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BBenenmue.

AKTYaJIbHOCTH T€MBbI.

@pakraasl — 3TO CTPYKTYpBI, KOTOpBIC, HECMOTpPS Ha CBOK KpPaWHIOKO
HEPETYJISIPHOCTh Ha pa3HbIX MacmTabax, BHIIJLAST TPUMEPHO OIMHAKOBO.
@pakTaibl  OKpYXalOT Hac ToBcioay. Bo wmHorom Omaromaps benya
Manaens0poTy, OCHOBOIIOJIOKHUKY HaykKw O (ppakranax, Mbl Teleph 3HaeM, 4TO
«ppakTanapl BOKpYT Hac MOBCIOY, U B OUEPTAHHUSX TOp, U B U3BUIUCTOU JINHUU
Mopckoro Oepera. Hexotopeie u3 (pakTanoB HEMPEpPBIBHO MEHSIOTCS, MOJ00HO
ABWKYIIMMCS O0JIakaM WM MeplalleMy IUIaMeHH, B TO BpeMsl Kak ApyTHe,
MoI0OHO JIEPEBBSIM WM HAIIUM COCYAHUCTBIM CHCTEMaM, COXPAaHSIOT CTPYKTYpY,
npuoOpeTeHHyo B mpolecce sBomtormm» [56]. [Inama3on Macimra0oB, rae
HAOMOMAI0TCSl (paKTAIBHBIE CTPYKTYPHI, MPOCTHPAETCS OT PACCTOSHUN MEXIY
aTOMaMd B BEHIECTBE JIO PACCTOSHUA MEXIy CKOIUICHHSMH TalaKTHK BO
BCEJICHHOH. MOXHO TPEANONOXKUTh, YTO JIIOObIE JOCTAaTOYHO CHIIbHBIC
HEPETYJSIPHOCTH B TIPUPOJE CTPEMATCS O0OpecTH (QpakTadbHYI CTPYKTYPY.
[TosToMy coOBceM HEYyAMBHUTENHHO, YTO MHOTHE, OTBEYAIOIINE PEaTbHOCTU
HEJIMHEWHBIE JTUHAMUYECKHE CHCTEMBl HMEIOT (paKTadbHble aTTPaKTOPHI
(manpumep, arrpaktop Jlopenma wim Pecciiepa). DTo o03Hauaer, 4To KpailHe
HEYCTOWUMBEIE (Da30BbIE€ TPACKTOPUM TAKUX CHCTEM C TEUYEHHEM BPEMEHU
cTpemsTcs cTaTh (pakramamu. 3aMeTHUM, 9YTO JUIsI OOJBIIMHCTBA PEATBHO
CYIIECTBYIOIIUX B TPUPOJE M OOMIECTBE MWHAMHUYECKHX IPOIECCOB CEPbE3HBIC
TPYAHOCTH OOBIYHO BO3HHKAIOT €II€ Ha OJTale ONUCAaHUS HUX B BHUJC
nuddepeHInaIbHBIX ypAaBHEHUH WM AUCKPETHBIX OTOOpakeHHUA. Mexay Tem
bpakTanpHas reoMeTpuss HaOMIOZaeMbIX pean3alnii TaKKMX MPOIECCOB SBISCTCS
Tak ke xopomo u3BectHoit [24],[41],[49],[73],[79]. Takum oOpa3om, orpomHoe
KOJIMYECTBO  E€CTECTBCHHBIX  CHUCTEM,  TMOBEACHHE  KOTOPBIX  BHEIIHE

BOCIIPUHUMAETCSI KaK XaoTUYECKOe, OOBEOUHSET OAHO oOliee CBOHCTBO. ITO



CBOMCTBO — caMomnojgo0ue (MHBAPHAHTHOCTH OTHOCHUTEIBHO  H3MCHCHHS
MmaciuTa0a), WiH, 9To TO ke caMoe, (PaKTaIbHOCTb.

OnucaHuio caMomogo0us B TPUPOJAC M HAyKe IIOCBAIICHA OOMIKpHAs
auTepaTypa. Bo-mepBbIX, 3TO  CTaBIIME  KIACCHYECKMMH  MOHOrpaduu
OCHOBOIIOJIOXKHHMKA Haykn o ¢pakramax benya Manaensopota [56] u ero
nocienosarenern [41],[79]. Bo-BTopbiX, peryispHbie 0030pbl B OOIIECHAYYHBIX
xypHanax [2],[13],[17],[21]. B-tperbux, MOCTOSHHO MyOJHKYIOLMIHECS PadOTH,
MOCBSIIIEHHBIC (PPAaKTaJIbHBIM CBOWCTBAM CHCTEM, BO3HHKAIOIIUX B COBEPIICHHO
pa3IMYHBIX O0JACTSIX €CTeCTBO3HAHUA. sepHOU Qusuke [2], acrponomuu [69],
reopusuke [24],[88], ouonornu u meaunune [31], komnproTepHoii rpaduke [30],
skoHOMUKe W ¢uHancax [18], [49], [62] u t1.n1.  PerymsipHo wu3maercs
CHCIHMATU3UPOBAHHBIN KypHan Fractals, moHOCThIO MOCBAIIEHHBIH (PpaKTazam.

OTnenbHON, Ba)XKHOW 007aCTbIO NPHMEHEHHS (PAKTAIOB SBISCTCS aHAJIN3
BPEMCHHBIX PSOB. TOCJIECIOBATCIBHOCTEH H3MEpeHHUs (PH3UYECKUX BEIUYHH,
YIOPSIIOYCHHBIX 1O BpeMeHH. Kak mpaBuiio, HHGpOpMAIKS O MOBEICHUU CI0KHBIX
CHUCTEM TOJy4YaeTcsl B BHJE MMEHHO TaKHMX OSKCIICPUMEHTAIbHBIX JaHHBIX. Ha
CCTOAHSAIIHUN JCHb XOPOIINO H3BECTHO, YTO (paKTaJaMu SABIAIOTCA Ipaduku
pealM3anyii  YPE3BBIYAMHO  PAa3IMYHBIX IMPOIECCOB, KaK CTOXAaCTHYCCKUX
(nanpuMep, OPOYHOBCKOE IBIIKEHHE), TaK M JCTCPMHHHUPOBAHHBIX (HAIpUMep,
peann3anys perieHUi JJOTHCTUISCKOr0 YPaBHEHHS TP OMPEACICHHBIX 3HAUYCHUSIX
napaMerpa). ®pakTalbHble BPEMCHHBIC PsAbl BO3HHUKAIOT, B YAaCTHOCTH, IpPHU
U3MEPCHUSX Pa3IMUHbIX €CTCCTBCHHBIX MPOIIECCOB. COJIHEYHON aKTHBHOCTH [84],
YPOBHSI pa3auBOB pek [24], myMOB 3JIeKTpOHHBIX MprOOpoB [87], reodusnyeckoit
¥ Te€OMarHuTHOMW akTHBHOCTHU [88], Pu3noIOrnYecKuX XapaKTEpUCTHK OpraHHU3Ma
yenoBeka [33] u T.x1.

Cronib IIMpPOKas paclpoOCTPaHECHHOCTh (paKkTaIbHBIX CBOWCTB BPEMEHHBIX
PSI0B TO3BOJIIET HAACIThCS HAa HAJIMYUE CAMHOIO YHHBEPCAIBHOI'O MEXaHH3Ma,
MPHUBOSAIIET0O K BO3HUKHOBEHHIO (PPAaKTAIBHOCTH B COBEPIICHHO pPa3IMYHBIX
CCTECTBEHHBIX CHCTeMaX. IIOMCK Takoro MeXaHW3Ma SIBISETCS OJHOW W3

aKTyaHBHCﬁmHX 3aaa4 COBpCMCHHOﬁ HayKH.



B mnocnennue necsatwietvss BHUMaHHE (U3UKOB Bce OoJbllie W OOJbIIE
MIPUBJIEKAIOT YKOHOMHUUYECKUE U COLIMAIbHBIE CUCTeMBI. [IpUyuH AJ1s1 3TOr0 MHOTO.
O4eBUIHO, YTO M3YYECHHE DTHX CHUCTEM SBISCTCS KpailHE BaXKHBIM, TOCKOJIBKY
PKOHOMHUKA U COIMAJIbHBIE MPOLECCHl UTPAIOT CEroJHS OCHOBHYIO POJib, KaK B
KU3HH OTJICIBHOTO YeJIOBEKA, TaK U B )KM3HU TOCYAapCTB B 11eJIoM. OTHOBPEMEHHO
C 3THM OKa3aJIOCh, YTO UMEHHO OHHU SBJISIOTCS HauOoJIee CI0XKHBIM M3 BCETO, UYTO
M3BeCTHO Hayke. Ha Takuwe cucTeMbl AEHCTBYEeT MHOXKECTBO (haKTOpOB, Kak
BHEIIHMX, TaK M BHYTPEHHUX, BCJICICTBHE YEr0 WX IOBEJICHHE OKa3bIBACTCS
MPUYYIJTMBOM CMECBHIO CTOXAaCTUKU W JI€TEPMUHUPOBAHHOCTU. [loaTOMY MOXKHO
HAJIEAThCS, YTO OTKPHITUE OOIIUX 3aKOHOB IBOJIIOIIUHU CIOKHBIX CUCTEM BO3MOXKHO
MMEHHO B 3TOW 00JIacTH.

B Hactosimiee Bpems wuuper odopMIEHHE HOBOM HAayKu — 3KOHOGU3UKH
(pxoHOMHUYecKoM (usuku) [22], [61], B pamkax KOTOpOil, HA OCHOBE aHaIH3a W
MOJICTTUPOBAHUSI COIMATIbHOW W AKOHOMHMYECKOW JIWHAMMKH, JEIACTCS IOIbITKA
00001UTh (pU3NUecKre 3HAHUS O TMOBEACHUU CIIOKHBIX CHCTEM U CO3/aTh HOBBHIE
WHCTPYMEHTHl MX aHaiau3a. Pe3ynbratam 3TOW JESTEIBHOCTH TOCBSIIACTCS
€XKEKBApPTAILHOM HOMEpP HW3BECTHOTO W yBakaeMoro (hU3WYecKoro >KypHaja
PHYSICA A, Beixomsmuii ¢ HazBanuem ECONOPHY SICS. Heucuepnaembim
HMCTOYHUKOM JKCIEPUMEHTAIbHOW HWH(pOpMAIUU sl SKOHO(PU3UKUA SBIISIETCS
MOBEJICHUE SKOHOMHYECKMX BPEMEHHBIX PSJO0B, B YAaCTHOCTH, IOBEJACHHUE IIEH
aKIMi ¥ BaJIOT HA MUPOBBIX (DMHAHCOBBIX PHIHKAX.

CoBpeMeHHBIN (MHAHCOBBIA PBIHOK TPEACTaBIsAeT CcOO00M HaeaTbHBIN
MIPUMEP «ECTECTBEHHOMU» CIOXKHOU cucTeMbl. C OAHOW CTOPOHBI OH JOCTATOYHO
Xa0THYECH, MOCKOJIBKY €T0 IBOJIIOLUS ONPEEIIIeTCS BOJICH OONBIIOr0 KOJIHMYECTBA
JIOJIeH, a ¢ IPyrod B HEM JICHCTBYIOT YCTOWYMBBIE MEXaHHU3MBI, OMpEeIIeMbIe
KOJUICKTUBHBIMU TIOBEJCHUEM ydacTHUKOB. OnHON u3 3amay SKOHO(DU3UKHU
SBJISIETCS. OMUCAaHUE MEXaHM3MOB KOJJIEKTUBHOTO B3aMMOJICHCTBUS, KOTOPBIC
MOT'YT MPUBECTU K BOSHUKHOBEHUIO [ICHOBOM JUHAMUKH, MTOJJOOHOM HaOIOaeMOM
Ha Oupke. [Ipu sTOM KpaliHe BaKHBIM OKAa3bIBAETCS OMNPEACIICHHE U OMHCAHUE

CH@LIPI(I)PI‘I@CKI/IX CBOICTB HCHOBLIX PAJO0B, OTIIHYAIOMUX UX OT APYIUX U3BCCTHBIX
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€CTECTBEHHBIX MPOIECCOB. B HacTosIee BpeMs MOKHO CYUTATh YCTAHOBJICHHBIM,
YTO PSI/IbI LIEH SIBISIOTCS (PpaKkTalaMyd B IIUPOKOM JHMAINa3oHe MmaciutaboB (OT
HECKOJIbKUX MHUHYT, 710 HECKOJNBKUX JieT) [57]. OmHaKko WX MOBEACHUE SBISICTCS
ropa3no Ooiee CIOXKHBIM, 4YeM TIOBEJCHHE OOJBIIMHCTBA MOJIEIBHBIX U
CCTeCTBCHHBIX  mpoueccoB [62-63]. IloaTomMy HEOOXOIUM  HMHCTPYMEHT
KOJIMYECTBEHHOT'O aHalu3a TaKUX pPAIOB, KOTOPBIA MMO3BONMI OBl JI€TATHHO
UCCIIeIOBaTh WX JWHAMUKY. OCHOBHOW KOJMYECTBEHHOW XapaKTEPHCTUKOU
¢bpakranoB sBasiercs pasmepHocTh D, BBenennas Xaycaopdom eme B 1919 rony

AJIA KOMIIAKTHOT'O MHOKCCTBA B IMPOU3BOJIBHOM MCTPUYCCKOM IMPOCTPAHCTBC IIO

bopmyie:

D = lim MN@)

420 |n(1/d) @)

rae N(d) - MHHMMaJbHOE KOJWYECTBO MIAPOB paauyca d, IOKPBIBAIOIIUX DTO
MHO€ECTBO.
OcHOBaHUEM [IJI1 BBEJICHUS 3TOTO ONPEICIICHUS ABISETCS aCUMIITOTHKA JJIs

N(d), koTopas B ciiydae ¢ppakTaJbHBIX MHOXECTB ONPEEsAeTCS BRIPAKCHUEM:

1/d)® ~N(d) )

Jliss  OONBIIMHCTBA ©CTECTBEHHBIX BPEMEHHBIX PSAOB, aHATUTHYECKOE
HaXOXJeHHne (paKTAIBHON pa3MEpHOCTH HEBO3MOXXHO, modToMmy D ompexpenstor
YHUCJICHHO: JIMOO HEMOCPEICTBEHHO (HAampumep, C TOMOIINBI  aJropuT™Ma
I'pocoeprepa-IIpokauun [45]), 1100 Yepe3 BEIMUUHBI, CBI3aHHbBIC C HEH MPOCTHIM
COOTHOILIEHHEeM (Hampumep, uepe3 mokaszarenb Xepcra H). Jlns momydeHus
HA/I)KHOW YHMCIICHHOU OlleHKM D ¢ MOMOIIbI0 CYIIECTBYIONIUX HAa CErOIHSIIHUN
JICHb QITOPHTMOB TpeOyeTcsi GONbIIOE KOTHYCCTBO AaHHBIX (mopsimka 10°-107
3HaveHui) [41], mo3ToMy TMONTYYECHHBIC PE3YJIbTAThI NAIOT MPEACTABICHUE TOJIBKO
00 00muX CBOWCTBAxX psiia Ha OONBIINX MacHITa0aX, BHYTPH KOTOPBIX BPEMEHHOMN

pAaad MOXCET HCCKOJIBKO pPa3 HU3MCHHTHL XapaKTCp CBOCIO IIOBCIACHUS. I[JISI



ACTAJIBHOI'O H3YUYCHUS CBOMCTB BPCMCHHLIX PsAO0B HeO6XOIII/IMO OIIPCACIINTD D

JIOKaNbHO B KaXIOM TOouke psna. B Hacrosimieil pabore pa3paboTaH YMCIECHHBIN

ITOPUTM OTPEENICHHs JOKAIbHOW (pakTadbHOM pPa3MEpPHOCTH psijia U C €ro

IIOMOIIBIO UCCIICAOBAaHBI CBOMCTBA PA3JIUYIHBIX XaO0THUYCCKHUX BPCMCHHLIX PAI0B, B

YaCTHOCTH LI€H aKIIUMH.

Heab nuccepTanmoHHON padOTHI.

[lenpto  guCCepTAalMOHHOM  paOoThl  ABIAETCA  pa3paboTKa  aJropuTMa

BBIYMCIICHUS JIOKAJIbHOM (PpaKTalbHOW Pa3MEpPHOCTH M €ro HUCIIOJIb30BaHUE IS

aHaJIn3a XAdO0THUYCCKHX BPCMCHHBLIX PAIOOB. I[OCTI/I}KeHI/Ie eI OCYHICCTBIICTCA

pPCIICHUEM CIICAYIOIHUX 3a1a4.

1

W3yyeHuem CymHIecTBYIOUIMX METOJIOB oOIpeAeneHus (pakTaabHON
Pa3MEpPHOCTH U BBIABICHHEM CBOMCTB HEOOXOJIMMBIX JIJISi €€ TOYHOTO
ONpeJeNieHHs] MO HEeOOJbIIOMY KOJUYECTBY OSKCIEPUMEHTAIbHBIX
JAHHBIX.

Pa3paboTkoil anropurMa omnpeneneHus (ppakraibHONH pa3MEPHOCTH Ha
OCHOBE aCUMIMTOTUKHU JIJIS TUIOUIAAN MOKPBITUI

CpaBHeHueM  3(Q(GEKTUBHOCTH  NPEAIOKEHHOIO0  aJlfOpUTMA  C
3 (PEKTUBHOCTHIO CYIIECTBYIOMIMX aITOPUTMOB.

BrisiBieHHEeM CBSI3U TMOJIYYEHHBIX YHMCJICHHBIX 3HAYCHHM JIOKaJbHOM
(bpakTaabHOM pa3sMEPHOCTU C IPYTUMHU XapaKTEPUCTUKAMHU PealIbHbIX
Xa0TUYECKUX BPEMEHHBIX PSIOB.

TecTupoBaHMEM € MOMOILIBK MNPEIJIOKEHHOTO AIrOPUTMa PEATBbHBIX
BPEMEHHBIX PSJOB HA HalW4YUME B HUX XAOTHYECKOW KOMIOHEHTHI U
OIIPEJICIICHUEM €€ JIO0JIH.

Pa3paboTkoil BO3MOMKHBIX METOJIOB IMPOTHO3UPOBAHUS XAOTUUYECKHUX
BPEMEHHBIX PSJIOB C HUCIOJb30BaHUEM HWHGOPMAIMK O JOKAJIbHBIX

@paKTaJIBHBIX CBOMCTBAX BPCMCHHOTO psAaa.



HayuyHasi HOBHU3HA.

1. Ha ocHOBe MHHHMAJBbHBIX ITOKPHITHH TPEUIOKEH HOBBIH aJTOPUTM
BBIYHCIICHUS (PpaKTAIbHON pa3MEPHOCTH, KOTOPBIH UMEET OBICTPBIA BBIXOJ
Ha CTCIICHHYIO ACUMIITOTUKY M IO3TOMY TpeOyeT CYIIECTBEHHO MEHBIIE
JAHHBIX, YeM paHee MPUMEHIEMBIE aITOPUTMEI.

2. C moMoIipio MpeaIoKECHHOTO aifTOpUTMa Ha TpuMepe (PMHAHCOBBIX PSIIOB
yIaJIOCh MOKa3aTh, YTO CTEMEHHOW 3akoH Buaa (1) ¢ OOJIBIION TOYHOCTHIO
BBISBJISICTCS JIaXKe Ha JOCTATOYHO MAaJIbIX MHTEpPBaJIaX, COJEPIKAIINX BCETO
HECKOJIBKO JCCATKOB 3HAUCHUH.

3. PazpabGoran MeTon JIOKadBHOTO (DpPaKTaIbLHOTO aHalW3a, KOTOPBIM
MO3BOJISICT BITOJIHE YAOBIICTBOPUTEIIBHO peliaTh 3aaady HIACHTU(OHKAITIU
JIOKaJIbHOTO COCTOSIHUS MCCIIETyeMOT0 BPEMEHHOTO Psijia.

4. TlpemyiokeHbI HOBBIE TOAXOABI K IPOTHO3MPOBAHUIO XaOTHYCCKUX
BPEMEHHBIX PAIOB, C y4eTOM HH(POPMAIMU O JIOKAJTbHOM (paKkTaIbHOM

COCTOSHUM psaa.

IIpakTHYecKasi HEHHOCTD.

AJNTOpUTM YHUCIEHHOTO omnpeaeneHuss (pakTaibHON pa3MEPHOCTH BPEMEHHOTO
psiga W pa3padOTaHHBIH Ha €ro OCHOBE JIOKAJbHBIM (pakTaldbHBIA aHaIU3
BPEMEHHBIX PSAAOB LIEH AKUHUK YCIIEIIHO UCHOJb3YETCS ISl IPUHATUSA PELICHUM O
MOKYIIKE M MPOJAXe AakIuil B aBTOMATHYECKOM TOPrOBOM KOMILIEKCE,

peanu3zoBaHHOM B 3A0 «PuHaHcoBas komnanus «MHTpacT»
OcHoOBHBIE pe3yJbTaThbl, BBIHOCMMbIC HA 3AIIUTY.
1. Anroput™M  BBIYMCIICHHUS  JIOKQJIBHBIX  (PPAaKTAIbHBIX  XapaKTEPUCTHK

(uHmekca (pakTaTbHOCTH € PAa3MEPHOCTH MHUHUMAIBHBIX TOKPBITHH)

BPCMCHHBLIX PAIO0B.



2. Pe3ynbraThl HMCCleIOBAaHUS XAOTUYECKHX BPEMEHHBIX PSAOB C MOMOIIBIO
UHJEKCca (PpaKTaTbHOCTH.
3. DKcnepuMeHTalbHOe oOHapyKeHHe s dexra YBEITUYEHUS

KPYMHOMACIITAOHBIX (DIYKTyallil Mpy MOJAABICHUHA MEJITKOMACIITAOHBIX.

Anpobdanus padoThl.

[lony4yeHHsle B AMCCEPTALMU PE3YyJbTaThl JOKIAJbIBAIMCH HA TPEX HAYYHBIX
ceccusix MUDU (B 2003, 2004 u 2005 roay), MexayHapoHOW KOH(EpPEHIMU 110
MaTeMaTUYeCKOMY MOJCIIMPOBAHUIO COLMAIBHOM M 3KOHOMHMYECKOW JHUHAMUKU
(MM SED-2004), cemunape akagemuka PAEH, nmpodeccopa /1.C. UepHaBckoro 1o
MaTEeMaTUYeCKOMY MOJICTUPOBAHUIO PA3BUBAIOUIUXCS CUCTEM B TEOPETUYECKOM
otnene O®UAH (Mockea 2004 r.), cemuHape MO OOpaTHBIM 3ajJayaM B
matemaTtrueckoit usuke B MI'Y (Mocksa 2004 r.), cemunape mo (GpuHaHCOBOMU
maTematuke B ®unancoBori Akanemuu npu [IpaBurensctBe PO (Mocksa, 2004
I.), CEMHUHApe MO0 MATEeMAaTUYECKOMY MOJICIIMPOBAHUIO B UHCTUTYTE CHUCTEMHOTO

ananu3a (Mockea 2005 r).

IHy0aukanuu.

[TonyueHHble B JUCCEPTAIMU PE3yJIbTaThl OMyOJHMKOBaHbl B 8 pabotax [8-12] u

[35,36].

CTpyKTypa H 00bEM THUCCEPTALUMN.

Jluccepralidsi COCTOMT W3 BBEACHUS, YETHIPEX TJIaB U 3aKitoueHus, coaepkut 30
PUCYHKOB, 5 TaOIuIl, CIUCOK IIUTUPOBAHHOW JUTEpaTyphl U3 88 HauMEHOBAaHUA.

O6bem nuccepranuu 119 crpanut.

OcHoBHOE coaep:xkanue padoThI.



Hacrosimias paboTa nocpsiiieHa ananusy ¢ppakraibHON reoMeTpun rpadukoB
BpPEMEHHBIX (DYHKIMIA (BPEMEHHBIX PSIOB) PEalbHBIX XaOTHYCCKHX IPOIIECCOB.
Ecnu B kayecTBe anmpoKCHMAaIlUU TaKWX TpadUKOB paccMaTpUBaTh KOMILIEKCHI,
COCTOSIIIME M3 JIBYMEPHBIX TPOCTBIX Quryp (Hampumep, KIETOK), C
reoMeTpuyeckuM (akropoM d, TO OCHOBHAsl UHCJIEHHAs XapaKTEpUCTUKA
¢bpakranpHeiX TrpadukoB — QpakTanbHas pa3mMepHocTb D ompepensiercs u3

COOTHOILICHUA

S(d)~d*° mpu d ® 0 (3

rae S(d) - moaHas riom@aab KOMIUIeKca, ¢ pakTopoM pazoueHus d .

Mexay TeMm, Ha IPaKTUKE MPHU MONBITKE BEIYUCINUTD D, HEMOCPEICTBEHHO U3
dopmynbl (3) Bo3HHMKaeT ompejeiicHHas mpoOieMa. OHa cBsi3aHa ¢ TEM, 4TO, C
OJIHOM CTOPOHBI, pealbHble BPEMEHHBIE PsAbl BCErJa HWMEIOT MHUHHUMAJbHBIN

MacmTad CTpykTypbl d,, C JApyroid >K€ CTOPOHBI, HJisi BCEX H3BECTHBIX

almMpOKCUMAIMH TPUOIMIKEHHE K acHMITOTHYecKoMy pekumy (1) sBasercs
CIMIIKOM MeajeHHbIM. [lo 3ToM mnpuumnHe 1 ompeaeneHuss D oObIUHO
BBIYHMCIISIOT MOKa3aTesb XepcTa H, KOTOphIid 11 TayCCOBBIX MPOIIECCOB CBSI3aH C
D coornomenuem H=2-D. Onpnako, nis HajgexHOTo BblyuMcieHuss H tpelyercs
CJIMIIIKOM OOJIBIIION PEenpe3eHTAaTUBHBIA MacIITal, coaepkKaliuii HECKOJIBKO ThICAY
naHHbiX [41]. BHyTpu 3TOro Maciiraba BpeMEHHOH psijl, KaKk IPaBHJIO, MHOTO pa3
MEHSIET XapaKTep CBOETO JUHAMUYECKOTO MoBeieHHs . UTOOBI CBA3aTh JIOKATLHYIO
JUHAMUKY COOTBETCTBYIOLIEro mpolecca ¢ (pakTaabHOM PazMepHOCTHIO
BPEMEHHOI'O psija HEOOXOIUMO OINpeaAeuTh pa3MepHocTh D nokaiapHO (T.e. Ha
Macmtabax, TMopsJKa XapaKTepHOro MaciiTaba OCHOBHBIX JIMHAMUYECKHX
cocTosiHuil mporecca). s 3TOro HEOOXOAUMO HAWTH TOCIIEA0BATEIBHOCTD
anmpoKCUMAIIUi, KOTopas JaBaja Obl JOCTATOUYHO OBICTPHIA BbIX0M GyHKIHH S(d)
Ha acuMmnToTHueckuii peskuM (3). UToOBI MOHATH, KaK MOXKET OBITh YCTpOCHA 3Ta
MOCJIEIOBAaTENILHOCTh, B TEpPBOM TIjaBe pabOThl PacCMATPUBAIOTCS HEKOTOpPbIE
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MojieNIbHbIE (hpaKTajbl, HANMpUMep, Takue kak MHOxkecTBO Kanropa u kpuas Kox.
CoOTBETCTBYIONIME ANMPOKCUMAIIMU JIJISl TAKUX (PPAKTATIOB MPEJCTABISAIOT CO00M
MUHUMAaJIbHBIE MOKPHITUS. B 3TOH rjaBe MOMHMO MOJEIbHBIX (PpaKTadbHBIX
CTPYKTYpP aHaJIU3UPYIOTCS Tak ke U mpupoaHble ¢ppakrtansl. Kak Te, Tak u apyrue
UMEIOT CBOI0 0CO0yI0 crnenu@uky, KoTopas MpOSICHSAETCS Ha ATUX MpUMEpax.
Oco0OenHoe BHUMaHHMe YyaenseTcss (PaKTaTbHOCTH BPEMEHHBIX pPSAIOB U
CYLIECTBYIOIIUM  CIOCO0AM  YHCIEHHOTO OmpefeieHus UuX (PpakTaabHBIX
XapaKTEepUCTUK. J[aHHas TJIaBa HOCHUT BCIIOMOTATENIbHBIM XapakTep W BBOJIUT B
KpYT TeX MpeCTaBICHUH, KOTOPBIE MO3BOJIAIOT MOHATh OCHOBHYIO YaCTh Pa0OTHI.
Bo BrOpoil Tr7maBe Ha OCHOBE MUHHMMAJBHBIX TOKPBITHA BBOJUTCS

aMIUIUTyJHasi Bapuauus V, (d), a Takke HOBbIE (PpaKTaJIbHbIE XapaKTEPUCTHUKUA —
MHJEKC (PPaKTAIBHOCTH M W Pa3MEpHOCTb MUHUMAIBHOTO MOKpPBITUS D, TECHO

cBs3aHHas ¢ . JlokaspiBaercs, 4yTo A PYHKIUU OAHOU CKAISIPHON MEepEMEHHOMH,
uMerolel He 0osiee KOHEYHOI'O YKCiia TOUEK pa3pbiBa MEPBOro poja, pa3sMepHOCTh
D,, COBHNAJaeT ¢ KIETOYHOUN pa3MepHOcThi0 D.. Jlasee Ha OCHOBE aMIUTUTYAHOMN
Bapuanuu V, (d) ¥ MHAEKCAa T aHAJIU3UPYIOTCS LIEHOBBIE PSAbl AKUWKA KOMITAHUMH,
Bxoasuux B uHaekc Jloy-J/Ixxonca. B pe3ynbrare okassiBaeTcs, uyTo V, (d) 11 3TUX
PSA0B UMEET OBICTPBIM BBIXOJ Ha aCUMIITOTHKY. DTO MPUBOAUT K TOMY, YTO JJIs
ONpEJEICHUs] M C MPUEMIIEMON TOYHOCTBIO TpeOyeTcs NaHHBIX Ha JiBa MOpsAKa
MEHbIIE, YeM [JIs OmIpeleNieHus, Hampumep, nokazarens Xepcra H. Jlusa
YHUCJIEHHOTO MOATBEPKICHUS 3TOr0 (pakTa TOYHOCTH ONpPEAENICHUs TToKazaTenen
u H cpaBHMBaeTcs Ha OCHOBE OJHHMX M T€X K€ JAHHBIX M MOKAa3bIBA€TCS, 4YTO I
oTpeJeNnsieTcss HaMHOTO 0oJiee TOYHO. DTO €CTECTBEHHBIM 00pa3oM MPUBOAMUT K
TOMY, YTO UHAEKC (PPaKTAIbHOCTU I MOXET paccMaTpUBATHCS KaK JOKAIbHBIN
(bpakTaiabHBIi TOKa3aTedb, XapaKTePU3YIOUIUH COCTOSHHE HCXOAHOTO Mpolecca.
Janee BBoautcst ¢pyHKius I (t) 1 Ha OCHOBE YMCIICHHBIX JAHHBIX YCTAaHABINBACTCS
AMIIUpPHUYECKasi 3aBUCUMOCTbh MEXK]y JIOKAJIbHBIM 3HAUYE€HUEM I U CTaOMIIbHOCTBIO
mpouecca B 3Tol obOmactu. Teopermueckoe 0OOCHOBaHHWE 3TOM 3aBUCHUMOCTHU
MIPUBOAUTCSA IS CITy4dasi TAyCCOBCKUX CIIyYalHBIX IIPOLIECCOB.
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B TpeTbeii 1i1aBe CBOMCTBO JOKAIBHOCTU T UCIIOJIB3YETCS U1l IETAIBHOTO

aHanM3a BPEMEHHBIX psAI0B. JleMOHCTpuUpyeTcss BO3MOXKHOCTH 3(PGHEKTHUBHOTO
MPUMEHEHUS JIOKAIBHOTO (paKkTaJbHOTO aHalu3a B 3aJaue HUJICHTU(UKAIUU U
3ajlaye O cKopeiiieM oOHapy:keHHH paziaiakd. DUHAHCOBbIE BpPEeMEHHBIE PsbI
TECTUPYIOTCS Ha HaJIMYKWE B HUX OPOYHOBCKOW KOMITOHEHTBHI M BBIYHMCIISIETCS €€
nonsi. IlomydeHHble pe3ynabTaThl JAlOT OIEHKY OOOCHOBAHHOCTU THIIOTE3bI
spdexkruBHoro peiHka (EMH).  [laetcs  deHOMEHOIOrHYeCKOe  OMHMCAaHUE
MEXaHU3MOB, MPUBOMSIINIMX K OTKJIOHCHUIO CTPYKTYpbl BPEMEHHBIX PSJIOB OT
npeanoiaraemMon B pamkax EMH.

B  dyerBeproifi TNaBe  BO3MOXKHOCTH  HCIOJB30BAHUS  JIOKAJIBHOTO
dpakTaipbHOr0 aHanM3a JEMOHCTPUPYIOTCS Ha Tpex NpuMepax 3aaady o
MPOTHO3UPOBAHUU  TOBEACHUS  (PpaKTalbHBIX BPEMEHHBIX PAJIOB. 3ajaue
MIPOTrHO3UPOBAHUS 3HAYEHUH psJia, 3aja4ue OIpe/iesieHus KBAaHTUIBHBIX MEp pUCKa
U 3a7a4e 00 ONpeleNIeHUU BEPOSTHOCTH KPUTUUYECKOIO MOBEJEHUS BPEMEHHBIX
psanoB. Takke MmoOKa3bIBaeTCs, 4TO (QIyKTyalnu (GpakTaIbHOM CTPYKTYpPhI UTPalOT
BAXHYIO pOJIb B MOBEACHUM PsOB. Tak, B YaCTHOCTH, CTAOUIBLHOCTH MOBEACHUS
psga B IEJIOM OINpeJeNseTcss HMHTEHCUBHOCTBIO €ro KojieOaHuM Ha MallbIX
MaciiTtadax.

B 3akiioueHnn noABOAATCS OCHOBHBIE UTOTH, a TaKKe MEPEUUCISIOTCS MyTH
JanbHEeHIIero pa3BUTHs M O00JIACTH BO3MOXKHOTO NMPUMEHEHHS M3JI0KEHHBIX B

pabote ujaeil.
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1. ®dpaxkTanbHbIe CTPYKTYPHI.

CornacHo ogHOMY U3 omnpeneicHuit benya Manaensopota [56] «®PpakTamom
Ha3bIBAE€TCA MHOXKECTBO, Xaycq0p(}hoBa pa3MEpPHOCTb KOTOPOI'O CTPOro OOJIBIIE €r0
TOMOJIOTUYECKON pa3sMepHOCTU». UTOOBI pacKphITh 3TO ONpPEEICHHE HAIOMHUM O
JIBYX MPUHLMIIUAIBHO PA3JIMYHBIX MOJAXOJAX K MOHATUIO pasMepHOCTH. C TOUKH
3peHusl MEpPBOr0 Pa3MEPHOCTb IE€OMETPUUYECKOM (UTYyphl — 3TO MHUHHUMAJILHOE
YHCIJIO KOOPJAUHAT, HEOOXOAUMBIX JJIsl ONpeAesICHUs MOJI0KEHUS JIexKallel Ha 3Ton
burype TOYKM MPU COXPAHEHUU CTPYKTYPhl €CTECTBEHHOW OJIM30CTH. HAIpUMeEp
MTOJIO’KEHHWE TOYKHU HA JIMHUU OINpPENEAeTCS OJHOW KOOPIUHATOW, HA MOBEPXHOCTHU
IByMsi, B 00bEME Tpemsi KoopAauHaTamMu. [TockoybKy 3Ta pa3MepHOCTH SIBISETCS
TOIOJIOTMYECKUM HMHBApUaHTOM (T.. COXpPAHSETCSA MPHU B3aUMHO OJHO3HAYHOM MU
HETPEPHIBHOM B 00€ CTOPOHBI OTOOPAXKEHUU), TO €€ HA3BIBAIOT MONOJI0ZUUECKOU
pa3MepHOCTBIO U 0003HavyaroT Dt . DTOT moaxoa oTpa)xeH B M3BECTHBIX paboTax
[lyankape, bpayspa, Menrepa, Ypeicona, Jlebera u ap. Ero BepmmHoii crana
roMoJioruueckasi Teopus pasmepHocTH AjekcanapoBa [1]. C Touku 3peHHS
BTOPOr0 TMOAXOJa, pa3MEpHOCTb — 3TO 4Yuciao D, Belpaxaromiee CBs3b
€CTECTBEHHON Mepbl FeOMETPHUECKON (GUrypbl (HalpuMep, JJIUHBI, TUIOIIAId W
o0beMa) ¢ BeNMMYMHOW (B JaHHOM Clly4ae JJIMHOM), IOJIOKEHHOW B OCHOBY
HWCXOJTHOM METPUYECKOW CHUCTEMBbI. ECIIM METPUUECKHH ATAJIOH TAKOW BEJIUYUHBI,
NPUHATHIN 3a €AWHMINY, YBEIMYUTh (YMEHBIINTH) B D pa3, To ykaszaHHas mepa
ymenpmuTest (yBeamantest) B b° pas. DTy pasMepHOCTb HA3BIBAIOT MEMPUUECKO.
HMcTOYHMKOM Takoro OINpeaeseHus SBISIETCS CIEAYIOUIEE BBIPAXKEHUE A
oObyHOM Mepbl M (WiMHBI, TWIOMAAX WM 00bEMa) MPOU3BOJIBHOMU

r€OMETPUYECKON KPUBOU, MOBEPXHOCTH WUJIU TENA!

M =1im[N(d)d°],(D =1,2,3), (4)
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rae N(d)- urcno cumiuiekcoB (OTPEe3KOB, KIETOK WM KyOOB) ¢ TEOMETPHUYCCKUAM

dakropoM  (IMHEHHBIM pasmepoMm) d, ONpPEACNAIOIMIUX  AMIPOKCHUMALIHIO
HCXOJIHOTO MHOKecTBa. Ha ocHOBe MMEHHO 3TOro BhIpaxkeHus: Xaycaopd B 1919
I. TPEIJIOXKUI CBOE 3HAMEHHUTOE OINpEeJEeJICHUE pPa3MEpPHOCTH [UJIsl  ciaydas

KOMITAKTHOTO MHOKECTBA B MMPOU3BOJIBHOM METPHUYSCKOM IpocTpaHcTBe [47]:

D = lim[InN(d)/In(1/d)] (5)
d®0

rie N(d) - MuUHMMaIbHOE KOJHUYECTBO IIapoB paauyca O, MOKPBIBAIOIIMX 3TO

MHOKECTBO.
Y1oOBbI MOHATH MOTHBAIMIO ATOI'O ONpPEaCICHHs, YMHOKUM 00e yactu (5) Ha

In(1/d) u BBemeM D mox 3mak norapudma. B pesyabrare moayuum: (1/d)° ~N(d).

[TockonbKy AJIs MOKPBITUS, HATIPUMEP, €IMHUIHOTO OTpEe3Ka, KBajpara Wik Kyoa
ero KOMMsIMHU pasMmepa d , ux morpebyercst coorercrBenno 1/d, 1/d % u 1/d 3, o
COOTBETCTBYIOIIUI TOKa3aTellb CTETICHH MOXHO TTOHMMAaTh KaK pa3MepHOCTh, UTO
u orpaxkaer (opmyna (5). IlepBonayanbHo XaycaophoBO OmpeeiIeHHe ObLIO
NpeIHa3HAaYeHO ISl KIACCHU(PUKAIMU PAa3INYHBIX «MOHCTPOB», HWMEIONINX, Kak
MpaBWwiIo, Heuenyw pasMmepHocTs D, tuna ¢ynkumii BeliepmTpacca, KpuBBIX
[leaHo W WX MHOTOYHUCICHHBIX PAa3HOBUAHOCTEH. OTH CTPYKTYPHl BO3HHKAIU
OOBIYHO KaK «KOHTPIPHMEPHI», KOTJa pedb 3aXoauja O KPUTHUKE HCXOHBIX
MPUHIMIIOB «KJIACCHYECKOT0» aHalInW3a C TO3UIUHA COBPEMEHHOW MaTeMaTHKH,
OCHOBaHHOW Ha KaHTOPOBCKOW TeOpuM MHOXKecTB. [lo MHEHHIO OONBITUHCTBA
MaTEeMaTHKOB,  TaKhue  CTPYKTYpbl  CJIEOBAJIO  paccMaTpuBaTh  Kak
«IaTOJIOTUYECKUE», Bpone xuBomucu llmkacco mmu my3siku II€uGepra, camo
CYIIIECTBOBaHHE KOTOPBIX B TO BpeMsi OpOCaIo BBI30B YCTAHOBJICHHBIM CTaHIapTaM
xopouero Bkyca. OnHaKo, Kak OKa3aJloCh, MOJOOHBIE CTPYKTYphl Bcerga ObuId

MPUCYIIU OKPYXAIOIIUM HAC 00bEKTaM.
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3aMeTuM, 4YTO JUIsl OOBIYHBIX pPEryJsipHbIX reomerpuueckux ¢uryp D =Dy
Onnako ans Oojee IK30THYECKUX MHOXecTB (a mmeHHO ¢pakranoB) D >D;.

CrenyeT OTMETHUTH, YTO €CIM HCXOJHOE MHOYKECTBO MOTPYKEHO B EBKIIHIOBO
NPOCTPAHCTBO, TO B ompeneneHud (5) BMECTO MOKPBHITHH 3TOr0 MHOXECTBA
mapaMu, MOKHO OpaTh J100bIe APYTrHe ero annpoKCUMAIMU MPOCTHIMU (pUTypamMu
(manpumep, kieTkamu) ¢ reoMerpudeckum Qakropom d. Ilpu sTOM, B
3aBUCUMOCTH OT BBIOpaHHOr0 HalOOpa ammnpoKCUMAalWid, HapsAy C HCXOAHOU
chepuueckoil pazMepHOCThI0 D MOSABISIOTCS HOBbIE (paKTalbHbIE PA3MEPHOCTH
(kJeTovHas, BHYTPEHHSS U T.J.), KOTOpbIC, KaK mpeennbHbie 3HaueHus mpu d ® 0,
00bI4HO coBnagaoT. OAHAKO CKOPOCTh CXOAMMOCTU K 3TOMY Mpeleny I TaKuX
pa3MepHOCTel MOeT ObITb BecbMa pa3iauuHod. [loCKOJIbKY Ha TIpaKTUKE
Pa3MEPHOCTh BBIYMCIIETCS HA OCHOBE KOHEUHOI'O YHMCJA MOKPBITUH WIH IPYTHX
annpoKcUMali, TO  MPaBWIbHBIA  BBHIOOP  MOCIEIHUX  MOXET HMETh
MPUHUUNHAIBHOE 3HAYEHHUE.

PaccmoTpum mpocteiiine npumepbl (pakTadbHbIX MHOXECTB, YTOOBI Ha
ATUX NpPUMEpaAxX MOSICHUTH HJICH0, KOTOpas CTAaHET OCHOBHOW MPU MCCIENOBAHUU

BPCMCHHLIX PAI0B.

1.1. MoaeabHble ppakTaibl.

ITepBbiit mpuMep — 3T0 MHOkecTBO KanTopa. CTpoUTCsi OHO C MTOMOUIBIO
uTepatuBHOM (MOBTOpsIOIIEHCsA) mpoueaypsl. Ha HyneBom 1rare Oepercst
eIMHUYHBIN 0Tpe3ok (puc. 1). Ha mepBoM — 3TOT OTpe30K JETUTCS Ha TPH PaBHBIC
yacTH U BbIOpachiBaeTcsl cepenuHa. M pajee Ha KaxI0oM CIEIYIOUIEM IIare 3Ta
npoueaypa MNOBTOPSETCS CO BCEMH OCTaBIIMMUCS OTpe3KamMu. MHOXKECTBO,
KOTOPO€ TOJYyYaeTCs B MPEAEie TaKOW HMTEPATUBHOM NPOLEAYpPHI, HA3BIBACTCS
MHOXXEeCTBOM KaHTOpa WM KaHTOPOBCKON «IbUIbIO». [  BBIUMCIIEHUS
(bpakTaabHOM pPa3MEpPHOCTH ATOTO MHOXECTBA B KAa4e€CTBE IOCIEA0BATEIbHOCTH
MOKPBITUM WM annpOKCMMAalHWN HCHOJB3YEM €r0 IMPEACTABICHUE HA N-M IIare

HUTCpanmnu. B sTom CJIydac OHO 6YIICT ITOKPBITO 2n OTpC3KaMH, YMCHbBIIICHHBIMU B
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3" pas. Ecim teneps B3ate d =(1/3)" , o N(d)=2". Ilepexons kx npeaeny mpu
n® ¥ o ¢popmyne (1) nonygaem D=In2/In3 (» 0,63).

Puc. 1. [locmpoenue muoscecmea Kanmopa

Bropoit mpumep — 310 Tak Ha3zpiBaemas kpusas Koxa. Ona ctpoutcs tak. Ha
HYJICBOM IIIare CHOBa OepeTcsi eMuHUYHbBIN oTpe3ok (puc. 2). Ha mepBoM miare 3tot
OTPE30K CHOBA JICJIUTCSI HA TPU PABHBIC YaCTU. 3aT€M HA CPEAHEN YACTH CTPOUTCS
PaBHOCTOPOHHHUI TPEYroJbHUK M €ro OCHOBaHUE BbIOpachiBaeTcs. [lanee Ha
KaXJIOM CJIEIYIOLEM IlIare MOBTOPSAETCS Ta K€ MPOLEaypa CO BCEMH NPSIMBIMU
oTpe3kaMu. MHOKECTBO, KOTOPOE IOJIYYaeTCs B PE3yibTaTe TAKOM UTEPATHBHOMN
npouenypbl, HasbiBaeTcsi KpuBod Koxa. [l Bblumcienus (QpakranbHOU
Pa3MEPHOCTH ATOTO MHOKECTBA B KAUECTBE MOCJIEIOBATEIIBHOCTH AlIIPOKCUMALIM
CHOBa yJIOOHO BOCIOJB30BATHCS €0 MPEACTaBICHHEM Ha N-M Iare urepauu. U
XOTsI TAKHE aNMpPOKCUMALUU HE SBISIOTCS MOKPBITUAMH, OAHAKO, HMEHHO OHU IS

JaHHOT'O 00BEKTa SIBIAIOTCA HanOOJIee €CTECTBECHHBIMHU. HonyquHaﬁ IIpu 3TOM
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(bpakranbHas pa3MEpHOCTh Ha3bIBaeTCs GHympeHHei. Jlanee, TOBTOPsS s
JAHHBIX allPOKCUMAIUNA BCE PACCYKACHUSI, KOTOPbIE Mbl TPOBENHU ISl TOKPHITUN
(mpu  BBIYMCICHUM pa3MepHOCTH MHOKecTBa Kanrtopa) momydaem D=In4/In3
(»1,26). [lonyTHO, 3aMETHM, YTO €CJM MBI B HYJCBOM MPHOIMKCHUH BO3bMEM HE
OTPE30K, a TPEYTOJIbHUK C €IMHUYHON CTOPOHON M MPOJEIIAEM C KaXKIOM HU3 €ro
CTOPOH OMHMCAaHHYIO BBIIIE MPOLEAYPY, TO B PE3yJIbTaTE IMOJYYMM MHOXECTBO,

U3BECTHOE Kak «cHexuHka Koxa» (puc. 3).

e | Gt

Puc. 2. Ilocmpoenue kpusoti Koxa
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Puc. 3. «Cnearcunxa Koxa» na 4-m waece umepayuu.

3aMeTuM, 4YTO  aNIpoOKCHUMAallMM, KOTOpPbIE Mbl  HCIOJB30BajJd B
PACCMOTPEHHBIX CJIy4asiX, B HEKOTOPOM CMBICIIC OITHMAJIBHBIM 00pazoM
MPUOMKAIOT COOTBETCTBYIONIUN (DpakTan Ha KaxJOM Iare ureparuu. ViIMeHHO
9TOT (haKT TO3BOJSET HAM TMONYYUTh 3HaueHue D yxxe Ha mepBoM miare, 4To
HEBO3MOXXHO TMPU HCIOIB30BAHUHU APYTUX anmnpokcumanuid. s toro, 4yToObl
MOSICHUTh 3TO OoJsiee MOAPOOHO, MJid Kakoro-iubo W3 JTHX ABYX IPUMEPOB

MOCTPOUM IpadUK I/ie M0 TOPU3OHTAILHOM OCH OTI0KeHbI 3HadeHus IN(1/d) a mo
BeprukanbHoii — 3HaueHus INN(d)(puc.4). Ilockonbky B 3ToM Macmitabe Bce

CTeleHHble (YHKIUU SBISAIOTCS JIMHEHHBIMH, TO CcTeneHb D ompenmensieTcss Kak
TAaHM€HC yIjda HaKJIOHA COOTBETCTBYyMOHmIEH mpsMoi. OuYeBHAHO,  YTO MPH
d =(1/3)"Bce nanHBle OymyT HAXOAWTHCA HAa OAHOW mpsiMoil. Ecmu sxe s
BBIUMCICHUS D HCIOJIR30BaTh IpPyrHe ammpoOKCHMAIMH, HalpuMep IIapbl H3
UCXOTHOr0 ompeaeeHus Xaycaopda, TO MONXydUTcs TIpaduk, KOTOPHIA JIHIIb
ACHMIITOTHYECKH MpUOIMKAaeTCss K MpsAMol. IIpu 3TOM €CIH ammpOoKCHMAaIliK

BBI6paHBI HCYOA4YHO, TO T4AKOC HpI/I6JII/I)KeHI/I€ MOKET OBITh BEChbMa MCIJICHHBIM.
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Jlanee mpu aHanu3e BPEMEHHBIX PANIOB ATO cooOpaxeHue OyAeT OCHOBHBIM JIJIs

OCO3HaHUuA H€O6XOJII/IMOCTI/I nepexoaa K OITUMAJIbHBIM AIIIIPOKCUMAILIUAM.

In N (&)

In(1/ &)

Puc. 4. 3asucumocmv 6 OsouiHoM Jnocapugmuueckom macwmade yucia

cumniexcoe N(d) cocmasnsarowux annpoxcumayuio, om xapakmeprhozo pamepa

cumnaexca d . Eciu makue annpokcumayuu A6JaAI0nCA I’ZPQOprCZKmCUZCZMu, mo sma
3068UCUMOCMb  S655emcsl TuHelHou. B npomueHom ciydae oma 3d6UCUMOCNb

Ooyoem auwb npubaudIcamovcsi K aunelnou ¢ acumnmomuxe npu d ® 0.

1.2. llpupoanbie ¢ppakTaibl.

[lepeiinem Teneph K ecTeCTBEHHBIM (pakTtamam. Korma paccmaTpuBalivCh
MIPUMEDPBHI, TTOT00HBIC OMMMCAHHBIM BBIIIC, TO HUKTO HE HAACSIICS, 9YTO MHOYKECTBA C
HETPUBUAIBHOW  Xaycaop(oBOi pa3MEPHOCTBIO MOTYT HMMETh KaKoe-JIH00
oTHOIIEHUE K Tpupoae. OgHaKo OYeHBb CKOPO B 3ajJaue O JJIMHE OEeperoBoi TUHUHU
BIICPBBIC ObLIa OOHApY)KEHA 3aKOHOMEPHOCTH, BITOCIICJICTBHM OCMBICIICHHAS Kak
dbpakTaibHOCTL. PaccMOTpuM 3TOT mpumep Oosiee moapoOHO, TeM 0oJiee 4TO OH
MPEACTABIIICT HMCTOPUYECKUH WHTEepec. B paboTe H3BECTHOTO AHTJIMHCKOTO
MeTeoposiora U kaprorpada Puvapacona (Beleniieil yxe TMOCIe €ro CMEpPTH B

1961 r.) ¢ MOMOIIBIO MOCIEIOBATEIBHOCTH BCE 0O0JIee TOUHBIX KapT HU3MEPSUICS
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nepumeTp OeperoBoit nuHuM BenukoOputanuu. JlaHHbIE HAHOCUIIUCH Ha Ipaduk,
r7Ie 0 OCSIM X U ) OTKJIAJbIBAIUCh, COOTBETCTBEHHO, JIOrapu(Mbl MacIITaOHOTO
dakTopa kaptel M u mepumetrpa P(M). PesynabTar OKkaszancs Mmopa3uTEIIbHBIM.
JlaHHBIC TIOYTH TOYHO JIeTJIM Ha mpsamyto (puc. 5). DTo o3Havaer, 4to Oiarogaps
«TOBECKaM», KOTOpbIE MOSBISIOTCS MO0 MEpe YMEHBIIEHUsI MacuTabHoro (akropa
KapThl, MEepUMETp «pacxomutcs» (T.e. P(M)® ¥mpu m® 0) U MpUYEeM IO
CTeNeHHOMY 3akoHy. OTCro/1a cieayeT, 4To OeperoBasi JIMHUS UMeeT GpaKkTaAIbHYIO
pa3MepHOCTb. JefCTBUTENBHO, TOCKOJIbKY MacIITaOHbINA (DakTOp KapThl M HpPSIMO
NPOMOPIUOHATICH MHHUMAJIBHOMY pPa3IMdYMMOMY pasmepy d («pa3perieHuro»
KapThl), TO M3MEPEHHUE MEPUMETPa C MOMOIIBIO MOCIEAOBATEILHOCTH BCEe OoJiee
TOYHBIX KapT MOXHO IIPEACTABIIAITH KaK  H3MEPEHHE C  IOMOIIBIO
MOCJIEIOBATEILHOCTH BCE 00JIee TOYHBIX alIPOKCUMAIMN JIOMaHbIMU C Pa3MepOM
3BeHa d . Torga BbIONHEHUE CTENIEHHOIO 3aKOHA MpHU Nepexoje K 0osee TOUHbIM

KapTaM IpoCTO O3HA4YACT.

Pd)~d™, (6)

rae P(d) - mepuMeTp, COOTBETCTBYIOIIMK PAa3peIEHUIO d , @ - KOHCTaHTA.
Ecmu Tenepp yuects, uto P(d) =N(d)d, rae N(d)- 4uciIO 3BEHBEB JJOMAHHOU

JIMHUH, alllPOKCUMUPYIOLIEN epuMeTp, TO 1yl N(d) MOJydrM BBIpAKEHUE!

N(d) ~d @9, (7)

OTKyJa cpa3y cieayer, 4ro OeperoBasi JIMHUS - (pakTaig ¢ pa3MEepHOCTHIO

D=a +1.
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Puc. 5. 3asucumocmo onunvl 6epezosou aunuu P(M) om macuwmabnozo ¢paxmopa

Kapmul M 8 08OUHOM Jlo2apughmuieckom macumaoe.

Xapakrepu3ysi MOpUpOAHbIE (paKTaibl, CJIEAyeT OTMETUTh, YTO €CIIH
BEIIECTBO HE HAXOAMTCS B Ia3000pa3HOM WIIM KPHUCTANIMYECKOM COCTOSIHUH, TO
OHO MMEET Ha HEKOTOPOM HMHTepBajie MacIiTaboB (hpakTadbHyIO0 CTPYKTYpy. [lpu
TOM pealbHbId Juana3oH MacmTaboB, TI/A€ OHAa MOXET HaOJIoAaThCs,
MIPOCTUPAETCS OT PACCTOSIHUM MEXKAY MOJIEKYyJIaMU B MOJUMEPAX A0 PACCTOSHUMN
MEXIy CKOIUIEHUSIMH TajakTUK BO BcejeHHoul. Harmsano dpakTaibHOCTD
MPOSABIIAETCS B HEOOBIYHOM pacHpe/ieIeHUu Macchl (paKkTaJbHOrO arperara B

IPOCTPAHCTBE:!

M (L) =(L/1)°m, (8)

rne D<3. 3mece M u L — macca u pasmep arperara, m u | - macca u pasmep,
COCTaBIIAIOIIMX arperat yactull. D — Tak Ha3piBaeMas maccoeas (dpaktaiibHas
pasmepHoCcTh. COOTBETCTBYIOIIEE BBIPAKEHUE JJIA TUIOTHOCTHU BEIIECTBA I UMEET
15791

19



r(L)=(L/m>>r,, 9)

I1€ r,- IUIOTHOCTh COCTaBISIIOIIMX arperar dactul, Do — pa3smepHOCTb

00OBEMITIOIIETO TPOCTPAHCTBA, KOTOpasi B 3aBUCHUMOCTH OT 3aJlaud MOMXKET

npuHuUMaTh 3HadeHus 1,2 unu 3; nmpuuem Bcerga D, 3 D. Ilpu mioTHOH ynakoBke
D=D,un r =const.

3amMeTuM, 4To JUIs (PpaKkTadbHBIX arperaToB OOBIYHO M3MEPEHHUIO JOCTYITHA

KOppeJsiiuoHHass (QYHKIUS TIOTHOCTH C(I'?) =r (lr + I'?)r (lr ) >. OpakTaIbHOCTH B

JAaHHOM CJIy4ac O3Ha4acT

C(R)~R>® (10)

rae R I'?|,D< D,.

KpoMe ynomMsiHyTBIX MacCOBOM U BHYTPEHHEH (hpaKTaIbHBIX Pa3MEPHOCTEH,
TaK K€ 4acCTO UCIIOJIB3YETCS K/Iemo4YHasa Pa3MEePHOCTh, KOTOpast OTIUYAETCSA OT
xayc1ophoBOM TOJBKO TEM, YTO MPH €€ BHIYMCICHUHN OEPYTCS HE IMIaphl a KICTKH

(nm KyOBI).

1.3. ®pakTajJbHOCTH BPEMEHHBbIX PS/I0B.

®pakTadTbHOCTh BPEMEHHBIX PAJ0B OblIa, BUIAUMO, BIEPBBIC OIKCAaHA
eruneTckuM rujposiorom XepctoM. OH OOHApPYXUJ, YTO JJii BPEMEHHBIX PSI0B
pa3IMYHBIX €CTECTBEHHBIX MPOIEccOB (ypOBHEH OCaaKOB, CTOKOB peK W T.J.)
HAOMIOJacMbIii  HOPMHUPOBaHHBIM  pasmMax R/S  Xxopomio  omuchiBaeTcs

OMIIMPUICCKHUM COOTHOIICHUCM

R/IS=( /2", (11)
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t o t _
rae R(t) = maX g a x(u)- Xy )= MiN g, a x(u)- X,) - pasMax BPEMEHHOI'O psja 3a

u=1 u=l

nepuon t
16 —
S= (t— a (x(t)- x,)2)¥2 - craHgapTHOE OTKIOHEHHE 3a MEPHO t
=1

X(t) - 3HAYCHHE psAJIa B MOMEHT BpeMeHHU t
X, - CpeIHee 3HaUYCHHUE Psijia 3a IEPHOJ t
H — 1.H. moka3zaTtens Xepcra.

[To3xe OBLIO IOKAa3aHO, YTO BPEMEHHBIC PSIbI, JEMOHCTPHPYIOUINE
MOJIO0OHOE TIOBEACHHUE SIBIIIFOTCS €CTECTBCHHBIMH ()pakTajaMu, MPUYEM HX
pa3MepHOCTh MOXKET ObITh onpenesneHa no Gopmyne D=2-H. B nactosiee Bpems
bpakTaabHble BPEMCHHBIC PsJIbl H3YYalOTCAd B CaMbIX Pa3IUYHBIX 00JACTAX
GbU3KMKK, XUMHUH, OUOJIOTHH, TUHTBUCTUKH, MEAUIMHBI U T.A. (cM. Hapumep [79],
[2-5], [13-17], [19], [21]). B uacTtHOCTH, (hpakTaibHBIM CBOMCTBaAMH 00JaJafo0T
celicMOTpaMMBbl, KapAMOTPaMMbI, TpaQUKH U3MEHEHHUS KypCOB aKITHH.

Paccmotpum  Oosnee moapoOHO crocoObl  ompejaesieHus: (pakTaabHOM
CTPYKTYPBI BPDEMEHHBIX PSIOB.

[Tycts y(t), tI [0, T] BpeMeHHOM MPOIECC HEMPEPHIBHOTO BPEMEHH.

Paccmotpum npousBosibHOe 3Hauenue tl (0, T).

[TycTh D- OKpECTHOCTH TOYKH t.

PaccmoTpum MTOKPBITHE rpaduka byHKIUHA y(t) Ha
npomexytke[t- D,t+D] | [0,T] cuctemoii kBaapaToB co cTOpoHOM d <D.

Omnpenenenue 1.Pazmeprocms Xaycoopgha D ¢yuxyuu y(t) Ha npomesicymie

[t- D,t +D] onpedensemcs pageHcmeom

D(D,t) = imNE@) _ g jig INS@)

: (12)
In1l/d d@+0|n(1/d)

20e N(d)- koruuecmeo keadpamos co cmoponou d noxkpvimus epagura GyHKyuu

y(t) na npomescymre [t- D,t+D], S(d ) — nrowaoo noxpeimus, S(d)=N(d)>d .
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D(D,t) B Teopuu (pakTaJoB MNPUHATO HaA3bIBaTh Takke (pakTaibHOU
pa3sMepHOCThIO PYHKIIUK Y(t) HA MPOMEXYTKe [t- D,t+D].

Tak  ompeneieHHass  pasMEpPHOCTb D(D,t)saBisi€TC  UHTETPAIBHOMN
XapaKTepUCTUKOW (YHKIMH Ha NPOMEXKYTKEe [t- D,t+D] M 3aBUCUT OT JJIMHBI
npoMexyTKa D.

Omnpenenenue 2. @pakmanvbHol pazmepHocmoio @yHkyuu Y(t) 6 mouxe t

HAas3vleaemcs

D(t) = lim D(D,t). (13)

CornacHo Teopeme Xaycxoijaepa pa3MepHOcTh D(D,t) cymiecTByeT st
mo0oit  HempepbiBHOM — (yHkumu  y(t). Ecaum  dyHKuuMs ~— HempephIBHO
nuddepennpyema, To

im 11S@) _ u  D(Dt)=1.
de+0|n(1/d)

CnepnoBatenbHO, JOKaJIbHAs (paKTaibHas pa3MepHOCTb JIFOOON HEMPEPHIBHO
muddepenurpyemoit GyHKIMH MOCTOSTHHA U paBHa 1.

Takum oOpazoMm, HepaBeHcTBO D(D,t)>1 wmnm D(t)>1 cBUIETEABCTBYET O
HaJIM4uU (PpakTanbHON CTPYKTYPhI pACCMATPUBAEMOT0 BPEMEHHOTO TIpOIecca.

3ameTuM, 4TO IS 11000 M3MepuMoN (PYHKIUHU, Y KOTOPOH CYIIECTBYET
D(D,t) 1 D(t)), BBIMOJTHEHBI HEPABEHCTBA 1£ D(D,1)<2, (1£D(1)<2). B
4acTHOCTH JiIst Oenoro myma, (Buneposckoro nporecca) D(D,t)=D(t) =1.5.

W3 onpenenenust ppaktaibHON pa3MepHOCTH PYHKIUU Y(t) HA MPOMEKYTKE
U (pakTaJbHOW pa3MEpPHOCTH B TOYKE CJEAYyeT, YTO Hccieayemas (QyHKIUs
J0JKHA OBITH OIpejesieHa Ha BCEM MHOXKECTBE TOUYEK IMpOMEexXyTKa [t- D,t+D].
OpHako, BpEMEHHbIE MPOLECChl BO MHOTHUX O0JAacTSIX caMoil MaTeMaTUKH W,
0COOEHHO, B TPUKIAIHBIX 00JacTsX (B 4YacTHOCTH, B ()MHAHCOBOW 00JacTH)

MPEACTaBIAIOT CO00M BpeMeHHbIE Psiibl Y,, i =1...,n, IJle MHJEKC i yKa3bIBaeT Ha
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MoCJieI0BaTeIbHbIE JUCKPETHBIE (DUKCAIMM BPEMEHHU, JJIi KOTOPBIX H3BECTHBI
3HAYEHHUS UCCIIEYEeMOr0 BPEMEHHOIO Mpoliecca.

SIcHO, YTO HOJi1 TaKOro THUMA JAMCKPETHBIX BPEMEHHBIX IMPOIECCOB TEpseT
BCSIKMM  CMBICT  ompejierieHne  (GpakTalbHBIX  Pa3MEPHOCTEH  COTJIACHO
onpeneneHusiM 1 u 2.

Beenem teneps aHanor ppakTaabHBIX pa3MEPHOCTEH, UMEIOIIUX CMBICI JIJIs
JUCKPETHBIX BPEMEHHBIX PSIZOB, C IMOMOIIBI0 KOTOPHIX HAa KOHEYHOM YPOBHE
JUCKPETU3AlIU MOYXHO BBIABIATh «PPAKTAIBbHYI0» CTPYKTYPY HCCIEAYEMBIX
BPEMEHHBIX PSIOB.

PaccMoTpuM cHauana JBE pa3HbBIX CXEMbl OIpEIeNeHUs IoKa3aTess
(bpakTaIbHBIX CTPYKTYp mJs GyHKOUM Y(t) HempepslBHOrO aprymenta I

[t- D,t+D], a 3aTeM AaAUM UX aHAJIOTH JJIsI JUCKPETHBIX BPEMEHHBIX PAJIOB.

Breibepem B mIpoMexyTKe [t- Dt+D]  COBOKYNHOCTb  TOYEK

t,=t- D<t, <..<t, =t+D, o0o3HauUM d(n):,r_r}ax|ti -t., L,=al, rae |,- qmHa

""" n i=1

oTpe3Kka, coeauHsomero Ha rmiockoctr (t,y(t)) Toukm (t_,,v.,), (t.y)

(=9t - 607+ (% - ¥i)?)-
Takum oOpaszoMm, L - oOIias JIMHA JIOMAaHOW , COCIUHSIONICH MPAMBIMH
OTpEe3KaMH IMocieI0BaTeNIbHbIe coceHne Touku (t- D,Yy,), (t,,y,) , ... , (t+D,y,).
B nanpHeiimmem mpexamnosiaraercs, uro t =t +d. T.e. BbIOpaHbI

paBHOMEpHBIE CETKH pa3OueHus uHTepBaia [t- D,t+D].

IIycTp KOJIHMYECTBO TOYEK HEOTPAHUYEHHO YBEIMYUBACTCS (n® +¥) TaK,
g0 d ® O.

PaCCMOTpI/IM npeacia

imL, (). (14)

3aMeTHM, 4YTO MpH J00aBICHUM HOBBIX To4yek  (t,y,) QyHKIHMOHANT
L, yBEIUUMBAETCS.
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Ecnu ¢pynkuus He umeer GppakTaibHOU CTPYKTYpPHI, TO Li(grg L.d)=L,rme L-

JUTMHA KPUBOM, COOTBETCTBYIOMIECH rpaduky QyHKIUHN Y(t).

[lycts pyHkuusa y(t) Takosa, uro L (d)® +¥ npu d ® +0, npuyuem

L (d)~d,g>0,d® 0. (15)

Torpa ¢ynkums y(t) umeer ¢pakTaabHyIO CTPYKTYpY, a BeauuMHa ¢ >0
ABIIAETCS €€ MoKa3aTeJdeM U ONpeNessieT CTEeNeHb (PaKTalbHON CTPYKTYpBI: YeM

Oonpiie g, TeM OoJblie cTeneHb (PakTaabHOM CTPYKTYphl HCCIEAyeMOM
byskun. Bennunay g Oyaem Ha3bpIBaTh MHIEKCOM JJTUHBI.

Takum 06pa30M, HUHACKC OJIHUHBI OIPCACIIACTCA PABCHCTBOM

_jimInL@)
400 [n(1/d )

(16)
['eoMeTpuvecKku MHIEKC JJIMHBI MOKET OBITh ONpE/eNieH KaK TAHTeHC YTIJia
HaKJIOHa npu Manblix d >0 B JBOMHOM Jorapudmuueckom Macmrtade InL(d),

In(1/d) , mpsimoit
InL, (d) =a+glIn(l/d). (17)

3aMeTHM, YTO BBEJICHUE MMOKa3aTelis (PaKTaIbHON CTPYKTYPBI Uyepe3 JUIUHY
JIOMaHOW UCTIONIB3YETCs LIS OTpeiesieHus (PaKkTaIbHON pa3MepHOCTH OeperoBoit
MOPCKOU TpaHHMIIbl rocynapcts (cm. 2.2).

Bropoii mokaszarenb (pakTalbHOW CTPYKTYPBI ONPEACIUM, HCHOIb3YS

KIIACCHUYICCKOC OIPCACIICHUC BaApHUALIUN HA OTPC3KE.
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Kak u panee, paccMOTpuM paBHOMEpHOE pa3dreHne NpoMexyTka [t- D,t+D]

Toukamu  t,=t- D<t <..<t =t+D u  ompexemuM Dy (d)=|y - vy,
W()=a [y - .

Ecnam y(t) - pyHKIIMS OrpaHUYEHHON BapUaluu, TO W d)® V,(t- Dt+D)<¥,
rae V, - nojiHas Bapuanus GbyHKIIMU Ha OTpe3ke [t- D,t+D].

ITycte Gynkuus y(t) takosa, yto W, (d)® +¥ npu d ® +0, IpUYEM UMEET

MECTO COOTHOIIICHHE
W, (d)Od™", n>0 mpud® +0. (18)

[lokazatenb QppakTanibHOW CTPYKTYpPHI N >0 HA30BEM HMHJIEKCOM YaCTUYHOU
Bapualuu.
OdyeBuAHO, YTO HJs JIOOOTO (PUKCUPOBAHHOTO pPA30MEHUSI MPOMEXKYTKA

[t- D,t+D] cripaBeayIuBO HepaBeHCTBO V, (d) >W, (d) .

Takum 06pa30M, HHACKC YaCTUYHOM Bapuanuu n OIpCaAcIsACTCS PaBCHCTBOM

o Inw,(d)

~ 459 In(1/d) (19)

FCOMCTpI/I‘IeCKI/I HHACKC YaCTUYHOU Bapuaigu N MOXET OBITh OIIPCACIICH
KaK TaHI'CHC YyIJIa HAKJIOHA IIPpHU MaJIbIX d>0 B IIBOﬁHOM JIOFapI/I(l)MI/I"ICCKOM

Mmacmrade InW (d), In(l/d) npsmoii
InW(d) =c+nin(l/d). (20)

PaCCMOTpI/IM TCIICPb HHCerTHBIﬁ BpCMCHHOﬁ mponecc B BUAC BPCMCHHOI'O

psna.
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Yo Y, - (21)

SICHO, YTO B 3TOM Clly4ae TEPSET CMBICI BBEIECHHE BCEX BBIMICIIPUBEIEHHBIX
nokasarejei (paKTaabHOU CTPYKTYPHI.

Hike nprBeeM aHajaorH rmokasateneil GpaKkTaabHON CTPYKTYPBI g M N IS
BpPEMEHHBIX psamoB Buaa (21), OCHOBaHHBIC HA HCIOJB30BaHUU paBeHCTB (16) u
(20) cooTBETCTBEHHO.

Wtak, paccMaTpuBaeTcs BpeMeHHO# psif (21), KOTOpBIit MOKET OBITh YaCThIO
APYroro BPEMEHHOTO Psijia, JJIHHA KOTOPOTo OOJIbIIIE, 4eM N .

PaccmoTpum mociie1oBaTeNIbHOCTD YHCeN 1£m <m, <..<m <n.
[IpoBenem pa3OueHHe COBOKYMHOCTHM uMcenl i=1..,n Ha TpPynmel ¢

JACIIUTCIICM m .

j=1i=1..,m; j=2:i=m+L..2m; j=n:i=(n-)m+1l..,nm, rI€
LYY
—é -
emg
AHaANOrMYHO TpOBeAeM pa3OMeHHEe COBOKYNHOCTH yuced i=1..,n Ha n,
énu
rpymnn (n, = éE(J ) ¢ AeTUTEIeM M,  T.J. BIUIOTh J0O M, .
e u

PaCCMOTpI/IM oJs1 BpEMCHHOI'O  psaa aHajlor HMHACKCAa JJIWHBI @ (J,

OIpeNeNIIeMOro i (YHKIMM HENPEPhIBHOIO aprymeHnta paBeHcTBoM (16).

CoeIMHUM COCEIHHUE MOCISI0BATCIHOCTH TOUECK
2 -1
(Ol yl)l (% ] ynh)l (Trr]l 1 yzm), ey (w 1 y(nl. 1)”1)’ (% 1 ynlnh) HpHMBIMI/I

OTpE3KaMHU.
3ameuanue 1. Ilpu onpedenenuu umoexca OAuHbL NPeONOAAemcsl, Ymo

«epapur>» epemenno20 psaoa pacnonodicen na epemenrom npomesicymre [0,1].

O603HaunM L(m)- JUIMHY JIOMaHOM, COeIUHAIONIEH MMOCIIEI0BATEIbHO Maphl

COCEJIHUX TOYEK.
Nmeem
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& |m? 2
L(n‘h) = a n2 + (y|ml - y(i-l)ml) .
1

AHanorn4yHo IIOACUYHUTBIBACTCA AJIMHA JIOMaHOM JTMHUU JJISL JCJIUTEIISL m, .

4 2
rnr;z +(y|mz - y(i-:l_)mz)2 )

Lm)=4

3< Zn 2
L(rﬂ() = a \/mlnzk +(yim< B Y(i-l)m()2 .
i=1

OueBuIHO, CIIpaBEIMBBI HEPABEHCTBA

L(m) <L(Mm.,) <..<L(m).

PaccmoTpum B nBOWHOM sorapudmuyeckoM Macmradbe Inm, InL(m)
COBOKYITHOCTBL Kk TO4YEK

(Inm, InL(m))j =1,.....k (cm. Puc.6)

' InL(rr])A

- —
Inmllnmzlnms...IanInmj

Puc. 6.

Haiinem ¢ nomomsto MHK npsimyro, anmmpoKkCUMUPYIONIYI0 COBOKYITHOCTb
Touek (Inm;,InL(m,)),j =1,...k.

O603HaunM uepes -g yriioBoi nokasatenb MHK-npsimoii.

Yucno g>0 OyzmeM Ha3biBaTh HMHICKCOM JUIMHBI BPEeMEHHOTO psiga (21)

OTHOCHUTENBHO pazOueHus (m,...,m).

27



Paccmotpum Teneps st BpeMeHHOro psaa (21) ananor uHaIeKca 4aCTHIHON
BapualMd N, ONpeaenseMoro s (YHKIMH HEIPEPHIBHOIO apryMeHTa
paBeHcTBOM (19).

O003HaYUM

D
W(n‘h) = é. | yiml+1 - y(i-l)ml+1 |!
i=1

W(rnz) = é. | yimz+1 - y(i-l)mz+1 |!
i=1

3
W(”l) = a | yim(+1 - y(i-l)m(+1 | -
i=1

CHpaBCIIJII/IBBI HCPAaBCHCTBA

W(m) <W(m,) <..<V(m_,) <V(m).

PaccmoTpum B 1BOMHOM sorapudmuyeckoM Macmtade Inm, InW(m)

COBOKYITHOCTH K TOYEK

(Inm, InW(m,))j =1,...k (cm. Puc.7)

' InW(n])A

—— —p
InmlInr'nzlnma...Inmjnmj

Puc. 7.

Haiinem ¢ nomonipto MHK-npsmyro, annpoKCHMHUPYIOIIYI0 COBOKYITHOCTb
Touek (Inm, InW(m,))j =1,...,k.
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O6o3HaunM uyepe3 -n <0 yriaoBod KodpduuueHnt noaydenHon MHK-
IIPSIMOM.
Yucno n >00yaeM Ha3plBaTh MHJAEKCOM YAaCTUYHOM Bapualid BPEMEHHOTO

psna (21) otHocuTeNnBHO pa3oueHus (m,...,m).

U, HakoHel], HAIOMHUM OITpEJEJIEHNE MOKa3aTesid XepcTa il BPEMEHHOIO
psna (21), ¢ MOMOIIBI KOTOPOTO TAKXKE BBISIBISIOTCS (PAKTAIBHBIC CTPYKTYPHI
BPEMEHHBIX PSAJOB.

BBenem 0003HaueHUSA

— 14 J B
yJ :_- yi, ylj :a (yk - yj)11
] = oo
Rj zlrzanJ yij - II;TInJ yi,-,
14 .
SJ'ZZTa (yl - yj) , )] =2,.,0.
i=1

3agaauM Kk LenbIX yucen 2£n <n,<..<n =n.

o n
Paccmotpum B nBOMHOM  jorapudmuyeckoMm  macmrabe In—, InE
COBOKYITHOCTH K TOYEK

(In%,lnn—zj)j =1...k (cm. Puc.8)

]

CHpaBeIUII/IBBI HCPAaBCHCTBA

5<&<...<&.
S S S
R
In— a
S \\
>N
InL n2 i n In—
2 2
Puc. 8.
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Haiinem ¢ nomomsto MHK npsimyro, anmmpoKCUMHUPYIONIYI0 COBOKYITHOCTb

Toyek (In R nj)' =1...k
5 D=Lk,

O6o03HaunM uepe3 H >0yrioBod koddduiment mnonyuennon  MHK-
IIPSIMOM.

Yucno H >0 Oyaem HasbIBaTh MokaszaTelieM Xepcra BpeMeHHoro psaa (21)
OTHOCHUTENBHO pazOueHus (n,...,n,).

3ameuanue 1.06viuno npu nocmpoenuu MHK-npsmoii 6 cxeme Xepcma

bepym 6Ct0 COBOKYNHOCMb B03MONCHBIX 3HAYeHUti N, =2,n,=3,..,n_,=n,k=n- 1.

3ameuanue 2. Eciu eépemennoti pso (21) —Ouckpemnoe 3adanue npoyecca
y(t) Ha npomedxcymxe tl [0, 1], m.e. y =y(t),t :di,d:%,i:],...,n, mo,

Hanpumep 011 Buneposckozo npoyecca, cywecmeyem acumnmomura

Ry _aho
S, €29
unu
In&
H = lim— 22)
n® ¥ n
In—
2
npuyem H=1/2.

B ciydae cymectBoBanus npesena (22) cnpaBeyinBo paBeHCTBO H =2- D.

Brruncnenue nokasatens Xepcra H siBisieTcs Ha CeroAHSANTHUN IE€Hb OJTHUM
M3 OCHOBHBIX METOJOB oOIlpejeicHus (pakTaIbHON pa3sMEpPHOCTH BPEMEHHBIX
psanoB. Mcxoauelii MeTo BeiunciaeHus H depes 3nadenus R/S BecbMa Tpya0eMok,
MO3TOMY OOBIYHO [IJII 3TOrO HUCIOJIB3YyeTCsl MPEANON0oKEeHHEe CTEINEeHHOU
3aBUCUMOCTH

(| X g - X, [y ~d" (23)
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Torna H omnpegensercs kak kodQUUIMEHT HakiIoHa Tpaduka (QyHKIUU

y= f(d):(| Xiwa = X, |>, MMOCTPOCHHOW B JBOWHOM JIOrapu(pMHUUECKOM MaciiTade.

3aMeTHM, YTO BBIUMCIICHUS TOKa3aTels XepcTa Ha OCHOBe 3aBucumoctu (23)
COBMAJAET C BBIYMCICHUEM BBEJCHHOI'O paHee MHJEKCAa YaCTUYHOW BapHaluu.
OCHOBHBIM HEJOCTATKOM JTOT0 METOJAA SIBISIETCS HEOOXOAMMOCTH OOJIBIIOTO
KOJIMYECTBA JAHHBIX, MOCKOJbKY OLEHUTh H ¢ mpuemiemMoil TOYHOCThIO MOKHO
«...aHAJIU3UPYS XOPOIIO ONpe/eNieHHbIe Ha0OpPbI JIaHHBIX, COCTOSIIUE MPUMEPHO
u3 2500 m3mepenuii» [41]. DTOT ke HEIOCTATOK MPHUCYII M IPYTHM CIIOCOOaM
BBIYMCIICHUS (PPAKTAIBHOW pa3MEPHOCTH, U3JI0KEHHBIM BbIlIe. BriuuciauTenbHbie
CBOMCTBA W3BECTHBIX JO HACTOSLIEIO BPEMEHHU CIIOCOOOB  YHCIECHHOTO
onpejeneHuss (QpakTaaibHON pa3MEPHOCTH TAaKOBBI, YTO IO3BOJISIOT OIEHUTH
TOJIBKO OOIIME CBOMCTBA BPEMEHHOTO psijia, OCTaBJIsAs 3a rpaHUIlaMU aHaIu3a ero
JIOKANbHYIO CTPYKTYpY. B TO e Bpems myig rpa@ukud peajbHbIX THUHAMHYECKUX
MIPOLIECCOB MOTYT HECKOJIbKO pa3 MEHSAThb XapaKTep CBOEro MOBEACHHUS BHYTPU
MaciTaba, He0OX0JUMOTO JUIsl HaJEKHOT0 BeiuuciaeHus: D u nzydyenue nokaabHOU
CTPYKTYpPBl TaKUX PSJIOB MpeJcTaBisieTcs Oosiee Ba)KHOW 3ajgayeil, yeM u3ydeHue
UX OOIIMX CBOMCTB.

B 3aknroueHue OTMETHM OCHOBHBIE OCOOEHHOCTH PacCCMOTPEHHBIX
NpUMEPOB (PPaKTATBHBIX CTPYKTYP.

Bo-niepBbIX, MJIsI €CTECTBEHHBIX (PpaKTalioB, B OTIMYHE OT MOJEIBHBIX
(dpakTajioB CBOWCTBO CaMOMOJOOUS  BBIMOJHSAETCS, KaK MPAaBUIIO, JUIIb <B
CpeIHEM».

Bo-BTopbIX, npu BeIYUCICHUH (HpAKTaTIbHON Pa3MEPHOCTH CTENEHHOM 3aKOH
NPOSIBJIICT Ce0sl KaK «IPOMEXKYTOUYHas acUMNTOTHKa» (T.e. mpu d ® 0 Oepercs
MacmTad, Maiblii 0 CPAaBHEHHUIO C HEKOTOPBIM XapaKTEPHBbIM, HO MHOTO OOJIblIe
HEKOTOPOTr0 MUHUMAIBHOTO). [Ipu 3TOM caMa pa3MepHOCTh BBIYHCISCTCS 10 YTy
HaKJIOHAa COOTBETCTBYIOUIEH 3aBUCHUMOCTH B JIBOMHOM JIOrapu(pMUUYECKOM
Mmaciutade (WM macmTabe OTHOCHTEIbHBIX MPUPOCTOB) M YACTO OCOOYIO pOJIb

3ACCh UTPACT KUCKYCCTBO>» IIPABUIIBHOT'O 135160pa CHUCTCMBI aHHpOKCI/IMaHHﬁ.
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B-TpeTbux, nHOTIa CaMONOJIOOHYIO CTPYKTYPY B HauOoJiee «4HUCTOM BUIE»
BBISIBISIET HE (pakTajgbHas pa3MEpPHOCTb, a CBsA3aHHas C HEW MpOCThIM
COOTHOILIEHHEM BEJIUYMHA, KOTOpas XapaKTepu3yeT CTENEeHb «PAacXOJAMMOCTH
HEKOTOPOM «ECTECTBEHHON» JUIsl JaHHOTO 00BEKTa XapakTepucTUKu. B mpumepe ¢
OeperoBoii JIMHUEH — ATO MEPUMETP, a ISl BPEMEHHBIX PSIIOB — 3TO, HANPUMED,
BeanunHa  <| X, - X, >, CBiA3aHHasg C pPasMEPHOCTBI0O  COOTHOILICHUEM
< Xpwg - X, Pp~d?*?

U, HakoHel, B-4e€TBEPTHIX, 0COOCHHO MOAPOOHO HEOOXOAMMO OCTAHOBUTHLCS
Ha pa3IuuMsIX B ONPEICICHUH pPAa3MEPHOCTH MOJIETbHBIX U €CTECTBEHHBIX
¢dpakranoB. JleHCTBUTENBHO, AJII E€CTECTBEHHBIX (DpaKTaIbHBIX CTPYKTYp BCe
M3BECTHBIE METOJIbI MO3BOJISIIOT OMPENETUTh Pa3MEPHOCTh C HEKOTOPOU OIIHMOKOH,
KOTOpasi BO MHOTOM 3aBUCUT OT BBIOPAHHOW CHCTEMBI ammpokcumaiuii. B to xe
BpeMsi Ui PACCMOTPEHHBIX MOJEIbHBIX MHOXECTB MbI MOJy4aeM TOYHOE
3HaueHUEe pazMepHOCTH. UTOOBI MOHATH MPUYUHY TAKOTO PA3NIUUYUS 3aMETUM, YTO
Ipy OmpenesieHnu pa3MepHocTh MHokecTBa Kantopa u kpuBodt Kox Obuin
UCIIOJIb30BaHbl  crnenupuyeckue  MOCIAEAOBATENBHOCTH  ANIpPOKCUMAIUU.
JIeliCTBUTENBHO, €CIM Mbl MOCTpouM Trpaduk ¢GyHKuuU S(d)B  JABOWHOM
JorapuMUYECKOM MaciTade JJIsi 3TUX MHOMKECTB, TO MOJYyYUM CTPOTO MPSMYIO
JUHUIO. DTO SBJISETCS CIEICTBUEM TOTO, YTO BBIOpAaHHBIE CHUCTEMBI MOKPBITUI
ABJIAIOTCS MUHUMAJBHBIMHU JUJIS JAHHBIX MHOXECTB W S(d) BBIXOAWT Ha
ACUMIITOTUYECKUN PEXUM, HauMHasg ¢ MaKCHUMaJlbHO BO3MOKHOro d. C apyroi
CTOPOHBI, €CJIM MBI ITOCTPOUM aHAIOTUYHBINA Tpaduk S(d) AJIg CUCTEM MOKPBITUH,
OTJIUYHBIX OT MCMOJB30BAHHBIX, TO COOTBETCTBYIOUIME TOUYKU YK€ HEe OyayT Tak
XOPOILO JIOKHUTBCA Ha OnHY mpsMyio (cMm. puc.4). Takoe moBeneHue (HyHKIIHH
S(d) HABOAUT HA MBIC]b, YTO HUCIOJIb30BAHUE MUHUMAJIBHBIX MOKPBHITUNA MOMKET
naBaTh 3(Q¢eKT OBICTPOro BHIXOJA HA AaCUMOTOTHKY M JUISl €CTECTBEHHBIX
(bpakTaibHBIX O0OBEKTOB, B YaCTHOCTU TpadukoB PpakTanbHbIX QyHKuud. Hinke
OyJeT mMoKa3aHO, 4YTO MJii BPEMEHHBIX PSJIOB, XapaKTEPU3YIOLIUX peajbHbIe

Xa0THYCCKHC ITPOLECCChI, 3TO BUAUMO HCﬁCTBHTeHBHO Tak.
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2. ®paKTAJbHbIN AaHAJIU3 BPEeMEHHbIX PSA/IOB.
2.1. MuHuMAaJbHbIE NOKPBITHSA U MHAEKC (PPAKTATBHOCTH.

[IpsimpiM criocoOoM HcciieoBaHUs (DPaKTabHON CTPYKTYpbl BPEMEHHBIX
pPSAZOB  SBJISIETCS  BBIYMCIICHME KAKUX-TMOO (pakTanbHbIX MOKa3aTeneH,
HalpuMeEp MPEACTaBIECHHBIX B Mpeablaymieid riaBe. OpHako (pakTaibHas
pPa3MEpHOCTb BPEMEHHOTO psla MOXET OBbITh BBIYMCIIEHA HEMOCPEACTBEHHO
yepe3 KJeTouHylo pasMmepHocth D¢ s ompenenenus pasmepHoctu D
MJI0CKOCTh, Ha KOTOPOMU ompeneseH rpaduk BpeMEHHOTo psijia, pa3OuBaeTcs Ha

KJICTKH pazmepoMm d u ompenessercs uncio kiaetok N(d), rae HaxoauTcs XOTs

Obl oxHa TOYKa dTOro rpaduka. 3areM MeHserca O W B JABOWHOM

jgorapupmuueckoM Maciitadbe crtpoutcs rpaduk ¢ynkumu N(d), xotopsrit

AMMPOKCUMHUPYETCS TPAMOKM C IIOMOIIBKD METOJa HAWMEHBIIUX KBAIpPaTOB
(MHK). Torna D, ompenensieTcs mo yriiy HaKJIOHa 3TOW HpsMoi. OaHaKo s

HAJIe)KHOTO BBIYMCIICHUsA, Kak D, Tak u mokazareneir H, n, g Ttpedyercs

CIIMIIKOM OOJIBIION PENPEe3eHTATUBHBIA MacmTal, CoJepKaluii HECKOIBKO
ThiCSY AaHHbIX [41]. BHyTpHu 3TOr0 MacmTaba BpEMEHHOH psiji, KakK MPaBUIIo,
MEHSIET XapaKTep CBOETrO MOBEJACHHS MHOTO pa3. UTOOBI CBS3aTh JIOKAJIbHYIO
AMHAMHKY COOTBETCTBYIOUIETO TIpolecca C (paKTalbHOW pPa3MEpHOCTHIO
BPEMEHHOI'O psiJia HEOOXOJUMO OIpPEIeIUTh pa3MepHOCTh D nokanbHO. [lis
3TOTO HEOOXOIUMO HAWTH MOCJICIOBATEIBHOCTD ANMPOKCUMAIINN, KOTOpasi IpH
¢dukcupoBanHoM d ObuIa ObI B HEKOTOPOM CMBICIIC ONTHUMAJIBHOM.

[MpousseneM HekoTOphIe MpeodpazoBanus (2): yMHOXHUM 00e vact (2) Ha

1/d wu BBenem D mop 3Hak norapudma. B pesynbrare noaydunm:

N@d)~d P uipud® 0 (24)



2
Ecimu temepr ymMHOXUTH 00¢ yactu (24) Ha d“, To B JaHHOM cCiydYae
OIpE/ICIICHUE Pa3MEPHOCTH MOKHO TIEpENUcaTh B BUJEC CTCTICHHOTO 3aKOHA IS

Ioraau annpokcumarii S(d):

Sd)~d?>P npud ® 0 (25)

3ametnM, 4to Takas hopma B omiimune ot (24) He TpeOyer, 4TOOBI
CUMIUIEKChI U3 KOTOPBIX COCTOUT ANMPOKCUMAIMSI ObUTH OJUHAKOBBIMHU.
JlocTato4Ho TOro, 4TOOBI OHM UMEJIM OJIMH U TOT K€ FeOMEeTpUYecKuid paktop
d . DTo MO3BOJISIET HAM MCIIOJIB30BATh AMPOKCUMAIIMH, KOTOPBIC MTPH
¢dukcupoBaHHOM 0 HAWIYYIIUM 00pPa30M MOKPBIBAIOT rpadUK UCCIICAYEMOM
byHKIIH.

JIefiCTBUTENBHO, PACCMOTPUM BPEMEHHOU psijl, UiIu rpaduK BEIeCTBEHHOU
GyHKUMM OJHOM CKalsipHOM mepeMeHHOM y=f(t), omnpeneneHHOM Ha
HEKOTOpOM oTpe3ke [a,b]. 3ameTnM, 4TO MBI MOXEM pacCMaTpPUBATh ITOT P
KaK MHOKECTBO TOYEK, NOTPYKEHHOE B JIBYMEPHOE €BKJIMIOBO IPOCTPAHCTBO.
Jist  BbIYMCIEHHMS  (pakTadbHOM pa3MepHOCTH (GYHKIUM MBI  MOXKEM
HEMOCPEACTBEHHO  MCIIOJNB30BaTh  MPOLEAYPY  ONPEACICHUS  KIETOYHOU
pa3smepHocTH. IIpm 3TOM NOKpBHITHE KIETKAMH MOYXHO paccMaTpuBaTh Kak
YaCTHBIN clly4all MOKPBITUS NPSAMOYroJibHMKaMmH. [lokaxem, 4To CylecTBYeT
Oojee TOYHOE TOKphITUE Tpaduka ¢yHkuumun y=f(t) U3 KiIacca
MPSIMOYTOJIbHUKOB, HEXENW KiIeTouyHoe. JlJIsi 3TOro BBEAEM PABHOMEPHOE

pa?>6I/IeHI/Ie OTpPEC3Ka
w, =[a=t, <t, <..<t_=b], d=(b- a)/m,

U TIOCTPOMM MHHHUMAalbHOE MOKphITHE (yHKIMU f(t) B Kiacce MNOKPHITUH,

COCTOSIIIIMX W3 NPSIMOYrOJbHUKOB ¢ ocHoBanueM d (puc. 9). Torma BeicoTa

NpsIMOYTOJIbHUKA Ha OTpeske [t ,,t.] Oymer paBHa BenuuuHe A (d) (pasHocTu
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MCKAY MAKCHMAJIBHBIM W MUHUMAJIBbHBIM 3HAYCHUCM (1)YHKI_II/II/I f(t) Ha 5TOM

oTpe3ke). BBenem BenuuuHy:

Vi@)°aA@) (26)
i=1
U HazoBeM V,(d) aMmuuTynHOM Bapuanued ¢pyHkuuu f(t), COOTBETCTBYIOIIEH

MmaciTady pa3ouenus d Ha orpeske [a,b]. Torma moiHyIO IUIOIIAb TOKPHITHS

S, (d) MOXHO 3amucaTh B BUJIE
Sp(d) =V, (d)d (27)

OtMmetuMm, uto S, (d) ABISIETCS MUHUMAJILHOMN TUTOIIAIbIO TOKPHITHS TpadrKa U3

KJIacCa MpsAMOYTOJIBHUKOB. HOC—)TOMY Ha30BCM TAKOC ITOKPBITUC MUHUMAJIbHBIM.

Hanee u3 (1) cieayer, uto
V,(d)~d ™ npu d ® 0, (28)

Tac

m=D_-1 (29)

HazoBem mokazarenb m HHAEKCOM (PPAaKTaIbHOCTH, a pa3MepHOCTh D,

PasMCPHOCTbIO MHUHUMAJIBHOTO IIOKPBITUA. 3aMCTI/IM, YTO OTH BCIMYHHBI
ABJAIOTCS HCHTPAJIBHBIMU B HaHHOﬁ pa60Te.

Y1oOBI COOTHECTH Dm C OApyrumMm pasMCpHOCTAMHU H, B YdCTHOCTH, C
KJIECTOYHOM PasMECPHOCTBLIO DC, IMOCTPOUM KIICTOYHOC pa?>6I/IeHI/Ie IINIOCKOCTHU

rpaduka ¢pynkuuu f(t) kak nokazano Ha puc. 9. [lycts N, (d) - 4MCIIO KJIETOK,
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noKpbIBatolux rpadux f(t) BHyTpu orpeska [t ,,t]. Torma u3 puc. 9 BunHO,

4TO,

0<N(d)d?- A(d)d <2d? (30)
Paznenum 310 cooTHomieHne Ha d W mpocymmupyeM 1o | ¢ yuetom (26). B
pe3yNbTaTe MoIyduM

0< N(d)d - V, (d) < 2(b- a), (31)

rae N(d):é N,(d) ecTb MOJHOE YUCIO KJIETOK pasMepa d, MOKPBIBAIOIIUX
rpadpuk pynkuuu f(t) Ha orpeske [a,b]. Ilepexoas k mpeneny mpu d ® 0, ¢

yuetoM (28) u (29), monyunm:

N(d)d ~V,(d)~d " =d""" (32)

C apyroit CTOpOHBI, COTIACHO YpaBHEHHIO (2)

N(@)d =S, (d)d* ~d*> (33)

CnenoBarensHo D, =D,,.
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Puc. 9. ®@paemenm rnemounoeo (cepvlii NpsAMOY2OIbHUK) U MUHUMATLHOSO
(uepmbiil nPsAMOY2ONIbHUK) NOKpLIMUL epagura GpakmanbHot @YHKYuu Ha

ompeske [1i.,i]. Ouesuono, umo munumanrbrnoe noKpvimue mounee Kiemou4Hozo.

OTtmeTuM, OJHAKO, 4YTO [JIs peajbHbIX (pakTadbHbIX (QYHKIHH
MHUHHMMAaJbHbIE M KIETOYHBIE MOKPBITHUS MOTYT JaBaTh BECbMa pPA3JIUYHBIC

npuOIMKeHUsT BeauYrHbl S(d) K acuMmrToTuyeckomy pexumy (25). TTokaxkem,
970 3(PHEKT OT 3TOr0 MOXKET ObITH BEChMa OIIYTUMBIM.

[Tockonbky V, (d) 0OBIMHO MMEET OBICTPBII BBIXOJ Ha aCUMOTOTUYECKUU

pexxuM (28) (cMm. caeayromumii pasaen), To cootHoienune (31), moaenenHoe Ha d

¢ yuetoM (28) MokeT ObITh MePEIUCaHO B BU/IE:

N(@)©° S.(d)/d?=Ad° +B(d)d*, (34)

Tac

0<B(d)<2(b-a), D=D,=D,, A= const (35)

3mecy Ad- ® MCIIOIB30BaHO BMECTO
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V,(d)/d° S, (d)/d? (36)

Bropoe crnaraemoe npaBoit yactu (34) siBnsieTcss OCHOBHBIM B obOnactu d >d,,

rjae d, onpeaesieHo U3 COOTHOIICHHUS

d"=A/B(d,) (37)

[ToaToMy scHO, 4YTO B JTOM 00JIACTH MOXET CYIIECTBOBATh
MPOMEKYTOUHBI PEXKUM CO CBOMM CTEINECHHBIM 3aKOHOM, OTJIHMYHBIM OT
riaBHoro. CienoBarenbHo, pu d »d; MOXKET CYIIECTBOBATh 00JIACTh «HU3JIOMa»,
IJIe OJIUH CTETICHHOM 3aKOH CMEHSIETCSI IpyrumM. Takum oOpa3oM, 3TO SIBJIICHHE,
KOTOPOE BEChMa 4acTO HAOJI0IaeTCs Ha MPAKTHKE, MHOT/Ia MOXKET OBITh CBSI3aHO
HCKJIIOUUTENBFHO C HETOYHOCTBIO KJIETOUHBIX amnmpokcumanuii. Kpome Toro,
naigee OyaeT IOKa3aHO, 4YTO JUIsi TpauKOB peadbHBIX BPEMEHHBIX PSIIOB
WCMOJIb30BAHUE MUHUMAIBHBIX TOKPBITUHA, BMECTO KJIETOYHBIX, IO3BOJACT
CYIIECTBEHHO  YMEHBIIUTh  KOJWUYECTBO JIaHHBIX, HeoOXoauMmMoe s
omnpeneneHus  GpakTalbHOM  pa3MEPHOCTH W HCMOJb30BaTh  MHJACKC

@paKTaJIBHOCTI/I n AJid JIOKAJIbHOT'O aHaJIn3a @paKTaHBHBIX BPCMCHHBIX PAJ0B.

2.2. O0mmii aHaau3 PUHAHCOBBIX BPEeMEHHbIX PSA/IOB.

B Hacrosimiee BpeMss (UHAHCOBBIM  PBIHOK  ABJISETCS — Jydllen
NeHCTByIOIEil MOJCNBI0  COBEPIICHHO KOHKYPGHTHOTO pBIHKA® U B
ONpEJETICHHOM  CMBICIIE  MPEACTaBIsieT  co0OM  WIeanbHBIA  IpUMEP
«ECTECTBEHHOW» AMHAMHUUYECKON cucteMbl. C OJHOW CTOPOHBI, OH JOCTATOYHO

Xa0THYCH, IMOCKOJIBKY €I'0 3BOJIOLHA OIPCACIIACTCA BOJICH KOHKPCTHBIX JIIOI[Cﬁ

! HamomHmM, 9TO COBEPIIICHHO KOHKYPEHTHBIH PHIHOK XapaKTePH3YeTCs:
- MHO’KECTBOM IPOJIABIIOB U MOKYIATENEH, KaX bl U3 KOTOPHIX MOJHOCTHIO HH(OPMUPOBAH, IEHCTBYET
HE3aBHCUMO U HE B COCTOSHHU BO3JCHCTBOBATh HA LIEHY;,
- OTHOPOTHOCTBIO MPOAABAEMOM POIYKIIHUH;
- CBOOOIHBIM BXOJOM Ha PBHIHOK.
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(MHBECTOPOB M CIIEKYJIIHTOB), @ C APYTOM, B HEM AEHCTBYIOT OUYEHb YCTOMIHMBEIC
3aKOHOMEPHOCTH, Ha BBISBICHHHM M HCIIOJb30BaHHM KOTOPHIX W OCHOBAaHBI, B
YaCTHOCTH, HHCTPYMEHTHI TaK Ha3bIBAEMOI'0 TEXHHUECKOTO aHalu3a (CM.HIDKE).
MOXHO OKHAaTh, YTO HaMICHHBIC 3[€Ch 3aKOHOMEPHOCTH HMEIOT M Oolee
oO1Iui XapakTep.

Xapakrepusysi COBPEMEHHBIM (DHHAHCOBBIA PBIHOK, MPEKIE BCETO,
CIIEAyeT OTMETUTH pPa3HOOOpasue MCIOJNb3YEMBIX HMHBECTOPaMH (DHHAHCOBBIX
UHCTpYyMeHTOB. CaMple IPOCTbIE W3 HUX 3HAKOMBI MHOTHM. DTO BalIOTHI,
obnuranuu, akiuu. Takue (UHAHCOBBIC WHCTPYMEHTHI HA3LIBAIOT Oa30BBIMH.
Ha ux ocHOBe co3maroTcs 0ojiee CIIOKHBIE, TaK HA3bIBAEMBIE KIIPOU3BOIHBIC»
UHCTPYMEHTHI (I€pHBATHBEI), KOTOpPBIE MPEACTABIAIOT COOOH OJIHOCTOPOHHEE
WIA JBYCTOPOHHEE 0053aTeNbCTBO IMOKYNMKH MM IPOJaXw 0a30BOIo
UHCTPYMEHTa II0 OINpEAEICHHON IIeHE K 3apaHee ONpeIeIEHHOMY CpOKY
(beroyepcel, oOMmIUMOHBI M ap.). Kakmold akIUH MOXKET COOTBETCTBOBATH
HECKOJIBKO COTEH MPOM3BOIHBIX HHCTPYMEHTOB. Ha BepIMHE NHPaMHIbI
HAXOMATCS «CHHTETHYECKHE MHBECTHUIIMHU - CJIOXKHBIE KOMOMHAIMU U3 0a30BBIX
U TMPOU3BOAHBIX HHCTPYMEHTOB, TOPIOBIS KOTOPHIMH IIPOU3BOIAMTCA Kak
€IMHBIM aKTHBOM.

PesymbTatoM pabOTBl  PBHIHOYHOIO MEXaHH3Ma M OJHOBPEMEHHO
UHIAKATOPOM €0 COCTOSIHMSI SIBJSIOTCS I€HbI (PMHAHCOBBIX aKTHBOB. ECIIM MbI
IOCMOTPMM Ha TpapUKH MX H3MCHEHHH BO BPEMEHH, TO YBHIUM, YTO OHH
KpaifHe HEeYMOpAAOYEHBI: IEPUOIbI OTHOCUTEIHHOIO MOKOS CMEHSIOT IEPUOIBI
KpaiiHell HecTaOWIBHOCTH. Pe3Khe CKauykh IIeH BBEPX WM BHH3 OOBIYHO
CBSI3BIBAIOT C IIOSBJICHHEM HOBOW HMH()OPMAIHMHU, ONPEIEISIONIEH COCTOSHHE
paBHOBecHs. Kiaccuueckoii Teopreii () yHKIIMOHMPOBAaHUS (DMHAHCOBBIX PHIHKOB
INPHUHATO CYUTATh THIOTE3Y 2¢hhexmusnozo pwinka [39-40], [64], [67], [76-77],
[80], koTopas mpexamosaraeT MIHOBEHHYIO KOPPEKIMIO IIEH B OTBET Ha
oOHOBJeHHE HH(POPMAIMH ¥, COOTBETCTBEHHO, MTHOBEHHYIO PEaKIUIO
JIEHCTBYIONIMX PAIMOHAIBHO YYaCTHHKOB pbIHKa. OCHOBHOW MOJEIBIO

3(1)(1)CKTI/IBHOI‘O PBIHKA ABJIICTCA MOICIIb 6pOYHOBCKOI‘O ABUIKCHUS, BIICPBBIC
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ucnojp3oBanHas B ¢uHaHcax Jlyucom bBamense B 1900 roay [26] u
MOJTyYUBIIAs MIMPOKOE TPU3HAHME TOJBKO Yepe3 HECKOIbKO aecaTtuieTwid. K
TOMY BpPEMEHH YTBEPAMUJIOCh MHEHHE O TOM, YTO B IIEJIOM paclpeesieHne
NpHUpaIIeHUi 1IeH OJU3KO K HOpMaJbHOMY M CYIIIECTBCHHBIE aBTOKOPPEISAIIUU B
psaax npuparienuid otcyrcTByioT [32], [50], [70], [82]. Briciimnm pocTrkeHneM
TaKUX MPEeACTaBICHUN cTanu yaoctoeHHble B 1997 rogy HoOeneBcKoil mpeMuu
o sKoHOMHKe padoTel bmdiika-Iloyms3a [29] u Mboprona [65], mo3Bosioriue
TOYHO PACCUMTHIBATH CIPABEIJIMBYIO IICHY OMNIIMOHOB €BPOIEWCKOro THIA Ha
aKIINH.

OpHOM U3 IIaBHBIX MPUYUH HOBBIX HMCCJICAOBAHHM IMOBEICHUS IICH CTala
NPOKATUBIIASCS B pPa3MYHBIX CcTpaHax 3a mnocinegnue 20 met cepwus
¢uHaHcoBbIX  Karactpod. OnHa  pa3opuwia  MHOXKECTBO  OaHKOB H
WHBECTUIIMOHHBIX (OHIIOB, B TOM uucie u 3HameHuTbii LTCM, aktuBHO
ucnosb3oBaBMii uaeu bmdiika-llloyn3za. B pesynprare 3THX HCCIIEIOBaHUMN
0Ka3aJI0Ch, YTO T€ OYEHb PEJKHE M OYCHb CHIIbHBIC KOJeOaHus, KOTOPhIE paHee
CUHTAIMCHh HECYIIECTBEHHBIMH U OTOPACHIBAINCH NP TPOBEPKE pacIpeIeICHHA
Ha HOPMAaJIbHOCTh, Ha CaMOM JIeJie SABJSIOTCS oueHb BakHbiMu [42], [52], [83],
[86]. Otcrona ciieoBaio, 4rto Te MOJI0KEHHUs, HA KOTOPBIX CTPOMJIACH OCHOBHAS
MOJICJIb, OBLTN HEBEPHBIMH.

Bo3MOXXHO, WMEHHO C KPHU3HUCOM KIACCHYECKOW TEOpHH CBSI3aHO
BO3POX/ICHUE B TOCJIEIHUE JCCATUIICTHS MHTEpeca K TEXHHUECKOMY aHaJHN3y
(aHamu3y rpadukoB TOBelAcHHS IieH). Ero OCHOBHBIC TOJOXCHHS OBUIH
chopmynupoBanbl Yapis3zom [Joy ermie B koHIe XX Beka cieayronuM oopazoM
[68]:

1. JIBwkeHUE IICH MO JIMHEHO TCHICHITHSIM.

2. HauvaBmasics TeHACHIHUs OyaeT MPOJOJDKATHCS A0 TEX MOp, MOKa HE

MOJIaCT OYEBUIHBIX MIPU3HAKOB CMEHBI (Pa3BOPOTA).
JlaHHbIe TIONOXKEHUST (SBJIAACH PE3yIbTaTOM OOOOIICHHS IMITUPHUCCKUX

HAOJIOICHUI) 1O CYHIECTBY OTPAXKalOT TOT (PaKT, YTO COCTOSHHUE TpPEHA

41



(OTHOCUTENIBHOTO JJINTEIBHOIO JABHKCHHS BBEPX WM BHU3) JUIS LICH SBIIICTCS
00JIee €CTECTBEHHBIM, HE)KETH COCTOSTHUE PAaBHOBECHS.

OtmeTuM, 4YTO OOBIYHO JJI TIPUHATHS PEIICHHH COBMECTHO C
TEXHUYCCKUM aHAJIM30M HCIOJIB3YIOT dKOHOMeTpuueckue mozenu [28], [75],
[81], npeanonararorniie 3aBUCUMOCTh ILIEH OT HEKOTOPOro 4mcia (HaKTopos,
oI0MpPaeMBbIX IKCIIEPUMEHTAIIBHO WITH KCIIEPTHO. B kauecTBe Takux GpakTopoB
MOTYT OBITh HCIOJIb30BaHbI, KaK MaKpOIKOHOMHYECKHE IMOKa3aTeiaHu (TeMITbI
npupocta BBII, ypoBeHb NPOIEHTHBIX CTaBOK, YPOBEHb WHQISAIUHU, YPOBCHb
IeH Ha HeQTh W T.J.) TaK WU TOKa3aTeld, XapaKTepHbIC TOJBKO IS JIaHHOMN
aKIINH.

Ocoboe MecTo cpeau paboT, TMOCBAIICHHBIX MOBEACHUIO IICH, 3aHMMAIOT
pabotel  benya  MangensOpora u  ero  mociegosarenei  [54-60],
NPECTABIAIONIAE, TJIABHBIM 00pa3oM, YHCTO TEOPETHYCCKUH uHTepec (CM.
0030p [66]). B Hux ucciemyroTcss pasinyHbie 0000IIEHHUsS OCHOBHON MOJIEIH
MOBEICHUS PHIHKA aKITUH.

HamomuuM, dYro Kiaccudeckass BUHEPOBCKas MOJACIb OPOYHOBCKOTO
JBUKCHUSI OCHOBaHA HA JIBYX MOCTyjlaTaX. Bo-TiepBhIX, MpHUpalieHus mpoiecca
Ha OIPEICICHHOM HHTEpBaje BpPEMEHH HMCIOT HOpMalbHOEe (rayccoBo)
pacnpenesieHue ¢ HYJICBBIM CPEIHHM, KOTOPOE CIEIyeT U3 IICHTPaJIbHOMN
MIPEICIIbHON TEOPEMBI U MOJIyYaeTCsl KaK pe3yabTaT CYMMHUPOBAHUS TOCTATOYHO
0O0JIBIIOrO YKC/Ia HE3aBUCUMBIX (MM CJIa00 CBA3aHHBIX) CIYYAHHBIX ClIaracMbIX
C KOHEYHOW aucnepcueii. Bo-BTOpHIX, MpUpalleHNs Ha HE TEPEKPHIBAOIIMXCS
BPEMEHHBIX WHTEPBAIaX CTATUCTHYCCKU HE3aBHCHMBI. PaszmudHbie 0000IICHHS
STOW MO, HAa3bIBAGMOW BHUHEPOBCKHUM CIIyYalHBIM IPOIECCOM, COCTOST B
OTKa3e MO0 OT YCJIOBUH HE3aBUCHMOCTH MPUPAIICHUM, TNOO OT HOPMATBHOCTH
UX pacrpesnencHuii. B mepBoM ciydae mojydaeM MpOIECChl C MaMAThiO U, B
YaCTHOCTH, 0000IIeHHOe OpoyHOBcKoe aBrkenue [58-59]. Bo Bropom —
nemwxkenne Jlesm (Levy motion) [37-38], [55], [57], [60], wumeroree
OCCKOHCUHYIO JUCIEPCHIO cMelleHus. Kak B TOM, Tak W B JIPYyroM ciiydae

OCTAaCTCA HCU3MCHHBIM  IIOJIOKCHUC, KOTOPOC MaHIIeJIB6pOT Ha3bIBACT
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«CKEHJIMHTOBBIM MPHHIIUIIOM H3MeHEeHHus IieH» (cM. Hanpumep [56], ctp.465).
DTOT HNPHUHIIKIT MOXHO MOSICHUTD clieAyrommuM oopasom. ITycts P(t) onuchiBaeT
u3menenne 1eHsl. Torma IN(P(t)) oOnamaer ciaexyrommM — CBOHCTBOM:
pacmpejic/iecHue ee MPUpPAIIECHHUs 3a MPOU3BOJIBHBIN BpeMeHHOU HHTEepBa t (T.e.
In(P(t+t ))-In(P(t)) ©e 3aBucHT OT t, €COIM HE CYUTATh MACIITaOHOTrO
koapdunmenta. [1o cymecTBy 3TOT HMPHHIMI MPOCTO O3HAYACT, YTO T'PaPUKH
1eH sBIsAoTCS (PpakTasamMu. Ero sMIUpUYECKUM TOATBEPKACHUEM CITY)KUT
XOpOIIIO W3BECTHBIH (haKT, YTO «... JBMOKCHHUS aKIWHA WIM BAJIIOT BHEIIHE
MOXO0’KH, HE3aBUCUMO OT MaciTaba BpeMeHH U IieHbl. HaOmonaTenp He MOXKET
CKa3aTh 110 BHEIIHEMY BHUAY Tpaduka, OTHOCITCS JU JaHHBIC K HEICIbHBIM,
JTHEBHBIM WM JK€ YacoBbIM u3MeHeHHMsAM» [54]. Teoperndyeckun ke
(bpakTaaIbHOCTh OOBIYHO CBS3BIBAIOT C TEM, YTO JJII YCTOWYMBOCTH pPHIHKA Ha
HEM JOJDKHBI TPUCYTCTBOBAaTh HWHBECTOPHI C PAa3HBIMH HHBECTHUIIMOHHBIMH
rOpu30HTaMHU (OT HECKOJIBKMX YacOB JO HECKOJBKHX JIET). ITO U MPUBOIUT K
MacCIITaOHOW MHBAPHAHTHOCTH (OTCYTCTBHIO BBIJACICHHOTO MaciiTada) 1EeHOBBIX
PSAZIOB HA COOTBETCTBYIOIIIEM BPEMEHHOM MHTEpBAJIC.

He ynuBuTenpHO, 4TO Hamboiee TOMYSIPHBIMUA MPEACTABUTEISAMU
(dpakTaabHBIX BPEMEHHBIX (DYHKIIMH SBIISIOTCS (DMHAHCOBBIC BPEMEHHBIC PSIIbI.
@®pakTaibHasl CTPYKTypa O3THX PSJIOB XOPOIIO HW3BECTHA H CYIIECTBYET
HAJIS)KHOE YHMCIICHHOE MOITBEPXKACHUE (PpaKTAIbHONH CTPYKTYPBI (DMHAHCOBBIX
BpeMeHHBIX psioB [25], [34], [43-44], [46], [62-63]. Teoperuuecku xe
(bpakTaIbHOCTh OOBIYHO CBS3BIBAIOT C TEM, YTO JJII YCTOWYMBOCTH pPHIHKA Ha
HEM JOJDKHBI TPUCYTCTBOBAaTh HWHBECTOPHI C PA3HBIMH HWHBECTHUIIMOHHBIMH
rOpU30HTaMHU (OT HECKOJIBKMX YacOB JO HECKOJBKHX JIET). ITO U MPUBOIUT K
MAacCIITaOHOW MHBAPHAHTHOCTH (OTCYTCTBHIO BBIJACICHHOTO MacliTada) IEeHOBBIX
PSI0B HAa COOTBETCTBYIOIIEM BpeMeHHOM uHTepBase [ 74]. C momolisio HHaeKca
M HaMU OBUIM HCCIICOBAaHBI IICHOBBIC PSIAbI AKIUH TPHALATH KOMIIAHUH,
Bxommx B unaeke Jloy-/xonca (Dow Jones Industrial Index) ¢ 1970 o 2002
ron. Kaxnawiii psan comepxut 8145 3amuceit. Kaxngas 3amuch COOTBETCTBYET

OJHOMY TOProBOMY OHIO U COACPIKUT I/IHfl)OpMaI_II/IIO O YCTBIPCX ICHAX 3a JACHb.
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OTKPBITHSI, MHUHHUMAaJIbHOM, MaKCUMaJbHOW M 3aKkpbiTusa. B nurepatype
(rHaHCOBBIE PsIIbI OOBIYHO U300PAXKAIOT C HCMOIB30BAHUEM T.H. <AMOHCKHUX
cBeueii». @parmMeHT Takoro psaa s kommanuu Coca-Cola mpepcrasieHn Ha

puc. 10.

Coca-Cola Company
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Puc. 10. B ¢unancax epaguxu yen npunsamo uzobpazxicamos He 0OHOMEPHLIMU
JuHusMu, a unmepearamu (m.H. Oaposvle cpapuku unu epapuxku 6 euoe
SAnoHcKux ceevelt). O0un npsmoyeonvHux (Hazvléaemvlli meiom ceeuul) ¢ 08yMs
wmpuxamu ceepxy u chusy (HasvieaemvlMu MeHAMU C8edU) U300paicaem
Konebanus yen 6 meyeHue OHA. Bepxmss mouka eepxwmeii menu noxkasvieaem
MAKCUMYM YeHbl, HUNCHASL MOYKA HUNICHEU MEeHU — MUHUMYM YeHbl 3d OeHb.
Bepxusas u HUdCHAA epanuybl mena ceeuu NOKA3bIBAIOM YeHY OMKpulmus U
3akpuimus mopeos. Ilpu smom eciu meno 6enoco (uepnoeo) yeema, mo

3aKpvimue govlule (Hu.?i(,‘e) OMKDbLINMUAL.

12
JI1st TpOCTOTHI aHaIM3a OorpaHuduMcs nocienuumu 2 =4086 3anucamu

JJIA Ka)I(IIOﬁ KOMITIaHHH. HpI/I BBIYHMCJIICHUN HHACKCA I MbI HMCIIOJIB30BaJIl



I0CJIeI0BATENBHOCT, M BIOXKEHHBIX pa3ouenuit w_, rae m=2"; n=0,1,2...,12

n 12-n
Kamﬂoe pa36I/IeHI/Ie COCTOAJIO U3 2 HHTCPBAJIOB, COACPIKAIIHUX 2 TOPTOBBIX

nHe. [l kakmoro pa3oueHus W, BRIYUCISUIACh aMIUIUTYAHAs Bapuaius V, (d)
(26). 3necr A (d) paBHa pa3HOCTH MEXKIYy MaKCHMaJIbHOH W MHHHUMAJIbHOU
1eHol Ha wuHTepBane [t ,,t] (B wactHOcTH, ecmu d =d,, To A(d) paBHa
pPa3sHOCTH MEXAY MaKCHMaJbHOW M MHHHMAJILHOW IIEHOH 3a JeHb). THIHYHBIN
npuMep TmoBeaeHuss V,(d) B ABOWHOM JiorapudMHUECKOM  MacIiiTabe

npeactaBieH Ha puc.ll mias kommanum Microsoft . Mel BHIuUM, YTO JaHHBIC
MOYTH TOYHO JIOXKATCS Ha NPSIMYI0, KpOME JBYX IOCICAHMX TOYEK, IJIe
JUHEHHBIN PEeXUM HMMeeT u3jioM. [ ompejelieHHss 3HAYEHHS N 10 ITUM
JAHHBIM CJIEIYyeT MCKIIFOUNThH JBE MOCICAHUEC TOYKH, HAWTH JIMHUIO PErpeccuu
y=ax+bh, C TMOMOIIbI0 MeToaa HauMeHbnX KkBajapatoB (MHK), wu

OTOXACCTBUTD IT =-a.

Bﬁlﬂllf/}{ﬁ"} Mirosoft Corporation

1
8.00 -
7.480 1
7.00 1
6,50
6,00
5.460 -
5.00 -

4.50 1

4.00 T T T T T T T T
o.ao 1.00 2.00 3.00 4.00 5.00 5.00 .00 g.00 .00
In &

Puc. 11. Pesyrnemam evluucienuss unodekca @pakmaivHocmu Ol

gpemennozo psoa yen akyuti komnanuu Microsoft na unmepsane 4096 owueil.
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IIpsimas y=ax+b onpeoensinace memooom MHK no ecem moukam, uckuouas

06e nocjieoHue.

IIpy ypoBHe HajxexHOCTH a =095 B [PUBEIACHHOM IpUMeEpe
m=0.472+0.008, R*>=0.999. 3mech R’ - KO HUIHMEHT AETEPMHUHAIUH IS

JIMHUU PETPCCCUH. PC?)y.IIBTaTBI JJIs1 OCTaJIBHBIX KOMNOaHUU CJICAYIOIIHC:

m... =0.469+ 0.019, R* =0.999 (Intel Corporation);

m... =0.532+0.007, R* =0.997 (International Paper Company).

3navyenue n=0.5 (D=1.5), nonayio B JOBEpUTEIHLHBI HHTEPBAT TOJHKO B

naByx ciydasx u3 tpuauata (Exxon Mobil Corporation u Wal-Mart Stores, Inc),

KpOME TOTr0, OKa3ajoCh, YTO TOJBKO B JABYX CIydYasX HM3 TPHILATH 3HAYCHHC
n>0.5.

OtMeTuM, 4To 171t Kaxkoit u3 30 kommanwuit rpaduk IV, (d) ot Ind ¢

HEOOJIBIIINM OTKJIOHEHUEM TMPEICTABIISIET COO0M MPAMYIO M Ha BCEX MEHBIIIHNX
pernpe3eHTaTUBHBIX HHTEPBaJIaX BILIOTh A0 32-X, a UHOTAA Aaxe 10 16-Tu THEeM.
[Tpu 3TOM Ha UHTEepBanax MeHbIKX, 4eM S00 qTHel U3710M JIMHEHHON YacTu

rpaduka, Kak npaBuiio, ucuezaeT. Tunuyunelil npumep V, (d) Ha uHTepBane 32

IHs npenactasiieH Ha puc. 12. [Ipu a =0.95 MbI noayyaem m =0.571+ 0.071,

R? = 0.992. HarmoMHuM, 4TO /I Onpe/esieHus mokasarens Xepcra H ¢

NPUEMIIEMOM TOYHOCTBIO TPEOyeTCss 00BIYHO HECKOJBKO ThICSY NaHHBIX [41].

2.3. CpaBHeHMe TOYHOCTH BbIYHMCJIEHUS PAa3THYHBIX (PPAKTAIBHBIX

noKasareJeu 1Jisd (UHAHCOBBIX BPEMEHHBIX PAIOB.

HpOBCIICM HUCCJICAOBAHNUC TOYHOCTH OIPCACICHHUA HWHACKCA OJINHBI,

HHACKCA @paKTaJIBHOCTI/I n HHACKCA OFpaHI/I‘IeHHOﬁ Bapruanyu IJis1 HEHOBBIX
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PAMOB aKIUi TPUANATH KOMIAHHM, BXoasmux B uHAaekc Jloy-/Ixonca (Dow
Jones Industrial Index) ¢ 1970 no 2002 rox. Kaxneiid psa comepxkut 8145
3anuceit. Kaxmas 3anmmch COOTBETCTBYET OJJHOMY TOPTOBOMY JTHIO M COJICPKHUT
YeThIpe 3HAYCHUS: MHPOpPMAIUI0O O MUHUMAJIBHOM M MaKCHUMaJlbHOM IIEHE, a
TaKKe IIEHbI OTKPBITHUS U 3aKPBITHS.

B kauecTtBe THNMYHOrO mHpuUMeEpa IMOJYUYCHHBIX PE3YyIbTaTOB BO3BMEM
1ieHoBo psa kommanuu Alcoa InC., kotopas cTOUT mepBoi mo andaBUTy B
cnucke wuHAekca Jloy-JIxxoHca. PaccMoTpuMm mocienoBaTeNbHOCTh  32-X
JHEBHBIX MHTEPBAJIOB HCXOMHOro IieHOBOro psjaa (cocrosimero w3 8145
TOPrOBBIX JIHEH, Ka)XJIOMy M3 KOTOPBIX COOTBETCTBYeT 4 3HAYCHHS),
CMEIIEHHBIX JPYr OTHOCHUTENIBHO Apyra Ha OJuH JeHb. OOIlee YuCIO TaKuX
uaTepBasioB N=8145-32=8113. Jlyis kaka0ro U3 HUX BEIYUCIUM HHACKC JJIMHBI

J, HHACKC @paKTaJIBHOCTI/I M U UHICKC YaCTUYHOU Bapuagud N Ha OCHOBC

COOTBETCTBYIOIIMX MPOIETYP, ONMCAHHBIX B IaBe 2.
B xagecTBe KpUTEpUEB TOYHOCTH PACUE€TOB BhIOEPEM:
a. a0CONIOTHYIO IIMPHUHY JIOBEPHUTEIBHOTO HHTEepBajia D, B

KOTOpBIN 3HaYeHUs BeIU4YUH g, 1 N mnonagaet ¢ BepositHocThio 0.90;
b. oTHOocuTenmpHyr ommOKy S omnpexeneHus ¢, u N
(S =Dg/9,Sm=Dp/mrus, =0, /n),
c. K=1- R? rue R? - k03 unmeHT gerepMuHanyu (€CIu TOYKU

JI0’KaTCsl TOYHO Ha MPSAMYIO, TO R’>=1u K=0).
Hns KaXJI0TO u3 8113 MHTEPBAJIOB BBIYUCIIUM

9,04.,54,Kg, MBS s Ky w0 n,0, s, K, u ycpennum pesynbrathl 10

KOJIMYCCTBY UHTCPBAJIOB.

PC?)y.IIBTaTBI IMPOBCACHHBIX BBIYMCJICHUI CJIICOYIOIIHC.

<D, >=0.129,<D,,>=0.107 , <D0, >=0.411

<s4 >=0.655,<s ,>=0.241, <s, >=0.796
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<Ky >=0.094,<K,,>=0.015, <K, >=0.245

AHanorn4yHeie PE3YyJIbTAaThI ObLIN MMOJYUYCHBI 1 OJIA APYI'UX MCHOBLIX PAIOB.

Takum 06pa30M, HHIACKC T 1Jd (1)I/IHaHCOBBIX BPCMCHHLBIX PAI0B

OIIpEACISICTCSI HAMHOI'O TOYHEE, 4YEM IMoKa3aTejii gu n .

2.4. CpaBHeHMe HHIeKca (PAKTAIBLHOCTH C MIOKa3aTejeM Xepcra.

Pacuer mnokazartens XepCTa H sasisieTrcs Ha CCI‘OIIHSIH_IHI/Iﬁ JACHb HaubOolee
MO YJIAPHBIM CII0CO00OM HCCIICAOBaAHUA @paKTaJIBHBIX CBOMCTB BPCMCHHBIX
PAOOB. HO3TOMy IMpOBCICM Oonee ACTAaJIbHOC CpaBHCHHUC  TOYHOCTH

omnpejeneHus nokasareneit Hu 1.

IMTokazarens Xepcra H onpenensieTcss Ha OCHOBE MPEAIIOI0KEHHS, UTO
< f@t+d)- f(t)p~d" mpu d® 0 (38)

/i€ YIJIOBble CKOOKM O3HAYalOT yCpeIHEHUE 110 BPEeMEHHOMY UHTEpBaiy. UToOb
CpPaBHUTb MHJEKC N c H, BBeneM cleaymoliee €CTECTBEHHOE OIpeneeHHE

cpeaHel aMIuuTyabl < A (d) > Ha pa3oueHuu w,, (cM. (26))

<A@)> M4 A«) (39)

i=1
YmuoxuM (26) Ha m* ~d u noactasum B (28). [Tomyuunm:

<A(d)>~d" nmpu d ® 0, (40)
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Tac

H,°1-m (41)

Kak wus3BectHo, (cMm., Hampumep [56]), ecnmm f(t) peanusamms

rayCCoBCKOro cnyqaﬁﬂoro mponecca, To IMMoKa3arciib H cBs3an ¢ PasMECPHOCTBIO

D, a CJICA0BATCIIbHO U C HHACKCOM IT COOTHOILICHUEM

H=2-D_=1-m (42)

CnenoBaTrenbHOo, B 3TOM ciay4ae H=H,. OnHako, peanbHbIE
(bUHAHCOBBIC Ps/IbI, KAK IPABHIIO, HE SBISIOTCS rayCCOBBIMH (CM., HampuMmep
[61], [78]) u mosTOMYy H, 1 H MoOryTt cuiabHO pasnudatbes. J|eHCTBUTENBHO, B
dbopmyie (40) MBI IMeeM CTEIICHHOH 3aKOH I CPEIHEH aMIUTMTYAbl (PYHKIIMH
f(t) Ha wHTEepBaje MIMHON d, B TO BpeMs kak B ¢dopmyie (38) Mbl umeem
CTCTICHHOW 3aKOH JUIsI CPeAHEH pa3sHOCTH MEXIYy HadadbHBIM W KOHEYHBIM

3HaueHueM f(t) Ha ToMm Xe HHTepBaje. B kadecTBe mpumepa pasznuyus B
TOYHOCTH omnpeneneHus m u H Ha pucynkax 12 u 13 npencraBiieHbl pe3ybTaThbl

X BBIYHUCIICHUA HAd OCHOBC OONHHUX M TCX KC JAHHBIX, ITIOKA3dHHBIX HA PUCYHKC

10. Jlnst a =0.95 pe3yabTaThl OKa3JINCh CICTYIOIIUMU:

m=0.571+0.071, H,, =0.429+0.071, R*»=0.992

H =0.229+ 0.405, R?, =0.382.
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7, (&) Coca-Cola Company
4

w=-0.5712x% + 3.5906
353 RP= 099149

254

1.5

] 04 1 1.4 2 2.4 3 38 4
nd

Puc. 12.  Pezynromam eviuucnenus V,(d) 6 06ouHOM J02apu@pmuieckom

Macwmabe 051 8PEMEHH020 psod, npeocmasienno2o Ha puc.6. [psmas y=ax+b

nocmpoena memooom MHK. J[nsa onpedenenus n credyem omoxicoecmeums

nm=-a.
n{|Ce + 8- c) Coca-Cola Company
0.80
*
060 4 w=02294x -0 5433
R2=03821
0.40
0.20
0,00 - +
-0.20 A .
Y
-0.40 -
060 Y *
080
0.00 0.50 1.00 1.50 2.00 2.50 2,00 3.50 400
hé

Puc. 13. Pezynomam eviuucnenus <|C(t+d)- C(t) > (eoe C(t) — yena zaxpoimus)

u coomeemcmeylouen  meopemudeckou  3asucumocmu y=ax+b. [s

onpedenerus nokazameusn Xepcma ciredyem omosicoecmsums H=a.
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Teoperuuecku, mnpu OAMHAKOBOM  KOJIMUECTBE JAHHBIX, MHJICKC
(bpaKTAIBHOCTH JOJIKEH BBIUUCIATHCS 00Jiee TOYHO, UeM MokasaTesib Xepcra H,
MOCKOJBKY JUISI €r0  OMNpeNeNieHUs  HUCIOJb3yeTCsl MHHUMAaJbHOE W,
CJIeIOBATENIbHO, ONTUMAIBHOE TMOKPBITHE BPEMEHHOTro psna. [ns mpoBepku
ATOTO TPEANOJOKEHUS CHOBA PACCMOTPUM BPEMEHHOW P IEH aKIuM
kommnanuu Alcoa Inc. Mcxoauelii 1ieHoBo# psia, cocrosimmii n3 8145 touek
pazo0beM Ha 8113 mepecekaronuxcsi UHTEPBAJIOB JJIUHON 32 JTHSI, CMEIEHHbIE
IpYr OTHOCHUTENIBHO Jpyra Ha OJIUH JIeHb. B KadecTBe KpUTEpHEB TOYHOCTH
pacyeToB CHOBa BeiOepeM: D - MIMPHUHY JOBEPUTEIHHOTO MHTEPBaIa B KOTOPHIi
3HaueHne H w m mnomamaer ¢ BeposTHOCTBRIO 95 % ©W  TOYHOCTH

OKCIICPUMEHTAIBHBIX TOYCK TeopeThdeckuii mpsmod K =1- R®, rme R* -

2
k03 dunmeHT nerepMuHanuu (€M TOUYKMA TOYHO JIOKATCS Ha MpsiMyto, To R=1
u K=0). JIns xaxxaoro u3 8113 nHTepBaIOB pacCUNTACM:

H — mokazatens Xepcra,;

I - UHJEKC (PPaKTaIbHOCTH;
D,, - mupuny 95 % nosepurenbHOro UHTEpBaa 1 H,
D,, - mupuny 95 % noBepuUTENbHOTO HHTEPBAJA AJIA ;I
K, =1- R% - TOYHOCTb COOTBETCTBHUS IKCIEPUMEHTAIBHBIX TOUCK MOTydacMOMN
npsiMont st H;
K,,=1- R? - TOYHOCTh COOTBETCTBHUS IKCIECPUMEHTAIBHBIX TOYCK MOJy4acMOMN
MPSIMOU IS IT .

Ha ocHOBe mMOJydYeHHBIX [aHHBIX B OJIMHAKOBBIX MacmTabax ObUIN
noctpoensl rpaduku D, (), D, (t) u K, (t),K,,(t). Tunuunsie GparMeHThI 3TUX

rpaduKoB npesicTaBleHbl Ha pucyHkax 14-15.
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Puc. 15.

O6H_II/Ie PE3YIbTAThI IPOBCIACHHBIX BBIYMCJICHUM CJICAYIOIIHC:

<D, >=0.107 , <D,, >=0.452,

T.C. CpCIIHI/Iﬁ HOBCpHTeHBHBIﬁ HHTCPBAJI AJId M B 4 pasa MCHbIIC CPCAHCTO

AOBCPUTCIIBHOT'O HHTCPBAJIAa IJIA H
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<K, >=00147 , <K, >=0.245,

T.C. CpCaHAA TOYHOCTDH COOTBCTCTBUA OKCIICPUMCHTAJIbHBIX TOYCK

TeOpCTH‘{CCKOﬁ HpHMOﬁ IJIL I Ha IOPAJAO0K JIYUIIC, YEM JJIA H.

Kpome storo, okazanochk, uto D, <D, a1 99 %, a K, <K, maa 91 %

MCCJIeIOBAHHBIX MHTEPBAJIOB. AHAJIOTUYHBIE PE3YIbTaThl ObUIN MOJIYUYEHBI U JJIS
IpYrMX BpPEMEHHBIX PsIAOB ILeH. TakuMm 00pa3oM, HKCIEPUMEHTAIBHO
MOATBEPXKAEHO, YTO TOYHOCTb BBIYMCICHUS HUHAEKCa (PaKkTaIbHOCTH
CYILLIECTBEHHO BBIIIIE TOYHOCTHU BBIYMCIICHUS ITOKa3aTess XepceTa.

O6o0masi ckazaHHOE B O3TOM pa3felie MOXKHO CHENaTh CIeayIoUne
BBIBO/JIBI:

1. Uupexc (pakTaqbHOCTH MOKHO HCIOJIB30BaTh ISl TPAJULMOHHOTO
aHanu3a (pakTagbHON CTPYKTYpPhl BPEMEHHBIX psSAoB. B wacTHOCTH,
pe3yJbTaThl aHAJIW3a IPU IIOMOIUU T BPEMEHHBIX PAJOB LIEH aKIUU
KOMIIAaHWW, BXoasmux B uHAEKC Jloy-/[>KoHca coBmagaroT C
TPAJIULIMOHHBIMU PE3yJIbTaTaMM, COIVIACHO KOTOPBIM II0Ka3aTelb
XepcTa A 3TUX psAAoB 00bdHO Oosbie 0.5.

2. [lpy onMHAKOBOM KOJHMYECTBE JAHHBIX HHIEKC N OIpeaensercs B
HECKOJBKO pa3 TouyHee, 4eM Iokazatenb Xepcra H. Ilpu stom
MUHUMAJIBHBIN MaciiTad, HEOOXOJUMBIM [JIsi ONpeNeieHus m C
IIPUEMIIEMOM TOYHOCTBIO COCTAaBJISIET HECKOJBKO JECIATKOB TOYEK,
Torga Kak st omnpeneneHuss H HeoOXoAMMO HECKONBKO ThICSY
JaHHBIX. OTOT (aKT TMO3BOJISIET HCIOJIb30BaTh N B KayecTBe
JIOKaNbHOTO (hpaKkTaJbHOTO IMOKa3aTelsl MpH aHajdu3e BPEMEHHBIX

PAIOB.
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2.5. JlokajibHas (ppaKkTAJIbHASA CTPYKTYPA U YCTONYNBOCTH BPpeMEHHBIX

PSIOB.

Kak MbI BHZI€NIH TJIaBHBIM MPEUMYIIECTBOM MHJIEKCA IT O CPABHEHUIO C
ApyruMu (paKTaIbHBIMU MOKa3aTeNsIMU (B YaCTHOCTH C IOKa3arelieM XepcTa

H) siBisieTcst To, 4YTO COOTBETCTBYIOIIAs €My BelnuuuHa V, (d) MMeeT ObICTpBIit

BBIXOJ Ha CTEIEHHOM aCUMIITOTUYCCKUM PEKUM. 910 MNpUBOAUT K BO3MOKHOCTH
HWCHOJIb30BaTh I B KadeCTBE JOKAJIbHOM XaPaKTCPUCTHUKH, onpenem{}omeﬁ
AWUHAMUKY HUCXOOHOT'O IIponecca, IMOCKOJIIbKY pereBeHTaTI/IBHBIﬁ MaciiTad JJIIA
€TI0 HAACKHOI'0 OIPCACIICHUA, MOKXHO CHHUTATh UMCIOIIIUM TOT JKC IIOPAOOK, YTO
u XapaKTepHBIﬁ MacimTad OCHOBHBIX COCTOSHHI mponecca. K Ttakum
COCTOAHUAM OTHOCATCA (1)J13TBI (HepI/IOIIBI OTHOCHUTCIIBHOI'O CHOKOﬁCTBHH) u
TPCHIBI (HepI/IOIIBI OTHOCUTCIIbBHO IJIHUTCIIBHOTO ABHIKCHHA BBCPX HIIH BHI/IS).

YToOBI COOTHECTH 3HAUEHHE IT C MMOBCACHUCM BPCMCHHOI'O psld, CCTCCTBCHHO
BBCCTHU (1)YHKI_II/IIO rr(t) KaK 3Ha4YCHHMEC N OINpCcACICHHOC Ha MHWHHMAJIbHOM,

npeamcCTBYOUICM t, HHTCPBAJIC t ra€ m €me MOXCT OBITh BBIUMCIICHO C

m
pUeMIIEMON TOYHOCTHIO. B cilyyae HempepbIBHOTO aprymeHta t 3To Obul ObI
MIPOU3BOJIBHO MaJjblii MHTEPBAJ, OJHAKO, IMOCKOJBKY, Ha NMPAKTUKE BPEMEHHOU
psii  Bcerjia MMeeT MUHHMMAaJbHBIN MacmTad d, (B Hamem ciydae d, paBHO 1

JICHB), TO t . IMEET KOHEUHYIO JUIHY (B HallleM ciy4dae Mbl OepeM t = 32 mHs).

Meb1 onpenenunu n(t) I KaKIOM M3 KOMIIAHWW, BXOIALIMX B MHAEKC Jloy-

Jlxonca. Ha puc.16 npencraBieH TUNUYHBIA (parMeHT LIEHOBOTO psJia OJHOM

W3 TaKMX KOMITAHUW BMECTE C BBIUYMCIECHHOW MJig 3TOro (pparMeHta (hyHKIHEH

m(t).
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Puc. 16. Exceonesnvie yenvl axyuti komnanuu General Motors (npasas
wKana, sSMoHcKue ceéequ) u epagux gynkyuu () (resas wxana, cniowmnast

JIUHUSL).

HoctaTouHno Oersoro B3rsiAa Ha puc.16, 4ToOBl MOHATH, YTO MHACKC IT

XaAPaAKTCPU3YCT IMOBCACHUC BPCMCHHOI'O psiAaad. I[eﬁCTBHTeﬂbHO, Ha HHTCPBAJIC

mexay 1-mM u 13-M JHeM, T/ie HeHbl BeAYyT ce0si OTHOCUTEIBHO CTaOMIbHO, I (1)
oonbmie 0.5. Jlanee, oIHOBpEMEHHO € pa3BUTHEM TpeHja Ha rpaduke meH, (i)
pe3ko manaer Hke 3HadueHus n=0.5 u, HakoHel, nocie 43-To AHS, T/ IEHbI
HAXOAATCS B MPOMEKYTOYHOM COCTOSHHHM MEXAy TpeHaoM u (adtoMm, (i)
BO3BpalaeTcs K 3HauYeHWO n»05. Takum o00pa3oM, HCXOIHBIH psf
OKa3bIBACTCSA TEM CTaOWiIbHEe, 4eM Oouibmie 3HadeHue . [Ipu sToMm, ecnm
m>0.5, To Habmonaercsa ¢idT, ecnu m <0.5, HaGar0HaeTCS TPEH, M, HAKOHEI],
ecimm m~0,5, To Mporecc HAXOAUTCS B IIPOMEKYTOYHOM COCTOSTHUH.

TCOpCTI/I‘{CCKOC 000OCHOBaHME TaKOHW 3aBHCHUMOCTH MBI MpUBCACM JIJIA
cilydasa TayCCOBCKHX cnyqaﬁHmX IMpoHeCCoOB. Mpbl HayHeM C PacCMOTPCHUA

BHHepOBCKOﬁ MOACIH, KOTOpas ABIICTCA HpOCTCﬁH.IHM ClIydacM TaKuXx
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npoueccos. HanmoMHuM, 4To Kilaccuueckas BUHEPOBCKAsl MOJIEb OPOYHOBCKOTO
JIBWKEHHSI OCHOBaHA Ha JIBYX IOCTyJlarax. Bo-mepBhIX, NMpupanieHus mnpouecca
Ha OIPEJCICHHOM WHTEpBAJIE BPEMEHHM HMEIOT HOpMaibHOe (rayccoBo)
pacupeneseHue ¢ HYJIEBBIM CPEIHHM, KOTOpPOE CIENYyeT U3 LEHTPAIBHON
MIPEAETBHON TEOPEMBI U MOJTYYAETCS KaK Pe3yJIbTaT CYMMHPOBAHUS TOCTATOYHO
OOJIBIIIOTO YKCa HE3aBUCUMBIX (MK C1a00 CBSI3aHHBIX) CIIYYalHBIX CJIaraeMbIX
C KOHEYHOW aucriepcueil. Bo-BTOpBIX, mpupamieHuss Ha HE MEePEKPbIBAIOIINXCS
BPEMEHHBIX MHTEpPBAJIAX CTATUCTUYECKH HE3aBHUCUMBI. M3 3TMX moCTylaToB

CJIeyeT, 4TO:

<(X(®)-X(to)>=s *| tto] (43)

rJie YriloBble CKOOKH o3HaudaroT ycpeanenue, X(t) u X(tp) — 3HaueHus mporecca,
COOTBETCTBEHHO B MOMEHTHI BpeMeHu t u to, s?— mumcmepcus 3a e€IUHHILY
BpeMenu (B (uHaHCax mapaMeTp S U3BECTEH KakK BOJATHIBHOCTH). M3 (43)
MOJKHO TIOJIY4YHTh, 4TO STOT IPOIIECC IpeobpasyeTcs caM B ceOst TPH W3MEHCHHUH
Mmacintaba BpeMeH: B b pa3 u oHOBpeMEHHOM H3MEHEHHH IPOCTPAHCTBEHHOIO
maciiraba B bY? pas. dpakranbHas pa3sMEpHOCTb IpadyKa Peantu3alui TaKoro
nporecca D=1.5. (m=0.5).

Paziauudbie 000OIIEHUST 9TOW MOJECIH COCTOAT B OTKasze JIMOO OT yCIOBHA
HE3aBHCHMOCTH IPHpPAIECHUH, 1100 OT HOPMAaJbHOCTH WX pacmpeaeicHuii. B
IIEPBOM CJIy4ae IMOJydaeM IPOIECCHl C MaMAThIO M, B YaCTHOCTH, 0000IIEHHOE
opoyHnoBckoe asmkenne [59]. Bo Bropom — npwxkenue Jlesu (Levy motion)
[77], nmeroriee OECKOHEYHYIO TUCIICPCHIO CMEIICHHMS.

Paccmorpum mogmens 0000mmeHHOr0 OpoyHoBckoro asmxenus Xu(t). Kak
u3BectHO, (cM., Hampumep, [41]) 060OIIeHHBIH OPOYHOBCKUN IMPOIECC UMEET

HYJICBOE CpEJHEE MPUPAIICHUE U JUCTIEPCUIO MPUPAIIEHU BUIa

< (Xa(®)-Xulto ) =s 2|t (44)
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rae H mokazarens Xepcra, CBA3aHHBINA C (PpakTaIbHONW Pa3MEepHOCThIO rpaduka
peanmu3anun  3toro mpomecca D (M COOTBETCTBEHHO ¢ HWHACKCOM IT)
cootHomeaneM H=2-D=1-n (O<H<1). Byaem wucmonb30BaTh I ya00CTBa
cucreMy eaunwil, B kotopor s =1 u monoxum Xy(0)=0. Torma Ha ocnose (44)
MOXXHO TIOJIYYMTh HOPMHUPOBAHHYIO (QYHKIHIO KOPPEISIUN  MPOIUIBIX

npupaiieHuii - X, (-t) ¢ oyaymumu X, (t) (cm. [41]):

<- XH (' t)XH (t) > =922H-1_q (45)

O s

I[Ipu H>0.5 (n<0.5) koppensius NOJOKUTENbHA, T.C. TCHACHIUSA K
yBenuueHUIo (MOJIOKUTEIBHOE MPHUPAIICHUE) B TPOIUIOM O3HAYaeT B CPEIHEM
TEHJEHIUI0O K YBEJIMYEHUIO B OyaylieM, W Hao0OpOT, TEHIEHLUUS K
YMEHBIICHUIO (OTPHUIIATEIBHOE MPUPAIICHKE) B MPOILIOM O3HAYaeT TCHACHIIUIO
K yMEHbIICHHI0O B Oyaymiem. Takoil mpollecc Ha3bIBaeTCS MEPCUCTCHTHBIM
(COXpaHSIONIMM TCHICHIINIO) U €r0 MOKHO pacCMaTpHUBATh KaK MOJIENb TPEHIA.

IMIpu H<0.5 (nr>0.5) koppensius oTpuaTeNbHA, T.€. B 3TOM Ciydac
yBEJIMUEHHUE B MPOILLJIOM O3HAYaeT BEPOSITHOE YMEHbIIEHHE B Oyayiiem, a
TEHJEHIUS K YMEHBIIECHHUIO B MPOILJIOM O3HAYaeT YBEIWYEHUE B OyaylIeMm.
Taxoil npoiiecc Ha3bIBA€TCSI AHTUIIEPCUCTEHTHBIM U €r0 MOKHO pacCMaTpUBATh
Kak (JaT.

I[lpu H=0.5 (m=0.5) koppensauss OTCYTCTBYET H MbI HMEEM
MIPOMEKYTOUHOE COCTOSTHUE MEXAY (DIITOM U TPEHIOM.

Takum oOpa3om, cTaOUIBLHOCTH 00OOIIEHHOTO OPOYHOBCKOIO JBUKEHUS
oTpeJeNsieTCs] 3HaYeHUEM MHJEKca IT .

Jnst  uccnegoBaHHWs  CBSI3M  MEXKIY CTaOMIBHOCTBIO  (PUHAHCOBBIX
BPEMCHHBIX PSIOB M HUX (QPAKTAIBHON CTPYKTypOoll OBIIM IMOCTPOCHBI

OMIIMPUYCCKHUEC 3aBUCUMOCTH PA3JINYHBIX Mmokasarejiei CTaOMIBHOCTH OT
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3HAaYCHUECM HHIACKCAalr . Bcero On110 BBI6paHO IATh PA3JTNYHBIX MnokasarteJjen

CTaOMJIBHOCTH.

Fi=1g(Ci/Ci32), rne Ci — Tekymias 1ieHa 3aKpbITHS TOpProB. Uem Ooubliie
pazHUIlA MEXIY TEKYIIeH LEHOW 3aKPBITHS W IIEHON 3aKkpbiThs 32 JHS Ha3a,
TeM Oosbliie 3HaueHue F;. bombmme mo momymo  3HaueHus F; o3HauaroT
HaJU4YUe 3HAYUTEIILHOTO 1IEHOBOTO JBMKEHHUS 3a MepUo]] B 32 JHs, a MAJICHbKHE
— KaK MpaBujIo, HeOOJbIe KojieOaHus 11eH, T.€. (IdT.

Fo=AilAi.32, Tae Ai — aMIuuTyaa KojiebaHui 1ieH 3a nociaeanne 32 aus. F;
OTpeIeIIICT OTHOIICHUS aMIUTUTY 1 KOJIeOaHUM 1IeH 3a TeKYIIHI U MPOILIbINH 32-
X JHEBHbIC Tiepuoabl. Kak npaBwuio, npu Hanmuuue Tpenaa F,>1, a mpu Hanmuuuu
¢bmTa F<1

Fs=s[log(C)] - ctanmapTHOE OTKJIOHEHHUE 1I€H 3aKPBITHS 3a TOCIeaHUN 32
nus. Yem Oombine 3HaueHue F3, Tem Oosiee BhIpakeHa TEHICHIIMS B MOBEICHUU
IIEH.

F, — 3Hauenue koddduimeHTa HaKIOHA JUHUU JIMHEHMHOUN perpeccud,
MIPOBEICHHOM 110 Py IieH. UeM Oosbliie o MOAYJ0 3HaueHue F4, TeM cuiibHee
HAKJIOH JIMHUU PErPECCUU U, CIEA0BATEIBHO, TEM CUJIbHEE BBIPAXKECH TPEHI.

Ci - Ci-32

Fs= - Pa3HOCTh MEXIYy TEKyIIeW IeHOW U 1eHou 32 mHs

i

alc;-Ci.l
j=i-31
Ha3aJl, HOPMUPOBAHHASI HA CYMMY MOJYJICH €KEIHEBHBIX MPUPAIICHUHN IIEH 3a
32 nus. B cnydae, ecnu 3a 32 IHS TpuUpalieHUe 1IeH HU pa3y HE MEHSJIO 3HaK
(HabOur01a10Ch HAMpaBJICHHOE JBHIKCHHE BBepX WM BHU3) |Fs|=1, ecnu ke Ha
rpaduke 1eH HaOmoaancs GpadT 3HaueHue |Fs| 61M3K0 K HYIIIO.

Jlust  BceX BBIOpAaHHBIX IIOKa3aTelIed CTAaOMIBHOCTH  CIIPABEIJIUBO
ClIeyIolee yTBEpKIACHHE: YeM Oosiee CTaOWUIIBbHO MOBEACHHE MCXOMHOTO psiaa
(koebaHus IPOUCXOASAT BO3JIEC OJTHOTO YPOBHS), TeM OJIvke 3HaueHue F K HyIT10

1 Hao00pOoT, ueM Oosiee BbIpakeH TPEH/, TeM OOoJIblle 10 MO0 3HaueHue F.

Jlns uccaenoBanus 3aBucumocteir F(m) (i=1..5) ucxomnsie psapl, Kak U

npexzae, pa3OuMBaIUCh HA HWHTEPBaIbl JJIMHOM 32 1HSA, CMEIIEHHBIE IPYr
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OTHOCHUTEJIbHO Jpyra Ha 1 nmeHb. [ Kaxa0ro UCXOIHOTO psjaa, JimHou 8145
nHel 610 nonydeno 8113 unrepBanoB. it KaKI0ro U3 HUX pacCUUTHIBAIOCH
3Ha4YeHUE N W 3HaueHue F W mosrydeHHbIe 3HAUYCHHUS HAHOCWIMCH Ha TOYCYHBIC
JarpamMMel, TJI€ TI0 OCH X OTKJIaJbIBAJIOCh 3HAYCHHE IT, a TI0 OCcH Y 3HadYeHue F.
TunuuHbll BUJ MOJYyYEHHBIX JAMArpaMM MpeEJCTaBIeH Ha puc. 17a-e s psaa

el akuuii komnanuu Alcoa lnc.
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3 MMOJTYYCHHOI'O BUa JUArpaMM BUIHO, 9YTO U JJISI UCCIICAYCMbIX
BPEMCHHLIX PAJ0B 3HAYCHHUEC I CBA3AaHO CO CTaOMIIBHOCTBIO paaa. HpI/I 9TOM,
yeM OOoJIbIlle 3HAUCHUE IT , TEM cTaOMIIbHEE IMOBCACHUC PiAda U YCM MCHBIIIC
3HAYCHUC I, TEM CHUJIbHCC BBIPAXKCH TPCHA B UCXOJHOM PAAC.

BBCIICM TCIICPh TIOHATHUC BHYTPCHHCTO COCTOJAHHA AKOUHW B MOMCHT

BpEeMEHHU t Kak 3HAYCHHE MOKa3aTelsl yCTOMUMBOCTH 1T (t) U mombITaeMCsl MOHSATH
BHYTPCHHUI MEXaHM3M, ompeaessitomuil nosenaeHue m(t) a, ciemoBaTelbHO,
MOBEJCHUE IEHbl aKuu. i1 3TOro MCHoJIb3yeM MeXaHHU3M OOpaTHOU CBS3H:
mobasi OTKpbITass cHUCTeMa Bcerja JeMCTBYeT Ha CBO€ OKPY>KEHUE U
COOTBETCTBEHHO, HCIBIThIBAET oOpaTHOEe BozxelcTBue. Eciu npu 3ToM
oOpaTHOM BO3/EMCTBUM WHTEHCUBHOCTH MPSIMOTO JEHCTBUS BO3pPACTaET, TO
oOpaTHasl CBs3b HA3bIBACTCS TOJIOKUTEIBHOW (B TMPOTUBHOM Cllydae —
OTpHUIIATENIbHOM). MHOTHMEe CKayKoOOpa3HbIe W JIaBUHHBIC mporecchl (B T.d.
COLMAJIBHBIE U ABISIOTCS  CIIEICTBUEM

OPUPOAHBIE  KaTacTpodbl)

MOJIOXKUTEIbHOM O6paTHOﬁ CB3H. OTpI/II_IaTeJIBHaH KC 06paTHa51 CBs3b
MNpUBOAUT K HOAACPKAHHIO YCTOﬁqHBOFO peKruMa BCCBO3MOKHBIX OTKPBITBIX
CHCTEM. OTOT MEXAaHU3M HM3BECTEH M BO MHOTMX 00JIaCTIX 3KOHOMHYECKOM

HaykKu. C OIIHOﬁ CTOPOHBI TIpU YCTAHOBJICHUN PABHOBCCHUA (OTpI/II_IaTeJIBHaH
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CBS3b), a C JPYrod NpH BCEBO3MOXKHBIX IEPEXOMHBIX  IPoIEeccax
(moI0XKHUTEIbHAS CBA3b). DTOT MEXaHU3M JIEUCTBYET TAK)KE M Ha PHIHKE aKIIHi,
OIpeeIIsiss XapakTep OTKIIOHEHHUS IIEHOBBIX PSIOB OT CIyYaiHOro OJy:KIaHHs.
[Mpuniwn ero paboThl, Ha HAII B3IJIA[, OCHOBAaH Ha IOSBICHHUHU OIPEICICHHOM
CBSI3U MEKIY MOBEJACHHUEM IIEH U TIOBEIEHUEM HHBECTOPOB.

Jlns ymobctBa OymeM Jajee HCIOIL30BaTh HAPSAAY C HHICKCOM [T
koapdumuent | =0.5- m, KOTOpbIA OyJneM Ha3bIBaTh nokazamenem 0OpaAmHoOl
CEs31U.

Cayuait m(t)=0.5 (I (t)=0) coorBeTcTBYeT Cciy4yaliHOMY OJIy>KIaHHIO
IeHbl (BMHEPOBCKHI mporecc) B »ToM ciyuae HMHBECTOPHI BeAyT cebs
HE3aBUCHMO M Kakas-JInO0O BBIPaKEHHAS TCHACHIHUS B IOBEACHUH IIEH
OTCYTCTBYET. B 3TOM citydae OymeM TOBOPHTD, YTO LIEHA UMEET «HOPMAIbHYH0»
yCTOWYMBOCTh. IIOCKOJBKY IleHa aOCONIOTHO IACCHBHA I10 OTHOIIEHHIO K
BHEIITHUM BO3JCHCTBHSAM, TO KaKas-IN0O «CBS3b>» OTCYTCTBYET.

Cayuait n()>0.5 (I (t)<O) cooTBEeTCTBYEeT CHUTyallMd MOBBIMICHHON
YCTOWYMBOCTH IIEHBI 110 OTHOIICHHUIO K BHEIIHUM BO3IEHCTBHSM, YTO BO3MOXKHO
CBSI3aHO C IOBBIIICHHON YBEPEHHOCTHIO HHBECTOPOB B CTAOMIBLHOCTH JAaHHOM
KOMITAHHU U OTCYTCTBHEM HOBO# MH(POpPMAIKU Ha PHIHKE. B 3TOM citydae 1eHbI
aKIMi KOJIEOIOTCS B MpeaeIax JOCTaTOYHO Y3KOI'O IIEHOBOIrO aMamna3oHa. Ilpu
pPOCTE IIEH HAXOMMTCS AOCTATOYHOE KOJIMYECTBO MPOAABIOB, a IPU MAJAEHUU —
MOKyIaTesaei, KOTOPble CBOMMHM JICHCTBHSIMH BO3BPAIIAOT LEHBI B HCXOIHBIM
nuanazod. OYeBHIHO, «CBS3b» B DTOM CiIydae OTpHIATEIbHA M €€ JcHCTBHE
«CIYIIUT» U3MEHEHUS IICHBI aKIMK, 00yCIaBInBas CTaOMIbHOE MTOBEACHHE IICH.

Cayuait m(1)<0.5 (I (t)>0) cooTBeTCTBYeT CHUTYyalldd MOHMKEHHOM
YCTOWYMBOCTH (MIIM MHEPTHOCTH) IeHbI. OOBIYHO DTO CBA3aHO C IOSABJICHHEM
HOBO# MH(OPMAIIMHU K PeaKIMell MHBECTOPOB Ha 3Ty HHpopManuio. [TocKOIbKY
B IIEPBOM MPHOMMKCHHMH MOKHO CYHMTaTh, YTO BCE YYaCTHHUKHA pBIHKA
OLICHMBAIOT IIOCTYMAIOIIYI0 HMH(DOPMAIMI0 MPUMEPHO OJMHAKOBO, TO B
IBWKCHHM II€H BO3HUKAET TEHIACHIMS, COOTBETCTBYIOIIAS IIOJYUYECHHOM
uHpopmanuu. Ilpu ONpeneeHHBIX YCIOBUSAX TaKO€ IIOJO0XKEHHE MOXKET
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IIPUBOJIUTH K PE3KOMY IAJICHUIO WA BO3PACTaHUIO LEHBI AKIUH, [OCKOJBKY B
ATOM CJy4yae HauMHAET Pa3BOPAUYMBATHCS MEXAHHU3M IOJIOKHUTEIbHOW 00paTHOM
cBs3U. B uncToM Buje oH nelicTBOBaNl Obl Tak: LIEHbI aKIM HAYMHAIOT PACTH
(mamath), HO MPH ATOM TOSBISIOTCS HOBBIC XKeJAKIIUe KynmuTh (MpoaaTh), 4TO
NPUBOJIUT K erie OosbiieMmy pocty (mageHuro) 1eH, u T.0. [Ipu cBOoOOIHOM
pa3BUTHHM TOJ00HAs CBsI3b MpuBena Obl B KOHEUYHOM uUTOre K kpaxy. Ho
COBPEMEHHBIN (PMHAHCOBBIM PHIHOK B LIEJIOM yCTOWYMB. M 3Ta ycTOWYUBOCTH Ha
Hall B3TJIsJ OOecredMBaeTcsl HE TOJIBKO PEryJIHpPYIOUUMU CTPYKTypaMH
(neHTpalbHBIMU OaHKaMH, KOMUCCHSMH IO IICHHBIM OyMaram W T.1.), HO H
BCTPOCHHBIM cTabmnu3atopoM. OH 1mpencTaBieH B JulEe (UHAHCOBBIX
CIIEKYJISIHTOB, KOTOPBIE IPU MAJIEUIIMX IPU3HAKAX 3aMEJICHUs WM Pa3BopoTa
CYLIECTBYIOLIEH TEHACHUMM HAYMHAIOT [POAABATh WM IIOKyNaTh aKLUU
(«urpaTh» TMPOTUB OTOW TCHICHIIMM), BBIMOJHAS TEM CaMbiM (DYHKIIHIO
CCITYUIUTENS» TOJOXKUTENbHOM 00paTHOM cBaA3u. llomyTHO 3ameruMm, 4TO B
CaMOM Hayaje pa3BUTUS TEHICHUMH, KOIJa LEeHa elle OTHOCUTEIIBHO
cTaOWiibHA, NEUCTBUSI TEX K€ CaMbIX CHEKYJISHTOB, CTPEMSIIMXCA OBICTPO
3apaboTaTh Ha PE3KUX JBIKCHHSX 1LI€H, YCWJIMBAIOT 3Ty TeHJeHUuo. MHbiMu
CIIOBaMM MOKHO CKa3aTh, 4YTO (DMHAHCOBBIE CIEKYJSHTBI  <TOJKAIOT»
BHYTPCHHEE COCTOSHUE aKIMM B CTOPOHY cClydailHOro Onyxaanus (T.e. B
CTOpOHY m(t)° 0.5) rme, Kak H3BECTHO, YXE OTCYTCTBYIOT apOHMTpasKHBIC
BO3MOYXHOCTH.

Tak B 00mMX 4yepTax, BHITJSIUT MEXaHU3M, OIMpPEACNAIONIHNX XapakTep
IIOBEJICHUSI LIEHOBBIX pANOB. B cienyromeil riaBe Oyaer mpoBeleH Ooiee
JNETAIbHBIM JIOKAJbHBIM aHajlu3 LEHOBBIX pANOB U IPEIJIOKEHA MOJEIb,

oOBsICHAIONMIAs ceUpUKY UX TOBEICHUS.
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3. JlokaabHbli ppakTaAJbHBIA aHAJIN3 B 32/1a4aX WIEHTUPUKAIUN U

pa3IagKm.

3.1. JlokaibHble (paKTalbHble XapAKTEPUCTUKH MOJEJbHBIX Xa0THYECKHX

BPEMECHHDBIX PHAAOB H 3a/ia4a I/I)IeHTI/l(l)I/IKaIII/II/I.

Baxueilmen 3amadeil MCCleNOBaHUS PEANbHBIX XAO0THYECKUX BPEMEHHBIX
pPSAZOB  SBJISETCS BbIABICHHE (U3MUECKOTO MEXaHHM3Ma, MPUBOASIIETO K
Ha0JII0JaeMOMY IIOBEJICHUIO BPEMEHHOIO psja. JTa 3ajada HNOJHOCTBIO pEIlleHa
TOJNBKO JUISI HEKOTOPBIX YaCTHBIX CIIy4aeB, HalpUMeEp Il BHUHEPOBCKOIO
npouecca. B OONBUIMHCTBE JK€ Cllyd4aeB OAHO3HAYHOE OINPEIEIIEHUE 3TOr0
MEXaHW3Ma SBIAETCS HEBO3MOYKHBIM, IOCKOJBbKY, KakK IPaBWJIO, CYIIECTBYIOT
HECKOJIBKO BO3MOKHBIX BApPMAHTOB MEXAaHM3MOB, T€HEPUPYIOIINX CTATUCTHUUECKU
MIOXO0KEE TMOBEJECHUE BPEMEHHBIX pANOB. bonee mnpocToil 3agadeil sABISIETCSA
KJIaCCU(UKALUS — WIN OTHECEHHE HA0JII0JIaéMOT0 BPEMEHHOIO psiia K OTHOMY M3
M3BECTHBIX KJIACCOB XaOTUYECKUX BPEMEHHBIX PAJIOB.

Haubonee u3BecTHO# Kiaccudukanuedn (pakTaabHbIX BPEMEHHBIX PSAOB
sBIsieTCs Tak HasbiBaeMas 1/f — kiaccudukanus, wim kiaccuuKanus mno CrekTpy
®dypre BpeMeHHOTro psna. Dypbe-CrekTp Xa0THUECKUX BPEMEHHBIX PSAJIOB OOBIYHO

OITMCBIBACTCA COOTHOILICHUEM

A~1/f9, (46)

rae A — ammutyna, f — gacrora, a d — mokasarenab B 3aBUCMOCTH OT 3HAYCHUS
KOTOPOT'O MPOIECC OTHOCUTCA K OJHOMY M3 TpPEX MNPUHIHUIHAIBLHO Pa3TUYHBIX
IIPOLIECCOB.

[Mpu d=0 nHaOmogaeMblil TpoliecC SBISETCS XOPOIIO HM3BECTHBIM OEIBIM
IIyMOM WJIHM TIOCJEJ0BATEIBHOCTHIO HE3aBUCHUMBIX, PACHPEICICHHBIX MO

HOPpMAJIBHOMY 3dKOHY C TIIOCTOAHHBIM CpPpCAHHM H HCKOTOpOﬁ nncnepcneﬁ



cinyyaiiHbIX BenuuuH. Crnektp ®Pypbe TaKoro BPEMEHHOIO psla SBIAECTCS
MOCTOSIHHOM BEJTMYMHOM MPHU BCeX 3HAUCHUsX f.

WNuterpan Oenmoro nryma mpeacTaBisieT co00il Ipyroi He MeHee M3BECTHBIN
MpoLecC: TPACKTOPUIO OJHOMEPHOTO OPOYHOBCKOIO JABUKEHUS, UJIM BUHEPOBCKUN
npoiiecc. B atom ciydae d=2, a TMI MOBEICHUS HA3BIBACTCS KOPUYHEBBIM IIIYMOM.

benblif ¥ KOpUYHEBBIA I[IyMbl OBUIM OJHMMHU M3 MEPBBIX CIy4alHBIX
MIPOLIECCOB, MCCIIENOBAHHBIMU MAaTEMAaTHUKAaMHM, ITIOATOMY OHHM XOpPOILIO M3Y4YE€HBI U
X CBOMCTBa OMHMCAHBI BO BCEX y4yeOHUKAX IO TEOPUU BEPOSATHOCTH. ['opaszmo
MEHEE H3YyYCHHBIMHM, XOTS M TOBCEMECTHO pPACIPOCTPAHEHHBIMU B NPHUPOE,
SIBJISIFOTCS. T.H. pO30Bbie W 4epHble myMbl. s mepeix 1£d <2, a st BTOpBIX
2<d£3.

B 1968 romy MannensOpor u Banm Hecc npenmonoxwunu, a B 1989
dnanapuH CTPOro JOKazajd CBs3b MMoKazaTens d, ONpeaeNeHHOTo W3 CIEKTpa
dypbe BpeMEHHOTO psijia ¢ mokaszareneM Xepcrta H, onpeneiaeHHbIM M0 3HAaYEHUSIM

9TOTI'0 XK€ BPEMCHHOI'O psAaa.

d=2H +1 (47)

[lockonbky wuHAEGKC (pakTamibHOCTH T CBsi3aH C 1okazarenem H

cooTHomieHreM T =1- H, To cBs3b IT 1 d BhIpakaeTcsl CISAYIOIUM 00pa3oM:

d=3-2r (48)

OueBUIHO, 4YTO CJIy4ald pO30BBIX IIYMOB COOTBETCTBYET 3HAYCHUSIM
0.5<m £1, a kopuuneBsix 3HaueHussiMm O£ m <0.5.

Teneps, 3Hast cooTHomeHuss mexay d, H u m MoxHO chopmMyaHpoBaTh
NPUHIMIHATIBHBIC Pa3IMYUsl B IOBEICHUM XAOTHUYECKUX BPEMEHHBIX PsJIOB
pa3HOro THIIA:

I[Mpu d=2(m=0.5, H=0.5) BpeMecHHOI ps SBISCTCI BUHEPOBCKUM

nponecCoM MJIN KOPUYHCBBIM ITYMOM. OCHOBHBIM CBOMCTBOM 3TOT'O mponecca
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SIBIIICTCSL OTCYTCTBUE MAMSTH: CIICAYIOIIee MPUPAICHUE Psila HE 3aBHCHT OT BCEX
PEIbIIYIINX.

IMIpu 1£d<2 (05<m£1,0£H <0.5) mnporecc Ha3pIBaeTCs PO30BHIM
mymMmoM. B Takux mpolieccax CyIIeCTBYeT <«OTpHUIATC/IbHAS» MaMsTh. €CIH B
NPOIILJIOM HAOJIOAIOCH TIOJIOXKHUTEIBHOE MPUPAILEHHE, TO B OYAYIIEM C BHICOKOW
BEPOSTHOCTBIO OyJIEeT HAOII0aThCSI OTPHUIIATEIIBHOE U HA00OPOT.

I[lpu 2<d£3 (0En<0.5, 05<d£1) npouecc Ha3pIBAaCTCS YCPHBIM

IIYMOM M 00JIaJIaeT «IOJIOKUTEIBHOW» MaMATHIO. €CIU B MPOIIJIOM Ha0II0an0Ch
MOJIOKUTENIBHOE TPHUPAILCHHE, TO B OYIyIIEM C BBICOKOH BEPOSATHOCTBHIO OyIeT
TaK)Ke HaOII0AaThCS MOJIOKUTEIbHOE U HA000POT.

BonpImMHCTBO BpEeMEHHBIX PSJ0B, HAOMIOAAEMBIX B MPUPOJAEC U HayKe,
OOBIYHO MOKHO OTHECTH K OJHOMY M3 TpeX IMEpPEUYUCICHHBIX BBIIIEC KiaccoB. Tak
KOPUYHEBOMY IIIYMY COOTBETCTBYET OJHOMEPHOE OPOYHOBCKOE JABHKECHHE (TaK jKe
JI0JITO BPEMS IIPEANOIIAraaoch, YTO 3TUM IPOLIECCOM ONUCHIBAETCS MOBEACHUE 1IEH
Ha Ouprke). PO30BBIM IlIyMaM COOTBETCTBYIOT BpEMEHHBIC Psijbl, HAOJIOgacMbIC B
nporeccax TYypOYJIEHTHOCTH, K 3TOMY K€ THIY IOBEISHUS OTHOCSTCS PSbl
BOJIATMJILHOCTH I1eH (DMHAHCOBBIX AKTUBOB. UepHbIE NIYMbl PETHUCTPUPYIOTCS B
pa3nuBax peK, COJIHEYHON AKTMBHOCTH, CTATUCTUKE MPUPOIHBIX U TEXHOTCHHBIX
KatacTpod, HEKOTOPbIE UCCIENOBATENH MOJaraiT, YTO MOBEACHUE IIEH aKIUil Ha
OUpKe TaKKe OTHOCUTCS K ATOMY KJIacCy MPOIECCOB. B CBS3M C 3TUM CTaHOBUTCS
MOHATHOM AaKTyaJlbHOCTh CJEAYIOIIEW 3aJayu: 10 KAaKUM BBIYUCIISIEMBIM
XapakTEPUCTUKAM BPEMEHHOIO psja MOXKHO OTHECTH €ro K TOMY WIM HHOMY
kiaccy mnporeccoB? ITockoiabKy OOIIUM CBOMCTBOM TaKHUX PSIOB SBJISETCA HX
(paKkTaIbHOCTh, TO CIIEYeT OXKHUJaTh, YTO OTBET HA 3TOT BOIPOC MOXKET JaTh
BBIYHMCJICHUE UX (PpaAKTATBHBIX XapaKTEPUCTHK.

PaccMoTpuM BBEICHHYIO HaMHM B TjlaBe 2 aMIUTUTYIHYIO BapHaiuio (CM.

(26)). dns xaxmoit peammsanuu Y, = f(t) npu ti [ti t; +m] BPeMenHOrO psima oHa

Gyner pasna V, (d,y;) =b(y;)d" myi)
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rae b(y;) u m(y;) KOHCTaHTBI, 3aBUCSIINE OT TUIIA BPEMEHHOTO PsJa U OT

KOHerTHOﬁ peajm3aliii 3TOro psaa. MoxHO OXKUAaTh, YTO IIPpH OOJIBIIIOM YHCIIE

peanuzanuii cpemHee pacuetHoe 3HaueHue IT(Y;) OymeT CTPEeMHUTBCS K
TEOPETHUECKOMY 3HA4YCHHIO [T, ompeaensiomemy THn psaa, a b(y;) Oyzer

CTPEMHUTBLCS K KOHCTAHTE, OMNPEACIACMON XapaKTepUCTHKAMHU pAaCIpeaeaCHHs
pUpalleHuii BpeMEHHOI'O Psijia.
Hccnenyem moBeneHue pacueTHBIX xapaktepuctuk (Y )u  b(y;) ans

MOJIETIFHBIX PSZIOB, COOTBETCTBYIOIINUX PA3IMYHBIM THITAM IITyMOB.

Haunem ¢ mpocteifmero cmydas KopuyHeBoro 1myma. Jlms ero
MOJICTTUPOBAHMS BOCIIONIB3YEMCSI T€HEPATOPOM IOCIIEOBATETFHOCTH CIy4aiHBIX
BEJIMUMH PACIPE/ICICHHBIX TI0 HOPMaJIbHOMY 3aKOHY co cpeqaum O u nucnepcueit
1 u3 nporpammuoro maketa Microsoft Excel. Crenepupyem mocienoBaTeIbHOCTb
n3 40000 cimydailHBIX BEJIMYMH U MPOCYMMHUPYEM HX HApacTalOIIMM HUTOTOM JJIs
MOJydeHUS] MOJIEIM KOPUYHEBOT'O IIyMa. [UIUYHBIA pE3ynbTaT TaKOTO

MOJIETUPOBaHUS MpeCTaBlIeH Ha puc. 18.

ALt
160
140
120
100 1
a0 -
B0 -
40 -
20 -
|:|_
20 4
40
e e T e e e - - e - - - T e . e e e
e e = e e o |
oy o = O W ™~ o0 = O o oo = O W g =
— [ = W0 0O o — ™~ = @O M~ hh O ™™ = W = 00O O
—_ = o — — — I ™o

Puc. 18: Cmooenuposannas mpaekmopus KOpuuHe8020 uymd.

HOCKOJIBKy IJIA OMMPCACIICHUA HWHIACKCA @paKTaHBHOCTI/I M JKCJIaTCIIbHO

UMCTh MHUHHUMAJIIBHOC M MAKCHUMAJIbBHOC 3HAYCHUC (1)YHKI.IPIPI Ha MHHHUMAJIBHOM
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MHTEpBaJe pa3o0beM MOJIyYeHHBIH psijl HAa HENepeceKaroluecs OTPe3Ku JIMHOU
100 Toyex W BBHIYMCIUM JJISI HUX HadajJbHOE, MaKCUMajbHOE, MUHUMAJIHHOE H
nocjieHee 3HAUCHHE, KaK ATO MpUHATO B (uHaHCcax. TakuM oOpa3zoM, MOIydUM
psaa u3 400 Touek B ¢opmate smoHCKux cBeued (cm. riaBy 2). Ha pucynke 19
MpEACTaBlIE€H pe3ylbTaT TaKOW MPOIEAYpPhl TMPUMEHEHHOH K HCXOJIHOMY

CMOJICTUpOBaHHOMY psny (puc.18).

TR0
140 T
120 +
100 +
80 T
i

- o T
= W 0o

101
121
141
161
181
201
221
241
261
281
301
321
341
361
381

Puc. 19: P50 cayuaiinoco onyscoanus 6 popmame <AnoHCKUX ceeueli.

[MpumennM Tenepb K MOJIYYCHHOMY Psiy Mpoleaypy BbraucieHus I7(t)mo

32 TOYKaM, OIIMCAHHYIO B I'JIaBC 4. Pazo0Obem pAd Ha ICPCCCKAOIMUCCA NHTCPBAJIBI
IUIPIHOﬁ 32 TOYKH, CMCHICHHBIC APYTI' OTHOCUTCIIBHO APYrad Ha 1 TOYKY (T.C. BCCTO

noiayynM 368 MHTEPBAIOB) U Ui KAXKJOTO M3 HUX paccurtaeM 3HadeHue IT(t)wu
b(t). Ilo mony4eHHBIM MacCHMBaM 3HAUCHUH paccuyuTaeM  CIICIYIOIIUC
XapaKTePUCTHKH

<m(t) > u <b(t) > - cpearue 3HaueHuss M u b,

b_.b

4t 4t min

- MAaKCUMAaJIbHbIC U MUHHMAJIBHBIC 3HAUYCHUA T U b, a TAaKXC

O'S(rrmax B rrmin) U db= 05(bmax B bmin)
<m(t) > <b(t) >

max " min?

BeIMYMHBL, dm=

, XapaKTepu3ymollue
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pa3dpoc 3HaucHuit (BapmaGenbHOCTh) N (t)m Db(t). IloBrOopuB omnUcaHHBIC
BBIUMCJICHHS HECKOJbKO pa3 (B gaHHOM ciydae 20 pa3) paccyMTaeM CpEaHHE
sHaueHuss <m(t)>, <b(t)>, <dr> u <db> mno BceM NOIYYCHHBIM
peanuzanusM. [lonydeHHble TakuM 0Opa3oM 3HAYCHHS AaayT HPEICTaBICHHE O
MOBEJICHUHU JIOKAJbHBIX (DpaKTaTbHBIX XapaKTEPUCTUK I W D I KOPUUHEBOTO
ryma.

B pesysnbTare mpoBEJACHHBIX BBIYHUCIACHHH IS KOPHYHEBOrO IfyMa ObLIH

ITOJIYYCHBI CIICAYIOIHNEC 3HAYCHUS .

<m(t) >=0.499

<b(t) >=6.176

<dmr>=0.175

<db>=0.015.

[TonydeHHOe cpemHee 3HAueHHE [T OKa3ajoCh OYEHb OJM3KMM K
teoperndeckomy 3Hadennto 0.5, omHako, Kak BHAHO M3 3HaueHus <dm> s
KaXI0M KOHKPETHOH TpaeKTopuH, AauHOH 32 Touku, N(t)MOXKET ITOCTaTOYHO
cuitbHo (10 17,5 %) otkionsitecst ot 0.5. IloBenenune mokasatens b(t) oxazanocs
ropasuo 6oyiee CTaOMIBHBIM: €T0 JIOKAIBHBIE 3HAYEHUS OTKIOHSIOTCS OT CPEIHETO
He Oosiee uem Ha 1.5 %.

Takum 00pa3oM, 3HaYEHHs JIOKAIBHBIX (PpaKTalbHBIX MMOKazaTenedl I u b
1T MOMAEIBHBIX PSAIOB, COOTBETCTBYIOIIMX IIpOIlecCaM KOPHYHEBOIO IIyMa
CIEAyIOIIME. B CpPEOHEM 3HAUYEHHE HHAEKca (pakTalbHOCTH ONHM3KO K
TeopeTndeckomy 3HaueHuio 0.5, mMpu 3TOM OTKIOHEHHS JIOKAIBHBIX 3HAYEHUH OT

CpCaAHCTO MOTYyT HOXOOUTH OO0 18 %, 3HAUYCHHUC I10Ka3aTCJIA b, onpecaAciIsieMoro
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CBOMCTBaMH psijia MpUpalleHuid 0ojee cTaOMIbHO (OTKJIIOHEHHUS OT CPEIHEro He
npesbitiaoT 1.5%).

[lepetinem Temepp K TMpoleccaM, COOTBETCTBYIOUIMM KIIACCYy PO30BBIX
mymoB. s ux monenupoBanus llpenep B 1991 roay npeasnoxun ciaeayrouryo

(bopmyIy, COCTOAIIYIO U3 TPEX KOMIIOHEHT:

X,(k), (49)

Qon,

X =

=
1l
o

Tac

X, (K)=r (K)X, (k) +e1- r (k)" (50)
r (k) =exp(- 1/10“), (51)

a €- paBHOMEPHO pacIpeNeIeHHOe cilydailHoe uynciio. CMBICH 3TON MOJEnn
COCTOMT B TOM, YTO HTOrOBas IMOCIEJOBATEIILHOCTh SBISETCS CYMMOW Tpex
NEPUOJUYECKUX CIIYyYalWHBIX IOCJIEI0BATEIbHOCTEN C pPa3IMYHBIMU TEPHOJAMHU.
TeopeTndeckn po30BBIM IIYM COCTOMT M3 CYMMbl OECKOHEUYHOI'O YHCIa TaKHUX
MOCJIEIOBATENILHOCTE € BO3pPACTAIOIIMMU TMEPUOJAMH, HO JIi MOJAEIUPOBAHUS
OKa3bIBaeTCS JOCTATOYHO TpexX ciaraembix [18]. dparmeHT BpeMeHHOro psja,

noiydenHoro ¢ nomoineto (50) npuseaen Ha puc. 20.
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Puc. 20. Pozosvuii wiym.
Ucnons3zys (50) cmomenupyem temephr 20 mociaeaoBaTeIbHOCTEH U

NPUMEHUM K HUM HpOLEAypy pacueTa (pakTajbHbIX MOKa3aTejed, OMUCAaHHYIO

BbilIE. [lomyuum cnenyromue pe3yabTarhl:

<m(t) >=0.917,

< b(t) >=3.824,

<dm >=0.016,

<db>=0.007.

Kax BugHO 1151 po30BBIX MIYMOB 00a (hpaKTaJIbHBIX MMOKa3aTeNsl BEAYT ceOs
Yype3BbIUaiiHO cTaOuIbHO. OTKIOHEHUS OT CPEHUX 3HAUYECHUN He mpeBbimaoT 1.6

% g m u 0.7 % s b.
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Jlns MojenupoBaHUs YEpHOTO ItyMa BocmoibzyeMcs mojaensio ARFIMA,

npeioxeHHon Xockuarom B 1981 rony [48]. CornacHo 3Toi Moeu

yo=1 (52)
y = Glk+d) k31
Gk +)E(d)

e - Oenvlil _wym

3/1ech YepHBIH 1IIYM MOTy4YaeTcsi U3 0esoro myreM J00aBJICHUS CJIaraeMbIX C
«OCCKOHEYHOW IMaMSATBIO», MpPU 3TOM 3HaucHHe O OKa3bIBACTCSA CBS3AHHBIM C
nokasareseM Xepcra Hoixy4eHHOro mporecca cootHorenneM d=H-0.5. Kak BugHO

u3 (52) misg monmydeHHMs Ha KaXAOM IIare MOJCIHPOBaHMS 3HAYCHUH a

HEOOXOIUMO CYMMHUpPOBATh OECKOHEYHOE KOJMYECTBO MPEAbIAYIIUX 3HAaYeHUU
psina (B KaXI0i KOHKPETHOW MOJICTH — BCE TPEABLAYINNE 3HAYCHUS Psijia, HAUYMHAS
¢ camoro mepBoro). OnHako BbIYMCICHUE [-QyHKIMU TPU OOJBIIMX 3HAYCHHSIX
aprymMeHTa, Kak TMpaBwio, HEBO3MOXHO. [loaToMy orpaHuyumcs mpu
MozenupoBanuu cymmon npensinymux 100 unenoB psga. Ha puc. 21 npusenen

dbparMeHT psija, MoJay4eHHOro ¢ momoiisio (52) mis 3nauenus d=0.4.
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Puc. 21. Yepnoui wym (pozosas nunus) ¢ noxazamenem d=0.4 (H=0.9,
m=0.1), nonyuennviti uz 6enoco wyma (Cumsas MUHUA) C NOMOUBLIO MOOEIU

Xockunea.

[IpoBeneM MojaeaUpOBaHUE YEPHOrO IIyMa Ui pas3HbIX 3Ha4YeHHH d,
HCIIOJBb3Yysl B KaduecTBe OEJIOro Iyma IMocCJIeIOBaTeIbHOCTh CIYYallHbIX BEJIUYMH,
pacrpeieJIeHHbIX 0 HOpMalbHOMY 3akoHy co cpenuuMm O u aucnepcuedt 1, u
paccuuTaeM JIOKaJibHBIE (paKkTaibHbIE XapakTepucTuku. [lomydum cremyromue

PE3YNIbTATHI:

s d=0.1 (H =0.6, m=0.4):

<m(t) >=0.415;

<b(t) >=6.465;

<dmr>=0.215;

<db>=0.021.
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Jlnst d=0.25 (H =0.75, m =0.25):

<m(t) >=0.327;

<b(t) >=7.011;

<dm >=0.257;

<db>=0.018.

s d=0.4 (H =0.9, m=0.1):

<nm(t) >=0.273;

<b(t) >=11.33;

<dm >=0.371;

<db>=0.022.

W3 nonmy4eHHBIX pe3yabTaTOB MOKHO CJIeJIaTh HECKOJIBKO BBHIBOJIOB.

Bo-miepBhIX, cpemHee 3Ha4YeHHWE [T OKa3bIBACTCS HECKOJBKO BBIIIE
TeopeTndeckoro. OCoOOEHHO CHIIBHO pa3iMyue 3aMETHO ISl OONBIINX 3HAUCHUH d
(COOTBETCTBEHHO HHU3KHX 3HaYeHUi IT). B0O3MOXHO 3TO pasiuyue MOXKHO

OOBSICHUTH TE€M, UYTO TPU MOJACIUPOBAHUU YUUTBHIBAIOTCS HE BCE MPEIBbIIYIIUE
3Ha4YeHUS psaa, a Toabko 100 mocnenHux.

Bo-BTOpBIX, BapuabENbHOCTh JIOKAIBHBIX 3HAYEHUW [T  OKa3bIBaeTCs
BBICOKOH, mpuyeM ¢ yBennueHueM d (YMEHBIIICHHEM TEOPETHUYECKOTO 3HAUCHHUS I

BapuadeIbHOCTh BO3PACTALT).
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B-TpCTBI/IX, CPpCOAHCC 3HAUCHHUC II0KA3aTCJIA b BO3pacCTacT € PpPOCTOM d

(YMEHBIIICHHEM TEOPETHYECKOro 3HaueHus IT). OpHako BapuabOeabHOCTH b

OCTaeTCs MOCTOSIHHOM U HHSKOﬁ, MMPpUMEPHO COOTBCTCTBY BapI/Ia6eJIBHOCTI/I b JJIA

OeJioro nryma. HOCKOJIBKy B MOJICJIM B KAa4eCTBE MCXOAHOM MOCICAOBATCIbHOCTH

Oepercst Oenblii 11y™m, yBenudyenwe D mpu ymenbimenunun d o3Hawaer, 4TO IS

KOPHUYHCBOT'O IMIyMa 3HAYCHUC b 3aBucuT HE TOIBKO OT HCXOJHBIX IIapaMCTPOB

pacnpeneneHus NpupanieHuii, HO U OT 3HAYCHUS IT .

O606H_II/IM TCIICPDb MOJTYUYCHHBIC YUCJICHHBIC PC3YJIbTATHI B BUJC, ITPCIACTABHUB

HUX B BHJIC Ta6JII/II_IBI C OIIMCaHHuCM IIOBCACHHUA JIOKAJIIBHBIX @paKTaJIBHBIX

XAPAKTCPUCTHK OJIA PA3JIMYHBIX BUJIOB @paKTaJIBHBIX BPCMCHHBLIX PAOOB (CM. Tao.

1).

Ta6b. 1. Ilosedenue nokanvHulx GpaKmanbhblx nokazameneu 0is Pa3iudHbIX

munoe qprZKmClJleblx xaomudeckKkux 6pemeHnblx p}ZOOG.

Tun noseneHust Cpennee Cpennee BapuabeabHocTs | BapuadenbHocTh
BpPeMEHHOro psiia 3HayeHue I, 3HaYeHue b, n b
paccyuTaHHoro | PACCIUTAHHOIO
no 32-m no 32-m
TOYKAM TOYKAM
KopuuneBbrit  mym | bamsko k 0.5 3aBUCHUT oT | Beicokas Huskas (mopsiaka
(BuHEpOBCKHUI TUCTICPCUH (mopsinka 17 %) 1.5 %)
poIecc) pacnpeieneHust
MIpUpPALLECHUI
Po3oBsiii mym | bomsmre 0.5 3aBUCHUT ot | Huzkas Huskas (menee 1
(aHTHIIEPCHCTEHTHBIC TMCTIEPCUT (mopsinka 1.5 %) | %)
MPOIIECCHI) pacnpeieneHust
MIpUPALLECHUI
UYepnslid mym | Mensmre 0.5 3aBUCHUT oT | Beicokas Huskas (mopsiaka
(mepcucTeHTHBIC THCTIEPCUN (6ombmie, yem ms | 1.5 %)
MPOIIECCHI) pacnpeziefieHusi | KOpUYHEBOro

MpUpAIEeHUN |
oT CPEIHETO

3HaueHus 7

[IyMa) U pacTeT ¢
YMCHBIICHUEM

CpenHero
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3HaueHus 7

[Tony4yeHHble pe3ynbTaThl MOKHO MCIOJB30BaTh MPU UACHTU(GUKAIIMN THUIIA
MOBEACHUS pealbHbIX BpPEMEHHBIX psAn0B. [IpogeMoHCTpupyemM 3TO Ha JBYX
npuMepax.

[lepBrIif TprMep — 3TO BPEMEHHBIE Psiibl UHTEHCUBHOCTU MOTOKOB MIOOHOB,
nonyueHusle B.B. Boporom Ha MiooHoM ropockome-romorpade, BXOISIEM B
cocrtaB 3KkcrepuMenTanbHoro komiuiekca HEBO/I, ycranosiaenaom 8 MUDU [6].
VYcraHoBka paboTaeT HenpepbIiBHO, HaunHas ¢ 1998 roga. 3aMmepsl HHTEHCUBHOCTH
MOTOKA MIOOHOB MPOBOJSTCS KaXIyI0 MUHYTY. Takum oOpa3oM, BpEMEHHOU psiJ
3a KaxAbld JeHb HaOmonaeHus conepxxkut 1440 3nauenuil. @dparmMeHT Takoro

BPEMEHHOT0 psifia IPEJACTaBJICH Ha pUC. 22

X (1)

1
17
a3
=]
=ta]
21
a7

113

129

145

161

177

193

209

225

21

257

273

229

205

=21

=T
=253

b i

=25

—

Puc. 22. Uumencusnocms nomoxka MooH08 60 6PDEMEHU.

Bo3pMeM HeCKOJIBKO ps10B, mmaor 1440 3HaveHuil © paccuuTacm
JIOKAJIBHBIC Q)paKTaJIBHBIe XAPAKTCPUCTUKHU KaK OIIMCAHO BBINIC. HOJIqu/IM
CJIICAYIOIHNE Pe3yIbTAThI.

<m(t) >=0.81;

<b(t) >=9.89;
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<dmr>=0.032;

<db>=0.005.

Kak BumHO cpeanee 3HaueHue I cymiectBeHHO mpeBbimaet 0.5, mpu sToM
BapraleIbHOCT, Kak I, Tak M D oueHb HH3Kas. Takue XapaKTEPUCTUKU
MO3BOJIIIOT OTHECTH BPEMEHHOM Psii MTHTEHCUBHOCTH MIOOHOB K PO30BOMY IIIYMY.

B kauectBe BTOpOro mpumepa BbIOEpeM CHOBa (DPMHAHCOBBIE BPEMEHHBIC
psanbl. BozbMeM 7151 pacyeToB BpeMEHHBIE Psiibl (POHIOBBIX UHJIEKCOB HECKOIBKHUX
ctpaH: amepukaHckuii uHAekc SP500, Hemenkuii mugekc DAX, poccuiickuit
unnaekc PTC, Opasunbckuii unnexc Bovespa wu mekcukanckuit unuexc |PC .
MuHuManpHBIM ~ MaciiTaboM BPEMEHHOTO psja BbIOEpPEM OJIHY HeEJEmIo.
Paccuntaem 111 BBIOpAaHHBIX BPEMEHHBIX PSJIOB JIOKaJIbHbIE (paKTalbHBIC
XapakTepucTuku. [loyuyuM ciemyromiyue pe3yabTaThl, pacloiOKEHHbBIE B TTOPSIIKE

BO3pacTaHus CpeaHEero 3HadeHus 1M (cM. Tad. 2):

Ta6b. 2. 3uauenuss JIOKANbHLIX OPAKMATLHLIX XAPAKMEPUCIMUK — OJis

HEeKOmMOopbiX PUHAHCOBLIX BPEMEHHBIX PSAO08E.

Nupexc <nm(t)> <b(t) > <dmr > <db>
Bovespa 0.44 3.35 0.21 0.11
DAX 0.44 3.3 0.24 0.13
PTC 0.46 414 0.21 0.14
SP500 0.48 3.54 0.29 0.15
IPC 0.49 3.35 0.22 0.13

Kaxk BHUAHO U3 Ta6JII/II_IBI, JJIs1 BCEX psAIOB CPEAHEE 3HAYCHUE [T MCHBIIIC 0.5.

910 AacT OCHOBAHUA MPCAIIOIaratb, 4To IMOBCACHHUC (1)I/IHaHCOBBIX pPAIOB OJIN3KO K

yepHomy myMy. OpnHako BapuabelbHOCTH T OKa3ajach BBINIE, YeM
BaprualebHOCTh MOJICJIBHBIX PSAJOB C aHAJOTUYHBIMU CPEHUMH 3HAYCHUSIMH [T .

KpOMC 9TOI'O0 BapI/Ia6eJIBHOCTB mokasarens b oxaszamace Ha IMOPAIOK BBIIIC

BaprualeNbHOCTU ATOTO K€ IMOKazaTessl I MOJCIbHBIX PsifaoB. Takum oOpazom,
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(rHaHCOBbIE BPEMEHHBIE PSbl JIEMOHCTPUPYIOT MOBEACHHUE, OTIUYAIOUIEECS OT
BCEX TPEX MCCJEJIOBAHHBIX BUJIOB (PpaKTaIbHOrO MoBeaeHus. [lpu 3ToM ocHOBHOE
OTJIMYME 3aKII0YacTCss B CWIBHOM BapuabenbHOCTH mokazatens D. [Tockombky
3Ha4YeHUEe D TEeCHO CBA3aHO C XapaKTEPUCTUKAMHU paCIpeICICHUs TPUpPALICHHIA
BPEMEHHOTO Dpsa, a 3TO pacHpeAciieHHE, B CBOIO 04Yepelb OIpeaeisieTcs
MEXaHU3MOM, (QOPMUPYIOIIUM P, TO MOXHO CcKa3aTh, 4TO B (PUHAHCOBBIX
BPEMEHHBIX psAax MPOUCXOJMT YacTtas CMeHa Takoro wmexanuzma. C
OMHCATENHHON XK€ TOUKH 3peHUs (DUHAHCOBBIE BPEMEHHBIE PSJbl, MO-BUIUMOMY,
COCTOSIT U3 YYACTKOB C PA3IMYHBIM TUIIOM (hPPAKTaIBLHOTO MOBEACHUS, CMEHSIOIMNX

JpYT Apyra ciy4alHbIM 00pa3oM.

3.2. JlokaabHblil ppakTaAJIbHbIH AaHAJIU3 U TECTUPOBAHHME TUIIOTE3bI

3¢ PeKTUBHOI0 PbIHKA.

NHTepecHbIM  MPAaKTUYECKUM  MPUIIOKEHUEM  pEIICHHS 3adayud o0
UIeHTU(DUKAIIMY SBISACTCS ONPENESICHUE JOJU OPOYHOBCKOM KOMITIOHEHTHI B
(bMHAHCOBBIX BPEMEHHBIX psgax. HamoMHUM, 4TO B COOTBETCTBHM C TEOpHUEH
() PEKTUBHOTO phIKAa MOBEJCHUE II€H JOJDKHO OBITh OJIM3KUM K CIy4ailHOMY
onyxnanuto. IlpoBepka 92TOro mpeANoONIOKEHUS OOBIYHO CBOJUTCA K
WCCIICIOBAHUIO PACTPEICIICHUS LEHOBBIX MPUPAIIEHUN HA HOPMAIBHOCTh M K
W3YUYEHUIO UX AaBTOKOPPEJSIIIMOHHON (YHKIIMM Ha TpeAMET HaJudus
3aBUCUMOCTEH. BBIBONBI, KOTOphIE MOXHO cleJlaTh M3  MOJIOOHBIX
WCCIIEIOBAHUM  SIBJIAIOTCA ~ JOCTaTOYyHO  oOmuMmu. Mcmonb3ys — wHACKC
(dbpakTadbHOCTH N MOXHO IMpojienaTh ropa3io Oosnee NoApOOHBIN aHAIU3
BPEMEHHBIX PSJIOB.

Hcnonb3ys BO3MOXKHOCTH BBIUUCISATH T JIOKAJIBHO, HCCIEAYEM JOIHU
BPEMEHHU, KOTOPBIE PsAJl MPOBOJUT B PA3JIUUYHBIX COCTOSHUSX. [[J1g 3TOr0o CHOBa
pa3o0beM UCXOJIHBIE PSIbI Ha MEPECEKAIOIINECS HHTEPBANIBI IJTUHON B 32 THS U
paccurTaeM JUIsl KaKJA0r0 U3 MHTEPBAJIOB 3HAYEHUSI M, M U m,,TAE M U m, -

COOTBCTCTBCHHO HWKXHAA W BCPXHAA I'PAHUIBI TOBCPHUTCIBHOIO MHTCPBAJIA, B
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KOTOPBIM MCTUHHOE 3HaueHue n momnagaeT ¢ BeposTHocThio 90 %. bynem
cuuTath, yTo npu m, <0.5 psig HaXOAUTCS B COCTOSIHUM TpeHa, mpu m >0.5 psa
HAXOJUTCS B COCTOSSHUU (u13Ta, a ipu M £ 0.5£ m, psiJi HAXOUTCA B COCTOSHUU
OpOYHOBCKOTO ABMXKEHUS. PaccunTaeM KOJIUYECTBO OTPE3KOB C KaXKIbIM TUIIOM
MOBEJICHUSI W BBIYUCIUM JIONM BPEMEHH TPOBOJUMBIC PSIOM B Pa3IMYHBIX
cocTosiHuAX. Pe3ynbTar pacyeToB JJii HECKOJIBKUX PsIOB MPEICTaBIEH B Taod.

3.

Ta6. 3. Jdonu paznuunvix cocmosimuii Ol HEKOMOPbIX (HUHAHCOBBIX

BDEMEHHBIX PSO08.
Bpemennou psij bpoyHoBckoe Tpenn DT
HCH ABHUKCHUC
Alcoalnc 23 % 43 % 34 %
Boeing Corp 24 % 37 % 39 %
IBM 25 % 39 % 36 %
Microsoft Corp 26 % 36 % 38 %
Exxon Mobile 15% 50 % 35 %
Corp

AHaNOrU4HbIE PE3YJIbTATHl MOJIYYEHBl U JJISI OCTaJIbHBIX MCCIIEIOBAHHBIX
psnoB. Kak BUAHO BpeMEHHbIE psAJIbI HAXOASTCS B COCTOSIHUM OJM3KOM K
cillydailHOMy OJyXKJaHHIO MEHee YeM B IMOJOBHHE BpeMeHu. Vcmonbiys
MOJYYCHHBIC YHCJICHHBIC JaHHbie W BuA GyHkmuu n(t) MOXHO cnenarb
CIEAYIOIINI BBIBOJ. PEAJbHbIE BPEMEHHBIE PANBl JEMOHCTPUPYIOT CIOKHOE
HEMEpUOANYECKOE TMOBEAEHUE, IPU KOTOPOM YYacCTKH IEPCUCTEHTHOCTH
Xa0TUYECKUM O00pa3oM CMEHSIOTCS ydacTKaMHu CIy4ailHOro OJy>KIaHUs WIH
y4acTKaMH aHTUIEPCUCTCHTHOCTH. [Ipu 3TOM, 3Has 3HadeHue (yHkimu I (1),
MO>KHO CKa3aTh KaKOM THUII MOBEICHUS HaOII0AaeTCs B KAXKI0M TOUKe psija.

[lony4yeHHblii  pe3yabTaT O3HAYaeT HEOOXOAUMOCTh  CYIIECTBEHHOM

KOPPEKIMU WU J1aKe MepecMOTpa T.H. «TUIMOTE3bl 3(PPEKTUBHOTO PBHIHKA»
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(Effective Market Hypnotizes wmu, cokpamenno, EMH), kotopas Ha
CETOTHAIIHUN JIEHb SIBISICTCS OCHOBHOM THIIOTE30# IIEHOBOTO IIOBEIICHHUS.
Cornacio EMH, dpakranbHas pa3sMepHOCTh IIEHOBBIX pPAJIOB Ha J0OOM

JIOKaJbHOM Yy4YacTKe JOJDKHAa ObITh Onu3ka k 1.5 (nr» 05). Kak mokasbiBaet

JIOKaNbHBIA (pakTadbHbIM aHamu3 3TO CHpaBeIMBO JHUIIb st 15-25 %
y4acTKOB (PMHAHCOBBIX BPEMEHHBIX psA0B. OcTaabHOE BpeMsl TIOBEJCHUE PSIOB
CYILIECTBEHHO OTJIMYaeTCs OT OpoyHOBCKoro nprwxkeHus. EMH ne mo3Bomser
OOBSICHUTH TAaKOH pe3yibTar.

Cnemyer OTMETHTH, YTO BONPOC O COOTBETCTBHUU IIEHOBOTO ITOBEACHHMS
OpOYHOBCKOMY JIBIDKEHHUIO pacCMaTpWBAaJICs HEOAHOKpATHO W paHee. OgHAKoO,
TOYHOCTh KpHUTepueB (HampuMep, MOMEHTBI paCHpeC/ICHHUs] I[ICHOBBIX
NpUpAlICHUA WINM TIOKa3atenb Xepcrta H), TpuUMEHSeMBIX s MPOBEPKU
THIOTE3bl TaKOBa, YTO XapaKTep MOBEICHUS BPEMEHHBIX DPSJIOB OKa3bIBACTCS
Omu3kuM K rayccoBoMmy. [IpoBelneHHBIN BBIIIE aHAIW3 TIO3BOJSET JaTh
KauyeCTBEHHOE OOBSICHEHHE, MOYeMYy 3TO Tak. J{eHCTBUTENbHO, KaK MOKa3aHO B
OPEIBIAYIINX pa3lenax y4acTKH «HE HOPMaJbHOr0» (MU «aHOMAaJIbHOTO»)
MOBEJICHUSI IMEIOT KOPOTKYIO IITUTEILHOCTh. B TO e BpeMs sl MPOBEPKH Ha
HOPMAJIBHOCTh HW3BECTHBIMH METOJAMH HEOOXOAMMBI OOJBIINE MaCcCHUBHI
HaHHBIX (OT HECKOJBKMX COTEH JI0 HECKOJBKUX ThICSY TOYCK). BHyTpu
WHTEpBaja, UCIOJIb3yEeMOro JUIsl TPOBEPKU HAa HOPMAIBHOCTH CTaHIAPTHBIMU
METOJIaMH, OKa)XETCsl OOJIBIIIOE KOJUYECTBO YYACTKOB C PA3HBIM IMOBEICHUEM.
[Ipu pacyeTe TECTOBHIX 3HAYCHHH XapPAKTEPUCTUKUA TIEPCUCTCHTHBIX U
AHTUIIEPCUCTCHTHBIX yYaCTKOB KOMIICHCHPYIOTCSI M HWTOTOBBIC 3HAYCHHUS
OKXYTCSI OJM3KUMU K HOPMaJIbHBIM.

Kakum jxe MOkeT OBITh MEXaHH3M BO3HHMKHOBEHHUS BO BPEMEHHBIX psiiax
y4aCTKOB  aHOMAaJbHOTO  ToBemeHus? Jnsg  Toro, 9ToOBl  cHenaTh
NPEONIOKEHUsT OTHOCHUTEIBHO OSTOTO MEXaHW3Ma HAallOMHHM CHadaja

OCHOBHbIE Tpenonoxenus EMH:
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1 B 1nienoob6pa3oBaHuM ydacTBYeT MHOIO IOKYIAaTeled W MpOAaBIIOB,
KaXJbld U3 KOTOPBIX B OTAECIBHOCTA HE B COCTOSIHMM CYILIECTBEHHO
BJIUSITH HA LIEHY.

2. Y4YacTHUKM  pbIHKA  OJMHAKOBO  OLEHHMBAKOT  MOCTYIAIOLIYIO

nH(pOpMaIMIO 1 MTHOBEHHO pearupyroT Ha Hee.

3. Y4YacTHUKH phIHKA JECUCTBYIOT HE3aBUCUMO JIPYT OT ApYra.

B cnydyae BBIOJIHEHUS JAHHBIX TMPEANOJOKCHUN IBWIKEHHE IIEH Oyner
SBJSIThCSL OpPOYHOBCKHM JIBM)KCHHEM, TIIOCKOJIBKY HW3MEHEHHE IIeHbI OyneT
pe3yabTaTOM OOJIBIIIOTO KOJUYECTBAa HE3aBUCUMBIX CIIYYallHBIX BO3JACHCTBHI
MPUMEPHO OJIMHAKOBON MHTEHCUBHOCTH.

Tenepp MpoaHATU3UPYEM OTJIHUYMS PEATBHOTO PHIHOYHOIO MEXaHU3Ma, OT
npeanoyioxennii EMH.

Bo-niepBriX, BBEIEM TakOe MOHATHE, KAK MTHOBEHHAsI JTUKBUIHOCTDH PBHIHKA.
MrHOBEHHOW JIMKBUIHOCTBIO pPBIHKA OyAeM CYHUTaTh KOJIMYECTBO AaKIIHMH,
KOTOPOE MOXXET OBITh MTHOBEHHO MPOJIAHO UJIM KYIUICHO 0€3 U3MEHEHUS IICHBI.
C »TuUM TOHSITHEM CTAJIKMBAIOTCS BCE Tpeuaepnl, padortaroniue Ha (HOHIOBBIX
peiHKax. OCOOEHHO XOpOIIO OHO 3HAKOMO YIPABISIIONIUM, OIEPUPYIOIIUM
CYIIECTBEHHBIMU KamuTajaMH. JIeMCTBUTENbHO, COBPEMEHHBIH OupKEeBOU
MEXaHU3M YCTPOEH TakK, UYTO B JIFOOOM MOMEHT BpeMEeHHU 0e€3 U3MEHEHUS IICHBI
MOXET OBITh KYIUICHO WJIA MPOJAHO POBHO CTOJBKO aKIUH, CKOJIBKO B ATOT
MOMEHT HaXOJUTCS Ha YPOBHE JYYILIET0 NPEAJI0KEHUS WIIH CIIPOCa. ITO MOKET
O0Ka3aTbCs M OJHA aKLUHUS U HECKOJBKO ThICAY aKLIMUK. bosbliee KOJIUYECTBO
aKLWW, YeM MpeaJiaraeTcs Mo TeKylleu 1eHe OyAeT KYIIEHO WM IPOJaHO IO
OoJpllield WJIM MEHBIIEH II€HE COOTBETCTBEHHO. B cpemHeM ke BeIWyuHAa
MITHOBEHHOW JIMKBUIHOCTH SIBIISIETCSI HWHAWUBHUAYAJIbHOM XapaKTEPUCTUKOMU
KaXJIOW aKUMU M OCTAeTCA IIOYTH I[IOCTOSSHHOM BEJIMYMHOM B TEYEHHE
NOCTATOYHO J0Jroro BpeMmeHdu. OYeBUIHO, YTO BEJIMYMHA MIHOBEHHOMU
JIUKBUJHOCTU OTPaHUYEHA CBEPXY KOJUYECTBOM AaKIUW, HAXOISAIIUXCS B
oOpamenur. B OOBIYHOM pPBIHOYHOW CHUTYyallUM MTHOBEHHAs JUKBUIHOCTH

OOBIYHO COCTAaBIIET JOJIM NPOLIEHTAa OT CBOEW BepxHel rpanuilpl. Hamuune
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TAaKOr'0 OrPaHUYEHHSI TPUBOJUT K TOMY, YTO UHBECTOP, JKEJIAIOUIUN COBEPIIUTH
CHEJIKY C OOBEMOM, MPEBOCXOJSAIIMM 3HAYEHHE MTHOBEHHOW JUKBUIAHOCTU
CTAJIKMBAETCS ¢ BHIOOPOM: JINOO BBICTABIATH CBOIO 3asBKY MO MHTEpeCyrolen
[EHe Ha PBIHOK M KAaTh T[OKAa HalaeTcs JOCTaTOYHOE KOJIUYECTBO
KOHTPAareHTOB, CIIOCOOHBIX YJOBJIETBOPUTH €r0 CIPOC, TIMOO COBEPILIATH CACIKY
Mo CpelHed LieHe, OTJIMYaloueicss oT Tekyuei. B ciydae BpiOOpa mepBoro
BapuaHTa MHBECTOP PHUCKYET HE COBEPIIUThH CHAEJKY, MOCKOJIbKY LI€Ha MOXKET
U3MEHHUTBCS B XYJUIYIO JJI1 HEro cTopoHy. Bo BTOpoM ciiyyae moBelneHHe
MHBECTOPA OKAXET BIIMSHME HA LIEHY U NPHUBEACT K ee u3MeHeHuro. [Ipuuem,
yeM OoJibllie KamuTal WHBECTOpAa NPEBBIIAET 3HAYEHHE MIHOBEHHOM
JUKBHUJIHOCTH, TEM CyIIeCTBEHHee OyneT u3MeHeHue ILeHbl. Ha peanpHOM
pBIHKE C 3TOM TpoOJEeMOM CTAaTKMBAIOTCS WHBECTOPBI, 4YeH Kamurad,
HaIpaBJICHHBIA Ha MHBECTUIMU B KOHKPETHYIO aKLMIO MPEBBIIIAET HECKOJIbKO
MPOLIEHTOB JHEBHOr0 000poTa mo 3TOM akmuu. Takum o00pa3oM, mHepBoe
npeanoyioxenne EMH BeimonHsieTcst He Bceraa.

[lo-BuaAMMOMY, UMEHHO C TPOOJIEMO MTHOBEHHOW JMKBHUIHOCTH CBSA3aHO
pasziejeHue MHBECTOPOB 10 HMHBECTULUHMOHHBIM ropu3oHTaMm. llpu sTom
MHBECTOPHl C OOJIBIIMM KalWTajIOM BBIHYXKIEHBI pacCMaTpuBaTh OOJbIINE
MHBECTULIMOHHBIE TOPU3O0HTHI JUIsl TOTO, YTOOBI €CTECTBEHHOE M3MEHEHHUE IIeH
oKazajoch 00Jbllle, YeM U3MEHEHHE 1IeH, BI3BAHHOE MX BIUSHUEM Ha PHIHOK.

O4eBUAHO, YTO C MPOOJIEMON JTMKBUIHOCTH CBS3aHbI TAKKE U OTPAHUYECHUS,
HaKJaJplBa€Mble  pEabHBIM  PBIHOYHBIM  MEXaHU3MOM  Ha  BTOPOE
npeanonoxenne EMH. Peakiins nHBecTOpOB Ha MOCTYMAOITYI0 HH(DOPMAIUIO
MOXXET OBITb OJIMHAKOBOM, OJIHAKO HWHBECTOpPaM C OOJBIIMM KaluTalIoM
norpedyercst 6oJblee BpeMs JJis COBepLIeHus cielku. Kpome Toro, KpymHbiM
MHBECTOPAM TMPUAETCS COOTHOCUTh NPUOBUIb, MOJYYEHHYIO OT CHEIKH, H
W3MEHEHHe 1IeH, BBI3BAHHOE BJIMSHUEM Ha pbIHOK. IlosTomMy BTOpOE
npeanoynioxenne EMH wmoxHOo mnepedopmynupoBaTh ClEAyIOIIUM 00pa3oM:
BpeMsi, HEOOX0IMMOE MHBECTOPY Ha COBEPULICHUE CAEJIKH MaJio 10 CPABHEHUIO

C HUHBCCTUIMUOHHBIM TOPHU30HTOM. HpI/I 5TOM aOCOJIOTHBIE 3HAYEHHUS 3TOIO
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BPEMEHHM MOTYT CYIIIECTBEHHO KoJie0aTbcsl. Tak HHBECTOPY C MHBECTUIITMOHHBIM
rOpU30HTOM B 1 J€Hb MOXXET IMOHAIO0O0UTHCA BCETO HECKOJBKO CEKYHJ Ha
CIEJKY, a UHBECTOPY C TOPU3O0HTOM B I'OJl MOXKET MOTPEOOBATHCS HECKOIBKO
JTHEM.

Paccmotpum Teneps npennonoxkenue EMH o HesaBucumocTu neictBuit
WHBECTOPOB. OUYEBUAHO, UTO JJIsI OOJBIIOIO KOJIMYECTBA YYACTHUKOB PHIHKA B
CpeIHEM 5TO MPEANOJ0KEHUE BBIMOJHIETCA, IOCKOIBKY B 3TOM Ciydae
JIOTOBOPUTHCS O COBMECTHBIX JIEMCTBUSAX MPAKTUYECKH HEBO3MOXKHO. OHAKO,
BCIIOMHHUM O Pa3/ieJIeHUd UHBECTOPOB MO WHBECTHUIIMOHHBIM TOPU30HTAM U TIO
KanuTany. MOXXHO TPEAINoJIOKUTh, YTO YeM OOJIbIle KalmuTall, TEM MEHBIIE
HWHBECTOPOB.

Ha puc. 23 nokazano pacnpeesieHle KOJTU4ecTBa HHBECTOPOB 0 KaruTamly,
MMOCTPOCHHOE TI0 JAaHHBIM O COCTOSHUHU KJIMEHTCKUX TOpTderneit KpymHOM
MOCKOBCKOM (prHaHCOBOM KoMmaHuu. [1o ocu X OTII0kKeH KanmuTaja HHBECTOpPA B
YCJIOBHBIX €MHHUIIAX, IO OCH Y — KOJMYECTBO MHBECTOPOB. JlJis mocTpoeHus
ATOW 3aBUCHMMOCTH 33 EIWHUILY H3MEpeHusi Oblja BbhIOpaHa HEKOTOpas
HeOoubImas cTouMocTh noprdenst, Knin=1, mocie 4ero js Kaxa0oro HHBECTOpa

CyMMa B YCJIOBHBIX CIHWHUIIAX ObLIa pacCHuTaHa IYTCM ACJICHUA CT0 KalluTalla
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Puc. 23.

Kak BUIHO M3 pHCYHKAa KOJWYECTBO HMHBECTOPOB ACHCTBUTEIBHO YOBIBACT
pocToM KamuTaja. Kamurtam caMoro KpymHOTO WHBECTOpA IMPEBBHINIACT KaIMTaIl
caMbix Meskux B 65000 pa3, Oosee Toro, ero kanutaia cocTaBiseT /6 % oT cyMMBbl
KaIMTAJI0OB BCEX MHBECTOPOB. IIpM 3TOM KONIMYECTBO HWHBECTOPOB C OOJBITUMU
KalluTaJdaMH, a, CJIEeAOBaTelIbHO, Haubojee CHIBHBIM BIHMSHHEM Ha IIEHHI,
HeOompIoe. IlpuBeneHHOE paclpeaeiiecHue, MO-BUIUMOMY, SBISETCS THITHYHBIM
JUISL PBIHKOB. JI€HCTBHUTEIBHO, XOPOIIO M3BECTHO, YTO HAa PBHIHKAX OTICIBHBIX
aKIUA  CYIIECTBYET HECKOJBbKO Hauboyiee KPYIHBIX HIPOKOB (OCHOBHBIC
BJIaJICbIBI KOMIIAHUU ¥ UX apUIMpOBaHHBIC JIHIIA), KOTOPHIE MOTYT OKa3bIBaTh
CYIIECTBCHHOE BIIMSHHME Ha IMOBEJCHUE IICH aKIUi cBoel kommnaHuu. Ha perHKax
BaJIIOT CYIICCTBYIOT «CaMbI€ IJIaBHBIC» UTPOKU — IICHTPaJIbHBIC OaHku. Ha phrakax
rOCY/JIapCTBCHHBIX ~OONHMranuid KPYMHCHIIMMH H  YHUKaJIbHBIMU HMIPOKAMU
SBIIAFOTCS. TOCYAApCTBEHHBIC Ka3HayeicTBa. (OYEBHUIHO, YTO TMPU TaKOM
pacupene/ieHnd HWHBECTOPOB HEIb3s HCKIIOYaTh, YTO HECKOJIBKO Hamboliee
KPYIHBIX HWIPOKOB MOTYT JCHCTBOBAaTh COIIACOBAHHO KaK B CHJIY CIIYYalHBIX
npuuuH (HarmpuMmep, OJMHAKOBas OIEHKa HOBOM HWH(pOpPMAIMH PYKOBOJCTBOM
HECKOJIbKMX KPYITHEHIITUX OAaHKOB CTPaHbI), TAK U B CHJIY JOTOBOPECHHOCTH.

PestoMupyemM cka3aHHOE BBIIICE B BHJC YTBEPKICHUN, YTOUHSIONTUX
OCHOBHBIE notoxenuss EMH:

1. B neHoo0Opa3oBaHuy Ha (UHAHCOBOM PHIHKE YYaCTBYET MHOTO IMOKYIATEICH

u npopaasioB. Ilpm coBeprieHHMM CIETOK C OOBEMOM, IPEBHIIIAIOIITUM

3HaYE€HWE MTHOBCHHOMW JIMKBUIHOCTH, YYaCTHHK PHIHKA OKA3bIBACT BIUSHUE

Ha IICHY MPOMOPIMOHAIIBHOE 00beMy ciaelku. OrpaHHYeHUEe MTHOBEHHOM

JUKBHIHOCTH TPHBOJUT K Pa3JICJICHUI0O WHBECTOPOB 1O HMHBECTHIIMOHHBIM

ropusoHTaM. IIpu 3ToM, yeM OOJIbIIE KamuTal HHBECTOPA, TEM OOJIBIIE €T0

WHBECTUIIMOHHBIN TOPU30HT M BO3MOKHOCTD BIIUSHUS Ha IICHY.

2. Bpewms, HE00XO0IUMOE WHBECTOPY Ha COBEpILECHUE CIEIKHU

MMPOIIOPIMUOHAIIBHO O6’BCMy CACIKH u MaJo 110 CPaBHCHHIO C
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WHBECTULIMOHHBIM  ropu3oHToM. [lpu  oOMHAKOBOM  peakuuu  Ha

MOCTYMAOIIYI0 HHPOPMALIMIO 3TO BPEMSI MOXKET KOJeOaThCsl OT HECKOJIbKUX

CEKYHJ [10 HECKOJbKHUX JHEH B 3aBUCUMOCTU OT HWHBECTHULHOHHOTO

TOPU30HTA HHBECTOPA.

3. B cuny He6OABIIOr0 KOJUYECTBA HMHBECTOPOB C OOJBIIMM KalmUTaIOM
BO3MO’KHBI COTJIACOBAHHBIE NEUCTBUS KPYITHBIX HHBECTOPOB, BO3HUKAIOIIHE
KaK B CHJIY CIIyYalHbIX IPUYMH, TaK U B CUILYy JOTOBOPEHHOCTEM.
PaccmoTpumM, Temeph, KakuM O00pa3oM OSTH TOJOXKEHHS OOBICHSIIOT

AHOMAaJIbHBIE TTOBEJICHHUS LIEH.

OOpatuMcsl cHayasia K ClIy4al0 HE3aBUCHMBIX JACHCTBUUA HHBECTOPOB CO
BCEMU HMHBECTULIMOHHBIMM TOPU30HTaMHU. B 3TOM ciydyae MOBEJEHUE LIEHBI
OyJeT HEe3aBUCUMBIM OT IMpOILUIOro MOBEAEHUs IIeH Ha BCceX MacluTadax.
JleficTBUSL KPYIHBIX YYAaCTHUKOB pPbIHKAa OYIyT KOMIIEHCHUPOBAaHBI JUOO ApPYT
ApyroM, JuO0 JeHCTBUAMH Oojiee MENKUX YYacTHHKOB. JledcTBUTENbHO, 3a
BpeMs, HEOOXOAMMOE KPYMHOMY MHBECTOPY JUIsl COBEPILIECHMS CHENKH,
YYaCTHUKH C MEHBIIMM KalUTAIOM U MHBECTULUMOHHBIM T'OPU30HTOM YCIEIOT
COBEPIIUTh HECKOJIBKO CHEJIOK M KOMIIEHCUPYIOT JAEHCTBHS KpPYIHOIO
unBectopa. Llenbl OyayT coBepiiaTh HOpMajbHbIE W3MEHEHUSI a CpeaHss
aMIUIUTyJa KoseOaHuii LeH OyAeT pacTd NPONOPLHOHATBHO KOPHIO U3

BpPEMEHH, a CyMMa aMILUTUTY]l KojiebaHuit uim V, (d)OyAeT CHIKAThCS 110 3TOMY

’KE 3aKOHY.

Tenepp MNpeANONOKNMM, UYTO HECKOJIBKO KpPYIHBIX YYaCTHUKOB pBbIHKA
HAYMHAIOT JIEUCTBOBATh COIVIACOBAaHHO. Takas cHUTyalus MOYET BO3HUKHYTH
KaKk B pe3yibTaTe MOsBIEHUS WHGOpMAIMK, OJHO3HAYHO OLIEHUBAEMOU
PBIHKOM M BEAYLIEH K JAOJTOCPOYHOMY M3MEHEHHUIO LIEH, TaK U B pE3yJbTaTe
pacupocTpaHeHUs MHCaaepckod MHPOpMALMK  CpPeAd  OTPAHUYEHHOTO
KOJIMYECTBA YYaCTHHUKOB pbIHKAa. B 3TOM ciydae JEWCTBUSL KPYIHBIX
YYaCTHUKOB OyAYyT yCHIIMBaTh ApYyr Apyra. M3MeHeHue LIeHbl W aMIUIUTyaa
Koje0aHumit Ha GONBIIMX MacmTabaxX HAYHYT PacTu ObICTpee, 4eM /t, a Ha JIoT-

JOT JuarpamMMme 3aBUCUMOCTH V,(d) mpaBblil Kpall AWarpaMMbl <«3arHETCS»
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BHHU3, T.€. CyMMa aMIUIMTYJ Ha OOJbIIUX MacmTabax Ha4HET MmajaTh ObICTpeE,
yeM +/t. Uepe3 HEKOTOpoe BpeMsi MHBECTOPHI C MEHBIIMMHU MHBECTULIMOHHBIMH
TOPU30HTAMHU YBEIMYAT YACTOTY CHAEJOK, MOCKOJIBKY B YCIIOBHUSIX JIBUKEHUS
LEHbl Ha OOJBUIMX MacliTabax JUisl MOJTY4YEHHUs TAaKOM K€ MPUOBLIM, YTO U
panblie, OyJaeT TpebOoBaThCsl MEHbIIE BPEMEHU. DTO KOMIIEHCUPYET IEeUCTBHS

KPYIIHBIX HHBECTOPOB U Auarpamma V, (d) OmATh CTaHET MPSAMOW, HO 3HAYEHUE

m Oymer Mmenbmie, dyeM 0.5, Tak BO3HHKAeT CHTyalHs ITOJOKUTEIbHOM
oOpaTHO# CBs3M. weHbl pacTtyT (magamTr), HO cmpoc (MpeaoKeHue),
00YCIIOBJIEHHBIH OOIBIIAM 00BEMOM KPYITHBIX HHBECTOPOB, HE YMECHBIIACTC.
B pesyabTare IE€HBI COBEPINAIOT HAIPABICHHOE BIKEHHE, IPHU KOTOPOM
HOBBIIICHHBIA  CIOPOC  JOJITOCPOYHBIX  HHBECTOPOB  KOMIIEHCHPYETCS
MOBBIIICHHONH YacTOTOM CHIENOK CPEIHHX M MEIKHX HHBECTOPOB, KOTOPBIE
BBICTYIAIOT B JAHHOM CJIy4ae «CTaOUIM3aTOPaAMU» PHIHKA.

Haxkoner, paccMOTpMM cCiy4ail IOHM)KEHHOW aAKTHBHOCTH KPYIIHBIX
UHBECTOPOB. B CHIIy TOr0, 4TO KOJHYECTBO TAKUX HHBECTOPOB OIPAHHYEHO H
4acTOTa WX CJACJIOK Majia 10 CPaBHEHHIO C YaCTOTOW CHENOK OCTaJbHBIX
HMHBECTOPOB Takas CHTyallus BO3MO)KHA. Ha phIHKE OHAa MOKET BO3HHKHYTH B
pesyibTaTe OTCYTCTBHS BaKHOM HH(GOPMAIMM WIM B CIIy4ae IIOJHOTO
YIOBICTBOPEHHS TEKYIIErO0 CIpOca KPYIHBIX HHBECTOPOB. B 3ToM ciydae
U3MEHEHHE IIEHbl U aMIUIMTY1a Ha OONBIINX MaciiTabax OyayT pacTd MEHBIIIE

yeM \/f, a Ha JIOr-Jjor JuarpaMme 3aBUCUMOCTH V,(d) TmpaBbld Kpau

JMarpaMMBbl «3arHeTCs» BBEpX, T.€. CyMMa aMIUTUTYA Ha OOJBIIUX MaciiTabax
HAauyHET MajaTh MeEIJICHHee, 4eM +/t. Uepe3 HeKoTopoe BpeMmsi CpPeIHUM U
MEJIKUM HHBECTOpPAM MNPUAETCS YBEJIMYUTh YMEHBIIUTh YaCTOTY OMEpalluii,
MOCKOJIbKY B YCJIOBHUSIX OTCYTCTBHSI JBIDKCHHS LIEHBI Ha OOJIBIIMX MacIiTabax
JUTS TIOJTYY€HHUSI TaKOU JKe IPUOBLIN UTO U paHblle, OyaeT TpeOoBaThCs OOJIbIIIe
BPEMEHHU. DTO MPHUBEAET K BBIPABHUBAHUIO JIOT-JIOT JAMArpaMMbl 3aBUCUMOCTH

V, (d), onHako 3HaueHue nm Oynet Oonbiie, uem 0.5. Tak BO3HUKAET CUTyaIlus

OTpHHaTeHBHOﬁ O6paTHOﬁ CBA3HM. BBICOKAA 4aCTOTA CACIIOK MCJIIKUX M CPECAHUX
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WHBECTOPOB B OTCYTCTBUU KPYITHBIX HHBECTOPOB MPUBOJHUT K YMEHBIICHHUIO
KOJIeOaHMH [IeHbI HA OOJIBIIINX MaclITadax.
Takum B o0OmMMX YepTax MPEACTABISACTCS MEXaHWU3M, TCHEPHUPYIOIIHUMA

CJIOXKHOC ITOBCACHHC (1)I/IHaHCOBBIX BPCMCHHLIX PAIOB.

3.3. JlokanbHble (ppaKkTaIbHbIE XAaPAKTEPUCTHKH U 32/1a4a 0 pa3JiajKe.

Paznanka — kpaTkuii TepMHH i JIIOOOTO W3MEHEHMS] BEPOSITHOCTHBIX
XapaKTEpPUCTHUK CIy4YalHBIX IIPOLIECCOB. 3ajada O pasjlagke COCTOUT B
OOHapy>KeHUH M3MEHEHUW BEPOATHOCTHBIX CBOWCTB CIIy4allHBIX MPOILIECCOB U
JEJINTCS Ha J1Ba OOJIBIINX KJ1acca MpoOJIeM.

[TepBbIii KiTacc HA3BIBACTCS PETPOCIICKTUBHON (aMOCTEpUOPHON) 3amadeii o
pasznajke W 3akioyaercs OOHApY)KEHMHM MOMEHTAa W3MEHEHHUS BEPOATHOCTHBIX
XapaKTepUCTUK  CIIy4alHOW  BBIOOPKM 1O BCEM  M3BECTHBIM  JIAHHBIM.
Heo0xonuMocTh perieHus Takux 3aJa4 MOKHO MPOJAEMOHCTPUPOBATH CIIEIYIOIIUM
obpasom. Ilycte mpenwsiBieHa BbiOOpka (peanm3anus) ciIyd4aifHOTO Ipolecca.
Besikas cratuctudeckast 00paboTka 3TON BBIOOPKH € LENbI0 MOCTPOEHUS MOJEIH,
OLICHKM TapamMeTpoB M T.I. OCHOBaHA Ha MPEAMNOJOKEHHUU, YTO OIICHUBAEMBbII
(dbeHomeH B mpoliecce cOopa NaHHBIX He u3MeHsics. [loaToMy npeaBapuTeaIbHBIM
ATanoM J00OM CTaTUCTHYECKOW 0O0pabOTKH JOJKEH OBbITh 3Tan  MPOBEPKU
OJTHOPOJHOCTH BBIOOPKM 10 OTHOLIEHUIO K HCCIAEAYEMbIM BEPOSTHOCTHBIM
XxapakTepuctukam. TakuM 00pa3om, BONPOC 3[€Ch CTABUTCSA TakK; SIBISETCA JU
MpeabsBICHHAs] BHIOOPKA CTATUCTUYECKU OAHOPOJHOM B CMbICIE HEM3MEHHOCTHU
CBOMX BEpOSTHOCTHBIX XapakTepuctuk? Eciam oTBer Ha 3TOT  BOIpPOC
HOJIOKUTENEH, TO Jajee CJeayeT 3aHMMaTbCsi OOBIYHON CTaTUCTUYECKOU
00pabOTKOH B 3aBUCUMOCTH OT T€X IieJIel, KOTOpbIE CTaBUT UCClen0oBaTeNb. Eciau
K€ OTBET OTPHUIATEJICH, TO BOZHUKAET 3a/1a4ua OOHapyKEeHUSI MOMEHTOB U3MEHEHUS
BEPOSITHOCTHBIX XapaKTEPUCTUK M pa3OMEHUs UCXOJHOUN BBHIOOPKH Ha HECKOIBKO

CTaTUCTUYCCKH OOHOPOAHBIX KYCKOB.
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Bropoit knacc npo6iemM Has3bIBaeTCs 3ajlaueii 0 CKopeuiieM oOHapyKeHUU
paznagkd ©U MOXET ObITh chopmynupoBaH cieayomuM ob6pasom. IlycTs
uHpopmanus O  ciay4alHoM mpomecce (ero  M3MEpPeHHe)  IOCTyIaeT
MOCJICIOBATEIbHO BO BpeMeHHW. JlomycTuM, 4YTO B HEKOTOpHIH (3apaHee
HCM3BECTHBIM) MOMCHT TPOUCXOAWT HM3MCHCHHE KaKOW-TMOO BEPOSTHOCTHOM
XapaKTepUCTHKH Tiporiecca (B oOlieM ciydae, caMod (PYHKIIUM PaCIpeeICHusI).
CnpammuBaercsi, Kak OOHapy»XuTb MPOU3OIIEANIEE H3MEHEHHE CKOpEHIINM
0o0pa3oM IMocie TOro, Kak OHO BO3HUKIO (SCHO, YTO CHAelaTh 3TO 3apaHee -
"mpeackasath Oyayiiee” - B MPUHIIMIIE HENB3sI), HO TaK, YTOOBI IPU STOM JIOKHBIC
CUTHAJIBI TPEBOTM HE OBLIM CIIUIIKOM YaCcThIMH (4aCTOTA TAKUX CUTHAJIOB MOXKET
OBITh OTpaHUYCHA 33JJAHHOM BETMUUHON).

[lepBbie cCyllecTBEHHbIE pE3yJabTaThl B 3TOM 00J1acTU OBUIM MOJYYEHBI
[Meiimxem B 50-x romax XX Beka [71]. Ilpumepno B 3710 ke Bpems A.H,
KonamoropoB mpeaigokuia  CTpPOryl0 IOCTAaHOBKY 3aJaud O  CKopenuiem
OoOHapy>KeHHUU pa3iaJKu Jisi BUHEPOBCKOro mponecca. ONTUMaNnbHOE pelleHHe
ATOW 3a/layd JJIsl CiIydasi TOYHOIO 3HAHUS (PYHKIUN pacrpeiesieHus] 10 U IMOociie
MoMmeHTa paznanku Hamen A.H. Hlupses B 1976 rony [23].

[IpumepHo ¢ cepenunbl 60-X roI0B YCHUIIUS B ’TOM HAIPABICHUH OKA3aJIUCh
COCpPEIOTOYEHHBIMU Ha pa3pabOTKe METOJ0B, UCIIOIB3YIOMUX KaK MOKHO MEHbIIIE
anpuoOpHON UHPOPMALIMK. JTO CBA3AHO C TEM, YTO B BOSHUKAIOIIMX MPUIOKEHUAX
MOJIYYUTh TMOJIHYIO HH(OpMALUI0O O (QYHKIUM pachpenesieHus Cily4yalHOro
mpolecca, Kak MpaBUiio, HEBO3MOXKHO. B HacTosiiee BpeMs B 3Toil obiactu
pa3BUBAIOTCd MHUHUMAKCHBIE W HEMapaMETPUUYECKUE METObl, IO3BOJISIOIINE
OTKa3aTbCid OT HAJIUYUS anpuUOpHOW HHPoOpMalMK O (YHKIHUU pacTpeeieHHs
CIIydaliHOM mocieaoBaTenbHocTh [51].

[TokaxkeM, 4YTO 3HAHUE JIOKAJIBHBIX (PPAKTAIBHBIX XAPAKTEPUCTUK MOXKET
OBITH HUCIIOJB30BAHO ISl PEIICHUs 3a7a4d O CKopeliieM oOHapyKeHMU MOMEHTA
paznaaku. JleHMCTBUTENbHO, MCCIEIOBAHUE PA3IUYHOTO THUIA IOBEJICHUSA

CJIyLIaI\/'IHBIX BPCMCHHBIX PAAOB IMOKA3aJIO, YTO CPCIHHUC 3HAYUYCHUS rnokasarejen I

u b otimmyarorcs IJIA pa3HbIX TUIIOB cnyqaﬁHoro ITIOBCIACHMUA. HpI/I 9TOM, HaubOolee
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11eJIecO00pa3HbIM MPEICTABIISICTCS UCIIOJIb30BaHKUE b, MOCKOJIbKY BapHaOeaIbHOCTD
ATOrO TOKa3aTess Ha MPOTSHKCHWH BPEMEHHOTro psiia mana. [Ipocreiimmii crmocob
oOHapy>XeHHsST MOMEHTa pa3jaKd MOXKHO OIHCATh cClieayronmM oopasom. IlycTh
JaH BPEMEHHOW psA, COCTOSIIMH W3 TPEANOIOKUTEIBHO Pa3HBIX YYaCTKOB
noBenenns. HeoOX0oAUMO MOCIIENOBATEIBHO BBEIYMCIIATE 3HAUYEHHE IIOKaszarels b
JUIST  KaKJIOW TOYKM, HAYMHAs C MHHHMAJIBHO HEOOXOIUMOTO JUII pacydera
KOJIMYeCTBA TOYECK M (UKCHUPOBATh B KAXKIbIK MOMEHT MAaKCUMaJbHOC U
MUHUMAaJIbHOEC 3HaueHue D B mporwioM. Eciu B KakoW-TO MOMEHT BpeMeHu t
pacueTHOe 3HaYeHHe D BBIMICT M3 CBOECTO JaHara3oHa KojcOaHWH B MPOIILIOM, TO
MO>KHO TIPEJIIOJIOKHUTH, YTO HEKOTOPOE BpEeMs Ha3zaj Mpom3ollia pasianka. [lpu
TOM BaXXHOM XapaKTEPUCTUKOW OyAEeT SBIATBHCS CpPEIHEE BPEMS 3aJICpPKKU
OTIpeJICICHHs] 3TOr0 MOMeHTa. [lombITaeMCsl YHMCICHHO OIICHHTH ATO BPEMS IS
BPEMEHHBIX PSAJOB, COCTOSIIMX U3 YIaCTKOB C Pa3HbIM THIA MOBeaeHUs. [[1s1 aTOT0
oynem MozaenupoBaTh psanbl anuHor 20000 touek, Tak ytoObl Ha mepBbix 10000
TOYEK HaOJIoMancs OAWH THUMl ToBeneHus, a Ha cieayromux 10000 Touek —
apyroi. IToCKONBKY WMCXOIHBIX THIIOB TOBEACHHUS TpPH, TO TOJYyYUM IIECTh
pa3IUYHBIX BAapUAHTOB XaOTHYECKUX psaoB. Jlamee, kak W Tpexne, pa3o0beM
MOJIYYCHHBIC PSAABI Ha Herepecekarommecss oTpe3ku jummHOW 100 Todek u s
Ka)KJIOTO OTPE3Ka paccuyuTaeM MepBOe, MAaKCHMAaJIbHOES, MUHIMAJIBHOE U TIOCIICTHEE
3HaueHue. [Tomyaum psaasl B popmare SIMOHCKUX cBedeH, cocrosammux u3 200 Touek
C pa3HBIM THUIIOM TMOBeAcHUS Ha mepBbiX M mocienuux 100 Toukax. Jlnms stmx
pAI0B OyJIeM pacCYMTHIBATH 3HAYCHHE MMOKa3aTess b mo 32 Toukam U GUKCHPOBATH
KOJIMYECTBO CBEYCH, HEOOXOAMMOE JJIss ONpEaCNICHUs MOMEHTa pasJiajKy.
Pe3ynpTaThl pacyeToB MPHUBEACHBI B TAOIMIIE M OTCOPTHPOBAHBI IO BO3PACTAHHIO
BPEMEHHM OT MOMEHTa pa3jaJKi 10 MOMeHTa ee oOHapyxeHus (cm. Tab. 4)). Kak
BUJIHO W3 TAOJIMIBI, JIJI OMPEACICHUS MOMEHTA pasliaKh C MOMOIIBI0 aHaIM3a
MOBEJICHUS IOKaszareias D TpeOyeTcs I0CTATOYHO Mayioe KOJMYECTBO TOYEK
BpeMEHHOTO psma: oT 2 10 10 B 3aBUCHMOCTH OT THIIOB MOBEACHHUS Ha pPa3HBIX
JacTsIX psga. 3aMeTUM, 4YTO JUIsl PEIICHUs OSTOM 3aJayd  CTaHJAapTHBIMU

CTATUCTUYCCKUMHU MCTOJaMH OOBIYHO Tpe6yeTc51 HCCKOJIBKO ACCATKOB TOYCK.
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Tab. 4. 3aoepoicka onpedenenuss MomeHma pasidaoku Osl MOOENbHbIX

xaomudeckKkux 6pemerHblx p}ZOOG C pasjiuvYHviMu munamu noeeoenus.

Tun Tun Cpennee MunnmanbHOe | MakcumansHoe | KonudecTtBo
MOBEJICHHUSI | TIOBEACHUS | KOJHMYECTBO | KOJHMYECTBO KOJIMYECTBO | SKCIIEPUMEHTOB
Ha [IepBOM Ha BTOPO TOYEK OT TOYEK OT TOYEK OT
YacTH psAfa | 4YacTu psana MOMEHTA MOMEHTA MOMEHTA

pasnajky, 10 | pasnajky, 10 | pasialku, 10
MOMEHTa €€ | MOMEHTA ee MOMEHTA ee
OTIPEJCTICHUS | ONPEACNEHUS | OIPEACICHHS
Kopuunessiit |  Po3oBblit 1.14 1 2 20
IyM IyM
Po3oBbiit YepHblit 1.14 1 2 20
IyM IyM
PozoBeiit | Kopuunesblit 1.29 1 3 20
IyMm IyMm
Kopuunesebrit YepHblit 3.29 1 9 20
Iym IyMm
YepHblit Kopuunesbiit 3.67 2 4 20
IyM IyM
YepHblit Po3zoBbiit 11.15 1 21 20
IyM IyM
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4. JlokaabHblii GpaKkTaNbLHBIA AHAJIN3 U POTHO3UPOBAHUE.

Koneunoit  menpto  Jg1000r0  aHaiu3a  SBISETCA  NMPOrHO3.  3ajada
MPOrHO3UPOBAHMS PUMEHUTEIBHO K BPEMCHHBIM PsiiaM MOXKET OBITh ITOCTaBJICHA
pa3inuuHbIMH crioco0aMu. [t (MHAHCOBBIX BPEMEHHBIX PSJIOB, B YaCTHOCTH,
aKTyaJbHBIMHU SIBJISIOTCS CJICIYIOIIME BO3MOXHBIC TTOCTAHOBKH TAKOM 3a/1auu:

- HA OCHOBAaHHMH W3BECTHON MH(OpPMAIMK O 3HAYCHUAX BPEMEHHOTrO psija B
toukax t=0,1,...,i HaWTH TPOTrHO3 3HAYEHHS BPEMEHHOTO pPsja B TOUYKE
t=i+n;

- HA OCHOBAaHHMH W3BECTHON MH(OpPMAIMK O 3HAYCHUAX BPEMEHHOTrO psija B
toukax t=0,1,...,] HaliTH Takoe 3HaYeHHe X, YTO 3HAYCHHUEC BPEMEHHOTO
psaga X(1)>X (t=i+1, i+2,...,i+n) ¢ 3agaHHOlN BEPOATHOCTHIO P;

- HA OCHOBAaHHMH W3BECTHON MH(OpPMAIMK O 3HAYCHUAX BPEMEHHOTrO psija B
toukax t=0,1,...,I HalTH BEPOSATHOCTH CHIIBHOI'O CHIIKEHHUS IICHBI (Kpaxa)
B Teyenue nepuoza ti [i,i +n];

[TepBast mocTaHOBKA 3ajadd SBJISICTCS TPAIUIMOHHON I KPaTKOCPOYHOTO
MPOrHO3UPOBAaHMS IIeH. [IpOrHO3bI TAKOTO THIIA MOTYT OBITH HCIIOJB30BAHBI IS
OPUHATHSA ~PEIICHHH O MOKYNKe/lpoaake OTACAbHBIX aKIUd WIH  JJIs
dbopmupoBanus nmoprdens. Bropas moctaHOBKa 4acTO MCIOJIB3YETCS TS TEKYIIEH
OLICHKH pHCKa (BO3MOYKHOTO CHHKCHHS CTOMMOCTH OTICIBHON MO3MIIMHM WU
noptdens B 1eiaoM). [IporHo3sl TpeThero THa HauboIee HHTEPECHBI IS OLCHKU
MaKCHMaJbHOTO pHCKa MopTdens akiuid, a Takke IS MPOrHo3a IT00aJbHBIX
W3MEHEHUH COCTOSHHSA pbIHKA. PaccMOTPUM  BO3MOXXHOCTH  JIOKQJIbHOTO
bpakTalTbHOrO aHajdM3a MNPUMEHHTEILHO K TpPEM IIOCTaBJICHHBIM 3ajadam

IIPOTHO3A.
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4.1. IIporHo3upoBaHue 3HAYEHNI BPEMEHHOT 0 PSi/ia.

HaubGonee wyacto st KpaTKOCPOYHOIO MPOTHO3MPOBAHUSA  HCIHOJB3YIOTCA
CTaHJapTHbIE HIKOHOMETPUYECKHE MeTolbl. B 3TOM cilyyae BpeMeHHOH psif
MIPECTABIACTCS B BUAC PYHKIMU OT HEOOJNBILIOTO YKCIIa CYIIECTBEHHBIX (DaKTOPOB
U CIIy4ailHOM rayccoBOW J100aBKH, CYMMHUpYIOIIEH B ce0e¢ BIUSHHE BCEX
CIy4ailHbIX (akTOpoB. TeXHOJOrHs TaKOoro MNPOTrHO3a OOBIYHO COJEPXKUT TPHU
JTana: Ha MEePBOM OMNPENENSAIOTCS CYIIECTBEHHbIE (DAKTOPHI, OT KOTOPBIX 3aBUCUT
neHa (Ui 3TOTO HMCHONB3YIOTCS CTaHAAPTHBIC METOMABI JUCIEPCHOHHOTO U
KOPPEISIIIMOHHOTO aHaJIn3a), Ha BTOPOM TMOJY4YCHHAs MOJEJIb MPOBEPSACTCS Ha
HOPMAaJILHOCTh M HE3aBUCHUMOCTh OCTATKOB (3TH CBOMCTBA OCTATKOB HEOOXOIUMBI
JJIE KOPPEKTHOM OIIGHKU JOBEPUTEIBHOI'O0 HMHTEpBaja MPOTHO3a), a Ha TPETheM
JeNaeTCs OlleHKa KadecTBa MpOrHo3a (OOBIYHO B KAUECTBE KPHUTEPHs KadyecTBa
UCTIONIB3YETCSl  OLIEHKAa JIUCIEPCHU OMMOKM TporHo3a). B 3Toii  obOnactu
pa3paboTaHO JOCTAaTOYHO MHOIO MOJIENIEH, HCIHOJIb3YIOMMX KaK BHEIIHHUE IO
OTHOIICHHUIO K IICHOBOMY psiay (hakTophl (HanpuMmep, SIKOHOMHYECKUE TTOKA3ATEIIN)
TaK ¥ MPOIUIbIE 3HAYECHUSI BPEMEHHOTO psijia, WIH €ro MPOU3BOAHBIX (Harmpumep,
monenmn ARMA, ARIMA, ARCH, GARCH, E-GARCH). Oxnako GOJbIIHHCTBO
MOJOOHBIX MOJIeNIed HEYJOBIETBOPUTEIBHO OINKUCHIBAIOT PHIHOYHBIE MPOILIECCHI
(cm. manpumep [18], [74]). K Tomy ’xe omnpaBIaHHOCTh MPUMEHCHHS TaKUX
METOJ/IOB BBI3bIBAET COMHEHHME C TOYKHM 3PEHUSI OOIICHPUHATON HA CErOJHSIIHUN
JIeHb TUTOTE3bl A PEeKTUBHOTO phiHKa. HamomuuM, uTo koHenmus 3¢hPeKTuBHOTO
pBIHKA MPEANOJaraeT, YTo Ha PbIHKE MPUCYTCTBYET JOCTATOYHO OOJBIIOE YUCIIO
MOJIHOCTBI0O MH(POPMUPOBAHHBIX HPKOHOMHUYECKHUX areHTOB, KOTOpbIE ACHCTBYIOT
HE3aBUCUMO M pallMOHAIBHO, MTHOBEHHO pearupysi Ha BHOBb IOCTYHAIOIIYIO
uHpopmaiuio. OCHOBHOW MOJIEIbI0O KPATKOCPOYHOTO MOBEACHUS LIEHBI Ha TaKOM
pPBIHKE SIBJISIETCS MOJENIb OpPOYHOBCKOTO JBMKEHUS, BIIEpBbIE MNPEJI0KEHHAs
Jlyncom bamenbe npuMeHHTENbHO K (uHaHCOBBIM phiHKaM emie B 1900-m ropy
[26] u 3aTem pasButas HopOeprom Bunepom. Iy 3TOH MOACIH MOYXHO CTPOTO

IMOKa3aTh, 4YTO HAWJIY4YIIUM IIPOTHO30M BaBTpaHIHCﬁ OCHBI ABJIACTCA caMbIid
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NPOCTOM MPOTHO3: CEeroAHAMHsAsA IleHa. Kak oka3amoch, KadecTBO MPOTHO3a
OONBIINHCTBA YKOHOMETPHUECKUX MOJIETICH XyKe KayecTBa TaKOro MPOCTEHIIETO
nporHo3a (aucrepcuss OMMOKA TPOTHO3a Uil SKOHOMETPHYCCKUX MOJENeH
OKa3bIBaeTCs OOJIBIIIE TUCTICPCHH TpupatieHus 1eH) [39].

Kak moka3aHo B TmpeaplAyliel TIJaBe 3HAHUE YWCICHHOTO 3HAYCHHUS
bpakTambHBIX ~ XapaKTEPUCTUK psAda TMO3BOJIIET €CTECTBEHHBIM  00pa3oMm
OTNPENCTUTh SIBIIACTCSA JIM TEKYyIIee JIOKAIbHOE COCTOSHHWE (UHAHCOBOTO psaa
CllydyaliHBIM OJTy’)kJaHueM Wi ke TpeHaoMm (gudTom). DTOT (BakT MOXKHO
TIOTIBITATHCS MCTIONB30BATh ISl MTPOrHO3UPOBaHUS. JeliCTBUTEIBHO, B COCTOSIHUU
TPEHJa MOXHO HCIOJIh30BaTh SKOHOMETPUYECKHE METOMABI, & B COCTOSHHUU
CIIy4alHOTO OJYXTaHWsS TPEABIYIIYI0 ILEHYy WM JK€ BOOOIIe OTKa3aThCS OT
nporao3upoBanus. OLIEHUM Ka4ecTBO MPOCTEHIIEro BapuaHTa TaKOro MPOTrHO3a.

PaccMOoTpuM 11€HOBBIE pPAABI AKLUHUKW BOCBMU KPYIHEWIIMX POCCUMCKUX
KOMIaHui. B Ka)KIoM U3 psioB BBIIEIMM YYacTKH Juisi KoTopeix I, <0.5, T.e.
YUYaCTKH T1ie HaOmonaercst TpeH . s KaKaoi TOUKM KaKJOro y4acTKa TOCTPOUM
MIPOTHO3, UCTIONB3YS JINHEHHYIO PErPECCHUIO0 10 YETHIPEM MPEABIIYITIM TOYKAM.

®opmMalbHO 3TO MOXKHO 3aIKCaTh CICAYIOIIHUM 00pa3oM:

[Ipu ., <05 X(t+D)=a(t+1)+b, rme xodpdumuentsr a u b
olLleHMBAIOTCS 1Mo Habopy Touek (t,X(t)), (t-1,X(t-1),(t-2,X(t-2)) u (t-3,X(t-3)).

ITpu r, > 0.5 mporHo3s He nenaercs.

Bribepem Temepp B KauecTBE KpUTEpHsS KadecTBa IPOTHO3a IHCIEPCHIO
OMMOKN TIPOrHO3a ¥ CpPaBHUM €€ C JUCIEepCHUEH I1IEHOBBIX NpPUPAIICHUH.

HOJIy‘{CHHBIe PE3YIbTAThI I KAXKIAOTO pAdad IMMPCACTABICHLI B Tab. 5:
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Tab. 5.

HAucnepcus S?(trend)/ S?
Jucnepcus OWUOKU NPOZHO3A

AKxuyus npupawieHuil yex Sﬁ S,f(trend)
PAO EDC 0,0020 0,0013 0,65
JIYKOWMJI 0,0020 0,0008 0,4
Pocresiekom 0,0031 0,0012 0,38
MocIHepro 0,0030 0,0033 11
CypryThedreras 0,0019 0,0015 0,79
TarHedTh 0,0025 0,0016 0,64
IOkoc 0,0386 0,0296 0,77
Céepbank 0,0021 0,0018 0,85

W3 Tabnuiupl BUAHO, YTO OUIMOKA MPOTrHO3a, MOCTPOEHHOTO MPOCTEHIINM
METOJIOM C YYETOM TEKYIIEro COCTOSHUS PsiJia, B OONBIIMHCTBE CIy4aeB MEHBIIIE,

YeM OIIMOKa CTaHIapTHOTO MPOTHO3A.

4.2. OueHKa pUCKa BJIOKeHUI B (PMHAHCOBbIE AKTUBBDI.

[locnie pabor MapkoBuila B KadyecTBe MEpbl PUCKA BIIOXKEHUH B aKIHUIO
(moprdenp) monroe BpeMs HCIIONB30BaJach OICHKA JUCIIEPCHU O0XKHUAAEMOTO
noxoja 1o akiuu (mopTdernto). DTOT METOA OKa3aJCsi OYCHb yJOOHBIM, TOCKOJIBKY
aUcHepcuio TmopTdesis MOXKHO BBIYUCIUTH AHAJUTUYECKH, €CIM HW3BECTHBI
JUCHIEPCUM KaXKJIOT0 aKTHBa M KOA(P(OUIHEHTHl KOPPEISUUU MEXKIY aKTUBAMHU.
[Ipu 3TOM 3aKOHBI paclpeeeHHs 0)KMIaeMOro J0X0/1a MOTYT OBITh Pa3IMYHBIMU
Uil pa3HbIX aKTUBOB. OJHAKO TMpakTUKa II0Kas3ajga, 4YTO OLEHKH pHCKa,
MOJIYYEHHbIE TAKUM 00pPa3oM, 4acTO HEIOOLICHUBAIOT WJIM MEPEOLEHUBAIOT PHUCK.
OTO CBSI3aHO C TEM, 4YTO pACHPENENICHHE O0XHMAAEMOro J0XOAa SBIACTCS
HECTALIMOHAPHBIM. €r0 JHCHEPCUS H3MEHSIETCS BO BPEMEHH B JOCTATOYHO
HIMPOKUX MpeIeIax.

CraHgapTHBIM METOJIOM OLEHKM pHUCKa TMO3WLIMU WM mnopTdens Ha
CErOHSIIHUN JI€Hb CUMTAETCS MWCIOJIb30BAHME KBAHTHIIBHBIX MEp PpHCKA.

Haubonee yacto ncnosib3yemoit Mmepoii sieisietcst Bennunna Value-at-Risk (VaR) —
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Mepa pucka akTuBa (MOpTQels) ¢ 3aJaHHOW JTOBEPUTEIBbHOW BEPOSTHOCTHIO.
VYTBepxkIeHHEe 0 TOM, 4To no3unus (moptdenb) UMEeT ONpeNeICHHOES 3HAYCHHE
VaR o3Hauvaer cnegymolee: B TeYeHHE NPOMEXyTKa BpemeHu t abcomroTHas
BeJIMYMHA YOBITKA 10 mo3unuu (moprdernto) He MOXKeT ObITh Ooibine, yeM VaR ¢
3aJJaHHOM JTOBEPUTEIBHON BepOsSTHOCTHIO P [7]. Mcnons3oBanue VaR B kauecTBe
MEphl pHUCKA CYIIECTBEHHO YCJIOXKHSAET pacyeThbl, MOCKOJbKY aHAJIUTUYECKOE
pelIeHre TakoW 3aJaud A7 [OPTQENst COMPSIKEHO CO 3HAYUTEIbHBIMU
TPYAHOCTSIMU JaKe JIJIsi MaJioro 4Kciia akTUBOB. PaccMOTpuM criocoObl, KOTOPbIMU
MO>XHO HaiTu VaR 117151 0T/IeTbHOTO aKTUBA.

s pacyeta VaR HeoOxonuma nHpopMaIust o MIOTHOCTH pacipeecHus
JI0XO0JI0B, KOTOpasi MOXKET ObITh HalJieHa MO M3BECTHOMY BPEMEHHOMY pPSIy LEH
aKTHUBA.

IIycts tl [0,t,;x] - MOMEHTHI BpeMeHHM UIi KOTOPHIX H3BECTHBI LCHBI
aKTHBa
P - 1eHa akTMBa B MOMEHT BpeMEHU L.
[lepeiineM OT psiga 1EH K psiIy JOXOAHOCTEH ¢ MTOMOIIBIO MPeoOpa3oBaHUs
R -

P
Pt'l ,rone LEt £t (53)
t

X =

Torpa 3nauenne VaR MoxeT ObITh BHIYMCICHO N0 BBIOOPKE CIIyYailHBIX BETUYMH

{X;} cnemyromumu cocobamu:
1) HenocpeactBenHo 1o Beidopke { X} .
Hnst aToro BeIOOpKY {X;} HE0OXOAMMO YMOPAIOYNTH MO BO3PACTAHUIO, MOCIE

4ero HaTM B ynopsnodeHHoud BbiOopke Homep K, cooTBeTcTByrommui

TOBEpUTELHOM BeposiTHOCTH P o popmyre

K =1+ [JEJIOE((1- P)(t_, - 1)) (54)
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Torma
VaR=| X | (55)

OT0T MCTOJ BBIYMCJIICHUA VaR sBnsgercs caMbIM IMPOCTHIM, OOHAKO PC3YyJIbTaT

BBIUMCIICHUH 6YJICT CHJIBHO 3aBUCCTBh OT IOJIMHBI U3BECTHOM HUCTOPHUH tmaXI/I OT

0COOEHHOCTEH KOHKPETHOM pealu3allii LIEHOBOTO psiga HU UcTopuu (0COOCHHO

IIPH MaJIbIX 3HAYCHUSX L, ).

2) Ilytem naeHTUUKAIIMHY 3aKOHA PACTIPEICIICHHSI CITyYaliHOM BeTHUUHBI X.

Has osroro mo BeIOOpKe {X;} HEOOXOOMMO WOCTPOUTH SMINPUYECKYIO

TUCTOTPAMMY paclpeiesieHUs CIydallHON BEIMUMHBI X U alpOKCUMUPOBATH 3TY
TUCTOTPAMMy KaKUM-TUOO aHAJIMTHYECKUM 3aKOHOM pachpenefeHus. TakuMm
obpa3om OyzaeH HaitneHa ¢opmysa miotHocTu pactpenaencaus P(X). Torma, mpu
3aIaHHOM JOBEpUTEILHON BeposiTHOCTH P, Benmmumna VaR MoxeT ObITh HalifieHa

AHAJIMTUYCCKHU WUIIN YHUCJIICHHO U3 YPABHCHUA

-VaR
1- P= op(X)dX (50)
¥

3) Ilyrem momenupoBanus MmetogoM MonTte-Kapiio.
B »ToM cnydae cHauvana, Kak M B TPEABIAYIIEM Cliydae HEOOXOJMMO HAWTH
aHAINTHYECKYyI0 (hopMyny IIOoTHOCTH pacupeneneHus p(X) mo Beidopke { X},
MOCJIE Yero MPOBECTH MHOTOKPATHOE MOJICIMPOBAHHME CIyYaliHOW BEIMYUHBI,
UCIOJB3Ysl TEHepaTop CIy4alHbIX uuced. Torma BeauwunHy VaR  MokHO
OIPEICIUTh 10 CMOJICIIMPOBAHHOMN BBIOOPKE.
Y4uThIBas TPYJAOEMKOCTh 3TOrO CIOC00a, €ro MMEET CMBICI MPUMEHATH B

Cllydae KOPOTKHX W3BECTHBIX BbIOOpOK {X;}. B aTom cimyuae omenka VaR 1o

CMOJICTTUPOBAHHOM BBIOOPKE OKa)xeTcs 00jIee TOUHOM, YeEM T10 UCXOTHON BBIOOPKE.

96



O4eBUAHO, YTO TOUHOCTH OLEHKH pHUCKa ¢ ToMolIsi0 VaR OyaeT BHICOKOHM TOJIBKO
B TPEANONIOKCHUU, YTO 3aKOH pachpeneieHus poxoanocted X(t) sBusercs
cTaruoHapHbiM. OJHAKO, €CM B PBIHOYHOM MEXaHU3ME, Pe3ylbTaToOM pabOThI
KOTOpPOTO SIBJISIIOTCS 1I€Hbl AKTUBOB, JNEUCTBUTEIBHO MEPUOAMYECKH BO3HUKAIOT
MOJIOKUTENIbHBIE M OTpHIATEeNIbHbIE OOpaTHbIE CBA3M, TO 3aKOH paclpeeieHus
MOXKET OKa3aThCsl CYHIECTBEHHO HECTAIIMOHAPHBIM BO BpeMeHHU. JlefCTBUTENBHO,
IpY OTPHIIATEIIBHOW 00paTHOW CBs3M (KOTOpas, Kak IMOKa3aHO paHee, JOJDKHA
NPUBOJUTE K (POPMHUPOBAHUIO (DIITOB) IUCTIEPCHS PACTIPEACICHUS JOXOMHOCTEH
J0JKHA OBbITh HEBEJNMKAa B CHJIY YBEJIWYEHUS CTAaOWIBHOCTH M YMEHBIICHUS
aMIUIUTYyApl KoneOanuil.  [lpu monoxutenbHONM OOpaTHOW CBSI3U AMCHEPCHS
pacupeneneHuss JI0XOAHOCTeM MOKeT ObITh OONBIIOW B CHIY YBEJIUYEHUS
HECTAaOWJIBHOCTH M aMIUIUTYyAbl KoJsiebanuit. IlompoOyeM mnoATBEpAUTH STU
MPEANOI0KEHNS SMIIUPUUYECKHU.

Bri6epeM BpemenHoit psn unnaekca Jloy-JI>xonca 3a nepuon ¢ 1.10.1929 no
1.03.2001. Ot0 oauH U3 caMbIX JUIMHHBIX BPEMEHHBIX PSJIOB, U3 UMEIOIIMXCS B
HaleM pacnopspkeHuu, cogepxkamuii 18183 touku. Kaxknas Touka COOTBETCTBYET
OJIHOMY TOPrOBOMY JIHIO U COAEPKUT HHGPOPMAIMIO O 3HAYCHHUSIX HHACKCA B
dbopmare sanoHckux cBeyeil. IIoCKONIbKY JaHHBIX MHOTO, OLEHKH MapaMeTpoB
pacnpeneneHuss JOXOJHOCTeH OyayT nocTaTouyHO HajaexkHbiMu. llepeiimem ot
HCXOJHOI'0 BPEMEHHOro psaa K  psaay jgoxoaHoctedr mo ¢dopmyne (53) u
paccuMTaeM mapaMeTpsl pacnpeneneHus u VaR nns 3HaueHus JOBEPUTENIbHOU
BepositHocT P=0.95. [Ipu pacuere VaR Oyaem mosib3oBaThcsi Hanbosee IpoCThIM

INCPBBIM MCTOAOM, IIOCKOJIBKY [JIMHA psAda BCJIMKA. HOJIy‘{I/IM CICAYIOIIHC

PE3yJIbTATHI.

CpenHee 3HaUCHHE 0.00027
CraHnapTHOE OTKJIOHEHHE 0.01141
Jucnepcust 0.00013
Okcuece 23.56
MusHumyMm -0.2261
Makcumym 0.1534
JlnvHA BRIOOpKH 18181
VAR mns P=0.95 0.01568
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Kak BuguM 1o mMOJYy4EeHHBIM pe3yJbTaTaM KoJieOaHUsl eXKeTHEBHBIX
noxoaHocTen uHuekca [loy-J[)KoHca 3a uccienyeMblid IEpUOJ, OXBATHIBAOIIUN
OoJibiie MoaoBUHBI XX BeKa, MPOUCXOAWIN B ITUPOKUX Tpeaenax: or —22 % g0 15
%. I[Ipu »ToMm, ucxoasa u3 BeauduHbl VaR, MOXXHO cKa3aTh, YTO MaJcHUE WHJEKCa
3a OfuH JeHb He npesbIimano 1.56 % B 95 % ciyyaes.

Pa3obremM Temneph MCXOAHYIO BBIOOPKY JTHEBHBIX JOXOJAHOCTEH Ha TPHU HE
MEepPeCceKaromuXcss BbIOOPKH, COOTBETCTBYIONIUX  PA3IUYHBIM  COCTOSIHHSM
HUCXOJIHOTO BpeMEHHOro psna. Jlmsa »3Toro cHayajga BBEJAEM OIpe/eeHue

COCTOSIHUA S.

10_ecnu_m(t)>0.5
S(t)={1_ecau_mt)<05_u_K ()>0 |, (57)
1.1 ecnu_mt)<05_ u_ K (t)<0

rje
m(t) - Tekymiee 3HaueHHE HHACKCAa (PaKTAIbHOCTH, PACCUYUTaHHOE MO 16-TH
MPEIIECTBYIONIUM TOYKAM,

K, (t) - koo dumeHT HaKIOHA JTHMHUU JTHHEHHOW PEerpecchH, pacCYMTAHHBIH 1O

16-Tu npeAlIecTBYIOMUM TOYKaAM.

Takum 00pa3oM, B COOTBETCTBUU C TNPEJCTABICHUSIMU O CBOWCTBAX HHJIEKCA
(bpakTanbHOCTH, U3JOKCHHBIMH B MPEIBIIYIIUX TJIaBaX MOXKHO CKa3aTh, YTO MpPHU
S(t)=0 ucxomublil psin HaXoaUTCs B cocTosiHuU (udTa, npu S(t)=1 ucxoaHbId psj
HAXOJUTCSI B COCTOSHHUM Majaromero Tpeuaa, a npu S(t)=-1 ucxomHslid psa

HaXO0OUTCA B COCTOAHUHU PpACTyIICIO TPCHAA.

Tenepp chopmupyem Tpu BeiOOpKH BenuumHbl X(1). Bwidopka {Xt}':Iat

Oyner
cojepkath ToNbko Takue 3HadeHus X(t), mas koropeix (t)=0. BriObopku
{Xt}Up—tIrenOI u { X;} Down_trend OyayT cojepkaTh TOJbKO Takue 3HadeHus X(t) mis

koTopbix S(t)=1 u §(t)=-1 cooTBeTCTBEHHO.
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PaccuuTtaem Teneps 3HaueHus napameTpoB pacnpenenaeHus u VAR pis xaxaon u3

BbIOOpOK. [Tomyunm:

Jst Be16opku { X} Flat .

Cpennee 3HaueHue 0.00023
CrangapTHOE OTKIOHEHHE 0.00988
Hucnepcust 0.0001
Okcuecc 13.56
Munumym -0.081
Makcumym 0.095
JliHa BBIOOpKH 11991
VAR nnsa P=0.95 0.01448

Jliist BEIOOpKHU {Xt}Up—tIrenOI :

CpenHee 3HaueHue 0.00066
CranmapTHOE OTKIIOHEHUE 0.001037
Hucnepcust 0.0001
Dkcuece 10.14
Munumym -0.084
Makcumym 0.1534
JlinHa BBIOOpKH 3351
VAR s P=0.95 0.0137

Jst Be1Oopku { X} Down_trend .

CpenHee 3HaueHue -0.0004
CrangapTHOE OTKJIOHEHUE 0.00172
Hucniepcust 0.00029
Okcrecc 20.5
MuHuMyMm -0.226
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Makcumym 0.148

JlinHa BBIOOpKH 2839

VAR mna P=0.95 0.0257

Kaxk BUIAHO W3 TIPHUBCIACHHBIX Ta6JII/II_I CTaTUCTUYCCKHUE CBOMCTBA pPAOIOB
IIOXOIIHOCTeﬁ CYIICCTBCHHO 3aBUCAT OT TCKYHICIO COCTOAHHUA UCXOIHOI'O psAaa. B
MNECPBYO OUYCpCAb 3TO OTHOCHUTCA K AUCIICPCHUAM W JHAIIA30HY KoJeOaHMI.
I[CﬁCTBHTeHBHO, AUCTICPCHA psAla B COCTOAHUU (1)J13Ta MCHbBIIC, YCM IUCIICPCUS B

COCTOSAHUAX TPCHOOB. KpOMC 9TOT0, OUYCBUIHO, CYHICCTBYCT CMCUICHUC CPCAHCTO

Up _trend

3HAYCHUS TOXOAHOCTEH B IONOKHUTENBHYIO 00JacTh g BEIOOpKH { X} u

B OTpHUIATENbHYIO 11 { X} Down_trend CpaBHenue 3naueHuit VaR s kaxaoil u3
BBIOOPOK CO 3HAUYEHHEM JJisi BCErO ps/ia IMOKa3bIBA€T, YTO MPOLEAYypa OLICHKU
pucka 0e3 yuera COCTOSHUS psilia MEepPeoleHUBAET PUCK i (JIITOB U PACTYIIUX
TPEHJOB U HEJIOOLIEHMBAeT JUIs MajJaliiux TpeHaoB. Takum oOpazom,
HCIIOJIb30BaHUE JOKAIBHOTO (PPaKTaIBbHOIO aHAJIM3a MO3BOJSET CcHeaTh OLEHKY

pHUCKa BIIOXKEHHUI B (PMHAHCOBBIE AKTUBBI 00JIEE TOUHOM.
4.3. daykryauun (ppakTajabHONA CTPYKTYPHI M IBOJIIONNSI BpEMEHHOI0 psjia

JleficTBUE CUCTEMHBIX MEXaHU3MOB, (popMUpPYIOMIKUX HAOJI01aeMble BPEMEHHbIE
psizibl (B 4aCTHOCTH, MEXaHU3Ma il (PUHAHCOBBIX BPEMEHHBIX PSIOB, OITMCAHHOTO
B 3.2) JODKHO MPHUBOAMTH K (QIIYKTyarusiM (ppakTaibHOW CTPYKTYpBI psiia. DTH
(bayKTyaluu BBIPA)KAOTCS B OTKJIIOHEHUHW BHUA JIOT-JIOT IHAarpaMMbl 3aBUCUMOCTH

V,(d) or mnpsmoit. Ilpudyem Takue OTKIOHEHHs JOJKHBI IPEAIIECTBOBATH

U3MCHCHUIO MAKPOCOCTOAHUSA BPCMCHHOI'O psaa. OcHoBoi1 I 3TOIr0 ABJISACTCA

HaJIMYUC CTCIICHHOI'O 3aKOHa AJIA (1)YHKI_II/II/I Vf (d), BBIITOJIHATOICTOCA B IIMPOKOM

AUaI1a30HC MacITa0oB. I[JIH TCOPCTUICCKOTO 00OCHOBAaHHSI ITOrO 3(1)(1)CKT3

paznenum ¢yHKuuio V, (d), Ha JIUHY OTpe3Ka N, IO KOTOPOMY OHA BBIUUCIICHA U

BBCACM IIOHATHUC cpenHeﬁ O)KPIII&@MOﬁ AMIUIATYAbI 110 Q)OpMlee:
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<Ad)>°V:(d)/n (58)
[Tockoawsky d ~1/n, To
< Ad)>~V;(d)d ~d¥™med"m, (59)
rone H,=1- .
[Moctpoum rpadux 3aBucumoct < A(d)> (cMm. puc.24) i pasHbIX
3Hauenudt M (H,,):

< A(d) =

2
- H, >0.5(u<05)
18 H, =05(u=0.5)

,=05(u=0.

144
- H, <0.5(z>0.5)

1 .
0.8 - LT

'.'- /J_’
064 .~ -
1‘l ,"_’
044 47
-/ (2)

024/,

D : T T T T

0 1 5

Puc.24. 3asucumocme < A(d) > ons epemennoco psoa npu paziuunvix 3HAYeHUll
nm (H,): cmiownas aunus coomeemcmeyem UMEHEHUI) AMAAUMYObL  OJls

OPOYHOBCKO20 OBUIICEHUs, NYHKMUPHASL U WMPUX NYHKMUPHAS - Ol MPeHoo8 U
G3mo8, cOOmMeemcmeeHHo.

HpCIIHOJIO)KI/IM, TCIICPb, YTO BpCMCHHOﬁ pAaad HaxXxoOuTCss B COCTOAHUH

ciydaiiHoro Onyxganusi. B atom ciydae, kak wu3BectHo, D =15 (m=0.5).
[Tostomy 3aBucumocth < A(d)> omuchIBaeTCs CIUIOMIHOW JTUHUEH Ha puc.24.

[IpenmonoxuM, 4To B CHCTeMe Mpousomen (a3oBbIi Nepexon, B pe3yibTaTe
KOTOPOTO BPEMEHHOW psiji MEPEXOJUT B COCTOSHHE TPEHIA. DTO 03HAYAET, UTO
yepe3 HeKoTopoe BpeMs (T.e. st Ooubiiux d ) aMIuiuTyia KojaeOaHuil yBeTHIUTCS
(ctpenka (1) Ha puc.24). OgHaKko, KaKk BUIHO U3 TpadUKOB, MEPEXO] BPEMEHHOTO
psiia B HOBOE COCTOSIHUE BBI30OBET OJHOBPEMEHHOC YMEHBIICHUE AaMILIUTYIbI

KoyebaHuii Ha Majblx Maciirtabax (crpenka (2) Ha puc.24). Takum 00paszom,
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yBEJIMUEHUE  KPYMHOMACIITaOHBIX  (IyKTyaluii  BeleT K  IOJABICHUIO
MEJKOMacTaOHbIX (QIIyKTyalui u Ha000POT.

PaccMoTpuM Teneph JOKalbHYIO (paKTalbHYIO CTPYKTYpY C OSTOM TOYKHU
3peHus 6oJiee moapoOHo.

Kak moka3pIiBaeT aHaim3 BHA4 JIOT-JIOT JuarpamMm 3aBUCHUMOCTH Vf (d),

pacCUMTaHHbIX 1O 32-M TOYKaM psja, UJeaIbHOE COOTBETCTBUE TOYEK
TEOPETUUYECKOMN MPSMOM BCTpeyaeTcsl JOCTATOYHO peaKo. B OonbIIMHCTBE Ciiyyaen
JEHUCTBUTENIBHO UMEIOTCS OTKJIOHEHHS TOUYEK B Ty WJIM UHYIO CTOpoHY. [Ipu Gomnee
JETAJIbHOM HCCIIEIOBAaHUU ObLIO 0OHApPYKEHO, YTO HanboJiee YacTo BCTPEUAIOTCS
JIBa TUIA OTKJIOHEHHH, MpeacTaBiIeHHble Ha puc. 25-26. Bua aquarpaMMbl Ha puc
26 o3HayaeT, 4TO HOPMHUPOBAHHBIE Ha d aMIUTUTYJbl KOJI€OAHUM Ha MaJlbIX
MacmTabax MEHbIIE, YeM aHAJIOTMYHO HOPMHPOBAHHBIE aMIUIMTY/bl Ha OOJBIINX

MmacmTabax. Ha puc. 26 npeacraBiena oOpaTHasi CUTyalusl.

450 V09

4.00 -
350 - el

3.00 - T

250 -

2.00 + -

15':' T T T T T T T
- 0.e0 100 150 200 2E0 0 300 350 400
In &

Puc. 25.
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g.00 ¥ (5)

380 4

360 4 "+

3.40 A .

3.20 A

3.00 A ».

2.80 -

260 - PO

2.40 - e

2.20 4

2.00 . . . . . . S
- 0.50 1.00 150 200 250 300 350  4.00

Ino___ |

Puc. 26.

Bo3nukHOBeHHE TOAOOHBIX CHUTYyallMid C TOYKW 3pPEHUS MPEI0KEHHOTO
MeXaHHW3Ma IIeHOOOpa3oBaHUs JOJPKHO TPHUBOJMTH B TIEPBOM Ciydae K
YBEJIUYCHUIO 4Yepe3 HEKOTOpPOoe BpeMs aMIUIUTYAbl KOJeOaHWW Ha OOJIBIINX
MacmTabax ¥ BO3HUKHOBEHHIO TPEH/A, a BO BTOPOM cllyyae, HaoOOpOT, K HX
YMEHBIIICHUIO W BO3HUKHOBEHHUIO (GidTa. JIJIsi IeMOHCTpAIlMu TaKoro MOBEACHUS
BBEJIEM CJICAYIOIINE BETUYNHBI:

m - WHAEKC (paKTaJIbHOCTH, PACCUMTAHHBIA MO TOYKaM, COOTBETCTBYIOIIUM
MaJibIM U cpeHuM MaciinTabam (d =1,2,4)
m, - HHJIEKC (PpaKkTaaIbHOCTH, pACCYMTAHHBIN MO0 TOYKAM, COOTBETCTBYIOIIMM

cpeaHuM | OoubiiM MaciTadam (d =816,32)

Dm=m - m, (60)

I'paduueckas Moaenp TaKUX pacyeToB MpeACTaBiIeHa Ha puc. 27.
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38 0 V(8

-+

35 ]
3.4
32

5] fE@ =y
28
25

24 4
22 tge =iy

Puc. 27.

3ameTuMm, 4To AJisl ciayyas puc. 25 D <0, a Ay ciayyas puc. 26 D >0

IToctpoum smnupuueckue 3aBucumoctu dA,, = f(Dm) u dm,, = f(Dm), rae

dA32 = In(A+32) - In(A) (61),

dms,z =My - M (62)’
rac

A - aMIUIUTYJa KosieOaHMii BpEMEHHOTO psifia Ha TeKYIleM OTpe3ke B 32 JIHA,
A., - aMIUIUTyJa KojeOaHWM BpPEeMEHHOro psija Ha CIEAYIOIIeM OTpe3Ke

BPCMCHHOTO PALd HCIICPCCCKAIOMIEMCS C TCKYITUM.

M,a - 3HA4YCHHUC HHJICKCA @paKTaJIBHOCTI/I Ha CcJacayromem OTpE3KEe, HCE

MEePeCCKaromICMCia ¢ TCKYIINUM.

m - 3Ha4€HHUE UHJEKca (PPAKTAIBHOCTU HA TEKYIIEM OTPE3KE.
Jliist aTOro paccunrtaeM 3HaueHus dA,,, dm, ¥ Dm I KaKI0ro 32-X JHEBHOTO

OTpPC3Ka HCXOAHOTO psdaga, MTOCJIC HYCro HAHCCEM TIIOJIYUYCHHBIC TOYKH Ha

AUarpamMmbl, TJIe 10 OCH X OTJIOXUM 3HadeHue Dm, a mo ocu Y 3HadeHus dA, u
dm,. TunuyHelii BUA TakuX JAuarpaMM IMpeicTaBieH Ha puc. 28-29 nusa

BPEMEHHOI0 psijia IieH akuuii komnanuu Alcoa Inc.
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y=-16276x%- 00493

04 -0z 1] oz 04
f’—\l’iz‘

Puc. 28

Puc. 29

W3 Bu1a MONMy4YEHHBIX AUArpaMM B MIEPBOM MPHUOJIMKEHUU MOKHO 3aMHCaTh!

dA,, ~-aDbm, (63)

dm,, ~ bDm, (64)

rae au b HCKOTOPbIC KOHCTAHTEI.
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W, ucnons3ys (61) u (62), noayuum:

In(A.z) ~In(A) - abm, (65)

M.z ~ M +bDm . (66)

Takum  oOpa3oM, (HUHAHCOBBIE  BpPEMEHHbIE  pANbl  JIEUCTBUTEIHHO
JEMOHCTPUPYIOT NOBEIEHUE, ONMCAHHOE B NPEMJIOKEHHON BBILIE MOJEIH, MHPH
KOTOpOM (IyKTyallMu (PpaKkTaJIbHOW CTPYKTYPhl MPUBOIAT K U3MEHEHHUIO THIA
MTOBEICHUS pana. JIelCTBUTENBHO, pu Dr>0 (MHTEHCUBHOCTD
MEJIKOMACIITA0OHBIX KOJICOAHUH OOJIbllle WHTCHCUBHOCTH KPYIMHOMACIITAOHBIX)
aMIUIUTyJa OyaylMX KpymHOMAacHITaOHBIX KoJeOaHMW TMajaeT a HHIEKC
(bpakTadbHOCTH Ha CIENYIOLEM Yy4yacTKe psja YBEIWYUBAeTCs, T.€. Pl
CTPEMUTHCS IEPEUTH K aHTUNIEPCUCUTEHTHOMY NoBe/ieHus uinu ¢Gaaty. [lpu Dr <0
B CPEHEM aMIUTUTYy1a OyayIIUX KPYyMHOMACIITaOHbIX KOJIeOAHUM yBETUUMBACTCS
a MHAEKC (PPaKTAIBHOCTH HA CIEIYIOLIEM YYacTKe psja CHUXKAeTCs, T.€. Psij

CTPCMUTHCA HepeﬁTI/I K MMICPCUCUTCHTHOMY IMOBCACHUA UJIH TPCHAOY.

4.4. JlokanbHblili (QpakTadbHBI aHAJIUW3 MW KPUTHYECKOe TOBeJeHHe

BPEMEHHBIX PS/I0B.

Bo MHOrux 00JIacTAX HAyKU M3YYCHHIO TaK HA3bIBAEMBIX KPUTHUYCCKUX HIIH
OKCTPEMAaJIbHBIX COOBITHH IMPHAAETCAs OCOOCHHAs BaXHOCTh. B mepByro ouepenb
3TO OTHOCHTCS K IPHPOJHBIM KaTakin3MmaM (3eMJICTPSACEHHUs, yparaHsbl, I[yHaMH,
HABOJHEHUS M T.JI.) M TEXHOTEHHbIM KaracTtpodaMm (B3pBIBbI, aBapuM Ha
TPAaHCIIOPTE, 3arps3HCHUE OKPYKAIOMICH Cpelbl, TEXHOTCHHOE W3MCHCHHE
KiruMara). OJHAKO KPUTHUYECKOE IOBEJACHUE XapaKTepHO JUisi ropasno Oolee
IIMPOKOr0 KJacca CHCTEM, KOTOPbIE B COBPEMEHHOW JIUTEPAType MPHHITO
Ha3bIBaTh CIOXKHBIMH (COmplexity systems). Bo03MOXXHOCTb KPUTHYECKOTO
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noBeJeHUs B (MHAHCAX B CBSA3M C IIMPOKHUM pacmpoctpaneHnemM EMH momroe
BpeMsl HE pacCMaTpHBAIOCh, a HAOJIOJacMble KPU3KUChI M (PUHAHCOBBIC KpaxXu
CUHTAIHNCh CTATHCTUYCCKUMHU apTedakTaMud M OOBACHAINCH PEIKHM COUYCTaHHEM
BHEIIHUX NpuurH. OJHAKO MPUMEHEHHUE HEKOTOPBIMHU HMCCJICIOBATCIIIMH HJICH
TCOPUHU TUHAMHUYECKOIO Xaoca K MOBEJACHHUIO PHIHOYHBIX areHTOB I0Ka3ajo, YTO
HECTaOMIBHOCTh (DMHAHCOBBIX PBIHKOB MOYET OBITh BbI3BaHA BHYTPEHHHUMH
PUYUHAMH, CBSI3aHHBIMH C KOOIICPATHBHBIM MTOBEJICHUEM YYaCTHUKOB PhIHKA (CM.
Hanpumep [22], [27]).

C mpaKkTHYECKON TOYKH 3PEHHs TPEHIEPOB MHTEPECYET TaKOe MOBEICHHUE IICH,
KOTOPOE MOJKET MPUBECTH K PE3KHMM HM3MEHEHHSIM CTOMMOCTH HHBECTHI[HOHHOIO
noptdens. OOBIYHO MO KPUTHUIESCKUM MOBEACHUE B (PMHAHCAX MOHUMAIOT PE3KOE
najicHHue CTOMMOCTH OOJIBIIMHCTBA IICHHBIX Oymar. OJHAKO MOXHO BBIICIUTH U
JApyrue He MEHE Ba)KHbIC THITbI KPUTHYCCKOTO MmoBeacHHUs. Hanbonee BaXKHBIMHU
NPEICTABISAIOTCS JBa THIA TAaKOro MHoBeaeHus. IIepBblii — OBICTPOE W CHIIBHOE
HW3MEHEHHE AaMIUIMTYAbl KoJeOaHWH IeH Ha OOJbIIMX Maciutadax. ITOT THII
MOBEJICHUS COOTBETCTBYET IMEPEXOAYy pbiHKAa M3 (idTa B TpeHA. Bropoi Twum
KPUTHYECKOI'O IIOBEJCHUS — pe3Koe H3MCHEHHE HampaBlieHUs TpeHaa. B
OOJIBIIMHCTBE CJIy4aeB Ha PhIHKE M3MCHCHHC HAIMpPaBJICHHS TPEHAA MPOUCXOIUT
yepe3 NPOMEKYTOUHYIO cTaauio ¢udTa. ITO JAaeT ydyaCTHHKAM pPbIHKA BpeMs Ha
aHalM3 ¥ MpUHATHE pereHui. OIHAaKO, B HEKOTOPBIX CUTYAIHMIX MPOMEKYTOIHAS
CTaaus OTCYTCTBYeT. I'paduyeckue mpuMepbl O0OMX THUIIOB KPHUTHYCCKOTO

MOBEeICHUsI TIpeicTaBieHbl Ha puc. 30

1 BN REATI4SCR0 S 732 ol.o IH"' TR T Y

N 3* e
: J"‘wh'-!?ff_'f‘-* SR

—
¢ EEAT IBChom 120044 5 FEIEDT THH

BEEE-N-5 -5 T RN R R R O SO

AR TR S

Puc. 30
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I[JISI onpcaAciacHuss MOMCHTOB KPUTHYCCKOI'O TIIOBCACHUA IICPBOIO THIIA

BOCIIOJIb3YEMCS BEJIMYUHOW

dA =In(A 1A ) (67)

rne

A — ammmTyna IIEHOBBIX  KojeOaHui 3a mociaegHue 32  TOYKH
Ai.3>- aMIITUTy/1a IICHOBBIX KOJICOaHW Ha MEPBOM IPEIBIIYIEM OTpe3Ke, IITHHON
32 TOYKH, HE NepeceKaroneMcs C TEKYIIHM.
Ora BelMYMHA HMMEET pachpenereHue, ONM3Koe K HOPMAJbHOMY, CO CPEIHHM
paBHbiM O m HekoTopoil aucnepcueil. IlocKonbKy Hac WHTEPECYIOT CHIIBHBIC
U3MEHCHHS aMIUTUTY/bI (T.€. MpaBblid Kpail 3TOro pacrpeaeicHus) OyJIeM HCKaTh
MOMEHTHI BpEMEHH, /I KOTOPBIX 3HaueHWe dA mpeBbimarT 9-i Jernuib
pacnpeeneHusl.

Torna mepBbIM THIIOM KPUTHYECKOTO TIOBEJCHHUS IICH SIBIISCTCS TOSBICHUE
BenuuuHbl  dA Oosbliero yem HekoTopoe uucio C paBHoe 9-my aenuito
pactupenenenuss dA. [l OGonbImHCTBa (UHAHCOBBIX PSATOB TaKOE IOBEACHHE
COOTBETCTBYET YBEIIMYCHHUIO aMIUTHTYAbI KoJeOaHul 1ieH mpuMepHo B 2,5 — 3 pasza
3a Bpems 10-30 nueii. HMccnenyem BpeMEHHOM psii JAHEBHBIX H3MEHEHUU
OCHOBHOTO aMmepukaHckoro muaekca S& P500 3a nepuoa ¢ 1994 no 2004 rox. 3a
ATO BpeMsi Ha rpaduKke STOro BPEMEHHOTO psijaa oOHapykeHo 28 cuTyanui
KPUTHYECKOTO TOBEACHHUSA TepBOTO TUma. MccrmegyeM XapakTepUCTHKU psaa B
MOMEHT HETIOCPEJCTBEHHO MPEAIICSCTBYIONINI Hadaly KPUTHUYECKOTO MOBEICHUS.

Jlns ananu3a ObUTH BeIOpaHbl 3 XapakTepuctuku: dA, m u Dm Oxka3zanocsk, nepen
HAYaJIOM KpPUTHYECKOTO TIOBEJCHHS BBIODAaHHBIC BEIWYUHBI HAXOIATCS B
JAOCTAaTOYHO y3KHX JauanazoHax. Hampumep, 3Ha4eHHE | OKa3ajloCch B JHAINa30HE
0.55 — 0.65 (1.e. psin HaxogUTCS B cOCTOsSHUM (dTa), a 3HaYeHue Dm ObUIO

MEHbLIE HyJs, T.e. HaOmojanach (iaykTyauus ¢GpakTaabHOM CTPYKTYphI psla,

coorBeTcTBytomas puc. 20. Jlamee ObUT MOCTPOEH MPEAUKTOP MO MPABHILY: €CIU
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3HAYCHHs] BBIOPAHHBIX IAPaMETPOB TIPEBBIIIAIOT HEKOTOPHIE KPUTHUYECKUE
3HAYCHUS, TO OOBSBIACTCS TpeBora (MOXHO OXHIATh Hadyajla YBEIUYCHHS
aMIUTUTY/ABl KoJjieOanuit). [IpoBepka TpPEIUKTOpa HA WCTOPUHM IPOBOJIUIACH
CICAYIOMKUM 00pa3oM: eciu B TeueHue 32 JIHEW mocie OOBSBICHHH TPEBOTH
MIPOUCXOAMIIO KPUTUUECKOE YBEITMUCHNE aMILTUTYAbI KoieOaHui psiia, TO MPOTHO3
CUMTAJICSl YCIEIIHbIM, €CII OKUJAEMOI0 COOBITUS HE MPOUCXOAMWIO, TO TpeBora
cuntanack JokHOH. Ilpm mpoBepke TakOoro TmMpPEAUKTOpAa WHTEPECHBI JIBE
XapaKTEePUCTUKH
D - monst mpencka3aHHBIX KPHU3UCOB (KOJIMYECTBO MPEICKA3aHHBIX K OOLIEMY
KOJIMYECTBY CITyYUBIIUAXCS)
L — KOTMYECTBO JTOKHBIX TPEBOT HA OJIHY YCIEIIHYIO.
[TyreM mogbopa KpUTHUECKHX 3HAUYEHUW MapaMeTpOB YAAIOCh MOJYYUTH
cinenytone nokazatenu: D=1 u L=1. T.e. ObUIM MpPaBUIBLHO MpPEJCKA3aHbI BCE
MOMEHTHI Hayajlia KPUTHYECKOTO TIOBEICHUs TMEPBOrO THIMA W Ha KaXKIYIO
YCIICIIHYIO TPEBOT'Y MPHUIIACh OJHA JIOKHass. OTMETHUM, YTO MOCJEe OOBSABICHUS
JIOKHBIX TPEBOT YBEIUYCHHE aMIUTHTYABI BCE YK€ MIPOUCXOAMUIIO, HO HE TPEBHIIIATIO
KPUTHYECKOTO 3HAYCHHS.

AHanornyHbIM  cmocoOOM  OBIIM  WCCIICIOBAaHBI ~ MOMEHTHI ~ Hadyasa
KPUTHYECKOTO TIOBEIEHUs BTOporo Twma. I[lpm 3TOM oOKaszamoch, 4TO TeEpen

HaYyaJIOM TaKOro MOBEJICHUs 3HAUeHHe M mnajaeT Huxke 3HaueHus 0.45, a 3HaueHue
Dm cTaHOBUTCA OOJbIIEe HYINs, T.e. HaOmomaroTcs (GayKTyauuu (pakTaabHON

CTPYKTYPHI psijia, TOKa3aHHbIE HA PUCYHKE 26.

Taxkum oOpa3om, 3HaHHE YUCIECHHBIX 3HAUYCHUH (DpaKTaTbHBIX MOKa3aTeei
psiia MOKET OBITh UCIIOJIB30BAHO JIJIsl MPOTHO3UPOBAHUS JTAIbHEHUIIIETO MOBEACHUS
BPEMEHHBIX PsA0B. B dMHaHCaX Takue MPOTHO3BI MOTYT OBITh MUCIOJI30BaHBI KaK
IUIL TOPrOBIM, TakK W MJIS KOPPEKTHOW OIIEHKM PHUCKOB B MOMEHTHI BPEMEHH,

npeamcCTBYIOUINC BO3HHUKHOBCHHIO KPpUTHUYCCKOTO IIOBCACHMA.
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5. 3akiar4denue.

[lonBenem oOCHOBHBIE HUTOTHM pabOTHL. [ ogHOMEpPHON (pakKTanbHOU
¢yukuuu f (t) Ha ocHoBe ammuTyaHoi Bapuarmu V; (d) (26) BBemeHbl HOBBIC
dpakTanbpHBIC TOKa3aTeNM: WHACKC (QpaktanbHOocTH 1T (28) M pa3MepHOCTH

MUHHMAaJIbHOTO TOKpeITUS D, (29), TecHo cBsizanHas ¢ wuHAeKcoM IT. Kak
npenensHoe 3Hauenue npu d ® 0, D,, coBmamaer ¢ 0OBIYHON (pakTanbHON

PasMECPHOCTBIO D. OJIHaKO o CpaBHCHUIO C JOPYI'UMH HU3BCCTHBIMU
@paKTaJIBHBIMI/I IMOKa3aTC/sIMU  AJITOPUTM  BBIYUCIICHHA Dm (I/I COOTBCTCTBCHHO
HHACKCA rT) HMCECT 6BICTpBII>i BBIXO/J Ha CTCIEHHOM aCUMNOTOTUYCCKUI PEXKUM IJIA

D. YUuncneHusle pPacdCThl, BBIIIOJHCHHBLIC IJIsI ICHOBBLIX PAI0B aKI_II/Iﬁ KOMHaHI/If/'I,
BXOJAIIMX B MHACKC I[OY-I[)KOHC&, I1oKasaJi, 4To pereBeHTaTHBHBIﬁ MaCH_ITa6,

HeO6XOHHMBIﬁ JJI1 OIIpEACICHU UHACKCa IT C HpI/IeMHCMOﬁ TOYHOCTBIO, HAa JBa

nmopsaakKka MCHbIIC, YCM, HAIIPUMCED, COOTBeTCTBYIOH_II/II‘/JI MaciiTad IJIA OIIPCACIICHHA

nokasarenss Xepcrta H. DTo mo3BoisieT paccMaTpuBaTh MHJEKC I B KayecTBE

JJOKAJIBHOT'O @paKTaHBHOFO ITI0Ka3aTCJIA. HO3TOMy Ui Kaxxkagoro MomeHTa

BpEMEHHOIr0 psiga BBeneHa (yHkiws IT(t) kKak 3Ha4YeHHWE [T, BBIUMCIICHHOC Ha
MUHUMAJILHOM, TipefiiecTBytomeM t untepsaie t ,,. OO0CHOBaH TEOPETUYECKU U

HNOATBEPKJIEH YHCICHHO HAa OCHOBE JIOCTaTOYHO OOJBIIOTO KOJIWYECTBA
OMIUPUYECKUX JaHHBIX TOT (DAaKT, YTO WHIEKC [T SBISETCS TOKa3aTeleM
CTaOMILHOCTH BPEMEHHOTO psifa. UeM Oouibllie 3HAaYeHHE IT, TeM CTaOuIIbHEE PSI.
[Tpu sTtom cimydaii m<0.5 MokeT OBITh MHTEPIPETUPOBAH KaK TPEHI, a clydau
n>0.5 - kak ¢aa1. Ciyyait ke I » 0.5 cooTBETCTBYET OPOYHOBCKOMY JIBUKEHHUIO.
DT0 MO3BOJISIET ¢ MOMOIIBI0 QyHKIMU M (f) mpOTeCTUPOBATh UCXOHBIC IICHOBBIC

pSABL ¢ TeM, 4TOOBI BBIICNIUTh B HUX OPOYHOBCKYIO KOMIOHeHTY. Kak oka3aiock
ee nons coctaBisier meHee 30%. [lonydeHHBIN pe3ynbTaT JaeT OLEHKY CTENeHU
o0ocHoBanHocTh EMH. Amnanormunyio mpouenypy TECTUPOBAHUS MOXHO

INPpUMCHUTL U K PaA3JIMIHBIM O606H_ICHI/I$IM MOICIN 6pOYHOBCKOI‘O JABHXKCHMUA,
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KOTOpBIC COCTOST B OTKa3e JIMOO OT YCJIOBHS HE3aBHCHMOCTH TPHUPAIICHUN
(Bropoit moctynar), auMO0 OT HOPMAJIBHOCTH HX pachpeaeiacHuil (IepBbIii
nocrysar). B mepBoM ciydae mosdydaeM MpOIECChl ¢ MaMSThIO WM, B YaCTHOCTH,
00001IcHHOEe OpOYHOBCKOE BIKeHHE. Bo BropoM — nBmwkenue Jlesu (Levy
motion), wumeromiee OECKOHEUHYIO JIUCHEPCUI0 cMelieHus. OYeBHIHO, 4YTO C

IIOMOIIBIO (1)YHKI_II/II/I rr(t) MOXHO ITPOBCCTHU TCCTHPOBAHUC BPCMCHHLIX PSAOOB Ha

MPEAMET BBISBICHUS U TAKUX KOMIIOHEHT.

Bo3M0XXHOCTH UCTIONB30BaHUS Pa3paO0TaHHOTO JIOKAIBHOTO (PpaKTaIbHOTO
aHAJIM3a MPOJAEMOHCTPUPOBAHBI HA TPEX 3a/a4ax O MPOTHO3UPOBAHUN BPEMEHHBIX
PAIOB, UMEIOMIMX BAXKHOE IMPAKTHYECKOE 3HAYCHHUE: MPOTHO3UPOBAHUE 3HAYCHUU
BPEMEHHOI'O psAJa, OINPEACICHUE KBAHTWIBHBIX MEp pPHUCKAa BJIOXECHUU B
(bUHAHCOBBIE AKTHBHI M OIICHKA BEPOSTHOCTH BO3HUKHOBEHUSI KPUTHUUYECKOTO
MOBEJCHUS BPEMEHHOTO PAJA.

OnHako MOCTPOEHHBIN B paboTe (hpaKkTadbHBIN aHATN3 UMEET ropasio 0osee
IIUPOKYI0 00JacTh mpuMeHuMoctH. [Ipu 3ToM 0co0o0 37aech cienyer cka3aTb O
TEXHUUYECKOM aHalin3e. /€10 B TOM, YTO MCXOQHOE IOJIOXKEHUE ATON JUCIUIIINHBI
O CYIIECTBOBAHUM CKpPBITOH 3aKOHOMEpPHOCTU B IieHOBOM psige B 80-x IT.
MPOLLJIOr0 BEKa IMOJYYWIO HEOXKUIAHHYH) TOIJIEPKKY CO CTOPOHBI TEOpHUU
JVHAMUYECKOT0 Xaoca. B cOOTBETCTBUHU € 3TOU TEOpUEH BPEMEHHOM P, KOTOPBIN
BHEIIHE BBINVISAAT KaK peajv3alus CIy4alhHOTO TMPOLIECCA BIIOJHE MOXKET
0Ka3aThCsl MOPOKAECHHBIM HEJIMHEWHON TUHAMUYECKON CUCTEMOU. Takue CUCTEMBI
O0OBIYHO IBOJIFOIIMOHUPYIOT B CTPAHHBIN aTTPAKTOP, KOTOPBIN UMEET (hpaKkTaIbHYIO
CTpYKTYypy. M XOTS mOM00HBIE CHUCTEMBI SIBIAIOTCS KpailHE HEYCTOWYUBBIMU
OTHOCHUTEJIbHO HAYaJIbHBIX YCIIOBUI, OHU BCE K€ UMEIOT OINPEAECIEHHBIN TOPU3OHT
MPEACKa3yeMOCTH, B MpeJesiax KOTOPOTO JJs1 HHUX BO3MOXKHO IIOCTPOCHUE
nporuo3a. CooTBETCTBYIOIIas IMpoleaypa OCHOBaHa Ha Teopeme Takenca [85],
KOTOpasi YTBEPXKIAET, YTO €CIM BPEMEHHOW PAJ MOPOKAACTCS IUHAMHUYECKOMU
cUCTeMOH (T.e. ero 3HaYeHHUs SABIAAIOTCS (YHKIIUCH COCTOSHHS CHCTEMBI), TO

3HAYCHUA OTOro piaga B MOMCHT t ONPCACIAAIOTCA HCKOTOPBIM  YHCJIIOM
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HUCTOPUYCCKUX  HAHHBIX 9TOr0 psaa N, pa3aciICHHbIX (1)I/IKCI/IpOBaHHBIM

MHTEpBAJIOM. [[pyrumu ciioBamu

f(t)=F(f(t-12)..f(t- n) (68)

[Tpu 3TOM YKCIIO N MPUMEPHO PaBHO 3PPEKTUBHOMY YUCITY CTEIEHEH CBOOOIBI
UCXOJHOW CHCTEMBI, KOTOPOE€ OJHO3HAYHO CBSI3aHO C  Pa3MEPHOCTHIO
COOTBETCTBYMOIIEro arrpakropa D. Takas pa3MepHOCTh OOBIYHO ONpEACISCTCS
a100 TyTeM pa30MEeHHsI UCXOIHOTO JIATOBOTO MPOCTPaHCTBa Ha KyObl (MeTos bOX-
counting), MO0 ¢ TMOMOIIBIO KCIOJB30BAHUS KOPPEIAIMOHHOIO HHTErpasa
(anroput™m I'pacccoeprepa-Ilpokadun [45]). [Ipu 3TOM yCTOWYMBOCTH alrOpUTMa
BerunciicHUs: D urpaer 3mech ompenesolniee 3HaueHUe. [10CKOIbKY Mpoueaypa

OIlpeseNIeHUs] HAeKca m U paszMepHoctd D_0e3 Tpyama oboOmiatoTcst Ha ciydai

byHKIME N-iepeMeHHbIX  [36], TO OYEBHAHO, YTO HCIOJL30BAaHHUE JTHX
nokaszarteseil NIl ONpENEeNICHUsT pa3MEpHOCTH arTpakropa D OymeT Takum xe
3¢ HEeKTUBHBIM.

B nomosHeHWEe K CKa3aHHOMY CJIEIyeT OTMETUTh, YTO IOCTPOCHHBIN
JIOKaJIbHBIN (PpaKTaJIbHBIA aHAJIN3 MOXKHO C YCIIEXOM HCIOJIb30BaTh, HAIPHMED,
I TIporHOo3a 3emuterpsicenuii [88], nmemudeckux 3adoneBanuii [72] u T.1. UTo
Ke Kacaercs (pakTaJpHOrO aHaliW3a MHOTOMEPHBIX (QYHKIHMA, TO OH, Kak
U3BECTHO, HMMEET IIUPOKOE TPUMEHCHHE B TaKMX OO0JIACTSIX Kak TeopHs
pacrio3HaBaHus 00pa3oB [31], Teopus cxkaTus n3oopaxenwuii [4] u T.1.

KpoMe Toro, Ha OCHOBE MpPEACTABICHHOTO aHajiM3a B OOIIEM CiIydae MOXKHO

MOJIy4UTh 0OJIee aIeKBaTHOE BBIPAXKCHHE JJIs MYJbTH(PAKTAIbHOTO crekTpa [8],

[35].
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