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BBEJEHUE

Wmeercst MHOTO paboT, B KOTOPBIX OOCYKIAIOTCSI CAy4aiiHbIe MPOIECChl pa3-
TYHBIX BHIOB [1-27]. OCHOBHBIM TpeOOBaHHEM MPHU aHAIU3E JIIOOBIX MPOIECCOB
ABJIsIETCS TPeOOBaHHE MAKCHMAaIBHOTO 00beMa MH(OPMALIUH, IIPU ITOM JKeIaTelb-
HO HUCIIOJIb30BaTh MUHMMAJILHOE KOJMYECTBO JaHHBIX. Mcronb3ys COOTBETCTBYIO-
HIYI0O CXeMy BbIOOpa JaHHBIX, MOYKHO YMEHBIINTH KOJIMYECTBO M3MEPEHUil, HEOO-
XOAUMBIX JUIS TOTO, YTOOBI ONPEEIUTh MapaMeTphl mpolecca ¢ MOAXOAsIIEH cTe-
MIEHBIO TOYHOCTH. ECIM M3BECTHBI cpelHee 3HaYeHHE MHTEpBaja BPEMEHH MEXIY
JBYMsI peain3aiusamu, QyHKIUS pacnpeaeieHus 3TUX UHTEPBAJIOB, AJIMHA KaX 10U
peanu3aiyu, TO 3TO MO3BOJISET MPOTHO3UPOBATh BEPOSITHOCTH MOSIBICHUS COOBITHIA
U OIPE/CNATh MUHUMAJIBHOE YHCIIO peanu3anuii. JlaHHas cTaThs ABISETCS JOru4e-
CKUM HPOJOIDKEHUEM paboThl [24].

1. MAPTHHTI AJIbI

Mapmunzanom Ha3bpIBAIOT ceMeilcTBO ciydaiiHpix Benmuuun &(t), rme teT,
T — MHOECTBO JCUCTBUTEIIHBIX YHCEN, 00JIaJal0INX HEKOTOPHIM «Oe3pasinyiem
K IPOLLTOMY». DTO «0e3pa3inyie) COCTOUT B TOM, UTO YCIOBHBIC MATEMAaTHUCCKUE
oxuganus npupamennit &(t,)—&() (4 <ty) npu 3amanHbIX 3HaYeHHsX &(S),
S <t, HE3aBUCHMO OT ITUX 3HAYCHUH PaBHBI HYJO. ECIIM MpeAnonokuTh, 4To 3TH
YCIIOBHBIE MaTeMaTHYECKUE OXXUIAHUS HEOTPHLATENBHBI HIM HEOJOKHTEIbHBI,
To &(t) HA3BIBAIOT CYOMApMUHZAIOM WV CYREPMAPMUH2AIOM COOTBETCTBEHHO
[1, 2, 4, 7]. B kauecTBe mpHMepa MapTHHTANIAa MOXHO MPHUBECTH CHMMETPHIHOE
ciydaitHoe ONy’kKJaHHe IO LENOYMCIIEHHBIM TOYKaM NpsMoi. MapTHHram MO>KHO
TaK)Ke WHTEPIPETUPOBATH KAK CYMMAPHBIH BBIUTPHIII OJJHOTO W3 UTPOKOB B OPJISH-
Ky, €CITH CTaBKa B KaXXIOW MapTHH HAa3HAYACTCS B 3aBUCHMOCTH OT PE3yJbTATOB
HpenbITyINX MapTHil, IpH 3ToM &g = CONSt MHTepIpeTHpyeTcss KaKk HadalbHas
miara 3a ydactue B urpe. Tepmun mapmunean 6611 BBeaeH JK. Bumnem. @panirys-
ckoe cioBo Martingal o3Hayaer yacTh KOHCKOW YIPSKH (PEMEHB), HE TI03BOJISIO-
IO JIOIIA/N B3ICPTUBATH TOJIOBY, TOT TEPMHH TAKXKE 03HAYACT yBOCHUE CTABKH
npu npourpeie. Ecimu &(t) — maprunran, to ciaydaiusiii mpouece 1(t) =|<";(t)|
OyIeT noymapmunzanom.

MapTHHTaIBl [PUHATO PACCMATPUBATh KAaK MOIEIM TEeX WIM WHBIX WIP.
Hampumep, nycts X(t) omMCHIBaeT COCTOSIHME KalUTala UIPOKAa B MOMEHT BpeMe-
HH t, TOrma, COTJIACHO OMpEIE/ICHHIO MapTHHTaja, CPEHSS BEIMYHHA €r0 KaruTa-
Ja B MOMEHT BpeMeHH 1,1 paBHa &, (PH yCIOBHH, YTO B MOMEHT BpeMeHH {,, OH

pacroJjaraj KarvuTajaioM an) HC3aBUCHUMO OT TOI'O, KaKOB OBLII €ro KamuTaj B npen-
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HIECTBYIOIME MOMEHTEl Bpemenu. Ilponecc X, =27Z;+...+Z, npu n=I1, 2, ...

SABIISIETCS MAPMUHZATIOM C ouCermelM epemenem, €Cin cnyqaﬁHHe BCIINYHHBI
Zi SABJIAIOTCA HE3aBUCHUMBIMH BECIIMYWHAMU C HYJICBBIMH CPEIHUMHU 3HAYCHUSIMH.

Ecmu npouece {X;, 0 <t<oo} uMmeer He3aBUCHMbIC IPUPAILIECHHUS, CPSIHNE 3HAUE-
HHSL KOTOPBIX PaBHBI HYyI0, TO {X;} SBIACTCA MAPMUHZANOM C HENPEPLIGHBIM
epemenem.

2. IIEITb MAPKOBA

Ilomokom codwvtmuil TPUHATO HA3bIBaTh IOCJIENOBATEIBHOCTh OIHOPOMHBIX
COOBITHH, MOSABIAIOIMINXCS OTHO 33 APYTMM B CIIydaifHble MOMEHTHI BpeMmeHH. Ilo-
TOK COOBITHH Ha3bIBACTCA OPOUHAPHBIM, €CITH BEPOATHOCTH MONAJaHUS HA 3a/1aH-
HBIIl HHTEPBAJ BPEMEHHU JBYX M OoJyiee COOBITHI MpEeHeOPEeRUMO Maja MO CpaBHE-
HHIO C BEPOSITHOCTHIO TOMAJaHUs OJHOTO cOOBITH. OpINHAPHBINA TOTOK COOBITHH
MO>KHO MHTEPIPETHPOBATh KaK ciydaidHbld mpouece X () — 4ucio coObITHH, HO-

SIBUBIIIMXCS 1O MOMEHTA BpeMeHH 1 .

[ToTOK COOBITHI HA3BIBAETCS HOMOKOM 0€3 NOociedeicmeus, eCiii Y1cjiao Co-
OBITHH, TTOTIAJAIOIINX HA 000N WHTEpBAl BPEMEHH T, HE 3aBUCUT OT TOTO, CKOJIb-
KO COOBITHII TIOTAJI0 Ha JIF000H APYToil He MepeceKarouicss ¢ HIM WHTEpBal Bpe-
menu [1-11]. TToTok coOBITHII HA3BIBACTCS HPOCH EHMMUM HOMOKOM, €CITU OH CTa-
[UOHApEH, OPJUHAPCH U HE MMeeT rmociieneicTBus. OpaIuHAPHBIN MOTOK COOBITHIA
0e3 TOCIIeICHCTBUS HA3bI8AEMCA NYACCOHOBCKUM NOomoKkom. HnmeHncuenocmoro
nomoka cobvimuii ). Ha3bIBACTCSA CPEIHEE YUCIIO COOBITHH, MPUXOIAIICSCS Ha
eIWHUITY BpeMeHH. [IJI1 CTallnOHAapHOTO TOTOKa A = CONSt, a I HECTAIIMOHAPHOTO
MOTOKA MHTEHCUBHOCTH B OOIIEM ClTydae 3aBUCHUT OT BpeMeHu: A = A(t) .

OpauHapHBIA TOTOK COOBITHI Ha3bIBaeTcsl nomokom Ilanema (M IOTOKOM C
OTrPaHUYEHHBIM IOCIEACHCTBIEM), €CIM MHTEPBAJIbl BPEMEHH MEXIY IOCIE0Ba-
TENBHBIMU COCTOSIHASIMHM CHCTEMBI TIPE/ICTABIAIOT COO0M HE3aBUCHUMBIE, OJTMHAKOBO
pacrpeziesieHHble ciy4aiinble BennunHbl. [lotok [lanbma Bcerpa sBisieTcs: cTanuo-
HapHbIM NOTOKOM. [IpocTelinuil MOTOK SABJIAETCSA YAaCTHBIM Cilyd4aeM notoka Ilanb-
ma. ITomoxom Spnanza K-20 nopsaoxa Ha3bIBacTCs MOTOK COOBITHH, MONy9aro-
IIHIACST «TIPOPEKMBAHUEM» MPOCTEUINETO MOTOKA, KOTa COXpaHsercs Kaxmaoe K-e
COCTOSIHHE B ITOTOKE, a BCE IMTPOMEXKYTOUHBIE COCTOSHUS OTOPACHIBAIOTCS.

Ilenvy Maproea mpenctaBinsieT cob0il MapKOBCKHH IPOIECC C TUCKPETHBIMH
COCTOSIHUSIMH U JUCKPETHBIM BpeMeHeM. J[pyrumu cioBaMH, MapKOBCKas IIElb
Ipe/ICTaBIsIeT cO00i Pa3HOBUIHOCTh MApKOBCKOTO IpoLecca, B KOTOpoM Oymyiiee
3aBHCUT OT IPOILIOTO TOJIBKO Yepe3 Hacrosee. llens, B K0Topoil ycIoBHBIE BEPO-
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SATHOCTH COCTOSIHUH B OyAyIlleM 3aBUCAT TOJIKO OT COCTOSIHUI Ha MOCJIEAHEM IIare
M HE 3aBUCAT OT MpPEIbIIYLIMX COCTOSHHH, Ha3bIBAIOT TAKXKE HPOCHMOI Uenvio
Mapxkosa. B ToM ciyuae, ecnu Oyaylee COCTOSIHUE 3aBHCUT OT COCTOSTHUN CUCTe-
MBI HE TOJBKO B HACTOSIIEM BPEMEHH, HO M OT €€ COCTOSHHMH Ha HECKOJBKUX
HpeABIOYIINX [Iarax, TO TAKYIO LENb Ha3bIBAIOT CIOMCHOU yenvio Mapkoea. Map-
KOBCKHH CITy9JaifHBIH MPOIIECC C TUCKPETHBIMHU COCTOSHUSIMU U HETIPEPBIBHBIM Bpe-
MEHEM MHOT/a Ha3bIBAIOT Henpepuignoil yenvio Mapkosa.

3. CTOXACTHYECKHE JU®PEPEHIIUA/IBHBIE YPABHEHUS

Jlns onmcaHust CiryqaiHBIX NMPOIIECCOB B HEMPEPHIBHOM BPEMEHH HCIOIb3YIOT-
csl cToxacTnieckue aAugdpepeHnnaIbHbIe YpaBHEHNUS, HAIpUMep:

dx(t)/ dt = F(x,t) + G(x, 1) &), Q@

roe &(t) — HopManbHbBIA OeJblid IIyM ¢ aBTOKOPpPEJSIUMOHHOW (yHKIuer O(t)
[1, 6, 11]. ITpomiecc X(t) B ypaBueHuwu (1) sBASETCS MAPKOBCKHM IIPOIIECCOM.

Ecnu paccMmoTpers vacTHbli ciyuait ypasHenust (1), xorma F(X, 1) =0 u
G = const, To ypaBuenue (1) nmpeobpa3syercst B CIeAyIOIICE YPaBHCHHUE:

dx(t) / dt =£(t), (2)

peHIeHrue KOTOPOTO0 MOKHO 3aIiucaTb B BUAC

t
X(t) = X(to) = [ &(t")dt’.

to

[porecc, onpeneneHHbil ypaBHeHHEM (2), ABISETCS BUHEPOBCKUM MPOIIECCOM.
Ecnu nuHaMudeckuii 06bEKT MOKHO OMUCATh ¢ TIOMOIMIbI0 ypaBHenus (1), kKo-
rma G = const, To umeeM

dx(t)/ dt = F(x(t) + £(t) .

B atom ciyuae mpu ¢GuUKCHpOBaHHOM HadambHOM ycioBuu X(t) croxacruue-

ckoe muddepeHmansHOe ypaBHEHHE OIIPEAEIsIeT aHcaMOIb BO3MOXKHBIX TPAEKTO-
puif cucteMsbl. [ 9MCICHHOTO WHTETPHUPOBAHUS CTOXACTHYECKUX AupdepeHn-
ANBHBIX YpaBHEHHH MOXKHO HCIIOJIB30BaTh METOA Jiljiepa ¢ MajbIM IIaroM MHTE-
rpupoBanus. CtoxacTudeckue quddepeHnnanbHble YpaBHEHUSI MOKHO pacCMaTpH-
BaTh KaK PE3yJIbTAaT MPEAENIEHOTO MEepexoia B CTOXACTHYECKUX PAa3HOCTHBIX YypaB-
HEHUSIX.
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3AK/IIOYEHHUE

B nmanHO# cTaThe cuenaH KpaTKU 0030p HEKOTOPHIX THIIOB CIYYalHBIX HPO-
1eccoB. BaxkHas poisib CilydaifHBIX TPOLECCOB OOBSCHSACTCS TEM, YTO pealbHbIE
MPOIIECCH], U3yYaeMbIe C MOMOIIBIO BEPOATHOCTHBIX METOJOB, CBSA3aHBI C YEpPEenO-
BaHMEM TEX WM UHBIX CIy4alHBIX COOBITHI. B pamkax MareMaTHueckux Mojenei
JUIS THOMYHBIX CIyYaiHBIX SBJICHUI MOXHO pa3pabaThiBaTh METOABI PELICHHs Ca-
MBIX CJIOXHBIX 33/1a4 HAYKH U TEXHUKH.
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It is possible to give many examples of physical processes which are stochastic processes by
the nature from the most different areas of science and equipment. For example, the daily fluc-
tuations of the temperature, the pressure, the humidity, the rainfall, the electricity consumption
and other processes. The random factors always have impact on an operating mode of any
technical devices in a varying degree. The growth of the population, the development of the
biological populations, the economic activity of the people also represent the stochastic pro-
cess. Therefore there is a need of the mathematical models formation such physical processes
and the phenomena. We will note that the mathematical model can be presented in the para-
metrical form or in the nonparametric form. Further the constructed mathematical model can
be used for the filtration algorithms formation of the physical processes with the stochastic
hindrances, for the future values forecasting and many other purposes. Presence of noise in the
observations assumes the special methods development for the dynamic objects identification
because the traditional methods use for the identification in which random factors aren't con-
sidered, gives the process approximate description only and can lead to wrong results. For the
main properties determination and the stochastic processes parameters analysis use the statis-
tical characteristics definition methods on one realization or the process general characteristics
definition methods on set of realization. Having the stochastic process realization on the cer-
tain time period it is impossible to predict unambiguously her subsequent behavior as it de-
pends on many stochastic parameters which have the essential impact on the process in the fu-
ture.

Keywords: stochastic process, martingale, events stream, intensity of the events stream, Mar-
kov simple chain, Markov continuous chain
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