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O HEKOTOPBIX BEPOATHOCTHO-CTATUCTUYECKUX
METOJAX B TEXHUYECKOM AHAJIN3E

IaeTcs maTeMaTm4yeckoe 000CHOBaHIE HEKOTOPHIX METONOB TEXHIU-
YeCKOTO aHAJIN3a, UCIOJIb3yeMbIX Ha (GMHAHCOBOM pHIHKe. B wacTHOCTH,
npu oMoInu BeonuMoro noustus H-sonatumsaoctu (H > 0) o6ocHo-
BBIBAIOTCS U KOPPEKTHUPYIOTCS Tak Ha3biBaeMble renko-, kagi-momenu.
B cnyuae BunepoBckoro mpomnecca H-BomaTuiIbHOCTE 06/1amaeT PIIoOM
CBOHCTB, KOTOPHIE IMEIOT MECTO U Ha (PMHAHCOBOM PBLIHKE IIPU HEKOTO-
PBIX OTJINYNAX, YKA3BIBAIOIINX HA CYIIIECTBOBAHNE apOUTPaXKHBIX BO3-
MOXKHOCTell. VI3Breusb maHHBLIN apbuTpax yoaeTcs MOCPENCTBOM BBOIU-
MbIx renko-, kagi- H-cTpaTeruti.

Karouesvie caosa u @pasv: A-Bapuanust, A-BOJATUIHLHOCTD,
H-papuanus, H-paykryamus, renko-H-umBepcus, kagi-H-urBepcus,
renko- H-BonatunbHOCTh, kagi- H-BomaTumbHOCTh, renko-H-cTpate-
rus, kagi- H-cTparterus.

1. Beenenne. [l nporecca X = (X (¢))i>0, B OTHOIIEHIN KOTOPOIO
IpenmosiaraeTCcsa JIUIh HETPEPBIBHOCTL TPAEKTOPU, B HACTOSINEN paboTe
BBOOUTCs noHsATHE H-ponarwimsrocTu mist H > 0 (cm. Takxke [3]). B cuy-
Jae, Kora npouecc X OIMUCHIBAeT HOBENEHNE IIeHbI HEKOTOPOro (GhUHAHCOBOTO
AKTUBA, JaHHOE NOHSTHUE IO3BOJIET CTPOUTH CTPATErUN, HAIIPABIICHHBIE HA
U3BJIEUEHNE UMEOIINXCS Ha PBIHKEe apOUTPaKHBIX BO3MOKHOCTEIL.

B ocroBe H-BOJATUIBHOCTH JIEXKAT BapUAIMOHHbIE XapakTepucTuku (1)
u (2) (cM. HEXKe), KOTOpBIE 3a[0A0T [Ba HONXONA K IAHHOMY IOHSTIIO —
renko, kagi cooTBeTCTBEHHO (IIPOUCXOKIEHUE STUX IOHATUI, CBA3AHHBIX C
MMOCTPOCHUSME, TPUMEHSIBIIUMUCS HA SOHCKOM pbIHKE ere B XIX Beke,
HOSICHEHO B 1. 2). Borumcnenwe senmmumz (1), (2) HampsMmyro cBs3aHO C
nporeccamu | X (t) — X (0)|, maxjy X — X (t) cOOTBETCTBEHHO, ITO HO3BO-
Jg€eT OPeNCTaBUTh WX B yHOOHOM IUIs BhIYMCIIeHUs Buze (cM. jgemmy 1), a
Takke MPOBECTU COOTBETCTBYIOLILYI0 HOPMUPOBKY. CliemyeT oTMeTUTh, 94TO
B (DMHAHCOBOI MaTEMATHKe HABHO UCIOJIb3yeTCs MOHATHE A-BOIATUILHOCTH
(cm. [5, c. 419]), B 0OCHOBE KOTOPOIO JieXKaT BAPUAIMOHHBIE XaPaKTePUCTUKH
(cm. (3)), momoGHBIE yKA3aHHBIM BBIIIE. Y YUTHIBAsS HEKOTOPYIO CXOXKECThb B
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OIIPENESIEHNN NaHHBIX MOHSATUMN, MPEICTABIISETCS €CTECTBEHHBIM HCIOJIb30-
BaHme TepMuHA «H-BOMATUIBLHOCTB® HAPSOY C yXKe€ CYIIECTBYIOIIUM Tep-
MUHOM «A-BOJIATUIBLHOCTEY. OTMETUM TakXKe, 4TO B OTJIAYNE OT «PUMa-
HOBCKOTO» TIOMIXOMa TIPH OmpenesieHnn A-BOJIATUILHOCTH, KOTIa 3HAUeHUsT X
TPYIIUPYIOTCS IO BpeMeHHON ocu ¢ mHTepBasioM A, mpu onpenerenuu H-Bo-
JIATUIBHOCTH KCIIONIB3yeTCsl «jeberoBckuit» momaxon. VHade roBops, cyiiie-
CTBEHHBIM SIBJISIETCS JIUIIbL M3MeHeHrne X Ha BEJIMYWHY, HE MeHbIIyio H, a
BpeMs, 33 KOTOPOE 3TO M3MEHEHNEe IIPOM3OIIIIO, He UMEEeT 3HAUEHNS.

Eciu B kawecrBe X B3sSTH BUHEPOBCKMIl mporecc, TO mis H-Bo-
JIATUIBHOCTH BBINOJIHEHBI HEKOTOPBIE TIPEeNIbHBIE CBOMCTBA (CM. TEOpeMY B
n. 3). Oka3sbiBaeTcs, 4TO HONOOHBIE COOTHOLIEHUS MMEIOT MECTO U Ha (GuHAH-
COBOM DBIHKE, HO IpeNesbl IJiss MHOTUX aKTUBOB oTiamuarTcs or 2H (mpe-
IeJIBHOTO 3Ha4YeHWs: H-BOIATUILHOCTY BHHEPOBCKOIO IpoLecca). IJTo 06-
CTOSITENIBCTBO HABOOUT HA MBIC/Ib, UTO €CJIM BIHEPOBCKUII IIPOIECC COOTBET-
cTByeT 6e3apbuTpaikHOMY ciiydar, TO oTnuume H-omartunmbpuHOCcTH OT 2H
MOX€eT T'OBOPUTDH O CYIIIECTBOBAHUU apOUTPAKHBIX BO3MOXKHOCTEN IJIs IaH-
HOTO aKTuBa. llefiCTBUTENBHO, B 9TOM ClIydae yHOAeTCs MOCTPOUTH CTpaTe-
TUY, TIO3BOJISIOIINE MOIYUNTb B CPEIHEM IIOJIOXKUTEIBHBIN TOXOM IPU HyJle-
BOM HauasbHOM KamuTaje (cM. yrBepxkaerus 2 u 3). CyTb HAHHBIX cTpaTe-
TUl COCTOUT B ciemytoreMm: ecnu H-pomaTunbHOCTE Gosbitie 2H, To uHBe-
CTOp IENCTBYET COHAIIPABIIEHHO C PBIHKOM, T.€. B OIpENeSIeHHbIE MOMEHTHI
BPEMEHU IOKYIaeT, KOrna IieHa akTuBa X pacTeT, U NPONAET, KOrna IeHa
nanaetr. Ecmm xe H-BomaTtuiabHOCTH MeHbIe 2H, TO mMHBECTOP MENCTByET
NPOTUB PBIHKA, T.€. HOKyMaeT MpU MaJeHUU IEHbI akTuBa X U MPOmaeT B
MOMEHTHI POCTa.

Kaxk 6yner moxkazano HuXe, 111t Iporiecca X , ONKICHIBAIOIIIETO TTOBENEHIIE
LeHbl GUMHAHCOBOTO aKTUBa, H-BOJIATHILHOCTD SIBIISIETCS CBOETO pona dpak-
TAJILHON XapPaKTEPUCTUKON U TIO3TOMY MaJjio COOTBETCTBYET HAIIEMY MHTYU-
TUBHOMY IIPEICTABIIEHUIO O BOJATIILHOCTI KaK Mepe U3MEHUYNBOCTH PHIHKA.
WMuage roBops, miis «GYPHBIX®» U «CIOKOWHBIX®> MHEH H-BOIaTUIHLHOCTE IPU-
HUMaeT HOCTATOYHO Om3Kue OPYT K NIPYry 3HadYeHus. B cBsI3u ¢ 5TUM B
HacTosell pabore BBonuTcst noustue H-unsepcuu (cM. Takxe [3]), koTopoe
MOXKeT OBbITH UCIOJIb30BAHO IJIsl OLPENeIeHNs] BOJIATHILHOCTH (M3MEHINBO-
ctu) mpouecca X .

CraThbs UMeeT CIIenyIOIIyo CTPYKTYPy. B 1. 2 BBommTcst onpenerneHune
H-sonarunbaocTu u H-uHBepcuu, B I. 3 IPUBENEHBI PE3yIbTATHI IJIs BU-
HEPOBCKOTO IIPOIECca, M. 4 CONEPXKUT OMMCAHUE CTPATETUil, OCHOBAHHBIX HA
H-ponarunbHOCTH, B II. H IIpu moMori H-nHBEpCUn OIpenenseTcs IOHATHE
BOJIATUIILHOCTU (M3MEHUMBOCTH]), II. 6 CONEPKUT CTATUCTUIECKUI aHAIIN3, &
B II. 7 IIPUBENEHBI TOKA3ATEIbCTBA OCHOBHBIX PE3YJILTATOB.

2. Omnpenenenue H-BonmarunbHocTu u H-maBepcuu. Ilycts mpo-
mecc X = (X(t))i>0 3amaH Ha HEKOTOPOM CTOXACTHYECKOM Gasuce
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(Q, Z,(%:)t>0, P) m npuanvaer 3navenus B R'. 3peck u nanee momaraewm,
qT0 TpaekTopun X SIBIIIOTCS HenmpepbiBHBIMEU GyuKusMu. [lorstue H-Bo-
JATWILHOCTA OCHOBAHO HA CJIEMYIOIINX BaPUAIMOHHBIX XaPaKTEPUCTUKAX
nporecca X . Insa npousBonbabix H, T > 0 paccMOTpUM BEIUYNHBL

K
Ur(H,X) = S;}pz | X () — X (tr-1)l, (1)

1 =1

L
Vi(H,X) = Sgpz X () — X(ti-1)l, (2)

2 =1
rue T) — MHOXeCTBO Bcex KOHEUHBIX pasbuenuil (tg,tq,...,tx) TAKAX, 9TO
0= t() < tl < - - < tK < Tu ‘X(tk) —X(tk_l)‘/H S N = {1,2,} ILJIsST
kE=1,...,K, Ty — MHOX)eCTBO BCeX KOHEUHbIX pasbuenuit (to,ty,...,tr)

Takux, 910 0 <t <ty < --- <ty < T u |X(t;) — X (t;-1)|/H € [1,4+00) nns
l=1,...,L.

Bennunny (1) Gymem HaseiBaTh H-daykmyayueti peanusamuu mIpo-
necca X Ha [0,T], a Bemuuuny (2) — H -sapuayueti peamusanuu npouecca X
Ha [0, 7). Ecnu nis xakoro-to H > 0 He CyliecTByeT COOTBETCTBYIOLINX Pas3-
6uennit u3 (1), (2), nomaraeMm yxkaszaHHble BEeJIMYMHBI PDABHBIME Hyi0. [lis
cpasHeHust o6paTumcs K A-gapuayuu (eM. [5, ¢. 419]), mmpoko ucnonb3yemoit
B (DMHAHCOBOII MaTEMATHUKE, KOTOPas €CTh MO OMPEICTICHITIO

(T/A]
Zr(A,X) = Y [X(kA) = X((k = DA, 3)
k=1
rone A,T > 0, a [-] o3Hauaer B3sTme wmesoil vactu. CxOxkecTb Besw-

qun (1), (2) u (3) cocTouT B TOM, YTO HJIS «HOCTATOYHO DPEryJLIPHBIX® pe-
anu3anuii mporecca X OHU OpU MaJibix H m A COOTBETCTBEHHO OJIU3KHU K
IHOJIHOI Bapualuy, KOTOPas €CTh [0 ONPENEICHUIO

sup Z ‘X(tn) - X(tn—l)‘a

rue cynpemyM Gepercs no paséuenusMm (o, ty, ..., ty) TakuM, uTo 0 < to <
t) < -+ < ty < T. llpuHnunuaabHBIM K€ OT/IMYUEM, O KOTOPOM TOBO-
PUJIOCH BBIIIE, SIBJISIETCS TO, YTO B Ciaydae A-Bapualuu UCIOIb3YETCsS Tak
Ha3bIBAEMBINl «PUMAHOBCKUIT» IOIXOMN, B TO BpeMs KaK B HACTOSIIIEN paboTe
MpEIaraeTcs «JIe6eroBCKUil» BAPUAHT MOCTPOCHNUS BAPUALMOHHBIX Xapak-
repuctuk. Kpome Toro, npu ucnons3oBanuu Benuund (1), (2) Ha dunaxCcO-
BOM DBIHKe Iporiecc X OmpenesseT HemoCPENCTBEHHO IeHbI TOIO WJIM WHOTO
AKTUBA, a He WX JorapudMbl, KaK B CIIydae BeanduHbl (3).

IIpu craTucTuyeckom anaamuse npouecca X 06bIYHO OIEpUPyYIOT He ¢ (3),
a ¢ HOpMUPOBAHHOU BEJIMIMHON

Zr(A, X)
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KOTOPYIO IIPUHATO Ha3bIBATE A-goaamuabrocmuio. Ilo ananoruu ¢ (r(A, X)
ecTecTBEHHO 6b110 ObI HOpMupoBaTh Benumuussl (1), (2), oqHako BCTaeT mpo-
6emMa 0 HopMmupyomeM Kosddunnerre. OTBET Ha 5TO BOIPOC HAET CIELY-
IOLIAsE JIEMMA.

JIemma 1. ITycmov peaausayuu npoyecca X A64g10MCT HENPEPLIEHIMU
dywkyugmu wa [0,T]. Toeda daz awobozo H > 0 cywecmeyiom eeau-
wuwoet M = Mp(H,X) u N = Np(H,X), a makae nocaedosame.nv-
nocmu (pk, Pm)m=o01,..m U (T, Tn)n=o1,..N marue, 4mo (Pm)m=o1,. M,

*

(Th)n=01,..N — MAPKOBCKUE, 4 BEAUNUHBL pr ., Tr, onpedesgemvle, UCTOOL
u3 nosedenud npovyecca X Ha UNMEPBAAAT [Pr—1, Py [Tn_1,Tn] cOOMBEM-

emeenno (p_y =71 = 0), ydosaemsopgiom pasencmeam

Ur(H,X) = > |X(pr) = X(p-1)l; (5)

Vi(H, X) = ) [X(7;) = X (751l (6)

ITocrpoenust MoMeHTOB (p%,, Pm), (T, T,) U3 JdeMMBL 1 ¢ LEIBIO mpo-
IHO3a MAJILHENIIIEro MOBEeIeHNs [eHbl (PMHAHCOBOTO aKTUBA IIMPOKO MCTIOIb-
3YIOTCS B TEXHUYECKOM AHAJIA3€ W HA3BIBAIOTCS COOTBETCTBEHHO Tenko- u
kagi-meronamu. Brepsble MOmOGHBIE MOCTPOEHUST CTAIU WCTIOIB30BATH B
dnonuu, Mo Bcell BuOUMOCTH, erre B XIX Beke, KOra PBIHOK TOJIBKO 3apo-
xnascs (em. [7]). Iosromy Tepmunbr renko (Tounee 6bL10 GBI IUCATH renga)
u kagi nMeroT SMOHCKME KOPHU U O3HAYAIOT COOTBETCTBEHHO KUPIUY U KJTIOY
(mpeme, . .. ). Cpenu CyIIeCTBYIOIINX HA JAHHBI MOMEHT MOZeJIell, OCHOBAH-
ubIX Ha kagi- u renko-mmocTpoenusx, HanbGoee 06IIel 1 CTPOTOH ¢ MATEeMATH-
YeCKOl TOUKM 3PEHUs IIPEICTABIIAETCS MOIEIb, ONUCaHHas B pabore [2], rae
IUI TIOCTPOEHMsI MPOTHO3a WCIOIb30BAIACH TEOPUs KYCOYHO-MOHOTOHHBIX
AIIPOKCUMALNI U, B YaCTHOCTH, De3yiabTaThl paborsl [4]. 3mech xe 3a-
mernM, uro Benuuusabl My (H, X), Np(H, X) u3 meMmsl 1 TecHO CBsi3aHBL
C YKa3aHHBIM allllapaToM KyCOYHO-MOHOTOHHBIX allPOKCHMAIMi (1onpoGHee
CM. 3aMeYaHne K OKa3aTelIbCTBY JIeMMBL 1 B 1I. 7).

Benuunny Mr(H, X ) 6ynem HassiBaTh renko-H -uneepcuet, a BeIuInHy
Nr(H, X) — kagi-H -unsepcuet; peanmsanuu npouecca X ua [0,7]. Yuursr-
Basl BBIIIECKA3AHHOE, OTMETUM, YTO WCIOJIb30BaHmMe TepMmuHOB renko, kagi
IpencTaBiseTcs mesecoobpasubiM. Kak Oymer mokasaHo Huxke (CM. 1. 5),
H-uuBepcus MOXeET CIIyXKUTh XOPOIIEH XapaKTePUCTUKON BOJATUILHOCTU
(Mepbl I/I3M€H‘-H/IBOCTI/I) PBIHKa " HCIIOJIB30BaTBCA MJId OIEHKU Pa3JINYHBIX
PBIHOYHBIX IIOKa3aTeleln. M3 JIEMMBI 1 CTAHOBUTCS IIOHATHO, YTO BEJIMYNHBI
M7 (H,X) u Nr(H, X ) BroiiHe eCTeCTBEHHO OpaTh B KAUeCTBE HOPMUPYIO-
mmx kosbdunnenros ms (1) u (2) coorsercreenro. Ilo amamorum c (4)
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OIIpeNeIM
en(H. X) = 31D @
. X) = ®

Bemuuauny (7) Oymem masbiBaTh renko-H-sosamuabhocmuio, a  Bemn-
anny (8) — kagi-H -6oaamuavbnocmyvio peammsanuu mporecca X wa [0, 7.
Hapsny ¢ Benmmunuaamu (7), (8) mis npoussossHOTo p > 1 Gynmem paceMaTpu-
BaTh TAaK2XK€ BEJINMYNHBI

U(p)(H X)
(g x)= 27T ) 9
T ( ) ) MT(H,X)’ ( )

ViV (H, X)
P (H,X) = 2222 10
( ) NT(H,X) ? ( )

roe U (H, X), VP (H, X) onpenensiorcs u3 cOOTHOMICHMIE

U’l("p) H X Z ‘X pm pm—l)‘p’ (11)

Vi (H, X) X(r- I, (12)

uMz

M = MT(HaX)a N = NT(HaX)a (p:n)mzo,l ..... M 1 (Tn*)n:O,l ..... N — Te Xe,
uTo 1 B iemme 1. Bemuuuny (9) 6ynem HaseiBars renko-H -6oaamuabrocmyio
nopadxa p, Benumuuuy (10) — kagi-H-6oiamuabrocmuvio nopgdka p mpo-
necca X Ha [0, 7.

3. HekoToptble mpeneiibHbIE CBOCTBA BUHEPOBCKOTIO IIPOIiecca.
Hns renko-, kagi- H-BomaTuibHOCTH TOPSOKA P BUHEPOBCKOTO ITPOIECCA
W = (W})¢>0 BBIIOIIHEHO CIICOYTOLIEE.

Teopema. Ilycmv W — cmandapmuviti suneposckuti npoyece, mozada
Odag mobvix p> 1, H >0, 0 > 0 sbinoaneno

Tglfooéé?)(H oW) = Rw(p) H" (n.n.), (13)
ngloon(Tp)(H oW) = Kw(p)H" (n.n.), (14)

ede Ry (p) = Y. ,n?/2", Kw(p) = E2 + Wy/H)?, § = inf{u>0
maxy, W - W, = H}.

Cnyuait p = 1 @i BeIUYuHBL néf’ )(H ,W) 6Bl1 paccMOTpeH B pa-
6ote [3]. Cxoxkecrs B mpemene y obeux H-BOIATUIBHOCTEN MOXKET OBITH
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o6bsicHeHa TeM, ITO renko- u kagi-nmocTpoeHms HAIPSIMYIO CBSI3aHBI C IPOLIEC-
camu | X (t) — X (0)| m maxpy ) X — X (t) cooTBeTCTBEHHO (CM. TOKA3aTEIHECTBO
aeMmMeL 1). B ciayuaae, korna X ecTb GpOyHOBCKOE NBIXKEHUE, YKA3aHHBIE IIPO-
IIeCCHI SKBUBAJICHTHI 110 PACIPENEeNIeHIIO B cuty TeopeMsl Jlesu [6, c. 211]. B
YACTHOCTH, IV p = 1 Impenensl coBnangaror, Hockonbky Ry (1) = Ky (1) = 2
(cM. 3aMevaHUe K JIOKA3aTEIbCTBY TEOPEMBL B II. 7). 3IeCh XKe 3aMeTUM, ITO
BenmmuuHel Ry (p), Kw(p) He 3aBucsat ot o, T.e. H-BOIaTWIBHOCTE (B mpe-
Iesie) SIBIII€TCs. NHBAPMAHTOM OTHOCUTENIBHO DACTSIKCHUS U CIKATUS BUHE-
POBCKOTO Tiporiecca. B masmbaefiiiieM OymeT MOKA3aHO, YTO MOMOOHBIM CBOM-
cTBOM O6namaer u (uHAaHCOBBIN PbIHOK (cM. m. 6). Ilms renko-, kagi-H-
MHBEPCHUU BHHEPOBCKOTO IIPOIECCA BBIIOIHEHO CIIELYIOLIEe.

Jlemma 2. Iycmv W — cmandapmmubiii suneposcruti npoyecc, moada
ong aobvix H,o > 0 ebinoaneno

I T2 (15)
P Myp(H,ocW) o2 5,
T H?
lim ———— = (n.n.). (16)

15400 Np(H,oW) o2

Orcroma BugHO, 4TO, B oTiimume oT H-BomarunbuocTu, H-uaBEpCuUs
nporecca ¢ W HampsMyto 3aBucuT OT mapameTpa o. U, kax 6ymeT moxas3aHo
HIKe (CM. 1. 5), TaHHOe 06CTOSTENHCTBO Na€T OCHOBAHNUE [IJIS UCIIOJIb30BAHNUS
H-vuBepcuu B KauecTBe OLEHKE BOJIATUIHHOCTH (KaK MEPbI M3MEHIMBOCTH)
pblHKa. MHTEpecHO Takke OTMETUTH CJIEICTBUE U3 TEOPEMBI U JIEMMEI 2.

CnencrBue 1. Ilyemv W — cmandapmuuiti suneposcruti npoyecc,
moeda dag mobbizp>1, H > 0, o0 > 0 ebinoanero

. 2U’1("p)(Ha oWl ) 2 p—2

Tl—1>g-loo — 7 = Ry (p)H (n.m.), (17)
. Vigp)(HaU ) 2 p—2

i #” = Ky (p)H"™? (n.n.). (18)

4. Renko-, kagi-H-cTtparerun. OkasbBaeTcs, YTO COOTHOIIIEHUS,
nono6usie (13), (14), mveror MecTo u Ha GUHAHCOBOM pbiHKe. Ilpm craru-
CTUYIECKOM aHaJju3e Iporecca X , OIPENesIsioniero IeHbl HEKOTOPOI'O aKTHUBa,
I cIIy4daeB p = 1, 2, kak HanboJsiee BaXKHBIX C IPAKTUIECKON TOIKU 3PEHUS,
IUIST OCTATOYHOTO GOJBIIOrO 1 BHISIBIIEHO CIIELYIOLIIEE:

¥ (H,X) ~ Cr(p)H", (19)
né?)(HaX) ~ CK(p)Hpa (20)

roe Benmuneel Cr(p) = Cr(p, X), Ck(p) = Ck(p, X) nns sananmbx X
I p MOXKHO B IIEPBOM NPUOJIMKEHIN CUNTATh KOHCTAHTAMU B 3aBUCUMOCTIH
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or H (mompo6ree cum. 1. 6). B manbHeiiieM B DaHHOM IIyHKTE PacCMaTpU-
BaeTCSA TOJIBKO CIydail p = 1, mosToMy OJj1ss TPOCTOTHI OOO3HAYEHWHA WH-
meke p = 1 B COOTBETCTBYIOIINX BEJMYMHAX OyZeM OMycKaTb. s MHO-
rux ¢uHancoBbix akTuBoB 3HaueHus: Cr(1), Ck(1) oTamyarores oT 3HAUCHMIT
Ry (1) = Ky (1) = 2 (KOHCTAHTBI IJIs BUHEPOBCKOIO IIPOIECCA, CM. 3aMe-
YaHUE K [OKA3aTeIbCTBY TEOPEMBL B II. 7). DTO OGCTOSITEILCTBO HABOLUT
Ha MBIC/Ib, UTO €CJIM BUHEPOBCKUI IIPOIECC COOTBETCTBYET Oe3apOmTpax-
oMy ciayvaro, To orimune Cg(1l),Ck(1) oT 2, BO3MOXKHO, yKa3bBaeT Ha
Hajuune apouTpaxa mid maHHoro X . OxaselBaeTcs, UTO B OTOM CIIydYae
sHaHve H-BOJIATUILHOCTH (& TOUHee, ee NPENesIbHOTO 3HAUEHUSI) [O3BOJIIET
NOCTPOUTH CTPATErUH C TOJIOKUTEIBLHBIM B CPEIHEM [IOXOIOM TP HYJIEBOM
HAYAJILHOM KAIUTAJIe.

B wmactosmier pabore MBI TOJIaraeM, UTO OIEPAIMOHHBIE U3HOEPIKKHI
PABHBI HYJIIO W MHBECTOP MMEET BO3MOXKHOCTH «KOPOTKO® TIPOAABATH AK-
TuB X (T.e. 6paTh €ro B3allMBl C LEIBIO MPONAXKIM), & TAKXKe UTO CTaBKa
3a B3sTHE B3alMbl IEHEI U aKTUBA PABHA HYIO (IIPEANOTIOXKEHNEe O HYJIEBOI
NPOIEHTHON CTaBKE BLITJIAIUT BIOJHE ANEKBATHBLIM, €C/IM PEYb WIET, Ha-
npumep, O BHyTpunHesHou toprosie). Ha wmarepsasne [0,7] paccmorpum
[OCTIENOBATEIBEHOCTH (0}, P )m=0,.... Mz (H,X)s (T Tn)n=0,....Nz(H,X)s O KOTO-
pBIX TOBOpUTCA B jlemMe 1, u ompenerum npoueccel Y2 = (3F(H, X ))o<t<r
¥ = (3K (H, X))o<t<r, KOTOpBIE GyIyT 3amaBaTh KONUIECTBO aKTHBA X B
noprdesie THBECTOPA, CIIEMYIOIIM 00Pa30M:

Mr(H,X)

FH,X) = Y sign(X(pm-1) = X(05-1) Xipm-som) () (21)
m=1
Nr(H,X)

FHX) = ) sign(X(Ta-1) = X(7721)) Xrr,m) (B) (22)
n=1

rne x4(t) — xapaxTepuctuueckas gynknus muoxkectBa A. Ipomeccer ¥E
n 7% 6Gymem masbBaTh cooTBeTcTBeHHO Tenko’-H-cmpamezueti u kagit-
H-cmpamezuet nns npouecca X wua [0,7]. Wuabmvu crnoBamwu, renko™-H-
cTpaTerus COCTOUT B TOM, YTO B MOMEHT p,, TIOKyTIaeM eIMHUILy aKTuba X,
ecna X (py) — X (pk,) > 0, u npomaem, ecinu X (p,,) — X (pr,) < 0. To ecrs
B KaXKIbIl MOMEHT BPEMEHU Ha WHTEpBale [pg, pas) B HOpTdere MHBECTOpa
CONMEPKUTCS EMUHUNA aKTUBa X CO 3HAKOM, a TepedOpPMUPOBAHEE TIPOUCXO-
IUT B MApKOBCKUE MOMEHTHI (0, )m—o.. a- YKA3aHHAS CTPATErUs IIMPOKO
UCIOJIb3yeTCs Ha IpakTuke (cM. [7]), onHako, Kak Gymer mokasaHo Huxke (CM.
yTBepkKzeHue 1), I HEKOTOPOIro poma (PUHAHCOBBIX aKTHBOB €€ IIPUMEHe-
HEE 3aBenoMo npuseneT K yobrTkam. Cwmeica kagit-H-cTparerun coctonT B
Tom xke. Kamuran B MmomenT Bpemenn t € [0, T], coorBercraytommit 77, 5,
OymeM 0003HaYATH Yepe3
t

VR, X) = [ 380 X) dX 0, T X) = [ 30, X) dX ).
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SHa.quI/Ie KalluTaJla B MOMEHT BPEMCHN T €CTh OOXoOd OT YKa3aHHBbIX CTpa-
reruit va [0, 7.

YrBepxnenue 1. foxod om renko’-, kagi™-H-cmpameaui (21), (22)
dag npoyecca X na uwmepesase [0, T] pasen coomsememeenno

)N/TR(HaX) = (§r(H, X) —2H) Mr(H, X) +€¥(H’X)a
?TK(HaX) (nT(HaX)_2H)NT(H5X)+€¥(H5X)5

2de 0 < ef(H,X)<2H,0<ef(H,X)< H.

Orcrona cpasy cllenyeT, 9To eCjii SMIupudeckas H-BomaTuiIbHOCTD I
HEKOTOPOIo akTuBa MeHble 2H (Hampumep, myst QbIOUEPCOB HA MHIEKCHI
SP500, Nasdaql100, cum. 1. 6), To npumenerne 77, 3% y6pirouno. B sTom
ciydae, KaK HECJI0XKHO 3aMeTHUTh, IlejlecooOpa3Hell UCI0JIb30BaTh OOpaTHBIE
K). Crnemyrormme yTBepKIeHHUS CO-
IepkKaT TOUHBIE (GOPMYJIUPOBKU Ha 5TOT cueT. Ckaxem, uro mporecc X

crpateruu, T.e. crpaterun (—3%), (=¥

obramaeT ceoticmeom renko, eCii BHITTOITHEHO

lim E¢r(H,X) = R(H)H. (23)

T— 00

CkaxkeMm, uTo mporiecc X obiiamaer c8oticmeom kagi, €CIIu BBITIOTHEHO

A Ene(H,X) = K(H) H. (24)
BameTnM, 4To ¢ yueroM coorHoureruit (19), (20) naHHBIE CBONCTBA BBITIISL-
IOT BIIOJTHE €CTE€CTBEHHBIMU. OHpeJIeJII/IM IIPOIIECCHI ,),R = (rth( H , X)) 0<t<T)
vE = (vE(H, X))oct<r crenyrommm o6pasom:

¥ (H, X) = 3(H, X) (X(r()>2) = X(R(m)<2}); (25)
¥ (H, X) = 3, (H, X) (Xqx(m)>2) = X(K(m)<2}); (26)
rne 7%, A% wmveor Bum (21) m (22) coorsercrBemno.  Torma mpo-

neccel vF u vX Gynmem maswBaTh cooTBeTcTBeHHO renko-H -cmpamezuet n
kagi-H -cmpamezuet nns npouecca X Ha [0,7]. Crpareruto (25) MoxHO
MHTEPIPeTUPOBATh clienyiomuM obpasoM: eciu R(H) > 2, To mHBecTOp
NIOJKEH IeiiCTBOBATEL COHAIIPABIICHHO C PHIHKOM, T.€. B MOMEHT BPEMEeHHU p,,
NOKyTIaTh, KOT/A IIeHa akTuBa X pacTeT, U MPONaBaTh, KOT/a eHa MaIaeT.
Ecnu xe R(H) < 2, To MHBECTOP NOJKEH IEfCTBOBATH IPOTHUB PHIHKA, T.€.
B MOMEHT BPEMEHH p,, HOKYIaTh IIPU HAJCHUU IeHLI 1 IPONaBaTh B CIIyuae
pocra. Ilnsa kagi-H-cTtpaTerun Bce aHajormyHo. KammTas B MOMEHT Bpe-
menu t € [0, 7], cOOTBETCTBYIOIINIT NAHHBIM CTpaTerusM, GymemM 0o603HAUATE
yepes

vrH,x) = | VE(H, X) dX (u), YE(H, X) = / S (H, X) dX (u).
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Pa.CCMOTpI/IM TaK2>XKe€ BEJINMYMHBI

Yit(H, X)
My (H,X)’

Y (H, X)

RH X)= Ir i, A)
yT( 9 ) NT(H,X)’

yr (H, X) =

KOTOpBIe GYIyT ONpeneisiTh CPeqHUil NoXon onHol Tpansakuun Ha [0, T mis
crpareruit v, vX coorseTcTBenHO.

YrBepxkaenue 2. Ilycmv npoyecc X obaadaem renko-csoticm-
som (23), mozda dag renko-H-cmpamezuu (25) evinoaneno

lim Eyf(H,X)=|R(H) - 2| H.
T—+o00
Bamernum, uro B ciayyae R(H) = 2 (B 4acTHOCTH, IJisi BUHEPOBCKOTO
nporecca) renko- H-cTpaTerus He IPUHOCUT IPUOLLIN, UTO BIIOJIHE COOTBET-
CTByeT KJIACCUUYECKOMY MOHUMAHUIO 6e3apbUTpPaXXHOCTU PBIHKA. AHAIOTmd-
HOe yTBEPKOCHUME BHIMOIHsIeTCS u miist kagi- H-cTpaTeruu.

YrBepxnenue 3. ITycmo npouecc X obaadaem kagi-ceoticmeom (24),
mozda dag kagi-H -cmpamezuu (26) svinoaneno

. K _ _
Am Eyr (H,X) =|K(H) - 2| H.

Hamnocienok ormerum, uro B cuiy (19), (20) Benuunuer R(H), K(H)
MOYXHO CYNTATH KOHCTAHTAMH. A 9TO B CBOIO OY€pElb MO3BOJISIET TOBOPUTh,
ato renko-, kagi-H-ctpateruu me 3aBucaT oT H, a sSBIIIOTCS XapakKTepu-
CTUYIECKUME CBOMCTBAMU PAacCMaTPUBAEMOTO (GPUMHAHCOBOI'O MHCTPYMEHTA.

5. H-umBepcus Kak Mepa U3MeHUYMBOCTH (BOJIATUILHOCTSE). [lo-
HaTre H-BOmaTWIbHOCTH, Kak MOKA3bIBAET CTATUCTUYECKUI aHaam3 (CM.
n. 6), sABILETCS HEKOTOPOW (paKTAILHON XapaKTePUCTUKON (UHAHCOBOTO
aKkTuBa 1 cj1abo COOTBETCTBYeT HAIleMy MHTYUTUBHOMY IIPENCTABJIEHUIO O
BOJIATWJIBHOCTHU KaK Mepe M3MEHUYMBOCTU pbiHKa. WHade roBops, mis «O6yp-
HBIX» U «CIIOKOWHBIX®» MHEN 3HaueHus H-BOMaTUIHFHOCTH MaJO OTINIAIOTCS
Opyr oT mpyra. B sToMm cmbicie TepMuH «H-BOMATHIEHOCTH® HE COBCEM
ANEKBATHO OTPaKaeT CaMO IOHATHE BOJIATIILHOCTH (TeM He MeHee [IaH-
Has TePMUHOJIOTUS IIPENCTaB/IAeTC 11eJ1eCO00Pa3HO BBULY AHAJIOTUU C y2Ke
YCTOSIBIINMCSI TOHATHEM A-BOIATIILHOCTH, O YeM ObLIO CKa3aHo Bbie). B
TO Xe BpeMsl, KaK OyIleT MOKa3aHO HIXKe, XOPOIlel XapaKTePUCTUKON N3MeH-
YUBOCTHU PBIHKA MOXKET CiIyXuTh H-umuBepcus. U3 geMMbl 2 MOXHO TOJTY-
YUTH OLEHKY HapaMeTpa o (T.e. BojaTwibHOCTH) s nporecca X = oW,
rme W — cTanmapTHBI BUHEPOBCKUI MPOIECC, IO OMHOMY U3 BBIPAKEHUI

2Mr(H, X Nr(H, X
Orenko — H %a Okagi — H % (27)
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711 BUHEPOBCKOTO TIPOIIECCA MTAHHBIE ONEHKU CXOMATCS K OMHOMY U TOMY
ke 3HaueHuto npu 1T — oo misa pasimuunbix H. OxasbiBaercs, eciim X onu-
CHIBAET TOBEIEHNUE LEHBI (PUMHAHCOBOTO AKTHWBA, TO YKA3AHHBIC BBIPAXKEHUS
TaKXKe MOXHO CYUTATH B MEPBOM MPUOIMKEHUN KOHCTAHTAMU B 3aBUCHMO-
ctu ot H ns mocrarouno 6ombimoro T' (eM. 1. 6). D10 06CTOATENBCTBO CILIy-
KUT OCHOBAHWEM [JIsL TOTO, 4TO0bI O6paTh BemuunHbl (27) B KAUECTBE OLEHKN
MEPBI U3MEHYMBOCTY MIPOU3BOJILHOTO (mHAHCOBOrO akTuBa. Omnpemernss Ta-
KuM 00pa3’oM BOJIATUIBHOCTH, MbI NPUOAEM IAHHOMY IOHSTHUIO MPAKTUYE-
CKyt0 HarismHocTh. Hampuwmep, snanne kagi- H-uaBepcun (MM Oy,gi) TO3BO-
JeT OTBETUTH Ha BOIIPOC: CKOJILKO pa3 Ha unrepsasie [0, 7] MeHseTcs Hanpa-
BJIEHUE W3MEHEHUs IeH X, eciin npeHebperarTh M3MEHEHUAMU Ha, BEJIUYUHY,
Menblnyto H? Tlpu 5TOM MHTYUTUBHO MOHSATHO, YTO 9eM CUJILHEE JIMXOpa-
OUT» PBIHOK, TeM Oosbiie 3uauenue kagi- H-unsepcuu, u naobopor. Renko-
H-uymBepcus naer moxoxywoo WHPOpMAaNWio, NpaBAa, WHOT/A HALILALHEE C
NPaKTUIeCKON ToUku 3peHus O6pars e Mr(H, X), a senuunny My (H, X).
Oupenenerne My(H, X) nano B noKazaTembCTBe JeMMel 1 (cm. 1. 7), 3mech
e TOJIBKO 3aMeTuM, 4To Bemumanaa My (H, X') roBOpUT 0 TOM, CKOJIBKO CKad-
k0B pasmepa H y nensr X nmpoucxomut Ha unTepsase [0, 7], eciu nom ckad-
KOM TIOHMMATh TONMAMAHNE IIEHBI Ha HOBBIA M0 OTHOIIEHUIO K MPENBIIYIIEMY
yposerb Buna X (0) + kH, rne k — uenoe uucino. OTMeTHM TakkKe, 4TO I
BUHEPOBCKOTO Tporecca W BBINONHEHO (CM. NOKa3aTeIbCTBO JIEMMBL 2)

iy Mr(H W)
T—+o0c0 MT(H, W)
WNubivu cioBaMu, Ui OLNEHKE BOJATUIBHOCTU B (27) MOXHO OpaTh Besn-

anwy Mr(H, X) Bmecro 2Mp(H, X). Craructuueckuil aHamus (GUHAHCO-
BOTO PBIHKA [OKA3BIBAET, YTO B OOOUX CIIyYasiX BEJIMUNHA Orenko IPUHIMAET

=2 (mm.).

Onu3Kye 3HaUYeHUs, IO9TOMY B HACTOSIIEN paboTe Mbl OTPAHUYUBAEMCST PaC-
cMorperueM Toibko Mr(H, X).

MaTepecHo Takke OTMETUTH B KAUECTBE OMHOTO U3 MIPUMEPOB UCIIOIB30-
Banus H-unBepcun Ha QUHAHCOBOM PBIHKE ciiemytoriee. [iis mpoun3BOIBLHOTO
nporecca X = (X (t))o<i<r 0603HAUMM

R7(X) = max X — min X.
[0,T7] [0,T7]

Ecnu B xauectBe X B3sTH npontecc oW, rme W — crannapTaoe 6pOyHOBCKOE
IBIDKeHUe, a 0 > 0, TO BBIOJIIHEHO PABEHCTBO (CM., Hampumep, [1])

E (%) _ \/g ~ 1.596. (28)

Iyt mpom3BOBLHOTO TIporiecca X B KauecTBe ¢ OymeM OpaTh OMHO U3 BhIpa-
xkeHuit (27), HAIPUMED Oyagi. OG03HAUMM TOrIA

Ry (X)

H+\/N;(H,X)

WS (H, X)) = (29)
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OxasbiBaeTcs, eciin X ONUCHIBAET MOBEEHNE IIEHbI HEKOTOPOTO (PUHAHCOBOTO
AKTUBA, TO MMEeT MeCTO CBOICTBO (cM. 1. 6)

wiB(H, X)) ~ C, (30)

roe xoHctaTta C = C (X ) HE 3aBUCUT OT H m njig MHOTIX aKTHUBOB OJIM3KA

K 3HAYCHUIO \/g (cp. ¢ (28)). Orcroma, B 4aCTHOCTH, CIIELYET COOTHOILLCHUE

Ry(X) ~ CH\/Ny(H,X).

ITomo6unim cBoiicTBOM obsamaeT u renko-H-unrBepcusi. Pestomupyst Bbirre-
CKa3aHHOE, OTMETHUM, UYTO PACCMATPUBAEMOE B HACTOSIIIEN CTAThHE MOHITHE
H-unBepcun sBiisieTCsl yOadHON XapaKTEPUCTUKON (DUHAHCOBOTO aKTUBA U
MOXKeT OBITH UCIIOIB30BAHO IJIS OIEHKN Pa3HOOOPA3HBIX PHIHOYHBLIX MMOKA3a-
Tenert. Taxxke 3amMeTuM, ITO OIEHKY MapameTpa ¢ mis mporecca X = oW,
rme W — cranmapTHOEe OPOYHOBCKOE MBIKEHUE, MOXKHO TOYUNTh TAKXKe U3
ciencreust 1 (p = 2) no ogroMy u3 Beipaxkeruit (Ry (2) = 6, Ky (2) =5, cm.
3aMedaHre K IOKa3aTellbCTBY TeOPEMbI B II. 7)

2 _ U’1("2)(Ha X) 0_(2)_ _ V’l(“Q)(Ha X)
renko 3T ’ kagi 5T .

o (31)
Craructuueckuil aHaian3 (QUHAHCOBOIO DBIHKA MOKa3blBaeT (cM. 1. 6), 4To
eciu X ONUCHLIBAET TIOBEIEHUE IeH (PUHAHCOBOIO aKTUBA, TO MAHHBIE BBI-
paKeHus, TaK e Kak U BbIpaxkeHus (27), MOXKHO CYMTATh KOHCTAHTAMIU
B 3asucumoctu ot H. Ilpm stom cremyer orMeTuTsb, 9TO BeamduHbl (31)
6ostee ycTONUIMBLL K m3MeHeHusiM H , aem (27), T.e. 06/1a1a10T MEHBIIINM KBa-
OPATUYECKNM OTKJIOHEHWEM OT cpemuero mis pasmuuabix H. Ho, mecmoTps
H& 3TO, Orenko; Okagi IPEICTABIAIOTCA Oojlee HAIVIAOHBIMU C IPaKTHIECKON
TOYKY 3DEHUsI, K TOMY e B BbIpakeHUsX (31) IpUCyTCTBYIOT KOHCTAHTHI 3
7 5, KOTOpPBIE BOZHUKIIN U3 MIPENEITHHBIX TeOPEM IJIs BUHEPOBCKOIO MPOIIECCA,
7, BOOOIIe TOBOPSI, IPYTHe IJIsl TPON3BOIILHOTO (PMHAHCOBOTO aKTUBA.

6. Craructuueckuii aHanu3. CrarucTuueckuil aHam3 6ymemM mpo-
BOAUTH Ui BHYTDUOHEBHBIX IeH (biodepca Ha uumekc SP500 (Emini-
SP500 futures) u donrouepca na wunmekc Nasdag-100 (Emini-Nasdaql00
futures), Topryembix Ha Gupxke CME (Chicago Mercantile Exchange),
3a 2002—-2003 rr. (mamsbL Hepron conepKuT 471 Topropeix aueit). [Ipu sTom
OJIsT KaXXIOTO TOPTOBOIO MHs BbIOMpaeM HamboJsiee JTUKBUOHBIN (bIOUepc-
HBII KOHTPAaKT, T.e. OO (dpiouepc ¢ OImKaiiieil K paccMaTpUBaAEMOMY
IHIO MATOW MOTAallleHus, JubO CIAeNYIONUI 3a HUM. bynem mpenmosarars,
9TO BpeMs t M3MEHSETCs MUCKPETHO C MHTEPBAJIOM B 1 CEKyHIYy, a B Kade-
crBe X (t) ms onpeneneHHOCTH GEpeM IEHy NOCIENHeN COEJIKH B MOMEHT t.
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s kaxknooro ¢-ro OHsS W3 YKa3aHHOTO Iepuwoma HaxomuM renko-, kagi-H-
nusepcuto M (i), N (i) u semuauner UM (i), UP (i), VIV (3), V@ (i) no dop-
mynam (11), (12) cOOTBETCTBEHHO, a& TAKIKE Wiagi(?) U3 BbIpazkeHus (29).
Iiis okoHYaTenbHBIX pacueToB 6epem 3Hauenus M =Y M (i), N =Y N (i),
Ut = ZU(I)(i), U® = ZU(Q)(i)a v = ZV(I)(i), V@ = ZV(Q)(i)a
Wkagi = O Wiagi(1)/ > 1, TIe cyMMUpOBaHUEE BENETCS IO BCEM i-M TOPTOBBIM
magM. 3uavenue H m3MepsieTcs B IMyHKTaX COOTBETCTBYIOIIETO (GbrOUepca
(u3meHeHme Ha 1 MYHKT LeHBI PbIOYEPCA COOTBETCTBYET M3MEHEHUIO NEHEK-
ot mosunuu Ha $50 miag Emini-SP500 nm ma $20 mis dwrouepca Emini-
Nasdaql00). B rabmunax 1 u 2 mpuBeneHBl COOTBETCTBYIOIIME XapaKTePU-
CTUKHU IS YKA3aHHBIX (DBIOYEPCOB I PA3IMIHbIX H , OTKyna, B 4aCTHOCTH,
crienyior coorrorrenus (19), (20) u (30).

H 1 |1.25] 1.5 |1.75| 2 |2.25| 2.5 |2.75| 3 |[3.25]| 3.5 |3.75| 4
5(1)/1-[ 1.83{1.84(1.86|1.88|1.88(1.86|1.88(1.84|1.83|1.80|1.79|1.75|1.69
5(2)/1-[2 4.86[4.91|5.04|5.17{5.21|5.06|5.14|4.86 | 4.83|4.57(4.54|4.26 | 3.94
Orenko |22.9]22.7(22.5|22.3(22.1|22.6(22.7|23.4|23.5(24.7|25.0(26.0|27.4

o 120.6]20.6]20.6]20.7]20.6]20.8]21.0|21.0{21.1|21.6|21.8]21.9| 22.2
n™M/H [1.83]1.85]1.85[1.87[1.89]1.91|1.93[1.93]1.92]1.90(1.89(1.87]1.87
n?)/H?[4.23]4.28(4.31]4.38]4.47|4.54(4.63|4.61 |4.55]4.46 | 4.38]4.32]4.30

Okagi | 21.1[21.2]21.1]21.1[20.9]20.8]20.7[20.9|21.2]21.5[21.8[22.2]22.4
or): [19.5/19.6]19.6]19.7]19.8]19.9[20.0|20.0|20.2| 20.3| 20.4|20.6 | 20.8
Wiagi | 1.49/1.51]1.52[1.54]1.57]1.59|1.61]1.60[1.58]1.58]1.55|1.581.60

Ta6muna 1. Emini-SP500 futures

H 2 [25] 3 [35] 4 [45] 5 [55] 6 [65] 7 [75] 8
¢MW/H [1.85]1.86]1.86]1.87|1.89]1.87(1.86]1.83|1.83[1.79]1.76]1.72|1.70
¢ /H?14.95|5.02(5.00|5.07|5.13|5.06 |4.95|4.77 | 4.73| 4.57 | 4.36 | 4.14 [ 4.06
Orenko |46.0]45.4145.4]45.1[45.0(45.9146.2]47.4]48.7]50.6|51.7|54.2| 54.4
o2 o la1.8|41.5|41.5]41.4|41.6(42.1]42.0|42.2]43.3|44.2|44.1 |45.1 | 147
n™M/H |1.86]1.88[1.89[1.89]1.89]1.89]1.90(1.91[1.92]1.91]1.90(1.89|1.87
7 /H?|4.40]4.45|4.444.43|4.43]4.44]4.47|4.52|4.53 | 4.48 ] 4.43 | 4.36 [ 4.24

Okagi |41.8|41.8142.1|42.3142.4|42.6|42.6|42.6|42.8|43.3|43.9|44.6|45.7

i 139.2]39.5)39.7|30.8]39.9|40.2]40.3|40.5 | 40.7] 41.0 [41.3 ] 41.7 | 42.1
Wiagi | 1.55]1.55 | 1.55|1.55] 1.56 | 1.57|1.59 | 1.60 | 1.62|1.62[1.60 | 1.59| 1.59

Ta6muma 2. Emini-Nasdaql100 futures

CraTuCcTUUecKuil aHAJIU3 TOKAa3LIBAET TakXke, UTO H-BOIaTUILHOCTH
SIBJISIETCS YCTOMYMBON XapaKTEPUCTUKON aKTUBA B 3aBUCUMOCTHU OT KOJle-
Ganuii peiaka. VuHadue roBops, mils «OYPHBIX®» U <CIOKOWHBIX®» THEN 3Ha-
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uenus H-ponmaTwibHOCTH GIU3KU APYT K OPYTY, a 5TO 3HAYUT, 4To H-Bo-
JATWIBHOCTD ABJIAETCS CBOETO Pofa (DPAKTATBLHON XapaKTePUCTUKON aK THBA
(B TO BpeMs KaK MHIUKATOPOM «GyPHBIX> U «CIOKOWHBLIX®> IHEN MOXKET CIly-
x®uTh H-unBepcus, cM. 1. 5). B xadectse npumepa Bo3bMeMm Emini-SP500
futures u mna H = 1.5 obosnaumm wepes DY\ mucnepemo pama £ (i)/H,
D? . — nucnepcuio pana £3)(i)/H?, rne wHnexc i yKasblBaeT Ha THU U3
3a[IAHHOTO BhITIe mmamasona, a pemmamaa (i) (€?)(i)) ects renko- H-o-
JATWIBHOCTb COOTBETCTBYIOIIETO TMOPSIKA IUIA -TO JHA. AHAJIOrMYHBIM
o6pasom ompenemum Dy, i, Dy, ;. Torma mis DaHHOH CTATHCTIYECKOH Gasbl

pacuera

renko renko

Do = 0.07, D2 ~3, Dy,;~002 Di._~0.7.

OTMeTuM, 9TO B Ciaydae renko OUCIepCus CyIIECTBEHHO GOJIBIIE, YeM B CIIy-
qae kagi. OTo rosoput o ToM, uTO kagi-merommka paGoraer syurie renko
B ompeneneHHoM cmbiciie. s npyrux H u3 COOTBETCTBYIOIIETO AUAIA30HA,
MUCTIEPCUsT TPUHAMAET OJM3KME K YKA3AHHBIM 3HAYCHIUS.

s cpaBHEHUs 3[eCh K€ MPUBENEM PE3yJIbTATHl AHAIN3A [JI1 BHY-
TPUOHEBHLIX IleH OObIkHOBeHHBIX aknuit PAO EOC, Ttopryembrx Ha 6upike
MMBSB, 3a 2001-2002 rr. (479 Toproeeix neit). Taxxe cauraeM, 4TO BpeMst
U3MEHsIeTCS. NUCKPETHO C MHTepBaJoM 1 cekyHna, a B kauecTBe X (t) Gepem
[IEHy TIOCJICNHEN COEIKY B MOMEHT t. SHauenue H m3mepseTcs B KONEHKaX, a
COOTBETCTBYIOIIE XapaKTePUCTUKY, ycpenHenusie o H mist H € [1.1,2.4]
¢ maroMm 0.1, narwr B Tabmaure 3.

2 2
5(1)/H 5(2)/1{2 Orenko nger)lko 77(1)/H 77(2)/H2 Okagi Ul((a)gi Wkagi
1.99 5.95 0.170 | 0.169 2.01 5.10 0.154|0.156 | 1.73

Ta6muna 3. PAO EOC

7. Iloka3aTeJILCTBO OCHOBHBIX Pe3yJIbTATOB.

HoxaszartensrcTBO meMMbl 1. g caygas H-daykryaunun
IOCTPOUM MHIYKTHUBHO CIIEAYIOIIYIO IIOCIENOBATEIFHOCTE MOMEHTOB OCTa-
HOBKW:

50:0,..., ﬁi+1:inf{t>ﬁi: ‘X(t)—X(ﬁl)‘:H}

B cuity mHenpepsIBHOCTH peasm3anuii X O9eBUIHO, YTO IJIsi HEKOTOPOTO
koneurnoro M = My (H, X)) mbr ocranosumcs, T.e. | X (pr;) — X (u)| < H s
u € [py,T]. Hanee, u3 (p;),_, ;; TOCIENOBATENBHO BBHIIEIUM BCE TaKHe
MOMEHTEL (p;, )m=1,.. m—1 it Hekoroporo M = Mr(H,X), uto i3 < --- <
ip/—1 ¥ BBIIIOJTHEHO

(X (pi,,) = X(Pi—1)) (X (Pi41) — X (p5,,)) <O.
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O6osrasmm py = 0, po = p1, Par = Pips P = Ty Py = Pires P = Pipr1 WIS
m=1,...,M—1. B urore na unrepsaie [0, 7] 01 HEKOTOPOTO CIIyYaliHOTO

M = Mr(H, X) nosyauM nocienoBaTeIbHOCTb (P}, Pm)m=o,... m- Kax Gyner

7777

HOKA3aHO B HaJbHeieM, Habop (p,)m=o... a SBISETCS MCKOMBIM B COOTHO-

7777

wrernu (5). s ciaygas H-Bapuanuu MHIYKTUBHO ONPEINENNM CIELYIOLIee.
Basa uanykmumn: 7y = inf{u € [0, T]: maxy ) X — minj ) X = H},

argmin X, ecn X (79) = max X,
% [0,7’0] [077—0]
K argmax X, ecmm X (7p) = min X.
[077—0] [077—0]

Mlar wanykmun (n — n + 1):
inf{u € [7,,, T]: max X — X (u) = H},

Tn U]

ecm  X(r,) — X(7}) = H,
Tl =
i inf{u & [r,, T): X (u) — min X = H},
ecim X(Tn) — X(r) = —H,
argmaxX, ecam X(7,)—X(7})=H,
% _ [Tnﬂ'n-%—l]
T+l arg min X, ecmn X (1,) — X (1)) = —H.
[Tnﬂ'n-%—l]

IMockonbky peanmusanuu X sHenpepbiBabl Ha [0, 7], TO, O9€BUIHO, ISl HEKO-
TOPOTO KOHEUHOTO n* MBI OCTAHOBUMCS, T.€. T,y He cylecTByeT. Ilomoxum
Torma N =n*"+1,7y=Tnu
argmax X, ecm X (7,-) — X (7)) = H,
[Tn* 7T]

argmin X, ecm X (7,-) — X(7)5.) = —H.

n
[Tn* 7T]

N

B wurore ma unrepsane [0,7] mis mHekoroporo ciydaiiHoro N = Np(H, X)

HOJIY UM HOCIIENOBATEILHOCTD (7,5, Ty )n—o,.. N. IIPI 5TOM BBIIOIHEHO

o < Tp<Tpp, |X(mp)—X(m)|=H Vn=0,...,N—1,
T <Tn =T, | X (m5) — X(7w)| < H,
sign (X (7,,) — X(7,,1)) = sign (X (75-1) — X(75,1))

= (=1)""'sign (X (r0) — X(73)) VYn=1,...,N. (32)

AHajIOruIHbIE COOTHOIIEHNUS BBIIOIHEHBL U IS (0, Pm)m=0

P < Pm < Progrs 1 X(PR) = X(pw)|=H  Vm=0,...,M—1,
Py < pu =T, | X (phe) — X (pr)| < H,
sign (X (p7,) — X (p7, 1)) = sign (X (pr—1) — X (p7-1))

= (=1)""" sign (X (po) — X (p)) Vm=1,...,M. (33)
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BaxHO OTMETHTBH, YTO U3 MOCTPOEHUSI CIIELYET, UTO MOMEHTEL (P )m—0.... Ms

(Tn)n=o,... N SABIAIOTCS MAPKOBCKUMI, a BEIMYUHEL p), 7% msm = 0,..., M,
n =0,..., N OUpenensioTcs COOTBETCTBEHHO B MOMEHTEL p,,, T, UCXOII U3
nosenenust X Ha UHTEPBAIAX [Pm—1, Pmls [Tn-1,Tn) (p—1 = 7-1 =0).

Ecnu H TakoBO, 9TO He CyIIECTBYET YKA3AHHBIX BBIIIE MOCIEIOBATEb-
HOCTel, TO Torga BenumuuHbl (1), (2) paBHBI Hy/IIO, & 3HAYAT, B KaUeCTBE
UCKOMBIX TIOCIIEZIOBATENLHOCTEN MOXKHO B35ITh, HAIPUMED, TOUKY () 1 MOKa3bI-
BaTh Heuero. B naspreiimem GymeM cauTaThb, 9T0 HAGODPHL (pk,, Pm)m=0.... M
(1%, Tn)n=o,...y HeTpuBHAJIBHBL, T.e. M, N > 1.

Paccmorpum npoussosbayo ¢dysknuio F, senpepwsuyio Ha [0,7], u
OIpENeNnM IJIsl IPOU3BOILHBIX (to, ..., tr) Takux, uro 0 <ty < -+ <ty < T,
dyHKIIMOHAII

U(tg, ... t) = z_: |F(t) — F(ti_y)|.

s mokaszarenscTBa cooTHouteHnit (5), (6) mOCTATOYHO MOKA3aTh, YTO 1L
MOMEHTOB (0, )m=o....a5 (T, )n=0.... N, DOCTPOEHHBIX 111 hyHKIuu F 1o yxa-
3aHHOMY BBIIIE AJITOPUTMY, BBIIOIHEHO

U(pgy--->pr) =Ur(H, F), U(7g,...,7n) = Vr(H, F).

Hoxkaxewm cuavana, aro U(75, ..., 7%) = Vr(H, F). PaccmoTpum nponsBosis-
Hoe (tg,...,tr) € Ty u mokaxem, aro ¥(ty,...,tr) < U(75,...,7x). Ecmm
cymectByeT ¢ = 1,..., L — 1 Takoe, 9TO

(F(t) — F(t 1)) (F(tis) - F(£:)) > 0,

10 TOUKy t; u3 (to,...,t;) BeIKuObIBaeM. Y Tak masee, moka He IOy IUM He-
KoTOpOe pasbuenue (So, ..., sy ) € Ty Takoe, aro (So,...,sy) C (o, ..., t1)
U BBIMIOJTHEHO

(F(s:) = F(s-1))(F(s051) — F(s:)) <0 Yi=1,...,M—1.

IIpu sTom, oueBunuo, ¥(ty,...,tr) = VU(so,...,Sx). [lomoxum ms onpene-
nensoctu F(77)—F(75) > 0 u paccmorpum Bee 7;° € [0, $1], ycTh 5TO TOUKH
(15, ...,77). 3aMeTuM, 9TO 5TO MHOXKECTBO He IyCTo, Tak Kak 74 € [0, s].
BosmoxHBL nBa citydasi.

Cayuait 1: F(s;) — F(sg) > 0. Ecim I — HeueTHOe 4mcsio, TO B pas-
Guenun (Sg, ..., Sy ) MEHsIeM TOUKU Sg,S; HA T§,...,T;. Ecam I — derHOe
qucio (B gactHocTu (), To B ciryuae F(sy) — F(77) > H TOUKy s; MeHseM
Ha 7§,..., T}, uHaue, T.e. F(s;) — F(1}) < H (3amerum, uro torma I > 1),
TOUKH Sg, S; MEHAEM Ha Ty, ..., T[] 1.

Cayuait 2: F(s;) — F(sg) < 0. Ecau I — uerHoe umcio, T0 B pa3bu-
eHuu (Sg,...,Sy) MEHsIeM TOYKHU Sg,S; HA Tg,...,T;. Kcmu I — HedeTHOe
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qucio, To B ciydae F(7f)—F(s1) > H TOUKy So MEHsieM Ha T(, . . ., T}, HHAYE,
r.e. B ciayuae F(17) — F(s1) < H, TOUKU Sp, S MEHSEM Ha T§,...,T}_;.

B urore m1s o6oux cirydaes mosaydaeM pasouenue (ug, . .., up) € Ty, roe
(wo, ... uy) = (75, s 75)s (Wgg1s--up) = (Syry--ySm), J € {I —1,1},
J" € {1,2} u3 mocrpoenus. Ipu stom ¥(ug,...,up) = ¥(s,...,Sn) 1

(F(u) — Flui1))(F(uin) — F(u)) <0 Yi=1,...,P—1.

Hanee mus wHTEepBaja [Ug,Ujsy1| IPOBEmEM Clledyloliee IPOGIIEHUe.
st onpenenensoctu monoxuM F(uyiq1) — F(uy) > 0 m paccMoTpum BCe
7 € (uy,uy41]. HycTs 510 TOUKM (T7,4,...,T] o) Mg HEKOTOPOTO (Q > 1
(ecrm TakuMX He HAMNETCs, TO TOUKY Ujyi; 3aMEHseM Ha T ;, IPI 5TOM,
oueBumHO, Tj,y € (uy,uUsy2), F(77,) > F(us1)). Ecmm Q — meuersoe
UIICII0, TO TOUKY Ujy1 3AMEHSeM Ha (Tj,,,...,Tj,q). Lcma @ — deTHoe,

*
T0 B cinyqae F(uyq1) — F(77, o) > H ¥ ucxonmomy pasGueHuro nobasisem
(Tii1s- -+ Tirq), uHAUE, T.e. B canydae F(uy1) —F(77,.o) < H, Mensem u 4y
Ha (T7,1,--+,Tj o 1) DB mTore momyumm pasbuennme (wy,...,wg) € To,
* *
roe (wOa ) wJ—i—Q') = (Toa ) TJ+Q')5 (wJ-i-Q'-i-la ) wK) - (uJ-i-la ) uP)a
!/
Q' €{Q —1,Q}, upu stom ¥(wy, ..., wg) = ¥(ug,...,up) u

(F(wl) — F(wi_l))(F(le) — F(wl)) <0 Vi= 1, ceey K—1.
AHaJIOrMUHY0 TPOLENYPY MIPOBOAUM C HHTEPBAJIOM [Wjigr, WiiQ+1)

(ecmm J+ Q'+ 1 = K, To 6epeM [wyiq,T]) u Tak naigee mo Tex mop, MOKa
B WTOTe He IOJIyduM UCKOMOe pasbuenue (7¢,7;, ..., Th); T.€. BBIIOIHEHO

\I/(t(),...,tL)g\I/(Tg,...,TX[) V(t(),...,tL)GTQ,

a saauut, Vr(H, F) < Y(75,...,T%). O6paTHoe HEPABEHCTBO OYEBIIHO.
Hoxkaxem Teneps, ato ¥(pg, ..., p4) = Ur(H, F). Ilnsa storo onpene-
auM dyukmoo F caenyrommM o6pa3om:

F(t) = F(p;), ecmu t € [Py, pip1), i=0,...,M—1,
F(ps), ecmn t € [pr, T

C ommoit cTopowsl, (Po, - - -, ;) € T1; ¢ APYTOit CTOPOHEL, [ IPOU3BOILHOTO
pasbuenus (tg,ty,...,tx) € T BBIIONHEHO CremyoLIee:

Vk=0,....,K Im=m(k)=0,...,M: F(t;) = F(pn).

Orciona crenyer, aro Up(H, F) = Up(H, F). Ho mis KyCO4HO-TIOCTOSHHOI
byHKITIN F ¢ KOHEUHBIM THCIIOM (Tak kax F' HEIpepbIBHA) MHTEPBAJIOB IO-
crosHcTBa HepasercTso W(pg, . .., pi;) > Ur(H, F) BHIIOIHEHO OYEBIIHBIM
obpazom. [eiicTBuTenbHO, HAGOD (05, . . ., phy) HOTydaeTcs u3 (Do, - - -5 P57)
BBIKOBIBAHUEM TOYEK p;, OJIsI KOTOPBIX

(F(pi) = F(pi-1))(F(pi+1) — F(ps)) > 0.
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OueBumuo Ttaxxe, uro ¥(ps,...,ps) < Ur(H, ﬁ) U, CIIENOBATENLHO,
U(py. .., ply) = Ur(H,F) = Up(H, F). Jlemma 1 mokazana.
Bameuanune Bemunun Mp(H,X), Np(H,X) TecHO CBsI3aHBI C
aIIapaToM KyCOYHO-MOHOTOHHBIX NPHUOJIMKEHNA. A NMEHHO: HEIpepHIB-
Hast Ha [0, 7] dyHKums f sBiIsS€TCS KyCOYHO-MOHOTOHHOU mopsnka n € N =

{1,2,...}, eciim cymecrByer pasbuenue (to,...,t,) Takoe, uro 0 = ¢, <
ty < -+ <t, =T u f MoHOTOHHA Ha KaxXnoM uHTepBase A; = [t;_1,t],
i =1,...,n, U He ABJILETCSA TAKOU Ha JIIOOOH Iape COCEIHMX OTPE3KOB A;

(cm. [4]). MuoxecTBo Takux QyHkuuit 6ymeMm o603HAYATH X,. Ilis dyHK-
tmn (F(t))icjo,r) TPU TAHHOM HATYDPAIBLHOM N OyIeM PacCMATPUBATH €€ HAU-
JIydliliee NPUGIIMKEHNE 5JIEMEHTAMU CEeMENCTBa Y, KOTOPOE OIPENesIseTCsE
COOTHOIIICHIEM

M,(F) = inf sup |F(t) — f(t)|.

fex, te[0,7]

B pa6ote [3] 6bu10 mOKa3aHo, uTO Auis 10601 HenpepwiBHOR Ha [0, 1] dyHK-
nuu F BBEIOSIHEHO

Ny(H, F) = min {n € N: M, (F) < g} .

st Besmamast M (H, F') Takike MOXHO YyCTAHOBUTBH OYEBIIHBIM 06Gpa3oM,
yro Mr(H, F) ecTb TOPSIIOK KyCOYHO-MOHOTOHHO (DyHKIIUM F , Toe pyHK-
s F OmHOSHAYHBIM 0GDA30OM OIpENeIseTcs no sHadeHmsM (F (Pi))io.... it
((ﬁi)izo,..., 7 — TIOCTIeNIOBATEeNTBHOCTE, O KOTOPOI TOBOPHUTCA B IOKA3aTENlb-

cTBe JleMMbI 1). A mMeHHO:

- - - t—pi S
F(pl) + (F(pi-i-l) - F(pz)) ~ ~ te [piapi-i-l]a
~ Pit1 — Pi N
F(t) = i=0,...,M—1,
F(ﬁ]\})a t e [ﬁM,T]

Yka3zaHHas B3aMMOCBSA3b IOKa3bIBAET, B YACTHOCTU, YTO BEIMYUHBI
My (H,F), Np(H,F) omupeneneHsl KOPPEKTHBIM 00pa3oM, T.e. 3aBHUCSIT
TONIBKO OT dyukiuu F u 3uavenunn H,T.

HoxazaTenrcTBO TeopeMbl. [lokaxkeM cHadasa TeOpeMy
s caydas o = 1. Iyers (pf, Pm)m=o....ms (Toy Tn)n=o0,..N — MOMEHTBI
BpPEMeHH, 0 KOTOPBIX roBopurcs B jtleMMe 1. Torma us (33) cnemyer, uro mis
moborom=1,....M —1

‘Wp;*n - Wp;*n_l‘p = ‘Wp;*n - me + me - Wﬂm—l + me_l - Wp;*n_l‘p

. P
= (2H + (W,, = W,, ) sign(W,, =W, )) . (34)
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IMockonbky Benmmunsa sign (W,. — W« ) HOIHOCTBIO OLpENessieTcs: 3Haue-
Pm Pm—1
s (W) ielpn 1 ,om]> & (Pm) — HOCIENOBATETLHOCTD MAPKOBCKIX MOMEH-
TOB, TO B CHJIy CBOMCTBa CTPOTON MapKOBOCTU BUHEPOBCKOI'O IIpOllecca Be-
mwaudel (|W,e — Wy [P)p—1 a1 ABIASIOTCS HE3ABUCHMBIMI U OMIHAKOBO
-
pacupenenenabiMu. Tax kak M = Mp(H, X) — 400 (w.u.) npu T — +00,
_ P _ i _ P

a Wy =W, |P=Q2H+(W,,, —W,,_,)sign(W,: —W,. )+en)?, rme
BesmuuHa €); orpannuena (—2H < ey < 0), TO B Culy yCUIIEHHOTO 3aKOHA
OOJIBIINX YUCET

an\le ‘W M Wp;*n_l ‘p
M

Ananoruyno JOKa3bIBACTCs, 9TO

N
n= ks T P
2ot W i S E[W, — W,

Haitnem cravana E|[W,. — W,
HOCTB (Qy;)=1,2,... HE3ABUCHMBIX ONUHAKOBO PACIPELEIICHHBIX BEJINUNH C PAC-

— E‘Wp; — WPS

P (mm) npu T — +o0.

P (mm) npu T — +oo.

P Isst 3TOTO PacCMOTPHUM IOCJIENOBATEIb-

TIpeneieHneM
1, 0.5,
(8] =
k -1,  0.5.
O6o3naunm Takxke B3, = Y p_; Qg, m = 1,2,..., U PACCMOTPUM CITyJaiHyTO
BEJTUYIHY
v =min{n > 1: 8, =n —2}.
3ameTnM, 9TO ¥ — MOMEHT mepBOro mameHust (,. Ilockombky, Kax JIerko

nouATh 3 (34), [Wye — W [P b (2H + §,H)?, To u3 toro, uro B, = v — 2,
aEvP =% nP/2" cnenyer (13) mst o = 1.
Ina nokazarensersa (14) 0603HAMMM

0 = inf {u>0: maxW — W, = H}. (35)

[0,u]

B CIJIy MapKOBOCTU MOMEHTOB Ty, 71 JIETKO IIOHATH, 9TO

(Wﬁ - WTU) Sign (WTI* - WTS) ng W@a

a saaunt, E[W.. — W_.|P = E(2H + Wy)?, 4T0 nokassBaeT UCKOMOE.

II;1a mokasaTelbCTBa TeOpeMbl I Caydas IpOM3BOJILHOTO o > 0 mo-
CTaTOYHO BOCHOJIB30BATHCS CBOMCTBOM aBTOMONEIHLHOCTI BUHEPOBCKOIO IIPO-
Law
necca: (oWy; 0<t<T) = (Wy; 0<t<o?T). Orcroma cremyer, 9To

(MT(Ha UW)a i(“p)(Ha UW)) L%W (Mng(H, W)’ Ug;’(Ha W))a (36)
(N7 (H,oW), Vi (H,oW)) "2 (Nar(H, W), VEL(H, W)).  (37)

Teopema mokazama.
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Bameuanne [us cuyuaes p = 1,2 malinem 3uadeHus Ry (p),
Ky (p). Jlerko moncunrars, uro Ry (1) = 2, Ry (2) = 6. Hmst Toro 9robet
maiitu Ky (1), Ky (2), paccMOTPUM BeIUInHy

¢’ = inf{u > 0: |W,| = H}. (38)
La
HockonbKy B cuity Teopemst Jlesn (cm. [6, c. 211]) [W,| =" maxjoy W—W,, To
permmuuHEL (' 1 0 MMEIOT OOMHAKOBEIC paclpeneieHus, a sHaunt, E6 = Ef'.
Ho B cuny toxmectsa Bambma Ef = EWZ = H?, mostomy EWZ = H?,
EW, = 0, orkyna cnenyet, uro Ky (1) = 2, Ky (2) = 5.
HoxaszaTenrcTBO JeMMBbl 2. PaccMoTpuM cHavasa Cirydai
o = 1. Ilyets (Pm),,—o. ji» (Tn)n=0,.,N — MAPKOBCKHE MOMEHTbI, O KO-
TOpeIX TOBOpuTCsA B jemMme 1. Torma kaxmas m3 MOC/IENOBATEILHOCTEN
(Pm = Pm—1),,—1 5 ¥ (Tn = Ta—1)n=1,..N TIPEICTaBJIAET cOGOM TOCTENOBA-
TE€JIbHOCTHh HE3aBHUCHUMBIX OONUHAKOBO PacCIIpEOeJICHHBIX CJIy‘-Ia.fIHbIX BEJINYNH,
IIpU 5TOM

(B = Pm1) 20, (1 —701) 20,

raoe 6, ¢ onpenensitorcs w3 coorHorenuit (35), (38) coorsercrsenro. Ilo-
ckoneky E¢' = Ef = H? (cm. Boune), a mpu T — +00 BBIIOIHEHO
M = MT(H, W) — 400, N = Np(H,W) — +0c0 (m.H.), TO B CHiIy ycu-
JIEHHOT'O 3aKOHa GOJIBIINX YKCel HEMEIJIEHHO cliemyeT cooTHoeHue (16)
g o=1mn

T=too Ny (H, W)

Insa nokasarenscrBa (15) B ciiyuae 0 = 1 paccmorpum U )(H, W)
s p = 1. Hecmoxuo mOHITH, 9TO

UM (H, W) = My(H,W) H.

IMocnennee pasencTso B coBokymaocTu ¢ (13) u (39) maer uckomoe. Iokaza-
TEeJILCTBO JIEMMBI IJIsl IIPOU3BOSIbHOIO o > 0 cienyer u3 (36), (37).

NoxaszaTtenbcTBO yTrBepxnenus 1. Jlokaxkem yTBep-
XKIeHUe CHauasla Iuist ciydas renko. M3 (21), (33) crenyer

Mr(H,X)

TRH,X) = Y ()" sign (X(o0) ~ X(20) [ X ()4X(0)

m=1
M7 (H,X)

= > (=1)"™"sign(X(po) — X(p5)) (X (pm) = X (pm—1)

* FX(05) — X(h) + X(phu ) — X (o))
M (H,X)
= Y (1X(p;) — X(p_1)| — 2H) + e (H, X), (40)

m=1
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rnoe €¥(H5X) = H+é¥(HaX)a a ‘5¥(H,X)‘ = ‘X(p}‘\/[T(H,X))_X(pMT(H,X))"
Torma B cuny (33) Bemonnero 0 < eX(H, X ) < 2H. Cnywait kagi nokassr-
BAETCS AHAJIOTWYHO C TOH JIAIIL pasHuUIei, uro 0 < X (H,X)< H. YrBep-
xkneHre 1 mokasaHo.

HNokasartenbcTBO yrBepxnenus 2. Ecom R(H) > 2,
To u3 (40) cremyer

YJE(HaX) = (éT(HaX) - 2H) MT(HaX) +€¥(H’X)a

OTKyZHa O4YeBUIHBIM 00pa3oM IOJIydaeM

lim EyR(H,X) = lim E&p(H,X)—2H + lim g ot X)
T—+oco yT ! B T—+oco T ! T—+oco MT(H,X)

= (R(H)—-2)H.
Ananoruuso, ecnmu R(H) < 2, To u3 (40) cienyer
YA(H,X)= (2H — ¢&p(H, X))Mp(H, X) — eX(H, X),

a sHaunt, limy_, . BEyf(H,X)= (2— R(H)) H.
YTBepx)aeHue 2 moka3aHo. Y TBEPXKIEHNE 3 MOKA3ZHLIBAETCS AHAJIOTMYHO.
AgTop BrIpaxaeT GimaromapuocThb A.H. [upsieBy u b. C. Kamuny 3a
IoJIe3HblEe 3aMeYaHUs IPU 00CYyXKIeHnu pabOTHI.

CIINCOK JIMTEPATYPHIL

1. Hdyadu P., Hop M., Illupges A. H. O BepOATHOCTHBIX XAPAKTEPUCTUKAX BEIIMUMH <IIa-
[EHUsI» B CTAHIAPTHOM OPOYHOBCKOM NBIKEHHZ. — Teopusi BEpOsSTH. U ee IIPUMEH.,
1999, T. 44, B. 1, c. 3-13.

2. Kawuwn B. C., Ilacmyxoe C. B. O KpaTKOCPOYHOM ITPOrHO3UPOBAHUU HA PLIHKE IEH-
weix 6ymar. — ok, PAH, 2002, T. 387, Ne6, c. 754-756.

3. Ilacmyzoe C. B. 06 H-BonaTuibHOCTHU B (DUHAHCOBOI MaTeMaTUKe. — Y CIEXH MaTeM.
Hayk, 2003, T. 58, Nel, c. 191-192.
4. Cesacmvanos E. A. Kycouno moHOoTOHHas ammnpokcumarnus n ®-sapmanum. — Anal.

Math., 1975, v. 1, p. 141-164.

5. Hupses A. H. OcHOBBI cTOXacTUUecKoil ¢puHancoBoit maremaruku. T. 1. M.: daswuc,
1998, 489 c.

6. Karatzas I., Shreve S.E. Brownian Motion and Stochastic Calculus. New York:
Springer-Verlag, 1998, 470 p.

7. Nison S. Beyond Candlesticks: New Japanese Charting Techniques Revealed. New
York: Wiley, 1994, 280 p.

Iloctynuna B pemaxiuio
19.1.2004



