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SKOHO®U3UKA U AHAJIN3
OUHAHCOBBIX BPEMEHHBIX PAOB

Hapsiny ¢ kpaTkoit uctopueii GUHAHCOBOM MaTeMaTHKUA U 0030pOM SKOHO(GH3HKHU B
pabore moxpoOHO m3naraercs (QppakTaabHBIH aHANU3 (UHAHCOBBIX BPEMEHHBIX PSIOB.
Ha ocHOBe MUHMMaJbHBIX MOKPBITHH BBOJSTCS HOBbIE (DpPaKTaIbHBIE XapaKTEPUCTUKH:
Pa3sMEpHOCTb MMHMMAIILHOTO NOKPBITHS D, ¥ MHIEKC (PaKTaibHOCTH W TECHO CBsl-

3aHHBIN C D}l . Ha npumepe nen axkuuii, Bxogsamux B unaekc oy JxoHca, nokasaHo,

YTO MHHHUMAJIBHBIA MacmTab T HeO6X0£IPIMbII>1 JJIA olpeacsIeHus L C HpPIeMJ'IeMOfI

“ 9
TOYHOCTBIO, Ha J[BA ITOPSJIKAa MEHBIIE YeM COOTBETCTBYIOMIMIT MacIITad IS OIpexelie-
HHA Toka3atens Xepcta H. OTo mo3BonseT paccMaTpuBaTh HHIAEGKC [ Kak JIOKAJIbHYIO

XapaKTepUCTUKY U BBecTH QyHkuumio W(¢). ITokasaHo, 4To 3Ta QYHKUUS SBIACTCS MH-
JUKAaTOPOM JIOKJIBHOH CTaOMIIBHOCTH BPEMEHHOTO psijia: yeM OoJble 3HaYeHHe [L , TeM

crabunsHee psan. OOOCHOBaH M MOATBEPKICH pacueTaMu dQ(EKT yBEeINIeHHs KPyITHO-
MacmTabHBIX (QIIyKTyaIuii Ipy 10JaBJICHIH MEIKOMACIITaOHbIX.

BBenenne

Hayxka o ()vHaHCOBBIX BPEMEHHBIX Ps/Iax IOJITO€ BpeMsl pa3BUBaJIaCh
B BHUJIC JIByX HECBSI3aHHBIX HAIIPABJIEHWH W JIUIIb B MOCIETHEE BPEMs
HaMETWJIaCh HEKOTOPask TCHACHIMS K UX COIMKEHHIO.

[lepBoe HampaBieHHE, KOTOPOE MOXKHO Ha3BaTh CTATUCTUYECCKHM,
Oepet cBoe Havaso oT pabdoTsl JIynca bamense 1900 r. [1], roe aBTOp,
ele 3a MSITh JIeT A0 DWHIITeHHa, TPeAIOKII IIEPBYIO MOJelb OPOYyHOB-
CKOT'0 IBMOXKEHUS (MOJEINb CIy4aifHOTO ONy>KJaHWs) U IPUMEHUII €€ IS
omnmcaHus KoneOaHus 1eH akiui Ha poHmoBoit Oupke. CTporo Marema-
THYECKH dTa MOJENs Oblla 000CHOBaHA B Hadaje 20-x TIT. IPOILIOTO
Beka HopOeprom Bunepowm [2] 1 mpuMEHUTENBHO K PHIHKY JOJTOE Bpe-
Msl pa3BHBajach MCKIIOUUTENFHO B akageMudeckoit cpene. [lociennee
OBLJIIO CBSI3aHO C TE€M, YTO B COOTBETCTBUU C 3TOW MOJIENBIO MPUHIIUITH-
AIbHO HEBO3MOXKHO TOJYYUTHh MPHOBUIH OOJbIIE CPeIHEH MO PBIHKY.
OpHako 3TO MPOTHUBOPEUYMIIO OMBITY peanbHOro Tpeiaunura. Ilostomy
CpeIu WHBECTOPOB OPOYHOBCKYIO MOJIENH CTAJH CEPhE3HO MPUHUMATH B
pacueT Tonpko B Havaje 60-x IT., KOTJa OKOHYATENbHO O(OpMHUIACH
KoHIenHs «3()(PEKTUBHOrO phIHKa» (PHIHKA, HA KOTOPOM IICHEI B TOJI-
HOM Mepe OTpakaroT BCIO AOCTYymHYIO mHpopManuio). Cormacao Pamd
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[3 — 4] mns cymiecTBOBaHMS TaKOTO PHIHKA TOCTATOYHO MPEATIOI0KHUT,
YTO Ha HEM JEHCTBYET OOJBIIOE YUCIIO TOTHOCTHIO NH(OPMHUPOBAHHBIX
areHTOB, KOTOPhlE MIHOBEHHO pEarupyroT Ha BHEIIHUE COOBITHS, HEH-
CTBYS IIPH 5TOM paliOHAIBFHO M HezaBucHMO. HeoOxomumocTs moao6-
HOW KOHIIETIIMW TUKTOBAJIACh TE€M, YTO B €€ paMKax oOperaja CMBICIT
Teopuss QopMupoBaHHA omnTUManbHOro mnoptdens Ywunesama [lapna
(Ho6. mpemust mo skoHomuke 1990 r.) [5], koTopas umena OoibIoe
nmpakTHdeckoe 3HaueHue. OCHOBHOM )K€ MOJEINBIO MOBEIEHUS IIEHBI Ha
TaKOM pBIHKE CTalla MOZENb OPOYHOBCKOTO NBIKEHHSA. Bricmmm moc-
TH)KEHUEM TI0JIX0/1a, OCHOBAHHOT'O Ha STOH MOJENH, cTalu padoTsl bis-
ka, llloyma u Meptona (Ho0. npemust o 3xonomuke 1997 r.) [6 — 7],
KOTOpBIE TO3BOJISUIA TOYHO PACCUUTHIBATH «CIIPaBEAIMBBIC» IIEHBI OII-
nuoHOB. HamoMHuM, 4TO Kiaccuueckass MOAENb OPOYHOBCKOTO JBHKE-
HUSI OCHOBaHa Ha JBYX MOCTyJarax. Bo-nepBhIx, MpupaleHus npouecca
Ha JTI000M MHTEPBAJIC BPEMEHH HMEIOT HOpMaJIbHOE (TayCCOBO) pacmpe-
JeJieHHEe C HYJEBBIM CPEIHHUM, KOTOPOE clelyeT U3 LEeHTPAIbHON Ipe-
JEeNBHON TEOPEMBI U MOJIyYaeTcsl Kak pe3yabTaT CyMMUPOBAHHS J0CTa-
TOYHO OOJBIIOTO YHCIIA HE3aBHUCHMBIX CIydailHbIX (hakTopoB. Bo-
BTOPBIX, MPUPALICHUS HA HEMEPECEKAIOINXCS WHTepBajaxX SBISIOTCS
CTaTUCTHYECKH He3aBUCUMBIMH. OgHaKo HaOMOACHUS (HUHAHCOBBIX
BPEMEHHBIX PSIOB BBIBHIIM PAJ OCOOCHHOCTEH, KOTOpPBIE HE COTrjacy-
IOTCSI C OTUMH NocTynaraMu. Hamnboee BakHbIE U3 HUX CBA3AHBI C TEM,
YTO CHJIbHBIC M3MEHEHHS BPEMEHHOTO psla MPOUCXOAAT 3HAYUTEIHHO
yarie, 4eM CJIeJ0Baio Obl OXKHUIATh UCXOJIS U3 TayccoBa paclpeesiCHHs
(mpobiieMa  «TOJICTBIX XBOCTOBY»), NPHUYEM TaKHE€ W3MEHEHHUS OOBIYHO
pasneneHsl KojeOaHusIMH OTHOCHTEIFHO MaJlol MHTEHCHBHOCTH (3(¢-
(exT KmacTepuzauuu BoMaTHILHOCTH). [0 3TOH mpHUYMHE mapajuieIbHO
¢ OpPOYHOBCKOI MOJICTIBIO CTATH Pa3BUBATHCS BCEBO3MOXKHBIE €€ 0000-
IICHHS, KOTOpPble OBUIH CBSI3aHBI C OTKA30M JHOO OT yCIOBHSI HOPMAJIb-
HOCTH pacIipefesieHus MpupauieHui (mepBblil moctynar), 1mbo OT ycio-
BUSI HE3aBHCUMOCTH TOCTIeNHUX (BTOpOH moctyiar). B mepBom cimyuae
MBI TIpuXoauM K amkenmto Jlesu (Levi Motion) 1, B 94aCTHOCTH, K yC-
ToMunBBIM pacnpeaeneHusm [lapero [8 — 12]. Bo BTopoM — k mpouec-
caM C MaMsAThI0 U 00001meHHOMY OpoyHOBcKoMy nBHkeHuto (Fractional
Brownian Motion) [13 — 14]. Hakonemn, eciii MBI TOTOBBI OTKa3aThCS OT
000MX TOCTYJIATOB OPOYHOBCKOW MOIENH, TO MBI IPUXOIUM K HIEIM
ABTOPETPECCHOHON YCJIOBHOW T'eTEPOCKEAACTHYHOCTH (3aBHCUMOCTH
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3HaYEHUI BPEMEHHOTO PAla OT €T0 MPEeAbIAYIINX 3HAYSCHUH MPH U3Me-
HeHnW nucriepcuu Bo Bpemenu), wm ARCH — monemsm Onria (Ho6.
npemus mo skoHomuke 2003 r.), U pa3nuyHbIM ee 0000UEeHUsIM (CM.
0030p [15]). Haubonee mosHO W TOCIEIOBATEIHHO CTATHCTUYCCKUI
MTOJIXO0/I, CBSI3aHHBIHN C rumoTe3oi dddexTuBHorO phinka (Effective Mar-
ket Hypothesis), n3noxen B aByxromHoi MmoHorpaduu Llupsesa [16].
Bropoe HampaBieHHe, KOTOpPOE €CTECTBEHHO Ha3BaTh OuHaMuue-
CKUM, POAVIIOCH M CTAJIO Pa3BUBATHCS B Cpe/ie MPAKTUKYIOUINX Tpewie-
poB B Havase 30-X I'T. IPOIUIOTrO BeKa. DTOT MOIAXO] TIOIYYHI Ha3BaHUE
«TEXHUYCCKUU aHamu3» (B OTIMYME OT (PYHIAMEHTAIbHOTO aHAN3a,
OCHOBaHHOTO Ha pacyeTe «CHpaBeUINBOI IIEHBI aKIIUK B BUJIE INCKOH-
THPOBAHHOW CTOMMOCTH OyAYIIINX JO0XO0A0B). MIe0mornieckoi OCHOBOM
TAKOTO MOJX0/a CTAN0 M3BecTHOE monokeHue Yapisza [loy (rmaBHOTO
aBTOpa U3BECTHOTO MHAEKCA), BEIIBUHYTOE UM elie B koHue XIX B. oy
YTBEPXKAAJ, 9TO €CTECTBEHHOE COCTOSHHUE IIEHBI — 3TO TpeH[ (Hampas-
JICHHOE JBHMKCHHE BBEPX HJIM BHU3), KOTOPHIA SIBISETCA PE3YJIHTATOM
COBMECTHOTO JICHCTBUSI TOJIIBI U OTpaKaeT AEHCTBYIOIIYIO Ha PBHIHKE
connanbHyto TeHaeHIuo. [loaTtomMy TpeHa Oymer mpoaomKaThes 0 TeX
Mop, MOKa Ha PhIHKE HE MPOU30MIeT CMeHa 3ToM TeHaeHuu. [{ens Tex-
HUYECKOTO aHaJIM3a — BCKPHITh BHYTPEHHHE 3aKOHOMEPHOCTH BpEMEH-
HOTO psAfa, HA OCHOBE KOTOPBIX MOYKHO NMPOTHO3WPOBATH MEPEXObI U3
TpeHAa BO (PIBT (OTHOCHTETHHO CTAOMIIBHOE COCTOSIHME PBIHKA) M 00-
patHo. Ha 3ToM myTH OBUTH OTKPBITHI MHOTOYHUCIICHHBIE (POPMBI OTHO-
CUTEJIbHO YCTOHYMBOTO MOBEACHHS BPEMEHHOTo psifa (GUrypsl TeXHU-
yecKoro aHanuza). [lepseie pabOTHI B 3TOM HamnpaBJIeHUH MPUHAAJIEKAT
Yunesmy ['anny n Pansdy Ommuory [17]. Yke B 50-¢ rT. modtwm Bce
KIIACCHYECKUE (PUTYpPHI TEXHUYECKOTO aHanm3a («TPEYroJbHHKY», «Tpa-
MEIs», «T0J0Ba W TUIeYM» W T.A.) ObutM m3BecTHBL. OMHAKO JIMIIb B
80-¢ 1T. B M3BecTHBHIX MoHorpadusx Jlxona Mepdu [18] m Pobepra
IIpextepa [19] mpoucxoaut nx cucreMmarusanus. [locnenHsas mo Bpeme-
HU COBIaJIa C HEOXKUIAHHOW MOJAEPIKKOM, KOTOPYIO B 3TH T'OJIbI TEXHU-
YECKUH aHaJTN3 TIOJIYYHII CO CTOPOHBI TEOPHH TUHAMHYECKOTO Xaoca. M3
o01Iell Teopuu CiIe0Bao, YTO BPEMEHHON Psifl, KOTOPbIH BHEIIHE BbI-
[IIAAeN KaK pealu3anusl CIydailHOro Mpoliecca, BIOJIHE MOT IOPOXK-
JlaTbCsl HEJMHEUHOW JUHAMUYECKOW CHUCTEMOW Mallol pPa3MEpHOCTH.
DTO 03HAYAET, YTO €r0 MOXKHO TMPEJCTaBUTHh B BHAE OJHOMEPHOU MPO-
eKIUH TPACKTOPUU TAaKOH CHCTEMBI B PACIIMPEHHOM (Ha30BOM MpO-
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CTPaHCTBE, KOTOpas OMHCHIBAETCS C TIOMOINBIO HEOOJBIIOTO YHCIa
OOBIKHOBEHHBIX MU epeHImatbHbiX ypaBHeHHA. COTTacHO XK€ KOH-
neniuu J{oy moBeAeHUE IEH aKIWH OMpEACNSeTCs] CTalHbIM HHCTUHK-
TOM, KOTOPBIH (Kak yOeAMTEIhbHO CBUICTCILCTBYIOT JaHHBIC COIUAIIb-
HOW TICHXOJOTHH) MOTYMHAETCS KpailHe MPUMHTHBHOMY MEXaHU3MY.
[MoaTomy BHONHE 00OCHOBAHHOW KaXKETCS THIIOTE3a O TOM, YTO TaKOM
MEXaHU3M IPEJICTaBIsIeT CO00M TUHAMHUYECKYIO cucTeMy. B aTom ciry-
gae, UCTob3ys TeopemMy Takernca [20], MOKHO BOCCTAaHOBUTEH TEKYIIIEE
3HaYeHHEe BPEMEHHOTO psia, UCXOAS M3 JOCTaTOYHO OOJBIIOTO YHCIa
UCTOPUYCCKUX JaHHBIX. [Ipruem Juisi TaKOrO BOCCTAHOBJICHHSI COBCEM
He 00s13aTeNbHO 3HATh KOHKPETHBIM BUJ U YHCIIO YPAaBHEHUH CHUCTEMBI.
ITo cymiecTBy 3Ta mpoueaypa CBOAUT 3a1ady SKCTPAIIOISIIIUA OTHOMED-
HOTO psiia K 3a/1a4e UHTEPIIONIAINNN HEKOTOPOH MHOTOMEPHOU (DyHKITHY.
ITocnennsis xe sIBASETCS TUIIOBOM 3amaueit sl HEMPOHHBIX ceTei [21].
[ToaTomMy TeopHro AMHAMHUYECKOTO Xa0ca MOKHO CUHUTATh HEOJOTHYE-
CKOH OCHOBOW TOTO MOIIIHOTO BHEAPEHHUS HEUPOTEXHOJIOTH B OU3HEC,
KOTOPOE MBI MTOBCEMECTHO HaOmoanu B 90-x IT.

OpnHako ¢ TOYKH 3pEHHs CTAllMOHAPHOTO MOIXOAa TOYHBIM MPOTHO3
(hHAHCOBOTO BPEMEHHOTO psAla B MPHUHIINIIE HEBO3MOXKEH. UTOOHI pa3-
PEIINTh IPOTHBOPEUYHUE JABYX IMOAXOJIOB, CIICAYET OOPATUTHCS K PE3YIib-
TaTaM SKCIIEPUMEHTAIBHOTO HCCIIEeNOBaHMUS pbIHKA. Kak IMmokaspIBaioT
moo0HbIe MccaenoBanms [22], Ha peaJbHOM PBIHKE BCS COBOKYITHOCTH
areHTOB pacraaaeTcs Ha KiacTepbl (peddhepeHTHBIE TPYIIEI), B KaXKIOM
U3 KOTOPBIX areHThI MOApaxaroT Apyr apyry. Kimactepsr MoryT o0paso-
BBIBaTh JIOBOJIFHO CIIO)KHBIE HEPAPXUUECKUE CBSI3U, MOTYT CIMBATHCS B
OoJee KpymHBIE U pacnafarbea Ha Oonee menkue. [Ipu 3ToM sicHO, 9TO
KOHIeNIHs dPGEKTUBHOTO PHIHKA W KOHIENIUs J[oy omuchIBaKOT aBa
MIpeNIeNbHBIX CiIy4as. B mepBoM cilydae Ha pBIHKE MPHUCYTCTBYET OOIb-
[I0€ YWCIIO MPUMEPHO OJWHAKOBBIX KIACTEPOB. PHIHOK HAXOIWTCS B
HauboJiee CTAOMILHOM COCTOSIHMM W €TI0 DBOJIOIUS B OCHOBHOM OTIpe-
JensieTcs BHEUIHeW WHpopMaluei, KoTopas UMeeT CIy4YalHBId Xapak-
Tep. Bo BTOpoMm ke ciydyae Ha pBIHKE MPUCYTCTBYET OAWH OOJBIIOI
KJIACTep, 3HAUYUTEIILHO MPEBOCXOAIINN BCe OCTalbHBIE. PEIHOK Hanbo-
nee ONMHM30K K OOBally U €ro JUHAMHKA MOMYUHSICTCS HCKIFOYUTEIBHO
BHYTpeHHHM (akTopaMm. B cBs3H C BBIIIECKa3aHHBIM BO3HHKAIOT €CTe-
CTBEHHBIE BOMPOCH: «Il0 KakuM 3aKOHaM HBOJIONMOHUPYET KIacTepHas
CTPYKTypa ¥ KakoBa IpUYMHA 00pa30BaHus OOJIBIINX KIACTEpOB?». OT-
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BETUTH Ha TOJOOHBIE BOIPOCHI M O3HAYAET OCYIIECTBUTH CHHTE3 JBYX
yKa3aHHBIX KOHIIEINNA.B Tociennee aecaruieTne cepbe3HbIe Pe3yilb-
TaThl B 3TOM HANpaBJICHUW OBUIM TONYyYSHBI B paMKaX 3KOHO(MU3UKH.
Henpto HacTosmel pabOTHI ABISETCS M3IO0XKHUTH Hawboliee SpKUE J0C-
TIKEHUS 3TOW HOBOM, OBICTPOPA3BUBAIONICHCS AUCIUIUINHEI U, B 9aCT-
HOCTH, HEKOTOPBIE HOBBIC PE3yJbTaThl ()PAKTAILHOTO aHanu3a (PUHAH-
COBBIX BPEMEHHBIX PSJIOB.

B nepBoM pasznene maetcs KpaTkuid 0630p 3xoHO(GM3nKH. [Ipn sTOM
3aTparuBarOTCA TOIBKO TE PE3YIbTATHI, KOTOPBIE OTHOCATCS K (hMHAHCO-
BOMY pBIHKY. [IpHHSTO cuMTaTh, YTO MMEHHO 37I€Ch JOCTHXKCHHUS JKO-
HODU3HKHU SIBIIIOTCS Hamboyiee yOeauTeNnbHBIMHA. Bo BTOpOM pazmerne
BBOZSTCS 0a30BBIE MOHATHS, HA KOTOPBIX CTPOUTCA (hpaKTaIbHBIN aHa-
nu3. DTU TOHATHUS Pa3bICHIIOTCS Ha MPOCTECUIINX pUMepax (hpaKTaib-
HBIX CTPYKTYp, KaK MOJICIbHBIX, TaK U MPUPOAHBIX. ClIeJlyeT 3aMETHUTh,
4TO (PpakTaibHBIE CTPYKTYPHI SIBHO WJIM HESBHO BO3HHKAIOT B OO0Ib-
IIMHCTBE SKOHO(DHM3MYECKUX MOCTpOcHMA. TpeTuil paszjien HOCBSIICH
(hpakTasibHOMY aHaMU3y (PUHAHCOBBIX BPEMEHHBIX PSJIOB. JDTa TeMa B
HACTOsAIIee BpeMs SBISIETCA OIHOW W3 HanboJee aKTyalbHBIX B HKOHO-
¢m3uke. B maHHOM paszmene BBOASATCS HOBBIE MOHATHA: WHAEKC (pax-
TAJIBHOCTH [ U Pa3MEpPHOCT MHHMMAJIBHOTO MOKpbITUs D, . 3aTeM Ha

OCHOBE MHJIEKCA | aHAJIU3UPYIOTCS IICHOBBIC PSIBI AKIUH, BXOIALIUX B
unnexc Jloy-Jlxonca. IlokazaHo, 4TO MCHOJIB30OBAaHUE UHIEKCA |l TI0O-

3BOJISICT BBIABUTH JAJIA OTUX PAOOB CTETICHHOM 3aKOH, KOTOpBIfI BBIITIOJI-
HACTCA C YI[HBHTCHLHOﬁ TOYHOCTBIO. HpI/I CpaBHCHUU UHACKCA L C APY-

TUMH (DpaKTaTbHBIMH MMOKA3aTeNIIMUA OKa3bIBAETCS, YTO JJISI HAJIE)KHOTO
oTpezieNieHNs] 3TOr0 HWHAEKCA C TPHUEMIIEMOH TOYHOCTHIO TpedyeTcs
JIAHHBIX Ha JIBa IMOPSJIKAa MCHbINE, YeM, HAIPUMEp, IS ONpEICIICHUS
nokazatens Xepcta H. DTo npuBoaIuT K BO3MOKHOCTH TIOCTPOCHHS JIO-
KaJTbHOTO (PpakTanmbHOTO aHallM3a BPEMEHHBIX PSAOB C IMOMOIIBIO
dbynkun  (¢). Ucnons3oBanue Takoil (YyHKIMH TIO3BOJSET CYIIECT-

BEHHO IIPOABHHYTHCS KaK B IIaHE WACHTU(UKAIMH BPEMEHHBIX PSIIOB,
TaK M B IUIaHE UX MPOrHO3a. B 3aKIi0UMTEILHOM pa3iesic MOABOIATCS
OCHOBHBIC UTOTH U MEPEUHUCISIIOTCS 00JaCTH BO3MOXHOTO TTPUMEHEHUS
U3JIOKEHHBIX B pabOTe UICH.
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1. O630p rK0HOPU3UKH

Kak otnmenpHOe HampaBieHHE SKOHO(M3HMKA cTajga O(QOPMIISTHCS C
cepeauHbl 90-X TT. MPOILIOrO BeKa HA CTHIKE SKOHOMHKH M (DHU3UKH.
IIpu 3TOM caMoO CITOBO «IKOHO(HU3NKA» BOIIIO B 00Iee YIIOTpeOIeHHE
JUIb nociue toro, kak B 1997 r. Umpe Kongop u Snom Kepruc opra-
HU30BaIH B bynamnemire «cumnosuym o 3xonodusuke» (Workshop on
Econophysics). CtanoBiieHre HOBOH JHCHMIUIMHEI BO MHOTOM OBIIO
CBSI3aHO C MPHUXOJOM B 3KOHOMHKY KPYIHBIX (PM3UKOB, TaKNX Kak Du-
munn Aunepcon (HoGeneBckas npemust no ¢usuke 1977 r.), Ilep bax,
IOmxun Crennu u neislid pang apyrux. K ToMy BpeMeHH B 9KOHOMHKE
W, B MEPBYIO o4epenb, B (PMHAHCAX HAKOMHMIIUCH 3a/1adH, KOTOpPBIE He
MOTJIM OBITH PEIICHBI B PaMKaxX ATHX HayK. JlJis peleHus Takux 3aaad
MIPEJIIOJIarajoch MCIONb30BATh ammapaT U METOAOJOTHIO TEOpeTHYe-
CKOU (U3HKHU. 3aMETUM, UTO TMOJOOHBIE ITOIBITKH CONMM3UTH SKOHOMUKY
U (U3UKYy MHOTOKPATHO MPEANPUHUMAINCH U paHblle (CM. HalpuMep
[23]). OnHako HUKOT/A €IIle STOT MPOCSKT HE BBI3BIBAJI TAKOTO OOIIECT-
BEHHOTO pe3oHaHca. lIpomomkaer HEYKIOHHO PacTH YHCIO HAyYHBIX
crateit, MoHorpaduil M KoH(pepeHIHA 10 dKoHOGH3mKe. [IpecTmKHbIe
YHUBEPCUTETHI BKJIIOYAIOT COOTBETCTBYIOIINE KYPCHI B CBOU y4UcOHBIC
nporpamMmbl. Bee OonbImii HHTEpeC MPOSBIISIOT K 3TOW HayKe U (DMHAH-
COBBIC CTPYKTYpPHI'. [IOMHMO 3TOTO, SKOHO(H3NKY YKe HAUHHAIOT Pac-
CMaTpUBaTh B KA4ECTBE CIMHOW TCOPHH, OIMCHIBAIOIICH KaK (hyHKIIHO-
HUPOBaHUE TNI00ATBHONW CHCTEMBI MHPOBOTO KamuTala, TaK W IOBEJe-
HUE Ha PBIHKE OTAEIHHBIX SKOHOMHYECKHX CyOBekToB. CremyeT cka-
3aTh, YTO B KOHIENTYAIHHOM IJIaHE SKOHO(H3HMKA OMHUPAETCS Ha ITO3H-
IIUI0, KOTOpasi HE SIBIIACTCS TPAJAUIMOHHON B TEOPETHUECKOH (u3uke.
Takas mosunusa Obuta mpezactaBieHa PuaunmnoM AHAEPCOM B IPO-
rpaMMHOM cTaTthe [24] eme B 1972 1. B 3T0it paboTe aBTOp yTBEpKIa,
4TO «(pH3UKa DIIEMEHTAPHBIX YACTHI] U, B YaCTHOCTH, PEAYKIIMOHUCT-
CKHE TIOJIXOJIbI 00JIAJIAIOT JIUIIh OTPAaHNYCHHONW BO3MOXKHOCTHIO 00BsIC-
HUTh YCTPOWCTBO MHpPO3AaHHA. PeanbHOCTh MMEET HepapXuuecKyro
CTPYKTYpY, KaxJIblii YPOBEHb KOTOPOH B OMPECICHHOW CTETICHH He3a-
BHCUM OT ypPOBHEH, HaXOISIIMXCS BBHINIC W HIbke. Ha kaxmoil craguu

! Cormacno xypuany UHcTHTyTa (u3nkyn BennkoGpHTaHHN «(HHAHCOBBI CEKTOP
SKOHOMHMKH CTaJl OJJHAM U3 OCHOBHBIX paboTonaTeneil MONobIX PU3NKOB TEOPETHKOBY.
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HEOOXOAMMBI COBEPIIEHHO HOBBHIC 3aKOHBI, KOHIICTIIIUA M 000OIIEHN,
TpeOyrommue He MEHBIIIETO BAOXHOBEHHUSI U TBOPUECTBA, Y€M Ha TPEIbI-
nyumx». «llcuxonorus — 3To He MpHUKIagHas OMOJOTHS, TaK K€ KaK U
OuosIorusl — 3TO HE MPHKIAJHAS XUMHA» — OTMedall AHAEpPCOH. Takum
00pa3oM, ecii paHbIIle «IEPBhIE MPHHIUIBI, KOTOPHIE HE MOTYT OBITh
00BsICHEHBI B TEpMUHAX OoJiee TITyOOKHUX MPUHLIUIIOBY MO ONPEICIICHHIO
coJepikaja TOJNIBKO (PH3HKa 3JIEMEHTApHBIX YacTHIl, TEHeph OKa3ajoch,
YTO TaKWe MPHUHIUITBI MOXKET COEpKaTh Jobas nqucnuminHa. Konmern-
ust AHIEpCcOHa cTaja OObETUHSIONINM JO3YHTOM OOIIMPHBIX MYJIBTH-
JUCIHUILTMHAPHBIX MCCIEN0BAaHUN, TS MPOBENEHUS KOTOPBIX B CEpElH-
me 80-x r1r. B Hpo-Mekcuko Obur  co3man  HMHCTHTYT
Canra-®e. Ilpeamnonaranock, 4TO 3TH WCCIENOBAHHUA BHECYT «CEphe3-
HBI{ BKJIAJ B PEIICHUE TAKUX OCTPHIX JONTOCPOUHBIX MPOOIeM, Kak Je-
¢urut Toprosoro Oananca, CIIN]I, reHernueckue AedeKThl, YMCTBCH-
HOE€ 3/I0pOBbE, KOMITBIOTEpHBIE BHUPYCHD». VIMEHHO B 3TOM WHCTHTYyTE
BIIEPBbIC CTAHU MOSBISATHCA PAOOTHI MO0 YKOHOMHKE C HCIIOIB30BAHUEM
CaMoro COBPEMEHHOT'0 anmapara TeopeTuueckol ¢pu3nku. B HacTosmee
Bpems MucTtutyT CanTa-®e sBiseTcss OMHUM M3 TJIABHBIX LIEHTPOB KO-
HOMHW3HKH, TJE 3Ta HayKa Pa3BUBAETCS B paMKax OOIIEH TEOPHH CIOXK-
HBIX aJallTHBHBIX cucTeM. [IpumepamMu mooOHBIX CHCTEM CIyXat LeH-
TpaJibHbIE HEpPBHBIE CHUCTEMBI M HEHPOCETH, DKOCHCTEMBI M KOJIOHUHU
MypaBbeB, COIMANBHBIE CTPYKTYpPHl W TOJUTHYECKHWE CHCTEMBI, M, KO-
HEYHO, pa3jNyHble CTPYKTYpHl, BO3HUKAIOIINE B SKOHOMHKE. Bce atn
CUCTEMBI COCTOST U3 MHOYKECTBA B3aUMOJEHCTBYIOIINX 3JEMEHTOB, KO-
TOpbIe CIOCOOHBI HAKAIUIMBATH OMBIT B IPOIECCE B3aWMOJICHCTBHS C
IPYTHMH DIIEMEHTaMH, a 3aTeM H3MEHSTHCS TaKUM OO0pa3oM, YTOOBI
NPUCHIOCOOUTHCS K OKpYXarollel cpene. XapakTepHBIM 3TalloM 3BOJIIO-
IIUU BCEX AJANTHUBHBIX CHUCTEM SBISETCS MPOIlECC CaAMOOPTaHU3AIINY,
MIPH KOTOPOM B pPe3yJIbTaTe CaMOYCHJICHHUS OTENbHBIX B3aUMOICHCTBUI
B CUCTEME CITIOHTAHHO BO3HUKAaET NopsaokK. [Ipn 3Tom cama cuctema kak
nesoe npuoOperaeT HOBOE Ka4eCTBO, KOTOPOE MOXKET OTCYTCTBOBATH Y
OTJIENBHBIX 3JIEMEHTOB. ba3oBBIM MpPHUMEPOM CaMOOPTaHU3AIMH B JKO-
HOMMKE CIYXHUT IPOLECC, yNpaBIseMbli «HEBUAUMON pykoi» Anama
Cwmura [25], rie MHOXKECTBO HHAMBUAYYMOB, CTPEMACH YJOBIETBOPUTH
WCKITIOYUTEIHHO CBOM JINYHBIE MAaTepHAIIbHBIE MMOTPEOHOCTH, POKIAAOT
MOBEIEHYECKOe I[eJI0e ¢ MPUHINIHAIFHO WHBIM KadecTBOM. Kak rmoka-
3a]M MCCIIEeJOBaHUs, MPOBEACHHBIE OOJBIION TPyNIOi SKOHOMHCTOB
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(6ubmuorpadus ITHX HCCIENOBAHUN COIEPKHT OOJee THICSIM padoT
[26]), «<BO MHOTHX SKCIIEpUMEHTAaX 110 MOJCITHUPOBAHUIO PHIHOYHBIX CHC-
TEM TUI0XO HH(POPMHUPOBAHHBIC, CKJIOHHBIC K OIMTMOKAM M HETIOHSATIIMBHIC
CyOBEKTBI, KOHTAKTHPYIOT MEXIy COOOH Ha OCHOBE YCTAaHOBIICHHBIX
MPaBIJI M CO3JAIOT COIMANBHBIE aITOPUTMBI IO MaKCHUMHU3ALUN OOIINX
MaTepUANBHBIX IIEHHOCTEH, SBHO MPUOJIMKAIOIIUECS K ONTUMAIBHBIM
pe3ynbTataM, KOTOpbIe, KaK TPATUIIMOHHO CUUTAIOCh, MOXKHO OBLIO OBl
MOJTyYUTH JINITH HA OCHOBE MOJTHOW MH()OPMAIIMK ¥ C TIOMOIIBIO KOTHHU-
THBHO-PANMOHATBHBIX JIMIHOCTEH» [27]. Kpome Toro, 31! paboThl Tak-
JKe TTOKA3bIBAIOT, YTO C TCUCHUEM BPEMEHHU PBHIHOK MOXKET HMPUOIKATE-
cs K 2¢heKTUBHOMY. DTO 03HAYAET, YTO OH CIIOCOOCH arperupoBaTh B
cebe ¢ MOMONIBIO TEH BCIO 3HauuMyro HHpopmanmio. [Ipu 3ToM Ha
MPOMEXKYTOUHBIX BPEMEHAX M3-32 TOTO, YTO CYOBEKTHI MOCTOSHHO CO-
BEPINAIOT KaK OIIMOKM BOCIPUATHS, TaK W OIIMOKU TOJ JNECHCTBUEM
SMOIIMHA, a TaKKe M3-3a TOTO, YTO MpPH HEAOCTaTKe WH(OpMAaIMu OHU
00BIYHO HAYMHAIOT MOIPAKATH APYT APYTY, B CHCTEME MOTYT BO3HUKATh
caMoOpraHu3yoIuecs WHHOPMAIMOHHBIC «MHUPAXH», KOTOPHIC B CKO-
pOM BpeMeHH pacmamaTcsi. TakuMm o0pa3oM, MOXKHO CKa3aTh, YTO
<«(TIOJTV IBOIIOIMOHUPYIOT K PAllMOHATFHOCTH, y9ach Ha OMIMOKax». DTH
AKCIICPUMEHTAIBHBIC HCCICOBAHUS CTATH MOOYIUTEIBHEIM MOTHBOM
JUTSI TIOSIBJIGHUS IIETIOTO pasjiesia SKOHO(PHU3UKH, MOCBSIIEHHOTO «UTPe B
MeHbIUHCTBOY» (Minority Game) [28 — 31]. Llenb 3T0# «HrphDy — MTOKa-
3aTh Ha MPOCTOW MOJENHU, KakuM 00pa3oM SKOHOMHYECKHE areHTHI C
OTPaHUYCHHOW PAIlMOHATBHOCTBIO MPH HEMOJHOW MH(POPMAIUUA MOTYT
co3naBath 3h()EKTUBHBIN PHIHOK. CYIECTBYET MHOXECTBO BapHAHTOB
Takoi urpsl. OHU C pa3HBIX CTOPOH (POPMANTHM3YIOT OJHY BaKHYIO OCO-
OCHHOCTH CHCTEM, TJIC areHThI, KOHKYPHUPYS 32 OTPaHUYCHHBIC PECYPCHI,
MOJIE3YIOTCSI ONPEIEIEHHBIMU CTpaTerusiMu. CMBICIT 3TOH 0COOEHHOCTH
B TOM, YTO €CJIM HEKOTOPOH yJa4yHOU B MPOIIJIOM CTpaTeTue HaYMHaEeT
MOJIL30BaThCSl OOJBIIMHCTBO, TO Takas cTparerus npourpeiBaet. [lo-
3TOMY YYaCTHHKH UTPBI TOJIKHBI BPEMs OT BpEMEHH MEHSATh CBOU CTpa-
TETWH, €CJIM OHU XOTAT mobenuTh. Urpa B MEHBIIMHCTBO OOBIYHO IPO-
XOJIUT B JMCKPETHOM BpPEMEHHU W TPEAINOJiaracT Hajauuue N arcHToOB,
KKIBIA U3 KOTOPHIX MOXKET BHIOMPATh OIHO W3 JIBYX COCTOSHUU: buy
(+1) nmm sell (-1). Oro cocrosiHue omnuceiBaercst GyHKuue a; ()

(i=1..N,t=0,1...0). B Havame urphl KaXAplid U3 arcHTOB IOJydJacT
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ompezaeneHHbI KanuTan. Ha xakIoMm mmiare BBIMTPHIBAIOT T€, KTO OKa-
3BIBAETCSl B MEHBIIIMHCTBE, IIPH 3TOM BBIUTPHIIN A(?) OmMpenensercs mo

hopmyie:
N
AN =Ya; (). (1)
j=1

ITocne ATOro y Kakaoro mpoOUrpaBIlero U3 €ro KamuTana BHIYUTACT-
csl cymMMa

u; (1) = 2JA@)| /(N +|A4(1))) (2)
", COOTBECTCTBCHHO, KAXX/IOMY BbLIUI'PABIICMY HAUUCIACTCA CyMMa
u; (1) = 2| A0 (N - |A@))). (3)

3aTeM urpa MOBTOpPSIETCS CHOBAa. B 0ojiee MHTEpPECHBIX BapHaHTaX
UTPBI KOKIBIA U3 ar€HTOB MOJIyYaeT KamuTal B IByX (popmax: HATHIHO-
ctH (cash) u ompeneneHHOro KOJMYECTBA aKIKH, KOTOPBIE B HAYaJe HI-
pBl UMEIOT (PUKCHUPOBAHHYIO CTOMMOCTH. B 110001 MOMEHT BpEMEHH
Ka)JIbIii U3 areHTOB COBEPIACT MOKYIKY WK TPOJIAXKy OJHOW aKIuu (B
Oonee o01eM ciydyae HecKONbKHX akuui). Llena akuun p(¢) onpexnens-

eTCs U3 COOTHOIIEHHUS OaaHca Crpoca U MPeUIoKEeHHs TI0 popMyIie:

_ . wN+a@®
pt)=plt-hH—=—"=2 7%

rae a(f) — pa3HOCTh MEXIy KOJIMYECTBOM OPJEPOB Ha IMOKYNKY W Ha

4

nponaxy akuuid. OTciofa cpasy BUAHO, YTO YBEIMYHBAIOT CBOW Kallu-
TaJl T€, KTO OKa3bIBAETCsI B MEHBIIMHCTBE, TOCKOJIBKY, HAPHUMEp, €CIIH
HOKYNAOIMUX OoJblIe, YeM MPOAAIOMINX, TO CAENKAa COBEPIIAETCS IO
uere p(¢)> p(¢—1), 1 Mo3TOMY BHIMTPBIBAIOT Mpozarone. Kpome ka-

nHTalla K&XKIBIA areHT MOJy4aeT ONpeaeIeHHOe KOJIMUECTBO CTPATET Ui,
JAIOIINX PEKOMEHIAIMN OTHOCUTEIBHO MOKYIIKU WM MIPOJIaXKH aKIHi B
crenyronmii MoMeHT. Kaxknasi Takas cTpaTerus MMEET BHYTPEHHIOIO
CTOMMOCTb, KOTOpasi 3aBUCHT OT YHWCJIa BBIMIPHIINICH B OJVKaiIieMm
HPOIILIOM, Ha3bIBAEMOM HCTOpHei. Takue UCTOPUM MOTYT MMETh pas-
JUYHYIO TIyOuHY, OIPEICISIOIyI0 CTEIeHb HWH()OPMUPOBAHHOCTH
areHra. B urpax ¢ unoykmueHnoi ounamukoii areHT BHIOMpaeT cTpare-
UM ¢ HauOoIbIeill BHYTpEeHHEH CTOMMOCTBIO (B Oonee olmieM ciryyae
BBIOOD SIBIISICTCS CIIYYaifHBIM, YTO €CTECTBEHHO MHTEPIIPETHPOBATH KaK
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OrpaHUUYEHHYIO palMOHAlIbHOCTh areHTa). Ilocine morepu kanurana
areHT yXOIUT C PhIHKA.

Hecmotps Ha TO, 4TO 3Ta MOZAEb HE YUUTHIBAET BHEIIHUX (HaKTOPOB,
OHa JIEMOHCTPHPYET OOraTyio M BeCbMa PeaCTUUECKyI0 AUHAMUKY. B
YaCTHOCTH, OHA ITOKa3bIBaeT, KaKUM 00pa3oM CTeNeHb HH(OPMHUPOBaH-
HOCTH areHTOB cBs3aHa ¢ 3(dekTuBHOCTHIO phIHKA. OKa3bIBaCTCA, YTO
€CIIM BBECTH yTNpaBIAIOMMi napametp o=/ /N, rae [ — uncno paznuy-
HBIX COCTOSHMH (pyHIaMeHTaIbHONH HH(POPMAaLUH, TO B HEKOTOPOH TOY-
K€ O, Ipoucxoaut (aszosblil nepexon. IIpu 3Tom ecnu o <o, , TO Mbl

HaxOJIMMCS B CHMMETPHYHOW ¢aze, TAe HE CYIIECTBYeT HHUKAKOH I0-
MOJTHUTEILHOW MH(POPMAIHH, KOTOPYIO MOKHO OBLIIO OBI HCIOJIE30BaTh
Juisi OoJiee TOYHOTO TMpeACKa3aHUs, U PBIHOK OKasbiBaeTcs A((EKTHUB-

HBIM. HaHpOTI/IB, €Clii O > Q,., TO Mbl HAXOAUMCA B aCHMMeTpI/I‘{HOI;'I

(haze, rme Hambosee NHPOPMUPOBAHHBIE areHTH UMEIOT JACHCTBUTEIb-
HOE TPEUMYIIECTBO HAJl OCTATHLHBIMU U PHIHOK OKa3bIBaecTCs HE 3dek-
TUBHBIM. KpoMe TOro, MoJieNb IO3BOJISIET IETAlIbHO MPOCIIEIUTh, KaK Ha
pBIHKE 00pa3yeTcsi paBHOBECHE W KaK OHO HapyIIaeTcs 10 TMPUIHHE TO-
r0, YTO areHTHI, KOTOPHIC BEIYT ce0s HE3aBUCUMO, HAYMHAIOT BECTH CE-
0s1 enuHBIM 00pa3zoM. Ha 3Ty Mozenh MOKHO OTYACTH OPUCHTUPOBATHCS
U TIPH peIIeHnr 0oJiee BaXHBIX MpobiemM. Oxra u3 mpobiieM mo1o0HoTo
pona, KoTopasi BO3HUKAET IPH UCCIICIOBAaHUH JTFOO0H aJanTHBHON CHC-
TEMBI, CBA3aHA C OUYCHb OBICTPHIM M OY€Hb PE3KUM HM3MEHEHHEM €€ CO-
cTOsiHUSI. B pesynpTare Takoro M3MEHEHHs, HA3bIBAEMOTO KAmdacmpo-
¢hoti, cuctema NPUXOIUT B COOTBETCTBHE C OKpY’Karomieh cpemoit. Ha
MPAKTHKE KaTacTPO(bl MPUHOCIT OTPOMHEIC pa3pyUICHUS U HEUCUHC-
mumble OeactBus. [103TOMYy OYEHb Ba)KHO IMOHSTH WX NMPUYMHY W HAy-
YUTHCS UX BOBpeMs TpenckasbiBath. [lep bak [32] paspaboran memocT-
HYIO TCOPHUIO TAaKHX SBICHUN M Ha3BaJl €€ meopuell «Camoopzanu3o-
eéannoii kpumuynocmuy (Self-Organized Criticality). O mpenmnosno-
JKHII, YTO KaTtacTpo(dbl B CIOXKHBIX CHCTEMax IPOUCXOJAT HE TOIBKO
BCJICJICTBHE BHEUTHHUX MPUYWH, HO U BCJIEACTBUE TOTO, YTO MEIKUE CO-
OBITHS, CKIIAJBIBASCh BMECTE, MOTYT IMPHBOJIUTH K ICMTHOH peaKIvu.
Jlnis woumiocTpanyy moJo00HOTOo sBJIeHUsT bak 0OBIYHO HCTIOIB3YyeT MeTa-
(dopy Kyuu mecka, KOTOpas MEJICHHO HachIlaeTcsi cBepxy. [Ipu aTom
OYEBU/IHO, YTO BpPEMsl OT BPEMCEHHU OyNEeT BO3HUKATh CHUTYyallHs, KOTAa
JTOCTaTOYHO BCETO JIUIIb OJTHOM ITECYMHKY, YTOOBI BBI3BATh JaBUHY. [lo-
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CJIe 3TOro Ky4a OceiaeT U Ipolecc MoBTopsiercs: cHoBa. Metadopa Ky-
YM II€CKa I03BOJIET IIOHATh MHOTHE NIPUPOJIHBIE U COLMAIbHBIC CHCTe-
MBI, Y KOTOPBIX MBI BUAUM OJHY U Ty K€ AMHAMHKY: 3BOJIOLUOHUPYS,
9TH CUCTEMBI CaMOOPTaHU3YIOTCS [0 KPUTHYECKOTO Mpezena, IMmocie
Yero CTPEMUTENBHO Pa3pyLIAtOTCs, YTOOBI 3aTEM OIATh CIIOHTAHHO Op-
rann3oBatbes. B pabore [33], koTopas siBisieTcsl OAHOM U3 0a30BBIX B
9KOHO(HU3UKE, aBTOPHI MPUMEHWIN TEOPHIO CAMOOPIaHM30BaHHON KpH-
TUYHOCTH K (poHIOBOMY pBIHKY. OHHM HOCTPOMIM MOJIENb, B KOTOPOM
BCE JICWCTBYIOIINE HAa 3TOM PBIHKE areHThl ObUIN pa3/ieIeHbl Ha paluo-
HAJILHBIX WHBECTOPOB (ar€HTOB, KOTOPBIC MOKYMAIOT U MPOJAIOT aKIUH
UCXOJISl U3 PA3HHULBI MEXIYy KOTUPOBKOM aKIMM M «CIIPABEIJIUBOW» 11e-
HOM) ¥ IIyMOBBIX TPEiIEpOB (areHTOB, KOTOPBIE CIEAYIOT TPEHY, YTO-
Obl u3BJIEYb MPHUOBLIL Onarogaps KpaTKOCPOYHBIM HW3MEHEHHUSM Ha
pBIHKE). BoMbIyI0 4acTh BPEMEHHU YHCIIO MEPBBIX M BTOPHIX cOalaHCH-
poBaHO. O1HaKO, KOT/a LIeHbl HAYMHAKOT PAcTH, YBEJIMUUBAECTCS YUCIIO
palMOHaTIBHBIX HHBECTOPOB, KEJAIOIIUX MPOAaTh aKIHU U YHTH C PBIH-
ka. Ha ux Mecto mpuxoauT Bce OoJblIee YMCIO IIYMOBBIX TPEHIEpOB,
KOTOPBIX IIPUBJIEKAIOT pacTymue LeHbl. Takum o0pa3oM BO3HUKAET (a-
30BBIH [IEPEXOJ, B PE3yJIbTaTe KOTOPOIO PE3KO BO3PACTAET OTHOCHUTEIIb-
HO€ YHCJIO IIYMOBBIX TpPEWIepoB. DTO HPUBOIUT K CHILHOMY POCTY
IIeH, 00pa30BaHMIO «ITy3bIpei» W mocieayromuM obBazam. Cremyer
3aMETHUTbh, YTO TEOPUS CAMOOPIaHW30BAHHOW KPUTUYHOCTU IAET BO3-
MOYKHOCTb JIMIIb KAYECTBEHHO MOHSATH BO3HUKHOBEHHE KaTtacTpod. On-
HAKO OHa HE TO03BOJISIET MPOCIEIUTh BO3SHUKHOBEHHE M Pa3BUTHE Kax-
JIO¥ OTHeNBHOM KatacTpodpl. DTy MpobdIeMy MTPUMEHUTENBHO K (POHIO-
BBIM pBIHKaM oTdactu permmml Junbe CopHeT (OmmOOYHO TepeBeacH-
HBIA Ha pycckuil s3bIK B [34] kak CopHerre). OH mokasai, YTO Heu-
HEMHOE B3aMMOJEHCTBUE PALMOHAIBHBIX MHBECTOPOB M IIYMOBBIX
TpelaepoB MOXKET IIPUBOAUTH K MOSIBJICHUIO KPUTUYECKON TOUKM f, Ha

BPEMECHHON OCH, B KOTOPOW BEPOSTHOCTh PE3KOT0 OOBaJia SIBIISCTCS
MaKCUMaJbHOU. B OKpECTHOCTH 3TOW TOYKH IEHOBOH psim p(t) muMmeeT

BHU];
p()=ay+a;(t, —1)'[1+bcos(olnt, —t)+ C)], ®)]

rue ag,a,y,b, ®, C — KOHCTaHTBHI.
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U3 dopmynsl (5) BUIHO, YTO 110 Mepe NPUOIMKEHUS K MOMEHTY /.
dbyukmus p(t) comepiraer Bce Oosiee OBICTpPBIC KOJIEOAHUS, TIEPUOT KO-
TOPBIX CTPEMHUTCS K HyIr0. Takum o0pa3om, MosBIieHUE y (DyHKIIUH
p(t) MOMOOHBIX OCIMILIAIIANA MOYKHO pacCMaTpHBaTh B Ka4eCTBE IPE-
BECTHHKA KaTtacTpodbl. [Ipu 3TOM, OCKOIBKY OTHOIICHHUE JIBYX IOCIIE-
JIOBATEIbHBIX MEPUOJIOB TAKUX OCHWLISAIUN OCTaeTCS MOCTOSHHBIM, TO
UCXOJISl U3 TIOJIOKEHUSI TPEX IMOCIIEOBATEIbHBIX JIOKATBHBIX MaKCUMY-
MOB ?,, t,.|, t,,,» MOXHO OLICHUTH 3HAYCHHUE f, 1O HOpMyJIe:

2
tn+1 _tn+2tn (6)

t. = 5 .
tn+1 _tn _tn+2

Ucnone3ys 3ty Meroauky, COpHET MccliefoBall BCE OCHOBHBIE Kpa-
XU, U3BECTHBIC M3 UCTOPHH (PMHAHCOBBIX PHIHKOB. B pe3ynbraTe BbIsC-
HUJIOCh, YTO TIOBEJICHUE TIEH Mepe]] KPaXxoM BO BCEX CIydasx JOCTaTOY-
HO XOPOILIO MOXXHO MpHOIN3uTh popmymoit (6). OgHAKO MPH MOMBITKE
WCIIOJIB30BaTh (6) IS TpeicKa3aHus OOBAJIOB B PEATBHOM PEKUME
BpPEMEHH BBISICHUIIOCH, YTO OHA paboTaeT JUIbL B OONBITHHCTBE, HO HE
BO Bcex ciydasx. Kak okaszanock, OKOHYATeNbHOE pelieHre MpoOIeMbl
npezcKa3aHus KatacTpod siBisieTcs 3amadeld Oojiee CIOXHON M, BO3-
MOKHO, /IO KOHIIa IPHHIIUITHATHLHO HE Pa3pelINMOiA.

Ocoboe MecTo B dKOHO(DM3MKE 3aHMMaeT pabota [35], rae HEOXH-
JaHHO OblIa 0OHapyKeHa aHAJIOTHsI, KOTOpas CYIIECTBYET MEXIy dHep-
TreTUYeCKUM KacKaJloOM B THIPOJWHAMHYECKOW TypOYJICHTHOCTH W WH-
(hopManMOHHBIM KackajoM Ha (uHaHcOBOM pbiHKe. Kak m3BecTHO, B
TPEXMEPHOM TypOyJIEHTHOM MOTOKE KMHETHYEeCKasi dHEpTus mnepenaet-
csl OT OOJNBIIMX MPOCTPAHCTBEHHBIX MACHITA00B K MaJbIM, HaYMHAsS C
HEKOTOPOT'0 XapakTepHOro Maclitada, Ha KOTOPOM MPOHMCXOIMT MOJ-
KayKa dHEpruu CO CTOPOHBI BHeUIHeN cuiibl [36 — 37]. Ilpu atom cymie-
CTBYET HEKOTOpBIH HMHTEpBal MacliTa0OB (MHEPLUUOHHBIN WHTEpBal),
rze Bce HaOI0AaeMble XapakTepUCTUKU g;(x) (B JaHHOM Ciydae cTa-

TUCTUYECKHE MOMEHTHI TIOJIS CKOPOCTH) YK€ HE 3aBHCAT OT XapakTep-
HOT'O MacIiTada U SBJISIFOTCS] IPOCTPAHCTBEHHO OAHOPOIHBIMU. DTO 03-
HayaeT, YTO NpU U3MEHEHHU MacumTaba x — Ax ¢yHKuus g;(x) mpo-

CTO YMHOKAETCs Ha HeKoTopoe unciio U= W(A) . Jpyrumu cioBamu,

gi(Ax)=p)g;(x). (7
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Pemenriem 3TOor0 ypaBHEHHUS SIBISETCS CTETIEHHAs (YHKINS

o
gi(x)=cx', 8)
rze ¢, o; — HEeKOTOpbhle KOHCTaHTHI.
IIpu sTOM moka3aTenb o; Ha3BIBAECTCS pPAMEPHOCMbIO QYHKYUU
g;(x). CreneHHble 3aBUCUMOCTH SIBJISIOTCS OTIMYUTEIbHBIM IpH3HA-
KOM MacITaOHOW WHBAPUAHTHOCTH, TTIOCKOJIbKY KO3 durmeHT

Jai _ &i0) ©
g;(x)

HE 3aBHUCHUT OT X. JTO O3HAYAEeT, YTO OTHOCUTEIHHOE 3HAaUeHHe HabIIo-

JTaeMOY BEITMYMHBI 3aBUCHT TOJBLKO OT OTHOIICHUS MaciTaboB. B pabo-

Te [35] 3aMeueHo, YTO paclpeieiecHUEe BEPOSITHOCTH U3MEHEHUsT Ax Ha

BPEMEHHOM MacIiutade Af sBIsieTcs OTHOPOIHBIM IPH Bapuanusx At

OT HECKOJIbKUX MUHYT JI0 HECKOJbKUX AHEH. Kpome Toro, 3T0 ceMelct-
BO pacnpenencHuil Py, (Ax) yAMBHUTEIIBHO HalIOMUHAET IIPH COOTBETCT-

BYIOILICHI HOPMHUPOBKE CEMENCTBO pacupeaeneHuit Py, (Au) mia pasHo-

CTH CKOpPOCTeH Au B TOUYKax, HAXOISIIIMXCS HA paccTOsiHUU Al B Typ-
OynmenTHOM TOoTOKE. 1o MHEHHMIO aBTOPOB [35], 3TO BBI3BAHO TEM, YTO
Ha pBIHKE CYIIECTBYET MEXAaHU3M paclpoCTpaHEHHs BO3MYILEHUH, Ha-
NOMUHAIOMUK TypOyneHTHBIH Kackad. [Ipu 3ToM posib KHHETHUECKOM
9HEpPI'uu, KOTOpas OJHOPOAHO PACIPOCTPAHAETCS IO NPOCTPAHCTBEH-
HBIM MacTabdaM, Ha (MHAHCOBOM PBIHKE UTPAET BEJIMUMHA

I(At) = —[ Py, (Ax)logPy, (Ax)d (Ax) (10)

KOTOpasi, KaK OKa3bIBACTCS, SIBISICTCSI OMHOPOIHOM o At . DTy BEIMYU-
HY MOKHO HMHTEPIIPETHPOBATH KaK «IUCTBIA IMOTOK WH(MOPMAITUN, KO-
TOPBIA TEpeAaeTCs OT areHTOB C OTHOCUTEIIEHO OOJIBITUM WHBECTHIIN-
OHHBIM TOPU30HTOM (T€X, KTO «3ariisbIBaeT Ha PHIHOK JIUIIh BPEMS OT
BPEMCHI» 1 B OCHOBHOM OPHEHTHPYETCS Ha BHEITHUE COOBITHSI) K arcH-
TaM C MaJIbIM MHBECTUIMOHHBIM TOPU30HTOM (TE€X, KTO «CICAWT 3a
PHIHKOM HETPEPHIBHO» M OPUCHTHPYETCS HCKIIOYUTEIILHO Ha KoJeha-
HUA 1IeH). TakuM 00pa3oM, poiih MPOCTPAHCTBEHHBIX MacITaboB HUTpa-
I0OT BPEMEHHBIE MacIITa0kl, a poih dHEepruu — uHbopmarusa. bonee To-
ro, Kak MmokazaHo B [35], maxxe XOpOIIO H3BECTHAs MEPEMEKAEMOCTb
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MeXIy TypOYJNEeHTHBIM M JIAMHHAPHBIM JIBIKEHHEM HMEET COOTBETCT-
BHE€ Ha PHIHKE B BHUJE MEPEMEKXaEMOCTH KJIACTEPOB BHICOKOW W HU3KOM
BOJIATWJIBHOCTH BpeMeHHOTO psijga. Hamo ckaszath, 4to 3Ta pabora oka-
3aJI0Ch MPaBUWIBHOW NUIIs OoT4acTH. OJTHAKO BO MHOTOM HMMEHHO OHa
WHUTIMAPOBANIA TEIBIA TTOTOK PaboT, IMOCBAMIEHHBIN YCTOWYUBBIM CTE-
TICHHBIM 3aKOHaM. Takue 3aKOHBI ObLUTH YCTAHOBJICHBI, B YACTHOCTH, IS
pacnpeseNieHus TIOXOAHOCTH aKIui, 00beMa MpPOJaX W YHCa CICIOK
[38-46]. PaccMoTpuM 3TH pe3yibTaThl 0oJiee moapoOHO.
OnpenenuM JOXONHOCTh aKLIUK ¥y, HAa UHTEpBale Af B BUIE:

p()
v =lnp)—Inp(t—-At) =ln———"—. 11
e =Inp() —In p(z = Ar) o~ AD) (11)
.HCFKO BUACTH, UTO AJIA HC6OJ'ILH_H/IX I/I3M€HCHI/H‘/Jl Kypca I"A[ 3TO HpO—

CTO OTHOCUTEIBHOE U3MEHEHHUE 1eHbl. Kak moKa3bIBaloT SMIHUPUYECKUE
JAaHHBIE

Pry|>x) ~ x5, (12)

rae &, =3 . AHaJIOruuHble CTEHCHHBIE 3aKOHBI ObLIM OOHAPYXKEHBI IS
00BbEMOB IIposiax V,, ¥ COOTBETCTBYIOILETO YHcia CleNoK N,, Ha UH-
TepBaye At:
-£
P(Va|>x)~x7>, (13)

rae &, ~1.5, a Takxke

P(Ny|>x)~ x5V, (14)

rae &y ~3.4. OTH 3aKOHBI SABISIOTCS YHUBEPCAJIbHBIMHU Ul JTHOOBIX

3HadeHudl At or 1 MuH 10 1 Mec. Ha caMbIX pPa3lUYHBIX BPEMEHHBIX
MHTEpBajaX MU JUIS CaMBIX DPa3IMYHBIX (PHMHAHCOBHIX HWHCTPYMEHTOB,
npuaeM dopmyna (12) ocraeTcs BepHOH Haxe ISl CaMbIX Pa3IMIHBIX
uHzeKcoB. bosee Toro, okazanocs, yTo Jaske HauboJiee ApaMaTHUECKHe
coOBITHSI, BKJIIOUaromue (uHancoBbsle kpaxu 1929 u 1987 rr. BmomHe
cornacyrorcs ¢ pacnpeneneausmu (12) — (14). Ilomumo pacnpeneneHuit
CTENEHHbIC 3aKOHbI OBLIM TaKXe OOHapy)KEHbl U1 HEKOTOPBIX aBTO-
KOPPEISILMOHHBIX (YHKUMH. 3aMETHM, 4TO JUISI BPEMEHHBIX PSAOB J0-
XOIOHOCTEH akuuii Takue QPyHKIHMM 0ObIYHO ObIcTpO yObIBaroT. Tak, Ha-
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puMep, 1 (PHHAHCOBBIX PAIOB ¢ MUHYTHBIM HHTEPBAIIOM BPEMS KOP-
peiaaun  COCTaBJIACT 0OBIYHO nmopsiika HECKOJIBKUX MHUHYT. OIIHaKO
BpeMeHHOI‘/'I pan A HOpMHpOBaHHOﬁ BOJIaTUIIBHOCTH

i ()

V(At)=m’ (15)

rue

N
R(AN = Y[ (). (16)
i=1

N — o01Iee 9uCiIo0 BPEMEHHBIX HHTEPBAIOB JUIUTCILHOCTRIO Af, IMEET
JUTMHHBIE aBTOKOPPEISALUU, KOTOPBIE MOJUUHSIOTCS YCTOWYUBBIM CTE-
MIEHHBIM 3aKOoHaM. Tak, HampuMep, CIIEKTP HOPMHUPOBAHHOW BOJIATHIIb-
HoctH (16) ms Bcex KOMMaHWM, BXOAAMUX B uHACKC S&P500, nmeer
BUI:

S(f)~f° (17)

U pacmajgaercss Ha JABe dvactd. s Oosee  BBICOKMX 4acToT
(1/ f <700 MuH), COOTBETCTBYIOIINX MajbiM BpeMeHaMm & =0.5, a ms
6onee Hu3kuxX 4actoT (1/ f > 700mun) £ =0.2.

Hakosnern, Mbl nepexonuM, BUAUMO, K CAMOMY H3BECTHOMY pe3YJib-
TaTy S5KOHOQU3UKH. MaHTeHbsl U CTEHIM 3KCIIEPUMEHTAIBHO II0Ka3aIu
[47 — 48], 4T0o MIOTHOCTH BEpOATHOCTH P(Z,,) M3MEHEHMs MHIEKca
S&P500 na unTepBasie A¢f or 1 MuH 10 1 Mec. ONUCBIBAIOTCS «yCEUYEH-
HBIM» pacnpeneneHuem Jlesu (puc. 1). Takoe pacmpeneneHue B cBoei
LEHTPaJIbHON yacTu (Tie M3MEHEHHs He MPEBBILAIOT MISCTH CTaHIapT-
HBIX OTKJIOHEHMI) cOBIajaeT ¢ OOBIYHBIM pacipexneicHueM JleBu, a Ha
KpasXx OHO «OIyCKaeTcs» HMKE MOCIEAHEr0, OCTaBasACh MPU ITOM 3Ha-
YHUTENBHO BHIIIE TayCCOBBIX pacmpeaeienuii ¢ TeM xe o (puc. 2). Pac-
npeneneHyue JleBU HOPMHPOBAaHHOW Ha G BENIWYMHBI Z,, B JaHHOM

ciIydac JJIsl BCEX UHTCPBAJIIOB At nMeeT BU:

A= Jeos(pre ™" . ()
0
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rire ao=1.4, y=0.00375, B=Z,, /0, Z,=Y@t)-Y(t-At), Y(t)—
3HaueHne mHAcKca S&P500 B MOMEHT BpeMeHH f. 3aMETHUM, YTO ECIIH

rpaduku ¢ pa3nuYHBIMU Af Ha puC. | MPUBECTH K HOPMUPOBAHHOMY
MacmTaby

Z,=Zy (A1), (19)

TO BCE OHHU COBHAAYT. JTO O3HAYAET, YTO YCEUCHHOE PACIPEICICHHE
JleBu nns unTepBanoB or 1 MuH A0 1 Mec. SBISIETCS OJHOPOIHBIM MO
At , Tak ke Kak u ynucroe pacnpeneneane Jlesu (18). JlanpHelnme wc-
CJeI0BaHUSI MTOKA3allK, YTO 3TOT 3aKOH OCTACTCSl BEPHBIM U JJIS APYTUX
WHIEKCOB, a TaK K€ JJI OTJAENbHBIX akuuid. [Ipn 3TOM B KaXk[IoM ciydae
TOSIBJISIETCS CBOM MokazaTenb o . KpoMe Toro, oka3zajioch, 4UTO HauMHas
oT At =1mec. u 60BIIE, 3TO YHUBEPCAIBHOE paclpe/ieicHIe HAaUnHACT
CXOJIUTHCA K TayCCOBOMY PACIPEACIICHHUIO.

Z
I WS ]
<P A =3 man
oA t=10 min
-a A 1232 min
<1 A =100 min
iy ] ¥ A 1=316 min
oo A 1=1000 min
N
o
o
=
2 5 .
..\. ;’J‘-I
W e Y
1A 1\
g Twow
1o i Eh
(+]
N1 1
-20 i 5} 10 20

Puc. 1. I'paduku pactpenenenus Z,, B norapudmuyeckoM mMacirade

s At B uaTepBane ot 1 1o 1000 mun
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Puc. 2. Pacnpenenenue Z,, Biorapudmuueckom maciurade npu Af =1 MuH

BMeECTe C YHCTBIM pacipeneneHueM Jleu (18) u rayccoBsIM pacnpeneneHueM
(onmpoxuHyTas mapabona)

3aBepirast 3TOT KpaTKHid 0030p, CIEAyeT CKa3aTh, 9YTO MBI 3aTPOHYIIH
TOJIBKO Camble SIPKUE PE3yNbTaThl SKOHO(PHU3UKH, KOTOPHIE CTAIH yXKe
CBOETO pojia «Kiaccukoiy. Kak MbI BHIemH, 3/1eCh €CTh MOJIEINH, UCCIIe-
JOBaHUE KOTOPBIX TPeOyeT MPUBJICYCHUSI CAMBIX COBEPIICHHBIX METO-
JIOB cTatucTHUeckor ¢u3mku (Minority Game), 371eCh €CTh TEOPHH IJIS
onucaHusl (PUHAHCOBBIX KaTacTpo( C MCIOIH30BAHUEM METOJIOB HEINH-
HEHOW NTMHaMUKK U (Ha30BBIX MEPEXOJ0B U, HAKOHEI, 3/1eCh €CTh Ca-
MbI€ TIyOOKHE SKCIepUMEHTAIbHBIE HCCIIEOBAHUSA, TIPOBEICHHBIE Ha
TOM YPOBHE CTPOTOCTH, KOTOpHIA MpHHAT B ¢usuke. [Ipu stom axty-
ATBHOCTH BCEX ATUX PaboT IIsl SKOHOMUKH M, B YACTHOCTH, A5 (prHaH-
COBOM HayKW, odeBHIHA. boriee moapoOHO pa3iwyHBIE HAIPaBICHUS
9KOHO(HU3UKHU MpeACTaBiIeHbl B paboTax Aptypa [49 — 50], Bymo [51 —
52], Jlykca [53 — 56], Conomona [57 — 58] u MHOTHX apyrux. Uto xe
KacaeTcs pa3sBUTHS ATOM AUCHMIUIMHBI B Poccuu, TO MOMELICHHBIC B
HacTosmeM cOopauke pabotel akan. B.I1. Macnosa, mpod. JI.C. Yep-
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HaBckoro, mpod. M.FO. Pomanosckoro, nmpod. A.M. Ueborapesa u apy-
THX aBTOPOB JIAIOT 00 STOM JIOCTATOYHO MOJTHOE TpezcTaBieHne. Kpome
TOTO, 32 BCEMH ITHMH Pa0OTaMHU MPOCMATPHUBAETCS HEKOTopas 00Ias
uyeornorus. B otnuuue, Hanpumep, OT SKOHOMETPHKH, KOTOpas 3aHUMa-
€TCs, TJIABHBIM 00pa3oM, HAJC)KHBIM YCTAHOBJICHUEM CTATUCTHUECKUX
CBsI3eH MEXy MapaMeTpaMy, a 3aTeM HIIET WX pa3yMHYI0 HHTEpIpeTa-
IO C TOYKU 3PEHUS SKOHOMHUKH, SKOHO(PH3NKA, B TIEPBYIO OYEpe.b,
CTPEMUTCS TIOCMOTPETh Ha 3a/lady C TOYKH 3PEHUS «CUCTEMBI MEPBBIX
NPUHIIAIIOB», KOTOpasi CJIOXHIACh B TEOPETUYECKOW (U3UKE TPH IIO0-
cTpoeHUH ee 0a30BbIX Mojened. Kak mokaspiBaeT MCTOPUS Pa3BUTHS
9TUX Mojieiel (MHOTHE U3 KOTOPBIX C PABHBIM YCIIEXOM MPUMEHSIOTCS
U B JIpyTUX 00JacTsIX 3HAHUSA), 00JIaCTh OXBaTa TAaKUX IPHUHIIMIIOB BBI-
XOJIUT JaJeKo 3a paMku (pu3uku. B oCHOBE k€ MOJAOOHBIX MPUHIIUIIOB
JISKUT Bepa B CYMECTBOBAHHUE OOBEKTHBHBIX 3aKOHOB, KOTOPBIM IOJI-
YHHSETCS JI000W CIIOHTAHHO BO3HUKAIONIMHA MOPSIIOK, a TaKXKe Bepa B
TO, YTO ATOT MOPSIOK MOXET ObITh OMKMCAH Ha A3bIKe MaTeMaTuku. Oj-
HUM M3 MPUMEPOB TAKOTO TOPSJIKA SBIsieTCs (paKkTaibHas CTPYKTypa,
KOTOpasi BOZHUKAET PaBHO M B TEOpUU (Da30BBIX MEPEXOOB, U B TypOy-
JICHTHOCTH, U B TEOPHH CAMOOPTaHU30BAaHHON KPUTUYHOCTH.

2. ®pakTanbHbIe CTPYKTYPBI

2.1. CornacHo omHoMy m3 ompeaenenuii benya MannensOpora [59]
«(hpakTagoM Ha3bIBae€TCI MHOXECTBO, XaycIop(doBa pa3MEpPHOCTb KO-
TOPOTO CTPOTO OOJBIIE €ro TOMOJOTHYECKOW pazMepHOCTH». YUTOObI
PacKpBITh 3TO OIpenesieHHe, HAIOMHUM O JABYX NPUHLIUIHAIBHO pa3-
JUYHBIX MOAXO0MaX K MOHATHIO pasMepHOCTH. C TOYKH 3pEHUs MepBOro,
Pa3MEepHOCTh TEOMETPHUYECKON (DPUTYPHI — ITO MHHUMAIBHOE YUCIIO KO-
OpAMHAT, HEOOXOJUMBIX JIJIsl €€ OMHCAaHUS KaK MHOKECTBa TOYEK C CO-
XpaHEHUEM CTPYKTYpPhl €CTECTBEHHOHN ONM30CTH: HAlpUMeEp, U OIH-
CaHMA JMHUHU JOCTATOYHO OJHOW KOOPAMHATHI, JUIS ONHCAHUS MOBEPX-
HOCTH — JIBYX, JUISI OMTHUCAHUA Tena — Tpex KoopauHaT. [lockombky 3Ta
Pa3MEpHOCTH SIBJIETCS TOMOJOTHYECKHMM WHBAapHAHTOM (T.€. COXpPaHS-
eTcs IpU B3aMMHO-OJJTHO3HAYHOM W HEMPEPHIBHOM B 00€ CTOPOHBI OTO-
Opa’XeHHUH), TO €€ Ha3BIBAIOT MONOJI02UYECKOU PA3MEPHOCTHIO U 000-
3Ha4aT D;. DTOT MOIX0A OTpakeH B M3BEeCTHBIX paboTax IlyaHkape,
Bbpayapa, Menrepa, Ypricona, Jlebera u ap. Ero BepmmHO# crana ro-
MOJIOTHYECKast Teopus pazMepHocTH Anekcanapona [60]. C Toukm 3pe-
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HUS BTOPOTO TOAXO0JA, PAa3MEPHOCTh — ATO HYHCIO D, BBIpaXkaroiee
CBSI3b €CTECTBEHHOW MEpBI TeOMeTpHUIecKoil Urypsl (Harpumep, AJU-
HBI, TUIOMAN UIH 00beMa) C BETUYHMHON (B JTAHHOM CIy4yae JUTUHON),
MOJIO’KEHHOW B OCHOBY MCXOJHOM METpUUecKoil cuctembl. Eciu MeTpu-
YECKUH ATAJIOH TAaKOH BEIWYWHBI, TPUHATHIA 332 CIUHUILY, YBEIUYUTH
(ymeHBIINTD) B b pas, TO yKa3zaHHAs Mepa YMECHBIIUTCS (YBEITUIHUTCS) B
b” pa3s. DTy pa3MepHOCTb HA3BIBAIOT MempuUecKoii. ICTOUHNKOM TaKo-
TO OIPENCICHUS SIBJISICTCS CICIYIOIIECe BRIPAXKEHUE JJI1 OOBIYHON MEpPBI
M (nnuHBI, TUTOIIANA WX O0BeMa) MPOU3BOJIILHONH T€OMETPUUICCKOM
KPUBOW, TOBEPXHOCTH HIIH TEJA:

M =1im[N(8)8”], D=1,2,3, (20)
5—0

rae N(8) — 4UCIIO CHMILIEKCOB (OTPE3KOB, KJIETOK WM KyOOB) C T'eo-

METPHUIECKUM (DaKTOpoM (JIMHEHHBIM pa3MepoM) O, OIPEICIISFOITIX
aNMnpoOKCHMAIMIO HCXOIHOI0 MHOXecTBa. Ha ocHOBE HMEHHO 3TOrO BbI-
paxenust Xaycnopd B 1919 r. npeanoxuin cBoe 3HAMEHUTOE ONpeaee-
HHE Pa3MEPHOCTH Ul CIydas KOMIIAKTHOTO MHOKECTBA B IIPOM3BOJIb-
HOM METPHUYECKOM NpocTpaHcTBe [61]:

D=lim{InN(8)/In(1/3)]. Q1)

rae N(8) — MUHMMaNbHOE KOJIMYECTBO IIAPOB paguyca O, HOKPBIBAIO-
MIMX 3TO MHOXECTBO. 3aMETHM, YTO Ui OOBIYHBIX PETYJIAPHBIX T€o-
merpuueckux ¢uryp D =D, . OnHako ais Gosee S9K30THYECKHX MHO-

xKecTB (a uMeHHO (pakranos) D > D, . Cienyer OTMETUTb, YTO €CIIH

HCXOJTHOE MHOXKECTBO MOTPYKEHO B EBKJIMJIOBO MPOCTPAHCTBO, TO B
omnpeneneHnH (21) BMeCTO MOKPBITHI STOT0 MHOKECTBA IIAPaMU MOXKHO
OpaTp m00BIe OpYrue €ro amnmpoKCUMAalMd MPOCTHIMH (QUrypamu (Ha-
npuMep, KJIETKaMH) ¢ reoMeTpuueckuM (akropoM & . [Ipu atom Hapsay
C UCXOTHOW cheprueckoit pa3sMepHOCTHIO D TOSIBIISIFOTCS. HOBBIC (hpak-
TaJIbHBIE Pa3MEPHOCTH (KJIETOYHAs, BHYTPEHHSS U T.[.), KOTOpPBIE, KaKk
npeaenbHble 3HadYeHus npu 0 — 0, 00bgHO coBmagaroT. OgHAKO CKO-
POCTh CXOTUMOCTH K 3TOMY MpeAeny Ui TaKUX PasMEpPHOCTEH MOXKET
ObITh BecbMa paznuyHOW. [TOCKONBKY Ha MpakTHKE Pa3MEepHOCTH BbI-
YHCIISETCS HA OCHOBE KOHEUHOI'O YHCIIa TIOKPBITHIA WK IPYTHX alllpOK-
CHUMaLui, TO IPaBUIBLHBINA BEIOOP MOCIETHUX MOXKET UMETh PUHIUITH-
IbHOE 3HAYCHHE.
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IlepBonavyanpHOe ompeaencHue (21) paccMaTpuBaIOCh JHIND Kak
yIoOHOE CPEJICTBO ISl CHCTEMATH3AINN Pa3THYHBIX «ATOJIOTHICCKUX)
MHOKeCTB Tuna (yHKiuu Beepmtpacca, kpuBbix [leaHo u ux MHOTO-
YHCIICHHBIX Pa3HOBUIHOCTEH, KOTOPhIE BOZHHKAIOT €CTECTBEHHBIM 00-
pazoM mpu 0OCYXJECHHUM OCHOBAHHI MaTeMaTH4ecKoro anamusa. [lo-
CKOJIbKY BCE TaKHEe MHOKECTBA, HECMOTpSI Ha CBOIO KpaifHIOIO Hepery-
JSIPHOCTH, OOBIYHO WHBAPHAHTHBI OTHOCHUTEIHLHO MACIITA0HBIX MPEOO-
pa3oBaHUii, TO BCE OHM UMEIOT XaycaopdoBy pasmepHOCTh. [Ipuyem,
KaK MPaBUJIO, 3Ta Pa3MEPHOCTh OKa3bIBaeTcs JApoOHOH. Jlanee Mbl pac-
CMOTPUM TMPOCTEHINIME MPUMEPhl TAaKUX MHOMKECTB, YTOOBI Ha 3THUX
npruMepax MOSCHUTD HJIEH0, KOTOpasi CTAHET OCHOBHOM PH HCCIIEI0Ba-
HUM BPEMEHHBIX PSIJIOB.

2.2. Ilepss1ii npumep — 310 kpuBasg Koxa. CTpouTtcs oHa ¢ MOMOIIBIO
UTEepaTUBHON (OBTOpSsIOMIEHCs) mpouenypsl. Ha HyieBoMm mare 6epert-
¢S eMMHUYHBIA 0Tpe30K (puc. 3). Ha mepBoM miare 3TOT OTpe30K JCITHUT-
Csl Ha TPH paBHBIC YaCTH. 3aT€M Ha CPEAHEH YacTH CTPOUTCA PaBHOCTO-
POHHHUH TPEYTONBHUK M €T0 OCHOBaHHE BhIOpackiBaeTcs. Jlajee Ha Kax-
JIOM CIEAYIOIIEM IIare MOBTOPSETCS Ta K€ MPOLENypa CO BCEMHU OC-
TaBIIUMUCS OTpe3KaMH. MHOXeCTBO, KOTOPOE MOIydaeTcs B pe3yibTa-
TE€ TAaKOW WUTEPaTHBHOM MPOIEAYPHI, Ha3bIBacTCs kpusoiu Koxa. Hamo
CKa3aTh, YTO BCE MOJIENIbHBIE (PPAKTANbI CTPOSTCS KaK Mpeaes Mocieao-
BaTEHHOCTH HEKOTOPBIX KOMILIEKCOB. Takne KOMIUIEKCHl MaH[emnb0-
pOT Ha3Bal npedghpakmanamu. J7i1 BEIYUCICHUS PAa3MEPHOCTH KPUBOI
Koxa B kadecTBe MOCIIEIOBATEIBHOCTU aNNpPOKCUMAaLUN YIOOHO BOC-
MOJIF30BAThCS €€ MpeACTaBICHHEM Ha n-M IIare utepanuu (mpendpak-
TaJIOM 71-TO MOKOJIEeHUs). B 3TOM cityuae oHO OyJeT annpoOKCHMHUPOBAHO
4" otpe3kamu, yMeHbIIIeHHBIME B 3" pa3. VI X0Ts Takue anmpoKCuManum
HE SIBJISIOTCS MOKPHITHAMH, OJHAKO WMEHHO OHH JIJISl JAHHOTO OOBEKTa
SIBIISIIOTCS HanOoJiee ecTecTBeHHBIMH. Ecnu Termeps B3a1h &= (1/3)", TO
N(8)=4". Tlepexons k mpemeiy npu n —» oo 1o dpopmyie (21), momyya-
em D =1n4/In3 (= 1,26). Takas pa3MepHOCTb HA3bIBACTCS GHYMPEHHEH.
HetpynHo mokasats, 4TO B JaHHOM Cllyyae OHa COBIMAAACT C XaycAop-
(hoBoit pasmepHOCTHIO. [lOMyTHO 3aMETHM, YTO €CITA B HYJIEBOM IIpH-
ONMMKEHUH B3STh HE OTPE30K, a TPEYTOJbHUK C SAMHUYHON CTOPOHON H
MPOAENaTh C KaKIOW U3 €r0 CTOPOH OMHCAHHYIO BBIIIE MPOILIETYPY, TO B
pe3ynbTaTe TOJIYYUTCS MHO)KECTBO, M3BECTHOE Kak CHexxnHka Koxa

(puc. 4).
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Puc. 3. Kpusas Koxa Ha nepBbIX ITH I1arax uTepanuu
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Puc. 5. Koep CepnuHCKOro Ha yeThIpeXx Iarax UTepaLuH.

Bropoii mpumep — 310 K0Bep CEepIMHCKOTO, KOTOPBIH CTPOUTCS TaK.
Ha nyneBom miare Oepercs eIUHWYHBIA KBajapaT. Ha mepBoMm — 3TOT
KBaJpaT JEJIUTCS Ha JIEBATH PAaBHBIX KBAJPaTOB W BHIOpPACHIBAETCS
cpemnamii (puc. 5). Jlanee Ha KaKI0M CISAYIONMIEM IIare 3Ta Iporeaypa
MOBTOPSIETCS CO BCEMH OCTABIIMMUCS KBajaparamu. MHOXECTBO, KOTO-
poe ToyJaeTcs B MpeJierie TaKOW UTePaTHBHOMN MPOIEAYPhI, Ha3bIBACT-
cst kospom Cepnumnckoeo. [|ns Borancienns QpakTaabHONH pa3MEpHOCTH
3TOTO0 MHOXECTBAa B KaYeCTBE /-l alMpPOKCUMAIIMH OISTH HUCIOIB3YEM
npeadpakran #-ro MOKoJeHus. B 3ToM ciiydae oHO OymeT mokpheITo 8"
KBajipaTaMd, yMeEHbIICHHbIMH B 3" pa3. DTO O3HAYaer, 4TO MpH
8= (1/3)", N(8)=28". Tlepexons K mpemeny HpH A —> o0, TOIyIaeM
D =In8/In3 (= 1,89).

3aMeTuM, 4TO ammpOKCHUMAINH, KOTOPHIE MBI UCIOIB30BAIHA B 3TUX
CITyYasiX, B HEKOTOPOM CMBICIIE ONTHMAJIBHBIM 00Pa30M MPUOIINKAIOT
COOTBETCTBYIOIIUH (PpaKTayl Ha KOKIOM Imare urepanuu. IMeHHO 3TOT
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(hakT MO3BOJIAET HAM IMOJYYHMTh 3HAUCHUE D y)ke Ha MEPBOM IlIare, 4To
HEBO3MOJKHO IPH KCIIOJb30BAaHUM IPYTHX ammpokcuMariuii. s toro
YTOOBI OSICHUTH 3TO OoJiee MOAPOOHO, IS KAKOTO-THOO0 M3 3TUX JABYX
MPUMEPOB TOCTPOUM TpaduK, IIe 0 TOPU3OHTATHLHON OCH OTJIOMXKCHBI
s3HaveHms In(1/0), a mo BepTuKanbHOW — 3HadeHHUs InN(J) (puc. 6).

HOCKOJ'H:Ky B 3TOM MaciuTabe BCe CTEICHHEIC (1)YHK]_[I/II/I SIBJIAIOTCA JIH-
HeﬁHLIMPI, TO CTCIeHb D OMPEACTIACTCA KaK TAaHI'CHC yTIJla HAaKJIOHAa CO-

oTBeTCTBYIOmEN mpsimoit. Ouesuano, uro mpu & =(1/3)" Bce manubie

JUIS YKa3aHHOTO TpUMepa OyIyT HaXOAUTHCS Ha OXHOU mpsMoi. Ecim
JKe JUISL BRIYUCIIeHus: D B 3TOM mpuMepe HCIob30BaTh APYTHeE alpoK-
CUMAIIMH, TO TOJYYUTCA TpapuK, KOTOPHIH UMb ACUMITOTUYCCKU
npuOImKaeTcs K npsamMoit. [lpyu 3ToM ecnu anmpokcUManuu BBIOPAHEI
HEYJITAYHO, TO TaKoe MPUONIMKEHHE MOXKET ObITh BeCbMa MEIJICHHBIM.
Jlasiee npu aHaM3e BPEMEHHBIX PSIOB 3TO COOOpakeHHe OyIeT OCHOB-
HBIM JIII OCO3HAaHUS HEOOXOJUMOCTH Tepexoja K ONTHMAIbHBIM arl-
MIPOKCHMAITUSIM.

In Wi

171/ £)

Puc. 6. 3aBucuMocTh B JBOMHOM JOrapupMuueckoM Macmrabe 4ucia CUMIUICKCOB
N(8) cocTaBISAIOIIMX aNIPOKCHMALIMIO, OT XapaKTepHOro pa3mepa cumiuiekca o . Ec-
JIM TaKWe arpoOKCHMAalUM SBISIOTCS MpeadpakTataMy, TO 3Ta 3aBUCHMOCTD SIBISETCS
nIuHEeWHOH. B mpoTHBHOM cilydae 3Ta 3aBUCHMOCTH OyJeT JHINb MPUONIKAThCS K JIU-
HeWHO# B acuMnToTuke npu & — 0
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2.3. Korma paccMaTpuBaiich oI00HBIC IPUMEPHI, TO HUKTO HE Ha-
JIesITICSl, YTO MHOJKECTBAa ¢ HETPUBHAIBLHON XaycmopdoBol pa3MepHO-
CTBIO MOTYT MMETh KaKoe-THOO OTHOIIEHWE K mpupope. Temepb, BO
MHOTOM OJsiarogapsi ycunusiM MaHzens0poTa Mbl 3HaeM, 4TO (ppaKTalbl
OKpY’KaroT Hac MoBcioay. HekoTopsle 3 ¢pakTasioB HEMPEPHIBHO Me-
HSIOTCS, TIOZOOHO JABIDKYLIMMCS OOJlaKaM WJIM MepLaromeMy IiIaMeHH,
B TO BpeMs Kak JIpyrue, NogoOHO AEpeBbSIM WM HAIIUM COCYIUCTHIM
CHCTEMaM, COXPAHSIOT CTPYKTYPY, IPHOOPETEHHYIO B MPOLIECCE IBOIIO-
nuu. [Ipu 5ToM peanpHBIA AWama3oH MacmTaboB, TIe MOXKeT HabIo-
Jatbesi (hpaxTajbHas CTPYKTypa, MPOCTHPAETCS OT PACCTOSHUN MEXIy
MOJIEKYJIaM{ B TIOJTUMEPAX /10 PACCTOSHUS MEX]Ty CKOTUICHUSIMH TajlaK-
THK BO BCEJIEHHOW. MOXXHO CKa3aTh, YTO BCE CHIIbHBIE HEPETYIAPHOCTH
B IIPUPOJIE CTPEMATCSI 0OpecTu caMonono0HyIo ((ppakTaabHyIO) CTPYK-
Typy Kak HauOoJee YHEPreTUYeCKH BBITOAHYIO.

O6myro crienupuKy MPUPOTHBIX (PPAKTAIOB MBI MOSICHUM Ha IIPH-
Mepe OeperoBoi JIMHUH, TeM OoJiee YTO 3TOT MPUMEP MPEICTABIISIET UC-
TOpUUYECKUI uHTepec. IMEeHHO 37ech BrepBbie ObL1a 0OHApYKEHa 3aKO0-
HOMEPHOCTH, BIIOCJIEJICTBUM OCMBICIIEHHAsI Kak (pakTalbHOCTb. B pa-
00Te M3BECTHOTO aHTIIMHCKOTO MeTeopoiora u kaprorpada Pudapacona
(BBIIIEIIEH yx)e mociie ero cMeptd B 1961 r.) [62] ¢ momombto mocie-
JIOBATEIFHOCTH BCE 0OJIee TOYHBIX KapT M3MEPSIICS MepuMeTp Oepero-
Boi yimHNK BenmukoOpurtannu. JlaHHBIE HAHOCWINCH HAa TpadwuK, TIe 1mo
TOPU30HTAJILHON M BEPTUKAIBHOM OCSM OTKJIAABIBAIUCH COOTBETCTBEH-
HO jorapudmbl MacimitabHoro ¢akTopa KapTel m U mepumerpa P(m).
PesynpTar okazancs mopasurenbHBIM. J[aHHBIE TOYTH TOYHO JIETTH Ha
npsamMyto (puc. 7). DTo o3HaYaeT, 4To OJraromapsi «IoBeCKaM», KOTOPHIS
MOSIBIISIIOTCA 10 MEPe YMEHBIIEHHUsI MaciuTabHOro ¢akTopa KapThl, Ie-
puMeTp «pacxoautcsa» (T.e. P(m)— o npu m — 0), ¥ nmpuveM 1o cre-

MeHHOMY 3akoHy. OTClo/1a clieyeT, uTo OeperoBast TWHUS UMeeT (pak-
TaJbHYIO pa3MEepPHOCTh. JleMCTBUTENBHO, TOCKOIBKY MacIITaOHBIH (hak-
TOp KapThl m TPSIMO MPOIMOPIUOHATIEH MUHUMAIBHOMY Pa3InIuMOMY
pasmepy O («pa3pelIeHHuo» KapThl), TO U3MEPECHHE MEPUMETpa C II0-
MOIIBIO TIOCIIEIOBATEIHHOCTH Bce 00JIee TOYHBIX KapT MOXHO Ipe.-
CTaBIISITh KaK U3MEpPEHHE C TIOMONIBIO MOCIIEI0BATENEHOCTH Bce Oojiee
TOYHBIX alMpPOKCUMAIUil OeperoBoil JWHUH JIOMAaHBIMU C Pa3MEpoOM
3BeHa O. Toraa BBIMOIHEHUE CTENICHHOTO 3aKOHA MpH Mepexoje K 00-
Jiee TOYHBIM KapTaM MPOCTO 03HAYAET YTO:
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P(3)~87%, (22)

rae P(0) — mepuMeTp, COOTBETCTBYIOIIUN Pa3pelICHHIO O; O — KOH-
cranra'. Eciu Tereps yuects, uto P(8) = N(8)8, rae N(8) — wumcio
3BEHBCB JIOMAHOH, alMPOKCUMHPYIOIIEH epuMeTp, To 1uist N(8) momy-
YHM BhIpaKEHHE:

N(&)~8§ D (23)

OTKyJa Cpa3y CIEIyeT, 9To OeperoBas JHHHS — (QpakTal ¢ pa3MepHO-
cteio D=a +1 (cm. popmyiy (21)).

log o[ Plra)(aae)]

3.9

37 A

274

25 T T T T
1 15 2 25 3

log, g #r2reae)

Puc. 7. 3aBucumocTs 1uuHbI 6eperoBoil auHuu P(m)
oT MacmTabHoro (akropa KapThl /1 B ABOWHOM JorapuMudeckoM Maciurabe

' 3jech u janee CHMBOJ ~ O3HAYaeT, YTO IPH & — O BBIPAKEHHs CIpPABA M CIEBA
(xoTOpBIE OOBIYHO CTPEMSATCS K HYJIO MIIM OECKOHEUYHOCTH) pa3inyaloTcs He Oonee ueM
Ha KOHCTAHTY.
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Ha ocHoBe 3TOTO mpriMepa OTMETUM OCHOBHBIE OCOOCHHOCTH BCEX
NPUPOIHBIX PPAKTANIOB B MX OTIIMYUU OT MOJICIBHBIX:

BO-TICPBBIX, CBOMCTBO CAaMOITOI00US JIJIsl HUX BBITIONHSCTCS KaK Ipa-
BUJIO JIMIITH B CPEIHEM;

BO-BTOPBIX, NPH BBIYHUCICHUH (PpPaKTAILHONH Pa3MEpPHOCTH CTETICH-
HOW 3aKOH TMPOSBISET ceOS KaK «IIPOMEKYTOYHAs aCUMITOTHKa» (T.e.
npu 8 — 0 Oepercs MacmTad, Mallblif IO CPAaBHEHUIO C HEKOTOPBIM Xa-
PaKTEepHBIM, HO MHOTO OOJIBIIIE HEKOTOPOTro MUHMMaibHOTo). [Tocnen-
HEe 03HAYaeT, 4TO IMPH MMOCTPOCHUU COOTBETCTBYIOIICH 3aBUCUMOCTH B
JIBOMHOM JIoTapru(MIdeckoM MacTade clieTyeT HCKITIOYUTh MAcIITa0bI
MOpsIIKa MUHUMAIBHOTO, TIPUYEeM 0COOYIO POJIb 3/IeCh UTPAET «HCKYC-
CTBOY» MPaBUIIBHOTO BBIOOPA CHCTEMBI alIIIPOKCHUMAITHIA.

B cnenyromem pasnene Mbl paccMOTpUM (paKTaibHbIC BpEMEHHBIC
PSZIBI, KOTOPBIC SIBJISIOTCS BaXKHEWIIMM KJIACCOM TPUPOIHBIX (hpakTa-
JIOB.

3. AHa/IN3 BpeMeHHBIX PAI0B

3.1. HauGonee mnpocThiM CIOCOOOM HcCiIeqoBaHuS (HpaKTaIbHOMI
CTPYKTYpPBI BPEMEHHBIX PSJIOB SIBJISCTCS BBIYMCICHUE UX (PaKTaIbHON
Pa3MEpHOCTH dYepe3 KIETOYHYyI0 pasMmepHocTh D. s ompeneneHus
pasmepHocTH D, pa3oObeM MJIOCKOCTh, HA KOTOPOH ompeneneH rpapux
BPEMEHHOT'O psijia Ha KJIETKH Pa3MepoM O W OIPEACINUM YHCIIO KIETOK
N(J), rae HaxoAaUTCsl XOTS OB OZHA TOYKA ATOTO Tpaduka. 3aTeM Hpu

pasIUYHBIX O B JBOWHOM JIOTAPH(PMUIECKOM MACIITa0C ITOCTPOUM
¢yskuuio N (8), KoTOpas ammpoKCUMHPYETCs MPsIMOHM, HampuMmep, C

MTOMOIIBI0 MeToa HauMeHbIuX kBaapatoB (MHK). Torma D, ompeme-
JIA€TCs TIO0 YIJIy HakJIOHa 3TOW MpsAMOM. [ TaBHBIM HEIOCTATKOM TaKOI'O
METO/JIa SBISETCS TO, YTO BBIXOJ HA CTCIICHHYIO aCHMIITOTUKY (DYHKITUU
N(5) mpu & — 0 0OBIYHO TIPOUCXOTUT KpaliHe MemJIeHHO. bonee mo-

MyJISPHBIM SIBISIETCS METOJ| ompejeneHust D yepe3 mokazareiab XepcTa
H (cM. HIDKE), KOTOPBIM AJISl TayCCOBBIX MPOLECCOB CBsI3aH C D cooT-
HomreaneM H =2 — D. OgHako sl HaACKHOTO BRIUUCICHUS H TpeOy-
€TCSI CIIMIIKOM OOJIBITION PEMpPe3eHTATHBHBIM MacITal, comepKariuii
HECKOJIBKO THICSY JaHHBIX [63]. BHyTpHu 3TOro macmraba BpeMEHHOM
psAn, Kak TpaBUIO, MEHAET XapakTep CBOETO MOBEICHUS MHOTO pa3.
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UroOb!I cBA3aTh JOKAIBHYIO THHAMHUKY COOTBETCTBYIOIIETO MPOIIECcca C
(bpakTadbHON Pa3sMEPHOCTHIO BPEMEHHOTO psijia, HEOOXOIMMO Ompesie-
JUTH pa3MepHOCTh D JOKanbHO. JJsl 3TOro momeITaeMcsi HalTH Hocie-
JOBaTENLHOCTH allPOKCUMAINNA, KOTopas Mpu (PUKCUPOBAaHHOM O OBI-
7a Obl B HEKOTOPOM CMBICIIE ONTHMAaJIbHON. YMHOXUM 00e yactu (21)
Ha 1/ u BBedem D mon 3Hak jorapudma. B pe3ynprate momydum:

N@®) ~8P mpu §-0. (24)

Ecmn Temeps ymHOXHUTH 00e wactu (24) Ha 82, To OTpe/ieTICHNE
pa3MepHOCTH MOKHO Tepenucarb B BUAE CTEICHHOTO 3aKOHA IS ILJIO-
manu anmnpokcumanuid S(9) :

S@) ~8*P mpu §-0. (25)

3ameTuM, 9TO Takas gopma B oranuue oT (24) He TpedyeT, YTOOBI
CUMIIJICKCHI, 13 KOTOPBIX COCTOUT arpPOKCUMAIINs, ObIITM OJMHAKOBBI-
MU. J[ocTaTouHO TOTO, YTOOBI OHM UMENH OJIMH M TOT KE TeOMETpUYC-
ckuii akTop &. DTO MO3BOJILET HAM HMCIOJIB30BATh AMMPOKCHMAIIHH,
KOTOpBIC TIPU JAHHOM O B HEKOTOPOM CMBICIEC HAWIYYIIUM 00pazoM
MPHUOIKAIOT UCXOJTHYIO PYHKIIHIO.

3.2. leficTBUTENbHO, MyCTh Ha OTpe3ke [a, b] 3amaHa QyHKOUS
v = f(t), uMeromas He Ooee KOHEYHOTO YHCia TOUEK pa3pbiBa MepBo-
r0 poaa: MIMEHHO Takue (YHKIIMH €CTECTBEHHO paccMaTpuBaTh B Kade-
CTBE MOJENBHBIX, HampuMmep, A (UHAHCOBBIX BPEMEHHBIX PSIIOB.
Beenem paBHOMepHOE pa3zdueHe 0Tpe3Ka

0, =la=t,<t <..<t, =b], (26)

m

rne t;—t,_1=0=(b-a)/m (i=1,2,..,m). Ilokpoem rpapux >TOi
(DYyHKIIUU TPSIMOYTOJFHUKAMHU TaKUM 00pa3oM, YTOOBI 3TO TOKPBITUE
OBLT0 MUHUMATBHBIM (IT0 TUIOIIAAM) B KJIACCE MOKPBITHH MPSMOYTOJIb-
HUKaMu ¢ ocHoBaHueM O (puc. 8). Torma BeICOTa MPSIMOYTOJBHUKA Ha

oTpes3ke [t,_;,¢;] Oynmer paBHa ammuutyne A4,;(0), KoTopas sBiseTCA
Pa3HOCTBIO MEXTy MAaKCUMAIBHBIM U MUHUMAJIBHBIM 3HAaYCHUEM (PyHK-
uu f(¢f) Ha 3TOM OTpe3Ke.
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I 1 1
L ' L J ' ) ) |
a tit ti b f

Puc. 8. MuHnManbHOe (4epHBII IPAMOYTOJIbHUK) U KIETOYHOE
(cepblii IPIMOYTONBHUK) MOKPbITHS GYHKIMH f{f) Ha UHTEpBaie [t;_i, {;], AMHOH O

Brenem Benuuuny:
V@)= 4,). (27)
i=1

Torna nonHyro MIOIa[b MHHUMAIBHOTO TMOKPBITHS S, (8) MOXKHO

3almucaTtb B BUAC:

$,(8)=V;(8)s. (28)
IToaTomy u3 (25) cnemyeT, 94To
V@) ~8" mpn 30, (29)
rue
u=D, —1. (30)

HazoBem pasmepHOCTS D, pasmepHocmvio MUHUMANLHOZO hO-

Kpoimus. Uto0sl cootHectr D, ¢ ApYyruME Pa3MEPHOCTSIMH H, B 4acT-
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HOCTH, C KJIETOYHOW pa3MepHOCThIO D, , IOCTPOMM KIJIETOUHOE pa3due-
HHUE IUIOCKOCTH rpaduka ¢yHKuum f(f), Kak IOKa3aHO Ha pHC. 7.
ITycts N;(8) — 4uCIO KJIETOK, MOKPBIBAIOIIMX rpaguk f(f) BHYTpH

oTpeska [¢;_;,;]. Torna:

0< N, (8)8% — 4,(8)8 <257 (31)

Paznienum 3T0 COOTHOIIEHHE HA & ¥ MPOCYMMHUPYEM II0 i C yUETOM
(27). B pe3ynbpTare moaydanm

0< N@)S—V,(8)<2(b—a), (32)

rae N(8)=) N,;(8) ectb MOJHOE YHCIO KIETOK pa3Mepa O, IOKPHI-
Baromux rpaduk ¢pyHkuuu f(¢) Ha orpeske [a, b]. Ilepexons k mpene-
ay ipu & — 0, ¢ yaerom (29) u (30), momyuum:

NS~V (8)~5H" =8 """, (33)
C nmpyroii CTOpOHEI, coryiacHo (25)
N(@B)5=5,(8)87" ~5'7 P (34)

CnenoBarensto, D, =D, .

3amMeTuM, OHAKO, YTO, HECMOTPS Ha 3TO PABEHCTBO, JJISI pealbHBIX
(hpakTanbHBIX (YHKIUI MHUHUMANbHbIE W KIETOYHBIE TMTOKPBITHS MOTYT
JIlaBaTh Pa3IHYHbIC TPUOIIKCHHUS BETHUUMHBI S(8) K aCHMIITOTUYECKO-

My pexumy (25), mpudeM BeTUYHUHA 3TOTO Pa3INdus MOKET OBITh BECh-
Ma 3HAYUTEIbHOM.

Bossparmasics k dopmyrne (30), 3ametum, 9T0 OCKOIBKY D, =D 1
Ui oqHoMepHOH dyHkuuu Dy =1, 10 n=D — D_ . [losToMy B 1aHHOM
ClIy4ae MHJEKC |l €CTECTBEHHO Ha3BaTb UHOEKCOM (hpakmanvrocmu.

Jlanee mpu aHanum3e (UHAHCOBHIX BPEMEHHBIX PSJIOB MBI OyneM pac-
CMaTpHUBaTh €ro Kak OCHOBHOH (hpaKTaIbHBIN MTOKA3aTeIb.

3.3. HauGonee momysipHBIMH MPEACTaBUTENSIMH (PaKTaIbHBIX Bpe-
MEHHBIX (DYHKIMH SBISIOTCSA (DUHAHCOBBIC BPEMEHHbIE PAIBI (PSIIBI IICH
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aKkuui U KypcoB BaiioT). CyIIecTByeT HaJe)KHOE YHCICHHOE TOATBEP-
XKaeHue (PpakTambHON CTPYKTYpHI Takux psnoB [64 — 68]. Teoperuue-
CKH ke (PpaKTaIbHOCTh OOBIYHO CBA3BIBAIOT C TE€M, UTO JIsI YCTOWIHBO-
CTH pPBIHKAa Ha HEM JOJDKHBI MPUCYTCTBOBATH MHBECTOPHI C Pa3HBIMHU
WHBECTUIIMOHHBIMU TOPU30HTaMH (OT HECKOJLKHX YacCOB JIO HECKOJIb-
KX JIET). TO ¥ MPUBOANUT K MacImTaOHONH WHBAPUAHTHOCTH (OTCYTCT-
BHIO BBIIETIEHHOTO MaciiTada) IIEHOBBIX PSIOB HA COOTBETCTBYIOIIEM
BpeMeHHOM uHTepBajne [69]. C moMoinpo uHaeKkca (pakTaIbHOCTH
HaM¥ OBUTH HMCCJIEOBAHBI IIEHOBBIE PSABI aKIWKA TPHUALATH KOMITaHUH,
Bxoasmux B uHACKC Jloy-xonca (Dow Jones Industrial Index) ¢ 1970
no 2002 r. Kaxnaeiii psin conepxkut 8145 3anuceit. Kaxnas 3anucs co-
OTBETCTBYET OJTHOMY TOPTOBOMY IHIO M COJEP)KUT YETHIPE 3HAUCHHSL:
WH(POPMAIUIO 0 MUHUMAIBFHOW ¥ MaKCUMAJIbHOH IIeHe, a TaKKe IIeHbI
OTKPBITHSI U 3aKpbITUs. B nuteparype mHAHCOBEBIE PsIbI OOBIYHO H30-
Opa)xaroT C UCTIOJIB30BAaHUEM T.H. SIMTOHCKUX cBeuei». @parMeHT TaKko-
ro psana mis komnanuu Coca-Cola mpencrasiien Ha puc. 9. [[ins mpocro-
THl aHAJIW3a OTPAHUYMMCS MTOCIEAHUMHA 2'2 = 4096 3anmcaMu I Kax-
ot komnaHud. [lpyu BeYUCIEHWH WHAEKCA | MBI WCIOJIB30BAIH TIO-

CIICIOBATENIBHOCT 7 BIIOKCHHBIX pa30ueHuit ®,, (26), roe m=2"

n=0,1,2,...,12. Kaxmnoe pa3oreHue cocTosI10 U3 2" HHTEPBAJIOB, CO-
nepkamux 2'>” TOproBuix mHei. [T KasKIOro pasOHeHHs ®,, BBIUHUC-

nsinock 3HaveHue Vp(8) (27). 3necs A4;(8) paBHAa pasHOCTH MEKLY
MaKCHMaJbHOW U MUHUMAaJIbHOU LIEHOW Ha UHTepBane [¢;_;,¢;] (B 4acT-
HOCTH, eclii 8 =0, T0 A4;(d) paBHa pa3sHOCTU MEXIY MaKCUMaJIbHOHN U
MHHIMAJIBHOM LIeHOI 3a feHb). TuniaHsli npuMep noseneHus V,(3) B

JIBOMHOM JIOTapU(MHUYECKOM MaciuTade TpeacTaBieH Ha puc. 10 s
koMmmanuu Microsoft. Mbl BUOUM, YTO JaHHBIE MOYTH TOYHO JIOKATCA
Ha MPSIMYIO JIMHUIO, KPOME JIBYX TOCIIEAHUX TOYEK, TIie TUHEHHBIN pe-
XKUM UMeeT M3JIoM. JlI ONpenesieHus 3HAa4eHUs |L 110 3TUM JaHHbIM
ClIeflyeT UCKJIIOUUTh JBE MOCIEIHUE TOUKH U HAaWTH JIMHUIO PErpeccuu
y=ax+b c nomompio MeToaa HauMmeHbIuX kBagpatoB (MHK). Torna

L=-a.
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Puc. 9. Tunnynoe noBeaeHue 1IeH Ha HHTEpBasie 32 AHs (KCHOJIB30BaH JHEBHOM rpaduk
nen akiuid komnanun Coca-Cola). B ¢punancax rpaduku 1eH npuHaTo u300paxars He
OZIHOMEPHBIMH JIMHUSAMHU, a MHTEpBalaMH (Tak Has3blBacMble OapoBble I'padMKH WM
rpad¥KH B BUJE AMOHCKUX cBeueil). OANH NpsIMOYTOJIBHUK (HA3bIBaE€MBbIil TEJIOM CBEYH)
C IBYMs IITPUXaMH CBEpXy M CHU3Y (Ha3bIBaeMBIMH TCHSIMHU CBEUH) M300pakaeT Kole-
0aHMS IIeH B TeUeHHe JHI. BepXHss Touka BepXHel TeHH ITOKa3bIBacT MAKCUMYM IIEHBI,
HIDKHSISL TOYKa HIDKHEH TeHH — MUHHMYM IEHBI 3a J€Hb. BepXHss M HIKHSS TPaHULBI
Tella CBEYM ITOKa3bIBAIOT IIEHY OTKPBITHS M 3aKPBITHS TOpros. IIpm sToM, ecnm Teno
6ernoro (4epHOro) 1BeTa, TO 3aKPHITHE BhIIIE (HUKE) OTKPHITUSL

IIpn ypoBHe HagexHocTH o =0.95 B NpPUBEIECHHOM IpUMEpeE

n=0.472+0.008, R*=0.999. 3nece R*> — k0d(pUIMEHT AeTEPMH-

Hallun 1JId JIMHUKU PETPECCHU. Pe3yanaTBI IS OCTaJbHBIX KOMITaHHUM
CJICOAYIOIIHC:

=0.469+0.019, R? =0.999 (Intel Corporation);
Umax = 0.532£0.007, R*=0.997 (International Paper Company).

Otmernym, 9To st kaxaoi u3 30 kommanuii rpapux V,(8) mourn

K min

TOYHO JIOXKHUTCS HA TIPSIMYIO TaKXKe U Ha BCEX MEHBIIIUX PEIIPE3CHTATHB-
HBIX WHTEpBajaxX BILIOTH 0 32-X, a HHOTAA maxe A0 16-tu maei. [Ipu
9TOM Ha MHTEpBAIaX MEHBINX, yeM 500 gHEH, N37I0M JTMHEHHOW JacTH
rpaduka, Kak npasuio, ucuesaer. TurmdHsril npumep V,(3) Ha uHTEp-
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Bayie 32 mHsA mpenctaBicH Ha puc. 1la. Ilpu o =0.95 MBI moxydaem
n=0.571+£0.071, R> =0.992.

8510111/}(5) Mirosoft Comporation

4
8.00 4
7.40
7.00
6,40
f.00 4
5.90 1
5.00

4.40 4

4.00 T T T T T T T T
o.oa 1.00 2.00 3.00 4.00 5.00 5.00 .00 g.0a 2.0a
s

Puc. 10. Pe3ynbTar BeIUMCIIEHUS] UHJEKCA BapUalluy JUIsl BPEMEHHOI'O psijia 1IeH aKUui
xommanuu Microsoft Ha urTepBane 4096 nuei. [Ipsamas y = ax + b onpenensiach MeTo-
nom MHK 110 BceM Toukam, UCKITFOYast IBE ITOCIICIHUE

3.4. YtoOBl OICHUTH NPEUMYIINECTBA TIOCTPOCHHOIO aJTropHUTMa,
CPaBHHM €T0 C METOJOM BBIYHCIICHHS (PpaKTaTbHONW Pa3MEPHOCTH C TIO-
MoIIbI0 ToKa3atens Xepcra H. JIns gpakTtaabHBIX BPEMEHHBIX DPSIIOB
3TOT METOJl TPAIUIIMOHHO cuuTaercs HambOoinee 3ddexTuBHBIM [63].
Kak u3BecTHO, oka3arenb Xepcrta H onpenenseTcss Ha OCHOBE IIPEAIO-
JIOXKEHUS, YTO

<|f(t+8)—f(t)|>~6H mpu 6—0, (35)
TJIe YTIIOBBIE CKOOKHM 03HAYAIOT YCPEAHCHHE N0 BPEMEHHOMY WHTEpPBa-
my. UToOBI CpaBHUTH MHIACKC LI C TIOKaszareneM H, BBEACM CIEAyIOIIee

€CTECTBCHHOE OIIPEJIeNICHUE CpeaHel aMIUUTyaAbl < A4;(8) > Ha pa3Oue-
HUU O, (cM. (26), (27)):
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<A@ >=m' Y A®). (36)
i=1

YmuOXuUM (27) Ha m~' ~8 unoxcraBum B (29). Tomyumnm:
<A@)>~3" mpu 50, (37)

riue
H =1-p. (38)

Kak yxe ormeuanock (CM. BhIIIIE), eciii f(¢) — peanu3aius raycco-

Ba CIy4ailHOTo mpoliecca, To Moka3arelib H CBA3aH C pa3MEPHOCTHIO D,
a CIIeZIOBAaTEIbHO, M C HHIIEKCOM |l , COOTHOIICHHEM:

H=2-D,=1-pn. (39)

CrenoBarensHo, B 9T0M ciydae H = H, . OnHako peanbHble (pUHAH-

COBBIC PSJIbI, KaK MPABUIIO, HE SBISIFOTCS FayCCOBBIMU (CM., HAIIPUMED,
[44, 48]) u moaTomy 3HaueHus H W M H MoryT cUIBHO pa3IuyaThCsl.

HetictBurensHo, B dopmyne (37) MBI HMEeM CTCTICHHOW 3aKOH IS
cpemHe amMIumTyAsl QyHKIMH [f(¢) Ha WHTEpBaJEC IJIUHOW O, B TO

BpeMs Kak B gopmyiie (35), Mbl IMEEM CTEHCHHOW 3aKOH AJISl CpelHeH
Pa3HOCTH MEXTy HAYaJIbHBIM M KOHEYHBIM 3HAaUeHUEM f(f) Ha TOM JKe

uHTepBase. Kak oka3piBaeTcs, MHAEKC [ BBIYHCISAETCS Ha MOPSAOK 00-

Jiee TOYHO, YeM ToKazaTenb Xepcta H B momasinsiiomieM OOJBIIMHCTBE
ciaydaeB. Bo3pMem, HanpuMep, IIEHOBOH psn kommnanuu Alcoa Inc., Ko-
TOpasl CTOMT TepBOW o andaBUTy B crmucke wHAekca Jloy-/[xomnca.
PaccmoTpuM mocnenoBaTenbHOCTh 32-X JHEBHBIX MHTEPBAIOB HCXOJ-
HOT'O LIEHOBOTrO psaa (cocrosmero u3 8145 TOProBeIX AHEH, KaXIOMY
U3 KOTOPBIX COOTBETCTBYET 4 3HA4YEHHUs), CMELIEHHBIX APYI OTHOCHU-
TEJBHO Jpyra Ha OAuH JeHb. OOmee 4YHCIO TaKuX WHTEPBAJIOB
N=28145-32=_8113. [In14 KayKA0r0 U3 HUX BBIYMCIUM [ 1 |I Ha OCHO-

Be (35) u (27), (29). [lpu BerunciaeHun H 171 3THX UHTEPBAIOB OyeM
ucnoab3oBaTh 32 + 1 =33 nensl 3akpeitus C(f) U yCPEAHATH MO HETIC-
peceKaroIUMes oAnHTepBaiaM o 8 =2", rnen=0, 1,2, 3, 4, 5.
DTO O03HAYAET, YTO:
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32/8
(C+8)-C(0)|)=(5/32) Y| C(t;,1) - C(t;)], (40)
i=0
rac ti+l :ti +8
B cootBeTcTBHU ¢ mpenmnoyiokeHreM (35) BBIYHCIUM IS KaXI0-
ro o

x=In8, y=(C@Et+8)-C@)|) (41)
U almnpOKCUMHUPYEM PE3YIIbTATHI BBIYUCICHUS MPSIMON
y=ax+b (42)

¢ nomoipsto MHK. ITocne yero nonoxum H = a.
Jnd onpeneneHus UHJEKCa L UCHONb3yeM (27) B BUJE:

32/8
V)= 2 45), (43)
i=1

rae A;(8) —ammiutyna f(f) Ha uHTepBane [t;,t; + 6].
B cootBercTBHM ¢ mpeAmnofiokeHreM (29) BBIYMCIMM IS KaXK-

JIoro o
x=Ind, y=InV,(9) (44)

1 almpoOKCUMHUPYEM MOTYyUEHHBIC PE3yIbTAThI MPAMOH (42) ¢ TTOMOIIBIO
MHK. ITocie yero mojioxkum L =—a.

B kauecTBe KpuTEpHEB TOYHOCTH PacueTOB BhIOEpEM LIMPHHY AOBE-
PUTEHHOTO WHTEPBaTA A, B KOTOPHIM 3HAYCHHUE BEIMYMHBI L (Wiu H)
nonajgaeT ¢ BeposTHOCcThIO 0,90 m K = 1-R*, tne R* — ko3 unmeHt
JleTepMUHALMHA (€CIH TOYKH JIOXKATCS TOYHO HA TpsMYyIo, T0 R* =1 n
K=0).

Mt xaxporo u3 8113 uHTepBanoB BeraucauM p, A, K, u H,
Ay, Ky . Tunmunsie ¢pparmentst rpapukos pyskunit A (1), Ay (1) u
K, (), Ky (#), HOCTPOCHHBIX 10 HHTEPBAJIAM, [PaBblii KOHEL KOTOPBIX

COBIIAZACT C MOMEHTOM ¢, peAcTaBjIeHBI Ha puc. 12a u 126. Kak BuaHO
U3 3TUX PHUCYHKOB, B IOJABJISIONIEM OOJIBIIIMHCTBE CIIY4aeB WHICKC L

OMPEACIICH HAa NOPAAOK TOYHEC, UCM H.
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jist 7, (&) Coca-Cola Company
4

y =-0.5712% + 3.5906
353 R'=0.9919

24

0 0.5 1 1.5 2 248 3 148 4
o

Puc. 11a. Pesynbrar Boruncnenns V,(3) B aBoiiHOM Jorapudmuueckom macmrabe mis

BPEMEHHOT0 PAZa, MpecTaBiIeHHoro Ha puc. 7. IIpsmas y = ax + b mocTpoeHa MeTo10M

MHK. [lns onpeneneHus MHAEKCA LI CIEAyeT OTOXKAECTBUTh L =—a
h ¢'|C(; — - C(\Qr’ Coca-Cola Company
nan
-
B0 - ¥ =0223x-0.5433
R¥=0.3821
040
0zo-
0o - *
-020 - *
-
-040 -
-060* .
-080
0 0.5 1.00 1.50 20 25) 2 25 400
b &

Puc. 116. Pesynbrat Boruncienus <| C(t+38)— C(¢) |> (rme C(f) — neHa 3aKpbITHS) IS
3TOrO XK€ psiJia U COOTBETCTBYIOLICH 3aBUCUMOCTH y = ax + b. JIjist onpeneneHus moka-
3arens Xepcera [ cienayer OTOXAECTBUTh H = a
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1444,
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Puc. 12a. Tunmunslil pparMeHT BPEMEHHOTO psifia IIMPHUHBI IOBEPUTEIBHBIX HHTCpPBa-
noB Ay (t) m A (?), IOCTPOCHHBIX 1O psily ueH 3akpbitns C(¢) ans komnanun Alcoa
Inc.
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Puc. 126. Coorsercryrommii ¢pparMeHT psiga ans sHaueHnit Ky (1) u K (7) , nocrpo-

CHHBIX 110 TOMY ke camomy psimy C(2)
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Pe3ynbpTarhl MpOBEIEHHBIX BRIUUCICHUH CIEIYIONIHE:
< Au >=0.107, <Ay >=0452;

<K, >=0.0147, <Ky >=0.245.

Kpome aToro, okaszamock, 94To Au <Ay 11 99 %, u Ku <Ky ana

91 % wuccrenoBaHHBIX HMHTEPBANOB. AHAJOTHYHBIC PE3YIbTaThl OBLIH
MOJTyYeHBI M JUISL APYTUX IEHOBBIX PSIOB. B kadecTBe THMMYHOTO TpH-
Mepa Ha puc. 12a u 126 MbI ipeACcTaBIsieM pe3ybTaThl BEIYNCICHAS L
u H Ha ogHOM M ToM e 32-THEBHOM WHTEpBaie, IMOKAa3aHHOM Ha
puc. 9. lna o = 0.90 pe3ynpTaThl OKa3aJIUCh CACAYIOMIUMU:

u=0571+0.071, H,=0429%0.071, R =0.992;

H=0229+0.405, R} =0.382.

Kak u cnenoBano oxxujaTh, UHAEKC L OMNPEIEICH HAMHOI'O TOYHEE,
qeM IToKa3aTeib H.

TakuM 00pa3oMm, TTIaBHBIM MPEUMYIIECTBOM HHJCKCA |L O CpaBHE-
HUIO C JPYTUMH (PpaKTaIbHBIMH ITOKA3aTeNsAMH (B YACTHOCTH C MOKa3a-
tenem Xepcra H) SBISETCS TO, YTO COOTBETCTBYIOIIAS €My BEIMYMHA
V¢(3) mmeer OBICTpBIl BBIXOJ HA CTCHCHHOW aCHMITOTHYECKHH pe-

JKUM. DTO aeT BO3MOXKHOCTbH HMCIIOJIb30BaTh €r0 B KaYeCTBE JIOKATBHOMN
XapaKTEePUCTHUKH, OTpeNesIomell JMHaMUKY HCXOJHOTO TpoIiecca, To-
CKOJIBKY peIpe3eHTATUBHEIA MaciiTad, HEOOXOAUMBIN JIJIsl HAJEKHOTO
omnpeNeeHUs] MHACKCA L MOXKHO CUHUTATh UMEIOIIKUM TOT K€ MOPSIOK,
YTO U XapaKTePHBIA MacIITad OCHOBHBIX COCTOSIHUI mporecca. K Takum
COCTOSTHHSIM OTHOCATCS (DIATHI (TIePHOABl OTHOCHUTEIHFHOTO CIIOKOMCT-
BUSA) U TPEHIBI (TIEPUOJIBI OTHOCUTENBHO IITUTEIHFHOTO JBMKCHUS BBEPX
Wi BHU3). YTOOBI COOTHECTH 3HAYEHHE |L C MOBEIACHHEM BPEMEHHOTO

psima, eCTECTBEHHO BBECTH (PYHKIMIO LL(f) KaK Takoe 3HA4eHHe |, KO-
TOpOE eIlle MOXKET ObITh BBIYHMCICHO C MPUEMIIEMON TOYHOCTBHIO HA MU-
HUMaJIBHOM, TPEALICCTBYIOMIEM t HHTepBae T, . B ciydae Henpepsis-

HOTO apTyMEHTa / B KaueCTBE TaKOTO MHTEPBaIa MOKHO OBLIO OBI B3SITh
MPOU3BOJIBHO Majbli MHTepBasl. OJHAKO MOCKOJIBKY Ha MPAKTHUKE BpE-
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MEHHOU psifi BCerna nMeeT MUHHMAaJIbHBIA MacmTad (B HalIeM ciydae

OH paBCH OJHOMY ,I[HIO), TO Tu HUMCCT KOHCUYHYIO JJIUHY (B HameM Ciy-

4ae Mbl OepeM T, = 32 1Hs).

Kaxk oka3wiBaeTcs, UCIonb30BaHue (GyHKIUHA L(f) TTO3BOJISIET CYIIIEe-

CTBCHHO IIPOABHUHYTHECA B PCIINCHHMU ABYX OCHOBHBIX 3aJa4d aHalinu3a
BPCMCHHBIX PAOOB — 3aJa4u I/I,I[CHTI/I(l)I/IKaLII/II/I 1 3aia4u IpoOTrHO3a.

3.5. 3agaua uAeHTHUPHUKALUN OOBIYHO 3aKIIOYAETCSI B KOPPEKTHOM
oTpeieIeHNH MaKpOCOCTOSIHAS CHCTEMBI Ha OCHOBE HaOJI01aeMoil pea-
TU3alKy BpeMEHHOTO psina. [is penieHus 3Toi 3a1aui IpUMEHUTEIBHO
K (DMHAHCOBEIM psiaaM OblIa paccunTaHa GYHKIUSA W(f) I KaXIOU U3
KOMITaHWH, BXoAamuX B uHAeke [{oy-/I>xonca. Ha puc. 13 mpencrasien
TUTIUYHBIN (PparMeHT [IEHOBOTO Psija OJHON W3 TaKUX KOMITAHUW BMeE-
CTE C BBIYMCIICHHOM A7 3TOr0 parmMenTa pynkuueit W(¢) . Jocrarouno
Oeryoro B3TIIsAAa Ha puc. 13, 9TOOBI MOHATH, YTO MHIAEKC L HMEET OT-
HOIIIEHUE K MOBEICHUIO BPEMEHHOTO psina. JeHcTBUTeNnbHO, HA WHTEP-
Bane Mexny l-M m 39-m 1mHeM, TIe IeHbl BEeAyT ce0si OTHOCHTEIBHO
crabmwipHO (uaT), W) > 0.5. Jlamee, OJHOBPEMEHHO C pPa3BUTHEM

TpeHaa Ha rpaduke meH, () pe3ko magaeT Huwke 3HaueHus W= 0.5 u,

HaKOHeEl, mocie 56-ro JaHs, IAe IeHbl HaXOASITCS B MPOMEXKYTOUHOM
COCTOSTHUM MEXIY TPEHAOM U (JI3TOM, L(f) BO3BpAIIAeTCsS K 3HAUCHUIO

p=0.5. Takum 00pa3om, HCXOIHBIHN PSIJT OKA3BIBAETCS TEM CTAOMIBHEE,
yem Oounblne 3HaueHue L. [Ipu stom, ecnmu p> 0.5, To HabmOmaeTCs
T, ecmn < 0.5, mabmomaercss Tpera. Hakower, ecimm p~0.5, To

MIPOIIECC HAXOAWUTCS B MPOMEKYTOYHOM COCTOSIHHHM MEXAY TPEHIOM U
thmorom. [lomobHast Koppemsiiys MeXITy 3Hau€HHEM L U XapakTepoM

MIOBEJICHUSI HMCXOJHOTO BPEMEHHOTO psijia HaONrogaeTcs Ml TOJaB-
JISTIOTIETO OOJIBITUHCTBA €ro (parMeHTOB. UTOOBI MpEaCTaBUTh arperu-
pOBaHHBIE DPE3YJIBTAThl, PACCMOTPUM CHOBA LIEHOBOH psiA KOMIAaHUU
Alcoa Inc. 3a mepuox 1970 — 2002 rr. m 8113 WHTEpBAIOB IITMHON
32 nHS, CMEUIEHHBIX APYT OTHOCHUTENIFHO Ipyra Ha OAWH JeHb. [ns ka-
JKIOTO U3 TaKUX WHTEPBAJIOB BHIOEPEM IIATh PA3IMYHBIX TMOKa3aTeleh
CTaOUIHLHOCTH:

Fy =1og(Cy/C;3,) — norapupmMuyeckoe yBeITHUCHHE LEHBI 3aKPBITUS
C;3a 32-1HEBHBIN HHTEPBAI;
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Fy=A4/A;3, tne A; — ammumatyna KoneOaHWN IIEH 3a IOCIIEIHUC
32 nus;

F3; = o[log(C)] — crangapTHOE OTKJIOHEHHE IICH 3aKPBITHUS 3a TIO-
ciennue 32 nHs;

F, — 3nauenune xoaddunmreHTa HaKJIOHA JIMHWHM JTUHEHHOW perpec-
CHUH, TIPOBEJICHHON TI0 PSTy LICH;

i
Fs=|C;—Ci5y/ D] C; —C, || — pasHOCTb MEXIy TeKyueH
Jj=i-31
LeHOW M LeHoW 32 1oHS Hazaj, HOPMHUpPOBaHHas Ha CyMMY MOZYyJel
€XeTHEBHBIX IPUPALIECHUH LieH 3a 32 1HS.

ﬂ(f) stock prices, 5 43
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Puc. 13. ExxenneBHble 1ieHsl akiuid kommnanni Exxon Mobil Corporation
(TIpaBast mKana, SIOHCKUE CBeYH) U rpaduk GyHKIuH L(t)
(JIeBast mMIKaja, CIUIOMIHAS JINHUS)

Jlns Bcex BBIOpaHHBIX IOKa3aTenell CTAOMIBLHOCTH CIPABEIJINBO
ClIeyrolee yTBEpKICHHE: YeM Ooliee CTa0MIbHO MOBEIEHUE NCXOIHO-
ro psnma (KojaeOaHws MPOUCXOIAT BO3JIE OJHOTO YPOBHS), TEM OJFIKE
3HaueHue F,, K HyI0 U HA00OpOT, YeM sipue BBIPAXKEH TPEHH, TEM
OompIrie M0 MoAyJIIo 3HaUeHMe F,. Ha puc. 14 npemcraBieHbl 3HaAYCHUS
W u F,, IS KaXKI0T0 U3 YKa3aHHBIX BBIIE 32-THEBHBIX HHTEpBaJIOB. 13
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3TUX IUarpamMM BUIHA SIBHAS KOPPEISALUS MEXIy 3HAYCHHEM HHICKCa
I ¥ cTaOMIBHOCTHIO IIEHOBOTO psina. [Ipu aToM uem Gorbllie 3HAaUCHHE

U, TCM cTabuIbHEE OOBEACHUC pdaa, U YEM MCHBIIC L, TCM CHUJIBHCC B

HCXOJTHOM PsiJic BEIPOKEH TPEHI.

Teopernueckoe 000CHOBAHHUE TAKOW KOPPEISAIIUM Mbl HAUHEM C pac-
CMOTpPEHUSI BUHEPOBCKOTO CIIy4allHOTO Mpoliecca, KOTOPBIA SBISETCS
KIIACCHYECKON MOJIENIbI0 OPOYHOBCKOTO JIBMXeHMs. HamoMHuM, 4To 13
MOCTYJIATOB 3TOH MOJIeH (CM. BBEICHUE) CIICIYET, UTO:

2 2
<(X(1) - X(t0))™> =07 |t — o], (45)
IJie YIIIOBblE CKOOKH O3HAYal0T CTATUCTUYECKOE yCpPEIHEHHE 0 Bpe-
MEHHOMY WHTepBaiy; X(¢) u X(f)) — 3HaYeHHS TpoIlecca COOTBETCTBEH-

HO B MOMEHTBI BPEMEHH £ 1 fy; G~ — JUCIIEPCHs 33 CMHUIYY BPEMEHH (B
(hMHAHCAX TapaMeTp G M3BECTEH KakK BOJATHIIBHOCTH). U3 (45) MoxHO
MOJIYIUTh, 9TO ATOT MPOIECC MpeodpasyeTcs: caM B ceOsl Ipu M3MEHE-
HUU MacmiTaba BpeMEHU B b pa3 ¥ OJHOBPEMEHHOM W3MEHEHUH IPO-
cTpaHCTBEHHOTO Maciutaba B b'? pas. ITosTomy (pakranbHas pasmep-
HOCTB Tpaduka peaau3auu Takoro mpomecca D = 1.5 (n = 0.5).

Jlanee, mOCKOIBKY BHHEPOBCKHI MpoOIlecC HE UMEET MaMSTH, TO 3TOT
rpaduk B 1000 CBOEH YACTH 3aHUMACT MPOMEKYTOYHOE IMOJIOKECHUE
MexXIy TpeHaoM U GuToM. C Ipyroi CTOPOHBI, MOCKOIBKY MPH BBIYHC-
JICHUM WHJACKCA |I COOTBETCTBYIONIMIA PEMPE3CHTATHBHBIN MaciTad

T, >>1, 10 ncxoxs u3 dopmyxn (36) — (37) npouecc TeM crabuibHee,

yem Oonbiue 3HaueHue [ (puc. 15). [loaromy caywair p<0.5 ecrect-
BEHHO MHTEPIPETHPOBATH KaK TPEH], a cirydait | > 0.5 — kak ¢uT. Ta-
KAM 00pa3oM, MHICKC |l JEHCTBUTENBHO SIBIISETCS MOKa3aTeleM CTa-

OMJILHOCTH UCXOJTHOTO BPEMEHHOTO PS/IA.

HamomHa#M, 94TO B COOTBETCTBUU C THUIOTE301 3PPEKTUBHOTO PHIHKA
MOBEJICHUE IIEH JIOJDKHO OBITh ONU3KUM K CIyYalHOMY ONYXIaHHIO.
[IpoBepka 3TOr0 MPEAIIONIOKEHUSI OOBIYHO CBOIUTCS K HCCIEIOBAHUIO
pacripeieNieHus [IEHOBBIX MPHpAIeHH HAa HOPMAILHOCTh U K H3yde-
HUIO UX aBTOKOPPEISAIMOHHONW (DYHKIIUU HA MPEIMET HaJIN4YUs 3aBHUCH-
MocTH [70 — 75]. BeIBOABI, KOTOpPBIC MOYKHO CHEJNIATh U3 MOJO0OHBIX HC-
CJICJIOBaHM, HE TIO3BOJISIOT OIEHUTH CTENCHb OTKIOHCHUS PEaTbHBIX
(hMHAHCOBBIX PSJIOB OT Ciy4ailHOTrOo ONy»maHus. Vcrmonb3oBaHue WH-
JIeKCa BapHalliy | MO3BOJIACT IMPOBECTH OOJIee MOAPOOHBIN aHATHU3.
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Puc. 14. Tunmuansle rpadUKu 3aBUCHMOCTH MEXIY 3HAUEHHEM |l W Pa3INYHBIMHU ITOKa-

3aTensMu crabuiabHoCcTH F,, (m =1, 2, 3, 4, 5) nnst 32-1HEBHBIX UHTEPBAJIOB LICHOBOTO
psina komnanuu Alcoa Inc. (cm. Taoke c. 42 u 43)
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Puc. 14. [Iponomxenue
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Puc. 15. 3aBucumocts < A(8) > g BpEMEHHOTO psifia IIPU Pa3IMYHBIX 3HAYCHUIX [
(H, ): cruomHas IMHUS COOTBETCTBYET M3MCHCHHIO aMILUIMTYIbL [l GPOYHOBCKOIO

JABWIKCHUS, ITYHKTUPHAA U ITPUXITYHKTUPHAA — IJId TPEHAOB U (1)JI3TOB, COOTBCTCTBCH-
HO
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JleicTBUTENbHO, UCTIOJIB3YS JIOKAIBHBIN MOKa3aTeNb L, OIEHUM J0-
710 00IIero BpeMeHH!, KOTOPYIO PSJT MPOBOJUT B PA3TUYHBIX COCTOSHH-
six. J{mst aTOrOo BepHEMCS K paCCMOTPEHHBIM BHIIIE 32-THEBHBIM HHTEP-
BaJlaM U BBIYMCIMM JJIS KQKJOIO U3 HUX 3HaYeHus [, U_ U W, , Tae
L_ U M, — COOTBETCTBEHHO HIDKHSS U BEPXHSS I'PaHULIbI JOBEPUTEIb-
HOTO MHTEpBaJia, B KOTOPBIH MCTUHHOE 3HAUCHHUE | IONaJacT C BEpoO-
arHocTbio 0.9. Bynem cuutate, yro npu p, < 0.5 (n_>0.5) pang Haxo-

IUTCcs B cocTosiHuU TpeHaa ((iata), anpu p_ <0.5<u, — B COCTOSHUU

OpOoyHOBCKOTO HBIKeHUs. PaccumraeM o00Iee KOJIUYECTBO OTPE3KOB
JUTSE KQ)KJIOTO THIIA MOBEACHUSA U BBIYUCIMM JOJII0 BPEMECHH, IIPOBOJIU-
MYI0 UCXOJHBIM BPEMEHHBIM PSIOM B KaKIOM M3 COCTOSHHUM. Pe3yiib-
TaThI PACUYCTOB JIJIS IIEHOBBIX PAIOB HEKOTOPBIX KOMITAHUHN MPEICTaBIIC-
HBI B Ta01. 1.

Tabmuna 1
CocTosiHHEe BpeMEHHOT0 psijia: bpoyHOBcKoe 1BUXKEHHE Tpenn DT
Alcoa Inc 23 % 43 % 34 %
Boeing Corp 24 % 37 % 39 %
IBM 25 % 39 % 36 %
Microsoft Corp 26 % 36 % 38 %
Exxon Mobile Corp 15% 50 % 35%

AHaJOTHYHBIE PE3yJIbTAThI MOTyYEHBI JJIS BCETO CIUCKAa KOMITaHUH,
Bxojsammx B uHAekc Jloy-/xoHca. Kak BuaHO 13 Tabmn.l, BpeMcHHbBIE
PSAABI IPOBOJIAT B COCTOSIHUM OJNM3KOM K CIy4dailHOMY ONy>KIaHWIO Me-
Hee 30 % obmero BpemeHu. Vcmonb3ys noiydeHHbIe YHCICHHbBIE 1aH-
Hble ¥ BUI QYHKUMHU W(¢) (cM. puc. 14), MOXKHO clenaTh CleTyIONHi
BBIBOJI: peaslbHbIE BPEMEHHBIE DSl IEMOHCTPHPYIOT CIIOKHOE Herle-
pHOoaUYecKoe MOBEeICHNE, TIPU KOTOPOM TPEHIBI U (PIISTHI XAaOTUIECKUM
00pa3oM CMEHSIOT OpPOYHOBCKOE JBWKEHUE. [Ipu 3TOM, 3Hasl 3HAUCHHUE
(dhyHKIMU W(¢), MOKHO CKa3aTh, KAKOW THIT TIOBENICHUS Tpeo0IaiacT B

Ka)XJI0M TOYKE pAja.

3.6. OgHako Hambojee HMHTEPECHBIM IPEICTABIISACTCS HCITOJIH30Ba-
HUE MOCTPOCHHOTO ()PAKTAILHOTO aHAIM3A [Tl PEIICHUS 3a]a9 IIPOTHO-
3a. Oka3pIBaeTCs, YTO HAMYUE CTETIEHHOW 3aBHCUMOCTH ISl (PYHKITUH
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Vf(S) B JIOCTaTOYHO IIMPOKOM JIMANa30HE MAacIiTaboB I0O3BOJISET

HPEUTOKUTH HOBBII MOAXO0A K MPOTHO3MPOBAHUIO (Da30BBIX MEPEX0/10B
B XaOTHYECKHX cucTeMax. JleficTBurensHo, oOpaTtuMmcs K (GopMyiaaM
(37), (38) u puc. 15. [IpeanonoxuM, 9To BpEMEHHOHN Pl HAXOIUTCS B
COCTOSIHUM ciy4aiiHOrO OnyxnaHus. B atom cinydae D=1.5 (n=0.5)

1 3aBHCUMOCTEL < A(J) > OMMCHIBAETCS CIUIONIHON JHMHHUEH Ha puc. 15.

[Ipennonoxum, 4TOo B cucTeMe mpowmsomien (a3oBeId mepexon, B pe-
3yJIbTaTe KOTOPOTO BPEMEHHOH PsAA NMEPEXOTUT B COCTOSIHUE TPEH/A.
DTO 03HAYaeT, 4TO depe3 HEKOTOopoe BpeMs (T.€. I OONBINX ) aM-
mInTyaa Konebanuii yBenuautes (crpenka (1) Ha puc. 15). Omxaako, kak
BUJIHO U3 TpaduKOB, MEpexo BPEMEHHOTO PAla B HOBOE COCTOSHHE
BBI30BET OJHOBPEMEHHOE YMEHBIICHHE aMIUIUTYbl KOJeOaHUi Ha Ma-
nbIx Maciutabax (crpenka (2) Ha puc. 15). Takum 0Opas3om, yBenudeHue
KPYITHOMACIITaOHBIX (UIYKTyalii BeJeT K IIOJABJICHUIO MEJIKOMAc-
mTabHBIX QUIyKTyaluid u Hao00poT. DToT 3()(EKT, KOTOPBIH CIYKHUT
KIIIOYOM K MPOTHO3Y CHMJIBHBIX (PIyKTyanuid Ha OONBIIMX MaciTadax u
ClIelyeT U3 HAJINYUS CTENCHHOTO 3aKOHA, OBbUI IEHCTBUTENLHO OOHAPY-
J)KEH W TIOJATBEPKIECH 00paOOTKOW OOJBIIOr0 KOJWYECTBA dIMITHPUUC-
CKUX JaHHBIX.

3akaouenue

IToxBenem ocHOBHBIE UTOTH paboTHL Jlisi ofHOMEpHOW (hpaKTalb-
HOW (yHKUMK f(f) Ha OCHOBE BenuIUHbL V() (27) MBI BBEIH HOBBIC
(hpakTambHBIC TMOKa3aTeNn: WHACKC dpakTanpbHOoCcTH W (29) M pa3zmep-

HOCTb MHUHHMAJIBHOTO MOKPBITH Dy (30), TECHO CBSI3aHHYIO C MHICK-
com p . Kax npeznensHoe 3Hadenue npu 8 — 0, D, coBnagaer ¢ o0br4-

HOU (pakTanbHON pazMepHOCTHI0 D. OIHAKO 110 CPABHEHUIO C JPYTUMH
M3BECTHBIMH (DPAKTANbHBIMU TOKA3aTEISIMH JITOPUTM  BBIUYMCIICHUS
pasmepHocTd D, (4 COOTBETCTBEHHO MHJCKCA W ) HMECT OBICTPBII BbI-

X0l Ha CTETIEHHOW aCUMITOTUYECKUN pexuM st D. UucieHHble pacue-
ThI, BBITIOJTHEHHBIE JIS [ICHOBBIX PSAJOB aKIWH KOMITAHWUN, BXOIAIINX B
unaekc Jloy-/I>koHca, moka3anu, 4To Pernpe3eHTaTHBHBIN MacIiTad, He-
00XOIUMBIN AJIs OTpeesieH!s] HHAEKCA [L C TPUEMIIEMOIl TOYHOCTBIO,
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Ha JIBa MOPsIIKa MEHbIIE, YeM, HalpuMep, COOTBETCTBYIOIINI MacIiTad
JUISL OTIpeIeNICHHS ToKa3atenss Xepcra H. DTO TO3BOJSIET paccMaTpH-
BaTh MHJICKC |l B KAYECTBE JIOKATHHOTO (hpaKTaIILHOTO moka3zarens. [1o-

3TOMY ISl KQXKJIOTO MOMEHTA ¢ BPEMEHHOTO psAa MBI BBEIH (DYHKITHUIO
p(¢f) xak 3HaYeHHWE [, BBIYMCIEHHOE Ha MHUHHUMAIbHOM, IPEIIIecT-

ByIOIEM ¢ MHTepBane T, . Mcronb3oBaHne 5TOH (HYHKIHMH ITO3BOJIMIO

HAM CEPbE3HO MPOJBUHYTHCS KaK B IUIAHE WUJCHTH()HUKAINH, TaK U B
TUTaHE MPOTHO3a (PMHAHCOBBIX BPEMEHHBIX PsAA0B. B muane maentudu-
Kallid Mbl 00OCHOBAJIM TEOPETUIECKH M TIOATBEPIMIN YHCIEHHO Ha OC-
HOBE JIOCTATOYHO OOJIBIIIOTO KOJUYECTBA AMIUPUUYCCKUX ITAHHBIX TOT
(hakT, 4TO MHACKC |l SIBISETCS IMOKa3aTeIeM CTAOMILHOCTH BPEMEHHOTO

psana. Yem Oonpitie 3Ha4YeHWE L, TeM cTabuibHee psa. [Ipu aToM ciy-
yaii P <0.5 MoxeT OBITh WHTEPIPETHPOBAH KaK TPEHJI, a CIy4ai
p>0.5 — kak T, Ciry4aif )xe |~ 0.5 coOTBETCTBYyeT OPOYHOBCKOMY
JBIDKCHUIO. DTO TIO3BOJIMIIO HAM C TIOMOIIBIO (PYHKIMH LI(f) TPOTECTH-

pOBaTh MCXOJIHBIC LIECHOBBIC PSAMBI C TEM, YTOOBI BBIJEIUTh B HUX OpO-
YHOBCKYI0O KOMIOHEHTy. Kak okazajoch, ee A0S COCTaBIISIET MEHee
30 %. Ilomy4eHHbII pe3ynbTaT AaeT OLEHKY CTETIEHH 00OCHOBAaHHOCTH
EMH. B mnane ke mporao3a 000CHOBaH TEOPETUYCCKH U MTOATBEPKICH
pacuetaMu 3G PEKT yBeTHMUCHHUS KPYITHOMACIITAOHBIX (IyKTYallid PH
MTOTABJICHAH MEITKOMAaCITaOHBIX. DTOT 3 ()EKT, 0OYEBUIHO, MOXKET OBITh
MOJIC3HBIM ISl TIPEJICKAa3aHUsl CWIIBHBIX KOJIcOaHWH Ha (YMHAHCOBOM
PBIHKE.

Kak oka3piBaeTcsi, MOCTPOCHHBIM B paboTe (ppakTambHBIN aHAIHN3
uMeeT Topasno Ooiee MIUPOKYIO 00acTh MpUMEHEHUs. B gacTHOCTH,
UCTIONb30BaHUE (PYHKIMH L(7) TO3BOJISIET PEIUTh 33a/la4y O pacipenie-

JIEHUH TPEHIIOB, MMEIOIIYI0 OONbIIOe MpakTHUecKoe 3HaueHue. llpu
STOM OKa3bIBA€TCS, YTO BEPOSITHOCTH MPOJOJDKEHHUS TPEHAa, KOTOPBI
JUTUTCS, CKaXkeM, 7 JHEH 3HAUMMO BBIIIE, YeM COOTBETCTBYIOIIAs BEPO-
SITHOCTB JJIsl TPEHJ1a, KOTOPBIM JJIUTCS TOJIBKO 5 JTHEH.

ITorryTHO 3aMeTWM, YTO TOCTPOCHHBIA JIOKAJIBHBIN (PpaKTaIbHBIN
aHaJdu3 MOXXHO HCIOJIb30BAaTh TAaKXKe ISl MPOTHO3a 3eMIICTPSICEHUMU
[76], nmemuyeckux 3aboneBanwmii [77] u T.1. OAHAKO TIPH PacCMOTpE-
HUU COOTBETCTBYIOIIWX BPEMEHHBIX PAIOB, TE KaXIOMY 3HAYCHHIO
apryMeHTa COOTBETCTBYET TOJIBKO OJHO 3HaYCHUE (PYHKIIMH, ITH PSIbI
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ClIeyeT TEepBOHAYAIBHO MpeoOpa3oBaTh B PSIbl aMIUTUTYI, KOTOPHIE
3alaHbl HAa MHTEPBANax MHOTO OOIbIe, YeM «MaciiTald pa3perieHus»
8y . U, HakoHel, ciemyeT cka3aTb, YTO IOCTPOCHHBIH (paxTanbHbI

aHaJ n3 JIETKO 0000IIaeTcss C COXpPaHEHHEM BCEX CBOHMX IPEHMYIIECTB
Ha MHOTOMEpHBIC (hpakTaabHble (PYHKIIMH (YTO OYCHH Ba)KHO, HAIPH-
Mep, A TEOpUH pacro3HaBaHus o0pa3oB [78] U Teopuu cxxaTHs U30-
Opaxenwmii [79]). Kpome Toro, ¢ moMomIpIo MoKa3aTelns |l MOydaeTcs

OoJtee aZcKBaTHOE BRIPAKEHUE TSI MYJIbTH(PpaKTATBHOTO cIiekTpa [80 —
82]. 3HaumTenbHO OOJiee HETPUBHAILHBIM SIBISCTCS HCIOIL30BaHUE
MOCTPOEHHOTO aJTrOpUTMa JUIsl BHIYMCICHUS Pa3MEPHOCTEH CTPaHHBIX
aTTPAKTOPOB Ha OCHOBE OTHOCHTEIIEHO HEOONBIIIOTO YHCIIAa HCTOPHYC-
CKkuX maHHBIX. OKa3bIBaCTCS, YTO WCIOIL30BAHME TAKOW IPOIIECITYPHI
MO3BOJISET TIOJOUTH K MpoOJIeMe Mpeicka3aHusl KaTacTpog) COBEPIICHHO
C UHOW CTOPOHBI.

B 3axmmoueHue aBTOPHI MOJMB3YIOTCS CIIydaeM, YTOOBI BEIPA3UTh TIIy-
Ookyro OnaromapHocTh akagemuky B.I1. MacnoBy u mpodeccopy
M.IO. PomanoBckoMy 3a LENBINA Psifl BECbMa LICHHBIX COBETOB.
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