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HNCCJIENOBAHUA UHP®OPMAIIMOHHBIX XAPAKTEPUCTHK
MOMEHTHbBIX ®YHKIIUI CUTHAJIOB AKTUBHOM MOIIIHOCTH
SJEKTPOJABUIATEJIEA MEJBbHUIL MMC 70*23

JI.U. MemepsikoB, A.N. JIsmenko, E.C. Pognas
(Ykpauna, JIBH3 «HannoHanbHUN TOPHBIH YHUBEpCUTET», J{HEMD)

OnHa U3 LEHTpaJdbHBIX 33/1a4 NPUKIAJIHOW TEOPUHU CIYyYalHBIX MPOLIECCOB
COCTOUT B TOM, YTOOBI IO TPAEKTOPUHU OJIHOTO U3 CIYHAHBIX MPOILIECCOB OLICHUTh
XapakTep U3MEHeHHs Jpyroro. Jljis pemieHus: 3Tol 3aauu HEOOXOIUMO, MPEKIe
BCEr0  OMNpPEIEIUTh CTEIECHb B3aUMOJCHCTBUS  HCCIEAYEMBIX  CIIyYalHBIX
npoueccoB. [IIUpoOKO pacnpoCTpaHEHHBIM MOKa3aTeNb KOPPEISLHOHHOM CBSI3H
CIIY’KUT XOPOIIHM HU3MEPUTENEM JIMHEMHON 3aBUCUMOCTH CIy4YalHBIX MPOLECCOB.
B cmywae ke HEIMHEWMHOTO B3aWUMOJCHCTBUS, KOIJla PErPECCUS MEXKIY
BPEMEHHBIMHU CEUEHUSAMU CIyYaWHBIX MPOILECCOB HEIMHEWHA, MPEANOUYTUTEIBHEE
XapaKTEPUCTUKA CBSI3M, PACHPOCTPAHSAIONIAS JUCIIEPCUOHHOE OTHOUIEHHE NBYX
CIy4allHbIX BEJMYMH Ha JIBa JECUCTBUTEIBHBIX CIy4allHBIX Ipouecca. JTa
(GyHKIMS CBSI3M B BHJE B3aUMHOM JUCIEPCUOHHONW (DYHKIMH OMNpenenseTcs
HecTy4daiiHOW yHKIMeN NByX apryMEHTOB, KOTOpas JJisi KaKI0W Maphbl 3HAUCHUHN
t, S paBHa OHCHEpPCHH YCIOBHOTO MAaTEMATUYECKOTIO OXWJAHUS CEYEHHS OJIHOU
cliydyalHOW (YHKIMM OTHOCUTEIBHO ceueHust Apyroil GyHkuuu. B3aumuas
aucriepcuoHHas (YHKIUSL MPENCTaBiIsieT cO00M XapakTepUCTUKY paszOpoca st
(YHKIIMU  YCJIOBHOTO MAaTEMaTHYECKOro OXHUAAHUS TPU BCEX BO3MOMKHBIX
3HaYeHHusIX t U S. DTM XapaKTEpUCTUKH MO3BOJAKOT OLEHUTH MO pPe3yJibTaTaM
W3MEPEHUN CTPYKTYPHYIO HEIMHEMHOCTh PA3JIMYHBIX CIIyYalHBIX MPOLIECCOB.
CpaBHHBas MOJYYEHHYK) OLEHKY HEJIMHEHMHOCTH CBS3WM 3HAYEHUW CIIy4alHOrO
mpouecca € €ro 3HAYEHUSIMH B MPEAMIECTBYIOIIAE MOMEHTBI C JOMYCTUMBIM
3HAYEHHEM HEJIMHEMHOCTH, MOXHO CJENaTh BBIBOJ O BO3MOKHOCTH 3aMEHBI
ONTUMAJILHON HEJMHEWHON IKCTPATIONALMY CIydaitHoro mpouecca M[X(t+7)| x(t)]

JIMHEMHBIM MPOTHO30M IPU YCJIOBUH, YTO 3HAYCHUE X(t +z') UIEeHTUPUIIUPYEMO

BXOJIOM X(t) 10 KPUTEPHUIO MEPHI OIIPEAEIIEHHOCTU n2 (t +7, t).

[Ipu pemenuu 3a1a4 ONTUMAIBHOTO YIIPABICHUS HETUHEUHBIMU O0bEKTAMHU
OapabanHbpiMu MenbHUIIAMH (BM) ¢ HW3BECTHBIMH XapaKTEPHUCTHUKAMH MOKHO
OTPAaHUYUTHCS MTOCTPOCHUEM YTIPABISAIOMIETO YCTPOMUCTBA, ONTUMAJIBHOTO B KJIacce
YOPOUIEHHBIX MOJENEHN, HAlpPUMEP JUHEUHBIX W C MEHBIIMM YHCJIOM BXOJOB,
aJIcKBaTHO MJACHTU(PUUIHPYIOMHNX PEATbHYI0O KOHCTPYKTHBHO-TEXHOJIOTHYECKYIO
cucrtemy bM no KpuTepusiM CTENEHU HEIMHEWHOCTH U MEPbl UICHTUYHOCTHU. [[s
aHajgu3a HEJIWMHEHWHBIX NpeoOpa3oBaHUN CIIydallHBIX MIPOILIECCOB TpedyeTcs
ONpEeAENsATh CTEIECHb HEIMHEWHOTO WCKAXKEHUS BXOJHOTO. CHUTHAjIa IIpH
MPOXOXJJICHUU €ro 4epe3 YCTPOWCTBO ¢ 3aJaHHOW Xapakrepuctukoi [1]. B atmx
CIIy4YasiX BBIUMCIIEHUE MEPbI UACHTUYHOCTH U CTENIEHH HETMHEMHOCTH MPUBOAUT K
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HEOOXOJAUMOCTH OHEPUPOBATH YCIOBHBIMH MATEMaTHYECKUMHU OXKUIAHUAMU
JUCTIEPCUOHHBIMU (DYHKIIUSIMH U BCTPEUAET CYIIECTBEHHbIE TPYAHOCTH.

B HacTosimiee BpeMs H3BECTHO MHOTO OOIIMX METOJOB OTBICKAHUSA
MOMEHTHBIX  XapaKTEepPUCTUK  CIy4alHOrO  BBIXOJAA  4YE€pPE3  MOMEHTHBIC
XapaKTEPUCTUKH BXOJa. ITH METOJIbI U3JI0KEHBI B [2], 1 MMeeTcs1 OOJIBIIIOE YUCIIO
MPUMEPOB TMPHUMEHECHUS TAaKUX METOJ0B, KAaK METOJbl XapaKTEPUCTHUUECKOU
(GyHKIMM, TNPOU3BOAHBIX W TMOJMHOMHUAIBHBIX PA3JIOKEHUM, K aHaIu3y
HEJTMHEWHBIX MpeoOpa3oBaHui C 3aJaHHON XapaKTEPUCTUKON HEIMHEMHOCTH. DTH
METOJIBl MOXHO TAaKX€ NPUMEHATH ISl M3YYCHHUS CBA3U MEXKIY YCIOBHBIMU
MOMEHTHBIMHM XapaKTEPUCTUKAMHU CIyYaWHBIX MPOLECCOB HA BXOAE U BBIXOJE
HEJIMHEHHOT0 00BEKTa C U3BECTHOM XapaKTEPUCTUKOMN «BXOJ — BBIXOI» (X-Y).

[lonyueHnbl B pe3ynbTaTe MPOBEACHHBIX HCCIEIOBaHUN HH(POPMAIMOHHBIE
MOMEHTHBIE XAPAKTEPUCTUKU CBA3CH MEXKAY PAa3HBIMM CTOXaCTUYECKUMHU
peanu3anusaMu  norpebisemoir mpuBogom bM MMC 70*23 MomiHoCTH IS
Pa3HBIX TEXHOJIOTMYECKUX CTEMNeHed 3amoiHeHuM OapabaHa MENIbHULBI PYyIOoH
(5%, 33%, 37%, 40%, 43%, 47%, 50%, 55%). Tunuunbic WHGOPMAIIMOHHBIC
MOMEHTHBIE XapaKTEPUCTUKHU ISl TEXHOJIOTMYECKH ONTUMAJIBHOTO pEXUMa
3armosineHust BM (@ =47 %) npexncrabnensl Ha puc. 1. [Ipu 3TOM OTKphIBaeTCs

CJIOKHBIM MPOCTPAHCTBEHHBIM XapaKTep 3TUX HEIMHEWHBIX 3aBUCHMOCTEH KakK B
OIHy CTOpOHY, Tak u B oOpatHyto. HecomHenHa wuHdoOpMalOHHAs
YyBCTBUTEJIBHOCTh K M3MEHEHHIO TEXHOJOTHYECKH 0a30BOTO MapameTpa CTeNeHU
3alOJIHEHMS, 4YTO MOXKET ObIThb AS(PPEKTUBHO HCMHOJB30BAHO B CHUCTEMAaX
unentudukanuu bM.

B kadecTBe XapakTEpUCTUK B3aUMOACHCTBUS CIy4aWHbIX (QYHKUIHMA
HCCIIEIOBAJIUCh MEPhI CBSI3M, KOTOpPhlE O0OOIAIOT MEPEUHCICHHBIE MOKAa3aTelu.
UToObl TOHATH MEXaHW3M TaKoro OOOOIIEHHUS, JIOCTaTOYHO BCIOMHUTBH, 4YTO
mo0y0  chnydailHyro (YHKIMIO MOXKHO paccMaTpuBaTh Kak OECKOHEYHYIO
COBOKYIHOCTh CIIYYalHBIX BEJIMYMH, 3aBUCSLIYI0O OT OJHOTO WM HECKOJBKHX
M3MECHSIOIMNXCSA MapamMeTpoB. B nganpHedmieM OrpaHM4uM B OCHOBHOM
PacCCMOTPEHUE W3YUYEHUEM MEP CBSI3U CIy4YaWHBIX IPOLECCOB, T. €. CIy4alHBIX
(GyHKIUN BpeMeHU t MTHOBEHHBIX 3HAYEHUM MOTPEOJIsIEeMOl MOIIHOCTU MPUBOJA
BM MMC 70*23 B 3aBHCHMOCTH OT TEXHOJOTHYECKOTO pEKHMa CTCICHU
3anojiHeHus  Oapabana pymoil. OToT ciaydail BeIOpaH Kak  Haubosee
pacpOCTPAHEHHBI, HO BCE NAJIBIIE NMPUBOJUMBIE PE3YIbTATHI CIPABEIJIUBBI U
Juisi aprymenTa t apyroi ¢usndeckoi npupoasl. KaxxnoMy nanHoMmy 3HaueHUro t
COOTBETCTBYET chayuaiiHass BenuunHa Xt. Bce ciywalinble BenuuuHbl Xt B
COBOKYITHOCTH OMPEIESIOT ciaydaitnyro ¢pyakiuio X{t). Caydaiinas QyHKIHsS KaK
OOBEKT HCCIENOBAHUSI 3HAYUTEIBHO CIIOKHEE CIy4yalHOW BEIWYMHBI, & UMEHHO
paBHOIICHHAa OeckoHeyHOMY (B 0OmEM ciIy4ae HECYCTHOMY) MHOXECTBY
CIIy4alHbIX BEJIIMYMH. PacnpocTpaHEHHE CTaTHYECKUX MEP CBSI3HM Ha CIy4dalHbIC
MPOLECCHI MPUBOAUT K TAKUM IOKA3aTEAM, KOTOPBIE OTPAXAIOT B3aUMOJCHUCTBUE
CIIy4alHbBIX BEJIMYMH, MOPOXKIAIOMIMX 3TH MPOLECCHl, AJisi OECKOHEYHOro 4ucia
COYETAHWN BCEBO3MOXHBIX 3HaueHUM BpeMeHH t. OTCro/1a BUIHO, YTO MOKA3aTeIn
CBSI3M CJIyYallHbIX MPOLECCOB M3MEPEHHBIX peall3aliil CHUTHAJIOB AaKTUBHOU
MOIIHOCTH TpuBoga bM daBasitoTcs (PYHKUMUSIMU BEKTOPHOTO apryMeHTa,
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KOMIIOHCHTAMHM KOTOPOr'o CJIy’KaT pasIMdHbIC MOMCHTBI BPCMCHH. I[J'IH KaXL ™
TaKoOU (1)YHKI_II/II/I MHOXCCTBO IIPUHUMACMBIX CIO 3HAUCHHUU COoBIIaacT ¢ YUCJIOBBIMH
SHAYCHUAMU MCP CBA3H CJ'Iy‘-I&fIHBIX BCJIMYMH, OTBCYANOIHNX COOTBCTCTBYIOIIHUM
COBOKYITHOCTAM BPCMCHHBIX CEUCHUM HCCICAYCMbBIX peanmaul/lﬁ CHUT'HAJIOB.

2710
016
034 4
043
UL

D76yx_n D86yx_n D96yx_n

Puc. 1. HopMupoBaHHbI€ B3aUMOJAMCIIEPCUOHHBIE (PYHKIIUU IKCIIEPUMEHTATBHBIX
peanu3aiuii MrHOBEHHBIX 3HaUY€HUM MOTPeOIsieMOi MOIIHOCTH MTPUBO/IA
0apabanHoi MmenpHUIBEI MMC 70*23 mexny 3anonHenneM ¢ =47 % (1) u Bcemu

TCXHOJIOTHYCCKHU BO3MOKHBIMH OCTAaJIbHBIMH

OO0o001IeHNEe YHCIOBBIX XapaKTEPUCTUK 3aBUCUMOCTHM Ha CIydalHbIE
IpoLecchl  JaeT  BO3MOXXHOCTh ~ M3y4HMThb, TPAE€KTOpPHbIE  OCOOEHHOCTHU
B3aUMOJIEUCTBHSI U CTPYKTYPHBIE CBSI3H, B YACTHOCTH, CBA3U NEPEXOJOB MEXKIY
pa3HBIMM TEXHOJOTUYECKUMHU 3amojHeHUusiMu Oapabana pynoi. Ilepexon
CIIy4aiiHbIM (DYHKIMSIM MO3BOJISIET MCCIIEN0BaTh AMHamMuueckue cucteMbl BM. Ha
OCHOBAaHHMH 3THX XapaKTEPUCTUK MPHU HAJWYUHU JOMOIHUTEIbHOW MH(POPMALMH O
BUJIE PETrPECCHOHHBIX 3aBUCUMOCTEM MOXHO TakKXe€ CYIUTb O TECHOTE
cratuctudeckoir cBsi3u mporeccoB X(t) m U(t), dopmupyromux ycmoBus. Js
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peaim3aliii OTMCUCHHBIX BO3MOKHOCTEM MOYHO BOCIIOJIb30BAThCS MGTOI[&N

aHajgu3a HEJIMHEHHBIX MNpeoOpa3oBaHUil CiydyalHbIX (QYHKIUH, B YacCTHOCTHU

METOJIOM MPOU3BO/IHBIX.
[Ipupaienue ONpeneneHHOCTH B MPOCTPAHCTBE BXOJOB C YBEIUYECHUEM

PasMEpHOCTH | BEKTOpa BXOAHBIX NEPEMEHHBIX Xﬁ qcpe3 BCIIMYMHY KPHUTCPUA
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U3 rmocimemHero paBeHCTBA BHAHO, 9YTO Ty =Ty, T. € Mepa

li+l
OMPENICICHHOCTU HE YOBIBAaE€T C YBEIMYECHHEM Pa3MEPHOCTH MPOCTPAHCTBA
BXOJHBIX MTEPEMEHHBIX UIACHTUPUIIUPYEMOTO 0OBEKTA.

Taxkum o0pa3zom, Ha OCHOBAHUU MOJTYYEHHBIX ~ MOMEHTHBIX
MH()OPMAIIMOHHBIX XapaKTEPUCTUK MTPU HAJIMYUU JOTOJIHUTEIbHON HHOpMALIUK B
BHUJIE PETPECCUOHHBIX 3aBUCUMOCTENM MOXXHO CYAUTHh O TECHOTE CTaTUCTHYECKOU
CBSI3H (POPMUPYIONIMX YCIOBHUS TEXHOJIOTHUSCKHUX PEKUMOB TporieccoB Bxoaa X(t)
u Bbixoma U(t),. IIpu 3TOM ycCTaHOBIEHO, YTO MpPHUpPAIICHUEC OMPEICICHHOCTH B
MPOCTPAHCTBE BXOJAOB C YBEIMYECHHEM PA3MEPHOCTH BEKTOpPa BXOJHBIX
MEPEMEHHBIX Yepe3 BEJIWYMHY KpUTEpUS HACHTU(PUKAIUU MOXKET TOJBKO
BO3pacTaTh.
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