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IIpenpucinoBue K pycckomy
1epeBopy

[ToucTuHe ApaMaTHyYecKas CUTyalus, CIOKWIACh B COBPEMEHHOI
9KOHOMMYECKOiI Hayke. HenmueliHas nnHammka (cMHepreTmka), fie-
TepPMUHUPOBAHHBIN Xa0C, (ppaKTanbl, TeHeTUYeCKUe aITOPUTMBI, He-
4ETKMe MHOXKECTBA I IPyTUe HOBelllie HayYHbIe TIOHATH IPOHNUKA-
I0T B 9KOHOMIYECKYI0 TeOpHIo, 0beljast HOBbIe OTKPBITH, HO B TO Xe
BpeMs CaMUM CBOUM IOsBIeHVMEM HOOY>XAas K IepecMOTPY HOCTUT-
HYTOTO paHee. POXXIAlOTCsA HOBbIE MCC/IEOBATEIbCKIE MPOTPAMMEI,
KOTOpbIe CTAaBST CBOEII I[e/IbI0 O0JIee JOCTOBEPHOE 0ObICHEHNE CTIOXK-
HBIX sAB/IeHNnI. K ¥X 41cTy OTHOCUTCA COBCeM HefJlaBHO CTIO>KMBIIASCSA
AVMCUMITIVHA, TOTy4YVBIIasA Ha3BaHNe «9KOHO(DU3UKa».

IIpencraBnaemas xuura P. H. ManTtensn u X. 0. Crennu «Bsepe-
HIle B 9KOHOPM3UKY. Koppenaunn u cl1oXXHOCTb B (pMHAHCAX» MOCBSA-
jeHa npobyeMe, KOTOpas UTHOPUPYETCA TPAaAULMOHHBIMU MCCIE0-
BaHMAMU B 9KOHOMMKe U (PMHAHCAX: a UMEHHO TOMY 0OCTOATEIbCTBRY,
YTO HeT HMKAKMX JI0OKa3aTelbCTB B IOJIb3Y CYLIECTBOBAHMSA caMope-
ryaanuy peiHKOB. OHa JOKasbIBaeT HEYCTONYMBOCTb (PMHAHCOBBIX
poiHKOB. OHa IEeMOHCTPUpYeT IIOHMMaHVe TOTO, YTO PBIHKU BeLyT
ce6s He TaK, KaK OHM I'MIIOTETUYECKU «TO/KHBI» BECTU Ce0S B COOT-
BETCTBUM C TPAJUIMOHHBIMI HepealucTUIHbIMU MofensimMu. Ha oc-
HOBe aHanu3a GUHAHCOBBIX PHIHOYHBIX /JAHHBIX B IPeCTABIEHHOM
TpyJe pasdpabaTbIBaeTCs HOBas MOJENDb AVHAMUKJ PBIHOYHBIX IIEH C
HEeTPUBUA/TbHOI MI3MEHYMBOCTBHIO.

TpagnunoHHast 9KOHOMMYECKasI TEOPUsI He MMeeT IMIIM PUYECKOTO
OCHOBaHUA I CBOMX aKCHMOM, OHA 3VDKJIETCSA Ha MUJiee OTHOCUTENb-
HOTO paBHOBECHUS, TOTHA KaK Teopus GUHAHCOB MMeeT Jie/I0 C IMIIN-
PUYECKUMU JAaHHBIMI ¥ MOZE/ISIMU HEPaBHOBECHON CTOXAaCTUYECKON
arHaMyKu. Ho ¥ MaTeMaTMKU NIpenofaloT CTaHAAPTHYIO Teopuio ¢u-
HAaHCOB TaK, OyATO 9TO MPOCTO MOAMHOXKECTBO a0CTPaKTHOI TeOpuUn
CTOXAaCTUYECKUX IIPOIIECCOB.

ABTOpBI He CNIEAYIOT 32 TeOpeTMKaMy (MHAHCOB U HE HAYMHAIOT
¢ MaTeMaTH4yecKux teopeM. OHM MCIOB3YIOT BOOYMIO Hab/II0laeMoe
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PBIHOYHOE JBYDKEHME 1IeH, YTOObI BBIBECTV HOBbIE [UHAMMYECKNE 3a-
KoHOMepHOCTH. OHM CIIpAIINBAIOT, KaK BeAYT ceOsA PbIHKY B peasb-
HOCTH, He CIeflys YbMM-TN00 IOXKeTaHUAM, BBIPa>KeHHBIM KaK MaTe-
MaTH4ecKy yHOOHbIe IpeAIonoKeHns. [IpyruMu croBaMu, aBTOPBI
HPENCTABISAIOT OX0] GU3NKOB K 9KOHOMUKE 1 pUHAHCAM, KOTOPBIN
COBEPILIEHHO He OKpallleH BEPOJ B UJEONOIMI0 HEOK/IACCUIECKOI 9KO-
HOMUYECKOV TEOpUM VIV MWUJIOBUIHBIMM MaTe€MaTUYeCKMMM TeO-
pemMaMy 0 MapTMHTajaaX. MoIb TaKOrO ONBITHOTO IOAXOZA COCTOUT
B TOM, YTO BBICTaB/IA€T HEOK/IACCUYECKIE MATEMATUIECKIE OKUTAHM A
crabuapHOCTY (hanmbcuUIMpPOBAHHBIMY, U, C/IEOBATENIbHO, JIOXKHBI-
MV OCHOBaHMAMM J/IS1 PACCY>KJeHNUI O PMHAHCOBBIX MAaTePUAX.

Ilns 6yaylimx MOKOTEHWIT POCCUIICKMX 9KOHOMUCTOB «BBeneHme
B 9KOHOPU3UKY» MOXKET HOCTYXXUTb OTIIPAaBHO TOYKOJ CTAHOB/ICHU A
OTEYECTBEHHOV 9KOHOMMUYECKOI T€OPUHM, KOTOpPasA B Xa0Ce peajslbHOM
9KOHOMMKY HEN30eXKHO NO/KHA ObITH HEIMHETHOIL.

Ocraercs f06aBUTD, YTO KHNUTA HAIMCAHA JIETKO M JOCTYIIHO, OHa
He Ieperpy>keHa MaTeMaTHYeCKMMM BBIKJIaJIKAMM U, IO CYIIECTBY,
IpefiCTaB/IsAeT cO00I1 YB/IeKaTeIbHBIN paccKa3 O HOBEHIINX METOfaxX
MaTeMaTM4eCKOM 9KOHOMMKM, He JMILEHHBIN II0JIEMUYECKOrO 3afo-
pa. 9TO cBOEro poja IOBECTBOBaHNE O NPUK/IIOYEHUAX B PHIHOYHBIX
IOKYHITIAX JBaJLIaTOTO BeKa.

JI71s pyccKOro usfgaHMsA COCTABIIEH CIMCOK JJOTIOTHUTE/TbHON INTe-
paTypbl, OTpa’kalollleil pasIMYHble aCIIEeKThl TEOPUM M IPAKTUKY aHa-
N33 HEJIMHEHBIX TMHAMMYECKUX CUCTEM.

B nenom, «BBeneHMe B 9KOHO(M3MKY» MOXKET CTaTh XOPOIIUM
y4eOHBIM TOCOOVEeM /1A CTY/IeHTOB, HACTOIBHOI KHUTOJI aCIIMPaHTOB
U CTMMYJIOM K IPO(deCcCHOHAIbBHOMY POCTY IIperofiaBaTesieil 1 Hayd-
HBIX PaOOTHUKOB.

HoxTop $pusNKOo-MaTeMaTHIeCKNX HayK,
podeccop BCepOCCUIICKOTO 3a09HOTO
(b1HAHCOBO-9KOHOMIYECKOTO MHCTUTYTA
B. 4. Tabeckupus

KanpupaT TeXHMYeCKUX HayK,

noLeHT MOCKOBCKOTO MHCTUTYTA 9KOHOMMUKI,
MeHeI>KMEHTa 1 IIpaBa

B. . TyceB



IIpepucinoBue
AHITIMIICKOT'O M3TaTensa

9Ta KHUI'A IMOCBAILEHA VCIIOIb30BAHNUI0 KOHLIEMIMI CTATUCTUYECKON
¢busnku st onycanus GpUHAHCOBBIX CUCTeM. B 4acTHOCTH, aBTOPBHI
VWITIOCTPUPYIOT KOHIEIIMIO CKeVIMHTA, NPUMEHSAEMYI0 B TEOpUM
BEPOATHOCTEI, TeOPUU KPUTUYECKUX ABJICHUI M Teopuu TypOyIieH-
THOCTY. DTU KOHLEIIIVY IPUMEHSIOTCS K GMHAHCOBBIM BpeMEHHBIM
psifiaM, ¢ TeM 4TOOBI IPOMNUTh HOBBIN CBET Ha IOBefieHNe PUHAHCO-
BBIX PBIHKOB. ABTOPBI IIPE/ICTAB/IAIOT TAK)Ke HOBYIO CTOXaCTUYECKYIO
MOJie/Ib, KOTOpasi YYUTbIBAET pa3IMYHble CTATUCTUYECKVE CBOJICTBA,
Hab/TI0/jaeMble B SMIIMPUYECKUX JaHHBIX.

OOBIYHO HpU M3YYEHMM SKOHOMUYECKUX CUCTEM MMeEeTCs BO3-
MO>KHOCTb UCC/IE[IOBATh CUCTEMY B Pa3/IMYHBIX MaciTabax. OpHaKo
4acTO HEBO3MOXKHO 3aINCATh «MUKPOCKOINMYECKOe» ypaBHEHME IS
BCEX 9KOHOMMYECKNX CyO'bEKTOB, B3aMMOJIE/ICTBYIOIUX BHYTPM JaH-
HOJ cucTteMbl. KoHIlenmm CTaTuCcTM4eCcKoin (bmsmxm, TaKMe KakK CTO-
XacTuyecKas IMHaMMKa, KpaTKOBpeMeHHbIe 1 JJONTOBPeMeHHbIe KOp-
pensnum, caMonofobue U CKeVIMHT AT MOHMMaHue I7100a1bHOrO
HOBEJIeHNs 9KOHOMMYECKUX CUCTeM 6e3 TOro, 4yToObl CHadama OcCy-
I[eCTBUTb MUKPOCKOIIMYECKOe OMMCAaHNe TAaKO CUCTeMbI. JTa KHUTA
OyzeT MHTepecHa KaK (puanKam, Tak 1 9KoHoMucraM. Ou3nkm Haiigy T
HpYMeHeHMe KOHIIETII[MIT CTATUCTIYeCKOT PU3UKIM K 9KOHOMIYECKUM
CHCTEMaM MHTEPECHBIM U MEePCIEeKTUBHBIM, TaK KaK 9KOHOMUYECKNe
CHUCTeMBI IPUHAMJIEXAT K Hanbojiee yBIeKaTe/IbHbIM U CJIOKHBIM CHC-
TeMaM CpPely TeX, KOTOpble MOTYT ObITb MCCIeJOBAaHBI. DKOHOMMCTDI
U Te, KTO paboTaT B 00/1aCTV (PMHAHCOB, HANAYT MONE3HBIM M3JI0-
JKEHNe MeTOJIOB SMIIMPMYECKOTO aHalu3a M XOPOIIo CHPOpMyInpo-
BaHHBIX TEOPETMYECKUX MHCTPYMEHTOB, MOTyIllee IIOMOYb B OINCA-
HUY CUCTEM, COCTOAIINX 13 OTPOMHOTO YIC/Ia B3aMMOJEIICTBYOIIX
IIOLCUCTEM.

OTa KHuUTA NIpeJiHa3HaueHa JJIA CTY[eHTOB U UCC/IefloBaTeIell, U3y-
YaOIIMX SKOHOMUYECKYI0 Teopuio mwin (pusnky 6onee yrayoOnéHHo,
a Takxe s (PUMHAHCUCTOB-TIPOdecCHOHaNoB. ACIIMPAHTHI, B HEKO-
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TOPOJI CTEIIEHM 3HAKOMBbIE C TeOpMENl BEPOATHOCTEN UM CTaTUCTUYE-
CKOI1 PU3BMKOIL, CMOTYT MHOTO€ ITOYEPIIHYTh /1A ce0sl.

Hokrop Pocapno H. MaHTeHbs paboraeT B o6macTy sMmupude-
CKOTO M TEOPETUYECKOTO MOJENTMPOBAHNA CIOXKHBIX cucteM. Haum-
Has ¢ 1989 I. ero uccnegoBaHMsA COCPeOTOYEHBI HA U3yYeHUN PUHAH-
COBBIX CUCTEM C VICIIO/Ib30BAHMEM METOHOB CTATUCTUIECKON (PU3MKIL.
B 4acTHOCTY, OH AB/IAETCS CO3/jaTe/IeM TaK Ha3bIBA€MOTO «yCEYEHHOTO
nonéta JleBu»; MM YCTaHOBJIEHO, YTO STOT IIPOILIECC OMNUCBHIBAET pas-
MMYHbIE CTaTUCTMYeCKMe cBoiicTBa nHAeKkca S&P500. OH Takxe mpu-
MEHVJI KOHIEMIY MHOTOMEPHBIX IPOCTPAHCTB ¥ KOPPEIALMOHHBIX
MaTpul] K MOJe/TNPOBAHNI0 PVHAHCOBBIX PBIHKOB. [I-p MaHTeHbs sAB-
nsercs npogpeccopoM Gpusnky yHuBepcurera Ilanepmo.

Hoxrop X. IOmxun Crennu B TedeHue 30 yet paboraer Ha GuU3N-
yeckux (akyapreTax MaccauyceTCKOTO TeXHOJOTMYECKOTO MHCTHU-
tyta (MTI) n Bocronckoro yHmBepcurera. OH AB/IAETCA aBTOPOM
MoHorpaduu 1o HasBaHueM «BBemeHue B (asoBble IepexOmbI
u xkpurndeckue sapnenns» (Oxford University Press, 1971). Ero xunu-
ra JOHeC/Ia 70 MIMPOKOJ ayAUTOPUM K/II0UeBble MIEV MacIITabHO
VMHBapUAHTHOCTY, KOTOPBIE, KaK TeIepb JOKa3aHO, BeChbMa IIOJIe3HBI
B CaMbIX Pa3HOOOpPa3HbIX IPUK/IAJHBIX 00/IacTAX. B mocnenHee Bpems
i-p CTeH/IN 1 ero COTPYAHMKY VICCTIEIOBAIM BOIIPOC O TOM, B KaKOil
CTeIleH) CKeVIMHTOBble KOHLENIMY IIPOIMBAIOT HOBBII CBET Ha IPO-
671eMbI 9KOHOMUYECKOI TEOPUM, @ TAK)Ke Ha IPOO/IeMBI, XapaKTepHbIe
15 OVOTIOTUY Y MEIMIIMHBI.



IIpepucinoBue

®u3MKM TPUBHOCAT B MOJIE/IMPOBAHME CIOXHBIX CUCTEM MHCTPYMEH-
TBI I METOJIOJIOTVIIO, Pa3BUTBIE B CTATUCTUYECKOI MEXaHMKe U Teope-
Tideckoit ¢usuke. OPUHAHCOBBIE PBIHKY IPEACTAB/IAIT COOOI «XO-
POIIO OIpefie/IEHHbIe» CIIOXHBIE CUCTEMbl, KOTOpPbIE MOJIBEPraloTCs
HeIpepbIBHOMY MOHUTOPMHIY B MacIITabaX BpeMeHM IO OffHON ce-
KyHJbL. Bonee Toro, gakTuyeckm Kaxkpas sKOHOMUYECKas TpaH3ak-
LU 3aIMCBIBAETCS, U BCE BO3PACTAIONIAs 4acTh OOIEro KOMM4ecTBa
3aIIMICAHHBIX 9KOHOMMYECKUX JAHHBIX CTAHOBUTCA JOCTYIHON MJiA
UCCIefoBaHMit. ITO JienaeT GUHAHCOBBIE PBIHKY YPE3BBIYAIIHO HpHU-
TATATe/IbHBIMMY JI/IA VICCTIEfIOBATeIell, 3aMHTePEeCOBAaHHbBIX B 60JIee ITy-
60KOM IIOHMMaHMY IOAXOI0B K MOJIE/IIPOBAHMIO CTIO>KHBIX CUCTEM.

OKOHOMMCTBI M MaTeMaTUKU SABAAITCA OONafaTeNsIMM JaBHUX
TpafMLINIL B MCCTeiOBaHNA (pUHAHCOBBIX cucTeM. PU3MKY, HATPOTUB,
obpamranuch K 9KOHOMIYeCKMM IpobieMaM oT crydas K cimydaro. Op-
HAKO C HefJaBHUX IIOP B aHA/IN3 3KOHOMMYECKUX CUCTEM CTajl0 BOB-
neKaTbcst BCé Oornblie pr3nkoB. MHOXECTBO CTaTeil, OTHOCSIIVIXCS
K 9KOHOMUYECKOJI Teopuy, Terepb MyONMnKyeTcs B GU3MIECKNUX KYP-
Hasax. Co3fjaHbl HOBble MEXUCLMUIUIMHAPHBIE XXYPHAIBI, YIpeXe-
HBI CIelUaIbHble pasfie/ibl B CYLIeCTBYIOIINX M3[JaHMUAX, OPraHN3Y-
I0TCSI MEXIYHapOJ Hble KOH(pEePEeHIUIL.

B nononHeHne K GyHaMeHTaIbHBIM UCCIEOBAHUAM CYIECTBYET
IpaKTU4YecKas CTOPOHA Jie/ia, KOTOpas MOXKeT CIY>KUTb O0bsICHEHVEM
BO3pOcCIIero nurepeca Gpusnkos k punancam. Hanpumep, ynpasneHue
pUCKaMM, UT'paoliee KI0YeBYI0 poyIb A (PUHAHCOBBIX UHCTUTYTOB,
ABJIAETCA TaKOTO POJia CIOXKHOM 33/lavuel, pelleHNI0 KOTOPOl MOXKeT
CII0COOCTBOBATDH MEX/IUCLUIIIVHAPHBII ITOXO,.

Yacro cydaercs, 4TO pu3ndecKyie HOLXOAbI HOMONMHAIOT TPaAUIIN-
OHHBIE JVICIIUIUIVHBL, I0O9TOMY BK/TI0UeHEe PU3VKOB B MEXXANCIIUITIN-
HAapHYI0 KOMaHJY 0 YIIPaB/IeHNIO PUCKAaMU MOXKET IIPUIATh OCTPOTY
VICCTIEIOBAHUAM U IIPOABMHYTD UX K yCIIeXy 110 6ortee 3¢ HeKTUBHOMY
IYTU B CYLIECTBYOI[eM KOHKYPEHTHOM OKPY>KEeHMIL.



Mpeancnosue 13

OTa KHuUTa 3aJlyMaHa KaK BBefIeHMEe B MEXANCUMUIUIMHAPHYIO 00-
NacThb 9KOHOPU3UKy. [laHHBII HEONOTM3M IIpM3BaH OOpPUCOBATH
0071acTh IeATeNbHOCTY (U3MKOB, KOTOpble PabOTAIOT HaJ 9KOHO-
MMYECKMMIU Ipo6reMaMy, INPOBepsAs KOHLENTYyalbHble IIOAXOJBL,
3aIMCTBOBaHHBbIE U3 (U3MYecKuX Hayk. KHura focTaTo4HO KpaTKa
U He IIpecyIefiyeT Lieln 0603peTh Bce HeflaBHIe pabOThI, BHIIIOJTHEHHbIE
B 9TOI1 OBICTPO pasBuBaloleiics obmactu. OHa, CKopee, sIBIsIeT c060it
BBeJIeHIe, KOTOPOe JOCTATOYHO JI/IS TOTO, YTOOBI JaTh BO3MOXKHOCTb
YUTaTh IMOJOOHOTO POfja TEKYIIYIO IUTepaTypy. Tak Kak aTa IOCIes-
HAS OXBaThIBaeT AMUCUMIUIVHBI OT (PMHAHCOBOV MAaTeMaTUKM M TeO-
pUM BepPOSTHOCTE 10 GUSMKM U SKOHOMIUYECKOI TEOPUH, TO B LETIAX
VICKJIIOYEHV S ITyTAHUI[BI B KOHIIe KHUTY IIPUBEMIeH CUCTeMAaTIYeCKIil
CIIMCOK IPUHSATHIX 0003HaYeHMIT (IpuoxKeHue A).

MBI XOTUM HOO/IarOZapUTh MHOTUX KOJUIET 33 MX IOMOIIb B IIOJ-
TOTOBKe KHUTK. PasnndaHble HAOPOCKM ObUIM TI06€3HO IPOCMOTPEHbBI
AHnppeacom banureiitnepowm, [I>xoBanHu bonano, ITapamemBapanom
lonukpuiHaHoMm, CDa6p1/[umo JIunmno, Mxenuc Boiit, Jutpuxom Cra-
ydepom, Anmkeno Bynbnanu u Tutpuxom Yondom.

I>xeppu 1. Moppoy IpofieMOCTpUPOBaJI CBOE MICKYCCTBO B/IaJleHNA
TEXoM, BBIIOMHUB OeCYNCIeHHOe KOMMYeCcTBO McrpasneHuit. Heyc-
TaHHBIe 0OCenoBanms 6ubmmorek Pobeprom TOMICKYU HEM3MEPUMO
pacumpuno 6ubnnorpaduio. Mel 0co6eHHO O1arogapHbl HepCOHANTY
uspnarenpcrsa CUP —u 6onbiue Bcero Caiivony Llanenuny (3aBepyro-
meMy pefakuyeii Gpusndeckux Hayk), 3y Taky (ynpapnsiomemy mpo-
usBoacTBoM) 1 JIuupjcero Haiituureiny (pefakropy), a Takxe Ipy-
e TeXHMYEeCKMX IPYIOKEHNIT 3a MX HPOAYKTUBHOCTD U 000/ peHNs
Ha IIPOTS>KEHUN BCEro MPOEKTa.

ITocTaBUB TOYKY Ha IIOC/IE[{HEN CTPAHUIIE, MBI C TPYAOM He IO ja-
JINCh UCKYIIEHNUIO ePeNncaTh OTAe/IbHbIE TeMbl, KOTOPbIE Tellepb MBI
Mor/u OBl pacKpbITh 6OJee SICHO ¥ TOYHO. MBI HajieeMcs, YTO YUTa-
Te/IM, KOTOPbIE 3aMeTAT OTHe/NIbHble HEeCOBEPIIEHCTBA, COOOIIAT HaM
0 HIUX.

Pocapuo H. ManTeHnbs,
X. Omxuu CreHnn



IToceamjaerca @panuecke un Viganun
I'maBa 1

BBenenue

1.1. MoTuBanus

Haunnas ¢ 1970-x royjoB B Mupe GDMHAHCOB IPOU3OIIIN 3aMETHbIE 13-
MeHeHMs1. OHUM U3 TaKMX [TOBOPOTHBIX MOMEHTOB ObUT TOf 1973-i1,
KOTJla Ha4yaJlach TOPTOBJISA Ba/IIOTOM Ha (PMHAHCOBBIX PBIHKAX, ¥ KO-
TUPOBKM BalIOT CTalN ONPENENAThCA MEX/yHAaPOSHBIM BalIOTHBIM
porakoM (Forex), paboraromuMm 24 yaca B CyTKM BO BCéM mupe. B e
rogs! biak n Illoysic ony6mmkoBam MepByIo CTaTbio, B KOTOPOIL MpH-
BeJIV PacueTHYI0 (POPMYITy LieHbI OIIMOoHa'.

Havunas ¢ Toro BpeMeHy 00beMbl TOPrOB Ha MEX/[YHapOJHOM Ba-
JIIOTHOM PBIHKE POC/IN C BHYIIUTENIbHON CKOPOCTbI0. O6bEM TpaH3aK-
it B 1995 1. 65171 B 80 pas 6osbiite, yeM B 1973 1. U emte 6onee Brevar-
JIAIOMINIA POCT HAOMIOAAJICA B 00/1aCTU MPOM3BOHBIX IIEHHBIX OyMar.
O61uit 06bEM PHIHOUYHBIX KOHTPAKTOB IO IPOM3BOJHBIM LIEHHBIM
6ymaram B 1996 r. cocTaBuI 35 TPU/UIMOHOB aMEPUKAHCKUX HOJIIAPOB.
O6uyo cyMMy IpUOIU3UTENBHO B 25 TPU/UIMOHOB aMEepPUKAHCKUX
JO/IAPOB COCTABM/IM KOHTPAKTBHI, 3aK/MIOYEHHBIE Ha BHEOMPXKEBOM
PBIHKe LIeHHBIX OyMar (T. e. HeOCPe[ICTBEHHO MEXAY pUpMaMu MIn
(UHAHCOBBIMM MHCTUTYTaMM) U el NMpYMepHO Ha 10 Tpu/IIMOHOB
JO//IApOB — Ha CIeIVaIN3VPOBAHHBIX OMpKaX, KOTOpPbIe OEPUPYIOT
TOJIBKO C IPOM3BOAHBIMU KOHTpakTaMu. CerogHs (UHaHCOBBIE PbIH-
KJ1 CIIOCOOCTBYIOT TOPTOBJIe OTPOMHBIMY KONYECTBAMU JIeHeT, aKTH-
BOB 11 TOBAPOB B KOHKYPEHTHOM ITI00a/IbHOM OKPY KEeHW.

Bropas peBomtonns B aT0it 06/1acTy Havanach B 1980-x rogax, Korga
9JIEKTPOHHASA CHCTeMa TOPrOB, y>Ke BBEJJEHHasA B JIEJICTBIE HA OCHOB-
HBIX OMpXKax, ObUIa alaliTMPOBAaHA K MEX/YHAPOJHOMY BaJTIOTHOMY
pBIHKY. HakoneHne MCTOPMYECKMX JAHHBIX 110 KOTMPOBKAM — WU
I[leHaM, TI0 KOTOPBIM Tpelifiephl >Ke/MaloT KYyNNUTb (LjeHbl MOKYIIKM —
«bid») mnu npopath (ueHs! npomaxy — «ask») GUHAHCOBBI AKTUB —

! Vix Bkmap 6511 onjeHen HobeneBckoit mpemeit 3a 1974 r. — IIpumeu. nep.
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OBLIO HAYaTO IIPMMEPHO B TO )K€ BpeMsi, KOTZja 97IEKTPOHHBIE TOPIH
CTasy MOBCeMeCTHbIMM. BypHoe pa3BuTie GpMHAHCOBBIX PHIHKOB IIPH-
BeJI0 K HEOOXOAVIMOCTY IIpUBJIeYeHNsT OONMbUINX (PUHAHCOBBIX U Ye-
JIOBEYECKUX PeCypcoB K pa3paboTKe METOLOB MIHMMU3ALNI PUCKOB
BOBJ/ICYEHHBIX B 9Ty Cepy [esTeNnbHOCTH GIHAHCOBBIX MHCTUTYTOB.

1.2. IlepenoBbie MOAXOAbI

B 901t KHure MBI 06CY>K1aeM IpUMeHeHe K pYHAHCOBBIM PBIHKAM
TaKVX KOHIEIIINIT KaK CTelleHHbIe 3aKOHBI PaCIIpe/ie/ieHNsI, Kopperis-
LIVM, CKEVIIVHI, HelpefcKasyeMble BPeMEHHbIE PsAbI U CIydaiiHble
nporecchl. B Tedenne nocnegunx 30 meT GpuMKM FOCTUIIN BaXKHBIX
pe3ynbTaToB B 00/macTy (asoBBIX IIEPEXOIOB, CTATUCTIYECKON MeXa-
HVIKYV, He/IMHETHOI AMHAMUKI U HEYIOPAAOYeHHBIX CucTeM. B aTux
00671acTsIX CTeNeHHbIe 3aKOHBI, CKEJIVHT U HellpeficKasyeMble (CToxXac-
TUYECKNe VN [EeTePMUHNCTUYECKIe) BPEMEHHbIE PSfbl SIB/ISIOTCS
TeMJ KOHL[EIIIMSIMY, KOTOPbIe YaCTO MO3BOJISIOT MHTEPIIPETUPOBATH
JIeXKAIIYIO B X OCHOBE (QM3MYECKYIO peanbHOCTb.

C y4eToM 9TUX HPeAIOCHIIOK Oy/ieT CIOPIIPU3OM IS TeX, KTO I10-
HATOpe/I B IIKOJIBHBIX €CTECTBEHHBIX HayKaX, Y3HATb, YTO IIePBOE JC-
[I0/Ib30BaHIe CTENIEHHOTO pacIpee/ieHNsi — 11 TlepBasi MaTeMaTndec-
Kasg (GopMaaM3anysa CIydaltHOro OMy>KHaHuA — ObUIM peaTn30BaHbI
B COLIMAJIBHBIX HayKax. [I0YTH CTO €T Ha3a/; UTa/IbsHCKUI COL[MATIb-
HBIIT 9KoHOMUCT [TapeTo McCIeoBan CTaTUCTUYECKUIT XapaKTep MH-
AMBU/Ya/IbHBIX JJOXOHOB B YCTOMYMBOI 9KOHOMMKE IIOCPECTBOM X
MOJI€/IPOBAHIIS C IIOMOIIBIO PacIIpeie/ieH s

y~x, (1.1)

Ifie y — KOMMYeCTBO JIIOfiell, MMEIOIUX JOXOM X VIM OOJIble 4eM X,
a v — IoKasaTesib, KOTOpblil [TapeTo oneHnI Be1M4nHo, paBHOM 1.5
[132]. TIapeTo 3aMeTusI, YTO €ro pe3y/lIbTaT MMeeT OOLIUII XapakTep
U O[JHAKOBO IPMMEHNUM KO BCeM CTpaHaM «Oyzb To AHrns, Vpnas-
nus, lepmanus win gaxe Iepy».

Bb110 6Bl CIIpaBe/IMBBIM CKa3aTh, YTO IIOHATHE CTEIEHHOTO pac-
Hpefie/ieHN s IPOTUBOPEYUT MHTYUIUY, IOTOMY YTO OHO He VIMeeT
XapaKTepUCTUYeCKOro Maciuraba. ITO CBOJICTBO IIPENATCTBOBAIO
VICTIO/Ib30BaHMIO TAaKMX PacIpefie/IeHNil B eCTeCTBEHHBIX HayKaX — JI0
TeX II0p IOKa He MOABM/IACh HOBas MapajgurMa: 1) B TeOpuy BeposT-
HocTelt — 6arogaps pabotam JleBu [92], a TakKe 671arofjapsi TOMy 4TO
Manpens6pot [103] mocieoBaTeIbHO IPUMEHNI CTETIEHHBIE pacIipe-
Ie/IeHNUsA K LeJIOMY PsAAY paslIM4HbIX MpobieM; 2) B n3ydeHnn ¢paso-
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BBIX II€PEXOJIOB, I7ie ObIIM BBEJCHbI KOHILEMINN CKeVIJINHTA JI/IS Tep-
MOJVHAMUYECKUX U KOPPETALVIOHHBIX QyHKumit [147].

Hpyroii pacnpOoCTpaHEHHONM KOHLENIMEN eCTeCTBEHHbBIX HayK AB-
nseTcs CaydvaiiHoe OmyxpaHue. IlepBoe TeopeTmyeckoe OmuCaHue
CTy4aiiHOrO OYX/JaHVA B €CTECTBEHHBIX HayKaX OBIIO BBIIIOTHEHO
B 1905 r. itHmTetHOM [48] B €ro 3HAMEHUTOIN CTAaThe, IOCBAMEHHON
ollpefie/ieHNIo Yncita ABoragpo. B mociegyiomniye roger 6omee cTporoe
MaTeMaTu4eckoe ONMCaHMe CTy4ailHOro OMy>XHaHUA ObUIO CHeTTaHO
Bunepowm [158], u Temepb KOHLENIMA CIY4YaliHOTO OMy>XKAAaHUA HIpPO-
HYIKJIa TIOYTH BO BCe 0O/IACTU €CTeCTBEHHO-HAYYHBIX MCC/IeJOBaHMIL.

IlepBas opmanmsanysa ClIydaitHOro OMy>xpgaHus Oblia omy6u-
KOBaHa He DITHIITETHOM, a B JOKTOPCKON Aucceprauny bamrenbe [8],
($PpaHIy3CKOrO MaTeMaTHKa, MPeACTaBUBIIETO CBOM TE3UCHI B OTe-
nenue Hayk Ilapukckoit Akagemun 29 mapra 1900 r. 11 nonydeHns
CTeleHM JIOKTOpa MareMaTuku. Ero yumrenem 6bu1 Ilyankape, ogus
U3 BeMMYANIINX MaTeMaTNKOB cBoero BpeMeHn. Ilonoxxenns puccep-
tanyy bamrenbe, HanyucaHHOI Ha TeMy «Teopus CIIeKyIALMIT», ObIIN
BO MHOTVX OTHOIIEHMAX YAMBUTENbHbIMM. OHM OTHOCWINCH K Iie-
HaM OIIIVIOHOB Ha CIIEKYIATUBHBIX PbIHKAX, K /IeATeIbHOCTH, CTOND
Ba)KHOII TeTepb A1 PMHAHCOBBIX PBIHKOB, I7ie IPOM3BOJIHbIE IIeHHbIE
Oymaryu, CTOMMOCTb KOTOPBIX 3aBMCUT OT IIeH APYIuX, 6a30BbIX ak-
TUBOB, VMEIOT pPery/IsApHOe XOX/IeH/e Ha MHOTUX Oupskax. bamrenbe
OIIpefieNNI BePOSATHOCTD IIEHOBBIX MI3MEHEHM, 3aIICaB ypaBHEHNE,
KOTOpOe Telepb HasblBaeTcA ypaBHeHMeM YemmeHa—Konmoroposa
U ONIMCBIBAET SIBJIEHNE, Ha3blBaeMOe BITHEPOBCKIM IIPOIIECCOM, YIOB-
JIeTBOPAIOIUM ypaBHeHMIO 11 dy3un (9To Momo>keHne ObIIO IepeoT-
KPBITO DIHIITEIIHOM B ero cTarbe 1905 I. 0 6pOyHOBCKOM JIBUKEHIMN).
[Tpn peTpOCIeKTMBHOM aHaIM3e CTAHOBUTCA SCHBIM, YTO BBIBOZIAM
bamrenbe He XBaTaeT CTPOrOCTY B HEKOTOPBIX MaTeMAaTUIeCKUX U 9KO-
HOMIYECKMX aclleKTaX. B 4acTHOCTH, yTBepXKIeHNUe O IayCCOBCKOM
pacmpeyesieH s /IS eHOBBIX M3MeHeHMIT ObII0 — OBOPsI MaTeMaTH-
YeCKUM A3BIKOM — HEJIOCTATOYHO 000CHOBaHHBIM. C 9KOHOMMYECKOI
cTopoHbl, balrenbe nccnefoBan M3MEeHEHN IIeH, B TO BpeMs KaK KO-
HOMJCTBI B OCHOBHOM UMEIOT JIe/IO C U3BMEHEHUAMM JIOTapupMOB LieH.
OpHako 3TV OTpaHNMYEH) I He YMEHBINAT IIeHHOCTH IMOHEePCKOIl pa-
6o1b! bamrenbe.

Vmes B none 3penns pabory balesbe, IOYTH TPU YeTBEPTU BeKa
ciycts, B 1973 1. bk u Illoysc ony61mkoBamy MOfe/Ib OLeHKM OIIIV-
OHa, KOTOpas CTajla BeXoil B pa3BuTuu aroit Teopun. OgHAKO U Teope-
THUKM, ¥ TPAaKTUKY CO3HAIOT, YTO Mofienb brska—Illoyica Hy>Xaercs
B KOPPeKLIMM ¥ 9YTO BOIIPOC O TOM, KaKOT'O POJia CTOXaCTUYeCKUII IIpo-
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I1eCC ONMChIBAET I3MEHEHV A TorapydMOoB IieH Ha pUHAHCOBOM PBIHKE,
OCTAETCA OTKPBITHIM.

[Tpobnema pacmpefieneH s LeHOBBIX M3MEHEHUII pacCMaTpUBaIach
PasnIMYHBIMM aBTOpaMM, HauMHaA ¢ 1950 r., Korga MaTeMaTuKy Haya-
JIV IPOSIBJIATH MHTEPeC K MOZIe/IMPOBAHMIO IIeH Ha (POH/IOBBIX PBIHKAX.
VcxopHoe npepioxeHye bamrenbe o rayccoBCKOM pacIpefie/ieHnn ie-
HOBBIX VI3MEHEHUII ObIJIO CKOPO 3aMEHEHO MOJIe/IbI0, B KOTOPOII IjeHbI
aKIMil VIMe/IU JIOTHOPMAaJIbHOE pacIIpefie/ieHne, T. €. CIefjoBalu reo-
MeTpUYeCcKOMY OPOYHOBCKOMY ABVDKeHMUIO. B reomeTpudeckom 6poy-
HOBCKOM JIBVDKEHUM Pa3HOCTM JIOTapU(MOB IIeH MEIOT TayCCOBCKOe
pacmpepeneHme. 9Ta MOJie/b, KaK 3BECTHO, JaéT TOIBKO IepBOe MpH-
OMVKeHNe K TOMY, 4YTO HAaOJIIOlaeTCs B peaJbHbIX AaHHBIX. IIo aToit
npuUYMHe ObUI MPENIOKeH PAJ aJlbTePHATUBHBIX MOJENel C IIe/bIo
00'BSICHEHNSL.

(1) sMIMpKUYECKUX JAHHBIX O TOM, YTO XBOCTBI M3MEPEHHBIX pac-
Ipefie/IeHN T TOJIIe, YeM OXKMJaeMble, B COOTBETCTBUM C TeOMeTpH-
4eCKMM OPOYHOBCKUM JIBUXKEHUEM, 1

(2) BpeMeHHBIX (IYKTyaumii BTOPOTO MOMEHTA I[€HOBBIX
M3MEHEHUI.

Cpenu mpejIoXKeHHBIX a/IbTePHATUBHBIX MOJiefell «Hamboree pe-
BOJIIOLIVIOHHBIM PasBUTHEM TEOPUY CHEKYIATUBHBIX IIeH CO BpeMeHM!
ocHoBomonaraoiieit paborter bamrenbe» [38] siBnsiercst runoresa MaH-
IenbOpoTa O TOM, YTO L[EHOBbIEe M3MEHEHMS CIefYI0T YCTOIYMBOMY
pacupepenenuto Jlesu [102]. YcrorrumBele mpouecchl JIeBu ABIAIOTCA
CTOXaCTUYECKUMIY IIPOLeCCAMM, YHAOBIETBOPAIOMMY 000O0IIEHHO
L[eHTPa/IbHOI NpefieNibHOI TeopeMe. [logunHsisacy 06061méHHOI op-
Me LIeHTPaJIbHOJ IIpeJie/IbHON TeOpeMbl, OHM MIMEIOT PsJ] MHTEPECHBIX
cBoricTB. OHM yCTOUMBEI (TaK>ke Kak 6ojee 061I1e raycCoOBCKYe IPO-
IIeCChI), T. €. CyMMa JIBYX He3aBUCHMBIX CTOXaCTUYECKMX MPOIIECCOB X,
U X,, XapaKTepU3YIOIIMXCA OfMHAKOBBIM pacripesiesienneM JIesu ¢ nH-
JIEKCOM @, €CTb CTOXaCTUYeCKUII IIPOoLecc, XapaKTepU3yoIuiics pac-
npepeneHveM JleBu ¢ TeM >xe uHpgekcoM. Popma 3TOro pacrpeseeHns
yCTaHaB/IMBaeTcs (YCTONYMBO) CYMMMPOBAaHIEM HE3aBUCHMBIX MJEH-
TUYHO PACHpPeNENEHHbIX, YCTOMYMBDIX 110 JIeBU CITy9aliHbIX YMCeL.

Kak MBI yBuaMM, ycTOIYMBEIT Ipolecc JIeBu ompepenseT coboit
0071acTb HPUTSDKEHUA B QPYHKIIMOHAIBHOM IIPOCTPAHCTBE (PyHKINI
IVIOTHOCTY BepoATHOCTU. CyMMa He3aBUCUMBIX MAECHTMYHO pacipe-
JIeIEHHBIX CTOXACTMYECKUX IIPOIeccoB S(x)= Z;x" , XapaKTepusy-
eMBIX (YHKI[Meil IIIOTHOCTU BEPOSATHOCTU C XBOCTAMM, OIpeJiesisie-
MBIMY CTEIIEHHBIM 3aKOHOM
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P(x) ~x -0+ (1.2)
OyZeT CXOUTBCA 1O BEPOSATHOCTU K YCTONYMBOMY CTOXaCTUYECKOMY
nporeccy JIeBu ¢ MHAEKCOM a, KOTZIA 1 CTPEMUTCA K O@CKOHEUHOCTH
[66].

OTO CBOJCTBO TOBOPUT O TOM, 4TO pacIipefie/ieHNe YCTOIYMBOTO
mporiecca JIeBu ecTh CTeleHHOe pacipefie/ieHye Hjisi OONbIINX KOMN-
YeCTB CTOXACTUMYECKMX MepeMeHHBIX X. ToT (aKT, 4TO CTeleHHbIe pac-
Ipefie/ieHNs MOI'YT He MIMeThb TUIIMYHOIO MacIiTaba, OTpaXkéH B YCTO-
YIBOM Ipoliecce JIeBy TeM CBOWICTBOM, UTO €r0 UCIepCcrs 6eCKOHeYHa
1t o< 2. CToXacTUYeCcKuil porecc ¢ 6eCKOHEYHO AVCIePCHeit, XOTs
U XOPOLIO OIpeJieNIEH MaTeMaTYeCKH, YPE3BbIYaliHO TPY/IEH B MCIIONb-
30BaHNM, O0/ee TOro, HOpOXK/aeT PyHAaMeHTaIbHble BOIPOCHI IO IO-
BOZly NIPMMEHEHN ero K peaJbHbIM crucTeMaM. Hampumep, B ¢pusuye-
CKMX CHMCTe€MaX BTOPOJ MOMEHT 4acTO OTHOCUTCS K TeMIIEpaType, TaK
4TO GeCKOHeYHas JUCHepCHs MOApasyMeBaeT OECKOHEUHYIO (WM He-
OIIpeJie/IeHHYI0) TeMIepaTypy. B ¢puHaHCOBBIX cucTeMax 6ecKOHeYHas
TVICTIEPCHA OCTIOKHAET BaXKHYIO 3a/1a4y OLIEHKM PYCKa.

1.3. Ilopxon Teopun xaoca

B Teopun ¢puHaHCOB OBITYeT Bepa, YTO BpeMEHHbIe PAJbI IeH aKTH-
BOB HeIIpeficKasyeMbl. DTa Bepa JIEXKUT B OCHOBE ONMCAHMA L[eHOBOI!
OVUHAMMKY KaK CTOXacTU4ecKoro npouecca. Haunnas c 1980-x romos
B (M3MYECKMX HayKaX ObUIO MPU3HAHO, YTO HENpelCKas3yeMblil Bpe-
MEHHOI PAJ U CTOXACTUYECKUII IIPOLecC He ABIAKTCA CHHOHMMAMI.
B yacTHOCTH, Teopms Xaoca IIOKa3aja, 4TO HEIpefiCKasyeMble Bpe-
MEHHBbIE PAJLbl MOT'YT BO3HMKAaTbhb B JETEPMUHMPOBAHHBIX HENIMHEN-
HBIX CYCTeMaX. Pe3y/IbTaThl, HOMTyYeHHbIE TPV U3y YeHNM (PU3NIECKUX
U 6MOIOTMYEeCKMX CUCTEM, MOACTETHY/IN MHTepeC K 9KOHOMIYECKIM
cuctemaM. TeopeTmdeckre ¥ SMIMPUYECKNE MCCIENOBaHUs ObIIN
HAIpaBJIeHbl HA TO, YTOOBI BBISICHUTD, [EIICTBUTE/IBHO /1 BpeMeHHa st
9BOMTIOLVS [[eH aKTUBOB Ha (PMHAHCOBBIX PBIHKAX SIBJISETCS C/IEACTBU-
€M 7IeXKallleil B €€ OCHOBE HEJIMHETHON IeTEPMUHNPOBAHHOM SV HAMM-
K1 (OrpaHMYEHHOTO YIIC/Ia) TIEPEMEHHBIX.

OpHOIt M3 1eeil UccIeoBarTeell, N3y4anlux (pUHaHCOBbIE PBIH-
KU METOJAaMM HeIMHENHON JUHAMUKM, ObIIO BOCCTAHOBUTH (IUIIOTE-
TUYECKUII) CTPAHHBIN aTTPAKTOP, MMEIOIMIT MECTO B XaOTWYECKO
BPEMEHHOI1 3BOMIOLMN, U OIpPEeNeNNTh ero pasMepHocth d. Boccra-
HOBJIEHME CKPBITOTO aTTPAKTOpa U OIPeJe/IeHNEe e€ro PasMepHOCTU
SABJIsIeTCS HENETKot 3aadeit. Hanboree 0CTOBEPHOI OLleHKOM 1yist d
CITY>KUT HEepaBeHCTBO d> 6. [I/1s1 XaOTMYeCKUX CUCTeM ¢ d >3 JocTaTod-
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HO TPYZHO OTIMYNUTH XAaOTUYECKYI0 BPEMEHHYIO SBOJIIOLMIO OT CIIy-
YaifHOTO IpoIlecca, 0OCOOEHHO eC/N JIeXKalas B OCHOBE JleTePMIUHIIC-
THYeCKas AVHaMUKa HeusBecTHa. ClielOBAaTENIbHO, C SMIUPUIECKOI
TOYKV 3PEHUA BBIIIAAUT MAJOBEPOATHBIM, YTO MOXXHO IHPOBECTU
pasnu4ye MeXIY CIy4aiHO U XaOTUIECKOI IUITOTE3aAMMN.

XOT# HMOTHOCTBIO HEJTb35 UCKIIIOYUTD TOTO, YTO (PVHAHCOBBIE PbIH-
K CJIEAYIOT XaOTUYEeCKOIl IUMHAMMKE, MBI IIPEATIOYNTaeM apajurmy,
COITIACHO KOTOPOII IleHOBas IMHAMMKA aKTVBOB SIB/ISAETCS CTOXACTH-
4eCcKMM IpoljeccoM. Hamr BeIOOp MOTHMBMpPOBAH HaOTIOEHNEM, CO-
CTOAILIVIM B TOM, YTO BpPeMEHHas 9BOJIOLMA IIeHbl aKTUBA 3aBUCUT
OT Bcell MH(pOpPMaLVM, BO3AEICTBYIOLIeN (VI MOTYIel BO3JeCTBO-
BaTb) Ha VICCIE/lyeMblil aKTUB, Y HAM Ka>kKeTCsl MaJIOBEPOATHBIM, 4TO
BCs 9Ta MHGOpMAIUs MOXKET ObITh aleKBaTHO OMMCaHA HeOOJIbIINM
KO/IMYEeCTBOM HE/TMHEHBIX IeTePMIHUCTIYECKNX YPABHEHNUIL.

1.4. HanpaBienus UcciefoBaHnm

®yHaHCOBBIE PBIHKM IEMOHCTPUPYIOT PsJi CBOJICTB, KOTOPbIe XapakK-
TEPU3YIOT CJIOKHbIE CUCTEMBL. ITO OTKPBITBIE CUCTEMBI, B KOTOPBIX
MHO>KeCTBA IOJICUCTEM B3aMMOJEIICTBYIOT HeJIMHEIHO IPpU HaININK
o6paTHBIX cBA3eit. [IpaBuita, perynmpytome feiicTBue GpUHAHCOBBIX
PBIHKOB, JOCTaTOYHO YCTOVYVBBI, I BpEMEHHA BOMIOLNA STUX CUC-
TEeM IOfIBepraeTcs HeIpPepbIBHOMY MOHUTOPMHTY. Temephb cTamo BO3-
MO>XHBIM Pa3BUTb MOJIe/IN U IPOTECTUPOBATH UX TOYHOCTD U TIPefiCKa-
3aTe/IbHYIO MOIIlb, BBUJY TOTO YTO CYILIECTBYIOT 60/bIINe (K TOMY e
BBICOKOYACTOTHbIE) 0a3bl JJAHHBIX.

OpHa 13 aKTMBHO pa3BUBAIOIINXCS 001acTeit Teopuu GprHAHCOB —
3TO OlleHVBaHME IPOU3BOJHBIX MHCTPYMEHTOB. B mpocreiimem ciy-
Yae aKTVUB OINMCHIBAETCS CTOXACTMYECKUM IIPOLIECCOM, a IIPOU3BOJ-
Has IleHHas OyMara OLleHVBAeTCs C YYeTOM IIeHBI ¥ CTaTUCTUYECKUX
CBOJICTB aKTUBA, JIeXKAI[ET0 B e OCHOBe. JTa IpobieMa MOXKeT OBITh
IpefiCTaB/IeHa II0 MEHbIell Mepe IABYMS Pas3JIMYHBIMM aCIIeKTaMMU:
(1) «dpyHIaMeHTaTbHBIMM» ACIEKTaMM, KOTOPbIe MIMEIOT OTHOLICHVe
K IPUPOJie CTYYaifHOTO IIPOLiecca, KOTOPOMY CIelyeT 3TOT aKTUB, 1 (2)
«IIPUKJIQJHBIMW» VIU «TE€XHIUYECKUMMU» aclleKTaMy, KOTOpble MEIOT
OTHOIIIEHNE K PEIIeHNIO TPOO/IEMBI LIeHBI OMIIMOHA B IIPE/IIIONTOKEHNIA,
YTO JIEKAIINII B OCHOBE aKTUB CJIeflyeT MMEHHO 3TOMY C/Iy4alfHOMY
Ipolieccy.

B nocnenHee Bpemst Bcé 6orbliree Ym0 Gp13MKOB IIBITAETCS AHAIN-
3MpOBATh ¥ MOJIENTMPOBATh (PMHAHCOBBIE PHIHKI U — I PEe — IKOHOMU-
yecKye CUcTeMbl. VIHTepec 3TOro coobuiecTBa K GMHAHCOBBIM U 9KO-
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HOMUYECKVM CUCTEMAM YXOLUT KOPHAMM K 1936 r., Korga Maitopan
HaIlJCaJl CBOIO NMMOHEPCKYIO CTaThI0 O CYIIHOCTHON aHAJIOTUM MEXIY
CTAaTUCTUYECKUMY 3aKOHaMU B (U3MKe U COLMaNbHBIX HaykKax [110].
OTa HEOPTOMIOKCA/IbHAS TOUYKA 3peHNA pacCMaTpMUBanach 0 HeJlaBHe-
TO BpEeMeHM BCEro JIMIIb KaK CIefiCTBUe 060uHOro nHTepeca. M eitct-
BUTE/ILHO, BIUIOTH 70 1990-X rOfiOB OYeHb MajIo MPodecCuoHaTbHbIX
($U3NKOB 3aHMMA/INCh UCCIENOBAHMAMY COLVIAJIBHBIX MM SKOHOMM-
yeckux cucreM. Vckmouenue cocrasisu Kaganos [76], MoHTpoT
[125] u rpynma yuénbix-¢usukos B MuctutyTe CanTa-de [5].

Haunnas ¢ 1990 r. ak TMBHOCTD (pr3MUeCKIX UCCTIEOBAHNIL B 9TO
00/1acTy CTaa MeHee SIM30ANYeCKOl, a KPyT UCCIeoBaTeell paciy-
punca. Cranm M3gaBaTbCs HOBble MEX/UCLUIIMHAPHbIE XYPHAIIb,
OpraHM30BBIBATbCA KOH(EPEHIV, U, Ha IIePBbIIT B3I/, OOHAPYXU-
JIOCh MHOXKECTBO HAay4YHBIX IIPOOJIEM, TeTKO MOJAAIONINXCS PEIIeHMIO.
VccnenoBanus aToil rpynnbl (GUSMKOB JOIOTHAIT TPajUIIOHHbIE
HOZXO/bI B Teopuy (MHAHCOB ¥ (UMHAHCOBOI MaTeMaTuKe. Xapak-
TepHOE OT/IMYNMe COCTOUT B TOM, YTO (PM3MKV K/IAZYyT B OCHOBY 9M-
NUPUYECKUI aHAIN3 SKOHOMUYECKMX NAHHBIX. JIpyTMM IpUBHECEH-
HBIM (pM3MKaMIU OCHOBAHMEM SIBJISIOTCSA TEOPUSA Y METOMIbI, pa3BUTbIE
B obmacTy crarucTdeckon ¢pusnku 3a nocneguue 30 net. Konuenmn
CKEJM/IMHTA, YHMBEPCAIBHOCTY, HEYIOPALOYEHHOCTY, BO3MYIEH-
HBIX VI CAMOOPIaHMU3YIOIIMUXCA CUCTEM MOTYT OKa3aTbCsA IIOIE€3HBIMU
B aHAJIV3€ I MOJIe/IIPOBAHNM CUCTEM PMHAHCOBBIX Y 9KOHOMUYECKUX.
Crop, KOTOPbII1 MHOIJJa BO3HMKAEeT BOKPYT 3TOI TOYKM 3PEHUs, CO-
CTOUT B TOM, YTO SMIIMPUYECKNUII aHA/IN3, BBIIIOTTHEHHBIII ¢ pUHAHCO-
BBIMU VIV 9KOHOMUYECKUMM JAHHBIMMY, He 9KBUBAJICHTEH OOBIYTHOMY
9KCIIePYIMEHTAIBHOMY JMCCIIEJOBAHNIO, KOTOPOE MMeeT MeCTO B pusn-
YeCKMX HayKaX. JIpyTMMu c/roBaMM, HEBO3SMOXKHO BBIIIOTHUTD KPyTI-
HOMAaCUITaOHBIN 9KCIIEPUMEHT B 9KOHOMIYECKON Teopun 1 prHaHCaX,
KOTOPBIII MOT ObI OIIPOBEPTHYTh HEKYIO JAHHYIO TEOPHUIO.

3aMeTuM, YTO 3TO OTPAaHMYEHME He CHEeIUPIYHO [ 9KOHOMUYeC-
KMX ¥ (MHAHCOBBIX CHCTEM, OHO TaK)Ke IMeeT MeCTO B TAKVMX XOPOIIO
PasBUTBIX 00macTsx Gu3nKy, Kak acTpodusnka, pusnka arMocdepst
u reopusnka. [Io aHamOrMM C HesATETPHOCTBIO B 3TUX Oojiee ompefe-
JIMBHIMXCA 0O/MACTAX MBI IOJIaraeM, 4TO CIIOCOOHBI IPOBEPUTH U OII-
POBEpTHYTb KaKyH0-T100 TeOpMIo, CBA3aHHYIO C IOCTOSHHO JTOCTYII-
HBIMU MHOXeCTBaMM (PUMHAHCOBBIX WIM 3KOHOMMYECKMX HAHHBIX,
KOTOpBIe CYLIECTBYIOT B BUJIe 3aIVICAaHHBIX (DAIIOB C pe3y/IbTaTMU
(bUHAHCOBOI 11 9KOHOMIYECKOI! 1A TeTbBHOCT.

OpHO M3 Ba)XXHBIX HAINpaBlIeHUN (U3NYECKUX MUCCIeJOBAHMIL,
UMEIOIINX Hel0 C (PUHAHCOBBIMU U SKOHOMUYECKMMM peausaMI,



1.4 HanpaBneHua nccnepgosaHun 21

COCPEOTOYEHO Ha BCECTOPOHHEM ONMCAHUM CTOXACTUYECKUX IIPO-
1[eCCOB M3MeHeHMs IjeH (QUMHAHCOBBIX aKTUBOB. BbIONHeH psij mc-
C/IelOBAaHNII TI0 Pa3NMYHBIM aclleKTaM aHaau3a CTOXaCTUYeCKUX
IIPOLIECCOB, B TOM YMC/Ie OTHOCUTEIPHO GOPMBI pacIpeseneHus ie-
HOBBIX M3MeHeHU [22, 64, 67, 105, 111, 135], BpeMeHHOI mamATH [35,
93, 95, 112] u cTaTUCTUYECKNUX CBOJCTB BBICOKMX HOPANKOB [6, 31,
126]. 9Ta 06/1acTb MPOJO/KAET AKTUBHO Pa3pabaThIBATHCA C L[E/IbIO
co3faTh Hambosee YHOBIETBOPUTENIBHYI0 CTOXAaCTUYECKYIO MOJENb,
OINMCHIBAIOIIYI0 BCE YePThl, OOHAPY>KEHHbIe B SMIIMPUYECKOM aHa-
nuse. BaXHbIM JOCTU KEHMEM B 3TOI 00aCTH ABASETCS MOYTH IIOJI-
HO€e COT/Iacyie OTHOCUTETbHO KOHEYHOCTV BTOPOTO MOMEHTa IIeHO-
BBIX MI3MeHeHMIT. DTO AaBHss npobmeMa B GprHaHCAX, U €€ pelleHne
CTaJI0 CIeACTBUEM BO3POAMBILEIOCSH MHTEpeca K SMIMPUYECKOMY
U3y4eHNIO (PMHAHCOBBIX CYCTEM.

BropsIM HampaBjieHMeM WCC/IeJOBAHMII SIB/SETCS pPa3BUTHE Te-
OpeTUYeCKOI MOJie/IV, KOTOpasi CHOCOOHA 3aK/IIOYNTh B cebe Bce Cy-
I[eCTBEHHBIE YepThl peanbHbIX (PMHAHCOBBIX PBHIHKOB. IIpeynoskeHst
pasnuunble Mopenu (10, 11, 23, 29, 90, 104, 117, 142, 146, 149—152],
B KOTOPBIX OTPa’kKeHbl OCHOBHbBIE YePThI CTOXaCTUIECKON AVHAMMUKI
IleH aKIUii, HalpyMep, Hajln4ye MOMOKUTeTbHOTO 9KCI[ecca, «TOJC-
TOXBOCTOCTb» HETayCCOBCKOM (POPMBI paclpefie/ieHNs LIEHOBBIX Pa3-
HocTeil. OTHOBpEMEHHO OBV TIPeIIPUHSATHI MTOMBITKM TAKOTO MOfie-
JIMPOBAHMSA CO CTOPOHBI 9KOHOMMCTOB [98—100].

Eie ofHa MHTEHCUBHO paspabaTbpiBaeMasi 00/1aCTh MUCCIEJOBAHMIT
OTHOCUTCS K PallMiOHa/JIbHOMY OLIEHVMBAHUIO IIPOM3BOJHBIX LIEHHBIX
Oymar, Korfa HEeKOTOpble 13 OCHOBOIOJIATAIOMINX IIPE/IIOI0KEHMI
mopenu braka u Iloynca ocmabnenst [7, 21, 22], a Tak)Ke K acleKTaM
BbI6Opa opTders 1 ero [UHAMUYECKOi onTuMumsanuu (14, 62, 63, 116,
145]. Kpome TOro, OTHe/NbHOI 06aCTBIO MCCIIEOBAHUII MOXKET pac-
CMaTPUBATBHCS U3Y4YeHNe CXOACTBA U PA3ININA MEXAY PUHAHCOBBIM
PBIHKOM M TaKMM (U3NYECKMM IIPOLeCCOM KaK TypOyIeHTHOCTD [64,
112, 113] miu skomormdeckye cucremMsl [55, 135].

OpHoit 0611l TEMOIT B 3TUX UCCIEL0BATENbCKUX 00/1aCTAX ABIS-
eTcsA BpeMeHHas Koppenanusa B GUHAHCOBBIX pafax. OOHapyxeHMe
BBICOKOIIOPAJKOBBIX KOPPeIALNI B IIEHOBBIX M3MEHEHUAX MOOYX-
IaeT K IepecMOTpPy HEeKOTOPBIX IONTOXKEHNUII «TeXHNYECKOTO aHaJIN-
3a» [155].

B momonHeHue K 9TUM UCCIENOBAHMUAM, CBA3aHHBIM C aHAAU30M
U MofenpoBaHueM (GUHAHCOBBIX CUCTEM, MMEITCS MCCIe[OBAHM
pacripefienieHusl KOXO0B (MPM M CTAaTUCTMYECKUX CBOVICTB CKOPO-
cTu ux pocra [2, 3, 48, 155]. VccnenyroTca TakXe CTaTMCTUYECKue



22 [maBa1 BaepeHne

CBOJICTBAa SKOHOMMYECKOV aKTHBHOCTM CJIOXKHBIX OPraHM3aLMIl, Ta-
KJX KaK YHMBEPCUTETBI VIV Lie/ible CTPaHbI [89].

Hacrosmiee kpaTkoe IpejcTaBlIeHNMe HEKOTOPbIX HAIpaBIEHUI
U paboT B 3TOI POpMUPYIOIIeiCsA AUCHNUIIIVHE VUTIOCTPUPYET TOMb-
KO LIeJIV M He MOXKeT OBITh McuepIbIBaomyM. bonee monHyo nupop-
MalJI0 MOXKHO ITIOYEPIIHYTh, HAIIPUMEp, B TPYAaX TEMATUYECKNX KOH-
depenmuii 78, 88, 109].



[’1aBa 2

[unorte3a 3pdekTMBHOTO pHIHKA

2.1. Konnennuu, mapagurMol 1 nepeMeHHbIe
BeINMYNHBI

DyHAHCOBBIE PBIHKM ABJIAIOTCA CUCTEMaMM, B KOTOPBIX OOJBIIOE KO-
JINYECTBO TPeNfiepOB B3aUMOJEICTBYIOT IPYT C APYTOM M pearupyoT
Ha BHEIIHIOK MHPOPMALINIO, YTOOBI ONIPENIeINTD I Ce0s1 HAaMTy YIIyIo
neHy. ToBapbl MOTYT ObITb pasHbBIMU — CKOT, Py/a, LieHHble OyMari,
BAJIIOTA, OOIMTAL[UY VI TIPOU3BOJHBIE STUX OCHOBHBIX (PMHAHCOBBIX
MHCTPYMeHTOB. HeKoTopble PbIHKM JIOKa/IM30BaHbI B OIpe/e/IeHHBIX
ropopax (Hbfo-I7Iop1<, Tokno, JIoH/I0H), B TO BpeM: KakK Apyrue (Hampu-
Mep MeXX/IyHapOJIHBII BaJIIOTHBII PBIHOK) pa3OpOCaHbl 110 BCEMY MUPY.

PaccMoTpeHne BpeMEHHOrO psjja M3MEHEHNUsA LeH, BeIMYUH
U KOJMYEeCTB TPAH3aKINIl (PUMHAHCOBOTO MHCTPYMEHTA MOXET IIpM-
BECTU K BBIBOAY O HEIPEACKa3yeMOCT! VX BPEMEHHOJ 3BOMIOLNN.
ITpu nepBOM B3I/IAfe OOHAPY)XMBAETCSA YAUBUTETbHBII ITAPAJOKC: AN-
HaMM4ecKue XapaKTepPUCTUKY BPEMEHHOTO pPAJa, HallpyMep OTpajka-
IOLIETO IIeHY GMHAHCOBOTO MHCTPYMEHTA, B CYILHOCTY, HEOT/INYMMBI
OT XapaKTepPUCTUK CTOXACTUYecKoro mpouecca. CymecTByIoT rimy6o-
KJie TIPVYMHBI JI/I TAKOTO POJia TIOBEIeHN PAAa, M B 9TON I/IaBe MBI
PaccCMOTPUM HEKOTOPBIE U3 HUX.

2.2. Apbutpax

KiioueByio posb B IOHMMaHNY MeXaHU3Ma [[eHO00pa3oBaHMsA Ha u-
HAHCOBBIX PbIHKAX UIPaeT KOHIIEMIIVA apOuTpa)ka — IIOKYIIKa 1 Ipo-
Ta’ka OJJHOTO M TOTO XK€ VIV 9KBMBAJIEHTHOIO aKTHBa C LE/IbI0 TIONY-
4YeHNs: NPUOBUIM 3a CYeT PAsHUIIBI IleH Ha Pa3IMYHbIX PbIHKaX. BoT
IBa IPOCTHIX IPMMepa, MTIOCTPUPYIOWMX 3Ty KOHLEIIINIO. B oHO 1
TO e BpeMms 1 Kr anenbcuHOB cTout 0,60 eBpo B Heanone n 0,50 gon-
napa B Maitamu. Ecny cTOMMOCTD TPAHCIOPTUPOBKY M XpaHEHMA 1 KT
anenbcyHOB 13 Maitamu B Heanons cocrasnser 0,1 eBpo, TO, IOKyTas
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100 000 kr anenbcuHOB B MaltamMu U HeMeJlJIeHHO nTpofaBas ux B Hea-
10JIe, BO3MO>KHO IIOJTYYUTD 0e3 pucKa IpuObIIb

100000 [0,60 - (0,80 x 0,50) — 0,10] = 10000 eBpo. 2.1)

3mech IpeAnonaraeTcsa, YTo OOMEHHBINI Kypc MeX[y RO/IapOM
u eBpo ecThb 0,80 Ha BpeMA TpaH3aKLIUMN.

Takoit apOuTpa>x BO3MOXKeH 11 Ha GMHAHCOBBIX PbIHKaX. PaccMoT-
PUM C/IeflyIOLYI0 CUTYalnio. AKIIMA TOPIYyeTCs Ha JBYX pasIMYHBIX
OuprKax B IBYX CTPaHaX C ICIO/Ib30BaHMEM PasHbIX Ba/lIOT, HATIPUMEp
B Munnane u HbIO—I7[0pKe. Texymas nena akuuu 9 gonnapos B Hbio-
Vopke u 8 eBpo B Munaue, u o6menHbiit kKypc pasen 0.80. [Tokymas
Thicsiuy akuuit B Horo-Vopke n mponasas ux B Mumase, ap6urpax
HpUHeceT NPUOBUIb (OTBIEKASCh OT KOMUCCUM 32 CHEIIKY)

8
1000|—-9
0,8

bl

=1000 pmommapos. (2.2)

Hanuume TpeiiiepoB, MIYINX BO3MOXXHOCTY IPOBEAEHN apOUT-
P@>KHBIX CJIe/IOK, IIPUBOANUT K CIHOCOOHOCTM PBbIHKA YCTaHAB/INMBATh
palyoHa/IbHbIe IIeHbl. UTOObI IIOHATH 9TOT MEXaHM3M, IIPE/IOIOXIIM,
4TO Tpeiifiep 0OOHAPY>KMTI BO3MOXKHOCTY NPOBEJeHUA apOUTpa>kHON
caenkn. I[IpoBens ycremHyo cenky, Tpeiijep 6yjer MOBTOPATH 3TO
IelicTBMe. B mpuBeileHHOM BbIllIe NpMMepe alelbCHHBI MOKYIIA0TCA
B Maitamu n nnpoparorca B Heanone. Ecnu aTy onepannio MoBTOPATH
CHUCTeMaTUYeCKH, CIIPOC Ha alle/IbCYHbI BO3pacTeT B MailaMy 1 yMeHb-
murca B Heamonne. B pesynbTare LieHbI Ha alleIbCMHBI OyAyT BO3pac-
Tath B Maitamu 1 yMeHblIaThcA B Heanose. CriycTs HEeKOTOpOe BpeMs
IIeHBI B 000MX PerroHax CTAHYT «PalVIOHA/IbHBIMI», I TOT/A HEb3sI
OyzeT asnblie obecriednBaTh apOUTPaxK.

BeiBog: (1) HOBbIe apOUTpaskHbIE BO3MOXKHOCTM HEIIPEPBIBHO MOSB-
JIIIOTCA ¥ OOHAPY>KMBAIOTCA TPeliiepaMy Ha PBIHKaX; (2) Tak Kak ap-
OUTpaXkHble BO3MOXXHOCTY HAYMHAIOT UCIIOTb30BATbCsA, II€HBl HA4M-
HAIOT BBIPABHMBATBCSA, U apOUTPasKHbIE BO3MOXKHOCTM MICUE3AIOT.

2.3. Tnnore3a 3¢ ¢peKTUBHOTO PHIHKA

PBIHKY SIB/ISIOTCS CTIOKHBIMI CHCTEMaMI, KOTOPbIe COfep)XaT MHPOP-
MaIMIo O TaHHOM aKTWBE B BIJI€ BPeMEHHBIX PsifoB ero IeH. Hanbo-
Jlee PacIpOCTPAHEHHOI [TAPAAUTMOIl CPeR CIIeLMaINCTOB SIB/ISETCS
Ta, YTO PBIHKY B BBICIIEN cTereHN 3¢ eKTUBHBI B OIpe/e/IeHNI Ha-
ubosee palyOHAJIbHBIX IIeH TOPI'YeMBIX aKTMBOB. [mmoresa addek-
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TUBHOTO PBIHKA Obl/Ia IIepBOHAYa/IbBHO CPOPMY/IMpOBaHa B 60-X rogax
[53]. PoiHOK 6bIn ompefened Kak 9 QGeKTUBHBIN B TOM CMBIC/IE, YTO
BCS JOCTYIHasA MH(OpPMAILMsA MTHOBEHHO 00pabaTbIBaeTCs U OTpaka-
eTCs Ha [JeHaX TOPI'yeMbIX aKTHBOB.

TeopeTndeckoil OCHOBOI il TMHOTe3bl 3P PEeKTUBHOIO pbIHKA
SBJIsSIeTCS IMOHepcKas pabota bamtenbe [8], koToperit B Havane XX B.
IPe/IIIONIOXKIL, YTO AMHAMMKY LIeHbI aKTHBA Ha CIIEKY/IATYBHOM PbIH-
Ke MO>KHO PacCMaTpMBaTh KakK CTOXaCTMYECKMI polecc. Ita paboTa
OCTaJIACh MOYTY HEU3BECTHOM O 50-X rOJj0B, KOIja SMIIMPUYECKIE pe-
3ynbTaThl [38] OTHOCUTENIPHO HAMNYMA KOPPEIALUU B PAfAX JOXOA-
HOCTM aKTVMBOB IIOKa3aJIl, YTO KOPPEIALVY Ha KOPOTKIX BPeMEeHHBIX
OTpe3KaX HEe3HAUUTETbHBl U YTO HPUOIMU3NUTETBHOE MOBEJieHUE Bpe-
MEHHOTO psJja NpHUObLIeli MOJOOHO HEKOPPETMPOBAHHOMY CITy4aiiHO-
My OTy>KJaHMIO.

I'mnoresa sddexkTuBHOrO phiHKAa OblIa CHOPMYIUpPOBAHA SBHO
B 1965 r. CamyanbcoHoM [141], KOTOpBIiT IOKa3aa MaTeMaTUYeCKH,
YTO OXMJjaeMble LIeHbI M3MEHAITCA CIydaiiHbIM obpasom. Vicmonb-
3y TUIIOTe3y PalVIOHAaJIbHOIO HOBEJCHUA TPEiIepOB U PHIHOUHYIO
3¢ deKTUBHOCTD, OH CMOT ITPOJEMOHCTPUPOBATD YTO Y, , |, OKMAaeMast
BeJIYVHA L]eHbl aKTMBA B MOMEHT f+ 1, CBSI3aHa C IPeJjIIeCTBYOMIMMA
Be/IMYMHAMI LieH Yy, Y),...Y,, HOCpeiCTBOM COOTHOILEHN A

E{Yt+l | YVO’ Yb e Yt}:Yt (23)

CroxacTuyecKue IpPOILECChl, MOAUYNHAIIMECS BEPOATHOCTHOMY
ycnoBuio (2.3), HasbiBaeTca MapTuHranamm (cm. IIpmnoxenme B —
dbopmanbHOe ompefesieHne MapTuHrana). [loHsATe MapTUHTaIa eCTh
VMHTYUTUBHO-BEPOSATHOCTHAS MOJIe/Ib «CIIPaBeIINBOI UTPBI». B moH:A-
TUY UTPOKA UTPa SIB/ISIETCS CHPaBEIINBOI, KOT/Ja BBIUIPBILIN U TIPO-
UTPBIIIY B3aVIMHO KOMIICHCUPYIOTCA, I OXKMJjaeMOe HaKOIUICHUe WT-
POKa paBHO €ro TeKYIIMM aKTMBaM. Teopus «CIpaBelNBOIl UTPbI»
OTHOCHTE/IbHO 1[eHOBBIX M3MeHEeHMIT, HabmogaeMbIX Ha (prHaHCOBOM
PBIHKE, yTBEPXK/AET, 4TO He CYIIeCTBYeT CIIoco6a MomydYeHNs Ipuosl-
M Ha aKTUB MOCPEJICTBOM MCIIO/Ib30BAHMSA VICTOPUM LIEHOBBIX QIIyK-
Tyanuuit. BeiBop aToit «cmaboit popmynbl» rUnoTe3bl 3G (GeKTUBHOIO
PBIHKa COCTOUT B TOM, YTO I|€HOBbIe MI3MEHEHNsI HEBO3MOXKHO IIpefi-
CKas3aTh M0 UCTOPUYECKOMY BPEMEHHOMY Py U3MEHEHUI 3TUX IIeH
3a MPOIIbIe IEPUOBI BpeMEH.

B 60-x rofax ObIJIO BBITIOTHEHO OO/IBIIIOE KOMMYECTBO IMIMPIYeC-
KMX MCCIeTOBAHUI [JIsI IPOBEPKM TUIIOTe3bl 3P PeKTUBHOTO phIHKA
[54]. TTomaBnsmoLiee 6OIBIIMHCTBO ITUX UCCIELOBAHNI II0OKA3aJ10, YTO
KOppeALNs MeX/ly M3MEHEeHMSAMY IJeH OYeHb MaJla, — 3TO MO TBePX-
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fayo runoresy apdekTuBHOro poiaka. OfHako B 80-X rogax 6b110 HO-
Ka3aHO, YTO, MCIIO/Ib3ysl MHPOPMALUIO, IIPE[ICTAaBIeHHYI0 BO BPEeMeH-
HBIX psifiaX, TAKMX KaK OTHOIUEHNe IPUObUIb/IIeHa MM JUBUIEH/BL,
MO>KHO JIe/IaTh NpeJCKa3aHus NpUObIIY JaHHOTO aKTUBA Ha JIIUTE/b-
HOe BpeMs, — ropasjo 60sbliee MecsAIa. IMIMpUIecKye HabmogeHn A
OOy ATV IPUMEHUTD O0JIee )KecTKe TpeOOBaHMA K JOKa3aTe/IbCTBY
runoTe3bl 3¢ HeKTUBHOTO PHIHKA.

Takum 06pasoM, sMIUpPUUYECKIie HAOTIOfEHNS U TeopeTrdecKye
VICCTIEIOBAHM S [IOKA3bIBAIOT, YTO L[EHOBbIC M3MEHEHUs TPYLHO Ipef-
CKas3aTh, eC/IM UCXOAUTb U3 BPEMEHHOTO psfia IIEHOBBIX M3MEHEHMUIL.
B pmocnoBHOM moHyMMaHUM 3((EKTUBHBII PBIHOK ABIACTCA UJea-
TU3VPOBAHHON CHUCTeMOI. B [eliCTBYIOMX pBIHKAaX BCETfAa MMEKT
MecTo HeapdekTnBHOCTU. [TONCK M MCHONb30BaHMEe APOUTPAXKHBIX
BO3MOXKHOCTEJl SB/IAETCA OFHMM U3 METOIOB CHATUA PHIHOYHBIX
HeapeKTUBHOCTEI.

2.4. A}II‘OPI/ITMI/I‘ICCKaH T€eopuAa CI0KHOCTHU

OnucaHue cipaBeIMBoOI TPl B TEPMMHAX MAapTUHIA/Ia JOCTATOYHO
¢dbopmanbHO. B aTOM paspene Mbl faeM 00bsiCHEHNE — B TEPMIHAX T€O-
pyyt nHGOPMALUY Y AJITOPUTMUYECKOIT TEOPUY CTIOKHOCTY — HOYeMy
BPEMEHHOII PAJ IPpUOBIIEN ABACTCA CTyYaiTHbIM.

AjroputMudeckas Teopus CIOKHOCTY Obla paspaboTaHa Hesa-
BucuMo Konmoropossim [85] u YerttuHoM [28] B cepenuHe 60-X TO-
JIOB — B TO e BpeMs, KOIfja pa3pabaTbiBanach TeOpus MapTUHTA/IOB
B 9KOHOMMKE.

B anropuTMmueckoil TeopuM CIOKHOCTY C/IOKHOCTb JAHHOTO
00beKTa KOLUPYEMOTO 1-3HAYHOI JJBOMYHOI MOC/IENOBATETBHOCTBIO,
3ajlaeTcs KpaTyaillueil KOMIIbIOTEPHOI mporpamMmoit aaunoin K® 6u-
TOB, KOTOpas MOXKeT HalledyaTaTb IAHHYIO CUMBOIMYECKYIO MOC/Ief0-
BaTe/IbHOCTD. Ko/IMOTOpoB IoKa3aJl, YTO TaKol aITOPUTM CY1LeCTBYeT
U Ha3BaJI €r0 ONTMMAJIbHBIM aCMMITOTUYECKUM aJITOPUTMOM.

J71 unnrocTpanum 3Toi KOHLENIMU IIPefiTIONIOKUM, YTO MICCIelys
KOCMIYeCKOe IPOCTPAHCTBO, MbI XOTVM IlepefaTh MHPOPMAINIO O Ha-
YYHBIX U COLIMA/IbHBIX IOCTVKEHUAX Ye/loBeuecTBa 3a Ipefiesibl COl-
HEYHOJI CUCTeMBlL. B 4mcio nepeaBaeMbIx MHGOPMALMOHHBIX 6JIOKOB
Mbl BK/IIOUM/IV BETMYMHY T, BbIpa>keHHYI0 Kak 125 000-3HauHOE mecA-
TUYHOE YNCTIO, @ TAK)Ke BPEMEHHOI PsAJl JHEBHBIX KOTMPOBOK MHJEKCa
Hoy-II>xoHca 3a mepmop ¢ 1898 1. 1o roga, Korjga Hadaauch MCCaefoBa-
HUs KocMoca (Toxe npubnusurensHo 125 000 3HakoB). UT06BI MUHU-
MM3MPOBATh 00beM IepeiaBaeMoil MHPOPMALNM M BpeMs Iepefadls,
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Heo0XOfuMoe JJIA 9TUX JIBYX MacCUBOB MH(POPMAIVY, Mbl HallMIIeM

JIBe 4MCIOBbIE MOC/IEOBATEIbHOCTY, UCIIONb3YS IS KaX/IOTO pAfAa

aJITOPUTM, KOTOPBIII OTpa’kaeT 3aKOHOMEPHOCTY B 3TUX JIBYX HOCTIe-

IoBaTeNbHOCTAX Ludp. Havryymmit aaroputM, HaiiieHHbI /1A T0C-

JIelOBaTe/IbHOCTY LU(P B BeIMUYNHE T, Ype3BbIYaTHO KOPOTOK. B mpo-

TUBOIIO/IIOXHOCTb 3TOMY Q/JITOPUTM, TaKOil ke 10 3(p(HeKTUBHOCTH,

He HaliJleH /Il BPEMEHHOTO psAfa mHpjekca Jloy-Jl>xonca. BpemeHnHoI

pan uHpekca Jloy-JI>KoHca ABIAeTCA HECKMMAEeMBbIM.

B anropmtMmueckoil TEOpUM CIOXKHOCTK Psfi CMMBOJIOB CYMTA-
eTCsl HellpelCKa3yeMbIM, eC/iy MHPOpMAIVs, COfepXKalasacsa B HeMm,
He MOXKeT OBITb CXKaTa MM CBefieHa K 6ojiee KOMIAKTHOI popme. ITo
yTBEpXK/IeHMe MOXeT ObITb cfiefaHo 6osee (GOPMaTbHO C IOMOIIbIO
BBICKa3bIBaHNs, YTO Hambosee 3 eKTUBHBIN aNITOPUTM, IIPEACTaB-
JIAIOMINIA ICXOJIHBII PAJ CMMBOJIOB, IMEET TY Xe JINHY, YTO U VICXOJI-
HbII PAJ, CUMBOJIOB.

AjropuTMuYeckasi TeOpMs CIOKHOCTY IIOMOTaeT HaM MOHATD I10-
BefieHVe (PMHAHCOBBIX BpeMEHHBIX PAJIOB. B vacTHOCTH:

(1) AnroputMudeckas TeOpUs CIOXKHOCTU JaeT ABHYIO CBA3b MEXY
runore3oi 9¢pPeKTUBHOTO PbIHKA U HEIpefCcKa3yeMbIM XapaKTe-
pom mpubbineii. Takast CBsI3b Terepb HMOATBEPXKIAAETCS TEM CBOJIC-
TBOM, YTO BPEMEHHOIT Psifi, KOTOPBIi IMeeT 60/bIIoe KOTMIeCTBO
HeCKJMMaeMOoll 9KOHOMIYeCKolt nHpopManym (kak 3Toro rpedyer
runote3a 3QpQPeKTUBHOrO PbIHKA [/IsI BPeMEHHOTO Psifisi MPUOBI-
Jeit), DeMOHCTPUPYeT CTaTUCTUYEeCKMe CBOVICTBA, HEOTIMYUMBIE
OT Ha0JII0IaeMBIX B CJTy4alfHOM BPEMEHHOM psiJie.

(2) VIamMepeHusA OTKIOHEHUII OT Cy4allHOCTEN JAIOT METONUKY IS
OLIEHKM IIPeie/ioB IIPMMEHMMOCTY TUHOTe3bl 3PPEKTUBHOTO
pbIHKA.

(3) C ToukmM 3peHUA aNTOPUTMUUYECKON TEOPUU CIOKHOCTM, HEBO3-
MO>KHO Pa3JIMYUTh TOPTOBbIE CHE/NKY, MHUIMMPOBAHHBIE LIIYMOM,
OT CJIeTIOK, AB/IAIONINXCSA Pe3y/IbTaTOM IOABJIEHNA HOBOI MHOP-
Manuu (o MHGOpMaLMelt 3ech ITIOHMMAIOTCS HOBOCTH O (pyHpa-
MEHTa/IbHBIX (paKTOpax, KacaloIMXCs TOPIYeMOro Ha pbIHKe (u-
HAHCOBOTO MHCTPYMEHTA). AITOPUTMIYECKAs TEOPHS CJIOXKHOCTHU
He NPOBOAUT pasINyMsA MeXAy BPEeMEHHBIM PAOM, HeCYIUM
60/IbIIIOe KOMMYECTBO HECXKMMaeMoil MHPOpPMaLNM, U IOJINH-
HBIM CTyYaiiHBIM ITPOLIECCOM.
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2.5. KomnuectBo nHpopmanyumu B GMHAHCOBOM
BpPEMEHHOM psifie

DUHAHCOBBII BPEMEHHON PN BBINIAAUT HEIPeCcKa3yeMbIM, U,
B CYLIHOCTHM, €ro Oyjyliye BeINYMHBI HEBO3MOXXHO IpeNCKa3aTb.
9TO CBOVICTBO (PMHAHCOBOTO BPEMEHHOTO PsAJla He 03HAYaeT TOTO, YTO
BPEeMEHHOII pAJ IleH (MHAHCOBOTO aKTMBA He pearupyeT Ha 3HA4M-
Mble (PMHAHCOBBIE HOBOCTU. B JieiicTBUTEIBHOCTY BCe Hao6opoT. Bpe-
MEHHOJI Psifi IleH Ha (GMHAHCOBOM pBIHKe HeceT OO/IbIIoe KOMMYecT-
BO HEC)KMMaeMoil MHpopManuyu. BBusy TOro 4To KOIMYECTBO 3TO
MHPOPMAIVY YPe3BbIYATHO BEMUKO, TPYAHO BBIE/NIUTD BO3JEIICTBIE
Ha IjeHbl QYH/IaMEeHTaIbHbIX 9KOHOMIYECKMX (PpakTopoB. CIIOKHOCTD
IpefcKasaHus CBs3aHa, TAaKMM 00pa3oM, ¢ OOJBIINM KOTMYECTBOM
MHpOpMaIVy 0 GUHAHCOBBIX JAHHBIX, @ OTHIO/b He C €€ HEJTOCTaTKOM.
Korpa koHKpeTHass MHPOPMAIVY BIMsET Ha PHIHOYHYIO LIeHY, PBIHOK
He BIIOTHE 9 PeKTUBeH. ITO MO3BOJIAET HAM BBIABUTDH BO BPEMEHHOM
pAjie leH BIMsAHMe TaKol nHpopManym. B MogoOHBIX CTydasx MOXeT
ObITH BbIpabOTaHa ONpefie/ieHHass apOUTpa’kHasl CTpaTerus, M OHa
OyzmeT ocTaBaThCA NMPUOBUILHON IO TeX IOp, IOKAa PbIHOK He CTaHeT
BIONMHe 3G QEeKTUBHBIM B pe3y/bTaTe VCIONb30BaHMUA Tpelifepamu
Bceil HOBoII MH(pOpMaIuu B mporecce GopMUPOBAHS LI€HBI.

2.6. meanu3snpoBaHHbIe CCTeMbI B pusnke
n puHaHCAX

O PeKTUBHBIN PHIHOK — 3TO MJeann3upoBaHHas cucreMa. Peayb-
Hble PBIHKV TO/IBKO MPUOIIKEHHO 9P PeKTUBHEL JTOT (PaKT, BEpOAT-
HO, He OyJleT 3ByYaTh C/IVMIIKOM HeNPVMBBIYHO [isi PU3UKOB, IIOTOMY
YTO OHY XOPOIIO 3HAKOMBI C M3ydYeHVeM /eaNMn3NPOBAHHBIX CHCTEM.
B [eiicTBUTENIBHOCTM MCIIONb30BAHME WJeANMN3NPOBAHHBIX CUCTEM
B JICC/IEIOBAHVISIX SIB/ISIETCSI METOROM PasBUTUS (U3MKM KaK HAyKIL.
Yro 6b1710 6bI, ecnu 661 PU3MKa He UCIIOb30BaNA MeaTn3aIuio, Ha-
nozo6ue iBV>KeHMs 6e3 TpeHms1, 00paTuMble IPOLECChl B TEPMOJMHA-
MMKe U 6eCKOHEYHbIe CUCTEMBI B KPUTUYECKIX COCTOSHIAX? PUsnKn
VICIIOZIB3YIOT 9TH a0CTPAKIIVIN Ji/Is Pa3BUTHS TEOPUY 1 I/TAHVPOBAHVS
9KCIEPUMEHTOB. B TO e BpeMsi pM3MKM BCerfa IOMHST, YTO U/jean-
3MPOBAaHHBIE CYCTEMBI TO/IBKO IPUO/IVKAIOTCS K peabHBIM CHCTEMAM
¥ 9TO HOBEJIeHNE PeaIbHBIX CHUCTeM BCerfa OyeT OTINYIaThCs OT CIUC-
TeM Meann3MpOBaHHbIX. [I0ZOOHBII OXOf MOXKET OBITH MCIIONb30-
BaH NpM M3y4eHUM (PMHAHCOBBIX CUCTeM. MBI MOXKeM IpeJIIonaraTb
«IfieaIbHbIe» YC/IOBYS, T. €. CYILeCTBOBAHIE COBEPIIEHHO 3¢ deKTIB-
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HOTO PbIHKa, I BHYTPU 3TOV MJjeaJbHOV MOJENN pa3sBUBATh TEOPUM
U IPOBOIUTD SMIIMPUIECKYIO IPOBEPKY. JlOCTOBEPHOCTD pe3y/NbTaTOB
OyzeT 3aBUCETb OT 000CHOBAHHOCTY C/IeTTAHHBIX ITPEATIONIOKEHMNIA.
Konuenums a¢¢peKTMBHOrO pbIHKA MO/Ie3HA HAaM JI/I MOAE/IMPOBa-
HUA (MHAHCOBBIX PBHIHKOB. IToc/ie MPMHATHA 3TON MapafiurMbl BaXk-
HBIM IIaTOM ABJIAETCA U3YyY€HNEe CTATUCTNYECKNX CBOJICTB CITyYaliHbIX
IpoIleccoB, HabMogaeMbIX Ha (PMHAHCOBBIX pBIHKAaX. B crepyromux
I7IaBaX Mbl YBU/IMM, YTO 9Ta 3a/jad HE PEIIaeTCsA CTAaHJAPTHBIMI METO-
[laMU ¥ 9TO HeOOXOMMBI Pa3pabOTKM HOBBIX Pa3fie/ioB TEOPUY BEPO-
ATHOCTEN 1 BOCTVDKEHNSA YJOBI€TBOPUTEIBHOIO OIMCAHMA CTaTIUC-
TUYECKMX CBOJICTB UMEIOLINXCA 6a3 JTaHHBIX (PMHAHCOBBIX PHIHKOB.
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CnyuaiiHoe Oy XKaaHmIe

B oot r/1aBe MbI 06CYVIM HEKOTOPBIE CTATUCTUYECKIE CBOVICTBA CITy-
qaifHOTO Omy>xaanns. B gacTHOCTH, (1) EeHTPaTbHYIO IIPee/IbHYIO Te-
opeMmy, (2) CKel/INHTOBbIe CBONCTBA IJIOTHOCTY BEPOATHOCTY IIPHpa-
meHnit 6my>xanus u (3) npeacTaBUM KOHIIEIIINIO aCHMITOTIYECKOI
CXOJVIMOCTY K aTTPaKTOPy B (PYHKIIMOHA/TBHOM IPOCTPAHCTBE IJIOT-
HOCTEN BEPOATHOCTI.

3.1. OpHOMEPHBIN AVICKPETHBIN CTy4ail

PaccmoTpyM CyMMy # HE3aBUCUMBIX MJJEHTUYHO pPaclpeleléHHBIX
(H.JLp.) CTyYaliHBIX BeINYMH X;:

S, =x1+%+... X, (3.1)

3pmech S, = x(nAt) MOXXHO paccMaTpUBaTh KaK CyMMY 1 CITy4YaifHbIX
BEJIYMH VU KaK HOJIOXKeHMe OTy>KAaIolell YaCTUIIBI B MOMEHT Bpe-
MeHMU t=nAt, Tfie 1 paBHO KOJIMYECTBY CAe/TaHHBIX e[HIYHBIX IIaTOB,
a At— BpeMeHHOI MHTEPBaJI M&X/Y COCe[IHUMM IaraMu. VIIeHTUuIHO
pacmpeyie/I€HHbIe CTydYaiiHble BEIMYMHBI {X;} XapaKTepU3yoTCA MO-
MeHTaMmu E{x;"}, KOTOpble He 3aBUCHT OT i.

[TpocTeiimyM nNpuMepoM ABIAETCA OyXKIaHNe, OCYLIeCTBIIAeMOe
HOCPEe[ICTBOM CITy4alfHbIX IIATOB PasMepoM S§, TaK UTO {X;} CIy4ailHO
[IPUHMMAaET 3Ha4eHUs +s WK —s. [IepBblil M BTOPOI MOMEHTBHI IS Ta-
KOTO TIPOIlecca TAKOBBI:

E{x;} =0 un E{x?} =5 (3.2)
Il TAKOTO C/Ty4aitHOTO Oy XK/JaHM A
E{x,x]} = 61'1‘52. (33)

s (3.1)—(3.3) cnenyer, 4TO
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E{x(nAt)}= EZ;E{x,.} =0 (3.4)

E{ﬁ(nAt)}—ijZn;E{xixj}—ZE{xiz}—nsz_ (3.5)

Il cmy4aitHOro O/y>XKAaHuA AUCTIePCHS IIpoliecca pacTeT IMHel -
HO C yBeIM4YEHMEM KOIMYeCTBa MIaroB. VIcXons 13 BUCKPETHOTO CIIy-
YaifHOTO O/MY>KJaHM A MO>KHO PacCCMOTPETb IIpeJie/IbHBII ITepeXof, KakK
3TO OIMCAHO B C/IEIYIOIEM pasfiere.

3.2. IIpemenbHblil Hepexon,

ITpesenbHBII IepeXof CTyYaltHOTO Oy XK/JaHUA MOYXKET OBITh MOy YeH
nyTEM yCTpeMyeHusA n-> oo u At->0, Tak 4TO t = nAt 0CTaéTCa KOHed-
HbiM. Torma

E{x2 (t)} =ns’ = Z—ztt. (3.6)

YT0OBI MMETb CXOAVIMOCTD IIPU 1> oo u At->0 npu s>= DAt cnepyer
3aICcaTh

E{x(t)}=Di (3.7)

Takasi nTMHeHas 3aBUCKMOCTD JucIepcun x*(f) ot t ABIsSETCs Xa-
paxTepHoit A1 nudPy3roHHOrO mporecca; 3fech D Ha3bIBaeTCs KOH-
craHTOM U dysun.

Takoil cTOXacTUYeCKUI IPOL[ecC Ha3bIBAaeTCsI BUHEPOBCKUM IIPO-
reccoM. OOBIYHO MpeJonaraeTcs, YTo st n-> oo u At->0 croxactu-
YeCKMit Imporecc X(f) ABAETCA TayCCOBCKMM. OKBIMBaIEHTHOCTD

«CIIVYaliHOe 6TV KIaHUe» = «FayCCOBCKOe Oy KIaHue»
y VKA Y VKA

COXPaHSETCsI TONBKO TOTZA, KOTAA 11-> oo, ¥ B 001[eM He CIIPaBeINBO
UL IUCKPETHOTO CTy4asi, KOTAa 1 KOHEYHO, TaK KakK S, XapakTepusay-
ercs QyHKIueit wiotHocTn BepoaTHocTH (PIIB), koTOpass B 0b1IEM
Cllydae He fABJIAETCHA TAayCCUAHOM, M 3TO IIPEeAIoJIaraeT, YTO TrayCccoB-
ckas ¢popMa JINIIb ACUMITOTUYECKN JOCTUTAETCSA C pocToM 1. DyHK-
LU IVIOTHOCTY BEPOSITHOCTH mpotiecca Plx(nAt)], wnnm, sKBuBaIeHTHO,
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Puc. 3.1. IIpumeps! pasmu4HbIX GyHKUNI MI0THOCTH BepoATHOCTH (DIIB).
Caepxy Buus nokasansl: (1) P(x)=68(x+1)/2+6(x—1)/2; (2) opropopHas
®IIB ¢ Hy/IeBbIM CpefIHUM 3HAYEHMEM U e HIYHBIM CTAaHJAPTHBIM OTKJIOHEHM!-
em; (3) ryccoa OIIB ¢ HyIeBBIM MaTeMaTHYeCKMM OXKMAAHMEM VI efUHNIHBIM
cTaHfapTHbIM oTKIoHeHMeM; (4) Jlopenna ®IIB ¢ egMHMYHBIM MaclITaOHBIM
baxropom

P(S,) ectb dpynkums n, a P(x;) B obuieM ciydae 3aBUCUT OT CTaTUCTY-
YECKUX XapaKTEePUCTUK CIIYYaiTHON BETMYNHBI X;.

Kak >xe nsmensiercss popma P[x(nAt)] co Bpemenem? B mpepmoro-
JKEHUU He3aBUCUMOCTY X; U X, UMEEM

Plx(2A1)| = P(x)® P(x;), (3.8)

rge ® osHavdaeT cBEPTKY. Ha puc. 3.1 moxasaHbI YeTbIpe pasnMvHbIe
¢yukunn nnoroctu BeposaToctu (PIIB) P(x): (i) penbra-pacnpepe-
neHnue, (ii) paBHOMepHOe pacmpenenennue, (iii) rayccobckoe pacmpepe-
nenue u (iv) nmopennuan v pacupepenenue Komm. Korpma ogno us
3TUX pacHpeie/IeHNIT XapaKTepusyeT CIy4ailHy0 BeTNYNHY X;, PyHK-
LVs1 IVIOTHOCTY BEPOSITHOCTY M3MEHSTCS C pOCTOM 7 (puc. 3.2).
[IpuTOM 4YTO BCe 9TU pacHpefie/IeHNs U3MEeHAI0TCSA KakK QYHKIUU
OT 1, HAOJTIOlaeTCs pasIndye MeXy IepPBbBIMI BYMs, C OFHOI CTO-
POHBI, U TayCCMAaHOM U JIOpeHIMaHoM ¢ gpyroi. Oynkunn P(S,) pna
IVMCKPETHOTO (Ie/bTa) M PABHOMEPHOTO pacipesenennii (cmydan 1 u 2
Ha puc. 3.1) MU3MEHSAIOTCS NPK YBEIMYEHNN 1 ¥ MAacIITabHO, 1 110 ¢op-
Me, B TO BpeMs KaK I'ayCCUaH M JIOPEHIIMaH He M3MEeHAI0TCs 1o opMme,
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Puc. 3.2. Ilosegenne P(S,) A He3aBUCHMMBIX MJICHTUYHO pacIpefeNéHHbIX
CIy4aitHbIX BenmuuuH ¢ n =1, 2 gna OIIB pacnpenenenuii, 1306pa>keHHBIX
Ha puc. 3.1

a TOZIbKO B MaciTabax (OHYM CTAaHOBSTCS LIMpe HMPY BO3PACTAHUM 1).
Ecnu pynkimonanpHas popma P(S,) coBnagaet ¢ popmoit P(x;), To Ta-
KOJI IIpOLiecc Has3bIBaeTCsA ycmotiuusbim. TakuM 06pasom, raycCOBCKMIT
¥ JIOPEHIIEB IIPOLIECCHI ABMAITCA YCTONYMBBIMY, HO B 00IIeM C/Tydae
CTOXaCTUYeCKMe MPOIecChl TAKOBBIMU He ABJIAIOTCA.

3.3. llenTpanbHas npegenbHas TeopemMa

Hpe]lHOJIO)KI/IM, qToO CHY‘iaﬁHaH BeINM4YNMHA Sn COCTOUT N3 MHOXECTBaA
. n
HJacTen x;, T. €. Sn = Z X; , TAK 4YTO Ka>XXJO€ X; HE3ABNUCMMO U MMEECT

=171

xoHeunytwo aucnepcuto E{x;} =0, E{x?} =’ un

n
oy =E{S}}=>"s. (3.9)
i=1
[Ipenmnono>xxum faznee, 4TO KOrfa 0, — 00, COOMIONACTCA YCTIOBME
JInnpe6epra [94]



34 Mmasa3 CnyvaliHoe 6nyxaaHue

2ZE{ -1 (3.10)

Oy i=1

rje oA Kaxgoro €>0 BenudnHa U; ecTh yced€HHASA CIydaliHas Belu-
4iHa, KOTOPas paBHA X;, KOTAA |x;|<eo,, M HY/IO B IPYTUX CIydYasx.
Torpa LeHTpanbHas Npefie/ibHAs TeOpeMa YTBEPK/aeT, 4TO

s S, x+tx+-+x

S,=—t="1"2"_ " "» 3.11
. oy (3.11)

XapaKTepuayeTcsl IayCCOBCKON (YHKIMel IUIOTHOCTY BEPOATHOCTU
C eqVHNYHON AUCIIEPCHEN

(S’) \/;_exp —% . (3.12)

dopmanbHOE [JOKa3aTeNIbCTBO 9TOTO YTBEP)KAEHUA MOXXHO HAlTH
B yueOHMKAX II0 TEOPUY BepOATHOCTeI, HanpuMep y Pemnepa [56].

Vicrionp3ysa nBa KOHKPETHBIX IPMMepa, MbI «MJITIOCTPUPyeM» OC-
HOBHOE yTBEpXK/IEHJe TeOpeMbl — IIOCTENEHHYI0 CXOAUMOCTh P(S,)
K TaycCOBCKOI opMe Ipy yBenumdeHMM 1. B HammMX mpumepax Ml
MOJIe/IMPYeM CTOXAaCTMYECKMII ITpoLecc S, IpeAIoaras, 4To X; Xxapak-
tepusyercs (1) gBoitHoI TpeyrombHOM P(x;) (puc.3.3) mnu (2) paBHO-
MepHOI1 P(X;) MIOTHOCTBIO BeposATHOCTU. Kak u oxxmpanocs, pacmpe-
menenue P(S,) pacmmpsercs Ipy BO3pacTaHUN 1.

MBI aKIEeHTHPYeM CXOAMMOCTb K TayCCOBCKOMY aCUMIIOTMYECKO-
MY paclpefie/IeHII0 ITOCPEACTBOM IIOCTPOSHM A (PYHKIUYU IVIOTHOCTH
BEPOATHOCTEI C MCHO/Ib30BaHMEM MaCIITaOMPOBAaHHBIX €IMHMUL], OIl-
pefenAeMbIX KakK

%= n]_’jZ (3.13)
n
P(x)= P(x)n'/>. (3.14)

IIpy aHamM3e MACIITAOMPOBAHHBIX (PYHKIUI IIOTHOCTY BEPOST-
HocTi P(X) ms 60MbIIMX BEMMYMH 1 Ha puC. 3.3 U puc. 3.4 MOXKHO
3aMETUTD, YTO pacIpefieleHNs OBICTPO CXOAATCA K raycCOBCKOIT (op-
Me C eAVHIYHOI iucrepcredt (MoKasaHo B BU/ie TIAJKOI KPUBOU PN
6OJBIINX 7).
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(o)

Puc. 3.3. Bepxy: Mmopemuposanue P(S,) mna n B puamasoHe oT n =1
mo n=250 ays cnydvas, korga P(x) mpeacrasiset co60it ABOIHYIO TPEYTOIBHYIO
¢byukuuio (Bpeska). Bun3sy: To e pacmpeneneHne ¢ UCIIONb30BaHMEM MACIITA0-
HBIX KO3 UIINEHTOB.

MbI nopuépkHeM (PyHIAMEHTAIbHYIO TUIIOTE3y LIeHTPaTbHOI Ipe-
JIe/IbHOI TeOpeMbL: 3TO OHOBPeMEHHOe TpeOOoBaHMe He3aBUCUMOCTI
U KOHEYHOI! IUCIepcun CIydaliHbIX BeIMuMH X;. Korga atu ycnosus
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0,4

Puc.3.4. Bepxy: MmopenupoBanne P(S,) o n B fuamasone ot n=1 go n=250
LA cITydas, Kora P(x) ABnAeTcs paBHOMEPHBIM pacIpefieNleHneM. BHusy: To e
pacImpeeieHne ¢ UCIONb30BaHEM MACIITAOHBIX K09 GUIMEHTOB

He Y/IOB/IETBOPSIOTCS, HO/DKHBI PACCMATPMBATBCS [PYyTrie Ipefesib-
HbIe TeOpeMBI (CM. 1. 4).

3.4. CKopocTh CXOAUMOCTH

s He3aBUCUMBIX CIy4YallHBIX BEIMYMH C KOHEYHON [UCIIEPCU-
eil IleHTpa/ibHasA IIpefie/ibHasA TeopeMa yCTaHaBIMBaeT, 4To S, Oymer
CXOIUTBCA K CTOXaCTMYECKOMY IpoLieccy ¢ (YHKIMeil IIOTHOCTU
BEPOATHOCTH
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(3.15)

1 2
) exp|— .
" 2m0, 20}
Hackonbko 6bICTPO 9Ta CXOAMMOCTb focturaercs? YeoOsiiies pac-
CMOTpeJI 3Ty Ipo6/IeMy CyMMBI S, He3aBUCUMBIX UEHTUYHO pacIipe-
IeNIEHHBIX CTydYaliHbIX BenmnuyH X;. OH mokasan [30], 4To MacmTabu-
poBaHHas QYHKUNA paclpefieieHns, 3aJaHHasA KaK

F,

n

(8)= [ P($,)dS,, (3.16)

OT/INMYAeTCA OT ACUMIITOTUMYECKO! MAacIITabMpOBAaHHON (QYHKIVIN
HOpMasbHOTro pacnpenenenusa O(S) Ha BeTu4nHy

a(S) | 0iS) +,,.+Q’1jjgi> .

/2

-52/2

N (3.17)

F,(S)—a(S)~<

NEl

rie Q(S) sABnAeTca monuHOMOM MO S, K03 UIMEHTHI KOTOPOTO 3a-
BUICAT OT IIEPBBIX j+ 2 MOMEHTOB Ji/Is C/Iy4YailHbIX Be/IMYNH {x;}. SIBHasA
¢dbopma aTOro MONIMHOMA MOXKET OBITH HalijjleHa B MOHOTpadum [HeneH-
ko 1 KonMoroposa o mpefie/bHBIX pacipefieneHusx [66].

Bonee mpocToe perenne 6110 HaitigeHo beppu [17] u Sccenom [51].
VIx pe3ynbTaThl CerofHA HOCAT Ha3BaHue TeopeM beppu—O3ccena [57].
DTV TeOpeMBI JAIOT IIPOCTON CIOCO0 OIpefieieH s abCOMIOTHOTO 3Ha-
YeHMA PA3HOCTY MEXJY MacliTabMpOBaHHOI (QYHKIMeEIT pacipefene-
HUA Ipollecca U acCUMIITOTUYECKON MaclTabypoBaHHO QYyHKI[Mei
HOpMaJIbHOTO pacnpepiesiennsa. OHAKO 3TO pas3andnue, faBaeMoe Teo-
pemamy beppu—3cceHa, ABIACTCA MEHee CTPOIVM, YeM IOy 4eHHOe
B peutennu Yebpimiesa (3.17).

3.4.1. IlepBasa reopema beppu—3Iccena

BosbMéM Hes3aBMCUMBIE BEIMYNMH X; C 00Ieil /1A HUX QyHKIMei pac-
npepenenns F, Tak 4To

E{x}=0, (3.18)
E{xﬁ}: o >0, (3.19)
E{jx['}=p<os,. (3.20)

Torpa mist Bcex S u n umeeM
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[F,8) ()| <2 (321)
o*n
HepasencrBo (3.21) rOBOpUT O TOM, YTO CKOPOCTb CXOAMMOCTU
GYHKLIMU paclpefieneHns S, K ero acCMMIITOTMYECKOI rayCCOBCKOIA
¢dopMme, 110 CYLIECTBY, OIpee/IsAeTCs OTHOLIEHNEM TPeThero MOMEeHTa
abCOTIOTHON BEJIMYMHBI X; K KyOy €ro CTaHZapPTHOTO OTK/IOHEHA.

3.4.2. Bropas treopema beppun—3Iccena

Bropas Teopema sBsieTcs 06061IeHIEM, paCCMAaTPUBAIOIUM CTyYail-
HbIe BE/INYNHBI, KOTOPbIe MOTYT He ObITh OAMHAKOBO pacIpeeéHHbI-
M. ITOTOXX MM X; He3aBUCYMBIMY BeTNYIMHAM, TaK YTO

E{x;}=0, (3.22)
E{x,?} =02, (3.23)
E{lx['}=r, (3.24)
U OIIpefenumM
s’=o0l+ ol 4 to? (3.25)
n
pp=h+h..+r, (3.26)

Torpa [57] nnsa Bcex S u n monyuum

|F,(S)—(S)| < 6%- (3.27)

n

3.5. O6macTh NPUTKEHNA

V3y4eHne mpefe/IbHBIX TeOpeM MCHO/Ib3yeT KOHLENINI0 06/1acTy IpH-
TSDKEHUSI BEPOSITHOCTHOTO pacmpefenennsi. s Toro 4To6sl BBECTU
3Ty KOHLEIINIO, MBI COCPEJOTOYNM Hallle BHUMaHIe Ha M3MEHEeHUAX
¢yHKIVOHANBHO dopmbl P(S,) nmpyu usmeHenun n. OrpaHu4MM 00-
CY>XZIeHMe UJICHTVYHO PACIpeNe/IEHHbIMYU CTy4YailHbIMY BeIMYVHAMU
x;. Torma P(S,) coBmagaet ¢ P(x;) 1 XapaKTepu3yeTcsi BHIOOPOM CiTydaii-
HBIX Be/m4MH x;. Korya n Bospacraer, P(S,) usMeHseT cBo0 PpyHKIMO-
HAJIbHYI0 (POPMY 1 €C/IM TUIIOTe3a LIeHTPA/IbHOI Ipefie/IbHOI TeOpeMbl
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P(S)
TS
V4 »
, P(S,)
P(S,) ,‘
7 .- ~.\ /
’ . . v
d
b
5
P(S.)

Puc. 3.5. I'paduueckoe mpepcraBieHye cXonuMocTi K rayccosoit OIIB dynk-
mm Pg(S.) mA cyMMBl He3aBUCHMBIX MAEHTMYHO pacIpele/IéHHBIX CTydail-
HBIX BEMYNH C KOHewHOII fuctepcneit. O6macts 1 — paBHoMepHass OIIB. O6-
J1aCTh 2 — 3KcImoHeHInanbHas PI1B

CIIpaBeJ/INBa, IIPMHUMAET TayCCOBCKYI0 GopMy QYHKIVN IIOTHOCTU
BEPOATHOCTEN /1A aCUMIITOTIYeCKY OOTIbIINX BeM4MH 1. [ayccoBckas
(QYHKIVA IVIOTHOCTY BEPOSATHOCTI SABJIAETCA aTTPakToOpoM (mmm Quk-
CUPOBAHHBIM MeCTOM) B (PyHKLMOHAJIBHOM IPOCTPaHCTBE (QYHKIUI
IUIOTHOCTYI BEPOATHOCTH /15 BCeX QYHKIIVIT IVIOTHOCT, KOTOPBIE YIOB-
JIETBOPSIIOT TPeOOBaHMAM LIEHTPAIbHON IIpefle/IbHOI TeopeMbl. MHO-
YKeCTBO TaKMX (YHKIINII IVTOTHOCTY COCTAaB/IAET 00/IACTb IPUTSKEHN A
rayCCOBCKOIT PyHKLMY ITIOTHOCTY BeposATHOCTH. Ha puc. 3.5 mokasano
rpa¢uyecKoe IIpecTaB/IeHNe ABVKEeH S OTHOBPEMEHHO PaBHOMEPHOTO
U 9KCIOHeHIManbHoro P(S,) B GpyHKIMOHaIbHOM HpocTpaHcTBe PIIB
U cXeMa CXOAVMMOCTH K TayCCOBCKOMY aTTPaKTOPYy JABYX CTOXacTude-
CKMX mporeccos S,. Oba cTOXacTUYeCKMX Mpoliecca IMOTy4YeHbl CyMMU-
pOBaHNEM 1 He3aBUCHMBIX MIEHTMYHO PACIIpele/N€HHBIX CTyYailHbIX
BEIMYVH X; ¥ y;. DTU JIBa IpoLjecca OTIMYAIOTCSA CBOMMU (QYyHKIVMAMMA
IVIOTHOCTY BEPOATHOCTH, YTO IOKA3aHO Ha PUC. 3.5 UX Pa3TMIHBIMU
Hava/IbHBIMJ TOYKaMM ABVDKEHMS B (PyHKLMOHATBHOM IIPOCTPAHCTBeE.
Korga n Bospactaet, obe ¢pynkunu miornoctu P(S,) npubmmkawoTcs
K TayCCOBCKOMY aTTpaKTOpy P(S..). Komnmuectso maros, Tpedyemoe s
mocTypkeHms cxopnmoct P(S,) K Pg(S..), onpesensieT CKOpOCTb CXOU-
MOCTH ABYX TUIIOB ITPOIeCCOB. XOTS rayCCOBCKMIT ATTPAKTOP ABJIAETCS
Hanbojiee BaKHBIM aTTPAKTOPOM B (PYHKI[MOHAJIBHOM IPOCTPAHCTBE
Q@IIB, cywecTBYIOT TaK>Ke APyTMe aTTPAKTOPhI, KOTOPbIE MBI PacCMOT-
PUM B ClIeZYIOLLEN I7IaBe.
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Croxactuyeckue nmpoueccol Jlesn
I IIpefieNbHbIE€ TEOPEMBI

B rn. 3 MBI flany KpaTKoe BBe[leHMEe B KOHLENINIO YCTOWYMBOTO pac-
HpefieieH s, 2 MUMEHHO 0COOBII TUI pacipesie/ieniisi, 00pa3oBaHHOTO
CyMMON 1 HE3aBUCUMBbIX UJEHTUYHO PACIPENeNEHHBIX CIy4YaliHbIX
BEJIYMH, KOTOPOE MMeeT CBOJICTBO He M3MEHATb CBOEN (PyHKINO-
HaJIbHOII (JOPMBI IIpM pas3INYHBIX 3HAYEHUAX 1. B JaHHOII I/1aBe MBI
PacCMOTPMM IIOJTHBII K/IACC YCTOMYMBBIX paclpeie/ieHnit 1 06Ccyaum
MX IPMHIUIINATbHBIE CBOVICTBA.

4.1. YcroituuBble pacnpeneeHns

B pasp. 3.2 MBI yCTaHOBU/IN, YTO JIOPEHIIMAH U FayCCUaH ABIAIOTCA yC-
TOVYMBBIMI pacHpefeneHNsIMU. 31ech MbI JafumMu GopMaabHOe 10-
Ka3aTe/IbCTBO JAHHOTO YTBEPXK/ECHNU .

JIJ1s JIOpeHILIeBBIX CTYYailHBIX BEMINYMH QYHKLUMSA IIOTHOCTU Be-
POATHOCTM 3aIMCBHIBAETCS CIIEAYIOMINM 00pa3oM:

1

P(x)="1——. (4.1)
Ty 4+ X
[Ipeo6pasoBanue Pypbe 9T0it PyHKIUN
@)= [ (e (4.2)

Ha3bIBAETCS XapaKTePUCTUYECKON (PYHKIMEl CTOXaCTUYeCKOTo Ipo-
necca. Jlsis JIOpeHIleBa pacIpefie/ieHNs] 9TOT WMHTEerpan sIBIseTCs
npocteiM. [Toxcrasnas (4.1) B (4.2), nomyunm

plg)=e . (4.3)

Teopema o cBéprke yTBepxkjaer, uto Dyppe-peobpasoBanme
CBEPTKMU JIBYX QyHKIUII ecThb IpoussesieHre Pypbe-npeobpasoBaHuin
3TUX JIBYX QYHKIUI,
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F[f(x)® g(x)|=F[f(x)|F[g(x)| = F(g)G(q). (4.4)

,HHH HE3aBUCUMbIX MICHTUYHO pacnpe,uenéHHbe CHY‘Iaﬁ[HbIX
BEINMYMH

S, =X, + X,. (4.5)

DYHKIUA TIOTHOCTY BEPOATHOCTH P,(S,) CyMMBI IBYX He3aBNUCH-
MbIX UJIEHTUYHO pacIpefe/€éHHbIX CyYaliHbIX BEIMYUH JlaHa CBEPT-
KOJI 9TVX ABYX QYHKUMNII IITIOTHOCTY BEPOATHOCTHU

Pz(Sz):P(xl)(@P(xz)- (4.6)

B Teopeme 0 cBEpTKe IpeJIONaraeTcs, YTO XapaKTepUCTUdecKast
byHKUMA @,(q) A S, 3aKaéTcsA paBeHCTBOM

0 (4)=[e(@)]. 4.7)
B obmem cryuae
P,(S,)=P(x))® P(x,) @@ P(x,), (4.8)
rie S, 3agana BeipakerueM (3.1). CregoBaTenbHoO,

ea(q)=[e(@)]". (4.9)

[Tone3HOCTD MOAXOMA C MO3ULVI XapaKTePUCTUYECKO PYHKIIUN
MO>KeT ObITh IPOM/UIIOCTPYPOBAHA MOy YeHMeM QYHKIIMYU IVIOTHOCTH
BEPOATHOCTU CYMMBI S, IBYX HE3aBMCUMBbIX UJIEHTMYHO paclIpesie/néH-
HBIX CJTy4YalfHbIX BeIMYNH, KaX/lasd U3 KOTOPBIX yAoBIeTBOpseT (4.1).
[TpumeHenne cooTHOUEHUS (4.6) 6BIIO OBl TPOMO3IKUM, B TO BpeMsi
KaK IHOJIXOJ C XapaKTepUCTU4ecKoil (PyHKIMell ABIACTCA MPAMBIM,
TaK KaK JI/If1 IOpEeHLIMaHa

0x(q)=e 0. (4.10)

Beinonuss obpaTHoe npeobpasoBanue Pypoe

P =5 [ plare g (1)

IIONTy4nM Q)YHKLU/IIO IUIOTHOCTY BEPOATHOCTU
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2y 1

B =

4.12)

dynkunonansHasa ¢opma P,(S,) u B 6onee obmux cnyyaax P,(S,)
eCTb JIOPEHI[MaH.

CrieioBaTeIbHO, JIOPEHILIEBO pacIipefie/ieHne ABJIAETCSA YCTONYNU-
BBIM pacIIpefie/ieHIeM.

JIJIs TayCCOBCKMX CITy4alfHbIX BEIMYMH aHAJOTMYHBIM BBIpaXKe-
HU1O (4.1) AABNsAeTCA QYHKUMA IVIOTHOCTY BEPOATHOCTH

P(x)= \/ZL‘e"‘Z/Z"Z. (4.13)
viyex
XapakTepucrudeckast GyHKIMS €CTb

2

(q)= e DG _ g4

¢ (4.14)
e y=o2/2.
s (4.7) cnenyer
0r(q)=e 7. (4.15)
ITpuMenss obparHoe npeobpasoBanue Oypbe, MOTyINM
1 2
P(S,)= e /%,
(S)= % (4.16)

Takum 06pa3oM, rayccoBCKOe pacIipefie/ieHue Takxe ABJIAETCA yc-
TONYMBBIM. 3anucbiBas (4.16) B popme

P(S,)= S 4.17)

HaXOIUM
02:\/50. (4.18)
Msl y6enumuch, 4TO CYIIECTBYIOT [ABa YCTOYMBBIX CTOXACTH-

4eCKMX IMpoljecca: JOPeHI[MaH M rayccuaH. XapaKTepucTudecKie
GYyHKIMM 060MX IIPOLIECCOB MMEIOT OfMHAKOBYIO (PYHKIIMOHA/IBHYIO

popmy:
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pg)=e", (4.19)

rie a=1 1 IOpeHIMaHa Nomy4yaeTcs 13 BolpakeHus (4.3) u a=2 na
rayccuaHa us (4.15).

JleBu [92] u XununH [80] pemnv o61yto mpo6iemMy ompeseeHns
HOJIHOTO KJ/Iacca YCTOMYMBBIX pacnpepeneHnit. OHM HAIIM, YTO Ha-
ubosee o61elt GopMoIt XapaKTepUCTUIECKOI PYHKIUY YCTONIMBOTO
mporecca siBJseTCs

i,uq—’y|q|(! l—iﬁétg[ga} ,[a ¢1]
Inp(g) = , (4.20)
. . 2
ing —|q| 1+lﬁé;ln|q| Ja=1]

rie 0<a < 2, Y — IOJIOKUTEIbHBIN MacIITaOHbI GaKTOP, 4 — HEKOTO-
poe JeiiCTBUTEIbHOE YUCIO U 3 — HapaMeTp aCUMMEeTPUH, KA
B quamna3oHe oT —1 go +1.

AHanurtudeckas Gopma ycToI4MBOro pacnpenenenus Jlesu uspec-
THA TOJIBKO JI/I1 HEMHOTVIX BeJIMYMH o U f3:

o a=1/2, f=1 (pacupenenenue Jleeu—CMupHOBa),
o a=1, =0 (mopennuan),
o a=2 (rayccuaH).

Brpenps MBI paccMaTpuBaeM TONBKO CMMMETPUYHOE YCTOMYMBOE
pacupepnenene ($=0) c HyneBbIM cpenHuM (¢ =0). IIpu sTux npepmno-
JIOKEHUAX XapaKTepucTudeckas QyHKIMA IpefiCTaBIsgeTca B popMe
ypaBHeHuA (4.19). CuMMeTpuYHOE YCTONYNBOE paclipefie/ieHune C MH-
JIEKCOM 0L M MacIITaOHBIM (PaKTOPOM Y TomydaeTcs us (4.20) u (4.11):

Px)=1 e cos(qr)da. (4.21)

Ilnst y=0 u 6onblumx 3HaveHuit aprymeros (|x| >>0) cnpasepniuso
[16]

kra

2

n_(_1\k a )
Pxh= -2y O i

+ R( x)), 4.22
T2 R e (Ix]) (4.22)

rze ['(x) —sinepoBckas raMMa-QyHKIUA U
R(xy=o(x] “ . (4.23)



44 lnaBa4 CroxacTnyeckue npouecchl JleBu 1 npeaenbHbie Teopembl

/3 (4.22) MBI HaXOAMM aCUMIITOTUYECKOE IPUOMMKEHUE YCTOM-

YUBOTO PaCIpeie/ieHNsl ¢ MHAEKCOM d, CIPABENINBOE /st GOMbIINX
BEINYVH |x],

PL(lxl) _d+a) 51111(:@/2) _ |x|—(l+a)' (4.24)
|

AcyMITOTHMYECKY TPy OOJIBIINX X MBI IIO/Ty4aeM CTeIIeHHOII 3aKOH
pacmpepenennsa. TO CBONCTBO MMeeT aJeKO MAYIIMe MOCTIefCTBIA
IpM OIpefie/leHN) MOMEHTOB pacmpeneneHnsa. 3ameTnM, 4o E{|x|"}
pacxoguTcA npu n >> o, Korga «a<2. B yacTHOCTH, BCe YyCTONYMBBIE
nporeccel J/IeBu ¢ a <2 nMeroT 6ecKoHe4HY0 Aucrepcuto. Takum obpa-
30M, HErayCCOBCKMe YCTONYMBBIE CTOXACTUYECKNe IIPOIIeCChl He NMe-
I0T XapaKTePUCTUYECKOTo MaciiTaba — ux gucrepcus 6eckoHeyHa!

4.2. CKeJlUIMHT ¥ CaMOoIogo0me

WTak, Mpl IpUIUIN K BBIBOLY, YTO pacnpepeneHue JleBu sBsgeTcs yc-
TOMYMBBIM. B 9TOM paspenie MBI JOKa)keM, YTO 3TO YCTOWYMBOE pac-
Ipefie/ieHNe sIB/IsIeTCsl caMonofo6HpIM. Kakum 06pasoM MOXXHO Tiepe-
MacIITabMpOBaTh HETayCCOBCKOE YCTOMYMBOE paclpefieieH1e, YTOObI
06HApYXWTb ero camornofo6ye? OfUH IIyTh COCTOUT B TOM, YTOOBI pac-
CMOTpeTb «BEPOATHOCTb BO3BpaTa K Havyamy» (T. €. INIOTHOCTb BepOAT-
HOCTU B HYJIEBOJ TOYKe J/IsI CyMMBI /1 CITy4aliHbIX Benu4duH), P(S,=0),
KOTOPYIO MBI IIOJTy9aeM, CTApTYs C XapaKTepPUCTUIECKOI QYHKIUN

o (@)= (4.25)
M3 (4.11) nmeem
Lo grmiar
P(S,)=~ f e cos(gS, )dg. (4.26)
TJ0
CrnepnoBaTebHO,
1 o i T(1/a)
P(S, =0)=— Ml g = 2220 4.27
(8,=0)=—["e " dg oA (4.27)

Pacnpenenenne P(S,) Hy>KHBIM 06pa3oM HepeMacIiTabupyeTcs Mo-
CPECTBOM OIIpefieIeHIsI

P(S,)=P(S,)n'"/". (4.28)
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Puc. 4.1. Tpadudeckoe mpecTaBieHne IMpolecca CXOAMMOCTHI (IO BEPOATHO-
CTH) K YCTOIYVMBBIM aTTPaKTOpaM CYMMbI He3aBUCUMBIX MIEHTUYHO pacIpe-
TENIEHHBIX CIyYaliHBIX BeMM4IMH. YEPHBIN KPY)KOK — rayCCOBCKUII aTTPaKTOD,
4y€pHbIe KBaJpaThl — YCTONYMBbIe IO JIeBM HeraycCoOBCKME aTTPAaKTOPbI, XapakK-
TepyusyeMble PasTMYHBIMU BeMMYMHAMM UMHAeKca o O6macTb 1 — 9KCIOHEHIN-

anpHast QIIB. Obmacty 2 — paBHoMepHas OIIB

Hopmannssauusa
+00 o B
[ P(S,)ds, =1 (4.29)
IIpeAIonaraeTcAa, eCin
S, = ‘f/ (4.30)
n

Korga o0=2, 3T1 CKeIMHTOBbIE OTHOIIEHN ST COBIIATAIOT C TEMMU, KO-
TOPbIE MBI MICIIONTb30BAIN JJIs1 TAyCCOBCKOTO MPOIecca B IT. 3, a MMEH-
HO B ypaBHeHusAX (3.13) u (3.14).

4.3. IIpepenbHas TeopeMa I yCTOMYMBBIX

pacnpenenenunin

B mpeppipyieit rimaBe Mbl 06cym/m]/1 LIEHTPAZIbHY0 IIPENETbHYI0
T€OpeMYy " OTMETUIM, YTO TrayCCOBCKOE pacIipefieieHNe ABJIACTCA
aTTPaKTOPOM B (PYHKIMOHAJTbHOM HPOCTPAHCTBE BEPOSATHOCTHBIX
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pactpenenenuit. [ayccoBckoe pacnpesie/ieHne sBIsAeTCsA 0COOEHHBIM
YCTOYMBBIM pacIpefie/ieHneM; 3TO eINHCTBEHHOe YCTOIYnBOe pac-
npefiefieHNe, BCeé MOMEHTBI KOTOpPOro KOHe4dHbl. Torja ecrecTBeH-
HO CIIPOCUTbB: He ABJIAITCA JIM TaK)Ke HErayCCOBCKME YCTOMYMBBIE
pacipefeneHNs aTTpaKToOpaMy B (QYHKIIMOHA/TbBHOM IIPOCTPAHCTBE
BEpPOSITHOCTHBIX pacnpepeneHuit! Otser yrsepaurenbublit. Cylect-
ByeT IIpefiefibHaA TeopeMa [65, 66], yrBepk/jafolas, YTO IIIOTHOCTD
pacnpenenenusa BepoATHOCTU (PIIB) cymMMbl He3aBUCUMBIX WJIEH-
TUYHO pacIpefenéHHbIX (H.M.p.) CIYYallHBIX BEIMUYMH X; CXOUTCA
10 BEPOATHOCTU K YCTOMYMBOMY pacIpefie/IeHNI0 IIPU OIpeenén-
HbIX TpeboBaHmax k PIIB. cayuaiiHbix BenmuuH X;. Paccmorpum
CTOXaCTUYECKUII IpoLecc Snzzlexi rjge X; — H.JL.p. CIy4YaiiHble
BennuuHbL. [Ipegnonoxmum

C |x| " npu x — —oc

P(x;)~ , (4.31)
C. x| mpr x — 400
n
B= ﬁ (4.32)
C +C

Torma P(S,) mpubmIKaeTcs K yCTOIIMBOMY HETayCCOBCKOMY Pac-
npeneneHnio P (x) c mHmekcoM o 1 mapaMeTpoM acummerpuu fB; P(S,)
HIPVHAJIEKNUT K 00/1acTyt TpUTsDKeHMs Pr(x).

Tak Kak oL ecTb HellpepbIBHBII IapaMeTp B AuamasoHe 0 <a < 2,
6ecKOHeYHOe KOMYECTBO aTTPAKTOPOB MMeeT MeCTO B PYHKI[MOHA/Ib-
HOM IIPOCTPAHCTBE BEPOATHOCTHBIX pacipefieneHuit. OHM BKIIIOYAIOT
B ce0s MHOXKECTBO BCEX YCTOMYMBBIX pacnpepneneHuit. Puc. 4.1 moka-
3BIBAE€T CXEMATUMYECKM OTH Pas3INYHbIE aTTPAKTOPHI, a TAKXKE CXOHU-
MOCTb ONpPENIeIEHHOTO YMC/Ia CTOXaCTUYECKMUX IPOLIECCOB K aCUMMII-
TOTUYECKM TPUTATUBAIOLEMY BEPOATHOCTHOMY PACIpENEIeHNIO.
BaxHoe pasnuune HaOMOHaeTCs MEXJIY TayCCOBCKMM aTTPAKTOPOM
M YCTOWYMBBIMM HETAyCCOBCKMMM aTTPAaKTOpaMM: B TayCCOBCKOJN
0071acTM aTTPaKTOPOB MBI MMeeM JIeJI0 CO CTyYallHBIMM Be/IMYMHA-
MM C KOHEYHOI HUCIepCueN, B TO BpeMs KaK Cay4daliHble BelINYMHbI
¢ 6eCKOHEYHOI AyIcIiepcHeli HabMoAa0TCA B 06/1aCTAX HErayCCOBCKMX
aTTpaKTOpoB. MBI YBUJE/IN, YTO CTOXACTUYECKVe MPOLeCChl ¢ 6ecKo-
HEYHOJ HVCIepCUeN XapaKTepU3YIOTCA paclpefieIeHNAMM C XBOCTa-
MU II0 CTelleHHOMY 3akoHy. CilefloBaTe/lbHO, TaKMe paclpefe/neHus
C XBOCTaMU, U3MEHAIOLWMMICA 110 CTEIIEHHOMY 3aKOHY, CyII€CTBYIOT
B YCTOJYMBBIX HETAyCCOBCKUX OO/MACTAX PUTKEHMN .
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4.4. Pacripeenenue no CTeeHHOMY 3aKOHY

VIMeroT /U CTeNeHHble 3aKOHbI pacIpe/ie/IeHIs ITyOOKMIT CMBICT VTN
OHU 6ecCMBIC/IEHHBI? MaTeMaTu4ecKy OHM MMEIOT CMBIC/I HeCMOTPS
Ha pacxopsmyecss MOMeHTbl. DPusnuecky OHM OeCCMBICICHHBI JJIA
KOHEYHBIX («M30/IMpPOBAaHHBIX») cucTeM. Hampumep, GecKOHEIHBIN
BTOPOJI MOMEHT B TEOPUM PAaBHOBECHON CTATUCTUYECKOM MEXaHMKU
HIpUBOAVII ObI K 6€CKOHEYHOIT TeMIIepaType.

Ho xakx HacuéT OTKpBITHIX («He M30/MMPOBAaHHBIX») cucTeM? [leiic-
TBUTE/IbHO, BepHY N paccMOTpesI CIy4ailHble BeMYMHBI C 6eCKOHEY-
HBIMM MaTeMaTU4eCKMMU OXXUAAHMAMM B ONMCAHUM CIIPaBeIUBOIL
urpsl «CaHkT-IleTepOyprckmit mapamokc», B To BpeMs kak [Tapero Ha-
HIE/I CTEIIeHHOM 3aKOH pacHpefe/eHN sl SMIMPUIECKN IIPU ONMCAHUA
I0oX0moB. MaHJenbOpOT UCIIONIb30BAJI CTEIIEHHOI 3aKOH pacIpefiere-
HYA B OIMCAHUY 9KOHOMMYECKUX M PU3NYECKUX CUCTEM.

CreneHHble 3aKOHBI pacIpefie/leHMsI NIPOTUBOpeYaT MHTYUIINH,
IOTOMY 4TO OHM He IMEIOT XapaKTepucTudeckoro macmraba. O6bru-
HO IpMMepbl C/TyYallHBIX BEIMYUH C O@CKOHEYHBIMU MaTeMaTHyec-
KMMMJ OXXUAQHMUAMY PacCMaTpPUBANINUCh KaK MapajoOKChl — 10 paboT
JleBn. Boiaromumcsa npumepom sasnsercss «CaHkT-IletepOyprekuii
napagokc». H. bepuynim BBén a1y urpy B Havyane 1700-x rogos u Ha-
nucan o Heil B «KommenTapusax Cankr-IlerepOyprckoit AxageMum»
[56].

4.4.1. Cankr-IleTepOyprckmii mapagoxc

banKoMéT 6pocaeT MoHeTy n+ 1 pas. VIrpok BeIMrpbiBaeT 2" Mo-
HET, eC/IV 1 «OPJIOB» BBINAJIaeT Mepest epBOil «PelIKoii». Pe3ynbpraTe
OYLyT SICHBI M3 CIIefyIOLeil TaOIUIIbI:

KonuyectBo Konnyectso BepoaTtHocTh Osxmpaaemblit
6pocaHuii, n VBIUIPBILIEI TIORPAL BBIUIPBILI
1 1 1/2 1*1/2
2 2 1/4 2*1/4
3 4 1/8 4*1/8
n 2! 1/2" 1/2
Haxkon/ieHHBIiT 0>KMAaeMblii BBIUTPbILI OyzieT: 1/2+1/2+ ... =00, Ka-

KJM KOJIMYeCTBOM MOHET [O/I)KeH PUCKHYTb UTrpok? Ilo onpenenennio
CIpaBeIMBON UI'PBI KaXK/[bIM YYaCTHMUK JJO/KEH PEIINTh: KaK JOJITO
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Puc. 4.2 ExxemecsuHas BOMAaTUIBHOCTD MHAeKca S&P 500, paccunTanHaA s
13-meTHero mepuona, ¢ stuBaps 1984 r. mo gexabpp 1996 r. (c m0be3HOro paspe-
wenyst [1. TonukpuinxaHa)

OH FOTOB UIPaTh. B yacTHOCTI, GAHKOMET OCBEJOMIISIETCSI O €ro (ydac-
THUKa) OXIJAeMOil IOTepe — Belb 9TO MOXeT ObITh OeCKOHeYHOe
KO/IMYeCTBO MOHET. VITpOK He COI/alaeTcsi, IOTOMY 4YTO OH IIPeAIo-
JIaraeT, YTO OH He BBIMTPaeT OECKOHEYHOEe KOMMIECTBO MOHET C BEPO-
SATHOCTBIO eiMHNIA (J{Be MOHETHI VIV MEHbIIIEe C BEPOSITHOCTDBIO %, de-
TBIPe MOHETHI M/IV MEHbIIIE C BEPOSTHOCTDIO 7/8 U T. 7.). [IBa y4acTHMKA
He MOTYT HpUATU K cornamenuio. [Touemy? «CoBpeMeHHBII» OTBET
COCTOUT B TOM, YTO OHU IBITAIOTCS OMPEEIUTh XaPAKTEPUCTUIECK I
Maciitab st mpobieMbl, KOTOpasi TAKOBOTO He uMeeT!

4.4.2. CTenneHHbIe 3aKOHBI B KOHEYHBIX CHCTEMaxX

B nHacrosee BpeMs pacipefie/ieHNs IO CTEIIEHHOMY 3aKOHY MC-
HO/IB3YIOTCA B OIMMCAHUY OTKPBITHIX crucTeM. OfHAKO Hab/II0TaeMblil
CKeJUIMHT 4acTO orpaHundeH 9¢ppekToM KOHEYHOro pasMepa WIn Jgpy-
I'MM OTpaHMYEHMEM BHYTPU CUCTeMbl. XOpOLIMM HIpPMMEpPOM ILIO-
TOTBOPHOCTY MCIIOJIb30BAaHMS CTEIEHHBIX 3aKOHOB U TPYJHOCTM UX
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VICIIO/Tb30BAHM S SIBIISIIOTCS KpuTHdeckue siBnenus [147]. Koppensnu-
OHHbIe (PYHKIIVIV CTEIICHHBIX 3aKOHOB HAOTIOJAI0TCS B KPUTUIECKOM
COCTOAHMM GECKOHEYHOII CYICTEMBI, HO €C/IY CUCTeMa KOHEeYHa, ee KO-
HEYHOCTb OTPAaHMYMBACT JMAIA30H, BHYTPU KOTOPOro HabM0OgaeTcs
IIOBEJIeHNE TI0 CTEIIEHHOMY 3aKOHY. HecMOTps Ha 3TO orpaHMYeHNe,
BBEJICHME U VICTIONTb30BaHME KOHIEINY CKEMIMHIA — KOTOpas OTHO-
CUTCSA K IPUPOJE KOPPENALUM IO CTETIEHHOMY 3aKOHY — SABIISIETCA pe-
HIAIOLIEN [/ MOHMMaHNA KPUTUYECKOTO ABIEHNA laXKe TOT/a, KOrja
paccMaTpuBaeTcs KOHeUHas cucrema [59].

4.5. CTaTNCTNKA IIeHOBBIX N3MEHEH

B oT0i1 KHMTE MBI paccMaTpyBaeM Ipefie/IbHble TEOPEMbI TEOPUM Be-
POATHOCTEL, YTOOBI TIOTYYUTb TEOPETUIECKYI0 MOJIe/Ib, KOTOpast CO-
ob1aeT HaM, KaKOTO POJia pacIpesie/ieHrie Mbl JODKHbI OKIU/ATh /s
IICHOBBIX MI3MEHEHUII Ha (PMHAHCOBBIX PBIHKAX. YCTOIYMBbIE Herayc-
COBCKME paclpefiefieHNsA NPENCTABIAIT MHTEPEC IOTOMY, YTO OHI
MOJYMHAIOTCSA Npefie/IbHbIM TeopeMaM. OlHaKoO He ciefiyeT OXXUJaTh
HaOJTIOfleHN sl pacIipefie/IeHNIl 1IeHOBBIX M3MEHEHNI, KOTOpble YCTOlI-
4yuBbl. [IpyynHa 3akI09aeTcsa B INIIOTE3aX, IO PasyMeBaeMbIX B IIpe-
IIe/IbHOI TeopeMe, a MMEHHO: CTydaliHble BeIMYMHBL {x;} 1) HMKOMM
06pa3oM He 3aBUCUMBI APYT OT APYyTa U 2) ONMHAKOBO PaCIpe/ie/IeHbl.
I'mmotesa (1) xopouIo mpoBepsieMa Ha BpeMEHHBIX TOPU30HTAX OT He-
CKOJIBKMX MMHYT JIO HeCKONMbKux sieT. OgHako rumoresa (2) Boobie
He IpoBepsieMa SMIIMPUYECKMM HaOJIIOleHNeM, TIOTOMY 4TO, HAIlpH-
Mep, CTAaHJJApTHOE OTKJIOHEHVE 1JeHOBbIX M3MEHEHMIT CUIBHO 3aBUCUT
OT BpeMeHI. DTO sIBJIeHNe U3BECTHO B GMHAHCAX KaK BOTATU/IBHOCTD
[143] (mpumep mokasaH Ha puc. 4.2).

bonee mnopxopAmas mnpejenbHas TeopeMa OCHOBaHAa TOJBKO
Ha IPEeJIONIOKEHN HEe3aBUCUMOCTI CIy4YaliHbIX BEINYMH X; OHa
He TpeOyeT MJJEHTUYHOCTY pacupepnenenuit. [IpenenbHas TeopeMa,
IpYMEHVMas /IS CYMMBI S, He3aBMCUMBIX CTy4YalfHbIX BeTMYMH {x;}
OblTa BIiepBble peacTaBieHa baynu n XununHbIM [66, 81], KoTOpbIE
paccMoTpeny Kjacc NpefelbHbIX 3aKOHOB [ CYMMBbI S, n He3a-
BUCHMBIX 0€CKOHEYHO MaJIbIX C/Iy4YailHBIX BelMM4NH. «beckOHeuHO
Majiasg BeIMYMHA» JCIO/Ib30BaHA 3/eChb KaK TeXHUYECKUI TEPMUH,
03HAYAIOLINIT, YTO CYMMa S, He COfEepPKUT eJMHCTBEHHOI CTOXaCTu-
YeCKOJl IepeMeHHOI! X;, KOTopas HOMMUHMPYeT B 3TOi cymMe. Tor-
fa TeopeMa XMHYMHA yTBEPXK/aeT, YTO HEOOXOMMO 1 JOCTATOYHO,
4T00BI F,(S) — QyHKIUA HmpefenbHOro pacipesenenns — Obla bec-
KOHEYHO JIeJINMOIL.
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Puc 4.3. VnmocrparuBHas cxeMa KaacCU(UKALMM CTYYaiiHBIX IIPOLECCOB,
o6cyxgaemMbIx B 9T0jt rmaBe. CIUIOLIHONM YEPHBI KPY)XOK 0003HAYaeT MeCTo
YCTOIYMBOTO IaycCOBCKOTO Iporecca. O6macTb 1 — 6eCKOHeYHO AeMMBble CIy-
valjfHbple nmpouecchl. O6macTb 2 — KOHeuHble MOMeHTHL. O6macTb 3 — ycroiun-
Bble nporecchl. O6macTb 4 — 6eCKOHeYHbIe MOMEHTBI

4.6. beckoHe4HO AemIMbIe CTy4YaliHbIe MPOLECChI

Crry4aifHblil IIpoLecc ¥ ABIAETCS OeCKOHEYHO JieMMBIM, eC/IU A
M000T0 HATypaJbHOTO 4KcIa k OH MOXKeT OBITh 33aJjaH KakK cyMMa k
He3aBIUCUMBbIX MJEHTUIHO pacIpe/ie/leHHbIX CTyYafHbIX BETMYNH {x;}.
Oyuxiys pactpenenens F(y) siBnsercss 6eCKOHEYHO [1eNNMOIL, TOTa
¥l TOJIBKO TOT/a, KOTAa XapaKTepucTudeckasi QyHKLus ¢(q) sBASETCS
(B KaXK/IOTO HAaTypa/lbHOTO 4Kcia k) k- CTeleHb0 HEKOTOPOII Xa-
paxTepucTnyeckon GpyHkunn ¢i(q). B popmanbHbIx TepMUHAX

@) =[ee @] (4.33)

¢ TpeboBanuAMM: 1) ¢(0) =1 n 2) ¢;(g) HenpepbIBHA.

4.6.1. YcToitunBbIe NPOLECChI
HopmanbHo pactipeiennéHHas clydyaiiHas BeIM4MHa {y} ABnsercs bec-
KOHEYHO JIe/INMOIL, HIOTOMY 4TO U3 (4.14) nmeem

2

i,uq—(%q2 . (4.34)

o (@) =exp




4/3 BecKOHEYHO aenvMble ClyyaliHble NpoLecchl 51

Ortcropa crenyer, 4To pelleHueM (PyHKIVOHAJTBHOTO ypaBHEHMS
(4.33) aBngercsa

¢ (q) =exp .

. 2
ﬂ—%cf]. (4.35)

CuMMeTpu4YHasA yCTOM4YMBasA CIydaiiHas BeIMYMHA OECKOHEYHO
menuma. JleiictBuTenpHO, U3 (4.20) npu =0 nmeem

o(q) =expling —~|q|"]. (4.36)
Tak uto
—exp| e
o (q) =exp ’ qu ‘ (4.37)

4.6.2. IlyaccoHOBCKMI1 IIpo1ecc

ITyacconoBckuit mpouecc P(m; A) =e*(A"/m!) npu m=0, 1, ... , n umeer
XapaKTePUCTUYECKYI0 QYHKIINIO
©i(g) = exp[ (e 1), (4.38)

nostomy u3 (4.33) numeem

o, (g) =exp

%(ei" - 1)}. (4.39)

4.6.3. 'amma-pacnipeqieieHHbIe CTy4YaliHble BeTNYNHbBI

TaMMa-pacnpepenenne uMeeT PyHKIUIO IVIOTHOCTU BEPOSATHOCTI

—x . v—1

e *x
P(x)= . 4.4
) =% ) (4.40)
Ilnst x 2 0 m 0 <, oo XapaKTepUCTUYECKOIT PyHKIueit Oyaer
wlg)y=1-igq)™", (4.41)

nostomy 13 (4.33) monyunm

(@) =—ig)'*. (4.42)
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4.6.4. PaBHOMEpHO pacipefe/IéHHbIe CTy4YaliHble BeTMYNMHbI

Kracc 6eckOHEYHO IeMMMBIX CTY4ailHBIX IPOLIECCOB IOCTATOYHO IIN-
POK, HO CYLIeCTBYIOT pa3/IMYHbIe CTOXAaCTUYECKIIE IIPOLIECChI, KOTOPbIE
He 0eCKOHeYHO JieTMMbl. IIpyMepoM AB/IAETCA CIydaiiHbI IpoIecc
C paBHOMEPHBIM pacIIpefie/ieHIeM

0 x<—I
P(x)=11/2] —I<x<lI. (4.43)
0 x>1

B arom cnydae MMeeT MecCTO CleAylollas XapaKTepUCTUYeCKas
byHKUMA:

sin(q/
plg) =200, 4.49)
ql
U 3TOT IpoIecC He OECKOHEYHO JeNIMM, HOTOMY 4TO k-iI KOpeHb
He CYIeCTBYeT.

4.7. BeiBOaBI

Ha puc. 4.3 gaHa cxeMarndecKas MUIIOCTPALMA HEKOTOPBIX Ba>KHBIX
KJIACCOB CTOXACTUYECKNUX NPOLECCOB, 00CYX/JaeMBbIX B 9TOJI ITIaBe.

Kracc 6ecKOHEYHO HeMMMBIX CTy4ailHBIX IPOLIECCOB — 3TO OONb-
IOV KJIACC, KOTOPBIN BK/IIOYAET B ce0s KIAcC YCTOMYMBBIX CITydaii-
HBIX IIPOLIeCCOB. beckoHeYHO menuMble CydaliHble IIPOLECCHl MOTYT
MMeTb KOHEUHYI0 MM OeCKOHEYHYI0 AVICIEepCUIO. YCTOYMBbIE Hera-
YCCOBCKMeE CTy4aiiHble IIPOLIeCCHl UMEIOT O€CKOHEUHYIO JUCIIEPCHIO, B
TO BpeMsA KaK I'ayCCOBCKMII IIPOLECC ABIAETCA €IMHCTBEHHBIM YCTOM-
YJBBIM IIPOLIECCOM C KOHEYHON AVCIIEPCHEIL.

OMnupuyecKkye HaOMIOeHNA B COBOKYITHOCTU C IIpeelbHBIMU
TeopeMaMU TeOpUU BEPOATHOCTEN IMO3BOJAIT CHIeNaTh 3aK/II0YEHUE,
4TO QYHKUMA IIOTHOCTY BepoATHOCTH (PIIB) 1eHOBBIX M3MeHeHMIt
IO/DKHA CXOAUTHCS K OeckoHeuHO menumoit PIIB ms AnuHHBIX Bpe-
MEHHBIX rTOpu30HTOB. C/leoBaTe/NbHO, Ipefie/ibHasA TeopeMa XMHIMHA
YTBEpXK/aeT, 4TO J/Isi OOJIBLINX BEIMYUH 1 paclipefie/ieHue 1eHOBbIX
M3MeHEHU SIBJISIeTCSI XOPOILO OIIpefie/IeHHbIM, HECMOTPSI Ha TOT (pakT,
YTO CTOXAaCTUYECKUI IPOLecC IeHOBBIX M3MeHeHU! Z(f) B MOMEHT
BpeMeHM t MOXKeT OBITh OXapaKTepPU30BaH MOCPEACTBOM MapaMeTPOB
U QYHKUMOHANBHBIX (OopM, KOTOpbIe f-3aBUCUMBL. bojee Toro, Teo-
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pema XUMHUMHA YTBEp>K/JaeT, 4To pacnpepenenue P(Z) 6mmsko k bec-
KoHedHO fenumolt OIIB u creneHb cXOAMMOCTI YBENUMINBAETCA IPU
Bo3pactanuu n. CrnegosatenbHo, CIIB neHOBBIX N3MeHeHMIT HA A/INH-
HBIX BPEMEHHDBIX F'OPU30HTAX MOXKET PacCMaTpPUBATHCA B TEPMUHAX
CYMMBI HE3aBUCUMBIX MUJEHTUYHO pacIpeleIeHHbIX CIy4aliHbIX Be-
nmn4yH. Jlaxke B IPUCYTCTBUE QIYKTyaIil BOMIATUIBHOCTY BO3SMOXKHO
MOJENIMPOBATh IIEHOBbIE ISMEHEHN A B TEPMIHAX ITI0-HOBOMY OIIpefie-
JIEHHBIX HE3aBVICMMBIX MIEHTUYHO pacHpefle/IeHHbIX CIy4YailHbIX Be-
MMYMH. DTN CIyYaliHble BeIMYMHBI ONpefie/ieHbl ypaBHeHNeM (4.33).
OpHako crefyeT IOMHUTD, YTO MHPOPMALs, OTyYeHHas U3 TaKOTO
CIIy4aliHOTO Iponecca, npuMeHyMa K OIIB A IMMHHBIX BpeMEHHBIX
TOPM30HTOB, HO He K JIOKa/IbHBIM BPeMEeHHBIM MacIITabaM.



[’taBa 5

MepbI (eqMHUIIBI N3MEPEHNSA)
B (MHAHCOBBIX JAHHBIX

[ToucTnHe TUraHTCKME KOMMYeCTBa (GMHAHCOBBIX JAHHBIX 3aMMCHIBA-

I0TCSI ¥ COXPAHSIOTCS B KOMIbIOTepax. JefiCTBUTEIPHO, TeHeph KaK-

[asi TPaH3aKIMsl Ha KaXX/J0M (UMHAHCOBOM PbIHKE BO BCEM MIpe TeM

VIV MHBIM crtoco6oM 3anucbiBaetcs. [Ipupopa n popmar aTuX JaHHBIX

3aBICSAT OT PAaCCMATPUBaeMOro pMHAHCOBOTO aKTIBA 1 0COOEHHOCTEN

opraHmsanuu, cobuparolieit 3Tu gaHHble. [JaHHbIe 3aMIMCHIBAIOTCS:

o Kak HeBHble — ¢ XIX B. (puc. 5.1 mpuBeeH s npuMepa),

e KaK MUHYTHBIE lAHHbIe — MU MeHblIe — ¢ 1984 1. (puc. 5.2),

o KakK TMKOBBIE (B MOMEHTBI TpaH3ak1uif) ¢ 1993 r. (puc. 5.3).
Craructudyeckuil aHanu3 (pUHAHCOBBIX [AHHBIX BBITIOMHSIETCS

C TeX IOp KaK Hayvajy BeCTU 3aMKCH 3TUX AaHHbIX. HaumHas ¢ 50-x

TO/IOB, KOT/Ia CTa/Ia BO3MOYXKHOII KOMIIbIOTepHast 00paboTKa JaHHBIX,

890821 16.62 16.75 16.12 16.19 19800 0

Ilara _":'él 12.;? :g.gg 16.12 16.31 17884 0

89082 . .56 16.31 16.56 23044 0
890824 16.56 17.00 16.62 17.00 29916 o] Mudopmauns
890825 17.00 17.00 16.75 16.75 14964 O
890828 16.75 16.88 16.62 16.88 13160 0
890829 16.88 17.00 16.75 16.81 13516 O
890830 16.81 16.88 16.56 16.62 17532 0
890831 16.62 16.62 16.44 16.62 14544 0 O6mBem
890901 16.62 16.88 16.50 16.81 [14328]0 >
1] 16.62 16.38 16.38 20272
890906 16.38 16.44 16.06 16.19 29308
890907 16.19 16.25 16.12 16.19 17512
890908 16.19 16.12 15.81 15.94 21868
890911 15.94 15.88 15.62 15.75 28104
890912 15.75 15.94 15.69 [15.88] 15752
890913 15.88 15.56 15.56 26232
890914 15.56 15.50 15.88 18672
890915 15.88 | ]15.69 15.75 55072
890918 15.75 15.62 15.69 17392
890919 15.69 .62 15.62 17440 0
890920 15.62 .56] 15.62 16448 0 ) Eer—
890921 15.62 31 15.31 19504 0
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Puc. 5.1. ExxenHeBHble aHHble O LeHax akuuii kommnanuu Koxa-Koma (Coca
Cola Co.). 3amucy TOKasbIBAIOT J]aTy, LeHy OTKPBITHA, MAKCUMATbHYIO U M-
HUMAaJIbHYIO LieHY 32 JIeHb, [IeHY 3aKpBITUA, 00beM TOPToB 3a JIeHb, @ TAKXKe [10-
TIOTHUTENbHYI0 MH(POPMAINIO
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871019in x89x  89in 87110835480028179 0
871019in x89x  89in87110835530028171 0
871019in x89x  89in87110836080028167 0
871019in  x89x 89 in 87110836240028162 0
871019in x89x  89in87110837360028113 0
871019in x89x  89in87110838080028084 0
871019in x89x 89 87110838330028081 0
871019in x80x 89 87110838500028076 0
871019in x89x  89in 87110838570028074 0O
871019in x89x  89in 87110839530028063 0
871019in x89x  89in87110840210028061 0
Hara 871019fn x89x  89in87110840300028041 0
871019in x89x  89in 87110840530028036 0
871019in x80x  89in87110840530028043 0
871019in x80x 89 87110841530028016 0
871019in ¥8x 89 in 87110841560(28020-—> S&P 500
871019in x89x  89in87110841580028016 0
Koy ToBapa 871019in_x80x_ 891 87110842070028011 0

871019in  x89x 891in|87110842230028005 0

871019in  x89x 89in 87110842450028003 0

871019in  x89x 89 in 87110843080027994 0

871019in  x89x 89in 87110843530027985 0 Bpems
871019in  x89x 89 in 871184408p027983 0 p e
871019in  x89x 89 in 87110844390027972 0

871019in  x89x 89 in 87110844440027965 0

871019in  x89x 89 in 87110845080027972 0

871019in  x89x 89in 87110845170027952 0

871019in  x89x 89in 87110845430027948 0

871019in  x89x 89in 87110845530027945 0

871019in  x89x 89in 87110846230027940 0

871019in  x89x 89 in 87110846230027939 0

871019in  x89x 89in 87110846460027935 0

Puc. 5.2. BricokouyacToTHBIE JaHHBIe 3HaYeHMIT mHAekca S&P 500. 3ammcu co-

mepKaT MHPOPMALNIO O 3HAYEHMN MHJEKCA I KaXXZOTO MOMEHTa BPeMeHI,
Ha KOTOPBIiT OH OBIT pacCUnTaH

B (MHAHCOBBIT aHa/MN3 BOB/IEKAIOCh BCe Ooblie U Ooblie GpuHaH-
coBBIX 3amuceil. Hampumep, msydeHHble MaHHen1bOPOTOM IjeHBI
Ha XJIOTOK 3a 1963 1. [102] copmep>kanu =2 x 10° 3amuceit, aHanus Ko-
THpoBOK 1995 1. S&P 500 copepxan =5 x 10°, a HefaBHee U3yUeHME
TUKOBBIX JAHHBIX [67] ncmonb3oBano 4 x 107 OTHOCUTENIbHBIX LIEHO-
BbIX M3MeHeHun akuuii 1000 KpynHeimmux KOMIaHuii, TOPryeMbIX
Ha NYSE.

CrarucTuyeckuil aHanm3 pblHOYHBIX JIAHHBIX SABJIAETCA Ba)KHBIM,
KaK JIJI IOHVMaHM A PbIHOYHOM JMHAMUKY IIeH, TaK U C IPUKIIaJHON
TOYKY 3peHMS — JIJIA OLIEHMBAHNA OINLMIOHOB U YIPaBJIeHN IOpTde-
7eM akuuit. B aToil r/1aBe MBI PacCCMOTPUM HEKOTOPbIe 0COOEHHOCTH
(VHAHCOBBIX JAHHBIX, MEpPBl M €IMHMUIBI UX U3MepeHus. B pmeiicTBu-
TEJIBHOCTY POJIb Mep U eVIHUI] M3MepeHus B puHaHcax 1 QU3MKe 10-
CTaTOYHO pas/IN4Ha. DTO pasInyye Mbl OOCYANM B JleTanAX.
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Filtering: O&A standard filter for historical tests
date time price country filter
city Good (1) or Bad (0)

CCYY-MM-DD (GMT) bid ask bank

1992-10-01 00:01:02 84.90 84.95 702 01 0041
1992-10-01 00:05:18 84.93 84.96 036 02 0032
1992-10-01 00:07:10 84.92 84.97 344 01 0136
1992-10-01 00:11:32 84.95 85.00 344 01 0089
1992-10-01 00:16:34 84.96 85.01 344 01 0136
1992-10-01 00:16:50 84.98 85.03 344 01 0136
1992-10-01 00:17:26 85.00 85.05 344 01 0136
1992-10-01 00:18:16 84.95 85.00 392 01 0033
1992-10-01 00:20:00 84.96 85.01 344 01 0136
1992-10-01 00:20:18 84.95 85.00 344 01 0437
1992-10-01 00:21:06 84.95 85.00 702 01 0055
1992-10-01 00:23:00 85.00 85.05 344 01 0136
1992-10-01 00:23:18 85.02 85.07 344 01 0136
1992-10-01 00:23:36 85.00 85.05 702 01 0055
1992-10-01 00:23:56 84.96 85.01 344 01 0136

S0 G OO G N G G G G Gy

Puc. 5.3. BbicoKkoyacTOTHbBIE KOTMPOBKM Ha PbIHKE MHOCTPAHHBIX BANMIOT, COO-
panuble kommanuel Olsen & Associates Corporation. 3amucyu BKI0OYAIOT B ce0s1
BpeMsa (mo I'puuBuuy, GMT), neHy cipoca M IieHy IpefoXeHNs Ha CHeIKI
no Snonckoii Vene/Hemenxoit Jloitumapke, a Takxke nHGOpPMALMIO O CTpaHe,
ropoge 1 pUHAHCOBOM YUPEX/EHNU, BbICTABUBIIEM KOTUPOBKY

5.1. ExyHu1bl n3MepeHns eH Ha (MHAHCOBBIX
PBIHKAaX

B ¢usuke npobnema euHMI M3MEPEHMS SIBISETCS OJHOI 13 OCHOB-
HBIX B TEOPETMYECKIX U 9KCIIEPUMEHTaTbHBIX paborax. HempepbIBHO
NPeAIPUHIMAIOTCA YCUINA HAMITU ONTMMANIbHOE COOTHOIIEHNE el)-
HUII U YIYYIINTh TOYHOCTb UX onpepenenns [33, 40]. Paspen ¢pusn-
KJ — METPOJIOTY A — M3y4aeT VICKIIOYNTE/IbHO TOIBKO 9Ty IpobiiemMy:
00/IbIIIOE KOMYECTBO CIIENNMaTN3MPOBAHHBIX MHCTUTYTOB METPOJIO-
TUU CYIIECTBYeT BO BceM Mupe. B ¢puHaHcax ke modTy oOpaTHBIIL CIIy-
vail. VIcronp3yeMble eVHUIBI U3MEPEHN 1IeH (PMHAHCOBBIX MHCTPY-
MEHTOB 3aJJal0TCs B IEeHEKHBIX efMHUIIaX (Ba/l0TaX pasHbIX CTpaH),
KOTOpBbIe CaMy PIIYKTYMPYIOT BO BpeMEH, M TPAH3aAKIIMM ITPOUCXOMAT
B C/y4YaliHble MOMEHTBI BpDEMEHM M CO Cy4alHOM MHTEHCUBHOCTDIO.
ITo aToOlt MpuYMHe 6ONbIIOEe BHUMAHMNE JO/DKHO OBITH YZIeTIEHO TOMY,
4TOOBI BBIOPATD JI/Is M3Y4YeHV A IMHAMMKY IieH Hanbosiee IOAXOf A1 e
BEJIMYNMHBI, IPUMHMMAA B pacyeT BCe IUIIOCHI ¥ MUHYCHI, CBA3aHHBIE
C KQXK/IBIM BO3MOYXHBIM X BEIOOPOM.

3Hech MBI BIIepBbIe pacCMaTpyBaeM IIpob/ieMy IIeHOBBIX Mep. B ciie-
AYIOIIeM pasjie/ie Mbl pAaCCMOTPUM IPO6/IeMy BpeMEHHBIX IIKaJL.

Enuuuns nsMmepenns 1eH (UHAHCOBBIX MHCTPYMEHTOB OOBIYHO
BBIPayKalOT B BaJIIOTE CTPAHBI, B KOTOPOJ PacIONOXKEH MCCEyeMbIi



5.1 EavHuLbl u3mepeHuns LieH Ha GUHAHCOBbIX PbIHKaX 57

¢$uHaHCOBBIN PBIHOK. KOTMpOBKA BaIOTHI He NOCTOSIHHA BO BpeMe-
HI. BaIOTHBIN KyPC MOXKET M3MEHATHCA BO BpPEMEHU TI0 CIe/lYIOIIM
NIpUYMHAM:
o MHQIALUA,
e 3KOHOMMYECKNI POCT U/ SKOHOMUYECKUN CIIaf,
o (QIyKTyauum Ha MeX/[yHapOJHOM BaJlIOTHOM pbIHKe.

IIpumepsl HEKOTOPBIX MAKPOSKOHOMMWYECKMX 3allceil JJaHBI
Ha puc. 5.4 u puc. 5.5. Ha puc. 5.4 mokasana Tabnuija rogoBbIX M3Me-
HeHWT (B %) BHYTPEHHErO BaJIOBOTO IPOAYKTA B Pas/IMYHBIX MHIYCT-
PUAIbHBIX CTPAHAX, BBIPAXKEHHOTO B LieHaX 1980 r. DOkoHOMMYeCKMil
POCT B cTpaHe caM II0 cebe cnydaitHas BemmunHa. Ha puc. 5.5 nmokasa-
HBI MeCSTUYHbIE JaHHbIe aMEePUKaHCKOTO MHJIEKCa TOTPeOUTETbCKIX LIeH
3a mepmog ¢ 1972 r. mo 1986 r. A 3TOro 9KOHOMMYECKOTO MHMKATOPa
HepUOJbl BBICOKUX YPOBHE MHQALVM CMEHSINCh NepUOfilaMy HU3-
KX ypoBHeit. [I/11 9KOHOMIYECKVX NHMKATOPOB pa3paboTaHO MHOTO
CTAaTUCTUYECKMX ITOKa3aTesIel, XapaKTePU3YIOIINX 9TU MHANKATOPHI.

Omnpepnenum depe3 Y(f) LeHy ¢pUHAHCOBOTO aKTMBa B MOMEHT Bpe-
MeHn t. Kakas croxacTiuyecKas Be/IMYMHA MOAXOAUT JJIs1 HAIIEro KC-
ceioBaHNA? 31eCh BO3MOXKEH BBIOOD, 11 Ka>XK/IbI/l BAPMAHT MIMEET CBOM
IIpeMMYLIeCcTBa I HEJOCTATKIL.

1. MO>XHO MCCNENO0BATh [[€HOBbIE N3MEHEHNA

Z(O) =Y+ A=Y (1) (5.1)
19781979 1980 1981 1982 1983 1984 1985 19ss 1987 GDP at Constant Prglgcbes
p X
4.1 3.7 2.2 1.7 1.2 2.1 4.1 29 e veee WO cocncnscsnsncasensnennee .. 001
4.0 3.2 14 15 1.1 2.6 4.5 3.1 3.0 3.0 Ind ial Countries 110
52 21 -2 20 -25 37 66 30 38 31
4.2 37 1.5 3.0 -34 37 6.1 4.3 3.0 e
8 34 34 20 31 4 6.7 5.5 1.8 44
5.2 53 4.3 37 3.1 3.2 5.1 4.7 25 4.4
— 2.7 7 1.4 3.1 1 6.6 1.5
5 4.7 3.0 -1 1.1 2.2 1.4 28 1.7 1.3
29 2.2 4.1 -1.3 1.5 1 20 1.4 24 1.7
1.5 35 -4 -9 3.0 25 4.4 4.2 33 -1.0
2.2 7.3 54 1.6 3.6 3.0 33 35 24 .
33 3.2 1.6 1.2 25 7 1.3 1.7 2.1 2.2
3.0 4.1 1.7 2 11.7 1.5 2.8 2.1 2.6 1.8
5.9 5.0 4.2 1.6 -1.5 -5.5 27 10.1 6.3 5.5
7.2 3.1 31 33 23 -1.1 38 1.1 -3 e
2.7 4.9 39 1.1 2 1.0 3.2 2.8 29 3.1
4.7 4.0 129 5 15 24 5.7 3.9 34 P
25 24 .9 -7 -1.4 1.4 3.2 23 24 2.2
45 5.1 142 9 3 4.6 15.7 5.3 14.2 1.3
1.8 2 15 -2 1.2 1.8 1.9 2.1 36 e
1.8 38 1.7 -3 .8 24 39 2.1 1.2 28
4 25 4.6 1.5 -1.1 7 2.1 3.7 28 .... Switzerland....
3.9 21 -2.1 -9 - 1.1 35 21 39 29 3.6  United Kingdom ..

Puc. 5.4. ExerogHble IIpoLeHTHbIE M3MEHeHNUA BajoBoro npopykra (BBII) me-
CKOZNIBKMX CTpaH 3a 10-7meTHMIT nepuop; JaHHbIEe IOTy4eHbl U3 MexXayHapon-
Hoit OuuancoBoit Craructuku (MexpyHaponusiii Bamoorusiit ®oup, 1988),

crp. 165
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Jan Feb  Mar Apr May June July Aug  Sept Oct Nov Dec
1972 49.9 50.2 50.2 50.4 50.5 50.6 50.9 50.9 51.1 51.3 514 51.6
1973 51.7 52.1 52.6 53.0 53.3 53.6 53.8 54.7 54.9 556.3 55.8 56.1
1974 56.6 57.3 58.0 58.3 59.0 59.5 60.0 60.7 61.5 62.0 62.5 63.0
1975 63.2 63.7 63.9 64.3 64.5 65.1 65.8 66.0 66.3 66.7 67.1 67.4
1976 67.5 67.7 67.9 68.2 68.6 68.9 69.3 69.7 69.9 70.2 704 70.6
1977 71.0 71.8 72.2 72.8 73.2 73.7 74.0 74.3 74.6 74.8 751 75.4
1978 75.9 76.3 76.9 77.6 78.3 791 79.7 80.1 80.8 814 81.8 82.2
1979 82.9 83.9 84.7 85.7 86.8 87.8 88.7 89.6 90.5 91.3 92.2 93.2
1980 94.5 95.8 97.2 98.3 99.2 1003 1004 101.1 1020 1029 1038 104.7
1981 1056 106.6 107.4 108.1 109.0 1099 111.2 1120 1132 1134 1137 1141
1982 1145 1148 1147 1152 1163 1177 1184 1186 1188 1192 1190 1185
1983 1188 1188 1189 1197 1204 1208 1213 1217 1223 1226 1228 1230
1984 1237 1242 1245 125.1 1255 1259 1263 1268 1274 1278 127.8 1278
1985  128. 1286 129.2 129.7 130.2 1306 1308 131.1 1315 1319 1323 1327
1986 133.1 1327 1321 1318 1322 1329 1329 133. 1338 1339 1340 1342

Puc. 5.5. Exxemecsiunblit nHekc notpeburensckux nex B CIIA 3a 15-neTHuii
nepuoz ¢ 1972 . mo 1986 r., HopmMupoBaHHbIi K 3HadeHno 100 USD pa 1980 r.
Jannsle u3 Mexaynapopnoit ®unancosoit Cratuctuku. IIpunoxenne x Cra-
tuctuke en (Mexpynaponubiit Bamorusiit oup, 1986) crp. 70

JJocTOMHCTBO 3TOTrO IOAIX0/la COCTOUT B TOM, YTO HeJIMHEIHbIe U/II
cToXacTU4ecKue npeobpasoBaHys He TpeOytoTcsa. OTHAKO B 9TOM CITy-
Jae Ha BeIMYMHY Z(f) BIUAET HeCTaOM/ILHOCTD MepPbl 3MEpPeHM L.

2. A/IbTepHAaTMBHO MOXXHO aHa/lIM3MPOBATh 1IeHOBble M3MEHEHMS,
IpUBefleHHbIE K OIIpeJie/IeHHOMY MOMEHTY BpeMeH! C IIOMOIIbIO JIUC-
KOHTUPOBAHMA WIN C y4eToM AedAaTopa

Zy)=[Y(t+AD)-Y ()] D), (5.2)

rie D(f) MmoxeT ObITh HeIAMOHHBIM WM JAMCKOHTHBIM MHOXMTe-
neM. IIpenMymiecTBa 9TOro IOAXOMA: a) HEMMHEIHbIe IpeobpasoBa-
HUS He SIB/ISIIOTCS HeOOXOMMMbIMM 11 6) I[eHbI 3a[JAI0TCSI B TEPMUHAX
«ITOCTOSTHHBIX» JIeHeT — JOXO/IbI, BO3MOXKHBIE C 6€3PMCKOBBIMU MHBEC-
TULVSAMY, BBIYUCISIOTCSA Yepe3 JUCKOHTHBI MHOXuTenb D(f). ITpo-
61eMa B TOM, 4TO Ae(/IsAIOHHbIE U MCKOHTHBIE MHOKITE/N HETIpesi-
CKa3yeMbl Ha JI/INTe/IbHBII IIePYOf, ¥ HeT eAHOTO MEeTOfa BbIOOpa /IS
D(¢).
3. MO)XHO aHaMM3MPOBATh JOXOLHOCTH, OTIPEfie/IEHHYI0 KaK

Yi+An-Y () _Z(@) (5.3)
Y(t) Y@y

R(t)=

JJOCTOMHCTBO 3TOTO IOAXOJA COCTOUT B TOM, YTO BenmuuHa R(t)
[laeT 3HaYeHMe OTHOCUTE/IbHON MPUOBIIN MK TIOTEPU 32 JAHHBII Bpe-
MEHHOJI Tepuof. 31ech mpobieMa 3aKIYaeTCsI B TOM, YTO JaHHAs
BEJIYMHA YYBCTBUTE/IbHA K M3MEHEHUIO MacIuTaba 1jeH Ha JJIMHHBIX
BpeMEeHHBIX TOPU30OHTAX.
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4. MoXXHO M3y4aTh MOC/IEfOBATe/IbHBIE PA3HOCTV HATYpPaTbHBIX
norapu¢MmoB LieH

S =InY (@ +Ar)—1InY (7). (5.4)

[IperMy11eCTBO 3TOrO MOJXOAA COCTOUT B TOM, YTO CPEIHAA KOP-
PEKILMA, YYUThIBAIOIAsA HECTAOMTBHOCTD MEPBI, €M HUIIbI U3MEPEHNU A
oCylIecTB/IsAeTCs 6e3 MpUMeHeHM s AeIANMOHHBIX UM JUCKOHTHBIX
MHOXMTeelt. OfHaKO Ipo6/IeMbl B CIIEAYIOIIEM: a) y4eT HeCTabuIb-
HOCTM Mepbl ObUI ObI KOPPEKTHBIM TOJIBKO B TOM CIIy4ae, e€C/IM CKO-
POCTb pOoCTa 9KOHOMMKM OCTaBanach MOCTOSHHOI, HO 9Ta CKOPOCTD
TOXXe (PIYKTyupyeT, a 9T (UIYKTyal[uy He BK/IIOYAIOTCSA B OIpefie-
nenye (5.4); 6) 3mech MCIIONb3yeTCs HeNMMHeHOe IpeobpasoBaHue,
VI HEJIMHEHOCTY CU/IbHO BJIMSIOT Ha CTATUCTUYECKME CBOICTBA CTO-
XaCTMYeCKOro mporecca. 3aMeTuM, 4To nHpopMaIiys, faBaeMasi Bbl-
pakeHuem S(f), cMelnBaeT YepThl AMHAMUKY (PMHAHCOBOIO aKTMBA
BMeCTe C aCIeKTaMM, BKIIOYAIOUIMM (QIYKTyaluy MaKpOSKOHOMM-
YeCKMX MH/IMKATOPOB.

Cerfyac MIMPOKO pacrpoCTpPaHeH aHaIu3 BBICOKOYACTOTHBIX JaH-
HBIX B MCC/Ie[JOBaHUM (PMHAHCOBBIX MHCTUTYTOB. Ilone3Ho paccMoT-
peTh, KaK IpUBeJeHHbIE BBIIIE OIPEJeTeHNs MHTepPIpPeTUPYIOTCA
B BBICOKOYAaCTOTHOM PeXKMMe.

M3 (5.4) u (5.1) umeem

S(t)=1In

M_lnll +@]' (5.5)

Y(¥) Y ()
Jlisi  BBICOKOYACTOTHBIX [JaHHBIX At Mano, u |Z(f)| << Y(2).

CrnenoBaTebHO,

Z@®)
Y ()

~ZO _ py, 5.6)

S(t):ln\lJr o

a Tak Kak Z(t) siBnseTcs 6bICTPOIl IIepeMeHHOI, B TO BpeMsi Kak Y(f) —
MaJIOM3MeHSIOIAsICs 3a BpeMsi Af mepeMeHHast, TO

o(t)~1", (5.7)

rme BpeMeHHas 3aBuUcMMOCTb C, mcyesarome Mana. bomee Toro, ecnu
0OLIVIT VICCTIelyeMblii IIEPUOJL He O4YeHb JIIMHEeH, To D(f) = 1, Tak 4To

Z(t)~ Z,(1). (5.8)
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CyMMupYysl, MOKHO CKa3aTb, YTO JJIA MCCIeJOBAHNUII, OTpaHUYeH-
HBIX KOPOTKMMM BpeMEHHBIMM IIePUOfIaMI, BCe YeThIpe 00001eHn,
VICTIO/Ib3 YOI Ve IHAVIKATOPBI, IIPUOIN3UTETbHO PaBHbL:

S(t) ~ R(t) =~ C,Z() ~ Z ,(1). (5.9)

OpHako, /1A UCCIIeSOBAHNIL IIMHHBIX BPEMEHHbIX IIEPUOIOB [0
KeH ObITb cfienmaH BbIOOp. Hamboree MmMpoOKo MCHONMB3YIOTCA PYHK-
mun S() u R(2).

5.2. Bpemennble mkansl 1 GUHAHCOBbIE PIHKA

Ilanee MBI paccMOTpUM Hpo6/IeMy BbIOOpa HMOAXOAAIEI BpeMeHHOI
IIKaJIbl JI/I AHA/INM3a PHIHOYHBIX JAaHHBIX. BO3MOXXHBIMM KaHAM/ATA-
MM J/Is1 <KOPPEKTHOI» BPEMEHHOII IIKaJIbl MOTYT OBbITb:

o (msuueckoe Bpems,

o TOpProsoe (MJIM pPbIHOYHOE) BpeMs,

e KO/INYECTBO TPAaH3AKIUIL.

BeccniopHoro BeiGOpa TyT HeT. Tak >ke Kak U B ClIydae efJMHUIIbI
U3MepeHMs IieH, BCe OIpefie/ieHN s VIMeIOT JOCTOMHCTBA U HeJZOoCTaT-
k1. Korpa nccneyrorcs 1jeHoBble M3MeHEeHN A IIPU COBEPLUIEHNN TPAH3-
aKLMif, BA)KHO 3aMETUTD, YTO KaXKIAsA TPAH3AKIUA, IIPOUCXOAAIIAL
B C/Iy4aiiHble MOMEHTBI BpeMeHH (CM. puC. 5.6), BKIIOYaeT CTyYaliHy1o
BeJIMYNHY — 00beM TOPIyeMOro (p1HaHCOBOTO aKTMBA.

dusnyeckoe BpeMs XOPOLIO OINpefe/eHo, HO (OHTOBbIE PBIHKM
3aKpBIBAIOTCS HA HOYb, Ha BBIXOJHbBIE THM, Ha KaHUKY/IBL. [logo6HOE
OrpaHMYeHNe CYI[eCTBYeT TAK)Ke Ha MeKYHAPOJHBIX PbIHKAX, TAKUX
KaK BaJIIOTHBIM PBIHOK. XOTsA 3TOT PbIHOK aKTHBEH 24 Yaca B CYTKH,
colMabHas OpraHu3auysa Ou3Heca U CyLeCTBY Ol Ue 60O YecKe
PUTMBI Ha/IaTAIOT HA PHIHOYHYIO aKTUBHOCTDb OTPaHMYEHMA 110 BpeMe-
HU B KaXXIOM PpUHaHCOBOM pernone mupa. [Ipu Boibope ¢pusndgeckoro
BpeMeHM MBI He 3HaeM, KaK MOJIe/IMPOBATh CTOXaCTUIECKYIO JUHAMU-
Ky IIeH ¥ MOCTYIUIeHMe (PMHAHCOBOI MH(OpMALUM B IPOJOKEHNIEe
JacOB, KOT/]a PHIHOK 3aKPBIT.

ToproBoe BpeMs Ha Gup>ke XOPOLIO OIpeeIeHO — 3TO BpeMs ee
paboTsl. Ha peiake Popekc oHO coBIaaeT ¢ pu3nM4ecKUM BpeMeHeM.
ViccnepoBaTeny MBITAINCh SMINPUYECKN OIIPENeNNTb NUCIIEPCUI0
pasHOCTM 10rapuMOB ILieH 3aKpbITUsA (UHAHCOBBIX PBIHKOB Pe-
3y/lbTAThl MOKA3aly, YTO 3TA AUCHEPCUA [d MOCTef0BaTeTbHbIX
pabounx mHeit mpuMepHO Ha 20% HMOKe, YeM AMCIEPCUs, ONpesie-
JIeHHas IpY PacCMOTPEHNUN BEeJIMYVH 3aKPBITUA B KOHIe pabodeil
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Puc. 5.6. BayTpunHeBHOe n3MeHeHNe LeHbI (B TeyeHNe 3 AHBaps 1994 1.) Ha ak-
unn komnanuu Jkccon (Exxon) mpu Toprax Ha Hpio-Vopkckoit @onpoBoit bup-
xe. Ilena pukcupoBanach, KOIa OCyLecTBIANACH cfienka. ClenKyt BO BpeMeH!
OCYIIECTBIIAMNICH CTy4aiiHbIM 06pasoM

Hepmenu [52, 60]. OTa sMnupudeckas 3aKOHOMEPHOCTb MOATBEPXK-

flaeT IMPaBUIbHOCTb BBIOOpA MCIIOTb30BAHNSA TOPrOBOTO BpEeMEHM

IpY MOJETMPOBAHNUY LIEHOBON AMHAMUKU. B HeiiCTBUTENBHOCTH,

TOProBOe BpeMs eCTb Haubojee YacTO MUCIIONb3yeMblil (pakTop

B MCCJIEJIOBAHMAX, BBIIOTHAEMBIX /I OIpeJe/leHNsI BOMATUIbHO-

CTM LJeH aKIuil 1 oninoHoB. OfHaKO IPOo6IeMbl TaK)Ke BOSHUKAIOT

U B 9TOM CIIydae.

B wacTHOCTHI:

1. inpopmanus, BIusAOmas Ha JMHAMUKY LieHbl (PMHAHCOBOTO aKTH-
Ba, MOXKET CYIIeCTBEHHO MI3MEHUTbCSA B TO BpeMs KaK PBIHOK 3a-
KPBIT (M/IM aKTMBHOCTb HEe3HAUMTeTbHA Ha JAHHON (PMHAHCOBOI
IUIOA M),

2. IIpu BBICOKOYACTOTHOM aHajM3e HOYHBbIE M3MEeHeHUs IieH obpaba-
TBIBAIOTCS TaK XKe, KaK ¥ KpaTKOBPEMEHHBIE 1IeHOBbIEe I3MEHEH A,

3. PpIHOYHAsA aKTMBHOCTb CUMTAETCS OJVHAKOBOI B IPOJOJIKEHUE
PBIHOYHBIX YaCOB.
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Puc. 5.7. BonarunbHocts (OyAeT 06CyXAaTbcsi B I 7) BBICOKOYACTOTHBIX
maHHbIX MHAeKca S&P 500. ABHO mpocexyBaeTcs JHEBHON LUK C IePUOLOM
6,5 TOProBbIX 4acoB

9To mocnefHee IpeIoNoXKeHe He TOATBep)XXAaeTcs Ha IpaKTu-
ke. ToproBas akTMBHOCTb He OJMHAKOBa B IPOJOJ/DKEHNE TOPTOBBIX
9acoB, KaK [0 0O’beMaM, TaK U MO KOJMYeCTBaM KOHTPAKTOB. B pbI-
HOYHOI aKTUBHOCTY HaOII0NAI0OTCS JHEBHbIE IMKJ/IbL: BOMATUIBHOCTD
BBIIIIE B 9aChl OTKPBITIS Y 3AKPBITHU S, M OOBIYHO HVKE B CEpPeNIHe IHS.
Kak mpumep, Ha puc. 5.7 HokazaHa BHYTPUIHEBHAs MUHYTHas BoJa-
TUIbHOCTD nHJeKca S&P 500, onpeesieHHas B KaXK/bIll TOPrOBBIII Yac.
SIcHO BUJEH JHEBHOI NMKII C IEpUOLIOM 6,5 TOPTOBBIX YaCOB.

AHajIOTMYHO, TOYTH MEePUOUUYECKOe IOBefileHNe Hab/MoaaeTcs
B CpeJjHell aKTMBHOCTM Ha Ba/lIIOTHOM pbIHKe (puc. 5.8). B aToM cnyyae
HaO/TI0JaeTCs TPY MIKA B THEBHOM IIVIKJIe BOIATM/IBHOCTY KOTUPOBOK,
oToOpa’kalye JHeBHbIe BCIUIECKY aKTMBHOCTU B TPeX PasIMIHBIX
pernoHax mupa— Asun, EBporne nu Amepuxe.

MoO>XKHO MCCNeNoBaTh 3aBUCUMOCTD IOBEJIEHNA PbIHKA OT SPYTUX
(aKTOPOB C L[e/IbI0 YCTPaHEeH N BIMUAHMA HEIIOCTOSHCTBA aKTUBHOCTHI
BO BpeMeHI. B kauecTBe Takoro pakTopa MOXKeT CITYXKUTb KOJTMYECTBO
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CpenHAs aKTUBHOCTD
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BryTpunenenbHbI eXKe4acHbI MHIEKC

Puc. 5.8. YacoBble rpaduku 06beMOB CHENOK Ha MEXYHAPOSHOM BaTIOTHOM
poiake. HabmonaoTcsa BHYTpuHeBHbIe IUKIIBL TPy NMUKa aKTUBHOCTY B Tede-
HIe Ka)K[JOTO TOPTOBOTO JiHA COOTBETCTBYIOT MaKCMMYMaM JIeIOBOIl aKTMBHO-
CTU B Tpex reorpadyyecknx pernoHax — Amepuke, Asun u EBpore. 3auMcrBo-
BaHO 13 [41]

FEEY BT BIEET T TR U SEEEY SEEEY T
i-1 i i+1  +2 43 i+4 i+5 i+6

Puc. 5.9. CxemaruvHoe M306pa>1<eﬂme IIponecca IMoABNIEHNA YCIENITHbBIX CIETOK
cpenn y4aCTHMKOB CIETTOK

3G PEKTUBHBIX CIE/TOK, COBEPIICHHBIX C MCCIE[yeMbIM (PMHAHCOBBIM
MHCTpyMeHTOM. Vcronb3oBaHMe Takoro pakTopa TakxKe 3aTPY/HEHO,
TaK KakK JI/Is1 CTaTUCTUYECKOTO aHa/IM3a HeOOXOAVMBI «TMKOBBIE» JlaH-
HbIe 110 KaXK/I0i1 ciesike. TeM He MeHee, TaKOil aHa/IN3 CETOf{HA MOXKHO
IIPOBOANTD, IIOTOMY 4TO «TMKOBBIE» JAHHBIE JOCTYIIHBI AJIs1 HEKOTO-
PbIX (PMHAHCOBBIX PHIHKOB.

Ecnu «BpeMs» OIpefie/ieHO B TEPMUHAX KOMMYECTBA TPaH3aKI[Mil
(puc. 5.9), To OgMH M3 VICTOYHMKOB C/IydalfHOCTell, HaOM0faeMbIX
Ha (pMHAHCOBBIX PBIHKAX, VICKTIOYAETCS, a MMEHHO IIPOMEXYTOK Bpe-
MeHV MeXAy TpaHsakiuaMmu. OfHAKO BTOPOI MCTOYHMK CITy4daiiHO-
cTeil — 00'beMbl TPaH3aKI[MIT — OCTAETCS.
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5.3. BeiBojbI

Bribop envHMIIBI M3MepeHNUs IjeH U MacuiTaba BpeMeHN [JIsl aHaJIu-
3a ¥ MOZIETMPOBAHMS CTOXaCTUYECKON NMHAMUKIY IIeH He SIBJISeTCS
OJJHO3HAYHBIM. BO3MOXHBI pasnnyHble BApUAHTHI BHIOOPA, KaXK/bIil
U3 KOTOPBIX OCHOBAH Ha SBHBIX (PaKTax MIN MPEAIIONOKEHUAX, KO-
TOpBIE MOT'YT VIV He MOTYT OBITb IIPOBEPEHBI I/I aKTVBA Ha JaHHBII
IIepVUOf BpeMeHU. DMIMpPUYecKue aHaMM3bl 4acTO BBIIIOTHSIIOTCS
¢ HebonpImyMMy oTnyuAMM: (1) B onpefie/IeHNAX UCCTIeyeMBbIX TIepe-
MEHHBIX, HalIpuMep NpuoObIIM U pasHOCTK orapudMoB IieH; (2) me-
puojax BpeMeHM, ISl KOTOPOTo IPOBOJUTCS aHamu3; (3) B 4acTore
3aIVCU JAHHBIX.

Pe3ybTaThl YyBCTBUTE/NIBHBI K TAaKOMY BBIOOPY, TaK 4TO 0coboe
BHVIMaHUe JO/DKHO Y/IeAThCA CPABHEHNIO Pe3y/IbTaTOB, IOy YeHHBIX
PasHBIMM UCC/IeOBATEeIAMYU I PAa3INYHBIX (PUHAHCOBBIX MHCTPY-
MEHTOB IIPY Pa3/IMYHbIX BPEMEHHBIX YCIOBUAX. BO3MOXHO, 3TO offHa
U3 MPUYMH TOTO, YTO XapAaKTEPUCTIKA CBOJCTB 1[€eHOBBIX M3MEHEHNII
[0 CUX HOP OCTaeTCsI HEeIOJTHOM HEeCMOTPsI Ha 0OJbIIOe KOMYeCTBO
IMIMPUIECKNX UCCTIEJOBAHNIL.
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CTanOHapHOCTDh U BpeMEeHHasA
Koppenanus

B aT0i1 r1aBe MBI paccMaTpuBaeM CTelleHb CTAl[MIOHAPHOCTHU, HAOIIIO-
JlaeMOil BO BPEMEHHOM DAY LICHOBBIX M3MeHEHMII Ha (pUHAHCOBOM
pbIHKe. MBI 00CyX/1aeM pa3iyuHble ONpefe/eHNs CTallIOHAPHOCTH
U paccMaTpyUBaeM Te M3 HUX, KOTOpble HAWIYYIINM 00pa3oM IOAXO-
ISAT K (MHAHCOBBIM JaHHBIM. MBI IpMHMMaeM IOFOOHBI MOAXO,
IpM aHajIM3e BPEMEHHOI KOppenAlNM, a VIMEHHO BHaudale o0CyX-
JaeM KJIacChl KOppelALUM KPaTKOCPOYHBIX U JIOITOCPOYHBIX KOP-
PEeMMpPOBAHHBIX CTOXACTUYECKMX MPOLECCOB, U 3aTeM IPeJCTaBIAEM
1 06CyK/1aeM HEKOTOpbIe SMIMPUYECKIIE MCCIeJOBaHMA PMHAHCOBBIX
maHHBbIX. Korjia croxacTmdeckue mepeMeHHble He3aBUCUMBI, CTAIVO-
HApHOCTD TOfjpa3yMeBaeT, YTO CTOXAaCTMYeCKui mporecc x(f) ABnAeT-
Cs1 He3aBMICMBIM UJEHTUYHO pacIpefie/IeHHbIM.

CraTucTuyeckue HaOMIOEHNUA, XapaKTepu3ykollue CTOXacTude-
CKWII IPOIeCC, MOTYT OBITh 3aIMCaHbl B TEPMUHAX CTATUCTUYECKIX
cBOIICcTB n-ro nopsagka. Ciydait n =1 gocTaToueH IS ONpefie/leHNs
Cpe[lHero 3Ha4eHM:

E{x(t)}= j xf(x,t)dx, 6.1)

rzie f(x, t) — IIIOTHOCTb BEPOSATHOCTM HAOTIOaeMOIl C/TyYailHOI Ben-
YIHBI X B MOMEHT BpeMeHn t. CTy4ait # =2 VICHONb3yeTCs 1 Olpefie-
JIeHUsI AaBTOKOPPETSIIVIOHHON (YHKIN

E{x(t)x(t,)} = f fxlxzf(xpx2§’1z’2)dx1dxza (6.2)

—00 —00

rzie f(x), Xy t, t,) — COBMeCTHas INIOTHOCTb BEPOSATHOCTHU TOTO, UTO X;
Ha0/TI0/JaeTCsl B MOMEHT ) U X, HAO/TIOfJaeTCsl B MOMEHT . [I71s1 cYepIibl-
BAIOII[ell XapaKTePUCTUKY CTATUCTUIECKUX CBOVICTB CTOXaCTUIECKOTO
nporecca Tpedyercs 3HaHMe QYHKUMMK f(x), Xo, ... X3 b by oo 5 1) BIIA
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BCEX X;, f; M 1. BONIBIIMHCTBO CUTYaLMit OTpaHIYEHBI PACCMOTPEHNEM
«IBYXTOYEYHBIX» QYHKIUI f(X1, X5; by, 1).

6.1. CtanmoHapHbIe CTOXaCTHYECKIe IIPOLeCChl

CroxacTuyecKuit mpouecc x(f) ABIAETCA CTAlMOHAPHBIM, eCIi (PyHK-
uus wiotHocty BepositHocty (OIIB) P[x(f)] mHBapmaHTHaA IIpu Bpe-
MEHHOM cABuUre. JTO OIpeeNeHMe MHOIAa PacCMaTpPUBaIOCh Kak
caMoe CTpOroe OIpefe/ieHle CTallIOHaPHOTO CTOXaCTUYeCKOro Ipo-
1ecca, ¥ OHO IMeHYeTCs pM3MKaMM CTallIOHAPHOCTBIO B OYKBa/IbHOM,
CTpOroM cMbIciie c/1oBa. PaKTMYeCKN CyLIeCTBYIOT MeHee CTPOTue Oll-
pefnenieHns CTaljMOHapHOTO CToXacTideckoro mpouecca [131]. Ilpume-
PBI 3TOTO CIIeA YOI ye:

(a) CTanMoHapHBI CTOXaCTUYECKUI IIPOLjecC B IIMPOKOM CMBIC/IE
ompefensaeTcA CAeyOUIMI YCTOBUAMMA:

E{x(t)}=p, (6.3)
E{x(t))x(t,)} = R(1,,1,), (6.4)

rie R(t, t,) =R(7) ecTb QyHKIMA =t -1, 1
E{x’(0} = R). (6.5)

Takum ob6pasom, aucnepcus mnpouecca R(0) - y> HesaBucuma
OT BPEMEHN.

(6) AcMMNOTOTMYECKUMII CTAalMIOHAPHBIN CTOXaCTUYECKUIl IIPO-
Iecc HaOJIIOfaeTCsA TOIZA, KOTJA CTATUCTUKU CIYYailHBIX BeINYMH
x(t;+¢), ..., x(t,+C) He 3aBUCAT OT ¢, ECJIU C BEJIMKO.

(B) CrarjmoHapHBbIl CTOXaCTUIECKNUIT IPOLIECC 1-TO TOPSIKA MMeeT
MeCTO, KOTJ]a COBMECTHasI IJIOTHOCTb BEPOSTHOCTH

SOy ey X5 by e 1) = F (X, ey X5 4 C oy B+ C) (6.6)

MMeEeT MECTO He /IS KaKIO0TO 1, a TOMbKO it n< N,

(r) CTanyoHapHBIN CTOXaCTMYECKUII IPOLecC B MHTEpPBaJIe IMeeT
MecTO, Korja (6.6) cripaBefi/IMBO JI/Isl BCeX f; U t;+C B paccMaTpuBae-
MOM VHTepBaJe.

B KoHIe 3TOJ I7TaBbl, MOC/IE SUCKYCCUM OTHOCUTENIBHO CBOJICTB
BPEeMEHHOII KOPpe/IALMM LIeHOBBIX M3MEHEHNI, Mbl 00CYANM, KaKoe
orpefesieHNe CTAIMOHAPHOCTY OOJIbIle TOXOAUT /ISl 1IeHOBBIX W3-
MeHeHMIT Ha GYHAHCOBBIX PBIHKAX.
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6.2. Koppenanus

AprokoppenanyonHas GyHkuus R(t, f,) 9yBCTBUTEIbHA K CpefiHeil
BeMYMHE CTOXaCTMYECKOro mpouecca. JInd cToxacTuyeckux mpouec-
COB CO CpeJjHell BeTMYNHO, OTIIMYHON OT HYJIA, IIO/IE3HO PACCMATpPH-
BaTh aBTOKOBapUal IO

C(1), ,) = R(t;, t,) — (1) (). (6.7)
JIJ1s1 cTalMOHapHOTO Mpoljecca aBTOKOBapuaIys paBHa
C(t)=R(r)— . (6.8)
Tunwuneiit Bup rpaduxa C(1) s MONMOXKXUTENBHO KOPPEIpPOBaH-
HBIX CTOXaCTMYECKMX BEJIMYMH eCTb yObIBamolas (PyHKIMSA, KOTO-
past HaunHaetcst ot C(0) = 0> n okanumaercs Ha C(7) ~0 s 6071b-

mux BenanH 7 (puc. 6.1). [Ina ynpouenus u 6e3 norepu o6IHOCTH
MBI PaCCMaTpUBAEM CTOXACTUYECKME MPOLECCHI C HYIEBBIM CPEJHNUM

0,6

0,5 -

C(1)

0,4

0,2 +

0 5 10 15
T

Puc. 6.1. TunuuHas aBTOKOppENALUMOHHAA (QYHKINs CTOXAaCTUUECKOrO IPO-
Iecca ¢ KOHEYHOI MaMATHIO
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AR

R (1)

10 15

T

Puc. 6.2. ABTOKOppenALMOHHBIE (QYHKIVMM C TUIOMYHOI ILIKANON BpeMeHU
u 6e3 Hee

U e[UHIYHON Aucnepcueit, 4 =0 u 0>=R(0) = 1. ITpu Takom Bei6Ope aB-
TOKOppe/IALNS U aBTOKOBapUallVIOHHAA QYHKI[MS OffMHAKOBBI.

Terepb MBI COCPeJOTOYMMCS HAa TOM TUIIE BPEMEHHOIT IaMSATH, KO-
TOpasi MO>KET HaOMIOJaThCsl B CTOXaCTUYECKUX IIpolieccaX. BaykHpIM
BOIIPOCOM SIB/ISIETCSI XapaKTepHBIiT MaciITab (BpeMeHHas! ITaMsITh) aB-
TOKOPPeALNOHHON PyHKIVN. [I/Is1 CTallMOHAPHBIX IIPOL[ECCOB OTBET
Ha 3TOT BaXKHBIII BOIIPOC JaeT paccMoTpeHue yHTerpana R(r). Ilmo-
Iajb, pacIoONOKeHHAs 1Tof], KpUBOJ R(7), MOXKeT IPMHNMMATD TPU BO3-
MOXXHBIX 3HaYeHus (puc. 6.2):

- KOHEYHOE
f R(7)dT ={6eckoHeuyHOE . (6.9)
0 HeorpeeIeHHOE

o0
Korpa 3HaueHne f R(7)dT KOHEYHO, CylIeCTBYeT TUIIMYIHOE BpeM

0
ITaMATHU T,, Ha3bIBa€MO€ KOPPEIALMOHHBIM BpeMEeHeM IIpoliecca.

PaccmoTtpum crepyromye npuMepsr:
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Cryualii (a):
R(7)=exp[—7/7,]: f exp|—|dr =1, (6.10)
4 Te
Crnyyalit (B):
o v /v
R(T):exp[—rv/ro]:fexp T ldr="0 F[l] (6.11)
0 Ty v \%
Cryuait (c):
R(1)~7""!, re, ecmn 0< <1, TO
fT"_ldT =o0. (6.12)

0

KoneuHoe 3HauyeHMe IUIOIIAAV IIOJ aBTOKOPPEIALVIOHHON (YHK-
1yeit faeT MHGOpPMAIINIO O XapaKTepHOM BpeMeHHOM MacIITabe aMsaTi
npouecca. Bo3MOXHO MOfieMpoBaTh CUCTEMY B HYJIEBOM IIpUOIVIKe-
HVM, TIOJIATast, YTO KOPPe/IALA HaOMIOaeTCs 10 T M OTCYTCTBYeET JJIA
T>T, Ifie T eCTh IUIOLAb IIOJl aBTOKOPpeNALnoHHol (pyHkunmeit. Of-
HAKO He BCe IHTEeIPaibl MOHOTOHHO YOBIBAIOIIMX (PYHKIMIT KOHEUHbI!

B ciyyae (c) HeBO3MOXKHO BBIOPATh BpeMEHHOII MacIITab, KOTOPBIN
MOXKET OTHE/IATD PEXXVM BPEMEHHOM KOPPEeIALNA OT peXKMa ITIapHOI
HezaByucuMocTy. CaydailHble IepeMeHHble, XapaKTepusyeMble aBTO-
KOpPpeIALMOHHON QYHKIMel, Kak B cIy4ae (c), Ha3bIBaIOTCS J/IMHHO-
AMAna3soHHO KOPpeMpOBaHHBIMIA.

ITpoBepieHHas BbIIE 9BPUCTIYECKAS TUCKYCCHUA MOXKeET OBbITh Pop-
Man3oBaHa [27] [/s CTalMOHAPHBIX IIPOILECCOB PACCMOTPeHMeM 06-
I[ero MOBeJieHN A AUCIePCUU CYMMBI S, 1 CTOXaCTUYeCKUX BeTNYNH X;.
V3 onpenenenns (3.1) cnemyer, 4TO

E{S:}=nE{x}+ 22”:(;1 ~K)E{xx,,}, (6.13)
k=1

rie k mpuHuMaet 3HaueHus ot 1 mo n u E{x;x;,;} ectb koadduiment
aBTOKOPPEJIALMU MEXy BeIMYNMHAMU X; U X, OTpaHMYMBas HALIY
JVICKYCCHUIO TTOTOXKIUTEIBHO KOPPeIMPOBAHHBIMI CTYYAHBIMI BeJIN-
yyHaMu, Mbl uMeeM E{x;x;;} = 0. [Ing OOnbIIux BeIUYUH H, E{Sf}
YAOB/IETBOPSIET COOTHOILIEHIIO

E{S}}~n|E{x}+ ZZn:E{xika} : (6.14)
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B 3aBuCHMMOCTY OT TOBe/eHISI BTOPOTO YWIEHa 9TOTO COOTHOLIEHVSI
MBI MIMe€eM JBa CTydast:

1. CymMa k03¢ PUINEHTOB KOppeIALNY KOHEUHa J/Is OOJIBILINX Be-
JINYVH 7, 3 UMEHHO

lim zn:E{x,- + X, } = const. (6.15)

n—oo k=1

B satom ci1y4qae roBopAT, 94TO cnyqaﬁmme BeIMYMHBI C1a00 3aBIUCU-
MbI, VI KpaTKOAMAIIa30HHO KOppeIMnpOBaHbI. HeﬁCTBMTeHBHO, J19)5:

2
JOCTATOYHO GONBIINX BEMNYUH 1 ycnoBue E {Sn } = (const)n, cpaBep-
IUBOE JI/I1 HE3aBUCUMBIX CTyYaiiHbIX BETMYNH, BBITTONHAETCS.

2. CymMa K09 (pPpULIMEHTOB KOPPEALUYI PACXOAUTCA

n
lisz{xi+xf+k}:oo‘ (6.16)
n—o0 k=1
Korpa aTo ycmoBye BBINOMHAETCA, TOBOPAT, YTO CIy4YaliHble Beln-
YMHBI CUIBHO 3aBVICMMBI WIN JITMHHOAMAIIA30HHO KOPPEeINpPOBaHbIL.
ITogo6HbIe cTyYaiiHble BeTMYMHbBI HOKa3bIBAIOT 3aBYUCUMOCTD OT 1 JIVC-
nepcun S,, KOTopasi CUIbHee, YeM JMHEeHOCTb. [|MMHHOAMATIa30HHO
KOppe/uMpoBaHHbIe CTydyalfHble BEeTMYMHBI XapaKTepU3YITCA OTCYTC-
TBJEM XapaKTepHOTIO BpeMeHHoro Maciuraba. Takoe moseneHe Habmo-
JaeTCs B CTOXaCTUYECKNUX MPOLeCCax, XapaKTepU3yeMbIX aBTOKOPpers-
IIVIOHHOV (YHKIIVel1, OTBeYalolleli CTEIIEHHOMY 3aKOHY, Kak B (6.12).
MbI 3aMeTHIN, 9TO CyMMa S, 71 CTyYallHBIX BE/IMYMH MOXKET TaKxKe
BBITTIAJETb KaK CTOXAaCTMYECKUI IIPOIlecC BO BpeMeH!, Korja S, mpef-
cTaB/iseT co0OIl C/TydyalfHbI IPOLeCC, ONpPe/e/IeHHbII Ha BpeMeHU
t=nAt. B aTOM cry4ae mpefen CyMMBbI KO3QOUIVIEHTOB KOPPeTALUN
o0

IIPU 11> o paBEH f R(r)dr . CnegoBarenbHO, A1 3aBUCUMBIX BO Bpe-
0

ME€HM CTOXAaCTUYECKUX IPOLECCOB MHTErpal aBTOKOppeHHLU/IOHHOI/UI
CI)YHKLU/[I/I MOKET OBITHb MCIIOb30BaH A1 OTINYEHUA KpaTKoaunara-
30HHO KOppe/IMPpOBAHHDBIX U JAMHHOAMAIIA30HHO KOPPEINPOBAHHBIX
CHY‘IaI?[HbIX BCIMYMH.

6.3. KparkognanasoHHO KOppeIpOBaHHbIE
c/Iy4alHble IPOILeCChl

B mpeppipymeM pasgene Mbl 3aMETU/IN, YTO KPaTKOJMAIIa30HHO KO-
penMpoBaHHbIE CTy4YailHbIe MPOLECChl XapaKTepU3YIOTCA TUIMYHON
BpeMeHHOJ1 maMATblo. OfMH IPOCTOi NpUMep JaeTcs CToXacTuye-
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CKMM IIPOLIECCOM, MMEIOUIMM 3KCIIOHEHI[MAaTbHO YOBIBAIOLIYIO aB-
TOKOppenAunonHyo ¢ynknuo (cm. (6.10)). dta popma ommceiBaer,
HaIlpyMep, CTATUCTUIECKYI0 TaMITh CKOPOCTH V(f) GPOYHOBCKOII Yac-
TUIIBI, KOT/]a aBTOKOppeALMoHHas QyHKIMs V(1) paBHa

R(r)=c%e V. (6.17)

B nmomonHeHue K XapaKTePUCTKE ABYXTOYEIHBIX CTATUCTIIECKIX
CBOJICTB B TEPMMHAX aBTOKOPPE/SLNOHHOM (YHKIINM Te JKe CTaTuC-
TMYECKIe CBOJICTBA MOTYT OBITh MICC/IEOBAHBI C IOMOIIBIO YaCTOTHBIX
xapakTepuctuk. C 9TOil TOYKYU 3pEHUs PACCMOTPUM CIEKTP MOIIHO-
CTU CTydYaiiHoO¥ Benn4dMHbL. CIIEKTP MOIJHOCTM CTAI[MIOHAPHOTO CIIY-
YajiHOTO IpOoIlecca B LIMPOKOM CMBICTIE 9TOTO TepMuHa ecTb Dypbe-
npeobpa3oBaHie ero aBTOKOPPE/IALMOHHON QYHKINK

S(f)= TR(T)e_’Q”deT. (6.18)

Ilns aBTOKOppenALMOHHON (yHKUMM cKopoctu (6.17) crexkTp
MOIJHOCTY paBeH

20‘2TC
S(f)= T @] (6.19)

Korua f << %27(7‘ ) » CIIEKTP MOIIHOCTN IPAKTUYIECKN HE 3aBUCUT
c

OT YacToThl. Torga /s BpeMEeHHOTO OKHA, HAMHOTO OOJIbIIETO 4eM T,
CTOXaCTUYECKUII ITPOLeCC SIB/IAETCS HPUOIM3UTEIBHO O€/IbIM IITYMOM.
VuTerpan 6e1oro uryma, Ha3blBaeMblil BUHEPOBCKIM IIPOLIECCOM, eCTh
HeCTALMOHAPHBIN IIPOLIECC, XapaKTepPU3yeMblil CIIEKTPOM MOIHOCTH
¢ pyHKIMOHAIBHOI GOPMOIL

S(f)~ (6.20)

2

ITomBOAA MTOrM, MOXKHO CKa3aTh, YTO KPAaTKOJMAIIa30HHO KOppe-
NMPOBaHHBIE CTOXACTUYECKNe IPOILeCChl MOTYT OBITh OXapaKTepu-
30BaHbl B OTHOIIEHNUY MX CTAaTUCTUYECKUX CBOJICTB BTOPOTO MOPAL-
Ka IOCPEACTBOM UCCIEOBAHNSA aBTOKOPPEIALMOHHON (QyHKLINK
V/VIY CHEKTpa MOLIHOCTY. BBICTpO yObIBatoLIVIe aBTOKOPPEIALMOH-
Hble PYHKIMM M CIIEKTP MOLIHOCTM, IOXOXMII Ha Oe/Iblit myM (Mnin
1/f* cuexTp MOLIHOCTY A/ MHTETPUPOBAHHON BENTNYMHBI) [AKOT
IIPUMETHl KPAaTKOAMAIMIAa30HHO KOpPPEeIMpPOBAaHHBIX CTOXaCTUYECKUX
IIPOLIECCOB.
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6.4. [InMHHOAMATIA30HHO KOPPEIMPOBaHHbIE
C/Iy4aliHble IPOLeCChl

CroxacTnyecKue IPOLECCh, XapaKTepusyeMble CTEIIeHHOI aBTOKOp-
penAnyonHoi ¢yHkument (kak B (6.12)), ABIATCA KOppeIMpOBaH-
HbIMU B Oonblux AyanazoHax. CTelmeHHas aBTOKOPpEIALVMOHHAsA
GyHKLMA HabMIOaeTCs BO MHOTMX CUCTeMax — puandeckux, 61oso-
TUYeCKMX U 9KOHOMMYIECKMX. PaccMOTPMM CTOXacTHYeCKMIT IPOLiecc
CO CIIEKTPOM MOIIJHOCTH B hopme

S(f)=omst 6.21)

|f I

npu 0<x<2. B nmpeppipymeM pasgenie Mbl BUJIENN, 4TO cnydai =0
COOTBETCTBYET 6€IOMY LIIYMY, B TO BpeMs KaK /=2 COOTBETCTBYeT BU-
HepoBcKoMy mpoueccy. Korga 7= 1, cToxacTuaeckmit mporecc xapak-
TepU3yeTCsa CIIeKTPATbHON IIOTHOCTLIO KakK B (6.21), 1 Has3bIBaeTcA
1/f-mrymoM, B TO BpeMs Kak oOmmit crydait, npu 0 <# <2 MHOIfa Ha-
3bIBAIOT 1/f7-myMm. 1/f-ym HabIr0aeTCsA BO MHOTUX SIBJICHMAX, HA4M-
Has OT QIYKTyauil Toka B [UOfIaX ¥ TPAH3UCTOPAX 10 PIyKTyaImit
TPaHCIIOPTHOTO ITOTOKA Ha Iocce (46, 79, 103, 136, 156].

OTM CTOXacTUYeCKue MpOoIlecchl HecTanuoHapHbl. Habmonas mrym
B MOMEHTHI t) 1 t,, TaK 4TO BpeMs HabmofieHns T, Majio B CpaBHEHUMN
CO BpeMeHeM, NIPOTeKAIMM ¢ Hadasa mpouecca Ty, << t;, MOXXHO Olje-
HUTb aBTOKOPPEIALVOHHYI0 (PYHKIVIO. PaccMOTpUM KOHKPETHBIN
HnpuMep, KOTjja ICTOYHUK TOKA CO CIIEKTPOM «OeJIblil IIyM» ITOJKIIIO-
4eH KO BXOJly OJIHOMEPHOI JIMHUU CONpPOTUBJIEHNE—KOH/IEHCATOP
OeckoHeuHOI! IMHBL B Takoit cucteme A 0<x <1 u 7>0 aBTOKOp-
penAnVoHHas QYHKUMA TAKOTO HECTALMIOHAPHOTO CTOXACTUYECKOTO
Ipoliecca OIycbiBaeTcsA GopMOIL, Mogo6HOI (6.12), MCIIONb3yeMol Ay
CTaIYIOHAPHBIX IIpOLeccoB [79]:

R(r)~|r|"". (6.22)

Hmal<n<2
Rty,r)~ty ' =Clr|"". (6.23)

Haxownemw, gna rpaan4Horo cnydas n=1un 0<1<<t, umeem:

R(t,,7)~ In(4t,) —In| 7|. (6.24)
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R (t,7)

n=1

0 T

Puc. 6.3. ©opmbl aBTOKOPPENALVOHHBIX QYHKINI A7 1/fI-1yma fis cmydaes,
xorpa =0, 1 u 2. [To Keurnepy (Keshner) [79]

Tunuynasle GOpMBI 3TUX aBTOKOPPEIALMOHHBIX (QYHKIUI MO-
Ka3aHbl Ha puc. 6.3. ABTOKOppenAnuoHHas GpyHkuua gis 1/f-myma
He VIMeeT XapaKTepHOIo BPeMEHHOro Macuitaba, mosTomy 1/f-mym
ABJIACTCA JIMHHOJAUAIIA30HHO KOPPeIMPOBAHHBIM CTOXaCTUYECKUM
IPOLIECCOM.

Ha mpakTuke TPy[HO OTINMYMUTD 1/f-IIyM OT mpolecca co MHOTY-
MM XapaKTepUCTMYECKMMU BpeMeHHbIMM MacmrTabamyu. Kak MHO-
rO XapaKTePUCTUYECKUX BPEMEHHBIX MaclITaboB TpebyeTcs, YTOOBI
BOCIPOM3BECTY 1/f-IIyM B HaHHOM 4acTOTHOM MHTepBane? CTporo
roBops, ux tTpebyercs 6eckoHeuHoe 4ucno. OgHaKo, ecnmn TpebyeTcs
TO/IBKO KOHEYHasi TOYHOCTb, TO TOIJjd JIOCTATOYHO KOHEYHOIO 4UMC-
a XapaKTepucTu4ecKux mMacurrabos. OueHeHo [79], 4TO MIOTHOCTH
1/f ciekTpa MOLTHOCTY MOXeT OBITh BOCIPOM3BeeHa € 5% TOYHOCTU
IIOCPENCTBOM JIMHEMHON CUCTEMBI, B KOTOPOJ HAaJIaraloTCs IO Kpaii-
Hell Mepe 8 pa3/JIMYHbIX BpeMEHHbIX MacIITaboB, B TO BpeMs KaK /s
1% TOYHOCTY HEOOXO MO MUHUMAJIbHOE YMC/IO BPEMEHHBIX MaCIITa-
608 mopsiznka 40.
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6.5. CpaBHEHNe KPAaTKOAMAIAa30HHO
Y VINHHOAMANA30HHO KOPPeTNPOBAHHbIX ITYMOB

Ecnu BpeMeHHON MacmTab 7, XapaKTepusyeT HaMATb CTOXACTU-
YECKOTO IpOIiecca, TO I BPEMEHHBIX MHTEPBAJIOB, IIMHHEE YeM T,
YCIOBHYIO IVIOTHOCTD BEPOATHOCTH ONMCHIBAET YpaBHEHME

FX Xy ooy Xy 5 s by ey By | X5 )= F(X, 05 1, | X5 8,).  (6.25)

CroxacTudeckye IpOLECChl, IJIs1 KOTOPHIX YC/IOBHbIE IJIOTHOCTU
BEPOATHOCTY ONMCBIBAIOTCA ypaBHeHueM (6.25), Ha3bIBAIOTCA Map-
KOBCKMMM ITpoljeccaMu. [ mpocTeliiero MapKoBCKOro IIpoiecca

SO, X0, X35 1, 1, )= f(x; 1) (x5 4 |xz; (% 1 |x3§ f). (6.26)

Takum 06pa3oM, TONBKO IJIOTHOCTU BEPOSATHOCTY IIEPBOTO U BTO-
poro nopsARKoB f(x;; 1) U f(X,s t,]Xus; fai1) HEOOXOZMMBI /ISl HOTHOM
XapaKTePUCTUKN CTOXACTUIECKOro mpouecca. CToxacTU4ecKui mpo-
11ecc, He MMEOLINIT XapaKTepPHOTo BPeMEHHOT0 MacIuTaba, oo0HbIi
1/f-1mymy, He ABJIAETCSA MAPKOBCKUM IPOLIECCOM.

3HaHMe IIOTHOCTEll YC/IOBHOJ BEpPOSATHOCTM IIEPBOTO M BTO-
pOro MHOPsAJKOB IOMHOCTBIO XapaKTepuayeT MapKOBCKUII IpoIiecc,
TaK KaK aHa/JIOTMYHas IVIOTHOCTb BEPOATHOCTM Oo0jiee BBICOKOTO IO-
pAKa MOXKeT OBITH OIpefie/ieHa U3 HUX. [I/1s HeMapKOBCKUX IIpoliec-
COB 9TOTO 3HAHUA HENOCTATOYHO JIA MOTHOI XapaKTepPUCTUKU CTO-
XaCTUYECKOTO IpolLiecca.

HemapkoBcKue cTOXacTM4ecKye IPOLecChl C OfMHAKOBBIMU YC-
JIOBHBIMM IJIOTHOCTSIMM BEPOSITHOCTYU IIEPBOTO U BTOPOTO HOPSKOB,
B 00111eM, pa3/INyHbI, HOTOMY YTO COBMECTHBIE INIOTHOCTY BEPOSATHO-
CTU BCeX NOPSAAKOB TPeOYIOTCS AJIA IOTHO XapaKTePUCTHUKY JITIHHO-
AMANa30HHO KOPPe/IMpPOBAHHBIX CTOXAaCTUYECKNX IIPOLeccoB. Takum
06pa3oM, pasIuyHble 1/f-IyMOBbBIe CUTHA/IBI HE MOT'YT OBITb PACCMOT-
PEHBI KaK OIMIHAKOBbIE CTOXACTUYECKNe MPOLECCHl IO TeX IOp, MoKa
He OyIyT Tak>Ke M3BECTHBI BBICOKOIOPS/IKOBbIe COBMECTHBIE IIIOT-
HOCTM BEPOATHOCTI.
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Koppensanuu B puHaHCOBBIX
BpPEMEHHBIX psAgax

B 9T0il r1aBe MBI IPUMEHsIEM KOHLEMINIO, PasBUTYIO B I7I. 6, YTOODI
006CYAUTb SMIMpUYeCcKye HAOTIOfeHN I BpPeMEHHbBIX KOppeIALnii, 00-
Hapy>KeHHBIX BO BPeMEHHBIX psifiaX IjeH (PMHAHCOBBIX IHCTPYMEHTOB.
MBI yBUAUM, YTO CYLIECTBYIOT TOIBKO KPAaTKOAMANA30HHBIE KOppe-
JISIVY LIeHOBBIX MI3MEHEeHNII, HO HaO/MI0AI0TCs AIMHHOMATIa30HHbIe
KOPpe/siNy BONATUIBHOCTHU. Jlamee MbI OOCYAMM CTeleHb CTAaIllo-
HAapHOCTY (PUHAHCOBBIX BPEMEHHBIX PS/IOB.

7.1. ABTOKOppenAnoHHasa QyHKIA
U CIIEKTpanbHaA INIOTHOCTD

[TapHas He3aBUCUMOCTb VI3MEHEHUII JTOTapu@pMOB IieH PIHAHCOBBIX
aKTVBOB OOBIYHO MCC/IEAYEeTCS aHAIM30M aBTOKOPPEIALVIOHHON
($YHKLMM BpeMEeHHBIX Bapuanuii jorapupmos 1eH (puc. 7.1) uim criek-
TPaJIbHOI INTOTHOCTY BPEMEHHOTO Psifia CAMIUX JIOTapuQpMOB IieH (puc.
7.2). OTu IBa CTATUCTUYECKUX CBOJCTBA SKBMBAJIEHTHBI I CTAI[MO-
HapHBIX CTOXaCTMYeCKMX Ipoueccos. HalileHo, 4TO 1A OTAENbHBIX
aKIUil CIIeKTpa/lbHasA IVIOTHOCTD JIOTapyugMa IIeHbl XOPOILIO OMVCHI-
BaeTcs QYHKINMOHAIBHON HOPMOIL

1

L (7.0)

S~

KOTOpasg CXO0)XKa CO CIEKTPajbHOM IJIOTHOCTBIO  C/IYYailHOTO
OMy>KTaHUA.

ABTOKOppenANVOHHAA (PYHKIVA U3MEHEeHusA jorapudma LeHbI
ABJIAETCA OBICTPO yObIBaroleil (yHKIMell, OObBIYHO XapaKTepusye-
MOJI BpeMeHeM KOPpeIALY HaMHOTO KOpOYe OJJHOTO TOPrOBOTO JH.
TouHoe ompepenenye BpeMeH! KOPPeIALY BO3MOXKHO IIOCPEICTBOM
aHa/M3a BBICOKOYACTOTHBIX (BHYTPMJHEBHBIX) JaHHBbIX. Hampumep,
IpY aHa/Mu3e BBICOKOYACTOTHBIX JAHHBIX O BPEMEHHBIX M3MEHEHMAX
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1,0 ¢

R(7)
2

0,2

7 (TOproBbIe JH)

Puc. 7.1. ABroxoppensauyoHHas QYHKLUA Jorapudma IeHOBBIX M3MEHEHNUI
aknuit xommanuu Koka-Koma — exxenHeBHbIe faHHbIe 3a mepnox ¢ 07.1989 r.
1o 10.1995 r. BpeMs maMATH MeHbllIe, YeM OiNH TOPTOBbII [IeHb

uHpekca S&P500 06HAPY>KEHO, YTO KOPPEIALMOHHOE BpeMsl COCTaB-
JNSIeT HeCKOMbKIX TOPTOBBIX MUHYT (puc. 7.3).

MccnenoBaHne BBICOKOYACTOTHBIX JIAHHBIX IIO3BONIAET IPOBECTU
aHa/IM3 CIEeKTPAIbHOI IVIOTHOCTH C MICIIOJIb30BaHMeM 00/IbIION 6a3bl
9KCIIePYIMEHTA/IbHBIX JJAHHBIX, IaXkKe /Iy OO BpeMeHHOII MHTep-
BaJ/I HAOTIOZleHNs aHA/IM3UPYeMbIX JJAHHBIX He OYeHb BeUK. TakuM
06pa3oM, BBICOKOYACTOTHBIE IaHHbIE MOTYT ObITH IIOJIE3HBI J/IS IIpe-
OfIOTIeHM A PO6JIeM, CBA3aHHBIX C HECTALMIOHAPHOCTDIO (PITYKTyaIuit
SKOHOMMYECKUX MHVKATOPOB.

Ha puc. 7.4 Mbl OKa3bIBaeM CIIEKTPAJIBHYIO IIJIOTHOCTh MHJEKCa
S&P500 Ha OCHOBe HaHHBIX, 3aIIMCAHHBIX B TeYeHMEe 4-IeTHETO Iepu-
ofia ¢ siHBaps 1984 r. no jexkabpp 1987 r. Vcronb3ys BBICOKOYACTOT-
Hble JaHHBIE, MBI MOXKEM aHA/NIN3UPOBATh CIEKTPaNIbHYIO IJIOTHOCTD
B YaCTOTHOM MHTepBajie OKOJIO 5 MOPAJKOB BeNMYMHbBL. DTU NaHHbIE
OATBEPKAaloT (7.1) B COOTBETCTBUM C T'MIIOTE30J, YTO CTOXAcCTHYe-
CKas AVHaMUKa JlorapudMa LeHbl aKIIMM ¥ NHJIeKCa LIeH MOXKeT ObITh
OIMCaHa CTYYallHBIM OTy>K/JaHMeM.
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Puc. 7.2. CnexrpanbHas IJIOTHOCTD jorapudma IeH akumii kommanuu Koka-
Koma — exxegHeBHBIe faHHBIE 3a Tepuof ¢ 07.1989 r. mo 10.1995 r. CnekTpanbHas
IJIOTHOCTD ZOCTATOYHO XOPOIIO IPUOIIDKeHa K CTelleHHOMY 3akoHy s(f) ~ 1/f

CrexTpa/bHble IUIOTHOCTY ¥ aBTOKOPPEIALMOHHBIE (QYHKIUU
SABJISIIOTCS CTaTUCTUYECKMMM VHCTPYMEHTaMM, KOTOpble He OdYeHb
qyYBCTBUTE/IBHBI K /IMHHOMATIA30HHBIM KOppensunsm. [Ipyroit tect,
qacTo 6oree 9 PeKTUBHBIN B e TeKTUPOBAHNYN HAIMYNS JIMHHOAMA-
[Ia30HHBIX KOPPEISALNMIL, OCHOBAH Ha MCC/IeOBAHUY BPeMEHHOIT 9BO-
JIOLMY CTAHAAPTHOTO OTK/IOHeHMs o(f) leHOBBIX M3MeHeHMil. B 06-
1[eM cIydae

o(t)y~1t", (7.2)

rge v=1/2 gnsa He3aBUCUMBIX I[€HOBBIX M3MEHEHUI. DMIUpUUIecKme
VICCIEe0OBaHV A BPEMEHHON 3BOMIOL MY CTAaHJAPTHOIO OTKJIOHEHU S U3-
MEHEHUJI IieH HeZlaBHO BBIIIOTTHEHBI B [41, 112]. OMnupudeckoe nosepe-
HIe, 00HapY’>KeHHOE B PHIHOUHBIX IaHHBIX, OIIMCHIBAETCS YpaBHEHMEM
(7.2) c v=0,5 Bo BpeMeHHOM OKHe IIPUOIU3UTENBHO OT 30 TOPTOBBIX MU-
HYT 710 100 TOProBbIX HEN. DTa BeIMYMHA V TUIIMYHA /i1 PHIHOYHBIX
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Puc. 7.3. Ilomynorapnpmudeckuii rpadyk aBTOKOPPEIALVOHHON (GYHKLUY
ansa S&P 500, ayucKkpeTHOCTb BpeMeHHON MmKanbl 1 MyuH. [Ipsamas muHMA cooT-
BETCTBYeT SKCIOHEHLMA/TbHOMY 3aTyXaHUIO C IapaMeTPOM BpPEeMEHM 3aTyxa-
HyA m =4 mMuH. O4eBUHO, YTO MOC/Ie TPUOMU3UTETbHO 20 MIUH. KOPpPeIALn
CTQaHOBATCA CpaBHUMBI ¢ ypoBHeM mryma. C paspemenus II. [onuxpuirHaHa

(P. Gopikrishnan)

UCCTIeJOBAaHMIL. B IpyTIuX McceoBaHMAX aHAIM3MPOBATINCH THEBHBIE
maHHble 6UpPKeBbIX MHAekcoB Hpio-Vopka (Hbio-Mopkckuit cocTas-
Holl nHpekc), Ppankdypra (DAX-unpexc) u Munana (MIB-nnpekc)
¢ pesynbraTaMu ang v, pasHbiMu 0,52, 0,53 u 0,57 cOOTBETCTBEHHO.
DTV BeIMYMHBI IOKA3bIBAIOT CYIIECTBOBAaHNUE CIA0BIX J/IMHHOAMATIA-
30HHBIX KOppesinnit (3MIupuyeckme v Bcerga HeMHoro 6onpite 0,5).
Cuta JIMHHOAVAIIA30HHBIX KOPPEIALMIl 3aBUCUT OT PbIHKA U BBITJIA-
auT 66mbLIeit 11t MeHee 9 PEeKTUBHBIX PBIHKOB.

IIpm mccremoBaHMM BBICOKOYACTOTHBIX JAaHHBIX IS MHJEKCA
S&P500 HaiifeHo, 4To 0(f) MMeeT fiBa pexxuma. 151 KOPOTKUX Bpe-
MEHHBIX VHTepBaloB (f <30 TOProBbIX MMH.) HaOMIOAETCsA CUIbHOE
paccesgHMe JaHHBIX IO IjeHaM (v>0,5), B To BpeMs KaK Ha JJIMHHBIX
BpeMeHHBIX MHTepBanax paccesHyue Menbiue (v=0,5). Ha xopoTkux
BPEMEHHDBIX MHTepBanax v= 0,8, Takoe cuIbHOE paccesHNe LieH BO3-
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Puc. 7.4. CnexTpanbHas IJIOTHOCTb BBICOKOYACTOTHBIX MaHHBIX MHJeEKca
S&P500. IloBenenue, Borpakaemoe dopmyroit (7.1), HabmofaeTcss HOYTU [Ist
IATH fieKaj; OOHApY>KEHO TONMBKO HeOOJbIIOe OTKIOHEHNe Il Hambosbliel
UCCTIelyeMOlt 4acTOTBL. AJanTMpOBaHo 13 [112]

MOXKHO O7marogapsi ToMmy (akTy, 4TO BPeMEHHOI psfi MMeeT MaMATh
TOJIBKO B HECKOTIBKO MUHYT (puc. 7.3), XOTA 3TO MOXeT TaK>Ke 3aBUCEThb
OT CTeIlleH) HerayccoBoCTH mporecca. Ha MHTepBaax, IOKpPBIBAOLINX
ot 30 o 10* ToproBeIX MUHYT HaiifieHo v=0,53, TaK YTO OOHAPY>KEHBbI
NUIIb c/1abble AIMHHOMAIa30HHbIe KOPPeIIIINL.

7.2. Koppenanun BbICIINX NOPAJKOB:
BO/TATH/IbHOCTD

ABTOKOppenANMOHHAsA QYHKUNSA [JEHOBBIX MI3MEHEHUIT VIMeeT 9KCIIO-
HEeHI[MA/IbHBIN CIaJ| ¢ HeOOIBIINM XapaKTePUCTIYECKIM BpeMeHeM —
HEeCKOJIbKO TOPTOBBIX MUHYT fAnA mHAekca S&P500 (puc. 7.3). OnHa-
KO IapHas He3aBVCUMMOCTb IPAMO He HOJpa3yMeBaeT, YTO IIeHOBbIE
U3MEHEHNUsA ABJIAIOTCSA HE3aBUCUMBIMU CITy4YallHBIMM BeJIMYMHAMI.
PasnnuHble MCCIeOBaHMs, BBIIIOTHEHHbIE 9KOHOMUCTaMM ¥ (U3N-
KaMJ, T0Ka3aln, 4YTO aBTOKOPPEeNALMOHHAA QYHKUNA HeIVMHEHBIX
LICHOBBIX M3MEHEHMII MeeT HaMHOTO OOJIBIIYI0O BPEMEHHYIO TaMATb.
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B meiicTBUTENbHOCTM HeNMHelHble (QYHKLIMM, TaKMe KaK abComioT-
Hble BEJVYVHBI MIM MX KBafpaThl, SIBJSIOTCA JIVHHOAMAIIA30HHO
KOPpeNMPOBAaHHBIMY 110 PHIHOYHBIM MHIEKCAM aKIVUI ¥ BaJIOTHBIM
Kypcam.

CyirecTBOBaHMe IMHHOAMATIA30HHO KOPPeALNY KBaJpaTOB Be-
JIVYVH IIeHOBBIX U3MEHEHNII I0Ka3bIBAET, YTO MOT'YT OBITh HEKOTOPBIE
npyrue pyHaMeHTaTIbHbIE CTOXACTIYECKNE IIPOLIECCHI B JOIOTHEHNE
K CaMIM IIeHOBBIM M3MeHeHMAM. K TakuM mponeccaM 4acTo OTHOCST
BOJIATU/IBHOCTH. BONATM/IBHOCTh YaCTO OIEHWBAETCS BBIYKCIIEHEM
CTaHJAPTHOTO OTK/IOHEHWs I[eHOBBIX M3MEeHEeHIIT B BBIOpaHHOM Bpe-
MEHHOM OKHe. MOXXHO TakKKe HCIIONb30BaTh [pyrye IyTH OLeHKW,
HaIpuMep OCpelHeHNe aOCOMIOTHBIX BEJIMYNH 1IeHOBBIX M3MEHEHNI,
MEeTOJIbl MaKCHMMa/IbHOTO MORo6ust mnn 6aitecoBckye MeToxbl (0630p
cMm. [123]). CymiecTBYIOT pas3nuyHble MOTUBALVNM A1 PACCMOTPEHMA
CTAaTUCTUYECKUX CBOVICTB BOMATUIBHOCTIL:

(1) BomatunpbHOCTD MOXKeT OBITH NIPSIMO CBsI3aHA C KONMYECT-
BOM MHQOpMaIuy, MOCTYNAIMM Ha laHHOe BpeMmsA. Hanpumep,
eCcyM TOCTymaeT OO/blIOe KOMMYeCTBO MHPOpMAIuu, TO TOTAA
Tpelifiepbl OyyT HeiiCTBOBaTb COOTBETCTBEHHO — PE3y/IbTAT CKa-
3bIBaeTCs B OONBLIOM KOJIMYECTBE TOPTOB U, B 001[eM, B OOJIBIION
BOJIATU/IBHOCTH.

(2) BomaTumpHOCTD MOXKET IIPSIMO VICIIONIb30BAThCS B MOJE/IPOBa-
HIUM CTOXACTIMYECKOTO IIpollecca IIeHOBBIMM M3MEHEHUsMU, KaK, Ha-
npumep, B ARCH/GARCH mopensx, o6cyxpaembix B I71. 10.

(3) C mpaKTM4ecKol TOUYKY 3peHM I BOTATUIBHOCTD €CThb K/II0UeBOI
mapaMeTp B M3MepeHNM p1cKa (prHAHCOBBIX MHBECTUIIMIL.

ABTOKOppeNANVIOHHAA (YHKIWA BOJATVIBHOCTY, OLIEHEHHAS
KaK JIOKaJbHOE CpefjHee aOCOMIOTHON BeMMYVMHBI I1I€HOBBIX M3Me-
HEHUJ WIM IIOCPEeICTBOM JIOKA/JIBHOTO CTaHHAPTHOIO OTK/IOHEHMS,
XOpOILO OINMCHIBAETCA CTEIEHHBIM 3aKOHOM Y6bIBaHI/IH [31, 36, 41,
95, 137]. Ha puc. 7.5 nmokasaHa aBTOKOppeNALMOHHAA QYHKIUA /I
a0COTIOTHBIX BE/INYMH LIEHOBBIX M3MEHEHUII OJHOMUHYTHOTO MJH-
mexca S&P500 ¢ mcrnonp3oBaHMeM TeX >Ke JaHHBIX, KOTOpBIe JIeXKaT
B OCHOBe puc. 7.3. B aToM ciyuae ybbIBaHME IO CTEIEHHOMY 3aKOHY
¢ mokasarerneM y= 0,3 [96] xOpolIO ONMCBIBaeT aBTOKOPPENALVOHHYIO
byHKI IO

JlonroBpeMeHHbIe KOppesALny aOCOMIOTHBIX BETMYMH I[€HOBBIX
M3MEHEHUI MOTYT TaKXe ObITb UCC/IeJOBAaHbI PACCMOTPEHMEM CIIEKT-
pa MomHocTu. Ha puc. 7.6 mokasaH CIEKTP MOUIHOCTY abCOMIOTHON
Be/IMYMHBI [[eHOBBIX M3MeHeHMIT uHpekca S&P, nsmepeHHOro Ha of-
HOYACOBBIX MHTEpBaaaX. PesynbTaThl ClIeKTpa MOIHOCTY COBIIAZAIOT
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Puc. 7.5. Jlorapudmmdecknuit rpapyuk BONATUIBHOCTY aBTOKOPPETALMOHHON
GyHKLMY, TOCTPOEHHBIII Ha OCHOBE JAHHBIX 13 puc. 7.3. HempepbiBHasA MuHUA
COOTBETCTBYET PErpecCUBHOMY CTEIIEHHOMY 3aKOHY Ha BCEM AMaIla30HE, YTO
[laeT OLiEHKY 3Ha4yeHM s 9KCIIOHEHTbI CTEIIEHHOTo 3aKoHa y = 0,3, KoTopas nsMe-
psieT JONTOBPeMeHHbIe KOPpe/IsALuI aBTOKoppeaionHoit ¢pyukunu. C paspe-
menyst [1. Tonukpuinxana (P. Gopikrishnan)

C pe3y/IbTaTaMyl aBTOKOPPE/IALMOHHON (PYHKIIVN, 2 MMEHHO Jal0T I10-
BegeHue 1o 1/f1 c n=1-y=0,7 [9, 96, 114].

ViccmenoBaHusi pacipefie/ieHusi TOBOPAT O JIOTHOPMAaTbHOM pac-
IpefeleHNy BOMATV/IBHOCTY OKOJIO L[eHTPA/NbHOI YacTy pacIipefie-
nenus [31, 96, 133], B To BpeMs Kak Apyras paboTa JOKa3bIBaeT, YTO
aCUMIITOTIYECKOe IOBeJleHNe IeMOHCTPUPYeET MOBeJieH e 110 CTelleH-
HOMY 3aKoHY [96]. B 3akioueHne 3aMeTIM, YTO CYILIeCTBOBAaHME KOP-
pesALMy BOMATUIBHOCTY He IPOTUBOPEYUT HAOMIONEHMM HapHOI
He3aBJMCYMOCTY IIeHOBBIX M3MEHEHMII, IOTOMY YTO aBTOKOPPEIALA
IICHOBBIX M3MEHEHMUI 3aBUCUT OT YCIIOBHOI IVIOTHOCTY BEPOSATHOCTI
BTOPOTO MOPSIZIKA, B TO BpeMsi KaK aBTOKOPPEISIUsl BOMATUIBHOCTI
HOfiBEP)KEHa BJIMAHMIO BBICOKOIIOPS/IKOBOJ YCIOBHOJ IUIOTHOCTH
BEPOSITHOCTHL.
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Puc. 7.6. CriexkrpanbHas QyHKINA BOTATUIBHOCTU BBICOKOYACTOTHBIX BPEMEH-
HBIX papoB S&P 500 3a 13-meTHnit nepuoy ¢ AHBapA 1984 r. mo mexabpp 1996 .
J306pa>keHHasA Ha PUCYHKe IIpsAMas JIMHUA He COBIAfaeT ¢ rpaduKoM, HO AB-
NAETCA MPOTHO3MPOBAHMEM CTEIIEHHOTO 3aKOHA C SKCIOHEeHTON 0,7, KOTOPBIit
cormacyercs ¢ rpagukoM Ha puc. 7.5. OCTpblil MUK, HAOTI0ZAEMBII /I YaCTOTBI
IpUOMM3UTENTHHO OfIH OOpPATHBIIL IeHb, OTHOCUTCS K BHYTPU/THEBHBIM Konmeba-
HusM BonmaTunbHocTy. C paspewenns I1. lonukpumnana (P. Gopikrishnan)

7.3. CTaMOHapHOCTD LI€HOBBIX I3MEHEHMI

V3 sMIMpUYecKUX UCCIeNOBAHMIL, OOCYXHAEHHBIX B IIPEAbIAYIINX
pasjenax, Mbl 3aKJII04aeM, YTO CTOXacTMYecKas JUHAMMKa LeH ¢u-
HAHCOBBIX MHCTPYMEHTOB MOXXET OBITb NPMOIVKEHHO OIMCAaHA CIIy-
YailHBIM OJTy>KIaHUEM, XapaKTepu3yeMbIM B KOPOTKUX BPEeMEHHBIX
Iyala3oHaX MapHBIMU KOppenAuuAMMU. Mo>keM 11U Mbl ONNCATh Iie-
HOBbIE VI3MEHEH! s B TePMMHAX CTAlJMOHAPHBIX IPOLeCCOB? OMIUPU-
YeCKUIl aHa/In3 (PMHAHCOBBIX IAaHHBIX IIOKAa3bIBaeT, YTO IIEHOBBIE 13-
MEHEHNs He MOTYT OBITh OIMCAHBI CTAIIMIOHAPHBIM CTOXaCTUYECKMM
IIPOLIECCOM B CTPOTOM CMBICJIE 9TOTO TEPMMHA, TaK KaK CTallIOHapHOe
OTKJIOHEHME LIEHOBBIX M3MEHEHMI, 8 UMEHHO BOJIATU/IBHOCTD, 3aBYICUT
OT BpeMeHM Ha peaJbHbIX pblHKaxX. CiiefoBaTenbHO, popMma cTanmo-
HAapHOCTH, Hab/moaeMast Ha (GMHAHCOBBIX PBIHKAX, AB/IACTCSA HAMTY4-
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1Iei aCMMIITOTMYECKOI CTalMOHapHOCThI0. [Ipy aHamm3e ocTaTovHO
JUIVHHBIX (PMHAHCOBBIX BPEMEHHBIX PAJOB MOMydYeHa aCYMIITOTUYe-
ckas OIIB neHoBbIx n3meHeHnit. Acumnrorudeckas COIIB gemoncTpn-
pyeT Ha [I/IMHHBIX BpeMEHHBIX Ji1alla30HaX CTaTUCTUYECKIe CBOMCTBA
CTOXAaCTUYECKVX IIPOLIECCOB.

7.4. BeiBOfBI

B maHHOII I7TaBe MBI OOCYAM/IN pa3IMyHble PaKThL:

1. YTBepX/ieH/e O TOM, YTO «IIeHOBble M3MEHEHNA MOIAPHO He KOp-
PeIMPOBaHbI», YIOBIETBOPUTEIBHO OIMCBIBAET CTATUCTUYECKIE
CBOJICTBA SMINPUYECKUX TAHHBIX.

2. KpaTkoBpeMeHHas TaMATb L[EHOBBIX MH/IEKCOB HAOMIONAeTCsA TOMD-
KO B TeYeHJe HECKOIbKIX MIHYT.

3. Cnabas IIMHHOAMANIA30HHA S MAMATH NPOABJIAETCA B IIEHOBBIX U3-
MEHEeHMIX, KaK 9TO Hab/II0/[aioch BO BPeMeHHOIT 9BOMOLMM 0(f).

4. Bomatu/ibHOCTD KOppeIupyeT Ha JUIMHHBIX BPEeMEeHHBIX JIaIla3oHax
CO CIIeKTPa/IbHOI IVIOTHOCTBIO Tnna 1/f.
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CroxacTuueckKue Moaenn
IIEHOBOW TMHAMMKN

Crarucruyeckye cBOJICTBa BpeMEHHOI 3BOIOLNY IIeH UTPAIOT KIIIO-
4eBYI0 POJIb B MOJe/IMpOBaHMU (PUMHAHCOBBIX pBIHKOB. Hampuwmep,
3HaHNE O CTOXACTUYECKOI NpKpofe LieH PrHAHCOBBIX aKTUBOB SIBIISI-
eTcsl penraoiuM GaKTOpOM IS IIPABU/IBHON OL[eHKY IIPOM3BOSHBIX
(MHAHCOBBIX MUHCTPYMEHTOB.

ITonHas XapaKTepUCTUKA CTOXACTUYECKOTO Ipolecca TpebyeT 3Ha-
HUA YCTIOBHBIX IIJIOTHOCTE! BEPOATHOCTM BCEX MOPATKOB. ITO CIOXK-
Has 3ajlaya, KOTopas He MOXKeT OBbITh pellleHa Ha npakTuKe. OOBIYHBII
SMIMPUYECKNIT TOAXOM, MCIOIb3yeMblil (U3UKAMU, BBIIOMHACTCSA
3a fiBa mara. Ha mepBoM mare MCCIeRyOTCA KOPpeIALNN U CIIEKTP
MOIIJHOCTH, Ha BTOPOM — M3y4JaeTcsa acuminrornyeckas OIIB.

B nanbonee obuiaeil cToXacTM4eCKOi MOLEIN LIEHOBON TMHAMUKI
IpeIoaraeTcs, 4To usMeHeHus InY(f) HopmanbHO (rayccoBcKm) pac-
mpefie/ieHbl. JTa MOJe/b, U3BECTHAsA KaK reoMeTpuieckoe OPOyHOB-
CKOe IBIDKeHNe, obecrieunBaeT IepBoe MpuOIMKeHre K MOBeLeHNIO,
HA0/TI0[aeMOMY B SMIMPUYECKUX AaHHBIX. OZHAKO MMEIT MeCTO
cucTeMaTiyeckye OTKJIOHEHUs OT IIPOTHO30B, CENTaHHBIX C MCIIOJIb-
30BaHMEM TAKOJ MOZeN. DMUMPUYECKe pacpee/ieHN s sIBIAI0TCS
JIETITO9KCIIECCHBIMY, T. €. MIMEIOT 9KCIIeCC, OOMBIINII, 4eM rayCCOBCKIUe
pacupepenenus (puc. 8.1). Beicoko menToakcieccHoe pacupefeneHne
xapakTepusyercsi 6ojiee OCTPBIM ¥ BBICOKMM MaKCHMYyMOM U 6ojee
TOJICTBIMU XBOCTAMU, 4eM IayccoBcKoe. CTeleHb IeNTOIKCIIeCCHOCTI
TeM BbIllle, 4YeM 00jiee BBICOKOYACTOTHBI JaHHbIE,

OCHOBBIBasICb Ha TEOPETUYECKUX IPENIONOKEHUSIX Y SMINPU-
YeCKOM aHa/luse, YHaloCch pa3paboTaTbh MOJe/M, aIbTepHATVBHbBIE
10 OTHOIIEHNIO K TeOMETPUYECKOMY OPOYHOBCKOMY JBVDKEHMIO. DTH
MOJIe/IM OT/IMYAIOTCA APYT OT Apyra He TOJNBKO B OTHOIIeHuu ¢op-
MBI 1 nentoakciieccHocTu PIIB, HO Takke B OTHOIIIEHUU KJTIOUEBBIX
CBOJICTB, a IMEHHO:

o KOHEYHOM MM OeCKOHEYHOM 3HAYEeHMUsIX BTOPOTO MIu 6ojiee BBICO-
KVX IIOPSIIKOB MOMEHTOB paclpefie/IeHNs];
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Puc. 8.1. Omnupuueckas OIIB s norapudma exxeTHeBHbIX M3MEHEHMIT [IeHbI
akuuit komnauuu Illespon (Chevron), Topropasumxcs Ha Horo-Viopkckoit Gpon-
IOBOJI 6upxe B mepyof ¢ 1989 r. mo 1995 r. CraxkeHHas TMHUSA [IPefCTaBIieT
coboit rayccoy OIIPB ¢ Toi1 >ke mucrepcuelt, pacCYUTAHHON 10 9TUM HaHHBIM

o TNPUPOABI CTALMOHAPHOCTM, NPEJCTABJIEHHON Ha KOPOTKUX Bpe-

MEHHBIX IIKaaaX UM aCUMIITOTUYECKH;

o HeNpepbIBHOCTY Wi pepbiBHOCTY Y(f) miu InY(f);
¢ CKeJJINHTOBOTO MOBEIEHNsI CTOXaCTUIEeCKOTO Mpolecca.

[l pa3bsACHEHMS STUX KOHILENIMIT MBI, BO-IIEPBBIX, 00CYVM He-
KOTOpbIe MOAMHOXKECTBa 3TUX MOJIeTIeit:

1. YcroitunByio no JleBu HerayccoBcKyio Mozienb [102].
2. t-pacuipepenenue Crpiogenra [19].

3. CMech raycCOBCKMX pacnpenenennii [32].

4. «Yceuennslit monmet» Jlepu [110].

Jlpyryie BBIAIONIVECS MOJIETM BKIIOYAIOT: «IIPBKKOBYIO» fUPQy-
3MOHHYI0O Mofenb [121] un rumep6ommyecky pacrpefie/ieHHbIl CTOXa-
cTudecknit mpouecc [47]. CroxacTuyeckue MOfeNnn, MMeIIye 3aBu-
CUMYIO OT BpeMeHM AUCIIePCHI0 Ha KOPOTKMX BPEMEHHBIX MHTEePBaJIaXx,
vyacTo MofenupyoT B TepMuHax ARCH-mpoueccoB mwmm B 060611eH-
Holt popme GARCH-nporeccos, —aTo 6yzneT 06cy>xaeHo B 1. 10.
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Puc. 8.2. Omnupnyeckas QyHKINA ITIOTHOCTH PacIpefieNieHus BepOATHOCTU
/A BBICOKOYACTOTHBIX M3MEHEeHMII LieHbl akuumit kommanun Kcepoxe (Xerox),
Topropasmuxcs Ha Horo-Mopkckoit GoHmoBoit 6upske B TedeHUe BYX/TETHETO
nepuopa ¢ 1994 r. mo 1995 r. 3tot nomynorapudMudecKuit rpaguK nokaspBaeT
OCTPOBEPIINHHYI0 IPUPORY KPUBOI paclpefeseHNs], HaOM0AaeMy0 B dMIIU-
pUYeCKMX MCCIeoBaHMAX. [ cpaBHEHMs TakKe [OKasaHa IayccoBa KpuBas
C M3MepEeHHBIM CTaHAapTHBIM oTKMoHeHMeM. C paspermenns I1. [onukpuinHana
(P. Gopikrishnan)

8.1. YcroitunBas HerayccoBCcKasa Mopenb JleBu

IlepBast Mopenb, KOTOpas fABHO NPVHSNIA B PacyeT SMIVMPUYECKYIO
JIETITO9KCIIECCHOCTD, HAOMIOAaeMy0 B IJIOTHOCTU BepoATHOCTU P(S),
Obl1a IpeokeHa B 1963 r. MaHenbOpoTOM, KOTOPBII MOIENMPOBAI
InY(t) mns LeH Ha XJIOIOK KaK yCTOMYMBBIIL 1O JIeBM HerayccoOBCKMIt
cToxacTudecKkmit mporecc. Ero Haxofku Oblin HOATBEPKEeHbI 1CCIe-
noBauusiM Pame B 1965 1. [52], KOTOpBIe OBV BBITIOMHEHBI TTOCPE]-
CTBOM aHanmsa puHamMukyu 1eH Horo-Vopkckoit hoHmoBoit 6upsku.
Haubonee MHTepeCHBIMM CBOJCTBAMM YCTOMYMBBIX HETayCCOBCKUX
npoueccos JleBu ABNAIOTCA:

¢ VX YCTOIYUBOCTH (T. e. camornonobue),



8.2 T-pacnpegenenue CTblogeHTa 87

e X CBA3b C IIPEJEIbHOI TEOPEMOI — OHU ABJIAIOTCA ATTPAKTOPAMU

B BEPOATHOCTHOM IIPOCTPAHCTBE.

B manpjenb6poToBCckoil JIeBU-rMnOTE3e YCTOMYMBOCTM IIOAPA3Y-
MeBaetcs, 4To InY(f) ncnbITbIBaeT AUCKpeTHBIE M3MEHEHMS BO Bpe-
MeHu, 1 S(f)=InY(r+1)—InY (f) XxapakTepmusyeTcss HErayCCOBCKMMU
CKEJlJIMHTOM U pacipefeneHieM ¢ OeCKOHEUYHbIM BTOPBIM 1 Oortee
BbICOKMMU MoMeHTamn. C 1963 1. 66110 ony6nMI<OBaH0 MHOTO CTaTell,
paccMaTpUBAOIIUX TY BaXKHYI0 POOIeMy — KOHEUHBIX WIN 6ecKo-
HEYHbIX 3HaYeHu gucnepcun S(f).

8.2. T-pacnpepenenne CrbiofeHTa

l'ayccoBckme mponecchl IpOTEKAOT C KOHEYHON AMUcCIepcueil. YCTol-
YIBble HETayCCOBCKME IPOIECChl MMEIT OECKOHEUHYIO AMCIIEPCUIO.
CymjecTByeT M 4TO-HUOYAb «MEXAY» STUMU ABYMS IIpefenamu?
HetictBuTeNnbHO, t-pacnpenenenne CTbIOJIEHTa eCTh pacIpefienieHne

C

PO= G 8.1)
CTOXAaCTN4YEeCKOro Hpouecca
=X (8.2

NrE—

IIOTY4Y€HHOIO M3 HE3aBUCHMMbIX CTOXACTMYECKUX II€EPEMEHHBIX Vi,

V2 «ees Y M X, KOKJIOE U3 KOTOPHIX UMeET HOPMAJIbHYIO IUIOTHOCTb,
HYJIEBOE CPeHee Vi efUHNIHYIO AUCTIEPCHIO. 31ech
I(n+1)/2
c = IlntD/2] (8.3)

"= Jrn(n)2)

Korpa n=1, P(z) saBnsercsa pacupenenenveM Jlopenna. Korga n- oo,
P(z) ecTp rayccoBckoe pacmpefienieHre. B obmem cnydae P(z) mmeer
KOHEYHble MOMEHTHI 151 k < n. C/iejoBaTenbHO, CTOXaCTUYeCKUII IPo-
1[ecc, XapaKTepu3yeMblii t-pacrpesenenyieM CTbIOJIeHTa, MOXKeT UMeTb
KaK KOHeYHble, TaK ¥ OeCKOHeuyHble MOMeHTHI. IlocpeficTBOM m3Me-
HeHUsA NapameTpa 1 (KOTOPBI YIpaB/IseT KOHEYHOCTbIO MOMEHTOB
HOpsifika k) MOXKHO aIIIPOKCMMUPOBATh C XOPOIIel TOYHOCTBIO pac-
Ipefie/ieHle IIeHOBBIX M3MeHEH NI, HaliJleHHO€e 13 PBIHOYHBIX JAHHBIX
Ha IaHHOM BpeMeHHOM ropusoHrte [19]. 3ameTnm, 4To t-pacmpenerne-
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Hye CTbIOfIeHTa IIPK 1 # 1, C y4eTOM ero OrpaHMYeHHOCT, HEYCTOINYN-
BO. DTO IOfIpadyMeBaeT, 4To ero ¢popMa U3MEHsAETCA Ha Pas3IMYHbIX
BPEMEHHBIX TOPM3OHTAX M YTO PACIpefeNeHNsA Ha PasHbIX TOPU3OH-
TaX He CIEeAYIOT CKEVIMHIOBBIM OTHOIIEHVISIM.

8.3. CMech raycCOBCKUX pacnpeeneHmni

Jlpyrasg Mopenb, KOTOpas CIIOCOOHA ONMUCATh OCTPOBEPUIMHHOCTD
@IIB sMnupu4ecKMx JAaHHBIX M KOTOpas COITIACYeTCA C CYIIeCTBO-
BaHJMEM KOHEYHOIO BTOPOI'O MOMEHTa ILIEHOBBIX M3MEHEHWIl, Ipef-
noxxena Kmapkom [32]. B ero mopenu ucnonb3yeTcs KOHLENINA TIOf-
YIHEHHOTO cToXacTudeckoro nmpouecca [57]. Korma croxactmdeckmnii
MpOoLEeCC IPOUCXOAUT B MOMEHTHI BpEMEHU 1y, 1y, 13, ..., KOTOPbIE CAMU
ABIIAIOTCA peanusanyeil CTOXacTUYeCKOro IPOIecca, CTApTYIOLIero
CO C/Ty4aliHOTO MOMEHTA BPEMEHU ), MOYKHO TTOY4YUTb PpyHKIMIo O(f),
Ha3bIBaEMYI0 HAIIPaB/IAOLMINM IporeccoM. CrapTys ¢ mpomecca InY(#),
IIPOUCXOMAIIErO B C/Iy4YaiiHble MOMEHTBI BPEMEHM 1, b, 13, ..., MOXKHO
copmupoBarh HOBBII CrydaliiHbiil mpouecc InY[Q(f)]. Sror mpouecc
Ha3bIBaeTCsl MOAYMHEHHBIM 110 OTHoUIeHuio K InY(f), u pacupenerne-
HUe pa3HOCTelt TorapudmoB 1jeHOBbIX n3MeHeHnit S[()(f)] Ha3pIBaeTCs
IIOJYMHEHHBIM 10 OTHOIIEHUIO K paciipenenieHnio S(f).

V3 anan3a ppIHOYHO aKTVBHOCTY M3BECTHO, YTO KOTIMYECTBO TPAH3-
aKL[MIl, IPOMCXOASAIINX Ha PbIHKE, 3aBUCKT OT BpeMeHM. Kimapk mpeniio-
JIOXKWJI, YTO 00'beM TOPTrOB SIB/ISETCSI XOPOUIMM (paKTOPOM, TI0 OTHOLIIe-
HIIO K KOTOPOMY MOYKHO MCC/IEIOBATh 3BOJIIOLVIO 1IEHOBON JMHAMUKIL.
OH ncnonmp30Baj B Ka4ecTBe HAIIPABJIAIOLIEro mpoecca ()(f) HakoIrieH-
HBIIl 00'beM TOPTrOB B MOMEHT BpeMeHH t. B ero Mopenu pacnpeneneHne
norapr(MOB LIEHOBBIX ITPUPOCTOB, IPOMCXOAAIIEe U3 JAHHOTO YPOBH:A
TOproBeix 06beMoB P[S[Q(f)]], ecTh moguMHEHHOE [0 OTHOLIEHNMIO K pac-
IIpefie/ieHNI0 MHAVBUAYAIbHBIX TOpro P[S(f)] n HampaBieHo pacmpe-
meneHueM Toprosoro obbema P(Q)). IIpenmomaras P[S(f)] rayccoBckum,
a P(Q)) uMeromyM Bce MOMEHTBI KOHeYHbIMM, Kmapk cMor fokasarsb, 4To
P[S[Q(#)]] mmeeT nenToIKCIECCHOE pacHpefie/ieHVie CO BCeMM KOHEYHBI-
My MoMeHTaMM. Kmapk MHTepIIpeTHpoBa IENTO9KCIIeCCHOE MIOBefieHe,
Ha0JTIofjaeMoe TIpY aHa/Iu3e SMIMPUYECKIX JaHHBIX, KaK pe3y/IbTaT He-
MIOCTOSTHCTBA aKTUBHOCTM (06'beMa) TOPTOB B IIPOLIeCCe TOPTOBOII CECCHIL.
B ero mopenu Bropoit MoMeHT pactpenernenns P[S[Q(f)]] Bcerna koHeueH
IIPY YCTIOBU, YTO pactipesienieHie P(()) mMeeT KOHEUHbIN BTOPOil MOMEHT.
CrienndnaHOCTD GOPMBI pacipesie/ieH st 3aBUCUT OT pacIpese/ieH s Ha-
npasjstomero nporecca Q(f). B obmem cnygae P[S[Q(f)]] pactipenenenue
He 0071afiaeT CBOVICTBOM CaMOIIOfoOu s (CKEIIMHTA).
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8.4. «Yceuennspin nonert JIleBu»

YcroitunBoe HeraycCoBCcKoe paciipefiesienue JIeBu nogumHsAeTcs CKeli-
JIVHTOBBIM COOTHOIIEHUAM, HO MMeeT OeCKOHEYHYIO [UCIIepCHIo;
t-pacupenenenne CTbIOfIeHTa M CMeCb I'ayCCOBCKMX paclIpefeneHunit
He ITOKa3bIBAIOT B 00IIeM C/TydYae CKeJJIMHTOBBIX CBOJCTB M MOTYT
UMeTb UM He UMeTb KOHeYHYIo Aucnepcuio. CTOXacTMUYeCKUil mpo-
11€CC C KOHEYHOM JUCIIEPCHENT U XapaKTepU3yeMblil CKEeIMHIOBbIMU
OTHOLIEHMSIMY B OONBLINX, HO KOHEYHBIX MHTEPBalaX BpeMeHM, Ha-
3bIBaeTCs IpoleccoM «ycedenHoro nonera Jlen» (TLF) [110]. Pacmipe-
nenenne TLF onpenensercs tak:

0, x>,
P(x)=1cP,(x), —I<x<l, (8.4)
0, x <,

roe Pi(x) ecTp cuMMeTpuuHOe pacrpepnenenye JleBu ¢ MHAEKCOM d,
CKeJINHTOBBIM (PAaKTOPOM y ¥ HOPMA/IM3aLMOHHON KOHCTAHTOMN C.
TLF He ABNAETCA yCTONYMBBIM CTOXaCTUYECKUM IIPOIECCOM, TaK KaK
MBI IIOKa3ajy BBbIIle, YTO TONBKO pacipefneneHue JleBu sBisieTcs
YCTOMYMBBIM.

Tak Kak OH MMeeT KoHeuHyI0 aucnepcuio, TLF 6ymer cxopurbes
K rayccoBckomy mpoteccy. Kak 6bicTpo 6yzet oH cxoputbesa? YToOb!
OTBETUTD HAa 3TOT BOIIPOC, MBI pAaCCMAaTPMBAeM BeNNUINHY S, = Z;’leb
i€ X; €CTh yCeYeHHBbIII noneT JIlesu, <xix j> = constd;. Pactipenenenne
P(S,) xopomo anmpoxcumupyet Py (x) B mpenene npu n-> 1, B To BpeMs
kak P(S,)=Ps(S,) B mpepnene n-> oco. CrrefoBaTeNIbHO, IIEPEXOJHOE 3HaYe-
HNe 1, a UMEHHO 1, TaKOBO, 4TO (puc. 8.3)

P, (S,), korman<<n,

P;(S,), xorman>>n, (8.5)

P(Sn)z{

rie Pg(S,) ecTb rayccoBcKkoe pacupenenenne. [lepexogHoe sHadeHme 1,
JAeTCsl COOTHOIIIEHIEM

Al°, (8.6)

n><

12

rje pnd y=1 umeem
20 /(a=2)
™

A= T R 1/2
(l/a)[F(l +a)sin(ra /2) /(2 —a)]

8.7)
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Puc. 8.3. Cxemarnmyeckas wimocTpanusa pesynbraros ana TLF («ycedenHoro
nonera JleBn»). Ilokasan mepexop 13 OHOM 06TacTH B APYTYIO, 0OHAPYKEHHBIN
MeXTy HoBefieHIeM «I1ojieTa JleBu» I MaJbIX # (C7IeBa) ¥ IayCCOBBIM IIOBefie-
HyeM it 6onpiux n (cmpasa). [lepexonHoe 3HaueHMe 1, OBICTPO YBEMMUNBA-
eTCsI C TPaHNYHON AnnHOI (. Afgantuposano us [110]

MO>XHO YMCIIEHHO MCCIEfloBaTh 9TOT MPOLECC CXOAMMOCTH (KOTza
n ysenmnuusaercs) ot TLF k ero acumnrore — rayccuany. s Mmopenu-
POBaHNA YCTOMYMBOIO CTOXaCTMYECKOTo Iporecca JIeBu ¢ MHAEKCOM
@ VI CKeJITMTHTOBBIM (PaKTOPOM Y= 1 MBI MCIIOTIb30BA/IM QITOPUTM MaH-
teHbnu [106]. CymecTByloT gpyrue anroputmbl [140]. Ha puc. 8.4 mbr
IIOKa3bIBaeM BEPOATHOCTb BO3BpaTa NMpMOBUIM K HY/IEBOMY 3Haye-
HII0, IOJTYYeHHYI0 MOJie/IpoBaHueM S,-Iponecca i caydasd o= 1,5
n ¢ =100. MBI Tak>Ke ITOKa3bIBaeM aCUMIITOTYECKOE TTOBEIeHIE IS
MaJIBIX ¥ OO/BIINX 7. MBI ICHO BUAMM II€PEXOfl MEX/y ABYMS PeXM-
MaMu. [I7151 BLIOpaHHBIX yIIPaB/IAIIMX ITAPaMETPOB IePeXOTHOE 3Ha-
4YeHue 1, HabmogaeTcs Ipu 1, = 260.

JI71s Tex >Ke YIpaBIAIMX IapaMeTPOB MbI TaKKe MICCTIEIyeM pac-
npenenenye P(S,) o1 pasHbIX BeIMYNMH 1 TIOCPEICTBOM MOJeIIPOBa-
Hus TLF gna n=1, 10, 100, 1000 (puc. 8.5). [Ins1 TOro 4T06BI UMETDH
BO3MOXXHOCTb CpPaBHMBaTb (OPMBI STUX paclpele/ieHnil mpu pas-
JIVYHBIX BeIMYVHAX 71, MBI IIPEJICTAB/IsAeM I'padyKy STUX paclpesere-
HWII, UCTIONb3ysl MacmTabupyemble epeMentbie P(S)= P(S)/n~/*
uS=s/n'".

U3 puc 8.5 BupHO, uto TLF-pacnpenenenue nsmenser Gpopmy mpu
usMeHeHVU . J11st ManbIx BenuayH n (n=1u 10) MbI HalIM Xopolree
cornacue ¢ npo¢uneM JIeBu, B TO BpeMs Kak i OOIbUINX BeTNYUH 1
(n=1000) pacrpepeneHne XOpOIIO COIACyeTcs ¢ rayccoBckuM. Cpas-
HUBasA pe3ynbraTbl puc. 8.4 u 8.5, Mbl 3aMedaeM, UTO BEPOATHOCTHb
BO3BpaTa K HYJIEBOMY 3HaY€HMIO IIOKAa3bIBA€T C BBICOKOV CTEIEHDBIO
TOYHOCTU CXOJVMOCTDH IIpoIecca K OJHOMY M3 JIBYX aCMMIITOTHYE-
ckux pexnmon. Hanpumep, korga n=1 u 10, BepoATHOCTb BO3BpaTa
oueByujHa B JleBu-pexxume (puc. 8.4) n uenrpanpHas 4actb TLF-pac-
Ipefie/THEH VA XOPOILIO onuckiBaeTcs JleBu-pacnpenenenuem (puc. 8.5).
Hanportus, gna n=1000 BepoATHOCTb BO3BpaTa IPOXOANUT B IayCCOB-
CKOM pexxuMe (puc. 8.4) 1 3TO pacHpefie/ieHe COBIIA/IaeT C TayCCOB-
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Puc. 8.4. BepoATHOCTD BO3BpaTa K Ha4aIbHOMY 3HAYEHUIO S, KaK QYHKI[UM OT
npna a=15u (=100. Pe3ynpraTsl MMUTALMOHHOTO MOJENMPOBAHUA (KPYXK-
K1), MONTyYeHHble BBINONHEHMEeM 5 X 10* peanmsanmii, CpaBHUBAIOTCS C PEXMU-
MoM JleBu (HempepbIBHASA JIVMHYA) U C ACHMIITOTIYECKIM IayCCOBBIM PEXVIMOM,
paccuntalHbIM i ¢ =100 (IyHKTHpHAA IMHUA). AaNTUPOBaHO 13 [114]

CKVIM pacIpefie/ieHeM, XapaKTepe3yeMbIM COOTBETCTBYIOIMM CTaH-
IapTHBIM OTK/IOHeHUeM (puc. 8.5).

CyMMMpY#, MOXKHO CKa3aTh, YTO IIPY VICCTIE[IOBAHUY BEPOATHOCTI
BO3BpaTa K VICXOZHOMY 3HAUEHMIO HOYTMU YCTOMYMBBIX, HEHOPMaJlb-
HBIX CTOXaCTUYECKMX IPOLECCOB C KOHEYHON JUCIEPCUeNl HalifieH
OYeBVJIHBII TTepexoy, MeX y JleBu u rayccoBckuM pexxumamu. Crefio-
BaTe/IbHO, JIeBU-TIOOOHbIe paclpefie/ieHNs MOTYT SMIMPUYECKU Ha-
O/MI0/jaThCsl P IIMHHBIX (HO KOHEYHBIX) MHTEPBaIaX BpeMeHU Jaske
B CIy4ae CTOXaCTUYECKMX IIPOLIECCOB, XapaKTepU3yeMbIX KOHEYHOI
IVICIIEPCUENL.

B 1. 4 MBI IOKa3a/1M, YTO U3 TUIIOTe3bI IPPEKTUBHOTO PHIHKA CTie-
LyeT 3aK/II0YeHMe O TOM, YTO pacIpefie/ieHNe LIeHOBBIX M3MEeHEeHMI 1A
JUIVHHBIX TOPM30HTOB XOPOILIO aIIPOKCUMUPYETCs OECKOHEUHO JIeyN-
mbiMu OITB. O6cysxmaemsiii 3nech TLE-niporecc siBseTcss 6eCKOHEYHO
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logP(S)

230 220 20 0 10 20 30
S

Puc. 8.5. Ilonynorapumudeckuii MacmrabupoBaHHbIT rpaduk pacmpeperne-
Hus BepoaTHocTell mponecca TLF («yceyenHoro monera JleBu»), XapakTepusye-
Moro mokasarensamu a= 1,5 u [=100 gns n=1, 10, 100 n 1000. Ins MaabIx 3Ha-
vernuit n (n=1 (xpy>xkn) u 10 (kBafpaThl)) LeHTpaabHAA YaCTh pacIpefe/IeHI
XOPOIIO ONMICHIBAETCS CTAOMIBHBIM CHMMETPUYHBIM npodueM JleBu, accory-
MPOBAHHBIM € d=1,51 y=1 (HenmpepbIBHas MuHKA). [/ OOMBIINX 3HAYECHUIT 1
(n=1000 (mepeBepHyThle TpeyronbHuknu)) mpouecc TLF yxe gocTur rayccosa
PeXMMa U paclpefieNieHle, 1o CYIeCTBY, IaycCoBO (IYHKTUpPHASA INHUA). Afan-
TUpOBaHO 13 [114]

IeTMMBIM, TIOCKOJIbKY yCedeHMe pacipefie/ieHNs paspbiaet ero. OpHa-
Ko npuMep 6eckoHeuHo menumbix TLF-mporiecos 6511 BBefien Kopowe-
HOM [86], koTopbit paccmorpen TLF-mpouecc ¢ MATKUM (3KCIIOHEHIU-
aJIbHBIM) CITQJIOM U Hallle/l XapaKTePUCTUIECKYI0 (PYHKI[UIO

(q2 +1/12)w/2

cos(ra/2) cos|aarctg(/|q|)}, 8.8)

©(q) =expic, —¢

IZie ¢, — MacITabHbIi pakTop U

__ I
¢ = m (89)
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ITponecc ¢ ¢(g), onuceiBaeMblit ypaBHeHueM (8.8), sABnseTcsa bec-
KOHEYHO JIe/IMMBIM, TaK KaK IIPOLIeCChl, KOTOpPble XapaKTepU3yoTCcs
QYHKIMAMM, MMEIONUVIMM 3SKCIIOHEHI[MANbHYI0 (opMYy, ABIAITCA
OeckoHeyHO menuMbIMu. [leTanpHast Gopma crmaga He M3MeHseT 06-
mjero nosefeHus cxogumoctu TLF-ponecca k o61eMy acuMnroTnye-
CKOMY I'ayCCOBCKOMY IIPOLIECCY, TaK KakK B COOTBETCTBUMU C TEOPEMOI
Beppn—3cceHa, CXOAMMOCTb IO CYIIECTBY YIPAaBIAETCA TPETHUM
MoMeHTOM |x| [144].
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CKelIMHT U ero paspyluieHue

He cymjecTByeT MOenn CTOXaCTMYECKOTO MPOLeCca, OMMCHIBAIOLIETO
BpPEeMEHHYIO 9BOJIIOLNMIO JlorapudMa LieHbl, KoTopas Obl1a Obl IpUHA-
Ta BCEMMY UCCIIENOBATEAMI. B 3TO1I I71aBe MBI IIpeJicTaBIIAeM OHY 13
TOYeK 3peHNA. Mbl 06CYyAMM pe3yIbTaThl HEJABHUX SMIIMPUYECKIX
VICCTIEIOBAHMIA, YTOOBI OTBETUTD Ha CJIeAYIOLYe BOIPOCHL:

(1) SIBnsieTcst mu BTOPOIT MOMEHT pacIIpefie/ieHNsI LIeHOBBIX M3Me-
HEHNI KOHEYHBIM?

(2) meetcs nmu camonomobue?

(3) Ecnut ecTh camoniofjobe, TO KaKOBa ero mpupopa’?

(4) B xkakoM BpeMeHHOM MHTEepBaJie MeeT MeCTO CaMoIofobme?

9.1. OMmupudeckuit anams nHpekca S&P 500

Bravase MBI pacCMOTPUM UCCIIEOBAHME SMITMPUIECKUX CBOJICTB Bpe-
MeHHOII sBomo M nHaekca S&P 500 3a mecTuneTHMIT Iepuo, ¢ OK-
T0ps 1984 1. o mexabpp 1989 r. [111]. O603HaUMM BpeMeHHOI psf
3TOro uHjeKca Kak Y(t). Ora 6asa JaHHBIX MMEET JOCTATOYHO BHICOKOE
paspelleHne BO BpeMeHM, 3HaueHus Y(f) MEHAMNCh KaXX1yI0 MUHYTY,
a MHOT/A U KaXKble 15 ceKyH/.

B aToM aHanM3se BpeMs yUUTBIBAJIOCh TOJILKO B TOProBble Yachl. Bo-
nepBbIX, BbruucnsaeM OIIB MHIeKCHBIX N3MEHEHNI

Z, (=Yt +AD)-Y () (9.1)

Ha 1-MUHYTHBIX nHTepBanax (At=1 mun.). 9ta PIIB (cM. puc. 9.1)
o IIOYTV CUMMETpPUYHA,
e BBICOKO JIETITOKCIIECCHA,
e XapaKTepu3yeTCsl HerayCCOBCKUM IpOQUIEM ISl MajlblX MHJEKC-
HBIX U3MEHEeHU.
Mpl BbIJjefisieM paslMyYHble MOAMHOXECTBA HellepeKpbIBAIOLIVIX-
Cs LeHOBBIX M3MeHenmint Z,,(t), usmensasa At or 1 go 1000 mun. Komu-
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Puc. 9.1. CpaBrenue At=1 GyHKIUY IJIOTHOCTY pacIIpefie/ieHNs BepOSATHOCTH
IS BBICOKOYACTOTHBIX M3MeHeHMI meHbl S&P 500 ¢ rayccoBbIM pacrpefiene-
HIeM (IYHKTMpHAs JIMHUA) M C YCTOMYMBBIM pacmpefieneHneM Jlesu (Hempe-
PBIBHAS TMHUA) C MHAEKCOM & = 1,40, IOy YeHHBIM 13 CKEI/IMHIOBOTO aHA/IN3a,
U MaciTabHbIM Koadduunentom y = 0,00375, monydenusim u3 P (0), n3mepeH-
HoIL, Korga At =1 muH. Agantuposaso un3 [111]

YECTBO 3aIMCeil B KaXX/IOM ITIOJIMHOXXECTBE YMeHbIlIaeTca oT 493 545
(At=1 muH.) o 562 (At=1000 muHn.). lllnpuna OIIB yBenmunBaercs
¢ poctoM At, KaK B 1I060M cTy4aitHOM mpoiecce (puc. 9.2).

Korpa xapakrepusyiot popmy OIIB, 06bIYHBIM IOAXOOM ABJIAETCSA
MICCTIeIOBaHMe KPbITbeB. MBI MICIIO/Ib3yeM APYToii MOAXOJ, MBI U3yYa-
€M BEepOSATHOCTDb BO3BpaTa MpuobUIN K HYO [P,,(Z=0)] Kak pyHKIIMIO
At. Korga MbI BblYep41BaeM HAIIM Pe3y/IbTaThl HA JIOTapUPMUIECKOM
rpaduke, Mbl Hab/MOaeM MHTEPECHOE «CKEVIIMHIOBOE» IIOBeJieHIe
TI0 CTeNIEHHOMY 3aKOHY (puc. 9.3).

OTOT pesynbraT cormacyerca ¢ ycroiumpoii Jlepu-®IIB. WH-
IeKc o pacupenenenus J/IeBu MoXeT OBITh OIIpefie/ieH M3 HaKJ/IOHA JIU-
Huu rpaduka (cm. (4.27)). [TocpeacTBOM 9TOTO METOAA MBI HAXOAUM
a=1,40+0,05. Ina At=1 umeem P,,(0) =15,7 u u3s (4.27) nonyqaercs
BermanHa y=0,00375 g MacuTabHoro gpakropa.

Ilasee MBI CpaBHUBAaeM SMIUPUYECKIE Pe3y/IbTaThl C YCTOMYNBOI
JleBu-®IIB ¢ nugexcom o = 1,40 1 MaciTabHbIM pakTOpoM y=0,00375.
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Puc. 9.2. BpicokodacToTHbIE aHHble A1 uHAekca S&P 500. OyHkuum maoT-
HOCTY pacmpefie/ieHNs BepOATHOCTY M3MeHeHMI IJeHbl, pacCUMTaHHbIE [ pas-
HBIX BpeMeHHBIX ropu3oHTOB At=1, 3, 10, 32, 100, 316, 1000 Mun. Habnrogaercs
TUIIMYHBII I CIy4aiiHoro Oy anus pasbpoc. AxantuposaHo us [111]

MbI HaxXofi MM, YTO CYIIECTBYeT OTK/IIOHEHMe OT pacmpeneneHns Jlesu
Ha xBocTax (puc. 9.1). B wactHoCTH, KOTHA |Z| > 60, aHHBIE HA XBOC-
TaXx 3HAYMUTENbHO HIKe, yeM Ha JleBu-PIIB. SToT aHanms gaét oTBET
Ha Borpoc (1) 13 Havasa 3TOIT I7IaBBl, TOKAa3bIBasl, YTO AVUCIIEPCHS pac-
IpeJie/ieH s [IeHOBBIX MI3MEHEHMIT KOHEeYHa.

Tenepp MBI BO3BpaTuMcs K BOIpocy (2). Mbl 3aMeTUIn yxe, 4TO
MaKCMMYMBI pacIipefie/ieHNI BO3pacTaloT BO BpeMEHHbIX MHTepPBaIax
At<1000 MMH. A KaK Hac4€T Apyrux obnacreitr? B r1. 4 Mbl BUenu, 410
YCTOMYMBOE pacIipefiefieHne caMoInofobHo. Macirabupyemble Iepe-
MEeHHBIe I yCToitunBoro JleBu-mporecca ¢ MHEKCOM & eCThb

Z

7=—2__
(Ap)Ye

9.2)

P(2)

W . (9.3)

P(Z)=
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Puc. 9.3. BepoATHOCTD BO3BpaTa K Haua/JbHOMY 3HAUEHNIO, PACCIMTAHHOMY
KaK (QYHKIMA OT BpeMEHHOrO MHTepBana Af. 3aBUCYMOCTD IIO CTEIICHHOMY 3a-
KOHY [I0OKa3aHa N300pakeHneM PacCINTAHHBIX 3HAYCHWIT HA JIOrapi(pMIUIeCKOM
rpaduke. Hakon, 0,712 0,025 6omee Tpéx MOPsAKOB BeTMIMHDL, COTIACYETCS
C HETayCCOBBIM CKeMIMHIOM. AfanTupoBaHo us [111]

Korpa mb1 ucnonbsyem « = 1,40 B KauecTBe MHjeKca JleBu-pacmpe-
TeNleHN s, SMIMPUYECKNe Pe3y/IbTaThl XOPOLIO IAJal0T Ha paclpepe-
nenue ¢ At=1 muH. (puc. 9.4).

Ha mepBblit B3I71AJ, HEKOTOpPbIE HAllM HAaXOJKU BBIMIANAT NPOTU-
BOpeYMBO. B yacTHOCTH, MBI Hab/MI0aeM HeCOBIIA/IAIOIIME Pe3YIIbTaThl:
HETayCCOBCKUI CKEIMHT B IIeHTPaIbHOM YacTy paclpefienienus, Jlesu-
HerayccoBCKuit Ipoduib s |Z| <60, HO TeM He MeHee KOHEYHYIO JVIC-
nepcuio. Koneunas gucrnepcns moypasyMeBaert, 4YTO CKeJ/IHT ITPUOIN-
3UTENIEH U CIIPABEINB TONIBKO /11 KOHEYHOTO BPEMEHHOI'O MHTEPBaIa.
JIns [IVHHBIX BpEMEHHBIX MHTEPBAJIOB CKEV/IVHT JOJKEH HapyIIaThCA.
YT006BI YBUIETD 3TO HapylLIeHMe, MBI IIOKa3bIBaeM Ha pucC. 9.5 BepOsT-
HOCTb P(Z=0) — BepoATHOCTb BO3Bpara IPUObUIN K HYTeBOMY 3Haue-
HII0, UI3MEPEHHYIO [/I BBICOKOYAaCTOTHBIX TaHHbIX S&P 500, 1 31ech sxe
P;(0) — BepoATHOCTD BO3BpaTa K Ha4a/IbHOMY 3Ha4€HMI0, KOTOPAsI MOT-
71a ObI OBITD MOJTyYeHa IIPY TayCCOBCKOM ITpoIiecce.

OMIupudecKye BeIMYMHBI JUCIEPCUN, I3MEPEeHHbIe Ha KaXKIoll
VICCTIEIOBAHHOI BeMuuHe At, MCIIO/Ib30BaHBI /1A BhrumcaeHus Ps(0).
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Puc. 9.4. OyHKIUYM NIOTHOCTU BEPOATHOCTHM, aHA/NOTUYHBIE puc. 9.2, HO U30-
OpakeHHBIE B MacIITabMpPOBAHHBIX eIMHMUIAX. SHAYMUTENbHBI KaueCTBEHHBII
CKayoK HaOJIONaeTCs, KOIjja MaclITadMpoBaHue OCYIEeCTBIACTCA C MCIOIb30Ba-
HyeM 3HavdeHus a = 1,40. Agantuposano u3s [111]

JI1st pasIuMYHBIX BeMMYMH Af Pa3HOCTU MEXAY ABYMS BEPOSATHOCTA-
MM BO3BpaTa K Ha4ya/IbHOMY 3HAYEeHUIO CYCTEMAaTU4eCKV yMEeHbIIA0T-
ca pna 30 < At <1000 muH. ITocpencTBOM 3KCTPaInoONMpPOBAHNUA CKeil-
nuHrosoro nosefenusa P(0) n P;(0) MbI olleHMBaeM, YTO pas3pylleHue
HETrayCCOBCKOTO CKeVIMHTa IPOUCXOAUT MPUOIU3UTETBHO dYepe3
10* TOproBeIX MUHYT. MBI 3aK/II04aeM, 4YTO HETayCCOBCKMII CKEVIIVHT
HabrofiaeTcs 1 60JIBIIOro, HO KOHEYHOTO BPEMEHHOI'O MHTEpPBaJIa,
npu6MM3UTEIBHO OT 1 10 10* TOPrOBBIX MUHYT.

9.2. CpaBHenue ¢ TLF-pacnpepnenenuem

BonpIIMHCTBO SMINMPUYECKYX IAHHBIX BBICOKOYACTOTHBIX M3MEPEHMI
nupekca S&P 500 coBmagaloT ¢ MPOCTON CTOXaCTUYECKOIN MOJeNbIo,
06cy>xa€HHOII B IpeabinyeM paspene, — TLE. Ognako TLF Heckomnb-
KO OTpaHMYMBAaeT MOJEIMPOBaHME IMIMUPUYECKUX HAHHBIX. Bosb-
HIMHCTBO OTPAaHNYEHNIT KaCAIOTCA IPEIIONIOKEHM A O He3aBUCUMOCTI
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Puc. 9.5. BepoATHOCTh BO3BpaTa K Ha4aJbHOMY 3HAUEHMIO [ BBICOKOYAC-
TOTHBIX JaHHBIX S&P 500 (KpyXXKiu), BMeCTe C BEpOSITHOCTHIO BO3Bpara K Ha-
YJa/JIbHOMY 3HAYeHMI0, KOTOpas MOITIa Obl OBITh IONyYeHa, ey OBl HmpoLecc
6511 TayccoBbIM. BeposTHOCTb P3(0) (kBagpaTbl) — IpUOIVKEHHO IOTydYeHHA A
U3 pacyeToB AMCIEPCUN JUIA KaXKIOro 3HaueHNA Atf. PaccTosHue MeX[y ABYyMs
TOYKaMU €CTh Mepa HerayccoBOJ IPUPOALI PYHKIUN IVIOTHOCTU BEPOATHOCTI
(OIIB). ApantuposaHo u3 [112]

U UIAeHTUYHOCTH paclipe/ie/ieHN 1 1IeHOBbIX M3MeHeH NI, Tak Kak B TLF-
MOJIe/IM YIpaBJIAoLINe TapaMeTphl &, Y U | He 3aBUCAT OT BpPeMEeHIL.
B oTOM mpeAnonoXeHuyu NOApasyMeBaeTCs, YTO aCHMMIITOTHMYECKAs
n KparkoBpemeHHass @IIB TLF-cmemiennit (1leHOBBIX M3MeHEHUI)
OJIIHAKOBBI /171 OfVMHAKOBBIX BpPEMEHHBIX TOPU30HTOB Af. MbI IpoBe-
psieM 3TO IpEAIONOoKEeHNE TTOCPENCTBOM M3YUYEHU s BPEMEHHOI 9BO-
TIOLUM ITapaMeTpoB « 1 ). [lapameTp y BaéT ogHy BOSMOXKHYIO MeEpy
BOJIATWJIBHOCTH ITpouecca. Mbl paccMaTpuBaeM 72 MOAMHOXECTBA UC-
XOHOJI 6a3bl JAHHBIX, IOBTOPSA JIS KXKIOTO 13 HUX OJVH U TOT Ke
aHa/IM3 — TOT, KOTOPBIiI BBIIIO/IHEH Ha IOTHOI 6ase. PesynbTarThl cyM-
MM POBaHbI Ha puC. 9.6 u puc. 9.7, Tie Mbl IOKa3bIBaeM BPEMEHHYIO 9BO-
JTIONNIO TapaMeTpoB & u Y. (IIpumeuanue. Ilapamerp | He MOXKeT OBITH
HOJy4eH, JI/I €ro pacyeTa ¢ HOCTAaTOYHON HaJieXXHOCTBIO TpebyeTcs
Oorblile JaHHBIX.) MBI 3aK/TI09aEM, YTO & IPUOINM3UTEIBHO IIOCTOSAHEH
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Puc. 9.6. BpemeHnHasA 3aBMCUMOCTD MHJEKCA d, ONIPefle/IEeHHasA U3 BEPOATHOCTI
BO3BpaTa K Haua/JIbHOMY 3HAYeHMIO /I pacIpefieieHNs BbhICOKOYAaCTOTHDIX JaH-
HBIX M3MEHEHU 1LieHbl, IIPOAHANN3MPOBAHHBIX HA MeCAYHOI BpeMeHHOI IIKa-
ne. Beryycnenne MOBTOPEHO AJA KaXKTOTo U3 72 MecAnes 3a mepnof ¢ 01.1984 r.
1o 12.1989 r.. Agantuposato u3 [114]

(puc. 9.6) [114], B To BpeMs KakK Y CMIbHO QIYKTYUPYeT CO «B3PbIBa-
MI» aKTUBHOCTU (puc. 9.7). CefoBaTe/IbHO, SMINMPUYECKEe JaHHbIE
[IOKa3bIBAIOT, YTO II€HOBBbIE M3MEHEHMs He MOTYT MOJEIVMPOBATHCS
B TEPMIHAX CTOXACTIYECKOTO IPOLiecca C He3aBUCUMBIMI NAEHTUIHO
pacrpesie/IeHHbIM [{eHOBBIMI M3MEHEHSIMIL

Ha ocHOBaHMUM CKa3aHHOTO MOXXHO CHEIaTh C/IEAYIOLVIT BBIBOA:
TLF-Mozenp XOpOIIO ONMChIBAET aCHUMIITOTIYECKIIE PaCIIpeie/Ie s
IIeHOBBIX M3MEHEeHNII, 3MePEeHHbIe Ha PasHbIX BPeMEHHBIX TOPU30H-
Tax, M UX CKeJIMHTOBBbIE CBOJICTBA, HO HE MOXKET OINCATh HaJjIe)a-
M 006pasoM 3aBUCHMYIO OT BPeMEH) BOJATWIBHOCTD, Habmomae-
MYIO B PBIHOYHBIX JaHHBIX.

9.3. CraTucTiyeckme CBOMICTBA PeIKUX COOBITHII

OpnuH K/II049eBOJl BOIPOC B OMMCAHUM CTATUCTUYECKUX CBOWICTB PbI-
HOYHBIX 1[eH KacaeTCs «PefiKUX COObITUI», a MMEHHO COOBITIIT 60TTh-
MNX TOMOXXUTENTbHBIX WM OTPULIATEIBHBIX I1[€HOBBIX M3MEHEHMIL.
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Puc. 9.7. BpeMeHHas 3aBUCUMOCTb MacmITabHOro Koadduiuenra y, ompese-
JIEHHAsI C MICIIONIb30BAHNMEM 3HAYeHNsI o U3 pUC. 9.6, M BEPOATHOCTH BO3BpaTa
K Ha4a/IbHOMY 3Ha4eHUIO JJIsL pacIipefie/leHN sl BBICOKOYACTOTHBIX JAHHBIX U3-
MeHEHVISI [IeHbl, PACCYNTAHHOMY /isi At =1 MyH. Beruncenne mosropeso s
KaXXJIoro 13 72 MecsaueB 3a nepuop ¢ 01.1984 r. mo 12.1989 r. AgantupoBaHo
us [114]

KonuyecTBeHHbIN aHAMU3 CTATUCTUYECKUX CBOICTB TAKUX COOBITUI
TPYJeH, U TpeOyIoTCs 4pesBBbIYANIHO Oojblive 0as3bl NAaHHBIX (MK
Ype3BbIYAITHO JI/IMHHBIE BpEMEHHbIE TIEPUOJIbI), YTOOBI Ce/naTh KaKue-
6o HaJieXXHble 3aK/II04eHNs. [[/A JBYX/IeTHEero Neproja, ¢ AHBaps
1994 r. mo mexabpp 1995 r., ObIIM MCCIETOBAHBI BBICOKOYACTOTHBIE
maHHbIe [67] mo meHaM 1000 KpyIHeMIINX KOMIIAHNI, KOTUPYEMBIX
Ha TpeX IVIaBHbIX aMepuKaHckux 6upxax: NYSE, AMEX, n NASDAQ.
Jns KaXkmoil KoMImaHuy 6u110 uccnegoBano S(t), u 6bl1a obecrieyeHa
TOMOT'€HHOCTb B 9TOM MHO>KECTBE IIOCPENICTBOM JiesieHns S(f) Kak Lo
KOMIIaHMM Ha BOJIATU/IBHOCTD, U3MEPEHHYIO Ha VICCTIe[lyeMOM BpeMeH-
HOM MHTepBaJIe.

[ToBepeHre penkux coObiTnit B aHcambrme aTux 1000 KommaHmit
UICCTIEIOBAHO PAacCMOTPEHMEM KYMYJIATUBHOTO paclpefie/ieHns HOp-
MaJIM30BaHHO NepeMeHHON g(f)=S(f)/o; The 0;— BONATU/IbHOCTD
koMmnaHuy i. KymynatusHoe pacnpepenenne BepositHoctu F(g) usme-
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Puc. 9.8. Jlorapudmmdecknil rpaguk COBOKYIIHOTO pacIpefe/leHusa BepoAT-
Hocty F(g), 0cHOBaHHBII Ha BHICOKOYACTOTHBIX JAHHBIX 1A 1000 KpyImHemmx
KOMIIaHMII 3a ABYX/IeTHMII mepuop ¢ 1 suBaps 1994 r. mo 31xexabps 1995 r. ITo-
BeJleHNe CTelIeHHOro 3aKoHa (9.4) XOPOIIO COOTBETCTBYET AaHHBIM B [MaIa3oHe
2<g<100 KaK #isd IONOXUTENbHOIO, TaK M /IS OTPULATEIBHOTO «XBOCTOBY.
[Tokasarenu cTeneHy cOOTBETCTBYIOT a = 3,10 + 0,03 (II010XXUTEIBHBLI «XBOCT)
na =2,84 + 0,12 (OTpULATENbHbIN «XBOCT»). ATAITHPOBAHO U3 [67]

HEHSI [IeHbI Ha Be/IMYNHY g Win OGOJIblie IOAYNHSIETCS CTEIEHHOMY
3aKOHY Ji/Is1 OO/IBIINX BeIMYMH g, KaK Ji/IsI TIOTIOXKUTE/IBHBIX, TAK U /151
oTpuuaTenbHbIX ¢ (puc. 9.8):

F(g)=g™* (9.4)

C TOKas3aTesieM & = 3 KaK JIJI1 HOJIOKUTE/IbHBIX, TaK U JJ1d OTpULIaTe/Ib-
HBIX XBOCTOB, KOI'J]a lAHHbIE IIO/ITOHAIOTCA B AnanasoHe 2<g¢g<100. Tak
KaK a>2 , 9TOT pe3y/nbTaT TAaKXe COITIACyeTCs C 3aK/II0UYEeHNEM O TOM,
YTO BTOPOJI MOMEHT L[eHOBBIX M3MEHEHUII KOHeueH [67, 68, 95].

B utore Mo>XHO cKasaTh, UYTO OJJHO3HAYHASI MOJE/b IJIS CTaTUCTU-
KJ II€HOBBIX MISMEHEHUII He CYIeCTBYET, HO B TO )K€ BpeMsA HaliJleHbl
HEKOTOpbIe PE3Y/IbTaThl, IEMOHCTPUPYIOL/E CBOMCTBA TAKOTO poja
CTOXACTNYECKUX ITPOLLECCOB.
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ARCH- nu GARCH-nporeccsl

MBI yBUzenu, 4TO CyLiecTBYIOT SMIMPUYECKMe I TeOpeTHYeCKe UC-
CTIelOBaHMA, MOAieP>KMBAIOIVe 3aK/I0YeHNe O TOM, YTO BOTATU/Ib-
HOCTb JIoTapudMa [JeHOBbIX M3MEeHEHNIT (PMHAHCOBBIX AKTVBOB €CTh
3aBUCALINIL OT BpeMEHM CTOXAaCTUYeCKNI Ipolecc. B 3Toit riaBe Mbl
00CyIMM NOAXON K OIVCAHUIO CTOXaCTUYECKMX MPOL[ECCOB, XapaKTe-
pU3yeMBIX 3aBUCAIIENl OT BpeMeHM AVcCIepcreil (BOMaTUIbHOCTDIO),
unu ARCH-npoueccos, BBeféHHbix VMurnom B 1982 1. [50]. ARCH-
MOJie/I IPUMEHMMBI B Pa3INYHBIX O0/ACTAX SKOHOMMYECKON Te-
opuu. ITpumeps! BkmoyatoT: (1) cpefHue u gucnepcun MHPIALUN
B Bennkobpuranumu, (2) ¢donmoBble npubbIn, (3) CTaBKM HPOLEH-
Ta, (4) obMeHHble Kypchl BamioT. ARCH-Momeny mmupoko uaydeHsl
B 9KOHOMMYECKOJI Teopuy 1 pUHAHCAX, M IO HUM UMEETCS OTPOM-
HasdA MUTepaTypa.

ARCH-Mopieny — 9T0 IpOCThble MOJieN, CIIOCOOHBIE OMICATh CTO-
XaCTMYeCKUI TIPOLeCC, KOTOPbI JIOKaJTbHO He CTAlMOHAPEH, HO
aCMMIITOTMYECKM CTAI[MOHAPEeH. DTO MOofipa3yMeBaeT, YTO TapaMeTpHl,
KOoHTponupymwouue ycrnosayto PIIB f,(x) dnykTynpyioT Bo BpeMeHn t.
OpHaKo Takas «JIOKaJTbHas» BpeMEHHAas 3aBUCUMOCTD He MelIaeT CTO-
XaCTMYeCKOMY IIpolieccy MMeTh Xopouo onpefenéHHyo OIIB P(x).

ARCH-niponiecchl ABIATCA 3MIONPUYECKM MOTMBMPOBAaHHBIMIU
IVICKPETHBIMU ITI0 BPEeMEHM CTOXAaCTMYECKVMY MOHENAMM, [ KOTO-
PBIX AMCIEepCHSA Ha BpeMeHM  3aBUCUT — YCTIOBHO — OT HEKOTOPBIX
IPOLIBIX BeIMYNH KBaZPaTOB CaMOro ciydaitHoro curaanaa. ARCH-
IPOLECCHI OIPeNe/AIT K/IAacC CTOXACTMYeCKUX MOfjefiell, TOTOMY ITO
Kakfias crenyuduyeckas MOJe/Ib XapaKTepu3yeTcsl KOHKPETHBIM 4NC-
JIOM YHpaB/IAKRIINX IapaMeTpoB u crennudeckoir popmoir PIIB,
HasbiBaeMolt ycnoBHol OIIB mpornecca, reHepupyIOLIEro Cay4YaiiHyIo
IepeMEHHYI0 Ha BpeMEHM £.

B aT0i1 I7TaBe MBI IIpefCcTaBIM HEKOTOpbIe IIMPOKO UCIIONb3yeMble
ARCH-nponeccsl. MbI cOCpejoTOYVM Hallle BHMMaHVe Ha popMe acvMII-
torndeckoil OIIB 1 Ha HabMI0aeMbIX CKEJIMHTOBBIX CBOJMICTBAX.
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10.1. ARCH-nponecc

CroxacTudeckuil Ipolecc ¢ aBTOPErPeCCHOHHON YCIIOBHON TreTe-
POCKEeIaCTMYHOCTDIO, @ IMEHHO CTOXaCTMYECKUI MPOLECC C «HEIOo-
CTOAHHBIMHU JVICHIEPCUAMMY, 3aBUCAIIVMHI OT IIPOIIJIBIX 3HAYE€HUI, HO
HOCTOSIHHOIT 6e3ycmoBHOI Aucnepcueii» [50], ectb ARCH(P)-mporiecc,
OIIpe/leNIEHHBIN YPaBHEHMEM:

0[2 =q +a1x,271 +~--+oszt27p. (10.1)

3pech &, &y, ..., &, — HOTOKMUTENbHbIE YNM/IA U X, — C/TydaliHas Be-
JIMYVHA C HYJIEBBIM CPeJJHUM U [UCIIEPCYeN 07, XapaKTepusyeMoil yc-
nosHoit OIIB f,(x). O6bruHO f,(x) 6epércsa rayccosckoit PIIB, HO BO3-
MO>KEH 1 JPyTOIl BBIOOD.

VsmeHAs Komm4uecTBO p wieHOB B (10.1), MOXHO yNpaBIATb Be-
JVYVHON ¥ IPUPOMON MaMATU Bucrepcuu o7. bonee Toro, ctoxacTu-
yeckasa npupoma ARCH(P)-npouecca maMeHseTca mpu M3MeHEHUU
¢dopmbl ycnosHoit PIIB f(x). ARCH-npouecc ABIseTCs MOMTHOCTBIO
OIpefie/IEHHBIM TO/IBKO TOT/a, Korja p u popma f,(x) ompeyeneHsl.

Mpbr paccmarpusaem mnpocteiimnit ARCH-mpouecc, a MMeHHO
ARCH(1)-mpouiecc ¢ rayccosckoit ycnoBHoit ®IIB. 9tor ARCH(1)-
IPOILIeCC ONpefeNnsAeTCs YPaBHEeHNAMM:

o} =y +ayx} (10.2)

S0=3x, (10.3)
i=1

Ha puc. 10.1 MBI IOKa3biBaeM BpPeMEHHYI0 3BOMoLMo S(f), mo-
nydeHHyo MopaenuposanueM ARCH(l)-mpomecca ¢ mapameTrpamu
ay=0,45 1 a; =0,55. Ha ToM e prcyHKe MbI TaKXXe IIOKa3bIBaeM Bpe-
MEHHYI0 3BONIOINIO ¢ Aucriepcnit o7. Xora ycnoHas PIIB Bribpana
rayccoBcKoit, acumnrorudeckas GIIB mpepcrasiser coboii 3ajaHHYIO
CTeIIeHb JIETITOIKCLECCHOCTH (ITOJIOXKMTEIBHOTO 9KCI[ecca, OCTPOBep-
IMIMHHOCTN), IOTOMY 4TO Aucnepcus o, ycnosHoi PIIB cama ABnsgerca
GIYKTYMPYIOIUM CTy4aifHBIM IIPOLIECCOM.

ARCH(1)-niporecc ¢ rayccosckoit ycnoHoi OIIB xapakrepusyercs
KOHEYHOI1 «6e3yC/IoBHOI» iucniepcuelt (9Ta ayucnepcus HabmogaeTcs
Ha JIVHHBIX BPEMEHHBIX MHTEPBaIaXx), eCIn

l-o;#0mpu 0<a; <1. (10.4)
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Puc. 10.1. Ynucnennoe mogpenuposanue nporecca ARCH(1), xapakrepusyrorie-
rocs mapameTrpamu o, = 0,45, a, = 0,55 n ycnosHoit rayccosoit ®IIB. Ilokasana
BpeMeHHas aBomonys S(f) (BBepxy) 1 eé ycnoBHas gucrepcys (BHU3Y).

BennuuHa fucnepcuu paBHa

ol = ) (10.5)

Akcyecc ARCH(1) mpouecca ects [50]

x* 2
kz< >2:3+ bai (10.6)
<x2> -3¢
KOTOPbIN KOHEYEH, €CIN
0<a <L (10.7)

V3

CrnemoBaTenbHO, U3MEHAA X U &, MOXKHO IIONYYUTH CTOXacTU4e-
CKJIe IIPOIIeCCHI C OffHAKOBOII 6e3yCTIOBHOI AMCIepCHUeil, HO pasind-
HBIMJ BeTMYMHAMM 9KCIecca.



106 Mmasa 10 ARCH- n GARCH-npouecchbl

0 20000 40000 60000 80000 100000
Bpewmst (1ipon3BO/IbHbIE €MHULIBI)

Puc. 10.2. Yncnennoe mopenuposanne ARCH(I)-mpomuecca ¢ ognHakoBoit 6e3-

yCIOBHOI pucrepcueit (0 = 1) U pasnuyHbIMY 3HAYEHUAMY 0€3yCIOBHOTO K-
cuecca. Beepxy: ap=1, a; =0 (3Hauut, k=3 no popmyne (10.6)). [Tocepenune:
oo =0, =0,5 (3Haunt, k=9). Bun3y: o= 0,45, a; =0,55 (3Hauut, k=23)

Hanee mbl paccmorpum Tpu npumepa ARCH(1) BpeMeHHBIX ps-
OB, MMEIOLIVX OAMHAKOBYI0 0€3yC/IOBHYIO JUCIIEPCUIO, HO pasind-
Hble BE/IMYMHBI 9KCIlecca; 0° =1 JI/IA BCeX MPUMEPOB, B TO BpeMs Kak
Be/IM4YMHBI K03 PuumeHTOB aKcuecca k Bo3pacTaoT oT 3 (BMHEpPOB-
cKkumit mpouecc) fo 23. Ha puc. 10.2 MBI HIOKasbIBaeM BpeMeHHbBIE PsIb
S(#), B To BpeMs Kak Ha puc. 10.3 — BpeMeHHbIII psAx x. PaccmarpuBas
puc. 10.2, MpI 3aMedaeM, 4TO «Hocemaemas Teppuropusi» B ARCH(1)-
Ipollecce yBelIM4IMBaeTcsA Ipu pocte k (HecMOTps Ha TOT (paKT 4To
0®=1 p1a BcexX TPEX CIy4aeB); B COOTBETCTBUM C 9TUM HAOMIOEHN-
eM MbI BiuM Ha puc 10.3, 4TO BBIOPOCHL, B TP pasa IpeBbIIIAOIe
0e3yclIoBHOE CTaHAAPTHOE OTK/IOHEHNe, Hab/TIoflaloTcs Kora k> 3. V3
dopmer acumnrorudeckoit PIIB (puc.10.4) MbI 3amedaeM Ooree BbI-
COKYIO CTeIleHb OCTPOBEPIINHHOCTH, Korga k> 3. Korga ap=1m «; =0,
6esycnoHasa ®OIIB P(x) ectp rayccuan. [nsa 0<a, <1 TouHas ¢opma
@IIB ARCH (1) HeusBecTHa.
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Puc. 10.3. TlocnemoBarenbHble IpUpaLleHNA CTyYallHBIX BeTMYNH X, B MOJIE/IN-
poBaHuy, nokasaHHoM Ha puc. 10.2. CoObITHS IpK X, 32 IIpeielaMi TPeX CTaH-
JApTHBIX OTK/IOHEHWIT II0YTH OTCYTCTBYIOT, KOrfia k=3 (BBepXy), IPUCYTCTBYIOT,
korpa k=9 (mocepenute), u 6omee MHTEHCUBHBL, Korfa k=23 (BHU3Y)

10.2. GARCH-npoueccsol
Bo MHOrMX IpulIoXeHUAX, ucnonb3yomunx nmHerrylo ARCH(p) mo-
Jienb, TpebyeTcs Oonbluas BeTMYNHa p. ITO OOBIYHO CTABUT HEKOTOPBIE
pOo6/IeMBI B ONTUMA/TBHOM OTIPeIe/IeHNM P+ 1 TapaMeTPOB &g, &, ..., Apy
KOTOpbIe HaWIY4IIXM OOpa3oM ONMCHIBAIOT BPEMEHHYIO 3BOJIOLUIO
JIAHHOTO 9KOHOMMYECKOTO BpeMeHHOro psifa. IIpeomonenue aToit mpo-
6meMbl BefiéT K BBefieHn0 00061ménnoro ARCH mporecca, Ha3biBaeMo-
ro GARCH(p, q) npoueccom, BBefileHHOr0 bonnepcnesom [20].

ITOT KJIacC CTOXAaCTUYECKMX IIPOLIECCOB OIPefieNsIeTCs] COOTHOIIIe-
HUEM:

of =ag+ogX o aX]  +Bol +.+B,0] (10.8)

rae ao,al,...aq;ﬁl,.,. ﬂp — yHnpaBidwoliye IapaMeTpbl. 3ech X; eCTb
o o ~2
ClIyvaiiHas BeM4YMHa C HYJIEBbIM CPEJHUM U Jucrepcueir 0i U Xapak-
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Puc. 10.4. OyHKIMM IIIOTHOCTY BEPOATHOCTHU IIOC/IEOBATE/IbHBIX NpUpalle-
HMIL, OKa3aHHBIX Ha puc. 10.3. OIIB rayccosa, korga k=3 (BBepXy) u oCcTpo-
BepLIMHHAS KPMBAs C 9KCIIECCOM OOIblile HOPMATIBHOTO (IEITOIKCIIECC), KOTfa
k=9 mnu 23 (mocepennHe 1 BHU3Y).

tepusyercs ycnosHoit OIIB f,(x), koTopas mpou3BoIbHA, HO YaCTO BbI-
OupaeTcs rayCCOBCKOIL.

Mpr paccmarpusaeM npocteitmnit GARCH-npouecc, a nMeHHO
GARCH(1,1)-nporjecc ¢ rayccosckoit ycnosHoit PIIB. Ona Moxer
ObITH BBIOpaHa Tak [9], 4TO:

L - (10.9)
g .
-y =5

" K03pUIMEHT KCIecca JaéTCsl OTHOIICHVEM:

6a}

k=3+ .
1-3a} — 20,8, — 3}

(10.10)
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10.3. Cratuctuueckmue csoicrsa ARCH /
GARCH-npouneccoB

B momckax ympouieHuit B 3TOM pasjesie Mbl IpeACTaBIsAeM CTaTH-
crnyeckne cporictBa GARCH(1,1)-mporecca ¢ rayccoBCKOI YC/TOBHOI
®IIB. bonee obmue GARCH(p,g)-mporiecchl ¢ raycCOBCKOI YC/IOBHOM
®IIB, mo cyIecTBY, MMEIOT TaKue ke cBoiicTBa [20].

Bo-nepBbIX, MBI 00CY/IUM KJIACC CTOXACTMYECKUX IPOLIECCOB, K KO-
tropomy npunagiexxut GARCH(1,1). O onpesensaeTcs IoCpecTBOM

o} =y +ax} + 6ot (10.11)

CrryuaifHas Be/IMYMHA X, MOXKeT OBITh 3aIliCaHa B TePMIHAX 0, 110-
CpeICTBOM COOTHOILIEHMN A

X, =n0, (10.12)

IJie #],— He3aBMCUMbIE UJIEHTUYHO paclpe/ie/IeHHbIe C/TyYaliHble Beu-
YMHBI C HYJIEBBIM CPEJHUM U eIMHMYHOI aucnepcueit. [Ipu npepmno-
TIOKeHuM TayccoBcKol ycnoBHOM PIIB 1, TOXKe AB/IAETCA TayCCOBCKOIA.
Vcnonb3ys ypaBHenus (10.12), MmoxxHO nepenucarb ¢popmyiny (10.11)
KaK:

o =0y + (0417&24 + 0 )grz—l' (10.13)

Ypasuenne (10.13) nokassiBaet, uto GARCH(1,1)- n 60onee obuiue
GARCH(p,q)-miporiecchl ABIAIOTCH, 110 CYIECTBY, CTy4YailHBIMU MY/Ib-
TUIVIMKATUBHBIMU Tporeccamyu. OTMETUM, YTO aBTOKOPPEALMOH-
Hasg QYHKIMA CTyvaitHOl BeMmdmHb X, R(T)=(xx, ) mpomopimo-
HaJIbHa JenbTa-PyHKIuu 6(7).

A 9TO MOXXHO CKa3aThb OTHOCHUTE/IBHO BBICOKOIIOPSIIKOBON KOppe-
nsanyy atoro npouecca? Crnenys bonnepcnesy [20], MBI yBUAUM, 4TO
B GARCH(1,1)-miporiecce x7 ABIAETCA MapKOBCKOI CTy4ailHOI Ben-
YMHBI, XapaKTepUsyeMoii BpeMeHHbIM MacmTaboM r=|In(ay +4,)
Creposatenpuo, GARCH(1,1)-po1iecc gaeT MHTEPECHBIIT TPUMEP CTO-
XaCTUYECKOTO IIPOLecca X, KOTOPBIiL 110 BTOPOMY IIOPAAKY HeKoppe-
MPOBaH, HO KOPPENMPOBAH B BHICUINX MTOPSATKAX.

HapaiiTe, Bo-nepBblX, HamoMHUM, 4To GARCH(1,1)-nnponiecc mo-
JKeT ObITh 3aIlMCaH KaK:

xF=ag+ X! 4 Bx =B, + v, (10.14)
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rae
v, =x] —o7 =(n} =1)o7. (10.15)

HeBa’xHO, 4TO IIOC/IefOBATE/IbHbIE 3HAYEHNS V; SIBJISIIOTCS HEKOppe-
JIVPOBAaHHBIMU CTy4YallHBIMY BEeTMYVHAMU C HYJIEBBIM CPeIHMM. JTa
¢dopma sanucu GARCH(1,1)-mpouecca nmokasbiBaet, uto GARCH(1,1)-
IpoL[ecC MOXKET OBITh MHTEPIPETMPOBAH KAaK IIPOLECC aBTOperpec-
CMOHHOTO CKonb3sero cpefpaero (ARMA) B x2 9ta popmynupoBKa
TaK>Ke II0JIe3Ha B OIpefie/IeHNY aBTOKOBAapUALVM X7, KOTOpas OIpefie-
JIeHa KaK

COV(X7,7 ) = (37 X7 ) = () (07, (10.16)

Ina GARCH(1,1)-npouecca, Ompefie/IeHHOTO KaK B ypaBHEHUNU
(10.11) ¢ KOHEYHBIM MOMEHTOM 4YETBEPTOTO IOPS/Ka, MOCPECTBOM
ucnonb3oBanuaA ypasHeHus (10.14) u ypasHenus (10.15) MoxHO 3a-
KJIFOYUTD, 4YTO

cov(x,z,x,zw+1 ) =(oq + 4 )cov(xf,xf+n). (10.17)

Insa nambonee obmero cmnydas GARCH(p,q)-mporecca Taxke
MO>XXHO 3aIICaTh OTHOUIEHVs aBTOKOBapUALVN IS X;, X;,, (BpeMeH-
HOJI JIaT 1 IIaroB) ¥ aBTOKOBApUALUN X7, foH. (BpeMeHHOIT nar 1 —i
maroB). 9To obiiee oTHOIIEHKE ecTh [20]

m
cov(x,z,x2 ):EB,cov(x,z,x,2+n_i), (10.18)

t+n
i=1
rie m=max{p,q} u
B =o; + 3. (10.19)

V3 ypaBrenns (10.17) MBI BUAMM, YTO aBTOKOBapuaIusa KBagpaTa
IpoLjecca X; OIMChIBaIACh 9KCIIOHEHIIMAaIbHON HopMoit

cov(x/,x},,) = Ae """, (10.20)
e A=a,/(1-B)u 7=|InB["', B=q, + 5. B GARCH(1,1)-nporecce
KBaJIpaT Mmporiecca x? NpejicTaBiseT co60ii MApKOBCKUIT MPOIIECC, Xa-
paKTepu3yeMblii XapaKTePHBIM BPEMEHEM T.

" ARMA — autoregressive moving average
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MapkoBcKmit XapakTep npoljecca x7 Takxe Habmofaem B ARCH-
npouecce. Hampumep, xapakTepucTudeckas BpeMeHHas IIKala aB-
tTokoBapuanunu x? ectb B ARCH(1)-nipouecce. Paguuiia Bo BpeMeHHOI
mamsatn ARCH(1)- m GARCH(1,1)-nipoiieccoB ompefensieTcst Cpas-
HEeHMeM XapaKTepUCTUYeCKON BPEMEHHOJ IIKajabl ANMA 3TUX JABYX
npoueccoB. Jaanite paccmorpum ARCH(1)- 1 GARCH(1,1)-nipouec-
Cbl C KOHEYHBIMJ BTOPBIM M YeTBEPTHIM MOMeHTaMu. 1pebGoBaHue
KOHEYHOJ Be/MYMHBI YeTBEPTOrO0 MOMEHTA IOfipa3yMeBaeT, UTO «,
IO/DKHO 6bITh HIDKe, YeM 1/+/3 (cMm. ypasrenue (10.7) gma ARCH(1)-
mpoljecca), B To BpeMsA Kak coorBeTcTBytomuit GARCH(1,1)-mmporecc
C KOHEYHBIM YeTBEPTHIM MOMEHTOM MOXXET ObITh OXapaKTepU30BaH
BeJIMYMHAMMA & U [, TaK KakK &, + 3, 61M3Ko K 1, mpu ycmoBuu, 4to
B, 6onbiue yem 0,7 (93TM yC/IOBUA AJIA KOHEUHBIX MM OECKOHEUHBIX
mMoMmeHTOB 111 GARCH(L,1)-niporjecca MoryT ObITh HaiifieHbl B [20]).
CnepoBatenpro, ARCH(1)-mponjecc ¢ KOHEUHBIM YeTBEPTBIM MOMEH-
TOM MOXeT OBITh OXapaKTepM30BaH MaKCUMa/IbHBIM XapaKTepUCTHU-
YeCKMM BpPeMEHHBIM MacIITaboM Ha IUIowjagy (GpryKTyauuit mpubnm-
3UTENbHO KaK T =| lnl/x/§|’1;1,8 BPEMEHHBIX €[VHNIIL, B TO BpeM:
kak B GARCH(1,1)-porjecce ¢ KOHEYHBIM YeTBEPTHIM MOMEHTOM MBI
MO)KeM HaOTIoflaTh XapaKTePUCTUIECKMIT BpeMeHHOIT MaciiTab 6ojee
IJIMHHBII, YeM COTHU BPEMEeHHBIX eJUHUI], C eMHCTBEHHBIM YCTIOBU-
eM, 4To napametp f3; JO/KeH ObITh 6osbie 0,7.

B mpeppiaymmx rmaBax Mbl IOKasaan CylieCTBOBAHME SMIIMpUIe-
CKOTO (paKTa, CBUIETENIbCTBYIOLIETO O TOM, YTO AMCHEPCUs IPUObIIeN
XapaKTepusyeTcsa KOppesAleil 10 CTEIeHHOMY 3aKOHY.

Tak xak koppenanusa ksagpara GARCH(1,1)-mmpoiiecca 3KCIIOHEH-
nuanbHa, GARCH(1,1)-iporjecc He MOXXeT OBITH MCIIOIB30BaH [JIsi
YHOB/IETBOPUTE/ILHOTO ONMCAHUA SMIMPUYECKU HabmogaeMoro ¢e-
HoMeHa. HecmoTps Ha aTo orpanmdenne GARCH(1,1)-miporecc mmpo-
KO VICIIOJIb3YeTCsA /ISl MOJIeIMPOBaHUsA (PMHAHCOBBIX BPEMEHHBIX psi-
IOB. JTO OrpaHMYEHNe IIPEOfI0NIeBaeT s VICIIONIb30BaHVEM Be/ININH B,
ONMM3KUX K eAMHMNIIE, B OMIMpUYecKoM aHanuse [1]. Bennunuer B, 61m3-
KIMe K eIHNIIe, COOTBETCTBYIOT BPEMEHHOI NMaMATH, KOTOpas MOXET
OBITH TIOpsI/IKa MecsieB. Mojie/IbHble BeTMYVHBI /s TApaMEeTPOB «,
u [, mony4eHsl B mepuop ¢ 1963 r. mo 1986 r. mocpefCcTBOM aHaNIM3a
IHEBHBIX JaHHBIX LIeH aKuuiil B VccrenoBaTenbcKoM IieHTpe LieH LieH-
HbIx 6ymar (CRSP) u cocraBnsmu: a; =0,07906 n f3,=0,90501 [1]. Cym-
Ma B=a, + 3, Torsa paBHa 0,98407, koTopasi COOTBETCTBYET IIOC/IEO-
BaTe/IbHOCTY x7 B T= 62,3 TOproBbuIx AHel. Takas fonras BpeMeHHas
HaMATh KBaIpaToB NpKObLIel NpUOIN3UTEIBHO COOTBETCTBYET CTe-
IIEHHOMY 3aKOHY B OTpaHIYeHHOM BPEMEHHOM OKHe.
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JpyruM  K/I04eBBIM MOMEHTOM  CTaTUCTMYECKMX  CBOJCTB
GARCH(1,1)-iporecca siBIsieTCs1 €ro MOBeJieHMe Ha PasNdHbIX Bpe-
MEHHBIX ropusonTax. Ina xonewunont aucnepcunm GARCH(1,1)-po-
L[eCCOB IIPMMEHMMa IIeHTpanbHasl INpefie/ibHasl TeopeMa, U MO>KHO
OXNJiaTh, 4YTO BpeMeHHoe arperuposanume GARCH(1,1)-mpouecca
COOTBETCTBYET YMEHBIIEHNIO JIETITO3KCIIeCca 3TOro mporecca. JJpoct
n Hpromen [43] BBINOMHMIM KOMMYECTBEHHOE MCCIELOBAHME 3TOMN
npo6rmempl. OHM TOKasaay, YTO «BpeMEHHOEe arperupoBaHue»
GARCH(1,1)-nnporjecca cHoa npusoput k GARCH(1,1)-nipoueccy, HO
OH XapaKTepuU3yeTCs M3MEHEHHBIMI YIIPaBIAIMNMY ITapaMeTpaM.
B gactHOCTH, MHOTHAa GARCH(L,1) X; ecTb «arpernpoBaHHOE» KaK

m—1
S =3"x, (10.21)
i=0

Mo>kHo mokasatb, uto S™ taxxe apngerca GARCH(1,1)-mpomec-
COM, XapaKTepu3yeMbIM YIIPaBIANIMMY apaMeTpamn [43]

m _ 1—B"
M =N TR (10.22)
al(m) — B™ 7ﬂ(m>’

rae 4" €(0,1) — peleHNe KBaPaTHOTO YPaBHEHVS:

ﬁ(m) ﬁle—l

1 +[g(m)]2 = 1 +a12[1 _ Bszz]/[l — B2]+ﬁ1232m’2 . (10.23)

Ha puc. 10.5 mokasaHo nosefieHue mapametrpos ol™ u 5™ mus
BpeMeHHoOro arperuposanns GARCH(1,1)-nporjeccos, oy 4eHHOE HO-
BTOPHBIM yJBOEHMEM WJIN JieJIeHVeM IIOII0/IaM BPeMEHHOI'O MHTepBa-
na st GARCH(L,1)-npoiieccoB fjist jara3oHa BeIMYIH IIapaMeTpPOB.
Korpa BpeMeHHOIT MHTepBal yABaMBaeTCsA, 9TU TapaMeTpPbl JBYDKYTCA
K MeHbUIMM BenuuuHam (), B TO BpeMs Kak o MOXET yBeIM4u-
BaTbCS WY YMEHBIIATBCS, B 3aBUCKMOCTY OT Ha4a/IbHBIX BeINYNH &,
u ;. OpHako B m1060M cayvae (cM. eBylo o6macTb Ha puc. 10.5) at-
tpaktop mis Bcex GARCH(1,1)-nipomeccoB ¢ KOHEYHON AucIepcueit
ecTb mporecc, xapakrepusyembrii of™ =0, 3 =0, a UMEHHO rayc-
COBCKMII IIpOLIeCC.

CyMMupys, MOXKHO CKa3arhb, 4To s moboro GARCH(1,1)-mpouec-
ca BpeMeHHOe arpernpoBaHie o3HadaeT, 4To 6esdycnoHas PIIB sToro
mpolecca IpeCTaB/IsgeT CTENeHb JTEeHTOIKCIeCCa, KOTOPBI yMeHbIIa-
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Puc. 10.5. Arperuposanne GARCH(1,1). Touxku Ha rpaduke o603Haua0T mapa-
meTpel o, u f; mofenu GARCH(1,1), monmydyeHHble yBenuueHueM WINM yMeHbIIe-
HMEM BJjBOe BHIOOPOYHOrO MHTepBasa’, Xapakrepusyercs napamerpamu f3, = 0,8
u a; =0,05, 0,1, 0,15, 0,19, 0,199 n 0,1999 (cHU3y BBepx cooTBeTcTBeHHO). ITo [Ipoc-
1y 1 HptoMary (Drost and Nijman) [43]

" Hawamo GARCH(1,1)-npouieccos

eTCsl, KOIjJa BpeMEeHHOI TOPM30HT MEXy IIepeMEHHBIMY YBe/INYMBaeT-
cs1. K coxxanenuo, sHanus nosefierns of™ u 3 s mo6bIx Bemaun
M HEJZOCTATOYHO JI/Is1 OIIpefie/IeHNs TOBEJIeHNUsI BEPOSTOCTY TIPUOBIIN
ucxognoro GARCH(1,1)-mpouiecca. MbI nccefyeM 3Ty 3aBUCHMOMCTb
YJCTIEHHO B C/IAYIOIEM pasfierie, Iie CPaBHIBaeM SMIIMPUYECKIe JaH-
Hble 1 pe3ynbrarsl Mopienuposannsa GARCH(1,1)-nporecca.

10.4. GARCH(1,1) u sMnupudeckne HaOMOgeHI

B aToM pasfiesie Mbl CpaBHMBaeM MM PUYECKIE BBICOKOUYACTOTHDIE
manuble S&P500 ¢ pesynbraramu mogenuposanusa GARCH(1,1)-npo-
necca. B yactHocty, Mbl cpaBHuBaeM DIIB u ckelinMHroBbIe CBONCT-
Ba sMIupuueckux faHHbIX ¢ QIIB u cKeMIMHTOBBIMU CBOJICTBAMU
GARCH(1,1)-niporjecca, XapaKTepu3yeMOTO TeMU >Xe HRUCIIepcueit
U 9KCLIECCOM, YTO ¥ BO BpeMeHHOM psny S&P500.

GARCH(1,1)-iponiecc nMeeT Tpy YIpaBIAKRLINX apaMeTpa — oy,
a; u f,. Mbl op6upaem 3Ty mapaMeTpbl ¢ TAKUM PacyeToM, 4TOObI
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Log, ,P(2)

Puc. 10.6. CpaBrenne smmupndeckux OIIB, paccunTaHHBIX 1O BBICOKOYACTOT-
HpIM AaHHBIM S&P500 ¢ mapamerpom At=1 MuH. ¢ 6e3ycnosroit PIIB GARCH(L,1)-
Iporiecca, XapaKTepM3yIOIerocss IMmapaMeTpaMu a, = 2,30 x 107, a; = 0,09105
u f3,=0,9 (ycmoBHas rayccosa INIOTHOCTb BepOATHOCTH). COrTacOBaHHOCTb XOPO-
11O TIPOCTIeXMBAETCA 1A 60/Iee YeM YeThIpex AeKa

nucnepcus n akcecc GARCH(1,1)-nponecca HamnydmmM obpasom
COBIAJa/IN C AVICIIEPCHUeil ¥ SKCI[ECCOM, TIOTyUYeHHBIMI B pe3y/bTaTe
aHa/M3a SMIMPUYECKUX JaHHBIX. TaKUM IyTeM MBI OIpefiensieM Be-
NMMYUHBI IBYX MAPaMeTPOB — &, &;. Belm4nHa TpeTbero mapamerpa,
B, BbIOpaHa paBHOI 0,9, TOCKONIBKY 9Ta Be/IMYMHA YaCTO UCIIOIb3yeT-
cs B mutepatype [1].

W3 sMnmpuyeckoro aHanayu3a BbICOKOYACTOTHBIX JaHHBIX S&P500
MBI Hauum A At=1 MuH., uto 0>=0,00257 u k=43. Vicnonb3ays ypas-
HeHu (10.9) u (10.10), MbI TonyyaeM o, =2,30x 107> n , =0,09105.

ITocpepcTBOM HajyIeXallero BbI0Opa yIpas/AoIINX TapaMeTPOB o,
o, u 3 GARCH(1,1) croxacTideckyie IpoLeCcChl € FayCCOBCKOI YCTIOBHOI
@IIB ynosnersBopuTenbHO MojenupyroT skcuecc OIIB KpaTkoBpeMeH-
HBIX LIeHOBBIX M3MeHeHMIl. Ha puc. 10.6 MbI TOKaspIBaeM pacipeperne-
HIe 1[eHOBbIX n3MeHeHui S&P500 BMecTe ¢ pactpesiesieHeM, Hab/Iozia-
embM Ji1a GARCH-mporjecca. CoBmajieHne JOCTaTOYHO XOpOIIIee.

Tor ¢akrt, uro GARCH(1,1)-nipomecc xopomio onucbiBaet At=1-mMu-
HyTHYI0 OIIB, He obecmednBaeT TOro, 4YTO MOZOOHBIN MPOIIECC XOPO-
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Puc. 10.7. CxejinuHrossle xapakTepuctukn croxacrudeckoro GARCH(1,1)-mpo-
necca (d4epHble KBafIpaThl) C YIpaB/IAOIMMYU ITapaMeTpaMMy, Kak Ha puc. 10.6.
Cxertmmar GARCH(1,1)-miporecca He croco6eH Ommcath SMIMPUIECKOe TOBefe-
HMe, Ha0/TI01laeMoe B BbICOKOYACTOTHBIX AaHHBIX S&P500 (KOTOpbIE TaK)XKe IMpIBe-
JIeHBI J/I1 CPaBHEHM ¥ 0003HAYEHBI Oe/TBIMIL KPY>KKaMu). 3aMeTUM, YTO HaK/IOH
0,53 4pe3BbIYaiiHO O/MM30K K rayccoBy 3HadeHMIo 0,5, ITOKa3bIBasi, YTO CKEJIMHT
O/11M30K K CKeJIIMHTY rayccoBa Ipolecca.

IO OIMCBIBAET CTOXACTUYECKYIO JMHAMMKY SMIIMPUYECKUX TAHHBIX
1A MI060r0 BpeMeHHOro ropnusoHTa At. ClefoBaTe/IbHO, BOSHUKAET
Ba)XHBII BOIIPOC, TPeOYIOLIMIT OTBeTa: JIeICTBUTEIBHO I B OOIIeM
clydae IMHAMMKA BbICOKOYACTOTHBIX 1[€HOBBIX M3MEHEHUII XOPOILO
omucoiBaeTcst GARCH(1,1)-iporieccom. It onmcaHust 9TOV JUHAMU-
KM LIEHOBBIX VI3MEHEHWIT MICYePIBIBAIONINM CIIOCOOOM B JIOIO/THEHNE
K ®IIB 11eHOBBIX M3MEHEHIIT Ha JTaHHOM BPeMEHHOM TOPU30HTe Heob-
XOJVMO TaK>Ke PacCMOTPETDb CKelIMHTroBble cBoiicTBa PIIB 1eHOBbIX
M3MeHeHMI1. YTo MOXHO CKa3aTh O CKeMIMHIOBbIX cBoiicTBax GARCH-
npotecca? TeopeTnyeckoro oTBeTa Ha IaHHbBIII MOMEHT He CyILeCTBY-
eT; OJJHAKO HEKOTOPbIe MHAMKATOPBI MOTYT OBITD IIOTYYeHBI METOJOM
yncneHHoro mopenuposannusa GARCH-npomnecca.

Puc. 10.7 nokasblBaeT CKEMIMHTOBOE CBOICTBO BEPOATHOCTY BO3-
BpaTa k Havany ana GARCH(1,1)-miporiecca ¢ yc/IOBHOI TaycCOBCKOII
@IIB mna TaKKMX XK€ YIPAaBIAKIINX IIapaMeTPOB, KaKye JCIIONIb30-
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BaHbl Ipu pacdere OIIB, mokasanHoil Ha puc. 10.6. dMnupuyeckoe
roBejieHe, Hab/mgaeMoe B BBICOKOYAaCTOTHBIX JaHHbIX S&P500 Tak-
Ke TIoKazaHo as cpaBHeHus. Xotss GARCH(1,1)-pouecc criocoben
omnucatb ofHOMMHYTHYI0 PIIB, OH 6eccuien onnucaTh CKeIMHTIOBbIE
cBoiictBa ®IIB 11 BceX BpeMEHHBIX FOPU3OHTOB IIPU MCIO/Ib30Ba-
HYI OJIHUX M TeX )Ke YIPaB/IAoIINX IapaMeTpoB. TakuM o6pasom, mis
IpoBepKU 3PPEKTUBHOCTI MOJIE/IV HEJOCTATOYHO CPAaBHUTH pacIpe-
TeJleHNe Ha eITHCTBEHHOM BPEMEHHOM FOPM30HTE.

10.5. BeiBoab1

ARCH- n GARCH-npouecchl — 4pe3BbIU4aifHO MHTEpPEeCHbIe KJIACCHI
CTOXaCTUYeCKUX IporueccoB. OHU IIVPOKO VICHONB3YIOTCA B (pUHAH-
CaxX M MOTYT CKOPO OBITb MCIIOJIb30BAHBI B APYIMX AMUCLIMUIUIMHAX.
IIpy paccMOTpeHUM BBICOKOYACTOTHBIX JAHHBIX (POHTOBOTO PBIHKA
ARCH/GARCH-nporieccor ¢ rayccockoit @IIB croco6HbI ommcath
QIIB 1eHOBBIX M3MEHEHMII HAa JIAHHOM BPEMEHHOM TOPU30HTE, HO
He MOTYT ONMCaTh HaJJIeXAUMM 00pa3oM CKeJJIMHTOBbIe CBOVICTBA
@IIB Ha pasHbIX BpeMEHHBIX TOPU30HTAX.

OTKpBITBIMU BOIIPOCAaMU JJIS 3TOTO KjIacca CTOXACTUYeCKUX Mpo-
1]eCCOB OCTAIOTC:

(1) Kakosa popma acumnrorudeckoit ®IIB gist ARCH- u GARCH-
IPOIIECCOB, XapaKTepu3yeMbIX JaHHOI ycoBHON PIIB f,(x)?

(2) KakoBa mpupopa CKeiiJIMHIOBOTO CBOJICTBA BO3Bpara K MCXOJ-
HOMY 3HA4YeHMIO KaK (QYHKLNM BeJIMYMH YIPAB/IAIOLINX IapaMeTPOB
u ¢popmbl ycnosroit GITB?
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dyuHaHCOBbIE PBIHKHA
1 TypOY/IEeHTHOCTD

OnHO U3 BO3pa)keHNIT, YaCTO BBIJBUTAEMBIX IIPOTHB IIPUMEHeHNs pu-
3MYECKVX METOMOB IIPY MCCIEJOBAHNI SKOHOMUYECKIX CUCTEM, COCTO-
UT B TOM, YTO 9TOT POJ; AESITETIBHOCTI He MOXKET ObITh BeTBbIO QU3MKIL,
HOTOMY YTO «ypaBHEHUe ABVKEH POLiecca» HeM3BECTHO.

Ho ecu aToT Kputepnit — Tpe6OBaHMe TOTO, YTOOBI TAMUTBTOHM-
aH Ipoliecca ObIT M3BeCTEeH VIV MOTy4aeM — IIPYMEHUTb TOBCEMECT-
HO, pas/nyYHble IIOfOTBOPHBIE 00/IACTI MCCTEJOBAHMII JO/KHBI ObI
OBITH AVCKBaMM(UIMPOBAHBI, HANPUMEP MOJENVMPOBAHNE TPEHVS
VIV MHOTHE VICCTIe{OBaHMsI B 00/1acTy cTpoeHns Matepun. bonee Toro,
00/IbIII0e KOIMYECTBO MpoOeM B (usuKe, KOTOPble XOPOIIO OICa-
HBI OIIpefie/IeHHbIM ypaBHEH)eM — TaKIX KaK TypOyrTeHTHOCTS [61] —
AQHAMUTUYECKN HepaspelMBbl JaXke C IPYMEHEHUEM M3O0LIPeHHBIX
MaTeMaTNIeCKNX 1 PU3NIECKIX METOHOB.

Ha kadecTBeHHOM ypOBHe TYpOYI€HTHOCTb U (pUMHAHCOBbBIE PBIH-
K/ OfIHAKOBO IIPUTSTATeNbHBL. B TypOy/IeHTHOCTM WMCCIIefoBaTeNb
VHKEKTUPYeT GOJBIION MMITY/IbC S9HEPTUY B CUCTEMY U M3ydaeT OT-
K/IMK, — HAaIlpyMep BBI3BIBAeT BOJMHEHJE B Befpe BOADBI 1 3aT€M Ha-
OmofaeT, KakuM 0o0pasoM 9Ta 9HeprusA TpaHchopMmMupyeTcs HOCTe-
JI0BaTe/IbHO B BO/IHBI MEHBIINX aMITUTY/. B ¢puHaHCOBBIX crcTemax
«pyHgaMeHTanbHAs MHPOPMALVS» MOXET MOCTYIUTb B CUCTEMY,
a peakuys Ha 9Ty MHPOPMALMIO MOXeT TPaHCHOPMUPOBATHCA O
MEHBIINX MacuITaboB — BIUIOTH [{O OT/E/TbHBIX MHBECTOPOB. [leiicT-
BUTE/IBHO, CIOBO «TYPOYIEHTHOCTb» IIPUILJIO B IPOCTOPEYNE, TAK KaK
1leHOBbIe QIYKTyannu B prHAHCAX KaueCTBEHHO ITOXOXXM Ha CKOPOCTD
¢nykryaunit B TypoyneHTHOCTH. [To/le3Ha nm 9Ta KadeCTBEHHaAs I1a-
pajienb Ha KOMMYeCTBEHHOM YPOBHE B TAaKOJl CTElleHN, YTOObI Hallle
HOHMMaHMe TYpOYTeHTHOCTH OBI/IO YMECTHBIM IPY M3YYEHUM LIEeHO-
BBIX ITYKTyarui?

B 37011 r/1aBe MBI 06CYMM IIOTTHOCTBIO Pa3BUTYIO TYPOYIEHTHOCTD
B IapaUIeli CO CTOXAaCTUYECKVM MOJeNVpOBaHyeM (OHIOBBIX IieH.
Hamra neimp cocTOMT B TOM, 9TOOBI IIOKAa3aTh, YTO CTBIKOBKA MEXJY



118 MmaBa 11 @OuHaHCOBbIE PbIHKM 1 TYPOYNEHTHOCTb

IIByMA IVMCHMIUIMHAMU MOXET OBITH IIOe3Ha, HO He B TOM, YTOOBI
YCTAaHOBUTD IIOHYIO aHAJIOTHIO MEXy HuMM. MBI Haiifiem, uto dop-
MajIbHOe COOTBETCTBME MeX[y TYpOYIeHTHOCTBIO M (DMHAHCOBBIMU
CHCTEeMaMU He MOJAIEP)KaHO KOMNYECTBEHHBIMIU BbIYMCIEHUAMIA.

11.1. TypOyneHTHOCTD

Typ6yneHTHOCTb AB/IAETCA XOPOLIO OIpefie/IeHHOM, HO He paspe-
IeHHOM (U3NYecKoit mpo6IeMOil, OCTaBasCh U CETOLHS OfHUM U3
BEJIVIKUX BBI30BOB B ¢u3suke. Cpefyt OAX0/0B, KOTOPbIe OBIIN UCIIBI-
TaHBI, €CTh AaHAJIUTUYECKNE TTOAXOMbI, CKeJJIMHTOBble apTyMEeHTBI, OC-
HOBAaHHbIE HAa aHa/lN3e Pa3MEPHOCTEl, CTATUCTUIECKOe U YMCTIeHHOe
MOJIe/TPOBAHNE.

PaccMOTpMM IIPOCTYIO CUCTEMY, KOTOpasi JeMOHCTPUPYET TYpOy-
JIEHTHOCTD XU/IKOCTY C KMTHETUIECKOI BA3KOCTDIO ¥, TEKYIIeil CO CKO-
poctbio V B TpyOKe suamerpoM L. YIpaBnAwouuil napaMerp, Ben-
YIHAa KOTOPOTO OIpeZesAeT «CIOXKHOCTb» 3TOTO IOTOKA, €CTh YMCIIO
PeitHonppca

Re— LV (11.1)
v

Korpa 4mcno PeftHonbzca focTUTaeT TOPOTOBOI BETMYIHBDI, «CTIOX-
HOCTb KUIKOCTHU B3PBIBAETCS», TAK KaK OHA HEOXKU/JAHHO CTAHOBUTCSA
TypOY/IeHTHOIL.

YpaBHeHNS, ONNCBHIBAIOIINME 3aKOHBI IBVDKEHUA HEC)KMMAeMOoil
JKUJIKOCTY, CTaJIM M3BECTHBI IOC/Ie omybnukoBaHusa paborel Habbe
1823 1. [128], koTOpas mpuBena K TOMY, YTO Telepb Ha3bIBAETCS ypaB-
HeHusAMM HaBbe—CroKca

%V("J) +V(r, )WV (r, £) ==V P+ W (r,1) (11.2)

vV(r,t)=0 (11.3)

3mech V(r, t) — BEeKTOp CKOPOCTY B TOYKE ' B MOMEHT BPeMeHMU
n P — nasnenne. YpaBHenusa Hasbe—CroKca XapaKTepU3yIOT C/IOXK-
HOCTb «IIOJIHOCTBIO PAa3BUTOI TYypPOYI€HTHOCTI» — 9TO TeXHUYECKMI
TePMMH, YKa3bIBAIOI[MII HA TYPOYJIEHTHOCTb NPY OOTBUINX 3HAYECHN-
Ax 4yucna PeitHonbpca. bpina okasaHa HepaspemnMMOCTb B aHAIUTH-
4yeckoM Bujie ypaBHeHuit (11.2) u (11.3) u ga’ke 4MC/IEHHOE MOZIETIVPO-
BaHIIe PeIIeHNIT HeBO3MOXXHO /I OYeHb OOJIBIINX BeTMYMH Re.
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B 1941 1. IpOpBIB B ONNMCAHNN «IIOJTHOCTBIO Pa3BUTON TYypOy/IeHT-
HoCT» OB cfiertan Konmmoroposeim [82—84]. Ou nmokasaii, 4to B mpe-
fene py 6eCKOHEYHBIX 4McIax PeilHOMb/ICcA CpeHMIT KBajpaT U3Me-
HEHIA CKOPOCTU

([av@P)=(ve+n-ver) (11.4)
BefieT ceOst MpUOIMKEHHO KaK

(lav@p)~rs (11.5)

B MHepIMaNbHON 00/1acTi, pa3Mep KOTOPOJ MeHbIlle, 4eM pasMep,
BHYTPU KOTOPOTO TYpPOY/IEHTHOCTD IPOSAB/ACTCSA, U OONbIIe, YeM TH-
NUYHasA JJIVHA, HIOKe KOTOPOJl KMHeTH4YecKas Heprus paccenBaet-
ca B Bupie Terta. Teopus Kormmoroposa XopoIo OIMCBIBae€T MOMEHT
BTOPOTO MOPSIZIKA <[A V(l)]? U JJaeT TOYHOE BBIPa>KeHNe [/IsI MOMEH-
Ta TPETHETO TOPSTKA <[A V( )]3> , HaO/I0JaeMbIX B 9KCIIEPUMEHTAX, HO
He CITI0COOHA OIMCcaTh MOMEHTBI 60JIee BHICOKUX TTOPSI/IKOB.

B monHOCTBIO pasBuTOl TYpOYIEHTHOCTI CKOPOCTHBIE (DIYKTyalnu
XapaKTepU3YIOTCs HPEpPBIBUCTBIM IIOBEJiCHNEM, KOTOPOe OTpa’kaeTcs
B 7enTo3dKcIeccHoM xapakrepe PIIB ckopocTHBIX cMemennit. Teopus
Konmoroposa He crioco6Ha omycarb IpephIBUCTOE TOBEeHe CKOPOCT-
HBIX M3MEHEeHUIL. B aKcIepyMeHTaIbHBIX UCCTeOBAaHNAX OObIYHO M3Me-
PAIOT CKOPOCTD V() Kak GpyHKIMIO BpeMeH. VI3 3TOro BpeMeHHOT o psja
IIPOCTPAHCTBEHHAs 3aBUCUMOCTD cKopocTy V(t)=1000 MoxeT ObITH TI0-
JTy4eHa TIOCPeICTBOM MCIIONb30BaHMA TUTIOTe3bl Teitmopa [124].

11.2. ITapannenbHbIN aHAIN3 LIEHOBOW JMHAMUKHI
Y CKOPOCTH KUAKOCTHU

Typ6yneHTHOCTD ABNIACT COOOIT OHOBPEMEHHO aHAJIOTUIO U OT/IMYNe
OT 9BOJIIOLVY IieH Ha (pMHAHCOBOM pbIHKe. UTOOBI YBUAETH 3TO, MBI
006CyaVM pesy/IbTaThl Iapajlle/IbHOrO aHammsa [112] aByx cucteM —
BpeMeHHYI0 3BOIoINIo nHAekca S&P 500 u ckopocTy TypOyIeHTHOI
JKUIKOCTY IIPU BBICOKUX 4yucnax PeitHonbaca. Oba mporiecca 1eMOHCT-
PUPYIOT IIPEPBIBUCTOCTD M HETAYCCOBCKME YEPTHI Ha KOPOTKUX Bpe-
MeHHBIX MHTepBanax. Ob6a mporecca HeCTalMOHAPHBI Ha KOPOTKMX
BpeMEHHbIX MacIuTabax, HO aCUMITOTMYECKM CTallOHApHBL. JIyuInee
MIOHMMAaHNe ¥ MOJIe/INPOBaHe CTOXACTUYECKUX IIPOLECCOB, KOTOpbIE
TOJIbKO aCUMIITOTUYECKY CTAallMOHAPHDI, IOTEHIMAIBHO MOIE3HO JI/I1
obenx obmacreii.
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Puc. 11.1. (a) Bpemennas apomonus S&P 500 ¢ AMCKPETHBIM pasioXKeHUeM
BpeMeHHOro psfa Ha Af=1 gac 3a mepuog ¢ stuBapst 1984 r. mo fexkabpp 1989 r.
(b) Esxeuacusle Konebauns mugexkca S&P 500 3a 6-meTHUIT MePHOR C sAHBAPS
1984 r. o gexabpp 1989 r.

B gacTHOCTH, MBI pacCMaTpuBaeM CTaTUCTIYeCKye CBoiicTBa (1) nH-
mexca S&P 500 — BbICOKOYaCTOTHOTO BpEMEHHOTO PSAfia, 3allMCAHHOTIO
B TeyeHUe 6 yieT, ¢ 1984 r. mo 1989 r., u (2) ckopocTu BeTpa, perucTpu-
pyeMoro B aTMOc(hepHOM IOBEPXHOCTHOM CJI0€ IIPUMEPHO Ha BBICOTE
6 M HaJl 3epHOBBIM 11071IeM KOHHEKTMKYTCKOI CelTbCKOXO03AICTBEHHOI!
UCCTIeOBATeNbCKOM cTaHIMM. CXOXKeCTb U OTIMYMe OYeBUIHBI yKe
IIpY IPSAIMOM B3IVIANle HA BPEMEHHYIO S5BOTIOLMIO MHTEKCA M CKOPOCTH
IOTOKA, — TaK e, KaK ¥ IIpY MOC/IeAyIeM U3MepeHnu 000UX BpeMeH-
HBIX PANOB.

Bo-mepBpIX, MBIl CpaBHMBAeM BPEMEHHYIO 3BOMIOLMIO MHJEKCa
S&P 500 (puc. 11.1a) 1 BpeMEHHYIO SBOJIIOLMIO CKOPOCTY XXUJKOCTY
(puc. 11.2a). MbpI TaK>)Ke IPOBOJVIM 4aCOBble M3MepeHust nHaekca S&P
500 (puc. 11.16) u n3MeHeHUsE CKOPOCTY oToKa (puc. 11.26).

ITocpepcTBOM aHanM3a BPEMEHHON SBOTIOLMN TIOC/IEOBATETbHBIX
M3MEHEHUI 000MX CUTHAJIOB MBI MOXKEM IIOJTyYUTb IO/NE3HYI0 VH-
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U(t)

0 ' 2000 ' 10 000
Bpewms

Puc. 11.2. BpemeHHast 3BOMIOLNS CKOPOCTH B IIOMTHOCTBIO PasBUTON Ty pOY/IEHT-
HocTH. (a) BpeMeHHas 3BOMIOLNA CKOPOCTHU BETPa, 3apUKCHPOBAHHAS B aTMOC-
depe mpy KpajiHe BBICOKOM 3Ha4YeHUM 4mcna PellHoMbAca; B MUKpoMaciITabe
Teitnopa uncno Pertnonbzca mopanka 1500. BpemeHHbIe egMHUIIBI JAHDI B IIPO-
U3BONBHBIX efyHuIax. (b) PasHocTy BpeMeHHOrO psAfia CKOPOCTH, IPUBEIEHHO-
ro B (a). AgantuposaHo u3 [113]

¢dbopMaIMI0 OTHOCUTEIbHO CTATUCTUYECKUX CBOJVICTB JIBYX CUI'HAJIOB.
KonnyecTBeHHBINT aHA/MN3 MOXET OBITH BBITIOJTHEH ITOCPEICTBOM pac-
CMOTpEeHMS BOMATU/IBHOCTY [/1s1 GMHAHCOBBIX JAHHBIX ¥ KBaJ[PaTHOTO
KOPHS BTOPOTO MOMEHTa CKOPOCTY QIYKTyaluu Jisi TypOy/IeHTHBIX
naHHbIX. O6a MHOXKeCTBA JAHHBIX, IOKa3aHHbIE Ha puc. 11.3, xopoio
ONNCHIBAIOTCS CTEIEHHBIM 3aKOHOM.

a(Ar) ~ (Ar), (11.6)

HO C pasHbIMM BeMYMHAMM ITOKasaTensd V. VIHIeKCHblE M3MEHEHUA
CYLIeCTBEHHO He KOppenupoBaHbl (HabmiogaeMas BenumunHa v =0,53
4ype3BbIYaiiHO O1m3Ka K 0,5 — Benn4unHe, OXKMAAeMON I HeKoppe-
NMMPOBaHHBIX U3MEPEeHMII), B TO BpeMsA KaK CKOPOCTHbIE MI3MEHEeHM
aHTUKOppenupoBansl (v=0,33<0,5).
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Puc. 11.3. (a) CranpapTHOe oTKIOHeHMe O(Af) paclpefielieHNs BepOATHOCTH
P(Z), xapakrepusyiolee npupauienus Z,(f), 1306paxkeHHOe Ha ABOIHOI JI0-
rapudmmdeckoil ukane Kak QyHKIus ot At mis BpeMeHHOro psifa S&P 500.
[Tocne BpemeHHOTO MHTepBana cymnepanddysuornoro mosemenus (0 < At <
15 MyH.) Habmofaercs auddysnoHHOe TOBefeHNe, O13K0e K 0XKIAAEMOMY [
CIy4aifHOTO Ipoliecca ¢ HEKOPPeNMPOBAHHBIMIU IpUpALleHUAMY; PAcCUUTaH-
HbIT moKasarenb v Gopmynsl (11.6), paBublil 0,53 (HAKJIOH HeIpepbIBHOM JU-
H1N) O7IM30K K TeopeTndeckomy 3HadeHuio 1/2. (6) CraHzapTHOe OTK/IOHEHIe
a(At) pacmipenenenust BepositHoctu P(U), XxapakTepusyimoliee CKOPOCTb Ipupa-
wenuit U,,(f) =V (¢t + At)—V (), u306paskeHHOe Ha [IBOIIHOI TOrapuPpMITdecKoit
IIKase Kak GyHKIWA OT At I/Isi BpeMEHHOTO Psfia Pa3sHOCTU CKOPOCTH B peXXMMe
Typ6ynenTHOCTH. IloCTe BpeMeHHOro MHTepBana cyneppudysuoHHOro moBe-
merns (0 < A< 10 mun.) cy6anddysnoHHOe mOBefeHe OIN3KO K OKIAAEMOMY
ISl )KMAKOCTM B PAcCMATPMBAEMOM MHEPIMOHHOM AuamasoHe. DakTmaeck,
paccunMTaHHBI TOKasaTenb v popMysl (11.6), paBHbiit 0,33 (HAK/IOH HellpepbIB-
HOJT IMHMM), ONU30K K TEOPETNIeCKOMY 3HadeHMo 1/3. AganTuposaHo us [112]

Takum 06pasoM, KOMMYeCTBEHHAs pasHUIIA MeXJy AByMsA ¢op-
MaMJI THOBEJEHNUA CBUJETETbCTBYET, YTO HPUPOJA BPEMEHHOI KOp-
PeIALVY MEXJY IOCTIeOBATe/IbHBIMY M3MEPEHMAMU JJOMKHA OBITH
pasIuYHa JUIA 3TUX ABYX IPOLEccoB. [lefiCTBUTENbHO, BpeMEHHbIE
apomonuu nupekca S&P 500 u ckopoctu BeTpa Ha puc. 11.1a n 11.2a
BBIIVIAZIAT COBEPIIEHHO Pa3HBIMIY, TaK KaK MIMEETCs BHICOKAs CTEIIeHb
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AHTUKOPPEIALNN B CKOPOCTY BeTpa. ITa pa3HMIIA TaK)Ke BU3Ya/lIbHO
o4eBMaHA U3 puc. 11.26, KOTOPHIIT IPUONM3UTENTBHO CUMMETPIUYEH OT-
HOCUTETTBHO 0C abCIMCC, B TO BpeMsI KaK Ha puc. 11.16 atoro Her.

9TO pasnmume MeXAy ABYMS CTOXacTUYEeCKMMM IIPOIecCaMM TaK-
Ke HaO/lofjaeMo B CIIEKTPax MOIJHOCTM BPEeMEHHBIX PSAIOB MHJEKca
S&P 500 n ckopoctu Betpa (puc. 11.4). B To BpeMs kak 06a oTBeyaroT
ypaBHeHMIO (6.21) B pa3nMYHbBIX YaCTOTHBIX [MAla30HAX, ITOKa3aTe-
T 1] COBEpPILIEeHHO pasnnyHbl. [ nugekca S&P 500 #=1,98, tak yTo
CIIeKTpa/ibHasA IUIOTHOCTD, B CYIIHOCTM, MIEHTUYHA CIIEKTPY MOII-
HOCTY aHTUKOPPEIAIMOHHOTO C/Ty4YaiiHoro npouecca (1=2). [lna spe-
MEHHOTIO psfia CKOPOCTH BeTpa # = 5/3 B [juana3oHe CTal[IOHAPHOIO
IBVDKEHUA U 1] ~2 B AMANa30He TYPOY/IEHTHOCTIL.

Tacurxait u ap. [64] mokasanu popManbHYIO aHAJIOTUIO MEX/Y CKO-
POCTBIO TypOyIEHTHOTO TIOTOKA 1 OOMEHHBIM KYypPCOM BaJIIOThI Ha Ba-
TIOTHOM pbiHKe. OHM HMOATBEPAVIIN CBOE 3aK/II0UeHMe, TI0Ka3aB, YTO
U3MeHeHNe BPeMEeHHOTO TOpM30HTa Af IPUBOAUT K M3MEHEHMIO Ha-
6mogaeMbix popm kak PIIB 11eHOBBIX I3MEHEHUIT KyPCOB BAJIIOT, TaK
u OIIB n3MeHeHMiT CKOpOCTU TypOyIeHTHOTO MOTOKA. B yacTHOCTH,
¢dopmbl 06oux PIIB HeMOHCTPUPYIOT JIENTOIKCLECCHbIE NpOoduIn
Ha KOPOTKMX BPEMEHHBIX Topn3oHTax. OHAKO IapajiIe/bHbIN aHa-
M3 ABYX ABneHmit [112, 113] mokasbiBaeT, 4TO BpeMeHHas KOpperns-
IV COBEPIIEHHO pa3NNyHa B 9TUX [IBYX cucTeMax (puc. 11.4).

Bonee Toro, cToxacTuyeckme IMpoIecchl, Takye KaK yCe4eHHBII 110-
net Jlesu (TLF) 1 GARCH(1,1), Tak>ke OIMCBIBAIOT BPEMEHH YO 9BOIIO-
uuto OIIB cmeleHnit, KOTOpble Pa3BUBAOTCA OT JIETITOIKCLIECCHOI 1O
rayCcCOBCKOJT pOPMBI, B TO BpeMsI KaK TaKoe ITOBeJieHle He XapaKTePHO
I PITYKTyalyii CKOpOCTY HOMTHOCTBIO TYPOY/IEHTHOTO IIOTOKA.

Il onpepienieHNs CTeTeH Nofoous Mex /iy QIyKTyalyeil CKOpocTu
IIOTOKA ¥ M3MeHeHusAMM uHpjekca S&P 500 paccmarpuBaercsi BeposT-
HOCTb BO3BpaTa K Hauajy KoopanHat, Py, (U=0), kak pyHK1uaA At i Typ-
Oy/IeHTHOTO IIOTOKA, MOJTyYeHHas C MCIOIb30BaHMEeM IPOLefypbl, IIPK-
MEHEHHO1 paHee /I/isl pacyeTa pe3y/IbTaToB, IIPE/ICTaB/IeHHbIX Ha puc. 9.3.
Mbp! npuBogyM Ha puc. 11.5 usmepenssie P, (U=0). MbI Tak>xe IIOKa3bl-
BaeM Ha puc. 11.5 ouenku P;(U=0), omy4eHHbIe ¢ UCIOTb30BaHNEM 13-
MEepEeHHO Bapualuy M3MeHeHNI1 CKopocTu o(At), mpefIonaras rayccoB-
CKy1o popMy /I pacrpesienieHus ( P.(U=0)=1/ J27ra(At)). PasHocrp
MeX]1y KayK/I0i IIapoli TOUeK [J1s JaHHOI Af ecTb Mepa oTHoleHus Py,/Pg,
U KONMYECTBEHHO XapaKTepU3yeT CTeIeHb HeTayCCOBOCTH IIOBEJEeHINS
CKOPOCTHBIX pa3HOCTell. MBI 3aMeTuM, YTO IpoLecC TypOyIeHTHOCTH
CTaHOBIUTCS BO3PACTAIOIIIE TAYCCOBCKUM IIPY BO3PACTAHIY IHTEPBATIOB g,
HO MBI He HaO/MI0laeM KaKOTro-/I100 CKEIMHIOBOTO PeXIMa.
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Puc. 11.4. (a) CrexTpanbHas MIOTHOCTb BpeMeHHOro psifa S&P 500. Paccmar-
puBaeTcs NOBEJiCHUE CTENEHHOIOo 3aKoHa 1/ff, 0XMJaeMOro A/ CIy4alfHOTO
mpoliecca ¢ NpypaljeHnAMHY, KOTOpble TTONapHO He3aBUCKUMEBL, [Tl YaCTOTHOTO
UHTepBaja ¢ 6oyee 4eM 4eTBIpbMs HopsapfkaMyu BemmuuHbL (b) CrekTpanbHas
IVIOTHOCTb BPEMEHHOTO psAfa CKOpocTy. C 04eBUIHOCTBIO HAOMIOLACTCA MHEp-
LIMOHHBII IMANa30H (HU3Kasl 4aCTOTA) CTEIeHHOro 3akoHa 1/ u nuccumarus-
HBIIT {alIa30H (BBICOKASI 4ACTOTA). AJANTIPOBaHO 13 [112]

11.3. CkeiIHT B TYpOY/IEHTHOCTH
¥ Ha (PMHAHCOBBIX PBIHKAX

KoHuenums ckeiIMHTa UCIONb3yeTCcs B psAfe obIacTeil HayKu, KOr-
la MCCIIeAyeMBblil IpollecC He MIMeeT XapakTepHoro macmraba. Cre-
HIEHHOJ! 3aKOH pacIpefie/ieHNs Bapualuuy CKOPOCTU B TypOy/IeHTHOM
nporecce (cM. ypaBHeHue (11.5)) CIy>KUT IpUMepOM CKeJIMHTOBOTO
[IOBefIeHM s, KaK U CTEeNeHHOI 3aKOH pacIipefie/ieHUs BOJATUIBHO-
CTM Ha PA3JIMYHBIX BPEMEHHBIX TOPU3OHTAX Ha (PMHAHCOBBIX PBIH-
Kax (cM. ypaBHeHue (11.6)). IIpuunHbl, nexalye B OCHOBE 3TUX ABYX
CKeJINHTOBBIX ITOBEJIeHMNII, OHAKO, COBEPIIEHHO pa3InyHbL. B cryyae
TYpOY/IeHTHOCTM TIOKa3aTe/Ib CTeNeHN 2/3 pacCcTosHYA | IpsAMO criefy-
eT 13 Toro ¢gakTa, 4To B 9TOM MHTEpBaJjle [Uana3oHa CTaTUCTUYECKue
cBoJicTBa QIIYKTyalL[ Uil CKOPOCTH SIB/IAIOTCSA YHUKA/TbHBIMU U YHUBEP-
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Puc. 11.5. PaccunraHHas BepOATHOCTb BO3BPaTa K HAYaTbHOMY 3HAYECHUIO CKO-
poctu TypOy/IeHTHOrO MOTOKa >mpkocTu. [TokasaHa BEepOATHOCTh BO3BpaTa
K HadajbHOMY 3HaveHMIo P(0) (HesakpalleHHble KPYXKM) U BEPOATHOCTb BO3-
Bpara, IpMHMMalolas rayccoBy gopmy Pg(0) (3akpalneHHbIe KBajpaThl), — KaK
byHKIMA BpeMeHHOTO nHTepBata Af. Kpome Toro, e paccuMTaHHbIE BeTMYMHDI
pasIMYaloTCs B MOJTHOM MHTepBaje, OKasbiBas TeM CaMbIM, 4TO KOHTYp PIIB
IO/DKeH ObITh He rayccoBbIM. TeM He MeHee, B 9TOM C/Ty4ae e[MHOTO MOKasaTens
CTETIEHHOTO 3aKOHA He CYILIECTBYeT [/ BCETO BPEMEHHOTO MHTepBaja B IManaso-
He Tpex HOpsAAKOB BemMynHbl. HakloH Haybonee TOYHON JIMHEHOM alIIPOKCU-
Mupypomen npamoit cocrasnger —0,59+0,11, Torga Kak rayccoBo pacipefeneHme
nmerno 61 HakIoH —0,5. AganTupoBaHo us [115]

CaJIBHO OIpeJie/IeHbl MacIITaboM [ ¥ cpefiHell CKOPOCTBIO pacCessHUs
9HEepPIrMUM Ha eINHUITY MACCHI €.

Ilanee MBI MOKa3bIBaeM, YTO U3 COOOPa>KEHUIT pa3MEPHOCTI Tpeby-
eTcsl, YTOOBbI CpeTHMIT KBafIpaT U3MEHEHU I CKOPOCTY MMeJT BUJ

([ava)?)=ce>r?, (11.7)

rge C— 6e3pas3MepHasi KOHCTaHTa. DTO eAVHCTBEHHO BO3MOXKHOE CO-
OTHOIIIEHME, IOTOMY YTO CKOPOCTb PACCEsHNUS SHEPIMMU HA eUHUILY
Macchl uMmeeT pasmepHocTb [L]?[T]7. dakTuyeckn, ecmm Mbl ompefe-
JISieM a KaK IoKasarenb &, 1 b kak nokasatens | B ypaBHennn (11.7), To
Teopus pa3MepHOCTell TpebyeT 4TOObI
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[LP _[LP*
TP [T}

(L], (11.8)

I7ie PaBEeHCTBO YKasbIBaeT Ha TO, YTO 00e YacTU YPaBHEHUA UMEIOT
OJVHAKOBYI0 Pa3MepHOCTb. DTO YC/IOBME YHOBIETBOPSETCS paBeH-
crBOM nokasareneit s L u T

{2 =2a+b,

2=3a. (11.9)

Orcropa a=2/3u b=2/3.

CnepoBatenbHo, 3akoH Konmoroposa (11.7) mpsMO COOTHOCHUT-
cs1 ¢ HaOJIOZIeHMeM, YTO CPefiHss CKOPOCTb PacCesHUsI SHEPIUM eCTh
eVHCTBEHHO YMeCTHasI Be/IMYMHA IIPYU BBIBOJE (POPMYIIBI C UCTIONTB30-
BaHMeM TpeboBaHMS coBmajieHus pasmepHocreit. Pakrryeckn (11.7)
TepsieT CBOIO IPUMEHVMOCTD, KOIZla pyTue BeTMYMHbI CTAaHOBATCH
3HaYMMBbIMM. Takas CUTyalMs BO3HMKAeT B JIBYMEpPHOI 3ajade, KOr-
la B TypOyJIEHTHOM IIOTOKe OOpas3yIOTCs CTal[MOHapHbIe BUXpeBbIe
LIEITOYKI.

3aMeTM, 4YTO CKEJJIMHTOBBIE CBOVICTBA, HAOMIOLaeMble B CTO-
XaCTMYeCKOM Ipoliecce, JIsl JUCIIEPCUN Ha PAasTUIHBIX BPEMEHHbIX
TOPM3OHTAX U Ji/IS1 BEPOATHOCTU BO3BpaTa K MCXOJHOMY 3HAYEeHUIO
He 00513aTe/IbHO JJO/DKHBI OBITH CBI3aHBL. B OIpe/ie/IeHHBIX CIel{alb-
HBIX (11 00IMX) C/Ty4YasX OHU CBA3aHBI MeXJy CO00il, HAIIpUMep B Ta-
KJMX CTOXaCTMYECKUX INPOLeccax, KaK TayCCOBCKMIT MM 4aCTUYHOE
OpOYHOBCKOE JIBUKEHIE.

Ho oHu He cBsA3aHBI:

o B TypOy/I€HTHOII AMHAMIKe, Ifie CKeVUIMHT NpeACTaB/IeH B AMUCIep-
CHM M3MEHEHUII CKOPOCTH, HO He IPeJICTaB/IeH B BEPOSITHOCTY BO3-
BpaTa K UICXOZHOMY 3Ha4EHMIO, 11

e B «yCeYEeHHBIX IONIeTax» JIeBM, Ijje CKeVIMHTOBbIN ITOKa3aTe/lb A1C-
nepcun o0*(t) ~t Bcerga paBeH eMHUIlE, HO CKEVIMHTOBbIN MOKa-
3aTe/Ib BEPOATHOCTY BO3BpaTa K MCXOJHOMY 3HAYeHUIO ecTb —1/a
i1 BpeMEHHBIX MHTEPBAJIOB MEHbIINX, YeM BpeMsl IIePEeXOHOTO
mporecca.

Il1st prHAHCOBBIX PHIHKOB CKEVIMHTOBBIN 3aKOH BOATUIBHOCTH
Ha PaslMYHBIX BPEMEHHBIX TOPM3OHTAX VMMeeT PaslINYHOe IPOMC-
XOXJIeH)e, CTAHOBSACH NPSAMBIM CIeICTBMEM ABYX cBOVICTB. IlepBoe
COCTOUT B TOM, YTO IOC/IeZIOBaTe/IbHbIE 1I€HOBbIE M3MEHEHMsI HEKOp-
peMpoBaHbI, 2 BTOPOE — B TOM YTO JIUCIIEPCH S LIEHOBBIX M3MeHEeHNIT
KoHeuHa. CIleZJoBaTeIbHO, B MPOTUBOIOIOXHOCTD TYPOY/IeHTHOCTH,



11.4 O6cyxpeHne 127

CKEJIJIMHTOBOE CBOVICTBO BOJIATUIBHOCTM CBSA3aHO CO CTaTUCTH4Ye-
CKMIMM CBOJCTBAMM, JIEKAIIMMU B OCHOBE CTOXAaCTMYECKOTO MPOLIeC-
ca. Takum 06pa3oM, Mbl YBUJE/N, YTO XOTsI CKeVIIMHT HabIIOfaeTcs
B CHCTEMAX, B KOPHE OT/INYHBIX APYT OT APYTa, IPUUMHBI CKEJIMHTA
He 00513aHbI OBITh ONMHAKOBBIMMA.

B neiicTBuTenbHOCTY PyHEAMEHTA/TbHbIE IPUYNHBL, KOTOPBIE IIPH-
BOZAT K CKEVIMHTY B TYPOY/I€HTHOCTH, OT/INYAIOTCS OT TeX, KOTOpble
IPUBOLAT K CKeJINHTY Ha (MHAHCOBBIX PHIHKAX.

11.4. O6¢cyxpnenne

[TapasnenbHblll aHaMU3 QIYKTyalnit CKOPOCTeil B TYpOy/IeHTHOCTH

U M3MeHeHMIT uHjekca (M 0OMEHHOTO Kypca) Ha (PMHAHCOBBIX PbIH-

KaX ITOKa3bIBaeT, YTO OJVHAKOBBIE CTATUCTUYECKNE METOJbI MOLYT

OBITD MOJIE3HBI [ UCCIIETOBAHNSA CUCTEM C M3BECTHBIMU, HO Hepas-

PEeIIVIMBIMU YPAaBHEHUAMH JBVDKEHNA, VI CUCTEM, [/ KOTOPBIX MaTe-

MaTU4eCKOe OIMCaHMe IPOIlecca OCTAETCA HEM3BECTHBIM.

B aTMX gBYX ABNEHMAX MBI HAXO[VIM:

e CXOXXECTb: IIPEPBIBUCTOCTD, Herayccobckyro @IIB u mocrenenHyro
CXOJMIMOCTD K TayCCOBCKOMY aTTpakTopy B PIIB,

o ormmmunsa: OIIB nmeroT pasmuyuHble GOPMBL B STUX JABYX CUCTEMaX,
U BEPOATHOCTb BO3BpaTa K MCXOJHOMY 3HAueHUIO BefieT cebs Imo-
pasHOMY: JIs TypOYIEHTHOCTY MBI He HaO/TI0fjaeM CKeJJIMHTOBOTO
PeXmMa, a /151 U3MEeHEHMIT MHEeKCa MbI Hab/TI0laeM CKeVIIMHT OBBIl
pPeXuM B OOJIBIIOM AMana3oHe BpPeMEHHOTO MHTepBana 6omee yeM
TpeX MOPAAKOB BeMYMHBL. bojee Toro, GrykTyalnmm CKOpocTy aH-
TUKOPPEIMPOBAHBIL, 2 U3MEHEHM A NHJIeKca (M1 0OMEHHOTO Kypca)
HEKOPpEeNMPOBaHBI.

Bonee mpucranbHasa nmpoepka Teopun Kommoroposa oObscHseT,
noyeMy HaOJIIOfIeHe 9TOIl pasHMUIbI He YAVBUTEIbHO. 3aKOH 2/3 ms
aBOMIOLMM Jucniepcuy (QIYKTyaumit ckopocty, ypaBHeHue (11.5),
CIIpaBeIBO TOJIBKO JI/IA CUCTEMBI, B KOTOPOJ JMHAMIYeCKas 9BOJIIO-
M CYIIHOCTHO yIIpaB/iseMa CKOPOCThIO pacCeAHN s SHEPTUM Ha e1-
HUIYy Maccbl. MBI He BUAMM KaKOJ-TMOO pallMOHA/NIbHONM IIPUYMHEL
HOJIepXKMBAIOIIel! MJIel0, YTO aKTVMBbI Ha (PUHAHCOBOM PBIHKE JOJIK-
Hbl MMETb JVMHAMUYECKYIO SBOJIOLNIO, YIIPABIAEMYI0 aHATOTMYHON
BEJIMYMHOIL. B meiicTBUTENIbHOCTY He 6110 HallleHO HUKAKOTO 3aKOHa,
aHAJIOTYYHOTO 3aKOHY 2/3, KOTOPBIil ObI YOBIETBOPUTEIBHO OMVCHI-
BaJI AVHAMUKY IIeH Ha pMHAHCOBBIX PbIHKAX.



[’taBa 12

Koppenauusa n aHTUKOppenanmusa
MEXAY aKIMAMU

Opna 13 Hambosiee IMpPUB/IEKATEIBHBIX Wil 9KOHO(DU3UKM COCTOUT
B TOM, YTO (pMHAHCOBbIE PBIHK) MOTYT OBITH ONNCAaHBI B pyClie aHa-
JIOTMYHBIX XOPOIIO MOAJAIIIMXCS ONMCAHNIO KPUTUYECKUX SABICHNI
B ¢usuke. [TocnenHue MpoTeKalOT B IPOCTPAHCTBE (peaTbHOM MK
abCTPaKTHOM) 1 BpeMeHU. MBI pacCMOTpeNN Cy4ail TONbKO eIMHCT-
BEHHOT'O aKTMBA I €TI0 9BOJTIOLVIN; B 3TOI I7IaBe MBI 00CY>KaeM IO X0,
OCHOBaHHBIII Ha OJJHOBPEMEHHOM JCCIEIOBAHUU HECKOIBKUX I[EHO-
BBIX BPEMEHHBIX PSAJIOB aKTUBOB, IPUHAJIEKAINX JaHHOMY HOPT-
demnto. [leiicTBUTENbHO, HAa/IM4Me KOPpensauuit (M aHTUKOPPeTsIuii)
MeX/Ty LleHaMU Iap aKLMil JaBHO M3BECTHO U UTPAeT KIII0YEBYIO POJIb
B Teopuu Bbi6opa Hanbonee adpdekTrBHOr0 NOpTdens GprHaHCOBBIX
akTuBOB [49, 115]. MBI nIOKa3bIBaeM, KaK 3HAUMMBI 9TU KOPPesIu
Y aHTMKOPPEIALVY, HOCPE[ICTBAM U3Y4YeHUsA CUHXPOHHOCTU B JMHA-
MIUKe I|eH Iap akiuii Ha ¢prHancoBoM perake [107]. Ocobble cBoticTBa
KOBAapMaIIOHHON MATPUIbl MPUObLIEN aKIMil TaHHOTO MOPTdens
TIATe/IbHO MCCIIeNOBaHbL. MBI TaK)Ke KPaTKO pacCMaTpuBaeM UCCIie-
IDOBaHMs, KOTOpble MMEIOT Lienblo (1) ompemenuTh KOMMYECTBO KO-
HOMMYEeCKMX (aKTOPOB, BAMAIIINX HA AMHAMUKY LIeH Ha JaHHOM
¢dbunaHcoBOM poiHKe (34, 154] u (2) O1leHUTDb pacXoXieHW s, Habmoa-
eMble MeX/y PbIHOYHBIMM JaHHBIMU U Pe3y/IbTaTaMy, OXKIaeMbIMU
OT IIPUMeHEeHN A TeOPUM CIy4YaltHbIX MaTpull [63, 87, 134].

12.1. OgHOBpeMeHHas JMHAMIKA IeH Mapbl aKIii

Ha ¢mHaHCOBBIX pBIHKaX MHOTO aKIMil TOPTYIOTCSI OXHOBPEMEHHO.
OnyH U3 METONOB M3Y4eHNsI CXOACTBA U PasIndusi CUHXPOHHOI 9BO-
JIOLMY 1IeH Hapbl aKIMIl COCTOUT B M3y4eHUM KodpuimeHta Kop-
peNALNY p;; MEX/Y IHEBHBIMU M3MEHEHMAMY I0TapuQMOB IIeH JIByX
akuuit — i u j. O6061muB (5.4), MbI MOXKEM OIIPEee/NTNUTD /I AKIMA i

S, =InY,(t)—InY,(t—1). (12.1)
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Kodduunent xoppenAauum p; HAXOAUTCA U3 COOTHOIIEH

(5:5,)-{5.(5)

P . (12.2)

sy (si=(s))

3mech Y; ecTh LleHa 3aKpBITUA TOPTOBOTO AHA f /1A aKIuN i, a S;— U3-
MeHeHMe yTorapudma IeHbl aKI[UM i 32 9TOT JIeHb. YTJIOBble CKOOKM
O3HAYAIOT CpefiHee II0 BPEMEHM II0 BCeM TOPTOBBIM JHAM BHYTpPU
ICCTIellyeMoro BpeMeHHoro nepuona. Koadduument xoppenaunn p;
MOYKET M3MEHATHCS B uamasoHe oT —1 1o +1 ¢ TpeMs XapaKTepHbIMU
SHAYEHVSIMIL:

1 — MO/IHOCTBIO KOPPENMpPOBAHHBIE IIeHbI AKIUIA
py =10 — KOppenAnysa Mex iy lleHaMy aKIuii OTCyTCTBYeT

—1— IOJTHOCTBIO AHTUKOPPENINPOBAHHbIE I3MEHEHN A B LIEHAX
Ak

Hamre o6¢cysx/ieHue poBOAUTCA A ABYX HabopoB akumit NYSE
[107]:
o 30 axumit, uconb3yembIxX s pacyera DJIA,
o 500 akumii, MCIIONIb3yeMbIX /15 Bbluncienns uHpekca S&P 500.

12.1.1. IToprdens akumit magexkca DJIA

Il Habopa 30 akumit magexca DJTA cymectsyet (30 x 29)/2 =435 pas-
NMUYHBIX K03 dULMEeHTOB Koppenanun p;. Bce p; paccumraHbl A
Ka)XKJIOTO MCCIIeyeMOT0 BpeMeHHOro nepropa. B tabn. 12.1 npusepe-
Hbl MMHMMAaJIbHbIE ¥ MaKCUMa/IbHble 3HAaYE€HWs 9TOTO MHOXECTBA pj;.
M3 Tabn. 12.1 cremyeT, 4TO TUNMYHBIE MAKCYMAa IbHbIE BETMYMHBI pj;
nexxat Bbiie 0,5, TaK 4TO B 9TOM NOPTQerie IPUCYTCTBYIOT HEKOTOPbIE
CUIBHO TIOJIOKUTE/IbHO KOPpeNMpOBAHHBIE Mapbl akIuil. TunmnyHas
MMHMMaJ/IbHasl BeIMYMHA ONM3Ka K HYJIIO, TaK YTO CTENEeHb MaKCH-
MaJIBHOV aHTUKOPPEIALUN MaJIa.

Hanbonpuras BemmumHa py, papHas 0,73, Habmiogamach B 1990 r.
ns mapel akiuit Koka-Koma n ITpoktep&I'am6:. Ha puc. 12.1 mokasa-
Ha BpeMeHHas aBoyonus InY(f) pis obenx akumit. VI3 atoro rpapuka
BUJJHO, YTO IIEHBI 9TUX [IBYX aKI[MIi 3aMETHO CMHXPOHM3/POBAHDI.

B Tab6n. 12.1 mpeacTaBieHbl TOIBKO MUHMMA/IbHbIE Y MAaKCUMasIb-
HbIe Be/TMYMHBI p;; A/1A KOXKIOT0 Tofa. JomonuuTenbHas MHPOpMaI
0 moBefieHnN KO3(POUIMEHTOB KOPPETSAILMOHHON MATPUI[I MOXKET
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Puc. 12.1. Bpemennas spomonusa InY(f) pna axumit kommanuu Koxa-Koma
(mmxHAs kpusas) u [Ipokrep&I'am6n (BepxHAd Kpusas) B 1990 r.

6bITb mOMydeHa mocpesictBaM paccmorpenus ®IIB P(p;) momHOTO
MHOXecTBa 435 koadunnentos xoppenauunu. Pakruyeckn P(p;) —
KOJIOKOTI0O0Opa3Hasi KpuBasi; CpefjHee He OYeHb CUIBHO, HO BCe Ke 3a-
BUCUT OT BpeMEHHOT0 MHTepBaja (Tofia), a CTAaHJApPTHOE OTK/IOHEHEe O
IoYTH IocTosgsHHo [107].

Tabnuma 12.1. HabnomaeMble MUHMMAIbHbIE M MAKCYMA/IbHbIE 3HAYEHM, KOT-
J1a PACCUUTHIBAIOTCA BCE 3HAYCHA KOPPEMAIMOHHONO K03 UIMeHTa pjj B IOPT-
¢bene us 30 akuuit nupexca Joy-Ixonca (Dow-Jones Industrial Average) [107]

Bpemennoii nepuop Munumym | Makcumym
1990 0,02 0,73
1991 -0,01 0,63
1992 -0,10 0,63
1993 -0,16 0,63
1994 -0,06 0,51
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Puc. 12.2. Bpemennas spomronus InY(f) mnsa akumit kommanuu Koxa-Koma
(mmkusis kpusas) u IIpoxrep&Tam6n (Procter&Gamble) (BepxHsisi Kpusas)
3a IATb MCCIETOBAHHBIX KaleHJapHbIX /eT, ¢ 1990 r. mo 1994 r. 3navennue p;
cocrasnsger 0,73, 0,47, 0,28, 0,33 un 0,39 B Teyenue mATu net ¢ 1990 r. mo 1994 r.,

B YKa3aHHOM IIOPsAJIKe, TOIZla KaK 3HaueHue &j cocraBnser 2,62, 1,73, 1,25, 2,44
u 2,27 COOTBETCTBEHHO, B TeUeHIe TeX JKe IATU JIeT.

Ilna Bcex 435 map akuuii p; usMeHseTcs co BpeMeHeM. KakoB xa-
PaKTepHbIII BPeMEHHOI MacliTab, B IPOJOIKEHIe KOTOPOTO CUIBHO
KOppeNMpOBaHHbIE IMAPbI AKLMII COXPAHAIT CBOV KOPPEIALVOHHDIN
craryc? Puc. 12.2 nokasbIBaeT BpeMeHHYI0 aBomonnio LnY(f) misa Koka-
Komna n ITpoktep&I'aMO /11 IATY VICCIEIOBAHHBIX Ka/IeHIAPHBIX JIeT.

JIJ1s1 KOMM4eCTBEHHOI OLIEHKY OTHOCKUTEIbHBIX BeTMYUH KO3 Pu-
LMIEHTOB KOPPEeNALMY ITap aKIWil MBI paCCYMThIBAEM

5= o —es) (12.4)

g

— OTKJIOHEHUeE p; OT CPefIHell ee BeMYIMHbI, MCTIONb3Ys CTAaHAAPTHOE
OTK/IOHEHNE 0 KaK e[MHUITY M3MepeHns, Ijie (p;;) eCTb CpefiHee p; BCeX
map akumii ij B aHausupyeMomM noptderne. Ina cyyas, rje i U j o3Ha-
qator Koxa-Koma n IIpokrep&I'am6m, §;> 1 1 Bcex naTu et Habmo-
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fienuit. BeposATHO, A1 9TUX HMap aKIuit K03 QUIMEHT KOPPenAIu p;;
M3MEHSIeTCSI C XapaKTePHBIM BPeMEHHBIM MacIITaboM IIOpsIiKa rofa.

12.1.2. IToptdens akunit mHgekca S&P 500

Ilst aTOrO MOpTQENA aKINIL, UCTIONb3YEMBIX [JIS BBIYVC/ICHN S NHJIeK-
ca S&P 500 cymecrsyer (500 X 499)/2 =124 750 pasnM4IHbIX p; — 3TO
MHoro 6onbiue, yeM st 30 akuuit DJTIA. B Tabn. 12.2 npuBemeHst
MMHMMaJIbHbIE I MAKCUMaJ/IbHbIE 3HAYEHNSA P, U3MEPEHHBIe s S&P
500. B cooTBeTCTBUU C pe3yIbTaTaMy, HOMYyYEHHBIMU /IS TOPTQensa
DJIA, mbI Hab/II0faeM Mapbl aKIVii, XapaKTepusyeMble BBICOKON CTe-
neHpio Koppemnanuu [107]. Haubonee 3ameTHBIT cydait Habroma-
ca B 1994 r. mexxy Xoym Creiik Munnnr u Ilneiicep lom Vuk., nns
KOTOpPBIX p;;=0,82. AHTUKOpPpeNTMpPOBaHHbIE MTAPBI aKLMIT TOXKE Mpesi-
CTaBJIeHBI, HO KakK U 1nd DJIA, cTeneHb aHTUKOppeNALNY MEHBbIIIe,
4eM CTelleHb Koppenauuu. Hanbonpmas antukoppenanus p;=-0,30
Habmozanack B 1990 r. mexxny bappu T'ong u Harruenc Kopm.

Ta6bnuua 12.2. HabmomaeMble MUHMMA/IbHbIE ¥ MaKCUMaJbHble 3HaY€HNS pii
mnst noprdens us 500 akimit nHpekca S&P 500

Bpemennoii nepuop, MunumyMm | Makcumym
1990 -0,30 0,81
1991 -0,29 0,74
1992 -0,25 0,73
1993 -0,27 0,81
1994 -0,25 0,82

Taxk kak ob1jee yncio HabmoneHnt K03 PuiMeHToB KOppenaunn
pij MHOTO 6071b11Ie, yeM i DJIA, OIIB P(p;) pnsa nnpexca S&P 500 mme-
eT 6OZIBIIYIO CTATUCTIIECKYT0 HafleXXHOCTh. Ha puc. 12.3 P(p;) mokasaHa
IS K&XKIOTO KajleH#apHoro rofa. ['paduk mokasbiBaeT, Kak 1 i CIIy-
yasa DJIA, yro uentp OIIB MenneHHO ABMXETCA BO BpeMEHH, B TO Bpe-
M1 KaK [IMpPIHA paclpefienensi IpuOnImu3nTeIbHO ITOCTOSTHHA.

12.2. CtaTucTiyecKue CBOICTBa KOPPENALVIOHHOM
MaTPpUIIbI

CraTucTiyecKme CBOJICTBA KOPPEIALMOHHON MAaTpPUIIbI NPUObLIei
VICCIEIOBAHbI B 9KOHOMIYECKOIT ¥ (PU3NYECKOIT IUTepaType, HO C pas-
HBIMM Lje/IAMA. B 9KOHOMMYECKMX MCCIEeNOBAaHUAX OCHOBHAA LIeNIb —
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Puc. 12.3. Koppenanmonnsie koapdurmentsr gusa S&P 500: moxasansr P(p;)
IJIA KQXKOTO M3 IATY KaZeHapHbIX 1eT ¢ 1990 r. mo 1994 r.

OIIpeieNIUTh KOMN4IeCTBO kK pakTOPOB, IIPeACTaBIeHHbIX Ha (prHAHCO-
BOM DBIHKe, C MICIIO/Ib30BaHMEM TeOpUY apOUTPaXKHOTO OLIEHVMBAHNA,
BIlepBble IIpemioskeHHoiT Poccom [139]. B aToit Teopum skoHOMmye-
ckuit pakTop ecTb PaKTOpP, KOTOPBIN SABISAETCS OOIUM JI/IsI MHOXKECT-
Ba pacCMaTpUBAaeMbIX aKI[UIf; 11 OJHOIIEPUOLHBIX MPKUObIIeil aKTBOB
R, TeHepMpYIOTCA C MCHONb30BAHMEM JIMHEHON MOJEIN CTOXAacTH-
YecKoro npotecca ¢ k pakropamu. B gactaocTn,

R,=R,o+B&, +¢, (12.5)

rie R,, — 6e3pucKoBble U PUCKOBbIE IIpeMUabHble CpefjHue MpUObI-
nn, B ectp *k mMarpuiia Becos, & — BpeMeHHOI1 psif k GakTOpOB, BM-
AIUX Ha IpUOBUIM aKTUBA, U €, — PUCK aKTuBa. IIpexmonaraercs,
410 &, 11 €, IMEIOT Hy/IeBOe CpejHee U XapaKTepu3yTCsl KOBapuaryen
cov(ée,), rme k=1 u cov(ée;) =0 mna moboro i.

Crarucrudeckne CBOMCTBAa COOCTBEHHBIX 3HAYEHMIl CTyYalfHBIX
MaTpUI} XOPOIIO MOATBepKAeHdl [39, 69, 119]. B pamkax Tteopum ap-
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OUTPaXKHOTO IIeHOOOPa30BaHMsA CYI[eCTBOBaHNE COOCTBEHHBIX 3HaYe-
HUJI, JOMUHUPYIOIMX B KOBapMUAIVIOHHO MaTpulie, MHTEPIPETUPO-
BaHO KaK JJOKa3aTelbCTBO HEOOIBIIOrO KOTMYECTBA S9KOHOMUIECKIX
¢dakTOpoB k, ynpaBIAOIIMX CTOXaCTUYECKON AVHAMUKOIN IHpPUOLI-
Jelt aKTMBa Ha (PMHAHCOBOM pbIHKe. DMIMPUYECKUIT aHANIN3, IOXO-
e, TIOATBEPXK/IaeT CYIeCTBOBaHNe HeOOJIBbIIOTO KOMMYeCTBA 3HAYM-
MBIX (aKTOPOB, @ TAK)XKE TO, YTO MMEIOTCA YOeUTeIbHbIe apTyMEHTBI
B [10/1b3Y HA/INYMA JOMUHUPYIOIUX k paKTOpoB cpeay HUX [24].

OMIMpPUYECKNiT aHANMN3, BBITIOTHEHHDI (U3NKaMu, TaKXe oOHa-
PY>XK1BaeT cCOOCTBEHHbIE 3HAUeHN A, HAMHOTO OOJIblIINe TpeficKa3biBae-
MBIX TeOpMelt CTydaltHbIX MaTpUL] (1 HECKOJIBKO IPYTUX COOCTBEHHBIX
3HaYeHMIT, He HAMHOTO UX IIpeBbinialnye) (87, 134]. ®usnku Haer0TCst
VICTIO/Ib30BAaTh TEOPeTUYeCKe MOJIe/IN, TaK1e KaK JIOKA/IM3alIOHHA A
Teopus AHJIEpCOHA WIU TeOpUsA CIIMHOBBIX CTEKOJ JJIA MHTepIpeTa-
LMY 3TUX JaHHBIX. Hampumep, nokanusanuoHHas teopus AHfepco-
Ha MOOyX/laeT K M3Y4YeHNI0 MUHMMAIbHBIX COOCTBEHHBIX 3HaYeHMUIL,
CBSI3aHHBIX C COOCTBEHHBIM) BEKTOPAMM, KOTOPbIe OKa3bIBAIOTCA YII-
paB/IsAeMbIMM KOJIMYECTBOM HE3aBUCYMBbIX 97IEMEHTOB, MEHBIIIIM, 4eM
Ji/Is1 TUIIMYHOTO COOCTBEHHOTO BeKTopa [134].

12.3. O6¢cyxpnenne

AHanus koapduIienTa KOppensuny 1 KOBapuaIiOHHBIX MaTPUL]
IpuObIIelt aKTMBOB Ha (DMHAHCOBBIX PbIHKAX ITIOKA3BIBAET CYILECTBEH-
HYIO0 KOPPEIALI0 MEX/Y OTAEIbHBIMI ITAPaMyl aKTUBOB, TOPTYeMbIX
Ha pbiHKe. [IpaBHONOKOOHO, YTO HanuM4me YMECTHON CTEIeH! Koppe-
LMY MeXKAY aKIVsIMM HeoOXOfMO OpaTh B pacyeT IIpy MOZEINPO-
BaHMY (PUHAHCOBBIX PHIHKOB. [TOKa3aHO Ha/IMYMe MAJIOTO KOTMYeCTBa
9KOHOMMYECKNX (aKTOPOB, OKa3bIBAIOIINX CYIIIECTBEHHOE BO3EIICTBIE
Ha IIeHbI OO/IBIIOrO KOMMYEeCTBa AKTUBOB. DTU HAXO[K! He IPOTUBOpe-
var runorese 3Gp(HeKTUBHOTO PHIHKA, TAK KAaK CUHXPOHM3ALS MEXLY
IleHaMJi aKTVBOB 1 CYII[eCTBOBaHIe 9KOHOMIYECKIX (aKTOPOB He ITOf-
Pas3yMeBaloT IIPSIMO BPEMEHHOII IIPefICKa3aTebHOCT Oy AYINX IIeH aK-
TBOB. EC/yt OBI MIMeNNCh TOYHBIE 3HAHMSI O IIPUPOJie IKOHOMIIECKIX
($aKTOpOB U UX AVIHAMIUKE, a TAK)Ke 0OHAPYXMBaIach ObI KOppenALus
MEXXly LleHaMJi aKTVBOB C BPeMEHHBIM /IarOM, TO 3TO 06ecrednso 6ol
apOMTpa’kHble BO3MOXKHOCTY M B TaKOM CIy4ae IPOTMBOPEYM/IO ObI
a¢dexTUBHOCTI PBIHKA. B [eiiCTBUTENIBHOCTH OFHO U3 ITUX IIPOTUBO-
peunit 06Hapy>keHO Hab/MoeHNeM TOro paKTa, YTO HPpUOBIIM OOIBIINX
aKIVIT BelyT 3a COOOII IieHbI 60/Iee MeKMX akuuii [97].



[’taBa 13

Taxconomus noprdens akuuii

B 1. 12 MbI BBenM MOHATUE KOIDPUIMEHTA KOPPETIALNN Py, YTOOBI
KOJIMYECTBEHHO OLIEHUTD CTENEeHb CMHXPOHM3ALUM LIeH aKUWil i 1 j.
B aT011 T1aBe MBI YBUAMM, YTO 3Ta KOHLENMA IONe3Ha B BYX pas-
HBIX acrekTax: (1) oHa jaeT BO3MOXKHOCTD OIIPefie/INTh Mepy, KOTOpast
IIO3BOMAET OLEHNUTh OTHOCUTENBHOE PAacCTOSHME MEXAY aKLMAMU
IaHHOTrO mopTdesns 1 (2) oHa obecnedrBaeT BO3MOXXHOCTD IOy YeHU A
9KOHOMMYECKOIT MHPOPMALIVI, COfePKAIIeiiCs] BO BpEMEHHBIX psax
1IeH aKII.

13.1. PaccTossnue MeXAYy aKIAMM

Mertop onpeneneHusa pacCTOAHUA MEXIY aKIMAMMA i U j C TeYEHUEM
BpeMeHI COCTOUT B clefyomeM. PaccMoTpuM Benmnynny

~ S.—(S.

§=_ S8 (13.1)

<S,-2>—<Sl->2 >

rie S; — nmorapupMmyeckas pasHMIA LieH aKIuil i, 3alaHHas ypas-
uernem (12.1). CrreoBaTelbHO, S; eCTh aHATOTMYHAS IepeMeHHas,
MOTy4eHHas U3 CpeJHero 3HaYeHNUs BEIMUYMHBL S; 1 JIe/leHHAs Ha ee
CTaHJJapTHOE OTK/IOHEHME, PACCYMTAHHOE [JI 33JJAHHOI'O BpPEMEHHOTO
MHTepBana. PaccMOTPUM 71 3HAYeHMIt S;, pACCYMTAHHBIX J/II OJTHOTO
BPEMEHHOTO MHTepBajla KaK KOMIIOHEHTHI S; 1-MEPHOTO BEKTOpa S..
OBKIMIOBO PacCTOsAHME d;; MEX/y BeKTOpaMu S; i S; TIOTy4eHo U3 M-
¢daropoBa OTHOLIEHNUS

i J

=8-S = Z(S S5, ) (13.2)

BekTop S, MMeeT eAVHUYHYIO JIIMHY, IIOTOMY 4TO U3 OIpeJie/IeHI
(13.1) umeem
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ZS‘,-?{ =1. (13.3)
=1
CrnenoBarenbHO, ypaBHeHMe (13.2) MOXeT ObITD IepenncaHo Kak

dj =>"(Sh + S5 — 25,8, )= 223" 8, (13.4)
k=1

k=1

CymMMa B IpaBoii yactyt ypasaenus (13.4) S, S, cosmagaer cp;
=1
(cm. (12.2)). CnenoBartenbHo, (13.4) npusoput (II. CopHeTT, YacTHOE
coobleHMe) K CIeYIOLeMYy:

d, = [2(1=p,). (13.5)

Tak kak ypaBHeHMe (13.2) ompepensaer sBK/INIOBO PACCTOSHUE, 13
HEro C/IEAYIOT TPU CBOJCTBA:

cpoiictso 1 d; =0&i=j,
CBOWCTBO 2 d;=d, (13.6)
cBoiicTBo 3 d; <dy +dj;.

CaoiictBa (1) u (2) nerko nMpoBepATCs, IIOCKONbKY mpu p; =1 u3
ypaBHenns (13.5) cmenyert, uto d;=0, a U3 paBeHCTBA p; = p;; ClIeAyeT
d;j=d;;. CipaBemmBOCTD CBOIICTBA (3) (TPEyronbHOTO HEPABEHCTBA)
BbITeKaeT u3 ypasHennmii (13.2) un (13.5). Taxum o6pasom, BenmunHa d;;
YIOBJIETBOPSIET BCEM TPEM CBOJICTBAM, KOTOPbIE JO/IXHBI COOTIONATH-
Cs1 B METPUYECKOM IIPOCTPAHCTBE.

Beenenne pacCTOAHNA MEXy CMHXPOHHO Pa3BUBAOIIECA LIEHOM
aKTMBOB OBIIO BIIEpBble TIpefIokeHo B [108], rie paccTosiHMe YnCTeH-
HO onjeHuBaeMbIx cBoiicTB (1) u (3) ObIIO UCIIONMb30BaHO. 3HaHUE MaT-
PUILIBI PACCTOAHMIT MEXAY 1 00beKTaMU OOBIYHO MCIIONb3YETCS AJIA
pasbreHMss MHOXXeCTBA 71 00BEKTOB Ha MOJMHOXXeCTBa 6/IM3KO OTCTO-
ALYX JPYT OT APyra 00beKTOB. I/ MoNMydeHns TaKol TaKCOHOMUM
HeoOX0o MO CPOpPMYIMPOBATh JOHNOMTHUTENIbHYIO TUIOTE3y OTHOCHU-
TEIBHO TOIOJIOTMYECKOTO MPOCTPAHCTBA 1 0OBEKTOB. DTOMY IIOCBA-
1IeH eyl pasel.

13.2. MHOroMepHbI€ NIPOCTPAHCTBA

PaccMOTpMM KOHKpeTHBINI npumep — mnoptdens #n =6 akIuit:
lespon (CHV), Ixenepan snektpuk (GE), Koka-Kona (KO), IIpox-
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tep&Iam6n (PG), Texcako (TX) n Jkcon (XON), rae B ckoOKax Mbl
llaey COKpallleHHble 0003HauYeH V. VICIIONb3ys M3MepeHHbIe BeTYN-
HBI p;; 3a KajieHmapHbiin 1990 r., MbI BBIYMCIIIEM MATPUIy PaCcCTOS-
HMit d;.

CHV GE KO PG TX XON
CHV 0 1,15 1,18 1,15 0,84 0,89
GE 0 0,86 0,89 1,26 1,16
KO 0 0,74 1,27 1,11
PA 0 1,26 1,10
X 0 0,94
XON 0

Mpr BBenu pabodyio IUIIOTE3Y: IOIe3HOe MPOCTPAHCTBO /IS CO-
eIMHEHNs] 1 aKI[Mil eCTb MHOTOMEepPHOe IMPOCTPAHCTBO. JTa TUIIOTE-
3a MOTMBMPOBaHa anocmepuopu teM $HaKkToM, 4TO TaKask 0ObeTHIN-
Te/bHAsI TAKCOHOMUS MMEET CMBIC/I C 9KOHOMMYECKOI TOYKI 3PEHNIS.
MHOromMepHO€e IPOCTPAHCTBO €CTh IPOCTPAHCTBO, B KOTOPOM PacCTO-
AHME MeX]y 060beKTaMy eCTh MHOTOMepPHOe paccTosHue. MHOroMep-
HOE PAaCcCTOAHME dj; JOIDKHO Y/JOB/IETBOPATH IIEPBBIM JIBYM CBOJCTBaM
meTpuyeckoro paccrosuus (1) d; =0<i=j u(2) d;=d;,a 00bIYHOE
«TpeyTo/IbHOe HepaBeHCTBO» — CBOVCTBO (3) ypaBHeHus (13.6) — 3a-
MeHeHO 0ojiee )KeCTKMM HepPaBEHCTBOM, Ha3BAHHBIM «MHOTOMEPHBIM
HepPaBEHCTBOM»

d; < max{d,-k, dkj} (13.7)

MHoroMepHble IPOCTPAHCTBA 00ECIIEeYNBAIOT €CTECTBEHHBII CIIO-
co0 OIMCaHNUA MepapXUIeCKU CTPYKTYPUPOBAHHBIX CIOXKHBIX CUCTEM,
TaK KaK KOHILENI[MsA MHOTOMEPHOCTY IPAMO CBSI3aHA C KOHIIEIIIMel
uepapxuy. OHM HaOMIOAIOTCA B CIMHOBBIX CTeknax [123] — mpoto-
THUIIe BO3MYILEHHBIX HEYNOPANOYEHHBIX CUCTEM. Xopolilee BBeIeHIEe
B KOHIIEIIIIMI0 MHOTOMEPHOCTH /ISl YATATENA C IOATOTOBKOI B 06mac-
T Pusuxnu gaer Pammax [138].

Obmras cBA3b MEXAY MH[IEKCHPOBAaHHBIMYU MEPapXUsAMY M MHOTO-
MepHOCTBI0 6blTa cTporo maydeHa benseupu [15]. IIpu ycnoBun 4ro
MeTpUYEeCKOe PAcCTOSHNE MEXJY 1 00BeKTaMU CYIeCTBYeT, pasind-
Hble MHOTOMEpPHBIE IIPOCTPAHCTBA MOTYT OBITh IOMy4YeHBI HMOCPENCT-
BOM HEKOTOPOTO pasfie/ieHIs 3aJAHHOT0 MHOXeCTBa 1 06bekToB. Cpe-
IV BCEX BO3MOXXHBIX MHOTOMEPHBIX CTPYKTYP, CBA3aHHBIX C METPUKOII
paccTosHusA dyj, OfHO BbIfieniAeTCs 61arofaps ero MpocToTe U 3aMeda-
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Puc. 13.1. (a) MST u (6) nHAeKCHpOBaHHOE MepapXudyecKoe AepeBo, MOTyUYeH-
HOe [I/Is1 ITpuMepa 13 mecty GpM, MAeHTHUINPYeMbIX 110 X abbpeBuaTypam
CHYV, GE, KO, PG, TX u XON

TE/IbHBIM CBOJICTBAM. JTO CYyOJOMIHAHTHA s MHOTOMEPHOCTD. B MeTpu-
4eCKOM IIPOCTPAHCTBE, B KOTOPOM 7 00'beKTOB CBA3aHbBI MEX/y c000I1,
CyOIOMMHAHTHAasE MHOTOMEPHOCTb MOXKET OBITh HOJy4eHa MOCPefCT-
BOM OIIpefie/IeH)sI MUHVMAaJIbHOTO JepeBa (fepeBa ¢ MUHMMAJIbHON
CyMMapHoIl JHON BeTBeif) MST', cBsaspiBatomero n obekroB. MST
SBJISIETCSl KOHILenuyeit Teopun rpados [157]. B cBs3HOM B3BelleHHOM
rpage u3 n 06vekToB MST cylecTByeT fepeBo, nMerolee 7 — 1 BeTBelt,
KOTOpble MUHVMM3MPYIOT CYMMY PAacCTOSHUII MEXZIY BepUIMHAMIL.
Cy6noMMHAHTHOE MHOTOMEpHOE IPOCTPAHCTBO, aCCOLMMPOBAHHOE
C MeTPUYeCKMM IIPOCTPAHCTBOM, [jaeT XOPOILIO OINpeZe/eHHY0 TOIO-
JIOTMYECKYI0 CTPYKTYPY, KOTOpas CBSI3aHAa C OfHO3HAYHO MHJEKCUPO-
BaHHOI nepapxueit. CriefoBaTeIbHO, UCCIejOBaHMe CYOIOMMHAHTHBIX
MHOTOMEPHOCTEI M03BOJISAET ONpPENe/INTh B YHUKAIbHOI 00/IacTy VH-
IeKCYPOBAaHHYIO MepapXMI0 1 PacCMaTpMBaeMbIX 0OBeKTOB. Merop
KoHcTpyupoBanusa MST, cBsA3bIBaIOIIero MHOXKECTBO 1 OO'bEKTOB, U3-
BecTeH Kak anroput™ Kpyckana [130, 157], oH mpocT u mpsm.

MST, accoummpoBaHHOe C €BKIMIOBOI MaTpUIieil, MOXeT OBITh
HOJTY4eHO C/IeAyIomuM o6pasoM. Bo-nepBbIX, HAXOAMM Iapy akIvii,

" MST — Minimal-Spanning Tree
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pasneneHHbIX HauMeHbIM paccrosinueM: KO u PG (d=0,74). 3atem
HAaXO[[M Mapy akIuil CO CIeAyIOMMM HAMMEHBIINM pPacCTOSHUEM:
CHV n TX (d=0,84). Teniepb MbI MeeM JiBe OTAenbHbIX 00/macTyt B MST.
Ecnu Mbl mpofo/mkum, To HaviieM cinepyomniyto napy KO u GE (d=0,86).
Ha sroit craguu obmact MST cocrost us GE—KO —PGu CHV —TX.
Crnenyomras mapa 6moxaimmx akunit ectb GE — PG u CHV — XON
(d=0,89). CBssp GE — PG He paccMaTpyBaeTcs, HOTOMY 4TO 00e aKLnu
ye oTcoptuposahbl, @ XON cBaspiBaercs ¢ CHV. Teneps ecTb fiBe 06-
mactu: XON—CHV —TX 1 GE— KO — PG. Hanmenbliiee paccTossHue,
CBs3bIBaOLee 9TU ABe 00macTu, Habmwomaercs misa PG— XON (d=0,10).
I9rta cBasb PG —XON saBepuraer nocrpoenne MST.

Viconpsysa sty nmpouenypy, MoxxHo nony4utb MST, nokasannoe
Ha puc. 13.1a. Ha puc. 13.16 nprBefeHO MHEKCHPOBAHHOE MePaAPXU-
YyecKoe flepeBo, acconunposaHHoe ¢ MST. 9To nepeBo sACHO MOKa3bl-
BAeT, YTO B 9TOM IOPTesie CyLecTBYeT Be TPYIIIbI akiuii. B mepBoit
rpynie ectb HepTauble Kommanuu (CHV, TX u XON) a Bo BTopoit —
KOMIIaHMM, Ipofalue moTpebuTenbckue Tosapsl mm ycryru (KO,
PG u GE). VinnexcupoBanHOe nepapXmyecKoe JIepeBo IMO3BOJIAET OIl-
pefienTh MaTPUIly MHOTOMEPHBIX PacCTOsAHMIT dj. B Hamem npumepe
Marpuna d; UMeeT BUJL:

CHV GE KO PG TX XON
CHV |0 1,10 1,10 1,10 0,84 0,89
GE 0 0,86 0,86 1,10 1,10
KO 0 0,74 1,10 1,10
PG 0 1,10 1,10
X 0 0,89
XON 0

Kax/Iplit 97eMeHT B MaTpuile dj paBeH MaKCUMATbHOMY PacCTOs-
HUI0 MEXJY IByMs IIOC/IeI0OBAaTe/IbHBIMU 00 bEKTaMU, BBIYMCTIEHHOMY
P IBVDKEHUM OT Hauya/IbHOTO 00beKTa K KOHEYHOMY OO'BEeKTY depes
Kparyaimuit myth MST, cBasbiBatommit Ba 06bexTa. B mpoTusomno-
JIOXKHOCTD dj-MaTPUILIE, KOMMYECTBO PA3NINIHBIX STIEMEHTOB BEMINH
B Y/IbTpaMeTPUYECKOIl MaTpulie PACCTOAHMI djj He MOXKET IIPEBbICUTD
n-1, KaK 3TO ¥ IIpeJiCTaB/IeHO B HallleM IIpUMepe.

B rnaBe 12 Mbl mokasanu, 9YTO BpeMEHHAsA 9BOMIOLMA p; MOXKET
OBITh OXapaKTepu30BaHA MeJJICHHON AMHAMMKON B TOJOBOM Macli-
Tabe BpeMenn. OIHAKO p; €CTh CTATUCTUYECKAA BEIMYMHA U OHA MO-
XKeT OBbITDb MCIIO/Ib30BaHA IIPYU aHAJIN3e CTAOVIBHOCT MepapXUdecKoil
cTpyKTypHl (puc. 13.16). Ha puc. 13.2 mokasaHbl MHEKCHPOBaHHbIE
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Puc. 13.2. VinpexkcupoBaHHble MepapXuyecKue JepeBbs, NOMy4eHHblE B Tede-
HIie KaJIeHAAPHBIX J1eT ¢ 1991 . mo 1994 1. o noprdens akumit u3 mectu Gupm
(GHYV, GE, KO, PG, TX u XON)

repapxXmnJecKiue iepeBbs, IOayYeHHble B KaZleHJapHbIX rojgax ¢ 1991 r.
110 1994 r. 1 nopTderns U3 MecTy yKa3aHHbIX BbIIIE aKIUIL.

JIBa OCHOBHBIX KacTepa, HabmiomeHHble B 1990 1. (pmc. 13.16),
CHV — TX —XON u GE — PG — KO, Tax>xe HaO/II00aI0TCA BO BCEX
npyrux ropax. Ho BemnunHa 6a30BoOii TMHUY — PAaCCTOSHUA — 3aBU-
CUMa OT BpeMeHU, ¥ BHYTPEHHAA CTPYKTYpa 3TUX [BYX K/IaCTEpOB M3-
MeHseTcsA. HampuMep, B yeTbIpex U3 IATH JIeT O/ypKaiiie HeTsHble
kommanuu ectb CHY u TX, B To BpeMs Kak B 1991 r. 6mypxaimmmm
asnaoTcsa CHY u XON (cp.puc. 13.1 u 13.2). Hanbonee cunbHO cBsA3a-
HBI KOMITaHVM TOTpebuTenbckux ToBapos KO 1 PG B 1990 1 1993, GE
1 KO B 1991, GE nu PG B 1994 rT.

Wrak, sMnupudecknil aHanys OKas3blBaeT, YTO MHAEKCUPOBAHHOE
MepapXmyecKoe IepeBo 3aBUCUT OT BPeMeHM, HO COXpaHseT NpuMep-
HO B Te4yeHye rofia 6a3oByIo CTPYKTYpy, KOTOpas IeMOHCTPUPYeET 3Ha-
YUMYI0 9KOHOMMYECKYI0 TAKCOHOMMUIO.
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Puc. 13.3. (@) MST u (6) mHAeKCHPOBAaHHOE MepapXuuecKoe AepeBo, IHOTy-
vyenHoe 171 opTdenst DJIA B TedeHne BpemenHoro nepuoga ¢ 07/89 mo 10/95.
Apantuposaso us [108]

13.3. CyOmoMuHaHTHOEe MHOTOMEPHOE IPOCTPAHCTBO
nopTdensa aKiuit

V3no>xeHHas BbIllle IPOLIe/Iypa UCIIONb30BaHa B [108] i momyyenns
MHOTOMEPHOTO IPOCTPAHCTBA ABYX MOpTderneit akumit. [TepBblit mpen-
craBigeT coboil MHOXKeCTBO 13 30 aKI[Mil, MCIIO/Ib30BAHHbBIX [JIS1 BbI-
yycnenns nHpaekca Jloy-II>xonca (DJIA). Ha puc. 13.3. nokasano MST,
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Puc. 13.4. OcroBHas ctpykrypa MST noprdens S&P 500 i BpeMeHHOTO Iie-
puoza ¢ 07/89 o 10/95. Agantuposano us [108].

nonydyeHHoe s noptdens DJIA ¢ 7/89 no 10/95, a Takke MHAIEKCUPO-
BaHHOE JiepapXudeckoe peBo. Tpyu rpynIbl CBA3aHHBIX aKLINIT BUTHBI
Ha 9TOM pucyHKe. I[lepBas rpymnma cocTapaeHa U3 aKLIMil HePTAHBIX
komnanuit (CHV, TX u XON), Bropass — 13 akIuif KOMIaHUI, IPo-
U3BOAAIIMX IOTPeOUTENbCKME TOBAPBI M YCIYTH, M aKLMIT HeTAHBIX
komnanuit (PG, KO, GE, MMM, MCD, T, DD, MRK u JPM), u Tpe-
Thsl — U3 aKuuit ceipbeBbix KoMmauuit (IP u AA). OTa TakcoHOMUS,
acCOLMMPOBaHHAA C CYOJIOMUHAHTHON MHOTOMEPHOCTBIO HOpPT(ess
DJIA, aBnseTcs BIONTHE OCMBIC/IEHHONM C 9KOHOMWUYECKO TOYKU 3pe-
HUA. 3aMeTUM, YTO 3Ta TAKCOHOMM A ITOTTy4YeHa OCPEeACTBOM aHaIN3a
BPEeMEHHBIX PAJIOB LieH aKIuii 6e3 KaKUX-T1M00 APYTUX IpeIonoxe-
HUII, KpOMe OZHOrO — (pyH[JaMEHTA/IbHOTO, COCTOSIET0 B TOM, YTO
CyOOMMHaHTHasI MHOTOMEPHOCTDb XOPOIIO ONVCBIBAaeT B3aMMOCBSA3b
MeX/y aKIMAMY HOpTes.

Bropoit noprdens — S&P 500. CooTBeTCTBY0IasA TAKCOHOMM S 60-
Jiee Har/IAgHA B 9TOM noprdere, yeM B DJIA, mockonbky S&P 500 noprt-
¢denp HaMHOTO 6OJIbIIIe ¥ TIOTOMY, YTO pa3lINYHble KOMIIAHUY B HEM
HPENCTAaBIAIOT pas3ndHble obmacTu gesstenbHoctu. MST u cooTBeTCT-
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ByIOIlle€ MH/IEKCHOE MepapXMuecKoe NepeBO CIMIIKOM CIIOXKHO A
rpaduyecKoro MpefoCTaBIeHNs, HO puc.13.4 OKa3bIBaeT OCHOBHYIO
crpykrypy MST. PucyHok nonydeH ¢ y4eToM TO/IbKO TeX TMHMUIA, KO-
TOpble KOHYAIOTCS B I'PYIIIe, He MeHbIlell yeM U3 AByX akuuit. Cyuiect-
BYIOT 44 IDYIIBI, ITOTyYeHHbIE MICIIOIb30BAHMEM 3TONM IIPOLIESYPbI
U B GONIBIIMHCTBE C/TyYaeB 9TV I'PYIIIbI TOMOT€HHBI B OTHOIICHNUMN UX
CEKTOPOB MPOMBIIIJIEHHOCTH ¥ YaCTO TAK)Ke B OTHOLIEHUH UX IOJCEK-
TopoB [108], kak omncaHo B 49 e>KerogHOM OTYeTe aMePUKAHCKOI MH-
nycrpuu (Forbes Annual Report on American Industry).

13.4. BeiBOoabI

B 1. 2 MBI 06CYiMIN KITIOYEeBOII MOMEHT MH(POPMALMOHHON TeOpuu:
BPEMEHHOI pAL, KOTOPBIMI COCTOUT U3 OIPAaHMYEHHOIO KOIMYeCTBa
HaOJTIOfIeH NI, YaCcTO HAIIOMMHAET CIy4ailHblil polecc. B aToil IaBe
MBI YBUJE/N, YTO €CTh BOSMOXKHOCTD IIOCTPOUTD CTPATErnN, KOTOpbIE
ITO3BOJIAIOT IONTYYNUTh OCMBIC/IEHHYI0 TOKCOHOMMIO, MICIIONIb3Ys KOppe-
JALVIOHHBIN aHa/Mu3 6ojiee YeM OfJHOTO LIEHOBOTO psfia. B wacTHOCTH,
MBI MOXXEM HaXOJ[UTh YaCTb SKOHOMMYECKON MHQPOpMAIMy, HAKOII-
JIEHHOJ B OTHENIbHOM BPEMEHHOM PAZE, €C/IM PACCUNTAEM PACCTOSAHME
MeX/Ty KaXk/Ioil apoil aKLuil B HopTgese, I MOXeM IIPeIIOIOKNTD,
4TO CyOZOMMHAaHTHOE MHOTOMEPHOE IPOCTPAHCTBO €CTh IIOAXO/ LA
TOIIOJIOT M.
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OnnyoHsl
Ha UIeaTN3VPOBAHHBIX PBIHKAX

B mpepurecTByIOmuX I71aBaXx Mbl YBUJEIN, YTO MOJe/IMPOBaHNUE JIU-
HaMVKM IJeH aKIIUIT — 3TO JOCTATOYHO C/IOXKHAsA 3ajjada M 4YTO OKOH-
YaTeJIbHYI0 MOJENb ellje MPeACTOUT HOCTPOUThb. CIOXKHOCTD BCeil
¢uHaHCOBON cucTeMbl elje 6ojmee BbICOKA. CIIOXHOCTb COCTOUT
He TO/IIbKO B TOPropje (MHAHCOBBIMM LeHHBIMU Oymaramu, — JO-
HOTHUTEJIbHBI UCTOYHMK CTIOKHOCTM BO3HMKAeT IpPM BBIIYCKe (pu-
HaHCOBBIX KOHTPAKTOB 9TUX (IYKTYUPYIOLWINUX (UHAHCOBBIX IeH-
HBIX OyMar.

Ba)kHBIM K1acCOM (PMHAHCOBBIX KOHTPAKTOB ABJIAIOTCS IIPOU3BOJI-
Hble (DMHAHCOBBIX HCTPYMEHTOB, UX II€HBI 3aBUCAT OT LieH JPyTUX
(6asucHBIX) LieHHBIX Oymar [22, 45, 73, 74, 122, 127]. Ilpumeps! mpo-
M3BOJHBIX BK/TIOYAIOT POpBapAHbIE KOHTPAKTBI, (PHIOYEPCHI, ONLIMOHBI,
CBOIIBI (Pa3IMYHOrO pojia OOMEeHbI AKTUBAMM).

[Tpou3BogHbBIE TOPTYIOTCA WM HA PhIHKE HE3aperUCTPUPOBAHHBIX
LIeHHBIX OyMar, uiu 6oree (GOpMaTbHBIM IIyTeM, Ha CHELMaIN3NpO-
BaHHBIX OMpIKax.

B aroit r1aBe MBI MccaenyeM 0a3ucHbIe (pUHAHCOBbIE KOHTPAKThI
U IPOLIeypPhl UX PALIMOHA/IBHOTO OLleHVBaHMA. MBI paccMaTpuBaeM
UleaIM3VPOBaHHbIe PBIHKYU U 00CY>K/JjaeM TMIOTe3bl, JIeXallye B oc-
HOBE METOJ]OB, MICIIO/Ib3yeMbIX Ji/ISl IOJIyYeHNUs PallYIOHAIbHOI I[eHbI
KOHTPAKTOB.

14.1. ®opBapmHbIe KOHTPAKThI

ITpocrerimas mpousBopgHas — opBapaHblil KOHTpakT. Korma orosa-
pMBAIOTCA YCIOBUA (POPBAPIHOTO KOHTPAKTa, OAMH M3 YYAaCTHUKOB
COITIalIaeTcs KyIUTh JaHHOE KOMMYECTBO aKTHBA II0 ONpELeIeHHOM
1jeHe (KoTopasi Ha3bIBaeTCsl pOpBapAHON IIEHOI MM LIEHON IMOCTaB-
kn K) Ha obycnosnenHoit Oypnymieit fare (mare nocrasku T). [Ipyroit
YYaCTHUK COITIAIIAETCA B 3TOT JeHb IPOJaTh YKa3aHHOE KONMYECTBO
AKTIBa [0 OTOBOPEHHOI B KOHTPaKTe LieHe. [lapTHep, cornacupimiics
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Y(T) Y(T)

Bosnarpaxpgenne
BosHarpaxpeHne

a) 6)

Puc. 14.1. BosHarpaxeHne i KaXIO0il CTOPOHBI, BOB/IEUEHHOI B (opBapa-
HBIJT KOHTPAKT, Kak ¢yHkuusa ot nensl Y(T) Ha pary moraumtenns T: (a) s
KOPOTKOJI HO3ULMY (CTOPOHA, COITIAIIAOMAACA IPOfaTh B Oyayiem), (6) st
[UIMHHOM TO3NIUM (CTOPOHA, COIIAMIAIONIASCS KYIUTh B OyyIem)

KyIINUTb, OyJileT HaXOAUTbCA B JUIMHHOI MO3UINY, @ IApTHep, COITIa-
CUBIINIICA IIPOJATh, — B KOPOTKOJ ITO3ULIUN.

Ilena mpopaBaemoro ¢uHaHcoBoro aktusa Y(T) ¢mykryupyer n
Ha J1aTy MOCTaBky T OOBIYHO OT/IMYAETCS OT LieHBI, 0OYC/IOBIEHHOI
B (opBapfHOM KOHTpakKTe. [I0XOf SABIAETCA WIN IIOTIOKUTETBHBIM,
VIA OTPUILIATE/IBHBIM: TO, YTO BBIMIPBIBAET OAVH M3 IIAPTHEPOB, ApY-
roii tepsiet (puc. 14.1).

14.2. ®prouepcsol

DprouepCcHBI KOHTPAKT eCTh (OPBAPHAHBIN KOHTPAKT, TOPIyeMbIit
Ha Oupxe. DTO O3HAYaeT, YTO KOHTPAKT SABIAETCA CTAaHNAPTU3UPO-
BaHHBIM J YTO JBa YYaCTHNUKA B3aMMOJIE/ICTBYIOT IOCPEICTBOM OMp-
JKeBOT'O MHCTUTYTa — K/IMPUHIOBOTO LieHTpa. K/IMpUHIOBBI LeHTp
odopmIseT KOHTPAKTBL: OAMH € HOMydaTesieM, APYToii ¢ MPOJaBIIOM.
OH rapaHTHPYeT, 4YTO ero KOHTPAKTBI Oy YT BHIIIOTHEHBI.

14.3. OnummoHs1

OnunoH ecTb GpUHAHCOBBI KOHTPAKT, KOTOPBII JJaeT IepyKaTelio Ipa-
BO KYIIUTb MM IPOJATh akTuB Bo BpeMs T 1 1o neHe K. Ilena K Ha3bI-
BaeTCs 1[eHO UCTIOMHEHN A, 1 T Ha3bIBaeTCs NATON MCIIOTHEHW S, VI
JIaTOM UCTeYeHN S OMI[MOHA.

ONnuMoHbI TakKXXe MOTYT OBITb OXapaKTepPM30BaHBI IIEPUOLOM,
B IIPOO/DKEHMM KOTOPOTO OII[MOH MOXeT ObITh ucnonHeH. Ecnu on-
IIVIOH MO>KeT OBITH MCIIONIHEH TOJIBKO 0 YKa3aHHOII B HEM JlaTe UCIION-
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Puc. 14.2. (a) BosnarpaxpeHne kak (QYHKLUS IeHbl Ha Aary moraureHust T
Ui HOKyIaTesst KoI-onumona, kotopsii crout C (Y, ) Bo BpeMst 3akiiode-
HIS KOHTPaKTa, rje K 03HavyaeT 1jeHy «CTpailk» (LeHy UCIONHEHUS ONIMOHA),
(6) BosHarpakeHue [Is1 IIPOJABIIA TOTO JKe KOJII-OMIINOHA.
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a) IIOKYyIIaTe/b 6) mpopmaBer;
[y T-OIIIMOHA IyT-OIIMOHA

Puc. 14.3. To e camoe, 4T0 ¥ puc.14.2, I MyT-ONIMOHA

HeHus f=T, OH Ha3bIBaeTCA eBPOIENCKUM ONUMOHOM. Ecnu onijnox
MO>KeT OBITh JMICIIOJIHEH B TI000€ BpeMs MEeX[y HadaJioM KOHTPaKTa
B t=0u t="T, oH Ha3bIBaeTCA AMEePUKAHCKMM OIIIMOHOM. B 3TO1I I1aBe
MBI paCCMaTpPUBaeM €BPONEIICKYE ONVIOHBDL.

Cy11ecTBYIOT OIIIMOHBI IO BOCTpeOOBaHMA (KOJI-OIIVIOHBI) U OII-
IIVIOHBI Ha IPOfiaXy (IIyT-onumoHsl). Ko/mi-onumoH faeT mokymnaTeso
OIIIVIOHA NTPABO KYIUTb OTOBOPEHHBIN (PUHAHCOBBI aKTUB MO PUKCH-
poBaHHOII LieHe K B YKa3aHHBII [ieHb. 3a 9TO IIPaBoO IOKYIIaTeNb yIlla-
4yyBaeT Mpoaasuy onnyona cymmy C(Y, £). B maHHOM crydae He cyIecT-
BYeT CUMMETPUM MEX/Y IBYMs yYaCTHMKaMM KOHTpakTa. Ilokymnarenb
OIIIVIOHA IIATUT JIEHBIM B MOMEHT 3aK/II0YEHMSA JNOTOBOpa M IOIyda-
eT TeM CaMbIM IIPaBO KYIIUTb aKTUB B Oy/yIleM, a IpofaBel] ONIIMIOHA
IIOTy4aeT CPefCTBa HEMEIEHHO, HO CTaBUTCA IMepef, MMOTEHIAIbHBIM
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ybbITKOM B OyayieM (puc. 14.2). B myT-omnumoHe oKyImaTe/b ONIMIOHA
MIMeeT IIPaBo IIPOJATH OTOBOPEHHBI (PUHAHCOBBIN AKTUB [0 yKa3aH-
Hoit neHe K Ha jaty t=T o6paTHO npopaBiy onuuoHa (puc. 14.3).

14.4. CniekynAauua 1 XefpKupoBaHue

ITpousBogHble ABNAITCA GUHAHCOBBIMY VHCTPYMEHTaMM IO MEHb-
uIeit Mepe I IBYX TUIIOB TpelifiepoB — 3aHMMAIOLMXCs CIIeKy/IALN-
el nxegKuposaHueM. CIIeKy/IAHTbI 3aMHTEPECOBAHDI B IIPOM3BOJIHbIX,
HOTOMY 4TO OHY MOTYT 00eCHedYNnTh Heoporoi crnocobd ¢popmmuposa-
HUA NOpTdens ¢ BBICOKMM YPOBHEM PUCKA U BBICOKOW OXKMIaeMOoil
npuObIIBbI0. XeXKephl 3aMTHTEPECOBAHBI B IIPOMU3BOJHBIX IIOTOMY, YTO
OHM II03BOJIAIOT MHBECTOPAM YMEHDbUINTD PIHOYHBIN PUCK, KOTOPOMY
OHM Y>Ke IIOJJBEP>KEHBIL.

14.4.1. Cnexynanus: npuMep

VHBecTOp BepuT, 4TO HaHHAA akKumA (c Texymieit meHoi 200 $ USA)
OyzmeT pactu B IjeHe B nepuof BpemeHu T. OH NOKyIaeT KOJUI-OIILIN-
OH C 1jeHON ucnonHenusa 220 [o/IapoB, 3alJIaTUB 3a 3TO 5 NOJIIaPOB.
[Tpenmonoxxum, 4to 3a Bpems t=T (Cpoka MCIOTHEHN) 1ieHa aKI[Uu
Bo3pocia o 230 ponnapos. VIHBeCcTOp MOXXeT TOrja MCIOIb30BaTh
CBOJI OIIIMOH, KyIIMB aK1uio 3a 220 gonaapos 1 HEMEJIEHHO IIPOjaB
ee 3a 230 gommapos. Torga moxox 6yzmer 10 -5=5 gommapos — 100%
OT BJIOXKEHHOJI CyMMBIL. 3aMeTUM, 4TO B 3TOM IIpMUMepe CTOMMOCTD aK-
LU BO3POC/IA Ha

(230 —200)

=15%.
200 %

C npyToii CTOPOHBI, IPEATIONOKMM, YTO Ha JATy MCIIOTHEHNA OIIIN-
OHa I]eHa aKLMM CTa/la paBHOI M1y MeHblle 220 foaaapoB — MHBECTOP
HOTepsAeT BIO>KeHHbIe 5 nou1apos (100% noteps). Takum o6pasom, MH-
BECTOp UTpas Ha 5 JO/UIAPOB, IPUOOpeTaeT BO3SMOXXHOCTD IOy YeHN s
BBICOKOII ITPUOBLIN, TTOfiBepras cebs Ipy 9TOM OONIBIIOMY PUCKY.

14.4.2. XegxnpoBaHue: popmMa cTpaxoBaHMA

Hexotopas xomnanus B CIIIA gomxHa sannarutb 10 000 eBpo eBpo-
neiickuM ¢pupmam depes 180 gHeit. ITa KOMIIAHUA MOXKET MOANNCATD
(dopBapAHbI KOHTPAKT IO TeKylleMy OOMEHHOMY KypCy Ha BbIIle-
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O3HAYEHHYI0 CYMMY WIM MOXXET KYIUTb KOJI/I-ONLMOH, JaOI[Mil
IIpaBO Ha IOKYIIKY eBpo 4epes 180 [gHeil 110 Kypcy, CYIIeCTBYIOLEMY
Ha JIeHb MTOKYTIKM OII[MOHA. DTO MCKTI0YAET PUCK, CBA3AHHBIN C QITyK-
TyaluAMM OOMEHHOTO Kypca JO/Iap/eBpo, HO 3a 3TO Ha/I0 IIATUTD
1 HeoOXOfMMO JielaTh BBIOOP — MM TOABEPIHYTHCA PUCKY MOTEPb
B opBapIHOM KOHTpPAKTE, MU POCTO IPAMOIL U3JIep>KKe B O MOH-
HOM KOHTPAKTe.

14.4.3. XemxupoBaHue: KOHIeNINA 6e3pNCcKOBOro noprderns

Ilns 6onee mMogpoOHOTO M3yYeHMs IPOLEAYPHl Xe KMPOBAHUA pac-
CMOTPMM YIPOIIEHHYIO BEPCUIO Hallell Mpo6IeMbl, a MIMEHHO OMHO-
MUIHa/IbHYI0 Mofienb LeH akiuit [37]. Ilena akiunm Y Ha Kak/IoM Bpe-
MEHHOM LIare { MO>KeT NIPUHMMATh TOJBKO iBa 3HadYeHus (puc. 14.4).
[Tpenmonoxum, xefpKep Ha Kak/[OM BPEMEHHOM IIIare ep>KUT KOJu-
4ecTBO Aj, aKIMil /I KaXXIOTO OMIMOHA, MIPOJJAHHOTO Ha TOI JKe aK-
nuu. /A MMHUMU3aUY PUCKa XeIKep HYX/JAaeTCs B OIpefieleHNN
BeJIMYMHBI Ay, 4TO JienaeT HOpTdenb 6e3pUCKOBBIM.
Bennuuna ¢ noprderns

$=YA,—C, (14.1)

rae YA,— CTOMMOCTD akIMit Ay, KOTOpBIE IeP>KUT NHBECTOP B MOMEHT
BpeMeHn f, 1 C— CTOMMOCTD OTII[MOHA, IPOJJAHHOTO B MOMEHT BpeMe-
HU t.

BespuckoBas nHBecTULUA TpebyeT

%= Pas (14.2)
Tfie ¢, — CTOMMOCTb IOpPT(esis, ecIy aKIuu UAYT BBEpPX, a ¢, — CTOU-
MOCTb OpTQers, ecau akiuu upyT suns. CregosarenbHo, us (14.1)

YuAh_Cu:YdAh_Cd
WIn
7CM7Cd

A, =—H—<.
YV

(14.3)

B npepene, xorpa t cTaHOBUTCA 6eCKOHEUYHO MajIOi BeJIMUYMHOIA,
_oC

=

oY

Takum o6pasom, A, paBHO YaCTHOI TPOU3BOLHOIN CTOMMOCTH OII-
I[VIOHA OT I[eHbl aKuuM (IIpU IIOCTOSHHOM f). BBUy n3MeHeHus Y Bo

(14.4)
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Puc. 14.4. Cxemarudeckasi WitoCcTpanys 6uHoMManpHoi Mogenu. 3pech ¥ —
pBIHOYHAS IjeHa akiuy, a C— CTOMMOCTD OINIMOHA, BBITYI[EHHOTO Ha 0603Ha-
YEeHHYI0 aKLuIo. [/ JaHHOTO BPEMEHHOTO TOPU3OHTA t=t; BeNWYNHbI Y, u Y,
0603HaYAI0T BO3MOXKHbIE 3HAYEHMsI PHIHOYHOI LeHbl, @ C, u C;— BO3MOXHYIO
CTOMMOCTD OIIIVIOHOB

aC
BpeMeHI/I A, = — TaKXe OOJIKHO M3BMEHATHCA BO BpeMeHI/I oI Mak-
"oy

cumm3aruyu 3G PeKTMBHOCTI XePKMPOBAHUS I MUTHUMU3ALUN PUCKA
B OTHOILEHVY NTOPTderis.

MBI BUMM, 9TO 10 MEHBIIIE Mepe TP pas3iidHble TOPrOBbIe CTPa-
TETMY UCHOMB3YIOTCS Ha (PUMHAHCOBBIX PBIHKAX: Xe[KIPOBaHIe, CIIe-
KY/ISINVST VIV BO3MOXKHOCTHM apOMTPakHBIX omepannit. Hekotopble
Tpelifiephl CHEVaNN3UPYIOTCS IO OFHOMY U3 3TUX TPeX BapUaHTOB,
a IpyTHe 110 CIyYalo EePeKTIYaTCs C OFHON CTpaTernu Ha Jpyryio.
Xemxepbl (OKYCUPYIOTCA Ha YMEHbIIEHNN PUCKa NOpTess, a ClleKy-
JISTHTBI MAKCUMM3VPYIOT PUCK TOPTeis.

14.5. OneHnBaHIE ONMIIIOHOB
Ha UJeann3pOBaHHbIX PbIHKAX

Il HopManbHOrO (PYHKIIMOHMPOBAaHNUA (PMHAHCOBOTO PBIHKA Y4acT-
HUKM JO/DKHBI XOPOIIO NMOHMMATh METO/bl OLleHMBaHME OIMI[MOHOB.
3ajaya COCTOUT B TOM, YTOOBI HANITV PAalVIOHATBHYIO ¥ CIpPaBeJ|IN-
Bylo nieHy C(Y, ) paccmarpuBaemoro onunona. Tak kak Y(f) apmnser-
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ca cmydvaitHoyt BenmmunHoM, C(Y, t) ABMAeTcA QyHKIMeN CIydaiiHOM
IIepEMEHHOI.

[lepBoe HajexxHOe pelleHMe NPOOTEeMBbl OLCHVBAHMSA OIIMOHA
6b110 Ipenoxeno biaskom u lloyncom (18, 120]. DTo pemrenne crpa-
BeJI/IBO TIPY LIeJIOM psfie IPeIIoNT0XKeHNIL:

1. ITlena akuu clIefyeT CToXacTu4ecKoMy mpoueccy Vro.

2. Toprosns LeHHbIMM OyMaraMim 1jeT HellpepbIBHO.

3. He cymecTByeT ap6UTpa>kHBIX BO3MOXXHOCTEIL.

4. Tlpopaa IleHHbIX OyMar BO3MO>KHaA B JII060e BpeMs.

5. He cymecTByeT KOMUCCUM TPaH3aKIMIA.

6. PpiHOYHAA NpOLIEHTHAS CTaBKa IOCTOAHHA.

7. Mexxy MomenTamu t=0 u t=T [uBUAEHNBI He BBIITAYMBAIOTCA.
bnaxk u Iloyic npenonoXxmuy, 9To 1jeHa akim Y(f) MoXeT ObITb

ommcaHa Kak JITo-mporiecc, a UMeHHO IpPOIecc, OIpeie/IeHHbI T10-

CPeICTBOM CTOXAaCTUYeCKOTO AN epeHINaNTbHOTO YPaBHEHN:

dY =a(Y,t)dt+b(Y,t)dW.

B yacTHOCTH, OHM NPERTIONOXKNIIN, YTO IIeHa aKIUM CIENYyeT Teo-
MeTpUYeCKOMY OPOYHOBCKOMY JIBUIKEHUIO:

dY = pYdt +oYdW, (14.5)

Tfie {4 — OXKMAaeMas IpuObIIb B eAVHUIY BpeMeHM, 0° — NUCIePCus
B e[[UHNIIY BpeMeHV 1 W — BUHEPOBCKUII IIpoLiecc

CorlacHO 9TOMY NpPEATIONIOKEHNIO M3MeHeHye jorapudma IeHbl
HOJYMHAETCS FayCCOBCKOMY pacIipefie/IeHUIO.

Ecnu mpepmnonoXuTh, 4TO LieHa aKIUY CMOJE/NTMPOBaHA TeOMeT-
puyecKuM OPOYHOBCKMM J[IBVKEHUEM, TO HeKoTopas QyHKuua Y
(BKIOUaromas neHy onuyoHa C) MoXXeT ObITh peleHeM AuddepeH-
IIMa/IbHOTO YPaBHEHUA B YAaCTHBIX IPOM3BOJAHBIX, IIOTYYEHHOTO U3
CIIeIMa/IbHOTO CIy4asi jeMMbl VITO, cIpaBefi/IMBOrO JIsi Te€OMEeTPU-
4eCKOTo OPOYHOBCKOTO ABVDKeHM [75]:

ocC

2
_19C y %ZligﬁWm+aﬂmw. (14.6)

dC ==y + =4
o' Tar 2077
Paccmorpum moptdend mepxarens, Aj, LeHHBIX OyMar, KOTOPBIi
IIPOaeT OFHY MPOM3BOSHYIO LieHHYI0 Oymary B MOMeHT f. CTOMMOCTD
noprdens cnegyer us (14.1) n (14.4):

b= —C+%dY. (14.7)
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VismeHeHue Benn4yMHbI HOpTdend ¢ B MHTepBane At ecTb

oC
Ap=—C+2=4ay. 14.8
) oy (14.8)

Vcnonb3ys nemmy Vto, 6yieM nmetsb

£Y+£+l_82c
ar" Tar T20r?

ocC

AC = Y Hdt+ —cYAW. (14.9)
oY

V3 ompepeneHnss reoMeTpUYECKOrO OPOYHOBCKOTO [BVDKEHMS
(14.5) umeem

AY = pY At +oYdW. (14.10)

C}ICHOBaTe}IbHO, MISMEHEHME BEJIMYIMHDBI d) eCThb
aC aC 19°C ,,, 0OC aC aC
Ap=— =Y - = T = Y2 Y AT AW+ o YAW, (14.11
=ar™ "o 272" T Tar” oy MW Gy YAW, (411)
KOTOpoe YHpOIHaeTCH oo
oC 19°C ,.,
- Y?|dr. 14.12
¢ [ or 20Y? (14.12)

IIpepmonoxxenne baska—Illoynca 0 TOM, 4TO LleHa aKLUM CTIELyeT
reOMeTpUYeCKOMY OPOYHOBCKOMY JBVDKEHMIO, ABJIACTCS PeIlaoliM
Y OIIpeJielieHNY PalyioHaIbHON LieHbl onunona. PakTuyecku, 6e3
3TOTO HMPEANONOXKEHNA, A¢ He MOXKET ObITh YIPOIIEHO, KaK 9TO Clie-
nMaHo B ypaBHeHUN (14.12).

Bropoe ki1oueBoe NpeAIonoKeHne KacaeTcs OTCYTCTBUA BO3MOXK-
HOCTell apbuTpaka. B oTcyTcTBIME BO3MOXKHOCTEI apOuTpa)xka usMe-
HeHre CTOMMOCTH noptdens A¢ HOMKHO PaBHATHCSA MPUOBUIN, 1O-
JTy4eHHOI MHBECTUPOBAHMEM TOJ >Ke Be/INYIMHBI JIeHeT B 0e3pJCKOBBIe
IleHHble OyMaryu, KOTopble 00ecIedBal0T NPUOBIIb ' B eAMHNILY Bpe-
MeHH. B mpefnonoskennn o ToM, 4YTO ¥ — KOHCTAHTA, IMeeM:

Ad = roAt. (14.13)

ITocpeacTBOM IpUpPAaBHUBAHNUA STUX IBYX YPaBHEHMII 111 U3MEHe-
HUA crouMocTu noptdens, (14.12) u (14.13), momydaeM COOTHOLIEHNE:

oC | ,0C 19°C
rC:E+rYW+EWU2Y2’ (1414)
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KOTOpO€ Ha3bIBalOT ypaBHeHMeM broka—Illoyica B 4aCTHBIX IIPOM3-
BOIHBIX. YT0OOBI OMyunTsh (14.14), He TpeOyeTcs MpPeIONIOXKEHNA OT-
HOCHUTEJIbHO CHelU(pIIecKOoro CBOVCTBA ONIMoHa. JTo fuddepeHnn-
aJIbHOE ypaBHEHe B YaCTHBIX IPOV3BOJHBIX CIIPaBeINBO A1 000UX
«IIyT» U «KOJI/I» €BPOIENICKUX OIIIOHOB.

IMopxopsmee C (Y, ) mna usbpaHHOrO THUIIA ONIVIOHA OyHeT IONY-
4eHO MOCPe[ICTBOM BbIOOpa MOAXOAAIINX I'PAHNYHBIX YCIOBMil. B Ka-
YecTBe IpyMepa JI/Is KOJUI-OMIIIOHA MOXeT ObITh

C =max{Y — K,0}, xorga t="T. (14.15)

[TapameTpamu B ypaBHeHVM (14.14) ABNAIOTCA JUCTIEPCHS B €[UHY-
Iy BpeMeHM 0> U IIPUOBIIb B €JUHIILY BpeMeH! 1 0e3pUCKOBOII LIEHHOII
oymaru. Pemenne (14.14) 3aBUCUT OT 3TUX JBYX IIapaMeTpPOB U OT Be-
mmayH Y, K n T, XapakTepusyOIMUX I'PaHIYHbIE YC/IOBMA. YpaBHeHe
B YaCTHBIX IPOM3BOAHBIX broka—Illoyica nMeeT aHaIMTUIECKOE pe-
IIeHNe, KOTOpoe 00CY>X/jaeTcs B C/IeAyIOIIeM pasjieie.

14.6. ®opmyna bnska—Illoyinca

bk u lloync pemator suddepeHnnanbHOe ypaBHEHNE B YaCTHBIX
IpOoN3BOAHBLIX (14.14), NCTIONB3YH CNIEAYIONIYIO TOACTAHOBKY:

C(Y,)y=e""Dy(x, 1", (14.16)
raoe
X= 0—22{}‘—%02} 1n(%)—(r—o%)(z—T)} (14.17)
n
2 o?
t'E—?[r—T](t—T). (14.18)

ITpu Takoit mopcTaHoBKe AuddepeHIaTbHOe ypaBHEHUE B YaCcT-
HBIX Npou3BOAHBIX braka—IIloynca ctaHoBuTCA POpManIbHO SKBMBA-
JICHTHBIM yPaBHEHNIO TeIJIOIPOBOJHOCTH B (pU3NKe:

y(x, 1) _ *y(x, 1) (14.19)
ot’ ox? '
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YpaBHeHMe TEIIONPOBOFHOCTY aHAIMTHYECKU PaspeliMo 1 Io-
CpeficTBOM NOACTaHOBOK (14.17) n (14.18) brak u Illoync Hammm cBoé
3HaAMEHUTOEe ypaBHEHNe [I IPO6/IeMbl OLIeHKM OIILIMIOHOB

C(Y,H)=YN(d)) - ke’ N(d,), (14.20)

rie N(x) — HakolleHHas (YHKIVA IUIOTHOCTY JyIsi TayCCOBCKOI
[IEPEMEHHOI C HY/IEBBIM CPeJHMM I €[UHWYHBIM CTaHZAPTHBIM
OTKJ/IOHEHMEM:

2
Inl L 9 T~
n A +|r+ 3 (T —1)
d = (14.21)
oT —t
"
dy=d —oNT —t. (14.22)

14.7. CnoxxHas cTPYKTypa PMHAHCOBBIX PHIHKOB
Mopgenb brnska—Illoynca maér mBa Ba>KHBIX (PMHAHCOBBIX MHCTPY-
MEeHTa:

a) aHanmuTu4eckoe pemreHue (14.20) mns paroOHAIbHONM LieHBI €BPO-

MeCKOro OIIIMOHA;

6) TOProBYyI0 CTpATErnI0 HOCTPOEHMS 6€3PUCKOBOTO MOPTQE.

CymecTBoBaHue 0e3pMCKOBOro MOpTQesa O3HayaeT TAKXKe, 4TO
0co6bIit TopTdenp obmurannit M aKIuil MOXKeT ObITh 9KBUBAJIEHTEH
OIIIVIOHY 3TOJ1 KLV B HEKOTOPOM OTpe3Ke BpeMeHM, eC/Ii NopTdesb
HaJIeXalum o6pa3oM cbaaHCMPOBAH B TEPMUHAX ypaBHeHumi1 (14.1)
u (14.4).

Jlpyrumm cloBaMy, CTOMMOCTDb OIILIMOHA MOXKET OBITb BOCIIPOM3-
BeJleHa ITOCPeACTBOM (OopMupoBaHus MOPTQest akuil 1 06nuranit,
M TaKoOJl CMHTETMYeCKMil aHAJIOT OIIIMOHA MOXKeT OBITh peaan30BaH
Ha (pMHAHCOBOM pBIHKE, MICXOA U3 mpefnonoxenuit birska—IIloyica.

Cpenn npepmnonoxxenuit (1) n (7) mogenn braxa—IIloynca nBa sB-
JIIIOTCS KPUTUYECKUMIU JI/IA CYLIeCTBOBaHMSA 0e3pMCKOBOro moprde-
ns. I[leppoe COCTOUT B TOM, UTO AVHAMUKA II€HBI aKI[UY €CTb FeOMeT-
pudeckoe 6pOyHOBCKOe ABVDKeHMe. Bropoe — To 4TO, TOpIy LIeHHBIMMU
OyMaraMy HeIpepbIBHBI BO BpEMEHI.

B mpembIaymmx I7laBax Mbl BUJENN, YTO B PEaJbHOCTU AMHAMIU-
Ka I[eHbl aKI[UV JUCKPETHA KaK BO BpPeMeHU, TaK M B IPOCTPAHCTBE.
Bonee Toro, aMmnupuyeckye HaOMIONEHNS CTaTUCTUYECKMX CBOVICTB
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[[eHOBBIX M3MEHEHNI! /151 BBICOKOYACTOTHBIX PEXKMMOB He OTBEYAIOT
IPEeIIIONIOKEHNIO O TeOMEeTPUYECKOM OPOYHOBCKOM ABV>KeHMN. [leiicT-
BUTEIBHO, PeIKIie COOBITI (2 MMEHHO OOIbIIINE IPBIKKY IIeH aKIui)
BpeMsl OT BpeMeH! HaOMIofJaloTCsl.

CnepoBatenbHo, Mofienb brnska—Illoynca ABnsgeTca IpeKpacHoIl
OCHOBOJI [I/Is1 IOHMMAHMS U MOJIe/IMPOBAHNUS MJeaTbHOro (prHaHCO-
BOTO PBIHKA, HO 00ecleunBaeT TOMbKO MPUOIVKEHHOE ONICaHNe pe-
anbHBIX (MHAHCOBBIX PHIHKOB. B wacTHOCTH, pefnonokenns braka
u Illoyrnica He MpOBepeHBI HA peaIbHBIX PBIHKAX 1 He TAPAaHTUPYIOT CY-
I[eCTBOBaHMe 6e3pMCKOBOrO MOPTQes M CUHTETUYECKUX OIIIVIOHOB
Ha peasibHbIX PHIHKAX.

14.8. [Ipyrue noaxoapl K OLleHUBAHNIO OIII[JIOHOB

Jlpyrue acreKkTsl Ipo6/IeMbl OLJeHMBAHVA ONIIMOHOB BOZHUKAIOT IIPK
PacCMOTpEHNUN aJbTePHATUBHOTO INYTU IONTYyYeHUs PalViOHATbHOI
LIeHBI OIIIIMOHA.

B poiake brmska u Illoynca pauymoHanbHas IleHa ONIIMOHA He 3a-
BYICUT OT TOJIEPAHTHOCTU YYaCTHMUKOB PBIHKA K PUCKY. DTO O3HAUaeT,
YTO NPEJIIONIOKeH)Ee O HEMITPaTbHOCTY X OTHOIIEHMS K PUCKY JIeTU-
TUMHO Ha 3¢ PeKTrBHOM GUMHAHCOBOM pBIHKE. B pricko-HelTpanbHOI
9KOHOMMKE OXKIjaeMast JOXOZHOCTD { KaKoro-1m6o puHaHCOBOIO ak-
TUBA JO/DKHA ObITh paBHA 0€3PUCKOBOI MPOL[EHTHOII CTABKe 7.

CrefoBaTeIbHO, B OTCYTCTBUE apOUTPaXK HBIX BO3SMOXKHOCTEI OXKI-
llaeMasi CTOMMOCTD €BPOIIeIICKOTO KO/I/I-ONIIMOHA Ha MOMEHT JCTede-
Hus (t=T) ecTb CpefHsIsA OXNjaeMast HPUObLIb, 2 UMEHHO:

E{(Y(T) - K)"},

rge (Y(T) - K" ectp Y(T) - K B cnywae Y(T) - K> 0, u Hynb, Korza
Y(T) - K<0. [Jns [ocTM>XKeHUsT pUCK-HENTPaIbHOM BeIMYMHBI, CIIpa-
BeJ/INBOIL BO BpeMs T —t, 9Ta Be/IM4MHA JO/DKHA OBITh AMICKOHTUPOBA-
Ha Ha 6e3pPVICKOBYIO ITPOLIEHTHYIO CTABKY, TaK YTO

C (Y, t}=e" T E{(Y (T) - K)*}. (14.23)

YpaBHenue (14.23) paér uncrpymenr s onpenenenus C (Y, £) 6e3
peruenns guddepeHInanTbHOrO ypaBHEHNU A B YaCTHBIX IIPOM3BOJHBIX,
COOTBETCTBYIOIIET0 MpobIeMe OLleHKM ONIIOHOB. YpaBHeHMe (14.23)
MOXXeT OBITh 3aIMCaHO B IBHOI opme:

cCY,n= e”(T”)de'(Y' - K)f(Yy; 075 T), (14.24)
k
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rae f(Y,; 0|Y ;' T) ecTb yC/IOBHas IVIOTHOCTb BEPOSITHOCTel Hab/Ioze-
Hus Y=Y Bo Bpems t=T, xorpa Y=Y, Bo Bpems t=0.

YpaBuenne (14.24) mokaspiBaeT, HACKOIBKO KPUTUYHO TOYHOE 3HA-
YeHMe pacIpefieNeHNs [IeHOBBIX u3MeHeHmit. [evictutensHo, C(Y, f)
IIOTHOCTBIO 3aBUCUT OT 9TOTO pacupepeneHns Ha adpdexkTnBHOM bu-
HaHCOBOM pBIHKE.

YpaBHenue (14.24) faét Takke r’MOKUII MHCTPYMEHT JJIs aHAIUTH-
YecKoro uan uycneHHoro onpepenenus C(Y, t), korpga pacupepeneHne
IICHOBBIX MI3MeHeHUI n3BecTHO. OJJHAKO CTOUT OTMETUTb, YTO ypaB-
HeHye (14.24) cupaBefIMBO TOJBKO TOTJA, KOIJA CTOXaCTUYeCKUI
nporecc Y(f) mosBonsier dopmupoBanme 6e3puckoBoro moprtderns
IpU PUCK-HENTPaNbHBIX IPEANONIOXKeHnAX. Ecmm He cymiecTByer
0e3pucKoBOro mopTdenss mpu PUCK-HENTPATBHOM IPEIIIONOXKEHN,
TO He CYIIeCTBYeT TaK)e IapaHTUIl, YTO YHUKa/JIbHas LIeHa OII[MO-
Ha CYIIeCTBYeT, YIOBIETBOPAA YCIOBUIO OTCYTCTBMSA apOUTpParKHBIX
BO3MOXHOCTEIL.

14.9. O6¢cyxpnenne

Pemenne brska—Illoynca mpo6meMbl OLleHMBAaHUA ONIMIOHOB — 9TO

Kpaeyro/IbHbII KaMeHb COBPEMEHHOII Teopuy pUHAHCOB. VX Mofenb

(UHAHCOBOI aKTMBHOCTY CXBaTbIBae€T OCHOBHBIC YEPThI peajbHBIX

(bUHAHCOBBIX PBIHKOB. HekoTOpbIe e€ aclIeKThI, OfHAKO, He IOTHOCTBIO

OTpa’Kal0T CTOXACTUYECKOe IOBeJeHNe, HabmogaeMoe Ha peaTbHbIX

PBIHKaX.

OrMmeTuM Tpu npumepa:

(1) rayccoBckasi TUIIOTe3a M3MEHEHWII JTOTapuQMOB IieH aKI[Mil He-
KOpPpeKTHa — 0COOEHHO KOT/Ia I3MEHEHM I BLICOKOYACTOTHBI;

(2) mpenmoONOXEHNE O HENPEPHIBHOCTY IIEHBI AKTWBA MOXKET Hapy-
IIAThCA, IleHa MOXKeT IpeTepIieBaTh PaspblB IIPYU IOSABIEHUN HO-
BOJI 1 CyIIIeCTBEHHOJ 9KOHOMMYECKOI MHPOPMAIUL;

(3) BOMaTUIBHOCTD I|eHbI HEKOTOPOI aKLUMM MM MHAEKCA MM CTaB-
KJ TIPOIIEHTa HENOCTOSAHHBI, OHM CaMI ABIAIOTCA CIyYallHBIMU
IpoljeccaML.

MopenupoBaHye peanbHbIX (MHAHCOBBIX PBIHKOB, MHOIZIA Ha3bl-

BaeMbIX «Hea(p(eKTUBHBIMI PHIHKAMI», BK/TIOYaeT B cebs K1acc mpo-

671eM, KOTOpbIe MBI pacCMaTpUBaeM B C/IeAYIOLIel I71aBe.
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OnuyoHbI HA peaNbHBIX PhIHKAX

B 1. 4 MBI paccMoTpeny Ipo61eMy OLleHMBaHMA ONIIMIOHOB Ha Mjea-
NM3MPOBAaHHOM pBIHKe. Pea/lbHble PBIHKM 4acTO 3((PeKTUBHBI, HO
OHM HVIKOTJIa He UJlea/lbHbL. B 3TOIl T1aBe Mbl 00CyX/IaeM Kak BO3-
pacraeT CJIOXHOCTb MOJEIVPOBAaHUA (PMHAHCOBBIX PBIHKOB, KOT-
la MBI IIPMHMMAaeM B Pac4€T acIeKThl PeasbHbIX PHIHKOB, KOTOpbIE
He (OpPMaIM30BaHBI B UJ[ea/IbHON MOfe/NN. DTV acleKThl M3BECTHBI
B JIUTepaType KaK PhIHOYHASA MUKPOCTPYKTypa [26] mnn ppIHOYHbIE
HeaddexTuBHOCTH [127].

B TepMmHONOrMyM, UCIONb3yeEMONM B S9KOHOMMYECKON JUTEpaType,
IPOBOANUTCA sACHAs Napajjienb C HOJOOHBIMU ClieHapusAMH, Hablo-
faeMbIMU B (u3MUeckoir Hayke. Hampumep, HAMHOTO jIerde CO3JaTh
00001I€HHOE ONMMCAaHMe JABVDKEHMS MEXaHWYEeCKOIl CUCTEMBI B Mpea-
MU3UPOBAHHOM Mupe 0e3 TpeHMs, 4eM B peanbHOM Mupe. [lopo6-
Has CUTyalus BCTPeYaeTcs, KOIJja Mbl CPaBHMBAaeM PaBHOBECHYIO
Y HEPaBHOBECHYIO TepPMOAVHAMUKY. B 9TOJI I/1aBe MBI IIOKa)keM, 4TO
3HaHME CTATUCTUYECKVX CBOJVICTB AMHAMUKM IIeH aKTUBa KPUTUYIHO
IUIA MOJENMPOBAHNUA peasbHbIX (PMHAHCOBBIX PBIHKOB. MBI TaKxe
3aTpPOHEM HEKOTOpble TeOpeTHdYecKue 1M IpaKTU4ecKye HIpoOIeMsl,
KOTOpble BO3HNMKAIOT, KOIJJA MbI IIPMHMMAaeM B Pacy€T PbIHOYHbIE
HeapPeKTUBHOCTHL.

15.1. IlpepoIBucTbIe NPUOBIIN AKIIWIT

CymecTBoBaHue TOpTQeIIs, COfepKallero Kak pyCKOBbIe TaK 1 6e3puc-
KOBbI€ aKTHBBI, BOCIIPOM3BOJAIETO TOYHO CTOMMOCTD OIILMOHA, SABJIA-
€TCs BaXXHDBIM 3B€HOM B OIIpe/le/IeHUN PallIOHAIbHOMN LJeHbI OIIIOHA
B NIPEATIONIOKEHNN OTCYTCTBMS Ha PbIHKE apOUTPa>KHBIX BO3MOXHO-
creil. BocipousBoauT nan HeT HOPTQeab CTOMMOCTD OIIIVOHA, 3aBU-
CUT OT CTAaTUCTUYIECKUX CBOMCTB AMHAMUKMN IIeH aKTUBA, JIeXKAIero
B OCHOBE OIIIVOHA. B mpefbIayIeit I/1aBe Mbl BUJIE/MN, YTO MOPTdeb,
BOCIIPOM3BONAINII IIEHY OILVOHA, CYLIECTBYET, KOIfla IjeHa aKTuBa
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CJIefiyeT reOMeTPUYeCKOMY OPOYHOBCKOMY JIBVUIKEHUIO, HO MbI TaK)Ke
BUJIE/IN, YTO STOT CIy4ail He MOXeT ObITh 06001éH. Hanpumep korga
AMHAMMKa aKTUBa CIefiyeT CKauKoobpasHo nuddys3noHHOI Mopenn
(121], mpocToii BbINIeyKasaHHbI MopTdenb He cymiecTByer. Ckad-
K000pa3HO-In(pPy3NOHHASA MOJE/NTb eCTh CTOXaCTUYeCKUiT Mpoliece,
coueratomnit A1 Qy3MOHHBII YIeH (KaK B TeOMeTPUYECKOM OpOYHOB-
CKOM JBVDKEHUN) ¥ BTOPOJI 4JIeH, ONMCBIBAIOIINIA CKAaYKM CTy4YalfHbIX
aMIUIUTY/, IPOUCXOJALINE B CTyYaliHble MOMEHTBI BpEMEH.

I'py6o roBops, cyliecTBOBaHME [ABYX HE3aBUCUMBIX UCTOYHMKOB
CIy4ailHOCTM B LIEHOBOJ AMHAMVKe aKTVBa He IIO3BOJIAET CO3[aTh
IPOCTOII BOCIIPOM3BOAAINII LieHY omijuoHa nopTdens (6onee crporoe
00Cy>KJIeHIe 9TOV TOUKM 3peHNsA cofepKuTcA B (44, 70]). HeBo3MoxHO
HOMYYUTh PALMOHAIBHYIO LIeHY OIIIIJMOHA TOJIBKO B IIPE/IIONIOKEHNN
OTCYTCTBUA apOMTPa>KHBIX BO3MOXKHOCTeil. Jlpyrue Ipennonoxe-
HUS JOJDKHBI OBITH IIPUHATHI OTHOCUTETBHO TEPIIMMOCTY TPeifiepoB
K PUCKY U IIPOTHO3HBIX 3HAUEH NI IIeHBI aKTVBA HA MOMEHT UCTeYeHNU
CpOKa OII[MOHA.

Vcxons U3 Apyroil MepCcHeKTUBBI, MbI MOXKEM CKasaTb, 4YTO HaM
HEeOOXOAMMO 3HAaTh CTATUCTUYECKME CBOJICTBA AUHAMUKM aKTUBA IIe-
pex TeM, KaK MbI CMOXKEM OIIpeJle/INTh PAllMIOHATIbHYIO LIeHYy OIINO-
Ha, IIPOUCTEKAMIIYI0 13 3TOTO aKTUBA. IIpepbIBUCTOCTb IYTH LjeHBI
aKTMBA — 3TO JIMIIb OFHO U3 «HedPPEeKTUBHOCTEI», KOTOPOE MOXKET
HOOYAMTD HAC K IIOMCKaM MeHee 0000IIEHHBIX IPOLIe/yP OLleHUBaHNUA
OIILIVIOHOB.

15.2. BomaTMIbHOCTDb Ha peanbHBIX PbIHKAX

Ilpyras «HeapPeKTUBHOCTb» peaNbHBIX PHIHKOB COCTOMUT B CTydYail-
HOM XapaKTepe BOJATUIBHOCTYM LeHBl aKkTuBa. Popmyna broka—
Illoynca oueHMBaHUA OMII[MOHA NJIA €BPOINEVICKMX OIIMOHOB, TOP-
TyeMBbIX Ha WJI€a/IM3MPOBAHHOM pbIHKE, 3aBUCUT TOJIBKO OT IIATHU
IapaMeTpoB:

(I) wmenpl akuy Y B MOMEHT t,

(IT) menp! McnomHeHus oninoHa K,

(IIT) 6e3pUCKOBOI IPOLIEHTHO CTABKU 7,

(IV) creneHu BOMaTUAbHOCTY aKTUBA O,

(V) cpoka ucreyeHns onnuona 7.

B uncne atux napamerpos K u T ycTaHaB/IMBaIOTCA KOHTPAKTOM,
a Y u r U3BeCTHBI U3 PbIHKA. TakMM 06pa3oM eCTb TO/IBKO OfMH Iapa-
MeTp, KOTOPbIJi HEOOXO[MMO OIpeie/INTb, — 9TO CTEleHb BOJATU/Ib-
HOCTH O.
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3aMeTuM, YTO CTelleHb BOMATUIBHOCTY, HeoOXofuMasa B popMy-
e oneHMBaHus onunoHa braka—Illoysca, ecTh BOMATUIBHOCTD JTe-
XKalllell B OCHOBE OIIMOHA IIeHHOI Oymaru, kotopas OyaeT HabIIo-
HaThCA B OyAylieM BpeMeHHOM uHTepBae ot t=0 no t=T. ITogo6Hoe
YyTBEep>K/leH/e MOXeT OBIThb CHIeaHO OTHOCUTETbHO 0e3pUCKOBOI
IPOLIEHTHOII CTAaBKM 7, KOTOpPasi MOXKET COBEPUINTD CKAYOK B Oymy-
I[eM BPeMEeHIL.

Mpl 3HaeM M3 IpeAbIAYINEro aHaaNM3a, YTO BOMATMIBHOCTH IeH
LIeHHBIX OyMar ecTb CTy4daiiHblil mpouecc. OneHKa BOTATUIbHOCTY —
HEIpOoCTasi IpoLeAypa.

15.2.1. VicropnyecKass BOTaTUIbHOCTD

I[TepBblil TOAXOM COCTOUT B OIpefe/IeHN) BOATUIBHOCTU UCTOpIYe-
CKMX PBIHOYHBIX JJAHHBIX. DMIVPWYECKUE TeCThI ITOKA3bIBAIOT, YTO
nofi06HbIe OLIEHKM 3aBUCAT OT BPEMEHHOTO MHTEpBaJIa, MCIIONb3Yye-
MOTO /151 OTIpefie/ieH s BOMATU/IBHOCTY. MOYKHO TIPeIION0KUTb, YTO
yeM JI/ITHHee BpeMeHHOI MHTEPBaJI, TeM JIyYllle JO/DKHBI ObITh OLIeHKH.
OpHaKo JIOKa/lbHASI HECTAIMIOHAPHOCTDb BOMATMIBHOCTY BO BpeMeHU
O3HayaeT, 4TO 6e3yC/IOBHA s BOJIATU/IBHOCTD, OLeHEHHA A TOCPEICTBOM
VICTIONIb30BaHMsI OYEHbD JIIMHHBIX BPEMEHHBIX II€PIUOJIOB, MOXET OBIThH
COBEpIIIeHHO OT/IMYHOI OT BOMATU/IBHOCTY, HAOIIOaeMOii B IIPOJOI-
JKeHIe KM3HU OIIIOHA.

OMmIupuyeckoe NPaBUIO YTBEp)KAaeT, YTO HAMIydllas OIeHKa
CTelleH) BOJIATVIBHOCTYU IIOJTy4aeTCsA MpU PACCMOTPEHUM MCTOpUYe-
CKUX JJaHHBIX BO BpeMeHHOM MHTepBajle t, —t,, pABHOM BpeMeHU UCTe-
4yeHMs onnuona (puc. 15.1).

15.2.2. IlogpasymeBaeMas BOTaTUIBHOCTh

Bropoit anbTepHaTMBHBIN HOAXOJ K OIpefje/IeHNI0 BOMATUIBHOCTYI
COCTOUT B OLiEHKE OXXMIAeMOI BOMATUIBHOCTH Oy KOTOPAS OIle-
HVBAeTCs C UCIONb30BaHNeEM LIeHbl OMIVIOHA Ha PBIHKE ¥ (POPMYIIBI
ouennBanua bmaka—Illoynca (14.20). Oxupaemass BOMATUIBHOCTD
OpPMEHTUPYET TPeiiiePOB OTHOCUTETBHO YPOBHA BOTATUIBHOCTYU OII-
nyoHa. BemynHa 0;,, HOTy4aeTcsA MOCPENCTBOM UCIOTb30BAHNA PhI-
HOYHBIX BermunH C(Y, ) 1 YNCTIEHHOTO pellleHNs YpaBHEeHU A

C(Y,T—t)=YN(d))— Ke """ N(d,), (15.1)

IJie BpeMs Telepb BbIpakaeTcs B JHAX IO CPOKa IIaTexXa, 1
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Puc. 15.1. Cxemarudeckast WIUTIOCTPAI[USA K TIPOO/IEMe, CBA3AHHOI C OTIpefiere-
HIEM UCTOPUYECKOI BOMATMIBHOCTM. HecTaumoHapHOe MOBEfieHIEe BONATUIIb-
HOCTH [IeJIaeT OIpefe/ieHNe CPefHell BONMATUIbHOCTH 3aBUCAIIUM OT MCCIERY-
€MOro mepuoja BpeMeHu. [Ipy pacCMOTpPeHMY AIMHHBIX IIEPUOLOB BUIHO, YTO
[HEBHAsI BOMATHU/IBHOCTh COBEPIIEHHO OT/IMYHA OT CPEHEN aCUMITOTIIECKOI
BeIMYMHBI (CIIJIONIHAS INHA)

2

In| 2|+ r+ 2 (7~ 1)
K 2
4= (15.2)
O'imp\/T—f
n
d=d —o, NT—1. (15.3)

Ha poiake braka n llloynca onpepnenenne 0XngaeMoi CTETIEHN BO-
JTaTUIBHOCTYU JOJIKHO JIaTh MIOCTOSIHHYIO BeJIMYMHY O [I/I OII[MIOHOB
C PasHBIMM LieHaMJ MCIIO/IHEHN A Y Pa3HbIMU CpPOKaMu uctedeHns. bo-
Jiee TOro, 3TO 3Ha4YeHMe JJOJDKHO COBIIAJIaTh C BOMATM/IBHOCTDIO, OIIpe-
IelIeHHOI 13 ICTOPMYEeCKUX JJAHHBIX.
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Puc.15.2. Cxemarndeckasd WIMIOCTpalMs OXMUAAEMON BOMATMIBHOCTU KakK
byHKIMN pasHOCTH MeXAY LeHolt ucnonHenus K u nenoit akyuu Y. Eé creru-
¢buyeckas Gpopma oTpaxkaeTcs B Ha3BaHUM «y/IbIOKA BOMATUIBHOCTI

Ha pea/bHBIX pBIHKAaX 9TH [iBe OLIEHKMU B 00IeM C/Iydyae He COBIIa-
patoT. OXupaeMas BOJIATU/IBHOCTD 0OeCIIeunBaeT Ty YILIYIO OLIeHKY 0.

OMIMpPUYeCKNii aHa/IU3 TIOKA3BIBACT, UTO O,y €CTh QYHKIINSA L[EHbI
VICTIOTIHEHM A ONIIMOHA ¥ JIATHI €r0 UCTedeHNs. B gacTHOCTH, 0;yp MU-
HUMaJIbHA, KOT/Ia IleHa ucnonHenrs K paBHa Haua/IbHOI LieHe aKIIUK
Y («omImoHa 1o TeKy1eil lieHe») M yBeMInBaeTCs i/ 6oee HU3KOM
unn 60Jee BBICOKOI IieHbl MCTIOMHeHNA K. DTO sB/IeHMe YacTO Ha3bl-
BAaIOT «YJIBIOKOJ BOMATVIBHOCTU» (puc.15.2). OxxupaeMas BOTATUIIb-
HOCTb YBE/IMYMBAETCS, KOTIa CPOK OIUIAThI YBEINYMBACTCA. DTU M-
NMpUYECKNe JaHHbBIE MOATBEPXKIAIOT, 4TO Mofenb bmska—IIloyca
6asupyeTcs Ha IPEIIOIOKEHNAX, KOTOPbIE JINIIb YaCTUYHO IPOBeps-
eMBbI Ha peajIbHbIX (PMHAHCOBBIX PHIHKAX.

Korpa nmeer MecTo cydaiiHas BOTAaTUIBHOCTD, B 00IeM cydae
HeT BO3MOXKHOCTM OIIPEeJie/INTh LIeHY OIIMIOHA TOCPEACTBOM IIPOCTO-
rO NPEATONIOKEHNA 00 OTCYTCTBUM apOMTPa>KHBIX BO3MOXHOCTEIL.
B HeKOTOPBIX MOJIe/IAX, HAIIpUMep, PhIHOYHAsA IleHa BONTATU/IbHOCTHO-
TO pUCKa JO/DKHA OBITD OIleHeHa Iepe TeM KaK IOMy4IuTb guddepeH-
I[aJIbHOE yPaBHEHNE B YaCTHBIX IIPOU3BOHBIX.

15.3. XemxupoBaHue Ha pealbHbIX PbIHKAaX

Ha npeanmusupoBaHHBIX (MHAHCOBBIX PBIHKAX CTPATErMs PaljMOHA/Ib-
HOTO XeI>KMPOBAHNA NMOPTQENs, COCTOAILIETO KaK 13 0e3pUCKOBBIX,
TaK U pPUCKOBbIX aKTMBOB, /I3BECTHA.
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Ha pea/nbHBIX PbIHKaX HEKOTOpBIe (PaKThl MOT'YT CIe/IaTh 3Ty CTpa-
teruio HepeanuctuyHoit: (I) mepedopMmpoBanme XemKMPOBAHHOTO
noptdesns He IPOU3BOANUTCA HenpepblBHO; (II) cyliecTBYIOT TpaH3ak-
[[MOHHbIe KOMMICCUM Ha peasbHbIX ppiHKaX; (I11) puHaHCOBBIE aKTUBBI
YacTO TOPIYWTCA B /I0TaX, KpaTHbIX 100, u npepmonaraioT Hepenu-
MOCTb JIOTOB.

be1o mokasaHO, 4TO NpeACTaB/lIeHNEe 3TUX HEUCKITIOYMMBIX PBbI-
HOYHBIX Hea((eKTMBHOCTEI MOApa3yMeBaeT, YTO COBEPLIEHHOE Xefl-
KU pOoBaHMe OpTQesa He MOXKeT ObITh FAPaHTUPOBAHHO HA PeaJIbHOM
PBIHKE, Jlake €C/IM IPEJIoIaraeTcs, 9YTO AMHAMMKA aKTMBa XOPOLIO
OIMCBIBAETCA TeOMETPUYECKUM OPOYHOBCKUM ABVDKeHMeM [58]. Kor-
Tia MBI paCCMaTpMBaeM peanbHble PhIHKM, CIO)KHOCTb MOJI€TMPOBAHM A
BO3pacTaeT, KOINYECTBO IIPEAIIONIOKEHNIT BO3pacTaeT M OOIIHOCTD
peLIeHNIT CHUKAETCA.

15.4. Pacuupenne mogenu biska—Illoynca

CymecTByeT o0ImuMil MOAXOJ, B HayKe — UCIIONIb30BAaHUE MOJENN CUC-
TEMBI 11 IOHMMaHMA OCHOBHOTO aCIIeKTa Hay4HOII pobemsl. Vnea-
NMU3UPOBaHHAsI MOJE/b He CIIOCOOHA OMMcaTh BCe COOBITHS, HAOIIO-
IlaeMble B peaJIbHBIX CUCTEMAaX, HO OHa CIOCOOHA OmycaTh Hambosee
CyLleCTBeHHble M3 HUX. IIOCKONBKY IPMMEHMMOCTb WJeanusnpo-
BAHHOI MOJe/IM OIPaHMY€EHA, IPeAIIPUHMMAIOTCS TONBITKY [/ pac-
MMpeHusA U 06061IeHNA TOM MOJENN C LIeIbl0 YIYYIINTh ONMCaHNe
paccMaTpMBaeMoll peanbHON cucreMbl. Hekoropple pacmmpeHus
He M3MEHAIT CYLeCTBa BBIBOJIOB, ITOJIy4aeMbIX C MCIIOIb30BaHMEM
MOJENN, APYTYE Ke MOTYT M3MEHATb.

Mopens braka—Illoynca—aTo ogHa 13 Hanbojee yCIeIIHbIX Mea-
NMU3NPOBAHHBIX MOJieJIeil, UCIIONb3yeMbIX B Hacrosulee BpeMa. C Mo-
MeHTa €€ BBefieHNA B 1973 I. MOABMIOCh OTPOMHOE KONMNYECTBO JINTE-
paTypbl, UMeIOLIEeN fIeo ¢ paciunpennamMu mopenu broka—IIoyica.
ITU pacliVpeHNsi UMEIOT 11e/1b OCTA0UTh MPeJIONI0oXKeH s, KOTOpbIe
He SABJIAIOTCSA PeaTVICTUYHBIMU JIA AeICTBYIOMMNX (PMHAHCOBBIX PbIH-
KOB. [IpuMepbI BKIIOYAIOT:

e OLIEHMBaHME OIILMOHOB CO CTOXACTMYECKON IPOLEHTHON CTaBKO
(4, 20],

e OLIEHMBAHME OIIVIOHOB C IPepPbIBUCTO-AN(PY3MOHHBIM UIN YUCTO
IIPEPbIBUCTBIM CTOXACTMYECKUM ITPOLIeCCOM IeHbl akiuu (13, 121],

e OLIEHMBaHIE OILIVIOHA CO CTOXACTIYECKOM BOMATUIBHOCTDBIO [71, 72] n

o OILICHMBaHME OIILMOHOB C HErayCCOBCKMM pacIpefie/IeHNeM JIoTa-
pucdmoB LieH [7, 21] u ¢ yceuéHHBIM pacrpepenenuem Jlesu [118].
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MBI KOPOTKO ITPOKOMMEHTHPYeM OOIiiie ypaBHEHNUsI, ONMUCHIBAIO-
1[yie BPEMEHHYI0 9BOJIIOLNIO [IeHbI aKIUM ¥ BOTATUIBHOCTD [12], KO-
TOpble HAMHOTO 60see 061y, YeM mpepmnonoxenue biaaka n Iloynca
0 reoOMeTpUYeCKOM OpPOYHOBCKOM ABVDKeHMM. Hamra rjenb coctout
B TOM, YTOOBI [I0Ka3aTh, KaK CIO)KHOCTb YPaBHEHMII YBeIMINBACTCS,
KOTZIa OJJHO M/IM HECKOJIBbKO Ipepnonokenuit braka n llloynca ocma6-
eHBl. BoT 9T 06111e ypaBHEHNS:

dY (1)

-575—:{rU)—Auﬂdt+o(ﬂdﬂﬁ(ﬁ—+5(0dq0) (15.4)

do’(t) =10, — K,o*(t)|dt + o, 0()d W, (1), (15.5)

a mpepnonoxenue biaka u llloysca o reoMeTprieckoM 6pOyHOBCKOM
nByokenun (13 (14.5)) nmeer By

ay@) S
Yo - udt +odW (t); o= const. (15.6)

3nech r(t) — MTHOBEHHAsl MPOLEHTHAsI CTaBKa, A — 4acTOTa CKad-

KOB B pacuére Ha rof, 0°(f) — nu¢¢y3noHHas KOMIIOHEHTA JUCIIEPCUN
npubsum, Wy(H)u W,(f) — cTaHzapTHBIEe BUHEPOBCKIE IIPOIIECCHI C KO-
Bapuaunyeir, cov[dWy(f), dW,(t)] = pdt,
J(f) — mponeHTHBII pasMep CKauka ¢ 6€3yC/IOBHBIM CPEIHUM 3HaYeHN-
eM (i, q(f) — IIyacCOHOBCKMIT pPOIecC ¢ MHTeHCUBHOCTHIO A, n K,, 0,,
0, — mapamMeTpsl 11 PY3MOHHON KOMIIOHEHTHI AVUCIIEPCUY TPUOBIIN
o%(1).

CTONUT OTMETUTD, YTO YBENTUYEHNE B CTIOKHOCTY HOCUT He TOIBKO
TEXHMYECKNII, HO KOHIENITya/IbHBII XapaKTep. DTO IPOUCXOAUT IO-
TOMY, 4TO IIPOLECC CTOMb OOLINIT, YTO HEBO3MOXKHO H0JIee OCTPONUTD
IPOCTOJ BOCIIPOM3BOAALINI IIeHY ONMI[MOHA HOPT(eIb MIN palyo-
Ha/IbHO Xe[[)KMPOBAHHBIN «ONTUMATbHbIN» OPTdeb. IMeraHTHOCTD
pemrennsa braka—IIloynca TepsaeTca Ha peasbHBIX PhIHKAX.

15.5. BeiBOabI

[TonHOe 3HaHME O AVHAMMKE CTATUCTUYECKUX CBOVCTB MPUOBUIN aK-
THBa— BOT IJIaBHOE JIs1 QYHKLMOHA/IBHBIX M IPUK/IAIHBIX Ieneit. Ta-
KO€ 3HaHNE SAB/IAETCA PEeUIAoIIUM J/Is MOCTPOEHNA ¥ TeCTUPOBAHUA
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CTATUCTUIECKUX Mofiefieit ¢prHaHcoBoro peiHka. HecMoTpst Ha 6oree
yeM 50 s1eT ycunmii, nenb 1o CUX IOp He JOCTUTHYTA.

[IpakTudeckass peleBaHTHOCTb paspelleHus HpoOIeMbl CTaTH-
CTUYECKVX CBOJVICTB AMHAMVKY IIPUOBIIENl aKTUBA OTHOCUTCA K ONTH-
MaJIbHOMY PELIeHMIO 33/jaull palJIOHAJIbHOTO OLIEHMBAaHNA ONIMOHA.
9TO U ecTb PUMHAHCOBAsA AKTUBHOCTD, KOTOPAs MCKITIOYNTENTBHO BaX-
Ha JIJIA TeKYIIero COCTOSHMA (GMHAHCOBOTO PbIHKA. MBI BUJIEIN, YTO
AMHAMMYeCKe CBOVICTBA IIPUOBIIN aKTHBA — TaKye KaK IPEePbIBHOCTD
VIJIA HETIPEPBIBHOCTD IPUPOJbI MSMEHEH NI, C/TyYallHbIN XapaKTep BO-
JIATMIBHOCTY U 3HaHMe QYHKLMU IIOTHOCTY BEPOSATHOCTEN MpUOLI-
I aKTUBA — BCE 9TO HEOOXOAMMO 3HATD /ISl a/IeKBaTHON OCTAaHOBKM
¥ BO3MO>KHOTO pelleHMsI IPO6/IeMbl OLleHVBaHMA OII[MOHA.

CraTucTuyeckas U TeopeTndeckas (U3nKa MOXXeT BHECTV BKJIAJ
B pelleHNe 3TOJ Hay4YHOI IPpOo6IeMbl — COBMECTHO C pe3y/IbTaTaMMu
MCCIeJOBaHNI IPYTUX CMEKHBIX TUCIUTIIVH — TEOPUIM KPUTUYECKNX
ABJIEHNI, TEOPUM HEYIOPAJOUYEHHBIX CHUCTEM, CKEJIMHIA ¥ YHUBEpP-
CaJIbHOCTH, KOTOPBIE pasBU/INCD 3a ntocnefuue 30 er.
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CyMMa 71 CIyYaiiHBIX BE/IMYNH, KaXKasd U3 KOTOPBIX peajy-
3yeTcsA IOC/Ie BpeMeHHOro mara At

BTOPOJI MOMEHT JUXOTOMUYECKON CyYaitHOM BETMYMHBI X;
KOHCTaHTa fuddysun

CUMBOJI CBEPTKI

CTaHJAapTHOE OTKJIOHEHMe S,

ycedeHHas CydaliHas BelM4yMHa

MaJioe 4ycio

MacIITabupoBaHHAS BeTNIMHA

(bYHKIUA ITIOTHOCTY BEPOSATHOCTU

MaciitTabupoBaHHa s GyHKI[MS IIOTHOCTYU BEPOSTHOCTH
YUCIO «IIM»

MaciutabupoBaHHas GyHKI[Us pacnpenesieHus S,
GbYHKIUA pacIpefeieH st FayCCOBCKOTO Ipoljecca
HOJIVHOM II0 S B ICC/IelOBAaHUAX CXOAUMOCTH

TPETMiT MOMEHT abCOTIOTHON BETMIIHBI X;

(bYHKIMA ITIOTHOCTY BEPOSATHOCTU

XapakTepucTudeckas GyHKIus

omeparop, obosHavanouuit Pypbe-npeobpasoBanne cBepT-
KM ABYX QYHKI[UI

Dypre-mipeobpasoBanue f(x)

XapakTepyucTrdecKas QyHKIMs CTydaitHOTO 91Cia S,
CUMMETPUYHOE YCTOMYMBOE pacnpepenenne Jlesu
MaciutabHbIit pakTop pacnpeneneHus Jlesu

CpefHsA BeIMYIMHA CTyYalHOTO Y1CIIa

HmapaMeTp aCUMMeTpUN pacnpeneneHus Jleu
ramMma-QyHKIus

MacIITabupOBaHHOE CIyYaliHOE YUCIIO

MaciutabupoBaHHa s GyHKI[MS IIOTHOCTYU BEPOSTHOCTH
XapaKTepucTrdecKas QyHKIUsA 37IeMEHTAPHOTO CTY4aifHOTO
41cIa 6€CKOHEYHO [IeNIMMOro C/Iy4alfHOro mpolecca

IIMHA

1Ie710€ IMCII0

M3MeHeHe [IeHbl B MOMEHT BpeMeHN f

IieHa (pMHAHCOBOTrO aKTVBA B MOMEHT BPEeMEHN ¢
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U3MeHeHIe [[eHbl B MOMEHT BpeMeH! |

medupoBaHHOE N FUCKOHTUPOBAHHOE N3MEHEHNE LIeHbI
medypoBaHue U JUCKOHTHPOBAHIE BpEMEHHOTO Psifia
npubbIIb (BO3BPAT) B MOMEHT BpeMeHN f
[OC/Iel0BaTe/IbHble PA3HOCTM HATYPaNbHOrO Joraprgpma
LeHbI

OXXMpmaeMast Bemu4nHa f(x)

IJIOTHOCTDb BEPOSITHOCTHU HAOTIOfaeMOT0 X B MOMEHT BpeMe-
HI t

COBMeCTHasl INIOTHOCTDb BEPOSTHOCTI TOTO, UTO X, Hab/I0a-
eTCs1 B MOMEHT f, u 1/f" HabmofaeTcss B MOMeHT f=1-y=0.7
YC/IOBHAs INIOTHOCTD BEPOSTHOCTY HAOMIONEHN S X, B MOMEHT
BpeMeHU f, IIocjie HaOIONEHNA X; B MOMEHT BpeMeHN [,
CpefHsA BeIM4MHA CTyYalfHOTO Ipoliecca
aBTOKOPPeALOHHAsA PyHKINS

BPEMEHHOI1 JIaT

aBTOKOBapyalus

XapaKTepUCTUYeCKOe BpeMs

BpeMeHHas IKaa (MaciTab)

MOKa3aTesb CTeleHN

MOKa3aTesIb CTeTIeHN

TUINYECKOe BpeMs

ANCTIePCHs

JacToTa

CIIEKTP MOIHOCTHU

CTaH[JapTHOE OTKJIOHEHNe Ha pPAasINYHBIX BPEMEHHbBIX
TOPU3OHTAX

IieHa (pMHAHCOBOTrO aKTVBA B MOMEHT BPeMEHN ¢
PasHOCTH TOrapugMoB IieHbI

C/Iy4aliHO€E 4MCIIO0

C/Iy4aliHO€e 41CII0

C/Iy4aliHO€e 4MCIIo

(bYHKIMA ITIOTHOCTY BEPOSTHOCTU

1ie/Ible YMCTIa

KOHCTaHTa
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raMmma-QpyHKIus

HaIlpaBJIEHHBIII IPOLECC

pacnpepenenne Jlebu

IJIVHA [epecedeHN st

rayCcCOBCKOE pacIIpefie/ieHue

MHJIeKC pacnpepenenus JleBu

MaciutabHbIil pakTop pacnpeneneHus Jlesu

KOHCTaHTa

KONMYECTBO HE3aBUCUMbBIX WJEHTUYHO paclpee/leHHbIX
CTyYaliHBIX 41CeT, HeOOXOAVMMBIX /I HAO/MIONeH s IIepexo-
Ia Mex /iy JIeBU U rayCCOBCKUM PeXMMaMM
MacIITabMpPOBAHHOE CIyYaliHOE YUCIIO

MacIITabupOBaHHOE pacmpepeneHue IJIOTHOCTHU
BEPOATHOCTI

XapakTepucTuieckas GyHKIus

MHJIeKCHbIe U3MEHEH s

CTaH/JapTHOE OTK/IOHEHNUe

HOPMa/IM30BaHHasI Pa3HOCTD JIoraprdMa IeHbl KOMIIAHUY i
KyMYJISITUBHOE paclIpefie/ieHue

BOJIATM/IBHOCTD (CTAaHAAPTHOE OTKJIOHEHVE) KOMIAHUY |

IOVICKpeTHas C/IydaiiHas BeTMuMHa

YCTIOBHOE (B 3aBMCHMOCTH OT f) paclipefie/ieHne IIOTHOCTH
BEPOATHOCTU

IOVICIIEPCUSA CITYYaliHONM BEIMYMHBI X, HA BPEMEHHOM MHTEp-
Baje ¢

11e/10€ YUCTIO

IapaMeTpbl

9KCIeCC CTOXACTUYECKOTO Ipoliecca

acMMITOTHUYeCKast QYHKIUA ITIOTHOCTY BEPOATHOCTU
IapaMeTpbl

c/ly4aliHas BeIM4MHA

aBTOKOPPE/ALOHHASA QyHKIN

XapaKTePUCTUIECKUIT BpEMEHHOIT MacuITab

ITOJIMHOMBI C/Ty9aliHOV BeTMYMHBI 1],

11e/10€ YUCTIO

KOoBapual M CIy4aifHbIX YMCET X U Y

cpefiHee C/1y4ailHOTO 4MCIIa X

«BpeMeHHOe arpernposanye» GARCH (1,1)-mponecca
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napametpsl m arperanuu GARCH (1,1)-mporgecca
napametp m arperanuun GARCH (1,1)-mporjecca
BPEMEHHOV TOPU30HT

XapaKTepUCTIYeCcKast J/IMHA

Hab71a-omepaTop, raMIUIbTOHNAH

XapaKTepUCTIYeCcKast CKOPOCTb IIOTOKA

KIHETHYeCKasl BA3KOCTh

IaBJIeHMe

HO3ULMS BEKTOPA CKOPOCTH

Ipupaiesye CKOpoCTH

[OKa3aTe/lb CTENEHN CIIEKTPA MOLHOCTH

rayCCOBCKasl BEPOSATHOCTD BO3BpATa K HAYaAIy
BEpOSITHOCTD BO3BpaTa K Haya/jy Ha BpEMEHHOM TOPU30HTE
At

CpefHsisi CKOPOCTBIO PACCESIHNS SHEPTUY Ha €V HIILY MACChI
MacIiuTad IIMHBI

¢dusnyeckas pasMepHOCTb HAOTIOZAEMOTO X

HOKA3aTe/N CTEIEeHN

I'maBpr 12 1 13

u3MeHeHe orapudMa LeHbl aKIINN | 32 OAVH JA€Hb
K093 PuLMeHT KOppenauny MeXX Y aKIIUAMH i U |
CTaHJAPTHOE OTK/IOHEHNE Pj;

CpefiHee 3HAUEHME pj;

OTKJIOHEHME p; OT CPEJTHETO 3HAYEHM A

€BK/INJ0BO PACCTOSIHME MEXTY aKLMAMM 1 U |
MHOTOMEPHOE PACCTOAHME MEXY aKIMAMM i U |
OJIHOIIepMOAHAS IIPUOBIIb AKTUBA 1

Oe3pucKOBble 1  PUCKOBble IIpeMMalbHble  CpefHuUe
IpUOBIII.

MaTpuIla BECOB pa3MepHOCTbIO 'k

BpeMeHHOII psif k pakTopoB

PUCK aKTUBa
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1jeHa GUHACOBOTO aKTUBA

I[eHa «CTpaiK» (1jeHa UCIIOTHEH U OII[OHA)
JaTa MOCTABKM

IleHa OIIIIMOHA BO BPeMsI 3aK/II0UeHsI KOHTPAKTa
KO/IMYECTBO aKI[MIl /ISl KaXKAOTO OMILIMOHA B 6e3PUCKOBOM
noptderne

BenM4MHa mopTdens

oXujaemMast IpUOBIIb B €ANHULY BpeMeHN
AVCIIEPCHS B efUHNUILY BpeMeH!

BMHEPOBCKUII IIpOLecC

PBIHOYHAS CTaBKa IPOLIEHTa

¢dopmyma braka—Illoyaca

nepemenHble biska—Illoynca

HoapasyMeBaeMasi BOMTATUIBHOCTD
MT'HOBEHHasI CTaBKa IIPOL[eHTa

1 Py3noHHa S KOMIIOHEHTA JUCIIEPCUY TPUObLIN

9acTOTA CKAYKOB B pacyéTe Ha TOf

mapaMeTpbl 1upPY3UOHHON KOMIIOHEHTHI HUCTIEPCUIN TIPK-
6b111 0%(1)



ITpnunoxenne B

MaprtuHranbi

KoHnenunst MapTuHranoB Oblla BBeJleHa B TEOPUIO BEPOSITHOCTEN
OKOJIO TIO/IyBeKa Hasaj. ITOT TepMUH BBEN J>K. YU/IM, HO ero KOpHU
yxopAat K I1. Jlesu, k 1934 1. (cm. [77]). [lepBas monmHas Teopus MapTHH-
rasnoB Ob1a cpopmynuposana Jlybom [42].

PaccmoTpuM nporiecc, 0603HadeHHBIIT yepes S,. [Tonoxxum F, npexn-
cTaBjsieT co00ii ceMelicTBO MHGPOPMALVOHHBIX MHOXXeCTB («puib-
Tpanuio»). Vicnonp3ys gjaHHOe MHOXeCTBO MHpopMmanuu F,, MOXHO
CTeHepUpPOBaTh «IIPefiCKa3aHMe» BBIXofa S,

E{Snlq:n—l}-

S, ectb mapTunran otocurenbuo ({F,,| P}), ecnu

(I) S, n3BectHO 3amanneM F, (S, «ajaiTUPOBAHO»);

(I1) E{| S, |} < oo, ¥n (6e3ycmoBHBIE IIpefiCKa3aHMsI KOHEIHBI);

(I1I) E{S,|F,.1} =S, upu n>1 (1. e. Hamy41Iee IpefCcKasanme Oyay-
LIMX BEIMYUH eCTh IoC/eHee HaOmoneHme S,_).

3necy P ecTh BepOSITHOCTHAsI Mepa 1 Bce oxxupauus E{.} mpenmo-
JIaraloTCs B3SATBIMU B OTHOLIeHMU P. MapTuHTasn onpefenéH OTHOCH-
TEIbHO 3alaHHON (QUIBTPALIMU ¥ BEPOSATHOCTHOI Mepbl. CyLIHOCTD
MapTMHIA/Ia €CTb CTOXaCTUYeCKUII Ipolecc (C HyJIeBBIM CHOCOM).

OTa KOHLeNusA ABAAeTCA QyHIAMEHTAa/NbHO B MaTeMaTnke Qu-
HAaHCOB, IIOTOMY 4YTO, HaIlpUMep, B MUpe, B KOTOPOM IPOLCHTHBIE
CTaBK)M HYJIEBbIe U He CYI[eCTBYeT apOMTPa>kKHBIX BO3MOXKHOCTEI,
CYLIECTBYeT eAMHCTBEHHBII 9KBUBAJICHT MAPTUHIAIbHO MepBl, IIpU
KOTOPOM IleHa HEKOTOpOIl 0e3[JOXOIHOI IleHHOJ OGymaru paBHa eé
oxuyiaeMornt 6ynyueit uexe [70].
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