBIE MOJIeJI AMHAMUKN KYPCOB aKITUIA.

HpI/I OOHOM B3IJIdAe Ha pI/ICl CTAHOBUTCA ACHBIM, 9TO B BEPOATHOCTHOM CMBICJIE€ PEYb MAET
0 HECTAIIMOHAPHBIX CIYYAHHBIX mporeccax.Ho B MOHSTHN HECTAITMOHAPHOTO CIYyYIaifHOrO Ipo-
[1€CCA TTOJIB3bI MAJIO: HECTAIIMOHAPHOCTD O3HAYMAET, UTO PACIPEISICHUS BEPOATHOCTEH, COOTBET-
CTBYIOIIIE IIPOIECCY, KaK-TO MEHAIOTCS CO BpeMeHeM. UToObl 3Tu pacipeneaeHnsa KaKuM-TO
obpa3om y3HaTh IyTeM 00paboTKM (PaKTUUECKUX JIAHHBIX, CJIEI0BAJIO Obl CO3/aTh aHcambJIb
HUIEHTUYHBIX B BEPOATHOCTHOM CMBIC/IE PEAJH3AINMil JaHHOTO ciydaiinoro mporecca. Ho kak
CO31aTh AaHCAMOJIb KOMMEPUYECKNX KOMIIAHNH, MACHTHYIHBIX JAHHOK! B 9TOM 1 pasmuma Mexx Iy
MHUPOM IKOHOMUKN ¥ MUPOM (DUBUKU, B KOTOPOM aHCAMO/Ib MIEHTUIHBIX MPOIECCOB, BOODIIE
rOBOPSA, BO3MOKEH.

CremyrormM X0I0M MBICJH SABJISIETCS PA3JI0XKeHNe HaOMI0aeMOr0o MPOoIecca Ha CyMMy Jie-
TEepMUHAPOBAHHON M CIYyYIaMHON COCTABISIONNX. JeTepMUHIPOBaHHAST COCTABASIIONIAA B 9KO-
HOMUKE Ha3bIBACTCA TPEHAOM, M BOIIPOC COCTOUT B TOM, qTO6bI TaK OIPEJC/JINTh U BBIYCCTH
TPeHI, 9T00bI OCTABINAACS CJIydaiiHas COCTABJSIONIAA OKa3aJach, IO MEHBIIEH Mepe, CTAIlN-
OHAPHBIM CJIyYalHBIM MPOIECCOM (CTAMOHAPHOCTD JeJIAET BO3MOXKHBIM OINPE/IETEHUE BEPO-
STHOCTHBIX XapaKTEPUCTHUK II0 €JHHCTBEHHON peajn3aliu| IIPOIECCa - 33 CUeT YCPeaHEHNs
KaKUX-TO CTATUCTUK 110 BpeMenu). PaccmarpuBas 6oJiee nm MEHEE NPOM3BOJIbHBIA 4epPTex,
TaKoe pa3jIe/eHrne MOXKHO C TON MM HHON CTEIEeHbIO HAIEXKHOCTH IIPO/Ie/IaTh, HO MbI JOJIZKHbI
HACTOPOYKUTHCS MTPU MBICJH O TOM, UTO OHO JIAJIEKO He OJHO3HAYHO (B CIyYae KypPCOB aKITHii).

Hanpumep, paccmarpuBas akiuu mepBOi KOMIIAHUN, MOXKHO CKa3aTh, 9TO 10 KoHIa 1993
roma TpeHa ObLI OMM30K K HYJIO, & IOTOM BAPYT CTAJI OYEHb JaKe MOJOKUTETbHBIM, TAK ITO
aKIMM B KOHIIE KOHIIOB BhIpocan B 2.5 pasa. Ho MoxkHO ckazarh m Tak, 9T0 A0 KOHIA 1991
roJia TpeH I OBbLI OTPUIATETBHBIM (AKIINK YIaau B 1.5 pa3a), a MOTOM CTas MOJOKATETbHBIM,
Jla TaK, 9TO aKIUK BeIpocan B 4 pasza. Jlma axiumit BTOpoit KOMIIAHUN MOYKHO BBIJIETUTH OINH
obrumit TpeH 1 3a Bee 8 JieT Wi 1Ba pasHbIX Tpenaa (oauH ¢ 1989 mo xower; 1991 roma, apyroi,
Gosee kpyToii, ¢ mauana 1992 roga mo wauana 1997 roga), a mpu KegaHUM — TPU TPEHJA
nin 6osee. Ecanm ke MO3BOMNTL BLIAEJATH TPEHILI HE TOJBKO B BHIE MOHOTOHHO PACTYIIAX
un yOpiBatonmx (byHKIUIE, HO TAKXKE B BUJIE TEX WJIU UHBIX NEPUOAMIHOCTEH (rapMOHUK ), TO
UM BCEM ITHM TpeHaaMm Oyaer — jeruoH. llpu yiro60oM BbIeeHHN TPEHTa MOXKHO JTOOUTLC,
9TOOLI MOJE/Bb HEILIOXO OIMMCHIBAJIA MMEIOIIHECs TaHHbIe HAOIIOMeHNH, HO OYIeT COBEPIICHHO
HEM3BECTHO, TPOIOIKATCA JIM TAKOM TPEHI XOTh KaK0e-HUOY/Ib BPEMA B OyIVIIEM.

Hakomer, cymecTByer ere TpeTnii crnocod BbIIEIEHUST CTATHCTUYECKN CTAIIMOHAPHBIX dB-



JIEHUH B HECTAIIMOHAPHBIX CIYUYAWHBIX TPOIeccax. ITOT crnocob WCMoIh30BaH B TPUMEHEHUN K
dunaHCOBRIM JauHBIM Barmense Ha pybdexke 19-ro u 20-ro BEKOB, a B IPUMEHEHUN K TEOPUU
TypbymenTHOCTH KOMMOTOPOBBIM U ero yuenmkamu B cepenmue 20-ro Bexa. OH cOCTOWT B
PaCCMOTPEHUH MPUPAIIEHUH TPONEcca 3a He CJUIIKOM OOJbInoe BpeMst (OTCIOIa BO3HUKJIO
MOHATHE CJIYYARHOTO TIPOIECCA CO CTATMOHAPHBIME TTPUPAIEHUAMHE ).

[Iycts S; — Kype akmmit B MOMEHT ¢ (B CIydae, KOrla pedb WJIET O IEeHAX 3aKPhITHs, t
JMCKPeTHO u 0603HAaYaeT HOMED AHst TOpros). Ecam ciemoBars nogaxomy Bamenbe, 7o Hy»KHO
pPacCMOTPETh PA3HOCTH (IIPUPAIICHUS )

AnS: = Spn — St (1)

Ecnm 3akoHBI pacmpeiesienns TAKUX Pa3HOCTEN OKa3hIBAIOTCS HE 3aBUCAIINMU OT ¢, TO TIPOIIeCC
S} HA3BIBAETCHA MPOIECCOM CO CTAIMOHAPHBIME TIpUpaIienusyu. Bipouem, 1j1s1 (hUHAHCOBBIX
JIAHHBIX CUYUTAETCs TIOJIE3HBIM TPUOeraTsh K JIOTapu(OMUPOBAHIIO

Tt — In St, (2)
TaK 9TO PACCMATPHUBAIOTCS PHUPAIIEHAA JTOrapudmMa
Ahl‘t =In St—‘,—h —In St = 1H(St+h/St). (3)

Sameuanue. Ecin Sy = 100 mommapos, To uro Takoe In Sy7 MHaue roBOPST, B KAKYIO CTEEHD
HYXKHO BO3BeCTH 4ucjio e, 91obbl Bo3HuKIu 100 mosutapo? OTBeT Ha 3T0T HeccMbICIEHHBIN
BOIIPOC COCTOWT B TOM, UTO J00ObIe (DMHAHCOBBIE [JaHHBIE — 3TO JaHHBIE 00 OTHOIIEHWUN, B
KOTOPOM OOMEHUBAIOTCS APYT HA JIpyTa eJUHUIIBI JIBYX PA3JIMUHBIX «JI€HET», HAIIPUMED aKIUu
u nosnapsl. MHade roBopst, gannbie 0 Kypcax 6e3pasmephsbl (moromy Ha puc.l mkasia opauHaT
ormdpoBana B 6e3pa3sMepHBIX €IMHUIAX, & HE B JOJIAPAX ).

[Tepexom k mpuparleHusaM B CAydae TEOPUH TYPOYIEHTHOCTH MPUBOIUT K HEKOTOPBHIM JTOC-
TaTOYHO MHTEPECHBIM U JIayKe YINBUTEIHHBIM 3aKOHOMEPHOCTSIM B CMBICJIE KOPPEJSAITNOHHBIX 1
CIIEKTPAJBHBIX CBOJCTB 9TUX MPUPAINEHWi (pedb WeT, HATIPUMED, O TPUPAIIEHUSIX MPOEKIHN
CKOpoCcTH TypOYJIEHTHOTO MOTOKA HA KAKyIO-TO u3 oceit koopgmuar). Ho mans duwHAHCOBBIX
JAHHBIX — Kak B ciaydae Bamesnbe (1), Tak u B caydae 6ojiee COBpEeMEHHOrO Toaxozna (2),
(3) — upe3BBIUANHO TPYAHO MOWTHU JAIBINE HEKOTOPOH TPUBUAIBLHOCTH, CyTh KOTOPOi CTAHET
SICHOH M3 pacCMOTPEHHsI PUCYHKOB 2 1 3.

Ha sTux pucynkax npescrasiensl npu h = 1 gedb npupaiieHus JorapuMOB MeH aKImit
TeX JKe IByX KOMIaHuit, aro u Ha puc. 1. (O6parure BHUMaHUE HA TO, 9TO Y€PTEIKH BHITOJTHEHBI
B pasHOM macmTabe mo ocu OpAauHAT.) Mbl BUAMM TUOMYHYKO KapTUHY OEIoro Iryma, T.e.
[IOCJIE/IOBATEIbHOCTY HE3aBUCUMBIX CIydaiiHbix Beaudud. llosyyaercs, uro pasHocTu

6t = Al In St = ln(St+1/St) (4)

MOXOXKH (IIPU PA3TIUIHBIX t) HA HE3ABUCUMBIE CJIyUaiiHble BEJTHINHBI.

B xakoMm cMmbICe TPYAHO MOWTH JAJIbINe 9TOH J0BOJBHO TpuBHaIbHON Momenun’ Teopern-
YECKU MPEJIOKATEH KaKue-THO0 MOTETN ¢ 3aBUCUMBIMI BETUIHHAMEA 0, PA3YMEETCsI, BIIOJIHE
Bo3MOKHO. HO HYXKHO Ha KOHKPETHOM MaTEePHAJIE T0KA3ATh MOJIb3Y ITUX TEOPETUIECKH MbIC-
JUMBIX MOJIeJedi JIJIst JIy9Iero MoHuMaHus (haKTHIeCKUX JTAHHBIX (a YKeIaTeJbHO TaKKe —



U I KAKWX-TO TPAKTUYECKUX Teseit). U1 BOT 3T0 OKa3hIBAETCST OYE€HB TPYAHBIM, KAK MbI
JACTUYIHO YBUIUM HIZKE.

Honycrus, ato §; = In(S¢41/5:) — HesaBucumbIe CayvailHble BEJIUYMHBI, MBI TTOJTyYNM,
YTO TIPEJTIOJOKEHNE CTAIMOHAPHOCTH 110 ¢ CBEJETCsS MPOCTO K TOMY, UTO pacrpejieaenue O
npy BCex t OMMHAKOBO. B TakoM ciydae

Eét = a,D&t = E(ét — a)2 = 0'2
He 3aBucAT or t. s mpupanennsa
Apze =In Sy —InSy =0 + -+ + d1p1

noJrydaemM

EApz; = ah, DApx, = ho?. (5)

[loka 9To e UHUIIEH BPEMEHH Y HAC SIBJISLICS OJIMH (TOPTOBBIi) JeHb, t 1 h TpUHUMAH Tie-
Jibie 3Havenud. Ho MOXKHO BpeMs BRIPAXKATH B JIPYTUX CAMHUIAX, HANPUMED B IOJAX, U TOTJA
t u h 6yxyr MenaThes Ha perrerke ¢ marom 1/250. Ilcuxomorniecku eCcTeCTBEHHO mepeiiT B
TAKOM CJIy4ae K MOJIEJIM C HENPEPBIBHBIM BPEMEHEM: CUUTATh, uT0 S n &y = In .Sy onpejenern
JIJIT HEMPEPBIBHOTO BPEMEHU, TIPUYEM Xy SIBJIAETCA TPOIECCOM C HE3ABUCUMBIMU TIPUPAIIEHN-
M, a paBeHcTBa (D) coxpanstiorcs. [IpocrefimM u3 TaKUX MTPOIECCOB SIBJISIETCS TTPOIIECC
BPOYHOBCKOTO JBIKeHNs ¢ KoadduimenToM croca a n kodddurmenrom muddysnn o2. Bor
MBI U IIPUITUIA K 3HAMEHHUTOH MOJIEJIH TeOMETPUIECKOr0 (M IKOHOMUIECKOT0) GPOYHOBCKOTO
JNBUZKEHWS, KOTOPYIO MOYXKHO 3aMUCATh B CACAYIONEM BUIE:

InS; —In Sy = at + ocw(t),

rae w(t) — BUHEPOBCKMIL IPOIiece.

3ameuanue. Popmysibl (5) CUMTAIOTCH COPABEIMBBIMY JIJisl HE CJUIIKOM OOJIBIINX 3HAUE-
uuii h. B xakoit umenno objacty 3Hadenuit h cripaBesiuB JIUHEHHBIA POCT IUCIEPCUI TIPUPa-
IIIEHHsI, CJIEAYET BLISICHATD [0 (DAKTHUYECKHM JAHHBIM.

0.3 ComnocraBjieHnEe MOJEJIN TeOMETPUIECKOTO OPOYHOBCKOTO
ABUKeHUA ¢ PAKTUIECKUMU JTAHHBIMU

B mamy KOMITBIOTEPHYTO 310Xy COBEPIIEHHO HE 06A3aTEHHO OTPAHMINBATHCH UCCITEIOBAHNEM
JIUIIB TI€H 3aKPBITHsI TOProOB (BIPOYEM, BCETIa, KPOME TIeH 3aKPBITHS CTAPATHCH aHAJN3UPO-
BATH TAKKE IEHBI OTKPBITHSA, T.€. IEPBO CACIKN B JIAHHBINA JI€HB, 4 TAKKE MUHUMAJIBHBIE
MaKCHMAaJbHbIE TIEHBI 3a JeHb). MOXKHO TO/ydaTh W aHAJIM3WPOBATHL JAHHBIE O MEHAX BCEX
CIIeJIOK, a TaKyKe U JIaHHble O TaK Ha3blBaeMbIX IeHax cupoca (ask) u npepyoxenns (bid).
YYIaCTHUKA 3JIEKTPOHHBIX TOPTOB BBICTABIAIOT 3adBKHM Ha MOKYIKY WM MPOJAXKY TeX WK
MHBIX IIEHHBIX OyMar 110 Kakoil- 1o neue. Boobie rosopst, npogazkabie nenbl (ask) HECKOBKO
BBINIE, 9eM TIpejyIaraemble MeHbl oKynku (bid), HO B mporecce TOProB yYACTHUKM MEHSIOT
MeHBl U KaK TOJBLKO BO3HWKAET PABEHCTBO WJINM MPOTHBOIMOJIOKHOE HEPABEHCTBO MEXKIY TIe-
mamu ask u bid, cooTBETCTBYIONIE 3aBKM ABTOMATHIECKH YIOBJETBOPAIOTCS (COBEPIIAIOTCS
caenku). Boobie roBopsi, MOXKHO MOJIyYaTh (C KAKMM-TO IIArOM TI0 BPEMEHW) JTaHHbIe 060



BCEX 3adBKaX, KOTOPBbIE Ha ﬂaHHbIﬁ MOMEHT UMEIOTCA B CHUCTEME TOPTOB. HO O6bILIHO OrpaHmn-
YMBAIOTCSI JAHHBIMEA O HAMJIYUIIHX IeHax ask u bid, T.e. o mamumsmmei mene ask n mamBbICIIEH
mere bid. tak, MOXKHO TO/Iy9aTh HaHHBIE C TIATOM IO BPEMEHU TTOPSIIKA HECKOJBKNUX CEKYH/I,
KOTOpPBIe OTparxkaioT 3T Ienbl. Ilpu pabore ¢ mapoit men ask m bid ycioBHO camTaercs, 9To
«IIPOCTO TEHA» PABHA CPEJIHEMY T€OMETPUYECKOMY 3TOi maphl (T.e. ee jorapudm paBeH cpes-
HeMy apudmeTnaeckoMy jgorapudmos). Takum 06pa3oM, BOSHUKAIOT PSIIbl OY€Hb JaCThIX BO
Bpemenu nabromeruit inbo AByX 1eH, b0 ommoit merbl. K a0boMy m3 Takux PaoB MOYXKET
C TeM WJIM UHBIM YCIIEXOM IPHMEHSTHCI MOJEIb Fe€OMETPHIECKOr0 OPOYHOBCKOTO IBUKEHMS,
B KOTOPOI BPEMSI MBICIUTCA BOODIIE KaK HEIIPEPHIBHOE.

Kak Bcerga, meso HaYMHAETCS C OINEHKH APAMETPOB G U 0, BXOAAIIUX B MOJETb (CM.
coorHouienust (5)).

HepBaﬁ HEOXKNJTaHHOCTD, C KOTOpOﬁ MBI TITPU 3TOM CTAJKUBAEMCHA, 3aK/II0O9aeTCA B TOM, 4YTO
mapaMeTp CHOCA ¢ OIEHUBAETCA 10 (PaKTHIECKIM JAHHBIM KpaliHe HeHageKHo. [louarHo, uro
ecau Mbl 00pa30BaaN PA3HOCTH

Apxy = xypp — ¢ = InSppp — In Sy,

To gns onenku ah = EApxy y mac mer audero apyroro, Kpome CyMMbl 3HaMeHuit Ay, KOTO-
pas pasna In(S7/Sy), ecnu 0 - HaYAILHBIE MOMEHT OTpe3Ka psijia HABII0IeHuil, 10 KOTOPOMY
omenuBaerca a, 1' — ero konewnbiii Mmoment. Paccmorpum puc.l, KOTODBI nMeeT TPUMEPHO
2000 mabarogeHnii 1MeH 3aKPLITHS A/ KaxKI0¥ KoMmaHuu ¢ maroM h = 1 mens. g gwucira
nabsonenuit 1' 4+ 1, KOTOpbIE UCHOIB3YIOTCS /i OMEHKY MapaMerpa ¢ MPUMEM CHAYAI8, yMe-
peanyio sesimanny nopsizika 100. Iousitao, uro orpesox [0,7] mmubt 100 MOXKHO MHOrEME
crocobamu pasmecTuTb Ha ocu abcuuce tak, 4ro In(St/Sp) Gyser npuHEMATh KaK [10JI0XKHU-
TeJIbHBIE, TAK U OTpHUIaTebHble 3HaYeHusd. CrenoBaTesbHO, I0JIyYaeMble OMEHKH i @ OYyT
KOJIEDATHCST OKOJIO HYJIsI, U HUKAKON YBEpEHHOH OleHKN a He moayuntcs. Jlego B ToM, 9YTO MO-
JeJIb C TTIOCTOAHHBIM 3HQ4YCHUEM 4 (];)aKTI/ILIeCKI/I HE MOXKET OMMUCHIBATH IMHAMUKY KypPCa aKL[HfI:
JIOJITOBPEMEHHAs JUHAMUKA OMPEEIIeTcsd KAKUMU-TO MAJOMOHATHBIMU U JIJIsT SKOHOMUKY, U
JJId MaTeMaTuKW TpeHgamu u iukaamu. [lepexond k mpuparenusM jgorapudma Kypca, Mbl
KakK OBl MCKJIIOYAEM 3TH CDABHUTEIBHO IIABHBIE KOJieDaHUs, HO IPU 3TOM ObIBaeM HaKa3aHbI
TeM, 9TO He MOYKEM OIEHUTH TapaMerp @, (POPMATLHO BXOIMIINN B HAITY MOIEb.

Ecnu nna nansbix puc. 1 Mbl HCriosib3yeM, Ha060poT, oueHb Hosbioe 1', cxkaxkem, T' ~ 2000,
TO KaKWe-HUOYIb OIEHKW JIA @ Mbl, KOHEYHO, MOJyduM. Aknuu | KOMIaHWE BO3POCH 33
2000 mmeit mpumepHo B 2.5 paza, aknuu [l komnanum npumepso B 3 pasza. I'pybo rosops,
InS7/S) ~ 1, re. a = 1/2000 B nerb. Mbl ceityac yBumuM, 4TO 3T0 3HAYEHUE KpPAiHE MaIO B
CPaBHEHWU C MOPAIKOM BEJIMUMHBI CJOYUYAHBIX KoJieOaHuil, KOTOPHIN OIEHMBAETCS CTAHIAPT-
HBIM OTKJIOHEHHEM o/ h.

HaobopoT, BOIATHUABHOCTE 0 SBJISIETCS BITOJIHE CEPHE3HBIM TAPAMETPOM, KOTOPHI MOXKHO
olleHUBaTh. BripodyeMm, cHavaja mpejiaraeTcs HEMHOTO M3MEHUTH OIMpeejeHre BOJATHIBHO-
cru. I3 dopmynsr (5) momyaaem

E(Ahajt)Q = DAz + a®h? = ho? + a®h?.
TockombKy B peasbaocTi ah Beeraa HaMuoro Menbiue, geM ov/h (r.e. a’h? << ho?), upemna-

raeTcd B olpeaec/IeHrue BOJIATHJIbHOCTHU HE 3allyThIBAaTh 3HAYCHHE IIapaMeTpa a, KOTOPOr'o MbI
BCE€ PaBHO He MOXKeM TOJIKOM OIIpeaeJIUNTh I10 CbaKTI/ILIeCKI/IM JAAHHBIM, a IIOJIO2KUTH IIPOCTO

E(Apz)? = ho?. (6)



VHBIME CTTOBAMY, MPEJIATAETCS COCTABIATE PSIIl 3HATEHUH
Apxy =InSpyp — In Sy (7)

¢ KaKnM-TO (PUKCHPOBaHHBIM h (HampuMep, h = 1 femb) u onenuBaTh ho?, yCpeaHasa KBajl-
parel Bemuann (7). Tlpu sTOM Cr1eyeT 3KCIEepUMEHTAIBHO TIPOBEPSITH, YTO N3MEHeHue mara h
He TPUBOJIUT K CYIIECTBEHHOMY M3MEHEHWIO OTEHKHU A o. Ho riaBHeiiriee mpeamoiokeHne
MOJIE/TH - 9TO MOCTOSIHCTBO BOJIATU/IBHOCTH, T.€. HE3aBUCUMOCT J1eBO# uactu (dopmysbr (6) or
t.

B maremMaTmdeckoii cTaTUCTUKE JABHO W3BECTEH TpadUUecKuii pueM, ¢ MOMOIIBI0 KOTO-
POTO CYAST O TOCTOSTHCTBE CPEJIHUX 3HAYEHWH KaKUX-TO CAYyJIailHbIX BeaudnH. Jjas 3Toro mx
BHAYEHUST X1, T2, - -, TTOJYIEHHBIE B 3KCIEPUMEHTE, CKIATBIBAIOT HAPACTAIONAM UTOTOM, T.€.
paccMaTpUBAOT CYyMMY X1 + T2 + -+ - + T4 Kak (DYHKIUIO OT 9UCIa CJIATAEMBIX £, 1 PUCYIOT CO-
OTBETCTBYIONIHI TpaduK. Ecan cpeHee 3HavMeHne CIyIafiHbIX BEIUNINH TOCTOSHHO W OTJANIHO
or Hysst, TO (B CHTy 3aKOHA GOJBIINX 9UCENT) TPU OOJIBIIOM YUC/Ie CIaraeMbix rpaduk 3Tux
HAKOILJICHHBIX CYMM HAllOMUHAET MPAMYIO JUHHU. (A cocTaBuTh cebe TpeCTaBIeHHE O TOM,
HACKOJIBKO OH MOXKET OTJIUYATHCS OT MPAMOY JWHUEN TTPYU OMPEeIeHHOM UNC/Ie HADIIOMeHnIT,
JIYHIIIE BCEro ¢ OMOIIbI0 MeTo1a MorTe-Kapiio, Mojieiupysi Ha KOMIThIOTepe CayJdailHble BETu-
YUHBI CO CTPOTO MOCTOSIHHBIM CPEJIHUM U C TAKUMU 3aKOHAMU PACIPEIeIeHns, KAKUe MPEeIIo-
JIATal0TCs TIOXOKMMU Ha 3aKOHBI PACIPEIeIeHUs peaJbHbIX HabmoneHnit.) Pacemorpum puc.4,
Ha KOTOPOM TIPE/ICTABJEHBI TaK HA3BIBAEMBIE «HAKOILIEHHBIE KBAIPATHI BOJATHILHOCTHY T.€.
mapacraronme cyMmmer (Ayzy)? mpu h = 1 gens. (Te xe kommanmu, ato u Ha puc.l.) Tpaduku
9TUX CYMM, KOHEYHO, JIOBOJBHO CHJILHO m3rubatorcs (meron Monte-Kapio maer rpadgukn, ro-
pazo 6osee 6TM3KIE K IPSIMBIM ), HO B I[EJIOM BCE YK€ HATIOMUHAIOT MPSAMBIE JIUHUU. 32 BOCEMb
JIET BOJIATHIBHOCTD KOJIEOIETCs, HO BCe K€ OKOJIO KAKOr0-TO CPEIHETO 3HadeHus. [IpuHiumnm-
aJIbHO BAXKHO, YTO HAKJIOH TpadhuKa BTOPOil KOMIAHUN TPUMEPHO B 2.5 pasa HosibIie, yeM st
MepBOH KOMIIAHUE, U 3TO COOTHOIIEHNE TIPUMEPHO COXPAHSIETCS Ha MPOTSKEHUH BCETO WHTEP-
Bana Habmogenus. (/s cpaBHeHUs caMUX BOTATHILHOCTEI, & HE X KBAJPATOB HYKHO 6paTh
v/2.5.) ITax, BOJATHILHOCTH aKIUH PA3/IHIHbIX KOMIAHMH MOTYT 3aMETHO PAa3/IHYaThCs, IIPH-
9eM BOJATUIBHOCTE MIPEJCKA3YEMa B TOM CMBIC/IE, YTO €CJIH 33, KAKOe-TO BPEMsi BOJIATHIBHOCTh
OJTHUX aKNwit ObIIa GOMBINe, YeM JIPYTHX, TO TAKOe COOTHOIIEHNE, BEPOATHO, COXPAHUTCI U B
OyayTIeM.

3aMeTnM, 9TO y4acTKu 0ojiee KPyTOro POCTa KPUBBIX HAKOIJIEHHON BOJATHIFHOCTH HA
puc.4 MOTYT OBITH TJIA30MEPHO COTIOCTABIEHBI ¢ YIACTKAMU DOJIBITIEr0 pa3Maxa KoaebaHutt j1o-
rapudmMoB 11eH Ha puc. 2 u 3. Ho acHO0, 9T0 ¢ HAKOIEHHBIME CyMMaMu paboTaTh HECPABHEHHO
ymobee.

Ob6paruM BHUMAHNE Ha, MOPSIIKU BEJTUIHH, 0 KOTOPBIX WAeT peub. I moydenns OIeHKu
(6espazmepnoii) Bemmannbl ho? mpn h = 1 1eHb Hy:KHO KpaiiHee IpaBoe 3HadeHne rpaduKa
ua puc. 4 pazgeants Ha dncao caaraembix ~ 2000. B pezynbraTe st mepBoit KOMIAHWH TOTY-
a3 % 1004 ura sropoit 7% 10074, Crannapraoe orknonenne peuunubl 6; = In(S;1/S;)
paBHO ovVh u coctasJisteT, coorBercrBerHo, 0.017 u 0.027. Mbl BugmM, 9TO 3TH BETUIUHBI
B CAMOM JIeJIe Ha MOPAJ0K 6osbine, deMm omenka g bf Ed; ~ 1/2000, koropas mosyvaercs
Mo BeeM HabmoIeHusaM. MTak, ecim Hy»KHO OIEHUTH TMOPSIOK BO3MOXKHBIX KOJEOAHUH Kypca
akumit 3a HEGOMbIIOE BpeMs (TOPSIKa HECKOJBKAX JIHEH, & SKCIEPUMEHTHI C OJHUM KOHKpPeT-
HBIM DBIHKOM MOKA3BIBAIOT, YTO U 33 BPEMsl MOPSIIKA HECKOJBKUX JIECATKOB JIHEH), TO HAJIO



MOJIb30BATHCA TTOHATHEM BOJATUIBHOCTH U €€ OIEHKOH TT0 KAKOMY-TO TUCTY TPOTILIBIX HAOJIIO-
neunti. Kosebauust 1ieH 3a 60JbII0E BpeMs DA TOYHOM JAEUCTBUN MOJETN Te€OMETPUIECKOTO
OPOYHOBCKOTO JBUKEHUS JIOJIZKHBI OBbLIH ObI (B OCHOBHOM ) OTIPEJIETATHLCSA 3HATEHIEM TTaPAMET-
pa cHoca a. Ho Ha camoMm jejie HUKAKOT'O TIOCTOSTHHOI'O 3HAUYEHUS CHOCA HE CYIIECTBYET, a B
DKOHOMUYECKUE TPEHIbI W IUKJIbBI MOYKHO BAABATHCS JIUITH C OUEHDb OOIBITON OCTOPOKHOCTHIO.

Mojiesib reoMeTpUYIecKoro GPOYHOBCKOTO JBHUZKEHUsI [PUHOCUT U IMPEJCTABJIEHUE O HOP-
MaJILHOM PacIpeseseHnn npupaiiennii jorapudmos mer. Ha puc.d mpeacraBiensbl B HOPMAIb-
HOM Mactirabe (pu h = 1 geHs) sMmoupudeckne byHKIMHA PACTIPEIETCHIS STUX TPUPAIICHUI.
BaMeTnM, 9TO CYIIECTBYIOT HECKOJIBKO PA3JIMYHBIE CIIOCOOBI PUCOBAHUS TOLODHBIX TPaghUKOB.
B TounoM cMmbIicie sMImpudecKas pYHKIMs PacHpeesenns - 9T0 crynenydaras ¢pynkius. Ho
n300pakaTCd OOBIYHO JIMIIb CEPEeIUHBbI €€ CTylneHeK. Hopmasibubiil MacmTad — 9T0 Takoi
mepeMeHHbIN MacrTad 1Mo OCM OpPAWHAT, B KOTOPOM HOPMaJjbHas (DYHKIMA PacCITpeaeeHnst
m3obpaskaercs npsimoit smaueii. Ho ormdpoBKa ocu opImHaT MOXKeT Je1aThcst (Kak Ha puc.5)
HE B 3HAYEHUSIX BEPOATHOCTEHN, a B 3BHAUCHUIX KBAHTUJIEH HOPMAIBLHOTO 3aKOHA, OTBEIAIOIINX
STHM BEPOSTHOCTSIM (HAIpuUMep, 9ucio (-3) Ha OCH OPAWHAT Ha CAMOM Jejie H300pazkaer Bepo-
araoctb 0.00135 u . 1.) Tpu 6oabimom uncie nHabroenunit rpaduk, ecTecTBeHHO, OTpybIsercs
B COOTBETCTBHUH € BO3MOXKHOCTSIMU KOMIIBIOTEPHOI rpaduky.

Yro xe Mbl y3Haem u3 puc.b? ['paduku smmupudeckux (GyHKIUH CXOAHBI ¢ TPIMBIMA
JIMHUSAMHE BILIOTH JI0 3HaYeHHi KBanTuiei or (-2) 10 (+2). D10 o3Hawaer, uro upumepro 95%
uabsronenuit, B 0011IeM, OXBATHIBAIOTCA HOPMAJIBHBIM 3aKoHOM. [Ipasaa, B myse oba rpaduka
HUMEIOT CTYIIEHbKY, KOTOpast BO3HUKAET U3-3a TOT0, 9T0 CPeu HabJIFOIEHHBIX JTAHHBIX CJUIIKOM
MHOTO 3HAYEHWH, B TOYHOCTM PABHBIX HY/H0 (3T0 O3Ha4Yaer, 4ro b0 HE ObLIO oneparuii ¢
AKITUAMY JAHHOW KOMTAHWH, JUOO 9TO OTEPAIMU OBLIN, HO II€HBI 3aKPBITHsI, TEM HE MEHee,
He m3MeHWIUCh). CTaHIapTHOE OTKJIOHEHHE B CJIyYae HOPMAJIbHOrO 3aKOHA MOYKHO OIEHUTH
u 10 ueprexy (Hampumep, MCIOAb3ysd TOT (DAKT, 4TO PACCTOSTHUE MEXJy abCIMCCaMu Tex
TOUEK TpaduKa, KOTOPbIe UMEIOT OpauHaTh (+2) u (-2), cocTaBisier IpUMEpHO 4 CTaHIAPTHBIX
orknonerns ). Jlxs [ kommanuu nomyaaem 0.017, as 1T komnamun 0.026, uTo 6,1M3K0 K BbITIE-
YKa3aHHBIM OIEHKAM BOJATHJIBHOCTH MO CYMMe KBaJIPaTOB. (DTO 03HATAET, ITO HAOIIFOICHUS,
HE YKJIAILIBAIONTNECT B HOPMAJIBHBIN 3aKOH, B JAHHOM CIyYae MAJIO BAUSIIOT HA CYMMY KBaJi-
paToB.)

Ho xBocThl pacnpejesiennii, KOHEUHO, HE HOPMAaJIbHBIE: BEPOATHOCTH Oosbmux (110 abco-
JIIOTHOV BesimanHe) HABJIOeHniT ropa3io 6osbIne, YeM COOTBETCTBYIONIHNE HOPMAJIbHBIE Be-
poaruocTu. Takum 06pazom, BO3ZHMKAET NPOOJIEMa: HEAb3d JIM IMOJIYHUINe M0400paTh KaKOe-
TO MapaMeTPUYECKOE CEeMECTBO pacrpenenennii, arobnl Bee HabI0enns (Mo xors OBl emne
GOJIBITIAsT UX YACTh, 9€M B CJIYUYae HOPMAJBHOTO 3aKOHA) OTMUCHIBAIUCH OBl 3TUM CeMeliCTBOM.

DTa mpobeMa ynupaercs B 00aIbHYI0 MpobIeMy CTaTHCTHUIECKOM ogHopoaaocTu. Cra-
THCTUK BCETJA TBITACTCS YCTAHOBUTH T€ WU WHBIE NpaBmija oTbopa HabiaeHuil, KoTopsie
OPU3BAHBI TTPUBECTH K CTATUCTUYECKU OIHOPOIHON COBOKymHOCTH. HO UTO Kacaercda IeH 3a-
KPBITHS TOPIOB, TO B CMBbICIe oTbopa HabIIOeHnit HeKy1a WATH JaJIbIlle, 9eM OrPAaHUIUTHCH
AKITUAMY OJTHOM OTPeIe/IeHHON KOMITAHWY 33 KAKOH-TO TIePUO BPEMEHH, W TOTa BEPOATHOCT-
HBIE CBOWCTBA JOJIKHBI OBITh OJIMHAKOBLI 3a JII0O0U WHTEPBAJ B Ipejeiax JAHHOTO HEPUOIA.
Ha puc. 6 u 7 gaubl sMnmpudeckne (PyHKITUN PACHPEICICHUS JJIsi TIPUPAIIEHUN J10TapudMOB
[[EH TeX JKe aKIuii, HO ¢ Pa3bUBKON SMIUPUIECKOrO MaTEpPHUAJIa, [OI0JAM: [IEPBAasd U BTOpasd
rhicsiua Habromennti. g I komnanun aBe smnuprdeckue PyHKIUU IPAKTUICCKU COBIAIAIOT
B ipejesiax keauTuieit or (-2.3) 1o (+2), a aJist BTopoii KOMIIaHW! COBIAIEHNE rOPa3o Xy Ke:



npumepro ot (-1.8) no (+1). He 3naunT s 370, 9r0 npubiavkeHne HOPMAJIbHBIM 3aKOHOM
MPAKTUIECKU BBIOUPAET BCE, UTO €CTh CTATUCTUYIECKH YCTOumBOro B Habomenusx?! [lepe-
dopMyIupyeM 3TOT BOIIPOC B TEPMUHAX ITPOTHO3A, MPAKTUIECKAT BAXKHOCTb KOTOPOrO TOCTa~
TOYHO sicHa. JlomycTrM, 9T0 MBI cOOMpaeMcs 3aCTPAX0BaTh KOMMEPUECKHE TTOTEPU YIACTHIUKOB
bBIOYIEPCHOTO PBIHKA, st KOTOPBIX PE3KOe M3MeHeHWe (Jalne Pe3KnM ObIBaeT MaJieHue) 1e-
HBI OCHOBHOI'O aKTHBa B T€YEHUE CYTOK MOYKET MOBJieYb OoJibIue morepu. YTobbl cOCUnTaTh,
CKOJIbKO MOXKET CTOUTH MOA00HAA CTPAXOBKA, HYXKHO MPUMEPHO 3HATH BEPOSITHOCTH HACTYII-
JIEHUsI CTPaxXoBOro ciyuasi. I BOT, B TOT MOMEHT, KOrJ]a HaM W3BECTHA JIMINb IIepBas ThICSUa
HabJII0IeHUH, MBI TIBITAEMCS OIEHUTH TAaKyIO BEPOATHOCTH Jjist BTOPO# Thicauu. U3 puc. 6 u 7
COBEPIIIEHHO sICHO, YTO TaKOi IPOrHO3 UjeabHbIM He Oy/ier. Teneps mocTaHoBKa BOIIPOCa O BbI-
Oope mapamMerpuyecKoro CeMefcTBa BBIVISIIAT TaK: MOXKHO JIM IIyTeM aHa/Jm3a (HaKTUIeCKIX
TAHHBIX TTOKa3aTh, UTO HEKOTOPOE CEeMEHCTBO pacrpemeaennii maer Oojee TOIHBIN TTPOTHO3
BEPOATHOCTH OYIYIUX CTPAXOBBIX CJIyYaeB, yeM HopMmajbHoe! Vin, MoxKeT ObITh, CTATUCTH-
9ecKad HEOTHOPOIHOCTL AMHAMUKY IEeH BO BPEMEHUW B PABHON Mepe 00eCrieHmBaeT pacder 1o
JIFOOOMY TIApaMETPUIECKOMY CeMeicTBY?

Yrobbl OHATH, 0 udpax KAKOro MOPIAKa MOXKET UATH PeUb, CAeaaeM Ipybo mpukumod-
HBIE CTDAXOBBIE PACYETHI, HE HCIOJIB3Ysl HUKAKOTO NapaMETPUUYECKOr'0 CEMEeNCTBa, a MPsSMO
no puc. 6 u 7. Mb1 He Gy/ieM BIABAThCA B BEIMYMHY CTPAXOBOTO BO3MEIIEHUS (ITO CJUIITKOM
3aBUCUT OT Te€X KOHKPETHBIX yCJIOBUU JIOTOBOPa CTPAXOBaHUs, KOTOPblE MOLYT JaTh HEYTO
KUZHECTTOCOOHOE HA CTPAXOBOM PBIHKE), & NPUKUHEM JIUIIL BEPOATHOCTh HACTYILJIEHUS CTPa-
X0BOTO ciydasi. Mapzxka (T.e. 3a70r) Ha (HBIOYEPCHOM PBIHKE MOXKET COCTaBJIATH, CKaxKeM, H%
OT IEHBI OCHOBHOI'O aKTHBA. DTO 3HAYUT, YTO UIPOK, BJAOKUBIIUN OMPEIEJTECHHBI KAIUTAI B
MOKYTKY (PBIOYEPCOB Ha MOCTABKY AKIUHU, JINIIAETCS €r0 MOJHOCTHIO, €C/IN aKIINKW YIAIyT Ha
5%. Takoe majieHue 3a OJWH JIeHbL SIBHO HYKHO CUHUTAThL CTPAXOBLIM Ciaydaem. HyxKHo, cie-
JIOBATETHHO, ONEHNUTH 10 puc. 6 u 7 3Hauenne dbynxium pacnpenenenust 8 Touke (-0.05). He
CJIEJIyeT MOJHOCTBIO 3a0bIBATh 06 0COBEHHOCTSX KOMITBIOTEPHOI TpaduKku (CepenHbl CKAIKOB
IMIUPUIECKON (DYHKIIUE PACIIPEIEIEHNS COEIMHEHBI TPAMBIMU JIMHASIMHA ), HO B OKPECTHOCTH
roukn (-0.05) 9T0 MaI0 MCKayKaeT IMIUPUIECKY0 dyHKIHo. 1losToMy mpocTo m3mepsieM 1mo
YePTEXKY W MOIYIAeM CIETYIOIIee.

Ha puc. 6 asist mepBoii ThiCsan HAOJIIOMEHNT (CILTOTHAS JIUHYS ) 3HAYECHIE OP/MHATH PABHO
(-2.44). D10 KBaHTUIL HOPMATBHOIO 3aKOHA, KOTOPO# coorBercTByeT BepositHOCTh 0.0075 (u3
TabJTUITBI HOPMAJIBHOTO 3aKOHA). st Bropoii Thicsun (myHKTHD) KBaHTWIL paBHa (-2.70), a
BepograocTh 0.0035, T.€. BJBOE MEHBIIE, YeM €€ OIEHKA 110 1epBOoil Thicgue. s BTopoit KoMm-
nauuu (puc. 7) monoxkenune GoJiee GJATOTONYTHOE: TTOTyTaeM, COOTBETCTBEHHO, BEPOATHOCTH
0.029 m 0.021, KoTOpBIE OTIMYIAIOTCA MeHee pe3Ko. 3 3Tux unces Mbl BUAWM, UTO BEPOATHOCTH
CTPAXOBOTO CJIyvast MHOTOKPATHO YBEJIMUMBAIOTCSA C YBETMUEHNEM BOJATUIBHOCTH (Cp. puc. 4),
a CTaJio OBITH, CTPAXOBIINK (DBIOUEPCHBIX CIIEKYJISINIT (ec/n TaKo# HaleTCs) TOJIKeH 3HATD,
9TO TAKOE BOJIATHIHLHOCTH. KpoMe TOro, SICHO, 9TO OIEHKA MOAO0HBIX BEPOATHOCTEH TayKe 1o
1000 maburomennit (a 9TO WeTHIpe roja), Majao HAIEXKHA, €CJU CIATATH OPSIMO [0 IMITHPHU-
qeCKUM (DYHKIIUAM PACIpPeeeHus, He MCIOJb3yd HUKAKOrO MapaMeTPUIECKOr0 CeMeiCTBa.
CirenoBaTe/bHO, CTPAXOBIINK JIOJIYKEH C yJIOBOBCTBHEM 3AILUIATUTH 33 MOJ00P YIAYHOTO Ce-
MeICTBa, eCau, KOHeIHO, byaer Ha (PaKTUIeCKOM MaTepHua/ie J0KA3AHO, YTO C IOMOIILIO HEro
XBOCTHI OYIyIIUX pacipejesieniii olleHnBatTcs bosiee To4HO, yeM 6e3 Hero. Iloka uro Hudero
TaKOro (PUHAHCOBOW CTATUCTUKE HE M3BECTHO.

B zakiouenve JaHHOTO TMyHKTA 3aMETHUM, UTO €CJIM 33/1a9a COCTOUT JIUIIL B TOM, UTODBI
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GOpMaATHLHO YCTAHOBUTH HEAIEKBATHOCTH MOJIEIM TEOMETPUIECKOT0 HPOYHOBCKOTO IBUKEHUS,
TO HET HU4Iero mporire. VmeeTcs MHOXKeCTBO KPUTEPHUEB /I TPOBEPKU CTATUCTUIECKON OTHO-
pomuocTr HabmoneHuit. Hanpumep, MOXKHO pas3OnuTh JTMHHBIN Psifl EH 3aKPBITUSA (CKaXKeM,
2000 mabsrofieHMit) Ha MOCTEI0BATENbHBIE OTPE3KH YMEPEHHO! AinHbl (cKaxkeM, 1o 100 Hab-
JIFOJIEHN) ¥ IPUMEHUTH TOT UM WHOW KPUTEPUil PABEHCTBA, AuCTIEpCHuii (Hanpumep, Kpurepuii
Bapraerra — o ecth B si06oM cOopHEKe craTucTrdecKux Tabuui). Takoit sxcmepumenT 6e3-
OTKA3HO OTBEPIaeT TUIIOTe3y OJHOPOJHOCTH (T.e. PABEHCTBA TEOPETHYECKUX JUCIEPCHH /s
Beex rpynn mo 100 mabsonennit) Ha 060M pa3yMHOM ypPOBHE 3HAUMMOCTH. Te OTKJIOHEHUS
KPUBBIX HAKOIIJICHHBIX KBaJAPAaTOB BOJIATHUJIBHOCTU OT HPHMO.HI/IHeI'?’IHOCTI/I7 KOTOpPBIEC BUJIHBI Ha
puc. 4, 0Ka3bIBAIOTCS BBICOKO CTATHCTUYECKN 3HAINMBIMU. Bormpoc cocTonT B TOM, A1 9ero 3Ta
ABHO HEeaJCKBaTHad MOJC/Ib (I‘eOMeTpI/ILIECKOFO 6pOyHOBCKOI‘O ,ZLBI/I}KGHI/IH) BCE 2K€ ITPaKTUICCKN
rogures (m B Kakoit crenenn). Ha sTor BOnpoc Mbl n OyieM OTBeYaTh B JaJbHENRTIIEM.

0.4 BepodaTHOCTHBI OAX0/] K ONVUCAHUIO JIMHAMUKY 11€H U IIPOC-
Telimasa CHeKyJadaus

Yro BoObGIIIE MOXKHO /I€JIATH MPAKTUYECKH C JTAHHBIMY O THHAMUKe 1teH akinii? Cpa3y BO3HUKA-
€T MBICJb O TPOCTEHIIEN CIIEeKYIAIIN, KOTOPAs 3aK/II0UAETCH B TOM, ITOOBI TTOIeNIene KyIuTh
U TOJIOPOZKE MPOJIATH: HY?KHO TOJBKO YraJlaTh MOJIXOISIIHE MOMEHThI. KeTh Takasi JIOBOJIBHO
TIOITyJIdPpHAA HAYKa - TeXHUYIeCKUi aHaJIN3, KOTOPad 3aHUMACTCA TraJaHnueM II0 TaK Ha3bIBae-
MBIM Oap-muarpammam. [IpuHnunuansno 6ap - IrarpamMma 3TO TO YKe CaMoe, 9TO U TPaPUKH
tuna puc.l u 2, Ho wH(OPMAIKST TaM IIPEICTABIAETCH HECKOIbKO 6o1ee o iHo. ITo ocu abermce
pucyercs (Kak u Ha puc. 1 u 2) HOMep [IHS TOPTOB, & HaJl KayKJBIM JTHEM PHUCYETCs He OJTHA TOU-
Ka, a BepTUKa/bHAas uepra (6ap), HUKHsAS TOUYKA KOTOPOH n300pazKkaer MUHUMAJIbLHYIO 1EHY
CIOCJIKI 3a ,Z[aHHbII‘/JI J€Hb, a BEPXHAA - MaKCUMaJIbHYIO. Eme MaJIEHBKUMW TOPU30HTAJIbHBIMNA
YE€PTOUKAMHU, TPUMBIKAIOIUME K BEPTUKAJIBHOM, TTOKA3BIBAETCA TI€HA OTKPBITUS U 3aKPBITAS
TOProg. (DTH NEHbI, eCTECTBEHHO, 3AKTI0YEHBI MEXK Ty MUHUMAIBHON N MAKCUMAIBHOMN.) SIKO-
Obl, Ha TAKUX KAPTHHKAX MOYKHO YCMOTPETb HEKHe THUMHYHbIE (DUTYPEI ( «BOJHBI DJLTHOTTAY
U JIpyTHe), KOTOPBIE MO3BOIAIOT TPOrHO3UPOBATEH OYAyIIuil X0/ IEH, XOTh U HE HABEPHOE, HO
€ HEKOTOPOii IPUJINIHOI BEPOATHOCTEIO. B 0011eM, mpocTeiiiast CieKyisiimst (¢ TeXHTIeCKIM
aHaMM30M un 6€3 HETO) TPEICTABIAET COOOH TUIMYHYI0 PA3HOBUIHOCTL a3aPTHOMH UIPBI — B
TOM CMBICJIE, YTO UCXOJT KAKJI0M OTAeNBHOM CHEK YIS 3apaHee He npejonpejesier. BupoueM,
JUUTST TOTO, 9TOOBI 00OTATUTHCS, BIIOJIHE JIOCTATOYHO YIaJaTh HAIPABIEHUE OYAYIIEro n3MeHe-
HUs TI€H C BEPOATHOCTBIO, UyTh OOJIBINEil MOJOBUHBI (€C/M B CaMOM Jiejie 00J1alaTh TaKUM
JIapoM, TO HE 00s3aTEe/bHO U UI'PATH HA OMPIKE: MOXKHO IPOCTO IIPOAABATH IPOTHO3bI, KAK, 110
CJIyXaMm, U JIeJIAI0T HEKOTOPBIE HAYYHBIE TPYTIIHI).

KakoBo B0ODIIIE OTHOITIEHIE CIIEIUAJIUCTOB IO TEOPUN BEPOSATHOCTEH K a3apTHBIM urpam?
Craparorcd AyMaTh 0 HUX KaK 00 3KCIepuMeHTaX, O0JIAJAIoNX CTaTUCTUIECKON yCTOoW m-
BOCTBIO, T.€. JOMYCKAIONAX BEPOATHOCTHOE OMNCAHUE, W TTHITAIOTCS BHIYUCINTE MaTEMATHUIE-
CKOe 0XKWTaHWe TOX0Ta UTPOKA. FCaM OHO OTPHUIATETHHOe WIH JayKe HYJT€BOe, NTPA CINTACTCS
Pa30PUTENBHON [IJIsi UCPOKA M HAJyBAaTEIbCTBOM CO CTOPOHBI BJAJIENbIIA UTOPHOTO 3aBeie-
ung. Her cephe3nubix COMHEHUIT B TOM, 9TO TAKOBA PyJieTKa. UTO XKe, 03HAKOMUBIINUCH C ITUM
KJIACCUYECKUM BBIBOJIOM TEOPUU BEPOSITHOCTEN, JIFOJIN MIEPECTAJIN UTPAThH B pysieTKy? OTHIOIb
HET.
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B Cosercrom Coroze JInTesbHOE BpeMst CYIIIECTBOBAIA NOCYAapcTBeHHas urpa « CrmopTiio-
TO», 0 KOTOPOil 0OpUITHAIBHO OBLIO OOBSIBIECHO, YTO MATEMATHYIECKOE OXKUJAHNE T0XO01a PABHO
MUHYC [OJIOBUHE BJIOXKEHHOUW cyMMbl. U 4TO Ke — Wrpasid, U BKJIAJABIBAEMbIE CYMMBI OBLIN
HEIPaBI0N0I0OHO OrpoMHEBL. BuanMo, caMo y4uacTue B a3apTHOM Urpe JIJIsd JOCTATOYHO MHOTHX
JIRojtelt 0b1a1aeT BOJBITION TPUBJIEKATETEHOCTBIO, COCTABIISIET POJT YIOBOJLCTBUS, 38 KOTOPOE
HE KAJKO 3aILIATUTD.

Uro kacaercsa akiuil, TO UCCIAEA0BAHUS 33 OOJBIINE TPOMEKYTKH BPEMEHU TOKA3BIBAOT,
YTO TYT BIIOJIHE BO3MOXKHBI TaKHUE CTPATErnu, KOTOPhble 0DECIeYnBarOT HEYTO BPOJE II0JI0-
JKUTEJTBHOTO MATEMATUIECKOr0 OXKuaaHus goxoaa. Hampumep, crparerusa «buy and holds —
«KYIU U JepzKUu», KOTJA KYIJIEHHbIE aKIUU YIEPKUBAIOTCS B T€YEHUE JITUTETbHOIO BPEMEHU
(mecarku sier). Eciu, B 0COOEHHOCTH, BKJ/IQJIbIBAEMbIE JIEHbIM JUBEPCU(MUIMPOBATD MEXK Ly
MHOTUMHY aKIUAMY (TIO-TIPOCTY OTHECTU WX B KAKOH-HUOY/H (DOHJI B3AMMHBIX BJIOYKEHWIT, KOTO-
pBIil U 3aiiMercs AuBepcudUKAIIEii), TO BIOJIHE BEPOSITHO, YTO B CPETHEM 33 MHOTO JIET OHU
npurecyT OOIBINHI TOXOM, YeM PY BJIOXKEHWU JeHer B OaHK muan 0e3puckosbie bymaru. Ho u
JI0X0JT He 0CODEHHO BEJIWK, U a3apT IPOMAJAeT, B 00IIeM, CIEKYISTHTY 3TOTO MAJIo U CKYyYHO, U
oH obpalaercss K KPATKOCPOUHBIM CIIEK YJIATIASIM.

OTHOIIEHNEe K KPATKOCPOYHBIM CIEKYJISIIUSM Y CIEIHATUCTOB 10 TEOPUHU BEPOSTHOCTEN
HacTopoxkeHHoe. Momen Tuna reOMeTpuIecKoro GPOYHOBCKOIO JIBUKEHUsI, KOT/A JIOTapudm
IIEHBI AKIN UMEET HEe3aBUCHMBbIe (& CJIe0BATEbHO, TIPUHITNITHAIBHO HEIIPEICKA3YEeMbI€) TTPHU-
pallleHusl, HU K KAKUM CHEKYJISIIIM He CTUMYIUPYoT. CpaBHUTEIbHAST YCTORIUBOCTD BEPOSIT-
HOCTHBIX 3aKOHOB [IJIsl IIPUPAIIEHUI JOCTUTAETCS IIyTEM MCKJIFOYeHUd BCAKOI'O POJIa TPEHJI0B,
YTO UCKJIOYAET MBIC/IB O JOJATOCPOYHOM IPOrHO3€e. Bripodem, Takue MO M MOTYT HOHUMATh-
¢S KaK HEKOE HYJIeBOe TTPUOIMKEHNE, JOMyCKaoIlee JaJbHeHIne yTOTHEeHNs, KOTOPBIE Te/1af0T
BO3MOKHBIMHU TTPOTHO3BI. efiCTBUTEIBHO, SKCITEPUMEHTRI TIOKA3BIBAIOT, UTO BO MHOTHX CJIYUa-
SIX MOXKHO OOHApPYKUTh HEKOTOPHIE 3aBUCHMOCTH B PACIPEAETCHUIX TPUPAIIEHUH, KOTOphIe
CO3/IAI0T BO3MOXKHOCTHU TSl TIpocTeifiet crekynsnun. Hampumep, Hepeako ObIBaeT Tak, 4To
HAMETHUBINASACS B TedeHne OMPKEBOI Ceccrr NMHAMUKA ITEHBI aKTUBA, 3aXBATHIBAET U HAUAJIO
caenyroieit ceccuu. B ormiinune oT TEXHUYECKOTO aHAJIN3a, KOTOPBIA Ipe/jiaraer 3pUTebHO
3aMETUTh HEKYIO THIUYHYI0 KAPTUHKY, 37eCh MHAMUKA aKTUBA OTPEIEIsIeTCs arOpUuTMIde-
CKH, HAIIPUMED, B BUJIe HAKJIOHA MPSMOU, alllIPOKCUMUDPYIOIIEH (paKTUUIECKHUE TeHBI 10 METOY
HAWMMEHBITNX KBaIpaTOB. ECIN 9TOT HAKJIOH MOJOXKUTEJEH, TO MOXKHO JIYMaTh, 9TO CAEIY-
IOIAs Ceccusi OTKpOeTcd ¢ 6oJjiee BBICOKOH IEHBI, YeM TeHA 3aKPBbITUS TIPEIbIIYINel CECCUN.
SHaguT, HAJI0 B KOHIIE CECCUU KYIIUTh, 4 B HAUAJE CJEAYIONEH mpoaarh. YTo 3HaYUT «B HAYA-
Jiey» WIN «B KOHIIE», TOXKE HYYKHO OMPEJETUTh aJTOPUTMUIECKH, W TOTIA CTPATETUIO MOXKHO
OyIeT UCIBITATE 1O TPOIILIBIM TaHHBIM. Hepeako Takue UCIBITAHUS MA0T YCIIEX.

Ho BeposgTHOCTHBIE 32KOHOMEPHOCTH MOTYT OBITH JIAIIb JIOKAJTBHBIMUA — JAeHCTBYOIUMA
Ha HEOOJBINOE BPEMs BIEpe]. 3a MaJioe BPeMs IeHa aKTUBA OOBIYHO U3MEHSIETCS JIUIb He-
BHAUUTEIHHO, a CJAEJ0BATENBHO, JTOXO OT KAXKIOW OTASIBHON CIEeKYJIAlnd HeBeJNK. BOKPYT
OUPKEBBIX UTPOKOB KOPDMHUTCsI MAacCa HapOJy, HAUWHAs OT MepcoHasa Oupxku (6e3 KOToporo
BOOOIIE HEBO3MOYKHBI TOPTH, & TeM 60Jiee SJIEKTPOHHBIE) M KOHYAS PA3HBIMU (DUHAHCOBBIMU
aHajuTuKamMu. Bee onu craparorcd 6paTh 3a CBOM YCJIYIH IUIATY B TaAKHX pa3Mepax, B KaKUX
[TO3BOJISIET PBIHOK 3TUX YCIYT. II0CKOIBKY, KaK MOKA3bIBAET MHOTOBEKOBOI OITBIT, JIFOIU TOTOBBI
UCPaTh B a3apPTHBIE UIPbl U MPU OTPUIATEJBHOM MATEMATUUYECKOM OXKUJIAHUU BBIUTDHIIIA,
Ha, PBIHKE YCJIYT CO3/a€TCs BO3BMOXKHOCTb OPaTh JOBOJBHO BBICOKYIO IeHy. Takum oOpazom,
TEOPETUIECKH MOJOKUTEIHHOE MATEMATHIECKOE OYKUJAHNE BEIUTPHITIA, MOYKET BIIOJIHE TTPEBPa-



12

TUTHCA B OTPUTIATEIHLHOE 33 CIET PA3HOODOPA3HBIX «OMEPAIMOHHBIX PACX0A0By. Kpome Toro, Te
0CODEHHOCTH B JIWHAMUKE T[€H, KOTOPbIE CO3A0T BO3MOYKHOCTH MPOTHO30B BEPOSITHOCTHBIMU
MEeTOIaMu, MOTYT HEOXKUJAAHHO MCUE3aTh 10 HEMOHATHBIM MPUYUHAM. BBIBOJ COCTOUT B TOM,
YTO XOTd IIONBITKM IPOCTelIneil CIeKyJIAIud Ha OCHOBE BEPOSTHOCTHBIX METOJIOB allpUoOpU
HEJB3 O0bABATL OE3HAMEKHBIMU, BCE K€ ITO [16/I0 HE TAET YCTONUHUBBLIX MOJIOKUTETbHBIX
PE3YAbTATOB, U JJis JEMOHCTDAIIUU OIPEJIEIEHHOTO PEe3yJibTara HyzKHO 00paTUThCS K WHOU
MOCTAHOBKE 3a1a4r. TaKOBbI OMEPAIUN C OIIIUOHAME, K KOTOPBIM MBI U TTEPEXO/IM.

0.5 OmmoHbI 1 UX XeIKUPOBAHUE

Hennble 6yMaru HECKOJIBKO YCJIOBHO JIEJIATCs HA OCHOBHbBIE U IPOU3BOIHbIE. Hampumep, akiun
KOMMEPYECKUX KOMIAHUN CYUTAXOTCA OCHOBHBIMHI IIEeHHLIMI 6yMaFaMI/I, TTOCKOJIBKY TeOpeTu-
YeCKU OHM JAIOT MPAaBO HA YaCTh PEAJIBHON cOBCTBEHHOCTH TO# min wHoi kKomnanuu. lIpapaa,
eCc/al Ien0 OOHAEeT A0 JUKBHIAANWN KOMIIAHWHW, TO CHAYAJIA IIOJIATaeTCd YAOBJICTBOPHUTHL BCEX
KPEJUTOPOB, a aKITMOHEDHI OYIyT JAeJIUTh MeXKy cob0il TO, UTO OCTAHETCH TOCIe KPEJIUTOPOB
(Bpﬁ;p JIM MHOT'O OHU [OJIy4aT: WHAaYe He3adueM ObLi10 Obl JIMKBUIUPOBATD KOMHaHI/Ho). Kpowme
OCHOBHBIX, 0OpaIalTCs TaK HA3bIBAEMbIE NMPOU3BOJIHBIE TIEHHBIE ODyMaru, KOTOpble TaK WJId
nHa4vYe IPUBA3BIBAIOTCA K OCHOBHBIM LINEHHbBIM 6yMaFaM n CHEKy/JduudaM C HUMU. I‘IELHpI/IMep7
9TO MOXKeT OBITh TaK HA3LIBAEMBIN (PHIOUEPCHBIN KOHTPAKT HA ITOCTABKY B HEKW OyIyIumit
MOMEHT aKITii OmpeiesIeHHON KOMIIAHUT 110 3apaHee OTOBOPEHHOI 1leHe. Baromnaps XuTpoyM-
HOM CHCTeMe B3UMAHUA 1 €2KEeTHEBHOT'O IepepacYdeTa 3aJI0T0B, BHOCUMbBIX YIaCTHUKAMHW TaKOTO
KOHTDaKTa, OMpZKa MMeeT BO3MOXKHOCTh MapaHTUPOBATH €0 BBLIMOJHEHUE (eC/Ii, KOHEIHO, He
CAYINTCHA KAKOTO-HUOYIH KpI/ISI/Ica). C zpyroit CTOPOHBI, KAMUTATEl YIACTHUKOB (DBIOIEPCHBIX
CHEKYIANUI BKJIAIBIBAIOTCS B 3aJI0TH, U [IPU PE3KUX KOJIEOAHUSX 1TEHBI OCHOBHOI'O aKTHUBA €CTh
PUCK 9TH KaIlUTaJIbI ITIOTEPATH.

Hac 6yner unrepecoBarh Apyroil KOHTPAKT - TaK Ha3biBaeMbiil omimon. Kak u dbrouepc-
HBIM KOHTPAKT, OIIIMOH MMEET B BUIY COBEPINEHNE B OYIyIeM HEKOTODPOMH CIEJIKHU 10 3apaHee
OTOBOPEHHO#T TieHe, HO (B oTyimdme OT (DHIOUYEPCHOTO KOHTPAKTA) OIHA W3 CTOPOH, MMEHHO,
HOKYyIIaTe/1b ONIMOHA (MHBECTOD) MMEET HPABO 0TKA3AThCA OT CAeJKH (ecan B OymyieM me-
Ha OCHOBHOI'O aKTHBa Ha PBIHKE OKarKeTCd TaKOi, 4TO CJesIKa II0 3apaHee OrOBOPEHHON Iliene
HEBLITOJIHA ). 3aTO B MOMEHT 3aKJ/IIOUEHUsT KOHTPAKTA WHBECTOD YILIAYUBAET JIPYTOil CTOPOHEe
(SMUTEHTY ONMIMOHA, MO-aHTINICKY Option writer) HEKOTOPYIO CyMMYy, HA3BIBAEMYTO MEHON OTI-
IIUOHA.

Omionk GBIBAIOT 0UeHB PAa3HOOOPa3HbIMU. MOXKHO KYITUTh OMIIHOH, KOTOPBIH JaeT TPaBO
MOKYTIKU aKIUU B OY/IYIIEM 110 3apaHee OrOBOPEHHOI 1ieHe (OIuoH Kyin, uiu call), a MoxKHO
KYIUTH OIIIMOH Ha IIPABO IIPOJIAXKH (OH]_[I/IOH npoJaxKu, Uian put). Moxer OBITEH ONITMOH, KOTO-
PBIil 5KBUBAJEHTEH MOKYIKe (MPO/Iazke) M0 HAMIYUIIeil PEIHOYHON TeHe, KOTOPast CJIOKUTCS B
TEUEHNE ONPEIESIEHHOr0 Oyaymero oTpeska Bpemennu (b0 no cpeaneit nene u T. 1.). Moxer
OBITH OIITMOH, KOTOPBI MOXKHO UCIOJIHSATE JIUIb B KAKOW-TO OIPeIeJIeHHBII MOMEHT BPEMEH!
(EBpOHeﬁCKHﬁ OHLU/IOH), a MOXKHO YCJOBUTBHCS, 9TO ONIMOH MOXKET UCHOJTHATHCA B JIFOOOH MO-
MEHT JI0 OIIPE/IEJIEHHOTO CPOKa (aMepuKaHCKuit omuoH). Cnocobbl yroTpeb/ieHns OIIIHOHOB B
PBIHOYHON UTpe TOXKE BeCbMa PA3HOOOPA3HBI: OHU MOTYT OBITH CPEJICTBOM CHEKYAANNN, JTUOO
CPeICTBOM CTPAXOBKM OT Pe3KMX KOaebaHwit PhiHKA W T. M. MBI Jjisi Onpee/ieHHOCTH Dyaem
paccMaTpuBaTh OAUH IPOCTEHIMUHA caydall — TaK Ha3blBaeMbIil CTaHIAPTHLIA eBPONEHCKUN



13

OTIMOH-KOJIJI. YCJIOBHSI 9TOTO KOHTPAKTA COCTOAT B CJIEYIOIIEM.

DMuTEHT (TPOIABEI]) OIMIIMOHA O0SI3BIBACTCST B HEKOTOPBIH Oy aymiunit MoMeHT Bpemenu ¢ = T’
IPOJATH HHBECTOPY (TOKYTIATE IO OTIIMOHA ) aKIIUIO OTIPEIETEHHON KOMIIAHUN TI0 OTOBOPEHHOM
mere K. 3a 3T0 HHBECTOP YILIAYMBAET SMUTEHTY ONPEIETCHHYIO CYMMY €, HA3BIBAEMYIO TIEHOM
ormmona. Korga nacrynur moment t = T, aknus Ha phIHKE OyeT MMETh HEKOTOPYIO NEHY ST.
Ecmu St > K, To WHBECTOP BOCIOJIB3YETCsT CBOWM TIPABOM W KYTHT aKIHIo 1Mo TieHe K| a ecin
St < K, TO UCIIOJIHATE ONIMOH HEBBITOHO, OH TIPOCTO TEPAET CBOIO CHJLY, W TIEHA OTIHOHA, C
NI MHBECTOpa oTepsHa. B mepBoM ciydae (KOT/Ia ONIIHOH WCIOJTHSETCS) HHBECTOP MOXKET
JIAJTBIIIE TIOCTYIIATH JBOAKO. ECn ero mesibio 66110 TpruobpereHne akmmum, TO OH ITPOCTO PaTyeT-
€ TOMY, 9TO aKIHIO YAAJ0Ch KYIUTD JIEIeBse, 9eM OHa CTOUT Ha phIHKe. ONIIHOH BBICTYITAET
KaK CPEJICTBO CTPAXOBKM, IOTOMY 9TO B Byjayiumii moMenT Bpemeru 1 Bjiajiesen onmuoHa 3a-
BEJOMO MOYKET KYyNuTh aknuio 1o mene He vhime K. Ho ecim menwsio mHBECTOpa ABIAETCA
CTIEKYJTSITIASL, TO OH TYT YK€ TPOJAET T0 TeHe ST aKIWio, JTOCTABIIYIOCT eMy To mere K. 9To
9KBUBaJIeHTHO nosrydennto joxoaa (St — K)4 = maz (St — K, 0). O6brunsiii crienapuii dbunaH-
COBOHM MaTEeMATHKN HE BIAETCS B KOJUYECTBEHHYIO OMEHKY TOMB3bI CTPAXOBAHMIS, 8 PACCMaT-
pPUBAET JIWITH CIEKYJIATHBHBI BAPUAHT MOJYYEHUSA JOXO/a OT OTMIMOHA. 3aTO JOXOJ MOXKHO
PacCMaTpUBaTL JOCTATOYHO OBIIEro Buaa — He ToabKo dhyakimio (S7— K)4, HO 1 IPOU3BOJIb-
uyto dbyuknuio Buga f(S7), a B 6oee M30MPEHABIX BAPUAHTAX TeOPUH U (DYHKIMIO OT BCEi
muaaMukn nen f(Sg, S1,- -+, S7). B 9acTHOCTH, HA IPAKTHKE HEPEIKO BCTPEYAETCS TaK HA3bI-
BAEMBIl «OMIMOH CO MLAATION», 11 KOToporo dbyHkimsa seimiar pasaa min{(Sp — K), L},
rae L — HeKOTOpoe 3apaHee OrOBOPEHHOE YHCI0 (MAaKCHMAIBHO BO3MOYKHAS BBIILIATA IO OI-
nOHy ). B CIeKy/JISTUBHOM BapuaHTe CleHApuil aeficTBuil mOKynare/is ONIUOHa CBOAUTCA K
ymuare B MOMeHT ¢t = 0 IEeHbI OTIIINONA € W K TTOJIyYeHnIO B MOMEHT ¢t = T’ OTOBOPEHHOH B KOH-
TpakTe BHITLIATH. TouHee roBOps, Oy YNl JOXOT TPUHITO JUCKOHTHPOBATE, T.€., HATPUMED,
JUTST CTAHIAPTHOTO €BPOMNEHCKOro OMIMOHA-KOJI PACCMATPURATH BEJMUNHY

exp(—rT)(Sr — ).,

rjie T — HEKOTOPOe M3BECTHOE 3HaueHue «OaHKOBCKOTO IPOIEHTa», KOTOPOE IIPEIII0/araeTcs
HEM3MEHHBIM HA MEPUOJ HeUCTBUS ONInoHa. Bupoyem, /jis ysCHEHUS CMBIC/Ia UT'PhI HA, OIIIK-
OHAX MOYKHO TIOKAa CYUTATh, 9T0 T = 0, MOCKOJIbKY HPHU ODBIYHBIX CPOKAX JIEHCTBHUS OIIUOHA
(HECKOJIBKO HEJIesIb UJIM MECSITIEB) BJIUSHUE IUCKOHTUPOBAHUS HEBEJHUKO.

[Mouemy wurpa Ha ONMUOHAX MOXKET OBITH MPUBJIEKATEILHA g CeKyasiaTa?! PaccMoTpum
odeHb wacTo BeTpedatontmiics caydafi K = Sp. CHekymstHT MOXKeT BIOXKHUTL CBOU JEHBIH
OpsSIMO B aKIUU, Kymue B MOMeHT ¢t = 0 OJHY aKIWiO 1Mo IieHe Sy, PACCUNTHIBAsT B KAKOMW-TO
Oymyumit Moment Bpemenu t = T noayautsb goxo7 (St — Sp)4 IIyTeM mpomaxKu 3Toil akiuu.
ITpu mokymke OMIMOHA OH MOJYYHUT TOT K€ CAMBIH JOXOJ, HO HA MPAKTUKE TEeHA OMITHOHA C
OKAa3bIBACTCST TOPA3/I0 GoJiee HU3KOM, IeM TeHa KUK (B THIIHIHBIX YCIOBUSIX ITO-TO MOPSIKA
10% ot Sp). Takum 06pazoM, OMH M TOT Ke JOXO/ MOXKHO MOJIYyYUTH MPU MOKYITKE OMITHOHA
3a CYeT HAMHOT'O MEHBINEro BJIOXKEHUS KalnuTasa, YeM [PU Wrpe Ha akimax. (3aro akiuro
He 00s13aTe/IbHO TPOaBATh UMEHHO B MOMEHT t = T MOXKHO B C/Iy9ae 9ero W MHOJ0XKJATh B
HAJIeXK/JIe, UTO I[€HA aKIUU OHUMETCs, a OMIUMOH 1ocjie MoMeHTa ¢t = T’ CTAHOBUTCS ITyCTOMR
Oymazkkoii.) [oBOpsIT, YTO ONIMOH SABJSIETCsT (71T €ro TMOKynaTess) (PUHAHCOBBIM PBHIYATOM.
Boobe, ncnonnzosanne mpon3BoaabIX hUHAHCOBBIX MHCTPYMEHTOB (OMITMOHOB, (MDBIOYEPCOB 1
T.JI.) PE3KO TOBBIIMIAET a3aPTHOCTh CIEKYJISIIIN, U B TOM, OTYACTH, UX cMbICT. (pyras gacts
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CMBICJI& B TOM, 9TO OHU MOTYT TPUMEHATHCA U JJIA L[e.)'[eﬁ CTPaXOBKW OT HEOKNJAHHBIX KOJIe-
Ganmii poraka.) Ho Temepb camoe Bpemst pazobpaThesi, UeMy MOXKET PABHSATHCS TIE€HA, OIITHOHA
U 1moueMy, B acTHoCTH, npu K = Sy 1eHa OMInoHa MOXKeT OBITh 3HAYUTETHHO HUXKE IIeHBI
AKIIN.

Brepsbre ¢ MaTeMaTHwdecKoi TOUKM 3PEHUST BOTIPOC O TIEHE OTIHUOHA, PACCMOTPE BEK HA3AT
Bamense. B coBpeMeHHOM HaM TEOPEeTUIeCKOM CIIEHAPUH UI'PBI Ha OMITHOHAX IMUTEHT ONITHOHA
XE/KUPYeT CBOe 0043aTebCTBO (0 XEKUPOBAHUN CM. HUZKE), HO B TOM CIEHADUH, KOTODBI
paccMaTpuBaj bBaresibe, 0 XeIXKUPOBAHUT HET PEYU. DMUTEHT IIPOCTO HOJYUYAET C MOKYIaTe s
HAYAJIbHY0 CTOMMOCTD OTIHOHA C ¥ Jlajiee He J1eJIaeT HUUero BILUIOTH JI0 MOMEHTa PACILIATh t =
T, Korja eMy Hy?KHO BBLIOXKHUTH U3 CBoero kapMana Beiuiary (St — K)4 (auckonruposanue
y Bamenbe Takxke ne yuurbiaercs). Bo3Hukaer THIMUHASA a3apTHAs UTPA JABYX HIDOKOB, B
KOTOPO# B KadyecTBe reHeparopa CAydas BBICTYMAIOT KojebaHWs IeH Ha phiake. Ha Takyro
UTPY CIEIHUATUCTBI TI0 TEOPUH BEPOSITHOCTEN BCEra CMOTPEIH TaK, UTO XOPOIo Obl eif OBITH
6e306mH0# (x0Tt 6e300uaHAsT UTPA W ABIAETCA 38 DOJIBINOE BPEMS PA30PUTENLHON JIst TOTO
UTPOKa, ¥ KOTOPOTO HEBEJWK HAYAJIbHBIA KanuTas). Ycaosue 6e300HIHOCTH WCIOKOH BEKa
3aIIMChIBACTCA B BUJC

c=E(Sp— K),. (8)

Bompoc cocrout Jumib B TOM, KaK BBIYHCJIUTE MAaTEeMaTHIECKOE OKUIAHNE, CTOIIee B IIPABOi
gacru coorromenus (8). JIns 9T0ro Hy:KHA BEPOATHOCTHAS MOJEJb JMHAMUKU II€H AKIH.
HccnemoBarmeM BoIrpoca 0 Mojenn U 3aHajcd Bamenbe. Hasio cka3aTh, 94TO €ro MOJXO[d, CO-
XpaHsgeT IPAKTUIECKOe 3HAUEHNE 10 HACTOMAIIEr0 BpEMEHH, OCOOEHHO TIPU NCCIETOBAHUNA TOTO,
qT0 MOZKET C.quI/ITbCH C PBIHOYHBIMU IIE€HaMW 3a He60.Hb].HO€ BpeMd (HOpH,Z[Ka, HECKOJIBKUX
TTHE ).

Barmense cran mccmemoBaTh TpUPAIIEHNTsT

AnS; = Sin — Si (9)

caMuX PHIHOYHBIX TeH (a He uxX J0rapudMOB: JorapudMbl BONLIN B yHOTPeOJIeHNE JTUITH TTPHU-
MEpHO C CepeIuHbI JIBajanaroro seka). 1lomo6Ho ToMy, Kak BBIIIE FOBOPUIIOCEH O JiorapudMax,
MeJICHHbIEe YKOHOMUYIECKHWE TPEHIbI OH [P ITOM MOTEPAs U He 0OHAPYKUT 3aMETHO OTINY-
HOTO OT HYJIsI MaTEeMAaTHIecKOTo oxumanns EA, Sy, no Hamen, ato

E(AS))? ~ ho?, (10)

rje MoCTOsHHAsA (T.e. He 3aBuCsdIias OoT ¢t u h) BeqwunHa 0( J0KHA OBITH HA3BaHA BOJIA-
TUJIBHOCTBIO 110 Barmesbe (9T0 BOJATUIBHOCTE CAMEX 1I€H, a He ux JorapudmMoB). BoigcHum
IpubIN3UTENBHYI0 CBI3b MEXKJTy BOJATUIBLHOCTHIO 0¢ TI0 Barmnenbe n mpuHsaTo#t B HacTOAIIEe
BpeMsl BOJATHALHOCTBIO 0 JIId JTOTApU(PMOB.

ITycts kype akmuit coBepraer 3a HEHOIBIIOE BpeMs HeOOIbIe KOIebaHns BOKPYT HEKO-
TOPOTO MPUOMMKEHHOTO 3HaueHus S: Sy &~ S. HamummeM mpubamKkeHHoe paBeHcTBO

Ah In St =1In St+h —In St = ln(StJrh/St) =
= ln(l + AhSt/St) ~ AhSt/St,

ecnn, KoHedHo, Ay Sy MajIo Mo CpaBHEHUIO ¢ St, 9TO OGBITHO W OBIBAET TpH h TTOPSIIKA OTHOTO
Wi HecKoIbKuX jHeil. CienoBaTeabHO, BOIATUILHOCTD 0 110 balenbe cBg3aHa, ¢ HPUHATOMR
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B HaCTOdIIee BpeMda BOJIATUIIBHOCTBIO O JIJIA J'[OFapI/I(I)MOB HpI/I6JTI/I)KeHHbIM COOTHOIIIEHUEM
og ~ So,

rie S = S; — mpuMepHoe 3HAUEHNE Kypca, aKITHii.

[Ipeanoarag HOPMAJBHOCTL PACIPEIE/ICHNS W HE3aBUCUMOCTH npupainenuii (9), mosry-
YUM MOJIEJIb OPOYHOBCKOI'O JIBUXKEHUS JIJIst KypCa aKIuii, U3 KOTOPOW U BBIYUC/ISAETCH MPABas
gacrb (8).

Onmako (Kak TOBOPUJIOCH BBIMIE B MPUMEHEHUH K JoraprdMaM Kypca) He CIeIyeT Iepe-
OIEHUBATDH HAJIEKHOCTH TOTO BbiBOjA, uT0 EALS; = 0. (JIubo HameKHOCTH TON MM WHOI He
DPaBHO HYJIIO OIEHKHW BEJIUYWHBI CHOCA MO (PaKTUIECKUM ;LaHHblM.) JlomycTuMm, 9TO B HaYAH-
HBI MOMeHT ¢t = 0 SMUTEHT OMNITMOHA TPOCTO TOJyUIaeT C MOKyIaTessd IeHy ONINOHA C U B
MaTbHEHIeM He fejaeT Hudero. 1orma B MOMEHT pacmiarhl ¢ = T, eciu BCe-TaKuW MPUIETCH
UCIOJTHSTE ONNuoH (T.e. B caydae, Korma St > K) 3MUTEHTY MPHIETCS KYMUTH TTOJTeKa-
LIYIO IIOCTABKE AKIUIO II0 €€ PHIHOYHONU LeHe ST, YTO YKBUBAJIEHTHO TOMY, 9TO0BI BBLIOXKUATH
cymmy (St — K)4 u3 coberBennoro kapmana. Ecin sKoHOMUUYECKasi cuTyalusi (KOTOpast He
MOKET ObITh NPEJCKA3aHA KAKOH-T100 BEPOSTHOCTHON MOJETHIO) HA CAMOM Je/1e OKAXKeTCs
TAaKOBa, YTO 38 BpeMd JEHCTBUA OIIUOHA aKIINU CYIIECTBEHHO BBIPACTYT B IIEHE, TO SMUTCHTY
npuaeTCd 3allJIaTUTh 3HAYUTEC/IBHO 60J’[b]_He7 9eM OH II0JIy4YuJI B HA4aJlbHbIT MOMEHT C OKY-
naresns onmuoHa. CoBpeMeHHasg MareMaTH4yecKas Hayka 00 ONIMOHAX IPEJJIAraeT dMUTEHTY
COBEPIIIEHHO WHOM CIieHApuil JeiicTBUi, YeM 9T0 OBLI0 BO BpeMeHa bareabe, CMBICT KOTOPOTO
CBOOUTCA K TOMY, HTO €CJIN TTOKYTIaTEe/Ib ONIMOHA UMEET MTPABO TMOJY9IUTH MHOTO JICHET 3a CYET
KoJiebaHus PBIHOYHON CTUXUU, TO 3TU JeHBI'H OyIyT BBIIJIAYEHB! HE W3 KapMaHA SMUTEHTA, a
3a cuer peiHKA B 1eg0oM. (MosdanmBo TpenoIaraeTcs, 4To U SMUTEHT OINIMOHA, W €r0 TI0-
Ky[aTeJb — 9T0 GECKOHEYHO MaJible BEJTMYHHBI B CDABHEHUH C PBHIHKOM B Iie0M.) Pasxuma
MEXKAY MOIETAMU 6pOyHOBCKOI‘O ABUKEHUA U TeOMEeTPHUIECKOTO 6pOYHOBCKOI‘O ABUKCHUA B
JIAHHOM CJIy4yae MaJjo CYIIeCTBEHHA, ITOCKOJIBKY TaKOi crieHapuil BO3MOXKeH B JH000# U3 3THX
MOZEIeH W Pa3/IMIal0TCa UL MATCMATUICCKHUE JEeTAJIN.

DTa HOBU3HA 3aKJIIOYAETCS B Hiee, TAK CKa3aTh, «CAESIIEr0y XeJKUPOBAHMS 00s3aTe b-
CTBa 1O ONIMOHY (C/I€KEHME TPOUCXOAUT 338 KyPCOM OCHOBHOTO aKTHBA, T.€. B JAHHOM KOH-
Texcre — akmuit). Teoperndeckuit crienapwuii creayronuii. [logyaus ¢ moKymareas B MOMEHT
t = 0 HEKOTOPYIO CYMMY €, SMUTEHT J00aB/IsSeT K Heil ele HeKOTOPYI0 CYMMY, B3SITYIO U3 CO0-
CTBEHHBIX CPEICTB, W TMOKYITa€T OIMIPEACJICHHYIO 9aCTh aKIIUM, KOTOPasd B ,Z[aﬂbHef/'IH_[eM MOZKET
nomiexkarh nocrapke. (PopMasbHO MPEANOIATAET s, UTO AKIIUI0 MOYKHO TOKYTATh JTHOOBIMU
HJaCTAMM, HO TPAKTUYCCKN PeYb NIEeT 06 OJHOBPEMEHHOM XE2KMPOBAHNN MHOTUX OIIIIMOHOB Ha
60JIBIII0€e KOJTUYIECTBO aKITUi, TAK YTO MOYXKHO 3a0BITh O TOM, YTO AKIUU IO TPUPO/IE JTUCKPET-
HbI.) Bo Bce caemyromnme MoMeHTHI BpemMeHu (BHJ‘[OTB J0 MOMEHTa OKOHYAHUA CPOKA AEHCTBUA
OIIIMOHA) TIPOIIECC XE/IKUPOBAHUS MTPOJIOIKAETCsI. KadecTBeHHO OH CBOJIUTCS K TOMY, UTO IIPH
pocTe Kypca aKnun JOMOJHATEIBHO NOKYIIAeTCs €€ KaKad-TO J0Jd, d IPH NAJCHUN - KaKad-TO
nosist pojaercs. Ilpu sTom cpejcTBa /i JONOJHUTEIBHON TOKYIIKKA OEPYTCst SMUTEHTOM CO
CBOErO CYeTa, a TPHU TIPOIAZKe BO3BPAIMIAIOTCH HA33/ HA 9TOT CYeT. ITHU MOKYIKH W TPOIa-
Ky cOalaHCUPOBaHbl TakuM 00pa30M, YTO B TOM CJIy4ae, KOIJia WCIOJHSTH OHIIUOH HYXKHO
(ST > K), y sMuTeHTa Ha pyKax B MOMeHT ¢t = T’ OKa3bIBAeTCs I1ej1ast aKINs, a €CJIU ONIHOH
UCIIOTHATE He HyKHO (T.e. Sp < K), TO 3MUTEHT TOJHOCTBLIO MPOJaeT akiuio. Teopernaeckn
NIPEJICKA3BIBACTCA CAEAYIOIIee Iya0.
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Ecnu maganpHyio 1eHy ONIIMOHA W CTPATETHWIO MOKYIOK W MPOJAYXK B 3aBUCHMOCTH OT KO-
JebaHnil Kypca akiuii BRIOPATh MPABUIBHO (B COOTBETCTBUU € HEKOTOPBIMU (hOPMYTAMHU, KO-
TOPBIE MBI PACCMATPUBAEM HEZKE), TO Tpu 060 (BO3MOXKHON B MOJEIN) AMHAMUKE KypCa
aktuit 3a Bpems oT 0 10 7' 3SMUTEHT He TOIYIUT HU TPUOLLIN, HE YOBITKA (IIOC/IE UCIOTHEHST
obs3aTenbCTBa IO ONMUOHY ). FCam yrogHo, ymjadeHnas 3a ONIMOH TieHa OyJeT B TOYHOCTH
paBHA PacXoJaM Ha OCYIIECTBJICHNE Xe/KupoBaHus. (KauecTBEHHO pacxolbl HA X€IKUPOBa-
HIE OOBICHAIOTCA TEM, 9TO IPH POCTE KyPCa aKInugd JAOMOJTHUTETHHO MOKYIIAeTCsd, a MPH Ma-
JIEHUU - MPOJAETCs, TAK YTO, BOODIIE TOBOPSs, MOJIYIAETCS TaK, 9YTO OHA JIOPOXKE MOKYIIAeTCH,
94eM [POJAeTCs. )

Napmvu cioBaMu, MaTeMaTHYIECKHE PACCMOTPEHNdA, O KOTOPBIX Pedb HUKe, IPUBOIAT K
HPEJIOZKEHUIO CO34aTh HOBbBIIA BapuaHT UT'OPHOIO 3aBejeHus Jjid a3apTHON urpbl, B KOTOPO#
TEHEPATOPOM CJYUIANHOCTHU SIBAAIOTCS Oyayime kojebanust kypca akmuit. Urpok B manHOM
caydae — 3TO TMOKYIATe b OMnoHa. ropHoe 3aBefieHre — 9T0 3MUTEHT, a TOUHee — hUpMa,
BBIMYCKAIOMIAsA HA PBIHOK ONMIUOHBI ((bUpMa B JAHHOM CJIydae TOHUMAETCH KaK OPraHW3aIns
npoheCCOHANIOB, TaK KaK MPAKTUYIECKH JIUIIb MTPOQECCHOHATBI MOT'YT OCYIIECTBUTD CJIEISIIee
xe/pKupoBanue). VIrpoKk BHOCHT HEOOXOIMMYIO CYMMY IPH TOKYTIKE OMIMOHA, a (PupMa ¢ mo-
MOIIIBIO 9TON CYMMBI TIPETOCTABJIACT YCIYTH 110 OCYIIECTBICHUIO XeIKUPOBaHUst (1, KOHETHO,
feper 3a yCIyTH Kakyr-TO JOMOJTHUTENIBHYIO IIATY, KOTOPad B TEOPUU HE PACCMATPUBAETCH).
[TockobKy XeIzKUpOBaHUE BCETa CTOUT OJMHAKOBO (M0 KpaifHeil Mepe, B T€OPHH), TO IEHA
OTIIMOHA TBJISETCH CIIPABEIINBOM KAK C TOUYKH 3penusd (pupmbl, Tak u urpoka. VIrpok ke pac-
CUNTBLIBAET Ha CYACTJIMBLIN Ciydail, KOTOPHIM B JAHHOM CJIydae COCTOUT B 3HAYUTEILHOM PO-
CTe IEeHbI aKIMil 338 BpeMs AefiCTBUS ONMMOHA M MOXKET KaK HACTYIIUTb, TAK U HE HACTYIIUTh.
Bbmrpeim BeIIaunBaeTcst UTPOKy (€CJM BBITLIAYUBAETCS) HE 3a CIEeT SMUTEHTA, a 3a CJer
poinouHofi ctuxuu. Iloydaercss HeUTO BpOJie M3BJACUEHUA SHEPTUU M3 MPAKTUIECKU HEOTpa-
HUYEHHBIX NCTOYHUKOB BPOJIE BETPA, MOPCKOTO MJIM PEYHOrO TEUEHUS U T.nI. KOHETHO, coBCeM
6e3 3arpar m 6e3 pHuCKa TaKoe U3BJIEUYEHUE HEBO3MOXKHO: B JAHHOM CJIyUae BMECTO CPEJICTB
Ha, TIOCTPOUKY BETPAHON METLHUIIHI BOZHUKAET IEHA OMITMOHA. [Ipu 9TOM crpaBemimBas TeHa
OIIIMOHA C TOYKHM 3PEHUS OIJIATHI XEeIKWPOBAHUS HE 0043aTETbHO SBJSETCH BBINOJIHOMN JLTs
MOKYTIATE ST C TOYKH 3PEHUS €0 MOJ0XKUTEILHOTO noxona. Harmeit bymkaiineit 1meabo aBiid-
€TCd MaTeMaTUIeCKoe TIOHUMAaHUuEe U KPUTHUYECKOE COMOCTaBIeHNe ¢ (DAKTUIECKUMU JTAHHBIMU
BBIIIEOITUCAHHOTO YY/Ia.

0.6 HexkoTopble NOHATUA M MaTeMAaTUIECKNEe 0003HAYEHU .

Ceiivac MBI BBEJIEM HEKOTODPBIE OHSATHS U 0003HAYEHUS, C TOMOIIBI0 KOTOPBIX B (PUHAHCOBOM
MaTeMaTHKe JyMalOT O PA3IUIHBIX BEIAX, B TOM YHCIE 0 XeXKUPOBAHUN OMIIHOHOB. [Ipemmo-
JIATaeTCsl CYIECTBOBAHNE HEKOTOPOI OCHOBHOMN BAJTIOTHI (HAIPUMED, TOJIIAPOB) U [0 MEHBITIEt
Méepe JBYX BUJIOB IIEHHBIX OymMar — 6e3pucKOBBIX (6OH, TOCYAaPCTBEHHBIX J0JTOBBIX 00s3a-
TeJIbCTB) U PUCKOBBIX (akmuit). CpejcTBa TOrO WM WHOTO OMeparopa (DUHAHCOBOTO PBHIHKA
LPEIIOIArAI0TCS TOMEIIEHHBIMU B 9TH JBa Buja Gymar (a J0/1apbl CYyIMEeCTBYIOT TOJIbKO 1/
ynobcrBa mepeBosa onHuX Oymar B apyrue). Cauraercd, 9T0 B T€X BPEMEHHBIX MacmiTabax, ¢
KOTOPBIME MBI Oy/IeM UMeTh JeJ10, TeHa (B J0Ju1apax) eIuHullsl 60H By pacTeT 10 SKCIIOHEeH-

OUAJIbHOMY 3aKOHY
By=¢" By=1, (11)
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rae r — AeTePMUHUPOBAHHASA W W3BECTHAS TPOIEHTHAS CTABKA, a t — MOMEHT BPEMEHU, TPUHU-
MAIONIAH HeoTpuUNaTeThHble 3HaUeHnsI. 1leHa ke akmuil Sy CUNTAETCST MEHSIIOIIEHCS TOBOJIBHO
OBICTPO U CJAYUAHO — B COOTBETCTBUU C TOM WM WHOM MOJEIBIO CaydaiiHoro mporecca. Camo
BpeMsi ¢ MOYKET CUYMTAThCs JUCKPETHBIM (HAIPUMED, MEHSIOMUMCS ¢ TaroM h, tae h — oaux
TOPrOBBII JIEHD ), UM JAZKe MEHSIOIMMCH HEIPEPBIBHO. AGCTpaKIueii HEIPEPBIBHOTO BPEMEHN
HYKHO TI0JIb30BATHCS C ONPEJIEIEHHON 0CTOPOYKHOCTBIO, IIPOBEPSIs €€ TP IbHBIM ITEPEX0I0M
npu h — 0. ABcTpakius TOCTOAHHON 1 3apaHee U3BECTHOM MPOIEHTHOM CTaBKU TakKe Tpeby-
€T OTIPEJIeJIEHHOM OCTOPOXKHOCTH, HO 3/1€Ch MBI OYJIEM €10 TI0JIb30BATHCS JIUIITh B TEUEHUE TAKUX
IPOMEKYTKOB BDEMEHH, KOTOPBIE NMEIOT TOPSII0OK BPEMEHU CyTIECTBOBAHUS OMIUOHA (OOBITHO
HECKOJIBKO MECAIEB) M OT TeX HeOOJBINNX BO3MOXKHBIX KOJeOaHUT TPOTIEHTHO CTaBKU, KOTO-
PBIE MOTYT CJLyYUTHCS 33 TAKOH CPOK, OOBIYHO Ma/I0 uTOo 3aBucuT. CUMTAeTCsI, YTO AKTUBBI (T.€.
GOHBI M akyUM) aOCOTIOTHO JIMKBU/IHBI, T.€. B JI000H MOMEHT BPEMEHU MOTYT ObITH MTHOBEHHO
0OMEHEeHBI IpYT Ha JIpYra B COOTBETCTBUU C WX JOJIAPOBLIMU TleHamMu By n Sy (B gacTHOCTH,
HET PA3HWIILI MEXKY [EHAMHU MOKYIKH U TPOJAK!, HET OMEPAIMOHHBIX PACXOJ0B U T.JI.).
OmepaTop (hUHAHCOBOTO PBIHKA (B YACTHOCTH, XEIPKED, T.e. SMUTEHT OIIMOHA, KOTOPBIi
XE/KUPYET CBOe 003aTeThCTBO) MMEET B KAZK bl MOMeHT ¢ moprdens nenrbix 6ymar (G, v¢),
cocrosruit u3 B 60H u y; akmumit. Ero cymMaphbiit kanuras (B mo/utapax) ecTh, OYEBUTHO,

Xi = BBy + St (12)

BakHBIM NOHSTHEM SBJISIETCS TOHATHE COMOPUHAHCUPYEMO20 nopm@ess, KOTOPOE 0TPaXKaeT
TY CUTYAllMIO, KOT/Ia Yy Oleparopa PbIHKA HET HUKAKWX BHEIIHUX MCTOYHUKOB JIOXOJIOB WJIA
PACXO/IOB, ¥ €JIMHCTBEHHOE, YeM OH MOXKeT 3aHUMATbCs, ITO [EpEMEITeHne CpeacTB u3 60H B
Ak 1 0OPATHO. 3AMUIIIEM OCHOBHBIE YPABHEHUS SBOJIIONNY KATTUTAJIA B CJIyUae caMOMDUHAH-
cupyemoro moprdens s JUCKPETHOTO BPeMeHn (MOMEHT ¢ MEeHAeTCst Ha MOMEHT t + h).

Jameuarue. B MaTeMaTHuecKoM aHaJH3e ¢ HE3aMaMATHBIX BPEMEH yTBEPIMJIOCH 0003Ha~
qeHmne

Af =Anf = flt+h)—f() (13)

Ho B dunancosoii MaremMarnke 4acTo MULLYT
AXy =Xy — Xy p. (14)

Mpur1 He Gyzmem caemoBaTh obosHadennto (14), a 6ymem monnmars moq AX; pasnocts Xy p — Xi.

Uraxk, ecu kanmran Xy B MOMeHT ¢ Bhipaskaercs (popmyoit (12), To kaknm Gymer kamurast
Xi+n B MoMenT ¢t + h 7 3a Bpemst or t 10 t + h KammTaa mopTdesis MOXKeT U3MEHUThCs (B
caMO(bMHAHCHPYEMOM CJIydae) TOJBKO 3a CYeT IBOJIIONUY TieH O0H n akiwii. VIHbIMu cioBamy,

Xith = BtBiyn + YSt+h,

a CJIeJI0BaTEesIbHO,

AXt = Xt+h - Xt = ﬁtABt + ’)/tASt. (15)

Kpowme m3menenns KannuTasa 3a CUeT SBOJIONNAN TIeH aKTUBOB, OTIEPATOP MOXKET TI0 CBOEMY Ke-
JIAHWIO U3MEHUTH B MOMeHT t—+h cocras oprderist, Ho 663 u3MeHeHNsT CyMMapHOT0 KaluTaja, a
JIAIIB [TEPEPACIIPEIEIsist KAITUTAT MEXK Ty DOHAMY U aKIUSIMU: €CJU B MOMEHT ©+ A IPOUCXOIUT
mepepacIpeie/ienne CPeACTB MEXKY aKTUBAMU, TO JOJDKHO CODTIONATHLCH PABEHCTBO

Xivn = BiBivn + VeSt4n = BiynBirn + Ye+hStth- (16)
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13 (16) momyuaaem
ABt = Brrn — Br = —AvStin/Bryh. (17)

Papencrso (17) osnagaer, uro B MomeHT t + h KosawuectBo 60H Af; 6BLIO N3PACKOAOBAHO HA
nprobpeTenHne TOMOMHATENBHOTO KoamdecTBa Ay aknuii 110 nene Sy p,.

Ecsiu mocrynmposars, uro B 060 MOMEHT Bpemernwu ¢ (B TOM 4mcje u B MOMeHT ¢ + h)
KarmuTas noprdess Beipaxkaercs dopmynoii (12), To mwboe u3 pasercrs (15), (16) wmm (17)
MOZKET ObITh MPUHSATO 33 Onpejenenne camodpunancupyemoro noprdens. B ciaydae muckper-
HOT'O BPEMEHH BCE 3TH PABEHCTBA TPUBHAJBHBI U HE BBIXOJIAT 32 MPEJe/Ibl OGBLITHOT0 3IPaBoro
cMmbicia. VX posib 3aK/II093€TCsd B TOM, 9TO OHU TIO3BO/IAIOT COBEPIINTE IPEIEe/bHbIN 1TePexX0/1 K
CJIy9alo HEIPEPBIBHOTO BPEMEHH, B YACTHOCTH, OLPEJeUTh, 9TO TaKoe CaMO(pUHAHCUDYEMbIi
noprde/ib IPU HENPEPHIBHOM BO BPEMEHU [EPETEKAHUU CPEJCTB U3 O0H B aKiuu U 0OPATHO.
(TonpkO B BapmaHTe HEMPEPHIBHOTO BPEMEHU BEPHO, UTO TIPU TPABUIHLHOM XE[KUPOBAHUW Xe-
JIPKEP C BEPOSITHOCTHIO 1 0CTAaeTCsl B KOHIE KOHIIOB C HYJIEBBIM TpUpAIeHneM Kamutasa.) s
quTaTesneil, 3SHAKOMBIX CO CTOXACTHIECKUMHU JuhhEPEHITNATAME, 3AMETHM, YTO TAKOE OTIPEJIe-
JIeHne caMOpUHAHCUPYEMOCTH TIPOU3BOIUTCS IIyTEM 3aMEHbBI IPUPALIEHNI HA CTOXACTUIECKUE
muddepentranbl, ¥ 9TO MPABUILHO B KOHCTPYKIIMH TPEIETHHOTO MEPEX0Ia 0T AUCKPETHOrO
BpeMeHn K HenpepbiBHOMY. Ho HaM HET HyzKIbl BIABATLCA B MOAPOOHOCTH TEXHUKH CTOXAC-
TUYECKUX ypaBHeHI/Iﬁ, TaK KaK Hallla 3aJa4d UHad. M]:)I XOTUuM COCTAaBUTH Ce6e opeacraB/jIeHue
0 TOM, HACKOJIBKO XOPOIIO BLIIOJIHAIOTCA BBIBOJbI TEOPUH IPU XEJZKUPOBAHUY C PA3YMHO Ma-
JIBIM, HO KOHCYHBIM HIaroM I10 BpeMEHU. CaMI/I CbOpMy.HbI MbI TIOJIYYIUM Ha YPOBHE HEKOTOPBIX
SBPUCTHIECKUX COOOPAKEHMI.

0.7 Ilena ommmoHa M XeJKHPOBaHNE 0043aTEJIBCTBA B T€OPUH
Buska-ITToynca-MepToHa.

BcnoMunM, UTO pedb uaeT 0 IPUMEHEHUN METOJ0B MAaTeMaTUYeCcKol pU3nku K (PUHAHCOBBIM
HpO6ﬂeMaM. B JAAHHOM TIYHKTE Mbl JEMOHCTPUPYEM BE€CbMa TUIINYHYIO CUTYAITUIO JIJId Ma-
remaTuaeckoit dpusuku. Hekoropast 3amada (B JaHHOM Caydae — 3aJada OMPEIeTCHUs TeHBI
OIIMOHA W CTPATETWH XE/KUPOBAHMNS) PEIASTCA Ha OCHOBAHNUYT 3aBEJIOMO HEQIEKBATHON MOJIE-
JIU SIBJIEHUsI (TeOMeTprUIecKoe OPOYHOBCKOE JBUKEHUE 7T THHAMUKE [I€H aKIUil) 1 KAKIX-TO
AOIIOJTHUTEC/JILHBIX COO6pa}KeHI/Iﬁ, KOTOpPbI€ CUJIbI MAaTEMATUIECKOI'0 JOKa3aTe/JIbCTBa HE MMECIOT
U MOTYT OBbITbH NPHU3HAHBI JIMING 3BpucTudeckumu. Ho B pesynprare mosydarorcss hopMyJibl
(oHU ObLIN BHEDBbIE MOJIYYEHBI ABTOPAMU, YKA3aHHBIMYM B 3ariasun myHkTa B 1973 1.). A B
MaTeMaTH4YecKoil (pu3nke M3BECTHO, UTO B Cydae yaadu hopMyJibl ObIBAIOT YMHee Tex coobpa-
xKenuit, u3 Koropbix onu nony4denst (Feapux Tepr roBopust, uro GopmMysibl yMHEE HX ABTOPOB
— NMPUMEHNUTENHHO K d1eKTpoanaaMuke Makceemna). YOeAUThC B TOM, UTO B IAHHOM CJIy9ae
WJIET PeYb O MOJOOHO yaade, MOKHO PA3HBIMU MYTSIMU — OTYACTH TEOPETUIECKU (BBITHCHI-
Bast HEKOTOPBIE IPyTHe (DOPMYJIBI), OTIACTH SKCIIEPUMEHTATBLHO, TPOBEPSAst TOUHOCTH JeHCTBIS
dopMmys Ha peasibHBIX IeHax aknuii. Ho cHavana BeiBeneM camu (hOpMYIIBI.

Xors pedub BCe BPEMS HIET O CTOMMOCTH XeIKUPOBAHUA 0043aTEIbCTBA 110 OMIIMOHY, HO
HAYHEM MBI C TOMBITKH PACYeTa IeHbl OMIUOHA C TOYKN 3PEHHT MATEMATHIECKOTO OXKUIAHUS
Oy/IyIIero 1oxofa ero moKymnaTess, T.e. MPUHIUIUAIBHO — ¢ TO# ke (opmysst (8), KOTOPOI
nosib3oBadics erie bareabe. TogbKO HA 3TOT pa3 ydTeM JUCKOHTHUPOBaHUE OYIyIIEro JI0X0/a.
(Jdeno B TOM, 4TO MOZETH TEOMETPUIECKOrO OBPOYHOBCKOTO JIBUKEHHUS TIPEKPACHO COTIACYETCS
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C JIPEBHUMMU TIPEJCTABIEHUSMEI O JTUCKOHTUPOBAHUN C MTOMOIIHIO M3BECTHOTO HAHKOBCKOTO TIPO-
[IEHTA, YeT0 HEMb3sT CKA3aTh O MOJEJH TPOCTO OGPOYHOBCKOTO ABUKEHUST, KOTOPOIl TIOJIB30BAJICA
Bamenne.) Urak, npuanMaem s JUHAMUKE KyPCa aKIUi MOJIETb CIEIYIONIEro BUA;

Apln Sy = In(Sin/St) = ah + o(w(t+ h) —w(t)), (18)

IJIe @ U 0 — HEKOTOPhIEe KOHCTAHTHI, w(t) — BUHEPOBCKUiT nponecc. BosarnasHOCTh 0 cpaBHE-
TeJLHO HAJEXKHO OIEHUBAECTCH 10 (PaKTHIECKUM JaHHBIM. ByneM cunTaTh ee H3BeCTHOH TOUHO.
Kosdpdurment cuoca a, #a0bopoT, CKOMBKO-HUOYAL YCTOHYINUBO 10 (DAKTUIECKUM JAHHBIM HE
onennpaercd. Kakum ke ero mpuaars?

Kazamoch 61, pazyMHO IPUHATH CHOC PABHBIM HYJIIO, ITOCKOJIBKY IIPH €r0 OIEHKAX MOJIY-
qaioTcs OJM3KHEe K HyJII0 YAcaa. AH HeT: Hy»KHO HOCTYIINThL HeCKOJILKO xuTpee. COOTHOIIeHNE
(18) o3nauaer, uro

Siin = Siexpé,

rje & — HOpMaJIbHAS CIyJaiiHas BeIMIHa CO CPeJHNM ah U CTaHIaPTHBIM OTKJIOHEHUEM O’\/E,
He 3aBucdmas or S;. IIpocToe BLIIUCTIEHTE TTOKA3BIBAET, ITO

ES, ., = ES;exp(a + 02/2)h. (19)

Pagencrso (19) o3mauaer, 4TO cpenHee 3HAYEHWE Kypca AKIM PACTET CO BPEMEHEM IKCIIO-
HeHIMAIBHO ¢ Ko3Ddumentor a + o2 /2. C apyroii cTOpOHBI, equHUTA OOH PACTET B IEHE
SKCIIOHEHIUAJIBHO ¢ Koadutmertrom r. Kcau 6b1 oaHu TieHHBble OyMaru pocin B CpeHEM
cKOpee, YeM APYTHue, TO OmepaTopbl (PMHAHCOBOTO PHIHKA 9TO B KOHIE KOHIOB OBl MTOHSIIA
u craju Obl BKJIA/IBIBATH JIEHBI'M TOJIBKO B Te OyMmaru, KOTOpble pacTyT ObicTpee. PbiHOK C
IByMsl aKTHBAMU IIPEBPATHUIICA Obl B PHIHOK C OJHUM aKTHBOM. [[03TOMY pasyMHO HPUHATH,
YTO CpeJHUE CKOPOCTH POCTA aKIuii u OOH JOJIZKHBI OBITH OJMHAKOBBI U MbI ITOJIy4aeM BayKHOE
JUTST TAJTBHEHTIIero paBeHCTBO

r=a+0%/2. (20)

STI/IM PaBEHCTBOM U HY2?KHO BOCIIOJIB30BATHCA, LITO6]:)I KaK-TO OIIpeaeInTb HEU3BECTHBIN KOS(b—
pUIIEHT CHOCA a.

I{OHQ“IHO7 WCIIOJIL30BAHHBIN HaMU APryMEHT IpeacTaBadeTCd 9UCTO CXOJACTUYIECKUM. Ha
caMoM Jiejie, eCjiu U MOXKHO T'OBODUTBH O KaKOM-TO KO3(dduiirenTe cHOCA JJisd JorapudmMon
nen aKL[I/IfI, TO OH BO BCAKOM CJIydde ABJIACTCA TIEPEMEHHBIM BO BPEMCHU W HEU3BECTHBIM I10
9TOH NpUYMHE JJId onepaTopos phiHKa. OHu OBl U pajibl BEIOpATh Ha Oyiyiiee BpeMsi aKTUB C
GoJibIIell B CpeJIHEM CKOPOCTBIO POCTA, HO HE UMErT cnocoba 31o ¢aenars. (Hanpumep, B 70-x
rojiax ABaJIATOTO BeKa aMEepUKAHCKHe De3PUCKOBBIe OyMAaru B CAMOM JIeie POCIH B CPETHEeM
ObICTpee, YeM aKIK, HO BBISICHUTE 9TO YIAJIOCH TOJBKO anocrepuopu.) Ho mogobHbIMu apry-
MEHTaAMU II0JIHA MaTeEMaTHU4YeCKad CbI/I3I/IKa.

Papencreo (20) MOYKHO TIepenucars B BHJIE

E((St+n/Bisn) | St) = St/ Bt, (21)

YTO O3HATAET, YTO JUCKOHMUPOSAHHbLE UeHnbl akyutl obpasytom mapmunzan. 1o aroit npuyunne
COOTBETCTBYIOIHE MEPBI HA TPACKTOPUAX CAYUARHOTO MPOTecca Sy MPUHIATO HA3BIBATH Map-
THHTAJABHBIMU. TakuM 06pa30M, BEIDAXKEHUE JIJIS TIeHbl ONIIUOHA MBI [TOJIYUYUM KaK MaTeMaTH-
4eCKOoe OXKUJaHWe HeKOTOPOH BeIMYUHDB] 110 MApPTUHIAJILHON Mepe.
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Nrak, paccMOTpUM CTaHIAPTHBIN OTIIMOH-KOJIJI ¢ IeHo# ncmoanennsd K w MOMEHTOM WC-
nosinennst 7. Yemy pasua ero ena v(t, Sy) B Mmoment ¢,0 < ¢ < T | ecyin aKIUu B 3TOT MOMEHT
croar S 7

[Mokynarens cobupaercst monyantsb goxof (St — K) 4 4epes Bpemsa T — t. Jluckoutupyem
nosromy goxon muoxkuTenem exp(—r(7T — t)) n nocTynupyem paBeHCTBO

olt, St) = B{(Sr — K)1 exp(—r(T 1)) | Si}.

BOHpOC COCTOUT JIUIITHL B TOM, qTO6bI BBIYUCJINTD MIPABYIO 9aCTh TOCJIEJTHETO PABEHCTBA.

C sroit menapio 3aMeTuM, 9Tto ST = Syexpmn, Tae 1) — HOPMAJbHAs CaydaiiHas BeJUYH-
na ¢ mapaverpavu a(T — t),oy/T — t. O6o3HAYMM ee MIOTHOCTH pactpeaenenus depes pT).
Tornma, B cuiy M3BECTHOTO TIPABUJIA O BLIYUCIEHUH MATEMATHIECKOTO OKUJIAHUS CIOyIalnoi
BEJIMYUHBI, TTOJIyYaeM

o(t.5) = [ (S’ = K)aplay = [ (Sie = Kop(w)dy. (22)
—0o0 In(K/St)

Henocpencreennoe seraucienne 1mo dbopmyse (22), B8 KOTopyio BMecTo p(y) MOACTABIeHA HOP-
MaJIbHad TJIOTHOCTH C YKa3aHHBIMU BBIIE ITapaMeTpaMun (HpI/Iqu a orrpeaesieHo m3 COOTHO-
mrerns (20)), 1aeT caeayomuil pe3yabTar.

Beesem nBa Beipaxenus x4 (t) dbopmymnoii

i(t)zln(St/I{—l-(riU) Tt

Tt \o" 2
Torna "
v(t, St) = Si®(x4(1)) — EQ(x—(t))Bt7 (23)

roe & — pyuxmua Jlanaaca.

®opmyna (23) mpeacrasisieT coboii SHAMEHUTOE BBIPAXKEHUE JIJIsl TeHBI OTIHOHA, 110 BIaKy-
MToysncy-Meprony. @opMaabHO MBI PACCY KA C TOUYKY 3PEHUA MATEMATHIECKOTO 0K TAHNS
JIOXOJTa MOKYTIaTe si, BOCIOIB30BABIIUCH, BIIPOYeM, TpemnonoxerneM (20) MapTHHIAJIbHOCTH
mepel. [ToCKOIBKY mapaMerp ¢ MCKIIOYeH ¢ MOMOIIbI0 Bhipaxkerns (20), MOy deHHbIH OTBET,
€CTECTBEHHO, He 3aBUcUT OT a. (JHaKO, ecju OBl 0OKa3aJ0Ch, YTO HA caMoM jeje OoJiee mpa-
BUJILHBIM OBLTO OBl KAKOE-TO JPyTroe 3HAUEHWE @, TO ITO MOBJUIO OBl CYIIECTBEHHO Ha IEHY
OIIMOHA C TOYKW 3PEHHsl MOKYIaTes s (SCHO, I9TO 4eM OOJIbIle @, IPU TIOCTOSTHHOM O, T€M
BBIFOJIHEE OIIIMOH JI/Ist TIOKyTaTe/d). TeM 60/iee yIuBUTENBHO TO 00CTOSATENIBCTBO, YTO MEHA
XeZKUPOBAHMS OIIMOHA BOBCE HE 3aBUCUT OT G U OIIPE/IeJISIeTC BhIpazkenueM (23) He3aBUCHMO
OT TOrO, BEPHO MJIM HEBEPHO Hpejiosiozkenue maprunrajibaocru (20) (Bce 910, KOHEUHO, B
pPaMKaX MOJEJIN TeOMETPUIECKOTO 6p0yHOBCKOI‘O ABUKEHUA U XCAXKNPOBAHUA B HEITPEPHIBHOM
BpeMenn ). KauecTBeHHO MPUYMHA HTOTO COCTOUT B TOM, UTO TIPH JTFOOOM @ KoJiebaHust Torapud-
Ma, IIeHBI AKIWi, CBSI3aHHBIE CO CHOCOM, UMEIOT TIOPSIJ0K ah, Tae h — MaJibiii Tar mo BpeMeHu,
a KoJleGaHust, CBsi3anuble ¢ Auddy3Hell IMeoT TopsAnoK o/, T.e. CYIIECTBEHHO GOIbIIe, JeM
KoJiebaHmst, CBSI3aHHbBIE CO CHOCOM. Ho mpex te ueM 000CHOBBIBATE ITH YTBEPIK,ICHNUS, BHIBEIEM
camu POPMYITBL JIJIsi CTPATETUHU XEJYKUPOBAHUS, JTEMOHCTPUPYsI ONMATh 3(hHEeKTUBHOCTD SBPU-
CTUYECKUX COODParKeHMit, Ka3aa0Ch Obl, BIIOJHE HANBHBIX.
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Kakyto 10110 akiyum J0J7KeH uMerh xeqzkep B Moment {7 Xemkep crpemurcs (mo Bos-
MOXKHOCTH) U30ABUTHCSI OT HEOTPEIEJEHHOCTH, CBA3AHHON ¢ KOJEOAHUSIMU KypCa PUCKOBOTO
aKkTHBa, T.e. aknuii. B ero noprdene mveerca (-1) onmmon, mockobKy OH ero mposan. Hasepho,
B noprdese XeaKepa J02KHO ObITh TAKOE KOJNYIECTBO aKIui, YTo0bl KanuTas noprdens 6oLt
BO3MOXKHO 60jiee CTabUIBHBIM, a 9TO 3HAYUT, ITO KOJEOAHUT CTOMMOCTH aKInii B mopTdeste
JOJIZKHBI KOMIIEHCUPOBATHCST KOJEOAHUSIMA CTOMMOCTH OTINOHA, (& JJIsT TIOC/TIeIHel ¥ HAC eCTh
seipazkenue (23)). Mraue roBopst, XeKepy MpeiaraeTcst UMeTh TaK HA3bIBAeMbIii 0-HeATpaIb-
HBII TTOPT(desb, KOJUIECTBO aKIuil B KOTOPOM V¢ = 7Y} JlaeTcs (popMysIoi

’y: = 8v(t, St)/(?St

Boraucnsig ¢ nomombo dhopmynsr (23), Mbr gonxkabl quddepernuposars no S; aBa pasa: Sy
BXOTUT B (23) B KauecTBe MHOMKWTEJSA Yy IMEPBOrO CJAAraeMoro, a TakKe IM0J 3HAK (QyKIwn
Janraca ® yepes sesmumnnr x4 (t) u z_(t). [Hosromy B nponecce auddepennnposanus BO3-
HUKHET [Ipon3Boanas GyHKImy Jlammaca — I0THOCTh CTAHAAPTHOIO HOPMAaJIbHOTO 3aK0HA ¢.
OKa3bIBAETCS, UMEET MECTO TOXKJIECTBO

ol (1) = Hrola—(0), 21

[POBEPUTH KOTOPOE MOYXKHO HEMOCPEICTBEHHO, UCIOJIb3Ys siBHOE Bhipaykerue s ¢(x). C yae-
TOM TOXKeCTBa (24) moaydaercd, aTo pe3yabraTsl quddepeHnupoBanus mo Sy, BXOAAIIEMY
noyt 3uak Gyukiun ®, naroT B cymMMe HY/Ib, B OKOHYATETHHO

Y= Pz (1)) (25)

Conocrasnenne o6meit dhopmymnsr (12) mast kanurana (B JaHHOM Clydae — KanuTaIa XeJl-
x&epa), bopmystet (23) mid mieHb! omIHoHa 1 bOpMYJIBI (25) 1151 KOTMIecTBa akiuil B moprdere
XeJKEepPa HABOJIUT HA MBIC/Ib, 9TO, BO3MOZKHO, TIeHa ONIMonHa (23) Ha caMoM jese mpu JTH000M
t paBHa KamuTaay Xejxkepa. I B 3TOil Teopun 3TO JNEHCTBUTENBLHO BEPHO, IIPHU YCJOBHH, UTO
9TO BepHO B HadaabHBIH MOMEHT ¢t = (. Bupouewm, ipu ¢ = 0 3T0T0 JIerKO AOOUTHCH, TOJIOKUB,
9T00bI HadaIbHAs II€Ha ONIMOHa ¢ pasHstack v(0,.S)), HHBIMA CIOBAME

¢ = 500(z4 (0)) — =D (x_(0)). (26)
Br
B camowm giesie, nostyums ¢ nokynaress onmuona B MomenT t = 0 neny onnmona (26) u caemys
crpareruu (25), XeKep J02KeH By1eT B 3T0T MOMEHT KyIuTh 1010 akiuu, pasayio $(z4(0)).
JIJ1s 3TOTO eMy MPUETCS 3aHATh (CKOpee BCEro, CO CBOEro COBCTBEHHOTO CUeTa B 6OHAX) CYyMMY,
paBHYIO Kak pa3 Bropomy ciaaraemomy dopmynabl (26). JIpyrumu caosamu, ecam uepes [3)
06O3HAYNTEL KAIUTAJ XeJzKepa B MOMEHT ¢, TO aBTOMATHICCKH BBLIIOJIHACTCS COOTHOIICHUE

K
G =~ (0)).
T
MozxkHuo n0Ka3aTh, urTo Gopmyssl (26) s HAYAJIBHON [IEHBI OMIMOHA, (23) 1/ TIeHBI OT-
MUOHA B MOMEHT t m (25) mjs cTpaTernu XeKHPOBAaHWS OOPA3YIOT HEKOE TapMOHHYECKOe

eanHCTBO. VIMeHHO, eciin 0603HAYUTH

K

% = (e (0,5 = — -0 (1), (27)
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TO Kall1UTaJI

Xt =S+ BBy = v(t, St) (28)

OyeT KamuTaJaoM HEKOTOPOil caMobUHAHCHPYEMOil CTpATeruu ¢ HaYaJ bHBIM Kamutaaom (26).
DTO0 03HAYAET, UTO KAMUTAJ XeJ¥Kepa, KOTOPBIT 3aHIMAETCST JIUIITH TepepacipefeeHrneM Kalv-
Tajga MEXKJY aKIUIMU 1 OOHAMU, B KaXKIbIii MOMEHT OYJeT B TOYHOCTU PABEH IEHE OIMIIUOHA.
Hampuwmep, ecim moxkymaTesro ONMUOHA HAJOECT 3Ta, GyMara u OH HEe 3aX0UeT JTOXKUIATHCS
MOMEHTa UCTIOJIHeHUs 1) TO OH MOYKET B MOMEHT ¢ BEPDHYTH OIIIHOH SMUTEHTY, [TOJIyIUB 33 HETO
CTOJIBKO, CKOJIBKO OH CTOUT B MOMeHT t, T.e v(t,S;). TIpn 9TOM Xe/Kep OKaKerTcs ¢ HyJIeBbIM
karuTajaoM. Vi MoxkHO caMmoduHaHCupyeMocTh mopTdesis TOHUMATh TaK, YTO XeJIKep, PH-
nepzkuBaronmiicsa crparernn (25) gst yucnaa akiuii B noprdesne, Bcerma OyJer uMeTh J0T B
fonax, B TOYHOCTHU pPaBHBIH ;.

Kak ke M0oxHO poka3arh camodurancupyeMoctb? Jlego B TOM, 9T0 3T0 yTBEpPXKJIEHUE,
KOTOPOE ABJIACTCA IMEHTPAJILHBIM, B TOM CMBICJIE, YTO 6J1a1“0/1ap5{ €My CBOAATCA KOHIBI C KOH-
[AMU B TEOPUM X€/KUPOBaHUS, BEPHO JIUIb B CAyYae HENPEPLIBHOTO XxeKupopanus. Ho
CaMO HETPEPBIBHOE XeKUPOBaHMe Tpebyer onpeieieHns caMOpPUHAHCHPYEMOCTH B TEPMUHAX
croxactudaeckux auddepenimanos: uMenno noprdens X; = (5, ;) HasbiBaercs caMobuHaH-
CUPYyeMBbIM, €CJIN BBITIOJTHACTCA COOTHOMICHUE B CTOXACTUICCKUX ,ZLI/I(l)(l)epeH]_[I/IaﬂaX

dXt = ’}/tdSt + ﬁtdBt.

[IpoBepka 3TOro COOTHOIIEHUSI TIPUMEHUTEIBHO K TIOpTdestto (28) CBOIUTCS K HEMOCPEICTBEH-
HBIM BBIYHC/IEHHUSIM, KOTOPBIE BBIXOAAT Omaromaps ToxaectBy (24). (M1 ona BRIXOIUT NpH JTHO-
60M 3HAYEHWUN @, HE3ABUCHMO OT YCJIOBHs MapTuHragsHocT Mepsl (20).) Ho misg nammx mesei
HET HEODXO/MMOCTH TI0JIb30BATHCH TEXHUKON CTOXACTHYECKUX YPABHEHU, IIOCKOJIBKY X€IKN-
pPOBaHUE B HEITPEPBIBHOM BPEMEHU BCE PABHO MPAKTUYECKU HEDPEAJIN3yeMO, U BOIPOC, KOHeY-
HO, COCTOUT B TOM, HACKOJIbKO TOYHO BbIIIOJIHSAIOTCSH BBIBOJIBI TEOPHUM I1IPU PA3yMHO MaJiOM,
HO KOHEYHOM BPEMEHHOM If1are, C KOTOPBIM IIPOU3BOUTCS O/ IIpaBIeHIe TOPTdESIs XezKepa.
UccnmemoBanreM 3TOTO BOTIPOCA MBI 3aiiMeMCsT B CJIEAYIOIIEM TYHKTE. 37eCh K€ MBI 00Cy/IUM B
3aKJIIOYeHe HEKOTOPhIe BAPUAHTHI TEOPETUYECKOTI0 CIEHAPNS WT'PhI HA OTIIMOHAX.

Nrak, HavaJbHBIH KATTUTAJI SMATEHTA U CTPATETHA XeJI2KUPOBAHUS HE 3aBUCAT OT ITapaMeT-
pa CHOCA @ MOJIEJIN TeOMETPUYECKOT0 OPOYHOBCKOI'O JIBUKEHW S, & MATEMATHYECKOE OKHUJAHIE
JIOX0/J1a TIOKYTIATeJIS OIIUOHA, PA3yMeeTcs, 3aBUCUT. B Teopuu paccMaTpuBaeTcst Takoil crieHa-
puii, IpU KOTOPOM MOKYTIATE b ONIUOHA XEJPKUPYET CBOM ToTepH (6eps B 0T aKIIUI0 9aCTIMA
U TPOJIaBasi €e) TaK YCIEIIHO, YTO B KOHIE KOHIOB 06a (MOKyIaTesb W MPOJaBeIl OIIHOHA)
OCTAlOTCH C HYJIEBBIM KAaIlWTAJIOM IpU JIIOOOM 3HAYEHUHU HapaMerpa a. Takoe Teoperndecku
BO3MOKHO, HO BPSJI JIU IIPEJICTABJIsAET KAKOW-TNO0 NpaKTUYeCKuli HHTEPEC.

Kpowme eBpomeiickux omruoHoB ¢ PUKCHPOBAHHBIM MOMEHTOM WCIOHeHuA t = 1', 1acTo
BCTPEYAIOTCH AMEPUKAHCKHE OIITUOHbI, KOTOPbIE MOYXKHO IIPEIbABJIATE K UCIIOJTHEHUIO B /1000
moment ¢t < T mosyuast npu srom goxoq (Sy — K)y. Kasanocs 6b1, Takas BO3MOKHOCTD J1/1s1
MOKYyTIaTesIsi OMIINOHA CO3/aeT JAONMOJHUTETbHBIE TPYJIHOCTH JIJIsi XeJ2Kepa, HO TTPAKTHUYECKN
BpsiZl JIM CJIEAYET ITOTO omnacarhbes. /leso B TOM, 4TO TPU HOPMAJBHBIX YCIOBUSX HA PBHIHKE
(BHE MOMEHTOB KPHU3MCA) ONIMOHBI BIIOJHE JUKBUIHBI, T.e. MX MOXKHO JOCTATOYHO OBICTPO
nponasaTh. Ilpojaxknas neHa oOmMIuoHa He MOYKeT ObITh MEHBIINE, YeM Te€ JAeHbI'H, KOTOPhIE 3a
Hero MOXKHO TOJyuuTh npsamo cefivac (r.e. (S — K)4.) CremoBarenbHo, BbINOJHEN IPOJATh
OIIIIMOH, YeM IMPEIbIBUTH €0 K UCIOJHEHUIO, U XeKep MOXKET He GECIIOKOUTHCH O TOM, 9TO OTI-
[MOH [TOMEHSJI BJIaenblid. ToJbKO B MOMEHTHI OMPXKEBBIX KPU3IUCOB, KOIJIA, JIOIYCTUM, OCTPO
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HYKHBI JIEHHI'U HEMEJJIEHHO, a ONINOHBI MOTEPS/IN JIMKBUTHOCTh, MOYKHO OYKUIATh TPEIbIB-
JIEHWSI K WMCIIOJHEHHUI0 aMEpPUKAHCKUX ONIMUOHOB. Ho KpH3WCHBIE SIBJICHHS BOOOIINE HE MOLYT
OBITH OXBAYEHBI CTOXACTUIECKON (DUHAHCOBOM MAaTEMATHUKON, KOTOPAs TaK WJIM NHAYE TOBOPUT
0 BEPOATHOCTSX, & CJEJOBATEIbHO, O CTATHCTHYECKON YCTONYIMBOCTH.

Ha mporsakennyu MHOTUX JIeT TEOPETUKU HEMAJIO YIAUBJILAIUCH TOMY, UYTO PeajbHbie Oup-
JKeBBIe TIeHBI ONIIMOHOB He COBMaJaloT ¢ MeHaMu biska-Illoyica. PasanIly mbITaanchk CIIUCH-
BATH HA HETOYHOE 3HAHWE OyayIedl BOIaTuIbHOCTH (MBI y2K€ BUJIEIN, YTO BOJATHIBLHOCTD He
OCTAeTCsT HA CaMOM JIeJieé CTPOrO MOCTOsTHHOM). BO3HUKIIO TOHATHE MMIVIAIUPOBAHHON (Wn
HESIBHOT) BOJIATU/IBHOCTH, KOTOPAasi MOJIYyYaeTCs IyTEeM NPUPABHUBAHUSA 1I€HBI OmoHa (23)
peasbHON TieHe U pelleHus MMOJyIUBIIErocs YpPaBHEHUST OTHOCUTEIbHO BOJATHUIBHOCTH. FKcan
OBl 9TOT IIPUEM PACCYKIACHUI NPUBOIMUI K y/Ia9e, TO MOXKHO ObLI0 Obl ONpenesaTh 110 PaKkTu-
gecky HaOJIIOMAEMBIM TIEHAM OIIIMOHOB, KAKYI0 MMEHHO BOJATHUIBHOCTH OXKHUIAAIOT B OYIyIIEM
OTIEPATOPHI PHIHKA. K COXAMEHUIO, JaxKe MPOCTEHITNi CTAaHTaPTHBIA OMITIOH-KOJIT UMEET JIBa,
mapamerpa — cpok ucnoauenua 1’ u crpatik-nieny K. Tlo cMbIcay paccyXKaeHus, UMIIUITTPO-
BaHHBIE BOJIATUJIBHOCTH HE JOJKHBI 3aBUCETH OT 3THUX MMapaMeTpoB. Ha camoM Jteie — 3aBucsT.
Hanpumep, rpadwk 3aBMCMMOCTH MMILTUTIMPOBAHHBIX BOJIATHILHOCTENH OoT oTHOmeHus K /S,
Ha BUJI HATIOMUHAET yIbIOKY (Tak Ha3blBaeMas <«YJIbIOKA BOJATHIBLHOCTH» ). PeasbHbIE TIEHBI,
TaK CKa3aTh, CMEIOTCS HAJ YCUIUIMU TEOPETUKOB UX 00baCHUTL. HO HAI0 CKA3aTh, 9TO OCHOB-
Hasl Macca CJeJOK C ONIIMOHAMH 3aK/II09aeTCs HE3aI0JITO 10 OKOHYAHUs CPOKa UX JefCTBUS U
IJIg CTPaifik-1ieH, OJM3KNUX K TEKYITeil 1eHe akTuBa. [[OHITHO, ¥TO pedb He uper 00 IMuccuu
TaKHX OIIIOHOB, & O TOM, UTO CIIEKYJISHTBI IIPOJAAIOT APYT APYTY PaHee BBIIYIIEHHBIE OMIHO-
HBI, KOTOPbIE 0Ka3aJ/iMCh Y HuX Ha pykax. [Ipobiema xekupoBanns U MaAPTHHIAJIBHOCTH MEP
COBEPITIEHHO HE MHTEPECYET TAKNX CHEKYJIAHTOB: UM ObI HYKHO 110 BO3MOXKHOCTH TOYHO Y3HATH
MaTEeMaTUIeCKOe OXKUIAHNE BBIILIAT, KOTOPBIE Yepe3 HECKOJALKO AHell OyIyT NPUYNTaThCA 10
9TUM OMIIMOHAM. BOT OHM U MBITAIOTCA CAETATH TO, TPOTHO3UPYH, KAK YMEIOT, IUHAMUKY I[€H
aKITHii, © B COOTBETCTBUH C 3TUM IIPOTHO30M OTpEJIeNss, 3a KaKylo IeHYy OHU XOTAT KYIUTH
WK nposaTh omiuorkl. CBeernit 06 UCCIeOBAHNN KAUeCTBA TAKUX TPOTHO30B MBI HE HMEEM.

0.8 MHccaepoBaHue aucbHaIaHCOB MPU X€IXKNPOBAHNY ONIIMOHOB

Ob6patumMcst Ternepb K UCCAETOBAHNIO BOZMOXKHOCTEH TpUMeHeHst (DOPMYJT JI/1s IIEHBI U CTpaTe-
U XePKUPOBAHNS ONIMOHOB. OTSITh-TaKM, HYKHO OCTAHOBUTHCS HA KAKOM-TO CIIEHAPUU JUC-
KPETHOT'O IPUMEHEHNS TaKuX PopMyJi, KOTOPbIE 0O0OCHOBAHBI B HEIIPEPHIBHOM ciyuae. [leproe,
YTO CJIEJIyeT CJIeJIaTh, 9TO OIPE/IeJNTh 3HAYEHWE BOJIATHIBHOCTHA 0, OT KOTOPOl BCE U 3aBH-
cut. EnuHeTBeHHBI CKOJTBKO-HUOYIB 00 BEeKTUBHBIN CI0COD TO CAeaTh — BOCIOJIB30BATHCH
OTIEHKOM BOJATUIBHOCTH 10 KAKOMY-TO 9HC/IY TPOILILIX HAOIIOMECHNN IeH aKIIil JaAHHOW KOM-
naHud. BeI6op 9TOro dncsia — €10 CHernnaabHbIX S9KCIIEPUMEHTOB. (A elre MOKHO yIUTHIBATH
BCE IIPOIILIbIe HADIIOAEHNs C KAKMMU-TO BECAMU: TOTAA MbI CTOJIKHEMCS C TIpobJiemoii Beibopa
Becos.) Homycrum, 910 Bompoc o BEIGOpE 3HAYECHUS BOJTATHIBHOCTH KaK-TO DEIIeH.

B mavasnbabiit MmomenT Bpemenn ¢t = 0 xemkep nosry4daer 3a omruon 1eny ¢ Boska- [Moysica
u Moxker chopMupoBarh cBoit noprdens ([5p,Y0) B COOTBETCTBAN ¢ TEOPETUIECKUME IPE]I-
mucanuamu: By = 55,7 = ;- Janblie HyKHO BBIOPAThH KaKOH-TO IIar mo BpeMeHu h U B
MOMEHTHI BPEMeHU, Pa3jeeHHbIe ITUM IIIaroM, KaK-TO MOANPaBIAThH mopTdenb. C yuerom
OTIEPAITMOHHBIX PACXOJIOB HE PEKOMEHIYETCs TMOPABJIATE TOPTMETb CAUIKOM YaCTO, & CKa-
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JKEM, OZIMH pPa3 B JIeHb (110 [eHaM 3aKPBITUS) WJIN OJUH Pa3 B HEJAETIO (T.€. B TIATh TOPTOBBIX
nueit). Termepb yKe He TOJIYYIUTCS TaK, YTO M KOJUIECTBO OOH B mopTdese, U KOJTHIECTBO
aK]_[I/Iﬁ COBIIaAI0T C TEOPETUYIECKUMM, TaK YTO HYXKHO YeMY-TO OTAATh IPEAINOYTCHUE. Z[J'[H
XeJIZKEPa, eCTECTBEHHO DECTIOKONTHCST 00 aKIHsIX, KaK 0 Oo/iee HempeIcKa3yeMOM aKTHBE, U MbI
IpHUMeM TaKOH CrieHapuii, Korja B TMCKPeTHBIE MOMEHTH! KOJTMIECTBO aKIMiT JeTaeTCs PAaBHBIM
reoperndeckoMy. (Ho MOXKHO OBLIO PUHATH KOJIUYIECTBO GOH PABHBIM TEOPETHIECKOMY, UTO
Ob1710 OB HEM3DEKHBIM, €CTIN MPEJACTAaBUTEL cede, ITo XeaKep Deper OOHBI He U3 COOCTBEHHOTO
KAIUTAIa, & TOayJdaeT OT HeKoero (poHIa, KOTOPBIH JAeT POBHO CTOJBKO, CKOJIBKO Tpebyercs
reopueii.) Urak, Mbr mocrymupyem, aro npu t = kh, k = 0,1, ... komuuectBo axiuii B moprde-
Je (KoTopoe Mbl Terepb o6o3HadnM y(t) U COOTBETCTBEHHO KOJIM4IecTBO 60oH obo3uadnm (1))
JIAETCsT PABEHCTBOM

() =
[Ipu sTom [B(0) = [ B cuiy clieHapus, TpU KOTOPOM II€HA OIIMOHA (HAYAJBHBIH KAIMTaJI

xekepa) pasra 1eHe Biska-Illoysca, Ho mpu ¢ # 0 paBEeHCTBO TEOPETUYECKOTO U PEATHHOTO
ancsia 60H cobmogarhest He Oymer. Takum 06pa3oM, BOSHUKHET JuchaAaHC

D(t) = B(t) — 57,

PaBHBII PA3HOCTH MEXK/y PEAJbHBIM M TEOPETUYECKMM YHUCJIOM 0OH B mopTdesie B MOMEHT
t = kh. Bech Bompoc cOCTOUT B TOM, BEJTUKY WA MAJIBI TIOTYYaIOIIAecsd 3HATHUS TUCOATAHCOB,
a B ocobennocrn, nocaeauee 3uadenue D(T).

Teoperndeckue GOpMyJIbl st cocTaBa, TopTdess TakoBbl, uro pu t = T u Sp > K
nmeeM: vy = 1,37 = —K/Bp. OuIuoH B 5TOM CJIydae UCIOJHSAETCS: XeJZKep OTIaeT MMEro-
nyrocs y mero aknuio 1o nere K (B gosmapax), uro B 60Hax cocrasiasier kKak pa3 —K/Brp,
W TIOTAIAeT CO3JABIMUMCS 0T B GOHAX, OCTABIINCH ¢ HYJAEBBIM Kamuragom. [pm St < K
KOJTMYIECTBO akKiuii u 60ou B mopTdese xemkepa paBuo 0, HO M ONITMOH UCIOJHATH HE HYZKHO.
Kammuran xemxepa omsats mHyaesoit. Caydait St = K B MOIeH TeOMETPUIECKOT0 OPOYHOBCKOTO
JIBUZKEHUS BO3MOYXKEH JuIllb ¢ BeposaTHOCTLIO 0. Ho, Bpodem, npu KOMIBIOTEPHON MMUTAIIAN
JMIACKPETHOTO XeIKUPOBAHNS TTOCTETHIH CIydait BO3MOXKeH. B 3ToM ciryduae obparmaiomuiics B
HYJTb 3HAMeHaTe b B (hopmynax Bmka-Illoysica 3aMeHIOT KAKIM-TO MAJIBIM TTOI0KUTETHHBIM
9HCIOM, U TOTJIA MOJIYIaeTCs, 9To npu t = 1’ Koam4decTBo axiwmii B moprdese pasao 1/2, a Ko-
auaectBo 60H paHO —K /2B, Tak UTO M B 3TOM CJIydae J0JIT XezKepa B OOHAX MOTAIIaeTCs.
Orcroma sicuo, aro gucbananc D(T') pasen kak pa3 kanurtanay (B 60HAX), KOTOPBIH OCTAETCSt
Y XeJZKepa TOC/Ie BBIMOJHEHHsT 00s13aTeIbCTBa (€CJAN ero HyKHO BBITIOJNHSTH). Kro pasymHO
COTIOCTABIATH C HAYAJIbHBIM KAUTAJIOM XeIKepa, T.e. ¢ IeHoi onmmona c. Takmm obOpasom,
BOBHUKAET TIOHATHE omHocumeavhozo ducbaranca D(T)/c.

Paccmorpum mogpobiee MOPSIIOK BEIUYUHBI 9UCET, KOTOPBIE MOTYT BOZHUKHYTD TIPH JTUC-
KPEeTHOH peasin3aliuu XexKuposanus. Ilycts st ¢ = kh uszsectunl 3uagenus y(t) = v u G(t).
Paccemorpum, uro mpousoiiger npu mepexoqe ot ¢ K ¢+ h. B Mmoment ¢+ h mHy>xxH0 npuobpectu
JIOIIOJIHUTE/IbHOE KotdecTso aknuii Ay (t) = v/, —74, Ha 4TO MOTPeGyeTCs JONOTHATEILHOE
kosimuectso 6ou A((t), 3anaBaemoe Hhopmy/oit

AB(t) = =Ay(t)St4n/Besh- (29)

Kaxos nopsinok sesmunant Avy(t)? Obpamasics K dopmyse (25), Mbl BHIUM, UTO TOPSIOK
u3MeHeHus BenmauHbl (1) = 7, onpemensiercda mopsaakoM w3MmeHenus Ty (t), KoTopsriit (mpn
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JOCTATOYHO GOJIBINNX 3HAUEHNSAX pasnocT 1 —t, crosieil B 3HaMenarese Buipaxkenus Ty (1))
3aBUCHUT, TJABHBIM 00pasom, oT mpupariennst Aln S;. Tlocneamnee mmeer MOpsIOK BETHINHBI
ovh. Takum 06pasom, (1) mersieTCd Ha BETMUUHY MOPSIIKA Vh. B obuem, npn yBETUIEHUN
Kypca aknuii S; ysesunausaercs u y(t), XOTsl 3TO yTBEPKIECHNE HE COBCEM TOYHO, MOCKOJIBbKY B
BhIpasKeHun juist T4 (t) umeercst u Bropoe ciaraemoe. [linaBHble n3Menenus: aprymenta T4 (t)
dynknmu y(t) npeBpaarOTCa B pe3Kue 10 Mepe npubauxkenus ¢ K T, HO 9TO HE IPUBOIUT K
PE3KMM M3MEHEHWAM CaMol (DYHKITHN, eCTH BETNIUHBI Sy 3aMETHO OTINYIAIOTCS OT BETUIHHB!
K, nockonbky dyukius Jlamraca ® mano mensiercs npu 60bIux 1m0 abcoJIFOTHON BeJInYrHe
3HaUeHusX apryMmenTa. OgHako eciu npu npubsmkennn t Kk 1 3Hadenust Sy KOJIEOTIOTCS BO-
Kpyr 3HaveHus K, TO BO3HUKAIOT pe3kne Kojebanus KojndecTBa axknuii B moprdese. llonar-
HO, 9TO TAKON PEKUM TMPAKTHUIECKU COBEPINEHHO HEKETATESCH, U CTPATErns Xe2KUDPOBAHUSI
Bmsxka-Iloymca Ha mpakTHKe J0KHA TOTOTHATHCA KAKUM-TO MTPABUIOM, TPEPHIBAIOIIAM CJTe-
JISTITee Xe IKUPOBAHUE TIPU BOSHUKHOBEHNHU MOMOOHBIX Kosebannit. Brpouem, mpu uMuTaum
XE/PKUPOBAHNS TI0 PEATHLHBIM JIAHHBIM O TEHAX aKNuil (Pe3yJIbTaThl KOTOPOrO OMUCHLIBAIOTCS B
TaTbHeIeM) ToI00HbIe CUTYAINN He NCKTFOYATHCE.

[MonsTHO, 9TO WMesT TAHHBIE O PEATBHON TMHAMUKE TIeH aKITHN, MOKHO TPOM3BECTH CKOJThb-
KO YTOJIHO OTBITOB UMHUTAIIUH XeIKHPOBAHUS 110 YKA3AHHOMY CIIEHAPHIO (KOTA PeajbHOe KO-
JIMYECTBO AKIWH COBIAIAET C TEOPETHYECKUM) M HOJIYYHTH OOJIBIIOE KOJUYECTBO 3HAYEHUIT
nncbalaHCOB B OT/IEIbHBIX ONbITaX. IKaK OoleHuTh 3TH pe3ynbpTarhl B 1ejoM? Besb B onbiTax
MOy 9ar0TCA KAK MaJible 3Ha9eHUs (OTHOCUTE/IBLHBIX ) AUCOATAHCOB, TAK U OUEHb DOJIBIIHIE, J0-
xofgmme 10 Heckonbkux equnut. (Hanpuwmep, ecou orHocurensublil aucbananc paser (-1),
ITO MHOT/A CJIYYIAETCA, TO HTO O3HAUAET, UTO XEXKeD JTOJKEH ObLT OBl TMOMYyUUTh JIBONHYTO
[EeHy OMIMOHA, YTOObI, KAK TOJIAraeTCsl, OCTaThC C HYJIEBbIM KannTaaom.) Kormga npuvenenne
TEOPUHU HE BO BCEX CAYUAsiX JAET XOPOIIUl PE3yIbTAT, BOMPOC CTABUTCS HOJIee MITKO: MOXKET
ObITh, x0T 6B B GOJBIIMHCTBE CIy9aes Teopud Aeiicreyer mertoxo. (CpasauTe ¢ curyanuei,
KOTJIa MBI XOTHM OIEHUTH 3((MEKTUBHOCTH TOrO WM WHOTO METO/A JIeYeHUs! ONpeIeIeHHON
6osnesun. OTBeT JA€TCS B CTATHCTUYECKUX TEPMUHAX, HAIpUMep, 4To B 1/3 cuaydaes pocru-
raeTcsi BbI3JOpoByeHue, B 1/3 - yayurrenne u B 1/3 nukakoro sddekra.) Ho arober cratu-
CTUYIECKAs OTEHKA Pe3yabTaTa BOOOINE MMETa CMBICT, HYKHA OTPETTICeHHAT CTATHCTHIEeCKAsT
YCTOUYMBOCTD: €CJIU JJIsE KAKOTO-TO KOJMUYECTBA IIPOIIBIX ONBITOB HA3BIBAIOTCS OIpPEJIe/IeH-
Hble U@PbI 2DHEKTUBHOCTH, TO MbI JOJKHBI IPEMIIOIAraTh, 9TO U B OyayIeM 31u nudpbl
OKaXXyTCsa cXomubiMu. Ha mpakThke B KayKIbIil JAHHLIH MOMEHT MBI HUYEro He 3HaeM O Oy-
JIYIIEM, & CyJiuM 00 YCTOWYHMBOCTH PE3yJbTATOB IMyTEM X CPABHEHUS HA PA3JIUUHBIX TaCTIAX
TOTO MaTepraia, KOTOPHIT NMEETCs. DTO HA3BIBALTCS €IMe «TPEJACTABNTEILHOCTHIO BHIOOPOK» :
MOTPA3yMEBAETCS, UTO €CAN B3SITh M3 MaTepuaja BBIOOPKH JOCTATOYHOTO 00bHEMa, TO OHH
OKAXKYTCSA «TTPEJCTABUTEMbHBIMIY B TOM CMBIC/IE, ITO TIOTYIEHHBIE TTO HUM PE3YITATH OYIyT
OJIM3KIMH.

DKCIEPUMEHTDI ¢ UMUTATEN XeIKUPOBAHN ONITUOHOB M0 PEATbHBIM TaHHBIM TTOKA3HIBA-
fOT, ITO HEYTO TMOI00HOE CTATHCTUYIECKOW YCTOWIMBOCTH B caMoM jene cymectByeT. CTporo
TOBOPS, THHAMUKA ITeH AKIHH CTATUCTUYICCKH HEOTHOPOIHA: JTYUITee, 9T0 MOKET TTPEITOKUTD
HayKa I TOCTHZKEHWS CTATHCTUYIECKON OTHOPOIHOCTH — 3TO TepefiTh K JjorapudmMaMm, HO
M TOCTEe 9TOT0 HA TPadUKAX HAKOIICHHBIX CYMM KBAJDATOB MPUPAIIEHUH 3aMETHBI TAKHE
OTKJIOHEHUsI OT NPSIMOJMHENHOCTH, KOTOPBIX HE JIOJI2KHO OBLIO Obl OBITH B yCJOBUAX CTATHC-
TUUECKOM omaopoaHocTr. VI TeM He MeHee, ¢ POCTOM €HC/Ia HADIIOMEHUI OHOPOIHOCTD KaK
OB BOCCTAHABIWBAECTCSA: TPUPAIITEHNS TPAGUKOB 33 IBa OTIAENHHBIX MECAINa MOTYT, CKaXKeM,



26

OTIMYATHLCS BABOE, HO ecym Opark 1000 mabmozenwii (T.e. 3a 9eThIpE roja), TO Pas3jndne Tpu-
pairenuii ges1aeTcst Meree pe3sknM. Eciim e B3STh J0CTaTouHO G0N0l MaTepras (HECKOTBKO
JIECATKOB KOMITAHU 38 HECKOJIBKO JIET), TO CTATUCTUYECKHH MOX01 06peTaeT Kak Obl BTOpPOe
JIBIXAHUE: PE3YABTATHI T€X WU UHBIX CTATUCTUIECKIX 0DPaBOTOK MOy YA0TCH MOXOKUMHU TIPH
pasMIHOM BBIOOpE KOMIAHUi 1 nepuoaos spemenn. (B ciydae qucbanancos npu xemxuposa-
HUU ONITUOHOB PE3YJIbTATHI JIOTOJHUTEJBHO CTAOMIN3UPYIOTCS TEPEXO/IOM K OTHOCHTEIBHBIM
JUCOATAHCAM — T.€. BBIPAKAIOTCS B JIOJISIX HAYAIBHON IIEHBI OMIMOHA. )

Hestecoobpazno HaAYATE C U3JI0KEHUS HEKOTOPBIX BO3MOYKHOCTEH J1JIsi TEOPETUYECKOTO HC-
ciaemoBanus aucbasancos. MoXKHO MOMTyYnTh HEKOTOPOE MPUO/IMKEHHOE BBIPAXKEHUE s JIAC-
6ananca. Paccmorpum npuparienue jgucbasanca

AD(t) = D(t+ h) — D(t) = A(B(t) = 5;)- (30)

Mpbl Gynem TpubJINKEHHO UCCAEJI0BATDL 3TO BhIPAXKEHWE, ONSITh-TaKW, B CTHJIE MaTeMa-
TUYECKOW (DU3UKHU, CUNTAS TMPUPAIEHNEe BpEeMeHn h Majioil BeJUYWHON, HO HAJedACh Ha TO,
9TO PE3yJabTAT OyIeT MPUMEHUM U TPH KOHEYHOM 3HadeHuu h (Hampuwmep, nipu h = 1 1eHb).
[Mongarno, uro npupamenue (30) onpenensierca (npu BeIGpaHHOM M (BDUKCUPOBAHHOM ) 3HA-
yenuaMu Kypca akumii Sy u Spyp. O6osmaunm, kak n panee, In(Sy1,/St) = ¢, T.e.

St+h = St exXp (St, (31)

U MOCTapaeMcsi TMOJyUnTh Tpub/mkenHy dhopmyny st (30) Boobine 6e3 BCSIKUX BEpPOSIT-
HOCTHBIX Npeanonoxenuit 0 §;. CaesaeM JUITH MPEJNONOXKEHNs O MOPAJIKE BEJTUIHHBI 0 TIPA
MaJIbIX h, & UMEHHO

5; ~ Vh,62 ~ h. (32)

Byzewm seramcaars (30) mo dopayie Teitropa, yauTeBas WIeHB! HOpaaKa ¢, 02 u h 1 mpe-
Hebperas dmeHaMn 60Jee BRICOKOTO TTOpsaka. [Ipr 3ToM BOCTTONB3yeMCs SBHBIME BBIPAYKEHUI-
mu (27) as yf u Bf u BpipaxenueM (29) s AS(t). Ilpubinkenne, B KOTOPOM Y IUTBIBAIOTCS
[IEPBBIE ¥ BTOPHIE CTEIIEHN HEKOTOPBIX CJIYUYANHBIX TPUPAIIEHUN U [1€PBas CTEIEeHb IPUPAIIe-
HUS BPEMEHU, XapaKTEePHO g KOHIENTnH UG y3nOHHBIX CIydaifHbix mporeccos. I[losTomy
Takoe MpubIIKeHre Mbl OyJeM Ha3bIBaTh JudDy3nOHHBIM.

Texmnka BRIYUCICHWI 3aKTIOTALTCST B Cieayionem. B Beipaxkenus A yf n Gf BxoanT Sy
depes BeMUMHBL T4 (1); COOTBETCTBEHHO, B Bhipakenus st Ay, u AS] Boitner Siyp, KoTO-
poe mb1 3amennm 1o ¢dopmyne (31). B komeuanom cuere mogyuarcs dyrkmum ot S, Iy u A,
KOTOPBIE HYKHO PA3IOKUTEL 0 popmyse Tettmopa mpu puKCHpOBAHHOM Sy, CIHTAS MaTBIMA
h w 0; (yauThiBast JMIIb 4YIEHBI YKA3AHHOIO BBIME MOPsiaKa). 110C/ae BBIYMCIeHUN Jisi Ca-
mux Beipaxkenuit AG(t) u AS} nosyvaorcs MaJOUHTEPECHBIE IPOMO3IKIE (DOPMYJIBI, HO s
ux pasnoctu (30) TPOMCXOAUT JOBOJNBHO YAMBUTENbHAS BEIIb, KOTOPAs €I1e Pa3 JOKA3bIBAET
yUBHUTENBbHYIO yaauHocTh dopmys buska-Illoyica-Meprona. ViMenHo, ¢ ydeToM TOXK1eCTBa
(24), cOKpaAOTCS BCE YJIEHBI HOPSIAKA 0¢ U IOYTH BCE YJIEHBI TOPsAIKA A 1 OCTAETCs JIOBOJIBHO
[IPOCTOE BBIPAXKEHNE, KOTOPOe MBI Oy/eM Ha3bIBATL IpupalinenneM aucbanamnca B nuddy3uon-
HOM TpubnKenun (Kopoue: duddysuonnozo ducbaranca) u oboznadars ADdif(t). Dopmybt
CTIeTYTOTIIHE:

AD(t) ~ ADdif(t), (33)
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rie
K ¢(x_(t))(6 — ho? S, t)) (67 — ho?
ADdif () — I =) —he®) S, 6w () ~ ho®
Br 20T —t By 20T — t
Cam dugppysuonnwiti ducbasanc Ddif(t) oupenesmm Kak CyMMy €ro NpUPAINEHWH B TOYKAX
t=0,t=h,...BmwI0Ts g0 Toukn t — h. (Cunrtaerca, uro t — mesoe kpataoe h.) B gacTHOCTH,

ecm T' — nenoe kparuoe h, to Ddif(T) onpenensiercss paBeHCTBOM

K L pla—()(0F —ha®) TZh St Pz (1) (67 — ho?)
Br = 20T —t B = Bt 20T —t '

Mg dusnka sipasiercst yoeIuTeIbHBIM CIeaytonuii apryment. [lockoapKy pasencTso (33
BEPHO € TOYHOCTHIO 110 0(h),a uucio caaraembix B (34) pasuo T'/h, to pasencrso D(T) =~
Ddif(T) sepuo c omubkoii, crpemsineiics kK mymo npu h — 0. (MaremMaTnk, KOHEYHO, Ta-
KAM PACCYKJEHUEM HE YIOBJACTBOPUTCH, & 1MOTpebyeT KakoW-TO PaBHOMEDHON 10 T OImeHKHU
omubKM NpU 3aMeHe MCTUHHOI'O IpupalleHus aucbasianca Ha npupalienue audy3noHHoro
nucbananca.) Ho mockombky genars h menee 1 AHSI 10 psiiy TPUYAH GECCMBICTEHHO, HAJIO
OPU3HATH, YTO B CBOMX HAMEXKTAX HA ANMTPOKCUMAINAI0 UCTHHHOTO mucbananca muddysuon-
HBIM MBI PACCUUTHIBAEM HE CTOJBKO Ha CTPOTOE J0Ka3aTeIbCTBO (6yabh TO Ha ypoBHE (hU3HKH

Ddif(T) = (34)

WJIM MATEMATHKM), CKOJBKO HA yjady. JleficTBUTeNbHO, B OY€Hb MHOTUX CJIy9asX BBIYUC/IEH-
able 110 peasbibiM ganabiM D(T) u Ddif(T) nocrarouno 6musku. VckaodenueM u3 3Toro
MPABUIA ABIIETCH TaKag CUTyarns, Korma S; okasbiBaercd Osm3kuM kK K mpw ¢ 6m3kux K
T (sr0 Te caydam, KOrJa U caMo xemKuposanue mo Biusky-Lloyncy ciaemyer KaKuM-TO CIO-
cobom mpekparutsk). M3-3a manoro (npu t ~ T') 3namenarens ov/1 —t B 3TOM Cayuae gaxke
MaJIble 3HAYEHNs 0y IIPUBOAAT K GobInmuM n3MeHenusM x4 (t), u dpopmyna Teitnopa nmepecraer
neficteoBarh. Brpodem, u u3 camoro Buga dopmysbl (34) norarHo, uro sTa dhopmyna Mo-
JKET Ha 9T0-HUOYIb OO0 rOJUTHCA JIUITL B TOM CIy4ae, KOr/la MaJjblii 3HaMeHares b oy 1 — 1
KOMIIEHCHPYETCST MAJBIMU 2Ke 3HaueHnsIMu (24 (1)).

DKCIEPUMEHTHI TOKAZBIBAIOT, ITO B OOJIBIMMHCTRE Caydaes JudDy3noHHbIN qucbaIanc sB-
JISIETCST BIOJTHE PA3yMHBIM MPUOJUKEHUEM I TOYHOrO Juchaianca (U3 HECKOJTBKUX THICSIT
9KCIIEPUMEHTOB juih B 1-2 % ciayvaeB npubanzkenne OKa3bIBAETCA MJIOXUM). B Tex ke Ciry-
Jasx, KOrJa Ha Tpub/IMKeHHOe BbIpazxkeHue s aucbaqanca (34) MOKHO OPUEHTHPOBATHCS,
M3 HETO BUIHO JTOBOJBHO MHOTO.

[Ipupamenne mudddy3noHHOr0 AUc6ananca paBHO HYTIO, ecli 02 = ho?. IHBIME cIoBaMH,
KOT/Ta MBI BBRIOMPAEM 3HATEHNE BOJATUILHOCTH 0, MBI KaK OBl TTAHUPYEM OyIyInii TeOPeTH-
geckuit noprdennb xemkepa (v, , 0f) B pacuere Ha Takue PacX0Jbl Ha XeKUPOBAHUE, KOTOPBIE
orBeuaroT ciryuaio 02 = ho?. Ecim npu KakoM-To t 0Ka3asock, 4to 02 > ho?, 10 mpupaiienne
TuCOATaHCa OTPUIIATENBHO, T.€. TPeOyeTCa MpeBblnenne hakTuIecKux pacxonos AS(t) nas 3a-
nianupoanabiMu AG) . TIpu s1oM 6€3pas/indHo, B KAKYK CTOPOHY HPOU30IIE] CKAYOK 1EHbI
akin (T.e. TIOJOXKNTEILHO WM oTpuHaTensno ;). Beam 62 < ho?, 10 mosB/siercss SKOHOMMUsT
B CPaBHEHWN C 3AILTAHUPOBAHHBIMU (HA MOMEHT Tepexona oT t K t + h) TeoperndecKuMu pac-
xomamu AGy. Tlpu 3rom mpocroTa BhIpazkenus st qudy3noHHOro AuchHasianca mo3Bo/Iser
JIEFKO OIEHUTH MOPSI0K BEIUYUNHBI BOSHUKAOIINX THCEI.

I[Ipu h = 1 geHb TUOWUYHOE 3HAUECHUE ov'h cocrasnsier npumepuo 0.02. Tomyctum, 910
3HaveHne ¢ 0Ka3aa0Ch (110 abCOMOTHOMN BesmanHe) BsiTepo Gosbimte: 0 = —0.10, T.e. 3a oxnH
nenb akuuu ymagu Ha 10% (Takwe ciaygam xors u penko, HO ObiBator). B rakoii curyanum
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UrpoKu Ha (HHIOYEPCaxX MOTYT MOTEPITH BECHh KAMUTAJ, & UTO CAYUIUTCH C XEIKEPOM, UCIIOb-
sytormumM crpareruto biaka-Illoyaca?

Honyctum musg npumepa, uro T = 100 gmeit, t = 50 gmeit, K = Sy. B rakoit curyarun
HaYaJbHAS TIeHa OMIHOHA ¢ cocTaBiseT mpuMepHo 10% or mensl aknuum Sy (OHA 3aBUCHT erle
0T GAHKOBCKOIO MPOIEHTA ', HO ¢1ab0, MO3TOMY 3HAa4YeHue I Mbl He BhiOupaem). Uro kacaercs
BeJMIUHBl MHOZKUTENsT G(x_ (1)), TO BO3bMeM ero Hauxyjiree (T.e. HAHOOJIBIEE) BOZMOKHOE
snauenne okoso 0.4 . (Ono nosmyuaercst upu x—(t) = 0.) Tlpu Takux dnciaax npupaliesue
mucddysnonnoro aucbananca, orsedaromee t = 50 ects npaMepro (—0.03K/Br). IlockonbKy
npu K = Sy seqmmumna K/Br no nopsaxy ecrs nena akimun (=~ 10c¢), 10 npm nomo6HOM
PBIHOYHOI KaTacTpode XeKep 3a o uH JjieHb Tepsier 30% /eHer, Moy YeHHBIX 3 OIIUOH, YTO
JIOBOJIBHO MHOTO.

Ecnu xe t 6usko x T, nampumep, t = 99, To MbI osryawan 661 B 7 pa3 O0OJbINIee IUCTIO,
ecsn, KOHEYHO, OHO He KOMIEHCUPYeTCs OOJIbImnM 3HadenueM |r_(t)|, T.e. GJU3KUM K HYJTIO
suagennem G(x_(t)). Mbl eme pa3 Bugmm, 4TO TOT Ciaydaii, korga S; 6imsko k K mpw t,
6m3koM K 17, gBasieTcsd KpaiiHe HEYIAUHbIM JJIS XeIKHUPOBAHUSI.

Komeuno, mocrogunyio BeIMIuHy 0 HEJIb3s BHIOPATH TaK, YTOOBI TP BCEX { BBITIOJIHAIOCH
paBeHcTBO 07 = ho?. Peub MOXKeT WJITH O BHIIOJHEHHAN TAKOI'O PABEHCTBA, «B CpeHeMy. UTo6bI
06CyXKTaTh, YTO TAKOE «B CPEIHEMY, IPUXOIUTCI BEPHYTHCS K BEPOATHOCTHON MOJEIH, B KO-
TOPOi MBI IPUXOTHM K yeopuio ES? = ho?, T.e. BOTATHIBHOCT 0 U 3[eCh pasyMHee CIATaTh
CBA3aHHOM C E5t2, ueM ¢ gucnepcmeit Dy, B paMEax BepogTHOCTHON MOIEIH ¢ HE3ABUCHMBIMHA
MPUPAITEHUSIME JTOTAPUPMOB TIeH ¢y HETPYIEH PAcdeT TeX WM WHBIX XapaKTepUCTuK auddy-
3uoHHOTO jnucbasianca. [Ipasma, craTuctuueckue ancambiim, 0 KOTOPBIX TP 3TOM ITPUXOIUTCS
AyMaTh, UMEIOT TEHIEHIINIO TIOANTHCI W PA3MHOXKATHLCI. B paMkax aHcambJis, CBSI3aHHOTO
C PAZOM IeH akKInii OmHOi (DUKCHPOBAHHON KOMIAHNN, TPYIHO TOBOPHTH O CBOMCTBAX OIle-
HOK BOJIATUJIBHOCTU IO KaKOMY-TO YUCJAY TPEANIECTBYIOIINX Ha6J’[IO,ZLeHHﬁ: €CJIN BCETrO mMeeTcd
2000 nabsronennit (9T0, CKazKeM, 33 BOCEMb JIET), & Mbl XOTHM CO3/1aTh HE3ABUCHMBIE OTBITHI,
B KOTOPBIX BOMATWILHOCTH Ha Oyayimue 100 mabsaomennii onennBaerca mo 100 mponibiv Ha-
6JII0/IEHUsIM, TO TaKHUX ONBITOB MO2KHO Habpark Bcero 10. B MmareMaTuyeckoit craTucTuke cBoii-
CTBa OIEHOK apaMEeTPOB BCET/IA OTHOCATCH K TAKOMY aHCAMOJIF0, B KOTOPOM JTaHHAsT OITEHKA
[0 JIAHHOMY YMCJy HAOJIIO/IeHU HE3ABUCUMO MTOBTOpsieTcsi MHOTO pa3. Ho ecsn paccmorpers
PBIHOK aKIuii MHOTMX KOMIAHUH (32 Te K€ BOCEMb JIET), TO TYT y?KE MOYKHO TOBOPUTH O CTa-
THCTUYECKUX CBOMCTBAaX OIEHOK BOJATHJILHOCTH, [IPUYEM Cpa3y SCHO, 9YTO B TAKOM aHcambJiie
cucTeMaTnyieckol omubku (B OneHKaxX Oyaylel BOJIATUIBLHOCTH [0 TPOIILIBIM HAO IO ICHUSM )
wie Gyaer. Taxim 06pasoM, Ha YPOBHE 37PAaBOTO CMBICIA TapaHTHpyercst pasenctso Ed? = hé?,
rIe 6— 9TO OIEHKa BOJATUILHOCTH II0 MPONLILIM HabmomennaM. CrenoBaTebHo, B ancambire
MHOTHWX OTIBITOB WMUTAINH X KUPOBAHUS MBI OKHUAaeM Oam3Koro K () cpegmero 3HaYeHN
nucbastamca.

Ecsn pacemorpers cymmy (34) B paMKax MOJIE/IM T€OMETPUIECKOTO GPOYHOBCKOTO JIBUKE-
HUsT IPY U3BECTHOM 3HAYEHUW 0, TO (B CUIY HE3aBUCHMOCTH IPUPAIIEHU) TOJTYIUTCS CyMMa
HEKOPPEINPOBAHHBIX CJIArAeMBbIX, KaXJ0e W3 KOTOPBIX MMeeT Hyjepoe cpegnee. Jlucmepcus
TaKO# CyMMBI paBHa CYMMe JIMUCIEDPCUIl OT/EJbHBIX CJIAraeMblX, KOTOPbIE JIEMKO BBIYUCJIHUTH
(I/I pe3yabTaThbl IIPOCYMMUPOBATH HpI/I6J’[I/I}KeHHO Win B YHUCJICHHOM BHA€ TOYHO C IIOMOIILIO
KoMITbIoTepa). Ho 371ech yoKe He CTOUT 0KU/IATH COBMAJICHUS TaKON TEOPETUICCKU BBHIYNCICH-
HOl ;ucrepcun ¢ BoIOOPOUHON jpucnepcueil Tex aucbasanCcoB, KOTOPBIE MOJIYYaI0TCI B OIIBITAX
MMUTAITAN X€IKUPOBAHUS, TIOTOMY UTO CIOJIa, HE BK/IIOYAETCS PAa3dpoC, CBI3AHHDBIN C OMEHKON
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Oymayieit BOJATUIBHOCTH O MPOTILIBIM HAOIIOMEHISTM.

o ussecTHO# cremnenn mpescrapierne and ysnornoro gucbananca B Buge cymMMmbl (34)
OPMEHTHPYET Ha, TEOPETUIECKOE OXKUTAHNE HOPMATBHOTO PACIPEeIeH s I HabII0]aeMbIX B
OTTBITAX XeJZKUPOBaHUS NUCOATAHCOB, XOTS MATEMATHYECKUX TIPEIEIbHBIX TEOPEM TaKOT'O POJIa
1 HE M3BECTHO (Cjaraemble B cyMume (34) UMET pasnyaHble PACIPEIETeHNsT H3-3a MHOKUTE el
¢(x_(t)), kKoTopble, B 06IIEM, TPUBTHIKAIOTCS K HYJIIO C yBEJUYEHUEM T ).

Takum o6pazom, seipaxkerne (34) maas muddysunonnoro mucbananca, B 06IEM, OPHEHTH-
PYET Ha OIpeJieJIEHHbIE OXKUJIAHUS CTATUCTUYECKUX CBOMCTB nucOHa/laHCOB, KOTOPhIE MOIYT
Ha6.HIO,Z[aTbCH IpU UMUTAIUN XCI2KUPOBAHUA 10 PEAJIbHBIM JaHHBIM.

3ameuanue. Popmyna (34) KarkeTcs HECKOJBKO 9K30THUIECKOl, TOCKOIBbKY OCHOBAHA HA
roxgecrse (24). MoxkHO gaTh MeHee IK30TUIEeCKUi BBIBOJ, 9TOH POPMYJIbL, €C/IM OCHOBBIBATHCS
Ha, XOPOIIIO W3BECTHOM B Teopuu audy3uoHHBIX mporteccor audpepeHnuaibHOM YPABHEHUN
JITST TIEHBI OTITTHOHA

o(t, S1) = E[(Sr — K)+ exp(—r(T — 1))|Si].

Taxoit BBIBOJ 000bImIaeTcss Ha cayydail, Korjpa (GyHKIHUS BBILIAT 1O ONIMOHY HE €CTh 00s3a-
renbrO (ST — K) 4, a moxer 6biTh mponssobHON dyHKImeit Buga f(S7). B srom caygae mo-
JiydaeTcs: MpubJInKEeHHOe BhIpakeHue s Auchasanca, UMeloIee Bu/l JIMHeHoi koMOuHaimm
Bestmann 07 — ho? ¢ HexoropbiMu 3aucamumu o Sy Kosddurmentavu. Ho B obmieit Teopuu
XeKUPOBAHUS OIIMOHOB PACCMATPUBAETCS TAaKKE CUTYAIWs, B KOTOPOH (DYHKIUS BBITLIAT
MOXKeT 3aBuCeThb 0T Beex 3Hadennii Sy, 0 < ¢ < T. Jlisg Takoro obIIero cjaydasi moKa, 9To Hu-
Yero He M3BECTHO O jucHajancax, KOTOPble MOTYT BO3HUKHYTH IIPU JIUCKPETHON peasn3aliuu
crpareruil Xe I KUPOBaHUs, YCTAHOBJIEHHDBIX JIJisi HEIPEPBIBHOIO BPEMEHMU.

Temeps MBI MOXKEM 0OPATUTHCST K M3JI0YKEHUIO PE3YIbTaTOB HEKOTOPBIX YKCIEPUMEHTAThb-
HBIX uccaenoBanuit gucbanancos. [loHSTHO, YTO MBI HE MOXKEM PACCUNTHIBATH HA CO3JAHUE
BEPOSITHOCTHBIX MOJeJell, aIeKBATHO OTPAXKAIONINX AUHAMUKY IteH akiumii. [losTomy 3KCIe-
PUMEHTaIbHBIE UCCIIEI0BAHUS JIOJKHBI UCXO/INTh U3 PeaJbHBIX PHIHOYHBIX IieH. K cuacThio,
OTPOMHOE KOJUIECTBO TMOMO0OHBIX MAHHBIX JOCTYITHO HEMOCPEICTBEHHO B JIEKTPOHHOM BHIE,
U TPYJIHOCTb COCTOUT TOJBKO B BhiOOpe Marepuaja. s uccienopanus 6bL1 B3AT PBIHOK, CO-
crosBimit n3 akrmit mpumepro 200 aMepuKaHCKUX KOMIAHWH (IeHbI 3aKPBITUS) 33 BpeMs C
Hadasa 1989 roga mo kower siaBapsi 1997 roma (T.e. Heckonbko Gosiee 8 jer). BospmuaCTBO
KOMIIaHuii (HO He BCe) NPUCYTCTBOBAJIN B JIAHHBIX 33 BECh 11e€puoj (Heckobko bosee 2000 Ha-
OJTI0/IeHNIT), HO UMEJUCh 1 Oosiee KOpoTKue daitabl Janabix. Hamo 3amernts, 9TO M0 9HCTY
KoMmuaHuit 310 Mmenee 10% xomuanuil BCEro aMepUKAHCKOIO PhIHKA, LpudeM BblOOPKa oOlpe-
JeJIEHHBIM 00pa3oM CMeIeHa. JTH KOMIIaHWKM OLLIN BHIOpAaHBI amocrepuopu B Hadaje 1997
rojia, Kak KOMIAHUU, aKIIUA KOTOPBIX HAa TOT MOMEHT NPEACTABJSIN HAubOJbINN MHTEpeC
s cnekynsimii. (Becero B ciucke 215 maszsanunii KOMIaHWiA, HO BBUY TOTO, 9TO HE BCE KOM-
MAaHWKW TPUCYTCTBYIOT C CAMOT'O HAYAJIa, Mbl TOBOPUM 00 3TOM PBIHKE KaK O PBIHKE «ITPUMEPHO
JIBYXCOT» KOMITAHUIA. )

OT/enbHbBI SKCIEPUMEHT UMUTAIINY XEIXKIUPOBAHUS 110 PEAJIBHBIM JIAHHBIM COCTOSLIT B TOM,
4r0 daiil JAHHBIX C [IeHAMU aKIU ONpe e IeHHON KOMIIAHUN PAa3/Iesscd Ha T0CIe10BaTe b=
HBIE KYCKH OTpeIeIeHHON MrHbL. [Is KazK10ro Kycka (HadnHas CO BTOPOTO) BOJATHIBHOCTD
OIIEHMBAJIACH 110 JIAHHBIM IIPEJIbIIYIIEr0 KyCKa, & 3aTeM [IPOU3BO/IMJIACH JINCKPETHAS Peain3a-
[[Usl CTPATErUN Xe2KUPOBAHUS OIINOHA, B PE3Y/IbTATE Yero [oJy9asaoCh 3Hadenue gucbasanca
(a TakzKe BBIYMC/IAI0CH 3HAYeHne Audy3MOHHOr0 qucbasanca). DTu 3HAYEHUS JIeIUTUCh HA
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Ha4YaJIbHYIO IIEHY OTNIUOHA, T.€. OKOHYATE/IHbHO PAaCCMATPUBAJINCH OTHOCUTEIHLHBIC ,Z[I/IC6&,H&HC])I.

K coxanennto, ycaoBus BCAKOTO 3KCIEPUMEHTATHHOTO UCCJIEIOBAHUS UMEIOT MAacCy Ma-
pPaMeTpOB, 3HAYCHUA KOTOPBIX HEBO3MOXKHO Hepe6paTb, n IPUXOAUTCA OCTAaHABJIMBATHCA Ha
KaKOM-TO ITPOU3BOJIEHOM COYETAHUN TTapaMeTpoB. JLTimHa KyCcKOB, HA KOTOPBIE NETUINCh (haii-
JIBI TAHHBIX ObLTa mpuHaTa pasHoit 101, T.e KaXk1blil KYCOK B OTIEILHOCTH MOXKET ObITH 0003Ha~
gen Kak orpe3ok 1esix gucen [0, 7], rueT = 100. Hlar xejzkuposanust h ObLT IPUHSIT PABHBIM
1 guro. Crpaiik-rieHa ONIMUOHA TPUHUMAJIACH PABHON HadaabHOH eHe akrmmu: K = Sg. Uto
Kacaercsi HAHKOBCKOI'O IIPOTIEHTA T, TO B Pa3HBIX OINBITAX €0 3HAUYEHUS BapbUPOBAIUCH, HO
TMOCKOJIBKY IIPpU PAa3yMHOM IIOPSAIKE 3HAQUYEHUA 7 OT Hero MaJio YTO 3aBUCUT (Ha naTepBaJie
T = 100 xueit), B GONBIIMHCTBE ONBITOB CIUTAIOCH, 9ro 1 = 0. HebmarompusTabie s xe-
jekuposanus 110 Buky-Iloyincy cayuan, korga Sp 6simsko Kk K = Sp npu t 6imskux k 1T' B
IaHHOi 00paboTke He 0TOPACHIBAIUCH.

PezynbraTer okomo 3000 ombITOB XeMKWPOBAHUS B YKA3aHHBIX YCIOBUAX MPEJICTABICHBI
B BHUJI€ SMIUPUYIECKON (DYHKIINYU PaCIpeneeHus IJisi OTHOCUTENbHBIX AUCOATAHCOB HA PUC.S.
CobcTBenHo, Ha HEM JBe IMIUPHUIECCKNX (DYHKIIMH — OFHA M/ TOYHBIX AUCOATAHCOB M OJIHA
s mudpy3MOHHBIX, HO B MACIITabe 4epTerka OHM MPAKTUYECKH CIMBAITCA (YTO JTOKA3BIBA-
er u 1o, uTo Auddy3uonHoe npubukenue Jiyisi 1ucHaaaHca OKA3aJI0Ch J0CTATOYHO TOYHBIM
JIS TesTefi CTATHCTHYeCKOTO MCCAeI0Baanst ). 110 X0y ONBITOB OTYACTH IIPOBEPSIACH U CTa-
THCTUYECKAS YCTONIUBOCTDL T.€. OJIM3KOE CXOJCTBO SMIUpUYecKuX (BYHKIIUN pacupeseieHns,
[IOJIy4aeMbIX 1IPK PasbUBKe UCXOAHOIO MaTepuasla [0 IPYIaM KOMIAHUA 1/ UK [0 [epro/iam
BpeMeHr ([IOHATHO, 9TO CKOJIBKO- HUOY/b MCUEPIBIBAIONIAS IPOBEPKA OJTHOPOIHOCTH HEBO3-
MOKHA). MbI BujuM, 9TO Ha PUC.8 NMPEJACTABICHO PacHpeeienue, B 00mem, OIM3Koe K HOP-
MAJTLHOMY C HYJIEBBIM CPEJHUM (Meamnana OJU3KO COBIIAIAET C HYJIEM ), HO UMEIOIIEe TKEIble
XBOCTBI, 0COOEHHO JIEBBIi: OTPUIIATEIbHBIE 3HAUEHUS TUCOATaHCcoB noxoaar 1o (-2). (B ciayuae
Takoro amcbasanca XemKep M0JKeH ObLT Obl MOydInTh 33 ONIUOH HE IEHY C, & MEeHY 3C, 9T0-
OBl OCTATHCS ¢ HyJTeBBIM KamuTaaoM.) COMHUTETBHO, 9TOOBI CTOMIO MCKATH PACIPEIeIeHue,
OTJINYHOE OT HOPMAJIBHOTO, KOTOPOE OMUCHIBAJIO OBl 9TH XBOCTBI, MOCKO/JIBKY CAMa CTATHUCTU-
YecKasi YCTOWIHBOCTh XBOCTOB (T.€. TO, 9TO JJIsi BO3MOYKHBIX JIPYTHUX, B 9aCTHOCTH - OYIYIIHX,
JIAHHBIX XBOCTBI OKAXKYTCS CXOJHBIMU) HUYEM He J0Ka3aHa. Ho OIEHKY CTaHAapTHOTO OTKJIO-
HEHUS TOI'0 HOPMAJIBHOI'O 3aKOHA, KOTOPbI OIMCHIBAET OCHOBHYIO YacCThb BCeX HADJIIO/IEHUIA,
JIydIlie POU3BECTU HE 0 CYMME KBaIPATOB, & KaKuM -1ub0 pobactabiM Merogom. Kiraccukm
B CBOe BpeMs Jiobuiin 6paTh MOJOBUHY PACCTOSTHUS MEXK/Y KBAHTUJISIMU, OTBEYAIOITUMU Be-
pogaruocTam 0.16 u 0.84. Torma npsamo o geprexy 8 Mbl moaydaem 3uadenue (.22 B kadecrse
CTaHJAaPTHOTO OTKJIOHEHUA IJId OTHOCUTEJIHbHBIX ﬂI/IC6aﬂaHCOB. I/IH])IMI/I CJIOBaMU, IDUMEPHO B
2/3 Bcex CIy4YaeB OTHOCUTETBHBIN quchamanc He mpeBocxoauT 22%. XOopoIo 5T0 Win miIoxo?

C TOYKU 3peHund CbI/IHaHCOB])IX pacHeToB, TIPU KOTOPBIX POCTOBIIUKN J'[IO65{T BbBICUUTHIBATH
JleCSIThIe JTOJTH TTPOIEHTA, 3TO, KOHEUHO, m10oxo. Ho maBaiiTe cpaBHUM DPE3y/abTaT C APYTUMU
MPUKJIAHBIMI BO3MOXKHOCTAME TEOPHUHU BepodTHocTel. Hampumep, cyimecTByeT Takas KJjac-
cugeckad 001acTh, KaK Teopusd OMHO0K, KOTOpas Oepercs yKa3aTh TPAHUIBI /s ONIHMOKN
oTpesiesienns TOM WM WHON (DU3MIeCcKOoil KOHCTAHTHI 10 ee HabIoeHnaM B onbiTe. Kaxk it
3HAET, 9YTO UMesd HAOJIOJIEHUS L1, T2, . . . , Tn U BIJI€Sd OCHOBAMU TEOPUU BEPOATHOCTEH, MOKHO
HE MHTEPECOBATHCA TeM, YTO ITO 3a Ha6J’[IO,ZLeHI/IH 1 KaKue AJjid HUX UCTOYHMKU O]_HI/I6OK, a I10-
[POCTY BBIYUC/IUTb T U § U CKA3aTh, YTO UCTUHHOE 3HAUYEHUE M3MEPSIeMOl BEJTUUUHBI JIEXKUT
B JOBEpUTEALHOM uHTEpBaie T + kys / \/ﬁ ¢ 3aJlaHHON JOBEPUTEIbHON BEPOATHOCTHIO 1 — Q.
Buavenne k, Gepercs n3 TabAWI, HOPMAJHHOTO 3aKOHA, ¥ B 3aBUCHMOCTH OT JOBEPUTEIHLHON
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BeposgTaocTr (.95 wim 0.99 moxker pasuarwhea 1.96 wim 2.58. Ho Beab MBI He 3HaeM, Kakoe
UMEHHO M3 3TUX JABYX 3HAUEHUU JOBEPUTEJSBHON BEPOSTHOCTH CAEAYET B3ATH U MIOTOMY TIPU-
XOJMM K BBIBOJLY, 9TO C TOYHOCTHIO 22% [IWHA JOBEPUTEJHLHOTO WHTEPBAIA BOOOIIE HE OTpe-
neneHa. KpoMe Toro, Hayke M3BECTHO CJIMINIKOM MHOTO CJAYyYaeB, KOTJA B PeaJbHON CUTyAIUH
TaKne JOBEPUTETbHBbIE WHTEPBAJIGI TEOPHUU OIMIMOOK BOOOIIE OIMPOBEPTAIOTCS TIOC/IEIYIOIIIMMA
6oJsiee TOUHBIME HabIIOIeHIAMA. HBIMEU CI0BaMU, TOYHOCTE 22%, KOTOpasi TOITBEPZK IAeTCs
daKTHIECKNMA TAHHBIME, OUeHDb JTayKe XOPOIIa, JJIA BEPOSTHOCTHBIX METOI0B BOODIIIE.

Ecsin 06patuThest K TEOPETHIECKOH ONEHKE CTaHIAPTHOTO OTKJIOHEHHUS [T Tuchaaancos (¢
YKa3aHHBIMU BBIIIE ITapaMeTpaMn OH]_[I/IOHOB), CUNTAadA, 9TO 3HAYCHNEC BOJIATUJIBHOCTH COCTAB-
asget 0.02 B mepecdere Ha 1 JeHb, TO MOIYJIAIOTCA CJIeAYIONNE pe3yabTaTol. [Ipeanonsoxnm, 910
TEOPETUYECKAST MOJIE/Ib T€OMETPUIECKOr0 OPOYHOBCKOIO ABM2KeHu AeiictByer TouHO.MoxHO
BRIIUCIUTL MeTomoM Monte-Kapso cranmaprHOoe OTKJIOHEHWE JJIsi TOYHBIX AuCOAIaHCOB, a
MOXKHO BBIYUCTUTH (TAK¥Ke B MOJIEIN T€OMETPUUIECKOTO GPOYHOBCKOTO JIBUYKEHMsI) U CTAHIAPT-
Hoe orkaoHenune auddysnonnoro aucbananca (34) nyrem nucanusg GOPMyYS ¢ UHTETPATAMU.
O6a MeToma garor cormacytorruecs pesyiabrars (.10 (st orHOoCcHTEBEHOTO Aricbatanca). Urak,
OIIBITHI Ha PEAJIbHBIX JAHHBIX JTA0T PEIYJIbTaT, KOTOprfI JIUIIb BABOE XYK€, 9YeM TO, 9TO MOIJIO
6b1 OBITH [IPU TOYHOM JIEHCTBUN BEPOATHOCTHON MOJEIN. DTO 3aMedaTe/IbHBIN yCIeX, KOTOPBIi
BpAd 11 6bI TTOJIYYInJICd TIPU CTATUCTUYIECKOM MCCJACTOBAHUN ITPUMEHUMOCTU TEOPUN O]_HI/I6OK.
Hago nostarats, 9T0 /1€710 3/16CH B TOM BTOPOM JIbIXaHUH BEPOSTHOCTHO-CTATUCTUUECKUX METO-
JIOB, KOTOPOE 3aKJII0YAETCH B YCTAHOBJIEHUN CTATUCTUYECKON OIHOPOMHOCTH JIjisi JIOCTATOYHO
60J1bIIIOr0 (110 TEPHUO/TY BPEMEHHU U 110 YUCJy KOMITaHWii) pbiaka. [1o106H0TO siBieHus TPYIHO
O2KMIATh AJ1d chaM6.H5[ (bI/ISI/ILIeCKI/IX OIIBITOB 110 U3MEPEHUIO KOHCTAHT, Ja U UCCJICA0BaHUC B
9TOM CJIydae TPEeICTABISET OUPOMHBIE TEXHUIECKUE TPYAHOCTH 10 cOOPY TMEPBUYHOTO MaTe-
puaJia, KOTOPBI 3aBEIOMO HEJIb3d MOJYINTh B TOTOBOM 3JIEKTPOHHOM BH/IE.

Nrak, BeiBOA cocTouT B TOM, 9T0 X0Td Teopuda Bmxka-ITToynca-Meprona ne obragaer Toit
TOYHOCTBIO, KOTOPYIO TPeOyeT TPaJAnuIiusd Jijid (DUHAHCOBBIX PACUETOB, OHA BCE YK€ BIIOJTHE TIPU-
romua g TPy6oii OPHEHTUPOBKY B IIEHAX ONMUOHOB U TPeOyeT /jid CBOETr0 MPUMEHEHU JTUIITh
KAKOU-TO OIEHKH €JUHCTBEHHOrO apaMeTpa — BOJATUJILHOCTH, YTO COBEPIIEHHO dJIEMEHTAP-
HO JIeJIaeTCs 110 MPOILAbIM JIAHHBIM O JIMHAMUKE T1eH.

0.9 Heckoabko 3aMevaHUii O TUTIOTE3aX, KOTOPbIE MOYKHO BBIC-
Ka3aTh B CBA3W C M3JIOXKEHHBIMU Pe3yJjbTaTaMu O AucOaJIaH-
cax

[Mpeapiaymume pe3yabTarhl OPUEHTUPYIOT B TOM, KaKWe MOTYT OBITH peajbHble nucOaIaHChl,
HO TOJIBLKO JJISI TOTO YacTHoro ciaydas,korga 1T = 100, K = Sy, aas KOTOporo IpoBOLMINCH
OIBITHI (KPOME TOTO, TPEANO/IAranock, 9ro 7 = 0, HO 3HaUeHWE HAHKOBCKOTO MPOIEHTA, T10-
BUIUMOMY, MaJIO CyIIecTBeHHO). Kak ObITh IPU MHBIX 3HAYCHUSX TAapPAMETPOB OMITHOHA !
Kak noxkasbiBaror onbirbl, nudpa 22% s CTaHIapTHOIO OTKJIOHEHUH OTHOCHTE/IbHBIX
nucHaATaHCOB He MOKeT OBITH He 3aBUCAIel 0T mapaMeTpos. Jleso B ToM, 9TO pH yBeIMIeHUN
crpaiik-1ienbl K 110 CDaBHEHUMIO ¢ Ha4aJbHON 1eHOW akiuii Sp pe3ko majaer ieHa Bioka-
[Toynca ¢, n ornocurenbubie aucbanancel D(T)/c okaspiBatorcs Gonbmmvu. O6parHas Kap-
THHA MOJYYAeTCs TP CHUKeHnn K B cpaBHeHU™ ¢ So. HOpMUPOBOUHBIN MHOKHUTENH, KOTOPBIH
crabummsupyer aucbasance (Je1as uX HE3ABUCUMBIMU OT MCTOPUIECKU CJIOKUBINEHCA HOMU-
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HAJIBHOMN TEHBI AKIMii) HE MOXKET PABHATHCA €. UTO MOXKHO TIPEIJIOKUTH B KAIECTBE HOPMMU-
POBOYHOTO MHOXKUTEJIS!

Jlemo B TOM, uTO TpU JIFOOBIX MapaMerpax OMIHOHA MOXKHO CPABHUTEJIHLHO OBICTPO pac-
CYUTATH TEOPETUUIECKOE 3HAUEHNE CTAH/IAPTHOTO OTKJIOHEHUS JucOAIaHCOB, T.e. TO 3HAUYEHUE,
KOTOPOE TIOJIYIUI0CH ObI TPY TOYHOM JEHCTBUN MOJEIN TeOMETPUIECKOr0 OPOYHOBCKOTO B~
JKEHUS C 33JIaHHON BOJIATUIbHOCTBIO. DTO MOXKHO CJIe1aTh, HAIIpUMED, MeToioM Monre-Kapiio
JIISE TOYHBIX TUCOAIAHCOB man Teoperndecku s auddysnonnabix mucbanancos. (Mbr, koHeu-
HO, BBIIBUTAEM Ty THIIOTE3y, 9TO mudy3uonnoe npubanxkenne Oyaer AeiCTBOBATD IPHU JII0-
OBIX MapaMerpax OMIMOHA, & TAKYKe — JITO pacipeeerue qucbaIaHCcOB OCTAHETCS TPUMEPHO
HOPMAJIbHBIM, 63 9ero MaJjio CMBIC/Ia B BBIYUCICHUN CTAHIAPTHOTO OTKJIOHeHH . ) Takoe cTaH-
JIapTHOE OTKJIOHEHNE OyIeT TPOIOPIUOHAIbHBIM HAYAIbHON I€HE aKIUH, TAK 9TO IIPU JEJTEHUN
Ha Hero (Tak MPeJIaraeTca HOPMUPOBATH PealbHbIe TUCOATAHCH) [eHa akIuil ncae3neT. Bor-
JBUTAETCA TUIOTe3a, 9To Ipu 1 = 100 a1t paccMaTpUBAEMOTO PBIHKA PeAJbHbIE TUCOATAHCHI,
HOPMUPOBAHHBIE TEOPETUYECKUM CTAHIAPTHBIM OTKJIOHEHHEM (CBOUM JIJIST KAXKJI0H KOMITAHWH,
MOCKOJIBKY OHO 3aBUCHT OT BOJIATHJIBHOCTH) OYIYyT MMETh TPUMEDHO HOPMAJThHOE pPaclpeje-
JIEHWE C HYJICBBIM CPpEAHUM U CTaHJAPTHBIM OTKJIOHEHUEM 2 (T.e. COXPaHUTCA TO OTHOIICHUE
PeALHOTO CTAHIAPTHOTO OTKJIOHEHHUS K TEOPETUIECKOMY, KOTOpoe nMesio Mecto pu K = Sp).

[Toyemy BbIZIBUTAETCS TaKas CHIOTE3A U OTKYAA HGEPETCcs 9uc/ao 2 Jad JaHHOrO PhIHKA (1
9TO JOJZKHO OBITH BMeCTO 2 Jjid BpeMenu Jeiictsust ommmona 1 # 100)? Anmanus dbopmysist
(34) mna auddy3noHHOTO AUCOANAHCA TTOKA3BIBAET, 9TO JUCOATAHC ONPEIEIACTCS, [ITABHBIM
00pazoM, TOYHOCTHIO OIEHKHU Oy/IyIeil BOJATUIBHOCTU [0 MPOILIBIM JIAHHBIM. DTOT BBIBO/I
[OATBEPAKTAETCHA OIBITAMU, IIPU KOTOPBIX BOJIATU/ILHOCTD ONEHUBAJIACH IO OYIyIIUM JTaHHBIM
(Takoe BO3MOXKHO TIPU MMUTAIINU X€JZKUPOBAHUS, KOT/IA TPONLIbe W Oy yIIne IeHbl aKIuii
HA CAMOM JIeJie COJIepXKATCsl B UMerormuxcst daiiax JaHHbix). B 9Tux ombitax (onsTb-Taku
ans T = 100, K = Sy) oTHOCHTENIBLHBIE TUCOAIAHCH yMEHBITUINCH BYETBEPO: CTAHIAPTHOE
oTKJIOHeHTe oKazaJsock (.05 Bmecto (0.22.

Bruta uccrenosana sxcnepumenTanbHo (a1s peiaka 200 KOMIaHwuit) TOIHOCTE ONEHKHU Oy-
JIyIIell BOJATUIBHOCTU 110 MPOINLIBIM JAaHHBIM. B KayKJ0M OT/JEJBHOM OIbITe GpaIich JIBe
OTIEHKHN BOJIATUJIBLHOCTU O] W 09 TIO ABYM COCEIHWM COTHSM TPUPAIIEHUN J0rapudma Kypca
akumit. Cocrapasiach crarucTuka In(oy /o). Ivnupudeckas HyHKIUA PACIPEIeeHnsT STOM
CTATUCTUKU npuBeeHa Ha puc. 9 (B mopmanbroMm macmrabe). Mbl BUauM HA 3TOM DUCYHKE
HOPMaJIbHOE DACIpE/Ie/IeHne ¢ HYJeBbIM CPEJHUM U CTAHJIAPTHBIM OTKJIOHEHHEM (OIEHUBAE-
MBIM 110 KBaHTUJIsIM) a9y Th GoJibiie 0.20.

Kaknwm 6b110 661 pacnpeseenne yKa3aHHOW CTATUCTUKH MIPU TOTHOM JeHCTBUU MOIEIN
reOMETPUIECKOTO OPOYHOBCKOTO JBWIKEHUs (CO CTPOTrO TIOCTOSIHHON BOJIATHILHOCTHIO)?

Mgsr umenn 6b1 pasHocTb Inys — lnxi, rme X2 — 3TO CcJay4vaiiHad BeJUYNHA, NMEIoIas
X2-pacrpesesnenue ¢ 4uciaoM cremeneil coGomel n = 100. Pacmpemesenne 9T0 acuMITOTH-
9eCKM HOPMAJBHO C mapamerpamu (7, \/ﬁ), WJIW, €C/IW yTO[IHO, TPUOJIMKEHHO WMEeT BUI
n(l+&y/2/n), tae & ~ N(0,1). Iocie u3piaedennss KOpHsl U B3ATUS PA3HOCTH JIOTApudMOB

MOJTyYaeM, 9TO
Inye —Inyx; ~ (& — &1)4v/1/2n,

9TO COOTBETCTBYET HOPMAIBHOMY PAaCIIPEIEJECHUIO C HYJEBLIM CPEIHUM W CTAHJAPTHBIM OT-
knonerneM +/1/n = 0.1. Takum 06pa3om, J1d paccMaTpUBAEMOrO PHIHKA TOYHOCTH OIEHKH
Oyaymieit BosatmabnocTr 10 100 mpomibiM HAOJIOAEHUSAM BIIBOE€ Xy2Ke, UeM ObLiIo Obl 1pu
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TOYHOM JTeHCTBUY BEPOSITHOCTHON Momenu. [lo-Buammomy, n mucbaanc mpu Xe KUpPOBAHUN
ommmona ¢ T' = 100 6yzmer Bapoe Gosbie (B CMBICIE CTAHIAPTHOTO OTKJIOHEHWS ), UeM TOT
JaucbaIalC, KOTOPBIH MOXKHO paccauTarh MerogoM Monrre-Kapso, Momgenupyst psij 1eH akimii,
olleHKY BoJiaTwIbHOCTH 110 100 mpeaplyiumM HaOJII0IEHUSIM U XeXKUPOBAHNE C BOJATUIbHOC-
TBHIO, paBHOfI 3TOMH OLICHKE. TaKI/IM oyTeM IpeanojaraeTcd BO3MOXKHBIM UCKJIIOYUTL ITapaMeTp
K onmnmona, HO 9TO Kacaercd mapaMerpa 1, To HyKHO, BUAUMO, I psiaa 3HadeHnit 1 9Kc-
MEPUMEHTAJIbHO U3Y1aTh (HO JAaHHBIM KOHKPETHOT'O prHKa) TOYHOCTD OIICHKHU BOJIATHUJILHOCTH
0 KaKOMYy- JIHOO IHC/Iy TPOIUIBIX HabJoaennit (He obsa3arensno pasaomy 1)).

0.10 VYcjaoBHO rerepockKegacTUIHAsI MOJIEJb

Ha rpadmkax nocieosare/IbHbIX 3HAYEHWH TPUPAIEHnH JorapudMa MeHbl aKIuil, HECOMHEH-
HO, MOXKHO BO MHOT'HX CJIy4asgx HabJ0IaTh, Kak pasMax KoJebaHuil rpaduka myILCAPYeT: TO
YBEJMYUBALTCA, TO yMEHBIIAETC. TePMUH «PeTEPOCKEJNACTUYHOCTLY B CTATUCTUKE O3HAYAET
epeMeHHbIi pa3dbpoc 3HAUEHNH KaKNX-TO HAOJIOIEHUH, 1 B 9TOM CMBIC/IE TTPUPAIIEHWST JToTa-
pudMOB IIeH MeTePOCKETACTHIHLL, JTO O3HAUAET UX CTATHCTHUYIECKYIO HEOIHOPOLHOCTL, €CJIH,
KOHETHO, HAOIIOJAEMYI0 HEOAHOPOJHOCTH He YAAETCA CBECTH B paMKaX KakKo#-ambo cTaTncTu-
JeCKOI MOJEIN K OOUHAKOBO PACIPENEJeHHLIM CIyIalHLIM BEeIHINHAM.

BonarmabHOCTs MEHHBIX OyMar,pasyMeeTcs, MO IBEPKEHa, BIUAHAI0 OKPYKAIOIMAX IKOHO-
MHUYECKUX U HOJHTHYECKUX (PaKTOPOB, HO KOIMYIECTBEHHO BLIPA3UTL MONOOHLIE BIUAHUS He
yaaercd. B Hayke ¢ JaBHUX MOP MPU3HAHO TPABUJIO,HA3BIBaeMoe «OpnuTroit OKkamMay, COryTacHo
KOTOPOMY HE HaJI0 BBOJHUTH B HCCJIEI0BaHNe Takue (baKTOpbI (WM CYITHOCTH, UJTH CYIIECTBA), C
KOTOPBIMU BCE PABHO HUYErO HEJIb3s CAEAATH. BOT U JIEIaeTCst MONBITKA, OMMCATH MEPEMEHHY O
BOJIATHJILHOCTD € IIOMOIIBIO TOTO €QUMHCTBEHHOTO, YTO JTOCTYIIHO KOJHIECTBEHHOMY HaOJIIOLe-
HUIO, & UMEHHO C IIOMOIILI0 CAMUX [EH PLIHOYHOIO aKTUBA. TAKUX HONBITOK J€J1aeTCsd MHOTO,
KayKJasd W3 HUX B OTJAEJLHOCTH MMEET MaJIO MAHCOB Ha yCrex (MOTOMY UTO SICHO BEJb, U9TO Ha
CaMOM JieJie MHOTO€ 3aBUCHUT WMEHHO OT BHEITHUX (DAKTOPOB, KOTOPBIE HE BBEJEHBI B MOJIEJIB ),
HO TIoCIe 0BCYKIEHNS BCEX 3TUX MOTMBITOK B JIATEPATYPE BO3HUKAET W YKPETLIACTCH MHEHUE,
KaKHe U3 HUX SIBJSIOTCS OoJiee YIaUHLIMA.

Cpenu yaagabIx Mojesieil ucTogHukr 0xX0THO HazbiatorT Mojgean tTuna ARCH, GARCH u
cxomubie ¢ HuMu (ARCH osmagaer AutoRegression Conditionally Heteroscedastic, GARCH -
Generalized ARCH). Ocobenno yjaunoii (B CMbIC/Ie HCIIOIB30BAHKS HEOOBIIOTO YUCIa 1apa-
MmerpoB) cunraerca Moieab GARCH(1,1). Dra Momesb 3aKII09aeTCsl B CJETYIOIIEM.

TereparopoM ciiydast CUUTAETCS TOCaenoBaTebnocTh {ex, k = 0,+£1,4+2, ...} nezasucu-
MBIX OJIMHAKOBO DACIPEIETCHHBIX CIyqaifHbX Bendnd Takux, uro Ee, = 0,Ee; = 1. Dtn
BEJIMYMHBI CO3JAI0T NPUpAIIeHust JorapudmMos Kypca akuuit 6 = In(Siy1/St) no dopmynam

S5 = oper, 08 = ag + 1671 + Brot g, (35)

rae ag, a1 U 31 — TOJOXKUTENbHBIE uncia. TakuM 006pa30M, BOJATHIBLHOCTH 0y B MOMEHT
BBIPAYKAETCS PEKYPPEHTHO Uepes 0y—1 U 0;—1, TPUUEM TIPOUCXOTUT HEKOE «CAMOBO30OYKICHUE
BOJIATHJIHOCTH: €CJIV 3HAYEHIE 5,52_1 0Ka3aJI0Ch OOIBITINM, TO BEPOATHEE BCEIO OKAXKeTCd 00Thb-
IITUM 3HAUYEHUE BOJATWIBHOCTH B CJAEAYIOMNY MOMEHT 0¢. Takum obpa3oM, BHeITHUE BO3eiic-
TBUS HA PBIHOK B MOJIEIN 3aMEHSIIOTCH CAMOBO30YXKIEHNEM BOJATHILHOCTH.

Mopesns (35) mpemjaraercst JiJis ONMUCAHAST €K THEBHBIX [I€H 3aKPBITHsI TOPrOB, B TO Bpe-
MsT KaK Jiig KOJie0aHWil 1IeH BHYTPH CECCHM OHA HE PEKOMEHIyeTCsl. DTUM JaHHAA MOJESb
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oTamvaercs or 60jee TPOCTON MO TeOMETPUIECKOTO OPOYHOBCKOTO JIBUMKEHWs, KOTOPas
MBICJIUTCS, KaK IpUMEeHIMasd ¢ TeM WX UHBIM YCIeXOM B JIIOOLIX BPEMEHHBIX MaCIITabax.

[Tpu pabore ¢ peanbHLIMU IEHAME AKIUI Hem30EKHA 3aMEHa TeX WU WHBIX YCPEIHEHWH
o aHcaMbJIF0 peanu3aruii (KOTOPOro HET B HADJIIONEHUSIX) yCPeTHEHUsIME 110 Bpemenu. 1lo-
9TOMY mapamMeTphbl g, 1,31 B (35) BRIOUparoTCa TakuM 06pa3oM, 4TOOBI MOJETb 33/1aBaIa
CTAIMOHAPHBIN CJIYYIAMHEBIN IPOLIECC, B KOTOPOM TEPSIETC CTATHCTHIECKAs 3aBHCAMOCTE MeXK-
Jly 3HAUEHUSME TTPOTECCaA, PA3AEJEHHBIMIA JOCTATOYHO HOIBITUM WHTEPBAJIOM BpeMernu. Hcim
MOOKATE £2 = €2 + B5, To mOTydaeTcs caeayomas (hopMyIIa;

o} =1+ + & & o+ -+ & .. . Gap),

13 KOTOPOii fCHO, 9TO YCJIOBHEM MOTEPU 3aBUCAMOCTHU 0t OT 0( (Ipu ¢ — 00) SABIAETCS CTPEM-
JleHue K HyJII0 11pou3BeleHus ftz_l .. f% JlorapudMupyst u yauTbiBas HE3aBUCUMOCTDH BEJIUYUH
&5, MBI BUJIUM, UTO 3TO TPUBOJUTCS K YCIOBHUIO

Eln(aie? + 61) < 0.

D10 ycIoBHe TPENOIAraeT JINIh KOHEIHOCTh MATEeMATHIECKOro oxumanust aast In &2, Bemm
e moTpeboBaTh, 9To6s cymecTBoBaao EE2 u urobn Eo? B mpemene He 3aBHCEIO OT 0, TO
MOJTyYaeM HECKOTBKO 00J1ee CHILHOE YCIOBHE

a1+ p =EE < 1. (36)
[MockobKy B MOgenn (35) BEJIMYMHBL 0y U €; HE3ABUCHMbI, HMEEM PABEHCTBO
Eé? = g + (041 + 51)(7?71.

Takum 06pazom, nazke HeGOIBLIIOE HAPYIIEeHUe yCaoBus (36) npuBoMI0 Ob1 K GBICTPOMY POCTY
ES? ¢ pocrom t, 4TO COBEpIIEHHO GECCMBICICHHO IIPH TeX ThICAYAX 3HAYCHMUIL ¢, C KOTOPBIMU
UMEIOT Ne/10 B (DUHAHCOBBIX JAHHBIX.

B smreparype cioxkuiack TpaauIus, B CHJIY KOTOPOI s OIEHKN MapaMeTPOB MOJIEIN
(35) mocTynupyercst kKakoe-1ubo pacrpe/iesienne Beandnn €, (Hampumep, Hopmasabuoe N (0, 1)),
60 pacipegenenne Creiogenta, HopmuposanHoe yciropueM Ee? = 1 u 1.11.). ITocse 310T0 MO-
JIeTTb CTAHOBUTCS MTAPAMETPUIECKON U MapaMeTphl OTIEHHBAIOTCI METOJIOM MAKCHMyMa TpaB-
oo obust. 3aMeUeHO, UTO TIPHU ITOM CyMMa OTEHOK TapaMeTpoB v u (1 HEPEIKO MOIXOIUT
6TM3KO K KpUTHIECKOi Tpanuie (36), a BecTpedatoTess U myOIMKalnl, B KOTOPBIX IPAHUIHOE
suadenune 1 mpeswimaercsa. HaM He npuxomuaoch BUAETH, YTOOBLI aBTOPBI MyOIuKAIuUil mpu-
MEHSTH IIPOCTERINNN 1 COBEPIIEHHO HEOOXOAMMBI TECT MOJIEIH, COCTOSIIIN B TeJIeHAN PIIa
HaOJIIO/IeHIIT Ha, HECKOJIBKO YacTeil W CPABHEHUW IMOJIYJAOIUXCS JJIsl KaXKI0W 9acT OIEeHOK
mapaMeTpoB. I[oCKOMBKY OT TpeAnoI0KeHnsT CTATTHOHAPHOCTH PSIia BO BPEMEHN YHTH HETb34,
TaKNEe ONCHKU AOJIZKHBI 110/1y9aThbCd PA3YMHO 6J'[I/I3KI/IMI/I. I/I3BeCTHO7 4YTO OLCHKHU MaKCHUMaJIb-
HOTO TIPABIOTIONO0US HE ABIAIOTCA POOACTHBIMU, a (PUHAHCOBLIE JAaHHBIE HE MOTYT HE OBITH
«3acopeHHbIMIy. [103TOMy BO MHOIHX CIyYasxX OINEHKH TMAapaMeTpOB T0 YACTIM OJHOTO W TO-
ro Ke psifa HaDIAEHNH JOKHBI PACXOAUTHCSA HACTOJIBKO, ITODBI MOCTABUTE TIOI COMHEHNE
BO3BMOXKHOCTH TTOI00Pa MOEIIH.

Haur unrepec k GARCH-monesm cBazan ¢ npobiieMoil obbsacHeHust aucbaiaHCcoB [IPH Xe-
TKUpOBaHUK OMInoHOB. Kazamock 6b1, Mojiesb (35) HampaB/ieHa Kak pa3 Ha BBIACHEHHE CTa-
TUCTAYIECKNX CBOHCTB BEJIMYUNH (5?, KOTODPBIE U BXOAAT B BhIpazkenue (34) myist nucby3uonnoro
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qucbananca. JIeficTBUTeTbHO, OBITHI TI0 peann3anuu Mogean (35) ¢ moMompio meroaa Monre-
KapJ1o moKa3eIBaloT, 9To BU TPpabUKOB HAKOILICHHBIX CYMM BEJIMYHH 02 B 3aBUCHMOCTH OT
COUeTAaHWS 3HAYCHUH MapamMeTpoB MOXKeT ObITh mourH Jjo0biM. B 3ToM cMmbicie rpadukn Ha
puc.4, TOCTpoeHHBIE TO PeaJbHBIM JaHHbIM, B mpunnumne, obbacanmbl GARCH - mogensbio.
Ob6bstcauMbl 1 HAOI01aeMble 3HaYeHus TUcOanancoB. Ho Te »Ke OIbIThI IOKA3LIBAIOT, YTO s
moTOOHOTO O0OBACHEHUA CyMMY v + (1 HYXKHO Tpubam3nuTh K eaunute. OJIHAKO TPH ITOM
rpaduKy HAKOIJIEHHBIX CyMM JEIAI0TCd HEYCTOMYMBBLIMU B TOM CMBICAE, 9TO ITPU PAHBIX
CIAyJYalHBIX YUCIAX, TEHEPUPYEMBIX JATUYUKOM B KaueCTBE 3HAUEHUIl BEJIUYUH €k, TOJYyIAIOT-
Csd HEMOXO0XKWe APYyr Ha Japyra rpaduku paxke npu Thicsdax 3uHadenuit t. OuwHaHCOBBIE PI-
JIbl OKA3bIBAIOTCS CJIUIIKOM KOPOTKUMHU, YTOOBI C HUMU MOXKHO OBLIO paboTaTh C IOMOIIBIO
GARCH-mozsemu ¢ Gyimskumu K Kpuruieckoii rpanune (36) smadenusimu napamerpos. Ecian
craenats a1 + B1 = 0.99, To Mo ABYM ThICSTUAM 3HAUEHUIT 0y HeJIb3s HAJIEKHO OIEHUTH JarKe
cranuonapHoe 3Havenne EJ2, B TO BpeMs Kak II0 PeaTbHBIM JAHHBIM TaKas OINEHKA BIIOJHE
BOBMOXKHA.

Yro Kacaercs obbscHenns aucbagaHcoB npu xelKupopauun ¢ nomomisio GARCH- mo-
Jeiv, TO TPUHIUITHAILHAS BO3MOXKHOCTEH MOAOOPA TAKOTO COYETAHUS MTAPAMETPOB, KOTOPOE
obbscHsieT aucbasiancel mopsiika 0.22 win Kakue-To Jpyrue, HEJIOCTATOYHA. XOTEJ0Ch Obl
6osbiiero. Hanpumep, onenusas napamerpsl GARCH-Mozenu o mepBoil nmosioBute psjaa 1eH
aKIIUN ONpeJie/leHHON KOMIIAHUU, MBI XOTeIU Obl 00bICHUTD Te NUCOAAHCH, KOTOPBIE MOJY-
9aTCHd [IPY UMUTAITNY XePKUPOBAHUS 10 BTOPOl IOJIOBUHE PsAa JAHHBIX. Kcau ObI 9TOT OmIBIT
yJlaBaJics, XejzKep MOr Obl HAyYUTHCH OTJIMYATh T€ KOMIIAHUHU, KOTOPbIE B OyJIyIIeM JajyT
OoJsibIue ucOAIAHCH], OT KOMIAHUMN, I/ KOTOPBIX JAUCOAIaHCHl OKAXKyTCd MajbiMu. Ho mo-
HSTHO, 9TO TAKO€ BO3MOXKHO, €C/IM OIEHKHU MapaMeTpPOB IO TMEePBOi W BTOPOI TOJOBUHE PsIa
OKaKyTCS OJM3KUMU.

Kpome meroma makcumyma mpaBAomomo0us, KOTOPBIA ampuopu BO30yXKIaeT COMHEHW,
napaMeTpsl Mofemu (35) MOYKHO ONEHHBATH M 10 JHUCIIEPCHSM U KOPPEIANHSM BETHIHH 0.
Herpyaao BBIMCATH YpABHEHNUS, CBA3BIBAIOIINE MAPAMETPHI CO CTAIMOHAPHBIMU (110 BDEMEHN )
3HAYEHUAME 3TUX Beauuun. Hanpumep, uzsectho, 4to aq + 1 = ro/ri, rae r, — xoadbdunu-
eHT KOPPEJISAIIT MeKIY 07 1 53 "\ - OJIHAKO ONBITHI C peasbHbIMU JAHHBIMHI (TOT 2Ke pbiHoK 200
KOMITAHWIT) TPUHEC/TH MeIAJbHBINH PE3YIbTAT: OKA3aJI0Ch, YTO ONEHKH KO3MDMUIIMEHTOB KOppe-
JIATTIH, TIOIy YEHHBIE [T0 TIEPBOi 1 BTOPO# MOJIOBUHE Psi/a HAOIOMCHUI eH aKIUU OIHON U TO
JK€ KOMIIAHWY, KaK [IPABUJIO, COBEPIIEHHO PA3JINIHbI. DTHU BEJUYUHBI 110 TOPSIKY COCTABISIOT
HECKOJIbKO COTBIX M MOTYT KOJieDaTbCs BABOE W 0O0JIbIE, HE TOBOPd y»K 00 MX OTHOIIEHUU.
ITpasma, 66110 3aMedeH0, UTO TPU yCpeaHeHnn KO MUITMEHTOB KOPPEIIUN 10 HECKOJILKUM
JeCATKAM KOMITAHUH MOJTYUIAITCS Y2Ke YCTORUIMBBIE ([T TIEPBBIX U BTOPBIX MOJIOBUH DSIJIOB)
qncyia. Ho ecam oTmpaBasThCd OT TAKWX YCPEAHEHHBIX KOPPEIdInil, TO MOJYJIaI0TCI CTOIhb
MaJible 3HAYeHHs OIMEHOK TapaMeTpoB aq, 31, 9T0 ancGagaHchl He obbacHsoTesa. M xkoned-
HO, TE€PSIeTCST BO3MOYKHOCTH OTIMYATH KOMIIAHWM C OOoJbmuMu aucbasancaMu OT KOMIAHUN C
MaJjbIMu gucbasancaMu. YToObl BEIIBUHYTE KAKYIO-TO TUIIOTE3Y JJis 00bsiCHEHUS 3TOr0, obpa-
tuMcd emie pa3 K puc.4. [louaruo, aTo 6obime nucbasancs NP XeKUPOBAHNY BOSHUKAIOT B
MOMEHTHI PE3KOT0 U3MEHEHUsI HAK/JI0HA rpaduKa HAKOIJIEHHONW cyMMbI KBajparos. Ho Takux
MOMEHTOB, MOXKHO CKa3aTh, HET Ha rpaduke /g MePBOil KOMIAHUM M UMEETCd OjuH (um,
MOZKeT OBbITh, JBa i BTOPoii Kommanun). U 510 3a Bocemb Jer Habmonennit. VIHpiMu cioBa-
MU, PE3KME M3MEHEHUS BOJATUIBHOCTU HE CTAHOBATCS €Ie NPEIMETOM CTATUCTUKHU 33 BOCEMb
ner HabIonernit (B paMKax akIuii 0J{HOM KOMITaHUY). A OCKOJIbKY MMEHHO N3MEHEHUs BOJIa-
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THILHOCTH stBJIsiEoTCst ipeaveroM GARCH-moemn, 7o mpuMenenne 3Toi MOJean K JNHAMUIKE
IeH OMHOTO (BUKCHPOBAHHOIO aKTHUBA MPEJCTABJSETCsT (M0 COBOKYITHOCTH W3JI0XKEHHBIX BbI-
e Habro/ennii) Gecrepernek THBHBIM. Bripodem, HEKOTOPBIE HAEXK I MOTYT BO3JIATATHCA HA
«BTOPOE JIBIXaHUE» CTATUCTUYECKOrO MOAXO0AA IPU YKPYITHEHUHA MAaCCUBOB UCXOJHBIX JIAHHBIX,
HaITpuMep, TIPH Iepexoie K JaHHBIM 110 PBIHKY B IIEJI0OM.

Henerko npeno:xnTh 000CHOBAHHOE Y1y YIIEHHE CTAPOI B 3aBEI0OMO HEQJEKBATHON MOIEIN
OPOYHOBCKOTO M/ T€OMETPUIECKOTO BPOYHOBCKOTO JIBUKEHW.

0.11 IIpakTuyeckoe 3HaUYeHUE Xe2KupoBaHud 1mo biasky-I11loyJ-
cy-Meprtony

OnHO 16710 — TEOpeTHUecKuil pe3yabTaT, X0Td Obl U MOATBEPXKJIEHHBIN B OIPEeIeHHON Me-
pe anaan3oM (haKTUIECKUX JAHHBIX, HO JPYTOe Jej0 — BO3MOXKHOCTH U HEOOXOJIUMOCTH €0
IPAKTUICCKUX HpI/IMQHQHI/Iﬁ. TyT O4YC€Hb MHOI'O€ 3aBHCHUT HE€ CTOJIbKO OT MaTEMATHUKN HNJIM Ma-
TeMaTUIeCKOM U NpUKJIATHONW CTATUCTUKW, CKOJBKO OT BO3MOXKHBLIX Ha IMPAKTHUKe BapHaImit
TEOPETUIECKOTO CIIEHAPUS TTPEANOIATaeMbIX TpUMeHeHnii. Kean TeopeTuk mayMaer o0 OqHOM
ClleHApUM, & Ha IIPAKTUKE BO3MOXKEH MHON, B 4eM-TO JIyYIIUi, TO 5TO MOXKET BECTU K paju-
KaJTbHBIM TTepeMeHaM. BoT MBI 1 pacCMOTPHUM BO3MOYKHBIE BAPHUAIIAN CITEHAPUS XeKUPOBAHIS
OIIIMMOHOB M BLITCKAIOIIME M3 HUX BLIBOJADLI.
Nrak, nena onmmona no Bsky-Lloyacy-MepTony maercst BeIpasKeHUeM

v(t, St) = E*[(Sr — K)y exp(=r(T —1))[5¢],

rae E* ozmadaer ycpeaHenme 0 MapTHHIAJLHONR Mepe. DTa IeHa KakK HavaIbHBIA OPHEHTUD
IOCTATOYHO PA3yMHA )i MOKYIIATE IS OMIIMOHA, TOCKOJIbKY IMOKYIATE/ b BPS JIU MOXKET OT-
JINIATh, KaKas Mepa — T.e. MAPTUHTAJIbHAA WX HET — OIMMCLIBAET OVAYIIYI0 AUHAMUKY II€H
akmuii (e BOOOIIE MOYKHO TOBOPUTH 00 a7IeKBATHOM OIMUCAHUY JMHAMUKH [T€H 32 OCTABIIIEECST
Bpemst T —t, BO3MOXKHO — JIOBOJILHO GOJIBINOE, C MOMOIIBIO KaKOH-T100 BEPOSATHOCTHONH MEpHI).
Ona TakKe pasyMHa ¥ A7 SMATEHTa — B PaMKaX TOTO TEOPETUIECKOTO CIIEHAPHUS, B KOTOPOM
OMUTEHT AB/IIETCH XEIKEPOM M HUYIETO HE XOUeT, KPOME TOT0, 9TOOBI OCTATHCA B KOHIIE KOHI[OB
¢ HYJEBBIM KamuTajoM. IlocaeHIit BHIBO MOATBEPKIAETCT MHOTOYUCTIEHHBIMHI OMBITAMH Ha,
pearbHBIX JAaHHBIX IO KPpAWHER Mepe B CPEeJTHEM (cpe;pHI/H?I mucbasanc yCTONanBO OKA3BIBACTCS
OIM3KUM K HYJTIO), a pa3bpoc aucOamaHCcOB B OTAEIbHBIX UMHUTANNSX XEIKUPOBAHUS OKA3bI-
BAETCH YAWBUTEIBHO MAJIBIM.

BruiTekaeT jin m3 9TOr0, YTO Ha MUPOBBIX OMPKaX OMIMOHBI TOPTYIOTCS II0 IIeHAM, Pa3yMHO
O/M3KMM K yKA3aHHOI, & SMUTEHTHI OMIIMOHOB PACCMOTPEHHBIM BhIIIe 06Pa30M XEKUPYIOT
cBon oba3arenscrBa?l Ecan 9Tw BOIPOCH! 331aBaTh 3HATOKAM €, TO OTBETHI IIOJIYYIAITC
JOCTATOYHO yKJIOH4IMBbIE. JIOCTOBEPHO M3BECTHO (M HANMCAHO B Psijie UCTOUYHUKOB), YTO B
1973 roay mpeanpuUUMUMBLIE DIEKTPOHINMUKN BLIMTYCTUIN B TPOAAXKY Ha UMKarckoit Oupxke
OTIIMOHOB MUKPOKAJIBKYJISITOD, KOTOPBIH BbEIamcaan rneny bBiska-Illoyaca, m ¢ ycrmexoMm ero
npoznasann. Ho BoT xemxuposainck ju onnuonsl mo Biuky-ITloysicy — 06 3roM ncrouHnkn
YMaJTIUBAFOT.

Jlesto B TOM, 9TO JAHHBIC O XEKWPOBAHWH OIINOHOB HE/b3s W3BJIEYb U3 O0BITHON OupIke-
BOI CTaTHCTUKH: ODHpKa COOOIIAET O IMeHaX CASI0K C aKIUsIMH, HO O TOM, KTO UMEHHO KYIIII
AKIIMM U C KAKOH 1ebio (T.e. ¢ TeIbI0 XePKUPOBAHNS UM HET) yMATINBAET (KOMMEDUYeCKast
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raitna). Bripodem, manubie 0 meHax ¢e/0K C ONIMOHAME JOCTYITHBI M TPU NX aHAIU3e 00HApY-
JKUBAETCS, UTO [EHBI CYIIIECTBEHHO OTJHYAIOTCS OT TEOPETUIeCKUX («YIBIOKA BOJTATHIEHOCTHY,
KOTOPasd YyIOMHWHAJIACH B])I]_He). HO YTO KaCaeTCd XeJIKMPOBaHUA — KaKue 3€Ch BO3MOXZKHBI
BApPUAHTEI?

CHOKOH BEKa M3BECTHa TPUBHAJIbHAA CTPATETHA XEIKMPOBAHUA <<HpI/IKprTbII71 OIIIMOH».
OHa cocTOUT B TOM, YTO OJHOBPEMEHHO C MPOJIAKeH OIIMOHA XEJXKEP MOKYIAeT aKIIUI, KO-
TOPYIO, BO3MOYXKHO, TIPUIeTCA B OyayiieM nocTaBuTh 1o 1ere K, u Hosibine He fe/iaeT HUu9ero
IO OKOHYaHWS CPOKa, jreitcTBust onmuona. [lyers mia npocrorer K = Sy, Torna B HagambHbIH
MOMEHT XeJKep KakK Obl MPeoCTaB/IsieT MOKYNATeI0 OMIIHOHA 3aeM Sy, KOTOPBIA B CIydae
UCIIOJIHEHUS OMIIMOHA BO3Bpalaercs 6e3 mpoientos. llena Takoit ycayru paBHa 6aHKOBCKOMY
HPOLEHTY, KOTOPBIA HAUMCIACTCA 33 BpeMd AeWCTBUA ONLMOHA, T.€. HAMHOI'O HUXKE, 4YeM lie-
ua, biaka-Illoyica. B Teopermdeckoit Momenn xemkep moToMy 6eper OOJIbIle, 9TO XeIKUPYET
OTIIMOH, OMAacasCh, YTO 1E€HA aKIUil K MOMeHTy 1 ymajer u MoKynaTe/lb OMIIHOHA OTKAKETCs
ot chenku. Torma, COrIacHO TEOPETUIECKOMY CIEHAPUIO, TOT XEMKep, KOTOPBIN OrpaHnydnIcs
cTparerueil MPUKPHITOTO OMITHOHA, JIOJZKEH OCBOOOAUTHC (MPUUYEM — ¢ OMEP3EHHEM: OH JKe
XeJpKeD, a He CIEKy/IgHT!) OT HeHYKHOI eMy aKIuu, Mpojas ee mo nere S7 < Sy v MoHecd npu
sroMm norepu. Ho eciim peIHOK akKIUil B 1I€JI0M PACTYIIHI, TO BE/Ib XEJIKEDP MOYKET U OCTABUTH
cebe ITY aKIUIO, B HAJEKIEL, 9YTO B HE CTOJIb OTAAICHHOM OymyIieM IIeHa OMSTh MOIHUMET-
Cs, TAK YTO TEOPETUYECKasi YIPO3a MOTEPDh HE CJUIIKOM peasibha. llycrs, HanpuMep, SMUTEHT
OTII[MOHA — 9TO OMEPaTOp (PUHAHCOBOIO PHIHKA, KOTOPBIH B OTHOIIECHUN aKIU BOODIIE-TO 1ep-
xkutes crparerun «buy and hold», Ho ¢ 6yraroTBOpUTEILHBIMU LIEJISAMU AET BO3MOXKHOCTH TEM
UI'POKaM, Y KOTOPbIX HE XBaTdCT ACHET Ha NOKYIIKY ].[eJ'[OfI AKOWH, ITIOUT'PATH Ha OIIIUOHAX, BbI-
JleJigst JJTsT TTPUKPBITUST YaCTh MMEIOINXCA y Hero akmuit. J[jia Takoro xemKepa 1eHa OminoHa
— 5T0 DAHKOBCKUI TPOMEHT. KcTaru, ecin ONIMOH HUYEeM HE TPUKPBIT, TO MPU €r0 BBITYCKE
Oupaka Oeper ¢ HSMUTEHTA HEMAJIbI 3aJI0T, W HE BIIOJHE FCHO, KAKOW 3a/10I OHA BO3BMET, €C-
JIM SMUTEHT CKAaXKeT, 9T0 OH OyaeT XeJKupoBaTh mo Basky-Iloyacy. A TpUKPBITHI# ONIHOH
3aJsiora He Tpebyer.

g poiaka 200 koMmaHuit ObLIM MPOBEJEHBI YKCIEPUMEHTHI 10 CPABHEHUIO CTPATEIHH
bska-Illoysica co crparerueii mpuKpPHITOTO ONIUOHA, B KOTOPBIX MOTEPU IMUTEHTA, BHIUKC-
JISUTHCH TAaK, KaK I[OJOXKEHO B TEOPHH (T.e. SMHTEHTA 3aCTaBJIsiin COPACHIBATH AKIIHIO, €CJIH
He UCIOJIHAICS OINIMOH), & IeHA, IT0/IydaeMasa C MOKYNATe s, BO BCEX CIydadx DPaBHSIACH
nene Burska-Illoyaca. EcrecTBenno, B ciaydae cienoBanus crpaternn Biska-lloyaca cpeqmmit
OCTATOK KalUTaja y SMUTEHTA PABHSJICS HYJIH, & €CJId CJeJ0BATh CTPATErMU MPUKPBITOrO
OTIIMOHA, TO B CPEIHEM 3MUTEHT COXPanan y cebs 25% momydennbIx 3a onmuon gener. [Ipas-
Ja, pa3bpoc pe3yabTATOB B OTMAEIbHBIX OMBITAX XEIKUPOBAHUA B CJIydae CTpATErwu bjdka-
[MToysica 6BL1 HAMHOTO MEHBITIE, Y€M B CJAy4Uae TPUBHAILHON cTparerun. tak, npenmyInectso
crparerunu Bika-1lloyica He B femeBu3He XeI2KUPOBAHUS 110 3TOU CTPATErUH, & B YIUBUTEb-
HOHM CTabMIBHOCTH TOJIYIaEMBIX C €€ TIOMOIBIO Pe3yibTaToB. [logywaerca, 94To Ha yBEPEHHO
PACTYIIEM PBIHKE Ta CTPATEIHs TPAKTHUYECKOTO 3HAUEHUS HE UMEET, HO Ha HENPEeICKAa3yeMOM
pbiHKe (KakuM OB aMePUKAHCKUI PBIHOK akiwii B 1973 1oy wim Kakum, BO3MOXKHO, Oy-
JIeT KOTAa-HuOyIb CKIAILIBAIONIAICT B MyKaX POCCAMCKII prHOK) uaes CJIeANEero 3a meHomn
OCHOBHOT'O aKTHBa XCIKUPOBaHUA OINNUOHA 3aCJTYy2KUBACT CEPHLE3HOT'O0 BHUMAHUA. KOHeLIHO,
crparerus bmaka-1lloyica He MOXKeT IPUMEHSThCA B TOYHOCTH B BHUJIE TEOPETHUECKUX (Op-
MyJt (X0Tst GBI ITIOTOMY, 9TO MHOT/Ia BOSHUKAIOT PE3KUE KOJIEOAHUS KOJUIECTBA IIPUOOPETAEMbIX
aKINii ), HO BeJIh TEOPETHUIECKAS MJIEST TIPU €€ MPAKTUIECKOM TTPUMEHEHUN 0OBITHO PA3/IaraeTcst
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Ha, COCTABHBIE DJIEMEHTHI, K HUM T0DABIAIOTCS KAKWE-TO HOBBIE W U3 TOJIYIEHHOTO COUeTAHUS
9TO-HUOYIDL BBIXOIUT.



