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BBenenue

Hacrosimas muccepTalids MOCBSILIEHA HCCIEOBAHUIO HEKOTOPHIX METO/IOB
mexrHuueckoz0 anasusa GUHAHCOBOrO pbiHKA. [10J TEXHHYECKUM aHAJIM30M
MBI IIOHUMAaEM CTATHCTUYECKUH aHAJIN3 IPOLIECCOB, ONUCHIBAIOIINX NIOBEAECHUE
IleH 1 00bEeMOB CHEJIOK M 3asiBOK HA MOKYIKY HJIM NPOAaXKy (bHHAHCOBBIX
AKTHBOB, C LIeJIbI0 TIPOrHO3UPOBaHUsT GyAyLIEro NoBeJIeH!s [IeH.

IlepBble maru B UCIONL30BAHUM TEXHHYECKOIO aHANN3a Ha (PUHAHCOBBIX
phIHKax Gblin cuenannt eme B XVII sexke B fAnonnn (em. [30], rn.2), onma-
KO TOI NONyJISPHOCTH, KOTOPOX OH NMOJBb3YeTcsl Y (GPUHAHCOBLIX aHAJHUTHUKOB
B HACTOsIlee BpeMsl, TEXHUYECKUH aHaJM3 BO MHOroM obs3aH 6ypHOMY pa3-
BITHIO PHIHKa-B JEBAHOCTHIX rogax XX Beka. CBs3aHO 3TO Npexje BCEro
C TEM, YTO IIMPOKOE NPMMEHEHUE 3JEKTPOHHO-BBIYUCIUTENIbHBIX MAIINH Ka-
YeCTBEHHO NOBBICHIO 3(PPEeKTHBHOCTL MONyUeHUs], XpaHeHUuss U 0O6paboTKu
nocTynawouie#i Ha pbIHOK MHGbOpPMALUK, B Pe3Y/IbTaTe Yero pe3ko yBeJnduI-
cs1 06beM COoBEpLIaeMBIX Ha PBIHKe cedok (cM., Hanpumep, [16], crp. 7), u,
KaK CJIeJCTBHE, MOSABMJIOCL OIPOMHOE YUCJIO HHBECTOPOB C KOPOTKHMMM HH-
TepBajJaMi MHBECTUPOBaHUsA (B YACTHOCTH, BHYTpH omoro aHd). M ecnu B
Cc/lydae JOJIrOCPOYHBIX MHBECTHLMOHHBIX OPH3OHTOB ONpPEAEAIONYI0 POJIb
urpaer gpyndamenmanvrai ungopmayus (raodanrbHOE COCTOAHNE IKOHOMHU-
KM M T.Ji.), TO DU COKPALIEHN! BPEMEHHBIX FOPU30HTOB JOMHHHPYIOIILYIO
pOJIb HAaYMHAET UIPaTh TexHudecku# anaymm3 (cm. takxke [11], ral, §2f; [7]).

O/iHaKOo, HECMOTPA Ha €ro MIMPOKYI0 BOCTPEOOBAHHOCTH CO CTOPOHBI (u-



HAHCOBOTO PbIHKA, AEHCTBUsI TEXHUYECKUX AHAJUTHUKOB IO-TIPEXKHEMY HOCAT,
KaK TPaBHJIO, CyOLEKTUBHBIA (MHTYUTHBHBIN) XapakKTep, YTO NPUBOJUT IIO-
poit K NpsAMO NMPOTHMBOMOJIOXKHBIM NPOrHO3aM OTHOCHTENbHO Oyayuiero npu-
>kenus neH. HeBbICOKMit ypoBeHb TEOPETHYECKOr0 OO0CHOBaHHS BbIBOZOB TEX-
HHUYECKOTO aHAJIU3a MOXKET OLITL 06bsicHeH oTyacTd ciaexyomuMm. GuHaHco-
Basi MATEMATHKa JO HEJaBHero BpeMeHY PasBUBaJIach (M Pa3BUBAETCA O CHX
TI0p) B OCHOBHOM B Jlyxe KOHUenuuu 6esapbumpasicrnocmu (unn sddexmus-
HOCMU) PLIHKA, YTO C HAIVIAAHON TOYKM 3PEHMsl O3HAYAET OTCYTCTBHE HA
HEeM apbumpanchux 603moocrnocmeti, TO eCTb BO3MOXKHOCTeH AJA U3BJeUe-
Hus npubbLIn 6e3 pucka (mogpobuee cM. [11], ru.l, §2). naye rosops, Ha-
XOZsiCh B paMKaXx Teopi# 3¢HeKTHBHOro pbIHKa, KlaccuyecKast GpuHaHCOBAsA
MaTEMaTHKa UCXOAUT U3 TOrO, YTO IOBEJEHNE MHBECTOPOB ODYCJIOBJIEHO ,pa-
[[MOHATLHBIME® [IPUYMHAMH, B TO BPEMsI KaK JJIsi TEXHHYECKOro aHaau3a 6o-
Jlee BayKHO ,PMOLMOHaIbHOE® cocTosiHue peiaka. Ho ecmu mis ,ZIOJ‘IVI‘OCpO‘IHbIX
MHBECTHIMOHHBIX FOPU30HTOB THIIOTE3a 6e3apOUTPaKHOCTH €IIe OCTAETCS B
KaKOM-TO CTeNeHu IpueMjeMoif, TO Jjisi KOPOTKHUX Bpémeﬁﬂb’xx HHTEPBAJIOB,
rze, KaK U3BECTHO M3 MPAKTHKM, PETYJSIPHO BO3HHUKAIOT apOUTpaXkHbIe BO3-
MOXKHOCTH, KJIaccuuecKkas (pMHAHCOBas MaTEMaTHKa, OYeBUIHO, HE B COCTOS-
HUU 3JICKBATHO OMKCHIBATH IOBEJEHNUE DHIHKA.

OCHOBHOI! 11e/IbIO JaHHON paboThl SIBJISIETCST TOCTPOEHUE MOJEJU MOBee-
HHs LeH (PUHAHCOBOrO aKTHBA, OITUCHIBAEMBIX OJHOMEPHBIM ényqaﬁHbm npo-
ueccoM X = (X (t))t>0, 1 cO3aHKe CTPaTeruii, KOTOpLIE MO3BOJIAIOT pPeaJu-
30BaTL apOUTpaxkKubie BO3MOKHOCTH. OTMETHM, YTO JieXKalue B UX OCHOBE
kagi, renko H-nocmpoenus (M3BeCTHBIE TEXHMYECKUM aHAJUTHKAM, Kak kagi,
renko charts), ucnonp3oBanuch Ha GPUHAHCOBBIX phiHKax eme B XIX Beke B
dAnonnu (cM. [30], r.8).

OCHOBHBIMY ACIEKTaMH, IPUHIUITHAJIBHO OTJINYAIOIIMMHI TEMY HacTOsIIel

JHCCEePTAIIMN OT MCCIIeI0BaHuM Kyiaccudeckoit hMHaHCOBOM MaTeMaTHKH, siB-



JIAIOTCA CJeayolue:

(i) He mocTynauMpyeTcsi OTCYTCTBUE apOHUTPa’KHBIX BO3MOXKHOCTeH

Ha pBIHKE
(ii) He menaeTcsi MpeaIOIOXKEHUEe O pacnpe/iesieHnn npouecca X
OCHOBHBIE Pe3yJILTATHl paboThI sIBIAIOTCS HOBbIMU. Cpenu HUX

e Il CIy4alHOro IpOIecca, TPAeKTOPHH KOTOPOrO HENPEPHIBHBI CIIPaBa
¥ UMEIOT INpejielibl CJIeBa, ONpeZeseHbl ciefyomue nonatus: H-posa-

TUILHOCTb U H-mHBepcus

e 1I0J1yIeHbI HEKOTOpbIe CBOKCTBa H-BOMATHILHOCTH U H-MHBEPCUH B CIIy-

4a€ BUHEPOBCKOI'O IIpoliecca

e IIOCTPOEHBI CTPaTEeruy, KOTOPbIE IIPH ONpeJieJIeHHbIX 3HaueHuAx H-Boua-
THJILHOCTHM IIO3BOJISIIOT PeaJIi30BaTh MUMEIOLIMECs Ha PhIHKe apOuTpak-

HBIE€ BO3MOXKHOCTH

. . . p
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e IIpeIJIOKEH MATEMATHYECKH CTPOTHIi METOJ, IOCTPOEHHUS IIPOrHO3a, OCHO-
BaHHBI Ha aHAJIM3e MCTOPMYECKMX JaHHbIX mocpegcrBoM kagi, renko

H-nocrpoennit

® QOIIMCAaH HOBBIN IMOJ/IXOZ K OIIPEAEJICHHUIO MEPBI U3MEHYUBOCTH (BOJ'Ia.TI/IJIb-

HOCTH) (PMHAHCOBOTO AKTHBA

Kommentapun k npeanosnoxenusiM (i) —(ii), a Takoke kpaTkoe nosicHeHue
OCHOBHBIX Pe3YJ/IbTaTOB IPUBE/IeHbl HUXKeE.

B HacTosimieit paboTe HMCHONB30BAIMCH METOIbI TEOPUH BEPOSATHOCTEH U
CITy4JalHBIX IIPOIECCOB, MATEMATHIECKOH CTATHCTUKH, aNnapar KyCOYHO-MO-

HOTOHHBIX ANMPOKCUMAIWH, BOSHUKIINA B TEOPUHN MPHUOIMKEHUS.



P51 nonyyeHHbIX pe3yJbTaTOB HOCHT TeopeTHdyeckuit xapakrep. IIpakTu-
yecKasi LIEHHOCTb 3aKJIOYAEeTCsl B TOM, YTO Pe3yJbTaThl PaboTbl MOryT 3¢-
(EKTUBHO HCIIONb30BaTbCA Ha ¢uHaHCOBOM pbiHKe. OTMeTHM TakXe, 4TO
TpesJiaraeMas MeTOJIONOTHsI MOXKET ObIThb 33J1e/iCTBOBaHA TaKXKe M B JII000H
Ipyroft cdepe SKOHOMHUKH, IJie UMEETCA a1eKBaTHAsl CTATUCTHKA.

J1ns1 mosicHeHust MPAKTHYECKOM 3HAYUMOCTH IOy YEHHBIX De3yJIBTATOB OCTa-
- HOBUMcCH TofipobHee Ha cOPMYIMPOBAHHBIX BbIlle Npenosokenusax (i) —
(ii). ITo noBoay yciioBus (i) y>ke 6b1710 CKa3aHO, YTO OJHON U3 OCHOBHBIX KO-
HOMHYeCKHX KOHUenuuili (bMHAHCOBOM MAaTEMATHKH ABNSETCA THIOTe3a 6e3-
apObUTpPaXKHOCTH phiHKA. JlaHHas THMoTe3a MOMUMO HAIVIAIHOTO CMBICIA JO-
IyCKaeT TakXe M CTPOrOe MaTeMaTH4YeCKoe TOJKOBaHUE, KOTOPOe OTpaKe-
HO B nepsoti Pyndamenmaivnoti meopeme pacuemos GuHAHCOBHT AKMUBOS
(cm.,nanpumep, [23], [18], [19], [20]). DTa Teopema (C HEKOTOPLIMU OTOBOPKA-
MH) yTBEPXKAAET, YTO Ge3apOUTpakHblii PBIHOK — 3TO TAKOH PBIHOK, JJIsl KO-
TOPOrO CYILECTBYET TaK Ha3bIBaeMasi puck-nedmpaivnas (AT Mapmuneans-
HaA) Mepa, OTHOCUTENLHO KOTOPOH IeHbl 06pasytor mapmunzan (nogpobree
0 MapTuHranax cM., Hanpumep, [2], [4]). B gactHOCTH, 3TO MOsICHSIET HEBO3-
MOX<HOCTb NOCTPOEHHsI HETPMBUAJIBHOIO [IPOTHO3a II€H B PAMKAaX KOHIENIHH
6e3apObUTPa’XHOCTH, TAK KaK HAMJIYYLUINM I[IPOTHO30M OyJAyIIero 3HaueHus
MapTHHIAJIa SIBJAETCS ero 3HaYeHue B HacTosAlumit MOMeHT. B To xe Bpems
Ha NMPAKTHKE PEry/IsiPHO BO3HUKAIOT CUTYal[lH, B KOTOpble BO3MOxKeH 3P dek-
TUBHBIN NPOrHO3 (OCOGEHHO SIBHO 3TO IPOSIBJISIETCS HA KOPOTKHUX BPEMEHHBIX
unTepBaiax). B Hacrosuieil pabore npuBeeHbl MpUMephl TAKUX CUTyalui,
a TAKXKE MAaTEMaTH1eCKH CTPOrO M3JI0XKeH OOIIMit MeTOA NMOCTPOEHUsl HEeTPH-
BHAJILHOrO MporHo3a. M Bce ke, HECMOTpPsl Ha HEaJEeKBATHOCTb YKA3aHHON
TeopeMbl peasibHOH CHTYalliH, BaXKHOCTb €e B Pa3BUTHH (DMHAHCOBOM MaTe-
MATHKY TPYJHO IIEePEOLEHUTh, IOCKOJIbKY MOAaBsiomee 6OIbUIMHCTBO MOIe-

Jett PbIHKa BO3HHKAJIO U J0 CHUX ITOD BO3HUKAET B paMKaX KOHIEIIIUU 6833;[)-



6utpaxknoctu. Cpeu HaubosTee MOy IAPHBIX U JETAlbHO U3Y4eHHBIX 6e3ap-
GUTPaXKHBIX Mojeselt orMeTHM Modeav Baweave, modeav Basxa-Mepmona-
Ioyaca, modeav Koxca-Pocca-Pybunwmetina, BiepBble ONUCAHHBLIX B pabo-
tax [13], [14] u [29], [17] cooTBeTcTBEHHO.

I[Tepexona k obcyxaenunio ycnosus (ii), cieqyer cHadasia CKa3aTb, YTO B
JbuHaHCOBOH MaTEMATHUKe CYLIECTBYIOT MOJIeJIN TOBEACHUS PLIHKA, He ONupa-
oIyecs Ha KOHuenuuio 6esapburpaknoctu. Haubonee nomynsapuoit u3 Hux
SBJIAETCS MOJIENb CO CBOMCTBOM asmomodeavrocmu (Mimm camonodobus), Ko-
TOpoe 3aKadaerca B ToM, uTo npouecc X = (X (t)):>0, onuchiBaomuii mo-
BejileHMe TieH (pUHANCOBOrO aKTUBA, ABJISETCS A6MOMOJCALHBM NPOYUECCOM C

napamempom Xapcma H (>0), To ectb ana moboro a > 0 BBINOIHEHO
Law(Xa,t > 0) = Law(a®X;,t > 0)

Onuumu u3 OCHOBHBIX IIPMMEPOB TAKUX IPOLECCOB SIBISIOTC PPaxmanvroe
6poynoscroe deuscerue ¢ napamempom H n ecmpozo a-ycmotinusnid npoyecc
Jesu, Tne a = 1/H, a € (0,2] (cM., nanpumep, [11], rIIl, §2c¢). Ilomy-
JIAPHOCTD IAHHO MOJIENH, B Pa3BUTHH KOTOPO# IOMHMO OCHOBOTIO/IAraoIICH
paboTbl [24] 3HAYMTENBbHYIO POMb CHIFPANH, B YaCTHOCTH, paboTwt [26], [27],
[28], o6bsicHsieTcst TeM, 4TO MHOrMe (PUHAHCOBbIE AKTHBbI 00JIAJAIOT CBOii-
CTBOM CTATHCTHYECKOro CaMoIonobusi, To €CTh, rpybo roBops, Ha MaJbIX U
GOJBIINX BPEMEHHBIX MHTEPBAJaX OHU BeayT cebs ,cxoxum obpasom®. Nuel-
MM CJIOBaMH, MCIOJL30BAHNE aBTOMOJIEJLHBIX IPOLECCOB JJIs ONHCAHHA I10-
BeleHUs IleH fBJACTCSA BIOJHE aJeKBAaTHLIM peasibHocTH t1aroM. OLeHUTb
napamerp H moxxno merogamu R/S anaausa u ananuza A-604amuasbHocmu
(moxpo6ree cm., Hanpumep, [11], ra.1V,§3b,84), npu sToM oka3biBaeTcs, YTO
U1 MHOrMX (PHHAHCOBBLIX aKTHBOB NapaMerp Xapcra oTaudeH oT 1/2 (cm.
[22], [31]). DT0 MOXKeT CIYXUTb JONONHUTENBLHBIM MOATBEPXKAEHUEM TOTO,
YTO PBHIHOK BOOBIIE roBops He siBJsercs GesapbTpaxubiM (cyqait H = 1/2

COOTBETCTBYeT BHUHEPOBCKOMY mnpoueccy). Opnako caM no cebe 3TOT dakT
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He TPUBOJUT K CO3JaHMIO KOHKPETHBIX apOMTPaXKHBIX CTPATeruil, a MOXKer
CILYKUTb JUIIb IS BbISIBJIEHHs CBOACTB (PMHAHCOBOTO PhIHKA 001Iero poaa,
HANpHMED TaKHX, KAK KAGCTEPHOCTYL, CUAbHoe nociedeticmeue u T.o. (mo-
apobuee cM., nanpumep, [11], r111,§2d, ra.1V,§4a). IIpu noaronke »xe Teope-
THYECKUX MOJeJell K PeasibHbIM CTATUCTUYECKHUM JAHHBIM JJIA IOCTPOEHUA
COOTBETCTBYIOIIMX MPOrHO30B IPUXOJHUTCA JIENaTh allPUOPHOE IPEeIIOoIoxKe-
HIe O CTPYKType pacnpezesieHus mpouecca X, KOTOpoe B JJaHHOM Cllydae B
ob11eM BUIE COCTOMT B TOM, 4To npouecc X sBiaderca PppakTaabHbIM Opo-
YHOBCKUM JJ,BI/I)Ke’HPIeM WK CTporo a-ycro#umsbiM mpoueccom Jlesu. Orme-
THM, 4TO B 6e3apbUTPaKHOM cliyyae Haubosee OOIIUM SIBJIAETCA MPEAIoNo-
JKeHMe 0 ceMuMapTuHTajbHocTi nponecca X (cM., nanpumep, [11], ror.I11,85).

B nacrosmeit pabore npu omnpenesieHun H-BONATHUILHOCTH, HIpalOilei
KJIIOYEBYIO POJb B IIOCTPOEHUH COOTBETCTBYIOIIUX CTPaTEruit, B OTHOLIECHHH
npouecca X NPeAnosaraercsi JUIb TO, YTO €r0 TPAEKTOPUH HENPEpbieHbl
cnpasa U umetom npedeavi caesa (DaHHBIA napamerp H He ecTh mapameTp
Xapcra H). OrmeruM, YTO JaHHOE OrPaHHYeHHe [l (PUHAHCOBOT'O PHIHKA, 5B~
JISIETCS MAKCHMAJIbHO OBIIMM, TIOCKOJIbKY IIOBeJIeHNE LeH s JII0OOT0 aKTUBA
MO2KeT BbITH ONMUCaHO MPOLECCOM M3 JaHHOro Kiacca. CraTucTudeckuil aHa-
nu3 H-BOnMaTHIbHOCTH BBISBJISET, KaK ¥ B cIydae R /S ananusa u aHaIn3a
A-BONATUIBHOCTH, NpUcyliee (PMHAHCOBOMY DBHIHKY CBOMCTBO CaMonomobus.
Ho npu 3TOM, B OT/IMUME OT ONKMCAHHOM BBIILIE MOJEJH, B HaCTOALEH paboTe
yJaeTrcs ABHO NOCTPOUTH apOUTParkKHble CTPATEruH, MCIO/Ib3YsA TOJbKO JIUILb
3TOT CTATUCTHUYECKUH (PaKT, KOTOPHIi NPOsBISETCS B ONPEAeeHHON 3aBUCH-
moctu H-ponaruiabHoctu ot napamerpa H. Crownt, npaBaa, 3aMeTHUTb, 4TO
peanu3alus TAKHX CTpaTeruii Tpebyer B HEKOTOPBIX CJIy4asX HENPEPbHIBHOCTH
TpaekTopuit nponecca X. JlaHHoe orpaHUYeHue sIBISETCS BIOJHE a€KBAT-
HBIM PeaJIbHOCTH, HAIIPUMED, KOT/Ia MOTUKOBOE N3MEHEHHe IIeHbl Ha KaXX oM

mare Ju60 CPaBHUMO C MHHHMAJbHON ee NUCKPETHOCTbIO, MO0 sBJfercs



MaJIoil BeJIMYMHON 1o OTHOIueHuio K H.

O6paTuMcs ewe pa3 K TOMY (axTy, 4TO B OTJMYHME OT YIOMSHYTBIX BbILIE
meronioB R /S ananusa n aHanu3a A-BONATUILHOCTH, NpEJJaraeMas B Ha-
crosiuielt pabore MeToAMKa aHaau3a H-BONATHIBHOCTH MO3BOJISET HE TOJLKO
BBISIBUTb Ha PbIHKE apOUTpParkHble BO3MOXKHOCTH, HO U B SIBHOM BHJI€ peaJiu-
30BaThb ¥X. JlaHHOE MpeuMymecTBo, o BCeli BUAMMOCTH, SIBJISIETCS CJIeJCTBY-
eM cienyiouero pasnnuus. B dbunancoBoit MaTeMaTKe ITPpU CTATHCTUYECKOM
aHaJM3e, KaK NPaBUJIO, PACCMATPUBAIOT JaHHbIE, IOCTYTANIe PABHOMEPHO
yepes onpeesIeH bl mpoMexxyTok BpeMenn A. MoXXHO cKa3aTh, YTO C 9KOHO-
MUYecKOH TOYKH 3peHHsl mapaMeTp A IpH TaKOM NOAXOAe Kiaccupuuupyer
MHBECTOPOB B 3aBUCHMOCTH OT MX BPEMEHHBIX TOPU30HTOB Ha JOJITOCPOY-
HBIX ¥ KPATKOCpOYHbIX. B Hacrosiieit pabore Uist HAC CyIeCTBEHHBIM OyeT
JUlllb U3MEHEHHE lIeHbl Ha BEJIMYMHY, HE MEHbIIYI0 HEKOTOPOTo 3aJaHHOTO
H > 0, a BpeMsi, 33 KOTOpOE 3TO U3MEHEHHEe IIPOU30IILIO, BOODIIE rOBOPs, HE
yuuThIBaeTCH. VIHBIMU CJIOBaMU, MbI Knaccnd)nunpyeM WHBECTOPOB B 3aBUCH-

MOCTH OT X OTHOLICHHUSI K ypOBHIO NpuObLIM WK y6bm<a Hanpumep, | ,zmﬂ
OJHOTO MHBeCTOpa NMOoTepH B $1 B HEKOTOPOM aKTHBE SIBJIAIOTCS BECOMBIMH,
a JJis APYroro WHBECTOPa M3MEHEHWsl 3TOTO XKe akTuBa Ha $5 maxe He Oe-
pyTcst B pacyer. lHave roBopsi, B OTJIH4YME OT HCIOJIb3yeMOro B (PHHAHCOBON
MaTeMaTHKe ,,pumarosckozo nodroda“, korjaa 3HaueHust X rpynnupyroTcs 1o
BpeMeHHOU ocH, B HacTosAEel! paboTe MpUMEHSAETCS ,,/Le6eedecnuu" nodrod*“.

Kpome Toro B hpuHAHCOBOH MaTeMaTHKe NPUHATO CYUTATb, YTO MPOLECC
X onpegensier uenst (S(t)):>0 GHUHAHCOBOrO aKTHBA IIOCPEACTBOM COOTHOIIE-
nua S(t) = S(0)eX®). B nacroameit pabore mbt nonaraem S(t) = X(t), Tem
CaMbIM TIPHJIaBasi BBOJUMbIM IOHSITUSIM OGJIbIIYIO NMPAKTHYECKYIO HATJISII-
HOCTb. DTa HAMISAAHOCTb 0CO0O IPOSIBIISIETCA, €CJIH PACCMATPUBATh KPATKO-
CPOYHBbIE BpEMEHHbBIe HHTEPBAJIbI.

ITo TeMe auccepranuu aBTOpoM OonybJMKOBaHO TpH paboThl. Pe3ysbTaTh
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palboTHI JIOKJIa(BIBAJINCh ABTOPOM Ha Hay4YHBIX CEMHUHApPaX:

,MiioroMepHbI#f CTATUCTUYECKUH aHAJIN3 M BEPOATHOCTHOE MOJEJIMPOBa-
Hue peanpHblx npoueccos* (LIDMU PAH);

Bosbioit cemnuap kadeapsl Teopun BeposiTHOCTE! (MeXaHHKO-MaTeMa-
tuyeckuit paxyaprer, M['Y um. M.B. JlomonocoBa)

JluccepTanus COCTOUT U3 BBeleHus, 3 r1as, 11 maparpados u cnucka, Ju-
tepaTypbl. Bo BBejeHuM NOSICHAIOTCS IeNN JUCCePTalMy U 0O0CHOBBIBAETCA
ee akTyasapnocTb. B I'maBe 1, cocrosimeit u3 nartu naparpados mpeacTas-
JIeHbl OCHOBHBbIE€ KOHCTPYKIMH M BBEIEHbl OCHOBHbBIE NMOHATHA JJIs Ipoliecca
X = (X (t))t>0, TPAEKTOPHH KOTOPOTO HENPEPHIBHLI CNIPaBa M UMEIOT Tpeje-
a6l ciiea. B maparpade 1.1 onuceiBatores kagi, renko H-nocrpoenus njis
nponecca X na unrepsaie [0, 7). B maparpade 1.2 BBogsATCa onpeeneHus
kagi, renko H-unsepcuu jyisa npouecca X Ha unreppate [0,7] — onpene-
nennga 1.2.1, 1.2.2. lna cayyasi, Korga TpaekTopuu mnpolecca X Hempe-
bHBHbI, noka3aHno, 4to kagi, renko H-nocTpoeHus ABJIAIOTCA ONTHMaJbHBIMU
B ONIPEEIEHHOM CMBIC/IE KYCOYHO-MOHOTOHHBIME ANNPOKCHMAIUAMHU HeTIpe-
PBIBHOH (bYyHKIIMM — OCHOBHO{ pe3y/IbTaT OTpaXkeH B iemmax 1.2.4, 1.2.5.
B naparpade 1.3 onpegensiercst kagi, renko H-BonaTUIBLHOCTb NOPAIKA P
JJis mporecca X Ha, nHTepBame [0,T] — onpenenenns 1.3.4, 1.3.5. [Ina
caydas p = 1, rpaloliero KJI04YeByI0 POb NIPU MOCTPOEHHH apOUTPaXKHBIX
CTpaTerui, NOKa3bIBACTCA, YTO BBEEHHOE NIOHSTUE TECHBIM 00Pa30M CBSI3aHO
C BapUALMOHHBLIMH XapakTepucTukamu npouecca X — jJemma 1.3.1. Takxe
IPOBOUTCSl aHAJIOrusA Mexy H-BonaTuibHOCTBIO B A-BoNaTHIbHOCTLIO. B
naparpadye 1.4 uccrepyercs npeznenbHoe nosejenne H-ponaTHILHOCTH U
H-unsepcun (npu T — +00) aaa Buneposckoro npouecca. OcHoBHbIE pe-
3yJIBTATHI coZiepaTcs B TeopeMax 1.4.1, 1.4.2. B naparpade 1.5 onucan
HOBBIH NOJXO/L K OMpeJieIeHHI0 MePbl U3MEHYMBOCTH (BOJATUIBHOCTH) IPO-

necca X, OCHOBAHHBI! Ha HCNOJB30BAHUH H-I/IHBepCHH n H-BosaTUIbHOCTH
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BTOpPOro nopsjka, — onpeaejieanst 1.5.1, 1.5.2. Takxe uccnenyercs B3a-
MMOCBSA3b MEXJy aMIUIMTYA0# Kosebanust npouecca X u H-unsepcueti.

B I'mase 2, cocrosimieii u3 aByxX mnaparpados, OMUCHLIBAIOTCA OCHOBHBIE
mozeau. B nmaparpade 2.1 B onpeaenenunsax 2.1.4, 2.1.9 spogsaTca ucko-
mble apburpaxubie kagi, renko H-crparernu. JJaHHble CTPaTerMu OCHOBAHbI
Ha TOM CTATHCTH4eCKOM ¢pakTe, uro H-BomaTunbHOCTh nepBoro nopsiaka (ka-
~ gi, renko) Bener cebs, xax bynkuus CH, rae koncranta C He 3aBUCHUT OT
H u pocraTouno ycroiumsa BO BpeMeHu. B ciyuae, xorga C # 2 (B Ges-
apbutpaxxnoM ciydae C = 2), BBefieHHblE CTPATErMU NO3BOJISIOT H3BJIEYD
apbuTpaskuble Bo3MoxKHOCTH. OCHOBHOM pe3yJbTaT OTpPa’keH B TeopeMax
2.1.5, 2.1.10. B nmaparpade 2.2 onuceiBaercsi MOAE/Nb, OCHOBaHHasA Ha
cTaTHCTHYeCKOM aHaym3e kagi, renko H-nocrpoenuii. CMbICI €€ COCTOUT B
TOM, 4TO JJIs1 NOCTPOEHMSsI MPOTHO3a Oy/lylero 3HAYEHUs LEHbI HAXOAATCSA
CUTyalli¥ B IIPOLLIOM, TJ€ lieHa Besa cebs ,,cxokuM“ obpazom. Onpenenenne
LcxoxecTn® dpopMman3yeTcsi TocpeACTBOM nouaTuss H-nammepra, janHoro
B OIIpeJesIeHNN 2.2.1. To’r,z;a, HCXOIsl U3 CTATUCTUKHU nobé,qéﬁnﬂ IIeHbI IIpU
peanmsamui TeKymero H-naTTepHa B MpOMIIoM, CTPOMTCH TIPOTHO3 IS Ha-
CTOSAIIEr0 MOMEHTA. h v |

I'naBa 3 comepXuT pe3yJbTaThbl CTATUCTUYECKOTO aHAJN3a JAaHHBIX u-
HAHCOBOrO pbIHKa. B naparpacbé 3.1 ananusupyercsi H-BonaTHIBHOCTD,
B naparpade 3.2 uccreayercs Mepa U3MEHYUBOCTH IIPOIECCa, OCHOBAHHAasA
Ha H-unsepcun 1 H-BonaTUILHOCTH BTOPOTO NOPAAKa. Pesy bTaThl MOgeTH-
posanus kagi, renko H-crpareruit npuBeeHsl B maparpade 3.3. Anaus

- H-narrepuos ans kagi, renko H-nocTpoennit orpaxken B maparpade 3.4.
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I'nmaBa 1

OcHOBHbBIE KOHCTPYKIINNA

1.1 Kagi, renko H-nocrpoeHnusa

1. B nacrosmeM naparpade IJist CIydaiiHOro nporecca, TpaeKTOpHu KO-
TOPOTO HeIpepLIBHLI CIIpaBa M UMEIOT IpeJeibl CIeBa, onpegesiorcs kagi,
renko H-mocrpoenusi. Kak oTMedasioch Bbie, JaHHbIE KOHCTPYKUuH (u3-
BecTHBIe KaK kagi, renko charts, cm. [30], rn1.7,8) BnepBble HCHONB30OBAIUCDH
Ha ¢duHaHCOBHIX phiHKax eme B XIX Beke B Sdnonun, a B Hacrosiiee Bpe-
Ml TIOJIB3YIOTCA BONBINON TOMYJAPHOCTHIO Y TEXHUYECKUX AHAJIUTHKOB IIPH
IIOCTPOEHUH IPOrHO3a OTHOCHUTENLHO Oyayuiero nosenenus ned. I[Ipasna, Ta-
KHe IIPOTHO3bI HOCAT CyTy60 HHTYUTHBHBIN XapakTep M, Kak OyJeT NokasaHo
B JaJIbHEMIIeM, 3aBEIOMO HE BCEerja aJeKBaTHbI PEeaJIbHOM CHUTYAaIluH. B rne-
peBojie C ANOHCKOro TepMuHbl ,kagi“ m ,renko“ (Tounee 6bLn0 ObI MUCATDH
Jenga‘) O3HAYAT COOTBETCTBEHHO ,KI04Y“ (B OQHOM M3 KOHTEKCTOB ,JIpe-
nen,  pybex) u ,kupnud“. YYuThIBasi CTOJb APEBHEE [TPOUCXOXKACHHE STHUX
IIOCTPOEHMUH, IIPEJICTABJISAETCSI 11€J1eCO00PA3HBIM HCIIOIB30BaHUEe TEPMUHOB ka-
gi, renko qns obo3HaYEHNA COOTBETCTBYIOILIUX nousituit. Ons caydaitzoro
npouecca kagi, renko H-nocTpoeHusi onpesensioTcs NOTPAeKTOPHO, I03TO-
My CHadYaJla PacCMOTPHM CJIy4yall JIeTepMUHMPOBAHHOIO IIPOIECCa, KOTOPbIi

B CBOIO O4€peab paso6beM €l1e Ha ABa CJIy4das: TPaeKTOPHUdA ABJACTCA HEIIpe-
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pbiBHOM DyHKIHMEHR, TPAEKTOPHA ABJISAETCA HEMPEPLIBHOM CNpaBa U nMeromei
npejesbl cieBa pyHKIueH. |

2. B nannoM nynkre onpeensiercs kagi H-nocrpoenune 4Jid HeIPePbIBHOM
na unrepsaie [0,T] byuknun F. Insa npoussoasHoro H > 0 Takoro, 4To

supF —inf F > H . - 1.1
[0,1% [0,7] (1.1)

NOCTPOUM HH/YKTHBHO NOC/IEI0BATENLHOCT MOMEHTOB BpeMeHH (Try, Tn)n=0,... N
nas1 mekoroporo N = Np(H, F) cinepyiomum obpa3om (cM. Takxe puc.1.1).
Basa undyxyuu: o = inf{u € [0,T] : maxF min F = H}. Bo3moxusb! aBa

0,u] (0,u]
B3aMMOUCKJTIOUAIOWIKX CIIyYast:

e F(ny) = r[(r)xa)]cF torga 7§ = inf{u € [0,79] : F(u) = rgnn F}
70

o F(np) = f(l)liI]lF, torga 7§ = inf{u € [0, 7] : F(u) = I{g&)}(F}
yT0

Hlaz undyxyuu (n — n + 1): Ha n-OM IIare MMeeM MOCIENOBATENbHOCTh
(78, Tk)k=0,...n, IpH 3TOM |F(T%) — F(73%)| = H, k = 0, ..., n. BoamoxHbl 1Ba

B3aMMOHCKJIIOYAIONHUX CIIy4as:
(r i

e F(r,) — F(r;) = H, Torna
To1 = inf{u €[, T): maJ]cF F(u) = H}

Tay1 = inf{u € [Ty, Tas1] : F(u) = max F}

Tn ’Tn+1]

e F(r,) — F(r};) = —H, Torna

Toe1 = inf{u € [1,,T]: F(u) — mlnF H}

Tn, ]

T = inf{u € [T, Tn41] : F(u) = min F}

TnyTn+1

[Tockonbky dyrknua F nenpepoiBha Ha [0, T, To, 04eBHIHO, YTO JJIsi HEKO-

TOPOr0 KOHEYHOro n* Mbl OCTRHOBHMC, TO €CTb Tp+41 HE CYILIECTBYET. ITono-
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xkumrorga N =n*+1, v =T,

inf{u € [, T] : F(u) = s F}, ecmu F(mp) — F(7.)

inf{u € [1+,T]: F(u) = [mil%] F}, ecum F(rpe)—F(r}.)=-H
Tn* - : e

PR

™ =

B utore na unrepsade [0, 7] mi1s HEKOTOPOro xomeunoro N =’NT(H ,F)>1
IOYYNM TTOCIIEOBATEILHOCTD (7o, Tn)n=0,...,N, KOTOPYIO Oy/ieM Ha3biBaTh ka-
gi H-nocmpoenuem ans dyskuun F na [0, T). OTMeTM, 9TO N0 NOCTPOEHHIO
|F(1)—F(12)| = H pnsin = 0, ..., N —1. Ecam ycnosue (1.1) e Bbinonseno,

to nonnoxkuM N =0, 79 = 190 = 0.

6 - F(t)

|
: 1
1 ! .
| 1
N ]
A AT g
1
2 ; ! l I 1 hﬁ : /
] ' | ! | f} | A |
1 L 1 . ! ! I AA !
1 ' | ! | | ; VMVV: 1
1 1 I
| % : |T1 ; o 07y ' !Tn+1 t
ot " she * ste st
70 T1 1rn-1 Tn Tn+1 Tn+2

Puc. 1.1: Kagi H-noctpoenue, H =1

3. B nannoM nynkre onpegensierca kagi H-mocTpoeHne Ha HMHTepBaJIe
[0,T) anst byrkuun F, HempepsIBHOM CIpaBa M MMeIOLIEH MpeJesbl CIeBa.
CyTb JaHHOTO MOCTPOEHHS 110 CPABHEHHIO C HEIPEPBIBHBIM CIIy4aeM OCTAeTCs

TOH Ke, HO TeXHMUYECKas peayu3anys Tpedyer 6osee rPOMO3IKOrO aJrOPHUT-
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ma. [Ipexxae Bcero o6osnauum Jyist npoussoibHoro t € [0, T ]

F(t) =TmF(), E(t)=limF(u)

F(t—)= lim F(t—h), F(t+)= lim F(t +h)

B xauecrse F(0-), F(T+) no onpexenennio nonoxxum F(0), F(T) coor-
sercrBenno. [Tockonbky F' HenmpephBHA CIIpaBa U MMEET Npefielibl CJIeBa, TO,

oueBuAHO, Ans moboro t € [0,T] 6yseT BbINOTHEHO
F(t) = max{F(t-), ()}, E(t)=min{F(t-),F(t)}, F(t)= F(t+)

Has mpoussonbroro yucia H > 0 Taxoro, YTO BBINOJHEHO YCJOBHE (1.1),
OCYIIECTBJIsIEM HHAYKTMBHOE MOCTPOEHNE CJIEAYIONUM 0Opa3oM.

Basa undyxyuu: 79 = inf{u € [0,7T)] : sup F — [10nf] F > H}. O6o3naunm
[O,U] U

v = inf{u € [0,70): F(u) =sup F}

[0,70)
7" = inf{u € [0,7) : F(u) = inf F}:
' [017-0]
Ormerum, 4to 7', 7' KOPPEKTHO ompejesieHbl, TaKk Kak sup F' = maxF,

[0,70] [0;7o]
inf F' = min F. Bo3M0OXXHBI TPU B3aMMOUCKJIIOYAIOLIUX CIIy4asd:

[0,70] [0,70]
e 7' > 7" (oueBnsHoO, uTo Npu 3ToM 7' = 7). Torma
: n=1", Fg=E("), Rh=F+H

o 7/ < 7" (oyeBugHoO, uro npu sroM 7" = 79). Torza

=1, Fg=F('), Fh=F—H

e 7' = 7" (oueBnano, uro npu srom 7' = 7 = 79). Jna garHOrO CiIydas

B CBO10 Oo4Yepeab BO3MOXKHBI ABa B3aUMOHUCKJ/IIOYAIONINX C1y4dasi
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1. F(n) = 1nf]F (oueBuaHO, uTo mpu 3toM F(10) = F(19—) =

0,7
sup F).
[0,70]
Ecan F(n))— H > [(i)nf) F (nanpumep, kak Ha puc. 1.2 ajs1 19 = t1),
,T0

TO O603Ha.‘ll/IM (C y‘{eTOM TOFO, 4YTO Ha CaMOM JeJie UMeeT MECTO
F(rn) — H= [(1)25 F)

" = inf{u € [0,7) : E(v) = F(r0) — H}
Torma w3 =7", F§=F("), Fo=ZFj+H(=F(rn-))

Puc. 1.2: [Ipumep

Eciu F(ry) — H < [(i)nf) F, 10
»70
TJ =170, Fg '= F—(To), Fo = FJ.— H

2. F(1y) = sup F (ouesugno, uro npu srom F(n) = F(np—) =

O)TO

Ecin F(7) + H < sup F, To 0603Ha4uM

[0,70)

M = mf{u € [0 TO) F(U) F(TO) +H}

Torna 75 =71", F;=F(r"), Fy=F§—H(=F(rn-))
Ecnu E(m9) + H > sup F, 10

[OaTO)

n=m, F=Fm), F=F+H
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Vnaue rosopsi, Ha MEpBOM IlIare WHAYKUMM momydaeM Habop (73, 70, Fy, Fo),
npu srom | Ff — Fy| = H. Ormerns, uro ans wenpepoiuoit Ha [0, T'] dynkuuu
F 6yner swinonneno F(13) = Fy, F(mn) = Fo.

Illaz undyxyuu (n — n + 1): Ha n-oM Iare UMeeM IOCJIEAOBATENLHOCTD
(18, T, FY, Fi)k=o0,..n, 1pu 970M |Ff — Fi| = H, k = 0,...,n. BoaMoxH®b1 1Ba
B3aMMOHCKJIIOYAIOIUX CIydast:

e F,— F* = H, torna T,41 = inf{u > 7, : G(u) > H}, rae
G(u) = max{F,,esssup F'} — F(u)
Tn U

a esssup F' — cyuiecTsennbiit cynpemym F Ha [a, b] (esssup F = F(a) no
[a,b] [a,a]
onpeesennio). Kpome Toro, Tak Kax JJis IIOHCKa Tp41 UCTOIb3yeTCS UH-

dopmarus o 3Hadenuax F'(u) Tonbko iy u > T, To nog, F(r,) ana nan-
Horo ciny4as 6yaem nonumarts F'(7,). [Ipumep Ha puc. 1.2 noscuser, mno-
ueMy [JI51 HaXOXKJCHUS Tp41 UCIONB3YETCs CTOJIb TPOMO3/Kas (pyHKIUA

G B oTaIMYME OT, Ka3aJloch OBl ecrecTBeHHOM, dyHkuuu sup F' — F(u).
JleficTBUTENBLHO, U3 JAHHOTO PHCYHKa BHJIHO, UTO SUp F!TZU]E(Q) = H,
1o esssup F' — F(t;) < H (NOHATHO, YTO Tpi1 7 t5[,t4étc5:}m T = t4). Kpo-
Me Tg?(t)s]sup F — F(t3) = esssup F' — F(t3) < H, no F, — E(t3) = H,
rae F, -—-[t2};'t'3(]t2-—) (HOHﬂTHO, [15‘;;(:;]3 3TOM CJIy4ae Tp+1 = t3, €CIIN T, = tg).

[Tockonbky ¢byHKuusi F' HenpepblBHa CIpaBa U HUMeeT NpeJelibl Clie-
Ba, TO Ty4+1 ONpPEJEJSeTCsl OAHO3HAYHBIM 00pa3oM. JlelicTBUTENBHO, ec-
4 B Touke u y ¢pynkuuu G NPOUCXOJAUT pPa3pbiB, TO CUTyalldH, KOT/a
G(u) = G(u—-) < H < G(u+), oueBuaHO, OLITH HE MOXET, & 3HAYUT
uckombiit uHGUHYM (TO €CThb Tp41) JocTuraercs. Jasee

Tp41 = inf {U € [Tny Tav1] + F(u) = max{Fy, esssup F}}

[Tnv‘rn+1]
* I AT . *
n+l = F(Tn+1)a Foy = n+l — H
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rae nox F(7,) 3necy nounmaercs max{F,, F(r,)} (uro, Bnpoyem, cos-
najaer ¢ o6bMHBIM onpeaenenueM F(1,), ecnu paccmarpuBaTh F Ha un-
tepsane [0, Tp41]). OTMeTHM, 4TO AJIsl NOUCKA Ty, ; HCIIONBL3YETCA JIMILD
undopManus o snauenusx Fp, u (F(u))r,<u<r,,,- KpoMe TOro sugecs (B
OTJINYHE OT HENPEPHIBHOTO CJIy4Yasi) MOXKET BBIMIONHATHCS COOTHOIIEHUE

Tn+l = Tn-

e F,, — F; = —H, torga
Tag1 = inf{u > 7, : F(u) — min{Fn,e[ss i1]1f F} > H}
Tn U

rae ess %nf F — cymectsennbiit uudunyM F ua [a, b] (ess 1?f F = F(a))
a nox, F(7,) 3necy nounmaercst F(1,). Hanee

Top1 = inf {u € [tn, 1] = E(u) = min{F,, Esss inf F}}

TnsTn+1
F*+1—F( )y Fann=F,+H

rae non, F(r,) 3nech nonumaercst min{Fy,, F(7,)}.

B cuuy Toro, uro ¢dyukiusa F aBnaderca HenpepbIBHOHM CIIpaBa M UMeeT Ipe-
Jensl ciieBa, Koandectso Touek t € [0,T], ana xoropuix |F(t) — F(t)] > H,
koneuHo. I103TOMy, OYEBMHO, JJIi HEKOTOPOrO KOHEYHOro n* Mbl OCTAaHO-
BUMCS, TO €CTb Ty+41 He cymectsyer. [lonoxkum Torma N =n* + 1, 78y =T,
Fy = F(1n)

e ecin F. — F. = H, to F = F(1y), rae
75 = inf {u € [1u+, T] : F(u) = max{Fy., sup F}}

a nop, F(7,+) 3neck nounmaercst max{ Fp+, F(7,+)}. OrMeTnmM, uto 31€CH
yxe paccMarpuBaercs sup F, a He esssup F', Tak Kak BO3MOXHa CH-

[Tn T] [Tne T]
Tyauusi, Kak B npumepe Ha puc. 1.2 jia T = t5
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e ecnu Fyo — F}o = —H, 10 Ff; = F(1%), rae
7y = inf {u € [mne, T} : F(u) = min{F., : infﬂ F}}
a o, F(7,+) 3necy nonumaercst min{ Fy., F(7,+)}.

B urore na untepsase [0, T'] aus Hekoroporo koneunoro N = Np(H, F) > 1
TONYYHM NOCHEA0BATENbHOCTD (T, Tny Frty Fp)n=0,..,N, KOTOPYIO OyseM Ha3bI-
BaTh kagi H-nocmpoenuem nns dyuxkuun F ua [0,T]. OrmeruM, yto mo
nocrpoenuwo |F, — FY| = H gna n = 0,...,N — 1. Ecau ycnosue (1.1) ne
BhIMoNHEHO, monaraeM N = 0, 7§ = 19 = 0, Fy = Fy = F(0). 3amerum,
yro ecnn dyHkuusa F sasnsiercsa nenpepoiBHo#t Ha [0,T], To F;; = F(73),
F, = F(m,), nostomy B 3ToM ciy4ae B kagi H-nocrpoenun 3navenus Fy, Fy,
OyieM OnycKaTb.

4. B ganHom nyHkTe onpejensiercs renko H-mocTpoenue 1l HelpepbiB-
nott na unrepsaie [0,7T] dyukuun F. Ina npoussonsHoro H > 0 Takoro,

4TO Lo
o

sup |[F(t)—F(O)| > H . (12)
" te[0,T) '

IIOCTPOUM MOCJIE0BATEILHOCTH MOMEHTOB BpeMeHH (P}, Pm)m=0,...,M AJI HEKO-
toporo M = Myr(H, F) crenyomum obpasom (cM. takxke puc. 1.3). Jns
HadaJja ONpeJeluM MHAYKTUBHO NOCIeA0BATENLHOCTD (J;) i=0,... 37"

Basa undyxyuu: py = 0. - |

Ilaz undyxyuu (i = ¢+ 1): piy1 = inf{t > p; : |F(t) — F(p:)| = H}.

B cuny nenpepbiBHOCTH F', 04€BHHO, YTO JJIS HEKOTOPOL'O koneuroro M =
Mr(H,F) > 1 mui ocranosumcs, To ecth |F(pzr) — F(u)| < H nnst Beex
u € [pz5, T). Ormerum, 4T0 mo mocrpoennio |F(p;) — F(pi-1)| = H ana
i = 1,...M. Toraa ucKoMas [0CTEeHOBATEIbHOCT HHAYKTHBHO BBLIEJISETCS
u3 (Pi);_q . 37 CleAyIOmMM 00pasoM.

Basa undyryuu: po = p1, p§ = po(=0).
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Hlaz undyxyuu (m — m + 1): Ha M-oM ware uMeeM P = Pj,, Py = Piy-1,

k=0,...,m, Torga
im+1 = min{j > im : (F(pj-1) — F(pj-2))(F(p;) — F(pj-1)) < 0}

— ~, * — ~.
Pm+1 = Pipsry Pm+1 = Pipyr-1
IMockonbky M KOHEYHO, TO AJIsT HEKOTOPOTO 11" OCTAHOBUMCS, TO €CTb s 41

HE CylulecTBYeT. O6o3sayuM TOrAa
M=m*+1, py=T, py=0>~i

B urore na unrepsane [0, 7] aasa wekoroporo koneusoro M = Mr(H, F) >
1 monyunM mocneoBaTenbHOCTh Pk, Pm)m=0,..M, Ans Kotopo# |F(pm) —
F(pt)| = H gnia m = 0,...,M — 1. Ecsin ycnosue (1.2) He BBINONHEHO,
nosiaracM M =0, p§ = po = 0. IlocegoBarensrocTs (07, Pm)m=0,... M OyIeM

Ha3biBaTb renko H-nocmpoenuem nis dyukuuu F ua [0, T).

e , F(D

Yo N\/\

|
I
Ly A
I : I i
2 L. L : YA /
i I T
o T I
I " ' ' I ! A ' I
1 T I ' 0 i f : ot ;
| I ' '
Lo I P4 : !pm-1 {Pm : Pmas1 |
—n™ " e sk s
| 0=p7 P, Pt Pm o, Pr.s

Puc. 1.3: Renko H-mocrpoenne, H =1
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BamernM, 4to (p,)m=0,..M — €CTh NOCJIEA0BATENBHOCTD (f;) i=0,.. 30 13

KOTOPO# BLIKMHYTHI BCe Takue p;, ¢ = 1, ..., M — 1, 1511 KOTOpBIX

(F(p:) — F(pi-1))(F (iv1) — F(pi)) > 0

Vnaye roBopst MOMeHTHI (p},)i=0,...,.M ABJIAIOTCA TOYKAMH, B KOTOPHIX AOCTH-
raeTcs JIOKaJIbHbIN sKcTpeMyMm nocenosarenshoctd (X (i) 37

5. B nannoM nynkTe onpegensiercs: renko H-noc'rpoerme Ha MHTEpBaJIe
[0,T] ans byHkuun F, HenpephIBHON CNpaBa M MMeIOUIEH NpeJesbl CleBa.
B ciyyae HenpepbiBHON (YHKIUM OfHMMH M3 KIIOYeBbIX ToYeK B renko H-
IIOCTPOEHUH fABJISIOTCA TOYKH, B KOTOPBIX 3HaueHne pyHknun pasno F'(0) +
kH, roe k — uenoe uucno. B obueM ciayyae pyHnkuys MoxeT He JOCTUTATD
JIAHHBIX ypOBHEH (BBUJLY PAa3pPBIBOB), TO3TOMY OMUMO IIOCJIEJ0BATEIbHOCTEMH
(ﬁi)izo,...,ﬁ’ (0%, Pn)m=0,....M TIOTPeOyeTCs ONpefeNATh €Ile COOTBETCTBYIO-
e UM 3Ha4YeHus (E)i=0,...,1T/f’ (F, Fin)m=0,. M, KOTOpble COOTBETCTBYIOT
yposusaMm Buga F(0) + kH. Bravane, kak U B HENPEPLIBHOM ClIy4ae, AJis
TIPOM3BOJILHOTO THCIIA H > 0 takoro, 4To BeINOJNHEHO yciioBue (1.2), mmyK-

R TN

THBHO CTPOUM TIOCIELOBATENLHOCTD (i, Iy ) o, 0F
Basa undyryuu: po = 0, Fy = F(0).
Ilaz undyxyuu (i — @ + 1): Ha 4-oM Iare uMeeM IOCJIEIOBATEILHOCTD

(i, F;)j=0,..i- Torna
piy1 = inf{t > p;: E;lglF—El > H}
BO3MOXKHDI /]Ba B3AUMOHNCKJIIOYAIOIIUX CITyHast:
e fir1 = pi, Torna Fip1 = F; + sign(F(piy1) — Fi)H

® jiz1 > P, TOTJa, OYEBUIHO, UMeeT MecTo coorHouenue |F(piz1—) —

F;| < H. PaccMoTpuM [1Ba B3aMMOUCKJIIOHYAIOMIMX CJIyYasi:
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1. |F(ﬁ,~+1—)—F',-| < H (04eBUIHO, YTO NPH STOM |F(pis1)—Fi| > H).
Torna

Fiy1 = F, +sign(F(pin1) — F))H
2. |F(pis1—) — Fi| = H. Tornaa
Fi1 = Fi+sign(F(pin—) — F)H

B cuny Toro, uro ¢pyHkuusi F sABIseTCS HEMPepbIBHON CIpaBa U MMEeT Ipe-
nebl ciieBa, koanyectso Touek ¢ € [0, T, s kotopeix |F(t)— F(t—)| > H,
KoHe4Ho. IToaToMy, 0ueBUIHO, /11 HEKOTOPOT'O KOHEYHOTO M= MT(H ,F) >
1 MBI OCTAHOBUMCS, TO €CThb HOJYYHM NOCE0BATENbHOCTS (F;, Fi)i:O,...,M’ rae
1o nocTpoenuio sbimonneHo |F; — Fj_j| = H pnsa i = 1, ..., M. OrmeTuM, uTo
ecn dynkuust F nenpepsisna wa [0, T, To F, = F(5), i=1,..,M. To-
raa HCKOMAst ﬁocneAOBaTeanOCTb UHAYKTHBHO BBLIJEJSIETCA U3 TOJBKO YTO
onpeieJIeHHON CIIeyoIM 06pa3oM. .

Basa undysyuu: py = po(=0), Fy = Fo(= F(0)), po = p1, Fo = F1.

Iz undyxyuu (m — m + 1): Ha m-oM mare umeeM (px, pi, Fi, Fr)k=0,...;m
e pr = Pi,, Pk = Pi,-1, k = 0,...,m, npu arom |Ff — Fi| =H, k=0, ...,m,
TOrJa _
im+1 = min{j > iy, : (F:i—l - E-2)(E - Fi—l) < 0}

-— * _— .
Pm+1 = pim+17 pm+1 - p’Lm.H—l

— Fnl * — Fnl
Fm+1 = Fim+17 Fm+1 = Fim+1—1

[MockonbKy M KOHE4HO, TO [IJIs1 HEKOTOPOro m* OCTAHOBUMCsI, TO €CTb %41
? ’ +

He cymectByeT. Obo3HaYUM TOrJa
M=m*+17 pM:T7 P;\/[Zﬁﬁ
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B urore na untepsane [0, T'] ans nekoroporo koneunoro M = Mr(H,F) > 1
NOJYYUM NOCIIEAOBATENBHOCTD P}y Py Fipy Fn)m=0,...,M, KOTOPYIO OyaeM Ha-
3piBaTh renko H-nocmpoenuem ansa byukuuu F Ha [0, T). Or™MeTuM, uro no
nocrpoenuio souimnosueno |F, —Fr| = H anam = 0, ..., M — 1. Ecan ycsioBue
(1.2) ne BomosnneHo, nonaraeM M = 0, py = po = 0, Fg = Fo = F(0). Iloa-
yepkHeM, 4To ecau bynkuusa F saBisiercss HenpepbiBHOH, TO F)), = F(p}),
Fn, = F(pm), nosromy B 310M ciiy4ae B renko H-mocTpoeHuM 3Ha4YeHHs
F}, Fy, 6yneMm onycKaTb.

BaxHO 3aMeTHTb, YTO JAHHBLIE KOHCTPYKIUH ONPEAESSAIOTC aJANTHBHO,
YTO, B YACTHOCTH, JIEJIACT KOPPEKTHbIM nepecueT kagi, renko H-mocrpoenus
npu BospacTanuu 1. KOppeKTHOCTb MOHMMAaercst B TOM CMBICJIE, 4TO ec-
JY A POM3BOAbLHBIX MOMeHTOB T, T5 MOCTPOEHBI NOC/IEOBATENHLHOCTH
(Phs Prms Fty Fr)m=0,...M1> (s Py Fry Fim)m=0,..., M, Az ynxumn F Ha ue-
tepsaJe [0, T1], [0, T2] cooTBETCTBEHHO, TO BBINOIHEHO [ moGorom = 0, ...,
min{Ml, Mz} -1 |

_—
-~

o p:n:p:m Pm = Pm, F;;ZF;1 'szFm P

Anasnornuno aus kagi H-nocrpoenus.

6. Paccmorpum reneps npouecc X = (X (t))s>0, KOTOPEHI 3a1aH Ha HEKO-
TopoM croxactuyeckoM Gasuce (2, F, (Fi)i>0, P) u npuHuMaeT 3Ha4YeHHUS B
R!, a TpaekTopun X ABJASIOTCS HENPEPHIBHLIMY CIIPABA U UMEIOLIMMH IIPEJEJIbI
cnesa dynkuuamu. OnpenenuM ais npouecca X Ha unrepsane [0, T] mocie-
ROBATENBHOCTH (T, Tny Xpyy Xn)n=0,... Nr(H,X)s (P> Pms Xy Xm)m=0,....Mr(H,X)
IIOTPAEKTOPHO IO ONMUCAHHBIM BBILIE ANrOpUTMaM. BakHO OTMeTHTb, 4TO
U3 TOCTPOEHHS CJIEAYeT, YTO MOMEHTH! (pPm)m=o0,..M; (Tn)n=0,.,N ABIAIOT-
sl MAPKOBCKHMH, a BeJUYMHBI (HeMapkKoBckue) ph, 7. mis m = 0,..., M,
n = 0,..., N onpejensiorTcss COOTBETCTBEHHO B MOMEHTHI pp,, T, HUCXOASA U3

nosefenuss X Ha UHTEPBAJIE [pm—1, Pm), [Ta-1, Tn) (P-1 = 721 = 0).
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Omnpenenenne 1.1.1 ITocaedosameavrocmo (T, Tn, X;,Xn)n=o,...,NT(H,X) by-

dem nasveams kagi H-nocmpoenuem das npoyecca X wa [0,T]. m

Onpepesnenne 1.1.2 Iocaedosamenrvrnocms (ph,, Pmy Xomy Xm)m=0,....Mr(H,X)

6ydem naszweamsv renko H-nocmpoenuem daa npoyecca X Ha [0, T]. m

B ciiyuae, Korga TpaeKTOpHH npouecca X SABISIIOTCS HENPEPHIBHBIMU (QyHK-

IIUAMHA, BBINIOJIHEHO
X, =X(r), X'=X(), n=0,.,N

X = X(pm), X&=2X(pt), m=0,...,M

TNI03TOMY JaHHBIE BeJIMYHHBI B 0003Ha4yeHnn kagi, renko H-nocrpoenus 6ynem
onyckaTb. BuijiesnM HEKOTOpbIe CBOMCTBA JaHHBIX ITOCJIEIOBATEIbHOCTEMH, KO-

TOpbI€ O4YE€EBHUIHBIM O6p&30M CIeLYI0T U3 IOCTPOCHHNAL

Tp < Tn < Toat | X — Xo|=H n='0,-..._,N-f1
| X3 — Xn|<H
sign(X; — X 1) = sign(Xp1—-X5) =
= (=1)"sign(Xo—- X)) n=1,..,N (1.3)

Pm < Pm < Pmt1s | | X7 — Xm| = H m=0,..,M-1
| X3 — Xu|l < H
sign(Xpm-1— X51) =
(-1)™*sign(Xo— X§) m=1,...M (1.4)

sign(X,”;, - X:n—l)

B cityuae, korga TpaekTopuu npouecca X sBJISIIOTCS HENPEPBLIBHBIMYU (DY HK-
IHUAMH, UMeeT MeCTo T < Tpo ana n = 0,..,N — 1, p} < pyp ana m =

0,.,M—1.
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1.2 Kagi, renko H-uasepcus. Ca3p kagi, renko H-no-
CTPOEHMIi C KyCOYHO-MOHOTOHHBIMMY alllIPOKCUMAIIN-

AMU.

1. JIns cnyuapinoro npouecca X = (X (t))i>0, TPaeKTOPHE KOTOPOTO
HeNpepBIBHBI CIPABa U MMEIOT Npeebl cieBa, Ha unrepsade [0, T paccmor-
pum seauuunst Np(H,X), My(H,X) coorsercrBenno ans kagi, renko H-
nocrpoennit n3 onpeaenenust 1.1.1, 1.1.2. OT™MeTuM, YTO NaHHBIE BEJHYHUHBI
B CUJIy IIOCTPOEHHsI KOPPEKTHBI, TO €CTb 3aBUCAT ToybKo oT H, T u camoro

npoiecca X, MO3TOMY KOPPEKTHBI CAECAYIOIINe ONpeIe/IeHNs

Onpenenenne 1.2.1 Beauwuny Nr(H,X) 6ydem nasweamv kagi H-umn-

sepcueti npouecca X na [0,T]. ®

Onpepenenune 1.2.2 Beauwuny Mp(H,X) 6ydem nazvisamo renko H-un-

sepcueti npouecca X na [0,T]. =

Bemnunuet Nr(H, X), Mr(H, X) wnrpaor BazHYIO POJIb MPH ONpe/ieIeHuH
MepbI H3MEHIHBOCTH Tpoliecca X, TO eCTh BOJATHILHOCTH, o,qur‘o U3 KJIO-
yeBbIX MOHsITHH (pUHAHCOBOH MaTeMaTuku (mozpoGHEe CM. naparpad 1.5).
B cnenyomem nynkre Oymer noka3ana cBs3b kagi, renko H-unBepcuu c
KYCOYHO-MOHOTOHHBIMH PHOMIKEHUAMH.

2. OkasbiBaercs, uro kagi, renko H -TOCTpOCHNUA, onpe,ueneHHbIe B Ipe-
ABLAyLIeM maparpade, ABIAIOTC ONTHMANLHBIMA B ONDEAETEHHOM CMBICIE
KYCOYHO-MOHOTOHHBIMH TIPUOJIMKEHHSIMH TPAaeKTOPHH Ipolecca B CiIydae,

KOria OHM SABJIAIOTCA HENIPpEPLIBHBIMU d)YHKILI/IHMI/I.

Onpenenenne 1.2.3 Henpepuionas na [0, T] pynxyua f asasemca xycouro-
moromonnoti nopadka n € N = {1,2,...}, ecau I (to,...,tn) : 0 = tp <
t1 < ... <ty =T u f monomonna na xasxcdom unmepsare A; = [t;_1,%;],

i=1,...,n u ne asasemca maxot na 10601 nape cocednuxr ompesxos A;. m
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Oyuxiuo f = const c4uTaeM KyCOUHO-MOHOTOHHO#H HyJsieBoro nopsaka. O6o-

3HAYUM
3, — MHOXECTBO KyCOYHO-MOHOTOHHBIX (DyHKIMI NOpsAJKa He BBIIIE 7t

Hns dyukunn F(t);epo,r) NPu JaHHOM HaTypaJbHOM 7t OylieM paécmannBaTb
ee HamIy4mIee NpuOIMKEHHE SJIeMEHTaMH CEMENCTBA Yip, kOTopoe dﬁpegenﬂ—
€TCsl COOTHOIIEHUEM
Ma(F) = inf sup |F(f) = F(0) (1.5)
f€Zn tc(0,T]
Oynxnuo f, € X,, AIA KOTOPO# Jocruraercs nHGUHYM, OyJieM Ha3bIBaTh
INEMERTNOM HAuAYHwez0 npubsusicernus. Bemnuunst (1.5) mocraTroyno ax-
THBHO M3y4aJIUCh B TeOpuu npubsiurkenus GpyHKUuUA (B JaCTHOCTH, B CBA3U
¢ TeM, uto My, (F) oueHuBaeT CHU3Y COOTBETCTBYIONIME HAWJIyHIIHE IIOJIH-
HOMMAJIbHbIE ¥ paluoHajbable npubnmkenusi Gyukuun F). B pabore [10]
ObLI TPEJIOXKEI ANTOPHTM BBIMHCICHHA BeJli K (1 5) M HAXOXICHHA dJle-
MEHTOB HaWJIy4llero npubsiuxenus f, € En, n= 1,2, ... 1 IPOU3BOJILHOM
nenpepoiBHO# Ha [0,T] ysxnun F. Ormernm, 4TO fn onpejejieHa, BoobIIe
roBOpsi, HEeJUHCTBEHHBIM 06Pa30oM. '
Jna namux ueselt norpedyercs byHKIMs, B ONPEJeJHHOM CMbICIE 0OpaT-

Hasg K My (F):
Nr(H,F) = min {n =0,1,2,... : Mp(F) < g} (1.6)

3nanue BesquuuHbl (1.6) MO3BOJISIET OTBETHUTH HA BOMPOC: CKOJNLKO Pa3 Ha
ppeMennoM uHtepBaje [0,7] Mensiercsas HanpaBeHHe H3MeHeHHUs QyHKIMH
F, ecnu Mbl IpeHebperaeM M3MEHEHUsIME Ha BeJIMYUHY, MeHblnyo H.
Paccmorpum kagi H-nocrpoenue dbynkuuu F' HenpepbIBHOIT Ha HHTEp-
Bajie [0,T], To ecTh MOCIENOBATENBHOCTD (Tiy, Tn)n=0,. . Np(H,F)- Onpenenum
na [0, T] Kycouno-MoHOTOHHYI0 byHnkumio F nopsanka N = Np(H, F) cre-

nyomuM obpazom. VHTepBanbl MOHOTOHHOCTH [0p-1,6,] ama n = 1,..., N

27



OTpeICNAIOTCA U3 COOTHOLIEHHH
=0, =T, b,=7, anan=1,..,.N—1

Torga dbyukuus F(t) ana t € [0, T] umeer sug

G(t) + G(t)
2 )

rae 3uavenust dynkunit G, G na Kaxaom unrepsaie [0,-1,6,),n=1,..., N

F(t) = (1.7)

onpegensiorcst Ans t € [0p-1,0,] U3 cooTHOWEHMI:
e eciiu F(0,) > F(0n-1), TO
G(t) = min F(u), G()= max F(u)

t<u<é, On-1<u<t
e eciu F(0,) < F(0p-1), TO
G(t) = min F(u), G(t)= max F(u)

fn-1<u<t t<u<6,

OtmernM, uto F(6,) = F(6,) nnsa scexn = 1,..., N—1. Ecn N = 0, Toraa
nonaraem F = (rg&aﬁcF + 1[51%;]1 F)/2. Ona kagi H-nocTpoeHns1 UMeET MECTO
cne,u,yromaﬂ JeMMa. ,

JIemma 1.2.4 Jas aoboti nenpepmenot na [0,T] dynryuu F u arbozo

H > 0 svnoareno

NT(Hv F) = NT(H’ F) '_ (1'8)
npu amom Pynxyus F euda (1.7) Aeasemca saeMeNMOM HAUAYNWEZO TPU-
bavorcerusn gynxyuu F us cemeticmea Xy oaa N = Nrp(H, F).

JokazarenncTBo. Cneays pabore [10], ais nenpepoiuo#t Ha [0, T] byHK-

uun F u npoussonbubix a,b, 0 < a < b < T BBeaeM 0603HaYEHN:

wi(a,b) = max (F(y) - F(z))

a<z<y<b
wp(a,b) = max (F(z)-F(y))
wf(a,b) = min{wk(a,b),wr(a,bd)},
K(ab) = max{wp(a,b),wr(a,b)}
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BameruM, 4ro wf (a,b) = rflabicF I[I(}IbI]lF a ecit wi(a,b) = 0, To F mo-
HoTonna Ha [a,b]. Byaem cuurars, uTO Wy £(0,T) > H, unaue Nr(H,F) =
Nr(H, F) = 0 u goka3biBaTh Hedero. JIoka3aTenbCTBo pa3obbeM Ha HECKOJIb-

| KO STAIIOB.
15T amn JokaxeM cHauaia Hepasercro Nr(H,F) < Nr(H, F) st
storo pacemorpum dynkumio F suga (1.7) ana coorsercrsyomero kagi H-
nocTpoenust. JIerko IOHATD, YTO Ha KaXA0M uHTepBaje [On,_1,0,],n =1,..., N

BBIITIOJIHEHO

~ F
sup |F(t) - F(p) = 0%
te[en—-l»an]

Ho B cuny cpoiicrsa kagi H-nocTpoeHus, 04eBUIHO, wf' (0n-1,6r) < H pna

kaxzgoro n = 1, ..., N, 103TOMy ¥MMeeT MeCTO COOTHOIIEHHE
Mpy(F) < sup |F(t) — F(t)l < H/2
te[0,T]

a 3Ha.‘{I/IT I/ICKOMOG Hepa.BeHCTBO BLIHOJIHGHO

"|‘\~‘.‘4""’.' T R

II 9T a . ,HoxaxeM pasercTso (1. 8) B c.nyqae KOT/Zia

|F(T) ~ F(0)| = wg (0,T) > H

OtmernM, 4TO B 3TOM ciydae B Toukax 0, T dynkuua F' jgocturaer rio-
GanbHbix sxcTpeMyMos. Ecmm wi(0,T) < H, To nCKOMOe. HEPaBEHCTBO Ode-
BUAHBIM 06pa3oM suimonneno: Nr(H, F) = 1 u B cuy Toro, uro M;(F) =
_yﬂg_,ll (cm. Taxke [10], cTp.151), BEINOMHEHO Nr(H,F) =1.

Ecn wf (0, T) > H, To o6o3nadumM gepes i1, t] Toukn u3 [0, T'] rakue, 4ro
t) <t u|F(t)) — F(t{)| = w{ (0,T). Oueeugno, B Toukax t, t] gocTuraer-
cst robasbublil skcrpeMmyM dbynkiun F' cooTsercTBeHHO Ha oTpeskax [0,17],

[t}, T']), KpOMe TOrO BBLINOJHEHO
wf(@,b) = |F(a) - F8)| > H

rjie oTpesok [a, b] obosnauaer oauu u3 orpeskos [0,t], (t1,t7], [t], T]. Hanee,

€CJIM BBIIIOJIHEHO XOTs Obl OIHO U3 HEPABEHCTB
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wlF(O’t,l) > H, wlF(t,l’t’ll) > H, wlF(t’ll’T) > H,

TO JJIs1 COOTBETCTBYIOLEr0 OTPE3KAa, Ha KOTOPOM JIaHHOEe HEPABEHCTBO MMeEET
MECTO, TPOM3BOAMM AHAJOTMYHBLIM 00pa3oM JpobyieHNe COOTBETCTBYIOMIUMHU
Touxamu th, ty. U Tak nanee J0 Tex IOp, NMOKA HA HEKOTOPOM KOHEYHOM
(8 cuny nenpepwiBioctd F) mare K > 1 ne ocranosumcst. To eéTb, I0Ka,
He TOJY4HM HekoTopoe pasbuenme (ug,...,ur), 0 = up < ... < ur = T,
I = 2K +1 Takoe, 4TO MHOXeCTBO To4eK {ug, ..., ur} = {0, T, (tk, ti)k=1,..K }-

IIpu sToM ana Bcex ¢ = 1, ..., ] BBINOIHEHO
wf(u,-_l,ui) < H, wg(ui_l, u,) = IF(U,) - F(uz-l)l >H

Jlerko nonsatb, yro I = Np(H, F). JleficTBUTENbHO, KYCOYHO-MOHOTOHHAs
dbynxuus suaa (1.7) ¢ coorBercTByomuM pasbuenneM (6, ..., On) = (uo, ..., ur)
6yZeT JOCTaBJIATL HamTy4llee mpubmakenne fns Gynkuun F na [0,T] ce-
MEUCTBOM X, IIPU 3TOM

s PO - FOI = 5 max of (s, w0) <3
KpoMe Toro 1o nocTpoennio cieayer, 4to M, (F) > H /2 st n<lI (cM
taxxe [10], crp.151). C apyroit croponst odeBugno, uro I < Nr(H,F),

IIOCKOJIBKY BBLINOMHEHO (CM. Takske JajbHefiiue paccyxaenns 111 atana)
wg'(ui—hui) = IF(U,) - F(ui—l)l > H1 1=1,.., I
(F(Uz) - F(u,-..l))(F(u,-H) - F(u,)) <0, z=1,.., I-1

A 3HAUHT, C y4eTOM JOKA3aHHOTO paHee, HCKOMOE PAaBEHCTBO BHIIOJIHEHO.
Il 5 T a n. Jokaxxem pasenctso (1.8) B ciyuae, korga unrepsad [0, T mo-
nyckaer pasbuenue (t;);=o,..J, J = 2,0 =1ty < ... <ty =T, 4TO BLINOIHEHO
w§ (ti-1,85) = |F(t;) = F(tj-)| 2 H, j=1,..,J
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PaccmoTpuM nocieioBaTeabHOCTh (7 (5))n=o,...,N; U3 COOTBETCTBYIOWErO kagi
H-nocrpoenus aas ¢ynkuuu F na unrepsane [tj-1,t;], 7 = 1,...,J. Ilpn

aToM 6e3 orpaHuyeHusi OOLHOCTH MOXKHO CYMTATh, YTO
* * — LI 2 Y Y — 1. 1
(1) =0, 73,()=T, m3,(0)=nG+1)=t; maj=1..,J-1
Kak He102KHO IOHATH, IIOCJIEIOBATEIbHOCTD

(%), (T G))n=1,3) s 1) (1.9)

6yner coorBercTBoBaTh kagi H-mocrpoenmio ana dbyHkuuu F' Ha WHTepBa-
ne [0,T], a suaunr Nr(H,F) = zi)l Nj. OGosnauum depes N; Benuaumy
(1.6), onpeneneHHyo Ha I/IHTepBaJIeJBj_l, ti], 7 =1,...,J. Takxe, oueBuHO,
uro Bemnuuna Np(H, F) = _él Nj, HO 1O JIOKA3AHHOMY BBHIIIE CJIEAYET, UTO
N; = Nj JJs Jioboro j = 11, ..., J, CJI€IOBATEILHO MCKOMO€ DaBEHCTBO Bbl-
nonueno. Kpome roro dbynkuus suga (1.7) ¢ COOTBETCTBYIOMAM pa36HeHnéM
(1.9) GyAeT JIOCTABJIATD HAMTyHIIee IpUGIHIKeHHe st dyuxuun F na [0, T
ceMefiCTBOM XN (H,F)-

IV 3 T a n. JlokaxkeM pasencrso (1.8) nya nmpoussosnbHOro ciy4das. Jlns

3TOro ocymecTsuM apobnenue unrepsaia [0,T] crepyomum obpasom. O60-

3nayuM, yepes 17, T} Touku us [0, T] Takue, yro T} < Ty n
|F(T}) — F(T7)| = w5 (0,T)

Jlna onpenesnenHocTd cuuraeM, uro F(17) = r[(r)%;]l F. Ecm wf(0,T]) > H,
to uieM Touky Ty, uro F(T3) = 1[51%;]CF 1 TaK ,’uaJIee (c yepemoBanueM Mu-
HAMYMOB M MaKCHMyMOB), IIOKa ,JIJI’HI HekoToporo L-oro mara He NOJIy4YHUM
wt'(0,T) < H. Ormerum, uto L koHe4HO B cuiy HenpepsiBHOCTH F'. Ecou
wg(TY,T) > H, o ananoruunbiM obpasom apobum untepsan [17,T], To
ecTb CTPOUM nociegoBaTe bHoCTb (7)), TOKa JJis HEKOTOpOTro KoneyHoro M

ne Buinosnuutcs yeaosue wi (Thy, T) < H. Wnade rosopst nonydaem pasbue-
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nue (Sg, 81, -, $p) = (T7y -y T, I7 5 oy Tpy) TaK0E, 4T00 < 50 < ... < 5p < T

U BBINIOJIHEHO

wp (sp-1,8p) = |F(sp) = F(sp-1)| 2 H, p=1,..,P
w5(0,81) = w{f(so,sl), w(l)p(SP—l’T) = w(l)p('sl’-l’ sp)
(F(s9) = Flsp 1)) (F(sps1) = F(sp) <0, =10, P—1
wg(0,s0) < H, wf(sp,T)< H

Paccmotpum kagi H-nocrpoenne qist dyukuuu F' Ha [sg, Sp], TO ecTb nocie-
NOBATENLHOCTD (T, Ty )n=0,... N'- HECTIOXKHO MOHATH, YTO JAHHYIO MOCJIE0Ba-
TeJbHOCTh 6e3 orpaHMyeHys ODIIHOCTU MOXKHO paccMaTpuBaTh Kak kagi H-
nocrpoenne s bynkuun F na [0, T], tak xax wf (0, s0) < H, wf (sp,T) <
H, a 3navenus F(sg), F(sp) sBAsAIOTCA IMIOGATLHBIME 9KCTpeMyMaMu dyHK-
unu F coorsercrsenno Ha untepsade [0, s1], [sp-1, T A 3naunt Np(H, F) =
N'. Paccmorpum Takxke sesnuuny N’ Buga (1.6), onpenenennyio nns pyHk-
nuu F na [sg, sp). [To nokasannomy Boime N’ = N’, HO npu 3TOM, OUeBUAHO,
Nr(H,F) = N', nostomy pasencrso (1.8) noxkasano. Kpome Toro, no no-
CTPOEHHIO KyCO4HO-MOHOTOHHAas dyHKuusA Buga (1.7) u3 cemeiicrtsa Xy, (m,F)
6yeT JOCTABIATb Hawty4wee npubamkenne ans dynxuun F ua [0, 7). w
PaccmorpuM Tenepb renko H-moctpoenue HenpepbiBHOH GyHKIMN F Ha
unTepsade [0, T], To ecTb nocef0BATENLHOCTD (0}, Pm)m=0,... My(H,F)- 3aMe-
THM, 4TO B renko H-NOCTPOEHUH UIPAET POJIb TOILKO KOHEUHOE YHCJIO MOMEH-
ToB BpeMenH (;);_o  37,(m,F)- A% IMCKPETHOTO MHOXKECTBA (F(Pi))izo,.. 57

onpesenuM HenpepbiBHylo Ha [0, T] dyHKI0 F cyeayIoIuM 00pa3oMm:

F(p) + (F(piv1) — F(Bi)) 5585, t € [Bi Bir),i =0, ...,M—& 10)

F(t) - F(ﬁﬂ)) te [ﬁﬂ) T]

OueBngno, yro ¢pyukuust F' sBasieTcss KyCOUHO-MOHOTOHHOH’, 3aBUCAIIEH TOJb-
ko ot H, T n dynxkuuu F. [Ipx 9TOM NOHATHO, YTO NOPSAAOK JaHHON pyHKIUH

pasen Mr(H, F). Unaye rosops, JoKa3aHa ClIeAyOMas
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Jlemma 1.2.5 Jasa aroboti nenpepwisnot na [0,T] dywxyuu F u awobozo
H > 0 eeaununa Mr(H, F) sasasemca nopadkom KYcouHO-moHOMOHHOU

pynxyuu F euda (1.10). m

1.3 Kagi, renko H-BOJIaTHJILHOCTD

1. Beogumoe B HacrodileM naparpade NOHATHE UrPaeT KIIOYEBYIO
pOJIb B PEllleHHH HCKOMO# 3a]a4M, TO €CTh IPH IOCTPOEHHH COOTBETCTBYIO-
muX apbuTparkHbix crpareruit. Paccmorpum cHavana cnyqaﬁ npouecca X =
(X (t))¢0, TPAEKTOPUH KOTOPOTO HENPEPBIBHbI, 1 paccMoTpuM kagi, renko H-
noctpoenus aas Hero ua [0, T], To ectb nocnenoBaTensHOCTH (75, Tn)n=0,...N
(p%,, Pm)m=0....m cooTsercTenno, rae N = Np(H,X), M = Mr(H,X).

Omnpenenum 1 HUX CIeAYIOLHE BETHYNHbI

Ve(H,X) = ¥ IX() - X(ri) (1)
Ur(H,X) = 3 1X(55) = X(oh)l (L12)

OTMeTHM, YTO 3TH ONpefesieHusi KOPPEKTHbI, B TOM CMBICJIe, YTO JaHHbIe
BeJIMUMHBI 3aBHCAT Tonbko oT H, T u camoro npouecca X (3navenns X (1),
X (p*,) onpesenersl oxHo3HauHO). Bomee Toro, kak Oyaer [OKA3aHO HUXKE,
sesmuunel Vy(H,X), Ur(H,X) aBasioTcs CleAyIONMMH BapHAIMOHHBIMU
XapaKTePUCTUKaMu ITporecca X:

Vr(H,X) = s’}llpl_i1 | X (1) — X (ti-1)], (1.13)

— K

Ur(H,X) = S}rlzpkzl|X(tk) ~ X (tx-1)|, (1.14)

rae T; — MHOXeCTBO BCeX KOHEYHbIX pasbuennit (to, ...,tL) TAKUX, YTO

0<ty<..<t; <T
| X(t) — X(ti-1)|/H € [1,400) pnal=1,..,L;
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T2 — MHOXECTBO BCeX KOHEYHbIX pas3buenuit (ty, ..., tx) TAKUX, 4YTO

0=ty <..<tg <T
| X (t) — X (tk-1)|/H e N={1,2,3,..} pa k=1,..., K.

Beauuuny (1.13) 6ynem nasbiath H -eapuayuet peasu3alnyuy Mpolecca
X na [0,T], a Benuyuny (1.14) — H-payxmyayued peéﬂﬁéaﬁnﬁ 1nﬁouecca
X na [0,T). Ecin gas kakoro-ro H > 0 He CylEeCTByeT COOTBETCTBYIOMIUX .-
pas6uenuit u3 (1.13), (1.14), nonaraeM yKa3aHHbIE BEJIMYUHBI PABHBIMH HYJTIO.

Hmeer MmecTo aieaymoiiad JeMMma:

Jlemma 1.3.1 ITycmo peasusayuu npoyecca X ABAANMCA HENPEPBIEHBIMU

dynxyuamu na [0,T). Tozda das awbozo H > 0 evinosnens. coommowenus

Vr(H,X) = Vp(H,X) o (1.15)

Ur(H,X) = Ur(H,X) (1.16)

Joka3zarenbcTBo. Eciiu H TakoBo, 4To coorBercrByoiee kagi, renko H-

nocrpoenne Ais npouecca X Ha [0, T| TpuBuansHo, To ects Np(H, X) = 0,

Mr(H,X) = 0, 10 Tor1a, oueBu 1o, coorHomenusi (1.15), (1.16) BLIIOMHEHDI.

B panbueiieMm 6ynem cuutaThb, 4To kagi, renko H-nocrpoenue ais npouecca
X ua [0, T] nerpusuansHo, to ectb Nr(H,X) > 1, Mr(H,X) > 1.

Paccmorpum npoussosbhyio dyrkuuio F nenpepeisayio Ha [0, T'] u onpe-

Je/IUM 1715t TPOU3BOMIbHBIX (to,t1, ..., tL) TAKHX, 9TO 0<t<.. Sy tr <T,

dbyHKIHOHAT
L
¥(tg,...,t1) = 122 IF(tl) — F(t;-1)|
=1

Hna pokasarenncrsa coorHomenuit (1.15), (1.16) B Bugy HempepbIBHOCTH
TpaekTopuit mpouecca X M B cuniy Toro, yro Beswuuabl ( 1.11), ( 1.12),
( 1.13), ( 1.14) onpexensiorcss NOTPAEKTOPHO, JAOCTATOYHO MOKA3aTh, UTO

JUIst MOMEHTOB (T3 )n=0,..N, (Pi)m=0,...,m H3 cooTBercTByIomero kagi, renko
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H-nocrpoenns ana bynkuuu F na [0, T] Beinonseno

V(15 ey TN) = Vr(H, F) (1.17)

TokaxxeMm cHadana coorromenue ( 1.17). PaccMorpum nponssosbHOe pastu-
enue (to, ...,tr) € T1 (T1 — MHOXKeCTBO U3 onpegenenus penuaunbl ( 1.13))

¥ TIOKAXKeM, 4TO
U(to,..ntr) < U(15,.0s TH) (1.19)
Ecau L > 1 u cymecrsyer ¢ = 1,...,L — 1, uaTo
(F(t:) — F(ti-1))(F(tiv1) — F(t:)) > 0,
TO TOuUKYy t; u3 (g, ..., 1) BHIKHAbIBAEM, IIDH 3TOM MNOHATHO, YTO

|F(tis1) — F(ti-1)| = |F(t:) — F(fz;—‘l)'|’+ lf’(tm) — F(t)] |

H « LU AP )

U Tak jajiee 00 TeX 0P, IOKa He MOJIy4MM HEKOTOpoe pasbueHnue (So, ..., Spr) €

T nna wekoroporo M < L, (sg, .-, Sm) C (fo, ..., tL), YTO BHIIOIHEHO
(F(s;) — F(si-1))(F(si4+1) — F(s:)) <0, i=1,..,M -1
[Tpu sTo0, OUeBUIHO,
U(to, s tr) = U(50, -y 521)

[Tonoxxum mast onpegenennocru F(71) — F(15) > 0 u paccMoTpuM Bee 71 €
[0, 51), mycTb 3TO TOUKM (7, ..., 7). 3aMETHM, 4TO 3TO MHOXECTBO He IIy-
cro, Tak Kak 7§ € [0,s1] (mefictBuTeNbHO, OCKOIBKY (S0, ..., SM) € T1, TO
|F(s1) = F(s0)| > H, a3na4uT B CHIIy ONpee/IeHust T¢ BbIIOJHEHO HCKOMOE).
Bo3MoxxHBI J1Ba ClIydas.

1 cnyuati F(s1)—F(so) > 0. lns aTOro ciy4ast BO3MOXKHbI J[Ba BAPHAHTA,

(A) u (B).
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(A) I - neuernoe uncio. Torga B pasbuenun (So, .., Sp) MEHAEM TOYKH

Sg, 81 Ha 7§, ..., 1. Toraa, o4eBUAHO, YTO HOBOE pasbuenue
* *
(0y eey up) = (704 +ey T1» S2y -y 8M), P=IT+M

npunagnexut muoxecrsy Tp (B ciywae M = 1 nonaraem (uo,...,up) =
(78, ---»71))- Jns 3T0rO ZOCTATOYHO 3AMETHUTD, YTO F(1}) > F(s1). HeticTeu-
TEJIbHO, B IPOTHBHOM Clly4ae Jubo s; > 77,1, YTO NIPOTUBOPEYUT HEYETHOCTH
I, nubo sy € [1f,7],1), 4TO IPOTUBOPEYUT TOMY, 4TO F'(7}) — ecTb Mé,KCI/IMyM
F na [T;7T;+l]'
(B) I - uerHoe yucino (8B uacrnoctu 0). Torna B ciyuae F(sy)—F(7f) > H

TOYKY Sg MEHsIeM Ha 7§, ..., 77. 'Torja, oueBnIHO, YTO HOBOE pasbuenue

(’uO,....,'le) = (TJ,...,T;,Sl,[...,SM), P=I+M+1

i
npunaanexut T1. Ecu F(s1)—F(77) < H, TouKn So, 1 MEHAEM HA T(, «vvy T{—1-

B sToMm ciiyvae HOBoe pa3buenue
(s woy up) = (73, o0y T1—1, 82 oy SM), P =1 +M-1

taxke npunanexur Ty (B ciydae M = 1 nonaraeM (ug, ..., up) = (75, -, T1-1))-
JlefcTBUTENbHO, BO-NIEPBBIX OTMETHM, 4To Toraa I > 0, uHave 6blI0 G5l BbI-

nonuero (B cuity toro, yro F(713) = %lin F)
1

F(s1) — F(so) < F(s1) — F(r5) < H

[IporuBopeune ¢ teM, uTo (Sg, ..., Spr) € T;1. Bo-BrophiX, B cuity npeamoo-

»KeHu#t o ToM, uro F(17) > F(73) u I- ueTHOe, 0ueBHAHO, Oy/ET BHINOJHEHO
F(ti_y) 2 F(r7)+ H > F(s1)

A 3naqut B cnydae M > 2 Gyzer Boinonueno F(17_,) — F(s2) > H.
2 cay4gat F(s;)—F(sp) < 0. Takke BO3MOXKHbI BO3MOXHBI IBa BADHAHTA

(A) u (B).
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(A) I - yernoe uncio. Toraa B pasbuennn (So, .., Sp) MEHAEM TOUKH S, S1

ua 7§, ..., Tf, IpA 9TOM HOBoe pa3buenue
* * —
(%0, ey uP) = (75, oy 711 82,y SM), P=I1+M

npunagnexur Ty (ecn M = 1, nonaraem (ug, ..., up) = (T3, ..., 7)), Tax
Kak, ouesuano, F(1f) < F(s1) (unade nmporusopeune qu6o ¢ teM, uro I —
yerHOe, 160 ¢ TeM, uro F(77) — ectb munumym F ma |17, 77 ,4])-

(B) I — neuernoe uncino. Torna B ciyyae F(7}) — F(s1) > H Touky so

MEHsIEM Ha 7§, ..., T, TP 3TOM HOBOE pa3buenue
* *
(U0, ooy up) = (T5y s TT» S15 e SM), P=I+M+1

ouyeBuano, npunagiexkur T1. Ec F(17) — F(s1) < H, ToukH Sg, S| MEHsIEM
) I ) y 21

HA 7{), ..., T{_1, TOTIa HOBOe pa3bueHue

(U0, ery uP) = (T3 eey TT—15 825 ++» SM), PI = Il+ ]\/.(’— 1
‘ . i t PR |,'), S : o

taxoke npuHagnexut T1(s ciyyae M = 1 nonaraeM (ug, ..., up) = (75, .-y T1-1))
TAK KaK JIerKo OHATD, 4TO, Bo-TepBbix, I > 1, Bo-Bropbix, F(1}_,) < F(s1).
B urore gns oboux c.n)’fqaeB 1, 2 nmonyuaem pasbuenue (ug, ...,up) € T
TaKoe, 4TO
(s ooey8g) = (735, TJ)
pif)t: HeKOTOp‘(.)FO J > 0, npu aroM 1o ﬁOCTpoeHHfo OYEBHHBIM 00Pa30M BBI-

TIOJTHEHO

U (ug, ..., up) > ¥(so, ..., SM)
(F(u,) - F(ui_l))(F(uiH) — F(u,)) <0, i=1,..,P-1

Hanee peticrByem unaykrusHo. Eciu J = P, To octaHaBiIMBaeMcCsl, TO €CTb
nepasenctso ( 1.19) seinosineno. Nuave a1 uHTepBana [uy, uy4+1] NpoBeaeM

crenyromee apobaenue. s onpeaenennoctu noaoxuM F(uyy1)—F(uy) > 0

37



n paccmotpuM Bee 77 € (ug,ug41]. Ilyctb 310 TOUKM (T]iq, .-y T4g) ANA
nekoroporo @ (77 = uy). Bo3aMoxHbI TpH Ciyyast:

1 canydqai Q =0, To ecTb Takux TOYeK He Hahgercsa. Toraa uj4y
3aMeHseM Ha 7)1, IPH STOM, BO-TIEPBbIX, T}, CYLIECTBYET, MHAE TONIyYaeM.
NPOTHBEPEHHE C TeM, TO xoneGanne F na [}, T] menvure H. BO—BTOprX B
custy npeanosoxenus F(ugzy1) — F(uy) > 0 (a 3Haunt F(TJ +1)—F(r3) > 0)
6yner oimonneno F(157,1) = F(ug41).

2 c¢ayd4a it Q — HederHoe yncyo. Toraa TOYKY ujy41 3aMeHAeM Ha
T} 415 --» Tj 40> IPH 3TOM, OdeBuAHO, F (77, 0) = F(ust1).

3 caydua i Q— ugernoe uucio, Q@ > 2. Torma B ciydae F(ugy1) —
F(13,0) = H x ucxopsoMy pasGuenuio nobasnseM (7j,y,...,Tj.q). Ecim
F(uj41) — F(t3,q) < H, 10 MensieM uj41 Ha (774, w0y TJ4+Q-1), TIPH 3TOM,
ouesngHo, F(75,0-1) > F(us+1). B | |
Jlnst Bcex Tpex Cy4daeB NOJydeHHOe HOBoe pasbuenue, KOoTopoe 0603Ha-
yuM 4epes (wo, ..., Wk ), NpuHaanexut T1, Kpome TOro no nocTpoenuio 6yaer

BBITIOJTHEHO

'
¢

(wo, ... wyr) = (7§, .., TJ») WIS HEKOTOPOTO J' > J,
U (wy, ..., wg) > ¥(uo, ..., up) '
(F('w.,') — F(w,-_l))(F(w,-H) - F(w,)) <0 Vi=1,..,.K—-1

Anajoruunyio npoueaypy IPOBOAMM C MHTEPBATIOM [wgy,wyi41] U TaK Ja-
Jlee IO TexX Mop, MOKa He MOJyYyuM pa3bueHue, COCTOALIEee TOIbKO U3 TOYEK
(75)i=0,.,N- DTO JeACTBUTENLHO MPOU3OUAET Ha HEKOTOPOM KOHEYHOM Iuare
MHIYKIMM, TaK KaK JJIsi KaXKIOro miara MHAYKUMH y Hac K NpeAbllylieMmy
pasbuenuio n06aBisieTcsi XoTsA Obl OJHA HOBasA TOYKA T; M3 COOTBETCTBYIO-
mero kagi H-nocrpoenusi. Kpome Toro, ecii Ha HCKOTOpOM Hiare pasbuenne
COJIePXKHUT Bce Touku (T7)i=p,.. N, TO B CHIIy TOro, 4To F(T}) fBIA€TCSA IKC-
tpemyMoM F Ha untepsae [1x_1, 1|, OHO HUKaKHX JPYI'UX TOYEK COAEPKaTh

ne 6yaer. Utak, nepasencrso ( 1.19) Buinonneso ais moboro (o, .., tr) € Ty,
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a snauut Vp(H, F) < U(75, ..., 75). O6paTHOe HepaBeHCTBO O4E€BHHO, a CJie-
nosarensto coorHomenue ( 1.17) nokasano.
Hoxkasxkem Tenepnb cootHotenue ( 1.18). lns atoro onpeaenum dyHKIUIO

F crenyiomum 06pazom

() = F(3;) ecmu t€ [ps,pis1),5=0,..,M —1

F(pjy) ecnu t€ [y, T] |

rae MomenThl (fo, ..., fyy) ABIAIOTCA onpefensomumu aius renko H-nocrpo-
ennst (cm. maparpad 1.1). C ognoit cropoHst, 04eBUIHO, (Do, ---, fyr) € T2, C
ApYyToil CTOPOHBI JJ1si TPOU3BOJILHOrO pasbuenns (to,t1, ..., 1 k) € T3 BoinON-

HEHO CJIeyIollee:
Vk=0,..,.K Im=m(k)=0,.., M, wuaro F(t;) = F(pm)-

Orciona cneayer, uro Ur(H, F) = Ur(H, F). Ho ana Kyco4Ho-noCTOAHHOH
yukunu F ¢ KoHedHpM uncioM (Tak Kak F' HenmpepbiBHA) HHTEPBAJOB II0-
crosiHcTBa paBeHcTBO Y (pf, ..., Pir) = Ur(H, 13') BBITIOJIHEHO O4YEeBUIHBIM OO-
pasoM. JeficTurensno, Habop (o3, ..., piy) nonydaercs u3 (Po, ..., fy) BHIKH-

JbIBaHUEM TOYEK p;, J1J1s1 KOTOPBIX
(F(p:) — F(pi-1))(F(pi+1) — F(ps)) > 0.

A snauur (g}, ..., pYy) = Up(H,F) = Ur(H,F).m"

2. Iockonbky Bemmunns Vp(H,X), Ur(H,X), kak creayer u3 AaHHOMR
JIEMMBI, ABJISIOTCS COOTBETCTBYIOLIAMH BapHAIlMOHHBIMI XaPAKTEPUCTUKAMU
nponecca X, YMECTHO B 3TON CBSI3U NPUBECTH NMOHATHE, ITMPOKO HCIONb3ye-
Moe B (pMHAHCOBOH MaTeMaTHKe, KOTOPOE TaKKe OCHOBAHO Ha BapHalMOHHBIX
XapaKTepUCTHKax mporecca. PaccMorpnM BenynHy
2
S IX(kA) = X((k — 1)A)| (1.20)

Zr(A X) =
k=1



rne A,T > 0, a [-] o3navaer B3siTne neso#t wactu. Besmunny Zr(A, X)
na3biBaloT A-eapuayued npouecca X na unrepsase [0, T| (cM. [11] cTp. 419).
Cxoxectb Beanyut (1.13), (1.14) u (1.20) cocTouT B TOM, 4TO JJ151 ZOCTATOYHO
,peryaspHbix* npoueccos (HanpuMmep, o6JIaJaIOUNX KOHEYHO! Bapuanueti Ha
[0,T7]) onu npu mansix H 1 A cooTBeTCTBEHHO OIM3KH K HoMHOM BapHalnHy,

KOTOpad €CTb IIO OIIPpEeacJICHUIO
N
sup 3 | X (tn) — X (tn-1)l
n=1

rae cynpemyM 6GepeTcst o BceM pas3GueHHsM (to, t1, ..., tn) TakuM, uto 0 <
to < t1 < ... < ty < T. [lpuHUUNHAJILHLIM K€ OTJUYUEM SIBJISIETCS TO,
4TO B ciiyyae A-BapHallii UCIIOJIb3YeTCs, TAK Ha3bIBaeMblil, “pHMaHOBCKUH"
NOAXOJ, TO €CTb 3HAYEHMs IPOIECCa IPYNIUPYIOTCA MO BpeMeHHOGH ocu. B
HacTosAmel ke pabore mpeajiaraercsa “aeberoBckui BapmaHT noé*rﬁ&enﬁﬁ
BapUALMOHHBIX XapaKTePUCTHK, TO €CThb cymec'rBeH!HbI”Jmmb snavenna X ,
a BPEeMEHHAs IIKaJja He MMeeT 3HadeHus. KpoMe Toro, Kax y»ke OTMEYaJIOCh
BLILIE, B CJIy4ae MCIoab30BaHus A-Bapuanuu Ha (GPMHAHCOBOM PBIHKE ITPOIIECC
X onpenensier uenst (S(t))t>0 dpuHAHCOBOTO aKTHBA NOCPEACTBOM COOTHOLIE-
nus S(t) = S(0)e*®, B 1o Bpems kak Mbl npemmnonaraem, uto S(t) = X(t)
(maHHOe MpeAIoIOXKEeHHe He HOCUT NIPUHIUITNAIBHBIY XapaKTep, ONHAKO [PH-
JIaeT BBOAUMBIM HIKE TOHATHSIM OGJIBLIYIO HAIVISIAHOCTD).

ITpu craTucriyeckoM aHanu3e npouecca X o6b4HO onepupyIoT ke ¢ (1.20),

a ¢ HOpMHPOBAHHOU BeJIMYUHOIMN

C X)) = (1.21)

a
TaK HasbiBaeMolt, A-sosamuavrocmoto. Ormerum, uto Benunuuna (r(A, X)
BECbMa IIOMyJISipHa B IocjIe[iHee BpeMs B (pUHAHCOBON MaTeMaTHKe, TAK KakK
MO3BOJISAET OLIEHUTh Mapamerp Xapcera H /71 cooTBETCTBYIOMIMX MIPOIIECCOB,
IIMPOKO MCIOJL3YEMBIX ITPU MOCTPOEHHH MOJEJH PhIHKA CO CBOWCTBOM Ca-

MOTI0/1001s1, O KOTOPO# TOBOPUJIOCH Bbille. A UMEHHO, IycTh npouecc X; =
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(X1(t))t>0 — ectb dpakTambHOe GpoyHOBCKOE JBHXKEHME ¢ napamerpom H,
Xz = (Xa(t))s>0 — cTporo a-ycrofiuuerit npouecc Jlesn, o € (0,2]. Us-

BecTHO (cM.,Hampumep, [11], crp. 418), yro ana Beakoro A > 0 BeImoTHEHB

E| X\ (t + A) — Xy(2)] \EAH | - (1.22)
E|Xa(t+ A) — Xo(t)] = APE|X,(1)] (1.23)

COOTHOIIEHHUA

(B nocnennem pasenctBe nepeobosnageno H = 1/a). Bmecre ¢ Tem 6bi10
oOHApYXeHO CBOICTBO, COCTOsIIEE B TOM, 4TO A-BOJATHIBLHOCTb Ha (PUHAH-
COBBIX PbIHKaX BEJET ceDsl 6eCoMa Pe2YAApHO B TOM CMbIC/IE, YTO €€ OLICHKA

1A JOCTATOYHO 0osbinoro 1' yAOBIETBOPsieT COOTHOLIEHHUIO
(r(A,X) = CrA® (1.24)

rae KoHcranta Cr 3aBHCUT TOJBLKO OT Buja ¢dpunaHcoBoro aktusa X (cM.,
nanpumep, [22]). Cpasuusas (1.24) c¢ (1.22) u (1.23), MOXXHO cKa3aTh, 4YTO
cootHomenue (1.24) rOBOPUT B IOJIb3Y TUIIOTE3BI O TOM, YTO MOBEIEHHUE LEHBI
TOr0 WJIM HHOTO aKTHUBA YJOBJIETBOPUTEIBHO MOZKET. OIACHIBATHCH YKa3aHHbI-
MU BBIIIIE npoueccaM‘M X1 u X5 ¢ mapamerpom H. B yactHoCTH, Ha FX—prﬁKe

AJ1 OCHOBHBIX BayoT (cM. [22])
H =~ 0.585

3. BBugy oTMeueHHOI BbIIIE CXOXKECTH A-Bapuaunn c H-Bapnauneﬁ u
H-bnykryauueli HAIPALINBAETCS PACCMOTPEHHE IS (1 13) (1 14) HOPMHU-
POBAHHBIX BEJIMYMH, aHAJIOrHYHO A-BonaTuiabHocTH. B ey nemmer 1.3.1 Ta-
Kas HOPMHMPOBKA BO3HMKAET €CTECTBEHHBIM 00pa3oM. A IMEHHO, PaCCMOTPUM

cjenyoolye BeJTUYUHbI

Vr(H, X)

nr(H, X) Ne(H. X) (1.25)
&r(H,X) = A%% (1.26)
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ockonbKy Bee Benuunbl, yyactsyiomue B onpeaenennn nr(H, X) n ér(H, X),
KOPPEKTHO ONpeesieHbl, TO €CTh 3aBHCAT TonbKo oT X, H, T', To cnexyiomue

oInpejieIeHns1 TaKyKe KOPPEKTHBI.

Onpegnenenne 1.3.2 Beauwuny (1.25) 6ydem nasvieamo kagi H-eoramuns-

nocmwio npoyecca X wa [0,T). m cee

Onpenenenne 1.3.3 Beauuuny (1.26) 6ydem nazvieamv renko H -eonamuas-

nocmwio npoyecca X na [0,T]. m

OTMeTHnM, 4TO JaHHble ONpeIesIeHNsI BECbMa HAIVISIHBI C IPAKTUYECKOi TOY-
KU 3peHusi, TaK KaK XapaKTepU3yT CPeJHUi pa3Mep NpHpaLeHUus LeHbl X
Ha COOTBETCTBYIOIIMX HMHTEpBaJlax MOHOTOHHOCTH. VHaye rosops H-Bona-
THIBHOCTH TOBOPUT O TOM, HACKOJIBKO CHUJIbHBI TEHIEHIUN POCTa U NaJeHUd,
ecay npenebperaTb M3MEHEHMSIMH Ha BeanduHy, MeHbunyio H. Hcnonb3osa-
HHUE TEPMMHA ,,H-BOJATUIBHOCTL® IPEACTABIAETCS I1€71eCO00Pa3HBIM BBUIY
YKa3aHHOTO BBIIIE CXO/ICTBA JAHHBIX MOHATHH ¢ A-BOJATHIBHOCTBIO.

4. Paccmorpum Tenepb ob1uii ciryyail, TO €CTb TPaeKTOPHH npoueééa X =
(X (t))s>0 ABASIOTCA HEMPEPHIBHBIMU CHPaBa U UMEIOIUMH TpPEeNbl CeBa
dbyukiusamu. ITocrponm kagi, renko H-nocrpoennst gyt npouecca X ua [0, T,

TO €CTb COOTBETCTBYIOIIYE MOCJIeJ0BATEC/ILHOCTH

(7-7:’ Tn, X;;) Xn)n:O,...,N’ (p:n’ Pm, X;-n Xm)m:O,...,M

rne N = Nr(H,X), M = Mr(H,X). Hapany ¢ Bertnunnamu (125)’ (1.26)

JIJIS1 TIPOM3BOJILHOTO p > 1 OyZeM paccMaTpUBaThb TaK»Ke BEJINYHUHbI

(p)

W X) = ) (1.27)
(p)

P, x) = SE 29
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rje AL H,X),U. ®)(H , X ) onpeensitoTcss U3 COOTHOLIEHU N
T T

(p) N

VOULX) = X |X: - Xial, (1.29)
(p) Mo e .

UT (H’X) = z_:lle—Xm—llp’ - (130)

[TockonbKy BCe BEJMYUHBI, YYacTBYIOLUIME B OIpeJieleHun 771(? )(H, X) m
{1(? )(H ,X), KOPPEKTHO ONpejeJieHbl, TO €CTb 3aBUCAT Tonbko oT X, H, T,

M p, TO CIEeyIOUHUE ONpeieJieHNs TaK»Ke KOPPEKTHBI.

Onpegnenenne 1.3.4 Beaununy (1.27) 6ydem nazweams kagi H-6osamuno-

nocmoto nopadxa p npouyecca X wa [0,T). m

Onpeaenenne 1.3.5 Beauwuny (1.28) 6ydem nasvisamo renko H-eonamunv-

Hocmovto nopadka p npoyecca X wa [0,7]. m

OtMmeruM, uto eciu aust p > 1 no ananoruu ¢ (1.13) onpesenuTs BenUUIUHY
Vr” (H,X) = sup 3o |X(t1) — X (ti-) Lit
1 =11

rae T — MHOXecTBO pasbuennit u3 (1.13), To ans p ,> _,1.(13 ‘oTsIM4mne oT
p = 1) Boob11e roBopst VT(”)(H ,X) # VT(p)(H , X) maxe B ciiy4ae, KOT/ia Tpa-
eKTOpuH npotuecca X ABJIAIOTCA HENPEPHIBHBIMA (hyHKUUAMHA (3aMETUM, YTO
BEJINYNHA V;,gp )(H ,X) npu masom H 6nu3ka p-Bapuauun Bunepa, onpege-
nenoft B pabote [33]). Muade roBopsi, 06obuieHme JeMMBbI 131 qmap> 1
Hepozmoxno. QueBnano, 4To Ajas renko cayyasi JaHHoe 00OOIIEHWE TaKXKe

HEBO3MOXHO.

1.4 CsolicrBa H-BojaTujbHOCTH M H-mHBepcum BUHEe-

POBCKOrO ITPOIEcCa

1. Beegennnsle B npeapiyuux naparpadgax MmoHsTAS o0JajaioT paaoM
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CBOMCTB B cay4ae, korna X — ecTb BuHeposckuit nponecc. Jns kagi, renko

H-posatunbHOCTH nopsiika p uMeeT MECTO Ciieayiouniasi TeopeMa.

Teopema 1.4.1 (O6 H-BONaTMILHOCTN BHHEPOBCKOTO MpoIlecca)
Mycmo W = (W (t))1>0 — cmandapmunidi suneposcxut npoyecc, mozda 0as

amobwr p > 1, H >0, 0 > 0 sunoaneno

Jim 6P (H,oW) = Rw(p)H? (nn), (131)
Jim o (H,oW) = Kw@H (nn)  (132)

+00
2de Rw(p) = % 5, Kw(p) = [ @ +z)Pe*dz.
n= 0

JToka3zaTeabcTBO. JloKa3aTebCTBO pa300beM Ha JBa IIara.

1 I AT. Caysatt 0 = 1. lokaxkem cHauyana coornomenue (1.32). Pac-
cmoTpuM kagi H-nocrpoenne pis nponecca W na unTepsae [0,T], To ecTpb
NOC/IEAOBATENBHOCTD (75, Tn)n=0,..,N A1 N = Nr(H,W) n obo3Hauum Jis
hel. N R

a, = [W(m)=W(r_)P (1.33)
Ap = Tp—Tp-1 | (1.34)

Ormerum, 4yTo U3 cooTHOoweHui (1.3) cineayer ana moboro n = 1,..., N —1:

n = [W(52) = W () + W () = W (ract) + W (722) = W (o)
= (28 + W(m) — W(rnor) signW () - W(ria)) (1.39)

ITockonbky Besmmunna sign(W (1) — W (7,;_;)) mOnHOCTBIO OnpeeaeTcs 3Ha-
yenustMA (W (8))sefr,_y,ra]» @ MOMEHTDI (Tp)n=0,...,N ABJISIOTCS MapKOBCKHMH,
TO B CHJIy CBOMCTBA CTPOrO# MapKOBOCTH BMHEPOBCKOI'O MpOIECCa BeJIUYH-
Hbl (0ty)n=1,. N-1 ABAAIOTCS He3aBuCUMbIMH. OrMernM, 410 (Ap)n=1,..N-1
TAKXKe SIBIASIOTCS HE3aBUCHMBIMH BesinunHaMu. [Ipu aToM noHsITHO, YTO 1A

moboron =1,..,.N —1
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A, 20 | (1.36)
on 2 (2H +W(9))P (1.37)

rae BeJnuuHa § onpejesioTcs U3 COOTHOIIEHH
0 = inf{u2 0: maxW — W) = H} )
Jlnst Toro 4Tobbl OMUCATHL pacrpenenenue ¢, onpesennM sennyuuny §':
¢ = inf{lu>0:|W(u)|=H} (1.39)
ITockonbky B cuty Teopembt Jlesu (cMm.,Hanpumep, [25], cTp.211)
(W@t > 0) "2 (maxW - W(t), ¢ > 0)

To Besinuunbl @' 1 6 UMEIOT OOVHAKOBLIE PACIpE/IeSICHHs], 8 3HAYUT, YIUTHIBAS
10, uT0o Ef’ < 00 (cM.,Hanpumep, [11], cTp.303), B cuy ToxaectBa Banbia

1ns BuHepoBckoro npouecca E§ = E (W (¢ ))2 (cm. [6], cTp.122), monyunm
Ed= Ef¢ = H? (1.40)

oTKyZa, B yacTHOCTH, cieayer, uro Nr(H, W) = +oo (nH) npu T' — +00.
HeficTBATENIBHO, BO-IEPBBIX OTMETHM, YTO NPA BO3pACTaHuy 1’ KOPPEKTHbIM
obpasoMm nepecunthiBacresa kagi H-mocrpoenne (cMm. naparpad 1.1), To ecTsb
nepexof K npejeay T — +00 B cootHoweHnuH (1.32) mpoucxoquT KOPPEKTHO.
Bo-Bropnix, npouecc Ny = Nr(H, W) MOXHO CYMTaTh MPOIECCOM BOCCTAa-

Hosstenus (cM. [12], crp.322), mocKombKy, KaK JIETKO NOHSITH
[o 0] n
(Nr, T20) 2 (1+ X x{Ao+ L A<THLT 20)  (1.41)
n=1 i=1 .

rae x{A} — ungnkarop muoxecrsa A, a (Ap)n>1 — NOCIENOBATENLHOCTD
HE3aBUCHMBIX OJMHAKOBO PACIpPE/IETEHHBbIX MOJOXKHUTEIbHBIX CIy4alHbIX Be-

auuuH ¢ pacrnpeaenenueM (1.36), a Benuuuna Ag ecThb

A0=inf{u20:rfaa?cW-—1[{)1iI]1W=H} (1.42)
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[TosToMy M3 Toro, yto s Jiwoboro n > 1 Bemonaneno EA, = H? < 400
(cm.(1.40), Takxe ouesuano, yto EAg < +o00) crenyer Nr — +oo (n.n.)

npu T — +o00. Torna B cuy CKa3aHHOTO BhILIE ¥ B CUJIy YCHUJIEHHOIO 3aKOHA

. BOABMINX YHCEJT AJ151 TTOCJIEA0OBATENBHOCTH He3a.BI/ICIdeIX O}IHH&KOBO pacnpe—,

.4,:‘“‘,,

JENeHHBIX CITyYalHbIX BEJIUYHH (0 )n>1 TIOJTy 4aeM, q'ro ‘j‘_g ';".;r”,'f‘,:":‘,_ :
im ¥ (H,W)= hm Tas10n =E(2H+W(6))?  (mn.)
T—+00 T Noa+o N

Haitru E(2H + W(6))? HecnoxHO, Tak Kak um3BecTHO npeobpasosanue Jla-

MI1CA BEMTHHBL [0aX W (t) (cm.[25], cTp.429, cooTHOmenue 4.19), TO ecTh

- max W (t) 1
0<t<# >
E (e ) 14+ AH A20

Orcioza ouesnHLIM 06pa3oM cieayet, uro Bennunna H + W(0), paBuas no
HOCTpoeHI/HO gnax W (t), uMeeT KCIIOHEHIIHATbHOE PACIpejieJieHHe C MoKa3a-
TeNeM 7 L CnenosarenbHo i

+o00 - .
_/(H+Hy)”e ydy
0

E(2H + W(0))? = 70°(H +z)? Hﬁ
0

+00

[onaras Kw(p) = / (1 + y)Pe~¥dy, nony4aem coorHowenue (1.32).

s ,IIOKaBaTeJIb(?TBa cootHowenusi (1.31) paccmorpum renko H-moctpo-
enue ais nponecca W na unrepsasie [0,7], To ecTh NoCiIENOBAaTENIbHOCTD
(ks Pm)m=0,..m BAni M = Mp(H,W), a TakXe NOCJeI0BATEIbHOCTh
(ﬁi)izo,...,ﬁ? i M = MT(H, W), no koropoit onpenensiercst renko H-mo-
crpoenre (cM. naparpad 1.1). Obosnaunm gisa ¢ = 1, ..., M,m=1,...M

Bm = W(pp) — Wlpom-1)I” (1.43)
v = (W(@) —W(pi-1))/H (1.44)
Ai = pi—pia (1.45)
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Hcnonw3ys cootnomenus (1.4), ananornyno pasercTBy (1.35) MOXHO moka-

3aTb, 4TO A1 Joboro m = 1,..., M — 1 BbINONHEHO

B = (28 + (W (om) = W (pm-s)) sign(W (63) = W (sin-1))) (140

. ITockonbKy MOMEHTHI (P )m=0,...,M ABAAIOTCA MapKOBc,KHMI/I,v,,'TO B'cgmy CBOH-
CTBa CTPOTOff MaPKOBOCTH BHHEPOBCKOrO Npouecca BeMUIUHbL (Bm)m=1,... M~1
SIBJISTIOTCS HE3aBUCHMBIMH (JJOKA3BIBAETCs aHAJIOTMYHO ciyvaio kagi). Orme-
THM, YTO B CHJIy MapKOBOCTH MOMEHTOB (f;) i=0,..,jf BEAIHHBI (%)i:l,...,ﬁ’
(Ai);_, 7 TaKXe SABJSIOTCA COOTBETCTBEHHO HE3aBHCHMBIMH, NPHYEM VIS

——

aoboro ¢ = 1,..., M, oueBuHO,
A (1.47)

7 Law +1 ¢ BeposTHOCTBIO 1/2 © * . (1.48)

rzae Bemnunna @ umeer sug (1.39). Pacemorpum Taxxke Benudusl v, (S)i>1 ,

KOTOpHBI€ ITIO ONpeAeJICHUIO €CTh

k
Sk = Xvo S (1.49)
i=1 NN
v = min{k>1:S,=k—-2} " (150)

3aMeTuM, 4TO BeJIMYMHA V ONpEHesieT MOMEHT [EPBOro NajeHus Sk, IpH

3TOM, O4YEBUHO, YTO

00 mmP
EvP = _1% (1.51)
U3 (1.46) serko MOHATH, 4TO
Bn ™ (2H + S,H)P = vPHP (1.52)

OrmernM, 4YTO, KaX U B ciiy4ae kagi, mepexoy k mnpeneny 1 — +o00 Mpo-

ncxomuT KoppekTHo. Ilponecc My = Mr(H,W) MoXHO, KaK M mpouecc
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Nr = Np(H,W), cuutaTh nMpoueccoM BOCCTAHOBJIEHHU:, IIOCKOJIbKY (anasno-
ruuno (1.41))

(M7, T>0) = (14+ X x{Bo+X>X A <T}L,T>0) (1.53)
m=1 i=1 A 3 . ) R

rae Ag pacnpenenena Taxkxe kak u Beaudusa (1.39), a (Ay)m>1 — mocie-
ZI0BATEILHOCTh HE3aBHCUMBIX OJJMHAKOBO PACIPEEIEHHBIX MOJOXKHUTEIbHBIX

CJIy4aiiHbIX BEJIMYUH
~x Law z '
Am(= pm — Pm-1) = ZlAi (1.54)
1=

3aMeTHM, 4TO B cUly ToxaecTsa Banbaa (cm.[12], crp.663) u cooTHOmIEHNs

(1.47) pna moboro m > 1 BLINOJHEHO

—

EA,, = EvE# - (1.55)

nostomy 13 (1.51), (1.40) creayer, uto EA,, < +oo Anst moboro m > O a
! | Cr

spauut Mp(H, W) — +oo (m.u.) mpu T — 80, - Ly

TOI‘,II& B CHUJIy CKA3aHHOT'O BbIlI€ U B CHUJIy yCHJICHHOr'O 3aKOHa OONBIINX

. 4YHceJ JJId MOoCJIe0BaTEJIbHOCTH HE3aBUCHMMBbBIX OJMHAKOBO pacClnpeleJICHHbIX

cay4aiHbix Beaudut (Bm)m>1 MOMydaeM, 9TO

M 00
Jlim (W) = jim Eamtfn (85 e ()

M- 400 M n=1 2n
2 III A I. Cayyati npousBoabHoro o > 0. Bocmosb3yemcs cBoficTBOM

aBTOMO/IEJIbHOCTH BHHEPOBCKOI'O ITPOLECCa:
(eW(t);0 <t <T) 2 (W(t);0 <t < o’T)
Orcroma oyeBHIHBIM 00pa30M CJIEAYIOT COOTHOLIEHUS

(Mr(H,oW),UP(H,oW)) "2 (Myr(H,W),USL(H,W)) (1.56)
(Nr(H,oW), Vi (H,oW)) "2 (Npar(H,W),VI(H,W))  (1.57)
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KOTOpbIE JOKA3bIBAIOT TeopeMy. B

CxoxxecTb B npejedie y obenx H-ponarnnbHocTell MoXKeT ObITh 0ObsICHEHA
TEeM, YTO onpeesouMu B kagi u renko H-nocTpoeHuUsIX sABJIAIOTCS Ipoliec-
cbt maxpg X — X (t) u | X(t) — X(0)| coorsercrpenno (cm. maparpad 1.1).
B cnyuae, korga X — ectb 6poyHOBCKOE ,uBnmeHne,_yréasaHﬁbIe ﬁpoueccm
SKBUBAJIEHThI 110 PACNpeJICHUIO B cuily TeopeMbl JleBu (cM.,Hanpumep, [25],
crp.211). B yacrHoctH, A4 p = 1 npejesibl COBNAAAIOT, MOCKOIbKY K wi(l) =
Rw (1) = 2 (cM. yreepxaenne 1.4.4 Hike). UnpiMu cioBaMu, eciin H3BECTHO,
YTO OT COOTBETCTBYIOMIETO IKCTPEMYMa BUHEPOBCKHUIA nporecc BuIpoc (yrias)
Ha H, To B cpenneM oH eme BbipacreT (ynazner) Ha H, ecin npenebperaTsb
M3MEHEeHUSAMH B IPOTHBONOJIOXKHYIO CTOPOHY Ha BeJIM4YMHY Menbluyio H. [lan-
HOe CBOHCTBO €CTh B ONPEICIEHHOM CMbICJIE NPOsiBJIEHHE MapTHHIAJIbHOCTH
6pOYHOBCKOI'O JBUXKEHUS.

3zech ke 3aMeruM, uyto Beauuunsl Ky (p), Rw(p) He 3aBucar or o, T0
ectb H-BonaTuibHOCTh (B mpenese) ABJISIETCA UHBAPHAHTOM OTHOCHTEIBHO
PACTSXKEHHA M CHKATHA BHHCpOBCKOI‘O nporecca. B naaneﬁmeM 6y;1eT no-
Il<asaH0, 4YTO HO}IO6HI>IM CBOHCTBOM obnanaer u chHaHCOan‘/‘I prHOK (CM na—

parpad 3.1) Ilna kagi, renko H-unsepcun BHHEPOBCKOTO npouecca MMeer

MECTO JIeJyroiasa TeopeMa.

Teopema 1.4.2 (O6 H-uHBepCcHM BMHEPOBCKOTO MpoIiecca)
ITycmy W = (W (t))i>0 — cmandapmuwiti euneposcxutdi npoyecc, moeda das

aobovx H,o > 0 svnoanero

T 2H?

oWy — or (M) (1.58)
T H?

R N T o) — ez () (1.59)

Joka3arenabcTBo. PaccMorpuM cHavadna ciryyait o = 1 u 1oKaxkeM COOTHO-

menwe (1.59). Kak 6b110 mokaszaHo B loKa3aTebcTBe TeopeMbl 1.4.1, nponecc
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Ny = Np(H,W) moxHo cuutatb npoueccoM Boccranonenus (cm. (1.41)).
Torna HCKOMOE YTBCPXKAEHUE — €CTh HEe YTO MHOE, KaK U3BECTHBIN (aKT ycu-
JIEHHOTO 3aKOHA GOMNbIINX YKMCes Jyisl IpoLecca BocCTaHoBIeH s (cM. [12], crp.
548) ,I[eﬁc'rBMTe.ano, pacCcMOTPUM (An)n>1 — noc.neAOBaTeanoc'rb He3aBH-
CHMBIX OJMHAKOBO PACIPEAENEHHBIX ITONOXKHUTEIbHBIX CJIy‘IaﬁHbIX BeJII/I‘{I/IH c
pacnpeznenenvem (1.36) u Benuuuny Ag Buza (1.42). U3 (1 41) 11€TKO MOHATD,

4TO

Do+ 5aT Bn (1Y T _ Ao+ Epli A
Nr—1 (—M)—NT< Nr

Tak kak panee 6buI0 nokazano, 4o Ny — o0 (m.u.) npu T' — 400, TO B
CHUTY YCHJIEHHOTO 3aKOHa GOJIBIIMX YHCEJ! JIIs MOC/IeJOBATEbHOCTH He3aBH-
CHMBIX OJMHAKOBO PACIPEAETICHHbIX CIyqYalHbIX BeluduH (Ap)p>1, & TaKXKe
toro, uto EAg < 00, EA, = H? ana n > 1 ciepyeT uckomoe.

Coornomenue (1.58) pnst Mp(H, W) noka3biBaeTcsl aHaJIOTHYHO, TaK KaK
npouecc M = MT(H W), Tak>ke KakK H npotecc NT, ABJIACTCA MPOLECCOM
BOCCTHOBJICHHUS. Hnst oxonaneJIbHoro goxa,aaTenbc'rBa Haj0 Jmmb Ha#TH
snavenne (1.55). U3 (1.51) JIerKO MOHATH, 4T0 Ev = 2, Torja B CHiIy (1.40)
CJleJyeT HCKOMOE. |

JIoKa3aTeabCTBO TEOPEMbI JJisi mpou3BosibHOro o > 0 cieayer u3 (1. 56)
(1.57).

3jech ke ormernM, 4o Beamuunsl Mp(H,oW), Mr(H,oW) ceszann
COOTHOILIEHHEM o o

i Mr(H,oW)

A S o 2 - (1.60)

HeiicTBuTensbHo, Tak Kak Ev = 2, a U(l)(H, oW) = Myp(H,cW)H, to B
cuny (1.31) crepyer uckomoe. &

U3 teopembl 1.4.2 BugHO, 4TO, B OoTivune or H-Bomarunbuocru, H-nn-
Bepcus nponecca oW Hamnpsimyio 3aBucuT oT mapamerpa o. M, kak 6yzer

nokazano Huxe (cM. naparpad 1.5), JaHHOe 0OCTOATENBCTBO JaeT OCHOBa-
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HUe 7151 UCIoJ1b30BaHnsA H-uHBepcuu npu onpeaeseHnu Mepbl U3MEHYUBOCTH
(BoNaTHILHOCTH) TIpOLECCA, ONMKMCHIBAIONIETO NOBeJeHne (PUHAHCOBOTO aKTH-
Ba. VuTepecHo orMeTuTh ClieAcTBuA u3 TeopeM 1.4.1, 1.4.2, KoTopble Takxxe

NOHaA00ATCA A1 ONpeAJieHNsl BOJTATHIbHOCTH.

Cneacreue 1.4.3 ITyemv W = (W (t))i>0 — cmandapmmnii eurieposcrut

npouecc, mozda daa aobwxr p > 1, H > 0, 0 > 0 svinoarero

2UP (H,oW)

Am = = Rw@HT (nn) (1.61)
_ VP(H,oW _
lim THRT = H ) () (1.62)

+00
2de Ry (p) = z 2, Kw(p) = / (1+z)Pe *dz. m
n= 0

B JaJibHeleM 1 IIPpaKTUYECKOI'0 UCIIOJIb30BaHUA YKA3aHHbIX Bblme pe-

3yJIbTATOB HaM NMOHaJI00MTCs YncieHHoe 3Hadenue byrkuuit Ry (p), Kw(p)
ansap=1,2.

VrBepxaenne 1.4.4 Oynxyuu Rw(p), Kw(p), onpede/zeuume 6 meopeme

1.4.1, daa cayuaes p = 1,2 npurumarom 3HAYEHUA:
Rw()=2, Rw() =6, Kwl)=2 Ky(2) =5

,Z[oxasaTeJILCTBo HecnioxxHo 3aMeTHTh, 4TO

X n—1 1
Ry() = 3+ 5 B =14 5Rw()
(n-1° &2n =1 1
Rw(2) = ———+ ———R 2)+2Rw(1)—1
W( ) nzz:l 2n n= 12n n= lzn W( ) W( )

Orciona cneayer, yro Ry (1) = 2, Rw(2) = 6.

+00 +00

Kw() = 1- /cvd(e'x)=1+/e"“dm=2

+
8 o

Kw(2) = (1+2)d(e®)=1+2Ky(1)=5 =

O\
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1.5 H-unBepcusi KAk Mepa U3MEHYNBOCTH

1. Kak nokaseiBaeT craTHCTHYecKuii aHauu3 (cM. naparpad 3.1), H-
BOJIATMJIHOCTD SIBJISIETCA YCTOHYMBOM XapaKTePUCTHKON HDUHAHCOBOrO aKTH-
Ba B 3aBHCHMOCTH OT KoJiebanuit pelHKa, TO eCTb JJ1d “OypHbIX" 1 “CIOKOMHBIX®
nHelt ee 3nadeHus O6iau3ku Japyr K apyry. nadge rosops, H-BonaTniabHOCTH
ABJISIETCA HEKOTOPOM (PpaKTaJbHOU XapaKTepUCTHKOM aKTHBa U cyiabo co-
OTBETCTBYET HallleMy MHTYHTUBHOMY NPE€JCTaBJIEHUIO O BOJATUIBHOCTH, KaK
Mepbl M3MEHYMBOCTH pbiHKa. B aToM cMbicie Tepmun “ H-BONaTHIBHOCTD
He COBCEM a/IeKBATHO OTPAXKaeT CaMO IOHSTHE BOJATHILHOCTH (TEM HE Me-
Hee, KAK OTMEYaJoCh PaHHe, JlaHHas TEPMUHOJIOTHsA NPEICTaBJIAETCs lieJle-
coobpas3noil B BuAy aHajoruu ¢ A-BOJATHILHOCTHIO). B HacTosiue#t pabote
NpeJIaraeTCsl HOBBIA IOMXOXA K OINPEJENEHUI0 MEPhl U3MEHYHBOCTH aKTHUBA,
B OCHOBE KOTOpro Jiexkutr H-unBepcusi.

[Toxxanyit, Hu OffHO TNIOHATHE B (anaHCOBoﬁ MaTeMaTHKe He HOCHT CTOJb
Da3HOPEUMBOIO XapaKTepa ¥ He JUCKYTHDPYETCA CTOJIb mnlpoxo Ka.K TOHSTHE
BOJIATHJILHOCTH. BOJaTH/ILHOCTL ONpeeNsieTCss MHOTMME paBHbIMH crnocoba-
MH, & CaM TePMHH HCIOb3yeTcsl JJIsi HaMMEHOBaHWsS Pa3HOOODAa3HBIX Mep
n3MendnBocT. OCO3HAHMIO BaXXHOCTH JAHHOTO IMOHATHS BO MHOTOM CIO-
cobcTBOBasa pabora [14], B koTopoit Gbuna mana dopmyna (Biska, IHoya-
ca) CIpaBeJINBOii CTOUMOCTH CTAHJAPTHOTO ONIMOHA B MOJeNTH, THe LEeHBI
S = S(t);>0 OMUCHIBAIOTCA reOMETPUYECKUM GPOYHOBCKHM JBUKEHHEM, TO

€CTb
S(t) — S(O)eptﬂrW(t)—%t

rae W (t) - cranaaptubiit Buneposckutt mponece, a KOHCTaHTHI p, o > 0 (cM.
takxke [32]). Cornacro ato#t dpopMyJe, cipaBeINBasi CTONMOCTb He 3aBHUCHT
OT [, HO 3aBHCHUT OT MapaMeTpa o, KOTOPHIi B PAMKax JIaHHON MOJeNd NpH-

HATO HA3bIBATHL BOJATHILHOCTBIO. B cuiy Toro, uro dpopmyna Baska-Illoynca
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LIAPOKO HCIOAL3YeTCA Ha MPAKTHKeE, a MPEeJNOoNOXKeHe O TOM, YTO O sABJIsA-
eTcsi KOHCTaHTOH, Gosice TOro, M3BECTHO!M KOHCTAHTOM MAJIO PEaJMCTUYHO, B
HACTOsIIee BpeMsl CyLECTBYET MHOXKECTBO Mojenelt, HanpaBneHHblx Ha Olu-
CaHUe 9BONIOLMK BOJATHIBLHOCTH. B HauGonee obwielt I0CTAHOBKE NOHATHE
BOJIATUJIBHOCTH B KJlacCH4YecKol ¢puHaHCOBO M&TQM&:’I{?I]_(G {OIFI_pe.,I'l;eJ’VIi,[eTCﬂ‘B
crepyomeM suje. Ilycrs 3Hadenus ueH (Sp)n>0 (IH/ICerTHbIﬁLCJIy‘{aﬁ) y,no-'

BJIETBOPAIOT COOTHOILICHUAM

ln( Sn ) = Opén, n=>1, (1.63)
Sn-1

T NOCIeJOBATENbHOCTD (€p)p>1 ABJSETCA HOCIEAO0BATENLHOCTHIO HE3aBHU-
CHUMBIX CITy4aiHBIX BEJWYMH, KAK [PABUJIO TAyCCOBCKUX, NMpUYEM £, — Fp-
U3MEpUMBI, & 0 — Fp_1-u3mepumsl, rae (F,) — HEKOTOPHI MOTOK ,AHQOp-
Manun“ (Hanpumep, 3HadeHust o neHax). Cpeau mojiesiett, B KOTOPBIX MPEATIO-
JIaTaeTcs TOT MJIM MHOM XapaKTep MOBeJCHHs BOJATHILHOCTH (0y), OTMETHM,
HE OCTAHABJIMBAACL Ha MX MOAPOOHOM omHcaHUHU, Hanbosee ﬁonynﬂpm)le Mo-
nenu Tuna ARCH, GARCH u t.4. (cM. [21], [15)). | o
OzHako, B OTMEUEHHBIX BBIILE METO/aX ONpeAesIeHNs] BOATHIILHOCTH MOX-
HO BBLICJIUTb JBa CYLIECTBEHHBIX HEJOCTATKA. Bo-nepBbIX, B Bﬁipémeﬂnn
(1.63) BeJIMYUHbI (£n)n>1 [PEANONArAIOTCA HE3ABUCHMBIMU H, KaK NPABHJIO
rayccopckuMu. JlaHHOE NPEAINOJIOKEHNE SABJIAETC BIOJNHE €CTECTBEHHBIM B
paMKax KOHIueNuu 6e3apOuTpa’kHOCTH, OJHAKO, KaK yXe OTMeYaJoch BbI-
1€, 3Ta KOHILEMLUS Ie BCEra aleKBaTHa peallbHOCTH. BOo-BTOpBIX, MOHATHE
BOJIATHJILHOCTH, OIpefie/IeHHOe TaKUM 00pa30M, He Bceraa yA00HO AJis Npak-
THYECKOTO UCIIONb30BaHNA Ha (PMHAHCOBBIX PbIHKAX, ITOCKOJIbKY JIMIIEHO IIPO-
CTOrO HATJISIHOTO CMbICa. B TO e BpeMst MOAXox, npejJjaraeMelil B HaCTO-
Amelt paboTe, He MMeeT OTMEYEHHBIX HeJIOCTATKOB, TO €CTh BOJATHJILHOCTD
omnpeiesisieTcs 6e3 npe/nosioykeHuns 6e3apbuTpakHOCTH PhIHKA 151 ITUPOKOTO

KJ1acca npotieccos (Tpebyercs JHlIb, YTOOb! TPAEKTOPUY ObLIH HENPEPHIBHbI
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cripaBa M MMeJU Tipefiedibl ciicBa). KpoMe Toro, ona obnanaeT npakTuieckoit
HAIJISIJHOCTHIO.

2. IIpexknae yeM mepefiT K CTPOrMM ONpeAeeHUsAM, OTMETHM, uTto H-
WHBEpPCHS] C MHTYMTHBHOM TOYKH 3DEHHsS BIOJHE afleKBATHO H BCCBM@ Ha-
[JISIAHO XapaKTepU3yeT MePY H3MEHUYNBOCTH. ﬂeﬁcmwrénbnd:,,gﬁagﬁg kang - o
MHBEPCHH, TIO3BOJIAET OTBETUTh Ha BOMPOC: CKOJBKO pa3 Ha unrepsaie [0, 7]
MEHsIeTCA HaIIpaBJieHne U3MEHEeHUs 1ieH X, ecyii NpeHedperaTh U3MEHEHUAMHU
Ha BeanyuHy, Menbinyio H. IIpn 3TOM NOHATHO, YTO YeM yalle PLIHOK Me-
HAT CBOe HalpasJenue, TeM Gonbiue 3navenne kagl H-nnBepcuun 1 HaoGOPOT.
Renko H-unBepcus gaer nofobuyo nadOpMaIuio, C TEM JIHIIb OTIMYHEM OT
ciaydas kagi, 4T0 paccMaTpHBaIOTCsl BOOOIIE rOBOPsA He BCE U3MEHEHU LeHBI,
a TOJIBKO CKadKHU pasmepa H, rae noj CKaA4KOM MOHMMAeTCs NMONaJgaHue LeHbI
Ha HOBBIl 1O OTHOIIEHMIO K mpeiblaymeMy yposenb Buma X (0) + kH, rae
k — uesoe uucino. IIpu aToM momMumo HAJIA/HOCTH H-uusepcust onpeneﬂﬂ-

ercst 6e3 Kakoro-1bo AIPHOPHOro npe,zmonomeﬂnﬂ [ pacnpene.neﬁnn X

U A S I

Jlna npouecca X Ha unrepsase [0, T ,E[J'[H 3a,n;aHH0r‘o H onpe;(e.nnM Be-

R P I
N Lttt \

JIMYYHBL Okagi, Orenko CJIe Ly IOIHM o6p330M

Nr(H, X
Okagi = Ukagi(T, H,X) = H\ -LT——)— (1.64)
Orenko = Urenko(T, H’ X) = ?Ml(gﬁ (165)

rne Nr(H,X), Mr(H,X) — ectb kagi; renko H-unBepcusi cooTBeTCTBEH-
Ho. 13 Teopembl 1.4.2 MOXHO 3aMeTuTh, 4TO AnA mpouecca X = oW, rae
W — craHjapTHBI# BUHEPOBCKHUH IIPOLECC, NAHHBIE BEJIMYMHBI MOTYT OBITH
VCIIONb30BaHbI B KAIECTBE OLEHKH NlapaMeTpa o, IOCKoabKY pu T' — oo s
pa3auuHbiXx H OHM CXOAATCS K OfHOMY M TOMY e 3HadeHUIO 0. lnaue ro-
BOpAI, B PAMKAX KJIACCHIeCKOH (DHHAHCOBON MATEMATHKH, IIE JUIs OTHCAHUS
ToBeIeHUs [IeHbl HCIOJIb3yercss 6POYHOBCKOE ABMXKeHHe (B TOM MJIM MHOM BHU-

ne), seanunubt (1.64), (1.65) BromHe afeKBaTHO ONMUCHLIBAIOT TPa/MLHOHHOE

54



TIOHSATHE BOJATUJILHOCTH (TO €CTb napaMeTp o). Ecin B kayectBe X Gpathb
IPOM3BONbHBIH TPOLECC, TO BEIUYUHBI Okagiy Orenko 3ABUCAT BOODILE TOBOPS
or H. OxasbiBaercs, 4TO Jyist npouecca X, OMMCHIBAIOIIErO MIOBEIEHNUE LEHbI
bHHAHCOBOTO aKTHBA, BEJIMYMHBI Okagiy Orenko; KAK NOKASBIBAET CTATUCTHYeE-
ckuit ananu3 (cM. maparpad 3.2), MOXXHO CHUTATb B NEPBOM ﬁpﬁGJIH)KGHHH.'
KOHCTAaHTAMH B 3aBUCUMOCTH OT H a5 JoCcTaToO4YHO 66ﬁbmoré T. DTO MOXKHO
TPAKTOBATD KaK NPOsBJIEHHE CBOHCTBA ,,CaMONOA0OUA“ (PUHAHCOBOTO PHIHKA,
0 KOTOPOM YIIOMHMHAJIOCH Bhbille. JIeCTBUTEIbHO, C HHTYUTHBHON TOYKH 3pe-
HUS CTeNeHb aKTUBHOCTH PBIHKA, MHBIMH CJIOBAMH BOJIATHJILHOCTb, 3aBUCHT
oT obmux ¢dhakTopos (HampuMep, OT MakKpOIKOHOMUYECKO! MHbOpMAaIun),
KOTOPBIE OKa3bIBAIOT CXOXKee BJIMsIHUE Ha Pa3JIMYHblE IPYIIBI HHBECTOPOB. A
TaK KaK B HAllleM ClIy4ae MHBECTOPHI Kjaccuduiupyiorcs seauyunoit H, To
CXOXKECTb B UX MOBCIEHUU KAK Pa3 U MPOSBJISIETCS B I‘[pI/IMepHOMQ:paBeHCTBe
pesnunn (1.64) ((1.65)) ana pasmuunbix H. Jlanuoe 06CTOATENHCTBO CIIy-
JKUT OCHOBaHHEM JJIs1 TOTO, 4TobbI 6paTh UX B Ka4eCTBe MePbl M3MEHYUBOCTH

¢$HHAHCOBOrO aKTHBA.

Onpenenenne 1.5.1 Ilod soramuavrocmuio npoyecca X b6ydem noHumams
eeaununy (1.64) ((1.65)), onpedeaennyro na unmepsaae [0, T] daa 3adannozo

H

IToMuMO TOTO, YTO JAHHOE IOHSITHE ONpeelsieTcs: 6e3 Kakoro-aubo anpu-
OpHOrO IPEIIOJIOKEHHs! O pacnpesejeHnu X, oHo obsiagaeT xopouieil npak-
THYECKOM HAIJISIHOCTBIO (B cuity HarasigHoctn H-unsepcuu). B wacTHOCTH,
IIPH TaKOM MOJXO/le CTAHOBUTCS BEChbMa HAIJISIHBIM CPaBHEHHE N3MEHYHBO-
CTH JJIs1 JBYX IPOM3BOJIbLHBIX aKTUBOB X1 M X3, IIOCKOJbKY B 3TOM CJIy4Yae
MO>KHO BBECTH IIOHSITHE IOJ00MST JAHHBIX aKTHBOB CJIEAYIOIIMM €CTECTBEH-
HbIM 00pa3oM. Eciu noporu Hj, Hs BbIOpaHbl TAKUM 06pa3oM, 4TO U3MeEHe-

Hue uennl X; Ha Besinuuny H) cOOTBETCTBYET B KAKOM-TO CMBICJIE U3MEHEHHIO
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uenbl X2 Ha BesnunHy Ha (Hanpumep, paBeHCTBO OTHOCHTEJIBHBIX M3MEHeE-
HUM, pABEHCTBO U3MEHEHUs JEHEXKHON NO3ULUM IJIA dbroyepcoB u T.,II.), TO
CpaBHEHME BOJIATH/ILHOCTE!H PABHOCHJILHO IPOCTOMY cpaBHeHu10 H-unsepcuit
ansa akTueoB X7, Xa ¢ cooTBeTcTBYIomuMu noporamu Hi, Ho. |

CresyeT orMeruTh, uto B renko ciydae, yuuTsiBas cooTHomenue (1.60),

MOXKHO PaCCMaTPHBATh BOJATHJILHOCTH, Hapsany ¢ (1.65), Kak BeJHYHHY

ko = STy H,X) = H\ 2L X) (1.66)

rne senmunna Mrp(H, X) onpenensercs coOTBeTCTBYOIIAM 06pa3oM u3 renko
H-nocrpoenns. IeiicrButensHo, ansa npouecca X = oW, rme W — cran-
IapTHBIH BUHEPOBCKHUI TPOLECC BEIUIHUHBI Orenkos Orenko CXOAATCA K OTHOMY
1 Tomy e 3uadenuio o (cM. (1.60)). B obmeM ciy4ae, Kak NOKa3bIBAET CTATH-
CTHUYECKMH aHAJM3, TAKKE Orenko < Openkor UTO OOYCIIOBJIEHO COOTHOIIEHUEM
1/%% ~ 1 (cm. maparpad 3.2). Ilosromy B ciyuae renko Mbl Orpanu-
YMMCSH PACCMOTPEHHEM TOJIBKO BETHIHHbI (1 65). ' "’

3. Ilomumo Toro, uro H -I/IHBepCI/Iﬂ ABJISeTCA xopomeﬁ Mepoﬁ H3MEHYHBO-
cTH canaHCOBoro AKTHBA, OH& MOXKET GBITh MCIONb30BaHA TAKXKE JUIS Olle-
HUBAHUA U JPYTHX PHIHOYHBIX XaPAKTEPHCTHK, B YACTHOCTH, AMIUIUTYAbI KO-
nebanus uen. Jas npoussonbroro npouecca X = (X (t))o<t<r 0603HAUNM

Rr(X)=supX — inf X
T() [OII'; [%)nT]

Ecau B KauectBe X B3aTh npotecc oW, rne W — crangaptHoe 6poyHOBCKOE

nBiXKenyue, a o > 0, TO BHIIONHEHO paBeHCTBO (cM.Hampumep [3])

E (%ﬁ\/%)) = \E ~ 1.596 (1.67)

JIlna npoussoabHOro npomecca X B KadecTBe ¢ OyjgeM 6paTh BbIpaXeHHUS

(1.64), (1.65). O6o3nauum Toraa
Rr(X)
H\/Nr(H, X)

w9 (H, X) (1.68)
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Rr(X)
H\[2Mr(H, X)

Oxa3biBaercs, ecin X onuCHIBaeT MoBejieHNe HeHbl (PMHAHCOBOrO aKTHBa, TO

wheko(H, X) = (1.69)

J1s peasim3anuil npouecca X MMeeT MECTO CBOHCTBO (QM.;—_napgrpacp»3-.2) .
w;agi(H, X) ~ Ckagi’v w%enko(H, X) ~ Cienko . (1.70)

rae KoHCTaHThl CKo9F = Ckagi(X), Crenko = Crenko(X) ne sasucar or H,
4YTO €CTh B KAKOM-TO CMbICJIE TIPOsIBJIEHHE CBOUCTBA ,camononobus®, o Koro-
POM HEOJHOKPATHO YIOMMHAJIOCH Bbille. Bosee TOro Jjisi MHOrMX akTHUBOB
Chagi 5 Crenko \/8_/; (cpasuu ¢ (1.67)). U3 (1.70), B yacTHOCTH, ClIeAYIOT

COOTHOLICHU S

Rr(X) ~ C*9iH,/Np(H, X), Rr(X) = C™™*°H,[2Mr(H, X)

Nnaue rosopsi ¢ nomoupio H-uHBepCHE MOXHO JIOCTATOYHO XOPOLIO OLEHH-
BaTbh aMILIUTYLy KojebaHus 1ieH GUHAHCOBOTO aKTHBA.

4. BepHeMcs1 onsiTh K MOHATHIO BOJxaTﬁanoc'_m. OLeHKy napaMeTpa o 1JIs
nponecca X = oW, rne W — crangaprHoe 6pOyHOBCKOE JBHKEHHE MOXKHO
nojy4duTh Takxke u3 cieactsus 1.4.3. OcobeHHO ciefyeT BLIICIUTH CJIydali
p = 2, HOCKOJIbKY TOTJIa COOTBETCTBYIOIIAs OLEHKA He 3aBUCHUT sABHO OT H.

PaccMoTpuM ciieyonie BeJTuYuHbI

@)
@ _ |V (#HX)
Tkagi = \T goT (1.71)
U (H, X
ok = \ TR(zT ) (1.72)

rae V}Z)(H, X), U1(~2)(H, X) onpenensitoresi u3 coornowennit (1.29), (1.30)
coorBercTBento, a K, Ry — HeKOTOpble KOHCTaHTHI, 3aBucamue oT X. B
YaCTHOCTH, ecyii B3ATb K9 = 5, Ry = 6, To B ciiyyae X = oW Benu4uHbI
(1.71), (1.72) npu T — oo anst pa3nuyuublx H CXOAATCA K OJHOMY W TO-

My ke 3Hadenuto o (cMm. cieacrsue 1.4.3 n yrBepxkaenue 1.4.4), uro Brosxe
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COOTBETCTBYET IIOHSITHUIO BOJIATHJILHOCTH B KJIACCHYECKOM. city4ae. Ecu pac-
CMaTpHUBaTh npouecc X, ONKCHIBAIOLINI NOBEJCHUE 1IEeH ITPOU3BOJILHOrO u-
HAHCOBOI'O aKTHMBAa, TO BO3HMKAIOT JABa BONIPOCAa: BO-IIEPBLIX, HACKOJIBKO CHJIb-

2 2
Ha 33aBUCHMOCTb a,(ca)g,-, aﬁezlko or H, BO-BTOpBIX, KaK no,u,614pa'rb napaMeTphl

K, Ry. OkasbiBaercs, YTO Ha (PMHAHCOBOM DbIHKE Bennqnnm a,(m)m, afﬁ}l,w,
KaK [0KAa3blBaeT CTATHCTHYecKu#t ananu3 (cM. maparpad 3.2), BemyT cebs
peryJsipHbIM 00pa3oM, TO €CTh MX MOXKHO CYUTATh B NEPBOM NPUOIMKEHHH
KOHCTaHTaMH B 3aBHcuMocTH OT H ansa pocraTouyno Gospinoro T'. Tlo moso-
Jly BTOPOTO BOIIPOCa CKaXkeM ciieryiolee. PaccMoTpuM BeJIMYKMHBL (2)(H X),

2 7 (H, X), koTopsie ecTb coorBeTcTBeHHO kagi, renko H-BoIaTHILHOCTD BTO-

poro nopsiaka npouecca X. Ilpeamnonoxxum, 4To UMEIOT MECTO CleAyIoLIue

COOTHOIIICHUA:
Tl_lgrlooEnT)(H X) = K,H? (1.73)
lim E£(2)(H X) = RyH? ¥ (1 74)

rae Kg, Bg — HeKOTopre KOHCTa,HTbI 3a13p1c;mme TONBKO OT X ‘B cnyqae
X =oW }laHHbIe CBOKCTBA BBITONHEHDI (cM. Teopemy 1.4. 1) B 06u1eM cay-
Yae Pe3yJIbTaThl CTATHCTHYECKOTO aHAN32 (CM. naparpacb 3.1) Tak>Ke M0O3BO-
JISIOT TOBOPUTD O TOM, 4TO JUIsi Tpouecca X, ONHCHIBAIONIErO MOBEICHNUE LieH
dbunancosoro akTuBa, BbinonHeHsl cpoiicrsa (1.73), (1.74). Unaye rosops,

napsay ¢ sennuunamu (1.64), (1.65)

Onpeznenenne 1.5.2 Ilod soramuavnocmovro npoyecca X, ydosaemeops-
rowezo coomnowenuto (1.73) ((1.74)), 6ydem nowumams eesuvuny (1.71)

((1.72)), onpedeaennyro na unmepeaae [0,T] drsn 3adannozo H

O‘{eBI/I,D;HbIM HEeJI0OCTATKOM TAaKOI'O OIlpeaesieHnd, [0 CpaBHEHHUIO C onpeae-
JIeHueM, OCHOBaHHbBIM Ha H-I/IHBepCI/II/I, ABJAsIeTCA JOIIOJIHUTEJIbHOE ITPpeaItoio-

xenue (1.73) ((1.74)), koTopoe, XOTs 1 3J€KBATHO PEAJLHOCTH, BCE XKe CylIe-

58



CTBE€HHBIM o6pa30M OrpaHHYMBaET KJiaCcC IIPOLECCOB, AJ:A KOTOPBIX ONpeEae-

@ @

JisieTcsA NCKOMOe NOHATHE. HpeHMyHJ,eCTBOM ’Ke ABJadAeTCqA TO, YTO Ukagi’ g

renko
" JlydIe, 4eM Okqgi, Orenko COOTBETCTBEHHO, aNNpPOKCHMUPYIOTCA KOHCTaHTOH,
TO eCTb 06/13,1210T MEHbIINM KB3IPATHYECKUM OTKJIOHEHHEM OT CPEIHErO JJIst
pazmmunbix H (cM. naparpad 3.2). Ho, Hecmorps Ha 370, BBe,quﬁe MOHATHS
BOJIATHJILHOCTH TocpencTsoM H-uHBepcuu npencraBisiercs 6osee nesaecoob-

' pa3HBIM KAaK C TEOPETUYECKOM, TaK U C NPAKTUYECKOX TOYKHU 3pEHU.
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I'maBa 2

Onaucanme mojeJen

2.1 Opgnomarosas mogenb. Kagi, renko H-crparerun

1. B gannom naparpade OnuchbIBalOTCSl MCKOMble apOUTpaXkHbIE CTPa-
terun ans mpounecca X = (X(t))t>0, TPa€KTOPHH KOTOPOTO HENMPEPLIBHBI
CIIpaBa M MMEIOT NpEJESbl clieBa. B OCHOBe HaHHBIX CTPaTeruil JIEXKUT BBe-
NeHHOe B HacToslel pabore moHsTue H-BoJaTHIIBLHOCTH, a ONpPeAeAoIM
$aKTOpPOM NpH HX MOCTPOGHHH SIBJIACTCS TO, YTO COOTHOIUEHHMS, MOROGHBIE
(131), (1.32), umetor MecTO ¥ Ha GUHAHCOBOM phiHKe. MHaye rosopsi, aMmu-
puyeckas kagi, renko H-BosaTHIBHOCTD 15t IocTaTO4HO Gonbmoro T' Beser
cebsi crenyromuM obpa3oMm (B AajibHeiimeM B 3ToM maparpade Mbl Oyaem

paccMaTpUBATh TOJNBKO CiIyyait p = 1, NosTOMYy JijIsl TPOCTOTHI 0bo3HaYeHnH

MHIEKC p = 1 B COOTBETCTBYIOIMX BEJINYMHAX OyJIEM OIYCKATh):

nT(H,X)zCKHv | o (21)
fT(H, X) ~ CRH, : . (2.2)
rae koHctanThl Ck, Cr Ans pocrato4Ho Gosnbuworo 1' 3aBucAT OT Buja u-
HaHcoBoro aktuBa X, HO He 3aBucAT or H (nogpobuee cM. maparpad 3.1).

[Ipu atoMm ays MHOrMx akTupoB 3HayeHuss Cg, Cr OTIMYAIOTCS OT JBOHKH,

COOTBCTCTBy}OHleﬁ KOHCTAHThBI B CJIy4Yae BUHEPOBCKOTI'O Ipolecca (CM. YTBED-
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xaenue 1.4.4). llostoMy ecii c4UTaTh, YTO BUHEPOBCKHH IPOLECC COOTBET-
crByeT 6esapburpaxknoMy ciydaio, To omnuue Ck,Cg OT ABOMKH MOXeET
YKa3bIBaTh HA CYIIECTBOBaHHE ApOMTParKHBLIX BO3MOXHOCTEH -JIsl JAHHOTO
X. Oxa3bIBaercs, 4TO B 3TOM CJyuae 3Hanue H-BonaTuabHOCTH (a TouHee
ero IpeieIbHOrO 3HaYeHMsl ) T03BOJISAET IOCTPOUTD CTPATErHH C NONOKATENb-
HBIM B CPEHEM JIOXOZIOM IIPU HYJICBOM HauaJIbHOM KanuTaje. Bosee Toro, Kak
[IOKA3bIBAET CTATHCTHYecKuil ananus, Bemuanisl Ck (X), Cr(X) 3aBucar ne
CTOJIbKO OT BHJa X, CKOJILKO OT KJIACCa HHBECTOPOB, KOpobIe TOPTYIOT JaH-
HbIM akTuBOM. [103TOMY IpH CTATHCTHYECKOM aHAJIN3€ aKTHBOB, TOPTyeMbIX
Ha ofHON GUpXKe UM CXOXKMX no cBoeit cnenuduke, snadenus Ck(X), Cr(X)
JUIST HUX OKA3bIBAIOTCsI MOYTH OJMHaKoBbiMU (cM. naparpad 3.1).

B nacrosimeit pabore Mbl IoJIaraeM, 4To:

- MHBECTOP HMeeT BO3MOXKHOCTb “KOpPOTKO“ mpozasath akTuB X (TO ecThb

~ 6paTb €ro B3aiiMbl C LEJIbIO TPOJAXKH)

- NPOLIEHTHAaA CTaBKa 3a B35THE B3alMbl JleHer U aKT¥Ba paBHA HYJIIO

- 33 CAEJNKy C eguHuIEl akTuBa X YIJIAUHBAETCA KOMHUCCHUs B pa3Mmepe
A>0

3ameTuM, 4TO NPEATIONOKEHUE O HyJIEBOH NPOLEHTHON CTaBKe BBLITNIAAUT BIIOJI-
He aJIeKBAaTHLIM, €CJI pedYb WJET, HaNpuMmep, O BHYTPHIHEBHON TOPIrOBIIE.
JleficTBUTEILHO, B 3TOM CJIyYae HEBAaXKHO HA CKOJIBKO MBI 6€peM KPEIHUT: Ha
HECKOJIbKO CEeKYHJ MJIM Ha HEeCKOJIbKO 4acoB. [y1aBHOe, 4TOObI B KOHIE TOD-
rOBOTO [HSI HEe OCTABAJIOCH 3a€MHBIX Cpe/cTB. KOoHEYHO, 33 BO3MOXXHOCTh B
KpeJUT MOKYNaTh aKTHB C LEJbIO €r0 IePenpoJaXku BHYTPHU OJHOrO AHS TO-
’Ke Hy>KHO ILIATUTh, HO, KaK MPaBHJIO, 3TH U3JEPXKKH CYIIECTBEHHO MaJibl
10 CpaBHEHMIO C KOMMCCHEH, YIIJIa4MBaeMoit 3a COBepIIeHHE OJHON CHeJIKH,
nosToMy MbI 6yJeM uMmu NpeHebperatb. 34ech TaKKe CIUTaeM, 9TO H3/1ePXK-

KM SIBJISIIOTCA BEJMYMHOMN IMOCTOSIHHOM, & HE MPONOPIMOHAJILHON LieHe aKTH-
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Ba, KaK 9TO JIOCTATOYHO YaCTO MpeAMNoJaraercs B (PMHAHCOBOH MaTeMaTHUKe.
JTaHHBIR MOAXOJ, ABJISIETCA BIOJHE OOOCHOBAHHBIM, MOCKOJbKY KOMHCCHH Ha
poiike (6pokepa, GUpXKH M T.J.) KaK NPABUIIO SABJAIOTC (PMKCHPOBaHHBIMA
BeJINYMHAMH, [10POi He 3aBUCAIIMMH JIaXKe OT BUJA AKTUBA. Kpome TOTO Be-.
JIMYUHA CIP3Ja, TO €CTh PAa3HUIA MEXAY LeHaMU noxymm u npo,zxax(n KO—"
TOpasi TAK>KE ONpeAesieT pa3Mep U3JepKeK, 3aqaCTy10 éaBnch He CTONBKO
OT 3HAYEHHUS [[EHBI, CKOJbKO OT JIUKBUJHOCTH PHIHKA. OTH apryMeHTHl, KaK I
MHOTHE JpyTHe, TOBOPAT B MONb3Y (PHUKCHPOBAHHOTO pasMepa U3IEPHKEK.

2. Kagi ciry4gaii.

st mpotecca X = (X (t))t>0, TPACKTOPHM KOTOPOTO SIBJISIIOTCS HENpe-
PHIBHBIMH CIPaBa M MMEIOIIMMHU [IPeAebl clieBa (PYHKIUAMH, Ha WHTEpBaJe
[0,T] paccmorpum kagi H-mocrpoeHue, TO €CThb IOCIEJIOBATENLHOCTD
(722 Tan X2y Xn)amo, o1, ) 1 Oftpesemay mpouece 75 = (3f)osecr, KoTO-
phlit 6yzeT 3aJaBaTh KOJMYECTBO aKTHBa X B noprdesie HHBECTOPA, CIELy-
IOIIUM 00Pa3oM: |

Np(H,X)
Wo=a(HX) = % sign(Xa — Xl )Xo () - (23)

IIponecc X 6ynem HA3BIBATD kagit H -cmpamezued niist nponecca X Ha [0, T7.
Vnsivmu cnoamu kagit H-cTpaTerusi COCTOMT B TOM (CM. TaK»Ke COOTBETCTBY-

IOll[i€ CUTHAJIbl Ha MOKYIKY, IIPOJa)xKy CTpaTeruu f')'/K Ha puc. 2.1), 4To B

MOMEHT Ty,:
- noxkynaeM eauHuuy aktusa X, ecmu X, — X, >0
- mponaem eaunuiy aktusa X, ecmu X, — X, < 0.

To ecTb B KaXKIblii MOMEHT BpeMeHH Ha MHTepBaJie [Ty, Ty) B noprdesie HH-
BECTODA COJEPXKMTCS eIMHULA aKTHBa X €O 3HAKOM, a nepeopMHUPOBaHUE

IIPOMCXOJUT B MAPKOBCKME MOMEHTBI (Ty)n=0,..,N. Y Ka3aHHAA CTPATerusd, Mo-
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Puc. 2.1: Curnannt kagit H-crparernu (H = 1)

BUIMMOMY, U3BECTHA C JOCTATOYHO JABHUX BPEMeEH, IO KpaliHell Mepe aHa-
JIoTHuHAs crparerusi Juisi ciydast renko (cM. (2.8)) axTuBHO mpuMeHseTCs
na ¢unancosoM puinke (cM. [30], rn.7). Onnako, kak OyseT moka3aHO HUXKe
(cm.yTBepxkaenne 2.1.1), A1 HEKOTOPOro poaa HPUHAHCOBBIX AKTHBOB IPH-
Menenue X 3aBes0oMo HenenecoobpasHo.

TIpexxze ueM repeliTi K JaibHelIIeMy U3JI0XKeHHIO, OTMETHUM, 4TO, BOOG-
e roeopst, s kagi H-mocTpoeHusi MOXeT BbdeIH's;'fSCﬂ Th = Tn4l. OTO
COOTHOIICHHE TOIPA3YMEBAET, ITO Mbl OAHOBPEMEHHO HOKYIaeM H IIPOJaeM
B MOMEHT Ty, YTO HEKOPPEKTHO C TOYKH 3PEHH:A PEabHON CUTYalu!, K TOMY
)K€ MHAUKATOP IYCTOr0 MHOXECTBA [T, Tn+1) Oyaer pasen Hymo. OnHako,

eCJIM NpeJosaraTh, 4To npouecc X y/JOBJIETBOPSET YCIOBHIO

e 111 JI0OBIX MOMEHTOB BpeMeHH {1, g (t1 < t2) BbITIOJIHEHO

sup X =maxX, inf X =minX (2.4)

[t1,t2] [£1,t2] [t1,t2] [t1,t2]
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TO, OYEBUIHO, Tp < Tns1 (MHAUE 3KCTpeMyM X (7,—) He mocruraycs Obl Ha
oTpesKe [T, — €, T, AUIst HEKOTOPOrO €).

OTMeTHM, YTO JaHHOE OrPaHMYEHHE SIBJISETCH MONHOCTHIO aJeKBATHBIM
peanbiocti. JleficTBATebHO, MHGMOPMAIHA O LEHAX (HHAHCOBOTO aKTHBA
MOCTYNaeT Ha PHIHOK JUCKPETHO, NOITOMY IEHa 6y;1q% Heﬁslménﬁoﬁ HEKOTO-
poe BpeMsi, IPEXK/e 4eM OOHOBMT CBOe 3HaveHue. VIHbIME cioBaMu, Jio6oH
IIPOLIECC, ONMUCHIBAIONIMI TIOBEAEHYE LiEH, YAOBIETBOPSET JAHHOMY YCJIOBHIO.
I[TosToMy B JasbHeieM, FOBOPsi O CTpaTernu Ha GHHAHCOBOM PHIHKE, BCETAa
6yaeM MoJpa3yMeBaTh BHIIOIHEHHE ycioBus (2.4). |

Kanuran B MomenT Bpemenu ¢ € [0, 7], coorsercrByromuit kagit H-cTpa-

TEerny, ¢ y4eToM HU3/ICPIKEK 6y;LeM 0603H3H&Tb qepe3
t t
YEH,X) = [3%dX(w) -2 [1d75]
0 0

Buauenue YA (H, X) onpeaensier dozod ot kagit H-crpaternu ua [0, T}]. ITo-
CKONbKY mpouecc X sBisercs KyCOYHO-IIOCTOSIHHBIM C KOHEYHBIM HHCJIOM
cka4xoB Ha [0, 7], To nox mHTErpaaMu Mbl OyfeM MOHUMATh COOTBETCTBYIO-

mue CyMMBbI. B 4YaCTHOCTH, II0 ONpPEALJICHHUIO IToJIaracM, 4To

' ]

: |
[ Xtroay®dX (@A) = X(12) = X(1ac1) (2.5)

Vreepxaenue 2.1.1 Joxod om kagit H-cmpamezuu na unmepeaae [0, T
das npoyecca X, obaadarousezo ceoticmeom (2.4), ydosaemeopaem coommo-

WEHUN
YA(H,X) < (nr(H,X) - 2H — 2))Nr(H, X) + ¢f (H, X),
20e 0 < eX(H,X) < H.

JokaszareancTso. Uz (2.3) ¢ yyerom (1.3) u (2.5) coenyer

- Nr(H,X) T
YEHX) = % (1)"sign(Xo — X3) [ Xirasirm) ()4X (£) — 2AN7(H, X)
0

n=1
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Np(H,X)
= ¥ sign(X;— X5 )(X () = X (1) + Xny — Xy

n=1
+X: = X2+ Xno1 — X1+ X Xn) - 2ANT(H X)
NT(HaX)

n=1

Nr(H,X)

+ Zz:l sign(Xp-1 — X,’:_l)(X(’rn) - X,’, + X _1— X(Tn_'l')) |

rae eX(H,X) = H — | X}, (u.x) — Xnr(x)l, a B cuny (1.3) Bhimomseno
0 < eX(H,X) < H. J]ns1 OKOHYATEIHLHOrO JIOKa3aTebCTBA JOCTATOYHO I10-

Ka3aTh, 4TO
(Xn = X(m))(Xn— X3) <0, n=0,...,N—1

L1151 onpe/ie/IeHHOCTH TIoIoXkKuM, uto X,— X = H, Torza, ogeBunno, X (1,) >
X,,. JeficTBUTENBHO, B IPOTHBHOM Cilyyae noay4uM, 410 X (7,—) = X,, npu
srom X (1,—) > X(7,). Ho Torma B cuny ompenenennsi 7, Ajsl HEKOTOPOro
e > 0 Gyzer sumonneno X (1,—) > X(u) ana Beex u € [7, — €, ), 4TO (C

yuerom X (1,—) > X (7)) npoTuBopeunt yciaosuo (2.4). A 3naunT

VE(H,X) < (mw(H,X) - 2H — 2\)Np(H, X) + £ (H, X)

13 yrBepxaenus 2.1.1 cpa3y ciezyer, 4To eciu sMmupuyeckas H-sona-
THJILHOCTb [J1s1 HEKOTOPOro aKTuBa MeHblie 2H (Hanpumep, A GpboYepcoB
na ungekcol SP500, Nasdaq100, cm. naparpad 3.1), To npuMenenne 7K y6uI-
touno. OJHAKO, KaK HECJIOXHO 3aMETUTb, B ITOM ClIydae IiejecoobpasHedi
MCIIOTL30BATh 06paTHyI0 cTpaTermio, To ecTh crparermio (—¥X), koTopymo
6yzeM nasbiBaTh kagi~ H-cmpamezuetd nns npouecca X ua [0, T]. JeticTsu-

TeJIbHO, €CJIi 0D03HAYUTDH Yepe3
t t '
YE(H,X) = ~ [7KdX(u) - X [1d5E]
0 0
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TO JJISl BEJIMYHUHBI }715 (H, X), onpenensiioweit noxon or kagi~ H-crparernn

Ha [0, T], umeer Mecro

Vreepxaenue 2.1.2 Joxod om kagi~ H-cmpameeuu na unmepsane [0, T]
daa npoyecca X, obaadarowezo ceoticmeom (2.4), ydosaemeopaem coomso-.

. .

weHUo D . s
YE(H,X) > (2H —nr(H,X) — 2\)Nr(H, X) — e (H, X),
20e 0 < e¥(H,X) < H. :

JloxazaTeabCcTBO. JJoka3aTe bCTBO aHAJIOIMYHO JOKA3aTEIbCTBY y TBEPXKAe-
Hus 2.1.1.m

Wnade roBops, BLIGOP CTpaTernu HapsiMyio 3aBUcUT oT kagi H-BosaTuib-
rHocty. OTMETHM, 4TO €CJIM TPAeKTOpUHU mporecca X ABJIAIOTCA ﬁénpemeHm-
Mu GYHKIMSAME, TO B YKA3aHHBIX BbIIE yTBEPXKJACHUAX BMECTO HEPABEHCTB

OyJlyT KMETb MECTO COOTBETCTBYIOIIME PABEHCTBA.

Onpeaenenne 2.1.3 IIpoyecc X obaadaem ceoticmeom kagi, ecau 6vinoa-
HEHO *

"

e lim Bpp(HX)' = K(HHE w0 (26)
3aMeTHM, 4TO C y4eToM cooTHoureHus (2.1) nanHoe CBOHCTBO BBITVIAAUT BIIOJIHE
ecTecTBeHHBIM Anst puHancosoro peika. Onpeaennm nponece yX = (v¥)o<t<r
creyoumM odpa3om

=y (H,X) = 7 (xtran>2y — X(x@)<2)) (2.7)

rae 75 umeer sun (2.3). Ipouecce vK 6yner onpenensaTh Konmv4yecTBO aKTHBA

X B noprdesne nHBecTopa.

Omnpepenenue 2.1.4 Ilpoyecc K 6ydem nasweamov kagi H-cmpamezueti

npoyecca X na [0,7]. m
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Crpateruio (2.7) MOXXHO HHTEPNPETHPOBATH CJEYIOMUM 00pa30M:

o PBIHKOM, TO €CTh B MOMEHT BPEMEHM T, [IOKYIaThb, KOTAa IeHa aKTUBA

- eciu K(H) > 2, To uHBeCTOp JO/KEH JEHCTBOBATH COHAIPABJIEHHO C

X pacreT, ¥ IpoAaBaTh, KOrJa LEHa MaJaeT. oL

- ecin K(H) < 2, TO MHBECTOp HOJKEH JeHCTBOBATH MPOTHB PHIHKA, TO
ecTb B MOMEHT BPEMEHH T, NMOKYNaTb NMPH [aJeHHH LEeHbl i MPOJaBaTh

B CJIy4ae pOCTa.

Kpome Toro Ba>xHo 3aMeTUTb, 4T0 kagi H-cTparerus onpejeserca JUHaMA-
YECKH, TO €CTh MOMEHTHI COBEPIIEHUS CAEJIOK, & HMEHHO MOMEHTSI (75 )n=0,...,Ns
ABNAIOTCA MapKoBckuMu. Kanutan B MomenT Bpemenu t € [0, T, coorser-

CTBYIOIIMI JAHHON CTPATEruu, C y1eTOM U3EPKEK Oymem 0003HAYATDH Yepe3
YX(H,X) = / vEdX (u) — A / v

PaCCMOTpI/IM TaKKe BEIHIUHY, OIIpeﬂeJIHIOHLyIO cpe,u;HHﬁ noxo,zr, OAHOH TpaH-

' 3aK1Un Ha uaTepBane [0, T] s crpareran X
Y£(H, X)
K T ’
H X —_
yr (B, X) = JE, x)

Teopema 2.1.5 (Kagi) [Tycmo npoyecc X obaadaem kagi céodcmeom, a
€20 MPAEKMOPUYU ABAAOMCA HENPEPBEHLIMY PYHKUUAMY, Mmo2da dan kagi

H-cmpameeuu BHINONHEHO
Jim Eyff(H,X) = |K(H) - 2|H - 2

JoxkazareabcTBo. Eciu K(H) > 2, To u3 yreepxaenus 2.1.1 ¢ yueTom
TOrO, YTO TPAEKTOPHHU mpornecca X sIBAAITCA HeNpPepLIBHBIME (PYHKIHSAMH,

ciaenyer

YX(H,X) = (nr(H,X) - 2H — 2\)Nr(H, X) +¢f (H, X),
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rae 0 < eX(H, X) < H. Orciosia o4eBuaHbIM 06pa3oM MoydaeM

lim EyX(H,X) = lim Enr(H,X)—-2H —2X+ lim E——-—————eé{(H’X)
T—+o0 yr T—+o0 TVH A T—+o0 NT(H, X)

— (K(H)-2)H —2) s

L

Ecnn K(H) < 2, To u3 yTBepXxaenus 2.1.2 ¢ yuyeToM TOro, 41O {rpaem*opnn

nporecca X SBIAIOTCA HEIPEPhIBHBIMA byHKIUAMH, CllenyeT
YX(H,X) = (2H — nr(H,X) — 2\)Nr(H, X) — ef (H, X),
a 3HAYWUT TETOOEyIK(H, X)=(2-K(H)H-2\.m

3ameTuM, uto B ciyyae K (H) = 2 (B 4aCTHOCTH JJIsi BUHEPOBCKOTO MpPo-
necca) kagi H-crpaTerns He MPUHOCUT NPUOBLIHA, YTO BIIOJIHE COOTBETCTBYET
KJIACCHYEeCKOMY IOoHMMaHuIo Ge3apOurparkHocTH poiHKa. Eciu xe BenuunHa
|K(H) — 2|H — 2)\ aBnsercs nonoxutensho#t, To kagi H-crparerus cra-
HOBUTCS apOUTParKHOMH, TO €CTh JJIsl JOCTaTo4HO H6osbimoro T' noxon Haneh
cTpaTernn GyIeT MOJOXKUTEJbHOM B CpeAHEeM BEJIWYHHON IpH HyJIEBOM Ha-
yaJbHOM KamuTaJe. Y, Kak MOKa3blBaeT CTATHCTHYECKHH aHain3 (CM. napa-
rpad 3.1), A1a HEKOTOPBIX (DUHAHCOBBLIX AKTHBOB HCMOJIb3oBaHue kagi H-
CTpaTerny MPUHOCUT apOUTPaKHYIO IPHOBLID.

Kpowme Toro ormeruM, uto B cuiy (2.1) Besmunny K (H) MOXHO CYMTATDH
KOHCTAHTOH JJis AOCTATOYHO INMPOKOTO MHTEepBaja 3Hadenuit H. A sro B
CBOIO 04epeIb N03BOJIAeT FOBOPHUTH, 4To kagi H-crpaTerns He 3aBucuT oT H,
a ABJSIETCS XAPaKTePUCTHYECKUM CBOMICTBOM PacCMaTPHUBaeMoro puHaHCOBO-
ro uHCTpyMeHTa. Bosee Toro crparerus onpejensaercs He TOYHBIM 3HAYCHHAEM
K(H), a TeM, HACKOIbKO JaHHas BeJIMYHHA OTIMYAETCA OT ABOHKH. [ToaTomy
n3menenve K (H), a1 KOTOPOrO 3HaYCHME BEJIMUUHBL X (K (H)>2) HE MEHSET-
cs1, He u3Menser Buj kagi H-crparerun. JJaHHOe 06CTOATENHLCTBO FOBOPUT O
CHUJILHOU YCTOWUYHUBOCTH ITOH CTpaTeTHH C TeYeHHeM BPEMEHHU, TO €CTb OlEH-
Ka COOTBETCTBYIOIIEro MIapaMeTpa MOXKET OCTaBaThCsl HEM3MEHHON B TeueHHe

anuTenbHoro nepuona (cM. naparpad 3.3).
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3. Renko cayuaii.

AHasorM4Hble YTBEPK/IeHUs BBIITIOHEHbI 1 Juis renko ciy4as. Ilycrs npo-
necc X, TPAeKTOPHH KOTOPOIO HENPEPBIBHBI CIIPaBa M MMEIOT NpeJiesibl clie-
Ba, o6agaer coficreoM (2.4). Ha unrepsane [0, T] PacCMOTPHM, renko H-
IOCTPOEHHE, TO €CTb IOCTEJOBATEIbHOCTD (pm,pm,Xm,Xm)m_o’ Mr(H, X)
Onpenenum npotiecc Y& = (FF)o<t<r, KOTOPHIH GyeT 3a1aBaTh KOIUYECTBO

akTuBa X B noprdese MHBECTOPa, CIeAYIOIIM 06pa3oM
M7 (H,X)

7 =%(H,X) = mX_?l sign(Xm-1 = X7 1) X(pm-1,0m) (t)  (2.8)
IIpouecc 7% 6ynem naswiBaTh renkot H-cmpamezued ans npouecca X Ha,
[0, T]. Yka3auHas crparerus MHAPOKO MCHOJb3yeTCs Ha. (ané,HCOBOM PBLIHKE
(eM. [30], r1.7), uTO OGYCIIOB/IEHO €CTECTBEHHOM TOMBITKOR BLISIBUTH CyIlie-
CTBEHHbIE TEHJEeHIuu pocTta uiau najgexus neH. OpHaKo, Kak OyJeT nokasaHo
mxe (cM. yrBepxaenne 2.1.6), ana HCKOTOPOTO Poja (l)I/IHaHCOBbIX aKTHBOB
ee MPUMeEHEHHE 3aBeJIOMO NIPUBEZET K YObITKaM, a onpe;lenmomnm cbaKTopOM

an 9TOM ﬂBJIf{eTCH renko H-BOJI&TI/IJII:HOCTI) Kam/l'ra,n B MOMGHT BpeMeHI/I

t € [0,T], coorBercrByomuit renko™ H-crpaterun 6ynem 0603HAYATE yepes
t t ’
YRH,X) = [4RdX(u) - [ |78
0 0

Buauenue Y (H,X) onpenenser doxod or renkot H-crparernn ma [0, T].
Ilox uHTEerpanaMi Mbl OyfeM MOHMMATh COOTBETCTBYIOLIME CyMMbI (aHAJIO-

ruyHo (2.5) u3 cinyqaa kagi).

Vreepxaeuue 2.1.6 Joxod om renko* H-cmpamezuu na unmepeane [0, T)
das npoyecca X, obaadarowezo ceoticmeom (2.4), ydosaemsopaem coomo-

weruro
2de 0 < eB(H,X) < 2H.
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Joka3zareabCcTBO. AHAJIOIMYHO JI0KA3aTeJNbCTBY YTBepXaeHua 2.1.1 nomy-

JaeM

YEH,X) < (ér(H,X)—2H - 2,\)MT(H X) +sT(H X)

roe eR(H,X) = H — é&(H, X), a

L e .
Y LI ",J"i‘";‘x'

EF(H, X) = sign(Xir %) — Xatrr.x)-1) (Xirx) — Xmr(x))

Torza B cuny (1.4) Bomonneno —H < Ef(H,X) < H, a smauur 0 <
ef(H,X)<2H.m
Ina npouecca (—7%), koropuiit 6ynem nasviBath renko™ H-cmpamezuet

aasa nporecca X Ha [0, T, 06o3HauuM depes

VEH,X) = - / FEdX (u) — A / |75
T;).I‘}Ia HMeeT MeCTO

VrBepxaeuue 2.1.7 Joxod om renko™ H-cmpamezuu na unmepsase [0, T
dasa npoyecca X, obaadarousezo ceoticmeom (2.4), ydosaemeopaem coommo-

WeHUN

Y

YF(H,X) > (2H - &(H, X) — 22)Mr(H, X) — e(H, X),
2de 0 < eB(H,X) < 2H.

,D;OKaBaTeJIbCTBO. ﬂOK&B&TQJIbCTBO AHaJIOTMYHO JOKa3aTEJNbCTBY YTBEDXK e~

g 2.1.6. m

Onpenenenue 2.1.8 IIpouecc X obaadaem ceoticmeom renko, ecau 6vinoa-

HEHO

Jim Eér(H, X) = RH)H = (2.9)
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Coorrouenue (2.2) roBOPUT O TOM, MTO JaHHOE CBOCTBO BIIOJIHE &J€KBATHO
peansrocti. Onpenenum npouece 7° = (vF)o<i<r ciiemyomum obpasom

7 =T f(H,X) = 7 (X{R(H)ZZ} - X{R(H)<2}) (2.10)
rae 77 umeer Bug (2.8).
Onpenenenne 2.1.9 Ipoyecc v 6ydem nasweamv renko H-cmpamezuet
- npoyecca X wa [0,T]. m
Kanuran B momenT Bpemenu ¢t € (0,7, cooTBeTcTByIOmURA AaHHOH CTpaTe-

I'Md, C yYeTOM u3zepKek OyzneM o603Ha4YaTh qepes
t t
YAH,X) = [+EdX(u)— A [|dvE|
0 0

PaccMoTpuM Tak»Ke BEJTMYHUHY, ONIPEAEIAIONIYI0 CpeJHU JOXO OQHO! TpaH-

sakuuy Ha unrepsase [0, 7] ans crpaternn v

. YR(H,X)
Mp(H, X)

Teopema 2.1.10 (Renko) Tycmos npoyecc X obaadaem renko ceoticmeonm,

"\'{',:u','lf,,: A R

yT(H X) =

a €20 MPAEKMOPUY ABAAINOMCA HENPEPHLBHBMU PYHKUUAMY, Mmo20a 0ix renko

H—cmpameeuu G6HIMOAHEHO
Aim Eyf(H,X) = |R(H) — 2|H — 2\

Jloka3aTeabCcTBo. J1oKa3aTenbCTBO aHAJOTHYHO JIOKA3aTeNbCTBY TEOPEMbI
2.1.5.m

2.2 Mmuoromarosast mogeab. Ilonstne H-narrepHa. Ka-

gi, renko mporaosupoBanue

1. PaccmorpuM cHauaga ciiydall, KOraa TpaeKTOpuM nponecca X SABJISIOT-

csi HenpepbIBHLIMUA (hYyHKUusAMHA. 151 Tekyiero MomeHTa BpeMenu t OyeM
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CUMTATh, YTO mHocaenoBaTesbHOCTh (607, 6;)i=0,.. 1,(H,x) O0O3HAYAET OXHY W3
nocyienosarenpHocTedt kagi, renko H-nmocTpoenust nponecca X Ha MHTepBaJe
[07 t] y TO €CTh aubo (7—1:’ Tn)n:O,...,Nt(H,Xh nu6o (p;;u pm)r_n:O,..;,Mt(H,X)-
IIpex/ie YeM NepefTH K OMHCAHHIO MOAEJH, OTMETHM, YTO OIII‘)eJIeJ'IeHHbIe'
Buimie kagi, renko H-cTparerut B KAKOM-TO CMBICJIE . IBJISIIOTCSI OJHOILIATO-
BbIMU. VIHaue roBopsi, B MOMEHT COBEPIIEHUsI CAEJIKH, & MIMEHHO B MOMEHT
(MapkoBckuit) 6;, moMuMo oueHkH H-BOJATHILHOCTH MCIIONb3YETCS TOIBKO
nuub nHdOpPMaLKs O TOM, YTO Ha uHTepBase [0}, 6;] uena Bbipocia unu yna-
na Ha Bennuuny H. OpHako Ha MPAKTHKE 3a4aCTYIO ObIBAET MOJIE3HO YYUTHI-
BaTh IOBEJEHUE 1IeHbI U JO MOMeHTa 0], TaK KaK B ONpeJieJIeHHble CUTYAIlUU
(pUHAHCOBBLIM MIPOKAM CTAHOBHUTCS BIIOJIHE MOHATHO, YTO CAEJIKA B MOMEHT
f; cooTBeTCTBYIOLIECH HAIIPAaBJIEHHOCTH HenejecoobpasHa. Hanpumep, munse-
CTOpY M3BECTHO, YTO IleHa aKTHBa X HECKOJbKO pa3 JIOCTHTaJa HEKOTOPOIo
ypoBHsi S*, HO He MOAHUMAJIACh BbIIIE U, Gosiee TOro, KaXKJbIi pa3 Mocjie 3To-
ro OblJI CyIIECTBEHHBIH OTKAT, TO €CTb MaJeHUE Ha BEJUYUHY HE MEHBIIYIO
H. Unaue rosops, nena S* onpejensieT ypoBeHb MOIIHOTO CONPOTHBIIEHHS
pOCTy, 4TO MOXeT OBITb 0DOycijioBneHO Maccoit npuuuH. Ilostomy ecnu ka-
gi, renko H-cTpaTerusi TOBOPHUT, YTO HY>KHO NOKyIaThb B MOMEHT §;, HO npu
3TOM TeKyllas CHTyauusi Takoa, 4ro X (6;) = S*, o BIIOJIHE MOHSATHO Ke-
JlaHue WHBECTOpa MTHOPUPOBATh curHaJ. [ljisi Toro 4Tobnl MpUIATh TAKOMY
HHTYUTUBHOMY aHaJM3y CTPOrMi MaTeMaTHYeCKui BHI, Hy»KHO YETKO OIlpe-
JIeJITh, YTO MOHMMAETCsI MO, ,11a0JIOHHBIM ITOBEJEHUEM LIEHBI“ UJIH ,JIaTTEP-
HOM“ M MOYeMy JJis ,JIATTEPHOB® ONpeJeSIeHHOTO BUa BO3MOXKEH HETPUBH-
aJIbHBI TIPOTHO3 OTHOCHTEJbHO OAJbHEHINEro MmoBeAcHUsA ueHbl. s atux
1eJielt NpejCTaBIseTCs] €CTECTBEHHBIM BBIJENATh B IOBEIEHHN AKTHUBA Cylile-
cTBeHHbIE (C TOYHOCTBIO /10 HekoToporo H ) nepuojpl pocTa u NajeHus LEeHbl,
a 3aTeM HaXOAMTh B IIPOIILJIOM TaKUE YIACTKH, Tie leHa Beja cebsa nogobHbIM

06pa3oM, 1, HCX0/Isi U3 ee JajibHel111ero NoBeaeH s, CTPOUTb POTHO3 JJIsk Ha-

72



CTOSAIEr0 MOMEHTa. A 110CKOJbKY MOMEHTHI 6] Kak pa3 M 33J]al0T YKa3aHHbIE
nepuoAnl pocTa iH naaenus, To kagi, renko H-nocTpoenus npeacTaBisioTCs

UMEHHO TEM ANNapaToM, KOTOPbIi MO3BOIUT CTPOrO OMHUCATH MOHATHE ,CXO-

)kecTu“ B noseaennu ueHbl. Kak Ob1j10 oTMeueHO BBILIIE (CM naparpaxb 1. 2) o

kagi, renko H-nocTpoenus siBAIOTCS ONITHMATBLHBIMH B onpe,zxe.neHHOM CMI:IC-” :
Jie KyCOYHO-MOHOTOHHBIMH NMPUOMMKeHNIMU X, TO3ITOMY JJ1s1 OTUCAHUSA ,,CXO-
»kectu“ Mbl OyieM HCNOIb30BaTh BBOZMMOE HIKE TIOHSITHE TIOL00MsT KyCOYHO-
MOHOTOHHBIX (YHKUMI DU AaHHON BeJM4uHe norpemrHocta H.

IlycTh 3a1aHbl iBE KyCOYHO-MOHOTOHHBIE (PYHKIIMH OANHAKOBOI'O MOPSIIKA
n: f1 na unrepsane [0,TY] u f? na unrepsase [0,7T?] ¢ unTepBasiamMmu MOHO-
TOHHOCTH cooTBeTcTBeHHO [t}_;,t}] u [t2_1, ¢} pnai=1,..,n,tme 0 =t} <
W<t =T'u0=1 < .. <t2=T2 Oboznauum gas i = 1,...,n, j = 1,2
yepes

) - (=)

OTMeTuM, 9TO MO ONpeeSIEHNI0 KYCOYHO-MOHOTOHHOM (DyHKIHNH, Ia{ | aBnsieT-
cst aMmHTy 0 Konebanusi dbynKuun f7 Ha unreppase [t]_;, ti]. Byzem roso-
puth, uto dyrxkuun f! u f2 npunaanexar ogHOMY Kaaccy nodobus Ans 3a-

nannbix H u n, ecnu gy HeKotoporo Habopa neabix yncen Ky (i), i =1,...,n

BBITIOJIHEHBI HEPABEHCTBA JIsl BCeX ¢ = 1, ..., 7, i=12
sign(cod)Ku(D)H < |od| < s1gn(a’)(KH(z) +s1gn(a1))H (2.11)

Kiacc nomo6us KycCOYHO-MOHOTOHHBIX (DYHKIMIH, COOTBeTCTByloumﬁ 3a/laH-
HeIM H, n n Habopy menwix uucen Kpy(i), ¢ = 1,...,n 6ymem o6o3Ha4aTh
B uge {Kg(1),..., Kg(n)}. 3amernm, yro Ky(i — 1)Ky (i) < 0 ana Bcex
i =2,..,n (ecqm n > 1). CkaxkeM, 4TO JaHHBIN KJIACC ABJAETCA HEGLIPO-

orcdenmnvim, ecu Ky (i) # 0 pns Bcex ¢ = 1,.

Omnpenenenne 2.2.1 Hesvpoorcdennut xaace nodobus {Kg(1), ..., Ku(n)}

bydem nasveamv H-nammeprom daunv n
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C npakTuyeckolt TOUKY 3penust BBeieHHoe nonsitne H-naTTepHa BechbMa Ha-
[VISIHO, TAK KAK NOKa3bIBaeT (C morpemHocTsio H) Ha CKOIBKO LeJbIX Kpat-
HbIX yncaa H nponsonnio usMeHeHue y 1eHbl GUHAHCOBOrO aKTHBA HA KaiK-
JIOM M3 MHTEPBAJOB MOHOTOHHOCTH. | .
Tlepeiinem Teneps K onmcanuio Mogeau. Paccmorpum ﬁijonéspﬁl;ﬂﬁre no-
noxurenpusle uncna AY, A™ u Tekyuuii MOMEHT Bpe.l\‘/[enn"i. Hac 6yzer us-

TepecoBaThb CJy4aliHas BEIMIUHA
pt,AYAT) = inf{lu>t: X(u) & (X()— A, X(t)+ A1)} (2.12)

llesib pOrHO3MpOBaHHUSI COCTOUT B TOM, YTOOBI OLEHHUTHL BepositHoctH Pt

P~ coorBercTBYOMX COOBITHI:

QF = {X(ult,A*, A7) > X(H) + A%}, . ..
Q- = {X(ult, A%, A7) < X(t) - A7}

st sToro na untepsate [0,t] aunamudeckn crpoum kagi, renko H-nocrpo-
eHue, TO ects nocrexosarenbrocts (07, 6;)i=o,..1, I = It(H, X ) CneAyeT
YTOUHUTB, UTO M3 NPAKTHYECKHX coo6pa>KeHuﬁ He orpaHquBafomnx o6m—

o [

HOCTH 3aJ1a4H, MbI 6y,ueM pacCMaTpUBaTb TOJBKO Te MOMEHTHBI BpeMeHI/I t
e

TSt KOATOprX BBINOJHEHO ¢ = «9,, rae
6 = inf{u> 6, : |X(u) — X(0}_,)| > eH} (2.13)

JUIsl HEKOTOPOTO 3apaHee 3aJanHoro € > 1. OTMernM, 4TO eciu €= 1, To,
o4yeBumHO, t = fr_1, a 3HAYUT MHOXKECTBO MOMEHTOB BPEMEHH, B KOTOpBIE
OCYLIECTBIISIETCsI IPOrHO3, COAEPXKUT BCE MOMEHTBI COBEPIIEHHsI CAEJIOK kagi,
renko H-crparernu. Janee no 3ananHoMy HatypajabHOMy () < I Mbl ompe-
nensiem H-narrepn {Kg(1),..., Kg(Q)}, X KOTOpOMY OTHOCHTCS KYCOYHO-
MOHTOHHas1 (DYHKIMsI NOPsijiKa (), TOCTPOEHHAsi COOTBETCTBYIOIMIMM 0Opa3oM

(cm. (1.7), (1.10)) no peanusauun mpounecca X Ha [0f_g,t] ¢ unTepBanamu
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moHoTouHoctu [07_,,07_,41], ¢ = 1,...,Q. lHaye rosops, Mbl HIEM Takue
uenvie Kp(q), ¢ = 1,...,Q, Ans KOTOpBIX BBINOJHEHB HepaBeHcTBa (2.11),
re of = X(0}_q4q) — X(H}_‘QM_I), q = 1,...,Q (3amerum, uto B renko
ciydae B coorHoweHun (2.11) BBIMONHAETCA TOABKO paBeHCTBo, OCKOJIBbKY
%,i — yesioe). Hanpumep, Ha puc. 3.17 (cM. nmaparpad 3».4)A,v1_{a’ KOTOPOM IpeJ-
craBjieH rpad¥K BHYTPUIHEBHBIX .1IeH ¢bloyepca Ha MHAEKC NasdaquO 3a
20.09.2002, pns Tekymero MoMeHTa ¢ BolJeseH peann3oBaBiniicsa H-narrepx
{+1,-2,+2,-1} qna H = 3, Q = 4, nocrpoennsiit no kagi H-nocrpoenuro.
OrmMmernm, uTo JaHHbI H-nIaTTEPH ONKMCHIBAET (PUTYPY TEXHUYECKOrO aHAJIH-
3a, KOTOPYIO Ha NPAKTUKE HA3BIBAIOT ,JIePEBEPHYTHIE TOIOBa U Iedun” (cM.
[1]). DToT MpuMep HarIAAHO AEMOHCTPUPYET, YTO BBeAeHHOe NOHsTHe H-
naTTepHa Mo3BoJseT (POPMaIU30BaTh MHOrHe (PUTypPLl TEXHUYECKOTO aHAJIH-
3a, LIXPOKO UCIO/Ib3yeMble B PEAJILHONW TOProBJie HA MHTYUTUBHOM YPOBHE.
AHanu3upys ucropuyeckue JaHHBbIE O 1IeHaX, HAXOAUM BCE TaKHE CUTYya-
MM, rae neHa Bena cebsa mogodHbiM obpazom. To éCTB HUIEM BCE TaKue MO-
MEHTHI BPEMEHH U B MPOIILJIOM, YTO COOTBETCTBYIOIIAst 'Ky‘cqu(S?MOHOTOHHaﬂ
dbyuxuus u3 kagi, renko H-nocrpoenus Ha [0, u] IPUHAJJIEXKUT KJIAcCy MO-
nobust {Kg(1), ..., Kg(Q)}. Nnaue rosopsi, BbImonHeHs! HepaBeHCTBa (2.11),
rae of = X(01_g1q) — X(01-04g-1)» 4 =1,...,Q, a moMenTHI (0} _)¢=1,...0
IJis1 Hekotoporo L siBnsitorcst aneMentamu kagi, renko H-nocrpoennsi Ha [0, u]
(nomuepkueM, uto u = 0}, rae 0} umeer sug (2.13)). Eciu ganusiit knace He
yCT, TO, UCXOJsl U3 CTATUCTUKM JaJIbHEHIIEro NOBEJeHHs IeHbl, SMIUpHYe-

CKH BblYHcysieM TpebyeMble BepositHoctd P, P~. B cayuae mycroro Kjacca

nosaraeM
A~ _ At

T ec——— P O
At F A~ At + A-
WNHbiMu ciioBaMH, MBI TIPEATNIOIAraeM, YTO YCJIOBHOE paclpelesieHne ciry4daii-

P+

nott Bennunubl X (u(t, A%, A7))— X (t) npu yenouu peasmsanun H-narrepHa
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{Ku(1),..., Ku(Q)} umeer Bux:

A+, P+
~A7, P,

I3

X(u(t, AY, A7) = X () |kn), k@) =

Torga, eclii B MOMEHT BpeMeHM t Mbl IIOKyNaeM (pUHAHCOBBIN aKTHB M IIPO-

naem B MoMmenT u(t, A*, A7), To Hama cpeguas npubHUIL (y6b1T0K) eCTb
E(X(u(t, AT,A7)) - X)) =AtPt — AP~

IIpu cosepiennu obpaTHOl caeaKu Hawa npubbuTb (yobToK) ects — (AT Pt —
A~ P~). Unade rosopsi, foctaTo4Ho Gosbiioe 3nadenue |AY P — A~ P~| mo-
JeT CJIy’KUTb CUIHAJIOM NMOKYNKH WM MPOJakKu (PMHAHCOBOI'O aKTHBA B MO-
MeHT BpeMmeHu t. B ¢Bsi3u ¢ 9TUM Halla 1eJb COCTOUT B TOM, YTOObI HAHTH
rakue H-narrepunl anuHbl Q s HekoTophix @, At, A™, &, 4ro 3HaYEHUE
|A* P+ — A~ P~| mocTaTo4HO BEJIMKO, TO €CTh 60JIbIIe HEKOTOPOTO IIOPOTOBOTO
3HAYEHUs], OLICHEHHOr0 MCXO[sl U3 Pa3Mepa KOMHUCCHU U ,ﬁpymx XapaKTepu-
: \ .

CTUK PbIHKA. '

Oka3bIBaeTcsi, 1 B 9TOM COCTOUT OCHOBHAs MPAKTHUYeCKas IieHHoCTb npen-
J1araeMoil MOJIEJIM, YTO BO MHOTHUX CJIydasax 3¢ ¢eKTUBHLIN MPOrHO3 BO3MO-
K€H, B 9aCTHOCTH, DY MOCTPOEHNH BHYTPHAHEBHBIX IPOTHO30B (moxpobHee
cM. nmaparpad 3.4). O6bsicHeHne 3TOMY, BUAMMO, CllelyeT UCKATh B IICUXOJIO-
I'M¥ TIOBEICHAs] YIACTHAKOB pbiHKa. CTOMT OTMETHTD, YTO B PAMKAX KJIACCH-
yecKoii (pMHAHCOBOM MaTEMATHKU B CHJIy THIOTe3bl 6e3apONTPaKHOCTH PhIH-
Ka mponecc X sBascs Obl MapTUHrasoM (B Cliydae HYJIEBOM IPOLEHTHOM
craBkd). A 3TO 03HAa4Yaa0 Obl HEBO3MOXHOCTb NMOCTPOeHUA 3P EIEKTUBHOrO

IPOrHO3a, TaK KaK TOrAa Obl1o Obl BHITOJHEHO
E(X(u(t, A*, A7) — X(¢)) = 0

O6partumcs enje pa3 K onpegenenuio 2.2.1. Cieayer oTMeTHTh, YTO ec-

au 651 Kaacchl Mo06Ksi MBI ONpeJesisiin He cooTHowenneM (2.11), a Bnosne
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€CTETCTBEHHBIM C TCOPETUYECKOA TOYKH 3PEHHUS PABEHCTBOM
K H (Z)H = af

151 peficreutenbabix uucea Ky (i), ¢ = 1,...,n, To Npu noacyere CTaTUCTH-
x4 no kagi H-nocTpoeHHIO AN TEeKyLIEero H—naTTepHa {K H(l), - ,K H(Q)}
B GOJILIIMHCTBE CJy4YaeB MBI Obl IIPOCTO He' Haxo,u;nnn 'raKoﬁ chya,u;nH r,ne,;
peanu3oBaJics Obl mogobublt H-narrepH. Nnaue I‘OBOpﬂ CTATHCTHYECKAA Bbi-
Gopka Obuta Obl Hepenpe3eHTaTHBHOH, YTO Aesano Obl pe3ysbTaThl aHAIU3a
HeaJeKBATHLIMU. B CBs3M C 9TUM HCIONb30BaHWE cooTHomeHus (2.11) mus
onpenenenus H-narrepHa BHojHE 0OOCHOBAHO, TaK KaK €CTETBEHHBIM 0Opa-
30M PacCIIHpSET KJAacChl MOA00Hs, Jesas CTAaTUCTHUYECKYIO BHIGOPKY pemnpe-
3€HTaTHUBHOM.

Tak>ke OTMETUM, 4TO IpU BblsiBJieHWun H-narrepHa IJsi 3agaHHOro kagi,
renko H'-noctpoenus noporu H, H' moryt BooGIEe rosopsi oyinyarbes. B
YaCTHOCTH, NIPH A0CTaTO4HO GosbiioM H' 3navenue H umeeT cMmbica Oparb
IOMeHblIle, HapuMep, YTo0b cooTHOWweHne H '/ H 6bino HaTypa_anblM YHC-

. Yoo .y [ i .
J'IOM B HacTosIel’ pa60Te MBI 6yneM Bcer,uavnogpasyméB\aTb H H A \qu
BECbMa, HATJISAHO C IPAKTHYECKO! TOYKH 3peHym. R

Ecin paccmarpuBarh H-TaTTepHB! €IUHAYHON JUTHHBL IIpH 3TOM Iapa-
MeTp € = 1, TO MOMEHTbl BPEMEHH, B KOTOpBIE CTPOUTCSI IPOTHO3, OYe-
BUHO, eCTb B TOYHOCTH Te MOMEHTEI, B KOTOPBIC COBEpLIAETCA CAEIKa ka-
gi, renko H-crparterun, T0 ecTb MOMEHTH! (6;)i>0. HpaB,zla. an 3TOM npo—
rHo3 crpoutcst aas semmumanr (X (u(t, A%, A7)) — X (b)), B TO BpeMs KaK
B H-crpaternu daktuyecku nporrosupyercss Beauduna (X (0r41) — X(1))
(ormernM, uto Oy = t). OxHako, KaK HECJIOXKHO MNOHATH, OLEHKa BEJMYMHBI
E(X(01+1) — X(t)) MoxeT 6bITb Tak>ke HOJy4eHA B pe3yJbTaTe COOTBET-
CTBYIOLIETO aHaau3a AaHHoro H-narrepHa. [leficTBUTENbHO, B 3TOM ClIydae
MCKOMAas OLleHKa HaNpsMyIo 3aBucuT oT H-sonatuibHocT Ha [0, t], HO pac-

yeT H-BONMATHUJILHOCTH Kak pa3 U 3aKJi4YaeTCd B aHaJIn3€ HCTOPUYECKOI'O
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ToBeJieHNs LIeH Ha MHTepBanax [6;, 6;41] Ay Bcex MOMeHTOB 6;, KOTOpPbIE OJ1-
HO3HAYHO OnpeesaioT AaHHbil H-narrepH. Pe3ioMupyst ckazaHHoe, MOXKHO
C/leJ1aTh BLIBOJ, YTO METO/, IIOCTPOEHUsT MPOrHO3a NocpeacTBoM H-naTrepHoB
MOYKHO PACCMaTPUBATh KaK 00001eHIEe kagl renko H -CTpaTemﬁ -

Cnenyer Tak»ke OTMETUTh, YTO IPH onpe,u;e.nenun H—naTTepHa ncnonb—v""
30BAJINCh aOCOMIOTHbIE MPUPAINEHHUS LIEH. O,zmaxo HECIIOMKITO a,uanTnpOBaTb'
JAHHYI0 METOJOJIOTHIO U JJ11 OTHOCUTEbHBIX npnpamennﬁ. To ectb ass1 no-
CTPOEHHUsI MTATTEePHA MOXKHO MCIIOJb30BaTh, HAIPUMED, CPABHEHHsI IIpUpAIIle-
HUI 1leH Ha, COOTBETCTBYIOILIMX MHTEPBAJaX MOHOTOHHOCTH M T.J. B HacToOs-
el pabore MIpH CTATUCTHYECKOM aHAJIN3€ Mbl OrPDAHUYMMCST PACCMOTPEHHEM
,,20comoTHbIX® H-narrepHOB, BBEJIEHLIX B onpeaeneHnu 2.2.1.

2. B o6mem ciyyae, Korja TpaeKTOpUU mporiecca X SBJISIOTCA PYHKIH-
AMH, HeTpepbIBHBIMA CIIpaBa ¥ UMEIOUIMMH MpeJeibl cieBa (npu ofpannqe—
nuu (2.4)), nousitue H-narrepHa MOXKHO ONMpPENENHTb aHAJOTHYHBIM OOpa-
30M, BOOBIIE TOBOPA HE MpHGeras K MOHATHIO KYCOYHO-MOHOTOHHBIX ‘byHK-
nuit. JleficTBUTENbHO, IJisl YKA3aHHOTO BBIIIE H&60pd (03‘)31-:'1_”@;,‘,'_.,1 KJ1acC 1o~
nobust {Kg(1),..., Kg(Q)} onpenensiercs €CTECTBEHHEIM 0o0pa3oM U3 COOT-
nowenust (2.11), rae a-g = Xi 0+q—X1-Q+q-109 =1, ..., Q, a 3Havenns Xj_,
Gepyrcs u3 coorBercrByiomero kagi, renko H-nocrpoenus. [Ipu satom pacyer
CTATMCTHKY TPOBOIUTCS AHAJOTHYHBIM 06Pa30M MO OMHCAHHOMY i%bffﬁé'é,ribo-
putmy. IlpaBaa, MoxkeT BOBHHKHyTb'IIpd6heMa B npaKTHiléCKoﬁ'peaJiﬁsauun
IOJIy4eHHBIX CTPATerui, MOCKOJBLKY TOTAa HeJb3s yTBepx{,qa"rb, 910 J110O
X(p(t, A%, A7) = X(t) + AT, mibo X (u(t, AT, A7) = X(t) — A~ (sBERY
BO3MOXXHOCTH pa3pbiBa dyHkuuu B Touke u(t, A*; A7)). Ilosromy ucnosnn-
30BaHAE COOTBETCTBYIOWEH CTATHCTHKH B PEAJbHOM TOPrOBJIE MAJIsi HEJHK-
BHJHBIX aKTHBOB MOYKET MPUBECTH K HEKOTOPOMY PAaCXOXKIEHHIO peaﬁbﬂoro

JIOXOJIa 1 TEOPETHYECKOH NMPUOBLIH.
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I'nmaBa 3 A RN
CraTucTnyecKmuii aHaJms

ITepexoast K CTATHCTUYECKOMY aHAJU3Y, ClefyeT yTquHTI; IOHSITHE I€HBI
¢dunancosoro aktusa. B Hacrosimeit pabote Mbl OyIeM ONepUpOBAThH C BHY-
TPUIHEBHLIMU 1leHaM#. VIHBIME C/TOBAMHU MBI TIPEATIONIaracM, 4To Bpems ¢ u3-
MEHSATCsl JUCKPeTHO ¢ muTepBajioM B 1 cekynay. Ha peanbHOM pblHKe 11t
JUKBUAHOTO (PHHAHCOBOIO aKTHBA B T€UYEHUE OJHON CEKYHJbl MOTYT IIPOHC-
XOIUTDb HECKOJIBKO CHEJIOK, 8 KOTHPOBKH MOTYT U3MEHSTHCS HECKOJNILKO Da3.
Jlns onpenenennocTu, B kadectse leHbl X (t) 6yaeM 6paTh 3HadeHue OCIea-
ﬁeﬁc;lxenxh B MOMEHT BpemeHd t (ecim B MOMeHT t CHEJOK He OBLIO, TO
6yzeM 6paTh IocieaHIon caeaky Ha uuaTepsade [0,t]). Pasnnuns, Bo3nuka-
JoI¥e B Pe3yJbTaTaX CTATHMCTHYECKOrO aHAJN3a IPHU APYIOM OIpelesIeHUN
uenbl X (t), He HOCAT NMPUHUMIUAJILHOIO XapaKTepa, XOTA ¥ MOTYT BJIMATDH
Ha BO3MOXKHOCTb NPAKTUYECKON peajn3aliuu mpejiiaraeMbix crpareruii. B

KauecTBe aHAINSHPYEMOIO AKTHBA GyIeM PacCMATDPUBATD
- dorouepc na nugexc SP500 (EminiSPE)OO) |

- dbioyepc Ha nuaeke Nasdag-100 (EminiNasdaq100)

- obpixnosennble akuun PAO ESC (EESR) .

Janusie dbiouepcsl Topryiores Ha 6upxxke CME (Chicago Mercantile Ex-

change) nocpeacrsom anexktponno#t miaardopmel GLOBEX. JIna kaxzmoro
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TOProsoro JAus BulOUpaeM Hanbosiee TUKBUAHBIN (GbIOYEPCHBIY KOHTPAKT, TO
ecTb 1160 ¢brouepc ¢ OmKaliieh K paccMaTpUBaeMOMY JHIO JIATOH moraiie-
Hus, aubo cepyomuit 3a HuM. Akuun PAO ESC ropryiores Ha poccniickoit
6up:xke MMBB (Mockosckast Mexx6aHKoBCcKas Ba.momag Bnpxa)

Suayenne H npu nocTpoeHun COOTBETCTBY IOLIHX xapgk'l:‘ebnc'mx ,rmﬂ yKa-
3aHHBIX (PbIOYEPCOB U3MEPSETCS B NMYHKTAX COOTBeTCTByIOIIlel"O cbbfoqepca
Nsmenenne Ha 1 NMyHKT COOTBETCTBYET H3MEHEHHMIO JE€HEXKHOU MO3UIUHU: HA
$50 nna EminiSP500, sa $20 gna EminiNasdaql00. IIpu sTom MunuMamib-
HBIH war u3MeHenus nedsl pased 0.25 nynkTa ansa EminiSP500 u 0.5 nynkTa
gist EminiNasdaql100. B cayyae akinuit PAO E9C 3nauenne H usmepsiercst -

B KOIle#KaX, a JUCKPETHOCTb COCTABJIsIET ONHY JAECATYIO KOIeHKH.

3.1 Amnaan3 H-BojaTUJIBLHOCTHN

1. Bynem nposoauTs ananu3 kagi, renko H-BoJaTHILHOCTY TIOPAAKS P AJIs1
BHYTpHIHEBHBIX LieH biouepca Ha muzekc SP500 u ¢biouepca na wHIEKC
Nasdaq-100 3a 2002-2003 rr. [JaHHBIA NEPHOA COLEPIKHUT 471 puett, Topro-
BBt uHTEpBan ogHoro aus paseH [9:30,16:00] (Eastern Time Zone). Tak kak
NPAKTUYECKH KaXXAYIO0 CEKYHJy IO YKA3aHHBIM aKTHBAaM IPOUCXOJUT CIeJI-
Ka, TO CTATHCTHYECKas BLIOOpPKa BIIOJIHE PCIPE3EHTATHBHA. 31echk Mbl Oyaem
PAaCCMATPHBATh TONBKO ciiydan p = 1,2, Hanbosee BaxkHble ¢ TPaKTHYECKOH
TOYKM 3peHus: ciaydait p = 1 urpaer Kji104eByIo pojib NIpu nocrpoennu kagi,
renko H-crparerufl; ciydat p = 2 uMeer 3HaYeHHe JJIs1 IOCTPOEHUS MepbI
M3MEHYUBOCTU PbIHKaA (CM. maparpad 1.5).

Jlnsi Kaxk0ro 4-oro JHA M3 YKa3aHHOTO Mepuoja npu 3ajgaHHOM H Bbl-
YHCIIIEM COOTBETCTBYIOIMM 0OPa30M BeJUYHHBI N,ﬁg,-(i), NA . (i), koTopbie
ectb kagi, renko H -HHBepcnﬂ COOTBETCTBEHHO, & TaK>Ke BEJTMYHHB Vf(ll)(i),

(2) (¢), U (1)(1) U pr (z) o ¢opmynam (1.29), (1.30) coorBercTBeHHo. B 0KOH-
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YaTeJbHBIX PACYETAX Mbl HE yUUTHIBAEM CKAYKH LEH MEXAY AHSMH, TO eCTh
Pa3HUILy MCXKJ1y LEHOH OTKPBITHsI TEKYLIEro TOPrOBOro JIHS U LEHON 3aKpbl-
THsl TIPE/IbIIYILEro TOprosoro Aus. M 910 BIOJNHE €CTECTBEHHO, MOCKObKY
JIAaHHbIE CKAYKH OBy CJIOBIIEHBI BHELIHEH MAKPOIKOHOMUYeCcKo# nHdopMmarueti,
a HAllla 1ieJb COCTOUT B BbISIBJICHUH ONpeE/IeJeHHbIX 3aKOHOMEPHOCTE! BHY TpH
oxnoro ausi. Kpome Toro, u3 aTux xe coobparkeHuit Mbl He OyZeM YYUTHIBATH
B pacyeTax MOCTeAHul epuosi MOHOTOHHOCTH -OrO TOPrOBOTO JHS, TO €CTh
NpH BhIYHCTeHNH BeanunH Vi) (2), u® (¢),p = 1,2 B popmynax (1.29), (1.30)
coorsercrsento nonaraem N = N .(i)—1, M = N ; (i)—1 (samernm, 1o
JIaHHasl KOPPEKIHUA He HOCUT NPUHIMIMAJIBLHOrO XapakTepa). UnbiMu ciosa-
mu, a7 3agannoro H nac 6yaer unrepecosats kagi, renko H-BonaTU/ILHOCTD

nmopsijika p, p = 1, 2 3a 2002-2003rr., TO €CTb COOTBETCTBYIOIINE BEJTUUHUHBI

2 Vlgp)(i) i (p)(i)
n(p)(H) - Ez(nggz(z) - 1)’ f(p)(H) - Zz(Nrenko(') - 1)

rjle CyMMUPOBaHHKe BEJIETCS 110 BCEM i-bIM TOProBbiM AHAM. PaccMoTpuMm Tak-
Ke BeJIMYHHbI R |
zM:agi(I{) = m’ d)fenko(H) = %
Hp Hp
Ecsiu 661 cTaTrCTHYeCKUH aHAJIN3 TPOBOAUIICS JJIsl PeAJIN3alldd BUHEPOBCKO-
ro mporecca, TO JaHble BEJUYHHBI ObLIM Obl B NMEPBOM MPHOJIMKEHUM KOH-
crantamn B 3aBucuMoctn ot H(a umenno: i..(H) = 2, ¢i,(H) =~
Y oko(H) =~ 2, ¥2, . (H) =~ 6, cM. yTBepxaeHue 1.4.4). OK&BbIB&GTCH,
4yTO NOAOOHBIM cBOiiCTBOM OOJsiafaeT U (PHUHAHCOBBIA PBHIHOK. B wacTHOCTH,
Anst ucesie/lyeMuix ¢oiovuepcos rpaduxn dynximit Y7, (H), Ve, (H), p =
1,2 npuenensl Ha puc. 3.1-3.4. OT™MeTnM, B 4aCTHOCTH, YTO COOTBETCTBY-
foiue 3Hadennsa H-ponaruabHoctd st EminiSP500 1 EminiNasdaq100 mo-
YTH OJIMHAKOBBI. DTO MOXKHO OOBSICHUTH TE€M, 4YTO JaHHbIe (bioUyepchl TOP-

CYIOTCS1 Ha O/IHOHM Oupxke n cxoxu 1o ceoeft cnenuduke. To ecrb ecrecTBen-
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HO Tpe/nosaraTh, 4To WHBeCTOpHI, Topryooume EminiSP500, 6yayT Topro-
Batb 1 EminiNasdaql00 u naoGopoT, a cjiefoBaTeIbHO OOlIME 3aKOHOMED-
HOCTU AJISl JAHHBLIX (pblOYEPCOB OYAYT CXOXKMMH, 4TO M OTPa’KaeTcs B pa-
BeHcTBe H-BonarnnbHocret. IHpIMU cjiOBaMH, MOXHO FOBOPUTb O TOM, 4YTO
H-BonaTunbHOCTh OTparkaeT He CTOJIBLKO IOBejleHHe (pPHHAHCOBOTO aKTHUBA,

CKOJIBKO IICUXOJIOTHIO MHBECTOPOB, TOPTryIOIIUX NaHHBIM aKTHBOM.

3
25 ]
vy
2 kagi
’ renko
1
05
H
0 LI T T T 1 L ] T 1 L} T L L T ) 1

075 1 12515 175 2 225 25 275 3 325 35 375 4 425 45

Puc. 3.1: 'pacux gb,%agi(H), ¥l o (H) anst EminiSP500 3a 2002-2003rr.

renko

V13 npuBeeHHbIX rpahUKOB SBHO BUAHO, YTO BeuuHbl Y, . (H),p = 1,2
Jydlie anmpoOKCHMHDYIOTCSl KOHCTaHTaMH, 4eM Beawdunsl Y, . (H), p =
1,2, To ecth aucnepcus psaga Yr,,;(H) nna pasmuunbix H u3 ykasaHHO-
ro JUana3oHa MeHbIe AMCIEPCHH COOTBETCTBYIomero psina b, . (H). Dro
MOXeT ObITh NOACHEHO TeM, 4TO B ciydae renko H-nocTpoennsa BeIMYMHA
X BooOILIE rOBOPS HE SIBJISIETCST SKCTPEMYMOM Ha HHTEPBAJE [pm-1, Pm], B
owmmune ot kagi ciyyasi, korga X — ecTb B TOYHOCTH JUOO MakCUMYM JIH-

60 munumMyMm X Ha [1,-1,7;] (crporo rosopsi, X} — ectb b0 cynpemMyM
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25 ]
Yy
2 — kagi
15 1 B
' lIJrenko
, A
05
H
0 T L} ) L L] T L T T L} T T T ) I 1 ]

15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9

Puc. 3.2: Tpadux ¥} ,,:(H), Yrenko(H) Anst EminiNasdaq100 3a 2002-2003rr.

6
2

5 __..--"""_—"‘"-—-—‘h.._lp renko

//-_-f -—‘——""-n._

__,,..-—'—'—-"—'_"-_— ——
4 2

agi ——
3
it

2
1
D ] ] ¥ L] L 1 1) L L] L L L T | T L H

075 1 12515175 2 22525275 3 32535 375 4 425 45

Puc. 3.3: T'paduk V3,,(H), ¥Zn1,(H) nna EminiSP500 3a 2002-2003rr.
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2
lIJrtaenko
5 —
a4 2 ’
ll"kagl L e
3
2
1
D L T 1 L] L1 T 1 ] L} ) L L} T T T IH

1 2 25 3 35 4 45 5 55 6 65 7 78 8 8BS 9

renko

Puc. 3.4: Tpadux ¢7,,;,(H), ¥Z1,(H) ans EminiNasdaql100 3a 2002-2003rr.

nu6(; uHdUHYM, HO B cuiy yciioBus (2.4) skcrpemyM pocruraercs) . [Toato-
My npu Gosnbluux H BO3MOXKHO OLIyTHMOE pacxoxiaeHue Iy ciaydaes kagi,
renko, 4To Kax pa3 u BUIHO Ha rpadpukax. Kpome toro npu ¢puxcuposan-
HOM ‘H BHyTpHuAHeBHas kagi H-BONMaTUJIBHOCTb B 3aBHCHMOCTH OT TOPI'OBO-
ro JHA TaK>Xe BejeT cebsa Gosiee ycrolunBo, yeM renko H-BOJATHIIHHOCTb.
WubiMu cioBamy, A5 Hekoropro H u3 3aaHHOTO [uana3oHna 0603HAUHM ye-
pe3 Dzagi(H) — AUCIEPCHIO PsALla ’l)bzagi(H; Z), Dfenko(H) — AUCTIEPCHUIO pALa
Y ko(H3 1), p = 1,2, rie uHIeKC ¢ yKa3bIBaeT Ha TOPIOBbIit JeHb U3 OIpe-
JIeJIGHHOrO BbIIlIE MEPUOA, & /

Vi () o (i) = — U0

Nk{zgi(i) - 1)’ renko( ’Z) - Hr (Ngnko(i) - 1) |

BameTM, YTO BeHUHHB Yhgyi(H; 1), Yrenko(H ;1) ABAAIOTCA A14 i-0TO TOP-

'wzagi(H; Z) = Hr (

roBoro JHs1 coorBercTBeHHO kagi, renko H-BOJATHMIIBHOCTBIO NMOPsIIKa P, Je-
snennoit na HP, p = 1,2. CraTuctrnyeckuit anann3 pUHAHCOBBIX JAHHBIX TO-

Ka3bIBaeT, uTo Bemuuuna DY, ;(H) 3Ha4uTebHO MeHbIlle COOTBETCTBYIOMIEN
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sesnyunnl DY, (H). Hanpumep, ans EminiSP500 npu H = 1.5

Dllcagi(H) ~ 0.02, D?cagi(H) ~ 0.7, D:enko(H) ~ 0.07, D2 (H) ~ 3

renko

B uactHocTH, Ha puc. 3.5 npusejeH rpaduk 1/},}7agi(H ;1), H = 1.5 nna Emi-
niSP500 B 3aBHCUMOCTH OT i-Oro JHsl U3 YK3aHHOIO BbIlIE AHANa30Ha. Y4H-
THIBAs BbIIIIECKA3aHHOE, MOXKHO CIeNaTh BHIBOJ, uTo kagi MeTonnka paboTtaeT

Jiy4diie renko B ONpeneNEHHOM CMbICJNIE, TO €CTh COOTBETCTBYIOLIHE BEJIMIMHBI

0bs1a1aloT MeHbIlell Jucnepcuei.

3
25
2 4 L NER
1.5 !
1
0.5
U-—i’
N OO NN NN QNN DN MMM m MMM M M
O O OO OO0 6 06000 000 000 o0 0
b b A oot & = T ¥ b b A d T & = T té 3
I O § L @ @ B ¥ @ T & o C @ @ G ®© =
o 8 = © 5 = o X g = 6 x o 0 =

Puc. 3.5: I'padpux ¢,%agi(H, i), H = 1.5 gna EminiSP500

CraTHCTHYECKMH aHaju3 IOKAa3bIBAeT TakxKe, uyTo kagi, renko H-Bouia-
TUJIBHOCTb SBJISIETCSA YCTONYUBON XapaKTEPHUCTUKONW aKTHBa B 3aBHCUMOCTH
ot Konebanutt prinka. To ectb ans “OypHbIx” n “crnoko#iHbIX“ qHEH 3HAYEHNA
H-BonatuabHOCTH 6J1M3KM APYT K Apyry (cM., HanpuMmep, puc. 3.5 ¥ CpaBHH
c rpadukom H-unsepcuu Ha puc. 3.8). Nnage rosops, H-BonaTujibHOCTD siB-

JISTeTCA HCKOTOPOH (ppakTaJbHON XapaKTepUCTUKON (DHHAHCOBOrO aKTHBAa, B
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TO BpeMsl KaK CTeNeHb aKTMBHOCTH PBIHKa XOpOwLIo oTpaxkaeTcs H-unBepcnett
(cm. maparpads 1.5, 3.2). . |

2. 3nech Ke MpUBEJEM pPe3yJbTaThl aHAJIU3a JJIs BHYTPH/IHEBHbIX ILieH
axuuit PAO EDC 3a 2001-2002 rr. (479 awueit), BpeMeHHGH HHTEPBaJ OLHOTO
nust paser Toprosomy nepuoay MMBB. 3nauenue H namepsiercs B Kone#kax,
a BennnHbl Yhooi (H), Ylenko(H), P = 1,2 BHIMHCIAIOTCS AHATOTHYHO, KAK H

B ciiyuae ¢orodepcos. CoorsercrByromue rpaduxu cMm. Ha puc. 3.6, 3.7.

22
1
24 ll"kagi
2 M
19 aé( 1 ~
Wrenko L
1.8
17
16
15
1.4 ¥ I T T T ) T " I 1 I ] T ) | I 1 ) L ] L T ) : ) 1 H

06 08 1 12 14 16 18 2 22 24 26 28 3

Puc. 3.6: [paduk Yiogi(H), Yrenko(H) ana PAO ESC sa 2001-2002rr.

3. PestoMupys BbillIeCKa3aHHOE, BBIIEIUM OCHOBHYIO IIEHHOCTb CTaTHCTH-
4eCcKOro aHaln3a, NMPUBEJEHHOro B HACTOsAIIEM naparpade, COCTOAILYIO B

TOM, 4TO:

e Bo-nepBbIX, kagi, renko H-ponatuibHOCT nopsizika p (p = 1,2) sener
cebst , peryJsipHbIM 06pa3oM®, TO ecThb JIst JOCTATOYHO 6ombioro 1" Bbl-

IIOJTHEHBI COOTHOHICHU A
ng"(HVX) NCK(p)Hp, 55)“(H’X) ~ CR(p)Hp
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Puc. 3.7: Tpaduk ¥f,,:(H), Ylenro(H) ana PAO ESC za 2001-2002rr.

' [/l KOHCTAHTBI Ck(p), Cr(p) mns pocrarouro Gombmoro T’ 3aBuCAT
] 3 .

. TONLKO OT BuAa (uHaHCOBOro akTusa X, HO He 3aBucAT or H. Orcio-
a, B YaCTHOCTH, cIeayeT, 4To csoiictsa (2.6), (2.9) u csoiicrsa (1.73),

(1.74) Bnonne afeKBaTHBI PEAbHOCTH

e BO-BTODBIX, AJ51 HEKOTOPbIX (PMHAHCOBBIX aKTHBOB COOTBETCTBYIOIIHE
xoncrautsl Ck (1) u Cg(1) OoTIMYHBL OT ABOHKH, YTO TOBOPUT O BO3-
MOYKHOCTH NOJydeHus apOUTparka NMOCPEJCTBOM IIPUMEHEHHUs] PacCMOT-
pennbix sbie kagi, renko H-crparternit (monTsepxjeHue JaHHOH IHIIO-

Te3bl cM. B naparpade 3.3).

3.2 Amnauun3 H-uuBepcuu. OneHnBaHM€e BOJIATHJIBHOCTH

1. B mannom naparpadpe, Tak ke Kak u B naparpade 3.1, 6yaeMm aHanu-

3UpOBaTh BHYTpHHEBHbIe HeHbl ¢dbiodepcoB EminiSP500, EminiNasdaq100
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@

3a 2002-2003 rr. Jast KaXKJI0ro ¢-oro TOproBoro JHs U3 yKa3aHHOrO guara-

sona obosnaunm wepes N (i), NH 1. (3) COOTBGTCTBeHHO kagl renko H-

HMHBEPCHIO. 3aMETUM, YTO JIsl JIIOOOro ¢ BHITTOJHEHO O‘ICBI/I,D;HbIM o6pa30M

Nkagz (Z) > renko(z)

Henicteurennro, kagi H-nocrpoenue pukcupyer Bce U3MEHEHHs [eHbI Ha Be-
JIUYUHY, He MeHbIuyio H, B TO BpeM# KaK B renko H -HOCTpOGHI/II/I COOTBeTCTBy-
IOLIM CKAYOK MOXET U He IOSIBUTHCA JaXKe B Clydae, Koma, II€Ha U3MEHUTCS
Ha BesquunHy papHyio moutd 2H (cm. maparpad 1.1). Tpaduxn N (7)
N . (i) pna coorBercrByomyx (bblOYEPCOB NpUBEJEHBl Ha puc. 3.8, 3.9.
Cpasnusas rpaduku 3.5 u 3.8, oTMeTUM elne pa3, yTo H-BOJATHIBHOCTD SB-
JISIeTCsl YCTOMYNBOI XapaKTEPUCTUKOI (DHHAHCOBOrO aKTHBA, IIOCKOJIBKY HE

3aBUCHUT OT ATHBHOCTH PBIHKa, KOTOpasl OTPaxK€Ha B 3HAYEHUAX H-I/IHBepCI/II/I.

350

300

250 NkH'

agi
L~
200
120
H

100——2\’;9";(0 i

50“ 4
Zead Mﬂw_‘ws N AI’ kv“ 2y ‘;wl : . W S |

0 - i
NN N NN N NN NN NN MDD OO DO DM oM 0 Mm
O 0O 0O 0O o 0O 0o o0 o0 o0 o0 0 o0 o0 o0 o0 o0 oo o o
d o ge3 isebisesgedses i
F8 3 28 cagxz8cEcBo o
Puc. 3.8: T'paduk Nf (1), N 10(3), H = 1.5 gna EminiSP500
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120

100 /Nkigi

o0 11 |

R i ;
40 " ]' | v" Nrenko
20 - i) gy
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2988908888800 0989388093 909
O o .o Q) I 5 % 4 m o o)X § = I © X
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T g = ® = 5 3 Ogo g =68 5 % 0o 0 g

Puc. 3.9: [padux Nf ,;(2), NH . (i), H=4 ana EminiNasdaq100

‘2. TlepeiineM Tenepb K aHaJU3y BOJATHIBLHOCTU (PHHAHCOBOI'O aKTUBA, TO

ectb Benuuud (1.64), (1.65), (1.71), (1.72). [Jns kaxaoro ¢-oro JusA U3 yKa-

3aHHOTO  [EpHOJa  HAXOAMM  MocienoBaTeldbHOCTH  (Tj(2))n=o,...N(i)s

(P2, (2))m=o,... m() M3 cooTBercTBylomux kagi, renko H-mocrpoenuit. Brruuc-

NsieM BeHaHHEL Vo) (2), U g)(z) no ¢popmynam (1.29), (1.30) coorsercTBen-

Ho, rae monaraeM N = N(i) — 1, M = M (i) — 1, To ecTb He y4HTHIBAETCH

TnocIeHKi MHTEPBaJ MOHOTOHHOCTH (CM. KOMMeHTapuu B naparpade 3.1).
PaccMoTpuM TakKe BEJIUUMHBI .

Thagi(H) = Srio-10) = 56), TrentolH) = S (phao16) = £E(9)
Niagi(H) = £(N@) = 1), Noenro H) = 2(M(@) = 1)
Viegi(H) = SV (@), Vieenko(H) = S URG)
rjie CyMMHUPOBaHHEe BEJETCS 110 BCEM I-bIM TOPIOBBIM JHSAM (3a €JUHUIly Bpe-

MeHHM NPUHAT OHUH JIeHb, TO €cTb 24 yaca). HbpIMU cioBaM# TOProBbiit nnepu-
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01, 1-0ro JHsl OrPaHUYUBAETCS] HAYAJIOM NEPBOTO MHTEPBaJa MOHOTOHHOCTH M
KOHILIOM IpCAnocicanero B coorsercryiomeM kagi, renko H-nocrpoenun. B

urore aJid 3aJaHHOro H [NOJIy4YUM BEJIMYUHBI

.,2Nren7c0(H);,_ .

_ Niagi(H) —. :
Ukagz(H) = Tkagi(H) ’ Urenko(H) _H\ g}gnko(H) S
(2) V;cagi(H) @) 21/renko(}l)
kagz(H) J -———K2Tkagi(H) ’ renko(H) - \ R2Trenko(H)

roe koHCTaHTH Kj, Ry omnpenensioTcsi Kak cpefHee apudMeTHYeCcKoe Co-
orsercTByOmuX BemuduH Yiyui(H), Vinro(H), onpe,ueneHHbix B maparpa-
de 3.1. A umenno: B ciayyae dbiodepca EminiSP500 gna H u3 unrepBana
[0.75, 4] ¢ warom 0.25

Ky~44, Ry;=~4.8,

B caydae ¢oiodepca EminiNasdaql00 gssi H u3 unaTepsBasa [1.5, 8] ¢ mwarom

0.5
Ky~ 4.4, Rym~47

Tpacduxn Betuins Okagi(H), Orenko(H), akagl(H ), ag,ko(H ) ,u;.nﬁ COOTBET-
CTByIOUMX (bIOYEPCOB NMpuBeieHbl Ha puc. 3.10, 3.11. VI3 nanubix rpacdukos
MOXXHO YBHUIETb, YTO BEJIMUUHBI akagz(H ) ,.enko(H ) Jydine, YeM Ogqqi(H),
Orenko( H ), AIMPOKCUMHUPYIOTCS] KOHCTAHTOl, TO €CTh COOTBETCTBYIOLIEE CPE-
HEKBa/JpaTH4YecKoe OTKJIonenne Menbie. OHako, KakK y»Ke OTMEeYaJsoch B Na-
parpacde 1.5, BOIaTHILHOCTD, ONpejiesieHHas Ha ocHose H-unBepcuu, Gonee
HaTJISIAHA C IPAKTHYECKON TOUKHM 3pEHUs U He TPeOyeT BBITIOJIHEHUS COOTHO-
wenuit (1.73), (1.74).

PaccMoTpuM Takke BeJIMYHHY
Nyenko(H) = Z M (3)
1

IJie CyMMHUPOBaHKeE BEJIETCs 110 BCEM i-bIM TOProBbIM JHsIM, a M (i) ecTb Besn-

ynna Mg (H, X) u3 renko H-nocrpoenus (cm. naparpacd 1.1), rae unrepsan
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Puc. 3.11: Tpadk Oragi(H), orenko(H), olegi(H), ofeno(H) ans EminiNas-
daq100
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[0, T) nna i-oro aust pasen [pj(2), Pas(iy-1(4)]- Besmunna Mr(H,X) Becoma
HAIJIsI/IHA C MPAKTUYECKON TOYKU 3PEHUsl, TAK KaK TOBOPUT O TOM, CKOJILKO
cKavkoB y uenbl X npoucxogut Ha unrepade [0, T], ecin noj CKayKoM MOHH-
MaTh [IONaJaHKe LEeHbI Ha HOBBIHA IO OTHOLIEHHIO K IPEJbIAYLIEMY YPOBEHb

Buga X (0) + kH, rae k — nenoe uucio. PaccMOTpUM Tak»Ke BeMUUHY

VR(H) — \j Nrenko(H)

2Nrenko(H)
Ecnin B xadecrse X Oparh 6poyHnosckoe nsikenne, To vg(H) =~ 1 (cm.
(1.60)). CrarucTuyeckuit aHAIU3 IOKA3bIBAET, YTO JJIst (PUHAHCOBLIX AKTHBOB
BesnynHa vg( H) Takxke siBasieTcst KoHcTaHToH (cM. rpaduk Ha puc. 3.12, rpa-
¢uk pn1a EminiNasdaql00 mouru unentuyen). A 3nauut, Bennuunsl (1.65)
u (1.66) 3amaf0T OHO U TO K€ 3HAUEHHE BOJATHIBLHOCTH C TOYHOCTBIO J0

ko3 duunenta vy(H) =~ 1.

14

12

038

06

04

0.2

H

0 L] ¥ T I ] v ' Ll T I ) Ll T L

075 1 125 15 176 2 2256 25 275 3 325 35 375 4

Puc. 3.12: I'paduk vg(H) s EminiSP500

3. Haiinem takxe onenky Bennunn (1.68), (1.69), mocrpoenusix ajs oa-
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HOrO TOProBoro JHsi. st 9TOro BBIYMUCISIEM AJIs KaXKAOTO §-Oro JHsI BEJIH-
annbl wihi(4), wiro(i) mo dopmynam (1.68), (1.69) coorsercrsenno, rae
Nr(H,X) = N(i) -1, Mpr(H,X) = M(i) — 1, a Bemnunna Rp(X) — ecrb
aMnuTysa koneGannsa X na coorsercrsyiouweM unrepsae [75 (1), Tx ;)1 (4)],

i wlﬁzgi (2) : wrenko(H) _ i wgnko(i)
il il

rape CcyMMupoBaHue BEACTCA 110 BCEeM i-bIM TOPrOBbIM OHSAM. WnbiMu crioBamu

[05(2), P31 (8)]- PacemoTpum Bennaunb

wkagi(H) =

BEJINYMHA Wiagi(H ), Wrenko(H) OLEHNBaET BHYTPUAHEBHOE KOJleOaHNE aKTHBA
X. Eciiu 611 cTarrcTHyeckuit aHaJIU3 MPOBOJUIICS JJIsi PEau3alii BUHEPOB-
CKOT'0 IpOIecca, TO JaHHble BEJMYMHbI ObLIH Obl B NEPBOM NPHOJIM>KEHHU
KOHCTaHTO! B 3aBUCHMOCTH OT H, npudeM Wiagi(H) = Wrenko(H) ~ 1.596
(cm. (1.67)). OkasniBaercsi, 4TO MOZOOHBIM CBOACTBOM obsajjaer U puHAHCO-
BbI# peIHOK. B uacTHOCTH, J715 MCcienyeMbIX ¢bIoYepcoB rpaduKi Wiagi(H ),
Wrenko(H) npuBeseHs Ha puc. 3.13, 3.14. ‘

Pe3ioMupys BbILIECKA3aHHOE, OTMETHUM, YTO OCHOBHOM 'Bblisog HACTOSIIEro
ﬁaparpacba’ COCTOMT B CJIeAyIOIIeM:

e sesmunnbl (1.64), (1.65), (1.71), (1.72) siBastioTcss ageKBaTHOW MepoOi

N3MEHYUBOCTHU (bI/IHa,HCOBOI‘O aKTHBa, TO €CTb BOJIATUJIPHOCTBHIO

® H—I/IHBepCHH MO3BOJIAET AOCTATOYHO XOPOLIO OLICHUBaATh aMINIUTyly KO-

JebaHus LieH

3.3 MogemmupoBanne kagi, renko H-crparermii

1. Kak nokasbiBaer craructuyeckuil ananu3 (cMm. maparpad 3.1), ams
HEKOTOpHIX (pUHAHCOBLIX aKTUBOB H-BosaTuibHOCTL OoTiuyaercs or 2H, a
cJleJIOBaTETbHO BO3HUKAET HAJEXK/la Ha TO, YTO npuMeHenue kagi, renko H-

CTpaTerun Jjisgd 3TUX aKTUBOB ITO3BOJIUT U3BJI€Yb ap6m‘pa>KHbIe BO3MO>XKHO-
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¢

ctu. JIna ¢poioyepcos Ha uhgekcsl SP500, Nasdaql00, a1 KOTOPBIX COOTBET-
crBytomuit napamerp (a umenno K (H), R(H) u3 cootrHomenuit (2.6), (2.9))
MeHbllle ABOMKH, 3Ta HaJexXa onpapiabiBaeTcsi. Kak y»xe oTMedasioch BhbILLE,
AaHHble (PbIOYEpPChl TOPTYIOTCS SJIEKTPOHHBIM 00Pa30M, YTO JENAET Pe3yJlb-
TaThl MOJENMPOBAHUSA aJCKBATHBIMH PEAJILHOCTH. CynraeM, 4TO mapameTp
A = 2.5, To ecTb 3a CHEJKY C OJHUM KOHTPAKTOM B3MMAETCS KOMHCCHUS B
pa3mepe $2.5, 4TO BIIOIHE COOTBETCTBYET PHIHOYHOM CI/ITyéLmH. [Ipeanonara-
eM, uro H-ponatunsHocts (To ects K(H), R(H)) Gbina ouenena mo 2002
roay, a MozeaupoBanue ocyuectsisiiock B 2003 romy. O6o3nauuMm uepe3
YE(H,i), Y®(H,i) — noxon ot kagi, renko H-cTpaTernu COOTBETCTBEHHO
J1s 4-oro Toprosoro anst 3a 2003 rox (u3Mepsiercs B fosnapax). Ilockonbky
Hallli CTPATErHH SABJIAIOTCS BHYTPUIHEBHBIMH, TO IMOJAraeM, 4YTO Ha KOHeIl
IHs HeHyJeBas IO3UIHA 10 (bloYepcaM 3aKPbIBAETCs MO IEHEe MOCeHelH
CIEJKM AaHHOIO JHs, TO €CTh Ha HaYaJl0 U Ha KOHell JHs B HalleM noptdesie

drrouepchl orcyTerByoT. OO0O3HAYNM TaKXKe

Thgi(®) = L YX(H, §), mimo() = LY(H,5), . -,

Jj<i Jj<i

rje CyMUpOBaHKE BEJETCS [0 BCEM J-bIM TOProBbIM JHAM 3a 2003 rog 1o ¢-oro
Aus BKIoduTeabHO. Mnave rosops, mh;(2), nh.,(4) — ecTs HakommeHHbii
pe3yJbTaT MOoJeaupoBaHus cooTBercTBeHHO kagi, renko H-crpareruu c Ha-
yasa 2003 roga BIIIOTh 10 -0ro jaHs. Eile pa3 nojuyepkHeM, 4YTO B TEYEHHUE
BCEro Nepro/ia TOProsJin oleHKa napamerpos K (H), R(H ) He Meﬁ;macr;, 4TO0
TFOBOPUT O CHJIbHOM YCTOWYMBOCTH JaHHBIX CTpaTeruii BO Bpemenu. Kpome To-
ro, ONupasich Ha, pe3ysabTaThl TeopeM 2.1.5, 2.1.10, orMeTuM, uTo TpeboBaHue
HEINPEePbIBHOCTH TPAEKTOPH HMUKOUM OOPa30M He OrpaHUYMBAET OOIIHOCTHU
JaHubix crparerudt muist cayvas K(H) < 2, R(H) < 2, Tak Kak peaJIbHbIi
JIOXOJ1, OKaXkeTcs1 erle bosblile B CHJTy yTBepKaenuit 2.1.2, 2.1.7.

[Tapamerp H Buibupasicsa u3 cieayioumx coobpaxxkenuit. Masnenbkoe 3Ha-
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yenue H (To eCTh CpaBHUMOE C MUHMMAJIBHON JUCKPETHOCTBIO IieHbI) OpaTh
HEXOPOIIIO, MOCKOJbKY NP 9TOM NPAKTUYECKH BCSA MPUOBLIbL OT CAEIKYU UIET
Ha ynjaaTy komuccud. Kpome TOro caMu MHTEpBajibl MOHOTOHHOCTH B 3TOM
cirydae GBIBAIOT HACTONLKO KOPOTKHMHM IO BPEMEHH, UTO JI€J1aeT UCIIOIHEeHNE
3as1BKH, ayKe IIPH 3JIeKTPOHHOM JOCTYIIE, UHOTAA npo6neM;rqumM. Can-
KoM Gonbioe 3HadeHne H 6paTh Takke Helenecoo0pa3Ho, TaK KaK TOrAa KO-
JIMYECTBO TPAH3aKUKUHA [JIs OAHOrO AHA OyAeT HE3HAYUTENbHBIM, a HO3TOMY
3aKPLITHC NO3UIMHK B KOHIE JHS 1O LEHE NOCIeAHed CAENKH CYIECTBEHHBIM
06pa3’0M MOXKET HCKaxXaTb pedynbrarst. I'padukn mf (i), nf ; (¢) ans Em-
iniSP500 (H = 1.5) u EminiNasdaql00 (H = 4) npusenens! Ha puc. 3.15,
3.16 coorsercTBenno. OTMmerum, uto puc. 3.8, 3.9 garoT uHdoOpMalKIO O KO-
JInYecTBe TPEHIOB Al KAXKJOTO JHSI B COOTBETCTBYIOIIMX CTPATETHSX.

OCHOBHOI1 BBIBOJI, IPUBEJICHHBIX BbIIIE PE3YJILTATOB CTATHCTUYECKOr'O aHa-

JIN3a 3aKJIIYa€TCA B CJICAYIOHIEM!:

e kagi, renko H-crparernu nesnecoobpa3sHo NpUMEHATbh Ha (PUHAHCOBOM

PBIHKE JIJIsl MCIIOJMb30BAHUS UMEIOIIUXCST apOUTPakKHbIX BO3MOXKHOCTEH!;

Kpome Toro moxxsHo ormeTutb, uTo kagi H-cTparerusi mpuHocuT 66sbIIni
noxon, yeM renko H-crparerusi, mo3ToMy B COBOKYITHOCTH C aHAJTM30M U3 I1a-
parpados 3.1, 3.2 MOXXKHO 3aKJIIOYUTH B 1I€JIOM, UYTO C NPAKTUYECKON! TOYKHU
3peHHs Hcnonb3oBanne kagi H-nocrpoenutt 6oee acpeKTHBHO B COOTBET-

CTBYIOUIMX CMbIC/aX, yeM renko H-nocrpoeHuit.

3.4 Amnanu3 H-narTepHOoB

1. B Hacrosinem naparpade npuBejieHbl HeKoTopble H-naTTepHsbl, AJ1s1 KO-
TOPBIX BO3MOXKEH HETPUBUAJILHBIH MporHo3. s nocyera crarucTHKu 6epeM

JIaHHBIE O BHYTPUJHEBHBIX IeHax ¢biodyepcoB EminiSP500, EminiNasdaq100
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3a roj, a uMeHHo, ¢ 01 okrsOpst 2001 rosa no 09 centsidps 2002 rona (nan-
HbIlt epuog, cogepkuT 234 Toprosuix AHs). Bo Beex ciyuasix nosaraem € = 1,
At = A~ = H, Q = 4. ns ayduiero npeacTaBjeHust O MOIIHOCTH CTaTH-

CTUYecKOil BLIGODKH BMECTO IMIMPUYECKUX BepositHocreil Pt u P~ Gyxem

npusoautb Nt u N~ — uncio anementoB MHoxectBa Q1 u Q~ coorser-
+ _ __N* - _ __N-
creenno. flcno, uro Torna P = o=, P~ = jiyx=- SHadenne H, Kak

OblJIO OTMEUYEHO BHIIIE, U3MEPSIETCST B IIYHKTaX COOTBETCTBYIOLIErO (pbiovyep-
ca (n3MeHeHne Ha 1 MyHKT IeHbI (blOYepCa COOTBETCTBYET U3MEHEHHUIO Je-
HexkHolt nosunuu Ha $50 gns EminiSP500 u na $20 mns EminiNasdaql00).
Tabauua 3.1 gaer madopmanuio o yuciax Nt u N~ gna nekoropwix H-
NaTTEPHOB, HANJEHHBIX JJIs1 YKa3aHHBIX (dbiodepcos no kagi H-nocTpoenuo.
Ykazanubie B TaOIUIAX ,JIEPEKOCHI“ HOCST YCTOMYUBBIA XapaKTep U IpOsiB-
JIAIOTCS IIPU PACCMOTPEHUH U JIPYTHUX BPEMeHHbIX uHTepBayioB. OO0bsCHEenue
3TOMY MO-BUIUMOMY HY>KHO HMCKATh B IICHUXOJIOTUH IOBEJEHUS YYaCTHHKOB
p})IHKa. IlonyepkHeM emie pa3, YTO MPUBEACHHBIE 'pesyﬁi)TaTl;ILCTa"i‘ncané-
CKOT'O aHaJIN3a BbIABJIAIOT BHYTPUAHEBHbIE BaKOHOMepHOCTI/I‘. 'HoaTomy, eciu
JUJIsl KAKOI'O-TO MOMEHTa BpeMeHH t, B KOTODBI#f peaJin30BaJICsi MCCIIeAyeMbitt
H-nartrepH, J0 KOHI|a TEKYILEro TOProBoro axs MoMeHT (2.12) He ﬁaCTynnn,
TO TIPU HOACYETE CTATHUCTHUKHU JaHHASI CATYallUsl HE YUUTHIBETCSI.
PaccMoTpuM MCHonb30BaHME JAHHBIX Pe3yJbTaTOB B PEAJIbHOM TOPIroOBJeE
na npumepe H-narrepna {+1,—2,+42,—1}, H = 3 pns EminiNasdaq100.
Mok Ho cka3aTh, yTo 3TOT H-naTrepH ¢opManu3yer Tak Ha3bIBaeMbIe ,JIepe-
BEPHYTbIE ['0JIOBA U 1IeYn“, HUrypy TEXHUUECKOTO aHAJIN3a, IHPOKO UCIOJb-
3yemyio unsectopamu Ha poike (cM. [1]). Ha puc. 3.17 npusenen rpaduk
BHYTPHIHEBHBIX IeH YKa3aHHOro dbiodepca 3a 20.09.2002r. Ha nem Buienen
MOMEHT BpeMeHH t, rae peannsoBaiicss AaHHbiY H-narrepn. HeticrBuresn-
HO, OTMeYeHHbIe 3KCTpeMyMbl u3 kagi H-nocTpoeHusi MPUHUMAIOT 3HAYEHUS:

869.5, 874, 867, 874, 871. Torma coorBeTcTByOlIast KYCOYHO-MOHOTOHHAsI
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EminiNasdaq100 EminiSP500

Ky(1),...,Kg(4) | Nt | N~ H | Kg(1),..,Kg(4) | N* | N~
+4,-2,+3,-1 6 | 20 +5,-1,+1,-1 22 | 40
+2,-4,+3,-1 13| 2 +2,-3,+2,-1 56 | 27
+1,-1,+4,-1 177|121 1 +1,-2,4+3,-1 137 | 86
+1,-2,4+5,-1 36 | 13 -1,+2,-3,+1 95 [ 138
-2,+4,-2,+1 31 | 16 -1,+1,-4,+1 71 | 141
=5,+1,-1,4+1 36 | 57 -2,+1,-3,+1 85 | 140

+3,-3,+2,-1 1311 +3,-1,+3,-1 25 | 6
+1,-2,+3,-1 92 | 63 +1,-1,+4,-1 50 | 30
+1,-2,+2,-1 212 | 141 1.5 +1,-2,43,~1 56 | 29
-1,+2,-2,+1 131 | 214 -1,+2,-3,+1 33 | 49
~1,+2,-3,+1 51 | 84 -1,+1,4,+1 36 | 69
-3,+2,-1,+1 70 | 46 22

~3,+1,-3,+1

11

Ta6muua 3.1: Craructuka kagi H-narTepHOB
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bynkimsa nmeer npupawenus (+4.5, —7, 47, —3), a 3HaYUT NPUHAIIEIKAT
H-narrepny {+1,-2,+42,—1} pna H = 3. Crarucruka, yka3aHHas B Ta-
6uue 3.1 roBOPUT O TOM, YTO B MOMEHT t HaJ0 NMOKYNaTh PbIOYEPC IO IIEHE
871. B aToMm ciyyae, Kak BUAHO U3 rpacduka, Mbl ObI .sapa,60TaJm 3 NMyHKTa

Ha OJMH KOTPAKT, YTO COOTBETCTBYeT Npubnuiu B pasmepe $60.
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Puc. 3.17: [Ipumep kagi H-nattepua {+1,-2,+2,—1}, H =3

[IpuBeneHHble B JaHOM maparpade pe3yabTaTbl CTATUCTHIECKOIO aHAJIN3a

II03BOJIAIOT CAEeJIaTb BbIBOL, YTO

® B HEKOTODBIX PBIHOYHBLIX CHUTYyallMdX BO3MO2KECH HeTpI/IBI/Ia.JII)HbIﬁ Inpo-
HO3, & 3HA4YUT uenecoo6pa,3ﬂo YYUTBIBATb CTaTUCTHUKY [NOBEAEHHNSA 1ICHDI

AJ1A ONIpeneIEeHHbIX H-Ha.TTepHOB B TOPI'OBJIE Ha pPE€aJIbHOM PBIHKE.
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