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KOHIIE PEITHCOBOI I[eMU MOXKHO IIpeHeOpedb COMPOTUBICHUEM PElbca B CUITY €r0 MaJIoCTU. Y 1ap MOJHHUU
MIPUXOJUTCS B TOUKY, HE COBIIAJAIONIYIO C KOHIIAMH PEJIbCOBOM Ienu. B aToM ciydae U3 ypaBHEHUM IHH-
HOW JTMHUY U 3aKOHA 3JIEKTPOMAarHUTHON MHIYKIIMU CJIeTyeT TPaHUYHOE YCIOBUE TPETHETO pojia
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[TonydyenHoe pelnreHre NpeAcTaBiIsgeT co0oi OECKOHEYHYI0 CyMMY 3aTyXalOUIMX BOJH HampsHKEHUS,
ClIeIoBaTeNbHO, OHO (pr3mueckn KOppeKTHO. 1o cpaBHEHHIO C y)Xe M3BECTHBIMHU PEUICHHUSIMH, MTOTydeH-
HBIMH METOJIOM TpeoOpa3oBanus Jlamaca, mpeiaraeMoe pelieHue 3amichiBaeTcsl cpa3y BO BpEeMEHHOMH
00JIacTH, TTO3TOMY TIOJTyYeHHE PacueTHBIX COOTHONIEHWH TpeOyeT MEHBIINX 3aTpaT BBIYMUCIUTEIBHON pa-
00THI. B HEM y4TeHBI Bce mapaMeTphl pebCOBON IIEMH, B TO BpeMs KaK B MMEIONINXCS PEIISHNIX MpeHe-
Operaercsi MOTOHHBIM COMPOTUBIIEHHEM Iienu. 1103ToOMy AOMyCTUMO CUMTaTh, UTO MONYYEHHOE pelIeHne
nMeeT 0osiee BHICOKYIO aJIeKBATHOCTh M MOXKET TIPUMEHSITHCS Ha MTPAKTHKE.

VJIK 656.25

OCOBEHHOCTHU OLIEHKH ®YHKIIMOHAJIBHOMN BE3OINACHOCTH
MUKPOITPOLIECCOPHBIX CUCTEM KEJIE3HOJOPOKHOW ABTOMATUKH
HA 3TAIIAX PASPABOTKU U DKCILIYATAIIUN

B. @. KYCTOB

Yrpaunckuii cocyoapcmeenniil ynugepcumem sHcene3no00poriCHO20 mpancnopma, 2. Xapvkos

Ha stanax pa3paOoTKu 1 3KCIUTyaTallii MUKPOIPOLIECCOPHBIX CHCTEM KeIe3HOTOPOKHONW aBTOMATHKN
(MCXKA) BaxHBIM SIBIISIETCS IPaBUIIbHAS OLIEHKa UX (pyHKUIHOHATbHON Oe3onacHocTH (DB). Heobxommmo
BBIJIENTUTh OCHOBHBIE OCOOEHHOCTH 3TOW OLIEHKH.

1 Ouenka @B 3aBUCHT OT OCTOBEPHOCTH HCXOAHBIX MJAHHBIX IO HAASKHOCTH KOMIUIEKTYIOIINX
M3JIENNH, OT TOYHOTO y4eTa BCeX BIHSIONIMX Ha HUX (PaKTOPOB, 0COOEHHO MPH TOSBICHUH HOBBIX BO3ZEH-
CTBHIH B Ipoliecce HKCIUTyaTallli, He YUUThIBAEMBIX J0 3TOro MpH pacuerax @b u gomycke K SKCIUTyaTaryu
CHCTEM.
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2 B nepuop 3KcITyaTalluM MOT'YT MOSBUTHCA HEMPOTHO3UPYEMBIE «yAapHBIE» HArpy3KH, HE MPUBO-
JAIIIe K 0TKa3aM, HO Pe3KO CHIDKAIOIME HHTEHCUBHOCTH OMAaCHBIX OTKAa30B DJIIEMEHTOB (U3-32 UMIYJIb-
CHBIX TepeHamnpsLKeHUH MpU OTKa3e HEKOHTPOJIUPYEMBIX 3JIEMEHTOB CPEACTB I'PO303AIIUTHI M MOMe-
XOMOJABIAIONNX (PHUIBTPOB; H3-32 KPAaTKOBPEMEHHOTO IeperpeBa »>3JEMEHTOB MpH OTKaze WId
HENPaBUIILHO BBIOPAHHBIX CPENCTB BEHTWIANWHU WIM KOHIWIIMOHHPOBAHUS B MIKadax yIpaBlIeHUS U
T.I.). YUUTHIBasA, 9YTO BO MHOTHX CIIy4astX oOIIas BEPOATHOCTh OMACHBIX OTKa30B paBHA MPOU3BEICHUIO
BEPOSITHOCTH OMACHBIX OTKAa30B OT/AEINHHBIX KAHAJIOB PE3€PBUPOBAaHUS, OHA OyJEeT MHOTOKPATHO W BO3-
MOXXHO HEJOITYCTHUMO ITOBBITICHA.

3 [Ipu ManbIX PacCTOSHHUAX MEKIY IMPOBOAHUKAMHU Ha IEYATHBIX IIaTaX WIN pazbeMax (MEHBIIE J10-
MMyCTUMBIX 3HaU€HHUN) HEOOXOAMMO YUHTHIBATH BO3MOKHOCTH KOPOTKOTO 3aMBIKaHUS Mexay HuMH. [lo-
3TOMY NPH UCTBITAHUAX HA YCTOWYUBOCTH K OMIACHOMY OTKAa3y HY)KHO MOJETUPOBATH MPH CTEHAOBBIX HC-
OBITAHUAX TAaKHE 3aMBIKAHHS M KOHTPOJHPOBATH BO3MOXHOCTH ITOSIBJICHHUSI OMACHBIX OTKA30B KakK B
KaHasax pesepBupoBanus, Tak 1 B MCXA B nenom. B ciydae nx dukcanum HeoOXonuMo pa3padaTeiBaTh
MEpPBI TS MX TapaHTHPOBAHHOTO UCKIIoYeHHs. [Ipr OTCYTCTBHHU B 3TOM Cydae ONACHBIX OTKa30B MOXKET
OBITH CYIIECTBEHHO W HEJOMYCTHMO IMOBBIIIEHA BEPOSTHOCTh BOSHUKHOBEHUS OMACHOTO OTKa3a, TIO3TOMY
JUISL TAKUX HEKOHTPOJIUPYEMBIX 3aMbIKAaHHK HEOOXOJWMO COCTABISTH CBOIO PACUETHO-JTOTHUECKYIO CXEMY
®b u no He#l olleHWBATh BEPOSTHOCTh BO3HHUKHOBEHHUS OMACHBIX OTKa30B. OCOOEHHO 3TO BaXKHO IS
MCXA ¢ BbICOKOW 3aNbUICHHOCTBIO, IIPU HAJIMYWU, HAIPUMEP, ITPOBOMISIIECH YrONbHON MBUIM Ha IOCTY
OL. IMoatomy 3TOT axTop TpedyeT ais goka3zateabcTBa @b He TONBKO crenuUKAIIA KOMILTEKTYOIIAX
3JIEMEHTOB C UX THUIIAMH, HO Y OTKPBITHII KOMIUIEKT KOHCTPYKTOPCKON TOKYMEHTAILIUU C PACIOJIOXKEHUEM
MIPOBOJIHUKOB Ha MEUATHBIX IIJIaTax, B pa3beMax u T.1. lIpn 3ToM ocoboe BHUMaHKE HYKHO YAEIATh BO3-
MOXKHBIM KOPOTKHM 3aMBbIKaHUSM CMEXKHBIX JIEMEHTOB, 00BbEIMHEHHBIX B OJHOM KoOpmyce (JIOrHuecKue
3JIEMEHTHI, ONTPOHBI U T.IL.).

4 Ilpu ortenke @b pezepBUPOBaHHBIX CTPYKTYP HEOOXOIUMO BBIIEIUTE CIEAYIONINE OCOOSHHOCTH.

[Ipu 3TOM OCHOBOITONIATAIONINM TIPH PACUETE SBISAETCS MPABIUIbHAS OIIEHKA OTBETCTBEHHBIX (DYHKIIHIA,
00BbeKTOB KOHTPOJIs MiH yrpasieHuss MCXKA, koTopsie YCIIOBHO MOJKHO Pa3/leNIuTh Ha JBa Kjacca:

— 1-if — omacHBIi OTKa3 IPOUCXOAUT B HUX IMPU HECAHKIMOHHMPOBAHHOM IOSIBJICHHH CUTHANA (IBUTa-
TENb CTPENIOYHOTO IEPEBOA, JTaMIIa 3€JIEHOr0 OTHs Ha CBeTo(ope, IMyTeBOe pelie, JaTIUKU CUeTa Ocell mo-
JBIDKHOTO COCTaBa MPHU €T0 BBIXOZE C IMMyTEBOTO y4acTKa U T.I1.);

— 2-i1 — onmacHbI OTKa3 B HUX IMPOMCXOAUT MPH HECAHKIIMOHMPOBAHHOM MPOMaJaHW{ CHUTHAJIA (JIaMma
KPacHOTO OTHS Ha CBETOdope, TATIYMUKHU CUeTa OCel MOIBHUKHOTO COCTaBa IPH €ro BXOJE Ha MyTEeBOW yda-
CTOK, JJATYMKH TOXKapHOH U APYrod CUTHAJM3AIMH, JaTYNKA KOHTPOJS OMAacHOTO OTKa3a B KaHaje pe3ep-
BHPOBAHNA).

Hns GonpmmmHcTBaA cimydaeB npuMeHeHnst MCIXKA ennHCTBEHHO BO3MOXXHBIM BapHaHTOM CTPYKTYPHI
st obecriedenus ee Ob sBiseTcs HarpyxenHoe pesepBupoBanne. C yueToM BBEIEHHON BBIIIE KiTacCH(pH-
karuu s 1-ro kmacca MCXKA HeoOxoanmo st moBsiieHnst @B ncnonb30BaTh peniaronyi 31eMeHT
«W» mis ob1ero uiy pasenbHOT0 HATPY:KEHHOTO Pe3epBUPOBAHIS, a Tl MaKOPUTAPHOTO pe3epBUPOBa-
HUS «1» U3 «M» MAKCUMAITLHO TTOBBINIATE YUCIIO «71).

Hns 2-ro wracca MCXKA s moswimienus @b HEo0X0MUMO HCHONB30BATh PEHIAIONIUN DIEMEHT
«UJIN» muist o01ero uiy pas3/ielbHOr0 Harpy>KEHHOTO Pe3epBUPOBAHUS, a IS MaKOPUTAPHOTO pe3epBHU-
POBAHUS «n» U3 «7M» MaKCUMAIBHO CHUYKATh YHCIO «1y», T.€. pellleHre TPUHUMATH He 110 OOJNBIIHHCTBY, a
110 MEHBIIIMHCTBY (TIPH 3TOM CJIOBO «MaKOPUTAPHOE» TEPSET CBOI CMBICT).

Pemarome snemenTs! «M» 1 «MJIWY MO3BONSAIOT yiaydmaTh TONbKO @b MM TOTBKO TOTOBHOCTH (O71-
HoctopoHHe). [Ipu 3Tom noBsienne @b Beerna npuBoANT K cHIDKEHHUIO roToBHOCTH MCXKA (Ge3oTkas-
HOCTH T10 OTHOIIEHHUIO K 3alIUTHBIM OTKa3aM M MPOITYCKHOM CIIOCOOHOCTH TO€310B) U Hao0opoT. Tombko
peImaromuil 3JIeMEHT MaXOPUTAPHOTO PE3EPBUPOBAHUS «1» M3 «71» MO3BOJIAET YIy4IlaTh OXHOBPEMEHHO
kak @b, Tak u roroBHOCTF MCIKA.

Ucnionezoanue 1t MCXXA, 0coOeHHO ¢ AIUTENbHBIM CPOKOM SKCIUTyaTalllH, PeajbHBIX CIOCOOO0B
PE3EPBUPOBAHNS HE pEIIaeT BOMPOCH AOCTIKEeHUs HeoOxomuMon Db. [losmomy nauboree eadchvim
¢aKm0p0M snusnus Ha nosviuernue OB sensemcs ucnonvzosarnue nepuoduqecxoeo KOHmMpOJsl ucnpaeHo-
cmu U C60E€6PEMEHHO20 YCMPAHEHUS ONACHbLX OMKA306 KAHAI068 Pe3epeupoO6anusl.

OcCHOBOMOJNAralon¥M MpH TaKOM pacdeTe SBISIOTCS BHI OTBETCTBEHHBIX (PYHKIHHA, OOBEKTOB KOH-
TPOJISl MJIM YIPaBIIEHUsS, KOTOPBhIE YCIOBHO MOXKHO pas[eiWTh Ha ABa TWUMA: 1-if — ¢ MPOTHO3HPYIOMIUM
(hakTOpOM pa3BUTHA OTKa30B (OMACHBIX OTKa30B); 2-i — 0€3 MPOTHO3HUPYIOMIETO (aKTopa pa3BUTHs OTKa-
30B (OmacHBIX 0TKa30B). J1s 1-ro TMNa yMeHbIIEHHEe BpeMEHH MEePUOJHYECKOr0 KOHTPOJS BCETIa TMOBBI-
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nraer kak ®b, Tak M Apyrue mokazatenu CBOWCTB HaaekHOCTH. [t 2-ro Tuma (Hanboliee MaccoBOTO B
MCIXA) ymeHbIlIeHHE BpEMEHHU MEePUOIUIECKOr0 KOHTPOJSA MPUBOAUT K MOBBINIeHHI0O b TOIRKO B TOM
cllydae, ecliid pacueTHo-iorudeckue cxeMbl @b OyayT uMerh BUA MapaiieNbHOTO COEAUHEHUS WU Tpadbl
®b 00beKkTOB OYAYT UMETHh OOJBINE ABYX BepIIUH. i 2-T0 THIIa 00BEKTOB MPU MCIIOIH30BAHUH OOIIETO
U pa3fe’bHOr0 HAarpy>KEHHOI'0 pe3epBUPOBAHUA OyET MOBBIMATHCS TOIbKO Db (Mpu 3TOM rOTOBHOCTH HE
OyIeT yaydInaThCs, a Ja)ke OyIdeT yXyImaThCs) Ui TOIBKO TOTOBHOCTD (TIpu 3ToM @b HaobopoT Oyner
cHIKaThCsA). OmHOBpeMeHHOe TToBbIMeHne @b 1 roTOBHOCTH OYAET TONBKO IPH HUCIIOIB30BAHUH JIH000T0
Ma)KOPUTAPHOTO WITH HEHATPYKEHHOTO Pe3ePBUPOBAHUSI.

Pacuernrie (hopMynbl IS onpeAeNeHns MPENeTbHO JTOMYCTUMBIX IIEPHOOB KOHTPOIS IS odeciiede-
HUS JIOITyCTUMBIX YpoBHEH Db 1715 pa3NMuvHbIX BAPHAHTOB PE3EPBUPOBAHUS PUBEICHHI B pab0Tax aBTOpA.
Taxxe BBIBEICHBI (POPMYITBI IS ONMPENEISHHS MTPENeTbHO JOIyCTUMOTO BPEMEHH YCTPAHEHHS OMacHOTO
OTKa3a B OTAEIHHOM KaHaJle PE3EPBUPOBAHUS U JOMYCTUMON €ro HapaOOTKH J0 OMacHOTO OTKas3a B IPO-
I[eCCe MOCTOSHHON AKCILTyaTallly, 10 KOTOPBIM MIPUHUMACTCS pelieHne 00 oreHke peanbHoil ®b u Bo3-
MokHOCTH 3KcIuryatannu MCIKA.

YK 656.259.2:621.391.8:519.2

MOBBIIEHUE HATEKHOCTU KAHAJIOB
C PEJIbCOBbIMU U UHAYKTUBHO-PE/IbCOBBIMU JIMHUAMUA
B YCJIOBUSAX JEMCTUBUSA IIOMEX OT TAI'OBOI'O TOKA

B. B. JIEVIIINH, ®. P. AXMAJ]VJIJTHH
Camapckuil cocyoapcmeennulil yuusepcumem nymet coobwenus, Poccuiickas @edepayus

OCHOBHYIO pOilb B 00ecledeHuu 0e30IaCHOCTH U pealu3aluy rpaduka JBIKEHHS I10€3/10B HUIPAIoT
CHCTEMBI HHTEPBAIBHOTO perynupoBanus ApmwkeHus noe3nos (CHUPII), nepBpiM 3B€HOM KOTODPBIX SIBJISI-
rorcs myteBbie patanku (I1]]) — penbcossie menu (PLI) [2]. YuuTsiBas, uto PL] monBep:keHbI BIUSHUIO TTO-
MeX, B YaCTHOCTH OT TSTOBOTO TOKa W JIECTAOMIM3UPYIOMUX (HAaKTOPOB, MOPOKAAEMBIX W3MEHEHUSIMU
KJIIMMAaTHUYECKUX YCIOBHH, U TUHAMUYECKOMY BO3JEHCTBHUIO JBIOKYIIETOCS MOE3/1a, BaXKHBIM KPUTEPUEM
HajexHocTH ¢pyHkimonuposannss CUPII sensiercst ycroitunBocts padotsl PLI. COon B pyHKIMOHMpOBA-
Huu CHUPII1 BO3HUKAIOT, B YACTHOCTH, IIPU BO3ACUCTBUHU NTOMEX B penbcoBbix nuHusax (PJI) PLI [3].

Pa3pabotka n npoektupoBanue PLI, B aneMeHTHYI0 0a3y KOTOPBIX BXOAST 3JIEKTPOMArHUTHEIC pele,
BCEr/Ia OCHOBBIBAJIOCH C YUETOM BIHMSHUS TOJNBKO COCPEIOTOUEHHBIX MO crekTpy noMex B PJI. B Hacrog-
niee BpeMs pu mpoekThupoBannu PL{ mumpoko npuMeHseTcss MEKpO3JIeKTpOHHAs dieMeHTHas Oaza [4, 5],
MIO3BOJISTIONIAS] IPUMEHSITh COBPEMEHHBIE METOIb 00pa0OTKH CUTHAJIOB, U TIOATOMY TPH pa3paboTKe STOro
Buja PIl HeoOX0MMMO YUUTHIBAThH BIUSHUE BCEX BUAOB moMex B PJI.

CoBpemennsbie PLI SBISIOTCS COCTABHON YaCTHIO KAHAJIOB CBSI3U. Y YUTHIBAS 3TO, OJHUM W3 PEIIAFOIIHX
(hakTOpPOB CpaBHUTEILHOM OrleHKH PL] sBNsIeTCS moMex0ycTOHIMBOCTE IyTeBhIX TpuemMHukoB (I111) [3].

TakuMm oGpaszom, npu npoekTupoaHuu PL mist onpenenenus nx 3pPeKTUBHOCTH HEOOXOIMMO ycTa-
HOBUTH crtocoOHOCTh 111 PL] o6ecieunts mpreM 1 00pabOTKy CUTHAIOB € 3aJ]aHHBIM YPOBHEM JOCTOBEP-
HOCTH TIPA HAUXYAIINX YCIOBHSX JKCIUTyaTalnu. B cooTBeTcTBUM C nieneBoil ¢pynknmeir PL] mpemmodre-
HHE CIIEYET OT/IaTh KOMITJIEKCHOW XapakTepucTuke kadectsa [1I1 — momexoycToitunBoCTH.

Pa3BuTie MUKpOIPOIIECCOPHOMN 371eMEHTHON 0a3bl
MO3BOJIMJIO TPU Pa3paboTKe HOBBIX M COBEPIIEHCTBO- out1 D
BaHMH cyuiecTByonmx PLl mpuMeHAT> MMHTaIMOH- 5
Hoe MoxmenupoBanue (MM). Ha kadenpe «ATC nHa 1
In1 Outl

JKeNme3HomopokHOM TpaHcnopte» Caml'VIIC paspa- 5 N
corana UM momex B PJI oT TAroBOro TOKa (pHCY- outl—=(2)

. . In2 6
HOK 1) B cpene Simulink maketra MATLAB nHa 0a3e bof B -
napaMeTpoB MOMeEX, YCTAHOBJIEHHBIX B pe3yibTaTe 3

peructpanun Ha y4dactkax MockoBckoil U KyifObI- Pucyrok 1 — M momex B PJT:
LICBCKOU JKCIIC3HBIX ﬂopor HpI/I ’HBI/I)KeHHH JIOKOMOTH- 1 — MOJIEJIb nepeKn}ol{eHnﬁ CXEM ynpaBJIEHUS TATOBBIMHU 3JIEKTPO-

BOB CEpUHn Bﬂ-loy, BEAYIIUX COCTAaBbI Maccou oOT JBUTATENISIMU 3JIEKTPOBO3a; 2 U 3 — MOJENIM UMITYJIbCHBIX M (IIyK-
1 ThIC. IO 5 THIC. T Tyal[HOHHBIX IOMEX; 4 — CyMMAaTop; 5 U 6 — BLIBOJHEIE HOPTHI
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