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Kuesckuii nayuonanbHblil yHusepcumem cmpoumenscmea u apxumexkmypul, Kuee

MAPKOBCKHE MOJEJIM TIPOTHO3UPOBAHUSA SKCIIJNIYATAIIMOHHBIX
IMAPAMETPOB KOMITIBIOTEPHBIX CETEN

Pa3pa6omaﬂbl MapKoecKue MO()@]ZI/I, noseosdlowyue npocHo3upoedms 3HAYEHUS IKCHIYyamayuoHHblLX

napamempoe KOMNnvlomepHovlx

cemeil Ha

HECMAYUOHAPHbLX  pecUMax qbyHKuuo;meosaHuﬂ.

Ocobennocmyio paspabomannvix MOOenel AGIAEMCA paciem napamempos HA OCHOBAHUU Pe3YTbMAamos
6elignem-ananu3a OUHAMUKYU IKCHILYAMAYUOHHBIX Napamempos. Ykazansl nymu yco8epuleHCme08anus

Mooelu.

Knrouesvie cnoea: KOomnblomepHhaa cemb, MAPKOGCKasn M008Jlb, MapKoeckas uenb, nepexooubte
eéeposimuocmu, Hecmauuouapubu? npouecc, npocLosupoeéarnue, eellgiem-aHanus

IMocranoBKka mpoodJ1eMbl

CoBpeMeHHBIE  TIpoliecChl  MH(OPMALMOHHOM
rodanu3anuy o0IIecTBa, CTPEMHUTEIHLHOE BO3pacTaHUE
YPOBHSI ~MHTETPALlMM  PA3IMYHBIX  OOIIECTBEHHBIX,
NPOMBIIICHHBIX, HAay4YHBIX W 00pa30oBaTesIbHBIX
CTPYKTYp (OPMHPYIOT HEOOXOAMMOCTH TIOBBIILICHHS
3¢ PeKTHBHOCTH (YHKINOHUPOBAHUS KOMIIBIOTEPHBIX
ceTeif, KOTOpoe YK€ HE MOJKET OBITh JIOCTHTHYTO 32
MIPUMEHSAEMOTO MPOrpaMMHO-AMIAPATHOTO
obecrieuerns. OIHUM W3 OCHOBHBIX HAINpaBIICHUH

CUCT

YCOBEpIIEHCTBOBAHUS  YKa3aHHOTO
amnmapaTHOTO  O0CCIICUCHUS  SBIIACTCS

HPOrpaMMHO-

pa3paboTka
HOBBIX METOJIOB M MOJEJNei, Ha OCHOBaHMUH KOTOPBIX
dbopmupyeTcst 3HAYCHUI ux
JKCIUTyaTallMOHHBIX mapametrpoB [1, 3, 4]. OrMmeruwm,

IIPOTHO3

4T0 COPMHPOBAHHBIH NPOTHO3 sIBJIsSETCS 0a30d Kak
Ul TUIAHUPOBAHUSI CETEBBIX PECYPCOB, TaK W JUIA
OTIpe/IeIeHUs OTIEPaTHBHBIX YIPABIISIFOLIAX
Bo3/eiicTBUI Ha HUX. Takum 00pa3oM, S(PPEKTUBHOCTH
(GYHKIIMOHNPOBAHUS KOMITBIOTEPHBIX cereit
HETIOCPEJICTBEHHO 3aBUCHUT OT JIOCTOBEPHOCTH METOJIOB
1 MOJeJel NMpOrHo3a 3KCIUTyaTallMOHHBIX MapaMeTpoB,
pa3paboTka KOTOpPBIX W SBISETCS OO0mIel mpobiaemoit
HACTOALIEH CTaThU.

AHaJIN3 NoCJeIHUX JOCTHKEHHUN U
nmyoJauKanui
TpynHOCTH pa3pabOTKH JOCTOBEPHBIX METOJIOB U

OKCILTyaTalMOHHBIX
OCHOBHOM

MOJIeJie  MpPOTHO3a  3HA4YEeHUI
[apamMeTpoB  KOMIIbIOTEPHBIX

CBSI3aHBI CO CJIOXHBIM XapaKTEpPOM COOTBETCTBYIOIIUX
B xauectBe mpumepa Ha
3aBUCUMOCTH

ceTeli B

CTaTUCTHYCCKUX JTaHHBIX.

puc. 1 moxkazaH TpaduK THITOBOH

KonmyecTBa 3ampocoB k Web-cepBepy oT Bpemenu [3].
OueBUAHO, YTO  Takas  3aBHCUMOCTh  HMEET
MHOTOTIEPUOINIECKUN XapaKTep C SIPKO BBIPAKCHHBIM
W3MEHEHHEM AaMIUIHTYZ, KOTOpas pEe3KO CHIDKAaeT
WHPOPMATUBHOCTh  KIIACCHYCCKHX  CTAaTHCTHYCCKUX
mozeneit. [lo 3Tol mpuunHe HAOIIOJAIOTCS TOMBITKH
pa3paboOTKK MoOJeNeld MpOrHO3a € HWCIHOJb30BAHUEM
TAKUX COBPEMCHHBIX TEOPHH KaK WCKYCCTBCHHBIN

WHTEIIJICKT ¥ MapKOBCKHE Tponecchl [ 1, 3, 4].
Sanmpocer

0 500 1on 1500 2000 2500 CeryuIbl
Puc. 1. 3aBucuMOCTb KOJIMYECTBA 3aMpocoB K Web-cepBepy ot
BpEMEHH

V3BecTHBIC MOJETH MPOTHO3a, Oa3UpYIONIUCCs Ha
HCIOJIB30BAHUNA METOJOB UCKYCCTBEHHOI'O HMHTEJUIEKTA
BKJIIOYAsA TEOPUI0 HCKYCCTBEHHOI'O HMMYHMUTETa, HE
MO3BOJISIIOT SIBHO PAaCCUUTATh OXKUIAEMYIO BEIUYUHY
rnapamerpa, a JIMLIb YKa3bIBarOT Ha €ero
MPUHAJIC)KHOCTh K KaKOW-THO0 3apaHee oIpeleIeHHON

obmactu. Eme ogHMM 00IIMM HETOCTATKOM IOJI00HBIX
Mojenel  SABISETCS  HEJOCTaTOYHAas  HAJEKHOCTb
Maremarndeckoro ammapara. CormacHo pabotsl [3], B
COBPEMEHHBIX YCIOBHSX Oojee IepCrleKTUBHBIMU
ABIIIOTCSL  MOJAENM, Oa3upyrolmecs Ha  TEOPHUH
MapKOBCKHX IPOIECCOB. B MapkoBckuX MOAETSIX
HCCIIeAYEMBII MPOLECC allPOKCUMHUPYETCSl € IMOMOIIBIO
MapKOBCKOM LIeTH, IapamMeTpel KOTOpOM
pacCUMTHIBAIOTCA HAa OCHOBAaHMM COOTBETCTBYIOIIHUX
CTaTUCTHYECKHUX [Ipu

JTAHHBIX. 9TOM,
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MHOTOTIEPUOINIECKUI XapakTep
MapaMeTpoB YUUTHIBAETCS 3a CUET HECTAllMOHAPHOCTH

JMHAMHUKHA

napaMeTpoB MapKoBcKo# nenu. Tak, B [3] paspaborana
METOJMKA MOCTPOSHMs HECTAlMOHAPHOW MapKOBCKOM
MOJIETIM, TapaMeTpbl KOTOPOH pPACCUUTHIBAINCH C
UCTIONB30BAaHUEM CHEKTPaJIbHOTO aHalIM3a JaHHBIX
MeTogoM Dypbe. 3aMETHM, YTO CHEKTPAIbHBINA aHAIIU3
JTAaHHBIX MeTooM Dypbe MO3BOJSIET PACCUUTATH CIIEKTP
HCCIIEYeMOTO IpoIiecca, HO HE TO3BOJIIET ONPEACTHTh
MOMEHTBl ~ BO3HHUKHOBEHUS/MCUYE3HOBEHUs] ~ 4acTOT.
o0Opa3oMm, MapKoBcKas Mmoaenb [3], He
MO3BOJISIET a/ICKBaTHO MPOTHO3UPOBATH MPOLECCHl C
HECTAI[MOHAPHBIM MHOTONEPHOANYECKUM XapaKTEPOM.

Taxum

B0o3MOXHBIM TIyT€M YCTpaHEHHsS JTOTO HEJOoCTaTKa
SIBIISICTCS  CIICKTPANBHBIA aHAM3 ITaHHBIX METOJIOM
BelBIET-Tpe0oOpa3oBaHMi, MO3BOJSIONUINI paccuuTaTh
YaCTOTHO-BPEMEHHBIE XapaKTEPUCTUKH HCCIETYEMOTO
mporiecca.

DopMyJIMPOBKA 1EJIU CTATHHU

PazpaboTka MapKOBCKOI MOMENH, MO3BOJIIONICH
MIPOTHO3UPOBATH 3HAYCHUS 9KCIUTYaTaI[HOHHBIX
napameTpoB KOMITBIOTEPHBIX ceTeit Ha
HECTAIIMOHAPHBIX PEKUMaxX (PYHKIIMOHUPOBAHUS.

H3i105keHne 0CHOBHOI0 MaTepuaJjia
nccjeI0BaHUM

CrnyuaiiHplif  IpollecC U3MEHEHMs COCTOSIHUI
HEKOTOPOM CHUCTEMbl HAa3bIBAlOT MAPKOBCKOM LIEINbIO
(MapKOBCKHM TIPOLIECCOM), €CIH A IMPOU3BOJIBHOTO
MOMEHTa BPEMEHH BEPOATHOCTh IE€PEX0Ja CHUCTEMBI B
HOBOE COCTOSHHE p;; 3aBUCUT TOJBKO OT TEKYLIETrO
COCTOSIHUSI CHUCTEMBI S; M HE 3aBHUCHT OT TOTO KAaKHM
00pa3oM cucTeMa Ioraia B TEKyIee COCTOsHHUE!
D, =1(S).

Jast onpeneneHnst MapKOBCKOI LeTH He00XO0 MO
yKa3aTh CIeTyIOLUE TapaMeTPHhI:
— BEpOATHOCTH  TEPEXOJ0B CHCTEMBI

COCTOSIHMAMH 32 OJIMH LIar npouecca (p;);

MEXIY

— Koym4ecTBO (N) M IPU3HAKK COCTOSIHUH, B KOTOPBIE
MOXKET ITOTIaCTh TIO/IOTBITHASI CUCTEMA;

— BEpPOSITHOCTH NPEObIBAHUS CUCTEMBI [0 COCTOSIHUSIM
B HyneBoil MomenT Bpemenu (F(0)). Ilpu stom
JIOJDKHO BBITOJIHSTHCS yCIOBHE HOPMHUPOBKH

Y PO)=1 6]
i=1
3aMeTI/IM, qTo HpI/I HCCIICAOBAHNNU HW3MCHCHUS
CHUCTCMEBI BO BpeMCHI/I HOJ'IB3y}OTC$I HEC HepeXOZ[HLIMI/I
BepOHTHOCTHMI/I, a MHTCHCHUBHOCTIAMHU nepexosz (ﬂ, j)
YKaSaHHBIC HNHTCHCUBHOCTH HpCZ[CTaBJ'IHIOT CO60ﬁ
BCpOSITHOCTI/I HepeXOI[OB Mencz[y COCTOSSHUAMU 3a
e,I[I/IHI/ILly BpeMCHI/I nu paCC‘II/ITBIBaIOTCﬂ TakK

2, =P 2

OOmenpuHATO 0TOOpaXkaTh MapKOBCKYIO IENb B

BUJIC Pa3MEUCHHOT0 rpada, mpuMep KOTOPOro MoKas3aH
Ha puc. 2. Bepmmuam rpada OTBEYArOT COCTOSHHS
MapKOBCKOM IIeTH, a yraM — BO3MOXKHBIC NEpPEXOJIBI
MEXK]Ty COCTOSTHUSMH.

KonuuecTBo M nmpu3HAKU COCTOSIHMNA MapKOBCKOM
LIETIU OTIPEAEISIOT UCXOMAS U3 YCIOBUM 3aJauH.

Puc. 2. [Ipumep rpada MapKOBCKO# 1enH

B ciydae aNnmnpoKCUMaluu JTMHAMUKH
IKCIUTYaTAHOHHBIX MAPAMETPOB KOMIIBIOTEPHBIX CETei
PEKOMEHYeTCs, YTOObI ~ COCTOSIHHSI ¢ HOMepamu OT |
hi(s) (N-1) CcOOTBETCTBOBaM TaKHUM BEIUYMHAMU
apamerTpoB, IPU KOTOPBIX IMPOrPAMMHO-AMIAPATHOE
olecrieueHne ceTH Oyzmer HaXOJIUTHCS B
paboTOCTIOCOOHOM ~ COCTOSIHMHM, a N-€ COCTOSIHUE
COOTBETCTBOBAJIO HEPabOTOCIOCOOHOMY COCTOSIHHIO
[3]. Ilpu ogHOCTOpOHHEH 00JMACTH PabOTOCIOCOOHOCTH

mepBeie  (N-1) cocrostHMS  OyoyT — ONpERETsATHCA

HIDKHUMH W BEPXHHMH TpaHUIAMH, a TocyieqHee N

COCTOSIHME — TOJIbKO HWXKHEW Tpanuieil. HMcmnonb3ys

MPOIENypy pPaBHOMEPHOTO KBaHTOBAHUS obnacTu

paboTocmocobHOCTH, TPaHUIIBI COCTOSTHUH
OTIPENICIISTIOTCS TaK

L =Axi, , 3)

L= Ax(i-1), “4)

A:%\/—P ®)

L=r-r, , )

rie L?, L -

; BEPXHS1 M HWXKHSS TIpaHuna i-ro

COCTOSIHUS, A— IIMpUHA KBaHTa., [ — mupuHa obnacTu
paboTocmocobHOCTH, Lb, L°— BepxHuii M HWKHUIH

rpeensr 0071acTi paboTOCTIOCOOHOCTH.

WimrocTpanyeil KBaHTOBaHUsI sIBJISETCS puc. 3, Ha
KOTOPOM IOKa3aHbl IPaUKU peann3anuii HeKOTOPOro
9KCIUTYaTallMOHHOTO I1apamMeTpa T ISl OJHOTHITHBIX
00OBEKTOB.

a. |Lb OTHAE

. Yo .ty e
Puc. 3. I'paduku peannsarnuii dKCILTyaTallmOHHBIX
MapamMeTpoB JUTs OJHOTHITHBIX OOBEKTOB: ty — MOMCHTBI
perucrpauuu; 1 ..., N — HOMepa COCTOSIHUMN; N; — IPaHULIBI
cocrosiamii; A, B, C, D, E — peanuzamyu t
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Ecnu napamerpsl MapKOBCKOMW 1IE€NM HE 3aBUCAT OT
BPEMEHHM — €€ Ha3bIBalOT T'OMOI'€HHOW, B MPOTUBHOM
clIydae TOBOPAT O HETOMOTCHHBIX Hersax. OnpeneneHue
[1apaMeTpOB MApKOBCKOM LEMHU MO3BOJIIET paccuuTarh
BEPOSTHOCTH TPEOBIBAHUS MpOIEcCa B KAXKIOM U3
COCTOSIHUH B MPOU3BOJIbHBIII MOMEHT BPEMEHHU.

bazoBbiii  BapwaHT  pacyera  MOJpa3zyMeBaeT
FOMOT€HHYIO0  LI€llb, HMHTEHCUBHOCTH  TIEPEXOJ0B
KOTOPOI pacCYUTHIBAIOTCS TAK:
At Jri = ROt /(RCt )y <1y ) (7)
M
Ao =2 Mty i/ M ®)

i=1

rne A(ty)..; ; — THTEHCUBHOCTH repexona Mexy (i-1)-pmm
M 1-M COCTOSHHEM Ha WHTEpBaJic BPEMCHH f, R(1;); —
KOJIMYECTBO TIOJAKOHTPOIBHBIX OOBEKTOB, KOTOPEIC
neperi w3 (i-1)-To B i-€ COCTOSHWE 3a HMHTEpPBAT
BpeMeHu  t;  R(t), olmiee  KOJIMYECTBO
paboTOCIOCOOHBIX OOBEKTOB K MOMEHTY BPEMEHHU [, Ai.
1i — HHTEHCUBHOCTbH Iepexona Mexay (i-1)-bIM U i-bIM
COCTOsIHUEM, M — KOJIMYECTBO PETUCTPALUN ITapaMeTpa.
Jnst rOMOTeHHOW MapKOBCKOM IIETMM  pacyder
BEPOSITHOCTEH NpeObIBaHUS peanuzyercs c
WCIIOJIb30BAaHNEM CHUCTEeMbl ypaBHeHuid Kommoroposa-

Yemnmena Buja:
B(t)=R(t=1)= . B(t=1)Ay jot . Pi(1=1)A),
P(t)=B(t=1)= B(t=1)); jot . Pi(t=1)A,

Py(t)=Py(t=1)ec=.Py(t=1)2y jot . Pi(1=1)4; 5
B pacuerax (7) caenyeT npuHMMaTh BO BHUMaHHE
HavyaJbHbIC YCIIOBHS MOJICIHMPOBAHHMS, OIpEeICHHbIC
(1), a TakKe ycIIOBHE HOPMHPOBKH:

iV:Pi(t)=l. (10)

Cy111eCTBeHHBIM HEZI0CTaTKOM TOMOT€HHOM
MapkoBckoit mogmenu (1-10) sBrIseTcs BO3MOXKHOCTB
MPUMEHEHUS TOJILKO MOHOTOHHO BO3PAacCTAIONIMX HWIIU
yOBIBaIOIIUX TTapaMeTpoB. B ciiyyae sipko BBIpaKCHHOM
MHOTOIIEPHOTTIECKON TMHAMAKA mapaMeTpoB,
XapaKTepHOUW ISl KOMITBIOTEPHBIX ceTel, He0OXOIUMO
HCIOJIb30BaTh HETOMOT€HHbIE MapKOBCKHE Mozenu. B
COOTBETCTBUU C pEKOMEHAaUUsIMU [3] HEroMOreHHas
MapKOBCKasi MOJETb MOXKET MPEACTaBIATh COOOM

COBOKYITHOCTH TOMOT'CHHBIX MAapKOBCKHX I.lel'[efl,
Kaxzaasd M3 KOTOPBIX JOJDKHA allpOKCUMHUPOBATH
nponecc Ha OJAHOM W3 MOHOTOHHBIX  Y4YaCTKOB

(monymepronoB). Todukw, B KOTOPBIX HAOIIOMAETCS
M3MEHEHHUE MEPUOANYHOCTH Mporiecca, Oy1eM Ha3bIBaTh
MIEPEXOHBIMA TOYKAMH.

B mpocreitmem ciygae, Ui OJHOTIEPUOIHIECKOTO
npotecca, rpadK KOTOPOro MokaszaH Ha puc. 4, MOJieNb
OyHeT COCTOSATh W3 IBYX TOMOTEHHBIX MAapKOBCKHX
TeTIeH. [epBas eTIh MpeqHa3HadeHa UL
MOJIenUpoBaHusl yuacTka AB, BTopas — ansi ydyacTka

BC. Tlpu aTOM, BEIMYMHBI BEpOSTHOCTEH NpeObIBaHMS

NepBOM MapKOBCKOW IIeMM B MOMEHT BpeMeHu B,
SBIISIIOTCS HauaJbHBIM pactpenenenueM Buaa (1) st

BTOPO MapKOBCKOW LIEIH.
T

Puc. 4. I'paduk ogHOTIEPHOIUIECKOTO TpoIiecca

Jis IBYXIEepHOAMYEcKOro Iporecca, rpaduk
KOTOPOrO TMOKa3aH Ha pHC. 5, MapKoOBCKas MOJEIb

OyneT GoJiee CIOKHOM.

b
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Puc. 5. I'paduk 1ByXmeproANIECcKOro mporecca

CHOXHOCTh ~ 3aKJIIOYAETCd B MOJEIMPOBAHHH
yuactka BF, KoTOpblli SBIS€TCS HECTaUOHAPHBIM
tonsko Ha CE. Ilpu stom momynepuonast CD u DE
SBIIIIOTCS.  BJIOKEHHBIMH B IOJIyIIEPUOJ BF.
PaccmMoTpuM  BO3MOXKHBIE ~ METOABI  MOCTPOEHHS
MapKOBCKOM Mojienu.

IlepBblii MeTON mMOCTpOCHUS,
OJTHOTIEPHOJUUECKUM IIPOIIECCOM, OYAET 3aKIF0UaThCs B
MOCIEI0BATENIEHOM ~ MOJCIUPOBAHUU  KaXXAOrO U3
cranonapueix uHTepBanioB AB, BC, CD, DE u EF
CBOEH TOMOTeHHOM MapKoBCKOHM uenbto. Kak u mng
MNpebIAYIIEro IMpUMepa, KOHEUHOE pacIHpeesieHue
BEPOSITHOCTEH NpeOBbIBaHMS IPEAbIIYIIeH MapKOBCKOW
HeNHu  SBIACTCS  HAYaJbHBIMH  YCIOBHUSAMH  JUIA
nocienyromei menu. Kpome 3TOoro MapkoBCKHE IETIH
MOTYyT OTJIMYaThCSl  KOJIMYECTBOM M TPaHULAMHU
COCTOSHUH, a TaKXkKe BEIMYMHAMHM WHTEHCHUBHOCTEH

0 aHaJIOTUH C

nepexo/oB. KoauuecTBO COCTOSHUH W HMX TPaHMIIBI
CIIEyeT BHIOMpATh WMCXOIS W3 TpeOyeMOoW TOYHOCTH
MOJEJIMPOBAHUS. Paccunrars BEITUYIMHBI
WHTEHCUBHOCTEU TEPEX0/I0B HEOOXOIUMO 0 aHAJIOTHU

¢ (7), (8) ormenpHO AN KakAOW MapKOBCKOM Liemw,

HECKOJPKO ~ MOAM(MUITMPOBAB  BBIPAKCHHUSA  UIA
00paboOTKM  CTAaTUCTUKM  Ha  COOTBETCTBYIOILIEM
HHTEpBase QyHKIMOHUPOBAHUS (TI0JIyTIEpHO/IE)
A0, =R ), L (RY (1), xt, ) (11)
M)
A= 2 A, I MO, (12)
i=1
rae XY — paccMaTpuBaeMblid OJIYTIEPUOLL.
OcranbHble 0003HaYCHUS (11), (12)
COOTBETCTBYIOT BBIpaxkeHUsM (7), (8).
Pe3ynbpTupyroliyo  MOC/eI0BaTeNIbHYI0  MO/JIEIb

Ly (t) MOXHO 3amucaTh B BHJIE:
Ly(t)=Ly(tg,ty)-.+ Li(tiy,t; )+ Ly (tpy,01) (13)

rae [ — KOJIUYeCTBO CTAIMOHAPHBIX yYacTKOB, L;(t.;t;)
Leb  COOTBETCTBYIOIIAS

—  MapKoOBCKas i-My

CTallMOHApPHOMY Y4YaCTKy Ha MHTEpBaje |ti—1 ,ti| .
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B xomnaxTtHOM Buje (13) MOXKHO 3amucaTh Tak:

I
Lg(1)=2 Li(ti1.t;).

i=1
OjHaKO, HECMOTpPS HA TPOCTOTY M HATJISIHOCTB,
MPEJCTABJICHHBIM  METOJ  MMECT  CYIICCTBCHHBIM
HEJOCTaTOK — pe3ynbTHpyMomas woaens (14) wHe
MO3BOJISIET TPOU3BOMTH AMIMPOKCHMAIIMIO TIpoliecca,
yAaJHB U3 HETO0 YaCTOTHYH COCTAaBJISIONIYI0, KOTOPOW
COOTBETCTBYET  OMpEJEIEHHAs MapKOBCKas  IEllb.
Takum  oOpazoM, TmocienoBaTelibHAs — MapKOBCKas
MOJIeTIb HE MO3BOJIAET peliaTh 3aaady (uibTparuu
HCCIIEeyeMOro Tpoliecca, KOTOpas HMEET OO0JbIIoe
3HAYEHHE npH MPOrHO3UPOBAHUH 3HAYEHUN

(14)

(yHKIMOHATBHBIX TAPAMETPOB KOMITBIOTEPHBIX CETEH.

Bropoit Meron TOCTpOeHHS 3aKIIOYaeTCs B
pa3paboTke pe3ylIbTHPYIOLIe MapKOBCKOM Mozeny,
HIpeACTaBsoUIeH co0oii [OCJICI0BATEIbHY IO
CTPYKTYpPY, COCTOSIIYI0 M3 TOMOTECHHBIX MapKOBCKHX
nenei, Kaxkaas W3 KOTOPBIX IIpeAHa3HadaeTcs Juis

anmpoKCUMAaIlMM  Mpollecca Ha  COOTBETCTBYIOIIEM
norynepuoge. Ilpm  sToM  Kaxmas  rapMOHHKa
MOJIETIMPYETCST JBYMSI COOCTBEHHBIMH MAapKOBCKHUMHU
LEMsIMY, MEePeXOJHble  BEPOSITHOCTH  KOTOPBIX
pPacCUMTBHIBAIOTCS C Y4YETOM BIMSHUS Ha IPOLECC
HapasuIebHO (YHKIIMOHUPYIOIIINX TapMOHHK.
Hanpumep, gans  1ByXHmepuoguueckoro — Ipolecca,

rpaduk KOTOpOro InokaszaH Ha puc. 5 Ha yuyactke BF
BBIJICNSIOTCS JBe TapMmoHuku. Ilomymepuos mnepBoi
TAPMOHUKH  COBMAAAET C  MPOJOIDKHTEIHHOCTHIO
yudacTtka BF, a momynepuonbsl BTopoil rapMOHUKH PaBHBI
nutepBasiam CD u DE. Cnenyst METOIMKE MOCTPOSHUS
MOJIENM TpU pacdyeTe HWHTEHCHBHOCTEH mepexona
MapkoBckoil uenu ans BF K 3apeructpupoBaHHBIM

3HAQUEHMSIM  TapaMeTpoB  Iporecca  HeoOXoanMo
00aBUTh 3HAYEHHs TapMOHUKH COOTBETCTBYIOIICH
unatepBary CE. Ilpu pacuetre HHTEHCHUBHOCTEH

nepexona MapkoBckux uened qig CD um DE or
3apeTrUCTPUPOBAHHBIX 3HAUYEHUI MapaMeTpoB Ipolecca
HE00X0ANMO OTHSATH 3HA4YEHUS rapMOHHKH
cooTBercTBytomeil wHTepBasy BF. Taxmm o0pasowm,
napajuleNibHass MOJENb Ul 3TOTo Tporecca Oyner
COCTOSITh M3 YEThIPEX TOMOI'€HHBIX MAapPKOBCKHX LiEMeil,
IpeAHa3HAYCHHBIX U1 MOAENMPOBAHUS IIpoliecca Ha
yuactkax AB, BF, CD, um EF c0OTBeTCTBEHHO.
OTMmeTuM, 4YTO pPACCUMUTATh 3HAYEHUs] TapMOHUK, U3
KOTOPBIX CKJIaJbIBAETCSI MPOLECC BO3MOMKHO UCHOIb3Ys
METOJIMKY 00paTHOTO BeHBIIET-IIpeoOpa3oBanus [2].

Pesynbrupyromyto napajienbHyo mMouaens L, (1)
MOJKHO 3aIHCaTh B BHJIE:

1 K;
Ly(t)=2 > Li(ti,t; ),

(15)

i=1 k=l
rae I — KOJIMYECTBO CTAIlMOHAPHBIX yYacCTKOB, L,(t:;,t;)
—  MapKOBCKas  IeTb  COOTBETCTBYIOIIAS  i-MY

CTAIMOHAPHOMY yYacTKy Ha HHTEpBaje |ti_1 ,ti| .

Mopnenb (15) [IO3BOJIAET ¢bubTpOBaTH
MOJIONBITHBIM TPOIIECC 3a CUET yJAJCeHUs MapKOBCKUX
[eTie COOTBETCTBYIOIMINX OIPEISIICHHBIM TapPMOHUKAM.
Ee HenocTtaTkoM OTHOCHTENIBHO IMapajuieIbHONW MOJIEIH
sIBJIsIeTCst OoJiee BBICOKAsE BHIYMCIIUTENBbHAS CIIOKHOCTD,
a B HCKOTOPBIX CllydasiX, Korma QuibTpamus He
MPEICTaBISIET HHTEPECA U U3OBITOYHOCTD.

OTMeTHM, YTO JJIsl IPOrHO3UPOBaHMsI Mpoliecca Ha
HEKOTOPOM  HWHTEpBAJIC  BPEMCHH,  HEOOXOIHMO
OHpe}IeJ’II/ITB KakKast HepI/IOI[I/I‘-IHOCTI) OTBEYACT 3TOMy
(14), (15) nob6aButh
COOTBETCTBYIOIINE MAapKOBCKHUE IICITH.

O4eBUHO, YTO JOCTOBEPHOCTHh pa3zpabOoTaHHBIX

UHTEpBALy U B  MOJIEIIX

MapKOBCKMX MOJIeJIel HEMOCPEJCTBEHHO 3aBUCHUT OT
TOYHOCTH ONpEIeTCHHs TIPAaHHULl IOJYIEPHOJIOB H
3HAYeHWH  rapMOHMK  mpounecca. Jlms  3TOrO
npejularaeTcss MCIoJb30BaTh METOJMKY IPOBEICHUS
BeiBeT-aHAN3a  JUHAMUKH  OKCIUTyaTalHOHHBIX
[apaMeTpoB KOMIIBIOTEPHBIX CeTel, pa3paboTaHHYIO
aBTOPOM H OIYOJMKOBAaHHYIO B [2].

BriBoabl

1. Pa3paboTaHbpl MapKOBCKHE MOJIEIH, ITO3BOJISIONINE

MPOBOAUTH  AMMPOKCHMAIINIO, MPOTHO3UPOBAHHE W
¢dunbTpanuio JIUTHAMUKH IKCIUTYaTA[HOHHBIX
rnapameTpoB KOMITBIOTEPHBIX cereit Ha

HECTAIIMOHAPHBIX PEKUMAX.
2. IlepcrekTuBbl  JaNbHEHIIMX  MCCIEIOBAaHUN B
JAHHOM  HANpaBJIEHUW  3aKIIOYAIOTCSI B YETKOM
ompeneneHNH cPepsl U YCIOBHH
pa3pabOTaHHBIX MOJICIICH.
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