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Po3rasinyTo mnuTaHHsA Mojedeii Ta iHdopmamiliHux TexHoJOriii  AOCTITKEHHSA
CTOXACTHYHO MepioaMYHMX MOTOKIB. BUijleHO KJac MyacCOHIBCHKUX MepPioAMYHUX KYCKOBO
CTAaNiOHAPHUX MOTOKIB i JJs1 0JHOro i3 BapiaHTIB HbLOr0 KJjacy, KOJM BilOMUMH € mepiog
NMOTOKY Ta iHTepBaJM CTAiOHAPHOCTI, OLliHEHO iHTeHCUBHICTh MOTOKY. /Il onucy MOTOKIB 3
o0MekeHOK micasAmi€l0 BBeJeHO iHTepBaNbHMII mNpouec, SIKMIi Aa€ 3MOry BpaxoBYBaTH
¢pynkuiro posnoainis inteppaniB moroky. Ha ocHoBi iHTepBanbHOTO Npouecy BiIKPUBAIOTHCSH
MOKJUBOCTI OOTPYHTYBAHHSI Mojejeil CTOXaCTHYHO MEPiOAMYHUX PeKYPEeHTHHX MOTOKIB Ta
NOTOKIB 3 o0MekeHOW micasaiero. SIk mpukaax BBeJeHO KJac iHTePBAJBLHUX MEPiOAUYHUX
npoueciB 3 piBHOMIPHUM PO3MOIJIOM, 110 € MOAEJUII0 PEKYPEHTHUX CTOXACTMYHO Mepiogny-
HUX MNoTokiB. OTpuMaHi pe3yJbTATH € OCHOBOIO pPO3pO0JeHHA MeToliB iMiTaniliHorO
MO/IeJIIOBAHHSI TA CTATHCTUYHOIO AHAJII3Y CTOXAaCTHYHO NMEPiOIUYHMX MOTOKIB (IMyacCOHIBCh-
KHX, peKYPEeHTHHX TOILI0).

KarouoBi cioBa: nmyaccoHiBCcbKHil MOTIK, MepiofMyHNii MyaccOHIBCLKHUI MOTIK, KYCKOBO
cranioHapHuii NOTiK, iIHTEeHCUBHICTH MOTOKY, OLIHKA iIHTEHCMBHOCTI MOTOKY.

Problems of the models and IT researches of stochastic periodic flows are considered.
The class of periodic piecewise stationary Poisson flows is separated and for one of the versions
of this class, when a period of the flow and intervals of stationary process are known,
assessment of intensity of the flow is made. For description of the flows with limited after effect
the interval process is introduced, which allows to consider a function of separation of
intervals of the flow. New opportunities of justification of stochastically periodic recurrent
flows and flows with limited aftereffect are based on the interval process. As a rule, class of
interval periodic processes with uniform distribution is introduced, which is a model of
recurrent stochastically periodic flows. Obtained results are the basis of the development of
the methods of simulating and statistical analysis of stochastically periodic flows (Poisson,
recurrent, etc.)

Key words: Poisson flow, periodic Poisson flow, piecewise stationary Poisson flow, flow’s
intensity, assessment of the flow’sintensity.

Ilo3HayeHHs

X (t) — MOTIK (BHUITaIKOBUH TpOIIEC).

t (t) — IHTEepBaJIbHUM Hpolec.

X(t) — peadizariist (pe3yJabTaT CIIOCTEPEKECHHS; KOHKPETHI JIaH1 CIIOCTEPEKEHHS) TIOTOKY.

T — mepiox MOTOKY.

lt it +1), lt ottt ) — IHTEepBaJIH, Ha SKMX BU3HAYAETHCS MPUPICT IOTOKY.

t,t; — moBxuHa iHTEpBaiB.

X(tj;t j)=X(tj +t j)' X(’[J-) — TIPUPICT MOTOKY, TOOTO YHCIO TOAIN, IO BinOynucs Ha iHTepBali
(.6 +t;).

= (’[ 1, Lt i Lt n) — BEKTOP IHTEPBaJIiB CTAI[IOHAPHOCTI MMOTOKY Ha IHTEpBaJIi [O,T).
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| = (I 1L i LI n) — BEKTOpP IHTEHCHUBHOCTEH MOTOKY Ha IHTEpBaIi [O,T).
L(I ) — (yHKuis nmpaBaonoxi6HoCTi aist posmoainy Ilyaccona i3 mapamerpom | .

) .
I — ominka mapamerpa | .

.

| 1, L, > L.l n) — OIlIHKA BEKTOpa IHTEHCUBHOCTEH MOTOKY Ha IHTEpBaIi [O,T).

Beryn. 3arasibHa mocTaHoBKa npodJieMu

[loToku HAac OTOUYIOTH BCIOJHM, BOHM NIPOHU3YIOTh HABKOJHIIHE CEPEIOBHUIIE, KHUTTs 3aranom. 1[0
MEPECBIMUUTHUCS B IIbOMY, BApTO 3raJlaTH MPO MOTOKH COHSYHOIO CBITJIA, MOTOKH BOJM, TeIlia, CHEeprii,
MOTOKH MAIllMH Ha Tpacax, MOTOKH 3BEPHEHb JI0 CUCTEM MAacOBOTO OOCIyroBYBaHHS, HAPHUKIIA, B CYIH,
Ha CTaHI[I0 IIBUAKOI JOMOMOIrH. B ocTaHHI POKM HEMOXXJIMBO YSABUTH ICHYBaHHS JIOOWHU 0€3
iHpOPMAIITHUX MTOTOKIB.

BBakaeThcs, 1m0 ICTOpist JOCIIIPKEHHS MOTOKIB MaTEeMaTHYHMMHM METOAAaMHM, TOYHIIE, METOJAaMHU
Teopii WMOBIpHOCTEH 1 MareMaTHYHOI CTaTHCTHKH, Oepe CBii MOYATOK i3 POOIT JATCHKOrO IHXEHepa
A. K. Epnanra, 30kpema i3 omy6mikoBanoi B 1909 pomi #ioro po6otu “Teopist iiMoBipHOCTE# 1 TenedoHHi
neperopopu”. Xo4a 3apaJH iCTOPUYHOI CIPaBEIMBOCTI HaBeAEMO IiKaBe 3ayBaxkeHHs i3 [1, cTop.3]. B
miii pobori i3 mocunanHsM Ha [2] roBopuThbes, mo “sk momnepennuka A. K. Epmanra cmig 3ragatu
loxanucena, uns crarTs “Yac ovikyBaHHS 1 YHCIO BUKJIWKIB” BUHIDIAa B cBIT B 1907 pori”. [lepepipuTh
CIPaBEUIMBICTD Ii€] JyMKH HaM He BJIAJIOCS Yepe3 BIICYTHICTh 3rajlaHux nepmopkepen [1, 2].

3 yacoMm BHUSBWIOCA, 10 TpoOieMu, posriisiHyTi Epnanrom B Tenedonii, BUHUKAIOTh y PI3HUX
00NacTAX JOCHI/PKEHb: Y TEXHilll, EKOHOMIIli, TPAHCIOPTI, OpraHizaiii BUPOOHUITBA. 3HAYHOI'O PO3BUTKY
TEOpist CHCTEM MacOBOT0O OOCTYTOBYBaHHS Ta iX CKJIaJI0OBOT YACTHHH — MOTOKIB — orpuMana B 30-50-Ti pp.
B poborax K.Ilamema (Isemis), ®. [Inauyeka (®panimis), B. demnepa (CLIA). OcobnuBoi yBaru
3aciayroBytoTh poboru Xinuumna (CPCP), nacammepen pobora [3] — “Marematnueckue METOIbI TCOPUU
MaccoBOT0 OOCITY)KMBaHUS’, B SKil 3aKIaJICHO OCHOBH Teopii MOTOKIB. [HTepec 70 MOTOKIB HEYXHIILHO
3pOCTae, Mpo IO CBIMYHUTH 30UTBIICHHS CTaTell MaTEeMaTHYHOTO i MPUKIIAJHOTO XapakTepy, AUCEpTAaIlii,
MDKHapOJHUX KOH(QEpeHIill, B SIKUX pO3TJBIIAIOThCS MUTaHHSA TOTOKiB. 3 1986 poky BUAaeThCs
creniaaizoBanuii )xypHan “Queueing Systems” (“Cucremu uepr”).

BuBueHHS MOTOKIB B 1X 3arajJlbHOMy BHIJISAJII Ma€ IIEPEBAXKHO TEOPETHYHUN Xxapaktep. B
MPUKIAJHUX JOCTIHDKEHHSIX yBary CIEIIalliCTiB MPHBEPTAIOTh OKPEMi KJIACH IOTOKIB, IO HAIUISIOTHCS
neBHUMHU o3Hakamu. Cepesl TaKMX KJIaciB HaHOLIBII BUBYCHUMH € HAHIPOCTINI MOTOKH, TOOTO MOTOKH,
JUIsl SIKUX BHKOHYIOTHCS YMOBH CTalliOHAPHOCTI, OpAMHAPHOCTI 1 BifcyTHOCTI micmsanii [3—6]. Moupemtio
HaHIIPOCTIIIOr0 MOTOKY € CTalllOHApHHMK IyacCOHIBChbKUE mporec (motik). Ha 0a3i 1iel momeni s
HaHIPOCTIIIMX MOTOKIB PO3POOJICHO aHAJITHYHI Ta CTATUCTUYHI METOM X JTOCIIKEHb.

[pore, sik OKa3ye MpaKTHUKa, He JJIsl BCiX TOTOKIB BUKOHYIOThCS ITepepaxoBaHi BUILE YMOBH, TOOTO
HE BCi MMOTOKH MOXKYTh OYTH 3BEllEHI TUTBKH JI0 CTAalliOHAPHHUX ITyacCOHIBCBKUX IMOTOKIB. Jlerko HaBecTH
MPHUKIAAM, KOJIW TOPYIIYETbCS OJHA YHM HABITh JBI 13 IHUX yMOB. SIKIIO MOPYIIYETHCS JHIIE YMOBA
CTalliOHAPHOCTI, TO MOJEIUTI0O TaKUX IOTOKIB € MyacCOHIBCHKHN MpOIeC, a cami MOTOKH MPH IBOMY
HA3UBAIOTh MTyaCCOHIBCHKUMH.

CBo€r0 4eproro, cepeil HECTAallOHAPHHUX IMOTOKIB yBary INPHUBEPTAIOTh IOTOKH, XapaKTEPHOIO
O3HaKOK SIKUX € CTOXaCTUYHA IEPiONUYHICTD (CYTh IBOTO TOHSTTS JETANBHIIIEC PO3TIITHEMO HUXYE),
MOXIIMBUMH TI€PioJIaMH SIKOi MOXKYTh OyTH 11002, THXKIIEHb, PIK TOIIO. Y BHIAJAKY, KOJIH JUISl CTOXaCTHYHO
MEepiOUYHOrO TMOTOKY BHUKOHYIOTBCS YMOBHM OPJMHAPHOCTI Ta BIACYTHOCTI Micismii, X Monmemmo €
MyacCOHIBCHbKHMI TMepiomuuHuii motik [4, 5]. SIkuM € craH JOCHiPKeHHS TakuxX MoTokiB? Ormsin
JTepaTypHHUX JDKEepen TOoKa3ye, M0 Ha BiJIMIHY BiJ| MyacCOHIBCHKUX CTalllOHAPHHUX IOTOKIB OLIBIIICTH
3aBJaHb JOCTIDKCHHS IMyaCCOHIBCHKUX MEPIOJUYHUX MOTOKIB 3aJUIIAIOTHCS HE BUPILICHUMH, HacaMIIepe]
1I€ CTOCYETHCSI OI[IHFOBAHHS IHTCHCUBHOCTI IIOTOKY.

LikaBuM JUTS MPAKTUKK TAKOXK € BUIAJIOK, KOJH MOTIK € CTOXaCTUYHO MEPIOANYHHM, alie IPH LbOMY
JUIS HBOTO TIOPYIIYEThCS YMOBa BIACYTHOCTI MIC/IsAii. YBarud HayKOBIII Ha CTOXAaCTHYHO IMEPIOIUYHI
MOTOKH, BiZIMiHHI BiJl ITyaCCOHIBCHKHUX, B3araii He 3BepTajn, TOOTO BIIKPUTHMH € MMUTaHHS OOTPYHTYBaHHS
1X Mojenel, BUBYEHHSI METOJaMH MaTEMATHYHOI CTATHCTUKH, IMITAIIHHOIO MOJAETIOBAHHS.
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Mera poOOTH — pO3MJISHYTH JEAKi 3arajibHi NHMTaHHSA TOTOKIB, 13 KJIacy ITyaCCOHIBCBKUX
MepioIMYHUX MOTOKIB BUIUTUTH MOTOKH 13 “cripomeHumMu’” (opMaMHy IEpioANIHOCTI IHTEHCUBHOCTI Ta JUIS
ofHiel i3 Takux (opM 3HANTH OLIHKY IHTEHCHMBHOCTI, BBECTH HOBHMH Kjac BHUIIQJKOBHUX IPOIECIB —
IHTEepBaJILHUX TPOIIECIB 1 Ha 1[I OCHOB1 PO3POOMTH MiAXiA Al OOIPYHTYBaHHs MoJeieldl CTOXaCTHYHO
MEepioMYHUX PEKYPEHTHUX MOTOKIB.

{06 mepeliT A0 PO3rIsly OCHOBHHX IUTAHB IIi€i poOOTH 1 MPH [BOMY YHHUKHYTH TEBHHX
pO3’SICHEHB, 3aCTepPEeXKEeHb, MOMNEPETHHO X04a O y 3aralbHUX pHCax OXapaKTepPH3YEMO JCsSKi MOHATTA Ta
OCHOBHI pe3yJIbTaTH TE€OPIi IOTOKIB.

IToHATTS MOTOKY

[ToTokoM Ha3WMBarOTh MOCIMOBHICTH MOJIH, MO BiAOYBalOThCS B JACSIKI MOMEHTH 4acy, SIKi B
MepeBakHil OUIBIIOCTI € BUMAJIKOBUMHU. SIKIIO MOJISIMH € 3aMOBJICHHSI B CHCTEMY OOCITyTrOBYBaHHS, TAKHH
MOTIK Ha3UBAETHCS MIOTOKOM 3aMOBJICHD (3BEPHEHHSI, BUMOT, MOJIiH) 00 BXIIHUM ITOTOKOM. Y 3arajbHOMY

99 ¢

BHITAJIKY, SKIIO HE BUKOPHUCTOBYBATH CJIOBA ‘MO, “3aMOBJICHHS”, TiJl IOTOKOM PO3YMIlOTh BUITaIKOBHI
npoliec, Mo SBJISE€ cOOO0 MOCIiIOBHICT TOYOK, BHIAJIKOBO PO3MINIEHUX Ha OCi [O,¥). € TpHU OCHOBHI
criocobu onucy motokis. Haragaemo ix, BpaxoByro4s npH npomy [3—6].

Morik sk BUNaakoBuii nmpouec. [ToTik MOKHA PO3IJISIATH K BUIAJAKOBUH IIPOIIEC

x(t),t3 0, (1)
110 BU3HAYAE KUIBKICTh MOJIiM, 10 BIAOYIUCS 3a TPOMIKOK 4acy (0,'[).

IoTik sik mocaigoBHicTs BUNagkoBux To4ok. Hexait t,L,t,L_,t; =0 — BuUmagkoBi MOMEHTU
yacy, B sIKI HAJXOIATh 3aMOBJICHHS. SIKIIO Il MOMEHTH PO3IJISLIATH SK IOCTIIOBHICTh BHIAAKOBUX
BEIMYNH (TOYOK)

t, L., t, =0, (2)
3aJlaHy Ha IHTepBai [O,¥), npudyomy 0<t; <t, <L, Taky HOCIiIOBHICTH iHOJAI HA3MBaIOTh TOYKOBUM

IIPOLIECOM.
IMoTik sIK MOCJAiIOBHICTH BUNAKOBHX iHTepBaJiB (BetmumH). Skio nocnigosHicts ty, L.t L. —

df
IIe MOMEHTH HAJXO/UKEHHS 3aMOBJIEHb, TOAl pisHumi tj- tj_; =t;,i =12, Bu3HauaOTh IHTEpBAIH
(TpoMiXKKiB) "yacy MK i-1-M 1 i-M 3amoBiaeHHsIMH. Ockinbku MoMmeHTH tj,1 =12, € BUmagKoBUMH
BeMUMHAMH, TO iHTepBaimu t,i =12, texx Oyayrs BumaakoBumu. CaM e IOTIK PO3IIIANAETHCS SK

MOCITiTOBHICTh BHIIAJKOBUX BEIMYHH (iHTEpPBAIIIB)

ti,i=12,L. 3)

Criocobu monanus motokiB y Burisai (1-3) B3aeMoroB’si3aHi, TOOTO MOTIK, ONMUCAHUA OTHHUM i3
TPhOX CIOCO0IB, MOXKHA OMKMCATH 1 B PO3yMiHHI JABOX iHmHmX [3, c. 41]. 3amexHo Bijg cuTyalii Mu
po3risAaTHMEMO MOTIK y BUrisai (1), ToOTO SIK BHIIaJKOBUE Ipoliec X(t),t3 0, abo y surmsani (3) sk

MOCIIIOBHICTh BUIAJAKOBUX BEIUYHNH.

IIyacconiBcbki moTOKHM

BuBuaTtH MOTOKM B 3arajpHoMy BUIIAl MayoedekTuBHO. LI[00 mochipkeHHS IOTOKIB OyIIo
pe3yNbTAaTUBHUM, 13 MHOKMHH IIOTOKIB BHAUISIOTH ITOTOKH, IO XapaKTEPH3YIOTHCH KOHKPETHHMH
BJIACTHBOCTSIMH. JI0 TakuX HajeKaTh IYACCOHIBCHKI IOTOKM Ta JEsAKi 1X OKpeMi KjacH, Hacamiiepen
HANTPOCTIIIi MTOTOKH.

HaiinpocTimmuii notik

[loToku, MmO 3aJ0BONBHSAIOTE YMOBH CTAI[IOHAPHOCTi, BIJICYTHOCTI MICIHsAii Ta OpAUHAPHOCTI,
HAa3MBalOTh HANMNPOCTIIMMHU. [X MOAEIIO € CTallioHapHUl IyacCOHIBChbKHi mpotiec. [TokazaHno [3—6], mo
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JUISl HAUTIPOCTIIOTO MOTOKY X(t) HMOBIPHICTH TOTO, 1110 32 AOBUTBHHI MPOMDKOK Yacy (t,t +t ) HaJIAIIITO

S 3aMOBJICHb, BU3HAYAETHLCS 32 (POPMYIIOO
S
P(x(t):s):%e"t, s=0,LL. 4)

[MTapamerp | , mo BXoauTh 10 1i€i (HOPMYIH, HA3MBAIOTh IHTEHCHBHICTIO (IYCTHHOIO) MOTOKY i
BH3HAUYAIOTh SK CEPEeOHIO KUIbKICTh MOMAINM, MO0 BiAOYIHCS 3a OAMHUINO dYacy. OCKUIbKH pPO3MOILT
nmoBipHOCTEl (4) € posmoaiiom Ilyaccona, TO HaWmpocTiHMK MOTIK 1€ HA3WBAIOTH CTAI[iIOHAPHUM
MyacCOHIBCHKMM TIOTOKOM, CTaI[iOHapHUM TOTOKOM IlyaccoHa, iHONI IyacCOHIBCBKMM CTalliOHApHUM
nporecoM. 3ycTpidalodd Taki pi3HOHA3BH, BAPTO MaM SATAaTH, IO IYaCCOHIBCHKHM IMOTIK — II€ T€ came, 0
MyacCcoHIBChbKU mporiec 8, c. 763].

JIisi XapaKTepUCTUKH CTAlliOHAPHOTO IyaCCOHIBCHKOTO IMOTOKY, KpiM #oro iHTeHcwBHOCTI |
BHUKOPHUCTOBYIOTh TAKOX MPOBiMHY QyHKIiF0 L (t ), 10 BU3HAYAETHCS SIK MaTeMaTUYHE CIIOAIBaHHS YUCIIa

MO, AKI BiIOYIHCS 3@ TIPOMIYKOK Yacy (O,t ) :

t+t
LE)=Mx)= a=It.

HecTaunionapHi nyaccoHiBcbKi MOTOKHU

Sx wnaromomryetscst B [5, ¢. 20], KpUTHYHE BHUBYECHHS YMOB, SIKI TPUBOJATH N0 HAWUMPOCTIIIOTO
MOTOKY, B IPAKTHYHUX CUTYAI[IsIX 3yCTPIUAIOThCA HE TaK 4acTo. SIKIIO MOTOKH PO3TISIATH HA JIOCTATHBO
TpHUBAJKX iHTEpBaJlaX 4Yacy, HAPUKJIaJl, CYMIpHHH 13 10000, POKOM TOIIIO, TO cepe]] HUX MOXHA 3yCTPITH
MOTOKH, JUIS SIKUX BXKE HE BUKOHYETHCS YMOBA CTAIliOHAPHOCTI, aJie 3aIHIIAI0ThCS CIPaBEIIMBUMH YMOBH
OpIMHapHOCTI 1 BijcyTHOCTI michsimii. HecramioHapHICTh TOTOKY TPOSBISETHCS B TOMY, HIO HOro

iHTEHCUBHICTH B)K€ HE IOCTiiHA BEIMYMHA, a € JeIKol QyHKUicro vacy | (t) 1 BM3HAYAETHCS 3a

(dhopmyI0t0
| (t)= lim M[X(I+D[)-X(t)]= im MX(t;Dt):
D® 0 D Do Dt
_ o mbeo)- ) omly)
_Dltlcr@noT_Dltlcr@no Dt =méy). (5)

ne X(t;t )=X(t +t )- X(t) — MPUPICT MOTOKY, TOOTO KUTBKICTh MO, MO BiOYIUCS MPOTATOM YaCOBOTO
iHTEepBaITy (t,t +t ), Mx (t) = m(t) — MaremaTuyHe cnojiBaHHsA. Ha ocHOBI (5) MOJKHa CTBEpIKYBaTH, IO
IHTeHCUBHICT | (t) — MHUTTEBA T'yCTHHA ITOTOKY B MOMEHT t .
JIis  HecTalliOHapHOI'0 IyaCCOHIBCBKOIO IIOTOKY € HOro mpoBiAHA (QYHKIIIA L(t;t ), 110
BU3HAYAETHCSA SIK MATEMAaTHYHE CIIOIBaHHS KUIBKOCTI O/, 110 HACTalM 3a IHTEpBaJ Yacy (t,t +t ):
L(t:t )= Mx(t:t )=M[x(t+t )- x(t)] = Mx (t +t )- Mx(t).

BpaxoByroun (5), npoBinHa QyHKIIis
t+t

Ltt)= ¢ ().
t
IMokaszano [3, c¢. 15-18, 75-78], mio I HECTAIIOHAPHOrO MOTOKY 3 IHTEHCHBHICTIO | (t) roro
pUpIcT X(t;t )=X(t +t )- X(t) Mmae posnozin Ilyaccona i3 mapamerpom L(t,t ), TOOTO
t+t
~ t+t
g (at S Ot

P{X(t;t)zk}:tTe t :%Eﬂ(ﬁt)
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CTOoXacCTHYHO NMepioANYHi NOTOKH

HecramionapHi MOTOKH SIKOTOCh OCOOJNMBOTO 3HAYEHHS Hi A Teopii, Hi AN TPaKTUIHOTO
BHKOPHCTaHHs He MatoTh. [IpoTe yBary creliaiicTiB, 0COOJMBO IHKEHEPHOTO CIIPSIMYBaHHS, IPUBEPTAIOTh
BHJIUICHI 13 MHOKHHHU HECTAIlIOHAPHUX IMOTOKIB CTOXaCTHYHO TepioanyHi motoku. Haramaemo [7, 9], w10
MOTIK Ha3WBAETHCS CTOXACTUYHO MEPIOJMYHIM, SIKIIO MEePIOANYHUMH (3 OIHUM 1 THM CAMHM IIEPiOJIOM) €
Horo meBHI mapaMeTpH, MOKIMBO, HMOBIPHICHI XapaKTEPUCTUKH, ISl TOTOKIB 3 0OMEKEHOIO MICISIIEr0 —
ofHOBUMIpHI QyHKIIT po3moaini. [1lo cTocyeThesi CTOXaCTUYHO MEPIOAWYHHUX TOTOKIB MyaCcCOHIBCHKOTO
THITY, TO TIEPIONYHKM € X mapamerp | (t), t3 0 , Tobro icHye Take yncio T , mo

| (t)=1(t+T). (6)

[lpy npoMy caM TOTIK HA3WBAETHCS IYACCOHIBCHKUM IEPIOJUYHUM TOTOKOM. 3YNMHHHMOCH Ha

MUTAHHSX, HACKUTPKA BHBUCHHMH € TIEPIOAMYHI ITyacCOHIBCHKi IIOTOKH, IO 3pOOJIEHO CTOCOBHO
CTaTHCTUYHUX METOJIB iX aHami3y?

3arajbHuii cTaH AOCTITKEeHb MYaCCOHIBCHKUX NMEPioUYHUX MOTOKIB

HamnerHo, mepiini 3rajku 1010 HasSBHOCTI MyaCCOHIBCHKUX MOTOKIB 13 MEPIOANYHOI0 IHTCHCUBHICTIO
| (t) 3ycTpivaemo B [4, ¢.107]. Aje 3BepTalouuCh 10 I[LOr0 MUTaHHS, B POOOTI HABEACHO JIMIIE MPUKIA]
MepioAMYHOI IHTEHCUBHOCTI Y BUTJISAII

| (t)=2| sin at =1 (1- cos2at).

BkaszyeTbcsi Takok, IO 10 MOTOKIB i3 SICKPAaBO BHPAKCHOKO IMEPIOAWYHICTIO HANEKATh IMTOTOKH
BHKJIMKIB B Tene(OHiT, MOTOKM BaHTAKHUX CYICH, IIOTOKH BUKJIMKIB Ha CTAHIIIO MBUIKOI JOIIOMOTH.

Baxxiueoro € pobora [10], B sikiii OyJO BBEIEHO KJIac BUIAJAKOBUX IPOIECIB 13 HE3aJSKHUMHU
MepioUIHUMHE MPpUpOocTaMi. YaCTHHHUM BUIIAIKOM IIHX TPOIECIB € MEPioNTHI TyaCCOHIBCHKI MOTOKH.

Xo4a B IMX Ta IHIIAX poOOTaX WIAETHCS MPO MEPiOAMYHI MyacCOHIBCHKI MIOTOKHU Ta JAEsSKi METOH iX
AQHAJIITUYHOTO BHMBYCHHS, BIIKPUTHMHU 3aJMINAIOTBCS 3adavi iX JOCTIIPKEHHS METOJaMH MaTeMaTHYHOL

CTaTHCTUKH. UM He HaWBaK/IMBILIOK i3 TaKUX 3aJa4 € OLIHIOBAHHY IEPiOAMYHOI IHTEHCHBHOCTI | (t)

ChoroHi 114 3aja4a 3aIMIIAEThCs HEBUPILICHOIO.

IIpo Mo:kIMBOCTI BUKOPUCTAHHS /LISl AaHATI3Y MEPioUYHNX MYyaCCOHIBCHKHX
NMOTOKIB MeTOAIB NMePioAMYHO KOpPeJIbOBAHUX MPOIeciB

[lizniMaroun THUTAaHHS OI[IHIOBaHHS I1HTEHCHBHOCTI TYaCCOHIBCBKHMX TIIE€PiOJIMYHHUX TIOTOKIB,
HEOOX1THO 3’SCYBaTH, Y4 MOXKJIMBO BHKOPHCTATH JJIS IbOI'O BIJOMHUN METOH OI[IHIOBAHHS IEPiOAUYHOIO
MaTeMaTHYHOTO CIOJIBaHHS TepiognyHo KopenboBaHuX mpoueciB [11, 12]. TlopiBHsbHME aHaM3
MyacCOHIBCHKHX IMEPIOIMYHUX TIOTOKIB (IIPOIIECiB) 1 EPiOJUYHO KOPEIThOBAHMX MPOIIECiB MOKA3YE, 110 HA
MOCTaBJICHE TUTAHHS € OJHO3HAYHA BIANOBIAb — Hi, Oe3mocepeIHb0 He MOXKHA. X04a, 3 OJHOTO OOKY, IIi
MPOLIECH JICIIO TOMI0OHI, HaWIepile, HAsSBHICTIO NMEBHUX MEPIOAWYHMX HWMOBIPHICHHUX XapaKTEPUCTHUK, 3
HIIIOrO — IIe Pi3Hi 32 BU3HAYECHHSIM KiacH mpoteciB. Haramaemo [11, 12], mo mepiognyHo KOpelboBaHi
MPOIIECH BU3HAYAIOTHCS 4epe3 WMOBIPHICHI BJIACTHBOCTI CaMOro MPOIECy X(t). o crocyerbes

MyacCOHIBCHKMX IOTOKIB, TO, SIK BHAHO i3 (5), iX OCHOBHHMI NapameTp — IHTCHCHBHICTh I(t) -

BHU3HAYAEThCS Yepe3 MMOBIPHICHI BJIACTHBOCTI MpHpOCTiB Tpouecy. OTke, B MNPUIYIIEHHI PO
MepioaUyHICTh iHTeHCHBHOCTI (popMyna (6)) TeX HEIBHO NPHUCYTHI NPUPOCTH mporecy. Bkazani
PO30DKHOCTI MK IMMH TpOIlecaMH IMOPOKYIOTh BIZIMIHHOCTI B CIIOCO0ax OTpPHMAaHHS X peamizallii
(BuOIpOK), 10 BUKOPHCTOBYIOTHCS B 3ajjadyaX CTATHCTUYHOrO aHamizy. s mepioJuvHO KOpETbOBaHOTO

MpoIlecy peanizaliclo € 3HA4YeHHS MpPOIeCcY X(t) , nOpuifHATi B mneBHI MomeHTH dacy . [ua
MyacCOHIBCHKOTO  TEPIOANYHOTO  IMOTOKY X(t) Horo peamizaliclo € 3HAYCHHS TMPHUPOCTIB
h; =x (ti ;U )= X (ti +t )- X (ti ) Ane nuTaHHA OO TOTO, B IKMX To4kax 1, 1 Ha sxux iHTepBanax t; Oparu

MPHUPOCTH TPOIIECY, TIOKU 3alHIIAE€Thcs BigkpuTuM. [1{oOu BinmoBIiCTH Ha Iie 3alUTaHHS, 3BEPHEMOCH 10
METOJ1y OILIIHIOBaHHS MaTeMaTHYHOrO CIIOIBAHHS MIEPIOTUIHO KOPEIbOBAaHOrO mpoiiecy [12].
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OuiHBaHHS MAaTEeMATHYHOTO CIIOAIBAHHS NMEPiOTUYHO KOPEJIHLOBAHOI0 MPOLeCY
OCKUIbKM MaTeMaTHUYHE CIOJIBaHHS IEPIOJUYHO KOPEIhOBAHOIO IMPOIECY X(t) € TEPiOAUYHOIO

(GyHKITIEIO 3 TepiogoM T , OIIHKY JOCTaTHRO OYIyBaTH JIMIIE B TOUYKAX, PO3MIIIICHUX Ha iHTEpBaIi [O,T).
B ocHOBY moOymoOBH OIIIHKM MAaTEMaTHYHOI'O CIOMAIBaHHS IOKIAJACHO JIeMy, 3TiIHO 3 SKOK BIIJIIKK
MepioIMIHO KOPEILOBAHOTO MPOIIECY, B3ATI Yepe3 Mepiof], yTBOPIOIOTh CTAI[IOHApHY MOCIiNOBHICTE. OTXKeE,
JU1s MOBiTBHOT TOuKH o 1 [O,T) HOCTIZIOBHICTh

X(to ), x (to +T),L,x(to +iT), 7)
€ CTaI[ilOHAPHOIO, TOOTO Ui HEel MOXKHA 3HAWTH OIIHKY 1i MaTeMaTHYHOIO CIOJIBaHHS MX(’[O). Hexaii
X(t),ti [0, TO], Ty >>T — peamizamiss mepiogn4HO KOpenboBaHOro mporecy. OIIHKOI0 MaTeMaTHYHOIO

CIIO/IBaHHSA MX(’[O) € cTaTHCTHKa [12]

S-1
~ 1 .
m(to)=g - x(to +|T), (7a)
i=0
— é-ro U . ~ . . v
e S= &/ThH™ Iina yactuHa, fj | [O,T). L5t o1iHKa € HE3MIIIEHOIO, CIIYIIHO i e() eKTUBHOIO.

OOrpyHTYBaHHS YMOB 1010 MOKJIMBOCTi CTATHCTUYHOIO AHATI3Y
MyacCOHIiBCHKUX MePioUYHUX MOTOKIB

AHaNi3ylouH CTamioHapHy nociigoBHicTh (7) 1 ominky (7, a), HEOOXiqHO 3’ICYBaTH, SIK BUSBUTU B
MEepiOMYHUX ITyacCOHIBCHKMX IOTOKaX EJIEMEHTH CTallioHapHOCTI (OIHOPIMHOCTI), a caMe BHUAUTUTH
BKJIQJICHI BIJHOCHO HUX CTAIlIOHAPHI MOCHIJOBHOCTI, AKi T&K MOXXHa Oyj0 O BUKOPUCTOBYBATH B 3aJadax
X CTaTUCTUYHOrO aHAJI3y.

SIKIIo B3STH /10 yBaru BiIMIHHOCTI y BU3HAYEHHSIX MK MEPIOANYHO KOPEITbOBAHUMH MPOIECAMU 1
MEPIOAMYHUMU IyaCCOHIBCHBKMMM IIOTOKaMH, TO BHXOIUTh, IO BHUIIAJKOBI BEIMYMHHU CTalllOHAPHOI

nocrminorocti hy,L,h,, L, BknageHoi BiAHOCHO MepiofMuHOro mMyacCoHiBCHKOrO MOTOKY, OBMHHI MaTH
MEeBHI XapaKTepHi 0COOIMBOCTI, SIKI MU ITOaMO Y TAKOMY BHUTJISII.

a) uia cramioHapHoi mocmigoBHocti hy,L_.hj,L_ ii BumagkoBi BenmumHu hj € mpupocTamu
MEpIOJUYHOTO  TYAaCCOHIBCBKOTO  TOTOKY X (t), t3 0, B3ITHMH Ha TEBHUX  IHTepBalax
[ti,ti +t ],i =1,2,L,t <T , wHamiBoci [O,¥), to6T0  h; =X(ti it )=X(ti +t )- X(ti), OpH  IBOMY
t, 1 [0,T)t +t <T;

b) iHTepBaNM [ti 6 +t ],i =12, noBuHHI Oyt po3MilleHI depe3 mepiogx T, TOOTO
=t +(i-1T,i32;

c¢) Bumazakosi BenuuuHu hy,L_,h;, L € He3anexHUMHM 1 pO3NOALIEH] 32 OJHUM 1 TUM CAMHUM 3aKOHOM

IlyaccoHa;
d) mo crocyeThcst mapamerpa posnoainy [lyaccoHa, To TyT MOKYTh OyTH JIBa BapiaHTH, a caMe:
d.1. Ha koxHoOMY i3 iHTEpBaiB [ti 6 +t ],i =1,2,L, iHTEHCHBHICTb € TOCTiifHOO BenuuuHOo | |
TOMY Tapamerpom posnoiny mocaigorocti hy,L,h;,L € Benuunna | t
d.2. Ha BkazaHux iHTepBasax [ti 6 +t ], i =1,2,L_ iHTCHCHBHICTb € AESIKO0 QYHKIL€IO, IKY B CHIY
ii mepioIMYHOT TTOBTOPIOBAHOCTI JIOCTATHHO 3HATH JIKIIE HA TIEPIIOMY iHTepBai: | (t), t1 [tl,tl +t ] . IIpn
b

[FOMY [IapaMeTpoM po3moaity nocuigosaocti hy,L,h;,L_ Gyxe nposinna dbynkuis L (tl )t )= Q | (t)dt .
1

Sxwuit 13 [BOX ocTaHHIX BapiaHTiB BuOpaTtn? [Ipn BuOOpi BapianTa d.1 myaccoHiBChbKU mepionnIHUN
MOTIK Ha IHTEpBajaXx [ti 6 +t ], i =1,2,L_0Oyne cramioHapHMM, TOMY, BHKOPHUCTOBYIOUM METOJ

MaKCHMAJIbHOI MPaBIOMOAIOHOCTI, MOJKHA 3HAWTH OIIHKY iHTeHcuBHOCTI | . SIkmio BuOpatu d.2, TO B
[OMY BHTJIKy 38 METOJIOM MaKCHMAaJIbHOI MPaBIONoAi0HOCTI MOXHA 3HANTH JIMIIE yCepeaHEHY OIiHKY
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npoBinHOI  (yHKIIIT L(t;t) Ha IHTepBajax [ti,ti +t ],i =12,L., a omke, 1 ycepeaHEHy OIIHKY

iHTeHcuBHOCTI | (t) Ha IIUX iHTepBaax.

IlyaccoHiBcbKi nepionnyHi KyCKOBO-CTAlIOHAPHI OTOKHU

3yIUHUMOCH Ha BapiaHTi, 110 MICTHTh ITYHKTH a, b, ¢, d1. 11100 peanizyBaTu 1iei BapiaHT, HEOOXIHO
13 BCI€T CYKYITHOCT] IyaCCOHIBCHKHMX TEPIOMYHIX MOTOKIB BHIUTUTH KJIAC MIOTOKIB, (POpMa MepioTUIHOCTI
IHTEHCUBHOCTI SIKHX KOHKPETHU3YEThCS Tak, 11100, MO-mepiie, OyJlIo BpaxoBaHO MYyHKTH a, b, ¢, dl, i, mo-
npyre, Oylia MOXKITMBICTb PO3POOHTH METOJT OLIHIOBAHHS ITi€] IHTEHCHBHOCTI.

Osnauenns 1. IlyaccoHiBchkHii MOTIK X(t) HA3UBAETHCS KYCKOBO-CTAI[IOHAPHUM (OHOPIAHUM),
SIKIIO #oro mapamerp | (t) € TIEPIOIMYHOI0 KYCKOBO-TIOCTIHHOIO (YHKIII€0 3 mepiogoM T .

[loBHa Ha3Ba BM3HAYEHOTO KJacy MPOIECIB — ITyacCOHIBCHKI MEPiOJUUYHI KyCKOBO-CTalliOHApHI
TIOTOKH (TIPOIIECH ).

BusHayeHHST TTyacCOHIBCBKOTO MEPiOJMYHOI0 KYCKOBO-CTAI[IOHAPHOTO MOTOKY MOYKHA YTOYHHTH.
Hampuxiian, MOkKHa BBakKaTH, IO Ha IEpioji [O,T) TaKMX IHTEPBAJIB CTAI[IOHAPHOCTI € CKIHYCHHA
KUTBKICTh, 1 KPiM IIbOTO, MOXXYTh BKa3yBaTHCS I1i IHTEpBAIIH:

[to. t Lty J [t 1)
ae ty =0,t, =T . Sxkmo t i =tj - tj-l — JIOBKMHHM IHTEPBAJIB I_tj_l,tj), j =LL,Nn, To pa3om Wi JOBKHHU
YTBOPIOIOTH BEKTOP
C={. Lt .t y),

n

[¢} . . . .
ans sxkoro gt i =T, caMi X IHTEpBaiu I,tj-l’tj)a J=LL.,n me MOXHa 3amUCcaTH Yy BHIIISAII

j=1
G- 1851+t )

OCKUIBKM IHTCHCHBHICTh IIOTOKY € TIEPIOANYHOI (YHKIIE€0, TO OYEBHIHO, IO IHTEPBAIU
CTaIliOHAPHOCTI ['[0,'[1 ),L,ltj_l,tj),L,[tn_l,tn), po3MmillleHi Ha  mepioml [O,T), Mepi0ANYHO
MPOJIOBXKYIOTHCS HA BECh IHTEPBAJ [O,¥ ) , 1 Ha JIOBLIBHOMY TIepiozi [iT, (i + I)T) BOHU MalOTh BHUTJIS

[ty +iT.t; +iT) j=LL,n; i=0LL. (8)
abo
[t 1+instj+in)  =LL i =0,LL,
ne tj +iT =tj+in-

Kpim 3ananHst iHTEpBaNiB OAHOPIAHOCTI, MOXKYTh OyTH TaKOXX BKa3aHi 3HAYCHHS IHTEHCHBHOCTEH

MOTOKY Ha IUX iHTepBaax, HAPUKIIAJ], y BUTIISII BEKTOpa

C=( 0,0 y), :

e |J-, J=LL.,n — iHTEeHCHBHIiCTb MOTOKY Ha iHTepBaii I,tj-l’tj)a a omKe, 1 Ha iHTepBaNax
lt;. +iT.t; +iT)i=0LL.

VY BUMajKax, KOJH MPO MEPiOJTUYHUIN MyacCOHIBCHKHI KYCKOBO-CTAI[IOHAPHUI MOTIK BiioMa JesKa

nojaTKoBa iH(opMallis, To Il MOKHA BKa3yBaTH IPH 3aJaHHI TOTOKy. Hampukiiaz, Ko BiIOMUMH €:
nepion T , TO MOTIK MOXKe OyTH TMOAHUH y BUTIISII

UNIE

BekTop | —y BUTISAI

BekTop [ —y BUIIIAI
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nepion T iBekTopu I —y BUTIISIAI

{x(t).T.c};

nepion T iBekrop | —y Burmszi

.77}

nepion T iBekropu £ i | —y Burmszi

T o0 KOCTT

[MoganHs MyacCOHIBCHKOTO MEPIOJUYHOIO KYCKOBO-CTAI[IOHAPHOTO TIOTOKY B TOMY YH IHIIOMY
BHIJISIII J]a€ 3MOTY POOMTH IOCTAHOBKM KOHKPETHMX, YITKO C(hOpMyJbOBaHMX 3anad. Hampukman, mis

TTOTOKY {X (t), I_} TaKUMH 3aJ[a4aMyd MOXYTh OyTH OLliHKa Tiepiomy T 1 Bekropa f Uit MOTOKY {X (t),T,t_} —

OLlIHKa BekTopa | ToIII0.

[MomiObHO 10 MyacCOHIBCHKOTO  TEPIOJMYHOrO  KYCKOBO-CTAIlliOHAPHOTO  IOTOKY  MOJYKHA
cOpMyITIOBATH BH3HAYCHHSI IYaCCOHIBCBKHX TEPIOJUYHUX TMOTOKIB, MIO0 MaloTh iHIII (popMu
NepioJMYHOCTI IHTEHCHBHOCTI | (t) Hanpukaz, pe3ynpTatu MoNepenHix MOCTiKeHb ACIKAX pealbHIX

MOTOKIB MOKa3y0Th, IO iX IHTEHCHBHICTh Ma€ TMepionYHy KyCKOBO-IiHiiHY dopmMy. Sk Momenb Takoro
MOTOKY MO’KHA BU3HAYUTH IyaCCOHIBCHKUH MEPiOANYHHN KyCKOBO-JIIHITHHN TOTIK.
Ouinka iHTeHCUBHOCTI NMEePiOAUYHOI0 MYACCOHIBCHKOI0 KyCKOBO-CTALIOHAPHOT 0 MOTOKY

[lepefinemo Temep A0 PO3MIAAY MUTAaHHSA MO0YJ0Ba aJrOPUTMY OIHIOBaHHS IHTEHCHUBHOCTI

MyacCOHIBCHKOTO TEPIOJMYHOr0 KYyCKOBO-CTAIlIOHAPHOTO MOTOKY {X (t),T,t_}, TOOTO TIOTOKY, JUISl SIKOTO
BIIOMHMHU € ¥oro mepiogq T Ta BEKTOp IHTEPBAJiB CTalliOHAPHOCTI (to,tl ),L,(tj_l,tjlL,(tn_l,tn), Ie
tp =0,t, =T, abo BianoBimHMI iM BEKTOp TpHUBAJIOCTEH CTAI[iOHAPHOCTI t_=(t1,L,t j,L,tn), ze

tj =tj - tj_y. Ilpu ubomy BekTOp IHTEHCHBHOCTEH

C=( L y) (10)

€ HEBIJIOMHUM.
. df

Hexaii criocTepexxeHHs 3a MOTOKOM 3JiMCHIOBANCSA Ha iHTepBasi [O,T(], TG>T, gr%g= m.
Jlnst HaouHOCTI Bech iHTepBan crocrepexerus |0,T( po3i6’emo Ha okpemi T -imtepBanu ({i- 1)JT,iT
P P p Y i P )

JIOBYKHMHA KOYKHOI'O 3 SIKMX JOPIBHIOE mepioay T .
Pesynbrati crocrepexeHb pO3MICTHMO Y BUTJSIII M~ N MaTpuil, MOJaHOi HA PUCYHKY, e M —

qucio T -iHTepBaiB [(I - l)T, iT), MPOTATOM SIKUX BEJHCS CIIOCTEPEKEHHSI 33 IMMOTOKOM, N — KUIbKICTh
IHTepBaJIiB CTALlIOHAPHOCTI MOTOKY Ha KOXHOMY i3 T;-iHTepBaiiB. Emementn S(i, j) MaTpuli — 1e
KUIBKICTh MOAIH, ki Oynu 3adikcoBaHi Ha J-My iHTepBadi cramioHapHOCTI i-ro T;-iHTepBaiy, TOOTO

S(i, j) — I1€ MPHUPICT MOTOKY X(t) Ha iHTepBai |_tj_1 +(i - l)T,tj +(i - l)T +t j):

s{i, ) =ty + - Tt )=x(t). g+ (- T+t )- x{j. +- 9T+t ).

. . N
B octaHHbOMY pSAIKYy MaTpHlll PO3MIINIEHO CYMH S(j)=a S(I,j), J=1LL,n, KOXHa 3 SKUX
i=1
JOPIBHIOE CyMi TTOIH, 110 B1IOY/IHCS Ha BCIX IHTepBajIax CTaIliOHAPHOCTI

|_tj_1 +(i— l)T,tj +(i— l)T +t j),i =1L,L.,m, i Ha gKMX omHa 1 Ta X IHTEHCHUBHICTL | OLIIHKY SIKOT

B
MOTPiOHO 3HANTH.
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Homep T; - . . . . .
Pl Howmep inTepBaiy cranionapHocti Ha T; -iHTepBai

IHTEepBay

1 ] n

1 s(1,1) S(1, ) s(1,n)
i) . . 1) . sfi.n)

= o(mi) . om.j) . s(mn)
() S(j) S(n)

Pe3yflbmamu CnocmepedtCeHdb 3a nyaCCOHi@CbKLLM nepioduuHuM KyCKO@O'CmaLﬂOHapHuM NnOmoKom

Ockinbkn npu  (IKCOBAHOMY | Ha KOXKHOMY i3 iHTEpBaIiB |_tj_1 +(i - l)T,tj +(i - l)T +t j),

i =1,L_,m , HOTIK € cTalliOHAPHHUM 13 ITOKH 110 HEBIIOMOIO IHTEHCUBHICTIO | j» TO Oepyuu 10 yBaru MeTO[I
OLIIHIOBAHHS IHTEHCHUBHOCTI CTaIliOHAPHOIO MOTOKY [13], OLIHKOK iHTEHCUBHOCTI | i j=1LL.,n oOyne
CTaTUCTHKA
) _slj) .
[ i =M, j=1,L,n.
rnt .

J

Bekrop I—) = (I)l L, I) i I)n) OyIie OIIHKOI0 BeKTOopa iHTeHcHuBHOCTEH (10).

IHoTokH, B IKMX NOPYIIYETHCH YMOBA BiACyTHOCTI micasaii

[lyaccoHIBCbKI TOTOKM 4YacTO € JIHMIIE JESKAM HaONIDKEHHSM peajbHHX IIOTOKIB, IPOTE
BHKOPHCTOBYIOTBCS B CHJIy TOTO, II[0 B OKPEMHX BHIIaJKax Hai0Th 3MOTY MPOBOJMTH iX CTATUCTHYHHM
aHaii3. [IpakTvKa CBIIYMTH, 110 HE 3aBXAU JUIS TOTOKIB BUKOHYETHCS YMOBA BiJICYTHOCTI MICIsAAil, TOOTO
HE BCi IOTOKM MOYKHA 3BECTH TUIBKM 10 IyacCOHIBChbkuX. I1[00 BMBYaTH IOTOKH, BIAMIHHI BiX
MyacCOHIBCHKHMX, I1X 3pYyYHO pO3TJSNATH SIK TIOCHIIOBHICT, BHIAJKOBHUX BEIHYMH (iHTEPBAIB)
t,,k=12,. I3 MHOXHMHHU TOTOKIB, JUIf SIKUX HE BUKOHYETbCS YMOBA BIJICYTHOCTI Hicisnii, BUALIEHI
OKpeMi KJlacH MoToKiB [6, 14].

IToToxu 3 odMe:keHOr0 micasiaiero. Bunaakosuii notik moxii t |, K =1,2,L. Ha3uBaeThCA MOTOKOM

3 obMexeHoro micisaaiero (abo morokom [lamema), SKIO HOro BHUIAAKOBI BeMMUMHM (iHTepBamm) t)

B3aEMHO HE3aJIeKHI. [3 1IbOro BU3HAYCHHS BHILIMBAE, IO JJIS 3aJaHHS MOTOKY 3 OOMEXKCHOIO IMICIISIIE0
JOCTaTHBO 3aJaTH MOCIIIOBHICTh OHOBUMIPHHMX PO3IOILTIB

Fk(X): P{t K <X}, k:1,2,|_,
MPHITYCKAIOYH MIPH oMY, 1o Fy (X) °©0 npu X<O0.

[ToToku 3 OOMEKEHOM MICIAMIE0 — IIe 3arajbHUN KJIac MOTOKIB; Hi TEOPETUYHOIO, Hi TUM OijbIle
MPAKTHYHOTO 3HAYCHHS HE MaroTh. [leBHHI iHTepec, OCOOJIMBO B MPHUKIAJHUX HAMpPsIMKaX, MarOTh
BHJIIJICH] 13 MHO)KHHH TIOTOKIB 3 0OMEXEHOIO MICISIIEI0 PEKYPEHTHI MOTOKH 13 3aIli3HEHHSM Ta PeKypeHTHI
moTokw [3].

PexypenTni morokm i3 3amisHeHHsiM. [loTik 3 OOMEKEHOW MICILAIEl0, I SIKOTO
Fy (X) = F(X), k=23L, F (X) 1 F(X), Ha3MBAETHCS PEKYPEHTHHM IOTOKOM 13 3ami3HEHHSIM abo
MPOLIECOM BiJTHOBJICHHSI 13 3aII3HCHHSIM.

Pexypentni nmoroku. IloTik 3 oOMexeHot michsaiero, A skoro Fy (X)= F(X) mpu k=12,L,

Ha3MBAETHCS PEKYPEHTHUM ITOTOKOM, 200 IIPOIIECOM BiHOBJICHHSI.
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I3 BU3HAYCHHS PEKYPEHTHOrO MOTOKY BHIHO, IO JJIs HOro 3aJaHHs JAOCTaTHHO 3a1aTH (DYHKIIIIO
posnoxiny iHTepBaniB t, Kk =1,2,L.. Cepen MOXJIUBUX PO3MOALIIB HAa MPAKTUI[ YacTO 3yCTPIUarOTHCS

posmonin BeliOymna, piBHOMIpHHN PO3MOJIi, HOPMAaJbHHH 1 JOrapu(MiYHO HOpPMaJIbHHH PO3MOALIH,
ramMMa-po3IoJIi TOLIO.
3ayBaXMMO: SKIIO MOTIK pPO3MNIAAATH SK IOCHIIOBHICTh iHTepBamiB ty,k=12,L_, 10 musa

IIyaCCOHIBCHKOT'O CTAI[iOHAPHOT0 MOTOKY PO3MOILTY IHTEPBAIB | € TOKa3HUKOBUM:

f
F(x)= Pl <x)=1- & % 2 F(x).

Xoua (yHKIiS PO3NOALTY BHIAIKOBHX BEIMYMH PEKYpPEHTHOro moToky t,K=12,L_ oxna i Ta
cama, MpOTe, MOMIOHO 10 NEPIOAMYHOIO ITyaCCOHIBCHKOI'O ITOTOKY, JUIS PEKYPEHTHHMX IIOTOKIB TEK
CIIOCTEPIraroThCsl BHMAJKH X CTOXACTUYHOI MEepiouuHOCTI. SIK ke 00TpyHTOBYBaTH MOJETI CTOXACTHYHO
nepiouIHuX pekypeHTHuX motokiB? I[o6 Oyna Taka MOXKIHMBICTH, BU3HAYMMO TOHSTTS TOTOKY JEIIO0
iHakmre. s bOro CrovaTKy BBEJEMO HOBHM THIT BUTIAIKOBHX MPOIECIB — IHTEPBAILHHIA MPOIIEC.

InTepBasbHUiIl Ipouec

JU1st TOTOKY SIK MOCHIZOBHOCTI MOMEHTIB 1ty , K =1,2,L_, B fKi HAAXOIATh BUMOTH, PO3IIIIIATUMEMO
MOMEHT HAJXOJDKCHHS BUMOTH B 3arajlbHOMY BHIIAJIKy i MO3Ha4YMMO Horo uepe3 t. [aTepBan yacy mix
MOMEHTOM t 1 MOMEHTOM HaJIXO/KEHHS HACTYIHOI BUMOTH IO3HA4YMMO 4epes3 t(t) 1 po3risIaTuMeMo
Horo siK mporiec, 0 OMUCYE IHTEePBAIM MK CyCiIHIMH BUMOraMu (ToisiMu) moToky. Haramaemo, 1o npu
BU3HAUYCHHI MOTOKY SIK ITOCTiIOBHOCTI BHMIaAKoBHUX BenuuuH t),K=12,L 11i BEeTMYMHN BBA)KArOTHCS
He3aJIeKHUMU. BpaxoByrouH 1ie 3ayBa)KeHHS, ]aMO BH3HAYCHHS IHTEPBaJIBHOTO MPOIIECY.

OsznavyeHHs1 2. BunankoBuii mpolec 3 He3aleKHUMU 3HAUYEHHIMU t(t),tT [O,¥), JUIA SIKOTO IIpU
KO)KHOMY (piKCOBaHOMY 3HaueHHi t =1, BuMmajKoBa BemuyuHa t (to) € IHTEepBAJIOM Yacy MK CYCIIHIMH
BUMOI'aMH 3a yMOBHM, IO JiBUil KiHellb IIbOrO IHTEpBady 30ira€Tbcs 3 TOUKOK [, HA3MBAETHCA
IHTEepBAILHAM TPOLIECOM.

OCKiNTbKM  iHTEpBAJILHUI TIpoOlleC € TMPOIeCOM 3 HE3aNeKHUMH 3HAUCHHSMH, BiH TIOBHICTIO
OIHCYETHCS JIMIIE OAHOBUMIPHOIO (DYHKIIIEIO PO3MOALTY F(t, X) = P(t (t) < X).

InTepBanbHuil mporec t(t),tT [O,¥) iHOJI Ha3MBaTUMEMO IHTEpPBAJIbHUM IOTOKOM, MOAIOHO 10
TOT0, SIK ITyaCCOHIBCHKH MPOIEC TAKOXK HA3UBAIOTh MyacCOHIBCHKUM MOTOKOM. [IpHumHa Takoi TBOSKOCTI
Ha3B B TOMY, L0 IHTEpBaJIbHUI MPOIEC BUHKUK Y 3B’SI3KY 13 BUBYEHHIM ITOTOKIB.

Onniero i3 peamizaniii iHTEPBAILHOIO IOTOKY € PEKypeHTHHH TOTIK, 3aJaHuii y BHIJISI
MIOCITiZIOBHOCT] HE3aJeKHUX IHTEpBalliB (BUMAAKOBUX BemnuuH) t ), K =12, , sKi MaroTh OHY 1 Ty camy
(GYHKIIEIO PO3NOALTY F(X) = P(t K < X), k =1,2,L_. BpaxoBytouu Iie 3ayBakeHHsI, i3 3araJbHOI MHOXHHH
BUJIUTIMO CTalliOHapHUH IHTEpPBAIBLHHUHA TMPOIEC t(t),tT [O,¥), JUIsl SIKOTO MOTO OJHOBUMIpHA (YHKIiS
po3noairy F(t,X) = P(t (t)< X) HE 3aJIeKUTh Bif yacy t, ToOTO F(t,x) = F(X). Bbynemo BBaxkaTH, IO I
GyHKIIA 3aMeKUTh BiI mapamerpiB  a;,8,,L-,a,. Y 3aranbHOMy BHIAAKy IHTEPBAJIBHHX IOTOKIB

napameTpu aj,a,,L,a, ¢yHkuii posnoaity F(t, X) BIXKE € JISIKUMH (DYHKIIISIMU Yacy & (t), & (t), L.a, (t)

InTepBanbHUIl NepiognyHUI Mpouec

[MomibHO 10 TOro, SK cepel MHOKHHH ITyaCCOHIBCHKUX TIOTOKIB BHPI3HSIOTH CTOXaCTUYHO
MEepioINYHI MOTOKH, MOJIEUTIO SIKUX € PO3TIISTHYTI BUIIE ITyacCOHIBCHKI MEPIOMYHI MTOTOKH, aHAJOTTYHHH
KJIac MOTOKIB MOYKHA BH/IUTUTH i3 MHO)KHHH 1HTEPBAIBHUX TPOLIECIB.

Osnavennsn 3. InrepBasibHui mporec t (t), t1 [O,¥), HA3MBAETLCS  IMEPIOAMYHUM, SKIIO

MepioIMYHO0 3 TiepiogoM T € #oro QyHKIis po3noiny, ToOOTO BUKOHYETBCS PiBHICTh

F(t,x)=F{t+T,x).
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[Tpu upomy mapamerpu (yHKIIi po3nogury & (t), & (t),L,an(t) (BCl 4K JIesiKi) € MEepioAUYHUMH 3
OIHUM 1 TUM caMuM TiepiofoM T . OCTaHHE O3HAYECHHS MO)KHA JIONOBHUTU YTOYHEHHSIM, L0 Y BUIAJIKY,
KOJIM JIMIIE JesKi i3 QYHKIINH &y (t), & (t), L,a, (t) € IepioIMYHIMH, OCTaHHI BBAXKAIOTHCS MOCTIHHUMH.

JIyis peaJIbHUX CTOXaCTUYHO MEPiOMYHUX MOTOKIB 3 00MEKEHOI MICISAIEI0 X (YHKIIIS pOo3noainy
KOHKPETH3YEThCS 1 MOXKe HaOyBaTH TeBHOI aHanmiTHyHoi ¢opmu. LI[o6 Oyna MOXKIHBICTH TOCITIDKYBaTH
MOMIOHI MOTOKM METOJaMH MaTeMAaTHYHOI CTaTUCTHKH, 3a JOMOMOrOH IHTEPBAJIBHOIO MPOIECY MOXHA
BUJIUISTH X OKpEeMi KJIac, BKa3ylo4d NpH mboMy iX QyHKmito po3noainy. s npukinany BUIUIMMO Kiiac
TaKWX MOTOKIB 13 PIBHOMIPHUM PO3MOIIIOM.

Osnavenns 4. IurepBanpHuil mpoLec t(t),tl [O,¥) Ha3MBA€ThCSl IHTEPBAJIBHUM IEPIOIUYHUM

MPOIIECOM i3 PIBHOMIPHHM PO3MOALIOM, SIKIIO ISl HOTO TYCTUHH PO3IIOALTY

oo xi[althblt)]
napameTpu a(t) i b(t), b(t) > a(t) >0 € nepioquyHUMHU (QYHKIIAMH 3 OJHHMM 1 TUM CaMHUM TepiogoMm T :
alt)=a(t+T), b{t)=b(t+T).

Pearnizariiero iHTepBaJLHOTO MEPIOIMYHOTO MPOIIECY i3 PIBHOMIPHUM PO3IONLIOM € PEKypeHTHUH

f(m):jl'b(t);ata xT [at).blt)].

MepiOUYHUH MOTIK i3 PIBHOMIPHHM PO3IOILIIOM.

[MoxibHO 70 MEepioANYHOrO IHTEPBAILHOTO MPOIECY 13 PIBHOMIPHUM PO3MOIUIOM JIETKO BU3HAYUTH
IHTEepBaJIbHI MEPiOINYHI MPOIECH i3 TPUKYTHHUM PO3MOALIOM, TilepeKCIOHeHIIHHMA, raMMa, Beiibyna,
Epnanra, Penes, BeiiOyna—I'Hinenka, MakcBemna, iorapu)MiduHUM HOpMalbHUM, Hakarami Ta iHIIUMH
posnoniiamMu. J{iust moTped MpakTHKH MOKHA BHU3HAYUTH IHTEPBAIBHI MPOIECH, IO MalOTh “KYCKOBY”
cTpyktypy. Lle MoXyThb OyTH iHTEpBajbHI KYCKOBO-CTAI[IOHApHI MPOLIECH, IHTEPBAIBHI IEPiOINYIHI
KyCKOBO-CTaIliOHApHI Mporiecu. Bu3HaueHHs iHTEpBaIbHHUX MEPIOJIUYHUX MTPOIIECIB 13 3a3HAUCHHIM THX YH
THIIUX KOHKPETHUX (QOopM X MEepioJANYHOCTI, METOAM iX IMITAI[IfHOrO MOJCTIOBAHHS Ta CTATUCTUYHOTO

aHaJli3y TUIaHYEThCS PO3TIISTHYTH B HACTYITHUX pOOOTAaX.

BucHoBKH Ta MNEPCHEKTUBH MOAATBIINX HAYKOBHUX p03Bi}10K

Amnani3 crany Teopii MOTOKIB TOKa3aB HASIBHICTh II1JI01 HU3KH IIe HEe BUPIMICHUX MUTaHb, 0COOINBO
THX, 0 CTOCYIOTHCSl CTOXaCTHYHO MEPiOJJUUHUX MOTOKIB — iX MOJIeNell, CTaATHCTUYHOIO aHalli3y, 30Kpema,
THX YW IHIIMX OI[IHOK, IO CTOCYIOTBhCS TIepioJMYHOCTI. BpaxoByroum 0OCOOIUBOCTI OLIHIOBAHHS
THTEHCHBHOCTI ITyacCOHIBCBKUX CTAI[IOHAPHUX TOTOKIB, PO3TIITHYTO CIOCIO BUIIIEHHS 13 TyacCOHIBCHKHX
MepIOAMYHUX MOTOKIB TX OKPEMHX KIIAcCiB, 110 MalOTh “CIIPOIICHI” (GOPMH MEPIOAMYHOCTI 1 VIS OJHOIO 13
WX KIAaciB — IYacCOHIBCHKUX IEPIOAMYHUX KYCKOBO-CTalllOHAPHUX IOTOKIB — MOOYJOBaHO OLIHKY iX
nepioauuHoi iHTeHCHBHOCTI. [yt OOrpyHTYBaHHsS MOJENEH CTOXaCTUYHO MEPIOJUYHUX PEKYypPEHTHHUX
MTOTOKIB BBEICHO IMOHATTS IHTEPBAJIBLHOrO IPOIIECY, L0 Ja€ 3MOI'y BPaxOBYBAaTH (PYHKIIIO PO3MOALTY
IHTEepBalliB TIOTOKY Ta ii mepiognyHicTh. SK MpHKIIA] MOAAHO O3HAYEHHS IHTEPBAIBHOTO TEPIOIUIHOTO
MPOIIECY 13 PIBHOMIPHUM PO3IMOLIOM, III0 € MOJAEIUII0 CTOXaCTUYHO MEPIOAMYHUX PEKYPESHTHHUX IOTOKIB 13
piBHOMIpHUM posnoaiioM. [TogiOHuM YUHOM MOXYTH OYTH BBEJICHI MEpioJNYHI IHTEpBalbHI MPOIECH i3
TPUKYTHHUM PO3IIOJLIOM, TillepeKCIOHeHiHHUH, TamMmma, Beitbyna, Epnanra, Penes, BeiiOyna—I Hinenka,
Makcgena, norapuMiuHUM HOpMalbHUM, Hakarami Ta iHmmmu posnoginamu. OTpuMaHi pe3ylbTaTd €
0a3010 PO3pOOJICHHS METOJIB IMITAIIHHOTO MOJICIIOBAHHS T4 METO/IB CTATUCTUYHOTO aHATi3y OKpPEMHX
KJIaciB CTOXaCTHYHO TEPIOAMYHHX IMyacCOHIBCHKUX Ta PEKYPEHTHUX MOTOKIB.
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