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IIpeonooicer n0OX00 K ananusy nNOCie008amenbHOCHeN 83auMOCEA3AHHbIX NEPEXOOHbIX NPOYeccos 6 Yenax Gopmupo-
sameis paspsAOHbIX UMNYILCOS, PA3PAOHAA Yenb KOMOPO20 COOEPHCUM INEKMPOUCKPOBYIO HASPY3KY CO CHOXACMUYECKU
UBMEHAIOWUMCS aKMUBHbIM conpomuenenuem. Conpomuenenue maKou Hazpy3Ku XapaKkmepusyemcs HenpepuleHou Cy-
YAUHOU BETUYUHOL C NPOUZEOTLHBIM 8EPOSAMHOCIHBIM pacnpedeneHuem (PAGHOMEPHBIM, HOPMATbHBIM UYL OPY2UM Me-
Hee pacnpocmpanennvim). Tlpeonazaemviii n00OX00 OpUeHMUPOBAn HA AHAIU3 NEPEXOOHbIX NPOYECCO8 8 Yensax ¢ nepe-
MEHHOU CIMPYKMYPOU, 8 KOMOPbIX NPOUCXOOUM NOGMOPAIOUAACA NOCTE008AMENbHOCb 83AUMOCEA3ANHBIX NEPEXOOHbIX
npoyeccos npu cMOXacmuiueckoM U3MeHeHuu 00HO20 U3 Napamempos yenu (Hanpumep, cONPOMUBNEHUs HAZPY3KU) 6
HeKOMOopoMm HenpepvisHoM ouanasone. lIpeonodicena mooudurkayus Memooa pasHoCmHbIX YPAsHeHUll, NO360AI0UAS
nepeumuy om Cmoxacmuiecko2o pasHOCMHO20 YPAGHEHUs OMHOCUMENbHO UCKOMOU 3NIeKMPU4ecKoli XapaKxmepucmuxu
yenu K 0emepMUuHUpOSAHHbIM PAZHOCIHbIM YPAGHEHUAM OMHOCUMENIbHO MAMEMAMU4ecKo20 0XCUOAHUS U OUCHEPCUU
UCKOMOU Xapakxmepucmuku. B kauecmee npumepa 6bl paccmompen nepexoonblii npoyecc 6 yeniu mopozo nopaoka co
cmoxacmuueckol Hazpy3Kou, umeroujell HenpepvleHoe pasHomeproe pacnpeoenenue. Ilonyueno anarumuueckoe 6bi-
pasicenue 0151 MamemMamuyecko20 OHCUOAHUA Hanpaxcenus Ha kondencamope. bubn. 17, puc. 1.

Knrouegvle cnoga: nepexoiHble MPOLECCH, 3aps] KOHIEHCATOPa, pa3psi]i KOHAEHCAaTOpa, CTOXacTU4ecKas Harpyska,
CJIy4aiHbIi IIPOLECC, BEPOSITHOCTHBIE CBOMCTBA, HEIIPEPLIBHOE PACIIPEAEICHUE BEPOSTHOCTEN.

Beenenue. OnexTtpopaspsaanble ycTaHOBKH (OPY), ncmonb3yrolye 3leKTpO3IHEPTHio, NpeaBapu-
TEPHO HAKOIUICHHYIO B 0arapee JTMHEWHBIX MW HEMMHEWHBIX KOHAeHcaTopoB [2, 3, 13, 17], apdexTuBHBI
JUTSL CO3/IaHUSI COBPEMEHHBIX Pa3psAHO-UMIYJIbCHBIX TEXHOIOTUH 00pabOTKH pa3IHyHbIX MaTepuaios [1, 4,
5] u nosmyueHus: UCKPOIPO3UOHHBIX MOPOLIKOB [5, 6]. MaTeMaTnueckre MOAEIN U pacyeT MepexoaHbIX Mpo-
LIECCOB B LIEMH pa3psiia KOHICHCATOPOB TAKMX YCTAaHOBOK YCJIOXKHSIOTCS, €CIIM HEOOXOAMMO YUUTHIBATH Ma-
paMeTpuUecKue, HeTMHEHHBIE W CTOXACTHYECKHE CBOWCTBA 3JIEKTpOHMCKpoBOoi Harpysku (OUH) [7-9, 11,
14], a Takxe HaYaJIbHBIEC M KOHCYHBIE HAPSKEHUST KOHJIECHCATOPOB [2, 3].

Ecnu anexrpuueckoe conporusieane IUH wm3mensiercs ciydaiinbiM obpazom [8, 10, 14], To BCce
NEKTPUIECKHUE XaPAKTEPUCTHKH (TOK, HANPSDKEHHUE U T.I1.) B €€ LENH TaK)Ke CTAHOBSITCS CIIyJalHbIMU BeJIU-
gpHamu [10-12, 14, 15], a mepexoaHble MPOIECCHl B TAKOM IEMU CTAHOBATCS CTOXAaCTUYECKUMU. ITO HEO0O0-
XOAMMO YYHUTBIBATh, HATIPUMED, TIPH aHAIU3e 1ieneil popMupoBareneld pa3psanbix uMiyascoB (OPU), pabo-
TAIONINX Ha AJIEKTPOUCKPOBYIO Harpy3ky [8, 9, 14]. B takom cimydae HaONIOMAIOTCS CIIOKHBIE MEPEXO0THBIC
IPOLIECCHI, IPEACTABIAIOLINE COO0M CTOXaCTHYECKHUE ITOCIEA0BATEIbHOCTH B3aUMOCBA3aHHBIX EPEXOIHBIX
npoteccoB. [ aHanmu3a TaKUX UUKIMYECKUX CIYyYalHBIX MPOLECCOB pa3padaThIBaINCh AUHAMHYECKHUE CTO-
XaCTUYECKUE MOJEIN Ha OCHOBE METO/A Pa3HOCTHBIX ypaBHeHU# [9—12, 15]. OrpanuueHrueM Takoro noaxo-
Jla SIBIISIETCS TO, YTO OH MO3BOJISIET UCCIIEAOBATh JIHUIIb T€ MPOLECCH, B KOTOPBIX CTOXaCTUYECKHH IapameTp
e XapaKTepu3yeTcs KOHEYHBIM MHOXXECTBOM 3HaYeHHH TUCKPETHOM ciydaiiHON BennmunHbl. OJHAKO BO3-
HHUKaeT HeOOXOJMMOCTh PEIIaTh 3a/1a4H, CBSI3aHHBIE CO CTOXACTHUECKHUM HM3MEHEHHEM IapaMeTpOB LIENH B
OoJee IWUPOKOM AMANa30He, HAPUMEp, aHAIM3UPOBATh Mepexoansle npoueccs B Hensix ®PU, conporusie-
HUE Harpy3kd KOTOPOTO XapaKTepU3yeTcs HEMpephIBHOW (a HE TUCKPETHOI) cilydailHOW BEIMYMHOU C Mpo-
U3BOJIBHBIM BEPOSITHOCTHBIM paclpeeeHUEM.

Leab padoTsl — pa3paboTka MoaX0a K aHAJM3Y CIOXKHBIX UKIMYECKUX MOCIIeI0BaTEIbHOCTEN B3an-
MOCBSI3aHHBIX IIEPEXOIHBIX MPOLECCOB B LEMAX CO CTOXACTUYECKH M3MEHSIOIIMMUCS ITapaMeTPaMH, XapaKTe-
PU3YIOLIMMHUCS HETIPEPHIBHBIMH CITy4aitHBIME BennduHamu. [logxon Gasupyercss Ha pa3BUTHH METOJa pa3Ho-
CTHBIX YPaBHEHHH, a TaK)Ke HCIIOJIb30BAHUN OCHOBHBIX 3aKOHOB M IOHATHH TEOPUHU BEPOSTHOCTH.

Pa3paGoTka 1 0CHOBHbIC IPHHIHUIIBI NIPeJJIaraeMoro noaxoaa. IIpemnaraercs noaxon, opueHTH-
pPOBaHHBIN Ha aHANU3 IIETIEH ¢ U3MEHSIOMICHCS CTPYKTYPOU (HampuMep, Ienel 3apsna u pa3psaaa KoHAeH Ca-
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TOpa), B KOTOPBIX MPOUCXOTUT MOBTOPSIOIIASCS ITOCIEOBATETHHOCTh B3aMMOCBS3aHHBIX IMEPEXOIHBIX IPO-
[IECCOB IPH YCIOBUU CTOXACTUYECKOT'O M3MEHEHHS] OJHOIO M3 MapaMeTpoB LieNu (Hampumep, COMpPOTHBIIE-
HUSI HAaTPY3KH) B HEKOTOPOM HETPEPHIBHOM AHMANa3oHe.

B3anMocBs3b MEpEXOAHBIX IMPOIECCOB BBHIPAKAETCS B TOM, YTO KOHEYHBIC YCIIOBHS KaXJIOTO OT-
JIETEHOTO TIEPEXOHOTO TpoIiecca SBISIOTCS HadalbHBIMHU YCIOBHAMH CJeIyrolero mpotecca. [Ipenmonara-
€TCsl, UTO TPU U3MEHEHUH CTPYKTYpHI LIeTH (HampuMep, pH Nepexojie OT pa3psAHOM Ienu KOHIeHcaTopa K
€ro 3apsAJHON LIEMU) MOXKET MPOMCXOIUTh M3MEHEHHE MapaMeTpa LEMHU, XapaKTepu3yeMoro HeNpepbIBHON
CIIy4JaltHOW BeTWYMHON (HAIpUMEp, COTIPOTHBIICHUS HArpy3ku). B ocTtanbHOE BpeMs 3TOT mapaMeTp OCTaeT-
Csl HBU3MEHHBIM.

[Tonxon cOCTOUT U3 CAEAYIONIMX IIAroB.

1. [lomydeHne aHATUTHYECKUX BBIPAKEHHUH, OTPAXKAOIIUX (YHKIMOHAIBHBIC 3aBHCHUMOCTH HCKO-
MBIX DJIEKTPHUYECKUX XapaKTEPUCTUK HENH OT CTOXAaCTHYECKOTO IapamMeTpa Iemy B paMKax OTAENBHBIX Iie-
PEXOAHBIX MPOIIECCOB U3 TOCIEI0BATEIFHOCTH B3aUMOCBA3aHHbIX MTPOLIECCOB.

2. Wcnonk3oBaHue MOMYYSHHBIX (DYHKIIMOHAIBHBIX 3aBUCHMOCTEW JUI BBIYHCICHUS (DYHKIUU pac-
MIPEEIeH s, MAaTEMaTHIECKOTO OXKUIJAHHS M JUCIIEPCUU WCKOMBIX DJIEKTPHUECKUX XapPaKTEPUCTHK IETH B
paMKax OTAENBHBIX MEPEXOAHBIX MPOIECCOB (ITOT ATl ObLI MOAPOOHO omHcaH B [14]).

3. CocraBieHle pa3HOCTHOTO ypaBHEHUs, OMMCHIBAIOIIETO 3aBHCHMOCTb MEX]y HEHYJEBBIMU Ha-
YaIIbHBIMH YCIIOBUSMH OTAENBHBIX MEPEXOMHBIX MPOIECCOB, COCTABISIIOIINX MTOCIE0BATETHPHOCTh B3aUMO-
CBSI3aHHBIX MEPEXOIHBIX TporeccoB [16]. Crenyer OTMETUTh, YTO HEHYJIEBBIC HAUYaJbHBIE YCIOBHS, OTHOCH-
TENBHO KOTOPBIX COCTABJIACTCS PA3HOCTHOE YPABHEHUE, SBIISIOTCS CIIyYallHBIMUA BEIMYHMHAMHM, TAKXKE KaK U
ANIEKTPUYECKHE XapaKTEPUCTUKH LIEMH B IIEJIOM. JTO O3HAYAeT, YTO MOyYeHHOe Pa3HOCTHOE YPaBHEHUE 5IB-
JISIETCSI CTOXaCTHYECKUM, IIO3TOMY €T0 aHAJUTHYECKOE PelIeHre B 001eM ciry4yae HauT He ynaetcs [11].

4. Tlepexon OT aHaIM3a CTOXAaCTHYECKOTO PAa3HOCTHOTO YPAaBHEHHS, OIMHUCHIBAIOIIETO B3aUMOCBA3b
HEHYJIeBBIX HaYaJbHBIX YCJIOBHN IEPEXOIHBIX MPOIECCOB, K aHAIU3y IETEPMHUHHPOBAHHBIX Pa3HOCTHBIX
ypaBHEHUI OTHOCHUTEIHHO MAaTEMaTHYECKOTO OKHIAHWS M IUCIIEPCHH 3THX HEHYJIEBBIX HAaYaJbHBIX yCIIO-
Buil. ClieryeT OTMETHUTh, YTO TaKON Mepexo ABIAETCS KIIOUEBBIM [IaroM MpeaiaraéMoro mojaxoza.

5. Pelienne neTepMUHUPOBAHHBIX PA3HOCTHBIX YPABHEHUH U MMOJYYCHUE BBIPAXKEHHUS JUI MaTeMaTHye-
CKOTO OKHJIaHUS U IUCTIEPCUU HEHYJIEBBIX HAUYAIBHBIX YCIIOBHI JIFOOOTO Hamepe]| 3aJaHHOTO TIEPEXOAHOTO TIPO-
ecca B IETIOYKe B3aMMOCBS3aHHBIX TporieccoB. OTMETHM, YTO 3TO PElleHHe TPEOCTaBUT MEHbIIe HH(popma-
WM, YeM PELICHHE HCXOJHOTO CTOXaCTHYECKOTro YpaBHEeHHS (T.K. QyHKIHS INIOTHOCTH U PACIIpeAeiIeHHs Bepo-
ATHOCTEH OCTaHyTCs HeW3BeCTHBIMH). OIHAKO TONyYSHHBIE MaTeMaTHYECKOEe OXXHIAHWE W IHUCIEPCHS NaayT
XOpolIiee peCTaBICHIEe 00 dTUX HEHYJICBBIX HAYALHBIX YCIIOBHAX (MX CpeHee 3HAUCHHE B pa3opoc).

6. [lomyueHue BEpOSITHOCTHBIX XapaKTEPUCTUK (MaTeMaTHYECKOr0 OKUIAHUA, JUCIIEPCUU) AJIS HUC-
KOMBIX SJICKTPUYECKUX XaPAKTCPUCTHK, OCHOBHIBASICh HA U3BECTHBIX BEPOSTHOCTHBIX XapaKTEPUCTUKAX HE-
HYJIEBBIX HAYaJIFHBIX YCIIOBHH JIFOOOTO Hamepes 3aJaHHOTO TIEPEXOIHOTO MpoIecca, HaWJeHHBIX Ha TIPeIbI-
IyIIEM IIare.

BrinonHeHHe PUBEACHHBIX IArOB TO3BOJISET MOTYYUTh aHATUTUYECKUE BBIPAKCHUS sl Hanbolee
BEPOSATHBIX 3HAYCHUI HMCKOMBIX JIIEKTPHUYECKUX XapaKTEPHCTHK, a TAK)Ke BHIPAKEHHUS I AWAara3oHa HX
BapbUPOBAHUS C 33JAHHOH BEPOSITHOCTHIO.

Otiauune mpeasnaraeMoil MoAM(PUKALUM MeTOJa Pa3HOCTHBIX YPABHEHHH OT KJIACCHYECKOIO
MeTtoaa. [Ipennmaraempiii Moaxo0 1 MPUMEHSETCS B CIIydae, KOTAa OJUH MIIM HECKOJIBKO MapaMeTpoB paccMmar-
pUBaeMOH IeTH SBISIOTCS CTOXaCTUYECKHMH, T.€. X BEIMYWHA CKAaYKOOOpa3HO M3MEHSETCS B OIpeNesIeH-
HbI€ MOMEHTHI BPEMEHHU IO M3BECTHOMY 3aKOHY paclipellelIeHHs BepOSTHOCTEH NJIsl HEMPEepPBhIBHBIX CITydai-
HBIX Benn4ynH. Kitaccuueckuil pa3HOCTHBINH METOJ MOXKET OBITh TPUMEHEH JIUIIh B ClIyYae JCTePMUHUPOBAH-
HBIX TTapaMeTpoB Iend [16]. B To ke BpeMsi BaKHBIM YCIOBHEM MPUMEHHUMOCTH, KaK KJIIACCHYECKOTO Pa3Ho-
CTHOTO METOJa, TaKk W MpeiiaraeMoil ero MoaupuKauuu, SBIsSETCS KycO4dHas JIMHEHHOCTh uenu. T.e. aTu
METO/IbI IPUMEHUMBI JIMIIB TOTJa, KOTAa H3MEHEHUE TapaMeTPOB LMK MPOUCXOIUT CKaYKO0Opa3HO B Ompe-
JIeIICHHbIE MOMEHTHI BPEMEHH, a B OCTAJIbHBIE MOMEHTBI BPEMEHHU 3TH TTApaMEeTPHI SIBIITIOTCS JTMHSHHBIMU.

Bun pazHocTHOTO ypaBHEHUS, OTY4aeMOro B paMKax IMpeIIaraeMoro moaxoia, OTIN9aeTcsl OT BH-
Jla ypaBHEHUS, MOJYyYaeMOro B cly4yae IMPHUMEHEHHs KJIACCHYECKOT0 MEeTOoJa Pa3HOCTHBIX ypaBHEHHil, Io-
CKOJIBKY TIPH CTOXaCTHYECKH H3MEHSIEMBIX IMapaMeTpax IIeMHd BCe IIEKTPHUYECKUE XapaKTEPUCTHKH IIETIH,
KOTOPBIE 3aBUCAT OT ITHUX IapaMeTPOB, TAKXKE CTAHOBITCA CTOXAaCTHYECKUMH. JTO O3HAYaeT, 9TO Pa3HOCT-
HBI€ YPaBHEHHS, COCTABISIEMbIE OTHOCUTEIBHO MCKOMBIX 3JEKTPUUYECKUX XapaKTEPHUCTHK, CTAHOBATCS CTO-
XaCTHYECKUMH U K HUM OoJiee He MPUMEHUMBI TIOJXO0/IbI, KOTOPhIC IPUMEHUMBI B CITydae JCeTePMUHHPOBAH-
HBIX Pa3HOCTHBIX ypaBHeHui [11].
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K coxanenuto, Ha TeKymMd MOMEHT YPOBEHb Pa3BHTHs allapara CTOXAaCTHYECKUX Pa3HOCTHBIX
ypaBHEHUI O3BOJISAET MOIYYaTh aHATUTUYECKHUE PEIISHHUs JIUIIb I OYeHb OIpPaHMYEHHOI0 Kjlacca cToxac-
TUYECKUX ypaBHEeHUH. [IoaToMy BMeCTO pelieHHs HOIYyYEeHHOTO CTOXaCTUYECKOr0 PasHOCTHOIO YpaBHEHHUS,
OTHCHIBAIOIIET0 M3MEHEHHE HAadalbHBIX YCJIOBHU OT OIHOTO IEPEXOMHOTO Mpolecca K APYroMy, mpejia-
raeMblil MOJIXO MpeaIojaraeT nepexo] K AeTepPMUHUPOBAHHBIM PAa3HOCTHBIM ypaBHEHHUSM OTHOCHTEIHHO
MaTeMaTUYeCKOro OKUAAHUA U AUCTIEPCUN MCKOMBIX CIIyYalHBIX BEJIUYHH.

[IpenMy1iecTBO 3TOro nepexoja COCTOUT B TOM, YTO ammapar AETEPMUHHMPOBAHHBIX PAa3HOCTHBIX
ypaBHEHUH sBIsieTcs Ooyiee Pa3BUTHIM M IIOATOMY TO3BOJISIET MONYYHTh aHAJIUTHYECKOE pEIIeHue I To-
pasno OoJiee MIMPOKOTO Kilacca Ienei. M XxoTs Takoil mepexoa MMeeT CBOM HEIOCTATKU — IOTEPI0 YacTH WH-
(dhopManuy 0 KOHKPETHOM BHJE paCTpeeNeH s] HCKOMBIX CIyYaiHbIX BENUYHH (T.€. 0 GYHKUIUH TIIOTHOCTH
BEPOSTHOCTH M (PYHKIUU PaCIpeeNIeHus), OH MPEeI0oCTaBIsseT HHPOpMannio 00 UX MaTeMaTHYECKOM OXKH-
JMAHUH W AUCTiepCcruu. DTOH MH(OPMAIINU TOCTaTOYHO AJIS TOTO, YTOOBI JOCTATOYHO TOYHO OMPEENIUTh HC-
KOMBIE 3JIEKTPUUECKNE XapaKTEPUCTUKH LIETIH.

B oTnuume oT KiaccHd4ecKoro MeToAa pPa3sHOCTHBIX YPaBHEHUWH MpeaiaraeMblidi TOIXOM COJEPIKUT
JIOTIOJTHUTENTbHBINA 3aBEPIIAIOINA IIar: OTpeAeTIeHIe NCKOMBIX JIEKTPUIECKIX XapaKTePUCTHK IEMH, OCHO-
BBIBasICh Ha 3HAYEHHUSIX MAaTEMaTHUYECKOTO OKMIAHHS U TUCTIEPCUH HEHYJIEBBIX HA4aJbHBIX yCIOBHH TOCIE-
JIOBAaTEIbHOCTH B3aHMOCBSI3aHHBIX NEPEXOAHBIX MPOLIECCOB, HAMIEHHBIX B PE3yJIbTaTe PEIICHUS Pa3HOCTHO-
ro ypaBHeHus. [IpenmyiecTBoM mpeiaraeMoro moaxo/a SBISeTCs paclIupeHue Kiacca YCIelnHO aHaH-
3UPYEMBIX IeTeH 3a CUeT mepexoaa K 0ojee MpocToMy BUIYy YPaBHEHUH, U KOTOPBIX MPOIIe HAWTH aHAU-
TUYECKOE pEeLIeHHE.

OO0mmii caydail mepexoaa OT CTOXACTHYECKOT0 Pa3HOCTHOrO0 YPaBHeHHsI K JieTePMMHUPOBAH-
HBIM Pa3HOCTHBIM YPABHEHUSIM OTHOCUTEJLHO MATEMATHYECKOI0 OKMIAaHUS W aucnepcuu. B Oonb-
IIMHCTBE CIIy4aeB IPH MCIOJIB30BAaHUM METO/A Pa3HOCTHBIX YpaBHEHHH COCTABIIAETCS JMHEWHOE pa3HOCT-
HOE ypaBHEHUE, KOTOPOE UMEET cienyromui Bun [16]:

x(n)=A4, x(n—1)+4; x(n-2)+...+A; x(n—k)+B, (1)
I7ie 7 — HOMEp IIMKJIa TIOBTOPEHUS LEMOYKH B3aUMOCBSI3aHHBIX MEPEXOIHBIX IMPOIECCOB, X(#) — HUCKOMBIE
BEJIMYMHBI IEKTPUUIECKON XapaKTEpUCTUKHU Lend. OTMETUM, uTo x(#) ABIAETCS CIlydailHOW BETMUMHOM, T.K.
B 00IIIeM CiTydae 3aBUCHUT OT JIPYTHX CIYYalHBIX BEUYUH. A|...4A; W B — mapameTpsl, He 3aBHUCSIIUE OT HC-
KOMBIX BEJIMYMH X(71), HO TAaKXKe SBJIAIOIIMECS CITyYailHBIMU.

Hanpumep, ais paspsiaa KoHIeHcaTopa B LEMU NEPBOrO MOPsAKa MCKOMOW BETWYUHOHN X(7) MOXKET
BBICTYTIATh HAIIPSHKEHNUE Ha KOHICHCATOPE, B TO BPeMs Kak mapaMeTpsl (4 U B) OyayT onpeaensaTbes BENnIn-
HOW aKTHBHOW HArpy3KH IIETTH, EMKOCTH KOH/IEHCATOpa U BRIOPAaHHBIM MOMEHTOM BPEMEHH.

Jia nenu nepsoro nopsiaka ypasHenue (1) Oyner uMeTs BUA

x(n)=A," x(n—1)+B. 2)

[IpuMeHss n3BeCTHBIE CBOIMCTBA MAaTEMAaTHYECKOTO OXKHIAHUS (MaTeMaTHIeCKOe OKUIAHWE CyMMBI
CIIy4alHBIX BEJIMYMH PaBHO CyMME MX MaTeMaTHYeCKHUX OXHIAaHUI; MaTeMaTH4ecKoe OKHIaHHE MPOU3Be-
JICHUS. He3aBUCUMBIX CIyYalHBIX BEIMYMH PABHO MPOU3BEACHHUIO UX MaTeMaTH4eckux oxumanuil) [10], [12]
K (1), momy4anm

Mx(n)]=M[A,]- M{x(n-1)]+ M[A,]- M[x(n-2)]+ ...+ M[A]- M[x(n—k)]+ M[B]. 3)
st menu nepBoro nopsiaka ypaBHeHue (3) OyneT uMeTh BUI
M[x(n)]=M[A4]- M[x(n—1)]+ M[B]. 4

VYpasuenus (3) u (4) SBISIFOTCS THHEHHBIMH PAa3HOCTHBIMH YPaBHEHHSIMH, COCTABICHHBIMH OTHOCH-
TETHFHO HEU3BECTHOTO MaTeMaTHIecKoro oxumaanus M[x(n)].

[epeiins k paccMOTpeHHIO TUCTIEPCHU JIEBOK M MpaBoi yactel paBeHcTBa (1), a Takke MPUMEHUB
cBoiicTBa aucnepcuu [10], [12], MOKHO MOMYYUTh TMHEHHOE Pa3HOCTHOE YpaBHEHUE, MO3BOJIAIONIECE HANTH
BEPXHIOIO OIIEHKY AMCIIEPCUN UCKOMBIX BETMYUH

D" x(m)] = M °[4,] D" [x(n=1)] + M *[4s] D" [x(n-2)] +...+ M *[A]- D" [x(n-k)], )
a B cITydae IIeTH NIePBOTO MOpsIIKa —
D" [x(m)] = M *[4,] D"*Tx(n-1)]. (6)

Taxum obpazom, ypaBaeHus (3) — (6) MOTyT OBITh HCIIONB30BAHBI JJI1 HAXOXAEHUS TOYHOTO 3HaYe-
HUSI MATEMaTUIECKOTO OXKHIaHUS M BEpXHEH TPaHHIIBI TUCTIEPCUN HCKOMBIX BEJIMYHH X(71).

IIpumep npuMeHeHHs NMpeaIaAraeMoro noaxoaa. AHaiu3 ciy4ailHbIX MPOILIECCOB B AJIEKTpOpa3psii-
HBIX YCTAHOBKAaxX IPOBOJIMIICS Ha TPUMEpE IMPOIIECCOB B 3apSTHON M Pa3psAHON HENAX MOTYNPOBOTHHUKOBBIX
®PU 1151 31€KTPOUCKPOBOTO JUCTIEPTUPOBAHUS METAIUIMYECKUX TpaHyd B KuAKocTH [7-9]. Ha pucynke moka-
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L AL VE/ VE/ 3aHa 3MeKTpudecKkas cxema takoro ®PU, B koTopoMm mMeeT MecCTO Io-
Y\ P >l CJIeIOBATEIHFHOCTh B3aMMOCBSI3aHHBIX IPOIIECCOB KOJIEOATEIHHBIX 3a-
PAIOB M Pa3psIOB KOHJIEHCATOpa. 3aps] KOHACHcaTopa OT (GOpMHPO-
Batens noctossHHoro HanpspkeHus (PIIH) nmpoucxomut mo 3apsmHoMy
@IH| | Vonn —-—C R, Mr koHTYpy ®ITH-L,-VT{-C-R;-®OITH 10 Tex mop, moka TOK B NN HE U3-
MCHUT CBOIO ITOJIIPHOCTH, TEM CaMbIM BbI3BAB 3aIllMPAaHUC 3apATHOIO
R, L, tupuctopa VT;. [locne vero crmemgyer pa3psa KoHaeHcaTopa (1o pas-
e +—& YY1 pannomy kouTypy C-VT»-R,-L,-C) Ha CTOXaCTHYECKH M3MEHSIOILYIOCS
Harpy3Ky 10 TeX IOp, IMOKa M3MEHEHHE TOJSIPHOCTU Pa3psaHOTO TOKa

HE BBI30BET 3alUPaHUEC PA3psAHOTO TUpHUCTOpa V75, 3aTeM MPOUCXOAUT MHOTOKPATHOE MOBTOPEHUE MOCTe-
JIOBATEIHHOCTH TAaKUX MpoIeccoB. [I0CKONBKY yCIOBHEM MPUMEHUMOCTH KaK KJIIACCHYECKOTO Pa3HOCTHOTO
MeTOJla, TaK W TpeayiaraeMoid ero MOAU(HUKAINH SBISIETCS KyCOYHAs JMHEHHOCTH IENH, TO MPHHUMAETCS
JOMYIIEHUE, YTO PICKTPUUECKOE COIPOTUBIICHUE HATPY3KU R,, HEU3MEHHO B TEUCHUE JUIUTEILHOCTH KaXKI0-
ro paspsza kKoHaeHcatopa C, HO B may3e Mexay paspsaamu (T.e. BO BpeMs €ro 3apsijia) OHO MOXET H3Me-
HATHCS, U €r0 BEJIMUMHA XapaKTEPU3YyETCsl HEMIPEPHIBHON PABHOMEPHO paclpe/ie]IEHHON Cly4yailHON Beuyu-
HOM, U3MEHSIEMOM OT 7, O Fpar. LIpH 3TOM (QYHKIMS TUIOTHOCTH BEPOSATHOCTH CIYYalHOW BEIUYHHBI R

paBua [10], [12]

0 , I e[r ins 1 ]
f )= H min> "max )
RH( H) 1/(Vmax _rm[n)a VH € [rm[n;rmax]

Lenpro aHanm3a SBISIIOCH ONIPEIeTIeHIe MaTEMAaTHIECKOTO OKUAAHNS HAPSDKEHHS Ha KOHIEHCATO-
pe M[Uc(n)] Ha mo0oM Harepes 3aJJaHHOM IUKJIE IOBTOPEHUS MTEPEXOIHBIX TMPOIECCOB 1.

CornacHo npeIoKeHHOMY TOAXO0/Y ITOCIIEA0BATENHHO BHITOIHSIIHCH CIEAYIONINE MIATH.

1. ITomy4eHne aHAIMTHYECKUX BBIPAKEHHUH, OTPaKaIOMUX (YHKINOHATHHBIE 3aBHCUMOCTH HAIIps-
JKEHHUsI Ha KOHJIEHCATOPE OT CTOXACTHUECKOTO CONMPOTHBIICHHS HArPY3KH B PaAMKaxX OTAETbHBIX MEPEXOIHBIX
MPOLIECCOB 3apsAa U paspsiia KOHAEHcaTopa.

3aBUCUMOCTb HAINPsDKEHUs 3apsana KoHaeHcaTopa Ue; OT HeHYJIEBBIX HAUYalIbHBIX YCIIOBUI uMeeT BUT [9)]

Uc, =Uopns +(Uoms —Upe, Je ™79, (8)

rae Ugpny — HanpsDKeHHe Ha BeIXoJie (hopMupoBaTenst HOCTOSHHOTO HanpsokeHus; Uyc, — HadanbHOE HapA-
JKeHHe TIpH 3apsize Kouxercaropa; Q= (L/C)"*/R, — no6poTHOCTS 1iemu 3apsiga kouxercatopa C; Ly 1 Ry —
€e MHAYKTUBHOCTH M aKTUBHOE CONPOTHUBIICHHE.

3aBUCHMOCTD HaNpsLKEHUs paspsana KonjaeHcaropa Uc, OT HEHYJIEBBIX HayalbHBIX YCIOBUH onpese-
nsieTcs Kak [9]

(7

Ugp =~Upcpe ™9, )

rie Uycp — HauaJlbHOE HANpPSKEHUE NPH paspse KoHaeHcaropa, O, = (L»/C)"*/R, — m0GPOTHOCTD pa3psiHOIL
nem, R, — ciydaifHas BETMYMHA CONPOTUBIEHHUS, PACTIPEIEEHHAS B THATA30HE [ e | -

2. CocraBlieHUE Pa3HOCTHOTO YPaBHEHUS, OMUCHIBAIONIETO 3aBUCHMOCTH MEXIYy HEHYJICBBIMH Ha-
YaITbHBIMH yCIIOBUSMHE MEPEXOTHBIX MTPOIECCOB.

Jlyis 3TOro HEoOXOAMMO BBIPA3UTh HAMPSIKCHUE, IO KOTOPOTO Pa3psAMTCA KOHACHCATOP Ha n-OM
[IUKJIE TIOBTOPEHUS MEPEXOIHBIX MpoIreccoB U, uepe3 HaIpsHKEHUE, 10 KOTOPOTO Pa3psAIICsS KOHACHCATOP
Ha npenpiayiieM ukie U, ;. JlaHHOe BBIpaXKeHHE MOXKET OBITh TMONYYEHO MyTeM MOJCTAHOBKH COOTHOIIIE-
Hus (8) B cootHomenue (9) BMecto Uyc, (IIOCKONIBKY HANpsKEHHE 3apsaa KOHAEHCATopa sIBIISETCS Haydallb-

HBIM HAMPSDKEHUEM €TO pa3psiia)
U, = _(Utbl'IH + Uom =Uyy) e )efn/zQz =U, e 0 _ygny (1 +em0 )efn/zQz - (10)

VYpasuenue (10) sBnseTcss CTOXaCTUYECKMM Pa3HOCTHBIM YPaBHEHHWEM IIEPBOTO TOpsAKa OTHOCH-
TeNbHO HampskeHust U,, 10 KOTOPOro pa3psAMTCS KOHIEHCATOp HAa #-OM IMKJIE IMOBTOPEHUS MEPEXOAHBIX
npoueccoB. OHO CTOXacTUYECKOe, T.K. JOOPOTHOCTh Pa3psAAHOro KOHTypa (J; sIBISETCS CIy4alHOW BEJIHMYH-
HOW.

3. Ilepexox OT aHanM3a CTOXAaCTUYECKOTO YpaBHEHUs, OIMCHIBAIOLIETO B3aHMOCBSA3b HEHYJIEBBIX Ha-
YaJIbHBIX YCJIOBHH HEPEXOAHBIX MPOLECCOB, K aHAIM3Y JETEPMUHUPOBAHHBIX Pa3HOCTHBIX YPaBHEHHH OTHOCH-
TEJIbHO MAaTEMATHYECKOI'0 OXKUAAHUS U JUCIIEPCUU HEHYJIEBBIX HAYAJIbHBIX YCJIOBUH IIEPEXOAHBIX IIPOLIECCOB.
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OT cTOXacTUYECKOTO ypaBHEHHs OTHOCUTENHHO U, HEOOXOAUMO MEpPerTH K JIeTepMUHUPOBAHHOMY
Pa3HOCTHOMY YpaBHEHHUIO OTHOcHTENbHO M[U,| — MaTeMaTH4ecKoro OXHUIaHWUs UCKOMOW BennduHbl U,. B
o01meM ciyyae Uil HOCTPOCHUS TOBEPUTEIbHBIX HHTEPBAIOB MCKOMON BEJIMYMHBI HEOOXOJHMO TaKKe CO-
CTaBUTh YPAaBHEHUE OTHOCUTENIbHO aucnepcuu. OaHaKko BBUAY TOTO, YTO HA JAHHOM ATare LENbIO SBISETCS
MOWCK MaTeMaTHdeckoro oxxuganust M[U, ]|, ypaBHEHHE OTHOCUTEIHHO AUCIIEPCHHA MOKHO OITYCTHTD.

Matematndeckoe 0XHJIaHHE JIEBOH U MpaBoi yactel ypaBHeHus (10) ¢ yueToM M3BECTHBIX CBOMCTB
MaTeMaTUYEeCKOTo okuaaHus [12] 3anumercs Tak:

M[u, =™ MU, ] M[e‘“/ 20, ]— Upmn (1 +e72 )M[e‘“/ 20, ] . (11)

VYpasuenue (11) sBiseTca AeTepPMHUHUPOBAHHBIM Pa3HOCTHBIM ypaBHEHHEM OTHocuTensHO M[U,],
UMEIOIINM HEU3BECTHBIN K03 pumment M [e_n/ ZQZ] .

B [14] Obia paccMOTpeHa IeTh BTOPOTO MOPSIKA, aHAJIOTUYHAS PACCMaTPUBAaeMOU pa3psiIHOM Iie-

mu. beio mokasano, yto i BenuduHBl Up- =Ugny +(UCDHH e )e_“/ 20 e Clly4aiiHasi BeIW4YUHA

0 = (L/C)"*/R umMeer Takoe e BEpOSTHOCTHOE PacIpeieleHne, Kak i (), MATEMATHUCCKOE OXKH/IAHHE Ha-
NPsDKCHUST Ha KOHJCHCATOPE OIIPeelIsieTCsl CIeIYIOIUM COOTHOILICHHEM:

M[Uc] :MI:Ud)HH +(UCDHH _Uoc)e_”/zg:l = (12)
_ [Ucmm (rmax _’"min)_z\/z(Ucan _Uoc)(e_” Ctpe /2L e Cotyin /2L )/”\/E}/(dex _”mm)~
Torma BemuumHa M [e
Uic=-1B, 0=0x:

M[e_n/zgz] =M[Uq>nH +(U®HH_U0C)Q4/2Q] U 0,Ugc=-1,0=0, )
ong =V YVoc=-1.0=0;

-/ ZQZ] MokeT ObITh HaiinmeHa w3 (12) myrem monctaHoBKH Ugny =0 B,

Takum 00pa3om, Beipakenue st M [e_“/ 202 ] OyIeT UMETh BH]I
M[e_ﬂ/w2 ] = (— 2\/5/7&/6)'(6_7t Crmas WLy _ o C‘r’"i”/zmj/(rngax ). (14)

Torma pasHoctHOe ypaBHeHHE (11) OTHOCHTENBPHO MCKOMOTO MareMaThudeckoro oxupanuss MU, |
OyIeT OMHCHIBATHCS BHIPAKECHHEM

Mmlu,] =-2L, (e“@mw/ Wiy _ gl Crinin/ 2 Lo )(e”/ 20 M[Un_l - U@HH(I e 0 )] ) / (e = Fonin)/ TVC . (15)

VpaBHenue (15) siBasercss cTaHAAapTHBIM JAETEPMHHHPOBAHHBIM PAa3HOCTHBIM ypPAaBHEHHEM I1E€PBOIO
IOPsJIKa OTHOCUTEIILHO M [U ,,] . IIpn HayanpHOM yCiioBuH M [U 0] =U, M ClIenyIoluX 3aMEeHaX IePpEeMEHHBIX:

a=-2L, (e_n Cotmax| 212 —e " C'r”””/z‘/zj/(rmx—rml-n)/n\/E, (16)

b=e ¢=-Ugm (1 +e ™20 ) (17, 18)
ypaBHeHnue (15) npumer BuUI
MU, ]=abM[U, ]+ ac. (19)
IIpuMeHUB cTaHIApTHBIE METObI PELICHMS IETEPMUHUPOBAHHBIX PA3HOCTHBIX YPABHEHHUH MEPBOTO
nopgaaka, MOKHO IMOJTYYUThb PCIICHUC YPAaBHCHUA

MU, ]=(ac/(1-ab))+{Uy - (ac/(1~ab)) }(ab)", (20)

r/ie KOHCTAHTHI a, b 1 ¢ onpenensitoTcst BeipaxkeHusimu (16), (17), (18) cooTBeTCTBEHHO.

[omyuenHoe BeipaxkeHue (20) O3BONISAET OMPENCITUTh MATEMATHYECKOE OXKUIAaHNE HANPSHKESHHS, JIO0 KO-
TOPOTO Pa3pSAUTCs KOHJEHCATOP Ha JIF00OM HaTlepes1 3aJJaHHOM IIMKIIE TOBTOPEHHS TEPEXOAHBIX IPOIIECCOB.

BuiBoabl. [IpemiokeH moaxon K aHANIKM3Yy B3aUMOCBSI3aHHBIX TEPEXOJHBIX MPOIECCOB B IIETAX CO
CTOXAaCTHYECKH U3MEHSIOIUMHUCS TapaMeTpaMH, KOTOPhIC XapaKTePHU3YIOTCSI HEMPEPBIBHBIMY CITy4YaiHBIMU
BEJIMYMHAMHU C MTPOU3BOJIBHBIM BEPOSITHOCTHBIM pacrpezeieHiueM. OTMETHM, 4TO JaHHBIA MOIXOA YHUBEP-
CaJICH, OH HE TMPHBS3aH K KOHKPETHOMY BHJIy BEPOSTHOCTHOTO PACHPECIICHUS W MOXET OBITh NPUMEHEH
NPY TIPOU3BOJILHOM HEMPEPHIBHOM pacIpeeiicHud (PaBHOMEPHOM, HOPMAIILHOM U IPYTHX MEHee pacipo-
CTPaHCHHBIX ).
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Onmcan MeToJ Iepexo/la OT CTOXAaCTHYECKOTO Pa3HOCTHOTO ypaBHEHUS K JETEPMUHHPOBAHHOMY
Pa3HOCTHOMY YPABHCHHIO OTHOCUTCIIBHO MAaTEMATHYCCKOTO OXKUAaHUA 1 JUCTIECPCUN NCKOMBIX BCJIMUWH.

B kauecTBe mpuMepa MoAXoa MPUMEHEH AJI aHAIW3a MEPEXOMHBIX MPOIECCOB B 3apsSAHON U pas-
PSIHOM e KOHJIEHCATOpa MOIYIPOBOTHUKOBOTO (POPMHUPOBATENS Pa3psIHBIX UMITYJIBCOB CO CTOXaCTHYe-
CKOM Harpy3koi, UMerolle HempepbIBHOE PABHOMEPHOE pacipeiesieHUE.
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CTOXACTHUYHI HEPEXIJHI ITPOIIECHU B KOJIAX ®OPMYBAYA PO3PAJHUX IMITYJIbCIB, IIIO
MNPAIIOE€ HA EJIEKTPOICKPOBE HABAHTAKEHHSA

H.I. CynpyHoBCBKa, TOKT.TEXH.HAYK

IncrutyT enekrponmnamiku HAH Ykpainu,

np. Illepemoru, 56, Kuis, 03057, Ykpaiuna, e-mail: iednatl @gmail.com

3anpononosano nioxio 0o amanizy nocriooBHOCMEN 83AEMO3ANEHCHUX NEPEXIOHUX npoyecie y Koaax ¢opmyeaua po3-
DPAOHUX IMAYIbCIB, PO3PAOHE KOLO AKO20 MICMUMb e1eKmpoIiCKPOse HABAHMAICEHH 3 AKMUBHUM ONOPOM, WO CMoxdc-
MUYHO 3MIHIOEMbCS. ONip MaKko2o HABAHMANCEHHS. XAPAKMEPUZYEMbCS OGe3nepepsHOIo BUNAOKOB0I0 BEIUYUHOIO 3 00-
BIIbHUM IMOGIPHICHUM PO3NOOLIOM (DIBHOMIDHUM, HOPMALbHUM aDO THWUM MeHU PO3NOBCIOONCeHUM). 3anponoHosa-
HULl niOXi0 OPIEHMOBAHO HA AHAJI3 NEPeXiOHUX NPoYecie y KOoNax 3i 3MIHHOI CMPYKMYpPOI0, Y AKUX 6i00y8aemvcsi no-
8MOPIOBAHA NOCTIO0BHICMb 83AEMO3ANEHCHUX NEPEXIOHUX NPOYECI8 Y pa3i COXacmu4Hol 3MIHU 00HO20 3 Napamempis
KOA (HAnpukiaod, ONoOpy HABAHMANCEHHSL) Y 0eaKOMY be3nepepeHoMy dianazoHi. 3anpononoeano moougikayio memo-
0y pI3HUYesUX PI6HAHb, WO 0A€E 3MO2y nepelmu 6i0 CIMoXacmui4H020 PI3HUYEB020 PIGHAHHS U000 ULYKAHOI eneKmpuyHol
Xapaxkmepucmuku Koia 00 0emepMiHO8AHUX PIZHUYEBUX DIBHAHb U000 MAMEMAMUYHO20 CHOOIBAHHA Ul OUCNepCii wy-
KaHoi xapakmepucmuku. Ak npukiad 0y pozenaHymuil nepexioHuti npoyec y Kouai 0pye020 NOpsoKy 3i CIMOXACMUYHUM
HABAHMANCEHHAM, WO MaA€E be3nepepnull pieHoMipHull po3nodil. Ompumano aHaLimuYHUL 6Uupas 05 MAMeMamuiHo20
cnodiganHs nanpyau Ha konoencamopi. bion. 17, puc. 1.
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Kiouosi cnosa: niepexii nporecu, 3apsii KOHIEHCATOpa, PO3PS/] KOHAEHCATOPa, CTOXACTHYHE HABAHTAXKCHHS, BUTIAT-
KOBHI1 ITPOIIEC, IMOBIPHICHI BJIaCTHBOCTI, Oe3MepepBHUI PO3IOIiI iIMOBIPHOCTEH.

STOCHASTIC TRANSITION PROCESSES IN THE CIRCUITS OF THE DISCHARGE PULSES SHAPER,
OPERATING FOR ELECTRIC SPARK LOAD

N.I. Suprunovska

Institute of Electrodynamics National Academy of Sciences of Ukraine,

pr. Peremohy, 56, Kyiv, 03057, Ukraine, e-mail: iednatl @gmail.com

An approach to the analysis of sequences of interrelated transient processes in the circuits of the discharge pulse shap-
er, the discharge circuit of which contains an electric-spark load with a stochastically varying active resistance, is pro-
posed. Such load resistance is characterized by a continuous random variable with an arbitrary probability distribution
(uniform, normal, or other less common distribution). The proposed approach is focused on the analysis of transient
processes in circuits with variable structure, in which there is a repeating sequence of interrelated transients at sto-
chastic change in one of the circuit parameters (for example, load resistance) in a certain continuous range. It is pro-
posed a modification of the method of difference equations, which allows to convert the stochastic difference equation
for the desired electrical characteristic of a circuit into deterministic difference equations for the expectation and vari-
ance of the desired characteristic. As an example, a transient process in a second-order circuit with a stochastic load,
having a continuous uniform distribution, was considered. An analytical expression for the mathematical expectation of
the capacitor voltage was obtained. References 17, figure 1.

Key words: transients, capacitor charge, capacitor discharge, stochastic load, random process, probabilistic properties,
continuous probability distribution.
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