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Mg paccMaTpuBaeM 3a7ady OIEHKH [MapPAMETPOB BXOISINETO MOTOKA Te-
JIEKOMMYHUKAIIMOHHOM cucTeMbl. [Ipesmosaraercst, 970 MOTOK €CTh KOMIIO-
3UTKS HECKOJILKUX HE3aBUCUMBIX aCUMIITOTUIECKH CAMOIIOIOOHBIX TayCCOB-
CKUX TIpOIeccoB (Hampumep, JpoOHBIX OGPOYHOBCKHX JBuzKeHnit). Ha
NIPAaKTUKE OYEHb BAYKHO YMETh OIEHUBATDL MapaMeTPhl XepcTa KOMIIOHEHT
nporecca (WM, 9TO SKBUBAJIECHTHO, HAPAMETPBI JIOJTOBPEMEHHON 3aBUCHU-
moctr). [Ipemiaraembiii MeTOJI 3aKII0UAETCS B UCIOJIb30BAHUM [IOCTIEI0BA~
TEJLHOCTU BEHBJIET-KOIMDDUIIMEHTOB MPOTlecca U IMPUMEHEHNH K Heil per-
PECCHOHHOI'O aHAJIN3A.

We consider the problem of parameter estimation of input flow of
telecommunication system. It is assumed that the flow is the composition
of several independent asymptotically selfsimilar gaussian processes (for
example, fractional brownian motions). Very important practical problem
is the estimation of Hurst parameters of the components of the process
(equivalently, the parameters of long-range dependence). The main idea is
the using the set of wavelet coefficients of the process and then applying
the regression analysis.

KittoueBbie cjioBa: JI0JI'OBpEMEHHAsT 3aBUCUMOCT, JIPOOHBII I'ayCCOBCKUI
Iy M, OIIEHKA IIapaMeTPOB, TEJIEKOMMYHUKAIIMOHHBIE CETH.

Keywords: long-range dependence, fractional brownian noise, parameter
estimation, telecommunications networks.

BBenenue

B 90-x romax XX Beka ObLIn MIPOBEJIEHBI UCCIEIOBAHUS CBOMCTB MHTEpHET-Tpadu-
ka kopropanun Bellcore (Bellcore Morristown Reserch and Engineering Centre) npu
PA3JIMIHBIX YCJIOBHUAX. YCTAHOBJIEHO, UYTO TpadUK 0071a/1a6T CBOCTBOM MaCHITAOUPY-
emoctu. Ha ocHOBe 3THX pe3ysbTATOB OBLIN CHEJAHBI 3aKJIOUEHUS O TOM, UTO MPHU
onucanun TpaduKa OCHOBHYIO POJib UrpaioT Tpu mapamerpa ([4]):

® CKODOCTB;

e napamerp XepeTa;

® apaMerp IMUKOBOCTH.

DTOro AOCTATOYHO JJjIsl PEIIeHUs] TAKUX TEXHUIECKHX BOIPOCOB, KAaK, HAIIPU-
Mep, KOHCTpyHupoBaHue Tpaduka, IPeJOTBPAIIEHNE BO3MOXKHBIX MEPETPY30K B CETH,
ONTUMU3AIS UCIIOJIb30BAHNS CETEBBIX PECYPCOB, OIPEIETEHNE MTapAMETPOB KAIECTBA
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88 TAJTAKTMOHOBA 0O.B., XOXJIOB I0.C.

obcyxuBanus. [losromy nmapamerp Xepcra 3aHUMAET IEHTPAJIHLHOE MECTO B OITUCAHUN
CaMOTIOI0OHOTO TpaduKa.

Heobxoanmo ormMeTnTh, YTO CaMOIIOAOOHBIE IPOIECCHI, KAK MPABUIIO, OOJIAIAIOT
cBoficTBOM 0sroBpeMenHoi 3apucumoctu (JIB3). Hamomunm, aro ecaun X (t) siBsisiercst
CTAIMOHAPHBIM CTOXACTUIECKUM HPOIECCOM € aBTOKOBAPUAIMOHHON dhyHKImen vx (T)
U CIEKTPAJILHON IIOTHOCTBIO fx (V), TOra 9T0 CBOWCTBO 03HAYAET UTO

1x (1) ~ el 7070 7 — 0. (1)
B TepMuHax crieKTpaJibHOI INIOTHOCTH 3TO SKBUBAJEHTHO TOMY, YTO
fxW) ~erlv[~ v — o0 (2)

upu « € (0,1). @ynxnust fx (V) B ciaydae nporecca ¢ JUCKPETHBIM BPEMEHEM YI0BJIeT-
BOpsIeT COOTHOIIEHUIO

1/2
2
1x(0) =0 = / fx()dv,
~1/2
rjie 0% - mucrepcus (WM MOIHOCTE) Xj.
Kazxxmoe u3 9Tux ompe/esnennii BKIIOTAET ABa mapaMeTpa (a, ¢y ) I (o, cp), IpudIeM

cr = 2(2m) T () sm((l’TO‘)”) ey

IMapamerp Xepcra onuchbiBaer (ACUMITOTHYECKH) CAMOIIOI00ME KyMyJISITUBHOM (ar-
PErupOBaHHON) BeJIMYUHBI TpadUKa fot X (s)ds, B To Bpems Kak « omuceiBaer JIB3
uporiecca X (t). Dru nBa mapaMerpa CBA3aHbI MeXKy coboii coornomennem H = (1 +
a)/2.

[Tapamerp « sIBJIsieTCsI OCHOBHBIM, TaK KaK OH OIIPEJIeJIsieT CYIIeCTBOBAHUE CAMO-
ro (peHOMeHa U yIpaBIIseT ITOBEJEHHEM MacCIITaOHON XapakTepucTuku. IlapameTp cy
UrpaeT BayKHYIO POJIb B mpobseme oneHkn cpeanero. s mporeccos ¢ JIB3 kmaccude-
CKOE aCUMIITOTHYECKOE BBIPasKeHUe 0% /N JJist JIUCIePCUN BHIGOPOYHOTO CPETHEro Kak
dbyHKIMI 0T pasmepa BbIGOPKH 1 3amensiercs Ha 2¢n® ! /(1+a)a. Tak kak qucnepenst
IIPOTIOPITIOHAJIBHA Cf, TIOJIyUaeM, UTO JOBEPHTEIbHbIE HHTEPBAJIBbI JIJI BBIOOPOYHOIO
CPEJIHETO, TI0 CYIIECTBY, IIPOIOPIIHOHAJBHEI Cf. Kpome Toro, B Takoit 06JacTu IpuIIo-
JKEHUH KaK TeJIEKOMMYHUKAIIUU STOT IIapaMeTP UI'PAET BaXKHYIO POJib, IIOCKOJIBKY, KaK
MMOKA3aHO B PSJIE UCCJIEIOBAHUIN, €r0 POCT yBEJIMIUBACT 33JIEPKKY OUepPeIu.

CoBpeMeHHbIE MYJIbTHCEPBUCHBIE CETH MPEJIOCTABJIAIOT CAMBIE PA3JINIHBIE WHTEr-
pajbHbIe yeiyru. Harpumep, mo/ib30BaTe /b MOYKET 3AIIPOCUTH TPAHCJISIIIIIO TEJIEBU3H-
OHHOI'O KaHaJjia, 3aTeM JIOCTaBKy BeO-II0OKyMeHTa Win TejiepOHHOE coeluHeHne. TaKum
06pa30M, B OJIHOM (PU3UIECKOM KaHaJIe IIPUCY TCTBYET O'POMHOE KOJIMYECTBO HH(POPMa-
UK Pa3IndHoll 110 cBoeil npupoge (ayauo, Bujieo, ganube). B cuiry sToro camononobue
Tpaduka HaABIIOJAETCS JIUITH B OIPE/ICJIEHHOM IUala30He BPEMEHHBIX MTKAJI U €CTh OC-
HOBaHUS 1I0JIATaTh, 9TO Tpaduk obsragaer Oosee CIOKHON cTpyKTypoil. Takyio cTpyk-
TYpY Ha3BIBAIOT Mysvmug@parmaavrot (em. [1]). B pamMkax rayccoBCKHX IIPOIECCOB
TaKue MOJIeJIM MOTYT OBITh OXapaKTepU30BaHBI IIEPEX0JI0M OT JIPOOHOTO OPOYHOBCKO-
IO JIBUZKEHUsI C MMOCTOSTHHBIM TapaMeTpoM H K TpoIeccy, riae 9TOT mapaMeTp, B CBOIO
ouepejib, ABJAETCA HEKOTOPBIM cirydaiiubiv nporeccom H = n(t). Xora mynabrudpak-
TaJbHbIE MOJEIN SIBJISIIOTCS 0oJiee OOIMUMU W, TIO-BUJMMOMY, CIIOCOOHBI MPEOJIOJIETh
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HEJIOCTATKH CAMOIIOMOOHBIX MOJIENIEH, CJIO?KHOCTD TAKAX MOJIENIEH TeTaeT UX TPaKTHIe-
CKO€ MCIOJIB30BAHUE 3aTPYTHATETHHBIM.

Anaans coBpeMeHHBIX TeXHOJIOTHII U ceTeil nepefadn nH(pOPMalul HOKA3bIBAET, YTO
HEOoGXOIMMO PaccMaTpUBaTh TPapUK KaK COBOKYIIHOCTh HECKOJILKUX KOMIIOHEHT, KazK-
Jlas U3 KOTOPBIX OTParkaeT CBOMCTBA TpadHKa HEKOTOPBIX TPYII a0OHEHTOB C OJMHA-
koBbiMu xapakrepuctukamu ([5]). Ilpeaonaraercs, 9To jejenue Ha KOMIIOHEHTBL OCY-
MIECTBJIIETCsI 10 «IIPHUPO/Ie MPOUCXOXKIeHUs» TpaduKa: roocoBoii Tpaduk, Tpadux
JIAaHHBIX, BUJIEO B PEKHMME peajbHOro BpeMeHHU U T.J. KOMIIOHEeHTHI TaKoro IIporecca
ABJISIOTCSI, KaK IIPABUJIO, CTATUCTUYIECKH He3aBUCHMBIMU.

Takwum o6paszoM, arperupoBaHHbIA Tpaduk X TIPU ONPEIETeHHBIX yCIOBASIX HA Xa-
PAKTEPUCTUKHA MCTOYHUKOB aCUMIITOTUYECKH IIPeJCTABIAeT CO0OH CyMMYy HECKOJbLKUX
HE3aBUCUMBIX CAMOIO0OHBLIX IIPOIECCOB:

X=> X

rae X; - HEeKOTOPBIH CTAHIAPTHBIIN IPOIECC, OMMCHIBAIOIINI i-YI0 KOMIIOHEHTY TpaduKa.
3a cuer HAJIMYKMS HECKOJBKUX aJJINTUBHBIX KOMIIOHEHT TAKUe MOJIEJIN
e criocoOHbBI 60JIe€ TOYHO BOCITPOU3BO/IUTH CBOWCTBA PEAIbHOTO TpaduKa, aIIpoK-
CAMUPY$ TTOBEJICHUE HEOTHOPOIHOTO TpaduKa,

® HE WCIOJb3YIOT TPOMO3IKAN  MyJbTUDPAKTAJIBHBIA  dopMaan3M, UTO
IIOJIO?KUTEIBHO CKa3bIBa€TCA Ha BO3MOXKHOCTAX WX IPAKTHUIECKOT'O IIPUMe-
HEHUS.

[IpoBenennbie nccaenoOBaHms MOKA3AJN, ITO JJIs PA3HBIX KOMIIOHEHT TesieTpaduKa
mapaMerp Xepcra IPUHAMAET Pa3jIndHble 3HadeHus. [[03TOMy mpu MpOEKTUpPOBAHUN
HEOOXOIMMO YIUTHIBATH BCE KOMIIOHEHTHI Tpaduka. B ¢BA3M ¢ 9TUM aKTyaJbHOM sIBJIs-
eTcs 33/1a9a OIEHKH ITapaMeTPOB XepcTa KaxK/I0H aIMTUBHON KOMIIOHEHTHI B OT/IETb-
HocTH. Perrenno qanHON 331841 U MMOCBSITEHA HACTOsAMIAsI pabora.

1. Onenka napamMeTpoB OZHOPOIAHOTO Tpaduka

st ortenok mapamerpa JIB3 « u mapamerpa Xepcra H mts cTanimOHAPHBIX TAHHBIX
Patrice Abry u Darryl Veitch B 1996 roy mpeJIoyKUIM HCIOIB30BATH METO/T, OCHOBHAS
njest KOTOPOro 3aKJII09AEeTCs B UCIIOIH30BAHIN TOCIIEI0BATEILHOCTH BeliBIeT-K03hdhu-
mmenToB nporecca ([3]). TIpenyoxkeHHast OleHKa MOYKET OBITh IPUMEHEHa Kak K CHUT-
HAJIAM HEIPEPBIBHOTO, TaK U JIMCKPETHOro Bpemenu. OHa UCIOIB30BAIACH DU aHAJII-
3e tpacduka LAN Ethernet u npomemoncTpupoBasia xoporire cBoficrBa. Paccmorpum
9TOT MeTOT boJstee TOApoOHO. Bee mpuBeieHHbIE B 9TOI TyIaBe CBONCTBA U yTBEPK ICHUST
OIPOGHO PACCMOTPEHBI U JIOKA3aHBI B cTaThe [3].

[Iycrs ¢o(t) € L?(R) - Tak HaszbiBaeMblit MaTepuHCKuil BeiiBjaer. OpToroHabHbIi
BeiBJIeT-0a3MUC ONPEIEIIETCs CAeAYIONUM 00Pa3oM:

Vi (t) =277 2277t — k), j,k € Z,

e j=1,....J; k € Z.
Bcrony nastee mpemosaraercsi, 9TO BBIIOJHEHBI CJIETYIOIIHE TPEIIOIOXKEHNUS.
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Ilpeanmonoxxkenue 1. BaszucHas cucmema Gyrukuuti Cmpoumcs ¢ UCNOAL30BAHUEM
onepamopa MacumabHozo npeobpPasocanUA:

W0 = 279240 (277).

DTO 03HAYAET, 9TO AHAJIMIUPYIOIIEE CEMENCTBO IPOSIBIISET MACIITAOHO-NHBAPUAHT-
Hoe cBoiicTBo. @enomen JIB3 cocTouT B TOM, 4TO OTCYTCTBYET KaKas-JInbO XapaKTe-
PUCTHYECKasl YaCTOTa B JUAIIA30HE YACTOT OJIM3KHUX K HYJIH0. TaKuM 00pa3oM, CBOWCTBO
B3 MoxkeT ObITh HHTEPIPETUPOBAHO KAK XaPAKTEPUCTUKA NHBAPUAHTHAS K MACIITA~
6y, 9T0 3O PEKTUBHO AHATU3UPYETCS BEBICTAMI.

Ilpennosioxkenne 2. g umeem N HYAEEHBT MOMEHMOS:

/ thypo(t)dt = 0,

k=0,...,N—1 (1o ne daa k > N!).

B stom cirydae mobas dynknus g(t) € L2(R) pasmokuma 1o sToMy 6azucy

g(t) = D> cirta(b),

JEZ kEZ

IJTe CXOMMOCTD TIOHUMAaeTcst B cMbice cxomumoctn 1o Hopme L2 (R). KosdbdummenTtsr
PA3JIOKEHNS Cj ; OTIPEIEIIAIOTCA MO MPABIITY

Cik = /wj,k(t)g(t)dt.

Ha mnpaktuke BeHBJIET-IpeO0OPA30BaHUE BBIMOJHAECTCS IIYTEM TaK Ha3bIBAEMOTO
JUCKPETHOTrO BeliBjeT-mpeobpasoBanus. CymecTByOT odeHb 3 HeKTUBHBIE AJTOPUT-
MBI pPeaJU3AIUU JUCKPETHOTO BEHBJIET-TIpeoOpa30BaHus, 0 MOPAIKY CIOXKHOCTHU He
upesocxoggimue O(n). Ecau ucxonubie manable uMeror jajuHy N, TO BBIXOJHbBIE J[AH-
HblE ¢; ) pa3burel Ha J = [log, N | okras. Yucmo 1ocTynHbIX BeiiBieT-K03hOUIUEHTOB
JUIst KazKJI0it OKTaBbl j pasHO n; = |27/ N |. JlanHoe BbIlIe Olpe/ie/ieHie MOXKHO Iepe-
HECTU U HA CJyJaiHble DYHKIINN, T.€. CIyJaiHbIe IPOIECCHI C HEIPEPBIBHBIM BPEMEHEM,
HCIIOJIb3Y S MOHATHE CPETHEKBAIPATHICCKOTO HHTErpaia. B paboTe NCIoab3yI0TCs Tayc-
COBCKHE CJIyYIaiiHbIe IIPOIECCHI, ITO TAPAHTUPYET KOPPEKTHOCTH TAKOTO OIPEIE/TCHUSA.

Kosdbdurments! BeiiBieT-mpeodpa3oBaHus OMPEIETSIIOTC 0 IPABUITY:

b= [ vsX )t (3)

[Jle MHTErpaJjl IIOHNMAETCS B CPEJIHEKBAIPATUIECKOM CMBICIIE.
BeiiBner-koaddurenTsr 061a1a10T coreyonmmMu ceoiicrsamu ([3]):

CgoiictBo 1. B cuny Ilpennosnoxenns 1, umeem mecmo mouHas mMacumabras uHea-
puarmmuocmy (cmenennoe nosederue):

E(djx)* =27%;C (4)

ede C = [ |v|=*|To(v)|?dv,
WUy - npeobpasosarue Qypove dynruuu .
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CsoiicTBo 2. B cuay Ipennosnoxenuii 1 u 2, dx (j, k) ecmwv cosokynnocmo cay4atinoi
BENUMUH, KOMOPHIE ABAAIOMCA KEA3U-IECKOPPEAUPOSAHHBLMY. B wacmmocmu, doazospe-
MEHHAA 3ABUCUMOCTNG, NPUCYMCMEYIOULAR 6 00AACTNY BPEMENHH020 NPEICTNABAECHUS,
noarocmuio omeymemeyem 6 naockoemu (4, k) setisaemmnux xosdhuyuenmos.

B panbHeitimem Mbl 6y1eM IPenoaararb, 9ro Jid nporecca X (t) BBIIOJIHEHBI CJie-
IyTOITHE TOTIOJTHATEIbHBIE YCIOBUSI:

IIpennonoxxenue 3. Ipoyecc X (t) u, caedosamenvno, dji AGAMOMCA 2aYCcCOGC-
KUMU.

IIpennonoxenue 4. /s purcuposannozo j c.6. {d; i} rez nesasucumo, u 00UNaK060
pacnpedeseribi.

IIpennonoxkenue 5. ITocaedosamenviocmu {d; i }rez Npu pasHolr j He3a6UCUMDL.

[IpeamomnokeHnst ABAIIOTCS JOCTATOYHO «CHJIBHBIMU», OIHAKO B HEKOTOPBIX MHTE-
DPECHBIX HAM CJIy4asgx OHHM 3aBEJOMO BBIIOJIHAIOTCA (HALPUMED, s IPOGHOro Gpoy-
HOBCKOI'O JiBuzKenus ). B obimem ciaydae, [Ipeanosoxkenns 4 u 5 MOXKHO CUAUTATH IPUEM-
JIEMBIMU B CHJIy TOTO, YTO JIOJITOBPEMEHHAs 3aBUCUMOCTD, IPUCYTCTBYIOIIAT B UCXO/I-
HOM BPEMEHHOM IIPeJICTABJIEHNH, OTCYTCTBYeT B IJIOCKOCTH K03 duimenTos (J, k).

st onenkn E(dj7k)2 OyJIeM MCIIOJIb30BATh BEJIMIUHY

Hj = — dj,kv (5)

rJie n; - INCJI0 KO3(hMUIIEHTOB OKTABHI j.

B cumy Ipeamonoxenns 3 dj ), €cTh HOPMAJBHO PacHpeeIeHHbIe CITyTaitHble BeIH-
YUHBI C HYJEBBIM CPEJHUM (IIOCKOJIbKY CPETHEKBAJIPATUYECKUIl MHTErpajl eCTh Jiu-
Heifoe npeobpazosanue). B srom ciydae B cuity Ilpeanonoskenust 4 p; umeer y2-
pacupenesenne. lan, 6osiee To9HO,

d an

Hi =2 (6)
J

rae X, - C.B., UMeroIue X’-pacupe/iesienue ¢ n;j CTeneHaAMH CBOGOJbL.

Jlamee HaM MOHATOOUTCS ONEeHKa BEIMINHEI [0ge2;. VI3-3a HemHeltHOCTH jlorapnd-
muueckoit dyuxmun Flog, p1; # logy Epy = logy zj. OnHaxo, Ipu BBEJEHHBIX BBIIIE
JIOTIOJTHUTEIHHBIX TIPE/IIIOJIOKEHNSIX, CMEIEeHIe OIIEHKN MOYKHO HAfTU SBHO, a 3HAYUT
U IIOCTPOUTD HECMEIICHHYIO OLIEHKY 10g, z;. Mcnonb3ys npencrasienue (6), uveeM

log, 1t 4 log, z; —logyn; +1In X, /In2 .
Torza, ucnosnb3ys TabauIly HHTErpajoB, MOXKHO IOKa3aThb (cM. [3]), aro
Elogy pj = logy zj + gj
Dlogy pj = ((2,n;/2)/n* 2,

rje g; - HecaydaiiHas QyHKIUSA apryMeHTa n;:

9; = ¥(n;/2)/In2 —logy(n;/2) . (7)
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Buech 1(z) =T"(2)/T'(2) ects Y-pynxuus u ((z,q) = >_;~, k~° - (-bynknusa Pumana.
Jpyrumu cJIoBaMu, HaM yJAaJ0Ch HANTH CIIy9aitHyIo BeJININHY

y; = logapj — g5 , (8)
TaKylo, 9TO
Eyj = 1Og2 Z5 (9)
Dy; = ((2,n;/2)/In*2 . (10)
Hasee HaM moTpebyIoTcs aCHMITOTHYECKHE BhIpakenus a1s g; 1 Dy;. VI3BectHo, 1TO
B(z) ~ Iz 4 o=+ o(2)
Z)~1mz -— o\ — z — OO
2z 2z’ ’
IIO3TOMY
-1
ngnjan , n; — 00 . (11)

Wcnonb3ys tor dakrt, 9To

/ x%dx < ((s,q) < / x %dx
q q

+1

JIETKO BUIETH, IYTO

2

n; n?2 "’

Dy, ~ n; — 0o . (12)

B cuny ompenenenust mpomecca ¢ /IB3 B TepMuHax CrieKTpaJibHON IIJIOTHOCTH TIPA
BBIIIOJIHEHUY OIMCAHHBIX BBIIIE YCJIOBUI PEryJIsIPHOCTH ITOJIYIaeM:

zj =21%,;C , (13)
rae

0:/|\p0(y>|2|y|*ady. (14)

Buy ypasuenus (13) no3Bosisier roBOPUTH O BO3MOYKHOCTHU OLEHKH IAPAMETPOB C I10-
MOIIBIO JIMHEITHOM perpeccuu, T.K. IIPHU B3ATUH Jorapudma oT 000uX JacTeil paBeHCTBA
TIOJTY YUM

logazj = jou+ logy(crC). (15)

Iloydennast BbIIE OIEHKA Yj JJIsl BhIPaXKeHUA log, Zj TO3BOJISIET BOCIIOJIb30BATh-
Csl B3BEIIEHHOW OJ/THOMEPHOII JIMHEWHOI perpeccueil Jijid OIEHKU IlapaMeTpoOB « U
logy (c;C). Heiicrsurensho, B cuny (9) u (15),

Ey; = ja+logy(csC) ,

rJie B Ka4deCTBe (baKTopa Zj BBICTYIIa€T HOMED OKTaBbI T; = _j BBejleIVI 0003HaAYECHUST

5221/0]2, szz,rj/af, SM:ZQU?/UJQ» (16)

7 TIOJIOYKUM 0]2 = Dy,. Torga onenxku MHK napamerpos b = a u a = log,(c;C) paBubL
COOTBECTBEHHO

b=

e e ()

SSpe — 52
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_ 2.Yj(Sze — Saj)
a= ]SS _52] *Zvjyj. (18)

Jlerko mpoBepuTsb, 9TO

Swp = ju; =0, v;=Y jw=1. (19)

[TosyueHHbIE OIIEHKN @ U b SIBJIATOTCS HECMEIIEHHBIMI H COCTOSTe/BHBIMH JUTs napa-
MeTpos log, c¢C' n a. Paccmorpum monpobree orerky cyC. [ljist 5TOro ecrecTBEHHO
HCIIONIB30BATH OIeHKy 2. O[HAKO TaKasi OIeHKa Gy/IeT CMEIIeHHOI 13-32 HeTHHEAHOCTH
nokasaTebHOI hyHKImu. Bogesnm a1o cmerienne. CHAYAA, UCTOIB3Ys ONpeIe/IeHIe
(18) u o6ozHaueHme expex = 2%, Oy IUM

28 = 650172(20]%‘) = 6961’2(2“;‘(108?2 1y — gj)) = expa(— Zngj HMJ

IIpeobpazyem OT/eIbHO MHOXKUTEJIN B IIPABOI YACTH STOTO BBIPAYKEHUS:

[Tr7 £ T]@csCXn, /ny)s £ 20200 (cp0) =0 T x0 [y £
4 chHn;vj HX,Z;,

rje Mbl yuian ycsosust (19) u coorromenue (6). Hasee, ucnonssyst onpesenenne (7),
oJIydaeM

65Ep2( - Zngj) = 650172( - Zvj [(n;/2)/In2 — 1og2(nj/2)])
= expa( — log, expz vjw(nj/2))ezp2(z v;logy(n;/2)) =
=exp(— > _vjhi(n;/2)) [[(n/2)}

Tloacrasiss mosyaentbie hOPMYIIBI B UCXOTHOE BBIPAXKEHUE, TTOJIYIAEM

a __ CfC v
2= exp(d>-v1h(n;/2)) ]._.[an : (21)

ITockombKy B CHITy TPEINOTIOKEHAA 5 CIIyJaitHble BeJIMINHE! [{; HE3aBUCHMBI B CO-
V4 V4
sokynnoctH, T0 E [ Xy = [[ EXy). C nmomommpio Tab/ImIbl HHTErPAIOB MOJLY daeM:

v _ 77 L +1n;/2)
P ==

Takum obpazom, BemdnHa OOpaTHAsST CMEIEHUIO PaBHA,

exp ijj (n;/2))T(n;/2)
= H F(os +179) . (22)

Omnpenenum OIICHKY ch KaK
S(@) =r2® . (23)
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3aMeTuM, YTO OIEHKa KOPPEKTHO OIIPE/IesIeHa TOJIBLKO JIJIsl T€X j, JIJIsi KOTOPBIX BBIIIOJI-
HeHO 2v;/n; > —1. BBenennas omenka oYeBHIHO sBJIgeTCs HecMernenuoil. Ee cocros-
TeJIBHOCTb Ipu N — 00 CJIeJyeT U3 COCTOATEIHHOCTU 4 ¥ HEIIPEPLIBHOCTH IIOKA3aTE b
HO# DyHKIUU.

2. OmeHKa nmapamMeTpoB HEOOHOPOAHOro Tpaduka

B ciyaae, korza pe3ysibTUPYIOIIHIL IPOIECC COCTOUT U3 JIBYX HE3ABUCUMBIX CTAIIHO-
HapHBIX KOMIIOHEHT C HYJIEBBIM CPEIHUM, ABTOKOBAaPHUAIMOHHAST (DYHKIIAST TAKOTO MPO-
1ecca eCThb CyMMa aBTOKOBapUaIUil KaskJI0i U3 KOMIIOHEHT. 3aMETUM, UTO HCIIOJIb3ye-
MBIif METOJI MOXKeT OBITH PACIPOCTPAHEH HA CJIyYail IPOU3BOJILHOIO KOJUYIECTBA CJIa-
raeMBbIX.

B cuny apmutusHocTH TTpeobpazoBanus Pypbe paccMaTpuBaeMast MOJETb HEOTHO-
pozHOro TpaduKa MOKET ObITH ONPeJeJIeHa CJeLyomuM 00pasom: 1pu |v| > 0 cuekr-
pajbHAS IUIOTHOCTH CJIY9IafHOTO IPOIECCa YAOBIETBOPSET COOTHOIIEHUIO:

fx(v) ~ ey~ +elr|7* (24)

O<as<ar <1.

Bsenem obosnadenns
gi(v) =clv|™, i=12,

h(v) = fx(v) —g1(v) — g2(v) .
IIpu BeImosiHEHNN CHOPMYIMPOBAHHBIX BBIIIE YCIOBUI MOy IaeM
zj =210y 2720y (25)
rJje

C; = Ci/|\110(l/)|2|l/|7aidl/ .

B nmampmeiiimem Ham moTpebyeTcs OMEHKA I BHIPAXKEHUST QIO‘CfC (unzeke j Kak
U paHbIne OyJeM HCIIOJb30BATD JJis CyMMUDOBAHUS /yMHOXKEHUS 110 JUANA30HY OKTAB
IIpH TIOCTpOeHUHU JiuHeiiHol perpeccnn). Pacemorpum omenky 2/%c;C, mocTpoenHyio

KaK IIpou3Be/ieHue OIEHOK 2lb u 2% Pacnpe,qeﬂeHI/Ie HOCJ’IeLLHefI BEeJIMYUHBI HaAM Yy2Ke

ussectHo (21). Haliziem pacrpeesenue 20,
Ucnonbsys npexacrasienne (17) momydaem

2 — expa( — ijyj) Hu}-jjj.

IIpeobpazyem 1o oTAeTbHOCTH 002 MHOXKUTEJIS:

expy (wyy;) = (Y wytbi(n;/2)) [ (ns/2)™

YunrbiBag yciaosug (19), umeem

[Lm7 £ T1@"er0Xo, fmyyes £ 20 TLXG0 T (/2 £
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_QO‘H wJHXn] wj .

BOSBOILS{ 0b0a IIOJIYY€HHBIX BbIpa2K€HUA B CTCIIEHb l, noJrydaemM

. la
b __ 2

lw;
—exp(1>wi(n/2)) ]-_-[X"f '

O6bemuuss (21) u (15), nmeem

B C
2lb+a — Cf Xlw]Jrv] .
exp(>. lw] +v;)1(n;/2)) ]-_-[

[Mombzysack nezapucumocTbio Xy, 1 popmyinoit s EXZ, nerxo BuaeTs, €O

s T(lw; +vj +n;/2)
E Xl’LU]+’UJ — J J J .
[ 11 I(n;/2)

Takum 06pa3oM, KOPPEKTUPYIOMHIT MHOKUATETb PABEH

R u A le + 0;)(n,/2)]0(n;/2)
H L(lw; 4 vj +n;/2) 7 (26)

U HeCMeIeHHas OIeHKa BhIpazkenns 2'%¢ +C ompenensercs Kak

~ ~

Qi(b,a) = ¢2*+7 (27)

()1 OIIpezeIIeHo TOIBKO NIl TeX j IJIs KOTOPLIX {wj + v; +n;/2 > 0. CocrosTeabHOCTD
orerku ipu N — 00 cjemyeTr u3 Toro GpakTa, ITO eCn

P P
&n — &, M — 1,

TO P
a&n + by — a& + by,

COCTOATENLHOCTH b, & U HENPEPBIBHOCTH NOKA3aTEJbHOH (hyHKINN.
Bepremcs k dopmysie (25). TTockonbky ap < <1, TO Ipu GOJIBIIKX j IIEPBOE CJara-
emoe B IpaBoil yactu (25) JOMUHUDPYET BTOPOe

25 = 2_]04101 .

Tlosromy mpu GoJsibIuxX j Jjist oleHUBaHUst v U C7 MOXKHO IIPUMEHUTH OINUCAHHBIN
BBIIIIE METO/T OIIEHKH ITapaMETPOB CJIYYaHOTO IIPOIECCa C J0JTOBPEMEHHOM 3aBUCHUMOC-
Th10. C JIPyroil CTOPOHBI, UMesI OLEHKY JIJIsi IEPBOIO CJIAraeMOr0, Mbl MOXKEM OIEHUTH
BTOPOE, UCXOJIA U3 TOTO, YTO IIPU BCEX J

Zj — 2ja101 = 2ja2 02 .

ITocTponm onenku juist o u log, C Kak onmcaHo B IpeablryineM pasjese. Equncrsen-
HOE paz3ndre COCTOUT B TOM, UTO PErPECCHsI OCYIIMECTBSIETCS He IO BCEMY INAIa30Hy
JOCTYIHBIX OKTaB, & JIUIIb IO TeM j, IPU KOTOPBHIX BTOPOE CJIaraeMoe IpaBoil JacTn
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(25) mocrarouno masio. Hanpumep, MOXKHO HCIIOJIB30BATH BTOPYIO [IOJOBUHY BCErO JIUa-

mazona j € Ji = {J/2,...,J}:

bAl:ijyj, (ﬁ:Zvjyj.

Tlonyuennsie TakuM 06pa3oM ONEHKA by 1 @1 OyIyT COCTOATEIHHBIMU.
[HocTponm ornenku it ag u logy Co. it 9TOTO BBEgeM

= puj — Q;i(by, @) , (28)

rae () oupeeneHo (g Tex j, A KOTOPHIX [w; + v; +nj/2 > 0) mo dopmyie ‘(27).
Bropoe ciaraemoe B (28) mo onpezeseHuio ecTh HecMelneHHas onenka 271 (Cq,
nosromy u3 (4) cienyer
! jO(Q
E/Lj =2 CQ .
Hautee, onpenennm
o ’ )
y; = logy 1 + gj - (29)
ITycrs p1 > 0 - HEKOTOPOE (DUKCHPOBAHHOE UUCIIO. BymeM CYHTATD Y, OIpeaesIeH-
- ! !
HBIM TOJIBKO JUIsl T€X j, JYIsl KOTOPBIX (17 > (o U (; OIpEJEJEHO B (27). O6o3Ha-
YUM 3TO MHOXKECTBO Kak Jo. BoobIIe roBopst, 1e1ecoo0pa3HbIM BBITISIAT IIOCTPOCHUE
perpeccun Jiisi TApAMeTPOB JOMUHUPYEMON YACTH 10 3HAYUTETHLHO MEHBIIEMY YHC-
JIy HaOJIIOIeHU, 9eM TP MOCTPOEHUN PErPEeCcCUd IS JIOMUHHUPYIOMEH KOMIOHEHTHI
(|J1] >> |J2|). Apyrumu ciioBamMu, miepejs HAYAJIOM BTOPOIO IIArA, Mbl JOJZKHBI ObITH
YBEPEHBI B TOM, UTO Ha IIEPBOM IIare Mbl ONEHUIM TapAMETPHI JJOCTATOYHO TOIHO.
Wcnonb3yst B3BEIEHHYIO JTUHEHHYIO PErpeccuio 1o j € Jo

Ja

Ja

MIOJTy MM HECMEIEHHBIE ONEHKN by W a3z mapamMeTpos ag u Co.
Onenku bs U @3 TaKKe ABJISIOTCS COCTOATEIbHBIMEA. MBI olpeesnsiemM y; TOJIBKO JIJIST
TeX j, JJIS KOTOPBIX u; > (. Mnaue roBopsi, Mbl paccMarpuBaeM GyHKIIUO

y;(v) = logy(v) — g;

Ha MHOXKeCTBe (L, 00), Ha KOTOpoM oHa Henpepbisaa. [lockonbky onenka Q; (b1, ay) -
COCTOATENIbHA, TO U OIECHKA

(i) = (s — Qi (b1, 1))

Ipu Kazk10M (PUKCUPOBAHHOM j cocTosirenbha npu N — 00. CoCTOSTe bHOCTD by 1
a3 CIIEJlyeT U3 TOTO, YTO OHH OTPEJIC/SIOTCS KaK JiuHelinbie Kombunanuu 3 (cm. (30))
(srrHeltHAsT KOMOMHAIMST CITy IaitHBIX BEJIMYUH, KaXK/Iasl U3 KOTOPBIX CXOJUTCS 110 BEPO-
SITHOCTH, TOYKE CXOJIUTCS 110 BEPOSITHOCTH).

3. YuciaenHoe MoeJ/impoBaHue

Ha ocnoBe mpesjio:keHHONW HaMU METOJIWKH, pa3paboTaHa YUCJIEHHAs IPOIEILyPa
OTIEHKY [TapaMeTPOB HEOJHOPOIHOTO TpadUKa, & TAKKE €€ IPOrPAMMHAs PeaTN3aIUs.
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B kavecTBe NCXOMHBIX JAHHBIX UCIIONIb3yeM CMOIETMPOBAHHBIH MTPOIECC, COCTOATINN U3
JIBYX HE3aBUCUMBIX JIPOOHBIX OPOYHOBCKUX JBUKEHWH C PA3IMIHBLIMH TapaMeTPaMu
Xepcra.

Jpobuoe Bpoynosckoe [pmxkenume (IBJ]) - HanbGonee wu3BeCTHBI pUMeEp
€aMOIOJJOOHOTO CIyYaifHOrO Ipolecca. DTO TayCCOBCKMl CTOXACTHYECKHUil IpOoIecc
(Y(t),t > 0) co cranuoHAPHBIMU [PUPAIIEHUSIMU, KOTOPBIA UMEET HYJIEBOE CPeHee
7 KOBAPHAIMOHHYIO (DYyHKIIUIO BHJIA:

2
R(t,s) = %(tﬂf +s2H g — s2H)

rue H € (0,1) - napamerp Xepcra. TOT IPONECC He sABJSETCs CTAMOHADHBIM. [lepeii-
JeM K mpuparnenusiM mporecca X . 3adurcupyem Hekoropoe d > 0 U paccMOTpUM
HOBBII IIPOIECC C JIMCKPETHBIM BPEMEHEM:

X(n)=Yn-0)—-Y(n—-1)-9) .

DTOT MPOIIECC ABJISIETCS CTAIIMOHAPHBIM U €TI0 aBTOKOBAPHUAINOHHAS PYHKITHS 00J1a-
JaeT CJIeTYIOIINM CBOMCTBOM:

r(n) := Cov(X(m),X(m +n)) ~ H2H — 1) -n*72H

Ecin H € (1/2,1), To oH 06saiaeT CBOWCTBOM JIOJITOBPEMEHHO 3aBUCAMOCTH.

B paGore [6] paccMoTpeHO HeCKOIBKO cmocoboB rereparmn mporecca JIBJL. s
MOJIeJIMPOBAaHUSI Mbl UCIOJIB30BAJIN OJUH U3 HUX, 8 UMEHHO AJI'OPUTM CJIy9ailHOTO IIe-
pemenienus cpegueit Toaku (RMA). OCHOBHO# NPUHIUIT JAHHOTO AJITOPUTMA - DEKYP-
CHBHO PACIIUPSATH CTEHEPUPOBAHHYIO BBHIOOPKY, H00aB/IsAsl HOBbIE 3HAYCHUS B CPEIHUAX
TOYKAX OTHOCUTEIbHO 3HAYEHUN B OKOHEUHBIX TOUKAX.

Hesnb nenenusi uarepBasia Mexay 0 u 1 - mocTpoeHne TayCCOBCKUX IIPUPAIIEHUI
st X . JlobaBiisist cMeIlieHre K CPeJIHUM TOYKAaM, CO3/Ial0T HOpMaJbHOE MapruHAJIbHOE
pacmpeiesieHne MOy YeHHON TOCIe0BATEIbHOCTU. 1e0peTHIecKast aJrOPUTMIIECKA
CJIOKHOCTB MeTojia - O(n).

B ciyuae meommopomHOocTH Tpaduka HEOOXOIUMO BBIIEIUTH PA3IUIHBIE KOMIIO-
HeHThl Tpaduka. C 3Toil 1esbl0 ObLI IPOBEJIEH MOJIEIbHBIN 3KcrepuMeHT. Ha Bx0j1
HCXOJIHOTO aJIrOpuTMa, mpeyioxkerroro P. Abry u D. Veitch, mogapaJjicst HeOIHOPOI-
HBII 1Iporecc. A UMEHHO, IIPOIIECC, COCTOSIIIUI U3 CYMMBI JIBYX HE3aBUCUMBIX JIPOOHBIX
OPOYHOBCKUX IBUKEHUI C PA3JIUIHBIMU IIapaMeTpPaMu XepcTa. Pe3yapTaTbl MOIeIn-
pOBaHUS TIPECTaBIeHbI B Tabsure . B Tabiuie mpuHATO ciemyomee 00O3HAYEHUE:
ABJ(0.8)+IB1(0.6) - cymma qByX ApoOHBIX GPOYHOBCKUX JBUKEHUH ¢ TTapaMeTpaMU
Xepcra 0.8 u 0.6 coorBercTBenHo. [IpoBeaeno mo 150 u3aMepeHnit Kak10ro MIpoIecca.
O611ee KOJIMIECTBO TOUEK B KazKJIOM CMOJEINPOBAHHOM mporecce ectsb 216,

Boin mosyuen ciemyromuit pe3ysbTaT: OIEHKA MapaMeTpa CTENeHH CaMOIIOI00Us
(napamerpa Xepcra) sIBJISI€TC CPEIHUM apudMeTHIeCKUM apaMeTpoB Xepcra obenx
KOMIIOHEHT. 3aMEeTHM, 9TO B JAHHOM CJIydae OIEHKA IMapaMeTpa IPOBOIUTCS IO BCEMY
JIAAITA30HY OKTaB BEUBJIET-KOI(DDUITMEHTOB.

BareMm ObLI MPOBEJ/IEH SKCIIEPUMEHT C OJHOPOJIHBIM U HEOHOPOIHBIM TpaUKOM,
HO PACYeThl MPOBOJWINCH HE IO BCEMY JIHAIA30HY OKTaB, a IO €ro YacTH, & UMEHHO,
10 BTOPOIi TIOJIOBUHE OKTaB, KAK 9TO MPEJJIATAeTCs BBIIOJHATE B MPEIaraeéMoil HaMu
Merouke. Pe3yabraTsl MOeMpOBaHus IPEICTABIECHBI B TAOJIHAIIE .
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Tabauya 1: Ouenka napamempos HEOOHOPOOHO20 NPOUECCA
¢ nomowpro aszopumma P. Abry u D. Veitch

Wcxomubrit mporecc Onenka mapamerpa Xepcra
AB(0.8)+IB1(0.6) H=0.72
AB(0.9)+IB1(0.6) H =0.75
ABJ(0.9)+IB1(0.7) H=0.79

Tabauya 2: Ouenka napamempos HeodHopooHo20 NPOUECCa
¢ nomowpto anzopumma P. Abry u D. Veitch

Wcxomubrit mporecc Onenka napamerpa Xepcra | OIeHKE mapaMeTrpoB
(meron Abry u Veitch) XepcTra KOMIIOHEHT
porecca
AB(0.6) H =10.63 H, =0.59 H, =0.40
IB1(0.7) H=0.71 Hy = 0.69 Hy = 0.49
JBI1(0.8) H =0.80 H, =0.79 H, =0.53
JBJ1(0.9) H=0.89 H, =0.89 Hy = 0.58
ABJ(0.8)+IB1(0.6) H=0.72 H, =0.80 H, =0.61
JBJ1(0.9)+1B/1(0.6) H=0.75 H, =0.89 H, =0.62
ABJ1(0.9)+1IB1(0.7) H =0.79 H, =0.88 H, =0.68

B pesymbrare ObL10 ycTaHOBJIEHO ciemyromee. B ciaydae omHopomHOro Tpaduka
OTIEHKAa, PACCINTAHHAS IO BCEMY AMANA30HY OKTAaB W II0 €ro YacTu coBiajaer. Ecian
JK€ MBI UMEEM JIeJI0 C HEOJHOPOIHBIM TPAMUKOM, TO B PE3YIbTATE PACIETOB, IIPOU3-
BEJIEHHBIX 110 BTOPO ITOJIOBHHE OKTaB BEHBJIET-KO3(MD(MUIIMEHTOB MbI [IOJIyYaeM OIEHKY
JIJIST TOIl KOMIIOHEHTBI, B KOTOPO# CTEleHb CaMOIOI00uUsI BhIIIIE.

Ha ocHoBaHMe BBINIECKA3aHHOTO MOXKHO CJIeJIaTh CJieytonuii Bbieos. CpaBHUB pe-
3yJIbTAT O PACCIYUTAHHBIX OIEHKAX [0 BCEMY JMAINA30HY OKTAB W IO BTOPOIl IIOJIOBUHE
OKTaB, MBI MOXKEM OJHO3HAYHO OTBETUTH Ha BOIPOC 00 omHopomHocTH Tpaduka. Ecan
OIleHKa, PACCUMTAHHAs 110 MCXOIHOW METOJIMKe BBIIE WJIM PaBHA OIEHKE, PACCUUTAH-
HO#l 110 BTOpPO#i IIOJIOBHHE OKTaB, TO 3TO MOBOPUT O TOM, YTO TpadUK OIHOPOJEH. B
[IPOTUBHOM CJIydae MBI UMEEM JIeJIO C HEOTHOPOJHBIM TPa(pUKOM.

AsropuT™ J1JTs1 OTIEHKT HEOTHOPOTHOTO TpadUKa MOXKHO TPEJICTABUTD B CJIELYIOIIEM
BUJIE:

e B kadecTBe KOHKPETHOTO BeiiB/IeT-0a3MCa MOYXKHO HCIIOIb30BaTh BeiiBiers Jlobe-
IITH.

o IIpumeHsist TUCKPETHOE BeiiBIeT-PpeodpasoBaHue K uccieyeMomy nporeccy X (t)
TOTy9JaeM BefBIeT-KO9IPUINEHTHI d; k.

e Ilo coorBercrByIomuM dopmyram (5) u (8)HaXomUM BEJIHTIUHLL (4; U Jj COOTBETCT-
BEHHO.
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o [lanee, ucrionnzys MHK, paccaursiBaem onenku (b1, a1). Pacyers BbIogHAOTCS
[0 BTOPOii ITOJIOBHHE OKTAB MCXO/THOTO Juana3ona [J/2,. .., J].

e Ilo coorsercrytomum dopmymam (28) m (29)maxommM BeTUIHHBI L) T Y
COOTBETCTBEHHO.

o Jlanee, ucnosnsys MHK, paccuursiaem onenku (bg, Gz) Ipu ycJI0BUHA, YTO BEJIU-
YHHBI Y/ ONPEJIEICHBI TONLKO Jia j € Jo = {j : pu; > g, pip > 0}

4. IIpakTuvyeckoe npuMeHeHUE

IIpennaraemasi MmeToanKa OblLIa OIMPOOOBaHA Ha peaibHBIX JaHHBIX. JlaHHBIE 151
aHaJIN3a B3sITHl U3 OTKPBITHIX NCTOYHUKOB ceTn mHTepHeT [2|. Bon nmpoBesen anamms
Tpex pas3/IMYHBIX peasin3aluil Tejaerpaduka:

e BCpAug89 - tpacduk Wuarpaner, usMmepenHsiii B Jaboparopun Bellcore
Morristown Research and Engineering facility. ApxuB cojiep:KuT MUIIHOH H3-
MepeHUit.

e DecPkt1TCP - Tpaduk coobmenuit mexxay kommanueit Digital Equipment Cor-
poration u BHEIIHUMHU abOHEHTaMU I106aIbHOI ceTr THTepHEeT. APXUB COMEPKUT
3,3 MILIHOHA U3MEPEHNIA.

e LblConn7 - Tpaduk coobrmennmit mexay jgaboparopueii Lawrence Berkeley La-
boratory (LBL) u BHemuuMEu aborenTamu riobanbHoii cetn Warepher. ITepuon
n3mepenuii - 30 gHeit.

Wcxonuble nanHble mpeicTaBiedbl 1ByMsi kKojionkaMu B ASCII-dopmare. Tlepsas
KOJIOHKA, COJIEP’KUT BpEMEHHbIe METKH TIOSIBJIEHUsI TIAKeTOB (B CeK.), a BTOpasi - 00wt
pa3mep makera B Oaiitax. Pe3ysapraTsl orieHKY mIpeacTaBIeHbl B TAOIAIIE .

Tabruya 3: Ouenka napamempos pearvro2o mpadura

Tpadux Bun nporecca | ITapamerp Xepcra | Ilapamerpsr Xepcra
(B caygae (B cayuaae
OJTHOPOJTHOTO HEOTHOPOIHOTO
porecca) porecca)
BCpAug89 HEOTHOPOIHBIIH H = 0.8035 H; =0.8824
Hy =0.6326
DecPkt1TCP | meommopoambIit H =0.5974 H, =0.7684
Hy =0.5371
LblConn7 OJTHOPO/THBI H = 0.6250 H; =0.6290
Hy =0.2321

[Tocie TpOBeEHHBIX PACIETOB MOYKHO CJIEJATH CJIEIYIONNE BBIBOALI. Peasm3amnum
rpadukoB BCpAug89 u DecPkt1TCP mpescrasasior coboit HeOTHOPOAHBIE TIPOTIECCHI,
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Tabruya 4: Ouenka napamempos cnexmp. nAoOMHOCMU PEAAIbHO20 MPaPuKra

Tpadux O1eHKa IapaMeTpoB
BCpAug89 a1 = 0.7648; c¢;1 = 3.32 - 10%
as = 0.2652; ;2 = 4.35 - 10*
DecPkt1TCP | a3 = 0.5368; cf1 = 5.06 - 10°
as = 0.0742; ¢;2 = 3.58 - 107
LblConn7 a=0.25cs =4.13- 10!

TO €CTh MOYKHO BBIJIEJINTH HECKOJBKO KOMIIOHEHT IIPOIECcCa 3a CUeT Iepenadn mHMOP-
MAaIliU PA3HBIX BUJIOB W HA OCHOBE 3TON MHMOPMAIUMH CMOIEIUPOBATH TpaduK JIst
peIlleHusT MPaKTUIECKUX 3aJ1a49, TAKUX KaK MPEJOTBPAIEHNE BO3MOKHBIX EPErPy30K
CeTH, ONITUMU3AIINS UCIIOIb30BaHNUSI CETEBBIX KAHAJIOB, PEIIEHNSs JIPYTUX BOIIPOCOB. JIjist
peamuzamuu LblConn7 6ojee ageKBaTHON SIBJISETCA OJIHOKOMIIOHEHTHAsI MOJEIL TPa-
duka, TO ecTb MOjEab TpadUKa, OCHOBAHHAS HA MPEIIOJOXKEHUN, ITO BeCh Tpaduk
OTIMCHIBAETCS TIPOIECCOM ¢ (DUKCHPOBAHHBIM 3HAYEHUEM MapaMeTpa XepCTa.

3akJiroueHue

B macrosimeit ctaTbe IpeJIoXKeH MeTOJ OIEHK! IIapaMeTPOB IIPOIIECCa, sIBJISIOIIE-
rocd CyMMOH IBYyX HE3aBUCHUMBIX CJIyYalHBIX IIPOIECCOB C JOJTOBPEMEHHON 3aBACUMO-
crpi0. PaKTUIECKN TPOIEyPa OIEHUBAHUS COCTOUT U3 IBYX STAIOB:

® [IOCTPOEHUE BEHBJIET-IPe0OPA30BAHNUS MCXOIHBIX JAHHBIX,

e JIByKpaTHOE IIPUMEHEHNE B3BEIIeHHON JIMHEeHO perpeccuu,

Anmpobarnus Ha peabHBIX JAHHBIX TOKA3aJ1a BBIYUCIUTENBHYIO 3(D(HEKTUBHOCTD MTPEJI-
slaraemoii cxembl. Ha ocHOBe mpemyiokeHHOII cxeMbl pa3paboTaHa YHCJIEHHAs IIPO-
neJlypa OIEHKM mapamerpoB mporecca. OmMcan MeToJ, MO3BOJISIIONIUN OMpeIessiTh
OJTHOPO/THOCTB-HEOTHOPOJAHOCTE Tpaduka. IIporenypa TecrupoBasiach Ha CMOJIEINPO-
BAHHBIX JAHHBIX, & 3aTE€M MPUMEHIACh K TPACKTOPUAM PEAJHHOTO TpaduKa, IIe Mo-
Ka3aja CBOIO 3P HEKTUBHOCTD.
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